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NPEINUCIIOBHE

IludpoBas TexHHKa aKTHBHO NPOHHKAaeT BO MHODHe 006JacTH pagHONIOGH-
TeJbCKOrO TBOPYECTBA:  KOHCTPYHPOBaHMEe  paiHOBellaTe/IbHRIX H TEJeBH3HOHHBIX
NPHEMHHKOB, DaZHOCIOPTHBHOH H PAXHOH3MEPHTEeNbHOH anmapaTypH,. BCEeBO3MOXK-
HBHIX YCTPOHCTB 2BTOMATHKM H HIDOBHX aBTOMaToB. JTO CBfI3aHO ¢ IHOSBJIEHHEM
HH(POBEIX HHTErPaJbHBIX CXeM, IO3BOJMBIIHX CYIIeCTBEHHO YMeHbWHTb raGapHT-
Hble pa3Mepbl, NOTPe6IsIeMyl0 MOIIHOCTh H NOBHICHTH HaleXHOCTb pa3pabaTbiBae-
Moii annapatypnl. OcoGeHHO NepCIEeKTHBHO HCIONb30BaHHe LHDPOBOH TEXHHKH B
TBOPYECTBe yyallHXcs.o611eo6pa30BaTeAbHBIX WKOJA H NPOH3BOJCTBEHHO-TEXHHUECKHX
YYHJHILL, TaK KaK JIOTHYeCKHE OCHOBHI UM(POBOHi TEXHHKH JOCTATOYHO MNPOCTH H
BIIOJNHE JOCTYNHB CTapliek/jaccHukaM. [ludpoBhie ycTpPOHCTBa TIPaKTHYECKH He Tpe-
6yloT HacTPOHKH, YTO OCOGEHHO BaXKHO NpPH paGoTe HauMHAIOIIMX pamuostobuTenel.

Lenp HacTOsilllel KHUIH -— O3HAaKOMHTb  pajHoJlobMTeJeli W pyKoBoJaHTeN el
KPYXKKOB JETCKOTO TeXHHYeCKOro TBOpDYECTBA C OCHOBaMH -UHM(PPOBOH TeXHUKH.
B knure cozepxxaTcsi ONHCaHHA H DEKOMeHJAIHH 10 NPHUMEHEHHIO MHKPOCXeM TpaH-
3HCTOPHO-TPAH3HCTOPHO! JIOTHKH (B ocHOBHOM cepud KI155) u MHKpocxeM ¢ Kom-
IJIeMeHTapHO#l CTPYKTYPOH MeTasJ — JAHSJEKTPHK — TMoaynpoBoAHuk (cepuit K176 w
K561). TeopernueckHii MaTepHa/ CONPOBOXJAAercs OINHCaHHEM AOCTYNHHMX AJdA IO-
BTODEHHS DalHOJIOOHTENbCKHX KOHCTPYKIMH, HauMHas OT MNPOCTeHINMHX UTrPOBHIX aB-
TOMAaTOB H 'KOHYasi CJOXKHbLIM MHOrOQYHKIHOHAaJLHEIM TaéMepoM Ha Ba3e MHKpO-
npoueccopHoro koMmlekca Kb580.

Bce onucanHble ycTpoificTBa M3rOTOBJIGHEI M HCHOBITAHHB B paboTe CTyAeHTaMH
¢usnyeckoro ¢axyaprera OMckoro opiena «3Hak ITouera» rocyzapcTBeHHOrO nexa-
roruyeckoro uHcTutyra MM. A. M. Toppkoro nox pYKOBOACTBOM aBTOPQB KHHTH.
OcHoBHOe BHHMaHHe NpH pa3paboTKe YyCTPOHCTB OblIO 06pallleHo Ha BO3MOXKHOCTH
HX nmoBTOpenus. B ycrpoficTBax uclmoJb30BaHa AOCTaTOYHas COBPeMEHHad M B TO Xe
BpeMsi JOCTYNHas Js LWIHPOKOro Kpyra paAHoJioOuTeNel 3JjieMeHTHass 6a3a.

IlepBuii u BTOpO# pasiennl Hanucanel . M. ®pombeprom, Tpemuit U ueTBep-
Tl — B. C. SIMnosbekHM, nathiil ¥ wectoii — JI. A. ManbueBoii.

OTshiBbl O KHHre NpOCHM HanpasJisaTh no ajpecy: 101000, Mocka, Ilouramr,
ala 693, uspareancrBo «PajgHo u cBs3b», MaccoBad pannobubaHOTEKA.



OBLHUE CBEAEHHSA O LH®POBOMN TEXHUKE
OBJIACTH NPHMEHEHHSA UM®POBOM TEXHUKH

PasBuTHe M CcOBepIIEHCTBOBaHME  3JIEKTPOHHO-BHIMHCAHTEJBHONA TEXHHKH,
YCTPOACTB paiMOBELlaHHA H TENEGBHAEHHS, PaZHOCIODTHBHON aNNnapaTypH H BCeBO3-
MOXKHBIX KHOEPHETHYECKHX aBTOMATOB B 3HAUHTE/NbHOH CTENEHM ONpele/sloTcs BHEX-
peHHeM B HHX UH(POBOA TeXHHKH. DTO OGYC/IOBJISHO ONPENeNEHHBIMH MPEeHMYUIecT-
BaMy LH(PPOBbIX YCTPOACTB MO CPaBHEHHIO ¢ aHAJOTOBHIMH: 60Jiee BBHICOKOH Hagex-
HOCTBIO; CTAaGH/JbHOCTL N2paMeTPOB NpPH BO3AEHCTBHM HECTAOHAHSUPYIOWUX (hak-
FOPOB; BLICOKOH TOYHOCTbI0 00paGOTKH HHGOPMALMH; 3HAUHTEJbHBHIM COKDAalleHHEeM
TPYAOEMKOCTH M YNpOUleHHeM ONepaiHd pPeryJupoBKM M HACTPOHKH, YTO OCOGEHHO
BaXHO AJA PaiHooOHTeNel; BO3MOXKHOCTBIO CO3JaHHS MHUKDOCXEM C OYeHb BHICO-
KOH CTeNembio HHTerpalHH.

Oco6enHo wWHPOKoe NpHMeHeHHe HAUINM LH(PPOBHie YCTPOHCTBA B 3JEKTPOHHO-
BLIUMCJIHTENbHONH TexHHke [20, 28]. B w4acTHOCTH, HMQpPOBHIE BLIYHCIMTEJbHBIE Ma-
wnrst (LIBM) sBasiorcsa B HacTosiulee BpeMs HauGoJsiee yHHBepcasbHBIMH. Bee yasnl
HBM cozepxar aaemenTn unudpoBoit TexHHKH. Ha ux Gase peasusyiorcs yctpoil-
CTBAa, KOTOpble MOU3BOAAT apHPMeTHUECKHe U JIOrHUeCKHe NpeoOGpa3OBaHHA IOCTY-
nawomeli uadopmauud. C NOMOIIbI0 3/7eMeHTOB UHPPOBOH TEXHHKH OCYLIECTBJ/AETCA
3allOMHHaHHe H XpaHeHHe HH(ODMAUHH, YNPABJECHHe BHIYHC/JIUTEJNLHBIM IPOLECCOM,
BBOX K BhiBog HHbopmauuu B LIBM. Vcnexu B o6aactu pa3paGoTKH GbicTpoZefcT-
BYIOMIMX 3J1eMEHTOB UH(DPOBOH TEXHHKH MO3BOJHAH co3aaTh LIBM, Buinosmsomue
AeCATKH MHJIJIHOHOB apH(MeTHUeCKHX onepauHd B cekynay. Munuartiopuse LIBM c
OTrpaHHYEHHLIM HaGOPOM BHINOJHAEMBIX ONEpalHi BIOJNHE HAOCTYNHB AJfA NOBTOPEHHS
pazvosoGHTeNAM CcpefHell KBaJH(pHKALHH.

3HauHTeJ]bHO DPACHIMDHIACh BO3MOXKHOCTb MOCTPOEHHSl MasioraGapHTHBIX BBIUHC-
JIUTE/IbHBIX YCTPOHCTB ¢ NOMABJEHHEM MHKDONPOLECCOPOB — CTaHAAPTHBLIX YyHHBep-
CaJbHBIX NPOrPaMMHPYeMBIX GOJBIIMX HHTerpa/JbHBIX CXeM CO CTPYKTYPOH, aHaso-
rugoii DBM [37]. [lpumenenue BCTpoeHHHX MHkpo-OBM  mosBoaser npuHaath
PasHOe6PA3HLIM YCTPONCTBAM <«Pa3yMHBI» XapaKTep M 3HAUHTEJbHO DaCUIHPHTb HX
(OYHKIHOHANBHEE BO3MOXKHOCTH.

FIpwHUMNHAAbHO HOBHE BO3MOXHOCTH OTKPHIBAeT NpHMeHeHHe UH(PPOBBLIX HHTe-
rpaibHBIX CXeM B pajHOBellaHHH U paxnocsasu [21]. Tak, HcmoabsoBanume HHQpO-
BbIX CHHTE3aTOPOB YaCTOTH NO3BOJMJO CYUIECTBEHHO CHH3HTb AalllapaTypHbe 3a-
TpaThl M NOBHICHTb ()a30Byi0 CTaGHJBHOCTL  reHepupyeMblx cHrHasoB. O6pa6oTka
CHUrHaNOB LHUPPOBHIMH METOAAMH MO3BOJAET OOeCHeuyHTb BHICOKYI0 TOYHOCTb, CTa-
6UIBHOCTL TIaPaMeTPOB H NOJYUHTh XapaKTePHCTHKH, He AOCTHXKHMble aHaJOrOBRIMH
merogaMu. B mi060M  painHONpHEMHOM TpakTe HCHoAb3yloTes mnaccuBHole LCR-
GUALTPHE, KOTOpBHle B HAEAaJbHOM CAydYae AOJIKHB HMETh NPAMOYTOJbHYIO (opmy
aMIIATYAHO-4acTOTHO! xapakTepHcTHKH (AUX). OGecrneueHHe odeHb BBICOKOH NpA-

4



moyroabHocTH AUX ¢uabTpa Ha aHAJOrOBLIX 3/1eMEHTaX NPAKTHUECKH HEBO3MOXHO.
1ludposuie ke ¢GHALTPH NO3BOJNAOT peanH3oBaTh MPOU3BOAbHYIO dopmy AUX, B
TOM YHCJE H CKOJIb YrOAHO GJH3KYI0O K NPSIMOYTOJIbHOM.

Llnpporas CXeMOTeXHHKa MHTEHCHBHO BHeADsieTcsi B paAHONPHEMHYIO ammapa-
TYpy, r1aBHBIM O6pa3oM B CHCTEMbI YnpaBJieHHA. B uyacTHOCTH, 6ecnoMckoBasi Ha-
CTpOfiKa MPHEMHHKA Ha Jio0yl0 M3 NPHHHMAaeMbIX YaCTOT OCYIlecTB.seTcs HaGopoM
Ha nyJabTe yNpaBJEHHs COOTBETCTBYIOILEro KOJ4a, MpelBapHTENbHO 3aHECEHHOr0 B
ycrpofictBo namatd. Homosb3ys 3/neKTpOHHHE TafiMepbl, TaKXe BHIIONHAEMble Ha
UHQPOBLIX HMHTErpPaJibHHIX MHKPOCXeMaxX, MOXKHO OGECHeYHTb IOC/IeN0BaTe/NbHyI0 Tle-
PeCTpoilky paiHOTIpHEMHHMKa Mo JI0GOH, Hamepel 3axaHHoH mporpamme. Ilpu 3tom
yKazanHas MporpaMma MOXKeT JOJroBPeMEeHHO XPaHHTbCH B MaMATH H NPH OTKJIO-
veHnom mHraHud. Kcratu ckasats, nporpaMMHpoBaHHe PaGOTHl BO BPEMEHH MOXET
OCYUIeCTBJATLCA B JIOOLIX PafHOTEXHHYECKHX YCTPOHCTBAaxX, B TOM WYHCJe YCTPOMi-
€TBax ObITOBOH pajHOoammapaTypn (TesqeBH30pe, MarHuTodOHe, NpPOHrphiBaTese H
T. 1.). Bo3MOXHO TaKXe ympaB/eHHe pexXHMOM paGoTh mNpHeMHHKa (KoadoHiHeH-
TOM YCHJIEHHsi, T1IQI00OM  NPOMYCKAHHsA, AHArpavMOH HanpaBJeHHOCTH AaHTEeHHBI).
Curenyer OTMETHTb, 4TO BCe yKa3aHHble PEryJHpPOBKH MOTYT ObiTh PeasH3oBaHBl Kak
JHMCTAHIHOHHBIE ¢ BHIHOCHOTO MNyJbTa yMpaBJjeHHsd. Biarogmapsi HCNoJb30BaHHIO LHD-
POBBLIX YCTPOHCTB B pafHOBeLlaTeNbHBIX TNPHEMHHKaX O06ecNeYHBAIOTCH NPHHUUIHAND-
HO HOBHE NOTpeGHTENBCKHE YMoGcTBa. B03MOXKHO OTOGpaKeHHe Ha BCTPOEHHOM
8 MPHEMHHK BHIEOKOHTPOVIBHOM ycTpO#cTBe (aubmiee) Bcell HHpOpMaUHH, HOOG6XO-
LHMOH [/ KOHTPOJIE H 3KCIJyaTallHH annapatyphl: 3alaHHOTO pexHMa paboThl,
BbIGPaHHOre MOJJHAMA30HA YaCTOT M 4YaCTOThl HACTPOHKH, TEKyUlero BpeMeHH H
XapakTtepa NMpHHHMaeMOf NMporpaMMul (peub, My3blKa, MOHO-, CTepeo H T. [.), IOJOCHI
NnpONycKaHus TNPHEMHHKa M HaNpPSXKEeHHOCTH MOJs NpHHHMaeMOro cHuriasa. Bmecro
MeXaHHYECKHX TlepeKJiouaTesiel raJeTHOro M K/aBHIIHOrO THNa B GBITOBOH anmapa-
Type LIHPOKO HCNOJB3YIOTCS 3JIEKTPOHHBle IMEPeKaoyaTeNlH € CEeHCOPHBIM ympaB-
JIEHHEM.

BecbMa mnepcmeKTHBHO BHeApeHHe IHPPOBOH TEeXHHKH B TeJeBHIeHHH. Llndpo-
80e TeJeBHJeHHe TI03BOJIgeT TMOBLICHTb KauecTBO Iepelay CHrHaJjoB GJarogaps
CYILSCTBEHHOMY YMEHbIIEHHI0 HaKOIJIeHHII HCKaXKeHHil B UH(MPOBHIX JHHHAX CBA3H IO
CPaBHEHHIO C aHaJIOrOBHIMM, a TaKXXe 3a CueT IIPHMEHEHHs CNelHaJbHEIX CNoco6oB
KONMPOBaHHS, OGHAPYXKUBAIOUIMX M HCIPaBJAOWHAX OWHOGKH TNepenaun HHpopMa-
wue  [9]. CurHaab, npeicraBieHHble B UHGPOBOH ¢opMe, NpaKTHYeCKH He MOX-
BEPXKEHBl aMIVIHTYAHBIM H (a30BbHIM HCKaXXOHHAM, YTO NO3BOJIfieT NepelaBaTh TeJe-
BH3HOHHYI0O HHGOpPMAaUHI0O Ha O6OJblIHe PpacCTOSHHA C COXPaHeHHeM ee BLICOKOTO
KauectBa. B pesysbraTe HCNO/NB30BaHHS METOLOB H YCTPOHCTB UH(POBOH TEXHHKH
CT2aHOBHTCH BO3MOXHBLIM [JJIMTEJNbHBIH 6e3NOACTPOEUHBIH pPeXHM PaboThl TeJeBH3HOH-
HOM anmapaTypbl, a 3TO HMeeT GOJbIIOe 3HaueHHe IJsi TOBBLILIEHHS TEXHOJOTHYHOCTH
fIPOH3BOACTBA.

[Ipy uCONB30BAHMM PA3/HYHBIX CTAHZAPTOB  LBETHOTO TEJEBHAEHHA MOXKeT
GbiTh CYUIECTBEHHO YIpPOUIEH OOGMeH TeJeBH3HOHHBIMH TNpPOrpaMMaMH B pesyJbTarte
npHMeHeHus UHQPOBHIX MNpeoGpasoBaTeNeii  TeJEBH3HOHHBIX  cHrHajoB. [llHpoxue
MepCleKTHBH PAaCKPBIBAET HCIOJb30BaHHE 3JeMEHTOB LH(PPOBOH TEXHHKH TNpH TMO-
CTPOEHHH YCTPOHCTB yNpaB/ieHHsl MapaMeTPaMH TeJNEeBH3HOHHBIX NPHEMHHKOB (B TOM
YHcje JMCTAHUHOHHBIX). C moMolblo UH(POBBIX YCTPOHCTB o6GecneunBaercss KO-
IHPOBaHHE CHTHAJOB KOMaHj yNpaB/leHHs. B pnafjbHeiileM 3TH CHIHAJABl HCIOJb-
3yIOTCA JAJsi PEryJHPOBKH NapaMeTPOB TeJeBH3HOHHBIX TPHEMHHKOB (SPKOCTH, (OKY-
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CHPOBKH, TDOMKOCTH, HACHIIEHHOCTH H Jp.). 3a CyeT HCHOJb30BaHHs LHOPOBHY
YCTPOACTB Ha 3KpaHe Te/eBH30pa MOXeT (OPMHPOBATBCA HNOMOJHHTENbHAs GYKBeH-
Ho-undpoBas u rpaduueckas unpopmauns [9].

OzxHako N0 HeNaBHEro BpPEMEeHH BTOPXeHHe IH(POBON TEXHHKH B TEJEBH3HOH-
HHe NPHEMHHKH OTPaHHYHBAJIOCh JHIUb BCIOMOraTENbHBIMH YCTPOHCTBAMH Ynpas-
JenHus. HecMorpss Ha 3HauHTesJbHbIE TPYAHOCTH HCIOJB30BAaHUA WH(POBEIX METOLOB
8 YCTpPOHCTBaX C aHaJIOTOBHIMHM CHTHaJlaMH, B YKa3aHHOM HallpaBJIeHUH = BeLYTCH
HHTEHCHBHHIE HCC/IEA0BaHHA. D10 OGYCHOBJISHO MHOTHMH [DHYHHAMH. 3HaUHMTE/bHO
ynpoluaercss TIPOM3BOACTBO TeJNeBH3OPOB ¢ MHGMPOBHIMH OJOKAaMHM, TaK Kak, B HDHH-
LHne, BO3MOXHA MOJHAsA aBTOMAaTH3alHs Mpouecca HaJdajKH TeleBH30pa, BIOTb
IO CO3JaHHs caMOHacTpamuBalolluxcs (N0 3aJaHHON mporpamMe) ycTpo#icTB. 3Hauu-
TeJbHO BHIMIPHIBa€T H NOTPeGHTeNb LHGPOBOTO TENeBH3HOHHOIO IPHEMHHKA, TaK Kak
CYIIECTBEHHO MOBBUIAETCS HaNeXHOCTh TeJNeBH30pa, YJaydllaencd KayecTBO BelllaHHs
H NOABJAIOTCS HOBHe (YHKIMOHaJbHBle BO3MOXKHOCTH, HAaIDHMED MOJYUYeHHE Ha
9KpaHe TeJeBH30pa IBYX H300paxeHuii, MOoJyyaeMblX MO pPa3JHYHBIM NPOrpaMMaM.

T'naBHag cAOXKHOCTL NpHMeHEHHS WUHPDPOBHX METONOB 06pabOTKH CHTHAJNOB B
TeJIeBH30paxX COCTOMT B HEOGXOAHMMOCTH  CO3JZaHHA  MHOrOpa3psiiHeX GelcTpolef-
CTBYIOIUHX aHaJoro-undpoBux npeobpasosateneir (ALLIT). B nacrosimiee BpeMs Ta-
KHe ycTpOAcTBa paspaGoTaHHL.

IMoMumo pammo- # TeNeBHSHOHHBIX NPHEMHHMKOB LHGPOBas TeXHHKAa HaUHHAET
6eiCTpDO MPOHMKATh B TEXHMKY MAarHHTHON 3alHCH, PaJHOCIOPTHBHYIO H palHOH3Me-
PHTENBHYIO amHapaTypy, B POGOTOTEXHHKY H B YCTPOHCTBZ aBTOMAaTHKH, B HIDOBHE
aBroMathl. C noMouipi0 um(ppPOBHX YCTPOHCTB B MAarHHTO(POHAX MOXKHO peaaH3o-
BaTh, HampHMep, CYETYHKH pAaCX0Ja JIEHT C MHOTOMNOSHLHMOHHLIM YCTPOMCTBOM mna-
MATH, AeNalollHM BO3MOXKHBLIM BOCIPOH3BeJeHHe 3amuceH 10 3apaHee COCTaBJEHHOH
nporpamMe. Lludposrie aBTOMaThl B MarsHTOGOHAaX pPEBEPCHPYIOT TaKxKe paGouHir
XOJ, OCYLIeCTBJIAIOT aBTOCTON ¢ MOCJAGLYIOIIHM OTKJIOUGHHeM YCTPOHCTBA OT CeTH,
aBTOMAaTHYECKYIO PETyJAHPOBKY ypoBHsS 3amucu H T. A. McnoabsoBanme 1udpoBbIX
METOJIOB DaJHOH3MEDeHHil I103BOJISIET MNOBHICHTD TOYHOCTb H aBTOMAaTH3HPOBATh
npouecc H3MepeHHH, 0OGeCmeUHTb HEMNOCDEICTBEHHOe OTOoGpa’KeHMe pe3yJbTaTOB H3-
mepennii B uudposoit popMe [33]. LludpoBsie ycTpoiicTBa NPOHIBOLAT MEPBHUHYIO
06pafoTKy pesyJbTaTOB H3MEPeHHil.

3HauMTeNbHO paCIIHPHIANCh (YHKIHOHAJbHBIE BO3MOXKHOCTH DAa3JHYHBIX PanHo-
CNOPTHBHHIX ympaBisieMbix Mojesefi. HononpaoBanHe mu(pOBON TEXHHKH B pajHo-
CIIOPTe TO3BOJNHJO CO31aTh, HampuMep, TeserpadHble KJIOUH C NMaMSATbIO H PeryJu-
POBKO} OTHOIIEHHs IJHTENbHOCTH TOukM M THpe [11]. 3Drto, B o0BOW oOuepelb,
CYLWIeCTBEHHO MOBLICHJO CKOPOCTb Tepelayd W JAOCTOBEPHOCTH INepefaBaeMOH HH-
dopmanyu.

Oco6enHO NEpONMEeKTHBHO HCMOJNb30BaHHe LW(POBOA TEXHHKH B TBOpYECTBE pa-
anoaobureneir [18, 22]. JlornyeckHe OCHOBH 3JEKTPOHHO-BHIYHCIHTENBHON TEXHHKH
JOCTaTOYHO NPOCTHl H BMNOJHE NOCTYMHH IJs NOHHMaHHs ydalluMHucs oGlleoGpaso-
BaTenbHbx Wkoa H TITY. B TO e Bpems yCTpoiicTBa JuBMd)POBON TEXHMKH NPaKTH-
YecKH GeCHOACTPOEYHH, YTO OCOGEHHO BaXXHO JJs HAYMHAIOUIHX palHOoJIO0HTeJel.
Ha 6ase midpoBHX YCTPOHCTB MOXHO peasH30BaTh IPOCTHE ABTOMAaTel ¢ UIMPO-
KHMH QYHKIHOHAJBHHMH  BO3MOXHOCTSIMH, KOTOpHle NDHBJEKaTeJbHH JJA JeTel
[12, 31]. ITpoMmblmsenHOCTbI0 B GONBIIHX KOJHYECTBAX BHIYCKAIOTCA JAelleBhle LU~
POBhIe MHKPOCXEMBI, 4TO JeNaeT HX JOCTYINHBIMH pajHoaioOHTensiM JoGoro paHra.
OTnenbHble Cepud MHGPOBHX MHKPOCXeM SIBISIOTCA UPe3BBIMANHHO HaJeXHHIMH H He-
BHIXOJAAT M3 CTPOS MNPAKTHYECKH INPH JIOGHX OWHOGKax B MOHTa)XKe pDaXHOYCTPOH-
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cTBa. DTO TaKXe ABJACTCH HEOCNOPHMBIM NPEHMYIECTBOM HH(MPOBBIX HHTErpaNbHHX
cxem (LIHUC), o6yc/aB/HBAIONIHM HX IUHPOKOE HCNOJb30BaHHE B pafHOJNIOGHTENb-
CKO#l NpaKTHKe.

KAK NPEACTABWUTb HH®OPMAILLHIO?

Tlop undopmanueli B UIHPOKOM CMbICJAe NPHHATO MOHHMATb pPa3JHUYHbIE
CcBeJeHHss 0 COOHTHAX B OGMIBCTBEHHOH KH3HH, SBJEHHSX NPHPOABI, O Mpoleccax B
TexHHYeCKHX ycrpoiictBax. OHa cojepxHTCA B Halllel peyH, B TEeKCTAX KHHT U ra-
8eT, B NOKa3aHHAX H3MeDUTeNbHBIX NPHOOPOB u orobpaxKkaer pasnooGpasue, MpuUCy-
qilee 06beKTaM H fABJEHHAM peanbHoro Mupa. Mubopmauuio, BONJNOIMEHHYIO U 3adUK-
CHDOBaHHYI0 B HEKOTODOH MaTepHa/bHONl (OpMe, Ha3blBalOT COOGHleHHEeM K
nepejalT ¢ TOMOILLIO cHrHanoB. Ilpuposa GoablIHHCTBA (PH3HYECKHX BeJAHYHH Ta-
KOBa, 4TO OHH MOTYT NPHHHMaTh Jilo6ble 3HAa4eHHs B KaKOM-TO [Hama3oHe (TeMIe-
paTypa, JAaBjeHHe, CKopocTs H T. A.). CHpHas, oro6paKaiomuii 3ty HHPOPMAIHIO
¥ BO3HHKAIONMH Ha BHIXOJe COOTBETCTBYIOLIEro AaTyYHWKa, Ha JIO60M BpeMeHHOM
#HTepBase MOXeT HMeTh OeCKOHeMHOe 4YHCI0 3HadeHHH. Tak kak B JaHHOM ciaydae
HenpepbBHBIA CHTHAJ H3MEHSeTCA aHaJIOPHYHO HCXOAHO#H HHGPODMALHH, ero OGBYHO
#a3blBAIOT AHAJOTOBHIM, 2 YCTpPO#CTBAa, B KOTOPHIX AeHCTBYIOT TaKHe CHrHa-
Jul — aHaaoroBu MH, CylmecTByloT Takxe AHCKPeTHBe cOOGLIeHHst, MapaMeTph
KOTOPHIX C€OJep>KaT (DHKCHPOBAHHBIA HAa6Op OTAENbHBIX 3HAa4YeHHH. A TaK Kak 3TOT
#a60p KoHeueH, TO H 06beM HHGODMAIHH B TAKHX COOOIIEHHAX KOHEYEeH.

Ha npaktuke HenpepsiBHble COOGUIEHHS  MOXHO NPeACTaBAATb B AHCKPETHOM
dopme, HenpepoiBHocTh cOOGlIeHHHE MO BeinuHHe He MOXKer GBITh peanH3oBaHa B
C€BSI3H ¢ I[IOTPEHIHOCTBIO HCTOYHHKOB W TNPHeMHHKOB HHGOPMauUHH H HaJHYHeM [O-
Mex B KaHajne nepenaus HHpopmauuu. [losToMy K HenpepbiBHBIM CHTHaJaM, OTO-
OpaxkalomuM cooOIIeHHs, MOXCHO NPHMEHATb KBAHTOBaHHe NO YPOBHIO M IO Bpe-
Menu. [IpH XBaHTOBaHHH N0 YPOBHIO COBOKYMHOCTb BO3MOXHMIX 3HAueHH{ HalpA-
EHHsT WJIH TOKAa 3aMeHSIOT KOHeYHBIM HAGOpOM [HCKDPeTHbIX 3HadyeHHHi H3 3TOro
yuTepBasa. KBaHTOBaHHe MO BpeMeHH NpelyCMaTpPHBAaeT 3aMeHY HENPEepPRIBHOTO CHI-
Hajla noOCJeN0BaTeNbHOCTbIO HMIIYJbCOB, CJeAYIOUIHX 4Yepe3 onpele/eHHBle NpoMe-
KYTKH BpeMeHnu (puc. 1), Ha3niBaeMbIX TakTOBuiMH. EciH TaKTOBble HHTEpBa/Bl
8u6paHn COOTBETCTBYIOMHM 06pasom [10], To morepn HHpOPMAauHU He NPOHCXOAHT.
Ilpn omHOBpeMeHHOM BBeJeHHH KBaHTOBAaHHs ITO
8peMeHH H 10 YPOBHIO aMIJHTYJA2 KaXJXOH BHI- %
Hopku Gyner npuHuMaTh OnHiKaHllee paspelleH-

HOe 3HaueHHe U3 BbHIGPAHHOrO KOHEeYHOro Habopa
sHaueHnii. COBOKYNHOCTb Bcex BLIGOPOK oGpa3syer
AMCKpeTHBIfi uaH uudposoit curuax.  Kaxpmoe
3HayeHHe AHMCKPETHOrO CHMrHaja ‘MOXHO IpeAcTa- ,)L(@ oz
BUTb 4UCAOM. B uH(ppOBoOl TexHHKe Taxoi npo-

11ecC Ha3blBaeTCcsi KOJZHUPDOBAaHHEM, a COBO- ‘l”:;. L. ml;lqg::;r:&n“euue "M;:leyrmec;;:u‘n;
KYOHOCTb IIOJYYEHHBIX HYHCENI —KOAOM CHTI- cnocobom

HaJaa. BMecto npeoGpasoBaHHs WM mepelauH

KOHKPETHBIX CHTHAJIOB 3TH ONepalld B yCTPOHCTBAX LUHGPPOBOA TEXHHKH MOTYT GbITb
SHINOJAHEHH HaAd UX KogamHu. [Ipy 3TOM MOXKHO ONEpHPOBATH M aHAJOrOBLIMH CHI-
€1aJlaMH, KOTOpHle NpeoGpasylotes B uHgpossie ¢ nomoibio ALITL




Takum o6pasom, JHCKpeTHOe COOGLIeHHe COCTOMT M3 Habopa uMCes H CHMBOJIOB
(Hanpumep, 3HaKOB «-+>» M «—»). Kaxaoe uncno cocrour u3 uu¢pp. Cnoco6 zamu-
OH uYHcesn HU(PPOBHIMH 3HaKaMH HashiBaeTcs CHCTeMOf cuucaeHud B uup-
POBOji TeXHHKe MCIHOJb3YIOTCA TaK Ha3blBaeMble MO3HLMOHHBIE CHCTEMBl CUHCJEHUS
[20, 32]. 3HaueHue Kaxpoii BXOAALIEX B UHCIO LH(PPH 3aBUCUT OT €€ MOJOXKEHHS
B 3anucu uyucaa. KouuuecTBO pasiuyHHX UHQP, NPHMEHAEMHIX B TO3UIHOHHON CH-
cTeMe, Ha3hBalOT OCHOBaHHEM CHCTEMH. B 3aBUCHMOCTH OT OCHOBaHHSA, MO3H-
IMOHHBIE CHCTEMbI CYHC/IEHHS MOIYT GHTb AECATHYHHIMH — C OCHOBaHMeM 10, ABOMuY-
HHIMH — C OcHoBaHueM 2 u xp. O6Gpa3oBaHHe uuce] B JIOGOM CHCTEMe CUMCAECHUS
fIDOM3BORAT ChaeAyOUM O06pa3oM: (HKCHPYIOT TMO3HIHHM, HA3HBaeMBle pa3pAfaMu;
KaXxJoMy paspsjay mpucBauBaliorT cBoHi Bec h; (rme { — Homep paspspa); h;=pt
(p — ocHOBaHHe CHCTEMH); B pa3psjax pa3Memalor uudphn a;. Torxa JoGoe wucie
A Moxer GHITb NpeACTaBJEHO B BHAe

n—1

A= 2 ay hy.

i=—=—m
34echb N — YHCJIO 3HAKOB JO 3amsiTofi; m — UYHCJIO 3HAKOB nocJje 3ansitod. [Tocae-
AOBaTeNbHOCTb LHOP

an—-j, dn-9, ..., a1, a0, 8-, =2y w., d=—m
MOXKHO pPacCMaTpPUBaTh KaK KOJ UYHC/Ia B 3alaHHOM CHCTEMe CUHMC/IEHHS.

B umdpoBoii TexHuke HauGoJiblllee pacHpOCTpaHEHHe MOJY4YHJIA IOBOMYHAS CH-
cTeMa CYMC/IeHMA, cofepxkauiasi Toabko LHGPol O M 1, a ee OCHOBaHMEM CIYXKUT
wuco 2. Hampumep, umcno 25,5 B HecATHYHON U JBOMYHON CHCTEMAX CUHC/IEHHS
MOXeT GhITb NPEICTaBAEHO B BHAE

N
(25,5)10=2- 1045 1045 10—t =
¥ ¥ ¥

a)
h
1 ) 1 )
=1-2441.2340-2240-2141-241.2-1=(11001,1) .
vy ooy VN
a

3HauHTEJbHO pexe MCMOJb3YIOT BOCHMEPHUHYIO M IIECTHAUATEPHUHYIO CHCTe-
Mbl. MIX, B 4aCTHOCTH, NMPUMEHSIOT NpPH COCTABJEHHH NponpaMM AJs Gojee ynOGHO#
H KODOTKOH 3alHCH [BOMYHBIX KONOB KOMaHH, TaK KaK 3TH CHCTeMbl He TpebywoT
CnenHalIbHHIX ONepaluii AJs nepeBoda B JABOHYHYIO cucreMy. Tak, AJs nepesoja
BOCbMEDHYHOTO MMM IIECTHAALATEPHYHOrO YHCAAa B ABOWUHOE KaxXAyw nudpy nepe-
BOJHMBIX UYMCeJ 3aMEHSIOT COOTBETCTBEHHO TpPeX- H 4YeThIPeXPa3pALHBIMM ABOHY-
HBIMH uHcJaMu. Hanpumep, BocbMepHyHOe uHCiO 726,4 B JBOWYHOH CHCTEMEe HMeeT
Bun (726,4)s=(111010110,1);. Has yno6crBa U30o6pa)keHHs MIeCTHAALATEPHUHBIX
unudp, GOAbWMX 9, WeCTh CTAapWIMX LMD OOGLYHO H3o6paxkaloT cuMBoJaMH A, B,
C, D, E F.

B uudpoBbIX ycTpoificTBax IIHPDOKO HCMOMB3YIOT M TaK Ha3blBaeMBIi JABOHYHO-
JeCATHUHHA KOX. B sToM Kolde Kaxablii pa3psAn ASCATHYHOrO 4YHCJa WPEACTaB-
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Ta6auma 1

Koxa uncna
JecsaTHIHBIR I BOUYHbIH BocbMepuunbli | JIBOHYHO-AeCATHYHBI uﬂiﬁ)ﬁ:{aﬂi}n
0 0 0 0 0
1 1 1 1 1
2 10 2 10 2
3 11 3 11 3
4 100 4 100 4
5 101 5 101 5
6 110 6 110 6
7 111 7 111 7
8 1000 10 1000 8
9 1001 11 1001 9
10 1010 12 0001 0000 A
11 1011 13 0001 0001 B
12 1100 14 0001 0010 C
13 1110 15 0001 0011 D
14 1111 16 0001 0100 E
15 10000 17 0001 0101 F
16 10001 20 0001 1110 10
17 10010 21 0001 0111 11
18 10011 22 0001 1000 12
19 10100 23 0001 1001 13
20 10101 24 0010 0000 14
21 10110 25 0010 0001 15
22 10111 26 0010 0010 16
23 11000 27 0010 0011 17
24 11001 30 0010 0100 18
25 11010 31 0010 0111 19
26 11011 32 0010 0101 1A
27 11100 33 0010 0110 1B
28 11101 34 0010 1000 1C
29 11110 35 0010 1001 1D
30 11111 36 0011 0000 1E
31 100000 37 0011 0001 1F
32 40 0011 0010 20

JifieTcs B JBOHYHOM Kofe., B Ta6Gn. 1 mpuBeldeHsl .KOAbl YHCeJ B Pa3JHYHBIX CHCTe-
Max CUHCJIEHHS.

Uncna RecsTHYHOM CHCTEMBl CUHCJEHHS HETPYJAHO TepeBeCTH B YHCJa ABOHYHOM
cuctemsl. Ilpn 3TOM MOpsifOK mepeBoja LEJBX YHCeJ OTJIHYaeTcs OT nepeBofa Apo-
oeii. UtoGbl nepeBecTH uesoe uHcjao X ¢ ocHOBaHHeM 10 B cucrteMy ¢ OCHOBaHHEM 2,
HeoGXOXUMO MOCAEL0BaTeNbHO NEJHTh 3aJaHHOE YHCI0 H MOJyyalolliHecs B Ipolecce
ZAeJeHHs YacTHhle Ha 2 MO Tex TIOp, MOKa MOCJelHee YaCTHOe HE OKaXKeTcss MEeHb-
ule 2. PesynpTar nepeBofila 3alHCHIBAIOT B BHIE M0CJAe10BaTENbHOCTH UH(Pp cjeBa
HanpaBo, HauHHasi C MOCJeLHEr0 4acTHOMO H KOHuYas NePBHM OCTaTKoOM (IIpH 3TOM
4qHCJ0 MJajLlero paspsila ecTb NMEPBHA OCTaTOK). Bce meficTBHA B mpoliecce AeJeHHS
qHcIa TPOM3BOAAT B HECATHUYHOH CHCTeMe CUHCJEeHHs.

IlpaBuna BhIMOJHeHHs apHPMeTHYeCKHX  NeHCTBHH Hal JBOHYHBIMH YHCAaMH
Bajaworca B Taba. 2.

IlpaBHsia apuMeTHKH BO BceX MO3HIHOHHBIX CHCTeMax aHaJlorHYHBL.



Ta6aunma 2

ﬂBOHqHOe CJA0XKEHHE llBOHqHOe BbIUMTAaHHE HBOH‘(HOG YMROXEHHE
0+0=0 0—0=0 0-0=0
0+1=1 I—1=1 0.-0=0
1+1=10 10—1=1 1-1=1

CroxeHHe ABYX 4HCeJA B JBOHYHOM CHCTEMe MOXKHO BHLINONHATH CTOJGHKOM,
CYMMHPYS HJH ABe UH(PH MJafLIero paspsfa, WAH JABe HUPPH CAaraeMeX B AaH-
HOM paspsile M ERHHHIE MepeHoca M3 COCeAHerc MJjajmero paspsama. Hanpuwmep,

nepeHocH 1111101
+ 101101,01
11011,01

1001000, 10
Uucna B JBOMTHOH CHCTOMe BBIYHTAIOTCS A4HAJOIHYHO 4YHCJAAM B AECATHYHOR
cucreme. Ilpn BHIYHTAHMH wHCen B MaHHOM pa3psille, ecad UH(Pa YMeHbIIaeMOro
MeHbllle UHGPL BHIYHTAEMOro, 3aHHMAIOT €IHHHNY M3 CjaeAylolllero cTapliero pas-
psana. Ilpn sTOoM 3aHHMaeMas eHHHIA CTapllero paspsiia paBHA [ABYM eNHHHLAM

nanHoro paspsiaa. Hanpumep,

3ae€M H3 crapulero paspsna

4
1

]
[

—_—

T
1
0
0

—f—

S |——
— |-
S | =

Cnenyer oTMETHTb, YTO ONEPal¥s BHYHTAHHA, B IpPHHIHNE, MOXKET OLIThb 3a-
MeHeHa onepaluedi C/OXEHHS NyTeM H3MeHeHHs Ha oGpaTHHA 3Haka BHYHTaeEMOro.
B ¢Bf3W c 3THM NpH 3anHCH KOZa YHCJa BBOAAT TaK HA3nBaeMHe 3HAKOBHE pa3-
paael. s NONOMHTeNbHHIX YHCeN 3HAK 4YHCJAa oGo3HauyHM 0, a AJs OTPHUATelb-
Hoix 1. Tlpn anre6panyeckOM CJOXKEHHH 4HCeJ B JBOHYHOH CHCTEME CYHC/ICHHS
IUMPOKO NOJb3YIOTCS JAOMONHHTENbHHIM H OGpaTHHM KoaaMH. JlONOJHHTENbHBIH KOl
o6Gpa3yior 3ameHo#t 0 na 1 v 1 na O uudp Beex pa3psaoB H gRobasnsior 1 B Maaz-
wnfi paspaA. 3aTeM YHCJIA CYMMHDYIOT, TpHYeM TNIepeHOC H3 3HAaKOBOI'O pPas3paAa
oT6packHBaloT.

Hanpumep: NI=0 11001
N2=1 10110

B COOTBeTCTBHH C M3JI0XKEHHBIM

N2gon -+ 1 01010
N1 + 11001
N2gon 1 10010

N1—N2 0 00011
Ilns npepcTaBneHHs OTPHUATENBHBIX UMCEJH MOXHO MCHONb30BATH W OGPAaTHHA

KO, KOraa HH(pPH Bcex pa3psamAoB, KPOMe 3HAKOBOrO, HHBEPTHPYIOT. IlepeHoc, Bos-
HHKaOmufA H3 3HAKOBOro pas3psila, NPH HCIOJb3OBAHHH OGDATHOrO Koja mpHGaB-
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JAFOT B MAAAWHA PaspAfs cyMMH. BOT Kak BHINISAHT CYMMHDOBaHHE UYHCeN MpejHl-
Ayliero mpuMepa:

N1 0 11001
N2np 1 01001
10 00010

+ |——>l
0 00011

Angpasur UuppOBHX YCTPOACTB COAEPKHUT TOAbKO ABa 3Haka: 0 u 1, uro ey-
QeCTBEHHO YMpOIlaeT TEXHHYECKYio peaJiH3auHio uHGpOBHX ycTpoitctB. O6beM ABO-
#UHOro ajdasHuTa ompefensier o6beM HHDODMALHH, BhIpaXKaeMHIl OLHHM CHMBOJIOM.
B o6wem Buae nudopMmaunio uaMepsioT B 6uTax no Gopmyse

Jour=logs n,

TAe N — YHCJIO PAaBHOBEPOSATHHX HCXOMOB B 'COOBITHH, ONMHCHIBAEMOM H3BECTHBIM CHT-
tanom. Tak kak B umdpoBOf#i Texuuke n=2, To 6HT — 370 06beM HH(DOPMALUH,
mepellaBaeMblii OXHHM JBOHYHBIM cHMBoJioM. HamGosee wyacto B LIBM uudopmauuio
fipeAcTaBaAlOT B 6 a H T a X, coflepKalHUX 8 IBOHYHHX pa3psioB.

Jlio6oe mHCKpeTHOe COOGIIEHHE MOXHO Pa3OHTh HAa TPYNNbH CHMBOJOB, Ha3bl-
8aeMbie KOIOBBHIMH cj0BaMH. [iHHa cJ0Ba ONpejesfieTCs YHCJIOM COAEpIKaIIHXCA
8 HeM cHMBOJ0B. Yame Bcero cmoBo — 3T0 4 Gaiita (32 ABOMYHBIX paspsiaa).
JlecaTnunni IKBHBaJIEHT YeTHpex6aiiToBoro cjioBa u3 32 eauHuu — 4 294 967 296,

SJIEMEHTHAS BA3A LIU®POBbIX YCTPOHCTB

Pa3pa6oTka 31eKTDOHHBIX YCTPOMCTB BBHIUMC/AMTENBHOM TEXHUKH Hauajach
okono 40 Jer HazaA.  YcTPOMCTBA BHIYHC/HTENLHON TEXHUKH B 3aBHCHMOCTH OT
HMOMOJIb3YEMbIX PaAHO3/IEMEHTOB H TeXHOJIOTHH HX H3rOTOBJEHHS OTHOCAT K TOMY HJH
MHOMY MOKOJIEHHIO. DJIeMeHTHON 6a30i/i BBIYHC/IHTE/BHOH TEXHHKH MEPBOro MOKOJEHHS
6blnu  3JEKTDOHHHIE JaMIMB, 3JEKTPOMarHHTHHE peje,  pPe3HCTOPhl, KOHAEHCATOPHI
# JApyrHe JHCKPeTHbe pafHo3NeMeHTH. DBrictpogefictBue 3stux 3BM cocraBasio
HEeCKOJIbKO HECATKOB THICAY onepauHi B ceKyHRY. OCHOBHLIMH HeAOCTaTKaMH, TOPMO-
3AIMMH HX IUHPOKOE HCMOJb30BaHHE B Pa3JHUHHX OO6NaCTAX HAPOAHOrO XO3fii-
€TBa, GbIJIH CJOXKHOCTb, MaJjloe GHICTPOAeHCTBHE, 3HAaUUTe/bHOE MOTpebJeHHe 3aeKTpo-
sHepruu. B mocieayiolue rogl ¢ MOSABJIEHHEM TPaH3HCTOPOB H HHTErpajbHbIX MHK-
POCXeM TOJOXKEHHe CYLIeCTBeHHO H3MEHHJOCh. DJeMEHTHOH 6a30ff yCTPOHCTB 3/1€KT-
POHHO-BHYHCAHTENbHON TeXHUKH (DBT) BTOporo mnoxkoseHnss ObIH MOJYNPOBOLHMU-
KOBble NPHGOPHI H MHHHATIODHBIE NHCKDETHBIE paAHOJeTaNH; B KayeCcTBe 3amOMMH-
HAIOIWX YCTPOMCTB HCIOJNb30BAJHCh (ePPHT-TPaH3UCTODHBle sueHKu. DBricTpomeit-
CTBHe [OJYNPOBOAHHKOBLIX 3jMeMeHTOB DBT mo cpaBHEHHIO C JaMNOBBLIMH BO3pOCJO
6oJiee ueM Ha MOPSAIOK.

OcHoBHO#t 3JieMeHTHOH G6a3oli DBT Tperhero TOKOJNEHHS CTajJH MHKDOCXEMBI C
MaJblM H CpPeIHHM ypOBHeM HHTerpauHH. [locie MOsABNeHHS HHTerpaJbHbIX MHKpO-
cxeM (PHSHKH H HHXKEHepH HaNpaBHJH CBOH YCHJHA Ha pa3pabOTKy YCOBepIUEHCTBO-
BaHHBIX TEXHOJIOTHYECKHX MPOLECCOB, MO3BOJISBIIMX OCYLIECTBJIATh 0oJiee KOMMAKI-
Hoe pa3MellleHHe 3JeMeHTOB Ha opHoM KpHcTaase. C 1972 r. Hayajach HHTEHCHBHas
paspabotka OBT uerBepTOoro mokoJeHHs. lcnosb3oBaHHe B NpPOM3BOACTBE OMNTH-
QeCKHX METONOB TEXHOJOrHH MOJy4YeHHs TOHKMX MJEHOK H crnocoGOB oOcaXAEHHH
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TOHKHX CJ0€B B BaKyyMe IpHBEJO K CO3J2HHIO  GOJBUIMX MHTErpajbHBIX CXeM
(BUC), conepxaliux AeCATKH H COTHHM THICAY 3JEMEHTOB M coelduHeHHA. C Kax-
IBIM 1OJIOM TNPHMEPHO BABOE YBeJAHYMBAJIOCh UHCJO 3JEMEHTOB Ha OZHOM KpHCTaJie,
B pesyabrare B 1980 r. ypoBeHb HHTErpamHH NOCTHI NMOPAXKA COTeH THICAU 3J€MeH-
TOB Ha KpDHCTaJje — 3TO yXKe CBepx6oJbliHe HHTErpajbHble MHKDOCXEMB.

B paauonioGHTENBCKHX YCTPOACTBaX B HACTOfIIee BPeMS LIMPOKO HCIONB3YIOTCH
LH(POBEIe HHTErpajibHble MHKPOCXeMHl TPEThero ‘M 4eTBEPTOro mHokoJeHuH#. B mepe-
NEeKTHBe JOJIKHO 3HAUHTEJBHO YBEJNHUHTBCS HCIOJb30BaHHE MWKPONPOLECCOPOB, Tak
KaK Ha HX OCHOBe, H3MeHAsd NPONpPaMMbl, MOXHO CO34aBaTb YCTPOHCTB2 pPasJHYHOrO
(YHKIHOHANBHOIO HAa3HAYEHHS.

JIOTHYECKHE 3JIEMEHTDI

UTO TAKOE KOMBHHALLHOHHAS CXEMA
H IH®POBOA ABTOMAT?

Jlio6o#t cumBoa HHQOpPMauun B UHQPOBEIX  YCTPOHCTBAX KOLHPYIOT B
ABOHYHOM aJipaBHTe, MO3TOMY CHPHAJbl MOT'YT NPHHHMAaTb TOJbKO [ABa 3HAYEHHSA:
BLICOKM}i MJIH HHM3KHH YDOBeHb HANPSIKEHHS, HAJHUHe WIM OTCYTCTBHe HMIyJibca
HanmpsokeHuss H T. A. OO6A3aTeNBHHIM YCIOBHEM INDH 3TOM SBJISETCA BO3MOXHOCTH
YBEPEHHOTO pacllo3HaBaHHA HJIeMeHTaMH LM(POBEHIX cXeM ABYX 3HAUYeHHH CMrHa/IoB,
COOTBETCTBYIOLIHX CHMBoJiaM 0 H 1, B YCJNOBHAX H3MEHEHHs TeMIepaTypsl OKpYy-
JKaollleli cpefbl, HanpAXeHHA HCTOYHHKA NHTAHHSA, BO3MEHCTBUA APYTHX JecTaOH/IH-
3UPYIOIIMX (aKTOPOB.

Mu ye TOBODHJH, uTO 3HaueHHs ypoBHeil chHrHajos (Uc) saemeHTaMu ukd-
POBBIX YCTPONHCTB BOCIPHHHMAIOTCS He HeNpepulBHO, a B JHCKPeTHble MOMEHTH
BPEMEHH, HHTEDBaJ MeXAY KOTODHMH Ha3mBaloT pabounm TtaktoM T. Kak mpasuio,
3a omuH pabGounii TaKT B LHGPOBHIX YCTPOHCTBAX OCYLIECTBJSETCA OAHO 3JEeMEHTap-
HOe mpeoGpa3oBaHue MOCTYNHBIIHX HA BXOJ KOAOBHIX CJOB. [[HCKpeTH3alHst BpeMe-
HE o6ecneunBaeTcs CHEUHAJBHHBIME YCTPOHCTBAMH YNpaBJieHHd, BHIPaGaThHIBAIOIIMMHE
cuHXxpoHu3dupyloumune wumMnyabcun (CH). B auckpeTHbix ycTpoHCTBax Hc-
NOJB3YIOT jABa CHOCOGa MNpPEACTaBJEHHS HHPODMALHH: MOTEHIHAJbHBIA M HMIYJbC-
Huift. [Ipu nmoteHumanbHOM cmocoGe 3HaueHuaM JorHueckoro O H Jornueckoit 1 coor-
BETCTBYIOT HaNpsiXKEHHs HH3KOIO M BHICOKOro ypoBHs. EcaH JjornyeckoMy 0 coorser-
CTByeT HalpsDKeHHe HW3KOrO YDOBHsl, a JoOruueckoifi | -— BBICOKOro, TO TaKyio
JIOTHKY Ha3blBalOT MOJIOXKHTEJBHOH, H Hao6opoT, ecnn 3a Jaoruyeckuit 0 mpHHHMAIOT
HanpsiHKeHHe BBICOKOTO, a 3a JOTHYeCKYl0 1 — HampsiKeHMe HH3KOTO YPOBHS, TO
TaKyio JIOTHKY Ha3biBalOT OTpHuUaTeabHO. B 1aibHefiimeM GyzeM paccMaTpHBaTh
YCTPOHCTBA TOABKO C MOJIOXKHTENBHOH JIOPHKOH.

Ianee B OCHOBHOM HMCIOJB3YIOTCS TEDMHHBl «HampfXKeHHe BLICOKOrO H HH3KOro
ypoBHA» (CHMHaJM BHICOKOrO H HHM3KOrO YPOBHS), COOTBETCTBYIOLIME YPOBHAM JO-
ruueckoit 1 u Jxoruyeckoro 0.

Hndopmauns B mH@POBHIX YCTPOACTBaX MOXKer OHITh NpeACTaBJeHa B Iocie-
JAOBaTeJbHOM H NapaJJiesbHOM KojaX. IIpu HcmosbsoBaHHM IOC/I€ZOBAaTENBHOrO KOJAa
KaXAblii TakKT COOTBETCTBYeT OJHOMY pa3psiy JABOHuHoro Kofa. Homep paspsana
onpejessieTci HOMEPOM TaKTa, OTCUMTHIBAEMOrO OT TaKTa, COBMNAjalollero ¢ Haya-
JIOM NpeACcTaBHeHHs KoJa.

I'padukn, noxkasavHHe Ha DHC. 2, HJJIOCTPHPYIOT NoOCjeAoBaTeNbHBIH Kox Oafi~
ToBOoro aBoHuHorQ umcia 10011011 npu moTeHUMANBHOM H HMIYJBCHOM CcmocoGax
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npeu\;maneﬂua unpopmanuy. [lpn mepsoM cmocoGe (pHC. 2,a) curHast coxpauser
HHU3KH{ HJIH BLICOKHH YPOBHM B TEYeHHe OJHOTO HJIH HECKOJBKHX TakTOB. B MOMeHTH
nepexona CHMHajla OT ONHOrO YPOBHS K ADYroMy €ro 3HaueHHe sBJSIETCH Heolpe-
nejennwiM. Ilpn uMmy/ancHOM comocobe mpeicTaBideHHs — uAdpoBol  HHbOpMauuu
(puc. 2,6) exHHHUYHOMY H HYJIeBOMY 3HAUEHHIO JBOHUHOH [IEPEMEHHON COOTBETCTBYET
HalMYHe MAH OTCYTCTBHE HMIIYJIbCA KOHEUHOH AJHTEJBHOCTH. IIpH Noc/eRoBaTeNBHOM
KOle uHGda BCe er0 Paspsiikl MOTYT GbITb 3aQHKCHPOBAHE Ha OJAHOM 3JIEMEHTe H
nepesaHs o OLHOMY KaHaJy nepesaud HHpopmamuu. Jas nepepaum Bcero uncsa
TpebyeTcs BoceMb TaKTOB (puc. 2,8).

7
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Puc. 2. MNocnenopaTenbHbii KOA  JBOMYIHO- ! I
ro 4YHcJa MPH MOTEHUMAJbHOM W MMIYJbC- ! ——
HOM cnocoGax  npeiacrTaBiaeHns  nEdopma- i ] I ?
nHH 1717 s ':_'
|
K [
— Y s
Puc. 3. MapanneabHbif KOA  JABOHYHOro |
YHCIa NpH HMNYAbBCHOM W NOTEHUHAJIBHOM |
crnoco6ax npeacTaBAeHns HHPOPMALHH I — RS
¢ L
) 4)

IMapanneabHbii KOZ MNO3BOJSET CYLIECTBEHHO COKPaTHTb BpeMsi 0GPaGOTKH M
nepenayu HHpopMmanuu. Jas mpuMepa puc. 3 WTIOCTPHPYET mapaiesBHBIN KOA
cemHpaspsgHoro uucna 1101101, B aToMm ciaydae Kak mpH HMOyJabcHOM (pHC. 3,4),
TaK H NpH TNOTeHUHaJbHOM (pHC. 3,6) cnocoGax NpeACTaBJeHHs HHPOPManuy Bce
paspsiabnl JBOWYHOIO KOJa NPEACTaBJEHBl B OXHOM BPEMEHHOM TakKTe, MOIyT (HKCH-
poBaTbCSI OTHAEJNBHBIMH 3JEMEHTaMH M IepenaBaThCsi MO PasjesNbHHIM KaHaslaMm (pas-
pagueiM muHaM). LludpoBuie ycrpoitcTBa mMpOH3BoAslHe 0GpaGOTKY H mpeo6pase-
BaHMe MOCTYNalolleli Ha HX BXOAH MHGPOPMaUHMH, HA3bIBAIOT UHPPOBLIMH aBTOMAaTaMu.

