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B ydebHOM mocoOum W3MOXKEHB HAa3HAYCHWE, MPUHIINAIBI TOCTPOCHUS,
0003HaueHUsT W MPUMEHEHHE JIOTUYECKHX IMpeoOpaszoBarenieli KOMOMHAITMOHHOTO
THUIIA.

[TocoOue cHabkeHO OOJBIIUM KOJUYECTBOM KOHTPOJBHBIX BOMPOCOB IS
CaMOMPOBEPKH M METOAMYECKUMHU MaTepuajaMu JJIsl MPaKTUYECKUX paboT Mo
OCBOCHMIO OCHOBHBIX THUIIOB JIOTUYECKHUX MTPeoOpa3zoBaTeiei.

[TocoOue copepKUT HEOOXOIUMbIE CITPABOYHBIE MaTEPHUAIIbI.

YyebHoe mnocoOue mpeaHa3HayeHO ISl CTYACHTOB, OOYYarOIIMXCS IO
HampasiaeHusiM nmoAarotoBku 09.03.01 Mudopmarrka v BEIYUCIUTENIbHAS TEXHUKA
u 11.03.02 UupokoMMyHHUKAITMOHHBIE TEXHOJIOTHH U CUCTEMbI CBS3H.

Y4yebHOe mnOCOOME COOTBETCTBYET padOouyuM MporpamMmaM JUCHUIUIMH
BrerancnutensHas TexHuka, CXeMOTEXHHUKA TEIEKOMMYHHKAIIMOHHBIX YCTPOMWCTB,
HO TaKk)ke€ MOXET OBITh HCIIOJIb30BAHO MPENOJaBaTeIsIMH U CTyJEHTaAMHU TIpU
W3YYCHUU POJCTBEHHBIX AUCUIHUILINH, TUTUIOMHOM U KYpCOBOM MPOEKTUPOBAHHH, &
TaKXe B MIPOIIECCE CaMOCTOATENbHOM padoThI.

YuebHoe nmocodue 06cyxkaeHo 1 0100peHo Ha 3acenanuu kadeapsl UBT.
[TpoTtokom Nel ot 26.08.2020 r.

Penen3enTnl

Benymmii Hayunslii cotpyanuk .'"PoctoBckuii-na-lony HUU pannocssazu”
I.T.H., qoueHt B.A. Iloropenos

[Tpodeccop Kadenpsl TaMOKeHHBIX omiepaliuii ¥ TAMOXXEHHOTO KOHTPOJIS
Poccuiickas TamosxeHHas akaaemusi PoctoBckuit pumuan

1.T.H., mpodeccop I1.C. HleBuyk
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BBE/JIEHHE

B mupokoMm cwbiciie TOJ JIOTHYECKUM IpeoOpa3oBareieM MOHUMAETCS
HEeKUil (YHKIMOHATIBHBINA Yy3€l, BBIMOJHAIOMUN pa3nuuHble (QYyHKIHMOHAIbHbIE
npeoOpa3oBanus B cxeme. [Ipu 3ToM gaHHBIE, KOTOPBIE MPUCYTCTBYIOT B MPOILIECCE
npeoOpa3oBaHusl HOCAT JBOWCTBEHHYIO MPHPOY U OTOOPAaXArOTCS €IUHUIIAMH U
HYJISIMH.

[Ipu »TOM BHYTpEeHHssI CTPYKTypa mpeoOpa3zoBaTesiiell MOXKET OBbITh
pa3In4YHOM. DTO MOTYT OBbITh 3JI€MEHTapHbIE JOIMUYECKUE PeoOpa3oBaTeu B BUIE
JOTHYECKHUX JJIEMEHTOB, PEATM3YIOIIUX JIOTUKY MPEIUKATOB MEPBOrO IMOPSJIKA.
Jlpyrue cxeMbl MOTYT UMEThb B CTPYKTYpE€ SJEMEHTHI NMaMATU B BUAE OTICIbHBIX
TPUITEPOB, PETUCTPOB, CUETUYUKOB. [0 ompeneneHNIo MX TakkKe MOXKHO Ha3BaTh
JIOTUYECKUMH MPE0OpPa30BATEISIMHU.

B nmanHOM  mocobuM ~ paccMaTpuBAalOTCA ~ TOJBKO  JIOTUYECKUE
npeoOpazoBaTeiy, NPeACTaBIAIOIMNEe COO0NH KOMOMHAIIMOHHBIE CXEMBI, T.€. CXEMBbI
0e3 mamsaTH. OTO (YHKUIMOHAJIBHO JIOCTATOYHO OOJBIIONH Kjacc YCTPOMCTB,
HIMPOKO UCIIOJIb3YIOLIUICS B IUPPOBOI TEXHUKE.

Jlornueckue  3NEMEHThI, KaK  (YHKIMOHAJIbHbIE IpeoOpa3oBaTesn
KOMOMHAIIMOHHOTO TUIIA B 3TOM NOCOOUHU HE paccCMaTPUBAIOTCSL.



1. IEHIMDPPATOPDBI

Jemugpparopom HAa3bIBAIOT KOMOWHAIMOHHOE YCTPOWCTBO,
npeoOpasyrolee TBOMYHBIA KO B YHAPHBIN. [[pyrumMu ciioBaMu M3 BCEX BBIXOJIOB
nemudpaTopa aKTUBHBIM YPOBEHb HMEETCS TOJIBKO Ha OJHOM M3 BBIX0J0B. Homep
ATOTO BBIXOAA COOTBETCTBYET JIBOMYHOMY KOAY Ha aJpPEeCHBIX BXOJax
nemmdparopa (ero AeCATUYHOMY SKBUBAJCHTY). Ha BceX OCTalmbHBIX BBIXOJAX
nemudpaTopa yCTaHABIMBAIOTCS YPOBHH HANpsDKCHHMS HEaKTUBHBIC. B 3TOM
KOHTEKCTE AemU@paTop HA3bIBAIOT YCTPONUCTBOM BBIOOpA, W ITOT AKTUBHBIN
YpOBEHb CUTHAJIa YKa3bIBa€T BHIOPAHHBIN BBIXOJ.

N3 »Toro ompeneneHus CleAyeT, YTO KaXIbl aJpECHBIA  BXOJ
nemudparopa HMEET BeC, COOTBETCTBYIONIMN MPUHIUIIAM  MO3UIIMOHHON
JIBOUYHOW CHUCTEMBbl CUHUCIICHHS, M TIOPAIOK BXOJOB HMMEET CYIIECTBEHHOE
3HaueHue. OOBIYHO STOT MOPSAJAOK Ha YCJIOBHBIX Tpaduueckux 0003HAUCHHUIX
(YI'O) nemmdpaTopoB OTpa)xaeTcsi IMOCIEI0BATEIbHOCTHIO YBEIUYUBAIOIIUXCS
mudp, HaUMHAS ¢ MiIaamero paspsga. Ludper Moryr HauymHATBCS C HYJIS WIA
eauHuIbl. Bo3MoxkeH BapuaHT, NpPU KOTOPOM IIOCJIEIOBATEIBHOCTh BXOJOB
HyMEpYeTCsl HEMOCPEACTBEHHO IU(PpaMu BECOB caMHX pa3psanoB: 1-2-4-8 u T.11.

[TockosibKy JBOMYHBIA KOJI Ha BXOJIE ONpEAessieT MoJiokKeHue (aapec)
CIMHCTBEHHOTO aKTUBHOTO CHTHAJIA B BHIXOJIHOM KOMOWHAIIMH, TO BXOJBI OOBIYHO
Ha3bIBAIOT aJPECHBIMU U 0003HaYat0T OykBOM "A" ¢ COOTBETCTBYIOIIMM HOMEPOM.
YT'O nemmudparopa u ero Tabauiia MICTHHHOCTH TpeicTaBieHbl Ha puc.1l.1. Ha Hem
MMEETCS JIBa aJPECHBIX BXOJa, U3 KOTOpbIXx Al sBigeTcs miaamuiMm, a A2 -
crapmiM. J[Ba Bxoga MOryT oOpa3oBaTh YETHIPE PA3THMUYHBIX KOMOWHAIWH,
KOTOPBIM  COOTBETCTBYIOT BBIXOJAbI ¢ Homepamu 0-3. BBIXOABI HMEIOT
JOTIOJTHUTENHHO 0003HAUYE€HWE WHBEPCHOTO AaKTUBHOTO CHUTHaIa (KPY>KOK Ha
BBIBOJIC). DTO O3HAYAET, YTO BHIOPAHHBIN aJPECOM BBIXOJ OyAET UMETh AaKTUBHOE
3HaUYE€HHUE HYJIb, a OCTAJIbHBIE BBIXOJBI — €IUHUIBI (OHU COOTBETCTBYIOT
HEAKTUBHOMY curHaiy). [emmdpaTop npu 3TOM Ha3bIBaAIOT — ACMIHUPPATOPOM €
HHBEPCHBIMH BbIXoaaMHu. Eciau 1 BBIXOJOB aKTHBHOE 3HAYCHHE SIBISETCS
eAMHUYHBIM (Kpy’KKa B OOO3HAUYE€HHWU HET), TO JACMHPPATOp HA3bIBAIOT —
nemupaTopoM ¢ MPSIMbIMH BBIXOJAMH.

B ocHoBHOM mosie ansi 0003HaueHUs (PYHKIMU YCTPOMCTBA B COOTBETCTBHUU
¢ 'OCT nanecens! 0ykBbl DC (ot anrn. DeCoder — nemudparop).

JomonauTenbHO B cxemy no6asieH Bxoa CS (ot anra. Chip Select — BbiObop
Kpucrtamia). BMmecto Hero Moker ObITH MCTHOJIb30BaHO oOo3HaueHue E (oT aHri.
Enable — paspemiars). Hasnauenwe 3TOro Bxojga — paspeliuTh HOPMAIbHYIO
paboty aemmdparopa: BEIOOP BBIX0/Id. DTO MPOUCXOIUT MPU aKTUBHOM CHUTHAJIC
Ha ATOM BXoje. B manHOM mpumepe 310 HyNb. B ciiydae maccMBHOTO CHTHalIa Ha
Bxoae CS (mis maHHOrO mpuMepa — eIWHHIA) ASUdpaTop HU OJWH BBIXOJ HE
BBIOMpAeT (BCE BBIXOBI TACCHBHBI M PaBHBI B JAHHOM IPUMEpPE ¢AUHUIIE). B a3TOM
cilly4ae TOBOpST, 4To pabora jgemmdparopa 3amnpenieHa. Bce yka3aHHbIe
OCOOCHHOCTH YUYTEHBI B TaOIUIIE HCTUHHOCTH JemudpaTtopa Ha puc.l.1.
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Puc.1.1. YI'O (a) u Tabauna uctuaHocTH (0) aemmdparopa

Kpome Ttoro, namnume Bxoma CS wMoxeT OBITh HCHOJIB30BAHO MJIS
CTpoOUpOBaHUs (CUHXPOHU3ALUK). AKTUBHBIA CHUTHAJ Ha BXOJ CTPOOMPOBAHMS
NOAETCs  IIOCJIE 3aBEpIICHMS BCEX IEPEXOJHBIX IIPOLIECCOB B  CXEME
nemurdpaTopa, 4TO MO3BOJISIET M30€XaTh BO3MOYKHOTO IOSIBJICHUS Ha BBIXOJAX
nemrdpaTopa JIO)KHBIX CUTHAJIOB IIPU CMEHE KOJOBBIX KOMOMHAIMI Ha €ro BXO/IE.

B cooTBeTcTBUU € 3TanamMu GOPMaIbHOTO CUHTE3a KOMOMHAIIMOHHBIX CXEM
CIIElyeT 3alucaTh AHAJUTHYECKUE BBIPAKEHUS [JIs1 BBIXOJAOB cXeMbl. Jlerko
3aMETUThb, YTO OOJee KOMIIAKTHAs 3alliCh MOXET MOJIYYUTbCS AJII MHBEPCHOMN
JIOTUKH:

N

A2

BbBIX 0 CS
BbIX1 cS
BBIX2 = A2- A1-CS
BbIX3= A2- A1-CS

I
N
2 | Bl

JUJIsl TOJTy4YeHHBIX BBIPAXKEHUM MUHMMU3aLUs HE TPeOyeTcs, U MOXKET ObITh
Cpa3y MOCTpOEHa cXeMma Jemudparopa ¢ HUHBEPCHBIMU BBIXOJAMH U MHBEPCHBIM
BXO7I0M pasperenus (puc.l1.2).

Jlerko BUAETH, UTO cxeMma Jemudparopa odpazyercs koHbloHKTOpamu (D4 -
D7), Ha KaxAOM M3 KOTOPbIX OOBEAMHSIOTCS CHUTHAJIbl COOTBETCTBYIOUIEH
NBOMYHOW KoMOuWHauuu. Tak, Hanpumep, Bbixoj 0 peanu3yeT KOHCTHTYEHTY C
curHasiaMu A1=0, A2=0, 4T0 COOTBETCTBYET AECATUUHOMY FKBUBaJIEHTY 0. Bbixon
2 obwenunser curHanbl A2=1, Al=0, 4YTO COOTBETCTBYET HAECATUYHOMY
SKBUBAIIEHTY 2 (aBowmuHoe - 10) u T1.0. MOXKHO [JMHAMUKY CHUTHAJIOB
paccMaTpHUBaTh U C IPYTrOM CTOPOHBL: BBIXOJ 2 MOJy4aeT aKTUBHBIN CUTHAJ TOJIBKO
TOTJa, KOT/Ia Ha BXO[ Aemudparopa OyaeT nojaH Ko, COOTBETCTBYIOIIUN JBOMKE.
Bce apyrue Koapl HE aayT akTHUBHOIO curHaia Ha Bbixone 2. Ilomywaercd, 4ro
BBIXOJ 2 "y3HaeT" Ko ABOMKH, SIBJISIETCS "'pacno3HaBaresieM'’ KoJa JTBOMKH.
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Puc.1.2. ®ynknuonansHas cxeMa aemudparopa 2x4

Jlemudpatop UCHONB3YIOT, KOTAa HEOOXOAUMO 00paliaThCs K pa3IudyHbIM
yCTpoicTBaM, W NpPU 3TOM HOMEp YCTPOMCTBAa — €ro ajapec — MIpeACTaBsIeTCs
JBOMYHBIM KO/I0M. Takoe nmpuMeHEeHHe MIUPOKO Peain3yercsi B BBIUYMCIMTEIBLHOU
TEXHHUKE JJIsl YIpaBJieHHUs] BHIOOPKON CXeM MaMSATH M BHEIIHUX YCTPOMCTB. JTO
MO3BOJIIET aKTUBU3UPOBATh TOJILKO HEOOXOAMMBIE B JaHHBI MOMEHT YCTpPOHCTBA
U3 BCEX MOAKIIOUYEHHBIX K IIMHAM.

Kpome Toro, memmdparopsl SBISIOTCS YacTbiO JPYTHX CXEM, peau3ys
GyHKUIHIO BBIOOpA: MHUKPOCXEM WHTErPaJbHON MaMsATH AJid BbIOOpAa KOHKPETHOM
AYEHKH 10 €€ aJapecy, MHUKPOCXEM MYJIbTHILUIEKCOPOB ISl OIpeAesieHus
KOMMYTHPYEMOTO KaHaja, CXeM YIpaBJIeHUS UHAUKAIMEH U APYTUX.

[lo BHyTpeHHEH CTpyKType AemHppaTopbl pa3iuvyaroT JUHEHHBIE,
MUPaMUATBHBIE U IPSMOYTOJIbHBIC (MATPUYHBIE).

B smHeiinom nemmmdparope Bce mpeoOpa3zoBaHus OCYUIECTBISIOTCS TOJIBKO
Ha OJJHOM JIMHEMKe JIOrMYeCKUX 3JIEMEHTOB. DTO Haubosiee ObICTpOACHCTBYIONINE
nemudpaTopsl, HO OHU HE TO3BOJISIOT PeaTu30BaTh JAeMU(PaTOpbl ¢ OOIBIITUM
YHICIIOM BBIXOJIOB, T.K. KOJMYECTBO aJPECHBIX BXOJIOB JOJKHO COOTBETCTBOBAThH
KOJIMYECTBY BXOJIOB JIOTHUECKOI0 3jeMeHTa. KpoMe TOoro, MOImHOCTh UCTOYHHKA
aJpeCHBbIX CHUTHAJIOB HEJOCTATOYHA JJI YIOPaBICHUS TaKUM KOJIHMYECTBOM
JOTHYECKHX  d3JeMeHTOB. [Ipumepom Takoro Jemmdparopa  SBISIETCA
nemdparop, npeIcTaBiIeHHbIN Ha puc.1.2.

B npsimoyrosbsHom nemmdparope npouecc Aemu@paind OCylecTBISAeTCS
MO3TAMHO (CTYyNEeHYaTo). AJpeCcHbIE BXOAbl pa3IEsAlOTCs Ha JBE YACTH, KaxKas U3
KOTOPBIX AU PUPYETCs CBOUM JIMHEHHBIM AemudpaTopomM. MX 4acTo Ha3bIBAIOT
nemudparopaMu  CTpoKk M cTtosndunoB. OHM  00pa3yloT TNEPBYIO CTYIEHb
nemudpanyn. Beixoasl nemmdpatopoB CTPOK W CTOJIOIOB OOBEIUHSAIOTCS Ha
CBOEM JMHEHHOM aemrdparope, o0pazyeMoM JIOTMUYECKHUMH 3JIEMEHTaMH. JTO



BTOpas cryneHb nemmppamuu (puc.1.3). Ha nmaHHOM pucyHke TOKa3aH
nemudparop 5x32 (msaTh aapecHBIX BXOA0B U 32 BbIxoaa). Takoit aemmdparop
HA3bIBAIOT MOJHBIM, T.K. HCIIOIB3YIOTCS BCE BO3MOXHBIC TBOWIHBIE KOMOMHAIINN
anpecoB. B nmpotuBHOM citydae aemudpaTop Ha3bIBAIOT HEMOJIHBIM.
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Puc.1.3. MaTpuusslii nemudparop

B wacTtHOM cnydae siBHOE pa3fieieHHME Ha CTPOKH U CTOJIOIBI MOXET He
OCYILIECTBIISITLCSA, HO OTPAaHUYEHHOE YMCJIO BXOJIOB JIOTUYECKUX DJIEMEHTOB BCE
paBHO TMpUBEAET K MHOTOoCTyneHuatod aemmdpanuu. Takue pemmdpatopsl
Ha3bIBAIOT NHPaMUAAJIBLHBIMU. B  Hux gemmdpanus  ocyiecTBisieTcs
HECKOJIbKUMH CTYINEHSMHU JIOTMYECKUX DJIEMEHTOB WJIM Jaxe JIemudpaTopos.
Takas cxema Oynet onucana nozxe. [[pumep ee nmokazan Ha puc.1.11.

Crnenyer OTMETUTD, YTO NPSIMOYTOJIbHAS CTPYKTYpa Aemudparopa sBiaseTcs
HE TOJIBKO MHCTPYMEHTOM YBEIMYEHHs KOJIMYECTBA BBIXOJOB, HO U IIPEACTABISACT
co00i CcaMOCTOSITENIbHYIO IIEHHOCTh NpU TOCTPOCHUHU psia MHUKpocxem. B
YaCTHOCTH, MMEHHO Takas CTpyKTypa Jemu@pauudd HeoOXoauma mpu
OpraHM3alMy IIpollecca pereHepalrd B MHUKPOCXEMAaX IMHAMUYECKOW ITaMsTH.
Ona Takke yAo0OHa NP KCIOJIb30BAHUN MYJIbTHILNIEKCUPOBAHHBIX aJApPECHBIX IIUH
B MUKPOIIPOLIECCOPHON TEXHUKE.

JHemmmgparopsl B HHTErPaJIbHbIX CEPUAX

B uHTerpasbHBIX CEpPUSX MHKPOCXEMBI JemudpaTopoB 0003HAYAIOTCS
kogom "MJ1". B cepusix mpencTaBiieHbl pa3InyHbIe BApUAHTHI JeGpaTOpOB JJIs
YHUBEPCAIBHOTO M y3KOrO TIPUMEHEHHs. B HHTErpaJlbHOM HMCHOJHEHUU
BBIMTYCKAIOTCS pa3IMYHbIE CTPYKTYPhI AeU(PATOPOB, B KOTOPHIX UMEIOTCS 2, 3, 4
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u Oosee BxomoB. B omgHOM KOpmyce MOXKET OBITh Pa3MENIeHO HECKOIBKO
nemudparopoB. s yBeandeHus: GyHKIMOHATIBHBIX BO3MOKHOCTEH B HUX 4acTO
NpEeayCMaTpUBAETCAd  WCIOJb30BAHUE  HECKOJbKMX  CHUTHAJOB  YIPaBJICHUS
(pa3pernieHus).

Hanpumep, nemmdparop KI155M/3 sBiasercs NOJHBIM C HWHBEPCHBIMU
BBIXOJJaMH M JIByMsS BXOJaMH paspeuieHusi (ctpobupoBanus). KomnmuectBo
BBIXOJIOB Y HETO COOTBETCTBYET BCEM BO3MOXKHBIM Ha0OpaM U3 YETHIPEX aJIPECHBIX
pa3psyioB. Beero mx mrectHaamate ¢ Homepamu ot 0 mo 15 (pumc.l.5). Bxomsr
paspemenuss wid  BeiOopa kpuctauia (CS) wum300paxkeHsl B oOmem
JOTIOJIHUTEIIBHOM TI0JIe, 4YTO YKa3blBaeT Ha WX

DC ? coBMecTHOoe mnpumeHenne. (Ob0a H3TUX BXoja
2 MHBEpCHbIE U oObeauHeHsl no cxeme M. [loatomy
15; nemu@parop OyJeT aKTUBEH TOJBKO TOTJa, KOraa
— A1 5 Ha obOoux Bxogax CS OyayT aKTHBHBIE CHUTHAJIbI
— A2 6 (aynm). Tlpy Hanwmuuu XOTS OBl OJHOW €IMHUIIBI
— A3 7 nemudpaTop aKTUBHBIM HOJIb HA BBIXOJE BblIaBaTh
—|A4 g He Oyzaer. Takoe M30BITOUHOE KOJUYECTBO BXOJOB
10 paspenieHus IIO3BOJISIET PacUIMPUTH
11 (YHKIIMOHAJIbHBIE BO3MOYKHOCTH MHUKPOCXEMBI C

;g TOUYKH 3pEHUS CLIOCOOOB €€ MPUMEHEHUSI.
14 Hemudparop K1551]14 conepxut B cede nBa
:!:CS 15 nemdparopa ¢ OObEIUHEHHBIMU  AJIPECHBIMU
BXOJIaMH u WHIVMBUYJIbHBIMU BXOJIAMH
Puc.1.5. KI155U]13 paspelieHus Ui Ka)K):[OFOYI/IS Hux CS1 u CS2
(puc.1.6,a). I[Ipy »>STOM OYEHb BaXHO, YTO

KOMOMHAIIMU aKTUBHBIX CUTHAJIOB Ha BXOJIaX pa3pelleHUs pa3HbIX JemudpaTopoB
pazuble. BryTpenusis crpykrypa npemmdpparopa KI55MJI4 npencraBineHa Ha
puc.1.6,6.

—{AQ |DC| 0 = A1l 1

—A1 1 h 2

2 - $°“ 3
— s 3 _—
D b

1 A0 Dc 0

cs2 2 — A1 1

3 2

cs1 3

a) '
6)

Puc.1.6. YI'O (a) u BHyTpeHHSS
cTpyktypa (0) nemmdparopa K155M1]14
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Takas opranusamms jgemmdparopa ¢ NOPSIMBIME W HHBEPCHBIMU
KOMOMHAIIMAMM ~pa3pelialolnuX CUTHAJIOB B OJHOM TIpymme TMO3BOISET U3
K155M/14 ©6e3 [ONMOMHUTEIBHBIX JIOTHUYECKHUX DJIEMEHTOB  OpPraHHU30BaTh
nemudparop 3x8 (puc.l.7,a). JIns sToro qo6aBiasieMblid TpETUN apecHbIi BXoa A2
pa3IMYHBIMM CBOMMH CHUTHAJIAaMH JIOJDKEH pa3peliuTh paboTy  HIKHETO
nemdparopa (Hanmpumep, IpU HyJe) U BepXHeEro jaemmmdpaTopa (COOTBETCTBEHHO
— npu enunune). [lostomy curHan A2 A0DKEH MMOAAaBaThCA Ha NPSIMOM U
WHBEPCHBIN pa3pelaronfii BXo 4 pa3nuyHbXx dacteidt aemmdparopa K155U14. C
YYETOM PACHOJIOKEHUS HHBEPCHOTO Pa3pEIIAONIEr0 BX0Aa BbIXOAbI 0-3 OKaXyTCS
B HWXHEW 4YacTu cxeMbl (cMm. puc.l.7,a). /[Ba ocTaBIIMXCS WHBEPCHBIX BXOJa
pasperieHuss U3 pasHbIX Tpymnm npu oobenuHeHnu (Bxoa CS) MOTYT BBITIOTHATH
byHKIMIO0 pazpemieHuss Ans HoBoro nemudparopa 3x8. YI'O mosydeHHOTOo
nemmdparopa npejacraBieHo Ha puc.l.7,0.

a0 Taoloc] s |— A A0 | DC| 0 |—
M 14 5 — Al A1 11—
A2 8 |— AZ —— A2 2 |—
_ 7= — 3
cS P 7 — —_— 4 —
1 — 5
cs2 2 — cs ——Ocs 8
3 — 7
a) 6)

Puc.1.7. Opranuzanus aemmdpparopa 3x8

B kavectBe emie ogHOro mpumepa momo6Horo nemudpatopa Ha puc.l.8
npuBeaeHo uzodpaxkenne MMC K555M1]17, koTopasi BXOIUT B HaOOp JIOTUYECKUX
DIEMEHTOB CHCTEMBI MonenupoBanus '"Bapuant'. [lamnas HMMC saBnsercs
BBICOKOCKOPOCTHBIM TOJHBIM HHBEPCHBIM JlemupaTopoM, MpeoOpa3yromum
BXOMHOW Tpéxpaspsanbii ko Al-A3 B HanpspkeHue Hu3koro yposHs (0),
MOSIBJIIFOLETOCS. HA OJTHOM M3 €r0 BOCBMH BBIXOJIOB

—{ D1|IDC | 0O 0-7. Hdeumdparop uMeeT Tpu BXojaa CTpOOUPOBAHUSA

D2 1 (pazpemienusi) D1-D3, aBa u3z xotopsix D2 u D3

:g D3 2 SBIISIIOTCSA MHBEpCHbIMHU. PaboTa mo 3TuM Bxojam
3 OCYUIECTBJISIETCS O JIOTHUKE 3yieMeHTa U.

Hemmudparus BXOJIHBIX CUTHAJIOB

— A1 4 IIPOUCXOJUT TOJIBKO B TOM cCllydyae, €Cld Ha

— A2 o pazpematomieM Bxojge D1 Oyzmer mpucyTcTBOBaTh

A3 6 jJoruueckas 1, a Ha Bxomax D2 u D3 - noruueckuii 0.

7 IIpu Bcex Apyrux codeTraHusX YPOBHEM Ha BXOJax

cTpoOupoBanust Jemudparop OJOKUpYyeTcs, U Ha

BCEX €ro BBIXOJAaX OKAXKETCS YCTAaHOBJICHHBIM
Puc.1.8. K555M[17 BBICOKUI YPOBEHb HAIPSIKEHUS, T.€. Joruyeckas 1.
Ucnons3ys TOJIBKO OJIUH BXO/l
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CTpOOMPOBAHMSI, MOXKHO NOCTpoUTh U3 ABYX MMC 4eThlpéxpa3psiiHbIid MOJIHBINA
nemdparop.

Hcnonp3oBanue TpEX BXOAOB CTPOOMPOBAHUS TIO3BOJISIET CO31aTh U3 TPEX U
yeTbIp€x Takux UMC HenousHble nemm@paTopsl ¢ YUCIOM BbIXO/I0B, PaBHBIX 24-M
u 32-M, COOTBETCTBEHHO. llocTpoeHME TakMX CXEM PEKOMEHIYETCS BBIIOJIHUTH
CaMOCTOSITEIILHO.

CrnenuajbHble 1emingpaTopbl B MHTErpajbHbIX CEPHUAX

Hemmdpparop K155UJ1 umeer udersipe Bxoaa u 10 BwixogoB ot 0 10 9
(puc.1.9) u sBisieTcst HenoaHBIM. OcTanbHbIe KOMOMHAIIUN BXOJHBIX CHTHAJIOB HE
GbOopMHPYIOT BBIXOMHBIX curHaioB. OIHAKO OCHOBHAs OCOOCHHOCTH JTOTO
nemmdpaTopa 3aKiIO4aeTcs B TOM, YTO OH CIEUMAIbHO TpeaHa3HA4YeH MJis
YIOPABJICHUS Ta30pa3psIHBIMU UHIWKATOpHBIMU Jiamramu Tuna UH-4, UH-12 u
T.1. Ero BeIXOAHBIE KacKajpl 00pa3oBaHbl BHICOKOBOJHTHBIMH TPaH3UCTOPAMU C
OTKPBITBIM KOJUIEKTOPOM M paccuuTaHbl Ha HampspbkeHue a0 60B. Karozaw
WHIUKAaTOPHBIX Jamn (cooTBeTcTBYIOMIAS uudpa) HOJIKJIFOYAIOTCS
HETOCPEJCTBEHHO K BbIXOoAaM jemudparopa (cM. puc.1.9). Takoit memmdparop
OTHOCHUTCS K CHeNMATbHBIM.

