KOMBUHAIIMOHHBIE IU®POBBIE YCTPOMCTBA.

3ananmue.

. Ilo nanHbIM Tabnuibl 1 3anmucaTe OyJIEBO BBIPAKEHUE.

. MUHUMH3UPOBATh TMOJYYEHHOE BBIpaXEHUE JABYMs crocobamu (cC
nomoibio Kaptel KapHo u Teopem OyieBoit anreOpsr).

. Ilocne MUHMMU3AIUMU BBIPAXKEHUSI CUHTE3UPOBATh KOMOWHAIIMOHHOE
YCTPONCTBO, UCTIOJB3YS MOJHBINA HAOOP JIOTMYECKUX IJIEMEHTOB.

. IlepeBectu MunuMu3upoBaHHoe BoipakeHue B 6asuc M-HE.

. CuHTe3upoBaTh KOMOMHAIIMOHHOE YCTpolcTBO B O6a3uce M-HE.



Ta0muma 1

Howmep BapuanTa Howmep BbIX0aa
1 1,3,4,7,13
2 2,7,8,10,12
3 2,4,8,12,13
4 3,6,8,11
5 3,4,9,12,14
6 2,59
7 1,2,7,9
8 11,14,15
9 1,3,7,9,12
10 1,5,6,9
11 6,8,14,15
12 3,5,9,14
13 1,4,8,9,10
14 6,10,12
15 5,8,11,15
16 2,7,11,14
17 11,13,14,15
18 2,3,6,7,9
19 5,6,12
20 1,11,14




OcHoBHbBIE TCOPETUIECCKHUE CBCICHUS.

Jlornyeckne 3JIE€MEHTDI, TA0JIMIbI HCTHHHOCTH, 6yJIeBbI BBIPA’KCHHUSA

Jlormueckue »JIEMEHTHI — OTO JJIEMEHTapHbIe MH(PPOBBIE YCTPOUCTBA,
KOTOpbIE€  HUCIIOJNB3YIOTCS  JJIi  00paboTku  uHpopmaruu B IUdpoBoi
IIOCJIEA0BATEIBHOCTH CUTHATIOB BBICOKOTO — «1» 1 HU3KOro — «0» ypOBHEN.

TexHu4yeckoe BBIMIOJHEHUE JIOTUYECKUX JJIEMEHTOB OCYILECTBISITRCA Ha
pene, TpaH3WCTOpax, JuoAax W JAp. B  HacTosmee BpeMs IIMPOKOE
pacnpocTpaHEHHE TIONYYWJIA JIOTUYECKHE DOJIEMEHTHI B BUIAE IU(POBBIX
WUHTETPATbHBIX MUKPOCXEM.

QOYHKIMOHAIIBHBIE CBOMCTBA JIOTMUECKUX JJIIEMEHTOB U  yCTPOWCTB
OMMCBIBAOTCSA madauyeu ucmuHHocmu W OynegulM ypaeneHuem. B Tabnuue
MCTUHHOCTH JIOTUYECKOTO 3JIEMEHTA YKa3bIBAIOTCS BCE BO3MOXHBIE 3HAUYCHUS
CUTHaJIa Ha BBIXOJIE JIJIsl TI000M KOMOMHAIIMY CUTHAJIOB HA BXOJie. TakuM 00pa3om,
TabauIa WMCTUHHOCTH JIA€T  HCUEPIBIBAIONIYI0  XapaKTEPUCTHUKY  PaOOThI
JIOTUYECKOTO DJIEMEHTA, T.€. OIMKCHIBACT JIOTHYECKyl0 ¢yHKIU0. Jloruyeckas
GbyHKIUsA, TpeACTaBICHHAas CUMBOJaMH anreOpsl byns, Bwipaxkaercs OyJieBbIM
YpPaBHEHHEM.

