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[nasa 7/

[MPELN3NOHHBIE CXEMbI N MAJTOLWYMALLAA
ATTTTAPATYPA

Mepegod b. H. bpoHuHa

B npeablaywimnx rnaBax mMbl PacCMOTPENW MHOTME acneKTbl MPOEKTUPOBAHWA aHAfIOrOBbIX CXEM, BK/toYan
CBOMCTBA MACCUBHbIX 3/1EMEHTOB M TpaH3ucTopos, MT mu QY, obpaTHYlO CBA3b, a TaKXKe PacCMOTPenu paf
NPUMEHEHWNN STUX YCTPONCTB U METOAO0B CXEMOTEXHMKN. HO B 3TUX pacCyKAeHMAX He CTaBMACA BOMPOC O NyYLLEM
M3 BO3MOMKHbIX BapUaHTOB, HaNpUMep O MUHUMM3ALMKU OWKBOK yecunutena (HeanmHenHocTs, apend v T.4.), uan
06 ycuneHnmn ciaboro CUrHana ¢ HaMMEHbLIVMM UCKaXKEHWEM 33 CYET KLIYMa» YCUAUTens. 3T BONPOChl BO MHOTMX
CNyYasax COCTaBAANT CYLWECTBO Aena, M MO3TOMY OHW ABAAIOTCA BaXKHOM 4YaCTbK) MCKYCCTBA CXEMOTEXHUKM.
MoaToMy B Al@aHHOW TNaBe Mbl PACCMOTPMM METOAbl MPOEKTUPOBAHMA MPELM3NOHHBIX CXEM U NPobaembl LYMOB
yeunutens. Npu NepBoM YTEHWM BCHO 3Ty F1aBy MOMKHO MPOMYCTUTb, 3@ UCKItOYeHnem pa3o. 7.11, B KOTOPOM
BBOAMTCA MOHATUE KLUYM yCUAUTeNs». s NOHMMaHMA Cneaytolmx rnas maTepman AaHHOM rNaBbl HECYLWECTBEH.



Pa3zapaboTka NpeumsmoHHON annapaTypbl Ha
OnepaLMOHHbIX YCUAUTENAX

Mpy M3MEPEHNN U YNPABAEHUM YacTO HYXKHbl BbICOKOMPEUM3MOHHbIE CXeMbl. CXeMbl YNpPaBAeHWs A0MXKHbI
HbITb TOYHBIMM, YCTONYMBLIMM OTHOCUTEIbHO BPEMEHM U TEMMEPATYPbI, a UX NOBeAeHUE - NpeacKkasyembiMm. Tak
e W LUEeHHOCTb M3MepuTenbHOro npubopa 3aBUCUT OT €ro TOYHOCTM U CTabuabHOCTW. ToyTK BO BCex obnacTax
SNEKTPOHMKM CYLLECTBYET »KeflaHue caenatb Bce 6Oosee TOYHO — MOXKHO HasBaTb 3TO CTPeMeHuMemM K
coBeplieHcTBY. EcM Bam M He Hy)Ha TaKkaa BblCOYaMLIAA TOYHOCTb, MPUATHO MMETb TOYHbIe NMPUBOPLI, YTObbLI A0

KOHLU@ NMOHNMMATb, YTO NPONCXOAMNT.

7.01. CoomHoweHue moyHocmu U OUHAMUYECKO20
ouana3oHa

MoHATMA moYyHocmbe W OuHamuyeckull OuaNG30H Nerko CrnyTaTb, MOCKO/AbKY MHOrMAa OAHa M Ta e
annapaTtypa MCcnosab3yeTcs ANA AOCTUMKEHUA W TOro, U Apyroro. MoxeT bbiTb, PasHWLY MOXHO Jyylle BCero
NOACHUTbL Ha pAde NpuMMepoB: y 5-paspAagHoro uUMdPoBOro MHorowkanbHoro npubopa — NpPeumnsnoHHas
TOYHOCTb; M3MEPEHUA HaNPsKEHUA UM AenatoTca ¢ TouHocTblo 0,01 % 1 Bbllle. Takoe YCTPOMCTBO TaKKe MMeeT
LWWMPOKNIN AMHAMMYECKMI AMANa30H — OT MUAMBOLT A0 BOALT Ha OAHOM U TOM e WKane. TOYHbIN AeCATUYHbIN
ycunuTens (Hanpumep, € KO3OPULMEHTOM YCUIeHUs, BblibMpaembiM M3 pAga 3HaveHusa 1, 10, 100) wu
NPEUM3MOHHbBIA OMOPHbIA UCTOYHMK HANPAXEHUA MOTryT MMEeTb AOCTAaTOYHYH TOYHOCTb, HO He 06s3aTenbHO
WWPOKMIA AMHAMMYECKMIA Anana3oH. [1pMmepom YCTPOMCTBA C LUMPOKMM AMHAMUYECKMM AMana3oHOM, HO
CKPOMHOW TOYHOCTBIO CAYKMUT LIECTUAEKAAHbIN Norapnudmmyeckmini yeuautens (/1Y), NOCTPOEHHbIN Ha TLlaTe bHO
noforHaHHbIXx QOY, HO C NPUMEHEHWEM 3/IEMEHTOB, MWMEIOWMX TOYHOCTb BCEro AuWb 5%; Jake npw
MCNO/Ib30BaHWMK Bonee TOUHbIX 31eMeHTOB JTY MOXeT MMeTb OrpaHWYEeHHYK TOYHOCTb 3@ CYEeT HEeCOOTBETCTBMA
NPU KPamHMUX 3HAYEHMAX TOKA XapaKTepPUCTUK MCMOAb3yeMoro Ana npeobpa3oBaHMA TPaH3MCTOPHOrO nepexosa
NorapnudmMmnYeckon 3aBMCMMOCTU. [lpyrol npumep YCTPOMCTBA C WWPOKUM AMHAMWYECKMM AMana3oHOM
(AmanasoH BxogHoro Toka 6onee yem 10000:1) npu BecbmMa CKPOMHOWM TOYHOCTM 1% — 3TO Ky/JOHOMETP,
onucaHHbIM B pa3d. 9.26. BHayane oOH Obin CNpOeKTMpPOBaH 414 OnpedeneHMa CYMMapHOro 3apAaa
3NEKTPOXMMMYECKOTO 3/1EMEHTA — BEAWMYMHbLI, KOTOPYKD [AOCTaTOYHO 3HaTb C TOYHOCTbO 5%, HO KOTOpas
obpasyeTca B pesynbTaTe AeMCTBMA TOKA, M3MEHSIOWLEroCa B LUMPOKOM AmanasoHe. Obuiee CBOMCTBO YCTPOMCTB C
WMPOKMM  AMHAMMYECKMM  [Mana3oHOM 3TO TO, YTO BXOJHOE CMelleHMe JO/MKHO ObiTb  TWATeNbHO
OTperynmpoBaHo ana obecnevyeHUsa NPONOPLMOHANBHOCTM NpPU YpPOBHE CWUrHana, 6auM3Kom K Hyto. [pwu
NPOEKTUPOBAHUMN MPEUM3NOHHON annapaTypbl 3TO TakKe HeobXoAMMO, HO TaM O1A YAEPMKaHWA CYMMapHOM
NOrpeLHoCTU B pamKax Tak HasblBaemMoro 6toaKeTa NorpelHoCcTn TPebytoTca TaKkKe NPeuM3UOHHbIE 31EMEHTDI,
YCTONYMBbIE TEHepPaTOPbl OMOPHbLIX HAMPAXKEHWIM, N BHUMAHME KO BCEM BO3MOXHbBIM MCTOYHMKAM MOrpeLlHOCTEN.

7.02. brooxcem noepewHocmel cxemeol

Heckonbko cnos o 6rodxceme noepewHocmu. Ha"ll/IHal'OU.I,Me paspa60T-||/|KM 4aCTo nonaaatoT B JIOBYLIKY,
CYMTaAA, YTO HECKO/IbKO CTpaTerm4eCkn npasBmibHO PaCnosIOXKEHHbIX MPEeUN3NOHHbIX 3/1eMEHTOB AaaAyT YCTpOlZCTBO
C Npeun3anoHHbIMM NapaMeTpamin. B Kakumx-To peaknx Cayvanax, MOXeT 6bITb, TakK U NONYHUTCA. Ho AaxXe Cxema,
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6uTKOM Habutaa pesuctopammn 0,01 % u goporoctoawmmu OY, He onpasAbiBaeT BaliMX OMMAAHMKA, ecnn Ha
KaKOM-TO Yy4aCTKe CXeMbl CMELLEHME BbIXOAHOTO TOKAa, YMHOMEHHOE Ha COMNPOTWMBAEHWME WCTOYHMKA, A4acT
NOrpewHoCTb CMeLleHMa HanpsxeHus, Hanpumep 10 mB. MoaobHOro poaa NOrpeLHoCTM BCTPeYatoTcA MoYTH B
Mobol cxeme, M BaXKHO WX BbIABWUTb, XOTA Obl A48 TOro, 4Tobbl HAUTM MmecTo, rae TpebyeTca yCTPOWMCTBO C
AYUHWVMKA - NapameTpammn  WAM O  HYKHO WM3MEHUTb Cxemy. Takol noacyeT OroskeTa MNOrpeLHocTy
PaUMOHaNM3NPYET NMPOEKTUPOBAHME, BO MHOIMMX C/ly4asx No3BoOAAET 060NTUCL HEJOPOrMMM 3NEMEHTAMWN U TOYHO
OLUEHUTb XapaKTEPUCTMKM CXEMbI.

7.03. [Tpumep cxembl: npeuusuoHHbIl ycunumess C
asmomamuyeckum 8bI60poM HynA

Ona  wmanocTpauum  NpelecTBYOWMX  PACCYyKAEHUA  Mbl  CMPOEKTUPOBAAM  CXeMy MNpPeLm3MOHHOro
[EeKagHOro ycuauTena C aBTOMATMYECKMM MOWMCKOM Haya/lbHOrO YPOBHA. Takoe YCTPOMCTBO MNO3BONAET
3adUKCMPOBATL HEKOTOPOE 3HAYEHWMe BXOAHOrO CUrHafa U yCUAMBATb €ro nociaeaytolime OTKNOHEHMA OT 3TOro
YPOBHA C KO3pPULUMEHTOM, TOYHO paBHbiM 10, 100 nam 1000. 3To oKaxKeTcs BeCbMa yA0OHbIM B 3KCMEPUMEHTE,
NpM KOTOPOM M3MEPSIETCA Masoe OTK/IOHEHWE KaKoW-HMbyAb BenudMHbl (Hanpumep, CBETOMPOHULL@EMOCTU UK
NOrNOWeHNA PaAMOYaCTOTbI) NPU U3MEHEHUM YCNOBUI 3KCNepumeHTa. OBbIYHO TPYAHO TOYHO M3MEPUTbL Masoe
M3MeHeHne 60/bWOro CUrHana NOCTOAHHOrO TOKa BCAeACTBMe Apelida M HeyCTOMUMBOCTM ycuauTens. B Takom
C/ly4yae Hy)KHa CXema C NnpeaenbHOM MNPeuy3MoHHOCTbIO M YCTOMYMBOCTBIO. Mbl OMUILIEM METOAbl U OLINOKM,
KOTOpble Mbl AOMYCKanW Npu NPOEKTUPOBAHUM 3TOM KOHKPETHOWM CXeMbl, B pamKax 0bLEero onucaHua npouecca
NPeLUn3NoOHHOro NPOEKTUPOBAHMA N TakMM obpaszom 6e3601e3HEHHO W3N0KUM TO, YTO MHaAYe MOrno Obl CcTaTb
YTOMUTENIbHBIM NoyYyeHemM. OAHO NpeaBapuTENbHOE 3aMeyvaHMe: 3aMaH4YMBOM aNbTEPHATMBOM K 3TOM YUCTO
aHaNoroBoi cxeme morna Hbl cTaTh UMPpoBas annapatypa. (B cneaytowmx rnaeax cnefmTe 3a 3axBaTblBAOWMMM
oTKpbITUAMMKI). MpoekTupyemas cxema nsobpaxkeHa Ha puc. 7.1.



BUWIR

R R R
B | |a0d :;.ngf I 301 Om
KOM LdxOm IF% m {9

1% 1%

/
/ Rog
/ L] 1,0 KOM

/

Puc. 7.1./labopamopHeili ycunumesns NOCMOAHHO20 MoKa ¢ agmonodcmpolkol HynA.

OnucaHne cxembl. OcHoBa cxembl-nosTopuTenb (U1), NOAKMOYEHHbIM KO BXOAY HEWMHBEHTUPYHOLLEro
YCUNUTENs C MepekaodaeMbiM  KosdduumeHtom ycunenmna (U2), BbiIxod, KOTOPOTO CMELLAETCS CUMHAIoOM,
MPUNOXKEHHBIM K €ro HeuHBepTupytowemy Bxoay. TpaH3uctopbl T1 n T2 — 370 [T, OHM NPUMEHAIOTCA KaK
NpOCTble aHanorosBble KAUM; T3-T5 mcnonbaytoTca ana GopMMpPoBaHMA HEODXOAMMbIX YPOBHEN yrnpaBAeHUs
K/tOYaMM OT BXOZAHOMO /IOTMYECKOro CUrHana. TpaH3nctopbl T1-T5 MOXHO 3aMeHUTb Ha pene Uau, ecau yrogHo,
Ha BbIKAtOYaTeNn. MoxKeTe npeacTaBUTb WX cebe Kak MNpoCTble OAHOMOIOCHbIE MepekatoYaTeNn Ha OAHO
HanpasneHue (1M1H).

B Tom cnydae Korga fIorMYeckuii BXOAHOW CUTHaM MMEET BbICOKMI YPOBEHb («XpPaHeHUE»), KAUM 3aMKHYTbI
n U3 3apsakaeT aHanoroBbl KoHAeHcaTop «namatm» (CI1) Ao ypOBHA, HEobXxoAMMOro Ans noaaepKaHus
HY/NIEBOrO BbIXOAHOrMO CWrHana. Mpu 3TOM CXemMa He AenaeT «HWKAKMX MOMbITOK» OTCAeXmBaTb ObICTpble
M3MEHEHMA BbIXOAHOINO CUrHanNa, MOCKOJIbKY B MPUMEHEHMAX, A8 KOTOpbIX MpedHasHayeHa 3Ta Cxema, Bce
CUTHaNbl - MNOCTOAHHOIO TOKA, M HEKOTOPOe Cria)KMBaHME ABAAETCA KenaTeslbHbiIM CBOMCTBOM. Koraa Kntou
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pPa3MblKaeTCA, HanpAXeHne Ha KoOHAEeHCaTope d)MKCMDYETCFI, B pe3y/ibTate 4vero BbIXO,ﬂ,HOVI CNrHa/1 OKa3blBaeTCA
nponopunoHasibHbiM nocaneayrowemy OTKI0OHEHUIO BXOAHOIo CUrHaia.

Mepes [AanbHENWWM AeTajbHbIM  OObACHEHMEM NPUHLMNOB PaboTbl A@HHOW MNPELM3MOHHON CXEMbI
cnefyeT OCTAHOBWUTBLCA Ha €e HEKOTOPbIX AONOAHMTENbHbIX 0ocobeHHOCTAX, (a) U4 BKAOYEH B CXemy NepBOro
nopsaKa KOMMAeHcaUuumn ToKa yTeuYkn KoHaeHcaTopa C1; KOHAEHCAaTop MMEET TeHAEHUMIO MeA/IeHHO Pa3psaKaTbCs
yepes cobcTBeHHOe conpoTtuBieHne yTedkn (MuHumym 100 TOM, T.e. NOCTOAHHAsA BPEMEHM OKOMO ABYX
HeZenb!); NPKW 3TOM TOK YyTEUKM KOMMeHCUpyeTca HeboNbWMM 3apAaaHbIM TOKOM Yepe3 R15, nponopumMoHanbHbIM
HanpsxkeHuto Ha CI1. (6) Bmecto oamHapHoro [T-kAo4a MpUMMEHEHbl [ABa K/Ava, KOTOopble COeAMHEeHbI
nocneaoBaTeslbHO B «3aLUMUIEHHOE OT YTEYKM» YCTPOMCTBO. HebonblIoN TOK yTeUYKM T2 B MONOMKEHUN «BbIKA»
npoxoamMT Ha 3eMto 4Yepe3d R23, noadepxmBan MoTeHUMan Ha Bcex BbiBOAax T1 B npeaenax MUAAMBOBLT MO
OTHOLWEHMIO K 3emne. Tak Kak HEeT CKO/IbKO- HMBYb 3aMeTHOro nepenaga HanpsKeHwit Ha T1, TO HEeT U CKO/IbKO-
HNMBYAb 3ameTHOM yTeukn! (MoaobHble npmuembl cm. B pasd. 4.15 n Ha puc. 4.50.) (B) 3anommHaemoe HanpsxeHue
C BbIXxoZa ocnabnsetca Aenutenem HanpaxKeHwa Ha pesunctopax R11-R14 B COOTBETCTBMM C YCTAHOB/IEHHbIM
KoabdMUMEHTOM YyCcuneHUa. ITO Jenaetcs, 4Tobbl m3bexaTb TPyAHOCTEM C AMHAMUYECKMM AMarnasoHoOM U
TOYHOCTBIO U3, Tak Kak ownbKM apelida B cxeme, 3aNOMUHAIOLLEN HAYalbHbBIN YPOBEHb, He ycuamBatoTca Ha U2
(noapobHocTn cm. danee).

7.04. «brooxem noepewHocmeulu» npu NPOEKMuUpPo8aHUU
npeyu3uoHHoOU cxemsl

ONna Kaxaoro BMAaa CXeMHOWM MOrPelHoCTU M COOTBETCTBYIOWEN CTpaTerMm npoeKkTMpoBaHUA Mbl OTBeAeM
HeckonbKo naparpadoB obulel AMCKyCcCMM, COMPOBOAMB WX WAMIIOCTPAUMEN npeaplayuien cxembl. CxemHble
NOrpewHoCTM pPa3fenaTca Ha Ccledytolme KaTeropuu: a) MNOrpelHoOCTM 3/1eMEHTOB BHEWHUX uenew; 6)
norpewHoctM QY UAN YCUAUTENEN, CBA3AHHbIE C BXOAHbIMM CXemamu; B) norpellHoctn OY, cBA3aHHble C
BbIXOAHBIMM CXeMamu. [prUMepammn TaKWUX KaTeropuii ABAAIOTCA COOTBETCTBEHHO AOMYCKM PE3NCTOPOB, CABWUT
BXOAHOr0O HaNpPAXeHUA U NOrpewwHOCTM, CBA3AHHbIE C KOHEYHOM CKOPOCTBIO HAapacTaHMA.

[aBaiite noacymMTaem Haw OoAXKeT NMOrpelwHoCcTn. B ero ocHoBE NEXUT KeNaHue yaep»aTb MOrpeLHoCTb,
npuBeAeHHYO Ko Bxody, B npedenax 10 mKB, apend Bbixoga — Huxke 1 MB B 10 MUH 1 TOYHOCTb KOadpduumeHTa
yeunenuns — okono 0,01 %. Kak n B ntobom 6toaKeTe, OTAENbHbIE COCTaBAANOLIME MOMYYaOTCA B MNpoLecce
[OCTUXKEHMA KOMMPOMMCCA MENAY TEM, YTO AO/KHO ObITb CAENAHO M MMetoLenca TexHoNornen. B HekoTopom
CMbIcae BloaKeT NOorpelHoCTM — 3TO pPe3y/bTaT NPOEKTUPOBAHMA, @ HE ero UCXOAHbIM MyHKT. Ham Tem He meHee
yaobHel nmeTs ero ceivac.

CMbIC/I Pa3/IMYHbIX «CTaTel» 3Toro OtoaxkeTa OyAeT BbIACHATLCA MO Mepe OMWCaHWs BO3MOMKHOCTEN ANs
BbI6Opa, BO3HUKAKOWMX MPU NMPOEKTUPOBAHUN 3TOM CXxembl. byaem cnefosaTb NMOPAAKY MepeyYMCcAeHHbIX paHee
KaTeropuit MorpeliHocTel: KOMMOHEHTbI Lienel, nNpuMBeAeHHble KO BXOAy MOrpelwHoCTM BXOAHOIO yCUaMTens,
NOrPeLHOCTU BbIXOAHOMO YCUAUTENS.

7.05. [loepewHocmu 8HewWHuUx uenel

CTeneHb TOYHOCTM WCTOYHWMKOB OMOPHOTO HaMpPAMKEeHUA, WMCTOYHWKOB TOKa, KOIbGPULMEHTOB YyCUAEHUSA
YCUAUTENER U T. [l. 3aBUCUT OT TOYHOCTU 1 CTabUNIbHOCTM PE3UCTOPOB, KOTOPbIE MPUMEHSIOTCA BO BHELIHUX LEensx.
[axe ecnm npeumsmnoHHOCTb NPAMO He TpebyeTca, TOYHOCTb 3/IEMEHTOB BCE PAaBHO MOXKET [aTb 3HAYMTE/bHbIN.
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abdeKT, Hanpumep B NOAABAEHUM CUMHObA3HbIX Nomex B AnddepeHumnansHoM yeuamntene, cobpaHHom Ha OY (cm.
pa30. 4.09), rae OTHOLIEHWSA COMPOTUBAEHMM ABYX Map PE3UCTOPOB AO0/MHbI ObITb TOYHO COMIAaCOBaHbl. TOYHOCTb
M IMHEMHOCTb MHTErpaToOpPOB M reHepaTopoB NWA006PA3HOMO HaMPAKEHWA 3aBMCAT OT CBOMCTB MPUMEHAEMbIX
KOHAEHCATOPOB, PAaBHO KaK M XapaKTEPUCTMKM GUABTPOB, KOHTYPOB HAaCTPOMKM U T. 4. Kak Mbl yBMAMM BCKOpE, B
CXeMe CyLLEeCTBYIOT TakMe Lenu, rae TOYHOCTb 3HAYEHNn KOMMOHEHT ABASETCA KPUTUYECKMM MOMEHTOM, a ecTb U
TaKkuWe Uuenu, rae oHa efiBa /i UrpaeT Posb.

SnemeHTbl 06bIYHO cneumduuMpoBaHbl MO HAYaNbHOM TOYHOCTM, @ TaKKe MO M3MEHEHMUIO 3Ha4YeHus
MapameTpoB BO BPeMeHM (CTabuibHOCTb) M C TemnepaTypoi. EcTb M AononHUTENbHble crneuudukauum no
KO3QOULMEHTY HaNpPAKEHWA (HENMHENHOCTb) M HEOObIYHBLIM 3PdOEKTAM, TAKMM KaK «MaMATb» U AMINEKTPUYECKOE
nornoweHue (gna KoHAeHcatopos). [osnHaa cneumdmuKkaums BKAOYAET TaKkKe 3QPEKTbl OT LMKANYECKMX
TeMnepaTypHbIX WM3MEHEeHUN W NalKkW, yOapoB W BMOpPaAUMNA, KPAaTKOBPEMEHHbIX MEperpy3ok W BAAKHOCTW,
NoAyYeHHble NPU TOYHO ONpeaeNeHHbIX YCNOBUAX U3IMEPEHWNIA. Y 3N1EMEHTOB C NlyYLleN MCXOL4HON TOYHOCTBIO Kak
NpPaBMAO OCTasibHble MapaMeTpbl TaKKe COOTBETCTBEHHO Jyylle, 3TO AeNaeTca C Uenbld MNoAHATb 06Uyt
CTabWNbHOCTb Ha YPOBEHb, CPABHUMbIN C YPOBHEM MCXOAHOM ToudHOCTM. OBOLWAaa MOrpeLwHocTb, NopoXKaaemas
OCTa/lbHbIMK 3bPEKTaMM TEM He MEHEE, MOXKET MPEB3OMTU YKa3aHHbIM HavaNbHbIA A0NYCK. byabTe 6anTenbHbI!

BoT nmpumep. MeTtannonneHouHbln pesuctop RNS55C ¢ gonyckom 1% wmeeT cnegytolimMe nacnopTHble
NaHHble: TemnepaTypHblii KoabduumeHT 5-10°/°C B amManasoHe oT —55 10 +175 °C; KoadduumeHT cTabuabHOCTH
MO OTHOLWIEHUIO K LMKANYECKMM M3MEHEHMAM TemnepaTypbl M Harpysku, a Takxke K narike 0,25 %, K ygapam u
Bubpauun 0,1 %, k BnaxkHoctn 0,5 %. [na cpaBHEHWA: Y KOMMNO3UTHO-yrAepoamcToro pesuctopa (dupma Allen-
Bradley, Tvn CB) 3TK napameTpbl TaKOBbl: TeEMMNepPaTypHbIM KoabduumeHT 3,3 % B AmanasoHe ot 25 ao 85 °C,
naKa M UMKAMYeCcKas Harpyska — COOTBETCTBEHHO +4 % 1 —6 %, yaap 1 Bubpauma +2 %, BnaxkHocTb 6 %. M3 3Tmx
cneumomnKkaumini  CTaHOBUTCS OYEBUAHBIM, YTO HeNb3s MPOCTO 0ToHpaTh (C MOMOLLBID TOYHOrO UMGPOBOro
OMMeTpPa) 4NA paboTbl B NPELM3NOHHBIX LEeNaX yrAepoaucTble pesnctopbl, KOTOpble OKaxKyTcsa B npeaenax 1 % ot
HY»KHOTO HOMMWHAZIbHOrO 3HAYeHMsA, a HYXKHO B3ATb 1 %-Hblil pe3nctop (Mam ele Hosiee TOYHbIN), PACCUMTAHHbIN
KaK Ha HayalbHYyK TOYHOCTb, TaK U Ha AONTOBPEMEHHYIO CTabWIbHOCTL. S UCKAKOYMUTENBHO BbICOKOM TOYHOCTM
cnefyeT NPUMEHATb YAbTPanpeumn3mMoHHble MeTaNNoNAeHOUYHble Pe3nCTopbl, TakMe Kak 50237 dupmbl Mepco
(5:10%/°C n 0,025 %) WM NPOBOIOYHbLIE PE3UCTOPbI, BbiNycKaemble ¢ gonyckom 0,01 %. [JononHUTeNbHYIO
MHOOPMALMIO O NPEUM3NOHHbBIX PE3UCTOPAX CM. B npusioxeHuu I

«Hynb»-ycunuTenb: MNOrpewHocTn 3n1emeHToB. B onucbiBaemolt cxeme (puc. 7.1) pesuctopbl R3-R9 c
nonyckom 0,01 %, npMMeHEHHble B LLEMNKM, YCTaHaBAMBAOWEN KOIPOULMEHT YCUNEHMSA, 33/1at0T €ro O4eHb TOYHO.
Kak ™Mbl yBMAMM [nanee, 3HadeHue R3 BblbMpaeTcA NyTemM KOMMPOMWCCA, TaK KaK Masible ero 3HayeHus
YMEHbLIAT NOrpewHocTb OT TOKa casura U2, HO yBeNIMUYMBAIOT Harpes n Tensnosok apend Ul. Koraa 3agaHo R3,
NPUXOANTCSA YCNIOXKHATb Lernb 06paTHOM CBA3M A5t TOro, YToDbl 3HaYeHMA pe3ncTtopos bbiin meHblue 301 KOm —
HanboNbWero 3Ha4YeHMsA COMPOTUBAEHMS AOCTYMHbIX MPELM3NMOHHBIX PE3UCTOPOB C Aonyckom 1 %. IToT npuem
obcyxkganca B pasd. 4.19. 3ameTbTe, YTO PE3UCTOPLI C A0NYCKOM 1 % MpMMEeHeHbl TaKXKe B Lenu aTTeHtaTopa
Haya/bHOro OTKAOHeHUA (R11-R14); TOYHOCTb 34€Cb HEeCYWECTBEeHHa, a MEeTa//IoN/IeHOYHbIe Pe3nCTOPbl B3ATbI
TO/IbKO M3-33 UX XOPOLUER CTabUAbHOCTY.

Kak nokasbiBaeT 6l04KeT NOrpewHocT, B 3TOM cxeme Haubo/bliylo MOrPelHocTb  AaeT  yTeuka
KoHaeHcaTopa xpaHeHua CI1. KoHaeHcaTopbl, npedHasHavyeHHble ana  paboTbl € MajblMK  yTeYKamu,
cneundUUMPYIOTCA NO yTeyke — WMHOTAA B BUAE COMPOTMB/EHWUA YTEYKM, MHOTAA B BMAE MOCTOAHHOM BpPEMEHMU
(meraom x mukpodapaga). B gaHHoM cxeme C1 A0MKEH WMMETb 3HaAYeHMEe He MeHblie Mo KpalHel mepe
HECKONbKMX MUKpodapad, 4Tobbl Bblna mana CKOPOCTb 3apsa OT TOKOB MOrpewHOCT! APYrUX 3/N1EMEHTOB (CM.
6toaKeT). B aTOM AManasoHe eMKOCTEN HauMeHbLLEN yTeukol 061a4atoT NOANCTUPEHOBLIE, NOMMKAPHOHATHbIE U
noancybboHOBbIE KOHAEeHCaTopbI.
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BbiOpaHHbIA HaMK KOHAEHCATOP MMEEeT yTeuky no cneundukaumm He 6Honee 1000 000 meraom X
MUKpodapaa, T. e. napansiesbHoe CONpoTUBEHME YyTeUKM cocTasaseT He meHee 100000 MOm. Ho aaxke npu atom
TOK YTEYKM MNpPW MNOSHOM BbIX. Hanpsxenun (10 B) 6ymer 100 nA; 3TO COOTBETCTBYET CKOPOCTU MNajeHus
HanpsAKeHWa Ha Bbixode OKoAo 1mMB/MMH — cocTasastowas MNorpewHocT!, HamHOro npeBsbiliatollas Bce
ocTanbHble. M03TOMy Mbl U 00DABUAM OMUCAHHYIO BbIlLE CXEMY KOMMNEHCAUMW TOKa yTeykM. Mbl Mmeem npaBo
NPeanoNoXnTb, YTO AEUCTBUTENbHAA yTeuKa MOXKeT ObiTb TakMum obpa3om ymeHblleHa g0 0,1 oT 3HauyeHwus,
YKa3aHHOro B macrnopTe KoHAeHcaTopa (Ha Camom Jefie MOMHO A0BUTbCA HamMHOro 60/blIero yayyleHus).
Bonbwon cTabunbHOCTM OT CXEMbl KOMMEHCAUMW YTeYKM He TpebyeTcAa, NO3TOMy Hawu TpeboBaHWMA 34echb
CKPOMHbI. Kak Mbl yBMAMM MPU OOCYNKAEHUM BAMAHWMA COBUIOB HaNpAXeHusa, 3HadyeHWe R;s HamepeHHO

BbibUpaeTca 6obLIMM, YTOBbI CABUT HanpaskeHua U3 He co3/4aBan 3aMETHbIX MOTPELIHOCTEN MO TOKY.

FfoBops 06 owmnbKax, MNOPOKAAEMbIX BHELIHMMM MO OTHOWEHMIO K CaMUM YCUAUTENASM 3NEMEHTaMM,
cnenyet OTMEeTUTb, UYTO yTedka y MT-KkatoYa 0ObIYHO NEXUT B AManasoHe 1 HA — 3HauyeHue ANs AaHHOW CXeMbl
COBEPLIEHHO Henpuemnemoe. M3AWHbIM U AeACTBEHHbIN MeTon 6opbbbl C 3TMM COCTOMT B MPUMEHEHUU ABYX
nocnefoBaTenbHo coeamHeHHbIx T, rae yTeuka T2co3gaeT Ha T1 HanpsxkeHue anwb B 1 MB, a yTeukon B
CyMMUpYLoLLeln Todke U3 MOXHO npeHebpedb. ITOT METO MHOTAa MCNO/b3yeTca B CXemax MHTerpatopos, (CMm.
pa30. 4.19). Mbl Tak»e MCNOAb30BaM ero B YCOBEPLUEHCTBOBAHHOM CXeMe MMKOBOro AeTekTopa B paso. 4.15. Kak
byaeT nokasaHo HUKe, U3 BbIBMpaeTca TakMM, 4ToDbl TOK MOrpelHocTM 4yepes KoHAeHcaTop CI ocTaBanca B
NMMKOaMMNepHOM AuanasoHe. 34ech Bctody oAuHakoBas ¢uaocodua: BblibUpaliTe KOHOUIypaumio CXembl U TWMbl
3/1IeMEHTOB TaK, 4Tobbl BNMcaTbcA B OlOAKET norpelwHocTn. MHoraa aTo oyeHb TpyAaHaa paboTa, Tpebytoulan
XUTPbIX MPUEMOB, @ B APYrUX CAy4anx erko BCe pellaeTcs CTaHAapTHbIMKM cnocobamu.

OZHMM M3 TaKMX MCTOYHWMKOB MOTPEeLHOCTM B Atoboi cxeme ¢ MT-KAO4aMM ABAAETCA nepeHoc 3apAda C
yNpaBAAtoLLEro 3aTBOPa B HECYLWMM CUTHAN KaHan: NepexofHble MPOLECcChl C 3aTBOPa Yepe3 eMKOCTHYH CBA3b
nepesatTcA Ha CTOK U UCTOK. Kak Mbl OTMeYaem B /1. 3, CYyMMapHbI NepefaHHbli 3apaj, He 3aBUCUT OT BPeMEHM
nepexoaHoro npouecca, a onpefendeTca AUb Pa3sMaxoM HaMpAXKeHUA Ha 3aTBOPE WM eMKOCTblo nepexoa
3atBOp-KaHan: AQ = C3KAU3. B pgaHHOW cxeme MnepeHoc 3apaga MNpPuMBOAMT K MOrPEeWHOCTU HanpsaKeHua
aBTOMOACTPOMKM HYAA, NMOCKObKY 3apAs npeobpasyeTca B HaNpsAXKeHWe Ha 3anomMuHatollem KoHaeHcaTope CI.
3Ty NOrPeLHOCTb N1erKO OLLEHUTD.

B nacnopte Ha MT 3N156 3adaHbl MakCMMasbHble 3HadyeHua emroctel C,(3aTBop-cTok) M C3u (3aTBOp-
KaHan, B OCHOBHOM MO OTHOLIEHWIO K WMCTOKY), COOTBETCTBEHHO paBHble 1,3 M 5 nd. Mpu sTOM nepenag
HanpsaxeHWa Ha 3aTtBope B 15 B BbI30BET NepeHoC 3apsaaa, paBHbiM 75 nKA, 4TO COOTBETCTBYET CKauKy
HanpsxeHnuna AUc = AQ/Cl= 7,5 mKB Ha KoHAeHcaTope CI,umetowem emikocTb 10 MK®D. 3To B npedenax Hallero
brogsKkeTa norpelHocTen; GakTUYECKM Mbl CKOpPee BCEro AaxKe nepeoueHnnn AaHHbli 3GdeKT, Tak Kak BKAOYUAN
B pacyeT He TOJIbKO eMKOCTb CTOKa, HO M eMKOCTb MCTOKa, B TO BPEMA KaK Ha KAaKOM-TO 3Tane nepekatodeHmn
3aTBOPaA KaHa/a pa3pblBaeTcsA, OTCeKad MCTOK OT CTOKa.

7.06. BXOOHblEe noz2pewHocmu ycunaumerss

OTKNOHEHUA BXOAHbIX XapakTepucTuk OY OT naeanbHblX, obcy:Kaaswmnecs B 2. 4 (KOHEYHOCTb 3HaAYeHW i
BXOZHOMO COMPOTMBEHMA M BXOAHOMO TOKa, CABUI HanpaKeHus, nodasneHme cuHbasHoro curHana M OTKAOHEHUI
nuUTaHua, apend 3TUX BEANUYUH C TEMMNEePaTypol 1M BpeMeHeMm), CO34at0T, Kak NpaBmao, CepbesHble TPYAHOCTU Npu
MPOEKTUPOBAHUM MPELM3IMOHHBIX CXEM W 3aCTaBAAT AenaTb AO0MOJHUTENbHYIO PpaboTy MNpu COCTaBAEHUM
KOHOUrypaumum cxembl, noabope s1emeHToB W Bbibope KoHKpeTHoro OVY. Jlydwe Bcero 370 MOACHWTbL Ha
npUmepax, YTO Mbl BCKOPE M CAeNaemM. 3aMeTUM ellle, YTO 3TU NOTPeLHOCTM AN UM aHaNOMMYHbIE CYLLECTBYIOT U
Y CXEM YCUAUTENEN Ha AMCKPETHBIX KOMMOHEHTAX.
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BxoaHoe conpoTtusnexue. [dasaite obcyamm HGErno TONbKO YTO NepeymcieHHble UCTOYHUKM NOTrpeLlHoCTeN.
BxoaHoe conpoTtuBieHne obpasyeT AennTesib HaMpsKeHUa C COMPOTUBIEHMEM MUCTOYHMKA, OT KOTOPOrO CUMHa
NOCTyNaeT Ha YCUAWUTESNb, MO3TOMY KO3IDPUUMEHT YCUNEHMA MO OTHOLUEHWIO K PACYETHOMY CHMKaeTca. Yalle
BCEro 370 He Npobnema, Tak Kak BXOAHOE COMPOTUBAEHUE 3HAUYUTENbHO YBEMYMBAETCA 3a CYET 0OpaTHOM cBA3N.
Hanpumep, onepaumoHHbin ycunautenb OP-77E ¢ BXOAHbIM KacKafiomM Ha OMMNONAPHbLIX, @ He Ha MoaeBbIX
TPaH3MCTOpPax MMeeT TUMOBOE 3HaYeHMe «NosHoro aAnddepeHUManbHOro BXOAHOro conpoTmeaeHmay 45 MOm. B
CXeme C A0CTaTOYHbIM METNAEBbIM ycuneHnem obpaTHasa CBA3b NOAHMMAET BXOAHOE COMPOTUBAEHME [0 3HAYEHMA
«MNOMHOTO CUHGA3HOrO BXOAHOrO conpoTueaeHua» 200 000 MOm. [daxke ecnu 3TOr0 Mano, TO MOMKHO
Bocnonb3osaTbca QY ¢ BXoAHbIM [MT-KacKaZoMm, y KOTOPOro Rex AOCTUraeT aCTPOHOMMUYECKMX BENNYNH.

BxoaHOM TOK cmelleHWs. ITo Hosee cepbesHan Bellb. 34eCb peyb MOMAET O HAaHOAMMEPHbIX TOKax, YTo
MOMET Bbl3BaTb MUKPOBO/IbTHbIE OWMOKKM AayKe Mpu mMasiblX NMOAHbBIX CONPOTUBAEHMAX MCTOYHMKA nopaaka 1 KOm.
CHOBa Ha BbIpyyKy nMpuxoaat MT, HO NPUXOAUTCA MUPUTLCA C DONBWMM BO3PACTAHMEM CABMIA MO HAMPANKEHWUIO
KaK naaTol 3a y/aydlleHWe cUTyaumm c TOKOM. bunonsipHblie OY co cBepxBbiCOKMM B, Takue Kak LT1012, 312 u
LM11, TaK¥e MOryT MMeTb WCKAYMUTENbHO Masibli BXOAHOW TOK. [18 npumepa CpaBHUM MNPeLm3nNOHHbIN
H6MNONAPHbLIA onepaumoHHbIi yeuauTens OP-77 ¢ LT1012 (6unonapHbii, ONTUMM3NMPOBAHHbLIA A8 NOAyYeHUs
Manoro Toka cmeueHusa), OPA111 (Ha MT, NpeumMsmoHHbIK, C Manbim cmelleHnem), AD549 (MT co ceepxmasbim
cmelteHmem) n ICH8500 (OY Ha MOIM-TpaH3ncTopax C UCKAKUYUTENbHO MajbiM CMELLeHWEM); 3TO Hauaydlive
TUMbl HA MOMEHT HaNMUCaHMA AAHHOM KHUMM, U Mbl BbIDPAAN Camble Nydlline MoAUOUKALMM KaXKA0ro TMNa:

Tok cme- Capar Temmepa-
[EeHAA BXOAHOTO  TYPHBIA KO-
I, BA, HanpaweHds 3¢dHnuerT
npy 25°C, Uewr» MB, g U,
He Gonee  mpu 25°C, MKB}"C.,
He Donee e Donee

OP-77E 2 0,025 0,3
(bunonap-
HEIH)

LTI012C 0,15 0,05 1,5
(cynepberta)

OPAIILIB 0,001 0,25 1
(IIT ¢ p—n-
Mepexonom)

ADS549L 0,00006 0.5 10
(IIT ¢ p—n-
NEPEXOAOM)

ICHB500A 0,00001 50 2000
(MOIT-Tpan-
3HCTOP)

o cpaBHeHUO ¢ NpeumsnoHHbiM OP-77 y XOPOLWO CNPOEKTUMPOBaHHbIX [1T-ycuantenen TOK CMmelLeHuA
KpallHe Mas, HO HaMHOro Hosblle CABUI HaNPAXKeHWA. Tak Kak CABUI HANPAXKEeHWA BCerga MOXKHO HAcTPOWTb Ha
Hy/Nb, ropa3go 6osbliee 3HAYEeHWE MMEET ero TemnepaTypHblin Apend. B aTom cmbicne MT-ycuamtenm MmeroT
napameTpsl 8 3 nam 6000 pas xy>ke. B onepaumoHHbIX YCUANTENAX C HAMMEHBLIMMUM 3HAYEHUAMM BXOLHOMO TOKa B
KayecTBe BXOAHOro Kackaga wucnonesytotca MOIM-TpaH3ucTopbl. OHW  CTAHOBATCA MOMYAAPHbIMKM - M3-33
[OCTYMHOCTM HeaoporuMx YCTPOMCTB, Takux Kak 3440, 3160, cepuit TLC270 n ICL7610, a Tak:Ke yCTPOMCTB CO
CBEPXMasiblM TOKOM CMeLLeHNA, NoaobHbIX HasBaHHOMY paHee 8500A. OaHako MOIM-TpaH3UCTOPbI B OTAMYNE OT
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NT ¢ p-n-nepexodom M BUNOAAPHBLIX TPAH3UCTOPOB MMEIDT O4YeHb OO/bLION APend casura HanpsKeHua co
BpemeHem — 3dGEKT, KOTOPbIM Mbl KPaTKo 0bcyamvm. Mo3TOMY BbIMIPbIL B NOrPELWHOCTAX MO TOKY MOXET ObiTb
noTepsH BCAEACTBME BO3PACTaHUA MOrpelHoCTel No HanpsxKeHuto. B foboit cxeme, rae TOK CMEWeHUsa MOXKeT
[aTb 3HauMTe/bHbIM BKAa4, B OWMOKY, MMeeT cMmbicn ybeamTbcs B TOM, 4TO B UenAx oboux Bxomos QY
COMPOTMBIEHME MCTOYHMKA OAHO M TO Ke, KakK yKasblBaiocb B pa3d. 4.12; nocne 3Toro Hac byaeT MHTepecoBaTb
TONbKO TakoM napameTp QY, Kak mok cdsuea. O4HO 3ameyaHmne No NoBoAYy KOMMNEHCAUMM TOKa CMelleHus. B paae
NPEeUM3nOoHHbIX OY NPUMEHSETCA CXeMa KKOMMEHCaUMM CMELLEHMA», KOTopas YMEHbLLIAeT BXOAHOM TOK NoyTn A0
HY/18, @ TEM CamMbiM [le/1aeT MeHblle W COOTBETCTBYIOLLYIO MOrpPelHOCTb; YTobbl MOCMOTPETL, KaK 3TO AenaeTcs,
BEPHUTECH K AOMOJAHUTENBHOMY YNpasKHEHUIO 8 B KoHUe 2. 2. Mmea aeno ¢ Takoro tuna OY, Bbl NpaKTUYECKM
HWYEro He BbIMrpaeTe, Cornacya COMPOTMBAEHMS Ha 060MX BXOAAX, MOCKO/bKY OCTaTOYHbIM TOK CMELLEeHMA U TOK

caBura 'y oY c I-(ON\I'IeHcaLJ,l/Iem cMelweHnA CpaBHMMbI MO BEJIMYNHE.

MOMMMO CKa3aHHOro, ecTb eLle 04HO 0OCTOATENLCTBO, KOTOPOE HaA0 NMOMHUTL, Npumenas OY c MT-Bxoa0m.
Leno B ToM, 4TO BXOAHOM TOK «CMELLEHMA» eCTb Ha CaMOM Jiesie TOK YyTeYKM 3aTBOPa M YTO OH Pe3Ko pacTeT npu
MOBbIWEHUM TemnepaTypbl (rpybo roBops, yABamBAeTCs MpW MOBbIWEHMM TemnepaTypbl Ha Kaxgple 10 °C; cm.
puc. 3.30). A TaKk Kak QY c MT-Bxomom 4vacTo pasorpesatorca (MMC 356 paccemBaeT B8 nokoe 150 mBT), TO
MCTUHHBIA BXOAHOM TOK MOMeT OblTb 3HAYMTENbHO BbilWe yKasaHHoro B Tabauue npu 25 °C. Ona cpaBHeHWs
YKaXKeM, 4To BXoAHOM TOK OY c BUNoNApHbIM BXOAHbIM KackaoM Ha CaMOM Agefie ecTb TOK 6asbl, M C POCTOM

TemnepaTypbl oH nadaem (pwuc. 7.2).
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Puc. 7.2. TemnepamypHaa 3a8ucumocmse 8x00H020 moka bunondapHozo OY. a — no2apugpmudecKkas WKana,
6 — nuHelHaA wkKana.

Moatomy QY c MNT-8X040M C ero BnevaTAaloWmMmMmn Ha bymare AaHHbIMW NO BXOAHOMY TOKY MOMKET He AaTb
60NbLIOTO YAYYLIEHNA MO CPABHEHMIO C XOPOWMM BUMNONAPHBIM YCTPOMCTBOM CO CBEPXBLICOKMM 3HavyeHuem 6.
Mpumep: OPA111 c BxoaHbim Tokom 1 nA npu 25°C 6yaeT MmeTb BxogHon Tok 10 mA npu TemnepaType
Kpuctanna 65 °C, a 310 6onblie, Yem y LT1012 co cBepxBbiCOKMM B mpu Tol e Temnepatype. MonynapHas cepun
QY c NT-Bxoaom 355 MmeeT BXOAHOM TOK, KOTOPbIMA CPpaBHMM C BXOAHbIM Tokom LT1012 nan LM11 npu 25 °C, Ho
BO MHOro pas 6osblie Npu NOBbIWEHHON TemnepaTtype. W HakoHel, npu cpaBHeHun OY MO BXOAHLIM TOKam
ocTeperaiTech HekoTopbix TMNoB MT OY, y KOTOPbIX /cM 3aBUCUT OT BXOAHOrO HanpsaxeHusa. B cneundukaumax
0ObIYHO YKa3biBaeTCA TOMbKO 3HauyeHue /lcm npu O B (cepeamHa HanpaMeHus NWUTaHUs), OJHaKO B XOPOLUMX
nacnopTtax Ha OY npuMBOAATCA TaKXKe rpaduKkmM (CM. TUMUYHYIO 3aBUCUMOCTb /cm OT Usx Ha puc. 7.3). ObpaTtute
BHMMaAHME Ha OTAM4YHble xapakTepucTukm OPA111, ssnaiowmeca cneAcCTBMEM KAaCKOAHOM CXeMbl BXOAHOMO
Kackaaa.

:

Tox cMeweHHA,nA

‘)ﬁ
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CHHpa3xoe nanpanceHue, B
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Puc. 7.3.3asucumocme 8x00H020 moka T OY om cuHpa3H020 8X00H020 HANPAHEHUS.

Casur HanpsaxeHusa. COBUI HaNpPAXKEHMA Ha BXOAe YCUIUTENs — OYEBUAHbIA MCTOYHMK MorpeliHocTn. Y
pa3nuyHblx OY 3TOT MapameTp CWUAbHO BapbUMpyeT — OT AECATKOB MUKPOBOABLT Y «MNpeunsmnoHHbix» OY ao
Be/IMYMH B 2—5 MB y 0b6bluHbIX BeckopnycHbix OY, Takux Kak LF411. K HacToawemy BpemMeHW YemMnMOHOM Mo
MUHUMYMY caBura cpeam QY 6e3 ctabunumsaumm npepbiBaHnem asnsetca MAX400M (Ucds He npesbiluaeT 10
MKB). Mbl oXXnaaem ganbHenWwmx AOCTUXREHUI B 3TOM 061acTu. XOTA BOMBbWKMHCTBO XOPOLWMX OAMHAPHBIX OY (Ho
He CABOEHHble M He CYETBEPEeHHbIe) MMEOT BbIBOAbl A5 PEry/IMpOBKM CABMUra, BCE Ke Mo pAady NPUYMH MMeeT
CMbICA BbIOMpPaTb yCUAWUTENb C MajbiM Hava/bHbIM HanpsxeHuem casura Ucds. makc. Bo-nepsblX, Yy TaKMm
06pa3om CNpoeKTMPOBaHHbIX OY HabatogaeTca COOTBETCTBEHHO Masblh  Apeid HanpsKeHwa casura C
TemnepaTypon 1 BpemeHem. Bo-BTOPbIX, AOCTAaTOYHO TO4YHbIM QY He TpebyeT BHELWHUX 31EeMEHTOB MOACTPOMKM
(noacTpoeyHbI NOTEHLMOMETP 3aHMMAeT MecTo, TpebyeT Haya/bHOW NOACTPOMKM, a CO BPEMEHeM HacTpoWKa
MOXKET U3MEHUTCA). B-TpeTbux, Apeid HanpsaKeHUs cABMra 1 nofdasaeHne CUHOA3HbIX HaNPsXKEHWI yXyaLatoTcs
n3-3a pasbanaHca, BHOCMMOrO NOTEHLMOMETPOM, PEryanpytowmm casur. Ha puc. 7.4 nokasaHo, Kak peryimpoBKa
CABUWra yBeMUYMBAET TeMMNepPaTypHbIn aApend.

OGopomu
NOMEHUWOMEMPE

1 2 3 4 5
L

Puc. 7.4. TunuyHas  3asucumocms  cosuea QY om yucaa obopomos  peayraupyouje2o  cosue
MH020060pOMHO20 nomeHUuuoMempa 0719 HECKOAbKUX 3Ha4YeHUl memnepamypeil.

M3 puCyHKa BWAHO, KaK 3aBUCWUT peEryampoBka casura oOT obOOpoTOB MOTEHLMOMETPa, C HaWIy4YliMMm
paspelleHMemM B paloHe LUeHTpa, 0cobeHHO AnA OO0AbWKMX 3HAYEHMM COMPOTUBAEHMA MNOACTPOEYHOro
noTeHUMomeTpa. HakoHeu, Bbl, KaK MpaBWa0, OOHApyKMUTe, YTO pPeKOMeHAyemas BHeWHAA Lenb obecnevymBaeT
CMWKOM 60/blWOM AManas3oH HacTPOWKK, a B pe3yabTaTe MoYTM HEBO3MOMKHO YMeHbLMTb Ucds A0 BENNYMHbI B
HECKO/IbKO MWMKPOBOAbLT, HO AaKe eCAM 3TO yAACTCA cAenaTb, HAaCTpoMKa ByaeT CTONb KPUTUYHOM, YTO BPAL /U
OHa OCTAaHEeTCA HaZo/Ar0 HeM3MeHHOM. W ewe oAHO, O Yem ciedyeT MOAyMaTb, 3TO TO, YTO WM3rOTOBUTENEM
npeumsnoHHoro OV yxe HacmpoeH Hynb CABMra NMyTeM «1a3epHON MOATOHKM» Ha CTeHAe nepep OTNpPaBKOW B
npoAaky. Bo3amoxKHO, BaM caMuMM cAenaTb 3TO Ayylle He yAacTcA. Halw coBeT: a) ANA NPeLM3MOHHBbIX CXem
NpUMeHaiTe npeuunsmoHHble OY 1 6) ecan Bam TpebyeTca AONONHUTENbHAA MOACTPOMKa CABWUra, MCMO/b3yiTe
CXeMy TOHKOW NOACTPOMKK, HaMpUMep OAHY M3 TeX, YTO NMokKalaHa Ha puc. 7.5, rae NofHbIN Anana3oH NoACTPONKM

cocTtasadaeT + 50 mKB.
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Puc. 7.5.BHewHue uenu nodcmpoliku cosuza 074 npeyusuoHHsix OY. a — uHsepmupyoue2o;, 6 —
HeuHsepmupyrwezo.

MOCKONbKY CABUI HaNpPAMXeHUA MOMKET BblTb HACTPOEH Ha HY/lb, TO B KOHEYHOM UTOre 3HaYeHue MMeeT NnLb
apeid caBura CO BPEMEHEM, MPU M3MEHEHMM TemnepaTypbl W HaNpsKeHua nuTaHus. Pa3paboTumku
NPeumsnMoHHbIXx OY MHOro paboTaloT HaZ MUHMMMU3ALMEN 3TUX MOTrPelHOCTEeR. B 3TOM CMbIC/e Hauay4LlMMK
napameTpammn obnagatoT bunonapHble QY (B NpoTMBononoxKHocTb QY ¢ MT-BX0A40M), HO MPU UX NPUMEHEHUU B
6loaKeTe NOrpelHOCTEN MOMKET HayaTb AOMMHMPOBATb BXOAHOM TOK. Y aydwmx OY apeid He npesbiwaet 1
MKB/°C, a y Hamaydwero Ha cei momeHT QY 6e3 ctabuansaunn npepbisaHnem AD707 AUcds. makc = 0,1 mkB/°C.
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Ewe oamH GaKkTop, KOTOPLIN credyeT UMeTb B BUAY, 3TO Apeid n3-3a camoHarpesa OY, KOraa OH BK/AKOYEH
Ha HW3KOOMHYI Harpysky. YTobbl MCKAOUMTL 6OMblUME MOrPELIHOCTW, Bbi3blBaeMble 3TUM 3PPEKTOM, 4acTo
NPUXOAMTCA OrpaHUUYMBaTb HUMKHEE 3HayeHWe COonpoTuBAeHMA Harpyskm 10 KOm. Kak npaBuio, 3TO MOXeT
YXyALaTh BHOAKET NOrPeLHoCTeN cneayolWero Kackaga — OT ToKa cmelleHusa! MimeHHo Takoro poga npobaemy
Mbl BCTPETUM B HallleM Npumepe NPoeKTUpoBaHuA. [na Tex Cxem, rae BaxKeH Apeid B HECKOSbKO MUKPOBOALT,
3aMeTHOEe BAMAHME HauyMHAOT OKasbiBaTb TeMMNepaTypHbld rpagmMeHT (0T PacnofOXKeHHbIX BOAU3K BblAENAOWINX
TENA0 KOMMOHEHTOB) U TEPMO-3. 4. C. (OT KOHTAKTOB PasHOPOAHbLIX MeTanN0B). TW BOMPOCHI BOZHUKHYT BHOBb,
Korza Mbl byaem obcyxaaTb B pa3d. 7.08 cBepXNpeum3nOoHHbIA yCUanTeNb co cmabunusayuell npepsbi8aHUEM .

B T1abn. 7.1 paHo cpaBHeHWe Hawubosiee BaXKHbIX MAPAMETPOB CEMW HAWAYYWMX MPELM3NOHHbIX OV.
MoTpaTbTe Ha Hee HEKOTOPOe BPema — 3TO MO3BOJIUT BamM XOPOLLO NMOYYBCTBOBATb TE€ KOMMPOMMCCHI, Ha KOTOpble
NPUXOAMTCA MATU NPK pa3paboTKe BbiCOKOKayecTBeHHbix OY. ObpaTuTe BHMMaHWE Ha NPOTUBOPEUMA MEXIy
TaKMMM NapameTpamu, Kak caBur HanpaxkeHusa (M ero apeid) n BXogHOW TOK y BunonsapHbix OY n OY Ha MT ¢ p-n-
nepexo4om. Bbl NoMyuMTe TakKe HaMMeHbliee HanpaKeHue WymoB Yy bunonapHeix OY, npuyem oHO NagaeTt npu
YBE/IMYEHUM TOKA CMELLEHMSA; HUMKE, MPU PACCMOTPEHUM LLIYMOB B 3TOM rnase, YBUMAMM, NOYEMY 3TO NMPOMUCXOAMT.
OAHaKo KefaHue NoMy4YuTb HU3KUI TOK WYMOB Bceraa BedeT K Bbibopy MT OV, NpUUMHbI Yero TakKe ByayT ACHbI
nosgHee. Boobuie A1 NoNyYeHUA ManbiXx BXOAHOMO TOKa M TOKa LymoB BbibupaliTe MT OY, a bunonspHbie OY —
[NA MasblX HaNpsKeHua casura, apenda v HanpPsXKeHUa LYMOB.

Cpean QY c MT-Bxoaom gomuHupytoT QY Ha MT ¢ p-n-nepexogom, 0COOEHHO Tam, Tae Hy)KHa TOYHOCTb. B
yactHocTM, MOII-TPaH3UCTOPbl MMEIOT YHUKaAbHbIA  yXyAWaoWmMii X napameTpbl 3ddEKT, KOTOpbin He
HabnaaeTcs HX Y BUNONAPHbLIX TPaH3MCTOPOoB, HU Y MNT ¢ p-n-nepexogom. OH BblpasKaeTca B TOM, YTO NPUMECH
MOHOB HATPMA B WM3O/IMPYIOLLEM 3aTBOP C/A0E€ MEANEHHO NepemMellaeTca Moj BO3AeNCTBMEM 3/EKTPUYECKOro
nofs, NOPOXKAEHHOro HanpsxkeHnem U3M(8Ks), 4To NpuBOANUT K Apeildy casura HanpaxkeHma nopaaka 0,5 mB 3a
HEeCKONbKO NeT. IToT 3pdEeKT yCcuAMBaeTCs NpPW MNOBbIWEHUM TemnepaTypbl M Npu BOAbLIOM CUrHaAe Ha
ambdepeHumansHom Bxode. Hanpumep, B nacnopte OY ¢ MOTM-TpaH3ucTopHbim Bxogom CA3420 yKasaHO B
KayecTBe TUMMYHOrO M3mMeHeHue Ucde 5 MB 3a 30004 pabotbl npu 125 °C M BXOAHOM Hanps:KeHun 2 B. 31y
HAaTPMEBO-MOHHYIO 00/Ee3Hb MOXHO Bbl1eYUTb, BBOAA dochop B obnacTb 3atBopa. Hanpumep, dupma Texas
Instruments Mcnoib3yeT B CBOUX «AMHEnHbIx» KMOM-cepuax QY (TLC270) n komnapaTopos (TLC339 u TLC370)
3aTBOPbl M3 MOJAMKPUCTANNMYECKOTO KPemMHUA, nermpoBaHHoro ¢ochopom. ITo NONyAApHbie Hegoporve
YCTPOWCTBA, BbIMyCKaeMble B Pa3/IMYHbIX KOPMycax, C Pa3/IMYHbIMK XapaKTEPUCTUKAMM MO ObICTPOAEUCTBUIO U
MOLLHOCTM W NO3BOAIOLIME NONYYNTb NPUEMNEMbIN BPEMEHHON Apeid HanpsaKeHus casura (50 MKB casura Ha
Kaxabli BONbT AMbdepeHLManbHOrO BXOAHOMO HaNpsaXKeHns).

MmeeTcs BaKHOe WCKAoYeHMe M3 obuiero npasuna, no kotopomy MT OY, a ocobeHHo OY Ha MOII-
TpaH3uCTOpax, MMeloT Oo/bllee Hava/bHOe HanpsKeHue caBura M HamHoro 6onbwmn  apend Ucds c
TEMNepaTypor u BpemeHem, yem bunonapHble OY. 3TO UCKAOYEHME KACaeTCA TaK Ha3blBaeMbIX YCUAUTENEWR C
aBTOMOACTPOMKON Hyna (MAM co cTabunusaumelnt npepbiBaHUEM), B KOTOPbIX MPUMEHstoTcA aHanorosble MOIM-
KAKOYM U YCUAUTENM ONA BOCMPUATUA U KOPPEKTUPOBKM OCTAaTOUYHOM MOrpewHocTM casura obbiyHoro OY (KoTopblit
caM 4acTo m3rotasameaeTca Ha MOTM-TpaH3UCTOpax Ha TOM e Kpuctanne). OY co cTabuamnsaument npepbiBaHNEM
[atoT Aaxke 060nee HW3KME HanpskeHua casura v apend, yem Hambosnee TodHble bunonapHble QY — 5 mKB
(makc.) 1 0,05 MKB/°C (maKc.) — Ho He BecnnaTtHo. OHM MMEKT HEKOTOpble HeMnpUATHbIE 0COBEHHOCTU, KOTopble
[eNatoT UX HeENPUEMAEMbIMU AA MHOTUX NPUMEHEHWUA. Mbl AeTanbHO 0bcyanMm 3T ocobeHHOoCTM B pasd. 7.08.

KoapduumeHT ocnabneHmsa cuHdasHbiX CUMrHanos. HegocTaTouHbIM KOaddUUMEHT ocnabneHmna CUHasHbIX
curdanos (KOCC) yxyAdlaeT TOYHOCTb CXEMbl, TaK KaK MOABAAETCA CABUI HaMPSXKEHWs, 3aBUCALWMIA OT YPOBHA
CUrHanNa NocTOAHHOMO TOKa Ha exode. OBbIMHO 3TUM IGDEKTOM MONKHO MpeHebpeyb: OH 3KBUBAJIEHTEH MasoMy
M3MEHEeHU0 KosdbuuMeHTa ycuneHma M B t0OOM ciaydyae MOXKET ObiTb NpeodoseH 3a cyeT Bblbopa
KoHbUrypauun. WHBEPTUPYIOWMIA YCUAMTENb B OTAMYME OT HEUMHBepTMpYylowero HedyscTButeneH K KOCC
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onepaumoHHoro  ycunutens. OAHAKO B W3MEPUTE/NbHbIX  YCUAUTENAX  4acTo  BblAENAeTcA  Masbii
anmbdepeHuManbHbli curHan Ha ¢oHe H60bWOro CMHGA3HOrO CMeLleHUs, nosaToMmy 6osblioe 3HaveHne KOCC
ABMAETCA CYLIECTBEHHbIM MapamMeTPoOM. B aTux ciyyasx Hado TWATe/bHO NMPOAYMbIBaTb KOHOUIypaLMIO CXeMbI, a
Kpome TOro, BbibupaTb OY c 6onbwmm 3HadeHnem KOCC. U cHoBa npobiembl nomoxkeT pewmnts QY BbiClIEro
Knacca Bpoge OP-77 ¢ muHumManbHbim KOCC, paBHbim 120 ab (ans cpasHeHus: OY tuna 411 obnanatoT Becbma
ymepeHHbim KOCC B 70 aB). Mbl B ganbHeNWeM KPaTKO paccmoTpum anbdepeHumanbHble U M3MepuTesbHble
YCUSTIUTENU C BbICOKMM KO3IDPUUMEHTOM yCUaeHMA U Bbicokum KOCC.

