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B KHure pacCMOTPeHbl NPHHIHMBI NOCTPOEHHS H CXeMbl JOTHYECKHX
nepekaiovaloliUX ULeneil Ha NOJYNPOBOAHKKAX. B Hell H3/J0XeHb oC-
HOBHbie NOHATUsA aare6pbl JOINKH H NOKa3aHO, KaKk Ha ee OCHOBe MO-
ryr 6biTb peasM30BaHLI 0e3 AeT4/JbHOrO BblYepYMBAHHS KeJaTesbHbie
nepexJioyaTtesabible HeDH. B Kulire onHcaHbl JOrHYeCKue CXeMbl, TNPH-
MeHsieMble TIPH pellelHH pasJnuibiX 3afgay. [ns noHuMaHus ee conep-
KaHHua 11e006X0AlMO 3lanie MaTeMaTukh H (u3uku B oO6beMe cpenneil
LUKOJTBI.

Kunra npennasHayexa JIJsi NOATOTOBJEHHBIX pajiHoNlOGHTened h
MoxKeT ObiTb INojesHa JHuaM, paboralowumM B 06/JaCTH aBTOMATHKH,
TeJieMeXaHHKH H H3Mepells He3JeKTPHYECKHX BeJHUHH 3JeKTPHUeCKIMI
MeToxaMil.
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BBEJIEHUE

Ipu paGote ycTpoHcTB aBTOMAaTHYECKOTO yIpaBjeHHs 60.1b-
IIOC KOJIMYECTBO BBIMOJHSAEMEIX ONepanuil HOCHT XapaKTep
JIOTHYEeCKOro pelleHHs. JIJis OTBICKAHHS TaKMX DELIeHHH He-
00X0nUMbI CBeieHHs1 0 paboTe YCTPOHCTB M O JIOTHYECKHX CBfl-
351X, KOTOpBble HalO peasiu30BaTh.

Caeznennsi nepBoro poia MoJyvaioT ot naruukos. CeeleHiia
BTOPOTO pPoJia sABJAIOTCS, 110 CYLIECTBY, IOTHUECKHMH BEIBOJAMH,
3aMUCaHHbIMU B BHJE JIOTHUECKHX Omepauuil.

Aamyux nenonmu -
fucmoynux ﬂ?ﬂ";?”:: mensHsil
uK@oprayuy) pay opean

Puc. 1. ®dynkuuonanbhas cxema ycTpolcTBa, BLINOJ-
HAIOUIErO JIOTHYECKYI0 ONepalHio.

JIlaTuukH ABJSIOTCS YCTPOHCTBaMH, KOTOpble H3MEpSIOT
napamerpel, HMelOlHe Pas3NKuHYI0O (HH3HYECKYIO CYIIHOCTb, H
npeo6pasoBLIBAIOT MX B CHUrHa/bl JABYX 3HaueHHH: CHTHaJ
«ecTb» («I») M curHan «orcyrcTyers («0»).

JlornueckHe onepauMH BBHINOJHSIOTCS JIOTHUECKHMH 3Je-
MeHTaMH, pa6oTalolllUMH B PeXHMe nepek/noueHusi. CHUTHaJbI
Ha HX BXOJ€ H BBIXOLE MOT'YT HMeTb yKa3aHHble IBa 3HauyeHHs
«l» 1 «O».

CursaJel OT JaTYHKOB IIOCTYNAIOT B JIOTHUECKHe yCTPOHCTBa,
B KOTOPBIX B 3aBHCHMOCTH OT COYETAaHHSi BXOXHBIX CHTHAJOB
M 3aJlaHHOW MporpaMMbl BbIZAeTCsl KOMaHAa HCMNOJHHTEIbLHBIM
opraHoM ynpaBJsieMoro o6bekra. OCHOBHOE Ha3HaueHHe JIOIH-
YeCKHX 3JEMeHTOB 3aKJ/I0Yaercsi B TOM, 4ToObl BbpaboTath
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NpaBILTLIYIO KOMaHAy B 3aBHCHMOCTH OT COUeTaHHl CHI'HAJIOB,
LIOCTYNaOUIX OT JaTYUKOB.

PaccmotpeHnele onepawiil MOryT ObITb OCYLIECTBJIEHb! B YCT-
poiicTBe, cojepiKalleM yanabl: [ — JATYHK, AAfOWUiR BXOALLIE
CHFHAJILI JHCKPETHOrO AeHCTBHS; 2 — JIOrHYecKasi cXeMa, Bbl-
pabaTeiBaiolllasi 3aJJaHHYI0 KOMaHLy B BHJie COOTBETCTBYIOLIErO
CHrHa/ia; 3 — HCNOJNHHTEIbHBIA OpraH, ciayXaluMi aas ynpa-
BJeHUs 00BeKTOM (piic. 1).

IlpumepoM ycTpoficTBa, BBLIMOJNHAIOUNIEr0 YKa3aHHHE oOfle-
palHH, MOXKET CAYKHTb YIPaBAeHHe CaMOJIETOM.

UyBCTBHTEBHBIH 3/1€MEHT — JaTUMK — BLIZaeT HHbopMa-
IIHIO O NOJOXKEHHH CcaMoJeTa; JIOTHUECKHe CXeMbl BBINOJHSIOT
JlorMyeckHe omnepauii, KOTOpbI€ BbIJAIOT CHIHAJ YCTPOHCTBY,
KOppPEeKTHPYIOLIeMy NoJIoXKeHHe caMoJieta. Ecay oH cMelnaercs
BBEPX, BHH3 HJH OTKJOHSETCSl OT Kypca B FOPH30HTaJbHOH
MJIOCKOCTH, TO JaTYHKH BBIJAIOT CHCHAJB COOTBETCTBYIOMIllE
KaXKAoMY ero nosoxenuio. CHrHa/bl MOCTYNAIOT K JIOMHIeCKHM
9JIeMEHTaM, KOTOpble COefMHeHbl MeX1y co60H Tak, YTO MOTYT
OCYILECTBHTh JOTHUECKYIO OMepalHio o KOpPEeKTHPOBKE M0.10-
JKeHHs1 caMmouiera.

OcyulecTBreHle MHOTMX APYruX 3afau TpeGyeT NpHMeHe-
HHSI COOTBETCTBYIOUUHX KOMOHWHauHil JOTHUECKHX 3/1eMEHTOB.
C noMombto anreGpLl JIOTHKH OHH PeLIalnTesl ¢ MHHIMAaJbHLIM
KOJIHYECTBOM JIOTHYECKHX 3JIEMEHTOB.



FNABA NEPBAS
OCHOBbI MATEMATHYECKOH NOTHKH

1. OcoGetnocTn anreGpbl NOTHKH

CylHOCTh JIOTHUECKHX (DYHKUHUI Jerko MOHAThH, YSCHUB
HEKOTOphle OCOOEHHOCTH JIOTHKM H ee pasjena — aare6pbl
JIOTHKH.

Jloruka sBasercst Hayko#l o ¢opMax M 3aKOHAX MBILLs
JeHusi. [1aBHas 3ajaya JIOTHKH COCTOMT B YCTAHOBJIEHHH Me-
TOJOB MPAaBH/BHOTO YMO3aKJIOUEHHS; 3TO OCYIUIeCTBJISIETCS
JABYMsi croco6aMH: MpH NMOMOLIM MPaBHJI BbIBOAA; NMPHU [TOMOILH
3aKOHOB JIOTHKH.

B 3axkoHaX JIOTHKH paccMaTpPHBAIOTCS CXeMbl MOCTPOEHHSI
CJIOKHBIX NPeJIOKeHHU U3 MpoCcThiX. Mexkay npocThIMH mpexso-
JKEHUSIMH HMeIOTCSl JIoOTHYecKHe cBA3KH (omepauun). Takumu
CBSI3KaMH CJy2KaT CJ0Ba:

I. Ecafleoovvvery TO wueeen.. .

2. ... WK ........

4. ... . HE ........

5. ... .HHU ......... HU .........

6. ceennn. JH6O .........

7. ........ HEBEPHO, UTO ........

8. ........ TOrga 4 TOJbKO TOTAA ........, KOraa, H T. 1.

EciHM 3aMeHHTb Ka[0e MHOrOTOYHE MPOHU3BOJbHLIM BHI-
CKa3blBaHHEM, TO [OJNYYHM OIMpele/eHHOe CJIOXKHOE NpeIo-
xkenue. Hanpumep: «/lerom mbr noegsens B Coun UJIH B Satys.
3Jech YKasblBaeTCsl Ha CYILECTBOBAaHHe JBYX BO3MOXKHOCTEH,
13 KOTOPBIX OJHa Jo/KHA ObiTh ocyllecTBjeHa. «CTalo TeMHO
W sraiounan coet». B oanoM npennoxendit ykasniBaercst, 4To
HIpOH30HAYT ABa COOBITHS.

Jlna npaBHIBHOrO YMO3aK/iIoueHHA HeoOXOAUMDL iBE [P YTINLI
(HudpopMmaiuit) cpepenuii



1) cBemenusi, KOTOpHIMH pacroJsaraloT IO HauasJa paccy-
WK JIeHH ST,

2) CBEJIeHHsI KOTOpble BBLIBOLATCA MyTeM PaccyAeHHs H3
nepBoH rpynmsl cBeJeHHH.

Bcsikoe soruueckoe, TOYHOE CYKAEHHE MOXKET ObITb BBbI-
paXkeHOo MaTeMaTHYeCKHM sI3bIKOM MyTeM (popMaJ/bHBIX Mpeos-
pa3oBanHii JIOTHYECKHX (POPMyYJl MO MpaBHIaM ajrebpandyecKux
JeHCTBHUH.

Jln1s1 3aKOHOB JIOTHKH OBl CO3JaH cl10co0 HX 3aMHCH B jopMe
anrefpauuyecKuX BblpaxkeHWH, B Buge (opMys, KyAa BMeCTO
NPOCTBIX MpPEeNIOKEeHUH BXOAAT TaK HasbiBaeMble INepeMeHHble
NpeJIOKEeHHsT HIIH GYKBBI (CHMBOJIbI). ITH CHMBOJIbI 103BOJISIOT
3aMeHHTb COKpalleHHBIMH 3HaKaMHu GoJjlee JJMHHblE DeueBble
060pOTHI.

Anre6pa sm0orHKH [0KasblBaeT, KaK OMNEPUPOBATH
C JIOTHYECKUMH CYXKIEHHsMH (a/jrebpanuecKHMH CHMBOJIaMH),
CKJIafpIBATb, YMHOXaTb H T. X.

B agare6pe jiorukn 06bEKTOM HCCJENOBAHHS SIBJSETCS B bl-
ckaspBaHHUe (yrBepxkienHe). [loag BbicKasbiBaHHEM MO-
HHMaeTcs Besikoe coofllleHHe, KOTOpoe MOXKeT ObiTb MCTHHHbLIM
Hiu JIOKHBIM. B nepBoM ciyyae 3HaueHHe HCTHHHOCTH €ro
paBHo «!», Bo BropoM ciyuae — «O», T. e. «JA» uau <HET».
Hanpumep: A — namna BK/mouyeHa; B — pesne nox TOKoM;
C — TOK mpoTekaeT no 3aMKHYyToH uenu. BuickaseiBanus A,
B, C saBasiorest uctuHueiMd A = 1, B = 1, C = 1. JloxHbie
BbICKA3blBaHUSI HJJIOCTPUPYIOTCS CJAEAYIOIMMH [pUMepaMHu:
A, —2X2 =5; B, — Bec Tena H3MepsieTcsi Mepoll [J/HHbI;
C, — Tokuo — cronuua Kuras, 1. e. A, = 0; B, = 0;C, = 0.

Hrak, eciH BbicKasblBaHHE HCTHHHO, OHO MMeeT 3HaueHHe
HCTHHHOCTH, paBHOe «1», a ec/H OHO JIOXKHO, TO HMeeT 3HaueHHue
HCTHHHOCTH, paBHoe «0».

Aunre6pa JIOTHKH H3yuaeT pas/iHYHbIE JOTHYECKHE 3aBHCH-
MOCTH MeXJy BbICKasbiBaHHUSIMH. Aure6pa JIOTHMKM TpejcTa-
BJIsieT cofoi anre6py, KoTopast onepHpyeT TOMbLKO ABYMs 3Ha-
UeHHSMH: HCTHHHO («1») M JjoxkHO («Ov).

B anrebpe /OTHKH HMeIOTCSI TPH OCHOBHLIE JIOTHUECKHE
onepauuu (pyHKUHH):

ly nornueckoe yMHOXeHHe (M)

2y noruvyeckoe caoxeunue («HUJIN»);

3y torudyeckoe oTpumanue («<HE»).

B 3aBucHMOCTH OT peaJH3yeMoH 3ajaud MNpPUMEHSIOTCSA
KOMGHHHMPOBaHHbIE JJOTHUeCKHe onepauut. B pedy/abraTe Takux
KOMOMHAIHMH MOJYYalOTCsl HOBble CJIOXKHBIE BbICKa3bIBaHHS.



YpaBHeHusa aareGpbl JOTHKH MOKA3LIBAIOT, H3 KaKUX JIO-
THYECKUX onepaiHil H KaKHMU 3JeMEeHTaMH MOXHO 06pa3oBaTh
yCTPOHCTBO, pelualollee 3afaHHY:O 3ajauy.

Marematuueckuii anmnapar aJjreGpbl JIOTHKH [O3BOJISIET
HallTH TaKoe CXeMHOe pellleHHe, NPH KOTOPOM UYHCJO JIOTHue-
CKHX 3JIEMEHTOB MHHHMMAaJbHO.

B Jiornueckux ycTpoiicTBax BolcKa3biBaHHA-apTyMEHTHI Ipef-
CTaBJISIIOTCS. BXOAHLIMH CHTHAJIaMH, a BBICKa3blBaHUA-(YHKUHH
BbIXOJHBLIMH CHTHAJaMH.

Jloruyeckne (pyHKUHH BbIPAXKAIOT 3aBHCUMOCTH BbIXOAHbBIX
curuasoB A WM nepeMeHHbIX BeJHUHH X OT BXOAHBIX CHIHAJIOB
(a, b, ¢, ..., n). BxogHble U BbIXOLHBIE CHT'HAJ/bI MOTYT HMETh
pasHyio (GU3UUECKYIO CYILIIHOCTb, HO MPHHUMAIOT JIHUIL ABa 3Ha-
.yeuusa: «O» uau «l».

a a ) -
63:” A-abe A arore Aea
4 c

Puc. 2. CumBosnneckoe H30()]J8}K(:‘Hl/le JOrHYECKHX 3JE€MEHTOB CXEMbl COB-
nagenus (M), co6uparenpras (MJIM) u unseprop (HE).

Ha 6ase npoctefimiux BbiCKasbiBaHHH MOTYT GbITb CHHTE3H-
pOBaHHI Jt0Oble CJAOMKHbIE JJOTHYECKHEe BbICKA3blBaHHS.

Mexay BXOgaMH H BBIXOIOM JIOTHYECKOro 3/eMeHTa cylile-
CTBYET ONpefeNeHHOe COOTHOLIEHHe B 3aBHCHMOCTH OT JIOI'MYe-
CKOU omepalnud, KOTOPYIO OH JAO/XKEH BLIMOJHHTE.

Anrebpa nOruKH mpegycMaTpHBaeT YCJI0BHO? 0G03HAueHHe
OTAE/NbHLIX JIOTHYECKHX 3/eMEHTOB, HE CBSI3aHHbIX C KaKoH-
a1M60 KOHKpeTHOH cxemoli. ITosToMy mnpu peileHHu MNpaKkTH-
YeCKHX 32Ja4 YacTo OTIafaeT HeO6XOAMMOCTh B BhlYepYHBAHHH
NPUHIHIHATLHOH CXeMbl JIOTHYeCKHX 3J1eMEeHTOB ¢ H300pae-
HHEM TPHONOB, CONPOTHBJ/ICHHH, KOHZEHCAaTOPOB U APYIHX
Jetanef.

Ha puc. 2 npuBegelibl yc/I0BHbIE H300pasKeHUs1 CXeM, pea-
JUI3YIOWHX OCHOBHble JorHueckHe ornepauuu: «k» (cxemsl coB-
nageuust), «UJIM» (coBuparennnoil) n «HE» (unsepropa).
3/ech BXOAsIIIHE CTPEJKH ITOKAa3biBalOT CHTHAMbI, KOTOpbIE M0-
CTYMAIOT Ha BXOJ CXEMbI JIOTHYECKOTO 3JIEMEHTa, BbIXOISiHE
CTPeJKH — CHCHAJBL [IOC/e peasH3allid JIOTHYeCKHX ornepa-
.

PaccMOTpHM OCHOBHblE CBSI3H MeXJY MPOCTHIMIL BbICKA3bl-
BaHUSMH.



2, Nlornyeckue GnNepaLun

Jlornueckoe ymHoxenue («M»). Omepaunio aOruye-
CKOTFO0 yMHOMKEHHSs BbIOJHSIOT Haj AByMs H Go.ee
BbICKA3bIBAHHAMH. JTy onepauio o0603HavaloT 3HAKOM X
HIH AL '

B pesyabrate onepauuu JIOrHYeCKOro yMHOXEHHS MOJY-
Yyaercs HOBOE CJOXKHOE BLICKa3blBaHHE, KOTOpPOe MPHHHMAaer

HCTHHHOE 3HaueHHe TOTAa, Korja
Tabauta I ero  cocrapsiolMe BHCKA3biBa-

Bxomiure nepememmie | Buxox . HHSI HCTHHHbI, H JIOKHO, €CJIH XOTsI
PR P Onl OJHO cOCTaBJsollee BbICKa3bl-

i BaHHE JIOKHO.
0 0 0 Jlornyeckqe  yMHONenHe He
1 0 0 OTJIHYaeTcs OT OOLIYHOrOo ajred-
0 1 0 paunueckoro. Onepauusi Joruue-
1 1 1 CKOTO YMHOMEHHS HMeeT MaTe-
MaTHyeckoe BblpaxeHHe A = ab.

Uutaercsi ono Tak: A paBHo a M b; ecit a=1, b= 1,
T0oab=1.-1=1=A4; xorma a=0, b=1, 10 A=a-1=
=0, mma=1b6=0 A=1.0=0.

Muaue roBops, BHIXOJ paBeH eIHHHIlE, €CJAH BCe BXOJbI
3/1eMEeHTa PaBHLI eIUIILE, H PaBeH HYJIO, eC/IM OJUH H3 BXOAOB
paBeH HYJIO.

DreMeHT, peasH3yIoLHil a b ¢ P
Jorudeckyio dynkuuto «M», o—
JlaeT CHTHAJI Ha BRIXOAE B TOM 4 b ¢

cjydae, KOra €CTb CHTHAJbI

Ha BCeX BXOHax.
YKazanunie cBOHCTBA JI0-

THYECKOr0 YMHOMKEHHs CBe-

JeHbl B TabJa. 1. -1
Jlornueckoe yMHOXKeHHe a
MOXKeT COCTOAATh HE U3 IBYX, b A i
a U3 HEeCKOJbKHUX COMHOMKH- ¢
Tesei.

“ Puc. 3. Cxema «H» Ha peie.
B asekTpuueckoll cxeme xeMa « pese

3/1€MeHT, peajusylolu#l Jo-

ruyeckyio onepauHio «M», nmo coemy AeHcTBHIO aHA.IOTHYeH

LeMH, CcOCTosILIel M3 MOC/AeJ0BaTe]bHO BKJIIOUEHHBIX KOHTAK-

TOB pene (pHc. 3).

4 U,EI‘;)b 3aMblKaeTcsi TOTAd, KOrJa 3aMKHYTHI BCE KOHTAKTLL:
= abc.



BeipaxkeHHe abc yKasblBaeT, YTO OJHOBPEMEHHO HMeEIOTCA
BCe TPH CHTHaJja, H OHO AOJKHO YHTaTbCA TakK: «allbHe».
Ortciona HasBaHHe — JIOTHYeCKOE YMHOXeHHe «I».

YerpoficTo, peaJusyiollee OnepanHio JOrHYeCcKOro yMHO-
JKEHHS, PAaCCMOTPEHO Ha cTp. 28—32.

CxeMa «M» uMeeT HeCKOJILKO BXONOB H OIHH BLIXOA, Ha KO-
TOPOM CHTHAJ MOJYYaeTcsl TOJIbKO MPH COBNAJCHHH CHTHAJIOB
Ha BceX BXonaX cxeMel. IToatomy
uhorza cxemy «M»  HasbiBaior Ta6auya 2
cXeMO#l coBmajgeHHus.

JIOI'H'-ICCKOG cJIOXKeHHe «”J] "». BxoaHbie nepeMenHble BbIX0X
[Tox norudYyeckKkHM CJO- e | b A
KeHHEeM I[OHHMAIOT CJOKHOe
BBICKa3bIBaHHE, KOTOPOE HCTHHHO,
ec/IH HCTHHHO XOTs1 OBl OAHO H3
COCTaBJSAIOMHX €ro BHICKa3biBa-
HHI, U JIOXKHO, €CJIH BCE BRICKA3bl-
BaHHUS JIOXKHBI.

B Tabn. 2 npuBeneHbl yKa3aHHbIe CBOICTBA JIOTHYECKOTO
CJIOKEHHS.

Jloruyeckoe cJaoxeHHe o6Go3HauaeTcss 3HakoM V Hiam -+
H yHhTaercs Tak: a uan b. OHo MoxkeT OLITb 3aMHCaHO Tak:

at+b=A4,

rae @ 1 b — BXOAHBIe CHrHAJbl, A — BLIXOAHOH CHIHaJ.
W3 Taba. 2 BuaHO, UTO

—_——o
—_—o0
——— D

_——

+-+4
-—OO
l—"—o

.o

041 =1

B noruueckoit onepauuu «MJIM» cymma mo6oro uucaa eni-
HUL CYMTAETCs1 PaBHOH epnHHLE. JIOTHUECKHH 3JjeMeHT, pea-
JIH3YIOIMA OflepaLHio CJOXKEHHs, HMEEeT HEeCKOJIbKO BXOJOB
H OJHH BBIXO/.

Awuasorueit paccMaTpuBaeMoli JIOrMUecKoH omepanuu MOryT
CJYXKHTb C/EAyIolHe [PHMepHI:

1. DnexTpHuecKasi Uenb, COAEPIKallas HECKOJLKO napa.l-
JieJIbHBIX KOHTAKTOB pene. [IpM 3aMbIKaHHH OXHOTO H3 HUX Ha
Harpyske MOfIBJAsIETC HAMNpsiKeHHe (pHC. 4):

A=a+b+c

2. Tlpu HaxaTHH KNOMKH a JH(T MojimiMaercs Ha BTO-
poit 3Taxk, a MpPH IaKAaTHH KHOMKH b — Ha TpeTHil 3TaxK.



O6031a4uKB cHrHaM JABIHXeHUsS CHMBOJIOM A, Nnoay4yuMm Jiorude-

CKO€ CJIOKEeHHE:
a+ b= A.

Jloruveckas cBa3p «MJIM» paspeiraer npuXoanTb cCHrHamy
OT /Mo6Oro UCTOUHUKA Ha OOLIMH BbIXOA H HCKJ/OUaeT BO3JeH-
a CTBHe 3TUX CHCHaJOB JApYyr Ha
a * ] Japyra. BeixogHoH cHrHan Oyper
paBed A U B TOM cJydYae, ecjH
- noJIyueH Jaxe OAHH BXOJHOH CHT-
s b~ | A man a WIU b.
Jlornueckoe orpuuanne (<HE»).
JloruyecKas omepauusg
- OTpPHUAHHUSH npeo6pasyer
z MCTHHHOE BbICKa3blBaHHE B JIOK-
HOEe, a JIOXKHOe B HCTHHHOe. Bhi-
XOJl BCeria NMpOTHBOINOJIONKEH BXO-
Iy, T.e. IlepeMeHHas MPHHHMAaeT
Wi —eAa NPOTHBOMOJMIOXKHOE 3HaueHHe.
A1y onepauuio o6bMHO ©6o-
Puc. 4. Cxema «HJM» na 3Ha4aiorT ueprofi Hax GYKBO:
peJe. A = a, uro uurtaetcs Tak: A
He ecTh 4.
B Tabn. 3 npuBeneHbl JOrHYecKHe CBOHCTBa OTPHULAHHS.
YkasaHHble B Tabi. 3 YC/AOBHSI BbIPaKaloT CJelylolue
CBOMCTBa JIOTHYECKOTO OTPHIAHHS: eJHHHUA ecTb (PaBHO)
HYyJ/Ib, OTPHUAHHE HYJIST €CTb (PaBHO)

L~ 4

/T

equndna. Ecmm a =1, 0 4 = 0, Tabauga 38

H Hao6oporT. -
.Homqecxoe omuuatme B 3J€K- Bxoausle nepemenunte | Berxox

TPUUECKOH LIeH 10 CBoeMY AefCTBHUIO a A

aHaJIOTHYHO peJie ¢ HOPMAJILHO 3aMK-

HYTbIMH KOHTakTamu. [IpH nopaue (l) (1)

HanpsKeHHs Ha peJjie KOHTaKTbl ero
pa3MbikaloTest (pHc. 5).

Kpome Tpex paccMOTpeHHBIX JIOTHYECKHX omepauHi, npu-
MEHSIOTCS NPOM3BOJHBIE OT HUX ¢ 60/ee CJI0XKHOH JIorHdecKoil
cBsi3blo. TaKMMH JIOPHUECKHMH OIEepalHtsMH SIBJSIIOTCS 3alper,
PaBHO3HAYHOCTh H OTPHIIAHHe PABHO3HAYHOCTH M Jp.

Jlornueckas omepauus «3anpers (<HET»). [logx 3a-
IpeTOM INOHHMAeTCss JOruyeckas onepauusi, B KOTOpPOH
OIHO H3 JBYX BbiCKa3blBaHHI, ecid OHO NOSBJAsETCS, 3arnpe-
maer JApyroe.
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CnoxHoe BbICKasblBaHHE A paBHO eNHHHIE, €C/HH OJHO
BbICKa3biBaHHe @ PaBHO ejHHIIle, a JPYroe, sampeuiaiollee b
paBHO Hymo (puc. 6). Drta JOrHYecKas onepauusi xapakTepH-

3yercsi BhipaxkeHHeM: A = ab.
3HaueHNss HCTHHHOCTH 3ampeTa NpHBeleHbl B Taba. 4.
DneMeHT, peasM3YIOUHI JOTHYECKYIO OllepauHIO «3anpery,
HMeeT 1Ba Bxoja. M3 TabiHubl BHAHO, YTO BBIXOJ €ro paBeH
eIMHHIE, eCJH OJHH BXOJ paBeH
efMHHULE, a JAPYro#, s3arpelia- 9 -
wuii, — HyJIio. 21 sanpem P22
Jloruueckas onepauus sampe-
ta (<(HET») no cBoeMy jeiicTBHIO t
aHaJoTHYHA 3JeKTPUUECKOl uend, _
i300paxeHHOH Ha pHc. 6, 6. 5 b
PaBHO3HaYHOCTb JBYX BbICKA- -
sbiBaHMil. JlaHHas Jsoruueckas o P d
onepauusi — 3TO CJIOXKHOE BbICKa-
3biBaHUE OT JBYX II€pPeMeHHBIX, 5
KOTOpPOe MCTUHHO TOJIbBKO TOTAA,
Korja o0a BhICKa3blBaHHS MCTHH- HE

A

8

- H b A=ab
\ A

- Puc. 6. Cxempl «3ampe-
a Ta». @ — ycJoBHOE 060-
A 3Hauelnne; 6 — byHKIHO-
Halbhas cxema; 6 —
Puc. 5. Cxema «HE» Ha pese. peJsiefiHO-KOHTaKTHas.

Hbl HJIH JIOXKHBI OZHOBPEMEHHO. st 0603HaYeHHsT 3TOMH JIOTH-
yecKoH onepauHH nojb3yrTCAd CUMBOJIOM ~— HJIU CHMBOJIOM ~~:

A=a~b=a-~ b,

UTO YHTAETCH TaK: @ PAaBHO3HAUHO b.

B Tabs. 5 npuBeseHbl 3HAUEeHHMst HCTHHHOCTH paBHO3HAy-
HOCTH ABYX BhICKa3bIBaHHH.

M3 Tabmuupl BHAHO, 4TO BHIXOA 3J€MeHTa, peasH3yIoLiero
oliepaiHio PaBHO3HAYHOCTH, paBeH ejHiHIle, eCaH 06a BXoja
paBHBl Mexay co0oif, M BbIXOJ paBeH HYJIlO, ecad BXOABl He
paBHbI MeXJy coboH.

n



Tab.1uya 4 Tabaruya 5

BXoxHble mepeHeUlibte l Brixox Bxoauble nepeMenssie Bhixox
a : b | A a I 14 a~b=A4A
0 0 0 0 0 1
1 0 1 1 0 0
0 { 0 0 1 0
1 1 0 1 | 1

Jlornueckasi (yHKUHS PaBHO3HAYHOCTH .MOXeT ObITb 3a-
ulicaHa B BHAe:

A=a-«~ b= ab -+ ab.

[Tockonbky dopmysa fana 6e3 Jokasarte/boTs, YAOBJIETBO-
pPHMcs JIHIUb ee npoBepKkoi. [leficTBHTE/IbHO, €CJH MOACTABHTh
B (opMysy 3HaueHHe NepeMeHHbIX @ H b, TO MOJYYHM

A=0-04+1-1=1, a=20,b=0;
A=1.040-1=0, a=1,b=0;
A=0-14-1.0=0, a=0,b=1
A=1-1-+-0:0=1, a=1,b=1

V3 npuBeseHHbIX BbIpaXkeHH BHAHO, YTO OnepaLHs paBHO-

3HaYHOCTH peasH3yercsi MOCPEACTBOM ABYX onepauuit «H»,

a b a b
le | HE ‘HEI HE

b

b
—DE) i ﬁﬂzv—
abW ab E*b r—”—-l a+h

A=ab+ab l A=(a+d)(a+t)

Q
o
Ry

Pyc. 7. DyHKHHOHAJIbHbLIE CXeMbl ONepalMH PaBHO3HAYHOCTH! @ — M3
aByx adementoB «HE», «M» u oauwoft «MJIM»; 6 — u3 AByx sjeMeHTOB
«HE», «HMJIHU» u oznoit «Hb».

aByx onepauuit «<HE» n ognoit onepamyn «HUJIH» (puc. 7, a),
H, KaK nokasaHo ma cTp. 71, MoxeT OLITb peasH3oBaia MpH
nomoitn AByX cxem «MJIM», nsyx cxem «HE» u oauoit cxemut
«M» (puc. 7, 6) (cM. ctp. 71).
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Umnaukauns (<kECJIH—TO0»). WMnanrkauusga obve-
NHLSeT JBa BLICKA3bIBAHHS, KOTOPOE JOXKHO TO.IBKO TOrJa,
KOTAa TepBOe BbiCKa3hIBAHHE HCTHHHO, a8 ETOPOE — JIOXKHO.
B sTofi nornueckoil onepauili 0GBLEAMHSAIOTCS BBICKA3LIBAHHS,
He cBsi3aHlibie M1y co0ofl 1o cMmpicay. Omit paccMaTplBAOTCs
TOJIBKO C TOYKH 3PEHHST HX CBOMCTB ObIThL HCTHHHBLIMU HJIH J10XK-
HeiMH. UMnaukauus o6osHauaercs
CHMBOJOM a —b ¥ YHTaeTcs Ta6auga 6

Tak: «ecau a, To b». Jloruueckas Brothue nepemenmae | Boixox

GYHKUMS HMMJIHKALHH  XapakTe-

pusyercs ycaoBHAMH A = a —b; A A

A=aqa+0b. 0 0 1
UMnaukaniu JByX BBICKA3bl- 1 0 0

BaHHI npuBejeHul B Taba. 6. 0 1 1
M3 Ta6aunpl BHAHO, YTO CHI- 1 ! 1

Hal Ha BBIXOJe 3JeMeHTa, pea-

JIU3YIOLIEro UMIJIMKALUHUIO OTCYTCTBYET TOTJAa H TOJbKO TOrAa,

KOTJla HMeeTCsl CUTHaJ Ha BXOje a H OTCYTCTBYeT Ha Bxoje b.

Ecan x JloruyeckuM omnepauusiM, paccMoTpeHHbIM B § 2, 3, 4

u 6, NpUMEHHTb OMepallHiO JIOTHYECKOTO OTPHUAHMNS, TO MOJY-
) _ 4UM HOBBIE JIOTHYECKHE OnepalHH.
Tugauya 7 OTpHUaHHE JIOTHYECKOro CJIo-

Bxogusie nepeMennue | Buixon Kewuda. O puunaHwne JO-
; THYEeCKOTO CJAOKEeHHS

A 4 €CTh CJOXHOe BhiCKa3blBaHHeE, KO-

0 0 1 TOpOe HCTHHIHO TOJbKO TOTJAa,

1 0 0 Koraa JoxHbl cba BXoadulke B

0 1 0 Hero BLICKa3blBaHHA. PaccMaTpH-

1 1 0 BaeMylo OMepauHio YacTo Hasbl-
BalOT  JIOTHYecKOidl  onepautiei

«HH — HW» (onepauns Ilupca). Ortpuiande Jornyeckoro
CJIOIKEHHs] MaTeMaTHYeCKH XapaKTepH3yeTcs BHIPaKeHHEM

A=a-+b.