Ha npuHumunuaibHOM cXeMe JIOTMYECKUM AJIEMEHT MPUHSITO H300pa)xaTb
MPSIMOYTOJIBHUKOM, BHYTPU KOTOPOTO CTaBUTCS CHUMBOJI ykazarens ¢GyHkuuu. C
JIEBOM CTOPOHBI MPSIMOYTOJIbHUKA JIMHUSIMH TOKa3bIBAIOTCS BXOHbI, C MPaBOU
CTOPOHBI — BBIXOJI DJIEMEHTA.

bazoBpiMu  JormueckuMM dieMeHTamMum  saBisitores: M, WJIM, HE,
uckmouaromee MJIM (ux ycmoBubie ob6o3nauenus no ['OCTy mnpuBeneHsl B
npuioxkeHuu 1). C MOMOIIBIO 3TUX JIEMEHTOB MOXXHO PEaIn30BaTh JOTUUECKUE
byHKIMKA 000  CIOKHOCTH. MoskeT nuib MoTpedoBaThes OoJblliee WM
MEHBIIIEE KOJTUYECTBO JIOTUYECKUX JIEMEHTOB.

Ha puc. 1 npencraBiaeHbl TpUHIUIHAIBHBIE CXEMBbI, OYJIEBbl BBIPAKCHUS U

TaONMIBI MCTUHHOCTH IS 3JIeMeHTOB: M — «koHbroHKTOp», Y = AB; WJIN —



«mu3ptoHKTOp» , Y =A+B; HE — wunBeprop, Y =A; uckmouaromee WNJIU,

Y=A®B.

Y = AB Y=A+B Y =4 Y=A®B

A|B]Y A[B[Y 1 A[B[Y

0]0]0 0/0]0 0 0lofo

0[1]0 011 1 011

1[o]o 1[0]1 1[0]1

1[1]1 1[1]1 1[1]0
i 7] [ 2

Puc.1. Jlornueckue >IeMEHTHI:
a—MU; 6 — UJIHU; ¢ — HE; 2 — uckmrouaroiee NJI

K Gomee COXHBIM JTOTHYCCKUM JIEMEHTAM OTHOCSTCS TaKHE 3JIEMEHTHI KaK
HN-HE, WJIM-HE, wuckmouaromee WJIM-HE. JlanHble »JI€MEHTHI SIBISIOTCS

KOM6I/IHaHHeﬁ 0a30BBIX JIOTUYECKHUX DJIEMEHTOB.
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4 y y y
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Y = AB Y=A+B Y=A@®B
A|B\|Y A|B|Y A|B|Y
0(01 0101 01011
0111 0110 0(1]0
1101 1{0]0 11010
1110 11110 11111
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Puc.2. Jlornueckue 31€MEHTHI:
a — U-HE; 6 — WJIN-HE; uckmouaromiee MJIN-HE

Ha npaktuke 4acTo mMpUMEHSIOTCS JOTUYECKHUE BJIEMEHTHI C KOJIMYECTBOM
BXOJOB Ooibiie JByX. Ha puc. 3 mpuBeneHsl OyJleBO BbIpakKeHUE,
NPUHIHANKAIBHAS cXeMa M TaOnuia UCTHHHOCTH 3jeMeHTta MJIM ¢ yerhipbms
BXoAaMu. M3 TaOGnuIel HCTHHHOCTH BHAHO, YTO W3-3a HAJWYHUS YETHIPEX BXOJIOB

YUCJI0 BO3MOXHBIX komOuHanmii A, B,C,D Bo3pactaet g0 16.



Ne|A|B|C|D[Y
0 lojojolofo

1 jojo]o[1]1

A+B+C+D=Y [2 ]0fo[1]0]1
3 (0|0]1(1]1
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5 o101 ]1

6 [0|1]1]0]1
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Puc.3. Jloruueckuii anemenT MJIN ¢ 4eThIpbMs BXOJIaMU:

a — OyJIeBO BBIpAXKCHHE, O — IPUHITUITHAIBHAS CXeMa, 6 — TAOJIUIa HCTHHHOCTH

3anucek 0yJieBbIX BHIPAKEHUH 110 TA0JIMIAM HCTHHHOCTH

ByneBbl BbIpakeHUsT BCTpPEHArOTCS B JBYX OCHOBHBIX (¢dopmax —
JTU3BIOHKTUBHONW HOpManbHOU (opme (JH®DP) M KOHBIOHKTUBHON HOpPMalbHOU
dbopme (KH®). JIH® mnpencrasiser coboir cymmy mpousBeneHuii, KHO -
MIPOU3BEICHUE CYMM.

