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NOIrMMYECKUE 3JIEMEHTbI 1 CXEMBbI
LENIb PABOTbI

O3HakoMJICHHE ¢ OCHOBHBIMU XApPaKTCPUCTUKAMH JIOTUYCCKHUX J3JICMCHTOB U
OCHOBaMH CHHTC3a JIOTHYCCKHUX CXCM.

TEOPETUYECKUE CBEOEHUA U PACYETHBLIE ®OPMYI1bI

1. OITPEAEJIEHUA KOMBUHAIIMOHHBIX 1
MOCJIEJOBATEJBHOCTHBIX YCTPOMCTB

YcTpoiicTBa, peanusyomue GpyHKIUN aareOpbl JOTHKH, Ha3bIBAIOT Jlo2Ude-
CKUMU WIHN yugposvimu U KIACCUPUIUPYIOT MO PA3IUUYHBIM OTIMYUTEIBHBIM
npusHakaM. Tak, mo xapakrepy HHGOpMaIuu Ha BXOAaX U BBIXOJaX JIOTUYECKHUE
YCTPOMCTBA MOAPA3ACIIAOT HA YCTPOMCTBA MTOCIEA0BATEIBHOTO, TAPAJLIEIBHOTO
Y CMEIIAHHOIO JIEWCTBUS, a 10 CXEMHOMY PELICHHUIO U XapaKTEPY CBSA3H MEXKAY
BXOJIHBIMU Y BBIXO/JHBIMH IIEPEMEHHBIMU C YYETOM MX U3MEHEHUS 110 TAKTaM pa-
00ThI — Ha KOMOWHAIIMOHHBIE U MTOCJIEJOBATEIbHOCTHBIE.

B xombunayuonnvix ycrpoiicteax 3naueHus (0 wim 1) curaanaoB Ha BBIXOJaxX
B KQXKJIbII KOHKPETHBII MOMEHT BPEMEHHU MOJIHOCTBIO OMPENETAIOTCS 3HAUEHU-
aMHu (KoMOMHanued, HabopoM) NEHCTBYIOIIMX B JaHHBIA MOMEHT LHU(PPOBBIX
BXOJIHBIX CUTHAJIOB. B nocnedosamenvnocmuuvix xe ycTpoUCTBaX 3HAUECHUS BbI-
XOJHBIX CUTHAJIOB B N-TAaKTE ONPEIEIAIOTCS HE TOJBKO 3HAYEHUSMHU BXOJHBIX
CUTHAJIOB B 3TOM TaKT€, HO U 3aBUCAT OT BHYTPEHHUX COCTOSIHUN YCTPOMCTB, KO-
TOpPbIE€ MPOU30LUIM B PE3YJIHTATE BO3JECUCTBUS BXOJHBIX CUTHAJIOB B IpeIIe-
CTBYIOLIIUE TAKTHI.

JlanHast paboTa MocBALIeHa U3YUYEHUIO MPOCTEUITNX KOMOWHAIIMOHHBIX JIOTU-
YECKUX YCTPOUCTB, pEAIU3YIOLIUX JOTrHUeCKHe QYHKIUH CIOKEHHS, yMHOKECHHUSI
Y OTPULIAHUS.

2. OCHOBHBIE 3JIEMEHTBI AJITEBPBI JIOTUKN

AHann3 KOMOMHALMOHHBIX YCTPOMCTB YI00OHO MPOBOAUTH C MOMOILBIO ajre-
OpbI JJOTUKH, ONEPUPYIOLLIEN TONBKO C IBYMS IOHATUSMU: UICTUHHBIM (JIOTHYECKast
1) u moxxubIM (oruueckuii 0). B pesynbrare, GyHKIMH, 0TOOpaxkaromue uHpop-
MAalHnIo, MPUHUMAIOT B KAKJIBIH MOMEHT BpEMEHHU TOIbKO 3HaueHus 0 nium 1. Ta-
KHe (PyHKLIMU HA3bIBAIOT J02UYECKUMU, @ CUTHAJbI (BXOAHBIEC U BBIXO/HbIE Mepe-
MEHHBIE) — 08ouuHbIMYU (OMHAPHBIMU).

CxeMHbI€ 3JIEMEHTHI, PU MMOMOILIN KOTOPBIX OCYILECTBISETCS peodpa3oBa-
HUE MOCTYMAOIIMX Ha UX BXObI IBONYHBIX CUTHAJIOB U HEMOCPEACTBEHHOE BbI-
MIOJIHEHHE MPEAYCMOTPEHHBIX JIOTUUECKUX ONEPALMM, Ha3bIBAIOT JI0SUYECKUMU
YCTPOMCTBAMM.