B Taba. 7 npusefeHo OTPHLAHHE JOTHUECKOrO CJI0KEHHSA
JABYX BbiCKa3biBaHHIl.

W3 rabanum BuaHo, uto A =1, a=1@=0); b =1
(b = 0). Buixox ssemeHTa, peanHsyiollero 3Ty OMepalHio,
paBeH ejUHHLE, eCJH HH OAHH H3 BXOJOB He paBel eH-
HHIE.

Jlornueckas onepaunsi «HHM — HIH» no csoenmy gefictBuio
aHaJOTHYHA 3JIeKTPHUECKOH LenmH, cOCTaB/IGHHOH H3 HEeCKOJb:
KMX [NOC/JeN0BaTelLHO BKJIOYEHHBIX HOPMA/JbHO 3aMKHYTHIX
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KOHTAaKTOB pese (leNb 3aMKHYTAa, ecIH HH Ha OIHO pese He
NojaH CHrHaJj).

OTpHUaHKE JOTHYECKOTO YMHOMeHMsi. OTpHIU aHHU e
JOTHUECKOrO0 yYyMHOXEHHSA ecTh CJIOXKHOE Bbl-
CKasbiBaHHWe, KOTOPOE JOXKHO TOJILKO TOFA, KOTJa MCTHHHBI

‘ 06a BXOASUIME B HEro BHICKA3bi-
Tabauga 8  pgaypg, B Ta6a. 8 npHBEREHO OT-

Bxoxuble nepeMeunvie | Boixox pHLUAHHE JIOTHYECKOIo YMHOXeE-
HHdA, BbIpaxaeMoe CJeAyoluM
it b A 06pa3oM:
0 0 1 A = ab.
1 0 1
Y 1 1 U3 Tabauusl BHaHO, uTo A
1 ! 0 paBHO HYJIIO TOJIBKO B CJayudae,

Korja a u b paBHH euHHULE. JIOrH-
YeCKYIO OnepalHio OTPHIIAHUS JIOTHUECKOTO YMHOMXKEHHs! HHOTAa
HasblBaloT onepaudeil Iledgepa.

Otpuuanne paBHo3HauHOCTH. Jlornueckast omepaunus O T -
pPHUAaHHSA DPaBHO3HAYHOCTH OCYUECTBJsETCS C
MOMOIIbIO CBsI3eHl OTpHIAHHSI M paBHO3HauHOCTH. OTpHUaHHE
PaBHO3HAYHOCTH [/l JIBYX BbICKa-
3bIBAHHH NPUHUMAeT 3HaueHHe Ta6auga 9
HCTHHHOCTH, KOTJa OJHO H3 BbiC-
KasbiBaHUH HCTHHHO, a Jpyroe Bxomnble nmepemenniie Buixoa
JIOXKHO. a A

Ora Joruyeckas onepanis 060- ‘
3HayaeTcsi CHMBOJAMH —' HJH =5
U 3amHcbiBaercsl Tak: A = a <= b,
wHM A =a=sb.

PaccmarprBaeMmbie BbipakeHHst
YHTAIOTCS] TaK: HCTHHHOCTb BhI-
CKa3sbiBaHHs1 A ecTb MCTHHHOCTb TOTO, YTO @ HEpPaBHO3HAYHO b.

3HaueHHs1 MCTHHHOCTH OTPMLAHHSI PAaBHO3HAUHOCTH ompe-
Jeastorcess taba. 9.

MaremMaTHyecKoe BhIpaXKeHHe MJIsi JIOTHYECKOH ouepaiuu
OTPHMLAHHA PaBHO3HAUYHOCTH HMeET BHJ:

A = ab + ab = (a + b)(a + b) = (ab) + (ab),
4TO MOATBEPIKAAETCS MOJCTAHOBKONH pas/HUHbIX KOMOHHALMHA
3HAUeHHH a u b.

JlorHueckasi omnepaiuysi OTPHUUAHHS PaABHO3HAUHOCTH 110

CBOEMY JIeHCTBHIO aHAJIOTHYHA SJIBKTpHLIECKoﬁ cxeMme, B KOTO-
pOﬁ Ha BbIXOJ€ MOSABJSETCs CHCHAJ, ec/Jd BXOAHOH CHTHaJ
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NOJaH TOJNIBKO Ha ONHH M3 1BYX BXonoB. ITpH omHOBpeMeHHOM
NOCTYIIJIEHHH CHTCHAJ0B HAa BXOJbl 3JEKTPHYECKOH cXeMbl Ha
BBIXOJle CXeMbl CHrHaja He Oyjer.

Jloruyeckyio onepaunio OTpHUAHNHs PABHO3HAYHOCTH HHOTAA
Has3bBAOT OMmepalLlHell HepaBHO3HAYHOCTH.

Hamu paccMmorpenbl onepaiii, KOTOPHIMH 4alle BCero
NPUXOAUTCH MOJb30BAThC NPH pellleHHH 3ajad B 00JacTH
aBTOMATH3alUHH H3MEPUTENbHOH M BBIYHMCIUTENBHOH TeXHHKH.
Crnenyer 3aMeTHThb, YTO H3 ABYX NPOCTBIX BLICKA3bIBAHHI MOXKHO
obpasoBaTh 16 pas3/iMYHBIX BHJOB CJOMKHBIX BBICKa3bIBaHHMH.

MepekmouaTtenbnble GyHKUHH. JlorHueckue 3/1€MEHTHI LIH-
POKO TNpPHMEHSAIOTCA B MepeKJIoYaTe/NbHEIX LensX.

[TlepexnmowuatenbHOH HeNnblo NPHHATO Ha-
3bIBaTh JMCKPETHO JeficTByiollee YCTPOHCTBO, B KOTOpOe MO-
CTYNalOT BXOJHble H OT KOTOPOTO MOT'YT OBITb MOJIYYEHB! Bbl-
XONHble CHTHAJIBI, MMeIOL[He JHIIbL JBa 3HaueHuHs. [lepeko-
yartejbHasd LEeNb COCTOMT M3 JIOTHYECKHX 3/iIeMEHTOB, KOMOHHa-
LM KOTODPBIX NO3BOJISIET PeaJ/ii30BblBaTh JOrHUeCKHe QPYHKUHH.

MaTtemaTnyeckoe BbipaxeHHe, XapaKTepH3ylolllee 3aBHCH-
MOCTh BBIXOJHOTO CHTHaJia NepeKJsioyaTesbHON lenH oT psaja
OAHOBPEMEHHO MPHJIOKEHHBIX BXOMHBIX CHIHAJIOB, HA3blBaeTcs
nepexkJmouyateabHol ¢pyHkuueld OpHa # Ta
XKe [MepekJioyaTesbHast (PYHKIHST MOXeT OblTh peasd30BaHa
PasJHYHBIMH MEepeKJIoYaTe/TbHEIMH LEeNnsMH.

[Toctpoenue HanbGoJsiee mpocToH nepekJoYaTebHOH IienH,
peasH3yiolled 3aJlaHHYIO NepeKJIouaTeJbHyI0 (YHKIHIO, J0-
CTHTaeTCs Ha OCHOBE 3aKOHOB anreGphl JIorHKH. J1/1g 11oyueHus
(eNlaTeJIbHOH TepekJiouaTebHOM Lend CTPOUTC (YHKLHO-
Ha/lbHas cXeMa 3aJlaHHOH MepeKJoYaTebHOH (QyHKIHH.

3. OcHoBHble 3aKOHbLI anr eGpul SIOrHKA

3axoHsl aareGpbl JIOTHKH M BbITEKaiolle M3 HUX NpaBH/Ia
NO3BOMSAT Npeo6pa3oBbIBaTh M YHPOILAThH JOrHYECKHE BbIpa-
skenus. [Ipy npeo6pasoBaHiH JIOrHYECKUX BhIpaXKeHHH ocraeTcsl
6e3 H3MeHeHHsl B3aHMOCBA3b MeXAY BXOAHBIMH M BBIXOXHBIMH
CHTHAJIaMH.

Kaxnoe npeobpazoBaHHOe JIOrHYECKOe BhIpaXKeHHE Ipef-
cTaBjsieT (HU3UUECKOe H3MeHeHHe COCTaBa JIOTHYECKHX 3jie-
MeHTOB Ge3 M3MeHeHHs HX JIOTHYecKHX (YHKIUHMI (conepxaHus).
Peanusauuss Bcex npeoGpa3oBaHUH OCYILECTBJSIETCS TNYTeEM
onepanui: JIOrHYeCKOro yMHOXeHHs (ab), JOrHYecKoro c.jo-
KeHHsl (@ + b) M oTpHUAHUA (HHBEpCHH).
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PaccMOTPHM OCHOBHBLIE 3aKOHLI anreGphbl JIOI'MKH.

INepemecTuTeassblii 3akon. CorJacHo 3TOMY 3aKOHY JAad
JIOrH4ecKOH CyMMbl H NPOH3BeJeHHS INOPSAOK PacloJIOKEHUs
nepeMeHHbIX 0e3pas/iHueH:

JJIsl CIoXKeHnss a -+ b = b + a,

A/ YMHOXeHHs1 ab = ba.

CouetatenpHulit 3aKoH. JlaHHEI 3aKOH ycTanaB/iMBaeT, UToO
pe3yabTaT MOC/eJ0BATENbHOCTH CJIOMEHHS HepeMeHHbIX HJH
YMHOXKEHHSl MX He 3aBHCHT OT MOpsiJKa 3THX JeHcTBHI:

Aas caoxeHHsl a + b+ c= (a + b) + ¢,

s yMHoxeHHs (ab)c = (ac)b = (cb)a.

Pacnpesenutenbhblii 3akon. [lo pacnpenenurennHoMy 3a-
KOHY OOUIHMH MHOXKHTE1b MOXKHO BBIHOCHTH 3a CKOOKH, Kak
B 0ObIuHOM anredpe:

A5 caoxeHus ab -+ ac = a(b - ¢)......(1)

AJs yMHoxenust (a -+ b)(c 4 b) = ac+ b........(2).

W3 Beipaxenus (1) BULHO, UTO A/ peasiH3alluy JIeBoH YacTH
paBeHcTBa HeoOXOAMMO IIMeTh fBe cBsA3u «kl» U OAHYy CBA3b
«MJ1M». Ons npaBoH vacTH paBeHCTBa, e 3a CKOOKY Bbl-
HeceHo a, HyxHa ofHa cssa3b «MJIM» n ogHa cBa3b «».

HeobxopumMo NOMHHTL, YTO NPOH3BEAEHHE OXHOHMEHHBIX
BbICKA3blBaHHH [0 3aKOHY JIOTHUECKOrO YMHOXKEHHS DPaBHO
CaMOMy BbICKa3bIBaHMIO, T. €. QAa = a, YTO H BHJHO Ha MpH-
Mepe pacrnpejie/HTe/IbHOTO 3aKOHa.

ITepemecTiTenbHbII, coueTaTeNbHBIR H pacnpefe uTebHbIA
(ana cJI0oXKeHHs]) 3aKOHLI COOTBETCTBYIOT aHAJIOTHUHBIM 3aKO-
Ham aJjre0po.

IlpaBuna BLeceHHs1 OTAENbHBIX YJEGHOB 3a CKOOKH, pac-
KpbITHE CKOGOK, CJOXKEHHe M yMHOXKeHHe MHOI'OYJ/IeHOB
B anrefpe JIOTHKH COOTBETCTBYIOT NpaBHJaM OObIMHOIl aJ-
rebpol.

3axon uneepcun (npasuiio Moprana — lllennouna). ot 3a-
KOH YCTaHABJHMBAST, YTO OTpPHIaHHE JIOTHYECKOTC CJOKEHHs
PABHOCHJILHO TMPOI3BEJEHHIO OTPHUAHHM cJjaraeMblXx H, Ha-
60pOT, OTpHLAHHEe JIOTHYECKOTO YMHOMKEHHS pPaBHOCH/IbHO
CyMMe OTpHLAHHMIl COMHOXKHTeJell., 3aKOH HHBEPCHH BCTpe-
yaeTcst TOAbKO B afrefpe JIOTHKH:

AIA CJOMEHHS @ + b = ab......... (3)
AN YMHOXKEHHS ab = a -+ b........ (4).

[IpaBuie M JNeeble yacTH BblpaxkeHH# (2) M (3) nMpHHUMAIOT
gHauente O npu @ = b, TakK Kak ecad a = |, 10 @ = 0.
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Hinke npusenena ta6..
7101 HYECKOTO  YMHOMKEHHMs1,

10,
CJIOMEHIH M OTPHUAHHA

KOTOopad Ha OCII0Be 3aKOHOB
[T0OKa3bl-

B4€T CNpaBelIMBOCTb paBeucTs (3) U (4).
Tabaunya 10
a | o | & | 5 |atolaTe| a5 | a | a5 | a+5
1 1 0 0 1 0 0 1 0 0
1 0 0 1 1 0 0 0 1 1
0 1 1 0 1 0 0 0 1 1
0 0 1 1 0 1 1 0 1 1

DneKTpUYecKoi HHTeprpeTauuell pacCMOTPEHHbIX 3aKOHOB
anre6pb! JIOTHKH MOTYT C.TYXKHUTL pesiefiHO-KOHTaKTHLIE CXEMbI.

a} 3) ! d)
C a
—0 I—
b
— \, ¢
a -
o/: l /
€ b
—" O ——
a ¢ ‘Puc. 8. PenefiHo-KOHTAKTHBIE CXEMRI,
& oo HJIIOCTPHPYIOLHE 3aKoubl aire6phl
8 JIOTHKH: @ — coueraTe/ibHLil 3aKoH
) b b AJs CHAOKeHMsl; 6 — pacnpejei-
TeJIbHbIH 3aKOH [Jd  YMHOXKEHHSA;

T

8 — ABONMCTBCHHOCTb OMEPAUHH, & —
PAa3HOBHAHOCTL cXeMll 0; 0 — pa3sHo-

BHAHOCTb CX€Mbl 6.

Cxema Ha puc. 8, @ HMOCTPHPYET CoUeTaTeJbHbI 3aKOH
15 CJ0XKeHHs, peastHsya dyHKuuo (a + b) + ¢

Pacnpenenntenbuslil 3aKOH A1 YMHOXKEHHA HJLIIOCTPH-
pyIOT cxema Ha pHc. 8, 0, peanHsyloulas dyukunio (ac + b),
H cXeMa Ha pHc. 8, 8, peaausyiollasi pyHkumo ( ¢ + b) (¢ + b).

Ha ocnoBe paccMOTpeHHBLIX 3aKOHOB JIOTHMKH BbIBEIEHBI
npeoGpa3oBaHHsl JOrHUeCKHX QY HKIIL (ABOACTBEHHOCTD, CKJIEH-
BaHHe U MOIJIOIIEHHE), KOTOPble NO3BOJISIOT CYLIECTBEHHO YIIPo-
CTHTL CJIOXKHBIE JIOTHYeCKHMe 3aBHCHMOCTH.

JlBoficTBeHHble OnepalHH MO3BOISIOT JOTHUECKOe CJIOKEHHE
3aMEHHTb JIOTHYECKHM YMHOXeHHeM K, Hao0opoT, CHMBOJOM
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ZBOMCTBEHHOCTH SIBJIAETCH 2.
(ab+bc+ac) 2 (a+b) (b +c)(a+c); (4)
(a+b)ab=>ab+(a+b);
ab+cd 2 (a+c) (a+d) (b+c) (b +d).
Boipaxenue (4) Hcrnoab3yercs 1J1st iepexofia OT JIOTHUeCKOH
cxeMbl <MJIM — Wy k storuueckoii cxeme «M — WJIH».

[Ipu cknenBaHuu QYyHKUUN 0O NepeMeHHOH @ MOXHO NOJy-
YHTb CJefylolllee BhIpaxKeHHe:

Aa+Aa=A(a+a)=A.
1

CyTb onepaiyH 3/1eMeHTapHOTO MOTJIOMWEH s CBOAUTCSA K 110~
TVIOILEHHIO OJHHM YJIeHOM BhipaxeHHss A apyroro GoJsee C/I0XK-

Horo AB:
AB + A= AB + 1) = A.

IlpuBeneM HECKONLKO MPOCTEHIIMX NPUMEPOB, B KOTOPBIX
Ha OCHOBE 3aKOHOB a/re6phi JIOTHKH BHITEKAeT P PaBHOCHJIb-
HOCTefl, MO3BOJIAIOLMX COKPATHTh JIOTHYECKHe BbIpaiKeHHs.

Ecmma=1, toa=0.

Cl0KUM NOYJIEHHO:

a+a=1i,
a 3aTeM YMHOXHM MOUJEHHO:
ad = 0,
a* = qa...q; a* = a;
OTCI0fa
at+1=1,
a-+0=a.

Chnencraue:
@+ ba=a, (@a+ba=a,a+ab=a- 1.

CnpaBel/IiBOCTb PACCMOTPEHHLIX MpPENJIOKEHHH BbITEKae
H3 onepauyil JIOTHYECKOro CJOXKEHHS H YMHOMXKEeHHs:

(@ + b)a = aa + ab = a (1 + b) = q,
@+ ba=aa+t ab=a((l +b) =a.
Ha ocHOBaHHH pacnpelesuTeNLHOr0 3aKOHa

at+ab=(@@+aa+b=1@+b=a+0b
18



TakK Kak
ata=1.

Ecnu peanusoBath Bhipaxkenue (@ 4 b) (a + b), To norpe-
6yercst He MeHee TpeXx 3JeMenToB: <M1 — HE» — 2 u «<UJIM»—1.

ITpeoGpa3oBaB yKka3aHHOe BhpaxeHHe B 3HaueHue (ab + ab),
IlJIé{ ero peasiM3allMi ZOCTaTOUHO Oy et AByX a/eMenToB «JIN—
HE>».

Hixe o6o6ieHbl paccMOTpeHHbIe NpaBHJa npeoGpa3oBa-
HHSl OJHMX NpPOCTBIX (YHKUHIT uepe3 apyrue.

l.a+1=1.

2.a+4+0=a.

3.at+a=1.

4. a-0=0.

5. aa = 0.

6. a4+ a-+ at...4a = a.

7. aaa...a = a.

8. a-1=a.

9. a(a-+ b =a.

10. ab = a + b.

1. a4 ab=a-+b.

12. a +ab=a -+ b.

13. ab + ac = a (b + o).

14. (@ + b)(@a + ¢) = a + be.
15. (@ + b)(a + b) = ab + ab.
16. (@ + b)(@ + b) = ab -+ ab.

Beiie Mbl paccMOTpesiM MpHeMbl 3aMeHbl OfHOH YacTH ¢op-
MyJibl paBHO3Haualleil Apyroi, NpUMeHsieMble B MaTeMaTHue-
cKoif Jloruke. @U3HUeCKUH CMBICT 3THX NPHEMOB MOXKHO Tpei-
CTaBHTb HAa KOHTaKTHBIX cxeMmax. Hanpumep:

1. a = a. ]IBoiiHoe oOTpHLaHHE pPaBHOCH/JLHO YTBepiKie-
HHIO: «KOHTaKT He HEe3aMKHYT», T. €. OH 3aMKHYT.

2. a4+ a+ a = a. Jise u Gosblile napaaaesbHbIX KHONOK
(a) BenyT cebsi Tak e, KaK OfHa KHOMNKA.

3. a-0=0. Ecin B nociienoBaTeNbHONl LENH ecTb IO-
CTOAHHBIH pa3peiB (0), TO npH 3aMbIKAHHH HJH Pa3MblKaHUH
KOHTaKTa (a) Tok B uenu He teuer (0).

4. ab + ba. Ecnn noMeHATb MecTaMH KOHTaKThl B IOC/]e-
JOBaTe/IbHOH IlermH, TO TOK TOTeYeT, eCIH lenb 3aMKHYTa.

5. a(b + ¢) = ab + ac. PaBHO3HAUHOCTL 3THX DPaBeHCTB
HarasgJHo0 BHAHa M3 pHc. 8, ¢ U 8, J.
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6. b-+-ac= (b a)(b+ ) Cxema ua puc. 8, 6 panto-
lleHHa cxeMe Ha puc. 8, a.

M3 paccMOTpeHHBIX BBIpaXKEHH# BHAHO, 4TO awobble C/I0XK-
nble QYHKUHH TNepeMeHHBIX a, b, ¢ MoryT OLITh npencra-
B.1eHbl B (JopMe Bhipaxkelllisi, Tle repeMeHHbie (@, b, ¢) H HX
HHBEPCHH (@, b, ¢) OObeJWHEHB JOTHYECKHMH ONepalHsaMH
YMHOXEHHS H CJOKEHHS.

HauGonee pacrnpocTpaHeHHHle JordyecKue (GopMy.ael npH-
BelleHbl B CBOAHON Tabu. 11.

Tabauya 11

HaivenoBare @ yHKIHOHA 15 HA
acruaeckoll PYHKIHA Coxepixanue Aoryueckoll dyukuuu dopuyaa
> Curuast Ha BbIXOJ€e MOSABIAETCSH A =abc

TOr 43, KOTrAa HMEITCA CHIHAJIbl
Ha BCeX BXOJlaX OJHOBPEMEHHO

AJI» Curnasel Ha BeiXofe mnose-| A=a-+ b+
JM10TCA  TOTJA, KOrAa HMeercs +c
CHTHAZT Ha OXHOM M3 eC BXONOB
HJIH HMEIOTCA CHPHANBI Ha He-
CKOJbKHX MAH Ha BCeX BXO4ax

«HE» Bbixonko# CcHIHa1 HMeeT no- A=a
TAPHOCT, NPOTHBOIO.T0XHY 10
[IOJAPHOCTH BXOAHBIX CHIHaT0B

«3anper» cpaspe-| Tlpi OTCYTCTBHM CHTHala Ha A=ab
LIAIOIHMKE U 3anpe- | BXoge 3anpetra b na Bhixojle
H3oMUMH  CHTHA- | TOSABIAETCA  CHCHA1 ONHOBpe-

aavu MCHHO C CHTHAJIOM Ha BXO#e @
®vaxnna  1led-| Curnar Ha BhIXOZE OTCYTCT- A=ab=
depa (HecorMeCTH-|BYeT, eCal [0JaHbl  CHI'HAIbI =a, +5
MOCTb) O/IHOBPEMEHHO HA BCEX BXOAAX
Wvirankanus Curnaa Ha BuiXoge oOTCyTCT-| A=ad+4 b=
BYET, €CTl HveeTca CUCHAT Ha =a—b
BXOJE @} OTCYTCTBVeT Ha BXoHe b
PaBHO3HAYHOCTD Curnaibl Ha BhIxOfe uvewTcs| A==ab-+ ab,
(3KBIIBA1EHTHOCTb) |TOrAa, KOTAa  ORHOBDPEMEHHO A=a~b
IMEWTCA 1M OTCYTCTBYIOT AX0T-
1HHIC CITHATbI
HepagHosiau- Curnaisl Ha BHXOXe HMeloTcs! A= ab - ab,
HOCTD TOPJ3, KOTAa TOAbKO Ha OfHOM| A=a=cb

M3 BXOMNOB HUMEIOTCA CHI'HA.TbI

B Ta6n. 12 npurejens! nmpHMephl NpeicTaBJjeHHs JOlHYe-
ckuX (GopMys1 B BHAe QYHKUHOHAJILHBIX CXeM.
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Tabauya 12

N . i D yYHKUMOHA.IbHBIE CXEMbl
nn Jlerudeckue dopyy.iut ] (cHMBOaMYeckoe o6oaiaucine)

1 A=a(a+1b)
2 A=a®B+0)
3 A=ab+ adc

4 A=a+c)+be

5 A=ab+a o)

FNABA BTOPAA
CXEMbl OCHOBHbIX JIOrMYECKMX ONEPALMA

4. OcoGennoctu paGoTul nonynpoBogHHKOBbLIX npuGopos
B PE)XHME nepexnoyeHni

PaGota JorHuecKHX 3/1eMEHTOB Ha MOJYHIPOBOANIKAX MpPO-
HCXOJHT MOJ AeHCTBHEM CHMHAJIOB, CKAuKOOOPa3HO MEHSIONIHX
CBO{l MOTEHLHAA OT YPOBHSI HyJsi A0 yposis exuuuusl. Hy-
JIeBOH cHrHa/ 0/M30K K NOTEHLHA/y 3€MJH, a CHTHAJ eAUHIILy
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JIOCTHTaeT MopsiiKa HEeCKOJbKHX BoJbT. Duaaropaps auckper-
HOMY M3MeHEeHHIO YPOBHS CHI'HAJIOB NOJYIPOBOJHHKOBbBIE MpHU-
6opbl MOryT paboTaTh B peKHME NepeKJ/IoUeHHUs, T. €. B TaKOM
pexXuMe, KOrjJa CONpPOTHBJICHHE IENH HOJKHO MEHSThCST OT
HyJs A0 OeCKOHEUHOCTH NPH COOTBETCTBYIOLlEH BeJHYHHE U
HOJIAPHOCTH MPUJIOXKEHHOFO HaMpsiXKeHHS.

Takumu cBoiicTBaMH 00./13JaI0T MOJYNPOBOJHUKOBBIE JHOJ
H TPHOj, K pPacCMOTPEHHIO KOTOPBIX Mbl U mepelijeM.

Auonbl. Ha puonax MoryT ObiTh OCYIULECTBJIEHBI BCEBO3-
MOKHbIE JIOTHYECKHe OMnepanuH, 3a HCKJ/OUeHHeM HHBEpCHH
(u3meHeHH ha3bl — MOJSIPHOCTH — BBIXOJHOTO HamnpsiKeHHs ).

B nepek/ouaTesbHBIX cXeMaX 4Yalle BCEro HCHOJb3YIOTCS
repMaHHeBble HJIH KpeMHHeBble AHOABI. JIHopasl 06/1afaoT OfHO-
CTOPOHHEH MpPOBOAUMOCTBIO.

HpeanbHblit auojg uMeeT nouTH OecKoHeuHo 6oJbliioe CO-
IPOTHBJIeHHE AJ151 TOKA OTPHLATENLHOrO HAaNpaBJ/IeHHs U BeCbMa
MaJjioe COMpPOTHBJIEHHE JJIS TOKa MOJIOXKHUTEJbHOFO HanpabJe-
HHsA. DT0 CBOHCTBO BO MHOFOM HallOMHHAaeT CBOHCTBa KOHTAaK-
TOB peJe.

Ilpu cpabatbiBaHHM pejle KOHTAKThl €r0 3aMBIKAOTCH, H
CONPOTHBJIEHHE HX PaBHO HyJ0. B 00ecToueHHOM COCTOSTHHH
pejie KOHTaKTbl Pas3MbIKAIOTCSl, H COMPOTHBJEHHe HX Oecko-
HEuHO.

Jns uernosb30BaHMS JHOJOB B JIOTHUECKHX 3JleMeHTax
JIOJIKHB! ObITb U3BECTHBI HX CTATHUECKHE MapaMeTPhl, KOTOpPbie
OnpefeqsioTcsl MO BOJbT-aMIepHOH XapaKTepHCTHKe.

BosbT-amnepHble XapaKTEPUCTHKH BBIPAXKAIOT 3aBHCUMOCTh
ToKa iy = [ (4—), mpoTeKamiollero uYepe3 IHOA, OT BEJHUHHbI
U TOJAPHOCTH TPHJIOKEHHOTO MOCTOSIHHOTO HaNpsXeHUs
(puc. 9).

[Ipsimasi BetBb OB XapakrepusyeT 3aBUCHMOCTb i; =
= f (u_) NpH HamNpSXKEHHH, NPUJIOKEHHOM B I[POBOJSLIEM
nanpassaedud. O6patHast BerBb OA mnokasbiBaeT 3aBHCHMOCTb
iy = [ (tosp) NPH HANPSIKEHUM, NPHJIOKEHHOM B HEMPOBO-
JsmeM HanpasjaeHHu. Kak BujHO M3 BOJIbT-aMOepHOH Xapak-
TEPUCTHKH, BeJHYHHA MPSAMOLO COIPOTHUBJEHHS AHOAA R, =:
= Unp/[-- yMeHbIIAETCSA C BO3PACTAHHEM MPSAMOTO TOKa.

BenuuuHbel npsMoro H oOpaTHOTO COMpPOTHBJEHHH JHOAA
3aBHCAT OT BhIOOpa paloueil TOUKH Ha XapaKTePHCTHKE:

ix = [ (u).

Ha puc. 10 npuBeneHO ceMelCTBO THNHYHLIX BO.bT-aMInep-
HbIX XapaKTepHCTHK AMOAOB.



C noMowbio BcrioMoraTenbHOH 0aTaped MOXHO 3aneperb
JUOJ TaK, 4TO ero CONpoTUBJ/eHHe cTaHeT OecKoHeuHbIM (pHc. 11);
3TO PaBHOCH/IbHO OTKJIIOUEHHIO AHOAA OT 3/1eKTPHUYeCKOH Lemnw,
4TO aHaJIOTHYHO cOCTOsAHMIO «0» B JHUCKDETHOM YCTpOHCTBe.
B oruyeckux sneMeHTax ynpaBjieHHe JHOAAMH OCYILECT-
B/sieTCs MoJayell HanpsKeHMst OT BCroMorarteabHOH Garapeu
HJU CHUTHAJaMH COOTBETCTBYIOMLEH MHOJSIPHOCTH.

Juopbl or6upaiorcss Mo cTaTHYeCKHM XapaKTepHCTHKaM:
npsSIMOMY ¥ OOpaTHOMY CONPOTHBJEHHAM, MaKCUMaJbHOMY 00-
PaTHOMY HanpsiKeHHIO.

ma | inp,

. B8 0
I ot N°

Uopbp 70 Uﬂp.
A

ia6p,
Puc. 9. Boubr-amnepuas  Puc. 10. CeMeiiciBo BOJIbT-aMIEPHBIX
XapaKTepHCTHKa repMaHue- XapaKTePUCTHK JHOLOB.
BOT'O JHOJA.

CHrna/bl, [pPOXOAsAllMe uepe3 IHOABI, 3aMeTHO oc/al-
JISIIOTCSI, H MOSTOMY nepenaj HanpsuKeHHs Ha BbIXOJe MeHblie,
yeM Ha BXoge. TOK, NMPOTEKAIOWUH dYepe3 JHOA, HE AOJIKEH
NpeBbIliaTh JOMYCTHMOH BeJIMUHHBI A/ AAHHOTO HAMpsiKeHHs
Ha aHoge. HopmanbHas paGorta auomoB ofecrneunBaeTcsi B pe-
KHMaX, KOrjJa o0paTHOe HamnpsiAeHHe He MpesblliaeT npoGHB-
HOTO U KOrja reperpes ux He Gosee gomycrumoro. C nosbllle-
HUEM TeMnepaTypbl BeJJHYHHA NPOOHBHONO HamNpsXKEeHHs Yy MHO-
FHX AMOJOB CHHXKaeTcs.

Tpuoasl. B Jiornueckux 3seMeHTax MoOJYyNPOBOJHHKOBLIE
TPHOAB! (TPAaH3UCTOPbI) HCMOJB3YIOTCA B CXeMe ¢ OOLUIUM IMHT-
TepoM, H6O Takas cXeMma AaeT 3HaYHTENbHOE YCHJIEHHe H OJHO-
BpEeMEHHO MeHsieT a3y HanpsnkeHus Ha 180°.

CxeMbl ¢ OOLIUM 3MHTTEPOM IO3BOJSIIOT MNPOCTHIM CNOCOGOM
OCYIIECTBJIATH JOrHUecKHe QYHKIUH H couetaTb paGoTy OAHOTO
JIOTHYECKOrO 3JEeMEHTa € HeCKOJLKHMH [OAOOHBIMH 3JIeMeH-
TaMH.
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PaGota TpaH3HCTOPOB B JIOTHUECKMX 3€MEHTaX MPOHCXO-
IMT 10 JelCTBHeM CHMHAJIOB, MEHSIIOLIMX CBOH IOTEHUHA] OT
YPOBHS HYJIs 10 YPOBHS eAHHHUIb. TPaH3HCTOPHI AOJIXKHBI HAXO-
JUTbCA COOTBETCTBEHHO B peXHME OTCEUKH HJIH B pPEXUME
HACblIleHHsI. DTH peXHMbl XapaKTepH3YIOTCs TeM, YTO MpH
nepexone paboueil TOYKH M3 OJHOH o6sacTd B APYTYyiO pe3Ko
MeHSieTcd HMX CONpPOTHBJEHHE OT HECKOJbKHX OM 10 COTEH
KHJIOOM.