KoapduuneHT ocnabneHuns mameHeHuin nutaHus (KOUM). N3meHeHWe HanpsaKeHUs nNuTaHus — npuydmHa
Hebonbwmx norpewwHocten OY. Kak u 60abWKMHCTBO napameTpoB OY, KoadduumeHT ocnabneHma M3MeHeHUN
nutanma (KOWM) cneumduumpyeTca No OTHOLIEHUIO K CUrHany Ha Bxoge. Hanpumep, OP-77 no cneundbuKkaumm
obnagaet KOWUM pasBHbim MO aAb Ha NOCTOAHHOM TOKe, T. €. U3MEHEeHMEe HanpPAXKeHWs OAHOro M3 UCTOYHMKOB
nuTaHuAa Ha 0,3 B co34aeT BbIXOAHOW CUTHaA, 3KBMBANEHTHbIM W3MEHEHWMIO CUTHana Ha AuddepeHLManbHOM
Bxode Ha 1 mMKB. KOWM pe3sko nagaetr Cc poOCTOM 4acToTbl, M rpadumK, noATBepxAaatowmi ero 6e3obpasHoe
noseaeHuWe, 4acto MNPUBOAMTCA B MACMOPTHbLIX JaHHbIX. Hanpumep, y Hawero ¢asoputa OP-77 cnag KOWUN
HaumHaeTca ¢ 0,3 'y, 1 npu 60 'y, oH paBeH 83 Ab, a npu 10 KMu-42 Ab. Ha camom aene 370 He co3aaeT 60bwnx
TPYAHOCTEM, TaK KaK WYM UCTOYHWKA MUTAHMA TaKKe NnaJaeT Npu yBeNWYEHUU HaCTOTbl, €C/N UCTOYHUK MUTaHUA
KaK cneayeT WYyHTMPOBaH eMKOCTbio. pasaa, NpyM MCNO/b30BaHWMM HECTabWIM3MPOBAHHOIO MCTOYHMKA MUTaHUA
MOTYT AOCTaBUTb HEMPUATHOCTM Nyabcaumm ¢ yactoton 100 lu.

KOMM ana MCTOYHWKOB NUTAHWMA MNONONKUTENbHOW W OTpUUATEbHOW MNONAPHOCTEN BOOOLULE rOBOPS,
pa3/MyeH, HO 3TO He WrpaeT HWKaKol ponu. MosTomy NpumeHeHWe CABOEeHHOro ctabunmsatopa (paszd. 6.19)
MOXET He AaTb HUKAKOro BbIMIPbILLA.

«Hynb»-ycunutenb: BxoAHble NOrpewHoctu. Cxema ycuamtena Ha puc. 7.1 HayMHaeTca ¢ NOBTOpUTENA. ITO
caenaHo ans obecneyeHmsa 601bLIOTO BXOAHOMO MOHOMO CONPOTUBAEHUA. 3a4eck ecTb cobasH npumeHnTs MT, HO
notepn oT 6Honbworo Ucde nepeKkpbiBalOT BbIMIPbILL, [AaBaembli MasiblM 3HAaYeHMEeM BXOAHOIO TOKa, 3a
MCKNIOYEHMEM Tex CyYaeB, Koraa UCTOYHMK BXOAHOrO CUrHana umeeT Honblioe NosHOe conpoTueneHune. na OY
OP-77 TOK cmelleHmnAa 2 HA co3gaeT norpewHocTb 2 MKB Ha 1 KOM NoAHOro ConpoTUBAEHMA MCTOYHWKA CUTHANa, a
LT1055A Ha MT c p-n-nepexoaom, XOTA W AaeT NpeHebperKMMOo Masyto MOrpelHoCTb OT TOKa, UMeeT aApend
cABura HanpaxeHua nopsgaka 16 mkB/4 °C (4 °C npuHATO 3a CTaHAAPTHbLIA AManas’oH M3MEHeHU TemnepaTypbl
BO34yXxa B N1abopaToOpHbIX YCA0BUAX). BXooHOM MOBTOpPUTENb CHAbXEH HaCTPOMKOW HyAs CABWra, MOCKO/bKY
HayanbHoe 3HayeHue 25 MKB (Mo cneumdukalymmn) CAUWKOM BeaMKOo. Kak oTMeuyanochb Bbllle, obpaTHas CBA3b
yBE/IMYMBAET BXOAHOE MNOAHOe conpoTuaeHne ao 200 000 MOm, M Tem cambiM OLIMOKa KoabdUUMeHTa
YCUIEHWNA, MOPOXKAEHHAA KOHEYHbIM MOJIHbIM COMPOTUBAEHMEM WCTOYHWMKA, MeHbwum 20 MOm byaeT meHble
0,01 %. Anoabl A1 wn /12 BKAOYEHbI B CXeMy 3alUMUTbl OT NMEPEHANPAXKEHUA Ha BXOAE WM AO/KHbI MMETb Manyto
yTeuky (MeHblue 1 HA).

Ul ynpasnseT uWHBeHTMpYOWMM ycunmTenem (U2), a 3HayeHue R3BblbUpaeTca M3  coobpakeHUn
KOMMNPOMMCCa MEXKAY MOrpeLlHOCTb0 TeMnepaTypHoro casura U1 v norpelwHocTbio apelida ToKa cmellerna U2.
BbibpaHHOE 3HauYeHMe yaepKMBaeT Harpes B npeaenax 5,6 MBT (Mpy Hauxyalwmx ycnosuax 7,5 B Ha BbIxoae), 4To
BeAET K MNoBblleHno TemnepaTypbl Ha 0,8 °C (Tennosoe conpotusneHune OY okono 0,14 °C/mBT, cm. pasd. 6.04) ¢
COOTBETCTBEHHbIM cABUIroM HanpaeHuda 0,3 mkB. ConpotusnerHne 10 KOm Ha Bxoae UZ co3gaeT NorpewHocTb
TOKa CMeLLeHMA, HO Tak Kak U2 BmecTe ¢ U3 oxBayeHbl neTnent obpaTHOM CBA3N, CBOAALLEN MOMHbIN CABUT K HY/HO,
€MHCTBEHHbIM CYLWECTBEHHbIM NapameTp — 3TO TemnepaTypHblM Apeind TokoBoWn norpewHoctn. Ans OP-77 B
nacrnopTte MPWBOAATCA [AaHHble O TemnepatypHom Apeide ToKa cCmelleHMA (He 4YacTo YyKasblBaemble
M3rOTOBUTENAMM), M3 KOTOPbIX CAeadyeT, 4To BKAaL Apelda Toka B BloAKeT morpelwHocTn paseH 1,6 mkB/4 °C.
CHMKeHMe 3HaYeHMA R3 yMEHbLINT 3TOT BKAAJ, HO LIEHOM yYBEAMYEHMA NOrpeLliHOCTN OT Harpesa Ul.
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Kak 6bl710 CKa3aHo Bbille B 0OLLEM OMUCAHMM CXeMbl, 3HaYeHMe R3 TakoBO, YTO TpebyeTcs Mcnosb3oBaHMe
npuiyanmeoro T-obpasHoro 3seHa B 06paTHOM CBA3K, YTOObLI 3HAYEHUA Pe3MCTOPOB 0OPATHOM CBA3M OKasajncb B
[VanasoHe  HOMMWHANOB  MPELM3MOHHbBIX  MPOBOJIOYHbIX  PEe3UCTOpoB. EciM  Nonb3oBaTbCA  ODbIYHbIN
KOHUrypaLmen UHBEHTUPYIOLLEro YCUAUTensa, To noHaaobatca pesuctopsbl Ha 100 kKOm, 1 MOm 1 10 MOm ana
KoapduumeHTa ycmnenuns 10, 100 n 1000 cooTBETCTBEHHO.

BxoaHoe nosHoe conpoTusBineHne U2 MOKeT BbI3BaTb HEKOTOpble 3aTpyaHeHus. Mpu KoabduumeHTe
ycunenus, pasHom 1000, ero anddepeHumanbHoe BxoAaHOe comnpoTuBieHne 25 MOm ymHoKaeTca 6narogaps
cnegdauen csasm Ha A/1000 u coctasnifeT B 3amKHyTOM cxeme 125000 MOm. K cuyacTtbto, 3T0 6osiee yem B
MWAIMOH Pa3 NPEBOCXOAUT BbIXOAHOE COMPOTUBAEHME LEMM, YCTaHaBAMBaAlOWEN KO3POUUMEHT ycunenmsa (9,4
KOM), noaTomy norpewHocTb byaer HamHoro meHbwe 0,01 %. 3To oAMH M3 XyAWMX CAYyYaeB, KOTOPbIA MOXHO
cebe nNpeactaBuTb, HO Aaxe W 34ecCb BXOAHOe conpoTueieHne OY He co3gaeT npobnem. OTcoga BMAHO, YTO
BXoAHOe conpoTmeieHne OY He co3aaeT HUKaKMx addeKToB, KOTOpble CTOMNO Obl y4UTLIBATD.

Opend HanpsxeHua casura Ul m U2 oT BpemeHW, TemnepaTtypbl W HaMNpPAKeHWA NUTaHWA BAMAKOT Ha
CYMMapHYO MOrpPeLHOCTb B PABHOM CTEMEHW, M MX 3HAYeHUs npuBefeHbl B OroaxeTe. YKarKeMm, 34ecb YTO OHMU
aBTOMATMUYECKM  KOMMEHCUPYIOTCA B KaXAOM  «OOHY/AAOWEM»  LMKAEe, M03TOMY WrpaeT posb TOJIbKO
KpaTKoBpeMeHHbIK Apeid. ITn norpelwHocT Haarogapa Kadectsy OY nexaT B MMKPOBONLTOBOM AuanasoHe. U3
MMEeeT HeCKo/bKo bosblinii apeld, Ho ero npuxoantcs 6pate NT-Tnna, YTobLI 06ECNeYnTb Masble 3HaYeHMA TOKa
YyTEYKM KoHAeHcaTopa. Tak Kak BbIXo4HOM curHan U3 ocnabnaetcA nponopumoHanbHO — BbiBpaHHOMY
KO3pOULMEHTY, TO 3Ta MOrPelHOCTb, OMHeCceHHas Ko 8x00y, npu 6onblnx KoaddMUMEHTaX yCUAeHUA
ocnabnsetca. 370 BaKHbI aKT, MOCKOAbKY 6o/blive KOIPPUUMEHTbI yCUaeHMA ynoTpebnatTca npu HU3KKX
YPOBHAX CUrHana, ANns KoTopbix Tpebyetca Honblas TOYHOCTb. [lorpellHocT, cosgaBaemble U3 Ha asixode,
BCeraa OAMHAKOBbI, MO3TOMY OHM creundUuUMpyroTCs B GlOAKeTe MOrpellHOCTel KaK BbIXOAHblE MOrpeLHOCTH
(NpuBeaeHHbIE K BbIXOAY).

ObpaTtuTe BHMMaHMWE Ha HeKoTopble 0blMe MPUHLMUMBI NPOEKTUPOBAHUS, KOTOPbIE MPOACHAKTCA Ha 3TOM
npumepe: Bbl pellaeTe HEeKOTOPbIM Habop 3ajad, BbibMpaa KOHOUIypaLMIO M 31eMEHTbl TaK, YTOObl YMEHbLINTb
NOrpeLHoCTN A0 NPUEMIEMbIX 3HaYeHWUR. pK 3TOM HEOBXOAMMO MATU HAa HEKOTOPbIE KOMMPOMMCChI U YCTYMNKMK,
NPy 3TOM UX BbIBOP 3aBUCUT OT BHELWHUX GAaKTOPOB (Hampumep, UCNONb30BaHWe B KadecTse nosTopuTens QY ¢
MNT-BX0A0M NpPeAnodYTUTENIbHEE, €CN NOIHOE COMNPOTUBAEHME UCTOYHMKA curHana 6onblue 50 KOm). B 1abn. 7.2
copepatca AaHHble OY, KOTOpblE MOXHO MCNO/b30BaTh NPU NPOEKTUPOBAHNM MPELIM3NOHHBIX CXEM.

7.07. BbixoOHblE noepewHocmu ycuaumerssa

KaK yKasblBanocb B 2/1. 4, ONepauyoHHbIe YCUAUTENN MMEIOT CYLLECTBEHHbIE OrpaHWYEeHNA, CBA3AHHbIE C UX
BbIXOAHbIM Kackagom. OrpaHMyeHHas CKOPOCTb HapacTaHWA, HEJIMHENHbIE MCKAXKeHWA BbIXOAHOrOo curHana (Cm.
pa3d. 2.15), KoHeYHoe BbIXOAHOE COMPOTMBEHME PA3OMKHYTOrO KOHTYpPa MOryT MPUUYMHUTL HEMPUATHOCTM U,
€C/IN UX HEe YYUTbIBaTb, NPMBECTU K OllesoMAAIoLLE BO/bWMM NOTPELIHOCTAM NPELN3MOHHON CXeMbI.

CKopocTb HapacTaHua: obuwme coobpaxeHuna. Kak oTmedvanock B pa3d. 4.11, U3MEHEHMA HanpsaKeHua
BbIXOAHOro curHana OY MoryT npoucxoamuTb CO CKOPOCTbO, He MpPeBbIWAoLEN HEKOTOPOro MaKkCMMyma. IToT
abdEeKT NOPOXKAAETCA CXEMOM YacTOTHOW Koppekuumn QY, Kak yBnaum npu 6onee aetanbHom aHanmse. OgHUM U3
CNeACcTBMA KOHEYHOCTM CKOPOCTM HapacTaHMA SBAAETCA OrpaHWyYeHue amnauTydbl BbIXOAHOrO CUrHana Ha
BbICOKMX 4acTOTax, paBHOE, Kak Oblno MokasaHo B pasd. 4.12 v Kak BMAHO Ha puc. 7.6, UNN= S/nf, roe UMM —
NO/IHbIA pa3max curHana.
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Puc. 7.6. YacmomHas 308UcUMOCMb MAKCUMQAbHO20 PA3MAXA CUeHAAa HA 8bixode OY.

BTopoe cneactBue /ydlie Bcero 06BACHUTL C MOMOLLBIO rpaduKa 3aBMCMMOCTM CKOPOCTM HapacTaHua oT
Hanps)xeHna anddpepeHLManbHOro BXoAHOro curHana (puc. 7.7).
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Puc.7.7.[lna  nonyvyeHua  nonHoll  ckopocmu  HapacmaHua OY  mpebyemcsa  3Ha4umesibHoe
oughpepeHuuanbHoe 8Xxo0HOe HANpPAXeHue.

CMbICN ero B TOM, YTO cxema, Tpebytowan H6oNbWOM CKOPOCTM HapacTaHuA, paboTaeT C CyLLeCTBEHHbIMM
HanpPAKEHUAMM MeXay BXOAHbIMKU Knemmammn OY. ITO MOMKET MPMBECTM K KaTacTpoPUUYecKMM MOCAeACTBUAM B
cXeme, NpeTeHayoWwe Ha BbICOKYH TOYHOCTb.

Y7066l MOHATb, YeM OMpeaenseTcs CKOPOCTb HapacTaHWA, 3arl1faHEM BHYTPb OMEepPaLMOHHOro YCUAWUTENs.
Mopasnstouiee 60bWMHCTBO OY MOryT BbITb CMOAENMPOBaHbI CXEMOM, N306paXKeHHOW Ha puc. 7.8.

-20 -



=) [

+

e |
Lo |

I

o

Puc. 7.8. TunuyHasa cxema yacmomHol Koppekyuu OY.

AnddepeHumanbHbll BXOAHOM KacKkad, Harpy*eHHbl Ha TOKOBOE 3epKano, BO3DYKaaeT Kackag, ¢ 60/blMm
KO3QOULMEHTOM YCUAEHMA NO HAMNPSKEHUIO U C KOPPEKTUPYIOWMM KOHAEHCAaTOPOM MEXAY BbIXOAOM M BXOAOM.
BbIXOAHOM KacKag, — NyLWnyabHbIA NOBTOPUTENb C €AMHUYHBIM KOSDOULMEHTOM YyCUAeHUS. KoppeKTMpyroLwmii
KOHZeHcaTop BblIOMpaeTca TaK, 4ToObl KO3IOOUUMEHT YyCUMAEHMA PA3OMKHYTOM MeTAn YCUAUTeNs CTaHOBW/CA

paBHbIM ednHUUEe paHblle, 4Yem CAOBUT d)a3bl, BbI3BAaHHbIN  OCTa/IbHbIMM KaCKadamMun ycunutTenda, CTaHeT
CyLeCTBEHHbIM.

Takum obpasom, C BbibMpaeTca Takum, 4Tobbl fcp, Nonoca 4acToT eauHUYHOTO KoaddULMEHTa yCUAeHUs,
Hblna 6M3Ka K NOOCY, C KOTOPOrO HAYMHAETCA Cnaf YCUNEHUA CAedylolero Kackada, Kak onucbiBanock B paso.

4.34. BXO,EI,HOIZ KaCKag MMEET O4YeHb BbICOKOE BbIXOAHOE CONpPOTMUBIEHNE W ONA Cheayrouwero Kackaia ABNAEeTCA
MCTOYHMKOM TOKa.

B onepauMoHHbIX YCUAUTENNAX BO3HWKAET OrpaHWYeHWe CKOPOCTM HapacTaHWA, Koraa BbIXOAHOM CUrHan
BO3OYXKAaeT oAMH W3 TpaH3UCTOPOoB AMbdPepeHLManbHOro Kackaga MouTM A0 HaCbIWeHWs, OeMCTByA Ha
CNeAylolWmMin  Kackag, MOMHbIM TOKOM 3muTTepa B anddepeHUManbHOW nape. 37O  NPOMCXOAUT  Mpw
onddepeHUManbHOM  BXOAHOM — Hanmps»KeHuM  okono 60 MB, npu  KOTOPOM  COOTHOLWIEHME TOKOB B
anddepeHUManbHOM  Kackage paBHo 10:1. B 3TOT MOMEHT HanpsiKeHwe Kosnektopa T5 W3MeHseTcs C
MaKCMMabHO BO3MOXKHOWM CKOPOCTbIO, @ BECb TOK /3 MAET Ha 3apag, KoHaeHcaTtopa C. Takmum obpasom, T5 u C

06pa3ytoT MHTErpaTop C OrpaHMYeHHOW CKOPOCTbIO HapacTaHMs Ha Bbixode. BbiBeJeM BbipaxKeHMe CKOpPOCTU
HapacTaHus.
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CKOpOCTb  HapacTaHuAa: [OeTanbHOe paccmoTpeHume. [lpexae BCEro Hanulem  BblparKeHue  ans
KoaddMUMEHTa YCUNEHNA PA3OMKHYTOrO KOHTYpPa MO HaMNPSXEHUIO NPV Masiom CUTHafe NepemeHHOro Toka bHes
yyeTa caBuUros ¢as:

AU = gmXC = g/2nfC,

OTKyAa Nnonoca eaMHUYHOro ycuneHns (4actota, npu Kotopoit AU = 1) ecTb
fcp = (1/2m)(gm/C).

CKOpPOCTb HapacTaHuA onpeaesnseTcs TOKOM 3, 3apsxKatolmm KoHaeHcaTop C:
S=duU/dt =13/C.

Ons  obblyHOrO  AnddepeHUManbHOro  yecuautens 6e3 3MUTTEPHbIX PE3UCTOPOB gm CBA3aHO C /3
COOTHOLLEHMEM

gm =1/r3=15/2UT =13/50 mB.
MoACTaBAAs 3TO BblpaskeHMe B GOPMYJTy CKOPOCTM HapacCTaHWUA, HaXOAMM
S=2UTgm/C,

T. €. CKOPOCTb HapacTaHus nponopuuoHanbHa gm/C, Kak U WMPKMHA MNOAOCbI AMHWYHOrO ycuneHus. B
camom gene, S = 4nUTfcp = 0,3fcp, roe fcp BbipaxkeHo 8 MIU, a S — B B/MKC. 3TO BblpaskeHMe He 3aBUCUT OT
KOHKPEeTHbIX 3HadeHnn C, gm, I3 U T. A. W O3ET XOPOLY OLEHKY A8 CKOPOCTM HapacTaHua (Knaccuyeckuin QY
741, Hanpumep, umeeT fcp ~= 1,5 Ml 1 cKopocTb HapacTaHua nopaaxa 0,5 B/mkc). OTcioga sAcHo, yto QY ¢
6ONbLIMM 3HAYEHMEM MNPOM3BEAEHUS LWWPUHbLI MOAOCHI MPOMYCKaHUA Ha KoaboduumeHT ycunedua (fcp) byaet
MmeTb OONbLYKD CKOPOCTb HapacTaHuA. Henb3a ynyywutb 6bicTpogeicteme OY TOAbKO yBeNMYMBaA TOK I3
BXOAHOrO Kackafa, MOCKO/AbKY YyBENMYEHWE KOIhPUUMEHTa YyCuAeHMAa (3a cdyeT pocTa gm) TpebyeT
COOTBETCTBEHHOIO YBEAMYEHMA 3HayeHuAa C A8 4YaCTOTHOM KoppeKuuu. [obaBoyHoe ycuaeHue B Apyrux
Kackagax QY Takxe He nomoraer.

N3 U3NOKEHHOrO ACHO, YTO yBe/WYeHue fcp 3a cYeT yBeAMYeHUA TOKOB KONINEKTOpPOB, nogbopa bHonee
BbICTPOAENCTBYIOWMX TPAH3UCTOPOB W T. 4. YBE/NMYMBAET CKOPOCTb HapacTaHusA. KoHe4YHo, Bcerda KenaTesbHo
nmeTb DoAblIoe 3HayeHWe fcp, M 3TO XOPOLWO M3BECTHO pa3paboTumky WC, KOTOpbIA KOHEYHO Ke caenan,
NPOEKTMPYA KPWUCTans, BCe, YTO MOr. Tem He MeHee cywecTsyeT cnocob oboiTu orpaHmyeHune S = 0,3fcp, n oH
OCHOBaH Ha TOM, YTO KpyTW3Ha onpeaenaercs 3HadeHuvem /3 (gm =13/2UT). MOXKHO MCMNoAb30BaTb MPOCTOM
npvem ans yBeandeHus /3 (M cOOTBETCTBEHHO CKOPOCTM HapacTaHUA Npu GUKCMPOBAHHOM 3HadeHuu fcp, a B cuay
3TOro 1 NpU GUKCMPOBAHHOM POPME YaCTOTHOMN XapaKTEPUCTUKM).

Mpoule Bcero A06aBUTb HEKOTOPOE COMPOTUMBAEHME B SMUTTEPHYIO Lenb anddepeHumasbHOro BXOAHOMO
Kackaga. MpeanonoxKum, 4To Mbl caenann 4to-Hubyab B 3TOM poAe, B pesy/abTaTe 4ero /3 BbIpoC B m pas npu
NOCTOAHHOM 3Ha4yeHun gm. MoBTOPMB NpUBEAEHHbIE Bbille BbiKAaAKK, noaydnm S = 0,3mfcp.

YnparkHeHne 7.1. MoKaxnTe, YTO ONMCaHHbIM NPUeM AaeT YKa3aHHbIn addeKT.

YBennyeHne CKOPOCTWU HapacTaHuA. MTaK, cylLecTByeT HECKOIbKO Cnocob0B NoyYeHUs BbICOKOM CKOPOCTU
HapacTaHua: a) npumeHuTb OY ¢ 6onbluMm fcp; 6) yBEANUYMTL fcp 3a CYET YMeHbLIEHUA eMKOCTW KOHAeHCaTopa
YaCTOTHOW KOPPEKUMW; KOHEYHO, 3TO BO3MOMHO TO/IbKO B Tex Cxemax, rae KoaddUUMEeHT ycuneHua npwu
3aMKHYTOM KOHType 0bpaTHOM cBA3M BOoAblle eAMHULbI; B) YMEHbLINTb KPYTU3HY BXOAHOIO Kackada gm, nobasus
B SMUTTEPHYIO LieMNb AOMNOHUTE/IbHbIE PE3UCTOPbI, @ 3aTEM MPOMNOPLMOHANBHO YBEANUYNUTL /3 AW yMeHbWKTb C; T)
M3MEHUTb CXeMY BXOAHOMO KacKkaza.

TpeTuit cnocob (ymeHblieHMe gm) npumeHaeTca Bo MHormx QY. Hanpumep, HA2605 n HA2505 nouTn
oAMHaKoBbl, HO HA2505. cofepXuUT SMUTTEPHblE pPe3nCTOPbl BO BXOAHOM Kackage, KOTOpble YyBEINYMBAKOT
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CKOPOCTb  HapacTaHMAa UEHOM yMeHblueHWAa KoabduUMEeHTa  YCUAEHMA  Pa3OMKHYTOro  KOHTypa. 3TO
MNNKOCTPUPYETCA NPUBOAUMBIMU AaHHbIMK. TIT OY C MX ManbiM gm BXOAHOIO KacKkaZa MMeroT 6o/ee BbICOKYHO
CKOPOCTb HapacTaHWsA MO TEM XKe MpUYMHaMm.

HA2605 HAZ2505

I 12 MI'n 12 MI'n
(ipmpucn HApACTAHHUA 7 B/mxc 30 B/mxc
Koapdunuent ycunenus 150 000 25000
yeunurens b6es obparroii

CBR3M

YeTBepTblt cnocob COCTOMT B MPUMEHEHWW «MNEPEeKPeCcTHO-CABOEHHOIO YMeHbLEHUA KPYTU3HbIY», ANSA
KoToporo TpebyeTcs BBeAeHME B CXeMy BXOAHOrO Kackaja Lenoro AonoAHUTEeNbHOro Habopa TpPaH3UCTOPOB,
bonTatowmxca 6e3 gena NpU Manbix 3HAYEHUAX CUTHANA, HO BCEra roTOBbIX, €C/IMN HYKHO, AaTb AOMONAHUTENbHbIN
TOK. DTO [a€eT BbIMIPbIl B BUAE YAYYLIEHUA XapakTepucTuk OY Mo wymam M CMeLLeHMIO, AOCTAoWMNCA LIeHON
HEKOTOPOTO YC/IOXHEHUA CXeMbl MO CPABHEHMIO C NPOCTOM L0OABKOW IMUTTEPHBIX PE3UCTOPOB. [aHHbIM npuem
npumeHseTcs B nsgenmax déupm Harris HA5141 n HA5151, Raytheon 4531, Signetics 535 1 538 ans yBeanyeHus
CKOPOCTM HapacTaHua npu bonblinx anddepeHUmanbHbIX BXOAHbIX CUrHaNaX. 3aBMCMMOCTb CKOPOCTM HapacTaHMA
0T BXOoAHOro anddepeHUManbHOro curHana nokasaHa Ha puc. 7.9.

JlononHumen-
HLIA UcHIHmeEn
moKa

= | m pas
= P
EE wicmpee
S8 ~ DbbiMnag
| | _
—60, +60 5
————" Unupepy MB

Puc. 7.9.

Monoca NponyckaHWA u BpemA ycTaHOoBAeHMA. CKOPOCTb HapacTaHWA — 3TO MOKasaTeslb TOro, HAaCKObKO
BbICTPO MOMXKET M3MEHATbCA HanpsKeHWe BbIXOAHOro curHana. Cneumdukaums OY NO CKOPOCTM HapacTaHuA
[aeTcst 0bbIYHO B NpeanonoxKeHun 6onbloro ambdepeHumanbHOro BXoAHOro HanpsxeHua (60 mB 1 6onee), uto
BMOJIHE OMNPaBAAHO: NPM OObIYHO BCTPEYAIOLLMXCA Ha MPAKTUKE 3HAYeHWAX NeTneBoro ycunenua OV, BbIxogHOe
HanpA)KeHWe KOTOPOro OT/IMYAETCA OT TOro, KOTOPOe, AO/MKHO ObiTb, OyAeT MCMbITbiBaTb Ha BXOAE CU/bHOE
BO3[ENCTBME CMTHaMA MO LUenu 0bpaTHOM CBA3M. B BbICOKOCKOPOCTHbIX MPELM3MOHHbBIX CXEMax HE MeHee BaKHO
BPEMSA YCTaHOBAEHMA BbIXOAHOIO CUMIHaAa Ha TOM 3HAYEHMMU, K KOTOPOMY OHO CTPEMMTCA, CNelya 3a UBMEHEHMEM
BXOAHOro. 3TOT MapameTp — B8pemMs ycmaHosseHus (Bpemsa, Heobxoaumoe [ANA YCTAHOBAEHMA BbIXOLHOrO
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CUrHasa ¢ 3a4aHHOM TOYHOCTbIO Ha OKOHYaTesIbHOE 3HayeHue, cm. puc. 7.10) — Bceraga NpuMBOAMTCA B MacnopTtax
TaKWUX YCTPOWMCTB KaK Ldpo-aHanorosble npeobpasosaTtenu, rae TOYHOCTb — CyTb UrPbl, a A1A OY OH 06bl4HO He
YKasblBaeTcA.

HapACT.

Puc. 7.10. OnpedeneHue spemeHu ycmaHo8KuU. * MHo20a onpedensemca npu Usbix = no2udeckuli nopoe unau
npu Usbix = 0,5UKOHeYH.

Mbl CMOXEM OUEHUTb Bpemsa ycTaHoBAeHMA OY, paccMOTpeB BHayane Apyryto npobiemy, a MMEHHO: 4To
NPOM30MAET C MAEeaNbHbIM CKAaYKOM HaMpsyKeHWs B HEKOTOPOM Uenu, HarpyxeHHo Ha npoctoi RC-dbunbTp
HW3KOW YacToThl (puc. 7.11).

Ycranosnenue 0 1% 32 spems =SRC
no01% 3a spema=7RC
10 001% 3aepema=0RC

Puc. 7.11. Bpems ycmaHosneHus RC-gpunempa HUXHUX Yyacmom.

HecnoXHo BbIYMCAUTL, YTO OTOUABTPOBAHHBLIA CUrHaN OyaeT MMeTb BPEMA YCTAHOB/IEHMA, YKa3aHHOe Ha
3TOM PWUCYHKe. ITO AEWCTBUTENbHO BaXKHbIA pPe3yabTaT, MOCKOJIbKY 4acTO Mbl OFPaHMYMBAEM MPU MOMOLLM
bunbTPa NoAoCY NPOMYCKaHUs, YTobbl yMEHbLWKUTL LWyM (06 3TOM elle ByAeT CKa3zaHo B 3TOM rnaBe).
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PacnpocTpaHas aToT npocton pesynbTaT Ha OY, A4OCTAaTOMHO BCMOMHUTL, YTo QY C 4acTOTHOM KOppeKuuen
umeeT cnag, 6 Ab/OKTaBa, TOYHO TaK ke, Kak M HY-¢dunbtp. Mpu BKAoYeHUn OY B cxemy ¢ OC, MMeOLLyIO
KOapdULMEHT ycuneHns K, ee «nosoca NpPOMyCcKaHWa» (4acToTa, Ha KOTOPOW MeTneBoe yCWMAeHWe nafaet Ao
eAMHULbI) NPUBANIKEHHO ONpeaenaeTca BblparkeHnem:

f-306 = fcp/K.

Kak OCHOBHOW pe3y/ibTaT MOHO OTMETUTb, YTO CUCTEMA C MOJIOCOM MPOMYCKaHUA B MMeeT Bpemsi peakummn T
=1/2nB; oTctoaa cneayeT, YTO SKBMBAEHT «NOCTOAHHOW BpemeHun» QY paseH

T ~=K/2nfcp.
MpuW 3TOM Bpemsa yCTaHOBEHNUA rPy6o MOXKHO OUEHUTb Kak 5T+ 10T.

Monpobyem nNPUMEHUTb HalW NpPorHo3 K peanbHoctn. OP-44 npowussoactsa ¢upmbl PMI — 370
NPeUM3NOHHbIN BbICTPOAENCTBYIOLIMN HEKOMMNEHCUMPOBAHHbLIM (K >= 3) OY ¢ TMNMYHbIM 3HadeHuem fcp 23 Mru.
Hawa npocTtas ¢opmyna [aeT OUEHKY BPEMEHM peakumu, pasHyto 21 HC, 4TO COOTBETCTBYET BpPEMEHM
ycTaHosneHusa 0,15 mkc (7t) Ao 0,1 %. 37O 0OYeHb XOPOLWO COBMAJaeT C peasibHbiM 3HavyeHnem 0,2 MKC,
npvBoAMMbIM B Nacnopte Ha OY B KayecTBe TMNMYHOIO 414 TOYHOCTM ycTaHoBaeHuA 0,1 %.

CTOUT OTMETUTb HECKOJIbKO MOMEHTOB: (@) Halla npocTas MOoAeNb [A3eT HaM TO/bKO HUXKHIOW rpaHuuy
baKTMYeCKOro 3Ha4YeHMA BPEeMEeHM YCTaHOB/JEHMA B peasbHOM CXeme; BCerda HYKHO MNPOBEpUTb elle
OrpaHUYeHHOE CKOPOCTbIO HapacTaHWA BPeMs HapacTaHUs, KOTOPOE MOXKET BbiTb onpedensaowmm; (6) gaxke ecnm
CKOPOCTb HapacTaHua He co3gaeT npobaem, Bpema YCTaHOBAEHMS MOXKET ObiTb MHOrO 6O/blue, Yem B Hallel
MOeann3nMpoBaHHON «OAHOMOOCHOM» MOAENW; 3TO 3aBMCUT OT Cxembl KomneHcaumm OY v 3anaca no ¢ase; ()
OY ycTaHaB/MBaeTcs Tem ObICTpee, Yem flydylle NPUMEHAEeMas CXemMa YacTOTHOM KomneHcauuu obecrneumsaeT
3aBMCMMOCTb caBura ¢asbl OT 4YacTOTbl B PAa3OMKHYTOM MeTae B BUAE NPAMON NMHWM NPW NorapudmmMyeckom
macluTtabe (Hanpumep, OP-42, puc. 7.12);

14

'S 120 -In
L]
o 100 ® 3anacno |*°
o a3a Qade =47° |gq =
= o
g Ji3s"
= (-
1= —180%
] Ycnnexue f =
& 226
= :
-12708

:
g ~2 3anac no a
E_- ~ ycHnenko =906 &
1]
::2 — B 1 1 1 1 I

10 100 1k 10k 100k 1M 10M 100M

YacToTta

Puc. 7.12. YacmomHsie 3asucumocmu ycuneHus u cosuaa ¢asel OP-42.

QY, umetoume KonebaHWa Ha ¢a30BO-4AaCTOTHOWM XapaKTepUCTUKe, Oosiee CKAOHHbI K Bblbpocam U
nyAbcaumsam, BpoAe Tex, YTO NoKasaHbl Ha rpaduke puc. 7.10; (r) BbicTpoe ycTaHOBAEHME C TOYHOCTbIO A0 1 % He
0b6A3aTeNbHO rapaHTMpyeT ObiCTpoe ycTaHoBAeHWe B npeaenax 0,1 %, MOXKET CyLLecTBOBaTb «AJIMHHbIA XBOCT»
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(puc. 7.13); (o) npamas nNoAcTaHOBKA B peasibHbld CAyY4at NPUBOAMMOIO M3roTOBMTEEM 3HaAYeHUs BPEMEHMU
YCTaHOB/IEHUA He BCeraa npurogHa.

B tabn. 7.3 npuseaeH pag boictpoaenctayowmx OY ana npumeHeHui, Tpebyowmx 60/1bloro 3HaYeHus fcp,
BbICOKOW CKOPOCTM HapacTaHWA M Manoro BpemeHu yCTaHOBAEHUA.

TN el N
:-_? _L Hue _fo 0.1%
i i

| Bpema ycmaHoBAEHMS|
T <
]
=
=
=
=
=
d
Puc.7.13.a — no mepe nodxoda Bx00HOU noepeuwHocmu K 30He 60MB CKopocmb HApPACMAHUS

ymeHbwaemcH, 6 — YCmMaHo8Ka ¢ BbICOKOU MOYHOCMbIO MOXcem OAUMbCA y0U6um€/7bHO doneo.

MorpewHocTb KoabdbuumeHTa ycuneHmsa. CyllecTByeT elle oAHa NOrpelHocTb, MNPUYMHOM  KOTOPOW
ABNAETCA KOHEeYHOoe 3HayeHue KoadduumeHTa ycunenma 6e3 OC, a MMEHHO: MOrpelHoOCTb KoadduumeHTa
ycuneHusa npu 3amkHyTol OC M3-32 KOHEYHOro MeT/IeBOro ycuaeHus. B ea1. 3 Mbl BbIBEAM BbiparkeHwe a4/
Ko3ddUUMEHTa YCUNEHUA PeanbHbI yeuantensa ¢ 3amrkHyton netneit OC, K = A/(1 + AB), roe A — KoapduumeHT
yeunenus 6es OC, a B — «ycuneHne» uenn obpatHoM cBsazn. MoXKHO 6blio Obl NpeanonoXnTb, YTO BENIMYMHA
KoapduumeHta ycuneHma QY 6e3 obpatHol ceasn A >= 100 ab ABnseTca BMOAHE AOCTAaTOYHOW, HO €CAn Mbl
nonpobyem CKOHCTPYMPOBATb CBEPXMPELM3NOHHYIO CXeMy, TO 3[€eCb Hac OXWAaeT ctopnpus. M3 npeablayliero
BblpaXKeHUs ANA KO3GPUUMEHTa YCUNEHMA HETPYAHO MOKAa3aTb, YTO «MOrPEWHOCTb YCUAEHUAY, onpeaensemas
KaK

oK = (KugeanbHbit — KpeanbHbii )/KuaeanbHbii

B TOYHOCTM paBHa 1/(A + AB) 1 MOXeT M3MeHATbCA B aAmanasoHe ot 0 npu A = G2 o 1 (100 %) npn A = 0.

YnpaxHeHwve 7.2. BbiBeAWTe TOIBKO YTO NPHBEAEHHOE BblpaKeHWe A1A NOrpellHOCTU Ko3adduLMeHTa yeuneHus.

Pe3ynbTUpyloWwas BesMYMHA YaCTOTHO-3aBMCUMOM MOrpelwHOCTU KO3GPULIMEHTA YCUIEHWUA AasneKka OT TOoro,
4yTObbI €M MOXKHO 6bIN0 NpeHebpeyb. Hanpumep, OY 411, y KOTOPOro KOabPUUMeHT ycuneHuns 6es OC Ha HM3KOM
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yactoTe coctasnaet 106 ab, OymeT AaBaTb MorpewHocTb ycuneHuss 0,5 % npu BKAOYEHUM €ro B CXemy C
PacyYeTHbIM 3HaYeHMem KoapduumeHTa ycuneHma ¢ 3amkHytor OC 1000. Ewe xy:ke TO, 4TO KO3bbUUMEHT
ycunenus 6e3 OC HaumHasa ¢ YyactoTbl 20 [, NagaeT co cKopocTbio 6 AB/0OKTaBa, Tak YTO Hal ycuauTenb numen 6bl
Ha 4acTtoTe 500 I norpewHocTb KoaddpuumeHTa ycunenma B 10 %! Ha puc. 7.14 agaHbl KpuBble 3aBUCMMOCTH
norpewHocTn KoaddbuumMeHTa YCUAEHNA OT YaCTOTbl NPU 3HaYeHUAX KoabduumeHTa ycunerma ¢ OC, pasHbix 100 u
1000, ana OP-77, MMelOWEro Ha HW3KOM 4acTOTe MCKAOYMTENBHO BbICOKMI KoadduumeHT ycunenma 140 ab.
OTctoga CTaHOBMTCA OYEBUAHbBIM, YTO A5 COXPAHEHWMA TOYHOCTM JayKe Ha CPpeAHMX YacToTax HeobxoAMMO MMETb
[0CTaTOYHO 6ONbLION KO3PPUUMEHT YCUNEHMA U BbICOKOE 3HavyeHue fcp.

01

0,01

NorpewHocTs ko3PPHUUHEHTE YCHNEHNHA,%

0,001

0m 0,1 1 10 100
Yacrora, My

Puc. 7.14.oepewHocmes ycuneHua OP-77.

MpuBeaeHHble rpaduKM Mbl MOCTPOUAM, UCMOABL3YA AaHHble B NAcNopTe KPWMBblE YAaCTOTHOM 3aBMCMMOCTM
KoaddumumeHTa ycunenma 6es OC. [Jaxke B TOM c/yyae, ecnm B cneumdukaumm Ha npumeHsemsin Bammn OY aaH
YKa3aHHbIn rpaduk, Ayduie Bcero MATM B 0OPAaTHOM HampaBieHUM — OT NaACMNOPTHbIX 3HAYeHWn fcp M
KoaddUUMEHTA YCUNEHMA MO MOCTOAHHOMY TOKY, BbIMMCAAA BeAMUYMHY KOadduumeHTa ycuneHua 6He3 OC Ha
MHTEpecCylole Hac 4acToTe, a OTCloAa M MOTPELIHOCTb YCUAEHMS KaK OYHKUMIO 4acToTbl. JTa npoueaypa

npnBOANT K Cheayrouemy Bblpa*KeHUHO!

1
by = ———
1+ B

roe B, Kak 0bbluHO, — Ko3ddUMUMEHT nepedayn Lenu obpaTHOM CBA3KU. PasymeeTca, B HEKOTOPbIX CXemax,

TAKMX KaK d)l/I}'IprbI, B MOXeT TaK¥e 3aBMCeTb OT YacTOoTbl.

YnpaxHerue 7.3. BoiseauTe npeacrtasaeHHoe soiwe soipaxeHue ana Ok(f).

MNepexoaHble HEAMHEMHblE MCKaXKeHWs U BbIXoAHOEe conpoTuBaeHne. HekoTopble OY MCNONb3YIOT NPOCTOM
NyLWNYy/AbHbIA BbIXOAHOW Kackah 6e3 cmelleHua 6a3 Ha ABa AMOAHbLIX Nepenaga B pasHble CTOPOHbI, Kak
OMNMCbIBaNOCh B pa30. 2.15. 3TO NPUBOAUT K UCKAXKEHMAM Knacca B Npu 3HAYEHMAX BbIXOAHOMO CUrHaNa, BAM3KMX K
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HY/t0, TaK Kak BO3Dy)Aalowmii MNOBTOPWUTENb KacKad, AO/KEH [aBaTb HanpsxeHuto 6a3 npupauieHne 2UB3
KaskbliA pas, Koraa BbIXOAHOW TOK MPOXOAMT Yepes Hyab (puc. 7.15).

“ -

OrpaHwueto P
CKOPOCMLI - [
Hapacma- -

-~
HUST X,
,
-

o Bpems

U,B

Puc. 7.15.Mlepexo0Hble UCKa#eHUsA Kaacca B 8 nyuwinysneHOM 8bIXOOHOM KACKAOe.

MepexoAHble UCKaXKeHWA MOryT ObITb CYLW,ECTBEHHbI, B YaCTHOCTM, B 001aCTN BbICOKMX YacToT, rae neTnesoe
ycunernune nagaet. OHO CUALHO ymeHblaeTca B Tex OY, rae BbIXOZ4HaA NyLWNy/bHad CXxemMa CMeLLLeHa B COCTOAHME
cnabolt npoBogMMocTu (Knacc AB). Mpumepom nocnedHero Tmuna ABASeTCs nonynsapHas cxema 741, B To Bpems
Kak y ee npeawectBeHHMKa OY 709 ncnonb3yeTtca nNpocToe CMelleHne BbIXOAHOro Kackada Knacca B. [pekpacHas
BO BCEM OCTa/IbHOM, cxema 324 no 3TUM NPUYMHAM MOXKET JaBaTb Ho/blUME UCKaXKeHWs. MpaBuabHbIN Bbibop OY
MMEeT KOAOCCa/ibHOE 3HayeHWe 414 MOJyYeHMA BbICOKOKAYECTBEHHbIX XapaKTepPUCTUK YyCcuauTenen 3BYKOBbIX
4acToT. BO3MOMXKHO, MMEHHO 3T WCKaKeHUA [Oat0T CYLLECTBEHHbIM BKAaZ B TO, YTO At0OUTENM 3BYKO3aMnMUcu
OTHOCAT K «LlWYyMaM TPaH3UCTOPOB». HekoTopble coBpemeHHble OY, ocobeHHO Te, YTO NpeAHasHayaroTcA 414
3BYKOTEXHWKWN, CMNPOEKTUPOBAHbI TaK, 4TOObl MOAYYMTb WCKAKYUTENBHO MANYD BEAWYMHY MepexoHblX
HENIMHENHbIX UCKaXKEHWN.

Mpumepamu moryt cny>kuts LT1028, LT1037 u LM833. LM833, B 4aCTHOCTU, MMeEET BO BCEM [Mana3oHe
3BYKOBbIX YacToT 20 Mu-20 Kl BEANYMHY HENMHENHbIX UCKaxKeHnin He 6onee 0,002 %. (MpaBaa, 3TO BCEro Aullb
3aBKa, Tak 4YTO He bydem CAULIKOM A0BepumBbll) Bce 3TW yCUAUTENN MMEIOT TaKsKe OYeHb HU3KMEe 3HaYeHus
HanpsxeHua LWymos; dakTuyeckn LT1028 Ha ceroaHs SBAAETCA MMPOBbIM YEMMMOHOM MO 3TOMY NapameTpy,
nmen ew = 1,7 HB/NTL (mMakc.) npu 10 Iy,

BbixogHoe conpoTusaeHne pasomKHyToro OY 6yaeT HamBbICIUMM MPW 3HAYEHUAX HaNPAKEHMA BbIXOAHOIO
curHana, 6M3KMX K HY/t0, MOCKO/IbKY BbIXOZHble TPaH3UCTOPbI PaboTaloT NPU 3TOM C HAMMEHbLIMMM 3HAYEHUAMM
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TOKa. BbIXxo4HOE MOJIHOE COMPOTMB/IEHWE pPACTET TaKMKe Ha BbICOKMX YacTOTax C NafdeHnem KoadoduumeHTa
YCUNEHUS TPaH3UCTOPOB (M3-3@ YACTOTHOM KOPPEKUMM) M MOXKET CAErka YBeAMUYMBATbCA WM HA OYeHb HU3KKUX
yacToTax Hnarofapa TemnepaTypHoOn 0BpaTHOM CBA3M Yepe3 KpUcTan.

MOMXHO Nerko OTMaxHyTbCA OT 3dPeKTa KOHEYHOCTU BbIXOAHOMO MOJIHOTO COMPOTMBAEHUA PA3OMKHYTOrO
YCUAUTENA, cunuTas, YTo obpaTHasa CBA3b BCe cnuweT. Ho ecan yyecTb, YTo HekoTopble OY MMENT BbIXoAHOE
COMNPOTMBNEHNE B PA3OMKHYTOM COCTOAHWMM MOPAZKA COTEH OM, TO CTaHeT ACHO, YTO 3TUM npeHebperaTb Henb34,
0COBEHHO MPWU ManbiX M CpeaHuX KoadduuMeHTax neTneBoro ycuneHusa. Ha pwuc. 7.16 noKasaHbl TUNMUYHbIE
rpadmKmM BbIXOAHbIX MOJIHLIX conpoTMBaeHnin OY ¢ obpaTHoM CBA3bIO 1 He3 Hee.
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Puc. 7.16.0 — u3amMepeHHbIe 4acmomHble 3a8UCUMOCMU NOIHO20 8bIXOOHO20 conpomussneHus b6e3 OC 04
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27 npu 3amkHymod OC.

PaboTa Ha eMKOCTHble Harpysku. KoHeuyHOe 3HayeHWe BbIXOAHOTO COMPOTUBAEHUA Pa3OMKHyTOoro OY
MOXKET ABUTLCA NMPUUMHON CepPbe3HbIX 3aTPYAHEHMI NPU NOMNbITKE PaboTbl Ha EMKOCTHYIO HArpysky. 3T0O CBA3AHO C
3aMasfplBaHMEM CcWUrHana wAuM caBurom  asbl, BbI3BAHHbIM KOMOWHAUMEN BbIXOAHOMO COMPOTUBAEHUA W
©MKOCTHOW Harpysku, MOAKAOYEHHOM Ha 3em/t0. Takasa CUTyaLMA MONKET MPUBECTM K HEYCTOMYMBOCTU CXEMbI C
06paTHOM CBA3bLIO, €CM 3HAYEHMIO CNada yCUAeHUa Ha 3 Ab yKa3aHHOM Lenu COOTBETCTBYET AOCTAaTOYHO HMW3Kas
YacToTa, TaK Kak NosBAAETCA cywecTBeHHaa AobaBka K casury dasbl B 90°, yxKe MMeloLLeMyca M3-33 YaCTOTHOM
KomneHcaumn. na npumepa AONYCTUM, YTO B KayecTBe Harpy3ku ana OY ¢ BbIXOAHbIM conpoTusaeHnem 200 Om
CNYKUT TPUALATUMETPOBbIN KOAKCHanbHbIM Kabenb. Harpy3ka akBMBaNEeHTHa KoHAeHcaTopy eMKocTbto 3000 nd m
obpasyeT RC-GMALTP HUMKHMX YaACTOT C TOYKOM, OTBeYatolen 3HadeHnto —3 ab, Ha yactoTte 270 KlU. 3TO HamMHOro
MeHblUEe YacToTbl eAMHUYHOTO yCuaeHusa ana tunuyHoro OY, noatomy aBTokonebaHua ByayT BecbMa BEPOATHBI
NpY BbICOKOM KO3DDUUMEHTE NETNEBOrO YCUNEHUA (HAaNpUMep, Y NOBTOPUTENS).

CyuiecTBytoT ABa cnocoba pelweHunsa 3Tux BonpocoB. OAMH M3 HUX COCTOUT B A0HABAEHUM NOCeA0BaTENbHO
BbIXOAY pPesncTopa W BBeAEHUM 0OpPaTHOM CBA3M Ha BbICOKMX YacToTax HemocpeAcTBeHHO C Bbixoga QOY, a Ha
HU3KMX YacToTax M MOCTOAHHOM TOKe — OT TOYKM NpucoeamHeHuna kKabena (puc. 7.17). KOHKpeTHble 3HayeHus
MapamMeTpoB, YKasaHHble Ha BTOPOM CXeme, XapakTepHbl Ana gaHHoro QY M CXembl ero BKAYEeHMA U AatoT
npeacTaBieHne O TOM, Kakasd eMKOCTb MOXKET CAYXWUTb Harpyskoi. Ho Takol npuem yxyalwaeT BbICOKOYACTOTHbIE
XapaKTePUCTUKN, TaK Kak obpaTHasa CBSA3b Ha BbICOKMX YaCTOTax He BAMAET Ha CUrHas Ha Kabene.
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Puc. 7.17.

BydepHble yCcUAUTEAN MOWHOCTU C eAMHUYHBbIM Ko3ddUUMEHTOM ycuneHus. Ecam meTton pacliennenms
Lenu obpaTHOWM CBA3U HEeNb3A NMPUMEHUTb, TO AyYlliee, YTO MOMHO cAenatb, — 3TO A006aBUTb bBydepHbIn Kackag,
CU/IbHOTO TOKa C eANHUYHBIM KO3DOULMEHTOM YCUAEHUA BHYTPb NeTan (puc. 7.18).
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Puc. 7.18.

YKa3aHHble Ha CXeme YCTPOMCTBA MMeT KO3ODUUMEHT YyCUAEHMA MO HANpsKeHWto, BAM3KMI K eanHULE,
Masioe BbIXOAHOE COMPOTUBAEHWE W MOrYT AaTb BbIXOAHOM TOK A0 250 MA. OHM He AaloT CKOAbKO-HMOYAb
3HaYMTENbHOrO caABura @asbl BMJIOTb A0 YaCTOTbl €ANHUYHOTO KoabdbuumeHTa ycuneHus fcp bonbwmHctea OV, m
MX MOHO BK/KOYATb B KOHTyp obpaTHOM CBA3KM Oe3 AO0NOJAHUTENbHOM 4acTOTHOM KomneHcauuu. B Tabn. 7.4
npuBeAeH KpaTKMi cnncok BydepHbIX yeunutenen. KoHeYHO e, 3TU «MOLLHble DYyCTepbl» MOXHO MCMO/b30BaTb
ana paboTbl C Harpy3skamu, Tpebyowmmm 60AbWNX TOKOB, HE3aBMCMMO OT TOrO, ecTb NMpob/ieMbl C eMKOCTHOM
Harpyskon wnm Het. K cosaneHuto, H6ONbWMHCTBO OydepHbIX ycuamTeneil He COLEP:KaT BCTPOEHHbIX Lenen
OfpaHUYeHMs Mo TOKY WAW NpeaoTBpalleHua TenaosBoro npobosa, NoO3ToOMy MX MpuMeHeHune TpebyeT
OCTOPOXKHOCTU. YCTPOWMCTBA, ABAAOWMECS UCKIOYEHMEM M3 3TOFO MpaBuia U MMetoLLMe BCTPOEHHYIO B KPUCTaN
3aWnTy, NepeyncneHsl B Tabn. 7.4, Hanpumep, LT1010.

3amMeTUM, 4YTO NpPMBEAEHHbIN Npumep Bbirasaen 6bl MHade, ecnn 6bl Kabenb Obln BKAOYEH HA CBOe
XapaKTepucTmyeckoe conpotusaeHne. OH AeicTBoBan Bbl Kak YMCTO aKTMBHOE COMpPOTMBAEHME B Npeaenax oT 50
00 100 Om B 3aBMCMMOCTM OT TUNa Kabena. B atom ciyyae bydepHbin yeunmutens Obin 6bl 0b6s3aTeneH u AoaKeH
6bin Aasatb Tok +200 MA ana co3gaHma curHana +10 B Ha Harpyske ¢ nofiHbiM conpoTtusaeHnem 50 Om. Bonee
[eTanbHO 3TOT Bonpoc obeyxkaaetca B pa3o. 13.09.

Ha cXemy M3 npeablayuero npumepa He BAMAKT BbIXOAHbIE MapaMeTPbI oy, MOCKOJIbKY OHa pa6OTaeT, B
CYWHOCTN, Ha MOCTOAHHOM TOKe.

7.08. Ycunumenu ¢ asmonoocmpouKol HysA
(cmabunusuposaHHble npepsieaHUeM)

[aske Haunydwue npeumsmoHHble OY, obnagatowime ManbiM CABUIOM, HE MOTYT CPaBHWUTLCA MO 3TOMY
napameTpy C MMeWMMM olesoMaalle Hu3koe Ucds Tak HasbiBaemMbiMU  «CTabUAM3MPOBAHHBIMMK
npepbiBaHMEM» UAM  «aBTOMATUMUECKM BbIOUPAOWMMUM  HYAb»  ONEepaLyoHHbIMU  yCcuautTenamm. MpoHusa
3aK/0YAETCA B TOM, YTO 3TV UHTEPECHble YCUAUTENM NocTpoeHbl Ha KMOIM-TpaH3ncTopax, BO BCEX OCTa/ibHbIX
CNYYanx OTNMYAIOLIMXCA CBOEM MNOCPeACTBEHHOCTbIO B TOM, UYTO KAcCaeTCs HanpsykeHus casura uan apenda.
MPUMEHEHHbIN, 34eCb TPIOK COCTOMT B TOM, YTO B KPWUCTaNN BCTPOeHbl BTOpol QY (HacTpauBaloWwmin Hyb), a
TaKXe HecKo/bKo aHanorosbix MOT-KAo4Yel 1 3aNOMUHaIOWMX NOTPELIHOCTb CABKUMa KoHAeHcaTopoB (puc. 7.19).
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Puc. 7.19. CmabunusuposaHHele npepsisaHuem OY muna 7650.

OcHoBHOM QY AelcTBYeT Kak OOblYHbIA HecoBepWeHHbI ycuautens. PaboTa Hy/b-yCUAUTENA COCTOUT B
OTC/NIeKMBAHMM BXOAHOrO caBura ocHoBHoro QY M MNOACTPOMKE Mo Mmepe HeobXoAMMOCTM  MeaseHHO
M3MEHAIOLLLErOCsA KOPPEKTMPYIOLLErO CUrHaNa C TeM, YTODbI NOMbITAaTLCA NMPUBECTU BXOAHOW CABUI TOYHO K HYJIHO.
MOCKONIbKY HYAb-YCUAUTENL CaM MMEET OWMDBKY cABuUra, MMeeTca elle OAMH UMK paboTbl, BO BPEMSA KOTOPOTo
HYNb-YCUAUTENb KOPPEKTUPYET COBCTBEHHOE HaMpaKeHue CaBura.

MNTaK, UMKN aBTOMOACTPOMKM HyAA MpOTeKaeT ciedytoWwmm obpasom: (a) Hyab-yCUauTeNb OTKALOYaeTca OT
BXOZa, €ero BXOAHble KNEeMMbl 3aKOpPayMBatloTCA, a Bbixod coeamHAaeTca c CI, KOHAEHCAaTOPOM, XPaHALLMM
KOPPEKTMPYIOWMIM CUTHAN; MPU STOM CABUT HY/b-yCUAUTENA CTAHOBUTCA PaBHbIM HYALO; (6) BXO4 HyAb-yCUAUTENS
NOAKAOYAETCA KO BXOZY CXEMbl, a BbIXOA — K KoHAeHcaTopy C2, XpaHAWeMy KOpPPEeKTUPYIOLWMIA CUrHAN
OCHOBHOrO yCUANUTENA; TeNepb CTAHOBUTCA PAaBHbIM HYJHO CABUI OCHOBHOTO ycunuTena. AHanoroeble MOT-katoum
YyMNpPaBAAOTCA BCTPOEHHbIM B KPWUCTaN/ FeHepaToOpOM C TUMUYHBIM 3HA4YEHWEeM YacTOTbl B HECKObKO COTEH repl,.
KoHAgeHcaTOpbl XpaHeHWA HaNpAXKeHMA OWMOKM MMEetoT TUNMYHoe 3HavyeHne emkocTu 0,1 MKD 1 B HO/bLINMHCTBE
C/y4aeB ABAAOTCA HABECHbIMM KOMMOHeHTamu; dupmbl LTC, Maxim un Teledyne BbinyckatoT psa yao6HbIX
yCuAUTeNen C aBTONOACTPOMKOM HYAA, B KOTOPbIX AUCKPETHbIE KOHAEHCATOPbI BCTPOEHbI NpAMO B Kopnyc MMC.

OY C aBTOMATMYeCKOM HACTPOMKOM HyAs Hauaydwmm obpasom aenaer To, AA8 4Yero OH W Bbin
CKOHCTPYMPOBaH, a MMeHHO: obecneumBaeT 3HauveHua Ucds (M TemnepaTypHOro KoadpodUUMEHTA) B NATb pa3
NyYlWMeE, YeM Y HaUAydlWMx MNpeumsmoHHbix bunonapHeix OY (cm. Tabn. 7.2). bonee Toro, oHW AenatoT 37O,
MO/IHOCTBIO COXPaHAs CKOPOCTb M Mosiocy nponyckaHua OY, B OTAMYME OT NMPUMEHABLUMXCA PaHEe CMHXPOHHbIX
YCUAUTENER, KOTOPbIE TaKXKe Ha3blBaaN «YCUAWUTENN C MPepbiBaHMEMY, HO KOTOPble MMENU NOAOCY NPOMyCKaHs,
OrPaHUYEHHYIO A0NAMM YacTOTbl TalMepa NpepbiBaTens (CM. HUXKe).

3To xopouwwne HOBOCTU. [noxMe XKe 3aKNH4aOTCA B TOM, YTO YCUMAMTEAN C aBTOMOACTPOMKOM Hynda MMeroT
pAn «HeAyros», KOTopble HamM HeobxoAMmo 3HaTb. [lpexae Bcero, byayum ycTporncteamm KMOIM-Tmna,
HONbWMHCTBO M3 HUX CEPbE3HO OrpaHMYeHbl MO BEANYMHE NUTAHMA (TUNMMYHOE NMONHOE HanpsXeHWe nNuTaHua 15
B) 1 nostomy He moryT paboTaTb OT OObIYHbIX MCTOYHMKOB MUTaHMA +15 B. MckatoueHnem u3 3Toro npasmaa
ABNAIOTCA «BbICOKOBO/IbTHbIE® QY C aBTONOACTPOMKOW Hyna dupm Maxim MAX430/2 n Teledyne TSC915 u
TSC76HV52, paboTatolume npu HanpsKeHun nutaHua +15 B. Bo-BTOpbIX, DOAbLIMHCTBO Takoro poda QY TpebytoT
BHEWHMX (HaBeCHbIX) KOHAEeHCaTopoB (McKkAodeHus: LTC1050, Maxim MAX430/2, Teledyne TSC911/13/14).

-32-



TpeTbs npobsema CO MHOTUMM YCUAUTENAMM AAHHOTO Tuna (0COBEHHO C TEeMM, Yy KOTOPbIX OrpaHWMYeHo
Hanps»eHWe MUTaHWA) COCTOUT B TOM, YTO Yy HUX 3HAUYUTENbHO OrPaHWYeH [AManas3oH BXOAHOTO CUHGbA3HOro
CUrHana; Hanpumep, nonynapHeii OY ICL7650 MmeeT rapaHTMPOBAHHbLIM AManas3oH CUHPA3HOTO BXOAHOMO
curHana ot — 5 po +1,5 B, Korga OH 3anuTaH OT OObIYHOrO A1 HEero MCTOYHMKa nuTaHua + 5 B (ana
ycoBeplueHcTBoBaHHOro QY ICL7652 3T10T AMana3oH coctasaseT oT -4,3 ao +3,5 B; 310 6bonee WUMPOKNM AManasoH,
HO MOCKO/IbKY OH HEe BK/OYaeT MNOTeHUMana MMHYCOBOTO WMCTOYHWMKA MUTaHWA, AaHHbIA YCUAWUTENb Henb3A
3aMuUTbIBaTb OT «OAHOMOMAPHOrO» MCTOYHMKA). HamMHOro nydwe obCTOUT A0 C BbICOKOBObTHLIMU YCUAUTENAMM
- Hanpumep, MAX432 nmeeT rapaHTUPOBaHHbIM AMana3oH CMHGbA3HOro curHasa ot —15 ao +12 B npu nutaHum ot
MctoyHmka =15 B. B T1abn. 4.1 nokasaHo, KakWe YCUAUTENM C MpepbiBaHMEM MMEOT AMana3oH cuHdasHoro
BXOZIHOTO CWUrHafa, OrpaHMYEHHbI CHM3Y HanpaXKeHWem NUTaHWA; XOoTa nonynapHbin ICL7652 He BXoAMT B 3TOT
nepeyeHb, oAHaKo yaydlieHHble Bepcun dnpm LTC (LTC1052) u Maxim (ICL7652B) B Hero BxoAsT, YTO NO3BOAAET
MCNONb30BaTb ANA UX NMUTAHMUA OBbIYHbLIA OLHONONAPHBIA UCTOYHMK.