YcinoBHoe rpadpuueckoe H300paxieHWe mNpocrefillero uUHPPOBOro aBTOMara Ino-
Ka3aHo Ha puc. 4. Ha Bxoab aBTOMaTa nORalOT KOMOGHHANMIO JBOHYHLIX .JIepeMeH-
uux X1, X2, .., Xn, ¢ BoIXOZa CHUMAIOT KOMOHHAUHI0 JABOHYHHX NEPEMEHHBIX Y,
Y2, .., Ym. Ha Bxozax # BHXOZaX UH(POBOro aBTOMAaTa AEHCTBYWOT CHTHAJBI JOIH-
yeckux O u 1, HasnBaeMBle JBOHUHHIMH. 3ajaya NMOCTPOeHHs IH(POBOro asTOMaTa,
BBIMOJIHSAIOIIErO ONpEeAe/JeHHble HNeHCTBHS HaJ JBOHYHBIMH CHTHAaJlaMH, 3aKIIOYaeTcs
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B BHi6Ope 3JEMEHTOB H ClocoGa HX cCOefHHEHMs, oOecHeuMBaiOMIMX 3alaHHOe Mpeol-
pa3oBanMe. DTH 3ajJauy pellaeT MaTeMaTHyeckas JOTHKa HJM ajre6pa JOTHKH.

YerpoiictBa, ¢opMHpylomue (YHKUMH aJareGphl JOMHKH, Ha3blBAalOT J O HYe-
CKHMH Had UHGPOBHMHU H KIaCCHOUUUDYIOT NO pa3JHYHBIM OTJHUHTEJIbHBIM
npusHakaM. lludpoBue ycrpoiicTBa mo xapakrepy HHDOPMAuUHM Ha BXOJaX U BhH-
X0/ax INOJApasfe/]sIOT Ha YCTPOHCTBa INOCJeNOBaTeJbHOTro, MapaJJeIbHOTO H CMe-
WIQHHOTO HeHcTBHA.

X7 r7 Ugyt
L4 2 rz
wl [ \

— g ¢ 7 o0 0 7 7 0 ¢

Ugyz!
Puc. 4. ¥cnhosHoe wu3oGpaxenne  npocrteid- Bx2
wero iungipesoro asroMarta

n— L i — T
g 71 1 o 1 1 0 0 ¢
Uspix —_— —
«—
Pne. 5. Hpencrasaenne uHdopmauunn B
NHPpOBOM yCcTpolcTBe MoC/AeA0BATENBHOrO 1 T !
ReUCTBUA 7 o 0 7 o0 o0 1 0 ¢

Ha Bxoawm ycTpo#ficTBa IOCJHefOBaTeJbHOr0 JAeACTBHS CHMBOJH KOJOBHX CJOB
NOCTYNalT He ONHOBpEMeHHO, a OAMH 32 ApyruM (puc. 5). B rakoii ke mocaeno-
BaTeJbHOCTH (hOPMHpYeTCS BHIXOAHOe KOJOBOe CJ0BO. PaccMarpuBaeMoe yCTpPOMCTBO
¢opmupyer Ha BHXOAe curHall Upmz, KOA KOTOPOrO paBeH CYMME KOJOB BXOAHBIX
cHTHAJO0B Ugpxy ¥ Usyo.

JAna peanusaumMu yCTpPOHCTBa NapajIebHOTO AEHCTBHS, BHIOJHSAIOLIEr0 aHaJO-
FHYHYI0 (YHKIIHIO, HeOOXOAHMMH JABe TPYNMH BXOMOB MO BOCEMb Da3pAAOB B Kax-
noft Tpymme M BOCeMb BHIXOLOB (B COOTBETCTBHH ¢ pa3pSAAHOCTHI0O BHXOAHOTO
cjoBa). M3BecTHH Takike YCTPOCTBa CMeLIaHHOTO THIA, B KOTOPHIX, HaIpuMep,
BXOJIHOEe CJOBO NpeicTaBjseTcs B NapaJjJeibHolt ¢opMe, a BHIXOQHOE — B TMocJe-
ROBaTeJIbHOH (3T0 — TpeobpasoBaTesd Koxa). .

ITo cXeMHOMy peHIeHHI0O H XapaKTepy CBSI3M MEXAY BXOAHHMH H BHXOIHBIMH
NepeMeHHHIMH ¢ YYeTOM HX HM3MeHeHHs M0 TakTaM pabOTH pasiauuaT KOMGHHa-
HHOHHHE M NOCAeXOBATEJBHOCTHHE UH(PPOBHe ycTpoiicTBa, B xOMOGHHAIMOHHEIX
ycTpoficTBaX COBOKYNHOCTb CHTHAJIOB HAa BHXO0JAAaX B KaXKAbIH KOHKPETHBIH MOMEHT
BPEMEHH MOJHOCTBIO ONpefelisieTcss BXOJHHIMH CHTHaJaMM, JeACTBYIOIIUMH B 3TOT
MOMEHT Ha ero Bxomax. Ecsin BXOAHBe M BHXOLHBe (PYHKUHMH B n-TakTe 0GO3HAUHTDL
Kak X* H Y®, To cBA3b MEXAY HHMH GyJeT ONpelde/ATbCA BHIPAXKEHHEM

Yo =A(X"),
rae A — 3HaK BLINOJHSEMOro yCTPOACTBOM JIOTH4ecKoro npeotpasoBauus. Lludposbe
ycTpoficTBa, B OTJMYME OT aHAJIOTOBHX, . IO3BOJSIOT peajiM30BaTh NpeoGpasoBaHHe
NPaKTHYeCKH JIOGOro BHAA, HO KOMGHHAIHOHHBIE  YCTPOHCTBa He O0G6GJafaloT na-
mMsaTblo. B uHppoBHX yCTpoMicTBaXx INOCJEA0BATEIBHOCTHOTO THNa (MJIH aBTOMAaTax
¢ NaMATHIO) 3HAUeHHs] BHIXOJHLIX INepeMeHHHMX Y® B n-TaKTe OIpeNeNslOTCa He
TONBKO 3HAUEHHSIMH BXOAHHIX MepeMeHHHX XP, NefcTBYIOIHHX B JNaHHH{ MOMEHT
BpeMeHH, HO M 3aBHCAT OT BHYTPEHHHMX cocTosiHHii ycTpoiictBa C®. B cBoio ouepenn,
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BHYTPEHHHE COCTOAHHS ycrpoficTBa C® 3aBHCAT OT 3HAUEHHHA NEPEMEHHBIX, AEHCTBO-
BaBHINX Ha BXojle B NPOAHIeCTBYIOIHe TaKThl. TakuM 06pasoM, NOC/eLOBaTeJbHOCT-
HHe uudpoBHe ycTPOACTBa XpaHAT CBeleHHS O NpPeAUIECTBYIOMIMX TAaKTaX pa6oTH
yerpofictBa # NOTOMY 06Jafal0T naMATbo. PYHKIHOHHDOBaHHe NOCTEA0BaTENBHO-
CTHOro yCTpoficTBa aHAJHTHYECKH MOXKHO 3allicaTh B BHAE

Ynch(xn’ Cn); Cn=F(xn-—l’ Cn—l),
rae X»-' u Cr-! — COOTBETCTBEHHO Ha60p BXOAHLIX MEPEMEHHLIX M BHYTPEHNHX
COCTOSIHHA YCTPOHCTBA B MPEeALISCTBYIOUIHA TaKT.

IlpumepoM moNefOBATENBHOCTHOTO YTPOACTBA MOXET OHTH CYETIHK HMIYJIb-
COB, COCTOSIHHSI BHIXOJOB KOTODOro 3aBHCHAT OT OO6Iero uHclIa NOCTYNMBIUMX Ha
ero BXoj HMIyJabcoB. Ha6op mepeMeHHHIX Ha BHIXOJe CYETYHKA B N-TaKTe 3aBHCUT
OT HaJH4YHA HMIYyJbca Ha BXOJe CYeTYHKAa B TaKTe, a TaKXKe OT COCTOSHHA cCueT-
YHKa, OnpefesiseMHX OOGIIHM YHCIOM I[OCTYNHBIIMX HAa ero BXOJX HUMINYJBCOB B TakK-
Tax 1, 2, ..., n—1.

OCHOBHDIE 3JIEMEHTbBI AJITEBPbBI JIOTUKHU

AHanH3 KOMOGHHAUMOHHHIX YCTPOHCTB H UH(POBHX aBTOMATOB MPOlIe Be-
ro NMPOBOAHTL C MOMOINbIO aare6pnl JIOTHKH, ONEPHPYIOIle#l TOJNBKO C ABYMS MOHA-
THAMH: HCTHHHBIM (JiorHueckas 1) ® Joxubim (aoruueckuit 0). B pesymbrate QyHK-
MK, orobpaxalomHe HH(POPMAUHIO, [PHHHMAIOT B KaXKAbli MOMEHT BPEMEHH TOJb-
ko 3HaueHuss 0 maum 1. Takue ¢yHKUMH Ha3bIBAlOT JOTrHYecCKHMH. Jlornueckne
¢ynkuun Y Heckosabkux mnepemennoix (X0, X1, .., Xn—1) omnpegensiior xapakrep
JIOTHYeCKHX oOllepanyui, B Pe3yJbTaTe KOTODEIX HAaGOpPy BXOAHBIX NEPEMEHHHIX CTa-
BHTCSl B COOTBETCTBHe nepeMeHHas Y

Y=£(X0, X1, .., Xn—1).

Haun6onee Harnagno QyHKuHs npeo6pasoBaHHs Xapakrepusyercss Tabiinied, B
CTPOKaxX KOTOPO# KaxKJIOH KOMOGHHAaIlMH BXOAHEIX  NepeMeHHhX X COOTBETCTBYET
3HaueHHe BHIXOAHOH mepeMmenHoi Y. Ee HasmBalor Ta6aHuei#f HCTHHH.OCTM

Tabanma 3

X1 X2 Y=XI-X2
0 0 0
0 1 0
1 0 0
1 1 1

OCHOBHBLIMH JIOTHUECKHMH (GYHKLIHAMH SBJAIOTCH JOTHYECKOE yWMHDO XKe-
HHe (KOHBIOHKIHSA), JOTHYECKOe CHNOXeHHe (AH3BIOHKIHMA) H TIOT HYe-
cKoe oTpHunaHne (uuBepcHs). Ilpu JOorMyecKOM YMHOXEHHH BXOWHHE TIEpe-
MeHHEle (ZBe Hau Gosee) coenuHsiorT cow3dom Y. Takyw onepauuio 0603HayaoT
CHMBOJOM A\ HJaH 3HaKoM yMHOXeHHs (-). ®Pynruusa Y,=X1-X2 npunumaer sna-
genue JIOTHUeCKOH 1 TOJBKO IpH paBeHcTBe 1 BCeX BXONHHIX NepeMeHHMX. Ecnn
XOTh OQHa NepeMenHasi paBHa 0, TO H BHIXOZHaf (YHKUHSA paBHa Hymw (Taba. 3).
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Ilpr noOruuecKOM CJAOXEHHH fABa H Oo/iee BHICKa3HBaHHA COELHHSIOT COIO30M
WNJIU. O6o3nayalor STy OMEpamuio CHMBOJIOM \/ HJH 3HaKOM cJoXeHHs ().
Ta6auia MCTHHHOCTH AJs AM3DBIOHKIMH HMeeT TaKoH BHI

Ta6auua 4

X1 X2 | Y=X1+X2
0 0 0
0 1 1
1 0 1
1 1 1
o

BuickasviBanue (X1-4-X2) HCTHHHO, ec/lH HCTHHHO XOTb OXHO H3 BBICKa3bBIBaHHH,
BXOASALIMX B ee COCTaB.

Ilpun noruyeckoM otpuuaHuu (¢yHkuus HE) 3sHadeHHe  BBIXOZHQH (YHKuHH
NPOTHBOMOJOXKHO BXOAHOH mnepeMeHHOi (Taba. 5). Ity onepaunio o6osHayarT X
(unraerca <HE X»).

Ta6auumab

X Y=X
0 1
1 0

KonbioHKuHe#l, AH3BIOHKUME! H WHBepcHefi  MOXKHO BHIPa3uTh JO6HE JApyrye
6osiee CJIOXKHbIE ONepamMH Haj BhICKasnBaHHAMH. IloatoMy cucreMa ¢yuxuuit Y=
=X1-X2, Y2=X14X2 u Y3=X obnagaer GYHKIMOHANLHOR NOMHOTOM.

B kauecTBe mpuMepa PacCMOTPHM HeCKOJBKO (YHKUHH, peaJH3yeMHX C [MO-
MOIUbI0 3JIEMEHTOB BHIYHC/IHTENbHON TEXHUKH. PaBHO3HAYHOCThIO (HJM SKBHBaJEH-
mueil) HaswBawT ¢yHkuuio Y aByx aprymentoB X1 H X2, Koropas NpHHHMaeT
sHavenne Y=1 npu X1=X2=1 wuau npu X1=X2=0. Ilpn pasnuyHbiXx 3HAUEHHSX
aprymentoB X15£X2 3Hauenue ¢yHkuun Y=0. MoxHO noKasaTb, 4T0 GYHKUHA
Y umeer Bugx Y=X1-X24X1-X2, uro noxTBepiKiaeTcs NOACTAHOBKON B BHIpaxe-
HHE COOTBETCTBYIOUIMX 3HAYEHHH apryMeHTOB.

HepaBHO3HauyYHOCTbhio HaswBaloT ¢yHKudio Y aByX aprymentoB X1 u
X2, npunumalomyio 3Hauenue 1 npu X15£X2, u 3navenne O mpu X1=X2=0 namn
npu X1=X2=1. B arom cayyae 6yaem uMeThb Y=YI~X§+X1~Y2.

Omnepauuio HepaBHO3HAYHOCTH Yallle Ha3hIBAIOT CYMMHDOBaHHEM NO MOAYM0 2
1 ob6osHayalor Y=X1@X2. CymecrByloT Takke ¢GYHKIHOHAJbHO IOJHBIE CHCTEMBI,
COCTOAUIYE JHIb H3 OXHOH ¢yHKuMH. K HHM, B 4YaCTHOCTH, OTHOCATCA (YHKIHH
M—HE (Y=X1-X2) u WJIH—HE (Y=XI1+4X2), mupoko Hcnojpb3yeMnle NpH MO-
xeanpoBaHud uHQpoOBHIX ycTpoiictB. IIpuBemeM  Tabauuy HCTHHHOCTH (YHKIHA
N—HE u WJIN—HE 1Byx nepeMenusix X1 u X2.
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Ta6auna 6

X1 X2 | Y=XI-X2|Y2=X1+X2
0 0 1 1
0 1 1 0
1 0 1 0
1 1 0 0

Anre6pa JOMIKH TO3BOJIAET NpPeo6pasoBaTh  (GOPMYJB, ONHCHBAIOUIHE CJIOXK-
Hble BBICKA3BIBAHHMSA, C MEJIbI0 HX YNPOIIEHHSA. IDTO TOMOraeT B KOHEYHOM HTOTe
OnpeAesaTh ONTHMAJbHYIO CTPYKTYPY TOrO HJH HHOro UH(ppOBOro aBToMaTa, peasiu-
syiomero Jiobyio CI0XKHYI0 (yHknuio. Ilox ontumasbHOM CTPYKTYpOM mpHHATO WO-
HUMATh TaKoe MOCTPOeHHe aBTOMara, HPH KOTOPOM WHCJIO BXOLSLIUX B €r0 COCTaB
SJIBMEHTOB MHHHMAaJILHO.

OBUIAST XAPAKTEPUCTHKA LLH®POBbIX MUKPOCXEM

Ilu¢dposre MHKPOCXeMH mNpeiHa3HauyeHH M/ OGPaGOTKH, NpeobpasoBaHus
H XpaHeHus uudposofi undopmanun. BemyckaloTcs oHH cepuaMH. BHyTpH Kaxao#
cepHH HMeloTcs OObelHHeHHHe N0 (YHKUHOHAJbHOMY TpPH3HAKY TIPYIME YCTPOHCTB:
JIOPHYeCKHe 3JIeMEHTH,  TpHrrepn (aBTOMaTH € NaMATbIO), CYETYUKH, BJIEMEHTH
apHpMeTHUeCKHX  YCTPOHCTB (BHIMOJIHAIOIIME pa3/IHYHBIE MaTEeMaTHYeCKHe olepa-
aud) ¥ T. A. Yem mmpe QyHKUHOHAJBLHHA COCTaB CEePHH, TeM GOJLUIEMH BO3MOXK-
HOCTSAIMH MoOXeT o6JajaTb U#(PPOBOA aBTOMAT, BHINOJHEHHHIA Ha 6Gase MHKpOCXeM
JIaHHOH CepHH. MuKpocxembl, BXOASIIHEe B COCTaB KaXKJAOH CepuH, HMeIOT eNHHOe
KOHCTPYKTHBHO-TE€XHOJIOTHYECKOe MHCIIOJIHeHHe, eIHHOe HaNpsKeHHe NHTAHUs, OAMHA-
KOBble YDOBHH CHrHaJoB Jorhyeckoro O H Jjoruyeckoii 1. Bce 3ato xenaer Mukpo-
CXeMbl ONHOA CepHH COBMECTHMBIMH.

OcHOBOH KaxJ0H cepun UHPPOBBIX MUKPOCXeM siBJseTcss Ga30BHI JIOMHUECKHH
sneMeHT. Kax npaBujo, 6a3oBhle JIOTHYECKHE  3JIEMEHTH  BHHIOJHSIOT OllepalHH
HU—HE au6o UWJIM—HE 1 no npHHuuny nocTpOeHHs HXeNATCA HA cjaelyiol[He oOC-
HOBHbIe THNH [27]: 3neMeHTH ‘AHOAHO-TPaH3HcTopHOfi Joruxku (IATJI), pesncrusHO-
tTpaHaucroprofi Joruku (PTJI), TpaH3ucropHo-TpaH3ucropHoi Jjoruku (TTJI), amur-
TepHO-CBA3aHHON TpaH3ucropHoit JorHkn (DCTJI), MHKpocxeMH Ha TaK Ha3hBae-
Mbix kKommiementapHhx MJIT crpykrypax (KMAOII). daementst KMIIT nudpo-
BHX MHKpPocxeM HcnoJbayior mapu MJII-rpanaucropoB (co cTpykrypoit Merana—
AU3JEKTPUK — NOJYNPOBOAHHK) — € KaHantamMu p- ¥ n-vunos [24]. Basosne aJe-
MEHTHl OCTaJbHBHIX THIOB BHINOJIHEHBl Ha OHMOJISADHBIX TPAH3HCTODPAX.

B pamuomoOGHTeJbCKOM NpaKTHKe  HaHGoJbllee  PacnpoOCTpaHeHHe TOJYYHJH
mukpocxemnl TTJI cepun K155 u KMIII (cepuit K176 u K561). Ha puc. 6 moka-
sana cxema 6asosoro Joruueckoro 3sjementa HM—HE TTJI. Ha Bxoxe sJieMeinra
BKJIIOYEH MHONOSMHTTepHHIT Tpansuctop VTI1. Ecim Ha Bce ero 3MuTTEpPH TOAaTh
HaNpsIXKeHHsi BHICOKOTO YDOBHS, TO 3SMHTTEPHBI Nepexoi TPaH3HCTOPa OKaXeTcs
3akpHTHIM. Ilpu 3TOM TOK, mNpoTekalomHii yepes peauctop Rl H KOWIEKTOPHBIA
nepexoa TpaHaucropa VTI, orkpoer tpansucrop VT2. ITajenHe HampsxeHHS Ha pe-
sucrope R3 Gyner AocTaTouHHM IJs OTKpHIBaHUsA TpaH3ucropa VT5. Hanpsxenue
Ha KoJuiekTope TpaHsucropa VT2 rakoBo, uTo TpaHsucrop VT3 3axkphT, coorser-
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CTBEHHO 3aKpWT u TpaHaucTop VT4. B pesyipraTe #Ha BHXOJe 3/ieMeHTa MOABHTCH
HanpsKeHHe HH3KOrO YPOBHA, cooTBercTByloliee jorHdeckoMy 0. Ecam ke xorth Ha
OLHH M3 BXOJOB 3JeMeHTa MOAaTh HaNpsAXKeHHe HH3KOrO YPOBHH, TO 3SMHTTEPHHA
nepexon tpaHsucropa VTl oTkpoercs, a TparsucTopel VI2 nm VTS5 6yayT 3aKphiThi.
Tpansucrop VT3 OTKpoercs 3a CyYeT TOKa, NPOTEKalollero depes pe3ncrop R2, #

Bofijer B PpexuM HaceiweHHa. Coor-

*our BETCTBEHHO OTKpoercss TpaHaHctop VT4,
i [T]M M Ha BEIXOJe OSJEeMeHTa IOSBHTCA Ha-
npsAXKeHHe BLICOKOTO  yPOBHS, COOTBETCT-
vrs sylolee Jorhdeckoii 1. CuemosarennHo,
ol PacCMOTPEHHHIR 3JIEMEHT BHIIONHAET (yHK-
K% umo H—HE.
+— B cocras mukpocxem cepuit TTJI Bxo-
——Crrs IHT TakKXe JorHYeckuit anemenr H—HE
] 6e3 KOJMMeKTOPHOA HATPY3KH B BHIXOLHOM
[J” e KacKage. 3TO TaK HasblBaeMbIl 3JeMeHT
pe H—HE c oTekpuTEM  kosnektopoM. On

npefHa3HaueH JAJs PaboTbl Ha BHELIHIOWD
Puc. 6. Cxema Ga3oBoro 3jemexra -
H — HE TpaH3ucTOpHO-TpaHsucTopuoit ~ HAPPY3Ky, B  Ka4ecTBe KOTODOH MOIyT
aoruku 6LITb  HCIIOJb30BaHH  3JEKTPOMArHHTHHE
pesie, HHAHKATOpHHIE NPHGOPH H T. A.
Hanomuum, yro crpykrypa KMJIII sBisieTcs niealbHEIM Iepek/iouaTeseM Ha-
npsixkenus. Takofi nepek/oyatenp colep:KuT asa MJIT TpaHsHCTOpPa ¢ KaHajaMh
p- ¥ n-tunos. Ilpn nomade Ha BXO4 NepekJloyaTe/Ns HaNPsKEHHSA BHICOKOTO YPOBHS
OTKDHBaeTCH IN-KaHaJbHBI/i TPAaH3HCTOP M 3aKpbiBaeTcd p-KaHajbHui. Ha puc. 7
n3o6paxkeHnl cxeMnl 6GaszoBmix aneMeHtoB U—HE (a) u UJIM—HE (6) mukpocxem
KMIII. HanpsixkeHne HH3KOro ypoBHs (joruyeckuii 0) Oynmer Ha BbiXOAe 3J€MEHTa
HU—HE ToabKo npH OAHOBPEMeHHOH Noaaye HANPAXKEHHH BHICOKOrO YPOBHA (/IOTH-
yecknx 1) na Bce Bxoan X1—X3. Ecan HanpsxeHue xoTd GH Ha OJHOM H3 BXO-
noB (uanpumep, X1) OGymer HH3KOrO YPOBHS, TO 3aKpeTcs N-KaHaJbHBIA TPaH3HC-
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18

A
S
«

S
~\

C O L

N
o



Top VT6, m orkpoercs p-kaHaJbHHIil TpaHsHcTop VT, uepes KaHal KOTOPOro BH-
XOf 5JeMeHTa MOAKJIIOYaeTcs K HCTOYHHKY muranus, TaxuM o6pasoM, Ha BHXoJE
OyAer HaTpsXKeHHe BHICOKOTO YDOBHS, COOTBETCTBYIOINee JOruyeckol 1.

Has peanusanuu GazoBoro Jjoruyeckoro 3ajemerra HMJIU—HE na KMION
CTPYKTYPax YHacTKH CXeMEHl, COAepXKalllie MOCIeA0BATENbHO H MapaesNsHO BRJIO-
YeHHbIe TPaH3HCTOPH, CAeAyeT NMOMEHATb MecTaMH (pue. 7,6).

Ipexkne ueM nepefiTH K AeTalbHOMY PpacCMOTpeHHo HauGoJiee pacnpocTpaHeH-
HBIX CepHii MHKpocxeM M uHGpPOBBIX YCTPOHCTB Ha HX 6Gase, OCTAHOBHMCH Ha OC-
HOBHHEIX flapaMeTpax JOrHYeoKHX sJjeMeHTOB. K HHM OTHOCATCH HampsixkeHHe HCTOU-
HHKa NHTaHHS, YPOBHH HampsXeHHi Jjorhyeckoro 0 ® JjorHuecKoit 1, Happysounas
CI0CO6HOCTb, NMOMEXOYCTOHUHBOCTh M OHICTpOAEHCTBHE, NOTpebaseMas MOIIHOCTD.

Muxkpocxemu TTJI paccuuTanbl Ha HaNpsKeHHe HCTOUHHKA nutaHua 5 B4=10%.
Bomswas wacte muxkpocxem Ha KMIIT cTpyktypax ycroiuuBo pa6oTaeT mnpH Ha-
npsiKeHHH THTaHus 3—15 B, HekoTopne — npu HampsxeHudn 9 B+4-10%. Yposuu
Joruyeckux 0 H 1 NOJKHBL OTJIHYATBCH BO3MOXKHO GoJbuie. Pasnnuaior noporosoe
uanpsixkenue Jnoruyeckoii 1 Ulgop — HauMenbllee HaNpsiXKeHHE BHICOKOIO YDPOBHS
Ha BXOJe MHKDOCXeMbl, IIpH KOTOPOM HanpsiXKeHHe Ha BBIXOJe H3MEHSeTcs OT YpOB-
Hs jgoruyeckoro 0 Jo ypoBHs JIOTHUeCKOH 1, a Takxke NOPOroBoe HanpsixKeHHEe JIOTH-
geckoro 0 Ulzop — HauGoJblllee HaNPsKEHHe HH3KOrO YPOBHS Ha BXoJe MHKpO-
CXeMbl, HPDH KOTODOM HanpsixKeHHe Ha BBIXOJE H3MEHSETCS OT YPOBHS JIOIHYeCKoh |
A0 ypoBHs Joruuyeckoro 0.

HOns muxpocxem TTJI cepuit Ulnop=2,4 B; Ul,p=0,4 B.

HanpsixeHde HH3KOPO M BHCOKOrO ypoBHeit Ha BeIxofie MHKpocxem TTJI
Ulaux>/2,4 B; Uonux<0,4 B.

Ina mukpocxem Ha KMIIT crpykrypax  Ulnop>0,7Unar; UPnop<0,3Unur.
B To Xe BpeMs OTKJOHEHHs BHIXOKHHX HamMpsKeHHA Ulsux ¥ U'swx OT Hynesoro
BHAYEHHS M HANpPAMKEHHS HCTOYHHKAZ NHTAaHHA  COOTBETCTBEHHO JOCTHIAIOT BCEro
HECKOJIbKHX JeCATKOB MHJJIHBOJBT.

Cnoco6HOCTh 3JieMeHTa paGoraTh Ha OfpefesfeHHOe YHCJIO BXOLOB APYTHX 3Je-
MeHTOB Ge3 AOMOJHHUTENbHBIX YCTPONCTB COIJIaCOBaHHS XapaKTePH3yercs Harpysou-
HOHl CIocOGHOCTBIO. UeM Bhillle HAarpy3ouHasi cnocOGHOCTb, TeM MeHbllee YHCIO 9Je-
MEHTOB MOXET HNOHaZOOHTbCA NPH peaiusaunu uHdposoro ycrpoficrsa. Oanako npu
fI0BLIIIEHWH ‘HATPY30YHOM CHOCOGHOCTH JAPYrHe NMapaMeTpPel MHKDOCXeM YyXyAINalOTCS:
CHUXKAIOTCA OLICTPONEHCTBHE H MOMEXOYCTONUMBOCTb,  BO3pacTaer  mnorpebaseMas
MOIIHOCTb. B CBA3H C 3THM B COCTaBe pPa3JMYHBIX CEPHA MHKPOCXeM eCTh TaK Ha-
3suiBaeMble GydepHbie 3JeMEHTH C HarpysouHoif CNOCOGHOCTbIO, B HECKOJNBKO pa3
Gonbllell, 4eM y OCHOBHBHIX 3JeMeHTOB. KosMuecTBeHHO HarpysouHasi CHoCOGHOCTb
OLEHHBAeTCA 9YHCJAOM EeNMHHYHHX HArpy3oK, KOTOphble MOXHO OLHOBDPEMEHHO TMOA-
KMIOUHTh K BHIXOJY MUKDOCXeMH. B CBOW oOuepenp eIHMHHYHOH HArpysKoil sBisieTcs
BX0J OCHOBHOrO JIOTHYECKOro 3JjeMeHTa pnaHHOfl cepud. Kosdouurent passBerBieHHS
0 BHIXONY AMA GOJBIUIMHCTBA JODHYecKHx sieMentoB cepuit TTJI cecrasaser 10,
a aas muxpocxeM cepuit KMIIT — xo 100.

[TomexoycTofuuBocTh 6a30BHX JIOTMYECKHX 3JIEMEHTOB OLEHHBAIOT B CTaTHYe-
CKOM H JHMHaMHuecKoM pexumax. [Ipm sroM  craTuyeckas MOMeXOYCTOHYHBOCTD
onpelressieTcl YPOBHEM HaNPSIXKEHHs, NMOJABAEMOr0 Ha BXOJ 3/eMeHTa OTHOCHTEJBbHO
yposHeit Jorugeckux 0 # |, MpH KOTOPOM COCTOSHME Ha BHXOAE CXeMbl He H3Me-
asercsa. Has snemenros TTJI cratHyeckash NMOMeXOyCTOHYMBOCTb COCTaBJ/ISIET He Me-
#ee 0,4 B, a nns muxpocxem cepuit KMIIT ne menee 30% wuanpsikeHds ODHTaHUA.
JInHaMHuecKass NOMEXOYCTOHUHBOCTb  32BHCHT OT (ODMbHl M aMIIHTYAB  CHIHana
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MOMEeXH, a TaKxXe OT CKOPOCTH IepeKJIOYeHHs! JIOTHIecKOro 3JeMeHTa H €ero CTaTH-
YecKo#i MoMexXoyCTOHYHBOCTH.

JunamMuueckne napaMeTpnl 6a30BHIX 3JOMEHTOB OLIEHHBAIOT, B NEPBYIO Ouepelb,
GuictponefictBueM. KoauuecTBeHHO GHICTPOAEHCTBHE MOMHO XapaKTepH3oBATh IIpe-
AenpHOH paGouedl 4acTOTOH, T. € MaKCHMaJbHOH YacTOTOM IEPeK/NIOUEHHs TPHITepa,
BHUIONHEHHOr0 Ha 3THX 6a30BLHIX aneMeHTax. IlpemenpHas pabouass yacrora MUKPO-
cxem TTJI cepun K155 cocraBaser 10 MIu, a muxpocxem cepuii K176 n K561 ua
KMIIT crpykrypax — Jumb 1| MIm. BrictpoaeficTBHe ompelensiercs Tax ke, Kak
cpefiHee BpeMs 3aJepXKKH DPacIpOCTPaHEeHHs CHTHaJja

tan.p.cp=0:5(tl’osn.p+t°’lan.p),
rae 9 p u {033 p — BpeMeHa 3aJepXKKH DaclpOCTPaHEHHs CHrHaja NPH BKJIO-
YeHHH H BLIKJIOYeHHH (pHc. 8).

CpenHee BpeMmsi 3aJepKKH DacnpOCTPaHEeHHs CHrHaJja sBJsieTcsi Gojlee YHHBEp-
caJbHBEIM IapaMeTpOM MHKDOCXeM, TaK KakK, 3Has €ro, MOXHO pAacCYHTaTb OLICTPO-
BefictBHe JMIOGOH CNOXKHOA JIOTHYECKOH CXeMB CYMMHDOBaHHEM fsn.p.cp HJS BCEX
flocNe0BaTeJbHO BKJIOUEHHBIX MHKpocxeM. [as Mukpocxem cepun K155 f3n.pcp
cocrasiser okono 20 He, a ansa muxpocxem cepud K176 — 200 uc.

ITorpe6asieMass MHKPOCXeMOH MOLIHOCTb B CTAaTHYECKOM pEXHMe OKa3bIBAeTCH
pa3nHyHO# NpPH YPOBHsIX JorHueckoro Hynas (P°) u Jiorueckoil eIMHHIB Ha BHIXO-
Ze (P'). B cBsi3H ¢ 3THM H3MEpAIOT CPEAHIOI0 MOIIHOCT norpebieHnss Pep=
== (P%4-P!')/2, Cratuueckass CcpefHsis MOLIHOCTb NOTPebJeHHs Ga30BBIX 3JEMEHTOB

cepun K155 cocraBiisieT HeCKOJNBKO IeCSATKOB

MHJIMBATT, a y aJeMeHToB cepuii K176 n

0 55 K561 ona 6onee ueM B ThHiCAYY Pa3 MeHbIUe.

*T—‘ ' CrepoBaTenbHO, IPH HEOGXOMHMOCTH MOCTpOe-

/. HHA LHOPOBBIX YCTPOHCTB ¢ MasJwM InoTpeb-
JeHHeM uenecoo6pasHo HCIOJNb30BATh MHKPOs
cxempt Ha KMJII crpykrypax. Oxeako cue-
1yeT YYHTHIBaTb, YTO IpH paboTe B IHHAMH-
YeCKOM pexuMe  MOLIHOCTb, MHoTpebiasieMas
JOPHYECKAMH  3JeMeHTaMH, Bo3pacraer. [lo-

Puc. 8.  BpemenHwie  aMarpamMMbl  3TOMy NOMHMO Pcp 3ajaercs TaKxke MOIL-

CHTHaJNOB Ha BXoae H BbiXxode Jn0-

THYECKOTO 3JeMeHTa HOCThb P;um, H3MepsieMas Ha MaKcHMaJabHOR

qyacrore mnepekaouennii. Heob6xomumo umersb
B BHAY, YTO C MNOBbIIIeHHeM G6HICTPOLEHCTBHA  MOIUHOCTb, NOTpebiseMas MHKpO-
CXeMO#i, YBeJHURBaeTcs.

BaxHeillinM TOKasaTeneM MHKpOCXeM fBJseTcs HajAexXHOcTb. Ee XapakTeph-
3YIOT HHTEHCHBHOCTbIO YAaCTOTH OTKa30B. CpelHsss HHTEHCHBHOCTb OTKa30B MHKpO-
cXeM CO CpPeJHHM YpOBHeM HHTerpauuwu cocraBaser A=1-10-7 1/4. Hagnexnoctsb
uMGPOBHIX YCTPOACTB Ha MHMKPOCXeMaX 3HAuHTeJbHO NpPeBHIIAeT HaJAeXHOCTh aHa-
JIOTHYHBIX YCTPOHCTB HAa AHCKPETHHIX 3JIeMEHTaX.

TN

JIOTHYECKHE 3JIEMEHTDI

JlornuecKHni#i aneMeHT — 3TO 3JeKTPOHHOE YCTPOACTBO, peasH3yIo-
ulee OAHY H3 Jordueckux OyHkuuil. B cocraB paccMarpuBaeMbIX CepHii MHKpO-
cxeM BXOAHT G6OJbllloe YHCIO JOrHYECKHX 3JeMeHTOB. Ha npuHuunHaibHOH cxeMe
JIOrHYECKHl SJIEMEHT H306paxaloT NPSAMOYroJLHHKOM, BHYTPH  KOTOPOro CTaBUTCA
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n3o6paxenne ykasatens O(ysxomH. JIMHHE ¢ JeBOH CTOPOHBI NPSMOYrOJbLHHKA IO~
Ka3blBalOT BXOJH, € NPaBoH — BHIXOAW 3JaeMeHTa. Ha puc. 9 H3o6paxkeHH 0OCHOB-
Hble JIOTHYECKHE 3JIEMEeHTH, HCNOJb3yeMbe B UM(POBHIX yCTPOHCTBAX:

aneMment M (konnbionkrop &) Y=X1-X2 (a);

anement MJIM (musbionkrop 1) Y=X1+X2 (6);

snementr HE (unBeprop 1) Y=X (8).

X1 X7
y 7 ¥ x| 7] r
xz ¥z ?
a) J) )
X7 X7 »7
¥ ¢ Lr Ty
rz a2 | xz
2) d) e)
X7 X7 X
77 1% 7 Zz1% 7 1y
el A
X4 X4
u)
M) 3)

Puc. 9. Tpadmuyeckne 0G6GO3IHAYEHHA  JIOTHYECKHX  INEMEHTOB

TToMHMO YKa3aHHHX CYIIECTBYET MHOXECTBO JIOTHYECKHX 3/€MEHTOB, BbIlOJ-
HAOLUX 6GoJiee CJOXHBIe JOTHYECKHe Npeo6pasoBaHus. DTH NpeoGPa3oBaHHA ABJs-
10Tcsl KOMOGHHAmMsMH TNPOCTEMIMX JOrHYeCKHX onepauuit. K uHcay Takux saeMeH-
TOB OTHOCSATCS:

anemeHT U — HE Y=XI1-X2 (puc. 9,2), Koropblil AJf eIMHHYHBIX CHTHAJIOB
skBuBasenren anementry HE—WJIM (oM. puc. 9,0) 1715 CHrHaJIOB HYJAeBOro YDOBHS;

anemenr HJIU — HE Y=XI14X2 (puc. 9,¢);

anemerTr U — UJIH Y=m+m (puc. 9,9¢). Ha BuixoZe 3roro sJe-
Meita Y=1, ecan X1=X2=1 unu X3=X4=1; Bo BCex OCTAJbHBHIX C.IVHaAX
Y=0.

anemenr W — HJIH — HE Y=X1-X24+X3-X4 (puc. 9,3). Ha Buxoae 3storo
asementa Y=0 npu XI1=X2=1 uan X3=X4=1. Bo Bcex ocraipHuX CIyuasx
Y=I.

Tabanua 7

X1 X2 Y
0 0 0
0 1 1
1 0 1
1 1 0

.Ha puc. 9,4 mokasamo rpadHuecKoe H3o6paxeHne cymMMaropa no Moaymio 2

(Y=)TIX2+X15(_2), JeficTBHe KoToporo orobpaxaer Tabu. 7.
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Puc. 10. CxeMa CYMMATopa No MOAYAW 2:
a — Ha snementax U, WJIH, HE; 6 — Ha sjieMeHTax U—HUJIHU, HE
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CymMMaTop MO MOAYJI0 2 MOXKHO BHINOJHATh Ha JIOTHYECKHX 3jeMeHtax U,
WJIH, HE (puc. 10,a). Hcnonsays cxemy M —HNJIM u nBa uHBepropa, CyMMaTop
M0 MOAYJI0 2 MOXHO peasu30BaTh C MEHBUIHMH ailmapaTypHHIMH 3aTpaTaMu
(puc. 10,6).

Yncso BXOZOB B JIOTHUECKHX 3JIEMEHTaX Pa3JIHYHOrO Ha3HaYeHHsT MOXKET GOHIThb
PasHHM, HO BXOAH KaXIOro 3jIeMeHTa paBHO3HauHH. HeKoTophe #“3 HHX MOryT
npH pa6oTe B KOHKDETHHIX YCTPONHCTBaX He HCIOJAb30BaThcs. Heucmosab3yemule BXo-
in B cxemax U, U— HE coepunsior ¢ +Unur, 2 B cxemax HWJIH, HUJIU — HE,
CJI0XKEHHA N0 MOoAYyJdIo 2 — c Oo6LIMM NPOBOJLOM.

KIS57A1 K176/148 KIZ5043 KIS5AATT
K755 A6 KIS57A7 K567/748 KIS50A2 KISSIATZ KISSTIAIS K155 748
2 7 /| & 3
I 4 2
4 J
hd = 4
_5] < Lo = & s
g G -
70 7 EANr
77 7Z 70 -
72
72 &
73 7
K176 147 KI5574% K176 7149
K561747 KISSIA10 H56T/IA9 KISSTHT KI55THS
7 s ] 7
A I A 2
2
hd Y
— &
5 — 72
-] 70
I & 73
70 16
2] 8
F—
NI76NES K17677E8
K5671E5 NIS5PEZ KEE61IEE
7 20] 7
J .
G '
3 Lz
'+
4 i
]
, 1
g
—

Puc. 11. Tpaduueckne o00603HAYeHHs JOTHYECKMX 3JeMeHTOB cepuihi K155, K176, K561
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Mukpocxemnt cepuit KMIII 3naunrtenpHo skoHomuuHefi muxpocxeM TTJI. Ilo-
9TOMY, eclH HeOO6XOAMMO ofecneudTh MHHHMAaJbHOe NOTpe6GneHHe ycrpoficTBa, mpH-
venene KMJIIT MukpocxeM siBIsieTcss NMPeANOYTHTENbHHIM. B TO ke BpeMsi GricTpo-
neficreue TTJI MHKpOcXeM CYINeCTBEHHO Bbimle, YeM GHCTPOAEHCTBHE MHKPOCXEM Ha
crpyktypax KMIII. TlosroMy B 6a0kax, e BpeMsi 06paGOTKM WHGDOPMAmUU
HOJUKHO OHITP MHUHHMAJbHHEIM, HJAH pPaGoOTalOIIMX C CHrHaJaMH BBHICOKHX 4acTor,
HMYXKHO NpuMeHars MHKpocxemn TTJI. [asi  corsacoBaHHs JIOTHYECKHX YpOBHeil
mukpocxem KMJIIT u TTJI Hchmonp3yloTcsi corsacyioliHe — 3JeMeHTH:  HEHHBEPTH-
pyoire (npeoGpasosatenn yposHs K5611T1Y4) u mHBepTHpYylouMe ychautesnn (mpe-
o6pasoBatenu ypoBHs K561JIH2). DTu XKe 31eMeHTH HUCTMOJb3YIOTCH B KauecTBe
OydepHHX YCHJIHTeNeH NpH paboTe Ha HArpysky ¢ OOJBILION BXORHOH €MKOCTbIO,
B YAaCTHOCTH NpH paboTe Ha AJIMHHbIE JHHHH, Tle 3HAUHTEJbHAsi BXOJAHAST E€MKOCTb
HArpy3KH {IPHBOJHMT K YBeJHUEHHIO BDEMEHH ee Nepe3apsiIKH H, CJAeJOBATEJbHO, K
YXYALIEHHI0O GHICTPOJEHCTBHA YCTpoiicTBa B uesnoM. Homosb3oBankie TakHX YCHIUTe-
Jefi 103BOJIIET YCKODEHHO Ilepe3apsikaThb €MKOCTH 3a cueT GOJBIIHX BHIXOIHBIX
TOKOB MHKpocxeM. Ha puc. 11 mokasaHbl ycJIOBHBIe OGO3Ha4eHHSI H LOKOJIEBKa JO-
THYECKHX M corJjacymoumux ajemenroB cepuit K155, K176 u K561.

TPUTTEPbl U UX XAPAKTEPUCTHKMU

TpocreffiuiMy UHGPOBLIME aBTOMAaTaMH C NaMSATbIO SBJAIOTCSH TPUITEPHL.
Tpurrep — 3TO YCTPOHCTBO MOCJAENOBATENIBHOrO THNA ¢ ABYMs YCTOMHYHBHI-
MH COCTOSHHSIMH DaBHOBECHs, NpeiHa3HaueHHOe MJIsl 3aMHCH WM XPaHEHHsT HHGDOD-
manud. Tlox ZHeficTBMeM BXOMHBIX CHCHAJOB  TPHITED MOXKET IMepeKJaIodaThes H3
OJHOrO YCTOHYHBOrO cocTOsiHHsi B apyroe. Ilpu 3TOM HampsixKeHMe Ha ero BhIXOJe
CKauK006pasHO H3MeHseTcs.

Kak mpaBusio, Tpurrep HMeeT [ABa BHIXOAA: NPsAIMOA M HHBepcHHl. YUuciao Bxo-
JOB 3aBHCHT OT CTPYKTYPH H OGYHKUHil, BuiONHsieMbix TpurrepoM. Ilo cmocoGy
samucy HHGQOpPMaUHH TPUITEPhl JAeNAT Ha ACHHXDOHHBIE H CHHXPOHH3HpyeMbie (Tak-
THpYeMHeE). B acHHXDOHHBIX TPHIrrepax HHPOPMAaIHs MOKET 3allHChIBAaTbhCS Hempe-
PHIBHO H ollpelensieTcss HHPOPMAUHOHHBIMH CHDHAJaMM, NEHCTBYIOLIMMH Ha BXoxax
B8 JNaHHHIA MoMeHT BpeMeHH. Ecin uHOOpDMauHs 3aHOCHTCS B TPHUITEP TOJBKO B
MOMEHT AEHCTBHS TaK Ha3plBaeMOro CHHXPOHH3HDYIOLEro CHrHaja, TO TaKOH TpHr-
rep HA3HBAIOT CHHXDOHH3UDYEMBIM HJM TaKTHpyeMBIM. IloMHMo WHQOpPMaUHMOHHBIX
BXOJOB CHHXDOHH3UDYIOIHe TDHITEDH HMEIOT TAKTOBHIH BXOJ '(BXOA CHHXPOHH3a-
uun). B uu¢ppoBoii TexHHKe NPHHATH clepyiollHe 0603HAaYeHUs BXONOB TPUITEPOB:

S — pa3penbHBI BXOA YCTAHOBKM B eAHHHYHOE COCTOsIHHE (Halpsi)KeHHe BBICO-
KOro YpOBHSI Ha NpSAMOM BeixoZe Q);

R — pasgenbHH BXOJ YCTaHOBKH B HYJEBO€ COCTOsiHMe (HaMpsXKeHHe HH3KO-
ro YpOBHS Ha HpAMOM BhixoZe Q);

D — undopManuoHHBi BXxOX (Ha Hero mojaercsi HHGOpManus, NpeXHa3HayeHHas
JUISl 3aHEeCeHHs1 B TpPHUITep);

C — BXOX CHHXPOHHM3AIIHH;

T — cueTHHH BXO1.

Hau6osbliee pacnpocTpaHeHHe B HHGPOBHX YCTpoiicTBax moayuuaH RS-tpur-
cep ¢ ABYMsl YCTAHOBOYHBIMH BXOJAAaMH, TakTHPyeMhii D-Tpurrep u cueTHHit T-Tpur-
rep. PaccMoTpUM (YHKIHOHAJ/IbHbIE BO3MOXHOCTH KaXKJIOr0 H3 HHX.

AcunxpoHHbifi RS-tpurrep. B 3aBHCUMOCTH OT JIOTHYEeCKOH CTPYKTYpHl pasid-
qajor RS-Tpurrepn ¢ NpSIMHEIMH H HHBEDCHBIMH BxojaMH. MIX cXeMbl H yCJIOBHbIE
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06Go3Hayenus npuBeneHn Ha puc. 12, Tpurrepnl Taxkoro THNA NOCTPOEHH HAa ABYX

Jorndeckux anementax: 2WJIM—HE — tpurrep ¢ npsmboiMu Bxomamu (puc. 12,a),
2W—HE — rtpurrep c wunBepcHnMu Bxomamu (puc. 12,6). Bmxom Kaxjaoro u3
LA $
4 q
4
= 1|7 — sl 4
R — = ¥ L4
7 = -
s 4 | 4

a) s)

Puc. 12. CxeMbl H YCJOBHble 0003HaueHus RS-Tpurrepos
3JIeMEHTOB IOJAKJIOYEH K ONHOMY H3 BXOJAOB JAPYroro 3JjeMeHTa, 4TO obecneunBaeTr

TPHUITEPY ABa YCTOHYWBHIX COCTOSHHA. 3I€Ch NPUBeJeHnl TaGaHUB HCTHHHOCTH %
KaXXJIOr0 M3 3THX TPHITEpOB.

Tab6auuma 8 Ta6auma9

S R Qt ot Qt'H '6‘ R Qt Bt QH'l TQH'X
ol 1 0 1 0 1 o] 1 0 1 1 0

1 0 0 1 1 0 1 0 0 1 0 1
0of 0 0 1 0 1 ol O 0 1 * »

1 1 0 1 * * 1 1 0 1 0 1
0 1 1 0 0 1 0 1 1 0 1 0

1 0 1 0 1 0 11 0 1 0 0 1
ol © 1 0 1 0 0] 0 1 0 » *

1 1 1 0 * * 1 1 1 0 0 1

B rtabamiax Q! m Q! o6osuauaioT YPOBHH, KOTOphle GBLIM Ha BHIXOJAAX TPHI-
repa e nogayd Ha ero BXOAbl TaK Ha3blBaeMHIX AKTHBHHIX YpOBHed. AKTHBHHIM
Ha3bIBAlOT JOrHYECKHH YpOBeHb, MEHCTBYIOLUMIA Ha BXOAE JIOTHUECKOro 3JeMeHTa #
ONHO3HaUHO ONpEeAENAIONIHH JOTHIECKHH YpPOBEHb BHIXOJHOrO CHrHaja (He3aBHCHMO
OT JIOTHYECKHX YpOBHel, NefCTBYIOIIHX Ha OCTaJbHHX Bxogax). [as ajaementon
WUJIN — HE 3a akTHBHHEIA ypOBeHb NpPHHHMAIOT BHICOKHII ypOBeHb, a JMJf 3JeMeH-
toB U — HE — uuskuii ypoBeHb. ¥YpOBHH, NI0aya KOTOPHIX Ha ONHH H3 BXOLOB He
NPHBOAHT K H3MEHEHHIO JIOTHYECKOro YpPOBHSI Ha BHIXOfe  9JeMeHTa, HAa3HBAKOT
MaccHBHBIMH. YpoBuu Q!+! n Qi+! 0603HauaOT  JIOPHYECKHe YPOBHH Ha BHIXOAAX
TPHITEpa NoCJe NMOAayd HHGMOPMALUHH HAa ero BXOAHI.

Ias Tpurrepa ¢ npaMbiMH Bxojamu Q!+!=1 mpu S=1 u R=0; Q!*'=0 npu
S=0 u R=1; Q**+'=Q! npu S=0 wu R=0. Tlpg R=S=1 cocrosuue TpHrrepa
Gyner HeonmpedeNeHHHIM, TaK KaK BO BpeMs [AeHCTBHA HHGODMALHOHHBIX CHIHaJOB
JIOTHYECKHe YDOBHH Ha BBIXOJaX TpHITepa OIHHAKOBHI (Qt+1=Qt+1=0), a nocre
OKOHYaHHsI HX [efiCTBHsI TPHITEP MOKeT DaBHOBEPOSITHO MDHHAThL J06oe H3 yCTOH-
yuBHIX cocTosAHHR. [TosTOMy TakKas KOMGHHAUHsA SBJASETCH 3ampelleHHOMH.
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Pexxnm S§=1, R=0 HasHBaleT pexHMOM 3amHch 1 (Tak kak Q!+!'=1); pe-
xum S=0 u R=1 — pexumom samucu 0. Pexum S=0, R=0 Ha3sblBaeTcs pe-
JKHMOM XpaHeHHs MH(ODMAUMH, TaK KaK HHPOpPMauHs Ha BHXOJE OCTAETCA HEH3-
meHHoft. [as Tpurrepa ¢ UHBEPCHHIMH BXOMaMH peXHM 3alHcH JorHueckoft 1 pea-
ausyercs mpu S=0, R=1, pexuM 3allioH JOTHueckoro 0 — npr S=1, R=0.
{Ipu S=R=1 o6ecneunBaercs XpaHeHHe uHpopmauuu. Kom6uHauus S=R=0 sB-
JIeTCs 3allpelleHHOH.

Cieayer, OEHAaKO, OTMETHTb, ¥TO CaMOCTOSITeNbHO RS-TpHrrepsl B ycTpolicTBax
s(HPpPOBOA TEXHMKH IIPAKTHYECKH He HCNOAb3YIOTCH M3-32 HX HH3KOH NOMexoycTofi-
HHUBOCTH.

Takmupyembii D-tpurrep. OH HmeeT WHPODMAUMOHHHI BHXOA M BXOL CHHXpO-
#usanud. OfHA M3 BO3MOXHHX CTPYKTYPHBIX CXeM OJHOTakKTHOro D-Tpurrepa H ero
yCJIOBHOEe OGO3HaueHHe MOKa3aHW Ha puc. 13. Ecam ypoBeHb curHasia Ha Bxole

z

Puc. 13. Cxema u ycaoBuoe 0GO3HAueHHe TaKTHpyemoro D-TpHr-
repa

C=0, cocrosinMe TPHITEPA YCTOHYHBO H HE 3aBHCHT OT YDOBHS CHTHajJa Ha HH-
dopmauuonnom Bxogxe. Ilpum 3tom Ha BXx01W RS-Tpurrepa ¢ HHBEPCHHMH BXOXaMH
{3neMeHTH 3 M 4) MOCTYNAalOT NMacCHBHbie YPOBHH (§-=R—=l). Ilpu nomaue Ha BXxOA
cunxpoHusanun yposus C='1 mudopManus Ha MNPAMOM BHXOLe OyldeT NOBTODPATH
HHpopManuio, mofaBaeMylo Ha Bxol D. Takum o6pasoM, npn C=0 Q!+'=Q! a
opr C=] Q!+'=D. Tabiuma HCTHHHOCTH TaKTHpyeMoro D-rpurrepa uMeeT BHZA:

Ta6bnanuma 10
) +
© Q Qt+1
0 0 0
0 1 0
1 0 1
1 1 1

3necy Q! 03HauaeT JIOTHYUECKHH YDOBeHb Ha NPSAMOM BHXOAe JO MORKAYH UM-
q1yJbca CHHXpPOHH3auuy, a Q!+' — jorHyeckuil ypoBeHb Ha 3TOM BHXOJ€ TOCHe MHO-
Jlaud HMNYJAbca CHHXPOHHM3AUHH.

Ha puc. 14 u3oGpaxensl BpeMeHHBle JHarpaMmsl  TakTHpyemoro D-Tpurrepa.
B rTakoMm Tpurrepe NODOHCXONMT 3afePKKa CHrHajJa Ha BHXOAe [0 OTHOIIEHHIO K
CHrHany, MOLAHHOMY Ha BXOK, Ha Bpems Nay3W MexAy CHHXpocurHazamu. [las
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yCTOHYHBOM paGoTH TPHrrepa Heo6XOAHMO, uTOGH B TEUEHHE CHHXPOHMIYJbCA HRH-
dbopmanns Ha BXome Obla HEH3MEHHOH.

TakrupyeMele D-TpHrrepm MOryT ObiTh € TOTEHUHAJbHBIM H JAMHAMHYECKHM
ynpaBienHeM. Y INepBHIX H3 HHX HHpODMauHs 3amHCHBaeTCs B TeueHHe BPEMEHH,
npH KOTOPOM ypoBeHb chHrHala C=1. B Tpurrepax ¢ AMHaAMHYECKHM yNpaBleHHEM
HHOpMalHA  3aNHCHIBaeTCA TOJbKO B TeYeHHe (Mepenajga  HanpsiKeHHs Ha
BXOJe CHHXpPOHH3auuH. [IHHaMHueCKHe BXOAW H306paxaloT Ha cXeMax TpeyroJb-
HukoM. Ecau BepmmnHa TpeyroJbHHKa o6pallleHa B CTODOHY MHKPOCXEMH, TO TPHI-
rep «cpa6aThBaeT» NO (HPOHTY BXOLHOrO HMMNYJbCA, €CJHH OT Hee — IO CPe3y HM-
nyasca. B rtakomM Tpurrepe wuHpopMmauHus Ha )
BBHIXOZle MOXeT ObITh 3afiep:KaHa Ha OAMH TaKT 7
N0 OTHOLIEHHIO K BXOXHOA HHGMOPMAIHH. _J |_

Cuernnift T-tpurrep (puc. 15,a). Ero masu-
BalOT TAKXE TPHITEPOM CO CUYETHHIM BXOAOM.
OH uméer onuH ynpasasowuii Bxox T u aBa
Bhixoma Q (3 HUudopmaunss Ha BHIXOZE TAKOrO ” ] [l ] ” ”
TpHrrepa MeHsleT CBOH 3HaK Ha MPOTHBOMOJOXK- -
HBIil TPY KaXIOM MOJOXHTENBHOM (MM @pH 4
KaXAOM OTPHLATeJNbHOM) INepenaje HampsaxKeHHs - 1
Ha Bxome. B cepusax BhHIIyCKaeMhIX MHKPOCXeM | I_
T-tpurrepos, Kak npaBuao, Her. Ho rparrep
TaKoro THma Moxer OHTb co3xaH Ha 6a3e Tak-
THpyeMmoro D-TpHrrepa, eciu  ero  MHBEPCHBIH g::-‘:anlo‘; _Bl’;‘;":‘"""?:m#""g‘;‘;x
BHIXOJ COEAHHHTL C HHGOPMALHOHHBIM BXOJOM repe
(puc. 15,6). Kak BumHO M3  AuarpaMMbl Ha
puc. 15,8, wacrora curHaja Ha Buxole T-TpHrrepa B ABa pa3a HHXKe YaCTOTh
CHrHalla Ha BXOHe, NO3TOMY TAaKOH TPHITEP MOXHO HCNOJb30BaTh KakK HAeJHTeNb
4acTOThl H ABOHYHBIA CUETUHK.

B cepusax BHIycKaeMblX MHKPOCXEM eCTb TaKXe YHuBepcasabHble JK-Tpurrepsl.
[Tpu cooTBeTCTByIOIEM NOIKJIIOUEHHH BXOXHOH JorHku JK-TpHrrep MoXKeT BHINOJ-
HATb (DYHKLHM TpHrrepa JOGOro RPYroro THMA.

