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NMPEJUCIIOBHE

[ludppoBasi TeXHHKa aKTHBHO MPOHHKaeT BO MHONHe 06JacTH paguoJIO6H-
TeJIbCKOrO TBOPYECTBA:  KOHCTPYHPOBaHHe  paiHOBEIATeJbHBHIX H TeJeBH3HOHHBIX
NIPHEMHHKOB, DajAHOCHOPTHBHOH H paAHOH3MEDHTeJBHOH aNmapaTyphl,. BCEBO3MOXK-
HBIX YCTPOMCTB 2BTOMATHKH H HIPOBHX aBTOMaTOB. 3TO CBf3aHO ¢ MNOSBJEHHEM
UU(POBEIX HHTErpPajbHBIX CX€M, II03BOJIHBIIHX CYIIECTBEHHO YMEHbIUHTb rabapHt-
Hble pa3Mephl, NOTPeGJsSeMyl0 MOLIHOCTb H IOBHICHTb HaJeXHOCTb pa3pabaThiBae-
Moii ammapatypbl. OcoOGeHHO NepCHeKTHBHO MCHONb30BaHHe LHGPOBOH TEXHUKH B
TBODYECTBe yuyallluXcs.oO6lmeo6pa3oBaTeJbHEIX WKOJ H IPOH3BOJCTBEHHO-TEXHHUECKHX
YYHJMIL, TaK KakK JIOTHYECKHE OCHOBH LH(POBOj TEXHHKH JOCTaTOYHO IPOCTH H
BIIOJIHE JOCTYNIHE CTapluiekJaccHHKaM. Llu¢poBeie ycTpPOHCTBa TpaKTHYECKH He Tpe-
6yloT HacTpPOHKH, YTO OCOGEHHO BaXXHO NPH PaGOTe HAYHHAIOLLMX paJHOJIOGHTENel.

Llenp HacTOslledi KHHMM — O3HAKOMHTb  pafHOJIOOHTeNell u pyKOBoauTese
KPYXKOB MJETCKOTO TEXHHYeCKOrO TBODYECTBA C OCHOBaMH -IH(PPOBOH TEeXHUKH.
B xnure cozepxxarTcs ONHCaHHS H DeKOMeHAAIHH IO NMPHMEHEHHIO MHKPOCXeM TpaH-
3HCTOPHO-TPaH3HCTOPHOH JIOTHKH (B ocHOBHOM cepud KI155) M MHKpocxeM c KOM-
NJIEMEHTapHOH CTPYKTYPOH MeTaJsyl — AHIJIEKTPHK — TOJYynpoBoAHHK (cepHit K176 w
K561). Teopernyeckuii Marepuas CONPOBOMMAAETCS ONHCAHHEM HAOCTYNHHX AJs IO-
BTOPEHHS DalHOJIOGHTeNLCKHX KOHCTPYKUHMH, HayHHash OT NpPOCTeHINHX HTPOBBIX aB-
TOMAaTOB H KOHYas CJOXHBIM MHOrOQYHKIHOHAaNbHEIM TakMepoM Ha Ga3e MHKpO-
npoueccopHoro xomimiekca Kb580.

Bce onucaHHble yCTPOHCTBa H3rOTOBJIEHBl # HCHBITaHH B paGoTe c‘ryuen-ramn
¢dusnyeckoro daxysaprera OMckoro opiesa «3Hak Iloyera» TocynapcTBeHHOro nena-
roruyecKkoro HHCTHTyTa MM. A. M. Topbkoro mOX pPYKOBOACTBOM aBTODQB KHHUTH.
OcHoBHOe BHHMaHHe NpPH Pa3paboTKe YCTPOHCTB OblIO OGpAllEHO Ha BO3MOXKHOCTH
HX NMoBTOpeHHs. B ycrTpoiicTBax HCIOJNb30BaHa AOCTATOYHast COBPeMEHHast M B TO Xe
BpeMsi DOCTYNHas [/1s LIHPOKOrO Kpyra pafiHoJiobuTeseii sjeMeHTHass G6a3sa.

IMepBuii u BTOpOH pasjennl Hamucahsl D. M. ®pombeprom, Tpemuii M HeTBep-
ol — B. C. IMnoabckuM, natuit ¥ wecrofi — JI. A. Masabuesoil.

OTseiBbI O KHHre HPOCHM HanpabjaaTe no ajppecy: 101000, Mocksa, ITouramr,
a/a 693, uanartenvcrBo «Paguo u cBsA3b», MaccoBasi panHoGHOIHOTEKA.



OBLUHE CBELEHHS O LH®POBON TEXHUKE
OBJIACTH NPUMEHEHHUS LLHOPOBOR TEXHHKH

PasBuTHe M COBEPLIGHCTBOBaHHE  3JIEKTPOHHO-BHIYHCJHTEJNBHOR TEXHHKH,
YCTPOACTB paAMOBEIaHHA M TeNEeBHIEHHs, PaAHOCTODTHBHON ammapaTypH H BCeBO3-
MOXHBIX KHOEpHETHYECKHX aBTOMAaTOB B 3HAYHTE/NbHON CTENEHH ONPENe/AOTCs BHEX-
peHHeM B HMX HM(PPOBOH TEeXHHKH. DTO OOGYCJOBJIEHO ONpENEJTeHHBIMH PEHMYLIeCT-
BaMy UH(PPOBBIX YCTPOHCTB MO CPaBHEHHIO € aHAaJOrOBBHIMH: GoJiee BLICOKOH HaZex-
HOCTbIO; CTAaGHJIbHOCTb NapaMeTPOB INpPH BO3AEHCTBHH A6CTaGUIIHU3HPYIOIHX (hak-
BOPOB; BBICOKOH TOYHOCTbIO OGPaGOTKHM HHGPOPMAaLHUH; 3HAYUTEJbHBIM COKpalLleHHeM
TPYAOEMKOCTH H YIpOILleHHeM olepauuii peryJqMpoOBKH H HAcTPOHKH, 4TO OCOGEHHO
BaXHO AJS paliHOMOGHTENel; BO3MOMKHOCTBIO CO3ZaHHS MHKDOCXeM C OYeHb BHICO-
KOJi CTelfeRbio MHTerpaluH.

Oco6enHo wWHpOKoe NpHMeHeHHe HAUIIM LHQPPOBble YCTPOHCTBA B 3/eKTPOHHO-
BBIUMCJHTENBbHON TexHuke [20, 28]. B uacTHOCTH, UH(POBBIE BBLIYUCIUTENbHBIE Ma-
el (LIBM) siBasiioTcsi B HacTosiliee BpeMsi HanGoJiee yHUBepca/bHbIMH. Bce y3uabl
11IBM comepxxar anements uLudpoBoit Texuuku. Ha wux Gase peasnmsyiorcs ycrpoii-
CTBa, KOTOpble MOH3BOAAT apHPMeTHYECKHe M JIOTHUecKHe npeoGpa3oBaHHA MNOCTY-
nawpomeit uHdbopmauun. C NOMOILIbI0 3/1eMEHTOB UH(PPOBOH TEXHHKH OCYLIECTBJSETCSA
3allOMHHAHHE H XpaHeHHe HH(OPMALMH, YNPaABJEHHe BBHIYHCJIUTENLHRIM MPOLECCOM,
BBOJ M BhiBoj uHbopMauuu B LIBM. Vcnexu B oGnactu paspaGoTkH GbicTponeict-
BYIOIIHX 3JeMeHTOB LHGPPOBOH TEXHHKM NO3BOJHJAH co3aaTh LIBM, Buimosmsiouiye
JecATKH MUJIJIHOHOB apU(pMeTHUECKHX oNlepauuii B ceKyHAY. Munuatiopusie LIBM c
OrpaHHYEeHHBIM HaGOPOM BHINMOJHSAEMbIX ONepauuil BIOJHe AOCTYNHBl AJs TOBTOPEHHSA
parHOMIOGHTeNIM cpeqHell KBaJH(UKaALHH.

3HayHTebHO pACIIMPUIACh BO3MOMKHOCTb MOCTPOEHHS MaJsoraGapHTHBIX BBIYHC-
JIUTeNbHBIX YCTPOHCTB ¢ MNOfIBJEHHEM MHKDONPOLECCOPOB — CTaHAAPTHHIX YyHHBep-
caJbHBIX NPOrPaMMHDyeMBIX GOJBIIMX HHTErpaJbHBHIX CXeM CO CTPYKTYPOH, aHaJo-
ruyiofi OBM [37]. Tlpumenenne BcTpoeHHEIX MHkpo-DBM  nosBoaser npuaaTh
pa3HOE6DPA3HbBIM YCTPOHCTBAM <«Pa3syMHBIH» XapakTep M 3HAUYHTEJbHO PaCUIMPHTb HX
¢ YHRUHOHAJIbHEE BO3MOXKHOCTH.

IpusuyunnanbHo HOBBlE BO3MOXKHOCTH OTKDBHIBAeT NpHMEHeHHe HH(QPOBHIX HHTe-
rpajbHBIX CXeM B pajHoBellanud H panuocessu [21]. Tak, ncnoabsoBanue wHPPO-
BbIX CHHTE3aTOPOB YaCTOTH MO3BOJIMJIO CYIIECTBEHHO CHH3HTb aNnapaTypHbe 3a-
TpaThl M NOBHICHTh (Pa30Byi0 CTaGHJBHOCTb  reHepHpyeMblx cHrHajos. O6pa6oTka
CHFHAJIOB LH(POBHIMH METOAAaMH I[03BOJIAET OGecneddTh BBHICOKYI0 TOYHOCTb, CTa-
6UIbHOCTL MapaMeTPOB H MOJYYHTh XapaKTePHCTHKH, HE AOCTHIKHMble aHaJOrOBBIMH
meronaMu. B 060M  pajHONpPHEMHOM TpaKTe Hcnosb3ylorcs naccuBHee LCR-
$uAbTPHE, KOTOpbIE B HIEaJbHOM Clyyae AOJMXKHBI HMETb MNPAMOYIOJIbBHYIO (hopMmy
aMIUIMTYAHO-4aCTOTHOR xapakTepHcTHKH (AUX). OGecneueHHe oueHb BLICOKOH mpsi-
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moyronbHoctd AYX ¢uabTpa Ha aHAJOrOBBIX 3MEMEHTaX NMPAKTHYECKH HEBO3MOMKHO.
Lludposbie ke OHIBTPH MO3BOJAIOT peasu30BaTh npoussosbHyio ¢opmy AUX, B
TOM YHCJIE H CKOJIb YPOAHO GJIH3KYIO K HPSIMOYTOJIbHOM.

Lindposas cXeMOTeXHHKAa HMHTEHCHBHO BHEIDSeTCi B DAaLHOMPHEMHYIO ammapa-
TYpPYy, ri1aBHEIM 06pasoM B CHCTeMbl YINpaBAeHHS. B 4acTHOCTH, GeCNOMCKOBas Ha-
CTpOfika MPUEMHHKA Ha JiOOYl0 M3 NPHHHMAeMBIX YaCTOT OCYLlecTBJsieTcs HaGopoM
Ha nysabTe yMpaBJeHHs COOTBETCTBYIOUlErOo KOJAa, MPEJBAPHTENbHO 3aHECEHHOTO B
ycrpoiictBe nmamatd. Homonb3ys asnekTpoHHHe TaliMephl, TaKxe BHIIOJHSEMble Ha
UHOPOBLIX HHTErpasbHBIX MHKDPOCXeMaX, MOXKHO OG6eoreuHTb MOC/AENOBATENBHYIO Te-
PecTpoiiKy pajHOTpHeMHHMKA MO JI0GOH, Hameped 3ajaHHOl nporpamme. Ilpm stom
yKa3aHHas MPOTPAMMa MOXKET JOJTOBPEMEHHO XPaHHTbCS B NMAMATH H [PH OTKJIO-
4eHHOM nuTanud. Kcratu ©KasaTh, nporpaMMHpoBaHHE PabOTHl BO BPEMEHH MOXKET
OCYUIeCTBJIATLCA B JIIOOIX PaIHOTEXHHYECKHX YCTPOHCTBaX, B TOM 4YHCJE YCTPO#t-
€TBax GbITOBOH pPaliHOAMTLAPATYPH (TeNeBH30pe, MarHUTO(OHe, NPOUrpLIBaTENe H
T. A.). BoaMoXHO Takke ynpaBieHHe DEeXKHMOM paGOTH mHpHeMHHKA (Ko3(dHIHEH-
TOM yCHJIEHHsl, TMQJOCOH  NPONYCKaHHs, AHAarpaMMON HANpaBJEHHOCTH AHTEHHHI).
Crepyer OTMETHTDB, WTO Bce yKa3aHHbe DETyJIHDPOBKH MOTYT GHIThb peatu3oBaHH Kak
JAHWCTAHIHOHHBIE € BHIHOCHOrO MyJbTa ylpaBJeHHs. Buaromaps ucnosb3oBanuio uup-
POBLIX YCTPOHCTB B PaJHOBEUlAaTENbHBLIX TPHEMHHKAX 0GECleuHBAIOTCS MPUHIKIHAMD-
HO HOBHE OOTpebHTeNbCKHE YNOGCTBa. B03MOXHO OTOGpaceHHe Ha BCTPOEHHOM
8 NDHEMHHK BHAECOKOHTPOVIBHOM YCTpPOHCTBe (aHbiviee) Bced HHGPOpPMAUHH, HOB6XO-
LHMOH JJIsi KOHTDOJSt M 3KCINyaTallHH annapatypel: 3alaHHOTO pPeXHMa paboThl,
BHIOpAaHHOre MOAAHMANA30Ha YaCTOT M YacCTOThl HACTPOHKH, TEKYLIero BpeMeHH H
XapakTtepa NMpHHHUMaeMOH MpPorpaMMe (peub, My3blKa, MOHO-, CTepeO M T. A.), IOJOCHI
TpONYyCKaHus MNPHEMHHKA H HANpPSKOHHOCTH MOJS NPHHHMAaeMOro curHasa. Bmecto
MeXaHHYeCKHX TMepeKiouaTesedl rajJeTHoro M KJaaBHIUHOTO THNa B GbiTOBOM ammapa-
Type IWIHMPOKO HCHOJAb3YIOTCH 3JEKTPOHHble MepeKJIoYaTeJH ¢ CEHCOPHBIM YIpaB-
JIeHHeM.

Becbma nepcreKTHBHO BHeApeHHe LHGPOBOA TeXHHKH B TeJeBuaeHuH. Lludpo-
80e TeJeBHAeHHe TMI03BOJIIET TOBBICHTh KauecTBO Ilepefay CHrHamoB G6Jarogaps
CYIIECTBEHHOMY YMEHbIIEHHI0 HAKOIJIeHHH HCKa*KeHHH B UH(POBHIX JHHHAX CBA3H IO
CPaBHEHHMIO C aHAJIOTOBLIMHM, a TaKXKe 3a CYeT IIPHMEHEHHS CIelHaJbHBX Cnoco6oB
KOAHPOBaHHsA, OOHAPYXHBAIOMIUX H HCIPABJAOIHX OWHOGKH mepenaun HHPOpMa-
aur  [9]. CurHanbl, npepcraBieHHble B UHPPOBOA (opme, NpPaKTHYECKH He MOA-
BepXKEHb aMIVIMTYAHBIM H (Aa30BEIM HCKaXOHHAM, UTO MO3BOJIeT NepejaBaTh TeJe-
BU3HOHHYI0O HH(pOpMauUMI0O Ha OOJbLIHE pAacCTOSHHS C COXPaHEHHEM ee BBICOKOTO
KauecTBa. B pe3yabTare HCNONB30BaHHS METOZOB H YCTPOHCTB HHU(POBOH TEXHHKH
CTAaHOBHTCA BO3MOXHHLIM MJIHTEJNbHEIH G6E3MOACTPOEYHBIA pexXHM paboThl TeJeBH3HOH-
HOH annapaTypsl, a 3TO HMeeT GOJbLIOE 3HAYEHHE NJS TOBLILEHHS TEXHOJOTHYHOCTH
fIPOU3BOACTBA.

Ipn wucnonb30BaHWM PAa3JHYHBIX CTAHZAPTOB  LBETHOTO TEJEBHAEHHS MOXKeET
ObiTh CyUleCTBEHHO YNPOUlEeH OGMEH TeJNeBH3HOHHBIMH INIpOrpaMMaMH B pesyJbTaTe
npuMeHeHHss UHQPOBBIX mnpeoGpa3oBaTeyefi  TeJEBH3HOHHBIX  cHrHanos. [llupoxue
TepCIeKTHBE PAaCKPHIBAET HCIOJNb30BAHHE 3JEeMEHTOB WHUPPOBOH TEXHHKM NpH TO-
CTPOEHHH YCTPOMCTB YNpaB/eHHSi MapaMeTPaMH TeJEeBH3HOHHBHIX TIPHEMHHKOB (B TOM
4dcie aHMcTaHUHOHHBIX). C momoumbio uMbpOBBIX YCTpoHicTs obecneunBaercsi Ko-
JNHpOBaHHE CHTHAJOB KOMaHA YTIpaBJeHHS. B nasnpHefiieM STH CHrHa/ABl HCHOJb-
3YIOTCS AJs PEryJHDOBKH NapaMeTPOB Te/JeBH3MOHHHX NPHEMHHKOB (fPKOCTH, (OKY-
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CHPOBKH, TPOMKOCTH, HACHILIEHHOCTH M Ap.). 3a CcYeT HCHOJb30BaHHsI UH(POBHIY
YCTPOACTB Ha 3KpaHe TeJeBH30pa MOXeT (OPMHPOBATBCA NOMOJNHHTENbHAs GYKBEH-
Ho-undpoBas H rpaduueckas nudopmaunus [9].

OnHako N0 HeJaBHEro BDPeMEHH BTODKEHHe LH(POBOH TEXHUKH B TEJEBH3HOH-
Hble NDHEMHHKH OTPAHHYHMBAJOCH JIMIIb BCIIOMOraTeJbHBIMH YCTPOHCTBAMH YIpaB-
nenns. HecMoTpss Ha 3HauuTesJbHBIE TPYAHOCTH HCIOJB30BaHHS LHGPOBHIX METOAOB
8 YCTpPOHCTBaX C aHaJlOTOBEIMH CHTHaJaMH, B YKa3aHHOM HalpaBJIeHHH ~ BE1YTCH
HHTEHCHBHEIE HCC/EN0BaHHA. DTO OOYCAOBJIGHO MHOTHMH NPHYHHAMH. 3HaYHTE/NbLHO
ynpoluaercs TIPOH3BOACTBO TeJNEBH30POB ¢ UH(PPOBHIMH GJIOKaMH, TaK Kak, B NpHH-
uune, BO3MOXXHa IOJHAasi aBTOMAaTH3alHs TMpouecca HaJlajKH TeJeBH30pa, BIIOTH
0 CO3ZaHHs caMOHAcTpaMBalolluxcs (MO 3ajaHHOM mporpaMMe) ycTpoficTB. 3HayH-
TeJbHO BHIMIPHIBa€T M NOTPEGHTENb LH(PPOBOro TEJNeBH3HOHHOIO IIPHEMHHKA, TaK Kak
CYIIECTBEHHO MOBHIIIZeTCS HaleXKHOCTb TeNeBH30pa, yJydLlaeTcs KaduecTBO BellaHHs
H NOABJNAIOTCA HOBEle (YHKUHOHAJbHBHlE BO3MOXHOCTH, HanmpHMep IMOJydeHHe Ha
9KpaHe TesjeBH30opa ABYX H306pa’keHHH, NOJYyYaeMbIX MO Da3JHYHBIM NPOrpaMMaM.

TnaBHag cn0XHOCTb NPHMEHeHHs] UHGPOBHX METOZOB 06DaGOTKM CHTHAJOB B
TeJIeBH30paX COCTOHT B HEOOXOAMMOCTH CO3LaHHS  MHOTOPa3psIHHIX GhICTpOLel-
CTBYIOIUHX aHaJjoro-undpoBex npeobpasosatenelr (ALLIT). B nacrosimee BpeMs Ta-
KHe ycTpoificTBa pa3paboTaHHL.

IToMnMo pammo- M TeJeBH3HOHHbIX NPHEMHHKOB UH(POBas TEXHHKA HAaUHHAET
GLICTPO MPOHHMKATh B TEXHMKY MAarHHTHON 3allHCH, DaJHOCIOPTHBHYIO M palHOH3Me-
PHTEJIbHYIO amnapaTypy, B POGOTOTEXHHKY H B YCTPOMCTBa aBTOMATHKH, B HIPOBHE
aBroMathl. C noMombio un¢ppoBHX YCTPOACTB B MarHHTO(POHaxX MOXKHO peajiH3o-
BaTh, HanpHMep, CHYeTYHKH pacxoja JIEHT C MHOTONO3HLMOHHBIM YCTPOHCTBOM ma-
MSATH, NealoUIMM BO3MOXKHBLIM BOCNIDOH3BeJleHHe 3amHcell IO 3apaHee COCTaBJEHHOH
nporpamme. IludpoBbie aBTOMaThl B MAarHHTOMOOHAaxX pPeBEPCHPYIOT Takxke paGouHit
X0J, OCYUIECTBJISIOT aBTOCTON ¢ MOC/NGAYIOLIMM OTKJIOUEHHeM YCTPOHCTBa OT ceTH,
aBTOMAaTHYECKYIO DETYJMPOBKY YpoBHS 3amHcH M T. A. HcrnoabaoBannme IH(POBHIX
METOAOB paJHOM3MEpeHHil MO03BOJIIeT  IOBBLICHTHD TOYHOCTb H aBTOMAaTH3HPOBATH
nponecc HM3Mepenuii, oGecneuyuTb HENOCPEICTBEHHOEe OTOGpaKeHHe pe3yJbTaTOB H3-
mepennit B uudposoii dopme [33]. LlndpoBee ycTpoiiCTBA NPOH3BOAAT NEPBHUHYIO
06paboTKy pe3yabTaTOB M3MEPEHHH.

3HauHTeNbHO PACLIHPHINCh (YHKIHOHAJbHBIE BO3MOMHOCTH DAa3JHYHBIX pPajHoO-
CHOPTHBHHIX ymIpaBiseMbix Mogeaeli. Hcmonp3oBaHHe mu(POBOA TEXHHKH B pajHo-
CIOpTe TO3BOJHJO CO31aTh, HampuMep, TejerpadHble KJIOUH C NaMATbIO H peryJH-
POBKO/i OTHOIUEHHs IJHTENbHOCTH TOYKH H THpe [11]. 310, B O©BOIO OuEpelb,
CYWIECTBEHHO MOBLICHJO CKOPOCTb TepelfayH W JAOCTOBEDHOCTH NepefaBaeMoii HH-
dbopmanyu.

Oco6esHO MepeneKTHBHO HCMOJIb30BaHHe UHGPOBOA TEXHHKH B TBODUYECTBE pa-
auomobureneir [18, 22]. Jlornueckne OCHOBHI 3JEKTPOHHO-BBIYHCJHTEJBHON TEXHHKH
JOCTaTOYHO NPOCTHl M BIOJNHE NOCTYNHBI A/ NOHMMaHHs YydalluMHcs o6lleo6paso-
Batenbhbix wkoa u IITY. B To e Bpems ycTpoiicTBa MH(POBOH TEXHHKH MpaKTH-
4YecKH GecmoACTDOEYHB], YTO OCOGEHHO BaXXHO MIJS HAYHHAIOMWHX DPafHOJIOOHTesel.
Ha 6ase mniippoBHX YCTPOHCTB MOXHO peaJH30BaTh NPOCTbIe aBTOMATHl C IIHPO-
KMMH OYHKIHOHAJBHBIMH  BO3MOXHOCTSMH, KOTOpHlE NPHBJEKaTeJbHH JJS JeTel
[12, 31]. ITpoMEIm/eHHOCTbIO B GOJIBIIAX KOJHYECTBAX BHIMYCKAIOTCA AeLIeBble Hud-
pOBble MHKDOCXeMBl, 4TO jeJaeT HX HOCTYINHBIMH pajHoJio6HTensiM Jio6oro paHra.
OtnenbHble cepUn HOPOBHX MHKDOCXeM SIBJSIOTCA UpE3BEIYAHHO HaJeXHBIMH H He-
BHIXOAAT M3 CTPOS MPAKTHYECKH MPH JIOOHX OIIHOKax B MOHTaXKe paZHOYCTPOii-
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€TBa. JTO TaKXKe SBIAETCS HEGCIOPHMBIM IPEHMYLIECTBOM HH(POBBIX HHTErpajbHHX
cxem (LHC), obycnaBnHBAIOLIHM HX LIHDOKOE HCIOJIb30BaHHE B PafHONIOGHTEb-
CKOH NpaKTHKe.

KAK NPEACTABUTb HH®OPMALHIO?

Ilon urbopMauneii B UIHPOKOM CMbICJIe NPHHATO NOHHMATb pa3/iHYHBE
CBelleHHsi O COGHITHAX B OGUIeCTBEHHOH XKH3HH, SIBJEHHAX NPHPOAH, O Npoueccax B
TexHHYeCKHX ycTpoficTBax. OHa oOmepXKHTCA B Halllefi peuH, B TekCTaX KHHr H ra-
3eT, B NOKa3aHHsIX HM3MePHTeJbHBIX NPHOOPOB H oTOo6paxkaer pasHoobpasHe, NPHCY-
alee 06bEKTaM U fIBJEHHSIM peajibHoro Mupa. MHbopMauHio, BONJOMEHHYIO H 3adHuK-
©HPOBaHHYI0 B HEKOTODON MaTepHa/bHOH ¢(opMe, Ha3bBalOT CcooblleHHeM U
flepefaloT ¢ TOMOILLIO cHrHajoB. [Ipupoga GosbiIMHCTBA (PH3HYECKHX BEJNHUHH Ta-
KO0Ba, 4TO OHH MOTYT NDHHHMaTh Jio6ble 3HaueHHS B KaKOM-TO JHama3oHe (TeMme-
paTypa, AaBjeHHe, c¢kopoctb H T. A.). CupHan, oro6paxkaiomuii 3Ty HHPOpMALHIO
# BO3HMKAaIOMIUii Ha BHIXOAE COOTBETCTBYIOLIEr0 JaTyWkKa, Ha JIO60M BpeMeHHOM
#HTepBajle MOXET HMeThb GecKoHeqHoe 4HCJAO 3HaueHH#. Tak kak B RaHHOM cJaydae
HenpepLIBHHEIA CHIHAaJl H3MEHHeTCs aHaJOrM4HO HCXOAHOH HHGpOPMaIHH, ero OOBIYHO
#€a3bBAlOT aHAJOrOBBIM, 2 YCTPOHCTBA, B KOTOPHIX AeHCTBYIOT TaKHe CHrHa-
Jbl — aHaJorosu MH, CylLecTBYIOT TaKxKe AHCKPeTHHe COOOGLIeHHs, MapaMeTpht
KOTOPHIX COJ€EpXKAT (PUKCHPOBAHHBA HAa6Op OTHENbHBIX 3HA4YeHHHA. A TaK Kak 3TOT
"Ha6op koHeueH, TO H 06beM HHOODMALHH B TAKHX COOOLIEHHAX KOHEUEH.

Ha npakrHke HenpepbiBHble COOGUIEHHS MOXHO NpPeACTaBAATL B JHCKDPETHOH
dopme. HenpepuiBHocTh cOOGLleHHH MO BeJHYHHe He MOXKeT ObITb pealH3cBaHa B
CBi3H C IIOTPENIHOCTBIO HCTOYHHKOB H TNPHEMHHKOB HHGODMAauUHH H HaJHYHEM MO-
Mex B KaHaje nepenaud HHpopmauuu. IlosToMy K HempepbiBHBIM CHIHaJjaM, OTO-
6paxalouliM COOGIIEHHs,, MOXHO NPHMEHATh KBaHTOBaHHe NO YPOBHIO H MO Bpe-
MeHd. TIpH KBaHTOBaHHH NO YPOBHIO COBOKYMHOCTb BO3MOXHBLIX 3HAuYeHUH Hampi-
KEHHs WJIH TOKa 3aMeHSIoT KOHeYHbIM HA60pOM JHCKDEeTHBIX 3Ha4YeHHH H3 3TOro
uHTepBana. KBantoBaHHe MO BpeMeHH IpelyCMAaTPHBAaeT 3aMeHY HenpephIBHOTO CHI-
Hajla I[0CJeL0BaTeJIbHOCTbIO HMIIYJbCOB, CJeAYIOIIHX 4Yepe3 Olpele/ieHHble NpoMe-
KYTKH BpeMenu (puc. 1), Ha3niBaeMblX TakToBhiMH. Ecin TakToBble HHTepBabl
8n6pannl cooTBeTcTBYIOIMM ob6pasom [10], To morepu HHGbOpMAaUHH He NPOUCXOLHT.
[lpn onxHOBpeMeHHOM BBeleHHH KBaHTOBaHHS ITO
speMeHH H [0 YPOBHIO aMIJIHTYAa KaXJIOH BHI- %

Bopku Oyiner NpuHHHMaTh OaHiKaMilee paspelIeH-

HOe 3HaueHHe W3 BHIGPAHHOrO KOHeYHOro Habopa /
sHaueHuii. COBOKYNHOCTb BceXx BHIGOPOK o0Gpasyer
NHCKPeTHBIHi HAH uudposBoi curHax. Kaxmoe
3HayeHHe AHCKPETHOro CHMrHaja ‘MOXHO MpeacTa- Tu ¢

BUTh 4HCAOM. B uudppoBoii TexHHKe TaKOMH Npo-

uecc HaspiBaeTcsi KOAHPOBaHHEM, a COBO- ::;. 1. ":ldl))gg;;i:lnun“euue "M»:Ieynﬁiml:

KYNMHOCTb MOJIYYEHHRIX YHCEI—KOKXOM CHT- cnocobom

Hana. Bmecto npeo6pasoBaHusi uJIH TepelauH

KOHKDETHBIX CHTHAJIOB 3TH ONlepalMH B ycTpoficTBax HHGPOBON TEXHUKH MOryT ObITb
8bHIMOJHEHH Hajd HUX KofaMmH. [Ipuy 3TOM MOXKHO ONEPHPOBAaTb M aHaJOrOBbIMH CHT-
©aJaMH, KOTOpble npeofpasyorcs B unppossie ¢ nomomtsio ALITL




Taxum o6pasom, JHCKpeTHOe cOOGILIeHHe COCTOMT H3 Ha6opa uHCesn H CHMBOJIOB
(HanpuMmep, 3HaKOB «->» H «—»). Kaxzoe uHcao cocrour u3 uu¢pp. Cnoco6 zamu-
CH uYHCean HH(PPOBHIMM 3HaKaMH HasbiBaeTcss CHCTEeMOR CcUHcJAeHHA B uudp-
POBOH TeXHHKe HCMOJIB3YIOTCS TaK Ha3bBaeMble MO3UIMOHHBIE CHCTEMH CUHUCJEHHS
[20, 32]. 3HaweHHe Kaxmoil BXOAAUIEH B UHCIO UMPPH 3aBHCHT OT ee MOJNOXKEHUS
8 3anucu uucaa. KouuuecTBO pas3iMyHHX UHQP, NPHMEHAEMHIX B TO3HIHOHHON CH-
cTeMe, Ha3blBAalOT OCHOBaHMeM CHCTEeMH. B 3aBHCHMOCTH OT OCHOBaHHSA, MO3H-
I[MOHHBIE CHCTEMbl CYHCJEHHS MOTYT OHTb AECATHYHBIMH — ¢ ocHoBaHueM 10, aBoHMu-

HHIMH — C OcHOBaHHeM 2 u xp. OG6pasoBaHHe uuceJ B JIOGOM CHCTEME CUHCIEHUS
TIDOM3BORAT ChaeAylomuM 06pa3soM: (HKCHPYIOT TO3HIHHM, Ha3HBaeMHe pa3pAfaMu;
KaXnoMy paspsiy mpucsauBaior cBoii Bec h; (rme i — Homep paspspa); h;=p?

(p — ocHOBaHHe CHCTEMH!); B paspsgax pasmemalor udpu a;. Toraa Jwo6oe gucie
A MoxeT 6biTh NPeACTaBJEHO B BHIE

n—1

A= 2 ay hy.

j=—m
3zech N — YHCJO 3HAKOB N0 3alsiTOfi; M — YHCJIO 3HAKOB mocse 3ansitoi. [Tocae-
AOBaTeNbHOCTh LHOP
an-j, an-g ..., a1, a0, a-1, -2, ., d—m
MOXXHO paccMaTpHBaTh KaK KOJA 4YHC/Ia B 3alJaHHOH CHCTeMe CUHMC/IEHHS.
B umdpoBoit TexHuke HauGoJblllee pPacHpOCTpaHEHHe MOJYYHJIA INBOUYHAS CH-

CTeMa CUMC/EHMS, COLepXKaulas Toabko mHppe O M 1, a ee OCHOBaHHEM CJYXKHUT
yuco 2. Hampumep, umcno 25,5 B HeCATHYHON U JBOMUHON CHCTEMaX CUHC/IEHHS

MoOxeT ObiTh NPEINCTaBJGHO B BHIE

h
(25,5)10=2 1fo*+5 ;r0°+5 1fo—t
)10=2z-" - 1 : =
y_
a)
hy
1 o1 t 1 t
=1-2441.2340-2240-2141-204-1.2-1=(11001,1) ».
o oo vy

3HAUMTEJbHO peXXe MCMO/b3YIOT BOCBMEPHUHYIO K IIECTHAZUATEDHUHYIO CHCTe-
Mbl. MX, B 4aCTHOCTH, NPHUMEHSIOT NpPH COCTaBJGHHH NpoOrpaMM JJjas GoJee yHOGHOI:
H KODOTKOH 3almucy [BOMYHBHIX KONOB KOMaHHA, TaK KaK 3TH CHCTeMbl He TpebyioT
ClelnHaJbHEIX ONMepaluii AJAs NepeBoja B JABOHYHYIO cucreMy. Tak, Iis nepesojla
BOCHMEPHYHOrO HJH UIECTHAAUATEPHIHOrO YHCIA B ABOHYHOE KaXAylo nudpy mepe-
BOJIMMBIX UYHCEJ 3aMEHSIOT COOTBETCTBEHHO TpPeX- H YeThIPeXpas3psALHbIMH JBOHY-
HBIMH uyHcjaMu. HanpHmep, BocbMepHyHOe uHCnO 726,4 B JBOHYHON CHCTEMEe HMeeT
Bua (726,4)s=(111010110,1);. Odns yno6crBa H306paKeHHs MIeCTHaALATEPHUHBIX
uudp, G0mbmux 9, wects crapmux uudp o6buUHO H3oGpaxaloT cuMBoiaamMu A, B,
C, D E F

B uudpoBBIX YCTpOHcTBaX WIHPOKO HCMOJB3YIOT M TaK HA3bIBAGMBIA JBOHYHO-
JecATHYHHA Koi. B sToM Kode Kaxabli paspal AeCATHYHOTO uHuCJIa WpeACcTaB-
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Ta6auuna l

Koxa uncia
JecsTHUHBIR I BOUYHbIH BocbMepHuunblil | JIBOHYHO-AeCATHYHbLI uﬂ?{)ﬁﬁiﬁﬂ
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 0o 0010 20

Jsetcs B JBOHYHOM KoXe. B Ta6a. | npuBeleHHl .KOAbl YHCe]l B PasjHYHBIX CHCTe-
Max CUHC/IEHHA.

Uncna HeCATHYHOM CHCTEMBl CUHCJEHHS] HETPY,AHO TepPeBeCTH B YHC/Aa ABOHYHOM
cuctembl. TIpu 3TOM NMOPSAAOK MepeBoja HENBIX YHCEJ OTIHYAETCH OT MepeBoja Apo-
Geit. UTo6H mepeBecTH Lenoe 4uciao X ¢ OCHOBaHHeM 10 B cHCTeMy ¢ OCHOBaHHEM 2,
Heo6XOIHMO MOCAeL0BATENbHO AEJHTh 3aJaHHOe YHCA0 H MoJyvalollHecs B Ipolecce
NeNeHus YacTHele Ha 2 A0 TeX TOp, MOKa MOcJeAHee YaCTHOE He OKaxKercs MeHb-
wie 2. Pesysbrar NepeBoja 3alHCHBAOT B BHIE MOC/HEA0BAaTEJbHOCTH LHPD C/leBa
HANpaBo, HAYHHAs C MOCAELHEr0 YacTHONO M KOHuasi MePBbHIM OCTaTkOM (NpH 3TOM
qHC/0 MJajulero pa3psiiia ecTh NMEpBHi 0ocTaToK). Bee NeicTBHs B mpollecce AeJEHHA
qHcja TPOH3BOAAT B AECATHYHONR CHCTEME CUHC/IEHHS.

[NpaBuna BHIMONHEHHs apHOMETHYECKHX  NEHCTBHA Haj JBOHYHBIMH YHCTaMH
sajaloTcs B Taba. 2.

IlpaBuna apupMeTHKH BO BCeX MO3HIHOHHBIX CHCTEMax aHaJorHYHBL.



Ta6aunma 2

JIBOHYHOE CJIOXKEeHHEe JIBOHYHOEe BhbIYHTaHHE JIBOHUYHOE YMHOX€EHHe
0+0=0 0—0=0 0-0=0
0+1=1 1—1=1 0-0=0
1+0=1 1—1=0 1-0=0
1+1=10 10—1=1 1-1=1

CnoxeHue OBYX 4uCeJl B LBOMYHOM CHCTeMe MOXHO BHIIOHATH CTOJNGHKOM,
CYMMHPYs HJH ABe UM(PH MJajulero paspsia, HIH ABe HHGPH CjiaraeMex B OaH-
HOM paspsile H ELHHHMUH TNepeHoca M3 COcefHEero MJajulero paspsma. Hampumep,

nepeHocH 1111101

101101,01
+ 11011,01

1001000,10

Yncia B JBOHYHOH CHCTeMe BLIYHTAIOTCA aHAJOIHYHO 4YHCJAAM B JEeCATHYHOM
cicreMe. Ilpy BHUHTaHMH wYHCEJ B JaHHOM paspsle, eciH uLH(Pa YMeHbIIaeMOro
MeHblle UHGPH BHYHTAEMOro, 3aHHMAIOT €IHHHLY M3 CJeLyIoLlero cTapliero pas-
psaa. Ilpp sTOM 3aHHMaeMasi ejMHHUA CTapllero pa3psna paBHa ABYM eRHHHLaAM
naHHoro paspsina. Hanpuwmep,

3aeM M3 crapliero paspsna

i

10
1
1

OO >
—l—a

1
0
1

[=3 [y

1
1
0,

Cnenyer OTMETHTb, YTO ONEPauXs BHIYHTAHHA, B IPHHIHNE, MOXeT OHITh 3a-
MeHeHa onepauueli CNOXEHHS NyTeM H3MeHeHHS Ha o6paTHHi 3Haka BHIYHTAeMOro.
B cBA3M ¢ 3THM NpH 3amHCH KOJa YHCIa BBOAAT TaK HAa3HBaeMble 3HaKOBHe pas-
paabl. s TMOJOXMHTEJNbHHX 4YHCEJN 3HAaK 4HCiAa oGo3HauuM 0, a JJs OTpHUaTelb-
Hoix 1. Tlpn anre6pauyeckOM CJOXKEHHH 4YHCesJ B [BOHYHOH CHCTEMe CYHCJEHHs
IIHPOKO TNOJIb3YIOTCS HONONHHTEJIbHHM H OOpPaTHHM KoJaMH. JlOMOJHHTEeNbHBIN KOA
o6pa3syior 3amenoit 0 Ha 1 1 1 Ha O uudp Bcex pa3psmaoB H AoGasisioT 1 B Miajd-
WHE paspsA. 3aTeM YHCJIA CYMMHDPYIOT, TPHYEM IepEHOC H3 3HAaKOBOTO pas3pals
oT6pacHBaIoOT.

Hanpumep: NI=0 11001
N2=1 10110

B COOTBETCTBHH C M3JI0XKEHHBIM

N2zon -+ 1 01010
N1 + 0 11001
N2xon 1 10010

NI—N2 0 00011
Insa npemcTaBieHHss OTpHUATEJBHBIX YHCEJN MOXHO HCIO/NB30BaTh H OGpaTHHEA

KoJ, Korja uHdpsl Bcex paspadoB, KPOMe 3HAKOBOro, WHBepTHpYIoT. Ilepenoc, BO3-
HHUKaIOIMH M3 3HAKOBOro paspsifa, NpH HCNOJb30BaHHH oGpaTHOro Koja npubab-

10




JAFIOT B MAAAWHA PaspAj cyMMH. BOT Kak BHINISAMT CYyMMHDOBaHHE UYHCEN NpejHl-
AYllero npHMepa:

N1 0 11001
N2osp 1 01001

10 00010
=+ I___—>l
0 00011

Andapur UHDPOBHX YCTPOACTB COAEPKHT TOABKO ABa 3Haka: 0 u 1, uTo cy-
QIECTBEHHO YMNpOLIaeT TEXHHYECKYI0 peajiH3anmuio UHGPOBHIX ycTpoiictB. O6beM ABO-
HYHOrO ajdaphTa OnpenenseTr o6beM HHPOPMALHH, BEIDAXKAEMBIA OLHHM CHMBOJIOM.
B o6wem Buae uudopMannio H3MepsoT B 6uTax no QopmyJse

Jeur=logs n,

TA€ N — YHCJIO PaBHOBEPOATHHIX HCXOXOB B 'COGBITHH, OMHCLIBAEMOM H3BECTHBIM CHT-
tsanom. Tax wak B umdpoBofi Texuuke n=2, To 6T — 370 06beM HHGDOPMaIUH,
fiepeiaBaeMulil OXHHM JBOMYHLIM cHMBoJoM. HamGonee uwacto B LIBM uugopmanuio
nipeAcTaBasAlOT B 6 a i T a X, coflepKalHx 8 IBOHYHHX Pa3psi0B.

Jlio6oe muCKpeTHOe COOGIIEHHE MOXHO Da3GHTb Ha TIPYMNbH CHMBOJOB, Ha3hl-
s8aeMbie KOLOBbIMH cioBaMH. [InHHAa cJOBa ONpenessieTCs YHCJAOM COZEpIKaIUXCA
8 HeM cHMBOJOB. Yame Bcero cmoBo — 3To 4 Gaiita (32 ABOMUHBIX paspsiga).
JecaTnunnlii 9KBHBaJEHT YeTHPeXx6aiToBOro cloBa H3 32 emuHun — 4 294 967 296.

SJIEMEHTHAS BA3A LLU®POBbLIX YCTPOHCTB

Pa3pa6GoTka 3MeKTPOHHBIX YCTPOMCTB BBHIUHC/AMTENBHOM TeXHUKH Hauyasach
okono 40 Jser HasaX. YCTPO#CTBa BHYHC/JHTEJbHOH TEXHHKM B 3aBHCHMOCTH OT
HOMOJIb3YEeMbIX PaAHO3IEMEHTOB H TeXHOJIOTHH HX H3TrOTOBJEHHS OTHOCAT K TOMY HJH
4HOMY MMOKOJEHHIO. DeMeHTHOH 6a30i BHIYHCIHTEJNbHOH TEXHHKH MEpPBOro MOKOJEHUS
6blu  3MEKTPOHHBE JIAMIIH, 3JGKTDOMAanHHTHHE peje,  Pe3HCTODH, KOHAEHCATODHI
4 JApyrue JHCKPeTHble pajfHoO3neMeHTH. DBnictpogefictBue stix 3OBM cocraBasio
HECKOJIbKO JECATKOB THCAY onepaunii B ceKyHXy. OCHOBHBIMH HeJOCTaTKaMH, TOpPMO-
3AlMMH HMX UWIHPOKOe HCMOJb30BaHHe B Pa3JHYHHX 06/acTAX HapOJHOTO XO3fii-
€TBa, GbIJIH CJOXHOCTb, Majioe GhICTpOAeficTBHE, 3HauuTe/bHOe MoTpebjeHHe 3JeKTpo-
sHepruu. B mocieayiomue rogM ¢ MOSABJIEHHEM TPaH3HCTOPOB H HHTErpajbHbIX MHK-
POCXeM TOJIOXKEeHHEe CYIIECTBEHHO H3MEHHJIOCh. DeMeHTHOH 6a30ff yCTDPOHCTB 3JeKT-
POHHO-BHUHCAHTENBHON TeXHUKH (DBT) BrOporo mnokoneHHs OblIH MOJYNPOBOAHU-
KOBble NPHGOPHI H MHHHATIODHBIE NHCKPETHble paAHOJeTaNH; B KauecTBe 3amOMH-
HaIOLHX YCTPOHCTB HCNONIB30BAJHCh (EPPHT-TPAaH3UCTODHEIe suelkH. DBricTponefi-
CTBHe MOJYNPOBOAHHKOBEIX 3JemeHToB DBT mo cpaBHeHHIO C JlaMNOBBIMH BO3POC/IO
Gosiee 4eM Ha MOPSAOK.

OcHoBHOil 3/neMeHTHOH 6a30ét DBT TpeThero TMOKONEHHS CTaJH MHKDOCXEMBI ¢
MaJblM H CpPeZHHM ypoBHeM HHTerpauHH. Ilocie mosiBieHHs HHTerpaJbHHIX MHKDO-
cXxeM (PM3HKH M UHXXEHepPH HanpaBHJH CBOH YCHJHS Ha pa3pabOTKy YCOBEepILEHCTBO-
BaHHBIX TEXHOJIOTHYECKHX MPOLECCOB, MO3BOJIABIIMX OCYLIECTBAATb GoJee KOMIAKT-
fioe pa3MellleHHe 3JE€MeHTOB Ha ofgHoM KpHcraaie. C 1972 r. Havasach HHTEHCHBHas
pazpaboTka DBT uerBeproro moxoseHHs. Mcmoab3oBaHHe B NpPOM3BOACTBE OMNTH-
QeCKHX METOJO0B TEXHOJIOTHH MOJy4YeHHst TOHKMX MJEHOK H CHOCOGOB OCaXAEHHH
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TOHKMX CJIOEB B BaKyyMe INpPHBEJO K CO3JaHHIO  GOJIbIUMX MHTErpajbHBHIX CcXeM
(BUC), conepxaluiux NeCATKH H COTHH THICAY 3JEMEHTOB H coequHeHH#. C KaxX-
IBIM 1OJOM NPHMEPHO BABOE YBEJHYHBAJIOCh WHCJIO SJEMEHTOB Ha OLHOM KPHCTaJlle,
B pesyabraTe B 1980 r. ypoBeHb HHTerpamHH AOCTHT MOPSAAKA COTEH THICAY 3JeMeH-
TOB Ha KpDHCTa/le — 5TO yXKe CBepXGOJbliHe HHTErpaJbHble MHKDPOCXEMBI.

B pamHoMIOOGHTENBCKHX YCTPOACTBaxX B HaCTOsLIee BPeMs LIHDOKO MCHOJb3YIOTCH
uudpoBLHIEe HHTErpajibHble MHKDOCXeMH TPEThEro M YeTBEPTOro NoKoJeHHA. B mepc-
NEKTHBe JOMKHO 3HAUHTENbHO YBEJHUYHTHCS HCIOJb30BaHHEe MHKPONPOLECCOPOB, TaK
KaK Ha HX OCHOBE, H3MeHAs NMPODPaMMBI, MOXKHO CO3AaBaTbh YCTPOHCTBA DPasJHYHOro
(YHKIHOHAJNBHOTO HAa3HAYEHHS.

JIOTHYECKHE 3JIEMEHTbI

YTO TAKOE KOMBHHALLHOHHASI CXEMA
H LUPPOBOH ABTOMAT?

Jlio6oit cumBon HHPOpPManuMH B LHOPOBHIX  YCTPOACTBAX KOLHPYIOT B
NBOMYHOM asipaBHTE, MO3TOMY CHPHAJBl 'MOTYT NDHHHMAaThb TOJbKO J[Ba 3HaUEHHA:
BEICOKMil HMJIH HH3KHH YpOBEHb HaNpSIKEHHS, HaJHuHe HJIH OTCYTCTBHe UMIyJIbca
Hanpsixkesus H T. A. OO6A3aTeNLHBIM YCNIOBHEM NPH 3TOM SBJSETCS BO3MOXHOCTH
YBEPEHHOr0 pacllo3HaBaHHS 3JI6MEHTAaMH LHGPOBHIX CXeM ABYX 3HaUeHHHl CHIHAJOB,
COOTBETCTBYWOLIMX CcHMBoJaM 0 H 1, B YCNOBHSX H3MEHEHHs TeMIepPaTypsl OKpYy-
XKaiouleii CPelbl, HANPSXKEHHs HCTOYHMKA NIHTAHHA, BO3AeHCTBHA ADYTHX AectaGHJH-
3UpyIOUX (HaKTOPOB.

MH yxXe TOBODHJH, YTO 3HaueHHs ypoBHeili curHajos (Uc) anemeHTamMu wuub-
POBBHIX YCTPOHCTB BOCIPHHHMAIOTCS He HENpephBHO, a B JUCKPETHbIE MOMEHTH
BPEMEHH, HHTEDBaJ MeXAY KOTOPHIMH Ha3wiBaloT paGouuMm TaktoM T. Kak mpasuJo,
3a oauH paGounit TaKT B LUH(POBHIX YCTPOHCTBaX OCYLIECTBJAETCA OAHO 3JeMeHTap-
Hoe mpeo6pa3oBaHue NOCTYNHMBIIHX Ha BXOJ KOJAOBHIX CJIOB. [[MCKpeTH3aLHsi BpeMe-
HH o0ecreuuBaeTcs CIHEUHAJBHBIMH YCTPOHCTBAMH YIpPaBJeHHA, BbipaGaThIBAIOIIMMK
CHHXpoHu3upylomue wuMmMnyabcn (CH). B auckpeTHbIXx ycTpOHCTBax HcC-
NOMb3YIOT ABa CNOCOGa NpPeNCTaBJeHHs HHGOPMALHH: MOTEHUHAJLHBIA M HMMIYJbC-
Hpifi. TIpu moTenumanbHOM clocoGe 3HayeHHAM JorHueckoro 0 u Jiornyeckoit 1 coor-
BETCTBYIOT HaNpsiK€HHs HH3KOTO M BBICOKOro ypoBHs. Ecam Jorumueckomy 0 coorser-
CTByeT Halps:KeHHe HH3KOTO YDOBHsl, a JIOTHYeCKOH | -— BBICOKOTO, TO TaKyio
JIOTHKY Ha3bIBAlOT NOJIOXKHTEJBHOH, H HAao60OpPOT, ecau 3a JOrHYeckHil 0 NMpHHHMAIOT
HanpsiKeHHe BBICOKOTO, a 3a JIOTHYeCKYyl0 | — HampsxkeHHe HM3KONO YPOBHS, TO
TaKyi0 JIOTHKY Ha3blBalOT OTpHUATeNbHOfi. B 1aibHefiiieM 6yaeM paccMaTpHBaTh
YCTPOHCTBa TOJNBKO C MOJOXHTENbHOH JIONHKOH.

Jlanee B OCHOBHOM HCIOJB3YIOTCH TeDMHHBl «HaNpsXKeHUe BLICOKOTO H HH3KOro
ypOBHf» (CHMHaJbl ‘BHICOKOTO M HH3KOTO YPOBHS), COOTBETCTBYIOLUIME YPOBHSAM JO-
ruueckoit 1 u sornveckoro 0.

Hndopmanns B UHQPPOBBIX YCTPOACTBax MOXKeT OHITh NpPEACTAaBJEHa B MOCJHe-
JOBaTeJBHOM M NapaJjJenbHoM KojaaxX. IIpH HcHOJIB30BaHMM MOCJELOBATEJBHOTO KOAA
KaXAbli TakT COOTBETCTBYeT OJHOMY pa3psly /MBOHYHoro kKoma. Homep paspsna
onpejensieTcs HOMEPOM TaKTa, OTCYUHTHIBAEMOTO OT TaKTa, COBMNAJaiollero ¢ Hava-
JIOM NpeAcTaBJeHHs Koja.

I'paduxy, noxasaHHHe Ha PHC. 2, HJIIOCTDHPYIOT MOCJIENOBaTeNbHHN Koj Oaii~
ToBOro pasoHuHorQ uucna 10011011 npu norTeHuMaJbHOM M HMIYJIBCHOM CHOCOGax
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npez}wameﬂuﬂ undopmanuu. Ilpu mepBoM cmocoGe (puc. 2,a4) CcurHajg COXpaHsSeT
HH3KH{l HJIM BBHICOKHH YDOBHH B TEUeHHEe OJHOTO HJH HECKOJBKHX TaKTOB. B MOMeHTH
Aepexona CHrHajla OT ONHOTO YPOBHS K ADYrOMY ero 3HaueHHe SBJSETCS Heompe-
AenennsiM. TIpn uMmnysascHOM omocoGe NpencTaB/leHHs  UAGPOBOH  HHPOPMALHH
(puc. 2,6) eIMHHYHOMY H HYJIeBOMY 3HAUEHHIO IBOHYHOH MePEMEHHOH COOTBETCTBYET
HaJMYMe WM OTCYTCTBHE HMNYJbca KOHEUHOH naHTensHoCTH. IIpH mocienoBaTenbHOM
KOJle YHGJa BCE er0 Paspsihl MOTYT OHThL 3a(pHKCHPOBAHE Ha OJHOM 3JEMEHTe H
nepelaHbl MO ONHOMY KaHany nepelaud HHdopmauuu. Jljnsi nepenaun Bcero yucsa
TpebyeTcs BOCEMb TakKTOB (pHC. 2,8).

7
¢ T 1z Y8
| |
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o i t T >
[ I Y1 | et :
Lobd i ' i
4 . |
I ' —
[ ! ]
J) - i| ! 1 ¢ 4
I 1. : i Y2 Ye2 i
1 i : Ll |
T {
: ru: | : t : [ !
) e ; 1 : \ : > t >
id i i i Ysh A —
s) :
A ) | ]
& Yl : ey :
Puc. 2. TNocneaoBaTeabHbiA KOA  JABOMIHO- ! !
ro Yucja NPH NOTEHHHAJbHOM H MMIYJbC- ! —_—
HOM cmoco6ax  mpeacraBieHHs  mHdopMma- T Z T 3
UHH Y5 &5 T—
|
z
— ) _—
Puc. 3. TMapanneabHbii Koja  ABOHYHOrO |
YHCJa NPH MMNOYAbCHOM M MNOTEHUHAJbHOM |
cnoco6ax fnpeacTaBieHusi WHGoOpPMALHH 1
¢ ©
) )

IMapanyespubifi Koj TO3BOJISET CYINECTBEHHO COKPAaTHTh BpeMsi 06paGOTKH u
nepegauun MHGopMauuu. Jas npuMepa puc. 3  WIIIOCTPHPYET Napa/IeNIbHBIH KOA
cemupaspsansoro uyucaa 1101101, B sroM ciyuae Kak TpH HMmyJbcHoM (puc. 3,a),
TaK H NpH NOTeHUHaJbHOM (pHuc. 3,6) cmocoGax MNPeACTaBJEHMs HH(PODMAUHUM EBee
paspsabl ABOHYHOTO KOJa HPEACTaBJIEHH B OXHOM BPEMEHHOM TaKTe, MOTYT (BHKCH-
pOBaThCs OTAEJNBbHBIMH 3JE€MEHTaMH H IepelaBaTbCs IO Pa3lesNbHHIM KaHajlaM (pas-
psauniM muHaMm). LluppoBue ycrpoiictBa NpOH3BOASlIMEe 06paboTKy H mpeo6Gpase-
BaHMe moCTynawpell Ha HX BXOABl HHOOPMalHH, HAa3bLIBAIOT UHUQPPOBBIMH aBTOMAaTaMu.

YcaoBHoe rpagpuueckoe H300paxkeHHe mnpocTeiillero uUHGpPoBOro aBTOMAaTra Ino-
Xa3aHo Ha puc. 4. Ha Bxoan aBTOMara MOAalOT KOMGHHANMIO [JBOHYHEIX .MEpeMEH-
Hux X1, X2, .., Xn, ¢ BHXOAa CHMMAOT KOMGHHAUMIO ABOHYHEIX IepeMeHHBIX Y1,
Y2, .., Ym. Ha Bxojgax # BHXOZax UH(POBOro aBTOMATa AEHCTBYIOT CHUTHAJBI JIOTH-
yeckux 0 u 1, HasnwBaeMble JBOMYHHIMH. 3ajaya NOCTPOeHHs IHPOBOro aBTOMarta,
BHIOJIHAIOLIEr0 ONpeje/ieHHble AEHCTBHA HaJ JABOHYHBIMH CHIHAJIaMH, 3aKIIOYAeTcs
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B BhiGOpE 3JEMEHTOB H Clocoba HX COeNHHEeHHs, 06ecnedyHBaIOLIMX 3alaHHOe mpeob-
pagoBanHe. DTH 3ajJaud pelllaeT MaTeMaTHyeckas JOIHKa HJM aJjreGpa JIOTHKH.