R
K155MA1 (o oooooooo)
A0 A0 | DC| o
A1 A1 1
A2 — a2 2
A3 A3 3
4
5
6
7
8
9

Puc.1.9. demmdparop K155MU/1

JpyruM  TUIOM cCHeUaIbHOTO JAemmudpaTopa sBISIETCS AemmdppaTop
K564114 nns  cemMucerMeHTHOro uHaukaropa. Jlemmdparop, mnpeodpasys
JNIBOMYHO-JIECATUYHBIN KoJ Al-A4, mo3BojsgeT 0e3 JONMOIHHUTEILHBIX DJIEMEHTOB
YOPaBISATh  KUAKOKPUCTAIMYECKUM  MHIUKaTopoM. Bxom S mo3sBosser
ycTaHaBiuBaTh mpsMble (pu S=0) wunum wuHBepcHble (mpu S=1) BBIXOABI
nemudparopa (puc.1.10).
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—1 AT|DC] A A

— A3 c c l l

—1 A4 D D
E E - L
F F | |
G G -am e

— S J__H

Puc.1.10. K564 1114

Ctporo roBopsi, 3Ta MUKpPOCXEMa XOTS M Ha3bIBaeTcs JAemudpaTopoM, HO
(yHKUHOHAIBHO, 1O CYTH, SBJIseTcs Ooyiee CIOXHBIM mpubopoM. B Hem
COJIEPKUTCSI HENMOCPEACTBEHHO JAemudpaTop, KOTOPbIA MpH MOJad4e€ Ha BXOA
curHasioB Al1-A4 gopmupyer yHapHBIN KOJ] HA CBOEM BBIXOJE. DTOT YHAPHBIN KO/,
MoCTymnasi Ha BXxonbl ImmdpaTopa, yxke ¢GOpMHpPYET Ha HECKOJbKHX BBIXO/AX
COOTBETCTBYIOLIMN HA0Op CUTHAJIOB, KOTOPHIE U JOJKHBI MOJICBETUTh CEIMEHTHI,
oOpasymolue JecATUYHbI 3Hak. Takue ycTpoilcTBa NPUHATO €lIe Ha3bIBaTh
npeoOpa3zoBaressMu Ko10B (0003Havatores Ha YI'O - X/Y).

HapamuBanue nemmgparopos

[log HapammBaHueM jaemM@paropa MOHUMAETCS NPOLECC MOTYyUYECHHUS
nemudparopa ¢ OOJBIIMM KOJIMYECTBOM BXOJOB M BBIXOAOB, YEM HMEIOTCS B
KOHKpETHOM cepur (WM Ture) Mukpocxem. Jlig 3tux uened  yaoOHO
MCITI0JIb30BaTh BXO/IbI pa3pelieHus aemudparopo. Cxema CTPOUTCS MO MPUHLUITY
MHOT'OCTYIE€HYATHIX (KaCKaJHBIX) NEHIHPPaTOPOB, B TOM UYUCIIE MPSAMOYTOJIbHBIX.

Munanmue agpeca qemu@pupyroTcs Ha OKOHEUHOM cTyneHu aemudpanuy, a
CTapuIMe aJpecHble BXObl 00pa3yloT MpeIBAPUTENbHYIO CTYNIEHb JeU(ppaluu 1
OCYHIIECTBJISIOT BBIOOP OJHOTO U3 JACMIU(PPATOPOB OKOHEYHOW CTYTECHHU.
KonudecTBO CTyleHEW TEOPETUYECKH HE OrpPaHUYE€HO, HO BpeMs 3aJEpiKKU
pacnpoCTpaHEHUs] CUTHAJIA MPH 3TOM pacTeT. Takue KOHCTPYKUUU CIEAYeT
MPUMEHSTh TOJBKO cO cTpobupoBanueM. [Ipumep Takoro nemmmdparopa 4x16 u3
JIBYX cTyrneHe moka3zaH Ha puc.l.11. Bxon paspewmenus E mnpensaputenbHOU
CTYIIEHH MPU ITOM CTAHOBUTCS BXOJIOM pa3pelleHus BCero Aemudparopa.
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A1 A1|DC| of-o0
A2 A2 1= 1
22
A3 a1|oc| o cs 33
A4— A2 1
3 A2 15
E—cs 26
s 37
— A1 |DC| oF 8
A2 19
210
11
cs 3
— A1 |DC| o012
A2 113
214
cs 315

Puc.1.11. HapammuBauue nemmdvarona no 4x16 u3 2x4

Od4eHb SKOHOMHYHO MOYKHO HapaluBaTh JACMU(paTOpbl U3 MUKPOCXEM, B
KOTOPBIX HMMEITCS Jemudparopbl ¢ MOPSIMBIMA M HWHBEPCHBIMH BXOJaMHU
pasperieHus. [ HUX HYJIEBBIM CTapIIMM aJIpPECHBIM BXOJIOM BBIOMPACTCS OJIMH
nemudparop, a eIMHUYHBIM CUTHAJIOM — Apyroil. B kadecTBe Takoro mnpumepa
MOXHO paccMaTpuBaTrh nemudpaTop, paHe TpencraBieHHbi Ha puc.l.7,a. Ha
TOM PHUCYHKE TPSMON M WHBEPCHBIN BXOJ[ Pa3pelieHUs, MO CYTH, MO3BOJISIIOT
obpazoBath gemmdparop 1x2 63 JTOMONTHUTEIBHBIX JIOTHYECKUX 3JEMEHTOB. Ero
aZpECHBIM BXOJIOM SIBIISIETCS BXOA A2.

Bonpocsl 11si  ¢CaMOKOHTPOJIA

1.
2.
3.

N oA

[TpuBeauTe 3TANBl MOCTPOSHUS KOMOMHAITMOHHOW CXEMBI.

Moenbio KakuX yCTPONCTB SBIISICTCS TaOIHMIa HCTHHHOCTH?

Kakum oOpazom B Tabnuile UCTUHHOCTH OTOOpakaeTcsi OTCYTCTBHUE
naMsATd B 0TOOpakaeMOM YCTPOUCTBE?

KakoBo Haznauenue cxem nemmdparopa’?

B ueM oTiMume 0THOCTYNIEHYATOTO U MPSIMOYTOJIBLHOTO Aemu(paTopoB?
3anumure Jorudeckyro GyHKuo 11t Beixoaa Ned nemmudpartopa?

Kakxum 06pazom HymepyroTcs Beixoabl Aemmudparopa? [louemy?

KakoBo Ha3Hauenwe BXOA0B paspemieHus nemudparopo? Kak 510
Ha3HAYCHHUE OTOOpa)kaeTCs B TIOBEICHUH YCTPOKCTBA?

. Kak  wu3oOpaxaercs jgemmdparop Ha  yCIOBHOM  Trpadudeckom

0003HayeHuu?
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10.Hatimute T['OCT, omnpenenstomuii o0003HaUYeHHE nemudpaTopoB Ha
AIEKTPUUECKUX CXEMaX.

11.KakoBo Ha3HAYEHHUE AIPECHBIX BXO/I0B Jemudparopa?

12.Kak HymMepyroTcs ajpecHbie BX0 bl Acmudparopa?

13.Hapucyiite tabauily UCTHHHOCTH AcmudpaTopa Ha 2 BXOoJa U 2 BXOja
paspenieHus ¢ pa3HbIMU AKTUBHBIMU CUTHAJIAMH.

14.B yeM oTIIMYUE IPSIMOTO U MHBEPCHOTO JemudpaTopa?

15.Kak o003HavaeTcst TN aKTUBHOTO CUTHAJIA Ha BXoAax aemwudparopa?

16.KakuM MaTeMaTH4eCKHM COOTHOIIICHHEM CBS3aHBI KOJUYECTBO BXOJIOB U
BBIX0JIOB MOJIHOTO Jemudparopa?

17.TTouemy nemmdpaTop UIsi CEMHUCETMEHTHOTO HWHIMKATOpa OTHECEH K
CHEUAJIbHBIM?

18.B ueM MOKeT MpOosBIATHCSA "'cienanbHOCTE" Hemudparopa?

19.Kakue curHaibl JODKHBI OBITH Ha BXoAax jaemmdparopa 3x6, eciu oH
MMEEeT UHBEPCHBIN BXO/] pa3peiieHus?

20.ITouemy mna npemmdparopa HCHONIB3YIOT TEPMHUH "YHapHBIM KOA" Kak
pe3ynbTaT npeodpasoBaHusi?
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2. LIMPPATOPBI

IMudpaTopoM HaA3BIBAIOT KOMOMHALMOHHYIO CXEMY, MPeoOpasyIouryio
YHApHBIA KOJ] B KOMOMHAIIMIO aKTUBHBIX CUTHAJIOB HA BbIxoje (o6o3Hadaercs CD
ot aara. CoDer — mmdpatop). 1o cytu, 310 ycTpoiicTBo oOpaTHOe aemudparopy.
[Ipu BO30YXAEHMH TOJIBKO OJHOTO M3 HECKOJBKHUX BXOJOB HIM(paropa (Ha
KOTOPBIA MOJIAETCsl aKTUBHBIM CUTHAJN) HA €ro BbIXojae (OpMHUpYeETCs ABOMYHBIN
KO, COOTBETCTBYIOIIMH HOMEpPY BO30YXIE€HHOH BXoaHON nuHuu. Crnexyer
YUYECTh, YTO B OOIIEM CITy4yae MOJIy4aeMblil IBOUYHBIA KOJI HA BBIXOJE MOXKET U HE
COOTBETCTBOBATh HOMEPY BXOJAa, HAa KOTOPBIM IMOJAH AaKTHUBHBIA CUTHAIL. OTO
3aBHCHUT OT Ha3HaueHU udpaTopa.

N3BectHO, yTO Mobas andaBuTHO-1MbpoBas U rpaduueckas uHPOpMaus
3anuceiBaeTcsl B mamaTh OBM u XpaHuTCd B HEW B BHJE 3aKOJMPOBAHHBIX
nBOWYHbIX uncen. Kaxnawiii andaBuTHBI CUMBOJ (3HAK, CIHEI3HAK, OYKBa,
necsATiYHass mu@pa W T.O.) KOAMPYETCS CBOMM COOCTBEHHBIM N-pa3psaHbIM

JIBOMYHBIM YHCJIOBBIM KOJOM, TO3BOJISAIOIIAM OMKCaTh 10 2" 0OBEKTOB
KOJIupoBaHus. UUCITOBBIE 3HAUCHUS, MPEMUCAHHBIC KKIOMY U3 HUX, IPUBOAATCS
B CHEIUAJbHBIX KOJIOBBIX Ta0nuIax, Takux kak, Hampumep, ASCII, KOU-8,
WIN1251, Unicod u gpyrux. bmarogaps KOIMPOBAaHHIO 10 CTaHAAPTHBIM
tabnauiaM oOecreunBaeTcsl BO3MOXKHOCTh yJOOHOTO YTEHHS U 00pabOTKU
KOMITBIOTEPHOU MH(POPMAITUY B PA3IMYHBIX IPHIIOKEHUIX Ha pa3HbIX DBM.

[Tporecc KoaMpPOBaHUS 3aJI0KEH B pa0OTY pa3sHOOOPa3HBIX MU(PPOBBIX CXEM,
o0ecIeuynBaIINX, HapuMep, MHUQGPOBaHUE TAaHHBIX. 3aKOIUPOBAHHBIC JTaHHBIC
NpEeIHA3HAYCHBI I TIEpEladd IO KaHalaM CBSI3W CICIHAIBHBIX (CEKPETHBIX)
CBEIEHUH; WX Jmemudpanuu B Todke MpuéMa; OOHAPYKCHHH B TMPUHIATOM
COOOIIEHNN MCKA)KEHUH, BHI3BAHHBIX BO3MOKHBIMH ITIOMEXAMH B JUHHUSAX CBSI3H, U
WX aBTOMATHYECKOE UCITPaBJICHUE HA MPUEMHOM ITyHKTE BCIIEH 3a OOHAPYKCHUEM.
Kpome Toro, mmudparopsl MCHONB3YIOT IPH NpeoOdpa3zoBaHUE KOJOB M3 OJHOU
CHUCTEMBbI CUMCIICHUS B JAPYTyH0O W T.O. B 3ToM ciydae WX daimie Ha3bIBalOT
KOJIOTIPe0Opa3oBaTeIIIMH.

[Monueli aBoMuHLI mWHdpaTop umeeT 2" Bxog0B 1 N Beixon0B. Ha puc.2.1,
nokaszansl YI'O mudparopa v Tabnnia ICTUHHOCTH TaKOTo M@ paTopa.

— 0 |CD| 0 |— Ne Bxopfbl Beixogel
— 1 1= komBuHauyum | 3 2 1 0 1 0
— 2 1 0 0 0 1 0 0
2 0 0 1 0 0 1

3 4 0 1 0 0 1 0

8 1 0 0 0 1 1

a) 6)

Puc.2.1. YI'O (a) u Tabnuna uctuaHoctH (0) moiaHoro mudparopa
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Crnenyer y4ecTh, 4YTO HyMepalds KOMOWHAIMH B TaOJIUIE COOTBETCTBYET
TOMY JIBOMYHOMY KOJTy, KOTOPBIM copMHpOBaH Ha Bxoaax mudparopa. [Tpu atom
BxoA ¢ HoMepoMm "0" - aTO Muammui paspsia, a BXoja ¢ HomepoMm 3" - caMbli
CTapIIuii pa3psa JABOMYHOHM KoMOuHanuu. IIpm >TOM Ba)XHO TNOHHMATH
ClIeTyroIIee:

1) Bcero s droro mudparopa pasiMYHBIX BXOJHBIX JIBOHMYHBIX

KOMOMHALHIT JOKHO OBITH mIecTHamath (2'=16). Uro sror mmdparop Oymer
BBIZIABATh JIJISI OCTAJIbHBIX JBCHAANATh KOMOWHAIIMN - HEOOXOAMMO YTOYHHUTH Ha
aTane JOOMpPEeTICHUs TaOIUIbl UCTUHHOCTU. DTOT BOMPOC MOXKET OBbITh PEIIeH
MO-pa3HOMY, UCXOJS U3 YCJIOBUN peanbHON padoThl mmdparopa B KOHKPETHOMN
CHCTEME;

2) 0003HavYeHHE B TAOJIUIIC HOMEPOB BXOJHBIX HAOOPOB, COOTBETCTBYIOIIICE
OOILIECNPUHATON MPaKTUKE, HE OYEHb YyJAauyHO OTpPakaeT CyTh pabOThI camoro
mudparopa (Tak cienaHo B Tabmuie Ha puc.2.1,6). [Ins Hero BaxkeH He caM
JIECATUYHBIA DKBUBAJICHT BXOJHOTO KOJa, @ HOMEP BXOJla, Ha KOTOPBIA MOJaHa
eIUHCTBeHHas1 enuHuna. Hampumep, enunuiia Ha Bxone 0" moymkHa naBaTh Ha
BbIXOJie JnBoWYHBIM kon Hyns (00), a exuHMIla Ha BXOoJe 3 — JIOJDKHA OBITh
3akonupoBaHa JBoMYHOM Tporkod (11) u 1.1 [losTomMy HaGOpHI MOTYT OBITh
nepeo003HaYeHbl B COOTBETCTBUU C 3TOW JIOTMKOW: HYMEpPOBAThCA MO HOMEPY
aKTUBHOTO Kojupyemoro curHana — 0 — 3.

Cunte3 muppaToOpoB OCYHIECTBISETCS MO OOWEH METOJUKE CHUHTE3a
KOMOHWHAITMOHHBIX CXeM. BhIX0gamM COOTBETCTBYIOT BBIPAKCHHUS:

BbIX0= BX3-BX2-BX1-BX0v BX3-BX2-BX1-BX0
BbIX1= BX3-BX2-BX1-BX0v BX3-BX2-BX1-BXO0

Jlerko Buneth, uTo KoMmOuHamusa 1000 Bxoaut B 006a BeipaxkeHus. [loatomy
P COBMECTHOM HCIIOJIB30BAHUM 3TOW KOMOWHAIIMK JJIi O0OMX BXOJIOB CXEMa
OyzieT BBIMVIAACTD CIIEAYIONUM 00pa3om (puc.2.2).

Uwuciio BXOJOB M BBIXOAOB KJIACCHYECKOTO IudpaTopa CBSI3aHbI, KaK U Y
nemudparopa, GopMyitoi komuyecTBa pa3psAaoB (n) u yrciaa komounaruit (N):

N =2"

VY nemmdparopa n 3T0 KOJIMYECTBO aJAPECHBIX BXOAOB, a N - KOJIUYECTBO
BBIXOJIOB TIOJIHOTO Aemudparopa.

B nanHOM citydae KOTUYECTBO Pa3psoB ATO YHCIO BBHIXOJOB mudparopa, a
KOJIMYECTBO KOMOMHAIIMIA - 3TO KOJUYECTBO YHAPHBIX KOJOB, KOTOPBIC TpeOyeTcs
Mo/JaTh Ha BXOJBI JUIsi OOECTEYEeHMs] BCEX BO3MOXHBIX KOJOB Ha BBIXOJaX.
[TockonbKy KOABI YHapHBIC, TO KKl HOBBIM KOJ TPeOYyeT CBOETO paspsiia U
YBEJIMYCHUE KOJMYECTBA BXOIHBIX KOJOB BEIET K POCTY KOJIMYECTBA BXOJIHBIX
nuHui. Takoi nemmdparop MOXKHO HCIOJIB30BaTh JIJIi KOJWPOBAHUS TBOUYHBIM
KOJIOM IOJIO’KEHUSI MHOTOIIO3ULIMOHHOTO MEPEKIIFOYATEIIS WIU PACIIPEACIIATES.
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D1
Bx3 p 1 }
A
D2
Bx2 ¢ 1
~
D3
1
Bx1 {
D4 D5
Bx0 » 1 & D8
Y
L 1| BbBIXOD
H —
D6
&
D7 D9
& 1 | BbIX1
- —

Puc.2.2. dyHkiuoHanpHas cxema Kiaccuueckoro mudparopa

Ecnu cxema mpeamnosiaraeT HECKOJIBKO AKTUBHBIX BXOJHBIX CHUTHAJIOB U
(WIM) HECKOJIbKO AaKTUBHBIX BBIXOJHBIX CHUTHAJIOB, TO €€ Ha3bIBAIOT
npeoopazoeamenem Koooe. llpeoOpazoBaTen HCHOJB3YIOTCS [JIsi B3aUMHOIO

npeoOpa3oBaHus BHYTPEHHUX KOJIOB HU(PPOBBIX YCTPOUCTB, U OyIyT pacCMOTPEHBI
B pazzaerne 6.

Bomnpocsl 1j1s1  CaMOKOHTPOJISE

[IpuBenute 3Tanbl NOCTPOEHUS CXEMBI Mu(paTopa.

KakoBo Ha3HaueHHEe BXOJIOB U BBIXOJ0B 1udparopa?

3anumure Jorudyeckyro GyHkuuio A Beixoaa NeQ mmudparopa 8X37?

Kakum 00pa3om HymepyroTcs Beixosl mudpartopa? [louemy?

Kaxk u3zo6paxaercs mudpaTop Ha yCIOBHOM rpaduueckoM 0003HaUeHUH?

KakuMm maTemMaTH4eCKUM COOTHOILIEHUEM CBSI3aHbI KOJMYECTBO BXOJOB U

BBIX0JIOB MOJIHOTO udparopa?

7. Kakoe  konupoBaHuEe  OCylIeCTBisieT  mupaTop B COCTaBe
(GyHKUHMOHAIBHOM  cXeMbl  Jemmdparopa JJIsi  CEMHCErMEHTHOIO
HWHJIMKaTopa?

8. [Mouemy mys mmdparopa UCHOIB3YIOT TEPMHUH "yHApHBIA KOX"' IJIS €ro
BXOJIOB?

9. Kak Hymepytotcst aapecHsie Bxo bl mudparopa? [louemy?

oghwhE
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10.Kakue curHainsl JOKHBI OBITH Ha BXOJAaxX mudpaTopa 3x8, ecnu oH uMeer
Ha BBIXOJIC JBOUYHBIN KOJ MATEPKU?
11.Kak o603HauaeTcst TUI aKTUBHOTO CUTHAJIa Ha BXxoAax mudparopa?
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3. MYJIBTUIIVIEKCOPBI

Mynvmunnexkcopom Ha3bIBAIOT  KOMOMHALIMOHHOE  YCTPOWCTBO,
OCYULIECTBJISIOLIEE MOJKIIOUYEHHE (KOMMYTAlMIO0) OJHOIO U3 HECKOJBKHX BXOJOB
nansbix (D0-D3) k omHomy BhIXOAY. HOMEp BBIOpaHHOTO BXOJa COOTBETCTBYET
KOJy, TMOJaHHOMY Ha aJIpeCHbIC BXOJbI MyJbTUILIeKcopa (A1-A2). OnpeneneHue
HOMEpPA CKOMMYTHPOBAHHOTO BXOJla JAHHBIX OCYIIECTBISECTCS IO aJPECHBIM
BXOJIaM aHAJIOTMYHO OMNpPE/IeNICHHI0 HoMepa BhixoAa Aemudparopa. Kpome Toro, B
MYJIBTUILIEKCOpPaX OOBIYHO MPHUCYTCTBYET BXOJ pazpeiieHus (crpodbupoBanusi) E,
KOTOpPbIA MpU HEAKTMBHOM CHUTHAJE 3alpeliaeT KOMMYTAIUMI0 HE3aBUCUMO OT
aJipecHOro Koja. YcioBHOe rpaduyeckoe 0003HaUeHHE | TabJMIa KOMMYTAIUH
BXOJIOB JIaHHBIX TPECTaBICHbI Ha puc.3.1.

a1l MS | _ Bxoapi Exopa, ¢ KoToporo gaHHble

P E A2 | A1 nepejaloTcA Ha BbIXOJ,

_I50 1 0 0 DO

_1p1 1 0 1 D1

—p2 1 1 0 D2

—p3 1 1 1 D3

. = 0 X X Ebixoa He akTuBeH (3aKpbiT)
a)

Puc.3.1. YI'O (a) u Tabnua KoMMyTalui BX0oA0B (0) MYyJIbTHILIEKCOPA

O6o3HaueHne (PYHKIUU MYJIbTUIUIEKCOpPA CTPOUTCA HA JABYX AHTIMHCKHX
cioBax: Multiple — MHOTO YacTeli U MPOU3BOIHOE OT HETO — yBEJIMYCHHE (KaHAJIOB
naHHbIX) ¥ Select —BpIOupath (0aMH K3 KaHaaoB). [I03TOMY B 0003HAYCHUN MOKET
BcTpedatrhesi coueranuss MS, MUX, SL ¢ coorBercTByromwum KoHTeHTOM. Ha
KOPIycax MUKPOCXEM MYJIbTHUIUIEKCOPOB HaHOCAT o0o3Hauenue — KII.

AHanornyHo AemmdparopaM B CEpPUAX  MHUKPOCXEM  BCTPEUAIOTCA
MYJIBTUILIEKCOPBI ¢ PA3IMYHBIM KOIM4ecTBOM BXx0a0B AaHHBIX (K155KII1 — 16, a
K155KII5 —Bcero 8), ¢ mpsimbiM 1 uHBepcHBIM Bbixogamu (K155KI17), B onHom
KOpIIyCe MUKPOCXEMBI MOTYT cofiepKaTbes aBa MynbTuiuiekcopa (K155KI12).

[TocTpoeHrne MyJNbTUILUIEKCOPOB JOJIKHO OCYIIECTBIATHCS IO  OOIIHMM
MpaBUJiaM CHHTE3a KOMOMHAIIMOHHBIX cxeM. Eciiu Tabnuily KOMMYTallMu BXOJI0B
(cm.puc.3.1) wmcmosnp30BaTh B KaudecTBe (DOPMATU30BAHHOW MOJCIIH ITOBEIACHMS
MYJIBTUILIEKCOPA, TO aHATTMTUYECKOE BhIpAXKEHHUE ISl BbIXOJa Y MYJIbTHILUIEKCOPA
MO>KHO 3aMucaTh B BUJIE:

Y=E-A2-Al-DOVE-A2-Al-D1vE-A2-Al-D2v E-A2-Al-D3

DOTO BBIpAKEHUE MHHUMHU3AIMUA HE TMOJJAeTCa M Ha puc.3.2 Mo HeMy
MOCTpoeHa QyHKIIMOHAJIbHAS CXEMa.
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A1 ‘%
A2

Ramtls
& 1
Do
&
D1
—
&
D2
—
Y
& -
D3
—
E

Puc.3.2. ®yHKIIMOHAIBHAS CXeMa MYJIbTHILUICKCOPA

OnHako  TpaJWIIMOHHBIE  METOABl CHHTE3a  CTAHOBSTCA  CIIUILIKOM
IPOMO3JKMMHM II0 IPUYMHE PE3KOr0 YBEIWYECHUS KOJIUYECTBA  BXOJIOB
CUHTE3UPYEMOM cXeMbl. Tak, Hampumep, MPOCTEUIIUMNA  MYJIBTUIIEKCOD,
nmpeacTaBieHHbI Ha puc.3.1l,a, TpeOyeT ns TPagulMOHHOTO CHUHTE3a TaOJHIIbI
UCTUHHOCTH Yyxe u3 128 crpok. Takas Tabmuiia CiloXHO ToAaeTcs oOpaboTKe.
[ToaToMy ycTpoiicTBa, uMeromue O0ojiee TMATH BXOJOB, CHHTE3UPYIOTCS C
WCIIOJB30BaHUEM NPUHIMIIA JCKOMIIO3UIMU: MyTeM pa3OUeHHUsl YCTpOICTBa Ha
0oJiee MPOCTHIE C MOCIEAYIOIUM CUHTE30M ykKe 00JIe€ MPOCTHIX CXEM.

Crnenyst 5TOMy MPUHLMIY W UCIOJB3YS JIOTUKY MPeoOpa3oBaHus JaHHBIX B
YCTPOMCTBE, CXEMY MYJBTHUIJIEKCOpPAa MOXHO NPEACTABUTHh KaK IMOKAa3aHO Ha
puc.3.3. B aT0li cxeme aemmdparop 1Mo aapecHbIM BXOAaM OMPEASsIeT TOT KITHoY,
KaHaJl KOTOPOTO JOJDKEH OBITh OTKPBIT il mepenaud. Kirou peann3oBaH Ha
JIOTUYECKUX DJIEMEHTax ¢ (YHKIHMEW KOHBIOHKIMHU. M3 BceX KIIOYeld OTKPHIT
TOJIBKO TOT, KOTOPBIM MOJydaeT ¢ BBIXOJOB JAemudparopa €IWHUIY B YHAPHOM
koze. Brixompl Bcex Kirouell o0ObeguHsiorcs Ha dnemeHre WJIM, ¢ BeIxoga
KOTOPOTr0O M CHUMAETCS CKOMMYTHPOBAaHHBIM curHai naHHbix D. Ilocnegnuii B
CXEME KJIFOY IMPOITYCKAeT JAaHHbIC TOJIBKO MPU HAIMYUKU CUTHaNa paspeuieHus E. B
COBOKYITHOCTHA BCE€ DJIEMEHTBHI M CBSI3U  peau3yloT paboTy MYJBTHILIEKCOPA,
yCIIOBHOE Tpadrueckoe 0003HaY€HHE KOTOPOTO MPECTaBIeHO Ha puc.3.1,a.
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A1—A1|DC]| o
A2 — A2 1
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Puc.3.3. ®yHkimonanpHas cxeMa MyJIbTUIUIEKCOpa MPU IEKOMITO3UITUU

B mpencraBieHHON cXeMe YIPOCTUTh KAy OTACIBHYIO COCTaBISIOILYIO
y)K€ HeNlb3s, OJHAKO MOXXHO OOBEIUHUTH (YHKIHUU OTIAEIBHBIX JJIEMEHTOB, B
YacTHOCTH, (QYHKIMH Jemudpanud U JABYX MOCIETOBATEIHHO PACIOJIOKEHHBIX
KiIrouen. Takoe COBMELIEHUE BO3MOKHO IIPU SICHOM IIPEIACTABICHUN BHYTPEHHEU
CTpyKTypbl nemudparopa. [lomyuuBriasicss cxema mociie TakOW ONTHMHU3AIMH
OyZeT COOTBETCTBOBaTh cxXemMe Ha puc.3.2. B maHHON cXemMe JOrHYecKue
KOHBIOHKIIUU OOBEIUHSIOT Ha ce0e aJpecHBI KOJ, OCYIISCTBIISIFOLIUNA BBIOOD
COOTBETCTBYIOILIETO KJIIOYA, BXOJ JAHHBIX, KOTOpBIE JOJKHBI MPOXOJIUTH 4Yepe3
ATOT KJIIOY W CHUTHaj paspemieHusa. TOJbKO NpH HaJu4YMKM BCEX Ha3BaHHBIX
COCTABJISIFOUIMX BBIXOJ KJIF04a OYyJEeT 3aBUCETh OT BXOJla JAHHBIX. JTO MOJHOCTHIO
COOTBETCTBYET JIOTMKE palboThl MynbTuiiekcopa. [lomyuennas cxema (cM.
puc.3.2), B OTJIMYHUE OT MEPBOHAYATBHOTO BapraHTa (CM. puc.3.3) UMeeT MEHbIIEee
KOJIMYECTBO 3JIEMEHTOB M MEHBIIIYIO 3a/IEPXKKY PACIPOCTPAHEHMS CUTHAJIA.

HapamnBaHne MYJIbTHIVIEKCOPOB

Hecmotpss Ha mMpokuil BBIOOP TOTOBBIX MYJBTUIUIEKCOPOB, YacTo
BO3HUKAET HEOOXOIMMOCTh HMMETh MYJIBTHUIUIEKCOP C OOJBIIUM KOJUYECTBOM
BXOJIOB, YEM MMEETCA B KOHKPETHOW CEPUM MHKPOCXEM. ¥YBEJIMYUTHh KOJIUYECTBO
KOMMYTHUPYEMBIX BXOJOB MOKHO, BOCIIOJb30BaBIINCh HWJEEH MHOTOATAITHOW
(MHOTOCTyIEHYaTo)  KOoMMyTamuu. s  3TOro  BBIXOJABI  HECKOJBKUX
MYJIbTUILIEKCOPOB, YINPABISAEMbIX MIAAIIMMUA aJpeCHbIMH BXoJaMu (mepBas
CTYII€Hb), CJIEyeT MOAKIIOYUTh K BXOJaM OOBEIUHSIONIET0 MYJbTHILIEKCOPA,
YOPABISIEMOT0  CTaplIMMHU  aIPECHBIMM  BXoJaMH  (ClIeyroliasi CTYNEHb).
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MynpTUIUIEKCOPBl MIIAAIMIEH CTyHNeHH padOoTaeT CUHXPOHHO, a CTaplIue ajpeca
A3, A4 BbIOMpaOT Ha BTOPOM 3Talle TOT MYJIbTHILUIEKCOP, KOTOPBI B JaHHBIN
MOMEHT J0JuKeH padoTaTh (puc.3.4).

