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21 BBEIOEHMUE

B umudppoBoi anekTpoHuke nop cxemoli NOHUMAIOT JMEKTPUYECKYIO Lienb,
KoTopas obpabaTbiBaeT [AWNCKPETHble CUrHanbl. Takyld CXeMy MOXHO
paccMmaTpuBaTb Kak «4YepHbI SALWLMK», Kak nokaszaHo Ha Puc. 2.1, npu atom
cxema umeer:

P> OpauH nnu Gonee AUCKPETHBIX 8X0008;
» OpauH nnu Gonee AUCKPETHBIX 86IX00086;

P ®OyHKUUOHAaNBHYIO crieyuchukayuro (functional specification),
OMMCbIBAIOLLYIO B3aMMOCBSI3b MeXay BXOAaMM U BbIXodamu;

P> BpemenHyro crieyucpukayuro (timing specification), onucbiBaoLLYHO
3a4epXKKy Mexay W3MEeHEHVWEeM CUrHamoB Ha BXOAE W OTKIIMKOM
BbIXOAHOroO curHana.

functional spec

inputs outputs

timing spec

Puc. 2.1 Cxema KaK «4epHbI AALLMK» C BXOAAMMU, BbIXoAaMu U cneumdukaumamm

Ecnu 3arnsiHyTb BHYTPb Takoro «4YepHOro siyKa», Mbl YBUAMM, YTO CXEMbI
COCTOSAIT U3 COEANHEHUI, Takke HasbiBaeMbIX y3namu (nodes), 1 arnemeHToB.
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AnemMeHT Takke npeacTaeBnsieT cobo cxemy C BXxodamu, BbIXogamu MU
cneundukauuen. CoeguHeHne — 3TO MPOBOAHMUK, HanNpshKeHue Ha KOTOPOM
COOTBETCTBYET ANCKPETHON nepemMeHHon. CoeanHeHnsa NoapasfaensaoTcs Ha
BXOAbl, BbIXOAbl W BHYTPEHHME coeauHeHusi. Bxoabl nony4yaroT curHansl
nm3BHe. Bbixoabl OTNpaBnAlT curHanbl BO BHewHun mup. CoeauHeHus,
KOTOpble He ABMSKTCA BXOAAMU UIN BbIXOAAMMW, HA3bIBAOTCA BHYTPEHHUMM
coeguHeHuamu. Ha Puc. 2.2 nokasaHa 9MneKTpOHHas cxema C Tpems
anemeHtamn E1, E2 n E3 1 wecTtblo coegnHeHuamn. CoeanHernst A, B n
C— Bxogbl, Y n Z — Bbixogbl, a n1 — BHyTpeHHee coeauHeHue mexay E1
n E3.

-

ni

A E1
B

E3
Con Z

.

Puc. 2.2 3nemMeHTbl N coeAuHEHus

LindpoBble cxemMbl pasgenstoTcs Ha kKomMOMHaUMOHHbIE (combinational) n
nocrnefoBaTenbHOCTHblE (sequential). Bbixogbl KOMOWHAUMOHHBIX CXeM
3aBUCAT TOMbKO OT TEKYLLUX 3HA4YEHUA Ha BXoAax; APYrMMK CrioBamu, Takue
CXEMbl KOMOWHUpYIT TeKyliMe 3HavyeHusi BXOAHbIX CWUrHamoB Ans
BblYMCINEHNsT 3HAYEHUs1 Ha Bbixode. Hanpumep, NorM4yeckuin anemMeHT — ato
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KoMBMHaLMoHHas cxema. Bbixoabl nocnenoBaTenbHOCTHBIX CXEM 3aBUCHT U
OT TeKyLUMX, U OT NpeablayLlmMx 3Ha4YeHun Ha BXogax, TO eCTb 3aBUCAT OT
nocrnenoBaTenbHOCTU U3MEHEHMSA BXOAHbIX CUrHanoB. Y KOMOWHALMOHHBIX
CXeM, B OTNIMYME OT MOCNEAOBATENBHOCTHLIX CXEM, MamsiTb OTCYTCTBYET.
[aHHaa rnaBa nocesilleHa KOMOWHALMOHHLIM CXeMaM, a B rrnaee 3 Mbl
paccMOTpUM NoCrefoBaTeNIbHOCTHBIE CXEMbI.

dyHKUMOHANbHAA crneunduKaumss KOMOMHALMOHHON CXeMbl OnucbiBaeT
3aBMCUMOCTb 3HaYEHWA Ha BbIXOAAX OT TEKYLUMX BXOAHbIX 3HAYEHWMN.
BpeMeHHas cneuuduvKkaumst KOMGUHALMOHHON CXEMbl COCTOUT U3 HIDKHEN U
BEpXHEei TpaHUYHbIX 3HAYEHW 3aJepPXKU curHana no myTM OT BXoda K
Bbixody. B 93Toii rmaBe Mbl CHayana pacCMOTPUM  (PYHKLMOHAIbHYO
cneunduKaLmio, a NOTOM BEPHEMCS K BPEMEHHOM.

Ha Puc. 2.3 noka3zaHa kOMOMHAUMOHHAsi CXeMa C ABYMSI BXOAaMU U OOHUM
BbIxogoM. Bxoabl A n B pacnonoxeHsl cnesa, cnpasa n3obpaxeH Bbixoa Y.
Cumeon ¢ B NPSIMOYrofibHUKE O3Ha4aeT, YTO STOT INEMEHT pearnu3oBaH C
MCMOMb30BaHNEM  WUCKIKOYUTENBHO KOMOMHALUMOHHOW norukn. B aTom
npumepe dyHkuma F onpepenena kak «MNMNx»: Y=F (A, B)=A + B.

Opyrmmn cnoBamu, Mbl FOBOPUM, YTO BbIXO4 Y — 3TO PyHKUUSA ABYX BXOAOB
A n B, a umeHHo Y = A UM B. Ha Puc. 2.4 nokasaHbl ABa BO3MOXHbIX
cnocoba nocTpoeHnsi KOMOMHALMOHHOM NTIOTMYECKOM CXeMbl, NMPUBEOEHHON
Ha Pwuc. 2.3. Kak Mbl HEOOHOKpaTHO yBMOWMM B 3TOW KHUre, 3adacTylo
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CyLLeCTBYeT MHOXEeCTBO CnocoboB peanuaaumn OJHOM U TOM Xe PYHKLUK.
Bbl camu BbiGupaeTe, kak peanu3oBaTb Tpebyemyto yHKUMIO, UCXOASA U3
MMEIOLLMXCA B PacropsKeHUN «CTPOUTENbHbIX BNOKOB», a Takke BalLMX
NPOEKTHbIX OrpaHWYeHUn. OTU OrpaHWYeHus 4YacTo BkMo4YalT B cebs
3aHMMaeMytlo Ha KpucTanne MWKPOCXeMbl nrfowaab, CKOPOCTb paboThl,
notpebnsemyto MOLLHOCTb 1 Bpems pa3paboTku.

gy AWY

B
Y=F(A B)=A+B (b)
Puc. 2.3 KomOuHauuoHHasa nornyeckas Puc. 2.4 [Ba BapuaHTa cxembl UNIN

cxeMm

Ha Puc. 2.5 nokasaHa KOMOMHALMOHHAA CxeMa C HEeCKOSIbKMMU BbIXOAAMW.
[aHHas koMOMHauMoOHHasi cxema Ha3blBaeTCs MOSIHbIM CYyMMAaTOpPOM, Mbl
ewé BepHEMCA K Hen B paspene 5.2.1. [1Ba ypaBHeHUs onpeaensior
3Ha4veHus Ha Bbixogax S n Cout Kak pyHKUUM BXOAHbIX curHanos A, B u Cin.
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[na ynpolieHns yYepTexen Mbl 4acTO UCMOMb3yeM MepeyvepKHYTYH KOCOW
YepPTOWN MNHMIO N YUCII0 PAAOM C Hel Ans 0603HaYeHns wuHsl (bus), To ecTb
rpynnbl CUrHanoB. YMCro nokasbiBaeT, CKOMbKO CUrHanNoB B LWKWHE (MpuUM.
nepeBoAYMKa: 3TO YMCNO 0BbIMHO HasbiBaeTCA WUPUHOU WuHb!). Hanpumep,
Ha Puc. 2.6 (a) nokasaH 6110k KOMOMHALMOHHOWM MNOMMKK C TpEMS BXod4amu v
AByms Bbixogamu. Ecnn konmuyecTBO paspsaoB HE UMeeT 3HayeHus unm
04eBUOHO M3 KOHTEKCTa, TO Kocasi YepTa MOXeT OblTb 6e3 yncna psagom.

A
B ¢ [ 2

cin Cout

5=A0B oG,
Cout=AB+AG, + BCp, (b)
Puc. 2.5 MHoroBbIxogHas Puc. 2.6 0O6GoO3Ha4YeHMue LUMH Ha cXeMax

KOMOGMHaLUMOHHas cxeMa

Ha Pwuc. 2.3 (b) nokasaHbl gBa 6noka KOMOWHALMOHHOM JOTMKM C
NPOMU3BOSIbHBIM  YMCIOM BbIXOAOB OAHOrO 6rioka, KoTopble SIBMSOTCH
BXogamu ans gpyroro 6roka.

I'Ipaana KOMBUHaUUOHHOU KoMMIo3uyuu roBOpAT HaM, KakK Mbl MOXeM
NoCTpOUTb 6OJ'IbLIJyIO KOM6MHaLIMOHHy}O cxemy Wus bonee ManeHbKuUx
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KOMOWHALMOHHBLIX 3reMeHToB. Cxema sBnsieTcs KOMOMHAUMOHHOW, ecnun

OHa COCTOUT M3 COEAUHEHHbIX MeXxay coboli 3reMeHTOB U BbIMNOSHEHbI
cnepywouimne ycnoBua:

> Kaxkablii anemMeHT cxeMbl cam SIBMsieTC KOMOUHALMOHHbIM;

> Kaxxgoe coeguHeHne cxeMbl ABASETCH UMW BXOAOM, UKW NOACOeONHEHO
K O4HOMY-eAMHCTBEHHOMY BbIXO4Yy OPYroro afieMeHTa CXembl;

> Cxema He CoOepXnT LUMKNNYeCKnx nyTe|7|: KaXkabln nyTb B CXxeme
npoxoauT 4yepeas noboe coeamHeHne He 6onee ogHOro pasa.

I'IpaBMna KOMOVHALMOHHOW KOMNO3ULMM CXEM SIBIISIFOTCS AOCTATOYHBIMU, HO
He CTporo HeobxoaMMbIMU. HeKOTOpre CXeMbl, He nog4vuHArLIneca 3Tum
npasunam, BCe Xe ABNAKTCA KOMOWHaLMOHHBIMK, MOCKOJIbKY 3Ha4YeHunda ux
BbIXO40B 3aBUCAT TOJIbKO OT TEKYLLUX 3HayeHun Ha Bxodax. OgHako bbiBaeT
OOBOJIbHO CJI0OXKHO onpeaenntb, ABMAKTCA JIM HEeKOTOopble HeTUNU4YHble
CXeMbl KOMOMWHALMOHHBIMA WIX  HET, noaTomy 06bI4HO npu pa3pa60TKe
KOMOWHaLMOHHbIX CXem Mbl orpaHnymBaem cebs npasuiamu
KOMOWHALIMOHHOWM KOMMO3ULMN.

Mpumep 2.1 KOMBUHALIMOHHBLIE CXEMBbI

Kakne u3 cxem Ha Puc. 2.7 sBnAOTCH, COrMacHo npaBunam KOMOMHaLMOHHOM
KOMMO3MLMN, KOMOVMHALIMOHHBIMU?
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n5
R P

(a) (b) (c)

Al
B

Puc. 2.7 MNpumepbl cxem

PeweHne: Cxema (a) - kombuHaumoHHasi. OHa cocTaBneHa W3  AOBYX
KOMOWHALMOHHbIX 3reMeHToB (MHBepTopbl |1 1 12). B Hel Tpu coeauHeHusi: n1, n2
n n3. CoegnHenne n1 — BXoA cxembl 1 Bxog Ans 11; n2 — BHyTpeHHee coeanHeHue,
sBnsioLLeecs BbixogoMm ans 11 n BxogoM Ansa 12; n3 — BbIXog Cxembl U Bbixog 12.
Cxema (b) — 3TO He KOMOWHALIMOHHAs Cxema, MOCKOSIbKY B HEel eCTb LMKIUYECKUiA
nyTb: BbIXOA 3nemeHTa «ucknovawowee WINW» nogknioyeH K OfQHOMY U3 ero
COBCTBEHHBIX BXOAOB, TO €CTb LMKIUYECKUMA MYTb, HAYMHAACh B N4, NpOXOauT vepes
«ucknovatowee WI» k n5, koTopein Bepmetr obpatHo k n4. Cxema (c) —
KOMOuMHauuoHHas, a (d) — He KOMOMHauWOHHasi, MOCKOMbKy coedunHeHne n6
MOAKIOYEHO K Bbixogam AByx anemeHToB (I3 u 14). Cxema (e) — koMBUHaLMOHHaS,
npeacraensioLwasi cobot ABe KOMOMHALMOHHBLIE CXEMbI, COEQUHEHHbIE MeEXay coboii
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n obpasywoume bonee KpynHyw KOMOWMHaLMOHHYyl cxemy. Cxema (f) He oTBevaet
npaeunam KOMOWHALMOHHOW KOMMO3ULMK, MOCKOMbKY B HEW eCTb LMKINYECKUA NyTb
Yepes OBa anemMeHTa. B 3aBMCMMOCTU OT PYHKLUIA ITUX ANIEMEHTOB 3Ta CXEMa MOXET
ObITb, @ MOXET U He 6blTb KOMBUHALMOHHOW.

BorbluMe cxembl, TakuMe Kak MMWKPOMpPOLECCopbl, MOryT 6biTb O4YEHb
CMOXHBIMK, MO3TOMY Mbl OyAeM MPUMEHATb MPUHLMMGI, ONWCaHHbIe B
rnaBe 1, 4YToGbl CNpPaBUTCA CO CMOXHOCTbIO. PaccmMoTpeHue cxembl Kak
«4YepHOro AwWMKa» C TwaTeNbHO oOnpefeneHHbIMU  uHTepdencom
byHKUMEN eCTb NpYMEHEHVE MPUHLMMOB abCcTpakuMm U MOAYMbHOCTM.
MocTpoeHne cxembl U3 Gonee Menkux aNemMeHTOB ABNSETCS NPUMEHeHneM
nepapxmyeckoro nogxoga kK paspaboTke. [MpaBuna KomMOBUHALMOHHOWN
KOMMO3WLMMN CYTb NPUMEHEHNE AUCLMMIUHBI.

dyHKUMOHanbHast  cneundukaums  KOMOMHALMOHHOW  cXeMbl  O0ObIYHO
3apaetca B Buae Tabnuubl WCTUHHOCTM unu  OyneeBa ypaBHEHWS.
B cnepyowux pasgenax 6ygeTr onucaHo, Kak BbiBECTM ByneBO ypaBHEHue
13 nobor Tabnuubl ICTUHHOCTU M Kak NpUMeHsATb OyneBy anrebpy v KapTbl
KapHo gns ynpolleHus ypaBHeHMI. Mbl paccMOTpUM, Kak peanu3oBbiBaTb
3TV ypaBHEHMWS, UCMONb3ysl NIOMMYECKNE INEMEHTBI, U KaK aHanuanpoBaTtb
CKOPOCTb paboThbl TAKUX CXEM.
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2.2 BYJNEBblI YPABHEHUA

ByneBbl ypaBHEHWSI WCMOMb3YT MNEPEMEHHbIE, MVMEKLIME 3HAYEeHue
NCTUHA wnn NOXb, nostoMy OHM mnaeanbHO MOAXOAAT AN OnvcaHus
undposBoi norvki. B aTom pasgene cHavana OygeT npuBedeHa
TEPMUHONOIMS, 4acTo ucrnonb3dyemass B OyneBblX ypaBHEHMSIX, a 3aTeMm
6yoeT nokasaHo, kak 3anucaTe OyneBbl ypaBHeHUsi Ansi No6o normyeckon
dyHKUMM NO €€ Tabnuue NCTUHHOCTMW.