YerpoiictBa, ¢opMHpyollHe (GYHKUHHM aJreGpel JOTMKH, HAa3BIBAlOT JO[ HYe-
CKHMH HIM HHGPOBHIMH H KIACCHQHUHUDYIOT IO PA3JHYHBIM OTJIMUHUTCIBHBIM
npusHakaM. LlndpoBeie ycTpoiictBa mo xapakrepy HHGODMauHu Ha BXOZaxX W BHI-
Xoaax MNOAPA3Je]sAIOT Ha YCTPOMCTBAa MOCJeNOBAaTEeJNbHOro, MapaJjeqbHOTO H CMe-
WaHHOTO AEHCTBUA.

X7 ] Y7 Ugx1

a2
Puc. 4. ¥Ycaosuoe wu3o0GpaxeHne  npocteii-

wero uugpesoro asromarta

Ytuix —_— —
—
Pne. 5. Hpencrasaenne uHdopmaunn B
uHGpoBOM ycTpoiicTBe nocJenoBaTenbHOroO T T h
ReficTBUSA r ¢ o0 71 © ¢ 7 0 &

Ha Bxoawm ycTpoficTBa IOC/EAOBATEJBHOrO AEACTBHS CHUMBOJH KOXOBHIX CJOB
TOCTYNAloT He OAHOBPEMEHHO, a OQMH 3a JApyruM (puc. 5). B rakoit ke mocaeno-
BaTeJbHOCTH (hOpMHpYeTCsl BHIXOAHOe KOZOBOe cJOBO. PaccMatpuBaeMoe yCTpPOiCTBO
. opMupyeT Ha BHXOAe curHayl Uswmx, KOA KOTOPOrO paBeH CyMMe KOJOB BXORHbBIX
cHrHad0B Usxy H Usxo.

Jlns peanusauuu yCTPONCTBA Napas/ieNbHOTO AEACTBHS, BHITIOJHSIOLIEr0 aHAaJO-
THYHYIO (YHKIHIO, HeOGXOAMMEl JBe TPYNNH BXOXOB IO BOCEMb PaspALOB B Kax-
IOl rpynme M BOCeMb BHIXOJOB (B COOTBETCTBHH C Pa3psJHOCTLI0 BHXOAHOTO
cnoBa). H3BecTHH Takike YCTPOHCTBa CMEINaHHOTO THNA, B KOTOPHIX, HalpHMep,
BXOJHOe CJOBO INpeICTaBjseTcs B NapaletbHoil ¢opMe, a BHXOAHOE — B MOCJe-
RoBaTeJbHOH (3T0 — mpeoGpa3oBaTenu Koja). .

ITo cxeMHOMY pelIeHHI0O M XapaKTepy CBSI3M MeXAY BXOAHHMH M BHXOJIHBHIMU
NePeMEHHHIMH C YYeTOM MX H3MEHeHHS IO TakKTaM PaGOTH pasAuyaloT KOMGHHa-
ILHORHBIE H IOCTENOBaTeJBHOCTHHE LHGPOBHE  ycTpoiictBa, B KOMOGMHAIMOHHBIX
YCTPOACTBaX COBOKYNHOCTh CHMTHAJIOB Ha BHIXOJaX B KaXJAbi KOHKPETHHi MOMEHT
BPEMEHH IOJHOCTBIO ONpefesisercs BXOXHBIMH CHTHajaMH, JAefiCTBYIOIIMMH B 3TOT
MOMEHT Ha ero Bxomax. Ecyiu BxoJHble M BHXOJAHble (YHKUMH B n-TaKre 0GO3HAYHTD
Kak X® H Y®, TO CBS3b MeXAy HMMH OYHeT ONpPeNesAThCS BHAXKEHHEM

Yo=A(X»),
rie A — 3HaK BHINOJHSEMOro yCTPOACTBOM JIOTHUeCKOro npeo6pasoBanus. Lludposue
yCTpoficTBa, B OTJMYHE OT AaHAJIOrOBHIX,.I03BOJSIOT peajH30BaTh NpeoGpa3oBaHHe
NPaKPUYeCKH JIO60ro BHAA, HO KOMGHHAIHOHHbIE YCTPOHCTBa He O6JafaloT Ma-
MATbIO. B HHGPOBEIX YCTPOHCTBAX MOCIENOBATEJNBHOCTHOTO THHA (MJAM aBTOMartax
C NaMATbI0) 3HAa4YeHHs BHIXONHHIX IlepeMEHHHX Y2 B n-TakTe ONpeNeNsioTcs He
TONbKO 3HAUYEHHSMH BXOXHBIX IepeMeHHbIX X©P, JAeHCTBYIOIUHX B NaHHH{ MOMEHT
BpeMEHH, HO M 33aBHCAT OT BHYTPEHHHX cOCTOsiHHi ycTpoiicTBa C®. B cBoio ouepels,
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BHYTPEHHHe COCTOSIHHSI ycTpoficTBa C® 3aBHCAT OT 3HAYEHHH NEPEMEHHMX, AeACTBO-
BaBIIMX Ha BXOJe B NPeAUECTBYIOIIHe TAaKTH. TakuM 06pa3oM, IOc/ef0BaTeJbHOCT-
Hble uudpOBHe YCTPOACTBa XDaHAT CBENEHHs O NPEAIIeCTBYIOMIMX TakTaXx pPa6oTH
yCTPOiicTBa ¥ NOTOMY O061afal0T nNaMsaThio. PYHKIUHOHHPOBaHWE TOCHEN0OBATENLHO-
CTHOrO YCTPOACTBAa aHANHTHYECKH MOXKHO 3alucaTh B BHAE

Y“=(p(X“, Cn); Cn=F(Xn—l’ Cn—l)'

rae Xp-! y Cr=! — COOTBETCTBEHHO Ha60p BXOIHLIX MEPEMEHHBIX H BHYTPEHHHX
COCTOSIHH YCTPOACTBA B NMPEALISCTBYIOIIHA TaKT.

IlpumepoM mNoNenOBaTeNBHOCTHOTO YTPOHCTBA MOXET OHTH CUETUHK HMITYJb-
COB, COCTOSIHHSI BBIXOJOB KOTOPOTO 3aBHCAT OT OOINEro 4HCJa NOCTYNMBIIMX Ha
ero Bxoj uMmyabcoB. HaGop mepeMeHHHIX Ha BHIXOJe CYETYHKA B N-TaKTe 3aBHCHT
OT HaJHyHsg MMIOYJbCa Ha BXOJe CYeTYHKa B TaKTe, a TaKkKe OT COCTOSHHN CUeT-
YHKa, OonpelensieMHX OOIIHM YHCJIOM MOCTYMHBIIHX Ha €ro BXO1 WMMNYJbCOB B TaK-
Tax 1, 2, .., n—1.

OCHOBHDBIE 3JIEMEHTbBI AJITEBPbBI JIOFTHKH

Anann3 KOMOGHHAUMOHHBIX YCTPOHCTB H UH(POBHX aBTOMATOB IIpollle Bee-
ro MPOBOAHTbL C MOMOIUBIO ajreGpE JIOTHKH, ONEPHPYIOIEH TOMBKO € ABYMS [OHA-
THSMH: HCTHHHBIM (JiorHdeckas 1) # JoxubiM (noruueckuit 0). B pesyabrate ¢yHk-
UHMH, orobpaxkaiolllhe HHOOPMALHIO, TMPHHHMAIOT B KaXXAHH MOMEHT BDEMEHH TOJb-
Ko 3HaueHHs 0 wmam 1. TakHe GYHKUHM Ha3bIBalOT JOTHYecKHMH. Jlornueckue
¢yskuun Y Heckosbkux nepemennnx (X0, X1, .., Xn—I1) onpenensiior xapakrtep
JIOTHYECKHX oOnepalHi, B pe3yJbTaTe KOTOPHX HaGOpy BXOAHBIX NEPEMEHHHIX CTa-
BHTCSl B COOTBETCTBHe nepeMeHHasi Y

Y=£(X0, X1, .., Xn—1).

Haun6onee HarasigHo ¢yHkuHs npeo6pazoBaHHs Xapakrepusyercs Tabauueil, B
CTPOKaX KOTOPO#l KaXJ10# KOMOHHAllHH BXOJAHBIX  mepeMeHHhX X COOTBETCTBYeT
3HaueHHe BHXOXHOH mnepemeHHoli Y. Ee nHasmBaloT Ta6aHIe#i HCTHHH.OCTM

Ta6bauma 3

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

OCHOBHBIMH JIOTHYeCKHMH (YHKUHSMH SBJAIOTCS JOTHYECKOE yWMHO Ke-
HHe - (KOHBIOHKIHA), JJOTHYECKOe CJNOXeHHe (AM3BIOHKUHA) H VIOT Hye-
cxoe orpHuaHHue (uuBepcus). IIpm noruyeckoM yMHOXEHHH BXONHBIE Tepe-
MeHHble (ZBe MM Gosee) coeawHsiorT coiozoM M. Takyio onepanHio 0603Ha4aioT
CHMBOJIOM /\ HJH 3HakoM yMmHoxenus (). DyHkuus Y,=X1-X2 npunumaer 3ua-
qeHHe JIOTHYecKoR | TOJBKO IpH paBeHCTBe 1 BCeX BXOLHHX NepeMeHHWX. Ecnu
XOTb OfHa nepeMeHHast paBHa 0, To H BHIXOJHasA (DYHKUHsA paBHa Hymo (Tabna. 3).
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Tlprn nOrHYecKOM CJAOXKEHHH jaBa M Oo/ice BHCKA3HBaHHA COEAHHSIOT COIO30M
WNJIU. O6osnayalor STy OMepamuio CHMBOJIOM \/ HJH 3HaKOM cJoXeHHs (4).
TFabauma HCTHHHOCTH AJISl IM3DBIOHKIHH MUMEEeT TaKOH BHI

Ta6auua 4

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

BuiekasniBanue (X1-4-X2) HCTHHHO, ec/M HCTHHHO XOTb OAHO H3 BHICKa3bIBaHHUH,
BXOASIINX B ee COCTaB.

Ilpu moruyeckom otpuuanuu (dynkuus HE) 3sHauenne  BHIXOmHOH (yHKuUH
APOTHBONOJOXHO BXOZHOH mepeMeHHOf (Ta6a. 5). Dty onepanuio o6o3HauaioT X
(uuraercs «<HE X»).

Ta6nuuwab

X Y=X
0 1
1 0

Koublonkuueii, AH3BbIOHKLUeH H WUHBEPCHedl  MOXHO BHIPa3uTh JIOGHE [pyrue
Gosiee CJIOXHbIE OMepamuH Hajy BhICKasnBaHHAMH. IlostoMy cucreMa dyuxunit Y=
=X1-X2, Y2=X14X2 u Y3=X o6nazaer (GYHKUHOHANLHOR MOJHOTOH.

B kauecTBe mpuMepa pacCMOTPHM HeCKOJBKO (YHKUHH, peaJH3yeMHX C [O-
MOIUBI0 3JIEMEHTOB BLIYHC/IHTENbHON TEXHHKH. PaBHO3HaWHOCTBIO (HJIM SKBHBaJeH-
mHeit) HaswBaworT ¢yHkuHio Y aByx aprymentos X1 u X2, Koropas NpHHHMaeT
sHayenne Y=1 npu X1=X2=1 wmau npu X1=X2=0. Ilpy pasiHuyHbIX 3HaYEHHAX
aprymenToB X15£X2 3Hauenue ¢yHkuun Y=0. MoxHO mnokaszatb, 4YTo ¢YHKUHSA
Y umeer Bup Y=X1-X24+X1-X2, uro NOATBepXKAaeTcs MOACTAHOBKOH B BhIpaxe-
HHe COOTBETCTBYIOUIMX 3HAYeHHH apryMeHTOB.

HepaBHO3HaYHOCTbhI0O Has3wBalT QyHKuMio Y ABYX aprymentoB Xl wu
X2, npunumalomyio 3Hawenue 1 nmpu X15£X2, u 3navenne 0 mpu X1=X2=0 umu
npu X1=X2=1. B arom cayyae Gyaem HMeTb Y=3(-1-Xi+X1-Y2.

Onepauuio HepaBHO3HAYHOCTH Yallle Ha3bLBAaIOT CYMMHUDOBaHHeM IO MOAyJi0 2
n o6osHauawor Y=X10X2. CymecTByloT Takke (YHKUHOHAJbHO IIOJHbIE CHCTEMB,
COCTOALIME JIHIIL H3 OXHON ¢yHKuMH. K HHM, B 4YacCTHOCTH, OTHOCATCA GYHKIHH
N—HE (Y=X1-X2) nu WJIH—HE (Y=X1+4X2), mHpoKo HCNOJb3yeMble NpPH MO-
ZeJqnpoBaHHM uHpOBBIX ycrpoHcTs. [IphBemem  Tabauuy HCTHHHOCTH QYHKIHR
N—HE u W/IN—HE aByx nepemenubix X1 n X2.
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Ta6auuna b

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

Anre6pa JIODHKH I1I03BOJISET NPeo6pas3oBaTh  (OPMYJbI, ONHUCHIBAIOUIHE CJAOK-
Hble BBIOKA3hIBaHMs, C WUEJIbID HX YNPOUIEHHs. IDTO MOMOraeT B KOHEYHOM HTOTe
onpejensiTb ONTHMAJNbHYI0 CTPYKTYPY TOro HJH HHOro nHGppoBOro aBTOMAaTa, peasH-
sywouero o6y ca0xHyo ¢yskuuio. [Tox ontuMajabHOR CTPYKTYPOH NpHHATO MO-
HHMaTb TaKoe MOCTPOeHHe aBTOMAaTa, NPH KOTOPOM WUHCJO BXONSAIIMX B €ro COCTaB
9/IeMEHTOB MHHHUMAJLHO.

OBblIASI XAPAKTEPUCTHKA ILlH®POBbIX MUKPOCXEM

LndpoBre MHKPOCXeMH NpeXHa3HayeHbl AJsA 06paGOTKH, mpeoGpa3oBaHHS
H XxpaHeHus uupposoli HHpopMauun. Bemyckalorcs OHH cepHAMH. BHYTPH Kaxnoi
CepHH HMeTCH OGbeJHHeHHble N0 (GYHKIMOHAJbHOMY TIDH3HAKY TPYMIH YCTPOHCTB:
JIOTHYeCKHe 3JIEMEHThl, TpHrrepn (aBTOMaTH € NaMATHIO), CYETYHKH, BJIEMEHTH
apupMeTHUeCKHX  YCTPOHCTB (BHIMOJIHSIONIHE pa3/IHYHble MaTeMaTHYeCKHe ornepa-
guH) 4 T. A Uem mmipe (yHKUMOHAJBLHHA COCTaB CepHH, TeM OGOJBLUIHMH BO3MOXK-
HOCTSIMM ‘MOXeT o06/ajaTh IuppPOBON aBTOMAT, BHINOJHEHHBI# Ha 6a3e MHKpOCXeM
JAaHHO} cepud. MHKpOCXeMbl, BXOAsflHe B COCTaB KaXKJIO# CepHH, HMEIOT efHHOe
KOHCTPYKTHBHO-TE€XHOJIOTHYeCKOe HCMOJIHEHHe, eIHHOe HampsXKeHHe NHTaHHUA, OAHMHA-
KOBHE YDOBHH CHrHaJoB Joruyeckoro O u Jjoruyeckoir 1. Bce 3ro genaer MHKpO-
CXeMBl OJHOM CepHH COBMECTHMBIMH.

OcHoBoll KaxAOH cepuu UHGPOBBIX MHKPOCXeM siBJIsieTcs O0a3OBHI JIOPHUYECKHH
sqeMeHT. Kak mnpaBusio, 6a30oBhle JIOTHUeCKHe  3JIeMEHTH  BHUIOJHAIOT OMNepalHH
U—HE an6o UJIM—HE ¥ no npuHuuny mocTpOeHHs JeNATCA Ha caefylollHe oOC-
HOBHBle THIH [27]: 37eMeHTH MHOAHO-TPaH3HcTopHol Joruku (ITJI), pesucrusHo-
tpansucropHoii Jorukn (PTJI), TpaH3sucropHo-trpaHsucTopHoit Jjoruku (TTJI), smut-
TepHO-CBSI3aHHOJ TpaHsucropHoi Jorukn (DCTJI), MHKpocxeMbl Ha TaK Ha3blBae-
MhX KoMmiemeHTapHuix MJIIT crpykrypax (KMIIT). Saementsr KMIIT nudpo-
BHIX MHKpocxeMm Hcmosbayior napni MJIII-tpaHaucropoB (co CTPYKTYpOR MeTass—
IU3JIEKTPHK — NOJYNPOBOAHEK) — C KaHajamu p- u n-tinoB [24]. Basosbie 3ie-
MEHTH OCTAJIbHbIX THIIOB BHITIOJIHEHHI Ha OGHIONADHHIX TPaH3HCTODPaX.

B pammosoGuTeNbCKO NPaKTHKe — HaHGOJbllee  PacnpOCTPaHEHHe TOJYWHIIH
mukpocxemu TTJI cepun K155 # KMJIT (cepuit K176 u K561). Ha puc. 6 moxa-
3aHa cxeMa G6asoBoro Joruyeckoro sjgementa HM—HE TTJI. Ha Bxome anemenra
BKJIIOYEH MHOPOaMUTTepHHi Tpausucrop VTI. Ecin Ha Bce ero 3MHTTEpH TOAATh
HalpsiXKeHHs BHICOKOr0 YDOBHS, TO 3MHTTePHbIi Nepexold TPaH3UCTOPAa OKaXercs
sakputhM. Ilpn sTOM TOK, npoTeKalomHii yepes peaucrop Rl H KoJJEeKTOPHBIA
nepexoa Tpansucropa VTI, orkpoer rpansucrop VT2. IlamenHe HampsikeHHs Ha pe-
sucrope R3 Gymer XocTaTouHHM NJs OTKpHIBaHHA Tpansucropa VT5. Hampsikenue
Ha KoJulekTope TpaHsucropa VT2 TakoBo, uro Tpansucrop VT3 3akpHT, coorser-

17



CTBeHHO 3aKpuWT M TpaHsncrop VT4. B pesyibraTe #Ha BHXOJe 3JieMEHTa TOABHTCA
HanpsXXeHHe HU3KOro YPOBHS, COOTBeTcTBYlomlee Jjorhmdeckomy 0. Ecim xe xoTh Ha
OJMH H3 BXOJOB 3JeMeHTa MOAaTh HaNpsAXKeHHe HH3KOTO YPOBHA, TO SMHTTEPHHIA
nepexon Tpausucropa VTl orkpoercs, a TpansucTope VT2 u VTS 6yayrt 3akphiThl.
Tpansuctop VT3 OTKpoeTcs 3a CueT TOKa, NPOTEKAIOUIEro depes pesucrop R2, u
BofijeT B pexXuM Hacwilenus. Coor-
*our BETCTBEHHO OTKpoercss TpaHsucrop VT4,
¥ Ha BHIXOJE SJeMeHTa [OABHTCH Ha-
npsiXKeHue BBLICOKOTO  YPOBHH, COOTBETCT-
Bylowee Jorudeckoii 1. CuemoBaTtenbHo,
PacOMOTPEHHBIH 3JIeMEHT BHINOJNHAET (QYyHK-
unio U—HE.

B cocraB mukpocxem cepuii TTJI Bxo-
INT TaKXke JorHyeckHi sieMenr HM—HE
. 6e3 KOJVIGKTODHON Harpy3KH B BLIXOZHOM
g]” [1]” e Kackaje. DTO TaK HasbBaeMblii 3JIeMEHT

U—HE c¢ oTkpuTHM  KoJulektopoM. O

» npeaHa3HayeH A PaGoThl Ha BHEUIHIOIO

P & Cjewa Sacenmore SICWSVS  harpyaxy, ©  Kadectse KOTopoii Moryr

SOTHKH 6bITh  HCNOJIB30BaHBLI  3J€KTPOMarHHTHLIE

pesie, HHAMKaTOpHbIE NMPHOOPH H T. A.

Hanomuum, uto crpykrypa KMJIII sBiseTcs niealbHHIM IlepekJiouarteseM Ha-
npskenus. Takoii nepekaiouartenp coaepKuT aBa MJIII TpaHaucTopa ¢ KaHanamm
p- 4 n-tunoB. [Ipun nojaade Ha BXOJ Nepek/ioyaTeJs HanpsiXKeHHs BHICOKOrO yPOBHS
OTKPHIBaeTcs N-KaHaJbHBIH TPaH3HCTOD H 3aKphiBaercs p-KaHauabHuik. Ha puc. 7
H306paxeHb cxeMbl 6a3oBhix 3aneMentoB U—HE (a) u UJIM—HE (6) Muxpocxem
KMITII. Hanpsxenne HH3KOro ypoBHa (norhyeckuii 0) 6y.aeT Ha BhiXole 3JeMeHTa
H—HE Tonbko npu oRHOBpeMeHHOH Mojade HaNpAXKeHHHA BHICOKOTO YPOBHA (JOTH-
geckux 1) Ha Bce Bxoaw X1—X3. Ecau HamnpskeHue XoTd OGH Ha OLHOM H3 BXO-
noB (manpumep, X1) Gyner HH3KOrO YPOBHS, TO 3aKpercs N-KaHaJbHbIl TPaH3HC-
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Puc. 7. Cxembl Gasosoro sjsemesta H — HE u 6asoBoro asaementa HJIH — HE cepuit KMARN
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Top VT6, m orkpoercs p-kaHaabHHIiI TpaHsucTop VT, uepes KaHan KOTOPOro BH-
X0 5JeMeHTa MNOAKJIIOYaeTcs K HCTOYHHKY muraHnda, TakuMm o6pasoM, Ha BHXoJe
Gyner Hamlps:KeHHe BHICOKOrO YPOBHS, COOTBETCTBYIOIee JOrHYeckod 1.

Has peanusauuu GasoBoro Jjoruyeckoro 3saementa HJIM—HE na KMIOIM
CTPYKTYypPax Y4YaCTKH CXEMH, COJepiKalllHe IOCJeNOBATEJIbHO H MapajJelbHO BKJIO-
YeHHBle TPAH3UCTOPHI, C/IEAYET NMOMEHATb MecTaMH (puc. 7,6).

Ipexxne ueM mepefiTH K AeTaJbHOMY DacCMOTPEHH0 HaHGOJee pacmpocTpaHeH-
HBIX CepHH MHKpocxeM M LH(DPOBbIX yCTpPOHCTB Ha HX 6ase, OCTAHOBUMCS Ha OC-
HOBHHX TlapaMeTpax JOTrHYeCKHX 3JeMeHTOB. K HHM OTHOCATCH HampsiKeHHe HCTOU-
HHKa TNHTaHHA, YDOBHH HampsixkeHMit Jorwyeckoro O ¥ Jsorudeckoit 1, Hanpysounas
CnocOGHOCTb, NMOMEXOYCTORUHBOCTb H OBICTPOAEHCTBHE, NOTPeGaseMast MOILHOCTb.

Mukpocxembnl TTJI paccuuTaHbl Ha HaNpsiXKeHHe HCTOYHHMKA nHTaHud 5 B3=10%.
Boabwas wacte MuxkpocxeM Ha KMIIT cTpykrypax ycToiiuuBo paGoTaeT npH Ha-
npsixKeHHH mHTaHus 3—15 B, nekoTopee — npu HampsxeHun 9 B410%. Vposuu
Joruyeckix 0 H 1 ROJXKHBL OTJHYaTBCH BO3MOXKHO GoJabwie. Pasnuuator noporosoe
Hanpsixkenne Jorhueckoir 1 Ul'nop — HanMeHblllee HaNpsiKEHHE BHICOKOTO YPOBHS
Ha BXOJe MHKDOCXeMHl, NIPH KOTODOM HanpsiKeHHe Ha BHIXOJAe H3MeHsieTcs OT YpOB-
Hs Joruyeckoro 0 10 ypoBHs JorHyeckoil 1, a TakXKe NOpOroBoe HanpsiXKeHHe JOTH-
geckoro 0 USzop — HanGoJblllee HamNpsiKeHHe HH3KOrO YPOBHS Ha BXoJe MHKpPO-
CXeMbl, IPH KOTODOM HampsiKeHHe Ha BBIXOJE H3MEHSeTCS OT YPOBHS JIOFHYeCKOH 1
A0 ypoBHs Joruyeckoro 0.’

Ins muxpocxem TTJI cepuit U'nop=2,4 B; U0p=0,4 B.

HanpsixeHHe HH3KOPO H BHICOKOro YpOBHe#i Ha BmIXofe Mukpocxem TTJI
U‘nux>2,4 B; Uonux<0,4 B.

IOns mukpocxem ma KMIIT crpykrypax Ulsop>0,7Unur; Unop<0,3Unun.
B 10 Xe BpeMs OTK/JOHEHHS BHIXOZHHIX HampsukeHUA Ulsux H U'sux OT HyJeBoro
BHAYEHHS M HANpPAKEHHs HCTOYHHKA TNHTAaHHS  COOTBETCTBEHHO JOCTHIAlOT BCEro
HECKOJIbKHX JeCATKOB MHJJIHBOJBT.

CnocoGHOCTb 3JemeHTa paboTaTh Ha ONpeleseHHOe YHCIO BXOLOB IPYTHX 3Je-
MeHTOB 6e3 MOMOJHUTEIbHHIX YCTPOHCTB COrJIaCOBAaHHSI XapaKTepH3yercss Harpysou-
HON cnoco6HOCThIO. UeM Bhille Harpy3ouHasi CIOCOGHOCTb, Te€M MeHblIee YHCJO 9Jie-
MEHTOB MOXeT NOHafOGHTbCS NpH peaausauuu uudposoro yerpoiicrsa. Oamnako npu
TIOBLIIIEHWH ‘HAIPY30YHOM CNOCOGHOCTH JAPYrHe mapaMeTpPhl MHKDOCXeM YXyAIUaioTCS:
CHUXAIOTCA OGHICTPOJEHCTBHE M TOMEXOYCTONUMBOCTb,  BO3pacTaer  mnorpebisemMas
MOIIHOCTb. B C€BfI3H C 3TUM B COCTaBe Da3JHYHBIX CepHA MHUKPOCXeM eCTh TakK Ha-
3biBaeMble GydepHbie 3JeMEeHTH C HarpysoyHoif CIOCOGHOCTbIO, B HECKOJNBKO pa3s
Gonbleil, 4eM y OCHOBHBIX 3JeMeHTOB. KoJMuecTBeHHO Harpy3ouHasi CHOCOGHOCTb
OLEHHBAETC YHMCJAOM €JHHHYHBIX Harpy3ok, KOTOpble MOXHO OJLHOBPEMEHHO MoA-
KMIOUHTh K BHIXOAY ‘MUKpoCXeMH. B CBOIO ouepenb eIMHHYHOH HArpyskoil sBasercs
BXOJ OCHOBHOTO JIOTHYECKOro 3JeMeHTa naHHoN cepud. Kosdduuuent passeTBieHus
0 BHIXONY AJAf GOJBIUMHCTBA JOnuueckux snaevenros cepuit TTJI cecrasaser 10,
a nas muxkpocxem cepuit KMIIT — no 100.

IMomexoycroitunBocTh 6Ga30BHX JIOTHYECKHX 3JEMEHTOB OLEHHBAIOT B CTaTHYe-
CKOM H AMHaMuuecKom pexumax. Ilpm sTOM  cTaTHueckas MOMeXOYCTOHYMBOCTb
onpenesseTcsi YPOBHEM HaNpsKeHHs, NMOJAaBAEMOr0 Ha BXOJ 3J€MEHTa OTHOCHTEJbHO
ypoBHeit Jorudeckux O u |, MpM KOTOPOM COCTORHHME Ha BHIXOLE CXeMbl He H3Me-
daserca. Jas saemenros TTJI cratHueckas NMOMeXOyCTOHYMBOCTb COCTaBJfIeT He Me-
#aee 0,4 B, a mna muxpocxem cepuii KMIIT ne menee 30% HanpsiKeHHs OHTaHUA.
JunaMuyecKash NMOMEXOYCTOMUHBOCTb  3aBHCHT OT (OPMbBI M aMIJHMTYABl  CHTHana
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fIOMEXH, a TaKxe OT CKODOCTH IIepeKJIOYeHHs JIOTHYECKOro 3JEeMEHTa H ero CTaTH-
YecKoli NOMeXOyCTOHYHBOCTH.

JnHaMHYecKHe NapaMeTPH 6a3OBBIX 3JEMEHTOB OIIEHHBAIOT, B NEPBYIO OYepels,
6uicTpoleiictBueM. KoanyecrBeHHO GHICTPOAEHCTBHE MOXHO XapaKTepH30BaTh Ipe-
AeJbHOH pa6ouell 4acToOTOH, T. €. MaKCHMAaJbHOH YaCTOTOH I€PEKJIOYEHHs] TPHITepa,
BBHIIOJNHEHHOr0 Ha 9THX 6a30BhIX ajeMeHTax. IIpenenpHas pabouast yacrora MUKpO-
cxem TTJI cepun K155 cocraBaser 10 MIm, a mukpocxem cepuit K176 m K561 Ha
KMIIT crpykrypax — aumb 1 MIu. BeicTpoaeitctBhe ompemensiercss Tak e, Kak
cpelHee BpeMs 3ajepXKKH DacClIpOCTPaHeHHs CHTHaja

tax.p.cp=0,5("0ax.p+1"1an.p),
rae 95 p u %35, — BpeMeHa 3afePXKKH DPaclpOCTDAHEHHs CHrHaja NPH BKJIO-
YeHHH H BBHIKJIOYeHHH (puc. 8).

CpenHee BpeMs 3ajepXKH DacCIpOCTpaHeHHs CHTHaja sBisieTc GoJjliee YHHBEp-
CaJibHBIM IapaMeTpoM MHKpPOCXeM, TaK Kak, 3Has ero, MOXHO DacCyHTaTbh GLICTpO-
AelicTBHE JIOGOH CJOXKHOA JIOTHMeCKOH CXeMbl CYMMHDOBaHHEM fan.p.cp AJA BCEX
fl0c/IelOBaTeNIbHO BKJIIOUEHHBIX MHKpocxeM. Jlna muxpocxeM cepun K155 fan.pep
cocrasaser okono 20 He, a ans mukpocxem cepuu K176 — 200 ue.

ITorpe6GnsieMass MHKpDOCXeMOHl MOLIHOCTh B CTaTHYSCKOM peXXHMe OKa3biBaeTCsl
pasnuyHO# NIpH YPOBHsAX Jornyeckoro HyJas (P°) m sjornueckolf elMHHUBI Ha BHIXO-
Ze (P'). B cBs3M ¢ STHM H3MepSIOT CPEQHIOI0 MOLIHOCTh notpebaeHuss Pep=
== (P%4-P!)/2, Cratuyeckass CpeRHsii MOLIHOCTb NOTPe6GNeHHsi Ga30BHIX 3JE€MEHTOB
cepun K155 cocraBasier HeCKOJBKO JeCATKOB
MHJIMBATT, a y aJeMeHToB cepuii K176 n
K561 ona Gosee 4yeM B ThICSAYY DPa3 MeHbILe.
CnenoBaresbHO, IPH HEOGXOLMMOCTH NOCTpOe-
HHS HU(POBBIX YCTPOHCTB € MaJbnM mnoOTPeo-
NIeHHeM 1eN1eco06pas3Ho HCMOJNb30BaTh MHKPOs
cxemnt Ha KMJIIT crpykrypax. OnHako cue-
IyeT YYHTHIBaThb, YTO HpH paboTe B AHHAMH-
YeCKOM peXHMe  MOIIHOCTb, NoTpebaseMas
JIOPHYECKHMH  3JieMeHTaMH, BoapacraeT. [lo-

Puc. 8.  BpemenHnie  amarpamMMbl  317o0My noMHMO Pep 3ajaerca  Takxke Moli-

CHTHAJIOB Ha BXo4e M BbiXxode Ja0-

rHYECKOro 3JeMeHTa HOCTb pnnn, HaMepsieMass ‘Ha MaKcHMaJbHOR

gyacroTe mnepekJioueHnii. Heo6xomumo HMeTb
B BHIY, 4TO C INOBBHIIIEHHeM GBICTPOJEHCTBHS  MOIIHOCTb, NOTpe6isieMasi MHKpO-
cXeMOH, yBeJHYHBaeETCH.

BaxHelluuM TOKa3aTeseM MHKDOCXeM SIB/sleTCs HajexHocTb. Ee XapakrepH-
3YIOT HHTEHCHBHOCTbIO 4YacTOTH OTKa30B. CpelHsAs HHTEHCHBHOCTb OTKa3oB MHKpO-
cXeM CO CDeAHHM YpOBHEM HHTerpauun cocrasiser A=1.10-7 1/u. Hanexwnocts
HUPOBHIX YCTPOHCTB Ha MHKPOCXeMaX 3HAYMTENbHO IPEeBHIIAeT HAAeXHOCTh aHa-
JIOTHUHBIX YCTPOACTB Ha NHCKPETHBIX 3JleMeHTax.

JIOTHYECKHE 3JIEMEHTDI

JloruyeckHfi aJneMeHT — 3TO 3JEKTPOHHOE YCTPOHACTBO, peanusyio-
Hlee ONHY M3 JOrHuecKMx OYHkuMA. B cocraB paccMaTpuBaeMblX CepHil MHKpO-
cXeM BXOIHT G6OJbllioe YHCAO JOTHYECKHX 3JaeMeHToB. Ha npuHHMNHAaIbHOH cxeMe
JIOrHYecKHil SJ€MEHT H306paiKaloT NPAMOYrOJBHHKOM, BHYTPH  KOTOPOro CTaBHTCA
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n3o6paxkenne ykasatens OYHKOBH. JIRHHE ¢ JeBOH CTODOHBI NPAMOYrOJAbHHKA I1O-
Ka3biBalOT BXOAH, ¢ NPaBOR — BHXOAW 3JemeHTa. Ha puc. 9 H306paxKeHs 0CHOB-
Hble JIOTHYECKHE 3JIEeMEeHTH, HCIOJb3yeMble B UH(POBBLIX YCTPOHCTBAX:

snemedT M (konbloktop &) Y=X1-X2 (a);

snement MJIM (auswionkrop 1) Y=X1+4+X2 (6);

anement HE (umeeprop 1) Y=X (8).

X1 X7
y 7 ¥ x |7 r
Xz Xz 3
8)

a) 7)
X7 X7 $%
27 s v I1 ., il 7 v
X2 42 | rz

2) ) e)

X7 X7 X1 —
Tl 7 18] 7 Zr .,
4 L] 4 X2

X357 Pl £2_|
A4 24 |
u)
) 3)

Puc. 9. TIpaduyeckne 0603HaAYEHHSA  JNOTHYECKHX  3IJIEMEHTOB

IMoMuMO YyKa3aHHHIX CYyLIECTBYeT MHOXKECTBO JIOTHYECKHX 3/1eMEHTOB, BbINOJ-
HAINUX GoJiee CJHOXKHBIe JOrHYeCKHe NpeoGpa3oBaHusi. DTH Npeo6pa3oBaHUs SBJSA-
10TCSl KOMOHHAUMSMH TNPOCTEHINIMX Joruuecknx onepauuit. K uHcay Takumx s.deveH-
TOB OTHOCSITCA:

anemedr U — HE Y=X1-X2 (puc. 9,2), KOTOpHIH [AJS €IHHHYHBIX CHIHAJOB
skBuBavtenren ajaementy HE—HWJIM (eMm. puc. 9,0) 1451 CHrHaJOB HYJAeBOro ypOBHS;

aanemenr WJIN — HE Y=X1+4X2 (puc. 9.e);
anemenr M — WU Y=X1-X24-X3-X4 (puc. 9,2¢). Ha Brixome 3toro sie-

meHta Y=1, ecin X1=X2=1 uau X3=X4=1; BO BCex OCTaJbHBHIX C.1Viafix

Y=0.
saement U — MWIU — HE Y=X1.X2+4+X3-X4 (puc. 93). Ha Buxoze srtoro
snemenra Y=0 npu X1=X2=1 nan X3=X4=1. Bo Bcex ocTaibHBIX C.Iyuasx

Y=1.

Tabauwa 7
X1 X2 Y
0 0 0
0 1 1
1 0 1
1 1 0

.Ha puc. 9,u nokasano rpaduueckoe H306paxkeHHe CyMMaTopa N0 MOAymO 2

(Y=)T1X2+Xl)_(—2), JeficTBHe KOTOpPOro oroGpaxaer Taba. 7.
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Puc. 10. CxeMa cyMMaTopa no MOAyJa0 2:
a — ua saemedtax U, UJIH, HE; 6 — Ha snementax U—HWJIH, HE
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CyMMaTop N0 MOAYJI0 2 MOXHO BHIIOJHHTL Ha JIOTHUECKHX siementax M,
WJIH, HE (puc. 10,a). Hcnonbays cxemy M —WJIU u nBa unsepropa, cymmarop
N0 MOXYMIO 2 MOXHO pealu3oBaTh € MEHBUMMM  aiNapaTyPHEIMH 3aTpaTaMy
(puc. 10,6).

Upeso BXOZOB B JIOTHUECKHX 3JIEMEHTAX PAas3JMYHOrO Ha3HAYeHHS MOXKeT OHIThb
PasHEIM, HO BXOAHM KaXJOro ojeMeHTa paBHOSHauHbl. HekoTopole ®3 HHX MOTYT
npu paGoTe B KOHKPETHHX YCTPONCTBaXx He HCMOJB30BaThcA. Heucnmosbayembie BXo-
am B cxemax U, U— HE coegunsior ¢ +Ungr, 2 B cxemax HJIH, HJIK — HE,
CJIOXKEHHS N0 MOAYJMIO0 2 — C OGUIMM IPOBOJOM.

K155 747 KT176/148 KIB5043 K7I554A417
K755 A6 NT557A7 N567/748 K155/742 KTIS5TATZ KISSAATS KIS5748
7| & 2| & 7 /s 3 2
2 Vs 3 2 2 J
% — 4 7 J
5 5 4 AN ]
] - 5 59 _< £ 6
9 _"& LA 3
70 a 70 73 17 v lg 4]
72 r— 77 72 70 g
1Z3 72
— - 721 & 17
il 77 s
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Puc. 11. Ipaduueckne 06 HA Joruyeckux siaementoB cepuii K155, K176, K561
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Muxkpocxemu cepuit KMJIIT 3naunteabHo skoHomuuHei muxpocxem TTJI. Ilo-
9TOMY, €CIM HeOGXOAHMO OGecneunTb MHHHMajbHOe NoTpeGieHHe ycTpoficTBa, NpH-
venenne KMJIIT MuxpocxeM siBasieTcsl NMPeRNOYTHTENbHHIM. B TO ke BpeMsi GeicTpo-
neficreue TTJI MHKpocxeM cyllecTBeHHO Bbille, 4eM GHICTPOZEHCTBHE MHKPOCXEM Ha
crpyktypax KMAII. Tloatomy B 6ao0kax, nroe Bpemsi 06paGoTKM HH(bOpMAamuu
IOJUKHO OHITh MHHHMAJbHHM, WIH pPaGoTAalOUMX C CHTHAJaMH BBICOKHX 4YacToT,
HYXHO NpuMenars MHKkpocxemn TTJI. [as  corsacoBaHHs JIOTHYECKHX YpOBHeH
smukpocxem KMIIT u TTJI HCHOAb3YIOTCH COIVIacCyioliHe — 3JMeMEHTH:  HEHHBEPTH-
pylomue (npeo6pasosatenn yposHs K561T1Y¥4) u wmuBepTHpylomue ycHiutenu (mpe-
ob6pazoBarean ypoBHs K561JIM2). DT XKe 37eMeHTH HCHOJB3YIOTCH B KauecTse
OydepHHX ycHIHTeneli NMpu pa6oTe Ha HArpy3ky ¢ GOJBIIOH BXOXZHOH €MKOCTBIO,
B YaCTHOCTH NpH paGoTe Ha NJHHHBIE JIHHHH, Tle 3HAUHTENbHAasi BXONHAs €MKOCTh
Harpy3ku {TpPHBOJAHT K YBeJHYEHHI0O BDEMEHH ee INepe3apsilkM H, CJAEeIOBaTeJbHO, K
YXYALIEHHIO GHICTPOJEACTBUA YCTPOiiCTBa B medoM. Homosb3oBahHe TaKMX YCHIHUTE-
Jefl T03BOJIIET YCKODEHHO Iiepe3apsikaTh €MKOCTH 3a cYeT GOJBIIMX BRIXOIHHIX
TOKOB MHKpocxeM. Ha pmc. 11 mokasaHbl ycloBHBIe 0GO3HauUeHHs M LOKOJIEBKa JIO-
THYECKHX H corsiacymomux ajaemeHtoB cepuit K155, K176 u K561.

TPUITEPbl U UX XAPAKTEPUCTUKH

IpocreifiuiMy IHGPOBEIMH aBTOMaTaMH C MaMSATbIO SIBJSIOTCS TPUITEPDL.
TpHrrep — 3T0 YCTPOACTBO NIOCJEAOBAaTeNLHOTO THNA ¢ JABYMsSI YCTOHYMBHI-
MH COCTOSIHHSIMH DaBHOBECHsl, IpeJHa3HaueHHOe .IJsi 3aMHCH W XpaHEHHs HHOOP-
manud. Tlox ZRefictBMeM BXORHBIX CHTHAJOB  TPHITED MOXeT IMepeKJaoYaThcs U3
OJHOTO YCTOHYHBOTO COCTOSiHHS B Apyroe. Ilpu 3ToM HampsiKeHMe Ha ero BhIXOle
CKaYKoo6pa3HO H3MeHsercs.

Kak mpaBuso, Tpurrep HMmeeT XBa BHIXOXA: NPsAMONH M HHBepcHH. Umcao Bxo-
JOB 3aBHCHT OT CTPYKTYpH H (YHKUHH, BboNHsieMbix TpurrepoMm. [ITo cmocoGy
sanucH HHGQOpPMaUHH TPHITEPH JAeNAT HAa ACHHXDOHHBIE H CHHXDOHH3HpyeMble (Tak-
THpYyeMHe). B acHHXDOHHBIX TpHrrepax HHGOPMAaIHs MOXKeT 3allHChIBaThCS Hempe-
PBIBHO H olpenensieTcsi HHPOPMAUHOHHBIMH CHDHaJaMM, AefACTBYIOILHMH Ha BXOAax
B JaHHHA MoMeHT BpeMeHH. Eciu uHGbOpMauMs 3aHOCHTCS B TPHITEP TOJBKO B
MOMEHT HeHCTBHS TaK Ha3plBaeMOr0 CHHXDOHH3HDPYIOLIErOo CHrHaJ/a, TO TaKOH TpHUr-
rep HasnBAOT CHHXDOHH3UPYEMBIM HJIH TaKTHpyeMbiM. IToMHMO HHQOPMAaUHMOHHBIX
BXOJI0OB CHHXDOHH3HUDYIOIHE TPHITEDH HMEIOT TAKTOBHH BXOJ '(BXOA CHHXPOHH3a-
uun). B nuppoBofi TexHHKe NPHHATH claepyiouie 0603HAaYeHUs BXOAOB TDPUITEPOB:

S — pa3jenbHBI BXOA YCTAHOBKM B €AMHHYHOE COCTOSIHME (Halpsi)KeHHe BBICO-
KOro YpOBHSI Ha NpSAMOM BeixoZe Q);

R — pasgenpHHi BXOJ YCTaHOBKH B HYJEBO€ COCTOsiHMe (HaNpsXKeHHe HH3KO-
TO YPOBHS Ha IpsAMOM Bhixoze Q);

D — undopMauuoHHB BxoA (Ha Hero mopaercsi HHpoOpManus, MpeRHa3HayeHHas
JJsl 3aHECeHHsT B TPHITeD);

C — BXOJ CHHXPOHH3aUHH,

T — cueTHHH BXOl.

Haun6onbluee pacrnpocTpaHeHHe B UHGPOBHX YCTpoiicTBax moayuuan RS-rtpur-
cep ¢ ABYMsl YCTaHOBOYHBLIMH BXONAMH, TaKTHpYeMHil D-tpurrep u cuerHmit T-tpur-
rep. PaccMoTpuM ¢YHKIHOHAJbHEIE BO3MOXHOCTH KaX{/loro M3 HHuX.

ACHHXPOHHBI/ RS-Tpurrep. B 3aBHCHMOCTH OT JIOrHuecKo#l CTPYKTYpHl pasiH-
qalor RS-Tpurrepn ¢ NpSAMBIMH H HHBEPCHBIMH BxoAaMu. HMx cxeMbl M ycaOBHbIE
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06o3HayeHus MnpuBeleHn Ha puc. 12. Tpurrepsl TakOro TWNAa NOCTPOEHH Ha ABYX

gorudeckux anementax: 2UWJIM—HE — tpurrep ¢ npsmbiMe Bxomamu (puc. 12,a),
2U—HE — rtpurrep c uHBepcHEMH Bxogamu (puc. 12,6). Bmixom Kaxporo w3
£ K3
}—g
4
= I~ — s|r 2
- Al ¢ T s 4
S 7 _...i
Q) g)

Puc. 12. CxemMbl H YCJOBHHIE 0603HaweHHs RS-Tpurrepos

9JIEMEHTOB NOAKIIOYEH K OAHOMY H3 BXONOB UIPYrOro 3jeMeHTa, 4TO obecneuHBaeT
TPHITEDY ABa YCTOHYHMBHIX COCTOSTHHSA. 31eChb NpHBeleHH Ta6aHIbl HCTHHHOCTH AJI%
KaXKAOr0 M3 3THX TPUITEPOB.

Tab6auua 8 Ta6anua9

s | R ot | ot |ott | ot 3| 7 ot | ot [otH|otH
0] 1 0 1 0 1 0] 1 0 1 1 0
1 0 0 1 1 0 11 0 0 1 0 1
0} 0 0 1 0 1 0] 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
o o 1 0 1 0 0| O 1 0 * *
1 1 1 0 * * 1 1 1 0 0 1

B ra6ammax Q! u Q! oGosHawaioT YPOBHH, KOTOpble GbUIM Ha BBIXOJAaX TPHUI-
repa 1o nmojayd Ha ero BXOAb TAaK Ha3biBaeMhIX aKTHBHHIX YpOBHed. AKDHBHEIM
Ha3bIBAlOT JIOTHYECKHH YDOBeHb, AEHCTBYIOLIHH Ha BXOHE JIOMHYECKOrO 3JeMEHTa #
OLHO3HAUYHO ONpEAEJAIOIH JOTHYECKHH YpOBeHb BHIXOJIHOrO CHrHaja (HEe3aBHCHMO
OT JIOTHYeCKHX YpOBHefl, MeACTBYIOIIHX Ha OCTAJBHHX Bxoxax). s 3JeMeHTOB
WNJIN — HE 3a aKTHBHHIH YypOB€Hb NpPHHUMAIOT BBICOKMH YpOBeHb, a IJfA 3JIeMeH-
ToB U — HE — Hu3Kuii ypoBeHb. YpOBHM, Il0Jaya KOTOPHIX Ha OIMH H3 BXOLOB He
NPHBOAHT K H3MEHEHHIO JIOTHYECKOro YPOBHS Ha BHIXOZE  3J€MEHTa, Ha3BIBaIOT
naccHBHHIMH. YpoBHH Qt!+! H 6?‘“ 0603HaYalOT JIONHYeCKHe YDOBHH Ha BBIXOaX
TPHIrepa nocje Noxaud HHGOPMAUMH HA €ro BXOXHI.

IOas tpurrepa ¢ IpAMmMH BXomamu Q!+!'=1 mpu S=1 u R=0; Q!+'=0 npu
S=0 u R=1; Qt*+'=Q! nmpu S=0 m R=0. TIlpu R=S=1 cocrosuue Tpurrepa
6yZer HeompeleNeHHBIM, TaK KaK BO BpeMs [eficTBHA HH(OOPMaLMOHHHIX CHTHAJOB
JIOTHUECKHe YPOBHHM Ha BBIXOfAaX TPHITEpPA OXHHAKOBEI (Q'+‘=6‘+1=0), a nocie
OKOHYaHHA HX [eHCTBHS TDUITEP MOXeT DaBHOBEPOSITHO INPHHATh Jio6oe H3 YCTOH-
YHBHIX cocToAHHR. [ToaTOMy Takas KOMGHHAIHs SBJISETCS 3anpellleHHOH.
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Pexnm S$=1, R=0 HasuBalor pexumoM 3amucu 1 (Tak kKak Q!t'=1); pe-
#um S=0 # R=1 — pexumom samucu 0. Pexum S=0, R=0 HasnBaercs pe-
XKUMOM XpaHeHHs WH(POPMALHH, TaK Kak HHOOpPMauHs Ha BHIXOJE OCTAeTCH HewWs-
menno#i. Jasi TpHrrepa ¢ HMHBEPCHHIMH BXOJAaMH pEXHM 3allHCH JorHyecko#t | pea-
Jansyercs MpH S=0, R=1, pexnm 3anucu Jorngeckoro 0 — npu S=1, R=0.
TIpu S=R=1 o6ecneunBaeTcs XpaHeHHe napopmauun. Kom6GuHanus S=R=0 ss-
JieTC 3alpelleHHOH.

Caenyer, OfHAKO, OTMETHThb, UTO CaMOCTOATeNbHO RS-TpHrrepnl B ycTpoiicTBax
@M(pOBONl TEXHUKH NPAKTHYECKH He HCMOJb3YIOTCA H3-3a HX HH3KOH MOMEeXOyCTOf-
YHBOCTH.

Takrupyembiii D-tpurrep. On umeer HHOODMALHOHHHA BHXOZ H BXOJ CHHXPO-
ausanud. OfHa H3 BO3MOXHBIX CTPYKTYDHBIX CXeM OAQHOTakTHoro D-Tpurrepa u ero
ycraoBHOe OGO3HaueHHe NoKa3aHw Ha puc. 13. Ecanm yposeHp curHaiza Ha BXofe

z
—7 Fa A
= é
— <
11
Puc. 13. Cxema un yc TakTHpyemMoro D-Tpur-
repa

C=0, cocTosiHHe TpPHITEpPa YCTOAYHBO H He 3aBHCHT OT YDOBHS CHMrHajJa Ha HH-
dopmaunonnoM Bxoge. Ilpn sToM Ha BX01s RS-Tpurrepa ¢ HHBEDCHRIMH BXOAaMH
(a7eMeHTH 3 M 4) MOCTYNAlOT NMaCCHBHbie yPOBHH (§-=§-=1). ITpu nmopaue Ha BXOJA
cunxponusannu yposus C=1 nuudpopmanus Ha NpPAMOM BHXOLe OyleT MOBTOPATDH
uudopmanuio, nogasaeMyio Ha Bxoa D. Takum o6pasoM, mnpu C=0 Q!+'=Q! a
apu C=1 Q*+'=D. Ta6auuma HCTHHHOCTH TaKTHpyemoro D-rpurrepa nmeer BuA:

Ta6bnuuma 10
)5} Qt Qt+l
0 0 0
0 1 0
1 0 1
1 1 1

3nech Q! O3HayaeT JOrMYECKHH ypOBeHb Ha NPAMOM BHXOJe AO MOAAYH HM-
fy/Jbca CHHXpOHH3auuH, a Qft! — Jormueckuii ypoBeHb Ha 3TOM BHEIXOJe MOC]e MO-
JauH HMIYJbCa CHHXPOHH3AIHH.

Ha puc. 14 u3o6paxkeHnl BpeMeHHEle NHAarpaMMbl TakTHpyeMmoro D-tpurrepa.
B rakoM TpHrrepe NPOHCXOLHT 3allepXKKa CHrHajlla Ha BBIXOJAE [0 OTHOLIEHHIO K
CHTHaNy, TOJAHHOMY Ha BXOA, HA4 BpeMs MHayss  MEXAYy CHHXpocHrHaxamH. [as
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yCTOHUMBOli paGoTH TpHrrepa Heo6GXOAHMO, 4TOGH B TEUEHHE CHHXPOHMIYJbCA HH-
dbopmanus Ha BXOAe Obl1a HEH3MEHHOH.

TaxkrupyeMble D-Tpurrepst MOryT GHTb C NOTEHIHAJbHBIM M JHHAMHYECKHM
ynpaBjenneM. Y NepBHIX H3 HHX HHpOpPMau#s 3amHCHBaeTCss B TeYeHHe BPEMEHH,
npH KOTOPOM ypoBeHb chrHala C=1. B Tpurrepax ¢ AMHAMHUYECKHM YIpaBJeHHEM
HH$OpPMaLHA 3aNHCHIBa€TCA TOJLKO B TEUeHHe mTepemajga HamlpsKeHHs Ha
BXOJle CHHXPOHH3amMH. JlMHaMHueCKHe BXOAM H306paxKkaloT Ha CXeMax TpeyroJb-
#ukoM. Ecim BepmmHa TpeyroJibHHKa o6pallleHa B CTOPOHY MHKDOCX€MH, TO TpHI-
rep «tpaGaTeiBaeT» N0 (GPOHTY BXOJHOIrO HMMNYJbCa, eCIH OT Hee — MO CPe3y HM-
nyabca. B rtakom Ttpurrepe mHpopMauus Ha |
BhHIXOfle MOXeT ObITb 3afiepXKaHa Ha ORMH TaKT 7 1
MO OTHOLIEHHIO K BXOXHOH HH(OpMaIHH. J L_

Cuernmit T-tpurrep (pue. 15,a). Ero masu-
BalOT TAKXE TPHITEPOM CO CUETHHIM BXOAOM.
On umeer oaun ynpasasiomuii Bxox T u nBa
Bbixofa Q H 6 Hndopmanyus Ha BHIXOAE TAKOTO n ] ” -l -I ” -l
TPHIrrepa MeHsleT CBOH 3HaK Ha MPOTHBOMOJOXK- ' —
HBI DU KaXA0M NOJIOXHTEJLHOM (MMM mpH 4
KaXXAOM OTpHLATeJNbHOM) MNepenajie HalpsaKeHHs —-L— .

c

Ha Bxole. B cepHsx BHIIYCKaeMEIX MHKDOCXEM
T-tpurrepos, kak mnpasuno, mer. Ho rpurrep
TAKOro THNa MOXeT OHTb co3naH Ha Ga3e Tak-
THpyeMoro D-TpHurrepa, eciu  ero  MHBEPCHHIH g:rcn-u‘:; .BI’T:*:;:""';':W R St
BEIXOZ COGNHHHTL C HHGOPMALHMOHHEIM BXOAOM repe

(puc. 15,6). Kak BugHO ¥3  AuarpaMMbH Ha

puc. 15,6, wacrora curHajla Ha Bmxole T-TpHrrepa B [Ba pasa HHUMKe 9YacCTOTH
CHrHalla Ha BXOfe, HOSTOMY TaKOfi TPHITeD MOMHO HCNOJB30OBATH KaK JENHTeNb
4acTOTH H ABOMYHBIA CUETUHK.

B cepusx BHIyCKaeMHIX MHKDOCXEM eCTb TaKke yHHBepcasibHble JK-Tpurrephl.
[Ipu coorBercTByIOLeM NOIKMIOUEHHH BXOAHOH Joruku JK-TpHrrep Moxer BHINOV-
HATb (YHKUHH TPHIrepa Jo60ro APYroro THIA.

YcnoBHele rpaduueckHe 0GO3HAUeHMs TPHUITEPOB Ha NDHUHIMIHAJBHEIX CXeMaX

npuBeJeHbl Ha pHc. 16.

Lo | ‘
P S S A § Bsrxod _H_H_I_U—H_U_U—

7 7

A

—t D7 ﬂ- &t
Y4 ¢

Bsrkad
Yem. 0
aj J)

3 ¢

Puc. 15. CuetHnfi Tpurrep:
a — ycJoBHOe 0Go3HaueHHe; 6 — yCTPOACTBO ¢ HCHOJb3OBaHHeM D-TpHrrepa; 6 — BPeMeHHAd OHa«
rpamma
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Puc. 16. I'padnueckoe 0Go3HaueHHe TPHUTTEpOB

TEHEPATOPbl U ®OPMHUPOBATEJIU UMINIYJbCOB

Ha 6Gase Jsioruyeckux s/ieMeHTOB UHGPOBLIX YCTPOHCTB MOryT OHTbH CKOH-
©TPYHPOBaHb Pa3HOOGpa3Hble TeHEPATOPH HMIYJbLCOB. BOT HECKO/IBKO KOHKPETHBIX
HApHMEpOB.