PaccMoTpuM KacKai ¢ OOLIMM 3MHTTEPOM Ha MJOCKOCTHOM
TpHoge p-n-p THna (cMm. puc. 13, a). Mcxoas us npuHuuna pa-
GOTHl TPAH3HCTOPA, MOXHO NPEICTAaBHTb, YTO OH COCTOHT H3
IBYX JAHONOB: OJHH JHOL — -v
6a3a-3MuTTEp, ApYyroil — Gasa- :
koasiexTop (pHc. 12). K nepBomy
MOy MpHJIOKEHO Hanpsxe-
HHe B TPSMOM HalpaBJeHHH,

4

+

N
= (Jere, =

Puc. 11 Cxema sanupauus auola. Puc. 12. DKBuBaJleHTHast cxema
TpaH3ucTOpa.

a KO BTOopoMy — B ofGparHoM. ConpoTuBjeHHe aHoza 6asa —
KOJLJEKTOD 3aBHCHT OT NpPSIMOTO TOKa, NIPOXOASALLEro yepes
auon 6asa — MHUITEP. ITOT TOK, NPOHAsS IMHTTEpPHBIH mepe-
XOJ, NPHOTKPLIBAET TPAH3HCTOP H YBEJHUYHBAET TOK KOJLJIEK-
topa. Kaxuomy 3Hauenuio Toka 06a3bl COOTBETCTBYET OJHO
onpejeneHHoe 3HaueHMe Toka KoJslektopa. G  H3MeHeHHeM
ToKa Gasbl U3NEHsieTCs TOK KOJJexTtopa.

Ilpn wanpskenud Ha 6ase, PAaBHOM HYJIO HJIM HeGoJbILOfH
MOJI0KHTEBHOR NOJSIPHOCTH, TOK Oa3bl /¢ OyneT paBeH HYJIO,
a TOK KOJIJIEKTOpa CTAHOBHMTCS BEChbMa MasibiM (HeynpasJsieMblii
TOK /). CONpOTHB/IEHHE KOJIIEKTOPA — 3MHTTEPA PE3KO BO3-
pacraer. []pakTiiueckl KoJ/IeKTOp OyleT HaXOAHTbCA MOJ
HanpsoKelineM HCTOYHHKA NHTaHHS. DTO COCTOSIHHe XapakTe-
pu3yeTcs Kak 3anMpaHHe TPaH3HCTOpa M Ha3blBaeTcs p € XK Ii-
MOM OTcedKH, TpaH3HCTOp MOXKHO 3alHPaThb HE TOJBKO
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3aMblkaHHeM 06asbl ¢ 3MHTTEPOM, HO H 3anUpaiouM Hanps-
JKEHHEM, lIPH 3TOM CONPOTHBJeHHE KOJJIeKTOpa — 3MHTTEpa
OyzeT 4pe3BblYaiiHO O6OJIBLIHM — NOPSAAKA HECKOJbKUX JE-
CATKOB M Ja)ke COTeH KHJIOOM.

[Tpu moctynsenud Ha uenb 6a3a — 3MUTTEpP CHrHasla OT-
pulaTenbHOH MOJAPHOCTH TPAaH3HCTOP MNEpPeXOAHT B HAChi-
weHnbl pexuM. ConpoTHB/IEHHE KoJIeKTopa — 3MHTTepa cra-
HOBHUTCSl 4Ype3BblYallHO MaJbiM.

Takum 06pa3oM, HMeIOTCs iBe NpeledbHrle 061acTH pexuMa
paboTel TpaH3HCTOpa:

1) o6macTh OTCeUKH KOIIEKTOPHOTO TOKa, KOrjia
TPaH3UCTOpP 3amepT HaNpsiKeHHeM CMelllelldst M 4Yepe3 HEro
TEYeT TOJAbKO HeGOMbINOH Heynpas/sfeMbli TOK;

2)o6aacTb HacCh UieHH s, KOrja Ha uens 6aza —
SMHTTEP [0JaH OTPHLATeNbHbIH CHI'HA1 JJis TPaH3UCTOPOB
C p-n-p MepexoioM MM CHIHAJ MOJIOXKHTENLHOH MoJsIPHOCTH
IJis n-p-n Mepexojia; NpH 3TOM 4epe3 KOJLIEKTOpP TeUeT MaKCH-
MaJlbHbIHl TOK.

Jlns BolGopa pexuMa TpaH3HCTOpA MOJB3YIOTCS HX 3JeK-
TPHUECKHMH XapaKTePHCTHKaMH, KOTOPBIMH SBJISAIOTCA:

a) BXOJHAs XapaKTEPHUCTHKa TPaHM3HUCTOpa, yCTaHaBJaHBAIO-
1ast 3aBHCUMOCTb ToKa 6a3bl (/) OT NPUJIOKEHHOrO K 3AEKTPO-
naMm Gasbl — amutTepa Hanpskenus (Uss): s = [ (Us,); 3Ta
XapaKTepHCTHKA NOYTH He 3aBHCHT OT HanpsKEHUs Ha KoJ-
JeKTope — IMHTTEpE;

6) BbIXOZUAs XapaKTepUCTHKa TPaH3UCTOpa, MOKa3bIBalo-
mass 3aBUCHMOCTb TOKa Ko.JjdekTopa (/) OT HampsixkeHHs
KoJektopa — aMHTTepa (U,,) NPU HECKOJIbKHUX NOCTOSIHHBIX
3HaueHHsax Toka Gasbl /g

I = f (U

BUJZ 3TOH XapaKTepHCTHKH 3aBHCHT OT BeJHMUMHBl TOKa 6asbl.
YBeauueniie Toka Ga3bl GoJblle OMpPENETEHHOrO 3HaueHld
NOUTH He IMOBHIIIAeT TOK KoJjiekTtopa /.

OTHolUeHHe NpUpalLleHHs1 TOKOB 0a3bl U KOJIJIEKTOpA BHEIIHe
BLIMVIAAHT KaK YCHJIEHHe BXOJHOrO TOKa:

A
Aj—: = B A hy.

Ycisene TOKa BbI3BIBAGTCA TeM, UTO HampsixKenue, MpH-
JIOXKEHHOE K BBIBOZAM 6asbl — MHTTEpPAa, CO3NAET TOK B IIENH
amuTTepa. ATOT TOK Oaarozapst Auddy3un Hocutesed 3/1eKTpi-
YecKOoro 3apsiia (3J€KTPOHOB MJ/IH JbIPOK) MOJHOCTBIO AOCTUTAET
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KOJIIEKTOpa H JIHLIb He3HAYHTE/NbHAsi YacTb €r0 OTBETBJISICTCSA
B Lenb 0a3bl. [IponcxoguTt 3HauuTe]bHOE BO3pacTaHHE TOKA
KOJIJIeKTOpa OpH HeGOJIbIOM YBeJHYEHHH ToKa 0asbl TpaH-
3MCTOpA, T. €. yBe/JHYeHHe BXOAHOFO CHUTHaJa.

CpojictBa M mnapamerpbl TPAH3HCTOPa B pexUMe NepeKJIo-
YeHHs] MOTYT ObITb OIpejde/eHbl [0 ceMeHCTBY BBIXOAHLIX €ro
XapaKTepUCTHK.

Ha puc. 13, 6 npuseieHo TUNHYHOE ceMeHCTBO BbIXOJHBIX
XapaKTepHCTHK TPaH3HCTOPA, BKJ/IOYEHHOIO IO cxeMe ¢ 00-
LIAM 3MHTTEPOM.

a) , 6) t m Hacoiuyenue
A b 15, nac Ig,
TN Iss
Y
- o |7 Iss
E'( g H 1
+ *5 67
lgo
0 4 /,1-13=0’Iko
v Y,
—"_Ukw E, 3* ci\ K3
3anupanue

Puc. 13. TlpumeHeHyue TPaH3UCTOPOB B JIOTHYECKUX SJEMEHTaX: @& — TPaH-
3UCTOP, BKJ/IIOYEHHBIH MO CXeMe ¢ OGLIMM 5MHTTEPOM B KJIOUEBOM pexHMe;
6 — ceMeficIBO BbIXOAHBIX XapaKTepUCTHK TpaH3HCTOpa.

[ — o6aactb orceyxkd; [l — odmactb ycunacnust; [l — oBaacre HachlieHus,

[lo ocn opauHaT OTJOXKEH TOK KoJlektopa [y, a Mo ocu
abcuycc — HanpsiKeHHe MeXAy 3SMUTTEPOM H KOJJIEKTOPOM
Ug,. Ha 3ToM ceMelicTBe xapaKTepHCTHK NOCTPOEHE Harpy-
304yHasg npsMas ab, KOTaHTeHC YIJa HakJ/JOHa KOTODOH paBeH
CONPOTHBJ/IEHHIO Harpy3ku R,. Dra npamas HMeeT jABe Mpe-
JejibHble paboude TOYKM Ha CBOMX XapaKTepUCTHKaX: TOUYKY
OTCeYKH ¢ M TOYKY HacblileHus [

Korpa TOK 6asbl paBeH HymoO, TPaH3UCTOP HAXOAMTCA
B pexuMe TOUYKM ¢. TOok B UenM KoOJ/IEKTOpa OTCYTCTBYeT
(I« = 0) ¥ nageHue HanMpsKeHUs Ha COMPOTHBJEHHH HArpy3KH
R, paBHO Hy/mo. B 3ToM pexuMe BHYTpeHHee CONPOTUBJCHHE
TpaH3HCTOpa OueHb BejHKO. HampsikeHue Mexay BolBoAaMu
KoJsiektopa u smutrepa (Ug_,) NpakTHYeCKH PaBHO HCTOYHUKY
nutanusa (Ey).
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Pexxum orceuku obecneuuBaercst ycaosueM: U, > [ R;
upu [, = [Iy.

B pexume TOUKM 2 TPAH3HCTOP MOJHOCTBIO OTKPHIT H Ha-
XOAUTCSl B COCTOSIHHU HaChILLIEHHS.

ConpotuBiieHHe HeMH KOJIEKTOP — 3MHTTEP MHHHUMAJBHO;
HanpsxeHHe HCTOUHHKA NUTaHHS E, MOYTH MOJHOCTbIO MpHU-
JIOXKEHO K CONpPOTHBJIEHMIO HAarpy3ku R,. B uenu kosnektopa
ycraHaBauBaercsi ToK [, = E /R,, a Tok 6a3bl [g= Ig .

M3 paccMOTpeHHbIX CTaTHUECKHX XapaKTepUCTHK BHJHO,
4TO TPAH3UCTOP, MO CYLLECTBY, SIBJSETCS] ORHOMOJIOCHBIM BbI-
KJ/Io4yaTes1eM, Y KOTOPOro 3aMKHYTOe COCTOSIHHE COOTBETCTBYET
MOJMHOCTBIO OTKPLITOMY peXHMY TPaH3UCTOpa, a PasOMKHYTOe
COCTOSIHHE — MOJIHOCTbIO 3aneptoMy. UHaue rosopsi, TpaH-
3HCTOp cnocofeH GUKCHPOBATh ABa COCTOSIHUA: «I» U «O», 4TO
COOTBETCTBYeT paboTe JOTHYECKHX 3JeMeHToB. KpymnHbIM He-
JIOCTATKOM TpaH3uCcTOpa, paboTalollero B HaChIEHHOM pexuMe,
SABJSIETC TO, YTO MOCJE BHIKJIOUYEHHS BXOJAHOTO TOKA OH He-
KOTOpOE€ BpeMs MNPOLOJKAeT OCTaBaTbCsi B HACHILEHHOM
pexume; OOBIMHO 3TOT MPOLECC JJIUTCH NPUMEPHO 5—
10 mxcex.

YkasauHoe sBJjeHue HU3UUeCKH BbISBIBAETCS TEM, UTO B pe-
JKHMe HacbllleHUs] HaKalJHBaeTcst H30bITOUHOE KOJHYEeCTBO
HEOCHOBHbIX HOCHTesell 3apsijioB. Tak Kak NMpH 3TOM pexHMe
TpPaH3UCTOpA MOTEHIMAJ KOJIIEKTOpa IO OTHOLIEHHIO K 3MHUT-
TEPY MaJi, TO NocJe BLIKJIOUEHHS BXOLHOTO TOKA, HEOCHOBHblE
HOCHTEJIH paccachlBaloTCsi B TeUeHHe HEKOTOPOro BPEMEHH,
UTO BbI3bIBAE€T MAONOJHUTENbHYIO 3alepKKy [epeKJ/IoYeHHs
CXeMbl.

Uem Go.ibllle TOK B IEeNH KOJJIEKTOpa, TeM OoJblie KOJH-
YeCTBO HEOCHOBHBIX IlocHTeNell, HaKamJuBamolixcs Ha 6ase
TpaHsucTopa. Utobbl M36exkaTh 3TOCO SIBIEHHS, T. €. HaKoMJe-
HHUS HEOCHOBHBIX HOCHTeNeH, TPaH3UCTOp joJKeH paboTaTth
B HeHacbllleHHOM pexuMe. [IpakTHueckH ke HeoOXOIUMOCTb
paGoThl €ro B TAKOM PeXHMe OTIajaeT, TaK KaK OoJbIIHHCTBO
JIOTHUECKHX CXeM, IpPUMEeHSIOmMHUXCsi B aBTOMAaTHYECKOM yIpaB-
JeHHY, paboTaeT Ha HacToTaX, He IpeBbIIAIOMIUX HECKOJb-
KHX JECSTKOB KHJIOrepll.

PaccmoTpeHHble 0COO@HHOCTH MOJIYNPOBOAHUKOB (ZHOLOB H
TPHOJOB) peaju3yloTcsi B cXeMaX JIOTHYecKMX onepanui.
B stHX cxXeMmax cHTHaJsbl, NOCTyNamoLlde Ha BXOJ JOCHUECKHX
onmepaiyi, MO CBOeMy JeHCTBHIO COOTBETCTBYIOT JIOMHUECKHM
HlepeMeHHbIM. 3aBHCUMOCTb HX 3HAU€HHs1 HA BbIXOJE OT CHUlHa-
JIOB Ha BXOje NpHUBejeHa AJIs1 KaxkIOH JIOTHYecKOH onepamuy
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B COOTBETCTBYIOUHX TabJMIaX nepBofl IJaBhl, B KOTOPHIX
BLICOKUI MOTEHuMaJ, HJH Ha/JH¥dHe CUrHajga, O0O3Ha4YeH ue-
pes «l», a HU3KUH NOTEHUUAJ — OTCYTCTBHE CHrHaja —
yepes «O».

5. Jlornyeckne cxemnl

Cxema «HE» (uuBeprop). Jloruueckast cxema «HE» BbI-
HOJIHSIeTCs Ha OXHOM TpaH3HucTope. B Takux cxemax ¢asa cur-
Hajla Ha BbIXOJe BCerga INpoTHBOMNOJIOXKHAa (Ha 180°) dase
CUCHajMa Ha BXOJIe.

Ha puc. 14 npusenena cxema «HE» na tpaunsicrope. I'lpu ot-
CYTCTBHH BXOZAHOro curxaja (a = 0) Ha BEIXOJle HHBepTOpa 6y1eT

#~Ex BhiCOKOe HamnpsixeHnue — E. Ilpn momaue
OTpHLATENBHOTO BXOJHOrO cHrHaja (a = 1)
A=§ HamnpsXeHHe Ha BBIXOAE CTaHOBHTCHA paB-
a HbIM HyJl0. VHBepTop MoeT paboraTh B
- peXHuMe OTCEYKH WJIH B pexKuMe Hachille-
uusi. Cxema, peasHsyiolmas JOTHUECKYIO

¢ynxnuio «HE», uMeer oxuu Bbixon.
[] Cxemb: «M». Jlornyeckyio onepauuro «H»
BEIIOJIHSIET CXeMa, [ponyckawollas HM-
[1yJ/1bC TOKA MPU COBNAJICHUH ero BO BpeMeHH

¢ JAPYTUM YOpaBJsIOMM HMMYJ/bCOM.
Ha Bbixoze cxembr «M» nosisiasiercs HM-

Puc. 14. Jlornue-

ckan cxema «HE» TYJbC TOKa NPH COBNAi€HHH BO BPEMEHH
(unBepTOp). UMIIYJIbCOB @ H b, MOCTynamliiX Ha BXOL.
Ecnmu Ha BXOjJe HMeeTcsl TOJbKO OfHH H3
HMIYJbCOB @ HH b, TO cXeMa ero He mpomyckaer (puc. 15, a).
Cxema «M» Moxer GbITh nocTpoclia Ha J000€e YHCJIO BXOLOB U
Bcerjia uMeeT ofilH BeiXof. Haubosee npocTo coBnajiete ocylue-
CTBJISIETCS JHONHO-PeocTaTHEIMI cXxeMamu. OHa H3 TaKHX CXeM,
HMelolilast JBa BXoja, M3o0paxena Ha puc. 15, 6. YcioBHeM
J/1s1 HOpMaJsibHOH paboTbl cXeMbl fBJSieTC COOTHOUIeHHEe R >»
> R,. O6wiuno npunumaercs R > (10 + 20)R;, R; = R,.
Tlpu orcyTcTBHH cHrHajJa Ha BXofax o6a JAHOAA OTKPHITHI,
U TOK, Pa3BeTB/siACH, NPOTEKaeT Mo napasesbHOH LenH R,
U R,. Conporusienus R, U R, 3HauuTeJIbHO MeHblUe, uYeM
CONMPOTHBJEHHe R, H mNajeHHe HanpsiKeHHs Ha HUX OyneT
BecbMa Masio. UeM Gosblle BelnuiiHa R no cpaBHEHHO ¢ R,
TEM HIDKE NPH OTKPBITHIX AHOZAX YPOBEHb HATPSIKEHHN Ha
Bixoze. [1pu OTCyTCTBHH OAHOrO M3 BXOLHBIX CHTHAJIOB OJIiH
U3 ABYX BXO/AHBIX AHOAOB OTKPLIT, U TaK KaK €ro npsMoe co-
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NPOTHBENHE MOYTH DPABHO HYJIO, HampsXkeHnHe 1a BBIXOJC
JIOTHYecKOH CcXeMbl He3HaUHTeJbHO; MPHUHATO CUMTATb, YTO
Unblx ~ 0.

Ecnin na BXoae auopoB [y u /I, OJIHOBPEMEHHO MOXATh
HMMYJIbChl MON0KHTEIbHOA NOASPHOCTH Uy H Ugye, TO AHOJRI
3anHpaloTcst, TOK Yepe3 HHX He NPOXOAHT, H Ha BHIXOJE MO-
SIBUTCR HUMNYJbC NOJOXKUTEIBHOR MOMASPHOCTH, paBHbIf BeaH-
unpHe E. Cnepyer yuecTh, YTO NMpPH MOCTYNJEHHH CUTHAasla Ha
OJUH BXOJ CXeMbl, Ha BhiXole Oymer HeGo/blIOe HampsKeHHe,
KOTOpOoe NpHHATO Ha3biBaTh noMe x o . Ilpu obpaTHom
BKJ/IIOUEHHH JHOAOB COOTBETCTBEHHO MEHSIeTCS MOJIsAPHOCTb
BXOJAHBIX M BBIXOAHBIX CHI'HAJOB.

0 &) +E

a

Puc. 15. Bpemennas guarpamva (@) u guogHo-peoctathas cxema «Hs (6).

JIns ycTpaHeHHst 3aBHCHMOCTH BBIXOLHOTO HanpsXKeHHs OT
yicja MOCTYNHUBLIHX BXOAHBIX HMIYJBCOB NMPHMEHSAIOT racs-
LHA JHOJ, 113 Ha anoa [5 nopaercs Hanpsikenne Eg, n ecan
NPHXOAAWHUHA Ha BXOJ HITYJbC CO3JaeT HaNpsKeHHe Ha Kartoje
s, Menbiniee Ey (U, << Ej), TO aMoA oTnHpaercss H Ha BHl-
XOJle CXeMbl COBMajeHHS MOABUTCA HMNYJAbc, paBHBIH Ej
(puc. 16, a).

Cnenyer ydecTb, YTOo npu GoJsbliof BeqHYHHE R yBeJHYH-
BaeTCAd MNOCTOSIHHAS BpPEMEHH CXeMbl, OTHYEro 3aTATHBAIOTCS
(hpOHTH HepenajoB CHrHaJja, MOCTYNAIOLUlero Ha cJhefyloLiuit
Kackaj, ¢ KOTopeiM pa6oTtaeT auosHas cxeMa «H». Jlornueckuii
anemeHT «», coGpaHHBIl Ha JuofaX, H300pakeHHHIH Ha
puc. 16, 6, uMeer caepylolllle napaMeTpLi: HanpsKeHHe MH-
Tauua Eg = 12 6; Harpy3ouHoe conpotHBieHne R, = 1,2 Kom,
R, = 2,4 xom; BoixomHoe HanpsixeHHe Ug,y OPH OTCYTCTBHH
cHrHania Ha Bxoxe He Goaee 0,65 6; morpebeHHe 37eMEHTOM
TOKa [OpH HaJHYHH cHCHala Ha Bxoje [l¢ = 3,6 ma; npu

29



OTCYTCTBHH CHTHajla Ha BXome — 5 + 10 ma; pa6odas uacto-

Ta — J0 5 Key.

Cxembl «M» (coBrmajieHHsi) Ha TpPaH3HCTOpaX MOTYT ObITh
BHITIOJTHEHBl NPH MapajijieJbHOM HJM TOCJE0BAaTeNbHOM HX

COeJHHEHUH.

9
A4

*Usx,

Ju '
*Ugx, A2 ‘I’
———pt——

Ju

-£

Iy
R, ‘11

6 -E¢

R1.R2

3o—Ppt—46

?ﬂ—ﬂ——i—ﬂ 8b1x.

Uerm

Puc. 16. HOuogusie cxemb: @ — cxema «H» ¢ racsamum auo-
noM M3, ocnabasiiomiuM ToMexd; 6 — QHOJHAs NMPHCTaBKa

cxemel «M».

Ha puc. 17 npexcraBieHa cxeMa ¢ napaJjijiefbHO COENH-

HEHHBIMH TPaH3UCTOpaMH Ha JBa
cursanoB ofa TPHOHA OTKPBITHI U

Tk

L

Puc. 17. Cxema «H»

C napannaejbHbIM

COeHHEeHeM TPAaH3UCTOPOB.

Bxofa. Ilpu oTcyrcTBHH
HaXoHfITCA B COCTOSIHUH
Hachiterusi. Conporusie-
HHe MexzIy 3SMUTTEpOM U
KOJIJIEKTOPOM OU€Hb MaJIo.
ConpoTHB/IeHHe HaTPY3KH
Ry > r'k-3, CI@ k-5 — CO-
NPOTHBJIEHHE [ENH KOJI-
JIEKTOP ~— 9MHUTTED OTKPHI-
TOTO TPHOAA; NOTEHIHAJ
Ha BbIXOJe CXeMbl Oyner
ouedb Mas: Uy = Iilxos.

Ilpu noctynnenuy cur-
HaJIOB MOJIOKHTENbHOH 110-
JISIPHOCTH Ha 0asbl Tpal-
3HCTOPOB OHH 3amyupaior-
csl, H Ha BbIXOJle CXeMbl

nosiBsieTcss cHrHaj. EC/H CHrHasbl NMOCTYNAOT Ha OJMH H3
BXOJOB, TO IPYrofl TPaH3UCTOP OCTAHETCs OTKPBITHIM H COMPO-
THBJIEHHE KOJIIEKTOpa — SMHTTEpa OyleT LWIYHTHPOBATh CXeMY.
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Hanpsixkenne na ruxone 6ynet ouens Mano. IIpH ogHoBpeMeH-
HOM MOCTYNJIEHHH BXOAHBIX MMMYJ/ibcOB Ha Gas3ul 0GOHX TpaH-
3HCTOPOB OHH OKaXKYTCH 3aNepTHIMH, CONPOTHBJEIHE KOJJIeK-
TOpa — 3IMHUTTEepa Pe3Ko Bo3pacteT. Ha Brixome cXeMmsl mo-
ABUTCA  MMIYJLC HanpsixkeHHus. B paccMoTpeHHOM cirydae
r-s/2 > Ry. Tak Kak He Bcerma MOXKHO 0GeCneuHTb MOJHOe
COBMAJeHHe BXOJHBIX CHTHAJOB BO BPeMeHM, TO JJIsi MHOTHX
nesefl NMPHMEHSIOT MOJAYy HaNpsKEHHS Ha OJMH U3 BXOJOB
B TeUeHHe BPEMEHH CJIeJOBAHHS CHTHAJIOB.

HegxoctaTKOM mpHBelNeHHOH CXeMbl SIRJSIETCsl oMeXa, BO3-
HHKalollas NpH MNOCTYNJEHHH CHTHa/la Ha OfMH M3 BXOJOB.

8zr.a

Puc. 18. Cxema «HM» ¢ noclienoBaresbHbIM
COeHHEHHEM TPaH3HCTOPOB.

Ecan cxema coBnaieHHs JO/BKHa HMeTb Gosblliee YHCIO BXO-
JI0B, TO COOTBETCTBEHHO NOTIKHO ObITH BKJ/IOYEHO GOJIBLIOE YHCTIO
TPaH3HCTOPOB.

Ha puc. 18 nokasana cxema «HM», B KOTOpPO# TPaH3HCTOPEI
BKJIIOYEHB! TIOCJIeloBaTebHO. B 3Toft cXeMe, MO CcpaBHEHHIO
¢ mpefwiaylied, BXOJHBIE CHrHAJIbI JOJKHBL HMeTh IPYTYIO
TMOJIIPHOCTD.

Ilpu OTCYTCTBHH BXOXHBIX CHTHAJOB BCe TPAH3HCTOPHI 3a-
NepThl HaNpsZKeHHEM MCTOUHHMKA cMelleHns -+ Eg M BbIXOJQHOE
HanpsixkeHHe paBlno —FE,.

Ecan nanpsikenHe OTpHLATENbHOH MOJSPHOCTH NMOCTYMHT
Ha BXOJ OJHOTO M3 TPaH3UCTOPOB, TO APYrof TpaH3HCTOD
OCTAaeTCs 3amepTbiM M TOK He mpoiiier. Hanpsixkenne Ha BbI-
xome ocraercst paBHeIM —E,. Kak ToabKO Bce BXOIHBIE CHI-
HaJbl OTPHUATENBHOH MOJSPHOCTH COBMAAyT, TPHOLBI OT-
KpoloTcsl, yepe3 R, MOoTedeT TOK M Ha BBIXOAE MOSBHTCA HM-
nyJbC MOJOKHTENBHOTO 3HaKa. [IpuBeneHnas cxema siBjseTcs
cxemolt «M» ¢ uHBepcuell ¢asbl 415 OTPHUATENLHBIX BXOJHBIX
CHIHAJIOB.
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Nas Hajgexuoil paGotut cxeMot «H» BXOATRE CHFHAbB JIOTK-
Hbl HMETb AMIVIUTYLY, AOCTATOYHYIO s OTHHPAHHS TpaH3i-
CTOpa O HACHIUIEHHs MJIH €ro MOJHOTO 3aMHpaHHus.

B Hacrosiee BpeMsi pacnpocrpaHeHa JHOAHO-TPaH3HCTOP-
Has cxema «k», KoTopas JHlUeHA HENOCTATKOB JHOLHON cXeMbl
H HMeeT JOCTOHHCTBA TpaH3ucTopoB. ONHH H3 BapHAHTOB TaKOM
cXeMbl H300paxeH Ha pHuc. 19.

Jlornueckue onepaunu «H» ocyliecTBASIOTCA B JHOLHOH
YaCTH, a YCHJeHHe MOILHOCTH H JBOMHOe HHBEPTHPOBAaHHE
Gha3bl BXOAHBIX CHI'HaJOB NPOW3BOAATCS Ha TpaH3ucropax T,

‘-*E[ﬁ

Puc. 19. IduonHo-TpausncropHas cxema «H», BBIycKaemas NpOMbILLJIEH-
HOCTBIO.

n T,. Ha Beixone tpanzucropa T, nonyuaem A, = abc, a Ha
BHIXOJie TpaHsuctopa T, — A, = abc = abc. Cxema paboraer
OT MMIYJILCOB OTPHILATE]ALHON IOJISPHOCTH.

J1As yMeHblIeHHs1 BeJJUUHHDI JIOXKHOrO BBIXOLHOTrO CHIHaga,
KOTODLIl MOKET MOJIYUHTLCS NPH OTCYTCTBHH BXOJHOTO CHI-
Haja XOTs Obl Ha OXHOM H3 BXOJOB, B SMHUTTEPHYIO LENb BBO-
JIHTCS HeoGXONHMMoOe 3amnpaiolliee HarnpsiKeHHe.

OcHoBHBEIE TeXHHUECKHE XapaKTepPHCTHKH pacCMOTPEHHOH
CXeMBbI CJIELYIOUIME: HAasIpSKeHHe HCTOYHHKA NTHTaHus — 106 -
== 10%; MolHOoCTh, notpebnaeMas cXeMoH, — 35 mam; MaKkcH-
MaJ/lbHasl aMIIHTYyAa HMIYJAbCOB Ha BXole — 5 6; yXyAlleHHe
JAJUTENBNOCTH (POHTA HMIYJLCOB Ha BBIXOLE — He OGoJee
0,15 mrcex; MHHHMabHOe paspellaoulee BpeMs — 0,2 mrcex;
aMIJINTYJa JIOXKHOro clirHanla — He Gosee 0,27 e.

Cxema (dornyeckoro caoxenusn) «HWJIW». Cxemy soruue-
CKOFO CJIOKEHHSI MO CBOEMY HeHCTBHIO MOKHO paccMaTpHBaTb
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kak mapaJJienbHOe COeIHHEHHe HECKOJIbKHX HOPMaJTbHO Pa3oMK-
HYTbIX KOHTAaKTOB.

Hanpsaxenne Ha Harpyske MOfBJ/IS€TCS IPH 3aMbIKaHHH
Jo60ro M3 KOHTakToB. HHaue rosopst, Ha BeIxozne cxemsl «HJIK»

a)
alkf t, 6)

mnrr,, -

4

I3 £ b A-a*g_
JTiriri .,

E

&3

T17T ..

Puc. 20. Bpemennasi auarpamma (a) u cxema «HJIM» na puo-
pax (6).

+

NOSBHTCA CHMTHAJ, €cJH OH IIOCTYNUT Ha Jio0o# M3 BXOIOB
cxemnl pHc. 20, a. Ecav Ha BXome HeT CHTHAJIOB, TO H Ha BhI-
xoze ero He Oyzer. Cxemy «MJIM» Henonb3yioT B JIOTHYECKHX
onepauuax Jiasi oObeAHHEHHS CHTHAJIOB, NOCTYNAOIMX H3
pa3HBIX KaHaJOB B OfHH OOLIMH KaHaJ, T. €. B TaK HasblBae-
MoOHcoOGHpaTeabHOM
cxeMme. *+Ex
Ha puc. 20, 6 npuBeyena T
npocTefiinasi cxema Joriue-
CKOTO CJIOXKEHHS, BBINOJHEH- @
Hag Ha auoxax. I[lpu noss-
JIEHHH Ha JoOOM BXOJE CHT-

®

Haja TOK IIPOTEKaeT 4epe3s -

Harpysky. CrenoBaTesbHo, 7 -

ecn XoTs Gbl Ha OJHH BXOA Rulj A=a+d “T=

GyjeT nojaH CHrHAJ, TOM Ha . i

BHIXOJie TaKXKe MOSBUTCSH

CHTHaJI. Puc. 21. Cxema «HJ1W» pa tpauss-
HepocraTkoM paccMaTpH- cTopax.

BaeMoOH CXeMBl fBJISIETCA TO,

4TO HanpsKeHHe Ha ee BEIXOJHBIX 3/IEMEHTaX MEHbIIE BeJTHUYHHBI
HanpaXeHHs, NMONAHHOIO Ha OAMH U3 ero BXomoB. UToOwl H3-
6exaTb 3TOT HENOCTATOK, MOJb3YIOTCS JIOTHYeCKoH cXeMoi Ha
TpPaH3HCTOpaX, OAHA M3 TAKUX CXeM MpHBeJeHa Ha pHc. 21.
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B HCXOpHOM COCTOSIHHM TpaH3HCTOPL 3jech 3ameprTel M Ha-

npsxkeHue Ha BeIXoJe ouedb Majgo (U, .~ 0). Tpausu-

CTOPH! OTHOHPAIOTCS OPH MOCTYILIEHIM Ha UX 6Gasbl HMIY.Ib-

COB TOJIOXKHTEBHOI'O 3HaKa.

~Ex AnasioruyHble CXeMbl MO-

ryT OHITb BLINOJIHEHBbI H Ha

6oJiblilee KOJMYECTBO TpaH-
3HCTOPOB.

Cxema «MJIM» BBIMOJ-
HAETCS TaKXKe Ha 3MHUTTEp-
HeIX noBropurensx. OnHa
U3 TAKHX CcXeM H300paiKeHa
Ha pHc. 22.