YeTBepTbi HegocTaTok OY KMOM-TMna — ux cnabbllh BbIXOA MO TOKY, MHOM4A COCTaBAAIOWMIA BCEro NULb
1-2 MA. TpeBOCXOAHbIN BO BCEX OCTasibHbIX OTHOWeEHMAX, MAX432 MmoKeT BblaaTb TOK He 6onee 0,5 mA! Matol B
nepeyHe HeLOCTATKOB, HO Y4AaCTO MepPBOM MO BAXKHOCTU, ABAAETCA Npobaema LIYMOB OT TaKTOBOrO reHepatopa.
OHa BO3HMKAEeT M3-3a eMKOCTHOM cBA3nM B MOIMM-katovax (cm. pa3d. 3.12), 4To NPUBOAMT K PE3KMM Bblbpocam
curHana Ha sbixode. Cneupdukaumm 34eck 4acTo BBOAAT B 3abDNyKAEHME, TaK KaK B HUMX 0OblYHO OroBapmBaeTca
BE/IMYMHA OTHECEHHOTO KO BxoAy wyma npu Ru = 100 Om, a KpoMe TOro, ero Be/iinHa A3aeTcA TONbKO 414 OYeHb
HW3KMX 4YacTOT, Hanpumep, TUNWMYHOE 3HaAYeHWe OTHEeCEeHHOTo KO BXoAy Wyma coctasnder 0,2 MKB (ot
nocTosHHOro Toka Ao 1 Mu, npu Ru = 100 Om). OgHaKo MNpW HYJIEeBOM BXOAHOM CUTHaNe Ha BbIXOAE MOMKET
HabnoaaTbCA NOCNeA0BaTENbHOCTE MMMYAbCOB Yepeayowencs NoNAPHOCTU AANTENBHOCTBIO 5 MKC 1 BEIMYMHOW
15 MB! B HM3KOYACTOTHbIX CXeMax MOMHO (M HeobxoAMMOo) CTaBUTb Ha Bbixode RC-GUALTP, KOTOPbIA OrpaHUunT
nosiocy NPOMycKkaHUA [0 HECKOJIbKMX COTEH repl, M YyCTPaHUT yKalaHHble BblIOPOCHl. Takoro poda MMMYAbCHbIN
WYM HE MMEeEeT TaKXKe HMKAKOro 3HaYeHusa 1A UHTErPUPYIOLWMX cxem (Hanpumep, ana nHterpupytowero ALM, cm.
pa30. 9.21) AN ANA TaKOro PoAa CXEM, B KOTOPbIX BbIXOAHOM CUrHAN U3MEHAETCA MeA/IeHHO (Hanpumep, B cXxeme
C TepMOnapol Ha BXOA4e W BONbTMETPOM Ha BbiXxoAe). MTak, ecin BCe, YTO HaM HY»KHO — 3TO OTC/AeAuTb OYeHb
MeANIeHHO U3MEHAKWMACA CUIHAN, U eCan UCXOAA U3 3TOro Mbl OTOUABTPYEM BbBIXOAHOM CUTHAA GUABTPOM
HUMKHUX YacTOT A0 OYEHb MasiblX 3HAYEHMI YacToTbl (HMKe 1 TU), TO yCuauTenb ¢ npepbiBaTenem AenCcTBUTENbHO
[aCT HaM MeHbLWWIN WyMm, Yem 0bbIYHbIN Manowymawmn OY; cm. puc. 7.20.
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Puc. 7.20. Ha o4eHb HU3KUX Yacmomax cmabunu3uposaHHsie npepeisaHuem OY umerom wWymsi MeHbule,
yem 0bbiYHble manowymauwue OY. LLymel usmepeHsl 8 nosioce yacmom om O 00 yKA3aHHO20 3HAYeHUS.

(Maxim Integrated Products, Inc)

MocneaHaa npobnema, CBA3aHHaA C YCUAUTENSMW C aBTOMOACTPOMKOWM HyNA, — WX KaTacTpoduyeckue
XapaKTEPUCTMKM MO HacblleHuto. MMpoucxoamT credytoliee. ABTOMATMYECKM HacTpamBaloW@n Hylb CXema npw
NOMbITKE MPUBECTM PA3HOCTHOE HaMpAMKeHWe Ha BXOAE K Hy/lo AeWCTBYeT TaK, Kak ecin 6bl B MNOAHOM mepe
paboTana obpaTHas cBA3b. EcCAM BbIXOA, YCWAUTENSA HACbIWEH (MM ecayM  OTCYTCTBYET BHELWHAA Lerb,
obecneunBatollas o0bpaTHYKO CBA3b), TO Ha Bxoae byaeT 6osbwoe anddepeHUManbHOE HanpaXKeHue, KoTopoe
HYAb-YCUAUTENb BOCMPUMET KaK BXOAHYIHO MOrpewHocTb CABMra; MNpuM 3TOM OH CAeno BblAacT 6o0/blioe
KOppeKTMpYtoLLee HanpsXeHue, KoTopoe OyAeT NoA3apsaKaTb KOPPEKTUPYHIOLWME KOHAEHCATOPbI 40 Tex Nop, Noka
HY/b-YCUNTENb Cam He BOWAET B HacbllleHWe. BocCTaHOBAEHWE ANUTCA HEBEPOSATHO A0AM0 — A0 CeKyHAbl!

«JlekapcTBO» TaKoe: YyBCTBOBaTb, KOrfa BbIXOA, MOAXOAMT K HACbIWEHUIO U GUKCMPOBATL BXOA, YTOObI
NpenoTBpaTUTb HacbilleHne. bonblumHcTBO OY € aBTONOACTPOMKOM HYAS C 3TOM Le/blo CHabKeHbl «bUKcaTopom»
BbIXO4a, KOTOPbIA [ANA NpefoTBPALLEHMA HACbILEHMA MOAKAYAETCA Hasal, K WMHBepTMpylolemy Bxody. He
[ONYCTUTb HACbIWEHNA B yCUAMTEsNe C MPepbiBaHWEM, HE MMeloLWeM «OUKCMPYIOWEro» BbiBOAA (a TakxKe M B
0bbl4HOM QY), MOXHO, NOAKMOUMB NapafnefbHyto Lenb 0bpaTHOW CBA3U M3 ABYHANpPaBAeHHOro CTabuaMTPOHa
(mBa BCTpEYHO-NOCNEeAO0BATENbHO COEAMHEHHbIX CTabUAMTPOHA), KoTopaa OUMKCUPYeT BbIXOL Ha YpPOBHe
HanpsaeHua npobos CcTabuUAWTPOHa, He MO3BOAAA eMy AOCTUraTb HAMpPsXKeHWs MUTaHWA; Jydlle BCEro Takon
npoem paboTaeT B MHBEPTUPYIOLLEN CXeMe.

Koe-ymo ewe o cxemax C hpepsisaHuem

Ycunutens CO CBA3bIO MO MEepeMeHHOMY TOKy. PaccmaTpuBas oOnucCaHHble BbilWe YCUAUTEAN C
aBTOMOACTPOMKOM HY/A C MOMOLLbO NPepbiBaTeNA, He CnyTalTe 3TOT cnocob ¢ APYrMM MeTOAO0M «MNpPepbiBaHMAY,
a MMEHHO: C TPAAMUMOHHbLIM Y3KOMOJIOCHbIM YCUAUTENEM C TpepbiBaTeNieM, B KOTOPOM Masblid  CUrHan
MOCTOAHHOrO TOKa npeobpasyeTcs («npepbiBaeTca» C M3BECTHOW 4YacTOTOW) B CUrHaA MNEePeMeHHOro TOKa,
YCUMBAETCA YCUINTENAMM NMEPEMEHHOIO TOKA M, HAKOHEL, AeMOAYINPYETCA NyTeM HasoXeHUs Ha Hero curHana
ToM ke $OopPMbI, YTO UCMOMb30BaNACh NEPBOHAYaAbLHO AN NPEepbIBaHUSA UCXOAHOTO curHana (puc. 7.21). JaHHas
CXeMa COBEPWEHHO OT/IMYHA OT TO/bKO YTO PACCMOTPEHHOrO HamMM MEeToAa aBTOMOACTPOMKM HyNA C MOJAHOM
MONOCOV MPOMYCKaHWA, YTO OCOOEHHO MPOSABAAETCA B €e packayke Mpu noaxode 4acToTbl CMrHana K 4acTtoTe
TAKTOBOrO reHepaTopa, COCTaBAAoWEeN 0BbIYHO BCErO HECKONbKO COTeH repl. MHoraa sTo moxKHO HabnatoaaTb ¢
MOMOLLBIO CAMOMUCLA MU APYroro HU3KOYACTOTHOrO M3MepuTenbHOro npmbopa.
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Puc. 7.21. Ycunumenb ¢ npepsisamesnem U C8A3bt0 NO NEPEMEHHOMY MOKY.

TemnepaTypHble  cABWUMM. TlpW MOCTPOEHUW YCUAUTENEN MNOCTOAHHOINO TOKa C CYOMWKPOBOALTHLIMM
HanpsXXeHWAMM  caBura HeobxoAMMO NONMHOCTbO OTAaBaTb cebe OTYET B  BO3MOXKHOCTM  MOABNEHUSA
memnepamypHsix €08U208, KOTOpble co34atoT HebonbluMe Tepmo3anemMeHTbl, obpasyemble coeaMHEHMEM
Pa3HOPOAHbIX MeTannoB (cM. pa3d. 15.01). B cnyyae ecam napa TakMx COeAMHEHUA MMeET PasHyto TeMnepaTypy,
Mbl noayd4aem 3¢pekT 3eebeka («Tepmo-3. 4. C.»). Ha npakTuke 0ObIMHO MMETCA TOUYKM COoeAUHEHUN
NPOBOAHMKOB C Pa3IMYHbIM NOKPbITUEM; TEMMNEPATYPHbIM rPagMeHT UAKN AaxKe HeDOMbLIOW NOTOK BO34yXa Jerko
MOET BbI3BaTb MOABMEHWE HAMPANKEHUA B HECKONbKO MWKPOBOALT. [la)ke OAHOTUMHbIE MNPOBOAA Pa3HbIX
M3roTOBUTENEN MOTYT [aBaTb TEPMO-3. 4. C. BeandmHon 0,2 MKB/°C, B uyeTbipe pasa 6o/blile, Yem NacnopTHoe
3HayeHue apeinda MAX432! Hamnyywimii cnocob WCKAOYUTbL BAMSHME TEMNAOBbIX MOTOKOB M rpagMeHToB — B
CMMMETPUYHOM, HAaCKONbKO 3TO BO3MOMHO, PAcNoNOKEHNN MPOBOAHWMKOB M KOMMOHEHTOB Ha NeYaTHOW naaTe.

BHelwHAs HacTpolka Hyna. ®dupma National BbinycKaeT MNpeBOCXOAHbLIA UMM «aBTOMOACTPOMKM  HyNa»
(LMC669), KOTOpbI MOXHO MCMO/1b30BaTb KaK BHELIHWMA HY/Nb-yCUAUTEb, NPEeBPaLLatomMin 1060 BbIBpPaHHbLIN
Hamu QY B yCUAUTENb C aBTOMOACTPOMKOM Hyns (puc. 7.22).
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Puc. 7.22. UMC LM669 0na sHewHell asmonodcmpoliKu HynA.

Hanbonee ectecTBEHHbIM ABASETCA BKAOYEHME STOrO KPWUCTANNa B MHBEPTUPYIOWYHO CXEMY, MPU KOTOPOM
OH, KaK MokasaHo, 3aZlaeT Ha HEMHBEPTUPYIOLWEM BXOAE TaKOE HanpsXeHWe, KOTOPOe NPUBOAUT BXOAHOM CABUT K
Hy/to. PaboTaeT aTa cxema He CTO/b XOPOLWO, KaK PAaCCMOTPEHHble paHee CneuuanbHO npefHa3HavyeHHble AnA
3TUX LeNeln yCUANTEeNU C aBTONOACTPOMKON Hyna: Ucde cocTasnaeT 5 MKB (Tun.) nam 25 mkB (makc). OgHako oHa
MO3BONAET HaM WMCMNO/Ib30BaTb METOZ aBTOMOACTPOMKM Hyna ¢ Atobbim OY. MOXKHO, Hanpumep, NPUMEHUTb ero
O1A YCTAHOBKM Hy/NA HEMPEeLM3MOHHOro, HO MOLWHOIO MAKM BbICOKOCKOpPOCTHOro OVY. lMNpeAacTaBNeHHble Ha CXxemax
Tunbl MMC-xopolme npumepsl. LM675 — npeBocxoAHbii MoLLHbIM QY (BbIXOAHOM TOK 3 A, C/I0XKHAA BCTPOEHHas
B KPMCTaN/ cxemMa TOKOBOM W TEMA0BOWM 3allMTbl), MMEWLINN, OAHAKO, HanpaxeHue casura A0 10 mB (makc).
ABTOMNOACTPOMKA HyNA ymeHbluaeT ero npumepHo B 1000 pas. B cBoto oyepesb, LM6364-6bICcTpoAeNCTBYOLLMI
yeuantens (fo,= 175 MIU, ckopocTb HapacTaHua cocTasaseT 350 B/mkc) ¢ Hanpsxernem casura 9 mB (makc),
KoTopoe ymeHbliuaeTca 3aech pa3 B 400. ObpaTnte BHUMaHWe Ha dunbTpytolme RC-LENOYKM KaK Ha BXOAE, TaK U
Ha BbIXOAE CXeMbl aBTOMOACTPOMKM HyNA: OHM HeobxoAuMbl, 4ToObl MOAABMTL LUIYMbl MPepbIBAaTENS B 3TOM
(MeoneHHOM) KoppeKkTUpytoLLen MeTne, Koraa AaHHbl MeToA MCMOMb3YeTca AN YCUAEHUA MasblX CUFHaN0B U C
TaKMMWU MaNoLIYMALLMMM YCTPOMCTBaMM, KaKoBbIM aBaseTca LM6364 (8 HB/VIu).

N3mepuTensHbii  ycunmutenb. Elle oaMH MEeTo «NpepbiBaHUA», TaK Ha3blBAEMbIA «KOMMYTUPYEMbIA C
aBTOMOACTPOMNKON Hyna» (nam KAH) ycunutenb, nepsoHavyanbHO Obii npumeHeH pupmolt Intersil. B aTom meTosge,
KoTopbI Obln BonoweH B MMC ICL7605 n3ameputenbHOro YyCUANTeNs C «naaBalowmm KoHaeHcatopom», MOI-
TPAH3MCTOPHbIE KAOUYM A3t0T BO3MOMKHOCTb 3aNOMHUTL ANddEepeHLManbHbli BXOAHOW CUrHaA Ha KOHAEeHCaTope,
a 3aTeM YCWU/IUTb €ro C MOMOLLbIO HEUHBEPTUPYIOWErO YCUAUTENs, CTabUAN3MPOBAHHOMO npepbiBaHWem (puc
7.23).
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Puc. 7.23. flugppepeHuuansHsili ycunumens ICL7605 ¢ «naasaroujum KoHOeHcamopom» u 8eicokum KOCC.

Kak M y CcTaHOapTHOro ycWuAMTeNa C aBTOMNOACTPOMKOW Hyns, 3[ecCb TaKKe umetoTcs obyc/ioBneHHble
3apAA0BOM CBA3bIO BbIOPOCHI C TAaKTOBOM 4YacTOTOW, KOTopble HanaratoT Ha KAH-meTon Te e orpaHuyeHus,
KOTOpble Mbl BUAENM paHee. XOTA B NEPBOM M34aHUWU Mbl C SHTY3MA3MOM roBopuin o KAH-ycuantenax, 4to «...
NpeAcTaBAAeTCcA XOPOLWMIN Caydalt KOpeHHbIM 06pasom yaydlinTb TOYHOCTb OY M TEXHONOTMIO M3MEPUTESbHbIX
yCUAnTenem», oAHaKO MX MNPEB3OLWM YAyYlLIEHHbIE CXEeMbl aBTOMOACTPOMKM HYAA, B KOTOPbIX CUrHan Bceraa
NPOXOAMT Yepe3 oAuH ycuauTenb. Tem He meHee, oTaaBas Ao/mkHoe KAH-ycuautento, HeobxoaMmo OTMETUTS,
4yTO NpMmeHeHHbIn B MMC 7605 meToa, «nnaBatoLLero KoOHAEHCATOpa» MMeET PAA, YHMKANbHbIX AOCTOMHCTB, B TOM
yucne Amanas’oH CUMHGA3HOrO BXOAHOMO HanpsaxkeHusa, Ha 0,3 B npeBblwalowmin o0ba HanpaKeHUs nuTaHus,
MUHMMaNbHoe 3HadeHue KOCC 100 ab paxe npu eguMHMYHOM YCUAEHWM, a TaKKe Camoe MaJioe cpean BCex
MOHOMUTHbIX YCUAUTENEN HanpsKeHue casura. [lpyM MCMONb30BAHUM 3TUX YCUAMUTENEN, OAHAKOo, Hesb3s
3abbIBaTh, YTO HEOOXOAMMA GUALTPALMA LIYMA Ha BbIXOAE, HAaMpAKEeHUe NUTaHUA OrPaHUYeHo BesnYnMHOM + 8 B,
a MOJIHOE COMPOTUBAEHME HArpy3kMm [A0/KHO OblTb BbICOKMM, MOCKO/IbKY MOJIHOE BbIXOAHOE COMPOTUBAEHME
nepuoamnyeckn (c TaKTOBOWM YacTOTOM) BO3pacTaeT.

FfoToBbIM  6AOK  «nnaBaloWlero  KoHaeHcaTopa»  LTC1043 no3BosdeT Bam  CaMWM  M3rOTOBWUTb
ambdepeHumanbHbln yeunutens ¢ Boicoknm KOCC. M3amepuTtenbHble ycuamMTenn noAapobHO paccMaTpuBatoTCs B
cnepytoulem pasaene. bonbUWMHCTBO BbiNyCKaeMblx B HacToAulee Bpems OY ¢ aBTONOACTPOMKON HYAs BKIKOYEHDI
B Tab/MLy NPeLM3MOHHbIX ONepaLMoHHbIX ycunuTtenen (tabn. 7.2).
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OnddepeHumanbHbie 1 U3MEPUTENbHbIE YCUAUTENN

TEepPMUHOM «MU3MEPUTESNbHbLIA yCuAMTeNb» 0603HavatloT anddepeHuManbHblM yCUAUTENb CO CBA3AMM MO
NOCTOAHHOMY TOKY, BbICOKMM KO3IOPUUMEHTOM YCUAEHMA, BbICOKMM BXOAHbIM MOIHbIM COMPOTUBAEHUEM U
6onbwmm KOCC. Takue ycuauTenn WUCNOAb3YIOTCA ONA YCUAEHMA Manbix auddepeHUManbHbIX  CUrHaNoB,
NPMXOAALLMX OT AATYMKOB, K KOTOPbIM MOTYT BbITb NpUMeLLlaHbl BobluMe CUHPA3HbIE CUTHAAbI UKW NMOCTOAHHbIE

YPOBHM.

MpUMepoM TaKMX OaTYMKOB ABAAETCA TEH304aT4MK — PE3UCTOPHbIM MOCT, Yy KoToporo, Aedopmaums
(yanuHeHne maTepmana, K KOTOPOMY OH MPUKPEn/eH) Bbi3blBaeT M3MEHeHMe conpoTuaaeHna (cm. pasod. 15.03). B
pesy/nbTaTe M3MEHAEeTCA BbixoaHoe AnddepeHUmanbHOe HanpaKeHWe MOoCTa, BO30yXKAaemMoro GUKCMPOBAHHbIM
NOCTOAHHbIM cmelleHnem +10 B (puc. 7.24).

+108

Dudd.
yeuammens

Puc. 7.24. Mocm u3 meH300am4uKo8, NOOKAOYEHHbIU K yCunaumento.

Y BCEX PE3UCTOPOB MPMMEPHO OAHO M TO e COMNpPOTMBAEHME (TUNMYHOe 3HayeHue 350 Om), HO OHMU
noAgepratoTca pasnnyHoin aedopmaumm. YyBCTBUTENBHOCTL MO BCEM LiKane 0bbl4HO pasBHa 2 MB Ha 1 B, noatomy
[ManasoH M3MEHEeHMs BbIXOAHOro curHana byaet paseH 20 MB npu noctoaHHOM BO3Oy:KAeHun 10 B. IT0
HebosblWwoe AnddepeHLUManbHOE BbIXOAHOE HAMpPAXKeHMe MPOMNopuUMOHaNbHO aAedopmalm M HaNOXKeHO Ha
MOCTOAHHbIN ypoBeHb 5 B. [nddepeHumanbHbii yeuantTenb Ao/xKeH obnagaTb MckaoumntensHo bonbwmm KOCC
ONA YCUNEHUA MUANMBONBLTOBOrO AMbdepeHUManbHOro curHana npu ogHOBPEMEHHOM MNOAABAEHUWU CUHPA3HOM
nomexu ~ 5 B. MNpeanonoxnm, Hanpumep, 4TO Mbl XOTUM MMETb MakcMManbHyto ownbkry 0,1 %. Tak kak 0,1 % ot
noaHoM wkanbl ectb 0,02 MB, HanoxeHHble Ha 5000 mB, KOCC gonskeH npesocxoamTb 250000:1, T. e. ~ 108 ab.

Cnocobbl, NpPUMeHseMble A8 CO3J@HMA  XOPOLWMX  U3IMEPUTENbHbIX  ycuauTenen u  Booblle
onddepeHUnanbHbiX YCUANTENEN C BbICOKMM KO3DOULIMEHTOM YyCUAeHUA, NoaobHbl TONbKO YTO 0bCyKAaBLIencs
cxemoTexHuke. CylLecTBEHHbIMKM  ABAAKOTCA MOrpPewHoOCTM TOKa Ccmeuwlenua, casura m KOCC. HavHem c
obcykaeHna anddepeHUManbHbIX yCUANTENEN ONA HEKPUTUYHBIX NPUMEHEHWUN, 4Tobbl OUEHUTL TpeboBaHMA K
HMM M CXEMHbIE MYTU UX YAOBNETBOPEHMA.

7.09. [lpocmol pa3HOCMHbIU ycuaumerb

TunmnyHaa cuTyaumsa, B KOTOpOM AOCTaTO4YHO YyMepeHHOe 3Ha4dYeHune noaaB/eHUNA CVIHd)a3HOFO CUrHana,

-38 -



noKasaHa Ha puc. 7.25.
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Puc. 7.25.Cmabunuzamop moxa.

JTa TOKOYYBCTBMUTE/IbHAA CXema MNPUMEHAETCA KaK 4YaCTb WMCTOYHMKA MMUTAHMA MNOCTOAHHOrO TOKa AnA
CO3[aHMA HEeW3IMEHHOro TOKa B Harpyske. [lafeHWe HanpaXXeHWA Ha YeTblpexnpoBOAHOM MPELM3MOHHOM
mowHom pesnctope 0,01 Om NpONopPLMOHANLHO TOKY HarpysKu. XoTA O4MH KOHeLl, pe3nctopa RS npucoedmnHeH K
3emne, ryno 6bi1o Obl MCNOMb30BATb OAHOBXOAOBbIA YCUAUTENb, MOCKOAbKY MUIMOMHOE COMPOTUBAEHME
coeauHeHns gacTt owmnbry B 10 %! OueBMAHO, 4YTO HyXKeH AudbdepeHUManbHbIM YCUAUTENb, HO OT HEro He
TpebyeTtca ocobeHHO BbicOKM KOCC, nockosbKy cuHba3Hble nomexu b6yayT manbl. OY BKAOYEH B 0ObIYHYLO
KOHQUIypaLMIo pPasHOCTHOrO YycUAuTens, Kak 6bin1o onucaHo B pas3d. 4.09. Pesuctopbl RI, R2 m R5 —
NPeuM3nOoHHble NPOBOJ/IOYHbIE PE3UCTOPbLI AN MAaKCMMaNbHOW CTabUAbHOCTU KoadduumeHTa ycuneHmsa, a R3 u
R4, onpeaensatoume KOCC, — npocTble 0AHOMPOLEHTHbIE METaNNOoNAEHOUYHbIE PE3UCTOPbLI. Takum obpasom, BCA
CXeMa MMEeeT TOYHOCTb KO3hdULMEHTA ycuneHus, Ban3Ky0 K TOYHOCTM TOKOYYBCTBUTENIbHOMO Pe3nCcTopa, M MMmeeT
KOCC nopsaaka 40 ab.

MpeumsnoHHbln  anddepeHUManbHbld — yeunutens. [Ona TakMM NPUMEHEHWR, Kak YyCUJEeHWe CUTHanoB
TeH3ogaTymkos, Tepmonap u T. n., KOCC, pasHoro 40 b, coBepleHHO HeA0CTaTOMHO, @ HYXKHbl 3HAYEeHUA BPOAE
100 mam 120 ab. B npeablaywem npumepe C TEH30A4ATYMKOM Yy HAc mor ObiTb anddepeHuManbHbIi CUrHAN
HebanaHca nopsaaka 2 MB Ha 1B. Ecau TpebyeTtcsa TouHocTb 0,05 %, TO HyXHO noaasneHue cuMHba3HOro curHana,
Kak MUHUMYM, 114 aBb. (3ameTbTe, YTO 3T0 TpeboBaHME MOMKET ObITb 3HAUYUTE/IBHO CMATYEHO B TOM C/lyYae, Koraa
«HYNb» YCUAUTENA paBeH CUMHObA3HOMY HaMpPsXKEeHWIo, Kak 3TO MOXHO MO/yYnTb B N1aDOPaTOPHbIX YCOBUAX.)
HanpawwuBatoweecsa pewenne ana ynydweHns KOCC — yBeNMYUTb TOYHOCTb PE3UCTOPOB PA3HOCTHOM CXeMbl
(puc. 7.26).
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Puc. 7.26

3HaYeHUs Pe3NCTOPOB BbIGMPAOTCA TaK, YTObbl CONPOTMBAEHUS OONbLWIMX PE3UCTOPOB OOpPaTHOM CBA3M
Niexanu B AManasoHe HOMWMHANO0B AOCTYMHbIX MPEUM3VOHHbBIX MPOBOJOYHbLIX PEe3MCTOPOB. [1pu MCMO/b30BaHUM
pe3ucTopos ¢ aonyckom 0,01 % KOCC 6yaeT okono 80 ab (68 Ab B xyawem caydae), ecam OY umeeT 6onbluoe
KOCC. [na nonydeHus HyNeBoi YyBCTBUTENbHOCTM K CUHGbA3HbIM MOMEXaM HYMKEeH, Kak MoKa3aHo, TONbKO OAMH
NOACTPOEYHbIM NoTeHUMOMETP. MpK yKa3aHHbIX NapameTpax MOXKHO MNOACTPOMKOM CBECTM CYMMApPHYHK OWWNOKY K
BenmndnHe 0,05 % (4yTb Bosblle MaKCMMasibHOWM OWKWBKM pe3suncTopa). Mpuuyanmeas Uenb, NoKasaHHas Ha
PUCYHKE, MPMMEHEeHa MOTOMYy, YTO MOACTPOEYHble MOTEHLMOMETPbl C MaJibiM 3HAYEHMEM COMPOTMBAEHUA CO
BPEMEHEM MOTYT TEePATb HACTPOMKY, U ay4dlle 0OOMNTUCL HEe3 HUX.

3amevyaHWe 0O noaaBneHMM CUMHOA3HOW MOMeXM MNepemMeHHOro ToKa. Mcnonb3oBaHue xopowero OY u
TWaTeNbHaa NoAcCTpoiKa no3sonatoT goctuyb KOCC B 100 ab 1 6onee Ha NocTosHHOM Toke. Ho npoBosioYHble
PE3UCTOpPbI, KOTOPble HYXHbl A8 CTabWAbHOCTM, MMEIOT HEeKOTOPYH MHAYKTUBHOCTb, M3-3a KoTtopon KOCC
YXYALAETCA C 4YacToToM. ITOT addeKT, obwmii Ana BCEX CXeM, KOTopble Mbl Oyaem paccMaTpmMBaTb, MOMXHO
YMEHbLMNTb MpUMeHeHMeM 6e3bIHAYKTUBHbIX MPOBOIOYHbIX Pe3ncTopoB (TMna Aryton-Perry). 3ameTvm Takike,
4yTobbl MOAYYMTL Xxopowmnit KOCC Ha BbICOKMX 4acToTax, HeobxoAMmo cOanaHCMpOoBaTb EMKOCTU CXeMbl. ITO
MOXeT NoTpeboBaTb CTPOroro 3epPKasbHO-CUMMETPUYHOIO PACMONOKEHNA 3NEMEHTOB.

®upma Burr-Brown BbinycKkaeT pag NpeunsmoHHbIX AnddepeHUManbHbiX YCUAUTENEN, YKOMMNIEKTOBAHHbIX
NOAOTrHAHHbIMKU APYr K APYry pe3ucTopamu, B O4eHb yA0HHOM 8-LTbIpKOBOM Kopnyce MWHK-DIP. INA 105 —
YCUNUTEND C €[IMHUYHBIM YCUIEHMEM (MaKCMMa/ibHaa NOrpPewHoCTb KoadduumeHTa yemnenuns +0,01 %), BXOAHbIM
conpotmeneHmem 25 kKOm, a INA 106 nmeeT KoapdUUMEHT ycmneHus 10 C TaKOM Ke TOYHOCTbO W BXOAHOE
conpotusnerme 10 kOm. KOCC nocnegHero He meHblie 94 ab, UcgMakcmym 100 MKB v oH ycToMumB npu paboTte
Ha eMKOCTHYt0 Harpysky o 1000 n®. ®dupma Burr-Brown BbiMyCcKaeT TaKKe BapMaHT CXeMbl, MMetoLel 6oblwoi
[ManasoH BXOAHOTo cMHbasHoro HanpsxeHua (200 B) U onncaHHOM HUKe.
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BbICOKOBOMBTHLIN AnMddepeHUmanbHblt  yeuamTenb. Ha puc. 7.27 nokasaH pasymHbiil cnocob paclimpeHms
[ManasoHa cMHGA3HOTO HaMPAXKEHWA BXOJa B CXEME Pa3HOCTHOrO YCUAUTENN 3a rpaHuLbl HanpsKeHUa NUTaHus
6e3 COOTBETCTBYIOLErO YMeHbLUEHUA AndbdepeHLManbHoro KoabdbuumeHTa ycnneHms.
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Puc. 7.27. fluppepeHuuansHsili - ycunumens ¢ 60aAbWUM  O00ONYCMUMBbIM  CUHGA3HbIM — HANPAXEHUEM,
nocmpoeHHsIl Ha HU3Ko80AbmHbix OY.

U2 BocnpuHUMAEeT CMH}A3HbIA CUTHaA, MMetowninca Ha Bxode U1, M BO3BpaALLAeT ero ¢ MHBepcuen yepes R5
M R6. Tak Kak Tem cambiM CUHA3HbIM cUMrHan Ha Bxogax Uln U2 nonHoctbto nopasnsetca, 1o KOCC atux QY
ABNAETCA HecyllecTBeHHbIM. OKoHyaTenbHoe 3HayeHne KOCC 37Ol cxembl oOnpeaensetcs TOYHOCTbHO
COrnacoBaHmA oTHOLEHUI pe3uctopos R1/R5 — R3/R6 6e3 ocobbix TpeboBaHMt K TOUHOCTN R2 1 R4.

Cxema MMeeT AMana3oH CMHGA3HOro BXOAHOro HanpsxeHua +200 B, KOCC-80 ab n andbdepeHumManbHbil
KoapduumeHT yemnenuns 1,0. B ycuantene ¢ eanHmyHbiM yeunenmem INA117 dbupmbl Burr-Brown ana nonyveHus
H60nbWOro AnanasoHa CMHGA3HbIX HANPAKEHWN UCMONB30BAH APYroM NpMemM, 3 UMEHHO PEe3UCTUBHBIN AennTenb
HanpsxeHua 200:1 ana Toro, 4tTobbl NPUBECTU BXOAHOM curHan + 200 B K obbiyHOMY AmManasoHy cuHdasHoro
HanpsxeHua OY = 10 B (puc. 7.28). 3Ta cxema npoLle, Yem cxema Ha puc. 7.27, HO 3[4eCb CYLIECTBEHHO XyXe
napameTpbl casura U wymos: Ucds = 1000 mkB (y INA 105-250 mKB), a HanpsaKeHue BbIXOAHbIX LYMOB (MOHasA
amnantyaa B ananasoHe 0,01-10 u) aocturaet 25 MkB — npotme 2,4 mkB y INA 105.
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Puc. 7.28. AuddepeHumansHbit yeunmtens INA117 ¢ amana3oHOM BXOAHOTO CUMHPa3HOro HanpsxeHusa +200

YBenmyeHne BXOOHOrO COMPOTMBAEHMA. Pa3sHOCTHaA cxema C TWATeNbHO MOACTPOEHHbLIMM 3HAYEeHMAMMN
Pe3nCTOPOB, Kal3anocb Obl, A0/MKHA AaTb HyKHble paboyme MapameTpbl, HO 3TO BMeYyaT/NeHMe NPOXOAMT, eCiu
NOCMOTPETb Ha OrpaHWMYeHMA, HakNaAblBaeMble Ha COMPOTUBAEHWA WCTOYHWMKOB. N4 NOAyYeHMA TOYHOCTM
KoapduumeHTta ycunenma 0,1 % c nomoubto cxembl puc. 7.26 CONPOTUBNEHNE UCTOYHMKA CUTHANOB AOIKHO ObITb
meHbLie 0,25 Om! bonee Toro, ans nonydeHmns KOCC 100 ab BHYTpeHHee NOJIHOE COMPOTMBAEHUE MCTOYHMKA Ha
[BYX €ro BblBOJAX AO/KHO ObiTb COrnacoBaHo C TodyHocTbto Ao 0,0025 Om. 3T0 cneayeT M3 pPacCMOTPEHUs
SKBUBANIEHTHOW cxembl (puc. 7.29).

W1 R i
R Cur-
menk Han
| —— )
C [:“H[p_ R“'l R“E
nomexa

Puc. 7.29.

TpeyrosiibHMKammn 0603HaYEeHbI LIEIMKOM PA3HOCTHbIE yCUAnTenn nam soobule nobblie anddepeHumanbHble
UAN n3MepuTenbHble ycuamtenu, a Rul n R,,- 3KBMBANEHTHbIE COMPOTMBAEHMA MCTOYHMKA Ha KaXKAOM BbIBOAE.
Bca cxema ycmnutens ana cMHobasHbIX CUIHAN0B BK/AKOYAET B ceba 3TW CONPOTUBAEHUS MCTOYHMKA, COeAMHEHHbIEe
nocneaoBaTesibHO C BXOAHbIMM  pe3auctopamm RI u R3 (puc.7.26 n 7.27), noatomy KOCC 3aBucuT OT
cornacoBaHHoct Rul + R1 c R,, + R3. KoHeuyHo, TpeboBaHMA, KOTOPbIE NPeabaABAAOTCA 3TOM CXEMOM K MOJIHOMY

CONpPOTMBAEHNIO NCTOYHWMKA, KaK MOKa3aHO Bbllle, OKa3bIiBaOTCA CAULLIKOM XECTKMMU.
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HeKoTOporo yaydylleHMAa MOXHO [O06UTbCA 33 CYET YBE/MYEHMS 3HAYeHW pPe3nCcTopoB, MNPUMEHAs
T-06pa3sHyto Uenb 419 Pe3ancTtopoB 0b6paTHOM CBA3M, MOKa3aHHyo Ha puc. 7.30.
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Puc. 7.30. [uchpeperHyuansHsie  ycuaumenu ¢ T-06pa3Heimu uenamu, obecneyusarowumu bonsuwiue
3HQYEHUA NOsIHO20 BXOOHO20 CONPOMUBAEHUA NPU MEeHbWUX CONPOMUBAEHUAX pe3ucmopos obpamHol ceAa3u.

3T0T BapuaHT T-06pasHoi Uenn Ans anddepeHumanbHoro yeuautens obcyxkaanca 8 pasd. 7.06 n 4.19. MNpwu
0603HayeHHbIX Ha puc. 7.30 3HAYEHMAX PE3UCTOPOB ycuneHne anddepeHLManbHOro HanpaxeHusa OyaeT OKoso
1000 (60 ab). Ans TouyHoCTU KOoabdUUMeHTa ycuneHna 0,1 % nosHoe CoOnpOTUBAEHWE MCTOYHMKA [OKHO ObiTb
MeHblle 25 Om 1 cornacoBaHo (Ha BbiBOAax MCTouHMKa) Ao 0,25 Om, 4tobbl nonyumnts KOCC 100 ab. 3710 no-
NpexXHemy Henpuemnemble TpeboBaHUA K UCTOYHMKAM B DOMbLIMHCTBE NPUMEHEeHWN. Hanpumep, TeH304aTYMK
MMeeT NOJIHOe BHYTPeHHee conpoTuaaeHne okoao 350 Om.

PafvKanbHoe pelleHMe 3Tol  npobiembl  3akAo4aeTcd B MCMO/b30BaHMKM  MOBTOPUTENEN  WUAK
HEMHBEPTUPYIOLWIMX yCUAUTENen A8 NONYYEHMS BbICOKOrO MOJHOMO BXOAHOMO COMPOTMBAEHMA. Haunbonee
npocToi cnocob — 310 A06aBUTL MOBTOPUTENN K 0BblMHOMY AnddepeHUmanbHoMy yeunuTento (puc. 7.31).
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Puc. 7.31. flugppepeHyuansHsili ycunumerns C 8bICOKUM Z8X.

MpY NOAYYAIOUIMXCA KOMOCCANbHbIX 3HAYEHMAX BXOAHOTO MOMHOMO COMPOTUBAEHMA BOMPOCHI MOJHOMO
COMPOTUB/IEHMA HAC yKe He BOMHYIOT, MO KpalHel mepe Ha NOCTOSHHOM ToKe. Ha 6osiee BbICOKMX YacToTax CHOBa
BA’KHO MMETb COr/1acoBaHHble MOJIHbIe COMPOTMBAEHMA UCTOUYHMKA ANA CMHGA3HbIX CUTHANO0B, TaK Kak BXOAHas
€MKOCTb CXeMbl B KOMBMHALMM C CONPOTMBAEHNEM UCTOYHMKA 0BpasyeT AennTeNb HanpsaskeHus. 1104 «BbICOKMMM
4acTOTaMM» YacTo MMEeTCs B BU/Y MPOCTO YacTOTa HaMPAXKEHUA CETW, MOCKObKY HaBoAKa CMHbA3HOM nomexu oT
CeTV NUTaHUA CXeMbl — 3TO 0BblYHaA HEMPUATHOCTb; Ha TaKOM YacToTe BXOAHaA MKOCTb B HECKO/IbKO nuKodapas
HeBakHa.

7.10. CmaHOapmHebIlU usmMepumernbHbil ycuaumesns Ha mpex
oy

OOHUM M3 Hel0CTAaTKOB OMMCAHHOW CXEMbl C MOBTOPUTENAMM Ha puc. 7.31 aBnaeTca To, YTo B Hell TpebyeTcs
6onbwort KOCC u B nosToputensx, 1 B BbixogHoM OVY. NocKoNbKy BxodHble BydepHble ycunutenn paboTatoT C
eAMHUYHbIM YyCUNEeHMEM, BCe NodasaeHne cMHba3HbIX NOMEX AO/IKHO NPOUCXOAMTL B BbIXOAHOM YCUAUTENE, YTO
TpebyeT, Kak OblN0 yKa3aHO, NPELM3NOHHOrO COrMacoBaHmMA pesncTopos. Cxema, n3obpaxkeHHaa Ha puc. 7.32 B
3TOM CMbICNe 3HauuTenbHo aydwe. OHa npeacTaBaseT cobol CTaHAAPTHYO KOHOUIypaumilo U3MepMUTENbHOTO
ycuanTens.
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Puc. 7.32. Knaccuyeckull usmepumeribHslll ycunumenns.

BxoaoHOM  Kackag — ABAseTcA  yAayHbIM - codeTaHuem  agyx  QY, obecneymBatowmm  60abLIOM
anddepeHUnanbHblii KOIPOULMEHT YCUAEHUA U €AUHUYHBIA KOSDPUUMEHT yCuneHna cuHdasHbIX curHasos 6es
Kakoro-nmbo ocobo TOYHOro COrnacoBaHMA Pe3ncTopoB. Ero anddepeHUManbHbIA BbIXOA NMpeacTaBaseT cobomn
CUrHaN C CyWeCTBEHHO YMEHbLUEHHOM (OTHOCUTENBHO) CUMHGbA3HOW COCTaBAAKOWEN W UCNOAb3yeTcA  A4AA
BO3OYXKAEHMA cxembl 0bbl4HOrO anddepeHumanbHoro ycunutena. locnegHWin 4Yacto OblBaeT BK/OYEH C
eANHUYHBIM KO3POUUMEHTOM YCUAEHMA, M €ro 3afadya — MOJyYeHMe OJHOMOJIKOCHOIO BbIXOAHOMO CWUrHana W
NofaBreHNe OCTaTOYHOro CMHGA3HOro curHana. B pesynbtaTe oTnagaeT HaLOOHOCTb B TOM, 4TOObI BbIxoAHON OY
nmen 6Bonbwoi KOCC, n He TpebyeTca NpPeum3nMOHHOro COrfacoBaHUA pPEe3nCTopoB B cxeme 06BA3kM US3.
HacTpolika Hyns casura Ans BCEM CxeMbl MOMKET OblTb cAenaHa, Kak NokasaHo, Ha oAHOM M3 BXOAHbIX QY. ITu
BXoAHble OY A0/KHbI, OHaKO, MMeTb BblicoKMiM KOCC, 1 BbIBUpaTb WX creayeT TUlaTeNbHO.

B Buae rmbpuaHoix WMMC u3mMepuTeNbHbIE YCUAUTENM C OMNWCAHHOM CTAHAAPTHOW KoHbUrypaumen
BbIMYCKAtOTCA HECKOAbKUMW GUPMamu. Bce KOMMOHEHTbI, Kpome pesuctopa R1, BCTPOEHbl, a KO3IpPUUMEHT
YCUIEHUA YCTaHaBAMBAETCA €AMHCTBEHHbIM BHELWHUM pe3ncTtopom RI. TUNUYHBIMK NPUMEPAMKN TaKUX Moay/el
ABAAOTCA MMKpomoLWHbIA INA 102, sbicokockopocTHoM INA MO n npeumsnoHHblin AD624. Y BCex 3TUX yeunutenen
KoabbMUMEHT ycuneHma umeeT amanasoH oT 1 go 1000, KOCC — okono 100 ab n BxoaHoe mnosaHoe
conpotusneHne 6onee 100 MOmM. MUKpoOMOWHbIN TMbpuaHbid moaynb LHOO36 moxkeT paboTaTb OT TaKoro
HW3KOro HanpaMKeHusa nuTaHus, Kak +1 B. AD624 nmeeT AMHENHOCTb KoadoduumeHTa ycunenus okono 0,001 %,
Ha4YaNbHbI COBUT HanpseHua meHee 25 MKB u apeid Hanpsxewua casura He 6onee 0,25 mkB/°C;
NpeaycMOTPEeHa M BO3MOMXKHOCTb BHELIHEN HaCTPOMKM Hyna HanpaxeHua casura. HekoTopble MamepuTesibHble
yeunuTtenu (Hanpumep, BbICOKOTOYHbIKM INA 104) mmetoT BO3MOMKHOCTb peryanposku KOCC. He nyTaiTe 3Tu
MOAYAN C «U3MEPUTE/IbHBIM OMEepPaLMOHHbIM yeuauTenem» 725, KoTopbll NpeacTasaseT cobol NpocTo XOpoLni
QY, npeaHasHa4yeHHbIM A18 UCNONb30BaHMA B CXEMax M3MepUTesnbHbIX ycuautenen. Ha puc. 7.33 npuseaeHa
NO/IHAaA CXeMa U3MEPUTENBHOMO YCUAUTENS, KaK OHa 0DbIYHO CTPOUTCS.
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Puc. 7.33.M3mepumeﬂbe/d ycunumersrb C 8bI800aAMU 3awumel, usmepumesieHeIM U ONOPHO20 HANPAREHUA.

HeckonbKo 3amevyaHuii 06 3TOM CXemMe U3MepUTenbHoro ycunutena: (a) YcuneHHblin (Mo MOLLHOCTK)
cMH®a3HbIM curHan ¢ Bbixoda U4 moxeT OblTb MCNO/b30BaH KaK «3alMTHOE» HanpsaxeHwe ans ocnabnexHus
abdeKkToB emMKoCcTn Kabena m yteyek. pu TaKOM BK/IOYEHWM 3alLUMTHbLIA BbIXOA, AOMKeEH OblTb COEAMHEH C
3KpaHOM BXxoAHOro Kabens. Ecnm pesuctop YyCTaHOBKKM KoadoduumeHTa ycuneHus (RI1) He ycTaHOB/EH
HenocpeAcTBEHHO PAAOM C yCUAUTENEM (CYLLeCTBYET OTAe/IbHasA MaHelb PeryinMpoBKM — KOMMOHOBKa, KOTOPOW
cnepnyet mn3beratb), TO ero (pe3ncTopa R1) cCoOeAMHEHUA TaKKe AO0MKHbI OblTb 3KPAHMPOBAHbLI M 3allUMLIEHbI, (O)
Bbisoapbl M3MEPEHUE 1 OMOPHbBIN natoT BO3MOMXHOCTb M3MEPATH BbIXOAHOE HanpsKeHue HenocpeAcTBEHHO Ha
Harpyske, Tak 4yto 61arogaps obpaTHOM CBA3M MOXHO MUCKAOYUTL MOTEPU B COEAMHUTEbHbLIX NMPOBOAAX, UAYLLINX
K BHelHeir cxeme. K Tomy e OFOPHbIA BbiBOA MNO3BONAET CMeLaTb BbIXOAHOW CUrHan MOCTOAHHbLIM
HanpsXeHnem (MAM OPYrMM CUIHaAAOM); O[IHAKO MOJIHOE COMPOTUBAEHME MEXAYy 3TUM BbIBOAOM U 3emiei
[O/MKHO BbITb Manbim, MHade ynaget KOCC. (B) s Bcex Takoro BMAA U3MEPUTENbHBIX ycuanTenein Heobxoammo
bopmMMpoBaTh LEenb AA8 MPOXOXAEHWA BXOAHOrO TOKA; HEeNb3A, Hanpumep, NPOCTO MNOACOEAMHUTb K BXOAy
Tepmonapy. Ha pwuc.7.34 nokazaHa npoctaa cxema BKAtoYeHMA WVIMC wm3MepuTenbHOro ycuamtensa cC
MCNONb30BaHMEM BbIBOAOB 3alMTbl BXOAQ, M3IMEPEHMNA M OMOPHOrO.
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Puc. 7.34. UMC usmepumensHo20 ycunumensa.

Cnepawan cBasb no nutaHuto. KOCC BxoaHbix OY MOXeT OKasaTbCA JMMUTUMPYIOWMM GakTopom ANs
noAaBfeHns CUHPa3HbIX Nomex BO Bcel cxeme. Ecam HyskHbl 3HaveHus KOCC okono 120 ab, To MOMXKHO
NPUMEHUTb MPUEM, UAKOCTPUPYEMbIA puc. 7.35. U4 namepseT ypoBeHb cMHbA3HOro curHana 1 ynpasaseT obuiein
TOYKOM MaNOMOLLHOrO MN/aBaloLero pPacllenjeHHOro UCTOYHWMKa nutanma ana Ul n U2. 3Ta cxema cnedsuien
CBA3M 3PPEKTUBHO racuT cuHbasHbIM curHan ana Ul v U2, Tak Kak Ha MX BXOAax HeT CMHdasHbIX KonebaHui
OTHOCUTENIbHO MX COBCTBEHHOro nuTanma. U3 1 U4 nutatoTcs OT 0bOWEero MCTOYHUKA NMUTaHMA, Kak 0Obl4HO. JTa
cxema MOXKeT TBopuTb uyaeca ¢ KOCC, no kpalHel mepe Ha nocTosHHOM Toke. C BO3pacTaHWMeEM 4YacCTOTbl
NpUXOaMTCA WMMeTb AeNo C 06bl4HbIMKM NPoBAemMamMy  COrNacoBaHMA MOJHbIX COMPOTUBAEHUA W BXOAHbIX

eMKocTel.
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Puc. 7.35. amepumensHsili ycunumerns co cnedduiell c8A36t0 N0 numaxuto 044 nossiweHus KOCC.

KoHdurypauma c asyma OY. Ha pwuc. 7.36 nokasaHa cxema, KoTopasa obecneuymBaeT 60/blloe MNOSHOE
CONPOTMBNEHNE C MOMOLLBID TONbKO ABYX OY. MOCKONbKY NogaBneHne cMHba3HOro CUrHana NPoMCXoamT 34eCh He
B [Ba 3Tana, Kak B cxeme c Tpema OV, ana nonydeHus xopouwero KOCC HeobxoAMMO MNpPeLmsnmoHHOoe
COrn1acoBaHMe pe3ncTopos, NogoHbHO TOMY Kak 3T0 Bbl1I0 B CTaHAAPTHOM Cxeme Pa3HOCTHOrO yCUAnTens.
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Puc. 7.36. Cxema usmepumesnvHo20 ycusaumens ¢ 08ymsa OY.

CneumanmsmnpoBaHHble  WMMC  uameputenbHblx  ycunutenei.  CywecTByeT HECKOJbKO  MHTEPECHbIX
KOHOUIypaUmuii M3MepuTesIbHbIX YCUAUTENEN, BbIMyCKaeMblX B BMAE MOHOAWTHbIX (M moaTomy Hegoporunx) UMC;
HEKOTOPbIE M3 HUX MMEIOT O4YeHb Xopolime pabodme napameTpbl. B HUX NPUMEHAIOTCA Apyrve MeTodpl, Yem B

paCcCMaTpnBaBLUMXCA paHee CXemax.

OnddepeHumanbHble ycuauTenn c npeobpasoBaHMeM MNPOBOAMMOCTM (B Lenu obpaTHOM cBA3n). B aTux
cxemax, NpeacTaBUTeNs MM KOTopbIX ABaatoTca LM363, AD521 u BbiNnoAHeHHbIN Ha T ¢ p-n-nepexogom AMP-05,
bonbwoe 3HadeHne KOCC pocTuraeTca 0e3 COrfacoBaHMA BHELWHUX COMNPOTMBAEHUM. DaKTUYECKM TOJIbKO
KOadOUUMEHT YCUNEHMA YCTaHABNMBAETCA OTHOWEHMEM Mapbl HAaBECHbIX Pe3ncTopoB. Ha puc. 7.37 nokasaHa
byHKUMoHanbHas cxema AMP-01. B Hel ucnonb3ytoTca ABe napbl AnddepeHuUmasnbHbIX — ycuautenem —
npeobpasoBaTenen MNPOBOAMMOCTM C OAHWUM HABECHbIM PE3MCTOPOM, YCTAHaBAMBAIOLLMM B KarKAOM C/yyae
KoaddUUMeEHT ycuneHus. OfHa napa ycuauTenel ynpaBaseTca BXOAHbIM CUIHA/NOM, a Apyras — BbIXOAHbIM
CUTHAJIOM, OTCYUTbLIBAEMbIM OTHOCKTE/IbHO BXOZa OMNOPHOro HanpaxeHwda. B AMP-05 wucnonbsytotca 1T anAa
NoAJepPKaHNsA HM3KOrO YPOBHS BXOAHbIX TOKOB, @ B AMP-01 mncnonb3ytotcs OuUnonsapHble TPAH3UCTOPbI A5
[OCTUXKEHMA MANOTo Hanps»KeHua caBura UM manoro apenda (tabn. 7.5). B nNpeuM3MOHHOM CXeMOTexHWKe
NCKMOYNTENBHO NONE3HbIMW MOTYT BbiTb METOb! C UCNOb30BAHMEM MUKPOMPOLLECCOPHON 06paboTKM; CM. pas3o.
13.24.
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Puc. 7.37. DyHKUUOHGNBHAA CxemMa UHMe2panbHol cxembl uamepumensHo2o ycunumena AMP-01.
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LLymbl ycunutenemn

Moyt B Nt0OOM 06NACTM M3IMEPEHUIA 3HAYEHMe MpeaebHO Pas3AndMmoro cnaboro curHana onpeaenserca
WYMOM-MELLAIOLWMM CUTHANIOM, KOTOPbLIA 3abuMBaeT nonesHbll curHan. Jaxe ecan namepsemas BeaMUMHA U He
Mana, WYM CHUMKAET TOYHOCTb M3MepeHus. HekoTopble BMAbI WYMa HeyCTpaHMMbl MpUHLMNKANbHO (Hanpumep,
bAYKTyaUumn M3mepsemort BeMYMHbI), U C HUMM MOXKHO HOpPOTbCA TONbKO METOAaMM YCpedHEeHUs curHana wu
CY*KeHMA NOOChI, KOTopble Mbl 0b6cyaMm B 2. 15. Apyrue BUAbl LWiyma (Hanpumep, NOMexXm Ha pagmodvactoTe u
«MEeT/IN 33a3eMIEHUA») MOXKHO YMEHbBLINTb UAN UCKAOYUTL C MOMOLLBIO Pa3HbIX MPUEMOB, BKAOYAA GUAbTPALMIO,
a TaKXe TwaTesbHOEe MPOoAyMbIBaHME PACMOIOKEHMS MPOBOAOB M 3/1E€MEHTOB CXeMbl. M HaKoHel, cyllecTsyeT
lYM, KOTOPbIA BO3HWKAET B MNPOLIECCE YCUAEHUA, U €ro MOMHO YMEHbLWWUTb MNPUMEHEHUEM MaNOLWYMALLNX
ycuauTenen. Xots TEXHMKA OCPeAHEHMA CUTHaMa 4acTo NMPUMEHAETCA A8 M3BAEYEHMA CUTHANA, MACKMPYemMoro
WYMOM, MMEET CMbICA ANA Havana ybeamTbea, 4To cucTema cBobodHa OT BCEX YCTPaHMMbIX Momex u obnagaet
HaUMEHbLIMM, NPAKTUYECKM BO3MONKHBIM LYMOM YCUANTENA.

Mbl HauyHeMm C pa3roBopa 06 MCTOYHMKAX MPOUCXOKAEHUA M XapaKTEPUCTMKAX Pa3/INYHbIX BUAOB LIYMOB, OT
KOTOPbIX CTPAAaloT 3NEKTPOHHbIE CXEMbl. 3aTeEM Mbl 3alMMemMca 0BCYyKAEHMEM LWYMOB OUMNONAPHBLIX M MONEBbIX
TPaH3MCTOPOB, BK/KOYAA METO/bl MPOEKTMPOBAHUA MaNOWYMALMX CXEM NPU 33JaHHOM WUCTOYHWKE MNUTAHMA.
MprBeaemM  HECKONbKO  KOHCTPYKTMBHbIX — MPUMEpPOB. Mocne  Hebosbworo  obcyKaeHUs LLIYMOB
ambdbepeHUManbHOrO yCUANTENa U yCUAMTeNa C OOpaTHOM CBA3bIO Mbl MOCBATMM 3aK/OUYMTE/bHbLIA  pa3aen
0BCYKAEHNIO Had/1eXKalllero 3a3eMeHna U 3KPAHMPOBAHMA, a TaKKe UCKOYEHMIO NMOMEX M HAaBOAOK (CM. TaKKe
pa30. 13.24, nOCBALLEHHbIN METOAAM MOAENMPOBAHMA aHANOTOBbIX CXEM).

7.11. [poucxoxcoeHue u 8udbl WyYyMo8

TEPMUH «LWYM» MPUMEHAETCA KO BCEMY TOMY, YTO MACKMUPYET MOME3HbIM CUrHAA, MO3TOMY LIYMOM MOMKET
0Kas3aTbCA Kakon-HMbyab Apyroi curHan («nomexa»); HO Yalle BCero 3TOT TEPMWH O3HAYaeT «CAydalHbIny Wym
¢u3myeckon (4awe Bcero TenmnoBoM) npupodbl. Llym xapakTepusyeTcs CBOMM YaCTOTHbIM  CMEKTPOM,
pacnpefeneHnem amnanTyd, M WUCTOYHMKOM (NpomcxoxaeHuem). Mbl Ha30BEM OCHOBHbIX «BO3MYTUTE/EN
CMNOKOMUCTBUAY.

[>KOHCOHOBCKMIA Lym. JIto60ol pe3ncTop Ha nnaTe reHepupyeT Ha CBOMX BblBOAAX HEKOTOPOE HampsaMKeHue
lYyma, M3BECTHOe KakK «lymM [»OoHcOHa» (Tennosoi wym). Y Hero ropusoHTafibHbIM YacTOTHbIK CNekTp, T.e.
OAIMHaKOBas MOLLHOCTb LWyMa Ha BCeX YacToTax (pasymeeTcs, 40 HeKoToporo npeaena). LLym ¢ ropnsoHTaibHbIM
CMEKTPOM Ha3biBaloT «bHenbiM LWyMOM». PeanbHoe Hamps)KeHwe Wyma B HEe3aMKHYTOM Lenu, MopoxKAeHHoe
COMNPOTMBAEHMEM R, HaxoAAWMMCA Npu TemnepaTtype T, BbiparkaeTca dopmyiom

Uw. a¢pd = UwR = (4kTRB)Y2,

roe k — nocTtoaHHasa bonbumaHa, T — abcontoTHas TemnepaTypa B KenbBuHax (K =°C +273,16), B — nonoca
yacTtoTt B U,

Takum obpaszom, Uw. 3¢hgp — 3TO TO, YTO MOAYYMTCA Ha BbIXOAE COBEPLIEHHO 6HeclwymHoro ¢uabTpa C
NoJIOCOM NponycKkaHuAa B, ecnv NofaTh Ha ero BXO, HaNpsXeHWe, NOPOXKAEHHOE Pe3nMCTOPOM Npu Temnepatype T.
Mpyn KOMHaTHOM TemnepaType (68 °F = 20°C = 293K)

4KT =1,62-102°B2/(TuOm),
(4kTR)Y2 =1,27-10°R1/2 B/ru¥? = 1,27-10*R1/2 B/TuY2.
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Hanpumep, pesunctop Ha 10 KOM Npu KOMHATHOW TemnepaType MMeeT CpedHeKBaApaTUYHOe HanpaxeHue
lyma B Pa3OMKHyTOM uenu nopaaxka 1,3 mkB, MamepeHHoe B nosoce 10 KIy (M3MepsATb MOMKHO, Hampumep,
NOACOEAMHMB PEe3UCTOP KO BXOZY BbICOKOKAUYECTBEHHOrO YCUAWUTENs W Habnogaa HanpaKeHwe Ha BbixoAde
ycunutens BoabTMeTpom). COnpoTMBAEHME UCTOYHMKA 3TOrO HampsKeHWs Wyma paBHO npocto R. Ha puc. 7.38
[laH rpaduK NpOCTOM 3aBUCMMOCTM MAOTHOCTM HanpssKkeHus wyma [)KoHCoHa (cpeAHeKBaapaTUYHOE HaMpsKeHne
Ha KOpeHb KBaApaTHbIM M3 LUMPUHbLI MOAOCHI) OT CONPOTUBAEHNA UCTOYHMKA.
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Puc. 7.38.3a8ucumocms HANPAMEHUA mens08020 WymMa om conpomueseHus.

AMMNAUTYAA HanpaxeHua wyma J[KOHCOHa, BOOOULe TrOBOPS, B AaHHbIM  KOHKPETHbIA  MOMEHT
HenpeacKkasyema, HO OHa MOAYMHAETCA 3aKOHy pacnpeaeneHusa laycca (puc. 7.39), roe p(U)dU — BepoAaTHOCTb
TOro, YTO MITHOBEHHOE 3HaYeHMWe HanpaXeHuAa 3akatdeHo mexay U un U + dU, a Uw — onpeaeneHHoe Bbllwe
cpeaHekBaapaTMyHoe (3ddeKTMBHOE) HanpaKeHne Wyma.

‘U. U / \ U'm
U U+AU

Puc.7.39. p(U, U + dU) = (1/UwV(2n))e-(U*2/Uw*2)dU, 20e Uw ecme sppexkmusHoili wym. [laoujade
30WMPUX0BAHHOU 06/10CMU PABHA BEPOAMHOCMU HAXOMOEHUA M2HOBEHHO20 3HAYEHUA HanpaxeHua mexody U u
U+AU.

|_|_|yM [KoHCcoHa YCTAaHaB/IMBAET HWXKHKOKO TpaHMLy HanpAaxeHuna WymoB noboro AETEKTOPA, MUCTOYHUKa
CUTHANA WX YCUAUTENA, UMELIOLLErO Pe3nNCTUBHbIE 3/1eMeHTbl. AKTMBHAA COCTaBAAKOLLAA MOJHOIO CONPOTMB/IEHMA
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MCTOYHMKA MOPOXKAAET WYM [MOHCOHA; TaK e AEeNCTBYIOT Pe3nCTOopbl Lienei CMeWeHNa N HarpysKkn yeuamTens.
CKOPO Mbl YBMAMM, KaK 3TO MPOUCXOAMT.

NHTEepecHo OTMEeTUTb, YTO N1t0BOoM GU3NYECKMIA aHaNor CONPOTUB/IEHMA (1t0O0N MeXaHM3M NoTepb SHEPrUK B
dU3nYecKon cucTeme, HaNPUMEp, BA3KOE TPEHME MaslblX YacTUL, XKUOKOCTU) MMEET CBA3AHHbIE C HUM GAYKTYaUMm
COOTBETCTBYIOWEN (UINYECKON BEAMYMHBLI (B NMPUBEASHHOM Mpumepe — 3TO GAYKTyaluM CKOpPOCTel 4YacTul,
NPOABAAIOLIMECA KAK XaoTM4yeckoe OpoyHOBCKoe aABuKeHMme). Lym [KOHCOHa — 3TO MPOCTO CreumasnbHbIi
CnyYai Takoro GAyKTyaUMOHHO-ANCCUNATUBHOMO ABEHUA.

Wym [»KOHCOHa He caeayeT nyTaTb C AOMNOJHUTENbHbIM LIYMOBBIM HaMNpPAXKEHWEM, KOTOPbIM BO3HMKAET 13-
33 apdeKTa GAYKTyauum COMPOTUBAEHUA, KOTAa@ MPUIOXEHHbIM M3BHE TOK MPOXOAMT 4epes pesncTop. IToT
«M3BObITOYHBIA LYM» MMEET CNeKkTp NpubamnsutensHo 1/f, 1 OH CUABHO 33aBMCMT OT KOHKPETHOWM KOHCTPYKUMM
pesncTopa. Mbl 06 3TOM NMOroBOPMM MO3MKeE.

OpoboBol WyM. DNEKTPUYECKMI TOK NpeacTaBaseT cobol ABUMMKEHME AMCKPETHbIX 3apAafoB, a He MJaBHO
HenpepbiBHOE TeyeHWe. KOHEYHOCTb (KBAaHTOBAHHOCTbL) 3apAda NPMBOAMUT K CTAaTUCTMUECKMM GYKTyaUMAM TOKa.
Ecnv 3apsaabl A4eUCTBYIOT HE3ABMCUMO APYT OT Apyra, To GAYKTYMPYIOWMN TOK onpeaenseTcs Gopmynon

lw. 3¢dd = IwR = (2ql=B)¥?,

roe g — 3apag snektpoHa (1,6:1071° Kn), I= — noCTOAHHaA COCTaBAAOWAA («yCTaHOBMBLUEECA» 3HaYeHue)
TOKa, a B — WWPKWHA NOMIOChI 4acToT M3mepeHusa. Hanpumep, «ycTaHOBMBLUMMCA» TOK B 1 A daKTMYeCcKM nmeeT
bAyKTyauumn co cpeaHeKkBaApaTUYHbIM 3HadeHuem 57 HA B nonoce wupuHoin 10 Klu, T.e. OH OTK/AOHAeTcA
npumepHo Ha 0,000006 %. OTHocuTenbHble GAyKTyaunm Hoblie A0S MEHbLIMX TOKOB: «YCTaHOBMBLUMIACAY TOK B
1 MKA umeeT obaykTyauum (cpeaHekBagpaTUyHble) B TOW e nonoce 4vactoT 0,006%, T.e. — 85 ab. Mpwu
nocTosHHOM Toke 1 NA cpeaHeKBaZpaTUyHble GAYKTyaUMM ToKa (nosoca Ta e) byayT cocTaBasTb 56 ¢A, T.e.
OTKNOHeHMe Ha 5,6 %! [lpoboBOMN WyM — 3TO «IIYM AOXKAA Ha KEeCTAHOW Kpbiwe». Kak M Pe3sMCTUMBHbLIN LWym
[)KOHCOHa, 3TO raycCoBCKMI Benblin Wym.