T'enepaTop mo cxeme nHa phuc. 17 (ucnmoabsyiorcs saeMentnt 2H—HE ¢ otkphl-
THIM KOJIJIEKTOPOM) BHIpaGaThiBaeT HMNYJbChl B IIHPOKOM JAHana3oHe YaCTOT — OT
©JMHULl Tepl[ 10 HEeCKOJbKMHX KHJorepu. 3aBucHMocTh 4yacToTel f (kI') OT emKocTH
wounencaropa Cl (nd) Bulpaxaercsi npuGankeHHOR popmydoi = 3-105/Cl. CkBax-
HOCTb HMIYJILCHOrO HaNpsi)KeHHsl NpPaKTHYecKH paBHa 2. [IIpH cHHXKeHHH Hanps-
KeHHsl MCTOYHHMKa nHuraHus Ha 0,5 B uwacrora reHepHpyeMbIX HMNYJbCOB YyMeHbIIA-
etcsa Ha 209%.

B reHepaTope no cxeme Ha pHC. 18 HJNTE/BHOCTH HMIYJALCOB MOXKHO peryJH-
poBaTh mepeMeHHHIM pesucropoM R2 (ckBaxkHocTh H3Mensercs ot 1,5 mo 3), a uac-
ToTry — pesuctopom R1 [29]. Hanpumep, B reneparope ¢ Cl1=0,1 Mr®d npu wc-
KyoueHun pesucropa R2 Toabko pesncropoM R1 yacTory reHepHpyeMblx HMIYJib-

07 K155/748

7717 221.2 201.3
5 s
’ LP bl
3 & 7
¢
L
1

Puc. 17. I'eneparep umMnyabces Ha mukpocxeme KI155J1A8
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coB MOXHO u3MeHsThb OoT 8 po 125 klu. Jis noayueHus Apyroro puamnasoHa 4actoT
He0o6X01MMO H3MEHHTb eMKOCTh KoHJeHcatopa Cl.

Ilupokoe HM3MeHeHHe JacCTOTHI FeHePHPYeMbIX HMMYJbCOB (0koJo 50 ThicAay pas)
o6ecrneudBaeT YCTpOHCTBO, cob6paHHoe mo cxeMe Ha puc. 19 [29]. MwunumanabHas
4acTota HMMNyJabcoB 34ech okoao 0,25 Tu. JIuTensHOCTb HMMYJBCOB pPEryJHPYIOT
pesuctopoM R1. YacToTy creioBaHHs MOJKHO ONpeNENHTb MO dopMyJie

f=1/2RI1CI,

rie f — uacrora, I'y; Rl — conporuBaenne, Om; C1 — emxocrts, .

I 207 KI557A3
277.7 7072 7713

Puc. 18. TeHepaTop HMNyAbCOB C peryaupyemoit aau-
TeJAbHOCTbIO

D77 KI767A7

C7 2 G, TmK
1

2201.7 7227.2 207.3
7 2 8

RT 20m

& s Bsxad
s 1 )

Puc. 19. lenepaTop HMNyAbLCOB C peryjaupyeMoil AJAHTEAbHOCTLIO

IenepaTtopel HMINYJAbCOB IMMPOKO HCHNOJB3YIOT DaJHOMIOGHTENH B KOHCTPYHpye-
MuHXx HMMu ycrpofictBax. Ha puc. 20 nsobpakeHa NpHHUMNHAJNBHAA CXeMa 3BOHKA
¢ MpepuBHCTHIM 3ByyaHHeM [34]. KHonKy 3BOHKa BKJIOYAalOT B Ilenb NHTaHHSA MHK-
pocxeMbl. 3BOHOK COCTOHT H3 JByX MyJ/bTHBHOpaTopoB. MyabTHBHGpPATOp Ha 3Je-
medrax DDI1.1 u DD1.2 reHepupyer HMNy/bCh 3BYKOBOH 4YacCTOThI, UCIOJb3yeMbie
AJsl ynpaBJeHHsi BTODBIM MYyJbTHBHOpaTopoM Ha ssneMeHTax DD1.3 m DD1.4. dror
MyJabTHBHGpAaTOp paboraeT JHIIb TOTAd, KOrZa Ha HHXKHHe (MO cXeMe) BBIBOJBI

JD7 K755745

+58
207.7 7012 277.3 2074
4 72
& & & &
S+, C7 & 8+, 3 77
Z F4 s 0 s
100mMK * Thn * 68 a7
Z4 c4
cz n+ Tha
100mK %68 MK <68
r7 Rz 3 R4
704 70K " 4

Puc. 20. 3BOHOK C NMpPepbIBHCTbIM 3BYHaHHEM
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pesuctopoB R3 ® R4 nocrynaer HanpsikeHHe HH3KOro ypoBHA. Bpems nayssl
3ByuYaHus, a TaKXe TOH 3ByKa peryJaupyior pesucropamu RI—R4.

IMpu peanusaumun uUdPOBHIX YCTPOHCTB DPAa3JNYHOrO Ha3HauyeHHs YacTo Heo6Xo-
LUMO CHOPMHPOBAaTh KOPOTKHE HMMNYJbCH MO (POHTaM BXOJHOrO CHrHaja. B uacr-
HOCTH, TaKHe MMIYJbCH HCHOJNB3YIOT AJs C6pOCa CUETUHKOB B KauecTBe HUMIYJ/bCOB
CHHXDOHH3AUMU NpPH 3aMHOH HHGOpMauuu B peructpel n T. A. Ha puc. 21 usobpa-
JKEHBl CXeMa # BpEeMeHHble AHarpaMMbl ()OpMHPOBaTeNst KOPOTKMX OTPHLATENbHBIX

D7 K155743

770717 J271.2 777.3 J27.%
7 4 k4 72 T
77
Bxod 2 7 Bs/xad
a)

x

¢
YBoix

J) ¢

Puc. 21. dopmupoBaTesb HMNYJAbCOB NO (POHTY BXOAHOrO CHrHajaa

HMIYJIbCOB MO NOJOXHTENbHOMY Tepenajy HanpsKeHHsi Ha ero Bxoge. [Ipu H3aMe-
Henun HampskeHuss Ugx OT HH3KOTO YDPOBHS [0 BHICOKOrO 3TOT mnepenajn Ge3 3a-
IepxKH nocrynaer Ha Bxon 13 aznementa DD14. B To ke BpeMs Ha Bxoze 12
anementa DD1.4 HanpsixkeHHe BBICOKOTO YPOBHSI COXPaHsieTCS] B TeyeHHe BpeMeHH
pacnpocTpaHeHHs CHrHaja uepe3 ajeMentl DD1.1—DDI1.3 (okomo 75 Hc). B pe-
3yJbTaTe B TeUeHHe STOrO BPEMEHH HA BBHIXOJE YCTPOHCTBAa COXPaHSeTCs HampsKe-
HHe HH3KOro YpOBHs. 3aTeM Ha Bxoae 12 ycraHaBiuBaeTcs HanpsiKeHHe HH3KOro
YPOBHSl, a Ha BHIXOLE YCTpOHCTBa — BHICOKOro. TakuMm o6GpasoM, ¢opMmupyercs
KOPOTKHH OTPHLATeJbHHH HMIYyJbc, (HPOHT KOTOpPOro coBnajaer ¢ (PoHTOM BXOX-
Horo HampsixkeHusi. UTo6n TaKoe YCTPOHCTBO HCHOJB30BaTh MJs  (HOPMHDPOBAHHS
OTPHUATENBHOrO HMIYJIbCa MO Cpe3y BXOAHONG CHrHajla, ero Hajo JNOMOJHHTH ellle
OJHUM HHBepTOopoM (pHc. 22).

Ha puc. 23 m3oGpaxkeHsl cxeMa M BpeMeHHAs auarpamMma paGoTh ¢opMupo-
BaTeJsi MMIYJbCOB MO (GPOHTY H cpe3y BXOAHOro OHrHasa. JJIHTENBbHOCTb KaXKIOTO
c(OPMHPOBAHHOT'O HMNYJAbCAa PaBHA

tay =tae=nt"%p p+ (n41)1%15z.p.
34ech n — YeTHOe YHMCJO 3JEMEHTOB, YYacTBYIOUIMX B 3aliepXXKe cHrHajaoB. [Ipun-
uun paGotel 3Toro ¢GopMHpOBaTeNs aHAJOTHYeH NPHHUHUNY DaGOTH ONHCAHHBIX paHee
¢opmHpoBaTeseil KOPOTKHX HMIYJbCOB.

IIupokoe pacnpocTpaHeHse NOJAYYHa ¢(HOPMHpPOBaTeJb KOPOTKHX HMIYJbCOB,
cxeMa M BpeMeHHAs [QuarpaMma paGoTHl KOTOporo H3o6paxkeHn Ha puc. 24. Ilpu
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HanpsiXeHHH HHU3KOTO YPOBH Ha BXofe ycTpoiicrBa KoHmeHcatop Cl 3apsxaerca
qepes pesuctopnl R1 u R2. Tlpu sTOM HanpsixkeHHe Ha BBIXOAE YCTPOHCTBA HMeEET
HU3Kkui ypoBeHb. Ilpu mosBjeHMH Ha BXojde (QOPMHPOBATENs HANPSKEHUS BBHICOKOrO
ypoBus kKoumencatop Cl naumnaer paspsxartbcs depes pesucrop R2. Mo Tex mop,

DB1,202 KISSIAS

2717 701.2 7013 7014 »02.7
7 k4 72 7
J
Bxod i
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¢
bpix
J) ¢

Puc. 22. ®opmupoBatenb UMNYAbCOB N0 Cpe3y BXOAHOr0 CHrHaaa

207 NIS5/AF
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Puc. 23. ®opmHpoBaTeNb HMNYJAbCOB MO ()POHTY H CPe3y BXOAHOrO0 CHrHaja

noKa HampsKeHHe Ha KOHIEHcaTope He YyMeHbIIMTCS MO HH3KOrO YpOBHS, Ha 060-
ux Bxoflax ssemenTa DD1.2, a ciemoBaTenbHO, W Ha BbIXoZe (opMHpOBaTesNss MNpHU-
CYTCTBYIOT HanpsiKeHMsi BBICOKHX ypoBHe#fl. Kak To/NbKO HampsiKeHHe Ha KOHJIEH-
catope craHer Menbiie 0,4 B, ypoBeHp Ha BhIXoge (GOPMHpOBaTe]s H3MeHseTcs
(puc. 24.6). IiauTenbHOCTb MMNYJbCa MPOMOPUHOHAJbHA MOCTOSIHHOM BpeMeHH pas-
PSAKH KOHIeHcaTopa u paBHa ta=3R2-Cl.

31



TIh7 K155/7A8

g 50
™
Bs/x08

” , rF p
3 207.7 V| 7# 707.2 7| 7w 7771.3 |7
X008 .
8, 2 & ’ #z 5 & 4 8 s

150 L i
]

f1| 6

i —4

Puc. 25. ®dopMHUpOBATENH HM-
nyJibLCcoB Ha MHKpoOcXxeme
K155AT1

JDD1.1

$22/R4

7, 48 ®opMupoBaTed HMIYIbCOB

MMEIOTCSI M B COCTaBe MHKpPO-

cxem cepun K155. Tak, MHukpo-

i cxema KI155AT'l  nmpeacrasiser

\[ coboit omHOBHGpaTOp ¢ TpeMs

BXOaMH, NPAMBIM H HHBEPCHHIM

i 14 BHIXOZAMH H  BHIBOJAMH JJs

MOAK/IOUEHHs] BHEUIHHX  BpeMs-

‘u sapaomux ueneit (puc. 25). Ox-

HOBHGPAaTOp MOXKET 3amycKaTb-

7) £ cA KaK IOJOXHTEJNbHEM, TaK H

OTPHLATENbHEIM nepenagamu

Puc. 24. ®opmupoBaTenb KOPOTKHX HMNYILCOB BXOLHBIX CHTHAJOB NPH OINpele-

JIGHHOM HaNpsXKeHHH, He 3aBH-

CALlEM OT JAJHMTEJNBHOCTH BXOZ-

HbIX uMNyabcoB. Ilepekiiouaercsi OAHOBHGPATOp OTpPHIATEJbHBIM INlepenajoM B8XOl-

HOro CHrHaja, MOJAaHHOrO Ha OJMH M3 BX0J10B A, B To BpeMs KaK Ha Bxojq B

MOLaHO HaTpsiKeHHe BLICOKOro YPOBHS, WJIH IOJIOKHTEIBHBIM NepellafioM, NMOAAaHHBIM

Ha BXOA B, eciu Ha omHoM u3 BXx0ZoB A Hau Al NpHCYTCTBYeT HaNpsKeHHe
HH3KOr0 YpPOBHSA.

Tlpy MaKCHMaJbHOM CONDPOTHBJIEHHH pesucropa Rsn=40 KOM piHTeNBHOCTD
BHIXOJHOTO MMIyJbca He AojxHa npesbimate 09T, rae T — mnepuox caenoBaHust
BXOJHBIX HMMIYJbCOB. JIJIHTENBHOCT, BHXOAHOTO HMIYJbCa 3@BUCHT OT CONPOTHBIE-
HAf Rsa=(0+40) xOm u C=(0--1000) Mx®d u onpeneisercs ¢opmyiuoi: tux=
=RCIn2. 3necb R=2k+Rsn, 2K — CONPOTHBJIEHHE BHYTPEHHEr0 PE3HCTOpaA.

B cocras cepun K155 Bxoautr Takxke mukpocxema K155AI'3. B oinom xopmy-
ce B Hell coJepaTcs ABa OQHOBHGDaTOpa. BapHaHTH  NOAK/IOYEHHS BHEUIHHX
BpeMs3anaoliuX JEMEHTOB H BpeMeHHAs JHarpamMMma pabOTH OZHOBHOpaTOpa u30-
6paxenn Ha puc. 26. OauHOBHGPAaTOp TaKXKe 3amyckaercsi JH60 OTPHIATENbHBIM
nepenajoM BXOJHOTO CHTHaja Ha Bxode A &pu BHICOKOM YpoBHe Ha Bxolax B u

32
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Puc. 26. Bapnantol (GopMHpoBaTedss MMIYJbCOB Ha MHKpocxeme K155AT3

R, 1160 NOJIOXKHTEJbHHM MepeNnajoM HampsXeHHd Ha BXoje B mnpH HH3KOM ypoBHe
Ha BXofe A H BHCOKOM ypoBHe Ha Bxoze R. JuurespHOCTb HMHOyJdbca tgy ompe-
JieJisieTcss NMOCTOSHHOH BPeMeHH BpeMs3ajaiolledi leNH, HO MOXeT OHTb yMeHblIeHa
32 CYeT MOJAYH HAa BXOJ R HampsIKeHHS HHSKOTO YpOBHS NPH twe<<tui.

L HPPOBbLIE ABTOMATBI HA JIOTHYECKHX
SJIEMEHTAX U TPHUITEPAX

PaccMOTpDHM ONHOTaKTHHE aBTOMAaTH Ha JIOTHYECKHX SJIEMEHTaX, Npef-
Ha3sHayeHHHE MJIA aHaJH3a HCTHHHOCTH HJIH JIOXKHOCTH DPa3JHYHHX BHCKa3HBaHHM.
AJNropHTM CHHTe3a TaKMX aBTOMAaTOB MOXHO CHODMYJHpPOBaTh TaK: faercs CJOBec-
HOe OmHcaHHe PaGOTH aBTOMAaTa; aBTOMAaT NPEJCTAaBJIAIOT B BHJAE TaK HA3LIBAEMOro
«4epHOro SIIHMKa» H YKa3HBAalOT BCEe €ro BXOAH H BHIXOAB; COCTaBJAIOT TaGammy
HCTHHHOCTH; 3allHCHBAIOT CTPYKTYpPHHe (OpMYJH JJIsi KaXXJOro BHXOXa; 9TH ¢op-
MYJB 1O BO3MOXXHOCTH YNpOUIAIOT; COCTABAAIOT (PYHKUHOHAJNBHYIO, a 3aTeM IpHH-
IHINHAJBHYIO CXeMy aBTOMara.

PaccMOTpHM HECKOJIBKO NPHMEpOB.

ITycts Ha TpexsTaXKHOM XOMe JIECTHHUHAas KJeTKa OCBellaeTcss ORHOA JaMmou~
kofi. Ha kaxmoM H3 3Taxell ecTb BHKJIouatead SAas, SAp, SAc. Heo6xoaumo
CIIPOEKTHPOBATh YCTPOACTBO BKJIIOUEHHS H BHKJIOUEHHS OCBELIEHHsS INepeKJlouenaeM
JMI060ro H3 BHKJIOYaTesefi (HE3aBHCHMO OT IIOJIOXKEHHS OCTajbHHX). O603HauHM co-
crofHde Jamnu ¢yskunefi Y u OyneM cuHTath, 4TO €CHH JaMna ropur, Y=I, a
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ecau Her, T0 Y=0. BxkmoueHHOMy TyM6iepy COOTBETCTBYeT YDOBEHb JIOTHYECKOTO
0, a BHK/IIOYEHHOMY — ypoBeHb Jjorudeckoit 1. Torma Ta6iauMua HCTHHHOCTH AJIS BTO-
ro asromMara GyZeT UMeTb BHI

Tab6auna 11

A B (o] 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

Yro6s COCTABHUTb CTPYKTYDHYI0O (opMysay aBToMaTa 0o Tabaulle HCTHHHOCTH,
HCIONb3YIOT CIeAYyIOLiMe MNpaBuia: M3 TaGJHUB HCTHHHOCTH BHIOHDAIOT T€ CTPOKH,
AN KOTOpHX Gyukuusa Y==1; Ins KaxJoi BHODaHHOH CTPOKM 3alHCHBAIOT
KOHDBIOHKIMH BXOJAHLIX BE€JHUHH, 3HAyeHHsI KOTOPHIX paBHH 1, U HHBEPCHH BEJHYHH,
paBubix 0; Tak kak Y==1 npu J0o60H U3 YKa3aHHHX KOMOHHALMHA, TO COCTaBJAIOT
JM3BIOHKIMIO 3aMHCAHHBIX KOHBIOHKUMIA A BHOGPaHHBIX CTPOK TaGJMUBI; yNpoumia-
10T MOJyueHHyi0 hopmyay.

B pesyabrate umeewu:

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

Ecau sty ¢yHkuuio He npeo6pas3oBarb, TO [JIs BHIOJNHEHHS YKa3aHHLIX onepa-
uuii norpebyiorcsi Tpu Joruyeckux sieMedta HE (uHBepTOpH), yeTHpe TpexBXOXO-
BHIX ajeMeHTa M H uyerhipexBxonoBmii sneMenr KMJIM. Ias peanusauuu Takoro ycr-
poiictBa noHazobumuch 6b1 MukpocxeMa KI155JIHI, nee Mukpocxemur K155J1A4 u
MukpocxeMa K155J1J11 — Bcero uersipe Kopmyca.

ITpoBeneM mpocreiimne npeo6pa3oBanus MOMYYEHHOH HYHKLHM.

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

Ipu npeoGpa3oBaHHu 34ech HCIIONB30BANHCh BBEJEHHLIE paHee NOHATHS HepPaBHO-
SHAYHOCTH (CyMMHpOBaHHSi IO MOAYJIO 2) M pasHO3HayHOCTH. B pesyibraTe OKasa-
JIOCh, YTO JIOTHYeCKasi YacTb aBTOMaTa MOXeT GHTh peajH30BaHa Ha OJHOM MHKpPO-
cxeme KI155JIT15 (puc. 27). Ilns MHAMKAUMH YPOBHS Ha BEIXOAE YCTDPOMCTBA BKJIIOYEH
cseronuoa HL1. Ilpu ucrnonb30BaHUH TaKOrO JIOTHYECKOro YCTDOMCTBA [Js yHpasie-
HHSI OCBEIeHHEM B €ro BHIXOJHYIO
uenb cjefyeT BKJIOYHTb TPHHHCTOD-
HH Koy [14], Harpysko#l KoTopo-
l—"?’]-f //g‘\iﬁ #7 390 ro gyfileT JlaMIia HaKaJIiBaHHS.

&b ~1 adCMOTPHM CXeMy NepUenTpo-
O Ha — aBTOMaTa, aHaJOTHYHOro Mo

207 K155/7775 Bsrod

A ANIOIA
2 (QYHKUHH TOMY, UYTO HCHOJb3YeTcs
| A~ Ha ToyTe JJsi COPTHPOBKH IIHCEM.

Taxoe ycrpoiictBo (puc. 28) pacnos-
HaeT nMppu ot 0 Ko 9 H coAepXKHT

Puc. 27, Jloruueckas 4acTh aBTOMara AJs
BKAIOYEHHS W BHIKJIIOYEHHS OCBEUeHHs yeTHpe suefikH ¢ (OTOpesUcTopaMHu
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Puc. 28. Mepuentpou:

HLT -HL70

a — cxeMa pacnoJIOKeHHA doTopesncropos; 6—ﬂpHﬂllHl'lHaJlbl-lail cxXeMa aBTOMara
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(R1—R4), pacmosnoxeHHHIMH Ha ceTke nudph. Ecau ¢poTOpe3ncTop ocBelleH, TO €ro
CONMPOTHBJIEHHE MaJo, TPARH3HCTOP OTKPHT H C €ro KOJJIEKTOpa Ha BXOM JIOTHYECKO-
ro ycrpofictBa mnopaercs HampsiKenue Huskoro ypoBHs (U<0,4 B). Ecam B pe-
3yJbTaTe HaJOXeHHs LHGPH OcBelleHHOCTh (OTOPE3HCTOpa CYIUECTBEHHO YMeHbs
IIMTCH, TO HaNpsiKEHHe Ha KOJJIEKTOpe TPAaH3HCTOpa OyleT HMeTb BEICOKHH ypo-
BeHb, Ta6JaHIa HCTHHHOCTH TaKOTO JIOTHYECKOrO YCTPOMCTBA HMeeT BHA:

Ta6auima 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 1=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 Y8=0
0 1 1 1 Y4=0 1 1 1 0 Y9=0

Kaxmo#t kOMOGHHaUHH BXOXHHLIX NeDeMEHHBIX COOTBETCTBYeT HH3KHH YPOBeHb Ha
ONHOM M3 BHIXOAOB, B pe3yJbTaTe Yero 3aropaercs COOTBETCTBYIOLUIHH CBeTOAHOL,
HHAHIHDYIOLHA OTrafbiBaeMyio Lubpy.

PaccMotpum paboty ycTpoiictBa Ha mpuMepe uHdpm 6. Herpyano smaers, uto
B 3TOM CJyyae 3aTeMHEHHBIMH OKaxyTcs ¢oTopesnctopsl R3 m R4. B pesyabrate
HanpsiKeHHsT HA KOJIeKTOpax TpaHsucropoB VT1 m VT2 Gyayr mMeTh HH3KHH ypo-
BeHb, Ha KoJllekTopax TpaHaucTopoB VT3 m VT4 — BricokHii ypoBeHb. CoOTBeTcT-
BEeHHO Ha BHIXOZax 3aJjeMeHToB DDI1.1 m DD1.2 nmpucyTcTByeT BHICOKHA YpOBeHb, a
Ha BeXomax oaneMeHToB DDI1.3 u DDI.4—nuskufi. Ecim npoanaausupoBath
YPOBHH Ha BXOJax BCeX YeTHIPeXBXOHOBHX 3jeMeHToB M —HE (MuRpocxemMn
DD 2—DD 6), To HerpyAHO yBHAeTb, YTO TOJbKO Ha BXOXax sJjemeHta DD5.1 6y-
letr BHICOKHA ypoBeHb. Ha BHIXOZe 3TOro s/eMeHTa NOSIBUTCH HH3KHA YpOBeEHb,
B pe3yJbTaTe 4Yero 3aropurcs cBeroguon HL7, unmnuupyromui undpy 6. Ha oxnom
H3 BXOJAOB OCTaJbHHX 3jdeMeHToB V—HE mpucyTcTByeT HH3KHH ypoBeHb H B pe-
3yJbTaTeé ADYrHe CBETOXHONLI He TOPAT H3-3a BBICOKOI'O YPOBHSI HampsiKeHHs Ha
BHIX0/JaX YKa3aHHHX 3JIEeMEHTOB.

Crenymomiee ycrpofictBo — urpoBoii aBTomart «Krto nepBumifi?» [16], BusaBasioO-
muf CpelH ueTHIpeX HrpaloOlIMX YYaCTHHKAa C HaWJydileii peakuHei Ha CBeTOBOH
pasppaxurens (puc. 29). KaxioMy M3 yYaCTHHKOB JalOT NMyJbT C KHONKOH, CBs-
38HHHA ¢ MPHGOPOM. ¥ CyIbH TaKXe €CThb NMYJbT, HA KOTOPOM DPAacClOJIOXKeHH KHOI-
KH «YcraHoBkas u «Crapts. Ha nepemnefi manenun npu6opa BHIOHH <«TJIa3KH» CBe-
TOAHOAOB, cpexn Korophix HLI — pasapaxuress, HL2 u HL3 — ucrounuku or-
BJeKalomux curnaioB. [To 3aropanuio cBeroaumomnos HL4—HL7 u HL8 BhssasioT
noGenutens, a no HL4—HL7 u HL9 — napymmurenss npaBun urpnl. I[locie Biio-
uyeHusi mHTaHHs KHONMKOA SB1 «YcranoBkas Ttpurrepmt DD2.2, DD3.1, DD4.1,
DD4.2, DD5.1, DD5.2, DD9.1 u DD9.2 ycranaBiuBaiotds B HyJeBoe, a TPHITEPHL
DDI.1, DD2.1 u DD3.2—B ennHHYHOe CcOCTOsHHe. B pesysbraTe nojaum Ha-
fIpsixKeHHs] BLICOKOrO YDOBHS ¢ BHXOZa 5 tpurrepa DDI1.1 na Bxox 5 saemenrta
DD8.2 nauunaer paGoTaTh TAKTOBHI TreHepaTop Ha aJjementrax DD8.1 u DDS8.2,
9acToTa HMIYJBCOB Ha BEIXOJE KOTOPOro cocrasiseT okono 3 I'm. DToT reneparop,
rparrepd DD 2 u DD 3 r cBetognoan HL2, HL3 o6pasyior oTBiekaiomufi pasmpa-
xuTesb, [IpH KaXAOM TAKTOBOM HMIyJbce MPOHCXOAHT CHXBHT 3aIHCAHHOH B TPHI-
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Puc. 29. CxemMa urposoro aBToMaTta «KTO mepBHIi?»

reppt DD2 u DD 3 unbpopmaumu Ha omuH war. B pesynprate sam60 ropsar o6a
CBETOAHOAA, JH6O CBETHTCS OAHH M3 HHX, Ju60 06a CBETOAHONA HE TOPAT. YUHTHI-
Basi YHCJIO BO3MOXKHEIX KOMGHHAUMA M OTHOCHTENIbHO BEICOKYIO YacTOTy IepeKJio-
9eHHH, OTBJIEYAlOUIH pa3fpaxKHTeJb BOCIPHHUMAETCS HIPAIOMMMH Kak KBa3HCIy-
gaiinnfl. Ha Brixomax smementos DD6.1, DD6.2, DD6.3 u DD7.1 Gyayr Hamnps-
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JKEHHs] HH3KOro YPOBHS, TaK KaK Ha BCeé HX BXOAHl INIOAAIOTCSl HANpSXKEHHS BEICO-
KAX YPOBHEH C HMHBEPCHEIX BBHIXOJOB Tpurrepos MukpocxeM DD 4 u DD 5.

IMocnme naxartus cynabedt kKHonmku SB2 «Crapr» saropaercs cseroimon HLI.
YBHIEB STOT CHTHAJ, KaX{ABH HrpaloOllHi MOMKEH BO3MOXHO ObICTpee HaXaTb
KHOTKy Ha cBoeM myJbTe. IIpu 3TOM COOTBETCTBYIOMIHH TakTHpyeMuiii D-Tpurrep
(Mukpocxemst DD 4 u DD 5) ycranaBinBaeTcss B eIMHHUHOE COCTOsSIHHe M 3aropaer-
€51 CBETOAHOJ, IOAKJIOYEHHHII K ero IpsMoMy Brixody. EcuH, Hampumep, pamnblue
IpYrHX OKasajacb Haxato#f kHomka SB3, To 3aropaercs cBeroguoa HL4. Tlpn
9TOM Ha BHIXoZax sieMeHToB DD6.2, DD6.3 u DD7.]1 GyayT BhICOKHe yDOBHH, Tak
KaKk Ha HX BXOJH IIOCTYIHT HH3KHMH YypPOBEHb C HHBEPCHOrO BBIXOAA TpHITEpa
DD 4.1. ITosToMy mnocrepyiolmue HaxaTtus KHomok SB4—SB6 ne mpuBeayr k 3a-
ropanuio csetoauonos HL5—HL7. OnnoBpeMeHHO ¢ 3aropaHHeM cBeroguoia HL4
BHICOKHII YPOBeHb C BHIXOAa 3jeMeHTa DD7.2 u CHrHaJ TakKoro e YpOBHs C HH-
BepcHOro BhIxoJa TpHrrepa DDI1.1 nocrynaior Ha Bxoawl saemMeHta DD8.3. Hus-
KHA YpOBeHb Ha BHIXOJe 3TOr0 3JIeMeHTa ycTaHOBHT Tpurrep DD9.1 B eluHHuHOE
cocrosinue, u 3aropurcs cseroguof HL8 «Brmrpeui». OanoBpemeHHOe 3aropaHue
ceeroguonoB HL4 n HL8 curmaamsupyer o mobGele mepBoro ydacTHuka Hrpel. Ec-
JH Ke KTO-TO H3 HIDAalOIHX, HalpHMep, TOT, Y KOTOPOro NyJbT ¢ KHomkoii SB3,
HaXMeT ee J0 TNoRaun curHaia «CrapT», To 3aropsarcs cBeroauon HI4 (rak kak
tpurrep DD4.1 ycTaHOBHTCS B eJHHH4YHOe cocTosiHHe) H cBerozuon HL9. 3aropanue
ceerogHona HL9 mpousoiizer H3-3a NOCTYIVIEHHs Ha BXOAHl 3jeMeHTa DD8.4 cur-
HaJIOB BHICOKOI'O YPOBHSI C BhIXOZa 3jeMeHTa DD7.2 m ¢ mpsiMoro BmIXo4a TpHITe-
pa DDI.1. OxnoBpemenHoe 3aropanHe cBetoguonoB HL4 u HL9 cBuzetesbcTByer
0 HapyIleHHH NEepPBHIM HrpaliomuM InpaBuia urpel. Ceeroguon HL8 npu stoM He ro-
PHT, TaK Kak Ha BeIXoZe 3jeMeHTa DDS8.3 HampskeHHe HMeeT BLICOKHH YpOBeHb
H B Tpurrepe DD9.1 peainsyercss pexXHM XpaHeHHs 3alHCaHHOH paHee HHpopMa-

nuu (HyJEeBOE COCTOSIHHE).

OCHOBHDBIE Y3J1bl HH®POBbIX YCTPOHCTB

PEruCTPbI

Heckosbko TpHITEpOB MOXHO OGBEAHHHTh B DETHCTpP — y3eJd LA Xpa-
HEHHsl 4YHceJ C [BOHMYHBIM TIpeACTaBJeHHeM IHGp pa3psigoB. OCHOBHEIMH BHIAMH
PETHCTPOB SIBJISIOTCS NapaJluleJbHEE H IOCTIeNOBaTe/JbHHE (CABHIAIOLIHE).

B mnapaanempHoM pericrpe Ha TakTHPyeMmx D-tpurrepax (puc. 30) xon 3armo-
MHHAeMOro 4YHCJIa M0jJaeTcs Ha HHGOPMAIMOHHHE BXOAH BCeX TPHITEDOB H 3alH-
ChIBAaeTCSl B PETHCTP C IPHXOAOM TaKTOBOI'O HMIYJbca. BrixoAHasi uHpoOpMauus H3-
MeHsieTcsl € TOojaueli HOBOrO BXOJHOrO CJIOBa H NPHXQIOM CJEAYIOMEro HMILYJbca
sanucH. Takue perucTphl HCIOJB3YIOT B CHCTEeMax OlepaTHBHOH mnamarn. Yuciao
TPHIT€POB B HHX DPaBHO MaKCHMaJbHOH Pa3psAHOCTH XPAHUMEIX CJIOB.

CxeMa moc/efl0BaTeJbHOTO PErHCTPa H BpeMeHHas JHarpaMMa, HJIIOCTPHPYIO-
mwas ero paGory, mpuBefeHH Ha puc. 31. Ilo mpuxoay rakToBoro mmmysieca C mep-
BHA Tpurrep samuceiBaeT kKoX X (0 miaM 1), HaxXogsIHUACA B 3TOT MOMEHT Ha ero
Bxoze D, a xaXjmifl ClefyIOUUA TPHUITep IepeKJIOYaeTcs B COCTOSIHHE, B KOTOPOM
JO TOro Haxojmwiaci mnpeAnaymufi. Tak NpOHCXOAHT NOTOMY, 4TO 3alHCHIBaeMHIi
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CHrHaJ NMPOXOAHT CO BXofa D TpHrrepa K BHXOAY Q ¢ 3ajepxKof, Goabumedr aJau-
TeJBHOCTH (PPOHTA TAKTOBOrO HMNYyJbca (B TeueHHe KOTOPOTO IPOHCXOAHT 3alHCh).
Kakaplli TAaKTOBHIfi HMIYJbC IOCJAEHOBAaTEJbHO CABHraeT KOJ HUHCJIA B perucrpe Ha

oaun paspsip. IMostomy nas samucu N-
paspsigHoro kona TpebGyercs N rakro-
BHX wuMNyabcoB. Ha pauarpamme BuI-
HO, 49TO YeTHpexpaspsfHoe YHCIO
1011 6muIO 3amHCaHO B COOTBETCTBYIO-
mue paspsaan peructpa (1—Q4, 0—
Q3, 1—Q2, 1—QI1) mnocae npuxoxa
4eTBEPTOr0 TAKTOBOTO HMMNyabca. o
TIpHXOJa CJIeLyIOLIero TAaKTOBOTO UM-
MyJbca 3TO YHCJIO XPAHHTCA B PEruct-
pe B BHfle NapalJeNbHOTO Koja Ha
Boixofax Q4—Ql. Ecnn HeoGxomumo
NOJYYHTb XPaHHMYI0 HHbOpPMaUHIO B
MOC/JIEAOBATENIbHOM KOJe, TO €e CHH-
MalT C BHxoga Q4 B MOMEHTH mpH-

X7
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Puc. 30. HNapaaaean-
HbI perucTp Ha Tak-
THPYEMBIX D-tpurre-
pax

X0J2a CHEAYIOIMX HYeTHpPeX HMIyJscoB (5—9). Takoii pexHM Ha3bIBaeTCsS DPEXHMOM

T0C/IeAOBATE/IbHOIO CYHTHIBAHUSA.

Ouenbp yROGHH YHHBEPCANbHEE DPErMCTPH, MO3BOJAIONIAE NPOH3BOAUTH KaK IO-
CNeNOBATENbHYI0, TaK M MNapa/UIeJbHYI0 3alHChb W CUATHBaHHe. TakHe DerucTpH
MOXHO HCIO/NL30BaTh B KauecTBe NpeoGpa3oBaTtestefi MapasjeNbHOrO KOXa B HOC-
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Puc. 31. IocnenoBaTenbHbifi perucTp:

a — NpUHUUNHANbHAs CXeMa H YCJoBHOe rpadudeckoe oGosHaueHue; 6 — Bpe-

MEHHas JAuarpaMma
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Puc. 82. Yerwmipex- Puc. 33. KoubueBolfi cueTHHK Ha perMcTpe CABHra

paspsxHbIi CHLBHIO-
BB PEerucTp

JgefoBaTeJqbHHE H o6patHo. Hampumep, Muxpocxema KI155MP1 — uermpexpaspsaa-
HHA YHHBepCaJbHH CABHrOBHHA perucrp (puc. 32). Peructp paGoTaer B pexuHMe
cABHra IO TAaKTOBHIM HMIyJbcaM, nocrynalomuMm Ha Bxod Cl, ecim Ha Bxoze V2
HMeeTCsl HampsXKeHHe HH3KOro ypoBHsA. Bxoa VI cayxuT s BBOAa HHGpOpMauum
B NepBHi paspsi peructpa B sToM pexuMe. Ecim ke Ha Bxofe V2 HanpsakeHHe
BHICOKOTO YDOBHsl, TO DPErHCTp NPOH3BOJHT MHapaJlIesbHYI0 3amHCh HHGOpMauun Co
Bxo10B D1—D4 mo uMmyiabcaM CHHXPOHHM3alLMH, NocTymalomuM Ha Bxox C2 [35].

CYETYHKH

CyeTYHKOM Ha3HBAlOT YCTPOACTBO, NpeAHa3HaueHHOe MJIs IOACYETa
YHCJIa HMIYJbCOB, MOAAHHHX Ha BXOA. OHH, KaKk M CHBHTalOIIHe PErHCTPH, COCTOAT
H3 LENOYKH TPHIrepoB. PaspsaHOCTb CYETUHKA, a CJAeNOBaTENbHO, H YHCJIO TpHITe-
pOB ompefeisieTcs MaKCHMaAbHHIM YHCJIOM, JO KOTODOrO OH CUHTaeT.

Peructp ciBHra MOXKHO NPeBPaTHTb B KOJbLEBOH CYETUHK, €C/AH BHIXOJ MNOCAeN-
Hero TpHITepa COEXHHHTb ¢ BXOZoM D mnepBoro. CxeMa Takoro cuerynka Ha N
paspanoB mpuBeleHa Ha pHc. 33. Ilepex HauanOM cueTa HMIYJbCOM HayaJIbHOH yC-
TaHOBKH B HyJeBoi paspsj cuerunka (QO) sanmcmBaercs Joruueckas 1, B ocCTajb-
HHe pa3psin — Jornyeckne 0. C HauaJoM cyeTa KaxXAHH H3 DOPHXOAAIIHX Cyer-
HHX HMOyJbcoB T mepesanmHcHBaeT 1 B CJAeRYIOIIHH TPHITeD H 9YHCIO NOCTYNHBIIHX
HMIyJIbCOB ONpejeJsieTcss IO HOMepy BHIXoZa, Ha koropoM uMeercs 1. Ilpexnmocaen-
Hui (N—I1) uMmyJasc nepeBefieT B eNMHHYHOE COCTOSIHHe NOCHEXHHA Tpurrep, a N
HMIy/IbC IIepeHeceT 3TO COCTOSIHHe Ha BHIXOJ HYJNEeBOrO TPHITepa, M CueT HauHeTcs
cHayana. TakuM 0o6GpasoM, MOXKHO IIOCTPOHTb KOJBIEBOX CYETYHK C HPOH3BOJLHBIM
KosbduunueETOM cyetra (JMIOOLIM OCHOBAaHHEM CUHCJIEHMs1), H3MEHsis JIHIIb YHC/IO
TPHITEPOB B LiENOYKeE.

Henocratok TaKoro cueTYHKa — GOJNbINOE YHCIO TPHITEPOB, HEOGXOIUMHX
IJIs ero HocTpoeHHs. Dosee 5KOHOMHUHH, a NO3TOMY H GoJee pacHpOCTpaHeHH
CYeTUHKH, 06pa3oBaHHHe cueTHHIMH T-tTpurrepaMu (cM. puc. 15). ITocme kaxkzaoro
TAaKTOBOro MMmyJabca T curHan Ha Bxoie D (HHBepCHOM BHIXOZe) MeHsAeTCs Ha
NPOTHBOMOJIOXKHEA M NO3TOMY YacTOTa BHXOAHHX HMIYJbCOB BJBOE MEHbIE Yac-
TOTH noctynaiomux. Co6paB IOCJeNOBaTENbHYIO uenoqa?; H3 N CYETHHX TPHITEPOB
(coenunsis BHIXOHL NpeABIAYNIEro Tpurrepa co BxozoM C caexyiomero), MH HOJIy-
uAM 4acTOTy femx={az/2°. TIpH STOM KaXAHR BXOZHOH HMIYJbC MEHSeT KOX 4YHC-
Jla Ha BHIXOJe CUeTYHKa Ha 1 B mHTepBaje oT 0 Ao N=22—].

Mukpocxema KI55HES (puc. 34) comepxur cuetHmii Tpurrep (Bxox Cl) m
Jeantenb Ha BoceMb (BxoX C2) 06pasoBaHHHA TpeMs- COeJWHEHHHMH MOCHE0Ba-
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TeabHO TpHrrepaMH. Tpurrepm cpaGaTHBAIOT MO CPe3y BXONHOTO HMIyJabca (1O
nepexony u3 1 B 0). Ecin coelHHHT» mOC/eIOBaTeJbHO BCe YeTHpe TPHITepa (Kak
Ha pHC. 34), TO MONYYHTCHA CYETUHK MO MOZYyaio 2¢=i16. MakcuMaJbHOe XpaHHMOe
B CYUETYHKe YHCJO IIPH NOJHOM 3alOJHEHHH €ero eNMHHIAMH PaBHO N=2i—]=15=
= (1111),. Takoi cuerunk pa6Goraer c¢ koddduunenrom cuera K (Moxynem), kpar-
HEIM LeJOfi CTelleHH 2, H B HeM COBepluaeTcss HUKJHuecKHfi nepe6op K=22 ycroii-
qUBHX cOCTOSIHHI. CUYeTYHK HMeeT BHIXOAH NPHHYAHTEJbHOA YCTaHOBKH B 0.

Q72345678300 12150758
KNISSHES

T,
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'y P 4 | ! ] .
sl ol | |l T

Puc. 34. Cuerunk c ko3 dunHeHTOM nepecueTa 16 H  BpeMEHHAS
AHarpamMma

YacTo HYXKHH CYUETIHKH C UHCJIOM YCTONUHBHIX COCTOSIHHA, OTJHYHHIM OT 2°.
Hanpumep, B 3JeKTPOHHHX dacaX eCTb MHKDOCXeMH ¢ koabduumeHrom cyera 6
(mecatkn MuHyt), 10 (emuHunbl Munyt), 7 (ZHM Hegmemn), 24 (gacu). Ias mo-
CTPOEHHs cueTyHKa ¢ MoxyjseM K422 MOXHO HCIONBL30BaTh YCTPOHCTBO H3 1N
TPHITEPOB, AJIsi KOTOPOro BHIMONHAeTc ycaoBHe 2°>K. OueBHIHO, Takoi CYETUHK
MOXXeT HMeTb JHIUHHE YCTOHuUHBHE cocTosHHs (2°—K). HCKIounTh 3TH HeHyXKHHe
COCTOSIHHSI MOXHO HCIOJb30BaHHeM OGDaTHHX CBsi3efl, MO LENAM KOTOPHX CYETUHK
nepekJIOYaeTcss B HYJeBOE COCTOSHHE B TOM TakTe paGOTH, KOTAa OH JOCYHTHIBAaeT
no uucaa K.

072345678907 23¢%
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Puc. 35. JIBOHYHO-HECATHIHHA CUETYMK M BpPEMEHHAA AHarpam-
mMa ero paGorm

Hns cuerunka ¢ K=10 HyxHH uernpe TpHrrepa (Tak Kak 23<<10<C2%),
CueTuHK JOJIKEH HMETb [AeCATh YCTOHUMBHX cocrosiHuii N=0,1...8,9. B toM Taxre,
KOrla OH ROJKeH ORI GH NepefiTH B OAHMHHaAnatoe ycTofiunmBoe cocrosnHe (N=
=10), ero Heo6x0ZMMO COPOCHTL B HCXOAHOE HyJeBoe coCTOsHHe. Il Takoro
CYeTYHKa MOXHO Hcmouab3oBaThb MHKpocxemy KIS55MES (puc. 35), BBeas memu 06-
pPaTHON CBA3H C BHIXOAOB CYETYHKa, COOTBeTCTBylomHX uHcay 10 ( T. e. 2 u 8), Ha
BXOAH YycTaHOBKH cueTunka B 0 (Bxox R). B camom Hawajse l1-ro cocrosiHHA
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(uucno 10) Ha oGomx Bxonax ssneMeHTa } MHKPOCXeMbl NOABJAIOTCA JIOTHYeCKHe 1
(Tak HasbiBaeMasi <«IpoceyKa» Ha BHIXOAe <«2»), BmpabaThBalolllMe cHTHaJa c6poca
BCEX TPHUITepPOB CYETUHKA B HYJeBOe COCTOSTHHE.

Bo Bcex cepusax LHGPPOBHIX MHKPOCXeM €CTh CYETUYHKH C BHYTPeHHEH OpraHHusa-
nMell HauGojsee <«XOROBHIX» KO3(GHUHEHTOB MNepecyeTa, HalmpHMeEpP B MHKpOCXeMax
K155ME2 u KI155ME6 K=10, B mukpocxeme KI55ME4 K=2Xx6=12 [1, 19].

Kax BHAHO H3 CcXeM H AuarpaMM Ha pHC. 33—35, CUeTUHKH MOTYT BHINOJHATH
(YHKUHH XenHTeNell 4YaCTOTH, T. €. YCTPOHCTB, (DOPMHDYIOIIHX H3 HMIYJIbCHOH mO-
CJIelOBATEJbHOCTH € 4YacToTOH fzx HMMNOYJIBbCHYIO NOCHENOBAaTeNbHOCTb Ha BHIXOAE
nociefHero Tpurrepa ¢ 4acTorodi fsmx, B K pas MeHpumylo Bxozuofi. Ilpm Takom
HCIIOIb30BaHMH CYETYHKOB HET HEOGXOJHMOCTH 3HaTh, KaKoe YHCIO B HeM 3alHCaHO
B HACTOSIUHH MOMEHT, NOSTOMY JHeJHTeJH B HEKOTODHIX CAy4YasX MOryT GHITh 3Ha-
4HTEJBHO Npolle cyeTuHkoB. Mukpocxema KI1S5HEl, Hanpumep, mpejcraBisieT Co-
6oit nemurens Ha 10, a KI55ME8 — gennresnr ¢ nepeMeHHHIM Ko3ddHIHeHTOM Je-
Jenus K=64/n, rue n=1... 63.

Kpome paccMOTpeHHEIX CyMMHDYIOIIMX WIHPOKO NPHMEHAIOT DEBEPCHBHBIE CYeT-
yukn Ha MukpocxeMax K155HIE6, K155HME7, y KOTOPHX B 3aBHCHMOCTH OT peXHMa
paboTH COfepKHMOe CYETYHKA HJIH YBEJNHYHBAETCs Ha eJHHHIY (PeXHM CJIOXKeHHH),
HJH YyMeHblIaeTCs Ha eNHHHLY (peXHM BHYHTAHHA) MOCJAe INPHXOAA OYepeJHOro
CYETHOr0 HMITYJIbCa.

OcHoBHBIE CBeJileHHS O CUETYHKaX, HaHboJee 4aCTO HCHOJb3YyeMEIX B pPajfHONIO-
6uTeNbCKON NPAKTHKE, NpHBeJEHH B Tabu. 13.

KISSHEZ
Jed er 74—
74
K155HET -9 NE
g 7 7 8 35 0 L2
—ps|crr - —51* 8
Zhe 5 U u Uuue —L o
ram f_ 2 77
—{8 - 3 ——
2l u Ussrror —Zf
Puc. 36. JdeauteJb 4acCTOThI Puc. 37. JBOMYHO-ZECATHYHHH CUETYHK

Muxkpocxema KI55HE1 (puc. 36) — nenurens ma 10. YcranoBka ee TpHITe-
poB B 0 ocymecTBisercs OJHOBPEMEHHOH NOJauell BHICOKOTO YPOBHS Ha BXOAb |
u 2 (sneMment M). CueTHble HMIyJbCH IOHAOT HAa BXoA 8 miaum 9 (mpH sTOM Ha
ApYyroM BXoOjJe HOJKeH OHITh BBICOKHH YypPOBEHb) HJM OJHOBPEMEHHO Ha 06a BXoJa
(anement ).

B cocras muxpocxemmt KI155ME2 (pHc. 37) BXOAAT TpHITEpP CO CYETHHIM BXO-
nom (sxon Cl) m jpennrens Ha 5 (Bxox C2). IlpH coelHHeHHH BHIXOJA CYETHOrO
Tpurrepa ¢ BxojoM C2 o6pasyercss JBOHUHO-JECATHYHBIA CUETUMK (fHarpaMma ero

NISSHE 4 g 7 2 3 4 5 o 7
MTTTHE L T
—¢| 2
i N 2P ey N e B
—s f=
7. P 1 1

N N

Puc. 38. Cuetunk Ha mMukpocxeme KI55HE4 u BpemeHHAs aguarpaMma ero paGoThr
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Ta6auma 13

BriBoz ol
MHATaHHA - i
Miukpocxema DyHKIHOHAJbHOE Ha3HadYeHHe “1 “2 E CueTHBI
gl g N N ¢ponur
Bl g B = <
=] =] g 4]
T8 F OS]
K155HUE1 Jlexka HBI JeJHTeNb 14 71 5 |150] 10 .Lr—
K155HE2 JIBOHUHO-{eCSITHYHBIH 5(10) 5 230 10 —
cueTynk Ha 2X5=10 l_
K155ME4 CueTyHK-[eJHTeN b Ha 5/100 5 230 10 ‘—'I
2X6=12 —
K155HE5 JIBOMUHBIH CUETIHK Ha 5100 5 [230] 10 |
2X8=16 -
K1551E6 IlBomuHoO-fAecATHUHbY pe-| 16| & 5 |500] 16
BEPCHBHbBIH CUETYHK C Mpej- —-Lr
YyCTaHOBKOMH
K1551E7 JIBouuHBI yeThipexpas-| 16[ 8 5 (500 15
PSAHBIA peBepCHBHBIH ‘LI"
CYETUYHK C TIPeLyCTaHOB-
KOH
KI155H1ES8 Henuteab yacToTHl ¢ Te-| 16| 8
peMeHHHIM  KO3(dHIHeH- 5 (600 15 —LI-
TOM [ieJIeHHS
K1761E1 JBouunblfi ulecTHpaspsaA-| 14| 71 9
HBIH CUETYHK _,—
K1761E2 Ieouunsit naTupaspsaHbli| 16l 8| 9 1 _',
HJIM  JIBOMYHO-JECSHTHYHBIH —_—
CYETYHK C ACHHXDOHHOK
npeLyCTaHOBKO#H
K176ME3 Cueryuk mo moaymo 6 c| 14/ 71 9 10 1
nemuppaTopom _r
K1761E4 Cuerunk no moxymo 10 | 14/ 7] 9 10 1
nemndpaTopom r’
K176HUE5 [MaTHAAIATHPA3P A MHBLH 14l 71 9 1
JeNUTeNb 4acTOTH AJIs I
3JIEKTPOHHBIX aCOB
K176H1E12 CueTunk JJIs 4acoB ¢ YCT-| 16| 83— 15| 50 1.2
poiicTBaMH YMpaBJieHHs ’
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Oxonuanue Tabma. 13

BriBog B
TIHTAaHH 9|
5| &
MiukpocxeMa @DYHKIHOHAJbHOe Ha3HaueHHe c a;; :i % C;;‘l“)l:gﬁ
S = I -
E 8 E ot -
K17611E18 Cuerunkn Jnia uacoB c| 16| 83— 15| 45|1
K1761E13 ycrpoiictBamu ynpassensas| 16| 83— 15| 60]1,2
K176UE17 JlBoMuHBIH cyeTyHK-KaJjeH-| 16| 83— 15
Japb IJIsl 4acoB
K561 1E8 Hecsammunslii  cueTunk c¢| 16| 83— 15]0,3{3(10 B) |JIio6o#
JemnppaTopom 1(5 B)
K5611E9 Cuetunk no Moaymo 8 c| 16| 83—15 2,5(10 B) | JTio60o#
JemndpaTopom 1(5 B)

K5611E10 JBa uerhipexpaspsgubix | 16| 83— 15 5(15 B; Jo6oi
JBOHYHEIX CUETYHKOB 4(10 B

K561HE11 JiBouunsli  uermpexpas-| 16| 83— 15 1,5(5 B)
PAIHHIA peBePCHBHHIH CUET- 0,8(3 B) —r
9HK C NpeAyCTaHOBKOH
K561H1E14 JBonuHO-gecATHYHHE pe-| 16| 8|3— 15 1,5(5 B)
BEPCHBHHIH CUETUYHK C IIPea- 0,8(3 B) _r
. YCTaHOBKOH
K561H1E15 [Mporpammupyemniii  cuer-| 924/12|3— 15 2,5(15 B)
yHK-genuTesb ¢ K=3— 1,5(10 B)
—15999 0,5(5 B)
K5611E16 14-paspsaubii  nsouunwii| 16| 8/3— 15/0,3|4(10 B)
CYETUHK 1,5(5 B

"L

Mpumeuanue: 1. Jas GoapwiuHcTBa MHKpocxeM cepun K155 peanbHas
MOIIHOCTh NOTpeGiennss B 1,5—2 pasa MeHblle, a MaKCHMaJbHas uacrora B 1,5 pa-
3a BHILE,

2. MquocxeMu K176MEl (2, 3, 4, 5) YHOBJETBOPHTENbHO PaGOTAIOT INpR
Ungr=5...

paboTH aHaqOrHYHa npuBeJeHHON Ha pHC. 35). CueT NPOHCXOAHT NO Cpe3y HM-
nyiabea. Cuetuuk HMeeT BXOAH ycraHoBkH B 0 (RO c wiorpkofi M) u Bxoam Yycra-
HoBKE B 9 (R9 ¢ sorukoit H).

Mukpocxemy K155 E4 06pasyioT cueTHHi Tpurrep M geaurenp Ha 6 (puc. 38).
O muxpocxeme K155 E5 Gruto ckasaHo paHee (cM. pHc. 34).

Muxkpocxemu KI155ME6 u KI55ME7 (puc. 39,a) — peBepcHBHHIE CYETYHKH C
npelBapHTeNbHON 3aMMCHIO; INepBHi H3 HHX — [JBOHYHO-IECATHYHHIH, BTOPOA =
YeTHIPeXpa3psAAHbEIA ABOMUHEIA. ¥YcTaHOBKa HX B 0 IPOHCXOZHT NPH BLICOKOM

YpoBHe Ha BXOole R. B cueTyuk MOXHO 3amucaTb YHCJIO, IBOHUHLIA KOZ KoToporo
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noaan #a Bxogu D1—D4 (8 KI55ME6 or 0 no 9, B K155HE7 or 0 no 15). Hdaa
3TOro Ha BXOA S Heo6X0AMMO NOAaTh HH3Kuii ypoBeHb (Ha Bxojgax Cl u C2—
BHICOKHA ypoBeHb, Ha BXole R — HH3Kui). CueT HauHercs c 3aNmHCaHHOTO YHCJIA
N0 HMIYJbCAM HH3KOTO YDOBHs, nojaBaeMuiM Ha BXof Cl (B pexuMe CJOXKeHH:)
map C2 (B pexume BhUHTaHH#A). HMiHQopMauus Ha BEIXOAe H3MeHseTCs HO (poHTY
CyeTHOro WMnyJabca. [IpH 3TOM Ha BTOPOM CYETHOM BXOJe H BXojAe S J0JKeH OHTb
BHICOKHii ypOBeHb, Ha BXOJAe R — HH3KHii, a cocTosiHHe BX0oA0oB D Gespasmuuno. Oano-
BPEMEHHO C KaXJBIM JecaTHM (mecrHaauathiM) Ha Bxode Cl wHMnymncoM Ha
Buxole Pl mosBasieTcs NOBTOPSIOUIHH €ro BHIXOAHOH HMIYJbC, KOTOPHIA MOXKeT
NoAaBaTbCsd Ha BXOX CJEAYIOLIEro cYeTYHKa. B pexuMe BHIUHTAHHA OJHOBDPEMEHHO
¢ KaXIHM HMIOyancoM Ha Bxofe C2, mepeBoisiiuM cyeTYHK B cocrosHue 9 (15),
Ha BHXoje P2 nosBasercs BEIXOZHOH HMIIYJbC,
Bpemennas nuarpaMma  paboThi CYETHHKA
K155ME6 npueesena Ha puc. 39,6 [5]. Ha nu-
arpaMMe B pexHMe NapajleJbHOH 3amucH (S=
=0) G6mJjo 3anucaHo uyHcIO 6 (BEICOKHE ypo=
BeHb Ha Bxojax D2 u D3).

