3anstue 10
LngpoBbie MUKPOCXEMBI
[Hudposbie nHTErpaibHbie MUKpocxeMbl (MMC) npenHa3zHadeHbl A1
npeoOpa3oBaHus U OOPAOOTKH AUCKPETHBIX UMIYJIbCHBIX CUTHAJIOB U BBI-
MOJTHEHHUS JIOTUYECKUX (PYHKIHM.
B undpossix UMC ncnonb3y0T CUTHAJIbI, OJIM3KHAE K IIPSIMOYTOJIbHBIM.

OCHOBHBIC ImapaMeTpbl UMIIYJIBCHBIX CUI'HAJIOB

UA t
p B S l
I e
td)+ tq)_
Uo
A ‘——_J'_TH————_t
A\ 4 - g >

A
Y
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l. AMIUIMTY THBIE TApAMETPHI

U, - navanpHOe 3Ha4YeHHe curHana (HU3KUH YPOBEHb);
U - amminTyna ummyssca;

AU - cniag BepiuuHbL.

2. BpeMeHHbI€ TTapaMeTphl

t =1, —1 - 1uTenbHOCTh UMITYJIbCA;

t =1, —1, - UIUTEeNbHOCTD BEPLIMHBI UMITYJIbCA;
_|_

t, =1, —t - murensHOCTH EpeaHero GppoHTa;
t, =1, — 1, = umTensHOCTH 3a1HET0 PpOHTa;

T :t5 — '[1 - TIEPUOJI CIICTOBAHUS UMITYJIbCOB;

1
— = f - gacrora cnenoBaHNs UMITYIHCOB;
T
T
Q= o CKBaKHOCTH UMITYJIbCOB;

u
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t

N = — = — -K03(PPUIMEHT 3aMOTHEHUS UMITYJIHCOB.

Q

Eciin HampsKeHUEe WMIYJIbCAa IMPEBBIMIACT MOPOTOBBIM YPOBEHL 2,5B,
CUMTAIOT, YTO MUMITYJIbC UMEET 8bICOKUU YposeHb H M paBEeH JOTMYECKOU
«I».

Ecny HanpsoKeHUE UMIYJIbCa MEHBIIE ITOPOrOBOro ypoBHA 2,59B, cum-
TarOT, 4YTO UMITYJIbC UMEET HU3KUH YPOBEHb L 1 paBeH normueckomy «0».

Jlnsa mepenadn, 00pabOTKM M XpaHCHEHUSI JAHHBIX TPHUMEHSIOT pa3ind-
HbIC CHCTEMbI KOAMPOBAHUA. UNCIICHHBIC JAaHHBIE OOBIYHO MEPEIAIOT B
MMO3UIIMOHHOMN JTBOUYHOU cUCTEME cuuciieHuaA. OCHOBAaHUEM ITOU CUCTEMBI
CIYKUT 4MCIIO 2, a KO3 (PHUIHECHTaMH (MHOXHUTEIISIMU, CTOAIAMU IIEPET
YUCJIIOM JiBa B CTEIEHU (CIpaBa HAJEBO): HYyJb, OJWH, JBA, TPHU) MOTYT
OBITH TOJILKO JiBE UPpHI-HYIb (0) 1 equauna (1). Hanpumep, nis nepena-
4y yncia 12 Hago 3anrucaTh YEThIPEXPA3PSAAHBIN KO :

1100 —1-2° 41.2° +0-2"+0-2°;
1.8+1-44-0-2+0-1=12.
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B BBIYHCIUTENBRHOM TEXHUKE KaXJbIM pa3psiji KOJa HA3bIBAIOT OMUTOM.
Mitagmuii «HyJ€eBON» OUT pacmonoxkeH crpaa. Crapmmid (y HaC TpeTUM
OuT) pacmojiokeH ciieBa. CKOpOCTh Mepeaadyu JaHHBIX OLCHUBEIOT B KUJIO-
outax B cekyHay (Kowut/c), B Meraburax B cekyHay (MOwut/c).

B mro0ol cucteme KOAUPOBAHUS JOJHKHO BBIMOJHATHCS HEPABEHCTBO:

N < S" rme N -kommuecTBO KOAUPYEMBIX 0OBEKTOB; S -OCHOBAHHE KOJIA;
n- KOJIMYECTBO PA3PsII0B B KOJE.

Tak nmst xpaHeHus MHGOpPMAIMU B BHUAE TEKCTOB, GOPMYd U YHUCEI
HEOOXO0AUMO 3aKOJUPOBATH B MOMOIIBID OMT 0KOJIO 150 pa3iuyHBIX CHM-

y 8
BOJI0B. Jlnst 5TOr0 Heobxoaum BocsMmupaspsaansiii kox (150 < 2° = 250).
BocbMHpaspsAAHbIA KO Ha3bIBaIOT 0aiToM. OObEMBI IAMATH B KOMITbIOTE-

pax olieHUBarOT B KujioOaiTtax (KOalit), meradalitax (MOaiiT), ruradbaitax
(I"0aiit).
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9.2. ®DyHKIMH AJITre0pbl JOTHKHU
[HudpoBoe yCTpoMCTBO IpeoOpasyeT BXOJAHYIO HH(POpMALUIO, Hpe-
CTABJICHHYIO B BHUJI€ JIBOMYHOI'O KOJa (HYJ€H W €IWHMI]) B 3HAYCHUE BBbI-
XOJHOM (DYHKIIHH y(xl,xl,....,xn) (puc.9.2). B nudpoBbIX KOMOMHAIIK-

OHHBIX YCTPOMCTBAX BBIXOJHBIE CHUTHAJIBI OJIHO3HAYHO ONPEHCIISAIOTCS
TOJIBKO JICUCTBYIOIIEH B HACTOSIIHNA MOMEHT KOMOMHALIMEW BXOJHBIX II€-
PEMEHHBIX W HE 3aBHUCAT OT 3HAYECHHUM IEPEMEHHBIX, JCHCTBOBABIINX Ha
BXOJIC paHee.