2.2.1 TepmuHonorus

[ornonHeHue (complement) nepemeHHoin A — 3To ee oTpuuaHue A.
MepemeHHass wnu ee  [OMOMHEHME  Ha3bIBAKOTCA  JlUmepasnom.
Hanpumep, A, A, B n B — nutepanbl. Mbl 6yaeM HasbiBaTb A MpsiMoi
dbopMoit nepemeHHOR, a A — KoMMNeMeHTapHoM PopMoii; «npsmas dhopman»
He nogpasymeBaeT, 4YTo 3HadveHve A pasHo VICTUWHE, a rosopuT nuub 0
TOM, YTO Y A HET YepTbl CBEPXY.

Onepaums «M» Hag ooHMM MMM HECKONbKMMMW nuTepanamu HasbiBaeTcs
KoHBIOHKYUEU, rpoussedeHuem (product) unu umnnukasmod. AB, ABC v B
ABMSATCS MMMMUKaHTaMuM AN yHKUMUM Tpex nepemeHHblx. MuHmepm
(minterm, anemeHTapHas KOHBIOHKTMBHasi opma) — 3TO Npou3BedeHue,
BKMiovatoLLee Bce BXoabl PyHKUMU. ABC — 3TO MUHTEPM Anst oyHKUMK Tpex
nepemeHHbIX A, B C, a AB — He MUHTEPM, MOCKOMNbKY OH HE BKITHOYaeT B
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cebs C. AHanornyHo, onepauust «UNW» Hag ogHUM nnu 6onee nutepanamu
Ha3blBaeTcss  Ou3blOHKUuel wnu  cymmon. Makcmepm  (maxterm,
anemeHTapHas AN3bIOHKTUBHASA hopma) — 3TO CyMMa BCEX BXOAOB (hyHKLUN.
A + B + C ABnsieTcss MakcTepMoM (hyHKLMU Tpex nepeMeHHbIX A, B u C.

Mopsigok onepauuii BaxeH Npu aHanv3e Oynesbix ypaBHeHWA. O3HavaeT nu
Y=A+BC,ytoY=(AWIM BN Cunn Y =A WUIN (B U C)? B bynesbix
ypaBHeHMSIX HanbonbLlunii npuoputeT nmeeT onepauus HE, 3atem nget U,
3atem UJTN. Kak 1 B 06bI4HbIX ypaBHEHMSX, NPOVN3BEAEHNS BbIYMCNSAIOTCA A0
BbIYUCMEHNS CyMM. Takum obpasom, nMpaBUMbHO ypaBHEHWE YMTaeTcs Kak
Y=AWIN (B W C). ypaBHeHue (2.1) — eLlé oauH nNpumMep, NokasbiBaloLLMN
NopsiJoK onepauui.

A B +BCD = ((R)B + (BC(D )) 2.1)

2.2.2 [In3boHKTMBHas cdoopma

Tabnuua nctuHHocTn Ans pyHkumm N nepeMeHHbIX COAepPXuT 2N CTPOK, Nno
OJHOM AN KaXOoW BO3MOXHOM KOMOWMHaUMWM 3HayeHuin BxodoB. Kaxgown
CTpoke B Tabnuue UCTUHHOCTU COOTBETCTBYET MWHTEPM, KOTOPLIA UMEET
3HayeHne UCTUHA gnst aton ctpoku. Ha Puc. 2.8 nokasaHa Tabnuua
WUCTUHHOCTU (PYHKUMWN OBYX NepeMeHHbIX A 1 B. B kaxgon CTpoke nokasaH
COOTBETCTBYHOLUNIA el MUHTEPM. Hanpumep, MUHTEPM ANsi NepBON CTPOKN —
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aTo AB, nockonbky AB umeet 3HaveHne WCTUHA Ttoraga, korga A=0u B = 0.
MuHTepmbl HymepyloT HauuHas ¢ O; nepBas CTpoka COOTBETCTBYET
MuHTepmy 0 (mg), cnegytowasi ctpoka — MuHTepmy 1 (m1), 1 Tak ganee.

minterm
A B | Y |minterm | name
0o o] o AB m,
(o 101 AB m; )
1 oo AB m,
1 1 1|o AB my

Puc. 2.8 Tabnuua UCTUHHOCTU U MUHTEPMbI

MoxHo Hanucatb 6GyneBo ypaBHeHWe Anst noGoi Tabnuubl UCTUHHOCTM
nyTeM CyMMWPOBaHWSA BCEX TEX MUHTEPMOB, A4St KOTOPbIX BbIXoAd Y MMeeT
3HavyeHne NCTUHA. Hanpumep, Ha Puc. 2.8 ecTb TONMbKO OfHa CTpoKa
(MuHTEpM), Ana koTopon Bbixod Y wumeeT 3HaveHne WCTUHA, owHa
OoTMeYeHa CUMHUM LBeToM. Takum obpasom, Y = AB. Ha Puc. 2.9 nokasaHa
Tabnuua, B koTopon Bbixog uMmeeT 3HadeHune UCTUHA gns Heckonbkux
cTpok. CyMMMpOBaHMe 0TMEYEHHbIX MUHTEPMOB aaeT Y = AB + AB.

Takass cymma MWHTEPMOB Ha3blBaeTCHd CcO8epWeEHHOU OU3bHOHKMUBHOU
HopmaribHoU ¢hopmol  dyHKUMKM (sum-of-products canonical form). Ona
npeacrtaenser cobon cymmy (onepaumto  «UJT»)  npousseneHui
(onepaunii «<M», obpasyowmx MUHTEPMBI). XOTS  CyLIeCTBYET MHOro
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cnoco6oB 3anucaTb OAHY U Ty e (YHKLMIO, Takylo kak Y = AB + AB, Mbl
Oyoem 3anucbiBaTb MUHTEPMbI B TOM e Mopsiake, kak B Tabnuvue
UCTUHHOCTK, YTOOLI BCerga nony4vaTb OOHO M TO e OyneBo BblpaxeHue Ans
OfHOM W TOW e Tabnuubl UCTUHHOCTU. COBEpLUEHHas! AWU3bIOHKTUBHAS
HopMarnbHasi hopMa Takke MOXeT ObITb 3anucaHa Yepes CUMBOS CYMMbI 2.
Mpu mncnonb3oBaHMM Takoro obo3HaveHuss yHkums Ha Puc. 2.9 Oyger
BbIrMA4eTb Tak:

F(A, B) = Z(m4y, m3)
unm (2.2)
F(A, B) =%(1, 3)

minterm
B | Y | minterm| name
0 0 0 AB m,
(o 111 A B my )
1 oo A B m,
@ 111 A B m; )

Puc. 2.9 Tabnuua UCTUHHOCTU C HECKONbKMMWU MUHTEepMamu, paBHbiMu ACTUHE
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Mpumep 2.2  JU3BIOHKTVBHAA ®OPMA

Y BeHa butauana Hamevaetcs nukHUK. OH He obpaayeTcs,
ecnn nompét [OoXAb WM MNosBATCA MypaBbu. [locTpoiite
Cxemy, B KOTOpoW BbIxod OydeT npuvHMMaTb 3HaveHue
MCTUHA Tonmbko B TOM cryyae, ecnu bBeHy nuKHUK
NMOHpaBUTCS.

Pewenue: CHavana onpegenum Bxodbl U Bbixodbl. Bxogamu
OyayT nepemMeHHble A 1 R, 4TO 03Ha4aeT MypaBbeB (ants) u
noxap (rain). 3HaveHue A npuHumaeT 3HadeHne VCTUHA,
korda Mypaebu ectb, M JIOXb, korga MypaBbeB HeT.
AHanormyHo, R umeeT 3HauyeHne WCTUHA, koroa wpér
noxab, u JNNIOXb, korga BeHy cBeTwuT conHue. Bbixog E
(enjoyment, papocTb) nokasblBaeT HacTpoeHue bena. E
umeet 3HaveHne NCTUHA, korga beH pagyeTcst NUKHUKY, U
JIOXb, korga oH cTpagaet. Ha Puc. 2.10 nokasaHa Tabnuua
WCTUHHOCTU BnevatneHuin beHa ot nukHuka.

Mcnonb3ya OM3BIOHKTUBHYK (OOpMy, 3anuvlieM ypaBHEHue
Tak. E = AR wm E = Z(0). Mbl MoXeM peanu3oBaTb
COOTBETCTBYIOLLYIO CXEMY, WCMOMb3ysi [Ba WHBEpTopa MU
OBYXBX0O0BOW anemeHT W, kak nokasaHo Ha Puc. 2.11 (a).
Bbl MOrnu 3ameTuTb, 4TO 3Ta Tabnuua ABNSETCH TOYHO TaKoWn
Xe, Kak u Tabnuua ana  dyHkummn - «UJNU-HE»,

paccmoTpeHHon B paspgene 1.5.5: E=AWIMN-HER = A+R
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Ha Puc. 2.11 (b) nokasaHa peanusauusi Ha 6a3e anemenTa WIW-HE. B pasgene 2.3
Mbl MOKaXeM, YTO BblpaXkeHUs A+R 1 A+ R oKB/BaneHTHbI.

(b)
Puc. 2.10 Ta6bnuua nctuHHoctn BeHa Puc. 2.11 Cxema BeHa

CoBeplUeHHasi AN3bIOHKTMBHAA HopMaribHas hopmMa Mo3BonsieT 3anvcatb
OyneBo ypaBHeHWe Ans nwobon Tabnuubl  MCTUHHOCTM C  JOObIM
KONMYeCTBOM nepemeHHbIX. Ha Puc. 2.12 nokasaHa npou3BorbHas Tabnuua
WCTUHHOCTM ANsi TPEXBXOAOBOro anemeHTta. CoBeplueHHas AN3bIOHKTUBHAS
HopMarbHasi hopMa COOTBETCTBYHOLLIEN NMOTMYECKON DYHKLUM BbIMMSAANT Tak:

Y = ABC + ABC + ABC
unu (2.3)
Y=2%(0,4,5)
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Puc. 2.12 NpousBonbHas Tabnvua UCTUHHOCTU C TPeMsi BXoAamu

K coxaneHuio, coBeplueHHasi OM3bIOHKTMBHAA HoOpMarnbHas dopma He
BCerga Mo3BONsieT MOMyYuTb MPOCTOe ypaBHeHue. B pasgene 2.3 Mbl
rokakeM, Kak 3anucaTb OfHY U Ty e (DYHKLMIO, UCMOSb3yst MEHbLUEE YNCIO
YNEHOB ypaBHEHUS.

2.2.3 KoHbloHKTUBHasA hopma

AnbTepHaTUBHbIN  CNOCO6  BbIpaxeHus OyneBbiXx QYHKUUA —  3TO
cosepuieHHasi KOHbIOHKMuUeHasi HopmarsbHas ¢opma (products-of-sum
forms). Kaxxgas ctpoka Tabnuubl UCTMHHOCTU COOTBETCTBYET MaKCTEPMY,
KOTOpbIA umeeT 3HadeHne JIOXKb aonga aton cTpoku. Hanpumep, makctepm
AN NePBOW CTPOKM AN OBYXBXOAOBOW Tabnuubl UICTUHHOCTK — 3T0 (A + B),
nockoneky (A + B) umeet 3HaveHne JIOXKb, korga A = 0 u B = 0. [ina nobon
CXeMbl, 3afjlaHHON Tabnuuen UCTUHHOCTU, Mbl MOXEM 3anucaTb ee GynesBo
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ypaBHeHME Kak rnormdeckoe «WM» BCcex MakCTEPMOB, OJI KOTOPbIX BbIXOA
mmeeT 3HauyeHue JIOXKb. CoBeplleHHas KOHbBIOHKTMBHAasi HopmarnbHas
dopma Tarke MOXeT ObITb 3anucaHa ¢ UCnonb3oBaHMeM cumeona I1.

Mpumep 2.3 KOHBIOHKTVBHAA ®OPMA

3anuwnte  ypaBHeHMe B COBEPLUEHHOWN

maxterm  KOHBIOHKTMBHOM HOpMarnbHoW copme Aans
A B | Y |maxterm| name Tabnuubl UICTUHHOCTU Ha Puc. 2.13.
(o o |lo|a+B My) PeweHue: Tabnuua MCTUHHOCTU MMeeT ABe
0 1|1 [A+B My CTPOKW, B KOTOPbIX BbIXOL MMEET 3HaueHue
€ 0 0 |A +B M) JIOXKb. CnepoBaTtenbHo, YHKUMA MOXeT
1 1 1 |A+B My ObITb 3anncaHa B KOHLIOHKTUBHOW hopMe Tak:
Puc. 2.13 Ta6nvua UCTUHHOCTH Y = (A + B)( + B). Takke dyHKUUS MOXeT
€ MakcTepmamu 6bITb 3anucaHna kak Y = TT1(Mo, Mp) nnn Y = T1(0,

2). MepBbIi MmakcTepMm, (A + B), rapaHTupyer,
yto Y =0 ana A =0 un B = 0, Tak kak nornyeckoe «WM» noboro 3HaueHuss n Hyns gaet
Hyfb. AHarornyHo, BTOpoW Makctepm (A + B) rapadtupyer, yto Y = 0 gns
kombuHaumn A = 1 n B = 0. Ha Puc. 2.13 noka3aHa Takas e Tabnvua UCTUHHOCTH,
Kak u Ha Puc. 2.9, yTo6bl MPOAEMOHCTPUPOBATL, YTO OAHA U TakK e (PyHKUMS MOXeT
ObITb 3anuncaHa 6onee 4em oHMM CrIOCOOOM.
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AHanoruyHo, 6yneBo ypaBHeHWe Ans nukHuka beHna (Puc. 2.10) moxet
ObITb 3aNMCaHO B COBEPLUEHHOW KOHBIOHKTUBHON HOpPMarbHON dopme, ecnm
06BECTU TPU CTPOKM C HYNAMU ANst TOro, YTo6bl NONyYnNTh

E = (A + R)Y(A+ R)(A+ R)um E = I1(1, 2, 3).

OT0 He Takasi KpacuBas 3anuchb, Kak AU3bIOHKTUBHOE ypaBHeHue, E = , HO
3TV [OBa YPaBHEHUS JIOTMYECKM SKBMBANEHTHbI. [AM3bIOHKTMBHAA dopma
naeT bonee KOPOTKOe ypaBHEHWE, koraa Bbixod umeeT 3HaveHne NCTUHA
TONMBbKO B HECKOSMbKUX CTPOKax Tabnuvubl UCTUHHOCTU; KOHBIOHKTUBHAS Xe
dopma npolye, Koraa Bbixog nmeeT 3HaveHne JIOXKb Tonbko B HECKOMbKUX
CTpoKax Tabnuubl UCTUHHOCTW.

2.3 DBYIJIEBA AINITEBPA

B npeablgyliem pasgene Mbl U3y4nnu, Kak 3anucbiBatb OyneBbl BbipaXeHus
npu Hanuuuu Tabnuubl MCTUHHOCTM. OpHako, BblpaxeHwe, nonyyYyaemoe
TakMMm cnocobom, He 06si3aTenbHO MPUBOAMT K MpocTenwemy Habopy
rfioryecknx anemeHToB. Bbl MoxeTe ucnonb3osatb Gynesy anrebpy ans
ynpolieHns 6yneBbIX YpaBHEHWW TOYHO TaK e, Kak Bbl MCMONb3yeTe
anrebpy Ans ynpolleHus matemaTnyeckux ypasHeHun. Npasuna 6ynesou
anrebpbl 04eHb MOXOXW Ha npasuna o6blMHOM anrebpbl, HO B HEKOTOPbIX
crnyyasix OHW MpoLle, MNOTOMY YTO MEPEMEHHble WMEelT TOMbKOo [Ba
BO3MOXHbIX 3Ha4yeHus: 0 unu 1.
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Byneea anrebpa ocHoBaHa Ha Habope aKkCMOM, KOTOpble Mbl CYATaeM
BEPHbIMW. AKCHOMbI SIBMISIOTCA HeAOKasyeMbiMi B TOM CMbICre, 4TO
onpeferneHne He MOXeT ObiTb AokasaHo. C MOMOLLbI 3TUX aKCMOM Mbl
JoKasbiBaeM BCce TeopeMbl OyneBoi anreGpb!.