KISSHES, KISSHET

Puc. 39. PeBepcHBHble CYETYHKH Ha MHK-
pocxemax KI155HES, KIS55HE7 u BpeMeH--
ubie AHarpaMmbl HX paGoTbl

Imimimimie
:__1———-1 L r
— 1 r
8 4' L
P71 II
P2 i)

5

Mukpocxemnr K176ME1, K561MEI0 u K561HME16 (puc. 40) — nBOHUHHIE
cuerydkd. Cuerynk K561MIE10 npu mojave cyeTHHX uMmyJbcoB Ha Bxox Cl u npu
C2=1 paGoraer mo ¢poHty, npH cuere mo Bxoay C2 u mpu Cl=0—mo cpesy.
Cyerunk K561HME16 He HMeeT BHIXOJOB OT BTOPOro M TpeTbero ZAeaurens. Cuerun-
KH YCTaHaBJIHBAaIOTCA B HyJeBOe COCTOsIHHe IIpH TOjaue BHICOKOrO YPOBHA Ha
BXOA R,

Jns npaBHabHOH DaGOTH STHX H BCeX JAPYTHX CYETYHKOB, BHINONHEHHHX MO
KMOIT rexuosorun (cepuit K164, K176, K564, K561), Heo6xomuMo mocje BKJIO-
YeHHs] NMHUTaHHs (HJAH TOC/e CHHMKEHHsl HANpsiKeHHs HCTOYHHKA NHTaHHA OO0 3 B)
yCTaHaBJIHBaTb HX B HCXOAHOe HyJeBOe COCTOSIHHE MOAayefi HMIYJabCa BHICOKOrO
ypoBHs Ha BXOX R. B NpOTHBHOM C/yyae CYEeTYHKH MOTryT paboTaTh CO CJydaiHH-
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Mu Ko3dduuuentamu nepecuera. Mmmyabc cOpoca mocie BKJIIOYEHHA MHTAHHST MO-
XeT [OJaBAThCS ABTOMATHYECKH, eCJH BBECTH BpeMssafaromlylo RC-uemb H HHBep-
TOp, KaK NOKasaHo Ha puC. 40,8.

KIT6HET KNSETHETD K56THETE
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Puc. 40. CueTyHKH:
a — JBOMUHBIN INEeCTHPasPALHBIA; 6 — JABa YeThIpeXpaspAJHBIX JBOHYHBIX; 6 — Ue-
THIPHAANATHPA3PSAHBIA IBOHYHBIN

Muxkpocxemnr K176ME3 u K176ME4 (puc. 41) sBAAIOTCS CYETYHKAMH IO MO-
aymo 6 u 10 ¢ pemudpatopoM, paGOTAIOLHM HAa CEMHCETMEHTHHI muAukarop. Hx
LOKOJIEBKA OJMHAKOBA, TOJNbKO Ha MecTe BHIXOXOB 2 M 6 (BmBOAB 3 M 2) cder-
anka K176UE3 y necatuusoro cuerynka K176ME4 suxomst 4 u 10. CueTHme AM-
nyJbcH OojaoTcs Ha BxoA T. Hanpsaxenwe Ha BHIXOAAX MOXKeT OHTb Kak B mps-
moM (mpu C=0), Tak u B obpaTHoM (mpu C==l) KOAe, 4TO MO3BOJSET NOAKJIO-
4aTh K CYETUHKY HMHAMKATOPH C OOUIMM KaTONOM WM o6muM aHonoM. CueTdHkH
MOXHO HCIOJNb30BATb COBMECTHO C MHUAKOKPHCTA/IMYeCKHMH HHAMKaTOpaMu. B
aToM ciydae na Bxox C nojalor Meanmp ¢ dacrotoff f>>50 I'm. Ilpm nocnenosa-
TeJbHOM COENMHEHHH CUYETYHKOB CHrHaJ cHuMaercs ¢ Buixoga 6 (K176MIE3) man

10 (K176H1E4).

KITEHES, K176HE 4
KITEHEG 6 901234 5678659071
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Puc. 41. Cueruyuk mno moayaio 6(10) ¢ aemndppatopoM u BpeMeHHbie RH-
arpamMmbl ero paGoTbi

Muxkpocxema K561ME8 (puc. 42,0) — necsiTHYHBIA CUETYHK C JECHATHUHBIM
MO3UUHOHHHIM JemndpaTtopoM. [To cBOMM BHIXOZHEIM CHTHaJaM OH NOXOGEH KOJb-
LHEeBOMY CUETYHKY, IOCTPOEHHOMY Ha CABHrOoBOM peructpe (cM. puc. 33). CueryHk
paGoraer no ¢ponty umnyascoB Ha Bxofe Cl mpm C2=0 wiu no cpesy HMIYJb-
coB Ha Bxome C2 mpm Cl=1. Ha Bmxome P ¢opmupyercs Meanzp c yacroTofi, B
10 pas menbmeir BxoxHo#t. Ha oanom H3 Bhixozos 0—9, COOTBETCTBYIOLIEM YHCJY,
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3alHCaHHOMY B CUETUHK, NPHCYTCTBYeT BHICOKHH ypDOBeHb HANpPAXEHHs, Ha BCex
ocTaJIbHHX — HH3KHI.
Mukpocxema K561HElLL
PAAHBHIA CYETYHK C NpedyCTaHOBKOH.
Gen cuetunky KI155ME7 (Taba. 14).

(puc. 42,6) — nBOMYHBIH peBepCHBHHIA ueTHpexpa3-
Ilo cBoum Bo3moxHocTAM KO661HMEIl momo-
Ilpouepx B TabJauile O3HAYaeT, 4YTO YPOBEHb

K56THES KSETHETT
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Puc. 42. CueTduKu:

a — necsaTHYHBI ¢ gewudpaTopoM; 6 — ABOMYHBIA 4YeThIpeXPas3psAHbIl peBepCHBHLIA C Hpeny-
CTaHOBKOM

Ha STOM BXOJe B JaHHOM pexHMe GespasiuyeH. CueTHble HMIYJbCH NOJAIOTCH
Ha Bxox C, cuer ocymecTBasercd mo ¢poHTy. IIpH mocienoBaTeJbHOM COeAMHEHHH
CUeTYHKOB BHX0J mnepeHoca CO MJaajuero paspsiia COeJHHSIOT CO BXOAOM Iepe-
Hoca CJ crapmero. [IlepecuuTeHBaeMHe HMNYJbCH TNOLaIOT Ha BxoAn C Bcex
CYETUHKOB.

Tab6auima 14

I+

Onepauuu C D1—-D4

Her cuera
CioxeHne
BrlunTaHue
IlpenycranoBka

Yucno

} loo—
|l onl
l'—‘OOO
—~cooo

Yer. Hyas

Muxpocxema K561ME14 — fBOMYHHE HJIH JBOHUHO-AECATHUHEI peBepCHBHHA
CYeTYHK ¢ mpeldycraHoBKoi. Om momoGen cuerunky KS561MEl1 (puc. 42,6) TONBKO
6e3 pexuMa yCTaHOBKH B HyJeBOe COCTOSIHHe. BMecTo Hero BBejeH pexuM «2[10s,
Korna Ha BHBOAE 9 BHICOKHI YDOBeHb, CUETUHK PAabGOTaeT KaK [ABOHUHEIH, NPH HH3-
KOM ypOBHe — KaK JABOHYHO-JECSTHUHHI.

NIPEOBPA3OBATEIIM KOIOB (IIH®PATOPHI,
AEWHUPPATOPBI, MYJIbTUINIEKCOPBI, JEMYJbTUIINIEKCOPBI)

IIpeo6pasopaTenn KOAOB caykar Aas MepeBofa OAHOH ¢op-
Mb yHcjaa B APYryio. Mx BXOZHEIe M BHIXOAHBE NEpeMeHHHE OJHOSHAUHO CBA3aHH
Mexay coGoil. DTy CBA3b MOXKHO 3aZaTh TaGIHMLUAMH TNeEPEKJIOUeHHH WIH JIOTHYeCs
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kamMn dynxuusamu. PaccMorpuM HanGonee pacnpocTpaHeHHHe B PafHOMIOOGHTENbCKOMR
npaKTHKe BHAH npeoGpasoBareseil KOJOB.

HNladpartop (komep) mnpeo6pasyer OJMHOUYHHA CHTHAA B nN-paspapHHA
nBoMUHHA KOA. HauGosbllee npuMeHenue OH HaXOAHT B YCTPOACTBaX BBOAA HH-
dopmanun (mysabTax ynpaBieHHsd) AJs Npeo6pa3OBaHHA HAeCATHUHRIX UHCEN B
ABOHUHYIO CHCTeMy cudciaeHns. Ilpeamosnoxkum, Ha mysbTe AeCATh KjaaBuIIe# ¢ rpa-
BupoBKOi oT 0 xao 9. Ilpm maxkaTuu Jo6Gofi H3 HHX HA BXOA mmdpatopa noxa-
erca enunuuHHA curHaa (X0—X9). Ha Buxoze mmdparopa JAOMKeH NOSBHTLCH
asonunnii kon (Y!, Y2,..) srtoro jpecatmunoro uucaa. Kak BmAHO u3 TaGauuUH
nepekmoueHHit (Taba. 15), B 3TOM ciyuae HyXeH INIpeo6pasoBaTelib C HeCATHIO
BXOJaMH H YeTHPbMS BEHIXOLaMH.

Ta6auuma 15

JIBOMUHBIH KOJ JIBOHUHBIA KOX
HecaTuunoe JlecsaTHuHOE
aucao Y8 Y4 Y2 Y1 uucno 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 Buxogme Yl eauHHuma mnosBisieTcs NpPH HaXaTHH JIOGOH HeyeTHOR KJaBHIIH
X1, X3, X5, X7, X9, 1. e. YI=XIVX3VX5VX7VX9. [na ocCranbHHX BHIXOJOB
JIOTHUeCKHe BhpaXenus HMeoT BHL: Y2=X2V X3\ X6V X7; Y4=X4VX5VX6VX7;
Y8=X8V/X9. CaenoBaresbHo, Ajna wmuppaTopa NOHAHOOATCA UETHpEe 3SJeMeHTa
WJIHU: nATHBXOXOBHH, ABa UYETHIPEXBXOLZOBHX H IABYXBXOZOBHA (pHc. 43).

HNemundpatop (Aekoxep) mnpeobpasyeT KOA, MNOCTYNAOLWIHA Ha ero
BXOIHI, B CHTHaJ TOJbKO Ha OJHOM H3 ero BHIXOXOB. [lemmdpaTopH IMIHPOKO NpH-
MEHSIOTCS B YCTpPOACTBAaX YNpaBJeHHs, B CHCTeMax Hu($pPOBOH HHAMKAUHMH C Tas30-
paspsAAHHIMH HHAHKaTOpaMH, HJs NOCTPOEHHS paclpefesHTeNedf HMIYJIbCOB MO
Pa3’jIHYHHIM LEnsIM U T. A. i

YcaoBHoe o6o3nHauenHe Jpemudppatopa Ha Mukpocxeme KI155MI1 ¢ xecsThio
BHXOAAaMH IJs JAemHpPOBaHHs OZHOTO paspsiia ABOMYHO-AECATHYHOro koja 8421
H 4acThb ero NpDHHUHINHAJIbHOA CXeMH NpuBeNeHH Ha pHC. 44. Jlio6oMy BXORXHOMY
JIBOHYHOMY KOJY COOTBETCTBYET HH3KHA YPOBEHb TOJBKO Ha OJHOM BHIXOJEe, a Ha
BCeX OCTaJbHHIX COXPaHAETCS BHICOKHI ypPOBEHb,

Hemnodpatopn Bxomatr Bo Bce cepun Mukpocxem TTJI u KMIOII. Hanpumep,
nemudppatop KI155M 14 (nBa memmndpatopa B Kopmyce) npeo6pa3yeT ABOHUHHIN
Kol B KOR «l H3 4», KISSHM 1 u K176M 11 B nox «1 u3 10», K155M[03 — B KOR
«1 H3 163, IlokoneBKa 3THX MHKpOCXeM NpHBedeHa Ha pHC 44 u 45.

Heundpatop na Mukpocxeme KI55MI1 npennasHaueR mas paGoTH ¢ jAeKaf-
HEIMH Ta30paspsANHBIMH HHAMKAaTOpaMH. Ero BHXOAH NOAKJ/IOYAIOT HemocpejACTBeH-
HO K KaTtojaM (uMelomiuM ¢(OpMy JecATHYHHIX LH(Dp) ras3opa3psaHOr0 HHIHMKATO-
Pa, aHOA KOTOPOTO uYepe3 PE3HCTOP NOJK/IOUEH K HCTOUHHKY INTHTaHHUS HampsKes
s#ineM 200—250 B. Brixoznne CurHanbl 3TOH MHKpocxeMH oTimyanotes ot TTJI
YPOBHefl H NMO3TOMY AJS MOAK/MIOYEHHS K Hell APYrHX MHKDOCXeM INIDHXOAHTCS IpH-
MEHATb JAOMNOJHHTENbHEE YCTPOACTBA COrJIacOBaHHS.
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Puc. 43. Cxema mudpartopa
1.-_. Y4 na osuaemenrax HJIH wu ero
ycaoBHoe rpacduueckoe 060o-
09723456789 3Ha4YeHHe

Mukpocxema KI155MJI4 cocronr s aByx AemudpaTopoB Ha 4 ¢ oGbeAnHeH-
HEMH aJipeCHHIMH BXOAZaMH (BHBOAHM 3 H 13) u pa3zefbHHIMH BXOJAMH CTPOGH-
poBanuss. CTpo6HDOBaHHeM HA3HIBAeTCs BHACNEHHE CHTHAJA B ONpeNeNeHHHA Mo-
MeHT BpeMeHH. B JanHOM ciysae—3TO NOsBNEHHE BHIXOJHOrO CHTHAJAa B MO-
MEHTH, KOrJa Ha BXOJaX CTPOGHPOBaHHS eCTb paspellaiomHe YpPOBHH. Eciu Ha

KIS5HAT
(K176H41) X7 &
7 aq
JC g
2
73)
6(73) 2 3
4 19
Z@‘ 4 5 A2 7
2 7
4(77) 8 7
8
4
L]
*
) X4 .
7
T |
Puc. 4. Jemudpa- 4
TOp HA MHKpOCXeMe
KISSMA1  (K176MJ1):
a — YClIOBHOE  rpa- A8
¢uvyeckoe  06Go3Haye- 7
HHe; 6 — NPHHLIHIIH- J)
anbHas cxemMa

ob6oux Bxoaax Al m A2 GymyT HH3KHe YDOBHH, TO Ha BHIXOJe BepXHEro IO cXeMe
nemugpaTopa, HOMep KOTOPOrO COOTBETCTBYeT SKBHBAJIEHTY BXOXHOro Kopa, GyzeT
TaKXe HH3KHMA ypoBeHb. J[Ins HHXKHero (Mo cxeMe) JemHdpaTopa HEOGXOJHMO
BHNonHenne ycioBui: A3=1 m A4=0. Ha puc. 45,8 nokaszaHo, Kak 3Ty MHKpO-
CXeMy MOXHO HCIONb30BaThb B KadeCTBe JemH(ppaTopa Ha BOCEMb BHLIXO/OB CO
BXOAOM CTPOGHPOBAHHSA.
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JHemmdpatop Ha MukpocxemMe KI155KMJI3 uMeeT ueThHpe BXoAa A NpHEMa 4H-
cen B Koje 8421 u 16 BeixomoB. [[Ba BXofa CTpPOOGHpOBaHMS (IJs Nepelayd CHT-
Hana Ha Al u A2 HeoGXOAHMO NOJAaTh HH3KHE YDPOBHH) MNO3BOJSIOT OGBHEAHHHTH
MHKDOCXeMH [JIs ToJdydeHHs JAewndpaTopoB Ha 32 BHxoga (puc. 46), 64 Bmxona
(moTpe6GyeTcst YeTHIpe MHKPOCXeMH) H T. A. [1].

1
“ ! 7] 2c 002 7 | 20 (007

21z 7 z 77
Xz z 7 7 7

3 7 3

s z Z 4
x4 8 ]
x5 2 a1 | | jf

2 15

X16

Puc. 46. JewmudpaTtop Ha 32 BbIXOAA

IlpeobpasoBaTeasn ABOHYHO-LE€CATHUYHOT.O KoJga B KOJ
CeMHCErMeHTHOro HHAHMKaTopa. Yucaa Ha tabiao u NyAbTaX HMHAHLH-
pyloTcsl, Kak IpaBHlO, B JeCATHYHOM Kofe. [IJIs 3TOr0 MOXHO HCNOJIB30BaTh Je-
mupparop Ha MukpocxeMe KI155MJI1 coBMecTHO ¢ ra3opaspsfHHIM HHIHKAaTODOM.
OnHako mnpHMeHeHHe TAaKHX HHAHKATODOB B DafHONIOGHTENbCKOH IPAKTHKE Hexe-
JIaTeIbHO H3-32  CPaBHHTEJIbHO  BBHICOKOTO  HAMpPsIKEeHHs HCTOYHHKA  IHTAHUS
(=200 B). Cefiuac WHpPOKOe pPAacCHpOCTPaHEHHe MOJYYHJIH TAK HA3HIBAEMBE CEMH-
CerMeHTHBIE CBETOAMOAHBIE H XKHAKOKDHCTA/VIHYECKHe HHAMKAaTODH, KOTOphie paGo-
TAlOT NPH TeX XK€ HANPSXKEHHAX, 4TO H MHKPOCXeMH. B HHX WHAHKAUMs ocyuie-
CTBJISIETCS] CeMbI0 3JeMeHTaMH, KaK MoKa3aHo Ha puc. 47. IlomaBas ympasisioinee
HanpsixKeHHe Ha OTAeJbHble 3JEeMEHTH HHIWKAaTOpa M BHI3HIBAsi €ro CBeueHHe (CBe-
TOAHOAHLEIE HHAHKATOPbI) HJH H3MEHs ero OKpacKy (XKHAKOKPHCTAa/UIHUECKHE HH-
NHKATOPHI), MOXKHO MOJYYHTh H300paxkeHHe AecsaTHuHux wudp 0, 1,.., 9. O Kou-
KpPEeTHBIX THINAX CEMHCErMEHTHHIX HHAHKAaTOPOB MH PacCKaxkeM JaJblie.

Ipeobpa3oBaHue ABOHUYHO-ZECSITHYHOTO KOJA B KON CEMHCEIMEHTHOTO MWHHKa-
TOpa NMoKa3aHo B Ta6a. 16.

IlokoneBka HEKOTOPHIX MHKPOCXeM — Npeo6pasoBatelielt kKoga 8421 B ceMH-
CerMeHTHHII MOKa3aHa Ha pHC. 47.
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Puc. 47. CruansoBaHHOe H300paxKeHHe UHPP B CEMHCErMEHTHbIX HHJAHKaTopax M mpeoGpaso-
BaTeJqH ABOHYHO-AECSTHYHOIO KOJA B CeMHCErMeHTHBI

Ha wmuxpocxemn: cepun K514 mnocTymaloT BxoAHHE cHrHaan yposedr TTJI.
Curgan T’ CJOyXuUT [JJIA ralleHHs WHAHKAaLWH (HanpsiKeHHeM HH3KOTO YDOBHA).
Ilpu HopMasbHOi paGore ypoBeHb curHama I'=1. [emmdbparop Ha MHKpOcxeue
K514 1 pa6oraeT €O CBEeTOZHOAHHIMH HHIMKATODAMH, HMEIOIIHMH pa3flesibHbie
anoxe, a Ha K5614MJ2—c paspeabHbiMu  Katogamu. Hemmdparop K514M12
NOAKJIOYaloT K HHAMKAaTOpaM uepe3 TOKOOTPaHHYMTENIbHHe pesucropn  (200—
500 OmM), a nepBHIl HMeeT TaKHe PE3HCTOPH B CBOEM KoOpIyce.

Ta6numa 16
JIBOHYHBIT 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

Muxpocxemur K176M12 u KI176M[03 sBasiorcss npeo6GpasoBaTensiMH Koja C
BXONHBIM PErHCTPOM NaMATH. 3anmucb HHGOPMAaLHH B NaMATb NPOHCXOAHT NO (HpoH-
TY TaKTOBOI'O CHTHaJla, NOAaBaeMOro Ha BXOX S (NpH 3TOM cHrHasa Ha Bxofe K=0).
Ecmu curnan K=1, memmndppartop Gioxkupyercs. BLIXOZHOH KOA 3THX AelHdparo-
poB — mpsamMoii npu M=0 u ob6patHuii npu M=1. [lemmdparops npeiHa3HauYeHH
VI paGoOTHl € XHIKOKPHCTAJJHYECKHMH M JIIOMHHECUEHTHHIMH HHAMKaTopamH. OHH
MoryT pa6GoTaThb H CO CBeTOAHOAHLIMH HHAMKATOpaMH IpDH HANpSXKEHHH HCTOYHHKA
nuranus 9—I12 B ¢ moHMXKeHHOH SADKOCTbIO CBeueHMs (M3-32 OTPaHHYEHHS TOKa
no 2—3 MA).

MyapTHnaexcop—ysel OCYUECTBIAOLHA npeoGpasoBaHke Mapallsiesb-
HBIX IHQPOBHIX KOXOB B INOCHefoBaTenbHble. Ero mnpuMeHsior A1s mNocjenoBaTellb-
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HOTO OMNpoCa 3aJaHHOTO YHCIA HH(OPMAIHOHHHX CHFHANOB H Iepefadd HX Ha
ORHH BHIXOA.

YcnoBrHoe 0603HaueHHe MYJbTHIVIEKCOPAa € UYETHpPbMs HHGOPMANHONHHMH BXOAa-
MH M ero NpHHIHNHaJbHasA CcXeMa MOKasaHW Ha pHc. 48. Ha Bmxoa Q Takoro

(70| MX

Puc. 48. Yc 6 M NPHHUMNHAJIbHAsA cXeMa MyJbTHIJEKCOpa C YeThiPbMS HH-
(GopMalHOHHBIMH BXOAAMH
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Puc. 49. VYcaosHbie rpapHueckue
06G03HaYeHHsT MYJbTHNJIEKCOPOB  Ce-
pufi K155 u K561

NN E NS RN Y
S

ycTpoiicTBa mepelaeTcsi JIOTHYECKHH YPOBEHb TOTO HH(bopManHOHHOrO Bxoxa Dj, HO-
Mep KOTOporo i B ABOMYHOM Koje 3ajaH Ha afpecHHX Bxogax Al, A2. Hs npun-
IHIOHAJIBHON CXeMH CJelyer, 4YTo

Q=DO0A1A2\/D1AIA2\/D2A1A2\/D3A1A2.
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Yucao wunGOpPMAIHOHHHIX BXOAOB MOXeT GHTb YBeJHYEHO, HO NIPH STOM MpH-
AeTCSl YBeJIMYHTh H PaspsAHOCTb aapeca.

B mHTErpaJLbHOM HCHOJNHEHHH BHIIYCKAIOTCA MYJbTHINIEKCOPH Ha JABa BXxoja
(deThIpe 3/eMeHTa B ORXHOM Kopnyce), Ha ueThHIpe BXORa (ZBa B OJHOM KoOpmyce),
Ha BOCeMb H IIeCTHaAuaTh BXOJOB. LIOKO/NeBKa HEKOTOPHIX H3 HHX IIOKa3aHa Ha
puc. 49. Bce oHH HMelOT BXOA pa3pemieHHs BHIGOPKH V (HampsiKeHHeM HH3KOro
ypoBHs). Mukpocxema K561JIC2 comepiKHT ueThHlpe 3/IeMeHTa, KaXJBIH H3 KOTO-
pHx peaausyer ¢yHkumio Q=D1-X7\/D2-X2. Ina npeBpalleHHs B AByXKaHaJb-
HBEIE KOMMYTaTOp ee MONOJHSIOT HHBEPTOPOM (CM. pHc. 49).

Mukpocxemnt K561KITI u K561KII2 mnpexcraBasioT co60fi MyJIbTHIIEKCOPHI-
JeMyJIbTUIIEKCOPH LHGPOBHX H aHAJOTOBHIX CHTHAJOB H MOTYT HCIOJb30BaThCA
HIH IJs TOCHe0BaTeJLHOIO ONpoca BceX BXOAHWX uenefi XO0..Xn H mepemaum
HX CHTHaJa Ha ofuH BHXOA X, HJIH A8 KOMMYTallHH OJHOrO BXOJHOTO cHrHajla X
Ha oamH u3 MHOrHXx BHXx0A0B XO ..Xn. KoHKpeTHhe NpHMepH HCIOJb30BaHHSA
STHX MHKPOCXeM MJs KOMMYTallHH aHAJOTOBHIX CHTHAJIOB PacCMOTpeHH B [24].

CYMMATOPbBI

CyMMarop nmpeiHasHaueH JJasi apHGMETHYECKOrO  CJOXKEHHS IByX
qnces. K3 NpHHLIHNA COXEHHS MHOropa3psAHBIX JBOHYUHEIX YHCEJI CJAeAyeT, YTO B
KaX/JO0M i-M paspsjile HaXOZHTCA CyMMa TpeXx YHCeJ NO MOAYJTIO ABa (cJaraeMHX
Ay, Bi u nepeHoca, nocTynuBUIero H3 MJajamero paspsxa Pi), H ¢opMupyercs
CHTHaJI NepeHoca B cTapmufi pas3pax Pisi.

Ta6auma 17

Bxon Boixon
Cuaaraemoe ITepenoc CymMma Ilepenoc
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

Hns npumepa npoarannsupyeM TaGJHuy HCTHHHOCTH OXHOPAspsfHOTO CyMMa-
Topa (Ta6a. 17) M 3amuuleM JOrHYecKHe BHIpaXKeHHs1 AJs BRIXOAHEIX BeJHUHH

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

Mo stum GyHKUHAM MOXHO NOCTPOHTb CyMMaTop Ha 3nemenrax U m HJIH
(puc. 50,a). CumBoiMueckoe u306paxkeHHe OHOPA3PAAHOTO CyMMaTOpa NPHBEXEHO
Ha puc. 50,6. [l ciOXKeHHST ABYX MHOrODaspsiiHHX JABOMUHHX UHCEJ HCIOAb3YIT
MHOropaspsiiible CyMMaToOpHl, NpeJCTaBJsIOmMHe cOGOH B NpocrefilieM BHJe NOC/Ie-
JoBaTeJIbHOe COoeHHeHHe OJHOPa3psIHEX CyMMaTopoB (pHc. 50,8).
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Puc. 50. CxemMbl CyMMATOPOB

B cepusix MHKPOCXeM eCTb OJHO-, ABYX- H UeThipeXpa3pslHble CyMMaTODH, KO-
TOpBle MOXHO OOBeNHHHTb [IJs TNONYYeHHs CYMMaTOpPOB C JOGOH pa3psiAHOCTHIO.
B cepuio K155 [27], mampumep, BXOAAT TpH cymMMaropa (pHC. 51): oaHOpaspsmubiil
(K155KM1), mByxpaspsagubiii (K155MIM2) u uerhipexpaspsanmii (K155MIM3). B
cepusax K176 u K561 uMeeTcsi OIMH UeTHpeXpaspAAHHIN CyMMaTop (IIOKOJeBKa Ha
puc. 51,6 o603HaueHa B cKOGKax).

KIS5HMT KI55HM2Z KISSHM3 (R5ETHMI)
0,
M 5 j 7| s P Z:g 7| sm s,_s_’(Ll
KX —87 $7—— =181
74 1 72 8¢(5) |, 6(17)
5 512 s2— 7047 'Z? 74 e
g i £ LA 3(3) [ 2(12)
i IPE] I % 4L
_| 4 F0 Pz
P 3
7(7) ] 75(13)
16(75) 0. P
7, — 7%(74
a) ) 3(9) | , )
8)

Puc. 51. OaHopaspsaubiit (a), AByxpaspsaaublii (6) H ueThipexpaspsiiHblii (B) cyMMaTopH
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ILHPPOBbLIE OXHONPOrPAMMHBIE ABTOMATHI

PaccMoTpeHHHE OCHOBHHE Y3Jh LH(QPOBO# TEXHHKH INO3BOJSIOT COGHpaTh
pasHble 110 CJIOXHOCTH H (YHKIHMOHAJbHOMY Ha3HAaueHHIO aBTOMAaTHYeCKH JelCTBYIO-
IlHe YCTPOHCTBA, HANPHMepP HIPOBHE aBTOMATH, MAaMIHHH JJS KOHTPOJS 3HaHHH,
yachl ¢ GYIHIBPHHKOM H KaJeHAapeM, IHGPOBHE WIKaJs HAaCTPOMKH pafHOBEllaTeNb-
HBIX NMpHeMHHKOB. IIpH KOHCTDYHDOBAaHHM ONHCHIBAEMHIX 37ieCb aBTOMAaTOB NpeANOY-
TeHHe OTJAaBaJOChb TAKHM TEXHHYECKHM peIIeHHsM, KOTOpHe MO3BOJSIOT MaKCHMallb-
HO YINPOCTHTb YCTpPoficTBa BBOJZAa M BBEIBOZa HHGpopMauuu. I[locse 3HaKoMcTBa ¢
pasfesioM «yCTPOHCTBa BBOAAa H BHBOJA LHGPOBOH HHOOpPMaUHH» BEH CMOXeTe
NPHMEHHTb NpHBEJEHHBIE TaM pelleHHs MJs YCOBEPIIEHCTBOBAHHS HEKOTOPHX aB-
tTomaroB. Hanpumep, HaGopHoe mosle «BeuHoro KkajleHzaps» MOXHO 3aMEHHTb
uHGPOBHIM GJOKOM BBOJA HHGOpPMAaLHH.

Bce ycrpofictBa cobupaloTcsi Ge3 KaKuHX-THGO PEryJHpOBOUHBLIX 3JEMEHTOB K
HauyuHalOT paboTaTh G6e3 HACTPOMKH, eCJH He OBIO JONYLUIEHO OWMIHGOK IPH MOH-
Taxe CXeM.

OTrajydk ABY3HAyHbIXx uYHced. MOXHO TOCTPOHTb 3MEKTPOHHYIO <«TajajKy»
YMeIyo OTraabBaTh ABYy3HauHHe uucaa or 10 mo 99. Ona paGoraer mo aJro-
PHUTMy, KOTODHIM 49aCTO MOJb3yIOTC Ha 3CTPafie NPH JEMOHCTPALHH YHCJIOBHIX
¢doKycos.

Hanpumep, BaM roBoOpsT: <«3aAyMaiiTe ABY3HauHOe YHCJIO (Ball BO3pacT), yM-
HOXbTe ero Ha 10, 3amymaiite eme ONHO, HO Telepb ONHO3HAYHOE YHCIO H YM-
HOXbTe ero Ha 9, M3 NMepBOro MPOHM3BeJeHHS BHIYTHTE BTOPOe H COOGCIIHTE De3yilb-
TaT.. Bel 3anymanu unciao «AB». Ecau 3agymano uueno AB, a cooGuenHas «do-
KyCHHKY» pasHocTb 10-AB—9-C=mnk, TO, Kak HeTpyZHO NpPOBepuTb, NpH (n-4
+k)<<10 B 3aramanHoM uncie A=m, B=n+k; npu (n+4k)=10 B saraganHoMm
yucie A=m+1, B=n+4k—10. YcrpoiictBo, paGoramuee MO 3TOMY aJrOPHTMY,
JAOJKHO COJepXkaThb KJaBHATypy AJs Habopa TpPeX3HAayHOro 4YHCJIA, NaMATh AJA
3aNIOMHAHAHHS BBEJEHHOr0 pesyJbTara, apHdMernueckoe ycrtpoiictBo (AJIY), BH-
NONHsIOmEee ONepallud CJAOXKEHHs, BHUHTAHHS H CPaBHEHHS ABYX YHCeJ M, HakoHel,
6n0x uHAMKanuH oTBeTa. CTPYKTYypHas CxeMa TaKoH 3JEKTPOHHOH MAalIMHE NOKa-
3aHa Ha puc. 52,a. PaccMOTPUM ee BO3MOMKHBIE BapHAHTHI.

Ilepsoii sapuanr. Haunem c Brei6opa yRoGHOro mysibTa. BeposiTHO, MHOIHM
3axoyercss HMeTb HaGopHOe mojie ¢ KaaBuumamu OT 0 mo 9, mMOZOGHOe MyJBTY MHK-
pokaabkyastopa. Torma, moouepenHo HaKMMasi Ha TPH BHIGpPaHHBIE KJABHLIH, MH

brox
Ay nsm 3y ANy uKGurayuu
ombema
a)
m
—JT/ 7 clcrr V74
”/7“
n _j]} j 4)
l c|erz|\p
— 124
5({
” Puc. 52. CTpykTyp-
X } Hble CXeMbl OTrajpuM-
Ka  JABY3HAYHBIX YH-
—— cea
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BBefeM B MammHy uHcio mnk, HakaTas kaaBHIIa JOMXKHA BHPabaTHBAaTh KOA
coorBercTBylomefl nHGpH. Ecan 310 ABOMUHHA KOX, TO ero JErKO 3aNOMHETb B
YeTbipexpaspANHEIX perHcTpax (Mo ojHoMy Ha Kaxayio nudpy), a 3aTeM moxaTh
Ha [BOMYHHI YeTHIpeXpa3pAfHH CyMMaTop M YcTpoficTBO cpaBHenHs. Hyxum GOy-
AyT eme 3JeMeHTH YympasieHus AJIY (NpeAnHCHBAOIMHe NOPANOK BHINOJHEHHS
BCeX OMepauuii CJOKeHHf, BHUHTAHHA M CPaBHEHHs), KOMMYTaTopH HH(MOpManuu
Ha Bxojax AJIY, memudpaTopn moiyyeHHoro pesyibrata. JJs peanHsanHH 3TOrO
ycrpoiictBa norpebyerca 17 mukpocxeM. B [31] onmucan orramuMK nBY3HauHBIX 4H-
ces, paGoTaiomuii 1Mo 6ojsee NPOCTOMY aJroputMy (OT COOGIIEHHOro pe3yJabTaTa
BHIUHC/ICHHA AJIS TOJyYeHHA OTBeTa HYXKHO Bcerna oTHuMarth 18). Jlas moctpoennms
3TOro OTrafuyHKa Ha MHKPOCXeMax MaJiof CTeleHH HHTerpanud (aqeMeHTH H —
HE) notpe6oBasiock okoio 50 MukpocxeM.

Bropod eapuant, Tlompo6yeM ympOCTHTb aBTOMAT, YMEHBIUHM YHCJIO HHpopMa-
OHOHHBIX KJaBHII R0 Tpex. OfHa KiaaBHImIA (KHOMKA) NpeXHasHauYeHa MJIA 3allHCH
gucaa coteH (m), Apyras — gecatkos (n) H Tperbs — eaunun (k). IIpasna,
BBOJL YHCJA TIPH STOM HECKOJBKO YCJIOXKHAETCA, TaK KaK Ha KaXKAYI0 KHOMKY HYX-
Ho Gyler HaXaTb He OJMH, a m, n mwiH k pas.

OGpaTHMCs ellle pa3 K ajJirOPUTMYy H YTOYHHM: OTJeJbHO YHCJA AECATKOB N H
enunHl k HHrje He HCIOMB3YIOTCS, BesZe HeoGXOZHMAa TONBKO MX cymMma. ITosromy
HaM HYXHO OJIHO YCTPOACTBO, MOACYHTHBAIOLIEE YHCIO HaXKaTHil HAa KHONKH
n u k, M Apyroe — cunTraiollee YHCJAO HaxXaTHA HA KHOMKY m. (PyHKUHOHAJbHAs
cXeMa TaKOro aBTOMaTa mNpHBeAeHa Ha pHc. 52,6. [lokasaHHHe Ha Helt CUETUHKH
cyHTaloT Mo MoAymo 10, mostomy cuerynk CT2 BhmosHAeT TpH (GYHKIHH: HOACYH-
TeBaeT cymMMy (n+k), xorma (n-+k)>=10, nposomur onepamuio (n4k)—10 u
XpaHHT pe3yAbTaT BHuHCAeHHil. IIpH KaXJIOM mepenoJiHeHWH CueTYHKAa HAa BHXOJE
P Bo3HHMKaeT KOPOTKHI HMNyJbC NepeHoca, mocTymaiomuit yepes anement WJIM na
Bxon cuerynka CTl. Takum o6pasoM, cweryuk CT1 cuuTaer 9HCIO HMOYALCOB m
H uMnyabcos nepemonHenus CT2, a CT2 cuuraer uncio (mo Moayaio 10) ummyis-
coB n u k.
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Puc. 53. IpuHUHNHAJNbHAA CXEMa OTrajuHKa ABY3HAUYHBHIX YHCeXA
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dnexTpoHHHA oTrafguMk (puc. 53), coGpaHHHA Ha MHKpocxemax cepunm K155,
KOHeuHO, cJoxkHee. Kpome Tpex HHGOODMALMOHHHX KHONOK, 3IeCh BBENEHH elle
nBe: «C6poc» — JJs YCTAaHOBKH CYETYHKOB B HCXOZHOe (HyJeBOe) COCTOSHHE W
«OTBeT» — BK/IOYAlONIAs HHAHKAIMIO TOJNbKO IIOCHEe IIOJHOrO BBOXA HHMOpMamuu.
K nndopmanyonHbM KHONKaM m, n, k npHmuioch f06aBHTb (HOPMHPOBAaTeNH ONHHOY-
HHX HMIyJabcoB Ha RS-tpurrepax (DD1) pna uckmoueHnss fApeGesra KOHTAaKTOB
kHonoK. K necaruunomy cuerunky DD4, He HMelolleMy BHIX0OJa CHrHaja IepeHOCa,
no6aBieH (opMHpOBaTelb KODOTKOrO HMINyJbca NepenojHeHns. I, Hakonen, B
670Ke HMHIMKALIMH COBMECTHO CO CBETORHONLAMH HCIOJb30BAaHH Mpeo6pasoBaTeay
JIBOMYHO-ZecsATHYHOrOo Kojxa DD5, DD6 B KOA CeMHCerMeHTHHX HHAHKATOPOB.

O6mee 9HCIO MHKDPOCXeM MOXHO YMEHbHIHTh JO YeTHPEX, eClIH YCTPOHCTBO
co6paTth Ha Mukpocxemax cepun K176. B asrom ciyuae cuerunkn DD3, DD4 n pe-
mudpatoput DD5, DD6 HyxkHO 3aMeHHTb HeCATHUHLIMH CYETYHKaMH C mHpeo6paso-
BarelieM HHOpMalHH B CeMHCerMeHTHH KoA tuna K176UE4.

HUrpa cBames. DieKTPOHHH OTrafuuk AeACTByeT NO OZHOMY, Pas H HaBceraa
32JIaHHOMY aJFOPDHTMY. 3HAUHTeNbHO HHTepeCHee aBTOMAaT, OOYdYaloWHACH B Mpo-
Iecce HIPH, T. €. MEHSIONHA B 3aBHCHMOCTH OT Pe3yJbTaTOB HIPH aJrOPHTM CBOe-
ro nopefeHns. OZHHM H3 NPOCTEAIIHX YCTPOACTB TAKOTO THNA SBJSAETCA aBTOMAT
ans urpu «Bames. Cytb 3Toff HrpH cocToHT B ciaeiylomem [22]. Hs naGopa, co-
JepxKamiero omnpejeJeHHoe YHcaO mnpeameroB (y Hac 16), AaBoe wurpamomux moode-
penno GepyT 1O OJHOMY HJIH HECKOJbKO NpeAMeToB (y Hac He Goaee Tpex). Bmmr-
pHIBaeT TOT, KTO B CBOf OuepeNHOH XOX 3a6upaeT NOCHeXHHA mpeamer. A HIpH
«Bame» H3BeCTHH JOCTATOYHO IIPOCTHE BHIATPHBAIONINE AJITOPHTMH. B JaHHOM
cllyqae BHIHTPLIBAIOIMIMIA aJrOPHTM TaKOB: INpPeXOCTaBb NEePBBIA XOJ NPOTHBHHKY; B
KaXJIOM XOJe JONOJIHAA YHCJIO B3ATHX NPOTHBHHKOM IIPEIMETOB JO YeTHIpex.

B cooTBeTcTBHHM C IOCTaBJIEHHOH 3ajaveli aBToMaT (pHC. 54) cHauaja mnpak-
THYECKH BCerja IPOHTPHBAET UeJOBEKY. DTa CHTyalMsi MOXKeT NpofoJikartbcs Gec-
KOHEYHO, MOKa He BKMoyaloT TyMmb6iaep SAl «Pasym». Torma aBToMaT HauMHaeTr
MeHATb CTPAaTerHI0 HIpH IOCHe KaXAOro MNPOWIPHLIA H 3a TPH pasa HAXOLHT
BBIMTPHIBAIOMKi aaroputM. IIponcxomur 3To caemyomuM o6pasoM. TymGaep SAl
«Pasym» paspemaer pa6orath cueTynky mnpourpumelt CTn. Haxumalor KHONKY
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Puc. 54. ®PyHKIHOHAJbHAA cXeMa aBTOMaTa AJs urpbol «Bames»
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SB1 «Xona uesoBeKa» CTOJbKO a3, CKOJBKO IIPEIMETOB HaAyMmaJs B3ATb HIDAIOUIHI
(or omsoro mo Tpex). JIBOMUHHI KOJX, COOTBETCTBYIOUIH{ 3TOMYy UHCIY, [OSBJSET-
¢ Ha Bhxofax cymmupyiomero cueryuka CTy H cyerunka xozos uemoseka CT..
dtor Kox ompexpensier HoMep Bxoxa (1, 2 wau 3) MyJbTHIJIEKCODA, CHIHAN C KO-
Toporo 6yger NepenaH uepe3 MysabrHmiIekcop MX u snement MJIM na BXxonx cuer-
unka CTg. Ilpn kaxpoM Haxartnu Ha KHomky SB2 «Xon asromara» cpabaThiBaeT
resepatop TaktoB I'T M Ha ero BHXOJax NOSBHTCA OAMH (BhiXOX 1), ;ABa (BHIXOX
2) u TpH (BHXOA 3) mMmnyabca. A Tak Kak BHxoA 1 I'T noakmouen x Bxoaam 1
2 1 3 MX, TO He3aBHCHMO OT UYHCJa IIPEAMETOB, B3SITHIX UYEJOBEKOM, FeHepaTop AO-
6aBUT K HHM OAMH npeaMer (oxuH wummyabc). ITo okonuanunm nukma I'T c6po-
cur CT¢ B ucxomHoe HyJeBoe cocrositHe (1m0 Bxoay R). Biok wmuaukauun noka-
sbiBaeT (C HapacTaiollMM HTOrOM) UYHCJIO B3ATHX IpeameroB. Mrpa mnpomomkaercs,
H Ha KaX/Iblii XOJ YeJoBeKa aBrToMar HoGaBJseT IO OJHOMY HMIyJecy. B Takoit
CHTYyaUHH YeJOBEK JErKO BHHIpHBaer H cueTynk npourphimeit CTy ¢ukcupyer mnep-
Boe mopaxende. Ilpm >ToM H3MeHHTCs ajZpec H HOMep HHGOPMAIHOHHOTO BX0ja,
KOTOpHIAi GyHeT NOAKMIOYaThCS K BHIXORY. DTo OyldyT BXOAH 5, 6 mm 7 (B 3a-
BHCHMOCTH OT uHcia Haxartuit SB1). Knonkoit SB3 «C6poc» cOpachiBaloT moka-
sanns cuerunka CTy ¥ HaunHator wurpy samoso. HerpyaHo mpocnenuts, uTO Te-
nepb Ha J0Goi XOA uesoBeKa aBroMaTr OyAeT n0GaBAsATL MO [Ba, a Iocjae BTO-
pOro MpOHMrpHILIa — 10 TPH HMIyJabca. TOJNBKO MOCAe TPeX MPOMIPHIIIEll aBTOMAT
BHIIIET Ha BEPHYI0 CTpaTerHio. Bce BO3MOXHBIE CHTYauHH IIDH 3TOH Hrpe OTpaxe-
Hel B Tabu. 18.

Ta6nauma 18

Yucao Yucsao npeameron,| Homep Bxoma MX (me-| Uncno mpeameros,| CyMMa uncen
NPOMIphiileil | B3ATBIX YeJIOBEKOM| CATHUHBIN-ABOHYHBLT) | B3ATHIX aBTOMATOM 3a ONHH XOJ,

0 1 1—0001 1 2

0 2 2—0010 1 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

[NpuHuMNHadbHAS CXeMa TAKOrO HIPOBOrO aBToMaTa Hso0paxkeHa Ha pHC. 55.
HByxpaspsanueit cuetynk CTq BhmosHeH Ha rtpurrepax DD4.1 u DD4.2, Ttakoii
xe cuetumk CT;—mna Tpurrepax DD5.1 u DD5.2. Mynbrumrekcop Ha 16 BX0j0B:
DD6 B craHpaprHOM BKJIIOYeHHH. B paByxnekagHoM cymmupyiomeMm cuetunke CT
paGorator Tpurrep DD8.1 u DD9. [ekama «emuuuu» cob6pana Ha Tpurrepe DD8.1
(paspsizn 1) u cuetunke Ha <«5» DD9 (paspsmmt 2, 4 m 8). OrmenbHBIA TpUITED,
Bxofswuil B cuetuuk DD9 (Bxox CIl, Beixox 1), SIBISETCS CUETUHKOM <«AECATKOBY.
Tak Kak MaKcHMasJbHOE YHCIO IpeIMeToB 16, TO OLHOrO TPUITepa AJsS Cuera <«fe--
CATKOB» BIIOJIHE JOCTaTOYHO.
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Puc. 55. IIpHHIMNHAJbLHAA CXeMa aBTOMaTa Aas urpm <bame»

B Gaok wuuaukauuu BXxomsr JAemudpatrop DDI10, umumukatops HL1—HL4,
asnemenT DD3.4 u auHaMuueckasi -rosoBka BA1. BJIOK BBIMIpHINA COCTOMT H3 TDHI~
repa DD8.2 u smemenra DD2.4. I'enepatop takros I'T o6pasyer ycrpoiictBo 3a-
nycka (DD1.2, DD2.1, DD2.3), myabtuBuGpatop (DD3.1, DD3.2, DD3.3) u cuer-
uHK-pacnpefenutens (DD7).

Asromar pa6oraeT ciaeAyiomMM o6pasom. Cuayana kHomkoi SB4 («C6poc»)
YCTaHAaB/IHBAIOT B HyJIeBOe COCTOSIHHe cyMMmupyroomui cueryuk (DD8.1, DD9) u
tpurrep DD8.2, ¢ukcupyromuii BbIHrpHII uesoBeka. Tpurrep DDI1.1 ycrpanser
Ipe6esr KOHTAKTOB KHONKH SBl m 3ampemaer ¢opMHpOBaHHe CUETHHIX HMITYJIbCOB.
«Xon yejoBeKa» NOCHe IOACYeTa INECTHAALATH HMIYJabCoB. s 3TOro Ha BXOA
D-tpurrepa DD1.1 mogxaercst curHax oT yaaa cosmaieHHs VD1—VD3, ¢uxcupylo-
wero mecrHaauaroe cocrosiiHe cuerynka CTy. Tlocre Xoza uesoBeka Ha Bhixone
aneMeHTa DD2.1 mosiBiasieTcsi BHICOKHH YpPOBeHb, paspellaiomuii cpabGaThIBaHHe TpHUT-
repa DD1.2 no curaany or kHonku SB3 «Xon asroMartas. Hu3KHi ypOBeHb ¢ BH-
xXona tpurrepa DDI1.2 paspemaer pabGory cueruHka-pacmpenenuteass DD7 no HM-
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nyascaM ot MyabTHBHGpatopa, DD3.1, DD3.2, DD3.3. Ha Brxone 1 cuerunka DD7
NOABJIAETCA TPH HMMIYJbca, Ha BHXOAe 2 —JBa H Ha BbIXOAe 6-— OZMH HMIYJbC.
IMocne 3Toro cHrHajJoM C BHXOAa 3jaeMeHTa DD2.3 c6GpachBaloTCs B HCXOAHOE
cocrosinne Tpurrep DD1.2, cuerunk-pacnpeienutess DD7 H CueTYHK XOHOB YeJso-

Beka DD4.
BpeMennas auarpaMma paGOTH TeHepatopa TaKTOB NpHBefeHa Ha pHC, 56,
Cymmupyiomuit cuetynk CTy MOACUHTHIBaET YHCIO HMIYJIBCOB, NOCTYNHBINMX uepe3
anement WUJIX (DD2.2) or kHonk# SBl H MyJabTHIUIEK-

NN e copa DDE.
i ; Ipn nosBnenuu 16-ro HMIOyJbca Ha BHXOZE Y3nia

i
-I—;—H—l—.,_'ﬁ’”7 ) coBnaftendss VD1—VD3 mnosBHTCA BHICOKHH ypOBeHb, IO-
M1 || 7(227) CTynamomuii fAajee Ha Bxogs D TpurrepoB DD8.2 =

I
i

‘[—l H H- 20207) DDI1.1. Eciin 3TOT HMIOYJbC MOSIBHJICA BO BpeMs XOHa de-
: ' JIOBeKa, To mnpH BosBpare KHonkH SB1 B monoxenuwe S
__ﬂ!_JlL #227) ppurrep DDI.1, a 3a vuM 1 DD8.2 mepermouaioTcsi B efin-
L 6(2p7) HHYHoe cocrosiHHe. Ilpousofiner ¢HKCauus BHIMTPHIIA Ye-
»——-—“— #(z77.2)  noseka — 3aropurcsa ceerognod HLI1. Ecan 310 nmpousomnro
NpH BKJIIOYeHHOM «pasyme» (SAl), To cpaGoTaeT cueTURK
Puc. 56. Bpemennds au- NopaxeHHH DD5 H H3MeHHTCS aJpec Ha BXOJe MYJIbTH-
‘;';gﬁrg’f_e“eg:f:;;‘ T3%" mpekcopa DD6. OpHOBpeMeHHO Ha BHIXOJE yaja COBIa-
deunfi (SA22 wu DD3.4) mnosBHTCA 3BYKOBOH CHrHal,

CBUJETEJbCTBYIOUIHA O TOM, YTO aBTOMaT «MOHAJ OWIHGKY H TePeyYHTHIBAETCH».
Ecan wectnapuatoe cocrosnue cuetunka CTy HacTynmwio Bo BpeMs xoAa as-
TOMara, TO TeM Ke HMMMNYJbCOM Ha BHIXOJe XHOJHOTO y3/la COBNaJeHHs 3aNpeTHT-
Cfi TepekJIOYeHHe B HyJieBoe cocTosiHHe TpHrrepa DDI1.1. 3aropuTcs cBeTOAHOR

HL2, dukcupyomHufi BLIHIPHILI aBTOMATA.

ABTOMaT, MopeaHMpyOUui (GOpMEPOBaHHe ycloBHoro pedaexca. HasectHo, wro
¢ opMHpOBaHHe YCJIOBHOIO pedJleKca 3aKJoyaeTcss B BEIPaGOTKe Y KHBOTHOTO OI-
pellesieHHOH peakuuH Ha Oe3pasiHuHEI AJAs Hero pasfpaxuteab. Hampumep, ecuan
HeNnocpeACTBEHHO NlepeX mNojavyedi mnHImH (Ge3yCJOBHEII pa3ApaXkKHTeNb) BKJIIOYHTD
3BYKOBOH CHrHaJ (YCJIOBHHIH Da3/lpaXKHTeNb) H MOBTOPHTb 3TO COYeTaHHe pasjpa-
XKHTeJefi HeCKONBKO pa3, TO 4Yepe3 HEKOTOpOe BpeMsi OGydaeMbiii 0GBEKT HauyHHaeT
pearHpoBaTh Ha 3BYK, Kak Ha NosiBleHHe NHmH (yclIoBHHIT pediexc). Peduekc
TIOCTeNEHHO YracaeT, €CJH €ro NepHOAHYeCKH He MOAKPEMJIATh COBMECTHHIM BO3Zeii-

CTBHEM JBYX pasjpaxureneil.
ABTOMAaT MOXHO BHINOJHHTb B BHAE MaKera JOGOro XXHBOTHOTO, HalpHMep

KpDOJIHKA, KOTOPHI:

pearupyer Ha G6e3yCJOBHEII DasfpaKHTeNb <«IHIIa» CBeyeHHeM IJa3 (3axura-
IOTCS CBETOLHOAL NPH MOJHECEHHH K MOpJAE «KPOJHKa® MarHHTa-MOPKOBKH);

He pearnpyeT Ha YCJIOBHHI pas3ipakuTellb «CBETY;

yepe3 KOHEUHOE YHCJO CJIeAYIOUIHX ADYr 3a JAPYIOM <«CBETOBHIX® H <ITHILIEBBIX»
pasnpaxuTtesneii (¢ HHTepBajoM He GoJjee 3 C) HauHHaer p&aarﬂponan Ha CBeT TaK
Xe, KaK H Ha NHILy (3aXHraloTcsi CBETOLHOIHI);

yepe3 HekoTopoe BpeMsi (A1 MHH) 3a6niBaeT BHpaGoTaHHHIA pediekc;

NpH NOBTOPHHIX ()OPMHPOBAHHUAX YCIOBHOrO pediiekca OH BhpaGaTHBaeT €ro
3a MeHbillee YHCJIO OXHOBPEeMEHHHIX AEHCTBHI pasipakuTeef;

Ha mnocJefHeM »srane BhHpabGaThiBaeT CTOAKHMA pedJiekC Ha YCJIOBHHIA pa3ipa-
XKHTEJb.
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PHc. 57. ABTomMart, hopmMHpYyIOmHH yCIOBHBbIH pediekc:
a ; ynpouleHHass (GYHKUMOHaJbHasi cxeMa; 6 — CTPYKTypHasi cxeMa; 8 — BpeMeHHast AuMarpamma
pa6oThl

QyHKUHOHANbHAS H CTPYKTYpPHasi CXEeMH, a TaKXe BpeMeHHas JAHarpaMma pa-
6GOTH TaKoro aBTOMara, NpHBeJAEHH Ha puc. 57. Ycrpo#icrBo (puc. 57,6) BrJIOua-
er B ce6s: aBa (opmupoBatens uMmnyabcoB F1 u F2, Bunomnsmomux ¢yHKUHH OTle-
paTHBHOA M  JOJrOBpPeMeHHOH maMsATH; Tpurrep-popmupoBatesp T, ycrpaHsio-
mufi ape6e3r KOHTAaKTOB TepKOHOBOro pmaTyHka «[luma» H GOPMHpYIOmHHA CHTHAT
COBMaJeHHs: BO BpeMeHH ABYX pasapaxurteneli, cuetynk CT umcia cosmajeHnui,
myabtHmiekcop MX, Joruveckne asementot M u WJIM. dnementa CT, MX u F2
BMecTe 06pasyioT pabouyio naMsTb.