X1—p

X2 —p
HudpoBoe |5 y(Xq, Xy, ....Xn)
YCTPOUCTBO

Xn —p
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OIHO3HAYHO BBIPA3UTh BBIXOAHYIO (DYHKIIMIO MOKHO TOJIBKO 3aJIaB €€
3HaueHus (0 M 1) 11 BceX KOMOMHAMK apryMEHTOB. YHCIO pa3InuHbIX
Ha0OpOB M3 N-BEJIMYWH, Ka)KJasd U3 KOTOPBIX MpUHUMAET aBa 3HadeHus (0
vin 1) pasro 2". CnenoBarensHo, 1 QYHKIUHU ABYX IIEPEMEHHBIX JTOJIK-
HO OBITh 33JaHO 4 3HAYEHHUS BHIXOJHOW BEIWYMHBI, 11 QYHKIUA 3 mepe-
MEHHBIX — 8 3HAYCHUU U T.J.

B 1ndpoBBIX 3JIEKTPOHHBIX YCTPOWCTBAX MPUMEHSIOT HOM0MCUMIE/Tb-
HYI0 TIOTEHIIUAIBHYIO JIOTUKY, B KOTOPOM CHMBOJ «1» KOAUPYETCA BBICO-
KUM NOTEHIHAIoM, a «0» HU3KAM, U ompuyameabHylo , B KOTOPOU CHUM-
BOJI «1» KOOUpYETCs OTpULATEIbHBIM HNOTEHIHUAIOM, a «0» - OJIM3KUM K
HyJ10. /lasiee Mbl OyJieM U3ydaTh MOJOKUATEIbHYIO JTOTHKY.

B o0miem ciydae JIOTMYECKOE YCTPOMCTBO MOXKET UMETh N-BXOJ0B U

M-BBIXOZ0B. PaccMaTprBas BXOAHBIE CUTHAJIBI X1 Xy, X B KQUECTBE ap-

I'YMEHTOB, MOKHO COOTBETCTBYIOIINC BBIXOJHbIC CUT'HAJIbI IPEIACTABIATh B
BUJC (DYHKIINH yi( Xy X yeees X ) C IIOMOIIBIO ONEpaIil aJIr€OPhI JTOTUKH.
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Penrenne JIOrmyecKux 3a7ad OCYIIECTBISICTCS ¢ MAaTE€MAaTHYECKOroO arl-
napara anzeopst aozuku (OyJIeBOM anreOpbl, pa3pad0TaHHOM AHTJIHUHCKUM
MarematukoMm Jlxopmkem bynem (1815-1864)), B KOTOpOoM BCEe IEpEMEH-
Hble BEJIIMYHMHBI MOTYT IIPMHHUMATh TOJIbKO JBa JIOTMYECKHUX 3HAUYCHUS:
«1»-noruyeckas equHuna («mpabaa») U «0» - JOTHYECKUN HYJIb («JI0XKbY).

Dyukuuu anzeopwl aozuku (OAJI), KoTopble HAa3BIBAIOT TAKKE IIEpE-
KJIFOYAKOIMUMH (YHKIIUAMHA, OIPEJACTABIISIIOT B HECKOIBKUX opMax:

® B BUJIC TAOJIUL] UCHMUHHOCHU U KOMOUHAUUOHHBLX TAOINII;

e B aJircOpanyeckoi popme (B BHJIE MATEMATHUYCCKOTO BEIPAXKCHUS );

® KOMOMHAIIMOHHOM CXEMOM, COCTaBICHHON M3 JOTHYSCKUX 3JIEMCH-
TOB;

® KOOPJIWHATHBIM CIIOCOO0OM (KapTor KapHo).

byneBa (pyHKIMS Ha3bIBACTCS MOJHOCTHIO ONPEACICHHOM, €CIIM 3a1aHbl
2n €€ 3HAYCHUM IJI KaXJI0M BXOAHOM KOMOMHALIMK apryMeHToOB. Eciu
yaTh 3HAYCHUM (DYHKUMH HE 3aJaHa, (DYHKIHIO Ha3bIBAlOT HEHOOOIpE/e-
JICHHOM.
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9.2.1. TadMa UCTUHHOCTH
Tabnuupbl HICTUHHOCTH COAEPKAT BCEBO3MOKHBIC KOMOMHAIIMU (HA0O-
pbl) OMHAPHBIX 3HAYEHHUH BXOJHBIX IEPEMEHHBIX C COOTBETCTBYIOILIMMH UM
OMHApPHBIMH  3HAYEHUSIMH BBIXOJHBIX IIepeMeHHbIX. Kaxgomy HaOopy
BXOJIHBIX CHUTHAJIOB COOTBETCBYET ONPEJICICHHOE 3HAYCHUE BBIXOHOM JIO-

rMYecKor QyHKimMu Y;. Uncio cTpok B TaO/HIle 3aBUCUT OT YHUCIIA BXOJI-
HBIX TIEPEMEHHBIX N U paBHO 2.

B Tabmune 9.1 nmoka3an npumep TaOJIulbl KICTUHHOCTH KOMOMHAILIMOH-
HOI'O JIOTMYECKOTO YCTPOMCTBA C TPEMS BXOHBIMH CUTHAIaAMHU.

X 1 Xz X3 Y:f(X)
0 0 0 1
0 0 1 0
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 0
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9.2.2. AHAIMTHYECKAS 3ANUCH JIOTUYECKUX ONepaui
[Ipn aHAIMTUYECKOW 3aIMMCH JIOTHYECKHUE Omnepaluy 0003HA4YarT CIie-
[IUAJIbHBIMU CUMBOJIAMU:
Jozuueckoe ompuyanue (uneepcuio) 0003HAYAIOT YSPTON HAJ IEpe-

mennoit A, X.

Jozuueckoe cnoscenue (Ou3vloHKyuw) 0003HA4YaIOT 3HAKOM « V » HIH
«H».

Jozuueckoe ymuodcenue (KOHBIOHKYUIO) 0003HAYAIOT 3HAKOM «/\»
TN «-».