MpuBeaeHHas Bblile dopmyna Ans ApoboBOro Wyma BbiBeAeHa B MPEeAnoONOKEHUN, YTO co3datolme TOK
HOCMTENW 3apAda [AEeNCTBYIOT HEe3aBMCMMO Apyr OT Apyra. ITO CNpaBeaMBO, KOrda 3apadbl MpeoaoneBatoT
HeKoTOpbIM Bapbep, Kak Hanpumep, B C/ly4ae TOKa Yepes AMOAHbIA Nepexosn, rae 3apasbl nepemellatoTcs 3a cyet
anododysnm, oaHaKoO 3TO He TaK B TAaKOM BaXHOM C/lydae, Korga Mbl MMeem Aefo C MeTa/IMYecKUuMu
MNPOBOAHMKAMM, TAe MeXAy HOCUTEeNAMM 3apsfa CyllecTByeT TecHas Koppensuusa. Takum obpasom, TOK B
NPOCTON PE3NCTUBHON CXeMe MMEET HAaMHOTO MEHbLUYIO LWYMOBYIO COCTaBAAIOWLYIO, YeM 3TO MpenacKasbiBaeT
dopmyna ana apobosoro Wwyma. [pyroe BaxkHOE WCKAOYeHWe ans 3ToM GOopMyAbl AAeT Halwa cTaHAapTHan
TPaH3MCTOPHas CxemMa UCTOYHMKa ToKa (puc. 2.21), B KOTopoW oTpuuaTenbHas obpaTHas cBA3b CBOAUT APODOBOW
WYM Ha HeT.

lepa>+<HeHme 7.4. ﬂyCTb B Ka4yecTse KO/'\J]EKTODHOIZ Harpysku B manowymalem ycuautesne UCNosb3yeTca pesnctop,; KOﬂJ’IeKTOprIVI TOK K conpoBoXaaeTca npu

3TOM ,ELpO6OBbIM wymom. [MoKakmTe, YTO B BbIXOAHOM LUymMe HanpsXeHua OOMUHUpPYeT ,EI‘pO6OBOlH TAYyM (a He Tenaosow wym pe3MCTopa), Ha4MHaA C MOMEHTa, Koraa

naZleHune Hanps}eHns B yCTaHOBMBLLIEMCA PEXUME Ha pe3ncTope Harpysku ctaHoswTcs Gonblue 2kT/q (50 MB npu KOMHaTHOM Temnepatype).

Wym 1/f (dbnvkkep-wym). [JpoboBoi © TEennoBOM LWYMbl — 3TO HEyMeHbllaemble BuAbl LIYMa,
BO3HMKaloWMe B COOTBETCTBUM C 3aKOHAaMK GU3MKKU. Camblil AOPOTrOM M TWATEbHO WM3TOTOB/IEHHbLIA PE3UCTOP
MMEET TOT e TEM/J0BOM WYM, YTO U AelleBblil YyrNepoAHbld Pe3ncTop C TeEM e COnpoTuBAeHMeM. PeasbHble
YCTPOMCTBA, KPOME TOro, MMEIT Pas/iMdHble UCTOYHMKM «M3ObLITOYHLIX LWYMOBY». PeasibHble pPe3ncTopbl
noABepsKeHbl  GAYKTyaUMAM COMPOTMBAEHUA, KOTOPble MOPOXKAAIOT AOMONAHUTENBHOE HanpsXeHue Lyma
(koTopoe cKnadplBaeTcA C MOCTOSHHO MPUCYTCTBYIOWMM HamnpsaXeHnem TenaoBOro Wyma), nponopumoHanbHoe
NpoTeKalollemy 4epes pPesncTop MOCTOSHHOMY TOKy. JTOT LYM 33aBMCUT OT MHOMMX (GakTopoBs, CBA3AHHbIX C
KOHCTPYKUMEN KOHKPETHOrO Pe3ncTopa, BKYaA PE3UCTUBHBIA MaTepuan U 0COBEHHO KOHLIEBblE COEAMHEHMS.
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BOT TMMUYHbIE 3HAYEHUA M3OLITOYHOO LYMa Pa3MYHbLIX TUMOB PE3UCTOPOB, BbIPaXKEHHbIE B MUKPOBO/bTAX Ha
BOJ/IbT MPUIONKEHHOTO K PE3UCTOPY HAMPAKeHUA (NPUBOAMTCA CPeAHEKBaZApaTUYHOE 3HAYeHWe, U3MEPEHHOe Ha
OAHOW AgKade YacToTbl):

3TOT WYM MMEET CMeKTp, NPMMEPHO OMUCbIBaeMbI 3aBUCMMOCTbIO 1/f (NOCTOAHHAA MOLLHOCTL Ha AeKaay
4acToTbl) M MHOrAA Ha3blBAETCA «PO30BbIM LUYMOMY». LLyM, BO3HMKaOWMIA NO APYTMM MPUYMHAM, TaK¥Ke 4acTo
UMmeeT cnekTp 1/f; npumepammn Takux LWYMOB SBAAIOTCA LWYM TOKa 0asbl y TPAH3UCTOPa U LIYM KaTOAHOMO TOKa B
3NEKTPOHHbIX Namnax. JllobonbiTHO, YTOo Wym BWAa 1/f BcTpedyaeTcs B NpUPOAE B CamblX HEOMKMAOAHHbIX
NPOABAEHUAX, HANPUMEP, CKOPOCTU OKeaHMYECKUX TeYeHWM, MOTOKe Mecka B MeCOYHbIX Yacax, NacCaxKMpCKMx
NMOTOKaX Ha CKOPOCTHbIX ene3Hblx Aoporax B ANOHMMK, a TakXe roLoBOm CTOKe Huna 3a nocnegHue 2000 nert.
Ecan nocTpouTb rpaduK rpOMKOCTM 3ByYaHMA KaKOro-HMbyab NPOU3BEAEHWMA KNaCCMYECKOM My3blKWM, TO OMATb-
Taku nonyumtca cnexktp 1/f! Obwero npuHumMna, o6bACHAOWEro MPOUCXOXKOEHME LIYMOB CO crnexktpom 1/f, He
HallJleHO, XOTA OH, Ka3anocb Hbl, HOCUTCA B BO3/yXE, HO B KaKAOM OTAE/IbHOM C/ly4ae 4acTO MOXKHO onpeaenunTb
MCTOYHMK TaAKOro Wyma.

Momexu. Kak ye roBopmaocb, 04HON M3 GOPM LWYMOB ABAAIOTCA MeLlatolme CUrHaAbl UAM NapasuUTHbIe
HaBOAKMW. B 3TOM c/iydae CNekTp M aMianTyaHble XapaKTepWMCTUKK 3aBUCAT OT Mellatolero curHana. Hanpumep,
HaBoaKa oT ceTv 50 U, MMeeT CneKTp B BMAE NWKa (MW pAda NMUKOB) U OTHOCMTE/IbHO MOCTOAHHYIO aMnaMTyay, a
WYM 3aKUraHWa aBTOMODOWAA, WYM TPO30BbLIX Pa3pALOB M APYrMe LYMbl MMMAYAbCHbIX WCTOYHUKOB MMEIOT
WWPOKMIA CMNEKTP W BCMAECKM amnauTyabl. [Jpyrum MCTOYHMKOM MOMEX ABAAIOTCA paamo- M Tenenepeaatoline
CTaHuuuM (ocobeHHO cepbesHa 3Ta npobaema BOAM3N DONbLIMX FOPOAOB), OKPYKatollee 3n1eKTpoobopyaoBaHue,
MOTOpPbI, AMOTbI, METPO, BbIKAOYATENN, MEpeKItoUaTeNbHble CTabuaM3aTopbl, TeNeBmsopbl. Bce 31 npobiems
CYLLECTBYIOT B C/IEFKA U3MEHEHHOM BW/E BO BCEX TEX C/AyYasX, KOTAa UTO-HMOYAb BAMAET Ha M3MEpPAEeMbId Bamu
napameTp. Hanpumep, ONTUYECKUA WHTepdEPOMETP BOCMPUMMUMB K BMOpaumMu, a Ha 4YyBCTBUTE/IbHbIE
n3MepeHna pagmodactoT (Hanpumep, B AMP-CNEKTPOCKONMM) MOMKET MOBAWUATL BHELWIHMA PaaMOYacTOTHbIN
curHan. MHorve cxembl, PaBHO KaK AeTEeKTOpPbl UK Jaxke Kabenu, YyBCTBUTENbHbI K BUOPALMAM U 3BYKY, U OHW,
NO TOProBOW TEPMUHONOTUN, CTPAAAIOT KMUKPOGOHHBIM SDGEKTOMY.

OT MHOMMX M3 3TUX WMCTOYHMKOB LUYMAa MOMKHO OTAENaTbCA NyTeM TLIATENbHOMO 3SKPAHWPOBAHMA U
bunbTpauumn, Kak OyaeT CcKasaHO B 3TOW rnaBe HMKe. MHoOraa npuxoamtca MNPMHMMAaTh  COBEPLUEHHO
[IPAKOHOBCKME Mepbl, BKNOYAA MOHOUTHbIE KaMeHHble CTo/bl (A1A BMOPOM30ASUMK), KOMHATbl C MOCTOAHHOM
TemMnepaTypon, 3ByKONOMNOLWAOWME KaMepbl M KOMHATbI C 31EKTPUYECKOM SKPaHMPOBKON.

7.12. OmHoweHue cuzHasa/wym u KoaggpuyueHm wyma

Mepea TeM KaKk HayaTb [AeTaNbHOE PacCMOTPEHME LIyMa YCUAUTENSA M MPOEKTMPOBAHMA MafOoLYMALMX
CXeM, HaM HYXHO Onpeae/inTb HECKO/IbKO TEPMMHOB, KOTOPbIE 4acTo ynoTpebasoTca 418 ONUCaHus LIYMOBbIX
XapaKTEPUCTUK ycuauTenen. Peub MAET O KOMMYECTBEHHbIX MOKa3aTeNAX HamnpsKeHWn LWYMOB, M3MEPEHHbLIX B
OOHOWM 1 TOM e Touke cxembl. OBbIMHO HaNPAMKEHUA WYMOB NPMBOAATCA KO BXOAY YCUAMTENA (XOTA M3MEepeHus
0bObIYHO MPOM3BOAATCA Ha BbIXOAE), T.€. LWYMbl WMCTOYHMKA CUIHaNa WM YCUAUTENA ONWCbIBAKOTCA depes
9KBMBANEHTHbIE HAMPAXKEHUA LWYMOB HA 8xo0e, KOTopble MOrIM Bbl AaTb Ha Bbixo4e HabAlAaeMbI Wym. ITO
MMEEeT CMbIC/A TOr4a, KOrda Bbl XOTUTE OLEHWTb OTHOCMTENbHbIN WYM, A06aBAEHHbIM yCUAMTeNnem K Wymy
MCTOYHMKA CUTHaNa, HE3aBUCMMO OT KO3ODUUMEHTA YCUAEHMUA; STO BMOJIHE MPAKTUYHO, TaK Kak OCHOBHOWM LIyM
ycunmTena obbl4HO MOPOMKAAETCA BXOAHbIM KacKafom. EciM He OroBOpeHO MpPOTMBHOE, HanpsXKeHue wWwyma
Bcerga byaeT OTHECEHO KO BXOAy.

MAOTHOCTb MOLWHOCTM WYMa W WWPKUHA Noaockl. MNpy paccMOTPEeHUK TeMNI0BOro U Ap0oboBOro LyMOB Hbi10
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MOKa3aHo, YTO BE/IMYMHA M3MEPEHHOTO HaMPAXKEHWUA WyMa 3aBUCUT M OT MOJIOChI YAacTOT M3MepeHus (Y4em wupe
CMOTPULIb, Tem 6osblie BMAMLIL), M OT NepeMeHHbIX napameTpoB (R M /) camoro MCTOYHMKA LWyma. [MosTomy
€CTeCTBEHHO FOBOPUTL O CPeAHEKBAAPATUYHOM MAOTHOCTU HANPAXKEHWUA WyMa VW:

Uw. a¢pd = vwBY2 = (4kTR)V/2B1/2

roe Uw. aghgp — cpeaHeKBaapaTUYHOE HaMnpPsXeHWe Lyma, U3MEPEeHHOE B No0Ce WMPKUHbLI B. Y MCTOYHMKA
6enoro wyma Vil He 3aBMCUT OT YacTOTbl, a PO30BbLIM LIYM, Hanpumep, MmeeT cnad v B8 3 ab/oktasa. YacTo
MCTO/Ib3YeTCA CPpeAHee 3HayYeHWe KBagparta MIOTHOCTM Wwyma V2. [OCKOMbKY VW BCerga OTHOCUTCA K
CPeAHEeKBaLPAaTUHHOMY 3HAYEHWIO, a V2, — K CPedHEeMy 3Ha4eHMIo KBagpaTta, A8 MosydeHua V2, J0CTaTOYHO
BO3BECTM B KBaApaT V. ITO 3BYYMT MPOCTO (M MO CyTU NPOCTO), HO Mbl XOTUM ObiTb YBEPEHbI, YTO Bbl He
3anyTaeTech.

3ameTbTe, YTO BeAMUMHbI B 1 BY2 ABAAIOTCA MHOXWTENAMM ANA Nepexofa OT BeNuuuH, 0B03HauYaeMblx
CTPOYHbIMKM BYKBaMM, K BeAMYMHAM, 0DO3HaYaeMbiM MPOMNUCHbIMK BykBamu. Hampumep, o418 TENNOBOro Wyma

pe3uctopa R nmeem
vwRadd = (4kTR)YV2 B/TuY?,
v, = 4kTR B2/l
Uw. a¢d = vwRB Y2 = (4kTRB)¥?B,
U2, a0 = V2WRB = 4kTRB B2

B 4aHHbIX M3roToBUTENA AAOTCA I'pad)l/ll-(l/l v nan VZLU, COOTBETCTBEHHO B eANHUNLAX «HAaHOBONLT Ha KOPeHb
N3 repua» Nan «BONbT B KBaApaTe Ha repu». BennuunHbl ew v iw, KOTOpPblE CKOPO 6y,£I,YT BBEAEHbI, MCMNOJ/Ib3YIOTCA
TOYHO TaK Xe.

MpU CNOXEHUW [ABYX HEKOPPESMPOBaHHbIX CUTHANOB (A4Ba WymMa MAM CUTHAN W LWYM) CKAadblBaloTcA
keadpamel amnautya: v = (Vi + v2,)Y2, roe v — sddeKTnBHOE (cpesHeKBaapaTMUYHOE) 3HaYeHWe CUrHana,
NOMIYYEHHOTO CNOMKEHMEM CWUrHaNa C 3GPEKTUBHLIM 3HAYEHMEM VC U WYyMa C 3PDEKTUBHbIM 3HAYEHMEM VU,
SdpPeKTMBHbIE 3HAYEHMA HENb3A CYMMMUPOBATH!

OTHolweHKne curHan/wym. OTHoweHue curHan/wym (C/LLU) onpeaensetca no dopmyne
C/Ww = 1O|g(U2c/U2Lu) ab,

roe ONA HanpaseHWn ykasaHbl 3OPeKTMBHble 3HAYeHWA, a WKMPMHA NOMOCHI M HEKOTOPaA LeHTpasbHas
MO/0Ca OFOBOPEHbI, T. €. 3TO eCTb OTHOWeHMe (B Aeunbenax) addEKTUBHOIO HanpsKeHUs MOME3HOro CUMrHana K
30DEKTUBHOMY HAMPAXKEHUIO MMetoWerocs wyma. «CUrHan» MoXKeT OblTb CUMHYCOMAANbHbIM, WAN Hecyllen
4aCTOTOW C MOAYNAUMEN, UK Aaxe WYMONoAOOHbIM CUTHANOM. ECnn curHan MmeeT y3KOMOMOCHbLIN CNeKTp, TO
CYWECTBEHHO, B KakoM nosoce mamepsetca oTHoweHue C/LU, Tak Kak OHO MadaeT, eciu Nofoca U3MepeHMi
CTAaHOBMTCA UMPE MOOCHI, COAEpKallel ChneKkTp CurHana: C paclMpeHMem MOoA0Cbl  3Heprua  LWyma

YBE/IMYNBAETCA, a IHEPINA CUTHa1a OCTaeTCA NMOCTOAHHOM.

KoaddumumeHT wyma. /ltoboit peanbHbIiM MCTOYHUK CUTHANA UK M3MEPUTE/IbHbIM NPUMBOP reHepupyeT Wym
M3-3a HaAMUYMA TEMNNOBOTO WYMa BO BHYTPEHHEM COMPOTMBAEHMM WCTOYHMKA (peasibHas 4acTb KOMMAEKCHOro
MOJIHOTO COMPOTUBAEHMA). KOHEYHO, MOryT 6biTb M AO0MOJHUTENbHBbIE WMCTOYHUKM LyMa OT APYTUX MPUUMH.
KoaddmumeHT wyma (KUW) ycunntena — 3To NpocTo oTHOWeEHWe B Aeumbenax BbIXOAHOTO CUrHasa peasnbHoro
YCUANTENA K BbIXOAHOMY CMUIHaNy «COBEPLIEHHOro» (DecClyMHOro) ycuauMTens c Tem e KoapduumeHTom
YCUNEHUA; BXOAHBIM CUTHaNOM B 0BOMX CAyYasx ABAAETCA TENNOBOM LIYM NOAKMOYEHHOTO KO BXOAY YCUAUTENA
pesuncropa:

KL = 10-1g[(4kTRm + v2w)/4kTRu] = 10-1g(1 + v2w/4kTRu) ab
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raoe Vaw- CpeaHUi KBaapaT HanpaKeHMs Wyma Ha repl, J4aBaeMoro ycuautenem c 6ecluyMmHbiM (X0n104HbIM)
pe3ncTopom Ru Ha Bxoae. 3HauyeHne RuU CYLLECTBEHHO, TaK KaK HanpaKeHue LyMa, NoPOoMXKAAEMOro YCUAUTENEM,
KaK Bbl BCKOpEe YBUAMUTE, CUAbHO 3aBUCUT OT CONPOTUBAEHUA UCTOUYHMKA (puc. 7.40).
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Puc. 7.40.3a8ucumocms 3¢h@ekmusHo20 HANPAMEHUA WYMa om Ko3agguyueHma wyma u conpomusieHus
UCMOYHUKQ.

(National Semiconductor Corp.).

KoapduumeHT wyma — yaobHaa XapaKTepUCTMKA KayecTBa YCUMAWTENA, ec/iv NpW 3afaHHOM aKTMBHOM
COMPOTMBNEHUM WCTOYHMKA Bbl XOTUTE CPABHUTb YyCUAUTENW (MAM  TPAH3WUCTOPbI, A8  KOTOPbIX TaK»Ke
onpeaenserca KUW). KoadduumeHT Wyma M3MeHAeTcs C M3MEHEHMEM 4YacTOTbl M COMPOTMBAEHWUA WCTOYHMKA,
NO3TOMY OH 4acTo 3adaeTcs rpaduyeckn B Buae AMHUM ypoBHA KLU oTHocKTenbHO YacToTbl M Ru. OH MOXKeT bbiTb
YKa3aH Take B BMAe Habopa rpaduKoB ero 3aBUCMMOCTM OT YacTOTbl — OZHA KPWBas Ha Ka)KAaoe 3HayYeHWe TOKa
Ko/NNeKTopa WMAM aHanormyHoro Habopa rpadumkos 3asmcumoct KL OoT Ru - TakKe ofHa KpWMBaa Ha Kaxkaoe
3HayeHue Toka Konnektopa. ObpatuTe BHMMaHWe Ha cheaytoulee. [MpuBedeHHas Bbile dopmyna ana KLU
BblBeJEHa B NPeanonoXKeHUM, YTO NOSHOE BXOLHOE COMPOTMB/IEHWE YCUAUTENA BO MHOMO pa3 H6osblle NoaHOro
COMPOTUBNEHUNA UCTOUYHWMKA, T. €. Z8x >> Ru. OaHAKo B 0COHBOM C/yyae Ansa yeuantenen pagmovactoTbl Mbl 06bIYHO
nmeem Ru =7Z8x = 50 Om, n KLl onpegeneH cooTBeTCTBYOLWMM 06pa3om. B 3Tom cneumanbHOM cay4dae
COrNAaCoBaHHbIX MOHbIX COMPOTUBAEHUI Heobxoaumo npocTo ybpaTb KoadduumeHT 4 B nNpeablayLimx
BbIpaXeHUAX.

OrpomHoe 3abnyxaeHue: He nNbiTalTeCcb yAyYWWUTb MNONOXKeHWe aAo0baBaeHMeM MocaenoBaTe/lbHOMo
pe3ncTopa K MCTOMHMKY CWUrHana Ana nonajaHusa B obnactb MUHMManbHoro KLU, Bce, yero Bbl AobbeTecs,
CTapascb, YTobbl yCUAUTENb BbIrAAAeN fydlle, — 3TO A06aBUTE WymMa B UCTOYHUK! KoapduUMeEHT Liyma moKeT
6bITb BeCbMa 0OMaH4YMB B 3TOM c/lydae; 0bMaHUYMB OH elle M NoTomy, 4To cneundukauma KL (Hanpumep, 2 ab)
ONA OMNONSAPHOro MM NONEBOro TPaH3MCTOpa BCerda [aeTcs npu OnNTMManAbHOM KombuHauum Ru nik Ic). 06
MCTUHHbIX Paboumx XapaKTepUCTUKAX 3Ta BEMYMHA FOBOPUT Masio, KpOMe pas3Be TOro, YTO M3rOTOBUTE/Ib CUMTAET
nosie3HbIM MOXBaCTaTbCA Manok BeanymHon KL,
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Boobuie roBops, Npu OLEHKE XapaKTEPUCTUK YCUAUTENSA Slerye BCEro He 3anyTaTbCs, eCAN NPUAEPKMBATLCA
oTHoweHna C/LL, NoACYMTaHHOrO 418 AaHHOMO HaNPAMKEHMA M NOSIHOTO CONPOTMBAEHMA UCTOYHMKA. BOT Kak Hago
nepenth ot KLU K oTHOWeEHWIO

C/W:
C/W = 10-g(v?/4kTRn) — KLU (aB)
(npun Ru),

roe vc — cpefHeKBajpaTuMyHas amnantyaa CurHana, Ru — MNoAHOEe CONpPOTMBAEHWME WUCTOYHMKA, a Kl —
KO3QOULMEHT LIYMa YCUAMTENS NPU AaHHOM Ru.

TemnepaTypa Wyma. MHoroa BMecTo KoagguyueHmMa Wyma O1A BbIPAXKEHWUA LUIYMOBBIX XapaKTEPUCTMK
ycunanTens ucnonblyetca memnepamypa wyma. Oba cnocoba HecyT oAHYy M Ty Ke MHOOPMAUMIO, @ MMEHHO
[ONONHUTENbHBINA BKAAA, B WYM YCUAUTENA, BO3DYKAAEMOro UCTOYHUKOM CUTHaNa C MOJIHbIM COMPOTUBAEHUEM
Ru; B 3TOM CMbIC/IE OHW 3KBMBAEHTHbI.

B3rnaHmTe Ha puc. 7.41, uTobbl NOHATL, Kak paboTaeT TemnepaTypa lWyma: BHadyase BoobpasmMm cebe, 4uTo
MMeeTCcA  peasibHbll  (WYMAWMA)  YCUAUTENb, MOAKAOUEHHBIN K OECWYMHOMY WCTOYHUKY C  MOJIHbIM
conpotusnenunem Ru (puc. 7.41, a). Ecav Bbl 3aTpyaHseTecb NpeacTaBUTb OecllyMHbIA MCTOYHMK, BOOBpasumTe
Pe3nCTOP C COMPOTMBAEHMEM RU, OXNaxAEHHbI A0 abcoNtoTHOro Hyns. OAQHaAKO, XOTA MCTOUYHMK M BecllyMHbIN,
Ha Bbixo4e OyAeT HEeKOTOPbIM LIYM, MOCKO/bKY YCUAWUTENb MMEET LiymMbl. Tenepb MNpeacTaBbTe KOHCTPYKLMIO
puc. 7.41, 6, B KOTOPOM Mbl BOAWEDBHbIM 06pa3om caenann ycuamntenb BecliyMHbiM UM NPUBEAN UCTOYHMK RU K
HEeKOTOPOM TemnepaType TWTaKoM, YTO BbIXOOHOE HANPAXEHUE WyMa CMasao MAxKuM e, KaK U Ha puc. 7.41, a.

PeanbHbii
(T wymamm)
YyCHNUTEND
KV v, (Bbix.)
Ry
(T=0)
a
BecuymHbiK
K v, (BbIx.)
RH
(T=T,)

Boispana TaK,4TOBM
NONY4YHTL TaKoe we
b, (BhX) k3K B @

¢
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Puc. 7.41.

Tw Ha3blBaETCA TeMNEepPaTypoi Wyma JaHHOrO YyCUAUTENA AAA MNOJHOro CONPOTMBAEHMA UCTOYHMKA Ru. Kak
Mbl OTMEeYann paHee, KO3GOUUMEHT LyMa M TemnepaTypa Wyma NpeacTaBastoT cobol NpocTo pasHble cnocobbl
BblpaXKeHWss OZHOM M TOM e MHbOopMauMM. B camom efie, MOXKHO MOKas3aTb, YTO OHW CBA3aHbl APYr C APYroM

cnefyoWmMn COOTHOLEHUAMM:

Tw = T(10KWAR/10 — 1),

KW (ab) = 10-1g(Tw/T + 1),

roe T — TemnepaTypa OKpy»Katowen cpefbl, 06bI4HO NpUHMUMaemas pasHoM 290 K.

Boobuie roBops, Xopowue ManoWyMAlMe YCUAUTENU WMEKT Temnepatypy LWymMa ropasao  Huxke
KOMHaTHOM (MM 3TO 3KBMBANEHTHO TOMY, YTO KOSOOULMEHT LWYMa Yy HUX MHOrO mMeHblie 3 Ab). Mo3xe B 3TOM
rnaBe Mbl OBBACHUM, KaK MOMHO WM3MeEpUTb KO3OOUUMEHT (MaM TemnepaTypy) Wyma ycuamutend. BHadane,
0ZlHAKO, HaM HYXHO pa30bpaTbCA B WYMaX TPAH3UCTOPOB M MeToAax MPOEKTUPOBAHUA MANOLYMAWMX cxem. Mbl

HaZeemcs, 4YTO MNOoC/NedylolWmMe pPacCysKaeHUA MNPOACHAT TO, YTO 4acTO MOKPbLITO MPaKOM HenoHmmaHusa. Mol
yBepeHbl, YTo, NPOYUTaB chnedyloline ABa pasfena, Bbl HMKOraa Oonblue He OyaeTe BBeAeHbl B 3abayxaeHue

KoapdpuumeHTom Lwymal

/.13. llym moka u HanpAaxeHUA mpaH3ucCmopHOo20
ycunumernAa

LLym, nopoxgaemblil ycunmTenem, Serko OnmMcatb C MOMOLLbIO MPOCTOM MOAENW, AOCTaTOYHO TOYHOM AAA
MHOruMX Uuenen. Ha puc. 7.42 ew 0b603HaA4YaeT UCTOUYHMK LIYMa HanpAXKeHWs, Noc/ien0BaTeslbHbl N0 OTHOLEHUIO K
BXOAHOMY CUTHany, a iw 0H603Ha4YaeT LWyM BXOAHOrO TOKAa. TpaH3ucTop (M BoObLWe ycuauTenb) npegnonaraercs
HeCLIYMHbBIM M NPOCTO YCUAMBAET HAaNPAXKEHME BXOAHOIO LWYMa, KOTOPOE NMPUXOAMUT K HEMY.

K

¥
Ell.l
o—Yt
O N

J

Puc. 7.42.Modene wymos mpaH3ucmopa.

Taknum 06pasom, ycuauTenb AaeT MOJHOE HanpsKeHue lWyma ey, KoTopoe, byaydn OTHECEHO KO BXOo4y,

paBHO
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ey. 3¢0d = [e2w+ (Ruiw )2]1/2 B/Tu1/2

[Ba cnaraemblx B CKOBKax — 3TO NPOCTO BXOJHOE HaMpPSKeHME WyMa U HamMpAKEeHWe LyMa, NopoXxKaaemoe
NPOXOXKAEHNEM LIYMa BXOAHOFO TOKa YCWUIMTENA 4epe3 COMPOTUBAEHME WMCTOYHMKA. Tak Kak 3TWM fABa Lyma
06bIYHO He KOPPENMPOBaHbI, TO, CKAAAbIBAA KBAAPATbl UX aMNAUTYA, NOAYYMM 3ODEKTUBHOE HaNPAXKEHME LWYMa,
MOCTYNaloLWLEro Ha ycuautenb. Npn Maaom CONMPOTUBAEHUM UCTOYHMKA NpeobiafaeT WyM HanpaKeHna ew, a npu

60bLIOM — LLIYM TOKa i,

Ha puc. 7.43 ana nanoctpaumm npueeaeHbl KpMBble 3aBUCUMOCTH ew U iw oT IK v f ana 2N5087. Celtyac Mbl
MOCTapaeMcA BHMKHYTb B HEKOTOpble [AeTanM, OMuCbiBad 3TW BEAWYMHbI WM AEMOHCTPUMPYA, KaK BeCcTu
NPOEKTUPOBAHME A/ MUHMMM3AUMKM Wyma. CTOUT OTMETUTb, YTO WYM HaMNPAXEeHMA W TOKa A1A TpaH3MCcTopa
NEXUT B AMana3oHe HaHOBO/IbT M MMKOAMMepP Ha KOpeHb U3 repua.

10,0 —01
lUgs=-5,0 B
500 005
2
2 920 . oz =
< 10 fw,T = =
2! i o %
W32 »
051 Tu F=10RMY hns
eu,f=100 Ty
M F= 10K e
Gy = O lr0k0y
0, | | 0,001
4007 001 0K T
1. MA

¥

Puc. 7.43.308UcCUMOCMb  3KBUBGAEHMHO20 CPEOHEK8AOPAMUYHO20 BXO0HO20 HANPAXCeHUA wWyma euw U
8X00H020 MOKA WYMa il 0OmM KOnekmopHo20 moka 018 p-n-mpaH3ucmopa 2N5087.

(Fairchild Camera and Instrument Corp.).

Lym HanpsKeHWAa el. DKBMBAJEHTHbIM reHepaTop LWYMOBOIO HaMpsKeHWa pacCMaTpMBaloT — Kak
BK/IOYEHHbIM Mocaef0BaTesIbHO € 6330l TpaH3McTopa. ITOT reHepaTop NPeACTaBAAET CyMMy TEM/I0BOrO LIYM3,
NOPOXKAEHHOrO 06BEMHbBIM CONpoTMBAEHMEM Ba3bl r6, U APoOOBOTO WyMa KOANEKTOPHOrO TOKa, MOPOXKAAIOLWEro
WYM HanpsKeHna Ha AnddepeHUmManbHOM COMPOTUBAGHUM SMUTTEpa rd. 3TV ABa CAaraembiX UMeoT CledyoLLmia

BUA;
e, = 4kTr6 + 2qIKr2; = 4kTr6 + 2(kT)?/(qlK) B2/Ty

OHM ABNAIOTCA rayCCOBCKMMM DenbiMM Wymamu. B AoNONHEHWE K STOMY CyLLECTBYeT HEKOTOPbIN GAMKKep-
LIYM, NMOPOXKAEHHbIN NPOXOXKAEeHMEM ToKa 6a3bl Yyepes rb6. OH CyLLeCTBEH TONBKO NPu BONbLLMX TOKax Oasbl, T. €.
npu BoNblUMX TOKax KonnekTopa. [osToMy BenuymMHa ew MNOCTOAHHA B OOAbLIOM AMana3oHe 3Ha4YeHWn TOoKa
KO/INEKTOPa; OHa YBENMYMBAETCA MPU MasiblX TOKax (4po6oBOM WyM TOKa Yepes BO3pacTatollee CONPOTUBAEHWNE
r3) 1 Npu AOCTATOYHO HOMbLINX TOKax (Wym GAMKKep-apdeKTa OT npoxoxaeHus /6 yepes rb. MocnegHuin abpekT
CYWECTBEH TO/MbKO Ha HW3KMX 4acToTax M3-3a 3aBmcumoctu 1/f. Hanpumep: Ha 4vactotax cebiwe 10 KMy vy
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2N5087 ew paBHO 5 HB/Tu1/2 npu /K = (10 MKA 1 2 HB/Tu12 npu IK = 100 mKA. Ha puc. 7.44 nokasaHbl Kpusble
3aBMCMMOCTM ew OT YacTOTbl M TOKa A8 Manowymauen anddepeHumansHom npn-napbl LM394
manowymaulero 2SD786 npoussoactea  dupmbl  Toyo-Rohm. B nocnegHem MCNoab3yeTca crneumasnbHas
reomeTpus ANs AOCTUNKEHMA Heobbl4allHO HM3Koro r6 = 4 OM, 4TO MO3BOAAET MOJIYYUTb Camble HU3KME Ha

CeroaHA 3Hav4yeHnAa ew.

100 - f=100xTy,

=
5?:-.. 10
= f=10Ky,
==
3 £=10Ty,
L } LM334
F=10 K1
250726
| 1 | | 40M |
| 10 100 1000
J"H,Mliﬂ

Puc. 7.44.3as8ucumocms  8XO0HO20 HANPAMEHUA WyMa ew Oom KO//1eKmOpHo20 mMoKa 074 08yx

masowymauux 5UI’IO/7H,DHb/X mpaH3ucmopos.

lWym ToKa iw. LUlymoBoOi TOK cnedyeT y4uTbiBaTb, TaK KakK OH MOPOMKAAET AOMOAHUTENbHbLIA LIYM
HanpsXeHUa Ha NOJIHOM COMPOTMBAEHUM WCTOYHMKA CUrHana. OCHOBHbIM MCTOYHWMKOM LIymMa TOKa SBAAIOTCS
bnyKTyauumn apoboBOro Wyma B YCTAaHOBMBLUEMCA TOKe 6asbl, cknagbiBatowmeca c GAYKTyaUMaMM 33 cyeT
bnvKkep-wyma B rb6. Brknag apoboBoro wyma — 3TO LWYM TOKa, BO3pacTaloWmMi MNponopumoHansHO KOPHHEO
KBagpaTHomy M3 /6 (Mnan IK) 1 umeroLmMii NAOCKMI YacTOTHbIM CMEKTP, B TO BPEMSA KaK CcocTaBaslowas bankkep-
Wyma pacteT c /K bbicTpee M MMmeeT 0bblYHYIO YacCTOTHYIO 3aBMCMMOCTb BuAa 1/f. B3saB onaTb Ans npumepa
2N5087 Ha yacToTax cebiwe 10 K, umeem iyokono 0,1 nA/TuY2 npu IK = 10 MKA 1 0,4 nA/TuY2 npu IK = 100 MKA.
LLlym ToKa pacTeT, a Wym HanpsxeHua cnagaeT npu ysenndernun IK. B cneayrollem pasgene Mbl YBUAMM, KaK 3TO
obcToATENBbCTBO ONpeaenseT BblOOp 3HAYeHU paboumx TOKOB B MafoWyMALLMX cxemax. Ha puc. 7.45 nokasaHbl

rpadmKmM 3aBUCUMOCTM i OT YaCTOTbl M TOKA A5 MasowymaAllen napbl LM394.
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Puc. 7.45.Bxo0Holi mok wyma 0711 bunondpHo2o mpaHaucmopa LM394. a — 3asucumocms om moka
Konnekmopa, 6 — 3a8UcCUMOCmb OmM Yacmomel.

/.14. [lpoekmuposaHue MasaoWyMAUUX CXEM HA
bUNOAAPHBIX MPAH3UCMOPAX

®aKT, YTO ew NajaeT, a i pacTeT C POcTOM ToKa /K, AaeT BO3MOMHOCTb ONTMMM3MPOBATL Paboumii TOK

TpaH3MCcTOpa A8 NOAYYEeHUA MUHUMANbHOTO LyMa Npu JaHHOM MCTOYHMKe curHana. CHOBa B3rAsiHEM Ha MoAenb
(puc. 7.46).
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1

Puc. 7.46. Modens wymos ycunumens.

«BeClyMHbIN» WUCTOYHWMK CUrHaNa uu UmeeT A06aBKy B BUAE reHepaTopa HanpsKeHWs wWwyma (Tenaosoro
WYMa ero BHyTPeHHero conpoTmsnenns) e?q, = 4kTR,B2/Tu. Yemnutens gobasnseT ctoaa CBOWM COBCTBEHHbIN LLYM:

e, = e, + (iwRn)? B/,

Takum ob6pa3om, HanpAXKeHWe Wyma ycunmntena gobaBnaeTca K BXOAHOMY CUTHay M KPOMe TOro LyMm TOKa
YCUNUTENA MOPOXMKAAET WYM HANPAXKEHUA Ha BHYTPEHHEM COMPOTUBJIEHUM WCTOYHWMKA. IDTU ABa LWyMa He
KOppenupoBaHbl (3a MCKAOYEHMEM O4YeHb BbICOKMX YacTOT) M WX KBaApaTbl CKAa4blBAtOTCA. Halla uenb-Kak
MOMHO CU/IbHEE YMEHbLWNTb OB LWYM YCUAUTeNA. ITO JIerko caenaTb, eCAn U3BECTHO Ru, TaK Kak A0CTaTO4YHO
NOCMOTPETb Ha 3aBMCMMOCTb ew W iw OT /K Ha YacToTax curHana v Boibpatsb /K, MuHummusMpyowee e’w + (iwRu)?.
Ecan Bam noBe3no M y Bac ecTb KapTa JMHWIM ypoBHA KoadduumeHTa wyma Ha none /K u Ru, TO Bbl BbICTPO
CMOXeTe onpesennTb onTumaabHoe 3HavyeHue K.

Mpumep pacyeta KoapduuMeHTa Wyma. Oaa npumepa NpeanonoKMM, YTO Y HAc ecTb Manblii CUrHan ¢
yacToTon okono 1 KIu, CONpPOTUBIEHMEM MCTOYHMKA OKOJ1I0 10 KOM M Mbl XOTUM MOCTPOUTb yCUAUTENb Ha bHa3se
2N5087. M3 KpuBbIx ew-iw (puc.7.47) MOMXHO BWAETb, YTO CyMMa BKNAA0B HaMNPAXKeHMA U ToKa (npu
COMPOTMBAEHUM UCTOYHMKA 10 KOM) ByAeT MUHUMANbHOM Mpu ToKe Konnektopa 10—20 mKA.
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Puc. 7.47./luHUuU ypoBHA KO3aphpuyueHma y3KononocHo2o wyma 018 mpaHaucmopa 2N5087. (Fairchild
Camera and Instrument Corp.). UK3 =-5 B; f = 1,0 Kl'u, wupuHa nosocs! 150 ly.
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Tak Kak C ymeHblieHvem /K Wym ToKa nagaet 6bicTpee, Yem pacTeT LIYM HanpsKeHWa, pasyMHo
MCMO/b30BaTb HECKO/IbKO MEHbLUMI TOK KOMNEKTOpa, OCOBEeHHO ecnu npedsuantca paboTa Ha Hosee HUBKMX
yacToTax (i pesKo pacTeT MpW yMEHbLUEHWMM 4YacTOTbl). MOXKHO HE3aBMCMMO OUEHUTb KOIGOUUMEHT LYMa,
MCNONb3YA 3HAYEHUA iw W ew Ha YacToTe 1 Klu:

KW =10-1g {1 + [e?, + (iwRwn)?]/(4kTRun)} Ab.

Mpu IK = 10 MKA, ew = 3,8 HB/TuY?, jiw =0,29 nA/TuY?, a 4kTRu= 1,65-10'° B2/l Ana conpoTMBAEHUA
MCToYHMKa 10 KOM; BbIYMCNEHHbIN TaKMM 06pa3om KoadduumeHT wyma paseH 0,6 Ab. ITOT pe3yabTaT coBnagaeT
¢ rpadmkom 3asucmumoctm KLU oT yactoTsl (puc. 7.48) npu Bbibope Kpmeoi IK = 20 MKA, R,= 10 KOM. YKa3aHHbI
BbIOOP KO/IIEKTOPHOMO TOKa NPUMEPHO COBMaAaeT TaKKe C pe3y/IbTaTOM, KOTOPbIM MOMKHO Obl/1o HBbl NOAYYUTL U3
rpaduka puc. 7.47 (nMMHMM ypoBHA KoadduumMeHTa Wyma npu vyactoTe 1 KM, XOTA peanbHblid KOSOOUUMEHT WyMma
MO 3TUM IMHUAM OLLEHUTb TPYAHO-MOXHO TO/IbKO CKa3aTb, YTO OH MeHblue 2 Ab.

YnpaxHeHue 7.5. Halgute onTMManbHoe 3HaYeHMe IK M COOTBETCTBYOLWMI KO3dduumeHT wyma npu Ru = 100 KOm 1 f = 1 KW, ncnonb3ysa rpadvk Ha puc. 7.43.

MpoBepbTe OTBET MO KPUBLIM IMHWUIA YPOBHA KO3GdULMEHTa Wyma (puc. 7.47). Ona Apyrux cxem ycuamtens
(noBTOPUTENb, YCUANUTENB C 3a3eMIEHHON 6a30i) KO3POULMEHT WyMa Npu AaHHbIX Ru v IK ByaeT B cyWHOCTN TOT
YKe CaMblli, MOCKONbKY ew W i He U3MeHATCA. KOHEYHO, yCUAnTenb C eAMHUYHBIM KOSOPULMEHTOM YCUAEHWSA
(noBTOpPUTENB) MPOCTO «MepeaaeT» NPobAEMbl YMEHbLUEHWUA LWyMa CAedytoWemy Kackady, TaK Kak CUrHan He
6yAeT yCMNeH A0 TaKoW CTeneHM, KOTopasa NO3BONAET HE AYMaTb O CHMMEHUN LIYMOB B C/IeAYOLIMX KacKadax.

10,0

8,0
2 6,0
240

2,0

0 — | |
10 0z 108 04 108 e 7

Yacmoma, [y

Puc. 7.48.3asucumocme  KoagppuyueHma wyma (KLLI) om yacmomel 0ns mpex 3HaveHul IK u Ru y
mpa+3ucmopa 2N5087. (Fairchild Camera and Instrument Corp.). UK3 =-5B; 1 — IK = 500 mKkA, Ru = 1,0 KOm;2 —
IK =250 mKA, Ru =5 kOm; 3 — IK = 20 mKA, Ru = 10 KOm.

Fpadryecknini MeTos, OLEHKM Wyma YCUAUTEeNA Mo ew M ilW. TONbKO YTO NpeAcTaBAeHHAA TEXHMKA pacyeTa
LWYMOB, XOTA W BeAEeT HEenoCpeACTBEHHO K MOJYYEHUKD pe3ynbTaTa, OAHAKO He WCKAYaeT BO3MOMKHOCTU
NOABNEHMA B NpoLecce NPOEKTUPOBAHMA YXKaCHbIX OWKMBOK. JocTaTouyHO, Hanpumep, NOCTaBUTb HE Ha TO MeCTO
NOCTOAHHYIO Bo/MbLMaHa, M Mbl BAPYr NOJYyYaem ycunmTesnb ¢ KoapduumeHTom wyma 10000 ab! B aTom pasaene
Mbl OMULIEM OYeHb MOME3HYK YMNPOLLEHHYKD TEeXHWUKY OLEeHKW Wyma. MeToa COCTOMT B TOM, UTO CHa4dana
BbIOMpaeTCA MHTepecylolWana Hac 4actoTa, 4Tobbl MOXKHO OblNO BbIGPATb M3 NMACMOPTHBLIX AAHHbIX TPaH3UCTOpPa
3HAYeHMA ew W iW B 3aBUCMMOCTM OT /K. 3aTeM Npu 3a4aHHOM TOKEe KOJIeKTOpa CTPOUTCA rpadmK 3aBUCUMOCTM
ey (Kak CyMMmbl BKNa[OB €W W i B LYM) OT COMNPOTMBAEHUS UCTOYHMKA Ru. Ha puc. 7.49 nokas3aHO, KaK OH
BbIrNAAMT Npu 4YactoTe 1 Kly ans anddepeHUManbHOro BXOAHOMO KackaZa, WMCMOJ/b3YHOLWEro COracoBaHHYHO
TpaH3ncTopHyto napy LM394 co ceepxBbicokMM B, paboTatoLlyto NPy KOANEKTOPHOM ToKe 50 MKA.
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Puc. 7.49. 3asucumocme HanpamceHus 8xo00H020 WyMd ycuaumesnsa ey KAk CyMmbsl napamempos ew u iwRu
om conpomuesieHuUs UCMOYHUKA cueHana. Lym 0na exodHozo kackada LM394 Ha ywacmome 1 klu npu IK = 50
MKA; ew = 2,5 HB/Tul/2; iw = 0,16 nA/Tul/2; Ru = ew/v = 15 kKOm.

Lym HanpaKeHus ew NOCTOAHHbIM, a HanpsaxeHue jwWRuU BO3pacTaeT NponopuMoHanbHO Ru, T.e. C
HakNOHOM 45°. JIHMA LWymMa YCUAWUTENA CTPOMUTCA TaK, Kak MOKasaHO Ha PUCYHKe, HaZo npuyem TUlaTesbHO
cneamTh 3a Tem, YTobbl OHa Npoxoamna Yepes TOoYKy Ha 3 Ab (oTHOWeHWe HanpAXKeHW okono 1,4) BbilWe TOUKM
nepeceyeHms OTAENbHO MOCTPOEHHbIX AMHWUI LyMa HaNpPAMKEHUs ew W ToKa iwRu. Kpome Toro, CTpoOUTCA AMHMA
HaMpPsKeHWUs WyMa COMPOTMBAEHMA MUCTOYHMKA, KOTOPas OKasbliBAeTCA /AMHMEN ypOBHA Ko3dduuMeHTa wyma 3
6. Opyrve nantHum yposHa KL — 3To npaAmble, el napannensHble, Kak BcKope byaeT noKasaHo Ha NpumMmepax.

Hannyywmit koadoduumeHT wyma (0,2 4B) npu 3TOM KONNEKTOPHOM TOKE M 3TOM YacToTe HabatogaeTcs npu
COMPOTMBAEHUN UCTOYHMKA 15 KOM, M nerko BMAaeTb, 4TO KoabbMUMEHT wWyma MeHble 3 ab byaeTr npwu
COMPOTMBAEHUM UCTOUYHMKA MexKay 300 Om 1 500 KOM, — TOYKM, B KOTOPbIX IMHWUA YPOBHA KO3bDULMEHT LLIYMa
3 ab nepecekaet rpaduK Wyma ycuamtens.

CnedyloWwmMini war — MNOCTPOEHME APYTUX KPMBLIX WYMa Ha TOM e rpaduke Npu Pas/MuHbIX TOKax
KOJIIEKTOpa M 4YacToTax, a BO3MOMKHO W AN APYrMX TUMOB TPaAH3WCTOPOB, C LE/bi0 OLEHKM MNapameTpoB
yeunutens. Neped Tem Kak ABMraTbCsA B 3TOM HanpaBAeHUMM Aafblie, NMOKaXKeM, KakK MOMKHO K O4HOMY M TOMY Ke
YCUAUTENO MPUMEHATb ABa Pas/AnyHbIX NMapameTpa, XapaKTepusylollMe LWyMm: LWYMOBOE COMPOTMBAEHME Rumn
KoadoduumeHT wyma KLU (npm Rw), KoTopble 06a NoayyatoTca HEMOCPEACTBEHHO M3 rpadUKOB.

lymoBoe conpotuBaeHne. HavmeHbWMUI KOIQOUUMEHT Wyma B 3TOM MNPUMeEpPe MOoJyYaeTcs, Koraa
CoMpoTUB/AEHWE MWCTOYHMKA 15 KOM, 4YTO pPaBHO OTHOWEHWI ew K jw. Tak onpeaenseTca WYMOBOe
conpotueneHne R = ew/iw. KosaddUUMEHT wWyma MCTOYHMKA C TakMM COMPOTMBAEHMEM HaxOAMUTCA U3
NpUBEAEHHOTO paHee BblparKeHUs:

KW (npu Rw) = 10-1g[1 + 1,23-10%%(e?,/Rw)] a6 ~= 0,2 ab.

LLlymoBoe conpoTMBAEHME He CYyLLEeCTBYEeT peasibHO B TPaH3UCTOpe WM rae-To ewe. ITO NapameTp, KOTopbIi
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nomoraeT 6bICTPO onpeaeUTb CONPOTUBIEHME UCTOYHMKA, AAOLLEE MUHUMA/bHBIN KOIOOULMEHT LWyMa, TaK YTo
B MAeane Hago MEeHATb TOK KO/EKTOpa TaknMm obpasom, 4Tobbl NoA0rHaTh RW Kak MOXHO BAMKe K peanbHOMY
COMPOTUBNEHWNIO UCTOYHMKA. RW OTBEYAET TOUKe, B KOTOPOW nepeceKatoTcs rpadukm ew 1 iw.

KoadpdnumeHT wyma Ona CONPOTMBAEHUA WCTOYHMKA, PABHOMO RwWw, HaxoAmMTcA MO NPWBELEHHOW Bblle
bopmyne.

AnbTepHaTnBa: bunonapHbIM TpaH3ucTop wau MT. [JasaliTe nNourpaem C 3TOM METOAMKOW. [MOCTOAHHbLIM
AGNOKOM pa3fopa Cpear WMHMKEHEepPOB ABAAETCA BOMPOC O TOM, YTO «ayywe»: OUNONAPHbIE UAW MONeBble
TpaH3MCcTOpPbI? Mbl MOKOPHO NPEAOCTaBMM PELIEHWE 3TOr0 BOMPOCca eANHODOOPCTBY NyYliMX NpeacTaBuTeneit Asyx
COCTA3aloLWMXCA CTOPOH. Mbl MO3BOMM B WMHTepecax YecTHOM Gopbbbl cpaxkaTbcA AByM KomaHzam National

Semiconductor, BbibpaB ABYx eanHobopLEB.

MTaK, B OUNOAAPHOM YrAy — BEAMKOAENHbIA MOHOAWTHbIM LM394 — cornacoBaHHas napa co
CBEPXBbLICOKMM B,- y3Ke roTOBbIM K coCTA3aHMAM (Cm. Bbilwe). OH paboTaeT Ha yacToTe 1 Kl C TOKOM Ko//1eKTopa

oT 1 MKA no 1 mA (pwuc. 7.50).
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Puc. 7.50.onHoe HanpsaxceHue 8X00H020 Wyma ey ycunumens Ha bunoaapHom mpaHsucmope LM394 npu
pa3nuUYHbLIX ycnosuax 6 cpasHeHuu c [1T ¢ p-n-nepexodom 2N6483. MoHOAUMHAA C0271GCO8AHHAA naApa npn-
bunonsapHeix mpaHaucmopos LM394 npu 1 klu u IK =1 MmkA — 10 MA.

KomaHpga MNT npeacrasneHa MOHOAMTHOM Napoin COrnacoBaHHbIX N-KaHanbHbIX [T ¢ p-n-nepexogom 2N6483,
3HAMEHWUTOM CBOMM MOTPACAOLLE HU3KMM YPOBHEM LIYMOB U MPEBOCXOAALLEN, KaK MPUHATO CYMTATb, MO 3TUM
napameTpam HGunonapHblie TPaH3MCTopbl. COrnacHoO NacnopTHbIM AAHHbIM, OHa PacCYMTaHa TOMBbKO Ha AManasoH

TOKa cToka oT 100 go 400 mKA (puc. 7.51).
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Puc. 7.51. [lMonHoe HanpsamceHue 8xo0Ho20 wyma ey 0aa [1T ¢ p-n-nepexodom 2N6483 8 cpasHeHuUu C
bunonapHeim mpaHaucmopom LM394. MoHonumHasa co2naco8aHHaa napa N-KkaHasnsHeix [T ¢ p-n-nepexooom
2N6483 npu 1 Kl'y u Ic = 100+400 mKA, Uc3z = 2+25 B.

KTo e nobeautens? PelleHMe OKasblBAaeTCA [ABOWCTBEHHbIM. [10NeBOW TpaH3WCTOpP HabupaeT O4vkM Mo
MUHUMM3aUMKM KoadduumeHTa wyma KW (Rw), aocturaa deHomeHanbHoro 3HadeHums 0,05 Ab 1 aepKacb HAMHOro
Huxe 0,2 Ab Npu NOAHOM COMPOTUBAEHMU WCTOYHMKA oT 100 KOm pgo 100 MOm. B obnactn 6onblimx
COMPOTMBNEHUIN  WUCTOYHMKA [T Henobeammbl. BUNONAPHbIE  TPAH3UCTOPbl  OMEPEXKatoT Npu  Masnbix
COMPOTUBAEHMAX MCTOYHMKA, B YACTHOCTM MeHblimnx 5 KOMm, n moryT gocturate 0,3 ab KW npn Ru = 1 KOm npu
COOTBETCTBYIOLLIEM BblbOpe ToKa KonnekTopa. Ans cpaBHeHus: MNT nmetoT KL npu conpoTmBaeHMM MUCTOYHMKA 1
KOM He nydlle 2 Ab 13-3a 60/bLWIErO WyMa HaNpPsXKeHUs ew.

Kak 1 B 6oKce, rae 6b6ITb Ay4HLWIMM B ApaKe elle He 03HaAYaeT MMEeTb LAHC Ha yyYacTMe B YeMnuoHaTe MMpa,
TaK W 34eCb MMEITCA HECKONbKO HOHbIX MNPEeTeHAEeHTOB Ha 3BaHWe Jyyllero MasoWyMALLEero TpaH3McTopa.
Hanpumep, B KomnnemeHTapHbix MT ¢ p-n-nepexogom 2SJ72 n 2SK147 dupmbl Toshiba ncnonbsyetca ayemcras
reomeTpua 3aTBOpPa, YTO MO3BOAAET NONYUYUTb GEHOMEHANbHO HM3Koe 3HaudeHue ew 0,7 HB/TLY? npu Ic = 10 MA
(1O 3KBMBaANEHTHO Tennosomy Wymy 30-omHoro pesuctopal). Ho Beab 310 MT € UX ManbiM BXOAHbIM TOKOM (M
MNO3TOMY MafbiM W), a oTctoda M TO, YTO WYMOBOE COMPOTMBAEHME MNpUMepHO pasHo 10 KOMm. Mpwu
MCMONb30BAHUN UX B YCUAUTENE TMPW COMPOTUBAEHUN UCTOYHMKA, PABHOM KX LUYMOBOMY COMPOTUBAEHUIO (T. €.
npu Ru= 10 KOM), 3TU TPaH3UCTOPbLI HenobeanMmbl — TemnepaTypa Wyma coctasnset scero 2 K!

Mepen TeM Kak HexkaTb MOKynaTb MEWOK 3TUX 3amedaTesbHbIX [T, BbIC/YWaNTe HECKONbKO KPUTUYECKMX
3aMeYaHuii, KOTopble 3aCTaBAT YCOMHWUTLCA B He3rpaHMyYHOCTM MX BO3MOXKHOCTEM, — 3TW [T MMEIT BbICOKYHO
BXOAHYIO EeMKOCTb M Do/blytd emKocTb obpaTHoi cBAsn (85 n 15 nd COOTBETCTBEHHO), YTO AenaeT ux
OFpaHWYeHHO rOAHbIMUM Ha BbICOKMX YacToTax. Mx poactBeHHWK 2SK117 B 4aHHOM OTHOLLEHWU /ydlle, HO Y Hero
Bbille ew. Te e KPUTUYECKMe aprymeHTbl CnpaBedinMBbl ANA OMNOAAPHbLIX KOMMAEMeHTapHbIX nap 2SD786 u
2SB737 dupmbl Toyo — Rohm, y KOTOPbIX Mpu ew No KpaiiHeit mepe He Bbiwe 0,55 HB/TLY2 npu ymepeHHbIx
3HaYEeHMAX NMOSHOMO COMPOTUBAEHMA MCTOYHMKA M HYAaCTOTbl MOXKHO NOYYMTb JaxKe Aydlimne paboyme napamerpsbl.

Manoe nNonHoe CONPOTUBAEHME MCTOYHMKAE. BUNONAPHO-TPAH3UCTOPHbIE yCUAUTENN 0HecneynBatoT oYeHb
XOpoline LWyMOBble NapameTpbl B AMana3oHe MOJHOro COMPOTUBAEHMA WMCTOYHMKA oT 200 Om go 1 MOm;
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COOTBETCTBYIOLMIA ONTUMA/bHbIN TOK KOMEKTOPa NEXUT 0ObIYHO B AMana3oHe OT HECKONbKUX MUanMamnep Ao 1
MKA, T.e. TOKM KONNEKTOpa, WCNONb3yeMble BO BXOAHOM KacKage MajoWyMALLErO YCUIUTENA, HECKONbKO
MeHblle, BOOblLE roBOpPSA, YEM B HE ONTUMM3IMPOBAHHbLIX MO YPOBHIO LWYMa YCUAUTENbHbIX Kackadax. Mpu oveHb
MasiblX MOJIHbIX COMPOTUBAEHUAX UCTOUYHMKA (Hanpumep, 50 Om) Bceroa byaeT npeobnagaTb WYM HaMpPsKEeHUs
TpaH3ncTopa M KoaddbuumeHT wyma byaeT HeyaOBNETBOPUTEbHbIM. B 3TOM Caydvae nyylle BCErO MCMNOAb30BaATb
TpaHchopmaTop AO1A YBEAMYEHMS YPOBHA (M COMPOTMBAEHMS MCTOYHMKA) CWUrHaNa, pPaccmaTpuMBas Mnpu 3TOM
CUrHan Ha BTOPMYHOM OOMOTKE KaK CMrHan WCTOYHMKA. BblCOKOKayecTBeHHble npeobpa3oBaTenn CurHana
BbiNycKatoTca dmpmamm James u Princeton Applied Research. Hanpumep, Bbinyckaemasi nocneaHent ¢upmon
moaenb MNT-npeaycunutens 116 MMeeT Takue LWyMbl HanpaKEeHUS M TOKA, YTO HaMMEHbLWNA KO3DDULIMEHT LyMa
HabnaaeTcs NpPU NOAHOM COMPOTUBAEHMU UCTOYHUKA CUrHaNa okoso 1 MOM. CurHanbl YacToTbl 1 Kl ¢ NOIHbIM
COMPOTUBIEHMEM UCTOYHMKA nopagka 100 OM nioxo COrfacytoTcA C TakKMM  yCUAUTeNem, TaK Kak LWym
HanpsXeHua ycuantena byaet HaMHOro Bonblie TEMIOBOrO LyMa UCTOYHWMKA CUIHaNa; B pe3y/abTaTte, eciv Takon
CUrHan nodaTb MPAMO Ha ycuauTenb, KoabduumeHT wyma 6byaet paseH 11 ab. Ecam Ke wucrnonb3oBaTb
BCTPOEHHbIN (HeobsA3aTenbHbI) MOBbIWAOWMK TpaHCHOPMaTOp, TO YPOBEHb CUIHaja MOBbLILAETCS BMecTe C
NOJIHbIM COMPOTMBAEHMEM WCTOYHWMKA, TMPEBbLIWAA LYM HANPsSKEHUa yCeuauTens, UM KodIpOUUMEHT LWWyma
CTaHoBuUTCA pasHbiMm 1,0 Ab.

Ha pagmoyactoTax, HauMHas K npumepy, npubamsmtensHo ot 100 Kl'W, xopownit TpaHchopmaTop caenatb
[IOBOJIbHO JIeTKO KaK A/1A «HACTpamBaemblx» (y3KOMOMOCHbIX), TaK U A5 WMPOKOMNOJOCHBIX CUrHANO0B. MpKn Takux
4acToTax /IefKO MOCTPOUTb «TPAHCHOPMATOPHYIO JAMHUIO Mepedaym» C WWPOKOM MNOMOCOM YacTOT M OYeHb
XOpOLWMMKM NnapameTpamn. HekoTopble nyTn 414 3TOr0 Mbl PACCMOTPUM B 2. 13, T. 2. A BOT Ha HU3KMX YacToTax
(3BYKOBbIX M HUKE) NpUMeHeHKne TpaHchopmMaTopoB NpobaemaTUyHO.

Tpn 3amevanusa: (a) HanpsaxeHue pacTeT NPOMOPUMOHANBHO OTHOWEHWIO 4YMCAa BMTKOB B 0OMOTKax, a
MO/IHOE COMPOTUBAEHME - MPOMOPLMOHANLHO KB3aApaTy STOro OTHOWeEHWA. [lo3ToMy BbIXOAHOE MOJHOE
conpoTuBNeHne TpaHchopmaTopa, MOBLIWAKOWErO HanpAXeHue B ABa pasa, NPeBOCXOAMUT BXOAHOE MOJHOe
COMNPOTMBAEHNE B YeTbIpe pasa (3a cyeT 3anacaHus sHepruu), (6) TpaHchopMaTopbl HecoBepLUEHHbI. TpKU HU3KMX
YacTOTax CUrHanAa MOMET AOCTaBWUTb X/IOMOTbl MAarHWUTHOE HacCbIWEeHWe, NMPU BbICOKMX-EMKOCTb U MHAYKTUBHOCTb
0B6MOTOK, M Bcerfa HabnaatoTCA MOTEPU M3-33 MATHUTHbIX CBOWCTB CEpAEYHMKA M COMPOTUBAEHMA OOMOTOK.
MocnenHee K TOMY e ABAAETCA WMCTOYHMKOM TEMJOBOro LWyma. Tem He MeHee npu paboTe C MCTOYHMKOM
CUrHana, MMeLWMM O4eHb Masioe NOJIHOe COMPOTUBAEHME, BbIbOpa Yy Bac HET, a NpUMeHeHWe TpaHchopmaTopa,
KaK MoKasblBaeT npeablaywuni Nnpumep, AaeT OFPOMHbIN BbIMIpbil. YTOObI yAy4lnTb pexmnm paboTbl C Maiblim
YPOBHEM CUTHANA MU MasibiM COMPOTUBAEHUEM €ro UCTOYHMKA, MOXHO NPUMEHATb M 3K30TUYECKYID annapaTtypy
BpOAEe  OXNaKAaembix  TPaHCOOPMATOPOB,  CBEPXMPOBOAALIMX  TpaHcpopmaTopoB, a Takxke  CKUM
(CeepxnpoBogauimMe KeaHToBble WHTepdepeHuUMOHHble [Mpubopbl). C nomouwpto CKNTMOB MOMKHO M3MEPATb
HanpsskeHne nopaaka 107 Bl (8) M cHoBa npeaynpexaaem: He MbiTakTech yAyYlnTb pexkum paboTsl, nobasnss
nocnenoBaTesIbHbIA PE3NUCTOP K UCTOYHMKY CUTHaAa C MasbiM MOAHbIM CONPOTMBAEHMEM. Bbl MPOCTO OKaxeTecb
oYepeHOM KepTBOW pPacnpoCTPaHEHHOro 3abayKAeHNs HacyeT KoabduumMeHTa LWyma.