Ilpr nonHeceHHH MarHuTa K IepKOHOBOMY HAaTYHKY €ro KOHTAaKThl 3aMKHYTCSl, H
cargasn yepe3 sjiemeHT HMJIM mocTymHT Ha CBeTOAMOJH — 3aropfATCs <IVIa3a Kpo-
JHKa» (peakuHs Ha G6e3yCJOBHBI pasfpaxuTenp). g Takoil Ke peakuuH Ha Yyc-
JIOBHHI pa3lipakuTesjb (cBeT) HeOGXOXHMO, YTOGH Ha BuXoZe ¢opmupoBartens F2
GBI CHIHAJ BHICOKOrO YpOBHA. 3amycK (oOpMHpOBaTe]lss MHHYTHOrO ummyJasca F2
ocymlecTiasieTcs cHrHajgoM ¢ Bexoga MX. IlepBonauanpno cuerunk CT Haxomures
B HYJIeBOM COCTOSIHHH H, CJIeIOBaTeIbHO, Ha Bhixome 1 MX kak u Ha Buxoxe 8 CT
HH3KHHl YPOBEeHb, a Ha BTOPOM BHIXOfe MX — BHICOKHII ypOBeHb. DTOT CHTHAJ IO-
cTynaer Ha BXOX TpHrrepa-popmupoatens. Korna Ha Bxox C Tpurrepa mpu R=1
noctynuT gapeGe3r pgatuMka <«IIWma», TPHITep MepeKJIOYHTCS B €XHHHYHOE COCTOsI~
HHe, a IO OKOHYAHHH TPEXCEeKYHIHOro HMmysabca «CBeT» BepHeTcs B HYJIEBOE COC-
TtosiHue (puc. 57,8). HMImnyasch ¢ BeHxoma Tpurrepa moAcuuthiBaer cuetunk CT.
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BocbMOl HMIyJbC NPOXOAHT uepe3 MyJbrTHmIekcop MX m 3amyckaer ¢opMHpOBa-
tenp F2. OfHOBpeMeHHO C 3THM H3MeHuTcst aipec Bxoxa MX (c 0 ma 1) u Temeps
¢dopmuposatess F2 GyaeT KBaXAB 3aMyCKaThCA KaXKIHIM UETBEPTHM HMITYJIbCOM,
3aTeM ONATb cMeHHTCs azpec (¢ 1 Ha 2) H Ha BHIXOX YeTHpe pas3a NMpPOHAET Kax-
IHft BTOpoit mMmyssc. [Tocine srtoro cuerynk CT nepefiner B 1OCJHefHEE COCTOsIHHe,
H Ha BBIXOA MYJbTHIJIEKCOpa OYyAYyT IpOXOAMTb BCe HMIyJbCH JAaTuHka «CBers.
Cuerynk CT H3MeHHTb CBOe COCTOsiHMe OGOJble He CMOXKET, TaK Kak Ha Bxod D
TPUrrepa NMOCTYNHT HH3KHH yPOBEHb.

OueBHAHO, TOCJe 3amycka (GopmupOBaTe]s HMIyJbcoB F2 ycnosHHIN pedaekc
Gyner BhIpaGOTaH M CBETOAHOXH HAYHYT 3aXKMraThCsl MOJ JAEHCTBHEM pasfpaxHTe-
as «Ceer» B TeueHHe T==1 MuH. Bropoil u TpeTHit HMNyJeCH paGoueit mamara F2
6ynyr chOpPMHpOBaHH GHICTpee — mocsie  YeTHIpeX COBMAJEHHH  pas[paKHTesel
«Cser» u «[lnma», a YeTBepTHIi — CefbMOH NOC/Te ABYX COBNafeHHH. 3aTeM YCJIOB-
HBli pedJiekc TpeBpalliaeTcs B Ge3yCJIOBHBHI — aBTOMAaT 3allOMHHAET €ro HaBcerja.

lMpuHuunUaJbHAs cXeMa aBToMaTa NokasaHa Ha puc. 58. B KauecTBe cBeTO-
YyBCTBHTENBHOTO JAaTyHKa HcHozb3yercss Qoropesucrop CH2—2 (R1). JKaymmi
myabtuBu6patop DDI1.1, BblpaGaTHIBAIOIHA HMIYJBC AJHTENLHOCTBIO OKOJIO 3 C,
BHIOJIHsIeT (YHKUHIO 3JeMeHTa omepaTuBHoil mnamsaTtH. Tpurrep DD2.1 ycrpansier
HApe6esr KOHTaKTOB repkoHa SB2 u BhipabGarsiBaeT UMIyJbc coBnajenus «Cser» M
«[Muma» nmo Bxogam R u C. Ha tpurrepe DD2.2 u mukpocxeme DD3 co6Gpan ns-
THPa3pSAAHbIH [ABOMYHBIH CUETYMK HMIYJAbCOB CcOBNMajfeHHs. YeTBepTHi H NATHA
paspsiibl 3TOMO CYETYHKA YNpPABJAIOT afpecHHIMH BXOJaMH MyJbTHIVIEKcopa DD4.
Tostomy agmpeca ero Bxomos (0, 1, 2, 3) MensoTca mnocae mocTymjenuss 8, 16 u
24-ro mmmysabca coBnafeHus. Ilpp atom Ha BXxox ¢opmuposarens DDI1.2 Gyayr
npoxoxuth 8-# ummysasc (¢ Bxoaa 0), 12-if u 16-i (c Bxoma 1), 18, 20, 22 n 24-i
(co Bxoma 2), 25, 26, 27 ... u T. A. (co Bxoma 3). Ilocie mepek/IOUeHHs CueTYHKA
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l;uc. 58. MpHHLUMNMalbHas CXeMa aBTOMaTa, MOJEJIHMPYIOmeEro (OPMHPOBAHHE YCJIOBHOrO pe-
nexca
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B cocrosinne (11000),=(24);0 MYJBTHINIEKCOD IEpeKJIOYaeTcs B IIOCHeJHEE COC-
TOSHHE M Ha €ro BHIXOJe MOSBJSETCs CHFHAJI HH3KOrO YpOBHf, GJOKHDYIOIHE pa-
6oty ¢opmupoBaTeJs HMIyJbcoB coBmajedns DD2.1 mo Bxoay D. B pesysaerare
cueryuk DD3 yike He MeHSieT CBOEro COCTOSIHHS, M YCJOBHH pedJiekc IpeBpaTHi-
csi B Ge3yCJIOBHBIN (3aKpemuJics HaBCersa).

BeuHnlit kajenaapb, C IOMOINbIO 3TOr0 yCTPOACTBAa MOXKHO IO JaTe OMpefeaHTb
nenp Hemean or 1500 mo 2300 romoB. Ilasi cocraBjeHHs alropuTMa paGoOTH aBTO-
Mara BocmoJb3yeMcst Tabu. 19. M3 Ta6Gaumel BHAHO, 9TO IHH HENENH NOBTODPSAIOTCH
IJsi ONpeleJNEHHHIX CTOJIETHH, TOJOB, MecsleB H Heledb. IIpH MO/Mb30BaHHH TaKUM

Ta6auma 19
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o0\ o7 |0z|os 04 | 05
06 | 97 08|90 77
12757475 76
171787 20|27 | 22
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ARG 36 |s7]se ]9 §
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KajeHfapeM Heo6XOZMMO HAXONHTh B €ro CTPOKax H CTOAGLAX pasHHe UYHCNAA, CO-
HOCTaBAATh HX H CKJIaAbBaTh, T. €. INOCJAEXOBATEJbHO BHIOJMHATL ONpeAe/eHHHe
apadMeTHUIECKHE H JIOTHUECKHe [efCTBHS.

O603HaunM CTPOKH H CTOJAGHH TaGNHOH CJIeRylOmHM o6pasom: A — HOMep
cronbna roaos BHYTpH Kaxporo cronetHs (A==1..7); B-—mHoMep CTpOK Mecs-
nes (B=0..6); C—mnomep crpok croserufi (C=0..6); D —mnomep cTpok AHeh
Mmecaua (D==0...6).

Ipu TakHx OGO3HAUeHHAX H 3aJlaHHHX 3HAUEHHSIX apIyMEHTOB airoOpHTM Of-
pefieNieHUs IHs HeflellH CBOAHTCA K CJeAyloleMy

84 (A+1 B—C
8-+ A+ + B0}

(%\i-[- D)—-N
CrpefikH 3fech O3HAYalOT aHAJH3 pe3yJbTaTa H JIOTHYeCKOe NpeoGpasoBaHHe
CyMMH B KBaZpaTHHX CKOGKax B WACIO M, a CyMMH B KDYrIHX CKOGKax — B
gucao N.
Chavasna aHajgusHpyercss cymMmMa 2’ B KBaJpaTHHX CKOOKax, IIDH STOM:

ecid 2'=0+4m, rae m=2..8, To M=m—1;
ecan 3'=8+n, rae n=1...7, To M=n.

Hakonen, ecan 2’'=164-k, rge k=0, To M=k-1.
3areM aHanusupyercs cymma (M4-D)=3":

ecd 27=0-41, rge 1=1...7, To N=1,
a ecqd X7 =81, roe {=0...6, To N={41.

IpaBHABLHOCTL aJATOPHTMAa MOXKHO NPOBEPHTb, BHIIOJHHB COOTBETCTBYIOLIHE NOX-
CTaHOBKH H mpeoGpasoBanus. Uto6u no Ttaba. 19 onpenseauTh fAeHb HexesnH Jo6oi
KaJIeHapHOA HATH, CJeAyeT: OTHICKATb CPeRH CTOJeTHH CTPOKy, COmepxKalylo HABe
nepBhie HHGPH HYXKHOTO TOfa, a B BepxHefi yacTH TabJHUH — cTON6el CO BTOPHIMH
IByMsi uHppaMH roxa; HaAtTH GYKBY Ha IlepecedeHHH CTPOKH H croabua; B TabuHue
C NpaBOfi CTOPOHH HAaHTH HYXKHHA Mecsill H B 3TOfl CTPOKE OTHICKATb HeOGXOAHMYIO
GyKBYy; CMOTpPeTb OT 3TOA GYKBbH BEepPTHKAJbHO BHH3 — PACNOJIOXKEHHHA NOA Helo
CTOJNGHK JHe# HemeJNH Ha MepeceyeHHH CO CTPOKOA, B KOTOPOfi HaXONMTCA 8ajaH-
HOe YHCJIO MeCsila, AacT CBeJeHHs O HYXHOM JHe HeJeJH.

dynkuHoOHaJbHAsA cxeMa <«Beynoro kamenmapsi» mnmokasana Ha puc. 59. B yc-
TpoiicTBe dYeThlpe HAaGOpHHIX MoOJs JAJs HaGopa AaTH. CHrHagm ¢ Kaxporo HaGop-
HOTO IOJSi TMOCTYNAalOT Ha KORHPOBIIMKH-IIHdpaTopH uncea A, B, D u ¢opmupona-

TeJIb JONOJHHTEJbHOTO KOZa (Tf+l) gucna C. CrepyeT OTMETHTb, 4TO, KpOMe KO-
OUpOBINHKA A, HMeercsi Takke (ODMHPOBaTeNb KOLOB BHCOKOCHOTO H HEBHCOKOC-
HOTO TOROB, TaK Kak B TaG/HIe CTPOKH, COOTBETCTBYIOIIHe SIHBapio H ¢eBpaJio
BHCOKOCHOTO H HEBHCOKOCHOTO TOJOB, Da3iHYHH. BHCOKOCHHe TOAH KpaTHH 4 H
BHleNIEHH B cronbuax rabmunun. Cymmarop Z; ompenensier pasHecTb uucen (A4
+8) u C, a cymmarop I, cyMMy 3TOii PasHOCTH H 4UHCJIA % Jlornyeckoe ycrpefcT-
Bo JI1 aHamu3HpyeT pesyJabTaT CYMMHDOBaHHSl UHCeJ B KBaJpaTHEHIX CKOGKax YKa-
3aHHOf Buimre ¢opMmysn. OHO paboTaeT TakHM 06pa3oM, YTO NepBOHAYaJbHO (X0
aHaqH3a) Ha CyMMaTop 3; NMORAETCS C JIOTHYECKOTO YCTPOACTBA BLICOKHHA YDOBEHb,
a Ha cymmaTop X, — HH3KHA ypoBeHb. Eclim B pesysbrate aHanamsa K uucay k
Hafo moGaBuTb 1, TO exuHuna monaercs BMecTo 0 Ha cymmarop 2. Ecim ke or
4hcia m HaZO OTHATH 1, To BMecTO 1 Ha cymmarop Z; mopaercs 0.
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Puc. 59. PyHKIHOHANbHAA cXeMa aBTomaTa <Beunnifi kanenmapb»

Jloruyeckoe yctpoiictBo JI2 po ananusa cymMH (M+D) Ha BhXome cyMmMma-
Topa X3 MojaeT Ha 3TOT CYMMATOP CHTHaJ HH3KOrO YPOBHS, a NPH HeOGXOQHMOCTH
K uucay f npo6aBasiercs 1 momadedl CHrHajsa BHICOKOrO YDOBHA Ha CyMMaTop Za.

CxeMH KoaupoBIIHKOB A, B, C+1,Dn ¢opMHpOBaTENsT KOAA BHCOKOCHOTO R
HEBHCOKOCHOTO TOJO0B TNpHBeJeHH Ha pHC. 60 u 61. B kauecTBe HaGopHOro nouss
HCTIOJIb3YIOTCA Pa3beMbl C PasJHYHEIM YHCJIOM KoHTakroB: X1 .., X2.., X3.., X4..
HaGop uncna ocCymlecTBJsSeTCS COefHHeHHeM ©OOWIEro  NpPOBOJAa C COOTBETCT-
BYIOIHM KOHTaKTOM pa3beMa. KOHTaKTH pa3beMOB C HOMEPaMH TOJOB, CTOJIETHH,
yuceJq H MeCsleB, AAS KOTOPDHX 3HaueHHs aprymeHtoB A, B, C, D mnosropswoTcs,

coenuHeHH Mexay coGoil. KoaupoBmuku uucen A, B, C+1,D NOCTPOEHH IO Tpa-
IHUHOHHHM cxemaM (cM. c. 47—49). Ha puc. 60 mnokasaH Takxke KOAMPOBIMHK
BHCOKOCHOTO M HesHcokocHoro rogos (DD15, DD16, DD17.2, DD17.3). Ilpun oguo-
BPEMEHHOH NOojaye HH3KOrO YPOBHS Ha KOHTakT pasbeMa X| H KOHTakKTH pa3beMa
X2, coorsercreyiomue susapio (I) uam ¢espamo (II), Ha oxHOM H3 BHXOZOB
Inpe, 1lsme, Ilop (pHc. 60) nmosiBasieTCss ypOBeHb JIOrHYeCKOro HyJs. CHrHaJH C Bh-
x0n0B Ilsme, Ipue ¥ Ilap B masbHefilleM HCHOJB3YIOTCA A8 (OPDMHPOBAHHS KOAA
yucaa B (mecaun, puc. 61,a).

CxeMa pewarouiero 6/0ka H3o6paxkena Ha puc. 62. Ha cymmarop DDI no-
patotes xoam uncen (A+8) m (C+1), ma cymmatop DD2—«kom cymmm (A+
+8)<((_3_+l) u kox uyucaa B, a Ha cymmarop DD3 —xkox cymmu ¢ Bhxoga DD2
u kox uucaa D. Kpome rtoro, Ha Bxoan PO cymmatopoB DD1 —DD3 wmoryr 6HTBL
NOfaHbl BHCOKHE HJIH HHM3KHe YPOBHH C JoruHdeckux ycrpoiicte JI1 (DD6, DD7.I,
DDS8.1, DD9.1) uau JI2 (DD8.2). Pesyabrar Tpex MJaiWHX pa3psoB Ha BH-
xone cymmaropa DD3 mpeo6pasyeTcs B CeMHCerMeHTHHH koa (mewHdpatop DD4)
H BHCBeuuBaeTcsl Ha uHaukatope HLI.

Ha 3neMenrax Mukpocxemn DDI10 co6pan TakTOBHIi reHepaTop, KOTOPHM
BMeCTe C YyHHBepCaJbHHM perictpoM DD5 BunosHseT ¢yHKuuH ycTpoficTBa ynpas-
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nenus. JHarpaMMb HanpsiKeHHfi Ha BHIX0oJZax MHKpocxeMhH DD5 nokasann Ha
puc. 63. B ucxoaHoM nOJIOXKeHHH KOHTAaKTH TymGaepa SAl «Orser», Da3OMKHYTH.
Peructp DD5 mpu V=1 paGoraeT B pexuMe NapajJyefbHO#l 3alHCH HH(POPMALHH
«©o BxonoB DDI1 — DD4, u nHa Bcex BhXozax OYAyT HHM3KHe ypoBHH. B peayabTare
gpurrepat DD8.1, DD8.2, DD9.1 ycranasausaioTcs B HyJeBoe cocrosiiue; POpp; =1,

POpne=0 1 POpps= 1. 3zecs POpp;, PObp,

1 POpps — ypoBHH HampsixkeHHii Ha BXO-
_' I——l |—| nax PO cOOTBeTCTByIOmHX CyMMaTopoOB.

Wuaukauns npH 3TOM  OTKJIOYaeTcs mo-
% % Y pawet ¢ BwBoa 10 wMukpocxemw DD5
HH3KOrO ypOBHS Ha BXOJ rallleHHs aemucd-
patopa DD4. Ilpu 3amukanun TymGiepa
‘ ‘ SAl «OrBer» (MoMeHT t;) mnocie npuxo-
atd Ja BTOPOrO HMIYJbCAa TAKTOBOTO reHepa-
TOpa B MOMeHT t; Ha BHxoZe 12 MHKpO-
5 f cxemol DD5 ycranaBnuBaercsi BHCOKHI
ad l__ ypOBeHb; OH MOCTymaer Ha BXOAW R

N

N
"
B

BIIS5

]

) RSSO,

~

z,

2005

tpurrepos DD8.1, DD8.2, DD9.1. Bsuay

PYR TOrO, 4TO Ha BXOAW CuUHXpoHH3amuu C

tpurrepos DD8.1 u DD9.1 ¢ Bmxoga 11

D bone ol iarpamma  paboTH e pocxemn DD5 momaercs HHSKHA ypo-

BeHb, HHpOpPMALH] HAa BHXOLAX TPUITEPOB

fipy 3TOM OCTaeTcs HeusMeHHoH. Ha anementax DD6.1, DD6.2 u DD7.1 peanusy-
ercd pyHRuUUA

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

rae S1, S2, S3, S4, P4 —undopmauns Ha COOTBETCTBYIOUIHX BHXOZAX CYMMaTo-
pa DD2. Takum o6pasom, Ha Bxoge D tpurrepa DD8.l 6yzer BHCOKHi YpoBeHDL
opu S1=S52=S3=0 u S4=1 uau npu S4=P4=0 H HU3KHH ypOBeHb NpPH BHCO-
KOM ypoBHe XOoTa 6H Ha 0oaHOM H3 BHXO0ZOB S1—S3 mukpocxemm DD2.

Ha undopmannonnnit Bxoxg tpurrepa DD9.| mnocrymaer curran c BHxoma P4
sMukpocxeMdl DD2. B pesynsraTe B MOMEHT BpeMeHH t3 HAa BXOAW CHHXDOHH3ALMH
Tpurrepos DD8.1 u DD9.1 mopaioTcsi CHTHaJH BHICOKHX YPOBHEH H OCYyIIeCTBJS-
€rcs nepes3anucb HH¢opmaumun ¢ xoma D. B pesyuasrate: POppy=0 npu BHCOKOM
yposHe Ha Bhixoge DD6.2; POpp;=1 npu HH3KOM ypoBHe Ha BHXoZe DD6.2;
POppe=11 mpu P4ppy;=1; POpp;=0 npu P4pp;=0 (rze P4pp; — yposenb Hamps-
XeHust Ha BHXoze 14 mukpocxemn DD2) H peanusyeTcs ajfrOPUTM  BHIUHC/IEHHS
yKasaHHoro uyHcaa M.

IMocne cymmupoBanus uucer M+D curHan ¢ suxoza S4 cymmaropa DD3 mo-
naercs Ha BXxox D Ttpurrepa DD8.2. B MoMeHT BpeMeHH t; Ha BXOA CHHXDOHH3a-
OHH 9TOrO TpHrrepa NOJAeTCs BHCOKHA YPOBeHb M OCYHIECTBJISETCS 3alHCb MH-
gopmanuu ¢ Bxoga D. Ecmtn S4pps=1, To POpps=1.

Pesyabrar cymmupoBanns ¢ BHXofoB S1—S3 cymmatopa DD3 mnoaaercs Ha
memndparop DD4. OnnospeMenHo Ha BXxoA I pmemmdpatopa B MOMEHT BpEMeHH
t: mopaercs BHCOKHA ypoBeHb, OGecneyHBAIOMIMA MHAHKALHIO Pe3yJbTaToB.

YcrpoficTBo Ans ABTOMATH3AUMH KOHTPOAS sHaHmi. HsBecrHo MHOro Tak Ha-
SHIB2eMHIX KOHTDPOJNHPYIOIMX MallHH, paboTalOMHX N0 INPHHIHINY <«BHGOPOYHOrO



OTBeTa», C MHOIONO3HWHOHHLIMH TIepeK/ioyaTeaM# JJas Ha6opa HOMepa MpaBHJb-
#Oro OTBeTa Ha MOCTaBJeHHble BOMPOCH. [lenarornyeckHe HELOCTATKH TAaKHX NpOC-
TeHIIHX TeXHHYECKHX CPeACTB OOyueHHS XOPOLIO H3BECTHH, OAHAKO B HEKOTOPHX
CHTyalHsAX HX M[pUMeHeHHe LesecoobpasHo. B CBA3H ¢ 3THM TBOPYECTBO PaaHOJIO-
Onuresiell B 3TOH 06JacTH He nmpekpaiaercs [7].

IpuBeneM onucanue yCTPOHCTBA, MO3BOJSIOUWIET0 KOHTPOJHPOBATh NPAaBHAbHOCTH
OTBETOB Ha UYeThipe MJH BOCeMb TOCTaBJeHHHX Bonpocos. IlporpamMmy (Homepa
paBHJAbHEIX OTBETOB) MOMHO MEHATb, 3aMeHsis KOAMPYIOLIMH pasbeM. Bsoa aau-
HBIX H YyhpaBJieHHe MNpPOHW3BOAHTCA MABYMS KHONOUHHMH BHIKJOuaTeassMH. IluTaHue
aBToHOMHOe — aABe OGarapen 3336JI, paGoTOCMOCOGHOCTL  KOTOPHX  ONpedesseTcst
TpaKTHYECKH TOKOM CcaMopaspsija.

Ha nepeanefi nanenn KOHTpOJHpYyIOlleli MaIIHHW HaxoAsTcs kKHomku «Howmep ot-
BeTa», «PesyabraTs M ceMHCerMeHTHHH UHGPOBOH MHAMKATOp. Yualluiicsi, NOJy4HB
KapToyKy C BONpPOCAaMH H MNpeiJaraeMbiMH BapHaHTaMH OTBETOB (L0 [IEBATH Ba-
PHAaHTOB Ha KaXAHH BONpOC), BbIGHpaeT HOMep NPaBHJBHOTrO, MO €ro MHEHHIO, OT-
BeTa Ha [MepBHH Bonpoc H HaxHMaeT KHOnKy «HoMep orsera» coorBercTBylOLIEe
yucao pas. [locae storo on naxumaer kHomky «Pesyastats. Ecaum otser mpa-
BHJbHHH, TO Ha HHAMKaTope 3aroputcs uugpa «l». ITocse mepBoro HaxaTus KHON-
KH «PesysbTaT» aBTOMAaT NepecTpaHBaeTCss Ha NpHEM OTBETa Ha BTOPOHl BOMpOC.
Tlpu xaxnaom crepyiomeM oTBeTe Ha Ta6Jo NOABAAETCS YHCAO NPABHJBHHX OTBe-
TOB ¢ Hapacramlouum HtoroM. [Tocse oTBeTa Ha nocjieiHHE BONpOC, T. €. MoCJe ye-
ThpeX HJIH BOCbMH (Kak 3anporpaMMHpPOBaHO) HaxXaTHil Ha KHoNKy «Pesyabrar»
Ha HMHIMKATOpPe 3aropaeTcs HTOrOBBII pe3yJbTaT H 3HaK «3anAras», CBHAETEJBbCT-
BYIOIK{t 06 OKOHYaHHH onpoca. Jlio6ne QajbHelllHe MAHHTYJSAUHH C KHONKaMH yxXe
#He Uu3MeHAT cocTosHMe ycrtpoiictBa. CHOBa BKJ/IOYHTb €ro B DEXHM ONpOCa MOXKET
TOJIbKO YYHTeJIb.

QyHKUHOHAIbHAA CXeMa KOHTDOJIHpYyIollell MalIMHHW H300paxeHa Ha pHc. 64.
B ycrpofictBo BxoasT: cuetunk Homepa ortBera CT2, cuerunk sompocoB CT1 (ma-
XKaTHii Ha KHORKY <«Pe3yJbTar»), KORXHPOBIUHK (CMEeHHasti NaMsATb NPaBHJbHBIX OT-
BeTOB), MYJbTHIIEKCOD NepeKJIoYeHHs HoMepa Bompoca, cueTdnk CT3 mpaBHJIbHHX
OTBETOB, JIOTHYeCKHH G6JIOK HCK/MIOYeHHs NoaGopa OTBeTa, GJIOK HHAMKAUWH (CeMH-
cerMeHTHHI uupukatop). ITo ¢dyHkuuonanbHOR cxeMe BHAHO, uTo cyetunk CT3 Gy-
neT CYHTaTb TOJbKO NPH COBMAJEHHH CHTHAJOB BBICOKOrO YPOBHf, NOCTYNAKOIIHX OT
KHonkH «PesyabraT» n oT MyJbTHIIeKcopa MX. ‘B cBoio ouepenb, BHCOKHH YpOBeHb
#a Bexogie MX NOsBHTCA NIpH COBNAjeHHH HOMepa oTBera, HabpanHoro Ha CT2, m
#oMepa, 3aKOJHPOBAaHHOrO MNepeMblYKaMH CMeHHOro pasbema. Ha ¢yHKuuoHasbHOM
£xeMe OTOGpaXKeH cJydyadf, KOrga IO NepBOMY BONPOCY MPABHJIbHBIM fBJASAETCA BTO-
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®uc. 64. GyHKRHOHAAbHAN CXeMa YCTPOACTBA AJsi aBTOMATH3alMM KOHTPOJAs 3HAaHMA
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Puc. 65. IIpuHOMOHAJbHAsA CXe€Ma YCTPOHCTBAa JJis KOHTPOJS SHaHHMH

poft oTBeT, IO BTOPOMY — J€BSATH, 10 BOCBMOMY — NlepPBHHA. BJOK HCK/IIOYeHHS MOZ-
Gopa OTBeTa CHHMaeT pabouee HaNpsIKeHHe € KHONOK INOCJe OTBeTa Ha MOCHEAHH
BOIIPOC,

IpuHnHNHAIbHAS CXeMa KOHTPOJHpYIOIlef MalIMHH NpHBejeHa Ha puc. 65. Ha
Tpurrepax DD1.1 u DD1.2 co6paHn (opMHpOBaTeaH, HCKIIOHAOmMUe Ape6e3r KHO-
nok. CueTYHKOM BONDOCOB CJIYIKHT JABOHUHHII cueTyuk DD2, a CYeTUHKOM HOMEpOB
OTBETOB — cueTyHK ¢ Aewndparopom DD3. OTBeTH KOJHPYIOTCS HAa CMEHHHX OT-
BeTHHX uacTAx pasbeMa XI. Pasnem Moxer GHTb JIOGOro THNA C WHCJAOM KOHTAaK-
TOoB He MeHee 22. KoHTakTH 1—l7 HCIOJAB3YIOTCS AJS KORUPOBAaHHS OTBETOB, 18 —
20 — yucna BompocoB (18 —wuermpe Bompoca, 19 —BoceMp Bompocos), 21—
22 — BKIIIOYEHHSI MCTOYHHKA INHTaHMsA. MyubTuniekcop DD4, mepekniouaeMuit cuet-
YHKOM BOIPOCOB, MNOJAAeT CHTHAJ BHCOKOTO YDOBHs INDH NpaBHILHOM OTBeTe Ha
Bxon D rtpurrepa DDb5.1. dror TpHrrep cpaboTaeT NPH HaxXaTHH KHomk# SB1, B
pesyabTaTe yero po6apisercs eNHHHIA B CUCTIHKE, NMpaBHAbHHX oTBeToB DD6. Cue-
aylolmMfl cueTHHHt uMmnyasc Tpurrep DD5.1 Moxer cdopMHpoBaTH TOJBKO IOCJE
Ha6opa HoBoro «Homepa orBera» (HaxarHs KHomkH SB2), mpH KOTOpOM TpHI-
rep DD5:1 ycranaBanBaercs B HCXORHOe cocTosHHe mo Bxoxy R. Tpurrep DD5.2
¢GHKCHDYeT OTBEeT Ha NOCJAeJHMA BOIpPOC, 3a)KHraeT 3aNATY0 Ha HHAMKATOpPe H IIO-
JaeT Ha KHONKH CHTHal HH3KOTO YpOBHSA. B pesysbTare jafibHellliHe HaXXaTHs KHO-
TOK He MOTYT H3MEHHTb COCTOSIHHE CUETUHKOB,

Jlisi 5KOHOMHH HCTOYHMKA IHTAaHHS CBETORHOAHHIX HHAMKATOD (OCHOBHOM
TOTPeGHTeNb 3HEPIUH) BKIIOYAeTCd TOJNbKO B MOMEHT HaXKaTHf KHONKH <«Pesyub-
tat» (SB1). Ilog nanennio npuGopa pacnoioxeHn repkoH SB3. ITommucn k 3roMy
MeCTy NOCTOSIHHHAI MAarHHT, YYHTeNb MOXKET CHOBA BKJIOUHTb YCTPOHCTBO B PEXHM
ONpoca, Tak KaK HMOyJbC c6poca OT repKOHA YCTAHOBHT BCe CUETUYHKH B HCXOJLHOE
cocrosiHue. TaKylo KOHTDOJHDYIOLIYI0 MallHHYy BMecTe ¢ 6aTapeeff IHTaHHS MOXHO
PasMeCTHTb B KOpIyce MasoraGapHTHOrO DaAHONpPHEMHHKA.
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dueKTpoHHBE vach. MCnonb3ys CueTUHKH M HemH(pPaTOPH, MOMKHO cobpaTtb ca-
Mble pasHHe 3JEKTPOHHHle 9acH. B smrepatype ans pammomoGurenedr [3, 5, 8, 25]
noapo6HO onucaHH dacH Ha 15—30 muxpocxemax TTJI u KMJIII cTpyktyp Mavofi
4 CpejHeH cTemeHel HHTerpamHH.

B T10 xe BpeMsa B cocraB cepun K176 BXOAHT HECKOJBKO CUETYHKOB JLOCTATOU-
HO BEICOKOH CTENEHH WHTErpaluH, CHENHaJbHO PaspaGOTaHHHIX AAS NOCTPOEHHs ua-
COB M MO3BOJSIOIHX cOGpaTh HX HAa Tpex —

TATH MHKPOCXeMax.

JI1o6be wacH MO/KHH HMeTh (puc. 66): | 5/
3a/a10lMi TeHepaTop, MEJNHTENb 4aCTOTH 3a-
JaoLlero reHepaTopa C BHIXOAOM CEKYHIHHX
HJIH MHHYTHEIX HMIYJbCOB; CYETIHKH €JHHHIL
H JeCATKOB CeKyHJ, MHHYT H 4acoB; GJIOK
UHPpOBOH HHAMKALMH TEKYIIEr0 BPeMeHH;
YCTPOHCTBO yNpaBJeHHs jJis HAYaJbHOH yc- l::;;ﬂg& DyHKuHORANLHAT CXeMa SAek-
TAaHOBKHM 4acoB; GJIOK MHTaHHs.

OueHb ynOGHH 4YacH, B KOTOPHX €CTb GYAMJIbHHK H KaJIeHAapb /i INOACYETa
JHS Mecslla, HOMepa Mecsiua ¥ AHs HejelH.

IOas obecneueHHss BHCOKOH TOYHOCTH XOfa 4YacOB 3ajJalollHil TeHepaTop BH-
NIONIHAOT C KBapuepod crabuiusauueii wactoTH. JJas yHNpOLIEHHsS HeUTENs YacToTy
reHepaTopa BHIGHPAIOT KPaTHOH CTemeHH nBOHKH, T. €. fzn =2 I'u. Ilpomuiuien-
HOCTbIO CIeLUHAaJbHO IJIsl YacOB BHIYCKAIOTCs KBapleBHeE Pe30HaTOPH C 4acTOTaMH
16384 (n=14) u 32768 TI'm .(n=15). TIpH HCNOJL30BAHHH TAKHX KBapLUEBHX pe30-
HAaTOPOB 3aJalOIHA TFeHepaTOp M JAeJHTeJb ¥acTOTH A0 1 't MOXHO BHIOJHHTBH
Ha mukpocxeme K176UE5 (puc. 67). B kauecrBe aKTHBHOIO 3jeMeHTa 3ajalo-

ILEro reHepaTopa Hcmosb3yercsi uHBepTop (Bxox T, BHIXOA T). Ha Buxogax A u

A BO3HHKAeT YCHJEHHOe [0 MOINIHOCTH HAINpSIKEHHe 3aJAIOUIET0 TeHEPaTopa, KO-
TOpOe MOXKeT OHTb Npeo6pasoBaHO B BHCOKOBOJIbTHOE HaNpsiKeHHe JJIs NHUTaHUA
O6n0Kka MHAMKAUMH. las moJydeHHs OATHAAUATH (4eTHIPHAALATH)-PaspAIHOrO ABO-
HYHOTO JeJHTeNnsl COefHHAIOT BWBOAW 1 u 2. Bxogx R sBasercs BxogoM cGpoca
DOCAeXHHX IIECTH Pa3pPAROB AETHTENS.
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Pucu 67. Cuerunk Ha MuKpocxeme K176HES:
a — GhyHKIHOHaJbHasl cxema; 6 — HCIOJb30BaHHE MHKDOCXEMBl B SJEKTPOHHHIX Yacax
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Puc. 68. Mukpocxema KIZ6HEI2: 2%__]
a — ycnoBHoe rpadHueckoe oGo3HaueHue; 6 — yHKLUII- ‘,_'—-—-—— Taoun
OHaJIbHasi CXxeéMa; 8 — BPEMEHHbi€ JHarpammbl ‘)

B 6HTOBHX uyacax OOHYHO He HYXHa HHOOpPMauus O eJHHHLUAX H JeCATKax
cekyua. [ToatoMy B NpelBapHTeNbHHH JeJHTeJb MOXHO BKJIOUHTb ellle OXHY CTYy-
neHb feseHHs Ha 60, Ha BHXOZe KOTOPOH OYAYT CueTHHE HMIYyJbCH C NEPHOAOM B
ogHy MuHyTy. Takoit genuteab ectb B Mukpocxeme 176HMIE12 (puc. 68). Ha wun-
seprope (Bxoa Cl, BHXon A) COGHPAIOT KBapLEBHli reHepaTop Ha yacroty 32768 I'k.
C BHxoZa 25 MOXHO CHATb CHrHa; vuactotor 1024 Tu, ¢ 24—2 Tu, ¢ 25 —
1 Tu. JIpu coepunennu BHBOAOB 4 H 7 c BHxoja «60» (BHBOA '10) CHUMAKOT HM-
NyJbCH C NMEPHOAOM CJIENOBaHHS | MHH.

B cueruynkax CT2 BcTpoen pemndparop, Ha Bhxogax T1—T4 kortoporo umeercs
yeTHpexda3Has M0CNeA0BATENbHOCTb HMIyJbcOB C uacroTot 128 TI'u (puc. 68,8).
OTH HMIYJbCH HCHOAb3YIOTCA B 6J0Ke AHHAMHYECKOH HHIMKALMH, YTO YNpOLIaeT

HHIMKAIHIO BpeMeHH. MaKcHMaJbHHA TOK Ha BHXomax Tl —

KITEHETS T4 He mpeBHuaer 2 MA. MHorue e HHIMKaTopH TpeGYIOT

I sy e 71% a5 cBoed pabGoTH GOJBIIMX TOKOB H HampsikeHu#. ITostomy
72— Mexay BHxoaaMkH Tl -—T4 u uHAHKaTOpaMH BKJIOYalOT Gy-

74, MIZZ  depuHe ycuanTesn. /
5 —Z— Y cuerynka K176MEL8 (puc. 69) Buxoan T1—T4 3xaun-
s ,’;I TeJabHO MollHee. Ero HasHauenne M (yHKIMOHAJbHAS CXeMa
50-1,5- NpakTHYeCKH coBnajaiT co cyerynkoM KI176HEI12. OcHoBhoe
2], f,-'_f:_ OTJHYHE 3aKJIOYaeTcsi B TOM, YTO B HeM HET YCHJHTeNs CHr-

Hana KBapueBoro reseparopa. OH 3aMeHeH YCHJHTeJNEM CHr-
Puc. 69. Venoswoe Hana 3BOHKA (Ansg GyNHJbHHKA), PXONOM YMpaBIEHHS KOTO-
:'e’:;?e"“ecc';ziwgf°3":; poro sBJsieTcs BHBOJ 9, a BHXOLOM—BHBOA 7. 3BOHOK BKJIO-
mukpocxeme KI76HEI8  yaeTCs NpPH BHICOKOM ypoBHe Ha BmBoge 9. Ilpum arom Ha BH-

Xoje NoOsABJAETCH cHruan c uacrotoft 1024 I'm. Makcumanb-
HH# TOK no BHX0oAy «3B» — 17 MA. Buxoan T1—T4 — OTKPHTHE CTPOKH pP-KaHa/b-
HBIX TPaH3HCTOPOB. MakcHMa/bHH BHXOAHOH ToK 12 MA. MakcuManbHOe Hanps-
XKeHUe MexJy HCTOYHMKOM MNHTaHHA (BHBOX 16) M BHBOmamMH 1—3, 15 He Gouee:
36 B. Bxox M (BnBox 14) npeRHasHaueH AJS yNpaBJeHHS CKBAXKHOCTBIO HMIYJ/b-
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@uc. 70. YcaoBHoe 0GO3HaueHHE W CTPYKTyPHas CXeMa CYeTY4Ka Ha Mukpocxeme KI76HE13

coB Ha BHxomax Tl1—T4 npu peryinpoBKe fADKOCTH CBeueHHs HHAHMKaTOpos. Ec-
JIH B 3TOM HeT Hajo6HocTH, To M=0.

CueTuHK MHHYT H 4acOoB MOXHO co6paTh Ha Mukpocxeme Ki176UE13 (puc. 70).
B Hee BxoasAT: yeThpexAekaiHHi cyeTyHK 4YacoB CTy; cuetuuk GyaunabHuka <CTe;
TPHHaAUATHPa3psiiHOe YCTPOHCTBO cpaBHeHHs uncen AQ — B3 u A4 — B7; yernpex-
pa3psaAHBi MyJabTHIUIeKcOp MX c opraHu3auuel «BoceMb JHHHA Ha OZHY»; YCT-
poiicTBo ynpamaenns YVY. Tak Kak B ABYX Aekagax cuetynkoB CTy u CT¢ Her He-
©06X0AUMOCTH CYHTaTh A0 10 (ZeciTkKH MHHYT — A0 6, HAeCATKH uyacoB — g0 2),
TO YHCJIO BHIXOAHBIX pa3psafoB B HHX— 13, a o6muit KoadduuHeHT mnepecueTa
1440.

BHelmHHMH CHTHajlaMH, NOJAaBaeMhHIMH Ha BXoAm V2 u R ycrpofictBa ynpasie-
HHsl, MOXKHO 00ecleyHTb YeTHIpe pexKHMa paGOTH MHKDOCXEMBI:

«4aChl, CYeT M HHJAHKAlMs TeKyllero BpeMeHH» npH V2=0. B 3toM pexume
MHHYTHHEe HMIYJbCH cO BxoAa Cl ycTpoficTBa ynpaB/eHH NpPOXOAAT Ha BXOA
cuetunka CT,. Hudopmauus ¢ BHXOm0B ueThpex jekas CT, noouepeano nosBis-
erc Ha BHxogax A—D wMyJabtuniekcopa. Ha aapecHn#t Bxox 4 MyJbTHIJIeKcopa
fI0faeTcd HHSKUH ypOBeHb, NMO3TOMY OH IlepeK/aioYaeT Ha BHXOAW TOJbKO INepBhHe
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geThpe BxoAaune JauHAH (A0—A3..D0—D3), naymume or CTs. Yacrora cMeHH HH-
¢opManua ¢ JeKaj Ha BHXOJaX MYJbTHIIEKCOPAa ONpeAE/SeTCS YacTOTOH MeaHApa,
mOZaBaeMOro Ha afpecHHe BXOAH | H 2;

«4acCH, yCTaHOBKa MHHYT H gacoB» npH R=0. Ha V2 nogmaercs curea’a c BHXO-
nos T1 mau T2 mukpocxemn KI176ME12 nam KI176MEL18 (pmc. 68, 69). B stom
pexxnMe Ha BXOA cueTudKa MHHYT (npu V2=TI) uau uacoB (nmpu V2=T2) nmo-
BATCH MMOYJAbCH ¢ uacTotolt 2 I'm. MyabsTHmiekcop paGoTaeT Tak XKe, Kak H B
npenbiaymeM pexume. PexHM Heo6XOmHM [OJs HayaJbHOM YCTaHOBKH IIOKasaHH
qacoB;

«4achl, ycTanoBka HyJas» npu V2=0 m R=1. Ha Bxox R cuerunka CTy mno-
JlaeTCsl CHTHAJ, YCTaHaBJHMBAaIOU(HA ero NepBhHe [Be JdeKaAh B HYJeBOe COCTOSHHE.
Ilpu stoM Ha BHIXOZe Q2 TakXKe NOSBJSETCS CHTHaJ €GpOca, KOTOPHE MOXKHO IO-
Jaath Ha BXOA R mukpocxemm K176HE12 man K176MIE18 aas ycTaHOBKH B HYJb
NPEeNBapUTeNbHOTO JesHTeNs. PeXHM MCHoJb3yeTcss JAJSA YCTAHOBKH TOUHOrO BpeMe-
HH II0 BHEUIHHM CHTHaJaM (HanpHMep, PaAHOCHTHAJaM <LIECTb TOYEK»);

«OyIHJIbHHK, yCTaHOBKa MHHYT, uacoB» (R=0, nHa V2 nopaerca curnaa T3, a
rakxe T1 unam T2). B srom pexume cuerunk CTy mpomoiaxkaer HOPMaJbHyl0 pa-
60Ty MO MHHYTHEIM HMIyJabcaM, a Ha BX0A CTs HauHHAIOT NOCTYyNaThb HMIYJbCH
¢ gacrotoit 2 I'l. Ha agpecHulit BXox 4 MyJbTHIJEKCOpa NOJaeTcs €IHHHIA H Ha
€ro BHIXOJe MNOOUEPERHO MNOSIBJSIOTCS CHTHAJH YeTHpex Je-
kan CTe. Curnaam T1 uam T2 nojarmor A0 Tex mop, NMOKa Ha

KIT6HET7
B rarankd Buxone CTs, a ciaexoBaTesNbHO, H HAa HHAHKATOpe, NOAKJIO-
;1 7 8 f YeHHOM K MYJbTHIJIEKCODY, He OTOGpasHTCsi BpeMsi cpaGaTh-
77172 ‘iz BaHAs OynuabHHKA, 3ateM cO BXOAa V2 CHHMAalOT CHTHAJH
71R0 7
—Ay ¥ — T1—T3 u Mukpocxema KI176ME13 mepexofHT B DeXHM cue-
LA Z; g Ta H HHAHKAUMH TEKYIEro BPeMeHH.
2y, 1L Pexum paboTH «OyAZHJIbHHK® HAuyHHAeTCs IDH COBNaje-

HHH JBYX TPHHAAUATHDPa3pPsAAHHX 4YuHceJ, INOCTYNAIOUIHX Ha
Puc. 71. Cueramx-xa- BXOAH y3ua cpasmenus or CT, u CT?.. B sToM ciyuae B Te-
nenpaphb YeHHe MHHYTH Ha BXOJe «=» YyCTPOMCTBa YIpaBJIEHHS HMe-
eTcs paspellleHHe Ha NPOXOXKIeHHe curHana 128 I'm Ha BH-

xon HS, Ryna nopkiiouaercs 3BOHOK ‘(AMHaMHyeckas  ToJOBKa) OyAHJbHHKA.
B cepuio K176 BxoguT ellle OfHH MBOMHYHHI CYETYHK C YCTPOHACTBOM YIpaBJe-
HHS, KOTODHII MOXKHO HCIOJb30BaTh B Hacax Kak KajJeHAapb. OITO MHKpOCXeMa
K176ME17 (puc. 71). Ee cTpykTypa H B3aHMOJEHCTBHe OTAEJBHBIX YCTPOACTB ImoO-
no6ubl cuetunky K176ME13. Mukpocxemy KI176HE17 o6pasylor: cuetunk Ha 40
(mHM Mecsya), cyeTyHk Ha 12 (MecsAuH), CYeTuHK HAa 7 (NHH HelesH), MYJbTHIIEK-
cop, ycrpoiicTBo ynpaBJienus. Hasnauenue ee BxogoB: RO —«¥Ycr. O» renepaTopa
TaKTOBHIX HMIYJbCOB YCTPOHCTBA yNpaBJleHHs; Rl — TeXHONIOrHueCKHii BHBOX /st
«¥Yecr. 0» reHepaTopa TaKTOBHX HMIYJbCOB H CIETUYHKOB (B Jacax IOCTOSHHO COeIH-
HeH ¢ o6uuM npoBoaoM); Tl — cueTHH BXOJ CYTOUYHHX HMIYJbCOB (COEXHHSIOT
¢ BuxogoM K cuerunka KI176HME13); T2 — Bxox Taxkra CHHXPOHH3AllHH C YacTo-
tofi 1024 Tu; V1 —BXOx TaKTOB yNpaBJeHHs MAJs HayaJbHOM YCTAaHOBKH KaJeH-
npaps (2 T'm); V2—Bxop ympaBieHHs, IpH NoAade Ha KOTOPHE HMIyabcoB Tl
(c K176UE12, K176UE18) npoucxozut ycranoska CT1— cueTyHka AHelt Mecsua;
CT2 — cyerunka Mecsues; CT3 — cueTynka AHedl Heleldd; S —BxOJ yIpaBJIeHHS
MYJILTHIIEKCOPOM, NpH S=1 Ha ero BHXOAAaX IPHCYTCTBYeT HHpOpMaUHs, NpH S=
=0 ero BHXOAH OTKJIOUeHH (BHICOKOE BXOAHOe conpoTHBJaeHHe); A, B, C, D—
BHIXOJH MYJbTHIJIEKcOpa, npH V2=0 Ha HHX COAepxKHTCA HHPOpMAUHA CO CyeT-
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YHKOB € Ko3(hdHuHeHTaMH mnepecyetra 40 um 12, nmpu V2=T3 — undopmauns co
cuetynka Ha 7; Al, Bl, Cl — BHIXOAH CUeTYHKA JHER HedesH.

Ha wmukpocxemax KI176HME18 (wm Ki176UE12), KI77HMEI13 u KI176103 —
JeurHdpaTope ¢ BXOAHHM PErHCTPOM MOXKHO co6paTh uacH ¢ GyAuabHHKOM. CxeMa
TaKHX 4acoB NpHBefeHa Ha pHC. 72. i HayaJbHONX YCTAHOBKH TEKYILIEro BPeMEHH
tpabaTHBaHHA GyIHMJILHHKA B YacH BBeNEHH KHONKH YCTAaHOBKH MHHYT <«YM», yc-
TaHOBKH yacoB «¥YU», TymGaep uach/6yaunsuuk «4/B» u knomka «CGpocs. 3Haue-
HHSl eIQMHHI H JeCATKOB MHHYT, a TaKXe 4YacOB B JBOHYHO-IECATHYHOM Koje, IO-
ouepefHO NOsBJsOIHecss Ha BHxojax A, B, C, D cueruuka DD2, nmo uMmyJancy cHH-
XpOHH3aUHH C BHXOAa QI cueTyHKa NepemHCHBAIOTCH BO BXORHOH perucTp MHKpO-
cxemn DD3. Ilpeo6Gpa3oBaHHOe B CeMHCErMEHTHHIA KOJ HaNpsiKeHHe MNOCTylaeT Ha
COOTBETCTBYIOIHE 3JEKTPOAH BCEX ueThpex HHAHKaTopoB Giaoka HLI1. B aro xe
Bpems ¢ BuxomzoB T1— T4 mukpocxemu DDI mocrymaer umnmyaec (cM. puc. 68,8),
paspemaoi#it paGoTy TOJBKO TOr0 HHAMKaTopa, HHGOpMAmHsA MJs KOTOPOro 3a-
nHcaHa B peructpe Aemudparopa MurpocxeMn DD3. Curnanm T1—T4 (DDI1) =
Q1 (DD2) cHHXpPOHHSHPYIOTCS WMNyJabcaMH Q2, mojaBaeMHMH Ha BXoA R MHKpoO-
cxeMs DD or cyerurka DD2.

Ilpu KenaHWM HMeThb 4achl C KaJeHAapeM, NOKAa3HBAIOIIHM YHCIO M MeCdl, To-
HapoGuTes euwe oaud cdetunk DD4 (puc. 73). Cxema camux wacoB ocraerca Ges
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Puc. 72. [IlpuHuMnHajAbHAs CXeMa
A 9acoB ¢ GyAMILHHKOM

#3MeHEHH#, TOMbKO BXOX S cuerynka DD2 NpHCOEAHHSIOT K HCTOYHHKY INHTaHHSA
yepes NepekiloyaTesnb yack/Kalenaaph <«YU/K». Hudopmaumns, BeBoguMas Ha Tabio
ungukanun HL1, onmpemensteTcss moJioxeHMeM 3Toro Iepekaiouaress. Korza y cuer-
yyka yacoB S=1, To pa6oTalT uYach, H BHIXOJHOE CONpPOTHBJEHHe Ha BHIBOAAX
A, B, C, D kanenpaps (Mukpocxema DD4) Bricokoe. Korza ke BHICOKHH ypOBeHb
nogaercs Ha BXOj S KaleHAaps, B COCTOSHHH C BHICOKHM COIPOTHBJEHHEM Haxo-
aarca BuBeAH A, B, C, D uacos (DD2). Ilpu x21asuu Ha orpeabHoM Ta6ao HL2
(HampuMep, CeMb CBETOZHONOB) MOXHO INOJYyYHTb elle H HHPOPMAUHIO O JHE He:
penan. Ilpasia, Anst 9TOro 4YacH IpHAETCA MOMOJHMTh NATOH MHKpOCXeMO# — He-
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Puc. 73. MpUHUMNHAJAbHAS CXEMA YacOB C KajieHAAPEM

mudparopoM asouyHoro koaa Al, Bl, Ci B nosuunonunii aecatnunmi 1, 2..7.
B kauectBe Takoro JemndpaTopa yAo6HO HCHOab30BaThb MuKkpocxemy KI176UJ1E
(cM. puc. 44).

Ilupposas mxana papHonpuemHuka. PalnoOOHTeNM 4YaCTO HCHOJL3YIOT TO-
JYIPOBOLNHKOBEIE KOHAEHCATOPH (BapaKTOPBl) A.d HACTPOiK# BXOIHHX i reTepo-
OMHHHX KOHTYDPOB OLITOBOH H CNOPTHBIOH pajHONpHEMHOH annapatypn. Bapakro-
pul 06/1aJAI0T HEOCHODHMBIMH NPEHMYIIeCTBAMH Ilepe] MeXaHHYeCKHMH GJOKAMR
KoHJeHcaTopoB nepeMeHHo#i emkoctH (KITE). OnHakKo TOYHOCTb YCTAaHOBKH YacTOTHI
¢ NoMOWBIO BapakTopoB ycrtynaer (zo 10%) TpamnuuoHHOH MexaHMdYecKoil ycra-
HOBKe M3-3a Gosibuioro pasbpoca eMKocreil BapakropoB mno cpaBHenmntio ¢ KIIE.
IostoMy B paiHONmpHeMHO#i annaparype, Kak NpoMubilieHHo#l [21], Tak H J06H-
Teabckoit [36], HauMHAIOT HCIOAB30BaTh UHGPOBHE UIKAJH C TOYHOCTHIO H3MepeHHS
YacTCTH NPHHSATOrO CHrHAJA Jydlle J0Jed NPOLEHTa.

HenocpencTBenHoe H3MepeHHe YacTOTH NPHHHMAeMOro CHrHajla fc HEBO3MOXK-
HO, TaK KaK CHMTHaJ MOXeT Mcye3aTb BO BpeMs 3amupanuit. [TosTomy npu cosna-
HHH UHQPOBHIX WIKaJ H3MepslOT YacTOTy reTepoAmHa f, M 3aTeM B Hee BBOAAT IO-
NpaBKy Ha NPOMEXYTOUHYI0 H4acTOTy fne. PasiHuHbie BapHaHTH NOCTPOEHHS LHG-
POBHIX IIKaJ ONHCaHH B JHTepaType [21].

CTpyKTypHast cXeMa OLHOrO BapHaHTa CO BCIIOMOTraTeNbHLIM CYETYHKOM fnu=
=fr—fc mokaszaua na puc. 74. desnteap II2 u3 4acToThl KBapueBOro. ONOPHOrO re-
nepatopa OI' ¢opmupyer -focrenoBaTenbHocTh UMNyabcoB «C6pocy n «Cuers. HMm-
nyabc «COpoc» ycraHaBiuBaeT B paGouee COCTOSIHHE BCIIOMOraTedibHHM —CUETUHK
npoMexyTouHoii 4acToThl CTgq. Ilo OKOHYAaHHH 3TOro HMIyJbCa B Teu2HHe BpeMe-
HH, onpejensieMmoro uMmnyabcoM «Cuer», Ha cuyeTyHK CTnq M cueTunk curHana CTe
OOCTYNAlOT CYeTHble HMIYJbCH OT reTepoiuHa (yepea ¢opmupoBaTeab @ H geau-
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teab J{1). IMocne Toro, kak cuetynk CTnpe HacuHTaeT YHCJIO HMIYJbCOB, PaBHOE
NPOMEXXYTOYHOH yacToTe fpa, MEPEKIOYHTCA TPHITEP, paspellalomiuii paboTy cyer-
uka curiana CTc, KOTOpPHH M «JOCYHTAeT» OCTATOK HMIYJbCOB B MOCJAENOBa-
1eabHOCTH fr, T. €. Ne=N;—Npa. Bce ocraBueecss BpeMsi, 40 NPHXOAA OuY€peAHOro
wMnyabca «C6poc» curHaanl CTc HHAHuHpYyloTCsi Ha GJoke HHAuKatopos BU. Ian-
TeJbHOCTb MMIyJbca CueTa tey JOMKHA ObIThb CTPOrO HODMHDOBAaHHON, TaK Kak
teufr=Nr. CrenoBaTenbHO, NMPH H3MEPEHHH 4YacTOThi B repuax tecs AOMKHO OHTH
paBHo 1 ¢, a B KuJorepuax — 1 Mc.
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Puc. 74. CTpyKTypHas cxema nudpoBofi mKaab

B paanoBemlaTesbHOM TpDHEMHHKe YacTOTY CHTHaJa JOCTAaTOYHO H3MepsTh €
TOYHOCTBIO [0 KHJIOrepua, TaK KaK HecyllHe YaCTOTHl DajHOBellaTe/bHbLIX Iepefat-
yHkOB pasHeceHW Ha 9 xI'u. Ias npueMHuka ¢ xuanasonamu B, CB, KB (zo
16 M) B npoMexyTouHo# yactoTHl 465 kI MaKkcHMajbHas uyacTOoTa reTepORHHA
6yrer He Gosee 20000 I'm. Cocyntath Ao 20000 HMNyJbCOB MOXKHO YeThiPb-
Ms CUETHBIMH J€KaJaMH H OJHHM TpHrrepoM. B KauecTBe TaKHX CUETUYHKOB MOXKil®
Kcnoab3oBaTh MHkpocxemMbl K176MIE4 — necsiTHuHble cueTYHKM ¢ fgeundpaTopom
ceMHCerMeHTHOro koaa. Tak kak MakCHMaubHasi paboyasl 4acToTa 3THX CYETYHKOB
He rpesnuaer 1 MIL, yacToTy rerepogHHa HeoGXOAHMO NpeLBapHTENbHO pa3ielHTb
Ha 20 (npenutenn [1). Ilpu stoM BO C€TOBKO e pa3 MNpPHAETCA  YBEJHUYHTH
BpeMs cyera.

IIpuHyunuaabHass cxema uUHOPOBOH IIKaJbl cO BpeMeHeM cueta 20 MC H. Mak-
cnMasbHOM 4acToTOH retepoauHa 19,999 MI'y npuBesena Ha puc. 75. CHrHaJa or re-
TePOAMHA NOCTyNaeT Ha (opMHpoBaTelb (YCHJIHTEJb — OTPAaHHUHTeNb), COOpaHHHR
Ha tpausucrope VTI. Henutenp 1 ¢ Koapduunentom aeneHust 20 co6paH Ha TpHI=
repe DD1 u pecatuuHoM cuetunke DD2. Tak Kak uaCTOTa CHTHAJOB MOXET JOC-
tarath 20 MTIu, BxoaHo#l jennTens co6paH Ha GHICTPOAEHCTBYIOLIHX MHKpOCXeMax
131 u 155 cepuii. Tpansucrop VT2 sBasercs npeo6pasoBatereM KMIII ypoBus B
vposenb TTJI pas curnana «C6poc», nogaBaemoro Ha cyetyHk DD2. Ha rtpan-
sucrope VT3 cobpan y3en coBnajenHss u npeo6pasoBatenp TTJI ypoBHSI CHETHHIX
uMmnyabcos B ypoBeip KMJIIT. Curuas HH3KOTO YpOBHS, pa3pellaiollHi MPOXOXK-
AeHde cueTHHX HMNyJabcoB Ha CTga W CTc, momaercss Ha Ga3dy TpaHsuctopa VT3
yepes R9.