B o611em ciryuae g1oruueckoe yCTpoCcTBO MOXKET UMETh 71 BXOJIOB U M BBIXO-

JOB. PaCCManI/IBaH BXOJHBIC CUTHAJIBI X1, X2, ..., Xz B Ka4UCCTBC apryMCHTOB,



MO>KHO COOTBETCTBYIOIIME BBIXOJIHbIE CUTHAJIbI MIPEACTABIATH B BUIE (DYHKIIMH
vi = f(xo, x1, x2, ..., X») C TOMOIIIBIO OIIEPAIIHIA aITreOpPhI JIOTHKH.

Qynxyuu aneeopol nocuxu (OAJI), UHOTIA HA3BIBAEMBIE NEPEeKIOUaAmelb-
HolMu PYHKITUSIMUA, 0OBIYHO TIPEICTABIIAIOT B alireOpanyeckoit popme (B Bue Ma-
TEMATHUIECKOTO BBIpaKeHUs), Harpumep Yi = (Xo A X1) Vv (X1 A X2), HITH B BHJE
TaOJIUIl UICTHHHOCTH (KOMOMHAIIMOHHBIX TaOJIHIT).

Tabnuya ucmunHocmu COAECPKUT BCEBO3MOXKHBIE KOMOMHAIMU (HAOOPHI)
OMHApPHBIX 3HAYCHUN BXOJHBIX MIEPEMEHHBIX C COOTBETCTBYIOIIMMHU UM OWHAp-
HBIMU 3HAYCHUSIMH BBIXOJHBIX ITEPEMEHHBIX; KOKIOMY HAOOPY BXOTHBIX CHTHA-
JIOB COOTBETCTBYET OINPEEICHHOE 3HAUCHUE BHIXOJHOTO CUTHAJIA — 3HAYEHUE JIO-
TUYecKor QyHKIMH yi. MakCHMaIbHOE YHCII0 BO3MOXKHBIX Pa3IMUHBIX HAOOPOB

(CTPOK) 3aBUCHUT OT YMCJIa BXOJHBIX IEPEMEHHBIX 72 K paBHO 2”.

B OyiieBoii anredpe BhIACIAIOT TPU OCHOBHBIE ()YHKIIMHU: KOHBIOHKIIMS, TU3b-
IOHKITUS, oTpurianue. OcTaibHble QYHKIIAN SBIISIOTCS MPOU3BOTHBIMH OT TIPHBE-
JICHHBIX BHIIIIC.

OcHosHble n02udecKkue onepayuu COCTOAT W3 CIEIYIONIUX 3JIEMEHTApPHBIX
npeo0pa3oBaHUi JBOMYHBIX CUTHAJIOB:

® Jl0cuyecKoe ClodceHue I Ou3vbioHKyus, 0003HadyaeMoe CUMBOJIOM "'V
(wm "+") u Ha3zpiBaeMoe Takke oneparueit MJIN. Ilpu 3ToM yncio apryMeHToB
(cimaraeMbIX x) MOXKET OBITh JTHOOBIM. DTa onepanus Juisl PyHKIIUU IBYX [TepEMEH-
HBIX X1 U X2 OITUCBHIBACTCS B BUJIC JIOTHICCKON (hOPMYITBI

Y=XV X2 =X + Xo.

DTO 3HAYUT, YTO Y UCTUHHO (paBHO 1), €CIM UCTUHHO XOTS OBl OJTHO U3 Clia-
racMbIX X1 WM X2. M TOBKO B cimydae, Koraa Bce ciiaraeMbie X paBHBI 0, pe3yiib-
TaT JIOTUYECKOTO CJIOXKEHUs ¥ Takke paBeH ().

YcaoBHoe o003HaueHue, Ta0IUIa UCTUHHOCTU U JPYTHe MOKa3aTeln dTOU
JIOTUYECKON (YHKIIMU MPUBEIEHBI BO BTOPOM CTOJNOIE Ta0m. 1;

® jlo2uuecKoe YMHOJdICeHUe WA KOHBIOHKYUSA, 0003HAYaeMOe CUMBOJIOM A"
(i "-") u HazpiBaeMoe Takxke omepauuei M. Ilpu 3TOM yuciao aprymeHToB
(COMHOXUTENEH X) MOKET OBITH JIFOOBIM. DTa omnepaius it GYHKIINHU IBYX Te-
PEMEHHBIX X1 U X2 OMUCBHIBACTCS B BUJE JIOTHICCKON (POPMYITBI

Y=Xi A Xy =X+ Xp = X1 Xp.