Bo/blloe MOAHOE COMNPOTUMBAEHME UCTOYHMKA. [lpn BOAbLIMX 3HAYEHMAX MNOMHOMO COMPOTUBAEHMS
MCTOYHMKa, NpeBblllatownx, ckakem, 100 KOm, npeobiadaeT Wym ToKa TPaH3UCTOPa U Ny4LIMM YCTPOMCTBOM /15
YyCUNEHUA C ManbiMK Wymamu byaeT MT. XoTa y Hero Wwym HanpaxkeHua obbiuHO Bosblie, Yem y BMNoNspHOro
TPaH3MCTOPa, HO TOK 3aTBOPA M €ro LIym Mcyesatolle Masbl, nostomy MT ABAAIOTCA MAEaNbHBIMK YCTPOKCTBAMM
ANs ycunutenei, paboTatolmx ¢ MICTOYHUKOM CUrHaNa ¢ HOAbLIMM MOAHBIM COMPOTUBAEHWEM U AAIOWIMX MaSbli
WyM. B CBA3M C 3TMM MHOrAa Mo/e3HO TPaKToBaTb TEMAOBOM LYM KaK WymM TOKa iw = ew/Ru, 4yTo nossossder
CPaBHMBATb BKAZ LIYMa UCTOYHMKA U LYM TOKa yeunutens (puc. 7.52).
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Puc. 7.52.3agucumocms  n1omHOCMU  HANPAXCEHUA  Mensa08020 WyMd OmM  COnNpomuUBsaeHUAa  npu
memnepamype 25 °C. [loka3aHa makxxe naomHocme MOKaG WyMa 8 PEXUME KOPOMKO20 3aMbIKAHUA.

/.15, Wym 11T

Ons NT MOXKHO MCMONb30BaThb TY KE MOAENb WyMa YCUAWUTENA, YTO U AN BUNONAPHOrO TpaH3McTopa, T. €.
nocnenoBaTeNbHO CO BXOAOM COEAMHUTb MCTOYHMUK LWyMa HanpaKeHus M napannenbHo npucoeamHuTb UCTOUYHMK
lWyma ToKa. MNpu 3TOM aHaAM3MpPOBaTh LUIYMOBbIE MAapPaMeTPbl MOXKHO TaK Ke, KaK 3TO Aenanoch Ana OUNoNApHbIX
TpaH3ucTopoB (cMm., Hampumep, puc.7.51 B pasgene, NOCBAWEHHOM cpaBHeHWto [T ©  GUNONAPHbBIX

TPaH3MUCTOPOB).

LLym HanpaxeHuna MT c p-n-nepexogom. Ana MNT ¢ p-n-nepexoiom WYM HanpAXeHUA ecCTb, B CyLHOCTH,
TENA0BON LUYM CONPOTUBAEHWA KaHana, KOTOPbLIA NpUBANKEHHO onucbiBaeTca Gopmynon

e’, = 4kT[(2/3)(1/gm)] B?/Iy,

roe BennunHa, obpaTHas KpyTW3He, UrpaeT posib COMPOTUBAEHMA B dopmyne TEMA0BOro lWyma. Tak Kak
KPYTM3Ha pacTeT BMECTe C TOKOM CTOKa (Kak VIC), ANA CHUXEHUA LyMa HanpsKeHUs MMeeT cmbica, 4Tobbl MT
pabotann c 6HonbliMM TOKOM CTOKa. OfHAKO, MOCKOMbKY ew NpeacTaBAseT coboi TemnnoBon  WyMm,
NponopuMoHanbHbii 1/Vgm, a KpyTW3Ha, B CBOKO o4epeab, NponopuUMoHanbHa Vic, TO ew B KOHEYHOM cyeTe
nponopuuoHansHa Ic-4. Mpu cTonb cnaboit 3aBUCMMOCTU ew OT Ic He CnelyeT CUNbHO YBeNMYMBaTb TOK CTOKa,
TaK KaK 3TO yXy4WWT Apyrve napameTpbl yeuamTens. B yactHocTu, MT, paboTas npu 60AbLIOM TOKe, HarpesaeTcs,
yTo (a) ymeHblwaeT gm, (6) yBennumsaeT apend HanpsKeHnusa casura M KOCC u (B) ApamaTnyeckum obpasom
YBE/IMYMBAET TOK YTEUKM 3aTBOPA; NOCAEAHNN 3DPEKT GaKTUUECKM MONKET y8eaudyums LyM HamnpsKeHua 3a cyeT
HEeKOTOPOTO BK/Aaa B ew GAMKKep-LUyMa, CBA3AHHOIO C TOKOM YTEYKM 3aTBOpA.

CyliecTByeT ApPYron nyTb A8 YBEAMYEHUA gm, @ TEM CaMbIM 419 YMEHbLIEHUA LWyma HanpsasxkeHua MT ¢ p-n-
nepexogom: BKIOUMB MNapannenbHo aAga MT, mbl Byaem MMeTb BABOe OOblUyHO gm, NPW 3TOM, KOHEYHO,
yaBamBaeTca U Ic. OgHaKo Tenepb, eCcAn Mbl COXpPaHMM Mpeablayliee 3HayeHue Ic, TO NPy 3TOM Mbl BCE Ke
NOAy4YMM yBesndYeHMe gm B V2 pas3. Ha npakTMke Mbl MOMEM MpPOCTO BKAYWUTL B Mapasiiesb HEeCKO/bKO
cornacoBaHHbIx MT ¢ p-n-nepexofom nnbo 0bpatntbea K MNT € YyCNOKHEHHOM TeOMEeTPUEN, TaKMM KaK YNOMAHYTble
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Bbie 2SJ72 v 2SK147.

[Mpn aTOM, OAHAKO, NPMUXOAMTCA MNAaTUTb. BCe eMKOCTM coeamHAeMblx napannenbHo [T CKnadbliBatoTcA, B
pe3y/bTaTe Yero BbICOKOYACTOTHbIE XapaKTEPUCTUKKM (BKAtOYAA KOIDOUUMEHT Wyma) yxyawatotca. Ha npaktuke
NOAKAOYEHNE AOMONHUTENbHBIX TPAH3MCTOPOB HEOBXOAMMO NPEKPaTUTb, KaK TOJbKO BXOAHAA €MKOCTb CXEMbl
CPaBHAETCA C EMKOCTbIO UCTOYHMKA. ECM Bac BOSHYIOT XapaKTEPUCTUKM Ha BbICOKMX YacToTax, BbibupanTe MT c
bonblwon gm wn manon C3C, MOMKHO paccmaTpuBaTb OTHoweHue gm/C3C Kak Mepy KayecTBa Ha BbICOKMX
yactoTax, CnefyeT OTMETUTb, YTO BaXKHYIO POb MOMKET UrpaTb TaKKe KOHOUIypauma Cxembl; Hanpumep, YTobbl

NCKNUYNTL 3bdekT Munnepa (YMHOMKeHMe 3a cyeT KoadpduuMeHTa ycuneHus) oTHocuTenbHo C3C, MOMKHO
NPUMEHNTb KAaCKOAHYIO CXEMY.

MOMM-TpaH3ncTopbl 0ObIYHO MMET HamHOro 6o/ibliMe 3HAYeHMs Lyma HanpskeHua, yem MT ¢ p-n-
nepexodom, npuuem npeobnagaet wym 1/f, Tak Kak cnag 1/f NeXWUT y HUX B AManasOHEe A0CTAaTOYHO BbICOKMX

yactoT: oT 10 po 100 klfu. Mo 3toM npuumHe MOI-TpaH3MCTOPbI OBLIYHO HE WMCMNOJb3YIOT B MasOLYMALLMX
YCUANTENAX Ha YacToTax, MeHblumx 1 Mrlu.

lWym Toka MT c p-n-nepexodom . Ha HM3KMX 4YacToTax LWyM TOKa /W KpaiHe Man, OH BO3HMKAeT M3
[pob0BOro Liyma TOKa yTedku 3ateopa (puc. 7.53):

iw. apd =(3,2:10°13yTB) Y2 A.
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Ymeyka aampopa, A

Puc. 7.53.3as8ucumocme 8x00HO020 MOKA WyMa Om MOKa ymeyku 3ameopa 0418 1T ¢ p-n-nepexodom.

(National Semiconductor Corp.)

Kpome TOoro, B HekoTopblx MT MpMCYTCTBYET KOMMOHEHTa G/MKKep-wiyma. Lym ToKa pacTeT C pocTom
TemnepaTypbl, Kak TOK yTeuku 3aTBopa. O6paTnTe BHMMaHME Ha ObICTPbIA POCT YTEUYKM 3aTBOPA Y N-KaHaAbHOro
MNT ¢ p-n-nepexoaom, Npu 6obluMX 3HadeHnax UC3 (cm. pazd. 3.09).

Ha cpeaHuXx M BbICOKMX 4YacTOTax eCTb elle OfHa KOMMOHEeHTa Wyma, a MMEHHO AeWCTBUTENbHaA 4acTb
BXOZHOMO MOJIHOTO COMPOTMBAEHMA CO CTOPOHbI 3aTBOpa. ITa cocTaBAsAoWas 0bycnoBneHa AeWCTBUEM EMKOCTM
obpaTtHol cBsa3mn (adbdekTom Munnepa) npu casure Gasbl Ha BbIXOAE, NOPOKAEHHOM €MKOCTbIO Harpysku; mHade
roBOPA, YaCTb BbIXOAHOrO, CUrHasia, caBWMHyTas no dase Ha 90°, npoxoasa yYepes emKoCTb obpaTHoM cBAasn C3C,
co3gaeT adpPEKTUBHOE COMPOTUB/IEHNE HA BXOE
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R =(1+ WCHRH)/(w2gMmC3CCHR21) OM.

Hanpumep, p-kaHanbHbiii NT ¢ p-n-nepexosom 2N5266 umeeT Tok wyma 0,005 nA/Tu? u HanpaxeHue
WYMa o, 12 HB/TuY2 - To v apyroe npw ICY Hac v Ha YactoTe 10 KlU. TOK WymMa Ha4yMHaeT NoA3TU BBEPX Npu
yactoTe okoso 50 Kfy. 3TM 3HayveHuAa npumepHo B 100 pa3 aydwe Mo iwn B 5 pa3 xye No ew, 4em
COOTBETCTBYHOLWME 3HAYEHMA pacCMOTpeHHOro paHee 2N5087.

C nomoubto MT MOXKHO NOAYYMTb XOPOLLME LYMOBbIE MapaMeTpbl B AMana3oHe MNOJHOro CONPOTUBAEHNA OT
10 KOm go 100 MOm. Mpeaycunutens dupmbl PAR moaenn 116 umeet KoadduumeHT wyma 1 ab n nydywe npu
NOJIHOM COMPOTUBAEHMN MUCTOYHMKA OT 5 KOm ao 10 MOm B amanas3oHe 4actor oT 1 go 10 klu. 370T

npeaycuAnTeNb Ha YMEPEHHbIX YaCcToTax MMeeT HanpaxeHue Wwymos 4 HB/Mu? u Tok wymos 0,013 nA/Mu 2.

7.16. Boibop manowymAawux mpaH3ucmopos

Kak ynommnHanock paHblle, BUNONAPHblE TPAH3UCTOPbLI M3-332 MasIor0 BXOAHOIO LWYMa HanpsaKeHWa UMeroT
HauayyWwme LIYMOBbIE MAapameTpbl MPM MajblX 3HAYEHWAX COMPOTUBAEHUA WMCTOYHMKA. LLyM HanpaxeHua ew
yMeHbluaeTca nytem Bbibopa TpaH3UCTOPa C ManbiM 0BbEMHbLIM CONpPoTUBAEHMEM 6a3bl r6 1 pexxmma paboTbl ¢
60MbWMM TOKOM KoNNekTopa (noka h213ocTtaetca 60bwmmM). Mpr BOABLINX CONPOTUBAEHUAX UCTOYHMKA Hamo,

HaobopOT, yMeHbLIaTb LWyM TOKa NyTEM CHUMKEHMA TOKa KOA/eKTopa.
Mpu 6ONbLIOM COMPOTUBAEHMUM UCTOYHMKA NyYlUMM Bbibopom aBaaeTcs MT. Ero Wym HanpsKeHWa MOXKeT

ObiTb YMEHbLUEH YBe/IMYeHMeM TOKa CTOKa [0 TAaKOro 3HadyeHusa, Koraa KpytusHa bOyaet Haubonbuwen. MT,
npeAHasHavyeHHble 414 paboTbl B MasoWyMALWMX YCTPONCTBAX, MMetoT Bosblioe 3HaveHue k (cm. pa3d. 3.04), uto

06bI4HO 03HaYaeT BOMbLUYIO BXOAHYHO EMKOCTb.
Hanpumep, y manowymsauiero 2N6483 emkoctb C3u = 20 nd, a y cnabotoyHoro MT 2N5902 emkocTb C,,= 2
n®. Ha puc. 7.54 n 7.55 nokasaHbl CPaBHUTE/IbHbIE LWYMOBbIE XapPaKTEPUCTUKM HEKOTOPbIX PACMPOCTPAHEHHbIX U

LWMPOKO MCMOb3YEMbIX TPAH3UCTOPOB.
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Puc. 7.54. BxoOHsie wymMbi 011
BX00H020 HANPAMCEHUA WYMd euw om

HeEKOMOpPbLIX NonysAapHbIX 6UHOﬂHprIX mpaH3ucmopos.a — 3geucumocme
mMOoKa KOﬂﬂEKmOpG,'6 — 3a8UCUMOCMb BXOOHO20 MOKA wyma iw om mokKa

KOs1/1€KMopa, B — 3a8UCUMOCMb 8X00H020 MOKa wyma om 4acmomel.
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Puc. 7.55. BxoOHble wymsl HeKomopbix nonyasapHsix [1T.a — 308UCUMOCMb 8XOOHO20 HANPAMEHUA WYMA
ew om moka cmoKa Ic;6 — 308UCUMOCMb 8XOO0HO020 HANPAMEHUA WYMa i Oom 4acmomel;B — 308UCUMOCMSb
8X00H020 MOKA WyMa iW om 4acmomei.

7.17. lym ougpepeHuuansHeix ycuaumesnel u ycuaumerneu
c 0bpamHoUl c8A3bt0

Manowymalme  ycuamMTenM 4acto aenatoT  anddepeHumanbHbiMM,  UToBbl  MOAYYMTb  OBblYHbIE
npeMmyLLecTsa B BMAE Mafioro Apenda 1 Xopowero noAasneHns cMHdasHbIX CUrHanos. Korga noacymTbiBaoTca
WYMOBbIE XapaKTEPUCTUKM ANbPEPEHUMANbHOTO YCUAUTENS, HALOo MOMHUTbL: a) caedyeT ybeauTbes, 4To ANd
M3BAEYEHUA ew W W M3 nacnopTa M3roToBMTeNs bepetca OTAeNbHbIA TOK KOANEKTOpa, a He MX cymma; 6) iw,
NPUXOAALMIACA Ha KaxAdpld BXOAHOM 3a)KMM, TOT Ke, 4TO W AAA OAHOBXOAOBOTO YCUAMTENA; B) ew,

npuxodalleecs Ha OAMH BXOM, NPU 3a3eMeHHOM Apyrom, byaeT Ha 3 A6 (T.e. B V2 pas) 6bonblie, Yem B caydae
OTAe/1bHOro TPaH3uUCcTopa.

B ycuanTenax c obpaTHOM CBA3bIO Mbl XOTMM HaMTX SKBMBANEHTHbIE UCTOYHUKM LIyMa ew W iul He3aBMCMMO
OT TOro, ecTb /M Lenb 0BpaTHOM CBA3M, YTOBbI MX MOXHO OblN0 MCMNOAL30BaTb, Kak M paHblie, Npu noacdyeTe
LYMOBbIX XapaKTEPUCTMK C 3aJaHHbIM UCTOYHMKOM curHana. O603HaUMM LyMbl CXEMbI C 0BPaTHOW CBA3bIO Yepes
ey v iy Kak LWymbl ycunumesns. Toraa Wwym, BHOCUMbIA YCUAWUTENeM B CUTHaA NPW CONPOTUBAEHUM UCTOUHMKA Ru,
byaet

2 _ a2 i \2 R2
e’ =e?, + (Ruiy)* B4/Tu.
PaccmoTpum OTAEeNbHO ABa BMAa 06paTHOM CBA3M.

HenHBepTupytowmin yeunutens. [ns HEMHBEPTUPYIOLLEro yecuautena (puc. 7.56) MCTOYHMKK LLIYMa Ha BXoJe
byayt
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e2y = e2w + 4KT R" + (iwR" )2,

Puc. 7.56.

rae e,- 3TO «MOAHbIN» WyM HanpaxeHus anddepeHUManbHOM cxembl, T.e. Ha 3 b 6onblunin, yem ans
OAMHOYHOIO TPAH3WCTOPHOrO Kackafa. [JononHWTEsNbHbIM BKAAAL B LWYM AAtOT TEMAOBOW LWYM M WYM TOKa
BXOAHOMO Kackaga B pesucTopax obpaTHOM cBA3M. 3ameTum, 4TO Tenepb 3OPEeKTUBHbIE 3HAYeHWA Lyma
HampsKeHWa W LWyma Toka He OyayT abCoMloTHO He KOpPeaMpoBaHHbIMK, CleAoBaTe/lbHO, C/AOMEHME UX
KBaApaTOB MOMKET NPMBECTU K oLiMbKe (He Bonee yem B 1,4 pasa).

Ona nostoputens R2= 0, NO3TOMY 3KBMBANEHTHbIE MCTOYHMKM WyMa OyAyT TaKMMU Ke KaK Yy OTAeNbHO
B3ATOro AnpPepeHUManbHOro yeuamnTens.

NHBepTUpyloWMin  ycunutens. [ns uHBepTupytowero ycuautensa (puc. 7.57) UCTOYHMKM BXOAHOTO LIYMa
6yayT cnegyowme:

i2, = 2w + 4KT/R2

e2, = e, + R%(i%w + 4xkT/R2) = e?, + R?1i%y

Ry,
| |
; R
Eg i ~
&y
Ly Ey

_£+

Puc. 7.57.

lpaduk onsa Bbibopa QY. Celyac Bbl yiKe BnajeeTe BCeEM HEODOXOAMMbIM annapaTom A8 aHaAM3a BXOAHbIX
uenen QY. VX wym 3agaetca B BMAE ew W iw ANA BUNOAAPHBIX M ANA NOAEBbIX TPAH3MCTOPOB. Bam He Hado
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HWYero BblAYMbIBaTb, HAZO TONbKO WX MPaBWIbHO MCMOAb30BaTb. Booblle roBops, nacnopTHble AaHHble MHOTAA
HECKO/IbKO MMKaHTHbI. Hanpumep, vmnyabcHbii wym ("popcorn noise")[1] onpeaenseTca Kak CKayku casura B
CNy4alHble MOMEHTbI CYYalHOW ANUTENBHOCTM. TOT TEPMUH B MPUANYHOM 0bLLecTBe ynoTpebaaTb He NPUHATO.

Ha puc. 7.58 n3o6paskeHbl LYMOBbIE XapaKTEPUCTUKM HECKOAbKUX NonyaspHbix OY.

ICL761x

a HYacTtoTa,lu
10~
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Puc. 7.58. BxoOHble wymMbsl HEKOMOpbIX nonyasapHeix OY. a — 308UCUMOCMb BXO0OH020 HANPAMEHUA WymMa
ew om yacmomel; 6 — 3a8UCUMOCMb BXOOHO20 MOKA WYMA il 0M 4acmomei.
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n_1

LLIMpOKONoAOCHbIM wym. OnepauyoHHble CXembl 0DbIYHO MMEIOT CBA3b MO NMOCTOSHHOMY TOKY, 06/1acTb MX
paboumx 4acToT MPOCTMPAETCA [0 HEKOTOPOM BEpXHEW rpaHWM4YHOM YacToTbl fcp. [03TOMy WMHTEpecHo 3HaTb
NOJIHOE HanpaMKeHue Lyma BO BCEM 3TOM NOMOCEe, a He MPOCTO MAOTHOCTb MOLWHOCTM Wwyma. Ha pwuc. 7.59
npeacrasneHbl  rpaduKkK, MOKasblBalOWME CPedHEeKBaApaTUYHOE HaMpaKeHue Llyma B Mosoce, KoTopas
NpOCTUPAeTcA OT MOCTOAHHOTO TOKa [0 YKa3aHHOM 4YacTOTbl; OHW HAWAEHbl MyTem WHTErpUMpPOBaHMA KPUBbIX
MOLLHOCTM LYMa 45 PA3IMUYHBIX ONEepPaLMOHHbIX YCUAUTENEN.

10t~
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= _ 1
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Puc. 7.59. HanpsaxceHue WupoKoNoa0CHO20 WyMa HEKOMOpbIX nonynapHeix OY.

Bbibop manowymsauero QY. BoibpaTb OY, KOTOPbIA MUHMMU3MPOBAA Dbl LYMbl B HEKOTOPOM AMana3oHe
4acToT MNpW AAHHOM COMPOTUBAEHWM WCTOYHMKA CUrHana RC, Kak OH BWAMTCA CO CTOPOHbI ycuautena (T.e.
BK/HOYAIOLLEM BAUAHME KOMMOHEHTOB 0OOpaTHOM CBA3WM, KaK 3TO ObIIO OMUCAHO Bbille), AO0CTAaTOYHO MNPOCTO.
Boobuie roops, kenatenbHbl OY ¢ ManbiMm i ANa 60NbLWINX CONPOTUBAEHUI CUTHANA M C MaabiM ew AN Manblx
COMPOTMBNEHUN CUrHaNA. TPUHAB, YTO UCTOYHWMK CUIHANA HAXOAMTCA MPU KOMHATHOM TemnepaType, onpeaenmm
CYMMapPHYO NJI0THOCTb OTHECEHHOrO KO BXOAY HaMpsKeHusa Wyma Kak

e?, = 4kTRc + e?,+ i“WwR?

roe nepBoe cnaraemoe — TENJIOBOW LWYM, a [1Ba NOC/AEAHMX BO3HWMKAIOT 3@ CYET HAMNPANKEHMA M TOKa Wyma
QY. O4yeBMAHO, YTO TEMIOBOM LIYM ABAAETCA HUKHUM NpeaesomM OTHECEHHOrO KO BXoAy wyma. Ha puc. 7.60 aaHsbl
rpadukn BennuunH ey (Npu 10 Klu) Kak dyHKUMKM Rc ans Hambonee HecwlymHbix OY, KOTOpble Mbl MOMIU HaWUTK.
Ons cpaBHEHMA Mbl BKIOUUAN Takxe beckopnycHbii MT OY LF411 m MuKpomouwHbii BunonspHbeir OP-90.
MocnefHuin, XoTa WU ABAAETCA NPEBOCXOAHbIM MWKPOMOLLHBIM OMEepPaLMOHHbIM yCuamMTenem, nmeet bHosblioe
Hanps)eHWe LWyma (BXOAHble TPaH3UCTOPbl pPaboTatoT MpU MasoM TOKE KOMNEKTOpa, a OTClofa BbICOKOE
3HayeHue riu, Kak cnencteme, 60NbLION TENMOBOW LYM), a TakKe 60obWOoN TOK Wyma (BUNonapHbIM BXoA MMeeT
CYLW,ECTBEHHbIM TOK 6a3bl). 3TO elle pa3 NOATBEPKAAET, HACKONbKO AENCTBUTENBHO XOPOLIW NPU3EPHI.
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7.60.MonHbIl wym (pesucmop ucmo4vHuUKa naoc ycunumens npu 10 u) ebicokokayecmaeHHozo OY.

Manowymsalme npeaycuantenu. B pononHeHue K manowymawmm OY MMeeTcA HECKO/IbKO NMPeBOCXOAHbIX
NMMC manowymawmx npeaycunuteneit. B otamume ot OY OHM 0ObIYHO MMEOT GUKCMPOBAHHBIN KO3GOULMEHT
YCUNEHUSA, XOTA B HEKOTOPbIX MOAENAX MOMHO MOAK/IOYaTh BHELIHWN PE3NCTOP YCTAHOBKM ycuaeHus. MHoraa mx
Ha3bIBAOT «BUAEOYCUAUTENAMM», MOCKOAbKY OHWM 3a4acTyld MMEIT MOA0CY MPOMYCKaHWA B AECATKM merarepu,
XOTA MX MOXHO MCMO/b30BaTb TaKKe B HU3KOYACTOTHbIX CXeMax. B KayecTBe NpMMepoB MOXKHO yKa3aTb Ha SL561B
dupmbl Plessey n Heckonbko mogdenent dupmbl Analog Systems. ITU ycuAUTENU TUMUYHO UMET ew meHee 1
HB/TuY?2, yto pnocTuraeTca (LEHOM NOBbILEHMA BXOAHOIO TOKa WyMa iw) 3a cyeT paboTbl BXOAHOIO TPaH3MCTOPa B
PeXMMe OTHOCUTENbHO BO/BLIOrO KOANEKTOPHOTO TOKa.
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I3mepeHune Wwyma M UCTOYHMKM LLIYMa

OnpefeneHve 3KBMBAJNIEHTHOrO HaMpseHusa LWyma, TOKa Llyma, a oTctoda M KoadoduumeHTa Wyma K
OTHOLWEHWA cUrHan/wym ana Moboro 3afaHHOro MCTOYHMKAE — [A0BOSILHO MPUMUTUMBHBIM mpolecc. M3 Hero
NOMYyYalOTCA BCE [aHHble O LUYMe YCWAUTENA, KOTopble MOryT Bac WMHTepecoBaTb. B OCHOBHOM 3TOT npouecc
COCTOUT B NMPWUIOXKEHMMN KO BXO/Y M3BECTHOTO LLIYMOBOIO CMrHana, a 3aTeM-B M3MEPEHUM aMMANTYAbl Ha BbIXOJ€e B
onpefeneHHoOW MNosaoce 4actoT. B HeKOTOpbIX cAydaax (Hanpumep, NpU COrMacOBAaHHOM BXOAHOM MOJIHOM
COMPOTUBNEHUN MUCTOYHMKA W YCTPOWCTBA, KaK 3TO ObIBAaeT B YCUMAWUTENNAX PAAMOYACTOTbI) WMCTOYHWMK CUrHana
MOYHO 3aMeHUTb FreHepPaTOPOM C TOYHO M3BECTHOM 1 YNPaBAAEMON aMNANTYA0M KoebaHWA.

Huske mbl 0bcyamm meToabl M annapaTypy, KOTopble NOHaA0bAaTCA A4 U3MEPEHMA BbIXOAHOIO HanpsAXKeHWUs
M OrpaHMYEHUs NONOChI M3IMEPEHMA, @ CeNYac NPeanoNOKMM, YTO Bbl MOXeTe U3MepATb 3GDEKTUBHOE 3HaYeHMe
BbIXOAHOrO CMrHana Npu TOM NoI0Ce M3MEPEHWIM, KOTOPYIO Bbl BbibepeTe.

7.18. NamepeHue 6e3 UuCmoYHUKa WymMa

B Kackage ycuautens Ha BMNONAPHbLIX WAX MONEBbIX TPaH3MCTOPax, NpeaHasHadeHHoro Ana paboTbl Ha
HW3KMX M CPpeaHMX YacToTax, KenaTesbHOo H0/blioe BXOAHOE COMpOoTUBAEHME. Mbl XOTUM 3HaTb ew M iw, 4Tobbl
YMeTb NpeAcKasaTb OTHOLWEHWEe CUrHaA/WyM ANA UCTOYHMKA CUrHasa C MPOM3BO/IbHBIM YPOBHEM W BHYTPEHHMM
COMpoTUBAEHMEM, Kak obcyxaanock Bblie. [lpouedypa 3Ta npocTa. Bo-nepsbix, NyTeM HENoCcpeacTBEHHOro
n3MepeHua onpeaenaeTcs KosddUUMEHT yCUAeHUs No HanpsxeHnuto KU Ans CUrHanoB WMHTEpecylollero Hac
4aCTOTHOrO AManasoHa. AMNAUTYAA MX A0/KHA OblTb AOCTaTO4YHA, 4YTODbI CAenaTb He3aMEeTHbIM COBCTBEHHbIN
WYM YCUAWUTENA, HO HEe HAaCTOIbKO BE/INKa, YTOObI MPUBECTM YCUANTE b B HACbILLEHME.

Bo-BTOpbIX, 3aKOpaYMBaeTCA BXO4, YCUAMTENA W U3MEPSAeTCa CpedHeKBaapaTMYHOE HampsXKeHue LymMa Ha
BbIXOZe eK. 3. [lofly4aeM HanpAKeHWe BXOAHOrO WymMa Ha KOpPeHb M3 repla Nno BblipaXKeHWo

i,= eKk. 3/(KUBY2) B/ru/?,
roe B — wupuHa nonockl MamepeHus (cm. paso. 7.21).

B-TpeTbMx, MNPUCOEAMHMB K  BXOAHbLIM  KAEMMam  pe3uctop R, u3Mepsiem HOBOE  3HayeHue
CpeAHeKBaapaTUUYHOTO HaNPKEHMA LWyMa Ha BbIXOAE er. 3HaYeHMe COMPOTUB/IEHWUA PE3NCTOpa AOJKHO BObiTb
[OCTaTOYHO 60AblUMM, 4TOObI Oblna 3ameTHa BeAMYMHA MOABMBLIErOCA LyMa TOKa, HO HEe HacTO/bKO, 4YTOObI
[OMMWHUPOBANO BXOAHOE cOonpoTusieHune ycuamntend. (ECAM 3TO NPakTUYeCKM HEBO3MOMHO, TO OCTaBbTe BXOM,
Pa3OMKHYTbIM W MUCMO/b3YINTE B KayecTse R BXOAHOE COMPOTUBAEHME YCUAWUTENA.) M3MepeHHOe Hanps)eHue Ha
BbIXOAE YA0BNETBOPAET COOTHOLIEHMIO

e? = [e?, + 4kTR + (iwR)2BK?,,
OTKyAa Haxo4AuTca iw
iw=(1/R)[(€%r/BK?y) — (e’w + 4kTR)]*?

Ecan «HEeMHOXXKO moBe3eT», TO MMeTb 3HauyeHue byaeT fvlb NepBoe c/laraemoe noj KopHem (T.e. Wym
TOKa NpeobnafaeT Haj LWYMOM HampsKeHUa yCUAMTens U Haf TenaoBbIM LIYMOM Pe3ncTopa, BMecTe B3ATbiMM).
Tenepb HalAeM OTHOLIEHME CUTHaA/WYM Ana curHana Juc NoMHbIM CONPOTUBAEHNEM UCTOUYHMKA Ru
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C/ll = 101g(U,/U,)* =
U,

=101 ,
e + 2R? + 4kTR) B

roe YMCAUTENb — KBaZpaT HaMpsKeHus curHana (NpeanonaraeTcs, YTO OH JIEMT BHYTpM nosockl B), a
cnaraemble 3HamMeHaTens — 3TO KBaApaTbl HAMPANKEHUA LIYMa YCUAUTENS, TOKA Wyma YCUAUTENSA, NPOXOAALLErO
yepes conpoTueaeHne Ru, ¥ TENNOBOrO WymMa Ru. 3ameTbTe, YTO pacllMpeHne MooCkl NMPOMYCKaHUA YCUAUTENs
CBepXx npeaenos, HEOOXOAMMbIX ANA MPOXOXAEHWMA curHana Uu, TONbKO YMeHbLUAET OKOHYaTeNbHOe 3HayeHue
OTHOLLEHUA CcUrHan/wym. Ho ecan curHan Uu WKMPOKOMOMOCHbIM (Hanpumep, OH cam ABAAETCA LWYMOM), TO
OKOHYaTe/IbHOE 3Ha4YeHue OTHOLIEHUA CUrHaA/WyM He 3aBUCUT OT LUMPWHbLI MOAOCHI ycuautend. Bo MHormx
Cyyanx B NPUBEAEHHOM BblpaXkeHUn npeobnasaeT oAHO M3 CAaraemblx.

/.19. VIsmepeHue ¢ UCMOYHUKOM Wyma

OnucaHHasa TeXHUKA M3MEPEHMA LLIYMOBbIX XapaKTepuCTUK ycunuTena obnagaeT Tem NpPerMmMmyL,ecTBOM, YTO
[N Hee He TpebyeTcA TOYHOTO M PEryMpPYyeMOro MCTOYHMKA LYMA, HO 3aTO HYXKEH TOYHbIA BOAbTMETP M GUABLTP,
a TaKXe A0/KHA ObiTb M3BECTHA YACTOTHASA XapaKTePUCTMKA KOIbDPUUMEHTa YCUAEHUS YCUAUTENA NPy AaHHOM
COMPOTUBAEHUN MOAKAOYEHHOTO WCTOYHMKA. B anbTepHaTMBHOM MeToAe M3MepeHua Liyma npeanosaraeTcs
nofiaya Ha BXOZ LWMPOKOMNOJOCHOTO LYMOBOIO CUrHafa U3BECTHOW amnauTyabl M HabatogeHWe 3a BO3pacTaHWem
Hanps»KeHWa BbIXOAHOrO Lyma. XOTA 3Ta MeToAmMKa TpebyeT TOYHO KasMbpOBaHHOMO MCTOYHMKA WYMa, 3aTO He
HY)KHO HUKaKMX NPeanonoMKeHU O CBOMCTBAX YCUAUTENSN, Tak KaK XapaKTepPUCTUKM LWyma U3MEPAIOTCS NPsMO B
MHTEPEeCYIOWEN Hac TOYKe — Ha BXOAE.

OnATb-TakMm HeobxoauMmble U3MepeHMa MNPOBOAATCA OTHOCUTENbHO NpoCTO. [eHepaTop Wyma Bbl
NoACOeIMHAETE KO BXOAY YCUAUTens, Oyayynm yBepeHHbIMM B TOM, YTO €ro MnoJIHoe COMpoTMB/AeHMEe Re — TO
camoe, KoTopoe ByAeT y MCTOYHMKA, HameyeHHOro Ans paboTbl € 3TUM ycunamutenem. CHadvana Bbl onpenenseTe
3bPeKTMBHOE BbIXOAHOE HAMpsXKeHWe LymMa YCUAUTENSA MPU 0cnabaeHMM UCTOYHMKA WyMma A0 YPOBHSA HyNEBOro
BbIXOAHOIO CWrHasa, 3aTeM yBe/IMYMBaeTe CpeAHEKBALPATUUHYIO aMMIUTYAY HanpaKeHWA UCTOYHMKA wyma Ue
[0 Tex Mop, MOKa BbIXOAHOW CUTHAN yCUAWUTENA He yBeamuuTcA Ha 3 Ab; 3TO COOTBETCTBYET YMHOMEHWIO
cpeAHeKBaapaTUYHOrO HanpaxeHuAa Ha 1,414. 3HayeHMe HanpAXeHMA BXOAHOrO Wyma B MOA0Ce M3MEPEHMA NPK
[AHHOM 3Ha4YeHWW COMPOTUBAEHUA WCTOYHMKA PaBHO 3HayeHMto A006aBAeHHOro curHana. Takum obpasom
YCUAUTENb UMEET KOSOPULIMEHT LIyMa

KL = 10-1g(U?/4kTRr).

OTCloAa MOMHO MOMYYUTb 3HAYEHME OTHOLIEHWA CUTHaA/WYyM OA8 CUrHana Mobol aMnauTybl C TEM Ke
COMPOTMBNEHMEM UCTOYHMKA, NOJb3yACh GOpPMyIoN, NpuBeaeHHON B pa3d. 7.12:

C/W = 10-1g(U?,/4kTRn) — KL (Rn) ab.

CyLLecTBYIOT XOpowwWe [OCTyMHble KaAMBpOBaHHble WCTOYHWMKM  Wyma, OONbWWHCTBO U3  KOTOPbIX
NpeaocTaBAsOT BO3MOXHOCTb 0CabaeHns [0 NPeUmM3MOHHOro YPOBHA B MUKPOBO/IbTOBOM AManasoHe. OTMETUM
eule pas: B NpuBeAeHHbIX dopmynax npeanonaraerca, 4To Rex >> Ru. C Apyrol CTOPOHbI, €CAn M3MepeHue

KoapdMumeHTa Lyma MNPOM3BOAMTCA C CO2/0CO8GHHBLIM WCTOYHMKOM CUrHana, T.e. eciM Ru = Zex, TO B
NpeablayLimMX BblparKeHMaxX HeobxoaMmo OnyCTUTb KOadbULMeHT 4.

3aMeTnm, 4TO 3TUM cnocobom ew wn iw npAMO He onpeaenAarTca, HaxoaAUTCA TONIbKO onpedeneHHaA
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KOM6l/lHaLI,MF| AnAa NCTOYHWKa C conpoTmeaeHMEM, pPaBHbIM  COMPOTUB/IEHUIO Boa6y>1<,u,arou.nero reHeparopa,
KOTOprVI MCMNOZTIb3YETCA MNpU  U3MEPEHUMN. KOHeYHO, nocne HEeCKONIbKUX TaKmx VI3N\ep(EHVIl7I C pa3HbiMM
conpoTmBaeHNAMN UCTOYHMKA Bbl MOXKETE B Pe3Yy/IbTaTE BbIBECTN 3HAYEHNA €W U iw.

MpeBOCXOAHOM Bapuaumelt 3TOro MeToAa ABASETCA MCMNO/b30BaHWe TEM/A0BOro Wyma pe3nucTopa B KayecTse
KUCTOYHMKA LWyma». ITO M3N06NEeHHbIM Npuem pa3paboTiMKOB yCUAMTENEN pPaamodacToTbl C OYEHb MasbiM
ypoBHEM lWyma (B KOTOpPbIX OObIYHO MOJHOE COMPOTMBAEHME WCTOYHWMKA curHana pasHo 50 Om, U OHO
COrIAaCOBaHO C MOJIHBIM BXOAHbIM COMPOTUBAEHUEM ycunuTens). Jenaerca 310 obbl4HO cneayowmm obpasom. B
cocya [btoapa C XMAKMM a30Tom nomellaeTca 50-oMHas «3araylika» (Tak Ha npodeccroHaibHOM KaproHe
Ha3bIBAETCA XOPOLIO CMPOEKTUPOBAHHbLIA PE3NCTOP C NpeHebpexnMmo Manol MHAYKTUBHOCTBIO WMAM eMKOCTbIO),
TaK YTO OHa MMeeT TemnepaTypy Kunauwero asota 77 K; BTopasa 3arnywka 50 Om HaxoAWTCA Mpu KOMHATHOWM
TemnepaType. Bxond ycuauTens nonepemeHHO MOAKMOYAeTCs K 3TUM ABYM pe3ncTopam (0Bbl4HO C MOMOLLbIO
BbICOKOKAUeCTBEHHOIO KOAKCMA/bHOTO pefie), B TO BPEMA KaK MOLWHOCTb Wyma Ha Bbixode (Ha HEeKoTopoW
LUEeHTPa/IbHOM 4acToTe MpPW HEKOTOPOM MOA0CE M3MEPEHMA) M3MEPAETCA C MOMOLLbID M3MEPUTENS MOLLHOCTH
pagmoyacToTbl. HasoBem pesynbTaTbl 3TUX ABYX M3MEPEHWIA MOLLHOCTM BbIXOAHbIX LIYMOB A XOA0AHOMO M
TENAOro Pe3nCcTopoB COOTBETCTBEHHO Rx0aM Rmens. Jlerko mnokasaTb, Y4TO TemnepaTypa Wyma YCUAWUTeNs Ha
4acToTe M3MEepPeHUs paBHa

Tw = (Ttenn - Txon)/(Y — 1),

roe Y = Rrensn/Rxon ectb oTHoweHMe mollHocTen wyma. OTcioda, BOCNOAb30BaBWMCL GOPMYION 13 paso.
7.12, umeem ans KoadduumeHTa LWyma

KW (ab) = 10-1g(Tw /290 + 1).

YnpasxHeHue 7.6. Bbiseaute npeaplayliee BbipaseHue Aaa TemnepaTtypbl Wyma. lMoAcKasKa: ana Hadana npumute, yto Rtenn = o(Tw + Ttenn) v Rxon = a(Tw
+Tx0n), rae o — KOHCTaHTa, KOTOpas CKOPO COKPATWTCA; obpaTuTe BHUMaHME TaKKe Ha TO, YTO BKNAA Wyma ycwunutens, obo3HauyeHHbI Kak TemnepaTypa Wyma,

nobasnseTca K TemnepaType LWyma pesnctopa UCTOYHMKA. BbluTuTe ee oTcioaa.

YnpaxHeHue 7.7. TemnepaTtypa Wyma (Man KOIGOGULMEHT WYMA) YCUANUTENA 3aBUCKUT OT BEAMYMHBI MONHOTO COMPOTUBAEHWMA UCTOYHWMKA curHana Ru. MokaxuTe,
YTO YCUANTENb, XapPAKTEPU3YIOLLMICA BENMYMHAMM el U1 W (KaK Ha puc. 7.46), UMEET MUHMMYM TEMMEPaTypbl LWyMa Npu NOHOM COMPOTUBAEHUU UCTOYHMKA Ru = ew/iw.

MoKaxKuTe, fanee, 4To NPU 3TOM 3HaYeHun Ru Temnepatypa Wwyma onpegensetca dopmynoi Tw = ew-iw/2k.

YCMAUTeNn C cornacoBaHHbIM BXOAHbIM CONPOTUBAEHWEM. [locneaHwnin cnocob maeaneH ANA U3MepeHUs
Wyma YCUAUTENEN, CNPOEKTMPOBAHHbIX B pacyeTe Ha COrlacoBaHHOE COMPOTUB/IEHWE WCTOYHMKA CUTHana.
Hanbonee 4acTbiMM NpUMeEPaMK TaKUX YCUAUTENEN ABNAIOTCA PAAMOYACTOTHbIE YCUAUTENN UAW NPUEMHWUKKM ANA
paboTbl C MOAHbIM COMPOTMBAEHMEM WCTOYHMKA CUrHana okono 50 Om M camu  umetowme BXogHoe
conpotmeneHme 50 Om. B 2. 13 Mbl 06CyaMM NMPUYMHBI OTCTYNAEHUA OT Halero 0bbl4HOTO KPUTEPUA, KOTOPbIN
FNacuUT, YTO WCTOYHMK CUrHaNa OO/KEH MMeTb Mafnoe BHyTpeHHee MOJIHOe COMPOTUBAEHWE MO CPaBHEHMUIO C
NOJIHbIM COMPOTMBAEHMEM HArpysKkM, Ha KOTOpyld OH paboTaeT. B 3TOm cayvae eww iw NO OTAENbHOCTM He
BaXKHbl, MMEEeT 3HayYeHMe TOAbKO OOLWMI (C COrNacoBaHHbIM MCTOYHMKOM) KOSIOOULIMEHT Wyma UM HeKoTopoe
cneundUUMpPOBaHHOE 3HAYeHMe OTHOLWEHMA CUFHaA/WYM C COr1acoBaHHbIM MCTOYHMKOM CWUrHaAa OrOBOPEHHOW
AMNANTYbI.

MHoroa LymoBble MapamMeTpbl BbIpaXaloTCcs fABHO B BMAE aMMNAWUTYAbl  Y3KONO/AOCHO20 CWUrHana,
HeobXoAMMOro AN NoAyYeHMA onpeaeneHHOro OTHOLIEHMA CUrHan/Wym Ha Bbixode. O6blYHbIA pagnMonpUemMHUK
MOXeT MMeTb cneumnduLmpoBaHHoe oTHoleHWe curHan/wym 10 A6 npu cpeaHeKkBaapaTUYHOM HampPAKEHUN
BxoAHoro curHana 0,25 mkB m wumpuHe nonocel 2 Klu. B atom cnyvae npoueaypa COCTOMT B M3MEPEHWUMU
cpeaHeKBaApPaTUYHOTO  HANPSKEHUA BbIXOAHOrO CWUrHana MpPUEeMHMKA B YCAOBMAX BO3DBYKAEHMA BXOAa
COrNacoBaHHbIM (MO COMPOTUBAEHUIO) NCTOYHMKOM CUHYCOMAANbHOFO CUrHasia, BHaYane BbiBEAEHHbIM Ha HOJb, a
NMOTOM AAOLMM BO3PAaCTaloOWMin (CMHYCOMAANbHbIN) CUTHANA A0 Tex nop, NoKa CpeAHeKBaApaTUUHbIA BbIXOAHOM

-79-



CUrHAN He AOoCTUrHeT ypoeHAa 10 Ab; 8 060MX cAydasx LIMPMHA NOAOCHI MpUEMHMKa 2 KlU. BaxHo, 4ToObI
MCNONMb3YEMbIA U3MePUTE/IbHbIM NPUOOP [asas WUCTUHHOE CPeAHEKBaApPaTUUYHOE HanpssKeHue, Korda LWym M
CUrHan cmellanbl (noapobHee 06 3ToM CM. Aanee). 3aMeTUM, YTO NPU U3MEPEHUMN PAAMOYACTOTHBIX LIYMOB Y4acTo
TpebyeTcs paboTa C BbIXOAHbIMW CUTHaNaMM 3BYKOBOTO AMana3oHa.

/.20. [eHepamops!l WymMo8 U Cu2HAs108

LLINpOKOMONOCHbBIN LYM MOXET reHepupoBaTbCA C MOMOLLBIO YKa3aHHbIX paHee 3QGdEeKTOB, a MMEHHO 3a
CYyeT TensjoBoro M Apobosoro wyma. JApoboBoi LWyM BakKyyMHOro AMOAa ABAAETCS KNACCMYECKMM MCTOYHMKOM
LLUIMPOKOMONIOCHOIO LYyMa, KOTOPbIA ocobeHHO yaobeH B paboTe, MOCKOJIbKY HaMpsKeHWe LymMa MOMKHO TOYHO
npeackasaTb. C HeJaBHUX MOP B Ka4YecTBe MCTOUYHMKA LyMa BCe Yalle NpumeHseTca cTabuamntpoH. Lymbl obounx
3TUX MUCTOYHMKOB MMEIOT CMEKTP 4acToT OT HyAs A0 o4YeHb OO/bLIMX 3HAYEHMI, MO3TOMY OHM MOAE3HbI U MpwU
M3MEepPEHMAX B 3BYKOBOM JIMana3oHe, 1 B paaMoamanasoHe.

NHTEPECHbIN MCTOYHMK LYMa MOXKHO MOCTPOMTL C MOMOLLbBIO LMPOBOM annapaTtypbl, B YaCTHOCTM OJIMHHbBIX
CABWUTOBbIX PErucTpoB, B KOTOPbIX Ha BXOA MOAAETCS pPe3y/nbTaT C/AOXKEHMS MO0 MOAYA 2 HECKOJIbKMX
bUKCMPOBaHHbIX pa3paaos (pas3d. 9.33). B pesynbtaTe 06pa3yeTcs BbIXOAHOW CUrHaA B BUAE NMCEBAOC/YYaHOM
NoCNefoBaTENbHOCTU Hy/NEl U eAMHUL, KOTOpas mnociae UMPpo-aHanoroBoro npeobpasoBaHWA M MPOXOXKAEHWUA
yepes OGUALTP HUMMKHMX 4YacTOT TMOPOXKAAET aHajoroBbld CUTHaA B BMAe 6e10ro Wyma CO  CMEeKTPOM,
NPOCTMPAOWMMCA [0 TOYKM cpe3a GWUAbTPa; 3Ta TOYKA AOMKHA OblTb HAMHOFO HWMKE 4acToTbl, C KOTOPOW
CABUraeTcs perncTp. Takne reHepaTopbl MOryT paboTaTb Ha OYEHb BbICOKMX YacToTax, reHepupya wym ao 100 u
bonee kunorepuy,

3710T «Wwym» 0b6naaaeT MHTEPECHbIM CBOMCTBOM: MO MPOLIECTBUW HEKOTOPOro BPEMEHMW, OMNPeaensiemMoro
[JIMHOM perncTpa, OH B TOYHOCTM MOBTOPAETCA (Peructp MakCMManbHOM AJMHbI nh BUT nepen NMOBTOPEHMEM
npoxoauT Yyepes 2n — 1 coctoaHMit). ITOT nepmog 6e3 ocoboro Tpyaa MOMKHO NPOAAUTb Ha MeCALbl UAK roapbl,
XOTS CEeKYH/, Kak npaBuio, AocTaTo4dHO. Hanpumep, 50-paspsgHbii perncTp, caBuraemblit ¢ byactoton 10 Mru,
reHepupyeT benbit Wym co cnekTpom Ao 100 Ky, u BpemeHem nosTopeHus 3,6 roga. Annapatypa Ansa reHepaumm
nceBAOC/y4aHOro wyma Ha 6a3e 3Toro metoga onucaHa B paso. 9.36.

HeKoTopble UCTOYHWMKKM LWyMa MOTYT reHepupoBaTb M BENbIM, 1 PO30BbIM LWYM. Y PO30BOro LyMa paBHble
MOLLHOCTM Ha KaXJoW OKTaBe, a He Ha Kax4oW 4vactoTe. [IOTHOCTb €ro MOLLHOCTM (MOLLHOCTb Ha repl) umeet
cnag 3 ab/okTasa, M, nockonbky RC-duabTp MmeeT cnag 6 Ab/oKTaBa, A1A reHepauumn po3oBoro Lyma ns 6enoro
HeobXxoAMM [OBONLHO CAOXHbLIN GuabTp. Cxema, npeactaBfieHHas Ha puc. 7.61, pabortaet ot UMC 23-
paspaaHoro umMdpoBOro reHepaTopa H6en10ro Wyma U AaeT Ha BbIXOAE PO30BbIA WyM € ToYHOCTbo 0,25 ab o1 10
My go 40 Klu,.
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Puc. 7.61. UcmoyHuk po3osozo wyma (— 3 06/okmasa, +0,25 06 om 10 'y do 40 KI'y).

BbinyckatoTca camble pa3HOOOpasHble WCTOYHMKM CUTHana C MPEUM3NOHHO-PEryIMPYEMON aMNANUTYAO0M
BbIXOAHOrO CUrHana (BNAOTb 40 MUKPOBO/bTOBOIO AMana3oHa M HUXKE) M 4acTOTOM OT A0/el repua Ao rurarepu,
HekoTopble M3 HUX MOTYT MPOrPaMMMPOBaTLCA MO LMGOPOBONM «lWMHE». B KayecTBe Npumepa — CUHTE3UPYIOLLMIA
reHepaTop curHana, modens 8660 Hewlett-Packard, c yactoTtoit BbixogHoro curHana ot 0,01 go 110 Ml u
aMNAUTYOM BbIXOAHOIO CuUrHana, KanmbposaHnHoM oT 10 HB no 1B (cpefHeKBaApaTMUHOE HaMpAXKeHue), ¢
YO0OHbIM LUMGPOBLIM AUCTAEEM, WNMHOM BHELWHUX COeAMHEHUIN (MHTepdEencom) U WMKAPHbIMU NpUCTaBKaMK as
paclMpeHns noaockl YactoT Ao 2,6 ITu, Ana MOAYyNAUMM M KavyaHWMA 4acToTbl. ITO HECKOosIbKo 6osblie, yem
0BbIYHO HYXKHO Ans paboThl.

/.21. OepaHu4yeHue nosiocsbl Yyacmom u usmepeHue
cpedHeKkeaopamuy4yHo2o (3¢hehekmuBHO20) HaNPAXeHUA

OrpaHuYeHne NoaoCbl YacToT. Bo Bcex M3mMepeHUsX, O KOTOPbIX FOBOPMAOCH, NPeAnoaaraeTca, YTo Wym Ha
BbIXOAE PaACCMaTPMBAETCA B OrpaHMYeHHON MOJIoCe 4YacToT. B HEKOTOPbIX CAy4YasxX YCUAUTENb MONKET WMMETb
npucnocobneHna ana TakKoOro orpaHuMYeHusa, 4To obneryaet paboTy. Ecam 3To He TaK, TO NPUXOAUTCS
NPUCOEAMHATL K BbIXOAY YCUAUTENA KaKOM-HUOYAb OUALTP, M yXKe MOTOM M3MEepATb HanpsXKeHue LWyma Ha
BbiIxode duabTpa.

Mpolie BCEro WCNo/ab30BaTb 0bObIYHbIA  RC-GUALTP C TOYKOM, OTBedyatollen 3HadeHuto — 3 4b,
YCTAaHOB/IEHHOM NPUMEPHO Ha KpaWl HY)KHOW nosockbl. [Na TOYHOrO M3MeEpeHus Wyma HeobXoAMMO 3HaTb
SKBUBAMIEHTHYIO «MOJOCY LWYMa», T.€. WWPUHY MOMOChI COBEPLUEHHOrO «MNPSAMOYFOIbHOTO» GUALTPA HUMHUX
4acToT, Yepes KOToPbIM Bbl NPOXOAUN0 TaKoe e HanpsKeHue Wwyma (puc. 7.62).

B = (n/2)f 3 ab = 1,57/f 3 ab.
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Puc. 7.62.3k8usaneHmMHAs «NPAMOY20/16HOMY unempy» noaoca wyma RC-punempa HuxcHux yacmom. 1
— RC-gpunsmp (20 05/0exkada); 2 — sKsUBANEHMHAA UOEAbHAA XAPAKMEPUCMUKA.

3HayeHMe WWPKUHLI 3TOM MOAOCHI MOACTABAAETCA BMECTO B B NpuBeAEHHbIX Bbille BblpaxeHuax. [Mocne
HECNOXKHbIX BbIKNAAOK Haxoaum: [ns napbl KackagHo coeAuHeHHbIX RC-GuabTpoB (pa3BA3aHHbIX TaKMM
06pa3om, YTOObI OHU He Harpy»aam Apyr Apyra) MarMyeckum sbiparkeHvem byaet B = 1,22/f 3 ab. Ana dunbtpa
BaTTepBopTa, onucaHHoro B pa3d. 5.05, WnprHa NOAOCkI LLYMOB TaKOBa:

B=1,57f 3ab ..1nontoc
B=1,11-f 3 ab .. 2 nontoca
B=1,05f 3 ab ... 3 nontoca
B=1,025f 3 ab ... 4 nontoca

Ecnn Bbl XOTWUTE MPOBECTU M3MEPEHUS B OrPaHUYEHHOM MO0Ce YacTOT OKOIO HEKOTOPOM cpedHel 4acToThl,
TO MOMeTe MCMno/sb3oBaTb npocto napy RC-ounbTpos (puc. 7.63); B 3TOM C/aydae noaoca 4acToT byaeT MmeTb
YKa3aHHbIN BMA,

T
g1 12
2y +
e 0 HY "
= »
o BY-qunsmp whR
3 I |
= ﬁ F-z N
5

Yacmoma

Puc. 7.63. 3K8UBGAEHMHAA «NPAMOY20/6HOMY huabMPY» NOAOCA WyMa noanocosozo RC-punsmpa.

Ecam y Bac yKe ecTb OMbIT KOHTYPHOrO WMHTErpUMpPOBaHMA, MOXeTe nonpobosaTb caenaTb creaytollee

ynpaxHeHue:

YnpasxHenune 7.8. (PakynbTaTvBHOe.) BbiBeauTe npenblaylwimnii pesynbTaT NpPAMO M3 CBOMCTB XapakTepucTuk RC-dunbTpos. [peanonoxuTe, 4TO MOLLHOCTb

BXOZHOTO CUrHana paBHa eAMHULLE Ha repL, U NPOUHTErpUpPyITe BbIXOAHYIO MOLWLHOCTb OT Hy/N1A 40 6ECKOHEYHOCTU. KOHTYPHBIA MHTErpan v byaeT UCKOMbIM OTBETOM.

Opyroit cnocob M3roToBUTb NOJI0COBOM GUILTP A4 U3MEPEHMA WyMa — 3TO MCnosib3osatb RLC-cxemy. 3710
Nlydlle, Yem napa KacKafHo coeAmHeHHbIX RC-GUAbTPOB BEPXHMX M HUMKHMX YACTOT, €C/M Bbl XOTUTE MPOBECTU
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M3MEepeHna B NosI0Ce, Y3KOW B CPAaBHEHWW C LeHTPaNbHOM YacToTol (T. e. ¢ BbicokMm Q). Ha puc. 7.64 nokasaHbl
KaKk mapannenbHas, Tak M nocnenosaTesnbHas RLC-cxema, a TakKe TouHble GOpMy/bl, onpeaensiolme nx noaochl
nponyckaHua; ona obenx cxem pesoHaHcHas Yactota fO = 1/2mv(LC)

_=wfp 1

“20 aRC
[G L zl'faRC]

1Q =2t [R)

Puc. 7.64.3ks8usasneHmMHaa «nNpamoyeonbHOMy uabmpy» noaoca wyma nosnocosoz2o RLC-gpunsmpa.

Bbl MmorkeTe chOpMMPOBaTL CXEMY MNOMOCOBOIO GUALTPA B BUAE NapannenbHOW KoNnekTopy (Mam cToky) RLC-
HarpysKku; B 3TOM C/ydae MCMOb3YOTCA NPUBEAEHHbIE BblipakeHus. Jpyroi BapMaHT: MOXKHO BBECTM GUALTP, Kak

MOKa3aHo Ha puc. 7.65; ¢ TOYKM 3pEeHMA MPOMYCKaHWA LUYMOB B OnpeAeneHHOM Nosoce 3Ta Cxema B TOYHOCTU
9KBMBaANEHTHa napannenbHon RLC-uenu npu R =R1||R2.

Ay

MNonxoe exogHoe
CONPOTHENEHHE

1
Puc. 7.65. B=1cam;

M3mepeHne HanpskeHua wyma. Hambonee TOYHbIM Cnocob WM3MEpeHMsa BbIXOAHOrO Wyma —
MCNO/Nb30BaHME BbIBEPEHHOrO BOILTMETPA CpeaHeKBagpaTuYHOro (addekTnsHoro) Hanpsaxenua. OH paboTaeT
nyTeM M3MepeHMs Harpesa, NMPOW3BOAMMOrO COOTBETCTBEHHO YCUAEHHBIM CWUFHA/NIOM, WMAM C UCMOJb30BAHMEM
aHaNoroBOM CXeMbl BO3BEAEHMA B KBAAPaT C Nociaedytowmm ycpeaHeHmem. Ecam Bbl Moab3yeTech M3mepuUTenem
MCTUHHOIO CPeAHEeKBaAPATUHHOIO 3HAYEHMA, TO CHaYaaa NPOBEPbTE, PACCHUTAH M OH Ha Te YacCTOTbl, Ha KOTOPbIX
NPOBOAATCA M3MEPEHMs, MOTOMY YTO HEKOTOpble Takue Npubopbl MMEIOT YacTOTy BCEro HECKObKO KUaorepl,
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M3mepuTenn WCTUHHOIMO CpeaHEeKBaApPaTMUHOrO HaNpAMKeHWs CcneunduuMpyloTca TaKKe Mo NuK-GpakTopy, T.e.
npeaesbHOMY OTHOLLEHMIO MMKOBOIO HanpaMKeHUs K CpeaHeKkBaapaTUYHOMY, NPy KOTOPOM HeT Bo/blimx noTepb
TOYHOCTU. [MpU M3MEPEHNN HOPMAbHBIX (FayCCOBCKMX) LIYMOB AOCTAaTOYHO MMETb MUK-GaKTOp OT TPeX A0 NATH.

[pn OTCYTCTBUM CpefHEeKBaALPaATUYHOrO BOJILTMETPA MOXHO BOCMOJ/1b30BaTbCA MPOCTbIM OCPELHALNM
BO/IbTMETPOM MEPEMEHHOro TOKa. Ho B 3Tom c/iydae nokasaHuma npmbopa nNpuxoamTca KoppekTMpoBaTtb. [eno B
TOM, 4YTO BCe ocpeaHaoumne soastMeTpbl (VOM, DMM 1 T.M.) M3Ha4YabHO HACTPOEHbI TaK, YTO MOKa3blBalOT He
cpefHee HanpaXeHWe, a CpelHeKBaApaTUYHOE HaNpAKeHue B NPeanoNOXeHUN CUHYCOUAANbHOCTU CUrHanNa.
Hanpumep, ecnn nameputb HanpsaxkeHue anektpocetn 8 CLUA, To BoAbTMETP nNokaxkeT npubamsmtensHo 117 B.
3TO NpeKpacHO, HO, TaK KaK Bbl WU3MEPAETE rayCCOBCKMM LIYM, TO NPUAETCA MPUMEHUTb [O0MONHUTENbHYIO
Koppekumto. MpaBuao 34ecb Takoe: YTobbl MONYYUTb CpeAHEKBaAPaTUYHOE HaMpsKeHMe rayCCOBCKOTO LYMa,
cneayeT NokasaHMA OCPeaHSIOWEro BO/IbTMETPA NEPeMeHHOro ToKa YMHOXUTb Ha 1,13 nan gobasuts 1 ab.

MpeaynpexaeHune: 3To NPaBUAO XOPOLWO paboTaeT, ecin U3MEPAETCA YMCTbIN WyMm (T. €. BbIXOAHOW CUTHAN
YCUNUTENS C PE3UCTOPOM WM TEHEPATOPOM LLIYMa Ha BXOZE), HO OHO He AaeT TOYHOro 3HaYEeHUA, ecan K Wymy
nobaBneH CMHyconaanbHbIM CUrHan.

TpeTuit meto (He o4YeHb TOUHbIM) COCTOUT B HabAAEHUN LIYMOBOM KapTUHbI Ha sKpaHe ocumnnorpada:
cpeaHeKBaApaTMYHOE Hanps»KeHue pasHo oT 1/6 o 1/8 3HaueHMs pasHOCTM NUMKOB (pa3bpoc 3aBMCUT OT Ballel
CyDbEKTUBHOW OLEHKM 3TOM BEMMYMHDI). B 3TOM MeTode XOTA M HETOYHOM, He BO3HMKAET Npobiem ¢ nosyyeHnem
[IOCTaTOYHOM MOIOCHI MU3MEpPEHUS.

/.22. [lonyppu Ha memy wymos

BoT noabopKa MHTEpPECHbIX M, BO3MOXHO, Noae3HbIX GaKTos.

1. Bpema ocpedHeHusa, HeobxoamMmoe A48 TOro, 4ToBbl B MOKasblBaloWwem npubope  GAyKTyaLum
BbINPAMIEHHOIO WYMOBOTO CUrHaNa YMEHbLUANCL 40 TPebyemMoro ypoBHA Npu 3a4aHHOM N0A0Ce LYMOB, PaBHO

T ~=1600/Bo?c,

roe T — MNOCTOAHHAs BPEMEeHM MOoKasbiBatollero npubopa, HeobxoauMmas Ana TOro, 4Tobbl CO34aTb Ha
BbIXOAE /IMHENHOro AeTeKkTopa, BO3OyKAaeMoro Ha BXO4e WyMOM C Moaocoi B, dayKTyauum co CTaHOapTHbIM
OTK/IOHEHMEM O MPOLIEHTOB.

2. Ona b6enoro yma C OrpaHMHeHHOP’I nosocom OXnaaemoe KOJIMH4eCTBO MAaKCMMYMOB B CEKYHAY PaBHO

N =3(f3 =152 - 1),

roe f1 v f2 - HUKHAA 1 BepXHAA rpaHuubl nonockl. Ana f1 =0 N = 0,77f2 ; ana yskononocHoro wyma (f1 ~=
f2) N ~=(f1 + f2)/2.

3. OTHOLeHNe CpeaHEeKBaApPaTMYHOro 3HaYeHUs K cpedHemy COCTaBAfeT: AA rayccoBCKOro wyma add/cp
=V(1/2) = 1,25= 1,96 aF,

ANA CUHYCOMAANbHOrO curHana add/cp = /2¥%=1,11=0,91 ab, Ana npamoyronbHoro curHana add/cp =1 =

0 nb.