A1 A1l Ms
A2 A2
Do DO
D1 D1
D2 D2
D3 D3
A1l Ms
A2
D4 DO
D5 D1
D6 D2 A3 a1l ms |Y
D7 D3 A4—|A2 [
DO
S D1
L {A1] mMs gﬁ
A2
D12—1po
p13— 1p1
D14 —— D2
D15—{p3

Puc.3.4. HapamuBanue MyJIbTUIIIIEKCOPOB

MO>KHO 3aMETUTh HEKOTOPYIO AHAJIIOTHIO B IIOCTPOCHHUH 3TOM CXEMBI C TEM
MOJIXOJIOM, KOTOPBII ObLI peaanu30BaH JJid HapamuBaHus aemudparopos. OgHAKO
MOCJIEIOBATENBHOCTh PA00Thl CTyNEHEW B JaHHOM Cllydae HWHBEpPCHas [0
OTHOUIEHUIO K MJIQJILIUM W CTaplliUM aJpPECHBIM BXOJaM. 3/1€Ch MIIAJIINE ajapeca
Al, A2 ynpaBiasflOT NEPBOM CTyneHbro, a crapmme A3, A4 — ynpasiasiooT
nocieaywmieil cryneHnbto. Takoi Mmoaxoa, Kak Wy Jemu@paTopoB, MOXKET
00€eCreynuTh MHOTO CTYIIEHEH C TEMHU K€ OTPaHUUYCHHUSIMHU.

Cunres KOMﬁI/IHaIII/IOHHI)IX CX€M Ha OCHOB€ MYJIbTHILICKCOPOB

MynbTUIIIEKCOPBl HAXOIAT IIMPOKOE IPUMEHEHHE B BBIYHCIUTEIBHOU
TEXHUKE B KaueCcTBE KOMMYTAaTOPOB IIMH aJpeca M JaHHBIX oOmied namaru. B
nudpoBOi anmapatrype MYJIbTHIUIEKCOPHI MCHOJIB3YIOT IJisl MOCJEI0BATEIBLHOTO
Orpoca COCTOSIHMSI Pa3jUYHbIX JaTYUKOB, BBITIOJHEHHUS] OBICTPOrO CABUTa Ha
HECKOJIBKO Pa3psa0B, BBIJAYM NPSMOIO WM WHBEPCHOTO KOoJa. MyNbTHILIEKCOP
TaKX€ MO>KHO HMCIOJIb30BAaTh B KAYECTBE YHUBEPCAIBHOTO JIOTUYECKOTO AJIEMEHTA
JUIS peajin3allid JIOTUYECKOM (DyHKUIHMU C YUCIOM apryMEHTOB, PAaBHBIM UHCITY
aJpECHBIX BXOJ0B MYJIbTUILIEKCOpA. Eciin Ha anpecHbIe BXOIbI IOAABATH BXOIHbIE
3HAQYEHUS MEPEMEHHBIX, a HAa COOTBETCTBYIOIIME BXOJbl JAaHHBIX IIOJATh
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KOHCTaHTBI, COOTBETCTBYIOIIME 3HAYCHHUIO (PYHKIIMU TPU KaKIOM HAOOpe, TO Ha
BBIX0/I€ MYJIBTUIUICKCOpA OYAYT MOSBIATHCS 3HAUYSHUS JIOTUYSCKON (PyHKIINH.

Tak, ma puc.3.5,a mnOpexacrapieHa Tabauila HUCTUHHOCTH (QyHKIuUU Y
dbopMUpOBaHUS pa3psia YETHOCTH ISl TpeX HHPOPMAIIMOHHBIX pa3psnoB A, B u
C. 3nayenue PyHKIMHU JOJKHO OBITH TAKOBO, YTOOBI B COBOKYITHOCTH Ha YETHIPEX
paspsagax cymMma Bcex eauHHIl ObUla dYeTHOW. Takas (yHKIHs, HCIONB3Ys
WHPOPMAITMOHHYIO H30BITOYHOCTH, TO3BOJISIET KOHTPOJIMPOBATH JOCTOBEPHOCTH
XpaHCHUS U MepeIavyrl TaHHBIX B CHCTEMaX TEJICKOMMYHUKAIIAH.

Aiziwble 3HaueHne cC — A1l MS 1
ael hyHKLIN + U, . B— A2
A3 | A2 | A1 yeTHocTH Y ur A—A3

A B C

0] 0] 0 0 | R —|Po
oo 1 1 D1
0 1 0 1 D2
0] 1 1 0 — D3
1 0 0 1 D4
1 0 1 0 —| D5
1 1 0 0 +—{D6
1 1 1 1 D7
a) 0)

Puc.3.5. Tabnuia ICTUHHOCTH cXeMbl (hOPMHUPOBAHUS pa3psiaa
YETHOCTH (a) ¥ ee peaau3anus Ha MyJbTHILIeEKcope (0)

Jlerko BHIIE€Th, YTO KOHCTAHTBHI HYJISI JIOJDKHBI OBITH TOJIAaHBI HA T€ BXO/IbI
JTAHHBIX, KOTOpPbIE KOMMYTHUPYIOTCS TPH BXOIHBIX HAOOpaxX, COOTBETCTBYIOIIMX
HyJeBOMYy 3HaueHuio ¢yHkiuu (puc.3.5,0). AHAIOIMYHO KOHCTAHTBI CAMHHUIIBI
MOJaHbl HAa TE€ BXOJbl JIaHHBIX, KOTOPHIM COOTBETCTBYET €IUHUYHOE 3HAYCHUE
bynkuuu. Cnegyer oOpaTUTh BHUMaHWE, YTO BXOJHBIE KOMOWHAIUMHU, OymydH
MOJIaHHBIMA Ha aJ[PeCHBIE BXOJbl MYJBTHILIEKCOPA, MPHUOOPETAIOT CBOWCTBA
JIBOMYHOTO KOJIa ¥ KaXK/1asi IEpeMEHHast MPHoOpeTaeT CBO Bec.

Takas peanmuszanus JOTWYecKUX (YHKIUI TO3BOJIAET HE 3aHUMATHCS
MUHUMH3AIMEH, HO TONYyYUTh 3aJepKKy He Oojee 3aJepk KA OJHOTO
MynbTUIUIEKcOpa. OHAKO CIOKHOCTh peanu3yeMor (DYHKIUW OTpaHHMYHUBACTCS
KOJIMYECTBOM aJIPECHBIX BXOJOB UCIOJIB3YEMOT0 MYJIbTHILIEKCOpA (KOINYECTBOM
apryMeHTOB (DYHKIIHH).

MyabTHILIEKCOPBI B HHTEIPAJIbHBIX CEPUAX

B uHTerpasbHOM HCIOJHEHHWU BBINYCKAIOTCS pPAa3IMYHbIE CTPYKTYpPbI
MYJBTUIUIEKCOPOB, HMEIOIIUX pa3HOe 4YHUCIO HH(POPMAIMOHHBIX BXOJ0B. B
kauecTBe mnpumepa mnpexacraBieHa HWMC KI155KII7, koropass BXOIUT B
OubaroTeuHbIi Habop HKU(POBBIX AMeMEeHTOB cucteMbl "Bapuant". E€ ycioBHoe
rpaduueckoe ob6o3HaueHue mnpuBeneHo Ha puc.3.6. Jlanmnas UMC umeer 8
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Puc.3.6. UMC K155KII7

CHI'HaJIaX Ha BCCX €I'0 BXOAaX.
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uHpopmarmonasix D0-D7 BxomoB, 3 ampecHbIX
Bxoaa Al, A2, A3 u oauH BXOJ CTpOOUPOBAHUS
E. ITomumo PSIMOTO OHa UMEET
JIOTIOJTHUTENIbHBIA MHBEPCHBIA BBIXOJI, CUTHAJ Ha
KOTOPOM Bcerja MNpoTuBO(a3eH CUTHATY Ha
npsIMOM BbIXOJie. BXo1 cTpoOupoBaHus sSBISETCS
TaK)K€  HWHBEPCHbIM. Ilo3TOMY  aKTHMBHBIM
apisierca curain E=0. 1Ipu ero nanuuum curnan
Ha TpsSIMOM BbIxoA€ MS moBTOpsieT CUTHANI Ha
TOM WH(GOPMAIIMOHHOM BXOJie, HOMEP KOTOPOTO
coBmajgaeT C  JECATUYHBIM  SKBUBAJICHTOM
agpecHoro koxa. lIpm E=1 wmynsTHIIIEKCOP
3aKpbIBa€TCSI M Ha NOpsSIMOM BbIxoge MS
YCTAHOBUTCS JIOTHYECKUM HYJIb TPH JIHOOBIX

Hanuune Bxona cTpoOrpoBaHus MO3BOJISIET IPOCTHIMU CPEACTBAMU CTPOUTD
MYJIBTUILIEKCOPBI Ha 0O0JIbIIIeE YHCIIO BXO/IOB.

AHanoruyHbie BO3MOKHOCTH, HO ¢ opmyioit 16x1 v ”HBEPCHBIM BBIXOJIOM
umeet mynbturuiekcop K155KII1, ¢ popmynoit 8x1 — K155KIIS.

Do
D1
D2
D3

) €S

AQ
A1l

) Cs2

Do
D1
D2

D3

Mux

Y1

Y2

Puc.3.7. UMC K531KII2

JIBa 4ETBIPEXBXOJIOBBIX MYJIBTUIUIEKCOpPA C
OOIIMMH aJpPECHBIMU BXOJIaMH U pa3/CibHBIMU
WHBEPCHBIMU  BXOJaMHU pa3pelieHus o0pa3yroT
NUMC  KS31KII2  (puc.3.7).  Mukpocxemsl
K531KII11, KS555KII14 comepxar 1o d4eTsIpe
OJIMHAKOBBIX JIBYXBXOJIOBBIX MYJBTUILIEKCOPA, ¥
KOTOPBIX BBIXOJIBI ~MOTYT NEPEBOAUTHCS BXOJIOM
pa3pelieHus B Z-COoCTOsIHUE. Takue
MYJIBTUILIEKCOPBI MPUMEHSIIOTCS TIPU OpPraHU3ALNU
IIMH B TEIEKOMMYHUKAIIMOHHBIX CPEJCTBAX.

B  cepusax  wumerTCS  MYJIBTUILIEKCOPBI,
COBMEIIICHHBbIE C CUHXPOHHBIMU perucrpamu. Tak,
Hanpumep, B Mukpocxeme KS555KII13 paszmenieHsl
YEThIPE ABYXBXOJOBBIE MYJbTHUILUIEKCOPA, BBIXObI
KOTOPBIX 3allOMUHAIOTCS B PETUCTPE IO 3aTHEMY
bpoHTYy CUTHaJja CUHXPOHM3AIINH. Takoe

YCTPOMCTBO MOXKET MCIOJIB30BATHCS B KauecTBe Oydepa, crnocOOHOr0 MPUHUMATH
NpsIMbIE U UHBEPCHBIE KOJbI JAHHBIX.

Bonpocsl 1151 CaMOKOHTPOJISA

el e

KakoBo Ha3zHaueHHE CXeM MYJIbTUILIEKCOPOB?

KakoBo Ha3HaueHHE BXOJIOB U BHIXOJIOB MYJIbTUILIIEKCOPOB?
3anuiuTe Joru4eckyo GyHkuuo s Bxoaa Neb6 MynbTuriekcopa’?
Kakum 06pazom 0603Ha"ar0TCst BX01bI MyJbTUIIeKcopa? [louemy?
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5. B yeM oTiMuMe  OJHOCTYNEHYATOrO W  MHOIOCTYIIEHYATOTrO
MyJbTUILIEKcopa? Ha Kakue TeXHUu4YecKue nmapaMeTphl 3TO BIUSIET?

6. KakoBo Ha3HaueHHe BXOJIOB pa3pelieHus mynbtumiekcopa? Kak astor
BXOJ U3MEHSIET MTOBEJICHUE YCTPOMCTBA?

7. Kak wu3o0paxkaeTcss MyJbTUIIEKCOP Ha YCJIOBHOM TIpauieckom
0003HaueHuun?

8. KakoBo HazHaueHUe aJpeCHBIX BXOJ0B MYJIbTHUILIIEKCOpA?

9. Kak HymepyroTcs aapecHbIe BXObI MyIbTUIIEKCOpa? [louemy Tax?

10.Hapwucyiite TabnuIly HICTHHHOCTH MYJIBTHUIIIICKCOPA HAa 6 BXOJIOB TaHHBIX.

11.Kakum MaTtemMaTHYECKUM COOTHOIIIEHHUEM CBSI3aHbl KOJIMYECTBO BXOOB
JAHHBIX W aJPECHBIX BXOJ0B MYJIbTHUILIIEKCOPA?

12.Kakoe KOJIWYECTBO KaHAJIOB MOKHO KOMMYTHpPOBaTh ¢ momombio MMC
COBPEMEHHBIX CEpUI?

13.Kakoit mudp yxaspiBaercs Ha koprrycax UMC MynbTUILIIEKCOPOB?

14 .TlocTpoiiTe cxeMy cymMMmMaTopa Ha OCHOBE MyJbTUILIeKcopa. Kakoi
CyMMaToOp MOXHO peann3oBatb? CKOJNBKO pa3psaioB OH MOXET
CKJIAJIbIBAThL?

15.13 kakux (GyHKIMOHAIBHBIX y3JI0B COCTOUT MYJIbTHUILIIEKCOP?

16.B yeM 3akiro4aeTcsl MPUHIINI JEKOMITO3UIIUN?

17.B uyeM COCTOAT OrpaHUYEHHUsT TIPU CHUHTE3e CXEM Ha OCHOBE
MYJIBTUILIEKCOPOB?
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4. JEMYJBbBTHUIIVIEKCOPBI

JeMyJIbTHILIEKCOPBI PEATM3YIOT (PYHKIUIO OOPATHYIO MYJIbTHILICKCODY.
OHHU TIO3BOJISIIOT KOMMYTHPOBaTh OJWH BXOJ CXeMbl D Ha OJMH M3 HECKOJIBKHUX
BbIx010B 0-3 B 3aBHCHMOCTH OT KOJa Ha aapecHbiXx Bxomgax Al-A2 (puc.4.l). B
JAHHOM CJIy4ac BBIOMpAeTCS OJUH HX YETBIPEX

KaHaJIOB. — A7 |IDMX| o
Ha (YHKIIMOHATIBHBIX cxemax — A2 11~

JIEeMYJIBbTUILIEKCOPBI  00o03Havarotcss DMS, DMX 21—

wm DMUX (ot anri. demultiplexer, mwim demux), a —| D 3=

Ha  KOpmycax  MHKpPOCXEM  —  aHAJOTMYHO

MYJIbTHILTICKCOPAM. Hanpuwmep, K564KII1, Puc.4.1.

K564KII12. JleMyJIbTUTIIIEKCOD

B cxeme nemynpTHILIEKCOpa [JIs BbIOOpa
KOHKPETHOTO BBIXOJa, KaK W B MYJBTHUIUIEKCOPE, HCIOJIB3YETCS JABOWYHBIN
nemudparop. COOTBETCTBYIOMIMM BBIXO Aeniudparopa pa3peiaet IpoXoxKICHNE
CUTHaJIa Yepe3 K04 BRIOpaHHOTO BhIXoAa (puc.4.2).

A1—A1|DC| o
A2 — A2 1
2_
3_
| &| Beix0
D » [
& | Beix1
)\ | =
& | Bbix2
)\ =L
2| Beix3

Puc.4.2. ®ynkumoHanbHas cxema
JeMYJIbTHILIEKCOpa

DTy (QYHKIMIO TakkKe MOXET pealn30BaTh ACMHU@PPATOpP CO BXOAAMHU
paspeuieHusl.

Ha puc.4.3 B gemmdparope BXOAsl pa3zpenieHusi 0003HAYEHBI MO 3TOH
NPUYUHE CUMBOJIAMHU JaHHBIX - 'D".

Ha Bxox D1 cnenyer momaTe MHGOpPMAlMOHHBIA CUTHAJ, a Ha aJpPECHbIC
BXOJIbl — KOJIbI aJIpECOB BBIXOJIOB. [leMylbTHUIIEKCOp, MOIyYasi JaHHbIE Ha BXOJl
D1, BblgaeT 3TH JaHHBIE HA OJAMH U3 BBIXOJOB, KOTOPBIA BBIOMpAETCs aApeCHBIMU
Bxojamu. [lomyuaercs, yTo cxeMa Jemudparopa KOMMYTUPYET KaHall Ha OJUH U3
BbIOpaHHBIX BBIXOMOB. [lo mpuymHe TakuMX (QYHKIMOHAIBHBIX MPEBpaIlEHUu
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—| p7lDC| 0 nemudparop €O  BXOJOM  pa3pereHus
D2 1 Ha3bIBAIOT nemudpaTopom-
:g D3 2 JeMyJbTUIUIEKCOPOM, a B HHTETPabHBIX
2 cepusix JeMYJIbTUILIEKCOP 4acTo

OTCYTCTBYET.
— A1 4 Ecnu y  nemmudparopa ecTb
— A2 5 JIOTIOJTHUTETIbHBIE BXOABI pa3pelieHusi, Kak,
— a3 6 Hanpumep, Ha puc.4.3: D2, D3, To ux MOXHO
7 UCIIONB30BaTh B KadecTBE  BXOJIOB
paszperieHus JIeMyJIbTUILIEKCOpA.

KoMmmyTarys aemMyiabTUIIEKCOpa BO3MOXKHA
TOJIBKO TP HAJIWYMA HAa OTHX BXOJAaX
pasperaronmx aKTUBHBIX CHTHAJOB, T.C.
noJpkHO ObITh: D2=0 1 D3=0.

CrnenmyeT y4ecTh, YTO €CIu Jemudparop MMeEeT WHBEPCHBIC BBIXOJBI (CM.
puc.4.3), To KOMMYyTallusl OCYIIIECTBIIICTCS C MHBEPTUPOBAHUEM CUTHAJIA JIAHHBIX.
[TosToMy 1151 KOMMYTAaIuu 0€3 HHBEPTUPOBAHUS JTAHHBIX HEOOXOIMMO MOI0HpaTh
nemudpaTop ¢ IpsIMBIMU BBIXOJIaMH.

Puc.4.3. Hdemmudpatop B
POJIU IEMYJIBTUILIEKCOpa

B MOII wmukpocxemax HE CYyIIECTBYET OTIEIbHBIX MHKPOCXEM
JNEMYJIbTUILIEKCOPOB, Tak kak MOIl  mynpTUnEKCOppl B HHX IO
MH()OPMAIIMOHHBIM CUTHAJIAM HE Pa3ju4aroT BXOJ M BBIXOJ, T.€. HaIpaBJICHUE
pacnpocTpaHeHus: HMH(MOPMALMOHHBIX CHTHAJOB, TOYHO TaKXke Kak M B
MEXaHUYECKUX KJIH0YaxX, MOXKET ObITh MPOU3BOJIbHBIM. ECiiM MOMEHSATHh BXOABI U
Bbixoa Mectamu, T0 KMOII mynpTumiekcopsl OyayT paboTaTh B KadecTBe
JNEMYJIbTUILIEKCOPOB. [103TOMY X 4acTO Ha3bIBAIOT IPOCTO KOMMYTATOPAMM.

Jns HapamuBaHUSA JEMYJBTUINIEKCOPOB HCIIOIB3YIOT TOT XK€ IIOAXON,
KOTOPBINA MPUMEHSIICS B pa3zese 1 nmpu HapaluBaHuu AemupaTopos.

Bonpocsl 111 CaMOKOHTPOJISE

H

. Kak Ha cxemax 0003Hauar0TCs AEMYIbTUILIEKCOPHI?

. KakoBo Ha3HaueHHe BXOJOB U BBIXOJOB JIEMYJIbTUILIEKCOpA?

3. 3anummMre JOTMYecKyt0 QyHKUHMIO A Bbixoaa Ne3 nemynbTUILIEKcopa C
pa3pelaroImM BXOI0M.

4. Kakum o00pa3oM HyMeEpyrTCs BXOJAbl U BBIXOJABl JE€MYJIbTHUILIEKCOpA?
[Touemy?

5. Kak wu3o0Opaxkaercsi NEeMyJbTUIUIEKCOP Ha YCJIOBHOM TIpauyecKoM
0003HaueHuun?

6. KakuM MaTeMaTH4eCKHM COOTHOIIEHHUEM CBSI3aHbI KOJMYECTBO aJPECHBIX

BXOJIOB U BBIXOJIOB JIEMYJIbTUILIEKCOpa?

. [Touemy Bo MHOTUX cepusix UMC nemMyabTUILIEKCOPBl OTCYTCTBYIOT?

8. [Nouemy MOII TexHOMOTHS TTO3BOJISET UCIOJIB30BaTh MYJIBTUIIIEKCOPHI B
KaueCTBE JEMYJIbTUILIEKCOPOB?

9. IloctpoiiTe cxeMy 1eMyJIbTUIIIIEKCOpa Ha 5 BBIXOIOB.

N

\l
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10.BpimonauTe  cxeMy, HUIIOCTPUPYIOLIYIO  HapallluBaHHE  BBIXOJOB
JEMYJIbTUILIEKCOPA.
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5. KOMITAPATOPBI KOJ10OB

Kommapatopom (ot anrimiickoro cioa CoMPare — cpaBHHBaTh)
Ha3bIBAIOT KOMOMHAIIMOHHOE IM(POBOE YCTPOMCTBO, IMpeaHa3HAYEHHOE IS
CpaBHEHHMS JBYX JIBOMYHBIX K0J10B. O003Hauaercss CMP wum 3nakom "= =",

KomnapaTopbl Morytr OBbITh NpocTeHIIUMHM (OTPEACISIONUMMUA  TOJIBKO
PaBEHCTBO CpaBHMBAEGMBIX 4YHCEJ) W MOJHBIMH, TO €CTb 0o0Jee CIOXKHBIMU
(TOTIOTHUTELHO OMPEACISIIONIUMY, KaKO€ W3 CPaBHUBAEMBIX YHCEN SBIISCTCS
OONBIIMM WM MeHbIIMM). KommapaTopsl MOTIYT OBITH OJHOPa3pSAHBIMH U
MHOTOpPa3PsTHBIMH.

pocrenmmi OJHOpAa3PSAAHBIN KoOMIIapaTop AMeEeT JBa
uHpopmarmoHHsix A u B Bxona u oqun Beixoa. Kommnaparop popmupyer curnan
Y=1, eciu A=B. (eciu BXOAHBIC CHTHAJBI OJHOBPEMEHHO PaBHbI "eAUHHUIC" WM
"Hymo"). Bce 3TM  KOMOMHAIIMM  COOTBETCTBYIOT — TaOJHUIIC HCTHHHOCTH
OJIHOPA3PSIHOTO cyMMaropa 1o mMoayio 2. Jlerko BUaeTh, 4TO (PYHKIUS BbIXOJa
KOMITapaTopa MOKET OBbITh 3aIlliCaHa B BUJIE:

Y=A-BVA-B wu
Y=A-BVA-B=A®B

Takum o0Opa3zom, KOMIapaTOp MOYHO MOCTPOHUTH IO NEPBOMY BBIPAKEHUIO
WIM KCMOJB30BATh MHBEPCHIO JJIEMEHTA CJOKEHHMsS MO MOAyJo 1Ba. Eciam ke
BBIXOJHBIM CHUTHAJOM CpaBHEHHUS CUYUTaTh HOJb, TO CPAaBHEHUE CMOXKET
BBITIOJTHUTh M CaM D3JIEMEHT CIOKEHHUS MO MOJYJI0 2. YCIOBHBIE rpaduueckue
0003HaYeHUs1 OAHOPA3PATHBIX KOMITAPATOPOB MOKa3aHbl HA pUC.D.1,

|
|
]

cvp|  — m2

Puc.5.1. YI'O ogHopa3psiHbIX
KOMITapaTopoB

CxemMa MOJIHOTO OJHOPA3PSIAHOTO KOMIIApPATOPA JOJDKHA HMMETh JiBa
nHdopmarmoHHbIx Bxona A u B, u Tpu HeszaBucumbix Bhixoma: Y1, Y2 u Y3.
[TosiBnenne sormyeckod "1" TONBKO HA OJHOM K3 COOTBETCTBYIOIIMX BBIXOJIOB
JIOJDKHO 00ECIeunBaThCsl BBIMOJHEHUEM B3aUMOMCKIIIOYAIONIUX yciIoBuii: A>B,
A=B un A<B. Bce nepeunciieHHbIE COCTOSIHUSI CXEMbl MOTYT OBITb OTPAXKEHBI B
TabJKIle HCTUHHOCTH BU/JIA:
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Bxompr BrIxoas!
A B Y1(A>B) Y2(A=B) Y3(A<B)
0 0 0 1 0
0 1 0 0 1
1 0 1 0 0
1 1 0 1 0

BBITeKaIOIHI/Ie n3 Ta6J'II/II_[BI AHAJIMTUYCCKNC BBIPAKCHHA BbIXOIOB!:
Y,=A-B, Y,=A-BVA-B, Y,=A-B

ABJISIFOTCS. OCHOBOW JUIsl TOCTPOEHUs CXEMBI PAacCMaTPUBAEMOrO KOMIIApaTopa,
npuBeneHHON Ha puc.5.2. C 1enapl0o MUHUMHU3ALWN YHCIIA JIOTHYECKUX JIEMEHTOB
OHa MOXET OBIThb JIETKO TNpeoOpa3oBaHa B O3KBUBAJICHTHYIO €U CXeMy,
npuBeneHHy0 Ha puc.5.3. Tak xak npu A=B B He#lt Y1=Y3=0, T0o uHBepcus ux
noruueckoro cinoxxkenus Ha sneMmente MJIM-HE c Beixonom Y2 Oyner paBna "1".

oy _
B 1119 e g

Rl V1 B 413
— Yf
& |1 - o
—] Y2 14 Y2
z] ?—
| Y3
2] Y3 &
Puc.5.2. Cxema kommaparopa 0e3 Puc.5.3. Cxema xomnaparopa
MUHMMU3AIAHI T10CJIe MUHUMH3AIHK

IIpocTreiiiuunii MHOrOpaspsiiHbIM  KOMIIAPATOP  UCIIOJIb3yeTCAd TS
CpPaBHEHHUSI MHOTOPa3psAIHBIX KOJAOB W BBIJIACT €AWHHUILY NMPU UX paBeHCTBE. Ero
MOXHO TIOCTPOWTH M3 YCIOBHUS PAaBEHCTBA KOJIOB B KaxaoM paspsane. [lpum
PaBEHCTBE KaXKIbIM OJTHOPA3PSAHBIA KOMIapaTop Oy/eT BeIaBaTh eAMHUILY. Ecim
XOTsI ObI B OJTHOM pa3psijiec KOl HE COBMAIYT, TO HAa BBIXOJE CXEMbI YCTAaHOBUTCS
curHan "0", 4TO CBHICTEILCTBYET O HepaBeHCTBE K0a0B (puc.5.4). MHdopmarmio
00 OTHOIICHUH CPAaBHUBAEMBIX KOJOB (T.€. KaKOW M3 HUX OOJIbIIIE WIJIM MEHBIIE)
JaHHasl cXxeMa HE BBIIACT.

I[HonHbIii MHOTOpa3psiAHbIA KOMIAPATOP B OTIWYME OT MPOCTEUIIETO
JOJDKEH BbIAaBaTh MHGOPMALMI0 HE TOJBKO O PABEHCTBE CPABHUBAEMBIX
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MHOTOpa3psAHBIX uncel A W B, HO M 0 TOM, Kakoe M3 HUX OOJIbIIE W KAaKOEe
MEHBIIIE.

CymiecTByeT HECKOJIbKO METOJUK CHHTE3a CXEeM TaKUX Kommapatopos. B
100011 U3 HUX YYUTHIBAETCS, YTO A=B TOJIbKO MpU MONApHOM PABEHCTBE MEXKIY
co0OM BceX paspsiioB 3TUX YHUCEl, TO ecTh eciu Ai=Bi. Bonpmuim, momyctum u3
tpéxpaspsaaubix uncena A(A2, Al, AO0) u B(B2, Bl, B0), cuurtaercs uucio A
(A>B), ecnu ux crapmme pazpsiasl A2>B2 wim A2=B2 u A1>B1 unun A2=B2,
Al1=B1l u A0>B0. Ou4eBugHO, YTO MEHBIITUM MOXET CUHTAThCH uncio A (A<B),
€Cclli UX aHaloruuHele paspsansl A2<B2 wmm A2=B2 u A1<Bl1 umu A2=B2,
A1=B1 u AO<BO.

[TepBbIit 3Tan MOTy4YEeHU HAYaJbHBIX COOTHOLICHUN MOYKHO PEaJIM30BaTh HA
OCHOBE TIOJTHOTO OJHOpa3psyIHOro Kommaparopa (cMm. puc.5.3). C yderom 3TOro
cXema IepBOro dTamna i 3-X pa3psAaHOro KoMmaparopa nmpruBeieHa Ha puc.5.5.

A0 == 2 A2 — == }Y1(2)=A2>B2
B0 — Y2(2)=A2=B2
- B2 — V3(2)=A2<B2

Al == A1 — ==} Y1(1)=A1>B1
B1 — Y2(1)=A1=B1
— B1— — Y3(1)=A1<B1

— Y

A2 == A0 — = = F—Y1(0)=A0>B0
— Y2(0)=A0=B0

B2 BO — — Y3(0)=A0<B0

AB - ==

B3l Puc.5.5. Cxema nepBoro 3Tana

cpaBHEHHS 3-X
Pa3psAHOTO KOMITapaTropa
Puc.5.4. Ilpocreiimmuii 4-x

pa3psLAHBIN KOMITApaToOp

VYuuthiBas pe3yiabTaThl 1 0003HAYEHHUS TIEPBOTO ATAra CpaBHEHUS, TaOIHIla
WUCTUHHOCTH JIJISI CXEMBI TIOJHOTO TPEXPa3psIIHOTO KOMITapaTopa MOJDKHA OBITh
CHEAYIOLIEH:

Bxonpbl Brixoasl
2 pa3psia 1 pa3psin 0 paspsin | F1=(A>B) | F2 =(A=B) | F3 =(A<B)
Y1(2) * * 1 0 0
Y3(2) * * 0 0 1
Y2(2) Y1(1) * 1 0 0
Y2(2) Y3(1) * 0 0 1
Y2(2) Y2(1) Y1(0) 1 0 0
Y2(2) Y2(1) Y3(0) 0 0 1
Y2(2) Y2(1) Y2(0) 0 1 0
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3Be3/104KM B TaOiMile 0003HAYaIOT MPOU3BOJIbHBIE 3HaueHus. Crapiuue
pa3psiapl Kak OOBIYHO HMEIOT OoJIbIIMKM uMciioBoM uHAEKC (Bec). Ha ocHoBe
TAOJUIBI AHATTMTHYECKUE BBIPAKCHHUSI JIJTSI BBIXOJIOB:

F1=Y1(2)vY2(2)-Y1(1)vY2(2)-Y 2(1)-Y1(0)
F2=Y2(2)-Y2(1)-Y2(0)
F3=Y3(2)vY2(2)-Y3L) vY2(2)-Y2(1)-Y3(0)

Ha ocHOBe 3TuX BBIpaX€HUI MOXKET OBITh MMOCTPOSHA CXeMa BTOPOTO 3Tara
npeoOpa3oBaHuii B koMmmaparope (puc.5.6).