DTO 3HAYUT, YTO Y UCTUHHO (PaBHO 1), €CIIM UICTUHHBI COMHOXKHUTEIN X1 M X2.
B cnyuae, ecnu xoTs ObI OIMH U3 COMHOXUTENEH paBeH (), pe3ylbTar Jorude-
CKOT'O YMHOK€HHU4 y paBeH 0.

YcaoBHOE 0003HaUEHUE, TAOIHIIA UICTUHHOCTH U JIPYTHE MOKa3aTEH JIOTHYe-
ckoi ¢pyHkuuu U npuBeneHs B TpeTbeM cToo1e Tad. 1;

® l02uyeckoe ompuyaHue Ui uneepcus, 0003HauaeMoe YEPTOYKOMN HaJT Iepe-
MEHHOU 1 Ha3biBaemoe onepanuerd HE. Dta onepanus 3anuceiBaeTcs B BUIE

y=X.



DTO 3HAYMT, 4TO y UCTUHHO (paBHO 1), ecnu x j0HO (paBHO 0), 1 HAOOOPOT.
O4eBuHO, YTO OTepalys ¥ BHIIOIHIETCS HaJ OJJHOM MEpEeMEHHON X U e€ 3Haye-
HUE BCEr/Ia MPOTUBOIOJIOKHO ITON MEPEMEHHOH (CM. YeTBEPTHIA cTOIOeI] Ta0JI.

).

Taonupa 1

DopMbI 0TOOPAKEHUST OCHOBHBIX JIOTUYECKUX (PYHKIUH

HanmMmeHnoBanue
byHKIIH —> JIM3bIOHKIIHS KoHrbroHKIuA NuBepcus
CuMBoIHYe- v WM + A WJTH - X
cKast
bykBeHHas NJn n HE
VYcioBHas xi— 1 [ X\N—& [ 1
rpaduyeckas Xo— Y Xo— Y X Y
AHAIMTHYCCKAS | Y=X V Xy =X + Xy Y =X A Xo = X1 X2 y=X
X1 X2 y X1 X2 Y
Tabnuunas 0 0 0 Q 0 0 X Y
(MCTMHHOCTH) 0 1 1 0 1 0 0 1
1 0 1 1 0 0 1 0
1 1 1 1 1 1
KourakTHas A
y
5} | Ty
—— +o+U
0_9'_ ﬂ L n +U,,
CxeMo- O_EH—O o Q |
TEXHUYCCKas X4 le l)’ X1 J,XZ y Xy l)’
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OcHosublie nornueckue onepaunu MJIN, M u HE no3BoNsIOT aHATUTUYECKH
onucarb, a Jorudeckue anemeHTsl MU (ouzvronkmop), U (konvronkmop) n HE
(uneepmop) — peasin3oBaTh KOMOMHAIIMOHHOE YCTPOMCTBO JIFO0O0H CTEIEeHH CII0-
JKHOCTH, T. €. oreparuu Y =X + X2, Y=X X2 u Y =X o01amaroT GyHKIHOHA-
JILHOM MOJTHOTOM M COCTaBJIAECT (PYHKITMOHAILHO TIOJIHBIN HAOOD.

B kauecTtBe mpumepa paccMoTpuM (DYHKIIMIO HEPABHO3HAYHOCTH ) JIBYX Tie-
PEMEHHBIX X1 U X2, IPUHUMAlOIIAas 3HaueHue | npu x1 # x2 u 3HaueHue 0 npu  x1
=x2=0mmnpuxy=x2=1,T.e. Y=XX2 + X X.

Onepaiuio HepaBHO3HAYHOCTH Yallle Ha3bIBAIOT CYMMUPOBAHUEM NO MOOYIIO
2 1 0003Ha4JaoT Y =X ® X».



[IpuMepbl KOHTAKTHOW U MIPOCTEMIIEN CXEMHOM peaM3alliil JU3BIOHKTOPA,
KOHBIOHKTOpA U MHBEPTOPA IIPUBEICHBI B IIPEAIIOCIEAHEN U TIOCIIETHEN CTPOKaxX
Tabm. 1.

3. BASOBBIE JIOI'HUYECKUE 3JIEMEHTbBI

Oco6oe 3HayeHne B U(POBOM IIEKTPOHUKE UMEIOT YHUBEpCcaibHbIe (06a30-
BbIE€) JIOTHYECKHUE IJIEMEHTHI, CIOCOOHBIE 00pa30BaTh (YYHKIIMOHAIBLHO MOJIHBIM
Ha0Op, C MOMOIIBIO KOTOPHIX MOYKHO PEAM30BaTh CHUHTE3 YCTPOUCTB 00O
cinoxHOCTH. [Ipu MHTErpasbHOM TEXHOJOTHHM YAOOCTBO M3TOTOBIEHUS OJHOTO
0a30BOT0 2JIEMEHTa UMEET pelaroliee 3HaueHue. [1oaTomy 6a30BbIe TOTUUECKHE
YCTPONCTBA COCTABJISAIOT OCHOBY OoJbmuHCTBA InppoBbix UMC.