4. 4actoTbl NOABNEHMA aMNAUTYA, B rayCCOBCKOM WyMe. Puc. 7.66 nNOKasblBaeT 400 BPEMEHM, Koraa
[aHHbIA YpOBEHb aMMAWUTYAbl MPEBbLILIAETCA FayCCOBCKMM LIYMOM (MFHOBEHHbIM 3HAYeHWEM), WMEILLIMM
addeKkTMBHOE 3HaveHue 1 B.
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[Tomexn: aKpaHMPOBaHME U 3a3eM/IeHMe

«lym» B BUAE Mellatolero cuMrHana, T. €. HaBOAKM CETU, CUTHaMoB, NPUXOAALMX MO CBA3AM C MCTOYHUKOM
NUTaHMA U NYTAM 3a3eM/IEHUA, Ha MPaKTUKE MOXKET MMeTb Hosee BaKHOE 3HAYeHMe, YeM paccMaTpuBaBLUMACA
paHee BHYTPEHHWA WyM. ITW MelWatowme CUTHaAbl MOryT ObiTb YMEHbLUEHbl [0 HE3aMETHbIX 3HayYeHuln (B
OT/IMYME OT TEMJIOBOTO LyMa) MyTem MPaBWIbHOTO PasMeLLEeHMA M KOHCTPYMPOBAHMA CXeM. B ymopHbIX cayyasx
MOMHO BK/IOYATb KOMOBMHALUMIO M3 OUAbTPALMM Ha AMHMAX BXOAa M BbIXOAA, TUIATEbHO MNPOAYMAHHOMO
PACMONOMKEHUA 333EM/IEHNA, @ TaKXKe [OPOroCTOAWYI 3S1EKTPOCTAaTUUECKYID M MArHWTHYIO 3KPaHMPOBKY. B
H6AMKANLLIMX pa3fenax Mbl MOMbITaEMCA OCBETUTb 3TY TEMHYIO 001aCTb MCKYCCTBA CXEMOTEXHMKM.

/.23. [lomexu

CUrHaa NMOMEXM MOMKET MONacTb B 3/1EKTPOHHbIN NPMHOP Mo BXOAaM, IMHUK NUTAHMUA UAW MO IMHUAM BBOA
W BbIBOAA curHana. Momexm MOryT MonacTb B CXEMY M Yepes eMKOCTHYH CBA3b C NPOBOAAMM (31eKTpoCcTaTUYecKan
cBA3b-Hanbonee cepbesHbid 3GPeKT ONA TOYeK Cxembl C OOAbLIMM MOAHBIM COMPOTUBAEHMEM) WAM Yepes
MarHWTHYIO CBfA3b C 3aMKHYTbIMM KOHTYPaMW BHYTPW CXeMbl (HE3aBMCMMO OT YPOBHSA MOJIHOFO COMPOTUBAEHUS),
WAM 3NEKTPOMArHUTHYIO CBA3b C MPOBOAAaMM, paboTatowmmMm Kak Hebonblume aHTeHHbl ANA SNEKTPOMarHUTHbIX
BO/IH. J1t0HOW 13 3TUX MEXAHM3MOB MOXKET NepeaaBaTb CUIHaA M3 OAHOM YaCTU CXeMbl B APYryto. Ml HAKOHeL, TOKM
CUrHasa B OZHOM YacTW MOTYT BIMATb Ha APYryH0 YacTb CXEMbl MPU NaAeHUM HAMPANKEHUA Ha NYTAX 3a3eMIEHUA U
JNIMHUAX NMUTAHUA.

NckntoueHne nomex. [na pelieHusa aTMX 4acTo BCTpeYatolWwmxca BonpocoB 60pbbbl ¢ moMmexamu npuaymaHo
MHOTO 3GPeKTUBHbIX npuemoB. OAHaKo ciedyeT NMOMHUTb, YTO BCE 3TW NMPUEMbl Hamnpas/ieHbl Ha YMeHblUeHue
curHana (MAu cUrHanoB) MOMeXM, PeAKo Koraa MomMexa YHMUYTOXKaeTcAa COBCeM. [103TOMy MMEeT CMbIC/T MOBbLICUTb
YPOBEHb CMUrHana NpocTo 418 YBEAUYEHUA OTHOLIEHUA CUrHan/Wym. Kpome Toro, Hago ACHO NpeacTasnath cebe,
YTO BHELWHWEe YC/IOBMA MOTyT ObiTb B CMbIC/IE MOMEX O4YeHb PasHbiMK - NMpUbop, KOTOpbIM HEe3yKOPM3HEHHO
paboTaeT Ha CTeHAe, MOMKeT BecTM ceba 6e30b6pa3HO Ha TOM MecTe, A/1A KOTOPOro OH npeAHa3HayeH.
Mepeymcnmum HekoTopble BHELIHWE YC/MIOBWUA, KOTOPbIX caedyeT usberatb: a) COCEACTBO paamo- U TenectaHumi
(PY4-nomexn), 6) coceacTBO NMHUN METPO (MMMY/AbCHblE MOMEXM U KMYCOp» B /IMHUW NUTaHUA), B) BAM30CTb
BbICOKOBO/IbTHbIX JIMHWUIA (PaAMonomexu, WwuneHue), r) 61130CTb AMPTOB N 3NEKTPOMOTOPOB (BCMAECKM B IUHWUN
nUTaHuA), 4) 34aHMA C PeryasTopamy OCBELLeHMA M OTOMAeHuA (BCMIECKM B AMHWKW nuTaHusa), e) 6amM30cTb
obopyaoBaHMa Cc  HonbWMMKM  TpaHchopmaTopamu  (MarHUTHble HaBOAKM) U K) 0cCobeHHO 6aM30CTb
9N1eKTPOCBapPOYHbIX annapaTos (HAaBOAKM BCEX BMAOB HEMMOBEPHOM cuAbl). pM cem npunaraeTcs pag, COBETOB,
TEXHUYECKUX MPUEMOB U 3aKANHAHMI M3 061aCTM YEPHOW Marum.

CurHanbl, CBA3aHHblE Yepes3 BXOAbl, BbIXOAbl W NINHWWM MUTaHUA. B 6opb6e C wymamu, naywmmm no AnMHmm
NMNTaHKWA, nydlle BCero KOM6VIHl/lpOBaTb JINHENHbIe Pq-dDMﬂprbl M nNoaaBnUTEN NepPeXodHbIX NMpoueccoB B JIMHNN
nepemMeHHOro Toka. 3TMM cnocoboM MOMKHO LI,O6I/ITbCﬂ ocnabnexHuna nomex Ha 60 ab NMPW 4acCToTax A0 HECKOJIbKNX
COT Khnnorepu, a Takxe 3¢d)eI-(TVIBHOFO noaasBsieHnNA noBpexxaatowmnx BCNaeCKOB.

C BXOO4AMW M BbIXOJAaMW [€/0 C/IOXHee M3-3a YPOBHEW MOJIHOrO COMPOTMBAEHUA W MOTOMY, YTO Hado
obecneynTb MPOXOXKAEHWE MOME3HbIX CUFHANOB, KOTOPblE MOTYT MMETb TOT YKe YacTOTHbIM AMana3oH, 4To WU
nomexu. B ycTpolicTBax TUNa ycUAWUTENel 3BYKOBbIX YAaCTOT MOMKHO WMCMO/b30BaTb GUALTPbI HUMKHUX YacTOT Ha
BXOAE M Ha 8bixo0e (MHOrMe mnomexm OT bav3nexalmx paauvocTaHUMii nonagatoT B CXemy 4Yepes nposoaa
FPOMKOrOBOPMTENSA, BbIMNONHAKOWME POAb aHTEHH). B ApyrMx cuTyaumax HeobXoAMMbl, Kak Mpasuo,
3KpaHMpOBaHHble MpoBoaa. MpoBoAa C CUrHaNamMM HU3KOFO YPOBHSA, B YaCTHOCTM MPW BbICOKOM YPOBHE MOJIHOrO
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COMPOTUB/IEHWA, BCETAA HYKHO 3KPaHMPOBaTb. TO e OTHOCKTCA K BHeLIHeMy Kopnycy npubopa.

EmKocTHaa  cBA3b. BHyTpuM npubopa CUrHanbl  MOryT MPEKPacHO NpOXOAuTb  BCOAy  nyTem
3N1EKTPOCTAaTUYECKOM CBSI3U: B KaKOW-HMDOYyAb TOYKe B npubope NPoOUCXoauT CKadyoK curHana 10 B um Ha
PaCMoNOKEHHOM PAAOM BXOAe C HOMbLWMM NOAHLIM CONPOTUBAEHMEM NMPOU30MAET TOT KE CUMNATUYHbIA CKa4oK.
YTO TYT MOMKHO cAenatb? Jlydle BCEro YMEeHbLIUTb eMKOCTb MEXAY 3TUMKU TOYKaMMK, HapyLuMTenamMM MNopsaKa
(pa3Hecs wux), OobaBUTb 3KpaH (UeNbHOMETaN/IMYecKui GyTaap WAKM Jaxe MeTaf/IMyeckana 3SKpaHMpytoLlas
ON/eTKa UCKAoYaeT 3TOT BUA CBA3M), NPUABMHYTL NPOBOAA BMN/IOTHYIO K MAaTe 3a3eMeHna (KoTopan «rioTaeT»
3N1EKTPOCTaTUYECKME MOrpaHuYHbIe MoJA, B OFPOMHOM CTeneHu ocnabiss CBA3b) M, €C/M BO3MOMKHO, CHU3UTb
NOMHOE COMPOTMBAEHME HACKO/IbKO yaacTcA. BxoAbl onepaumoHHOro YCUAUTENA B OT/IMYME OT BbIXOAOB JErKO
NoAXxBaTbiBalOT Nomexy. bonee noapobHo 06 sTom cm. Janee.

MarHuTHana cBsA3b. K COManeHMIO, HW3KOYACTOTHbIE MarHWTHble Moas He ocnabnstoTca CywecTBEHHO
MeTaI/IMYECKON 3KPaHMPOBKOW. [MpounrpbiBaTenb, MarHUTOOGOH, MUKPODOH WMAM Apyraa YyBCTBUTE/NbHAA CXEMA,
pacrnonoxeHHana 86M3M HONLLWIOro CMNOBOro TpaHchopmaTopa, ByAeT MMeTb o4eHb BO/blIME HABOAKMU CETEBOM
YyacToTbl. Jlydwmit cnocob H6opbbbl € 3TUM ABAEHMEM — CAEAMTb, YTODbl KaXKAblA 3aMKHYTbIA KOHTYP BHYTpM
CXEMbl MMENT MWHWMaNbHYtO NaoWadb, M CTapaTbCA, 4TODbl CXema He MMena NPoBOAOB B BWAE NETNW.
SbPeKTnBHbI B Hopbbe C MarHUTHOM HABOAKOW BUTbIE Mapbl, Tak Kak Niowadb KaxKAoro BUTKa Mana, a CUrHasbl,
HaBeAeHHble B CAeAyIOLMX APYT 33 APYTOM BUTKaX, KOMMEHCUPYIOTCA.

Mpu paboTe C CUrHaNamMM OYEHb HM3KOTO YPOBHA, WAM YCTPOMCTBAMM, OYEHb YyBCTBUTENbHLIMM K
MarHuTHbIM HaBOAKaM (rONIOBKM MarHUTOPOHOB, KaTyWKM WHAYKTMBHOCTM, MPOBOJIOYHbIE COMPOTUBAEHMS),
MOKET OKa3aTbCA KenaTesibHbIM MarHUTHOE 3KPaHWpOBaHMe. «IKpaHbl M3 MIO-METa/a» BbIMyCKaloTcA B BMAE
roToBbiX GOPM MAM TMOKMUX ANCTOB. ECAM BHELHee MarHUTHOE MoJie BEMKO, TO /lydlle BCEero NPMMEHATb 3KpaH 13
Matepuasa C BbICOKOM MarHUTHOW MPOHMLAEMOCTbIO, OKPYYKEHHbII  3KPAaHOM C  HM3KOW  MarHUTHOW
NPOHMLIAEMOCTbIO (Hanpumep, M3 0ObIYHOrO Kenesa) A Toro, 4Tobbl NPeaoTBPaTUTb MArHUTHOE HacbileHue
BHYTPEHHero 3sKkpaHa. KoHeyHo, Hambonee MNpoCTbIM PELIeHWEM 4YacTo ABASETCA YAaJeHMEe MELLAoLLEro
MCTOYHMKA MarHWTHOro nons. MHoraa 6biBaeT HeobxoAMMO ybupaTb 6o/bliMe CMAOBbIE TPAHCHOPMATOPbI, TaK
CKasaTb, C nepegHero Kpas. TopouaasbHble TPaHCHOPMATOPbl WMMET MEHbLUIYIO BEAUYMHY W3/1y4aemMoro
MarHUTHOrO Mo Mo CPABHEHMIO C OBbIYHBIMM MPAMOYIObHbLIMU.

PaamoyacTtoTHble nomexn. HaBoAKM paamoyacToTbl MOTyT ObiTb OYEHb KOBAPHbIMM, MOCKO/bKY HEBWHHAA
Ha B3rNA4, 4aCTb CXeMbl MOXKeT paboTaTb KaK 3GPEeKTUMBHbIA PE3OHAHCHBIM KOHTYP C OrPOMHbIM Pe30HAHCHbIM
MMKOM. Kpome obLiero skpaHMpOBaHMS, KesnaTeNbHO BCE MPOBOAA [AenaTb Kak MOMHO Kopoye W u3beratb
06pa3oBaHWA neTeNb, B KOTOPbIX MOMET BO3HMKHYTb pe3oHaHc. Ecan peub naet o6 o4eHb BbICOKMX 4acToTax, TO
TYT MOTYT NOMOYb GeppUTOBbIe KO/bLA-OyCUHbI. Knaccnyeckoi cutyaumelt napasMTHOro NpuMema BbICOKMX 4acToT
ABNAETCA Napa WYHTUPYIOWMX KOHAEHCAaTOPOB (OAWMH TaHTaNO0BbIK, APYroi AMCKOBbLIA KepamMUUeCcKMid), YTO 4acTo
PEKOMEHAYeTCA ONA YAYYWEeHWA LWYHTMPOBAHMA NUTaHWA. Takas napa obpasyeT OTAMYHbLIA NapasuTHbIN
HAaCTPOEHHbIA KOHTYp rae-To B obnactu ot BY go CBY (OT AecATKOB A0 COTEH Merarepu), Aa elle u
CamoBO3DyXAaoWMINCa (NpY HaaMunm ycunerus)!

/.24. CueHanbHoe 3a3emseHue

MpoBoa 33a3eM/IEHUA 1 3a3eM/IEHHbIE 3KPaHbl MOTyT AOCTaBUTb MHOMO HEMPUATHOCTEN, M MO 3TOMY MOBOAY
CyLLEeCcTBYeT MHOr0 HeAopasyMeHU. B AByX CnoBax CyLHOCTb Npobaembl TaKOBa: TOK (O KOTOPOM Mbl 3abblan),
npoTeKas Mo JIMHWKM 33a3eMIEHMA, MOXKET BO3OyAWUTb CUrHas, KOTOPbIA BOCMPUHMMAET Apyras 4acTb CXEMbl,
CUAALLEA Ha TOM e MNpoBoAe 3a3emseHus. Yacto genatoT «MekKy» 3a3eMieHMa — 3TO ToYKa, B KOTOPOM
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CXOOATCA BCE JIMHWUM 33a3€M/IEHUA CXEMbl, HO 3TO-pelleHue B 1006; MpuM Mano-MasibCKOM MOHUMAHWUKU CYyTU
npobaemMbl Bbl CMOXKeTe B DObLIMHCTBE CUTYaLUUI HatTK Bosiee pasymHoe peLleHme.

Ob6blyHble OWMBKKM 3a3emnieHns. ObLIan cMTyaumsa nNpeacTaBneHa Ha puc. 7.67.
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Puc. 7.67.Cxema 3a03emseHuUs 014 CU2HA08 HU3KO20 YPOBHA. d — NpasusbHo;, 6 — HenpasussHo.

B oaHOM nmpubope HaxoAATcA YCUAWUTENb HU3KOTO YPOBHA M MOLLHbLIA ycuauTenb (apansep) ¢ 6oabWnMm
notpebnaembiM TOKOM. lNepBas cxema cAenaHa nNpasuabHO: 0ba ycunuTens npucoegumHeHbl HEMNOCPEACTBEHHO K
M3MepUTE/SbHBIM BbIBOAAM CTabuAM3aTOpPa HAMPAMKEHWA MNUTaHWA, MO3TOMY MafeHMe HanpsxeHusa |-R Ha
NpOBOAAX, MAYWMX K MOLULHOMY KacKafly, HEe OKa3blBaeT BAWMAHWUA Ha HaMPAMKEHWe MUTaHUA YCUAWUTENN HU3KOro
YPOBHA. K TOMY e TOK Harpysku, MpoxoAa Ha 3eM/o, He MOABAAETCA Ha BXOJE HWM3KOro YpoBHA; BOOOLLE,
HWKaKOW TOK He MAET Mo NPOoBOAY 3a3EM/IEHMA BXOAa YCUAMTENA HU3KOro YpOBHA K cxemHol «Mekke» (B

Ka4yecTtBe KOTOpOVI MOeT OblTb Bbl6paHO coemnHeHMe C KOpPNycom BO3J/1e BXOAHOTO KOAKCMa/ZIbHOIO pasbema
BNC).

Bo BTOpOl cxeme umetloTca fBe rpybble OWMBKM. DAyKTyaUMM HaNpPsKeHUA MUTaHUA, NOPONXKAEHHbIe
TOKaMM Harpysku Kackaja BbICOKOrO YPOBHS, OTPaXatoTCA Ha HaMpaMeHUW NWUTaHWUA KacKada HWM3KOTo YPOBHS.
Ecnu BxoaHOWM KacKkafd, MMeeT HeAOoCTaTOYHO BbICOKUI KO3DOUUMEHT ocnabneHus ¢ayKTyauum nuTaHus, TO 3TO
MOXKET MPMBECTM K BO3HWKHOBEHMIO aBTOKoAebaHwit. [asblie M TOro XysKe: TOK HarpysKku, BO3Bpallancb K
MCTOYHWUKY MUTAHMUSA, Bbi3biBaeT GYKTyaUMM MOTEHUMaNa Ha «3emsie» KOpryca Mo OTHOLWEHMIO K 3a3eMIeHUIO
MCTOYHMKA MMTaHMA. BxoAHOM KacKaf, OKasblBAeTCA MPUMBA3aHHbIM K 3TOW «MNEpemMeHHol 3emne», a 3To,
04€eBMAHO, NAOXO.
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Mopanb COCTOUT B TOM, YTO HaZO CMeamuTb, TAe NpoTeKatoT 6o/bluMe TOKM CUrHana, U CMOTPETb, YTOObI
BbI3blBaEMblE VMU MAZEHUA HAMPAXKEHUA HE BAMAAN HA BXOA,. B HEKOTOPbIX CAy4anaX pa3syMHO OTAE/IUTb UCTOYHMK
NUTaHMA OT KackaZa HU3KOro ypoBHA Hebosblwoin RC-uenbto (puc. 7.68). B ocobo TpyaHbIX CAyYasax C PasBs3KOM
MCTOYHMKA MUTAHUA MOXKHO MonpoboBaTh B LEMb NUTAaHUA KackaZa HMU3KOrO YPOBHS MOCTaBUTb CTAOUMAUTPOH MK
TPEXBbIBOAHON cTabunmnsatop ANA AONONHUTENBHON Pa3BA3KMK.

RlACOKHMH
|POBE b

Puc. 7.68.

7.25. MexnpubopHoe 3a3emseHue

Maea rnaBHOW TOYKM 3a3eM/IeHMs BHYTPU OAHOro npmbopa Xopolua, HO YTO AenaTb, eCAW CUrHan UAEeT 13
oAHoro npubopa B APYroM W y Ka)Aoro M3 HWUX CBOe MpeacTaBieHue o «3emne»? PeKomeHayem HeCcKOJbKO

NpeanoKeHnn.

CurHanbl BbICOKOrO YPOBHA. ECAM CUTHANbl MMEIOT HanpsAKeHWe HEeCKObKO BOJIbT UM 3TO JI0rMYecKme

CUTHa/bl BbICOKOTO YPOBHS, TO MPOCTO COEAMHUTE TO, YTO HYXHO, M 3abyabTe 06 3ToMm (puc. 7.69).

Curnan

1-100 MB

]
il

Pre. 7.69.

NCTOUHMK HanpsieHua (obo3HauyeH Mexay [ABYMS 3a3eMfieHMsMKU) npeactasnsetT cobol pasHoCTb
NOTEHLMANOB MENAY [BYMA BbIBOAAMM JMHUIA NMUTAHWA B OHOW M TOM e KOMHATe WAW (UTO XyXKe) B pasHbIX
KOMHaTax 34aHuWA. 3Ta pa3HOCTb MOTEHLMANO0B COCTOUT YaCTUYHO M3 HaMpsKeHWs, HaBeAEHHOro OT CeTw,
FAPMOHMK YacTOTbl CETW, PAAMOYACTOTHbIX CUTHAMIOB (CM/IOBblE JIMHUM MUTAHMS — XOPOLUas aHTEeHHa), Pa3HbIX
BCMJIECKOB M NpoYero «mycopa». Ecam Bawn curHanbl 4OCTaTOMHO BE/IMKK, TO CO BCEM STUM Bbl MOXKETE KUTb.

Manble curHasbl U AAWHHbIE AWMHWW. [NA ManbiX CUTHANOB Takas CUTyauMa HETepnuMma, U Bam NpuaeTcs
caenaTb HEKOTOpble YCUAWA, YTOObI ee yaydlWnTb, HeCKoNbKO Maen Ana 3ToW ueau coaepsut puc. 7.70.
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Puc. 7.70. Llenu 3a3emneHUA C IKPAHUPOBAHHbLIMU Kabenamu 0718 CU2HA08 HU3KO20 YPOBHSH.

Ha nepBoit cxeme KOaKCWMaibHbI 3KPAHUPOBAHHbLIK Kabenb NpUCOeAMHEH K KOPMycy M CXEeMHOMY
3a3eM/IEHUI0 UCTOYHMKA CMTHaNa, HO M30/IMPOBaH OT KOPMyca NPUEMHMKA (MCMONb3YIMTE N30IMPOBAHHbIN pa3bem
BNC Bendix 4890-1 uanm Amphenol 31-010). bnarogapa audbdepeHumanbHOMy younutento ana dybepusaumm
BXOAHOIO CWUrHana noAaBAAeTcA CUMHOA3HbIM CUrHAA B LENW 3a3eMIEHUA, BbIAENAOWMIACA Ha 3KpaHe. TaKke
MOIe3HO MOAKMOYUTL PE3UCTOP C MasbiM COMPOTUBAEHUEM W LIYHTUPYIOWMIA KOHOEHCATOp Ha 3emiio A/A
OrPaHWYEHNs CABUTA «HAMPAMKEHUA 3a3eMIEHUS» U NMpeaynpexkaeHnsa MOBPexKAeHWI BXOAHOro Kackaga. Eule
OZlHa cxema MpMeMHMKa Ha puc. 7.70 AeMOHCTPUPYET MCNob30BaHWe «nceBaoanbdepeHLmManbHOro» BXOAHOMO
BK/IOYEHUST [ON1A YCUAUTENbHOMO Kackafa C OAHWM BbIXOAOM (3TO MOMeT ObiTb, Hampumep, CTaHAAPTHbIN
HenHBepTupytowmin OY, Kak no cxeme). ConpotmaaeHme 10 Om BKAOYEHHOTO MeXay OOWEen TOYKON YCUANTEeNs U
CXEMHOM 3em/ielt pe3ncTopa A0CTaTOYHO BEIMKO (BO MHOrO pa3 60/blie MOIHOr0 COMPOTUBAEHUA 3a3eMIEHUA
MCTOYHMKA), TaK YTO MOTEeHLMan B 3TOW TOUKe 3aJaeT OnopHas 3eM/aA UCTOYHMKa curHana. Pasymeetcs, ntoboi
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WYM, MPUCYTCTBYIOWMN B ITOM Y3/l CXEMbl, MOABUTCA TaKXKe Ha BbIXOAe, OAHAKO 3TO CTAHOBWUTCA HEBAMKHbIM,
€C/IM KacKaj, MMeeT [10CTaTOYHO BbICOKMI KO3DMUMEHT ycnneHma KU, NOCKONIbKY OTHOLWEHME NONE3HOro CUrHana
K LWWymam 3a3emneHus yBenuumsaetca B KU pa3. Takum obpasom, xoTa AaHHaA cxema He ABNAeTCA MOANMHHO
onddepeHumnansHol (obnaaatouwein 6eckoHedHbim KOCC), Tem He meHee paboTaeT oHa A0CTaTOYHO XOPOLOo (C
abdekTMBHBIM KOCC, paBHbiM KU). Takoit npuvem nceBaoanddepeHLManbHOrO BKAOYEHUS C OTC/IEKMBAHUEM
NoTeHLMaNa 3eM/IM MOXKHO MCNOMb30BaTb TaKXKe A/1A CUIHAJI0B HU3KOrO YPOBHA 8HYymMpuU camoro npmbopa, Koraa
BO3HMKAOT Npobaembl C WymMamu 3a3emaeHus.

Bo BTOpOW cxeme MCNONb3yeTcA 3KPaHMPOBAHHAA BUTaA Mapa, 3KpaH KOTOPOW MPMCOeAMHEH K KOpMycy Ha
060MX KOHL@X. ITO He OMacHO, TaK KaK MO 3KpaHy CUrHan He wuaeT. OuddepeHumanbHbid  ycuauTenb
MCNONIb3YeTCA, KaK WM paHblle, Ha MPMEeMHOM KOoHLe. Ecan nepegaeTtca NOrMYECKUA CUrHaA, TO MMEET CMbIC/
nepenasaTb AnddepeHUManbHbI CUrHaA (CUTHAA M ero MHBEPCUMIO), Kak MoKa3aHo Ha pucyHke. Bo BXOAHbIX
KacKaZlax MPUMEMHOWM CTOPOHbI MOXHO MPUMMeEHATb 0DObluHble AnddepeHLManbHble YCUAUTENN WUAKU, eCAN OYeHb
CU/IbHBI MOMEXM OT 3eMJIM, CrelmasbHble KM30MPOBaHHbIE» ycunuTenu (Bbinyckatotca pupmamm Analog Devices
n Burr-Brown). [ocnegHne moryT paboTaTb MNpPW KUAOBOAbTHbIX CUH(MA3HbIX CUrHanax. Takxe paboTatoT
OMNTO3/NIEKTPOHHbIE WM30AUPYIOWME MOAYAM, B HEKOTOPbLIX CAydaax — 3TO yaobHoe pelleHWe Ana nepenavu
UMPPOBLIX CUFHANOB.

Ha paguovacTtoTax noaxoaawmin cnocob nogasneHns cuHbasHOro CurHana Ha NpPUemMHOM KOHLe [aaeT
TpaHCchopMaToOpHan CBA3b, OHa TakXKe objsieryaet nonyuntb auvddepeHumanbHbll BUNONAPHLIA CUTHAA Ha
nepefatollem KoHue. TpaHCPOopMaTopbl TakKe NonyAspHbl B 3BYKOBOKM annapaType, XOTS OHU TPOMO3AKM 1 BeayT
K HEKOTOPOMY MCKa)eHUIo CUrHana.

Ona o4eHb AJIMHHBIX KabenbHbIX AUHUIA (M3MEPSEeMbIX MUASMK) MOME3HO MPUHATb Mepbl NPOTUB HObLIMX
TOKOB B 3KpaHax Ha paamoyactotax. Cnocob AOCTUMKEHMA 3TOro NoKalaH Ha puc. 7.71.
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Puc. 7.71. Cxema 3auumesl 8x00a NpUEMHUKA CUSHA/108 C 04eHb OAUHHOU AUHUU.

Kak 6b110 NoKasaHo Bbille, AnddepeHUmnanbHbi yeuamTenb paboTaeT ¢ BUTOM Napoin MU Ha HEro He BAUAET
HanpAXeHWe 3KpaHa. [lyTem cBA3WM 3KpaHa 4Yepe3 HebONbLIYIO KaTylWKy WMHAYKTMBHOCTM C KOPMYCcOM yaaeTca
COXPaHWUTb Masoe HanpaeHne NMOCTOAHHOrO TOKa, a BobLIMe PaaMoYacTOTHbIE TOKM UCKAUYUTL. Ha 3Tol cxeme

MoKasaHa TaKKe 3allMTa OT BbiIXoAa CMHPA3HOro HanpaKeHua 3a npeaensl +10 B.

XOpOLLIaﬂ cXema 3alnTbl MHOTronpoBoAHOro Ka6el’|ﬂ, B KOTOpPpOM Tpe6y8TCﬂ NCKNKOYNTb CI/IHd)a3HbIe HAaBOAKMW,

noKasaHa Ha puc. 7.72.

VYV

GMrHa- _—a s
Tibi e L, |
O0wWMi _,‘-‘_ — ._i>
= MHOKECTBO BWmbLx .
r.;%ﬁ:&“' onmH |CUANMENA

Puc. 7.72.ModasneHue cuH@azHol nomexu npu nosb308aHUU ONUHHBIM MHO20MUBHLIM Kabesem.

TaK KaK Yy BCex CUrHaj0B 3Ta HaBOAKA OAHA M Ta XKe, TO eAMHCTBEHHbIN NPOBO/, MNOAKAUYEHHbIA K 3emae Ha
nepeaatolieM KOHLE, CAYXUT ANA KOMNeHcaumMm crHdasHbIX CUIHAA0B BO BCEX N NPOBOAAX CurHana. Npocto aToT
CUFHAN CYNTHIBAETCA MO OTHOLWEHMIO K 3eM/IE HA NMPUEMHOM KOHLLE M MCMOAb3YETCA KaK OMOPHbIN BXOAHON CUIHAN
ans scex n anbdepeHUmanbHbix ycuamTenein, paboTalolimx ¢ 0CTaabHbIMU CUTHANAMM.

HpMBe,ﬂ,eHHble CXeMbl XOpowo noaasBnAaoT Cl/IHd)a3HbIe nomexm Ha HU3KUX N cpeaHnX 4aCToTaxX, HO NMPOTMB
pPaano4aCTOTHbIX MOMEX OHWM MOTYT OKa3aTbCA Head)d)el-(Tl/lBHbIMl/l n3-3a Hu3koro KOCC 8 NMPUNEMHOM
Ll,l/Id)d)epEHLl,l/lafleOM ycunnaunTene. O,EI,HOVI M3 BO3MOXKHOCTEM 340eCb OKa3bIBAaeTCA 3aKPYyTKa Kabens LESTMKOM

BOKpyr depputosoro Topa (puc. 7.73).
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Puc. 7.73,

370 yBeAMYMBAET NOCAEA0BATENbHYIO MHAYKTMBHOCTb Kabens B L,e/OM, MOBbIWAET NOJSHOE CONPOTUBAEHUE
CUH}A3HOMY CUrHasy Ha BbICOKOM 4YacToTe M obnerdyaeT BO3SMOMHOCTb LUYHTMPOBAHMA €ro Ha AaZlbHEM KOHLe
NapoW KOHAEHCAaTOPOB Masioi eMKOCTM Ha 3eM/0. DKBMBANIEHTHAs CXemMa MOKa3blBaeT, NMOYemy 3TO MPOMCXOAUT
6e3 ocnabneHma andbdepeHUManbHOrO CMrHana: y Bac ecTb NocaenoBaTe/lbHble MHAYKTUBHOCTU, BKAKOYEHHbIE B
CUTHa/IbHble SIMHUW W 3KPaH, HO MOCKOJIbKY OHM 06pasytoT TpaHCPopMaTop C eAMHUYHLIM OTHOLIEHMEM YMCAA
BMTKOB, AnbdPepeHuManbHbii CUrHAA He M3MeHseTca. 370 ecTb Ha camom gene «1:1 npoaonbHbIN
TpaHchopmaTop», KOTOPbIM onucbiBaeTcs B pa3d. 13.10.

HﬂaBa}OLLJ,l/II\/JI MCTOYHWK CUrHana. Ta e HecornacoBaHHOCTb Hal'lpﬂ)KeHVlVl 3a3eMJIeHNA B PaA3HbIX MECTaX
NPOABNAETCA elle bonee CePbe3HO Ha BXOA4aX HMU3KOIo YPOBHA, MOCKOJ/IbKY TaM CUTHA/Ibl O4E€Hb Ma/ibl. HpMMepOM
ABAETCA TO0N10BKa N\aFHl/ITOd)OHa NnIn /J,pyroﬁ MCTOYHUK CUTHaNa, AN1A KOTOPOro HyXHa 3KpaHMpOBaHHAaA
CUTHANbHAA IMHMA. Ecnm 3a3emnTb 3KpaH Ha obonx KOHU@aX, TO Pa3HOCTb HaI'IpH)KeHVIlz 3a3emMiIeHnAa NoABUTCA B
Ka4yecCTtBe CUrHasia Ha BXoae yCunnTend. ﬂquue BCEro otae/MTb 3KpPaH OT 3a3eMJIEHNA 8 UCMOYHUKe (pl/lC. 774)

MUAITUBONLMO -
BbIi CUIHan Om T0JI08-
KW MATHWMODOHa

He aasemnams!

Puc. 7.74.

M3onupytowme ycuantenu . Jpyrum pelieHnem cepbesHbix npobiem, CBA3aHHbIX C 3a3eMaeHnemM, ABAAeTCS
MCNOMb30BaHME  U30MPYIOWEro  ycunutens». Wsoauvpyowme ycuamuTenn — 3TO TOTOBble YCTPOWCTBa,
npefHa3HayeHHble 419 Nepeaayn aHaNoroBOro CMrHana (C No/socoi YacToT, HauMHAOWENCS C MOCTOAHHOIO TOKA)
OT CXEMbl C OAHMM OMOPHbIM YPOBHEM 3a3eMMEHMA K APYroi CXeme, MMEIoLen COBEepLIeHHO APYrylo 3emio
(puc. 7.75).
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Puc. 7.75. KoHyenyua usonupyrow,e2o ycunaumens.

Ha npaKkTuke B HEKOTOPbIX 3K30TUYECKUX CUTYyauMAX MNOTeHUMa bl 3TUX «3eMeflb» MOTYT OT/IMYaTbCA Ha
MHOFO KM10BOAbLT! HpVIN\eHeHVIe N30TNPYHOLWNX ycvaTeneVl 0653aTeNbHO B Me,EI,VILLVIHCKOl\;I S/1EKTPOHUKE - TaM,
roe aneKkKTpoabl NMPpUKAaabiBatOTCA K Teny 4YenioBeKa, C TeEM, 4yTObObI MOSHOCTLIO M30NPOBAaTb TakMe KOHTaKTbl OT
N3MEPUTENbHbBIX CXEM, 3aMMUTAHHbIX HEMNOCPEeACTBEHHO OT CETM NEepPeMEHHOro TOKa. B BbiMyCKaembix B HacToAllee
BpemAa N3o0Mpyrowmx yCnantTenax ncnoanb3yeTca oanH 13 cneayroumnx Tpex MmeToaos:

1. TpaHcPopmaTopHas M30MAUMA  (pa3BsA3Ka) HECYLEero CurHana BbICOKOW 4acToTbl, MNOABEPrHYyTOro
YaCTOTHOW MM WMPOTHO-UMMYAbCHON MOAYNSALUMM OTHOCUTENLHO Y3KOMOJOCHBIM CUIHaA0M (C YacTtoTol ot O Ao
10 Ky, M OKOI0 TOTO), KOTOPbIM HEODBXOAMMO M30AMPOBaATL (puc. 7.76).
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Puc. 7.76. Usonupyrowuti ycunumens AD295 ¢ mpaHcgopmamopHoli ceAassro. (Analog Devices).

3TOT MeToA, NPUMEHAETCA BO BCEX M3OAMPYIOWMX ycuauTenax ¢upmbl Analog Devices, a TaKke B page
ycTponcts ¢dupmbl Burr-Brown. M3onupytowime ycuamtenn ¢ TpaHCOOPMATOPHOM pPa3BA3KOM MMET Yya006HYyIo
0COBEHHOCTb: NMUTaHME MOCTOAHHOIO TOKa MOAAETCA TO/MbKO Ha OAHY CTOPOHY (Nepesatollyto MAK NPUEMHYIO); Y
BCEX Y HMX B Kopryce BCTpoeH npeobpasoBaTesib MOCTOAHHOIO HaMPAXKEHWA B MOCTOAHHOE HanpsXeHue c
TPaHCHOPMATOPHOM CBA3bID. YCUAUTENIM TAaKOro Tuna obecneymsaloT M30aaUMio 40 3,5 KB 1 umetoT TMnnyHyto
NoA0CYy NPOMNYCKaHWA nopaaKa 2 KI'l, XOTA HEKOTOPble YCTpoMCcTBa paboTatoT ¢ curHanamm ao 20 Kruy,

2. ONTO3NEeKTPOHHAA Nepedaya CUrHana Yepes CBETOAMOA, Ha Nepedatolem KoHue 1 ¢oToamoa Ha CTOpoHe
NPUEeMHMKA. TUMNYHBIM MPUMEPOM MUCMNONb30BaAHMA 3TOro metoda cayut ISO100 dupmbl Burr-Brown. 3aech He
TpebyeTca BbICOKOYACTOTHOM HECyLEeN, MNOCKOJIbKY CUrHanbl, OyAb OHM JasKe MNOCTOAHHOrO TOKa, MOMXKHO
nepefasaTb ONTMYecKW. Jaa Toro 4Tobbl A06UTLCA XOpowen NAMHEWHOCTM, Burr-Brown mcnonb3oBana M3sLLHbIN
XO[: CBeT OT CBeTOAMOAa NajaeT TakXe Ha BTOPOWM (cornacoBaHHbIM C MepBbiM) GOTOAMOA, BKAOYEHHbIA Ha
nepedalolem KoHUe No cxeme o6paTHOM CBA3WM, TaK YTO HEAMHEMHOCTM CBeTo- M GoToAMOAa B3aMMHO
YHUYTOXKAlOTCA; cM. puc. 7.77. 1ISO100 TpebyeT UCTOYHMKOB MUTaHUS Ha 0DOMX KoHLAx, m3onmpyeT A0 750 B u
nmeet nonocy 60 Klu.
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Puc. 7.77. AHanoeossili uzonupyrouwull ycunumesns ¢ onmu4veckol c8a3bH0.

3. M30nAuma 3a CYET eMKOCTHOWM CBA3M MO BbICOKOYACTOTHOW Hecylleil, MOAyaAMpOBaHHOW Mo 4YacToTe
CUFHANOM, KOTOpPbIM HEOBX0AMMO M30/MpoBaTh (puc. 7.78).

1156 (HCTOUYHKK) + 158 (npHeMHuK)
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Puc. 7.78. zonupyrowuli ycunumersib ¢ eMKOCMHOU C8A3b10.

MpeactaButTenamm atoro metoaa ssaatotcs 1S0102, ISO106 1 1SO122 dupmbl Burr-Brown (puc. 7.79).
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Puc. 7.79. N3onupytowmin yeunutenb 1ISO106 dupmbl Burr-Brown.

(Burr-Brown Corporation).

340ecb HeT 0OpaTHOM CBA3W, KaK M NMpU TPaHCHOPMATOPHOM M30AALUMU, HO AN DOONbLWKMHCTBA MoAenemn
HY*KHbl MCTOYHMKM NMUTaHMA Ha 0OOMX KOHLAX. ITO 0ObIYHO He AO0CTaBAAET TPYAHOCTEN, NMOCKO/bKY Y Bac, CKopee
BCEro, A0/KHbI OblTb 3/1EKTPOHHbIE CXEMbl Ha 0B0OMX KOHLAX, reHepupyoLLmMe 1 MCNoNb3yloline curHan. Ecam ato
He Tak, TO Bbl MOXeTe [0CTaTb W30/IMPOBaHHbLIK Npeobpa3oBaTenb MNOCTOAHHOIO HanpPsXeHus  AnA
MCMNO/Ib30BaHMA ero B Takoro poga ycuamtene. 1ISO106 obecneumsaeT msonsumio o 3,5 KB M mmeeT nonocy
nponyckanma 70 Kl'u.

Bce m3onMpytoLlMe yCUAUTENW TAKOTO PoAa NpefHasHayeHbl AnA paboTbl C aHA/IOFOBLIMW CUTHANAMK U
0b61aatloT yMepeHHOM NONOCOM NPOMYCKaHWA; CTOMMOCTb KaxKA0ro M3 HUX NeXuT B npedenax oT 25 o 100 gonn.
TaKoro e naaHa nNpobiembl 3a3emMeHNA MOTYyT BO3HWKaTb M B LMPPOBbIX CXEMaX, 4e OHW pPelleHbl NPOCTo M
3G dEKTUBHO: BbIMYCKAOTCA U30NATOPbI C ONTUYECKOW CBA3bIO (ONTOM3014TOpPbI) € 60oNbWMM BbIGOPOM NONOCHI (10
10 Ml'u 1 6onee), M30AMPYLOLME PA3HOCTb NMOTEHLMANOB B HECKO/IbKO KMA0BOALT M UMEIOLLME HU3KYHO CTOMMOCTb
(1-2 ponn.). Mbl NO3HAKOMMMCA C HUMK B 2/1. 9.

3awmra curHana. K aTomy BOMPOCY TECHO MPUMbIKAET 3alumMTa CUrHana — M3ALWHbBIM Cnocob ymeHblleHus
2bdPEeKTOB BXOAHOW E€MKOCTM M yTeuyeK MpW ManblX CUTHanax M HGOMbWOM MOMHOM COMPOTUBAEHUWU. Ecanm Bbl
paboTaeTe C CUrHanamu OT MWUKPOSNEKTPOAOB WAM  EMKOCTHbIX [OaTYMKOB C  BHYTPEHHUM  MO/HbIM
COMPOTUBIIEHMEM B COTHM MEraom, TO [aske BXO[Has €MKOCTb B HECKO/IbKO MMKOopapas MOMET B 5TOM C/ydae
COBMECTHO C 3TUM COMpPOTUBAEHMEeM 00pa3oBaTb GUALTP HUMKHMUX 4YacTOT CO CMadoM, HadyMHaOWMMCA C
HEeCKONbKMX repl! K TOMy ke KOHeuyHoe 3HauyeHue COMPOTUBAEHUA U30MALUMM B COEAMHUTENLHOM Kabene nerko
MOXET Ha MOPAAKM YXYALWUTL paboyne napameTpbl YCUAUTENA CO CBEPXHM3KMM TOKOM BXOAHOrO curHana (Tok
CMelleHMs MeHblle nuKoamnepa) 3a cyeT yTedek. Obe 3TM npobiembl paspellatoTca NyTeM MCMOb30BaHUSA
3aWMTHOro anekTpoda (puc. 7.80).
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Puc. 7.80. llpumeHeHue «3aUUMHO20» 3KPAHA 014 y8eaudeHus 8Xo0H020 NOHO20 CONPOMUB/EHUS.

BHYTPEHHMIN 3KpaH coeduHeH C MoBTOpUTENeM; 3TO 3bPEeKTUBHO WCKAOYaeT TOKM U PE3UCTUBHBIX, M
E€MKOCTHbIX yTeYeK 3a CYeT HY/JIeBOM PasHOCTV MOTEHUMAN0B MEXIY CUrHa/bHbIM MPOBOAOM M €ro OKPYMHKEHUEM.
BHeWHMI 3a3eMNEHHbIN 3KpaH NPeaoXpaHAeT OT MOMEeX 3alUMTHbIM 3/7eKTPo/; He A0CTaBAseT x/aonoT paboTa
NOBTOPUTENA HA EeMKOCTb WM YTeUKY MEXAYy 3KpaHamM, Tak Kak y MOBTOPUTENA Manoe MOJHOe BbIXOAHOe
conpotusnenne. OOHaKO He cnedyeT NPUMEHNTb 3TOT NPMEM Yalle, YeM 3TO HEODBXOAMMO, UMEET CMbIC/I CTaBUTb
NOBTOPUTENb KaK MOXKHO OAMNKE K WMCTOYHMKY CUrHana, 3alyuias  Aub HebonblWol oTpesoK Kabens,
COeAMHAIOWMI NOBTOPUTENb M WUCTOYHMK. [lepedasaTb CWUrHan Mocjae MNOBTOPUTENA C €r0 HU3KMM BbIXOAHbLIM
MOJIHbIM COMPOTUB/NIEHUEM K OTAANEHHOMY YCUAWUTENO MOMHO M MO OBbIMHOMY 3KPaHMPOBaHHOMY Kabesto.
3aWmMTy CcuUrHana Mbl paccMoTpum B pa3d. 15.08 B CBA3M C MUKPO3INEKTpPOAaMy C OOMbLIMM MOHBIM
COMPOTUB/IEHMEM.

BanaHme Ha BbiIxogHble curHanbl. Kak npasBmao, BbixoaHoe conpoTussieHnMe OY HACTOMbKO Maso, YTO He
HaZ0 3ab60TUTbCA O EMKOCTHbIX HABOAKAX Ha BbIXOAHOM curHan. OAHAKo B Cy4yae HasM4yMsa BbICOKOYACTOTHOM MK
HbiCTpoNepeKtoYatoWencs nomMexm OcHoBaHMe Ans 6ecrnoKoNCTBa MMeeTcA, OCODeHHO eCin OT BbIXOAHOro
curHana tpebyetca bosiee A MeHee NPUANYHan TOYHOCTb. PaccmoTpnm npumep Ha puc. 7.81.

SIOTHYEC KM
CWrHan - [muna
' NOrUMNECKOro
I I gp  CWreana
Buixon o Curuan 1 B,
12-pas- T T T mouxocmy 0,1 mB
PAAHOTD - e
uﬁna I 1 J
CUrHambHBIH )L .
nposog, r
Zgyx™ 10 0m Momexa
Ha 1 MIy

Puc. 7.81. Cxema 06pa3osaHuUa nomex om Yu@posbix cxem 8 /UHelIHOM aHa102080M CU2HaAsE.

MpeumsmnMoHHbIA  CUTHan ycuameaeTca ¢ nomolpbto OY M npoxoaut depes 06/1acTb MPOCTPaHCTBa,
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COMEPHKALLY NOTMYECKME 3NEMEHTbI C CUTHaNaMM, AUCKPETHO M3MEHAIWIMMMUCA CO CKOPOCTbIO HapacTaHua 0,5
B/HC. BbixogHOE MOAHOE ConpoTUBAeHMe 3amKHYyToro OY MOBbLILAETCA C YacTOTOM, A40CTUras 3HaveHun ot 10 go
100 Om Ha yacTtote 1 Ml (cm. pa3d. 7.07). Kakol aonxKHa 6biTb Hambobluaa A0NyCTMMan NapasmMTHasa emMKOCTb
CBA3U, EC/IN BAUSAHME MOMEXWN A0/KHO ObiTb MeHblIe pa3pelleHna aHanorooro curHana 0,1 mB? YaMBUTEIbHBbIN
otseT — 0,02 nd.

ECTb HecKo/MbKO pelleHuit 3Toro Bonpoca. Jlyyle BCero AepaTb Ball MaNeHbKWUA aHaNOroBbIM CUTHAN
nofanblle OT CKOM/MeHWa  BbicTponepekatoyatomxca  curHanos.  CpedHel  Be/WMUYMHbBI  KOHAEHcaTop,
WyHTUpPYytoWMin  Bbixod, OY (BO3MOMHO, C HeboNblIMM NOCAeA0BaTENbHLIM PE3UCTOPOM Ana obecnedyeHus
ycTonumeocTn QY), MOMET WCMNpaBWUTb TMOJIOKEHWE, XOTA M CHU3UT CKOPOCTb HapacTaHua. [pybo rosops,
KOHZEHCATOP CHMXAET 4acToTy BOCMPMHMMAEMbIX MOMEX A0 TAKOro 3HaAYeHwus, Npuv KOTopom obpaTHas cBA3b
YCUAUTENS MOMKET WX NoAaBuTb. HeckonbKo coT nukodapad Ha 3emato NpuaadyT AOCTAaTOYHYHO YCTOMYMBOCTb
aHa/NIOroOBOMY CUrHa/ly BbICOKOM 4acToTbl (NpeacTaBbTe cebe eMKOCTHbIA AenuTenb Hanpsxenusa). Euwe oaHa
BO3MOMHOCTb — 3TO MPUMEHUTb OydepHbI YCUAUTENb C HU3KMM MOJHbBIM BbIXOAHBIM COMPOTUBAEHUEM, KakK
LT1010, nnan mouwHbin OY Tvna LM675. He npeHebperaiiTe Takke BO3MOXHOCTbIO MCM0/1b30BaTbh 3KPaHMPOBaHME,
BUTble Napbl U 6AM30CTb K N1aTaM 3a3eMAeHMA ONA YMEHbLEHWA BANAHWUNA.
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Cxembl, He Tpebytolme NOACHEHUM

7.26. YOa4yHble cxemol

Ha puc. 7.82 nokasaHbl HEKOTOPbIE MAEN NOCTPOEHMA CXEM, MMELOLME OTHOLWEHNE K Teme JaHHOM rnaBbl.

@ Ypaunwie cXemel

Puc. 7.82. 6 — cxema usmepeHusa HU3KkoyacmomHozo wyma OY;
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Puc. 7.82. 2 — cxema 0518 pabomel Ha 60bLWYH EMKOCMHYO Ha2py3KY,
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Puc.7.82.0 — cxembl 3auumsl om nomex 6x0008 CUeHA/08 HU3KO20 YpPoBHA C 8blICOKUM Z. (R
KOMNeHcupyem 8bIX0OHOe conpomusseHue UCMmOYHUKaA);

+15

+15

Puc. 7.82. e - cxembl noocmpotiku cosuea (I — mpaduuyuoHHas, Il — yay4yueHHas ¢ NomeHyuoMempom co

cpedHeli moykol. Oma cxema, npedocmasneHHas ¢upmol Bourns, umeem MeHbWYH 308UCUMOCMb OM
HebanaHca HanpaxceHul NUMaHus);
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Puc. 7.82. 3 — caepxnpeyu3uoHHsIl UCMOYHUK MOKQa;
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Puc.7.82. u — ymMeHbUWeEHUE «YCUMAEHUA WymMa» 8 ycuaumesne CU2HAs08 HU3KO20 YPOBHA —

npeobpazosamersie NOAHO20 CONPOMUB/AEHUA (U3 COOPHUKA NO npuMeHeHuto Gupmel Burr-Brown);
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Puc. 7.82. K — npeyusuoHHsIl uHmMeapamop ¢ KomneHcauueli ymeyku KoHoeHcamopa (nomeHuuomemp [11
ucnosb3yemca 0718 YCMAaHOBAeHUSA Hyneeoz20 Opelicha 8 MOMEHM, Ko20d HANPAXEeHUe Ha 8bixo0e b/U3KO K Hy/to,
a 12 — Koada 8bixo0 6su30K K +10 B);

n5 z &”&) ]

Puc. 7.82.1 — usmepumensHsili ycuaumens (KoagguuueHm ycuneHua 3adaemcs sbibopom R5);
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Puc. 7.82. m — manowymawuli ¢ maneim oOpelighom ycunumens, wym cocmasagem 60 HB (0s. amnn.) e
oduanazoHe yacmom 0,1-10 'y — cpasHume ¢ 60a6WUM 3HAYeHUeM Wyma ycunumess ¢ npepsisaHuem (1,5 mkB
odeoliHol amnaumyoel);
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Puc. 7.82. H — akmusHbIli 8biInpAMUMEsb (CUMMEMPUYHAS CXemMa);
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Puc. 7.82. 0 — manowymauwuli npedycunumerns, paccdumanHsili Ha pabomy ¢ Ru < 600 Om (paspabomaHo
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Puc. 7.82.n — npozpammupyemsili UCMOYHUK MOKA, UCNOAL3YOWUL usmepumesnsHbil ycunaumens,
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Puc. 7.82.c — OY co ceepxmarnsim wymom (pupma PMI, samemxa no npumeHeHuro 102).

-109 -



[lononHUTENbHbIE YNpParKEHEHUS

_—%

zwi-mm..lll . 10KOMm

0,01 mx®

/2
I []::mu E r?u':qq:- 3-\
|

Puc. 7.83.

-110 -



[naBa &
LUINPPOBbIE CXEMBbI

OCHOBHble JIOTUYEeCcKMe MOHATUA

Mepesgod H0.B. YeyuémxuHa

8.01. Hugposslie u aHan0208bie CcucHAsbI

Mbl paccmaTpuBanM A0 CUX MOP F1aBHbIM 0O6PA30OM CXEMbl, BXOAHbIE W BbIXOAHblE HaMpPSAXKeHWs KOTOpbIX
MOT/IM U3MEHATLCA B ONpeeseHHOM Avana3oHe 3HaveHwui: RC-Luenu, MHTerpaTopsbl, BbINPAMUTENMN, YCUAUTEAN U
T.Nn. Koraa curHanbl, ¢ KOTOPbIMKM MPUXOAMTCA UMETb AEN0, MBO ABAAIOTCA HEenpepblBHbIMM MO CaMol CBOeW
npupode (Hanpumep, 3ByKOBble), nMBO NpeacTaBAsOT CoBOW HEMPepbIBHO MEeHAIWMEeCs HanpameHus,
nocTynatolmMe oT M3mepuTesbHbiX NpubopoB (Hanpumep, OT YCTPOWMCTB ANA M3MEPEeHMs TemnepaTypbl WK
0BHapyKeHNA CBETOBOrO M31y4eHns, BUONOTMYECKMX UAN XUMUYECKMX 30HO0B), 3TO eCTECTBEHHO.

BxoaHOM cUrHan no cBoOei Npupoae MOXKET BbiTb M YUCTO AMCKPETHBLIM, HAaNpUMEpP MMMYbChbl B AETEKTOPE
4acTuy, uam «buTbl» MHOOPMaLMM, NOCTynarlWwme OT KAYa, KnasuaTypbl uam 3BM. B nogobHbIx cayyasx
€CTeCTBEHHO W yAOOHO WMCNONbL30BaTb LMPPOBYID 3SNEKTPOHUKY, T.€. CXeMbl, KOTOpble MWMelT Aeno ¢
NHPOPMaLMEN, NPeACTaBAEHHOW B BUAE «eAUHULY UKW «Hynen». [as Toro 4tobbl HenpepbiBHYO (aHan0rosyo)
MHPOPMALIMIO MOXKHO Oblio 06pabaTbiBaTh Ha IBM MM XpaHMTb B BUAE Ymncen, ee Heobxoammo npeobpasosats B
undposyto  dopmy UM HaobopoT (c nomouwpto unmdpo-aHanorosbix LUAM u aHanoro-umdbposbix  ALM-
npeobpasoBaTenei). XapaKTepHbIM MNPUMEPOM CAYXUT CUTyauusa, B KOTOPOM MUKponpoueccop uam 3BM
BOCMPUHMMAET CWUIHaAbl OT 3KCMEPUMEHTANbHOM WM MPOMbBIWAEHHOM YCTAHOBKWM, Ha OCHOBE MOJYYeHHbIX
[JaHHbIX YNpaBAfeT NapameTpamu 3SKCMNEPMMEHTA WM XPaHWUT MOJIyYeHHble pe3ynbTaTbl 448 MNoc/Aedytolero
MCMNONb30BaHUA B MPOLLECCE SKCMEPUMEHTA.

OpyrMM MHTEPECHbIM MPUMEPOM, KOTOPbIM AEMOHCTPUPYET BO3MOXKHOCTM LMOPOBLIX METOAO0B, ABAAETCA
nepefiaya aHaNOroBbiX CMrHanA0B 6e3 MCKaXKeHWI, CBA3AHHbIX C BO3AeNCTBMEM MOMeX. Hanpumep, 3BYKOBble M
BMAEOCUTHANbI, NepeaBaemMble Mo Kabento Uan c NOMOLLIO PaAMOBOAH, BOCMPUHMMAIOT «LLYM», KOTOPbIA NOTOM
Henb3A OTAeNWUTb OT NOJEe3HOro curHana. Ecnm ke nepesasaembll curHan npeobpasosatb B pAg uucen,
onpeaenanwmx ero aMnanuTyay B nocaefoBaTelbHble MOMEHTbI BPEMEHM, a 3aTeM 3TK Yncia nepeaasaTb B BUAe
LUPPOBbLIX CMrHANOB, TO aHa/IOrOBbIM CUTHA/A, BOCCTAHOB/IEHHbIM Ha MpMEeMHOW CTopoHe (c nomoulbto LAM), He
byneT coaepxaTb OWMOOK, €CNM ypOBEHb LWyMa B KaHafle CBA3M He HACTO/bKO BbICOK, 4TOOblI MomellaTb
NPaBUAbHOMY pPACMO3HABAHUIO «eAMHUL» W «HyAen». ITOT MeTOoA, M3BECTHbIM Mnod Ha3BaHMEM WMMY/AbCHO-
KogoBol moaynsumm (MKM), ocobeHHO apdeKTUBEH B TOM C/lydae, KOraa CUrHan AO0/KEeH NPOXOAuTb Yepes psag,
PETPAHCAATOPOB, HANPUMep, MNPU  MEXKKOHTUHEHTaNbHOM TenedoHHOM CBA3M, TaK KaK BOCCTaHOB/EHWe
UMOPOBOro CUrHaMA B KAXKAOM MyHKTE PETPaHCAAUMM FapaHTMPYeT NMOMeXOoyCcToMYMBYyto nepedady. Kocmuyeckne
30HAbI ¢ Nomoulblo MKM nepenatoT Ha 3eM/ito AaHHble U M3obpaxeHus. Limdposan 3ByKO3anmnch B BallemM AOoMe
pa3smellaeTca Ha 12-CM ONTUYECKMX «KOMMAKT-AMCKaX», KOTOPble XPaHAT CTEPEOMYy3blKa/ibHble NMPOU3BEAEHUA B
BMAE 16 paspsanos Kaxaple 23 MKC, Nopsaka 6 mapa. 6UT MHPopmMaLMK Ha BCe.

BO3MOXHOCTU UMPPOBOMA anmnapaTypbl HACTONLKO BEAMKM, YTO 3ajayu, npeaHasHavyeHHble, Ka3anocb Obl,
MCKMOYMTEIbHO [O/19 aHa/I0rOBbIX METO0B, ropaso Aydlle 3a4acTylo pellatoTes UndpoBbiM nyTem. Hanpumep, B
aHa/NoroBOM M3MepuTene TemnepaTypbl MOMXKHO YCTaHOBWUTb MMKPOMPOLIECCOP M MamaTb, B pe3y/ibTaTe 3TOro
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MOBbLICUTCA TOYHOCTb M3MEPEHWI 33 CYeT KOMMEeHCauum HeaumHenHocTu npubopa. MoaobHble NpUMeHeHMs
MMKPOMPOLIECCOPOB CTanM OBObIYHbIM AeNOM. BBMAY WX LMPOKOM A0CTynHOCTM. OAHaKo BMECTO TOro, 4Tobbl
MbITaTbCA MEPEYUCNUTb BCE C/yYau, rOe MOMKET MPUMEHATLCA UMPPOBAA 3/EKTPOHMKA, Ayylle nepenaem K ee
M3y4eHMto, B MPOLLECCE KOTOPOro Npumepsl byayT BO3HMKATb camu cobolt.

8.02. Jloeuyeckue cocCmoAaHUA

MofA UMGPOBOI INEKTPOHMKOM Mbl UMEEM B BMY CXEMbl, A1A KaXKAON TOUKM KOTOPbIX MOXKHO OMpeaenTb,
Kak NpaBwWao, TO/JbKO [lIBa COCTOAHMA, HanpuMMep TPaH3UCTOP MOXKeT ObiTb NMbo 3akpbiT, MO0 HacbliueH. B
KayecTBe napameTpa obbIYHO BbIBMPAOT HE TOK, a HaNpPAXKeHME, YPOBEHb KOTOPOro MoXKeT ObiTb BbICOKUM man
HU3KNM. 3T aBa COCTOAHWMA MOTYT MPeACTaBAsTb pasfndHbie «butbl» (binary digits — ABOWYHbIE Pa3psabl)
MHPOPMaLMK, Hanpumep, creayowmm obpasom: oanMH BUT YMcna: KAY 3aMKHYT MAM PAa3OMKHYT, MPUCYTCTBYET
WMAW OTCYTCTBYET CWrHa/j, YPOBEHb aHa/IorOBOrO CUrHafa BbllE WAW HWXe 3aJaHHOro npefena, HekoTopoe
cobbITME NPOM30LWIO MAK He NPOon30oWAo, TpebyeTca Uan He TpebyeTcA BbINONHATL HEKOTOPbIE AEUCTBMA U T. M.

BblcokMit 1 HU3KMA yposHU. CocTtosHma BbICOKOIO u HU3KOIO yposHel onpeaenstoT HEKOTOPbIM
3a/laHHbIM 006Pa3OM «UCTUHHbBIE» U «IOXKHbIE» 3HAaYeHUA B ByneBol anrebpe. Ecnm B KaKOM-1MB0O TOUKE CXEMbI
UCTUHHOE 3HaueHue onpegenseT BbICOKWIM yposeHb, TO rOBOPAT, YTO 3Ta CUrHaibHad JAMHUA WCMOAb3yeT
«MONOKUTENBHYIO JTIOTUKY» M HAa0bOopOT. MNMpumep «OTPMULATENbHOM IOTMKM» MOKal3aH Ha puc. 8.1.

0 HOm
KAKY 3aMKHYT

+58
1

Puc. 8.1.

Koraa coctoanme K/OY 3AMKHYT uctuHHO, Bbixoa umeeT HU3KWIA ypoBeHb. BbIXOAHOW CUrHan TaKum
0bOpasom COOTBETCTBYET «OTPULLATENbHOW NOorMKe» (bosee nNpaBuibHbIM Obl0 Bbl HazBaHME «HYAEBaA NOTUKAY,
MOCKOJIbKY OTPULIATE/IbHOE HaNpPAMKeHMe B CXeme OTCYTCTBYET) U MOKeT ObiTb 0003HayeH, Kak MoKa3aHo Ha
pucyHke. (YepTta Hag cMmBonoM O3HauaeT onepaumto HE, T. e. gaHHaa AvHua nmeeT BbICOKMW yposeHs, koraa
KAOY He 3aMKHYT.) 3aNOMHMTE, YTO HaAM4uMe UAWM OTCYTCTBME 4YepTbl OTPULAHUA Hag 06o3HaYeHMem TroBOPUT O
TOM, KakoW yposeHb (BbICOKUWM nnm HU3KUW) ByneT nmeTb AaHHbIA NpoBoA, KOraa 3ajaHHoe ycnosue (K/THOY
3AMKHYT) nctuHHo.

UndpoBan cxema «3HaeT», YTO 3@ CUTHAN OHa NPeACTaBAAeT No TOMY, OTKyAa MNOCTYNaeT 3TOT CUrHaA, Tak e
Kak B aHa/0roBOM CXemMe BbIXOA, KAKOro-ambo OonepauyoHHOrO YCUAUTENA «NpeACcTaBAAeT» onpeneneHHyo
BeNnMuMHy. Lndposbie cxembl, OAHAKO, 06MaAatOT AOMOAHUTENbHOW TMOKOCTbIO: WMHOrAa OAHWM W Te Xe
CUTHasIbHblE JIMHWUM UCMO/b3YIOTCA ANA Nepeaadr pasfiMyHbiX BMAOB MHOOPMALMUM M ANA MOCLIIKK ee B pa3HbixX
HanpaB/feHUAX B Pas/IM4yHble MOMEHTbI BpemeHu. [lns TOro 4Ytobbl BbINMOAHWUTL 3TO KMYIbTUMNAEKCMPOBAHMEY,
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HeobXxoAMMO MOCbINaTh AOMNOAHUTENbHYID MHGOpPMaUMIO (adapecHble BUTbl nan BuTbl coctosiHuA). [Janee byaet
MOKa3aHO MHOro MPMMEPOB, B KOTOPbIX MCMO/b3YeTCA 3TO MO/e3HOEe CBOMCTBO LUMGPOBOM 3/1EKTPOHUKK, a MoKa
byaem cumtath, YTo Ntoban cxema npeaHasHavyeHa A4 BbINOMHEHWA OAHOM 3aJaHHOM QYHKLUMM U OHA «3HaeT»,
OTKy/Zla NOCTYNatoT BXOAHbIE M KyAa UAYT BbIXOAHbLIE CUTHANbI.