Y1(2)=A2>B2

Y2(2)=A2=B2 —
v3(2)=A2<B2 — [t{& [ 1
Y1(1)=A1>B1 e
Y2(1)=A1=B1 ——— F1
Y3(1)=A1<B1 3 .
Y1(0)=A0>B0

Y2(0)=A0=B0 y E2
Y3(0)=A0<B0 —

Puc.5.6. Cxema BTOpOToO 3Tamna nmpeodpa3oBaHuil B KOMITAPATOPE

Cnenyer o0co00 MOTYEPKHYTh, YTO B

MHOTOpPa3psAHBIX KOMIIAapaTopax CpaBHUBAIOTCS 1A<| - =

JIBOWYHBIE KOJbI yucen. [loaTomy pacnosioxeHue ] A-‘-==' A<

CTapIIMX U MJIAIIIUX Pa3psAOoB YHUCET HMEET A0 A=

MPUHIUIHATBHOE 3HAYCHHUE. a1 A=
B uHTerpanbHbIX cepUsSX MUKPOCXEM CXEMBbI —A2

CpaBHEHHUS UMEIOT 0003HaueHNEe "CIT". —A3

Yetbipexpa3psaHbIMU CXeMaMH CpaBHCHUSA —BO

sesores KSS55CIT, KP1533CII1, KP581CI1 u —{B1

T.11. [ToMrMO BXOZ0B JIsI TIOJIaYX YUCEI B MPSIMOM ] Eg

KOJIE TAKUE CXEMBI IMEIOT BXO/IbI JIJISl PACILIUPEHUS
pa3psAAHOCTH cxeM cpaBHeHMs. [[nsg mpumepa Ha Puc.5.7. UMC KP1533CII1
puc.5.7 mnokazaHa uerblpexpaszpsgHas MMC
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cpaBuenus uncen KP1533CII1.

Ha Bxompl pacmmpeHwsi MOAAIOTCS OJHOMMEHHBIC CHUTHAJIBI C BBIXOJOB
MITaJIIIEH TPYIIIBI Pa3psiioB CPABHUBACMBIX YHCEIL.

Ecnmu mmamgmei rpynmbel pa3psaoB HET, TO Ha BXoJ pacmmpeHus A=B
HEOOXOMMO TIOJIaBaTh CHUTHAJBI JIOTUYECKOW €IWHUIIBI, HA OCTAJbHBIC - HYIIH.
Jloruky pabotet UMC MOXHO TPOCMOTPETh MO TaOJMUIE HUCTUHHOCTU CXEMbI
KoMIIaparopa:

Bxonsl Bxonsl Brixoan!
A3,B3 | A2,B2 | A1,B1 | A0, BO |A>B |A<B |A=B |[A>B |A<B |A=B
A3>B3 * * * * * * 1 0 0
A3<B3 * * * * * 0 1 0
A3=B3 | A2>B2 * * * * * 1 0 0
A3=B3 | A2<B2 * * * * * 0 1 0
A3=B3 | A2=B2 | A1>Bl1 * * * * 1 0 0
A3=B3 | A2=B2 | A1<Bl1 * * * * 0 1 0
A3=B3 | A2=B2 | A1=B1 | A0>B0 * * * 1 0 0
A3=B3 | A2=B2 | A1=B1 | A0<B0 * * * 0 1 0
A3=B3 | A2=B2 | A1=B1 | A0O=B0 1 0 0 1 0 0
A3=B3 | A2=B2 | A1=B1 | A0=B0 0 1 0 0 1 0
A3=B3 | A2=B2 | A1=B1 | A0O=B0 * * 1 0 0 1
A3=B3 | A2=B2 | A1=B1 | A0O=B0 1 1 0 0 0 0
A3=B3 | A2=B2 | A1=B1 | A0=B0 0 0 0 1 1 0

Ecnu pa3psinoB 24 u 6oiiee, TO HapalllMBaHUE Pa3PsIOB MOXKHO BBITIOJIHUTH
B nBa drana. CHavana nuHelka u3 S5 yerbipexpaspsanbix cxem KP1533CII1
oOpabatbiBaeT 24 pa3psijia CpaBHUBAEMbBIX YHUCEIN: JUIsl MJIaJIIIEeH TPYIIbI KOJIOB Ha
BXO0/Jl pacmupenuss A=B nogaercs enuauna, Ha octanbHble yeTbipe MMC nogaercs
1o 5 map paspsaoB, BKiItodas BxoAasl A<B u A>B. BTopoii aTanm opraHu3oBaH ee
Ha oxgHout MUMC KPI1533CIIl: Tpu BXOoza pacIIMpEeHHs] COECIHUHSIOTCS C TpeMs
BoixogamMu Miaamert MMC, BXOJbl CpaBHHUBAE€MbIX YMCEN IOJIKIHOYAOTCS
MOCJIEA0BATEIBHO K BBIXO/JAaM OCTaJbHBIX YEThIpEX cXeM cpaBHeHUsT A>B u A<B,
HaunHas ¢ miaamen UMC.

Bomnpocsl 111  CaMOKOHTPOJISE

|_\

. KakoBo Ha3HaueHHe BXOJOB U BBIXO/IOB YCTPOMUCTBA CPABHEHUSA?
2. KakuM 00pa3omM HyMepyrOTCS BXOJIbl U BBIXOJIbI YCTPONCTBA CPABHEHMS?
[Touemy?

3. Kak wmzoOpakaeTcsi yCTpONCTBO CpaBHEHMsSI Ha YCJIOBHOM TpaduyecKoM
0003HaueHuun?

. B yeM oTnuumne npocToro M MojgHOro yCTpOMCTBAa CpaBHEHUSA?

5. g Kakux Lefied nmpelHa3HauYeHbl BXOJbl PACIIMPEHUA? KAKUE CUTHAJIBI

Ha HU3 HEOOXOAMMO MOaBaTh 7/

I
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. Kakne KOHCTaHTHBIE CHUTHAJIbI HGO6XOI[I/IMO YCTAaHOBUTL JII BXOOOB

pacupenust cxembl KP1533CIIl anst cpaBHEHMSI 4eThIpEXpa3psiAHBIX
gucen?

. Kak o0o3HauaeTcst mpocrtas ogHopaspsigHas cxema cpaBHeHus Ha YI'O?

3anuimuTe JOTHYECKOE BBIPAKEHUS I IPOCTOr0  OJHOPA3PSTHOTO
KOMITIapaTopa.

. Hapucyiite cxemy cpaBHeHUs 16-pa3psiAHbIX YnCed.
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6. CYMMATOPBI

CymMaTop — 3TO KOMOHWHAIIMOHHAs CXE€Ma, BBITIOJHSIONAS OIEPAIHIO
apu(pMEeTHIECKOr0 CYMMUPOBAHUS JBOUYHBIX KOJIOB IBYX UHCEIL.

OpmHOpa3psIIHBIA CyMMAaTOp CKJIQJBIBA€T 4YHUCIA OJIHOpaspsaHble. Ecim
MIPEIOJIOKUTh, YTO U3 HETO JOJHKHBI CTPOUTHCSI MHOTOPa3psIHbIE CYMMAaTOPHI, TO
TaKOM CyMMaTop JO/DKeH MMETh JBa BXoja ciaraembix A u B, BXoa mepeHoca
(Bxox pacmpoctpanenust nepenoca) CRP wnmu CR (ot anrn. CaRry — nectu u
Propagation — pacmpocrpaHeHHe), a TaKKe BBIXOJ CyMMBI S (OT aHri. Sum —
cymma) u BeixoJ nepenoca CRG mmu CG (ot anrn. CaRry Generation — Bexon
reHepaluu IepeHoca). Takold CymMMaTop Ha3bIBAIOT MOJHBIM. YCJIOBHOE
rpaduueckoe 0003HAYEHUE OJTHOPA3PSAHOrO (MTOJTHOT0) CyMMAaTopa Mpe/ICTaBICHO
Ha puc.6.1,a. CymecTByIOT Takke MOJYyCyMMATOPbI, KOTOPbIE HE YYHUTHIBAIOT
BxoJ CRP, ogHako muMpoOKOro pacnpoCTpaHEHUs OHM HE IOJIyYWJIH, OCTPOUThH
MHOTOpa3psiAHbIA ~ CymMMarop M3 HUX HEBO3MOXkHO. Jlormka  paOoTbl
OJTHOPA3psAHOrO IOJIHOTO CyMMaropa IOKa3aHa B TaOJMIle MCTUHHOCTH Ha
puc.6.1.,6. B paspsge ocymecTBisiercss apupMETHYECKOE CYMMHpPOBaHHE
A+B+CRP ¢ dopMupoBanueM cymmsbl S 1 iepeHoca B cienytouiuit paspsg CRG.

Bxoabl Boixoapl

Al SM |S - CRP[ A | B [CRG] S

0 0 0 0 0

— B o o[ 1o 1
0 1 0 0 1

—ICP cCGr 0 1 1 1 0
1 0 0 0 1

1 0 1 1 0

1 1 0 1 0

a) 1 1 1 1 1

0)

Puc.6.1. YI'O (a) u Tabmumia uctuaHOCTH (0) cCyMMaropa

AHAJIUTUYECKUE BBIPAKECHUS ISl BBIXOJIHBIX (YHKIIUH CyMMaropa UMEIOT
BUJI:

CRG =CRP-A-BVCRP-A-BVvCRP-A-BVCRP-A-B=CRP-AVCRP-Bv A-B

[Tomyuaercsi, yTo (YHKIMS T'eHEpaluu IMEepeHoca COBMaAaeT ¢ (QyHKUIUEH
MaxkoputupoBanus "2 u3 3". DTO JaeT BO3MOXKHOCTb HE CO3/1aBaTh OTAEJIbHBIX
MHUKPOCXEM Ma)KOPUTHUPOBAHHUSA, a MCIIOJIb30BaTh MUKPOCXEMbI CyMMAaTOpOB, YTO
YMEHbILIAET HOMEHKJIATypy MHKpPOCXeM B cepun 0Oe3 ymepba naus  ee
(GyHKIIMOHATLHOCTH;

S=CRP-A-BVCRP-A-BVCRP-A-BVCRP-A-B
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Bunno, 4to QyHKIMS CyMMBI COBNaaeT ¢ PyHKIUEH CIOXKEHHS IO MOJIYJIIO
2 Tpex apryMeHToB. B 3TOM 3akitouaercs ee JONOJHUTEIbHOE Ha3HAUCHHE:

S=CRP®A®B

Peann3zanust HEMOCPEACTBEHHO CaMOr0 CyMMATOpa CBOAUTCS K MOCTPOEHUIO
CXEM C MUHUMAJIBHOW 3aJ€PKKOM pACIPOCTPAHEHHS MEPEHOCA U BAPUAHTOB CXEM
CYILLECTBYET HECKOJIbKO. OAMH M3 HUX CBOJUTCSA K HMCHOJB30BAHMIO JIOTHYECKH
CIOXHBIX, HO JIeTKO peamm3yeMbix B TTJI-texnonorum snementos M-WJIN-HE.
OHU UMEIOT 33JE€PKKY OJHOTO JIOTUYECKOIO 3JIEMEHTA U BIIOJHE YJOBJIETBOPSIOT
YCJIOBHUSIM IIOCTABJICHHOM 3a/1a4u.

Jlist mepeBoAa B 3TOT 0a3uc AOCTATOYHO HA 00€ 4YacTU BBIPAKEHUSA JIA
reHepanuuy [epeHoca ONyCTUTh OTPULIAHUE, KOTOPOE HE U3MEHUT TOXKIECTBO:

CRG =CRP-AvCRP-Bv A-B

JIist  COCTaBNIAIOMIMX  BBIPAKEHUS CYMMBI IIyT€M  JKBUBAJICHTHBIX
npeoOpa3oBaHuUil JETKO JOKA3aTh:

Torna B BeIOpaHHOM 0a3uce, MyTeM OMYCKaHUSI WHBEPCUU HA JIEBYIO U
IIPaBYIO YaCTh BBIPAXKEHUS JJI1 CYMMBI IIOJIYYUM:

S=CRP-CRG v A-CRG v B-CRG v CRP-A-B

OTO BBIpaXKEHHUE MpEAroiiaraeT MoJIydeHHe cHavdana (QYHKIMHA TeHepaluu
NepeHoca, a 3aTeM €€ HCIOJb30BaHUE [UJIsl MOJy4YeHUS (YHKIUH CyMMBI.
OyHKIMOHAJIbHAS CXEMa CyMMAaTOpa, MCIIOJIB3YIOIIAas 3TH BBIPAKEHUS, MOKa3aHa
Ha puc.6.2. Takas cxema PKOHOMHYHA TIO 3aTpaTaM U 3aJiep)kKKa MepeHoca B He
paBHa 3aJIepKKE OJJTHOTO JIOTHYECKOTO JIEMEHTA.
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Puc.6.2. ®yHK1IIMOHANbHAS CXeMa CyMMaTopa

[IpencraBiienHast cxeMa peanu3oBaHa B MUKpocxeMe, Harpumep, K155SUMI.
OgHako Ha pHUCYHKE BBIXOJBl CyMMaTopa HMEIOT HHBEPCUU, IIOATOMY B
mukpocxemax K155UM?2, K155UM3 (puc.6.3) uHBEpTOPHI HAa YACTH BBIXOJIOB yKe
noOasnieHbl. OfHAKO JJI1 OpraHu3aluud CyMMaTOpOB

=AM | so | HWHBEPTUPOBAHHBIE BBIXOJIBI HE SBJISTIOTCS
14 2; B HEyJ00CTBOM WM orpaHudeHvem. [lpuumHa 3TOrO
—{ A2 s3 KpO€TCs B TOM, 4TO (YHKIUHU T'€HEpalMH IepeHoca u
o e CyMMBI  SIBIIIOTCS ~ CaMOJABOMCTBEHHBIMH.  OJTO
m 1 O3HayacT, 4YTO MpH HHBECPTUPOBAHMU BXOJHBIX

NEPEeMEHHBIX UHBEPTUPYETCS U 3HadeHue pyHkiuu. B
Puc.6.3. VIO UMC 9TOM JIETKO YOEIUThCS TIpU aHalIu3e TaOJUIIbI
K155UM3 UCTUHHOCTH cymmaropa (cm. puc.6.1,6). B Helt
K&KJOMY BXOJIHOMY Ha0Opy MOHO HalTH Habop C
oOpaTHBIMH TIEPEMEHHBIMH, TPU ITOM BBIXOAHBbIC (YHKIMUA Ha ATUX Habopax
Takke oOparHbie. [loaToMy mnpu CO3MaHUM MHOTOPA3PSATHBIX CyMMAaTOpPOB
MEPEHOCHl COSTUHSIOT 0€3 MHBEPCUM, a Ha pa3psbl, MOJYYarOIINe WHBEPCHBIE
3HAUCHUS TEPEHOCOB (OPMHUPYIOT MHBEPCHBIC KOJBI CllaraeMbIX, KOTOpbIe Oe3
JUITHUX 3aTpaT MOXKHO TIOJMYYUTh C WHBEPCHBIX BBIXOJOB XPaHAIMMX WX
TPUTTEPOB.

CxeMBbl IEpPEeHOCOB B MHOTOPA3PSAHBIX CyMMAaTOpax

[To cmocoOy opraHu3anuu MEPEHOCOB B MHOTOPA3PSIHOM CyMMAaTope
pa3IUYaroT CyMMAaTOPHI C MOCIEI0BATEILHBIM U MapaJiyIeIbHBIM IEPECHOCAMH.

B cymmarope ¢ mocnenoBaTenbHbIM IEPEHOCOM BBIXO/] TEHEpaIliU MepeHoca
MPEABIAYINEro pa3psaa COSANHIETCS ¢ BXOJIOM MEPEHOCca MOCIEAYIONIETro pa3psia
(puc.6.4), T.e. mocnemoBaTenbHO. IloaTOMYy 0O0ICe BpeMs IMONYUYEHHUS CYMMBI
3aBUCHUT OT KOJIMYECTBA Pa3psAIOB, Yepe3 KOTOphle Tepenaercs nepeHoc. Mimenno
MO3TOMY Takoe OOJIBIIOE BHHMAHHWE YICIAETCS MHHHMH3AIUA  CXEMBI
dbopmupoBaHus (YHKIIMU TeHEpalliu IMepeHoca B OTACIbHOM paspsae. Takue
CXEMbI CYyMMaTOPOB MPOCTHI, HO OBICTPOICHCTBUE X HU3KOE.
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2 iy >
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Puc.6.4. Cymmarop ¢ nocsiaeaoBatesbHbIM IEPEHOCOM

JIJIsi yMEHBIICHUS 3aIEPKKA CyMMAaTopa MepeHoC JAOHKEH (HOPMHUPOBATHCS
napajuielibHO, T.€. OJJHOBPEMEHHO BO BcE€ pa3psanbl. Kaxkaplil mepeHoc mpu 3ToM
dbopMupyeTCsi HE3aBUCHMO OT IepeHOCa B COCEIHUE MIIQIIINE paspsabl U
ABJISETCS (PYHKIMEH CllaraéMbIX U TEpeHoca B MIAJAIINE paspsiibl CyMMaTopa.
Bpewms pacripocTpaHeHus IEpEHOCa B ’TOM CIIy4ae HE 3aBUCUT OT YUCJa pa3psIoB.
Hanpumep, 3anepxka 4-paspsgHoro cymmaropa KI155MM6 ¢ napauienbHbIM
MIEPEHOCOM BJIBO€ MEHbIIE 3aJepkku 4-paspsaHoro cymmaropa KI155MM3 ¢
MOCJIEA0BATEIbHBIM IEPEHOCOM.

CurHansl mepeHoca ISl KaXxAoro paspsajia B CyMMaTope ¢ HapajijiesIbHbIM
nepeHocoM (GOPMUPYIOTCA CIAETYIOIUM 00pa3oM:

CRP1=CO
CRG1=CRP1-AlvCRP1-Blv Al-B1=C0-AlvCO0-Blv Al-Bl

CRP2=CRG1=C0-AlvCO0-Blv Al-Bl
CRG2=CRP2-A2vCRP2-B2v A2-B2=(C0-AlvCO-Blv Al-Bl)- A2v

v (CO- AlvCO-Blv Al-Bl)-B2v A2-B2
CRP3=CRG2=....

Jlerko BHIIE€TH, YTO MO MEPE YBEJIMYEHHUS CTAPIIMHCTBA pa3psia CIOKHOCTb
byHkunn (GOpMHUPOBAaHUS TMEPEHOCA B Pa3psii CYIIECTBEHHO YCIOXKHSETCS.
[ToaToMy mipu peanuzanuu GyHKIUUA HA TUCKPETHBIX KOMIOHEHTAaX BBIMIPHIII BO
BPEMEHU TMOJYyYUTh HEBO3MOXHO, TOTOMY YTO pPACT€T YHUCIO JOTHYECKHUX
aneMeHToB. [lapanienbHblil mepeHoC MOKET AaTh MOJOKUTENbHBIN 3PHEKT TOIBKO
OpyU €ro MHTErpajbHOM peau3ali HEMOCPEICTBEHHO B KpUCTAJJIE CcaMOM
MUKpocxembl. ClenyeT 3aMEeTUTh, YTO OTAEJIbHBIE CEPUU MHKPOCXEM COAEpIKAT
CHELMAJIbHBIE CXEMbl YCKOPEHHOI'O IE€pPeHOCa, KOTOpbIE pPEeaau3yroT (YyHKUIUU
dbopMupOBaHUS TMEpeHoca B paspsabl CyMMaropa WM TPYIIbl pa3psaoB H
IPEAINOIAraroTCs JIsl MOHTa)Xa ¢ CyMMAaTOpamMu JUIsl OpraHu3aliy MapauieaIbHOro
(rpynmoBoro) nepenoca. OJHAaKO B HACTOSIIEE BPEMS AKTYAJbHOCTh TAKUX CXEM
3HAYUTEIBHO YTPAYCHA.

HeoOxoauMo moguepKHyTh, YTO CyMMAaTOp CKJIAAbIBAET KOJbl YHUCEIN, U,
CJIEIOBATENIbHO, MOPSIIOK pa3psAoB CKIAIbIBAEMbIX KOJOB MMeeT 3HaueHue. Ha
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3TO cieayeT oOpaTuTh ocoboe BHUMaHHe. Kpome TOro, B MHTErpajbHBIX CEPUSIX
MPUCYTCTBYIOT CYMMaTOpbl M HET BbIUMUTATEIEH JIBOMYHBIX KOJIOB. OTO
OOBSICHSICTCS ~ MCIOJIb30BAHMEM  IPHUHIIMIIOB  BBIMOJHEHUS ~ ONepaluii B
JIONIOJTHUTEJIbHOM WJIM MHBEPCHOM Kojax. Kaxapli M3 STUX BapuaHTOB B
BBIUHCTUTENE 3aUKCHUpOBaH ammapaTHO, HUdpoBas cUCTEeMa HE MOXKET OBITh
MPOrpaMMHO MEPECTpOEHA Ha JAPYrod TUO KOJOB, Ja B OTOM M HET
HeoOxoauMocTh. [loaroToBka umcen Ijis peaau3aliyd MalldHHOW apu(pMETUKH
SIBISIETCSA CaMOCTOSITCJIbHOM 3ajjauel M HE MMEET OTHOIICHUS K cXeMaM
CyMMAaTOpOB.

CyMmmarop no MoayJio 2

CxeMa, BBINOJHAIOMIAA CJIOXKEHUE B OJHOM paspsane (pakTUyecku 3TO
NOJlyCyMMAaTOp) JIOJIKHA PEaIl30BbIBATh CIIEIYIOIIYIO TaOJUIy HCTUHHOCTH:

A B S CRG
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

BBIXOI[ CYMMBI S B AHAJIUTHUYCCKOM BUC 3aIIMCBIBACTCA B BUIC
S=A-BVA-B=A®B.

KoMOuHannonnyo cxemy, peamu3yiollyl0 Takylo (QYHKIHIO, YacTo
Ha3bIBAIOT CYMMATOPOM 110 MOJYJII0 ABA, TAK KaK Ha €ro BBIXOJE MOSBIIAETCS HE
JEUCTBUTEIIBHAS CyMMa, & TOJBKO OCTATOK, MOJy4YaeMbli IpH €€ JIeJICHUU Ha JBa.
Takyro ¢pyHKIIHIO B PopMysiax 0003HAYAIOT 3HAKOM ILTIOC B KPyTe Kak MOKa3aHo B
BbIpaXEHUHM CyMMbl. B Gosiee mpocToM BapuaHTe 3TO Kak Obl pe3yjbTaT CyMMBI
TOJIBKO B 3TOM pa3psje, 0e3 yueTa nepeHoca B CleIyoIui pa3psi.

Jlpyroe Ha3BaHHE€ 3TOH JIOrMYECKOW (PYHKIUU — HEPABHO3HAYHOCTb, TaK
Kak curHall S=1 Ha €€ BBIX0JI€ MOSABISETCS TOJIBKO B TOM ClTy4ae, KOT/1a Ha BXO1axX
A u B nelicTByIoT paznuunbie (HepaBHO3HauHbIe) curdaisl "0" u "1". Kpome Toro,
UCIIONIb3YIOT Ha3BaHus — Hckawovyawmee WIIN" (ctporas IU3bIOHKLNS),
NOJYEPKUBAs, YTO Ha BBIXOJE CHUTHAN OyJIeT TOJbKO MPU  HAJUYUH OJIHOM
€AVHMIIBI W3 JBYX CHIHajJoB Ha BXoje. CHHOHMMOM IIOCJIEIHETO0 HAa3BaHHUS
sBisieTcs abopeuarypa - XOR (ot anrmuiickoro eXclusive OR- uckirouaromiee
NJIN). DxBUBaNICHTHBIE YCIOBHBIE Tpaduueckue 0003HAYCHUSI TAKUX DJIEMEHTOB
MpPe/ICTaBIICHBI Ha puc.6.5.



T XOR|—- | =1 |- | m2}— Tmod2}— | (3 |-

41

Puc.6.5. YI'O anemenTa ClIOKEHHS IO MOJTYITIO 2

CyMMarop 1o MOAYJIO JIBa BBITYCKAIOT

A —e—T 02 s B HHTETPAJILHOM HCIOJIHEHUHM M  YacTo
B __ UCTOJIB3YIOT I peaju3allid  Pa3InyHbIX
—t agormyeckux (ynkuuil. Hampumep, cxema

& L CRG OJIHOPA3PSAHOTO TOJIYyCyMMaTopa € y4E€TOM
cymMmaTopa Mo MOAyI0 2 TpuUBEJcHa Ha

puc.6.6 u mosicHeHMiA He TPeOyeT.

Puc.6.6. CxeMa ogHOpa3psIHOTO

I0JlycyMMaTopa

Bomnpocsl 111  CaMOKOHTPOJIS

bk whE

\l

Yem oTauvaeTcs moaycyMMaTop OT OJTHOPA3PSIAHOTO cymMMaTopa?

KakoBo HazHaueHHE BXOJIOB U BBIXOJ0B CyMMaropa?

Kakum o6pazom HymepyroTcst Bxoibl cymmatopa? [louemy?

Kax uzo6paxkaercs cymmaTop Ha yCIOBHOM IpauieckoM 0003HAYCHUH?
3anumure JIOTUYECKYH0 (YHKIHUIO IS CYMMBl  OJHOPA3psIHOTO
CyMMaropa.

3anummTe JOTHYECKyl0 (QYHKIUIO JJs TepeHoca OIHOPa3psSIHOTO
CyMMaropa.

. Ilouemy B cepusax UMC OoTCyTCTBYIOT BBIUATATENIN?
. KakoBbI mpaBuiia CIIOKEHUS IBYX YUCEN CO 3HAKOM B BBIYHCIWTEIBHOU

Mamnimae?

. KakoBsl I[IpaBuJia BBIYUTAHUA IBYX YHCCI CO 3HAKOM B BBIYHCJIMTECIbHOU

marnuge?

10.KakoBel mpaBuUiia XpaHEHUS YHUCET CO 3HAKOM B BBIUHUCIUTEIHHOU

marnuge?

11.B yeM oTyIMUME CXEM CyMMAaTOPOB, BBITIOJHSIONINX ONIEpaIiii B 00paTHBIX

1 JOITOJIHUTCIBbHBIX KOI[aX?

12.Iloyemy cxeMbl CyMMaTOpOB C MapajUIeIbHBIM MEPEHOCOM JaroT

BBIUTPBII BO BPEMEHU TOJBKO JI0 OMPENEIEHHOr0 Mpejesia KoJIU4ecTBa
pa3pszioB?
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7. KOAOITPEOBPA3OBATEJIN

[Ton mpeoOpa3oBaTeseM KOJOB MOHHUMAIOT KOMOHWHAIMOHHOE HH(poBOE
YCTPOMCTBO, OOecmeurBaroliee peanus3aiusi HEKOTOpou (YHKIHMH. DTO OYEHb
IIMPOKOE OMpeAeNieHue, HO CIoJa OOBIYHO HE BKIIOYAIOT KJIACCHYECKUE
npeoOpazoBareny, Takue Kak JemudpaTopbl, MYJIbTHUIUIEKCOPBI, CyMMAaTOPHI,
KOMTIapaTOpHI.

[IpeobpaszoBareny MPUMEHSIOT AJIs ITHU(PPOBAHUS U IeIIHN(PPOBAHUS JAHHBIX.
Ha YT'O nmpeobpazoBarenu o6o3HayaroT cuMBojamu "X/Y". KommuecTBo BXOI0B
Y BBIXOJIOB MOKET OBITh MTPOU3BOJIHHBIM. Pa3mmuaroT mpeodpazoBarenu:

- C HEBECOBBIM IPE0OPA30BaHUEM KOJIOB;

- C BECOBBIM MIPe0Opa3oBaHNEM KOJIOB.

TuUnu4HBIM TIPEACTABUTEIIEM HEBECOBOI0 IpeoOpazoBarTensi SBISCTCA
npeoOpazoBaresb 4-X pa3psAHOTO JBOMYHOTO KOJIa B KOJ JJIi CEMHCETMEHTHOIO
WHIUKaTOpa. BbIxoqHas KOMOMHAIMS CUTHAJOB B JaHHOM CiIy4ae HE SIBISIETCS
JIBOUYHBIM YKCIIOM B OOBIYHOM TMOHHUMAaHUU, U €ro pa3psjibl HE HeCcyT Ha cebe
BECOBYI0 Harpy3ky. OHu o00pa3yloT u300pakeHHe CHMBOJIAa Ha WHJIUKATOPE,
dbopmHpyeMoe OTJEIbHBIMUA CErMEHTaMHU.

[Tpumepom Takoit MMC
MOKET OBITH K133I1I14

T—A1XIY | A 1 A A (puc.7.1). Ha BXOJIBI

1—42 K B - MHUKPOCXEMBI ~ ITOJAETCA  KOJ

0 —43 K c F” lB necsatiuHoi Tpoiiku: 0011. Ha
0 — A4 an D G

E £ e [ ] Bxox ramenus S momaercsa 1

F (1] F EU |C UL OTOOpaXKeHUsI CHUMBOJIA.