K yHuBepcanbHBIM TOTMUYECKUM Oonepanusam (yCTPOMCTBAM) OTHOCST JIBE pa3-
HOBUJIHOCTU 0a30BBIX 3JIEMEHTOB:

o ynxyuro Ilupca, 0003Ha4aEMyI0 CUMBOJIMYECKH BEPTUKAILHOU CTPEIKOM
J (ctpenka Ilupca) u orobpaxkaromryto onepaunro UJIN-HE. Jlns npocreitmeit
GyHKIUU ABYX MEPEMEHHBIX X1 ¥ X2 (PyHKIMS y = 1 TOr[a v TOJIBKO TOr/Aa, KOTia
x1=x2=0:

ylei«Xg =X + Xo;

o dhyuxyuio lllecpgpepa, 0603HAUAEMYIO CUMBOJIUYECKU BEPTUKATHHOM 4ePTOU-
KO | (rpux Ileddepa) u orodbpaxaromtyto oneparuto M-HE. [Ing npocteitmeit
GYHKIIUU IBYX MEPEMEHHBIX X1 ¥ X2 QyHKIHs y = 0 Torja v TOJIBKO TOT/Ia, KOTJaa
x1=x2=1:

y=X1‘X2 =X1X2.

Taoauma 2

®opmbl 0TOOpaXxeHHs1 0a30BbIX JOTHUYECKUX (QYHKIUI

HaunmenoBanue
byHKIH —> Oynkuus [Iupca Oynkuus Lledpdepa
CumBonnueckas ! |
bykBeHHas NJIN-HE HN-HE
VenosHast x1—1 y X\—& v
rpaduyeckas X2— Xo—]
Ananutuyeckas y=X 1) y=x1 |x2
X1 | X2 y X1 X2 Yy
Tabnuunast 0 0 1 0 0 1
(MCTUHHOCTH) 0 1 0 0 1 1
1 0 0 1 0 1
1 1 0 1 1 0
X X
KourakTHas o \1L \ZL oy m Yy
X2

X1 X2 X2



Cxemo-
TEXHUYECKA

[Tpu 0fHUX U TEX e 3HAYEHUSX apIyMEHTOB 00€ (PyHKIIMK 0TOOpaXKaroT one-
panuro nHBepcuu. Baxknaeimue nokazarenu Gynkuuii lleddepa u [upca npen-
CTaBJICHBI B Ta0. 2.

B nocnenneit ctpoke Ta0i. 2 npuUBENEHBI TPUMEPHI TOCTPOEHUS IBYXBXO10-
Boi cxembl NJIM-HE, B KOTOpOil K Harpy304HOMY pPE3UCTOPY R MOIKIIOYEHBI
KOJUIEKTOPHI JIBYX MapajuyieIbHO BKIIFOUEHHBIX OUIOJSIPHBIX TPAH3UCTOPOB p-n-
p-THUIIA, SMUTTEPBI KOTOPBIX 3a3eMiIeHbl, U cxemsbl M-HE, B koTopoi nocienosa-
TEJIbHO BKJIFOUEHBI IBa OMTIOJIIPHBIX TPAH3UCTOPA p-n-p-TUNA (IMUTTEP HUKHETO
TpPaH3UCTOpPA MOAKIIOUEH K 3eMJIE) U Harpy30uHbIil peauctop R.

4. MPEJCTABJIEHUE JIOTUYECKHUX ®YHKIIUIA
MATEMATHYECKHNMMH BBIPA’KEHUAMU

Haubonee pacnpocTpaHeHHBIM CIOCOOOM 3a/1aHuUs TOTHUECKUX (PYHKIIMM 5B-
asiercs TabnuuHasg gopma. TabiMIbl UCTUHHOCTH MO3BOJISIIOT MOJIHO M OJIHO-
3HAYHO YCTaHOBUTH BCE CYIIECTBYIOIIUE JIOTUUECKHUE CBSI3H.

[Ipu TabNMYHOM NPEACTABIEHUY JIOTHUECKUX (PYHKIMI MX 3allMChIBAIOT B O/I-
HOM M3 KaHOHUYECKHUX (POPM: COBEPIICHHON TU3BIOHKTUBHOW HOPMAJIBHOM (popme
(CAH®) nnu coBepiiieHHOM KOHBIOHKTUBHON HOpMainbHOU opme (CKHD).