3TN TeopeMbl UMEIOT OFPOMHYI0 MPAKTUYECKYKD 3HAYMMOCTb, NOTOMY YTO C
MX MOMOLLBIO Mbl YYMMCSi TOMY, KaK ynpowiatb JIOrM4ecKkue YypaBHEHUS,
yTobbl nNonyyaTb 6Gonee feweBble W KOMMNAKTHblE CXeMbl. AKCUOMbI U
Teopembl Byneson anrebpbl NOAYNHATCA NPUHLMMY ABOWCTBEHHOCTU. Ecnn
B3aUMHO 3ameHuTb cuMBonbl O M 1, a Tak Xe B3aVMHO 3aMeHUTb
onepatopbl * (M) n + (UNN), To ByneBo BblpaXXeHNWe OCTAHETCS BEPHbIM.
Mbl ucnonbsyem cumBon «wtpux» (') Ans 0603Ha4YeHUs ABONCTBEHHOMO
BbIpaXXeHus.

2.3.1 AKkcuombl

B Tabn. 2.1 npuBeaeHbl akcMombl OyneBow anrebpbl. TN NATb aKCUOM U
[OBOWCTBEHHbBIE MM aKCMOMbI onpeaensoT 6yneBbl NepeMeHHbIE U 3Ha4YEHNS
onepatopoB HE, W, WIIN. Akcuoma A1 nokasbiBaeT, 4TOo Oyneea
nepemeHHaa B wumeer 3HaueHme 0, ecnu oHa He uMeeT 3HadeHue 1.
[BoNCTBEHHOE BbIpaXeHWe nAns 3ToM akcuombl A1’ yTBepxgaeT, 4yTO
nepeMeHHasa npuHUMaeT 3HadeHue 1, ecnn oHa He umeeT 3HadveHue 0.
Bwmecte akcmombl A1 n A1’ roBopsT Ham, 4To Mbl paboTaeT B Bynesom, TO
ecTb GUHaApHOM More, COCTOSILLEM U3 3HAYEHUWA HyNen u eguHuy. AKCUOMBI
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A2 n A2’ onpepenstoT onepauunto HE. Akcrombl ¢ A3 no A5 onpegensitoT
onepaumio W, a wnx pABoWicTBEHHble akcuombl (A3’ — A5’) onpepensior
onepaumto UINN.

Ta6n. 2.1 Akcnombl 6yneBoi anre6pbl

Akcuoma [BocTBeHHasi akcMoma HasBaHue
A1 B =0 ecnu B#1 A1’ B=1ecnuB#0 BuHapHoe none
A2 0=1 A2’ 1=0 HE
A3 0.0=0 A3’ 1+1=1 mmnn
Ad 1¢1=1 A4’ 0+0=0 nmnn
A5 0+¢1=1+0=0 A5’ 1+0=0+1=1 iz

2.3.2 TeopeMbl ogHOM NepeMeHHOMN

Teopembl ¢ T1 no T5 B Tabn. 2.2 onucbIBalOT, Kak YNpOCTUTL ypaBHEHUS,
copepxxalime ogHy nepeMeHHyto.

Teopema udeHmuyHocmu T1 yTBepxagaeT, 4To Ans nobon Oyneson
nepemeHHown B BbinonHeHo B U 1 = B. [1BOACTBEHHAs el Teopema roBOpuUT O
ToM, yTo B UK 0 = B. B annapaType, Kak nokasaHo Ha Puc. 2.14, T1
03Ha4aeT, YTO eCnM ypOBEHb CUrHana Ha ogHOM M3 BXOOOB ABYXBXOLOBOIO
anemeHTa W Bcerga paeBeH 1, TO Mbl MOXEM yAanuTb 3TOT 3MEMEHT U
3aMEeHUTb €ro MnpoBOAOM, COEAMHSAIWMM BbIXO4 3JTOMO 3remMeHTa C
BXOLOM B, 3HayeHve KOTOpOro MOXeT MeHATbCHA. TOYHO Tak e Teopema
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T1’ roBOpUT O TOM, YTO €CnM OAMH BXOn ABYXBXOLOBOro anemeHta UJN
Bcerga paseH 0, Mbl MOXEM 3aMeHUTb 3TOT 3feMEeHT Ha npoBof,
COeAVHEHHBIN ¢ BXogoM B. Kak npaBuno, anemMeHTbl MMEOT OnpeaeneHHyo
CTOMMOCTb, 3HEpronoTpebrneHve u 3adepXxKy MNPOXOXAEHUS CcurHana,
No3TOMY 3aMeHa 3fIEMEHTA Ha NPOBOJ, ABMSETCA LienecoobpasHon.

Tabn. 2.2 ByneBbl TeopeMbl ANsi O/HON NepeMeHHON

Teopema [BocTBEHHasi Teopema HasBaHue
T B+1=B T B+0=8B MNpeHTnyHoCTb
T2 B-0=0 T2' B+1=1 HyneBon anemeHT
T3 B+B=B T3' B+B=B MNpemnoTeHTHOCTb
T4 B= B WNHBontounst
T5 B+B =0 T B+B =1 JlononHMTensHoOCTL

TeopeMa o Hynesom anemeHme T2 rosoput, 4to B U 0 BCcerga pasHo 0.
CnepoBaTtenbHo, 0 HasblBalOT HyNeBbIM 3MeMEHTOM Ans onepauun WU,
NoToMY YTO OH 0BHYnsieT adhcpekT noboro apyroro BxoAa. [1IBoNCTBEHHas el
TeopemMa roBopuT o ToM, 4to B UIN 1 Bcerga pasHo 1. Takum obpasom, 1 —
3TO Hyneson anemeHT anga onepaumn WUJITA. B annapaType, Kak nokasaHo
Ha Puc. 2.15, ecnn oavH BxoA anemeHTta W paseH 0, Mbl MOXEM 3aMEHUTb
anemeHT /I npoBoaoOM, NOAKMIOYEHHBIM K HU3KOMY Nlormdeckomy ypoBHto (0).
TouHo Tak xe, ecnu oavH 13 BxogoB anemeHtTa UM paBeH 1, Mbl MOXeM
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3ameHnTb anemeHT WJIN Ha npoBOA, KOTOPbLIN MOAKMKYEH K BbICOKOMY

JIOTMYECKOMY YPOBHIO (1).

B
-0

(@)

- o —
(b)

Puc. 2.14 Teopema naeHTUYHOCTU
B annapartype: (a) T1, (b) T1’

B
0 = 0=

B
1

(b)

Puc. 2.15 Teopema o HyneBom anemeHTe
B annaparype: (a) T2, (b) T2’

= 1—

o
>

Teopema O HyneBOM 3feMEHTe MPUBOAUT K HenenbiM YTBEPXOEHWSM,
KOTOpble MpY 9TOM OKa3sblBalOTCA BepHbiMu! 3Ta Teopema CTaHOBUTCS
0COBEHHO oOnacHoW, Korda €€ MPUMEHSIIOT Te, KTO [JenlaeT peknamy:
«Bbl MONYYUTE MUNNTMOH OONNAPOB unu mMbl NpyLLnNEM Bam MO MoyTe
3yGHYyI0 LETKY» (CKOpee BCero, Bbl MOMy4mTe 3yOHYH0 LETKY MO NoyTe).

Teopema 06 udemrnomeHmHocmu T3 yTBepxaaeT, 4To onepauus
normyeckoro «M» OByX paBHbIX ApYr APYry NepeMeHHbIX UMeeT 3HayeHue,
paBHOe 3TOW MNepeMeHHOW. AHanorMyHoe YTBEPXKOEHWE BEPHO [Ans
onepaumm «MJIM» c [OBYMA OOMHAKOBBIMW 3HAYEHUsIMM Ha BXoAax.
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HasBaHve Teopembl NPOMCXOAWUT OT NATMHCKMX CroB «idem» — mom xe,
makol xe wn «potent» — cuma. Onepauumn BO3BpALLAOT Te Xe 3HayeHus,
KOoTOpble Bbl nogaete um Ha Bxod. Ha Puc. 2.16 nokasaHo, kak
MOEMMNOTEHTHOCTb MO3BOSISIET 3aMEHUTb SfIEMEHT CXEMbl Ha NPOBOA.

Teopema 06 uHeomoyuu T4 — 3T0 3abaBHbIN CNocob onucaHus Toro, YTo
OBOWHOE OTpULAHME NEepeMeHHOM [JaeT €€ WUCXoaHoe 3HadveHue. [lBa
nocrnefoBaTenbHO BKMYEHHbIX WHBEPTOpPA FOMMYECKM OTMEHSIT OpYyr
Opyra, TO eCTb OHW 3KBUBANeEHTHblI NPOBOAY, Kak moka3aHo Ha Puc. 2.17.
[1BONCTBEHHOWM el TEOpEMOW SBNSIETCA OHa cama.

B — —
2o

(@)

B j >

5 -7 B~l>o—|><} B

(b) -

Puc. 2.16 Teopema 06 naeMnoTeHTHOCTH Puc. 2.17 Teopema o 4ONONHUTENLHOCTH
B annapartype: (a) T3, (b) T3' B annapartype: (a) T5, (b) T5

Teopema o dononHumernsHocmu T5 (Puc. 2.18) yTBepxaaeT, 4TO onepaums
W Hag nepemeHHON n €€ nHBepCHbIM 3HayeHnem aaet 0 (MoTomy 4YTO odHa
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13 HMX BCcerga GyaeT paBHa Hyno). M, cornacHo NpyHLMMNY A4BONCTBEHHOCTMH,
onepauma WUIWN Hag nepemMeHHOW U €€ MHBEPCHbIM 3HavYeHueMm Bcerga
naet 1 (Tak kak ogHa u3 HUX Bcerga byaeT paBHa eguHuLE).

Puc. 2.18 Teopema nHBontouuu B annapartype: (a) T4, (b) T4'

2.3.3 TeopeMbl C HECKOJTbKMMU NepeMeHHbIMU

TeopeMmbl ¢ T6 no T12 B Tabn. 2.3 onMcbIBaOT, Kak YNPOCTUTb YPaBHEHMS,
BKItoYaloLwume B cebs 6onee ogHow GyneBon nepemMeHHON.

Teopembl T6 0 komMmymamueHocmu n T7 06 accoumaTMBHOCTM paboTatoT
Tak Xe, Kak U B TpaguumoHHou anrebpe. B cooTBeTCTBUM C NMPUHLIMNOM
KOMMYTaTUBHOCTW Nopsaok Bxogos ansa dyHkumn U unm UITN He BnnseT Ha
3HayeHne Bbixoga. CornacHo npuHUMNY accouuaTtuBHoCcTM  nioboe
rpynnMpoBaHne BXOLOB HE BNUSIET HA 3HAYEHWNE BbIXOAA.
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Teopema o ducmpubymusHocmu T8 sBNSETCA TOYHO TakoW Xe, Kak U B
TpaauuMoHHol anrebpe, a ABONCTBEHHasi el Teopema T8' — HeT. CornacHo
Teopeme T8 onepatop W auctpubyTtvBeH oTHocuteneHo onepauun UJA.
T8' roBoput, 4to onepatop UM amctpnbyTuBeH oTHOCMTENbLHO onepauun .
B TpaguumonHon anrebpe onepatop YMHOXEHUs  OUCTPUOYTMBEH
OTHOCMTENbLHO onepaLun CNOXeHUs, HO He HaobopoT, TO ecTb

(B+C)x (B+D)#B+(CxD).

TeopeMbl roenoweHus, ckrneusaHus W coenacoeaHHocmu T9 — T11
no3BonsAT HaM yAansTb W3NULIHME nNepeMeHHble. Ecnv Bbl HEMHOro
nogymaete, Bbl CMOXeTe ybeauTbCs, YTO 3TN TeOpeMbl CNpaBeanmBbI.

Ta6n. 2.3 ByneBbl TeopeMbl ANsi HECKONbKUX NepeMeHHbIX

Teopema [lBoicTBeHHas Teopema HasBaHue

T6 B+«C=C-B T6' B+C=C+B KommyTaTmMBHOCTL
T7 (B*C)*D=B+(C+D) T7' (B+C)+D=B+(C+D) AccoumatnBHOCTb
T8 (B*C)+(B*D)=B+(C+D) T8 (B+C)+*(B+D)=B+ (C+D) OuctpnbyTmBHoCTb
T9 B-(B+C)=B T9' B+B-C)=B MornoweHve
T10 (B=C)+(B+C)=B T10' (B+C)+(B+C)=8B CkneviBaHve
T (B*C)+(B+D)+(C-D)= T (B+C)+(B+D)+(C+D)=

B<C+B+*D (B+C)+(B +D)

CornacoBaHHOCTb

Teopema

T12 Bg'B1‘Bz--~:(BO+B1+Bz--~) T12' Bo+B1+Bz~--:(Bo'B1’Bz-~) ne Moprara
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Teopema e MopeaHa T12 sBnsieTcsi 0COOEHHO MOLLHLIM WMHCTPYMEHTOM
npu paspaboTke UMPPOBBIX YCTPOWCTB. OTa Teopema MOosCHSET, 4TO
JOMONHeHWe pesynbTaTa YMHOXEHWS BCeX TEepMOB paBHO CyMMe
OOMOSNHEHNI KaXXaoro TepMa. AHanorM4yHo AONosIHEHNE CyMMbl BCEX TEPMOB
paBHO pe3ynbTaTy YMHOXeHWS AOMOSIHEHUI KaX40ro Tepma.

B cootBetctBUM Cc Teopemon e MopraHa, anemeHT W-HE akeBuBaneHTeH
anemeHty WU ¢ wuHBepTMpoBaHHbIMM Bxodamu. AxanormyHo, WIN-HE
3KBMBANEHTEH aneMeHTy M ¢ nHBepTupoBaHHbIMM Bxogamu. Ha Puc. 2.19
nokasaHbl 3kBuBarneHTHble No e MopraHy anementol N-HE n UNU-HE.
Kaxgas napa cMmBOMOB, NpuBegeHHas AN Kaxaon yHKUMK, Ha3blBaeTcs
aBounctBeHHoN. OHM NOrMYEcKknN 3KBUBANEHTHbI U B3aUMO3aMeHSIEMbI.

NAND NOR

A A

A A

Y=AB=A+B Y=A+B=AB
A B Y A B Y
0 0 1 0 0 1
0 1 1 0 1 0
1 0 1 1 0 0
1 1 0 1 1 0

Puc. 2.19 OkBuBaneHTHble no Ae MopraHy anemeHTbl
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Kpyxoyek Ha rpadudeckom 0OO3HA4YEHWM 3MEMEHTOB  SIBNSETCS
o6o3HaveHvemM oTpuuaHus  (uHBepcuu).  MIHTYUTMBHO Bbl  MOXETE
NpeacTaBuUTb, YTO €CMU «BAABUTb» ITOT KPYXKOYEK C OOHOW CTOPOHbI
NOrMYECKOro 3MnemMeHTa, TO OH «BbICKOYMT» Ha [OPYrow, npu 3TOM Tun
anemeHta wu3meHutca ¢ U Ha WM (n HaobopoT). 3710 HasbiBaeTcs
«nepemeLlleHnem wuHsepcuny». Hanpumep, anemeHt W-HE Ha Puc. 2.19
coctout m3 anemeHta W c otpuuaHmem Ha Bbixoge. [lepemelyeHve
MHBEPCMM BMNEBO NPMBOAMT K nonyyeHuto anemeHta WA c gByms
oTpvuaHuaMKN Ha Bxofax. basoBble npaBuna ons nepemMelleHns UHBEpPCUK
TaKOBbI:

> lMNepemelleHne vHBepcuK Hasag (OT Bbixoda) unu Brneped (OT BXOAOB)
MeHsieT Tvn anemeHTa ¢ M Ha VTN n Hao6opor;

> MepemelleHne nHBepCcUM C BbIxoda Hasaf Ko Bxodam NpUBOAUT K TOMY,
4YTO Ha BCeX BXoaax noasndaeTcAa NHBEpPCuUA,

> I'Iepemeu.leHme MHBEPCUN CO BCEX BXOO0B 3fieMeHTa K Bbixo4y npueognT
K MoABNEHNI0 MHBEPCUN Ha BbiXoe.