OnopHulil TeHepaTOp BHINOJIHEH Ha HHBepTOpe, BXoisueM B MHKpocxemy DD3.
Yacrota koseGaHuii onpejensercs pe3oHaTopoM ZQ1 H mnoactpaHBaeTcs A0 He-
o6xoauMoro 3Hauenuss kouaeHcatopom C7. Hmnyuabcn ¢ wyacrortoit 128 kI'm pensrcsa
JABOPYHLIM AeBSITHPa3psiAHHIM cueTyHkoM DD3 u Ha ero Bhixoje 9 mnosBasieTcs Me-
angp ¢ nepuopoM 4 Mmc (250 Tu). dra uacrota nonuxkaercs cuerunkom DD4 B
10 pas, a 3aTeM IIECTHPa3pPSAHHIM J[BOHYHHM JIeJHTeseM, BXOASLIHM B MHKpOCXe-

77



J07 K131T87 JD02 KIS5HEZ

; 73
58 ‘3 +_|_/P2 ki s\ 7 74 crlcrml7 7z o 'l":;
NERE2
{mrt&l:E# I .{;_ 7 2 4 P Iﬂ/x*]eﬁ
% 58 A7 21 ] lan
7 pC 0 4
€
fr F7 vr? ﬁ ¥ p
7 77 |
| Ol i P e 8 9]
13 -I-_ Vrz-=vr4
AT 3756
VoT-K4 5034
703 K176HES 704 AT76/ES 775 AI7EHETS  DT] AITETAS
713 274 i -2\ crz| 4 Z 51 &
%
_._2<m crz |9 7 7¢ cr\crro|p TJI5 K176TMZ ? 5 4
| 77 7
£ 7 l>[
K4 =l70 2 5o ‘
T J [4] % 12 JD8 KI7T6TMZ
f M ‘I 2087
A I 11 Py Pt sl 7
sl |z 7, I e
¥4 2 5
7|s T2 ﬁ —'—": 2
75 dm R
| BT i
+98
775-0T72 KIT6HES
21 2712 R73
“Erlerrolw L7l cro|w
5 ¢ ]
= atg—) ool HA|  |et—
5 ~| e sE—| &F
sy pS 72 I N A cHe-| &=
77 3y 177 Ly
Nz 172
22— 3N AR ,§ Huduramop
7 (7 | X« g AN I decamnod Mly,

Puc. 75. MpuHOUNHATbHAS cXeMa Hu(POBOH mMKaJn pajAHONPHEMHHKA

My DD3 (Bxox 10 u Buxox 15), eme B 64 pasa. Takum o6pasoM, Ha BHxome 15
MuKpocxeMH DD3 mnossiserca CHrHaJ, MepeBOAALIMA UHGPOBYIO IUKamy B PeXHM
y3MepeHHs. C NeproioM 2,56 c. DTH HMIYJbCH 3alycKalOT (POPMHpOBATENb CHI-
#ana «C6poc» (4 mc) ma rtpurrepe DD5.1. Ilo xomnmy curaama «C6poc» Tparrep
DD5.2 nauunaer ¢opmupoBaHHe curHasna «Cyer» nuauTesdpHOCTBIO 20 Mc.

Cyerunk CTyy BHIOJHeH Ha MukpocxeMe DD6 u szemenre DD7.1. O Haua-
HaeT CYMTaThb MO NpHXOAy uMNyabca «C6poc» Ha Bxox S tpurrepa DDS8.1. Korza
sukpocxema DD6 HacuuthiBaeT 464 umnyibca (28427+4254-2%), na Bxoge D Tpur-
repa DD8.1 nossurca 0. Caenyromuit, 465-i uMmnynsc na Bxoae C TpHrrepa Hs-
MEHHT COCTOsIHHe €ro BHXOZOB. Dt1o 3ampetut (mo Bxoay R) pa6ory CTns H
paspeliuT paboTy CYETIHKA CHrHaJa CT¢, BHNOJHEHHOro Ha MHkpocxeMax DD9 —
DD12 (DD10 u DDI11 Bkmouaior Mexay DD9 u DDI12) u tpurrepe DD8.2. Tak
KaK 4YHCJO IeCATKOB Merarepn MoxeT GHTb 0 HAM 1, AJI1 HX CyYeTa MHCIOJbL30BaH
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TPHITep, ¢ BHIXOJ2 KOTODONO CHFHaJN MNOAAaeTcs TOJNbKO Ha JBa CerMeHTa HHAHKa-
TOpa, HHAMUHPYIOMHAX 1. YcTPOACTBO PacCUHTaHO Ha COBMECTHYIO PaGoOTy C KHAKO-
KDHCTAJIJIHYeCKHMH HHAMKAaTOpaMH. Ecin HHIMKAaTODH CBETOAHOAHHE, TO CO BXOXa
C mukpocxem DD9 — DD12 reo6xoxuMo yGpath curHaa ¢ gacrotoft 25 I'uy H momarth
#a 3TH BXOJAB HH3KHH HJH BBHICOKHA YDOBHH — B 3aBHCHMOCTH OT HCIOJIb3yeMHX
CBETONHOJHBIX HHAMKATOPOB (C OOLIHM aHOAOM HJH OOIIMM KaTOXOM).

B 3akmoueHse 3aMeTHM, 4YTO TPaHCJSLUHOHHHE pajguonpueMHHKH <«Hmum-003»,
KOTOPHIMH KOMILJIEKTYIOTCS IIKOJIbHBIE DajHOY3JH, HMeIOT NHU(POBYIO IIKady, y3ek
CT. kOTOpO/ BHIIOJHEH Ha TaKHX e MHKPOCXeMax, Kak B ONHCaHHON 3jech nudpo-
BOM mKaje. B oCTaNbHBHIX y3jax IpHMEHEHH MHKDOCXEMBl MaJlofi CTelneHH HHTer-
panuH, Jlas nocrpoeHHs uxgpoBOR WIKAJH TaM HCNOJb3yeTCs B JBa pasa GoJblie
MHKpOcxeM H Gojiee 100 AHCKPEeTHHX 3JIeMEHTOB.

SANOMHHAIOIIHE YCTPONCTBA
ILH®POBOH TEXHHUKH

KJIIACCHPHUKALLMSI 3ANTIOMHUHAIOIUX YCTPOHCTB

3anomuHaomye ycrpoficta (3Y) uudpoBOil TEXHHKH NpeAHA3HAYEHH AJS
2amlKcH, XpaHeHHs M BbIIAYH HHGOPMAaUHH, NPENCTaBJeHHOH B BuAe UHPPOBOro Ko-
na. OcHoBHHIe XapaKTePHCTHKH 3VY: HHpOpMalHOHHAast eMKOCTb H GHICTpojeHcTBHE,
ITd XapaKTePHCTHKH NPOTHBODEUHBH — IPH YJyYLIEHHH OXHOTO INapaMeTrpa Heus-
Gexxno yxymmaercs apyrofi. IlostoMy B nupoBoii TeXHHKe OLHOBDEMEHHO HCIOJb-
3yeTcs Heckoapko 3Y ¢ pasNMUHBIMA  XapaKTeDHCTHKaMH:  CBepXoliepaTHBHHE
(CO3Y) c wManoit eMKOCTbIO (BCETrO HECKOJIBKO CJIOB), HO C OHICTPOAEHCTBHEM,
CPaBHHMHM C OBICTDONEHCTBHEM 3JIeMEHTOB; ONePAaTHBHHE 3alOMUHAKOLIHE YCTDOfi-
crBa (O3Y) —c eMKOCTBIO B THICSYH CJOB H GhicTpopeiictBHeM 10—% c, cpaBHu-
MBIM ¢ OHICTPOJeliCTBHEM OCHOBHHIX Y3/J0B (CyMMaropos, mpeoGpasosaTesiefi KO-
JI0B); BHEIIHHe 3amnoMHHalomue ycrpoiictBa (B3Y) —c eMKkoCTbIO B MHJIMOHH
C/IOB ¥ BpeMeHeM oOMeHa HHbpopMauueii =~10-2 c.

CepxonepaTHBHHe H ONepaTHBHHe 3Y B COBPEMEHHHX YCTPONCTBAX BHIIOJ-
HAKOTCA B BHAe noaynpoBogHHkoBrx BHC, a B3Y —o310 anekTpoMexaHUYeCKHe
YCTpOHCTBA € MAarHWTHHIM HOCHTeJeM HH(popMamuu (T. €. MarHHTOMOHH C MAarHHT-
HHIMH JHCKaMH, JeHTaMH WiH 6apaGaHaMu).

B mpomecce paGOTH BHIYHCAUTENbHOH TEXHHKH HH(GOpPMaLHs H3MeHsieTCst (CYHTH-
Baercs H 3anucuBaercst) B O3Y, CO3VY, u B3Y. Oxnako ectb # Taxkas HHboOpMa-
UHs, KOTOpasi He MOJXKHA MeEHSTbCS, HalpHMep pasJHYHHE KOHCTAaHTH, LH(POBHeE
KoJAH OyKB PyCCKOro HJH JaTHHCKoro andaBura, Tabiuusl $ynkuufi uw 1. n. Takyio
HH(OPMALMIO 3aNUCHBAIOT B IOCTOSIHHOE 3amoMHHamollee ycrpoiicteo (II3Y) npu
H3TOTOBJIEHHH YCTPOACTBA, a NIpH paboTe OHA TOJBKO CUHTHIBAETCS.

B paauomo6GHTeNbCKHX KOHCTPYKUHSIX cefyaC HAYWHAIOT IIHPOKO IPHMEHATHCHA
O3VY u II3Y.

ONEPATHUBHBIE 3ATIOMHHAIOIUME YCTPOHMCTBA

Bnaronapst ycnmexaM WHTerpajibHOH TEXHOJNOTHH IUHPOKO IPHMEHSIOTCS
mukpocxemnl 3Y nHa Ounoaspubnix m MJII Tpamsucropax. DieMeHTOM DNaMsITH B
NepBHX M3 HHX CJHYXHT IPOCTEHINHH TPHITEpP, BO BTODHIX — TPHITED HJIH KOHJeH-
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catop, 3apsKaeMhi A0 HaNpsKeHHs, COOTBETCTBYIOIIETO EJAHHHYHOMY COCTOSIHHIO
3jeMeHTa. DHIO/sApHHE TPHUITeDHHe MHKDOCXeMH O06/JafaloT 3HaYHTEJbHHM OHCTpO-
npeficreieM, a MJII MHKpocxeMH — Gosbuieit eMkocteio. 3Y. Kpome toro, MIII-
MHKDOCXeMHB MOTPeGJISIOT 3HAYHTEJbHO MEHble JHEepruH.

Tunuyeuit npuMep tpurrepHoro O3Y — napaJenbHufi peructp (cm. c. 38). IIpu
yeThipex OHTaXx XpaHHMOH. HH(OPMALHH BCe ero KOMNOHEHTH YMeEINAIOTCS B OLHOM
Kopnyce C 14-10 BhBOAaMH, 0OeCHeYHBaIOWIHMH JNOCTYIl KO BCEM BXOAaM H BHI-
X0JaM 4YeThipex 3JeMeHTOB namsitH. OpraHusanus NaMsTH B BHAEe OTHAEJBHHX pe-
FUCTPOB TNpHMeHseTcs IpH cosaanun  O3Y Majnoft  emkocTH  (HampuMep,
C0g3Yy).

IIpu yBenuuennn emxoctH O3Y BosHHKaeT mpobieMa HOCTyNa K KaxJAoMy 3Je-
MEHTY NaMsATH NpH OrpaHWYeHHOM YHCJe BHBOJOB Kopmyca. Dra 3ajaua pelaercs
C TNOMOIIBI0 afipecHOH opranHsanuu 3Y ¢ HCNOJNb3OBaHHeM JewiHppaTopa Kojaa ajpe-
ca. Kak yxe rosopunoch paHee, nelrndpaTop € N aApeCHHMH BXOAAaMH JelIH(ppH-
pyer 2° cocrosuuii. TakuM o6pasoM, NpPH YeTHpPeX BXOJAAX MOXHO OpraHH30BaTh
obpamenne K 2*=16 snemeHraM namstH, npu 10 Bxomax —k 1024 asjemeHTaM
HT I

3anomHHaOLlee yCTPOHCTBO afpeCHOr0 THMA COCTOHT H3 TPeX OCHOBHHX G6J0-
KOB: MaCCHBa 3/eMEHTOB NaMATH (HakomHTesap), 6JoKa ampecHo#t BHOOpPKH (me-
uudpaTop azpeca) H 6J0Ka yInpaBJeHHS.

PaccMoTpuM HasHaueHHe M B3aMMOAEHCTBHe 3THX G6J0KOB Ha mnpumepe O3Y
Ha 64 OGura Cc azpecHoi opraHHsauuefi BHOOPKH 16 wdeTHpexpaspsAIHHX CJIOB
(16 coBX4 paspsina=64 Gura).

YcnoBHoe H306pakeHHe M (YHKUMOHAJbHAs CXeMa TaKOA MHKPOCXeMH IpHBe-
AeHdl Ha puc. 76,a. Maccus namstH o6pasoBan 16 ueTHpexpagpAAHEIMH UeNOYKaMH
Tpurrepos. Ilpn curiase V=0 oAHa u3 LeNoyeK, COOTBETCTBYIOLIAsl BLICTABJEHHOMY
agpecy Al — A4, mepexoautr B paGoyee COCTOsiHHe, H ee CHTHaJH INOCTYNalOT Ha
Bxogu aneMenta M (7—10). Ilpn cmraame V=1 Ha Bcex Buxojaax DC nHskue
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YPOBHH, H CJIefOBAaTe/IbHO, BCe TPHITEPH OTKJIOUEHH OT BHXOJHHX IIHH HAaKOMHTEJS.
Ilpp V=0 1 W=0 Ha BHOpaHHYIO LENOYKY NOCTYNAT HHPOPMAUUOHHHE CHTHAJH
[exonet D1—D4) u saeMenToM 1 BHpabaTHBaeTCs CHIHaJa 3sanucH. B arom pe-
XHMe npH cmeHe nHbopMauHM Ha Bxoje O3Y mnpoHcXoAHT Iepesamuch HHdopMa-
UHH B NaHHOM cjoBe MaccHBa. [Ipm curHamax V=1 u W=0 Bxogsas Hu¢popMa-
UHS TPOXOJAHT HENMOCPEACTBEHHO HAa BHIXOA MHKDPOCXeMB, MHHYS MacCHB TPHITEpPOB
(nremndpaTtop He BHOMUpaeT HH onHOM M3 ueneit). Y, Hakonen, npu V=1 u W=1
3anpemeHa pa6Gora AeimHdpartopa, yana, BHPaOaTHBAIOWIET0 CHTHAA <«3amlHCb» H
BXOJHHX 3jeMeHTOB H.

Takum o6pasoM, 6ok ympaBieHHs (fecATb sjemeHToB H) o6ecmeunBaer pa-
6oty O3Y B pexuMax: 3amnHch, CYHTHBaHHe, CKBO3HON NepeHOC, XxpaHeHHe HHpoOp-
MalHH.

Bruxogunie soruyecke aneMeHTH KM (7—10) BHMNOJHEHH NO cXeMe C OTKpH-
THM KOJJIEKTOPOM, 4TO TO3BOJIAET COeAUHATb BMecTeé BHXOAHM Q HECKOJbKHX MHK-
pocxem O3Y. Ilpn 3ToM npoucxomut HapamuBaHHe eMkocTH O3Y (nBe MHKpocxe-
MH — 32 cjoBa, TPpH —48 H T. 14.).

AnpecHoe ympasienHe Al — A4, unpopmaunoHHne Bxogw DI1—D4 u BHxoan
Q1—Q4 Bcex MukpocxeM OObeAMHAIOT B OOLlHe WMHH, a BRG0P pabouero MaccHa
OCYLIECTBJSIOT AONOJHHTeJbHHM Heurn¢paropom no Bxo.am V u W. Tak mocrpoena
Mukpocxema KI165PY2 (puc. 76,6).

Ipu xoHcTpynpoBaHHH O3Y eMKOCTbIO B COTHH H THCHYH OGHT B OJZHOM KOp-
nyce BO3HHKAIOT TPYAHOCTH C CO3JaHHeM AeUIH(PPATOPOB € TAKHM YHCJIOM BHIXOJAOB.
Hx ynanocs npeoiosieTb NpH NOCTPOEHHH MAaTPHYHHX HAKOMHTesNeH, B KOTODHX BHI-
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Puc. 77. OyHKUMOHANbLHAA CXeMa H ycJoBHoe oGo3nauenue O3V Ha 250 GHMT
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Gopka KaxIOrO 3JeMeHTa NMaMATH OCYUIeCTBJIsSETCS He IO OJHON INMHe, a IO ABYM
(mo crpokam u croabuam). @yHKuHOHaJbHAA cxema Takoro O3Y eMxocTbiO
256 6ur npuseneHa Ha puc. 77. Iuas BHGopa 256=2% suéek HEOGXOLMMH BOCEMBb
agpecHnx BxonoB. OHH pa3fleleHH Ha JBe 4YeTBePKH, KaXzasd H3 KOTOPHIX YII-
paBasier pemndpatopom Ha 16 nonoxenuit. Ilpu mo6Goii KOMGHHAUMM CHTHAJIOB
A1—A8 enuHHYHBe 3HAYeHHs CHTHAJOB HA IUMHE CTPOKH M LIHHe CTONGLA OKaXyT-
Csl TOJIBKO Y ONHOrO 3JeMeHTa NaMsATH. TOJbKO 3TOT 3JeMeHT 6yleT BOCHpHHHMATH
ynpaBJsiolllie CHTHAJH, HAyIHe N0 OGIHM IIHHaM: BHGOpP MuKpocxemun (BM),
paspsimHas wuHa 1, paspanHas wHHa 0. AHaJM3 JIOTHYeCKOH CTPYKTYpH G6Jioka
MeCTHOro ynpaBieHHs (TpH ameMeHta I1) mHO3BoJsleT COCTaBHTb TaGJHLY peXUMOB
paborn aroro O3Y (taba. 20).

Ta6auma 20
BM 3n/Cu DYHKIHSA
0 1 3anucy uHbOpMauuH ¢ BXofa D B BLIGpaHHYD
AYeHKY
0 0 CunrniBanie HHGOPMAaUUH U3 BHIGPAHHOH STUEHKH
} (l) } Xpanenue undopmanuu

Buxonno#t ycumurenr O3Y B pexuMe 3amMcH H XpaHeHHs HHGOPMauuM Haxo-
JHTCS B TPETbEM COCTOSIHHH (COCTOSIHHE C BBICOKHM CONDOTHBJIEHHEM), YTO I03BO-
JsieT HapamuBaTbh 06beM NaMATH TaK XKe, KaK H A1 MuKpocxeMn KI156PY2.

IHoxoneBka Mukpocxem K176PY2 u K561PYV2 (O3Y ¢ Ttakofi cCrpyKTypo#h
phnoiHeHnl mo KMJIT TexHosorun) nokasaHa Ha puc. 77,6. Hcmoab3ys ux, He-
06XOHMO NOMHHTb, YTO HH(opMauus Ha agpecHnx (A1—A8) u HHDOpMaUHOHHOM
D Bxogax HO/KHA MEHATBCS INIPH BHICOKOM ypOBHE CHrHaja BM Kkak B pexume
3amMCH, TaK H B peXHMe CUHTHIBaHHA. B npoTHBHOM caydae Gylaer pa3pyuIaThCs
panee 3anHcaHHas uHGopMauusi. CMeHa uHGMOpPMAaUHH JOJKHA NPOH3BOAHTHCA 8a
BpeMs He MeHee 0,1 Mxc no Hayajsa curHasa BM=0 Jaubo He paHee ueM uepes
0,5 MKC 1mocje ero OKOHYaHHs.

NNOCTOSAHHBIE 3ATNIOMUHAIOIUME YCTPOHRCTBA

TTocrostneble 3Y J0MycKalOT TOJNBKO CUMTHIBAHHE 3aHECEHHOH B HUX HH-
¢opmanun. B TI3Y no kaxaoMy n-paspsgHOMy aipecy 3alHCaHO OJHO 3apaHee yc-
TaHOBJIeHHOe m-pa3psiinoe cioBo. Takum o6pasoM, II3Y sBasiorcs mnpeo6pasosa-
TeJNsIMH KOZA ajpeca B KOJ CJIOBa, T. €. KOMOHHAUMOHHOH CHCTeMO#l ¢ n Bxopja-
MH H M BHXOJaMH.

Hakonurear II3Y OGHYHO BHIMOJIHSETCS B BHAE CHCTEMH B3aHMHO INepHeHRW-
KyJSDHHX IIHH, B INepeceyeHHsIX KOTOPHIX JHGO crouT (norumyeckas 1), anGo or-
cyTcTByeT (JorHYecKuit 0) 3/eMeHT, CBS3LIBAIOIIMA MeXAy COGOH COOTBETCTBYIOIIHE
FOPH30OHTAJbHYIO H BEPTHKaJbHyl0 WIMHH (pHC. 78). BH6opka /0B NIPOM3BOAHTCH
TaKk xe, kKak # B O3Y, npu nomomy pemudparopa. BHXOJHHE TPaH3UCTOPH YCH-
JiuTeJeHl MOryT GHTb C OTKDHITHIM KOJUIEKTOPOM HJH C TpPeTbHM cocTosHueM. Torpa
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npu crpoGupyiomeM curHaje V=1 MHKDGCXeMa OTKJGYaeTCd OT BHIXOJHON INHHH,
qTO NO3BOJIAET HApallHBaTh NaMATb NPOCTHM OODbeLHHEHHEM BHXOJOB MHKPOCXeM
T13V.

Hmerorca TI3Y, unpopmauus B KOTOpDHe 3aHOCHTCS B IPOLECCE HX H3TOTOBJe-
uus. Hanpumep, II3Y cepun K155: KI55PE21 — npeo6pa3oBaTesib  ZBOHYHOTO
KOJa B KOJ 3HAaKOB pycckoro anadasuTa, KIS5PE22 — B Koi 3HaKoB JIaTHHCKOTO
andasura, K156PE23 —B Kkoa apHpMernueckux  3#HakoB H uudp. Itu II3Y
MOTyT HalTH NpHMEHeHHe B DaAMOJNIOGHTENBCKON NpaKTHKe TNPH KOHCTPYHDOBAHHH
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Puc. 78. dynkuuoHaabHasa cxema I3V

JHACIJIefHHX YCTPOACTB H DPaJHOCNOPTHBHOM annapatypH. OpHaKo AJS  paaHoJIo-
Gureneft HanGonbEA HHTEpeC NpeNCTaBAAOT NporpaMMHEpyeMHe II3Y, B xortopme
OHH  CaMH MOTYT 3aHOCHTb HeoOxoxumylo HHbopmanuio. B cepun K155 — sto
unkpocxema KI155PE3. Ee ¢ynkunonanbHas cxema nokasaHa Ha pHC. 78, a yc-
JIoBHOE 0GO3HauYeHHe Ha pHC. 79,a.

B atux II3Y aneMeHTOM CBSI3H SBJA-
ercsl GHNOJIAPHHA TPaHSHCTOP C BHIXKH- v KISSPE3

raemoii mepeMHukoi (puc. 79,6). Ilpn 73y ,_; X
fIpOrPaMMHDOBaHHH B y3J/aX, Ile IO/IKEH g 5

O6HTb 3anHcaH 0, uepe3 TPAH3HUCTOP NPO- A 0

IyCKaloT HMIYJbC TOKA, AOCTATOYHHIHA AJA 5—f.

paspylleHHs 3TOH NepeMHuKkH. VI3BeCTHH fz

ClyyaH, KOTAa BHIKXKEHHas IHepeMHuKa C = v
TeueHHEM BPEMEHH BOCCTaHaBJHBaeTCd, H a) 9)
#Hopmanus, sanucanHas B II3Y, ucka- Puc. 79. TlocrosmHoe 3¥:

maercs. YToOH m3bexaTb 3TOTO, NOCAE  ,; _ yonomnce oGosmawenme II3Y ma mu-

OpOrpaMMHPOBAHHA NPOBOJAT TEPMOTpeAd-  Kpocxeme KI155PE3; 6 — GHNOIADHBIA TpaH-
3HCTOP C BBI)KHraeMOH NepeMBIYKON

POBKY (3J1eKTPOTEPMOTPEHHPOBKY) MHK]O-

cxeM. B JIOGHTeNbCKHX YCJOBHAX 3TO HOC-

THraercsi BHAEPKHBAHHEM MHKDOCXeMH IpH TeMmneparype 100°C B TeuyeHHe CYTOK.
[lporpammupoBanne HeGOJIBIIOTO YHCJIAa MHKPOCXEM MOMKHO BECTH BDPYYHYIO Ha

YyCTaHOBKe, BHNOJHeHHO# no cxeme puc. 80. Ilporpammupyemoe II3Y ycranasian-

BalOT B NaHeJb H, NOCJefoBaTeJbHO HabHpas anpec cioBa SA1—SA5 ¥ HyXHHE

paspsa SA6, sanucmBaior 1, Haxumas kxHonky SBI. Ilpr naxatur kHonke SBI
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Puc. 80. CxemMa yCTaHOBKH AJs nporpammuposBanus MN3Y

«3anuck» cpabaTnBaer renepatop (anemeHtn DDI.l.— DDI1.4) ODHHOYHOTO HMIYJb-
ca JJHTeNbHOCTbIO OKoso 100 mc. YUepes ycmautenp Ha tpansucrope VTI stor uM-
nyabc ammautyfodi 10 B moctymkT Ha BHXOA 3amporpaMMHpyeMoro paspsiia B
BHBOAL HCTOUHMKAa nHraHHs [13Y, 3alyRTHpoBaHHOro KoHAeHcatopoM. Ecau |1
3anmHcajacb B NMaMsATb, TO NOCJe OTNycKaHHs KHomkH SB1  jaosxeH 3aroperbcs
ceeroanon HL1. Ecan xe cserommon HLI He 3aropescsi, To cieiyeT TNOBTOPSATh
onepanyio NPOrpaMMHDOBaHHs, yBeJnuuMBas (crynmeHssMH 1o 0,5 B) Hanpsixenme
HCTOYHHKA NHTaHHS RO YPOBHS, He npeBHaiomero 14 B. TexnHueckHe yC/NOBHA HaZ
stn [13Y rapautupylor nporpammupyeMoctb He MeHee 30% MHKpocxeM.

3ANIOMUHAIOLIHE YCTPOHRCTBA
B PALHOJIIOBUTEJIbCKUX KOHCTPYKUHUAAX

ITocTosiHHHe NporpaMMHpyeMbie YCTPOHCTBA NO3BOJAIOT B psSie Clydyaes
CYIIeCTBEHHO YNPOCTHTb uuépPOBOH aBTOMaT. [IpHMepoM MOXeT CJayXHTb Nepuen-
TpoH (cM. c. 34). YcioxHHM 3anauy, ofecleuHB HHAMKALMIO ONO3HAHHOK uHDpHS
Ha CeMHCerMEHTHOM HHIHMKaTope.

Cxema Takoro ycrpofictBa npuBeeieHa Ha puc. 81. Ilo nsATHpaspsaHOoMy anmpecy
Ha Bxoge II3Y cunthBaercs ceMHpaspsjHOe CJOBO Ha ero BHxoze. HHdopmauns
Ha BXOJe H3MeHsieTCss NIpH CMeHe pacno3HaBaeMofi uuéphu. «IIpommekas I13Y, on-
pedessiolmiasi KOAH BBHIXOJHHX CJOB B 3aBHCHMOCTH OT KOAa ajpeca, OTpaKeHa B
Taba. 21.

IIpn nmocTpoennH NOAOGHOrO KOAMPOBIIMKA Ha KOMOHHAUHOHHHX 3/eMEHTax
notpe6oBajoch GH CeMb MHKpOCXeM.

KnaBuatyphbiii patuMk TtenerpadHbix cuMrHanoB. JlaTuMk npeiHasHayeH AJs aB-
TOMaTHYecKoro (GopMHpOBaHHs TeserpadHHX CHrHaJoB B Koje Mopse B soGuTenb-
CKHX DpajHoCTaHUMsIX. B npubope HMeeTcss J[Ba NOCTOSIHHHX H OAHO ONepaTHBHOE
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Puc. 81. [IpuHuMnHaabHasA cxe-

Ma nepuentposa Ha [3Y

3Y (kaxpmoe Ha 15 TeserpadHHX 3HAKOB), KOTOpHE 3HAYHTEJNbHO NOBHILAIOT ONle-

PaTHBHOCTb Pa6OTH B XOAE Da3JHUHHX COPEBHOBaHHIL.
Ecau Heo6X0AHMOCTH B NpelBAapHTEJbHON 3allHCH TEKCTAa HET, TO NATYHK (6em

M3Y u O3Y) MoxHo cobpaTth mo cxeme Ha puc. 82 Ha 10 mukpocxemax (Bce ycCT-

Ta6anma 21

© Kon aampeca KoJ BBIXOJHOrO CJIOBa

[=%

3 1 2 4 8 | 16 | Q Q: Qs Q. Q 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
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Puc. 82, MpusuunuanbHasg cXeMa NAaTYHKa TederpadHbX CHrHAJIOB
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poficTeo cob6paHo Ha 17 MHkpocxeMax). Koiw NATHIECATH pPasjHIHHX 3HAKOB CO3-
JaloTcs KJaBHATypoll, BHIIOJHEHHOH B BHAE MAaTPHUH TPOBOAHHKOB 8X8, B yamax
KOTOpOif BK/MIOYeHH KOHTaKTHHe maph. Illectnpaspsaun# Kox 3Haka ¢opMHpYIOT
xsa mmbparopa K155MB1 (DD9, DDI0). IIpr HaxaTHH Ha OAHY H3 KHONOK KJja-
BHATYypH CHTHAJ HH3KOTO YPOBHS INOCTYyNaeT Ha OAHH H3 BXOROB MHKpocxeMH DD9,
a Ha ee BHxole (opMHPYeTCS HHBEPCHHA KOX TpPeX MJAJUIMX PaspsloB HOMepa
knonkd., OJHOBpEMEHHO BXOXHOH TOK 3TOH MHKDOCXeMH OTKDHBaeT OJZMH H3 TpaH-
3ucropoB VT1— VT7 u Ha BHXoae Mukpocxemn DD1!0 nossaserca HHBepCHHA XBO-
HUHHH Koj Tpex crapuiux paspsaoB [2]. JiBowunmi kox Tenerpaduoro 3Haka Io-
Jlyyaertcs, €CJAH TOYKM IIPeJCTaBHTh EIHHHIAMH, a THPe — HYJSMH, C HOIOJHEHHEeM
NOJYYEHHOTO COYETAaHHs OLHHM HYJeM H TOCHeAYIOIWHMH efnHHNaMH. Koaupyemue
3HaKH, PacloJOMKeHHe KHONOK Ha MaTpHIEe NIPOBOLOB H COOTBETCTBYIOUIHE HM JBO-
HumHH KOj IoKasanW B Ta6ia, 22, Bce cumBoJaH (kpoMe  deTHpex  OGBefeHHHX

TaGauma 22
7770 Bxod 03
o 7 z 3 4 5 6 7
7
7 & x # 7 x 2 3 goe 7
7 7/ 7R S 2 B B ' ‘001 7
z | x x / x # x @ a0 1 @
3 7 r X 4 8 P YO ¢ art 7 @
4 x O x = x x x 4 100 7@
5 « 3 4 & n° N @ X 101 7
& 8 7 x 6 X A 3 5 170 7
7 M T K X A £ H X 177 7
o000 ogr o070 011 w00 101 110 177 456 7,
1,2,3 -paspad Jbouvnsid Kod cumbona

KPYKKOM) MOTYT OHTb NpEACTaBJeHH INECTHPA3PAAHHM CJIOBOM IIDH 3aJ1aHHOM

sakoHe KomHpoBamHa. [las gverhpex camsonos (OK, 1, ?, CK) meobxomum cemu-
paspsanunii kox [26]. CempMoi paspsif MOJMYYalOT OT LENOUKH [IOCAEA0BATEIbHO
BKJIOUEHHHX BTOPHX Ilap KOHTaKTOB 9YeTHpeX KHONOK. Bce ocraibHHe KHONKH
OJHOKOHTAKTHHE (HOPMaJbHO Pa3oMKHyTHe). IIpu /06o# HaxKaTod KHOIKE HA BH-
xone G (smBop 15) muxpocxeMw DD9 nosBisercs CHTHaJd HH3KOrO  YDOBHf, KO-
TOPHA HCIOJIb3YeTC AJs IepesallHcH HHQOpMalHH ¢ BHXomoB mmdparopa B pa-
Gounit perncrp Ha mukpocxemax DD1 um DD2. Llems RICI m TakTHpyeMHi# TpHT-
rep DD3.] Heo6XONHMH st ycTpaHeHHss ApeGesra KOHTAaKTOB KuiaBHaTypH. Cemu-
paspsAHHit ABOMYHHHE Kox ma peructpH DD1 n DD2 nocrymaer uepes O3Y na
mugpocxemax DD15, DD16. Ecin He Haxara HH OAHAa H3 <«DEeXHMHHX» KHOIOK
SB1 — SB4, mukpocxemu DD15, DDI16 paforaior B peXHME CKBOSHOTO IlepeHoca
nHpOpMaNHMH CO BXOAOB Ha BHIXOAH C HHBepCHEH.

dopmuposaTesb TejaerpadHHX CHTHAJIOB COCTOHT H3 TaKTOBOTO reHeparopa Ha
sneMentax DD4.1 —DD4.3 u ¢dopmupoBaTessi CHTHAJOB TOUKH K THDE HA TPHITepax
DD7.1, DD7.2 u saeMmente DDG6.4, Jlorugeckuit 610K, KOODAHHHDYIOIIHE pabory
dhopMHpOBaTeNs CHTHAaJOB M CIBHNOBOTO PerHCTpa, Co0paH Ha aJeMeHTax DD5,
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.DD4.4, DD45, DD6.2, DD6.3 u Ttpurrepe DD3.2. 3anucannmit B peructp DDI,
DD2 kop TesnerpadHOro 3Haka 00f3aTeJbHO COAEPXKHT XOTA OH OJMH CHTHAJ HH3-
KOr0 ypOBHs, KOTOPHi NpoXoAHT Ha Bxog R Tpurrepa DD3.2. Huskuit yposenb ¢
BHX0Ja 3TOrO TPHIrepa paspewaer no sxoay V2 pabory perucrpa DDI1, DD2
B pexuMme caBura. OJHOBpPeMEHHO eAMHMYHHH CHFHAl C HHBEPCHOTO BHXOJA TPHI-
repa DD3.2 paspemaer pabory Tpurrepa-dopmuponarens touek DD7.1. Tpurrep-
«popMupoBaTesb THpe paboTaeT TOJLKO NpPH HAJHIHH ABYX HyJeH Ha BXojax ysJa
.copnagexuit DD6.2. Dto BO3MOXKHO, €CJH B ILIECTH MJAaAIIHX paspsAfax perucrpa
.3anucaH xoTs 6u oi1uH 0 (mpeamoJoXKuMM, AONOJHSAIOMMA KOA 3HAaKa), a B CTaplieM
paspane (Buxoxn 4 DD2) —Hu3kHit ypoBeHb, cOOTBeTCTBYylOWIHi THpe. Ilocste OKoOH-
YaHusi NepPBOro 3JeMeHTa TejerpagHoro 3Haka Ha Buixome Tpurrepa DD4.5 no-
SIBUTCSl OTPHUATEJbHHH Nepenaj HanpsXKeHHs, KOTOPHIH CIBHHET 3aNHCaHHHH B pe-
THCTD KOJ Ha OJHH IUar B CTOPOHy crapuero paspspaa. ITocae naysn AJIHTENbHO-
CTBIO B OJHY TOYKY HayHeTCss ()OPMHPOBaHHe CJeAylOLero sjeMeHTa TeJjerpad-
#oro 3Haka. [Tocne (OpMHpOBaHHMA KaXKAOro 3JeMEHTa YHCJIO B DPErHCTpe CABHra-
«TCsd, a MJajllHe Da3psAiH 3aNoJHAKTCS efuHHLaMH. Korja B permcTpe oxaxercs
yucao 011111, #a BHxoje aneMeHra DD4.4 nosiBuTCS BHICOKHH ypOBeHb, 3ampe-
JIIAIOIHI NPOXOXKAeHHe CHrHajloB K NepefaTdnky. B To e Bpems Tpurrep DD3.2
«€llle pa3pewmaer pa6ory Tpurrepa DD7.]1 — dpopmHupyeTcs nays3a AJIMTENbHOCTbIO B
ABe TOYKH. B KoHue ee oTpHuareJbHHil nepenag Ha Bxomax Cl pernctpos caBH-
HeT MocJefH0l0 | B cTapwuit paspsag. DTo NpHBENET K INePeKJIOYEHHIO TpHrrepa
‘DD3.2 (nmo Bxomy C) M K nepexoldy perHcrpa B pexHM Iepe3amHcH HHQOpMauHH
g0 BxogaM D. Ecanm B 3TOT MOMeHT yXe HaxaTa Clelylollas KJaBHINAa (HJIH He
<OTNyllleHa nepBas), TO NO HCTEYEHHH HHTepBaja B ORHY TOYKY- HauHeTcsd (HOPMHpO-
-BaHHe cJelyioLlero 3Haka. TakHM 0o6pa3oM, MHHHMAJbHHH HHTepBaJ MeXAy 3HaKa-
MH OKaXeTCsi PaBHHM TPeM TOUYKaM.

Ha saementax DD8.2, DD8.4 u DD4.6 co6paH ToHaJbHBI reHepatop AJs CJay-
XOBOTO KOHTPOJIsSi ()OPMHDYEMHIX 3HAKOB.

Ilpn paborte ¢ II3Y HaxumaloT ogHy H3 KHonok SB3 uanm SB4. dTo BHI3nBaer
Jlepexof, B eJMHHYHOE COCTOSIHHe IIePBOr0 M 4YeTBePTOTO TPHITEPOB MHKPOCXeMBI
‘DDI4, uyto paspemaer pabory II3Y na mukpocxeme DDI!7 '(mo Bxomy V) m cuer-
gska DDI3 anpecHoro compoBoxienus (no sxoay R). HMH¢opmauus ¢ BHX0I0B
7I3Y nepennmercs B CABHIOBHI perucrp mo TakTy D, copMHpOBaHHOMY TpHrre-
pom DDI1.1. [1le OoxkOHuaHHH NepBOro 3HAaKa INlepenaj HaNpsi)KeHHs Ha BHXOIe
aneMenta DDS u3MeHMT Ha eQMHHUYy ajpec Ha BHxoje cuerynka DDI13. Ha Bxo-
JAB CABHIOBOrO perHcTpa NOCTYNHT HHGOpPMAlUHs O BTOPOM 3HaKe, 3allHCAHHOM B
TI3Y, u 1. n. B pBe obanactu namsatu II3Y (0—15 u 16—31) 3anucmBaercs 10
156 renerpadnunx 3HakoB B 0—5 paspsinax. [Tocse mocneaHero 3Haka samuchBaercs 0
‘B CeAbMOM paspsfe namsatH. IlosBiaenne storo 0 mepeksioyaeT TPHITepH MHKpOCXe-
‘Ma DD14 n Bo3BpalaeT faTYHK B peXHM paGOTH C KJIaBHATYpH.

Ilpu pabore ¢ O3Y B pexume 3anucu HHpopmanu# TyMGaep SAl nepekJioua-
40T B BepxHee (mo cxeMe) mnoJgoxeHHe. Haxartue xnonku SB2 BH3bBaeT nepe-
‘X0 B eIHMHHYHOe COCTOSIHHe IIePBOTO H BTOpPOrO TpPHIrepoB MHKpocxeMn DDI14.
Jlanee HaXHMalOT M YAePKHBAIOT B TaKOM MNOJOMEHHH H KJaBHUIy TOro Tejerpacd-
HOro 3HaKa, KOTOphil Heob6xoaumo 3amucath B O3Y. 3areM HaXHMalT H OTHMycKa-
40t kHonky SB1 «3anmucb» — nepBHit 3Hak 3anmucaH. Ilocjie 3TOro HaXHMalT H
'YAepPXKHBaAlOT KJAaBHIlYy BTOPOTO 3HaKa, CHOBA  HAXXHMAlOT H OTIYCKAlOT  KHOINKY
«3anuce» u 1. A. [Tocne sanmucu Heo6xoguMoro uhcjaa 3HakoB  (HO He  Gosee 15)
*HaXHMAIOT H OTNYCKAlOT KHONKY «3amuch» Ge3 HaXaTHA KJaBHIIM 3Haka. [lpu
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3TomM sanuuwercs 0 B nocaennu# paspas O3Y, uTo Heo6XOZHMO AJs BO3BpaLIEHHs:
DaTYHK4 B PexHM paboThl C KJABHAaTypbl NPH CYHTHBAHHK HHpopMauun u3 O3V,

CuutniBanve uHpopmauun us O3Y npoHcXOAHT Tak ke, kKak u u3 I13Y. Ilpw
sToM Tym6aep SAl «3annch — CuuThiBaHHE» HO/KeH OHTb B HHXHeM (IO cxeMe)
11010 KeHHH

YCTPONUCTBA BBOJA U BbIBOIA
UH®POBOA UHPOPMAILHH

YCTPOHCTBA BBOJA LH®POBOH MHOOPMAILMH

Jlio6as uu¢poBas CHCTeMa, HapsiAy C LEHTPAJbHOH 4YacTblo, BHINOJHSIO-
uelt JOTHYecKylo 006paGoTKy H NpeoGpa3oBaHHe HH(ODPMalHH, HONOJHHTEJbHO CO-
JepXKHT CpeACTBa BBOAA H BBIBOJA HHpopMauuH. B kauecTBe yCTPOHCTB BBOAA AJ%
(OpPMHPOBAHHA YNPaBJSIOIIHX H KOLOBHX CHTHAJOB MOTYT HCIOJb30BAaThCS KHOTIOY-
Hbe NIepeKJIoYaTeJH H KOH1aKTHHE K/JaBHaTypH. B KauecTBe yCTpOHCTB BHIBOAA IUH-
POKO IPHMEHSIOT TOYeyHHe, LH(POBHE, 3HAKOBHE HHAHKATODH H HHIHKAaTOpHHeE
TabJj0 Ha HX OCHOBe.

CHrHa; ¢ NOMOLIBbIO KHOTIOYHHX IepekJioyarejeli (GOPMHPyeTCs NyTeM 3aMBKa-
HUsl — Da3MBIKaHHsl HMH 3JeKTpHYecKoli memu (puc. 83,a). JpyruM MertomoM IoO-
JIyYeHHs CUrHaJa sIBJsieTCs HCIOJb30BaHHE TaK HA3HBAaeMOr0 <«KOHTAKTHOTO Iiyna»
(puc. 83,6). 3mech ¢ BHXOJa KOHTAKTHOH IVIOUIAAKH B HCXOZHOM COCTOSIHHH CHH-
MaloT NOTeHNHaAbHbill CHrHaa Ugp, a B MOMEHT KakaHHf IUIOWIafKH LIYyIOM ypo-
BeHb CHTHA/Ma CTAHOBHTCS PAaBHHIM Hy/mo. CHrHaadH, GOpMHDyeMHe KOHTaKTHOH ma-
pofl, CcOmpoBokzaaloTCs ApeGe3roM (puc. 83,6), AJMHTENBHOCTb KOTOPOrO COCTaBJseT
~8—12 Mmc. Ilns ycrpaHeHHs ApeGesra B NOJyyaeMoM cCHrHajze (pHc. 83,2) Ha BH-
X0J1e KOHTaKTa YCTaHaBJHBAlOT CNelHaJbHHe ¢opMupoBaread. Ha puc. 84 npuse-
JeHH cxeMbl HauGoJjiee pacnpocTpaHeHHHX ¢opMmuposaresed. B ¢opmuposaTese Ha
puc. 84,a HcloJb3yeTcss NPHHUMI HEMOCPeACTBEHHOH ycraHoBKH RS-tpurrepa B co-

j: //a,wa/mle Yyn
Awonna KowmaNKmuwas
nroadna
Kowmanm Bsrxod
\v————>
ﬁ_ Un R Bs/x08
a) 7)
g~72Zmc 8-12Mc
a)
| -
2)

Puc. 83. MeToabl mNoJy4YeHHsI 3IJNEKTPHYECKOro KOHTAKTa B dopMupOBaTENAX CHFHAJOB H CHF-
Haabl dopMHpoOBaTeas
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Puc. 84. ®opMuUpOBaTENH CHTHAJOB H BPeMEHHAd Auarpamma cdopmupoBaTens

*58

OTBETCTBHH C COCTOSIHMeM mepekmouatens SBl. Popma cHrHama ¢ BHXOZa (POpPMH-
poBaTend npHBefeHa Ha puc. 83,2. ®opmHpoBaTenb Ha pHC. 84,6 IpenCTaBJseT CO-
6ol OXHODa3pPSAHHH TAKTHPYeMHAi DErHcTp C IePHOAOM BXOfHHX TakKToB T1=
=10—20 mc. Ero pa6oTy HJMOCTDHPYIOT AHarpaMMH Ha pHC. 84,s. IlepBhii ¢op-
MHpOBaTeNb IIPOCT, HO MJsl €ro IOAKJIOYEeHHS K Iepekaouatenmo SB1 Tpebyworcs
aBa pesucropa (R1, R2) u aByxmpoBogHas JuHHA. Ias Broporo QopMHpoBaTels
HyXeH OAHH pe3ncrop R3 H oxHOIpOBOAHAS JIHHHS, HO XONOJHHTENbHO Tpebyercs
nojaya TAKTOBHX HMNYyJabcOB. IIpeHMylecTBOM BTOPOrO crocoba SBJSETCH BpeMeH-
Has [pHUBSI3KA MOMEHTa IOSBJEHHS BHIXOJHOTO CHTHala C BHYTDeHHHMH mpolecca-
MH yCTDOACTBA, AJIA KOTOPOTO 3TOT CHrHald ¢opMHpyeTcs, IIPH 3TOM B KadecTBe
TAKTOBHX HMIIYJbCOB HCIOJB3YIOTCS YK€ HMeIOIIHecs B YCTPOACTBE CHIHAJHL.

dopMHpOBaHHE KOXOBHX CHIHAJOB  BHIOJHAETCS B KOAHPYIOI[HX  YCTpOH-
crBax. JlOMONHHTeNbHHIMH (GYHKIHSAMH KORHDYIOIIEro yCTPOACTBA  SABJSIOTCA:
dopmuposanre curiana «oT» (FOTOBHOCTb) #AJA yNpaBJIeHHS INepe3alucbio cdop-
MHDOBaHHOTO KOAa; GJIOKHPOBKAa PaGOTH IPH OJHOBDEMEHHOM HaXKaTHH HeCKOJBKHX
KJIaBHII H 3alIMTa OT Apebesra.

Koaupyromee ycTpoficTBo, (yHKUHOHAJAbHAasA CcXeMa KOTOpPOro IIOKasaHa Ha
puc. 85, comepkuT: KJIaBHaTypy BBOZa KJI; komupyoomuii 6mok KB; ysen 3samurtH
H (OPMHPOBaHHS BHXOJHHX CHTHAJIOB
®C (3HaK; n Ha IIHHe IIOKa3HBaeT
wr ne S Ko7  uECHO MHEA B 5TOK wHHE).

Hau6oapiee pacnpocTpaHeHHe
MOJy4HJH  KOMOHHAIHOHHHE  KOJH-
pyIOLIlHe YCTPOMCTBA H YCTPOHACTBA CO
CKaHHpyeMO#l KJaBHaTypOH.

Kom6uHanuoHHOE Kojupyioumee

';;':,;ogi'"f"“"‘m"" CXeMa  KOMMPYIOMEIO  ycrpoficteo (pHc, 86) ¢opmupyer 16
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Puc. 86. MpunnunHanbHas cxeMa GJOKa KOAMPOBaHHs KOMGHHAIHORHOrO THNA

YeTHPeXpaspaaHuX KoxoB. Komupywomui 610k B ycTpoiicTBe 06pasyloT deTHpe
anementa UJIM — HE na DD1-—DD4. Ysen ®C ycTpoicTBa BK/IOYAET INSTHBXO-
noByio c6opky WJIM—HE (DD5.1, DD5.2) u ¢opMupOBaTeqd CHFHAJIOB Ha
tpurrepax DD6.1 u DD6.2.

C naxarueM JM0OGOR M3 KJaBHII KJaBHaTYypDH BBOAA BHXOXHHE CHTHaJH €
anemenToB DD1—DD4 06pasyloT COOTBETCTBYIOWMA UeTHPeXpaspsifHHHA Koj, Ha
BHIX0oJe TakTHpyemoro tpurrepa DD6.2 dopmupyercss curran «Haxatnes. Tpurrep
DD6.1 ycraHaBiHBaeTCst B €AMHHUHOE COCTOsSHHe NHO (POHTY CHrHaJZa M CGpacH-
BaeTcsl 10 OKOHYaHMH TaKTa Ha Bxohe R.

Kopupyiouee ycTpofictBo Ha ocHOBe cKaHupyeMmofl kaasHaTypu (puc. 87) Takxke
(opMHpyeT UeTHpPeXpaspsAHHH JABOHYHHA KOX H COREPKHT: GJOK CKaHHPOBAaHHS
(mocel0BaTeNbHO BKJIOUEHHHE YETHDEXPaspsAXHHA ABOMYHHA cuerunk DD2, wmiect-
HaAUaTHBXOXKOBOK MyJabTHmJIekcop DD3), ¢opmupoBaTesp curana «loT»> Ha TpHr-
repe DD4.1 u snemente 1 —HE DD1.2, TepMHH «CKaHHPOBaHHe KJaBHaTypH» 03-
HayaeT NOCJefOBaTeJbHHA ONPOC COCTOSIHHA BCeX ee 3JeMEHTOB.

B ycrpofictBe 16 BHXONOB KJaBHAaTypH  BBOJa NOAKMIOUEHH K 16 Bxomam
myabTuniekcopa DD3. B ocHoBHOM pexuMe cuetynk DD2 paGoTaer OT BHeIIHHX
TaKTOB, Hocrynamomux uepe3 ajeMeHT DDI.1. Jlnsa xaXAoro M3 COCTOSHHHA cyer-
YHKa MYJbTHIUIEKCOD NPOU3BOAUT ONPOC COCTOSHHS (Ha)aT — OTXKAT) COOTBETCTBY-
IOIEr0 KOHTaKTa KJaBHATYpDH BBOJAa. B MOMEHT ompoca HaXKaTOro KOHTaKTa Ha
BHXOZE MYJbTHILIEKCOpA BHPaGaThiBaeTCsl CHIHAJ BHICOKOTO YPOBHS, TOTOBSIHIMH
Tpurrep DD4.1 gas ycTaHOBKH B 1 mo cpe3y BXOZHOro raxrta. C NOSIBJEHHEM CHI-
Hana «[oT» mpekpamaercst mojaya TakToB Ha cueTydk DD2, a cocTosiHHe CUeTuH-
Ka COOTBETCTBYET 3HAUEeHHI0O BHIXOZHOro Kojga ycrpofictBa. C 0TXKaTHeM KJaBHIIH
KJI ycrpofictBo Bo3Bpaliaercsi B HCXOZHOE COCTOSIHHE.

IlpenmymecTsaMu ycTpoiicTBa co ckaHupyemoir KJI mo cpaBHeHHIO ¢ KOMGH-
HaOHOHHHIM SIBJIAIOTCA: MEHblIMe annmapaTypHHe 3aTpaTh, COKpallleHHe MexaJje-
MEHTHHX CBs3efl, HaJHYHe 3aIUTH OT (OPMHPOBAHHSA JIOXKHOIO KOXA HPH OLHOBpeE-
MEHHOM HaXXaTHH HeCKOJbKMX KaaBHm KJI.
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Pnc. 87. MpuHunnuaibHas cxemMa 6J0Ka KOAMPOBAHHS CKAHHPYIOUEro Tuna

Konupylouee ycTpoiicTBO Ha OCHOBe cKaHHUpyemod marpuubt (puc. 88) dopmu-
pyer no 256 BOCHMHPA3PAAHWX ABOMYHBX KOJAOB OT KJaBHAaTypH BBOAA, HMeolle
LOOTBETCTBYIOIlee YHCJAO MNepeKmoyaTesnefl. OrnHynTeNbHAast OCOGEHHOCTb YCTpPOHCT-
Ba — MaTPHUHOe, HampuMep B 16 cTpokX16 cTOn6HOB, BKJIIOYeHHe NepeksloyareJeil
B G6JIOKe KJaBHAaTyphl H COOTBETCTBYIOIIAs OpraHH3auusi 6/i0Ka CKaHHPOBaHHS 3TOM
MaTPHUBHI.

BJaok ckanupoBaHus 00pasyioT yeThpexpa3psiiHble nemudpatop DD4 u Myab-
qunaekcop DDS5. Mx agpecHble BXOAH MNOAKJ/OYEHH K COOTBETCTBYIOLIHM pPa3psiAHBIM
BHIX0[aM BOCbMHpa3psiHoro asonyHoro cyerynka DD2, DD3. CkannpoBaHue oGec-
HAeyHBaeTCs I[OCJAeN0BaTeJbHBIM ONpocoM 16 CTPOK MaTpHUB BBIXOAHHIMH  CHrHA-
JaMu ¢ gewndpatopa DD4 u monckom MyJbTHnaekcopom DD5  Haxartof  Kia-
BHIUK BO BCex 16 Mecrax aJas KaxpoH M3 atux crpok. Hanmpumep, ¢ Haxaruem
KJaBMILH, HaxoAsulefics B NATOH CTPOKe H BTOPOM CTOJIGLE MAaTPHUB, 3TO HaXKa-
THe Gyzer OGHapyxeHO BO BpeMs COCTOSHHs cyeTynka 01010010. B srtor momeHT
#{a BHIXOZe MyJbTHIIeKcopa DD5 nOsSBHTCSH CHrHaJ BBICOKOro ypoBHsA. B najbHeii-
juem pa6oTa yCTpoO#HCTBa MOJHOCTbIO IMOBTOpPseT paGoTy NpeAbAYIlero aHaJjora.

:Lle.necooﬁpaaﬂocrb NIOCTPOEHHST YCTPOHCTB 1O TaKOH cXeMe OueBHIHa IJf
KOLMPYIOIIMX YCTPOHCTB C Pa3pSAHOCTBIO BHIXOAHHX KOJZOB =5 H YHCIOM KJa-
@8HII KJaBHaTypH BBoja —==16.

OpHMM H3 OTNpeje]sOUIHX MOMEHTOB NpH pa3paboTKe YCTPOHCTB CKaHHpYOUlero
1MNa sABJsETCsl BHIGOp 3HAaueHHst yacToThl TakToB fr. C OMHOM CTOPOHM, AJs  yC-
fpaHeHUs BJMsHHA HApe6Ge3ra uyacToTa He JOJKHa npesumate 60—80 Iy, oanako
fIpy 3TOM BpEMsl peakKUHH YCTPOHCTBAa Ha HaxaTHe Cc GJOKOM K.JaBHaTypu B 100 u
Gonee kaasuw Oyaer npeBbwaTb 1 ¢, yro Hejonyctumo. Jlas ycTpaHeHHs 3Toro
JIPOTHBOpEUYHsi B YCTPOHCTBO BBOAST UH(POBYIO JHHHIO 3afepXKKH Ha CYETYHKE
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DD7, a tpurrep DD6.2 BkmoualoT mo cxeMe «3amenka» (puc. 89). PaGora noay-
YeHHOTO BapHaHTa OJOKAa HauyHHAeTCS C IOABJEHHEM CHTHAJla Ha BHXOLE MYJbTH-
IUleKcopa. DTOT CHrHal YCTAaHAaBJMBAaeT B HyJeBOe COCTOsHHe cuerynk DD7 u ro-
ToBHT TpHrrep DD6.2 nna ycTaHOBKH B eIWHHUHOE COCTOAHHE IIO CPe3y BXOXHOIO
TaKTOBOrG mMOyabca. C IepexofoM B 3TO COCTOSHHE TPHITED CTaHOBHTCA Ha ca-
MOGNIOKHPOBKY M HAaXOIHTCS B eNHHHYHOM COCTOSHHH 1O IIOCTYIVIEHHS Ha ero BXOX

R curnana c Bhixopa cuerynka. Takofl CHrHAJ MOXET MOABHTBCA  TOJMBKO  uepes
uHTepBan  BpeMeHH 10X 1/fe
(3mecs 10 — ko3 puuKeHT TMe-

707 pecuera cuerunka DD7) mocae
YCTOHYHBOrO YCTAHOBJEHHS CHI-
Hala HHSKOIO YPOBHS Ha BHIXO-

DD6, KI55TM2

DD7 KIS5HET

Tarms| g
7 s|cr1o e MyJbTHIleKcopa. Paccmort-

¢ 5 #2 7777  peHHOe TeXHHYECKOE  pelleHHe

; 3 NI03BOJIET YBENHUHTb  YaCTOTY

4 BXOJHHIX TAaKTOBHIX HMIYJBLCOB B

orrrs 10 pas, a samuTy or ApeGesra

%':Lcléross'yc:;gg::’:::nn“ curHana <«lot» Koaupy- Hp?HS’BO).‘lHTb TOJIBKO AJISl HaxKa-
TO# KJIaBHILH.