G G -— e IIpy Takmx BXOJaX BBIXOJHBIC

1 s —1 p CUTHAJIBI  KOJIOTpeoOpa3oBa-

TeIs 3aXXUTaloT TOJIBKO TeE

Puc.7.1. K133I1I14 CEeIrMEHTBI WHJIUKATOPa,

KOTOPBIC o0pa3yroT
U300paKEHUE JECATUIHON TPOUKH.

Ananornynsie pynkiuu BeimoaHstor UMC 5551118, 564114 u 1.1, B ux
o0o3HaueHusx crosaT cuMBoibl "U/", o6o3navaromue UMC gemmdparopos. Ho B
CBOCH TIpyNIe OHM HOCAT TMPUCTABKy 'cneuuanbHblid’'. CMelmeHue 3STUux
o0o3HaueHUM (HOPMUPOBAIOCH HCTOPUYECKHM M TOJIBKO TOJYEpPKUBACT HX
MIPUHAJJICKHOCTH K O0IIIeH TpyIiie Kogonpeodpa3zoBaTese.

IIpeoOpa3oBaresib JBOMYHO-AECAITUYHOIO0 KOJIa B IBONYHBIN

HasBanue BTOpoii rpymnmnbel (C BecOBBIM Npeo0pa3oBaHHMEM KOJIOB)
MOTYEPKUBAET, YTO OHU UCIIOJIb3YIOTCS I MPe0oOpa30BaHUS YUCIOBBIX JaHHBIX.

TunoBeiME TIpe0Opa30BATESIMU TAKOTO THUIIA SIBISIOTCS MPeoOpa3oBaTeNn
JTBOUYHO-JIECATUIHOTO KOJIa B TBOMYHBIA U HA0OOPOT.
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JBonuno-aecsatuunbiii ko (BCD ot anrn.Binary-Coded Decimal) - ¢hopma
3aMKMCH YUCE, MPU KOTOPOM KaxAbl JECATUUYHBIA pa3psijl Yyucia 3alUChIBACTCS B
BUJIE €r0 YETHIPEXOUTHOTO JBOMYHOTO KOJIa (TETpasIbl).

Hanpumep, necsaruanoe uuciao 321 Oyner 3amucaHo B JBOMYHON CHCTEME
cuncieHus B nsonyHoM kojie kak 1 0100 0001, a B 1BOMYHO-IECATHYHOM KOJIE KaK
0011 0010 0001 BCD.

Terpana cnocobHa 3akonupoBaTh 16 cuMBOIOB, o3ToMy 0-9 HCHONB3YIOT
JUTST KOAMPOBAHMSI YHCEIT, @ OCTABIITUECS KOJBI (3alpEIICHABIC) IS KOAUPOBAHUS
CIIEIMANLHBIX CUMBOJIOB THia "*", "#", 3amgToii, Koja rameHus U T.1. Takoe
KOJMPOBAHKE YIPOIIAET BBHIBOJ CHMBOJIOB Ha WHIWKAIMIO U BBOJ C KJIaBUATYPHI,
YIOPOIIAET OKPYIJICHHE, HO TpeOdyeT MOMOJHUTEIHLHOM TaMsATH, T.K. HE BCE
BO3MOXKHBIC KOMOWHAIIMKM HCIOJIB3yIOTCa. Koa KpomMe TOro  yCIIOXKHSET
apupMeTHYecKue ornepanuu. JBOMYHO-IECATUYHOE KOJUPOBAHHE IMOMHUMO
KaJIbKYJISITOPOB MPUMEHAETCS B TeNIe(OHHOM CBS3H.

ApudmMernueckre ornepanud ¢ JBOUYHO-JIECATUYHBIM KOJIMPOBAHUEM
MPEANOJaraloT BBIIIOJHEHHE JOTOJHUTEIBHON KOPPEKIMH pe3yibTara IIo
CJIETYIOLTUM TTpaBUiIaM:

1. Tlpu cioxeHuu JABOMYHO-ACCATUYHBIX YHCEN KaXKIbIM pa3, Korja
MIPOUCXOJIUT TIEPEHOC OWTa B CTApIIMA MOJTyOalT, HEOOXOIUMO K MOIyOaiTy, OT
KOTOpPOTO MPOU3OIIENT TEPEeHOC, 100aBUTh KoppekTtupyromiee 3Hauenue 0110,
MpEACTaBISAIONIEe COOOM pa3HUILy KOJHUYECTB BCEX BO3MOXKHBIX KOMOWHAIUN
nosry0aiTa v ucrosib3yeMbix 3HaueHui (0110, = 619 = 1610 - 1049);

2. Ilpum croxxeHWW JBOMYHO-ICCATUYHBIX YHCENT KaXIbIH pa3, Korma
BCTpEYaeTCsl HelonmycThumas i mosyoaiita komMOMHaMs (4ucio, Oombuiee 9),
HEO0OXOJIMMO K KaXKJIOH HEIOMyCTUMON KOMOMHAIMU JOOABUTH KOPPEKTUPYIOIEe
snauenue 0110 ¢ pasperieHnem nepeHoca B CTapiiue moayoanTsl;

3. IIpy BBIYMTAHUM ABOUYHO-ACCSITHYHBIX YMCEN, IJIsl KaXKIOTO MoJyoOaiiTa,
MOJIYYHMBIIETO 3aéM U3 CTapIIEro MnoixydaiTa, HEOOXOIUMO MPOBECTU KOPPEKIIHIO,
otHsB 3HayeHue 0110.

Hampumep, TpeOyercs BBITIOJHUTH CIOKEHUE JBOUYHO-ICCATUYHBIX UHCEI
A=D+C,rne D=3927, C=4856

Uucna D u C B ABOMYHO-JECATUUHON PopMme:

D =3927,,=0011 1001 0010 0111 BCD,

C = 485610 = 0100 1000 0101 0110 BCD.

CymMmupoBanue uyucen D m C BBINIOJHAETCS 10 TPaBWIaM JIBOWYHOM
apuU(PMETUKHU:
0011 1001 0010 0111
0100 1000 0101 0110
1000 0001 0111 1101 - nBoMuHast CyMMa

0110 0110 - koppexkius (IEpeHOC U HEAOMYCTUMOE 3HAUCHHE )
1000 0111 1000 0011 - BCD-kox cymmsl: 8783.

=+

=+



https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D0%BE%D0%B8%D1%87%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D0%BE%D0%B8%D1%87%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%81%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D0%BE%D0%B8%D1%87%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%81%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
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OnHako BBINOJHATH TAaKHE BBIYKACIEHUSA CIOXHO U aoyro. BCD-xomsl
MPUMEHSIIOT ISl BBOJA C KJIIABUATYPHI UJIM C MO3UIIMOHHBIX MepeKIroYaTeseH, 1is
OTOOpaXeHUsSI MHOTOPA3PSATHON JACCATUYHOM MHOOpPMAIUM, HO BBIYHCICHUS
MIPOIIE BHITIOJHATh B ABOMYHBIX KodaX. [ aTux mpeoOpazoBaHuii U TpeOyroTCs
KoJIonpeoOpa3oBaTeu.

Texnonorus mpeoOpa3zoBaHus JBouyHO-necatuyHoro (BCD) koma B
JIBOMYHBIA OCHOBaHA Ha MOCJIEA0BATEILHOM CJIBUTE€ UCXOHOTO KOJa, HAalpuMep, B
MPaBYIO0 CTOPOHY M KOPPEKIIUKU UCXOTHOTO KoJia mociie capura. CaIBuratb MOKHO U
B JICBYIO CTOPOHY, HO JUIsI TIpuMepa OyayT pacCMOTPEHbI OCOOCHHOCTH CIIBHTA
BIIPABO.

Jleno B TOM, YTO 3HAYEHHE BBITAIKMBAEMOIO (CaMOro MJIAIIIEro) paspsaa
Ha Ka)XKJOM TaKTe CJIBHMIa COBMNAJacT KakK B JBOMYHOM Koje, Tak 1 B BCD-kone. U
3TO O4YEHb BaxHO. I[lo3TOMy mnoJydaeTcsi, 4YTO Ha KaXJOM TaKT€ CJIBHIa
dbopmupyeTcss odepenHor paspsa jaBouuHoro koxa. Ecim BCD-kxon sBisieTcs
JBYXpa3psA/IHBIM W COACPKUT JIBa 3HAKa, TO CIBUTOB JOJHKHO OBITH BOCEMb
noToMy, uTo Kaxxaas 1udpa B BCD-koae koaupyeTcst 0JlHOM ABOMYHOMN TETPaIOM.

Kpome Toro cremyeT MOMHHUTB, YTO KaXKIblil CABUT BIOPaBO (B CTOPOHY
MJIQJIIIAX Pa3psA0B) MPUBOAMUT K JIEJIEHUIO MCXOJHOTO KOJla Ha JBa 0e3 yuera
maaguero paspsaa. I[Ipu casure xe BCD-xoga monydaemMoe 4YWCIIO HE PaBHO
HMCXOJHOMY, AECJICHHOMY Ha JiBa. I CBSI3aHO 3TO C WMHBIM HEXEIW B JBOUYHOU
CHUCTEME pacrpenesieHneM BecoB paspsaaoB. IMenHo mostomy npu casure BCD-
KoJla TpeOyeTcst KoppeKius pe3ynbrata. OHa OCYIIECTBISECTCS BCIKUN pa3, Koraa
€UHUIIA U3 CTapliel TeTpajbl MepeMeliaeTcs Mpyu CABUTE B MIIAIIYIO TETPay.
[Ipu nepeMelieHnn HyJI MEXIY TeTpajaMu KOPPEKIus He TpeOyeTcs..

HeoO6xomuMocTh M BENMYMHY KOPPEKTHUPYIOIIETO BO3JCUCTBUS MOKHO
MpoCJIeINTh Ha puc.7.2. B xauecTBe mpuMepa pacCMOTpPEH AECATHYHBIA Koa 12 B
dopmare BCD-konma. Bec kaxmont 1mudpsl uyucia 12 B JECATUYHOW CUCTEME
cuncnenus coorserctBeHHO 10° mia mudper 2 u 101 mig mudper 1. Kaxnas us
JECATUYHBIX U(]p 3aK0AMPOBAHA COOTBETCTBYIOIIEH TETPaION JBOMYHOTO KOJIa, B
KOTOPOM KaKJasi ABOMYHAS IIU(pa UMeeT cBoi Bec 8-4-2-1.

Hudpa 1 mecarkoB no capura mMeeT 3HauuMocTh B BCD-kojme, koTopas
BBIYHCIIACTCS Kak MpousBeaeHue kodpduirenta 1 (3to cama mudpa) yMHOKEHHAS
Ha BEC CJMHUII B JBOMYHOM Kojie TeTpaabl (1) U Bec paspsaa B ACCATUUHOU
mudppe (10Y). TMomywaercs 10. DTO HAaXOOWTCA B IOJHOM COOTBETCTBHH CO
3HAYMMOCTBIO ATOM IU(MPHI B JAECATUYHOM dYucie 12: necaTkoB B ATOH 1udpe
OJIVH.

ITocne TakTa ciaBura BOpaBO STa €AWHHUIIA TEPEMECTHIIACh B MIIAJIIIYIO
TeTpagy W ee HOoBoe 3HaueHue B BCD-kone, ucumcisieMoe mo TOW K€ CXeMe:
1*8*10° = 8. Ha camoM ke felne, T.K. CABUT JaeT JAeJIeHUE Ha JBa 3HAUCHUE 3TOM
eAUHUIIBI JOKHO ObITh 10/2=5. Takum o0pa3om, MOJTyuYeHHOE HOBOE 3HAYCHUE B
MJIQJIIIEN TETpaAe OTIWYAECTCA OT MPABWJIBHOTO 3HAYEHUs] HA TPOUKY. BoT 3Ty
TPOWKY W HEOOXOAMMO BBIYUTATh W3 TETPANbl, B KOTOPYIO MEPEXOAUT €IUHUIIA.
[TosTOMy KOppeKIMs 3aKJIIYaeTcs B BbhUMTAaHMU ABouM4yHOro kojga 0011 wu3
MOJIY4YEHHOTr0 pe3ysibTaTa B mulaiiiei tetpajae. Eciu B TeTpamy nepexoauT HOJIb,
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TO Koppekuus He TpeOyercs. Koppekums BBITIONHSIETCS BO BCEX TETpajgax, B
KOTOpBIE MOIAAAeT EAUHUIA U3 CTAPILINX TETPAJ IIPU OYEPETHOM CIABUIE.

JecatnyHoe yumcno 12 1 2 Mnagwwi
paspsg
Bec uudpsbl B 10-cucteme 10t 10°
Bec unodp B 2-cucteme 8-4-2-1 8-4-2-1
BCD-Kkog uymcna 12 00 O@ 0010
AN
McxoaHbiit Bec 1 B BCD-koge 1*1*10'=10 \\/\
Cpsur BCD-kopa 0000 UO 01 0
Hosbiiisec1s BCD-koge 1*8*10°=8
Tpebyembili HoebIN Bec B BCD- 10/2=5
KoZe nocne caeura
Tpebyemas Koppekuuma nocie 8-5=3
caevra

Puc.7.2. lpunmun koppekmnu BCD-koxa

[Ipu 3TOM paspsia, KOTOPBIM BHITATIKMUBACTCS TIPU MEPBOM CIBUTE, 00pa3yeT
CaMblii MJAIIIMKA pa3psAx JABOMYHOIO Koja. B maHHOM ciydyae 3TO HOJIb.
[Tocnenytonue capuru OyayT 0Opa30BBIBATH MOCIEAYIONIUE Pa3psiibl B CTOPOHY
YBEIIMUECHUS Beca.

ITocnenoBaTenbHOCTh CIBUTOB M (OPMHUPYEMBIE TIPH 3TOM pa3psiabl
JIBOMYHOTO KOJia TpeacraBieHbl Ha puc.7.3. Ilocie BOCbMHM CHBUTOB IMOJTYyYEHO
nsornyHoe yucao 0000 1100, 94To B 1€CATUYHONW CUCTEME COOTBETCTBYET YuCay 12.
[IpeobpazoBaHue BHIMOJIHEHO MPABUIBHO.

Takyro mnpoueaypy NOJY4YeHUs] JTBOWYHOIO KOJa JIOTHYHO ObUIO Obl
BBITIOJTHUTH Ha PErucTpax ciaBura u cymmaropax. Ho 3To Tpebyer MHOTOKpaTHOTO
TaKTUPOBAHUS W JOIMOJHUTEILHONW CXEMbl aHAIM3a EIWHUIIBI MEPEHOCA MEXKTY
TeTpagaMu. OTUX HEJOCTaTKOB JIMIIIEHAa KOMOMHAlMOHHAs cxema. s ee
MOCTPOCHUSI HEOOXOJMMO MPOAHAIU3UPOBATH JUHAMUKY BXOJHBIX M BBIXOJHBIX
CUTHAJIOB TIpeoOpa3oBaTes.
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TakTt caeura BCD-kopg BbiTanKMBaeMblit pa3pag
McxogHbl Kog, 0001 0010
1TaKkr 0000 1001 0
KoppeKkuwus - 0011
0000 0110
2 TaKT 0000 0011 0
3 TaKT 0000 0001 1
4 TaKT 0000 0000 1
5TaKT 0000 0000 0
6 TaKT 0000 0000 0
7 TaKT 0000 0000 0
8 TaKT 0000 0000 0

Puc.7.3. IlocnenoBaTeabHOCTh (POPMUPOBAHUS JBOMIHOTO KOJIA

Ecan HpCO6p&3OBaTCJII> HMCCT YCTBIPC BXOAd M UYCTBHIPC BbIXOOd, TO €TI0
Ta6J'II/II_[a HCTUHHOCTH MOYKET OBITH TaKOﬁ, KaK IIOKa3aHO Ha pI/IC74

Mnagwas Bxog, Beixoapl Bxog, Boixogp!
TeTpaga npeobpasoea | npeobpasosarens npeobpaso | npeobpasosatens
BCD-kopa Tena npu P=0 BaTens npu P=1
Bxoapl npu P=0 npu P=1
npeobpazoearte
na
Pl4|2]|1]- Jec 8(4|2|1]| Aec Jec 8|14 2|1 Jec
0|o0|0f|O 0 ojojof0| O 8 o101 5
0jo0o|0|1 0 ojojofo| O 8 o101 5
0o|o0o|1f0 1 ojojof1| 1 o(1,1/|0 6
0ojo0o|1]|1 1 ojojof1| 1 o(1,1/|0 6
0|1(0f{0 2 ojo|j1(0| 2 10 o111 7
0j1(0|1 2 ojo|j1(0| 2 10 o(1 1|1 7
o|1(1/0 3 ojo|1({1| 3 11 1|/]0|0]|O0 8
o111 3 ojo|1({1| 3 11 1|]0|0]|O0 8
1/0|0/|0 4 oj1/0(0| 4 12 1|]0|0]|1 9
1/10|0]1 4 oj1/0(0| 4 12 10|01 9

Puc.7.4. Tabnuiia MICTUHHOCTH 4-X BXOJOBOTO IMpeoOpazoBaress
BCD-kxoxa B ABOUYHBIN KO

Tak kak muagmmid pa3psag BCD-koga v 1IBOMYHOTO KOJa BCEraa COBNAAAIOT,
TO €ro KOJAMPOBaTh HE HYKHO M CJIEAYeT IepeaBaTh HAMPSMYI0 Ha BBIXOJ. DTOT
paspsia B tabnuie (cM. puc.7.4) oTMeueH cepbiM 11BeToM. OCBOOOIMBIIUICS TPU
ATOM YETBEPTHIM BXOJ MpeoOpa3zoBarTelis JOJDKEH MPUHUMATh MIIAJIIIUNA pa3psl U3
IpeabIAyIel cTapiiei TeTpaabl. ITOT BXOJ B TaOIUIE OTMEUEH CUMBOJIOM "P".

Ecnu npu caure B muaainyto TeTpany casuraerca Holib (P=0), To Ha Bxoxe
npeoOpazoBarenss moiaydaroTcss koael 0, 1, 2, 3, 4 u ux mpeoOpa3oBHIBaTH HE
TpeOyeTcs. DTO IEMOHCTPUPYET CPEAHSS YaCTh TaOIHUIIBI.
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Ecnu e npu cnBure B MIIaJIyI0 TeTpaay casuraercs eauuuibl (P=1), To
Ha BXOJie mpeoOpazoBarens mosydarorcs koabl 8, 9, 10, 11, 12 m TpeOyercs
KOPpPEKIUsl IMyTeM BbIYUTaHUSI U3 TeTpanabl uuciaa 3. [lomywaromuecs mpu 3Tom
KOJIbI Ha BBIXOJI€ ITpeoOpa3zoBatTes oKa3aHbl B MpaBoi yacTu Tadauisl. [Ipu sTom
caMblif cTapiuii BXo mpeo0pa3oBaTeis ¢ y4eTOM KOPPEKIMHU IpUoOpeTaeT Bec 5,
4YTO MOXET OTOoOpakaTbcs B OOO3HAYEHWM BXOJOB TMpeoOpaszoBarensd. Beca
BBIXOJIOB MpeoOpas3oBaTesis MPU 3TOM COOTBETCTBYIOT JBOMYHOW CHCTEME.
DnemMeHTapHBI MpeoOpa3oBareslb ¢ TaKUMH OOO3HAYEHUSMH MPEICTaBICH Ha
puc.7.5.

Ecnu necaTuuHbIi SKBUBAJICHT TETPAJIbl BXOJAHBIX CUTHAJIOB 0003HAYUTh KaK
"X", a BBIXOOHOW JBOWYHBIA KOa Kak "Y", To B oOmem Buae QGyHKIIUIO
npeoOpa3oBaTessi MOKHO TIPEICTaBUTh B BUJIE:

X, ecnu 0<X < 4;

Y=f(X)=
S {X—l ecmu 8<X <12

[Ipuyem BXOJIHBIMU KOJaMU MOTYT OBITh TOJBKO TE€, KOTOpHIC yKa3aHbl B
tabauie uctTuHHOCTH (cM. puc.7.4). Koaelt X= 5, 6, 7, 13, 14, 15 He moryr
MOCTYIUTh Ha BXOJ IpeoOpaszoBaTesisi, T.K. 00pabOTKe MOMAJIEKAT TOJIBKO KOJbI
YUCJIOBBIC B JMAMA30HE JECATUYHOW CHCTEMBI. Eciu KOapl MHOTOpPa3psaHBIC, TO
npeoOpa3oBaTeIn KaCKaJIUPYIOTCS B COOTBETCTBHHM C JIOTHKOH paOOTHI BXOJIOB.
[Ipumep Takoro npeodpa3oBaTels NpeACcTaBiIeH Ha puc.7.5.

JlomycTtuM, Ha TpeoOpa3oBaTeNb MOMAIOTCS TPHU TETPAIbl TPEX3HAYHOTO
BCD-konma, mecsTHYHBIN 3KBUBAJICHT KOToporo paseH 147. Crapmias Tterpana
HETOJIHAS, TIPEICTABIICHA TOJIBKO OJHUM pa3psiioM. JIBOMUHbBIE BXOJHBIE TETPaAIbl
MOKa3aHbl Ha puUC./.5> ymeHblIeHHBIM mmpudToM. B cooTBercTBUM ¢ Tabmunen
UCTUHHOCTH (CM. puc.7.4) IPOMEXYTOUHBIE U UTOTOBBINA PE3YyJbTAThl MOKA3aHBI
Tak)ke YMEHbIIEHHBIM mpudTom. PesynbraT npeodpazosanus pasen 0 1001 0011.

7 1'Ys
70"2:_1X/Y11 '
20—2 2; 1X/Y1:) - 0 ¥y
— 4 4 2 2H 1|XY]|1 0 Yg
745 81— 4 4142 214 1|Xv| 11 " Y
5 81 4 412 2P 1|7 1}oy
g [ 1] 32
70121 1X/Y11 |1_'5 8'1_4 40_2 2'0Y64
4—2 2 15 81 4
o L o 4 I i 4 F1 Yz
702‘71_5 g |—5 8 oY

Puc.7.5. TlocnenoBatenbHOCTh (GOPMUPOBAHUS IBOMYHOTO KOJIA

B oTedecTBEHHBIX cepHsIX MHKPOCXeM MpeoOpa3oBaTeid  HUMEIOT
ob0o3nauenue [1P. Mukpocxema K155I1P6 npencrasnser coboii mpeoOpa3zoBaresb
JBOUYHO-IECATUYHOTO Kojga B JBoMuHbIM. OHa peann3oBaHa Ha MAacOYHOM



48

(mporpaMMHupoOBaHHE TPOU3BEICHO HA  3aBOJIC-U3TOTOBUTENIC) ITOCTOSHHOM
3anomuHaronieM yctpoicte (I13Y) ¢ BeIxogamu ¢ OTKPBITEIM KoJuiekTopoM. O1Ha
mukpocxema KI155TIP6 mo3Bosisier mpeoOpa3oBaTh JBOUYHO-IASCATHYHBIA KOJI
gucen ot 0 1o 39 (Bxoawl 2, 4, 8, 10, 20) B aBouuHbIN (BBIXOHHI 2, 4, 8, 16, 32).
Peanuzanust npeoOpaszopatens Ha [13Y mo3BosiseT He BBINMOIHAT MUHUMH3AIMIO U
obecrieunTh Oosiee BBICOKOE ObicTpojeiicTBue. s mpeoOpaszoBaTens Kojaa B
nuanasone 0 - 99 nocrarouno nsyx MMC (puc.7.6).

—
—

y Jpe—— V) [ " 2
R FI AT —
R — X g, rvvl 2 b
. 16 4 X/ 4 —16
10 —m 10 32 8 8 —32
20 — 20 Al 16— 64
B 10 32—
_‘—_—?(l; Cr— 20 Ar—
B—

40 QCE
80 _L \f

Puc.7.6. IIpeobpazoatens BCD-koma 0 - 99 na UMC K15511P6

JlononnutenbHbIe BBIXOAB A, B, C pacmmpsiOT JOrH4ecKue BO3MOKHOCTH
NMC, mo3BoJisisi OMYyYnTh MPU HEOOXOAMMOCTH KOJABI AomoiHeHus g0 9 u 10.
Bxon paspemienus npu aktuBHOM curHaie OE=(0 oOecrieunBaeT HOpMaIbHYIO
paboty npeobpazoBatens, a mpu OE=1 Bce BBIXOJIbI MEPEKITIOYAIOTCS B SIUHUILY.
Mnanmas Tterpaga TojaeTcs Ha BXOJbl C BecoM 1-2-4-8, mpu 3TOM camblid
MJIAQUIMK pa3psall KO BXOJIaM CXE€Mbl HE MOJKIKYaeTcd. J(Ba Miamunx CHUTHala
CTaplieil TeTpaabl MOAKIIOYATCA KO BXoJaM co cBoumH Becamu 10 u 20 B kozae
BCD.

IIpeoOpa3oBaresib JBOMYHOIO KOJAA B AIBOMYHO-AeCATHYHBIN

[IpeobpazoBarenb ABOMYHOTO KOJA B JABOMYHO-ICCATUYHBIN BBIMOTHSICT
GyHKIUI0 00paTHYI0 PaCCMOTPEHHBIM MpeoOpazoBaTeIsiM JBOUYHO-ACCATUYHOTO

B ABouuHBIN. [loaTomy 00001IeHHas (pyHKIMS TpeoOpa3oBarens OyAeT UMETh BUI:
X,ecmu 0<X <4,
Y=f(X)=
X +3,ecnu 5<X<9.

VYcaoBHoe rpaduyeckoe 0003HaUYCHHE TMpeodpa3oBaTesiec € UYETHIPbMS
BXOZaMU M BBIXOJaMH IIPEICTABICHO Ha puc.’/.7. Beca BXOJOB U BBIXOJOB TaKOI'O
npeoOpazoBarTessi B3AUMHO 3aMEHEHBI.
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B cepusx nMC MMEETCs
= XY = nmpeobpa3oBareiib  JBOMYHOTO  KOJa B
= [— IBOMYHO-HecaTHuHbIl - KI155IIP7. DOra

¥ cxeMa uMeeT aHanoruuubeii cxeme K15511P6

BXOJ[ pa3pelieHus ¢ TeM € Ha3HAuYCHUEM:
T nmpu OE=0 mpeobpa3oBareib BBIMNOJHICT
cBoto ¢yHkuuio, npu OE=1 - BbgaeT Bce

QAN

Puc.7.7. YI'O nipeobpasoBatens  enyypyner na Boxoe. IIpeoGpasoBarens Ha
AoudHoro koia B BCD-k0AHa  gchoe  K155IIP7,  obecreunBaromyii

4 Bxona KOJAMPOBAHKUE JTBOMYHOTO KOJIa B JHMAIa30HE
0-255 npexacrasnen Ha puc.7.8.

I

L 5 2

L2 X 2 2

s—{2 XN 2 s | Q| 8 8
6— ¢ 16 10
32— 8 Q 8 32 20
sl " |

30 _I:?I:O [1P7

EO| I1P7 2 |1 X/Y]| 2 20

4 34— 40

[1P7 g | Q| s—so0

16 10 100

32 20——200

40
EO!

Puc.7.8. IIpeobpazoBarens asonunoro koja 0-255 8 BCD-kon
Ha UMC K155I1P7

Bomnpocsl 111  CaMOKOHTPOJISE

N =

o

©®~N®

Kax oOpasyercs TBOUYHO-IECATUUHBIN KOJ?
KakoBo HazHaueHUe BXOJI0B M BBIXOJ0B MpeoOpa3oBaTesen?
Kak wu3o0paxaercs mnpeoOpa3oBarenb Ha YCIOBHOM TpapUiyecKoM
0003HaueHun?

3anuiure JOTWYECKylo (yHKIuUIO sl 1mpeoOpa3oBaTesis JABOWYHO-
JNECATUYHOTO KOJIa B IBOMYHBIM.

3anuiuTe JOrM4ecKyro (pyHKIHUIO Uil mpeoOpas3oBarelis ABOMYHOIO KOAa
B JIBOUYHO-/ICCATUYHBIM.

[Tosicuute Ha3HaYeHNE KOPPEKIMH KOJa MpU IPpeoOpa3oBaHuU.

Kak 0003HauatoTcst MUKPOCXEMBI peoOpa3oBaTeieii?

JIJist KakuX 1eei HCTOIB3YI0TCS MpeoOpa3oBaTen?

JlommycTuMoO 71 BBITIOJIHATH apudmetundeckue omneparuu ¢ BCD-komom?
IIpu kakux ycioBusx?

10.ITouemy cxembl mpeoOpazoBaTeseil BHIMOIHAIOT Ha MacOYHbIX [I3Y?
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8. CXEMA KOHTPOJIA YETHOCTHU

Omnepaisi KOHTPOJSL MO YETHOCTH (WJIM HEYETHOCTH) HCIONb3YEeTCS MpH
MOATBEPKICHUU JOCTOBEPHOCTH TIEpe/layu JaHHBIX WMJIM UX HEMOBPEXKICHUM MpU
xpaHeHun B mnamaTd. CyTh omepanuy 3aKJIIYaeTcs B KOHTPOJE KOJIMYECTBA
eAUHUI] B HU(PPOBOM Koje. Eciu 4ucio enuHuIl 4eTHOE, TO CXEMOM KOHTPOJIS
yeTHOCTU (hopmupyetcs 1.

CxeMy KOHTpPOJII MOYXHO ITOCTPOUTh Ha OCHOBE CXEM CIIOKEHHSI IO MOJIYJIIO
2 Bcex paspsanoB coobmeHus. [Ipu3HakoM YETHOCTH HA3bIBAETCS WHBEPCHS ITOM
cyMMbl. [loaTOMy ecnu B KO/I€ YMCIIO €IMHUI] YETHOE, TO cxema Oy/eT BbIIaBaTh
CAVHULLY.

JUIsl KOHTPOJISL IO YETHOCTH JIOCTOBEPHOCTHU IepeAadn (XpaHEHHMsI) TaHHbIX
Ha MepearIieii CTopoHe POPMUPYIOT MPU3HAK YETHOCTHU U MPEAIOT €ro (XpaHsT)
BMecCTe ¢ MH(pOpMaAIMOHHBIMU pa3psaamu (puc.8.1).