B pasgene 2.5.2 npuHUMN nepeMeLLeHnss UHBEPCUM UCMonb3yeTca Ans
aHanu3a cxem.
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Asryct ge MopraH

Asryct ge MopraH, ymep B 1871 r. BputaHckun matemaTuk, pogwrncs B
Wuguu. Bein cnenbim Ha oguH rmas. Ero otew ymep, korga emy 6eino 10 nert.
Moctynun B Tpunutn Komnemk B Kembpupxe, u Obin  Ha3HayeH
npodeccopoM MaTemMaTuku B Bo3pacTe 22 NeT B TONbKO YTO OTKPbITOM B TO
Bpemsi JloHOoHCkoM yHuMBepcuteTe. MHOro mnucanm Ha pas3nuyHbie
MaTemaTuyeckue TeMbl, BKIoYasi Noruky, anrebpy u napagokcbl. B yecTb
ae MopraHa 6bin HasBaH kpaTep Ha JlyHe. OH mpuagyman 3aragky npo rog
cBoero poxaeHus: «MHe 6bino X net B rogy Xy,

Mpumep 2.4 TNONYHYUTE KOHBIOHKTVBHYIO ®OPMY

Ha Pwuc. 2.20 npuBegeHa Tabnuua WUCTUHHOCTM Anst GyneBon dyHkumm Y u eé
pornonHeHnst Y. Wcnonb3yss Teopemy pae MopraHa, Monyyute KOHBIOHKTUBHYIO
HopMarbHyto opMy PYHKLUUM Y U3 AN3BIOHKTUBHOW hopMbl Y.
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Pewenne: Ha Puc. 2.21 obsegeHbl MUHTEpMBbI, copepxalmecs B yHkumm Y.
[N3bIOHKTUBHAsA HopMmarnbHas doopma yHKUMK Y MMeeT crieyoLmnii BUA:

Y=AB+AB (2.4)

MpumeHas onepaumio MHBEPCUM K OBEMM YacTsM ypaBHEHUS U ABaxabl MCMOMb3ys
TeopeMy e MopraHa, nonyyaem:

Y =(Y)= AB+AB = (AB)(AB) = (A+B)(A+B) (2.5)
A B| Yy Yy mintem
0 0 0 1 AB
o 1]o0o 1 AB
1 o1 o AB
1 1 1 0 A B
Puc. 2.20 Tabnuua UCTUHHOCTH, Puc. 2.21 Tabnuua UCTUHHOCTH,
nokasbiBatowas Yu Y nokasbiBatowas Yu Y'

2.3.4 NpaBga 060 BceMm 3TOM

JTioBonbITHBIA YMTaTenb MOXET 3adaTb BOMPOC O TOM, Kak e [oKa3aTb
npaBunbHOCTL TeopeMbl. B GyneBon anrebpe gokasatensCTBO TEOpeM C
KOHEYHBIM YMCIIOM MEePEMEHHbIX SIBMSIETCS NPOCTBIM: HYXHO NokasaTb, YTO
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Teopema BepHa ANA BCeX BO3MOXHbIX 3HAYEHUN 3TUX MEepPEeMEHHbIX. o701
MeTod Ha3blBaeTCA coeepweHHoU UHOyKuueU N MOXeT ObITb BbINOSIHEH C
ncnonb3oBaHMeM Tabnuubl UICTUHHOCTH.

Mpumep 2.5 [OOKASATENNIbCTBO TEOPEMbI COIMMACOBAHHOCTU METOOOM
NONHOIro NEPEBOPA

[MokaxwuTte TeopemMy cornacoBaHHoctn T11 n3 Ta6n. 2.3.

PeweHue: npoBepbTe 06e 4acTu ypaBHeHUs ANs BCEX BOCbMW KOMBWHaLWI
nepemMeHHbix B, C n D. Tabnuua UCTUHHOCTU Ha Puc. 2.22 unniocTpypyeT Bce 3Tn
koM6uHauuu. MockonbKky paseHcteo BC + BD + CD = BC + B D BepHo ans Bcex
cnyyaeB, Teopema foka3aHa.

| BC+BD+CD | BC+BD
0 0

HKrEREFEOoOOOlm
HKFEFOORREOOIQ
Horor or ol

HHOoOOROR
HHROOROR

Puc. 2.22 Tabnuua UCTUHHOCTU, AOKasbiBalowan T11
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2.3.5 YnpoueHue ypaBHeHUN

Teopembl 6ynesoit anrebpbl NOMOralT HaM yNpoLLaTe Bynesbl ypasBHEHUs.
Hanpumep, BO3bMEM [OM3bIOHKTMBHYIO (DOPMY BbIPAXEHUS U3 Tabnuuibl
UCTUHHOCTU Ha Puc. 2.9: Y = AB + AB. B cooTtBeTcTBUM C Teopemoi T10,
ypaBHEHWE MOXHO YnpocTUTb A0 Y = B. BO3MOXHO, 3TO OYeBWUAHO Npu
B3rnaae Ha Tabnuuy UcTMHHOCTU. B oBluem crnyyae MoxeT noTpebosaTbest
HECKOMbBKO LLIAroB s YNpoLleHns 6onee CrnoXHbIX ypaBHEeHUA.

OcCHOBHOM  MPUHUMM  YNPOLIEHUSS AW3bIOHKTUBHBIX YPaBHEHWM — 3TO
KOMBMHMPOBaHWE TEPMOB C WCMOMb30BaHWEM OTHoweHns PA + PA = P,
roe P MoxeT ObITb Mobo MMnnmMkaHTon. Hackonbko MOXeT BbITb ynpoLLeHo
ypaBHeHne? [lo onpeaeneHnio ypaBHEHVWE [OWU3bIOHKTUBHOM  POpMbI
ABMSIETCS MUHUMMW3MPOBAHHBLIM, €CMM OHO BKIOYaeT B cebs MUHMManbHO
BO3MOXHOE KONMUYECTBO MMMMUKaHT. Ecnn ecTb HecKonbko ypaBHEHWA C
OOMHAKOBbIM KONMYECTBOM MMMNMMKAHT, MUHUManbHbIM ByaeT To ypaBHeHwue,
B KOTOPOM MEHbLLE NMTepanos.

MmnnukaHTa HasblBaeTcsi npoctor (prime implicant), ecnn oHa He MoxeT
6bITb 06beAuHEHa C APYIMMW UMMNIIMKAHTaMKW B ypaBHEHWUM ONsi TOro, Y4Tobbl
obpasoBaTb HOBYIO UMMMMKAHTY C MEHbLUMM KONMYECTBOM Nutepanos. Bce
UMMAUKAHTbl B MUHUMAarnbHOM ypaBHEHWUM AOSMKHbI BbiTh npocTeiMu. VHave,
OHM MOryT 6bITe 06beAnHEHbI, YTOObI YMEHbBLUNTL KONMYECTBO NMTEPAaros.



nasa 2 MpoekTMpoBaHne KOMOGUHALLMOHHOW FIOTUKU 175

Mpumep 2.6 MUNHUMUSALUNA YPABHEHNA
MuHumnaunpyiiTe ypasHenue (2.3): ABC + ABC + ABC

PeweHune: Mbl HaUMHaAeM C UCXOOHOIO YpaBHEHUSI U MPUMEHSIEM GyrneBbl TEOpeMmbl
Liar 3a Larom, kak nokasaHo B Ta6n. 2.4.

YnpocTunu nnM Mbl MONHOCTBIO ypaBHEHWe Ha 3aTtom ctagum? [daBanite NocMoTpuMm
BHUMaTenbHO. B opuriHansHom ypaeHeHnun muHTepmbl AB C n AB C otnuyaiotes
TONMbKO nepemeHHon A. o3aToMy Mbl 06beaMHseM MUHTEPMbI U nonydaem B C .
OpHaKo, ecnvt Mbl MOCMOTPUM Ha UCXOAHOE YpaBHEHUE, Mbl 3aMETUM, YTO NOCreaHue
asa muHtepma ABC n ABC Takke otnuyatotcs ogHum nutepanom (C u C). Takum
06pa3oM, UCMOMb3ys TOT KE CaMblit MeTod, Mbl MOrnM Gbl 06beauHUTb 3TW ABa
MUHTEPMA U NONYy4NTb MUHTEPM AB. MoXHO ckasaTb, 4To uMnnukaHTsl BC u AB genat

mexay cobon muHtepm AB C.

MNTaK, 0CTaHOBMMCE NN Mbl HA YMPOLLEHNN TOSIbKO OAHOW Napbl MUHTEPMOB, UM Mbl
MOXeM ynpocTutb 06e? Wcrnonb3ys Teopemy 06 WMAEMMNOTEHTHOCTU, Mbl MOXEM
aybnupoBaTb MUHTEPMbI CTONBKO pas, CKOMbKO HaM HyxHo: B = B + B + B + B...
Mcnonb3yst 9TOT MPUHUWMA, Mbl MOMHOCTLIO YMPOLLAeM ypaBHEHWE OO ero npocTbiX
umnnukanT, BC + AB, kak nokasaHo B Ta6n. 2.5.
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Ta6n. 2.4 MMHUMU3aUKnA BbipaXeHUs

Lllar BbipaxeHue O6bsACHeHue
ABC +ABC + ABC
1 BC(A +A)+ABC T8: pncTpnbyTUBHOCTDL
2 BC(1)+ABC T5: AONOMHUTENBHOCTD
3 BC+ABC T1: MOEHTUYHOCTD

Ta6n. 2.5 YnyylweHHass MUHUMU3aLUsA BbipaXeHus

Llar BbipaxeHue O6bsACHeHue
ABC +ABC + ABC
1 ABC +ABC +ABC + ABC T3: UOEMNOTEHTHOCTb
2 BC(A +A)+AB(C +0C) T8: ANcTpnbYTUBHOCTL
3 BC(1)+AB(1) T5: AONOSHUTENBHOCTD
4 BC+ AB T1: MOGHTUYHOCTb

XoTA 3TO HEeMHOro HerorM4HO, pacluMpeHve WMNAMKaHTbl (Hanpumep,
npespaweHne AB B ABC + ABC) uHorga nomnesHo npu MuHUMKU3aLUM
ypaBHeHwin. [lenas Tak, Bbl MOXeTe MOBTOPSATb OAWH W3 PacCLUMPEHHbIX
MWHTEPMOB A1 ero 06beanHeHns ¢ ApYrMM MUHTEPMOM.

Bbl mMornu 3amMeTWTb, YTO MOMHOE YMpoLleHWe OyneBbiX YpaBHEHW MNpu
nomoLLy Teopem Bynesoit anrebpbl MoXeT NoTpe6oBaTb HECKOMBKUX MOMbLITOK,
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HekoTopble M3 KOTOpbIX OyayT owwubouyHbiMu. B paspene 2.7 onwucaHa
MeTOoAMKa, NO3BOSIALLAsS YIPOCTUTL NPOLECC MUHMMU3ALMM — KapTbl KapHo.

3ayem xe TpyauTbCs Hah YrpolleHuem OGyneBa ypaBHEHWS, €CMU OHO
OCTaeTCsl NOrMYeckn aKBMBANEHTHLIM? YNpoLleHe YMeHbLIaeT KONMYecTBo
3MEeMEHTOB, MCMOMb3yeMbIX MpU (PU3MYECKOM BOMMOLEHUN (YHKUMM B
annapaTtype, TeM camblM [enasi CXeMy MeHblle, OelleBrie U, BO3MOXHO,
GbicTpee. B crneaytowem pasgene pacckasbiBaeTcsl, Kak BonnowaTs Gynesbl
ypaBHEHMS MPU MOMOLLU FOTMYECKUX SNIEMEHTOB.
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2.4 OT JIOrUKU K IOTMYECKUM INNEMEHTAM

MpuvHuMnuanbHas cxema — 3TO M300paxeHne UUPPOBON  CXEMbI,
nokasblBaloLlee 3MemMeHTbl U COeAuHsWmMe X NPOBOAHWKW. Hanpumep,
cxema Ha Puc. 2.23 nokasbiBaeT BO3MOXHYK annapaTHyl peanunsauuio
Haluen nbumon normdeckon pyHKUMM (ypaBHeHue (2.3)):

Y=ABC +ABC + ABC

Vil Va| Yo

minterm: ABC

minterm: ABC

minterm: ABC

g &J 6

Y
Puc. 2.23 Cxema Y=ABC + ABC+ ABC
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MN3o6paxas npuHUMNuanbHble CXembl B YHU(ULMPOBAHHOM BuZe, Ham
CTaHOBMUTCA Nerye ymtatb MX U OTNaxueaTb. B GOMbLUMHCTBE Cry4YaeB Mbl
Oyaem NpuaepKuBaTbCsl CreaytoLmnx Npasus:

>
>

v

Bxoabl nsobpaxatoTcs Ha NeBoW (MNU BEPXHEI) YaCTU CXEMBI;
Bbixoabl n3obpaxatoTcs Ha NpaBon (UNN HUXKHER) YaCTU CXEMBI;

Bcerga, koroa 9TO BO3MOXHO, 3reMeHTbl HeoGxoaumo m306pa>|<aTb
cnesa Hanpaso;

MpoBoaHMKKM nydwwe m3obpaxaTb MNPAMbIMA JIMHUSIMU, YEM JIMHUSMU C
MHOXECTBOM YrNoOB (HEPOBHbIE PBaHblE JIMHUWM OTBIIEKAlOT BHMMaHUeE:
nNpuUXoanTCsl CNeauTb 3a TeM, Kyaa BeayT NpoBoAa, a He AymaTtb O TOM,
4YTO AenaeT cxema);

MpoBOAHWKM BCerfga AOMKHbI COeQUHATLCH B BUAE 6yKBbI «T»;
To4ka B MecTe nepeceyeHns NpoBOAHMKOB 0003HavyaeT UXx CoeqMHEHNE;

MpoBoAHWKK, Nepecekatomecs 6e3 ToUKM, He UMEIOT COedVHEHWS Apyr
C Opyrom.

Tpw nocnegHux Npasuna nokasaHbl Ha Puc. 2.24.
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wires connect
ata T junction

wires connect
at a dot

wires crossing
without a dot do
not connect

Puc. 2.24
Wireconnections

JTloboe OyneBo ypaBHEHME B AN3BIOHKTUBHOW hopme
MOXeT ObiTb M300pakeHo B BuMAE NPUHLMNUANLHON
CXemMbl C  WCMOMb30BaHWEM  CUCTEMaTU4YecKoro
nogxoda, Kak nokasaHo Ha Pwuc. 2.23. CHavana
HapucyinTe BepTuKanbHble NMPOBOAHWUKX Asi BXOLOB.
lMomecTuTe MHBEPTOPbI Ha COCEAHVX BepPTMKamNbHbIX
NVHUSX ANA NOMYYEHUS KOMMIIEMEHTAPHbIX BXOAOB,
ecnu ato Heobxogumo. Hapucyiite ropusoHTanbHble
nvHUK, BedywmMe K anemeHtam W, gna  kaxgoro
MUHTEpPMa. 3aTeM Ans Kaxaoro BbIXOA4a Hapucymte
anemeHT WJINA, coeouHEHHBIN C  MUHTEPMOM,
COOTBETCTBYIOLLUMM 3TOMY BbIXOAY. Takom CTumb
n3obpaxeHns HasblBaeTcH nporpaMmMmmpyemon
noruyeckon wmatpuuen (MM, PLA), notomy u4TO

MHBEPTOpbl, anemeHTel W wn anemeHtsl WJA
cucTemaTu4eckn o6beauHeHb! B MacCUBbI.
Mporpammupyemble  normyeckue matpuubl  6yoyT

paccMmoTpeHbl B pasgene 5.6.

Ha Pwuc. 2.25 nokasaHa peanusaumsi ynpoLieHHOro
YpaBHEHMS, KOTOPOE Mbl MOMyYMnuM Mpu  nomoLun
O6yneson anrebpbl B [lMpumepe 2.6. 3ameTbTe, 4TO

ynpouweHHaa cxema nMmeeT 3Ha4YnTernnlbHO MeHblUe annapaTHbIX 3J1EMEeHTOB,
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yem cxema Ha Puc. 2.23. Takke ee ObiCTpoOenCcTBME MOXET ObiThb BbIlLE,
NMOCKOMbKY OHa UCMOSb3YyeT 3NIEMEHTbI C MEHBLUMM KONTIMYECTBOM BXOLOB.