MbI OyJieM HCIIO0JIL30BaTh 00JIee YI00OHBIC 3HAKU «1+» U «-».

Tpu nepeunciicHHbIE TPOCTEHIINE JIOTUYCCKUE Oonepalun (JIOTHYECKOE
orpunianue «HE», norudeckoe cinoxenue «MJIN», jmornueckoe ymMHOXKE-
Hue «M») npeacTapisitoT coO0M NOIHBIA HA0OP JIOTHYECKUX JCHUCTBUM, Ye-
pe3 KOTOPHIE MOT'YT OBITh BBIPAXKECHBI JOTMUYCCKHUE CBS3H, 3aJaHHbIC TAOJIH-
1ICH NICTUHHOCTH.
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Tabnuia ICTHHHOCTH MPOCTEUIINX JOTHYECKUX (PYHKITUN

n: f=x-X% NJIN: HE: f =X,
F=x+X

X % Tix X X f

0 0 0 0 0 0 0 1

0 1 0 0 1 1 1 0

1 0 0 1 0 1

1 1 1 1 1 1

Aaredpandeckasi (popma npeacTaBiICHUs OYJIEBBIX (PYHKIIUN UCHOJb-
3yeTCs 1 MUHUMU3aUuU (yIpouieHus (popMyJ1) U A5l OCTPOCHHUS JIOTH-
YECKHUX CXEM.

CymiecTBy1oT aBe (OpMbI ajredpandyecKux (QyHKIUNH- TU3BIOHKTHUBHAS
1 KOHBIOKTHBHAS.

Juzvronkmuenoit nopmanvnoit gpopmoui (JIH®) Ha3pIBAIOT JIOTHUYE-
CKYI0 CYMMY 3JIEMEHTAPHBIX JOTUYECKUX MPOU3BEACHUN, B KAXKI0E U3 KO-
TOPBIX APTYMEHT WJIM €TI0 MHBEPCUSA BXOIUT OJIMH Pas.
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JIH® 110,1y4uTh U3 TAOIUIEI HCTUHHOCTH C HCIIOJb30BAHUEM CJICAYIO-
IEro aIropuT™Ma:

a) IJs Ka)KJI0M BXOOHOM KOJOBOM KOMOMHAIIMM, ITPH KOTOPOH OyJeBa
(bYHKIHS paBHA €AUHUIIC, 3alIMCHIBAIOT YJIEMECHTAPHBIC JTOTMYECKHUE ITPOU3-
BEJCHHUS BXOJHBIX IIEepeMEHHBIX. IIpu 3TOM, €ciin BXOJHas IEpeMEHHAs B
KOJOBOM KOMOHWHAIIMM paBHA HYJIIO, TO €€ 3alMChIBAlOT ¢ MHBEpcHueu. I1o-
JIyYCHHBIC IIPOM3BEJCHHS HA3bIBAIOT KOHCTUTYEHTAMM CJIUHUIBI (MHH-
TepMaMu).

0) JIOTUYECKH CYMMUPYIOT BCE KOHCTUTYCHTHI €IUHUIIBI.

Cogepuiennan ouzvionkmugnas Hopmaavnasa popma (CJAHD) nony-
4aeTCsl CYMMHUPOBAHUEM KOHCTUTYEHT €UHUIIBI.

JIs Tabauibl ICTUHHOCTH 9.1 MMeeM ciieayromue 3I€MEHTapHbBIE JI0-
THYECKUE TPOU3BEACHUS:

X XoXss X XoXgy XX, Xs.

CymMMupys JIOTUYECKHE MPOM3BEIACHHUS, MOIy4YaeM ajareOpandeckoe
BoIpakeHue C/IHOD:

F(X)= XXX + XX X5 + XXX
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Konvronkmuenoit nopmanvnoi ¢popmoit (KH®) HazpiBaroT JIoruye-
CKO€ IIPOU3BEIACHUE JIOTUYECKUX CYMM, B KAKIYIO U3 KOTOPBIX apryMEHT
WJIA €r0 UHBEPCUS BXOAAT OJYH Pa3.

KH® moxer ObITh MmosydeHa U3 TaOJHIBI HICTUHHOCTH C HCIOJIb30Ba-
HUEM CJIEUTYIOLLIETO aJropyuTMa:

a) 1 KaXa0M BXOJHOM KOMOWHAIIAM, IIPU KOTOPOM OyJieBa (hyHKIUS
paBHA HYJIKO, 3aMHACBHIBAIOT JJIEMEHTAPHBIC JIOTUMYECKUE CYMMBI BXOJHBIX
nepeMeHHbIX. [Ipn 3TOM, €cian BXojHasi MEpeMEeHHas B KOJIOBOM KOMOWHA-
MM PaBHA C€AUHUIIE, TO €€ 3alUCHIBAIOT C UHBEpcueu. [lomydueHHbie CyM-
MBI Ha3bIBalOT KOHCTUTYEHTaMM HYJISI (MaKCTEpMaMu).

0) Jlormyeckr NEPEMHOXKAOT BCE MOJTYYEHHBIE KOHCTUTYCHTHI HYJIA.

Cosepwennasn konviokmuenasn nopmanvnas Gopma (CKHD) momyyga-
€TCS IEPEMHOKCHUEM KOHCTUTYECHT HYJI.

Jlnst Tabnuubt 9.1 umeem clienyrommue KOHCTUTYCHThI HYJIS:

XX X0 X X, + X5 X+ X, X5 5% + X, + X
IlepeMHOXXaeM CyMMBl W HOJy4YaeM aiareOpamyvyeckoe BBIpaXKCHHUE
CKH®:
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f(X):(Xl_i_XZ—i_YS)( X1+Y2+73)( 71+X2+Y3)( Y1_|_Y2—|_X3 )(Y1—|_Y2—|_Y3)

3aKOHBbI U TEeOpeMbl 0yJIeBOU a/Ireophl
B anredope J0ruKu CylIeCTBYIOT TEOPEMBI, 3HAHUE KOTOPBIX 00JEryaeTt

JICUCTBHUS C JOTUYECKUMH ITIEPEMEHHBIMU.
1. KoMmyTaTHBHBIN (HEPEMECTUTEIILHBIN) 3aKOH:

XXy =X X5 X+ X, =X+ X.