¥YcnosHble rpaduueckne OGO3HAUEHHs TPHITEPOB Ha INPHHUHIHAJBHHIX CXeMaX
npuBefeHb Ha pHc. 16.

7| 7
7 { Bxag bl Bsxad
4 . )
Bsrxad
Yem. 0
aj J)

3) ¢

<

Puc. 15. CueTHwbili Tpurrep:
a — ycjoBHOoe 06Go3HauyeHHe; 6 — yCTPOACTBO ¢ HCHOJb3OBaHHeM D-TpHrrepa; 8 — BpeMeHHAs OHa+
rpaMma
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Puc. 16. T'padnueckoe o603HAYEHHE TPHITEPOB

TEHEPATOPbl H ®OPMHUPOBATEJIU UMNIYJILCOB

Ha 6ase soruueckux s/ieMeHTOB UH(GPOBLIX YCTPOHCTB MOryT OHTh CKOH-
©TPYHPOBaHbl Pa3HOOGPa3Hble IeHepATOPHl HMIYJbLCOB. BOT HECKOJIBKO KOHKPETHBIX
HAPHMEpOB.

I'enepatop no cxeMme Ha puc. 17 (ucnosbayiorcsi aneMmentoi 2I—HE ¢ oTkph-
THIM KOJUIEKTOpPOM) BhipabaThiBaeT HMMNYJbChl B UIMPOKOM AHANa3oHe 4YacTOT — OT
©JIMHULL Tepl 10 HECKOJbKHX KHJ/orepu. 3aBUCHMOCTb 4YacToT f (K['L) OT eMKoCcTH
wonnencaropa Cl (n®) BeipaxkaercAa npuGuaukeHHo# ¢opmyJoi f~3-105/Cl. CkBax-
HOCTb HMIYJBCHOrO HAaNpsKeHHsl NPaKTHYeCKH paBHa 2. [IIpH CHHXKeHHH Hanps-
JKeHHsl HCTOYHHKA NHrtaHua Ha 0,5 B uvacrora reHepupyeMblXx HMNYJBCOB YMeHbIla-
erca Ha 209%.

B renepatope mno cxeme Ha pHC. 18 AAHTENBHOCTH HMMIYJLCOB MOXKHO peryJiu-
poOBaTh NepeMeHHBIM peaucropoM R2 (ckBaxHoOCTh U3MeHsercsa or 1,5 mo 3), a uac-
1oty — pesucropom R1 [29]. Hanpumep, B reneparope ¢ Cl1=0,1 Mr®d npu wc-
KaoyeHun pesucropa R2 Toabko pesucropoM R1 uacTory reHepHpyeMblXx HMIYJib-

207 K1I55748 *58

R
7w

B8s/x0d

707.2 7071.3 074

Puc. 17. Teneparep uMnyabcoB Ha mukpocxeme KI155J1A8
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¢cOB MOXHO H3MeHATb OoT 8 xo 125 klm. [na moayuenns Apyroro AuamnasoHa 4acroT
He06X0AUMO U3MEHHTb eMKOCTb KoHJeHcatopa Cl.

IIlupokoe H3MeHeHHe HAaCTOTHI reHePHPYeMBIX UMIYJbCOB (OKoJo 50 ThicAY pas)
ofecneyuBaer ycrpolicrBo, co6panHoe no cxeme Ha puc. 19 [29]. Munumaabnas
4yacToTa HMMNyJabcoB 3Jech okodo 0,25 Tu. danresasHOCTb HMNYJbCOB pPeryJHpyIOT
pesuctopoM R1. HacToTy c/eI0BaHHS MOKHO ONPeAEJHTb MO (opmyJe

f=1/2R1Cl,

rae | — uwacrora, I'u; R1 — conporusaenne, Om; C1 — emxoctb, O.
cr*
{— 207 KI557A43
2071.7 7272 72713
LANFY R7 510 4
2
rZ 570
el

Puc. 18. TeHepaTop HMNYJbCOB ¢ peryaHpyeMoit Aau-
TeABHOCTBIO

TD7 NI767A7

€14, taew
1

2771.7 2017.2 077.5
7 5 8

R7 20m

& s Bsad
s+ 1 "

Puc. 19. TeHepaTop HMNyJALCOB C peryaupyemMoil AJIHTEAbHOCTHIO

[eneparopel HMINYJAbCOB LIMPOKO MCHOJB3YIOT DagHOMIOGHTENH B KOHCTPYHpye-
MbX MMy ycrpoificrBax. Ha puc. 20 n3obpakeHa NpHHIMNHAJNBHAS CXeMa 3BOHKA
¢ npepuBHCTHIM 3ByuarneM [34]. KHonky 3BoHKa BKJIOYAIOT B IeNb NUTAHHA MHK-
pocxeMbl. 3BOHOK COCTOHT H3 JByX MYyJbTHBHGpaTopoB. MyabTuBHGpPaTop Ha 3Je-
medtax DDI1.1 u DDI1.2 reHepupyer UMNyJAbCH 3BYKOBOH YacCTOThI, HCNOJAb3yeMbie
IS ynpaBleHHd BTOPbIM MyJbTHBHOpaTopoM Ha ajemedtax DD1.3 u DD1.4. Dror
MyabTHBHGpaTop paboTaer JHUIb TOrJAa, KOTAAa Ha HHXKHHe (IO cXeMe) BHIBOJLH

JD7 KI55745

* 55
291.7 7712 207.3 7074
4 g 72
& s+, cr $\s & g+, c5 LV
— s 70 =
100 MmN * THKx 6B 7
68
(24 + 4 1l +
7Gomn 68 VT 1mn %68
#7 £z £ w4
70% 70x ™ w

Puc. 20. 3B0OHOK C NMPepbIBUCTHIM 3BYyHaHHEM
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pesdctopos R3 # R4 mocrynaer HanpsxkeHHe HH3Koro YypoBHA. Bpems mayssl ®»
3ByYaHUs, a TaKxKe TOH 3BYKa peryJupyior pesncropamu RI—R4.

[Mpu peanusamuu HUGPOBBIX YCTPOHCTB pasjMYHOrO HA3HAUEHHS YacTO HE06XO-
LHMO chOpPMHpPOBAaTH KOPOTKHe HMNYJbCHl Mo (poHTaM BXOoAHOro curiana. B wacrt-
HOCTH, TaKHe MMIIYJbCH HCHOJAB3YIOT AJs c6poca CUeTYMKOB B KauecTBe UMIYJbCOB
CHHXDOHHM3allHK TNpH 3amucon HHdopMauuu B perucTpsl H T. A. Ha puc. 21 usobpa-
JKEeHbl CXeMa W BpeMeHHBle AuarpaMMbl ¢GopMHpOBaTeNst KOPOTKMX OTPHUATEJNbHHIX

707 K155743

2011 2] , 2223 i
&5 & ls & s &y
Bx0d 2 5 0 75 Bs/x0d
a)

Yx

¢
YBuix

J) t

Puc. 21. dopmupoBaTelb HMNYyJAbCOB NO (POHTY BXOAHOrO CHrHaja

HMIYJbCOB 110 IOJOXKHTENIbHOMY INepenajy Hanpsi:KeHHs Ha ero Bxoxe. IIpu Hame-
HeHun HanpskeHHS Upx OT HH3KOTO YPOBHS IO BBHICOKOTO 3TOT mepenan Ge3 3a-
LePXKH NocTynaer Ha Bxoi 13 anemenra DD14. B To e BpeMs na Bxoze 12
sneMenta DD1.4 HanpsiKeHHe BBHICOKOrO YPOBHSI COXPaHAETCs B TeueHHe BpeMeHH
pacnpocTpaHenns CHrhHaja uepe3 sjements DDI1.1—DD1.3 (okosao 75 Hc). B pe-
3yJbTaTe B TEUEHHe 3TOTO BPEMEHH Ha BBHIXOJE YCTpOficTBa coXpaHsieTCs HampsKe-
HHe HH3KOTO YypOBHs. 3aTeM Ha Bxoge 12 ycraHaBJHBaeTca Halps:KeHHe HH3KOrO
YPOBHA, a Ha BHIXOJe YyCTpofictBa — BHICOKoro. TakuM o6pasoM, dopmupyercs
KOPOTKHMHA OTpDHUATEJNbHHHA HMIYJbC, GPOHT KOTOpPOro coBmagaer ¢ (POHTOM BXOA-
Horo uanpsikenus. Uro6bl Takoe ycTpOHCTBO HCMOJB30BaTh AJs  (GOpMHpOBAaHHSA
OTPHLLATENBHOTO HMINYJbCa MO CPe3y BXOJHONO CHTHAJa, ero HaJo JONOJHHUThH elle
OAHUM HHBepTOpoM (pHC. 22).

Ha puc. 23 wm3oGpaxeHs cXeMa M BpeMeHHAs AuarpamMma paboTH ¢opMHpO-
BaTeJsi MMIYJbCOB MO (PPOHTY 4 CPe3y BXOLHOro OHrHasa. JIAHTENbHOCTh KaXKIOro
copMHPOBAHHOTO HMMYJbCA paBHA

tm=tn2=nt1’osn-p+(n+1)to'lan‘l"
3decb n — dYeTHOoe YHCAO 3JEMEHTOB, y4YacTBYIOIIHX B 3ajepKKe curHaJjos. [IpuH-
uun paGoTH 9Toro GOpMHpOBaTeNs aHAJOrHYeH NPHHNHNY PaGOTH OMHCAHHLIX paHee
¢dopmupoBaTesnelt KOPOTKHX HMIYJbCOB.

Ilupokoe pacnpocTpaHenwe NOJYYHa (GOPMHPOBaTENb KOPOTKHX HMIYJbCOB,
cxeMa M BpDEMEHH4s AuarpamMma paboThl KoToporo H3o6paxkeHs Ha puc. 24. [lpu
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HanpsiXXKeHHH HHU3KOrO YPOBHS Ha BXole ycTpoHicrBa KoHaehcatop Cl sapsxkaercs
qepes pesucropnl R1 u R2. Tlpu stom HampsixkeHHe Ha BHXole YCTPOHCTBA HMeeT
HU3kui ypoBeHb. [Ipu nosiBleHHH Ha BXoxe (OPMHPOBATENs HANPSAKEHHS BBHICOKOIO
yposus konzencatop Cl Haumhaer paspskathca uepes pesucrop R2. Jlo Tex nop,

JDB1,D02 KIS5T45

2717 7r7.2 7013 7074 2.7
Ay K4 72 7
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Puc. 22. ®opMHpoBATEIb WMIIYyAbCOB MO CPe3y BXOAHOrO CHrHajna
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Puc. 23. ®opmHpoBaTeNb UMNYJALCOB NO (PPOHTY H cpe3y BXOAHOrO0 CHrHaja

floka HalpsAXeHHe Ha KOHIeHcaTope He YMEeHBbUIMTCA MO HH3KOTO YPOBH#, Ha 06o0-
HX BXojax snemeHTa DD1.2, a ciemoBaTenbHO, ¥ Ha BbIXOJe (hopMHpOBaTeldsi NpH-
CYTCTBYIOT HANpsXKEHHMs BBICOKMX YypoBHeff. Kak To/NbKO HampsiKeHHe Ha KOHJEH-
catope craHer MeHbilie 0,4 B, ypoBeHb Ha BeIXOZe (OPMHpOBaTesNss H3MeHseTcs
(puc. 24.6). HautenbHOCTh MMINYJbCa NPONOPIHOHAJNbHA MOCTOSIHHOH BpeMeHH paa-
pAAKH KOHfeHcaTopa H paBHa ty=3R2-Cl.
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Puc. 25. dopMHUpOBaTENL HM-
nyJibLCcoB Ha MHKpOCXeMe
K155AT1

VD11

Svrrz

7, 45| QPopMupOBaTENH HMIYJbCOB
HMEIOTC H B COCTaBe MHKPO-
cxem cepun KI155. Tak, MHKpo-

i cxema KI55AT1 npexacrasiser
U co6oit omHoBHGpaTOp <€ TpeMms

BXONaMH, NPSAMBIM H HHBEPCHBHIM

iun z BHIXOJAaMH H BHBOAAMH [Jd

MOJAK/IOUEHHs] BHEUIHHX  BpeMA-

u sapaomux uenet (puc. 25). Oa-

HOBHGDAaTOp MOXKET 3anyCcKaTb-

I) £ A KaK NOJOXUTEIbHHM, TaK H

OTPHLATENbHEIM nepenaaamu

Puc. 24. ®opmupoBaTenh KOPOTKHX HMIyAbCOB BXOLHBIX CHTHAJIOB NPH OMpele-

JIEHHOM HaNpsXKeHHWH, He 3aBH-

CsAllleM OT AJMTEJNbHOCTH BXOI-

HBIX WMNYyJabcoB. Ilepekniouaercsi ONHOBHGPATOP OTpPHLATEJbHRIM IMEpenagoM BXOA-

HOro CHrHaJa, NOJAaHHOrO Ha OJMH M3 BX0J0B A, B TO BpeMsi Kak Ha Bxoa B

N0JaHO HaUpsXKeHHE BHICOKOTO YPOBHA, WJIH TOJOMKHTENLHBIM IepenajoM, MOAAHHBIM

Ha BXoA B, ecau Ha oauom u3 BX0ZoB A Hau Al npucYTCTByeT HampsiKeHHe
HH3KOr0 YpPOBHS.

Tlpn MakCHMaJbHOM CONPOTHBJEHHH pe3HcTopa Ran=40 KOM AJHTEJIBHOCTD
BHIXOAHOIO HMOyJbca He AoJjxkHa npeBwmath 09T, rae T — mnepuox cienoBaHHs
BXOJHHEIX HMMIYJbCOB. JLIHTENbHOCTb BHXOAHOTO HMIYJbCa 3@BUCHT OT CONPOTHBIE-
Ut Rpa=(0--40) ®kOm u C=(0-+1000) MK® u onpenesisercs ¢opMynoh: ta=
=RCIn2. 3xecb R=2K-+Rzu, 2K — CONPOTHBJICHHE BHYTPEHHEIO pe3UCTOpaA.

B cocras cepuu K155 Bxoaur Takxke MukpocxemMa KI155AI'3. B oinom xopmy-
ce B Hell cojepkarca fABa ofAHOBHGpaTopa. BapuHaHTH  NOAK/IIOYEHHS BHEIIHHX
BPEMSA3aaI0lHX SJEMEHTOB ¥ BpPEMEHHAs JHarpamMMa paGoThl OFHOBHGPATOpa HU30-
O6paxenn Ha puc. 26. OpaunoBu6paTOp TaKKe 3amyckaeTcs JHG0 OTPHIATENbHBIM
nepenajoM BXOQHOTO CHTHaJa Ha BXxode A IIpu BHICOKOM YpOBHe Ha Bxolax B u
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Puc. 26. Bapnantn ¢opmMHpoBaTeas MMIYJAbCOB Ha MHKpocxeme KI155AT3

R, 1160 MOJIOXKHTEJbHHM INepellafioM HaNpAXeHHd Ha BXxofe B npH HH3KOM ypOBHe
Ha BXoje A M BHICOKOM YpOBHe Ha Bxofie R. JaMTelbHOCTh HMNyJbca tmy onpe«
JieliseTcss MOCTOSHHON BPeMeHH BpeMs3ajaiollell IeMH, HO MOXeT GHTb yMeHbINeHA
33 CueT MOJauM Ha BXOX R HaNpsKeHHSA HH3KOr0 YpOBHA NpPH twa<tui.

L HPPOBbLIE ABTOMATBHI HA JIOTHYECKHX
3JIEMEHTAX M TPHUTITEPAX

PaccMOTpHM ORHOTaKTHHE aBTOMAaTH Ha JIOTHYECKHX 9JIEMEHTaX, Npef-
HasHaYeHHHe JJifi aHaJH3a HCTHHHOCTH HJH JIOXKHOCTH Da3JHUHHX BhICKa3HBaHHMA.
ANrOpHTM CHHTE3a TAKHX aBTOMAaTOB MOXHO cQOpPMYJHpPOBaTh TaK: Jaercs CJOBeC-
HOe onHcaHHe PaGOTH aBTOMAaTa; aBTOMAT NPEJACTAaBIAIOT B BHJE TaK HA3LBAEMOro
«YepHOr0o SIIHKAa» H YKa3HBAIOT BCE €r0 BXOAH H BHXOMAH; COCTABJAIOT TaGaBLY
HCTHHHOCTH; 3alIHCHIBAIOT CTPYKTYpPHHe (OpMYyJH [Jjisi KaXJOro BHXOXa; STH ¢op-

MyJBl 1O BO3MOJKHOCTH YNPOLIAIOT; COCTaBJAIOT (YHKUHOHAJLHYIO, a 3aTeM NpHR«
UHIHAJBHYIO CXeMy aBTOMATa.

PaccMOTpHM HeCKOJBKO MPHMEPOB.

IMycTe Ha TpPexsTaXKHOM AOMe JIECTHHUHASA KJeTKa OCBellaeTcs ORHOM JaMIou-
Kofi. Ha kaxmoM H3 staXell ecTh BHKJoYaTesd SAa, SAp, SAc. HeoGxozumo
CIIPOEKTHPOBATh YCTPORCTBO BKIIOUEHHS H BHKJIOUEHHS OCBElIEHHS NepeKJIouengeM
J060ro H3 BHKJIOYaTedell (He3aBHCHMO OT MNOJIOXKEHHS OCTadbHHX). OGo3HauHM CO-
crognue Jamnu ¢ynkumelt Y H GyneM cuMTaTh, 4TO €CJHHM JaMma ropur, Y=I, a
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ecin HeT, TO Y=0. BxoueHHOMy TyM6/epy COOTBETCTBYeT YPOBEHb JIOTHUECKOTO
0, a BHIK/IIOYEHHOMY — ypoBeHb Joruveckoit 1. Torga rabiauua HCTHUHHOCTH [JIsi BTO~
ro aproMara 6yJeT HMeTb BUJ

Ta6nuuma 11

A B c Y A B C Y
0 0 0 0 1 1 0 0
1 0 0 1 0 1 1 0
0 1 0 1 1 0 1 0
0 0 1 1 1 1 1 1

Uro6Ll COCTaBUTh CTPYKTYPHYIO GOpMyJay aBTOMarta HO TabjHue HCTUHHOCTY,
HCIIOMBL3YIOT CIeAyIOLIMe TpaBHJa: M3 TaGJHUB HCTHHHOCTH BHOHDAIT T€ CTPOKH,
A KOoTophix GyHkuus Y==1; a8 KaxXAOH BHOpPaHHOH CTPOKM 3alHCHBAIOT
KOHBIOHKUYH BXOJAHLIX BeJUUHH, 3HAUEHHS KOTOPHIX PaBHH 1, W HHBEDCHUH BEJHYHH,
paBHuX 0; Tak kak Y=1 npu mM060fi H3 YKa3aHHEIX KOMOMUHALMH, TO COCTABJAAIOT
JAM3DBIOHKUUIO 3aNHCAHHHX KOHBIOHKUMA A/ BHGPAHHHX CTPOK TabJHIB; ympola-
10T moJyuesHyo hopmyny.

B pesyabrate nveeu:

Y=A.B-C4+A-B-C+A-B-C+A-B.C.

Ecau a1y dyHkuuio He mpeo6pasoBarb, TO AJIs BHINOJHEHHS YKa3aHHBIX omepa-
uuii norpeGyiorcss Tpu Joruveckux suementa HE (umBepTOpH), ueThpe TpexBXOZO-
BHX 3/eMenTa M ® ueTnipexBxonosuii snemenr HMJIM. Ilns peanusaumu Takoro ycr-
pofictBa noHagobmnuce 6bl MukpocxeMa KI155JIHI1, ase mukpocxemm K155JI1A4 u
Mukpocxema K1565J1J11 — Bcero uersipe Kopuyca.

ITposenem mpocreiimine npeo6pa3oBaHUsA NMOMYYEHHONR (HYHKLHH.

Y=A(BC+BC)+A(BC+BC)=A (B&C)+A (BHC) —A® (B&C).

Ipu npeoGpa3oBaHHy 3lech HCMOJB30OBANUCh BBeJEHHLIE paHee MOHATHA HEPaBHO-
SHAYHOCTH (CYMMHDOBAHHA IO MOAYJIO 2) M Pa3HO3HAYHOCTH. B pesyabTaTe OKasa-
JIOCb, YTO JIOTHUeCKasi 4acTb aBTOMaTa MOXeT OHITh peajH30BaHA HA OJHOH MHKpO-
cxeme KI155JITI5 (puc. 27). [lns MHAMKAUMH YPOBHS Ha BEIXOAE YCTPONCTBa BKJIOYEH
ceeroguon HLI1. TIpu ucnonb30BaHUH TAKOTO JOTMYECKOTro YCTPOMCTBa IJis yHpasie-
HHS OCBElIeHHEM B €ero BHIXOJHYIO
Lenb CJlefyeT BKJIIOUHTb TPHHHCTOP-
HHH KMoy [14], Harpyskoit korTopo-
s L e o vy semrpo-

\_/
© Ha — aBTOMaTa, aHaJIOTHYHOTO IO

GYHKUHH TOMY, YTO HCHOJb3YeTcs
SAc 5 Ha ToYTe JJIsi COPTHPOBKH IHCEM.
1 Taxoe ycrpoiicTBo (puc. 28) pacnos-
HaeT uHOpu or 0 Ko 9 u coAepxKHT
yeTHpe fYeHKH C (HOTOpe3HCTOpaMH

207 K155/775 Bsrod

L
SAy - 2
SA 4

8

Puc. 27, Jlornyeckas 4acTs aBTomata Adas
BKAIOYEHHA M BBHIKJIOYEHHMS! OCBELIEHUs
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Punc. 28. Hepuentpon:
a — cxeMa pacmosoxenusi GOTOPe3UCTOPOB; 6 — MPUHHHNHKAJbHAS CXeMa aBTOMaTa
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(R1—R4), pacnonoxeHHuMn Ha cetke uubpe. Ecan doropesncrop ocBelieH, TO ero
COTMPOTHBJIEHHE MaJIo, TPAH3HCTOD OTKPHT H C €ro KOJUIEKTOpa Ha BXOJ JIOTHYECKO-
ro ycrpofictea mogaercs Hampsikennme Huskoro ypoBHs (U<04 B). Ectm B pe-
3yJbTaTeé HaNOXKEHHS UHGPH OCBELIEHHOCTh (POTOpPE3HCTOpA CYLIECTBEHHO YMeHb-
IIATCA, TO HampsiXKeHHe Ha KOJJIEKTOpe TpPaH3HCTOpa OydeT HMeTb BHICOKHH YpoO-
BeHb, Ta6JHIAa HCTHHHOCTH TaKOr'O JIOTHYECKOrO YCTPOMCTBA HME€eT BHA:

Ta6auma 12
X1 X2 X3 X4 Y X1 X2 X3 X4 Y
1 1 0 1 Y0=0 1 0 1 1 Y5=0
0 1 0 1 YI=0 0 0 1 1 Y6=0
1 1 0 0 Y2=0 1 0 0 0 Y7=0
1 0 1 0 Y3=0 1 1 1 1 Y8=0
0 1 1 1 Y4=0 1 1 1 0 Y9=0

Kax/[10# KOMGHHALMH BXOXHLIX NMEPEMEHHBIX COOTBETCTBYET HH3KHH YpDOBeHb Ha
ONHOM M3 BHIXOOB, B pe3yJbTaTe Yero 3aropaercs COOTBETCTBYIOLIHH CBeTOJHOL,
HHAHLHPYIOLHA OTraAbiBaeMyio Ludpy.

PaccmoTpuMm paboTy ycTpoiictBa Ha mpumepe unHdpum 6. HerpynHo BuaeTs, uTo
B 3TOM CJyuae 3aTeMHEHHHIMH OKaxXyTcs ¢oTopesucTopsl R3 m R4. B pesyabrare
HanpsiKeHHs Ha KoJleKTopax TpaHsHcropoB VT1 m VT2 Gyayt uMeTb HH3KHA ypo-
BeHb, Ha KoJlekTopax TpaHaucTopoB VT3 u VT4 — BeicokHii ypoBeHb. COOTBETCT-
BEHHO Ha BEIXoZax 3MemeHToB DDI1.1 m DD1.2 npucyTcTByeT BHICOKHA ypOoBeHb, a
Ha BeXOmax oaneMeHToB DDI1.3 u DDI.4 —nuskuii. Ecam npoanaausnpoBath
YPOBHH Ha BXOJAaxX BCEX YeTHPEXBXOHOBHIX 3jeMeHToB W —HE (MuKpOcxeMH
DD 2—DD 6), To HeTpyaHO YBHAETb, YTO TOJbKO Ha BXojaax sjeMeHTa DDb5.1 Gy-
JeT BHICOKHA ypoBeHb. Ha BHIXOZe 3TOro sJeMeHTa NOSBHTCH HH3KHA YpOBEHb,
B pesyJbTaTe uero 3saropurcs cBeropnon HL7, mumnumupyromuit nudppy 6. Ha oznom
H3 BXOHOB OcTaJbHHX 3aemeHToB M—HE npucyrcTByer HH3KMi ypoBeHp H B pe-
3yJbTaTeé Jpyrue CBETORLHOALI He TOPAT H3-3a BEICOKOI'O YPOBHSI HampsiKeHHs Ha
BHIX0/JaX YKa3aHHHX 3JIEMEHTOB.

Crenyiomee ycTpoiicTBo — urpoBoit aBroMat «Kro mnepBuifi?» [16], BusBIstiO-
muft cpelH uyeTHIpeX HrpalOllHX YYacCTHHKA C HaWJyvilell peakuHelli Ha CBeTOBOH
pasapaxurenap (puc. 29). KaxIoMy H3 yyacTHHKOB R3IOT NMyJbT C KHONKOH, CBs-
3aHHHIA ¢ MPHGOPOM. Y CyIbH TakXe €CThb MYJbT, Ha KOTODOM DACHOJIOXKEHH KHOI-
KH «YcraHoBKas u «Crapts. Ha nepemneii maHenn npuGopa BHIHHL <«IJIa3KH» CBe-
TOAHOROB, cpenu Kotopeix HLI — pasapaxkuress, HL2 u HL3 — ucTounuku ot-
BiekawoIux curuanoB. I[To 3aropanuio ceromunogoB HL4—HL7 u HL8 suasasior
noGexureass, a no HL4—HL7 u HL9 — napymmnrens mnpasun urpe. Ilocne BkiIo-
ueHdHsi nUTaHus KHOMKo#i SB1 «Ycranosra» Ttpurrepm DD22, DD3.1, DDA4.1,
DD4.2, DD5.1, DD5.2, DD9.] u DD9.2 ycranaBiuBaioTds B HyJeBoe, a TPHUITEPHI
DDI1.1, DD2.1 u DD3.2—B eauHuyHoe cocTosiHHe. B pesysnbraTe nojayu Ha-
fIpsiKeHHs] BEHICOKOrO YpOBHS ¢ BHXoma 5 Ttpurrepa DDI.1 nHa Bxox 5 ssneMenTa
DD8.2 nauunaer paGoraThb TaKTOBHII reHepatop Ha asaementax DD8.1 u DDS8.2,
9acTOTa HMIYJBCOB Ha BHIXOJe KOTOPOro cocrapjseT okono 3 I'm. DToT reneparop,
tpurrepd DD 2 u DD 3 u cBeronnonst HL2, HL3 oGpasyior orBiekaiomuii pasipa-
xutenb, IIpu KakaOM TAKTOBOM HMMyJbce NPOHCXOAHT CABHT 3aNHUCAHHOH B TPHI-
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Puc. 29. CxemMa urposoro aBroMarta «KTo nepBmii?»

rept DD2 u DD 3 wundopmauuu Ha opuH mar. B pesysnprate sau6o ropsar o6a
CBETOAHOJA, JIHGO CBETHTCS OJHH H3 HHX, JH60 06a CcBeTOAHONA HE TOPAT. YUHUTHI-
Bas YHCJO BO3MOXHHEIX KOMGHHAUMA H OTHOCHTEJNBHO BEICOKYIO YacTOTy MepeKJIio-
4eHHfi, OTBJNEYAIONHA pPa3APaXKHTeNb BOCIPHHHMAETCS HIPAIOIIMMH KaK KBasHCAy-
gafineifi. Ha Brixomax siaemenros DD6.1, DD6.2, DD6.3 u DD7.1 6yayr Hamps-
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JKEHHsT HH3KOTO YPOBH#, TaK KaK Ha BCe HX BXOJH MONAIOTCS HANpsiKeHHS BHICO-
KHX YPOBHEH ¢ HMHBEPCHHIX BLIXOJOB TPHITepOoB MuKpocxeM DD 4 u DD 5.

IMocre Haxatus cynabed KHOmKH SB2 «Crapr» saropaercs cseroauon HLI.
VBHIEB STOT CHTHAJ, KaXXJAH HIpaloOllHii JOJXKeH BO3MOXHO OLICTpee HaXaTb
KHONMKY Ha cBoeM mnyJpTe. IIpH 3TOM COOTBETCTBYIOIIHH TakTHpyembidi D-Tpurrep
(MukpocxeMut DD 4 u DD 5) ycranaBsiuBaeTcss B eIMHHYHOE COCTOSIHHE H 3aropaer-
cs1 CBETOAHOJ, TOJKJIOYEHHHH K ero IpsAMOMy Buxoay. EcuH, Hampumep, paHblle
APYIHX OKasajach Haxaro#i kHomka SB3, To 3aropaercs ceroguon HL4. Ilpu
9TOM Ha BhIXojax 3iaeMeHToB DD6.2, DD6.3 m DD7.1 6yayr BEHICOKHE YPOBHH, TaK
Kak Ha HUX BXOJH IOCTYIHT HH3KHMI YyPOBEHb C HHBEPCHOrO BHIXOAA TpHITepa
DD 4.1. IlosToMy mocieRyouHe HaxkaTHs KHOINOK SB4—SB6 He mpusenyr K 3a-
ropanuio cseroguonos HL5—HL7. OnnoBpeMmenHo ¢ 3aropaHHeM cserognoga HL4
BHICOKHiI YpPOBeHb C BHIXoZa 3JjeMeHTa DD7.2 M CHrHaJ TakKoro e YpPOBHA € HH-
BepcHOro Bumixoga Tpurrepa DDI.1 mnocrynmaior Ha Bxoan sieMeHta DD8.3. Hus-
KHfi ypOBeHb Ha BHIXOJe 3TOrO 3JIeMeHTa YCTaHOBHT Tpurrep DD9.1 B eiHHHYHOE
cocrosiHue, u 3aroputcs ceetoguod HLS8 «Bmurpums. OnHoBpeMeHHOe 3aropaHme
cseroguonos HL4 u HL8 curnanusupyer o nobeme mepsoro yuacTHuka Hrpel. Ec-
JI Ke KTO-TO M3 HrpalollHX, HampHMep, TOT, Y KOTOPOro MmyJsT ¢ KHonkoii SB3,
HaxMeT ee X0 nojaud curHajia <«Craprts, To 3aropsrca cBerogumod HL4 (rak kak
tpurrep DD4.1 ycTaHOBHTCS B eIMHHUHOe cocroside) H cBeroiuox HLI. 3aropanme
cserognona HLO mpousofizer H3-3a NHOCTymJIeHHss Ha BXOAH 3jeMeHtra DD8.4 cur-
HaJIOB BBICOKOI'O YPOBHS C BHXojAa 3JeMeHTa DD7.2 m ¢ mpsMoro BHIXOXa TpMITe-
pa DDI.1. OanoBpemenHoe 3saropaHue cBetopHonoB HL4 m HL9 cBunerenbcTByer
O HapyIIeHHH NepBHM HrpaloomuM npaBua Hrpe. Cseroauos HL8 npu 3ToM He ro-
PHT, TaK Kak Ha BHXOZe 3ieMeHTa DD8.3 HampsikeHHe HMeeT BHICOKHH YPOBeHb
n B TpHrrepe DD9.1 peannsyercss peXXHM XpaHeHHs 3allHCAHHOH panee HHGopMa-
AR (HyJeBOe COCTOSIHHE).

OCHOBHDIE Y3J1bl HH®POBbIX YCTPOHNCTB

PEIrHCTPbI

Heckonbko TPHITepOB MOXHO OOBEJHHHTE B DeTHCTpP—y3eJ JJid Xpa-
HeHHs 4YHCeN C JBOHYHHIM IIpejcTaBjenHeM 1upp paspsagoB. OCHOBHEIMH BHAaMHR
PErucTpoB SBJIAIOTCH INapajiilesbHEle H NOCTefoBaTesbHBlE (CABHralOIIHe).

B mapaJssiesbHOM perdcrpe Ha TakTHpyeMmx D-rpurrepax (puc. 30) Kox 3armo-
MHUHAeMOro uMcja MofaeTcss Ha HHGOPMAUMOHHEIE BXOJBI BCEX TPHITEPOB H 3aNH-
ChIBaeTCsl B DPErHCTP C NPHXOJOM TaKTOBOI'O HMIyJbca. Brixoguas uudopmanus us-
MeHsieTCsl C I0fauefi HOBOro BXONHOIO CJIOBa M IPHXQMOM CJEAYIOIIEr0 HMITYJAbCa
sanmucH. Takue perHcTPH HCIOJB3YIOT B CHCTEMax onepaTHBHOH mnamstd. Yucio
TPHITEPOB B HHX PaBHO MaKCHMaJbHOM pa3psIHOCTH XPaHHMHIX CJIOB.

Cxema mocyie[loBaTebHOTO PETHCTPa H BpPEeMeHHAasl [HAarpaMMa, HJIIOCTPHPYIO-
mas ero pa6ory, mpuBefesH Ka puc. 31. Ilo mpuxoAay raxkTroBoro mmmysaeca C mep-
BHA Tpurrep 3amucuiBaeT koA X (0 maum 1), HaXomsmHMHACS B 3TOT MOMEHT Ha ero
Bxofle D, a xaXpHii cienylomMii TpHrrep NepekJIOYaeTcsi B COCTOSIHHE, B KOTOPOM
IO 3TOr0 HaXojuwics mnpeAnAylHi. Tak NPOHCXOAMT IIOTOMY, UYTO 3amHMCHIBAEMEILi
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CUTHaJ MPOXOAMT cO BXxofa D Ttpurrepa k BHXo@y Q ¢ 3amep:kofi, Gojbmef a/n-
TEALHOCTH (POHTA TAKTOBOIO HMIYJabca (B TEYEHHE KOTOPOTO NPOHCXOIUT 3allHCh).
Kaxaplit TakTOBLIH HMIYJbC INOCJAEAOBATENBHO CABHTaeT KOJ HUHCJI2 B DErHCTpe Ha
omun paspaz. IMosromy mas sanmcu N-

paspagHoro koma Tpebyerca N Takro-

BHX uMmynscoB. Ha pguarpamme pu- 7 7 l'_" AT

HO, 4YTO YeTHpexpas3psiaHoe YHCJIO —¢ Jf— 2 — 77 qa7—

1011 6HUIO 3amHCAaHO B COOTBETCTBYIO- — ¥

mue paspsmm permcrpa (1—Q4, 0— 7 7|7 r2 B = o I

Q3, 1—Q2, 1—Q1) mnocre mpuxoxa e 7 ¢ U

YEeTBEPTOr0 TAKTOBOTO HMIyabca. Jlo

MpHXOfia CHAEAYIOMIEro TAaKTOBOTO HM- 4z J I

NyJlbCa 3TO UUCJAO XPAHHTCS B PerucT- P

pe B BHie Napa/JeNbHOTO Kojaa Ha T

Boixofax Q4—Ql. Ecan neo6xomnmo 24 217 — v& Puc. 30. Napamreas-

NOJMYIHTh XPAHHMYI0 HHGOpMANMIO B _ bl permcTp Ha Tak-

IOC/Iel0BATENbHOM KOZE, TO ee CHH- 7 fax Derpurre-
) )

MalT ¢ BHXoaa Q4 B MOMEHTH mpH-
X0Na CHeAyIIHX YeTHPexX HMIyJabcoB (5—9). Takoli pexHM HA3BIBAETCS DPEXKHMOM
NOCJIEAOBATENBHOTO CYHTHBAHHS.

Oueny ymoGHH yHHBepCa/bHHE DErHCTPH, NO3BOSIOMHAE NPOH3BORUTH KK MO-
CNEN0OBaTE]bHYIO, TaK H NapaUIeJbHYI0 3allHCh H CYHTHBaHHe. TakHe pErHCTpHI
MOXHO HCIO/JB30BaTh B KayecTBe INpeoGpa3oBartelefl NapalsieJbHOTO KOAa B IOC-
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e I~
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Puc. 31. TNocxenoBaTenbHBN PErHCTDS

@ — NpHRUHNHAJNbRAs CXeMa H YcJoBHOe rpadmuuecKoe oGo3zHaueHHe; 6 — Bpe-
MeHHasi Auarpamma

39



R1Z5HPS , 120 ar qz n

-_‘;__xy V.{3 2 N ———. -—l
i <> |7
7 Yy —\:0 T 7| r 7| r - ] 2| 7
s %4 2 7z I3 < c A
z [7] 7 s 4 £ #
271 J Yem. 0 I_ r l_
— 17| 1 — ..___l
s |4 ——
4|
Puc. 32. Yernpex- Puc. 33. KoubueBofi cueTiHK Ha perucTpe CABHra
paspaaRbIf CABHroO~

BeIfi perucrp

JejgoBaTeJbHHd W o6parHo. Hanpumep, wMukpocxema KI155MP1 — yernpexpaspan-
HHi yHHBepCaJbHHA CABHroBH# perucTp (puc. 32). Peructp paGoraer B pexnMe
CABHra IO TAaKTOBHM HMIyJbcaM, TocrymalomuM Ha Bxox Cl, ecam Ha Bxoje V2
HMeeTCsl HanpsAXKeHHe HH3Koro ypoBHA. Bxoa V1 cayXHT iAas BBoAa HHGbOpMauum
B NepPBHH paspsx perucTpa B 3ToM pexHMe. Ecam ke Ha Bxome V2 manpsxkeHue
BHICOKOI'O YDOBHsi, TO DPEerHCTp NPOH3BOAHT NapajielbHyl 3amHChb HH(opMauun co
BxofoB D1—D4 mo uMnyJabcaM CHHXPOHH3aLMH, HocTynaromuMm Ha Bxoz C2 [35].

CYETYHKH

CyeTYHKOM HasHBalT YCTPOACTBO, NpefHa3HaueHHOe JJs IOACYETa
YHCJIa HMIOYJbCOB, NMOAAHHHX Ha BXOA. OHH, KaK M CABHTalOIHe PerHcTPH, COCTOAT
H3 LENOYKH TPHITepoB. Pa3psAHOCTb CYETUHKA, a CJAeNOBATENbHO, H UHCJIO TpHITe-
poB ompeienseTci MaKCHMaAbHHIM YHCJIOM, 1O KOTODOrO OH CYHTAeT.

Peructp casura MOXKHO NPeBPaTHTh B KOJbLEBOH CYETYHK, €CJAH BHIXOJ MNochell-
Hero TpHITepa COeAHHHTb C BXoZoM D mnepBoro. CxemMa rakoro cueTyHka Ha N
paspsanoB mpHBefeHa Ha pHc. 33. Ilepex HauanoM cyeTa HMNOYJAbCOM HAYAJBHOHR yC-
TAaHOBKH B HyJeBofi paspsj cuetudka (QO) 3amuchBaeTcs JIOTHuecKad 1, B oCTalb-
Hule paspsjiu — JjaoruyeckHe 0. C HauajJoM cueTa KaXAHHA H3 HPHXOIMAIIHX CueT-
HHX HMIOyJbcoB T mepesamncmBaer | B CACAYIOMHA TPHITEp H YHCJO NIOCTYNHBIIHX
HMIIyJIbCOB ONpejelseTcd MO HOMepy BHIXOJZa, Ha kotopoM uMeerca 1. Ilpeamocien-
HHH (N—I1) uMnyasc mepeBefieT B €IMHHUHOE COCTOSIHHe NOCJeAHHiA Tpurrep, a N
HMIyJbC NepeHeceT 3TO COCTOSIHHe Ha BHIXOJ HYJAEBOTO TPUITepa, M cYeT HayHeTCH
cHayana. TakuM 06pasoM, MOMKHO IIOCTPOHTb KOJBLEBOH CYETUHK C HPOH3BOJBHEIM
KosduunenToMm cyera (MOOGLIM OCHOBAaHHEM CUHC/EHMA), H3MEHsss JHIUb YHCJIO
TPHITEPOB B IEMOYKe.

Henocratok TaKoro cueTYHKa — GOJIbIIOE UYHCAO TPHUITEPOB, HEOGXOAHMHX
IAJs ero mocTpoeHHs. Dosee 5KOHOMHYHH, a I03TOMYy H GoJlee pacIpoCTpaHeHH:
CUETYMKH, OOpa3OBaHHHe CueTHHIMH T-TpurrepaMu (cM. puc. 15). Ilociae kaxkzoro
TAKTOBOro MMOyabca T cHrHan Ha Bxofe D (MHBepcHOM BHIXOJE) MeHseTCs Ha
HPOTHBOMOJIOXKHHA M MOTOMY YacTOTa BHIXOJAHHX HMIYJbCOB BABOE MeHblle Yac-
TOTH nocrynamomux. Cobpas NOC/AeL0BaTeJbHYIO uenoruz; H3 N CYETHHX TPHITEPOB
(coenuHsas BHIXOA NpeABIAYINEro TpHrrepa co BxoxoM C clexyiomero), MH MOJy-
gHM 4acToTy femx==15x/22. TIpH 3TOM KaxXAHH BXOLHOH HMMIYJbC MeHseT KOJ UHC-
Jla Ha BHIXOZe cueTyHka Ha 1 B unTepBaje oT 0 o N=22—],

Mukpocxema KI155UES (puc. 34) comepxkur cuerHmii Tpurrep (Bxox Cl) m
NenHTenb Ha BoceMb (Bxod C2) o6pa3oBaHHHA TpeMs  COeZHHEHHHMH IOCJHeZOBa-
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TeJAbHO TpHrrepaMH. Tpurreps cpaGaTHBAlOT IO Cpe3y BXOJHOIO HMIyJbca (MO
nepexody H3 1 B 0). Ecar coexmnutp mocienoBaTeJbHO Bce WeTHpe TpHITepa (Kak
Ha pHC. 34), TO NMOJYYHTCA CYETYHK NO MOAyxio 2¢=(16. MakcuMaJbHOE XpaHHMOE
B CYETYHKe YHCJIO IIPH NOJHOM 3aMOJHEHHH €ro eAMHHIAMH paBHO N=2i—]=15=
= (1111),. Taxo#i cuetunk paGoraer c Ko3pduunentrom cuera K (moxymem), xpar-
HEIM LIeJOfi CTeleHH 2, H B HeM CoOBepluaeTcss HUKJHuecKHfi nepeGop K=22 ycro#-
9UBHIX COCTOAHMH. CUeTUHK HMeeT BHIXOAH TNpPHHYIHTENbHOA YCTaHOBKH B 0,
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Puc. 34. CueruHk c xo9pdunuenToM nepecuera 16 m BpeMeHHAs
AnarpamMma

YacTo HyXKHH CUETUYHKH C UHCJAOM YCTOHUHBHX COCTOSIHHf, OTJIHYHHM OT 2%,
HanpuMmep, B 3/MeKTPOHHHX dacax eCTb MHKDPOCXeMH ¢ Koabdunuentom cuera 6
(necatkn Munyt), 10 (emmuuuml MunyT), 7 (ZHM Heneanm), 24 (uacm). Has mo-
CTPOeHHs1 cueTyHka ¢ MoayjseM K422 MOXHO HCIONL30BATh YCTPOACTBO H3 N
TPHITEPOB, MJs KOTODOrO BHIMONHsAETCH ycuaoBhe 2°0>K. OueBHAHO, TaKOH CYETYHK
MOXKeT HMeTb JHIIHHe ycToHumBHe cocTosuus (28—K). Hckmounts 3TH HeHyXKHHe
COCTOSIHHS MOXKHO HCIOJIb30BaHHEM OGDATHHIX CBs3efl, MO LemsAM KOTOPHX CYeTYHK
nepeK/IOYaeTCs B HYJEBOE COCTOSHHE B TOM TakTe paGOTH, KOrAa OH JAOCYHTHBAaeT
zo uucia K.
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Puc. 385. J\BOHYHO-AeCATHYHbIA CYETYHK M BPEMEHHAs auarpam-
Ma ero paGorm

Has cuersuka ¢ K=I10 HyxHH vuernpe TpHrrepa (Tak Kak 23<<10<<2§),
CueTyHK JOJ:KEH HMETh OeCiTb YCTOHuHBHX cocrosimuii N=0,1..89, B ToM Takre,
KOrAa OH JOJKeH ObLI GH TepefiTH B OXHHHAAUATOe YyCTOMuHBOe cocTosHHe (N=
=10), ero Heo6xozuMO CODOCHTL B HCXOXHOe HyJeBoe cocrosHHe, JUJIA TaKoro
CUeTUHKa MOXHO HCRoJb3oBaThb MHkpocxemy KI155HES5 (puc. 35), BBenst memu oG-
pPaTHOA CBf3H C BHIXOJOB CYETYHKa, COOTBeTCTBylOmIMX uHcny 10 ( 1. e. 2 u 8), Ha
BXOIH YCTaHOBKHM cuetunka B 0 (Bxox R). B camom Havane ll-ro cocrosnus
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(uucno 10) Ha oGomx Bxojax aseMeHTa I MHKPOCXeMBI MOSBJSAIOTCS JIOTHYecKHe 1
(Tax Ha3biBaeMasi <«Ipoceyka» Ha BBIXOJe «2»), BelpaGaThBalolHe CHIHaJ c6poca
BCEX TPUITEPOB CYETUHKA B HYJeBOE COCTOSIHHE.

Bo Bcex cepusx HH(PPOBHIX MHKPOCXeM €CThb CHETYHKH C BHYTDEHHell OpraHusa-
nHell HauGoJiee <«XOHOBHIX» KO3((HLHEHTOB Nepecuera, HanpHMep B MHKpOCXeMax
K155ME2 u K155NE6 K=10, B muxpocxeme KI155HME4 K=2X6=12 [1, 19].

Kak BHAHO H3 CXeM H JHarpaMM Ha pHC. 33—35, CUETUHKH MOTYT BHINOJHATH
GYHKUHH ResnHTeNiedl YacCTOTH, T. €. YCTPOHCTB, (OPMHDYIOLIHX H3 HMIYJIbCHOH mo-
CJIeIOBATeNLHOCTH € 4YacToTOll fzy MMOYJABCHYIO NOCHEXOBAaTENbHOCTb Ha BHIXOAE
nociefHero Tpurrepa ¢ 4actorod fswmx, B K pa3 MeHburyio BxozHofi. Ilpn Takom
HCIIOJIb30BaHHH CYETYHKOB HET HEOGXOJHMOCTH 3HaTh, KaKoe YHCIO B HeM 3alHCaHO
B HacTOSIHA MOMEHT, NMO3TOMY MEJHTEJH B HEKOTOPHX CIyyasX MOryT OHTh 3Ha-
YHTeJbHO Npouie cyeTyHkoB. Mukpocxema KI155HE1, Hanpumep, mpeicraBiseT Co-
6oft neaurenp Ha 10, a KIS55HME8 — pneaurenr ¢ nmepeMeHHHIM KO3(¢HIHEHTOM Je-
Jenus K=64/n, rae n=1... 63.

Kpome paccMOTPEHHEIX CyMMHDYIOIIMX HIHDOKO NPHMEHAIOT DPEBEpPCHBHBIE CueT-
yuKH Ha MHkpocxeMax K1556ME6, KI155ME7, y KOTODHIX B 3aBHCHMOCTH OT De€XHMa
pa6boTH COJepKHMOe CUeTYHKAa HJH YBEJIHYHBAETCS Ha €AMHHIY (PeXHM CJIOKEeHH:),
HJIH YyMeHblIaeTcsi Ha eXMHHIY (pPeXHM BHIUHTaHHSA) MOCJAe INPHXOAA OuepeHOro
CYETHOTO HMITYJbCa.

OCHOBHEHIE CBEJEHHSl O CUETUHKAX, HaHGoJee YaCTO HCHOJNb3yeMBIX B DPajHONIO-
6uTeabCKO NMpaKTHKe, NpHBeJeHH B Tabu. 13.

KISSHEZ
Jeel er [, 1A—
74
KISSHET —9 E
g o 7 8 9 0 i
—ps|crr - —51& &
2, UTUTTTUU |
7] 2 77
L - - ma— & 8 S
21e u Ussroo — %
Puc. 36. Jdeauteap 4acToThl Puc. 37. JIBOHYHO-IECATHYHBIH CYETYHK

Mukpocxema KI155ME1 (puc. 36) — meauresnr ma 10. YcraHoBKa ee TpHrre-
poB B 0 ocymecTBaseTcsi OAHOBPEMEHHOM MNOJaueli BHICOKOTO YPOBHS Ha BXOAH |
u 2 (sneMent H). CueTHble HMIYJbCH MOJAIOT Ha BxoA 8 uau 9 (mpH 3TOM Ha
ApyroM BXOfle AOJKeH ObITh BHICOKHH YpOBEHb) WM OJHOBPEMEHHO Ha 06a BXOAa
(siement U).

B cocrap muxpocxembr K155HIE2 (puc. 37) BXOAAT TpHITEpP CO CYETHHIM BXO-
nom (Bxoxa Cl1) u pgenureap Ha 5 (Bxo; C2). Ilpu coefHHeHMH BHIXOJAa CYETHOTO
Tpurrepa ¢ BxogoM C2 o6pasyercsi HABOHYHO-JECATHUHBIA CUETUHK (AHAarpaMma ero

NISSHE 4 g 7 2 3 4 5 o 7
7
Ko 2 L TULTLLLuULn
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Puc. 38. Cuetunk Ha mMukpocxeme KI55ME4 u Bpemennis guarpamma ero paGoThr
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Ta6auma 13

BriBog bl
NMHATaHHA - o
Miukpocxema DyHKIHOHAJbHOEe Ha3HadYeHHe M ‘E E CuyeTHbIR
& ?; 5 N ¢ponr
= a’ = i g
i S I P
K155HUE1 JlexkaHbIH [eJHTENb 14 71 5 |150| 10 -L'—
K1551E2 JIBOHYHO-1€CSATHYHBIH 510 5 (230 10 _—
cueTuHk Ha 2X5=10 '__
K1551E4 CueTuHK-JeMTeN b Ha 5[10f 5 230 10 -
2%X6=12 I—
KI55HES Tsonuuniii cueramk ®wa | 5{10] 5 [230| 10 |
2% 8=16 —
K1551E6 JBonuHO-decATHUHBIH pe-| 16[ & 5  [500 16
BEPCHUBHBIH CYETUHK C MPel- -—Lr
YCTaHOBKOH
K1551E7 JBouunniit  uersipexpas-| 16| 8| 5  |500 15
PAAHBIHA peBepCHBHBIH
CUETUHK C MPeAyCTaHOB- 1:
KOH
K1551ES8 Jenurenb 4yacTOTH c ne-| 16 §
peMeHHBIM KO3 dHIHCH- 5 |600 15 —LI—

TOM J€JIEHHUSA

K1761EI JsouuHblii 1IecTHPa3paA-| 14| 7| 9
HBIH CUETUHK

|_|

K176HE2 JlBonuHblil natupaspsiaHblil 16| 8| 9 1 —’
HJIH  JBOHYHO-J€CATHUHbI —_—
CYETUHK C ACHHXPOHHOM
npefyCTaHOBKOM
K1761E3 Cuerunk mo moaymo 6 c| 14[ 7| 9 10 1

JemnppaTopom _r

K176H1E4 Cuerunx no moxymo 10 | 14| 7/ 9 10 1
nemnppaTopom

K1761E5 [1sTHa AL ATHPA3P s AHBIH - 1
14 7 9

AeJHTeNb YaCTOTHl AJISi l )

3JIEKTPOHHBIX YacOB

K176HE12 Cueruuk ajst yacos ¢ ycr-| 16l 8l3_— 15| 50| 1,2
poiicTBaMH YMpaBJieHHS i




Oxonuanue tabua. 13

BriBomk!
TIATAaHH 51
[ =
[} ] =]
Muxkpocxema OYHKIHOHAJbHOe Ha3HaueHHe K = = CuyeTHbI
& E 5 N dponT
Sl g F | g
=
+ 8 E Qq’ 2
K176HIE18 Cuerunku asa uyacoB cf 16 83— 15| 45]1
K176HE13 yctpoiictBamu ynpasaenns| 16| 8|3— 15[ 60]1,2
K176UE17 JlBonuHBIl cueTunk-KajeH-| 16 83— 15
JAapb [JISl 4acoB
K561 1E8 Hecatuunei  cuetunk c| 16| 8/3-—15[0,3[3(10 B) |J/Two6oit
Jeurngppatopom 1(5 B)
K5611E9 Cuertyuk no moayiwo 8 c| 16| 83— 15 2,5(10 B) | /Tio6oit
Jemugparopom 1(5 B)
K561HUE10 Iga yernipexpaspsaubnix | 16| 8/3—15 5(15 B) |/To6oi
JBOHUHBIX CYETYHKOB 4(10 B)
K561H1E11 JIBonuHet  uyeThlpexpas-| 16| 8|3 — 15 1,5(5 B)
pAOHEI peBepCHBHHIE CueT- 0,8(3 B) —r
YUK C [pedyCTaHOBKOH
K561H1E14 JBouuHO-necaTHYHBIA pe-| 16| 8[3— 15 1,5(5 B)
BEPCHBHHI CUETUHK C Npej- 0,8(3 B) _r
YCTAHOBKOH
K561HE15 IMporpammupyemniit  cuer-| 24]12|3— 15 2,5(15 B;
ypK-genutenb ¢ K=3— 1,5(10B
—15999 0,5(5 B)
K561HE16 14-paspazunii  asonunnii| 16| 8l3— 15|0,3]4(10 B)
CUETUHK 1,5(5 B) —L

NMpumewanue: 1. Jaa GospmmHcTBa MuKpocxeM cepun K155 peanbHas
MOWIHOCTh noTpeGaenuss B 1,5—2 pasa MeHblle, a MaKCHMaJbHas vacrora B 1,5 pa-
3a BHILIe.

2. Mukpocxemn KI76MEl1 (2, 3, 4, 5) yZHOBIeTBOpHTENbHO paGoTaloT INpH
Unar=5..12 B.

paGoTH aHaNOTHuHA mpHBeJeHHO# Ha puc. 35). CueT NPOHCXOAHT NO Cpe3y HM-
myabea. Cderudk HMeer BXOAH ycTaHOBKH B 0 (RO ¢ ‘nmoruko#t M) m BXoAm ycra-
HOBKH B 9 (R9 c sorukoit ).

Mukpocxemy K155ME4 o6pasyioT cueTHH#i Tpurrep W Aeaurtenb Ha 6 (puc. 38).
O muxpocxeme K155 E5 Gruto ckasaHo panee (cM. puc. 34).

Mukpocxemn KIS5ME6 wu KI55ME7 (puc. 39,a) — peBepcUBHHE CUYETUHKH C
npeJBapHTeJbHOA 3alHCBHIO; IepBHH H3 HHX — [BOMYHO-JECATHYHHA, BTOPOA ==
YeTHPeXpaspsAHHE ABOHYHBEIA. YcraHOBKa HX B 0 TNPOHCXOAMT NPH BLICOKOM

ypoBHe Ha Bxoje R. B cueTumk MOXKHO 3amucath YHCJIO, ABOHYHHIE KOJ KOTOPOrQ
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noaan Ha Bxoam D1—D4 (8 KI55HUE6 ot 0 o 9, 8 KIS5UE7 or 0 no 15). Jas
sTOro Ha BXOZ S Heo6x0AMMO mNOAaTh HH3KHI ypoBeHb (Ha Bxojgax Cl u C2—
BEHICOKHH ypoBeHb, Ha Bxoje R — Huskmii). Cuer HayHeTCa C 3amHCAHHOrO yHcJAa
N0 HMMIY/bCAaM HH3KOTO YPOBHH, nojaBaeMHM Ha Bxoj Cl (B peXHMe CJIOXeHHA)
Bay C2 (B pexxHMe BuiuHTaHHs). MHdopmauus Ha BHXOLe H3MeHsercAd NO (QPOHTY
CYeTHOro HMmyJabca. IIpH 5TOM Ha BTODOM CYETHOM BXOJe H BXOAe S RoaXeH OHTb
BHICOKH{I ypoBeHb, Ha BXOZe R — HH3KHIi, a cocTosiHHe BX0oj0B D Gespasmmuno. Oano-
BPEMEHHO ¢ KaXJIHM JeCATHM (llecTHaAuareiM) Ha BxofZe Cl HMIyJbcoM Ha
Buxofe Pl mnosBiasercs INOBTOPSIOMHH ero BEIXOAHOH HMOYJbC, KOTOPHII MOXKeT
nojaBaThC Ha BXOJ CJeAYIOIEr0o CYeTYHKa. B pexHMe BHIYHTaHHA OJHOBPEMEHHO
C KaXAHM HMIyJncoM Ha BxoZe C2, mepeBOAsIIHM CUeTYHK B cocTosHHe 9 (15),

Ha BmXoze P2 mossiasercs BRIXOAHOH HMIYJbC,

KISSHES, KISSHET Bpemennasa nuarpaMma  paboTH CueTqHKa

3 KI155UE6 npusenena na puc. 39,6 [5]. Ha nu-
! arpaMMe B peXHMe NapaivenbHOH 3amucu (S=
2L =0) G6muao 3anucaro uHcA0 6 (BHCOKHE ypo-
e BeHb Ha Bxojax D2 u D3).
8 7
s
P, 3 Punc. 39. PeBepCHBHble CUYETYHKH Ha MHK-

pocxemax KI55HE6, KIS5HE7 n Bpemen--

uble AMArpaMMbl HX paGoThl
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7
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Mukpocxemn KI176ME1, K561ME10 u KS561UE16 (puc. 40) — nBOHUHEHIE
cuetydkH. Cuerunk K561HME10 npu nopjaye cyeTHHX uMmysabcoB Ha Bxox Cl u mpu
C2=I1 paGoraer no ¢pouty, npu cuere no sxony C2 u mpu Cl=0—mno cpesy.
Cuerynk K561HMIE16 He uMeeT BHIXOZOB OT BTOPOrO H TpeTbero Aenurens. Cdery-
KH YCTAaHABIMBalOTCA B HyJeBOe COCTOsHHe IIpH INOfaie BHICOKOTO YPOBHA Ha
BxoA R.