Mbl gaxe MOXeM eLé yMEHbLIUTb KONMMYECTBO 3NIeMEHTOB (NMyCTb XOTS Obl
Ha  OauH MHBEPTOP), ecnu BOCMNOMb3yeMcsl NpenMyLLECTBOM
VHBEPTUPYIOLLMX NIOMYECKMX BNeMeHTOB. 3ameTbTe, YTo BC — 3T0 anemeHT
W ¢ nHBepTtupoBaHHbiMK Bxogamu. Ha Puc. 2.26 nokasaHa cxema, kotopas
ncnomnb3yeT 3Ty ONTUMM3aUMIO ANs UCKMYEHUs MHBepTopa Ha Bxoge C.
BcnomHuTe, 4to cornacHo Teopeme Ae MopraHa normdeckun snemeHT U c
MHBEPTUPOBaAHHLIMM  Bxod4amu  3KBMBaneHTeH anemeHty  WIW-HE.
B 3aBMCMMOCTM OT TEXHOMNOrMKU peanu3aunm, UCNofb30BaHNE HaVMEHbLLErO
yncna SMNeMEeHTOB UMM MCMOMb30BaHWE 3NEeMEHTOB OMpeAerieHHoro Tuna
B3aMeH Apyrmx MoxeT ObiTb BbirogHee. Hanpumep, B TexHonorum KMOI
anemeHTbl I-HE 1 UJTN-HE Gonee npegnoytutenbHbl, Yem U nnn UIA.

Y MHOMMX CXeM MMeeTCA HEeCKONbKO BbIXOOOB, KaXAbli W3 KOTOPbIX
BblYMcnaeT He3aBUCUMblE 6yﬂeBbI d)yHKLI,I/II/I ans BxogoB. Mbl Moxem
3anucaTtb oTAeNbHble Tabnuubl ICTUHHOCTU AN KaXXA0ro BbiXo4a, HO YacTo
y,EI,O6HO 3anncaTtb BCe BbiXOoObl B OOHY Ta6n|/|u,y MUCTUHHOCTU N HA4YepTUTb
OHY CXeMy A4 BCeX BbIXOO0B.
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A B Cc
A B C
A D
Y Y
Puc. 2.25 Cxema peanusaumu yHKLUU Puc. 2.26 Cxema, ncnonb3ywlyas MeHbLie
Y=B+ C+ AB 3MeMeHTOoB

Mpumep 2.7 CXEMbI C HECKOJTIbKMMW BbIXOJAMW

[ekaH, 3aBepylolmin kadenopon, acnupaHT U npeAcedaTenb coBeTa 06LeXuTusi
BpEMsi OT BPEMEHW UCMOMb3YHT OAHY ayauToputo. K coxaneHnuto, uHoraa ayautopusi
Hy)XHa MM OJHOBPEMEHHO, YTO MPWBOAMUT K KaTtacTpodam, Kak, Hampumep, Korga
BCTpPeYa [eKkaHa C MOXWUMbIMU U yBaXaeMblMU YrieHamMu MornevYnTensckoro coBeTa
Obina 3annaHupoBaHa Ha TO e BpeMsi, YTO U MMBHAs BeYepuHKa CTYAEHTOB
obwexmntnsa. Annca Xakep 6bina npurnaileHa Ans Toro, 4tobel paspaboTaTte cuctemy
pe3epBMPOBaHUS KOMHATBI.
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Cuctema mmeet 4yeTbipe Bxoga (As, ..., Ao) u yetbipe Bbixoga (Y, ..., Yo). On
curHanbl Takke MOryT ObiTb 3anvcaHbl B Buae Aso M Yso. Kaxgbli nonb3oBaTtenb
aKTVBMpYeT CBOW BXOA, KOrAa 3anpalivMBaeT ayauMTOpuo Ha criegylowmin OeHb.
Cuctema akTUBMpPYeT TOMbKO OAMH BbIXOA, NOATBEPXAas Nonb3oBaHve ayauTopuen
CaMblM  BbICOKOMPUOPUTETHLIM — Mofb3oBaTenem. [lekaH, KOTOpbIN —onnavnsaet
cuctemy, TpebyeT HauBbicLLMiA NpuopuTeT (3). 3aBeayowmii kadeapoit, acnMpaHT 1
npeacenartens coseta OOLUEXUTUS MMEIOT MpuopuTeTbl No yObiBaHWo. 3anuwuTe
Tabnuuy MCTUHHOCTM M OyneBbl ypaBHEHUA ANS 3TOW cucTembl. HayepTtute cxemy,
koTopasi byaeT BbIMOMHATL 3TY PyHKLMIO.

Pewenne: [laHHas yHKUMS Ha3blBaeTCH 4eTbIPEXBXOLAOBOW CXEMOW npuopuTteTa.
Eé ob6o3HaveHne n Tabnuua UCTMHHOCTU MokasaHbl Ha Puc. 2.27. Mbl mornun 6bl
3anucatb Kaxabli BbIXOA B AU3bIOHKTMBHOW (hOpME U YNpPOCTUTbL YpaBHEHWUS,
ucnonb3yst 6ynesy anrebpy. OfHako AOCTATOMHO MOCMOTPETb Ha (PYHKLMOHANbLHOE
onvcaHue (Tabnuuy MCTUHHOCTU), YTOObI MOHSITb, KakoBbl MOrYT ObiTb YMPOLLEHHbIE
ypaBHeHus: Y3 nmeet 3HaveHne WCTUHA Bcerga, korga nogaetcs curHan As, Takum
obpasom Y3 = As. Y paBeH UCTUHE, ecnu nogaH curHan A; 1 He nofaH curHan As,
Takum obpasom Y, = AzA,. Y1 umeeT 3HadeHne ICTUHA, ecnv nogaH curHan A; 1 Hu
Ha Kakon 13 6oree BbICOKOMPUOPUTETHBLIX BXOAOB CurHan He nogaH: Y; = AsAA;.
Yo umeet 3HayveHne NCTUHA npu nogaHHOM curHane Ap 1 KOrga HW ogvH U3 gpyrmux
BbIXOOOB He akTuBupoBaH: Y; = AA,AA.. Cxema nokasaHa Ha Puc. 2.28. OnbITHbINA
pa3paboTyMK 4acTo MOXET peanu3oBaTh NOrMYECKy CXeMy, HENOCPEACTBEHHO MSAs
B UCXodHble QAaHHble. [lpy Hanuuum YeTko 3agaHHOM cneundukaumm, nNpocTo
npeobpasyiiTe croBa B ypaBHEHVS, a ypaBHEHUS B NTOTMYECKUE ANEMEHTBI CXEMBbI.
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Priority

Circuit

Y2 Vi Y

Y3

_A:5

Ay

Ay

— %

A A A

A

Puc. 2.27 Cxema npuoputeTta
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As3AA Ay
Y3
{ >
Ay A A A|Ys Yo Y Y
Y, o o o o]o o o o0
1 o o o 1|0 0o 0o 1
o o 1 x|o o 1 o0
Yo 0o 1 X X|o0o 1 o0 o0
T 1 X X X |1 0 0 0
Puc. 2.28 TMpuHumnuansHasa cxema Puc. 2.29 Ta6bnuua UCTUHHOCTU CXEMbI
npuoputeTa

CumBon «X» UCNonb3yeTcs He TOMbKO Ans 0603HaYeHUsi NePEMEHHBIX, Ybe
cocTosiHue Ham 6e3pasnuyHo, HO U Ans 06Oo3Ha4YeHWs HeponyCTUMBIX
COCTOSIHUIA CUTHANoOB MpY CUMYMSALMKM Nnorudeckux cxem (cm. Pazpen 2.6.1).
Crapalitecb NOHATb U3 KOHTEKCTa, O KakOM BapuaHTe MCMoMb30BaHUs uaet
peyb. YT0Obl M3bexaTb TakoW [ABYCMbICIIEHHOCTW, HEKOTOpble aBTOpbI
ncnonb3yT cUMBOSbLI «Dy» nnun «?» ans 0603HavYeHNsa CMrHanoB, COCTOSIHWE
KOTOpbIX HaM 6e3pasnnyHo.

O6paTtute BHMMaHWE, YTO €CnnM B CXEMEe NpuopuTeTa NogaeTcs curHan As,
TO BbIXOAbl CXeMbl He OyaoyT 3aBUCETb OT TOro, Kakue curHanbl
NPUCYTCTBYIOT Ha oOcCTanbHbIX Bxodax. Mbl mcrnonb3yem cumBon X anst
ONMCaHUsi COCTOSIHWSI BXOOOB, KOTOpble HaM 0Ge3pasnuyHbl, Tak Kak He
oKasblBalOT BNMsSIHUS Ha Bbixogd. Ha Puc. 2.29 nokasaHo, yto Ta6nuua
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MCTUHHOCTM YETbIPEXBXOA0BONM MPUOPUTETHOW CXEMbl CTAHOBMTCS ropasfo
MeHbLUe, ecnu ybpaTb 3Ha4YeHUs1 BXOAOB, KOTOPbIMU MOXHO NpeHebpeub.
M3 31Ol Tabnuubl MCTUMHHOCTM Mbl MOXEM Jlerko nony4uTs Oynesbl
ypaBHEHMSA B AOUSBIOHKTMBHOM popme, onyckas Bxodbl ¢ X. 3HauveHus,
KOTOPbIMX MOXHO npeHebpedb, Takke MOryT BO3HMKHYTb Ha BbIXOAax B
Tabnmue UCTUHHOCTU, Kak Mbl yBUAUM B pasgene 2.7.3.

2.5 MHOIroypoBHEBAA KOMBUHALIMOHHAA NTIOM'MUKA

KomGuHaUMOHHas norvka, MOCTPOEHHAs KaK [M3bHOHKUMS KOHBIOHKLUWIA
(cymma npousBeneHuii), Ha3blBaeTCs LBYXYPOBHEBOW, NMOTOMY YTO COCTOUT
M3 nMTeparnoB, COeAMHEHHbIX C anemeHTamu W (obpasylowmumu nepsbi
YPOBEHb), BbIXOObl  KOTOPbIX COeAuHeHbl € aneMeHTamn  UJIA
(o6pasytoLmmMm BTOpoi ypoBeHb). Pa3paboTymkn 4acTo co3aatT CXEMbI C
BOnbLUNMM YACNIOM YPOBHEN NOrMYECKUX 3NemMeHToB. Takas MHOroypoBHeBast
KOMOMHaUMOHHas CXeMa MOXET WCNoSfib30BaTb MEHbLUE  JIOrMYeCcKux
3NeMEeHTOB, YeM ee [BYXYpOBHeBas peanu3auusi. OKBUBAmNeHTHble
npeobpas3oBaHns Mo 3akoHaM Ae MopraHa U nepemelleHne WHBEpPCUM
0COB€eHHO NnornesHbl Npy aHanuse u pa3paboTke MHOTOYPOBHEBbLIX CXEM.
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2.5.1 MuHMMHu3aumsa annapaTypbl

HekoTopble nornyeckne dyHKUMM TpebylT OrpoMHOro  KonuMyecTBa
annaparypbl, €Crn CTPOUTb UX C UCMONb30BaHWEM ABYXYPOBHEBOW MOTUKW.
MokasatenbHbin npumep — 910 dyHKuma UCKITIOYAIOWEE WK (XOR)
HECKONbKMX  MepeMeHHbIX.  Hanpumep,  paccMOTpMM  NOCTpOEHMWe
TpexsxodoBoro anemeHta XOR, wucnonb3ys [BYXYPOBHEBYIO TEXHUKY,
KOTOPYIO Mbl U3y4anu Ao cux nop.

Bcnomuum, yto N-BxopoBon XOR BblgaeT Ha Bbixog 3HaveHne VNCTUHA,
€CNnNN HeYyeTHOEe YMCNO BXOAHbIX onepaHaoB MMetoT 3HadeHne NCTUHA.
Ha Puc. 2.30 (a) nokasaHa Tabnvua UCTUHHOCTU TPEXBXOAOBOrO 3rieMeHTa
XOR. B Ttabnuue obBeaeHbl CTPOKKU, ONs KOTOPbIX 3HAYeHWe Bbixoda Oyaer
NCTUHA. N3 Tabnuubl WCTUHHOCTU Mbl MOHMMaeMm OpMYy NOrMYecKoro
BblpaXXEHWsi, COOTBETCTBYIOLLYIO  AMIBIOHKLUUM  KOHBIOHKUUA  (CymMme
npoussegeHnt) ypaBHeHus (2.6). K coxaneHuio, 39TO BbIpaxeHue
HEBO3MOXHO YNPOCTUTb B MEHbLLEE KONMYECTBO UMMSINKAHT.

Y=ABC + ABC + ABC + ABC (2.6)

C ppyron ctopoHbl, A ® B ® C = (A @ B) @ C (ecnu Bbl COMHEBaeTeCh,
AOKaXWTe 39TO CaMOCTOSITENbHO C MOMOLLBIO COBEPLUEHHOW WHAYKLUN).
CnepoBatenbHo, TpexsxodoBon anemeHT XOR MOXHO peanv3oBaTb
Kackagom AByxBxoAoBbix anemeHToB XOR, kak nokasaHo Ha Puc. 2.31.
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A B c

XOR3 ;

A

g > D
Y=A®B®C ] \

A B C|Y ~

0 o oo ‘

0o 1 1o i J
(1 o oD L
1 o0 1o

1 1 oo
o) ¥

(a) (b)

Puc. 2.30 TpexBxopoBoi anemeHT XOR: dpyHKUMOHanbLHas cneumdukaums (a) n
peanu3auus ¢ ABYMsi YypOBHAMM noruku (b)

AHanornyHo, BocbMmuBxogoBoi XOR noTpebyetr 128 BOCbMMBXOOOBLIX

anemeHToB W 1 ogHoro 128-BxogoBoro anemeHta UM ona aByxypoBHeBoW

peanu3aumn OU3bLIOHKUMU KOHBIOHKLMA. [opasgo nydwen anbTepHaTuBown

6yneT ucnonb3oBaTh AepeBO ABYXBX0A0BbIX anemeHToB XOR, kak noka3aHo

Ha Puc. 2.32.
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:
oy, j%ﬁ

Puc. 2.31 TpexBxopoBou anemeHT XOR, Puc. 2.32 BocbmuBxogoBow anemeHT XOR,
CcobpaHHbIN U3 ABYX co6paHHbIN U3 cemun
ABYXBX0A0BbIX anemeHToB XOR ABYXBXOA0BbIX

Bbibop Hauny4llen MHOroypoBHEBOW peanu3auun 3afaHHOW Norndeckomn
dyHKUMM  —  3TO  HenpocTom npouecc  (BbibupaTb  Hawuny4lyo
MHOTOYPOBHEBYIO peanv3aumio 3a4aHHON JTIOrMYeckon YHKLMN HEenpocTo).
Kpome TOro, «Haunydwee» MWMeeT MHOrMo0 3Ha4YeHWn: HauMmeHbluee
KONMMYEeCTBO 3MEMEHTOB, nyywee ObICTPOAENCTBUE, KpaTyanllee Bpems
pa3paboTk1, HaMMeHbLUas CTOUMOCTb, HaMeHbLLee aHepronoTpebnexue.

B rmase 5 Bbl yBUAMTE, YTO «HaUMyYLLas» cxema A1 OAHON TEXHOMNOMMN He
obsA3aTenbHO  ABMSieTCA  Haunydwen Ana  gpyron.  Hanpumep, Mbl
vncnonb3oBanu anementel MU n UINA, Ho ana KMOI-texHonorun 6Gornee
apdekTmBHbl anemeHTsl U-HE n UNW-HE. C onbiTom, Bbl yBUANTE, 4YTO ANA
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GOnbLUMHCTBA CXEM Bbl CMOXETEe HaxoOWTb XOPOLUY) MHOTOYPOBHEBYHO
peanusaumio, NPOCTO paccMaTpuBast 3T CXembl (M AeNCTBYS N0 MHTYULMK).