Konupyiomee ycTpoiictBo Ha OcHOBe CKaHHPYeMOH CeHCOPHO# KJaBHATypH
(puc. 90) sBiAeTCA PasSHOBHAHOCTHIO YCTPONCTBA IO CXeMe Ha puc. 87. B HeM
6/I0K K14aBHAaTyPH BHIOJNHEH B BHAe NONA MeTAa/UIH3HPOBAHHLIX IOWNAAOK,  MOA-
KJIOYEHHBIX KO BXoAaM MyJbTHIIekcopa DD4. B ocroBY ero paGoTH MOJIOXKEH NpPHH-
UK H3MEHEHHS] eMKOCTH Ha BHIGDaHHOM BXOJe  MYJbTHIJIEKCODA B MOMEHT Kaca-
HHsSl COOTBETCTBYIOIEH IVIOIMAJKH KJAABHATYPHL. B 3aBHCHMOCTH OT 3HayeHHs moay-
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Puc. 90. NMpuHUMNHaAbHas cxeMa G6I0Ka KOXHPOBaHHS B ycTpoficTBe ¢ ceHCOpHoft KJaBHaTypo#t
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qenHOfl €MKOCTH H3MeHsSeTCsi XapaKTep NIDOXOXKIEHHS KODOTKOFO HMTyJasca C yo-
paBAsiOllero BXoia V MyJbTHINIEKCOpa Ha ero BuXoA. CkasaHHOe TOSCHHM Ha
fipuMepe NPOXOXKJEHHs: KOPOTKOro mMmysbca (70—100 nc) uepes snement M — HE
(mnxpocxema KI155J/IA3) ¢ ABYXSMHTTEDHHM BXORHEIM TpaHsHcTopoMm (puc, 91,a).

Ynur Ysx  Brod 1 4
-7/ Nopoz
R Bx03 2 2
|
I | Bx0d 7 Ca £
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8x002 — &)
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Puc. 91, dopMHpOBaHHE CHrHANa B CEHCOPHBIX <«MEPEKJII0YaTeNnsxX»

C momauefi HMIyJnca Ha NEPBHH SMHTITep pacTeT HANpsilkeHHe H Ha BTOPOM ISMHT-
Tepe (puc. 91,6). BpeMs pocra HanpsikKeHHs Ha 3TOM <IJIaBAIOLEM» SMHTTepe OIl-
perensiercsi ero eMkoctbio. C NPHKOCHOBEHHEM K INVIOMIajke eMKOCTb Cp H3MeHseT-
ca mpumepHo ot 5 a0 30 n® (puc. 91,8). BubopoM AJNHTENBHOCTH HMIyJbca, IO-
JAaBaeMOro Ha INepBHA 3MHTTEP, HYXKHO MOOHTbCS, YTOGH HaNpsKeHMe Ha IIaBa-
IOlleM 3MUTTepe ycNeBaJO HapacTaTh XO 3HAuUeHHs BHUIe NOPOroBOTO, IPH  He-
HaXaTo#l KiapHllle, H He YyCNeBaJoO HapaCTaTb NpPH HaxkaTo#. Bo BropoM ciyuae HM-
myabca Ha BHxoze 3 He Gymer (puc. 91.2).

B Takom ycrpoiictBe (cM. puc. 90) B KayecTBE OCHOBHOIO 3JE€MEHTa HCIOJb-
8YIOT MYJbTHIIEKCOD, 16 HHGODMALMOHHHX BXOJOB KOTOPOrO NOAKJIOYAIOT K INIO-
manxaM GJoKa KJaBHaTypH. KopOTKHH HMIYJbC NOJAIOT Ha €ro YHpaBJsIONIHi
BXOK V. YCTPOHCTBO COAEPXKHT JONOJNHHTEJbHHI (OPMHPOBaTeNb KODOTKHX HM-
nyabeoB F ¢ mauteabnoctbio 70—100 HC.

AJNEMEHTHAA BA3A CBETOBbIX HHJAMKATOPHBIX YCTPOWCTB

Ilpocreiiuumu npubopaMu oTo6paxeHHs1 HHPOPMAUMH B HH(POBHX YCT-
poficTBax SIBJSIOTCS CBETOAMOZH, UH(POBHE HHAHKATOPH H CBETOBHE Tabio.

B moJynpoBOAHHKOBHX CBETOAHONAX MCHOJb3YeTCss CBOACTBO p-n Nepexoja H3-
JydaTh CBET B BHAMMOH 4YaCTH CIEKTpPa NPH NIPOTEKAaHHH Yepe3 Hero NPSIMOro TOKa.
CBeroanonn OBIBAIOT KPACHOTO, 2KEJNTOrO, 3eJEHOTO H OPaHXXeBOrO ILBETOB CBEue-
HHSl, a TakXKe C NEpPEeMEeHHHM I[BETOM CBeyeHMs. BaxHeHIIMM IapaMeTpoM CBeTO-
MAONA sABJSETCS CHJNa CBeTa, M3MepsieMas B Mu/UIHKaHgemiax (Mka). Oma mpomop-
UMOHAJbHA TIPAMOMY TOKY, NpOTEKAlollleMy uepe3 CBeTOAMOK. CBETONHOLH H3TOTOB-
JSI0OT C HaNpaBJeHHHM H DacCEeHBAIONIMM H3JyyeHHeM. IlepBHe #3 HHX BHIIOJHA-
I0T B METa/UIMYeCKOM KOpIyce C JHH30H, obecneynBalolllefi HanpaBJeHHOe H3Jyde-
Hue. PaccenBaiolliee H3jyyeHHe CO3ZAIOT CBETOLHOAH B IJIACTMAcCOBOM KOpIyce H3
TPO3PAYHOr0 KOMIayHJA.

ITocTosiHHOe NpsIMOe HaNpsKeHHe AJIs CBETOAHOLOB PA3JHUHHX THIOB COCTaB-
aser 2—3 B, a smauenue npsiMoro (paGouero) Toka —oT 5 Ro 20 MA. CserogHOAH
MOXHO HCIOJb30BaTh AJi HHAMKAUMH ypoBHed Ha BHXoze Mukpocxem TTJI u
TPAH3UCTOPHHX KackafoB. CBeTOZMOJ MOXKET CBETHTbCS Kak HPH HHU3KOM, TaK H
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TIpH BHICOKOM YDOBHfX CHrHaja Ha BHIXOJe MHKpocXeMhl. CxeMHl BKJIOUEHHsS TakKHX
MHIMKATOPOB H300paXKeHH Ha pHC. 92.

KpoMe cBeTOAHOIOB BHNYCKalOT LHQPOBHE, 3HAKOBHE, JHHeHHHE U MaTpHU-
HBe CBETOJMOAHbIE HHAMKATOPH M Tabno. LludppoBHe H 3HAKOBHE HHIMKATODH Oi-
BAIOT OAHOPA3PAAHHIMH H MHOTrOpa3pAAHHIMH H HX 3HAKH COCTAaBJAIOTCS M3 CeMH H
Gosee (9, 11, 16, 18..) cermentoB. KpoMe cerMeHTOB HHAMKATOPH HMEIOT AELH-
MaJIbHYIO TOYKY HJIH 3alfTyIo.

a)

Puc. 92. BapuaHThi BKJIOYEHHS CBETOAHOAOB )i HMHAMKAIHH CHCFHAJOB HH3KOro (a) u BbICO-
xoro (6) yposHeil

M3 uudpoBHx HauGoJbllee pacnpocTpaHeHHe INOJYYHIH CEMHCErMEHTHBIE HH-
JAHKaTOPH, B KOTODHX CTHJH30BaHHOe H300pakeHHe uH)p (M HeKoToporo HaGopa
OyKB) COCTaBJAIOT H3 CeMH JHHeHHHIX CerMeHTOB, PaclOJNIOXKEHHHX B BHe UH(pH
soceMb (puc. 93). BricBeunBanne BHOGHpaeMOro cerMeHTa HJM TPYINNH CErMEHTOB
NpH NOJyuYeHHH H300paxkeHHsi 3HaKa obecNeyHBaeTCs BKJIOUEHHeM HX B leflb Npo-
XOXJeHHS TOKa.

1 1 UC =un:uu=

) 1C =uﬂ=u":uu=n Il
10 e

=” o r

[ —=)

B
_l

I
I
[lﬂ[l
L i

Puc. 93. H3o6paxkeHHMsi 3HAKOB Ha OCHOBE CEMHCErMEHTHOrO HWHAHKATOpa

IMapamerpu HanGojee pacIpOCTPAHEHHHX UHGPOBHX HHAMKATOPOB C BHCOTOM
3Haka or 2,5 no 18 Mm mnpusenedn B [17]. Ha puc. 94 npeacrapieHH BHEWIRHI
BHJ M NpPHHUHIHaJbHHE CXeMh HHAHKaTopoB AJIC324, A, B. JluneilHne wWwKanW Ha
OCHOBE CBeTOJHONOB TpENCTaBJIAOT COGOf MHKpOCXeMH, 06pa3oBaHHHe MOCJIeL0Ba-
TEJbHO COeJAHHEHHHIMH CBETOZHOJHBIMH CErMeHTaMH, Kotfophle BKJIOUAIOTCS YCTPOH-
CTBOM ymnpaBjeHHsi. JInHefiHHe LIKaJH HCIOMb3YIOT AJs OTOGPayKeHHs HelpepHBHO
MeHsolelcss MHGODMaLHK, HanpuMep J[Js HHAMKAUHKH YPOBHs CHTHaja B PajgHOYyC-
TpolictBax. JIuHe#iHass wIKaja BO BKJIOUEHHOM COCTOSHHM BHIJSJMT KakK CBeTs-
ascs JHHHS, AJHHA KOTOPOH ONpelessiercs YHCJAOM 3aJeHCTBOBAHHHX CErMeHTOB.
OcHOBHHE MapaMeTpH BHIYCKaeMHX NPOMHIIJEHHOCTbIO JHHEHHHX IUKaJ NpHBeJe-
HH B [17].
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Tak Kak XHAKOKDHCTaJJHYecKHe HHAHKATOPH He H3JAYYalOT CBeTa, TO JIA CYR-
THBaHHA C HHX UHpOBOA MHGOpPMauuH HeOGXOXHMO JIHGO eCTeCTBEHHOe OCBelICHHe,
Jau60 AONONHHTENbHLA HCTOUHHK cBeTa., IIpHHIHN feficTBHA NMOROCHOro HHAHKAaTOpa
OCHOBaH HAa HM3MCHEHHH CTelleHH NPO3PaYHOCTH OPraHHYECKOro BelleCTBa, 3alOJIHAI0+
Mlero HHAMKAaTOp, MPH NPHJIOXKEHHH 3JeKTPHUeCKOro mois. Bereacrsre sToro ysend-
YHBAeTC KOHTPACTHOCTb H300paXKeHHs, H OHO CTAHOBHTCA DasJHYHMBIM.
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Puc. 94. UlndpoBsie cBeTOAMORHbIE HHAMKaTOPHI AJIC324

Pasmep 3Haka H HHAMKalHOHHOTO NOJA HMHIHKAaTOpPa KOHCTPYKTHBHO HHYEM He
orpaHHyeHH. [IPOMBINLIEHHOCTb BHITYCKaeT HECKOJBbKO THIOPa3MePOB IKHAKOKDHCTaJ-
JINYECKHX HHAHKAaTOPOB, IIHPOKO HCIOJb3YeMHX B 3JEKTPOHHHX 9YacaxX, MHKPOKaJb-
KyJsSTOpax M JAPYrHX ycTpoficTBax ¢ uudpoBofi HMHAMKauuel. Bce XHAKOKPHCTaJINR-
yecKHe HHIMKaTOPH pa6oTaloT Ha IlepeMEHHOM TOKe, HX pabodee HaNpsKeHHE YII-
paBiennsi cocraBiaser 4—15 B. Tok HHAMKaTOpa, Kak NpPaBHJIO, He IpeBHINAaeT CO-
TeH MHKDOaMIlep, YTO H NpeJONpeleJI0 HX HCIOJb30BaHHE B Manora6apHTHHX 9KO-
HOMHUHHX ycTpoficTBaX. CpoK CIyXOH XHIKOKPHCTA/VIHYECKHX HHAHKAaTOPOB OYeHb
BeJIHKa, Hapa6oTKa Ha oTKa3 cocrasiseT 20—30 ThIC. yacos.
Ecin IOCTOMHCTBOM CEMHCETMEHTHOrO HHIMKATOPa MOXKHO CYHTaTh €ro OTHOCH+
TeJILHYIO NIPOCTOTY YIpaBJEHHS, TO CYIIECTBEHHHM HENOCTaTKOM ero SIBJISeTCH PHCK,
YTO eJMHCTBEHHasi OmMHOKa B yNpPaBJSIOIEM KOJe HJH HEHCIPaBHOCTb OJHOTO CErMeH-
Ta NPHBOJHT NPAKTHYECKH K IIOJHOA HEBO3MOXHOCTH WTeHHA AaHHON uudppH. Bosee
HaJeXHHMH B 3TOM CMHICJIE SIBJASIOTCS CBETOJHONHEIE MaTPHUYHHE HHAHKAaTOPH.
MaTpuyHbe HHIMKAaTOPH HMEIOT HHIMKAaTODHOE MOJie, COCTOsIlee H3 HHCKPETHO
cBetsumuxcs ToueK. Uncno Touek 35—100 (5 cTpokX7 BepTHKAJbHHX DAAOB HJH, CO-
orBerctBeHHo, 10X 10). Ilpn nomave HMIyJBLCHOrO HANPSXKEHHS Ha oONpelejeNHHE
TOYKH MaTDHUH MNOJAydaloT H306paxceHuss uudp, 6ykB Hau rpadHIecKUX CHMBOJIOB.
Bui CHHTe3HpyeMbIX MaTPHUYHHM HHIMKaTopoM undp H GyKB NOKasaH Ha pHC. 95.
[MpuHUMN ynpaBieHHsi TPYNNOH MAaTPHYHHIX HHAMKaTOpPOB paccMmorper B [17].
‘ IMoMEMO CBEeTONHOAHHX M XHAKOKPHCTA/UIMYECKHX HHIAHKAaTOPOB B UHGPOBHX

yCTPOACTBAaX MOTYT HCIIOJNb30BAaThCs M rasopaspsgHme nuaukatopu (HMH-1, HH-2,
HUH-4, H-8, UH-12). DTy MHAHKATOPH HMEIOT OAMH HJH ABa aHORAa M AECATH KATO-
JIOB, BHIIOJHEHHHX B BHAe umudpp or 0 mo 9. AHon ra20pa3psRHOrO HHAHMKATOpa dHe-
pe3 pPesHcTOp B HECKOJbKO HECSTKOB KHJIOOM IOAKJIIOYAalOT K HCTOYHHKY IOCTOSH-
HOr0 HJH NyJbcHpylomero Hampskenus 200—300 B. Cpennee 3HaueHHe aHOXHOro
TOKa JJis GOJBIIMHCTBA HHAMKaTOpOB cocramiser 1,5—3 MA. Ilpn nogave Hanpsxe-
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Puc. 95. H306paxKeHHss 3HaKOB Ha OCHOBE MaTPHYHOTO HHIAHKaTOpA

HHA MeX1y aHOAOM H ONHHM H3 KaTOAOB NOCNEAHHA HAaUHHAeT CBETHThCA. B pesysn-
TaTe BHICBEUHBAaeTcs omnpeneienHas uugpa. Cirenyer OTMEeTHTb, 4TO H3-3a He06X0aH-
MOCTH NMHTaHHA OT BBICOKOBOJbTHOTO HCTOYHHKA MNpDHMEHeHHe Tra3opa3psiiHHX HH-
IHKaTOPOB B JIOGHTE/ILCKOH anmnapaType HeMeaaTesbHO.

YCTPOACTBA HHAUKALHUH

It paguonoGuTeNell GOJbIIOA HHTEpeC MNpPeiCTaBJsIOT YCTPONCTBa OTO-

OpaRenmss HAGpPoOBOit HHPOPMAUHH, MOCTPOEHHHE C HCNONL30BAaHHEM CTATHYECKOH A
JHHAMHYECKOf HHIHKAUHH.

Cnoco6 CTaTHYeCKOH WHIHKAUHH 3aK/I0YaeTcss B MOCTOAHHOA NOACBETKE HHIH-
KaTopa OT OJHOro McToyHHKa HHpopmauun. HanmpuMep, B 3MeKTPOHHBIX  Yacax
(prc. 96) Kaxabii H3 uUHPPOBHX HHAHKATOPOB 6J0KAa HHAHKAUHH dYepe3 cOGCTBEH-
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Puc. 96. CTpyKTypHas cxemMa ycTpoOAcTBA c 6JOKOM CTAaTHUECKOA HHAHKaUMH

AHil npeoGpasoBaresb KoAa (AellHdpaTop) NOCTOSHHO MOAKJIOYEH K «CBOeil» Je-
Kalle cueTuHka. B 3ToM ciiyuae «3aTpaTaMH» Ha HHAMKAlUHIO N 3HAKOB SIBJIAIOTCA
11 n coegMHHTENbHBIX NPOBORHHKOB H N AemHdparopoB. C NpuMeHeHHEM COBMe-
{IeHHBIX MHKDOCXeM, HalpHMep, CHeTUHK — AelIH(paTop HJIH CYeTHUHK — JewHppa-
TOp — HHJAHKATOD, KOJHYECTBO COEAHHHTEJbHBIX NPOBOAHHKOB 3HAYHTEJbHO YMEHb-
LIHTCS.
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Puc. 97. CTpyKTypHasa cxemMa 6J10Ka AHHAMHYECKOR WHAHKAUHH

CyWwHOCTb NUHAMHUYECKOH HWHIAHKAILHH 3aKJIOYaeTcs B NMOOYEPeJHOM LHKJIHYECKOM
TIOAKJMIOUEHHH KaXJ0ro HHAHKATOpPa K HCTOYHHKY HHGOpMauHH uepe3 OOWIyI0 LeNb
npeobpasoBanHus Kozxa. JIOCTOHHCTBO cnocob6a — S5KOHOMHA B npeo6pa3oBaTensix
KOZ2a H CoelHHHTeNIbHEIX mnposoidax. Ilocnennee sBiasieTcsi BecbMa CyLIECTBEHHHIM
OpH ynajleHHH G/I0Ka HHIHKALUHH OT HCTOYHHKa HHdopMmauuH. [IpenmyiiecrBa 3toro
cnocob6a 0co60 OIYTHMH NPH YHCJIE HHAHIHPYEMBIX 3HaKOB, GosbueM 4—6,

[Mpunuunsl nNOoCTpoeHHs HH(POBoro TabJO Ha N 3HAKOB MOSCHHM Ha NpHMEDe
YCTPOACTBA, CTPYKTypHasi cxeMa KOTOpOro npuseneHa Ha puc. 97. YcrpoifictBo co-
LepXKHT: N-KaHaJbHHA MyJbTHIJIeKcOp MX, BHNONHEHHHA No cxeMe nX4 JHHHH
Ha 1, pemudpatop DCI ABOHYHO-AECATHYHOrO KOAA B KOJ CEMHCEIMEHTHOrO HHIH-
Katopa, GJIOK yNpaBJeHHS Ha N COCTOSIHWH, BK/IOYAIOMHA ABOHYHHA cuerynk CT
1 memudparop DC2. Cuerunk CT paGoraer B pexkHMe HENPEepPHBHOrO CYETa HM-
nyabcoB. Koadonunenr nepecuera cuerumka K=n. Kaxioe cocTosHne cueTunka
CT o6ecmeunBaeT NOATOTOBKY COOTBETCTBYIOLIEIO MHAHKATOPa K BHICBEYHBAHHIO
uHpoupmaunn or aemupparopa DCI u nepepauy uepes Myabrumiekcop MX na DCI
HH(QOPMalHH OT COOTBETCTBYIOLIErO HCTOYHHKA. BpeMms cBeueHHs OnHOro HHAHKa-
Topa B TedeHHe IHKJa paboThl cuetunka CT

tn=Tn/n,

rie Tn — Bpems uukna; ta=Te paBHO mepHOay ciefoBaHHs HMNyJabca G.

Ina ycTpaHeHHS 3aMeTHOCTH MeJbKaHHS H306DaXKEHHs Ha HHAHKaTOpe BpeMd
unkaa Ty ycranasiuBaioT B mpepenax or 10 xo 15 Mc.

[pakTuyeckas cXeMa ycTpoicTBa, ofecneuHBalollero paGOTy ueTHPeXpaspsiiHO-
ro undposoro Tabmao, NnpHBEAEHa Ha pHC. 98.

[TocTpoenne 3HaKOBHX Ta6so, A BOCHPOH3BENEHHs pacWIHPeHHOro Ha6opa
3HaKoB (UH(PH H 3HaKH PYCCKOTO H JIATHHCKOrO ajdaBHTOB) CBSI3aHO C YBEJHYeHH-
€M DPaspsAJHOCTH KOJOBHIX CJIOB OT HCTOYHHKA HHGOPMaUHH H Ha BHIXOJax Iipe-
o6GpasoBaresieii. OfNHHM H3 MeTOAOB MNONYYEHHA H306paXK€HHA 3HAKa SABJAAETCY
NpHMEHeHHe MHOTOCErMeHTHBIX HHAHKaTopoB. Cxema npeo6pasoBaHHA KO#a aJs yn-
paBneHHs paGortoii 16-cerMenTHoro uHmHkaropa KB-4 (puc. 99,a), Hcmosbsyemoro
AJS BOCNIDOH3BelleHHs1 LHQPOBLIX 3HAKOB H 3HAKOB pyccKoro aJncgasura (puc. 99,6),
npuseneHa Ha puc. 100.

KoaupoBanue BXoAHO# HHGOPMauHH [/ YCTPOHACTBA OCYLIECTBJISETCH B COOT-
BETCTBHH C KOJAOBOH Tabuuuei 23 (B Hell KOAW AJf KaxJOro 3HaKa COCTaBJSIOTCS
H3 KOLOB CTPOKH H croa6ua Ta6Gaunm). Kaxxaomy BXOAHOMY KOAY NpaBOfi  4acTH
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Puc. 98. NMpuHnHNHaAbHAf cXeMa GJOKa AMHAMHYECKOH HHIMKAIHH

Tabn. 23 coorBercTByeT BHXOXHON 16-pa3psamHufi koA npeoGpasoBaTesd, pa3Melas
eMuHii B ONHOHMeHHON suefike JeBoft wacTh Ta6a. 23. Hanpumep, snaky E nesofi ua«
cTH TaGaHIH COOTBeTcTByeT suefika (65)s. B sueiike (65);s mpaBoit wactu TaGmu-
uu pasMenien kox (O8F3)6=(0000100011110011),, kaxawifi paspsx KOTOPOro HC-
noJib3yeTcsl HJsl yNpaBJeHHS CBeyeHHEM COOTBETCTBYIOILEIO CerMeHTa HHAMKaTODa
(puc. 99,a) c monydeHneMm usoGpaxkenus 3Haka E. Idns ymoGerBa pmanbHefmux pac-
CMOTPeHHH NpefCTaBHM MNOJydeHHH 16-paspsAHEA KOX B BHAE UYETHPeX YeTHpex-
PAa3pAAHBIX KOJOB.

IlecTHanuaTHpaspsaAHWA KOX B npeoGpasoBaTesie MOJydaercs B JBa 3Tama MO
BOCHMHDPA3pAHOMY KoAy B KaxiuoM. CHauana (OPMHpPYIOTCS HeueTHHe INepBHH H

I-—I” A123456789

J
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ZN°  HABULERT XUMKAMHD
T NAPCTYXEBHIWIWM .
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)

Prc. 99. Hao6paxeHHS SHAKOB MA OCHOBE 16-CErMEHTHOT0 HHAHKATOPA
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Puc. 100. TpeoGpasoBaTeap Koaa HHDOPMANHOHHBIX 3HAKOB B KOA 16-CErMEHTHOr0 HHAHKa=
Topa

Ta6numa 23
az...ag Anpec a7...as
Anpec Agpec
as... ao 3 6 7 az... ao 3 6 7
0 0l0]|II 0 00FF ODDE 00CF
1 1 1A |4 1 100C 520C 4A8F
2 21B |P 2 4237 DAFB 0AC7
3 3lnlc 3 123B 20FC 00F3
4 4 10| T 4 0A8C 503C 0503
5 5 |E |V 5 0ABB 08F3 823C
6 6| (XK 6 0AF9 OF87 FF00
7 7|1 |B 7 5003 00C3 38F3
8 8|X |b 8 OAFF F000 0AES8
9 9|HU | H 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 oO|®D F 00FF 0719

TPeTuii YeThpexpa3psifHHe KOAH (AJs Hauero mpHMepa — KOAH 3 H 8), 3aTeM uyer-
HHe — BTOpofi u uerBepThfi (koAW F m 0). Koaw ¢opMHpYIOTCS B KOZHPYIOLUIHX
I13Y na Muxkpocxemax DD2, DD4. Tabnuma 24 oTpaxaer COAepKaHHE COOTBETCT-
pytomux II3Y (DD2, DD4) u sBasercs HCXOZHOA NpPH NPOrPaMMHDPOBaHHH 3TAX
TI3Y. IlepexomoM no sTanmam npeo6pa3oBaHusi B YCTPOiicTBe ympasiser (HOPMHPO-
paresib  F1 (DDI1). as kaxaoro mocTynaiollero BXOJHOTO HMIyJbca (OpMHPOBa-
TeJb BHIPaGaTHIBAeT KOPOTKHA HMITYJbC BHICOKOTO YPOBHS, KOTOPBIH HCIOJIB3yeTCs
AN aApecalldH NpaBHX o6aacreft II3Y u nepesamucH mosnyyaeMoro BOCBMHPaspsAf-
Horo Kosa B GydepHuf pernctp Ha MHKpocxemax DD5, DD6 (nepsmii osram). C
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Ta6banua 24
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OKOHYaHHEM HMIyJbca ¢ ¢opMmupoBatens F1 (Bropoit sram) alpecyioTcsi JeBhe
e6nactn TI3Y. C HHX NpPOH3BOAMTCA CYHTHIBAHHE BTOPOr0 BOCBMHPA3PsSJHOTO KOXA,
KOTODBIii COBMECTHO C NepBHM KOHOM (C BHXOAa GygepHoro perucrpa) obpasyer
16-paspsiaHeiil Kox mnpeo6GpasoBaTessi. JOMOJHHTENPHO 110 OKOHYAHHH  HMIYJbCa
¢ mpeoGpasosarenss cuerynk CT1 (DD3) ysennunsaer cBoe COCTOAHHe Ha 1 aas
OLK/IIOUEHHS BBLICBEYHBAEMOI'O HHIHKATOpA.

[lInpoxoe pacmpocTpaHeHHe B YCTPOHCTBAX AHHAMHYECKOW HHIMKAIHH 3HAKOBHX:
H IpagHueCKHX NaHHHX MOJYYHJAH MaTPHUHHE HHIHKAaTOPH. Pa3HOBHIHOCTBIO TAKHX
BLIBOAHHX YCTPOHCTB SIBAAIOTCS WHIHKAaTOPHBe Ta6lo H yCTPOHCTBa OTOGpaxeHus
Ha 39J1eKTPOHHO-nyueBod TpyGke (DJIT), rme MaTpuua TOYeK, B KOTOPOil pasMellna-
ercs unbopMaums, (GOpPMHDYeTCs MOCTPOUHHIM CKaHHpoBanmeM skpaa IJIT, &
n306paxeHHe GHOPMHDPYeTCsl TralleHHeM WJIH BHICBEYHBAHHEM COOTBETCTBYIOIMIHX  TO-
yek oO6uiefi MaTpHIUH.

TonyaspHOCTb TAaKHX YCTPOACTB OGBACHAETCA HX HOCTyMHOCThIO (6asoi aam
CO3JAHHSA HX MOXeT OHThb OGHUHHI TeNeBH3HOHHHH NPHEMHHK) H OTHOCHTENbHOW
JelIeBH3HOA MPH Ype3BHUafiHO BBHICOKHX BO3MOXHOCTAX MO OTO6paxeHHI0 HHop-
manun. Jlerko monyyaeMas Da3MepHOCTb MaTpHUB TOYek pactpa 256X256 Touex
H 20 MC UMKA CMeHH HHGOpMauuM TeKyllero Kaiapa 0GecrneyHBAlOT BHIBOA Ha 3KpaH
SHaYHTeNbHHX O6GBEMOB YHHBEpPCaJbHOH HH()OPMAlUHH C BO3MOXHOCTBIO OTPaXKEHHSH
BPEMeHHOH NHHAMHKH ee H3MEHEHHs.

CTpyKTypHas cxeMa yCTPOHCTBa OTOGpakeHHsi 3HakoBol HHdopmauun na JIT
(puc. 101) B mpHHUMIE He OTJHYAeTCs OT OCHOBHOA cxeMp ycrpoidcrsa (puc. 97).
OnHaKo H3-3a 3HAYHTENBHO GOJBINEH pa3MepHOCTH HHAHKAaTopa H clenn$HKH paGo-
Th camoii DJIT (oOHOKaHaMbHHIE AOCTYN K TOYkaM GopmHpyeMo#t B mpouecce obpa-
30BaHMs pacTpa MaTpHUH), NpaKTHYeCKas CTPYKTypa YCTPOHCTBa H3MeHHAaCh W
BK/lOuaer B ce6s: omepaTHBHOe 3anoMHHaiomee ycrpoficreo O3Y nas pasmelmnenus
oro6paxkaemux Ha DJIT naHHHX; 3HaKOTeHepaTop (mpeo6pasoBatenb koaos) DCI
IAs Tpeo6pasoBaHHs KoJa OTO6PaXKaeMOro 3Haka B KOXH OTOGpaXKeHHs STOro 3Ha-
Ka B MaTpHIe TOYek, HaNpHMep B MaTpHIe C DasMepHOCTbi0 5X7 TOueK; BHXOA-

102



doit peructp RG ai1s mapajuiesbHO-NOC/EAOBAaTeJAbHOrO Mpeo6pa3oBaHHs KOAOB OT
3HaKoreHepaTtopa ¢ [MOJyuYeHHeM CHrHajla JJsA MOAYIALHMH ApKocTH Jyda IJIT;
<cyeryuk CT ¢ memudparopom DC2, obecneuusaioine ynpasieHHe 3amyCKOM TreHe-
paropos passepTky IJIT 4Js CHHXPOHH3ALHH BCeX MPOLECCOB NMPH BbiBOAe AAHHHIX
#3-0O3Y Ha akpan IJIT.

s o3y} —2, F r6
L—-— 2
m 17
LA ez
T x
. ’

Puc. 101, CTpyKTypHas cxema HHAHWKaTopa Ha 3IJIT

OAHHM H3 OCHOBHBIX 3/IeMEHTOB YCTPOHCTBAa ABJAETCH 3HAKOTEHEpPaTop, BHIIOM-
@eHHe KOTODOro C HCHOJb30BaHHEM TPaJHUHOHHHX METOHOB M MHKPOCXEM MaJjoll B
«CpeMHell CTeNeHH HHTErPalHH SBJIAETCA [eJOM OYeHb TPYAOEMKHM H OGbeMHHIM.

'K Haubosee pacnpocTpaHeHHHM MHKPOCXeMaM H KOMIVIEKTAM MHKPOCXeM I
YIOCTPOEHHSA 3HAKOreHepaTopoB cJeayer  OTHecTH:  MHKpocxeMb — K155PE21 —
K155PE24 — n1s ¢popMHpOBaHHA LHODP, CNEL3HAKOB, PYCCKOrO M JIaTHHCKOro asda-
84TOoB (Bcero 96 3HakoB) B MarpHUe Touek 5X7; KoMIIeKT MHKpocxem KS505PE3
(npomusku 0002, 0003) — a1 HOpPMHPOBAHHA MePeYHCIEHHOrO Bhllle Habopa 3Ha-
4«08 B MatpHue Touek 7X9; mukpocxema KS555PE4 — gisa ¢opMmHpOBaHHS 3HAKOB
¢ fo6aBJjieHHeM NPONHCHHX GykB (Bcero 160 3HakoB) B MaTpuue Touek 7X8.

Jpyrue sJeMeHTH YCTPOHCTBA BHIMOJHAIOTCA C HCMOAb30BaHHEM OO6LIEH3BECT-
#bIX NIPHEMOB H CPEACTB, ONMHCAHHBIX, HampHMep, B [17].

MHUKPOTIPOLLECCOPHBIE YCTPOHCTBA

‘OBIIHE CBENEHHSI O MUKPOMPOLLECCOPAX

YcrpofictBa Ha 3JeMeHTaX, H3TOTOBJEHHHX METOJaMH HHTETpaJbHOM Tex-
€OIOTHH, OKA3hBalOTCA B [ECATKH W COTHH pa3 AHelleBJe SKBHBAaJEHTHHIX HM YCT-
POMCTB, BHINOJHEHHBIX Ha JHCKPETHHX 3/7eMeHTaX. Pesko yJyuyinaloTcsi TakXKe fpak-
THYECKH BCe IKCIIyaTallHOHHble H ADYrHe XapaKTeDHCTHKH 3THX YCTPOHCTB (B TOM
HHCIe HaleXHOCTb, SHepronorpebjeHHe, MaccoraGapHUTHHE MapaMeTpH).

EcrecTBeHHBIM HanpaB/eHHeM CHHXKEHHS 3aTpaT Ha H3TOTOBJEHHe  fBJsfeTCH
mipuMenene BHC — MuKpocxeM mMOBHIIEHHHX CTeleHell HHTErpauuH (HJIH MHKDO-
cxeM Oosbilelf CcreneHH (YHKUHOHANBHOR CJIOXHOCTH). OAHAKO CO CJIOXKHOCTBIO
‘MHKDOCXeM YBeJIHUWBAaeTcs HX CHelHaJH3alHd, Cyxaercs o06sacTh, IpHMEHeHHs,
4TO, B CBOIO OHepelb, COKpamlaer o6beM MNPOH3BOACTBA 3THX MHKpOCXeM H, CJe-
NOBATeJIbHO, HeMpOMNOpUHOHANBHO yBEJIHYHBAaeT HX CTOHMOCTb. [lostomy npHMeHe-
HHe cnennanusupoBaHHnx BHMC cTaHOBHTCS BHITOIHHM TOJbKO MNpPH GOJBIIOH Ce-
‘pHEHOCTH H31enuit — HanpuMmep, BHMC nJa 3/eKTpPOHHBIX 4acoB, Tede(pOHHHIX alna-
patoB H Kaabkyastopos, BMC nporpaMMHpyeMbiX M OMNepPaTHBHHX 3allOMHHAIOLIHX
yCTPOUCTB H Ap.
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PaspellleHHe TNPOTHBOPEUHS MeXJAYy BHBICOKOH CTeNeHbl0 HHTErpPallHH H Y3KOA
cnennaansanneii BHC 6bio HafileHo ¢ CO3faHHEM YHHBEPCAJLHHX MHKDOCXeM, JIO-
ruka paGoTH KOTODHX ONpPENEJNAETCH He TOJbKO BHYTDEHHHMH CBSI3IMH, HO H MoO-
JlaBaeMLHIMH H3BHe KOMaHJaMH, T. e. IpOrpaMMHHEIM ynpasieHueM. Takas BHC mnoxy-
yuia HasBaHHe MHKponponeccopa (MII BHC), Tak Kak oHa CO3faHa MeTO-
AOM MHKPO3JIEKTPOHHON TEXHOJIOTHH H CNOCOGHA, KaK H OCHOBHOe ycTpofictBo DBM —
npoueccop, pa6oraTh 10 H3MeHseMoll Nporpamme.

Mukponponeccopunie BHC, BoGpaBmue B ce6si JydmHe NOCTHXKEHHS HHTEr-
PaJbHON TeXHOJIOTHH H YHHBEDPCAJIbHOCTb BHYHCIHTEJbHON TEXHHKH, 06JafaloT cpas-
HHTEJbHO HH3KOH CTOHMOCTBIO (HeCATKH pyG6iei), GOJbLION CePHAHOCTHIO H YHHBep-
CaJIbHOCTbIO NpHMeHeHHs. B Hacrosmee Bpems MIT BHC — HanGosnee coBeplieHHas
aJieMeHTHass 6a3a AJs NOCTPOeHHs pa3HOOGpasHefilefi amnmapaTyph, NpHUIeAUIas
Ha CMeHY JIHHefIHHIM JIOTHYeCKHM MHKpOCXeMaM, KaK B CBOe BpeMs TPaH3HUCTODH
NpHILIH Ha CMeHY 3JIEKTPOHHHIM JlaMIlaM.

Maccosocty 3Toro HoBoro kiaacca BHIC, a Takxke ycTpoACTB M CHCTeM, cO3Za-
BaeMHX Ha HX OCHOBe, HX BHICOKHE TEXHHKO-JKOHOMHYECKHe NapaMeTpPH OKa3HBa-
10T PeBOJIOLHOHH3HDYIOIlee BJMSHHE Ha IIeJloe INOKOJNeHHe NPHGOPOB H 06OpynoBa-
EHSl, Ha TIpolecc HX pa3paboTkH, o6CayXHBaHHA H Ap. B Hacrosuee BpeMss MHorue
HOBBHIE CHCTEMHI H CpPeJCTBa, B TOM WYHCJE BHYHCJIHTEJbHHE, pa3pabaTHBalOT Ha 6a-
se MIL. Cucremsl ynpapienHs, NPHGOPH H CTaHKH C YHCJIOBHM- yIPaBJIEHHeM, pO-
GOTHI-MaHHNYJATOPH, OHTOBas H npodecCHOHaJbHAs pajHOanmapartypa, ynpasie-
HHe JBHTarejeM AaBTOMOGHJA, TenedoHHas ceTb, OGyualol(He CHCTEMH], [OMalIHHe
3BM, HrpoBHe aBTOMAaTH H [ETCKHe HTPYWIKH — BOT JaJleKO He MOJHHA INepeveHb
obiacTeli NpHMeHeHHsl 3TOH 3JeMeHTHOH 6asn. MHKpONpPOLECCOPH O6ieryaoT 3a-
Zlady JIOTHYeCKOTO NPOeKTHPOBAHHS, XOTA H DPadHKaJbHO H3MEHAIOT ee. YXOHIT B
NpolUNIOe TPafHLHOHHHE JIOTHYECKHe CXEeMH, TPYJAOEMKHe MeTOJH BHECEeHUS H3Me-
HEeHMH H OTHICKAHHA HeHCNpaBHocTell. Tenmepn BMecTo 3TOro paspaGorunmk paboraer
C MOIeNMPYIOIIHMH INPOrpaMMaMH, aJrOPUTMHYECKHMH S3HKAaMH, a OTJaXKHBaHHS
BefleT C NOMOINbI0 NPOrpaMM H CNENHaJbHHX OTJIafOYHHX CPeXCTB. JJIs BHeceHH:
H3MEHeHHii HJIH CMeHH BHIMONHAEMOH (YHKIHH IOCTATOYHO JHIIL H3MEHHTb IIPO-
rpaMMy, 3allHCaHHYIO B 3allOMHHAIOIIEM YCTPOMCTBe.

Omnpepenam MII kak o6paGaTHBalolee H ynpapisiollee yCTPOACTBO, BHINOJ-
HenHoe B Buie BHIC u cnocoGHOe BHIIONHATbL IOJ NPOTPAMMHHIM yIpaBjeHHeM 06-
paboTKy HHpOpPMalMH, BKJIOYass BBOJ H BHIBOA HH(OpPMauuH, NPHHATHE peLIeHHH,
apudMeTHyecKMe M JorHueckue omnepamuH. Oco6o ormeruM, uro MII sBasiercss ueH-
TPaJbHOH 4YacThio JI06OH CHCTEMH ynpaBjeHHs H 0o6paGoTKH HHGOOpPMaLMH, HO He
caMOH CHCTeMOH.

VYnpoumenHast cTpyKTypHast cxeMa MII npusemena ma puc. 102, sgmece MIT mo-
Kasan B cocraBe MII-cucremu. B nee Bxomar cam MII, 3Y (ocroBHas nmaMsatsh) u
MoAyJb BBOja-BmiBofa (MBB), coemunsiomuii MII-cucreMy ¢ HCTOYHHKAMH H TIpH-
eMHHKaMH uHOopmauuu (YBB), or kKoTopHx mnocrynaer uHdopmamus mas o6pa-
GOTKH H KyZa OHa YXOIMT B BHAe O6pPaGOTaHHHX HNAHHHIX HJIH KOMaHA JJIs HC-
nosHenus. MuKponpoueccop COAEPXKHT: apH(METHKO-JOTHYecKoe ycrpoiictBo (AJIY);
aBa GydepHHIX perucTpa NPOMEKYTOUHOTO XpaHeHHs BXonHO# wunHdopManun (BP1
# BP2); naGop perucrpoB obmero HasHauenns (POH), npencraBasiomux BHYT-
penniolo namsate MII, HeoGxomumylo mpu pabGore Bceit MII-cucreMu;  ycrpo#cTBo
ynpasaenus (VV).

Jnsa nosicuennss pa6orai MII paccMOTpHM, XKak BHIOJHSETCA ONepPauus  CJIn-
xeHHs uuces A um B. CnaraeMue mocienoBaTesnbHo 49epes YBB uin 3Y (B 3aBuch-
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SMOCTH OT TOro, Ifle Kax/Joe H3 CJlaraeMHX HAaXOXHTCA) BBOJHTCH B persctpu BP1
g BP2, 3arem AJIY BHNOJHSET CJOXEHHe C DasMelIeHHEM pe3yJbTaTa B OMHOM H3
BP. B coorBercTBHH C NPOrpaMMOfi 3TOT pPe3y/JbTAaT HCHOJL3YeTCA B  CJEAYIOIEM
aare o6paGoTKH, mepeBogurcsd B 3Y, B oxuH #3 perucrpoB POH unn B MBB kak
#HpOpManHa HAM KOMaHAA JJIS HCHOJNHeHHA. Bce omepalun BHIOJHAIOTCA IO KOMaH-
JaM OoT YV B COOTBETCTBHH C 3aJaHHON NpOrpaMMoil.
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Puc. 103. Mukponpoueccop KP580HMKS0A

IOns xaxporo tuma MII npenycmaTpHBaeTcss Ha6Op KOMaHJ, KOTODHE MOXKET
peanHsoBaTh YV, HanpPHMeD <CJIOXKHTb», <«IepeciaTb AaHHHEe B 3Y», «CPaBHHTbY H
T. 0. UHCIO KOMaHA MOXeT GHTb OT HECKOJbKHX KECATKOB JO COTeH. IIOMHMO BHi-
fIOJIHEHHS] KOMaHJl, BO3SMOXHOCTH KOHKperHoro MII ompefensiorcsi ero CTpYKTypoOd#,
paspagHocThio RaHHHX (8, 16 m 32), o6peMoM moAxMOYaeMOfi maMATH (OT THCAIH
0 MHJUIHOHOB CJIOB), YHCIOM INOJKJIIOYaeMHX YCTPOACTB (IO HECKOJbKHX COTeH).
XapakrepHo#i ocoGeHHocTbi0o MII sBAfieTcss HaiWyHe BHYTPEHHed IUMHH  JAHHHIX,
CBA3LIBalONIE/ BCe ero OCHOBHHE y3an. LlIluHa —3TO rpynna JAMHHA CBA3H, YHCJIO
KOTOPHIX ONpefeJsieT Pa3psAHOCTh OZHOBPEMEHHO MepefaBaeMHX CHIHANOB OT OJHO-
rO HJH HECKOJIbKHX HCTOYHHKOB K OZHOMY HJH HECKOJBKHM NpHeMHHKAM. Illmmm,
KaK NPaBHJO, NBYHANpPaBJeHHHE, T. €. MOTyT IepeiaBaTh HHGOpMauHi0O B  0GOHX
HanpaBJieHHAX. .

Bonee mompoGHOe paccMoTpeHHe CTPYKTypu MII mnpoBeeM N0 (yHKUHOHAIb-
HOA cXeMe OJHOrO H3 pacmpocrpaHeHHHX orevectBeHHnXx MIT KP580MK80A, ye-
JoBHO-rpadHueckoe H306paikeHHe H, CTPYKTYpDHAas CXeMa KOTOPOrO MNPHBEJEHHW Ha
puc. 103. Mukpompoueccop HMeeT YeThipe IUHHE: BHYTPEHHsA HH(OPMAaIHOHHAS
BOCbMHDa3psiAHAsA IIMHA NAHHHX; BHEIIHAs WHHA AaHHuX D7—DO0 aas BBoxa-BH-
Boja mHopMauHH H BBOZAa paGoyHx mporpamm; muHa azxpeca Al5..A0 — ana an-
pecanun 3Y. [Jna cBa3um YY ¢ BHEUIHHMH YCTPOACTBaMM BBelleHa WIHHA YOpas-
JIEHHS Ha LIeCTh BXOIHBIX M BHIXOJHHIX CHTHaJOB. BHemusAs uHdOpMauLHOHHAA H an-
pecHasl IIHHH CBfI3aHH C OCHOBHHMH y3namMu MII uepes G6ydepHme perucTph —
Oydep nanmmx (BH) m Gydep azpeca (BA), K BHyTpenHedl mHHe AaHHHX IOM~
kaouenn peructpunt POH, Gydepunie perucrpm BP1, BP2, wnakonuTenpHHiE pe-
THCTp — aKKyMyasTop A, permerp mnpussakoB PIT u AJIY. Komanam uwepes BJI
flocTynaioT Ha perHcTp komanz PK u najee Ha mepBHYHHA aBTOMAar ympaBjeHHA
I1AY, koropHii pacmHppOBHBaeT HX H BKJIIOuaeT Y¥, BHIAIOLIEe COOTBETCTBYIO<
{lyl0 CepHIO yNpaBJAIOMHUX CHTHAJOB JJf Bcex y3ioB MII,
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Puc. 102. CtpyktypHaa cxema MII-cucremb

BLiGOpKy KOMaHA NpH BHIOJHEHHH TNpPOrpaMMH, pasMelleHHoii B 3Y, o6ecme-
yuBaer nporpaMmiubiii cueTydk IIC (ero cocrosiHHe COOTBETCTBYeT TeKylleMy aape-
cy 3Y, N0 KOTOpOMY XPaHHTCS ovyepefHas KOMaHAa NPOrpaMMbi). DJeMEHTOM %
BLIGOPKH KoMaHig H3 3Y CJAyXHT Tak HasbiBaeMblil yKasaTeab creka YC. Vkasa-
Teab creka u I1C Bxoasat B coctaB POH, HX BHXOZH B 3aBHCHMOCTH OT BHINOJ-
HAEeMOro pexuMa mnoaxkjiouaiotcs K BA u agpecom mocrynator B 3¥Y. Perucrpu YC,.
IIC oGecneynBator MIT paGoTy B HONOJHHTEJbHBLIX DeXKHMax, HalipuMep B  Pexi-
Me 00paGOTKH NpepHiBaHHA (OCTaHOB OCHOBHOA NpOrpaMMel N0 TpeGOBaHHIO BHeln-
HHX YCTPOACTB) H B DeXHMe OGpallleHHs K NOANporpaMMmaM. TakHe peXHMH MNo3-
BOJIAIOT B3auMoAeiictBoBaTb MIT ¢ MHOXeCTBOM HOAKJIIOYAaEMHIX BHEIIHHX YCT--
POHCTB H HCMOJb30BaThb CTaHAapTHble MOANPOrpaMMHl 6e3 HX MOBTOPEHHS NpH pa3-
paGoTKe OCHOBHOH NPOrPaMMbi.

dyukunoHaabHbie Bo3MoxxHocTH MIT KPS508HMK80A u cHcrem Ha ero ocHobe:
XapaKkTepH3yeT:

paspAnHOCTh AAHHBIX, GHT . -
o6beM azapecyeMoii mamatH, K Gair . . . . . . . . 064
CHCTEeMa KOMaHJA, YHCJIO KOMaHa . . . . . . . . . >80
YHCJIO PerHcTpoB obmiero HasHayewHs . . . . . . . . 6
YHCJAO NOAKMIOYaeMbIX BHEWIHHX ycrpodict8 . . . . . . . 10256
yucno BUC B cocraee MIIK . . . . . . . . . . 24

IpuBenennoe onucanue janHoro MIT HocHT uucio »’nnmompamnnuﬁ xapak-

Tep. Hekorophie Bompoch (YHKIHOHHPOBAaHHS H CTPYKTYPH He OBUIM 3aTPOHYTHL
BooGue. ONHAKO INepeyHCJEHHOrO BNOJHE AOCTATOYHO AJs1 TNOHHMAHHS CJOXHOTO-
ycrpoiictea MIT.

Mukponponeccopias BHC coBMecTHO C ApPYrHMH CrnelHaJH3HDOBAaHHLIMH H COB-
mectHBIMH Mexay co6ofi BUC u HC cocraBasior MIT kommiext (MIIK). Hcnonas-
3oBaHHe MIIK 3HauHTeNbHO ympollaer annapaTHylo: yactb MII-cHcTeMH, KOTOpasm
B GOJILIIHHCTBE CJy4aeB peasu3yeTcs NO OAHOH H3 THNOBHX CTPYKTYp:
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‘Ha -puc. 104 noxkasana TtumoBas KoHburypauus MIl-cucteMu Ha Gasze
MIT KP580MIK80A. CpencrBamMu cucreMn sBasiorcs MII ¢ reHepatopoM TakTos
(F'T) u ycTpoficTBOM ynpaBJjeHHSI (CHCTEMHHM KOHTPOJUIEDOM), MPOrpaMMHas NaMATb
{T13Y), naMaTh RaHHHX (OGHYHO oONepaTHBHOe 3anoMHHalolee ycrpoiictBo O3Y),
PHCH compskeHHs ¢ ycTpoficTBaMH BBOAAa-BhiBOAa (asantepn). B o6mem ciayuae
8 KayecTBe MOAKIIOYaeMHX YBB HcHo/ib3yloT pasiMyHble YCTpOHcTBa BHellHedl ma-
WMEITH, JHOIJe, KAaBHAaTypy H ADyTHe CPeACTBAa DYYHOrO BBOJA, NeYaTh, HHAHKA-
TOpH M JPyrHe CPelCTBa BbIBOJAa HH(OPMAlMH, Pa3NHUHHE NATYHKH, npeobpasosa-
TeNH H HCIOMHHTENbHHE YCTPOACTBA, CPeACTBAa HepeJayd HAaHHHX H T. A.

KP580r@24 HP5808K28
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‘Puc. 104. CrpykrypHasa cxema MII-cucremn

MHKpoOnpoLeccOPpH YNPOUWIAIOT CHCTEMH, HO HE caM IMpouecCc HX pa3paGoTKH.
Tlpn ucnonb3oBanuH MII cpokH H 3aTpaTh Ha pa3paGoOTKy ammapaTypHOH 4YacTH CH-
.CTeMH CTaHOBATCA HaHGOJBIIMMH N[O CPaBHEHHIO ¢ Pa3paGoOTKOM IporpaMMHoOro o6e-
cneyeHus, Kotopas B cpenHeM coctaBiaser 60—80% or obmux 3arpat. B Hekorophik
‘cllyyafix NpPH COCTaBJIeHHH M OTJafKe CJAOXHBIX NPOrpaMM, OTCYTCTBHH ONHTa H
pa3BHTBIX OTJIAJTOYHBIX CPEACTB 3aTPaThl Ha MNporpaMMHoe ofecleyeHHe MOTYT B
JeCATKH H COTHH Da3 NpeBHIIaTb CTOMMOCTb CaMHX MHKPOIPOLECCOPHHIX YCTPOMCTB.

Bce 3T0, HecOMHeHHO, chepxHuBaerT npHMeHeHHe MII u  paaHOMIOGHTENLCKOM
qipaktuke. OIHaKO npu pa3paGOTaHHOM NPOrpaMMHOM obecCledeHHH PpagHOMOGHTe-
JIAM TpOLle H AeiieBne NOBTOPHTb (YHKLHOHAAbHO clI0XkHylo MII-cucteMy, ueMm
.co6paTh ee Ha LHPPOBHIX MHKDOCXeMaX C <«KeCTKOfi» (He mporpaMMHpyeMoii) Jo-
{PHKOH.

KOHCTPYHPOBAHUE MUKPOMNPOLLECCOPHOTO
‘MHOTO®YHKILHOHAJIbBHOTO TAAMEPA

Hacrpo#ika nan cnennanuszauns MII-cucTteMbpl Ha BHIIOJNHEHHE KOHKPETHOR
sanayl CBsi3aHa C annapaTHHIM H NPOrpaMMHHM o6ecredeHHeM KOHKDETHOH CHCTe-
B, BKJIOYAOMHKM B ce6s: MOAKJIIOYEHHe BHEUIHHX YCTPOHCTB, (PYHKIHOHHDOBaHHe
&OTOpHIX Ho/KHA oGecnmeuutb MII-cHcTeMa; noAx/aiOYeHHe BHELIHHX YCTPOACTB, He-
06X0INMBIX [af .ynpasieHuss pa6otoii MII-cHCTeMEl; NOAKIIOYEHHe JOCTATOUHHIX

107



06beMOB ONEpaTHBHOR H TNOCTOSHHON NAaMATH; CO3JaHHe COOTBETCTBYIOIIEro Mpo-
rpaMmHoro obecnevenns [5, 15, 23, 28].

PaccMoTpuM NpPHHUMIH NOCTPOeHHs INpocroii MII-cHCTeMH Ha mNpHMepe MHO-
ropyHKIMOHAJBHOIO TafiMepa, KOTOPHIi MOXKHO HCIIOJb30BaTh B KauyecTBe: SJEKTPOH-
HHIX 4Yacop; MNporpaMmaTopa [Jisi YOpPaBJEHHS BKJIIOYEHHEM-BHIKJIIOUEHHEM KaKHX-
JIH60 YCTPOACTB MO 3aJlaHHHIM BpPEMEHHHIM YCTaBKaM B TeUeHHe CYTOYHOrO H He-
JeIbHOTO HHTEPBAJIOB; TalHMepoOB, BelyIIHX NPsAMOH M o6GpaTHHI OTCYeT 3axaBae-
MHX IDOMEXYTKOB BpeMeHH (3JeKTPOHHHA NpejcefaTeNb Ha 3acelaHHsAX, peje
BpeMeHH Jisi (OTONEdaTH, PETrHCTPAaTOp MJHTENbHOCTH TeJedOHHOro pasroBopa ®
T. A.); IIaXMaTHHX 4acoB; TeaedOHHOM NpHCTaBKH ¢ HHGDPOBHM HaGopoM HOMepa B
BO3MOXHOCTBIO €r0 MHOTOKPaTHOIO IIOBTODEHHS.

Haunem c mpocrefinero ycrpoficTBa «4achl-GyAHIbHHK®, NpefHa3HAUeHHOTO IJIs
MojACYeTa H HHAHKAIMH TeKyIlero BPeMeHH H <«BHI3BAHHBAaHHA® OJHOH BpeMeHHOR
yCTaBKH B TeueHHe CyToK. Heo6xomuMbnM Ha60opoM annapaTHEIX CPeACTB, NOA-
KJII0YaeMBX K YCTPOACTBY 4epe3 ero BXOAH-BHXOAH (MOPTH), SABJSAIOTCHA: KJaBHa-
Typa KJI aas BBoma nu$poBHX AaHHHX (uHPpnl 0—9) H KoMaHX ynNpaBJeHHS
(c6poc, KOppeKuHs, NMPOCMOTP H Ap.); 6aoka mHaukauuun BH aas mpocmorpa 3Ha-
HeHHHi TeKyllero BpeMeHH, YCTaBOK 3BOHKa H KODPEKIHH — Bcero yeThpe wuudpo-
BHIX HHIHMKATODA; XPOHHPYIOLIMA FeHepaTop TakToB ¢ yactorTot 1 Iu; 3BOHOK.