Beegem noHATMA 1 1 O, BHECA HEKOTOPYIO MyTaHMLUy B 3Ty NMPOCTYO MO CYyWEeCcTBy onepaumnto. 3T CUMBO/bI
MCcnonb3yoTcs B byneBon anredbpe ans obosHaveHua yreepskaeHnin MCTUHA n JTOXKb cooTBeTcTBEHHO. B TOM e
3HaYEeHUM OHW MHOTAA MCMNOL3YKOTCA U B SNEKTPOHUKE, HO, K COXaNEHWMIO, 34eCb OHU MPUMEHAIOTCA TaKXe U B
APYTOM CMbICNe, a MMeHHO: 1 o3HauaeT BbICOKWUM yposeHb, a 0 — HU3KUW yposeHb. B 3Toi KHWre Mbl
noctapaemca M3berkaTb Kakoi AnMbo ABYCMbICAEHHOCTW, OyAem WMCNo/sb30BaTb A48 0D03HAYEHMA IOTMYECKUX
cocToAHui cnosa BbICOKUW yposerb (Man cumson B) n HU3KUW yposeHb (Man cumson H) meTon, KOTOpbIi
LWUMPOKO MCMONb3YeTCA B 3/1EKTPOHHON NMPOMbIWAEHHOCTH, a 0603HayYeHma 1 1 0 ByayT NPUMEHATLCA ANULLb B TeX
CNy4aax, rae ux ABYCMbICIEHHOE TO/IKOBAHWE UCK/IOYaeTCA.

[nanasoH HanpsXeHW BbICOKOTO W HU3KOro YypoBHeW. Kak ynomuHanocb B pa3d. 1.10, 3HayeHus
HanpsaxeHunn, cooTtseTcTBYOWMX BBICOKMM 1 HU3KMM ypoBHAM, MOryT KonebaTbca B HEKOTOPOM [ManasoHe.
Hanpumep, ans BbicokockopocTHo KMOIM («HC») NOrMKKM BXOAHbIE HAMpPAMKeHWA OT ypoBHA 3emau ao 1,5 B
npeacTtasnaoTca Kak HU3KMI yposeHb, a HanpskeHna B npegenax 1,5 B oT HanpskeHua nuTaHua +5 B — kak
BbICOKWMI yposeHb. TunuyHble HanpsxeHna HU3KOTO u BbICOKOIO cocToaHMI cocTaBaaloT AecATyio Ao B
Bbilwe O M HWKe 5 B COOTBETCTBEHHO (OCTaTOYHOE HanpsxkeHne ogHoro MOTI-TpaH3ucTopa).

Takne LWWPOKME AMana3oHbl BblGpaHbl A8 TOro, 4Tobbl WM3rOTOBMTENb MUKPOCXEM WMEN B CBOEM
PaCropAXKeHMM ONpeaeneHHbl AOMNYCK, B Npedenax KOTOPOro napameTpbl CXembl Moriv Bbl KosnebaTbes 3a cyeT
M3MEHEHUA TemMnepaTypbl, HarpyskW, HaMpaKeHua nuTaHWA, a TakKe noJ BO3AeMCTBMEM LWYMOB, T.e€.
pa3HOObPa3HbIX MapasuTHbIX CUrHAN0B, KOTOpble A0HABAAIOTCA K paboyemy CUrHaAy MPU ero MNpPoXoXKAeHWM
yepes cxemy (3a CYET eMKOCTHbIX CBA3EM, BHELWHNX HaBOAOK M T. N.). CXema, NoNy4YmB CUrHaA, ONpeaenseT, Kakos
ero yposeHb (BbICOKUIM nan HU3KUW), n aeiictyeT cooTeeTcTByOWMM 06pa3om. Ecan nomexa He npespaluaet 1
B O MAM HAaoBOPOT, TO BCE MPEKPACHO M Nt0Dble MOMEXM OTCEMBAOTCA Ha KaXKAoW CTyMeHW, MOCKObKY Ha BbiXxoae
CXeMbl BOCCTaHaB/IMBAOTCA «4UCTble» 3HadYeHMsa 1 nam 0. Lindposasa sn1eKTpoHMKa B 3TOM CMbIC/E He NOoABEepKeHa
B/IMAHUIO NMOMEX U ABNIAETCA NUAealbHOMN.

TepMnH nomexoycmoliyugocme UCNONb3yeTCA 34ecb ANA 0603HaYeHMA MAKCMMAZbHOTO YPOBHA MOMeXxXMU,
KoTopas, byayun pobasneHa K NOTMYECKOMY CWUIHaNy Mpu camblx HebnaronpuaTHbIX YCA0BMAX, He OyaeT eule
NpPUBOANTL K OLWMBOYHOM paboTe cxembl. Hanpumep, ans anemeHToB TT/1 nomexoycTonumBocTb coctasnset 0,4 B,
TaK Kak 11060l curHan Huke 0,8 B uHTepnpetupyetca umu Kak HU3KWIA yposeHb, a ntoboit curHan sbiwe 2,0 B —
kaK BbICOKWMW, B To Bpema KaK ypOBHM BbIXOAHbIX CUIHANI0B COCTaBAAIOT B CaMOM HebaaronpuaTHom cayyae +0,4
" +2,4 B cOOTBETCTBEHHO (CM. Tab/MLYy NOTUYECKUX YPOBHENM B 2/1. 1). B 4eNCTBUTENbHOCT NOMEXOYCTOMUYNBOCTb
3TUX CXEM 3HAYMTESIbHO BbllE NPUBEAEHHOM BENYMHDBI, MOCKOALKY TUNMYHbIE 3HaYeHns BbICOKOIO n HM3KOTO
HanpsxeHuin coctasnaoT +0,2 1 3,4 B, a BXOAHOW NOPOTr NPUHATUA pelleHuns paseH ~ 1,3 B. OgHako Heobxoammo
NMOMHWTb, YTO XOPOLIAsA CXemMa pPaccyMTaHa Ha Camblil HebnaronpuATHbIMA cydalt. He cnenyeT Takyke 3abbiBaTb O
TOM, YTO pPa3/IMUYHble CEMEWNCTBA JIOTMYECKMX 371eMeHTOB 06/13a4atoT  Pas/IMYHOM  NOMEXOYCTOMUYMBOCTLIO.
AnemeHTbl KMOI nmetoT no cpaBHeHuto ¢ TT/1 6onee BbICOKYHO MOMEXOYCTOMYMBOCTb, a ObICTPOAENCTBYOLIME
anemeHTbl 3C/1 — 60onee HU3KYD. KOHEYHO, BOCMPUMMUMBOCTL K LIYMY UMGPOBLIX CUCTEM 3aBUCUT TaK¥e OT
aMNANTYAbl LYMa, KOTOpas B CBOK OYyepenb 3aBMCUT OT TakMX (AKTOPOB, Kak MapameTpbl BbIXOAHOM CTyneHwu
MHAYKTMBHOCTWM MPOBOAHWKOB 3eM/IM, CYLLECTBOBAHMA AJIMHHbBIX IMHUI «LWKWHY», CKOPOCTM HapacTaHMA Ha Bbixoae
BO BPEMSA JIOTMYECKOro nepexoda (Koraa ns-3a eMKOCTHOM Harpysky BO3HWMKalOT nepexodHble TOKW, Bbi3blBatoLime
BbIBPOCHI HANPAXKEHUA ANMHUK 3eman). Mbl Byaem KacaTbCA HEKOTOPbIX M3 3TUX Npobaem B pa3d. 9.11-9.13.
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Jlornyeckme ypoBHM

Ouarpamma  Ha puc. 8.1, a noKa3biBaeT [AMana3oHbl HaMNPsAXeHWI, KOTopble COOTBETCTBYIOT ABYM
nornyecknum coctoaruam (BbICOKUM n HU3KUIA) ana cambix NOMynspHbIX CemelcTs LMdPOBON NOMMKM. [ns
KasKOro JNOrMyeckoro cememctsa HeobXOAMMO OnpenennTb AOMYCTUMble 3HAYeHUs KaK BXOAHbIX, TaK M
BbIXOAHbIX HanpPAMKeHWN, COOTBETCTBYIOWMX cocToAHMAM BbICOKUIM 1 HU3KWUW. 3akpalueHHas naowadb Bbile
JIMHWUW MOKa3blBaeT AOMYCTUMbIMA AMana3oH BbIXOAHbLIX HaMPAXEHWN, NPU KOTOPOM rapaHTUMPYHOTCA SI0rMYecKkmne
coctoAHna HU3KMM n BbICOKMA 6e3 owunbok, C ABYMA CTPENKaMM, YKa3blBalOWMMK TUMOBbIE BbIXOAHbIE
3Hayernna (HM3KMA wu BbICOKWMWN), BcTpevatolwmeca Ha MNpaKkTWKe. 3aKpalleHHas MAowWadb HUKe AUHUM
NoKa3blBaeT AMana3oH BXOAHbIX HaNPAXKeHW, rapaHTUpyloWmin npeactasneHme kak HU3KWA nanm BbICOKUM, co
CTPE/NKON, yKasblBalOLLEM TWUMOBOE HAMPAMKEHWE JIOTMYECKOTO MepPeKYeHnA, T.e. JMHWUI0, Pas3aenatoLLyro
ypoBHM HU3KUWM 1 BbICOKMI. Bo Bcex cayyasx normyeckoe coctosHue BbICOKWI 6Gonee nonosuTensHo, yem
norundeckoe HU3KUIN.

3HAYEHMS «MUHUMANbHBINY, «TUMOBOM» W «MAKCMMa/bHbINY B 3NEKTPOHHbIX cneunduraumax TpedbytoT
HECKONIbKUX C/MI0B AR NOSACHeHWs. Haubonee npocTo, M3roTOBUTE/Nb TAapaHTUPYET, UYTO KOMMOHEHTbl OyayT
nonagaTb B AManas’oH MUHUMYM-MaKCMMYM C Hanmbonbllen BepoATHOCTbIO K «TUMOBOMY». ITO O3Ha4yaeT AJs
TUNOBbIX CcneunduKaLmMii, KOTopble Bbl WCMNOAb3yeTe MPU MPOEKTUPOBAHUM CXEM, UYTO 3TW CXeMbl [OJKHbI
paboTaTb HaZEKHO BHYTPU AManas3oHa, 3a4aBaemoro MUHUMYMOM W MAKCUMMYMOM. B 4acTHOCTM, XOpoLo
CMPOEKTUPOBAHHAA CXeMa [A0/KHA (PYHKUMOHMPOBATb MPM BCEX BO3MOMKHbIX KOMOWHAUMAX MUHUMANbHbIX ©
MaKCMMasibHbIX 3HAYEHUI (AaxKe Ha camblil MAOXOWN caydalt).
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8.03. Yucnosbie KoObi

B 60bLWMHCTBE C/yYaeB PacCMOTPEHHbIE Bbllle YC0BMA, KOTOPbIE MOTYT ObiTb NpeacTaBaeHbl LndpoBbIMM
YPOBHAMM, MPOCTbl U HarNA4Hbl. BoMee CAOXHbIA M MHTEPECHbI BOMPOC 3aK/MH0YaeTCAd B TOM, Kak C MOMOLLbIO
LUMbPOBbIX YPOBHEW NPeACTaBUTb YacTb YMcaa.

HecatuyHoe (c ocHoBaHmem 10) uumcno npeactasafaeTr coboil CTpouky M3 uudp M (Npu  3TOM)
NoApasyMeBaeTca, 4YTO OHM [JO/KHbl OblTb YMHOMEHbl Ha nocjaesoBaTesibHble cTeneHn uucna 10 ans
06pa3oBaHnA MHOMBUAYANbHLIX NPOU3BEAEHMN, a 3aTeM BMeCTe CNoKeHbl. Hanpumep, 137,06 = 1-10% + 3-10% +
7-10° + 0-10 +6-102. [Ona 3anuck ymcna Tpebyerca gecAtb cMmsonos (oT O go 9), a creneHb ymcna 10, Ha
KOTOPYKO [AO0/MKHa OblTb YMHOXeHa uudpa, onpenensercd ee MNOoJIOKEHWEM MO OTHOWEHUID K AeCATUYHOM
3anaTon. Ecnm mbl XOTMUM MpeAcTaBMTb YMCAO C NMOMOLLBIO TOABKO ABYX cumBoaos (0 M 1), TO Takas cucTema
cumcneHns 6yaeT HasbiBaTbCA ABOMYHOM UM CUCTEMOM C OCHOBaHMeM 2. B aTom cnydae Kaxaaa 1 wam O byaet
YMHOaTbCA Ha Moc/ieoBaTe/ibHble CTeneHun Yncna 2. Hanpumep,

1101,=123+ 122+ 021+ 1:2°= 13y,

-115-



OTAeNbHbIE «eAMHULbI» U KHYAU» B 3aMUCK, NPeACTaBAAOWEN ABOMYHOE YMC/O, Ha3bIBaOTCS «butamm» (oT
cnos binary digits — ABOWYHbLIN pa3pad). MHaeKc (3anucbiBaemblii Bcerga no ocHoBaHMio 10) yKasbiBaeT, Kakas
MCNOIb3yeTCa cucTema cumcaeHmna. OH 4acTo HBbIBAET HYXKHbIM A1 TOro, YTobbl M3BEeXKaTb NyTaHWULbl, TaK Kak Bce
CMMBO/bI BbITAAAAT OAMHAKOBO. TONBKO 4YTO OMMCaHHbLIM METOAOM Mbl Mpeobpa3oBasn YUCAO U3 ABOUYHOM
dbopmbl B gecAaTMYHyto. [lna Toro 4tobbl npousBecTM obpaTHoe NpeobpasoBaHWe, AECATUYHOE UYMCI0 HYXKHO
nocnenoBaTesibHO AENUTb Ha 2, Kaxapl pa3 3anucbiBas ocTaTok. [Jas npeobpasosBaHua yncna 13;¢ B ABOMYHOE
HY>KHO MPOM3BECTU credyowme onepauun: 13/2 = 6, octatok 1; 6/2 = 3, octatok 0; 3/2 = 1, ocratok 1; 1/2 =0,
ocTaToK 1; a1o aaeT 1345 = 1101,. 3ameTnm, 4TO OTBET 0bOpa3yeTcs, HauMHaA C MAAJLWero 3Hayallero paspsaaa
(M3P).

UJECTHa,EI,LI,aTepVI‘-IHOE npeacraBneHne 4ucen. Ona onucaHma cuctem TONIbKO C ABYyMA  COCTOAHUNAMM
eCTeCTBEHHO NPUMEHATb ABOWYHbIE YNCAa. O4Hako, Kak 6yp,eT NOKa3aHO HMXe, 3TO He e,EI,l/IHCTBeHHbIIZ cnocob.

MOCKO/IbKY ABOWYHbIE YMCAa UMEIOT DOAbLIYIO ANUHY, A0S UX 3aNUCK UCMONb3YyeTCs WecTHadluaTepuiHoe (c
OCHOBaHMWem 16) npeacTaBneHune. [Ona 3anNMcK ABOMYHOIO YMUCAa B LLIECTHAALATEPUYHOM KoJe ero pasbusatoT Ha
rpynnbl o 4 6UT, Kaxaas M3 KOTOPbIX MOXET MPMHUMATL 3HadveHus oT 0 Ao 15. MocKobKy A8 0603HaYeHUs
KaXK[0M LeCcTHaAUATEPUYHON MO3ULMM Mbl XOTUM MCMOJIb30BaTb OAMH CUMMBOJ, BesinduHbl 10-15 Oyaem
0b03HayaTb byKBamm naTMHCKoro andasmuta oT A Ao F:

707,0= 1011000011, = (1011000011;) = 2C34s.

lllecTHaauaTepuyHoe npeacTaBAeHWe Aydwnum obpasom cooTBeTcTByeT bantosoi (1 6ant = 8 6uT)
CTPYKTYpe DBM, KOTOpada valle BCEro peanusyetca B BuAe 16- nan 32-paspagHblX MALMHHBIX «CA0B», NPU 3TOM
Kaxgoe CNOoBO COCTOMUT M3 2 uam 4 6alToB. ByKBeHHO-UMDPOBbIE 3HAKWM (OyKBbl, UMPPLI UKW CUMBOSbI)
npeacTaBfAlTCA B BMAe oAHoro 6anTa. Takum obpasom, Kaxkapii 6aiT B WECTHAALUATEPUUYHOM CUCTEME COCTOUT
M3 ABYX LIeCTHaAUaTepUYHbIX LUnbp, 16-pa3paaHoe MallMHHOE CAOBO M3 4-X WeCTHAALUATEPUYHbIX UMdP U T. A.

Hanpumep, B wWnpoko ncrnonbayemom koge ASCIIl (cm. pa3d. 10.19) manoe «a» B ASClI-npeactaBnieHmMm ectb
01100001 (61 B WeCTHaALATEPUYHOM KOAE, KOTOPbIA 3anmucbiBaeTcA Kak 61y), «b» ecTb 62y v T.4. Takum
obpasom, cnoBo "nerd" mMoKeT BbITb COXpaHeHO B ABYX 16-OUTHbIX C/0BaX, KOTOpPble MMEKT 3HauyeHua 6D65y u
72744. Kak apyroi npumep, pasmelleHne namsatim B KOMMbtoTepe ¢ namatblo 64K (65536 6aint) mokeT
onpeaenatbca 2-6alTHbIM aapecom, nockonbky 2 = 65536, HaumHM3wK agpec ectb 0000y, HauBbICWMN —
FFFFH, BTOpaa nonosmHa namaty HadmHaeTca ¢ 8000y, a yeTBepTasa yeTsepTb Nnamatn — ¢ COOOy. Bbl cnyyaiHo
MOMEeTe BCTPETUTb «BOCbMEPUYHYIO» 3amnmnchb (OCHOBaHME 8), K COMKaNeHUto, B paHHUX DBM 6bian NPUHATLI 12- 1
32-paspsAgHble CNOBa, KOTOpble MCMNOAb30BaAM 6-paspagHoe npeacTasneHne OyKBeHHO-UMPOBLIX 3HAKOB.
[MocKkoNbKy 6-pa3paaHble 3HAKM Obl0 OTMYHO NPeAcTaBAATb B BOCbMEPUYHOM KoAe, BHeApWAacb 3Ta cMcTemMa
cyncnerHma. OHa coxpaHMaacb A0 HACTOALLEro BPEMEHM M C YCMEXOM MPUMEHAETCA A8 3anUCK ABOUYHbIX Ymcen,

OHAKO 3a4acCTyt0O MOXET CO34aBaTb onpeaesieHHble Hey,ﬂ,O6CTBa.

nan

YnpaxHerue 8.1. 3anuwute BocbMepuyHoe npeactasnenue B koge ASCII cumsonos "a" v "b", ncnonb3ya wecTHaALATEPUYHOE 3HAYEHUE, NPUBEAEHHOE paHee.
3aTem 3anuwKTe BOCbMEPWYHOE NpeAcTaBieHue 16-paspasHoro Cnosa, COCTaBNeHHOro M3 AByx HalT BmecTe "ab"». Modemy oHM pasnuuatoTca? OnpenenuTte, Kakum

6yneT BoCbMepuyHoe npeacTaBneHne 16-pa3pagHoro cnosa, cogepallero coyetaHune "ba" 8 koase ASCII.

[JBONYHO-AECATUYHbBIA KO, [ApyrMm MeTOZOoM MNpeacTaBfeHUA 4Yucesl ABAAETCS [ABOMYHOE KOAMPOBaHME
Kaxaon AecATUYHOW, UMbpbl, 3anN1CcbiBaeMOoM B BUAE rpynnbl U3 4 ABOMYHbIX pa3paaos. Hanpumep, 13710 = 0001
00110111 (ABOWMYHO-AECATUYHBLIN KOA). 3ameTMm, 4YTO [ABOUYHO-AECATUYHOE TNpeacTaBleHMe 4ucia He
3KBMBAJIEHTHO ABOUYHOMY, KOTOPOE B A@aHHOM caydae byaet umeTb Bua: 1375 = 10001001,. MOXKHO cunTaThb, 4YTO
pa3paapl ABOMYHO-AECATMYHOrO KOA4a, HauyMHaa C MpaBoro, BblparkatoT unucna 1, 2, 4, 8, 10, 20, 40, 80, 100, 200,
400, 800 » T. a. O4eBUAHO, YTO ABOMYHO-AECATMYHOE KOAMPOBAHME C TOYKM 3PEHMA MCMNOJb30BaHUA [ABONYHbIX
Pa3paf0B He 3KOHOMMYHO, MOCKOALKY Kaxkaas rpynna u3 4 6uT cnocobHa npeacTaBasTb ymcna ot 0 ao 15, Ho
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MCMNONb3yeTcs O/1A 3anuCKu YMcna, He npesblwatowero 9 (3a MCKAOYEHMEM PeaKoro ciyvas 3anucu UudpoBoi
MHOOPMALIMM C YETHLIM MAPUTETOM Ha 7-A0POXKEYHYIO MArHWTHYO NeHTy). JBOMYHO-AECATUYHOE KOAMPOBaHME
o4YeHb yAo0OHO B Tex cayyasx, Korda TpebyeTcA BOCMPOM3BECTM YMUCAO B AECATUYHOM POpMe, TaK Kak B 3TOM
CAy4Yae Kawabli OBOMYHO-AECATUYHbLIA CMMBOJI HY)KHO MWL NPeobpa3oBaTb B COOTBETCTBYIOWEE AECATUYHOE
YMC/O, @ 3aTEM BbIBECTM €ro Ha MHAMKaUMIO. ([1s BbINOAHEHWA 3TOW GYHKLMM CYWEeCTBYIOT cneumanbHble MMC; B
0A4HOM HebOoNbLIOM KOopnyce C NPOCTOM TOMOMOTMEN OHU cofepsKaT AewmndpaTop ABOUYHO-AECATUYHOTO KO3,
dopmuposaTenn curHanos, BydepHbIM permctp M MHAMKATOP. Ha BXOA TaKOM CXembl HYKHO /Mlb MNOoAaTb
NIOTMYecKMe YpPOBHWM ABOWMYHO-AECATUYHOIO CMMBO/A, MOCAE 3TOMO Ha HeWl BbICBEYMBAETCA COOTBETCTBYOLLAA
undpa). Mo 3ToM NpPUYMHE ABOWMYHO-AECATUYHOE KOAMPOBAHME WCMOAb3yeTcA OObIMHO MPW BBOAE M BblBOAE
undpoBoi MHPopmauun. K coxaneHuto, npeobpasoBaHWe Mexay ABOMYHO-AECATUYHBIM M YUCTO ABOMYHBIM
KOAOM C/IOXHO, TaK Kak Kaxaaa AecATMYHas umdpa 3aBMCUT OT COCTOAHMA MOYTU BCEX ABOMYHbLIX Pa3psAaoB M
HaobopoT. Tem He MeHee ABOMYHAsA apudMETMKA HACTONbKO 3ddeKTMBHA, YTO B BonblMHCTBE IBM BCA BXOAHAA
nHdopmauma npeobpasyetcs B ABOMYHYO dopmy, a obpaTHoe npeobpasoBaHWe MNPOM3BOAMTCA Wb NpPU ee
BbIBOAE. MpeactaBbTe cebe, CKOMBKO ycuamii Bblno Bbl C3KOHOMAEHO, ecan Bbl Homo sapiens umen 8 mam 16
nanbues!

Ymucna co 3Hakom. [pAMON (3HAKOBENMYMHHbBIA) KoA. PaHO WAM MO3AHO BO3HMKHET HEeobXoAMMOCTb
NpeacTaBNATb OTpULATENIbHbIE YMCNa B ABOMYHOM KOZe; B Mepsytd oyepedb 3To notpebyeTca B yCTPOWMCTBAX,
KOTOpble BbINOHAIOT BbIYMCAUTENbHbIE onepauun. Camoe NPoCcToe — OTBECTU OAMH Paspas (CKaxkem, CTaplimii)
MoJ, 3HaK 4Mcna, a OCTajbHble MCMOAb30BaTb AN MPEeACTaBAEHUs ero BeiWYMHbl. ITOT cnocob HasbiBaeTcs
3HAKOBENIMYMHHBIM UK MPAMbBIM KOLOM M COOTBETCTBYET 0ObIYHOM 3aNMCK YMCAa CO 3HAKOM (Tabn. 8.1).

Tabauya 8.1. 4-paspamHbie OBOWYMHBIE 4YHCIA B
TpeX CHCTEMAaX MpeaCTABACHHA

Llenoe Tpamoii CwMemenHEbIH Jomon=n-

Kon Kon TeALHBIA KOO
+7 01111 1111 0111
+6 0110 1110 0110
+5 0101 1101 0101
+4 0100 1100 0100
+2 0010 1010 0010
+1 0001 1001 0001
0 0000 1000 0000
-1 1001 0111 1111
-2 1010 0110 1110
-1 1011 0101 1101
—4 1100 0100 1100
-5 1101 0011 1011
-7 1111 0001 1001
-8 = 0000 1000
(=0} 1000 — —_

OH WMcnosb3yeTcs MNpu BbIBOAE YMCEN Ha WMHAMKALUMIO, @ TaKKe B HEKOTOPbIX aHasoro-umdposbIx
npeobpasoBaTensx (ALM). Boobule ke 370 He Aydwas dopma NpeacTtaBieHMUa YMCEeN CO 3HAaKOM, 0COBEHHO npu
BbIMO/IHEHUM BbIYMCNEHMI, TaK Kak B [aHHOM C/ydyae onepauuy BbiUMTAHMSA U CAOMEHMA BbINOMHAOTCA MO-
pasHoMmy (T. e. cnoskeHue «He paboTaeT» 418 YMCeN CO 3HAaKOM). Kpome Toro, 34eCb MOryT NMPUCYTCTBOBATb Hyu
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AByx TMnos (+0 n —0), nosToMy Npu BbIBOPE HYKHOMO M3 HMX caeayeT HbiTb 0YEHb BHUMATENbHbIM.

CmelleHHbIM Kod. CMeLLeHHbIM Ko ABASeTCA BTOPbIM METOAOM MPeacTaBNeHus YMcaa co 3Hakom. YTobsl
MNOMYYNTb CMELLEHHbIA KO, KaKoro-nMbo 4mMcna, HYKHO K 3TOMY 4YMC/y, NpeacTaBAeHHOMY B MPAMOM Koje,
NpnbaBUTb NONOBUHY HaMbObLIErO BO3MOXKHOIO Yncaa (tabn. 8.1).

MocnenoBaTelbHOCTb BCEX YMcen DBnarogaps 3TOM onepaumu, HauMHaa ¢ Hambosblero oTPMLAT. YMcaa U
KOHYaa HamboNbWWMM TMONOKMT, YMCAOM, MNPEACTaBAAET MPOCTYD ABOMYHYIO MPOTPECcCUM0 U MOXKET ObiTb
chopMMpPOBaHaA C MOMOLLBIO ABOUYHBIX CYHETYMKOB. MHDOPMALMIO O 3HAKe 34eCb TaKKe HeceT CTapwuii paspas,
HO HYy/lb CTAaHOBUTCA OAHO3HaYHbIM. CMeLlleHHbI Koa ucnonbayetca B AUM n LAMN (npeobpasosatensx), oaHako
OH elle HeyaobeH ANA BbIMONHEHNA BbIYMCAEHUI.

JononHutenbHblh  Kog,. [py BbINOAHEHMM oOnNepauuini Hafd UenblMM  YMCNamMKM  Yalle MCMonb3yeTca
npeacTaBieHne Yncen 8 Gopme AOMONAHEHUS A0 ABYX, UAW, MHAYe, B AOMNONHUTENbHOM KoAe. B Takoi cucteme
NOJIOKMUTE/IbHBIE YMCNA 3aMMUCbIBAIOTCA MPOCTO Kak ABOWYHble 6e3 3HaKa, a OTPMLATE/IbHbIE BbIPAXKAKOTCA TaKMM
4ynucnaom, Kotopoe, Byaydnm 00DABAEHO K MONOXKUTENbHOMY YMUCAY TOW Ke BeNUYMHbI, OACT B pe3y/ibTaTe Hy/b.
YT106bl MOAYYMTb OTPULATENbHOE YMCAO, HYKHO O/1A KaXAoro 6uta MoNoXKUTENbHOro 4mcia chopmMmMpoBaThb
fononHeHne Ao 1, uam obpaTHbIi Kof (T. e. BMecTo Kaxaoro 0 3anmcaTb 1 M HaobopoT), M 3aTEM K MOJSTy4eHHOMY
pesynbTaTy nNpunbasuTb 1 (3TO AacT AONOAHUTENbHbIN Koa). M3 Taba. 8.1 BMAHO, YTO YMCia B AOMNONHUTEbHOM
KoZe OT/MYAloTCA OT YMCEeN B CMELLeHHOM KoAe WMHBEPCHbIM 3HaYeHMeM CTapllero 3Havawero paspsga (C3P).
TOYHO TaK Ke Kak M npu apyrnux dopmax npeactasneHunsa, C3P HeceT MHPOpMaLMIO O 3HaKe. 3a4ecb MmeeTca
TONIbKO OOMH HYy/b, KOTOPbIA yA0OHO NpeacTaBnAeTCA HY/JeBbIMM COCTOAHWMAMM BCEX PA3pALOB (MpW O4MCTKe
CYETUYMKA MM PETUCTPA B HUX 3aHOCUTCA Hy/NEeBOE 3HAaYeHMe).

ApudmeTMKa B [OOMOAHWUTENBHOM  Kofde. ApubdmeTumyeckue onepaumm B AOMNOJHUTENbHOM  KoAe
BbIMO/IHAIOTCA AO0BOJIBHO MPOCTO. YTOOLI MOAYYUTb CYMMY ABYX YMCEs, AOCTAaTOYHO CAOMKUTb COOTBETCTBYHOLLME
paspaabl (c y4eTom nepeHoca), Hanpumep

5+ (=2):0101 (+5)
1110(—2)
0011 (+3)

YT106bI BbIYECTb B M3 A, HY)KHO B3ATb AOMOJHUTE/NbHLIM KOA uMcia B M npubasuTb ero K uumcay A (T.e.
NprbaBuTL OTPMLLATENBHOE YUCAO):

2—50010(+2)
1011 (—5)(+5 = 0101: obpaTHBIH
kom: 1010, monmonsuTens-
e kom: 1011)

1101 (=3)

YMHOMEHME B JOMOJHWUTENbHOM KOZE BbINOIHAETCA TaKKe HemnocpeactseHHo. [lonpobyite caenaTb
cneaylolime ynpaxHeHus.

YnpaxHerue 8.3. Micnonb3ya 3-paspasHblii LONOAHUTENbHBINA KOA, NPOM3BEAMTE ABOMUYHOE YMHOXKeEHMe +2 Ha -3. NToACKa3Ka: OTBET paBeH -6.

YnpasHeHue 8.4. MoKakuTe, YTO AONOAHUTENbHBINA KO Yncna -5 paBeH +5.
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JononHutensHbi Kog 6narogaps eCTeCTBEHHOCTU BbIYUCAEHUI B HEM MOBCEMECTHO MCMo/ib3yeTca 8 IBM
[ONA BbINOJHEHUA apuPMETUYECKMX onepaumin Hagd, UenbiMu 4Yucnamm (HO ciedyer OTMETWUTb, YTO 4Yucaa C
«MjaBaloWen 3anaToin» OBbIYHO WCMOAL3YIOTCA B 3HAaKOBEAMYMHHOW GOpMe, Ha3biBaE@MOWN 3HaK-MOoPAL0K-
MaHTUcca).

Kog TPEA. Koa, paccmaTprBaeMblli HUXKE, UCMONb3YEeTCA B MeXaHMYeCcKux LWwndpaTopax yr/ia noBopoTa Bana,
a TakKe B Apyrux yctpoicTeax. OH HOCUT Ha3BaHMe Koda pes M obnafaeT Tem CBOMCTBOM, YTO Mpu nepexoae oT
MobOro ero CoCToAHUA K CAeAyloWemMy UM3MeHseTca Aullb OAuH paspsas (OWT), 4To MOo3BOAAET NPenoTBPaTUTb
OWMOBKN, NOCKOSIbKY B AaHHOM C/ay4yae Npu MNepexoae Mexay JABYMA 3aKOAMPOBAHHbIMM 3HAYEHUAMM BCe
pa3padbl HUKAK HEe MOTYT M3MEHUTbCA OAHOBPEMEHHO. Ecnn 6bl MCMONb30BaACA YMCTO ABOWYHbLIA KOA, TO Mpu
nepexoae, Hanpmumep, oT 7 K 8 Ha BXOZEe MOXHO Obl10 Obl NoaAy4MTb Ymcsio 15. [na bopmmMpoBaHMA COCTOSHMN
Koda [peAa cywecTByeT NPOCTOe MPaBWAO: HAYMHATb HYXXHO C HY/JAEeBOro COCTOAHMA, a 3aTem 4148 NOJyYeHuA
KaXaoro C/AeaytolWero HyKHO BblOpaTb Cambli  MAAAWWMA  pa3psf, M3MEHEeHMEe KOTOpOro MnpuBOAUT K
06pa3oBaHMI0 HOBOIO COCTOSAHUSA, U B3ATb €r0 MHBEPCHOE 3HAYEeHME.

Kogbl [lpes MmoryT cogepaTb oboe umcio paspsgoB. OHM MPUMEHSIOTCS MpU «MnapanfiesibHOM
KOOMPOBaHUNY — meTode ObICTPOAENCTBYIOWEro aHanoro-Uuudposoro npeobpasosBaHua (byaeT paccmoTpeH
HUXKeE). B cneaytoliem pasiene Mbl MOKaXem B3avMHble COOTBETCTBMA MY KOAOM pest U ABOUYHLIM KOAOM.

8.04. BeHmunu u mabauysbl ucmuHHocmu

KombuHalumoHHaa W nocnedosatenbHas — (NociefoBaTeNbHOCTHas)  AorMka.  CywHOCTb  UMppPOoBOM
3/IEKTPOHMKM - BbIPabOTKa BbIXOAHbIX LMPPOBLIX CUTHANOB B COOTBETCTBUM C BXOAHbIMW. Hanpumep, cymmartop
MOXET MPUHATb Ha CBOM BXOAbl ABa 16-pa3psafHbix YMcna M chopmmpoBaTb Ha Bbixode 16-paspafHyto cymmy
(nntoc nepeHoc). MoOXHO caenaTb TaKKe CXeMy A5 YMHOMKEHMA ABYX umces. Takoro Tvna onepaumu A0/KeH
YMeTb BbINONHATL NpoLeccop IBM. [lpyraa 3agada — cpaBHeHWE ABYX HYUCEN C LLe/1bto YA0CTOBEPUTLCA B TOM, YTO
«BCE CUCTEMbI AEWCTBYIOT HOPMasbHO». BO3MOMKHO, Bbl 3axOTUTE [AOMOJHWTb MNAPUTETHBIM OUTOM YMCAO,
noAnexallee nepegade Mo KaHany CBA3M, TaK, 4YToObl obllee KOMMYECTBO «EAMHWLY» B HEM CTaso YETHbIM:
NpoBepKa MapuTeTa Ha MPUEMHOM CTOpOHe obecnevMBaeT MPOCTOM KOHTPO/Ab MPaBWIbBHOCTM Nepedauyn. Eule
04Ha TUMMYHAA 3aJa4a 3aKAYaeTCA B TOM, YTOObI B3ATb KaKMe-IMBO YMC/a, BblPaKeHHble B ABOMYHOM KOAE, a
3aTeM BOCMPOM3BECTM WX Ha 3KpaHe, oTnepdopupoBaTb MM OTNedyaTaTb B BUAE AECATUYHbLIX 3HaKoB. COCToAHME
BbIXO4a (MM BbIXOZAOB) BO BCEX 3TUX 33jadvax ABAAETCA npefonpeneneHHon QyHKUMEN COCTOAHMA BXOoAa WM
BXO0B. 3a4a4M, OTHOCALIMECA K 3TOMY K/Jaccy, HasblBAKTCA KKOMOWHALMOHHBIMM» K MOTYT ObiTb peLleHbl C
NOMOLLbIO BEHTUMEN — YCTPOMCTB, KOTOPble BbIMOMHAOT onepaunn bynesol anrebpbl B cMcTEMax C ABYMA
COCTOAHMAMM (OBOUYHBIX).

CyliecTByeT ApYyrom Knacc 3afay, KOTopble HeMb3s PeLlmnTb NUlWb nyTem GOPMUPOBAHNA KOMOMHALMOHHBIX
GYHKUMIA TEKYLMX 3HAYEHUIA BXOAHbIX CUFHANOB M KOTOpble TPeOBYIOT 3HAHWMA MX MPEXHero coctoaHua. s
pelleHma 3TUX 3aa4 HeobXxoAMMO NMPUMEHATb «nocieaoBaTesbHble» cxembl. K 3ala4am Takoro Tuna OTHOCKUTCA
npeobpasoBaHMe CTPOKM ABOWMYHBIX Pa3psafLoB M3 nocienoBaTesibHOM GOpMbl (O4MH paspAs, credyeT 3a ApYrum
BO BPEMEHM) B MNapaniesbHyld T[pynny paspanos, MNOACYET YMCAA eAuHML, pacno3HaBaHMe 3a4aHHOWM
onpeneneHHon KoaoBoM KOMOMHaUMKM M NocAenoBaTeNbHOCTM BUTOB, MAK, Hanpumep, GopMMPOBaAHME OAHOrO
BbIXOAHOMO MMMy/bCa NOC/E NMOCTYN/IEHNA YeTblpex BXOAHbIX. [1A pelleHna Bcex 3TUX 3a4a4 TpebyeTcs B KaKoW-
nmbo dopme UMbpoBas namaTb. OCHOBHbIM YCTPOMCTBOM A/ MOCTPOEHUA STOW MaMATU CAYXKUT Tpurrep (nam
MYNbTUBMOPATOP C ABYMS YCTOMYMBBIMM COCTOSHMAMM). PaccMoTpuMM BHauyane BEHTUAM M KOMOBWHALMOHHYIO
NOTUKY, TaK KaK OHW ABAAIOTCA OCHOBOW ANA NOCTPOeHMA Atobbix UMdpoBbIX cxem. [pu nepexode K
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nocnenoBaTe/ibHbIM J1IOTUHECKMM YCTpOMCTBaM MUpP Ll,VId)pOBOVI TEXHWMKWU CTaHET 3HauYnTeNbHO Bonee MHTEPECHbIM,

O[HAKO N BEHTUIN CaMK O cebe TakKe BecbMa /1l0O0MbITHbI.

BeHTnnb W/WN. Bbixog, BeHTUAA WUIU umeeT BbICOKMI yposeHb, ecam xoTa 6bl Ha OAHOM W3 ero BXOAOB
npucytcteyeT BbICOKMIA ypoBeHb. 3TO MOMHO BblpasnTb C NOMOLLBIO «TabauLbl UCTUHHOCTMY, NPeACTaBAEHHOW
Ha puc. 8.2, rae nokasaH BeHTUAb VTN Ha 2 Bxoga. B obuem caydae YnMcno BXOAOB He OrpaHMYeHo, OAHaKo B
CTaHAAPTHOM KOPMyce MWMKPOCXEMbl ODbIYHO Pa3MELLATCA YeTbipe 2-BXOAOBbIX BEHTWUA, TPU 3-BXOA0BbIX WM
nBa 4-8x0408BbIX. Hanpumep, Ha Bbixoae 4-8x0n080ro BeHTUAa M1 BbICOKUW yposeHb ByaeT npucyTcTBoBaTh B
TOM C/ly4ae, ecam OH nogdaH Ha nboi 13 ero Bxodos. [Ans obosHadeHua onepauum UM B Bynesoin anrebpe
ncnonbayerca cumon +. OyHkumA «A UM B» 3anuncbiBaeTcs Kak A + B.

h S

WK

Bxofgwt | Bovxopm
A 8 &

—_— D -
T e = |

Puc. 8.2.

BeHTuAb M. Bbixoa BEHTUNA W MMeeT BbICOKWIA ypoBeHb TONbKO B TOM caydae, ecan BbICOKMW yposeHb
npucyTcTBYeT Ha 0bounx ero Bxozax. CMMBOMYECKOe M3006parkeHne BEHTUAA U ero Tabanua MCTUHHOCTM AaHbl Ha
puc. 8.3. BeHTnan N, BbinyCKaemMble MPOMbIWAEHHOCTbIO TaKKe Kak 1 BeHTuanm U, moryT numeTb 3, 4, a MHoraa u
fonbluee YUCNo BXOAOB. Hanpumep, 8-Bxo40BOW BeHTWAL WM BbipabaTbiBaeT Ha Bbixode BbICOKWUM yposeHb
TONBKO B TOM C/ly4ae, ecu Ha Bcex ero Bxogax aeictsyeT BbICOKMW yposeHb. [na 0603HaueHua onepauuu U 8
bynesoi anrebpe MCNoib3yeTca TouKa (-), KOTopas MOXeT bbiTb onyuleHa, GyHKUMA «A 1 B» 3anmcbiBaeTca Kak

A-B, nan npocto AB.

Bxonb Beixonsl

-
—_ D -
-0 O o
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Puc. 8.3.

NuBepTOop (byHKUMA HE). MHOraa 6biBaeT HYXKHO NOAY4YUTb AOMNOAHEHME (MHBEPCMUIO) NOTUYECKOro CMrHana.
3Ty GYHKLUMIO BbINOJAHAET MHBEPTOP — BEHTU/b, KOTOPLIM MMEET TO/IbKO OAMH BXoA (puc. 8.4). Ana obo3HayeHun
onepaumn HE B Bynesoit anrebpe ncnosnb3yetcs yepTta Hajd CMMBOJIOM MAM anocTpod; «HE A» 3anmcbiBaeTca Kak
A van A'. Ona yoobertea BMecTo " AR YKa3aHWA OTPULAHMA 4acTo MCMOMb3YIOTCA CMMBOALI /, *, —, ', Takum
obpasom, HE A MOXHO 3anucaTb Nt0bbim K13 cneayowmx cnocobos: A', —A, *A, /A, A*, A/. Mbl ucnosib3yem B 31O

A-———[::>a——-a
WHBEPTOP
A q

KHWUre 3anucb A'.

Puc. 8.4.

N-HE n WJTN-HE. BeHTUAM MOryT CoBMeELLaTb MHBEPTUPOBaAHME C BbiNoAHeHWeM ¢yHKumn U un UIW. danee
6yaeT NOKasaHo, YTO TakMe BEHTUAN UMEIOT Bosee LWMPOoKoe pacnpocTpaHeHue, Yem npocto M n NN (puc. 8.5).

W-HE
A B q
0 0 1
0 1 |
10 1
11 0

Puc. 8.5.

Nckntovatowee W/, bonblwon nHTepec npeactasnseT norndeckans dyHkums «Mcknovatouwee WUW», xoTta
OHa He OTHOCWTCA K YMCNy OCHOBHbIX (puc. 8.6). Ha Bbixoae BeHTMAA «Mckntovatowee UM» BbICOKUIM yposeHb
chopmupyeTcs B TOM ciyvae, ecim oH ByaeT nodaH Ha oAMH M3 ero BXoAoB (HO He Ha ob6a OAHOBPEMEHHO).
Opyrumu cnosamu, BbICOKMIA yposeHb AeitcTByeT Ha BbIXOAe TOrAa, KOrAa BXOAbl MMEIOT pasaniHOe COCTOAHME.
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ITOT BEHTMIb MOXET MMETb TO/IbKO ABa Bxoda. Onepauma «Mckatodatowee UIM» nogobHa CnoKeHUo AByx BUT
no moaymo 2.

H-HE HNK -HE Henmoyarowee MM
A B8 | a AB | a e L8,
0 0 1 00 1 00 0
0 1 | 01 0 001 |
10 1 10 0 1 0|1
11 0 r 0 1 1 0

Puc. 8.6.

YnpaxHeHne 8.5. loKaxuTe, Kak BeHTUNb «Mckatovatoee W/IWM» MoxeT ObiTb WCMONB30BAH B KayecTBe «MOAMPULMPYEMOTO WHBEPTOPa», KOTOPLIA B

33aBMCMMOCTM OT YPOBHA Ha YNPaBAAIOLEM BXOAE, MOXKET MO0 MHBEHTUPOBATL BXOAHOW curHan, AmMbo nepeaasaTb ero Ha Bbixod 6e3 nHeepcum (bydepurpoBsaThb).

YnpaxHeHue 8.6. MposepbTe, AACTBUTENBHO M CXEMbI, U306pasKeHHbIe Ha puc. 8.7, NpeobpasytoT ABOUYHbIN KOz B Koa [pes v Hao6opoT.

[1BOMYHbIA KO Kog Tpes

Kop lpes [1BOMYHBIA HOR
h? & e 0 } hi

by _'_JDi " A 3
M3P by —,.Di 9o i by

a ]

Puc. 8.7.MapannensHoie npeobpazosamesnu 08ou4Ho20, Kooa 8 Koo [pes (a) u koda pes 8 dsouyHsIl (6).

8.05. Cxembl seHmMunel Ha OUCKPemMHbIX 371eMmeHmax

Mpexae Yem nepemntn K BOMPOCY MUCMNO/b30BaHUA BEHTU/IEM, PACCMOTPUM, KakK OHW CTPOSTCA C MOMOLLbIO
OWNCKPETHbIX 3/1eMeHTOB. Ha puc. 8.8 noKasaH AMOAHbIN BEHTUAL U.

-122 -



+ Upy

1,0 #0m

Puc. 8.8.

Ecnn Ha Kakom-1nbo ero Bxoge Aeictayetr HU3KUIM yposeHb, To OH BydeT AeicTBOBaTb M Ha BbIXOAE, a
BbICOKWMIN ypoBeHb Ha BbIXOAe BO3HMKaeT TONbKO B TOM CAydvae, ecauv OH DOyaeT MpucyTCTBOBaTb Ha 0BOMX
BXOAax. dTa cxema obnajaeT pagom HepocTaTkos: a) HM3KUIW yposeHb Ha Bbixoae Bbilwe HUM3KOTO ypoBHA Ha
BXO[Ee Ha BE/MUYMHY NajeHua Ha auode. ECTecTBeHHO, CAMLIKOM MHOMO AMOAOB CTaBUTb HeNb3s, 6) oTcyTcTByeT
«pa3BeTBieHME MO BbIXOAY», T. €. BO3MOXKHOCTb MMUTaTb OAHMM BbIXOAOM HECKOJ/bKO BXOAOB, TaK KaK BbIXOAHasA
Harpyska JenCcTByeT Ha BXOAHOM CWUrHan, B) HM3Koe ObicTpoaencTsme, 0OYyC/0BAEHHOE PEe3UCTOPHOM
Harpyskoi. Booblle normyeckme Ccxembl, MNOCTPOEHHbIE Ha [WMCKPETHbIX 371eMeHTaX, He ob6iagalT Temu
csovcTBamu, Kotopble npucywm WMMC. [peumyliectBa aormyeckmx cxem Ha WMC cBA3aHbl OT4acTM C
NPMMEHEHWEM CMeUManbHOM TEeXHONOrMKM (HampuMep, MOHHAA MMMAaHTauMA), KOTopas MOo3BOASET Mo/ayyaTb

XOpOLIME XapaKTEPUCTUKMN.
MpocTeiwan cxema TpaH3ncTopHoro seHTuAa MJIM-HE nokasaHa Ha puc. 8.9.
ey

470

660

Puc. 8.9.

3Ta cxema MCrnoNb30Banach B CEMENCTBE JIOTMYECKMX aiemeHToB PT/1 (pe3ncTopHO-TPaH3MCTOpHasA SI0T1Ka),
KOTOpble 13-3a HU3KOW CTOMMOCTK Bblan nonynapHsl B 1960-x rogax, HO B HAaCTOALLEE BPEMSA OHM COBEPLLIEHHO He
ynoTpebnatotca. BbICOKUI yposeHb, AeiicTsytowmii no Atobomy exoay (am no o6onm 04HOBPEMEHHO), OTKpPOeT
XOTA 6bl OAMH TPAH3UCTOP M Ha BbIXoAe BO3HUKHeT HU3KUI yposeHb. MoCKONbKY MO CBOEN CyTW TaKoi BEHTUb
ABNAETCA MHBEPTUPYIOWMM, TO A8 TOro, 4tobbl MOAYYMTb U3 Hero BeHTUAb WM/, K Hemy HyKHO aA06aBWTb
MHBEPTOP, KaK NMOKa3aHO Ha PUCYHKe.
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8.06. [lpumep cxemsl ¢ BEHMUAAMU

Tenepb nonpobyiiTe co3aaTb CXeMy, KOTOpas pewana Obl NOTMYECKYHO 3aJady, NPUBEAEHHYIO B KayecTBe
npumepa B e1. 1 1 2: ryA0K aBTOMOBUAA [0/IKEH BKAKOYATLCA, KOrga oTKpbITa Ntobana ABepb, a BOAUTENb CUAMUT B
MawmnHe. OTeeT byaeT oyeBUAHbIM, ecan cdopmMyanpoBaTb 3Ty 3adadvy Takum obpasom: «Ha Bbixoae AencreyeT
BbICOKWI yposeHb, ecan oTKpbiTa nesas WU/ npasaa asepb M BoauTenb cuamT B MalmHe», T. e. Q = (L + R)S. Kak

pelaTb 3Ty 33434y C MOMOLLbIO BEHTUAEN, NOKa3aHOo Ha puc. 8.10.

; D

Puc. 8.10.

Bbixos, UM umeet BbICOKWMIA yposeHb, Koraa oaHa MU apyras asepb (Mam obe BmecTe) OTKpbITh. Ecau
3TO TaK M BoaAUTENb CMAWUT B MallMHe, Q MMeET BbICOKMI ypoBeHb. Jlo6aBMB TPaH3UCTOP, MOXHO cAenaTb Tak,

4yTODbI 3Ta CXEMA BK/tOYaNa 'YAOK W/IN 3aMblKa/la KOHTAKT peJie.

B peanbHbIX YCTPOMCTBAX KAKOUYM, KOTOPble BblipabaTblBAOT BXOLHbIE CUIHA/bl, 0ObIYHO 3aMbIKAOT Lenb Ha
3emAto. (3To OenaeTca A8 COKPAWeHUs MOHTAaXKHbIX CBA3EM, a TaKke MO APYrMM MpUYMHAM, KOTopble, B
YaCTHOCTM, CBA3AHbl C MCMONb30BAHMEM LUMPOKO PaACMpPOCTPAHEHHbIX OTMUYECKUX 31eMeHTOB TMNa TTJ/1 n Bckope
OyoyT PacCMOTPeHbl.) 3TO 03HauyaeT, YTO MPU OTKPbIBAHWUM ABepeit curHanbl Ha Bxogax byayT umeTb HU3KUA
YPOBEHb, T. €. Mbl ByAeM UMETb BXOAbl, MCMOMb3YIOLME OTPULATENBHYIO NOTUKY. C y4eTOM 3TOro MOCTPOMM AO/5
[AHHOro nMpumepa HoByk cxemy, 0603HauMm ee Bxodpl Yepe3 L), R' n S'. CHayana 34ecb HyKHO onpeaenuTs,
neiicteyeT nm HU3KMIM yposeHb Ha kakom-nnbo m3 Bxonos (L', R'), cBA3aHHbLIX C ABEpLAMM aBTOMoObWAA, T.e.
cocToAHne «oba Bxoaa WMmetoT BbICOKMM ypoBEHb» HYXHO OTAMYaTb OT OCTaNbHbIX. JTO BbLINOJHAETCA C
NomolLbto cxemMbl W, cnenoBatenbHo, curHanbl L M R' HY»KHO NoAaTb Ha BXofbl BeHTUAA WM. Bbixon, byaeT MmeTb
HW3KNI yposeHb, koraa noboit 3 Bxonos umeet HU3KMIA yposeHb. Hazosem 3Ty dyHKUMIO JIKOEON'.

Tenepb onpeaeMm cocToaHKe, Koraa curHanbl JIIOBOW' u S’ umetor HU3KME ypoBHM, T. €. HYKHO OTANYMTD
OT OCTaNbHbIX COCTOAHME, Koraa «oba Bxoaa umetoT HM3KWMIA yposeHb». Ta onepauma BbINOAHAETCA C NMOMOLLbIO

BeHTMAAa UW. MNMonydyeHHaa cxema nokasaHa Ha puc. 8.11.

MDB0A

X3| P~

T

Puc. 8.11.

Bmecto BeHTUAA WV Mbl nonb3oBannck seHtunem WMAM-HE ana toro, 4tobbl MMETb TaKOM e BbIXOZ, Kak n
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B npeaplaylieit cxeme, T.e. BbICOKUIM yposeHb Q Mpu »enaemom cocToaHuMM. Ho 34eCb MPOW3OWN0 YTO-TO
CTpaHHOE: MO CPaBHEHWIO C MpPeablaylWel CXeMO BMECTO BEHTMAS M Mbl BOCMO/b30BannCh BeHTUnem UM (m
HaobopoT). ITOT cyyal noapobHO paccmoTpmum B pasod. 8.07.

YnpaxHeHue 8.7. Onpeaenute, Kakne GyHKLMKU BbINOAHAT CXeMbl, M306pakeHHble Ha puc. 8.12.

:ED— — )

/]

+( BHICOKMA)
8 = 2

+ { BRICOKHA )
—— -
i —TI:_ e

Puc. 8.12.

BzanMmosameHsieMocTb  BeHTUAel. [lpuM MOCTPOeHMM UMPPOBbLIX CXEM HaZO MOMHMUTb, UYTO U3 BEHTWUAA
04HOro TMMNa MOXXHO MNOJIYYUTb BEHTWAb APYroro Tuna. Hanpumep, ecam Bam HyXeH BeHTUIb WM, a y Bac ecTb
nofioBMHa ctaHaapTHoi MMC 7400 (4 U-HE Ha aBa BxoZa), TO Bbl MOXETE MPOU3BECTM 3aMEHY, KaK NOKasaHo Ha
puc. 8.13.

T > > (d )

Puc. 8.13.

BTopoit BEHTW/Ib UCMO/b3YETCA B KAYeCcTBE MHBEHTOPA, B pe3ysibTaTe 3TOro noaydaetca oyHkuma W. Slydwe
NOHATb 3TY MAEH0 BaM MOMOTYT CAeAytolMe YNPaKHEHMS.

YnpasHeHune 8.8. MoKaXkuUTe, Kak CAenaTb ¢ NOMOLLbIO 2-BXOA0BbIX BeHTWUAel: a) HE u3 seHTuneit UIN-HE, 6) N w3 seHTunein UIN-HE v B) 1M 13 BeHTUNElN U-
HE.

YnpaskHeHue 8.9. MoKakmuTe, Kak caenatb: a) 3-BXOA0BYIO cxemy W ¢ nomoulblo cxemsl M Ha ABa BxoA4a, 6) 3-BxomoByto cxemy W/ ¢ nomoulbto cxembl V1M Ha aga

BX0Za, B) 3-Bx0o40Byt0 cxemy WU/IN-HE ¢ nomoubio cxem WUIN-HE Ha ABa BxoAa, r) 3-BX040BY0 cxemy M ¢ nomoulpto cxembl M-HE Ha 2 Bxoaa.

MyTemM MHOTFOKpPaTHOro MCMo/b30BaHMA WMHBEHTUPYEMOro BeHTUAS (Hanpumep, M-HE) oaHOro tmMna mosHo
peannsoBaTb N0OYI0 KOMOUHALMOHHYIO dYHKUMIO. OAHAKO 3TO HE OTHOCUTCA K HEMHBEHTUPYIOLLEMY BEHTUIO,
TaK KaK C ero nomoulbto ¢yHKUMO HE HMKaKMm cnocobom MnonyumTb Henb3s. VIMeHHO Mo 3TOM MpUUYMHE cKopee
Bcero BeHTUAN M-HE nonyunnmn Hanbosbliee pacnpocTpaHeHUe B IOTMYECKMX CXEMAX.
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8.07. /locuyeckue o0b03Ha4yeHUA npu 300AHHbLIX YPOBHAX

BeHTunb M Bynet umeTb BbICOKMIA yposeHb Ha Bbixoge, Koraa BbICOKMW yposeHb byaeT aelicTsoBaTh Ha
oboux ero sxogax. Ecam BbICOKMW yposeHb 0603HauaeT «UCTUHY», TO «UCTUHa» DyAeT Ha Bbixode B TOM Cayyae,
eCc/IM OHa MNPUCYTCTBYET Ha BCex BxoZax. [ApyrMmu CnoBamu, MpW WUCMONb30BAHUM MONOKUTENBHON NOTUKM
BEHTUAb W BbINOAHAET nornyeckyto dyHKUmMio M. To ke camoe KacaeTtca u BeHTUna WM. Yto npounsonaet, ecnm
«ACTUHY» ByaeT obosHayaTb HU3KUM yposeHb, Kak 310 6bl10 B NpedblaylieM npumepe? BeHTwnb M gacT Ha
Bbixoge HU3KUWM yposeHb, ecnn Ha ntobom 13 ero BXoAoB bbina «uctuHa» (HU3KUM yposeHb), HO 3TO GyHKLMA
WNWN. C apyroi cTopoHsbl, BeHTUAb MW cdopmmpyeT HM3KMIA ypoBeHb Anlb B TOM Caydae, ecam «UcTUHa» ByaeT
Ha oboux ero sxodax. Ho ato dpyHKuma M| Kakaa nytaHmual

CyuiecTByeT ABa NyTU ANA pa3pelleHna 3Ton npobaembl. [epBbin 3aKN04aeTCA B TOM, YTO yACHMUB cebe cyTb
[aHHOM 33/a4M UMOPOBOro NMPOEKTUPOBAHMA, Pa3pPaboTuMK BbIOMPAET TaKOM TUMN BEHTUAA, KOTOPbLIA MNO3BOAUT
NoNyYnTb Tpebyemblt BbIXoA, YTO M BbINO CAENAHO HamMKM paHee. Hanpumep, ecin Bam HYXXHO ONpeaenuTb, UMeeT
2N 0aMH U3 Tpex Bxoaos HU3KWMI yposeHb, ucnonb3yiite 3-8xoa080i BeHTUAb M-HE. Mo BCelt BEpOATHOCTH, 3TUM
MeTOLOM MoJb3yeTcA OONbWKMHCTBO pPa3paboTyuMkoB LMpoBbIX cxem. Cneays 3TUM MNyTeMm, Bbl HayepTuTe
BeHTMAb W-HE, pae ecnM no OTHOLWEHMI K CBOMM BXoAdam OH BbinonHseT ¢yHkumio WAN-HE (npwu
oTpuLATENbHON NOrMKe). BepoaTHO, Bbl MPU 3TOM 0603Ha4YUTE BXOAbI, KaK NOKasaHo Ha puc. 8.14.

____ CBPO— gL
06U[HH CHPOL ——
YCTAHOBKA H':'J'IR"_D YCTAHOBKA

Puc. 8.14.

B naHHOM nmpumepe curHanbl cbpoca — CEPOC' (CLEAR), OC' — OBLUMIM CEPOC, MR' (master reset) u
YCTAHOBKA B «0» (RESET), mocTynatoume w3 pasfiMyHbiX TOYEK CXembl, DyayT MMeTb YPOBHM OTPULIATE/IbHOM
Norukn. BeixogHol curHan CEPOC, npeAcTaBAeHHbIN B MONOXUTENBHON N0OrVKe, ByAeT NoAaBaTbCA Ha PasnyHble
YCTPOWCTBa, KOTOpble A0/MKHbI cOpacbkiBaTbeA, ecnm NtoboM M3 CUrHANOB YCTAHOBKM B MCXOAHOE COCTOAHME MMeeT
HV3KNI ypoBeHb («MCTUHEY).

[pyrot cnocob pelueHWa 3agadM CUrHANAOB OTPULATENbHOM NIOTUKM COCTOWUT B MCMO/Ib30BaHMM METOAA
«3adaHHbIX ypoBHEN». Ecnn BeHTUAb M BbinoaHAeT dyHKUmMo NN, MCnonb3ys Ha BXOAax OTPULATENbHYHO JIOTUKY,
TO M306pasunTe ero, Kak NokasaHo Ha puc. 8.15.

__CBPOC "
OBWMA_ C6POC 3 o
v BRA HYNW YCTAHOBRA

Puc. 8.15.

BeHTunb W/IM Ha 3 BXOoda C OTPULATENbHbIMKM BXOAHbIMKM CUTHANaMW aHaNOTMUYeH MO BbIMNOJHAEMOWM
bYHKUMKM 3-Bxoa0BOMY BeHTUMO M-HE. 3Ta aKBMBaNEHTHOCTb NpeacTaBaseT cobol BaXKHbIA NPUHLMN — CBOMCTBO
NOTMYECKMX Lenel, KOTopbl HasblBaeTcA Teopemol MopraHa. Huske Mbl KpaTKO pacCMOTPMM HeKoTopble
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MOJIe3HbIE COOTHOLLEHWUA, UAEHTUYHbIE LEenn, a Celvyac Bam A0CTaTOYHO 3HATb, YTO Bbl MOMKETEe 3ameHATb W Ha
NNV n HaobopoT, NPOMHBEPTMPOBAB MPM 3TOM BbIXOA W BCe BXOAbl. Ha nepBbii B3rnag, /IOrMKa 3aJaHHbIX
YPOBHEW MOMKET MOKa3aTbCA ManoNpPUBAEKATEIbHOM, MOCKOJIbKY MPW ee UCMOb30BaHUWU HavyepTaHWe BeHTU/EN
npuobpeTaeT CTpaHHbIM BMA. HO OHa nydlle, YeM PaCCMOTPEHHbIN Bbille cnocob, Tak Kak nornyeckne GyHKUMK B
TaKOM cxeme ACHO 00O03HauyeHbl, MPUMEHSAA 3Ty CXeMy B TeYeHWe HEKOTOPOro BPemMeHM, Bbl HalaeTe, YTo OHa
BecbMa Yyao06Ha, M He 3axoTUTe WCNoAb30BaTb HMYero apyroro. [lonpobyiTte cHOBa pewuTb nNpumep C
aBTOMODOUNBHOM ABEPLEN C MOMOLLbIO NOTUKM 3aAaHHbIX YpoBHeNM (puc. 8.16).

L+R

4 )

|

Puc. 8.16.