Marematuueckoe BoipaxkeHue jorudeckoit pynkuuu B CJITH® nomydaroT u3
TaOIUIIBl HICTUHHOCTH CJICAYIOIIMM 00pa3oM: JIJIs KaXa0ro Habopa apryMeHTOB,
Ha KOTOpOM (pyHKLMS paBHA 1, 3aIMCBIBAIOT AJIEMEHTapHbIE TPOU3BEACHUS TIepe-
MEHHBIX, IPUYEM [EPEMEHHBIE, 3HAUEHUSI KOTOPBIX PAaBHBI HYJIIO, 3AIIMCHIBAIOT C
uHBepcuei. [lomyueHHble Mpou3BeIeHUs, HA3bIBAEMbIC KOHCIMUMYEHMAMU eou-
HUYbl WA MUHIMEPMAMU, CYMMUPYIOT.

3anuiiem JIOTHIECKY0 (YHKIIUIO y TPeX MEPEeMEHHBIX a, b u C, mpeacrasieH-
HOH B Buje Ta0n. 3, 8 CJHD:

y(a, b, c)=abc +abc + abc + abc.

CoBepIlIeHHOW KOHBIOHKTHUBHOM HOPMalbHON
(opMoOii Ha3BIBAIOT JOTHYECKOE MPOU3BEICHHE dJie-
MEHTapHBIX CYyMM, B KaXIYIO U3 KOTOPBIX ApIyMEHT
WIHM €ro OTPULAHUE BXOIAT OJMH pa3.

[Ipu stom s kaxmoro Habopa apryMeHTOB
TaOJIMIIBI HCTUHHOCTH, HA KOTOPOM (YHKIHUS ) paB-
Ha 0, COCTABIISIIOT 3JIEMEHTAPHYI0 CYMMY, IIpUYEM
nepeMeHHbIe, 3HaYeHUE KOTOPBIX PaBHO 1, 3amUCHI-

Taonuma 3
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BalOT ¢ oTpuliaHueM. [losrydeHHbIE CyMMBbI, Ha3bIBAEMBIE KOHCMUMYEeHMAMU HYJIS
WU Makcmepmamu, OObEIUHSAIOT oTiepariueil JOrnuecKoro yMHOKCHUS.

Jus pynkuuu (tadn. 3) CKHO

y(a,b,c)=(a+b+c)(a+b+C)(@a+b+c)(@a+b+c).
5. MEPEXO/] OT JIOTHYECKOHN ®YHKIINN
K JJOTUYECKOM CXEME

JI1s mOCTpOeHUsI JIOTMYECKOM CXeMbl HEOOXOAMMO JIOTHUYECKHE DJIEMEHTHI,
MpeIHa3HAYCHHBIE ISl BHITIOJIHEHUS JJOTUYECKUX OINepaluid, pacrojiaratb, Ha4u-
Has OT BXOJa, B MIOPSIKE, YKa3aHHOM B OYJICBOM BBIPAKCHUH.

[Toctpoum CTPYKTypy JIOTUYECKOIO YCTPOMCTBA, PEATU3YIOLIETO JIOTUYE-
CKYI0 (DYHKIIHIO TPEX MEPEMEHHBIX

y=(@+b+c)@a+b+c)@+b+c)@+b +c).

CreBa pacrojaracM BXObl @, b 1 C ¢ OTBETBICHUSIMHU Ha TPH HHBEPTOPA, 3aTEM
yeTeipe dneMenTa NJIN u, Hakoner, anmement U Ha Beixoge (puc. 1).

a . M 1 a+b+c
B
1 a+b+c

b T‘
— &l
B_b L 1 a+b+c ’
c 4
_Lﬂ -

1 a+b+c

Puc. 1

Wrak, m1100yr0 JOru4ecKyto PyHKIUIO MOKHO PEaTn30BaTh HEMOCPEACTBEHHO
10 BeIpakeHUAM, npeacTtaBieHHbIM B Bujie CIAH® wim CKH®. Onnako, nomy-
YeHHas TaKUM 00pa3oM cXema, Kak IMpaBuio, HE ONTHUMAJIbHA C TOYKU 3PEHUS €€
IIPaKTUYECKON peain3alii: OHa TPOMO3/IKa, COJIEPKUT MHOTO JIOTHYECKUX 3JIe-
MEHTOB U BO3HUKAIOT TPYJHOCTU B 00€CIICUeHNH €€ BBICOKOM HaEKHOCTH.