Jlns npaBHAbLHONH DaGOTH 3THX M BCeX JAPYTHX CYETUHKOB, BHIMOJMHEHHHX MO
KMOIT rtexnomorun (cepnii K164, K176, K564, K561), Heo6xoaumo mNocTe BKJIO-
YeHHs [HTaHHA (WA [OCJe CHHXKEHHA HalpsKeHHd HCTOYHHKa nuTaHusa g0 3 B)
yCTaHaBIHBaTh HX B HCXOAHOe HYJeBOe COCTOAHHe Mojayefi HMMIyJbCa BHCOKOTO
ypoBHSt Ha BXOXZ R. B mpoTHBHOM ciyyae cYeTYHKH MOryT paGoTaTb €O CJAyYadHH-
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M Ko3dduunenTaMu mnepecyera. mmyabc c6poca mocCie BKJIIOYEHHS NHTAHHSA MO-
XKeT M0JaBaThCs aBTOMATHUECKH, eCJIH BBECTH BpeMssafaiomylo RC-uen» W HHBEp-
TOp, KaK NMOKa3aHO Ha puc. 40,8.
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Puc. 40. CaeTdHKH:
a — ABOMYHBIA IIECTHPA3PAAHBIN; 6 — ABa 4YeTbipexpa3pAfHbIX JBOHYHBIX; 8 — ue-
ThHIpHAADATHPA3PALHBIA JIBOHYHBIH

Muxkpocxemn K176HE3 u K1761IE4 (puc. 41) ABJAAIOTCA CYETYHKAMH IO MO-
aymo 6 u 10 ¢ pemudparopoM, paGoTalOLWMM Ha CeMHCErMEHTHHH uHAuKaTop. Mx
LOKOJIEBKAa OJMHAKOBa, TOJbKO Ha MecTe BHIXOHOB 2 u 6 (BmBOmB 3 M 2) cyer-
auka K176HE3 y mecaruunoro cuerunka K176ME4 Bmxoan 4 u 10. CuerHnie HM-
mOyJaecHl Mojaiotcsi Ha BxoA T. HampsXeHne Ha BBHIXOJAX MOXKeT GHTh KaK B NpdA-
MoM (mpu C=0), Tak u B o6patHoM (npu C=l) koZme, 4TO NO3BOJNSAET MOIKJIIO-
4aTh K CYETUHKY HHAHKATODH C OGIIHM KaTOAOM HJH OGIHM aHoxoM. CueTuHKH
MOXXHO HCIOJb30BaTb COBMECTHO C JKHIAKOKDHCTA/UIHYeCKHMH HHAMKaTopaMHu. B
aTOM ciydae Ha Bxox C mopxalor Meanap c¢ dacroroit f>50 TI'm. Ilpu nocaenosa-
TeJbHOM COEJIHHEHHH CYETYHKOB CHTHaJ CHHMaercsi ¢ Buixoa 6 (KI176ME3) nan
10 (K176H1E4).
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Puc. 41. Cuetunk no moayaio 6(10) ¢ pemudpaTopoM u BpeMeHHbie AH-
arpaMmbl ero paGoThl

Mukpocxema KG561ME8 (puc. 42,a) — neCATHYHBIA CUETIHK C JECATHUHHIM
MO3HIHOHHKM femHdpaTopoM. ITo CBOMM BHXOOHEIM CHTHalaM OH INOA0GEH KOJb-
LeBOMY CYETYHKY, IOCTDOEHHOMY Ha CHBHroBoM peructpe (cm. puc. 33). Cuerunk
paGoraer no ¢ponty uMmnyinscoB Ha Bxoge Cl mpu C2=0 wix mo Cpesy HMIyJb-
coB Ha Bxoge C2 mpu Cl=1. Ha Bmxoae P ¢opmupyercss Meanip ¢ 4acToTod, B
10 pas menbmeji BxoxHo#. Ha oxsom us Bhxomos 0—9, COOTBeTCTBYyIOLIEM YHCIY,
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3allHCaHHOMY B CUETYHK, NPHCYTCTBYeT BHICOKHE YPOBEHb HaNpsiXKeHHs, Ha BeCex
OCTaJIbHHX — HU3KHH.

Mukpocxema K561ME11 (puc. 42,6) — nBOMuHBIfi peBEPCHBHHA UYeTHpPexpas-
PAAHEE cueTuMK C mnpelycraHoBkod. ITo csoum BosmoxpocTaM K561MEI] moxmo-
Gern cuerunky KIS5UE7 (raba. 14). Ilpowepk B Tabaulie o3Hayaer, 4TO ypOBEHb
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Puc. 42. CuetTydKu:

a — gecATHUHbIE ¢ pgewHdpaTopoM; 6 — ABOMUHBIN 4YeThIpeXpa3pfAAHbIl DeBEPCHBHBIA € HpeRy-
CTaHOBKOMH

Ha STOM BXOjJe B JAaHHOM pexHMe OespasauueH. CueTHnle HMIYJbCH NOAAIOTCA
Ha Bxoa C, cuer ocymecreasiercs mo ¢ponty. Ilpm mocaenoBaTeNbHOM COeRHHEHHM
CueTYHKOB BHXOA mepeHoca CO MJuajmero paspsiia COEJHHSIOT CO BXOAOM Iepe-
Hoca CJ crapmero. IlepecuuThBaeMbie HMNYJbCH NOZaloT Ha BxoAn C Beex
CYETYHKOB.

Ta6auma 14
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Mukpocxema KS561ME14 — ABORUHHI MM JABOMYHO-AECATHUHHIH peBepCHBHHIA
CueTyHK C mpeAycranoBkoil. OH nomoGer cuerunky K561HIEl1 (puc. 42,6) TOABKO
6e3 pexxnMa yCTaHOBKM B HYyJEBOe COCTOSIHHe. BMeCro Hero BBefeH pexHM «2[10»,
Korja Ha BHBOJe 9 BHCOKHH ypOBeHb, CUETYHK paGoTaeT KakK JBOHUHHIA, NpPH HH3-
KOM ypOBHe — KaK ABOHWYHO-JECSTHUHHI.

NPEOBPA3OBATEJIH KOJAOB (ILIH®PATOPHI,
AEUIN®PATOPBI, MYJIbTHIINIEKCOPDI, JEMYJIbTHIIJIEKCOPDI)

Ilpeo6pasoBaTean KOXOB ciayxar OJjs IlepeBoja OXHOH ¢op-
MH uyHCia B JApYryw. HMx BXoiHele H BHIXOAHBlE NepeMeHHHE OJHO3HAYHO CBS3aHH
Mexay coboit. DTy cBSI3b MOXKHO 3ajaTh TaGJMUAMH NEPEKJIOUEHHH HIH JOTHYECs
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xamMn pyHxuusamMu., PaccMoTpuM HauGosee pacrnpocTpaHeHHHe B PafHOMOOHTENbCKOM
OpakTHKe BHAH npeo6pasoBaTeneii KOAOB.

IMudpatop (komep) mnpeo6padyeT OAHHOUHHA CHTHAX B N-pa3psARHHA
nBouunnfi koA, HauGoablllee npuMeHeHHe OH HAaXONHT B YCTPOACTBAX BBOAA HH-
¢opMauun (mysbTax ynpaBieHHs) [Js Npeo6Pa30BaHHA  HNECATHUHHX WYHCENA B
HABOHYHYIO CHCTeMY cuHcJeHHs. [IpeamosnokuM, Ha myJbTe AecATb KJaBHIIei C rpa-
BHpoBKOiX oT 0 xo 9. Ilpm maxaTtum Jo6Gofi H3 HHX Ha BXoA ummdpatopa noxa-
ercsi eiuHHYHHA cHrHaa (X0—X9). Ha Buxoze umdpaTtopa AOMKEH NOSABHTHCS
asonunufi kKox (Y1, Y2,..) sroro mecatuunoro umciaa. Kak BHAHO u3 TaGaHUME
mepekJioueHnit (ta6n. 15), B 3TOM ciayyae HyXXeH npeoGpasoBaTeNb C HeCATHIO
BXOJAMH H YeTHPbMS BHIXOZAMH.

Ta6auua 15
JIBOMUHBIH KO JIBOHUHBIA KOX
IecsaTuunoe JecsiTHyHOE
aucao Y8 Y4 Y2 Y1 qHen0 Y8 Y4 Y2 Y1
0 0 0 0 0 5 0 1 0 1
1 0 0 0 1 6 0 1 1 0
2 0 0 1 0 7 0 1 1 1
3 0 0 1 1 8 1 0 0 0
4 0 1 0 0 9 1 0 0 1

Ha Buixome Y1 enuHuua mnosiBiseTcs NpH HaXaTHH JIOGOH HedeTHORA KJIaBHIIH
X1, X3, X5, X7, X9, 1. e. YI=XIVX3VX5VX7VX9. [ns OCTajbHHX BHIXOAOB
JIOTHUECKHe BhIpaXKemus HMeloT Bul: Y2=X2\/X3\/X6\/X7; Y4=X4V X5V X6V XT;
Y8=X8V/X9. CaenoBaresbHo, ansa wmuppaTopa NOHAHOGATCS UYeTHpe 3SJaeMeHTa
HJINU: nATHBXOAOBHM, ABa YeTHPEXBXOAOBHX H ABYXBXOZOBHA (pHc. 43).

Hemudbparop (Aexomep) npeobpasyer KOA, MOCTYNAIOWHA Ha ero
BXOJAH, B CHTHaJl TOJbLKO Ha OXHOM H3 ero BHXOXOB. [emmdpaTopn MHPOKO mHPH-
MEHSIOTCS B YCTpPOACTBAaX YNpaBjeHHsi, B CHCTeMax Uu(dpPOBOH HHAWKAUMH C Traso-
paspAAHHIMH HHAHKAaTOpaMH, HAJs INOCTPOEHHS pacClpefe/HTeNell HMIYJAbCOB MO
Pa3IHYHHIM LEnsM H T. A.

YcaosHoe o6o3nauenue gmemudparopa Ha MukpocxemMe KI56KM1 c¢ aecaTsio
BHXOJAaMH JJsi JemnbpOBaHHS OLHOrO paspsiia ABOHYHO-AECATHYHOTO Koja 8421
H YacTb ero NpPHHIHMHAJILHON CXeMH NpHBeJeHH Ha pHC. 44. Jlio6oMy BXOZHOMY
JIBOMYHOMY KOAY COOTBETCTBYeT HH3KHA YPOBEHb TOJBLKO HAa OJHOM BHIXOJEe, a Ha
BCeX OCTaJbHHX COXDAHSETCS BLHICOKHI yPOBEHb,

Hemndpatopu Bxomar Bo Bce cepuu Mukpocxem TTJI n KMIIL Hanpumep,
nemndpatop K155M4 (aBa nmemnppatopa B kopmyce) mpeoGpasyeT ABOHYHHIA
kon B Kox «l H3 4», K156l u K176MJ1 B mox «1 m3 10», K155 13 — B KOA
«1 u3 16». LlokomeBKa 3THX MHKpPOCXeM NpHBeleHa Ha puc. 44 u 45.

Heumndpatop na MmukpocxeMe KI1S55MJI1 npepnasHaueH s paGoTH ¢ jeKaf-
HHIMH Ta30pa3psANHHIMH HHAMKAaTOpPaMH. Ero BRXOAH NOAK/IIOYAIOT HEMOCpeACTBEH-
H0 K KarojnaM (uMelomuM ¢GOpPMYy JeCATHYHHX UH(pP) ra3opa3psaHOrO HHIHKATO-
Pa, aHOA KOTOPOTO uepe3 pe3UCTOP NOAKMIOUEH K HMCTOUHHKY NHTaHHS Hampsike-
s#ineM 200—250 B. BrxoAnne CHrHANBl 3TOH MHKpocxeMH oTimyaotes ot TTJI
YPOBHeli H NMOSTOMY HJsi NMOJKJIOYEHHS K Hell HAPYrHX MHKDOCXeM NDHXOLHTCS NpH<
MEHATh JONOJHHTENbHEIE YCTPOACTBA COIIacOBaHHS,
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Puc. 43. Cxema mudparopa

Ha siaementrax HMJIH mu ero

ye

rpadu

o6o-

3HaAYeHNe

Muxpocxema KI55H[I4 cocrour us aByx memudpaTopoB Ha 4 ¢ 06beAHHEH-
HHMH ajpecHHIMH BXoZamu (BHBOAHM 3 H 13) W pa3fefbHHMH BXOXZaMH CTPOGH-
poBanus. CTpoGHpOBaHHeM Ha3HBAeTCSl BHAGJEHHE CHrHAJNa B ONpeAesteHHHft Mo-
MeHT BpeMeHH. B janHOM ciysae —3TO mOsIBNEHHE BHIXOQHOrO CHTHAJAa B MO~
MeHTH, KOrja Ha BXOAax CTPOGHPOBAaHHS eCThb paspemaliidHe ypoBHH. Ecam Ha

KISEH4T
(K176H41)

¢
310) ;

5(73)
(73) 2
7(12)

(1) P

-
QAN DUNND

a)

Puc.
TOD
K155H A1

4.

duyeckoe
HHe;
anbHasg cxeMa

ob6oux Bxojgax Al u A2 Gyayr

TaKXe HH3KHA YpOBE€Hb,

Hemudpa-
Ha MHKpocXeMe
(K176 A 1):
a — YycJIOBHOe
oGo3Haye-
6 — TNpHHLOHNOH-

X7

2y

—

L]

X4

]

L

iy
Ky

|

%

A8

0J

7)

HH3KHe YPOBHH, TO Ha BHIXOJE BEDXHEro IO CXeMe
AdemudppaTopa, HOMeD KOTOPOTO COOTBETCTBYET SKBHBAJEHTY BXOAHOTO Koja, GyZer

Jas umuxHero (nmo cxeme) jpemHdpaTopa HEOGXOLHMO

BHNONHeHHe yciaoBui: A3=1 u A4=0. Ha puc. 45,6 nokasaHo, Kak 3Ty MHKpO-
CXeMy MOXHO HCIOJb30BaTb B KauecTBe JAemH(ppaTopa Ha BOCeMb BHIXOJOB CO

BXOJOM CTPOGHDOBAHHSA.
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L2 u 17625 Puc. 45. JdewmHdpatopnl Ha
14 76 MHKpOCXeMax K1551 43 (a),
L2 Y I A Ki55H 4 (6, B)
a)

Jemmngppatop Ha Mukpocxeme KI155MJI3 uMeeT ueTHpe BXOAa s NpHeMa 4H-
cen B koje 8421 u 16 BeixOmOB. [IBa BXoAa CTpPOGHpOBaHMS (AJsA TNepelayu CHr-
Hana Ha Al u A2 HeoOXOAMMO MOAaThb HH3KHE YDOBHH) MNO3BOJSIOT OGBHEJHHHTH
MHKPOCXeMbl JJIsl HojydeHHs AewndparopoB Ha 32 BHxoda (puc. 46), 64 Bhxoxa
(motpeGyercss 4eTHpe MHKDOCXeMH) H T. 4. [1].
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Puc. 46. JewmudpaTop Ha 32 BeIXOAA

IIpeobpasoBareas ABOMUYHO-JECATHUYHOT.0 Kojxa B KOJ
CeMHCEerMeHTHOro HHAHKaTtopa. Yucara Ha Tabiao H MyJbTaX  HHAHIE-
pyloTcs, Kak OpPaBHIO, B JeCATHYHOM Kofe. JlJIs 3TOr0 MOXHO HCIOJb30BaTh Je-
mudparop Ha Mukpocxeme KI55MJI1 coBMecTHO ¢ rasopaspsiHbIM HHAMKaTOPOM.
OnHako mnpuMeHeHHe TaKHX HHAHKAaTOPOB B pajHOMOGHTENbCKON NPaKTHKe Hexe-
JaTeJlbHO H3-3a  CPAaBHHTEJBHO  BHICOKOFO  HANpSIKEHHS  HCTOYHMKA  IHTAaHHsA
(=200 B). Cefivac muEpoKOe pacHpOCTPaHEHHe INOJYYHJIH TaK Ha3blBaeMble CeMH-
CerMEHTHBIE CBETOJAHMOAHBIE H JKHAKOKPHCTA/UIMYeCKHe HHJAMKAaTOPH, KOTophie pabo-
TAlOT NIPH TeX XK€ HaNpPsKEeHHAX, 4TO H MHKPOCXeMBl. B HHX HHAMKaUHA ocyile-
CTBJSIETCS CeMbI0 3JeMeHTaMH, KakK NOKaszaHo Ha puc. 47. IlomaBasi ympaBisiomee
Hanpsi>KeHHe Ha OTAeJbHBlE 3JeMEHTH HHAWKATOpa H BHI3bIBAsl €ro CBeyeHHe (cBe-
TOAMOJAHLIE HHAHKATODH) HJIH H3MEHSIS1 ero OKPacKy (MKHIKOKPHCTaJJIHYeCKHe HH-
JIHKaTOPHI), MOXHO NOJYYHTh H306paKeHHe mecsitHuHnix wudpp O, 1,.., 9. O KkoH-
KPeTHBIX THNAX CeMHCEerMeHTHHX MHAMKAaTOPOB MH PAacCKaxKeM AaJblle.

TIpeoGpa3oBanne ABOHWYHO-AECATHYHOrO KOAA B KOJ CeMHCEIMEHTHOrO MH/MKa-
TOPa NoKasaHo B Taba. 16.

IoxkoneBka HEKOTOPHIX MHKpOCXeM — IpeoGpasoBartelell koga 8421 B ceMu-
CerMEHTHBHIH 1OKa3aHa Ha pHC. 47,
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Puc. 47. CTuansoBaHHOe u300paxkeHHe HHPP B CeMHCErMeHTHBIX HHAMKaTopax M mnpeo6Gpaso-
BaTelH ABOHYHO-AECATHYHOrO KOAA B CeMHCerMeHTHbIM

Ha wmuxpocxeMn cepun K514 mnocTymaloTr BxoAHHE CHrHaan yposHedr TTJI.
Curian ' CIyXHT A/ TalleHHs HHAUKALUUH (HanpsiXKeHHeM HU3KOIO YDOBHS).
Ilpu HopMmasbHOIT paGore ypoBeHb curHaga ['=1. [emundpaTrop Ha MHKpocxevie
K514 11 paGoraer co CBETOXHOAHBLIMH MHAMKATOPAMH, WMEIOIIHMH pa3jesbHble
anonnl, a Ha KO514M12 —c pasgenbHeiMu  Katomamu., [Jemundparop K514K[2
NOAKJIIOYAOT K MHAMKAaTOpaM uYepe3 TOKOOIpaHHYHTeJNbHHE pesHcropu (200—
500 OmM), a nepBHIi HMeeT TaKHe PE3HCTOPH B CBOEM Kopmyce.

Ta6auua 16
JIBOHUYHBIT KOX CeMHCErMeHTHBIH KOJ
Ludpa
8 4 2 1 a b c d e f g
0 0 0 0 0 1 1 1 1 1 1 0
1 0 0 0 1 0 1 1 0 0 0 0
2 0 0 1 0 1 1 0 1 1 0 1
3 0 0 1 1 1 1 1 1 0 0 1
4 0 1 0 0 0 1 1 0 0 1 1
5 0 1 0 1 1 0 1 1 0 1 1
6 0 1 1 0 1 0 1 1 1 1 1
7 0 1 1 1 1 1 1 0 0 0 0
8 1 0 0 0 1 1 1 1 1 1 1
9 1 0 0 1 1 1 1 1 0 1 1

Muxpocxemu K176U[12 u KI176UM]JI3 sBasiorca mnpeoGpa3oBarelsaMu Koxa ¢
BXOJAHBIM DerHCTPOM NaMsATH. 3amucb HHPOpPMAUHMH B NaMATb MPOMCXOAHT MO (pPOH-
TY TaKTOBOI'O CHTHasla, NOAaBaeMOro Ha BXOX S (NpH 3TOM cHrHasa Ha Bxome K=0).
Ecin curman K=1, nemmdpparop Gaoxkupyercd. BrixomHoit KOX 3THX Aewndpato-
poB — npsamMoit npu M=0 u o6GpatHeii npu M=1. [emmdpaTops npesHasHayeHH
VI paGoTBl C XHIKOKPHCTANJIHUECKHMH M JIIOMHHECUEHTHBIMH HHAMKaropaMH. OHH
MOrytT pa6oTaTh M CO CBETOJHOJHBIMH HHAHKAaTOPaMH NpH HAaNpPsSXKEHHH HCTOYHHKA
nurana 9—I12 B ¢ TOHMXKEHHOH SPKOCTbIO CBeYeHHs (M3-32 OTPAHHUEHHA TOKa
no 2—3 MA).

MyapTHnaEKCOp —y3el, OCYLIECTBIAIOUMI NpeoGpasoBaHHe [1apallsiesb-
HBIX LH(POBHIX KOXOB B NOC/AefoBaTelbHbe. Ero npHMeHsoT A1 MOCHAeLOBaTelb-
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HOro Ompoca 3aflaHHOrO YHCAa HHPODMAIHOHHHX CHTHAJIOB H Ilepefaud HX Ha
OfHH BHIXOZ.

VcnosHoe 0603HaueHHe MYJLTHIVIEKCOPA C YETHPbMs HH(POPMAIHOHHHIMH BXOAas
MH H ero NOpHHIMNHaJbHAas cxeMa MOKasaHH Ha puc. 48. Ha Buxox Q Takoro

70| MX

Puc. 48. Yc 0603 H TPHHUMIHMAJIbHAS CXEMa MYJbTHIJEKCOpAa C UeTHPbMS HH-
GopMAUHOHHBIMH BXOXAMH
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Puc. 49. YciaoBHbie rpaduueckue
0603HaYeHHsT MYJBTHNJIEKCOPDOB  ce-
puft K155 n K561

yCTpoOiicTBa mepejaeTcsi JIOTHYeCKHH ypOBeHb TOro HHGpopMaiHOHHOro Bxoja Dj, Ho-

Mep KOTOporo i B ABOHYHOM KOZe 3ajlaH Ha afipecHHX BXxoAax Al, A2. M3 npua-
IHIHAJAbHOH CXeMH CJeLyeT, YTO

Q=DO0AI1A2\/DIATA2\/D2A1A2\/D3A1A2.
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Yucno unbOpPMaUMOHHHX BXOAOB MOXeT OHITh YBEJIHYEHO, HO IPH 3TOM IpH-
JeTcsl YBeJHYHTL H PaspAAHOCTb afpeca.

B uHTErpaJbHOM HCIOJHEHHH BHIYCKAIOTCA MYJbTHIVIEKCODH Ha JBa BXxoja
(deTelpe 3JIeMeHTa B OJHOM KOpmyce), Ha ueThHpe BXofa (XBa B OJHOM Kopmyce),
Ha BOCEMb H ILIECTHAAUATh BXOAOB. L[oKOJeBKa HEKOTOPHX H3 HHX IOKa3aHa Ha
puc. 49. Bce oHH HMelOT BXoj paspemieHdHst BHOOpPKH V (HanmpsXKeHHeM HH3KOro
ypoBHa). Mukpocxema KG561JIC2 comepKut ueThpe 3/eMeHTa, KaXAbIH H3 KOTO-
pHX peanausyer o¢yHkuuio Q=D1-X7\/D2-X2. [lnsa npeBpalleHHsd B ABYXKaHaJb-
HHH KOMMYTaTOp ee AOMOJHSIOT HHBEPTOPOM (cM. pHc. 49).

Mukpocxemnr K561KIIl u K561KII2 npeacrasasioTr co6ofi  MyJbTHILIEKCOPH-
JAEMYJbTHILIEKCOPH LHGPOBHX H aHAaJOTOBHX CHTHAJOB M MOTYT HCIOJb30BaThCA
HJIH [Jis TOCHeHOBaTeJbHOre onpoca Bcex BXOAHWX nenefi X0..Xn H nepepaun
HX CHTHaJia Ha OJuH BHXOA X, WM AJS KOMMYTALIHH OJAHOrO BXOJAHOrO CHrHajda X
Ha oauH u3 MHOrHXx BHXx0A0B XO ..Xn. KoHKpeTHhe NpHMepPH HCIOJb30BaHHSA
9THX MHKPOCXeM AJS KOMMYTallHH aHaJOrOBHX CHTHaJOB PaccCMOTpeHH B [24].

CYMMATOPbDI

CyMMarop mnpelHasHaueH [ apHGMETHYECKOTO  CJIOXKEHHS ABYX
ynced. VI3 NpHHUMNA CJIOXKEHHS MHOrOpaspsAHHX [ABOHUHHIX YHCET CJIeAyeT, YTO B
KaXIOM i-M paspsje HaxOAZHTCH CyMMa Tpex YHCeJ IO MOAYMI0O ABa (caaraeMHXx
Ai, Bi H mepeHoca, NOCTYyNHBLIEro H3 MJajmero paspsaxa Pi), H ¢opMmupyercs
CHTHaJl NepeHOca B crapmuft paspsapg Piii.

Ta6bnuma 17

Bxon Boixon
Caaraemoe ITepenoc Cymma Tlepenoc
A | B P s Pit1
0 0 0 0 0
0 1 0 1 0
1 0 0 1 0
1 1 0 0 1
0 0 1 1 0
0 1 1 0 1
1 0 1 0 1
1 1 1 1 1

Ias npumepa npoaHanusHpyeM TaGiaHLy HCTHHHOCTH ORHOPA3psAHOTO CyMMa-
Topa (Taba. 17) W 3anumeM JIOrHUeCKHe BHpPaXKEeHHS AJs BHXOXHHIX BEJHUHMH

S=ABP,\VABP,\VABP,\VABP,, Pi;1=ABP,;\VABP,\VABP,\/ABP,.

Mo sTuM GyHKUUAM MOXKHO MOCTPOHTH CyMMaToOp Ha 3ieMedtax U u HWJIH
(puc. 50,a). CuMBoanuecKoe H306pakeHHe ONHOPASPALHOTO CyMMaTopa IpHBeAEHO
Ha pHc. 50,6. [as cloxeHHs ABYX MHOTOpaspsAHHX ABOHYHEIX YHCEJ HCHOAB3YIOT
MHOIopaspsjiHele CyMMaTOpH, MNpejcraBisiomne coGofi B NpocrefilieM BHAe NocJe-
JOBaTeJbHOE COeflHHEHHe OJHOPa3pALHHX CyMMaTopoB (puc. 50,8).
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Puc. 50. CxeMbl CyMMaTOpoOB

B cepusax MHKpOCXeM eCTb OJHO-, ABYX- H UeThIpeXpa3pslHble CyMMaTOpHl, KO-
TOpble MOXHO OODBeNHHHTb [IJs IMOJYYeHHS CYMMaTOpoB C JIOGOH pPaspsAHOCTHIO.
B cepuio K155 [27], mampumep, BXOAAT Tpu cyMMmaropa (puc. 51): omHopaspsaAubiil
(K155MM1), nByxpaspsaueii (K155MIM2) u uernipexpaspsaumii (K155MM3). B
cepusix K176 m K561 mMeeTcsi ONMH ueTHpexpaspsjHHi cyMMaTop (IIOKOJNIeBKa Ha

puc. 51,8 o603HaueHa B ckoOKax).
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Puc. 51, OaHopaspsaubiit (a), AByXxpaspsaaubli (6) ® ueThipexpaspsiAHbli (B) cyMMaTophl
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ILIH®POBbLIE OJHONPOIrPAMMHBIE ABTOMATDI

PaccMoTpeHHBIe OCHOBHHE Y3/MH IHGPOBOH TeXHHKH IO3BOJISIOT COGHpATh
pasHHe N0 CJIOXKHOCTH H (YHKUHOHaJbHOMY Ha3HaueHHI0 aBTOMaTHYeCKH JeHCTBYIO-
1He YCTPOHCTBA, HANpPUMepP HIPOBHE aBTOMATH, MAIIMHH AJS KOHTDOJS 3HAHHH,
yacel ¢ OYAHIBHUKOM H KaJleHJapeM, IHGpPOBHe IIKaJH HACTPOHKH pajgHOBeLlaTeNb-
HBIX NpPHEeMHHKOB. IIpH KOHCTPYHPOBaHHH ONHCHIBAEMEIX 3JeCb aBTOMAaTOB NpeANod-
TeHHe OTHAaBa/JOCh TAKHM TEXHHUECKHM pelleHHsIM, KOTOpHe INO3BOJSIOT MaKCHMaJb-
HO YHpPOCTHTb YCTpoficTBa BBOJ2a M BhBOja HHbopManud. [locie 3HakoMcTBa ¢
pasfieJioM <«yCTpPOHCTBa BBOAAa H BHBOJAa UHPPOBOH HHGOPMALHH» BB CMOXKeTe
NPHMEHHTb NpHBEJCHHbIE TaM pelleHHs JJs YCOBEepIIEHCTBOBaHHS HEKOTODHX aB-
tTomaroB, Hampumep, HaGopHOoe mnose «BeuHoro kaJleHAapA» MOMKHO 3aMeHHTh
ua(pPOBEM 6JOKOM BBOZA HHQOPMAIHH.

Bee ycrpoiictBa cobHpatoTcsl 6Ge3 KaKHX-AHGO pPeEryJHPOBOUHBIX 3JEMEHTOB H
HauuHaloT DaboraTh 0e3 HacTPOHKH, eClIH He OBJIO [JOMNYIIeHO OIUHGOK HpH MOH-
Taxe CXeM.

OTtrajyuk nABY3HauyHbIx uMced. MOXHO IOCTDOUTH 3JEKTPOHHYIO «TafajKy»
yMeIyl0 OTrajhBaTh JBY3HauHHe uxcaa or 10 mo 99. Ona paGoraer mo aJro-
PHTMY, KOTODHIM HYacTO NOJb3YIOTCA Ha 3CTpaje INPH JeMOHCTPALHH YHCIOBHIX
¢doxycos.

Hanpumep, BaM roBoOpsAT: «3ajiyMaiiTe ABY3HayHOe YHCIO (Baml BO3pacr), yM-
HoXbTe ero Ha 10, 3amymalite elte OZHO, HO Tenepb OXHO3HAYHOE YHCIO H YyM-
HOXbTe ero Ha 9, u3 nepBOro NPOM3BefleHHSI BHIUTHTE BTOpPOe H COOGHIHTEe pe3yJib-
TaT.. Bnl 3agymann uncao «AB». Eciu 3agymaHo uuciao AB, a coofmenHas «do-
KycHHKY» pasHocTh 10-AB—9.-C=mnk, T0, Kax HeTpyRHO TNpoBepHTb, Npu (n--
+k)<<10 B 3araganHoM uucie A=m, B=n+k; npu (n+k)=10 B 3aragaHHoM
yucie A=m+-1, B=n+4k—I10. ¥YcrpoiictBo, paboTaioumee IO 3TOMYy aJrOPHTMY,
HOJXXHO cojepxaTb KJaBHaTypy AJs Habopa TPEeX3HAUYHOrO YHCJAa, NaMsATh AJIA
3aNOMAHAHHA BBeJEHHOro pesyJbrara, apudmernueckoe ycrpoiicteo (AJIY), BH-
NOJHAIOmEee ONEPAUMH CJIOXKEHHs, BHIUHTAHHS H CPaBHeHHS ABYX UHCeJN H, HakoOHell,
6s0x uHAHMKanuu orBera. CTPYKTypHas cxeMa Takoil S/JeKTPOHHOH MalIMHHI TOKa-
3aHa Ha pHc. 52,a. PaccMOTpAM ee BO3MOXKHKHIE BapHAHTHL.

Ilepgoui sapuanr. Haunem c BeiGopa ynoGHOro mnyuabTa. BeposiTHO, MHOrUM
3axogercsi HMeTb HabopHOe noje ¢ KiaaBHmamu oT 0 mo 9, momo6HOe MyJabTy MHK-
pokanbKyasTopa. Torma, moouepefHO Ha)KHMasi Ha TPH BHIGDaHHHE KJAaBHIIH, MH
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pBefieM B MammHy uncio mnk, HaxkaTas kjaBHIIa JOMXKHA BHPabaTHBATL KOJ
coorBercTBylomell nmHGpH. Ecan 310 ABOMYHHIA KO, TO ero JIETKO 3aMOMHETb B
YeTHPEeXpaspARHHX perucrpax (mo ogHoMy Ha Kaxnayio unudpy), a 3aTeM mnojaarhb
Ha [JBOMYHHI YeTHIpeXpas3pAMHHIA CyMMaTop H YcTpoficTBO cpaBHenHs. Hyxmu O6y-
AyT ewie 3JeMeHTH ymupasieHus AJIY (npeAnHCHBalOIHe MNOPALOK BHINOJHEHHS
BCeX OmMepauMii CJOXKEHHA, BHIYHTAHHA M CPaBHEHHA), KOMMYTaTOpH HHdoOpManHu
Ha Bxogmax AJIY, pmemmudpaTopu mosyueHHOro pesyabrara. s peanusalHH 3TOro
ycrpoiictBa norpe6yerca 17 mukpocxem. B [31] omucan orraguMk IBYSHauHHIX YH-
cea, paGoralomuii mo Gojlee MPOCTOMY aJroputMy (OT COOOLIEHHOT'O pe3yJbTaTa
BHIUHCJICHHA AJs TOJNYueHHS OTBeTa HYXHO Bcerna ortHuMarb 18). Jlna mocTpoeHms
3TOrO0 OTrajyHka Ha MHKDPOCXeMax MaJioffi CTelleHH HHTerpanuH (31eMeHTH H —
HE) norpe6osanoch okoso 50 MHKpocxeM.

Bropo#t eapuanrt. TlompoGyeM ympOCTHTb aBTOMAT, YMEHLIIHM UYHCJIO HHbOpMa-
OHOHHBIX KaaBHm Ko Tpex. OnHa KjaBHIa (KHOMKA) npelHa3HaueHa IJs 3alHCH
gyucna coreH (m), mpyras— gmecatkoB (n) H Tperba — eaunnn (k). Ilpasga,
BBOJ YHCJA TNIPH 3TOM HECKOJNBKO yCJHOXKHAETCHA, TaK KaK Ha KaxAYyl0 KHONKY HYyX-
Ho 6yleT HaXkaTb He OJHH, a m, n uan k pas.

OG6GpaTHMCs elle pa3 K aJrOPUTMY H YTOYHHM: OTHEJNbHO YHCJA JAECATKOB N H
eHHHL, k HHrae He HCIONB3YIOTCH, Be3Ze Heo6XONHMAa TONBKO HX cymMma. Iloatomy
HaM HYXHO OJHO YCTPOACTBO, MOACYHTHIBAIOILEE YHCJIO HAaXaTH# HA KHONKH
n #H k, H Apyroe — CuHTalollee YHCIAO HaXKaTHH Ha KHOMKY m. QYHKIHOHaJbHASA
cXeMa TaKoro aBToOMaTa NpHBefleHa Ha puc. 52,6. [lokasaHHhe Ha Hel CYETUHKH
cyuTaloT Mo MoAymo 10, mostomy cuerynk CT2 BhIMOJHAET TpH (GYHKUHH: IOACYH-
ThBaeT cymMy (n+k), korma (n-+k)=10, nposogur onepanuio (n-4k)—I10 u
XPaHHT pe3yJbTaT BhuHCAeHUH. [IpH KaXZOM mepelnoNHEHHH CYETUHKAa Ha BHIXOJE
P Bo3HHKaeT KOPOTKHI HMNyJbC NMepeHOCa, MocTymaiomuii yepes sieMent WJIU ma
Bxon cuerynka CTI. Takum oGpasoM, cueryuk CT1 cuMTaeT 4HCAO HMIYJBCOB m
H umnyabcos nepenoiHenns CT2, a CT2 cuuraer uuciao (mo Moxyiawo 10) uMmmynab-
coB n u k.
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Puc. 53. IIpuHIHNHANbHAS CXEMA OTrafiuHKa ABY3HAUHBHIX YHCeA
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DnekTpoHHHA oTrafunk (puc. 53), cob6paHHHfi Ha MHKpocxemax cepun K155,
KOHeyHO, cjoxknHee. Kpome Tpex MHGOPMALHOHHHX KHONOK, 34€Ch BBEIEHH elle
aAse: «C6pocs — JJs YCTAaHOBKH CYETUHKOB B HCXOLHOe (HYyJeBOe) COCTOSHHE
«OTBeT» — BR/IOYAOIIAA HHAAKALHIO TOJbKO INIOCAE NOJHOrO BBOAA HH(OpPMauHH.
K undopManuoHHHM KHONKAM m, 1, k npHuniock f06aBHTb (OPMHDOBATeJNH OLHHOY-
HHX HMNyJabcoB Ha RS-rpurrepax (DDI1) aaa wuckiaioueHus jpe6esra KOHTAKTOB
kKHonmokK. K necatHunoMy cuetunky DD4, He HMelolleMy BHIXOJa CHrHajla IepeHoOca,
ZoGaBjieH (GOpPMHPOBATelb KODPOTKOrO HMIyJbca nepenodnenus. M, Hakomen, B
6JOKe HMHAMKAUHH COBMECTHO CO CBETONHOLAMH HCIOJMbL30BAHB INPeoGpa3oBaTelH
JBOMUHO-fecsTHYHOTO KoZa DD5, DD6 B KOA ceMHCErMEHTHHX HHIHKAaTOPOB.

Ofiee YHCIO MHKDPOCXEM MOMKHO YMEHbUIHTh 10 YeTHpPEX, eClH YCTPoRCTBO
co6paTs Ha MHKpocxemax cepHn K176. B srom caywae cyeruukus DD3, DD4 um jge-
mupparoput DD5, DD6 HyXHO 3aMeHHTb AeCATHUHHIMH CYETYHKaMH C npeobpaso-
BarejeM HHoOpMaluyu B cCeMHCerMeHTHHH KoA tHna K176HE4.

HMrpa «<Bame», DieKTPOHHH[I OTrafuuk HeACTBYeT NO OXZHOMY, pas H HaBCeraa
3alaHHOMY aJITOPHTMYy. 3HAUHTEJNbHO HHTepeCHee aBTOMaT, oGydalom#iics B Npo-
Lecce HrpH, T. €. MEHAIONIHA B 3aBHCHMOCTH OT De3yJbTaTOB HIPH aJlOPHTM CBOe-
ro nosefeHus. OAHHM H3 NPOCTEHAIIAX YCTPOACTB TAKOrO THNA SIBJAETCH aBTOMAT
Ans urpu <«Bames. Cytb sTOfi HrpH COCTOHT B cienylomeM [22]. M3 naGopa, co-
Jepiamero omnpefeNeHHOoe UYHCAO npeAMmeroB (y Hac 16), ABoe urpawmmux moode-
peiHo GepyT Mo OJHOMY WJIH HECKOJbKO npeimeroB (y Hac He Gojee Tpex). Bmimr-
PHIBae€T TOT, KTO B CBOfi OuyepeAHO# XOf 3abupaer mnociaeAHH#i npeamer. Ias wurpu
«Bamies> H3BECTHH [OCTaTOYHO MPOCTHE BHHIPHBAIOHYE aIrOPUTMH. B janHOM
cllyyae BHHTDHIBAIOMIMH aJrOPHTM TaKOB: NPeZOCTaBb MepPBEIX XOA4 NPOTHBHHKY; B
KaXJ0M XOfe HONOJHAH YHCJIO B3ATHX NDPOTHBHHKOM INpPEJMETOB JO YETHIpEx.

B cooTBeTCTBHM C IIOCTaBJIEHHON 3ajauyelfl aBromMaT (pHC. 54) cHauaja mpak-
THYECKH BCErJa NpPOHTPHBAET YeJIOBeKY. DTa CHTyalMs MOXeT NpoAoMKarthcs Gec-
KOHEYHO, TIoKa He BKJaw9YaloT TymMGirep SAl «Pasym». Torza aBTOMaT HauHHaeT
MeHATb CTPAaTerdl0 HIPH TNOCJAe KaXJAOro INpPOMIPHINA H 32 TPH pasza HAXOUT
BLIMTPHBaIOMKA adroparM. IIponcxoauT 3To Cilesyiomum o6pasoM. TymGaep SAl
«Pasym» paspemaer paborath cueTynky npourpeimeii CTn Haxumaror KHONKY
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Puc. 54. PyHKIHOHAJNLHAS CXeMa aBToOMaTta Aas uUrpsl «bames
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SB1 «Xoa uenoBeka» CTOMBKO DPa3, CKOJBKO INPeAMETOB HaAyMaJs B3fiTb HIPaloLIHi
(or omHoro a0 Tpex). JIBOMUHHIH KO, COOTBETCTBYIOMIHH 3TOMY UHCIY, NOABJSAET-
cs Ha BHIXOAax cymmupymomero cyeryuka CTy H cuetunxa xoxoB uenoseka CTa.
dror KOA onpefenser HoMep Bxoga (1, 2 uam 3) MyJbTHINIEKCOPa, CHIHald € KO-
Toporo Gyner nepegaH yepe3 MysapTHmiekcop MX m snement MJIM Ha Bxoa cuer-
unka CTy. Ilpu xaxaoM Haxaru Ha KHONKYy SB2 «Xon aBromara» cpabarmBaeT
renepatop TakToB I'T H Ha ero BHIXOZax NOABHTCA OXMH (BHXOX 1), ABa (BBIXOR
2) u TpH (BHXOm 3) uMmyiabca. A Tak Kak Bexod | I'T noxkmouern kK Bxomam 1
2 u 3 MX, TO He3aBHCHMO OT YHCJAa NpPEeJMETOB, B3ATHIX UEJOBEKOM, reHepaTop J0-
G6aBuT kK HHM ojuH npeamer (oaun uMmnyiaec). ITo oxonuamun upukma I'T c6po-
cut CTy B HcxomHoe Hy’deBoe cocrosinue (rno BxoAy R). Buok nuavkanuum moxa-
sniBaeT (C HapacTaiollMM HTOTOM) YMCJIO B3fATHX InpeaMeroB. Mrpa npogomxaercs,
H Ha KaXJbli XOJ ueJoBeKa aBToMaT J[o6aBisieT IO OJHOMY HMIyJabcy. B rakofi
CHTyalHH YeJOBEeK JIeTKO BHIMTpHIBaeT H cueTydK npourpeimeli CTn ¢uxchapyer nep-
Boe nopaxeHHe. IIpn 3TOM H3MeHHTCS ajZpec H HOMep HHGPOPMAIHOHHOIO BXOJa,
KOTOpHIl GyAeT MOAKIIOYATHCH K BhIXOAy. DTo GyAyT BXoxm 5, 6 wmu 7 (B 3a-
BHCHMOCTH OT uHcia HaxatHfi SB1). Kuomkoii SB3 «CG6pocs cGpackBaloT moxa-
sanust cuerunka CTy, wu HaunHator urpy saHoeo. HerpyZHO Npoc/efnTs, 4TO Te-
nlepb Ha J06GOH XOA uYesoBeKa aBToMaT OyleT A06aBAsTb IO [ABa, a INOCJAE BTO-
poro IpPOMIPHLIA — IO TPH HMIyJAbca. TOJBKO MHOCHAe Tpex MHPOHIpPHIlIeil aBToMaT
BHIfilET Ha BepHYyI0 CTpaTerHio. Bce BO3MOXHHE CHTyanMH NpH 3TOH Hrpe OTpaxe-
HH B Tabu. 18.

Ta6nuua 18

Yucao Yucno npenmeron,| Homep Bxoma MX (ze-| Uncsno npeaMeros, CyMMma gucen
npourpeiweil | B3ATHIX HeNOBEKOM| CATHYHBIH-ABOHYHELIH) | B3ATLIX aBTOMaTOM 3a OAHMH XOJ

0 1 1— 0001 1 2

0 2 2—0010 | 3

0 3 3—0011 1 4

1 1 5—0101 2 3

1 2 6—0110 2 4

1 3 7—0111 2 5

2 1 9—1001 3 4

2 2 10— 1010 3 5

2 3 11—1011 3 6

3 1 13— 1101 3 4

3 2 14—1110 2 4

3 3 15—1111 1 4

IIpuHuHnHalbHast cxeMa TAaKOrO HTPOBOrO aBTOMaTta H3o6paxeHa Ha pHC. 55.
JByxpaspsanueii cuetyuk CTy BhHIONHeH Ha Tpurrepax DD4.1 u DD4.2, Takoi
®e cuetuk CT,—ma tpurrepax DD5.1 u DD5.2. Myabrumiekcop Ha 16 Bxomos:
DD6 B crampaptHoM BkaioueHuH. B aByxnexasnoM cymmupyomem cuerunke CTg
pa6orator Tpurrep DD8.1 u DD9. [lekajna «emuuull> cob6paHa Ha Tpurrepe DD8.1
(paspsim 1) u cuetuuke Ha «5» DD9 (paspsaam 2, 4 m 8). OraenbHEf TpHITED,
BXoAswHKiA B cuetunk DD9 (sxox Cl, Bhixon 1), ABJASETCS CUETUMKOM <«JAECSTKOBY.
Tak kak MakcHMa/ibHOEe UYMCJIO TpeAMeToB 16, TO OAHOrO TPHITEpa NSl CueTta <«ie-
CATKOB» BIIOJHE JOCTATOYHO,
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Puc. 55. IIpMHUMNHAJALHAS CXeMa aBTomMaTa AJaf urpw «<Bame»

B Gnok wmHAawkauMu BxoAaT AemHdpatop DDI10, unaukaropm HL1—HL4,
snement DD3.4 u nuHamuueckas: -rosioBKa BAl. BJOK BHIMIpHIIA COCTOMT H3 TpPHI-~
repa DD8.2 u saementa DD2.4. Teneparop takroB I'T oGpasyer ycrpoficTBo 3a-
nycka (DD1.2, DD2.1, DD2.3), myastuBuGpatop (DD3.l, DD3.2, DD3.3) u cuer-
yHK-pacnpefeaurens (DD7).

Apromar paGoraer caepyiomuM o6pasom. Caauajga kHomkoi SB4 («C6pocs)
yCTaHAaBJHBAaIOT B HyJeBOe COCTOsSHHe cyMmupyloomuii cueryuk (DD8.1, DD9) n
tpurrep DD8.2, ¢ukcupymoomui BbHrpHUI uyeqoBeKa. Tpurrep DDI1.1  ycrpanser
npeGesr KOHTaKTOB KHONKH SBl u sampemaer ¢opMHpOBaHHE CYETHBIX HMIIYJbCOB.
«Xon vyesoBeKa» INoOcJae IOACYeTa IIECTHAALATH HMOYJabcoB. IIIs 3TOrO Ha BXOX
D-tpurrepa DDI.1 mogaercs curHaa oT ysia coBnafeHus VD1—VD3, ¢uxcupylo-
wero mecrHauatoe cocrosnde cuerunka CTy. Tlocre xoia uesoBeka Ha BhiXone
sneMenta DD2.1 mosiBisercs BHCOKHE yDOBeHb, pa3pemaloiinii cpabaThiBaHHe TpHr-
repa DD1.2 no cursaay or kHonkn SB3 «Xox aBromara». Huskuii yposeHr ¢ Bh-
xona tpurrepa DD1.2 paspemaer paboTy cueTuMka-pacnpefenuteas DD7 no um-
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nyabcaM ot MyabTHBHGpaTopa, DD3.1, DD3.2, DD3.3. Ha srixoge 1 cuerunka DD7
HOABJAETC TPH HMIYJbCa, Ha BHXOAe 2 —JBa H Ha BHIXOAE 6 — OJMH HMIYJbC.
Tocie 3TOro cUrHa’doM ¢ BHXOZa 3jementa DD2.3 c6pachiBaioTcsi B HCXOAHOE
cocrosinde Tpurrep DD1.2, cuerunk-pacmpefienuteqr DD7 H CYeTUHK XOHOB Y€JsO-

Beka DD4.
BpemenHass AnarpaMMa paGOTH TIeHepaTopa TaKTOB NpHBeAeHa Ha pHC, 56,
Cymmupyomuit cuerunk CTy NOACYHTLIBAET YHCJIO HMMIYJIbCOB, NOCTYMHBUIHX dHepe3
snement WJIM (DD2.2) or xHonku SBl M MyanTHIUIEK-

*'”-l‘nn”nn' c1,c2t007) 0P DD6.
R Ilpu nosBiaenun 16-ro HMNyJbca Ha BHXOJE Yy3aa

: | i
—I—;'—;:—yl—.'— #227) copnajzends VD1—VD3 noABHTCA BHICOKH# ypOBeHb, IO-
_ﬂu_l_ﬂ_ 7(277) crynaiomui jajdee Ha BxogAw D TpurrepoB DD82 &
_h_i i—ii 20007) DDI1.1. EciH 3TOT HMIOyJbC MOSBHJICS BO BpeMs XOZa ge-
0 JIOBeKa, To mpH BosBpaTe KHonkn SB1 B mnomoxenwe S
_ﬂ__ﬂ_ #227) rpurrep DDI.1, a 3a nuM B DD8.2 mepeR/OualoTCH B e/H-
__—E'!_ 4244 HHYHOe cocrosiHHe. [IpoHsoiizer ¢HKCalHsf BHHIPHILA Ye-
—_“— #2772}  joBeka — 3aropurca ceetrognod HLI1. Ecam sTo npousomnio
NPH BKJOYeHHOM «pasyMme» (SAl), To cpaGoTaeT CueTUHK
Puc. 56. Bpemennin au- OopaxeHHH DDDS H u3MeHHTCa ajpec Ha BXoJe MYJbTH-
:;gz:’;‘*;eﬂeg:f:;:' T3% muekcopa DD6. OHOBpEMEHHO Ha BLIXOJ€ ys3aa COBla-
Jennfi (SA2.2 wu DD3.4) mnossHTCS 3BYKOBOH CHIHAJ,
CBUAETEJbCTBYIOMUA O TOM, UTO aBTOMAT <MOHSJ OWIMGKY H NepeydyHTHBAETCS».
Ecan mecrsanuaroe cocrosuue cueTunka CTy HacTymwio Bo Bpems xoAa as-
TOMaTa, TO TEM Ke HMIYJbCOM Ha BEIXOJE AHOJHOTO y3la COBHajJeHHs 3alpeTHT-
C TepeKJIOueHHe B HyJieBoe cocrosiHHe TpHrrepa DDI1.1. 3aropuTcs cBeTOLHOXR
HL2, ¢ukcupyromufi BHUrpsim aBToMaTa.
ABTOMaT, MOAeAHMpYIOLIHH ¢oOpMHApPOBaHHe YCHOBHOro pedaexca. MssectHo, uro
¢ opMHpOBaHHe YCJAOBHOrO peduleKca 3aKaiouyaeTcdi B BHPaGOTKE y XKHBOTHOTO OI-
peneneHHofi peakIHH Ha Ge3pas3JHYHEIA [As Hero pasgpaxurens. Hanpumep, ecau
HENOCPeACTBEHHO Niepel TNojavyedl mnHmH (Ge3yCJOBHEII pa3ApaXkHTeNb) BKJIOYHTD
3BYKOBOH CHrHal (YCJIOBHHA pasfpaxHTeNb) H HOBTOPHTb STO COYeTaHHe pasjpa-
XKHUTeJNeH HEeCKOJbKO pa3, TO uYepe3 HEKOTOpOe BpeMs ofyyaeMhfi 0OBbeKT HauHHaeT
pearHpoBaThb Ha 3BYK, Kak Ha mNofBjJeHHe NHM (yclAoBHHI pediexc). Peduekc
MIOCTENIEHHO yracaeT, eCJHH ero NepHOAHYeCKH He MOJAKPENIATh COBMECTHBIM BO3zeil-
CTBHEM ABYX pasipaxureieil.
ABTOMaT MOKHO BHIMOJHHTb B BHAE MaKeTa JIOGOro XHBOTHOTO, HalpHMED
KPOJIHKa, KOTODBI:
pearupyer Ha O0e3yCJOBHEIA pa3paXkHTeNb <«NHIla» CBeyeHHeM TIJa3 (3axHra-
I0TCS CBETOLHOAL NpPH MOJHECEHHH K MOpJEe «KPOJHKa» MarHHTa-MODKOBKHK);

He pearHpyeT Ha YCJOBHHI pa3/ipaXKHTelb «CBET»;

Yyepe3 KOHEYHOE YHCJIO CJeAYIOHIHX APYT 32 ADPYrOM <CBETOBEIX® H <«ITHILEBHIX»
pasapaxuTeneii (¢ HHTepBajoM He Gosee 3 c) HauMHaer péampoaan; Ha CBET Tak
Xe, Kak H Ha NHILY (3aXXHraioTcs CBETOLHOAH);

gyepe3 Hekoropoe BpeMs (=1 MHH) 3a6GniBaeT BHpaGoTaHHHI pedJekc;

NpH NOBTOPHHIX ()OPMHPOBAHMAX YCIOBHOrO pedilekca OH BHpabaTHBAaeT ero
3a MeHblllee YHCJIO OJHOBPEMEHHHIX AEHCTBHH pasjpakuTesefl;

Ha MNocJefHeM »3Tane BhIpabaThiBaeT CTOAKHIA pedJieKC HA YCIOBHHA pasgpa-
XKHTeJb.
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Puc. 57. ABtomar, dopmMHpylOmHA ycaoBHBI pediaekc:
a;ynpomeuuan dbyHKUMOHANbHAsE cxema; O — CTPYKTypPHas cxeMa; 8 — BpeMeHHasl JHarpamma
pa6oThl

QyHKIHOHANbHAsA H CTPYKTYPHas CXeMBl, a TaKXe BpPeMeHHas [QHarpaMma pa-
6GOTH TaKoro aBTOMara, NpHBeAEHH Ha puc. 57. YcrpoficrBo (puc. 57,6) BxJIOua-
er B ce6sa: aBa (opMmupoBatens uMnyabcoB F1 u F2, Bunonusiomux ¢GpyHKUHH Orne-
pPaTHBHOA W  JOJrOBPEMEHHOH maMsTH; Tpurrep-gpopmupoBateab T, ycTpaHsio-
muA JApe6esr KOHTAKTOB TI'epKOHOBOro naTuvka <«IIuma» u QopMupyIOmH#A CHIHAX
COBIafleHHsl BO BpeMeHH JABYX pasiapaxurenefi, cuetTunk CT uHncia coBmajzeHHi,
MyabtHmiekcop MX, naoruueckue ssnementot 1 w HUJIM. daementn CT, MX u F2
BMecte 06pasyioT paGouyio maMsTh.