OO6patuMcs K TaOiauIEe WCTUHHOCTH, MOKa3aHHOW Ha puc. 4. 3amnuiiem
OyseBo BbIpaKeHHE I 3agaHHoM Tabmuubl B JIH®. B Ttabmuie xypcuBom
BBIZICJICHBI T€ CTPOKH, B KOTOPHIX KOMOWHAIIMK TEPEMEHHBIX Ha BXOJE JaloT
eIUHUIlY Ha BeIxojie. [IpencTaBuM Bce yKa3aHHbIE €IUHUIIBI B BUJI€ TIPOU3BEICHUS

BCEX YETHIPEX JJIEMEHTOB. Hampumep, mpu 3aJaHHBIX 3HAYCHHUAX JJICMCHTOB B
crpoke Nel Boipaxenue ABCD pasmo 1. [{ns ocraBmmxcst cTpok 3, 5, 7, 8, 9
aHAJIOTUYHBIC BBIPAKEHUS HMMEIOT BHUJT ABCD, ABCD, ABCD, ABCD, ABCD..

Jlanee mosydeHHbIE BBIpRXXEHHUS CBsbKeM Jiormueckoil ¢ynkuuenn WMJIN. B



pe3yabTaTe AJid MPUBEICHHON TabJIMIIbI MCTUHHOCTH MOJIYUYUM cleaytomiee 0yaeBo

BBIPpA’KCHHC

ABCD + ABCD + ABCD + ABCD + ABCD+ ABCD =Y (1)

Ne|AIB|C|D|Y
0 [0(0/0|0 |0
1 |10]0]0 1|1
2 |0{0|1]0 |0
3 |0|0|1|1 |1
4 10/1/0/0 /0
5 01|01 |1
6 |0(1/1]/0/0
7 10](1]1|1 |1
8 [1/{0]|0|0 |1
9 11/0|0(1 |1
10/1/0(1/0 |0
11/1/0(1 1|0
12111100 |0
13/1/1/0 (1|0
14111111 /0 |0
1511|1110

Puc.4. TaGnuma MCTUHHOCTH JIJIs1 TOCTPOCHUS OysieBa BhIPAKEHUS

WNHorna mpuxoauTcst BBINOIHATD MPOIIEAYPY, 0OpaTHYIO paCCMOTPEHHOM,
T.€. 0 OyJIeBYy BBIPOKCHUIO BOCCTAHABJIMBATH TAOJIUIlY UICTUHHOCTH. 3amuIleM

T8.6JII/II_[y HCTUHHOCTH IJIs BBIPAKCHUSA
AC + ABC =Y 2)
B nmannom OpUMEpe €IMHHUIY Ha BBIXOJC OOJLKHBI JaBaTh KOMOWHAIINH

pxomgubix curHanoB AC u ABC. Brmpaxenne AC=1 mpu A=C=0, a



BeipaxkeHne ABC =1 mpu A=B=C=1. HeobOxomumo OTMETUTH, YTO JJis
KOMOMHALMH BXOAHbIX curHagoB AC enMHMIA Ha BBIXOJE IOJTY4acTCs BHE
3aBUCUMOCTH OT CUTHaJIa Ha Bxojae B. CnenoBaTellbHO, JIOTHUECKasl €UHULA JJIs
JAHHOW KOMOWHAIIUM 3alMChIBACTCS HE B OAHY, a B JBE CTPOKU TaOJHUIBI C
pa3HBIMM 3HAYEHUSMU cUTHana B. Tabnuiia UCTUHHOCTH nJisi BbIpaxeHus (2)

Mpe/icTaBlieHa Ha puC. 5.
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Puc. 5. Tabnuiia ICTUHHOCTH, TIOCTPOCHHASI HA OCHOBE OYJIEBOTO
BBIPKECHMUSI

Munumu3anus 0yJieBbIX BbIPpAKEHUMN

Jlormdeckoe yCTpOMCTBO, TMOCTPOEHHOE Ha 0a3e HMCXOAHOTO OyJIeBOTO
BBIDOKCHHS, HE SBIIACTCS ONTHMAJbHBIM C TOYKHM 3pPEHUS KOJUYECTBA
UCIIOJIb3YEMBIX DJIEMEHTAPHBIX AJIEMEHTOB. MuHuMu3amus OyjieBa BBIPAXKEHUS
MOKET OBITh JOCTHTHYTA MPU aHAIN3e TaOJUIIbI HICTUHHOCTH C TTOMOIIBIO TEOPEM
OymeBoit anreOphl WM Ha OCHOBE MCTIOIB30BaHMs KapT KapHo.