Anrebpa JIOTUKH TO3BOJISIET IPe0Opa3oBath (HPOPMYIIbI, OMMCHIBAIOIINE CIOXK-
HBIC BBICKA3bIBAHUS C 11eJbI0 uX ympoinenus [ 10]. 9To moMoraer B KOHEYHOM UTO-
re ONPEIEIUTh ONTUMAJIBHYIO CTPYKTYPY TOTO WM MHOTO JIOTHYECKOTO YCTPOM-
CTBa, PEATMU3YIOIIETO 00y cloxkHyto pyHkuuto. [Tog onTuManbHON CTPYKTY-
PO IPUHATO MMOHUMATh TAKOE IMOCTPOEHUE JIOTUYECKOTO YCTPOMCTBA, MPU KOTO-
POM YHUCIIO BXOJSIIMX B €r0 COCTaB 3JIEMEHTOB MUHUMAJILHO.

YYEBHbIE 3AAHUA W METOOAUYECKUE YKASAHUA
K X BbINOJIHEHUIO



3apaHue 1. Codopathb Ha pabouem moite cpeabl MS11 cxemy muist HCIIBITAHUS
OCHOBHBIX U DA308bIX I02UUECKUX dNleMeHmo8 (CM. PUC. 2) U YCTAHOBUTb B JIHa-
JIOTOBBIX OKHAX KOMIIOHEHTOB UX MapaMeTphl WK peXUMbl paboTel. Cronupo-
BaTh cxeMy (pHcC. 2) Ha CTPAHULYy OTYETA.

Cxema (puc. 2) cobpana Ha aBouyHbix ocHOBHBIX [OR (MJIN), AND (1) u
NOT (HE)] u yauBepcanbhbix (6a30Bbix) [NAND (M-HE) u XOR (MJIM-HE)]
JIOTHYECKUX DJIEMEHTAX, pacroyiokeHHbIX B Onomunoreke Misc Digital/TIL ¢ ypo-
BHEM BBICOKOTO HarpsbkeHus 5 B. B cxemy Bkitouens! kimouu 1, 2, ..., 9, mpoOHUKH
X1, X2, ..., X5 ¢ noporoBsIMy HamnpsbkeHUsIMU 5 B, reHepaTop npsMOyroiabHBIX
curHaioB E1 ¢ ammutynoi E = 5 B, piutenbHOCTRIO uMityibea t, = = 0,16 c u
nepuojioM 1'=4 ¢, u torudeckuii ananuzarop XLAL (cM. onrcanne ero HaCTPOUKH
1 paboThl B 11. 2, [Ipunoxenus 2).

g yno6cTBa M3MEpEeHUs] CUTHAJIOB BBIXOJIbI JIOTHYECKUX 3JIEMEHTOB ITOJI-
KJIFOUEHBI K BxoAam 2, 4, 6, 8 u 10 ananuzatopa XLAL. [1pu moaenrpoBaHuu npo-
UCXOJUT MEIJICHHAs pa3BEPTKA BPEMEHHBIX JUarpaMM B OKHE aHaim3aropa. [lo
JIOCTHXKEHUIO HHTEpPBaJIa BpeMeHU, paBHOM 70...80% mupuHbI OKHA, CIEAYET MO-
cpencTBoM KHomkr RUN/Stop BeIKITIOUATH MPOIIECC MOICTUPOBAHUS.
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Puc.2 %‘ E_T 1ﬂﬂ paams Joa Extemal Qualifier | Qualifier
Omnepupys xirodamu 1, 2, ..., 9, chopmupoBaTh Bce BOZMOXHbBIE KOMOWHA-

1y aprymenToB x1 ¥ x2 (00, 10, 01 u 11) Ha Bxoae nuzptonkropa (OR), KOHB-
ronkropa (AND), mrpuxa Illeddepa (NAND) u crpenku [Tupca (NOR) u 3anm-
caTh 3HAYCHUS BBIXOAHBIX Joruueckux GhyHkui Yy (0 umu 1) B Tabm. 4.

3amMeTHM, YTO €CIU KJII0Y 3aMKHYT, TO Ha 3TOT BXOJ 3JeMeHTa Oy/eT nmojaHa
JoTUYecKas eauHuIa (MOJOKUTENbHBIA oTeHIHal 5 B), a npu pa3oMKHyTOM
KITtoue — Jioruueckuit Houb. [lockonbky naBepTop (NOT) nmeer onuH BXOJ, TO
uist GOPMHUPOBAHUS IBYX 3HAYCHHUM BXOJHOTO CHUTHANIA (JJIOTUYECKOW CTUHUIIBI
WJIU JIOTUYECKOTO HYJIS) TOCTATOYHO OJHOTO KIJIF0Ya O.