2. AcconmaTuBHBIN (COYETATEIIBHBIN ) 3aKOH:
Xl-(XZ-Xg):(Xl-XZ)-X ! X1+(X2+X3):(X1+X2)+X3 :

3. JluctpuOyTHUBHBIN (paclpeACIUTEIbHBIN) 3aKOH:

X (X X5 ) = X X, + X - X

(X +%)(X +X%)=

= XX T XK T XX XX = X1(1 X3 T X, ) XXy = X T X, X5
3neck yuteno: XX = X; 14+ X=1.

4. 3aK0H TOTJIOIIEHHA;
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X XX =X (14X, ) =X;

X(X X)) = XX +XX =X + XX, =X (1+X,) =X
5. Teopema ne Moprana:

X X=X + X5

X+ X=X X,

Hcrionb3yercsa npu nepexoae OT JIOTHYECKOTO MPOU3BEACHUS K JIOTH-
YECKOM CyMMe€ M 00paTHO

6. IIpaBuJIO TOBTOPEHUS:

X-X=X; X+X=X.

7. IlpaBwiio otpuiianus:

X-X=0; x+X=1.

8. IIpaBuI0 ABOMHOTO OTPULIAHUS:

(X)=X.

9. Jlornueckue COOTHOIIEHUA B Cy4Yae ONPEACITCHHOCTHA OJHOTO U3 ap-

I'YMEHTOB:
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X -l=x; X +1=1
X,-0=0;, x+0=x.

10. MaBepcus HyIs U € IUHULIBI:

0=1 1=0.

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.



9.3. ludpoBkbie JIOrHYECKUE 3JIeMEeHThI
[{ndpoBbIE JTOTHYECKUE IJIEMEHTHI, BBIIIOJIHCHHbIE HAa HHTErPajbHBIX
mukpocxemax (MMC), npeanazHayeHsl 11 IIpeoOpa3oBaHusl 1 00padOTKU
JUCKPETHBIX CHUTHAJIOB M BBIMOJHSIIOT OCHOBHBIC JIOTHUYECKHE (DYHKIIUH,
npe/icTaBjICHHbIEC B Ta0auIe 9.3.

DIeMeHT O0Oo3HaueHUe Brmomasemas TabOmuia
OTE€UECTBEHHBIX | (DYHKIHS U CXeE- MCTUHHOCTU
UMC Ma

_ ) y=X

HE JIH X o= 1 0

(oTpHIIaHKE) 0 1
L & ¥Y=X71-X| Xl X2 y
141 JIN v | 0 0 0
(JIOTUYECKOE 1 0 0
YMHOKEHHE) 0 1 0
1 1 1
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L =X +X ~ X X
N JII ] .1.',:;.1.} 1 2 y
(JI0THYECKOE CIIOXKE- X 0 0 0
HHE) —
1 0 1
0 1 1
1 1 1
U-HE A s = X1 X2 y
(JIOrMYeCcKOe YyMHO- N ﬂ‘lz 0 0 1
JKEHHE Ce(;/BpHHaHH_ 2 1 0 1
(Tpux 0 1 L
[Iedepa) 1 1 0
WJTU-HE JIE z 1 V=X X XY
(JlIoruyecKoe cioxke- O—-="" 0 0 1
HHE C OTPULIAHUEM) Xz 1 0 0
(Crpenka
[Tupca) 0 : 0
1 1 0
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Hckmogaromee MJIN JIIT A =1 F=J_:',-J_{3;X,-f:= X]_ XZ y
| T oo o

1 |0 1

o 1)1

1 1] 0

B Tabauie 9.3 ucmonb3oBaHbl 0003HaUeHUs: X - OTpULAHKE 3HAYCHHS
X; X Xp-JIOTHYECKOE YMHOXEHHUE (KOHBIOHKIMA); X;+ X, =X;Vv X,- JJoruye-
CKO€ CJI0KCHHUE (AU3BIOHKIHS).
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MuHuMu3anus jJoruyeckux pynkuui B nporpamme 1 INA
[{enpr0 MUHMUMM3ALMU SBJISIETCS MOJYYEHHE MUHHUMAIBLHOTO HEO0XO-
TMMOI0 KOJIMYECTBa 3JEMEHTOB B cxeMe. IIpuyém, yCTpOWCTBO, BBIMOJI-
HAIOIIEE JIIOOYI0 JIOTHYECKYIO (DYHKIIHIO, MOYKHO IOCTPOUTh, UMES dJIe-
MEHTBI TOJIbKO ogHoro Buaa («MJIM-HE» mubo «M-HE»). OTn snemMeHTsI
HAa3bIBAIOT YHUGEPCAIbHBIMU OA3UCAMU.
JInsT MUHUMH3AIAN JTOTUYECKUX 3JIEMEHTOB NMPUMEHSIOT JAATPAMMEBI
Kapno-Beitya.
Panee s Ta0biauiel iCTUHHHOCTH 9.1 Mbl nosryunnu CJIH® B Bue:
f(X)= XXX+ XXX; +XX,X;. (9.3)
Kapra KapHo-rpadguueckoe npeacTaBieHue Bcex MUHUTEpMOB (2") ms
JAHHOTO YHclia mepeMeHHbIX (N). Kaxapiii MUHHTEpM H300pa)kacTcsl B BH-
1€ KJIETKH, PACIOJI0KECHHON TaK, YTO MUHUTEPMbI, HAXOAIIUECS B COCEI-
HUX KJIETKaX, OTJIMYAIOTCS JPYT OT APYyra TOJIbKO OJIHON MEPEMEHHOM.
CocrayaTh auarpammbl KapHo-Benuya B pyyHyr0 JOCTATOYHO JI0JITO U

Tpya0eMKO. [loaTOMYy MBI BOCHOJB3yeMCS MPOTPAMMOU MOJEIUPOBAHUS
TINA.
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B CAH® (9.3) nu3amennum 0003HAYCHHUSI BXOJHBIX MEPEMEHHBIX: X1=A,
X,=B, X3=C. Ilepen nHBEpCHBIMM MEPEMEHHBIMU OYyJIEM CTaBUTh HAKJIOH-
HYI0 4epTy «/». BMecTo HaKIOHHOM YEpThl MOXXHO CTaBUTb BEPXHHM
ITPUX <« .