Ilps nomHeceHHH MarHMTa K IePKOHOBOMY [HAaTYMKY €ro KOHTAaKThl 3aMKHYTCSl, H
curHay vepe3 siseMeHT HJIM moCcTYmHT Ha CBETORHOJIBI — 3arOpSTCSl <«rJasa Kpo-
JHKa» (peakuHsi Ha Ge3yCJOBHHIA pasfpaxutenb). Ilis Takoil ke peakuuH Ha Yyc-
JIOBHHH paslpaxkuTeab (cBeT) HEOGXOXHMO, YTOGH Ha BHXOfAe ¢opmupoBartenas F2
GBI CHI'HAJ BHICOKOrO YpDOBHs. 3amycK (OpMHpOBaTeJss MHHYTHOrO uMmyJabca F2
ocymecTsisieTcss cHrHajaoM ¢ Bexoma MX. IlepoHauanabHo cuerynk CT Haxomures
B HYJIEBOM COCTOSIHHHM H, CJel0oBaTesibHO, Ha Bhixome 1 MX xak u Ha Bmixoge 8 CT
HH3KHH YPOBEHb, a Ha BTOPOM Bhixofe MX — BHICOKH/i ypOBeHb. DTOT CHTHAN IO-
cTymaer Ha BXxoa TpHrrepa-dopmupoBatens. Korna Ha Bxon C tpurrepa mpu R=1
nocTynuT pApeGe3r naTumka «IIHma», TpPHUrrep NepeKJIOYHTCS B eJHHHYHOE COCTOS~
HHe, a N0 OKOHYAHHM TPEXCEeKyHIHOro HMmynbca «CBeT» BepHeTCss B HYJIEBOE COC-
TostHHe (puc. 57,8). Mmnyabce ¢ BhIxOma Tpurrepa mnoacuuthiBaeT cuetynk CT.
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BocbMO#i HMIYJbC NPOXOAHT 4Yepe3 MyJabTHIUIekcop MX u 3amyckaer ¢opMHpOBa-
tesb F2. OgHoBpeMeHHO ¢ 3THM H3MeHHTcs aApec Bxoga MX (c O ma 1) u Tenmeps
¢opmupoBatens F2 GymerT aBaXKAbl 3alyCKaTbCs KaXXIBIM 4YeTBEPTHIM HMITYJILCOM,
3aTeM ONATh CMeHHTCs aipec (¢ 1 Ha 2) M Ha BHIXOJ YeThpe pasa NPOHAET Kax-
oufi Bropoit uMmmyabc. ITocne aroro cuetunk CT mnepefiner B mnocjegHee COCTOsIHHe,
H Ha BbIXOA MYJbTHIVIEKCOpa OyAyT NPOXOAHTh BCe HMIyJbCH pHaTunka «CBeTs.
Cuerunk CT H3MeHHTb CBOe COCTOSIHHe OoJibllle He CMOXKeT, TaK KaK Ha BXoA D
TpUITepa NMOCTYNHT HH3KHH yDOBEHb.

OueBHAHO, moc/ie 3amycka (GopMHpOBaTeNss HMIYJbCOB F2 ycnoBHBIE pedirexc
6yner BhIpa6OTaH M CBETOAMOLBI HAYHYT 3aXKHraThbCsl NOJ AeHCTBHEM pasfpajKHTe-
Jasi «CBeT> B TeueHHe T=1 MHH. Bropo#i m TpeTHii ummysbcel paboueii mamsatn F2
6ynyr cdopmHpoBaHE ObICTpee — Ioc/Je YeTHIpeX COBNAJEHHH pasipakHTeseil
«CBer» u «IInma», a yeTBepTHIN — CeAbMOH IOCJAe ABYX COBNafeHHil. 3aTeM yCJOB-
HbIHi pedJiekc mnpespalllaeTcss B Ge3yCJOBHHIH — aBTOMAT 3allOMHHAeT ero HaBcerja.

[puHuMNHaNbHAs cXeMa aBTOMaTa IIOKasaHa Ha puc. 58. B KauectBe cBeroO-
YyBCTBHTEJIPHOTO JaTyHKa Hclozb3yercs ¢oropesncrop CH2—2 (R1). Kaymmui
MyabTuBu6paTop DDI1.1, BripabaTbiBalomuit MMIYJbC AJUTENbHOCTBIO OKOJO 3 C,
BHINIOJIHSIeT (YHKIHIO 3JeMeHTa omnepatHBHoli namsaTtH. Tpurrep DD2.1 ycrpauser
HApe6Gesr KOHTaKTOB repkoHa SB2 u BripaGaThiBaeT uMIyJbsc coBnaieHHsi «CBeT» H
«[Tnma» nmo BxomaM R u C. Ha tpurrepe DD2.2 u mukpocxeme DD3 cobpan ns-
THPa3PAAHLIA JBOHYHBIH CYETYHK MMIYJbCOB CcOBHafeHHs. UYeTBepTHA H MNATHH
pas3psABl 3TOrO CYETYHKA YNPaBJsIOT aApeCHHIMH BXOAaMH MyJbTumJIeKcopa DD4.
ITostoMy azmpeca ero Bxomoe (0, 1, 2, 3) MeHstoTcst mocie nocrymienus 8, 16 u
24-ro umnysabca coBnafenus. [lpu stom Ha Bxoa ¢opMuposarens DDI1.2 6yayr
npoxoauTs 8- umnyasc (¢ Bxoma 0), 12-i u 16-ii (c Bxoma 1), 18, 20, 22 u 24-#
(co Bxoma 2), 25, 26, 27 .. u T. A. (co Bxoma 3). Ilocie mepekJIOUEHHs] CYETUHKA
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l;nc. 58. MpuHuMNHaJNbHAS CXeMa aBTOMAaTa, MOJEJHPYIOmeEro ¢GOpMHpDOBAHHE YCJOBHOTO pe-
JeKca
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B COCTOsiHHE

(11000),=(24)10 MYJBTHIVIEKCOP TEPEKJIOUAeTCS B MOCAedHee COC-

TOSHHe H Ha ero BHIXOJe MOSBJAETCS CHCHAJA HH3KOrO YDOBHf, GJOKHPYIOIHE pa-
6oty ¢dopmupoBaTeas HMOyJbcoB coBHafiends DD2.1 mo Bxoay D. B pesyssrare
cueTyHk DD3 yxe He MeHsSieT CBOEro COCTOAHHS, H YCJIOBHHI pedJekc HpeBpaTHI-
cs1 B Ge3yCNOBHBIN (3aKpenmHjics HaBcerja).

Beunnit kajenaapb, C NOMOINBIO 3TOr0 YCTpOACTBAa MOXKHO 10 JaTe ONpPEefe/HTD
Aenp nemenn ot 1500 mo 2300 romos. [lJst cocraB/ieHHs ajJropuTMa paGoOTH aBTO-
Marta BocmoJsb3ayeMcst TaGua. 19. M3 Tabauunl BHAHO, 49TO JHH HeNEJH NOBTOPSIOTCA
AJf ONpeNeNIeHHBIX CTOJIETHH, rOJOB, MecAneB H Heleab. IIpH MONB30BaHHH TaKHM
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KajeHfapeM Heo6XOZHMO HAXONHTb B €ro CTPOKaX H CTOAGLAX pasHHe UYHCNIA, CO-
MOCTaBASATh HX H CKJAaAHBaTh, T. €. INOCJAELOBATEJbHO BHINOMHATL ONpeleseHHHEe
apA(MeTHUECKHe H JIOTHUeCKHe [efiCTBHS.

OG03HaunM CTPOKH H CTOJAGHH TAaGNHOH CJIeRyOmHM o6pasom: A — HOMep
cron6ua roaoB BHYTpH Kaxjoro croietns (A==1...7); B-—mHoMmep CTpOK Mecs-
nes (B=0..6); C —mnomep crpok crojerui (C=0..6); D-—mnomep crpok AHeh
Mmecsua (D==0...6).

Ipr Takux OGO3HAYEHHSX H 3aJaHHHX SHAUYEHHSX apryMeHTOB aArOpATM Om-
penesieHHs] IHS HefleIH CBOJHTCA K CleAyloleMy

84 A+1)+B—0)]
| )|

(%Vl-f- D)—N

CTpesKH 3Aech O3HAYaloT aHaJH3 pesyJbTaTa H JIOTHYeckoe mnpeoGpasoBaHHe
CyMMH B KBaJpDaTHHX CKO6Kax B 4HCIO M, a CyMMn B KDYIIHX CKOOGKax — B
gucao N.

Cnayaja aHaJH3HpyeTcsi CyMMa 3’ B KBaJpaTHHX CKOOKax, IIPH 3TOM:

ecad X'=0-4m, rae m=2..8, T0o M=m—1;
ecad X'=8--n, rae n=1..7, To M=n.

Haxkonen, ecan 2’=16-4-k, rae k=0, To M=k-1.
3areMm aHanausupyercs cymma (M-+-D)=23":

ecan 27=041, rae 1=1..7, To N='],
a ecqd X7 =81, roe {=0...6, To N={41.

IIpaBHALHOCTL aJTOPDHTMa MOXKHO NPOBEPHTb, BHIIOJHHB COOTBETCTBYIOIIHE HOX-
CTaHOBKH H mpeoGpasoBaHHs. UTo6um mo Ta6a. 19 onpeneauTb AeHb HenesH o060k
KaJIeHJapHON RATH, CJIELyeT: OTHICKAThb CPefH CTOJEeTHHA CTPOKY, COmepxKallyio [Be
nepBhie LHGPH HYXKHOTO Tofa, a B BepxHefi yacTH TaGJHUH — cToaGel, CO BTOPHIMH
IByMs LH(GpaMH roja; HaiTH GYKBY Ha IlepecedeHHH CTPOKH H CTOJ6ua; B TabuaHie
C NpaBOfi CTOPOHH HAATH HYXHHA Mecsil H B 3TOX CTPOKe OTHICKATb HEOGXORHUMYIO
GyKBy; CMOTpeTb OT 3TOfi GYKBH BEePTHKAaJbHO BHH3 — PACIOJOXKEHHHA IO Helo
CTOJIGHK IHel HeNeNH Ha IepeceyeHHH CO CTPOKOA, B KOTOpOM HAaXOZHTCHA 8aJaH-
HOe UHCJIO MeCsilia, AACT CBeJeHHs O HYXHOM [IHe HeJeJH.

dynkuHOHaNbHAs cxeMa «BeyHoro kamenmapsi» nmokasaHa Ha puc. 59. B yc-
TpoiicTBe dYeTHpe HaGOpHHX TNoasf A Ha6opa AaTH. CHrHaJe C€ Kaxzporo HaGop-
HOTO NOJsi MOCTYMAalOT Ha KOAHPOBLIHMKH-IIH(GpaTopw uyucea A, B, D m ¢opmuposa-

TeJb JOMOJHHTEJNbHOTO KOAa (f+l) gucna C. CrenyeT OTMeTHTb, 4TO, KpOMe KO-
AHPOBIIHKA A, HMeercs Takke (OPMHpOBaTeNb KOJAOB BHCOKOCHOTO H HEBHCOKOC-
HOTO TOXOB, TaK Kak B Ta6JHLe CTPOKH, COOTBETCTBYIOUIHe SHBapio H (eBpasio
BHCOKOCHOTO H HEBHCOKOCHOTO TOJOB, Da3jJHYHH. BHCOKOCHHe TOAH KpaTHH 4 H
BHIleIeHsl B ‘cronbuax Tabmuun. Cymmarop 2, ompenensier pasHocTb uucen (A
+8) u C, a cymmarop 3, cyMMy 3TOofi pasHOCTH H uHcaa B. Jlormyeckoe ycrpefcrt-
Bo JI1 aHamH3HpyeT pes3yJbTaT CYMMHDOBaHHS UHCeJl B KBaJpaTHHX CKOGKax yka-
3aHHOf Bume ¢opMysas. OHO paGoTaeT TaKHM 06pasoM, 4TO MNEepPBOHAYaJbHO (KO
4aHaliH3a) Ha CyMMaTop 2; NMOMAeTCsl € JIOTHYECKOTO YCTPOACTBA BHICOKHH YpOBeHb,
a Ha cyMMmatop X,— HH3KHA YypoBeHb. EcH B pesyiabTate aHanaMsa K uwucay k
Hano mo6GaBuTb 1, TO emuHHna moxaercs BMecTo 0 Ha cymmatop 2, Ecim ke or
4HCcJIa M Hajo OTHATH 1, To BMecTO 1 Ha cymmarop Z; nopaercs 0.
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Puc. 59. ®yHKNHOHAALHAA cXeMa aBTOMata <«Beunnifi kKanenmpapb»

Jloruyeckoe ycrpoiicteo JI2 no aHaausa cymmm (M+D) Ha BHxoge cymMa-
Topa T3 nojaeT Ha 3TOT CyMMAaTOp CHTHaJ HH3KOrO YDOBHS, a IPH HeOGXOZUMOCTH
K uucay f po6aBasiercs 1 momauedl CHrHajsa BBHICOKOIO YDOBHS Ha CyMMaTop Xa.

CxeMn xoxuposmukos A, B, C+1, D ¢opMHpOBaTeNs KOJla BHCOKOCHOTO H
HEBHCOKOCHOTO TOJOB NpuBeJdeHH Ha puc. 60 u 61. B kauectse HaGopHOro nons
HCTIOJB3YIOTCA Pa3beMH C Pas/MYHHEM YHCIOM KoHTakToB: X1.., X2.., X3.., X4..
Habop uncna ocymecTBaseTCcs COeJHHeHHeM ©0OWIero  npoBoja C  COOTBETCT-
BYIOIIHM KOHTAaKTOM pa3beMa. KOHTakTH pa3beMOB ¢ HOMepaMH FOJOB, CTOJIETHH,
yHcesq M MecsleB, AJf KOTOPHX 3HaueHHs aprymeHtoB A, B, C, D mnosropsiorcs,

coennHenn Mexny coGoi. Komupopmuxu uucen A, B, C+1, D mocrpoenn mo Tpa-
JIHUHOHHHM cxeMaM (cM. c. 47—49). Ha puc. 60 nokasaH TaKke KOJHPOBLIMK
BHCOKOCHOTO M HemHCOKocHoro rogos (DDI15, DD16, DD17.2, DD17.3). IIpu oano-
BPEMEHHOH Nojaye HH3KOTO YPOBHS HAa KOHTAKT pasbeMa X1 ¥ KOHTaKTH pasbema
X2, coorsercreylomue susapio (I) uan deppamo (II), Ha oaHoM H3 BHXOAOB
Isme, ilsme, Ilnp (puc. 60) mosiBaseTcs ypoBeHb JorHueckoro Hynsd. CHrHam ¢ Bhi-
x010B Ilgue, Isue ¥ llnp B HajbHefimleM HCHOJMB3yIOTC AN (OPMHDOBAHHS KOA@
yucaa B (mecaun, puc. 61,a).

CxeMa pewalomero 6Joxka H3o6paxkena Ha puc. 62. Ha cymmarop DDI1 no-
patorcsi koxw uncen (A+8) m (C+1), ma cymmatop DD2—«kon cyMmmu  (A+
+8)<(6_+1) H koj uucaa B, a Ha cymmarop DD3 —kox cyMmmu ¢ Bmxoma DD2
u kon uucaa D. Kpome roro, Ha Bxoan PO cymmartopo DD1 —DD3 moryr 6mTh
nojxaHLl BHICOKHE HJIH HH3KHE YPOBHH ¢ Joruueckux ycrtpoiters JI1 (DD6, DD7.I,
DD8.1, DD9.1) uau JI2 (DD8.2). Pesyabrar Tpex MJagmux paspsijoB Ha BH-
xone cymmatopa DD3 mnpeoGpasyercs B cemHcerMeHTHHH Kop (mewndpatop DD4)
M BHICBeuHBaeTcss Ha MHAukaTtope HLI.

Ha snementax MukpocxeMn DD10 co6pan TakToBHil reHepatop, KOTOPRMH
BMeCTe C yHHBepcaJbHHM peructpoM DDS BunosnnseT ¢yHKuMH ycTpoficTea ynpas-
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Nepus. JlHarpaMMH HampsoKeHHHA Ha BHXoZax MHKpocxeMn DD5  mnokasanm Ha
puc. 63. B ucxoxnHoM monoxeHHH KOHTakTH TyMmGiepa SAl «OrBer», pa3soMKHYTHL.
Peructp DD5 nmpu V=1 paGoTaeT B pexuMe NapaJeNbHON 3aNHCH HHOPOPMAaLHH
@0 Bxogos DD1 — DD4, u Ha Bcex BHXojax OyAyT HH3KHe ypOBHH. B pesyswbrare
agpurrepat DD8.1, DD8.2, DD9.1 ycranaBausaloTcs B HyJeBoe cocTtosHHe; POpp =1,
POppe=0 u POpp;=1. 3zecb POpp;, PObps

el yaro u POpps — ypoBHH HanpsixKeHHii Ha BXO-
’—' —l ’——I H nax PO cooTBeTCTBYIONMX CyMMaTopOB.

Wnaukauus npH 3TOM  OTKJIOYaeTCs NO-

oops ¢ S navelt ¢ seiBoga 10 Mukpocxemu DD3
HH3KOrO YPOBHS Ha BXO/ FauleHHs Iemuod-

patopa DD4. Ilpu 3amuKkanuu TtyMOJepa
2 ‘ SAl «OtBer» (MomeHT t;) mocne mpuxo-
it JAa BTOPOrO HMIy/ibCa TAKTOBOIO TeHepa-
TOpa B MOMEHT t; Ha BHXoZe 12 MHKpO-
z ¢ cxeme DD5 ycranaBauBaercst BHICOKHH
A I—' ypOBeHb; OH NOCTymaeT Ha BXOgH R

sl

tpurrepos DD8.1, DD8.2, DD9.l. Bmumy

Py 7 TOro, 4TO Ha BXOAH CHHXpoHu3amun C

s 5 . tpurrepos DD8.1 ® DD9.1 ¢ Buxoga 11

';?x%}.a‘f’m'é?:’ e;;p’:)ﬁcé:ama"m paborsl  vukpocxemm DD5 mnogaercs HU3KHA ypo-

BeHb, HHpOpMANHs Ha BHXOAAaX TPUITEPOB

fipy 3TOM OCTaetcsi HeusMeHHolt. Ha anemenrax DD6.1, DD6.2 u DD7.1 peanusy-
erca pyHRuua

$1-52-53.54\/P4-54,

rae S1, S2, S3, S4, P4 —undopMmauns Ha COOTBETCTBYIOLIHX BHXONAX CyMMaTo-
pa DD2. Takum o6pasoM, Ha Bxoge D rtpurrepa DD8.1 6yzer BHCOKUil ypOBeHb
fpu S1=52=83=0 u S4=1 uau npu S4=P4=0 u Hu3KkH{ ypOBeHb NPH BHCO-
KOM ypoBHe XoTs OH Ha oaHOM H3 BHxoa0oB S1—S3 mukpocxemm DD2.

Ha unndopmauuonnuwii sxox Ttpurrepa DD9.]1 nocrymaer cHrHan ¢ Bhxoga P4
uukpocxems DD2. B pesysibTaTe B MOMEHT BpeMeHH {3 Ha BXOAH CHHXDOHH3aUUH
tpurrepos DD8.1 u DD9.1 nopaiorcs CHrHaJu BHICOKHX YDOBHel u oCymlecTBASA-
eTcs nepe3anuch HHdopMauun ¢ Bxoma D. B pesyabrarte: POpp,=0 npu BHCOKOM
ypoBHe Ha Bhixoge DD6.2; POppj=1 npu Hu3koM ypoBHe Ha BHXofe DD6.2;
POpp,=1 npu Pdppy=1; POppo=0 npu P4pp;=0 (rze P4pp; — ypoBeup Hanps-
MeHUs Ha BHixoge 14 MukpocxeMnl DD2) u peaausyercs aJropuT™M  BHYHC/IEHHS
yKasaHHoro yncaa M.

ITocne cymmupoBanus uuceds M+D curHaa c smxoza S4 cymmaropa DD3 mo-
nRaercs Ha Bxog D Ttpurrepa DD8.2. B MoMeHT BpeMeHu i, Ha BXOA CHHXpOHH3a-
OHH STOr0 TpPHITepa MNOAAETCS BHICOKHA YDOBeHb H OCYHIECTBJfETCS 3alHCh HH-
dopumaunn c sxoga D. Ecirn S4pps=1, To POpps=1.

FesyabraT cymmupoBanusi ¢ BHXxofoB S1—S3 cymmaropa DD3 nonaercs Ha
semwudpatrop DD4. OxnoBpeMenHo Ha BXOR I jewmdparopa B MOMEHT BpEMEHH
i monaercsi BHCOKHA ypoBeHb, o6ecneyHBalOIUA HHAHKALHIO Pe3yJbTaToB.

Ycrpoficteo AnA ABTOMATH3aUMH KOHTpOAs sHaHuft. Mssectuo muoro tak Ha-
SHBAEMHX KOHTDOJHPYIOIMX MaliuH, paGoTalOMHX 0O TpPHHUHIY «BHGOpOUHOrO



OTBeTa», C MHOTONOMUHOHHLIMM [epek/iouaTensMu s HaGopa HOMepa NpaBHJb-
#0ro OTBeTa Ha NOCTaB/icHHbe BONMpOCH. Ilesarornueckue HENOCTATKH TaKHX NpOC-
TeHUHX TeXHHYECKHX CPeaACTB OOYYeHHA XOPOILIO H3BECTHH, OLHAKO B HEKOTOPHX
CHTyalHAX HX NPHMeHeHHe wuesecoobpasHo. B cBA3M ¢ 3THM TBODYECTBO paLHOMO-
Gutenefi B 3T0OH 06JacTH He mpekpamaercs [7].

Ipusenem onucanue yCTpoOHCTBa, HO3BOJSIOLIET0 KOHTPOJIHPOBATh NPABHJIbHOCTD
OTBETOB Ha 4YeThlpe HJIH BOCEeMb TIOCTaBJeHHHX Bonpocos. Ilporpammy (HoMepa
TPaBUNLHEX OTBETOB) MOXHO MEHATb, 3aMeHss KOAMPYIOIIHH pasveM. Bsox nau-
HBHIX H YynpaBJjieHHe MDOU3BOAHTCS [ABYMS KHONOYHBIMH BhIKJIOYaTeasiMd. IluTanue
aBToHoMHOe — e OaTapen 3336J1, paGoTOCNOCOGHOCTL  KOTOPHX  ONpefessAercs
TIpaKTHYECKH TOKOM CaMopa3psja.

Ha nepenneil naHenn KOHTPOJHpYyIOUleH MallHHH HaxoxaTcs KHomkn «Homep ot-
Bera», «PesyibTaty U ceMHCcerMeHTHHH uH(POBOH MHAHKATOP. Yuauuiics, NOJyYHB
KapTouky C BONpPOCAMH M MNpeAsaraeMbIMH BapHAHTAMH OTBETOB (A0 MAeBATH Ba-
pPHaHTOB Ha KaXAHH BOMpoc), BhIGHpaeT HOMep NPaBHJbHOTO, MO €ro MHEHHIO, OT-
BeTa Ha MepBHH BONpPOC H HaxHMaeT KHONKY «HoMep orBera» cooTsercTsylolliee
yncao pas. Ilocse storo on HakuMaer KHonky «Pesysabrate. Ecam orser mnpa-
BHJIbHHIH, TO Ha HHAHKaTOpe 3aropHrcs nudpa «I». Ilocne mepBoro HaxaTus KHOMN-
ku «Pe3sysipTart»> aBTOMaTr mnepecTpanBaeTCs Ha NpHEM OTBETa Ha BTOPOH BONpOC.
TIpu kaxkaom cieaywoollleM oTBeTe Ha Ta6Jo MOABJAETCS YHCJAO NDaBHJbHBIX OTBe-
TOB C HapacralouiuM utoroM. Ilocse oTBeTa Ha MNOCJEAHHE BOMNPOC, T. €. MOCJe Ye-
THpeX HJIH BOCBMH (KaK 3alporpaMMHpPOBaHO) HaxaTHH Ha KHONKy «Pesyabrart»
#a HHAHKATOpe 3aropaeTcs HTOTOBHIIl pe3ysabTaT M 3HaK «3anATas», CBHAETENbCT-
syounit 06 okonuanuu onpoca. JlioOne paJbHelilnHe MaHHNYJALHH C KHONKaMH yxXe
He U3MeHAT cocTosiHHe ycrpoiicTea. CHOBa BKJ/IOYHTb €ro B DEXHM ONpOCa MOXET
TOJIbKO yYHTeJb.

DyHKIUHOHA/bHA CXeMa KOHTPOJIHDYIOIleH MaUIHHK H306paXkeHa Ha pHc. 64
B ycrpoilictBo BxoasaT: cuetunk Homepa orBeta CT2, cuerunk sompocoB CT1 (ma-
XKaTuil Ha KHOMKY <«Pe3ysbTar»), KOAHPOBIUMK (CMEHHas NaMATb NPABUIbHBIX OT-
BEeTOB), MYJbTHIIEKCOD INepeKJIoYyeHHs HoMepa Bompoca, cueTdnk CT3 mpaBH/IbHHX
OTBETOB, JIOTHUeCKHH G6JIOK HCKJIIoueHHs1 Noa6opa oTBeTa, GJOK HHAHKALHH (CeMH-
cerMenTHH# uHauKaTop). ITo ¢dyHkuuonaibHOH cxeme BHAHO, uTo cyeTunk CT3 6y-
ZeT CYHTaTh TOJNBKO NMPH COBMNAJEHHH CHTHAJOB BHICOKOTO YPOBHH, NMOCTYNAIOLIHX OT
KHonkH «Pesy/bTaT» H OT MyJbTHIeKcopa MX. B cBoio ouepenb, BHCOKHA YpOBeHb
#Ha BHxoge MX NORBHTCS NpH COBNAjeHHM HoMepa oTBera, HabpaxHoro Ha CT2, n
#OMepa, 3aKOLHPOBAaHHOrO MNepeMbluKaMH CMeHHOro pasbeMa, Ha ¢yHkunoHanbHOR
£xeMe oTo06paxKeH cJyyal, Korja IO HepBOMY BOTIPOCY NPAaBHJAbHBIM fABJAETCH BTO-
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Puc. 64, PyHKIHOHANbHAN CXeMa YCTPOficTBA AN RBTOMATH3ANMM KOHTPOJAA 3Hanul
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Puc. 65. INIpuHOHOHAJbHAsA CXE€MA YCTPONWCTBAa JJis KOHTPOJS SHAHMA

poft OTBeT, MO BTOPOMY — J€BSITHH, IO BOCbMOMY — iepBHHA. BJIOK HCKIIOYEHHS MOZ-
6opa oTBeTa CHHMaeT paGouee HanpsKeHHe € KHONOK TOCJHe OTBeTa Ha IOCHeHHHM}
BOIPOC,

IlpuHIHMNHAJAbHAS CXeMa KOHTPOJHpylolleft MalIMHH npHBeAeHa Ha puc. 65. Ha
Tpurrepax DD1.1 u DD1.2 co6paHH (popMHPOBaTe/NH, HCKJIIOYalOmHKe JHpe6e3r KHO-
nok. CueTuHKOM BONPOCOB CJYXKHT ABOMUHHI cueTunk DD2, a cueTYHKOM HOMEpOB
OTBETOB — cueTYHK ¢ Jemudpparopom DD3. OTBeTH KOAHPYIOTCS HAa CMEHHHX OT-
BeTHHX uacTsix pasbeMa XI. Pasbem MoxeT GHTb JIOGOr0 THIA C YHCJAOM KOHTAK-
TOB He MeHee 22. KoHTaKTH 1—l7 HCHOJAB3YIOTCS AJNA KOAUPOBAaHHS OTBETOB, 18 —
20 — uncna BompocoB (18 —uethpe Bompoca, 19 —BocemMp Bompocos), 21—
22 — BKJIIOYEHHS! HCTOYHHKA NHTaHMsA. MyJabruniekcop DD4, mepekniouaeMuit cuet-
YHKOM BOIIPOCOB, MNOJAeT CHTHAJ BHICOKOrO YPOBHS TPH NpaBHJIBHOM OTBeTe Ha
Bxoa D rtpurrepa DDb5.1. dror Tpurrep cpaboTaeT NpPH HaxaTHH KHomku SB1, B
pesyabTaTe Yero Ao6aBisercs eNHHHNA B CUETUHKE NpaBHAbHHX oTBeToB DD6. Cie-
Aylomafl cueTHHH uMmyasc Tpurrep DD5.1 Moxer cdopMHPOBaTh TOJMBKO HOCje
Ha6opa HoBoro «Homepa orBerTa» (HaxaTHs KHomkH SB2), mpH KOTOpOM  TpHI-
rep DD5:1 ycraHaBauBaercs B HCXORHOe COCTOsiIHHe mno BxoAy R. Tpurrep DD5.2
(HKCHpYeT OTBET Ha NOCJEXHHI BONPOC, 3aXKHTaeT 3aNATYI0 Ha HHAMKATOpe H IIO-
JaeT Ha KHONKH CHTHal HH3KOTO YpOBHA. B pesysbrare pajibHeiilliHe HaXKaTHsS KHO-
TIOK He MOT'YT H3MEHHTb COCTOSIHHE CYETYHKOB.

Ilns 5KOHOMHH MCTOYHHKA IHTaHHA CBETONHOXHEIA HHAMKAaTOp (OCHOBHOM
noTpeGHTeNb SHEPrHH) BKJIOUAETCH TOJBKO B MOMEHT HaXKaTHA KHONKH «Pesyib-
tar» (SB1). Iloa nanesblo mpuGopa pacnojoxkeH repkoH SB3. [lopmucu k aroMmy
MeCTy MOCTOSIHHHA MAarHHT, YUHTe/Nb MOXET CHOBAa BKJIOYHTb YCTPOACTBO B DEXHM
ompoca, TaK Kak HMHyJbC c6poca OT repKOHa YCTAaHOBHT BCe CUETYHKH B HCXOJHOE
cocrosiHye. Takylo KOHTPOJMDYIOUIYI0O MaIIMHy BMecTe ¢ 6aTapeefi IHTaHHS MOXHO
PasMeCTHTb B KOpIyce MajoraGapHTHOT'O paAHONPHEMHHKA.
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AaexTponHne wachl. Mcnonbsys cueTyukH ¥ HemudpaTopH, MOXKHO cobparth ca-
Mble pasHHe 3JEKTPOHHEe 4acH. B Jymrepatype aas paznomwoburenesr [3, 5, 8, 25]
noapo6Ho onucaHH 4acw Ha 15—30 mukpocxemax TTJI u KMIII ctpyktyp MaJjofi
4 cpeaHed cTemeHell HHTErpalyH.

B 10 xe Bpemsi B cocraB cepuH K176 BXOAHT HECKOJBKO CUETUHKOB AOCTATOM-
HO BBICOKOH CTeNeHH HHTErpallHM, CHeuHaJbHO pa3paGOTaHHHX AJS NMOCTPOEGHHS da-
COB H TO3BOJSIOUMX cobpaTb HX Ha Tpex —

TATH MHKpOCXeMaXx.

JIlo6te yacH AOJKHH uMeTb (pHc. 66): | 3/ 4 =] f’r[ 7 llf ] vy
3ajlalollKil TeHepaTop, AJHTENb HACTOTH 3a-

Jalollero reHepaTopa C BHIXOJOM CEKYHIHBIX
HJIM MHHYTHEIX HMTYJbCOB; CYETYHKH €JMHHIL

H JecATKOB CEKyHJ, MHHYT H 4acoB; OJIOK el I
uHGbpPOBOH MHAMKANHMH TEKYLIeTO BpeMeHH;

YCTPOMCTBO YHpPAaBJAEHHS /s HayajdbHOH yc- I;::}mgei qﬁz’gg“m"am’“a" cxema ek~
TAHOBKH 4acoB; GJIOK MHTaHHS.

Ouenb yaOGHH HacH, B KOTOPHX ecTh GYAHJIbHHK H KaJeHiapp Anf NoAcYeTa
JHSE Mecsla, HOMepa Mecsiua ¥ JHSA HeleJH.

Jlas obecneuenHsi BHCOKOH TOYHOCTH XOAa YacoB 3ajJaiolluii reHepaTop BH-
fIONIHAIOT C KBapuepolt craGuiusaunuefl wacToTH. JlisA ynpolileHHst AeJUTe]ss 4acTOTy
reHepaTopa BHOHPAIOT KPaTHOH CTeleHH 1BOAKH, T. e. fzn =2° I'm. IlpoMHuLIes-
HOCTBIO CHEIHAaJbHO AJS 4YacOB BHIYCKAKTCsS KBapnesble Pe30HATOPH C JacTOTAMH
16384 (n=i14) u 32768 I'm (n=15). IIps HCHOJb30BAHHH TAKHX KBAPUEBHX pe30-
HATOPOB 3ajaOWMA reHepaTop M AeauTeab 4acTOTH A0 1 I'm MOXHO BHIOJIHHTD
Ha Mukpocxeme K176HIE5 (puc. 67). B kadectBe aKTHBHOrO 3/€MEHTa 3ajaio-

Iiero reHepaTopa ucnoabsyercs maeprop (sxox T, smxox T). Ha Beixopmax Amn

A BO3HHKaeT YCHJIEHHOe IO MOIIHOCTH HaNpsiKeHHe 3ajaiollero TeHepaTopa, KO-
TOpoe MOKeT OHTb Npeo6pasoBaHO B BHICOKOBOJbTHOE HANpsXKeHHe JJI1 NHTaHHA
610Ka MHAMKANMH. [l TOMydyeHHsi NATHAAUATH (JeTHPHAANATH)-DaspsIHOrO ABO-
HUHOTO JAE/MMTENs COeQHHSIOT BHBOXH 1 u 2. Bxon R sBaserca BxoaoM cGpoca
TIOCACXHHX LIECTH Pa3psfoB AeTHTENS.
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Pucy 67. Cuetunk Ha MuKpocxeme K176HMES:
a — dyHKIHOHaJbHAA cXema; 6 — HCMOAL30BAHHE MHKPOCXEMHl B SJEKTPOHHBIX Hacax
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Puc. 68. Mukpocxema K176HE12: b4
a — ycaoBHoe rpaduueckoe oGo3HaueHwe; 6 — yHKILi- 5,_—'-—-— TN
OHaJbHas CXeMa, 8 — BPeMeHHble AHarpaMMbl 2

B GHTOBHX yacax OOHYHO He HYXHa HHGOpMAauMs O eAHHHLAX H JecATKax
cekyHa. ITosToMy B NpefBapHTENbHHA [eJNHTeJNb MOXXHO BKJIOUHMTH ellle OJHY CTY-
neHb jeseHusi Ha 60, Ha BHIXOZe KOTOPofi GYAYT CueTHHE HMNYJbCHL C NEPHOAOM B
onny MuHyTy. Takoit jenutenbr ectb B MHkpocxeme 176ME12 (puc. 68). Ha un-

seprope (Bxoa Cl, BHXOZ K) COGHPAIOT KBapLeBH remepatop Ha yactory 32768 [
C BHXxOZa 25 MOXHO CHATb CHrHaj wuwacrtotoft 1024 T'u, ¢ 2¥4—2 Tu, ¢ 2V —
1 Tu. JTpu coenunennu BHBOAOB 4 H 7 ¢ BHxoAa «60» (BHBOJA '10) CHHMAIOT HM-
NyJabCH C NEPHOAOM CJENOBaHHA | MHH.

B cueryukax CT2 BcTpoen jemndpatop, Ha BHxosax T1—T4 kotoporo nMeercs
yerbipexda3Has NOCNEROBATENbHOCTh HMNYJAbCOB ¢ dacroTodr 128 T'u (puc. 68,8).
3TH MMNYJbCH HCMOAB3YIOTCA B 6JOKe AMHAMHYECKON HHIHKAUHH, 4YTO YIpOUIaeT

HHAMKAIHIO BpeMeHH. MakcHMaJbHHA ToK Ha BHXxogax Tl —

KITEHE 18 T4 He npeBwmaer 2 MA. MHorue e HHAMKAaTOpH TpeGyiOT

2l er lrl-2— Ans cBoeil paGoTH O6OJbIINX TOKOB H Hampsikenuil. ITosromy
72-—5— Mexay BuxoaaMH Tl -—T4 u unaHkaTopaMH BKJIOYalOT 6Yy-

14|, M35~ depHHe yCHIHTENH. /
¥ —Z— Y cuerunka K176ME18 (puc. 69) suxoan T1—T4 snaun-
A ,’;I TeapHo MolHee. Ero Hasunadenue M (yHKUHOHAJBHAS CXeMa
w% NpaxkTHYeCKH coBnajaiotT co cyerynkoM KI176HE12. OcHoBhoe
2], :-"1_.7 OTJIHYHE 3aKJIOYaeTCs B TOM, YTO B HEM HET YCHJHTENs CHI-

HaJa KBapueporo reHeparopa. OH 3aMeHeH YCHJHTeNeM CHr-
Puc. 69. Yenosoe Hala 3BOHKA (AN GYAMJbHHKA), BXOAOM YNpaBJeHHA KOTO-
:’e’:.?e""ei'-‘.‘éiq...?f“".?; pOro fBAseTCA BHBOA 9, @ BHXOLOM—BHBOJL 7. 3BOHOK BKJIO-
mukpocxeme KI176HEI8  yaeTcs NMPH BHICOKOM ypoBHe Ha BHBozxe 9. IIpu srom Ha BHI-

X0fle MOABJsAETCA CHrHaja c vacroroft 1024 I'u. Maxcumanb-
HHH TOK mo BHX0AY «3B» — 17 MA. Buxoan T1—T4 — OTKpHTHE CTPOKH P-KaHaJb-
HBIX TPaH3UCTOPOB. MaKCUMaJbHHH BHXOAHOM TOK 12 MA. MakcumasibHOe Hamps-
XKeHHe MeXJAy HCTOYHHKOM NHTaHHA (BwBOA 16) u BuBojamk 1—3, 15 He Goaee

36 B. Bxon M (BHBOox 14) npepHa3HaueR AJs YNpPaBJEHHS CKBAXKHOCTBIO HMIY/b—
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@uc. 70. YcaoBuoe o0O3HAYEHHE H CTPYKTYPHas CXeMa CuYeTYMKa Ha Mmukpocxeme KI176HEI13

coB Ha BHxozax Tl1—T4 npu perynnpoBke ADPKOCTH CBeueHHs HHAHMKatopoB. Ec-
JIH B 3TOM HeT Hamo6HOCTH, To M=0.

CueTyHK MHHYT H 4acoB MOXHO co6paTh Ha Mukpocxeme Ki176UE13 (puc. 70).
B Hee BXOAAT: ueTHpexAeKaAHbli cueTdHK 4acoB CT; cuetunk OGyauabuuka <CTe;
TPHHAAUATHPA3PsiiHOe YCTPOHCTBO cpaBHeHHs uncea AQ — B3 u A4 — B7; yernpex-
DPaspsaAHHE MyJabTHIIeKCOP MX ¢ opraHHsanue# «BOCeMb JIMHHA Ha OJHY»; YCT-
poiictBo ynpaBienus YY. Tak kak B AByx Aekajgax cuetyukoB CTq u CTe HeT He-
O6XOAUMOCTH CyHTaTh A0 10 (ZecsiTKH MHHYT — A0 6, HAEeCATKH 4yacoB — g0 2),
TO YHCJIO BHIXOAHBIX pa3psifioB B HHX — 13, a o6muit  Koa(¢dHUHEHT nepecyeTa
1440.

BHeIIHHMH cHrHaJaMHu, NoAaBaeMBIMH Ha BxoAn V2 u R ycTpofictBa ynpasie-
HHsl, MOXHO OOecneyHTb YeThIpe peXKHMa paGOTH MHKDOCXEMBI:

«y4acH, CYeT M MHJHKallHs TeKyllero BpeMeHH» npu V2=0. B a3toM pexume
MHHYTHBle HMNYyJbcH co Bxofa Cl ycTpoficTBa ynpaBjeHHA INPOXOAAT Ha BXOA
cuetynka CT,. Hudopmanns c BHxomoB ueTnpex Jgekas CT, noouepeaHo mnosBis-
ercd Ha BHxopax A—D myJabtHnaekcopa. Ha aapecunfi Bxox 4 MyJbTHIIEKCOpa
fo0j]aeTcsd HH3KMI YpOBeHb, [0O3TOMY OH INepeKJioYaeT Ha BHIXOAH TOJbKO MepBhe
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geThpe BXoAauhe JauHAH (A0—A3..D0—D3), naymue or CT+. YacroTa cMeHH HH-
dopManuu ¢ Hexal Ha BHXOAaxX MYJbTHIIEKCOPA ONpeAENseTcs YacTOTOH MeaHApa,
HojaBaeMOro Ha afpecHHe BXOAHW | H 2;

«yaCH, yCTaHOBKAa MHHYT H yacoB» npHi R=0. Ha V2 nogpaercsa curHan c BHXO-
noB Tl mau T2 muxpocxemm KI176UE12 mam K176UIE18 (pmc. 68, 69). B srtoM
pexxnMe Ha BXOA cueTudKka MHHYT (npu V2=TI) uau gacos (nmpyu V2=T2) nmo-
AaloTcs HMOYJbCH ¢ dacroToif 2 I'u. MyJabrHniaekcop pabGoraeT Tak e, Kak H B
npenblAylleM pexHMe. PexXHM Heo6xoguM AJs HayaJbHOR YCTAaHOBKH IOKa3aHUi
7acoB;

«yachl, ycraHoBka HyJas» npu V2=0 u R=1. Ha Bxox R cuerunka CTy mno-
JaeTcs CHTHAJ, yCTAaHABJHBAIOWIMA ero NepBHe ABe AeKaJHW B HYJeBOe COCTOSHHe.
Ilpu aToM Ha BHIXOAe Q2 TaKXe NOABJIAETCS CHIHaJ c¢6poca, KOTOPHA MOXKHO IO-
AaTth Ha BXOA R Mukpocxemn K176UE12 nau K176HMIE18 aas ycTaHOBKH B HyJb
NPefBapPUTeNbHOrO JNesHTeds. PeXHM MCHOJb3yeTcs JAJS YCTAHOBKH TOYHOIO BpeMe-
HH IO BHEUIHHM CHrHaJaM (HaNnpHMep, PQAHOCHTHAJaM <IIECTb TOUEK»);

«OyQHJIbHHK, YCTaHOBKa MHHYT, yacoB» (R=0, na V2 nogmaercs curuan T3, a
takxke Tl uam T2). B srom pexume cuetunk CTq NpOROMKaeT HOPMaJbHyi0 pa-
60Ty N0 MHHYTHHIM HMNyJabcaM, a Ha BXoA CTs HaAUMHAIOT MOCTYNaTb HMIYJbCH
¢ gacroroit 2 I'. Ha azmpecHnift BXog 4 MyJbTHIJIEKCOpA NOJaeTcsd €IHHHUA M Ha
€ro BHIXOJE [OOYEPEAHO MOSBJSIOTCA CHTHAJH YeTHpex [e-
kag CTe. Curnaaw T1 uaum T2 momarorT mO Tex Hop, MOKa Ha

KI76HETT

Earank Buxoge CTs, a caegoBaTelbHO, M Ha HHAHMKATOpE, IOMAKJIO-

;7 77 8 f 4eHHOM K MYJIbTHIJIEKCOPY, He OTOo6pasurcs BpeMs cpabaTH-

77172 ‘3 BaHMs GyauJabHMKAa, 3aTeM CO BXOoxa V2 CHHMAIOT CHTHAJIH
-—’-«vﬁg kd T1—T3 u mukpocxema KI176MIE13 nepexoguT B pexXHM cue-

70
%1 Z; g Ta H HHAHKAUMH TeKyIero BPeMeHH.
i, 1L PexxuM paboTH «6yIHJbHHK» HauHHaeTCa NpPH COBMNaje-

HHH [BYX TDHHAAUATHDaspsAAHHX 4YuceJ, INOCTYNAIOUIHX Ha
Puc. 71. Cueramx-xa- BXOAH y3aa cpasrenus or CT, u CTe. B sroM cayuae B Te-
nenpaphb 9eHMe MHHYTH Ha BXOJe «==» YCTPONCTBA yIpaBjeHHS HMe-
eTcsd paspellleHHe Ha IpPOXOxKJAeHHe curHana 128 I'y Ha BH-

xon HS, kyna moakniouaeTcss 3BOHOK ‘(AHHaMHYecKas  TroJioBKa) OyAHJbHHKA.
B cepuio K176 BxoguT ellle OZWH ABOMYHHIA CYETIHK C YCTPOACTBOM YyNpaBJe-
HHS, KOTODHH MOXKHO HCIIO/Ib30BaTh B Yacax Kak KajeHZapb. IDTO MHKpocxeMa
K176ME17 (puc. 71). Ee cTpykTypa M B3aHMOJEHCTBHe OTAEJbHRIX YCTPOACTB IO-
Ro6unl cuetunky K176HE13. Mukpocxemy KI176HIE17 o6pasyiorT: cueTuHk Ha 40
(mHu Mecsua), cYeTYHK Ha 12 (MecsiuHW), CueTYHK Ha 7 (ZHH HelesH), MYJbTHILIEK-
cop, ycrpoiictBo ynpaBaeHus. Hasnauenue ee BxogoB: RO —«¥Ycr. O» rexepatopa
TaKTOBHIX HMIYJbCOB YCTPOMCTBA YNpaBiieHHs; R1 — TeXHOJIOTHYeCKHHA BHIBOA AJs
«¥Ycr. 0» reHepaTopa TaKTOBHIX HMIYJbCOB H CYETYHKOB (B Uacax IOCTOSHHO COENH-
HeH ¢ o6uuM npoBoaoM); Tl — cueTHH BXOJ CYTOYHHX HMIYJbCOB (COELHHSIOT
¢ BuxogoM K cuerunka KI176ME13); T2 — Bxon TaxkTa CHHXPOHH3aLHH € 4acTo-
Toit 1024 T'm; V1 —BXOx TakTOB yNpaBjeHHs MAJs HauyaJbHOH YCTAHOBKH KaJseH-
naps (2 I'm); V2 —sBxox ympaBjeHHsi, NpPH INOfaue Ha KOTOPHH HMIyabcoB Tl
(¢ K1761E12, K1761E18) npoucxoaur ycranoBka CT1— cueTunka fAHell Mecsla;
CT2 — cuerynka Mecsues; CT3 — cueTyHka JAHell HeldedH; S — BXxoJ YNpaBJ/leHHS
MYJbTHIIEKCOPOM, NpH S=1 Ha ero BHXOJAax HPHCYTCTBYyeT HH(pODMauHs, NPH S=
=0 ero BHXOAH OTKJIOUeHH (BHICOKOe BXOAHOe conpoTHBJenue); A, B, C, D—
BBIXOJbl MYJbTHIJEKcOpa, npH V2=0 Ha HHX COAepKHTCI HH(OpPMaUMsa CO Cuyer-
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YHKOB ¢ KO3(dHuHeHTaMH mepecueta 40 u 12, nmpu V2=T3 — umdopmauua co
cyeTynka Ha 7; Al, Bl, Cl — BHX0OAN cCueTuMka AHell HejesH.

Ha wmukpocxemax KI176ME18 (wm K176ME12), KI177TME13 u KI176U13 —
HJemrndpaTope ¢ BXOJHHM DerHCTPOM MOXKHO co6paTh uacH ¢ GyausinHukoM. CxeMa
TakHX 4acoB NpHBefeHa Ha pHC, 72. i HayaJbHOHA YCTAHOBKH TEKYLIErO BPEMEHH
tpabaTHBaHHS GyIHNbHHKA B YacH BBeJEHH KHONKH YCTAaHOBKH MHHYT «YM», yc-
TAHOBKH 4acoB «¥YU», Tym6aep uach/GyauiabHuk «U/B» u kwomka «C6poc». 3Haue-
HHSl €MHHI H AECATKOB MHHYT, @ TaKXKe YacOB B JBOHYHO-IECATHUHOM KOJe, IO-
ouepejHO NosBJsiolHecs Ha BHxoAax A, B, C, D cuerunka DD2, no uMmnyJancy CHH-
XpOHH3alHH ¢ BHXofa QI cueTynka NepemHCHBAIOTCH BO BXOAHOH DErHCTP MHKPO-
cxemnl DD3. Ilpeo6GpasoBanHOe B CEMHCErMEHTHHIA KOJ HanpsixKeHHe NOCTyIaeT Ha
COOTBETCTBYIOLIHE 3JeKTPOZH BCeX uYeTHpeX HHAuKaTopoB Giaoka HLI. B aTo xe
BpeMs ¢ BHxooB T1—T4 mukpocxeMn DD1 mocrymaer ummysasc (cM. puc. 68.8),
paspellaouIHi paboTy TOJBKO TOTO HHAHKaTopa, HHMopManHus AJA KOTOpOro 3a-
IHCaHa B perncTpe Aemudparopa MuxpocxeMw DD3, Curnaam T1—T4 (DD1) =
Q1 (DD2) cunxponuanpyloTcs HMNyJbcaMi Q2, NoxaBaeMHIMH Ha BXoj4 R MHKpo-
cxeMnl DDI1 ot cueryuka DD2.

Tlpu xenaHud HMeTb YacH C KaJeHJapeM, IIOKA3WBAIOUIMM HHCJIO H MeCAl, TO-
HapoGutca eie ofmi cuetunk DD4 (puc. 73). Cxema camux dacos ocraercsa Ges
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Puc. 72. TIpuAnunHaJdbHAS CXeMa
< . 49acoB ¢ GyAHALHHKOM

#3MeHeHHHA, TONbKO BXOX S cueTunka DD2 mnpucOeIMHSIOT K HCTOYHHKY NHTaHHS
ygpes NepeknoyaTesb yach/kaleHaapb «U/K». Hndopmauus, BmBoguMas Ha Tabuo
unpukanud HLI, ompexnenseTcs mosoxeHHeM 3Toro Nepekuiouartets. Korza y cuer-
ygka yacoB S=1, T0 paboTalT 4YachH, H BHXOJHOE CONpPOTHBJEHHE Ha BHBOAAX
A, B, C, D kanenpaps (Mukpocxema DD4) Bnicokoe. Korga xe BHICOKHE ypOBeHb
ToxaeTcss Ha BXOA S KajeHAapsl, B COCTOSHHH C BhICOKMM COINPOTHBJEHHEM Haxo-
nsres suseAH A, B, C, D uacos (DD2). Ilpn xkz1awum una otTpenpHoM TaGao HL2
(Hampumep, ceMb CBETOJHOJOB) MOMKHO INOJYYHTHL eule H HHbOpMalHio O AHEe He-
nemu. IlpaBia, ANl 5TOro 4YaCH NPHAEICS JONOJHHTE INATOH MHKPOCXEMOR — JAe-
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Puc. 73. TMpuHIMNNAbHAS CXE€Ma YacCOB C KaJeHnjaapem

mudparopoM asouusoro koaa Al, Bl, Ci B nosuuwonnnii zecatnummi 1, 2...7.
B kauectBe Takoro jpeumndpaTopa yno6HO ucHo.ab3oBaTh MHKpocxemy KI176U1E
(cM. puc. 44).

Undposas wkana papmonpueMHuka, PafnoJIOGHTENH UaCTO UCHOJL3YIOT MO-
JNYOPOBOAIHKOBHE KOHAeHCaTOpH (BapaKTOphi) [A1d HAaCTpOHKH BXOIHBIX i T[eTepo-
AHHHHX KOHTYDOB GHITOBOH M CNOPTHBHOH® paaHONpHEMHOH amnapaTtyps. Bapakro-
pol 0061aZA0T HEOCHMOPHMBIMH IIPEHMYLIECTBAMH Ilepell MeXaHWYeCKHMH OJ0KAMM
KoHjencatopoB nepeMenuoii eMkoctu (KIIE). OzHako TOYHOCTb YCTAHOBKH 4HacCTOThI
¢ moMouiblo BapakTopoB ycrynaer (zo 10%) TpaauuMoHHOH MeXaHHYecKol ycra-
HOBKe u3-3a Gouibwioro pasbpoca eMKocreil Bapakropos mno cpasHenuto ¢ KIIE.
TlosToMy B pajHONpHEMHOl ammapatype, Kak NpoMuuuiesHoii [21], Tak H J06H-
Teabckofi [36], HauuHAOT HCHONB30BaTh LU(POBHE IIKAJB C TOYHOCTHIO H3MepeHHD
4aCTOTH NMPHHATOrO CHTHaJa Jydllle J0JeH NPOLEHTa.

HenocpencTBenHoe H3MepeHHe YacTOTH INPHHHMAeMOro CHrHaza fc HEBO3MOX-
HO, TaK Kak CHMTHaJ MOXeT Hcue3aTb BO BpeMs 3aMmupanuii. Ilostamy npu cosna-
HHH HHOPOBBIX LIKaJ H3MEpSIOT YacTOTYy reTepoiuHa fr M 3aTeM B Hee BBOAAT M0-
fpaBKy Ha NPOMEXYTOUHYI 4HacCTOTy fnu. PasjiHuHbie BapHAHTH TNOCTPOEHHs LU~
POBHIX IIKaJ ONHCaHH B JuTepaTtype [21].

CrpykrypHasi cXeMa OJHOrO BapHaHTa CO BCIOMOraTeJbHHM CYETYHKOM fna=
=f,—f. mokazana na puc. 74. Hesurteap J12 M3 4acTOTH KBapiieBOro. ONOPHOTO re-
Hepatopa OI' ¢opmupyer -HocienoBaTenbHocts umnyabcos «C6pocy n «Cuers. Mwm-
nyasc «COpoc» ycranasinaeT B paGoyee COCTOSHHE BCIIOMOraTedbHHL —CYETUHK
npoMexyTouHoi 4acToTH CTpe. ITo OKOHYAHHH 3TOrO HMMyJbCa B TEU2HHe BpeMe-
HH, omnpejensieMoro uMuysabcom <«Cuer», Ha cyeTydK CTnq M cueTunk curHana CTe
DOCTYNAIOT CyeTHhle HMIYJbCH OT reTepojuHa (yepea ¢opmupoBatean @ u geau-
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Teabp J1). ITocne Toro, kak cuetydk CTpq HaCuHTaeT YHCJIO HMIYJIbCOB, PaBHOE
NPOMEXKYTOUHOH yacToTe fpq, MEPEKNIOUHTCA TPHITEP, paspellaloluii paGoTy cuer-
uygka curHasna CTc, KOTOPHI M «JOCYHTAeT» OCTATOK HMMYJbCOB B MNOCJENOBa-
1eabHOCTH fr, T. €. Ne=Nr—Npa. Bce ocraBueecss BpeMs, 10 NpPHXOAa Ou€peaHOro
wmnyabca «C6poc» curHannl CTc uHAMuHpyloTcs Ha GJoke uHaukatopoB BU. Tanm-
TEJbHOCTb HMIyJabca cyeTa tey JOMKHA OBHITH CTPOrO HOPMHDOBAaHHOH, TaK Kak
teafr=Nr. CJlienoBaTeNbHO, NMPH H3MEPEHHH YacTOTH B repuax tcw HAOMKHO OHTb
paBHo 1 ¢, a B KuJjorepuax — 1 mc.

@ i clar L J,-]— Copor
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Puc. 74. CTpykTypHas cxema nudpoBofi wmkaab

B paanoBemateJsbHOM NpPHeMHHKE YacTOTy CHTHaJa JOCTaTOYHO U3MEPATh €
TOYHOCTBIO [0 KHJOrepua, TaK KaK HecyllHe YaCTOTHl paJHOBellaTes]bHHIX Mepefart-
YyHKOB pasHeceHH Ha 9 kI'u. Ilas npheMHHka c auamasonamu JIB, CB, KB (a0
16 M) B mnpomexyrouHoH uactoTh 465 kKI'nL MaKcHMa/ibHasi 4YacTOTa TeTepOfHHA
6yzer He Gosmee 20000 I'u. Cocyurats mo 20000 HMNyJLCOB MOXHO  YeThIpb-
Ms CHETHBIMH A€KaJaMH H OJHHM TpHrrepoM. B KayecTBe TaKHX CUETUMKOB MOXKilO
KcnoabzoBaTh MHkpocxeMbl K176HE4 — necsiTHuHble CYeTYHKH ¢ AelundpaTopom
ceMHcerMeHTHOro koaa. Tak Kak MakcHMaabHasi paboyasi 4acTOTa 3THX CYETYHKOB
He Lpeswwaer | MI'L, yacToTy reTepogHHa HeO6XOAHMO NpPeABAaPHTEJbHO DPa3fe/HTh
Ha 20 (penuteap [1). Ilpy 3TOM BO CTOBKO e pa3 MNpPHAETCS  YBEJHUUTH
BpeMs cyeTa.

IlpuHuunuaabHas cxemMa UHGpPOBOH IIKaJab CO BpeMeHeM cyera 200 MC H. Mak-
cnManbHOM yactoToif retepoanHa 19,999 MI'u npuBeseHa Ha puc. 75. CHrHana or re-
TepOAHHA NOCTyNaeT Ha ¢opMHpOBaTelb (YCHJIHTEJb — OTDAaHHUHTENIb), COOpaHHHLR
Ha tpansucrope VT1. Heautenp 1 ¢ koadduuyentom nenenus 20 co6paH Ha TpHr-
repe DD1 u pecatuuHom cuerynke DD2. Tak Kak yacTOTa CHTHAaJOB MOXeET MO0C-
THrath 20 MTL, BxoaHO#M aenuTesb co6paH Ha ObICTPOAEHCTBYIOLIHX MHKpOCXeMaXx
131 u 155 cepuit. Tpansucrop VT2 sBasiercs npeo6pasoBareneM KMIII yposHs B
yposenb TTJI aas curnana «C6poc», nopaBaemoro Ha cuerunk DD2. Ha rtpanu-
sucrope VT3 cobpaH y3en coBnagenHs u npeo6pasoBatenb TTJI ypoBHS CYETHHIX
pMnyabcoB B ypoBeHb KMJIIT. Curuas HH3KOro YpOBHS, pa3pellaiolHii INPOXOXK-
AeHue CcueTHHX HMNyJabcoB Ha CTgq W CTe, mopaercs Ha 6a3y TpaHsucrtopa VT3
yepe3 R9.