3HadeHust PYHKIUN UCCIEyEMBIX AIIEMEHTOB MOKHO KOHTPOJIMPOBATH C MO-
MoIto pooHuKoB X1, X2, ..., X5: eciiv BBIXOAHOM CUTHAJI 3JIEeMEHTa paBeH JIo-
TMYECKOM €MHUIIE, TO BKIIOUEHHBIN Ha BBIXOJIE 3TOTO AJIEMEHTA MPOOHUK CBe-
TUTcs. Tak, Ipu MOJ0KEHUHU Kitoueh cxemsl (puc. 2) dyHkiuu smemenToB OR,

AND u NOR paBHBI TOTHUECKOHN AUHUIIC.
Taonuma 4

Ju3bIOHKTOD Konbronkrop WNuseprop | Lltpux llledpdepa | Crpenka [Tupca
[MJIN (OR)] [ (AND)] [HE (NOT)] | [U-HE (NAND)] | [MJIU-HE (NOR)]
X1 | x2 y X1 X2 |y X y X1 X2 y X1 X2 y
0 0 0 0 0 0 0 0 0

0 1 0 1 0 1 0 1

1 0 1 0 1 1 0 1 0

1 1 1 1 1 1 1 1

3apaHue 2. "lleperamure" u3 6ubimmoreku Misc Digital\TIL Ha paGouee
nosie cpensl MS11 HeoOXoaMMBIE JIOTHYECKHUE AIEMEHTHI H COOPaTh CXeMy IS
pealli3alyy 3aJaHHOM B Ta0JI. 5 Joruueckor (PyHKIUHU Y C TPEMs apryMEHTaMH d,

b u c. CkonmmpoBaTh COOpaHHYIO JOTHUECKYIO CXEMY Ha CTPaHUILy OTYETA.
Tabnuma 5

Jlormueckast pyHKIUSA

BapuanT
1,6, 11,16, 21, 26 y=(ab+c)(@+b +c)(a+b+c).
2,7,12,17, 22, 27 y=(a+b+C)@+bc)(@@a+b +7).
3, 8,13, 18, 23, 28 y=(b+ac)(@+bc)(a+b +c).
4,9, 14, 19, 24, 29 y=(ab +c)(a+b +c)(ab+7).
5, 10, 15, 20, 25, 30 y=(a+bc)@+b+c)@b+c).

B xauectBe npumepa coOepéM cxemy IS peasiu3aliy JIOTHYecKon (PyHKIUn

y=(@b+c)@+b +c)@@a+b+c).

AHanmu3 QyHKITUU TIOKa3bIBACT, YTO JJIS IOCTPOCHUS JIOTHYECKON CXEMBbl HaM
NOTPeOYyIOTCSl TPU MHBEPTOPA, TPU TU3BIOHKTOPA, IPUYEM OJUH JTU3IBIOHKTOP C
JBYMSl, a IBa — C TPEeMsI BXOJlaMH, U JIBa KOHBIOHKTOPA, MPUYEM OJIUH C IBYMSI, &
JIPYroM ¢ TpeMS BXOJaMHU.

"[Teperamum" Ha pabouee nose cpeast MS11 HeobxoauMbie MOIETTH JTIOTUYE-
ckux anmeMeHToB u3 oubauorekn Misc Digital\TIL, pacrmonaras ux, HauuHast ¢
BX0J1a, @ UMEHHO:

— tpu uaBepTOopa NOT (NOTL, NOT2 u NOT3) a1 nosnydeHus: HHBEPCUid
a,buc apryMeHToB a, b u ¢;

— xoubroHKTOp AND1 ¢ ABYyMs BXOmaMu Ui peann3anuu GyHKIUU ab;

— Tpu au3btoHKTOpa: OR2 mitst peanuzanuu Gyakuu y1=a+ b + ¢, OR3 ms
peanu3anuu QyHKIUU Y2 = a + b +c u OR1, peanu3yronuit PyHKIUIo Y3 = =

ab + C, pa3MecTuB ux apyT Moja Apyrom (cm. puc. 3).
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Puc. 3

Jlig BbINOJIHEHUS] QYHKLIUHU JIOTUYECKOTO YMHOXEHUS Y = Y1Y2Y3 100aBUM B
cxeMy KOHBIOHKTOp ANDZ2 C Tpems BXoaaMu, K BBIXOJY KOTOPOTO MOIKIIOYNM
Jornyeckuil mpoOHUK X2 (ypOBEHb BBICOKOIO HampsikeHus S5 B) mis curnanusa-
LMY TOSIBJICHUSI JIOTUYECKOM €IMHULIBI Ha BbIXoE cxeMsl. "[leperamum” u3 co-
OTBETCTBYIOIINX OMOIMOTEK HA paboyee Nojie HCTOYHUK IPSIMOYTOJIbHBIX CUTHA-
noB E1 u xirou 1, pacnosiokuB uxX Ha BXOJI€ CXEMBL.