CTpyKTypHast cxeMa Takoro ycrpoiicrBa mpuBefeHa Ha puc. 105. B uefi moa-
KJIOYeHHe BHEIIHHX aNNapaTHEIX CPeACTB NPOH3BOAHTCA uepe3 mopth 1—6. Ilop-
TOM HA3HBAeTCsi BCSKHA OPTAHM30BAHHHA HHGODMAUMOHHHIE BXOA HIH Bhixox MII-
cucteMu. Heo6xoauMHEii HaGop BCTPOEHHHIX CPEACTB YCTPONCTBA BKJIOY3aeT COOT-
BeTCTBYIOIIHE NpPOrpaMMH H KOHCTaHTH (pasMemalorcs B [I3Y) ® coorBercTByIO-
Iee UYHCAO siueeK oMepaTHBHOA HaMsatH O3Y /s pasMelleHHs ONepalHOHHHX pe-
CypCOB H XPaHeHHs TeKylUIHX pe3yJbTaToB Ipeo6pa3oBaHuii M 06paGOTKH HHGOD-
mauuH. Hampumep, mocrpoenne dacoB B ofileM Ciydae CBS3aHO C CO3ZaHHEM CeMH-
AeKalHOro CYeTYHKA MJs INepecdeTa CEKYHIHBIX, MHHYTHHIX, 9acOBHX H CYTOUYHHIX
HHTEPBAJIOB B Hegene. DTOT CYETYHK BHIMOJHHM Ha ceMH sueiikax O3Y — suefikp
K6 ...KO, Koaddunuentnt nepecuera (60—mis cekyHX M MHHYT, 24 — QIs 49acos,

CUcmemMHsId 3y a3y
KOHmponnepw
NP580HKECA
NP5808K28
1PY2
RP5EOrD2% (N573P927) (K541PY2)
b ré ré 148
\L | ) \L 7 \L 18
narPT1,2,3 710PT5 70PT76
KP580HKSS KM 155P777
(Pexum) K155F778 K540H47
Lot g T l
baon KT e N el
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Puc. 105. CtpykrypHas cxema MII-ycTpolicTBa «uachi-GyaHIbHHK®
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7—pna pHed HeleNH) TNepeHoc 1 B CileRyOmyl0 fYefiKy NPH TNIePENOJHEHHH Ipe-
AHAYWeAd H BCe ApyTHe HeoGXOMHMEIE ONepalHH 0GeceYHBAIOTCA CHNELUHAJNbHOH IPO-
rpamMofi, 3anucanuoii B II3VY.

JIpyrie BCTPOEHHHIE CPeACTBa YCTPOACTBAa: HAKOMHTeNb GyauabHHKa HB —
NS XPaHeHHs 3HAYeHH BHI3BAHHBAEMON YCTaBKH (BHIIOJHEH Ha YeTHpeX suefi-
kax O3Y — suefixn HB3 — HB0); Gydepunit Hakomnrens BH — pns natu  (auu
HeJesIH, 9ace, MHHYTH) HJH 4YeThipex (Yach, MHHYTH) SHAaKOB, BBOAHMHX C KJja-
BHAaTyPH M HCHOJIb3yeMHX IJs MOCJAeAyouiell Mepe3amHCH 3THX 3HAKOB B YaCH IIpH
BHIIOJIHEHHH KOPPEKUMH H B Hakonureds HDB npu pasmemenun B HeM BH3BaHHBae-
MOfi ycTaBKH (BHNOJHEH Ha NATH svefikax O3Y — suefiku BH4 — BH10); cuer-
YHK 4HCAAa 3anucell B Hakonmurens BH — (sauefixa BHS5) aas compoBoxzenwus mpo-
mecca pyuHoro BBORa 3HakoB B DBH Gumoka KJI; perncrp ymnpaBieHHS <«3BOHOK»
(suefika P3) nns ynpasieHHs BHI3BaHHBaHHEM B MOMEHT BHIDaBHHBAaHHS YCTaB-
KH C TeKyIIHM BpeMeHeM H pa3MelleHHs GOHTa GJOKHDPOBKH BHI3BAHHBAHHS; ADYTHe
cpencrsa (swefixkn O3Y) aas obecheueHHs, HampuMep, BCEX ONEPalMi NO BBOAY
3HaKOB H KoMauh ¢ Gioka KJI H paHHEIX ¢ XpOHHpyollero reHepatopa (uepes
nopr 5).

BumnosiHsieMele GYHKLUHMH yCTPOMCTBa MOXKHO pPa3feNHTh HA NATh TIPYyHI:

1. Cuer TeKyilero BpeMeHH (IepecuyeT TAKTOB C BHXOAAa XDOHHDYIOINEro TreHe-
paropa);

2. CpaBHeHHe TEKYIIero BpeMeHH C YCTaBKOA (CDaBHHBAalOTCA TeKyllHe CO-
croanus siyeek K6—K2 ¢ nannumu B sivefixax HB3 ... HBO).

3. HHaukauus: a) HHAMKAUMSA TeKYLUIero BpPeMeHH (TpDH BapHaHTa paGoTH):
«Hachi» — mpnunupyorcs «Hacs, «Mun» (cocrosinme siteek K5—K2).  «Cekyn-
> — HEAUUApyloTcs «MuH», «C» (cocrosinme sueex K3—KO0). «uu nepenn» -—
napunupylorces «JH/HI» (cocrosnne suelikn K6); 6) HHaukanus ycraBkd (dAdeft-
kn HB3—HBO0); B) mHamkanus comepxHMoro Hakonureas BH (xBa Bapnanta pa-
6otThl) : HHAHKanus «Yacs», «Mun» (cocrosnne siuveek BH3—BH10); unaukanus nHel
Hemenn (cocrosHue svefixn BH4); r) uHAHKauMs perucTpa «3BOHOK» (COCTOSIHHe
suefikn P3).

4. Pa6ora c Gaokom KJI. B 3aBHCHMOCTH OT Ha)aTOH KJAaBHIIH BHIOJHAIOTCA
caeaymoouye neficTBHA: a) ¢OpPMHpOBaHMe MNaHHHX B Hakomurene BH — (svefirw
BH4—bBHO0); nosnaunnii BBOA ¢ HaxXaTHeM uHpoBHX KaaBuimi 0—9; oOUHCTKa Ha-
konurens BH c¢ HaxkarweM kaaBumu «OuyucTka®; §) mepe3annch NaHHHX H3 HaKO-
natenss BH: B cuetunk «Uach» (suefikm K6—K2) c maxkaTtwem kaasumu «Koppek-
uua»; B Hakonutear HB (auefixn HB3—HDB0) ¢ HaxaTheM KJaBHUIIH <«YCTaBKay;
B) c6poc cuerunka «Uacu» (ycranoska B 0 sueek K1—KO0) c HaxaTHeMm KjaBHmH
«C6poc»; T) ynpaBieHHe HHAMKalHeHd TEKYLIero BPeMEHH H COLEPKHMOro HaKOMH-
teret BH u HB (nm. 3,a—r); BH30OB COOTBETCTBYIOIIHX JaHHHX [JIS HHAUKALHH
BHITOJIHSETC C HaxaTHeM KiaaBHIl <«Yack», «ByIHIbHHKS, «3BOHOK» HIAH JMI060#
KJIaBHIIH MO M. 4,a; ynpaBjeHHe NOPOCMOTPOM NoO M. 3,a,B, — OCYIECTBJISETCA KJa-
BHIIEH «—» (HAXXHMAalOT HYXKHOe YHCJIO pa3); M) YNpaBleHHe «BHI3BaHHBaHHEM»
(3amper — paspelleHHe) BHINOJHAETCS HaXKaTHeM KJaBHIIH «3BOHOK»®, COCTOsSIHHe
HHAHUHPYeTcsA 3HakoM 0 HWiIH 1 B MiaanmeM paspsie HHIHKAaTOpa.

5. 3BOHOK — «Bhi3BaHHBaHHe» B CJydYae CPaBHEHHS IO N. 2 NPH HaJHYHH pas-
peleHHs no 0. 4,1.

BuinosHeHHe JM0GOA H3 INepeYHCIeHHHX G(YHKUHA NDOCTHraeTcsi COOTBETCTBYIO-
meit moanporpaMmofi. Pa6ota ycrpoficTBa B KaXALA MOMEHT BPeMEHH IIPOHCXORHT
moJ ynNpaBJeHHeM IMKJIHYECKH BHIMONHAeMOA mnporpaMMu. Kaxnanit uLHKA 3amycka-
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eTcst C MOCTYIUIEHHeM BHEIIHEero XPOHHpYylollero uMmynabca. IlporpaMma aas kax-
JIOrO IMKJa KOMIIOHYeTCs H3 MSTH MOANPOTrpPaMM, COOTBETCTBEHHO MO OJHOH M3 Kax-
LOil MATH IPYNN OMHCAHHHIX QYHKUHH.

KomnoHoBka MNpOrpaMMH [AJsi KOHKPETHOro pexXHMa paboTH obeclieudBaercst
areyloueil opraHuzanueii cBsg3efi MO ynpabJeHHIo: obpalleHde K J1060# NOAMPO-
rpaMMe yepe3 ee HauajJo; BCe Hadaja MOAMPOrpaMM TIPYNNMH COCTAaBIAKT TaGaHuy
3TOM TrPYNNE, a B HayaJe TaGJHUH Pa3MeIlaloT NepekjaouaTelb, B KOTODOM 3alH-
caH ajpec NOAKJIIOYaeMOi MNOANMPOrpaMMhl; MO 3aBepuleHHH pa6oTH JI06oH mnoa-
mporpaMMbi  Npelpaymero 6Joka QopMupyercs O6palleHHe K <NepeKJIoyaTeaio»
TeKyiHero 6JI0Ka, KOTOPHH fajee obeCneynBaeT Mepenauy ympaBieHHs MOAKJOYae-
MO#t Moamporpamme.

Qusnuecku nepeunciaeHHoe obecneunBaercs pasMmemenneM B [I3Y Tpex gmomod-
uuTenbHBIX Ta6auy (rpynn siweek TH15—THO, TK31—TKO, T39—T30), rae coot-
perctBeHHO TH — rabauua 6imoka BH, TK —rabauua 6moka KJI, K3 — rabauua
«3BoHOK». TpH momosHHTenbHble sueiikd O3Y HCMOJABL3YIOT B KauecTBe NepeKJoua-
reneit (aueitkn ITH, ITK, TI3). 3arpyska mnepekiouareseii (KOMMOHOBKAa NpOrpam-
Mbl paGOTH YCTPOHCTBa .1Js1 BLIGHPaeMOro peXHMa) BHIIOJHAETCS C IepexoIoM B
TOT WJHM HHOI peXHM paboThl Ha)KaTHEM COOTBeTCTBYMoleil kiaaBHiM 6iaoka KJI.

IIpuBeneHHbIl NPHHUHKN OpPraHH3allMH MPOTPaAMMHOrO YNpaBJeHH  yCTpOHCTBa
(MORY/MBHOCTE NMOCTPOSHHS H TaG/HuUHA® OPraHM3alUMs CBA3ell) MO3BONAET H3MEHATH
CBOJCTBa CHCTEMbl NyTeM HapalIMBaHHA HJIH HCKJIOYEHHs BHINOJHAEMHX (QYHKLHM.
Bce onepauus B 3TOM cJydae CBOAATCA K BBOAY B CBOGOAHYIO CTPOKY COOTBETCT-
Bylole TaGIHUbl MOMOJHHTENbHBIX NOANpPOrpaMM, JHGO BPe3KO# B COOTBETCTBYIO-
mefi 06JaCTH ILHKJIAa HOBOW TaGJIHLBL

IlpuMepoM NepBO#i MOJEPHH3AUHH MOXKeT OHITh pacmiHpeHHe (YHKUMA OyAHJIb-
HHKa 0O NMporpaMMaTopa Ha N BpPeMeHHHX YCTaBOK B Ipelejax CYTOYHOTO HHTep-
BaJa [ M<8 MOIKIOYaeMHX BHXOJO0B. B 3TOM cilyuyae NpOH3BOAAT CJjeAyiOmIHE
«popabotku». B 1,25 n pa3 (mna n=20, Bcero Ha 100 siueex O3Y) yBenuuusaloT
Hakonuresb HD (HasoBeM ero Hakonutesem nporpammaropa HIT). Koadduuuenr
1,25 onpepensior BBefeHHEM NATOrO 3Haka B yCTaBKe JJs HOMepa INOAKJIIOYaeMO-
ro BHIXOAA. BBOAST MOMOJHHTENBHBIH NOpPT (M BHXOKOB). BBOasT moamporpaMMu
«[Ipocmorp Hakomureas» HII, «Y6patb u mHcaTb ycraBky». Bogar aBa gmo-
MOJNHHUTENbHHX cueTyHKa (ABe sAuefiku O3Y) ains (GHUKCHPOBAHHA UHCJAA 3aHECeH-
HBIX YCTaBOK H HOMepa mpocMaTpHBaeMoii yctaBkH B Hakonutese HII. Beomsr no-
HOJHHTENbHYI0 CTPOKY (nBe sueiiku I13Y) B Tabauuy TK. Bomar knaBumm «IIpo-
€MOTp» H «Y6paTh yCTaBKY».

Bropas MoJepHH3auUHsi YCTPOHCTBa, CBfi3aHHas, HanpuMep, C BBeJeHHeM B
mero GYHKUMH TaifiMepa C MHCKPeTHOCTbIO OTcdera | ¢ H C HHTEPBaJOM Cuera
I ¢— 1 uemens, ¢ MpAMBIM H OOPAaTHHIM HaNpaBJeHHSAMH CYeTa, CBOAATCA K TAaKHM
nopa6orkaM. BBoasiT momosHHTeNbHHE CTPOKH (dethpe sfivefikn O3Y) B Tabauun
TK u TH. Cospalor cuerunk <«Taiimep» (uernpe sueiiku O3Y). Beogar uernipe
nonoJHHTeNbHble KaaBHmu B 61oke KJI («}», «}», «I[lyck»} «Croms) u coorBercrByro-
uee 4ncjao moxmporpamm B I13V.

B raban. 25 nokasaHbl anmapaTHHe 3aTpaThl AIA Tpex BapHantoB «MII-uacos»
H HX 3KBHBAJEHTOB, BHIIOJHEHHHX Ha 3JeMEHTaX KECTKOH JIOTHKH C HpPUMEHeHHEeM
crelMaIH3HpOBaHKbX 4acoBux Mukpocxem KI176HE12 u K176HE13, HO Ge3 yue-
Ta 3aTpaT Ha HHIHKAUHIO H MNOAKJIIOYEHHE HCHONHHTENbHHX YCTPOICTB.

OTH CBeleHHs XapaKTePH3YIOT TOJbKO BHEIIHIOI0 CTOPOHY H He OTPaKaloT ec-
TeCTBEHHbWE 3aTpaTH Ha pa3paGoTky mnporpaMMmHoro oGecneueHns MII-yacos, HO
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Ta6auma 25

AnnapaTHble 3aTpaThl (MHKpocxema)
Yctpoiicteo
Bapuasut 1 Bapuant 2 Bapuaur 3
MII-uacu 14 15 15
DIeKTPOHHHE YacH 3 22 31

MO3BOJISIIOT CAEJNAaTh BLIBOA O BO3MOXKHOCTH 3((EKTHBHOTO HCNOJb3OBAHHA YHHBED-
canbHeix MII-cpefcTB A pellleHH Pa3JHYHHX 3aAad H CPaBHHTEJbHO JIETKOfi Mo-
JIePHH3aLHH STHX CcpeACTB 6e3 CyIIeCTBEHHBIX H3MEHEHHA CXeMB H KOHCTPYKUHH
€aMoOro yCTpOMCTBa.

Ha puc. 106 nokasaHo NpaKTHYECKOe YCTPOHCTBO (HasoBeM ero MHOTO(yHK-
L[HOHAJIbHLIM TaliMepoM HJH M-TafiMepoM), BHNONHEHHOe NO (YHKIMOHAJLHOMR CXe-
Me Ha pHc. 105, HO [OMOJNHEHHOe YeTHPbMA LH(POBHIMH, HHAUKATODAaMH, HMelollee
M3Y o6vemom 3° K6aiit, O3Y — 256 Ga#it, ¢ 61okoM KJI, comepxkamum 37 kia-
BHLI, HMelollee «3BOHOK» H CHJIOBble BHIXOAH J[JISi CBSI3H C HCHOJHHTEIbHHMH YyC-
TPOACTBaMH, OOeCleuHBaeT BHINMOJHEHHe MHOXecTBa (YHKIMH Ha OCHOBe BpeMeK-
HBIX OTCYETOB M BKJIOYaeT B cebsi ciaenylollHii Habop yCTpOACTS:

1. Yace ¢ oTcueTaMH CeKyHI, MHHYT, 4acOB, JHed HexeNH.

2. Ilporpammarop | — n1si nMporpaMMHpOBaHHS M BHI3BaHHBaHHA 22 Bpemen-
HbIX YCTaBOK B TeueHHe CYTOYHOrO HHTepBaJja.

3. Ilporpammatop 2 —Ha 1 yCTaBOK C aHAJOTHYHHIMH (QYHKUHMAMH, HO AAq
HefelbHOrO HHTepBana. OJAHHM H3 BO3MOXHBIX DEXHMOB ero paGOTH sBJAsfeTCA ym-
paBjleHHe TOCJAeNOBAaTeNbHBIM BKIIOUEHHEM HJH BHIKJIIOYEHHEM CHJIOBOrO BHIXOAA
Ir2.

4. Tafimep 1 — ps pa6oThl B pexkHMe O6paTHOro cyeTa C BO3MOXHOCTBIO MpO-
MEXYTOUHBIX OCTAaHOBOK H 3amyckoB. TouHocTb orcuera 8 Mc, AHCKpPEeTHOCTb 1 €, HH-
TepBan 1 ¢ — 1 Hezens.

5. TaiiMep 2 — g paGoOTH B peXHMaX NpSMOro H O6GPAaTHOTO CYeTa C aHa-
JIOTHYHBIMM BO3MOXHOCTSIMH NO TOYHOCTH, NHCKPETHOCTH cuera, HHTEpBaly.

CoBMeILleHHBI BHIBOJ Ha HHAHKAaTOD TIOKa3aHHA 4YacoB H TafAMEPOB MOXeT
6LITb HCMOJB30BaH NpPH HeOGXOMHMOCTH H3MePeHHS INPOROJIKHTENILHOCTH KaKore-
JHGO siBIeHHsT Ha (oHe TeKyllero BpPeMeHH (1eJIOBble COBEIAHHUs, MPOJONKHTEN k-
HOCTb Gecelnl U Ap.).

6. TenepoHHas mpHCcTaBKa C UHGPOBHIM HaGopoM HoMepa (20 3HaKOB) BHI3K-
BaeMoro aGoHeHTa, C 3alOMHHaHHEM 3TOro HOMepa H BO3MOMKHOCTbIO MHOIOKparT-
HOTO MOBTOpEHHsi Bhi30Ba. [IpH Ha6Gope HOMepa BHI3LIBA€MON0 aGOHEHTA HCIOJb-
syiorcs uudpel 0—9, 3Hak A — A1 BKJIIOYeHHS B IOC/J€I0BATENbHOCTh KOPOTKOH
(~20 mc) maysel; sHak C — ansi npudopMHpOBaHHA HOMepa cBoero TeqedoHa M
3Hak E — «3aBepuienue».

7. 3BOHOK — AJ1si BLHI3BaHHBAaHHS OTPaGOTAHHBLIX YCTaBOK IJs MPOrpaMmaropos
1 u 2, TafiMepa 1 U 2, a TakXe A/ BHI3SBaHHBAHHS OKOHYaHHs YaCOBOTO HHTEpBa-
na B uyacaXx. PeajH30BaHH peXHMB BHIKJIIOYEHHS TEKYIero  3BOHKAa, BHOOpOUHOE
OTKJIOUEHHe 3BOHKA MJIsi JIOGOTO H3 YCTPOHCTB, a TakxKe obliee OTKJIIOYEHHE SBOH-
KOB M-TaiiMepa.

8. IllaxmaTHble vachl — C 3aflaHHeM HHIMBHAYaJbHOH YCTAaBKH H IOOYEpeaHOH
pa6oTH ABYX YCTPOHCTB THNa TaiiMep B pexxnme o6paTHoro cuera. TouyHOCTb OT-
cueta 8 MC, JHCKpeTHOCTb orcyera 1 c, MHTepBaa ycraBkH 1 c¢— 24 u. Illaxmar-
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fAHe uaCH He SBJSIOTCA CaMOCTOATENbHHM YycrpoiicrBoM M-tafimepa, a cocraBasi-
forca M3 TafiMepa | H TafiMepa 2 ¢ OJHOBPeMEHHHM BHBOAOM HX @OCTOSIHHA B&
BH. .

Ipn onpenenennd paGoTw ¢ M-rafimepoM cjelyeT YYHTHBaTh, YTO: BCe e€ro
yCTPOACTBa MOTyT Pa6oTaThb ONHOBDEMEHHO H HEe3aBHCHMO [DYr OT Apyra; BO3MOXK-
Hectu G6noka BM (4X2 undpoBHX HHAHKATOpa) MNO3BOJAIOT HHAHLHPOBATbH COCTO-
fHHe ONHOIO HJH JBYX YCTPOACTB; YHCJO peXHMOB paGoTm M-rafiMepa — AeBATH]
YHCJIO BHMOJNHAEMBIX KOMaHI TPHANATb.

IMepeunciieHHOE MHOXECTBO DEXHMOB H BHIOJHAEMHX KOMaHA XapaKTepH3yer
Tabn. 26. B Heft NEBATHIO CTPOKaMH OGO3HaueHH pPeXHMH pa6oTm M-rafiMepa B

Ta6auma 26
g .
'g < Ban/Bsixn | .
3§ ¥ X
N R pexuma Cuy
Sl N N 3
3 3 N 5 N »g Komanda
Pewunm s YN[ § [ NIIARA
S INNERENRERRRHNEN
padomss | TN | YR N NN ERRELN
RIHNERHHEHHE
N NE S MK
NI x| 8 i
SAEN S S{SI~|N rpabupobra
s ,: ﬂ = E N 81813 “”r xrabuw
S
X| o0 |oz|04|05|08|04|06| 94 | Koo womandst
Yacss Yac (10|20 X | X
Faamep 7 rr {rz|30 X X | X X
radmep 2 72 |r4|40 X x| x X
Tadmeo M ™ |76 |50 X X | X X
Npozpammar | nr7 (78|60 X | X|X
Npoepamma? | 7r2 |1A|78] X | X| X
Tenepon 14 4 x
bypepnsid 7100
waxonumens | 64 x|e o o
(wadop)
Uarmwarmusse wy \7e |90 N .P\.X x| % '
yacss '

yKa3aHH HaHMeHOBaHHs COOTBETCTBYIOUIHX MM KJaBHIL Bhmoinenne TOA H/IH HHOR
KOMaHAH B COOTBETCTBHH C HaXaTol KJaBHIIefi JJs CTOJA6IA OCylleCTBAseTcs Ha
¢doHe NpenBapHTeNbHO YCTAHOBJIEHHOTrO pexHMa. Hampumep, ¢ ycTaHOBJeHHEM pe-
®HMa «Yachl» (HaxaTHeMm kaaBuud «Yac») na BY BeIBO#ATCA HaHHbIE O COCTOSHHR
cuerynka «Uacws. IMocaeayommue Haxatus kaamn o Jau6o 3T («3amnchs)
o6ecneynBaloT BHIIOJHEHHe KOMaHA TOYHOM ycTaHOBKH wacoB B 0 6o nposegeHne
KODPEeKLHH COCTOSIHHS 4YacoB.

JlononHuTeNbHEIME AJs M-TafiMepa SBJAAIOTCA KOMaHAB HENOCPeACTBEHHOro HC-
NOJHeHHs!, TlepeuyeHb M COMEPXKaHue KOTOPHX MpHBeleHW B Ta6a. 27. McRonHeHHe
9THX KOMaHJ He H3MeHseT pabGory M-tajimepa. [las npuMepa paccMOTpHM paGoty
M-raiimepa B pexumax. «[lporpam. 2» (Ilporpammarop 2) m «Tafimep 1». Bxie-
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Tab6aunma 27

Komanga

HaumeHOBaHHE KJIaBHIIH

ConepiKaHHe

<Yacu», +1 uac

<«Yacu», «¥YcT. B 0»

+1

]
‘(B pexume Yach)

YBennueHHe COCTOSIHHSI  CYeTHHKaA
«Hacoi» Ha 1 wac
Tounas ycraHoBka <«Yacosy,

HOBKa B () CYETYHKOB MC H C

ycra-

[Momaroswii npocMoTp HakonuTeseR

dIlar npocmorpa =

«BnpaBo» u «BueBo»
«3BOHOK», BJiok. ByokupoBKa Tekyiuero «3BOHKa»
-«3BOHOK», BBhIKJI. «CTtony» BriksoueHHe «3BOHKa»

(B pexxume «HaGop»)
3I1 YcraHaBaHBaeTcs JJIHTEIbHOCTD
3ByyaHHSI 3BOHKOB B COOTBETCTBHH
¢ HalpaHHMM 4YHCJIOM (ZIBa NepBHIX
3HaKa Ha HHAHKaTope)
3aHOCHTCSI C KJaBHaType H 3ano-
MHHaeTCsl HoMep cBoero TesetdoHa
ans paGothl yepes AMTC. HaGpau-
HBIl HOMEp CONEepKHT 10 CeMH LHD
H 3aKaHuHBaeTcs 3HakoM E

«3BOHOK», YCTaHOB.

AJATENIbHOCTH (B pexxume «HaGop»)

q/T

«Tenetdou», Croit
(B pexxume «HaGop»)

H0Mep

genne B pexxuMm <«[Iporpam.2» ocymecrBaseM HaxatueM kjasumu [II'2, npu sToM
#Ha uHAHKaTopax Oaoka BH (puc. 107,a) BhicBeuHBaeTcs 3HaueHde NepBoi yc-
tanoBkn («OH/HI», «Uac», «Mun») u «No coGHTHS» (3a[aeTcsi NOJb30oBaTeNEM).,

C HaxaTHeM KJaBHIIH <«—-» NePeXOZHM K MPOCMOTPY cCjenyiolilei yCTaBKH
8 Haxonurege HII2 snu6o ouynulaeM Becb HaKONHTeJb C  HaxaTHEM  KJaBHIIH
«». Tlpe Heo6xoaumocTH y6paTh KaKylO-AHGO YCTaBKy NOCJEL0BATeJbHOCTHIO
#HaXaTHi KJaBHIIH «—-» BHI3BBaeM ee B HHIHKATOD W HaxXHMaeM kJaBHmy «Crupa-
#He», NPH 3TOM ocBoGonuBimieecs Mecto B HII2 aBromaTHueckn 3anosHsercs moce
nmepHelt ycraBkoft. C HaxaTtHeMm kaaBumu 3I1 na Mecro nocieaseit ycrasku HIT2
dlepenHCHBaeTcsl NMOATOTOBJEHHas ycTaBka u3 Gydepa BH.

AH/H4 Yac Muw Yac Mur
o I T e T
O T T I O T T T
W_._/g ; (% V) k—_\,—}
&N codsrmusn Yemabra Yucno ycmabox Yemadra

a) )
AH/H4 Yac Mun Yac Muk yac__Muan__
T o T T T T T I I
- it —_n_n_ e n_n_t
- - \ J < v -7
) Waxm. 7 2) Uaim. 2

Puc. 107. fipeacTasaenne undopMaunu B ycTpofictee «M-Tafimep»
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.Haxarnem knaBmmm <«Tl» mepexomum B pexuM pa6oth <«Taiimep 1». Ilpa
®TOM Ha HHAMKaTope (pHc. 107,8) BhicBeuHBaeTcsi 3HaYEHHE TEKYIIero OTcUeTa st
orpaGarbiBaemoro HHTepBasa. C HaxartHeM kjasumn «3II» ycraBka njas sroro rtai-
Mepa saHocurcs H3 G6ydepa BH.

Haxarnem kaaBum <«Ilyck» manm «Croms IPOH3BOASITCS INPOMEXKYTOYHHE 3a-
nycku wid ocTaHoBH «TaliMepa» 1». IMoBropenne 3amyckoB «Tafimepa 1» pas or-
paGoTKH Npelnayliedl YCTaBKH BHIOJNHsAeTCA HaxartHeM kuaaBum «3IIs u «Ilycks.

Ha puc. 107, 8, 2 mokasaHw BHICBeUHBAaeMHle AAHHBIE Ha HHAHKAaTOpe MpH
nepexofe B pexuMmn «[lporpam.» u «Illaxmar. 1», «lIaxmar. 2». HaxarneM kaa-
BHIIH «<>» oOGecleyHBaeTcs HHIUKAUHSA MHHYT H CEKYHA IIaXMaTHRIX YacoB.

IlpuBenenunifi 3mece M-TaiiMep, BONPOCH ero HOCTPOEHHs, IPOrpaMMHON B
anmapatypHOl peasH3allHH ero (yHKUHH H Ap. CleAyeT pPacCMaTPHBaThb KaK HJLIO-
CTpauHi© NnoAxofa K mocrpoeHnio MII-cpexcrB. Ilas o6JieryeHHss NOHHMaHuUA MOA-
xofa, B KayecTBe OObeKTa BHIGpaH Ha6op H3BECTHHIX IIPOLECCOB Ha OCHOBe H3Me-
PeHHs BpeMEHHHX HHTepBasiioB. [IpH sTOoM B GoJblleH CTENEHH OCBELlaJHCh BOIPO-
CH, CBSI3aHHHE C TNocTpoeHHeM M-raiimepa kak MIl-ycrpofictBa, peanHsyiomero
Gosburoli 0G6bEM CHEIIHAJH3HPOBAaHHHX (YHKUHH NIPH MauslX 3aTpaTax YHHBepcalb-
HBHIX CPEACTB, H MeHbIle BHHMaHHsl YAEJIAJIOCH PaccMOTpeHuio M-tafiMepa c TOUKR
3pEHHSl ero SProHOMHYECKHX XapaKTEPHCTHK. B CBf3H € STHM. IPH INIPAaKTHUECKOM
BHIMOJHEHHH M-TafiMepa cieflyeT paccMOTPeTb HanGoJee 1eJecO06PasHyl0 KOHCTPYK-
U0 ycTpoiicTBa. B MoGOM ciyyae Heo6XOAMMO IPOAyMaThb BOIDOCH pallHOHAJbHOM
KOMIIOHOBKH KaaBuml G6imoka KJI (pa3melieHue Ha ORHOM NaHeNH, pa3HeceHHe mo 06-
JaCTsM, CO3/laHHe BHIHOCHHEIX IIOJKJIOYaeMEIX YIPOLICHHHIX INyJbTOB, HalpuHMep, NpR
peanusauuH pexuma «IIlaxMaTHele yachl» HJIH TNPHCTaBKH s ¢doTomeyaT).

CiiepyeT TakKe YYHTHBATb, YTO BO3MOXKHOe HapallHBaHHe (QYHKUHH HIH HCKJIIO-
YeHHe HX 32 HEHAaJOGHOCTbIO NPAaKTHYECKH MaJo YAOpOXKaeT JHGO yHelleBJsieT BCe
YCTPO#CTBO, MOCKOJNBLKY OHO B OCHOBHOM CBf3aHO C HEJOHCIOJIb30BaHHEM HJH MNOA-
KaioueHHeM JonoJHuTedbHHX O3Y u I13Y, cToMMOCTh KOTOPHX CPaBHHTEJIbHO HH3Ka.

@dyHKUHOHUPOBaHUe M-TaiiMepa oGecleyHBaeTC pa3MeLIeHHEM B HEM COOTBETCT-
BYIOLIMX NPOTPAMMHHX H BCTPOEHHBHIX CPEACTB H MOJKJIOYeHHEM K HeMy COOTBETCT-
BYIOIIMX amnnapaTHHX cpeiacTB. IlporpaMMmHble cpeacTBa B BHAe HaGopa NOANpO-
rpamM, Tabmaun H KoHCTaHT pasMemenn B [III3Y (MC K573P®21) u npexcrasie-
HH TaGJHIAMH TPOUIMBOK 3THX MHKpocxeM (cM. IlpmioxeHue 1).

IepeueHb omepamHOHHEIX CpeAcTB M-TaiiMepa, pasMmemeHHHXx B O3Y, a Takxke
NepeyeHb €ro MOPTOB H HX (YHKUHMOHAJbHOE paclpelefieHHe NpPHBeAeHH B TaGu. 28.
fdannee Tabn. 29 xapakTepH3yloT OGLIHe 3aTpaTH Ha INpOrpaMMHOe obecreuyeHHe
(B xosnnuecrBe Gafit II13Y) u Ha onepanHOHHHE CcpeACTBa (BHLIEJEHHHE A4YEHKH
O3Y) c ykasannem gyucia kiaaBum Gaoka KJI, ucmosnsayeMBIX 1Jsi 3aJjaHHs H pea-
JIM3aIIHH KaXKJIOTO H3 PeXXHMOB paGoTh M-rafimepa.

Iepevenp moOAKJIIOYaeMBIX anmapaTHHX CPeACTB ycrpoficTBa (Mo cxeme da
puc. 1006) Bkuiouaer G6JOKH KJIaBHaTyPH H HHAHKAUYH, TEHEpaTop XPOHHPYIOWIKX
HMIIyJIbCOB, 3BOHOK, GJIOK BEIXORHBIX YCHJIHTEJeEH. ’ .

Biok kJIaBHAaTYpPH COCTOMT U3 NOJsA MepekJiouaresaell, 06beIHHEHHHX B MaTPHLY
pasMepHOCTBIO 5X8, H GJOKa CKaHHDOBaHHA  MaTpHIH Ha Gase MHKPOCXeMu
KP580HMK55. PaGora MoAoGHHX YCTpo#cTB ONHCama B . Jjurepatype [15, 23]. B
HameM ycrpoiicTBe (GOPMHPOBaHHE KOJa B COOTBETCTBHH C HaXaToH kJaBuulefi o6ec-
NeYynBaeTCsl CKaHHPOBaHMEM MATPHIH IyTeM IOCJeJO0BaTENbHOrO . BO36YKAEHHUS JH-
HeeK NO TOPH3OHTAJNH CHTHaJaMH C TopTa 1, ¢ MOCHenyIOIIHM ONPOCOM  BOChMR
CTOJAGIOB MaTpHUH, HOAK/IIOYEHHHX K BXOAAaM Nopra 2; NpH o6HapyXeHHH BO3GyX-

116



Ta6auna 28

OGosRaueRHe HauMmeHnoBanHe Axpec O6wren,
Gaftt
M3y [13Y nporpaMM H KOHCTaHT 0000 ... OBFF 3072
Taby. koM. KOMaH/,
OCHOBHBIX 8}%8 8}91); 1(85
BCNOMOraTeJbHBX 12
Ta6manu PasOBHIX 01AQ ... OIAF 16
Ta6a. uHA. HHAMKaLHH 01B0... 0ICF 32
Ta6a. T® Tese¢ona 01DO0... 0IDF 16
H3r HaganpHbifi 8arpysunk 01EQ...
o3y OnepaTHBHOe 3alOMHHalOMlee YCTPOfi-
CTBO 0C00...0C11 256
o By¢epunik [ s vl I I
HaKONHTEb
O6bem BH 0C02...0C17 22
JnureabHOCTD 0C19 1
Tekylllee 3HaueHHe 0C1A, 0CIB 2
3BOHOK Brik/r09eHb 0CID 1
BJaokupoBka 0CIE 1
ITouacosoit 0CIC 1
3B Bcnomora- 3BOHHTB? 0CIF 1
TeJIbHEIE { KTo 3BOHUT? 0CAA, 0CAB 2
cpeacTBa Bydep nopra 2002 0CAD 1
T1 Taitmep 1 Cueryux CTl 0C20... 0C24 5
Iepeknouatens T1 25 1
ﬁqemnx CT2 T 88%% .. 0C2A 5
T2, TM Taiimep 2 epekJoyatesnb T2 1
P { Iepekmouaress TM | 0C2C 1
CKOJIbKO YCTaBOK 0C30 1
nri Tporpam- VYcraBka Tekymas 0C31 1
marop 1 Hakonurens HII1 0C32 ... 0C5F 44
Ire Tporpam- CKOJIbKO YCTaBOK 0C60 1
MaToD 2 YcraBka Tekymas 0C61 1
: P Haxkonureas HII2 0C62 ... 0C8F 44
U [Mepexmouatens UH], 0C91 1
T® Mepekmouarens T® | 0C92 1
Csoit Teseon Ne 0C95... 0C98 4
T CKOJIBKO TOCHLIOK 0C9A 1
enedon Mochika 62 MC 0C9D 1
Mocuka 39 mc 0C9E 1
y Maysa 0GAT .. 0CAS L
acel CueTYHK 9acoB 5
Crek Crek 0CBO ... 0CCF 32
(
Iopr KaaBuarypa 3000, 3001 2
HcnonuuTenbHbIe
gc-rpoﬁcma 3882/
BOHOK 3002/01
Ioprat Tesedon 3002/10
Pese TII'2 3002/80
Cunxpo 6000/01 1
Hunukarop B000 ... B003 4
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Ta6awmna 29

PexuM_paGoThl, 33;2“ (%g%} Slaeftkn O3Y [ BBox (uuciao
obuiee oGecneuyeHue B T13Y) KJaBHM1)

‘BBon ¢ 6soka KJI 335 18 37
Hupuxkanus Ha BU 325 8
3BoHOK 126 10 2
Yacn 226 7 6
Taiimep 1 157 7 4
Tafimep 2 168 7 4
Tafivep M 71 7 4
Ilporpammarop 1 149 46 3
Iporpammatop 2 185 47 3
Tenedon 234 29 2
[IIaxMaTHBIE Yachl 149 14 4
BcnomoraresbHbie

cpeacraa 136 46 3

JileHHOro croa6ua 3alycKaloTcsi MOAMPOrpaMMel (OpPMHpPOBaHHS KOxa (3HaK HJH
«®OMaHJa).

Baok HHAHKAUHH MOXeT GObiTb BBIMOJNHEH IO JIIOGOMY H3 BapHAaHTOB, PEKOMeEH-
JOBaHHHIX DaHee. )

I'enepatrop xpoHupyiomux TakToB (I'T) BhmoNHseTcs Ha OCHOBe CTaHAapTHO-
TO 4acoBOro cuerynka Ha Mukpocxeme KI76ME12, wactora mMnysbcoB reHepatopa
128 T'u.

3BOHOK — JII060H H3 HMelolIMXCH MasoraGaputHhix  3ymMmepoB Thna 3I13,
J3MIUI u np. ‘B kauectBe 3amoJHSIOWIEH YacTOTH [JJs CHTHAja 3BOHKA HCMOJIb-
3syerca curdHan 1 kI'n, cHEMaeMbifi ¢ Brxoda mukpocxemn K176ME12.

BhixogHble yCHIHTENH O0GeCNEeYHBAIOT 3JMEKTPHYECKOe COMpsiKeHHe BBLIXOAOB IOP-
Ta 3 C COOTBETCTBYIOLIMMH HCIONHHTEJNbHEIMH YCTpoOiicTBaMH (pese, 3BOHKH). [Jo-
STOMY THI H "MOLIHOCTh KaXAOr0 YCHJIHTENs MHOJMKHH COOTBETCTBOBAaTh KOHKPETHO-
MYy HCIOJHHTENbHOMY YCTPOHCTBY.

MMPAKTHYECKHE COBETDI

Jas nutaHHs ycTpoicTB Ha MHKpocxeMax cepHH K155 Heo6xoauMmo Hc-
d10JIb30BaTh CTAGHIH3HPOBAHHEIA HCTOYHHK Hamnpsienus 540,25 B. Ecau 3nauenie
IHTAIONIer0 HaNpsXKeHHs (C yd4eTOM My/bcalHii) BHIXOAHT 32 3TH NpeResbl, rapaH-
THPOBaTb yCTOHYHMBYI0 pa6GoTy ycTpoicTBa Henb3sl. [ NHTaHUA KOHCTPYKLHH Ha
Mukpocxemax cepuii K176 u K561 MOXHO mO/b30BaTbCA HeCTaGHIH3HPOBAHHEIM HC-
TOYHHKOM C BHIXOAHBIM HampsixeHHeM ot 9 no 12 B fipu morpebasieMoM TOKe RO
100 mA. Ilpn nomaue HaNpsiKeHHs NHTAHHS OT BHEIUHero MCTOYHHKAa Ha IJIaTH,
The pa3MelleHH MHKPOCXeMbl, HEOGXOAHMO MPHMEHATb BO3MOXKHO KODOTKHe NpOBO-
Ja, TaKk KaK Ha HHX MOTYT HaBOAHMTbCH HMIyJbCHble nmoMexH. CHcreMa IUHH IHTa-
HUSl JOJIKHA HMEeTh MHHHMAaJbHO BO3MOXHble CONPOTHBJEHHS H HHAYKTHBHOCTH. Ilas
#CKJIOYEHHs! HMIYJbCHBIX IIOMeX Ha iIuIaTe YCTPOHCTBA MeXAy IUIIOCOBOR H MHHY-
COBOJ IJHHAMHM NHTaHU HEOOXOAHMO YCTAHOBHTb GJOKHDOBOUHBIE HH3KOYaCTOTHHE
# BHICOKOYAaCTOTHBIE KOHAEHCAaTOPH. EMKOCTb HH3KOYaCTOTHOTO 3JEKTPOJHTHUECKOTO
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KOHJleHcaTOpa MOXKeT cocraBaath or 100 me 100 Mx®. BiokupOBOUHHE KepaMH~
YeCKHe KOHJEHCAaTOPbl YCTaHABJHBAIOT Ha MOHTaXHOH nuate u3 pacuera 0,07 Mkd Ha
oxny MukpocxeMy TTJI. JlomyckaeTcsi CTaBHTb OLHH KOHLEHCATOP COOTBETCTBYIONIEfH
€MKOCTH Ha Tpynmy H3 dYeTHpeX—ILUeCTH MHKpocXeM. B ycTpoiicTBax Ha MHKpocxeMax
KMIIT emKocTh GIOKMPYIOIIHX KOHAEHCATOPOB MOXeET OHTh CHHXEHa Ha MOPSIOK.

Ilpn nepBoM BK/IOYEHHH H HacTPOfiKe COGPaHHOTO YCTPOHCTBA YAOGHO NOJBb3O-
BaTbCA Ja0OPATOPDHHM HCTOYHHKOM INHTAHHS C BCTPOEHHHM aMIePMETPOM Ha TOK:
1—-2 A.

B Ilpunoxennn 2 nmpHBeAeHb AaHHble MO MOTPEGASEMOR MOLIHOCTH MHKPOCXeM:
cepun K155, TaM e ykasaHH BHBOAW MHTaHHA BCeX MHKPOCXeM, HCIOJIb3YeMHX
B OMHCaHHBIX HaMH ycTpoicrBaXx. Iloab3ysch 3Toit Ta6aHueH, BH MOXETe OLEHHTS.
TOK, MNOTPeGNseMbii yCTPOACTBOM, H INpPH MNEPBOM BKJIOUYEHHH NPOKOHTPOJHPOBATH
ero. Ecin norpe6iaseMbifi TOK OKaXeTCs CYHMIECTBEHHO G6OJbllle DPacyeTHOro, HeMeln-
JIEHHO OTK/IOYHTE HCTOYHHK NHTaHHA H HaHAHTe NPHYHHY HeHCNPaBHOCTH (KOpPOT-
KOe 3aMblKaHHe Ha IUIaTe, <«MepemnojliOCOBKa» HANPsKEHHs Ha BCell IJate HIH Yy
oTAeNbHHX MHKpocxeM). IIpm nepemosiocoBke NuTaHHA, Ansuiefics He 6ojee 2—
5 ¢, 60abmas wacth Mukpocxem cepuit K155, K176 u K561 He BHIXOZHT H3 CTpOS:

Miorue onucaHHBE 37eCb YCTPOMCTBAa HMEIOT KHOMOUHBIE OPraHH yIPaBJeHHS,.
TyMOJiepEl HWJIH TepekaiouyaTesH, yCTaHaBIHBaeMHe Ha JHuesoit mnadead. Ecau na-
HeJIb yNpaBJIeHHsl yjiajleHa OT MOHTaXXHOH IJIaTH, TO NPOBOAA, COeAHHSIOLIHE Opra-
HH yNpaB/eHHs C MHKDOCXeMaMH, MOTYT CTaTh HCTOYHHKAMH JIOXKHBIX CHTHAaJIOB H3-
33 BO3HHKaIOIHX HaBOAOK. CylIeCTBEHHO YMeHbIIHTb BePOSTHOCTb MOSIBJIEHHS MO-
MeX MOXHO, COeJHHASl KaXIyl0 KHOMKY C MHKPOCXeMOf: NMapoil' CBUTHX NPOBOAOB:
GRHH H3 HHX CHTHaJbHHIA, a BTOPOi (06a BHBOZA KOTOPOTO COEAHHEHH C O6ued
IIHHOH) 3KpaHHPYIOWHiL.

Bonee HajeXHBHIM cnocOGOM HCKJIIOUEHHS JIOXKHBIX cpabaThiBaHHH siBafeTCsA MO-
llada HanpsKeHHs HCTOYHHKA NHTAHHA uepe3 NOMOJHHTENbHBI PE3HCTOP CONPOTHB-
JdenneM 1—2 KOM Ha KaXIbi BHBOJ MHKDOCXEMH, COeHHSEMHA C OpraHaMH ym-
paBseHHsi (HampHMep, KaK NoOKa3aHo Ha puc. 84). ITogoGHEM cmoco6oM MOXKHO-
COEAHHATb C HCTOYHHKOM NHTaHHS HEHCNOJb3yeMble BXOAH MHKpocxeM. MoXHO Tak-
Xe HEeHCHoJNb3yeMBle BXOIH COEAHHHTb C HCIOJNb3YeMBIM BXOJOM TOIO 3Ke JIOTHYe-
ckoro saemenTa. IIpH HeoGXOZHMOCTH Ha OTAeJNbHBIE HEHCNOJb3yeMble BXOIbl MEK-
pocxeM IMOMAIOT HANpsiKeHHe HH3KOrO YPOBHsS, 4TO ompejeisercss \'aGaHuedl HCTHH-
HOCTH COOTBETCTBYIOLIEHl MHKDOCXEMBI.

Cobupartp ycrpoiicTBa yno6Hee BCEr0 Ha MOHTaXHBIX I[JIaTaX M3 IBYCTOPOHHe-
ro ¢oJabrHPOBaHHOroO creksJoTeKcTosMHTa. Ha oaHON cTOpOHe muiaThi HAXORATCA IVIO-
IHaAKH A/ YCTAHOBKH MHKPOCXeM, a C Jpyroii CTOPOHH — KOHTaKTHble IJIOLIAIKH;.
coeJHHsieMble OTPe3KaMH MOHTaXXHoro npoBoja. Ha o6Genx cropoRax miaTh XOJNXK-
Hbl GHITb W IIHHB HCTOYHHKA NMHTaHHA. JKenaTeabHO CHayasa BHIOJHHTbL Bech MpO-
BOJIHOA MOHTa)X<, NPOBEDHTb €ro NPaBHJbHOCTb, OTCYTCTBHe 3aMblKaHHH cocel-
HHX IVIOLIaAOK H TOJbKO MOCJEe 3TOr0 YCTaHaBJHBAaTh BCe HaBeCHBlE N€TaJH — MHK-
POCXEMEI, PE3HCTOPH, KOHAEHCAaTOPH H T. A. [IpH NMPOBOZHOM MOHTa)ke He cJe-
JyeT NMDHMEHATb XTyTOBaHHe H Napa/uleJbHYl0  YKJaaKy npoBogoB. CoelHHEHHR
caelyeT BeCTH MO HaHKpaTuyaiiieMy MyTH.

HanGosee noarotoBjeHHble PafHOMIOOHTENH MOTYT CaMOCTOSITENIbHO pa3pabo-
TaTh W H3TOTOBHTb NEYaTHYIO IVIaTy, B KOTOPOH o6ecneyeHbl Bce HEOGXOAHMbE COe-
NHHEeHHS MeXJy 3jeMeHTaMH ycrpoiictBa. IIpn 3TOM nenecoo6pasHo HCMONb30BaTh-
JHHEHO-MHOTOPSAAHOE paclojoXKeHHe MHKpocxeM, ofecneynBaiollee HaHO0MbLIYIO:
TJIOTHOCTh HX YCTAHOBKH. IIJIs NMPaBHJbHON OPHEHTaUHH MHKPOCXeM Ha NeyaTHOR
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njaTte AOMXKHH GHTh HaMeYeHH <«KJIIOAY, ONpeRessiOmAe MOJOXKEHHEe NepPBOro BH-
BOAA KaXAOX MHKDOCXeMH.

Ilpu paGore ¢ MukpocxeMamu cepuft K176 m K561 ocoGoe BHuManue yneasi-
Te NpeAOoTBPAlleHHI0 IOMANaHHA  SJeKTPHIECKHX  3apAJoB Ha  MHKDPOCXEMH.
HOnas sroro HeOGXOAMMO: 3a3eMJATh XKaJO NasJbHHKA H H3MEDHTEJbHYIO anmapa-
TYpy, NMOATOTOBKY H MOHTAaX MHKDOCXeM IDOH3BOJAHTb C TPHMEHEHHeM aHTH3JIeK-
TPOCTaTHYECKHX GpacJeToB.

B mpouecce NpPOEKTHPOBaHHA H MOHTaxa NIHPPOBHX YCTPOACTB y uHTaTened
HaBepHsKa BOSHHKHYT H JADYTHe BONPOCH, He HamIeJHIHe OTPaXeHHA B KHHre. B
9TOM cayuae HeOo6XOAMMO OGPaTHTBCA K HCTOUHHKAM, YKa3aHHHM B CIHCKe JHTe-
paTypHL.

3AKJIIOYEHHE

MH NO3HAaKOMHJIH Bac C NPHHOHNAMH HEfACTBHA OCHOBHHX 3/eMEHTOB H
ycrpofictB 1HbpOBOR TEXHHKH, C DasHHMH IO CJIOXKHOCTH DPafHOJNIOGHTEIbCKHMH
ycrpofictBaMH Ha nHpOBHX MHKpPocxeMaXx. KakHe H3 HHX MNQBTOPSTbL — 3aBHCHT
OT BaNIHX HHTEPECOB H ONHTA.

Jns nproGpeTeHHs ONHTa PaGoTH C HHGPOBHMH  MHKDOCXeMaMH MepBOHa-
4aJbHO CJefyeT BHOHpaTbh [/ NOBTOPEHHS Te YCTPOACTBA, KOTOPHE MOJNHOCTBIO
ofecnedeHH KOMIVICKTYIOIIHMH H3[eJIASMH, YKa3aHHHMH Ha NPHHIHNHAJLHOM cXeMe
yerpolicrea. llenecooGpasno Hauumats paGoTy c HanGolee ACMIEBHMH H pacnpo-
CTpaHeHHBIMH MHKpocxeMaMHu cepu K155. Ommu6kH, ponymeHHHe NPH MOHTaxXe ycC-
TPOHCTBAa Ha MHKpOCXeMax STOA CepHH, He NPHBEAYT K BHXOAY  MHKDPOCXeM H3
crpos. IMocrenenHo npHoGperas oNHT PaGOTH, MOXKHO NEPEXOAHTb K KOHCTPYHPO-
BaHHIO Goslee CJIOXKHHX YCTPORACTB.

B03MOXHO, 9TO KaKHe-TO aBTOMaTH BH 3aXOTHTe NOBTODHTb moOJHOCThbio. IIpm
3TOM aBTODH BCe XKe HajeloTCd Ha TBOpYecKHA moaxon K pa3paGoTke H KOHCTPYH-
POBaHHIO OMHCAHHHX YCTPOACTB B 3aBHCHMOCTH OT KOHKDETHHX YCJIOBHH H BamHX
BO3MOXKHOCTefl. ABTODH YyBepeHH, YTO B KOHIEe KOHIOB UYHTATeJH, He OrpaHHYHB-
WIACh NPOCTHM KOMHPOBAaHHEM OMHCAHHHX YCTPOACTB, GYyAYT SKCIEpHMEHTHPOBATb,
HCKaTb NMYTH K DPACIIHDEHHI0 (YHKIHOHAJIbHHIX BO3MOMKHOCTE H KaueCTBEHHHX Xa-
paKrepHcTHK HHGPOBHX aBTOMaToB. UTOGH CaMOCTOATeNbHO BeCTH HX pa3paboTky,
TMOHAaZOGHTCA NPOYHTATh MHOTO APYTHX KHHT, HHOTZAa OGDaTHTbCA 33 COBETOM H KOH-
cynbrandet K cnenuanucraM. K He oTuamBafitech, ecau paspaGoTaHHOe YCTpO#-
CTBO Cpa3y He 3apaGoTaer. YCTPaHeHHe MNOTrpemIHOCTefl NPOEKTHPOBAHHA H MOHTa-
Ka — HeH3GeXHBIA Npouecc B TeXWHIECKOM TBopiectBe. M BH, 6esycIOBHO, B KOH-
e KOHIOB G6yJere BO3HArpaxKJeHH TeM, 4TO YCTPOACTBO, POXKAEHHOe CHajala Ha
GyMmare, 6GyZeT 4eTKO H TOYHO BHINOJHATb CBOH (YHRKIHH.

Mu nucann 3Ty KHHTYy A8 palHOJIOGHTENeH, pyKbBoAme.'xeﬁ H HaCTaBHHKOB
KPYXKKOB H KJAYGOB IOHHIX pajauoiioGuresefl, HMEOMUX HEKOTOPHH ONHWT paloTH B
06/1aCTH PaAMO3JeKTPOHHKH, HO He 3HAKOMHIX HJHM MaJjoO 3HaKOMHX ¢ HHGpOBOHA Tex-
HHkOH. [To3TOMY NMpPH ONMHCAaHHH KOHCTPYKIHA MH He OGCyXAajH BOIPOCH KOHKper-
HOfi KOMIIOHOBKH pa3paGOTaHHHX YCTPOACTB, BHemIHEro OGOPMJIEHHS, PalHOHAJIbHO-
ro pasMellleHHs OPraHOB yNpaBieHHs M HHAWKanudH. Hapgeemcs, uto y wuHrateneft
eCcTb HEKOTOPHR ONHT B 3TOA O0GJAacTH M, TJaBHOe, JKeJaHHe TBOPYECKH MHOROATH
K peajH3anHH ONMHCAHHHX KOHCTPYKIHA,
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2. OcHoBHHe BaHHHe MHKpocxem cepun K155

BHBOAN NHTARES
Muxkpocxema Inorps MA OGuiee yHCIO
BBHIBOJIOB +5 B om.
K155J1A1 10 14 14 7
K155J1A2 4 14 14 7
K155J1A3 16 14 14 7
K155J1A4 16 14 14 7
K155J1A8 20 14 14 7
K155J/111 33 14 14 7
K155J1H1 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
K155HE1 14 14 14 7
K155HE2 53 14 5 10
K155HE4 51 14 5 10
K155HE5 53 14 5 10
K155HE6 102 16 16 8
K155HE7 102 16 16 8
K155M 101 25 16 5 12
K155M 13 56 24 24 12
K1551 14 42 16 16 8
K155KI11 68 24 24 12
K155KIT12 62 16 16 8
K155KI17 48 16 16 8
K1551P1 82 14 14 7
Ki155MM1 35 14 14 7
K1551M2 58 14 4 11
K1551IM3 128 14 14 7
K155J1E1 27 14 14 7
K155J1E2 19 16 16 8
K155AT1 25 14 14 7
K155AT3 66 16 16 8
K155PY2 105 16 16 8
K155PE3 110 16 16 8

Ipumeuanue. Oaa cepuit K176 u K661 BrBons muranng: obmuft — 7(8), +Ugy, — 14(16) co-
OTBETCTBEHHO AJIA KOpHmYcoB ¢ 14 mad 16 BhiBOgaMH.
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