30

MNepegava

DD1

Puc.8.1. CxeMa KOHTPOJISI YETHOCTH IIPHU IIepeaayde

Ha mnepenaromeit cropoHe mno (akTUYECKOMY KOJUYECTBY €IUHMI] B
paspsmax 0, 1, ... , n dopmupyercs mpuszHak deTHOcTH 3nemeHToM DDI1. Tlpu
YEeTHOM uwWcie eauHull oH BbiaacT 1. Ilepegaua ocymiecTBisieTcsi BMeECTE C
MPU3HAKOM YETHOCTH, MPUYEM TepelaBaeéMOe COOOIIEHNE U KOHTPOJIbHBIN pa3psi
BMECT€ HWMEIOT BCErJja HEUETHOE KOJWYECTBO enuHull. Ecnu omubox mpu
nepenadye He Mpous3onuio, To sneMeHT DD2 pomked Bbigate 0, T.e. CUTHaN
OTCYTCTBHUS OIIUOOK. AHAJOTUYHO MOXHO MPOCIEIUTh CUTYallUI0 TP HEYETHOM
yuciie eauHnl B ucxoanou nocsuike: DD1Bbimaer 0, Ho DD2 Bce paBHO Bbigaet 0
(oTcyTCTBHE OIIMOKK).

Henocrarkom Takoro moaxoja SBISIOTCS HEOOXOAMMOCTh B TIepeaaue
JIOTIOJITHUTEJILHOTO KOHTPOJBHOTO pa3psa M HEYyBCTBUTEIBHOCTH METO/A K
KpaTHOMY 4uciy omuOok. OgHAKO BEPOSATHOCTh KPATHBIX OMIMOOK HECPaBHUMO
HIDKE BEPOSITHOCTH OJHOKpaTHOW omuOku. [loaToMy MeTon SBISETCS OYEHb
MONYJISIPHBIM, 3HAUUTEIIBHO TOBBIIIAET JOCTOBEPHOCTH MEpe/lauu, €r0 MEXaHU3MbI
BCTPAMBAIOT B TUIIOBbIE MPOTOKOJbI MEPENAUN TAHHBIX. AMNMapaTHbIE 3aTpaThl HA
€ro peaau3alio HUYTOXKHBI.

B cnyuae HeoOxomumocTd TONydeHHs] 00Jie€ BBICOKMX XapaKTEPUCTHUK
NepeaoNX YCTPOUCTB TpeOyeTcs YBEIUYUTh M30BITOYHOCTh TEpeaayd,
HapammBasi KOJIMYEeCTBO JOTOTHUTEIBHBIX Pa3psiioB. Teopus 0OHAPYKUBAIOIINX U
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KOPPEKTUPYIOLIUX KOJOB MPEACTABIAET COO0I OTACIBHYIO TOCTATOYHO CIOXKHYIO
TEMY.
B cepusix wuHTErpajbHbIX

1| m2 1| mo MHUKPOCXEM  CXEMbl  KOHTpOJIA

—1 5 v7l— mE y7—  YETHOCTH BCETAA IIPEACTABIICHBI.

-3 -3 Hanpuwmep, AEBATUpA3psAIHASL

— 4 = & CXeMa KOHTpOJII YETHOCTU U

15 % 15| [P  meuermocrw S30MIIS, S533WIIS,

1¢ 1° 1533UI15, KPS31UII5, K555UIIS

s s (puc.8.2) WIH aHAJIOTUYHAsI

—9 —9 JIBEHaALAaTUpa3psiIHas cxema
. ;01 KP531UIIS (puc.8.3).

12 Hanpsxenue BBICOKOTO

YPOBHS Ha BBIXOJI€ Y1

Puc.8.2. UMC Puc.8.3. UMC YCTAaHABIMBACTCA  TOJBKO  IpHU

KP531UII5 KP531UI110 YeTHOM YHCJIC €IUHMI] Ha BXOJE, a

Ha Y2 eIMHMIIA YCTaHABIIMBAETCS
TOJIBKO ITPYU HEYETHOM YHUCJIE BXOJHBIX €IUHUII.
CylecTByIOT TakK€ HACTPAMBAEMble MUKPOCXEMbI KOHTPOJS YETHOCTH. B
KauecTBE IpuUMepa MOXKHO mnpuBecTd Bocbmupaspannyro HMMC KI155UII2,
KMI155UTII2 nnst BBICOKOCKOPOCTHOM Tiepeauu JaHHbIX (puc.8.4).

— 1 m2 Cymma eguHUL, EE OE Y1 Y2
Ha BXOAax

— 2 Y71— YeTHan 1 0 1 0

— 3 HeuyeTHasn 1 0 0 1
YeTHan 0 1 0 1

— 4 HeueTHas 0 1 1 0

— 5 Y26— X 1 1 0 0

6 X 0 0 1 1

-7

— 8

—EE

—oE

Puc.8.4. UMC KMI155UI12 u ee Tabnuna ynpasieHus

Kak u panee Bbixog Y1 ortoOpaxkaer ¢akT yeTtHOocTH, a Y2 - (akT
HeueTHOCTU. HacTpoiika 3akitouaercs B 3aJlaHUM aKTUBHBIX CUTHAJIOB YETHOCTHU U
HeueTHocTh Ha Bbixoge WMMC. OcymectBiasieTcs 3TO  OpOTUBO(A3HOM
komOuHanuerr curaaaoB EE (Even Enable - getHoe Bkmouenue) u OE (Odd
Enable - HeuetHoe BkItoyeHue). B coorBeTcTBHM ¢ Tabauiel (cM. puc.8.4) curnan
yetHoro BkmoueHus EE=1 ycranaBnmBaeT eIWHWYHBIA cUTHAN s (pukcanuu
coOpiTusa. CurHan xe HedetHoro BkiroueHus OE=1 3agaer HaAo0OpOT HyJEBOM
curHain s pukcanuu coObiTrsi. Ha 9Ty JTOTHKY MOXKHO CMOTPETh M MHAYE: CXeMa
HACTPAMBAETCS HA IPOBEPKY MO0 YETHOCTH, JIMOO HEUETHOCTH.
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Bomnpocel 111  CaMOKOHTPOJISA

UTto 03HaYaeT YETHOCTh M HEYETHOCTH IIPU KOHTPOJIE KOJIOB?

KakoBo Ha3HaueHHe BXOJIOB U BBIXOJIOB CXEMbI KOHTPOJISI YETHOCTH ?

Kak n3o00paxkaeTcs cxeMa KOHTPOJIS YeTHOCTH Ha YCIIOBHOM IpapuyeckoM
0003HaYeHUN?

3anummTe JOTHYECKYH0 (YHKIWIO JUIS  YeTBIPEXpas3psaHOM  CXEMBI
KOHTPOJIS YETHOCTH.

[TosicHuTe JOCTOMHCTBA M HEAOCTATKH KOHTPOJIS TaHHBIX 10 YETHOCTH.
Kak B coorBeTcTBUMU ¢ Kiaccuukauein 0003HAYAIOTCS MHUKPOCXEMBI
npeoOpa3oBaresnein?

Kakue ommOku crmocoOHbl 00HAPYKUBATH CXEMbI KOHTPOJISI YeTHOCTH ?
JlaHHBIE KaKWX THUIIOB MOTYT OBITh IMPOKOHTPOJIMPOBAHBI CXEMOU
KOHTPOJII YETHOCTH (JIBOWYHBIE 4YHCIIA, BCD-kxos, TeKCTOBEIE,
rpadudeckue)?

Kak npu3Hak 4eTHOCTH 3aBUCHUT OT IOJIOKECHUS €UHUILl B YHCIIE?
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9. APUOMETHUKO-JIOTUTYECKOE YCTPOHCTBO

Apudmetuko-iornyeckoe ycrpoiictBo (AJIY) mnpegHazHaueHo IS
BBITIOJIHEHUS JIOTUYECKUX M apu(PMETHUUECKHX ONepaluid Hajl MHOTOpa3psIHbIMU
yuciamu. [lo cBoeil mpupojse oHa sBIsAETCS KOMOMHAIMOHHBIM M (HOpMAaJIbHO
MOKET ObITh OTHECEHO K ITpeoO0pa3zoBaTeIsiM KOJOB.

OyHKIMOHAIBbHAs cxeMa cymmaropa AJIY mnokazana Ha puc.9.1. Ona
MPEACTABIACT COO0M MOJIHBIA MHOTOPA3PSIHBIN cymmarop SM, mjisi KOTOpOro ¢
MOMOIIBIO0 MYJIbTUILIEKCOPOB (MS) obecnieunBaeTcs mojgava IpsiMbIX U 0OpaTHBIX
KOJIOB ciaraeMblix A W B, HyJneBbIX M €AMHHYHBIX KOHCTaHT. lloaxiroueHwue
HY)KHBIX  KaHaJIOB  OCYIIECTBIISICTCS  3aJlaHUEM  aJIPECHBIX ~ KOMOWHAIUN
MynbTHIUIEKCOpOB SO - S3, KOTOpBIE, MO CYTH, 3a7al0T BCE MHOXXECTBO
BO3MOXKHBIX apu(PMETUUECKUX omepaluii u Beigauy pesyibrara F. [{ns cymmaropa
C eI 00ECTICUeHHs HapallluBaHUs Pa3psAHOCTH TakyKe oOecreurnBaeTcs moaayda
BXOJHOTO CUTHaja pacupoctpaneHus nepeHoca CRP u momydeHuwe BBIXOJHOTO
curnana nepeHoca CRG (cM. paznen 6).

A 0| MS
jl | CRP
+U,. 2
3
| SM

_F
B
B 0 MS
et
+U —2
5 CRG
I
S0 S1 S2S3

Puc.9.1. dyukiuoHansHas cxema cymmaropa AJIY

st peanuzanuu sorudeckux (Gynkiuii AJIY curHamom 3agaHusi pexuma
paboTsl M ¢ NOMOINIbIO KJIIOYEH BMECTO CymMMmaTropa MOIKIIOYAIOTCS JIMHEHKU
JIOTUYECKUX DJIEMEHTOB. B ocTtamsHOM paboTa yCcTpOlCcTBa aHAJIOTUYHA.

B wunHTerpanbHbiXx cepuax AJIY mpencTraBieHO 4YeThIpEXpa3psAIHbIMU
mukpocxemamu KP1533UII3, K155MII3 u gpyrumu. B kauectBe mpumepa Ha
puc.9.2 nokazano YI'O UMC KP1533UI13.
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Puc.9.2. UMC AJIY KP1533UI13

BBIITOJIHAIOT

MUKPOCXEMBI
OBICTPOJICCTBHE MHOTOPA3PAIHOTO CyMMAaTOpa.

Ecnu BpeMs He sBIseTcd KPUTHYECKUM [ApaMETPOM, TO THEPEHOCHI
OPraHu3yITCA Kak nmocieaoBarenbHbie ¢ moMolibio BeiBOJIOB CRP 1 CRG. BriBoa
A=B (¢uxcupyer paBeHCTBO KOJIOB omnepaHnoB. Bce 32 ¢yukuun AJIY
MPE/ICTABIICHBI B TA0JIMIIE UCTUHHOCTH:
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Bce Bwime ommcanHbie 0003HAYCHUS
BXOJIOB COXPAHSIOT CBOE HAa3HAUEHUE U IS
JTON CXEMBI.

IIpu M=1 Ha BXoze BbIOOpA pexKUMAa
BCE BHYTPEHHHUE MEPEHOCHI OJIOKUPYIOTCS U
Ha JIMHEHMKAaX JIOTUYECKUX  DJIIEMEHTOB
BBITIOJTHSFOTCS JJOTUYECKUE OTIEPALUU.

I[Ipp M=0 mnepeHoCchl pa3pelIeHs,
BBITIOJTHSIOTCSL apu(PMETHIECKUE KOMAaHJIbI.
[Tpu 3TOM POPMUPYIOTCSI CUTHAN TeHEpAITUU
nepeHoca u3 uerbipex paspsagoB CRG, a
TAKYK€ CUTHAJIBI PACIPOCTPAHEHHUSI IIEPEHOCA
P u curnan renepamum nepenoca G mid
MTOJKJIFOUYECHUS CXEM YCKOPEHHOI0 IIepeHoca.

Takue cXeMbl HCHOJIB3YIOTCS IIpU
HapalMBaHUU pPa3psSIAHOCTH JUTS
OpraHu3allvd Napajuie]bHOrO  IEepeHoca
MEXKJly TpylnmnamMyd pa3psgoB HECKOIbKHUX
UMC AJIY. DOrto Tak Ha3bpIBaeMbli
rpynmnoBoii meperoc. Takyio ¢yHKIHIO

K155MI14, KP1533U1II4. DT10  mOBHIIIACT

Bri6op pynkium M=1 M=0
S3 S2 S1 SO Jloruueckue Apudmerndeckue onepainuu
orieparu
CRP=0 CRP=1

0 0 0 0 A A A+l

0 0 0 1 A+B A+B (A+B)+1

0 0 1 0 AB A+B (A+B)+1

0 0 1 1 0 -1 0

0 1 0 0 AB A+AB A+(AB)+1
0 1 0 1 B (A+B)+AB (A+B)+AB+1
0 1 1 0 A(+)B A-B-1 A-B

0 1 1 1 AB AB-1 AB

1 0 0 0 A+B A+AB A+AB+1

1 0 0 1 A+B A+B A+B+1

1 0 1 0 B (A+B)+AB (A+B)+AB+1
1 0 1 1 AB AB-1 AB

1 1 0 0 1 A+A A+A+1

1 1 0 1 A+B (A+B)+A (A+B)+A+1
1 1 1 0 A+B (A+B)+A (A+B)+A+1
1 1 1 1 A A-1 A
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Bonpocsl aisi caMOKOHTPOJIA

1. Kakue dynkiuu BeimonaseT AJTY?

KakoBo HazHaueHue BXOJIOB U BBIXOA0B cXeMbl AJIY?

3. Kak wu3obOpaxaercs cxema AJIY Ha ycioBHOM rpaduyeckomM
0003HaueHuun?

4. TlosicHuTe TOCTOMHCTBA U HEJIOCTATKHU MOCJIEI0BATEILHOTO, TPYIIIOBOTO U
[1apaJuIeIbBHOTO NIEPEHOCA.

5. BOo3MOXHO 1M OpraHu30BaTh IAPAJUIEIBHBI NEPEHOC MEXKIY BCEMU
paspsiiamu BocbMmupazpsagHoro AJIY Ha ocaoe KP1533UI13? TTouemy?

6. Kak B coorBercTBUM C Kiaccu(uKaime 0003HAYAIOTCS MHKPOCXEMbI
AJIY?

/. Kakum o0Opazom B AJIY BbINOJHSETCS ONEpalus BBIUATAHUSA B
JOTIOJIHUTEIIBHBIX KOJAX?

8. Kakum o6pazom B AJIY BBHITIONHSIETCS Onepaiusi BEIYUTAHUS B OOPATHBIX
Konax?

9. Pazpaboraiite cxemy BocbmupazpsaHoro AJIY Ha ocHoBe UMC
KP1533UII3 ¢ rpynnoBsIM NEPEHOCOM.

10.Pa3pabotaiite cxemy BocbMmupazpsiaHoro AJIY Ha ocHoBe UMC
KP1533UII3 ¢ nocienoBaTebHBIM IIEPEHOCOM.

11.Pa3paboTaiiTe cxemy BocbMHUpa3psiAHOro kommnaparopa AJIY Ha ocHoOBe
NUMC KP1533UI13.

no
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IIpunoxenue 1

AHAJIM3 OCHOBHBbIX THUITOB JEINN®PATOPOB

Hean

1. VYrnyOuth ¥ 3aKpenuTh TEOPETUYECKUE 3HAHUS 10 MNPUHIUIIAM
MOCTPOCHUS M aJITOpUTMaM (PYHKITMOHHPOBAHUS TG PATOPOB;

2. Ilpuobpectr MpaKTUIECKUE HABBIKK IKCIIEPUMEHTAILHOTO UCCIEA0OBAHMS
IU(PPOBBIX CXEM;

3. CoBepIlIeHCTBOBAaTh HABBIKM aHaIM3a, OOOOIICHUS M CHCTeMaTH3alluu
MOJTYYEHHBIX PE3YIbTAaTOB, COCTABJICHUS W O(QOPMIICHUS OTUETHBIX MAaTEpUAJIOB,
TOYHOTO M JIAKOHUYHOTO TPECTABJICHUS JIOKJIQJIOB Ha BOMPOCHI TEXHUYECKOIO
XapakTepa.

Y4eOHbIe BONPOCHI:

1.1. UccnenoBanue pabothl aemudparopa 2x4 Ha OCHOBE JOTUYECKUX
3JIEMEHTOB;

1.2. UccnenoBanue Mukpocxemsl aemudparopa 3x8;

1.3. IToctpoenue nemmudparopa 4x12 Ha OCHOBE MUKpOCcXeM 3X8;

1.4. Tloctpoenue nemmdparopa, 06ECEUUBAIONIETO BHIOOP YCTPONCTB IO
3aJJaHHOMY aJIpecy;

1.5. Tloctpoenue nemynpTuIUIeKCOpa 1Xx8 Ha OCHOBE MHUKPOCXEMBI
nemudparopa 3x8;

1.6. ITocTtpoenue nemmudparopa A CEMUCETMEHTHOTO HHAMKATOPA;

1.7. TloaroroBka TEXHUYECKUX JI@HHbIE HJIs 3aJaHHOH MHKPOCXEMBbI
neuudparopa.

Jlutepatypa sl NOATOTOBKM K 3aHSATHIO

1. YrptomoB E.IL. [TuppoBas CxemoTexHuka: YueOHOe nocoOue A By30B.
— CI16.: BXB-IIetrepOypr, 2010. — 816c.

2. boitko B.M. m gp. CxeMoTeXHHMKa SIEKTPOHHBIX cucTeM. Lludposbie
ycTpoiictBa.- CI16.: BXB-IlerepOypr, 2004.-512c.

3. INotemkun N.C. @yHKUMOHANbHBIE Y3Jbl UGPOBOA aBTOMATUKH. - M.:
Oneproaromusaart, 1988.-320c.

4. Hedenos A. B. InTerpanbHbie MUKPOCXEMBI U UX 3apyO€KHbIE aHAJIOTH.
CnpaBounuk. T. 1-2.— M.: UIT PagunoCodt, 2000.

5. www://vprl.ru/index/mikroskhemy/

Copep:xanue oTyera

1. Ha3zBanue paOoTHI.

2. [To xaxxaoMy U3 3aJaHUI TOJKHBI OBITH MTPEACTABICHBI HA3BAHUE 3aIaHUs
U T€ KOHKPETHBIC TAHHBIC, KOTOPHIC YKa3aHbI B 33/ IaHHH.
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3. Kpatkue oTBeThI Ha T€ KOHTPOJBHBIE BOMPOCHI ISl CaMOMNPOBEPKH,
KOTOPBIE €LIE HE HAIIIM CBOETO OTPAKEHMS B OTYETE, HO BBI3BIBAIOT 3aTPyIHCHUSA
JUIS1 IOHUMAaHMUS.

AKTYaJIbHOCTb 3aHATHS

Jemmdpatopsl SBISIOTCS OCHOBHBIMH YCTPOWCTBaMH, OCYIIECTBISIOMIUMHU
BBIOOp aKTHUBHBIX YCTPOMCTB MO C(HOPMUPOBAHHOMY aJpecy U YyCTPOHCTBaMHU
pacnio3HaBaHus KojoB. OHU TPUMEHSIOTCS BO BCEX ITM(MPOBBIX YCTPOUCTBAX
TEJIEKOMMYHUKAIITMOHHBIX CHUCTEM, IIMPOKO TMPEJCTABICHb B WHTETPaIbHBIX
CepHsIX.

Bomnpocsl 1Jis1 NOATOTOBKHU K 3aHATHIO

ChopmynupyiiTe 3Tanbl CHHTE3a KOMOMHAIIMOHHBIX CXEM.

Onpenenurte Ha3HaYeHUE AemUPpaTopa.

KaxoBa poib Bxojia pa3penienus B aemudparope?

ChopmynupyiiTe  TEXHOJIOTHIO TIE€peBOJa YWCET B JIBOUYHYIO H
HIECTHAATEPUYHYIO CUCTEMBI CUHCIICHUSI.

5. KakoBo HazHaueHue aJpecHbIX BXOJOB JeudpaTopa’?

e

3ananme 1.1. UccnenoBanme nemudparopa 2x4 U3 J0ru4ecKux
3JIEMEHTOB

JIJIsi BBITIOJTHEHHSI 3aJlaHUsT HEOOXOJMMO CHHTE3MPOBATH CXEMY ITOJTHOTO
nemudparopa ¢ IPSIMBIMH BBIXOAAaMHU 0€3 CHUTHaJIa pa3penieHUs] U3 JIOTHICCKUX
DJIEMEHTOB W TIPOBEPUTH €ro paboTy Ha Bcex HAOOpaxX BXOIHBIX NMEPEMEHHBIX.
Drarbl CHHTE3a OB TPOWJITIOCTPUPOBAHEI B 3TOM pasJiele.

B otuere npencraButs:

- YI'O u pyHKIMOHANTBHYIO CXeMY TOJIy4eHHOTO JemudpaTopa;

- TaOIUIy UCTUHHOCTH JAemurdparopa 2x4;

- QaHAJIMTUYECKUE BBIPAKEHHUS JITIs1 BCEX BBIXOOB JiemudpaTopa;

- BBIBOJI 0 paborocrocobHocTH nemudparopa. B ciydae ecnu nemmumdparop
paboTaeT HEMpaBWIbHO, CIEAYeT MPOBEPUTH MPABUIBLHOCTH JTAllOB CHHTE3a U
MOBTOPUTH MPOBEPKY pabOTOCIIOCOOHOCTH YCTPOMCTRA.

3ananme 1.2. UccienoBanne mukpocxemsl Aemndparopa KSSSUJ17

IIpoBecTnn wmccnenoBaHWEe IIOBEICHHMS JAelmdpaTopa, HMEIOMIErocs B
OMOJIMOTEKE CHCTEMbI MOJICIMPOBAHMS, BBISCHHB Ha3HAYCHHE Ka)KJIOTO BXOJa
MUKpPOCXEMBI. BapuaHT cXeMbl MOXET OBITh YTOYHEH o0  yKa3aHUIO
TIPETIOIaBaTEIIs.

J171s1 BBITIOJTHEHUS PA0OTHI CIETYET:

- chopMypoBaTH Ha3HAUCHHE TUITOBBIX BXOJIOB JeludpaTopa;



58

- mo YI'O wucciaemyemoro pemmdparopa chopmMupoBaTh THUIIOTE3BI O
HA3HAYEHUHU €r0 BXOJOB;

- obecrieurB Ha MOJIEJIM YIPABJICHHE U HAOIIOJCHUE 32 BCEMU BBIBOJAMU
YCTPOMCTBA, MTPOBECTH MPOBEPKY CHOPMUPOBAHHBIX TUIIOTES;

- copMyIHpOBaTh JIEUCTBUTEIILHOE Ha3HAUYCHHE BXOJIOB Jemudparopa u
JOTUKY paboThl BXOAOB. Eciu rumore3a HeE NOATBEpAUIach, HEOOXOIAUMO
CT'€HEpUPOBATh HOBYIO TUIIOTE3Y U BHOBb MOBTOPUTH MPOBEPKY.

B ortuere npencraBuTh:

- YI'O uccnenyemoro aemudparopa;

- Ha3HaueHHWe KaXXJIOTro M3 BXOJOB nemmdparopa. Jlomyckaercs BXOJbI
OOBENUHATh B TPYIIBL, €CIM OHM HMMEIOT AaHAJIOTWYHOE Ha3Ha4YeHHe, HO C
yKa3aHUEM UMEIOLTNXCA MEXIy HUMH OTJIAYHI.

3ananme 1.3. [locTtpoenue nemmudparopa 4x12 Ha OCHOBE MHKPOCXeM
nemudgparopa 3x8

3amaHue TmpeanosaraeT HapamuBaHue nemmdpartopa. s aTol menu
UCIIOJIB3YIOTCSL BXOJIbI Pa3pelICHUs] MUKPOCXEMBI. TEXHOJIOTUSl PELICHUs 3a/1auu
MPOWJUTIOCTPUPOBAHA B TEOPETHMYECKOM YacTh dToMl pabotel. B  kauecTBe
AJIEMEHTHOM ©0a3bl TpU OTCYTCTBUM YTOYHEHUM TIpernojaBaTessi BbIOpaTh
nemupparop  KS555M7. Iloctpoenssiit  pemmdpaTop  JOKEH  UMETh
pa3peliarniuil BX01, UHBEPCHBIE BBIXO/IbI.

B ortuere npencraBuTh:

- YT'O co3znaBaeMoro nemudparopa;

- (DyHKIIMOHAIBHYIO cXemy Aemudparopa ¢ 0003HaYCHHEM HOBBIX BXOJIOB B
coorBeTcTBHH ¢ YI'O.

3ananmue 1.4. TlocTtpoenue nemmudparopa, odecnedyuBaOIIEro BbLIOOP
YCTPOICTB 10 3aJaHHOMY ajipecy

JlanHoe 3ajaHue SBJSIETCS TUIIOBBIM IS CO3JaHUs MU(POBBIX YCTPOWCTB
00pabOTKM AAHHBIX C MPOTPAMMHBIM YIpPaBJICHHEM. 3ajada MPOCKTUPOBAHHMSI
IpenoiaraeT CO3/aHue anmapaTHOM W MPOTPaMMHON COCTaBISIONIUX IMPOEKTA.
[Tpr >TOM OJHUM M3 ATANOB SBISETCS PACHpPECICHHE aJIPECHOT0 MPOCTPAHCTBA
POEKTUPYEMOTO yCTpoiicTBa. He3aBUCHMO OT MCTONIB3yeMOTO pasAeiabHOTO WU
COBMEIIIEHHOTO aJ[peCHOTO MPOCTPAHCTBA pelieHne OyaeT cOpMUPOBAHO B BUC
KOHKPETHBIX aJIpecoB, IO KOTOPHIM JOJDKHO aKTHBHU3UPOBATHCS KOHKPETHOE
YCTPOMCTBO B cHUCTeMe. Apeca 3amuChIBAIOTCS B IIECTHAIATEPUIHON CHUCTEME
cuncnenusi. Hanmpumep, 0A82Eh, 123h, 0000h.

Pemenne MoeT OBITh peaIM30BaHO HA TUCKPETHBIX JIOTUYECKHUX dJIEMEHTaX
WIM C UCIOJIb30BaHUEM MHKpOcxeM naemudparopoB. Beibop snemeHTHON 0Oa3bl
OCYIIECTBIISIETCS. O0y4aeMbIM CaMOCTOSATEILHO C HCIIOJIb30BAHUEM KPUTEPHS
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MUHUMAJIBHOCTH  4YHUCJIa  MHUKPOCXEM, MCIHOJB3YEMBIX i1  MOCTPOEHUS
nemudparopa. BapuanTsl 3a1aHuii peACTaBICHBI B TAOJIHIIE.

Ne 1o xxypHan Ne 1o xxypHan
yqe6H0171}1,"I;)ynn};I Anpeca yqe6H01?I};I[))ynn};1 Anpeca

1 90h-93h 11 OFOh-0F3h
2 70h-73h 12 88h-8Bh

3 30h-33h 13 ACh-4Fh
4 0BOh-0B3h 14 0ACh-0AFh
5 0D0h-0D3h 15 0D8h-0DBh
6 0A8h-0ABh 16 74h-77h

7 0COh-0C3h 17 0AOh-0A3h
8 54h-57h 18 OECh-0EFh
9 0B4h-0B7h 19 98h-9Bh
10 OEOh-OE3h 20 OF4h-0F7h

B Tabmune npeacraBieHbl BapUaHTHl JUIsl UCIOJIB30BAHMSI HECKOJIBKUX
NOCJIEIOBATEIbHBIX AJIPECOB. OJTO OOBIUHAs CHUTyalus MpPU MPOEKTUPOBAHUU
nuGpoOBOM TEXHUKU: TaK IPOIIE pPEaTU30BbIBaTh JcMIKM(paTop amnmapaTHo U
OPAaKTUUECKU Bcerja 0e3pa3iuyHO JUIs  HWCIOJIb30BaHUS — aJpEcoB  IpHU
nporpamMmmupoBanud. Kpome Toro, BO MHOTMX HpOrpaMMHUPYEMBIX MHKPOCXEMaxX
UCIIOJIB3YETCS JIBA aJIPECHBIX BXOJa JUIsl 3aJlaHUSl aJ[PECOB YETHIPEX BCTPOEHHBIX
noptoB  (0-3), KOTOpBIE HCMOJB3YIOTCA JUIS 3aJaHusl PEKUMOB PadOTHI
MUKpOCXeMbl. B mocnenneM ciydae Miaiiivie apecHble CUTHAIBI  MOJAI0TCA
HETMOCPEAICTBEHHO HAa aJIpECHBIC BBIBOJABI MPOTPAMMHPYEMONW MHKPOCXEMBI, a
CTapIlue aipeCcHbIe CUTHAIBI aKTUBHPYIOT BX0oA CS mukpocxemsl (puc.1.12).