Cxema JOruyeckoro aJje-
menrTa «3anpet» (<HET»). Ha
Puc. 22. Cxema «HMJIM» na amurrep- puc. 23 NpUBENEH OAUH W3

HbIX TIOBTOPHTEASX. BapHAHTOB JIOTHYECKOH CXe-
Mol sanpeta («<HET»).

[Ipu oTcyTcTBHM BXOIHOTO CHrHaja a Ha 6ase TPAH3HUCTOP
3amepT, CONPOTHBJEHHE KOMJIEKTOPa — 3MUTTEPa OTHOCHTEJILHO
BeTUKO. BXoaHo#l curHas b, mojanHbl Ha KOJJEKTOP TpaH-
3UCTOpA, MOCTYNUT HAa BHIXOX CX€Mbl. BenHuHHa BLIXOLHOTO
HanpsixKeHUss OyJIeT 3aBHCETh OT BeJHUYHHBI BXOJHOLO CHrHana
b u conporuBieHudt R; n R,.

Ecau curnans a v b nocrynaior 5 Ry A=ad
OJHOBPEMEHHO, TO TPaH3HCTOP — !
OT CHIHaJja a OTKpoercs H Co-
NPOTHBJIEHHE  KOJIJIEKTOpa —
IMHTTepa OYAeT OYeHb MaJo. fe
BrixofiHOE HanpaeHue CTaHET 5] 2
YypesBLIYalHO MaJjiblM, cJeloBa-

TeNbHO, OYAeT peanH30BaH 3a-

nper curHanoM a. CylmecTBYIOT — Puc. 23. Cxema JIOrHYeCKOro Je-
W JApyrHe BapHaHTBl CXeMb! menta «sanper» («<HET»).
3anpera.

KomObHHupOBaHNble JlorH4yeckde ajdemeHTl. Hapsany c sie-
MEHTaMH, BbINOJHSIOLIMMH 5/IeMEHTapHbIE JIOTHYecKHe ore-
paumH, MOryT GbITh IOCTPOEHBI KOMGHHHPOBAHHbIE JIOTHYECKUE
CXEeMbI, OCYLIECTBJSIONNE HECKOIbKO TaKHX onepauuil. KomGu-
HHPOBAHHbBIE JIOTHYECKHe CXeMbl OOBIYHO BBIIOJHSIOTCS Ha
CTaHJApPTHLIX JIOTHYECKHX 3JeMeHTax. [IpuMepoM Takoro ycr-
poficTBa MOXET CJYIKHTb KOMOHHHPOBaHHLIH 3/1eMenT «UJTH —
HE» nan «MJIM—M», «d — HE» u ppyrue.
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Ha puc. 24 npusesena noruueckaa cxema «JIJIM—H»,
MOCTPOEHHAs Ha JAMOJAX, BBHIMOJHSIOIIUX COYETAHHE JOrHYe-
ckux onepaunii A = ab + cd. Bta cxeMa COCTOMUT M3 IBYX
cxeM JiorHyeckoro ymuoxenuss «I» (D\DyRy u D3D,R,) u
cxeMmbl Joruyeckoro caoxenust «MUJIHWy (D;DgR3). Curiian Ha
BbiXOJIe MOABHTCS NpH MOCTYNJEHHH Ha 004 BXOJa BBLICOKHX
norenuuanos a «M» b < ¢ «H» d.

Ha puc. 25 usobpaxkeHa cxeMa KOMGUHHMPOBAHHOIO JIOTH-
UecKoro 3JeMeHTa, BhimoJjHsoulero ¢yskuun «MJIM — HEs:

A = a + b. CxeMa BmINOJIHEHa Ha TpaH3HcTope H paboTaer

Puc. 24. Cxeva «MJIM — H» na auojax.

Kak jorudeckufl amement tuna «<HE» ¢ HecKoMbKUMH BXONaMH.
Ilpy oTcyTcTBMHM BXOLHBIX CHTHATOB TPAaH3HCTOp 3alepT CMe-
ULAIOIIMM HanpsiKeHHeM, W Ha BXoze OyjJeT BLICOKOe Hamlps-
xenne. Korga Ha BXoA MOCTYNHT CHrHaJs, TPaH3HCTOP OTHR-
paeTcs M BBIXOJHOe HaNpsKeHHe NPaKTHUeCKH cTaHeT pas-
HBIM HYJIO.

ITapamerper cxemul «HMJIM — HE», Beinyckaemolt npomsi-
Jendoctbio (thma dT-JIOl) cneaylolde: HanpsixkeHHe NHTa-
HHA + 6 — 12 6; noTpebnenne Toka 215 ma; conporusJe-
HHe KosIJIeKTOpHOH HarpyskH 820 om; BXOAHOe CONMPOTHUBJIEHHE
NepBOro BXOAa NPH BXOAHOM curHaje «O» 1,5 xom; Hanpsxe-
HHEe CHrHaja: BXOAHOH cHrHan 0 npH Tpex NOJAK/IOYEHHBIX
Bxogax 0—0,15 6; BxoaHo# cHrHana 0 npH OJHOM NOJKJIIOYEH-
HoM Bxoje 0—0,85 6; Bxoamol curHan «l» 4—12 6, BoixoaHoll
curaaga «l» 4—12 g; BuixogHo# curuaa «0» 0—0,15 a.

Jlornyecku#i KomMGuHupoBaHHbIl 31eMeHT «MI — HE» (one-

pauns lleddepa) BuimosHser onepauud A = a;0,a3 T. €.
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CHPHAJIBI Ha BHIXOJE OTCYTCTBYIOT TOTAA, KOTJZia Ha BCeX BXofax
UMEIOTCST CHUTHAMDI.

Ilpunnunuasasias cxeMa saeMenta «M1 — HE» npuenena
Ha pHc. 26. OHa BbINOJMHEHA Ha NOCJAEN0BATeNbHO BKJIOUEHHBIX
TpHoaax. [1pH OTCYTCTBMH CHIHAIOB H4 BXOAE CX€Mbl TPHOZBI
3anepTbl cMellleHHeM + Eg Ha BbIXOAe cxeMbl Oyjer oOTpH-
naTesbHOe HampsikeHHe — Ey H, cJ/1e0BATe/bHO, HMeeTCs
curnan «l». Korza Ha BbIXOX cXeMbl GYAYT OXHOBPEMEHHO IO-
JIaHbl CHTHAJLI CONPOTHBJEHHUS, TPAH3UCTOPLI OTKPOIOTCA H Ha

-1
A=a+b

a

A=ab
b ——{rH—

Pue. 25. Cxema KOMOMuIIpO- Puc. 26. Cxema KoMOHHHPO-
BaHIOr0 JIOTHYECKOrO 3JeMeH- BaHHOro JIOTH4YeCKOTO 3JeMeH-
ta «MIJIM — HE». ta «M — HE».

BBbIXOAE MOSIBUTCA cHrHad «0». MHaye roBopsi, CHTHaJ Ha Bbl-
XoJlie OTCYTCTBYeT, €c/IH MMeEeTCsl CHTHaJl Ha BXOJe.

CxeMbl, npuBelieHHble Ha pHC. 26 U 25, HCIONBL3YIOTCS NPH
HeGOJLIIOM YHC/e BXONOB B JIOTHYECKHX 3J/1EMEHTaX.

Ha puc. 27 nokasaHa komMOGuHHpoBaHHast cxeMa «MJI1M»,
OHa COCTOHT M3 JlorHueckoro sJjeMenta «WJIM», Bbinonnensoro
Ha JHONAaX, U ABYX COEAHHEHHbIX MOC/JAENOBATEIbHO JOIHYECKHX
s1eMedToB «HE», ocylliecTB/IeHHbIX Ha TpaH3HCTOpax. OJTa
cXeMa BBINOJIHSAET JIOTHYECKOe CJAOXEHHe TPeX CHTHaJ/oB: a -
+b-+c= A

CxeMa Ha puc. 28 sBasieTcss KOMOHHHDOBAHHOH cXeMOH
sseMenTa «M», cousieneHHOH U3 AHOAHON npucTaBKH «M» U ABYX
sneMentoB «HE», BemonnenHsix Ha tpansucropax. CxeMa

OcyLIecTB/seT JIOTHUECKYIO onepauuio abc = abe = A,
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Hapsigy ¢ paccMoTpeHHbIMH KOMOHHHPOBAHHBIMIL JIOTHYe-
CKHMH 3JIEMCHTAMH HCNOJb3YyIOTCA MHOI‘OCl)yHKuHOHaJ'IbeXe aJje-
MEHTBI, OCYLIECTBJIAIOLIHE HECKOJbKO 3JEMEHTapHbIX npe06-
pa3oBaHHUH.

Boix.
4

«“ (3

wHIH wHE o HE 3
L4

ao—Pt—
bo—pl—tp

co—p—

|
|
|
]
|
|
|
|
I
|
|
1
|
+
|
]

Puc. 27. KomGuHuHpoBaHHAsl cXeMa JIOTHYECKOIO 3JeMEH=-
Ta «HUJTH».

Ha puc. 29 npencrasjeHa ofHa H3 cXeM (DyHKUHMOHAJIbHBIX
9.1eMeHTOB, Kotopast coaep:kut 3aaement «MJIM — HE» ¢ no-
6aBJieHHEM Ha BHIXOJe Tpex AHojoB. PaccmartpHBaeMasi cxeMa

e JHE! S HES
o—}g—

o—iNjg—9

£y

R i I B
1

Puc. 28. Kom6unuposauias cxema JOrHYeCKoro s.iac-
menra «Hb».

£
+CM

BBIMOMHsIeT npeoGpasoBannHe Buma A = abc -def, T.e. Tpn
JIOTHUeCKAEe ONepamyl: CJOXKeHHe, HHBEPTHpOBAllMe M YMHO-
XKeHne, [leficTBUTeNbHO, el a = 1; b=1;¢c=1, 10 A =
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=d+e+f Beryuaed=0,e=0uf=0, 10 A= abe,

korpac=l,e=0,f=0,104 = abd. Kak BHIHO H3 CXeMbl,
MOryT ObiTb MOJIYUEHBI H APYTHe JIOrHYecKHe TnpeoGpa3oBaHHsl.

— +
a +o——ld

o4 2
b+o—}g—

e+o {4 ]
cto—id- -

f+o——ig—¢

-0

Puc. 29. MHorodyHKUHOHaMbHAA JIOrHYecKas
cxema.

Ha puc. 30 npusenena npuHnunuaspHas cxeMa OJHOTO U3
BapHAHTOB YCTPOHCTBA, peaJH3YIOIIEero onepalHi0 OTPHUAHUSA
paBHO3HauHOCTH. Koria Ha OfHH M3 BXONOB NOJ@H CHCHA
a =1, a Ha APYroM BXOJe CHTHaJa OTCYTCTBYeT, T.e. b =

A=ab+db

U”é :
U'b ﬁ F a'U'

Puc. 30. IpuununuansHas cxeMa OTPHUAHMA PaBHO-
3HAYHOCTH, BHIIOJHEHHAST HA JBYX TPAH3HCTOPAX.

JieBbIl TPAH3UCTOP 3anepT, a ¢ CONPOTHBJIeHUA R, cHHMaercs
yacTb BbIXOXHOro curHajta a (A = 1). B cayuvae, xoraa a ==

b =1, c conporuBieHHa R, CHHUMaeTcsl 4acTb BXOJHOTO
curnana b. Tlpu Hajauuun curHagJoB Ha 0GOHX BXoaax (@ = |
1 b= 1) oba TpaHsncropa OTKphITE. Ha BbIXojme curHaia ue
Oymer, 1 A = 0. BbicOKoe HampsikeHHe Ha BLIXOZe Oyner
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TOJIBKO MpPH HAJHYHH OJHOrO M3 BXOJHBIX CHTHaJIOB (@ uiu b).
Takum o6pasoMm ocyllecTBJsieTcsl Joruyeckas QyHKuua A =
= ab + ab.

6. Tunosble yanbl NOFHYECKHX 3NEMEHTOB

PaccMOTpHM HCNOJIb30BaHHE HEKOTOPBIX THIIOBHIX Y3JIOB,
BBITYCKAeMbIX OTEYECTBEHHOH NPOMBIILJIEHHOCTRIO B KayecTBe
YHUGUUHPOBAHBIX 3JMEMEHTOB. 3OTH Y3/l COCTOST: a) H3
Habopa ajeMentoB «MJIM», 4 -£,

«1», «<HE»; 6) u3 ajeMeHTa
«AJIM— HE», B) u3 aje- a
meHta «11 — HE».

C noMOWbIO 3THX y310B o A=ataz3e
MoxeT ObITh peasiH3oBaHa 3
mobasi  jorHyeckas (yHK- .
uus. Oyuxuuu «AJH», «H» e
0OBIYHO  peasu3yIoTCsd Ha §) HE .
JHOJaX, KOTOphie 3aMeTHO ”

0cnabJasiloT CHUTHAMBL M He §

a, Hi _
moryr peamsoBate «HE».  “efmmypnl M If;_“r*“z"aa
[ToaToMy Ha HX BBIXOJE yCTa- a0, 8
HOBJIEH YCHJII/ITeJIIz(pHC. 3lu 2
32). Jloruueckuil 3jeMeHT
«AJIM — HE» BbIﬂOJ'!;IlﬂeT a
JIOTHYECKYI0 pyHKUHIO: A =
=a + 3;-]-{?}.1—}.;” , a—~{ HIH- HIH-HE [~

Jlnsi peanusaliii TOJABKO
onHo#t ¢yukuuu «HE» po- %
CTATOYHO IOJAaTb CUTHAJN HA  Puc. 31. Cxema peanusyoilas ole-
OIMH U3 BXOJOB 3J€MeHTa paunio «HJIM — HE».
«1JIM— HE» (puc. 31, 6).

Ha puc. 31, a nokasana peanusanusi OCHOBHBIX JIOTHIECKHX
¢ynkuuit ¢ noMomibio snementa «MJIM — HE».

O6pasosanue s.aementa «MJIM» saementanu  «MUJIM —
HE» s cxembl, n3obpaxeHHofl Ka puc. 31, 6, cTaHeT sICHO 3

crefyiomux npeoSpasoBannii: B =a; +a, +a; u A=

A=a,ayay

=B+ 0+ 0= B, a crenopatenbho: A = a, + a, + a; =
= q; + a, 4 as. BoaMoHOCTH 3aMeHBl 3jeMmenTa «l» 3e-
mentamu «HMJIM — HE» (cM. puc. 31, ¢) BupHa u3 npecGpaso-
BaHH4



Bi=a,+0+0=a;; B,=a0,+0+0=ay B;=
=a;4+0+0=ua, Ho rtak xak A = B, + B, + B; =
= @; -+ @, + a3, TO COrJIaCHO 3aKOHY JBOHCTBEHHOCTH TOJY-
unM A = abe.

Ha puc. 32, a npusenen ogun snement «I — HE». Cxema

3TOrO 3JIEMEHTa COCTOMT M3 AHOAHOH npHcTaBkH «k» v nuBep-

HIH
A=a,+az+a
ﬂ"ﬁéj—-’ 2403

=00y 03

a n A
a,—={ W-e |+ HHE -
a

Puc. 32. Cxembl, peanusyoulie omnepamuuio
«¥ — HE».

TOpa, KOTOPble OCYLIEeCTBJISAIOT Jorudeckyw ¢yskuuio «HE»
(puc. 32, 6). TaM ke noka3aHO, KaK MOTYT GBITb OCYLUECTBJIEHbI
OCHOBHBIE JIOTHYECKHE ONepauuH NocpeicTBoM 3jeMeHta «M—
HE».

Cxema Ha pHc. 32, ¢ BhINOJMHSIET npeoGpasoBaHue:

B, = a,a,, @, = dy; By = 020,05 = dy; By = A3035 = dj.

CneAOBaTe.ano," A = B; B, Bs=a,a,d; = 0,0,a3, WA
no 3aKoHY JABoiictBeHHOCTH A = a; + a, + aj.

Hns cxeMel, n3c6paxkeHHOH Ha puc. 32, 2, OCYLIECTBIATCA
npeobpasoBanus B = qja,a3 © A = B = a,0,03.
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Oyuxkuun «HE», «AJIW», «» peanusyrorcs HaGopoM, co-
croawum H3 anementa «MJIM—HE» u puopno#t npucraBKH
«A». DTH ke GYHKUUH MOTYT OBITb TaKXKe OCYIIECTBJEHEI C MO-
moulbio 3jementoB «MJIMM — HE» u puopnoit npucraBku «M».

Ilpu nocTpoeHHH JIOTHYECKUX CXeM HeOOXOAHMO YUUTHIBATH
BHYTpEeHHee MajJieHHe HampfAXKeHHsl B JIOTMUECKHX 3JeMeHTaXx.
IlpH nepexofe OT OAHOTO 3JIeMEHTa K MOC/eNyIOLleMy 3a cHeT
3TOr0 NajileHHsl HaNpsXKEHHUs YPOBEHb CHrHaJja OyleT yMeHb-
niathed. Ho Tak Kak Joruueckue 3jieMeHThl Ha TPHOAaX 06.a-

Puc. 33. TunoBble y3/1bl JIOTHUECKHX CXeM, B KOTOPBIX NOCJENO-
BaTeJIbHO C AKTHBHBIMH 3JIEMEHTaMH TPHCOEAHHElb! MacCHBHbIC
(zuopbr).

JAOT COOCOGHOCTBIO YCHJIUBATh CHCHAJ MO MOIIHOCTH, TO
npakTHYeCKH MOXKHO JIONYyCKaTb NocJefoBaTesbHOe BKJ/IOYeHHe
B lenb JI06Oro YHC/aa aKTHBHBIX JIOTHYECKHX 3JIEMEHTOB.

O yYHKIMOHNPOBAHHE JHOAHBIX JIOTMYECKHX 3JIEMEHTOB CO-
NpSXKEHO C noTepedl MOILHOCTH, NOITOMY MNOCJENOBATEbHOE
BKJIOYeHHe 60JbLIOr0 YHC/IA NMACCUBHBIX (NHOAHBEIX) cxeM 0e3
ycHauTes el HeONyCTHMO.

Ha puc. 33 npuBesieH npuMep coeMHEHHH TUNOBHIX Y3J0B
JIOTHYECKHX CX€M, B KOTOPBIX MOCJENOBATEIbHO C aKTHBHBIMU
YCHJIHTEbHBIMH 3JIeMEHTaMH BKJIIOYEHbl NAcCHBHbIE (IHOABI).

B 310l cxeme ocylecTBIEHO MOC/AeN0BaTeNbHOE BKJIOYEHHE
JUOAHBIX mpHcTaBoK «M» uepes akTHBHbE 3seMeHTH! «MJIM —
HE».

7. CGraTnuveckuil Tpurrep

CxeMa Tpurrepa, IO CYLIeCTBY, SIBJISIETCH YCTPOHCTBOM,
COCTOAIIMM M3 JIOTHYeCKHX 3JjeMeHTOB (pic. 34). Tpurrep
HCIO/b3yeTcsl B CHCTEMaX aBTOMATHYECKOIO YNpaB/eHHs Kak
9/IEMEHT MaMATH H CUeTHOH sAYeHKH.
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Ha puc. 34, 6 npeacras/iena cxeMa Ha MoJynpOBOJIHHKOBBIX
TPHOZAX, COCTOsillasi KaK Obl U3 ABYX HHBEPTOPOB, COENHHEH-
HBIX APYT C IPYroM nepekpecTHOH cBsizbio. CxeMa mnpepcra-
BJsieT coOOM TpHITep ¢ JABYMsl DPas3jesbHbIMH 3allyCKaMH.
Tpurrep uMeeT JBa YCTOMYHMBBIX COCTOSTHHS: WJU TpHOH T,
OTKpBIT, a TpHox T, 3amepT uau Hacbopot: Koraa tpuon T,
3anepT, TpHOL T OTKPLIT. [lepexon H3 OTHOTO COCTOSTHUS B APY-

roe MpOUCXOAMT MOA Aek-

a CTBHEM MyCKOBBIX HM-
2 ———] |~ A [yJBbCOB.
b—] Tpuzzep | _ g PaccMotpuM  paGoty

tpurrepa. Ilycts Tprog T,
oTkphT. Hanpsixenue or
Jenutened R, U R,, no-
crynaiouiee K tpHopy T,
NOYTH PABHO HYJIO, TPHO
Ty OTKDBIT OTpHIIATE/b-
HBIM HampsiKeHHeM, MO-
CTyNaIoIKM C KOJJIEKTO-
pa T, 4yepe3 conpoTHB.e-
HHe R.. [lpu mogaue Ha
BXOJ @ TOJIOXKHTENBHOIO
uMnyJabca tpuox T, 3a-
KpbiBaetcsi. Hanpsokente
Puc. 34. Tpurrep c pasgeabHelM Bxo- Ha €ro KOJJIEKTOpE H3Me-
IOM: @ — ycaoBHOe o6Go3naueHue; 6 —  HseTcs OT HyJsl 10 Ha-
NpHHLKIIHAJNbHAA CXeMa. ]'Ipﬂ)KeHHﬂ EK; 3T0 an_
BOAHT K TOMY, UTO uepes
uenb R,C, Ha 6a3y TtpHosa T, MNOCTylaeT OTPHIATENbHOE
Hanpsi)keHHe H oTnHpaer ero. Ilocse 3TOro HanpsiKeHnue
Ha KoJiekTope T, ynager noytH no Hyas. Ilajenve Hanps-
JKeHUsI Ha COMPOTUBJEHHM R, pe3Ko Bo3pacTraer, BCJel-
CTBHE Yero Ha BBIXOfE B Touke B cosjgaercsi OTHOCHTENBHO
HHU3KHH noTeHuMaa. B TakoM COCTOSIHHH TPHIrep OCTaeTcst j0
MPUXOJa HA BXOA b C/eyIOLEero NOJOMKHTENbHOTO HMIYJbCA.
[Tpouecc nepexona Tpurrepa MPOXOAHT aHAJOTHYHO PACCMOT-
peHHoMY Bhille. KonpeHcatopel C; u C, cayxat gas yJaydile-
HUSA YCJOBHiI ero mepexoja. B craTuueckoM pexKHMe OHH He
BJMSIOT Ha paclpeje/eHHe MOTEHIHAJNOB B CXeMe.
[Toc/e nogau cHMrHajsa Ha BXOZ @ 3aMHcaHHAs HHGpOpMAaLHs
cOXpaHsieTcss BIJIOTb IO MOJAYM CHrHajza Ha BXOZ b.
Jlornueckie omnepauiu TPHITE€pPa MOLYT ObITb BHIPAXKEHEI
gopmynamu: A = Aa -+ ba; B = Bb- ab. Tlpu nocrymnne-
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HHHM Ha BXOI TpHrrepa uMny.Jnca @ = | Ha Beixoge A = 0 1
B=1l,angpub=1,A=1,uB=0.
Jloruueckasi cxema TpHrTepa MpejcTaB’IeHa Ha puc. 33.
PaccMoTpum peficTBue JIOTHYECKHX 2JIEMEHTOB B JaHHOH cXeMe.
ITycrs curHan Ha BXoJaX @ H b OTCYICTBYeT, Ha BhHIXO[e
B umeercsn enunuua. Ilo uenu o6paTHOM CcBA3H 3Ta ejuHHLUA
HOCTYNUT K JIOTMYECKOMY 3.IeMEeHTY

«UJIN» u «HE». Ha Beixoge A 3xe- A &
MenTa «<HE» 6yner Hysb; no apyroii - f
uenu obpaTHOH CBA3M HE MOCTYNHT HE! | HES

CHrHaJ M Ha BbIXOje B ocranercs
eaunuua. Ecak xe nojath Ha BXOR b
curHaj, 1o Ha Buixoge «HE,» enu-
HMua OyjleT 3aMeHeHa HyJseM H Ha “ i
Bbixoje A mosiButcs enuuuna. [ocne 2
CHATIIH CHTHala Ha BXoje b cocrosi-
HUE JOTHYECKHX 3/JEeMEHTOB He Me-
usietcsi. Ecm ke Temepb IOCTYMHMT  Puc. 35. Jloruueckas cxe-
CHTHAJ HAa BXOA @, TO Mpofiis mo Ma Tpurrepa («naMsThy).
uenouke «MJIWp», «HEp», «UJIHp»

u «HE;» Ha Bbixoge cxembl A MOSIBUTCS HyJb, a Ha BHI-
Xojle cXeMnl B — epiHuua.

[Ipu mpuMeHeHUM TPHIrepa B KauecTBe CYETHOH sYeHKH
Heo6XO0AMMbl BCIOMOTraTeNbHbE JOTHYECKHe 3jeMeHThl «M»
u «My», UTO HampaBUT BXOAHOI CHTHAJ OT OAHOIO HCTOYHHKA
B COOTBETCTBYIOLLEe MJle40 TpUrrepa.

a b

8. Mpunumnnbl pacyeTa 3NEMBHTOB NOTHYECKHX CXeM

PaccmaTphBaeMslf MeToJ pacyeta OCHOBaH Ha TOM, 4YTO
CKOPOCTb MepeKIIoYeHHsT JOIHYeCKUX 3JIeMeHTOB 3HAUHTENbHO
6oJibllle CKOPOCTH MOCTYIJIEHHS HA BXOJ CXE€Mbl CHTHA/IOB, H
M09TOMY HeT HeOOXOAHMOCTH paccMarpHBaThb MepeXojHble Xa-
PaKTEPUCTUKH H MOXHO OTPAHHUYHMTLCA CTAaTHUECKHM DPacyeToM.
CylHOCTb TAKOro pacuera 3dk.1104aeTcs B IOJYUEHHH JaHHBIX,
o0ecrieuuBaOUIHX YCTOHYHBOE COCTOSIHHE CX€Mbl MPH BBINO.I-
HEHHH el0 3ajaHHBIX (GYHKUHA. DTH JaHHBlE ONpee/ATCs
yCJOBHEM 3alMPaHHA M YCJIOBHEM OTIHDPAHHS MOJYIPOBOA-
HHUKOB — JHOJOB HJIM TPaH3HUCTOPOB.

Huonnbie cxempt «H» u «HJIU». s pacuera mpumenm,
YTO AMOABl MMEIOT HAea/H3HPOBaHIble XapaKTepHCTHKH. Ha
puc. 36 mpuBeueHa cxema Jjoriueckoro ajemenra «M». Bcee
JHOJIBI  CXeMbl 3anepThl  OTpHUATENLHBIM noTeninasoM E,
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HArpysKoH cXeMbl CJOYKHT comporusieHHe R. CHranel Ha
BBIXOZle CXeMbl NOABJSIOTCA TOJBKO TOTAA, KOTJa Ha BXOZ
OJIHOBPEMEHHO I10CTYNAlOT CHI'HAJIBI.

Bo3MoxKHBI TpH cay4as paboTel paccMarpuBaeMoli cXeMbl:

1) Ha BXOne ee HET CUTHAJIOB;

2) Ba OQHOM H3 BXOJOB CHTHAJ/ €CTb, 4 Ha APYFOM OTCYT-
CTBYeT;

3) Ha Bce BXOJbl NOJAHBI CHTHAJEL.

B nepBoM cayuae, Koria Ha BXOJe CXeMbl HET CHUI'HAJIOB,
BBIXOIHOe HanpsikeHHe cxeMbl (U,;) ornudaerca or —E na
BEJIMYMHY, ONpEfesieMyio BblpaKe-
HHEM:

£

Ry
Ua - nR+ Rl E’
riae n — YUCJAO0 BXOMAOB.
B ciaydyae 1noJaud IMoOJIOKHTEh-
HOro CHrHaJsla Ha OJHUH H3 BXOJOB,

Bz, T. €. Korja OoAHH JHOL OTKPHIT, BhbI-
X0AHOe HalpAKeHue 6y11€'r HMETb
3HayeHue

- Ry
Puc. 36. Cxema aorunue- Ug = R+ R, E.

ckoro saementa «H» Ha
Iuozax. Koraa onue H3 JMONOB OTKPHIT,
TO HA BBIXOZE CXEMBI MOSIBATCH I10-
MexH. [lns  yMeHblUeHHS HaNpsKeHUs CHIHaJ — MoMexa
HeobxonuMo Opatb R; < R. Cursan Ha Bbixoge U, nos-
BUTCS MOPH MOCTYIMJIEHHH [OJOXHTEJBLHOIO HAMpSiXKEeHUs Ha
o6a Bxoma mopsagka 1,1—1,3 E..
Jlna HopMasbHOH paboThl sorHdeckoit cxeMel «M», BbINOJ-
HEHHOH Ha JMOjaX, CHUTHaJ JHOJMeH ObITb YCHJIEH.
Ha puc. 19 npeacraBieHa auoanasi cxema onepaiuu «H»
C TPaH3UCTOPHHIM ycHauTtejseM. Korja Ha Bce Bxoapl GyayT
MoJaHbl CHFHaJBl ¥ AHOABI OYRyT 3amepThl, Ha §a3y Tpuoua
Ty nocrynut curiag. Tpuoa T, paGotaer kak uuseptop (<HE?»),
IpU 9TOM OH OTIHpaercs, a TpHox 7T, 3amupaercs, M Ha ero
BBIXOZe MOSIBUTCS CHTHAJ

U~ Ey.

Hust ofecriedeHnst HOpMajbHOH paboThl TPHOZA B cXeMe
«M» HOMKHO BBINOJHATBHCA YCJOBHE:

E Ecg Ex 1o .
e ey B = 7 (2°9)
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3J1eCh Pmin — MHHHMAJbHEIA KO3hGhHIHEHT YCHJEHHs TPHOAR;

E — nanpsaxenue nuranusa; E., — nanupsikeude CMeILEHHs.
ConportusJsenne R., paccuuTbiBaeTc U3 YCJOBHA
E
Rcm = 'ic—!y
KO

rae [y, — MakcHMaJIbHEIH HYJeBOH TOK KOJIJIEKTOpa MPH Mak-
CHMaJIbHOH TeMmeparype.

a) Ex
b

Bz.1 M gz2 M Bx.3

Rg Rg Rg

lf{ oF,

Puc. 37. Cxembl noruueckux saementos «HJIH».

[Ipy MOAK/IOYEHHH N 37€eMeHTOB TpaHsucrop T, Oyzer
OCTaBaThCA B HACHILEHHOM pEXHME MPH YCJIOBHH

R.R
En = 1,5[6miu ]—?;———{t)—zlk_;c !

rae s —ToK 6ashi.

M3 npuBefeHHOr0 BhIpa)keHUsl HaljeM

R = nRE,
1= 1,516 Ry min E,’

CxeMma, n1300pakeHHasa Ha pHc. 22, BBINOJHAST JOTHYECKYIO
dyukunio «MUJIM», eca BXOAHBIE CHTHAJbl HMEIOT OTPHLATEND-
HYIO MOJAPHOCTD.

Jlornueckue cxemnl «M», «MJ1M», obpa3oBanHeie Ha MoJy-
MPOBOJAHUKOBBIX TPHOJAX, MOTYT HMETb HOCJAENOBaTElbHOE
(puc. 37, 6) unu napanjennHoe (puc. 37, a) coeHHeHHe MOBTO-
pHTe/jiel HJIM HHBEPTOPOB.

Hnsa pabote cxeMnl «M» Heo6xopumo, uToGel TpHOAL pabo-
Ta/l B JABYX (puKcHpoBaliibiX pexumax. Ilpu Hainuuu cursana
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TPHOL NoMkKeH OLITh HajeXKHO 3anepT, a NPH OTCYTCTBMH €ro
IIO;IHOCTBIO OTKPHIT. COOTBETCTBEHHO 3THM peXHMaM TpHoiaa
BEIGMpaeTcss aMIIUTyJa BXOAHOTO CHTHaga (puc. 37).

B nepBoM cayuce, NpH 3alepToM TPHOAE, HanpsiKeluc Ha
BbIXOJ€ cXeMbl OyJeT:

Uy = Ex— Ryl
BO BTOPOM cJydae HpPH OTKPLITOM TPHOAE, HANpsKeHHe Ha
BeIxOJe Oyner:

U nRsg

27 Ry nRys N

rae R,s — BHyTpeHHee CONPOTHB1eHHE 3MHTTepa — 0asbl;, n —
YHCJI0 BXOA0B cXeMbl «I».

FNABA TPETbS
OHOAHBIE MATPHLLb!

8. OcHoBHbIE NOHATHA

ITpocreifiieii morudeckoll cxeMoil sBJsAeTcs JHOAHAs Mar-
piua. I HogHbIMH MaTpHIaMHu (cerkamu) (puc. 38)
Ha3bIBAIOT TaKHe YCTPOMCTBA, B KOTOPBIX CXEeMbl COBNA/ICHHU:A
(«M»), BEIONIHEHHbie Ha JUOAAX, NOIKJ/IOYEeHbl MEXy FOpH-
30HTAJbHbBIMH H BepTHKaJbHBIMH LIHHAMH KakK Obl B TOYKe HX
nepeceueHus. [lroaunas Mmatpuiia HMeeT £ BXoj0B U N BbIXO-
JIOB, U KaJ0# KOMOMHAUMH CHTHAJOB Ha BXOje COOTBETCTBYET
CHTHaJ Ha ONpejefieHHOM Bhixoae (pHc. 39). uoanl pasme-
LIAl0TCA B MaTpHIle B COOTBETCTBHH C XapaKTepOM BBOJHMbIX
HHpopMauHil H TpebyeMblX OT MaTpHUbl BbIXOAHBIX pELUIEHHH,
T. €. B 3aBHCHMOCTH OT 33J]aHHO/l NpPOrpaMMbl.