B mento Tools Beioupaem macTpymeHnT Logic Design, ycranaBiauBaem
Number of variables — 3 u Habupaem dyukiuo anredpsl Joruku (OAJI)

(puc.9.3).
Haxxumaem Minterm/Maxterm u momydaeMm anreOpandecKue BhIpaxkKe-
Huss CIIH® u CKHO. ‘ 2

Logic Design

[ Fipit
Mumber of variables |3_ Fi&B.C)

Fout =|/8/B/C+/4B /C+4/8/C

O peration

b interm /b axterm j-'L Cloze
Truth table ?

Weitch-F.arnaugh table

[Huine-t cChaskey method

Schematic diagram
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-~

Minterm/Maxterm lﬁ
Minterm |'E"'E"'ﬂ+'E“'E"ﬂ+'E"E"'ﬂ
M awterm [C+B+ATTHBAHATTTAB+ A C+B+AFCHB+A)

aimplified mintermn |

Simplified mastermm |

-The final, extracted function: -
Fout="4*B*C+&*B*C+4*B*C

E straction iz ready!

-The dizjunctive normal form of this function:
Fout="C*B*A+'C*B=0+'C*E™a,

-The sum farm of this function [ A=2"01];

101,21

-The conjunctive narmal farm of this function:
Fout=[C+B+AF[C+B+AF[C+E+A7 [ C+B+AFC+EB+14)
-The "pi" form of this function [ A=2"01];

101,224}

m

R R O R L L 1 Close | 7 Help |

Jlanee Haxkumaem Truth table m momydaem misi mpoBEepKH HCXOIHYIO
TaOnuiy MCTMHHOCTH (puc.9.4). CpaBHuBas ¢ MCXOAHON Tabaumen 9.1 c

y4€TOM HOBOI'O PACIOJ0XKEHUS BXOAHBIX MNEPEMEHHBIX, OTMEUYAeM COBIIa-
JIEHUE TaOJIHIL.
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B nocneaneM cTosione Tadauibl MOTYT OBITh 3alMCaHbl APyTUe 3HaYe-
HUSL BBIXOJHOM (DYHKIIMH, JJISI KOTOPBIX TPEOYyeTCS CO3/1aTh JIOTHYECKYIO
CXEMY.

X3 Xo X
The truth table &J

Fout

Ipdate

j-'|_ Cloze
? Help

lalaa]lalolalalo
bl el = e el el [ i o B

el =1 [l e N (el e Y Rl e Y o

o oo oo = =

o Fil
Function
¢ F=falze
" F=true
" Symmetric

HaxxaB kHomnky Veitch-Karnaugh table, Bel moayumTe BO3MOKHOCTH
BBIIOJIHUTH oneparuio rpapudeckor Mmuaumuszanuu @AJI (puc.9.5). Eciu
Ha)kKaTh KHoOmMKy Minterm, moxydmM BBEIpa)KCHHYIO Yepe3 MHHHUTEPMEL
yrpoiieHHyo BeixoaHass CAH® (puc.9.5a):
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CIHD:

The Veitch-Kamaugh table

|

DD

C‘D n n

Mirterrm

Fout="CBA+ T4 CB 4

3
Fout > (0.1.2)

The zimplified furction:

Fout=B*C+A"C

Sirnplifying this function with Yeitch-k.armaugh methad:

M asterm Dptions
¥ Show D’
[ Implicant number

Dan't care

-

& Hinter
" Maxterm

j"|_ Cloze
? Help

f(x)=B-C+A-C

=

C/IH®

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.

The Veitch-Karmnaugh table ‘ LN

(DD o | d clf oo /|0

A A, A,
interm M aterm Optianz
¥ Show I

Simplifying thiz function with Yeitch-Farmaugh methad:
Fout=C+B+ A [ C+B+AT[C+B+ A C+B+A[C+B+A)

[ Implicant number

Don't care

I S

3
Fout Tl@1.234

The simplified function:

Fout="C*('a+E]

CKH®
CKH®: f(x)=C-(A+B)



W, nakonen, HaxkaB Schematic Diagram u BeiOpaB Minterm, moaydum
cxemHyto peanuzamnuio PAJI Ha snemenrax 2U, 21UJIN (puc.9.6a). Eciu

BbIOpaTh Maxterm, mojsyduM CXeMHYIO peann3anuio Ha snneMenTax 21MJIN,
21 (puc.9.60).

Schematic diagram

Fout

m

aafif

‘ -
» Draw
@ Hinter
AMBELCTC " PLA minkerm
oo oo (" b austerm
(" PL& masterm

[w Simplified function

Mew Function

fL Cloze

? Help

Fout
)
=1

m

aafdi

Schematic diagram ‘ - Iﬁ
o Draw
" Minterm
LABECTE (" PLA minterm
(o i anterme
o oa oo o e mamEh

" PLA masterm

[v Simplified function

Mew Function

j-'L Cloze

? Hep
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Moaeab o CIHD

SW-HL 1
SW-HL2
W-HL3

IX3=/C
; U15NT408
/X2=/B| +—&l © F_ﬁ_ U3 SN7432
4ﬁ_u25f-ﬁ408 EPEE e A
T [Y=FX)

IX1=/A

CxemHuas peamuzanus OAJI

O0603HaYCHHUS: )?1 — A )?2 =B, X, = C
Jliis tpetbent ctpoku TU:

X,=A=1X,=8=0X,=C=1 Y =F(X)=1

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.