A0 ——— a0
Al A1 | Mporpammupyemas

Az <4 DC Y cS MUKpoOcCXemMa
An -

Puc.1.12. Anpecanus nporpaMMupyeMon
MHUKPOCXEMBI

VIMeHHO TI03TOMY TI0JIe M3 YEThIpEX aJpecoB YAOOHO HAYMHATH C HYJIEBOTO
aapeca.
[Tpumep perieHust Mo100HOM 3a/1a4H.
JlonyctuM auama3oH 3amaHHbiX agpecoB:  0A4h — OATh. TlpencraBum
ajpeca B JBOUYHOM (hopmare:
OA4h 1010.0100
OA5h  1010.0101
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OA6h 1010.0110
OA7h 1010.0111
Jlerko BHIETH, YTO JBa MJIAQAMIUX pa3psAlia oOpa3yloT MOJIHBIN mepedop
KOMOMHAIMA U3 JBYX TMEPEMEHHBIX, a OCTajJbHBIC pa3psAabl B aJPECHBIX
KOMOMHAIUAX OJAMHAKOBBI. [losToMy BBIOOp UeThIpEX aJpPEecOB  MOXKET
OCYHIECTBIATHCS JemudpaTopoM 2x4, a ocTalbHbIE aJpeCHBIC Pa3pPsiIbl JTOJKHBI
o0OecreyuTh aKTUBalMIO JTOro jgemudparopa. VMEHHO Tak BBIOIHIETCS
aJipecariys MporpaMMHPYEMbBIX MHKpocxeM (cM. puc.1.12).
Jlnst akTuBanuu pemudparopa HEOOXOIUMO peaau30BaTh KOHBIOHKITHIO,
00pa30BaHHYIO CTAPIIMMH aPECHBIMU TPOBOIHUKAMH:

CS=A7-A6-A5-Ad-A3- A2

MaremaTudyecku B €€ peain3alilii HHYCIrO CJIOKHOI'O HCT, OOAHAKO, Ha
IIPAKTHUKC OBIBAaCT HEBO3MO’KHO HAWTH JIOTHYECKUE DJIEMEHTHI C TaKUM YHCJIOM
BXOIO0B. HOBTOMy (1)YHKI_[I/IIO CICOAyCT Hp606paBOBaTB 1 YMCHBIICHUSA YHCJIA
BXOIO0B Tpe6yeMI)IX JIOTMYCCKHUX JJICMCHTOB IIO IIPpAaBUJIY ne-MOpraHa:

CS=A7-A6-A5-A4-A3-A2=A7-A6-A5-Ad-A3-A2=A7-A6-A5v A4-A3- A2

Takyio QyHKIHIO YK€ MOKHO PEaM30BaTh Ha TaK HA3bIBAEMBIX CIIOKHBIX
joruyeckux aveMmentax ¢ ¢pynkuuenrd U-MJIN-HE. Takue aneMeHTsl JOCTYITHBI BO
MHOTHX HHTErpalibHbIX cepusx. C y4eToM TIONy4eHHOW (YHKIUU U
CYIIIECTBYIOIIMX TUIOB 3JIEMEHTOB CXeMa mpejcraBieHa Ha puc.1.13.

0 K1551H1 K555J1P11 K155104
i; A0 |DPC| o 0A4h
A3 &1 A1 —

1
A== 2 —

&| ¢l — 0ATh

AT _[Q

Puc.1.13. demmdparop mist agpecos 0A4h — 0ATh

Takoe pelieHne He SBISETCS €AUHCTBEHHbIM. BO03MOXEH BapuaHT
MOCTPOEHUSI C HCIMOJIb30BAHUEM TOJIBKO JEHIU(PPATOPOB, OCYIIECTBISIOMIMX
00pabOTKy OTHENbHBIX TPYNI aApPEeCHbIX BXOAOB. OJHAKO TaKOW MOAXOA
s dexTuBeH 11t BBIOOPKU OOJIBIIOT0 KOJIUYECTBA aJPECOB PA3IMYHBIX YCTPOMCTB.

B ortuere nmpencTaBuTh:

- YT'O co3znaBaeMoro nemudparopa;

- IBOMYHBIE KOJIbI BHIOMPAEMBIX aJpECOB;

- QaHAJIMTUYECKHE BBIPAXKEHUS 111 TOCTPOEHUS;
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- IEPEYCHb UCIOJI3YEMBIX MUKPOCXEM;
-  (YHKUMOHAIBHYIO CXeMmy Jemudparopa € YYETOM HCIOJIb3yeMOU
AIIEMEHTHOU 0a3kbl.

3aganme 1.5. Iloctpoenme paemyabTHIIeKcopa 1x8 Ha ocHoBe
MHKpocxeMbl qemudparopa 3x8

3amaHue MpeanoiaracT BKIIOYEHUE UMEIOIIerocs nemmudparopa 3x8 Takum
o0pa3oM, 4TOOBI OH BBHIMOJNHSI (YHKIMIO JAEMYJIbTUIUIEKcOpa. Jlms »Toi menwn
UCIIONIB3YIOTCS MMEIOIIUECS] BXOJBI JEMH(ppaTopa, HO OHU JOJHKHBI TMOTYyYUTH
HOBO€ (PYHKIMOHaJIbHOE Ha3HaueHue. [loaxom K pemieHuio 3ToW 3amgadd Obul
IIPEICTABIIEH B TEOPETUYECKON YacTH 3TOM paboThl. B KauecTBe aneMeHTHON 0a3bl
IIpU OTCYTCTBUU YTOYHEHUH MpernoaBarens Beiopats gemmdparop KSSSU7.

B oryere npeacTaBUTh:

- YI'O co3naBaeMoro 1emMyJbTUILIEKCOPA;

- 00o03HaueHUsi BXOJOB JleHIM(Pparopa, COOTBETCTBYIOIIHE HOBOMY
CMBICJIOBOMY Ha3HaueHuio. Bxoapl o0003Haunth Ha mnoctpoeHHoM YI'O
JEMYJIbTUILIEKCOPA.

3aganue 1.6. IlocTtpoenme nemmdparopa A ceMHCErMEHTHOIO
UHIMKATOpPA
Jemmdparop [ CEeMHCErMEHTHOro MHAMKaropa, YI'O koToporo
npeacraBieHo Ha puc.1.10 cuHTE3MpyeTcs Mo OOMMM MpaBWIaM IOCTPOCHUS
KOMOMHAIMOHHBIX cxeM. Kaxnpiii BbIXOn Jemudparopa yOpaBisSeT CBOUM
a CErMEHTOM MHAUKaTopa. COBOKYITHOCTb CETMEHTOB
— UHAMKAaTOpa 00pa3yeT PHUCYHOK COOTBETCTBYIOLIEH
f‘ ‘ b muppel. Takum oOpa3oM, OJHOBPEMEHHO B TaKOM
g CHenuaIbHOM nemupaTtope Ha BBIXO/JIE
‘E IPUCYTCTBYET HECKOJIBKO AKTHBHBIX CHUTHAJOB.
Kaxnprii Beixon aemmdparopa COCIUHEH CO CBOUM
F cerMeHTOM. OO03HaueHHE CETMEHTOB HHAUKATOpPA
npeacraBieHo Ha puc.1.14. Bribop Bapuanta
Puc.1.14. Obo3naueHue OCYILECTBIISIETCS 0 HOMEPY B JKypHaje ydeOHOMH
CErMCHTOB HHAMKATOPa rpynnel. B mensx cokpaiieHuss BpeMEHU padoThI
CUHTE3UPYETCs] TOJIbKO 4YacTh JemudpaTopa ais
JBYX CHMBOJIOB U3 BCEX BO3MOXHBIX JJII IIECTHAALATEPUYHON CHCTEMBI
cunciienud. [Ipeanonaraercs, 4To npu nojade Ha BXOJ Aemn(paTopa OCTAIbHbBIX
KOJIOB OyneT oToOpakaThCsl TOJAbKO HIbKHHUE cermeHT "d". TlocienoBaTenbHOCTD
CHUHTE3a CXEMBbl ONpEIENsIeTCs MOPAIKOM 3allMCH AITArnoB OPOPMIICHHS OTYETa.
CxeMy HEOOXOIMMO TMPOTECTHPOBATH Ha BCEX BO3MOXHBIX HaOopax. Ilpu
HEOOXOMMOCTH - UCIIPABUTh OLINOKH.
B otuere npencraBuTs:



- YI'O nmemmdpaTopa ¢ MOAKIIOUCHHBIMU CETMEHTaMH uHAauKaropa. [Ipu
OTCYTCTBUU HMHAMKATOpa B OUOIMOTEKE MOJCIHUPYIOUIEH MPOTpaMMbl CETMEHTHI
CMOJIETUPOBATh U3 MOCIIEIOBATEIBHO BKIIFOUEHHBIX OJMHOYHBIX WHIUKATOpPOB. B
nporpamme BapuaHT 3TO caenath yaoOHO M3 MHAUKATOPOB KBaJpaTHOU (OpPMBI,
UMEIOIINX JJIEKTPUYECKUE CBSI3U CO BCEX ueThipex CcTopoH. [losTomy wux
pa3MelleHnue psioM JIPYT ¢ APYroM He TpeOyeT MOMOJHUTEIbHBIX MaHUMYJISIUN

JJIs1 COCAMHCHU A,

- TabNUIly UICTHHHOCTH AemudpaTopa Uil 3aJJaHHOTO BapuaHTa. B Tabnuie
JOJKHA TMIPUCYTCTBOBATh MHPOPMAIIHS O COCTOSIHUM BCEX CETMEHTOB;

- aHAJIMTUYECKUE BBIPAKECHHUS JIJIsl YIIPABIICHUSI CETMEHTaMU;

- kaptel KapHo mnpu HeoOXOIMMOCTHM MHUHUMH3AIUU BBIPAKEHUH U
pe3yabTaThl MUHUMU3ALINY;

- (YHKIMOHAIBHYIO CXEMY Jemudparopa.

BapI/IaHTBI BaI[aHI/Iﬁ IMpCaACTaBJICHLI B Ta6JII/ILIeI

Ne o xxypnairy
y4eOHOMU Ipynimbl

Otobpaxaembie
CHUMBOJIBI

1

1, F

OO NO|OT|B~|WIN

=
o

F(©|o|No|o| W
gmdimwNd~Na>

Ne o xypnany OTtoOpaxaembie

y4eOHOI TPyIIIbI CHUMBOJIBI
11 2,7
12 3,A
13 4,3
14 50C
15 1,6
16 7,B
17 8,1
18 6,4
19 A, 2
20 4,5

3ananme 1.7. IloaroroBka TeXHMYECKHX JaHHbIe VIS 3aJaHHOM
MHUKpoOCcXeMbl Jemudparopa

BapuanT 3amaHust BbIOMpaeTcs 1Mo HOMEpPY B KypHalle y4eOHOM Tpymmbl.
3ajmaHue npeanonaraeT MCHOJb30BaHUE CpeACTB VHTepHETa, CIpPaBOYHOU U
yueOHON nuTeparypbl. llenb 3amaHus — mnpuoOpeTeHHue HaBBIKOB pabOThI €

TEXHUYECKOU

JIOKYMEHTAIIUEN,

LOCJICHAITPaBJICHHOTO

ITIOHUCKa, HU3BJICUCHUA,

CUCTEMAaTU3allMM U 0000UIeHUs1 TeXHu4yeckod uHpopMauuu. [lo Bo3MoOxkHOCTH

BBISIBJICHHBIC TAaHHBIC CJICTYET MIPUBECTH K TaOIUIHOMY popmary.

BapuanTsl 3a1aHuii peicTaBICHBI B TAOJIHIIC:

Ne o xxyprairy

Ne o xxypnamy

. Tun IMC
y4eOHOM rpymiisl

1 KP15331/13

2 KI1551/113

. Tun UMC
y4eOHOI rpymnibl

11 K5641]11

12 KI1551/112




63

3 KMS5551]16 13 KMS555U/110
4 K155W/11 14 K155U/18
5 KP15331/14 15 K56411]14
6 564115 16 KP1533U]17
7 KP15541]114 17 K155W/14
8 KMS5551]118 18 K155U]13
9 K155W]110 19 K155U/115
10 KP1533U1/114 20 KMS5551]14

B ortuere npencraBuTh:

- THTI TEXHOJIOTUH U3TOTOBJICHHUS MUKPOCXEMBI;

- YI'O 3aganHoro aemudparopa, 0003HaU€HUE TUTIA MUKPOCXEMBI;

- (yHKIMOHAJIBHYIO CXeMy Jemudparopa;

- IIOKOJIEBKY MUKPOCXEMBI;

- TaOJUIly PEKUMOB PaOOTHI;

- Ha3HaYeHHUE BBHIBOJOB JemudpaTopa v KpaTKoe ONrUcaHue padoThI;

- 3apyOEKHBIN aHATIOT MUKPOCXEMBI;

- CTaTMYeCKHe MapaMeTpbl MUKpOcXeMmbl (C 0003HAUE€HHEM IMapaMerpa u
CAVHUIIBI U3MEPEHHUS): HAIPSKEHUE BXOJHOE M BBIXOJHOE €JIWHHUIIBI U HYJIS,
BXOJ/IHOM Y BBIXOJITHOM TOK €IUHUIIBI U HYJIS, HANIPsDKEHUE MUTaHUs, oTpedisiemast
MOIIIHOCTb, KOA((OUIIMEHT pa3BETBICHMUS;

- JTUHAMUYECKHE TapaMeTpbl MHUKPOCXEMbI (¢ 0003HAaue€HHWEM TapameTpa u
eIMHUIIBI U3MEPEHUs): BpEeMs 3aICP’KKH paCIIpPOCTPaHEHUs CUTHAJA.

Bonpocsl 11si  ¢CaMOKOHTPOJIA

1.

Hapucyiite Ta0auipl MCTUHHOCTH nemudpaTopa 2x4 ¢ NOpsSIMBIMU U
VHBEPCHBIMU BBIXOJIAMMU.

2. Kaxoga peakius UMC nemmudparopa Ha pa3iudHble CUTHAIBI BXoja E?
3.
4. lns dYero B cxeMmax JAemu(paTopoB CO3MAIOT HECKOJBKO BXOOB

Kaxossl ocobernoct UMC nemmdpaTtopoB B UHTETPAIBHBIX CEPUIX?

pa3pelieHus ¢ pa3HbIMM AKTUBHBIMU CUTHAJIAMH?
CpaBHHTE IO BCEM M3BECTHBIM BaM MapaMeTpaM NpsIMOYIOJBHBIN U
JUHENHBIN nemmdpaTop.

. Kakue snekTprdeckue nmapameTpsbl XapakTepu3yroT paboty aemudparopa?
. UTo noHuMaeTcs noj "moKoJIeBKOM'" MUKPOCXEMBI?
. I3 kakux (QyHKIMOHAIBHBIX YCTPOMCTB oOpa3zyercss CTPYKTypa

nemudparopa A CEMUCETMEHTHOTO UHANKATOpa?

. Kakas  crpykrtypa  gemmdparopa  oOecrieuMBaeT  MaKCUMAaJbHOE

obIcTposIericTBHE?
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10. Kakue curnansl 1o/bkHBI ObITH Ha Bxogax aemm@paropa K155U7 mpu
BBIOpaHHOM BbIX0j1¢ No6?
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IHpuiaoxenue 2

AHAJIM3 OCHOBHBbBIX TUITOB MYJIbTUIIVIEKCOPOB

Hean

1. BebIpaboTaTh NpakTUYECKME YMEHHMsS CHHTE€3a M  IPUMEHEHUs
MYJIbTUILIIEKCOPOB.

2. CoBepIlIEHCTBOBATh MPAKTUYECKHUE YMEHUS W HaBBIKU pPabOThl C
uudpoBoil TexHukoi, I9BM u cuctemaMu MoIeTMPOBaHUS.

3. CoBeplIeHCTBOBaTh HABBIKM aHalIM3a, OOOOILIEHUS M CUCTEMaTU3AIUU
MOJIYYCHHBIX PE3yJbTAaTOB, HABBIKA COCTABJICHHUS W OG(OPMIICHHS OTYETHBIX
MATEPUAJIOB, HABBIKM TOYHOTO W JIAKOHWUYHOTO NPEACTABJIECHHUS JIOKJIAJA0B IO
BOIIPOCAM TEXHUYECKOTO XapakTepa.

Y4eOHbIe BONIPOCHI

2.1. [loctpoenne MynbTuIiekcopa 4x1 U3 JOTHYECKUX FTEMEHTOB;

2.2. UccnenoBanue MUKpOCXEMbI MyJIbTHILIEKcOpa 8x1;

2.3. Tloctpoenne mynprHILiekcopa 12x1 ¢ MCMOIB30BaHUEM MHUKPOCXEMBI
nemmmdparopa 8x1;

2.4. TlonroroBka TEXHUYECKHX JaHHBIX JJS 3aJaHHOM MHUKPOCXEMBI
MYJIBTHUILIEKCOpA.

Jluteparypa I HOATOTOBKH K 3aHATHIO

1. VrpiomoB E.IL. [TudpoBas CxemoTexHuka: YueOHoe mocoOue s By30B.
— CI16.: BXB-IIetrepOypr, 2010. — 816c.

2. boitko B.M. m gp. CxeMoTeXHHMKa SJICKTPOHHBIX cucTeM. Lludposbie
ycTrpoiictBa.- CI16.: BXB-IlerepOypr, 2004.-512c.

3. Iloremknn N.C. OyHKIIMOHANBHBIE Y3JIbI U(POBOKH aBTOMATHKH. - M.:
Oneproaromusaart, 1988.-320c.

4. Hedenos A. B. IHTerpanbHbie MUKPOCXEMBI U UX 3apyOeKHbIE aHAJIOTH.
Cmpasounuk. T. 1-2.— M.: UIT PaguoCodrt, 2000.

5. www://vprl.ru/index/mikroskhemy/

Copep:xanue oTyera

1. Ha3Banue paboThI.

2. [1o xaxaomy U3 3a1aHUI TOJHKHBI OBITH MIPEACTABICHBI HA3BAHUE 3aJaHUs
U T€ KOHKPETHBIC TAHHBIE, KOTOPHIC YKA3aHbI B 33/ IaHHH.

3. Kparkue OTBeTBI Ha T€ KOHTPOJBHBIC BOMPOCHI JIJISI CaMOTIPOBEPKH,
KOTOpBIE eII€ HEe HAIT CBOCTO OTPAKCHUS B OTYETE, HO BBI3BIBAIOT 3aTPYAHCHUS
JUTSI TOHUMAaHHSL.

AKTYaJIbHOCTDH 3aHATHS

MynbTUIIIEKCOPBI  SIBISIOTCS ~ OCHOBHBIM ~ JJIEMEHTOM  KOMMYTalluU
IU(QPOBBIX KAHAIOB IMEpelayd JaHHbIX. OJTO OJMH U3 0a30BbIX 3JIEMEHTOB
TEJIEKOMMYHUKAITUOHHBIX CHUCTEM.
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BonpochI 1151 NOATOTOBKHU K 3aHATHIO

Cdopmynupyiite 3Tanbl CHHTE3a KOMOMHAIIMOHHBIX CXEM.

Onpenenure Ha3HAYEHNUE MYJIBTUILIEKCOPA.

KakoBa pois BX0ja pa3pelieHus B MyJIbTUIIEKCOpE?

ChopmynupyiiTe TEXHOJIOTHIO T[EpeBOJa YWCEd B  JIBOUYHYIO H
MIECTHAAIATEPUIHYIO CUCTEMBI CUHCIICHUSI.

KakoBo Ha3zHaueHUE apECHBIX BXOJI0B MYJIbTHILIEKCOpa?

Kak cuHTe3upoBaTh KOMOMHAIIMOHHYIO CXEMy Ha 0a3e MyJbTHUILIEKCOpa?
Kaxkue mpu 3TOM CyIecTByIOT OTpaHUYEHUS?

=l N

o ol

3aganme 2.1. IlocTpoeHue wmyJbTUILIeKcOopa 4x1 u3 JIOrHYeCKHX
3JIEeMEHTOB

CxeMa CTpoOUTCS MO OOIIMM IMpaBUJiaM CHHTE3a KOMOMHAIIMOHHBIX CXEM U
MIPOBEPSETCS] HA BCEX JOMYCTUMBIX pexXumax paboThl. Bxos paspernienus 10KeH
OBITh MHBEPCHBIM. DJIeMEeHTHas 0a3a JJisi CHHTE3a BIOMPAECTCS CAaMOCTOSATEIBHO.

B otuere npencraBuTh:

- YI'O co3maBaemMoro MyJIbTUIIIIEKCODA,;

- TaOJIMIY KOMMYTHPYEMBIX BXOJ0B MYJIbTUILIEKCOPA;

- AHAIMTUYECKOE BBIpaXKEHUE VISl BBIX0J1a MYJIbTUILIEKCOPA;

- (YHKIHMOHAJIBHYIO CXEMY MYJIbTUILIEKCOpA.

3ananme 2.2. UccaenoBanue mukpocxeMbl MyabTuiLiekcopa K155KI17

CxeMma BwIOMpaeTCsi U3 OMOJMOTEKU M MPOBOJUTCS TECTHUPOBAHUE C IIEJIBIO
BBISIBJICHUS ~ MPUHIUINOB  (PYHKIIMOHUPOBAHMS M  HA3HAUCHUS  BXOJOB
MyJIbTUIUIEKCOpA. BapwanT cxembl MoOXeT OBITh YTOYHEH 10 YKa3aHUIO
MpPErno/IaBaTelis.

J1J1s1 BBITIOTHEHUS paOOTHI CIEYET:

- chopMypoBaTH HA3HAYCHHE TUITOBBIX BXOJIOB MYJIbTHILICKCOPA;

- mo YI'O wucciaemyemMoro MynbTHUIUIEKCOpa CHOPMHUPOBATH TUIOTE3BI O
Ha3HAYCHUHU €T0 BXOJOB;

- obecreynB Ha MOJIEIHM YIpaBlieHWE W HAOIOJCHUE 32 BCEMHU BBIBOJAMHU
YCTPOKHCTBA, MTPOBECTH MPOBEPKY CHOPMHUPOBAHHBIX THIIOTE3;

- copMynHpOBaTh BBISBICHHOC HAa3HAYCHHE BXOJOB MYJBTHIUIEKCOpA H
JOTUKY paboThl BXOAOB. Eciu rumore3a HE NOATBEpAWIach, HEOOXOIUMO
CT€HEpUPOBATh HOBYIO TUIIOTE3Y U BHOBH TOBTOPUTH MPOBEPKY.

B otuere nmpencraButs:

- YT'O uccrnenyeMoro MyJbTUILIEKCOPA,
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- HAa3HAYCHHUC KaAKI0I'0 M3 BXOIAOB MYIJILbTHUIIIICKCOPA. I[OHYCKaCTCH BXOAbI
06’bCILHHHTI) B TIpylIlbl, €CJIXM OHH HMCIOT aHAJIOITMYHOC HA3HAYCHHC, HO C
YKa3aHHuCM UMCHOIIUXCA MEAY HUMH OTJIMYHH.

3ananme 2.3. IlocTpoenue myabTHILIeKcopa 12x1 ¢ mcnmoJib30BaHUEM
MHKpPOCXeMbI MYJbTHILIEKCOpa 8x1.

OcymecTBUTh CHHTE3 CXEMbl Ha OCHOBE CXEMBI MYJBTHIUIEKCOpA W3
OMOMMOTEKN DJIEMEHTOB cO CTpykTypod 8x1. Bxon paspemenus moipkeH OBITH
WHBEPCHBIM.

Heobxoaumo co3maTh ABYXCTYNEHYATYIO CTPYKTYPY KOMMYTAllMd KaHAJIOB,
YIPaBISIEMYIO aIpECHBIMU BXOJaMH CO3[IaBa€MOT0 MyJbTUIIeKcopa. CBOOOIHBIE
BXOJIBl HUCXOJHBIX MYJBTHUIUIEKCOPOB  JIOJDKHBI — MOJYYUTh  HEOOXOJIMMBIE
KOHCTaHTbI. MEeTOI0JIOTHSI TOCTPOEHUSI CXEMBI IIPUBE/ICHA B TEOPETUUECKON YaCTH
pasznena. [locTpoeHHy0 cxeMy cileAyeT MPOTECTUPOBATh Ha BCEX BO3MOKHBIX
BXOJIHBIX HabOpax.

B oryere npeacTaBUTh:
- YI'O co3naBaeMoro MyJIbTHILIEKCOPA,;
- (DyHKIIMOHABHYIO CXEeMY MyJbTUIIIEKcopa 12x1.

3aganue 2.4. TloaroroBKa TeXHUYECKHX [IAHHBIE IS 3aJaHHOU
MHKPOCXeMbI MYyJIbTHILIEKCOPA

Bapuant 3amanus BbIOMpaeTcs MO HOMEPY B JKypHalie Y4E€OHOM TPYIIIBI.
3amanue TpeanosiaraeT MCHOJb30BaHUE CcpeAcTB VIHTepHeTa, CIpaBOYHOU U
yueOHOM nuTeparypbl. llenb 3amanus — mnpuoOpeTeHrHe HaBBIKOB PaOOTHI C
TEXHUYECKON JOKyMEHTAIMeH, IICJICHAMPaBICHHOTO T[OWCKa, W3BJICUCHUS,
CUCTEMATU3allMK U 0000IIeHUsT TexHu4yeckord wuHpopmanuu. [lo BO3MOXKHOCTH
BBISIBJICHHBIC IAHHBIE CJIEIYET MPUBECTH K TabIUYHOMY (hopmarTy.

BapuanTsl 3aanuit mpeictaBieHbl B TabIUIE:

Ne o xypHamy Tun IMC Ne no xxypHamy Tun UIMC
y49e0HON TPYIITBI y4eOHON TPYMITEI
1 K555KI17 11 K555KI114
2 K155KII12 12 KP1533KII18
3 K531KII12 13 K555KI112
4 KP1533KII12 14 KP1554KI112
5 K155KII1 15 K155KII5
6 K561KII1 16 K561KII2
7 K555KII11 17 KP1554KII16
8 KP1533KII13 18 KP1533KII17
9 K555KI113 19 KS555KII15
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10 | K531KI15 | | 20 | KP1533KII19

B oTuere npencraBuTh:

- TUI TEXHOJIOTUU U3TOTOBJIEHUSI MUKPOCXEMBI;

- ¥I'O 3aaHHOr0 MyNbTUILIEKCOPA, 0003HAYEHNE TUIIA MUKPOCXEMBI,

- (DyHKIMOHAJIBHYIO CXEMY MYJIbTUILIEKCOPA;

- IOKOJIEBKY MYJIBTHILIEKCOPA;

- Ta0JUIly PEXKUMOB PadOTHI;

- Ha3HAYECHHE BBIBOJIOB MYJIBTUILIEKCOPA U KPATKOE ONMHUCAHUE PAOOTHI;

- 3apyOeXHBIN aHATIOT MUKPOCXEMBI;

- CTAaTHMYECKHE MapaMeTpbl MUKpPOCXeMbl (C 0003HAUYEHHWEM IapaMerpa
€IMHULBl W3MEPEHUs): HaIpsDKEHHWE BXOJHOE M BBIXOJHOE €IMHHULBI U HYJS,
BXOJIHOM U BBIXOJHON TOK €AMHHULIBI U HYJISI, HANIPsDKEHUE MUTaHUs, oTpedasemast
MOIIHOCTb, KO (UIUEHT pa3BETBICHUS;

- JMHAMHUYECKUE MapaMeTpbl MUKPOCXEMBI (C 0003HaYEHUEM MapameTpa M
€IMHULIBI U3MEPEHUS): BpEeMs 3a/I€P>KKH paCIpOCTPaHEHUs CUTHAJA.

3axaHus 11 caMONIPOBEPKH

CdopmynupyiiTe Ha3HAUEHUE MYJIBTUILIIEKCOPA.
KakoBbI curHaIIBI HAa BBIXO/I€ MYJIBTUILIEKCOPA MPU HEAKTUBHOM Bxoje E?
Kak ocymiecTisieTca HapanmBaHue MyJIbTUILIIEKCOPOB?
[Touemy MyJIBTUILIEKCOP HA3bIBAIOT KOMMYTAaTOPOM, CEJIEKTOPOM?
5. Hapucyiite YI'O wMynpTHIUiIeKCOpa Ha JBa BXOJa C HHBEPCHBIM BXOJIOM
paspernieHus u napadazHbIM BbIXOOM.
6. Uto Takoe Z-COCTOSIHUE BBIX0OJIa MYJIbTUILIEKCOpa?
7. Kaxk o6pasyercs BBIXO/1 MYJIBTHILUIEKCOPA C OTKPBITHIM KOJIJIEKTOPOM?
8. s xakux neneit mpuUMEHSIOTCS BBIXOJIBI C OTKPBITHIM KOJUIEKTOPOM?
9. Kakwue TexHUYECKHE TapaMeTPhl XapaKTepU3yIOT paboTy MyJIbTUILIEKCOpa?
10. CunTte3upyiTe HEMOJIHBIN CyMMATOpP Ha JIBa BXOJa U3 MYJIbTHUILUIEKCOPOB.
11. Kakue oTinuuus ecTh B MYJIbTUIUIEKCOPE U ceJeKTope?

W
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Ipuiaoxenue 3

AHAJIM3 CXEM CYMMATOPOB U KOMITAPATOPOB

Hean

1. BeipaboTaTh NMpakTHYECKHE YMEHUSI CUHTE3a U IPUMEHEHHUSI CyMMAaTOPOB;

2. CoBeplieHCTBOBaTh NPAKTHUYECKHE YMEHUS M HaBbIKM pPabOThl ¢
nndpoBoii Texuukoi, IBM u cucremaMu MOJEIUPOBaHUS,

3. CoBepllleHCTBOBaTh HAaBBIKM aHalin3a, 000OIIEHHUS W CHCTeMaTH3alluu
MOJTYYEHHBIX PE3YJIbTAaTOB, COCTABJICHUS W O(DOPMIICHUS OTUETHBIX MAaTEpUAJIOB,
TOYHOI'O M JIAKOHUYHOI'O TPEACTABJICHUS JOKJIAI0B MO BOIPOCAM TEXHUYECKOIO
Xapakrepa.

Y4eOHbIe BONIPOCHI

3.1. ITocTpoeHme cXeMbI IOJHOTO 1-pa3psaHoro CymMMaTopa;

3.2. [Toctpoenwne 1-pa3psaAHOTO CyMMaTopa Ha OCHOBE MYJIbTHILIEKCOPA;
3.3. HccrnemoBanrne MUKpOCXEMbI MHOTOpa3psaHOTO cymMmaropa Ha UMC;
3.4. UccnenoBanue MHOTOPa3psiIHOTO KOMIIapaTopa.

Jlutepatypa 1l NOATOTOBKH K 3aAHATHIO

1. Yrpromos E.II. udpoas CxemorexHuka: YueOHoe mocodue isi By30B.
— CII6.: BXB-Ilerepoypr, 2010. — 816c.

2. boiiko B.. u np. CxemorexHUKa 3JEKTpOHHBIX cucTteM. [{udpossie
ycrpoiicTsa.- CI16.: BXB-IlerepOypr, 2004.-512c.