Onoprulil TeHepaTOp BHINOJIHEH Ha HHBepTOpe, BXoAsueM B MHKpocxemy DD3.
Yacrota KoseGaHuii onpejensieTcss pe3oHaTopoM ZQ1 W noactpaHBaeTcs A0  He-
o6xoauMoro 3Hauenusi kougeHcaropom C7. Hmnyabcn ¢ yacrortoii 128 kI'm pensrcsa
JBOVYHLIM JeBATHpa3psAHBIM cyeTdnkoM DD3 u Ha ero BhiXoie 9 mnosBiaseTcs Me-
anap ¢ nepuopoM 4 Mc (250 I'u). Dra uacrora nonuxkaercs cyetunkoM DD4 B
10 pas, a 3aTeM IIECTHPa3pPSAAHHIM J[BOHYHHM [IeJIHTeseM, BXOASLIHM B MHKpOCXe-
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Puc. 75. [IpuHOUNKaAbHAA cXeMa HEu(dPOBOA MKaJW pajHONpHEMHHKA

My DD3 (sxox 10 m BHxop 15), eme B 64 pasa. Taxum o6pasoM, Ha Buxome 15
MBKpocxeMH DD3 nosBJjsercs CHTHaN, MNEPeBOAAMMA HHPPOBYIO WIKANy B DeXHM
¥3MepeHHs ¢ mepuoioM 2,56 c. DTH MMOYJAbCH 3allyCKalOT (OPMHPOBATENb CHT-
#ana «C6poc» (4 mc) Ha Tpurrepe DDb6.1. Ilo koHmy curHama «CG6poc» TpHrrep
DD5.2 Hauunaer ¢opmupoBaHHe curHaia «Cuer» AJHTesNbHOCTBIO 20 MC.

Cuerunk CTgq BHIOJHeH Ha MuKpocxeMe DD6 u saemente DD7.1. On Haua-
HaeT cuHTaTh TO NpHXORY uMnyJabca «COpocy» Ha Bxog S Ttpurrepa DDS8.1. Korza
sukpocxeMa DD6 HacuuthiBaer 464 ummyssca (28+4-274264-2%), Ha Bxome D rTpur-
repa DD8.1 mossurca 0. Caexyromnuir, 465-i umnymbc Ha Bxone C Tpurrepa us-
MEHHT COCTOsIHHe ero BHIXOZOB. Dto 3anperut (mo Bxoay R) pa6ory CTms H
paspewnt pabory cuerynka curHaza CTe, BHNOJHEHHOro Ha MuKpocxeMax DD9 —
DDI12 (DD10 u DDI11 Bkmouaior Mexxy DD9 u DDI12) u tpurrepe DD8.2. Tak
KaK YHCJO JeCATKOB Merarepn MoxeT OHTb O HaM 1, ajJs MX cyeTa HCIOJIb3OBaH

98



TPHITEp, C BHIXOJ2 KOTODOrO CHFHaJM MOAAeTCs TOJbKO Ha JBa CerMeHTa HHAHKa-
TOpa, HHEHUHUPYIOUHX 1. YeTpOHCTBO paccuHTaHO Ha COBMECTHYIO PaboTy C KHAXO-
KDHCTAJJIHUeCKIMH HHAMKATOpaMH. Eciu HHANKATODH CBETOAHOARHE, TO CO BXOAA
C muxpocxeM DD9 — DD12 HeoGxomuMo y6path curaan c gacroroit 25 I'm 1 mogarth
Ha 5TH BXOJH HHSKHH HJH BBHICOKHA YDOBHH — B 3aBHCHMOCTH OT HCHOJb3YEeMHX
CBETONHOJHBIX HHAUKATOPOB (C OOUIMM aHOAOM HJHM OOIIMM KaTOAOM).

B 3akmouense 3aMeTHM, 4YTO TPAHCJAALHOHHHE pajuonpueMHHKH <«Hmum-003»,
KOTOPHMH KOMIIEKTYIOTCSI IIKOJIbHEIE PajfHOY3Jb, HMeIOT UH(POByIO IIKaldy, y3el
CT. KOTOpO/ BHIIOJHEH Ha TaKHX e MHKPOCXeMax, Kak B ONHCaHHON 3fech nH}ppo-
BOA IuKaje. B ocTajabHBIX ya3naXx DNDHMEHEHH MHKPOCXEMBEl MaJjiofi CTeneHH HHTer-
pauuu, Jas noctpoeHus uadpoBofl iIKaJH TaM HCHOJMb3yeTcss B JABa pasa Gosbmie
MuKpocxeM H Gosee 100 AHCKPeTHHX 3JIeMEHTOB.

SANIOMUHAIOUIUE YCTPOHNCTBA
ILIU®POBOA TEXHHUKH

KJIIACCHOPHUKALLHA 3ANIOMUHAIONIHX YCTPOACTB

3anoMunaouue ycrpofictea (3Y) undpoBOil TEXHHKH NpefHA3HAUYEHH AJS
RAaMHCH, XPaHEHHs W BBHAAYH HHGPODMAlHH, NPEACTaBJEeHHOH B BHAe UUPPOBOTO KO-
nAa. OcHoBHBIE XapaKTepHCTHKH 3¥Y: HH(pODMaImMOHHas €MKOCTb H GHICTpOAeHCTBHe,
Jr1d XapaKTePHCTHKH NPOTHBODEYMBHl — IIPH YJyYIIeHHH ONHONO IlapaMerpa HeHs-
6exHo yxyamaercss Apyroit. ITostoMy B nu(ppPOBON TeXHHKe OAHOBPEMEHHO MCHOJb-
3yeTcs HeCKOAbKO 3Y ¢ DasIMYHEIMA = XapaKTeDHCTHKaMH:  CBepXoliepaTHBHHE
(CO3Y) c Manoil eMKOCTBIO (BCEr0 HECKOJNBKO CJOB), HO C GHICTPOAEHCTBHEM,
CPaBHHMHIM C OHICTpPOAEHCTBHEM 3JIeMEHTOB; ONEPATHBHHE 3alOMHHAIOIIHE YCTpOHi-
crBa (O3Y) —c eMKOCTBIO B THICSYH CIOB H GHICTpOAelictBHeM 10—0 ¢, cpaBHH-
MHM ¢ OHICTpOReficTBHEM OCHOBHHIX y3/n0B (cyMMartopoB, mpeoGpasoBaresiefi KO-
JIOB); BHEIIHHe 3amnoMHHalomue ycrpofictBa (B3Y) —c eMkocThiO B MHJUIHOHH
CJIOB H BpeMeHeM o0MeHa nudopManuein =~~10—2 c.

CaepxonepaTHBHHE H onepaThHBHHEe 3Y B COBPEMEHHHX YCTPOACTBAax BHIIOJ-
HAIOTCA B BHAe noaynposoinukoBrx BHC, a B3Y —310 sjekTpoMexaHHYeCKHE
YCTPOHiCTBa C MarHHTHHIM HOCHTeJdeM HHdopManuu (T. €. MarHHTO(OHH C MAarHHT-
HHMH JHCKaMH, JeHTaMH HIH GapaGaHamu).

B npouecce paGoTH BHIYHCIHTENbHOH TeXHHKH HH(OpMauus H3MeHseTcs (CUHTH-
Baercss # 3anuchBaercst) B O3Y, CO3VY, u B3Y. Omuako ectb M Takas HHbOpMa-
IHsl, KOTOpas He AOJNKHA MeHATbCH, HanpHMep pas3JHYHBE KOHCTAaHTH, UH(POBHe
KoZH OyKB PyCCKOTO HJH JaTHHcKoro andasuta, Tabuuus $ymnxunfi B 1. A Takyo
HHGOPMANHI0 3alUCHBAIOT B MOCTOSIHHOE 3amoMuHaOMmee ycrpoiicteo (II3Y) npu
H3TOTOBJIEHHH YCTPOHCTBa, a IpH paboTe OHAa TONBKO CUHTHIBAETCS.

B panuomo6GHTeNbCKHX KOHCTPYKIHAX CeHyaC HAYWHAIOT UIHPOKO IPHMEHATHCA
0O3Y u II3Y.

ONEPATHBHBIE 3ANIOMHHAIOIIUE YCTPOHNCTBA

Brarogaps yomexaM HHTErpajJbHOM TEXHOJOTHH [IHPOKO NPHMEHSIOTCA
mukpocxemn 3Y Ha Gunosspenix . MJII TpaHsucropax. ODJjeMeHTOM INIaMsiTH B
UepBHX M3 HHX CJIYXKHT NPOCTeAIIH# TPHUITep, BO BTOPHIX — TPHITEP HJIM KOHMIEH-
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cartop, 3apskKaeMhH A0 HaNpsXKeHHs, COOTBETCTBYIOIIEIr0 EJHHHYHOMY COCTOSIHHIO
3JeMeHTa. DHNOMNsApHbIE TPHUITEDHHEe MHKDOCXeMH O0G6JIafaloT 3HAYHUTENbHHM OHICTDO-
pedcreueM, a MJIT muKpocxeMu — GoJblueit eMkocreio. 3Y. Kpome toro, MIII-
MHKDOCXeMHB NMOTPe6JIAIOT 3HAYHTEJbHO MEHble SHeprHH.

Tunuyuuit npumep TpurrepHoro O3Y — napanenbHun#t peructp (cm. c. 38). IIpu
yeTHpex OHTax XpaHUMOH. HH(GOPMAalHH BCe ero KOMIOHEHTH YMeLIAloTCs B OZHOM:
gopnyce ¢ 14-10 BHBOAaMH, 00eCNeYyHBAIOIHMH JOCTYNl KO BCEM BXOJaM H BHI-
X0AaM uYeTHpex 3JeMeHTOB naMsTH. OpraHH3auus NaMsTH B BHJE OTIeJbHHX pe-
TUCTPOB TNpHMeHsieTcss NpH co3aanun  O3Y wMasnofi  emkoctH  (HampHMep,
CO3y).

IIpu yBeanyenun emkoctH O3Y BosHHKaeT mpobjema AOCTYNa K KaXXAOMYy 3je-
MEHTY NaMATH NpPH OTPaHHYEHHOM YHCJe BHBOJOB Kopmyca. DTa 3ajaya pellaeTcs
C NOMOIIBIO afpecHON opranHsauuu 3Y ¢ HCNOJMb30OBaHHeM JeLIHppaTopa Kojaa ajpe-
ca. Kak yxe rosopunoch paHee, AelrndppaTop € N aApeCHHMH BXOAAMH JeliH(pH-
pyer 22 cocrosinnii. TakuM o6pa3oM, NmpH 4YeTHpPeX BXOJAAX MOXKHO OPraHH30BaTh
obpanieHHe K 2'=16 snemeHtam namsTH, npu 10 Bxomax —k 1024 sjemeHTaM
HT A

3anoMHHalollee yCTPOHCTBO aApPeCHOr0 THMA COCTOHT H3 TpPeX OCHOBHHX G6J0-
KOB: MacCHBa 3/MeMEHTOB NaMsTH (HaKOMHTeJp), 6J0Ka afpecHo# BHOODKH (He-
wHdpaTop azpeca) H 6J0Ka yNpaBJeHHS.

PaccMoTpuM HasHaueHHe M B3aMUMOAEHCTBHe 3THX G6JOKOB Ha mnpumepe O3Y
Ha 64 OGura Cc anpecHo# opraHusauuefi BHOGOPKH 16 weTHpexpas3psiAHHX CJOB
(16 cnoBX4 paspsna=64 Gura).

YcnoBHoe u3o6paxkeHHe M (YHKUMOHAJbHAsi CXeMa TaKOf MHKPOCXeMH [pHBe-
AeHn Ha puc. 76,a. Maccus namsth o6pasoBaH 16 ueTHpexpagpAAHHIMH UeENOYKAMH
TpHurrepoB. Ilpn curHane V=0 oAHa u3 LieNOYeK, COOTBETCTBYIOILAsi BBHICTABJIEHHOMY
agpecy Al — A4, nepexoaur B paGouee COCTOsiHMe, H e€e CHTHaJhH MNOCTYMalOT Ha
Bxoan asneMmenta M (7—10). Ilpu curnase V=1 Ha Bcex Bmxogax DC nH3KkHe
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YPOBHH, H CJIefOBaTe/IbHO, BCE TPHITEPH OTKJIOUEHH OT BHXOAHHX LIHH HAKOMHTEJS.
Tlpy V=0 1 W=0 Ha BHOpaHHYIO IENOYKYy MNOCTYNalOT MHPOPMAUUOHHHE CHTHAJH
[exonm Di1—D4) u saeMeHTOM | BHpabaTHBaeTCs CHIHaJ 3anucH. B arom pe-
JXuMe npH cMeHe nHQopMauuHH Ha Bxoae O3Y mnpoHcxoAHT Nepesanmuch HHdopMa-
UHH B JaHHOM cJoBe MaccuBa. IIpu curHanax V=1 m W=0 BxoaHas uHdpopMa-
UHSl TPOXOJHT HENMOCPEeACTBEHHO HAa BHIXOJ MHKDOCXeMB, MHHYS MAacCHB TPHITepOB
(remwrn¢ppaTop He BHIOMpaeT HH ofHOH M3 uenelt). M, HakoHen, mpu V=1 u W=1
3anpemeHa pabora AewmHdparopa, yana, BHpPabaTHBAIOMIEr0 CHTHaJA «3anmucb» H
BXOJAHHX 3aeMeHTOB H.

TakuM o6pasoM, OJ0k ynpaB/eHHs (ZecATb 3snemeHToB M) o6ecrneunBaer pa-
6oty O3Y B pexuMmax: 3amnHch, CUHTHBAaHHe, CKBO3HOM TMepeHOC, XpaHeHHe HH(Op-
MaLHH.

BruxogHoie sornueckde sneMeHTH KM (7—10) BHMNOJHEHH NO cXeMe C OTKpH-
THIM KOJIJIEKTODOM, 4TO TO3BOJsET COeJMHATb BMECTE BHXOAW Q HECKONbKHX MHK-
pocxeM O3Y. Ilpu 3ToM mnpoHcxouT HapamyBaHHe eMkocTH O3Y (mBe MHKpocxe-
MH — 32 cnoBa, TpH—48 u T. 1.).

AnpecHoe ynpaBienne Al — A4, uHpopMaunoHHHe Bxoanw D1—D4 u BHXOAH
Q1—Q4 Bcex MHKpocxeM OGbBegHHSIOT B oOLiMe LIHHH, a BHOOp paboyero MaccHBa
OCYILECTBJAIOT [JOMOJHHTEJIbHHM JeurHdparopoM mno Bxo.am V u W. Tak mocrpoena
mukpocxema Kl1B65PY2 (puc. 76,6).

[Tpu koHcTpyHpoBaHHH O3Y eMKOCTbIO B COTHH H THCAYH OHT B OJHOM KOp-
uyce BO3HHKAIOT TPYLHOCTH C CO3AaHHeM MAellH(paTopoB C TAKHM YHCJIOM BHIXOJOB.
Mix ynpanoce npeojosieTb NMpH NOCTPOEHHH MAaTPHYHHX HAKONHTeled, B KOTOPHX BH-

K176PY2, K567PY2
7 7 RApm pr
m_,mﬂ,; > 7| 2|J.-.|74175|76‘ z
yob 3 \ ¥ , z :}i s
2— Pl D0ooo ooo Wil
N~ L] z i
s— e | OO0 OO0 @l |,
15 3 A8
n—e| mE] OO OO g d
. Haxormurmens — 7
. 76 X 16 % s
7C 7 )74 256 dum BH|
45— Crpon ’z Z OO OO 3
J )75 1
as—2| |3 D00 OO0
~J 16
AaT—4 T ooOo OooOod
74
A8 — 8 14
15 2 a
ﬁf 16
M - &
Janucs — q
& S
cyumsrdanue| Paspadnan
wuna 7
z s
UNPIPMALUS, PaspRonan wuKa
a)

Puc. 77. OyHKUHMOHATbHAA CXeMA M yCloBHoe 0Go3naueHHe O3Y Ha 250 GwuT
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6opka KaxKJOro 3JeMeHTa NaMATH OCYLIECTBJISETCS He NO ONHOM IllMHe, a MO ABYM
(mo crpokam u croabuam). @yHKuHOHaJbHAA cxema Takoro O3Y eMKocThIO
256 6ur npuseneHa Ha puc. 77. Iuas BHGopa 256=2% sueek HEOOXOAMMH BOCEMb
anpecHux BxogoB. OHH pa3fieleHHl Ha JBe YeTBEPKH, KaXzas M3 KOTOPHIX YII-
pasaser AewndpatopoM Ha 16 nonoxenuit. Ilpn mo6ofi KOMGHHaUMH CHTHAJIOB
A1—A8 enunHuHBle 3HAUeHHMs CHTHAJIOB Ha LIMHe CTPOKH M ILIMHe CTOJNOLA OKaXyT-
Cs TOJNBKO y OJHOTO 3JeMeHTa naMATH. TOJIbKO 3TOT 3JeMeHT GyAeT BOCHpHHUMATH
ynpaBJsiollfe CHTHAJH, HAyIMe N0 OGIMM WIMHaM: BHGOp MuKpocxemun (BM),
paspsaaHas wHHAa 1, paspsagHas muHa 0. AHaJM3 JIOTHYECKOH CTPYKTYpH GJoKa
MeCTHOro ynpasieHus (TpH asemeHta l) no3BossieT COCTaBHTb TaGJHIY peXHMOB
pa6orn aroro O3Y (taba. 20).

Tab6auma 20
BM 3n/Cu DyHKIHSA
0 1 3anucy uHOOpMauMH ¢ Bxoja D B BuIGpaHHYIO
SUeHKy
0 0 CuuThiBaHHe HH(pOPMauUMM H3 BbHIGPAHHON sUYefKH
} (1) } Xpanenue unpopmauuu

Bruxongunoit ycumurens O3Y B pexuMe 3anucH M XpaHeHHd HHGOpPMAalUHH HAaXO-
JHTCS1 B TPETbEM COCTOSIHHH (COCTOSIHHE C BBHICOKHM CONPOTHBJIEHHEM), YTO II03BO-
JseT HapalmuBaTh OObeM NaMSITH TaK Ke, KaK H JJs MHKpocxeMh KI156PY2.

IloxoneBka MuxpocxeM Kl176P¥2 u K561PY2 (O3Y ¢ Takoit CTpyKkTypo#h
BemosiHeHsl Mo KMJIIT TexHosorun) nokasaHa Ha puc. 77,6, Hcnombsys ux, He-
0GXONMMO IOMHHTb, 4TO HH(bOpMauus Ha agpecHHx (A1—AS8) u uH(pOPMaUHOHHOM
D Bxozax josxkHa MEHATbCS NPH BHICOKOM ypOBHe CHrHaJa BM kak B pexume
3amMCH, TaK H B peXHMe CUHTHIBaHHA. B npoTHBHOM caydae Gynaer paspyLIaThCs
paHee 3anMcaHHas HHpopMmauus. CMeHa HHGPOpPMauuH JOJXKHA MPOH3BOAHTHCS 8a
BpeMs He MeHee 0,1 Mkc mo Hayaja curHasa BM=0 Ju6o He paHee ueM uepe3
0,5 MKC mocJjie ero OKOHYaHHs.

NNOCTOSAHHBIE 3ATIOMUHAIOIUUE YCTPOACTBA

ITocrosinnete 3Y ROMYCKAalOT TOJBKO CUHTHIBAHHE 3aHECEHHOM B HUX HH-
¢opmanyn. B TI3Y no kaxaoMy n-paspsiiHOMY ajpecy 3amHCaHO ORHO 3apaHee yc-
TaHOBJEHHOe m-pa3psifnoe ciaoBo. Takum obpasoM, I13Y sBasioTcs npeo6pasosa-
TeJsIMH KOAA ajpeca B KOX CJNOBa, T. €. KOMOHHAUHMOHHOH CHCTEMOH C n BXoAa-
MH H M BHXOAAaMH.

Haxonureap I13Y OGHYHO BHIMOJHSIETCS B BHAE CHCTEMH B3aHMHO NepHeHAH-
KYJSpHHX LIHH, B NepeceueHHsIX KOTOPHX Jau60 crouT (noruyeckas 1), au6o oT-
CyTCTBYeT (noruyeckuit 0) \3/eMeHT, CBSA3HBAIOUIMA MeXAy COGOH COOTBETCTBYiOIIAE
TFOPH3OHTAJNbHYI0O H BepTHKaJbHyl0 WIMHH (pHc. 78). Bhibopka /0B NPOM3BOLHTCSH
TaKk *e, kak ¥ B O3Y, npu nomomu pAemwndparopa. BHxonHHE TPaH3UCTOPH YCH-
JIHTeJell MOTYT GHITb C OTKPHITHIM KOJJIEKTOPOM HJH C TpeTbHM cocrosHueM. Torja
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npu crpoGHpyloleM cHrHaje V=1 MHKDPOCXeMa OTKJOUaETCS OT BHIXOJHOM IIHHH,
410 [03BOJIET HApAl[HBATh NaMATh NDOCTHM OObeLHHEHHEM BHIXOAOB MHKPOCXeM
3y,

Hmetorca I13Y, mndopManus B KOTOpDHe 3aHOCHTCH B NPOHECCE HX HITOTOBJE-
unsg. Hanpumep, II3Y cepun KI155: KI155PE21 — npeo6GpasoBaTesib  JBOHYHOTO
KOXa B KOJ 3HaKOB pycckoro andaputa, K155PE22 — B KOX 3HAKOB JIATHHCKOI'O
andasura, KIS6PE23 —B xon apadMernyeckux  3HakoB H uupp. Irte II3Y
MOT'YT HalTH NpHMeHeHHe B DafMOJMIOGHTeNbCKOHR NpAaKTHKe IPH KOHCTPYHDOBAHHH

A1 ' 7 Zeee |7 5 |- R
r|zc|o ' [ ]
.l 1 1 n 1 ] e 2 T L ¥
i s et | [
A4 Ll . LE"‘ LD“ LD_' .
;;_ 8 1 : Harorumress| 7 : a7
—76 30 *
| TH 2o LR T
TH HHHEH L] [+«
7

Puc. 78. ®yHknuoHaabHas cxema MM3Y

JHCIVIEAHEX YCTPOHCTB H paiHOCHOPTHBHON anmapatypH. OnHako mJs  paauoJIo-
Outenelt HanGO/bIIAA HHTEPEC NDEACTABJIAOT NporpamMupyeMue II3Y, B xortopme
OHH CaMH MOTYT 3aHOCHTb HeoGxoAuMyio HHpopmaumio. B ceprn K155 — sTo
muxpocxema KI55PE3. Ee ¢ynku#oHanbHas cxeMa ToKasana Ha pHC. 78, a yc-
JNIOBHOEe 0GO3HaueHHe Ha DHC. 79,a.

B srux II3Y anemeHTOM CBA3H ABJfA-
ercsl OHNOJADHHHA TPaHSHCTOp C BHIKH- K155PE3
raeMofi nepemuuxofi (pmc. 79,6). Ilpm 7
TMpOrpaMMHPOBAHHH B Y3JaX, Ile LO/IKEH
O6HTL 3amHcaH 0, uepe3 TPaH3HCTOP INpoO-
MYCKAIOT HMIYJBbC TOKA, AOCTATOUHHHA AJ5
paspyuieH#s 3Tofi NepeMHUKH. FISBeCTHH
Cay4ad, KOTAa BHIKXKEHHas NepeMHUKa C
TedeHHeM BpEMeHH BOCCTaHaBJHBaercs, H a)
mHopManus, sanucanHas B II3Y, Hcka- Puc. 79. TlocrosmHoe 3:
maerca. UroOH u3bexaTb STOTO, NOCIE  ; _ yenomnoe oGosnavemne II3Y ma mu-
OpOrpaMMHDOBAHHA INPOBOAAT TEPMOTpeHd-  KpocxeMe KIS5PE3; 6 — Gunonspubiil Tpaw-

3HCTOP C BBI)KHTaeMOH INepeMBbiYKOH

POBKY (3/1eKTPOTEPMOTPEHHPOBKY) MHK]O-
cxeM. B JIOGHTe/NIbCKHX YCJOBHAX 3TO HOC-
THFae7Csl BHIEPIKHBAHHEM MHKPOCXeMH IpH TeMieparype 100°C B TeueHHe CYTOK.

TlporraMmMupoBanre HeGOJBIIOTO WUCJIa MHKPOCXEM MOXHO BeCTH BPYUHYIO Ha
yCTaHOBKe, BHIOJHeHHO# Ho cxeMe pHuc. 80. Ilporpammupyemoe II3Y ycranasau-
BAlOT B NaHeJb H, IOC/eJOBaTeJbHO HabGHpas ajapec cioBa SA1—SA5 H HyXHH#
paspsax SAG6, samuchiBaioT 1, naxkuMas kHonky SB1. Ilpu Haxartun kuonku SBI
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Puc. 80. CxemMa yCTaHOBKH aas nporpamMmupoBanus MN3Y

«3anucb» cpabaThBaeT reHepatop (djaeMeHTH DDI.I1.— DD1.4) OpHHOYHOTO HMIYJb-
ca JJMHTeNBHOCTbIO OKoJo 100 Mc. Uepes ycuanrtesp Ha Tpanaucrope VTl stor HM-
nyabc ammautyfoii 10 B moctymuT Ha BHXOA 3amporpaMMHpyeMoro paspsiia B
BHBOABLI HCTOUHMKAa nHraHHs [13Y, 3awyHTHpOBaHHOro KoHZeHcatopoM. Ecau 1
3anmucasacb B NMaMsATb, TO NOCJe OTNyCKaHHA KHONKH SB1 gosnxeH 3aroperbcs
ceeroanon HL1. Ecan xe cBerognox HLI He 3aropescst, To ciefyeT NOBTOPATb
onepauHi0 NPOrpaMMHDOBaHHMs, yBeJnuuBasi (ctynmeHsmu 1o 0,5 B) HanpsikeHme
HCTOYHHKA TNHTaHHA RO YPOBHS, He npeBHiuaiouiero 14 B. TexHHueckHe YC/NOBHS H2
atu I13Y rapantupylor nporpaMmmupyeMoctb He MeHee 30% MHKpocxeM.

3ATIOMUHAIOIUHE YCTPOHACTBA
B PAAHOJIOBUTENBCKHUX KOHCTPYKILUSAX

IMocTosinHHe NporpaMMHpyeMbie YCTPONCTBA MHO3BOJAIOT B psile CJyyaes
CYLIECTBEHHO YNPOCTHTb LHM&POBOil aBTOMaT. IIpHMepoM MOXKET CJaYyXKHTb MepueR-
TpoH (cM. c. 34). Yci10xHHM 3anauy, obecledHB HHAHKALMIO OMNO3HaHHOK uHdpB
Ha CeMHCErMEHTHOM HHIMKAaTope.

CxeMa Takoro ycrpoificrBa npuseieHa Ha puc. 81. Ilo nsAtHpaspsaHOoMy anapecy
Ha Bxoje II3Y cuuThHBaeTCs CeMHpaspsiiHOe CJIOBO Ha ero Bhxoae. Mudbopmauns
Ha BXoJle H3MeHsieTCs NpPH CMeHe pacmosHaBaeMofi nu¢pn. «IIpommska» I13Y, on-
pedessioliasi KOAH BHIXOJHHX CJOB B 3aBHCHMOCTH OT KOAa ajpeca, OTpaKeHa B
Taba. 21.

Ilpn nmocTpoennu NOAOGHOrO KOAMPOBIIHKA Ha KOMOHHAUHOHHHX 3/eMEHTax
noTpe6oBasochk GH CeMb MHKPOCXeM.

KnaBuatypHhblii patuuk TteaerpadHbix cHrHaioB. JlaTumk npeiHasHayeH RJs aB-
TOMaTHYeCKOoro (opMHPOBaHHs TejerpadHHX CHrHaJoB B Kojge Mop3e B JoOuTesb-
CKHX pajauocTaHuusx. B npubope HMeeTcs JABa NOCTOSHHHX H OJHO ONEPaTHBHOE
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Puc. 81. [IpuHUMNHaABHARA cxe-

Ma nepuentpoHa na MN3Y

3Y (kaxmoe Ha 15 TenerpadHHX 3HAKOB), KOTOpHE 3HAUHTEJbHO MOBHILAIOT Ole-
P3THBHOCTb paGoOTH B XOJe Pa3JjHYHHX COPEeBHOBaHHH.
Ecau Heo6xonHMOCTH B NpelBapHTEJbHON 3allHCH TeKCTa HeT, TO JAaTYHK (Gem
T13Y u O3Y) moxHO co6path no cxeme Ha pHc. 82 Ha 10 MHKpocxeMax (BCe yCT-

Ta6anma 21

Koax appeca

Koja BEIXOAHOro cJoBa

a

S 1 2 4 8 16 Q Q: Qs Qs Qs Qs Q,
0 1 1 0 1 0 1 1 1 1 1 1 0
1 1 0 1 0 0 0 1 1 0 0 0 0
2 1 1 0 0 0 1 1 0 1 1 0 1
3 1 0 1 0 0 1 1 1 1 0 0 1
4 0 1 1 1 0 0 1 1 0 0 1 1
5 1 0 1 1 0 1 0 1 1 n 1 1
6 0 0 1 1 0 1 0 1 1 1 1 1
7 1 0 0 0 0 1 1 1 0 0 0 0
8 1 1 1 1 0 1 1 1 1 1 1 1
9 1 1 1 0 0 1 1 1 1 0 1 1

85



D4 KISSAHT

D01, 0D2 K1554PT CARY-L 4 777 K155TMZ  DID6.4
7
Il 28 5 [ 222
£ 4]3 1. >C
2
5 5 2 2t % >
Y
5 vl 3 11 —‘f_
— 1y o
g 2 4 -l
772 2
d 2o £ |1
3 4
Z p e B
! E1py
i I P L/
i
z 70
[ 7
7 f 4 11
812 |70
| 03 KiS5TMZ 06 __K15571E7
7257 7067
2
cr 7
r7 ) 3
470 /u;]_;l '
2072 KIS50E7 D015, D16 KT55PY2
Hrnaduamypa 2203, 2070 s7am b 4 g
- | | T KNI55HET - o977 15,
—172f,] er s 4 3 w; 4
77 7 4 72 7 2
72|, g7 3 7
Bl 7 7 7; B 9 3
7 7 2 7 75
7 4 2 Janucs a7 A2 P
71° 63 T il
4 § A8
517 s 2] ]
I_TV 7012 s 31
- 070 57 *;%w
4 5
p 124 74 3 D078
5 4 Tozy
2 ! & 519 l.‘;' 5
| #7 ; 7|8 7 70 ; 7
4 TD13 KISSHES 7 e
5 66 3
‘; J fef cr] ]2 AL 77
vri-vrz v :/"5.,." 74 7 2 .; ;" j 77:” B
KT3154 i -
e +58 §oz iz 2 I
ox 7 ox 7 2 il
3an [Cyurm 2 2y
5 J¥W
J774 K158 rudz 2071 /(/55&'; ,
4 1 elr 01 Trsy i
DXL 77 |arl3 =717 f’Zi
582 ,, 7 3 77 i 2]
. 5 4 7.
2011 KIESTHZ 737, I——-:Uj:: I—,z ] |% ,z 8 ] é%‘
5 s . 73 P _,:;J EIE
A —5pc 7S m3y-r W ] 2 5§£7
8¢ By 73y-2 | 584 AP I s —Tfj y Ho.
— [ #£23 680
7}
} AN Lt

Puc. 82, NIpUENMNHANbHAS CXeMa RATYHKa TeJderpadHbX CHrHaJOB
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poficteo cob6pano Ha 17 MukpocxeMax). KoAW NATHAECATH PasIHUHHX 3HAKOB CO3-
RAlOTCs KJIABHATYPOH, BHIOJHEHHOH B BHIE MAaTPHUH TpPOBOAHHKOB 8X8, B ysmax
KOTOpO# BK/MIOYeHH KOHTakTHHe naph. IllecTHpaspsanmit Koa 3HakKa d¢opmupyior
asa mudparopa KI55MB1 (DD9, DDI10). Ilpy Haxkatu# HAa OZHY H3 KHONOK KJja-
BHATYPH CHTHaJ HH3KOTO YDOBHS IIOCTYNaeT Ha OAHH H3 BXOZOB MHKpocxeMn DD,
a Ha ee BHxoAe (opmupyercs HHBEPCHHA KOX TpPeX MJAAUINX DPaspsAlaoB HOMepa
kuolku. OJQHOBpeMeHHO BXOXHONH TOK 3TOH MHKDOCXEMH OTKDHBAaeT OXMH H3 TpaH-
sucropoB VIT1 —VT7 1 Ha BHXoZe MHKpocxeMH DD10 nosiBisercsi HHBEepCHHA ABO-
HYHHE KOJ Tpex cTapmux paspsfaoB [2]. JIBoHuHHH kox Tenerpaduoro sHaka Io-
JIy4aeTcsl, eClH TOUKM IIPeACTAaBHTh €JHHHIAMH, a THPe — HYJSMH, C AOIOJHEHHEM
NOJIYYeHHOrO COYeTAHHS OJHHM HYyJeM H [OCJefyIOLIHMH eIMHHuaMH. Koxupyemmue
3HaKH, DAacllOJIOXKEHHe KHOIOK Ha MaTpHUEe IPOBOLOB H COOTBETCTBYIOLIHH HM aBO-
HUHHA KOJA INOKazaHW B Taba. 22. Bce cHMBOJH (kpoMe  UYeTHpeX  OGBEfEHHHX

Ta6amuma 22
7710 bx00 73
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KPYKKOM) MOTyT OHTb NpeACTaBJeHH ILIeCTHPA3PSAAHHM CJIOBOM IIPH 3aJlaHHOM

8aKOHe KOJQHDOBaHHsA. [lJ1s UYeTHpPeX CHMBOJIOB ((ﬁ, 1, ?, (ﬁ) HeOOXONHM CEMH-
paspsamunit kox [26]. CempMofi pas3psif NOJY4alOT OT IENOYKH MOCJAEAOBATEIbLHO
BKJIOYEHHHX BTOPDHX I1ap KOHTA4KTOB 9YeTHpeX KHONOK. Bce ocCTajbHHE KHOTIKH
ONHOKOHTaKTHHe (HOpMaJbHO pa3oMkHyTHe). IIpn moGofi HaxkaTo# KHONIKe Ha BH-
xoge G (BmBox 15) MmHKpocxeMn DD9 nosiBasercs CHIHAJl HH3KOTO YpPOBHS, KO-
TOPHA HCIOAb3YeTCA [JIs Nepe3anucH WHGOpManHH C BHXOAoB wudpaTopa B pa-
Goumii perucrp Ha MukpocxeMax DDI1 u DD2. Ilems RICl ¥ TakTHpyeMHit TpHr-
rep DD3.1 Heo6XOZMMH [Jisi yCTpaHeHHs Ape6e3ra KOHTAKTOB KjaBHaTypH. CeMH-
Pa3psAHHA ABOHuHHI KOX Ha perucTpd DD1 u DD2 mocrynaer wepes O3Y Ha
mukpocxemax DD15, DD16. Ecan He HaxaTa HH OAHA H3 <«DeXHMHHX» KHOIOK
SB1 — SB4, mukpocxemn DDI15, DD16 pa6oTaior B pexHMe CKBO3HOIO IlepeHOCa
AHGOpPMAaLHH CO BXOAOB Ha BHXOAH C HHBEpCHel.

@opmupoBaTens TejerpadHHX CHTHAJOB COCTOHT H3 TAaKTOBOrO reHepatropa Ha
sneMentax DD4.1 —DD4.3 u ¢opmupOBaTeJsi CHTHAJOB TOYKH H THPE HA TPHITEpPax
DD7.1, DD7.2 u anementre DD6.4. Jlorwueckuit G6JOK, KOODAHHHDYIOIIHHK paGoTy
(hopMHpOBaTeNss CHTHaJOB M CABHIOBOTO perHcrTpa, cob6pan Ha snemedtax DD5,
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DD4.4, DD45, DD6.2, DD6.3 u tpurrepe DD3.2. 3anucanumit B peructp DDI,
DD2 kop TenerpadHOro 3Haxka 0053aTeJbHO COAEPIKHT XOTA OB OJHH CHTHAJ HH3-
KOr0 ypOBHs, KOTOPHH NpoXxoAHT Ha Bxog R Tpurrepa DD3.2. Huskuft yposenb ¢
BHXO0a 3TOrO TPUrrepa paspewaer no sxoay V2 pabory perucrpa DDI1, DD2
B pexume caBura. ONHOBpPeMeHHO eAMHHYHBIH CHFHAJl C HHBEPCHOTO BHXOJA TPHI-
repa DD3.2 paspemaer pabory Tpurrepa-dpopmuponareass touek DD7.1. Tpurrep-
«popmupoBaTesb THpe pabOTaeT TOJbKO NPH HAJHYMH JABYX HyJeH Ha BXOoAax ysja
«coBnagenuii DD6.2. DTo BO3MOXKHO, €ClIH B IUeCTH MJAALIHX pa3psgax perucrpa
.3anucad XoTs 6W o1uH 0 (mpeamoJoXKuM, AONOJHAIOMIMA KOX 3HaKa), a B CTaplleM
Haspsage (Boxox 4 DD2) — Hu3kHEt ypoBeHb, COOTBeTCTBYMOWHI THpe. Ilocie OKOH-
YaHHs TepBOro 3JeMeHTa TeJjerpa¢Horo 3Haka Ha Buixome Tpurrepa DD4.5 1o-
SIBUTCSl OTPHLATeJbHHH Nepenaj HanpsiKeHHs, KOTOPHIH CIBHHET 3aNHCAHHHH B pe-
THCTP KOJ Ha OJHMH IUar B CTOPOHY crapluero paspsaa. Ilocie nayse AJHTE/IBHO-
CTbIO B OAHY TOYKY HayHeTCs (OpMHPOBAHHe CJle[ylOLlero 3JaeMeHTa TeJjerpad-
Horo 3Haka. [Tocne (OPMHpOBaHHsS KaXK[AOrO 3JeMEHTa YHCJO B DPErHCTpe CABHra-
‘©TCH, a MJajluHe DaspsAH 3aNOJHAIOTCS eAWHHUAaMH. Korga B peructpe oxaercs
gyucao 011111, Ha BHxoge aneMenta DD4.4 nosiBUTCS BHICOKHH ypOBeHb, 3ampe-
JLIAIOIHI NPOXOXKAEHHe CHTHa/loB K NepefaTynky. B rto ke Bpems tpurrep DD3.2
- ille paspemaer pabory Tpurrepa DD7.1 — dpopmupyeTcs naysa QJIHTE/IBHOCTHIO B
ABe TOYKH. B KoHue ee orpuuarenbHHil nepenajg Ha Bxogax Cl perucTpoB CABH-
HeT mocjefHiol0 | B crapwuil paspajg. DTo NpPHBeAET K MePeKJIOYeHHIO TpHrrepa
‘DD3.2 (nmo Bxogmy C) M K nepexody perHcrpa B peXHM Iepe3almHCH HHOPMALHH
a0 Bxogam D. Ecau B 3TOT MOMEHT yxke Haxara cjefyiollas KJaBHIIa (HJH He
<OTIIyllegHa NepBas), TO MO HCTeYeHHH HHTepBajJa B OJAHY TOUKY- HayHeTcs (OpPMHpO-
-BaHHe CJelylollero 3Haka. TakuM o06pa3oM, MHHHMAaJbHHH HHTEPBaJ MeXAy 3HaKa-
MH OKaXeTcs PaBHHIM TPeM TOYKaM.

Ha anemenrax DD8.2, DD8.4 u DD4.6 co6paH TOHaJbHBII reHepaTtop AJsi CJIy-
XOBOTO KOHTPOJISI (pOPMHPYEMHIX 3HAKOB.

Ilpn paborte c¢ I13Y Haxumalor oaHy u3 kHonoxk SB3 uim SB4. Dt10 BH3HBaer
Jlepexof, B eIMHHYHOE COCTOsIHHe NepBOrO M YeTBEPTOrO TPHITEPOB  MHKPOCXeMb
‘DDI4, uto pa3pewaer pabory II3Y Ha mukpocxeme DDI17 '(nmo Bxoay V) u cuer-
ggka DDI3 anpecuoro compoBoxieHus (no sxoay R). MH¢opmauus ¢ BHX0I40B
TI3Y nepenuinercs B CABHIOBHH perucTp mo Takty D, cpopMHPOBaHHOMY TpHITe-
pom DDII.1. [Ile OkOHuUaHHH NepBOro 3HAaKa INepenaj HaNpsiKeHHs Ha BHXOIe
aneMedta DD5 u3MeHHT Ha eQHHHUY aApec Ha BHxoge cdyerynka DDI3. Ha Bxo-
JBH CABHTOBOrO pErHcTpa NOCTYNHT HHGODMauHs O BTOPOM 3HaKe, 3allHCAHHOM B
T13Y, u 1. . B pBe o6anactu namsatd II3Y (0—15 u 16—31) sanucwBaercs KO
15 Tenerpapunx 3HakoB B 0—5 paspsipax. [Tocse mocaeaHero 3Haka samnuchBaercs 0
‘B ceabMoM paspsage namsaTH. IlosBieHne sToro 0 nepekJiouaeT TPHITEPH MHKpOCXe-
‘Mn DD14 n BosBpallaer jaTyHK B pexHM paGOTH C KJIaBHATypH.

IIpn pabore ¢ O3Y B pexume sanucu HHpopmanun TymMGiaep SAl mepekioua-
40T B BepxHee (M0 cxeme) mnoaoxeHHe. Haxarue kHonku SB2 Bh3sbiBaeT nepe-
‘X0 B eJHHHYHOe COCTOSIHHe IIePBOTO W BTOPOrO TPHIrepoB MHKpocxemh DDI14.
JJlanee HaXXHMalOT M YAepPXKHBAIOT B TAKOM INOJOXEHHH M KJABHLIy TOro Teaerpag-
HOTrO 3HaKa, KOTOphl Heob6xoaumo 3amucath B O3Y. 3ateM HaXHMawT H OTIyCKa-
4ot kHonky SB1 «3anucb» — nepBHi 3HaK 3anucaH. ITocje 3TOro HaXHMawT H
YAEPXKHBAIOT KJaBHUIYy BTOPOTO 3HaKa, CHOBA  HAXKHMAlOT H OTIYCKalOT  KHOIKY
«3anuch» u T. A. IMocne sanucu HeoGxomumoro uncia 3HakoB  (HO He  Gosee 15)
‘HaXXHMalOT M OTNYCKAlOT KHONKY «3anucb» Ge3 HaXKaTHA KJaBHIIM 3Haka. IIpu
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sToM 3amHuwercs 0 B mocaeanuit paspan O3Y, uto Heo6XOAMMO AJs BO3BPalleHHsk
AaTyHK4 B pexuM paGoThl ¢ KAaBHaTypbl NPH CYHTHBaHHH HHObopMauun uz O3Y.

CyurniBanne nupopmauny u3 O3Y mpoucXoZMT Tak xKe, kKak u n3 [13Y. Ilpw
atoM Tym6aep SAl «3annce — CunThiBaHHE» HOJKeH OHTb B HHXKHeM (IO cxeMme)
T0JI0KEHHH

YCTPONCTBA BBOJA U BbIBOIA
UH®POBOH UH®OPMAILUH

YCTPOACTBA BBOJA HH®POBOH HHOOPMAILLUHU

Jlio6as umdpoBas cHcTeMa, HapsaAy C LEHTPAJbHOH 4YacThio, BHIOJHSIO-
el JorHuecKylo o6paboTkKy H npeoGpa3oBaHHe HHGODPMAILHH, JONOJHHTEJbHO CO-
JAEPXKHT CPeACTBA BBOJAA H BhBoAAa HHpopMauuu. B kauecrtse ycrpoificTB BBOAZ AJ%
($OpMHpPOBAHHA YNPABJAIOIHX H KOAOBHX CHIHAJOB MOTYT HCIOJB30BaThCs KHOMOY-
HHeE TNIepeKJIO4aTeJH H KOH1aKTHHE KJaBHaTypH. B KauecrBe ycTpoficTB BHBOZA ILH-
POKO TNPHMEHSIOT TOYeuyHHe, LH(POBHeE, 3HAKOBHE HHAHKATOPH H HHIHKAaTOPHHE
1a610 HAa HX OCHOBe.

CurHasn ¢ TNOMOLIbIO KHOMOYHHX INepeknouyareneii ¢opMHpyercs NyTeM 3aMHKa-
HHSl — pa3MBIKaHHA HMH 3JeKTpHueckoli Hemu (puc, 83,a). Hpyrum MeTopoM Ino-
JlyueHHsl CHTHaJla fABJseTCs HCIOJb30BaHHe TAK Ha3LIBAeMOro <«KOHTAaKTHOro Lynas
(puc. 83,6). 3mech ¢ BHXOAa KOHTAaKTHOH IJIOLIafKH B HCXOZHOM COCTOSIHHH CHH-
MalOT NOTeHuHanbHui curHan Un, a B MOMeHT KakaHHs NJIOIAAKH LIYIOM YpoO-
BeHb CHFHA/A CTAaHOBUTCA DAaBHHM Hymo. CHrHAJH, GODMHDyeMHe KOHTAKTHOH ma-
po#i, compoBoxjaaioTcss ApeGearoM (pHC. 83,8), AJHTENBHOCTb KOTOPOIO COCTaBJseT
~8—12 Mmc. Ias ycrpaHeHHs ApeGesra B noJyyaemoM cHrHajte (puc. 83,2) Ha BH-
X0J1€ KOHTaKTa yCTaHaBJHBAlOT CllelHasJbHHe ¢opMmupoBatesn. Ha puc. 84 npuse-
JeHH cxeMBbl HaHnGoJiee pacrnpocTpaHeHHHX ¢opmuposareneii. B ¢opmuposaTese Ha
pHC. 84,0 HCmOJb3yeTcs NPHHIHI HeNOCPeJCTBEHHOH ycraHOBKH RS-Tpurrepa B co-

:E ///a)wamae ’ Yyn
Nwonxa Nowmanmuwas
nrousadna
Kowmanm Ba/xod
\v——>
ﬁ_ Up K Bs1x08

a) 7)

8-~12mc 8-12MC
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Puc. 83. MeToAbl mNoJyYeHHSI 3JEKTPHYECKOrO0 KOHTakTa B (QOPMHDOBATEASX CHTHAJNOB H CHF-
Haabl dopMHpoBaTeas
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Puc. 84. POpMHPOBATETH CHTHAJOB M BpeMeHHAsn Auarpamma dopmupoBaTeas

OTBETCTBHH C COCTOsiIHHeM nepekyiouatens SBl. dopma cHrHana ¢ BHXOZa (GOPMH-
poBaTess NpHBeleHa Ha puc. 83,e. PopmupoBaTenb Ha pHC. 84,6 NIpeACTaBIseT CO-
60oii OLHOPa3PSAAHHH TAKTHDyeMBIH perHcTp ¢ IepHOJOM BXOfHHX TaKTOB Tl=>
=10—20 mc. Ero pa6oTy HIMOCTPHPYIOT AHarpaMMH Ha pHC. 84,s. Ilepshii ¢op-
MHpOBaTeslb IPOCT, HO [IJsi €ro NOAKJIOYeHHS K INepekmiouaremo SB1 tpebyioresa
ABa pesucropa (R1, R2) u asyxmposommas JuHHA. Ias Broporo ¢opMHpoBaTens
HYXeH OAMH pesHcrop R3 H OfHONPOBOAHAS JIHHHS, HO JOTOJNHHTENbHO Tpebyercs
nojaya TaKTOBWX HMIYJbcOB. [IpeHMyllecTBOM BTOPOrO croco6a sBJsieTCH BpeMeH-
Hasfg NpUBSI3KA MOMEHTa IIOHBJIEHHs BHIXOIHOI'O CHrHaJa C BHYTPEHHHMH IIpoiecca-
MH yCTPOHCTBa, AJA KOTODOTO 3TOT CHrHaa <(OpMHpyercs, IpH 3TOM B KawuecTse
TAaKTOBHX HMIYJbCOB HCIOJB3YIOTCS y2Ke HMeIOIIHeCs B YCTPOHCTBE CHIHAJHL.

@QopMHPOBaHHE KOLOBHX CHFHAJOB  BHIIOJHAETCS B KOJHDYIOUIHX  yCTpO#-
crBax. JIONOJNHHTENbHHMH  (YHKHHMAMH  KOMHPYIOIIETrO  yCTPOACTBA  SIBJISIOTCS:
dopmupoBanre chrEasa «I'oT» (FOTOBHOCTB) #AJIf ynpaBJeHHs Iepe3anncbio chop-
MHDOBaHHOTO KOAa; GJOKHPOBKa PaGOTH IPH OXHOBPEMEHHOM HAXKaTHH HECKOJBKMX
KJaBHII H 3amuTa oT Apebesra.

Koaupymwomee ycrpofictso, (yHKUHOHaJIbHAasA cXeMa KOTOPOrO IIOKasaHa Ha
puc. 85, comepxuT: kraBhaTypy BBoAa KJI; komupyromuit 6nok KbB; ysen 3amurn
H (ODMHPOBAaHHS BHIXOXHHIX CHTHAaJOB
®C (3Hak; n Ha IIHHe IIOKa3bBaer
W ne LA —> A7  WHCIO AMHHR B STOR IIHHE).

HaunGonpiree pacnpocTpaHeHHe
MOJYy4YHJIH  KOMOHHaUHOHHHE  KOJH-
pylouiHe YCTPOACTBa H YCTPOficTBa O
CKaHHpyeMOH KJaBHaTypOH.

Kom6unannonHoe Koaupywouiee

';g:,;oﬁ-“fm“yp"” CXEMa  KOAMPYIOWErO  ycrpofictBo (pHC, 86) dopmmpyer 16
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Puc. 86. IIpunnunHanbHasA cXeMa GJOKAa KONHPOBaHHS XKOMOGHHAINHOHHOIO THNA

YeTHpexpa3paaHux koxoB. Koxmupyromu# 6ok B ycrpofictBe 06pasyioT UeTHpPe
aneMenta WJIK — HE na DD1—DD4. ¥Ysen ®C ycrTpoficTBa BKJIIOYAET HATHBXO-
nosylo c6opky HJIM—HE (DD5.1, DD5.2) ® ¢opMupOBaTeNH CHrHajoB Ha
tpurrepax DD6.1 u DD6.2.

C naxarueM mo6of H3 KJaBHII KJAaBHAaTYDH BBOAA BHXOJHHE CHTHAJIH C
snemenToB DD1—DD4 06pasyloT COOTBETCTBYIOWIHH YeTHPeXpaspsiHHE KoA, Ha
BHX0Je TakTHpyeMoro Tpurrepa DD6.2 dopmupyercs curian «Haxartue». Tpurrep
DD6.1 ycranaeiuBaercss B €MHHHYHOE COCTOSHHE IO (POHTY CHrHaza M cOpacH-
BaeTcsl MO OKOHYaHHH TaKTa Ha BXoke R.

Konupylouee ycTpoiicTBo Ha OCHOBe CKaHHPYeMoil kJaBHATypnl (puc. 87) Takke
(OpMHEPYeT UYeTHpeXpa3psAHHH JABOHYHHA KOX # COAEPKHUT: G6JOK CKaHHPOBAHUSA
(mocepoBaTeNbHO BK/IOYEHHHE YeTHpPeXpa3psAHHIA XBOHMUHHE cgeryuk DD2, mrect-
HaJAUaTHBXOAOBO# MyJabTHnaekcop DD3), cdopmupoBatens curHana «[oT» Ha TpHr-
repe DD4.1 n snemente H —HE DDI1.2, TepMHH «CKaHHDPOBaHHe KJaBHATYDH» O3-
HayaeT NOCJAeJOBAaTEJbHEA ONPOC COCTOSIHHH BCEX €e 3JEeMEHTOB.

B ycrpofictBe 16 BHXONOB KJAaBHAaTypH  BBOJ2  NOAKJIIOYeHH K 16 Bxozam
wyabruniaekcopa DD3. B ocHorHOM pexxume cuetunk DD2 paGoTaeT OT BHEUIHHX
TAKTOB, NocTynamomux ueped sjgeMeHT DDI.1. Jlns kaXAOro H3 COCTOSHHE CUeT-
YHKA MYJbTHIIEKCOD NPOM3BOAUT ONPOC COCTOSHMS (HAamKaT — OTHKAT) COOTBETCTBY-
IOUIEr0 KOHTAKTa KJaBHaTypH BBOJa. B MOMEHT oOmIpoca HaXKaToro KOHTaKTa Ha
BHXOJe MYJbTHIIEKCODA BHPAGaTHIBAETCA CHTHAJ BBHICOKOTO YPOBHS, TOTOBSIHE
tTpurrep DD4.1 gas ycTaHOBKH B 1 mo cpedy BXOoAHOro Takra. C NOSBJeHHEM CHI-
Hajna «[oT» NpeKkpamaeTcs nojaua TaKToB Ha cueTynk DD2, a cocTosiHHe CHeTyH-
Ka COOTBETCTBYeT 3HAUEHHIO BHIXOZHOrO Kofa ycrtpoficrBa. C OTXKaTHeM KJaBHIIH
KJ1 ycrpofictBo BO3BpalliaeTcsi B HCXOZHO® COCTOSIHHE.

IlpermmymecTsaMu ycTpoficTBa co ckanupyemofi KJI no cpasmennmio ¢ kom6a-
HAIHOHAHIM SIBJSIOTCS: MEHBIIME annapaTypHHe 3aTpaTH, COKpallleHHe MeXsJe-
MEHTHHIX CBs3efl, HaJHUHe 3aIIUTH OT (OPMHPOBAHHS JIOXKHOTO KOXA MDH ONHOBpE-
MEHHOM HaXKaTHH HeCKOJbKHX Kaasum KJI.
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®Puc. 87. MpuHuMNHaJbHAs cXeMa 0J0Ka KOAMPOBAHHS CKAHHPYIOWEro THNA

Konupyiomee ycTpoiicTBO Ha ocHoBe cKauWpyemoii marpuub (puc. 88) dopmu-
pyer A0 256 BOCbMHPA3PAAHHX HBOHYHBIX KOMOB OT KJaBHATYpPH BBOAA, HMeloule#
LOOTBETCTBYIOLIee YHCJIO IepekJiouatenedl. OriHuuTeNbHas OCOGEHHOCTL YCTPOMCT-
Ba — MaTpPHYHOe, HanmpHMep B 16 cTpokX 16 cTon6UOB, BKJIIOYeHHe MepeKaoyaTesei
B 6/0Ke KJaBHaTyphl W COOTBETCTBYIOIIAA OpraHusauus G6Ji0Ka CKaHHPOBaHHA 3TOR
MaTpPHIH.

Baok ckanupoBaHus 06pa3yloT ueTHpexpaspsianble newHdppatop DD4 u Myab-
aunaekcop DD5. Mx appecHbie BXOAH MOAKJ/IOYEHH K COOTBETCTBYIOMIMM pPa3pstiHBIM
BBIXOfAaM BOCBMHpa3psAAHOro ABOHYHOro cueruuka DD2, DD3. CkanupoBanue obec-
AeuHBaeTCs TOC/AelOBaTeNbHBIM OMpocoM 16 CTPOK MaTpHubl BHIXOAHBIMH  CHPHA-
JaMu ¢ gewndpatopa DD4 u nouckoM MyJbTHnJIekcopom DD5  Haxkaroi  kja-
BHIIH BO Bcex 16 MecTax AJjs KaxXHoH H3 3THX cTpoK. Hanpumep, c¢ HaxaThem
KJIaBHIUH, Haxojsulefics B TNATOR CTPOKe H BTOPOM CTO/NOLE MaTPHUB, 3TO Haxa-
THe Gyaer o6uapyxeHO BO BpeMs COCTOStHHsi cyeTyHka 01010010. B sror MoMmeHT
#a BHIXOZe MyJbTHIeKcopa DD5 NOSBHTCH CHrHaJ BBHICOKOTO YpOBHA. B najbHel-
iueM paGora yCTpPOHCTBa MNOJHOCTBIO TNOBTOpsieT paboTy INpeAbIAYLIEro aHaJora.

11enecoo6pasHOCTh MMOCTPOEHHS YCTPONCTB MO TaKoW CXeMe OYeBHIHA 1S
KORMPYIOIMX YCTPOHCTB C pa3psAAHOCTBIO BHIXOAHBIX KOAOB =5 H 4HCAOM KJa-
8HLI KJaBHATypHW BBoZa =>16.