HekoTopbii onbIT Bbl HapaboTaeTe, u3yvas MpUMepbl CXem OCTarbHOW
YactT kHuru. Mo Mepe TOro, Kak Bbl Y4MTECb, MCCNeAynTe pasnuyHbie
BapuaHTbl pa3paboTkm u gymainTe o komnpomuccax. Cewvac Takke
OOCTYNHbI  CUCTEMbI  aBTOMAaTU3MpoBaHHOrO npoektuposaHus (CAMP),
KOTOpble NO3BOMAIOT paccMaTpyBaTb OFPOMHOE MPOCTPAHCTBO BO3MOXHbIX
MHOFOYPOBHEBbIX peanu3auui (OCyLLecTBNSATbL MOUCK B MHOrOMEPHOM
NpPOCTPaHCTBE PELUEeHWI) N HaxoAMTb Takoe, KOTOPOe Haumnyywmnm obpasom
YAOBNETBOPSET BaMM KPUTEPUAM OMTUMANbHOCTU C Y4ETOM MMEIOLLMXCS
CTPOMUTENbHbIX OMOKOB.

2.5.2 NepemelueHne HBepCUMn

Kak Bbl nomHute m3 pasgena 1.7.6 ana KMOIl-cxem nyyiwe noaxoasT
anemeHtbl I-HE n UNW-HE, a He N n UJTN. OgHako 4YTeHue ypaBHEHWUW
MHOroypoBHeBbIX cxeM ¢ anemeHtamun N-HE n UIN-HE moxeT okasatbcs
[OBOSbHO TpyAHbIM. Ha Puc. 2.33 nokasaH npMMep MHOMOYpPOBHEBOW CXEMBbI,
YHKUMS KOTOPOW He OYeBWAHA HENOCPEACTBEHHO U3 cxembl. [lyTem
nepemMeLleHns NHBEPCUM MOXHO npeobpa3oBaTb NOAOGHbIE CXeMbl Tak, YTO
WHBEPCUA COKPaTUTCH, M (PYHKUMA MOXeT cTaTb 6onee MOHATHOWN.
MocTpoeHHble Ha npuvHUMnax w3 pasgena  2.3.3, npasuna Aans
nepemMeLleHnsi UHBEPCUUN TaKoBbI:
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P HauuHaiiTe ¢ BbIxoga Lenu v ABuranTech Hasag K BXoaam.

P lMepemecTute MHBEpCMIO C O6LLErO BbIXOAA Ha BXOAbl TaK, YTOObLI Bbl
MOMMM 4uTaTb BbIpaXXEHMEe B TepMUHax Bbixoga (Hanpumep, Y), a He
MHBEPTMPOBaHHOrO Bbixoaa Y.

» lMpoaeurasicb B 06paTHOM HanpaBneHnn, MEHSINTE KaXKabl NIEeMEHT Tak,
4YTOObI YNCMNO MHBEPCUIA OKA3aroCh YETHBIM U UX MOXHO ObINO COKpaTUTb.
Ecnn Tekywuin asnemeHT uMeeT BXOAHble OTPULA@HUA, pUCYyWTe
NPeALIEeCTBYIOLWMA 3NEMEHT C BbIXOOHBIM OTpuuaHnem. Ecnu tekywuia
3MNEeMEHT He UMEET BXOAHOrO OTPUL@HUS, PUCYWTE MNpPeLeCcTBYIOLMNA
3rnemMeHT 6e3 BbIXOAHOIo OTpULAHMS.

A
B
Cc
D
Puc. 2.33 MHoroypoBHeBas cxema Ha anemeHTtax U-HE n UNTU-HE

Puc. 2.34 nokasbiBaeT, kak nepepucoBatb cxemy u3 Puc. 2.33, crneays
N3NOXeHHbIM npasunam. HauiHaem c Bbixoga Y. AnemeHTt U-HE nmeet

oTpuLaHve Ha BbIXode, KOTOpoe Mbl XOTUM YCTpaHuTb. Mbl nepecTtaBnsiem
BbIXOOHOE OTpuLaHue «Hasaa», opMupyst 3nemeHT W ¢ UHBEPCHbIMU
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BXOAaMM, NokasaHHbI Ha Puc. 2.34 (a). [lBurasicb Haneeo Mo CXeMe, Mbl
3amMeyvyaeM, YTO CaMblll MpaBbi ANeMeHT Tenepb UMeeT BXOAHOE OTpuLiaHue,
KOTOpoe MOXeT OblTb OTOpOLIEHO BMECTE C BbIXOAHbIM OTpPULLAHMEM
cpeaHero anemeHta W-HE Tak, 4TO MHBEpcuMn B 3TOM MyTW He OCTaHeTcs,
Kak nokasaHo Ha Pwuc. 2.34 (b). CpegHuin anemeHT He MMeeT BXOAHbIX
MHBEPCUI, NOSTOMY Mbl TpaHCOPMUPYEM CaMbli NEBbLIN 3MEMEHT Tak,
4TOObl OH HE UMEN BLIXOOHOrO OTPMLIAHMS, Kak nokasaHo Ha Puc. 2.34 (c).
Cenvac Bce oTpuuaHusa B cxeMe ybpaHbl, 3a UCKIIOYEHMEM BXOO0B, TaK UTO
dyHKUMS MOXeT ObiTb npounTaHa B TepMuHax anemeHtoB M n UIA ¢
[ENCTBUTENbHBIMU UMW KOMINeMeHTapHbIMU Bxogamn: Y = ABC + D.

YTo6bl NOAYEPKHYTb 3TOT NOCNEeAHUA NYHKT, Ha Puc. 2.35 nokasaHa cxema,
NorM4eckn aKBMBaneHTHas cxemMe Ha Pwuc. 2.34. ®yHKUMWM BHYTPEHHUX
COEeAVHEHN OTMeYeHbl CMHMM LBeToM. [lockonbKy nocnegoBaTenbHble
oTpuLaHMA MOryT BbITb OTOPOLLEHBI, Mbl MOXEM UTHOPUPOBAaTbL MHBEPCUN Ha
BbIXO[4E CpedHero U Ha BXOAe Camoro MpaBoro 3feMEHTOB, MOMNy4uB
NOrMYecKn IKBMBArNEHTHYI0 cxeMy Ha Puc. 2.35.
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no output
g bubble
C Y
D
(a)
bubble on
A input and output
B
(o} Y
D
(b)
no bubble on
A input and output
B
C Y
D

Y=ABC+D

Puc. 2.34 Cxema c yaaneHHbIMWU MHBEPCUSIMU

193
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A AB
B __
ABC

C Y
D

Y=ABC+D
Puc. 2.35 Jlormyeckn akBUBaneHTHasa cxema

Mpumep 2.8 TMNEPEMELWEHNE MHBEPCU B KMOT-JTOIMKE

BonbluMHCTBO paspaboTyuvkoB OymMaloT B TepMuHax anemeHtoB U u WA, Ho
npeanonoXuM, 4To Bbl xoTenu bbl peanusoBaTtb cxemy 3 Puc. 2.36 8 KMOI-noruke,
Ons KoTopon npepnovtutenbHbl anemeHtel UW-HE un WIN-HE. Wcnonbsynte
nepemMeLleHNe nHBepcuK, YTobbl NpeobpasoBaTb cxemy B anemeHTsl U-HE, UITU-HE
n HE.

PelueHune: npaAMOSIMHEWHOE pelleHVe 3akniyaeTcss B MPOCTOW 3aMeHe Kaaoro
anemeHta N Ha W-HE c wvHBepTopom, a kaxgoro anemeHta M — Ha WU-HE ¢
WMHBEPTOPOM, Kak 9TO rnokasaHo Ha Puc. 2.37. Takas cxema notpebyet 8 anemMeHTOB.
3ameTbTe, YTO MHBEPTOPbI M300paXeHbl C OTPULAHNEM Ha BXode, a He Ha BbiXoae,
YTO6bl NOAYEPKHYTL, YTO MOCMEAOBaTENbHOE ABOMHOE OTPULL@HWE HE MEHSIET NOTUKY
paboTbl CXEMbI Y MOXET OblTb OTOPOLLEHO.

O6GpaTnTe BHUMaHWE, YTO OTpULIAHNUS MOryT GbiTb J0GaBMNEHbI Ha BbIXOA 3NEMEHTa U
Ha BX0o4 Ccrnegywwero anemeHTa 6e3 U3MEHEHUs (YHKUUM, Kak MoKa3aHo Ha
Puc. 2.38 (a). BbixogHo anemeHT W npeobpasoBbiBaeTcsi B anemeHT W-HE un
MHBEPTOP, Kak nokaszaHo Ha Pwuc. 2.38 (b). 3710 peweHne TpebyeT TOMbKO NSATb
3MEeMEHTOB.
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Ool” BEoel

Puc. 2.36 Cxema Ha aneMeHTax Puc. 2.37 Mnoxas cxema Ha anemeHTax
Ununu W-HE v UNN-HE

(a) (b)

Puc. 2.38 Yny4weHHas cxema Ha anemeHTax U-HE n UWITU-HE
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26 YTO3AXWUZ?

Byneea anrebpa orpaHuyeHa 3HaveHuamu 0 u 1. OgHako pearnbHble CXeMbl
MOTYT Takke WMeTb HegonycTUMoe W MnaBalollee  COCTOSIHUS,
npeacTaBnseMbie cumeonaMu X u Z COOTBETCTBEHHO.

2.6.1 Heponyctumoe 3Ha4veHue: X

CumBon X o06o3HayaeT HEeW3BECTHOE JIOrM4ecKoe 3HayeHue wunm
HeJonycTUMoe 3HavyeHue (U3NYECKOTO HanpshKEHWss B COEAMHEHUW, He
COoOTBEeTCTBYtOLLEE YPOBHSAM norndeckux 0 n 1. 3To 06bIMHO NpPOUCXOAWT,
eCcnn K COeOVHEHUIO MOAKMYEHbl BbIXOAbl APYTMX 3MEMEHTOB CXEMbl,
Bblgatowme 3HadyeHms 0 m 1 ogHoBpeMeHHo. Ha Puc. 2.39 nokasaH Takown
crnyyaw, korga BbIXO4 Y MOAKIIOYEH K 3NIeMeHTaM, UMEIOLWMM Ha BbIXO4e
BbICOKNWM 1 HU3KNW yposHu.

A=1-
Y=X
B=0 -
Puc. 2.39 Cxema c He[ONYCTMMbIM 3Ha4YeHWEM Ha Bbixoae
OTa cuTyauus, HasbiBaemasi COCTA3aHMEM WM KOHMKTOM (contention),

cumTaeTcs owmnbKkon, 1 eé Heobxoammo m3beratb. PeanbHoe (cbuanyeckoe)
HanpsKeHWe Ha BbIXOAE C KOH(IIMKTOM MOXET OblTb rAe-TO MeXay Hyrnem u
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HaNpPsPKEHNEM MUTAHWUS!, B 3aBMCMMOCTM OT COOTHOLLUEHWUS] MOLLHOCTEWN
anemeHToB, BblgaoLwmx B Lenb BbICOKOE n HU3KOE HanpsikeHns. YacTo,
HO He Bcerga, 3HayeHue HanpshKeHUsi OKa3blBAETCsl B «3arnpeLyeHHon» 30He.
CocTsizaHne Takke MOXEeT cTaTb MPUYMHOWM MOBbLILLEHHOTO NOTpebneHus
3HEpPrun KOHMMUKTYIOWMMM 3dnNeMeHTamu, B pesynbTaTte 4ero cxema
HarpeBaeTCsl U MOXeT ObITb NoBpexaeHa.

3HayeHne X Takke WHOrAa MCMonb3yeTcs nporpaMMamu MoAenvMpoBaHus
Ans 0603HaYeHNs HEMHMLMANM3MPOBAHHOTO 3HavYeHus. Hanpumep, ecnu Bbl
3abbinn  onpedenuTb BXOOHOE 3HAYeHWe, CUMYNSTOP MNPUCBOUT  emy
3HayeHue X ang Toro, 4Tobbl NpeaynpeanTs Bac o npobneme.

Kak yxe ynomuHanocb B pasgerne 2.4, pa3paboTuvkym LUGPOBLIX CXeM
Takke UCMomnb3ylT cumBon X Ansg obosHaveHuss B Tabnuuax UCTUHHOCTU
6e3pas3nnyHbIX MEPEMEHHBIX, OT KOTOPbIX HE 3aBUCUT COCTOSIHME BbIXOJOB.
He nytante atu gBa cmeicna. Korga X nosiBnaetca B Tabnmuax NCTUHHOCTMW,
OH MOKa3bIBaeT, YTO 3HAYEHUE ITON NEepeMEeHHOW MOXET ObiTb U Hynem, K
eanHnuen. Korga X nosiBnsieTcs B CXeme, 9TO O3HA4YaeT, YTo Lenb MMeeT
HEen3BeCTHOE UMK 3anpeLleHHoe 3HavyeHve.
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2.6.2 TpeTbe cocTosiHue: Z

CumMBon Z ykasblBaeT, YTO HanpsbhKeHWe B Lenu He onpenensieTcss Hu
mctovHukom BbICOKOIMO, Hu nctouHmkom HNU3KOI O HanpspkeHus. MoBopsT,
YTO Takas Lenb OTKIOYEHa, HaxoauTCsl B COCTOSAHMM BbICOKOroO MMmnegaHca
MNn B TPeTbeM COCTOSIHMW. TUMWMYHO HenpaBunbHOE NpeacTaBneHne — 3T0
YTO HEMOAKMIOYEHHAs, UMK NNaBawLLlas Lenb MMEEeT 3Ha4YeHNe NOrMYeckoro
0. B peanbHOCTM fOrMyeckoe COCTOSIHME HEMOAKITHYEHHOW LEMUM MOXET
ObiTb kak O, Tak M 1, a HanpshkeHne Ha Hel MOXKET MPUHSATbL HeKoe
NPOMEXYTOYHOE 3Ha4YeHWe B 3aBUCUMOCTM OT WUCTOPUM  U3MEHEHUSA
COCTOSAAHNA cucTembl. HenogknioyeHHas uenb He obsi3aTenbHO O3HavaeT
Hanuuve owunbkn B cxeme. Hanpumep, kakon-HUOYAb ApYyron anemeHT
CXeMbl MOXeT 3afaTb Lenu JoNyCTUMbIA NOrMYECKUA ypOBEHb MUMEHHO B TOT
MOMEHT, Korga aTa Lenb BrMsieT Ha paboTy CXeMbI.

OaovH 13 pacnpocTpaHeHHbIX CnocoboB MOMNy4uMTb  HeonpeaeneHHoe
3HayeHne — 3TO 3abbITb MOAKIIOYUTL BXOA CXEMbl K MCTOUHUKY HanpsiXeHus
NOrMYECKOro YPOBHSI UMW NPEeanonioXnTb, YTO HEMOAKIOYEHHbIN BXo4 — TO
e camoe, 4TO Bxof CO 3HadeHneM 0. OTa owmnbka MOXeT NPMBECTU K TOMY,
YTO noBedeHMe uUenu OyaeT XaoTWYHbIM, TaKk Kak HeonpeaereHHble
3HaYeHns Ha BxXode MOryT cnydarHo MmeHaTbcsa u3 0 B 1. [lencTBuTtensHo,
KacaHusi CXeMbl MOXET ObITb 4OCTATOYHO, YTOObLI MPUBECTU K UBMEHEHUIO U3-
3a cnaboro ctaTuyeckoro anekTpuyectsa Tena. Mel Bugenu cxemy, kotopas
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KOPPEKTHO pa60Tana, TOJIbKO OO0 TeX Nop, NOoKa CTyAEeHT Aepxan naney Ha
MUKpOCXeme.

bydep ¢ Tpemsa cocTtosiHMAMM, MokasaHHbli Ha Pwuc. 2.40, nmeeT Tpu
BO3MOXHbIX BbIXOAHbIX 3HayeHusi: BbICOKOE (1), HUB3KOE (0) w
OTKIIOYEeHHOe 1nu nnasatoLlee (Z) cocTosiHne (MpuM. nepeBoaYvKa: UMEHHO
nosToMy MnaBawollee COCTOsHME HasbliBalT TpeTbuM). Bydep ¢ Tpemsa
cocTosiHuaMKN mmeeT BxoA A, Bbixog Y u curHan ynpaenenus E. Korga
curHan paspelleHus (ynpaeneHus) umeet 3HadeHne WCTUHA, Gydep c
TpeMmsi coctosgHusMM paboTaeT kak npocTton Oydep, nepepaBas BxogHoe
3HayeHue Ha Bbixog. Korga curHan ynpaenenus nmeet 3HadeHune JIOXKb,
BbIxog Oydbepa nepeknoyaeTcd B TpeTbe COCTOSHWE W CTaAHOBMUTCSH
nnasawowum (Z). bydep ¢ Tpems coctosHusmMu Ha Puc. 2.40 wnmeet
aKTUBHbIA BbICOKUI ypPOBEHb. OTO 3HAYUT, YTO KOrga curHam paspeLleHus
BbICOKWW (1), nepenava paspelueHa.