JIHOJHbIE MATPHLLI HCTIOAB3YIOTCA A/ MOOYEePEJHOIO BKJIO-
YeHHS1 OJHOrO M3 HEeCKOAbKHX BXOAHEIX CHTHAJOB NPH OJHO-
BPEMEHHOM OTKJ/IOYEHHH BceX OCTajbHbIX. Hanpumep, ¢ mo-
MOLIbIO AHOAHBLIX MaTplll JaHHble O TeMnepaTtype, AaBJEHHH,
nepeMelleHUH ¥ APYTHX NapaMeTpax MOryT NojaBaThCs IOOUe-
pelHO Ha BbIUHCAMTENbHOE YCTPOHCTBO, UYTO NpH 06OJBLIOH
CKODOCTH MepeKJIOUYeHHSt PaBHOCHJBHO OLHOBPEMEHHOMY IIO-
CTYIIEHHIO CHI'HANOB OT BCeX AATYHKOB. B Kamaplil oTpesok
BpeMeHH TOJBKO OJAMH JAaTuuk OyZeT coeaHHeH ¢ BBIXOAOM
MaTpHUBL.
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HuoaHbie MaTpHubl WIHPOKO NMPUMEHAIOTCS I18 hepexoja
OT JIBOMYHOTO CYeTa K JAECATHYHOMY, Il JCIIHMPPOBKH HH-
tdopMauuu, cofepxkallefica B Kodax, H AJs MHOTHX JApYrHX
uesefi. B cooTBeTCTBHH C 3alaHHOA MPOrpaMMoN COCTaBJIsieTCst
cXeMa JMOJHOH MaTpHMIUBI, KOTOpasi, BOCHPHHSIB Jo6oe coue-
TaHMe ABOHYHOH HHQOpPMalHH, BCeraa NPHXOAMT K €IMHCTBEH-
HOMY BBIBOAY, TpeOyeMoMy jJjisi JaHHOro coyeTaHHs. ITo 3a-
KJI04eHHe BblpaXKaeTcss B BHJE CHTHa/a, TOSBJAIOLUIEIOCS Ha
BBIXOJ€ BEPTHKAJBHOH ILMHEI MaTpPHLHI.
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BLixodmnsie HANPAIKEHUA

< :
Bbixodor I
Puc. 38. HsoGpaxenne auon-  Puc. 39. [Inoanas matpuua Ha JBa Bxoja
HOH MAaTpHIBL. (ueTbipe perleHHd), ynpaBJieHue KoTopoil

NPOU3BOJAUTCSH ABYMS NMEPeKaovaTeJTAMH .

CoeplHeHNsT MeXJly TOPH3OHTaJbHBIMH H BepTHKa/JbHBIMH
[IMHAMH OCYileCTBJISIOTCA Yepe3 JHOAbl TaK, UTOObI BBIMOJIHA-
Jach TpebyeMas Joruyeckasi onepauiin «k». B kaxno#t Beptu-
KaJbHOH 1mHHe (puc. 39) yepes conmpoTHBJAeHHS R; — Ry no-
JlaeTcsl HampsiKeHHe oT obliero HCTOuHHKa nutaHds E.

Bo3MOXKHEI ABa c/1ydyas ynpap/eHHs BXOZAMH MaTpHUbl AJIs
MoJIyYeHHs Ha ee BBIXOJie HanpsxkeHHa. B oaHOM cayuyae ynpa-
BJISIIOLIEE HaMpAXKeHHe Ha BXOJ MOCTYMaeT oT o0Iero HCTOUHHKA
[UTAHUSI Yepe3 COOTBETCTBEHHO YCTAHOBJENHBIH MepeKJoya-
TeJb, & B APYFOM — OT TPUITEPHBIX SYeeK.

Ha puc. 39 npuBezsena cxema AHOAHOH MaTpHUbl, yIpaBsJe-
HHe KOTOpO#l NPOHU3BOIMTCS ABYMsl MepeKmaiouaTensiMu a H b.
[pu nonoxkeHHAX nepek.aoyaTesel, Kak MoKa3aHO Ha cxeMme,
TOK mpoxouur mo uenu +Es, Ry, a,—E; a Takxe mo uemx
+E6y R4’ b’ '_ES'

[TagenHe HanpsKeHHs Ha COMPOTHBJEHHAX R, H Ry jocra-
To4HO GoJbluoe, H Ha 3axkuMax A, W A, nmoutd He Oyger
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BBIXOJIHOTO HanpsikeHHs. BecbMa MasbiM GyJleT HanpsiKeHHe H
Ha 3axHMax A, TaK Kak TOK, uporekast no uenH —-Eg Ry,
bs, —Es, cospaer Gosiblloe MNajieHHe HaNpsXKeHHs Ha conpo-.

+
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» 7
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»0 bx.a 8z.b

Puc. 40. [Ouoxnas MaTpHua Ha
IiBa BXOJla, YNpaBJleHHe KOTOPO#
NIPOU3BOJHTCS ABYMS TPHITEpaMH.

THBJEHHH Rj;. BrixonHoe Ha-
npsixkeHue OyJeT TOJBKO Ha
HIHHe, HMelolled 3axum A;.
Ilonoxenne mnepekmoyareneH,
MOKa3aHHLIX Ha CXeMe, COOT-
BercrByeT ycjaoBuio 00. Ycra-
HOBHB BepXHHH nepeksiodaresb
B IOJIOMEHHe BHH3, MOKHO 3a-
jpatb ycaosue 0,1 u 1. 1.
Ilpn nepemelienus nepe-
KJIoyaTesell MeHsieTcs Lelb, Mo
KOTOpPOH NpOTeKaeT TOK, H CO-
OTBETCTBEHHO 3TOMY — BBIXOJ-
HOe Hanpsi:KeHHe Ha 3a)KHMax.
Ha puc. 40 npuBeneHa aHa-
JIOTHMYHAs cXeMa AHOZHOH Mmar-
pPHUEBI, yhpaBJeHHe KOTOpoOH
OCYIIECTBJ/ISIETCS] BBICOKHM Ha-
NpsXKeHHeM, [OCTYMALUHM OT

TpUrrepos. BeandHHa ero TakoBa, 4TO OHA 3anUpaer RO,
U TOK uYepe3 Hero He MpOTEKaer.

PaccMoTpuM B KadecTBe mpHMepa JIOTHYecKHe ornepaniu Ha
JiBa BXOJa M deThlpe BbiXofa. JIorvka 3TOH onepaunuu npuse-
JeHa B TabJ. 13. Ha BXoze BO3MOXKHBI TOJILKO 4eThipe KOMOHHa-
uuu: 00; O1; 10 u 11 u yeThlpe pellieHHs HA BHIXOAE MATPHIbL

(cM. pHc. 40).
Tabauya 13

Bxoatble Buixox

nepeMeHHble

a i b Al I A; ' A;{ ' A4

|

0 0 1 0 0 0

0 1 0 1 0 0

1 0 0 0 1 0

1 1 0 0 0 1

Kak BHIHO H3 Tab/HIbl, GYHKUHOHANbLHAS CXeMa MaTpHIbI

onpeneadaeTcs ypaBHCHUAMH!

A, = ab;, Ay = ab; As = ab; A, = as. (5)
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Srta 3ajaya pemaercs YeTHIPbMsl JOTHUECKMMH 3J1eMEHTaMH
«M» n nByms «HE». ®yHkuHOHa/bHAst cXeMa OyJeT HMeTb BUJ,
u3o6pakeHHnli HA pHc. 41. Jlnoanas MaTpHua, NMOCTpOeHHas
10 3TOi cXeMe, BHIMVISLAMT TakK, K4R fi3o6paxeHo Ha puc. 39 1 40.
B 3THX cXeMaX HCNOJMB3YIOTCS BOCEMb AHOJOB H UETHIPE Maphl
IIHH: YeThpe MIHHbl B COOTBETCTBHH C YHCJIOM BXOAOB H YeThipe
B COOTBETCTBHH C HYHCJIOM
BbIXOZOB. B cxeme puc. 40 a 4 b b
JHOJBl MOTYT MpOMYyCKaThb rg
TOKH TOJILKO OT 'OPH30HTaJb- ———:D !
HBIX IIHH (BBIXOAHBIX) K Bep-
THKaJbHBIM (BXOAHLIM).

Ha BXox MaTpHIEI noCTy-
NaloT CHIHAJBI, KOTOphie H30-
6paxaloT KOMOHHALMIO HY-
Jefl M eguHHI, T.e. JBOHU-
Hele yucna. Ecau mopaercs
CHMTHaJ, TO 3HayeHHe PaBHO
elMHHIle JBOHUYHOrO YHCJA,
€CJIM CHTHasa HeT, TO 3Haue-
HHe paBHO «0».
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I'lpeo6pasoBanue mpsiMo- HE HE
ro Koja 3THX yHcesa B 00-
pambu‘»'x, T. €. B KOJ, B KO- a b
TOPOM eJUHHIIbI 3aMeHeHH - Bxods!

H MH 51 U
YJIAMH, a Hy/JH €lHHALAM Puc. 41. ®dyuxuuonanbHasg cxema

(puc. 40), OCYIIECTBIACTCH  nponpolt  matpwusl, H306paXeHHOM
TpurrepaMi. JlefictBHTe B~ Ha puc. 40.

HO, KOTAa HET BXOJAHLIX CHT-
HanoB, a = 0 U b = 0, o6a TpUITepa HaXoAfATCA B INOJIOXKe-
nun «0», Ha JIeBHIX BBIXOJAX TPHLTepoB Kak Obl obpasyercs
OTpHIlaHHE BXOJHBIX CHTHAJIOB.

B 3aBHCHMOCTM OT HaJMYHsl CHTHaJja Ha BXoje OYILyT Me-
HATbCS MOTEHLHaJbl Ha BBIXOAAX TPHILTepa, KoTopbie OyayT
OTMHPATh HJH 3aMHpaTh AHOAH MaTPHIBI, YTO IPHBOJHUT K Mepe-
KJIIOUEHHIO BbICOKOTO TNOTEHIHaJja OT OAHHX AHOAOB MAaTPHILI
K ApyruM. Ilpu @ = 0, b = O tpurrepst T; u T, HaxoaaTcs
B HYJIEBOM [0JIOKEHHH, CJeICBATe/NbHO, BHICOKHH MOTEHIHAJ
6yner Ha aHonax [, m [;. DTH AMOABl 3aMMpalOTCs Hanpsxke-
HHeM TPUrTepoB. B ropusonrtannpHol MHHe, 0603HadeHHOH A,
Hanpsi’keHHe OT HCTOYHHKa -+E mojaercst yepes COMPOTHBJIE-
uue R, Kk Boixony A. BricokHil noTeHuHan Ha Bhixofe A, COOT-
BeTcTBYeT cHruany «l». Bce ocrajibHble JUOABI He 3anepThl H
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upoBoasT ToK. Ecam conporusnenus Ry — R, BuOpaHL 10cTa-
TOYHO GOJBIIMMHK [0 CPaBHEHHIO C COHPOTHUB/IECHHAMH AHOAOB
B MPFMOM HaNpaBJeHHH, TO HANpsKeHHe Ha BbiXojax Oyner
HMYTOXKHO MaJjo. B TeX imHHax, rje IHONB 3anepThl H He Mpo-
BOJSIT TOK, MOJ HanpsKeHHeM OyleT HaXOZHTLCA TOpH3OHTab-
Has wuHa. [lpu kone 0,1 (¢, b) nosiBUTCS BBICOKME MOTEHIHAJ
Ha JIeBOM BBhIXOJ€ Tpurrepa 7, ¥ Ha MpaBOM BhiXoje TpHrrepa Ty,
H Ha BXOJ CXeMBl CoBMajieHnsi, cobpanHoit Ha auonax [, v M,
NOCTYNAIOT BLICOKMEe NoTeHuuasnl. Hampsxenne Oyler Ha
muHe A, (cHrHad «l»).

[IpuMeHneHHe 3anMpaloLlero HampsiXKeHHs anaJorHyHoO pas-
MBIKAHHIO UeNM AHoAa. ¥ OCTaJbHBIX FOPH3OHTATbHBIX IIMH
JHOJBI MPOBOJAAT Ha CONPOTHBJEHHAX R;, R, R4, nojydaetcd
GosbllIoe TMAjeHWe HampsMeHUs, a Ha BbIXogax A;, A,, As,
Ay — HHU3KHe HOTEeHNHAJbI.

ITpu xoze 1,0 cpaGoraer cxema coBnajeHHs Ha auopax [,
n JI,, Ha Bhixoe Az OYJeT BLICOKHH MOTEHIHA H T. A.

B 3aBHCHMOCTH OT BXOJHBIX CHrHaJOB ABoH4HOrO Kona (00,
01, 10, I1), nmonyyaeMnlX ¢ BBIXOZOB TPHITEPOB, MeHseTCA H
ynpasiaende Buixogamu (4,, A,, A, A,) IHOAHOR MaTpHIBL.

Taxkum o6pasoM JuopHas MaTphua npeobpasyeT ABOHYHYIO
nudopManMIO B CHFHAMl YIpaBJjeHHs TeM HJIH HHBM yCTpOHCT-
BOM.

B npakTHUeCKHX CXeMaX TPHUITephl YacTO COeIHHSIOTCH
¢ JMOLHOH MaTpuilefl MOCPeNCTBOM SMHTTEPHEIX MOBTOpHTEJEH,
KOTOpBIe cayKaT Kak Obl OydepHbIM KacKaloM.

10. MaTpuyHoe nporpaMmMHpoBakHe YNpaBnAIOULHX CHTHANOB

JuonHO-MaTpHyHas cHcTeMa o0pasyeT IOMIOCHHK, HMelo-
muil k BxonoB (Ha pHc. 39 uM3o6paKeHbl KaK FOPH30HTAJbHbIE
HHE) ¥ N BBIXOXOB (BepTHKaJbHble LIHHL); KaxJas IIHHA
cBsizaHa ¢ AMoAaMi. Hucso BEIXOZOB paBHO N = 27, rie n —
YUCIO BXOAHbIX nepeMeHHsIX. C POCTOM BepTHKANbHBIX MIHH
pPe3KO BO3pacTaeT KOJHYeCTBO AHOJOB, omnpefessieMoe mo ¢op-
Myae D = n-2" Tak, Hanpumep, npun = 3, D = 3.2% = 24,
a npu n = 5 Koauuecteo guoxos D = 160.

Jns ocyllecTBieHHst MaTPHYHOIO NPOrpaMMHPOBaHUA J0.1-
JKHa GbITh Mpe/BapHTENbHO 3ajana nporpamMa. Kaxpas npen-
MOCHIIKA 3aJlaBaeMoli MPOrpaMMbl JO/KHA, MO CYIIECTBY, CBO-
authest K coveranuwo «JA—HET». Wuaue roBopst, cHrHaJjbl,
nojaBaeMbie Ha BXOJ MaTPHIIbl, JOKHE ObITh 3aKOAHMPOBAHLI B
JIBOMUYHBIH KOJ, T. e. o6pa3oBaTh KOMOHHALHKIO HyJ1ell U eAHHHILL.



[pu cocTaBneHUH MaTpHLBI TpeGyeTes CTOMLKO MepekJioya-
TeJsliell, CKOJBKO OyJeT ABOMYHBIX paspsiioB B HaHOOJIbLIEM H3
BBOJMMEIX B Matpuuy uuces. Kaxkpo#i KoMGHHALMH CHTHAJIOB
Ha BXOJle COOTBETCTBYeT MOSIBJIEHIle CHTHana «1» TOJBKO Ha Of-
HOM OIpeleNelioM BhIXOJE.

PaccmorpuM Ha mpiMepe, KaKuM 06pa3soM MaTpHLB! BEIIOJ-
HSIOT HEKOTOphle Joruueckue onepauuu. [lycrs 3agaHo, 4TO
I78 aBTOMaTHYeCKOrO YNpaBJieHHs TeXHOJIOTHYeCKHM [pollec-
COM JOJ/KHBI MOCTYNAaTh CHI'HAJBI, ONOBeLIAioLiHe COCTOsfHHE
Tpex KJamnaHoB @, b 1 ¢. 3TH CHTHAJIBI TOCTYNAIOT B YCTPOHCTBO,
ynpaBJsiollee OTKPHITHEM KJalNaHOB. 3aKOAHPYeM COCTOsIHHE
KJanaHoB ABOMYHEIM KoJOM. [lockonbKy HMeloTcs TpH mpejno-
CBITKH BXOJIHBIX NepeMeHHBIX (abc), TO BO3MOMKHBEI BOCEMb KOM-
Gunauuit (N = 2% = 8), oSo3Haunm HX:

. 000 (xn1anaH a 3aKphIT, KJ1anaH b 3akpeIT, KJanaH ¢ 3aKpHIT).
. 001 (knamaH a 3aKkphIT, KJanad b 3aKPHIT, KAanaH ¢ OTKPHIT).
. 010 (xnanaH a 3akphIT, KJailad b OTKPHIT, KjanaH ¢ 3aKphIT).
. 011 (knanaH a 3axphIT, KAanad b OTKPLIT, KJAanaH ¢ OTKPHIT).
. 100 (xnanaH a OTKpHIT, KJanau b 3aKpeIT, KJIanaH ¢ 3aKphIT).
. 101 (k1anaH a@ OTKPHIT, KaanaH b 3aKpHIT, KJanad ¢ OTKPLIT).
. 110 {k1anan @ oTKpHIT, KJanaH b OTKPHIT, KJanaH ¢ 3aKpHIT).
8. 111 (knanau a OTKpHIT, KJanad b OTKPHT, KJAaNaH ¢ OTKPHIT).

N O U Q2N —

Jnonnofl Marpuuell onpejenserca COCTOSHHE KJANaHOB M
BEIJIAeTcsl COOTBETCTBYIOUMH CHIHAJ, HeOOXOAUMBIH A/ MocJe-
JyIoliero JefcTBUSI yCTPORCTBAa aBTOMATHUECKOTO YNpaBJIeHHU .

3ajaHHyIO0 NPOrpaMMy MOKHO NMpPeACTaBHTb B BMJE JlOruye-
CKHX (DYHKUMH, HMeloUX BHL!

A, = abe;, A, = abc;
A, = abc; Agq= abc;
A, =abc, A,=abc;
A, = abe; Ag=abe.

B paccMaTpHBaeMOM NMpHMepe TPH CHrHasla Ha BXoje obpa-
3yl0T BoceMb KOMGHHALME H, C/1€10BaTeJbHO, BOCEMb BbIXOJIOB.
Jloruka paGoThl Takoil MaTpHlbl NpHBeaeHa B Taba. 14.

[MpuHuKnHanbHas cXeMa IHOAHONM MaTPHLE!, COOTBETCTBYIO-
meil 3anaHHOd nporpaMme, HzobpaxeHa Ha puc. 42.

Peanusanus snementa «HE» Brimonusiercst Tpurrepam.
[Tpu orcyrersun curnanos (@ = 0; b = 0; ¢ = 0) Bce Tpu TpHur-
repa HaXoAsITCS B HYJIEBOM IIOJIOXKEHIUH; BLICOKHMH MOTEHLHAN
6ynerT Ha JeBOM BHIXOZie TpHrrepa. Bce auosnl, coeiuHeHHEIE
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¢ BuIXOMtHOl mMHON A,, 6YAYT 3anepThl, M MOJ BHICOKHM MOTEH-
uuajaoM --Eg oxaxercs wnHa A,. OcTajbHble CEMb BbIXOJHBIX
IIMH HaXOAATCA B IIPOBOUALLEM COCTOAHHH H MO3TOMY OKAXKYTCHA
NnoJaA HHU3KHM NOTEHUHaJJOM.

Tabruya 14
BxonHuie nepemeiiilbie Boixon
a | » e | Al A | oA | A | as | oa | 4| a4
0 0 0 1 0 0 0 0 0 0 0
0 0 l 0 1 0 0 0 0 0 0
0 1 0 0 0 1 0 0 0 0 0
0 1 1 0 0 0 1 0 0 0 0
1 0 0 0 0 0 0 1 0 0 0
1 0 1 0 0 0 0 0 1 0 0
1 1 0 0 0 0 0 0 0 1 0
1 1 1 0 0 0 0 0 0 0 1

IMpucurnanec = 1,a = 0, b = 0 3anepThIMH OKaXKyTCs BCe
JHUOALI, CBfi3aHHbie C BBIXOJAHOH wwuHoi A,. Ha 3Toff 1mnHe

£ » = Ag
& R
RN
IR .
n RS
H:L\ X& \‘g A3
--CRZ.’-x< X& \ A2
u+[a‘xag 2%|q 2’ v 2% ¢
g?y_; okl o]
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Puc. 42. InoxHass MaTpuua Ha TPU BXOfa.

6yner BbICOKHH moTeHUHas. JIHOABI, COeNMHEHHBIE C KaxIOM
M3 OCTa/bHLIX CeMH IUHMH, OylyT HaXOXHTbCA B NPOBOASLIEM
COCTOSIHMH U T. 4. JlMOAHbIE MaTPHLLI, NOCTPOEHHbIE MO H3JI0-



JKEHHOMY NPHHIMIY, Ha3bBalOT NP AMOYTOJdbLHBMH
MaTpuIlaMHu.

PaccmatpuBaemas guojHast MaTpHLa MoxerT ObITh IpeicTaB-
JeHa B BHAe (YHKUMOHAJNLHOH cXeMbl, H300pa)keHHOH Ha
puc. 43.

He Bcerga Heo6XOZHMO HCIOJIL30BaTh BCe KOMOMHALMHU,
KOTOpHIe coepaKaTcsi B JUORHOH MaTpuue. B HekoTOphIX CiIy-
yasix, B 3aBHCUMOCTH OT MHPOTPaMMbl JIOTHUECKHX OmepauHH,

Ay Ay My M AAs KMAs }A; 4Ag

ARARARARMARIARE:
2 bm T T T T

a 22le | 2l 5[2°c
0 1] |0 1 0 1
05 1) o241 o1
. i - I
“Veman.,,0°  Ba #b c

Pruc. 43. ®OynkuuoHainHasg cxema AHOAHOI MaTpPULEL,
usobpaxeHHodl Ha puc. 42.

YMEHBIIAIOT YHCJO BEPTHKAJbHBIX LUMH M AHOJOB, Gjaromaps
yeMy MaTpHLla 3HAYHTENLHO YIPOLIAeTCs.

ITosichum H3noxeHHoe npumepoM. [lycTh ais peryanposa-
HUS1 OTpeJesIeHHBIX NapaMeTpoB 00beKTa TpeOyeTcsl Hampsixe-
HHe Ha BBIXOAHBIX KJIeMMax JHOJHON MaTPHIUbI, COOTBETCTBYIO-
mee JecATUYHBIM uucaaM 0; 5 u 67. JlaHHOe ycC/J0BHE MOXKHO
3anMcaTh B BHJE JABOMYHOIO KOJa:

0 — 0000000
5 — 0000101
67 — 1000011

Ilns mipejcraBieHHs BCeX YKa3aHHbIX JeCATHUHBIX UYHCeN
HCIIOMb30BAHO CEMb JIBOHUHBIX Pa3psilioB, TaK KaK JecsaTHYHOE
uuc0 67 B JBOMUHOM CUMC/IeHHH H3o6paxaercst uuciaom 1000011,
T. €. OHO CcOlepKHUT ceMb udp. Ipy 3aganHOM uKc/e paspsaioB
notpebyerTcsi ceMb NEPEKJIOYEHHH, HO TaK KakK B JUOAHOM
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MaTpHUE Kaxasd BIXOAHAA LIHMHA NMPEACTABJACT ONpeneseHHoe
YUcCJ0, TO AJIs1 BBLINOJHECHHA 3aJ@aHHBIX YCJ'IOBI’Iﬁ JAOCTaTOYHO

TpeX BBLIXOAHLIX ILUUH.

Ha puc. 44 nokazana aMojHast MaTpHLa [ 3aJaHHBIX yCJI0-
BUH, B KOTOpPOH nepekJioYeHHe BXOAHHLIX LIMH NPOHU3BOAHUTCA

nepexayaTeseM.

Paamemenue nHonoB 10BOHO mnpocroe. UToObl nepsas
BuIXxoAHas lwuHa (0) ZaBajla HanpsikeHHe, AHOABI COGNHHSIOT
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Puc. 44, [Iuoanas Martpuua, y

KOTOpOH yrnpaB/ieHHe TPOU3BOAUT-

CH CeMbIO MepeK/IoYaTes MU, NpU

HaJHYHH BXOAHBIX YcaoBuii 0;
5 u 67.

3
#
i
&

C TeMH BXOAHBIMHU IUHHAMH, KO-
TOpbie B UCXORHOM MOJIOXKEHHHU
obecrouennsl. Bropas BeIXOAHaA
INMHA (HeCATHYHOE YHCJIO D)
JaeT HanpsiKeHHe Ha BBIXOJE
INpH YCTAaHOBKE MepekJiouare-
JIeH, COOTBETCTBYIOUIHX UHCIY
JnBouuHoro kona 101. las atoro
JIMOJIBI JOJIKHBl COEIHHATEH BTO-
PYIO BHIXOZHYIO LIHHY C TeMH
BXOJHBLIMH LIHHAMH, KOTOpHIE B
JAHHOM MOJIOMKEHHH MepeKJIo-
uaresnefi obectoueHrl. Tor ke
MpoLecc BKJIQUEHHS JHOJIOB
OCYLIECTBIAIOT JJs uucaa 67
(xox 1000011).

11. Mpumerenne matpuy

Cosuratemn. B Bblumcau-
TeJbHLIX MalidHaX JHOJHbIE
MaTpHLbI HaXOAAT TaKke MNpH-
MeHEeHHe B KayecTBE CJIBUra-
Teasi. CABUTraTedsiMu
Has3LIBAIOT YCTPOACTBA, KOTOPLIE
NPONYCKAOT CHUTHAJbB CO CIBH-
rOM Ha OJIMH HJH HECKOJbKO
paspsaioB 3a ONMH TaKT.

Ha puc. 45 npepcrasaeno
yCJIOBHOE U306paKeHHe clBUra-
Teasi. Ha Bxoj ero mnopjaercs
JBOHYHOE YHCJIO X, KOTOPOE Mpo-

nycKaeTcs Ge3 CABHra HJIH CO CABHUIOM HA OIHMH, ABA UJTU n pas-
psa0B, B 3aBUCUMOCTH OT TOro, Ha Kako# BXOJ IojaHn ynpas.id-
IOmMUHA curHagl (gy WIH a;, WIH dy, HIH Q).
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Pa6ora ofHOpa3psAHOrO CABHraTessl ONUCHIBAETCS JIOTHUe-
CKHMH opMynamu:

Ao = QyX, Az = X,
A =ax, A,=a.ux
KOTOpBI€ [/1s KaXKJIOr0 BLIXOJIa HMEIOT CBOE 3HaueHue (puc. 45,6).

YKasaHHYIO JIOTHUECKYIO (YHKIHMIO BBINOJIHSET AHOAHAS
Marpulia, npuBeleHHass Ha pHc. 46.

a) . Ao
o> C(dsue FE= :A1
—-—-.»A
5 1 1 xy! ?
p YY)
Ao A R A3 g, a,
”3 ——0(.
==
2J 2
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Puc. 45. Cxembl ciBuratensi: @ — ycjoBHOe H306paxe-
HHe; 6 — (QyHKIHOHANbHAS CXeMa.

I caBura Koaa ynpaBasioUMH CHTHaJ NMOJaeTcss Ha co-
OTBETCTBYIOWMA BXxoA. HanpuMep, ais caBHra Ha TpH paspsina
yopaBJsIOILHH CHIHaJ NojaeTcs Ha BXOJ aj.

CurHaJ, coOTBETCTBYIOMIME Koay «1», KOTOPBIH HEO6XOAHMO
CABHHYTh, CBOMUM MOTEHIHAJOM CO3JaeT MajeHHe HanpsxKeHHs
Ha BBHICCKOOMHBIX COMPOTHBJIEHHAAX Ry, R, n R,. Uepes conpo-
THBJIEHHE Rz TOK He MNPOXOJMT, TaK KaK AHOJ 3anupaercst
ynpasasiomuM curuajoM. Ha Beixoge Ag HOSIBUTCS BEICOKOE
Hanpsixkenue. [Ipu xone «0» Bce aHOABI OTKPBLITH. CABHT MHOTO-
paspsAAHOro YHC/Ia OCYLIECTBJIsieTcsi JHOJHOH MatpHuefi B co-
YeTaHHWH C JHOJAaMH, BbINOJNHIIOWHMH JOTHYECKYIO (DYHKLHIO
«HJIW».

Paznnuutenn onepaunu «HJIW». [nopnasi MaTpuila MOXeT
GBITH COCTaBJeHa TaK, YTO OyJAeT BHINOJHSITH JIOTHYECKYIO one-
pauuio «MJ1M».

Ha puc. 47 npuBeneHa cxeMa, peasu3yiolias Takywo Joraue-
cKylo onepauuio. I'opusoHTanbHas IUMHA, KaK H B MaTpHLeE
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cxeMsl «M», ABAsSeTCH BXOAHOH, a BepTHKa/bHAs — BBIXOAHOH.
JIuoap! COeIMHAIOT HAKOPOTKO FOPH30HTa/LHble H BEPTHKAaJb-
Hple wHHb. EcaM mnojaTh NOJNOXKUTEbHOE HamNpsKeHHe Ha
FOpPHU30HTaNbHYIO WIHHY @, To 6jarofapsi Ha/JUYMIO JUOJOB Ha
TpeThell M MepBOi BepTHKAJBHBIX IUMHAX MNOABUTCA HarmpsikKe-
Hue. Ha BepTHKa/bHON LiKMHe 3 MOJMYUMTCA Pe3yJbTaT JIOTHYe~
CKOH onepauuy a UaH ¢, WM e.
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Puc. 46. [Ilpunuunuanvnas Puc. 47. Cxema JuogHoH Matpuust
cxeMa CABMrarens <UD,

Huognasi Marpuua cxemsl «MJIM» Moxer GHITb UCMOJME30-
BaHa /151 npeoOpa3oBaHHs CHCHAJIOB B JBOMUHBIH KOX.

V3 npuBefieHHOro npUMepa BUAHO, YTO NPH HAMHYUH NOJIO-
JKUTEJIBHOTO CHMTHasa Ha LIMHEe @ Ha BepPTHKaJbHBIX LIHHaX [/
H 8 BBIXOJa MaTpHIbl NOSBHTCS HanpsiKeHUe, CIENOBATEILHO,
TOpU30HTa/ILHAA IUMHA @ MOMKeT OLITh 3aKOAMPOBAHA UHCJIOM
1010. AHajOrHYHO KOAMPYIOT H OCTa/bHble BXOAHHIE IIUHLI
(cM. pHc. 47). Ha BeIXolle MaTpHIEl CHTHAJE pacili(pOBHIBAIOT
B JecATHuHEle yHcaa (Taba. 15).

Tabruya 15

Topusonrans-
Hble [THbI a 4 ¢ a e

Kon 1010 | o101 | 1100 I 0110 | 1001

Muoroctynenuatble MaTpuupl. /151 YMeHbIIEHHs KoJuue-
CTBa JMOJOB NPHUMEHSIOT ABYX- M MHOTOCTYIEHUaThie AHOAHbIE
MaTpHIBL.



IIByXcTyneHyaThle MaTPHUbl CTPOSITCH cjeaylomuM obpa-
30M. [IpH UeTHOM 71 BXOAHBIX NMepeMeHHEIX BCE OHU PasfiensioTes
Ha JBe [PYMNbI C YHCJIOM BXOJOB B KaxaoH rpymrne n/2.

[Tpu neueTHOM £ 4MCJIO BXOAOB B rpynnax BIOHUpAIOT pas-
HeMH (n + 1)/2 u (n — 1)/2. DM MaTPHUB! COCTABJSAIOT NeEp-
ByIO cTyneHb. Jlajiee Kax/Jas rpynna CoequHsIeTCs C JHOAHOH
MaTpuuei.

BxonubeiMu cUrHasaMH 1/ BTOPOH CTyNEHU SBJSIIOTCHA BhI-
XOJ/iHbl€ CHCHAJIBI MEPBOH CTYNEHH,

B pByxcTyneHuaToHl AMOAHOHM MaTpHue uHcaa AUOMOB, He-
06XOMMMBIX Il TIOCTPOGHHS CXEMbl, ONPEAEISIOTCS 110 CeAyIo-
UM opMyaam:

a) Npu YeTHOM 7

n
N=n-2242.2%,

6) npu HEYETHOM 1
n—1

nty net
N2="42"1.2 2 _|_£_2"_1.2 T 1.2.9m,

Tak, Hanpumep, A OAHOCTYMEHUYATOH AMONHOH MAaTPHILI
¢ n = 6 Bxogamu norpebytorcst N = n -2" = 384 auona. Ha
TaKOe YMCJIO BXOJOB NI ABYXCTYNEHYaTOH MaTpHUBI MOTpe-
6yerca 176 nuonoB.