PaccmoTpum MuHMMM3aIUi0 OyJIEBBIX BBIPAKEHHM C TMOMOIIBIO TEOPEM
OyJieBo aireOpbl. DTH TEOPEMbl OTPAKAIOT CBS3M, CYIIECTBYIOUINE MEXIY
OTIepaIlisMHK, BBIIOJHCHHBIMA HAJl JIOTUYECKUMH TEepeMEeHHbIMU. (OCHOBHBIC

TECOPEMBI ITPCACTABIIAIOTCA CICAYIOIINMHA BbhIPAKCHUSAMMU:



X+0=x, Xx-1=xXx;
x+1=1, x-0=0;
X+X=X, X-X=X;
X+x=1, x-X=0 (3)

XXy =X+ X, XXy =X Xy,

o~ WD

6. X +X=X"%X,; X X=X +X,;

T Xy Xo+ XX = (X, + %) X,

Bripaxkenust Ne6 npuBeneHHBIX POpMyYJT Ha3bIBAIOT 3aKOHAMH Jie MopraHa.

JUist  MuHUMU3aMM  BelpaxkeHus (1)  mocieaoBaTeNbHO HUCIHOJIb3yeM
BBIpaKEHUA 5, 7, 4, 1

ABCD + ABCD + ABCD + ABCD + ABCD + ABCD =
AB(C +C)D+AB(C +C)D+ABC(D+D) =
AB-1-D+AB-1-D+ ABC -1=
ABD + ABD + ABC .
B pe3ynbrare noiayyum clieayoulyto OyneBy QyHKLIUIO
ABD + ABD+ ABC =Y.
[IpoBoaMM MOBTOPHYIO IPYMIIHPOBKY
ABD + ABD + ABC = A(B+B)D + ABC =
A-1-D+ABC =AD+ ABC .

Takum o00pa3oMm, mociae MuHuUMU3anuu OyneBa ¢yHkius (1) mpuHUMaeT

CJICTYFOILIININ BUJL
ABC + AD =Y

Tenepr paccMOTpUM MUHUMM3AIUIO BhIpaxkeHus (1) ¢ moMompl0 Kapt
Kapuno. Kaptet Kapno mnpexacraBisitor coboi cucteMy rpaduyeckoro
MPEICTABIICHUS M YITPOILEHUS OYJIEBBIX BBIPAXKEHUH.

B kapre KapHo nepeMeHHbIe 0 TOPU3OHTAIN U BEPTUKAIN PACIOIaratoTcs
cornacHo koxy I'pesa. B koxe I'pes cocegHue 3II€MEHTBHI OTJIMYANOTCA TOJBKO B

onnom Oute. Kom I'pes mnst omHot mepemennort A umeer Bun 0 1. Jlns aByx



nepeMeHHbIX AB kox I'pes — AB =00 10 11 10, yto cooTBeTCTBYET OyI€BOMY
BBIPKEHUIO

AB = AB+AB+AB+AB

B oOmeM ciydae 4YuCIO KBaJpaHTOB KapT PABHO YHCIY BO3MOXKHBIX
KOMOUWHAIMi nepeMeHHbIX. Bripaxkenue (1) mmeer uvetsipe anmementa A,B,C,D.
Tabmuila MCTUHHOCTH JUISI YETHIPEX OJJIEMEHTOB BKIIOYaeT 16 BO3MOXKHBIX
KOMOUMHAIMN, KOTOpble Ha PHUCYHKE 4 mpencTaBiieHbl 16 KBajpaHTaMU KapThl.
HaneceMm Ha kapTy IIECTh €AUHUII, KOTOPHIE COOTBETCTBYIOT IIECTU CIAracéMbIM B
3alaHHOM OyJieBOM BbIpakeHUU. CoceqHue €IUHMIBI OOBEUHUM B TPYMIbI MO

JIBE W YEThIpEe €AUHUIIBI (pHC.6.)