Ha Puc. 2.41 nokasaH Bydep ¢ Tpemsa COCTOAHUAMW C aKTUBHBIM HU3KUM
yposHeM. Koraa curran ynpaesnennsa HU3KUW (0), nepegava paspeluena.
MbI BUAMM, YTO CUrHaN MMeEeT aKTUBHBIN HU3KUI YPOBEHb M3-3a OTpULIaHKS,
NOCTaBMEHHOrO Ha ero BxogHonm uenu. Mbl 4acto ob6o3Havyaem Bxod C
aKTUBHBLIM HU3KUM YPOBHEM, PUCYS YepPTOYKY (CMMBOM OTPUL@HWUSA) HAf ero
umerem (E), unu gobasnsas Gykey "b" unu "bar" nocne umenu, Eb unu Ebar.
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Tristate
Buffer

Y
0
1
Z
Z

Puc. 2.40 Bydep c Tpems cOCTOAHUAMMU Puc. 2.41 Bydep ¢ Tpemsa cocToAHUAMMN
C aKTUBHbIM HU3KUM YPOBHEM

Bydepbl ¢ TpeTbMM COCTOsiIHMEM OOBIMHO WCMOMb3YTCS B LUMHAX,
COEAVHAIOWMNX  HECKONbKO  MUKpocxem. Hanpumep, Mukponpoueccop,
BuaeokoHTponnep wn  Ethernet-koHTponnep  moryT  Hyxgatbcs  BO
B3aVMOAENCTBUM C MOACUCTEMOWN MamsATU B MEPCOHaNbHOM KOMMbIOTEPE.
Kaxxgas MuKpocxema MOXeT MOAKMYaTbCcs K OobLlen WwuHe namsatu,
mcnonb3ys Oydepbl C TPETbMM COCTOSTHUEM, KaK rnokasaHo Ha Puc. 2.42.
Mpy 3TOM TONBKO OAHA MUKPOCXEMa MMEET MpaBO BbICTaBUTb CBOW CUrHan
paspeluieHusi, 4TOObl BblAATb 3HayYeHWe Ha wWuHy. Beixogbl Apyrnx
MUKPOCXEM [OMMKHbI HaxoOMTbCs B TPETbEM COCTOSHUW, 4TOObI He cTaTb
NPUYMHOW KOMMN3NUM C MUKPOCXEMOW, OCYLLIECTBRAOLWEN OBMEH AaHHbIMK C
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namaAtelo. OgHako, mobas MuKpocxema MOXeT uuTaTb UHGOPMaumio C
obuwer WwuHbl B Moboe Bpemsi. Takue LWMHbI HA ocHoBe BydepoB C Tpewmsi
COCTOSIHUSIMU  KOrga-To ObinM o4veHb pacnpocTpaHeHHbiMu. OpgHako, B
COBPEMEHHbIX KOMMNbIOTEPAX BbICOYANLLME CKOPOCTN BO3MOXHbI TOMbLKO Mpu
COeVHEHNN MMUKPOCXEM Apyr C ApyroM Hanpsmyto (point-to-point), a He ¢
MOMOLLbIO OOLLIEN LUNHBI.

(T
Processor eni

to bus
from bus
—

Ay

TR
Video en2
to bus

from bus
~——

A

—— shared bus
Ethernet en3

to bus

from bus
~——

Ay

—
Memory en4
to bus

from bus
-~/

Ay

Puc. 2.42 LUunHa c TpeTbUM COCTOSIHUEM, COeAMHAIOLWAsA HECKONbKO MUKPOCXEM
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2.7 KAPTbl KAPHO

Mocne Toro, kak Bbl oOcCyllecTBMTE HECKONBbKO MpeobpasoBaHuii Mo
MUHMMU3aLuKM  OyneBbIX ypaBHeEHWW, wucronb3dys Oynesy anrebpy,
Bbl nonimeTe, 4To 6€3 coGnogeHUss JOMKHOM akKypaTHOCTU, UHOTAA MOXHO
Nnosny4YnTb peLLeHne, COBEPLLUEHHO OTMMYHOE OT TpPebyemMoro ynpoLLEeHHOro
ypaBHeHusi. KapTel KapHo npeacTtaBnsioT cobow HarnsigHbli mMeTon Ans
ynpoweHnsa 6ynesbix ypaBHeHun. OHn 6binm n3obpeteHsl B 1953-m rogy
Mopucom KapHo, TenekoMMyHMKaLMOHHBIM UHXXeHepoM 13 coupmbl Bell Labs.
KapTtbl KapHo oyeHb yaoOHbI B cryyasix, KOrga ypaBHEHWE COOEPXWUT A0
YeTbIpEX nepeMeHHbIX. Ho, 4To Oonee BaXHO, OHWM JalT NMOHUMAaHWE CYTU
npy MaHWNyNMPOBaHUN NIOrMYECKUMUN BblPaXXeHUSMU.

Mopuc KapHo pogunca B 1924 ropgy. lMonyuynn cteneHb GakanaBpa no
cunsnke B Fopoackom konnemke Hito-Mopka B 1948 roay, a B 1952 nonyunn
cTteneHb [pAoktopa dwunocoum no dwusuke (Ph.D., aHamor crenexHu
kaHauaaTa Hayk) B MlenbckoM yHuMBepcuTeTe.

C 1952 no 1993 rogbl pabotan B Bell Labs 1 IBM. C 1980 no 1999 roa
ABNANCSA NPOECCOPOM MHMOPMATUKM B [ONMTEXHUYECKOM YHMBEpCUTETE
Hbto-Mopka.

Kak ™Mbl NOMHMM, normyeckas MUHUMKU3ALNSA ocyulecTendaeTca nyrtem
cknenkn tepmoB. [1Ba Tepma, BKMovawwuve B cebs uMnnamkaHTy P 1 gBa
NOrm4ecKknx 3HavyeHuns HeKOTOpOVI nepemeHHoﬁ A, o6begnHsioTCs, npun aTom
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nepemMeHHasa A ucknovaeTcs. KaprI KapHo NO3BONAKOT NEerko HaxoguTb
TEePMbl, KOTOPbl€ MOXHO CKINNenTb, pacnoriarad nx B suae Tabnumupl.

Ha Puc. 2.43 nokasaHa Tabnuua MCTMHHOCTM 1 KapTa KapHo ans dyHKkumm
Tpex nepemeHHbiX. BepxHasa cTpoka gaeT 4 BO3MOXHbIX 3HAYeHWs Ans
nepeMeHHblx A n B. JleBas KOnMoOHKa [aeT 2 BO3MOXHbIX 3Ha4YeHus
nepemeHHon C. Kaxpas kneTka kapTel KapHO COOTBETCTBYET CTpOKe
Tabnuubl UCTUHHOCTU U COOEPXUT 3Ha4eHne yHKUMM Y U3 3TOW CTPOKU.
Hanpumep, BepxHas neBas KrneTka COOTBETCTBYET NEePBOW CTpoke Tabnumupl
MCTUHHOCTU M NOKa3blBaeT, YTO 3HayeHue dyHkumm Y byaeT pasHo 1, korga
ABC=000. Kak n kaxpgas ctpoka B Tabnuue WUCTUHHOCTW, Kaxaasi knetka
kapTbl KapHo npepctaBnsieT cobOon OTAENbHbLI MUHTEPM. [Onsa nydwero
noHumaHus, Ha Puc. 2.43 (c) nokasaHbl MUHTEPMbl, COOTBETCTBYHOLLUME
KaXK4ow KneTke KapTbl KapHo.

Kaxxpgasa kneTtka, WM MWHTEPM, OTNMYAETCA OT CocedHel WU3MEHEHWEM
TONMbKO OOHOW MNEpPEeMEHHOW. JTO 3HaYMT, 4YTO COocefHue KMeTku
pasnuyaloTCsl TONMbKO B 3HAYEHUM OZHOrO nutepana, 3HaYeHUe KOTOpOoro
KUCTUHHO» B OLHOWM KNeTke U «NOXHO» B cocefHew. Hanpumep, knetku,
npeactasnsowme muHtepmbl A B Cun A B C — coceaHue u pasnuyaetcst
Tonbko B nepemeHHon C. Bbl, HaBepHoe, Takke OTMETUNN, YTO NepPeMEHHbIe
A 1 B kombuHMpytoTCsi B BEpXHen cTpoke B ocobom nopsigke: 00, 01, 11, 10.
OTOT nopsifok HasbiBaeTca kodom [pesi (Gray code). B otnuuve ot
GuTOBOrO Nopsaka no BospactanHuto BenuumHbl (00, 01, 10, 11), B Koae Mpes
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CcoCefiHME 3anucu OTNMYatoTCsl TONbKO Ha OAMH paspsag. Hanpumep, 01 @ 11
oTnM4yaeTca Tonbko MamMeHenvem A ¢ 0 Ha 1, Torga kak 01 : 10 TpebyeTt
mameHenmss A 3 1 B8 0 m B n3 0 B 1. Takum o6pas3om, OObIYHbLIV
nocnegoBaTenbHbI NOBUTHBIN NOPSAOK He AaeT Tpebyemoro Ham cBoncTBa
COCefHNX siYeeK, KOTOpbIA [OKHbl pasnMyaTbCs TOMbKO B OOHON
nepemMeHHoWn.

Kog lpesi 6bin 3anateHToBaH PpaHkom [peem, uccnepoatenem u3 Bell
Labs, B 1953 rogy (nateHt CLUA Homep 2,632,058). OtoT Kog ocobeHHO
noreseH [Ans 3reKTpoMexaHU4yeckux npeobpasoBartenen (Hanpumep,
[aTyuKoB yrna rnoBopoTa — MpUM. MepeBodYuka), Tak Kak OH MO3BOMsieT
1M36aBUTLCS OT NOXHBLIX cpabaTtbiBaHui. Koa rpes MoxeT ObiTb nto6on
paspsgHocTu. Hanpumep, TpexoutHbii kog pes BoirnsguT Tak: 000, 001,
011, 010, 110, 111, 101, 100.

Jlbtouc Kapponn ony6nukoBan Moxoxyk 3aragky B kypHane Vanity Fair B
1879 rogy.«[MNpaBuna npocTbl. [laHbl ABa crioBa OAMHAKOBOW ANWHbI. HyXHO
COEAMHUTL UX LIENOYKON CrI0B, B KOTOPOW [Ba COCEAHMX CroBa OTNMYaloTCA
NULLb OOHOWN GYKBOW» — HaMMcar OH.

Hanpumep, cnoBo SHIP moxHo npeBpatute B cnoBo DOCK Ttak: SHIP,
SLIP, SLOP, SLOT, SOOT, LOOT, LOOK, LOCK, DOCK. MoxeTe nu Bbl
HanTn 6onee KOPOTKYytO LIENOYKY?

KapTbl KapHo Tak e «3akonbuoBaHbl». KrneTka ¢ camoro npaBoro kpas
Tabnuubl sABNSIETCA cocedHelt ¢ caMoW NEeBOM, TaK Kak OHW OTnM4yatoTcs
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TONbKO B OAHOW nepemeHHon (A). MoXHO CBepHyTb KapTy B LMRAMHAP,
CoeVHMB Kpasi, U Oaxe B 3TOM Crny4vae cocefHue KneTku Takke OyayT
OTNMYaTLCS TONBKO B OAHON NEPEMEHHOMN.

2.7.1 lymanTe 06 oBanax

Ha kapte KapHo Ha Puc. 2.43 copepXuTca TONbKO OBe eAuHULbl, 4YTO
COOTBETCTBYET YMCIy MUHTEPMOB B ypasHeHun (A B C un A B C). UteHne
MUHTEPMOB ¥3 kapT KapHO B TOYHOCTM COOTBETCTBYET YTEHUIO
OVN3BIOHKTUBHOW HopManbHou dopmbl (QH®D) n3 Tabnmubl UICTUHHOCTY.

AT AB AB

I o\ 00 01 11 10 N0 o 11 10
O o| 1 0 0 0 o| 2BC | a8C | ABC | ABC
o 1 1o ABC | ABC | ABC | ABC
1 0 0 0

1 0 1 0 —_— — _
D 1| 1 o | o o 1| ABc | ABC | ABC | ABC
1 1 1 0

-
o)

(b) (c)

Puc. 2.43 ®yHKUuA Tpex nepeMeHHbIX: Tabnuua ucTMHHocTH (a), kapta KapHo (b),
kapTa KapHo ¢ MuHTepmamum (c)
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Kak » paHblwe, Mbl Mornu G6bl Mcnonb3oBaTb OyneBy anrebpy Aans
MUHVMMU3ALNN:

Y=ABC+ABC+AB(C+C)=AB 2.7)

Puc. 2.44 MuHumMmusauus npym nomowm kaptbl KapHo

KapTbl KapHo nmomoratoT Ham genaTb 3TO YnpoLleHue rpadmyeckun, obsoaa
eauHMLbl B COCEAHUX KIeTKax oBanamMu, Kak nokasaHo Ha Puc. 2.44. [Ons
Ka)X4oro oBarna Mbl MULIEM COOTBETCTBYHOLLYIO €My UMMNMKaHTY. BcnomHuTe
13 pasgena 2.2, YTO MMMNAMKaHTa SIBNSIeTCA Npou3BeaeHneM OAHOro Wunmu
Heckonbknx nutepanoB. [lepemeHHble, ANs  KOTOpPbIX npsiMas W
KOMMfieMeHTapHas ¢opMbl MonagatoT B OAWH OBas, WCKM4YaKTcs U3
UMnnukaHTel. B Hawem cnyyae obe copmbl nepeMeHHon C nonagatT B
OBasn, Tak YTO Mbl He BKMOYAeM e€e B MMMIMKaHTY. [pyrumu crnosamu,
Y = UCTUHA korga A = B = 0 BHe 3aBuncumMocTn oT C. Tak YTo MMMNANKAHTON
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6ynet A B: kapTa KapHo gaeT TOT Xe caMblii OTBET, Kako Mbl MOMyuunu,
ncnonb3ys 6ynesy anredpy.

2.7.2 Jlorn4yeckass MMHMMMU3aALMA Ha KapTax KapHo

KapTbl KapHo obecneunBatoT NpoCTOW BU3yasbHbIA CMOCOO MWHMMMU3aLUN
NOrnYecknx BblpaxeHuin. MNpocTo obBegmTe BCe NPSIMOYroribHble Onoku C
eVHMLaMN Ha KapTe, UCNOMb3ysl HaMMEHbLLEE BO3MOXHOE YMCIO OBasioB.
Kaxabii oBan gomkeH ObiTb MakcumanbHO Gonblwinm. 3atem npouutante
BCE UMMJINKAHTLI, KOTOpble 0O6BEAEHbI.

HanomHum, 4to dhopmanbHO ypaBHeHuss Gyneson anrebpbl SABNsIOTCA
MWHMMAanbHLIMK, TOMBKO KOrAa 3anucaHbl Kak CyMMa HauMmeHbLUero yvcna
nepBUYHBbIX MMMNUKaHT. Kaxabii oBan Ha kapTe KapHo npegcraBnsieT cobon
UMMNUKaHTy. MakcumanbHO BO3MOXHbLIM  OBan ABMSAETCA  MEepPBUYHON
MMMNIIMKaHTOWN.