Opnum W3 ONMpejeJsOLIHX MOMEHTOB NpH pa3paboTKe yCTPOHCTB CKaHHpPYIOLIEro
1MNa fABAsieTCsl BHIGOp 3HayeHHst yacToThl TakToB fr. C OAHON CTOpOHM, HJast yc-
TpaHeHUs BJMsHHa ApeGesra uacToTa He HoJKHa mnpeBwmate 60—80 I'u, ogHako
TIpH 3TOM BpeMsl peaKI[HH yCTpOHCTBa Ha HaxaTHe ¢ 6JIOKOM KJaBHaTypn B 100 u
Gonee kaaBH Oyner mnpeBbwaTh | ¢, yro Hegonyctumo. Jlas ycTpaHeHHs 3Toro
JIPOTHBOPEYHS] B YCTPOMCTBO BBOAAT LHQPPOBYIO JHHHIO 3aiepXKKH Ha CUETYHKR
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DD7, a tpurrep DD6.2 BxamowaloT no cxeMe «3amenska» (puc. 89). PaGora moay-
YEHHOrO BapHaHTa GNOKa HayHHAeTCS C NOABJEHHEM CHTHAJAa Ha BHXOZE MYJBbTH-
IIeKcopa. DTOT CHTHAJN YCTaHABJMBaeT B HyJeBOe cOCTOsHHMe cyerunk DD7 u ro-
ToBur Tpurrep DD6.2 ans ycraHOBKH B €IHMHHYHOE COCTOSIHHE IO Cpe3y BXOJHOTO
TaKTOBOrG HMNyabca, C IepexofoM B 3TO COCTOSHHe TDHITeD CTAHOBUTCA Ha ca-
MOGJIOKHPOBKY H HaXONHTCH B €JHHHYHOM COCTOSHHM RO IIOCTYNJEHHS Ha €ro BXOX
R chrmana c BuXoja cuerdHKa. Takoffl CHTHan MOXeT NOABHTBCS — TOJBKO  uepes

HHTepBas  BpeMeHH 10X 1/fy

(smecp 10 — xoadpuuneHT ne-
797 pecyera cuerynka DD7) mocae

YCTOHYHBOrO YCTAaHOBJAEHHS CHI-

D06, KIS5TM2

DO7 KI55HET

P HaJla HHSKOTO YDOBHA Ha BHXO-
4
> 8|CT70 e MyJabThiliekcopa. PaccMoT-
&4 Ha D011
' 5 ‘7 peHHOe TeXHHUECKOe  pelLIeHHe
& NO3BOJIAET YBEJNHYHTb  HacCTOTY
il BXOJAHHX TaKTOBHIX HMIYJBLCOB B
Jr 005
’ 10 pas, a samuty OT ZApeGesra

Plol:;érossilcﬁggzt:gsaosarenb curnana «lor» Koaupy- np?HS’BOH.HTb TOJBKO AJI HaXKa-
TOH KJABHILH.

Komupyiomee ycrpoiictBo Ha oOcHOBe ckaHHpyeMoi CEHCOPHOH KJABHATYpH
(puc. 90) sBAseTCs PA3HOBHIHOCTHIO YCTPOHCTBA N0 CXeMe Ha pHC. 87. B HeM
610K KNaBHATYDH BHMOJHEH B BHAE NOAA MeTA/UIH3HPOBAHHHIX IJIOMAAOK,  HOA-
KJIOYEHHBIX KO BX0JAaM MyJbTuILIeKcopa DD4. B ocHOBY erc paGoTH NOJOXKEH IPHH-
UM H3MeHEHHA eMKOCTH H2 BHIGDAHHOM BXOAe  MYJbTHIJIEKCOPa B MOMEHT Kaca-
HAl COOTBeTCTBYIOMIeH NJIOMAAKH KJABHATYPH. B 3aBHCHMOCTH OT 3HaYeHHS IIOAY-
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Puc. 90. MNMpuHuMnNHajAbHas cxeMa G6J0Ka KOZMPOBaHHA B YCTPOACTBE C CEHCOPHORl KJaaBHATypoR
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uenHofi eMKOCTH H3MEHSeTCH XapakTep NPOXOMAEHHS KODOTKOTO HMMyJnca C yI-
paBafiollero BXxoia V MyJBTHIIEKCOpa Ha ero BHXoA. CKasaHHOe IOsCHHM Ha
npeMepe NPOXOXIEHAs KOPOTKOro mmuyabca (70—100 nc) wepes snement M —HE
(unxpocxeMa K155J/IA3) ¢ ABYX3MHTTEDHHM BXOAHHM TpaH3HCTOpOM (puc. 91,a).
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Puc. 91. PopMHpOBaHHE CHrHAAAa B CEHCOPHBIX «<NEPEKJII0UATeNsIX»

C Bmoxauefi MMOyJnca Ha NEPBHA IMHTTED DacTeT HalpsixKeHHe H HA BTOPOM 3MHUT-
Tepe (puc. 91,6). BpeMsi pocTa HampsKEHHS Ha 3TOM <IJIABAIOLIEM» SMHUTTepe OH-
perensiercss ero emkoctelo. C NPHKOCHOBEHHEM K NJomajke emkocth Cp H3MeHseT-
cs OpuMepHo oT 5 xo 30 n® (puc. 91,6). BHGOPOM AJHTENBHOCTH HMHOyJbca, IO-
AaBaeMOro Ha IepBHHA SMHTTEeP, HYXHO AOGHTHCH, 4TOOM HANpsIKeHWe HA MJaBa-
IOLIeM SMUTTepe YCeBaJO HapacTaTh JO 3HAueHHs BHIIe IIOPOrOBOTO, NpH  He-
HaXaTofl KJaBHlLle, H He YCIeBaJO HapacraTb IpH Haxartofi. Bo BTOpoM ciyuae uM-
myJbca Ha BHxoze 3 me GymeT (puc. 91.2).

B TakoM ycrpoiictBe (cM. puc. 90) B KauecTBE OCHOBHOIO 3JI€MEHTAa HCHOJIb-
3YIOT MYJbTHILIEKCOP, 16 MHGODMAHMOHHHX BXOJOB KOTODOrO NOAK/IOYAIOT K IJIO-
manxaM GJoka KJaBHaTypu. KopoTkH#t uUMIyJbC [OZAIOT HA €ro YNpPaBJ/siOIIui
BXoX V. YCTpo#iCTBO COMEDXHT JONOJHHUTENbHHI (OPMUPOBaTENb KOPOTKHX HM-
nyanpeoB F ¢ agmureabroctbio 70—100 He.

3JEMEHTHASl BA3A CBETOBBIX MHJAMKATOPHBIX YCTPOHCTB

IpocrefimiumMu npuGopaMu oToOpaxkeHHss HHGOpPMAUHH B UUMPOBHX yCT-
poficTBax sIBJSIOTCS CBETOAHOAH, LM(pOBHE HHIMKATODH H CBEeTOBHe Tabio.

B noaynpoBOAHHKOBHIX CBETOJMOJAX HCHOJB3YETCs CBOMCTBO p-N Iepexoja u3-
JydaTh CBET B BHAMMOM UacTH CIeKTpa IIpH NPOTeKaHHH dUepe3 Hero OpsSIMOro TOKa.
Ceeroanonn OHBAIOT KPaCHOrO, KEJNTOrO, 3eJEHOF0O H OPaHKEBOrO0 LBETOB CBeye-
HHS, a Takke C NEPEMEHHHM LBETOM CBeueHHs. BakHeflllHM NapaMeTpoM CBeTO-
MHOZA SIBJSIETCS CUJIa CBeTa, U3MepsieMass B MHJUIHKaHzemtax (mxa). Ona mpomop-
HHOHAJbHA TIPSIMOMY TOKY, IpOTeKalolleMy uepe3 cBeToAHOA. CBETOZHOABI H3rOTOB-
JASI0T C HaNpPaBJEHHHM H DACCEHBAIONIMM H3JyueHHeM. IlepBHe H3 HHX BHIIOJIHS-
I0T B METa/UIMYecKoM KOpHmyce C JHH30i, obecnmeyHBaiollefi HanpaBJeHHOE H3Jyye-
Hue, PaccenBaiolliee H3jqyyeHHe CO3JAIOT CBETOAHOAH B NJAcTMacCOBOM KOpIyce H3
TPO3PayHOr0 KOMIIayHJA.

ITocTosiHHOe HpsiMOe HATpSIKEHHe AJsS CBETOAHOXOB pAa3/HYHHX THIIOB COCTaB-
aser 2—3 B, a smauenue npsiMoro (paGouero) Toka —oT 5 Ao 20 MA. CperoxuoiH
MOXHO HCIOJb30BaTh JAJS HMHAMKAUMH ypoBHed Ha BHXoze MukpocxeM TTJI wu
TPaH3HCTOPHHX KackafoB. CBeTOAMOA MOXKeT CBeTHTBCS Kak HDH HHM3KOM, TaK H
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TIpE BHCOKOM YDOBHfIX CHTHaJa Ha BHXOJe MHKpPocXeMH. CXxeMbl BKJIIOYEHHA TakHX
MHJMKATOPOB H300paXKeHH Ha puc. 92.

Kpome cBeTOAHOJOB BHINYCKalOT LHQPOBHE, 3HAKOBHE, JHHeHHHEe H MaTpHU-
HHEe CBETONHOJHble HHIHKATOPH M Tabno. Llmdpopee H 3HAKOBHE HHAHKATOPH G-
BAIOT OJHODa3PAAHLIMH H MHOTODa3DAAHBIMHE H HX 3HAKH COCTABJAIOTCH H3 CeMH H
6osee (9, 11, 16, 18..) cermeHToB. KpoMe CerMeHTOB HHAMKATOPH HMEIOT AellH-
MAaJbHYI0 TOYKY HJIH 3alATYIO.

a)

Puc. 92. BapuaHTbl BKJIOUEHHH CBETOAHOAOB AJsf MHAMKALMM CHCHAJOB HH3KOro (a) u BLICO-
Koro (6) ypoBHeil

M3 uudpoBHx HawGoJsbliee pacnpoCTPaHEHHE NOJNYYHJIH CEMHCETMEHTHhle HH-
JHKaTOPhl, B KOTOPHX CTHJH30BaHHOe H300paxkeHHe uH{p (M HekoToporo Habopa
6YKB) COCTaBJSAIOT K3 CeMH JIHHEAHBIX CerMEHTOB, pacloJIOXKeHHHX B BHAe UHGDH
socemb (puc. 93). BricBeunBanne BHOGHpaeMOro cerMeHTa HJM TPYNNH CErMEHTOB
IpH NOJyueHHH H300pa)keHHA 3HaKa obecleyHBAaeTCss BKJIOUeHHeM HX B Leflb [po-
XOXJeHHSl TOKa.

Puc. 93. H3o6paxkeHus 3HAKOB Ha OCHOBE CEMHCErMEHTHOIO WHAHKATopa

[Mapamerpu HauGojee pacCUpOCTPaHEHHHX UHGPOBHX HHAHKATOPOB C BHICOTON
3Haka ot 2,5 no 18 Mm npuseieHn B [17]. Ha puc. 94 mpeacrapjeHH BHEWIWHH
BHJ M NPHHUHNHaJbHHe cXeMH HHAHKaTtopoB AJIC324, A, B. JluneiiHne LIKaan Ha
OCHOBE CBETOJAHOJOB MNPENCTaBIAOT COG0H MHKPOCXeMH, 06pasopanHHe mocieoBa-
TEJbHO COeIHHEHHHMH CBETOAHOIHBLIMH CerMeHTaMH, Kotophle BKJIOUAIOTCH YCTPOM-
CTBOM ymnpaBjeHHs. JIMHeliHHe WIKAJH HCIOJAb3YIOT AJ 0TOOpaXieHHS HeNpepHBHO
Menstiollefici uHGOPMAIMHK, HAaNpHMep MJS HHAHKAUUH YDOBHS CHIHaja B DaguHOYC-
TpoiictBax. JluHefiHass wiKaja BO BKJIOUEHHOM COCTOSHHHM BHINJISJHT KakK CBeTA-
ascs JHHHA, AJHHA KOTOPOH OMNpeAessieTcs YHCJIOM 33aJeHCTBOBAHHEIX CErMEHTOB.
OcHOBHHle NapaMeTpH BHIYCKaeMBIX NPOMHBIIJIEHHOCTbIO JHHEHHHX LIKaJ HpHBeje-
HH B [17].
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Tag Kak XHAKOKPHCTaJJHYecKHe HHAHKATOPH He H3JIYYalOT CBeTa, TO JJIA CYR-
THBaHAA ¢ HAX UHGpoBOfi HHPOpDMauuH HeOGXOAHMO JHOO ecTeCTBEHHOE OCBelEHUe,
JU60 RONOJHHTENbHLIX HCTOYHHK cBera, IIpHMHURN feficTBHA MOROGHOTO HHAHKATODA
OCHOBAaH HA HM3MEHEHHH CTelleHH NPO3PaYHOCTH OPraHHYeCKOro BelleCTBa, 3aNOJIHAIO+
Mlero HHAHMKATOp, MPH NPHJIOXKEHHH 3JIeKTPHYIECKOro MHoJs. BcieAcTBHe BTOrO yBeJH-
YHBAeTCs KOHTPACTHOCTh H300paXKeHHd, H OHO CTaHOBHTCA Da3JHYHMEHM.
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Puc. 94. LludpoBrie cBeTOAHOAHBIE HMHAMKATOPHI AJIC324

PasMep 3Haka M HHAOHKallHOHHOI'O NOJIS HHAMKAaTOPa KOHCTPYKTHBHO HHYEM He
orpaHuyeHH. [IPOMEINIIEHHOCTb BBITYCKaeT HECKOJLKO THIOPa3MePOB IKHAKOKDHCTAJ-
JIHYECKHX HHAHKAaTOPOB, IIHPOKO HCIOJb3YeMHX B 3JIEKTPOHHHX 4YacaxX, MHKDOKaJb-
KyJsiTOpax H APYrHX ycrpoficTBax ¢ uUH(poBof MHAMKaumeR. Bce XKHAKOKpHCTAJIAH-
YecKHe HHJIHKAaTOPH pa6oTaloT Ha HepeMEeHHOM TOKe, HX paGodee HaNpsXKeHHE YII-
paBienns cocrasiaser 4—I15 B. Tok HHAHKaTOpa, KaK NpPaBHJO, He IIpeBHINaeT CO-
TeH MHKpPOaMIep, YTO H NDeJONpeNeJHI0 HX HCIOJb30BaHHE B MaJoraGapHTHHX 3KO-
HOMHYHHX yctpofictBaXx. Cpok ciayXGH KHIKOKPHCTa/VIHYECKHX HHAHKATOPOB OYeHb
BeJIHKa, HapaGoTKa Ha oTKa3 cocraBisieT 20—30 TriC. yacoB.

Ecan OCTOHHCTBOM CeMHCErMEHTHOTO HHIHKAaTOPa MOXHO CYHTaTh €ro OTHOCH-
TeJBbHYIO NIPOCTOTY yNpaBJIeHHS,, TO CYIECTBEHHHM HeJOCTAaTKOM ero SIBJSeTCH PHCK,
YTO eNUHCTBEHHas OmMHGKAa B YMPaBJSAIOIIEM KOJe HJIH HEHCIHPaBHOCTh OJHOTO CerMeH-
Ta JOPHBOJIHT NPAaKTHYECKH K IIOJHOA HEeBO3MOXXHOCTH WTeHHs JaHHORX nubpH. Boaee
HaJle’XHHIMH B 3TOM CMHICJIE SIBJSIOTCA CBETONHONHHIE MaTPHYHHE HHAHKATODH.

MarpHyHbe HHIMKAaTODH HMEIOT HHIHKAaTODHOE IoJje, COCTOsilIee M3 JHCKPETHO
cBetsimuxcs ToueK. Yncno Touek 35—100 (5 cTpokX7 BepTHKANbHHX PAAOB HJH, CO-
orBetcTBeHHO, 10X 10). Ilpn nmomave HMOYJLCHOTO HAMNpSIXKEHHA Ha ONpefesieHHHE
TOYKH MaTpHUbl NOJayualoT H3o6pakeHuss uuép, 6ykB HiaH rpadHiecKHX CHMBOJIOB.
BHI CHHTe3HpyeMHIX MaTPHYHHM HHAHKAaTOpOoM uudp M OykB NokKasaH Ha pHC. 95.
IpuHunn ynpaBieHHs TIPyNNoOH MaTPHYHHX HHAMKAaTOPOB paccMotper B [17].

IToMHMO CBETOOMOAHHX H XHIAKOKDHCTa/NIHYeCKHX HHAHKATODOB B LH(DPOBHX
ycTpoficTBaX MOTYT HCHOJb30BaThCi M rasopaspsasHne muamkatopn (MH-1, HH-2,
HNH-4, H-8, UH-12). 9T EHAMKATODH HMeIOT OAMH HJM ABa aHOAa H JAECATb KATO-
JIOB, BHINOJHEHHHX B BHxe uudp or 0 no 9. AHox ra2opaspsAfHOro HHIMKATOpa 4e-
pe3 DE3HCTOp B HECKOJBKO HeCATKOB KHJIOOM IIOAKJIOYAIOT K HCTOYHHKY MOCTOSH-
HOTO HJIH INyJabcHpyiomlero HampsikenHs 200—300 B. Cpepnee 3HaueHHe aHOXHOrO
TOKa A/t GOJMBUIMHCTBA MHAMKaToOpoB cocraBiaser 1,5—3 MA. Ilpu nopmade Hanpsxe-
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Puc. 95. H3obpaxeHns 3HAKOB Ha OCHOBE MaTPHYHOrO HHIHKaTOpa

HH MeX]y aHOROM H OLHHUM H3 KaTOROB NOCJHEAHHI HAYHHAET CBETHTbCA. B pesynb-
TaTe BLICBEUHBAeTCs omnpeneieHHas uuppa. Cilenyer OTMETHTb, 4TO H3-3a HeOBGXOAH-
MOCTH MHTAHHA OT BHICOKOBOJLTHONO HCTOUHHKA NpDHMEHEHHe Ta30paspsAfHHX HH-
IHKAaTOPOB B JIOGHTENbCKOI amnapaType HeXelaTesbHo.

YCTPONCTBA MHIHKALLHH

IOnrs paguomo6utenei GOJbIUOA HHTEpeC NPEACTABNAIOT YCTPOHCTB2Z OTO-
OpaRennss HAPPOBOH HHGOPMaUHH, MOCTPOEHHHE C HCHOJb30BAHHEM CTAaTHUECKOH R
JHMHAMHYECKON HHIHKaLHH.

Crnoco6 cTaTHYeCKOH WHAHKAUHH 3aKJI04aeTcsi B MNOCTOAHHOM NOACBETKE HHAH-
Katopa OT ORHOro HcTouHMka uHGopmauuu. HanpuMep, B 3JeKTPOHHHIX  Yacax
(puc. 96) Kaxnabifi H3 UHGOPOBHX HHAHKATOPOB 6JI0Ka HHAHKAUHH yYepe3 cOGCTBEH-
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Puc. 96. CTpyKTypHas cxema ycTpoiicTBa ¢ 6.10KOM CTaTHYECKOA WHAHKAaUHK

HHji mpeo0pas3oBartesb Koja (RemndpaTop) MOCTOSTHHO MOAKJIOYEH K «CBOei» jJe-
Kale cueTyHka. B 3TOM cayuae «3arpaTaMH» Ha HHAHKALHIO N 3HAKOB SIBJIAIOTCA
11 n coegHHHTENbHBHIX NPOBOAHHKOB H N AemHdparopoB. C NpuMeHeHHEM COBMe-
WEHHBIX MHKPOCXeM, HallpuMep, CUETUYHK — JellH(paTop HJH CHeTUHK — JewHdpa-
TOp — HHAHKATOP, KOJHYeCTBO COEKHHHUTEJbHBIX INPOBOJAHHKOB 3HAYHTEJNbHO YyMeHu-
IHHTCA.
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Puc. 97. CTpyKTypHas cxema 6JOKa AHHAMHYECKOR MHAMKANHH

CymHOCTh NMHAMHYECKOH HHIAHKALHH 3aKJIOYaeTcsi B MNOOYEPeNHOM LHKJIHYECKOM
NOAKJMIOYEHHH KaXJOT0 HHAHKATOpa K HCTOYHHKY HHGPOpPMauHH uepe3 oOUyI0 LeMNb
npeo6pasoBanns koxa. JlocToHHCTBO cmoco6a — SKOHOMHA B Npeo6GpasoBaTtensx
KOia H CoelHHMTeNbHHX npoBofax. [lociennee ABAsieTCA BeCbMa CYIIECTBEHHBIM
OpH yaaJeHHH O6JIOKAa HHIHKAalHH OT HCTOYHHKA HHpopmauuH. [IpenmylectBa 3TOro
cnoco6a 0co60 OLLYTHMH NPH YHCJIEe HHAHIHPYEMHEIX 3HaKOB, GoabuieM 4—6,

[MpHHIHNB TMOCTPOEHHS LHGPOBOro TabJO Ha N 3HAaKOB NOSCHHM Ha NpuHMeDe
yCTPOHCTBA, CTPYKTYPHasi cXeMa KOToporo npHeeneHa Ha puc. 97. YcrpoifictBo co-
IepXKHT: N-KaHAJbHEIH MyJbTHIJeKcop MX, BHNONHeBHHHA No cxeMe nX4 JHHHH
Ha 1, gemudparop DCIl ABOHUHO-AECATHYHOTO KOAA B KOJ CEMHCEFMEHTHOTO HHAH-
Katopa, OJIOK yNpaBJeHHS Ha N COCTOAHHH, BKJIOYAOMHA ABOHYHHA cuetynk CT
1 Reungppatop DC2. Cuerunk CT pabGoTaer B peXHMe HENPEpHIBHOIO CYeTa HM-
nyascos. Kosadouunent nepecuera cuerdnka K=n. Kaxpnoe cocTosHHe cueTyHka
CT oGecneunBaeT NOATOTOBKY COOTBETCTBYIOUIEr0 HHAHKAaTOpa K BLICBEUHBAHHIO
uHpupmauun or gemudparopa DC1 u nepenauy uepes Mmyabtumrekcop MX na DCI
HHOpPMalUHH OT COOTBETCTBYIOLIEr0 HCTOYHHKA. Bpems cBeueHHs OAHOrO HHAHKA-
Topa B TeueHHe IHKJAa paborh cuetyHka CT

tu=Tq/n,

rie Tn — Bpemsa uMkaa; tx=Te paBHO NepHOAY clelOBaHHs uMnyabca G.

Ins ycTpaHeHHs 3aMeTHOCTH MeJbKaHHA H306paxceHHs Ha HHIHMKaTOpe BpeMd
uukaa Ty ycranaBauBaioT B npefedax or 10 mo 15 mc.

[pakTHueckass cxeMa yCTpOficTBa, obecneynBaioliero paboTy uyeTHpexpas3psaHO-
ro uudposoro Tabjo, npHBeseHa Ha pHc. 98.

[Tocrpoenne 3HaKOBHX Ta6Js0, JJs BOCIPOH3BEAEHHs pacIIHPeHHOro Ha6opa
3HaKOB (UH(PH H 3HAKH PYCCKOrO H JIATHHCKOrO aj()aBHTOB) CBSI3aHO C YBeJHYEHH-
€M pas3psaAHOCTH KOAOBHIX CJIOB OT HCTOYHMKA HHGOPMalHH H Ba BHIXOJaX mpe-
ob6pasosaresieii. OQHHM H3 METOROB NOJydYeHHSA H306paXieHHA 3HaKa SBJsAETCI
npHMEHeHHe MHOTOCerMEHTHRIX HHAHKaTopoB. Cxema mpeo6pa3oBaHHs Koma AJsf yn-
paBaeHds pa6oroii 16-cermentHoro uuaukatopa KB-4 (puc. 99,4), Hcmosb3yemoro
A/ BOCTpOH3BeleHHs UH(POBHIX 3HAKOB H 3HAKOB pycckoro andasura (puc. 99,6),
npusenexa Ha puc. 100.

KonnpoBanue BXOoAHOH HH(OPMaLHH A/ YCTPOACTBA OCYIIECTBJISIETCA B COOT-
BEeTCTBHH C KOJOBO# Tabauuedi 23 (B Hell KOAM AJS KaxXA0ro 3HaKa COCTaBJAIOTCH
H3 KONOB CTPOKH H cT0/6Ha Ta6aHun). KaxaoMmy BXOAHOMY KOAy NpaBOH 4acTH
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Pnc. 98. NMpHHUMNHAJbHAA cXeMa 6/J0Ka AMHAMHYECKOH MHAHKALHH

Tabn. 23 coorBeTCTBYeT BHIXOZHON 16-pa3psmHufi koA mnpeoGpasoBaTessi, pasMelias
eMHfi B OHOMMeHHON sAuefike JieBoli wacTu Ta6i. 23. Hampumep, sHaky E JeBofi ya«
cTH TaGaHUH CcOOTBeTCTByeT suefika (65)s. B suefike (65);s mpaBoit wactu TaGan-
un pasmemen konx (O8F3);6=(0000100011110011),, Kaxawifi paspsi KOTOPOro HC-
NoJIb3yeTCs HJIS yNpaBJeHHs CBeyeHHEM COOTBETCTBYIOIIEIrO CerMeHTa HHAMKATOpa
(puc. 99,a) c mosnydenneM uso6GpaxkeHus 3Haka E. Ins ymo6GcTBa manbHefmux pac-
CMOTpeHHA TNpeACTaBHM MNOJydYeHHBI 16-paspsAHEi KOX B BHAE YETHpeX YeTHpex-
PaspAAHBIX KOMOB.

IllecTHaauaTHpaspsaAHKA KOX B npeoGpasoBaTesie MOJydaercs B JBa 3Tama No
BOCHMHDPA3psAHOMY KoAy B KaxnoM. CHayana (OPMHpPYIOTCS HeueTHhle NepBHH M

o B123456789
ZNF HABUAETT XMMKAMHD
MAPCTYXEEHIWIWY Y

Prc. 99. H3o6paxenHs SHAKOB MA OCHOBE 16-CErMeHTHOr0 MHAHKATOpPA
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Puc. 100. IpeoGpasoBarenb KoAa HHGOPDMALMOHHBIX 3HAKOB B KOJA 16-CErMeHTHOr0 HHAHKAa«
Topa

Ta6numa 23
az...ay Anpec ar...as
Anpec Anpec
as...dao 3 6 7 as...ao 3 6 7
0 ololn 0 00FF ODDE 00CF
1 1 1A |4 1 100C 520C 4A8F
2 2|B |P 2 4237 DAFB 0AC7
3 3l |c 3 123B 20FC 00F3
4 4 | o|T 4 0A8C 503C 0503
5 5 |E|V¥ 5 0ABB 08F3 823C
6 6@ | XK 6 0AF9 OF87 FF00
7 71T B 7 5003 00C3 38F3
8 8| X |b 8 0AFF F000 0AES
9 9 |HU | BI 9 0A9F 50CC 0CEC
A n|3 A 51CC 3033
B K |1 B 38C0 05FC
C J|3 C 500C 023F
D M | IO D 90CC 25FC
E H |4 E 0ACC 820C
F O|5D F 00FF 0719

TPeTHR yeTHpexpas3psifiHuHe KOAH (AJs Halero mpumepa —KOAW 3 H 8), 3aTeM uer-
Hule — Bropoit H uverBepTHt (koagW F u 0). Koam ¢opMmupyioTcs B KOXHPYIOLIHX
I13Y na mukpocxemax DD2, DD4. Ta6nuua 24 OTpa)aer COAEpIKaHHE COOTBETCT-
pyfomnx II3Y (DD2, DD4) u sBasercss MCXOZHOR INpPH NPOrpaMMHDPOBAHHH 3THX
T3Y. IlepexomoM mo sTanmaM Npeo6pasoBaHHS B YCTPOHACTBEe yIpaBiasieT (OPMHPO-
paresb F1 (DDI1). [Ins KaxAoro moCTynaiomero BXOZHOIO HMIyJbca (HOPMHpPOBa-
Telb BHIPa6aThIBaeT KOPOTKHH HMMNYJbC BHRICOKOTO YPOBHS, KOTOPBIi HCIOJb3yeTcs
AIs agpecallid MpaBHx o6aacrefi II3Y u nepesamHucH NoJdyyaeMoro BOCbMHpa3spsf-
Horo xona B GydepHmf peructp Ha MHKpocxeMax DD5, DD6 (mepBmii sram). C
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OKOHYaHHEM HMNyabca ¢ ¢opmupoBareas F1 (BTopoit 3rtam) anpecylorcs JeBhe
o6nactn II3Y. C HHX NPOH3BOAHTCS CYUHTHIBAHHEe BTOPOIO BOCHMHDA3PsAHOTO KOAA,.
KOTODHIH COBMECTHO C NepBHM KOAOM (C BHIXORa G6ydepHOro perucrpa) obpasyer
16-paspsaaneii Kol mnpeoGpasoBatedsi. JIOMOJHHTENBHO IO OKOHYAHHH  HMIYJbCa
¢ npeoGpagosarenst cuerynk CT1 (DD3) yseanuusaer cBoe cocrofinue Ha 1 Aas
IOIKJIIOYEHHs! BLICBEYHBAaEMOI'O HHAHMKATOpa

[Inpoxoe pacnpocTpaHeHHe B YCTPOHCTBAX AHHAMHYECKOW HHAMKAlHH 3HAKOBHIX:
H IpapHYeCKHX NAHHHIX TONYYHJH MaTPHUHHE HHAMKATOPH. Pa3HOBHIHOCTBIO TaKHX
BHIBOJHHX YCTPOHCTB SfIBJSIIOTCS HHIHKATOPHBle Ta6J0 H YCTPOHCTBa 0TOGpaxeHHS
Ha 3/1eKTpOHHO-myueBofi TpyGke (DJIT), rae MarpHma TOueK, B KOTOPOii pasmeuia-
erca HHopManHs, GODMHPYETCs IIOCTPOYHHIM CKaHHpoBaHHeM »3kpaHa JJIT, a
n3o6paxenne ¢OPMHpyeTCs TrallleHHeM HJIH BEICBEYHBAHHEM COOTBETCTBYIOLUIMX TO-
ek oOule MaTpPHUH.

IMonyaspHocTh TaKAX YCTPOACTB OGBACHAETCA HX MAOCTYyNHOCTBIO (6asoi  anaw
CO3ZAHHA HMX MOXeT OHTb OGHYHHIN TeJeBH3HOHHHIH NDPHEMHHK) H OTHOCHTEIbHON
JeLIeBH3HOH NPH Ype3BHYafHO BLHICOKHX BO3MOXHOCTAX MO OTOGDaXKeHHIO HHGoOp-
Mauud. Jlerko mosyyaeMmas Da3MepHOCTb MaTpHUH ToueK pactpa 256X256 Touex
H 20 MC UMKJ CMeHH HHQOpMalHH TeKyllero Kaiapa 06eCNeuHBAIOT BHIBOA Ha 3KpaH
SHaYHTEJbHHX OGBEMOB YHHBEpPCaJbHOA HHOODMAalHH C BO3MOXKHOCTBIO OTPaKEHHS
BpPeMeHHOH NHHAMHKH ee M3MEHEHHs.

CTpykTypHasi cxeMa ycTpoHcTBa oTOGpaXKeHHsi 3HakoBoil HHdopMmauum na JIT
(puc. 101) B npHHUANE He OT/IHYAETCA OT OCHOBHOR cxeMp ycrpofictsa (pme. 97).
Onnako H3-32 3HaYHTENIBHO OOJIbllIefi pa3MepHOCTH HHAHKATOpa H crneuupHKH pa6o-
T camoit DJIT (oxHoKaHaJABHHIA NOCTYN K TOUKaM ¢dopmupyeMolt B mpouecce obpa-
30BaHHA pacTPpa MaTpHUH), NPaKTHYeCKas CTPYKTypa YCTPOHCTBa H3MEHHJach ¢
BKJIOYaeT B ce6GA: ONmepaTHBHOe 3alOMHHaomee ycrpodcTtBo O3V s pa3MelneHHst
oro6paxkaeMux Ha DJIT maHHHX; 3HaKoremepaTtop (mpeo6pasoBaTesb KopoB) DCl
IJis Tpeo6pasoBaHHs Koja OTOGpaxaeMOro 3HaKa B KOAH OTOGpa)eHHs 3TOrO 3Ha-
Ka B MarpHme TOYeK, HalpHMeD B MaTpHIE C Pa3MepHOCThI0O 5X7 TOuYeK; BHXOA-
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#oii perdctp RG mas napadsesbHO-NOC/IeL0BaTeJbHOIO Ipeo6pa3oBaHHA KOAOB OT
3HaKoreHepaTopa C MOJAYYeHHEM CHTHaJa /1A MOAYJALMH #ApKocTH Jyda IJT;
cyerynk CT ¢ pemndparopom DC2, obecneunBaioilne yHnpaBjeHHe 3alMycKOM reHe-
paropos passepTkH IJIT 41 CHHXPOHH3ALHH BCEX MPOLECCOB MPH BLIBOAE AAHHHIX
#3-03Y Ha skpad IJIT.
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Puc. 101, CTpyKTypHam cXxema HMHAHKaTopa Ha 3JIT

OaHHM H3 OCHOBHBHIX 3/IEMEHTOB YCTPOACTBA ABJAETCH 3HAKOTEHEpaTOop, BHINOJ-
#eHHe KOTOPOro C HCMO/JIb30BaHHEM TPAaJHLHOHHHX METOAOB H MHKPOCXeM Majiofl B
«cpeyHeli CTeNeHH HHTErPAalHH ABAAETCH JAeJIOM OYeHb TPYJOEMKHM H OGDbeMHHIM.

'K Han6osee pacmpocTpaHeHHHM MHKDOCXeMaM H KOMILVIEKTaM MHKDOCXeM AJA
qIOCTPOEHHS] 3HAKOTeHepaTOpOB cJieAyer  OTHecTH:  MHKpocxeMb — K155PE2! —
&K155PE24 — pnst popMHpOBaHHs LH(P, CMEL3HAKOB, PYCCKOTO M JaTHHCKOro aJjda-
agros (Bcero 96 3HakoB) B MarpHUe Touek 5X7; koMmIeKT MHKpocxem K505PE3
(mpomuBku 0002, 0003) — miass (OpPMHDPOBaHHS NePeUHCIEHHOrO BHIEe HaGopa 3Ha-
4«08 B MartpHUe ToueK 7X9; mukpocxema K555PE4 — gi1a ¢opMHpOBaHHS 3HAKOB
¢ fo6apJjeHHeM NpPONHCHHX OykB (Bcero 160 sHakoB) B MaTpHue Touek 7X8.

Ipyrue aneMeHTH YCTPOHACTBA BLINOJHAIOTCA C HCHOJb3OBaHHEM OOLIEH3BECT-
#blX NMPHEMOB H CDPEACTB, ONMHCAHHHIX, HanpHMep, B [17].

MHKPOTIPOILECCOPHBIE YCTPORCTBA

‘OBIIKHE CBEJEHHA O MUKPOINPOLLECCOPAX

YerpoiicTBa Ha 37eMeHTaX, H3TOTOBJEHHBIX METOJaMH HHTErpajbHON  Tex-
€OJIOTHH, OKa3HBalOTC B [JEeCATKH W COTHH pa3 HelleBJe 3KBHBAJEHTHHIX HM YCT-
QOMCTB, BHITOJHEHHBIX Ha JHCKDETHHX 3j1eMeHTax. Pe3ko yaydIIaloTCA TakKXe fIpak-
THYeCKH BCe 3KCIIyaTaUMOHHBle W ApPYrHe XapaKTeDHCTHKH 3THX YCTPOACTB (B TOM
4uCcle HadeXHOCTb, 3HepronorpeleHdHe, MaccoraGapuTHbHE MapaMeTpH).

EcTecTBeHHBHIM HanpaBJeHHEM CHHXXEHHS 3aTPaT Ha H3TOTOBJEHHE  ABJIAETCH
aipumenedne BHMC — MHKpoOcXeM TOBHILNEHHHX CTeleHell HHTerpaudu (HIH MHKDO-
cxeM OGosiblieil cremeHH (YHKUHOHAJbHOA cioxHOCTH). OXHAKO €O CJIOXKHOCTBIO
‘MHKDOCXEM YBeJHYUBAeTCd MX CHeUHaldH3allHd, cyxaercs o06sacTb, TPHMEHEHHS,
9TO, B CBOIO Ouepeib, cOKpauiaeTr o6beM IpPOH3BOACTBA 3THX MHKDOCXeM H, cle-
OOBaTeNbHO, HEIPONOPUHUOHANBHO YBeNIHYHBaeT HX cToHMocTb. [loatroMy mpuMeHe-
HHe cneluHaausupoBaHHnx BHIC craHOBHTCS BHTOIHHM TOJbLKO NPH GOJBLIOA ce-
‘pHilHOCTH H31enuii — Hanpumep, BHC aasa 3/eKTPOHHBIX 4acoB, TeseOHHHIX ala-
patoB u KauabKyastopos, BHC mnporpaMMHpyeMblX H ONePaTHBHHX 3allOMHHAIOLIHX
YCTPOHCTB H Ap.
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Paspeurenne NPOTHBOPEYHS MeXAY BHICOKOf CTeNeHbI0 HHTEIPAalHH H Y3KOA
cnenuanusanneii BHC 6blio HafileHO ¢ co3ftaHHEM YHHBepCaJbHHX MHKDOCXEM, JIO-
ruka paGoTH KOTODHIX ONpejesieTcs He TOJbKO BHYTPEHHHMH CBSI3fIMH, HO H MO-
JlaBaeMbHIMH H3BHe KOMAaHJaMH, T. €. NpOrpaMMHEIM ynpasienuneM. Takas BHC noaxy-
4uia HasBaHHe MHKpomnpomneccopa (MIT BHC), Tak Kak OHa co3laHa MeTO-
AOM MHKPO3JIEKTPOHHON TEXHOJIOTHH H CNOCOGHA, KaK H OCHOBHOE€ ycTpofictBo DBM —
npoueccop, pa6oraTe MO H3MeHseMOli Nporpamme.

Mukponponeccopunie BHUC, BoGpaBmue B ce6si JydmHe [NOCTHXKEHHS  HHTEr-
pPaJIbHOA TEXHOJIOTMH H YHHBEPCaJIbHOCTb BHYHCJIHTEJbHOA TeXHHKH, 06JaJaloT cpas-
HHTEJbHO HH3KON CTOMMOCTBIO (HecsiTKH py6Jieli), GONbIIOR CepHHAHOCTBIO M YHHBep-
cajbHOCTbIO NpHMeHeHus. B Hacrosmee Bpems MII BHIC — HauGosee coBeplueHHas
sJieMeHTHasi Ga3a JAJIs NOCTPOEHHsl pa3HooGpasHefileii amnmapaTypu, NpHLIeALIas
Ha CMeHy JIHHefIHHM JIOTHYeCKHM MHKpOCXeMaM, KaK B CBOe BpeMsl TPaH3UCTODH!
NpHINIE Ha CMeHY 3JIEKTPOHHHIM JlaMIlaM.

Maccosocts 3toro HoBoro kiaacca BHC, a Takxke ycTpPOHACTB H CHCTeM, co3fia-
BaeMHIX Ha HX OCHOBe, HX BHICOKHE TEXHHKO-3KOHOMHUYECKHe NapaMeTpPH OKa3HBa-
10T PEeBOJIOLHOHH3HDYIOllee BJIHSHHEe Ha IleJoe NOKOJeHHe NpHGOpoB u o6opynoBa-
EHSl, Ha IIpollecC HX Pa3paboTKH, OoGCAyXHBaWus H Ap. B Hacrosimiee BpeMs MHorue
HOBBIE CHCTEMHl H CpPeJCTBa, B TOM HYHCJIe BHYHCJIHTEJbHHE, pa3pabaTHBAlOT Ha 6a-
se MIL Cucrembl ynpasieHHs, NPHGOPH H CTaHKH C YHCJIOBHIM- yIDaBJEHHEM, pO-
GOTHI-MaHHNYJAATOPH, OHTOBasg H npodecCHOHaJbHAsA pajgHoannapatypa, ynpasde-
HHe JBHTarejeM aBTOMOGHJs, TeledoHHas ceTb, OGyualOllHe CHCTEMH], JOMalIHHe
OBM, HrpoBHe aBTOMAaTH H JETCKHE HTPYWIKH — BOT JaJieKO He TOJHHN NepeyeHb
obnacrelil TpHMEHEHHsI 3TOH 3JEMeHTHO G6Gash. MHKPONpPOLECCOPH O06seryalT 3a-
Jlauy JIOTHYeCKOTO NpPOeKTHPOBaHHS, XOTA H pPaAHKaJbHO H3MEHAIOT ee. YXOHsIT B
NpolyIoe TPAfHLHOHHHE JIOTHYECKHE CXEeMH, TPyJNOeMKHe MEeTOAH BHECEHHS H3Me-
HEHHH H OTHICKaHHs HeHcnpaBHocTelf. Tenepp BMecTo 3TOro paspaborumk paboraer
C MOAeNMpPYIOUIMMH NPOrpaMMaMH, aJrOPHTMHYECKHMH S3HKaMH, a OTJaXXHBaHHE
BeAeT C NOMOIIbI0 NPOrpaMM H CHelHaJbHHX OTJIaNOYHHX cpexcTB. s BHeceHus
H3MeHeHHA HJIH CMEHH BHINOJHAEMON (YHKIHH JOCTATOYHO JIHIIb H3MEHHTb IIPO-
rpaMMy, 3allHCaHHYIO B 3allOMHHAIOLIEM YCTDOMNCTBe.

Omnpepenum MII kak o6pabaThBaloliee H yhpabisiollee yCTPOACTBO, BHINOJ-
HenHoe B Bufe BHIC u cnoco6GHOe BHIIOJHATH MOJ NPOrPaMMHEIM yNpaBjeHHEM 06-
paboTKy HH(OpMauuH, BKJIIOYas BBOX H BHBOA HH(POpMALHH, NPHUHATHE pelueHH:,
apHdMeTHuecKHe M JorHyeckue onepauud. Oco6o ormeruM, uro MII sBasercss LeH-
TPaJbHON dacThio JiI0GOH CHCTEeMH YNpaBJjeHHss H 06paGoTKM HHOpManHUM, HO He
CaMOH CHCTeMOX.

YnpoueHHas crpykrypHasi cxema MII npusenena na puc. 102, smecs MIT no-
kKasaH B cocraBe MII-cucremn. B Hee Bxomar cam MII, 3V (ocHoBHas .nmaMsiTh) W
MoayJb BBona-BuiBona (MBB), coemmmsiomuit MII-cucTeMy ¢ HCTOYHHKAMH H TIpH-
eMHuKaMH uH¢opManuu (YBB), or koTopmx mnocrynmaer uHpopmauus mias obpa-
GOTKH H Kyla OHa YXONHT B BHIe O6pPaGOTAHHHIX NAHHHIX HJIH KOMaHJ s HC-
noJHeHHst. MuKponpouneccop conepKHT: apudMeTHKo-JI0rHdeckoe ycrpoiictso (AJIY);
nBa GOydepHBIX PerHcTpa MPOMEXKYTOUHOTO XpaHEHHs BXOAHOK uHpopMauuu (BP1
u BP2); naGop pernctpoB ofmero HasHauehus (POH), npeacraBasiomux BHYT-
penniolo namsitb MII, Heo6xomumyio npu pa6Gore Bceit MII-cucTeMH; ycTpoiicTBO
ynpasiaenus (VV).

Has mosicneHHss pa6orni MII paccMOTpHM, KaK BHIOJNHSETCS oONepaulHs — CiIn-
xeHns aucen A m B. CinaraeMue @nocienoBaTesibHO weped YBB uau 3Y (B 3aBHCH-
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MOCTH OT TOro, I'le Kax/ioe H3 CJaraeMHX HAXOAHTCA) BBOAHTCA B perucrpu BP1
g BP2, 3atem AJIY BHIOJHSET ClOXKeHHe C pasMellleHHeM pe3yJbTaTa B ORHOM H3
BP, B cooTBercTBHH € NMPOrpaMMofi 3TOT pPe3yJbTaT HCHOJNL3YETCA B  CAEAYIOMEM
mare o6paGorkH, mepeBopurca B 3Y, B omun u3 peructpos POH uau B MBB kak
#HbOpMaLHA WIH KOMaHAA /I HCHOJNHeHHS. Bce omepauuu BHIONHAIOTCA HO KOMaH-
JaM oT YV B COOTBeTCTBHH C 33JJaHHOHR NpPOrpaMMof.
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Puc. 103. Mukponpoueccop KP580HKS80A

HOas xaxporo tHma MII mpenycmarpHBaercs HaGop KOMaHJA, KOTODHE MOIKeT
peajH30BaTh YV, HalpPHMED <«CJIOXKHTbY, «NepecjaTh AaHHHE B 3Y», «CPaBHHTb» H
T. 0. YHcro kKoMaHA MoOxeT GHTbh OT HEeCKONBKHX JNeCATKOB J0 coTeH, IToMHMO BH-
fIOIHEeHH KOMaHJ, BO3MOXHOCTH KOHKperHoro MII ompegensioTca ero CTPYKTYpoO#H,
paspsanHocTbio faHHHX (8, 16 m 32), o6BbeMoM MOAKMIOYaeMOR MaMATH (OT THCAIH
A0 MHJNIHOHOB CJIOB), UYHCJIOM IIOJKJIOYaeMHX YCTPOACTB (IO HECKONBKHX COTeH).
XapakrepHoit ocoGeHHOCTbI0 MII sBAseTCA HajWYMe BHYTPEHHeH IIHHH JAHHHX,
CBA3HIBalOIIeA Bce ero OcHoBHble y3Jju. [lIHHa —5TO rpymnma JHHHA CBA3H, WHCJIO
KOTOPHX OIpedesisieT Pa3pALHOCTb OJHOBPEMEHHO MepeJlaBacMHIX CHTHA/NOB OT OJHO-
TO HJIH HECKOJIbKHX HCTOYHHKOB K ORHOMY HJ/IH HECKOJNbKHM INpHeMHHKaM. [IIHHH,
Kak NpaBHJIO, [BYHaNpaBJieHHHE, T. €. MOryT INepeiaBaTh HHpopManuio B o6oux
HamnpaBJieHHSAX. .

Bonee mompoGHoe paccMorpeHHe CTPYKTYps MII nposefieM no (QyHKLHOHAIL-
HOfi CXeMe OJHOTO H3 pacHpocTpaHeHHHX oredectBeHHHX MIT KP580MK80A, ye-
JnoBHO-rpadHueckoe H306paXkeHHe H, CTPYKTYpDHAas cCxeMa KOTOpOrO NpHBEJeHH Ha
puc. 103. Mukpompoueccop HMeeT dYeThipe IIMHH: BHYTPEHHAA HHQOpMaIUOHHAS
BOCbMHpa3psAfHAs WIMHA JAHHHX; BHEMHAs muHa RaHHnXx D7—D0 asxa BBOAa-BH-
BoZa MHpopMainHMH H BBOAA paloyHMx mporpamMM; IuMHa aapeca Al5..AO0 — naa an-
pecanun 3¥Y. Jaa cBasn YY ¢ BHEWIHHMH YCTPOACTBAMH BBefieHa HIHHA YIpaB-
JIeHHsl Ha INEeCTh BXOIHBIX H BHIXONHHX CHTHAJOB. BHemHsas undopMauHoHHAA H an-
pecHas WIHHH CBSI3aHH C OCHOBHEIMH YyanaM# MII uepea G6ydepHmie perucTph —
Oydep namumx (BMl) m Gydep aapeca (BA)., K BHyTpenHefl mMHe RaHHHX NOJ~
kmouenn perucrpu POH, Gygepuuie peructpw BP1, BP2, nakonmureabnHit pe-
ructp — akkymyastop A, perucrp npusnakoB PIT u AJIY. Komanam uepes B
flocTynaoT Ha perHcTp KoMana PK ® nasee Ha mepBHYHHA aBTOMAar YIpaBJeHUN
TIAY, xoropnii pacmudpoBhHBaeT HX H BKIOuaeT YV, BhAallee COOTBETCTBYIO-
{yl0 CepHIO YNpaBJAAIOUIUX CHTHAJOB JJifi Bcex y3noB MII,
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Puc. 102. CTpyktypHaa cxema MII-cuctemmn

Bri6opKy KOMaHA INpH BHIOJHEHHH NPOrpaMMH, pasmelieHHoii B 3Y, o6ecne-
yuBaer mnporpaMmHbIi cueTyHK IIC (ero coCTOSiIHHe COOTBETCTBYET TeKyIlleMy ajpe~
cy 3Y, m0 KOTOpDOMY XDaHHTCS oOdYepefHas KOMaHIa NPOrpaMMbi). DeMEHTOM A%
BLIGOPKH KoMana H3 3Y CAYXKHT Tak HasbnBaeMblii yKasaTteab creka YC. Vkasa-
Teqb creka H IIC Bxoasat B coctaB POH, HX BHIXOAW B 3aBHCHMOCTH OT BHIIOJ+
HAEMOro pexkuMa moaxjwoualorcs Kk BA u aapecom nocrynaior B 3¥. Perucrpu ¥C,.
I1C o6ecneynBaor MII paboTy B AONONHHTEJBHBIX DPEXHMax, HalipiMep B  pexii-
Me 06paboTKH npepbHiBaHHA (OCTAHOB OCHOBHON NpOrpaMMbl No TpeGOBaHHIO BHeIm~
HHX YCTPOMACTB) M B peXHMe OOpallleHHs K moamporpaMmaM. TaKHe peXHMH NO3-
BOJIIOT B3auMojeiicTBoBaTb MII ¢ MHOXeCTBOM HOJKJIOUAE€MBIX BHEHIHHX YCT-
POIHCTB H HCNOJb30BaTh CTaHAApTHble MOANPOrpaMMHl 6€3 HX MOBTOPEHHS MNpH pa3-
pa6oTKe OCHOBHOH MPOrpaMMHI.

dynkunoHanbHbie Bo3MoxkHOcTH MIT KP508HMKS80A u cucTem Ha €ro ocHoBe:
XapakTepH3yeT:

paspsAaHOCTb JaHHBIX, OHT . B -
o6beM aznpecyemoii maMsaTH, K Gair . . . . . . . o Ao 64
CHCTEMa KOMaHJ, YHCJIO KOMaHg . e e e e e e e >80
YHCJIO perHcrpoB ofiiero HasHayewus . . . . . . . . 6
YHCJIO MOAKJMIOYaeMHIX BHEIIHHX ycTpodct8 . . . . . . . 1o256:
yucno BUC B cocraBe MIIK . . . . . . . . .24

[NpuBenennoe onucanve gmanHoro MIT HoOCHT uHCIO w}u.nmocrpamauuﬂ xapak-
tep. Hekoropeie BOmpoCH (YHKUHOHHPOBAaHHA H CTPYKTYPH He OHJH 3aTPOHYTH.
Boo6uie. OQHaKO NepeyHCJEHHOTO BNOJHE [OCTaTOYHO [AJsi TOHHMAHHA CJOXKHOro:
ycrpoiictea MIT.

Muxkponponeccopias BHC coBMecTHO € ApPyTrHMH CrelHaJH3HDOBAHHBIMH H COB-
MmecTHbIMH Mexay co6ofi BMC u HC cocrasasior MIT komnaekr (MITK). Hcnons-
3oBanHe MIIK 3HauHTeJbHO YynpollaeT annapaTtHylo- yactb MII-cHcTeMB, KOTOpam
B GOJIBIIHHCTBE CJy4aeB peajH3yeTCss NO OJHOH H3 THHOBHX CTPYKTYp:
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‘Ha -puc. 104 noxkasana THnoBas KoHpurypauus MII-cactTeMu Ha Ga3se
MII KP580MK80A. CpeactBamMu cucTeMn sBasioTcs MII ¢ reHepatopoM TakTos
(I'T) u ycTpoiicTBOM yNpaBJieHHSl (CHCTEMHHM KOHTPOJJIEPOM), NPOrpaMMHAs NaMATb
{[13Y), namaTh RaHHHX (OGHYHO ONepaTHBHOe 3anOMHHalollee ycrpoiictBo O3Y),
PHUCH compskeHHs C ycTpoficTBaMH BBOAa-BhiBOAa (asantepn). B obuem ciayuae
8 KauecTBe HOAKJOYaeMHX YBB Hcmosmb3yloT pa3iauuHble yCTpPOHCTBA BHellHed ma-
MAITH, JHMOIJeH, KJIaBHaTypy H ApyrHe CPeACTBAa PYYyHOro BBOAA, NeyaTh, HHAHMKA-
TOPH H ApyTHe CpelcTBa BHIBOJA HH(GOPMALMH, PasjHUHEE AATHYHKH, Npeo6pasosa-
TeNH M HCNOJHHTENbHHE YCTPOHCTBA, CpeACTBAa MNepefayd HaHHHX H T. A.

KP580ro24 HP580BHZE

7
4 i a3y n3y
Aannsie
Adpeca
Ynpabrenue
(KP58OHKEOA Adanmep Adanmep
(nEpUPEPULHIIL) (cba3nou)
(KP580 HK 55) (NP580HK5T7)
Ha YBB (napasnesswoe) Ha YBB (r10cnedoba mersrsle)
\S J

—

NTepupepulinoe o0opydobanuse

‘Puc. 104, CrpykrypHas cxema MII-cucremb

MHKpoOnpoLecCOPH YNpoOIAIOT CHCTEMHl, HO He caM IpouecC HX Da3paboTKH.
TIpn ucnonb3oBaHHH MII CPOKH M 3aTpaThl Ha pa3paGOTKy ammapaTypHOM 4acCTH CH-
CTeMH CTAHOBATCA HaHGOJBLIIMMH [0 CPaBHEHHIO C pa3paboTKOH NmporpaMMHOro o6e-
cnedyeHusi, Kotopas B cpenHeM cocraBaser 60—80% ot o6mux sarpat. B HekoTophIk
‘CJIydasix OpH COCTaBJEHHH H OTJafKe CJAOXKHHIX NPOrpaMM, OTCYTCTBHH ONHTa H
PasBUTHIX OT/IATOYHBIX CPEINCTB 3aTpPaThl Ha NporpaMMHoe ofecreyeHHe MOTYT B
JAeCcATKH H COTHH Da3 NpeBhHIIATb CTOMMOCTb CaMHX MHKDOIDOLECCOPHHIX YCTpPOCTB.

Bce 310, HecoMHeHHO, chepxuBaer mnpuMeHeHHe MII u  paauomO6UTENLCKON
qipakTHke, OIHAaKO npH pa3paGoOTaHHOM NPOrpaMMHOM o6ecledeHHH paaHOdIOGHTe-
JIAM Tpollle H JAeiieBne NOBTOPHTb (GYHKLHOHAJbLHO cIOXKHYylo MII-cucreMy, ueM
.co6paTh ee Ha LHPPOBHIX MHKDOCXeMaX C «KeCTKOfi» (He mporpaMMHpyeMoii) Jo-
PHKOH.

KOHCTPYHPOBAHUE MUKPONPOUECCOPHOIO
‘MHOTO®YHKIFZHOHAJIBHOIO TAAMEPA

Hacrpo#ika unu crneuuanusauus MII-cHcreMbl Ha BBINOJNHEHHE KOHKPETHOR
4anauM CBs3aHa C annapaTHbIM H NPOrpaMMHHM o6ecreuyeHHeM KOHKDETHOH CHCTe-
B, BKJIOYAIOIEM B ce6s: MOAKJIIOYEHHe BHEHWIHHX YCTPOHCTB, (PYHKLHOHHPOBaHHE
&OTOpHIX Jo/mKHAa oGecneyuTh MII-cHcTeMa; noAx/iouyeHHe BHEIIHHX YCTPOACTB, He-
06X0IHMbIX I8 .ynpasjeHus pa6oroii MII-CHCTeMEl; NOAKAIOYEHHe NOCTAaTOUHHIX
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061eMOB ONMepPaTHBHOHX H MOCTOSHHOA NaMATH; CO3NaHHE COOTBETCTBYIOUIEr0 MHPO-
rpaMmHoro obecneuenns [5, 15, 23, 28].

PaccMoTpuM NpDHHIMNH MOCTPOEHHst Npoctoii MII-cHCTeMn Ha NpHMepe MHO-
rodyHKIIMOHAJBHOrO TafiMepa, KOTOPHA MOXHO HCIOJNIB30BATh B KauecTBe: SJEKTPOH-
HEIX uacop; NporpaMMaropa JJs YHpaBJeHHs BKIIOYeHHeM-BHKJIOUEHHEM KaKHX-
JMH60 YCTPOHCTB MO 3aRaHHHIM BPEMEHHHM YCTaBKaM B TeYeHHe CYTOYHOrO H He-
fleJIbHOTO HHTEpPBAJIOB; TaiiMepOB, BenylIHX NpsAMOH u o6paTHHH oOTcueT 3ajaBae-
MHX NDOMEXYTKOB BPeMeHH (3JeKTPOHHHH INpeicefaTejb Ha 3aCelaHHAX, pese
BpeMeHH aJjisi (oTomeuaTH, PErHcTpaTop MJIHTENBHOCTH Telle(OHHOTO pasroBopa &
T. J.); WaXMaTHHX 3aCOB; TeJe(OHHOA NpPHCTaBKH ¢ UHPOBEIM HaGopoM HOMepa H
BO3MOXKHOCTBIO €r0 MHOTOKPAaTHOI'O HNOBTODEHHS.