CoenuHuB "TPOBOJHUKAMU" BXOJbI U BBIXOJIBI JIEMEHTOB B COOTBETCTBUHM C
JIOTUYECKUMH BBIPAKEHHUSIMU COCTABJISIOIIMX 33JaHHOM (DYHKUMU M 3alucaB B
OTYETE 0’KUJIAEMBIE PE3YyJIbTAThI BBIIIOJHEHUS ONEPALMI HA BBIXOAX AJIEMEHTOB

(puc. 4), IpUCTYNIUM K MOJIETUPOBAHHUIO.
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C »Toi LEnbl0 BHaYajle IIEIKHEM MbIIIbI0 Ha KHOmke Run/Stop, 3arem
HaXXMEM YIIPABJISIIOLLYIO KJIFOYOM KJjaBuiny ¢ mudpoi 1 knaBuarypsl. Ecnu co-
€UHEHUSI DJIEMEHTOB BBINIOJHEHBI TPAaBUIbHO, TO TPOoOHUK X2 3acBeTutcs. [Ipu
BBIKJIFOUEHUHU KJto4ya 1 mpoOHUK racHeT U T. 1. [lo OKOHYaHUM MOJIeTUPOBAHUS
HIEJTKHEM MBIIIBIO Ha KHOomke Run/Stop.

MpumeyaHuna. 1. OCHOBHBIM H3MEPUTEIILHBIM PHOOPOM JIs MPOBEPKH
U (POBBIX IIEKTPOHHBIX CXEM SBIISIETCS JIOTHUeCKuil mpoOHuK. [Tocie aBoitHOTO
IIeJTYKA MBIIITBIO Ha €r0 N300paKEHUH B OTKPBIBIIIEMCSI OKHE HYKHO 33]1aTh ypO-
BEHb BBICOKOT'O HampshbKeHUs1, Hanpumep, S B (cM. puc 4), npu KOTOpoM OH CBe-



tutca. Ecimn HpO6HI/IK HC CBCTUTCA, TO 3TO 0OBIYHO 03HA4YacT, 4YTO YPOBCHD IIPO-
BCPACMOI'O HAIIPAKCHUSA HAXOOUTCA B IIPOMCIKYTKC MCKAY BBICOKUM W HHU3KHM.
ITouck HGI/ICHpaBHOCTeﬁ HYKHO HAaYMHATb C IIPOBCPKHU IMOAAYN CHUI'HAJIOB BBICO-
KOI'0 YPOBHA I'CHEPATOPOM CHTI'HAJIOB HA BXOJbI 3JICMCHTOB, 3aTCM IIPOBCPHUTH
IMPAaBUJIbHOCTD BBIIIOJTHCHUS UMHU JIOTHYCCKUX (bYHKHI/Iﬁ B CXCMC U IIPOKOHTPOJINU-
POBaTh IOABJICHHUC CUTHAJIOB HAa BBIXOAAX.

2. Ta6J'II/II_H)I HCTUHHOCTH JIsI paCCMOTPCHHBIX OMOJIMOTEYHBIX JTOTMYECKUX
QJICMCHTOB MO>XHO BbI3BATh HAXKATHUECM KJIAaBUIIIH ITOMOIIIHU F1 mocne BBIACIICHUA
Ha CXEMC COOTBCTCTBYIOUICTO 3JICMCHTA.

COOEPXAHUE OTYETA

1. HaumeHnoBanue 1 1enb paboThI.

2. [lepedenb npuOOPOB, UCOIB30BAHHBIX B 3KCIIEPUMEHTAX, C UX KPAaTKUMHU
XapaKTePUCTUKaMH.

3. N300pakeHus 3IEKTPUYECKOW CXEMBbI JJI UCHBITAHHUS JIOTMYECKHUX dJie-
MEHTOB U COOpaHHOM CXEMBI JIJIsl peaiu3aliy 3a1aHHOM JJorndeckon (pyHKUIUU.

4. TabauLbl MICTUHHOCTH, OTOOpaKaoIIKe padOTy UCCIIETyEMbIX JJOTMYECKHUX
DIIEMEHTOB.

5. BeiBoanI 1o pabdore.