Ha puc. 48 npuBejeHa AByXcTyneH4aTtast JMOAHAst MaTpHia
¢ 4 BxogaMu u 16 Brixojgamu. Kak M B pacCMOTPEHHBIX BHILIE
JHUOAHBIX MaTpuuax, oHH oOpasoBaHbl cxeMamu «H».

B npuHUMDHManLHOH cXeMe NepBYIO CTYNEHb COCTaBJSIOT
IBe AHOxHBIe MaTpuubl M, U My Ha YeThipe BBIXOZA Kaxuas.

Marpuna M, ynpaBasercsi AByMsi TpUTrepaMu MJaAILUX
paspanoB By, u B,, a martpuua Mg — TpUrrepamu cTapllux
paspsagoB B u B,

Bropylo crynenb cocraBnsier Matpuua Ha 16 BBIXOHOB.
BXOAHLIMH CHMCHAJaMM 3TOH CTynmeHM SIBASIOTCH BHIXOAHbIE
CH[HAJIbl NepBOH.

B cooreeTcTBHU € KOJOM uHc/a BO30YKAAeTCsl OAHA U3 BbI-
XOJHBIX MIHH MaTpuubl M, U M. Tlpu sToM nosiBnsiercss curiag
Ha TOH BBIXONHOW LIMHe MaTpPHULI BTOPOH CTymneHH, [Ba Iuoxa
KOTOPOH TPOBOJAT TOK.

B kauecTBe HJsIOCTpaUMH U3J0XeHHOTrO BBeneM Kox 1001
B ABYXCTYNEHYaTYIO0 AHOAHYIO MaTpuuy. B Marpuue M, oka-
KyTcst 3anepThiMH muoxbl [, u [, a B Mmarpuue Mg — [,
u ;. Bo Btopolt crynenn Ha auopax Ly u [, nosBHUTCS
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sanuparolee Hanps:xkeHHe. Ha muuHe 9 BO3HHKHET BBIXORHGE
HanpsiKeHHe, cooTBeTcTBYyOllee kony 1001.
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Puc. 48. Cxema gByxcTyneHuartoift AHOJHOH MaTPHIEL

®yHKUHMOHANBHAS CX€Ma PacCMOTPEeHHOH ABYXCTYMeHYaToH
MaTpHubl U300paxena Ha puc. 49.
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Puc. 49. ®OyHKUHOHANbHAA CXeMa ABYXCIYNEHY4aTod MATpUubl, H306pa-
JKeliHo# Ha puc. 48.

KommyTtatopbl. Boiie 6briH paccMmorpeHsl ofliue ciydau
npHUMeHeHHs] IHOAHOH MaTpHIBl B KauecTBE MHOTOMO3HIHOH-
HOro nepekJiouaressi. Boobile Ke HCMOJNb30BaHHE AHOAHBIX



MaTpHll BeckMa MHoroo6pasHo. Ha npaxTuke HaXomsT npHMe-
HeHHe JHMOJIHbIe MATPHIbI, B KOTOPHIX CHTHaJIbl OT PasHYHbIX
MCTOYHHKOB HallpaBjieHbl Ha OAHMH BBIXOX, HanpHMep, Koria
Heo0XOUMO TOOYepesHOe NOTyUYeHHe CHIHAJIOB M3 PasJMUHbIX
MecT JJ/iA 3allich HX Ha opHo# JeHre. Kaxnas unpopManus
MOXKET JJIMThCS B T€UEHHe OYeHb KOPOTKOI'O BPEMEHH, a 3aTeM
MTHOBEHHO IEPEXOAHTD K caeaylolled HHdopmauuu. Ha puc. 50
npeicTaBj]eHa OIHA H3

TaKHX CXeM AHOAHBIX Ma- £, &£ & &

TpuLL e A A &
Kaxngas BepTHKa/b- "_[J]" *‘Jj- *ﬁ' *ﬁ'

Has IUMHA Yepe3 Ccompo- Ro LR R [|R;

THUBJIEHHE MOJKJ/IOUeHa K 0

OTHETbHOMY  HCTOYHMKY e

NMUTaHUS, HHXKHHUE KOHIbl [~ 1)0/ _)P/

3TOH IUWHBI  COEIHHEHBHI

BMecTe Ha OOLLMil BBIXOZ. 0 )?/

[Tpn noouepenHOM BKJIO- -, )P/

YeHHH OFHOrO U3 HEeCKOJh- !

KHUX BXOJAHBIX CHIHAJIOB

Ha ropU30HTabHEIE IHHB

Ha oOlleM BLIXOJE MOsiB- 06wud

JfeTcsa CHIHaJ. Isb/xoa
JlnoxHas Matpuua, no

CylilecTBY, Hcrnosb3yercsi Puc. 50. duoaxas matpuua, npuvesse-

B KauecTBe KOMMyTaTOpa Masg B KauyeCTB€ KOMMYyTAaTopa.

JJIS1 MHOTOKPaTHOH 3amiCH

CUTHAJIOB OT Pa3/JHYHBIX YCTPOHCTB. YNpaB/jeHUe KOMMYTa-

TOpaMH MOXeT ObITb 3JeKTPOHHBIM.

X
i

Tabauya 16

Hu@put Cocrosnue Tpurrepon Bxox || Uudpei|  Cocrosnne Tpurrepos Bxox
Buxox | 7Ty | T, | To | Ty | Kon | Buxon| Ty ! Ty Ty ! Ty | Kox
0 0 0 0] 0 0000} S 0 1] 0 1| 1010
1 0 0 0 1 |1000) 6 0 1] 1 00110
2 0 0 1 0 (0100t 7 0 111 1] 0111
3 0 0 1 1 11100} 8 1 0] 0 0 | 0001
4 0 1 0| 00010} 9 1 0] 0 | 1] 1001

Boabmioe pacnpocTpaHeHHe MOJYYMJIM CXEMbl JIHOJHBIX
MaTDHIL IJg nepexoia oOT JABOUYHOrO cyerta K JAeCATHUHO-
Mmy. Ha puc. 51 npusepgHa ogHa H3 rtakux cxeM. MMnysbcs,
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Puc. 51. JuoaHas matpuila Ha YeThipe BXOAA sl MOJIydye-

HHS JecATHYHOH UH(POBOH HHIEKCAUWH: a — UHdpOBas HH-

JIeKCalksl Ha HEOHOBHIX J1aMMaX; 6 — VIPOLIEHHAas JHOAHAS

MaTpHLA C TPAaH3HCTOPAMH; 8 — HHAeKcallls Ha LHQpPOBOH
JlaMmre.

NOCTynarolllie Ha BXOA AHOAHOH MaTpHIb, Ha BHIXOLE HyMepy-
I0TCS AeCATHYHBIMHU yHcnaMH. CHIHAJ NOSIB/ISeTCSt Ha TOM BbIXO-
Je IMOJHOH MaTpHIbl, HOMep AeCsTHYHOrO yHhcsa KOoTopoi cos-
najaeT ¢ COOTBETCTBYIOLUIUM JABOMYHALIM UHc/I0M. B paccmarpuBa-
eMOH cXeme HaJIHYHe YeTbIpeX TPHITEePOB MO3BOJIAET IOJYYHTh
JecsiTh HU(pP NpH BXOAHOH KOMOUHAIMH HyJell H eIHHHIL.

B rabn. 16 npuBesenHa soruka nepeBoja IBOMYHOIO cyeTa
B JIeCATHYHOE CUHCJIEHHE.

[TpoBoauMOCTb IHOMOB YNpaBJsieTcs HaNpsiKeHHeM, MOABO-
JIUMBIM K HUM OT TpHrrepHbiX sueek Ty, Ty, Ty u T,. B Tex
Lensix, rae AHOABI 3alepTel, TOK OT HCToYHHKA +E,,, uepes
CONMpPOTHBJEHHe R MOCTYNMT Ha BBIXOX MaTpHubl. B nosoxe-
HHH, TOKa3aHHOM Ha cXeMe, YeTbIpe TPHITepa HMEIOT COCTOf-
uue «0». B Brixoguo#t menu «0» (wHHa «0») 6yner nporekaTh
TOK, a BCe OCTajibHble IIHHBI oOecrodeHbl. Ecid, Hampumep,
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B Tpurrepubiil peructp Gyaer sBexeH koi 1001 (uudpa 9, 10
Ha LIHHe 9 NOsIBUTCS BLICOKMH MOTEHLMAs H BCe YeThHpe Auoia
GynyT saneptel. TOK OT MCTOYHHKA -+Ep,, Yepe3 CONPOTHB.IE-
HHe Ry,, He OTBeTBJsISICh, MOCTYNHT HAa 9 BBIXOA HHOANOH Mat-
PHILLL.

PaccMoTpenHas f1MogHAas MATpHIA Ha PHC. 51, a MOXeT OHITDb
3HAYHTEIBHO YTpOLUeHa, ecad [PHMEHHTb TPaH3HCTOPH THIMA
n-p-1.

Ha puc. 51, 6 npeactaB/ieH OfHH H3 BApPHAHTOB TaKOH CXeMbl
IS mpeo6pa3oBaHus JABOHYHOTO CU€Ta B JECATHUHBIH C BHIXO-
JIOM Ha JjaMnbl HakaJMBaHHfA. B 3ToH cXeMe TpaH3HCTOPLI
T, — T,y oObeHeHB B ABE TPYNIbI: YeTHLIE H HeYeTHHIE.

TpaH3uCTOpEl CAYXKAT AJisI yIpaBaeHHst 3axcCHraHHeM JaMmi
HAKa/JHBaHHUs M BBHINOJHAIOT 4acTb JIOTHYECKHX oONepauuii,
6naropaps ueMy cxXemMa MaTpRUpl YIpoliaeTcs.

Bribop ueTHOH WM HeYeTHOH Tpynmsl LU NPOHUIBOJAMTCH
MepPBBIM TPHTTEPOM CUEeTUHKA HMIMYJbCOB (HAa CXeMe He NoKa-
3aHO) uepes TpaHsuctopul Ty, H T, (T126), BK/IOUEHHLIE noCTe-
JIOBaTesIbHO ¢ 3THMHK rpynnaMu. Ocrasiblibie TPHITEPE! CYeTYHKA
EMNYJIbCOB NOAKJOYEHB! K BbIBOAaM bb', cc’ u dd'.

Kax BH;1HO M3 CXeMbl 3a:KHTaHHe JaMil 3aJaeTcs KOAOM HM-
NyJ1ECOB, MOCTYMAIOMIHX OT TPHITEPOR Uepes AHOAHYIO MAaTpHLY.

Cxema cogepxuT Beero 10 auonos BMecto 40, coGpaHHBIX 1o
cxeMe peie.

Ha puc. 51, 6 usobpaxkena cxema AHOAHOH MaTpHIBI C BbI-
X0JOM Ha IHGPOBYIO J&MIy M NeCATHYHOTO CYeTa.

B cxeme npuMeHeHbl BEICOKOBOJIBTHBIE TPAH3HCTOPBI, BKJIO-
YeHHBIE M0CIEN0BaTeNbHO ¢ UHGpoBof Jamnoi. Konextopsl
3THX TPaH3UCTOPOB COEJHHEHBI C KATOAAMH LIH(PPOBOH JaMIIH,
a SMHTTephbl cOefHHeHb BMecTe. TpaH3HCTOpHI pasjiefieHE Ha
yeTHsle H HeueTHble. [lepBEIfl TpHrrep MOAKJIOMEH K BLIBOLAM
aa’, octalibHble TPUITEPHl — K BbiBOgam bb’, cc’, dd'.

YnpasieHHe JHOAHOH MaTpHLUeH MPOH3BOAHTCH KOAMPOBAH-
HBIMH HMITYJIbCaMH, MOCTyNamolUMMH OT Tpurrepos. Ha Bhixoje
MaTpHLH TOABJIAETCA MOJOKHTENBHOE HaMpsKeHHe, KOTOpoe
3alHpaeT TPaH3HCTOP, a OCTalbHEIE AEBATb OCTAIOTCH OTKPhI-
THIMH.

ITageHne HanpsixeHHsi Ha OTKPBLITBIX TPaH3HCTOpaX O4YeHb
MaJo, TO3TOMY HanpsiKeHHe MeXJAy aHOJOM H COOTBETCTBYIO-
IUMH KaTOAaMH MeHblle MOTeHUHa a 3axHraHus wudpoBoi
aamnsl (80 8). -

B nens 3anepToro TpHoja K KaToAy JaMiisl 6yAeT MpHIIOKeHO
Hanpsikenre 100 ¢ <+ 80 8 (OTHOCHTeJILHO aHOHA) Yepe3 orpa-



HHYMBalONIee CONPOTHBJIeHHEe 27 koM, NPU 3TOM yepes3 HHPpo-
BYyIO JaMmny no#jier TOK, JOCTATOUHKIH JiJis1 CBeUeHUus Llli(ppbl.

Kommymuposarue ¢ nocmosuneim yurxiom. B HeKOTOPHIX
cayvaax OLIBaeT HeOOXOAUMO HCIOAL30BATh JHOAHBIE MATpHULbI
A KOMMYTHDOBaHMsA BXOAHBIX CHIHAJOB C NOCTOAHHBIM LUK-
joM. Ilpn TakoM KOMMYTHPOBaHHH Yepe3 paBHElE [TPOMEKYTKH
BPEMEHH [MO0YEePEeHO MOAKJIOYAIOT BXOJHEIE CHTHA/IBI, KOTOPLHIE
yepe3 JUMOLHYIO MATpHIy NMOCTYNAalOT Ha obwmuil Beixox. Takoe
nepeKJIoYeHHEe OCYIIECTBISIOT YacOBEIM MEXaHH3MOM MM JaTt-
YHKOM BpEMEHH H TOMY HOJOGHBIMH YCTPOHCTBAaMH.
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Puc. 52. Cxema puonHoit maTtpumel  Puc. 53. Kpupast 3aBHCHMOCTH
JJISi KOMMYTHDOBaHHs 4Yepe3 paBHEIE  HaNpPsUKEHHS OT BPEeMEeHW JaTuHiKa-
IPOMEXKYTKH BPEMEeHH. npeoGpa3oBares.

Jsi IBOUYHOTO YHC/IA CTABHTCS 110 OJHOMY TNepeKJIiouaTesto
Ha KaxJIplfi paspsj, T.e. Ha JiBa MOJIOXEHHS — OJHH mepe-
KJouaTenb.

Ha puc. 52 npuBefieHa ofiHa U3 NMpOCTEHIINX CXeM /51 KOM-
MyTHPOBaHHsl C MOCTOSHHBIM LMKJIOM. B 310l cXeMe mepek.io-
yatenb C; u C, ycTaHaBJ/IHBAETCS JaTYHKOM BPeMEHH B MOJIOXKe-
HHs, YKa3aHHble Ha cxeMe, 00; 01; 10 u 11. Bxozausie curuasns
noouepeHo NOCTYNAOT Ha o6WHME BhIx0A. UHCI0 BEPTHKAIBHBIX
IIMH ONpejensieTcss YHCAOM BXOJNHBIX CHI'HAJIOB.

KoMmyTaTop Ha jpHoaHOH MaTpHue MoxeT paboraTb C JIO-
6ol uacTOTOH, onpeaensieMOH CKOPOCTbIO NepeKJIoueHHH.

Peryanpopanue npouecca B 3ajanHbiX npepenax. JuonHble
MaTpHIEL MOTYT GOHITb HCNOJIL30Balibl B KauecTBe YCTPOMCTB,
OCYLUIECTB/IAIOMUX peryaupoBaHHe Kakoro-nmu6o mnpouecca B
3aJlaHHBIX TIpejenax.
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ILnst aTHX nenell napaMeTpet, Mojexalline peryJ/upoBaHHIo,
C IMOMOIIBIO JaTYUKOB MNpPeo6pasoBLIBAIOT B 3JEKTPHUECKOE
HanpsiKeHue, sB/AOLeecs aHaJoroM HaMepseMoro napamerpa.
Janee 310 HanpsikeHHe B COOTBETCTBYIOIleH cxeMe ABTOMATH-
YeckH npeo0Opas3oBhiBdeTcs B ABOMYHBIA Koj. CHIHaJsbl MOCTY-
nalT B IHOAHYIO Matpuiy. IIpH cooTBeTCTBHH Koja HYXKHOMY
npefeTy PEryJadpoBaHHs Ha BEIXOJE MaTpHIBI IOABJSAETCH
CHTHAJ, KOTOPHIH BKJ/IOYAeT pery/upyiomee ycTPOHCTBO.

a5 npuMepa Ha puc. 53 npejcTaB/ieHa 3aBHCHMOCTb Hanps-
JKEHHSI OT BPeMeHH, T0Ka3plBaeMas IaTYHKOM, Npeo6pasyolum
u3MepseMbill mapaMerp B 3J1€KTpHUECKOe HampskKeHHe.

V3sMepeHHe HanpsixKeHHST MPOUCXOAHUT B npenenax 14 yciaos-
HBIX eJIHHIL.

IlpencraBus OpAaMHATEH KPHBOH HANPSKEHHS B JBOHYHOM
Koze, OyneM HMeTh JaHHbe (Taba. 17).

Tabruya 17

NecaTuyHoe IBoMuHbLIIT Iecatuunoe JRouunbil HecaTuunoe JlBOMuHBI
yucao KOZX o Kox uiica0 Kox

0 00000 5 00101 11 01011

1 00001 6 00110 12 01100

2 00010 7 00111 13 01101

3 00011 8 01000 14 01110

4 00100 9 01001 15 01111

10 01010

Ananoro-uudpoBoe npeobpazoBaHHe MOXKET NPOHCXOAHTH
¢ oueHb GOJIBIIOH CKOPOCTHIO, M, CJELOBATENLHO, 3JEKTpHUe-
CKHe CHrHaJbl GYIyT oToOpakaTth GhICTPoJeHCTBYOLee TeueHHe
3aJ]aHHOTO MpoIlecca.

IpennonoxuM, 4T0 MpH nosBAeHHH 8—14 eAMHUIl BO3HHKa-
eT HeoOXOAMMOCTh BKJIIOUEHHsI COOTBETCTBYIOLIErO PETyAsITOpa.

s yka3aHHOTO jAHana3oHa Pery/upoBaHHS noTpebyercs
JIUOJHAsl MaTpHIla, UMeIOllass CeMb BEPTHKAJbLHEIX IUIHH, Ka-
XKJas U3 KOTOPHX JOMKHA ObiTh COEHHEHA yepe3 AHOMBI C To-
PH3OHTA/NIbHBIMH IUHHaMH (puc. 54). YnpaBnsate MarpHuei
JIOMKHBI CeMb TPHITEPOB MU Nepekawouareneii. [lepBas cnepa
BepTHKa/NbHas I1UIMHA BO30yXKJaeTcs NpH BXOLHOM 4Hcae 8
(0001000). Crenyromas MHHa BO30YKHaeTcs NPH BXOIHOM
yucse 9 (0001001) u 1. x. o 14-fi IHHBL.

[Ipu mocTymJeHHH HMIYJbCOB, HE COOTBETCTBYIOLIUX YHC-
JaM 8 — 14, BepTHKa/bHEIE IUHHBI 3a3eMJAIOTCSA Yepe3 OLHH
HJIH HEeCKOJIbKO JHOJOB,
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Huddepenunansubtii yuer. [Ipumenenne THOMHBIX MaTpHIL
MHoroo6pasio. J11a npuMepa paccMOTPHM ydeT aBTOMOOM.1L-
HBIX MOKPBULEK MO ABYM [apaMeTpaM: Mo BHELUHEMY AHaMeTpy
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Puc. 54. duoanaa maTpuila, ynpamisemas CCMbLIO IPHTTCPAMI gAs pery-
JIUPOBAlIHST 331aHHOTO HpOoLecca.

(4, v [1,) u Buicore (H, u H,). Bcero ueTbipe coueraHus:
Wi, —H,; 2 d,n Hy 3 A, — H,, 4) A, — H,. 31ech
HijleKcoM a obo3mavyeH 00JbLIOH pa3Mep NOKPhILIEK, a HIIeK-
com b — maawiit. HMugopmanuio o 6ol pasMmepax 6yayr -

Tabauya 18

Bros ! Brivognl
Homepa T T
ey ug.\lg,l‘:ﬁ‘;’en I AAMCTP | BBICOTA Ay Az Ay Ay
i , '
V| e — 11, 1 1 1 0 0 0
2 Hy— 11, 0 | 0 1 0 0
3| Ay— My 1 0 0 0 I 0
4 Ly — 11y 0 0 0 0 0 {
i
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jaBaTh JaTYUKH B BHIEe UMNYJbCOB (1), @ OT MEHBLUIUX pa3MepoB
HMNyJabcbl noctyuath He Oyayr (0).

| B

| § Q |

'R g o |

| 3 3 |
HE ity

1 7 R— I
7 {——«az {
6 I 23 Xy
3 | ] £y
| ] >
{_mg |

| |

i 7

L. |

31
x
Om duodrod mampuus:

T e s e e e e e e

Puc. 55. CeetoundpoBoe Tta6ao (a) u ero Jjorudeckuit ysen (6).

Takum ofpasom, s OCYLIeCTBJEHHS] yKa3aHHOro yuera
MOKPbiIIeK HeOOXOAMMO HMETh NPOCTEHAINYIO JHOAHYIO MAaTPHILY:

Tubauya 19

Homep noaocxi

Yueao I i T '

2 3 4 |5 6 17
0 S S O O A 0
1 0/'0l111]0]0;0
2 (S0 S U O O A O I R O |
3 01 1 1 1{ 0] 1
4 Lol 1o 110]1
5 I 1y op 11001
6 Iy 1| of 1111
7 oj 1| 1jp1]o0f06)0
8 T W U Y T A O A
9 S O O I O R R I

JJIs1 BXOJ@ @ U b YeTbipe Bhi-
xona (Ay; Ay As Ay

Jloruka 3TOH MaTpHLbI
npuBejeHa B Tabsa. 18.

CxeMa JHOJHOH MaTpHILbI
C paccMaTpHBaeMOH JIOTHKOM
6bla NpUBeNEeHa paHee Ha
cTp. 48.

Ha Bouixone auopniod ma-
TPHIIB! YCTAHOBJIEH CYETUHK,
KOTOpPbIli BEJeT yuYeT uuc.1a
MIOKpBILIEK Pa3HOro JHaMeT-
pa M c pasHOH BbICOTOH.

Jnonnas MaTpuLa MoXKeT
OLITb HCMOJb30BaHA AAfA 00-

pa3oBaHHust CBETOIH(POBOIro Tabso NpH MOMOLIHM CEMH MOJIOCOK,
3acBeUHBaeMbIX JaMIlaMH HaKaJMBaHMUs. DTH CBETsUIHeCd To-
JIOCKH c031aI0T Bee 1uppst oT 0 1o 9. O603HaUUB NMOJOCKH, Kak
3TO CHeNaHO Ha PHC. 55, a, MOXKHO COCTaBHTb KOA, 06pa3yrouLnii
HOpﬂ}IOlé 32XKUTaHUSA TOJ0COK Tabso. DTOT KO; NpPHUBEIEH B
Tabsa. 16.



CeMb JIOTHYECKHX Y3JIOB MpeobpasyloT AecATHYHBIH Kox
B Ko Tab/10. DTH y3Jbl cojepKaT AHoaHyio cxemy «UJIM» u
YCUJIMTEJIb, KOTOPHIH 3a)KHTaeT JIaMIIOUKY HaKaJMBaHHUS, yCTa-
HOBJEHHYIO B cooTBeTcTBYyMoUleH nosocke. Ilonb3ysichk Taban-
e, MOKIIO COCTABHUTb JHOIAHYIO CXeMy AJsl JioOOoro Joruye-
ckoro yaaa. CxeMa Ka)KAOro Takoro yana JoJKHa OblTb BbIpa-
JKeHa B COOTBETCTBHH C TeM, B KakHUX LH(}paX y4acTBYIOT cBe-
TALIKECS MOJIOCKH.

Ha puc. 55, 6 uzobpaxeHa NHOAHAS cXeMa JOTHYECKOTO
y3Ja, 3a)Hraollero Jamny HakanuBaHHs I. J{uonsl mpHcoe-
JUHAIOTCS K LIMHAM, HecyHiMM HanpseHHe or uudp 0; 4; 5;
6; 8; 9, Tak kak nosocka I ydyactByeT B OOpa3sOBaHHH 3TUX
uugp. OcTtajibHble JOrHUECKHE Y3JIbl OTJHYAIOTCS APYT OT ApYyra
TOJAbKO auonHol cxemoil «MJIH».

FNABA YETBEPTAA
CXEMbI JIOT KHECKHX Y3J10B

12, Mpenctasnenne npon3BonbHoH ABOMYHOH DHYHKUHH
necpencTsem anrebpei NOrHKK

[lepefizeM K paccMOTpPEHHIO NMPUMEHEHHsT aJjrebpbl JIOTHKH
NPH NPOEKTHPOBAHHH PA3JIHYHBIX YCTPOHCTB H 3JEKTPHUECKUX
nepekJoouaromux uenefi. Utodbl co3paTh JOrHYECKYIO LeNp H
NPUMEHHUTD JIOTHUECKHE 3JIeMEHTBI, HaJl0 3HATh YCJIOBHS pPabOThI
ycTpoHcTBa (uenH). DTH yCa0BHS JOKHBI ObITh NepeBeieHb! Ha
A3bIK a/re0pbl JOrMKH H NpeAcTaB/JeHbl B BHAE €IUHHI H HY-
Jeit (coobwenne tuna «IA—HET»). Bce koMOuHauuyu BXOAHBIX
CHTHAJIOB CiejyeT 3anHchizaTh B Tabquny. B Helt ykasbiBaetcs,
NpH KAKUX COOTHOIIEHHSIX BXOJHLIX CHMHAJOB MMEIOTCA HJIH
OTCYTCTBYIOT CHUTHasbl Ha BbiXode. CHrHa/lbl Ha BLIXOJE sIBJISA-
JOTCSE Pe3ynLTATOM OlepaiHi JOTHYeCKOro yMHOXKEHMS WJH
CJAOKECHHSI eJHHHIL U HyJqel Ha Bxoje. [lo naHHBIM Tabanub!
ycioBUsl paboThl YCTPOHCTBA (LenH) 3anMCLIBAIOT B BHAE JIOTH-
4yecKOH (DyHKIMH. _

PaccMoTpuM npocteHluMit npuMep NpeaCTaBJIEHUs JBOUY-
HOH (PYHKUMH [OCPENCTBOM aJ/redpbl JOTHKH.

BkJ/toyeHle H BBIK/IOYEHHE CBeTa B BeCTHOI0/IE JoMa JOMKHO
NPOU3BOJUTLCSA MNEpexJiouatesasiMi, HaXOAALIMMUCST HA Iep-
BOM M Ha BTOpOM 3TaxaX. Ecau ceer BhIKJIOUeH, o0
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Ta6auna 20 meper:mouateTn, YCTAHOBIENHDLIT Ha

3THX 9TaxkKax, MOMKET ero BKJIIOUHTDL
s oa UJIH BBIKJAIOUHTL. [IpH 3TOM BO3MOXK-
; IIbl 4eThIpe ciayvas:
| 1) nmepex.tioyatesni  Ha  TaxKax
Y l ! v BLIKJIOUEL B BecTHOI0J€  HET
I
l

R
nn ¢

]

20 0 1 1 )

3 1 0 1 CBETA;

4 1 I 2) nepek.iouatelb Ha  BTOPOM

i
1
I 3Take BKJIIOYH JaMMOUKY B Be-
cTiblo.ae;
3) nepex/iouatelb Ia MEpPBOM 3Taxke BKJIOUHJI JIaMIIOUKY;
4) oba nepek.mouaTe.1sl BKJIIOUEHbl H JIAMIOYKH TOpSIT.

1 A

ol | Jamyux| B
8

_6*—‘

- -

HE,

]

. i
ammAamiun |t e Lty b~ 0 1

St M

Puc. 56 ®@yHkuHomaabpuas cxeua JOTHUECKHX 3.1€MEHTOB
JUIS aBTOMATHUECKOro PeryJHpoBaius ypoBlisi BOIb B Oake.

st 3anucu B Tabauie pacCMOTPEHHBIX COCTOSIHHHA Nepek.Tio-
yaTeseil 0003HAYUM:

OYKBOIT @ — cOCTOsAHE NepeKJIouaTe.1s Ha BEPXHEM 3TaXe,

OyKBOH b — COCTOsIHHE MepeKJIoyaTenss Ha BTOPOM 3Taxe;

6ykBoil A — cOCTOsIHHME JTaMMOUKH B BeCTHOIOJE.

Ilo cymiectBy, a H b sIBJASIOTCST BXOAIBIMH MEPEMEHNbIMII, a
A — BLIXOANOH MepeMelHow.

O0Go3naunM: BK.JIOUEHHe cBeTa — 1, a BBHIKJIOYEHHE CBe-
ta — 0.



Yenosusa pa6oThl uend ceegeHsl B Taba. 20.

M3 srtoit Tabsauupl, Kak OGyieT NOKasaHO jajee, onpele-
Jsiercst jorvueckas ¢yHkuus A = a -~ b.

PaccMorpuM  apyroft npumep npeicTaB/ieHHs ABOMYHOIL
(YHKUMH mocpeacTBoM ajnrebpol Joruku. [lycTs Tpebyerci
aBTOMaTHYeCKH PEryJ/JUpPOBaTh YPOBEHb BOJb B 6aKe ¢ MOMOILBIO
BeHTuas A. JIJs 3TOro B HEM YCTaHOBJEHBI ABa AaTuHlKa: mep-
BbIH (@) HaeT curHaj, Korja BOAA MPEBBICHT JONYCTHMBIA ypo-
BeHb, BTOPOH JaTuMK (b) ;aer curHa.l, KOrja Boja MOCTHUTHET
ypoBHsi 8 (puc. 56). Korma yposenb BOJBI HHXKE YPOBHA 4,
CUTHaMBl OT JaTYHKOB He MOCTYHAIoT,

1O KpaH AoJKeH 6biTh OTKpBIT. C1ex10-
Bareqabiio, a=0; b=0u A = 1. T |

[Tpu nojbeMe ypOBHS BOIBI Bhillle |+ e
JIIIHHH @ KpaH JIO/DKell OcTaBaThCsl
OTKPBITHIM: a == 1; b= 0; A = l.

[1pu nocTHKeHHH BOAOH yPOBHS 6
KpaH J0/keH ObiTh 3aKpbiT: a = 1;
b=1, A=0.

Pex<umpl padoTsl CHCTEMbI aBTOMATHUECKOIO PeryaHpoBaliis
MOI'YT ObITh (peiCTaBaelLl B Bije TabaHUbl JOrHuecKuX Qylik-
i (rada. 21).

Eciau Ha BXOle HET CHMI'HA.10B, TO OTCYTCTBHE HX 3allliChl-
BaeTCsl Kak oTpuuanue: A == ab = 1.

Ycaosust pabotsl, Kaxk OyjeT MoKasaHo jaajee, MOryT OblTb
3anucaHbl B BHAE JoOrHueckoii QyHkuun A = ab - ab.

Tabaunya 21

I

; [V |
I | 0 | 1

| 1 | 0

o —

13. CHHTE3 NOrHYECKHX CXem

CHHTE3 JOTHYECKHX CXEM CBOJHTCS K MOCTPOEHHIO 3.1€KTPH-
yecKOH cXxeMbl, DJeKTpHUecKas cXeMa COCTaB/seTCs IyTeM
3aMelbl 3BEeHbEB (PYHKUHOHAABHOH WM CTPYKTYPHOH CXeMbl
COOTBETCTBYIOIIMMH UM .TOTHYECKHMI 3.jeMelTaMH.

CunTes JOrHYECKIX YCTPOHCTB (UEMH) HauHHAeTCsl ¢ liepe-
BOJA 3aJaHlbIX YCJIOBUH padoTsl (LenH) na si3blK aaredpui
JIOTHKH.

Cuntes npoM3BOAITCS U3 NPOCTEHIINX JIOT HIECKHX 3JIeMeH-
roB, KOMOHHIPYsSI KOTOpBle, MOXKIO peanusosath 1obbie nepe-
KJAloyaTeldbible (YHKIHH.

Jast nocTpoerns: (YHKIHOHAJLHON CXeMbl TOKHO ObiTh
H3BECTHO:

4) 1pH K4KHX COOTHOLIEHHsX BXULHBIX CHIIIAI0B MMEETCs
CHI'HA/ Ha BbIXOAE;



6) NpH KakHX COOTHOLIEHHSIX BXOAHLIX CHTHAJIOB He Oyger
CHTHAJIOB Ha BBIXOJE.