3. Iloremkun W.C. ®yHKIMOHAIBHBIE Y3JIbI HU(PPOBOM aBTOMATHKU. - M.:
Oneproaromusaart, 1988.-320c.

4. Hedenos A. B. InTerpanbHble MUKPOCXEMBI U UX 3apyO€KHbIE aHAJIOTH.
CmpaBounuk. T. 1-12.— M.: UIT PaguoCodt, 2000.

5. www://vprl.ru/index/mikroskhemy/

Copepxanue oruera

1. Ha3zBanue paOoTHI.

2. Ilo kaxxmomy U3 3aJJaHUM JOJKHBI OBITH MPEJCTABICHBI HA3BAHUE 3a/IaHUS
Y T€ KOHKPETHBIE JaHHBIE, KOTOPHIE YKA3aHbl B 33/IaHUH.

3. Kpatkue OTBEThl Ha T€ KOHTPOJBHBIE BOIPOCHI JiII CAMOIPOBEPKH,
KOTOpBIE €€ HE HAIILJIM CBOErO OTPAKEHHS B OTYETE, HO BBI3BIBAIOT 3aTPYAHEHUS
JJ1S1 TOHUMAHMUSL.

AKTYaJIbHOCTDH 3aHATHS

CyMmaTopsl W KOMIApaTopbl SIBISIOTCS OCHOBHBIMM  DJIEMEHTaMU
apu(PMETUKO-JIOTUYECKUX YCTPOMCTB Bcex BbluMcauteneid. Ha wux ocHoBe
pean3yloTCd OCHOBHBIE apU(PMETHUUECKHE ONEPALMd C  HCIOJIb30BAHHEM
OOpaTHBIX WJIM JOIMOJHHUTENIbHBIX KOJOB, CXEMbl CPaBHEHHUS MHOTOPa3psaHBIX
KOJZIOB, @ TAK)KE YCTPOICTBA KOHTPOJIS OLIMOOK BBIYUCICHUM .
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Bonpocskl 1J151 NOATOTOBKHU K 3aHSITHIO

CdopmynupyiiTe 3Tanbl CHHTE3a KOMOMHAIIMOHHBIX CXEM.

Onpenenure Ha3HaYEHUE CyMMAaTOpa.

KakoBa pois BX0j1a mepeHoca B cymmarope?

KakoBa poib BeIX0/1a IepeHoca B cymmaTope?

ChopmynupyiiTe  TEXHOJOTHIO TEpeBOJa 4ucel B OOpaTHBIl

JIOTIOJTHUTETHHBINA KOJIBI.

6. B dWem oTiamume CyMMaTropoB C IIOCJIEIOBATEIbHBIM M TapaiyIeIIbHBIM
epeHocoM?

7. Kak cuHTe3npoBaTh KOMOMHAIIMOHHYIO CXeMy Ha 0a3e MyJbTUIIEKcOpa?
Kaxkue mpu 3TOM CyIecTByIOT OTpaHUYEHUS?

8. Ompenenute Ha3HaYECHUE KOMITapaTopa.

Ok whE

3ananme 3.1. [locTpoeHue cxeMbl 1-pa3psiIHOrO MOJHOTO CyMMAaTOpa

[TocTpoeHne cxeMbl CyMMaropa HEOOXOAMMO OCYIIECTBUTh IO OOUIMM
OpaBWJaM CHUHT€3a KOMOMHALMOHHBIX YCTPOMCTB. BBINONHUTH TECTUPOBaHUE
CyMMaTopa Ha BCEX BO3MOXKHBIX Habopax.

B oryere npeacTaBUTh:

- YI'O co3maBaeMoro cymmaropa;

- Ta0JUIy UICTUHHOCTH CYyMMATOPa;

- kapty KapHo 11 MuHuMu3anmu GyHKUUNA BBIXOIOB;

- QaHAJIMTUYECKUE BBIPAXKEHMSI 1151 BBIXOJIOB CYMMATOPA;

- (DpyHKIIMOHAJIBHYIO CXEMY CyMMAaTOpa.

3ananmne 3.2. IlocTpoenme 1-paspsitHOro cymMmaTopa Ha OCHOBe
MYJIbTHILJIEKCOPA

Cunre3 cymmMaropa HEOOXOAMMO BBITIOJIHUTh Ha OCHOBE MYJIBTHUILIEKCOPA,
UMEIoUIerocsi B OHONMOTEKE 3JIEMEHTOB. AJpPECHbIE BXOJbl MYJBTUILIEKCOpPA
JIOJDKHBI CTaTh BXOJAMHU CO3/IaBa€MOro cymmaropa. [Ipu 3ToM KOHKpPETHBIN BXO]I
JAHHBIX OyJeT BHIOMpPATHCS KOMOWHAIMEW BXOJHBIX CHTHAJIOB, I0JIaBa€MbIX Ha
aZpecHple BXOABl MYJIbTHIUIEKCOpAa. Ha BXOmbl JaHHBIX MYJIBTHUIUIEKCOpA
MOJIAlOTCA KOHCTAHTHI, COOTBETCTBYIOIIME 3HAYCHUSM (YHKIUU TIPU ITOU
koMOuHanuu. CrnexyeT o0paTuTh BHUMAaHHWE HAa BCE aIPECHBIC  BXOJbI
MYyJIBTUIUIEKCOpPa, B TOM UHCJIE HEUCIOJb3yeMble, W TPUHATH pEIICHHE O
KOHCTAHTaxX, KOTOpbIE HA HUX HEOOX0AUMO moaath. [IpoBeputh paboTy cxemMbl Ha
BCEX BO3MOXXHBIX KOMOMHAITUSIX ClIaraeMbIX.

B otuere nmpencraButs:

- YT'O co3gaBaeMoro cymmaropa;

- YI'O mynprumiekcopa ¢ 0003HauY€HHUE T€X BXOJI0OB, KOTOPBIC MPHUOOpETH
HOBOE CMBICJIOBOE 3HAYEHHE MPH peann3aluy cymmaTopa.
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HUccnenoBanue
cymmartopa Ha UMC

3ananne  3.3. MHKPOCXeMbl  MHOTOPAa3PsIHOTO

CymmMarop ciietyeT BbIOpaTh U3 cocTaBa OMOIMOTEKH 3JIEMEHTOB, BHISCHUTD
HAa3HAUYECHHUE BXOJOB M BBIXOJOB MHKPOCXEMbl. BBIMOTHUTE HA CyMmmaTope
olepaly B COOTBETCTBUM C BapuaHToM. Homep BapuaHTa BhIOMpaETCs IO HOMEPY
B JKypHajie y4eOHOW rpynmbl. JlJis BU3yallbHOTO KOHTPOJISI CJIaraéMbIX U CYMMBbI

HEOOXOJMMO WCTOJb30BaTh CEMHUCETMEHTHBIM WHAMKATOpP W3 OMOIMOTEKH
MOJICITUPYIOWIEH ITPOTPAMMBL.
Howmep o Howmep nio
HKIYPHALY | cposxenme | Boruntanue HKYPHALY | Croenne | Beranranue
yueOHoOM yueOHOM
IpyHIIbI IpyNIbl
1,15 15+7 27-13 6, 20 13+12 24-6
2,17 17+8 25-14 7,19 12+14 23-12
3,16 18+9 22-15 8,12 11+20 28-16
4,13 19+10 20-11 9,14 10+15 29-21
5,11 14+11 26-17 10, 18 9+17 21-7

B otuere npencraButs:

- YI'O cymmaropa;

- BBIBOJ] O HEOOXOJMMOM KOJUYECTBE pa3ps/ioB cymmaropa. B cmyuae
HEO0OXOIMMOCTU HAPACTUTH PA3PSIAHOCTh CyMMAaTOPa;

- BBIBOJI O HA3HAYECHUU BXOJI0B CYMMATOPa;

- 3aMMCH BBIMOJIHSAEMBIX OINEPALMI B IBOMYHOM KOJIE.

3ananue 3.4. UccienoBanne MHOTOPa3PsTHOT0 KOMIIapaTopa

Cunte3npoBaTth cxeMmy 4-pa3psaHoro kommaparopa. KommapaTop aoimkeH
BBIJIaBATh CUTHAJI IIPH PABEHCTBE ONEPAaHI0B. B OCHOBY CXE€MbI MOXHO MOJIOKHUTH
OJTHOpa3psIHbIE CXEMBl CPABHEHMS HA OCHOBE DJIEMEHTOB CIIOKEHUS IO MOAYJIIO
1Ba. BBIMOMHUTE TPOBEPKY cXeMbl Ha (YHKIIMOHUPOBAHHUE.

B otuere nmpencraButs:

- YI'O komnapartopa;

- cxeMy (QYHKIIMOHAJIbHYIO KOMITapaTopa;

- BBIBOJI O HA3HAYEHUH BBIBOJIOB KOMIIApPaTOpa;

- METOJIMKY TECTUPOBAHUS KOMITapaTopa.
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3ananus 11 caMONPOBEPKH

1. CKkOIbKO BXO/I0B U BBIXOJIOB UMEET IOJIHBIM OHOPA3PSAIHBIA CyMMAaTOp?

2. KakoBO Ha3HaUY€HHE BXOJIOB IOJHOTO OJHOPA3PSAHOTO cyMMaropa’?

3. Kakue TuIbl cyMMaTOpOB HCIIONB3YIOTCS B BEIUMCIUTEIBHON TEXHUKE?

4. B kakoM ¢opmarte XpaHITCs YUCIa MOJOKUTEIbHBIE  OTpUIATEIbHbIE?

5. ChopmynupyiiTe npaBuia BHITOJHEHUS CI0KEHUS U BBIUUTAHUS YHUCEN?

6. YeM OTIMYAIOTCS CYMMATOpPHI JJIs1 pa0OThHI C TOMOJHUTEIBHBIMH KOJIaMHU
¥ OOpaTHBIMH KOJIaMu?

7.Kakue cymMmaropel (cM. 1.6) UCHOJB3YIOTCS B  COBPEMEHHOMU
BBIYMCIUTENBbHON TexHuke? [Touemy?
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Ipuaoxenue 4

W3YUEHME JIOTUYECKHX NPEOBPA3OBATEJIEN

Hean

1. BeipaGoTaTh NMpakTUYECKUE YMEHHUS CHHTE3a U IIPUMEHEHHS JJOTUUECKUX
npeobpaszoBarenei;

2. CoBeplIeHCTBOBaTh NPAKTUUYECKUE YMEHUS M HaBbIKM pPabOThl ¢
ndpoBoit Texuukoi, IBM u cucremaMu MOJETUPOBAHUS;

3. CoBepllleHCTBOBaTh HABBIKM aHalin3a, 00OOIIEHHS W CHCTeMaTH3alluu
MOJTYYEHHBIX PE3yIbTAaTOB, COCTABJICHUS W O(DOPMIICHUS OTUYETHBIX MAaTEpUAJIOB,
TOYHOIO M JIAKOHUYHOTO MPEACTABJIEHUS JOKJIAI0B MO BOIPOCAM TEXHUYECKOIO
Xapakrepa.

Y4eOHbIe BONIPOCHI

4.1. UccnenoBanue nemudparopa 2x4 U3 JIOrHYECKUX dJIEMEHTOB,;

4.2. UccnenoBanne MUKpocxeMbl nemmudpartopa K555MU/17,

4.3. ccnenoBanne MUKPOCXEMbI MHOTOpa3psiHOTO cymmaTopa Ha UMC;
4.4. ViccnenoBanue MHOTOPa3psAHOIO KOMIIapaTopa.

Jluteparypa I HOATOTOBKH K 3aHATHIO

1. Yrpromos E.II. udposas CxemorexHuka: YueOHoe mocodue Jisi By30B.
— CII6.: BXB-Ilerepoypr, 2010. — 816c.

2. boiiko B.. u nmp. CxemoTexHUKa 3JEKTPOHHBIX cucTeM. [{udpossie
ycTrpoiictBa.- CI16.: BXB-IlerepOypr, 2004.-512c.

3. Iloremkun N.C. OyHKIIMOHAIBHBIE Y3JIbI HU(PPOBOM aBTOMATHKU. - M.:
Dneproaromusaart, 1988.-320c.

4. Hedenos A. B. InTerpanbHble MUKPOCXEMBI M UX 3apyOeKHbIE aHAJIOTH.
CmpaBounuk. T. 1-12.— M.: UII PaguoCodt, 2000.

5. www://vprl.ru/index/mikroskhemy/

Copnep:xanue oTyera

1. Ha3Banue paboThI.

2. Tlo kaxxmomy U3 3aJJaHUM JOJKHBI OBITH MPEJCTABICHBI HA3BAHUE 3a/IaHUS
U T€ KOHKPETHBIC TAHHBIE, KOTOPHIC YKa3aHbI B 33/ IaHHH.

3. Kparkue oTBeTHI Ha T€ KOHTPOJBHBIC BOMPOCHI [JISI CaMOMPOBEPKH,
KOTOpBIE €II€ HEe HAIUIA CBOETO OTPAKECHUS B OTUETE, HO BBI3BIBAIOT 3aTPYAHEHUS
JUTSI TOHUMAaHHSL.

AKTYaJIbHOCTDH 3aHATHS

CymmMmaropsl, aemu@paTtopbl W KOMIIAPATOPHI  SIBISIOTCS OCHOBHBIMU
AJIeMEHTaMHu apu(METUKO-IOTUYECKUX YCTPOMCTB BceX BbhluMciuTeneil. Ha wux
OCHOBE PEaJM3yIOTCSI OCHOBHBIE apHU(PMETHUECKHUE ONEpAlU C HUCIIOJIb30BAHUEM
OOpaTHBIX WM JIOTIOJHUTENIBHBIX KOJOB, CXEMbl CPAaBHEHHS MHOTOPA3PsIHBIX
KOJIOB, a TAK)K€ YCTPOICTBA KOHTPOJISI OUIMOOK BHIYUCIICHH .
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Bonpocskl 1J151 NOATOTOBKHU K 3aHSITHIO

Cdopmynupyiite 3Tanbl CHHTE3a KOMOMHAIIMOHHBIX CXEM.

Onpenenure Ha3HAYEHHUE CyMMAaTOpA.

KakoBa poib BxoJia nepeHoca B cymmarope?

KaxoBa poib BeIXo/a nepeHoca B cymmarope?

ChopmynmupyiiTe  TEXHOJIOTHIO TEpEeBOAA YWCET B  OOpaTHBIM W

JOTIOTHUTEIHHBINA KOJIBI.

Omnpenenure Ha3HAYCHHE AemndpaTopa.

Onpenenure Ha3HaAYEHUE MYJIBTUILIEKCOPA.

8. Kak cuHTe3npoBaTh KOMOWHAIIMOHHYIO CXeMy Ha 0a3e MyJbTHILUIEKCopa?
Kakune npu 3T0M CyIIeCTBYIOT OrpaHUYEHUA?

9. Kak cuHTe3npoBaTh KOMOMHAIIMOHHYIO CXeMy Ha 0aze nemudpartopa?

10.Omnpenenvre Ha3HAUYCHUE KOMITApaTOPA.

ok E

~N o

3ananme 4.1. UccaenoBanue nemudparopa 2x4 u3 J0ru4ecKux
3JIeMEHTOB

JUis BBINOJNIHEHUS 33JaHUS HEOOXOAMMO CHHTE3HpPOBATh CXEMY IIOJIHOTO
nemgparopa ¢ IpsMbIMH BbIXOAAaMHU 0€3 CUTHaJIa pa3pelieHUs] U3 JIOTMYECKUX
AJIEMEHTOB M MPOBEPUTH €ro padoTy Ha BceX HAOOpaxX BXOJHBIX NEPEMEHHBIX.
Dranbl CUHTE3a OB MPOUUTIOCTPUPOBAHBI B ’TOM pa3Jieie.

B ortuere npencraBuTh:

- YT'O u pyHKUIMOHANBHYIO CXeMY MOJIyYeHHOTO JemudpaTopa;

- Ta0UIy UCTUHHOCTH Aemmndparopa 2x4;

- aHAJIMTUYECKUE BhIPAXKEHUsI ISl BCEX BBIXOJO0B AemundpaTopa;

- BBIBOJI 0 paborocnocobHocTH nemrdparopa. B ciydae ecnm germmudparop
paboTaeT HeNpaBUJIBHO, CJIEAYET NPOBEPUTHh MPAaBUIBHOCTH 3TAllOB CHUHTE3a U
HOBTOPUTH NMPOBEPKY PaOOTOCIIOCOOHOCTH YCTPOMCTBA.

3apanue 4.2. UccaeqoBanune Mukpocxemsl aemudpparopa KS55UJ17

[IpoBecTn wmccienoBanue TOBEACHUS Jemudparopa, HWMEIOMErocs B
ONOMMOTEKEe CHUCTEMBI MOJEIUPOBAHUS, BBISICHUB Ha3HAYCHHE KaXJOTO BXOJa
MUKpPOCXEMBbI. BapuaHT cXeMbl MOXET OBITh YTOYHEH 0  yKa3aHUIO
MIPEToIaBaTelIs.

J1J1s1 BBITIOTHEHUS paOOTHI CICTYET:

- chopMynupoBaTH HA3HAYEHHE TUTIOBBIX BXOJIOB JemudpaTopa;

- nmo YI'O wuccnenyemoro paemmudparopa chopMUpOBaTH THUIOTE3BI O
HA3HAYCHUHU €r0 BXOJOB;

- obecrieyrB Ha MOJIETIM YIpaBlIEHWE W HAOJIOJICHHE 332 BCEMHU BBIBOJAMHU
yCTPOMCTBA, MTPOBECTH NMPOBEPKY CHOPMHUPOBAHHBIX THUIIOTE3;
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- cOopMyIHpOBaTh NEUCTBUTEIPHOE HAa3HAYCHHE BXOJNOB JHermmdpaTopa u
JOTUKY paboThl BXOAOB. Eciu rumore3a He MNOATBEPAUTIACH, HEOOXOAMMO
Cr€HEPUPOBATh HOBYIO TMIIOTE3Y U BHOBb IOBTOPUTH MPOBEPKY.

B otuere npencraBuTh:

- YT'O uccnenyemoro nemudparopa;

- Ha3HAYeHHE KaXJ0ro M3 BXOJOB Jemmudparopa. JomyckaeTcs BXOJbl
OOBEUHAT, B TPYMIbl, €CIM OHM HMMEIOT aHaJIOTUYHOE Ha3HAuY€HHe, HO C
YKa3aHUEM UMEIOLIUXCS MEXKTy HUMU OTJIUYUU.

3aganue 4.3. IlocTtpoenme wmyabTHIIeKcOpa 4x1 U3 JOrMYecKHXx
3J1EMEHTOB

Cxema cTpouTCcs MO OOIIMM MpaBUjiIaM CHHTE3a KOMOMHAIMOHHBIX CXEM U
MIPOBEPSETCS] HA BCEX JOIMYCTUMBIX pexkumax paboThl. Bxos paspernienus 10KeH
OBITh MHBEPCHBIM. DJIeMeHTHas 06a3a JJis CHHTE3a BIOMPAECTCS CAMOCTOSATEIBHO.

B otuere npencraBuTh:

- YI'O co3maBaeMoro MyJbTHILIEKCOPA,;

- Ta0IUIly KOMMYTHUPYEMBIX BXOJIOB MYJIbTUILIEKCOPA;

- AHAIUTUYECKOE BBIPaXKEHUE JIS1 BBIX0J1a MYJIbTUILIEKCOPA;

- (DYHKITMOHAJIBHYIO CXEMY MYJIbTHUILIEKCOpA.

3ananme 4.4. UccaenoBanue Mukpocxembl My abTuiLiekcopa K155KI17

Cxema BpIOMpaeTcsi U3 OMOIMOTEKH M MPOBOJUTCS TECTHPOBAHUE C LIEJIBIO
BBISIBJICHUSI ~ NPUHIUIIOB  (YHKIIMOHUPOBAHWS W  HA3HAUYCHUS  BXOJIOB
MyJIbTUIUIEKCOpA. BapwaHT cxembl MOXeT OBITh YTOYHEH IO YKa3aHUIO
MpenoaaBaTels.

J1J1s1 BBITIOTHEHUS paOOTHI CIEYET:

- chopMynupoBaTH HA3HAYEHHE TUTIOBBIX BXOJIOB MYJIbTHILIEKCOPA;

- o YI'O wuccnegyeMoro MyibTHIUIEKCOpa C(HOpPMUPOBATH THUIIOTE3BI O
HA3HAYEHUHU €r0 BXOJOB;

- o0OecreurB Ha MOJIEIM YIpaBlieHUE U HAOJIOJCHHUE 32 BCEMHU BBIBOJAMHU
YCTPOMCTBA, MPOBECTH MPOBEPKY CHOPMHUPOBAHHBIX TUIIOTE3S;

- c(opMynHpOBaTh BBISIBICHHOEC HAa3HAYEHHE BXOJOB MYJbTHILUIEKCOpPA U
JOTUKY paboThl BXOAOB. Eciu rumore3a He NOATBEpAUIach, HEOOXOAUMO
Cr€HEepUPOBaTh HOBYIO TMIIOTE3Y U BHOBb TOBTOPUTH MPOBEPKY.

B oTtuere nmpencTaBuTh:

- YI'O uccienyemMoro MyJbTHILIEKCOPA,;

- HA3HAYEHUE KaXKIOr0 U3 BXOAOB MyJIbTHILIEKcOpa. Jlomyckaercs BXOZbI
OOBEUHAT, B TPYMIbBI, €CIM OHM HMMEIOT aHaJOTUYHOE Ha3HAaYeHUe, HO C
YKa3aHHEM UMEIOIINXCS MEy HUMU OTINYHIA.
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HUccnenoBanue
cymmartopa Ha UMC

3amanue 4.5. MHKPOCXeMbl  MHOI'OPa3pPSAHOIO

Cymmarop cienyer BbIOpaTh U3 cocTaBa OMOIMOTEKU HJIEMEHTOB, BBISICHUTD
Ha3HAUYEHUE BXOJOB W BBIXOJOB MHUKPOCXEMBI. BBINONHUTH Ha cymmarope
OIlEpallii B COOTBETCTBHM C BapuaHTOM, 3aJaHHbIM TaOnuueil. Homep BapuanTa
BBIOMpPAETCS TI0 HOMEPY B KypHaJie yuyeOHoU rpynmsl. [ BU3yaabHOTO KOHTPOIIS
cllaraeéMbIX U CyMMbI HEOOXOJMMO HCIIOJIb30BaTh CEMUCETMEHTHBIN WHINKATOP U3
OMOIMOTEKN MOJIEIUPYIOIIEH TPOrPaMMBI.

Howmep no Howmep no

KYP HaHY Cnoxenue | Beruuranue )KypHaﬂy Cnoxenue | Beruuranme

yueOHoO yueOHOM

TPYIIIBI TPYIIIBI
1,15 15+7 27-13 6, 20 13+12 24-6
2,17 17+8 25-14 7,19 12+14 23-12
3,16 18+9 22-15 8,12 11+20 28-16
4,13 19+10 20-11 9,14 10+15 29-21
5 11 14+11 26-17 10, 18 9+17 21-7

B oTtyete npenctaButh:

- YI'O cymmaropa;

- BBIBOJ] O HEOOXOJAMMOM KOJUYECTBE pa3psioB cymmaropa. B ciyuae
HEO0OXOMMOCTU HAPACTUTH PA3PSIAHOCTh CyMMATOPa;

- BBIBOJ] O Ha3HAYEHUH BXOJ0B CYMMATOPa;

- 3aITMCH BBITIOJTHSAEMBIX ONIEpAIlfii B IBOMYHOM KOJIE.

3ananus 11 caMONPOBEPKH

1. Cx0aBbKO BXOJIOB U BBIXOJIOB UMEET MOJIHBIM OJTHOPA3PSAIHBIN CyMMaTOP?

2. KakoBo Ha3HAYeHHE BXOJIOB TIOJHOTO OJHOPA3PSATHOTO cymmaTopa?

3. Kakue Turbsl cymMMaTOpPOB HCTIONB3YIOTCS B BBIYUCIUTEIBHON TEXHUKE?

4. B xakoM opMaTe XpaHATCs Yncia NOJ0KUTENbHbBIE U OTpULATeIbHbIE?

5. ChopmynupyiiTe mpaBuia BHIMOTHEHUS CIOKEHUS U BBIYUTAHUS YHCEIT?

6. YeM OTIMYAIOTCS CYMMATOpPhI 711 pabOThI C TOMOJHUTEIbHBIMH KOJIAMU
1 00paTHBIMH KOJIaMH?

7.Kakne cymMMaTopbl HCIOJIB3YIOTCS B COBPEMEHHOM BBIYHCIUTEIBHOU
texHuke? [louemy?

8. Hapucyiite Tabmuibl MCTMHHOCTH nemudpaTopa 2x4 C HpSMBIMH U
MHBEPCHBIMH BBIXOJIAMH.

9. Kakoa peakuus UMC pemudparopa Ha paznuuHble cUurHaibl Bxoja E?

10. KakoBbl ocobenHoctu HWMC nemmdpaTtopoB B MHTErpaibHBIX
cepusix?
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11. Jlns yero B cxeMax JAeUIM(PPAaTOpOB CO3AAIOT HECKOJIBKO BXOOB
pa3pelIeHNs C pa3HBIMUA AKTUBHBIMHU CUTHAJIAMU?

12. CpaBHuUTE IO BCEM H3BECTHBIM BaM IMapaMeTpaM MPsSMOYTOJIbHBIA U
JUHEWHBIN emudparop.

13. Kakue onekTpuyeckue  MmapaMeTphl — XapaKTepu3yloT  padoTy
nemmdparopa?

14.  Yrto moHuMaeTcs o "MOKOJIEBKON" MUKPOCXEMBI?

15. U3 kakmx GyHKIUOHAIBHBIX YCTPOMCTB 00pa3yercss CTPYKTypa
nemdpaTopa Il CEeMUTerMEHTHOTO HHIMKaTopa?

16. Kakas cTpykrypa nemmdparopa o0ecreunBaeT MaKCHMAalIbHOE
obicTpoaeiicTBrEe?

17. Kakue curHamsl JOJDKHBI OBITh Ha BXojax aemmdparopa K155 17
1pu BeIOpaHHOM BbIxoze Ne6?

18. CdopmynupyiiTe Ha3HAUYCHHUE MYJIBTHILIEKCOPA.

19. KakoBbl curHaigbl Ha BBIXOJIE MYJBTUILIEKCOpPA MPU HEAKTUBHOM
Bxozae E?

20. Kak ocymiecTBisieTcsl HapalliBaHUE MYJIbTHUIUIEKCOPOB?

21. TloueMy MyJBTHUILIEKCOP Ha3bIBAIOT KOMMYTAaTOPOM, CEIEKTOPOM?

22. Hapucyiite YI'O MynbTHIUIEKCOpa Ha JBa BXOJa C HWHBEPCHBIM
BXOJIOM pa3pelieHus u rnapadasHbiM BHIXOJIOM.

23. UYto Takoe Z-COCTOSIHHE BBIX0]1a MYJIbTHILICKCOpa?

24. Kak o0Opa3syercst BBIXOJ MYJIBTUIIIIEKCOPA C OTKPBITHIM KOJUIEKTOPOM?

25. JIns kakux menei MpUMEHSIOTCSI BBIXOJIBI C OTKPBITBIM KOJIJICKTOPOM?

26. Kakme  TeXHWYECKME  TapaMeTpbl  XapakKTepu3yloT  paboTy
MYyJIbTHUILIEKCOpa?

27. CuHre3upyiiTe HENOJHBIA CyMMaTop Ha JBa BXoga W3
MYJIbTUIIJIEKCOPOB.

28. Kakue oTauums ecTb B MYJIBTHIUICKCOPE U CeIeKTOpe?
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INPUHATBIE COKPAILIEHUSA

AJTY ApudMeTUKo-I0THYECKOe YCTPOICTBO

I'oCT I'ocynapcTBeHHbIN cTaHAAPT

na O603nauenne UMC nemmdparopa

nmM O603nauenne UMC cymmaTopa

NMC HNuTerpanbHas MUKpocxeMa

NIl O603nauenne UMC BBIYUCIUTETBHBIX YCTPONUCTB MPOUUX

KMOII TexHonorus KOMILIEMEHTAapHAas METaJT-OKUCEI-
MOTYTPOBOHUK

KII Ob6o3nauenne HMC  wmynbprHmiekcopa (KOMMYTaTOPBI
pouue)

JA Jlormueckuii sanement U-HE

JIN Jlornueckuui anement U

JE Jlornueckuii anement WJIN-HE

JIUI Jlornueckuui anement NJIN

JIII Jlornyeckuii anemeHT mod2

JIH O603nauenne UMC norudecknx HHBEPTOPOB

JIP O603nauenne UMC U-NJIN-HE

MOII TexHOoIorus MeTauI-OKHUCENI-MOJIYIIPOBOIHUK

13y [TocTosiHHOE 3aTOMUHAOIIEE YCTPOHUCTBO

111 O603nauenne MMC npeoOpazoBareneil npoynx

I1P O603nauenne UMC npeoOpa3zoBaTeseii KoJI0B

CII O603nauenne MMC cxem cpaBHEHUS

TB O603nauenne UMC JK-tpurrepos

™ O603nauenne UMC D-Tpurrepos

YIo YcaoBHoe rpadguueckoe 0003HaYCHUE

A O6o03HaYeHNE aIPECHBIX JTUHUI

ALU ApudMeTUKOo-T0THYECKOe YCTPOICTBO

BCD JIBOMYHO-TECATUYHBIN KO/

CD Konep

CG Brixos renepanuu nepeHoca cymmaTopa

CMP Kommnapatop

CRP Bxon pacnipocTpanenus repeHoca cymmaTopa

CP Bxon pacnpocTpaneHus nepeHoca cyMMmaropa

CRG Brixon renepanuu nepeHoca cymmaTopa

CS O6o3HaueHMe BX0/1a BBIOOpa KpucTasia

D O0o03HaueHNe JIMHUN JaHHBIX

DC Hexonep

DMX JleMyIIbTUIIIIEKCOP

DMS JIeMyIbTUIIIIEKCOP-CENEKTOP

E O6o3Ha4YeHNe BXOJ1a pa3pemieHust padoThl

MS MyIbTHITIEKCOP(MYIBTUILIEKCOP CEIEKTOP-)

MUX MynpTHuIekcop

SL MybTHIIIIEKCOD (CEIEKTOP-MYIBTUILIIEKCOP)



82

SM Cymmarop
XOR Cxema CII0KEeHHUS 110 MOJTYIIIO 2
XIY Konomnpeobpazosarenb
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