Ki1roueBbie cxeMbl
KiroueBble cxeMbl NpEIHA3HAYEHBI 11 (DOPMHUPOBAHMUS HA BBIXOJIC
IU(POBBIX CUTHAIOB BBICOKOTO WJIM HHU3KOI'O YPOBHS IIOJ JICHCTBUEM II€E-
PEKIFOYAIOIINX BXOAHBIX CUTHAJIOB.
JInOAHBIC KIHOYHU

El (&)
6.00—
VF A _
X |4,8m *f.|4,55
£ 4.00 xE:I|14,22m v[48537m  ad
il -
[ i i ¥ -9.42m y. 4,06
L1 “WF1
= ‘ 2.00-]
01 1H1183 = +
e 5 Ly
o
+ * 0.00 . ' . .
: 0.00 10.00m 20.00m 30.00m 40.00m
Time (s)
Puc.10.1
EcuU_=0U = Unp —=05—-0,78.
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— ERZ
8bIX R1 + R2

Ecu U_ =+FE, mwon 3akperr, U ~ 0,9E,

(R,>R).

Bpems nepeximouenus 10 nc — 1xe. Mcnonb3yroT B OBICTPOICUCTBYIO-
X ycTpoucrBax. HegocraTtok: 00sbIast MOITHOCTh IIEPEKIIOUYCHUS.

Kinroun Ha OMIOJISIPHBIX TPAaH3UCTOpPaX
HNauno: E,, =5B, R, =10kOm,R,, =1000m
Huzkwuit yposens U, = 0,8 5.

Beicoxnit yposens U _, = 4B,
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Pacuet BXoaHOU 11E€IN

100.000u— k
1| BOMKA
75.000u-] -
@ ] x [52180m  v[26.520
TZ 201420 z 50,000y
g5 e 25.000u=
0.000-] . | . J, . | . |
= 0.00 25000m  50000m 750 8B 1.0
Input voltage (V) :
Puc.10.2

Huskuii yposenub 1 .= 26,6 MKxA.
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500.00u —
11400 MKA
B
— X |585,83m ¥-|351,66u
H
5 250.00u —
(=]
0.00 T T T T T T T T ‘ T T T T T T T T | T T T T T T T T | r
0.00 1.00 200 3.00 40

Bhicokuii ypoBeHs: | ”51: 392 mKA.
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Pacuer BoixoaHOM nenu (cxema puc.10.4)

6000m~ 7 ANI[2] 352uA] |
20 MA=5B/100 Om W, |
[
7 A
X |4,59 ¥ 14,14m
— B
= ¥ |258,33m  ¥:|46,94m
S 30.00m—
S A-B
X 433 ¥y -42 8m
|
] AM1[1]: 26,5u[A]
ﬂ.ﬂﬂt — I
0.00 1.00 2.00 3.00 4.00 5.00
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40.00m

478
|
WVF1
s
E
§ 2. 46—
T4 2N1420 VF1
'FLHEL'CPM —-:-—+ Y ]
N LT
VE
— 0.00 10.00m 20.00m 30.00m
Time (s}
Puc.10.4

TpaH3UCTOPHBIN KJIHOY UHBEPTUPYET BXOJHOW CUTHAI.

Henocrarku:
MouHoCTb, ToTpedIsieMasi OT HCTOYHUKOB.

Hwu3zkuit YPOBCHb:

P’ =U,_,-i ;,=08-26,6-10"° = 20,8 uxBm
PO —Ei  =5.414.10° = 20,7 uBm

K Kmin

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.



Bricokui YPOBCHB:
P =U,, i ;,=4-352-10"° =1,4mBm;
Pl _E; —5.469.10° — 243uBm.

K Kmax

Knroun Ha MOJEBBIX TPAH3UCTOPAX

[IpuMEeHSAI0OT KOMIZIEMEHTAPHEBIE MOJIEBBIE TPAH3UCTOPHI C H30JIUMPOBAH-
HBIM 3aTBOPOM 1 MHAYLIMPOBAHHBIM KaHAJIOM.

6.65—

AM1
)

T3 2N6755
I_
I=s
I_
i 3.32
+ VS1 5V — V2 5V

D T

‘ ‘ ﬂ GG 1 | 1 I 1 I 1 I 1 I
0.00 1.00 2.00 3.00 4.00 5.00
Input vaoltage (V)

Puc.10.5
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2.00m

T2 2N6804 =
— 1 < 6.00
SW-SPDTH S Hiall
C
SW-SPDTZ2 VF1
——— 7
I = V15V 300
e UBEIX —
T1 2NB755
. VG
3 [t ¢
t 0.00 ; . |
0.00 500.00u 1.00m 1.50m
1 Time (s)
L 2

EcmU_, =0 < U 71> | | BBIKITIOUEH.
U .,=U , —E=—F, T2sxmouen, U~ L.

6blX
EcmU , = E>U opr1> 11 BKITIOUEH.

n

U .,=U_  —E=FE—FE=0.T2ssxmouen.U__~0.

6blX

[Tonyunnu naBeprep Ha KMOILI.

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.



Hocronncrtra xitouer Ha MOII Tpan3ucropax
1. TeXHOTOTrUYHOCTh — U3TOTABJIUBAIOTCS B OJHOM IMUKJIE C APYTHMU
MOII snemenTamm.
2. BpICOKAs MIIOTHOCTh YIIAKOBKH.
3. Het pe3uctopos.
4. Huzkoe mnotpeOneHre MONIHOCTH (TOJIBKO TPH MEPEKITIOYCHUM ),

OYEHb MAaJIbIU TOK.
6 65—

2.824

AM2

' K
- \
-1.01 ' | ' | ' | ' |

0.00 250.00n 500.00n 750.00n 1.00u
Time (s)
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CtpykTypa 0azoBoro snemenTta M-HE
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T22N6804 i  T52N6804 |1
1-HE — Aj'—
M= M=
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T1 2N6755 Y
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3 \:
SW-SPDT3— » —
T4 2N6755
.
r:&; ’ "ln
l ‘
Puc.10.6



CtpykTypa 0azoBoro anementa UJIM-HE

SW-SPDT5
. - X1 T3 2N6804
: s I_
[
l_
SW-SPDT6 C
. X2 T6 2N6804
L— *—j'—
[
l_
C|VF1
+
T8 2N6755 E? 2N6755 =
I —
4 .
e e

‘

Y

— V2 5V

i
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(I)yHKIII/IOHaJII)HO INOJIHBIC CUCTCMBbI

JTO HA0Op JIOTHYECKUX 3JIEMEHTOB, C MOMOIIBIO KOTOPBIX MOXKHO TO-
CTPOUTH JIFOObIE KOMOWMHAIIMOHHBIE CXEMBbl C Pa3HbIMU JIOTUYECKHMHU
(O YHKISIMH.