Hanpumep, Ha kapTe KapHo Ha Puc. 2.44 ABC n ABC MMNIMKaHTbl, HO He
nepeuuHble. Ha aToi kapte Tonbko A BABnsSeTCs NepBUYHON UMMIIMKAHTON.
MpaBuna AnNs HaxoXAeHWs MWHUMAanbHOrO YypaBHeHWs u3 kapT KapHo
cnegywoLume:

P cnonb3oBaTb MeHblUe BCEro OBasfioB, HEOOXOAUMBIX AN MOKPbITUSA
Bcex 1;
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P Bce kneTku B Kaxaom oBane obasaHbl cogepxatb 1;

P Kaxgblt oBan [oOMKeH OXBaTblBaTb 6GMOK, YUCMO KIEeToK KOTOpPOro B
KaXXgoM HanpasreHun paBHO cTeneHn ABOVKK (To ecTb 1, 2 unu 4);

> Kaxxgbii oBan OormkeH HAacTONbKO O0MbLLMM, HACKOMbKO 3TO BO3MOXHO;

v

OBan MoxeT cBA3bIBaTb Kpasa kapTbl KapHo;

P> EauvHnua Ha kapte KapHo mMoxeT 6biTb 06BeAeHa CKOMbKO YrofHO pas,
ecnu 3TO NO03BONAET YMEeHbLMTb YWUCMO OBarnoB, KoTopble 6yayT
MCMOMb30BaTLCA.

Mpumep 2.9 MUHUMNSALINA ®YHKLIMWN TPEX NMEPEMEHHbLIX MNP NMOMOLLNA
KAPTbI KAPHO

Mpegnonoxum, y Hac ectb yHkUms Y = F (A, B, C) ¢ kapTon KapHo, noka3aHHOM Ha
Puc. 2.45. YnpocTum 310 BbipaxeHue, ncnonb3ys kapTy KapHo.

PeweHue: O6BegemM eauHuLbl Ha kapTe KapHo, ncnonb3ysi HauMeHbLLIee BO3MOXHOE
KONMMYEeCTBO OBaroB, Kak nokadaHo Ha Pwuc. 2.46. Kaxgbim oBan Ha kapTe KapHo
npeacTaBnsieT cobovi NEPBUYHYO UMMINKAHTY, @ ero pasMep KpaTeH CTeneHu OBOWKM
2x11n2x2).

Mbl  cchopMupyem MepBUYHYIO MMMMUKaHTY [Afs KaX4oro BblAeneHHoro osana,
BbIMUCBIBASA TOMbKO T€ MEepPeMeEHHbIe, KOTOPble MOSBNAITCA B HEM TOMbKO B MPSMOW
UnNn B KOMNNeMeHTapHou dgopmax. Hanpumep, oBan pasmepom 2 x 1 BKMoyaeT B
cebs npsMyIo 1 KOMMIEMeHTapHyo hOpMbl NEPEMEHHON B, Tak YTO Mbl HE BKITHOYaeM
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B B nepBuyHy0 nmnnukaHty. OgHako, B 9TOM OBafne eCTb TOMbKO npsMas cpopma
nepemeHHon A (A) 1 KomnnemeHtapHas dopma nepemenHon C (C), Tak 4to Mbl
BKIIOYaEM 9TU NEPEMEHHbBIE B NEPBUYHYI0 UMMIMKAHTY A (A). MogobHbIM xe 06pasom
oBan pa3mepom 2 x 2 nokpblBaeT Bce knetku, rge B = 0, Tak 4TtO nepBuyHas

umnnukaxTta 6ynet B.

OﬁpaTVITe BHUAMaHMe, YTO NpaBas BEPXHAA KneTka (MVIHTepM) ncnonb3dyeTca ABaxKabl,
4TOOLI cAenaTtb oBarnbl NepBUYHbBIX UMMNITUKAHT KakK MOXHO G6onbwmmMn. Kak mbl BUaenu
B 6y]'|eBOI;1 anre6pe, 3TO 3KBMBAINIEHTHO COBMECTHOMY MUCMONb30BaHUIO MUHTEpPMa aAnA
YMEHbLUEeHNA pa3Mepa UMNINKAHTbI. Tarke o6paT|/|Te BHUMaHuWe Ha TO, 4YTO oBan,
I'IOKprBa}OLLWIIﬁ YeTblpe KNneTku, OﬁOpaHMBaeTCH yepes Kpad KapTbl KapHo.

00 01 11

(1
ol 1 | o | 1 | 1 11 1 0 | 0

1] 1 0 0 1 Y=AC+B

<
>
[5+]
)
)
IS4
=
5
S}
J
o

>
= O
- - |la
@

Puc. 2.45 Kapra KapHo ans npumepa 2.9 Puc. 2.46 Puc. 2.46 PeweHue npumepa 2.9
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Mpumep 2.10 OEWNOPATOP CEMNCEMMEHTHOIO MHAONKATOPA

[ewmndpaTop ceMUCErMEHTHOro MHAMKaTopa MonyyYaeT Ha BXOA4 4YeTblpexbuTHble
AaHHble D[3:0] n dopmupyeT cemMb BbIXO4OB Afsi ynpaBrneHus cBeToguoaamu Ans
nokasa umdp ot 0 o 9. Cemb BbIXOOOB YaCTO Ha3bIBAKOT CErMEHTamMu OT a Ao g, Unu
S-Sy, Kak nokazaHo Ha Puc. 2.47. Camu undpbl nokasaHsl Ha Puc. 2.48. CoctaBum
Tabnuuy WCTUHHOCTWM AN BbIXOAOB W Mcrnonb3yeM kapTbl KapHo Ansi HaxoxaeHust
NOrM4ecKoro ypaBHeHust Ans BbixodoB S, u S, [py 3TOM NpeanonoXxum, 4To
3anpeLleHHble BXoAHble 3HaveHus (10-15) Hnyero He BbIBOAAT Ha MHAMKATOP.

7-segment

display
4
+D decoder S

a

T

f|i|b
el e

d

Puc. 2.47 CeMucermeHTHbIN UHAMKaATOP
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0 1 2 3 4 5 6 7 8 9
Puc. 2.48 LUudpbl Ha ceMMcerMeHTHOM MHAUKaTope

PeweHue: Tabnuua uctmHHOCTM faHa B Tabn. 2.1 Hanpumep, Bxog 0000 gormkeH
BKIOYaTb BCE CErMEHThI, 3a UCKIMoYeHneM Sq.

Ta6n. 2.6 Tabnuua NCTUHHOCTKU AelwndpaTopa CeMMCErMEeHTHOro MHAMKaTopa

D30 Sa Sp Sc Sa Se St Sg
0000 1 1 1 1 1 1 0
0001 0 1 1 0 0 0 0
0010 1 1 0 1 1 0 1
0011 1 1 1 1 0 0 1
0100 0 1 1 0 0 1 1
0101 1 0 1 1 0 1 1
0110 1 0 1 1 1 1 1
0111 1 1 1 0 0 0 0
1000 1 1 1 1 1 1 1
1001 1 1 1 0 0 1 1

Mpouve 0 0 0 0 0 0 0
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Kaxabln M3 cemMu BbLIXOOOB SBMSIETCA HE3aBUCUMOWN DYHKUMEW OT 4eTbipex
nepemeHHbIx. KapTbl KapHo Ans BbixogoB S; U S, nokasaHbl Ha Puc. 2.49. MNomHuTe,
4YTO COCefHMEe KMeTKU MOryT OTNMYaThbCs TONbKO OAHOW NEPEMEHHOM, TakK YTO Mbl
npomapkupyem cTpoku u ctonbubl B koge pesi: 00, 01, 11, 10. ByabTe 0CTOPOXHbI U
NOMHUWTE 3TOT NOpPSAOK, koraa byaeTe BNUCbIBAaTb 3HAYEHNS BbIXOAOB B KNETKU.

S, Sp
Dy, D2
Dy 00 01 11 10 Do 00 01 11 10
00 1 0 0 1 00 1 1 0 1
01 0 1 0 1 01 1 0 0 1
1 1 1 0 0 11 1 1 0 0
10 1 1 0 0 10 1 0 0 0

Puc. 2.49 Kaptbl KapHo ansa S, u S,

3atem 006BegeM MepBuYHbIE WMMNUKaHTbL. TpuM 3TOM MCMONb3yeM MUHUMAIIbHO
HeobGXxoauMoe KOMMYEeCTBO OBanoB Ans MOKpblTMS Bcex eauHuy. Oanbl MoryT
CBsI3bIBaTb Kpasi (BepTMKasibHbIE U FOPU3OHTasIbHbBIE), @ Kaxaas eauMHULa MOXeT GblTb
BbleneHa Heckonbko pa3. Ha Pwuc. 2.50 nokasaHbl MepBUYHbIE WMMMMKAHTBI U
YNPOLLEHHbIE NIOTMYECKUE YPaBHEHUS.
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00100 — DDy,
01 1 0 1 01 1 0 0] 1
D3D,D, Ds 52 51 [ — _
D3D;Dy
1 1 1 0 0 1 1 1 } 0 0
_ N
DsD.
10 1 1 0 0 10 1 0 0 0
F—— ——
D3D;
S,= 5301 + EgDzDo + D35251 + 525‘ 50 Sp= 53524- 5251 + 53D1 Dy + 5351 50

Puc. 2.50 PewweHune ynpaxHeHus 2.10

3ameTbTe, YTO MUHUMAIbHbLIN HAbop NEPBUYHLIX UMMANKAHT — HEe €AMHCTBEHHO
BO3MOXHbIA. Hanpumep, 3anucb 0000 Ha kapTe KapHo ans S, MoxeT ObiTb BbiaeneHa
BMecTe ¢ 3anucbto 1000, nonyyas muHtepm D,D1D,o. Ho BMecTo 3Toro oBan MoxeT
BKMoYaTh B cebs 3anmck 0010, nonyyas MuHtepm D3D,Dy, Kak nokasaHo MyHKTUPHOM

nuHWen Ha Puc. 2.51.

Puc. 2.52 wnniocTpupyeT pacnpocTpaHeHHyl owubKy, korga He nepBuyHas
VUMNNVKaHTa BbIGMpaeTcs ANs NOKpbiTUSt 1 B NIEBOM BepXHEM Yriy. OTOT MUHTEPM

DsD,D+Dy paeT AW3BLIOHKUMIO KOHBIOHKUMIA (CymMMYy Npou3BedeHwui), KoTopas He
MUHUMU3NpOBaHa. Ero MoxHo 6bino 6bl CKOMOGUHUPOBATL C NMOOLIM U3 ABYX COCEAHUX
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MWHTEPMOB [fsi MONyYeHusi oBana Gonbluero pasmepa, kak Obiio caenaHo Ha

npeabliaywmx AByx pucyHkax.

11 10

D35251

S,= D30, + D3D,Dy + D3D,D; + Dy 0,0,

Puc. 2.51 AnbTepHaTuBHas kapta KapHo
AnA S,, ncnonb3yolas Apyron
Habop NepBUYHbIX UMNIIMKAHT

Dyo\. 00 ot il 10

D3D,D;

DsD, ‘
10 1 1 0 0

S,=D3D; + D3D,Dy + D3D,D; + D20,D, D,

Puc. 2.52 Kapra KapHo ans S,,
Mcnonb3yLas HEKOPPEKTHYIO
UMMAUKaHTY
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2.7.3 be3pa3nunyHbie NnepeMeHHblIe

BcnomHuTe, Yto 6e3pasnuyHbie nepemMeHHble B Tabnmue MCTUHHOCTK Obinn
BBEEHbI B pasgerne 2.4 s yMEHbLUEHUS Yucra ee CTPOK B TeX criyyasx,
KOrda COOTBETCTBYHOLIME MNEPEMEHHblE He BNUSIT Ha  BbIXOA.
OHu o60o3HavaoTCA CMMBOIIOM X, KOTOPbIA O3HayaeT, 4YTO 3HayeHue
BXOHOW NepemMeHHOoN MoXeT ObITb unu 0, unm 1.

He Tonbko BXOAbl, HO W BbIXOAbl MOIYT ObITb 693pa3J'IVILIHbIMVI, ecnn
COCTOAHME BbiXOO4a He BaXXHO UM COOTBETCTBYHOLLAsA KOMOWHaLMA BXOO0B
HUKOrga He BO3HMKaeT. Takue Bbixoabl MOryT TPaKTOBaTbCA U KakK 0, unn
KaK 1, B 3aBMCMMOCTM OT TOrO, Kak pewnTt pa3pa60Ttw|K.

B KapTtax KapHo 6e3pa3nv|qu|e nepemMeHHble No3BONAKT NpoBecTn eLlle
6OJ'IbLIJyP0 Norn4eckyro MMHMMU3aLNIo. Mx MOXHO BKMoYaTb B OBarbl, €CNK
9TO NomMoraeT NoKpbITb eANHULbI NN MEeHbLUMM KONnM4eCcTBOM OBasiom, Unun
oBanamu, 6onbwMmMmn no pa3mMmepy, HO UX MOXHO U He NOKpbIBaTb, €Crn 3TO
He nomoraetT MMHUMU3auuu.

Mpumep 2.11 OEWNOPATOP CEMNCEMMEHTHOIO MHONKATOPA
C BE3PAS3JIMYHbIM/ NEPEMEHHbLIMA

MosTopuM npumep 2.10 ana cnyyas, KOraa Hac He MHTEPEeCYloT 3HaYeHUs! BbIXOA0B
npu 3anpeLyeHHbIX BXOAHbIX 3HaveHusx ot 10 go 15.
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PeweHune: Kapta KapHo c 6e3pa3nnyHbiMu 3fieMeHTaMu, OTMEYEHHbIMU Kak «X»,
npeactaeneHa Ha Puc. 2.53. [NockonbKy Takue anemeHTbl MOryT ObiTb paBHbl kak 0,
Tak 1 1, Mbl UCMOSMb3yeM UX TaM, r4e 3TO NMOMOXET MOKPbITb €AWHMLI UM MEHBLLUM
KONMYEeCTBOM OBAarioB, Unu oBanamu, 6onblimmy no pasmepy. O6BeaeHHbIe 3HAYEHUSI
X TpakTyloTcs Kak 1, He obBefeHHble — kak 0. MNMocmoTpuTe, kak Ans cermeHTa S,
MOXHO BbIAENUTb OBan pasMepoM 2 X 2, 0b6beauHSIOWMIA BCe 4YeTblpe yrna.
Wcnonb3ywiTte kneTku ¢ 6e3pa3nuyHbiMy 3HaYEHUSIMU AN YNPOLLEHUS NIOTUKA.

Sa Do Sb Do
D\ 00 01 11 10 DaN_00 01 11 10
00 1 0 X 1 00 [ 1 1 X 1 ]
01 0 1 X 1 01 1 0 X 1
11 ‘ 1 1 X X 1 [1 1 X xj
10 1 1 X X 10| 1 0 X X
1 I
S,= Dy + DoDy+ DDy + Dy Sp=D,+D;Dy+ DD,

Puc. 2.53 KapTta KapHo ¢ 6e3pa3nu4HbiMU NepeMeHHbIMU
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2.7.4 MoaBoas utoru

Bynesa anrebpa u kapTbl KapHo — ABa mMeToda NOIMYECKOro YNpoLLEHWs.
B kOHeuHOM cueTe, Lenblo ABMSETCA HaXOXOeHUe HavMeHee 3aTpaTHOro
MeToJa peanu3aumny KOHKPETHOMN NOrM4eckoin OyHKLMK.

B coBpemeHHOW WHXeHepHOW NpakTUKe KOMMbIOTEPHbIE MNPOrpamMmbl,
HasbiBaeMble cuHTesaTopamu norvkn (logic synthesizers), nposogdaTt
yrpoLeHMe CXem MO OMUCAHUIO NOrMYEeCKUA (PYHKUWUWA, Kak Mbl YBUOAMM B
rnase 4. [ina 6onbwunx 3agay nporpammbl MOTMYECKOTO CUHTE3a HaMHOro
apdekTuBHee mogen. [N mManeHbKX e 3afdad 4erioBek C HeKOTOpbIM
OMbITOM MOXET HaWTW XOpolUee pelleHne «Ha rnas». Hukto u3 asTopoB
KHAMM, TeM He MeHee, HMKOrAa He ucrnonb3osan kapTbl KapHo B peanbHomn
XWU3HW ONA pelleHus npakTudeckux 3agad. Ho noHumaHue npuHUMNOB,
nexawumx B ocHose kapT KapHo, kpanHe BaxHO. Kpome Toro, 3HaHue kapT
KapHo yacTto cnpalumsatoT Ha cobecefoBaHumsx!
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