Cospanne ¢yHKUMOHANBbHOH cXeMbl pa3buBaeTcsi Ha JBa
sTana:

1) onmpesesente Mo 3aiaHHbIM yCJIOBHSM PaboOTbl HEOGXOAH-
MBIX JIOTHYGCKHX 3JEMEHTOB H HX CcoelMHelHH;

2) BbIOOP ONTHMAJLHOIO BapHANTa yHKLHOHANBHOH CXEMbI.

ITocTpoenne QyHKIHOHANBHBIX CXeM yjl00Hee BCero MmpoHs-
BOMUTb NO ypPaBHEHHSIM aureBpbl JOUMKH (IOrMUECKHM (QYHK-
U SM).

YpaBHeHHe, OMNHCbIBaiollee paboTy CXEMbl, MOXeET ObITb
€OCTaBJAeHO JHOO MO YCJIOBHAM HCTHHHOCTH (MO eQuHHUaM),
Ju60 N0 YCAOBUAM JIOXKHOCTH (10 HYJsIM) JIOTHUECKHX BbiCKa-
3bIBaHUH.

CyluecTByIoT caglyioliie fpaBH.1a COCTABICRIS YPaBHEHHA
1o eauHunaM. s Kaxaod cTpoku B Tabsuile ycaosuil paboTsl

CXeMbl, B KOTOPOH BbIXOJAHAS BEJH-
Ta6auya 22 “UHA PaBHA 1, COCTABASIOTCS MPOH3-
BCACHHS BXOJHBIX CHI'HAJOB, a 3aTCM

Bxox | Brixox 9TH [POH3BEAEHHA CKJIaJLIBAIOTCS.
a | b a Ecnu 3naueHve BXOAHON BeJIHUHHAI
paBHo 0, To GepeTcst ec OTpHLAHHE.

PaccmoTtpum npumeHenne ykasaH-
HOro npasujta 1a npumepe paboThi
CXeMbl CyMMaTopa Mo MOAYJIO «JBay.
CymmaTtop »TOro THma  sBJSIETCs
npocTefileil cyMMupyiomel cxeMoit,
B KOTOPOH CKJaJblBalOTCA J1Be uHppbl 0e3 yuera mepenoca H3
JaHHOTO paspsja B cTapLIHH.

YcaoBust ero paboTbl npeacTasieHsl B Taba. 22.

Curnan Ha BbiXOofe A HOsIBJsieTCs B TOM cJjiyyae, Korja
HMeeTcs CHTHaJsl Ha OJHOM M3 BXOJOB, M HE BO3HHKAET, KOTJAa
CHTHaJIbl MOCTYNAOT Ha 00a BXOJa CXEMbl MJIH COBCEM OTCYTCT-
BYIOT.

CornacHo npuBeNeHHOMY MPABHJY COCTaBJIEHUsT (DyHKIHO-
HaJbHOW CXeMbl Mo eIUHHIAM, paboTa CXeMbl cyMMaTopa LO0J-
XHa ObITh BbIPaXKEHA JIOTHUECKOH (hyHKUHeH

ab4-iib = A. (6)
Cxema, peanusyiomas yKa3aHHYIO JIOTHUECKYIO (YHKUHIO,
npm;e;neua Ha pPIC. 57, a. Oua COCTOHT H3 nsITH JIOTHUYECKHX

9/IEMEHTOB, IBYX saeMeHToB «HE» aa9 noayuenns unsepcuu
u b, 1BYX 3neMeHTO8 «M» jn1si 06pa3oBaHUs NpOU3BENEHHsH 3J1€-
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MeHTOB 7b W ab u onnoro sjeMenta «MJIM» ans nosydenwus
cyMMbl (ab) + (ab).

PaccMatpuBaeMasi (yHKIHOHa/bHAas cXeMa NpeaCcTaB/sieT
JIOI'HYECKYIO Onepailio OTPHUAHAS PaBHO3HAYHOCTH (HEepaBHO-
"3HaYHOCTb). [l;1A cocTaBeHUs JIOTHYecKOH (YHKUMH MO ycJ0-
BUSAM JIOXKHOCTH (MO HYJAM) NOJb3YIOTCS C/AEAYIOIHM MpaBH-
JIOM: JJI1 KaXXAOH CTPOKHM TaG/Hubl, IJe BBHIXOAHAA BeJHYHHA
pasHa 0, COCTaBJAIOT JIOTHYECKYIO CYMMY BXOJHBIX Be/JHUHH,
NpHYeM ecJ/IH BXOJHasl BeJHYUHa paBHa 1, To GepyT ee oTpULUA-
HHE, a 3aTeM 3Ty CYMMY NepeMHOXKaloT.

a) 5

a a
b b

A=(a+b)(a+b)

Puc. 57. Cxembl HepaBHO3HAa4YHOCTH.

Jna paccMoTpeHHOro BbIpaxkeHHs1 (6) (yHKUHOHaAIbHAs
dopMmyJia IO YCNOBUAM JOXKHOCTH Oyner (puc. 57, 6):

A= (a--b)(atb). @

Jlerko y6ennTbest, 4yTo Belpaxenus (6) u (7) abcomoTHO TO-
JKJecTBeHHbI. [leliCTBUTE/IbHO, PacKpPbIB CKOOKH, NMOJYYHM:

A= (a+b)(a+ b =aa+ ab + ba + bb = ab + ab.

Bri6op cnocoba cocraBiaeHHs] (DYHKUHOHAJBHBIX CXeM MO
YCJOBHSIM HCTHHHOCTH HJIM JIOXKHOCTH 3aBHCHT OT BbIOOpa
OCHOBHBIX JIOTHYECKHX 3/1eMeHTOB. MokeM BLIGpATh 5J1€MEHTHI
tana «M—HJIW» uau no agemenram «MJIM—M». B namem

npHMepe
(ab + ab) - U—UJW»; (a + b) (@ + b) — «<HUJTU—Hb.

n



dyHKUMOHa bHasI cXeMa BechMa ylnoOHa HJis1 oToGpaxenus
paboThl CHHTE3HPYEMOro JOTHYECKOro ycTpoicTBa 6e3 jleTanb-
HOIO BBIYEPUMBAHHSA CXeMbl.

CriefyioiiM 3TarnoM CHHTe3a JOTHUECKHX CXeM fBJSieTCs
MHMHHHU3alHsI, T. €. ynpoileHde (QYyHKUHOHAJbHOH CXeMbl, B
KOTOpOI OblIo Obl HAaHMeHbLIee YHC/IO JOTHUECKUX 3JIEMEHTOB U
npocredlias CBA3b MeXAYy HHMH.

Ha mnpaktike npumeHsieTcd psiji METOXOB MHMHHH3ALHU:
npeoGpasoBanie HCXOAHBIX ypaBHEHHI anre6pbl JOTHKH, Me-
TOJbl MUMHHM3HDYIOIWUX KapT, KOOPAHHATHble TaOJHLbl U ApP.

14. NpecGpazoBanue ypasHeHuH anre6pbi noruky

[IpeoGpasoBauiie ypaiieHuil aare6pbl JOTHKH MOXKeT GbITh
OCYLIECTB/IEHO Ha OCHOBE 3aKOHOB aJrebpLl JIOTMKH (riepeMe-
CTHTE/IbHOIO, COYEeTaTe/bLHOro, paclipeleaHTe/bHOrO U HHBEp-
cHu). YopolleHHe AOCTHraeTcsl COKpallleHHeM uHc/a onepautiii
Joruueckux GopMysa, BbIGOPOM 3xeJ1aeMOro 3laka OjHOiMel-
HBIX UJIEHOB M T. M. DTH npeo6pasoBaHUS IIPHBOIAT K 3amelie
OJLHUX JIOTHYECKH X 3/1€MEHTOB AP YTHMH H COKPalLleHHIO HX YHCJIa.

PaccMOTpHM HeKOTOpbIe NpHeMLl YIPOLIGHHS JIOTHYECKHX
(yHKUMH, OCHOBalllible Ha NPABUIaX YIPOLIEHHOr0 YMHOXKEHHS
U BBbIJE/IEHHS] BCeria HCTHHHBIX BhipaKeHHH.

1. Iycte uMeerca ¢yukuus A, = abe - abe -- abed, xo-
TOPYIO HEOOXOAMMO YNPOCcTHTH. CrpynnupyeM ciaraeMbie Tak,
4TOOBI MOKHO OBIIO MPLMEHHTL ONePalMio CKICHBaHUS:

Ay == ac(b--b)4-abcd = ac+abed = a(c+ bed).

Hcnobayst pacrnpeieauTespHblil 3aK0H, MOJTY4IM:
Ay = afc--¢)lc--bd) == a(c+bd).
2. Tlpeo6pasyem ¢yHKUHIO
A, = ¢bc +-abc --abe,
LJs 9TOro NpubéaBHM K npapoil yactd (opMy. bl ujied abc:
A, = abc--abc +abé - abe.

BolileceM 00iiHe MHOMKHUTCAH 38 CKOOKH:

Ay =ac (b +b)+-b¢ (u-+a) = ac+b¢ = ¢ (a+ ).
3. YNpocTiM Bhlpaxeiue:

Ay == |(ab --c) = (ab +-€)] [(ab +¢) +- (cd - a)l.

§
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ITepBBIfi COMHOXKHUTENL DaBeH €AUHMLE.
Ha ocHOBaHMH pacCMOTPEHHBIX BbIILIE MPABHJ MOMKHO Ha-
nucaTh:

Ay =ab+c+cd+a=a+tc

[Tonb3ysacs npuemMamu ynpoLIEHHsl JIOTHYECKUX (YHKLMH,
npeoGpasyeM Boipaxenue (6).

M3 anre6pel JIOTMKH HU3- 5
BecTHO: aa = 0 u bb = 0, no-
5TOMY BbipaxeHHe (6) MOMXKHO
HanucaTb B BHJE:

A = ab+aa—+-ab--bb. 2L L

CrpynnupyeM 4JeHsbl:

A=a(@+b)+b(a+0b)= !HE |
(@+b) (a+b). b

Cor./1acHO 3aKOHY HHBepCHH
a-+-b=ab, noayuum: A = —
== ab (a -+ b). Orciona caenyer, A=ab(a+t)
4To BhIpakeHHe (6) cogepxur Puc. 58. ®yukunonanbHas cxema
Asa «M», opno «HE» u oxpmo ~ CYMNMATOPA MO MOAYJMO 154
«MJ1» (puc. 58).

B pesyabTaTe ynpolleHus ¢opMy.1 B CyMMaTOp 1O MOAYJIO
«IBa» BOHAYT YeTbipe BMECTO MATH JOTHYECKHX 3.JEMEHTOB.
IMocie mocTpoeHnsi QYHKIHOHAIBHOH CXeMbl CJIeAyeT nepeiiTH
K [IOCTPOEHHIO NMPHHUHIHAJBLHOH CXEMBI.

15. Cxembl cymmuposaHua

OanuM M3 yCTPOHCTB, peaM3yIoUUX OCHOBHbIE JOTHYECKHe
OnepaLHH, siBJAsieTCS CYMMaTop, BBITOJHSIOWMEA aplgMeTide-
CKO€ c/10)KeHHe ABYX YHCeJ MO MPaBHIaM JOTHYeCKOro CJ0xkKe-
Hasi: 04+ 0=0; 1 +-0=1, 0~ 1=1; 1 - 1==1. Eagn-
1IHI1a, NOJy4aloUancs NpH CJI0XKEHHH ABYX €MIHUL, Mepelo-
ciress B 60Jee BLICOKIE paspsii.

CyMMHpOBaHIie ABOUUHBIX YHCCT SBJIAETCS OCHOBOH .18l
BbIMO.IIICHUS BCEX OCTa1bHbIX JAeHCTBHH ABOHUHOH apiihMETHKH.

CyMMaTOpbl  OCYLLECTBJSIOT CJAOMEHHe HauHHas ¢ MJaji-
1ero paspsiia. Y CTpolcreo, BbLIHO.sIOUEe C/10KeHHe OAHOT0
paspsija cJaaraeMbiX, HashiBaeTcsl O A HOP A3 P AL HDLM
cyMmaTop oM CloxeHne ydcesa 7 paspajaMi ocyLlecTs-
JIACTCSE CXeMOH 113 7 OAHOPa3PsIAHbIX CYMMATOPOB.
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Ha puc. 59, a npexncraBieHa 6/10K-cXeMa OIHOPa3psAHOrO
cymmartopa Ha jBa Bxoja. OH uMeer 1Ba BXoja a M b u JBa
Boixona C, rme obpasyercsi pe3ynbTaT cyMMHpoBaHus, u [I,
TAe OCYILECTBJISIETCS] BO3MOXKHBIA MepeHoC B CTaplUHil paspsj.

9

a

b

ne

0 o

]

T3

Puc. 59. Ogaxopaspsiamubiil
06o3HaUEHHE;

YcaosHoe

cymmarop: a — GJ0K — cxema.
6 — ¢GyHKHHOHAAbHAS  CXeMa;

¢ — ynpollenHast GpyHKUHOHANbHAS CXeMa.

Ha Bxogp! a v b oaHOBpeMeHHO nocTynaioT UHOPL! OXHOPA3pA-
HblX JIBOMYHBIX YHcesl B BHJE COOTBETCTBYIOMIMX CHTHAJOB.
CorslacHO pacCMOTPEHHLIM Bbillle JIOTHYECKHM (YHKLHSAM,
MOXKHO COCTaBHTb 4YeThlpe KOMOMHALMH IBOMYHHIX UHM(pP Ha
BXOZE OJAHOPa3pfALHOr0 CymMMaropa M LHQpPbI, KOTOPbIM OHH
JOJKHBI COOTBETCTBOBATh Ha BbiXofe. CyllecTByeT ciejyiolee
NPaBHIO0 CYMMHPOBAHHs: eC/H B MJajUIeM pa3psilie B pe3yJib-

Tabruuya 23

Bxoativie nepesen- Buixod
Hble
Ilepenoc
@ b Cyuma C i
0

—_——oo
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TaTe CJOXKeHHs obpasoBa-
Jach eJMHHULA CJeAYIOLIero
paspsiza, TO OHa CKJajbl-
Baercsl ¢ UHUQpaMH clelyio-
IHX [0 CTapLIHHCTBY pas-
PAIOB cJaaraeMbiX.

3anuweM ycaoBus pabdo-
Thl OJHOPAa3psiJHOrO CyMMa-
Topa B BHae Tabs. 23.

U3z Tabauubl BUAHO, YTO
Korja Ha o6ouX BXOZaX CyM-
MaTopa OTCYTCTBYIOT CHTHa-



Jbl, Ha BBIXOJe CHIHaJla Takxke HeT. EcaH curHajg mocTynmur
Ha BXOA @ MJH b, TO Ha BBIXOAE MOsIBUTCA cHrHasl. Ilpu
OJHOBPEMEHHOM MOCTYIJIEHHH CHTHAJOB Ha O0OMX BXOAaX IIO-
SIBUTCSl CHTHAJ mnepeHoca B CJEAYIOMUH pa3psj, CHMHaja
CyMMbl He OyaeT.

CocraBuM ypaBHelHs MO efHHHLAM (cM. cTp. 70) A5 KOM-
O6uHauMi, no1yYeHHbIX B Taba. 23.

Jloruyeckast cymMa (yHKUHMH Oyjert:

C =ab-+ab, 8)
IT = ab. 9)

s peannsauuyu NOJYUEHHBIX BbipaxKeHHH HeoOXORUMO
HMeTh ILeCTh JIOTHYECKHX siueeK, M3 HUX TpH Thma «M», nABe
tuna «HE» u oany tuna «MJIW» (puc. 59, 6).

Kax 6bl10 mokasano B mnaparpage 14 Boipaxenue (8)
MOX<eT ObIThb NPEeACTaBJ/]eHO B CJAeAYIOEM BHJE

C =ab(a+-b). (10)

CurHaJ Ha BbIXOJ€ OHOPa3PsIAHOTO CYyMMaTopa MosiBJsteTcs
TOJMILKO TOrAQ, Korja Ha o6a BXoja (a u b) mocTynaT OAHOBpE-
MEHHO cHI'Hagbl. Takue cXeMbl Hasbl-

BalOTC! KOMOHUHAUHUOHHBIMH.

CornacHo BoipaxenHuio (10) cxema @‘c
OJHOpa3psAHOro cymmatopa Ha jpa
BXOAa MOeT ObiTb COCTaBJieHa H3
IBYX Jorudeckux cxem «k», oanodl
Joruueckoil cxemnl «MJIM» u ogHoro ____:‘II-——II
uHBepTopa (cxeMa «HEv»).

TakuMm o06pasoM, ¢yHKUHOHaMb- Puc. 60. QOynKuHOoHaNb-
Hasi cxeMa Obl1a COKpalileHa M HMeer Had CXeMd OAHOpAsPAAHOro

. CyMMaTopa ¢ JIOrHYE€CKHMH
yeThipe JOTHYeCKuX anemMenTa: «M» — 1o e o™ U — W
jupe siueiikd, «HE» — opHy sueliky,
«MUJIM» — oany aueiiky (puc. 59, 6).

PaccMoTpeHHasi cxeMa OAHOpaspsifiHOrO cyMMaTopa fB-
JisleTcsl BapHAaHTOM 3alUCH JIOTHYECKOH omnepauuy OTpHLAHUA
PaBHO3HAYHOCTH. ITa cXeMa MOKeT ObiTh peasH30BaHa JOrHuye-
ckuMy aneMentaMu «<UJIM—UJIW» u «M», napaJnenbHO BKJIO-
YeFHBIMH K BXoAaM a H b (puc. 60).

OnHopaspsiiHbii CyMMaTOp Ha JBa BXOJAA MO3BOJSET CKJa-
JBIBATh JIHLIb OAHOPa3psAHBIE YHCJ/A, [03TOMY €ro HasblBaiOT
TakKe moJycyMMaTopoM. [ cilokeHHs uucen
¢ JIoOBIM KOJIMYECTBOM Pa3ps/10B MOJb3YIOTCH OJHOPa3p s AHBIMU
CyMMaTOpaMH Ha TpPH BXoJa. STH CYMMaTOphl CTPOSITCS M3
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JIBYX NOJYCYMMaTOpPOB H pfija BCIIOMOraTe/bHBIX JIOTHYECKHX
3/eMeHToB. [lepBbIfl HOJAyCyMMaTtop CKJaibiBaeT oba c.arae-
MBIX, IOCTYMAIOUHX Ha €ro BXOJA, a BTOPOH — CYMMY 3THX
cJ1araeMblX C repeHOCOM MJiajllero paspsja.

Ha puc. 61 npusejeHa cxeMa KOMOMHAIIHOMHOIO CyMMaropa
C I10C.TeI0BaTeIblbIM BBOAOM paspsiioB craraeMbix. B rtakux
CyMMaTopax c.araemble Koja [OJaloTcsl OJHOBPEMeHHO Ha MX
BXOJbl; Pe3yJbTaT CYMMHDOBaHHsl M0.1y4aeTcsl B TeueHHe Jei-
CTBHSI UMNY.1bCOB Ha BXofe. KoMOMHaLMOHIbIE CYMMaTOPE! 1€
00J1alaI0T CBOHCTBOM 3aMOMHHaHHS KOXOB.

a, [ C, a, C
5, oc-1 [T 6| oc-2 [n_
" 173 ]

Pic. 61 Cxevia KoMGHHALIIONHOrO CYMMAaTOpPa ¢ Noc.1c-
JoBaredenbi BBO10M caaraenbix. Cxema cocrabicua
H3 ABYX O1HOPaspsAHbLIX CYMMATOPOB.

CxeMa cymMMatopa COCTOHT H3 ABYX COBePLUEINO OAHHAKO-
BoiX noaycymmaropos OC-1 u OC-2; B nX uenu nepeHocos
BK.TIOYEHbI JHHHH 33JepKKH.

JIMHMH 3alepXKKH  33JepPKHBAIOT CHTHAT HA OJMH TAKT.
[pu cyMMHpOBaHHII Ha BXOAbl @, H b, nepBOro ofHocyMMaTopa
OC-1 nocTynaloT KOjAOBble HMMY.JIbChl HaUHHasl ¢ MJajLIero
paspsiaa, noc’IeloBaTe1bHO pas3paj 3a paspsjaoM. Ecau nocry-
IUT UMOyJabC /| Ha OAMH M3 BXOIOB, TO Ha BbIXOLE MEPBOrO
oanocymmatopa C; BO3HHKaeT HMIIYJbC, KOTOPbIH [OCTYMHUT
Ha BXOJ @, BTOPOTrO OAHOCcyMMaropa. Bropo#l nosycymmarop
jact na Beixoge C umnyaec. IIpH nmocTynsieHHH HMIYJbCOB Ha
oba Bxoma OC-1 Ha BbIXOme [I oAHOpaspsAHOro CyMMaTopa
HOSIBITCS] HMITYJ1BC [lepeHoca B cTapiini paspsil. STOT UMNYJILC
MOCTYNACT B JIHHHIO 33,1ePXKKH H OCTaeTcsl TaM 10 NPHX0ja cle-
JIYIOLLEro HMIiy.Ibca. HMnyanbe nepenoca 10/2KeH NOCTYIHTh Ha
Bx01 b, OC-2 ou10BpeMEIHO ¢ HMIYAbCOM HA BXOJ @, OT ode-
pe;utoro uMuy.anca Cp noaycymmaropa OC-1. Bo sropom noay-
CyMMATOpPE HpoLEece NPoHCcXoHT Tak xe Kak B OC-1, a cieno-
BaTe.Ib110, Ha Bbixode cymMMatopa OC-2 uMny.bca He Oyner.
Curnada na shixoje C (OC-2) nosp.asieTcsi TOJAbKO MPH HaJ UK
ero Ha OJHOM 13 BX010B. CHrnact na Buixole /7 1osiBasSercs npi
OJIHOBPEMEHHOM MOCTYILIEHHH CHCUAJ0B Ha  000HX  BXOI4X
(ag, by) OC-2.
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Pabota paccmartprBaeMoll cxeMnl nokasana B Taba. 24 ma
1pHMepe CyMMHPOBAaHHS JBYX UHCET:

C4, 0110
F7 ool
T2 600

Yriesa B BUAe HMNYJIBCOB NMOAAIOTCS Ha BXObI OZHOPA3pPsi-
noro cymmatopa OC-1 noc.1e10BaTesIbHO Pa3psil 3a paspsiioM,
naunnasi ¢ MJajluiero paspsia.

Tab.2u1a 24

0C-1 | 0C-2

a » n ’ [on b2 12 1 . ¢ mlm’m

1 1 nepenoc | nuxox Bxy Bxa HepeNoc | BLIXOX 3aTCPRKN
0 | 1 0 [ 0 ‘ 9

1 1 ( 0 0 0 0 0 l

I 1 1 0 1 0 0 1 1

I 0 0 1 l l 1 0 L

0! 0 0 0 l 0 0 L 0

KomGnuanyonnsle cyMMaTOpPLl MOXHO TaKiKe COCTABHTH H3
oAIOpaspsaNbIX cymMmaTopoB Ha tpH Bxoga (OC-3) 6e3 Henoan-

oc-3

Pitc. 62. Oanopa3zpsiislit ey -
matop Ha Tpn Bxoia (OC-3):

a — VcJoBIoe

0603HAUCHNC,

6 — (yHKIHOHAABHAST CXCMA,

6)

+b
AT

A5 1=

Sn

sopaling moJaycymmaTtopos. ¥Ycaosno OC-3 nzoOpaxeHa Ha
puc. 62, a.

Ha Bxoan cymmaropa OC-3 01HOBpeMeHIIO MOCTyNAIOT NM-
My.bChbl, #3 HHX Ha ABa BXoja a M b — claraemele paspsja,
a 1a BXOA ¢ — 3laueHHe nepeHoca, MoJyyeHHOe NpH CYMMHpo-
BaIHN npeanlayllero paspsaga. Ha Buixoge S oanocymMmaropa
[10JayuacTest cyMMa, a na Bhixode [7 obpasyercsi 311aueHIie riepe-
HOca B CJeAYIOWUH paspsi.
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Jloruka pa6orer OC-3 npuBenena B Taba. 25.

Tabaunna 25

OC-3 BXuillole nepememiie Boixogut

a b c S --Buxox | IT-- Buxog
(1-11 Bxom) (2-11 BxoQ) (3-i1 Bxox) CyMMbl nepioca

0 0 0 0 0

1 0 0 1 0

0 [ 0 1 0

1 1 0 0 1

0 0 1 1 0

1 0 1 0 1

0 I l 0 1

l l 1 l |

Jloruueckue ¢opMyJbl A1 BbIXOZOB S H [1 1O yCJIOBHSM
HCTHHHOCTH OITHCBHIBAIOTCSl CJIEAYIOUMMH ypDaBHEHHSIMHU:

S = abc +abec 4 abe -+ ab;
C’' = M, = abc -+ abc + abc -} abe.
IIpeoGpasyem moJsyuyeHHOe BLIpaKeHHe:
S =c(ab+ab) +c(ab+ab) = ¢S, +c(ab -+ ab).

éll

Bocnosnib3ayemes 3aKOHOM uHBepcuu ab ~ a + b:
(ab -+ ab) = (ab) (ab) = (ab) (@ + b) = (ab) (a + b);
S=2:cS,+cS,

TOTZa
=M, =ab(c+c)+c(ab-+ab)
1 s,
" = ab+cS,,.
[Tocne npeoGpasoBanus moJyyuM
S =c¢S, - ¢S,
"

¢ =M, =ab -+ cS,.

CxeMa Takoro OJHOpa3psAHOrO CyMMaTtopa Ha TPH BXoAa
(OC-3), nocrpoenHasi Ha JIOTMYECKHX 3/1€MEHTAaX, MOKasaHa Ha
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puc. 62, 6. ®dyukunoHanpHast cxema OC-3, mpuBeleHHas Ha
puc. 63, kak 6bl coctonT U3 AByX OC-2 u oaHol cxeMbl «kJ1M».
CxeMma «AJIM» cayxut Aast o6pasoBaHus Koja nepeHoca B CJe-

LYIOWHUH pa3psi.

Puc. 63. Cxema opnopaspsigHoro cymmaropa OC-3, cocrosimmias H3 ABYX
0]

CxeMma KOMOHHAIIUOHHOTO CcyMMaropa C [0C/1e10BaTeNbHbIM
BBOJIOM paspdAlaoB cC/araeMblX, COCTaBJ/I€HHas1 Ha 0OC-3 ¢ porioJ-
HHUTEJNbHBIMH JOTHYECKHMH 3JIEMEHTaMHU, IIpHBeJeHa Ha pHC. 64.

Ha Bxoasl @ u b OC-3 cnaraembie
MOCTyNalT B N0C/efOBaTe/NbLHOM
KOJe, HaulHad C MJajALero pas-
psna. CnoxeHHe OCYIIECTBASAETCS
nopaspaauo. S — cymMMma  Bcex
pasps0B ABYX YHCeJ, T. €. CyMMa
IBYX uMcesa. MMnynabc nepenoca
Yyepe3 JIMHHY 3alepkkH JI3 1no-
crynaer Ha Bxog C. Jlunum 3a-
JIeP:KKH pacCUHTaHbl Tak, YTOODLI
uMnyaec, obpasyoouiiics npH
CJI0KEHUH uMpp n paspsna, Io-

0c-3 |p

2 |~ S A=qg+b
c

Puc. 64. KomGuHanHoOHHBIA
CYMMAaTop ¢ [0CTeJ0BaTeNb-
HbIM BBO;IOM Pa3psioB cJarae-
MblX, cocraBacHHbit Ha OC-3.

cTynua Ha BXofZ C B MOMeHT npHXoja cielyfoilero paspsia
caaraemblx (n 4 1). CymMupoBaHHe mpogo.Kaercs 10 TeX
nop, noka He 6yAyT nosy4yeHsl 3Hauenls uugp BCeX paspsioB.

16. Haxannusawuiuéi cymmarep

B oravune ot KOMOHHALHOHHOIO cymMmartopa, rie CHUrhaJbl
CYyMMbI Bb!paﬁaTblBaIOTCﬂ Nnpu OAHOBPEMEHHOM MNOCTYIIEHUH
CHTHaJIOB CJaraeMblx, HaKaIlJAUBAIOWHH cyMMaTtop crocobeH
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XPaHUTDL PAJT Yhcea, U CyMMHpPOBANe B HeM BBITOTHSETCA NPH
PasHOBPEMEHIIOM [MOCTYIIJIEHHH CHIHAJA0B CJaraeMbix. Bua-
Ha/le B CyMMaTop NOCTYMalT CHrHAJLL [1€PBOTO CJaraéMoro,
3aTeM BTOPOro M T. ., MPHUEM OXHOBPEMEHHO C 3THM NPOUCXO-
JMT NIPOIECC CyMMHIPOBAHHS.

Ha puc. 65 npusesieHa ¢pyHKIHOHAMLHAS cXeMa ABOMYHOrO
HaKaruuBalolero cymmaropa. Kaxiablii paspsif ero cOCTOMT
u3 Tp;rrepa, JIOTHYeCKHX 3.1eMeHTOB «M» M JHHHHI 3aiepiK-
Kku JI3.

Bbizod

=
I

a, as a, a,
b b, b by

B.;oﬁ

Puc. 65. <Dy1u<1uxona.nulaﬂ cxeMa ABONUYHOrO HakKanJuBaiowcero cymvaro-
pa CO CKBO3IDLIM MEPCHOCOM.

B HauanbHBI MOMEHT BCe TPUTTEpPh! YCTaHABJAMBAIOTCS B HY-
JIEBOE MOJIOXKEHHE MOoJ JeHCTBHEM cneuHanbHOro cHriana YO0.
Fluskuil noreHunasn Ha KoJJE€KTOpe TPHOIA TPUTTepa COOTBET-
cTByeT Hymo. Kojbl ciaraeMoro nojaiorcsi OXHOBPEMEHIIO Ha
cueTHble BXOJAb! Tpurrepos. CHauaja MnojalOTCsl paspambl of-
HOTO 4YHCJa, 3aTeM, MO0 OKOHUAHMH MepexOJHBIX MPOLECCOB,
paspsjel BTOPOro yucaa H T. [.

[Ipy mocrynseHny Ha BXOJ TpHrrepa OJHOTO MMny.Jbca Ha
BBIXOJIE €ro MOJIYUHTCs CHrHasg, npHHUMaeMbil 3a «l». Ecan
Ha BXOJ| TpIirrepa 1ojath elie OfHH CHrHal, 4T COOTBeTCTByeT
«I» B JaHHOM paspsiae, TO Ha BhiXoje Oyzer «O»,



M3 M310MeEHHOTO C/IeflyeT, YTO CXeMa TPHITepa MOMeET pa-
60TaThb KaK CyMMAaTOp MO 3aKOHY JIOFHYECKOTO CJIOXKEHHUS:

0+ 0=0;
I +0=1,
0+1=1,
1+1=0.

INoayualomyecss nepeHochl MNpPH MOPA3PSIAHOM CJIOKEHHH
nepefaloTcss B CTapliMe paspsiiipl MOC/eI0BATENbHO Uepes JiH-
HHUIO 3afiepKKH. Bpems 3agepKu JUHUH TOMKHO OBITL TaKHUM,
uToObl €IMHHULA MNEPeHOca MOCTyNasta 0 OKOHYAHHH Nepexo-
HBIX MPOIECCOB B TPHITEPE, BO3HUKAIOWHUX NPH CYMMHPOBaHHUH.
Iocae Toro, Kak 6yAeT BhIIOJNHEHO C/I0XKeHHe Bcex Ludp ¢ yue-
TOM nepeHoca, no muHe /IC nocTynaer CUrHa/l B JIOTHYeCKHe
3J1eMeHTH! «M» 115 paspellenns BblIaql pe3yIbTaTOB CIOXKEHHS.
Onepauusi cJI0KeHHs NMPOU3BOLUTCS Mojaded UMMyJ/bca Iepe-
Hoca no muHe PII.

17. Nepexniouaiowne ycrpoiicTea

Jlornueckunit npeo6pasoBatesb. PaccMoTpeHHas cxema of-
HOPaspsALHOr0 CYMMAaTOpa C TPeMsi BXOJAMH SIBJISIETCS YACTBIO
CXeMBl CyMMaTopa mnocjefoBaTenbHOro gedctBus. I[lomumo
CyMMaTOpPOB TaKOro THMA, CYLIECTBYIOT CYMMAaTOphl MapaJ-
JeJibHOro nedctBus. [as sTuX
YCTPOUCTB NPUMEHSIIOT JIOTHUE- Tabauga 26
cKHe ripeoOpasoBaTesd, npen-
Ha3HAuYEeHHbIE JVIA NOJydeHHs Bxoa Ynpasamoude | Byxox
00paTHOrO Koja JBOMYHOTO YH- CHIHATEL
cna. KosnuuectBo npeoGpasoBa-
Teslel paBHO UYHCJAY pPaspsilioB
JBOMYHOrO KoJa.