1. A, NJIN, HE

2. U-HE

3. WJIN-HE

Tunsl cepUAHBIX JIOTHYECKUX IJIEMEHTOB

[HndpoBbIe HHTErPAILHBIE CXEMBbI OBIBAIOT:
1. NC maiio CTEIEHU MHTETPALIMU C YACIIOM TpaH3uCTOopoB <100.

2. YIC cpenneii crenenn unterpamuu N ~ 10°.

3. BUC — 6oabiine uHTErpajbHbie CXeMbl N ~ 10* =10°.
4. CbUC — cBepx0Oo0bllINe HHTETPpAIbHbIC CXeMBI N > 10°.

Haunobonee nonynsipasie MC Mamon cTeneHn HHTErpaluu

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.



TTJI — TpaH3uUCTOpHO-TPAH3UCTOPHAA JIOTMKA. BXojHas Jioruka Ha
MHOTO3MUTTEPHBIX TPAH3UCTOPAX, KIIOYHA C JUHAMUYECKOW HATrPYy3KOM.
E=35B.

TTJII — TpaH3uCTOPHO-TPAH3UCTOPHAs Jioruka ¢ auoxamu lllorTkw.
boJibIioe OBICTPOICHCTBHE.

N-MOII noruka. Bce anementsl mo MOII tpan3ucropax. He BbICOKOE
OBICTpOJICIiCTBHE, MaJI0€ MOTPEOJICHHUE.

KMOII — noruka Ha komiuieMeHtapHbix MOII Tpan3ucropax. Pabouee
HanpsbkeHue oT 3 10 15 B. CeepxHuskoe noTpediieHHe MOIIHOCTH. BhICO-
KO€ OBICTPOTEHCTBHE.

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.



[IpruMepbl KOMOMHAIIMOHHBIX CXEM

N-N-HE
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A BV
U35 )
U1 SN7408
U40 1 2 |
.L * 2 L1
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H
UD 1 U2 SN7400 Q 200mv
o | &
U75 3 c sy
Us o |
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Tpurrepst
R

— 1 SW-HL1

O—— U1 SN7402 q
ol = on—e—a( —R| T |QF—

— s )

1 —° Qr—
Q SW-HL2 . U2 SN7402 NQ
S o—— >1 fol—e—m{

—

AcCUHXpOHHBIA RS — Tpurrep coaepXuT OHY SYCUKY MaMSATH, MOXKET
ObITh BBINOJIHEH Ha ABYX aneMeHTax MJIM-HE (puc.9.24) u umeer nBa
IPSAMBIX HHPOPMAIIMOHHBIX BXO/IA:

R — pa3nenbHbI BXoa copoca tpurrepa (Q=0);

S — pa3aenbHBIN BXOJ ycTaHOBKH Tpurrepa (Q=1).

Tpurrep Ha3pIBacTCs aCUHXPOHHBIM, €CIIM IIEPEKIIOUYECHUE €ro MPOHC-
XOOUT Cpa3y IMpU M3MEHEHUM HMH(MOPMAIlMOHHBIX CUTHAJIOB. PaboTa acul-
xpoHHOTO RS — Tpurrepa Ha snementax MJIM-HE oToOpaxkaercsa Tabauiei
nepexojioB 9.4.

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.



Tabmuna 9.4 dyHKIIMOHAIBLHOE cocTosiHue RS- Tpurrepa

R S Qn+1 OHNpPEHETIETCA YPABHEHUEM
0 0 |Q _ B )

0 1 1n Qn+1 o RnSn + Rn(?n (9-7)

1 0 0 rie Q, u Qni1 - COOTBETCTBEHHO NpEABIAYIEEe U HOBOE
1 1 .

COCTOSIHUE TPUITEPA.

B CHHXPOHHBIX TPUTITEPAX UMEETCA CUHXPOHU3UPYIOINK BX0a C U me-
PEKIIFOUEHUE TIPOUCXOAUT TPU IOCTYIUIEHUU HA ATOT BXOJ CUHXPOHU3U-
PYIOIETO UMITyJbCa. [IpydueM MOMEHT NEPEKIIFOYECHUS MOMXKET COOTBET-
CTBOBATh MEpPEeAHEMY WM 3aJHEMY (PPOHTY CUHXPOHMITYJIbCA.

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.



9.9.2. D-Tpurrep
D- Tpurrep (puc.9.25) nmeer nadopmanuonusiii Bxoa D (data — man-
Hble). Uapopmanusa co Bxoaa D 3aHOCUTCS B TpUITEP 110 HOJI0KUTECILHOMY
nepenaay Ha cuetHoM Bxojie C tpurrepa. [lomumo cuetHoro C u uH@oOp-

MaIHoHHOro D — BXOOB, TPUTTEp IMEET AaCHHXPOHHBIC YCTAHOBOUHBIE R

M S BXOJBL. YCTaHOBOYHBIC BXOJbI MPUOPUTETHBHL. OHM yCTaHABIUBAIOT
TPUITEP HE3ABUCUMO OT CHUTHAJIOB Ha Bxomax C m D. Ilocine okoHuaHus

YCTAaHOBKHU BXOJBl R M S cieayeT mepeBecTH B HEAKTUBHOE COCTOSSTHHEC

R =S =1. Jlanee no nepeanemMy GppoHTy HMIyJbca Ha cdeTHoM Bxozae C Ha

BBIXO/JI TPUTTEPA NEPECHIIAIOTCA JaHHbIE ¢ MH(POPMALIMOHHOTO BXoaa D.
YpaBuenue D- Tpurrepa uMeeT BU;

Q... =|CQ,+CD+S|R

(9.8)
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Tabnuna 9.5 nepexomon D-Tpurrepa

R S D C Qn Qn +1
1 0 - - 0 1
0 1 - - 1 0
1 1 0 I 0 0
1 1 1 I 0 1

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.