HauneM c¢ mpocrefiiero ycrpofictBa «4ace-GyRHJIbHHKS, NpeXHA3HAYEHHOTO LI
MojACYeTa M HHAHKAUHH TeKyLIero BpPeMEHH H «BHI3BAHHBAHHA® OMHON BpeMeHHOR
yCTaBKH B TedeHHe CcyTOoK. Heo6xoauMmM HaG60poM annapatHeIX CpPeACTB, NOA-
KMIOYaeMHX K YCTPOMCTBY 4epe3 ero BXOAH-BHXOAH (MOPTH), SIBASIOTCH: KJaBHa-
1ypa KJI ans BBoma unudpoBeix maHHHX (mudppm 0—9) H KoMaHx ynpaBieHHS
(c6poc, KOppeKiHs, NMPOCMOTP H Ap.); 6aoka mHaukauun BH nas mpocmorpa 3Ha-
JeHHH TeKyllero BpeMeHH, YCTaBOK 3BOHKAa H KODDeKIHH — BCero 4ueThipe IHpPO-
BHIX HHAMKATOPAa; XPOHHDYIOIHH FeHepaTop TakKToB ¢ yactotoit 1 I'i; 3BOHOK.

CTpPyKTypHast CXeMa TaKoro ycCTpoficTBa NpHBeleHa Ha puc.‘ 105. B Hefi mox-
KJIOueHHe BHEUIHHX aNlapaTHHX CPeACTB NpPOH3BOAHTCA uepes mnopth 1—6. Ilop-
TOM HA3HIBAeTC BCAKHH OPraHH30BaHHHH HHGODMAUMOHHHI BXox HaH Bhxon MII-
cucteMbl. Heob6xoguMpii Ha6op BCTDOCHHHIX CDEACTB YCTPOACTBA BKJIIOYAaeT COOT-
BETCTBYIOlHE NPOrPaMMH H KOHCTAaHTH (paamematotrcss B I[I3Y) ® coorBercTByIO-
Ilee THCAO siueeK oNepaTHBHOA NaMsatu O3Y s PasvelleHHs ONepalUOHHHX pe-
CypcOB M XDaHeHHA TeKyIlHX pe3yJbTaToB Ipeo6pa3oBaHHii H 06paGoTKH HH)OD-
Mauun, Hanpumep, mocrpoeHHe gacoB B o6LieM CJIyuae CBSI3aHO C CO3JaHHEM CeMH-
JAEKaJHOTO CUeTHYHKA JJIs IlepecdeTa CEKYHIZHHX, MHHYTHHIX, 9aCOBHX H CYTOYHBHIX
HHTEPBANOB B Hegmene., DTOT CYETHHK BHINONHUM Ha ceMH fAdefixax O3Y — suefiky
K6 ... K0, Kosppuuuents mnepecsera (60—naast cekyHR u MHHYT, 24 — qi1s 49acos,

cucmemnesd 3y 23y
HoKmponnep
HPS8OHNEOA
'}Zjﬁiﬁﬁi (K573P927) (KE41PYZ)
) t 8
s1e 8
" y8
s L1 )
noPT 1,2,3 N10PTS norPTE
NPSBONKSS WM 155P717
(PexumO) K155P/18 H540H47
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Puc. 105. Ctpyktypnas cxema MII-ycTpolictBa «yachi-GyAuAbHHK»
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7—pna pHeR Hellemn) nepeoc 1 B ciefyomylo sfYeAKy NPH TNePeNOJHEHHH Ipe-
IBAylel B BCe NpyrHe HeoOXOXHMEIE ONepalHH 0GecneYHBAalOTCA CHEUHANLHOA MpO-
rpaMmofi, sanucannoin B II3Y.

JIpyrie BCTPOEHHHE CPeACTBA YCTPOACTBAa: HAKOMHTeNb GyamabHuka HB —
Ins XpaHeHHs 3HA4YeHHH BH3BAHHBAaeMON YCTaBKH (BHIIOJIHEH Ha YeTHpeX suefi-
kax O3Y — suefixn HB3 — HDB0); Gydepnnit nakomnrens BH — pas natn  (ass
HeJesH, YacH, MHHYTH) HJIH d4eThipex (Yach, MHHYTH) S3HAaKOB, BBOAHMHX C KJa-
BHaTypH H HCHOJb3YyeMHX IJs HOCJAERyoLiell Mepe3alHCH 3THX 3HAKOB B YaCH IPH
BHINIOJIHEHHH KOPPeKUWH H B HakomuTear HD npu pasmemeHHn B HeM BHI3BaHHBae-
MOfi ycraBKH (BHMNOJHeH Ha NATH suefikax O3Y — savefiku BH4 — BHI10); cuer-
UHK 9HCIa 3anmuced B Hakonmutenp BH — (swefika BH5) mas compoBoxaenns mpo-
mecca pyyHoro BBoAa 3HakoB B BH Gumoka KJI; perucrp ynpaBiieHHS <«3BOHOK®
(7uefika P3) ans ynpasieHHss BHI3BaHHBaHHEM B MOMEHT BHIPaBHHBaHHS YyCTaB-
KH C TeKylIHM BpeMeHeM H pasMemeHus OHTa OJOKHDOBKH BLHI3BaHHBaHHS; JADyrHe
cpencrsa (sueiiku O3Y) aas o6ecnieveHHs, HanpuMep, BCEX ONEpalHil MO BBOAY
3HaKOB H KoMmaHJ ¢ 6iaoka KJI ¥ paHHHX C XpOoHHpyiolllero TreHepaTopa (uepes
nopt 5).

BumosiesieMue GYHKOMH YyCTPOMCTBa MOXKHO Da3feJHTh Ha NATb TPYNI:

1. Cuer Tekymero BpeMeHH (IlepecyeT TaKTOB C BHIXOJa XPOHHPYIOIIEro reHe-
paropa);

2. CpaBHeHHe TeKyIero BpPeMEHH C YCTaBKOH (CPaBHHBAIOTCH TeKyLIHe €O«
crosinus siueeK K5—K2 ¢ pmanunimu B siuefikax HB3 ... HBO).

3. Unaukanns: a) HHOMKaUM$i TEKYLUIEro BpeMeHH (TPH BapHaHTa paGoOTH):
(‘-IaCbI)-—H}-UIHquleTCH «Yac», «Mun» (cocrosnne siveek K5—K2).  «Cekyn-
Ib> — HEAuuHpyoTcst «Mun», «C» (cocrosinme siveek K3—KO0). «[Iun Henenus -—
nagunupyiores «IH/HI» (cocrosune sueitkn K6); 6) uHaukanus ycraBke (A4efts
ki HB3-—HB0); B) wuuaukanmms comepxkumoro Haxonurens BH (xBa sapuanTta pa-
6oTh): HHAMKanus «Yace, «Mun» (cocrosiHue siueek BH3—BHI10); unankanus nued
Heflenn (cocrosHMe siueiku BH4); r) HHAHKauua perucrpa <«3BOHOK» (COCTOSIHHE
suelikn P3).

4. Pa6ora c GaokoM KJI. B 3aBHCHMOCTH OT HaXaTO#l KJABHIIH BHIOJHAIOTCA
ciaenywoomye pRefcTBHA: a) ¢opMmMHpOBaHHe HNaHHHIX B HakonmHtene BH (siuefinn
BPH4—BHO0); nosnausuii BBOA ¢ HaxaThHeM nudppoBnx kaaBmm 0—9; ounctka Ha-
konureas BH ¢ naxarneM kiaaBumm «OuHCTKa»; §) Nepe3salNHCh AaHHHX H3 HaKO-
mutens BH: B cuetunk «Uach» (suefikm K6—K2) ¢ naxkartuem kmasmmu «Koppek-
nuss; B Hakonuress HB (auefixn HB3—HDB0) ¢ HaXaTHeM KJIaBHIIH <«YCTaBKay;
B) c6poc cuerunka «Yach» (ycraHoBka B 0 sweek K1—KO0) ¢ HaxarHeM KJaBHIIH
«C6pocy; T) ynpaBieHHe HMHAMKalMed TeKYLIEro BPeMEHH M COJepPKHMOro HaKOIH-
tesei BH m HB (m. 3,a—T); BH30B COOTBETCTBYWIIHX JAaHHHX M HHAHKAUHH
BHRIIOJIHSIETCS € HaXaTHeM KhaaBHII «Yach», <«BygHJAbHHK», «3BOHOK» HIH JI060:
KJIaBHIIH TO 0. 4,a; yNpaBJeHHe NPOCMOTPOM Mo M. 3,a,B,— OCYLIECTBJASETCA KJa-
BHIIEH <«—» (HAXKHMAIOT HYXKHOEe YHCIO pa3); A) YNpaBJeHHe <«BH3BaHHBaHHEM»
(3amper — paspelleHHe) BHITOJHAETCS HaXKaTHeM KJAaBHIIH «3BOHOK», COCTOSTHHE
HHAHIHpyeTcs 3HakoM O WiaH | B MuajmeM paspsje HHIHKATOpA.

5. 3BOHOK — «BHI3BaHHBaHHe» B CJydYae CPaBHEHHS NO N. 2 NPH HaJIHYHH pas-
pelienus no nm. 4,n.

Bunoasenune Ji060ff H3 NepeUHCICHHHX GYHKIHE [OCTHraeTcss COOTBETCTBYIO-
meii nopnporpaMmofi. Pa6ora ycrpoficTBa B KaXAHH MOMEHT BpDeMEHH NDOHCXORHT
@mOX yNpaBieHHeM UHK/AMYECKH BHIOJHAEMOH nporpaMMu. KaXAm# LHKA 3amycka-
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eTcst C MOCTYIUIeHHEM BHEUIHEero XDOHHPYIOLlero HMmyasca. IIporpamMma Aai Kax-
JKOTO IIHKJAa KOMIOHYeTCH K3 MATH MOANPOrpaMM, COOTBETCTBEHHO NO OJHOH H3 KaX-
LOJ NMATH TPYNN ONMHCAHHHX (YHKUHH.

KoMnonoBka HporpaMMml fAJisi KOHKDETHOrO peXXHMa paGoTH oObecheuyHBaercs
areayouell opraHHzauuefi cpf3efi MO ynpasieHHo: obpalleHHe K JI060H MNORMpO-
rpaMMe uepe3 ee HayaJo; BCe Hayaja MOANPOrpaMM TPYNNH COCTAaBJAAT TabJaHILY
TOf rpynmnbl, a B Havajge TaGJHubl Pa3MelaloT NepekaoyaTeib, B KOTOPOM 3amH-
caH ajpec HNOAKJIIOYaeMOH MNOANPOrpaMMbl; MO 3aBeplIeHHH pPaboTH Ji060i nOA-
mporpaMMbl fpeAblAyiiero 6JoKa ¢opMupyercsi o6pallleHHe K «Hepekaoyareaio»
TekymHero 610Ka, KOTOPHA Hajee oGeclieyHBaeT Mepefxayy ynpabBieHHs NOAKJIOYae-
Mol moxmporpamme.

OusnyeckH TepeyncaeHHoe obecneunBaercss pasmewenueM B II3Y tpex momon-
HUTeAbHEIX Tabauy, (rpynn siuweek TH15—THO0, TK31—TKO, T39—T30), rae coor-
perctBeHHOo TH — ta6anua 6imoka BH, TK —rtabauua 6aoka KJI, K3 — rabauua
«3BoHOK». TpH jonoJuuredpHbie sfuefiky O3Y HCONB3YIOT B KauecTBe NepekJoua-
reneir (aueiiku ITM, TTK, T13). 3arpyska nepekmouaTteneii (KOMIOHOBKa [pOrpam-
Mbl paGOTH ycTpO#CTBAa 1JA BLIGHDAEMOrO peXHMA) BHIIOAHAETCA C MEepexoiaoM B
TOT WIM HHOH peXuM pabOTh HaXKaTHEM COOTBeTCTBYyloulell KiaaBHmH 6joka KJI.

IlpuBefieHHbIl TPHHUKN OpPraHH3alMH [POTPAMMHOrO YNpaBJeHHs  yCTpOHCTBa
(MOYALHOCTS MOCTPOEHHS M Ta6iHuHAas OPraHW3alUHA CBsA3efl) MO3BOJNAET H3MEHATH
CBOMCTBa CHCTEMBl NYTEM HAapalllHBAHHA HJH HCK/IIOUeHHS BHIIOJHAEMHX QYHKUHH.
Bce onepauus B 3TOM cJydae CBOAATCA K BBOAY B CBOGOIHYIW) CTPOKY COOTBETCT-
Byloulefi TaGJHUBLl JOMOJHHTENbLHBIX NOANpOrpaMM, Ju60 Bpe3KOfi B COOTBETCTBYIO-
mel o6JacTH UHMKJIAa HOBOA TaGIHLBL.

IlpuMepoM NepBO#i MOJEPHH3aUHH MOXKeT OHITh pacmHpeHHe (yHKUHE OyXHJIb-
HHKa 0O MporpaMMaTtopa Ha N BpPeMeHHHX YCTaBOK B Ipelejax CYTOYHOTO HHTEp-
BaJa s M<8 MOAK/IOYaeMHX BHXOIOB. B 3TOM ciyuae npoM3BOAAT CJAeAyIOLIHe
«popaborku». B 1,25 n pas (mnd n=20, Bcero Ha 100 siueex O3Y) yBenHuHBaOT
Hakonuresb HD (HasoBeM ero Hakonutesem nporpammatopa HII). Koadduuuenr
1,25 onpepensioT BBefieHHEM ISTOrO 3Haka B yCTaBKe JJd HOMepa IOAKJIIOYaeMO-
ro BbIXOAa. BBogsT AONMOJHHTENbHBIA NOpPT (M BHXOAOB). BBOAsT moamporpaMmul
«[Ipocmorp nakomurensa» HII, «Y6pate © nucats ycraBrys. Bsogar naBa go-
MONHHTENLHHX cueTuHKa (aBe siuedikn O3Y) nasi (GUKCHPOBaHHA uyMC/Ia  3aHECeH-
FBIX YCTaBOK M HOMepa npocMaTpHBaeMoil ycraBkd B Hakonurene HII. Beoasr no-
FOJHHTENbHYIO cTPOKY (4Be siueiikn [13Y) B tabauuy TK. Beomar knaeumm «IIpo-
€MOTP» H «Y6paTh YCTaBKY».

Bropas MoJepHH3aLHs YCTPOfcTBa, CBsi3aHHas#, HanpuMep, ¢ BBeJeHHeM B
mero GYHKUHH TaiiMepa ¢ JAHCKPETHOCThIO OTcdeTa | ¢ H ¢ HHTeDBaJIOM CuYeTa
I ¢ — 1 Heneas,, ¢ NpAMBIM H OOGPAaTHBIM HaNpaBJEHHSAMH CYeTa, CBOAATCA K TaKHM
nopa6orkaM. BBoastr ponosnuurenbHHe CTPOKH (deThipe fAveiikn O3Y) B Tabauub
TR u TH. Cospalor cuerynk <«Taiimep» (uethpe sueifikn O3Y). BsomaT uernipe
nononHuTeNbHbe KiasHmy B 61oke KJI («f», «}», «ITyck»} «CToms») H cooTBeTCTBYIO-
ee 4UCaA0 noamporpamMm B I13Y.

B Taba. 25 nokasaHm anmapaTtHHe 3aTpaTh M Tpex BapHaHTOB «MII-uacos»
B HMX 3KBHBAJEHTOB, BHINOJHEHHHX Ha 3JeMeHTaX MXEeCTKOH JIOTHKH C HpHUMEHeHHEM
CmeLMaJu3HPOBaHHHX 4acoBux MHkpocxeM KI176HE12 u KI176UEI13, HO Gea yue-
Ta 3aTpaT HAa HHAHKANHIO H NOJK/JIOYeHHe HCHOJHHTENbHHX YCTPOMCTB.

OTH CBefleHHA XapaKTepPH3YIOT TOJbKO BHELIHIOI0 CTOPOHY H He OTpaXkKaloT eC-
TeCTBEHHHE 3aTpaTH Ha pa3paboTKy nporpaMMHoro oGecnedeHns MII-yacos, HoO
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Ta6auma 25

AnnapaTtHble 3aTparhl (MHKpocxema)
¥YcrpoiicTBo ]
Bapnaur 1 Bapuant 2 BapuaHT 3
MIT-uacH 14 15 15
DJIEKTPOHHEIE YacH 3 22 31

fl03BOJIAIOT CAeNaTh BHIBOXR O BO3MOXHOCTH 3((EKTHBHOTO HCNOJbL3OBAHHA YHHBEP-
canpHpix MII-cpefcTB AJsin pellleHHs PasjJHYHHX 33a7a4 H CPABHHTENBHO JETKOH Mo-
JIePHH3aLHH STHX cPeXCTB 6e3 CYHmIeCTBEHHBIX H3MEHEHHil CXeMHM H KOHCTPYKUHH
CcaMoOro ycTpoficrsa.

Ha puc. 106 noka3aHo NpaKTHYeCKOe YCTPOACTBO (Ha30BeM €ro MHOrodymnx-
LHOHANBHLIM TaliMepoM HJKR M-rafiMepoM), BHNONHEeHHOe MO (QYHKIHOHAABLHOA CXe-
Me Ha pHc. 105, HO nONMOJNHEHHOe 4YeTHpPbMA UH(POBHIMH, HHAUKATOPAMH, HMeloUiee
N3y o6vemom 3- K6ait, O3Y — 256 Gaiit, ¢ 6aokoM KJI, comepxkamum 37 kna-
BHILI, HMelollee «3BOHOK® H CHJIOBHIE BBHIXOAH [JIS CBSI3® C HCTIOJHHTENbHHMH yC-
TpoiicTBaMH, o6ecleuHBaeT BHINOJAHEHHe MHOXeCTBa (YHKUHMH Ha OCHOBe BpeMeN-
HBIX OTCYETOB H BKJIOuYaeT B cebs ciaenylouinii Ha6op ycTpoficTa:

1. Yach ¢ oTcueTaMH CeKYHA, MHHYT, 4acOB, JHell HexesH.

2. Tlporpammarop 1 — ajns nporpaMMHPOBaHHS H BHI3BaHMBaHHA 22 Bpemen-
HBIX YCTaBOK B TeueHHe CyTOYHOTO HHTEpBaJa.

3. Tlporpammatop 2 —Ha 1 yCTaBOK C aHAJOTHYHBIMH GYHKUHAMH, HO A4
HefleIbHOrO HHTepBasta. OZHHM H3 BO3MOXHHX PEXHMOB €ro paGOTH SIBJISETCS Y-
paBJleHHe MNOCJAEAOBAaTeNbHBIM BKIIOUEHHEM HJIH BHIKJIIOUEHHEM CHJIOBOTO BHIXOJa
r2.

4. TafiMmep 1 — gna paGoThl B pexHMe OGPaTHOTO cueTa C BO3MOXKHOCTHIO HpO-
MeXYTOYHBIX OCTAaHOBOK H 3amyckoB. TouHoCTh oTcueta 8 Mc, AHCKpeTHOCTb 1 ¢, HH-
TepBan 1 ¢ — 1 Hexens.

5. TaifiMep 2 — ana paGoTH B pexHMax NpPsSMOro H OGPaTHOTO CYeTa C aHa-
JIOTHYHBIMH BO3MOJHOCTSIMH 1O TOYHOCTH, AHCKPETHOCTH cYeTra, WHTEpBaJy.

CoBMellleHHBIE BHIBOX Ha HHAHKATOD IOKa3aHHA YacOB H TafMEPOB MOXeT
6bITb HCMOJB30BaH NPH HeOGXOAHMOCTH H3MEPeHHs NPOJOIKHTENbHOCTH KaKore-
au60 sBJIeHWs Ha (OHe TeKYUIero BPeMeHH (J1eJOBble COBEIAHHS, MPOJOIKHTEMk-
HOCTb 6ecefn H Ap.).

6. TenedhoHnass npucraBka ¢ uHGpoBbiM HaGopoM HoMepa (20 3HaKOB) BHI3HLI-
BaeMoro aGoHeHTa, C 3alOMHHaHHEM 3TOr0 HOMepa H BO3MOXKHOCTbIO MHOrOKparT-
HOro INOBTOPEHHSi Bhi30Ba. [Ipy Habope HOMepa BHI3HIBaeMOro aGoHeHTA HCIOML-
sytorcsi undpol 0—9, 3Hak A — AAs BKIIOYEHHS B INOC/IE10BATeNIbHOCTb KOPOTKOH
(~20 Mc) naysml; 3Hak C — qnsi npudOpMHPOBAHHS HOMepa cBoero TteqedoHa M
3Hak E — «3aBeplueHHe».

7. 3BOHOK — AN BLHI3BAaHHBaHHs OTPaGOTaHHBIX YCTaBOK MJIsi NPOrpaMMaropoB
1 u 2, raiiMepa 1 ¥ 2, a TakXe AJA BbI3BAaHHBAaHHS OKOHYaHHS 4YaCOBOIO HHTepBa-
na B yacax. Peann3oBaHH PeXHMH BLIKJIIOYEHHS TeKylIero  3BOHKA, BHOOpPOUHOE
OTKJIIOUeHHe 3BOHKa MJISi JIOGOro H3 YCTPOACTB, a TaKxe oblllee OTKJIIOUEHHe 3BON-
KOB M-taiiMepa.

8. IllaxmaTHble yachl— C 3aflaHHeM HHIHBHAYaJbHOH YCTaBKH H TNoOYepefHOH
pa6oThl ABYX yCTPOHCTB THNa TaliMep B pexXHMe o6paTHoro cuera. TOYHOCTb OT-
cueTa 8 Mc, OHCKPETHOCTh oTcueTa 1 ¢, WHTepBasn ycraBkH 1 ¢ — 24 u. IlTaxmar-
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Hble YaCH He fABJAIOTCA CaMOCTOATENbHHM ycrpoiictBoM M-TafiMepa, a cocraBas-
1oTCs W3 TafimMepa 1 H TafiMepa 2 ¢ OJHOBPeMEHHHM BHBOJAOM HX @OCTOAHHA H@
BH.

Ilpn onpeaenenns pa6oTw ¢ M-rafiMepoM caelyeT YYHTHBAaTh, 4YTO: BCe €ro
ycTpoficTBa MoryT pa6oTaTb ORHOBPEMEHHO H He3aBHCHMO ADYr OT Apyra; BO3MOX-
Hectd Giaoka BH (4X2 uudpoBux HHAMKaTropa) NO3BOJSIOT HHAHLHPOBAaTh COCTO-
siHHe OJHOTrO HJH ABYX YCTPOACTB; YHCJO pexHMOB pabGoTh M-rafimepa — [eBATh}
YHCJIO BHNOJHAEMHX KOMaHA TPHALATb.

ITepeuncieHHOe MHOXECTBO PeXHMOB H BHINOJHSEMHX KOMaHJA XapaKTepH3yeT
Ta6n. 26. B Helt neBATbIO CTPOKaMH 0603HaUeHH DEXHMH paGoTh M-rafiMepa B

Ta6auna 26
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yKa3aHn HaHMEHOBAaHHS COOTBETCTBYIONIHX MM KJaBHm. BHNoJHeHHe TOHf HJAH HHOM
KOMaHJH B COOTBeTCTBHH C Ha)aToW KJaBuulel nJs cToabua OCyHIecTBAsieTcs Ha
¢oHe mnpexBapHTETPHO YCTaHOBJAEHHOrO pexkuMma. Hampumep, ¢ ycTaHOB/IeHHeM pe-
xkHMa «Hacbl» (HaxartHeMm KaaBumu «YHac») na BY BbIBOgsiTC JaHHEIE O COCTOSHHR
cuetynka «UYacw». ITocaexymoommue Haxaths kaaspm o Jjaubo 3I1 («3anHce»)
o6ecnieuHBalOT BHIIOJHEHHe KOMaHJA TOYHOM YcTaHOBKH wacoB B 0 auGo nposeieHHe
KOPpPeKIHH COCTOSIHHS 4YacoB.

JlononuuteabHEIMA AJsi M-TafiMepa fBAAIOTCA KOMaHIB HENOCPEACTBEHHOIO HC-
NOJIHEHHs, NepeuyeHb K COJepXaHue KOTODHX INpHBefeHM B Tabn. 27. HcronHneHue
STHX KOMaHI He u3MeHsieT pabory M-raiimepa. Ilas npumepa paccMoTpHM paboty
M-raifimepa B pexnmax. «[Iporpam. 2» (Ilporpammarop 2) w «Tafimep 1». Bk~
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Tabauma 27

KomaHaa HauMeRoBaRHe KJIaBHIIH ConepikaHnHe

~Yacu», +1 yac +1 YBesHueHHe COCTOSIHHSI  CYEeTYHKaA
«Hacel» Ha 1 gac

<«Yach», «¥Ycr. B 0» [ Tounasi ycraHoBka <«Yacos», ycra-

(B pexxume Yacn) |HOBKa B 0 CUETUHKOB MC H C

dIlar npocMoTpa = [Tomwaroswit npocMoTp HakonuTese®
«BnpaBo» u «BueBo»

«3BOHOK», BJiok. % BJioKHpOBKa Tekyiuero «3BOHKa»

«3BOHOK», BbiKJ. «CTon» BuikJio4eHHe «3BOHKa»

) (B pexxume «HaGop»)

«3BOHOK», YCTaHOB. 3I1 Ycranasausaercs IJIATENIbHOCTh

AJATeJIbHOCTH (B pexxume «Ha6op») |3ByYaHHsI 3BOHKOB B COOTBETCTBHH
¢ HaGpaHHHM YHCJOM (IBa NepBHIX
3HaKa Ha HHAUKaTOpe)

«Tesegou», Caoft y/T 3aHOCHTC C KJaBHaTypH H 3ano-

Homep (8 pexxume «HaGop») [MHHaeTCAs Homep cBoero Tesiedona
s paGote yepes AMTC. Ha6pau-
HbIi HOMEp CONEpXKHT JO CeMH UHPP
H 3aKaHuHBaeTCsl 3HakKoM E

gende B pexum <«IIporpam.2» ocymecrBisiem HaxatueM kaasumu [II'2, mpu 3T1OM
Ha wuHaWKaTopax Oaoka BH (puc. 107,a) BhicBeuHBaeTcs 3HaueHde nepBofi yc-
taHoskn («JH/HI», «Uacs, «Mun») u «Ne coOuTusi» (3agaercsi NOJb30BaTeseM).

C HaXaTHeM KJaBHIIH «—» NepeXOZHM K NPOCMOTPY cJjejyiollefi yCTaBKH
8 Hakonurese HII2 nu6Go ounmaeM Becb HakoNnHTeJb C  HaXaTHeM  KJABHUIH
«». Ilpu Heo6xomumocTH yO6paTh Kakylo-iH60 YCTaBKY HOC/AEN0BaTeJIbHOCTHIO
#HaXaTHA KJaBUIIH «—-» BH3KBaeM ee B HHAHKATOD U HaxXuMaeM kJaasHmy «Crupa-
#ue», nNpu stoM ocBoGoauBieecs Mecto B HII2 aBroMaTHyecKH 3anojiHseTcss HOC:
nepHet ycraBkoft. C Haxarnem kaaBumu 3I1 wa Mecto nocieaneit ycraBku HIT2
dlepenHCHIBaeTCsl NMOATOTOBJEHHasi ycTaBka u3 Gygepa BH.

AH/AL Yac Mun Yac Muy
T o T T T T T T
O o T o T T 1 T T
W—’L ~ ’ e - —
N0 codsrmus Yemabxa Yucno ycmabox Yemaona

a) 4)
.4”///,4 Va: Muw ‘/a( A/zw Yac Mun

-z ll _n_u_ (O

\ VR ¢ J
—Y

IZ/HXM. 7 Uaim. 2

) e)

Puc. 107. Hpeacrasaenne undopmMaunn B ycrpofictee «<M-tafimep»
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.Haxarnem knaBmmn <«T1» nepexoaum B pexuM paGorhl «Tafimep 1». Ilpn
STOM Ha HHAMKaTope (pHc. 107,B) BhICBeuHBaeTCs 3HaYeHHe TeKylero OTcuera s
orpabarbiBaeMoro HHrepBasia. C HaxkaTtHeM kJiaBumiM «3[I» ycraBka nis sToro Tai-
Mepa 3aHocurcs H3 G6ydepa BH.

Haxarnem knaBumr <«Ilyck» miau «Croms NPOH3BOASTCS INPOMEXYTOYHBIE 3a-
NyCKH HJIH OCTaHOBH «TafiMepa» 1». [loBropeHHe 3amyckoB «Tafimepa 1» mi1s or-
paGoTKH NpeinAylledl YCTaBKH BHIOJHsETCH HaxatHeM KiaaBum <«3IT» u «ITyckas.

Ha puc. 107, 6, ¢ mokasaHu BHCBeYHBaeMhle AAaHHHE Ha HHAMKAaTOope IpH
nepexofie B pexumn <«IIporpam.» u «llaxmar. 1s, <«[laxmar. 2». Haxatnem kua-
BHUIH <«<—» O0GeCIleYHBaeTCA HHIMKALMA MHHYT H CEKYHA IIaXMaTHEIX YacoB.

IlpuBeneHHnft 3mech M-TaiiMep, BONPOCH e€ro NOCTPOEHH, TNPOrPaMMHOA B
anmnapatypHo#l peaju3allHH ero GyHKuMA H AD. CJACLYeT pPacCMaTpPHBATh KaK HJLIIO-
cTpanHio mojaxofa K moctpoeHuio MIl-cpenctB. Ias oGierdeHdHss NMOHHMaHHA TOA-
XOfa, B KauecTBe OGBbeKTa BHIGpaH Ha6op H3BECTHHX IIPOLECCOB HA OCHOBe H3Me-
PEHHs BpeMeHHHX HHTepBasioB. [IpH sTOM B GoJblllel CTENEHH OCBELlaJHCh BOIPO-
CH, CBfi3aHHHE C TocTpoeHHeM M-raiiMepa kak MIl-ycrpoiictBa, peaiHsyiomero
6osbllofi 06beM CHENHANM3HPOBAHHBIX (YHKUHA NPH MaJjeX 3aTpaTax YHHBepcalb-
HHIX CPeACTB, U MeEHbIlle BHUMAaHHs YAENANOCh PaccMOTpeHHi0 M-TafiMepa c TOUKR
3DEHHA ero SProHOMHYECKHX XapDaKTEPHCTHK. B CBASH € STHM. IPH TPaKTHUECKOM
BHITOJIHEHUH M-TafiMepa cIefyeT paccMOTPeTb HanGoJjee 1esaecoo6pasHyi0 KOHCTPYK-
uHo ycrpofictBa. B smo6om ciyuae HeoGXOAMMO NPOAYMAaTh BOIPOCH pPalHOHANLHOMN
KOMIOHOBKH kJiaBull Gnoka KJI (pasmelieHHe Ha OJHOH NaHeJNH, pasHeceHHe mo 06-
JIaCTSAM, CO3JaHHe BHLIHOCHHIX TOAKJIOYAeMbIX YNPOMIEHHBIX MyJAbTOB, HallpHMep, NpR
peasnsauuH pexuma «llJaxMaTHble yachl» WY TPHCTABKH MJis ¢OTOIEYaTH).

CrepyeT TakXe YyYHTHIBATb, YTO BO3MOXKHOe HapaujuBaHHe (YHKUHH HJIH HCKJIO-
YeHHe HX 332 HEHAJOGHOCTBIO NPAKTHUECKH MaJIO YAOPOXKaeT JHGO YyHelleBJseT BCe
YCTPOHCTBO, NOCKOJBLKY OHO B OCHOBHOM CBSI32HO C HEJOHCIIO/Ib30BaHHEM HJIH TNOA-
KJaoueHHeM AONOJHHTENbHHX O3Y u I13Y, cTOMMOCTh KOTOPHIX CPaBHHTENbHO HH3Ka.

dyuruuoHHpOBaHUe M-TaliMepa oGecleyHBaeTCs pasMelleHHEM B HEM COOTBETCT-
BYIOIINX NPOTPAMMHHX H BCTPOEHHHIX CPEJCTB H MOAKIIOUEHHEM K HEMY COOTBETCT-
BYIOIIMX aNnapaTHHX cpedcTB. [IporpaMMmHEe cpeacTBa B BHAe HaGopa NOAIpO-
rpamMM, Tabuaun H KoHcTaHT pasMeiuensl B [III3Y (MC K573P®21) u npexcrasie-
HBl TaGJHUAMH NPOUIMBOK 3THX MHKpocxeM (cM. IIpwioxenue 1).

[lepevens omepauHOHHHIX cpeAcTB M-raiimepa, pasmeniennux B O3Y, a Takxe
NepeyeHb €ro MOPTOB M HMX (YHKUHOHAJbHOE pachpele/ieHHe MDHBEXeHH B Tabi. 28.
fdannbie TaGa. 29 xapakTepH3yioT OOlLHe 3aTpPaThl Ha NPOrpaMMHOe ofecreyeHHe
(B xosnnuectBe Gafit I13Y) u Ha onepanHOHHEIe cpeACTBA (BHLIENEHHHE A4YEHKH
O3¥) c ykasanneMm uHcaa kaasHm Gnoka KJI, ucmonb3yeMex nJjs 3afgaHHs W pea-
JIH3aI[MH KaXJAOro H3 PexHMOB paGoru M-taiimepa.

IMepevery NOAKJMIOYAaeMEIX allapaTHHX CPeACTB ycrpofictBa (Mo cxeMe da
puc. 1006) BkiiouaeT G6GJIOKH KAAaBHATYPH H mmuxamim, reHepaTop XpOHHPYIOLIHX
HMITyJIbCOB, 3BOHOK, GJIOK BEIXOAHEIX YCHJIHTEJEH. v )

Biiok ka1aBHATypH COCTOHT W3 IOJIsS NepekJiouaTesel, o6beHHEHHHX B MaTDPHIY
paaMepHOCTbI0 5X8, H GJOKa CKAaHHPOBAaHHS ~ MaTPHHH Ha 6a3e MHKpOCXeMu
KP580MK55. Pa6ora mogoGHHX ycTpoicTB omucana B . aureparype [15, 23]. B
HameM ycTpoilicTBe (GOPMHDOBaHHe KOJa B COOTBETCTBHH € HaxaToH KJaBHuIedi obec-
nevnBaeTCsl CKAHHPOBaHMEM MATPHUH TNyTeM NOCJAeJ0BaTeNbHOTO , BO36YXKACHHS JH-
HeeK N0 TOPH3OHTAJH CHTHaJaMH ¢ moptra 1, ¢ MOCJeAyIOHM OIPOCOM BOChMH
CTOJGLOB MaTPHUH, HOAKIIOYEHHHX K BXOAAM Iopra 2; NpH o6HapyXeHHH BO3CyX-
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Ta6auna 28

O6o3HaueRHe HanMeRoBanHe Axpec O6mneM,
Gatit
M3y I13Y nporpamMm H KOHCTaHT 0000 ... 0OBFF 3072
Ta6a. KOM. KOMaHJI
OCHOBHBIX 81158 .. 01 111: 16
BCNIOMOraTeJbHHX ... 019 128
TaGmmm PasoBHIX 01AQ ... OIAF 16
Ta6a. uun. HHAHKAIHH 01B0 ... 0ICF 32
Ta6an. T® TeJepoHa 01DO0... 01DF 16
H3r HavanpHbifi 3arpy3unk 01EOQ...
o3y OnepaTHBHOE 3aNOMHHalolee yCTPO#i-
CTBO 0C00...0C11 256
BH Bydepui tI:Ilpe;ubuuyuum 3anHCh 888? 1
HAKOIHTEE HCJIO 3amHced 1
O6bvem BH 0C02...0C17 22
JLJIHTENbHOCTD 0C19 1
Texymee 3HaueHHe 0CI1A, 0C1B 2
3BOHOK Briksi09eHb 0CID 1
BJiokupoBKa 0CIE 1
Ilogacosoi 0CiIC 1
3B Bcnomora- 3BOHHTBH? 0CIF 1
TeJIbHbIE { Kto 3BOHHT? 0CAA, 0CAB 2
CpeAcTBa Bydep nopra 2002 0CAD 1
Tl Taiimep 1 Cyeryuk CT1 0C20... 0C24 5
Mepekniouatens Tl 0C25 1
Cuetynk CT2 0C26 ... 0C2A 5
T2, TM Taiimep 2 Ilepekaoyateanr T2 0C2B 1
Ilepekaouatens TM 0C2C 1
CKOJIbKO YCTaBOK 0C30 1
nri TIporpam- YcraBka Tekymas 0C31 1
marop 1 Hakonnteas HII1 0C32... 0C5F 44
CKOJIbKO YCTaBOK 0C60 1
nr2 Hporp a;a- [ Ycraska 1¥exyma;1 0C61 1
: Marop Haxkonurens HII2 0C62 ... 0C8F 44
IT1 [epekmouateas UH]I 0C91 1
T® Tepekmouateny Td | 0C92 1
gnoifl Teneon Ne 8883 ... 0C98 4
KOJIbKO ITOCHIJIOK 1
Teneor [ochiika 62 MC 0C9D 1
IMochka 39 mc 0C9E 1
y Maysa OCA .. 0CAS 1
achl CueTuyHK 9acoB 5
Crek Crek 0CBO... 0CCF 32
Iopr Kanasuatypa 3000, 3001 2
HcnonHuTeNbHbIE
gcrpoif'lcma 3002
BOHOK 3002/01
Toprat Tenegpon 3002/10
Pene TII'2 3002/80
Cunxpo 6000/01 1
HUuaukatop B000 ... B003 4
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Ta6aumma 29

Pexxum_pa6orsi, I%g';e,:‘ (%g%} Slueixu O3Y | BBoam (uucao
o6uee o6GecneyeHHe B [13Y) KNaBHM)

‘BBoa ¢ 6aoka KJI 335 18 37
Hnpukauus Ha BU 325 8
3BOHOK 126 10 2
Yacu 226 7 6
Taiimep 1 157 7 4
Tavimep 2 168 7 4
Tafivep M 71 7 4
ITporpammarop 1 149 46 3
ITporpammartop 2 185 47 3
Tenedon 234 29 2
[laxMaTHBIE Yachl 149 14 4
BcnomoraTtenbHble

cpeacTBa 136 46 3

JleHHOro cTO/M6LA 3alyCKalTCs NOANPOrpaMMEl (OPMHPOBaHHA KOxa (3HaK HAH
«®OMaHJa).

Baok HHAHKaUHH MOXeT ObITb BBLIMOJHEH IO JMI0G0OMY H3 BapHaHTOB, PEKOMEH-
JOBaHHBEIX paHee.

I'enepatop xpoHupyiomux TaktToB (['T) BhIMOJHseTCs Ha OCHOBe CTaHIapTHO-
TO 4YacoBOro cueTunka Ha MHKpocxeme K176HIE12, uacroTa HMImyJbcOoB reHepaTopa
128 Tu.

3BOHOK — JI060#1 M3 HMeloIHXcs  Manora6apuTHeIX  3ymmepoB tHna 3I13,
JSMII u nmp. ‘B ‘kavecTBe 3amOJHAIOWIEH YacTOTHl AJs CHrHaja 3BOHKA HCHOJb-
ayerca curdHan 1 kI'n, cHEMaeMbli ¢ Brixoga mukpocxemn K176HE12.

BhIXoAHble YCHJHTeNH 0GeCNeyHBAIOT 3JEeKTPHYECKOe COMNpSMXKeHHe BbIXOAOB IOP-
Ta 3 C COOTBETCTBYIOIHMH HCIIOJHHTENbHBIMH YCTpOiicTBaMH (pene, 3BOHKH). Io-
STOMY THN M MOINHOCTb KaXHOTO YCHJHTENs MOMKHH COOTBETCTBOBaTb KOHKPETHO-
My HCNOJHHTENbHOMY YCTPOHCTBY.

NPAKTUYECKHUE COBETbDI

Jas nHTaHHS yCTPOHCTB Ha MHKpocXeMax cepHH K155 Heo6xoauMo Hc-
q10/1b30BaTh CTAaGH/IH3HPOBAHHHIH HCTOYHHK HanpsixKeHHs 540,25 B. Ecan 3Hauenne
qINTAIOLIEr0 HANpsSXKeHHSA (C yyeTOM myJbcaluii) BRIXOAHT 32 3TH MNpeReJbl, rapas-
THPOBaTb ycTOHuyuBYl0 paGoTy ycrpoicTBa Hesab3s. IlJIs NHTaHHA KOHCTPYKUHA Ha
Mukpocxemax cepuit K176 u K561 MOXHO NOJIb30BAaTbCA HECTAGUIH3HPOBAHHEIM HC-
TOYHHKOM C BHIXOAHBIM HampsikeHuem ot 9 no 12 B {lpu noTpebasieMOM TOKe RO
100 mA. Ilpn nomaye HampsKeHHs NHTAHHA OT BHEIUHEIr'0 MCTOYHHKA Ha MJIATH,
Tle pasMeleH MHKPOCXeMbl, HEOGXOAHMO NpPHMEHATb BO3MOXHO KODPOTKHe INpPOBO-
Ja, TaKk KaK Ha HHX MOTYT HaBOJAHMTbCH HMNyJbcHble nmoMexd. CHcTeMa IUHH IHTa-
HHSl JOJIKHA HMETb MHHHMAaJbHO BO3MOXKHbIe COMPOTHBJIEHHS H HHAYKTHBHOCTH. [as
#CKJIOUEHHs] HMIYJbCHBIX ITOMeX Ha iIJiaTe YCTPOACTBAa MeXAY ILIIOCOBOR H MHHY-
COBON IJHHAMH IHTaHHA HeOOGXOAHMO YCTAaHOBHTb OJIOKHPOBOYHEIE HH3KOYaCTOTHHE
4 BLICOKOYAaCTOTHble KOHJEeHCaTOpH. EMKOCTb HHM3KOYaCTOTHOrO 3JIE€KTPOJHTHYECKOTO
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KoHzeHcaTopa Moxer cocTaBasaTh or 10 me 100 Mx®. BuokupoBouHnHe KepaMH-
YeCcKHe KOHIEHCATODH YCTAHABJAKWBAIOT Ha MOHTaXHO# naarte u3 pacyera 0,07 Mxd Ha
oany mukpocxemy TTJI. JlomyckaeTcs CTaBHTb OZMH KOHIEHCATOP COOTBETCTBYIOILEH
€MKOCTH Ha Tpynmy H3 4YeTHpeX-——ILIecTH MukpocxeM. B ycrpoiictBax Ha MuKpocxeMax
KMIII eMKocTh GIOKMPYIOIIHX KOHAEHCATOPOB MOXeT GHTb CHHXEHa Ha IOpPSIOK.

IIpn mepBoM BK/IOYEHHH H HACTPOHKE COGDAHHOIO YCTPOHCTBA YHOGHO NO/Ib3O-
BaTbCA J1a6OPAaTOPHWIM HCTOYHHKOM NHTaHHS € BCTPOEHHHIM aMNepDMeTpPOM Ha TOK:
1—2 A

B IMpunoxennn 2 nphBefeHH AaHHHE MO NOTPeGsAEMOA MOIIHOCTH MHKPOCXEMr
cepun K155. Tam xe yka3aHH BHBOAH [HTaHHA BCeX MHKPOCXEM, HCIO/Ib3yEMBX
B OMHCaHHHLIX HAaMH yctpoiictBax. Ilonb3ysce 3Toit Ta6Ganuefl, BH MOXKeTe OLEHHTH.
TOK, NOTpe6JseMHR yCTPORCTBOM, H MNDH MEepPBOM BKJIIOYEHHH HPOKOHTPOJHPOBATH.
ero. Ecan norpe6isieMuili TOK OKaMercsi CyHieCTBEHHO GoJibiie pacyeTHOro, HeMmen-
JIeHHO OTKJIOYHTe HCTOYHHK MHTaHHWA H HafiAHTe NPHYHHY HEHCNPaBHOCTH (KOpPOT-
KOe 3aMblKaHHe Ha IJIaTe, «MEepenoJIIOCOBKa» HAaNpsAXKeHHs Ha BCel mjaate WIH Y
oTHenbHEX MHKpocxeM). [IpH nepenosmiocoBKe NHTaHHA, Andlleiics He Gonee 2—
5 ¢, 66nbmas wacrte MuKpocxem cepuit KI55, K176 u K561 He BHIXOAHT H3 CTpOSs:

MHorre onHcaHHBIE 31ecb YCTPOHCTBZ HMEIOT KHOMOYHLIE OPraHH YNPaBJeHHd,.
TyMGJepbl HJIH MepeKkJiOuaTeNH, yCcTaHaBiIHBaeMble Ha JHueBoil mnaHean. Ecau na-
HeJlb yMpaBJeHHs yjajeHa OT MOHTaXHOH IVIaTH, TO NPOBOJAA, COeAHHSIONlHE Opra-
HH yNpaB/JeHHs ¢ MHKDOCXEMaMH, MOTYT CTaTh HCTOYHHKAMH JIOXKHBIX CHTHAaJIOB H3-
3a BO3HHKalOWMX HaBOAOK. CyleCTBEHHO YMEHBUIHTb BEPOATHOCTbL NOABJIEHHA MO-
MeX MOJXHO, COelHHsisl KaXAyl0 KHOMKY ¢ MHKDPOCXeMOf Mapofi: CBHTHX NPOBOJOB:
OaHH H3 HHX CHTHaJbHHH, a BTOpOi (06a BHBOJAa KOTOPOTO COeAHHEHH ¢ OOied:
HIHHOH) 3KpaHUPYIOWHH.

Bonee HajgeKHBHIM cNMOCOGOM HCKJIOYEHHS JIOXKHBIX CPabaThIBaHHH SIBJSAETCHA IMO-
Lada HanpsyKeHHst HCTOYHHKA NHTAHHA uepe3 NOTOJHHTENbHBIN PE3HCTOD COMPOTHB-
JenneM 1—2 kKOM Ha KaXXAB# BHBOJI MHKPOCXeMH, COCJHHSEMHA C OpPraHaMm yil»
paBieHHs (HanpWMmep, KaK NokasaHo Ha puc. 84). I[Togo6HBIM cnoco6oM MOXKHO»
COEHHATD C HCTOYHHKOM INTHTAaHHA HEHCNOJNb3yeMble BXOAH MHKpocxeM. MoOXHO Tak-—
¥e HeHCIoNb3yeMble BXOAH COEJHHHTb C HCHOJNb3yeMBIM BXOJAOM TOTO JKe JIOTHue-
cKoro sneMeHta. ITpH HeOGXOZHMMOCTH Ha OTAEJNbHblE HEHCTOJb3yeMble BXOABl MEK-
pocxeM MOZAIOT HANpsKeHHe HH3KOrO yDOBHS, 4TO Ompejensercss ."abiHued HCTHH-
HOCTH COOTBETCTBYIOLIEe# MHKDOCXEMHI.

Co6upatbh ycTpoiicTBa ynobHee Bcero Ha MOHTAXHBIX MJ1aTaX H3 IBYCTODOHHeE-
ro (oabrHPOBAHHOrO CTeK/MOTeKcTONHTa. Ha 0QHOH CTOpPOHe niaThi HAXORATCA VIO~
IHafgKd AJs1 YCTAHOBKH MHKPOCXeM, a C J1PYroi CTOPOHBl — KOHTAKTHbie ILIOLIAMAKH,.
coeHHsieMble OTpe3KaMH MoOHTaxHoro npoBofa. Ha o6enx cropokax miaTH AOJMXK-
Hel OHTh W IUMHB HCTOYHHKAa NHTaHHs, )KenaTeapHO cHavajla BHINOJHHTb Bechb INPo-
BOJHOIl MOHTa)X, NPOBEPHTb €ro NPaBHJBHOCTb, OTCYTCTBHe 3aMHBKaHHA cocen-
HHX TUVIOMIAAOK W TOJILKO MOCJE 3TOTO YCTaHABJAMBAaTh BCe HaBeCHBe N€TANH — MHK~
POCXEMEI, PE3HCTOpPH, KOHZEeHcaTopsl H T. A. [IpH NMPOBOAHOM MOHTaxe He cJe-
AyeT NpPUMeHATb XIyTOBaHHe H Napa/uleNbHyl0  YKJAaaKy npoBonoB. CoelnHeHns
cleflyeT BeCTH MO HaHKpaTdaiuleMy MyTH.

Han6osiee NOAroTOBJEHHbE pPaAHOMIOGHTENH MOTYT CaMOCTOATENbHO pa3pabo-
TaTh W H3TOTOBHTh MEYaTHYIO MJaTy, B KOTOpPoH obecneyeHnl Bce HeO6XOAKWMHE COe-
IHHEHHs MeX1y 3jeMeHTaMH ycrpofictBa. Ilpn sTOM nesecoo6pasHo HCMOB30BATH-
JIHHEHAHO-MHOTOPSIAHOE DPaclOJIOXKeHHe MHKpocxXeM, oSecneunBaiollee HanGONbIIYIC:
NJIOTHOCTh HX YCTAHOBKH. [IJIs NPaBHJIbHON OPHEHTAUMH MHKDOCXEM Ha IeuYaTHOR
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nnaTe AOMKHH GHTh HaMedeHH <KJIOYA», ONpefessioliHe I[OJOXKEHHe NePBOTO BH-
BOJA KaXAOH MHKPOCXEMH.

ITpr pa6ore ¢ mukpocxemaMu cepufi K176 m K561 oco6oe BHuManue yamensfi-
Te NPeAOTBPAIIEHHIO NONAJaHHA  3JeKTPHUECKHX  3apAJOB Ha  MHKPOCXEMHL.
Has sroro HEOGXOAMMO: 3a3eMJATh XKaJO NAAJbHHKA H H3MEDHTEJbHYI0 ammapa-
TYpY, MOATOTOBKY H MOHTaXX MHKPOCXeM MDOH3BOJHTL C NpDHMEHEHHeM aHTHAJIEK-
TpPOCTaTHYeCKHX 6pacjeToB.

B mpouecce NpoeKTHPOBaHHA H MOHTaxa uH(poBHX ycTpoficTB y uHTaTeneR
HaBepHAKAa BO3HHKHYT H ADYTHe BONPOCH, He Halle[HIHe OTPaXeHHA B KHHre. B
9TOM cJy4yae HeoGXOAHMO OGDaTHTHCA K HCTOYHHKAM, YKa3aHHHM B CIHCKe JHTe-
paTyphl.

3AKJIIOYEHME

MH 103HAKOMHIH BaC C NPHHOMNAMH HEACTBHA OCHOBHHX 3/1€MEHTOB H
yerpofictB uuppoBOf TEXHHMKH, C DAasHHMH 110 CJAOXKHOCTH DPaaHOMIOGHTENbCKHMH
yerpoiictBamMr Ha nudpoBHX MHKpocxeMaX. Kakwe H3 HHX INQBTOPSTL — 32BHCHT
OT BAHIHX HHTEPECOB M ONHTA.

Jns nprHoGpeTeHHs ONHTAa paGoTH ¢ LHGPOBHMH  MHKDPOCXeMaMP NepBOHa-
4aJbHO Caeayer BHOHpPaTh /IS HOBTOPEHHA Te YCTPOACTBA, KOTOPHE IMOJHOCTBIO
ofecrneyeHH KOMIVIEKTYIOUM[HMH H3JEJNHASMH, YKa3aHHHMH Ha NPHHIMNHAJbHON CXeMe
yerpolicrsa, Llenecoo6pasno Hagunate paGoty c HamGofiee HemeEBHMH H pacmpo-
CTpaHeHHBIMH MHKpocxeMaMHu cepuu K155. Ommu6kH, monymeHHHe NPH MOHTaxe ycC-
TpPOACTBA Ha MHKpDOCXeMax 3TOfl CepHH, He NpPHBeAYT K BHXOAY  MHKDOCXeM H3
crpos. IlocrenmenHo mnpHoGperast ONHT paGOTH, MOJKHO NEPEXOJAHTb K KOHCTPYHPO-
BaHHIO (ojee CJHOXKHHX YCTPONCTB.

Bo3M0OXHO, YTO KaKHe-TO aBTOMaTH BH 3aXOTHTE NMOBTODHTh NOJHOCThbio. [Ilpn
3TOM aBTOPH BCe Ke HafeloTCs Ha TBOpYeCKHA MOAXOx K pa3paboTke H KOHCTPYH-
POBaHHIO ONMHCAHHHX YCTPOACTB B 3aBHCHMOCTH OT KOHKDETHWX YCJIOBHA H BalIHX
BO3MOXHOCTel. ABTODH YBEpeHH, YTO B KOHIlE KOHIOB YHTATENH, He OrPaHHYHB-
MIHCh HPOCTHM KOMHPOBAaHHEM OINHCAHHHX YCTPOACTB, GYAYT SKCIepDHMEHTHPOBATD,
HCKaTh NMYTH K DacWIHpeHul0 (YHKIHOHAJLHHX BO3MOXKHOCTeA H KadeCTBEHHHX Xa-
paktepucTHk IH(ppOBHX aBTOMaTOB. UTOGH CcaMOCTOATeNbHO BeCTH HX pa3paboTky,
TIOHaJOGHUTCA NPOYHTATh MHOTO JPYTHX KHHT, HHOTAA OGPATHTbCA 3a COBETOM H KOH-
cyabranHeit K cnennanucraM. Kl He oruamBafitech, ecim paspaGoTaHHOe YCTpOf-
CTBO cpasy He 3apaGoTaeT. YcTpaHeHHe MNOTpelIHOCTel NPOEKTHPOBAHHA H MOHTa-
Ka — HeH3GeXHBIA Npolecc B TeXMHIECKOM TBopdectBe. K BH, GeaycC/OBHO, B KOH-
e KOHIOB OyZlere BO3HArpaKJeHH TeM, 4TO YCTPOACTBO, POXKJIEHHOe CHaJala Ha
GyMare, GyJeT YeTKO H TOYHO BHIIOJHATb CBOH (DYRKIIHH,

Mn mHcann 3Ty KHHTY AJI8 pajguofioGHTelNei, pyxbnonme.neﬁ H HaCTaBHHKOB
KDYXKOB H KJyGOB IOHHX pajfHoJIOGHTeJNell, HMEOIHX HeKOTOPHH ONHT paloTH B
06/1aCTH Pa/iAO3JIEKTPOHHKH, HO He 3HAKOMHX HJH Majo 3HaKOMHX ¢ uuxdposolt tex-
Haxofl. [TosToMy NpH OMHCaHHH KOHCTPYKUMI MH He o6GCyXKAadH BONPOCH KOHKpeT-
HOMl KOMMOHOBKH pa3paGOTaHHHX YCTPOACTB, BHemHero odopMieHHs, panHOHANbLHO-
ro pasMellleHH OPTaHOB YNpaBieHHs 4 HHaMkanuu. Hapeemcs, uto y wnrareneft
eCTh HEKOTOPH ONHT B 3TOf 06JacTH H, TJNaBHOe, JKeJaHHe TBOPYECKH NOROATH
K peajH3anMH OMHCAHHHX KOHCTPYKIHH,
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2. OcHoBHBle naHHBe MHKpPocxem cepum K155

BHBOAL NHTAHES
MHKpocxeMa Inorps MA OGuee wHCIO
BBIBOJIOB 4+5 B oem.
K155J1A1 10 14 14 7
K155J1A2 4 14 14 7
K155J/1A3 16 14 14 7
K155J1A4 16 14 14 7
K155J/1A8 20 14 14 7
K155J/1M11 33 14 14 7
K155JTH1 35 14 14 7
K155J1P1 12 14 14 7
K155J1P3 15 14 14 7
K155J1P4 12 14 14 7
K155J1I15 52 14 14 7
K155TM2 31 14 14 7
K155TM5 53 14 4 11
K155TM7 53 16 5 12
K155HUE1 14 14 14 7
K155UE2 53 14 5 10
K155UE4 51 14 5 10
K155HUE5 53 14 5 10
K155UE6 102 16 16 8
K155ME7 102 16 16 8
K155M 111 25 16 5 12
K155 103 56 24 24 12
K155U1 14 42 16 16 8
K155KII1 68 24 24 12
K155KI12 62 16 16 8
K155KI17 48 16 16 8
K1551P!1 82 14 14 7
K155MM1 35 14 14 7
K1551IM2 58 14 4 11
K1551IM3 128 14 14 7
K155JIE1 27 14 14 7
K155J1E2 19 16 16 8
K155AT1 25 14 14 7
K155AT3 66 16 16 8
K155Py?2 105 16 16 8
K155PE3 110 16 16 8

Ipumeuanue. Oas cepuit K176 u K661 BMBOAM nuranug: obmuft — 7(8), +Upgr — 14(16) cos
OTBETCTBEHHO AJII KOPHYCOB ¢ 14 Hau 16 BhiBOgaMH,
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