JleficTBHe JIOrHYECKOro npe-
obpasoBaTesisi 3aKJIOYaeTcsi B
TOM, YTOObl MPOMYCTHTb CHI-
HaJl @ Ha BBIXOJ B NPSIMOM HJIH
MHBEPTHPOBAHHOM BHJE, B 3aBHCHMOCTH OT TOro, Ha Kakoil u3
BXOJOB MOJAH YNPaBJIAIOWKHA CcHrHaA, DTH YCJIOBHS [pHUBe-
JeHbl B Tabja. 26.

Jloruyeckas ¢opmysia, coctaB/ieHHAs! 110 eHHHUIIAM, AOJ/KHA
HMeTh BHI:

a by b A

[}

S—o—
SO —
—_——oo
—_e s —

A == abl + ab?
COOTBeTCTBleU.laﬂ CXeMd [10KalaHa Ha puc. 66.
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JlBoituoii nepekJ/oyatesns. Bo MIOTHX MaTeMaTHYECKHX Ma-
WHHAX NPHMEHAETCS Nepex.odarent A1 ABYX /1-Paspsiibix
IBoHUHBIX uHcen. [lepexsiouarens iMeeT UeTHIpE BXOJA: ARA
/i BXOLHBIX CHTHalICB @ 1 b, xBa LIS  YUDaB/IAOLIHX
curfanoB C, u C, u oguH BeIXOI A.

CurHa/n Ha BBIXOZEe AO/IKEH MOSABHTHCH TOJILKO B Ciyuae
NOCTYIJIEHHS CHTHAJI0B Ha BXoAsl a U C, MK Ha BXoApl b U C,

(puc. 67).
(A
b, |°
— | [
aby
a A 061
— HIH | nnn .4
3 .
i 2 b ‘ bCz
HE H - —_— P
b,
K c
Puc. 66. [IlpeoGpazoBatens aas oxuoro  Pue. 67. dynkunonainnas
paspsaa. cxeMa ABOMHOTO NEPEKJIO-

qareJs4.
Jloruueckas ¢opmyna Gyaer umets BHL: A = aCy -+ bC,.

CurHajt Ha BbIXoze OYIeT 3aBIICEeTb OT TOrO, Ha Kakoli us
yIpaB/AOUUX BXOA0B OyIeT MogaH CHrHA.

a 3anpem Yeunum -—~@
p : L

b =1 1

H

Yeunum. 2

Puc. 68. dyHkuHoHaIbHAsA cXeMa DasieNbloro BKMIO-
yeHus ycrpoiictBa 1 nau 11

Ha puc. 68 nsobpameHa CTpYKTypHas cxeMma, MO3BO.IIIO-
mas BKJOYHTL MPOM3BOJBLHOE YCTPOHCTBO NPH HaJNMUHMI CHT-
Ha1a a M OTCYTCTBHH 3anpelnawouero curuaia b. Ecan cur-
Halbl @ U b MPUXOUAT OAHOBPEMEHHO, TO YCTpOHCTBO I He



BETIOUACTCA, @ Bhinaerca curumaa A, naiowuil paspeineHne H:
BRIIOUEHIIE CjelyioiLero yerpoiicrsa 2. Ilpn otcyrersuy cir-
nala @ 3aropaerca Jgamna Ji.

Aroitnoi mepewmosdateab wa tpurrepe. Ha puc. 69 npu-
Bejelia cXeMa ABONIOro neper.IouaTedts, KOTopas OCyUlecTs-
JISI€TCA CTATHUECKIM TPRHITEPOM ¢ AByMsi a.1eMenTamu M. B sa-
BHCHMOCTH OT CIIfHAJI0B, NOCTYMAOWHX Ha BXOJ TPULTepa, Hi
BLIXO1 A mponyckaercs clrHaa a Wl b.

Peructpsl casura. Jlorityeckie 3/ieMeHTbl LIHPOKO MPHME-
HAITCS B perkcrpax cipura. Peructp lpexHasdHaueH aJs
3anoMHuNaIuis oafioro umcaa. Peructp casiira ofecnedyuBaer
BO3MOXIIOCTh CABHra 3TOro uHcia. [loa

JAEHCTBHOM  KaM10ro  TakTOBOIO  HM- A
nyJabca PErHcTp CABlra ciusuraeT no-

CTYNAIOWHH 1A RXOY CUHTHIBAOLLHH

MallyJIbC A OMH luar. Awagoruunce  a [, P N4
9TOMY B LIarcBbIX HCKATeasx 110/ jell-

CTBHCM TOXA, NOCTYHaiOURI0 B 3.1€KTPO-

MarUHT, LETKI CABUTAOTC Ha OMI ?/ ;
miar. Perierps! cnocoGHLI OCYIECTBAATD 7
11aKOMACIHE Il XpaHelHe CYUlThIBAIOIHX 3 ;

UMIIY.ILCOB, NpecdpasoBaHie MOCTEA0-
BATEIBIIOTO KoJa YHCJI4 B rapatieib-  Puc. 69. lpoiixoli me-
Hblf B o0patiio H T. I. permouaTesn Ha TPHI-

Peructp cocTOUT 13 NMoc1e10BaTe 1b1i0 repe.

COSIHHEHHBIX TPHITEPOs, NPpHUeM KaxK-
JOMY 3JEMEHTY KOJa COOTBCTCTBYET CBOIl Tpurrep. XpaHHMOE
B perucTpe 4ilc.10 MOXKET OBITh CUHTaHO JHOO B MapasiesIbHOM.
160 B Moc/efoBaTe1LHOM Koje. B peructpax napassesbHOro
ACHCTBUSI UHCIO BROIHTCS! M BBIBOMITCS OMHOBPEMEIHO BCEMi:
paspsiaMi.

dyuxnioHaanpHas cxeMa TaKoro perunctpa, npejgHasHayel-
Haa A4 3aNOMHHAHHA YeTbipeXpas3psiiioro JBOUUHOIO YHC.IA,
nsobpaxena Ha pHc. 70. Hucao tpurrepos Ty, Ty, Tgu T,
onpeseaseTcsl KOJHYECTBOM paspsioB, KOTOPHIM MpecTaBieHO
yHeJ0. Kaabll TpHITep XPaHMT OAMH KakoH-TO paspsif.
Ilepex BROOOM pa3pAfoB TpUITEPLL IPHBOAATCH B UCXOXHOE
COCTOsiHHE CICLHA.TLHBIM HMITYJIbCOM.

[Ipn ontioBpeMeHHOH nojade CUHMTHIBAIOLIETO HMITy/bca Ha
Bxo# cxeM «H» — «kI’» u TakrToBOrO HMMnyJbca Ha BXOA «H»
B TPHUITEPax MOsiBITCSI HMITYJbChI, KOTOPblE YCTAHOBAT HX B HO-
Joxenle «1». DToMy COCTOSIHHIO COOTBETCTBYET BLICOKHH MO-
TeHlHad Ha KOJJIEKTOpE JeBoro TpHoda (cocTosiHHio «O»
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COOTBETCTBYET BBICOKHH MOTEHIMaJl Ha KOJJIEKTOpe IpPaBoro
tpuoga). Ha atoM 3anuch ukc1a B pelHCTpe 3axaudtiBaercs.
Urobsl nepesaTh TO YHCAO B APYroe yCTPOHCTBO, HeoOXo-
JUMO TIOLATb MMIYJbLC CYUHTBIBAHMS! [l BXOJLI CXeMbi COBIIGle-
Hus «My». DykBamu M 0603HAYeHEl KOMAH[Ibl, MNOJyuaeMbie
B BHle curHamos: M, — Bo3BpailieiHe Tpurrepa B HCXOJHOE
nosoxenue; M, — sanuch B perucrpe; M, — Bbiaua yHc/a

M3 DEerHcTpa.
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Puc. 70. Cxema mapaijie/IbHOIrO perucTpa.

CunThiBaHME YHCJA MOXKET NPOHCXOAUTD MHOTO pas3, TaK Kak
COCTOSIHHE TPHUITEPOB NpH 9TOM He MeHSeTCs.

Ha puc. 71, a npusenena 6J0K-cXemMa, U3 KOTOPOH J1erKo
NOHSITL DPHHIHN pabGOThl CABHTAIOLIErOCS perucrpa.

Tpurrepunie ssuefikH, U3 KOTOPBIX COCTOMT PETrHCTpP, COEMU-
HSAIOTCA NOC/IE0BaTebHO. BBOAMMbIE B pEricTp CHrHAJBL nepe-
JIBHraloTCs TAKTOBBIMH HMITYJLCAMH € MOPENbIAYILEro TpUrrepa
Ha nocnepyroui.

Ha puc. 71, 6 npuseneHsl rpaguKy nNpoABHKEHHS CUHTHI-
BAIOWHX HMNYJbCOB OT AEHCTBHS TaKOBBIX HMMYJbCOB BJOJb
perucTpa, colepkallero yetbipe TpUITEpa.

[Tocrynaowuil Ha BXoJ perucTpa UMIYJILC NEPEBOJHUT TPHT-
rep I u3 cocroanusa «0» B cocTosiHKe «l». 3arem mojaercs
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Puc. 71. Cipuraiomuii peructp: a -~ 610K — cxema; 6 — juarpamsa pa-
60Tbl; ¢ — {yHKLHOHANbHAS,
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TAKTOBBLIH HMMOY/IbC; OH MNepeBoaiT Tpurrep / u ocranabhbie
Tpurrepsl B cocrosuue «O». Ha Brixoge tpurrepa / mosiBuTCS
IMIYJIbC, KOTOPHIH, TPOMHAsST AHHHIO 3afepiKKH S, nepesener
tpurrep /1 B cocrosiuiie «l». Quepeanofl TakTOBBIH HMIUY.ibe
liepeBeneT Tpurrep [/ 7 B coctosiie «!» u Bo3Bpamaer Tpurrep /7
i cocrosinye «O» U T. A, BpeMa 3aiepKKH HMIyJbca AQLKIO
GBITH HE MeHbllle pa3pellaloniero BpeMeill TpHIrepa.

DyHRUNOHABIIAS CXeMa perucTpa cIApHra H3odpakena Ha
puc. 71, s.

KoouuecTBO TPHITEpOR COOTBETCTBYET KOJHUECTBY paspii-
JIOB UHCeA. ITOT PErHCTP 34MOgHAETCH CUHTHLIBAIOUIUM UMY/ b-
COM [MOCJIe0BaTe IbHO Pa3pPsiA 3a Pas3psioM, HadHlas ¢ wmiai-
wero. Ymuc10 BBOAIITCH udeped cxemy «Mp.

YnpaBjeHHe PerucTPOM OCYILECTBJSETCS! TaiTOBBIMH HM-
nyJabcaMH, KOTOpBIE NOJAIOTCS 4Yepes CXeMnl (coBmajgeniid)
«Ho».

TakToBbIE UMOYALCLI CABIIYTHL BO BpeMeilit (npUMEPHO 11a
T0ANepHOAa) OTHOCHTEILIN IMIYJALCOB cunTeiBaig. [lepe
BBOIOM UHCTa HIMIYJALCOM, NOIAHMHLIM Ha BXOA «klp». TpHrrep
vCTaHaBIHBaeTcs B coctostuue «». Peructp palotaer caepyio-
UM 06pasoM.

[lycTe HMMmyJbenl, NOCTYHUBIIHE HAa BXOZA pertcTpa B BHJe
KaKOro-To uHCJa, XpaHsrtea 8 neM. [las caBura BnpaBo ia
OIMH pa3psajl Ha BXox «My» mocTymaer oMM TaKTOBBIK HM-
MyJb¢ — HMIY.JILC CUBHTA.

TMoctymiBiine 11a BXOA perHCTPa AMAYALCHI € IPHXOIOM TaK-
TOBOTO HMOYyJALCa OYAYT MepeMeriati.ca OT TPUIrepa K TpUrrepy.
st BBIBOJA HMITYJIBCOB M-1O pasdpsja Hajo 101aTh Cepiio fn
TAKTOBBIX HMMYJLCOR B CXeMy cosnafenus «Hy». Yacrora cpa-
OaThiBaHMA TPUTFEPHOH fYEAKH JNo.Txua OBITh BIBOe OoiblUe
YacTOThl MOBTOPEHUS TAKTOBBIX HMIY,aBCO3, TAaK KaK TPUITCP
OJHH pa3 cpabaThbiBaeT MpH ralieHuH, a APyreil — up4 nocrty-
NJEIIHH Ha €ro BXOA HMHOY!ibca M3 JIHIHH 33,1CDKKH.

C nepBoro TpUrrepa MIOyALe MIAJUIErO paspiia nocTynuT
HEHOCPE/ICTBEHIIO Ha BbIXoi. Uepes Bpenst T Ha puIxohe OyieT
HIMIYJALC BTOPOrO pa3pdaia, uepes BPeMa 2T — UMNY.ILC
TPeThero paspsiia, 4Yepe3 T, , — HMIYJEC [OCAeIHEr0 pas-
psaa.

Ynpas.ietiHe periicTpoM OCyLIeCTB/ISIETCs KOMaHAaMu, 000-
3HauelHb!MH OyKBO# M.

PaccMoTpennas cxema perdcTpa sBASCTSSl OAHOTAKTHOH,
TaK KaK AT51 CABHIA Ha OAMH pa3ps) #HeoOXOUUM OANH TaKkTo-
BBl HMIYJibC,
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FNABA MATAA
NPUMEHEHUE JIOrHYECKON MEPEKMIOYATENbHON LENM

18. Annapatb! H ysibl CXCH, NECTPOCHHLIX HA NOTHYECKHX
anemeHTax

PaccMoTpuM HeCKONbKO 1PHMEPOB MNPHMEHEHHS Mpocreli-
[IHX JIOTHYECKHX 3JEMEHTOB B Pa3/JHUHBIX YCTPOHCTBAX.

Ha puc. 72 npuBejienia cxeMa onpeje/ieHHss MaKCHMAaabHOTO
HanpsKenust npH NOMOWM Joruueckoro aaementa «HAJ1H»,
cobpanHoro #a auoiax. Ha Bxoa cxemn «MJI» nopaercs uHa-
npaxenne Uy, Uy v Uy npennosoxum nanpsizenue U, 6odabiie

iy
17
+ Uy OB
ﬂ c (U <U3m’
> Uy =1“2 . 2 tuyn l ry
A [« See——— Y S
+u c—~———-—-§4‘3~—~‘ A
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Puc. 72. Cxema onpegiesicaust Max-  Piic. 73. CpaBuenus ABYX Hampsixe-
CHMaJILHOrO HAMPSUKEHUSl OPY M0-  HHfl C TOMOLILIO JIOTHYECKOH CXeMBbI
Mowu Jornueckoit cxemsl «HJTM», «HJTH».

cobpaHnoil Ha JHOAAX.

ganpskenni U, u Uy, B 3T0M cilyyae najleHde HanpsiKeHHA Ha
CONPOTHBJAEHHH R OyzaeT nanOoJblIMM ¢T Hanpsikenus U, H,
CJIef0BaTeNLHO, 5THM HanpsikeHuem nuoust [, B 3 6yayr
sauepthl. Tox mo uensm guoncs [, U J; npoxonuts He OyIer,
ol OyIeT npoTekaTh B neni axoaa A, rie npuiomxero Hanbob-
ulee HanpsikeHHe. Taxum cmocobcM MOXKeT OLITh ONpesae/eHo
MaKCHMaJibHOS HaNpsKeHHe H3 HeCKOJBKHX HaNupsKeHHH,
NPHJIOKEHHBIX K BXOLY cXeMnl C moMoulbio JOrHUECKOro 3Je:
MeHnTa «kIJIM» Moxer OblTh OCYLLECTRICHO TaKXKe HX CpaBHeHHUe.

Ha puc. 73 npexcrasiena cxeMa cpaBlieHHsi ABYX Hampsi-
wennii. Tlyers na sxog A nofgaercst aTaIOHHOE HanpsRKeHHe
U,, a ua apyvrofi xoy B — usmepnemoe unanps:xende. Tok
OyIeT NPOXOAUTL Yene3 COMPOTHB/IEHUE £, TOrga, Korja haMe-
p5EMO€  HampsRkeHlle MeHblUe 3TAJOHHOIO; B 3TOM ciaydae
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Ha BbLIXOJE ¢ NosiBUTCsA HanpsikeHue. Ha Boixoge A nosiBUTCH
Hanpsxenue, korga U > U,,.

Ha puc. 74 usobpakeHa cxeMa TPeXKaCKajHOTO J1€KaTPOH-
HOFO CYETUHKA HMIY.AbCOB, HCIOJbL3YIOUIErO JOrHYeCKHH 3/e-
MeHT «M» Ha aHopax. B artofi cxeme Ha BhiXome ssementa «M»
CHTHAJ/ MO0SBJAeTCS TOTAA, KOTAAa KO BCEM AHOAAM MOCTVIIHT
3anuparolllee HanpsKeHHe OT «TOpsIUHXy KaTOJ0B AeKaTPOHOB.

[Tycte HEOOXOMMMO MOJNYYHTL CHIHAJA HA BLIXOAE CXEMbl B
MOMEHT MpHUX0Ja Ha BXOA JEKAaTPOHHOIO CUETYHKA AEBSTLCOT
TPHALATL NATOro MMMyJabca. ILIs 3TOro ycraHas/MBaIOT nepe-
KJI0YaTe/IH B NOJOKelHe, NPH KOTOPOM AHOA [I; MOAK.ioyet
K NATOMY KaToly AexkaTpoHaJIy, auon [, — K TpeTheMy KaTofay
nekatpoHa Jl, v n1nod Jy — K AeBATOMY KaTOLy AeKaTpoHa Jlj.
Korza paspsianl nosBATCA Ha KaTogax AEKaTPOHNB, K KOTOPbIM
MOJKJIIOUEHB! AHOLBI, TO HAMpPSIKEHHE «TOPALLEro» Katoa: Gyier
nopsiika 15 6, 1 OHO 3aKpoeT IMOA. 3anupaHue OXHOrO H3
JIBYX IHOLOB OYeHb Maj0 HM3MEHHUT HanNpamXcHHe Ha BLIXOIE
cxembl. Korpa xe Bce auoip GyayT 3amepTsl, TO Ha BhiXOJe
cxeMbl «HM» TMOUTH MONHOCTBIO MOSIBUTCA HaMpsixKelHe OT He-
TouHHKa nuranus (+10 ).

Ha puc. 75 usobpaxkena CTPyKTypHas cXeMa reHepaluH
HMNYJIbCHBIX 3BYKOBLIX CHTHAJIOB JI/191 BEI30BA Tesle:OHHbIX a6o-
HeHTOB. B 3Tol cxeme HCIOMB3YIOTCS OCHOBHblE JIOTHUECKile
asieMenTsl «MJIM», «M» B KauecTBe mepekJiouartesell B tesedoH-
HOH CBsi3U. 3Jiech HCNOAB3YIOTCH UMMYJIbCH B PA3/JHYHON KOM-
O6uHauuy ¢ yactotoil 450 ey Anf H3BelleNUs O COeJHHENHHH C
JKeJJaeMbIM a60HEHTOM.

[IpuuaATO, 4TO €caH B TesedoHHOH TPYOKE CJbILIHBL:

1) Tpu KOPOTKHX cHrHaja (ueMy no koay Mopse coorBer-
cTByeT 6yKBa S), TO 3TO 3HAUHUT, UYTO MOXKHO HabpaTh HOMep
BbI3BIBAEMOro aboeliTa;

2) KOpOTKMH M JJIMHHBIH cHTHajbl (o koay Mopse Oyk-
Ba a) — Habop HOMepa paspelleH;

3) xopotkue curHadibl (1o Koy Mopse — 6yxBa ) — HoMep
BhI3bIRAEMOro aboHelTa 3aHsT;

4) pauHHBle cHrHaswl (no xouxy Mopse 6ykBa f) -— HOMep
Bbi3bIBaeMoro aboHeHTa CBOOOJEH;

5) IBa KOpOTKHX cHrHasa (no koxy Mop3se 6ykBa i) — abo-
HEHT pasroBapHB&eT.

Atu nmnynancel B ATC nosyuaioTes ¢ MOMOLILbIO MeXaHHue-
CKHX Y3JI0B.

[lpuBejcHnana cxeMa ¢ noMollbio My.InTHBHOpaTopa MB,
TPUITEPOB M JIOTHYECKHX 3J/EMEHTOB peillaeT YKa3aHHYIO



3aa4y 3JeKTPOHHBIMH MeTojaMH. CHrHaJs, COOTBETCTBYIOMI
koay no Mopse 6ykBe a, OCYILeCTBJIeTCs CMEleHHeM ¢ CHIHa-
Jamy Mopse GyKBbl ¢ U ¢ npH nomolny cxeMsl «HJ1H».

Koa Mopse GykBbl € I0Jy4aeTcsi cCMelleHHeM HMIYJbCOB
oT TpurrepoB I, 2, 3, 4 npH NOMOLIH JIOTHYECKOro a;1eMeHTa «H».
Kox Mopse 6yKBHI [ locTAraeTcsi cMellleHHeM HMMyJiscoB 3 U 4
npu noMowy Jorudeckofl cxemel «M». Kox Mopse Gyxsbl ¢
OCYILECTB/SIETCS CMEINBaHHeM HMNyJbeoB I, 3, 4 nocpeicTBoM
Jloruueckefl cxeMbr «Hy.
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Puc. 75. Cxema reuepalliM 3BYKOBBIX CHIHAQNOB Jjlsl BHI30Ba
Tesedonlslx aboHeHTOoB.

OpnuuM U3 YCTPOHCTB, UCHOAL3YEMBIX L5 YOPaBJieHHs cuer-
YHKOM YHMC/I4 HMOYJbCOB, fIBJfSETCs JIOrHYecKas cXeMa «san-
peT», uMelolas JBa BXOAIbIX KaHaJa: ofuH npamoi (Bx.1l) u
ofuH 3anpeiawomui (Bx.2). [Ipu ogHoBpeMeHHOM LIOCTYNICHHU
HMIYJbCOB B NEPBbIH ¥ BTOPOH KaHaJbl HA BRIXOJAE CXeMbl HM-
NyJabcoB He OyneT. DTod Joruueckofi QyHxuuefi peiuaercs
3ajiaya, NPOTHUBOIIOJICIKHAA cXeMe coBmaieHns «i».

Ha puc. 76 npejcrasieHa cxema saipera, Kotopas Oblia
HCNOAb30BaHA Jasi NpekpalledHs cueTa HICIa HMIYJAbCOB.
B HCXOAHOM COCTOSIHHH OT YCUJITE S YEPE3 CONPOTHBAEHHE R
nocTyraloT cHriajel Bx.1 8 gopMupyioliee ycTPOHCTBO.



an MOCTYILTEHHH OTPHLATETLHOrO NOTEHINATA K 6asze —
INMHTTEP TpHOUA Bx.2 COMPOTHB/IEHHE €ro CTaroBHTCA UPE3Bbl-
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Puc. 76 Cxema «3anpetay.

yaiino MaJjwM, 1 BXOL (opMHpyIOLLero yeTpoficTBa MOUTH 3a-
xopaunBaerca. HMMnyascel Ha BLIXOZe cXembl 2arnpeta Oy yT
TaKkofi MaJoll aMNMTYAbI, YTO B CUETUNK HMOYJIBCHI HE MOCTY-
T

19, Cuorema nporpammHoro ynpasacHua

d'ipaBasoUlasn 4acTh CHCTEMBLL MPOrPaMMIOTLO VIPaBACHIIS
COCTOMT U3 Tpex uyacTeil: BXOCAHLIX 31CMEHTOB, BbIYHCAHTEb-
HbIX YCTPOHCTB H UCHOJAHHTEIbHAIX OPraHOR.

BxoxsbiMu 3cieMenTaMil aBafioTca HATYHKH H JpyrHe ycr-
PONCTBA, CO3/1aI0ILHE BXOLHLIE CHTHAJBI 15 BbITOJHCIHHS JIO-
IlyecKHx onepauuii. Briusic/iutespHele yeTpoficTBa HMEIOT J10-

amyux Aoeuveckuy Henorwumens
4 —=1 Yeunumens ORiAmEs
cuzkasa anerenm weill opaaK

Puc. 77. Cxexa aBIONAiHUCCKOrQ YIPABICHHS.

THYECKYIC YacTb, ofecneuyBalollylo TEXHOJIOTHUYCCKYIO NOC/1e-
IKOBATeIbLHOCTb, 3aAaHIYIO NPOrPaMMON i BBIIAIO:UYIO KOMAHLY
HCOOMHATEALHBIM OpranaM. Henoanureabiislie oprais! cocTosT
13 YCHJIMTEAs] H HCMOMNHTEALHLIX 3.1eMEHTOB. bJIoK-cXeMa aB-
TOMATUUYECKOrO YNPAaB:ACHHS lUMeeT BHJA, u300paxeH!EHi Ha
puc. 77.

PaccMotprat UecKoabKO APCCTEHLIHX NPUMEPOB aBioMaTi-
YECKOrO ynpardeliis.

Hpumep 1. Tlyerb 1e0OXOAUMC 3aNyCTHTL ABHraTeNb M0O-
crosiioio ioka. Ha pic 78 sokasana cxeMa 3anycka isHra-
teas. A yMeHbWelHst IyCKOBOrO TOKA NYCK ABHraTess

8i



OCYLIeCTBAACTCA uepe3 conporusaenus Ry H R,. Korna
TOK [OCTHUI{ €T MUHIMAJLHOH BENHYMHBI, 3TH CONPOTHBJACHHUS
[I0C/IEJ0BATE/IbHO BBHIKJIOYAIOTCS, [PH 3TOM HANpPsKEHHE Ha
fKOpe BO3paCTaeT, U OH HauMHAaeT BpallaThc C HOPMaJbHbIM
uucaoM 000pPOTOB.

Om enewnezo
cuzHasa
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Puc. 78. 3anyck asuratens: a — cxema 3anycka; 6 — JIorHueckas cxema
3anycka.

3anyck asuraTe/iss MPOHCXOAUT B CJAEAYIOUIEM TEXHOJIOTH-
YeCKOM TMOpSIAKe: OT BHENIHEro CHTHajla BKJIOYAeTcs KOHTaK-
Top / ¥ 3aMbiKaercs lenb nuTanus jBHratens. C ysesndyeHuem
yucaa 060POTOB ABMraTe/ist NYCKOBOH TOK CTAQHOBUTCSl MHHH-
MaJlbHbIM, BK/I043eTCsl KOHTAKTOpP 2 H 3aKOPauuBaeT COUPOTHB-

92



neune R,. Ilpu sTOM HanpsxeHWe Ha SIKOpe BO3pacTeT H yBe-
JuyuTes nyckooll Tok. [Ipu panpueiiineM yseaudeniiun 000-
pOTOB JABMrartessi, Korja TOK CTaHET MHHHMaJbHLIM, BKJIO-
yaercsl KOHTaKTOp 3 M 2aKOpauHBaeT COMNPOTHBJIEHUE R,.
3ajlaHHas MporpaMMa BKJIOYEHMS JBHUraresiss OCyLIecTB-
Jsietcs Jorunueckoil cxemoit. st 3Toro Bociosnb3yeMcsi cXeMcH
cpaBHeHUsl JBYyX Hanps:KeHu# (cM. pHc. 73), mo aTofi cxeme
CHUTHAJ MOSIBUTCST TOrAA, KOrja H3MepsieMoe HamlpsKeHHe
MeHbllle 3TaJOHHOIO — BHEIIHEero HMCTOYHHKA HaNpsKeHHs.

g
) ,, Bneped” 6) _
—_ 1Ky 1PN bsicmpsid nodsod
————t Paboyag nodaya
2rn 1PN
W ) Hamam
1P0 I 218
e [xe] HT (3]
| 2 K‘%_’f n é Beicmps1d 0meod
2P0 1PN
L] +
kg 2Ny Hazed"
v——g__Bow-G"'b- ]
2PN 2PN
[
1PB
! Puc. 79. YupaB/icHHe arperaTsbiM CTa-
3K8 1P8 HOM: @ — CXeMa BKJIIOUCHHS] BBIKJIOYA-
50— 11— Tefell TOJIOBKM  arperaTHoro CTaHa;
6 — puarpamMa.

Jlornueckass cXxeMa 3amycKa ABHrate/s NpeAcTaB/eHa Ha
puc. 78, 6. CxeMa umeer 4 Bxona M 2 Bhixofa. Ha Bxox A mo-
JIAeTCS] CHFHAJ OT BHEINHEro UCTOYHHKA, Ha BXold B — Hanpsa-
xenue U, mponopuHoHasbHOE TOKY ABHraTess, Ha BXox U —
Hanpsizkenue apuratens Uy, 1 Ha BXxoa C — 3TaJloOHHOE HANps-
weHue U,,. CirHaa Ha BXxoge A BO3HHUKaeT MpH BKJIOUEHHH
KoHTaKkTopa I/ (MPOMCXOAHT 3aMblKaHHe KOHTAaKTOB). BenuurHa
IIyCKOBOTO TOKA [, YMEHBUIUTCA N0 3HAYEHHS imin. Ha BbIXOAEC
«MJIW», nosiBUTCA CHrHAJ, KOTOPHIA MOCTYNHT B cXeMbl «Mp».
Cursaa c Bbixoja «M;» yCHJIUTCSI M BKJIOUMT KOHTakTop 2.
B MoMeHT BpeMeHH, KoOrja NpPOTHBO3JIEKTPOABHKYLlAas CHJIA
aeurarenss Uy, Oyaer Goablrie U,, Ha Bxome «My» nosBuTCS
curuaa Ha seixoge «MJIM». CHrHAT 3TOT YCHAHTCH M BKJIIOYHMT
Koutaktop 8. Ilpu OTK/AIOUEHHH BHEIIHEro CHIHajda oOT
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KOHTaKTOpa ! pasMbiK4aeTCH Lenb MHTAHHS ABHTateasd, H Koil-
TakTopnl 2 U 3 obecTOUlBAIOTCH.

I1pumep 2. Tlo pedeiino-KonTaKTHOH CXeMe yrpaBAeHHS
HecaMojelicTBYIOmell ToOJ0BKH arperaTHoro cTaHa COCTaBlTh
ee Joruueckyio cxeMmy. Ha puc. 78 npusesnena paccMaTpHBaemast
peneiio-KoHTaKTHas cxeMa. B cxeMme Kax bt HCnoHHTENBHbI
3JIeMeHT 0003HAYaeTcsl YCJIOBHBIM HHAEKCOM: MPOMEXYTOYHOS
pene PII, perne speMenn PB, koHeuHmH BbiKaouatens KB,
KHOnKa ynpasieuusi KY u 1. n. Lludpa, crosmas nepen uu-
JeKCOM, YKa3blBaeT Ha YHCJAO OZHOTHMHLIX 3jemenToB. Ha
puc. 79, a npuBeieHa AHArpaMMa BKJIOUQIHA KOHEYHBIX BhI-
Kmouarteqaell rodoski. Haxatuem xromgu KB BKIoYaeM

T 3,
— T T -
Rl “HE HE MYy AT
3,
= iy M _Y/z -]
2k8

2Ky
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HIH :
3K3J I LA i
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Puc. 80. Jlornueckast cxema ympas/ieHHSI TOJOBKoIl.

3JeKTPOMAarHuTsl J; ¥ 9, U NPOH3BOAEM GLICTPhIA NOABOA He-
caMozeficTsyomledt ronoski., HaxkatueMm kHouxd 2KB BoikTIO-
yaeTca 3JEKTPOMariut J,, H HauHnaercs pabodas mopaua.

[MTocae 06paboTky neTatH BRJOUAETCS BbiK.ouaTesb 3KB 1
yepes TpefyeMyIo BLIAEPKKY BpeMeHH, 3alaBaeMylo peJie Bpeme-
HH, BBIKJIO4AeTCs! 9JEKTPOMarHaT J; H BKJIOYAeTCA 3JeKTPo-
Maruut 3,. Hauunaercs ObICTPBIl OTBOZ FOJIOBKH B HCXOAHO CO-
crosHHe. T1pH aTOM pasMeikaroTest BuikJioyatesu 2KB u 3KB.

Ha puc. 80 npusenena sornyeckasi cxeMa, BbITOMHAIONIAs
paccMOTPEeHHYIO NMporpaMMy YNpasJeHHs [OJOBKOfI.

[lepeBon ¢ pesefiio-KOHTaKTHOH cXeMbl Ha CXeMy C JIorHye-
CKMMH 3JIEMEHTaMH MOXHO OCYILECTBHTb MEXaHHYECKH MOACTa-
HOBKOH COOTBETCTBYIOLLMX 3/eMeHTOB. BMecTo mocaenoBartesnb-
HBIX LEM0YeK KOHTAaKTOB CTaBHTcA 3geMeHT «H», a BMmecTo
napaJiieJbHblX KOHTaKTOB — adeMeHT «VIJIM». KuBeprupona-
HHe CHrHaJIoB ocyllecTsiasiercst a1eMeHToM «HE», pese ¢ camo-
6JIOKHPOBKOH 3aMeHsAeTCsl «NaMs(Tbio» H T. J.
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