9.9.3. JK-Tpurrep

JK —rpurrep (puc.9.26) sBiserca Hanboyiee YHUBEPCAIbHBIM, TaK KaK
Ha €r0 OCHOBE MOTYT OBITH ITOCTPOEHBI JIIOOBIC U3 PACCMOTPECHHBIX BBHIIIIE
TpurrepoB. JK- Tpurrep nmeer: Bxoasl J (Jump-npsnkok) u K (Kill- orkiro-
yeHue) ycraHoBkU Tpurrepa B coctosgHusa Q=1 m Q=0 cooTBeTCTBEHHO;
CUHXpOHU3UpYyoui Bxoa C; pa3/ieibHbId BXOJ S aCUHXPOHHOM YCTaHOB-
ku tpurrepa (Q=1); pa3genbHblid BXo4 R acCMHXpOHHOro coOpoca Tpurrepa
(Q=0). B cxeme (puc.9.26) Bxompl S 1 R UMEIOT HU3KHUI aKTUBHBINA ypO-
BeHb. [Ipuuem, Bxoasl S U R umeror mpuopuretHoe 3HayeHue. [locre

ACHHXPOHHOW YCTaHOBKM B MOJIEJIM Haxo ycraHoButh R =S =1.

OyHKIIMOHAIBbHOE cocTosHUE JK- Tpurrepa omnpenensiercsi ypaBHECHU-
eM:

Q= [C( ‘]Qn + KQn )+6Qn =+ S] R (9.9)

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.



_(l)s T 10 |—
—1 7 J U1 SN7476
R C =
R Ql—
T K
JK- Tpurrep
Tabnuua nepexomon
E .§ J K C Qn Qn+1
1 0 - - - 1 0
0 1 - - - 0 1
1 1 1 0 N 0 1
1 1 0 1 N 1 0
1 1 1 1 N Memnsiercs Ha
— | NpOTUBOIOIOXK-
HOC

B.A. Anexun. Onexmponuxa u cxemomexnuxa. 2016.



T |0 T [QF— s O T [Q—
S z— J D t J «1» t J
77— K K K
Q Q R & \]) R Ql—
Cunxponnsiii RS-tpurrep D-tpurrep

AcunxpoHHBINH RS-
TPUTTEP

Ha mpuczzepax cmposam cuemuuxku u pecucmpuol.

CYeTYMKM UMIYJIbCOB

CueTynku IPCAHA3HAYCHbI I IIOACHCTA HYHMCJIa HMITYJIbCOB. C no-
CTYIUICHHCM KAKI0I'0 UMIIYJIbCA HAd BXO/] C cYEeTYHK MEHSET CBOE COCTOSI-

HHUE Ha eauHuIly. CUYETYHKH OBIBAIOT CYMMUPYIOIIME, BbIYMTAIOIIUE, PE-
BEPCUBHBIE.
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l—(ﬁ s

ACUHXpOHHBIN cueTunk Ha D- Tpurrepax

< o o @ 0@ 2,
‘. I
_ds] T [0 _dsT _ds| 1 [o _ds| T
i D C, b C; b C, b

C i C C
AL %R D4, J_(& i N
O o

R Ycranonka wynas

B nauaje cuera BCe TPUITEPHI YCTAHABIMBAIOTCA B HYJIb U C BX0H0B R

M S CHMMAIOTCS aKTUBHBIE YPOBHH.

Ha cuetnniv Bxox C1 miepBoro tpurrepa nocTynarT CYETHBIE UMITYJIb-
cbl. KaxXaplii UMITYJIbC U3MEHSET COCTOSIHUE TPUITEPOB TAK, YTO HA BBIXO-
nax Ql — Q4 dopmupyercss NBOUYHBIA KOJ, COOTBETCTBYIOIIUM YHCITY
CYETHBIX UMITYJIbCOB.

Monyns cuera K, = 2 —16.
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Moaenpr aCHHXPOHHOTO CYETUYHUKA

Q1 Y 92;’ Q3 Y Q4
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9.11. Perucrpsnl

PerucTpomM Ha3bIBaeTCAd yCTPOMCTBO HU(PPOBOM TEXHUKH, MPEAHAZHA-
YEHHOE JJIS 3alMCH, XpaHEHHUS W (MIM) CIABUMra MH@OpMaluu, IpeacTaB-
JICHHOHM B BHJI€ MHOTOPA3psTHOTO JBOMYHOI'O KOJA.

ITo cnocoOy npueMa nHGOpMaILIUU PETUCTPHI IIOIPA3ACISIOT Ha:

nocineoosamesnibible (CIBUTAIONINE), B KOTOPBIX HH(POPMAIHS 3aIMChI-
BAECTCS U CYUTHIBACTCS TOJBKO B IMOCJIEIOBATEIBHON POPME;

napasienbivle (CTATUYECKUE), B KOTOPBIX HHMOPMAIIHS 3aIIACHIBACTCS
Y CUMTBHIBAETCA TOJBKO B IapaiieibHOU (opme;

nocjliedosamesibHO-napaiesibubvle, B KOTOPbIX UHPOpPMAIMS 3alUCHI-
BAETCS WJIA CUUTHIBACTCSA KaK B MOCIECAOBATEIBHOW, TAK U B MapaJLICIIbHOM
(dhopmax.

[IpocTeiimuye perucTpol BBIMOIHSIIOT Ha TpUurrepax. Cxema mocieaoBa-

TEJILHOTO CABHUIaromIero perucrpa Ha  JK- Tpurrepax ImokazaHa Ha
puc.9.32.
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Puc.9.32. Uerbipexpa3psSIHbIM CABUTAIOIIUN PETUCTP C MOCIIEI0BATEIb-
HBIM BBOJIOM
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