CD|CD|CD|CD CD|CD|CD|CD
AB E AB T T
AB R AB 1|1 ™
AB AB .
AB|1 |1 AB |1 [1] "Il
\ |
Y |
Puc.6. Kapra Kapuo ABC+AD =Y

KonudecTBo crnaraeMbix B MUHUMU3HPOBAHHOM OYJIEBOM BBIPAKEHUH PABHO
ancity 06pa3oBaBIIHXCsS TPYIIL. B BepxHeM koHTYype momapHo youpaem C u C, B
u B. B urore BepxHuii KoHTYp naet wieH AD . U3 HmkHero koHTypa youpaem D
u D . ITocie storo B Hem ocraercst wiew ABC . B pesyibrare ynpomeHHOE GyIIeBO
Boipakenue (1) B JJH® npunumaet Buj

ABC + AD=Y .

[Ipu muHMMU3anu OyJeBbIX BbIpakeHUM 1Mo kapTe KapHo HeoOxoaumo
OOBeUHATh B KOHTYPHI HE TOJBKO COCEJHUE, HO W KpailHUE YJIEHBI KapThl.
Hanpumep, 1151 6ysieBoro BeIpakeHuUs

ABC+ABC +ABC+ABC =Y

kapta KapHo 1 MUHUMU3MpPOBAHHOE OYJI€BO BHIPAKEHUE UMEIOT CIEAYIOIINNA BUT
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Puc.7. Kapra Kapno
st ynpoiieHust OyJEeBBIX BBIPAKEHMM C JBYMS, TPEMsS M YEThIPbMS
MIEPEMEHHBIMH TIPUMEHSIOT OJIMHAKOBBIC MPOIeAyphl. HeoOX01umMo OTMETUTD, YeM
OompIe eAUHUI] O0BEIUHSAETCS B KOHTYpE, TeM OOJIbIIE MEPEMEHHBIX MOKHO
OMYCTUT.

IlepeBon Jornyeckoit pynkuuu B 0azuc U-HE

Habop moruyeckux 3JI€MEHTOB, CIHOCOOHBIM OCYHIECTBUTH BCE Oa30BbIE
JIOTUYECKHUE OIepalry, Ha3bIBaeTCd (PYHKUMOHAIBHO NOJHBIM. Jlormueckuid
anemeHT M-HE wnMeer yHUBepcanbHBI XapakTep W HKBUBAJICHTEH I1O0JHOMY
Habopy. Opaun norudeckuid »dnemeHT W-HE mo3BosisieTr BBINOTHUTH BCE
NIEPEYHCIICHHBIE HU)KE 3JIEMEHTAPHBIC JIOTUYECKHE ONIEPALINH.

Ucnons3ys Beipaxkenuss Ne 3, 6 (cM. gopmyinbl (3)) , MOXKHO HOJYYHTb

GyHKLIMH, 3aMEHSIOIIME dIeMeHTapHble jornueckue onepauuu HE, 1, NJIN:

X=X-X

X-y=(x-y)-(X-y)
Cxembl  3amenieHus  jgorudeckux  ajgementoB HE, W, HWJIN,

COOTBCTCTBYIOIIHC ITPHUBCACHHBIM BBIPAKCHHUAM, ITOKA3aHbI HA PUC. 8.
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Puc.8. Peanuzanust noruyeckux (QyHKIMNA Ha OCHOBE 3aMEIICHUS
noruueckumu demedramMu M-HE:

a— HE; 6-W; ¢~ WIN

Paccmorpum moctpoenue sormdeckodt  ¢ynkmmm Y = ABC+AD ¢
nomonipto Jornueckux snemeHtoB M-HE. Ilo 3akony pae Moprana ucxomHoe

BBIPAXKCHUEC ITPCACTABIISICM CIICAYIOINNM 06pa30M

Y = ABC + /XD:(F‘C)-(AD):UV,
rne U =ABC,V - AD.

Jlns monydenus sneMeHToB A, B, C, ucmonb3zyeM cxemy a), IPUBEACHHYIO

Ha puc.8. Jlornyeckue Boipakenuss U = ABC, V=AD u Y =U -V peanmsytorcs
nornueckuMu dneMeHtamu M-HE ¢ Tpems um nByms BXomamMu COOTBETCTBEHHO.
Cxema 3amernienus ucexoauoro Beipaxkenus Y = ABC + AD Ha ocHOBe JIOrHYecKux

sanementoB M-HE npusenena Ha puc. 9.
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Puc. 9 Peammsanus Boipakenns ABC + AD norngeckuvu

ytementamu M-HE