NleBbllt BEHTUAL onpedenseT, Koraa L Man R MMeT «UCTUHHOe» 3HayeHue (T.e. HU3KUIM yposeHb), w
BbipabaTbiBaeT BbLIXOAHOM CUrHan B OTPULATENbHOM NOrMKe. BTOpoi BeHTMAb AaeT Ha Bbixode BbICOKUM
ypOBEHb, ecan 0ba BXOAHbIX CWrHana (L + R) UMeIT «UCTUHHOEe» 3HaueHue, T.e. HU3KUW yposeHb. CornacHo
Teopeme MopraHa (4epes3 HeKOTOpOe BPEMS OHa BaMm YXe He noTpebyeTcs, Tak KaKk Bbl BydeTe ono3HaBaTb 37K
BEHTU/IM KaK PaBHOLIEHHbIE), NMepBbI BEHTUAb NpeacTaBaseT cobol W, a BTopoit BeHTUAb MJTU TOUYHO TaK ke, Kak

N B paHee M306pa)KeHHOVI cxeme. Cnep,yeT OTMETUTb 34eCb ABa Ba*XHbIX MOMEHTA!

1. TepMUH «OTpuULATENbHAA JIOTMKa» He O03Ha4yaeT, 4YTO /IOTMYECKMe YPOBHM MMEKT OTPULATEbHYIO
nonspHocTb. OH NINWb FOBOPUT, YTO KUCTUHHOE» YTBEPXKAEHME onpeaenseTca Tem U3 ABYX COCTOAHWI, KoTopoe

MMeeT MeHbLNit yposeHb (HU3KUI).

2.MpU CMMBOMIMYECKOM WM300paXKEHUM BEHTUAA NPEANOaraeTcs, YTO OH WUCMO/b3YeT MONOKUTENbHYIO
NOTUKY.  BbinonHsowmin  dyHkumio WM ans  curHanoB  OTPULATENbHOW NOMMKM  BeHTUMAb WM-HE, moskeT
n3obparkatbcs AMbo Kak M-HE, nMbo ¢ ncnonb3oBaHMEM JIOTMKM 3aaHHbIX YPOBHEN ¢ 0bo3HaveHMem B popme
NN ¢ cMuMBOMIaMM MHBEPCUM Ha BXOAax (ManeHbKMe Kpy»KKM). B mocneaHem ciydae 3TW KPYsKKW 0H03Ha4YatoT
MHBEPCUIO BXOAHbIX CUTHAN0B, KOTOPble MOCTYNaloT Ha BeHTUAb W1/, paboTatolwmii Npu NONOKUTENbHON NOTUKE,

COrnacHoO nepBoHa4YasibHOMY onpeaeneHumto.

MpumedyaHune. Jlormdeckne dyHkumm W m UM He cneayeT nyTaTb C  YKa3aHHbIMWM B 3aKOHax
SKBMBAZIEHTHbIMM MOHATUAMM. B yBECUCTOM TOME MPaBMA, U3BECTHOM MO/ Ha3BaHMem «Cnosa M ¢pasbi», CBbille
40 cTpaHuML, NOCBALLAETCA CUTYaUMAM, B KOTOPbIX M MOXHO Mcnonb3oBaTtb Kak /1M,

Hanpumep, «MJIM B cnydae HEODXOAMMOCTM MOXKHO TpakToBaTb Kak U, a M Kak UIM». OgHaKo 370 He nmeet

Huuero obulero c Teopemolt MopraHal
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I/l n KMOTI

TTN (TpaH3MCTOPHO-TPaH3UCTOpHaa nornka) u KMOT (komnaemeHTapHble MOT-CTpYKTYpbl) NpeacTasafoT
coboi B HacToAllee Bpema [Ba Hambosnee PacnpOCTPaAHEHHbIX CEMENCTBA JIOrMYEeCKMX 31eMeHToB. OrpomHoe
KonmvectBo MMC 060Mx ceMeincTs, BbINONHAOWMX CaMble pasHoObpasHble GYHKUMK, BbIMYCKAOTCA NO MEHbLUEH
Mepe gecAtblo dMpmamu. C NOMOWLBIO 3TUX CEMENCTB MOMKHO YAO0BJAETBOPUTL BCe MNOTPebHOCTU, KOoTopble
BO3HMKAOT NPU NOCTPOEHUM UMOPOBLIX CXEM W YCTPOMUCTB. VICKNOYEHME MOXKET COCTaBMTb 06/1aCTb Cxem
b6onbwol crenenn uHterpaumm (BUC), B KoTopol npeobnagator MOTI-CTpyKTypbl M CBePXObICTpOAENCTBYOLWAA
JIOTUKa, B KOTOPOM rOCMOACTBYOT MpMOOpbl M3 apceHuaa raniva U SMUTTepPHO-CBA3aHHasa noruka (3C/). B
[anbHenlwem B OCHOBHOM ByyT pacCcMaTpMBaTLCA 3TU CEMENCTBa.

8.08. Kamasnoe uoeHmu4yHbsix 8eHmuseu

B 1abn. 8.2 npuBeseHbl MAEHTUYHbIE BEHTMAM, KOTOPbIE CYLLECTBYIOT B CEMEMNCTBAX NOMMYECKMX 3/1EeMEHTOB
TT/1 1 KMOT. Kaxkablit BeHTUAb M300parkaeTca B CBOEW HOpPMasnbHOM dopme (414 MONOKUTENBHOW NOTUKM), U
Kpome TOro, Moka3aHo, Kak OH BbIMAAWUT MPW MCMNOAb30BAHUM OTPUUATENbHOM NOTMKK. B nocneaHeln cTpoke
npueeneH seHTuab N-UJTN-HE.

Hebonbline noAacHeHua: UMbpoBana sorvka npeactasneHa B 10 nonynapHbix «cybcemenctsax» (KMOI:
40008, 74C, 74HC, 74HCT, 74AC, 74ACT; N TTN: 74LS, 74ALS, 74AS, 74F), KaxKaoe U3 KOTOPbIX BbINOAHAET OAHU U
Te e QYHKUMM U UMEIOT XOPOLLYD COBMECTUMOCTb MeXay coboi.

PasnuuatloTcA OHWM MO ObICTPOAEMCTBUIO, PACCEMBAEMON MOLLHOCTM, HArpyso4HoM CnocobHoCTM U
NIOTUYECKMM YPOBHAM (cm. pa3d. 8.09 1 9.02). Hannydwmm ana 60nbLIMHCTBA NPUMEHEHUIN ABAAETCA CEMENCTBO
«BblcOKOCKOpocTHas KMOTM-nornka», obosHavyaemas byksamum HC nocne umedp 74, Hanpumep 74HCOO. Tam, rae
TpebyeTca COBMECTUMOCTb C CYLLECTBYHOLWMMKU BUnonapHeiMmn T/1-cxemamu, Bbl AOMKHbI Mcnonb3oBaTe HCT (nau,
BO3MOXHO, LS) — cemelicTBo. a8 NpOCTOTbl Mbl B Aa/IbHENLIEM B KHUIe Byaem onyckaTb OyKBbl (M npeduke 74-),
o0603Havas Tunbl Unudposbix MMC c anoctpodom (°), Hanpumep "00 ana o6o3HauYeHus 2-Bxoa08oro BeHTUAA M-HE.
OTMETUM, UYTO CTaHZAapTHble 3nemeHTbl TT/1 (6e3 aTnux ByKB) B HacToAllee BPemMA MOYTU MOAHOCTBIO BbILLAW U3
ynoTpebneHnsa. Mbl onuwem MHTEPECHYHO MCTOPUIO STUX CeMeNCTB B pa3d. 9.01.

8.09. lNpuHyunuansHele cxemsl geHmMuneu Ha VIMC

B oboux cemeicteax (TT/T n KMOTM) MAEHTUYHbIE BEHTWAWM, Hanpumep W, BbIMOAHAIOT OAMHAKOBbIE
onepauum, TeM He MeHee MX JIOTMYECKMEe YPOBHU, a TaKXKe ApyrMe XapakTepuUcTUKu (ObICTPoAeNCTBME, BXOAHOM
TOK U T. [.) COBEPLIEHHO pa3/inyHbl. B obliem cnydyae Henb3a CMeWuBaTb ABa TUNA NIOTMYECcKMX cemencTts. A
TOro 4ToObl MOHATH PA3IMUMA MEXKAY HUMW, PACCMOTPUM MNPUHLMNNANbHBIE CXEMbl BEHTUAEN W, KoTopble
npeacTtasaeHbl Ha puc. 8.17.
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Puc. 8.17. ManomouwHeil TT/1LL-eeHmuns U-HE (a); KMOIl-eeHmusns U (6).

KMOM-BeHTUAb MOCTPOeH Ha noneBblx MOT-TpaH3McTOpax 06OMX MOAAPHOCTEN, KoTopble paboTatoT B
PEXUME YCUNEHUA U COEAMHEHbI KaK KAOYM, a He Kak nosTtoputenun. OTKPbITbIA NONeBOM TpaH3McTop nogobeH
HWU3KOOMHOMY PE3UCTOPY, MOAKMOYEHHOMY K LIMHE NUTaHuA. [na Toro 4tobbl OTKPbLITb MNOCAEeA0BaTENbHO
BK/IOYEHHYIO Mapy TPaH3MCTOpoB T3, T4 M 3aKpbITb Harpy3ouHble TpaH3ucTopbl 71 M T2, Ha oba BXOoAa HaAO
noaatb BbICOKWI yposeHb. ITo npuseaeT K TOMy, 4TO Ha Bbixofe byaeT sbipabaTbiBaTbca HU3KUM yposeHs, T. e.
nonyyaetcs BeHTUAb W-HE. TpaHauctopsl 75 n T6 obpasytoT npoctot KMOMM-nHBepTop, 6Aarogaps KOTOPOMY Mbl
nosiydaem BeHTWUAb WM. ITOT NpMmep nokasbiBaeT Kak ctposTca BeHTuan U, U-HE, NN n UTN-HE Ha ntoboe umcno

BXO/10B.

YnpaxHerue 8.10. Haueptute cxemy 3-sxogosoro KMOM-seHTuna UIN.

-129 -



BunonapHbit LS (manomouHas LUoTTkn TexHonorusa) TT/1-eeHTunb U-HE, B OCHOBHOM COAEPMKMT AMOAHO-
PE3NCTOPHYO NOruKY (puc. 8.8), yNpasaalowWwyto TPaH3UCTOPHLIM MHBEPTOPOM, HArpyXKeHHbIM Ha ABYXTAKTHbIN
Bbixod. Ecnm Ha oboux Bxogax BbICOKWUIM yposeHb, To uyepes pesnctop 20 KOM npoTekaeT 6a30Bblii TOK,
OTKPbIBAOLWMA TPAH3UCTOP T1, YTO NPUBOANT K NOSBAEHWNIO Ha Bbixoge HN3KOIO ypoBHA M3-3a HacbiWeHua T4 u
BbIKAIOYEHNA [JapAMHITOHOBCKOM Napbl T2-T3. Ecav 3aTem Ha oAuH M3 BX040B nogaTb HU3KWIM yposeHb, To
TpaH3ucTop T1 BLIKAYUTCA, a Ha Bbixode byaeT BbICOKWIM yposeHb. uoabl M TpaH3WUCTOPbI C NepexoAamu
LLIOTTKM MCnonb3ytoTcA ANA NOBbIWEHWA CKOPOCTU MepeK/IoUYeHUs.

3ameTum, 4to u TT/1-, 1 KMOMM-BEHTMAM 0DecneymnBatoT «aKTUBHbIM BbIXOA» C MUTAHMEM HArpy3Kku OT LWWHbI
NONOMKUTENbHOTO UCTOYHMKA. PAaCCMOTPEHHbIE Bbile AMCKPETHbIE BEHTUAM 3TOM CNOCOBHOCTbIO He ob6aaatoT.

8.10. Xapakmepucmuxu TT/1 u KMOI

[aBaitTe cpaBHUM XapaKTEPUCTUKM [BYX CEMEMNCTB:

HanpsxeHnune nutanma: +5 B 5% gna TT/1, 8 To Bpema Kak cemenctea KMOT umetoT Honee WMPOKMIA
AmanasoH: oT +2 ao +6 B ana HC n AC, ot +3 oo 4-15 B ans cepuin 4000B n 74C. Cemeinctea HCT mn ACT,
paspaboTaHHble AN COBMECTUMOCTU ¢ bunonapHoimmn TT/1, TpebytoT HanpaxeHua nutaHma +5 B.

Bxoa. Bxon seHTuna TTJ1 B coctosHum HU3KOTO ypoBHA npeactaBaseT cobOM TOKOBYHO Harpysky A
yNpaBAsAtoLIero MM WUCTOYHWMKA curHana (Tunosoe 3HadeHue 0,25 mMA ans cepum LS), cneposatenbHo, AN
noaaepaHua Ha sxoae HM3KOIO ypoBHA HeobxoaMmo obecrneynTb OTBO/ TOKA. [1OCKO/IbKY BbIXOAHbIE KacKaapbl
cxem TT/1 061aaatoT XOpolien HarpysouYHOW CNocOBHOCTbIO, COMpsAMKeHMe Mexay coboin anemeHToB TTJ1 He
npeacTasnaeT nNpobaembl, HO OHa MOXKET BO3HMKHYTb, Korga TpebyeTca NOAKNOYMTL BxoAbl TT/1 K cxemam
apyroro tMna. HaobopoT, BeHTUAb KMOI He nmeeT BXOAHOrO TOKa.

JNlornyeckmin nopor TT/1 onpegensetca NafeHWEM HaMPAXEHMA Ha ABYX AMOAAX MO OTHOLWEHWIO K 3emse
(nopsgka 1,3 B), B To Bpemsa Kak ana snemeHToB KMOI 3HayeHWe BXOAHOrO Mopora paBHO MpUBAU3UTENBHO
MNONOBMHE HAMPAMKEHUA MUTaHUA, HO MOXKET KosebaTbCA B LIMPOKUX npedenax (TunuuHo oT 1/3 po 2/3
HanpsxeHna nutaHua). KMOTM-cemelictBa HCT n ACT cnpOeKTUpPOBaHbl C HU3KMM MOPOrom cpabaTbiBaHWs AA
coBmectTUMocTu ¢ TT/1, nockonbKy BunonsapHbie TT/1 He 4OMNYCKAKOT OTKJAOHEHMSA B NUTaHMM +5 B (cm. HUKe).

Bxoabl KMOI1 sanemeHTOB YYBCTBUTEJ/IbHblI K CTAaTUH4ECKOMY 3S/TIEKTPNYECTBY M MOTYT BbIXOAUTb U3 CTPOA NpPpU
MaHUNyNaAunAax ¢ HUMN.

B 060ux cemelcTBax Ha HeMCNob3yemble BXOAb!I B 3aBUCMMOCTM OT CUTyaLmu creayeT nogasaTts BbICOKMN
unn HU3KUW yposHuM (nanee o6 stom ByaeT ckasaHo).

Bbixoa. BbixogHoM Kackag, seHTuna TTJ/1 B coctoAHMM HU3KOMO ypoBHA BeaeT ceba KaK HaCbIWEHHbIN
TPaH3MCTOP, HanNpseHWe Ha KOTOpOoM DAM3KO K MoTeHuMany 3emnu, a B coctosHun BbICOKOTO ypoBHA — Kak
NOBTOPUTENIb C BbICOKMM BbIXOAHBIM HAMPAXEHUEM, PaBHbIM MNPUMEPHO HaMpAXeHuto nutaHua U+ MUHYC
nageHue HanpskeHus Ha AByx Amopdax. Ans scex KMOIM-cemelicTts (Bkatoyas HCT u ACT) Bbixoa npeacTaBaseT
cobOM  OTKPbLITbIA  MONEBON TPAH3UCTOP, MOAKMIOYEHHbIM K 3emie WAM K WWHe nuTaHua. O6blyHO
boicTpoaencTeytowmne cemeictea (F, AS, AC, ACT) umetoT 6osiee BbICOKYID HarpysouHyto CMOCOOHOCTb, Yem
measieHHble (LS, 40008, 74C, HC, HCT).

BbicTpoaencTame n MoWHOCTb. BunonapHble TT/1-cemeincTBa NOTPEHAAIOT 3HAUYUTENbHBINA TOK MOKOA — TeEM
6onbluMi, Yem bbicTpee cemelictBa (AS M F) npu COOTBETCTBYHOLWIMX CKOpocTax oT 25 MrIy, (ana LS) ao 100 Mrw,
(ona AS u F). Bce KMOIM-cemeictBa notpebastoT Hynesol Tok. OfHaAKO MX paccemMBaemas MOLIHOCTb JUHENHO
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BO3PACTaeT C POCTOM YacTOTbl (TpebyeTca TOK A1A MepPeKNtoYeHNAs eMKOCTHOM Harpysku), 1 KMOM-anemMeHTbl,
paboTatollMe Ha HaMBbICLIEN YacTOTe, PAaCCeMBAOT YaCTO TaKYHO e MOLLHOCTb, Kak akBmBaneHTsl TT/1 (puc. 8.18).
OnanasoH bbicTpoaeictema KMOM-anemeHTOB npoctupaetca oT 2 MIu (ans 4000B/74C npu 5 B) go 100 Mry,
(ona ACT/AC).

100 CKOpocTHie (F), ycoBepweHcTs.

WoTTKH (AS)
. Manomowmbie WoTTKK (LS)
o
= 1 D'L}'n;nne[:-m. MAN0oMOULHbIE
g oTTKH (ALS)
= 1|—
=
@ 74C Yecosenw, KMON
O - ¢ TT/-noporom
8 0,1} BeicTponencTs tatm)
p KMOM ¢ T T N1~
v noporom(HCT
2 0,01 Cyy= 50ntd
E |
(=]
= 0,001

| 1 1 [ 1 ]
102 10° 104 105 % 107 108
YacToTa, My

Puc. 8.18.3agucumocmes mowHocmu pacceusaHuA om 4yacmomel.

B ocHOBHOM 3ameyaTesibHble xapaktepuctukm KMOM-cemencts (HMYTOXKHas noTpebasemas MOLLHOCTb,
XOPOLan NoOMex03alMULEHHOCTb) AEeNatoT 3Ty NOTUKY NPUBAEKATENBHOM, U Mbl pekomeHayem cemeictso HC ans
OONbWNHCTBA HOBbIX NMpoekToB. OAHAKO NpPU yBeAMYEHUM ObICTPOAENCTBMA MCNONb3yUTe cemelctBo AC, ans
LUMPOKOrO AMana3oHa NUTaHUs, rae He HyXHa BbICOKas CKOPOCTb, ncnonbsynte 74C nnm 4000B, ncnonbsynte HCT
(nan paxe LS) ana coBmecTMMocTn ¢ BunonspHbiMmu TT/1-BbIXOAaMM, €CAM BaM He HyxHo bbicTpoaericTene ACT
(nnn AS, nan F). B HEKOTOPbIX MPUMEHEHMAX C BbICOKOW MAOTHOCTbIO pasmMellleHusa (NamsTb, MUKPOMpoLLeccopsl),
KMOT-ycTponcTBa npeanodyTUTeNibHeEN, BBUAY WX OTHOCUTENIbHO BbICOKOM MOLULHOCTM paccedHuna. A ana
CBEPXBbICOKOCKOPOCTHbIX NMpUMeHeHW (Bbiwe 100 MTU) Bbl BbIHYXAEHbI MCNoaAb30BaTb IC/1-31eMeHTbI, KOTOopble
paboTatoT Ao YactoT 500 MIU, nan Mcnonb3oBaTb NPUHBOPLI U3 apceHmnaa ranina, KoTopble GyHKUMOHMPYOT A0 4
[Tu. CmoTpuTe pa3d. 14.15 n 1abn. 9.1 ana nonHoro obcykaeHuns normyeckmx KMOMM.

B npepnenax oAHOro NIOrMYECKOro CEMENCTBA BbIXOAbl 3/IEMEHTOB /IETKO CThIKYIOTCA C BXOAAaMM M 0DObIYHO He
CTOUT BECNOKOUTLCA O MOPOroBbIX YPOBHAX, BXOAHOM TOKe M T. M. Hanpumep, Bbixoabl 31emMeHToB cemeicts TT/1
nnn KMOIM moryT paboTaTb He mMeHee yem Ha 10 BXOAOB (XapaKTepUCTMKa HOCUT HasBaHue KosdoduumeHTa
pa3BeTBAEHMA MO BbIxoAy: AnsA TT/1 KoabdUUMEHT pa3BeTBAeHMA MO Bbixody paseH 10), Takum obpasom, Ana
obecneyeHna COBMECTUMOCTM He TpebyeTca NpuUMeHeHMe crneumanbHbiXx mep. B cneaytowen rnase obyayTt
PACcCMOTPEHbI BOMPOCHI COMPAXKEHUA MEXKAY PaA3NUYHBbIMU  JIOTUYECKMMM  CEMENCTBAMM, a TaKKe MeXay

NOTNYeCKNMMKMN Cxemamm 1 BHEWWHNMU yCTpOl‘;ICTBaMM.
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8.11. InemeHmMbl ¢ MpemMa COCMOAHUAMU U C OMKPbIMbIM
KO/1/1eKMOpPOM

BeHtnam TT/1 u KMOI, KoTopble Mbl CeMyYac PacCMaTpPMBaemM, MMEIOT [BYXTAaKTHbIE BbIXOAHbIE CXEeMbl:
BbICOKMI WAWN HU3KMUIA YPOBEHb MOAAETCA Ha BbIXOA Yepes OTKPbITbIM BunonspHbln uam MOT-TpaH3ucTop. Takyto
CXeMy, Ha3blBaeMyto aKTMBHOM Harpyskon, a B TT/1 Ha3bIBaeMyto TaK»Ke CTOJIOOBbIM BbIXOAOM, MCMO/b3YIOT MOYTH
BCE NIOrMyecKkme anemeHTbl. Cxema obecneymBaeT HU3KOE BbIXOAHOE CONPOTUBAEHNE B 0HOMX COCTOAHMUAX, UMEET
Masioe Bpems nepekntoyeHmna n obnagaet 6oaee BbICOKOW NMOMEXOYCTONYMBOCTLIO MO CPABHEHUIO C OAMHOYHbLIM
TPaAH3UCTOPOM, KOTOPbIMA MCNOb3YET MACCUBHbIA PE3UCTOP B KAYECTBE KOMIEKTOPHOM Harpy3ku. B cnydae KMOI
NPUMEHEHWE aKTUBHOIO BbIXO/a, KPOME BCErO NpoYero, NO3BOAAET NOHU3UTb PACCEMBAEMYIO MOLLHOCTb.

Ho cylLecTBYOT CUTyaLMM, MPU KOTOPbIX aKTUBHbIA BbIXOJ OKa3lblBaeTcA HeyaobHbiM. lpeactasum cebe
KOMMbIOTEPHYID CUCTEMY, B KOTOPOW HECKOAbKO OYHKUMOHANbHbIX G/I0KOB A0MMHbI OOMEHMBATLCA AAHHbIMM.
LeHTpanbHbii npoueccop (LM), namate 1 pasnndHble nepndepuitHble yCTPOMCTBA AO/IKHbI MMETb BO3MOMKHOCTb
nepefaBaTb W noayvyatb 16-paspagHble cnosa. M, marko rosopsa, 6bl10 Obl HeygobHO Mcnonb3oBaTb AAA
COEZIMHEHMNS KaXKAO0ro YCTPOMCTBA C KaxkAblM WMHAMBMAYaANbHbLIA 16-KWAbHbIM Kabenb. [na paspelieHna 3Ton
npobaembl MCMO/b3yeTCA TaK HasbiBaemas WWHA (MAM MarucTpanb) AaHHbIX, T.e. OAMH 16-KWNbHbI Kabenb,
[OCTYMHbIA  ONA  BCeX YCTPOMCTB. TaKkaa CTPYKTypa aHanorMyHa TenedOHHOMY KaHafly KOANEKTUBHOIO
MONb30BaHMA: B KaAbld MOMEHT BPEMEHM «roBOPUTb» («NepenaBaTb [aHHbIE») MOMKET TOJbKO OAHO
YCTPOWCTBO, @ OCTa/IbHble MOTYT TONbKO «CAyWaTby («NPUHMMATb AaHHbIE»).

Ecam umcnonb3yeTcAa WWMHHAA cucTeMa, TO HeobxoAMMO WMMEeTb COorfalleHne O TOM, KOMy paspelleHo
«roBopuTb». B cBA3M € 3TUM ynoTpebAATCA TaKMe TEePMUHbI, KaK «apbuTp LWKWHbIY, «3aZaTyMK LUMHbLI» U
«yrnpasaeHne WUHOMY.

Ona BO3BYKAEHWUA LUWHLI HEMb3A MCMOMb30BaTb BEHTUAW (MAM ApPYrMe CXembl) C aKTUBHbIM BbIXOAOM, Tak
KaK UX Henb3sa OTKAUYMTb OT 06LWMX MHOOPMALMOHHBIX JMHUIK (B 11060 MOMEHT BPEMEHW BbIXOAb! YCTPOMCTB,
MOAKAIOUYEHHbIE K LWKWHE, OyayT HaXxoAMTbCA B COCTOAHMM BbICOKOTO WM HU3KOTO YPOBHSA). B 3aTom ciydae
HEeobXOAMM BEHTW/b, BbIXOA, KOTOPOrO MOMET HaxoAmuTbCs B «0bpbiBe», T.e. ObiTb OTKAOYEHHbIM. Takue
YCTPOMCTBA BbIMYCKAOTCA MPOMbILWAEHHOCTbIO M MMEKT [Be Pa3HOBMAHOCTM, KOTOPble HOCAT Ha3BaHWA
«3/IEMEHTbI C TPEMA COCTOAHUAMMY U KIIEMEHTbI C OTKPbITbIM KOJIJIEKTOPOMY.

Jlornyeckne cxembl C TPeMsi COCTOAHMAMMW. JlOrMYecKMe 371eMeHTbl C TPemMs COCTOAHMAMMW, TaKKe
Ha3biBaemble TRI-STATE (ToBapHbIi 3Hak National Semiconductors Corp., co3gaslien ux) nNpeacTasaaoT
3NeraHTHoOe pelieHue. HasBaHMe 3TUX CXEM MOMKET BBECTM B 3ab/y:KAEHME, MOCKO/bKY Ha CaMOoM [ene OHWU He
ABNAIOTCA JIOTMYECKMMMU S/IEMEHTAMM C TPEMA YPOBHAMM HanpsKeHW. 370 OOblYHbIe NOTMYECKME CXEMbI,
KOTOpble MMEIOT TPETbE COCTOAHME BbIXoAa — «0bpbiB» (puc. 8.19).
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Puc. 8.19.KMOTri-eeHmuns U-HE ¢ 3-mM cocmosHUeM: G — nNOACHAOWAA cxema, 6 — peanusayua ¢

ucnons3osaHuem sHympeHHux KMOfl-eeHmured.

OHM MMeloT OTAeNbHbI BXOZ, paspelleHusa, C MOMOLLbKD KOTOPOro MOryT YyCTaHaBAMBaTbcA anbo B
COCTOAHME OObIYHbIX aKTUBHBIX BbIXOAOB, MO0 NepexoamTb B «TpeTbe» (06pbiBa) COCTOAHME HE3ABUCMMO OT TOTO,
KaKuMe CUrHanbl MPUCYTCTBYIOT Ha APYyrnx BXoAaX. BeIxodbl C Tpema COCTOAHMAMWU MMetoTcA BO MHOrux MMC:
CYeTYMKaX, 3alle/IKax, PerncTpax 1 T. M., a TakKXKe B BEHTUAAX U MHBEPTOpPaX.

YCTPOWCTBO C BbIXOAOM Ha 3 COCTOAHMSA GYHKUMOHMPYET NOA0OHO 0BbIYHONM SIOTUKE C aKTUBHbIM BbIXOA0M,
Koraa nofdaH CMrHas paspelleHus, Npy 3TOM Ha BbIXOAE CYLLEeCTBYeT MO0 BbICOKMIA, MO0 HU3KMIA ypoBeHb. Koraa
Ha BXO/Zle pa3pelleHMs MacCUMBHbIN YPOBEHb, CXema OTK/IOYAeT CBOM BbIXOA, TaKk 4YTO APYrMe YCTPOMCTBA MOryT
paboTaTb Ha Ty XKe camyto IMHMLO. [JaBaliTe pacCMOTPUM 3TO Ha NpUMepe.

B3rnaa  Bneped: WWHbl  AaHHbIX.  [paiiBepbl C TPEMA COCTOSHMAMM LWIMPOKO WCMOAb3YOTCA A4
BO3DYKAEHMA LWKWHbI AaHHbIX KOMMbioTepa. Kakaoe ycTpoWCcTBO (nNamatb, nepubepua M T.M.), KOTOpomy
HeobX0AMMO BbICTABMTb [aHHbIE Ha LWWHY, CBA3bIBAETCA C HEM Yepes BEHTUAN C TPEMA COCTOAHMAMMK (Man Yyepes
bonee CNOXKHble 3NEMEHTLI, TakMe, Kak perncTpsl). [ena Tak YMHO YCTPamBatoTCA, YTO TOIbKO OAHO YCTPOMCTBO
BblAAeT paspelleHne CBOMM aparsepam (bopmuposaTensm), Bce ApyrMe ycTPOMCTBa, MOyYMB  3arperT,
nepexoanT B TpeTbe cocTofHMe. OBbIMHO BbiIOpaHHOE YCTPOMCTBO «Y3HAET» O TOM, YTO OHO AO0/IXHO BblAaBaTb
[laHHbIE Ha WKWHY, ONO3HAB CBOM aApec Ha afpPecHbIX M yNpaBaatoWmMx wWuHax (puc. 8.20).
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Puc. 8.20. [L/uHG OGHHbIX.

B aTOM HamnpocTelwem cnyyae yCTPOMCTBO NOAKAYAETCS Kak nopT 6. Monydyns cBoin agpec (Hanpumep, 6)
N UMMNYAbC YTEHUA, YCTPOMCTBO BbIBOAMT AaHHble Ha WKHY DO-D3. TakoW LWMHHbBIA NPOTOKON MCMOAb3yeTcA AAs
MHOTUX MPOCTbIX cucTem. Heuto nogobHoe nmeetr Mecto B OOJIbLUIMHCTBE MUKPOKOMMbIOTEPOB, Kak Mbl YBUAUM B
en 10w 11.

3ameTVMm, YTO AO0/KHA OblTb HEKOTOPas BHELWHAA NA0rMKa, KoTopas obecnedymBana Ha[eKHOCTb TOrO, YTO
YCTPOWCTBA C TPEMA COCTOSHMAMM, MOAKMOYEHHbIE K OAHUM M TEM XKE BbIXOAHbIM ANHUAM, He ByayT NbiTaTbeA
nepeaaBaTb B OAHO M TO Ke BPems (4TO PaBHOCUILHO YCA0BWMIO, ODUUMANBHO HA3biBAEMOMY «COr/alleHne
WWHbI»). B 3TOM C/ly4ae BCe XOPOLO, KOraa KaxKAaoMy YCTPOWCTBY COOTBETCTBYET CBOM afpec.

JlorTKa C OTKPbITbIM  KOANEKTOPOM. [1peAllecTBEHHMKOM JIOTUKM C 3 COCTOAHMAMM Oblaa J0rMKa C
OTKPbITBIM KOJIJIEKTOPOM, KOTOPas MO3BOJISET BaM MOAKAOYUTECA K OAMHOYHOW NMHUM Cpean APYrUX BbIXOO40B
HEeCcKoNbKNX GopmMpoBaTeneit. BbIXOA C OTKPbITbIM KONJEKTOPOM MPOCTO HE BK/OYAET TPaH3MCTOP aKTMBHOM
Harpysku B BbIXOAHOM Kackage (puc. 8.21).
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Puc. 8.21. ManomouwiHeiti TT/ILL-eeHmunb M-HE ¢ omKpeimbiM KOs/1eKmopom.

HasBaHWe «OTKPbITbI KONNEKTOP» MpPeBoCXoAHO. Korga Bbl MCMO/b3yeTe TakMe BEHTWAM, Bbl AO/KHbI
NOAKAYATL K MCTOYHWMKY MUTAHMA BHELIHWMA HarpysouHblit pe3ncTop. Ero 3HaueHue He KPUTUYHO: MPU MasblX
3HaAYeHUAX pesncTopa 06ecneymBatoTcA MOBbIWEHHbIE ObICTPOAENCTBME UM MOMEXOYCTOMYMBOCTb, OAHAKO
NOBbLILIAETCA paccenBaeman MOLLHOCTb M Harpy304HbIA TOK BbIXOAHOrO Kackada. 4aa TT/1 TUNMWYHbIMK ABAAKOTCS
3Ha4YeHMA B Npedenax OT HECKO/IbKMX COTEH [0 HECKOJ/IbKMX ThicAY OM. Ecam Bbl 3axoTenn BO3OyKAaTb LIMHY C
MOMOLLbIO BEHTUNEN C OTKPbITbIM KoMAeKTopom (puc. 8.20), Bbl AO0/KHbI 3aMEHUTb [pariBepbl C TpPems
COCTOSHUAMM Ha ABYXBXOA0Bble BEHTMAM WM-HE C OTKPbITbIM KOMIEKTOPOM, MOAKMOUYMB OAMH BbIXOZ, KaKaoro
BEHTUAA K BbICOKOMY YPOBHIO paspelleHnss MOAKMOYEHMA K LWWHE. 3aMeTUM, YTO AaHHble Ha LMHE MpU 3TOM
BK/AOYEHMM ByayT WMHBEPTMPOBAHbI. Kaayld JMHUIO LWWHbI HEOOXOAMMO Yepes HarpysouHblM pesncTop
NOAKAYMTL K +5 B. K HegocTtaTKam NOTMKM C OTKPbITbIM  KO//JIEKTOPOM CAeAyeT OTHECTM MOHMMKEHHble
BbICTPOAENCTBME M MOMEXOYCTOMUYMBOCTb MO CPABHEHMIO C OObIYHBIMM CXEMAMW, MCMOJb3YIOLMMM aKTUBHYIO
Harpysky. BoT noyemy papariBepbl C TPeMA COCTOAHWMAMMW SBAAIOTCA OCHOBHbIMM A/1A peasus3aumu WWH B
KomnbloTepax. OAQHaAKO CYLLECTBYIOT TPU CUTYaLIMM, B KOTOPbIX Bbl AOMKHbI MCMO/b30BaTh YCTPOMCTBO C OTKPbITHIM
KOJINIEKTOPOM: YMpaB/ieHWe BHEWHMMW Harpyskamm, «nposoaHoe U/IM» 1 BHelHWe WnHbl. [laBaiiTe paccMOTpUM
MX BHUMATENbHO.

YnpaBneHue BHeWHeN Harpyskoh. JlorMka C OTKPbITbIM  KOJJIEKTOPOM ABAAETCA NPUrogHoM  Ans
YyNpaB/feHUsa BHELIHeN HarpyskoM, KOTopaa MOAK/IYAEeTCA K WCTOYHMKY MOMIOKUTENBHOIO HanpAXKeHus,
npesblllatowero HanpaxeHme nutaHma MMC. MOXKeT, B YaCTHOCTM, NoTPeboBaTbCA BKAOUYMUTL MaSIOMOLLHYO 12-
BO/IbTOBYIO N1aMMOYKY MAM cHOPMMPOBATL JIorMYeckuii nepenad 15 B ¢ NoOMOLLbO pe3ncTopa, YyCTaHOBAEHHOIO
MEXAY BbIXOAOM BEHTUAS U UCTOYHMKOM +15 B (puc. 8.22).
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Puc. 8.22.

Hanpumep, cxema ‘06 npeactasiaseT cobo WecTb MHBEPTOPOB C MakcMManbHbiM Bbixogom +30 B, a cxema
KMOTM 40107 npeacTasnset coboi caBoeHHbl N-HE-Bydep ¢ OTKPbITBIM KOAJEKTOPOM C BbIXOAHbIM TOKOM A0
120 mA. Cepua 75450 «cABOEHHbIX NepudepuinHbIX ApanBepoB» MOXET BblAaBaTb B Harpysky Tok Ao 300 MA npwu
HanpsskeHun nutanus +30 B, a cepus UHP/UDN ¢dupmbl Sprague pacwmpseT 3Tv npegens 4o 1 A u ao 80 B.
Bonee noapobHo 06 3TOM B CreaytoLLEeit TNaBe.

MposoaHoe WM. Ecnn Bbl 06beAMHUTE BMECTE HECKOJbKO BEHTMAEN C OTKPbLITbIM KONIEKTOPOM, Kak
NMOKa3aHO Ha puc. 8.23, TO NOJIy4MTe TaK Ha3bIBAEMYIO Cxemy «npo- BogHoe WU/TN», coeanHeHne, KoTopoe BedeT
ceba nogobHo bonblwomy BeHTUA W-HE, Bblgalouwemy Ha BbIXOAE HWU3KUIA YPOBEHb, €CAN KaKoM-1Mbo BXOZ,
MMEET BbICOKNN YPOBEHD.

+5 B
1,0 wlm

A l *

8

’ *

7

E *

. (A+B+C+0+F+F)

Puc. 8.23. MoxmaxcHoe UJIN.

Takoe obbeAnHEHWE HeAONYCTUMO NMPWU UCMNOIb30BAHUN CXEM C aKTUBHOW Harpy3KoMn M3-3a BO3HUMKHOBEHMUA
PeXMMa COMEePHNYECTBA, ECIN MEXKAY BCEMU BEHTUAAMKU He DyAeT CorfiacoBaHo, KakMm A0/KeH OblTb BbIXOAHOM
curHan. O6veamHaTb MoXKHO cxembl MIU-HE, M-HE 1 T. n. 3To coeAMHeHne TakKe MHOTAa Ha3biBaloT «NPOBOAHOE
M», NOCKO/IbKY BbICOKM YPOBEHb Ha BbIXOAE BO3HMKAET AMLIb TOrAa, KOraa OH AeWCTBYET Ha BbIXOAE KaxKAaoro
BEHTUAS (COCTOAHME PAa3OMKHYTOr0, UM OTKPbLITOrO Bbixoda. Oba 3TUX Ha3BaHMUS OMMUCLIBAIOT OAHY U Ty e CXEMY,
KoTopaa npeactaBnaeT coboi nposoaHoe WM NpM  MONOKWUTENBHOW florTMKe W nposoaHoe  W/TU-npwm
oTpuuaTensHol. 3To byaeT 6onee MOHATHO ANS Bac, KOrda Bbl y3HaeTe o Teopeme MopraHa B ciedyroliem
pasgene.
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MpoBoaHoe W/IM Nonb30Banocb CKOPOTEYHOM MNOMYAAPHOCTLIO B PaHHME AHW LUMPPOBOMN 3NEKTPOHMKM, HO U
CeroHa OHO MCMO/b3yeTCs A0BOJIBHO PEAKO 3a ABYMSA MCKIOUYEHMAMM: a) B IOTMYECKMX CEMENCTBAX, M3BECTHbIX
Kak 3C/1 (3MUTTepCBA3aHHAA JI0TMKA, BbIXOAbl Y KOTOPOM MOMKHO Ha3BaTb KOTKPbITbIA IMUTTEPY), 3NEMEHTbI MOTYT
6e3bonesHeHHO 0O6beaMHATLCA No nposoaHOMy WM M 6) CylecTBytOT HECKONbKO YacTHbIX AMHWIA B
KOMMbIOTEPHBIX WWHAX (Hanbosee 3HauYMTeNbHAA /MHUA Ha3biBAeTCA MNpepbiBaHMe), OYHKUMAMM  KOTOPbIX
ABNAIOTCA He nepefaya MHGOPMALUMOHHBIX BUT, @ NPOCTO MHAMKALMA TOro, YTO XOTA Obl OAHO YCTPOWCTBO TpebyeT
BHMMaHWA. B 3TOmM c/ydae Bbl Mcnosb3ayeTe nposoaHoe WJ/IM, NOCKO/SbKY OHO [AaeT TO, YTO Bbl XOTUTE, U He
TpebyeTcs A0NONHUTEIbHON BHELLHEN OTUKN 418 NPeoTBPaLLEHMS CNOPOB.

BHelWHMe WWHbL. B NpUAOXeHMAX, rae CKOPOCTb He OYeHb BaKHa, Bbl MHOrAa BMAWTE ApaliBepbl C
OTKPbITbIM KO/IEKTOPOM, WUCMOAb3yemMble A8 BO3DYKAEHMA LWKH. Hanbonee 4acTbii caydat Ana WWH — 3TO
BblJaya [aHHbIX W3 KOMMblOTepoB. OBWMMKU NPUMEPaMKU  ABAAIOTCA  LUUHbLI, WCMNOJb3yemble A5  CBA3M
KOMMblOTEPA C AMCKOBOAOM, WM MHCTPYMeHTasnbHas WuHa IEEE-488 (Take Ha3sbiBaemas "HPIB" wnam "GPIB").
MNoapobHee 06 stom B 2. 10m 11.
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KombunHauMoHHaA N0rmKka

Kak mbl 0bcyaanm paHee B pa3d. 8.04, umbposble NOrMYeckme cxembl pa3genatoTca Ha KOMOUHAUMOHHbIe
M NOCNef0BaTe/IbHOCTHbIE (NocnenoBaTebHble). KOMBMHALMOHHbIE CXeMbl — 3TO TakMe IorMyeckme YCTPOMCTBa,
B KOTOPbIX COCTOAHWE BbIXOA4A 33BWUCUT TONbKO OT TEKYLWEro COCTOAHMSA WMX BbIXOAOB B HEKOTOPOM
npegonpeaeneHHoM Buae. BbixogHOe COCTOAHWE MOC/ie[0BaTebHOCTHOM CXeMbl OMpeaenseTcs Kak CoCTosHue
BXOJOB Ha AaHHbIM MOMEHT, TakK M ee npeablaylimMm CcocTosHMeM. KoMBWHaAUMOHHblE CXembl MOTYT ObiTb
MOCTPOEHbI C MPUMEHEHWEM OAHWMX UL BEHTU/EN, B TO BPEMA KaK NOC/Nef0BaTe/IbHOCTHbIE CXeMbl TpebytoT
Ha/M4YMA NamsaTM B Kakon-1nbo dopme (Tpurrep). B nocredytolimx pasgenax Mbl PacCMOTPUM BO3MOMXKHOCTM
KOMBUHALMOHHOM NOTUKKM, NOCAE Yero oTnpaBmMmca B 6ECNOKOMHbBIN MUP NOCNeL0BaATENBHOCTHbBIX CXEM.

8.12. J/loeuyeckue moxcoecmasa

Ntoboe obeyRaeHMe KOMBUHALMOHHOM NOMMKU DyAeT HEMOAHbIM, €C/M Mbl HE PACCMOTPUM NOTMYEcKue
TOX/AecTBa, NpeAcTaBneHHble B Taba. 8.3. M3 3TUX COOTHOLWEHUIN BONbLIMHCTBO OYEBMAHbLI, a ABa NOCAeAHMUX
cocTtasnsoT Teopemy MopraHa, Hanbosiee BaskHYIO 418 MOCTPOEHUA CXEM.

Tabauuya 8.3. Jlornyeckne ToXKaecTsa
[Mpumep: sBeHTUNbL Wckntodatowee WA,

Ha cnegytoowem npumepe NPOUATIOCTPUPYEM  MCMOAb30BAaHME  JIOTMYECKUX TOXAECTB: nonpobyem
noctpoutb cxemy Mckatodatowee WM ¢ nomouwpto  0OblYHbIX  BeHTUMen. Tabanua WCTUHHOCTU A4S
Nckntovatowero WM npeacrtaBneHa Ha puc. 8.24. M3y4mB ee 1 NOHAB, Y4TO 1 Ha BbIXOAe CyLWecTBYeT TO/bKO TOrAa,
koraa (4, B) = (0, 1) wam (1, 0), Mbl MOXKem HanucaTtb A @®B=AB+AB"

A B |A®B
0 0 0
0 1 1
1 0 1
i 1 0

Puc. 8.24. Tabauya ucmuHHocmu seHmua Vickaoyarowee U/,

CooTBeTCTBYOWAA CXEMHAA peannsauma npeacraBieHa Ha puc. 8.25.
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Puc. 8.25. Peanusauyua seHmunsa Ucknodarowee U/

OfHaKo 3Ta peanusauma He ABASETCA AMHCTBEHHOW. McNoab3ys N0rMYeckme TOXAECTBA, Mbl HAXOAUM, YTO
A®B=AA"+AB +BA +BB” (AA"=BB =0)

=AAT+B)+B(A+8B)

=A(AB7)+B(B"A)=(A+B)(AB")

(Ha nepsom ware mbl NpubaBuAM [ABE BEAMYMHBI, PaBHbIE HYMO, @ Ha TPETbeM MPUMEHUAN Teopemy
MopraHa). CxemHas peanunsalums 14 3TOro c/yyan nokasaHa Ha puc. 8.26.

o [l
l ) —4®s
[ p—

Puc. 8.26. Peanuzauus seHmuns Vicknodarowee /1.

CywectsytoT M Apyrne cnocobbl noctpoeHua cxembl Wckntodatowee WM. PaccmoTpum  chneaytouime
yNparkKHeHuA:

YnpaxHeHue 8.11. MokaxuTe, 4to
A@R BE= AR+ AB
ADB=(A+ B){4+ B)
C NOMOLLbIO NIOTMYECKMX Npeobpa3oBaHnii. B cnpaBeAnnBOCTM 3TUX COOTHOLEHUI Nerko yoeamnTbesa, NPOCMOTPEB TabanLy UCTUHHOCTU.

YnpaxHeHune 8.12. Yemy paBHbl creaytoline COOTHOWEeHNA:

a)01,6)0+1,8)1-1,r)1+1,4)A(A+B),e) A(A"+B), k) AA 3)AA"

8.13. MuHumu3auua u Kapmel

KapHo
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MOCKO/IbKY /IOTMYEcKyto QYHKLUMIO, Aare TaKylo NpocTyto, Kak Vckatodatouwee WM, MOXHO peanns3osaTb
pa3/MyHbIMK cnocobamm, 4YacTo OblBAeT HYKHO HaWTKM ANA Hee caMoe NPOCTOe pelleHWe, MM, BO3MOMKHO,
Hanbonee ynobHoe cxemHoe pelleHue. Hag sTol npobnemort BUAMCL MHOrMe CBET/ble YMbl M B HacTosALllee
BPEMA CYLLECTBYET HECKO/IbKO CrnocoboB ee paspelleHus, BKAtoYaa anrebpanyeckme mMeTofbl, peanmnsyemble C
nomolupto IBM. Mpu yncie BXxoA0B, He NpeBblAlOWeEM YeTbipex, HauIy4lMM MeTOA0M AB/AETCA COCTaB/ieHue
KapTbl KapHO. 3TOT MeToZ NO3BOJIAET TaKKe HaWTW NOornyeckoe BblpaXkeHWe (ecnn OHO 3apaHee HEeM3BeCTHO) Mo
Tabavue UCTUHHOCTU. [ponnntocTpupyem 3TOT MeTOZ, C MOMOLLIO NPUMepa.

Mpeanonoxumm, 4To TpebyeTcs MOoCTPOUTb CXeMy [1A  MaxopUTapHOro noJcdyeta ros0CcoB  MNpwu
6annoTMpoBKe. byaem cumMTaTth, YTO MMEKOTCA TPpW BXoAa, paboTatolme B NONOKMTENLHOM Nornke (Ha ntobom m3
HUX MOXKeT 6bITb 1 nam 0) u Bbixoa, (0 uam 1). Beixoa, paseH 1, ecnv 1 NpUCyTCTBYET HE MEHee YeM Ha ABYX BXOaX.

Llige 1. CocTaBum Tabamuy UCTUHHOCTM

ABC @
000 o0
001 0
010 0
011 1
100 0
101 1
110 1
1111

34ecb A0MKHbI BblTb NPeACcTaBNeHbl BCE BO3MOMXKHbIE COYETaHUA M COOTBETCTBYIOLLME MM COCTOAHUA BbIXOAa
(nnn BbIXxo4OB). B TOM c/aydae, Korga COCTOAHME BXOAAa HE OKasblBaeT BAMAHWA Ha Bbixod, cTasuTca X (ntoboe
3HauyeHume).

War 2. CocTtasum KapTy KapHo. OHa npeacTasnaeT coboit HeYTo oyeHb HaM3Koe K TabanLe UCTUHHOCTU, HO
COAEPXKUT MepemeHHble, KOTOPble PacroioKeHbl Mo ABYM OCAM. [lepemeHHble A0/KHbI BbiTb PacnoNoMXKeHbl
Takum 06pa3om, YTobbl MpU Mepexofe OT Kax4oro KBadpaTa K CcoceHeMy MEeHAN0Cb Obl COCTOSHME TOMbKO
oaHoro BxoAa (puc. 8.27).

NG gy ot | 11 | jp—Crenwre 32
EFI{}D'HMDM

A
0 0 n/c\iu

1 1]6\ J |
s

Puc. 8.27.Kapma KapHo.

War 3. OTMeTMM Ha KapTe rpynnbl, cogepxalime 1 (MOXHO TaKXKe MCnoab3oBaTb U rpynnbl, cogepawme 0).
Tpu oBana Ha puc. 8.27 onpeaenstoT norndeckune sbipaskeHusa AB, AC n BC. [lanee nonyunm Tpedbyemyto GyHKLMIO
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Q=AB+AC+ BC,

CXeMHas peanmsauma ee NokasaHa Ha puc. 8.28.

A———

D_
A B )——_——r) —a
3

Puc. 8.28.

DTOT pe3y/ibTaT KaXKeTCA O4YeBUAHbIM, KOr4a OH yXe nosyyeH. MOXHO 66110 HBbl COCTaBUTL BblpaxXeHne anAd

Hy/JIeM 1 BMECTO 3TOr0 NOAy4YnTb

Q=AB'+A'C+B'C.

3TO BblparkeHMEe MOXKeT OKa3aTbCA MOAE3HbIM ANA CAyYas, Korga B KaKMX-AMDO TOYKaxX CXembl MMeroTcA
pononHenua A, B'n C.

HekoTopble KOMMeHTapuu K KapTam KapHo.

1. NwmTte rpynnbl, cogepxkawme 2, 4, 8 U T. A. KBaApaToB. OHU MMEIOT NPOCTbIE IOTUYECKME BbIPaXKEHNA.

2. /lorvka byaeT Tem npolue, Yem KpynHee 610K Bbl ONMLETeE.

3. CocTbIkyMTe Kpas KapTbl KapHo. Hanpumep, KapTa Ha puc. 8.29 onuncbiBaeTca BbipaxeHnem Q = B'C.

AR po o m 11 10

&g
00 o 0 0 0

01 0 0 0 0
" 10 01
10 1 J0 o1

Puc. 8.29.

4.BNOK «eAMHULY, COAepXKalluMi OAMH WAM ABa «HYAA», Jydlle BCEro OMMUCbIBAETCS C MOMOLLbIO
rPYnnMPOBKK, MOKasaHHOM Ha puc. 8.30. 9Tomy 60Ky COOTBETCTBYET N0rMYecKkoe BbipaskeHne Q = A(BCD)'.
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AB
ch o 0t 11 10

00 o o1t 1

gy o0 of1 1

nl o o|Q@ 1

10 0 0\ 1 1

Puc. 8.30.

5. MecTa, coaepaume X (noboe 3HadyeHMe), NpeacTaBaatoT coboi «KapT-OaaHL». 3anmMcbiBalkTe B HUX
CHYN» UNW KeAMHULBI» TaK, YTOObl MOXHO OblIO NOMYYUTb NPOCTEMLLYIO NOTUKY.

6. KapTa KapHO MOXeT M He npuBecCTM K Aydwemy peweHuto. MHoraa 6onee CNOXKHOE NorMyeckoe
Bblpa)keHMe umeeT Oonee MPOCTYHO CXEMHYIO peanunsaumio, Hanpumep B CAyvae, KOrAaa HEKOTOpble Y/eHbl
BbIPaXKEHMA Y¥Ke CHOPMUPOBAHbI CXEMOM B BU/E JIOTMYECKUX CUIHANOB, KOTOPbIE MOMHO WCMOAb30BaTb B
Kayectse BXOAHbIX. Kpome Toro, peanunsaunmmn Vcknodatowero WM He oveBnaHbl U3 KapTbl KapHo. HakoHel, npu
BbIbOpe NIOrMYeckom CTPYKTYpbl CXeMbl ONpeaeneHHyto poJsib UrPaoT OrpaHMYeHusA, CBA3aHHblE C KOHCTPYKLMeN
NMC (Hanpumep, Koraa B OIHOM KOPMYyCe COAEPKATCA YeTbipe 2-BXOA0BbIX BEHTUAA). Koraa Mcnonb3ytoTca Takume
nporpaMmMmnpyemble IOTMYECKME YCTPOMCTBA Kak MM/ 4na KOHCTPYMPOBAHMA N0rMYecKnx GYHKLUMIA, BHYTPEHHAS
CTPYKTYypa (nporpammunpyembie BeHTUAU U 1 puKcnposaHHble BeHTUAN WUITN) coepuBaeT peannsaumio, KOTopas
morna 6bl ObITb NPUMeEHEHa.

YnpasHenune 8.13. Hapucyiite KapTy KapHo 4/1a NOMMKM, KOTOpas MO3BOAWUT ONpeaesvTb, ABNAETCA MW 3-paspagHOe ABOMYHOE YMCAO «TNaBHbIMY, CYMTas npu

3TOM, YTO rNaBHbIMK He AaBasatoTcs uncna 0, 1m 2. ﬂ,al;WTe CXeMHYI0 peanmsaumto Ha 2-BXOA0BbIX BEHTUAAX.

YnpaxHeHve 8.14. HalauTte NOrMYECKOe BbIPAKEHWE, C MOMOLLBIO KOTOPOTO MOMHO 6bi10 Bbl YMHOMUTL ABa 2-Pa3pALHbIX ABOMYHbBIX YMCAA WM NONYYUTH 4-

paBpﬂ,CLHbllZ pe3ynbTaT. PEKOMeHAAUMN: ANA KaXKA0r0 BbIXOAHOTO 6uTa HOﬂb3yﬁTer oTAeNbHbIMW KapTamu KapHo.

8.14. KoMbUHAUUOHHbIE YHKUUOHA/IbHbIE CXEeMbl,
peanu3o8aHHele Ha cmaHoapmHeix MMC

C nomoupto KapT KapHO MOMKHO MOCTPOUTb IOFMKY, YTODbI BbIMOMHATL AOCTAaTOYHO C/ONKHblE (YHKLMM,
TakuWe, Kak, Hanpumep, JABOMYHOE C/IOXEeHVMe W  CpaBHEHWEe BeIMYMH, KOHTPO/Jb N0  NapuTety,
MyNbTUNAEKCMpPOBaHME (BbIOBOP OAHOrO M3 HECKO/IbKMX BXOAO0B, KOTOPbIN ONpeaenieTca ABOWMYHbIM aA4PECcOM) U
T.N. B peanbHOCTM cnoXHble O YHKLMK, KOTOPble MWCMOMb3YIOTCS Hambosee 4acTo, peanmnsytoTca B Bue
byHKUMOHaNbHbIX MMC cpeaHelt ctenexdun uHTerpaummn (oo 100 BeHTUNen B Kopnyce). XoTa B COCTaB MHOTUX U3
aTnx CUC BXOAAT TpUITepbl, KOTOPble Mbl CKOPO ByAeM paccmaTpuBaTb, OONBLIMHCTBO M3 HUX BbIMOAHAOT YNCTO
KOMBUHALMOHHbIE QYHKUMM U COCTOAT LUEAMKOM M3 OAHWX BeHTUAel. [laBaliTe MOCMOTPUM, «KaKue 3Bepu
HacenatoT 300MapK, UMEHYEeMbIA KOMBUHALMOHHbIE MHTErpanbHble CXeMbl CpeAHel CTeNeHU MHTerpaLmm. »

CueTBepeHHaa 2-Bx040BaA CxeMa BblOOpPKM. BecbMa MmonesHbiM YyCTPOMCTBOM ABAAETCA CYETBEpEeHHaa 2-
BXOJOBasi Cxema BbIOOpPKM. OHa daKkTMYeckn npeacTasnseTr coboi  4-MOMOCHbIA  ABYXMO3MUMOHHbIN
nepekatyaTenb N0rMYeckMx cnurHanos. OCHOBHAA MAeA TaKOro nepeKkatdatena niaatcTpupyerca puc. 8.31.
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Puc. 8.31. CuemeepeHHbIl 2-8x0008bil cenexkmop.

Koraa Bxon BbIBOP (SELECT-SEL Ha pUCYHKE) MMEET HU3KMN YPOBEHb, CUIHa bl Ha Bbixodax Q MOCTynatoT C
COOTBETCTBYIOLIMX BXOA0B A, MPWM BbICOKOM YypOBHe Ha Bxode BbIBOP — co BxogoB B. Koraa BbICOKMIA YPOBEHb
pevicteyeT Ha Bxoge PA3PELWWIEHWME (ENABLE-E Ha pucyHKe), BCe BbIXOAbl YCTPOMCTBA MNPUHYAUTENbHO
YCTaHaB/MBAOTCA B COCTOAHME HM3KOTO YPOBHA. HECKONBKO MO3XKe Mbl PAaCCMOTPUM 3Ty BaXKHYO maeto 6onee
noapobHo, a ceiyac npmeeaem Avilb TabanLy UCTUHHOCTM, B KOTOPOM X 03HAYaeT, YTO COCTOAHWE AaHHOro BXo4a
He MMeeT 3Ha4YeHua, B — BbICOKMIN ypOBeHb, H — HU3KWUIN YPOBEHD.

Bxodw Brixodm
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a
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Cxema Ha puc.8.31 n ee TabaMua WMCTMHHOCTM COOTBETCTBYIOT cxeme 157. Ta ke camas QyHKUMS
PeannsyeTca TaK¥Ke C MHBEPCHbIM Bbixodom ('158) M ¢ BbIXOAOM Ha 3 COCTOAHMA (Mpsmble BbIXoAbl; 257,
MHBEpPCHble: "258).

YnpaxHerue 8.15. MoKkaxuTe, Kak ¢ nomoupto BeHTunen U-UIN-HE nocTpouts 2-8Xx040BYHO CXEMY BbIGOPKMU.

XOTS B HEKOTOpbIX CAyYanax OYHKUMIO BbIDOPKM MOMHO peasn3oBaTb C MOMOLLbIO  MeXaHM4ecKoro
nepekntoyaTens, TeM He MeHee Mo PAaYy NPUYMH NpeanoyTUTebHee UCNOAb30BaTb BEHTUAW. BeHTUAbHAA cxema
obnagaet cneayloWMMM NpeMMyLLECTBaMU: a) OHa Jdellesne; 6) KOMMyTauuMs BCeX KaHa/noOB MPOW3BOAMTCA
BbICTPO M OAHOBPEMEHHO; B) C MOMOLLBIO JIOTMYECKUX CUTHAN0B, CHOPMMPOBAHHbLIX B YCTPOMCTBE, MOMKHO
NPOM3BOAMTL MEPEK/tOYEHME TMPAKTUYECKM MIHOBEHHO; T) [Jase Toraa, Koraa ynpasieHue BblOOPKOWA
OCYLLECTBAETCA OT MepeKkItoYaTesnsa, PacnosoKEHHOro Ha nepegHer naHenn YCTPOWCTBA, A4 TOro 4TOObI
n3bexkaTb BO3AENCTBMSA MOMEXM U CHUMEHUI YPOBHEN 3a CUYET BAMAHMSA €MKOCTEN, I0rMYeCcKne CUTHa bl ydlle He
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nponycKkaTb Yepes Kabenu u nepekntodatenn. Tak Kak M3bupaembll BEHTUAb OTAMPAETCA YPOBHEM MOCTOAHHOMO
HaMNpPSKeHWs, NOrMYECKMEe CUIHa/bl YNPaBAEHMA MOTYT ObiTb B3ATbI C TOW e NAaTbl, Ha KOTOPOW OH PACMOONKEH.
3T0 NO3BONAET COKPATUTb BHEWHME CBA3M (A0CTAaTOYHO OAHOW JIMHUM C HArpy3KoM, KOMMYTMPYEMOMN Ha 3eMJIIO C
MOMOLLIO OAHOMOAOCHOrO Tymbaepa). Takoi cnocob ynpasieHWa S0TMYECKOW CXEMOM C MOMOLLbIO BHELIHMX
YPOBHEN MNOCTOAHHOIO HaMpAKeHWs  HasblBalT  «XONOAHOM KOoMMyTaumein». OH oOKasbiBaeTca 6o0nee
NpeanoyYTUTENbHBIM, YEeM HEMNoOCPeACTBEHHOE YMpaBJeHWEe CUrHalamu OT K/o4Yel, MOTEHUMOMETPOB M T. M.
Kpome npounx NpemmyLLecTs Xo/o4Has KOMMyTaumMa MO3BOMAET BECTM yNpaBAstoWMe ANHUM, LIYHTMPOBAHHbIE
KOHAeHCcaTopamMM, MNoAasiAd Tem CaMbiM B3aMMHblE HABOAKM, B TO BPEMS KaK CWUrHajibHble JMHUM B 0DLUEM
CNyyae WYHTMPOBATb KOHAEHCAaTOpamMu Henb3a. HekoTopble NpUMEpPbl XONOAHOM KOMMyTauMM Ham  elle
BCTPETATCA B Aaj/ibHENWEM.

Mepepatouime BeHTUAN. Kak y»Ke ykasbiBasocb B pa3d. 3.11 n 3.12, c nomoupto anemeHtToB KMOIT MOXKHO
NOCTPOUTb «MNepesatolwnin BEHTUAb». 3TO — fBa NapajNesbHO BKAOYEHHbIX KOMMAEMEHTAPHbIX KAo4Ya Ha
nonesbix MOTI-TpaH3MCTOpax, Yepes KOTopble BXOAHOM (aHanoroBbIi) curHan, nexawmi B npegenax ot 0 go UCC,
MOXeT Mbo HenocpeacTBEHHO MOAaBaTbCA Ha BbIXOA Yepe3 HU3Koe COMPOTUBAEHME (HECKOSbKO COTEH OMOB),
NMBO OTPbIBATLCA (BbIXOAHOE COMPOTMBAEHWE AaKTUYeCKM paBHO BeckoHeuHoCTM). Kak Bbl, HABEepHOE, MOMHUTE,
TakMe YCTPOMCTBA ABAAKOTCA [ABYHANpaBAeHHbIMM U O1A HWUX He WMeeT 3Ha4YeHWA, KaKoM W3 BbIXOA0B
MCNONIb3yeTCA B KAYeCTBe BXO/a, @ KAKOW B KaYeCTBe BbIXOAa.

Mepepatoume BEHTUAM MPEKpPacHo paboTatoT ¢ UndpoBbiMn ypoBHAMKU KMOIT M WMPOKO NPUMEHAIOTCA B
KMOT-cxemax. Ha puc. 8.32 noKasaHa CTPYKTypHaA Cxema cyeTBepeHHoro asyxctopoHHero KMOT-Katova Tvna
4066. Kaxkabi KAo4 MMEeT MHAMBWAYA/bHbIA YNPaBAAOLWMIA BXOA, BbICOKMM YPOBEHb Ha KOTOPOM 3aMblKaeT

K/THO4, a HU3KUA — pPa3MbIKaeT.

4066
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Puc. 8.32. CuemsepeHHsili 08ycmopoHHUU Krtou.

OTMEeTUM, 4YTO NepeaatoLe BEHTUAM ABAAIOTCA NPOCTO KAYaMu, M NO3TOMy He 061a4atoT CnocoOHOCTLIO K
Pa3BeTB/EHMIO MO BbIXOAY, T.€. OHM MPOCTO MPOMYCKalOT BXOAHOW NIOTMYECKUI YpOBeHb, He obecnedyunBas
[ONONHUTENBHYIO Harpy304Hyt0 CrnocobHOCTb 6e3 AO0MONHUTENBHOM BO3MOXHOCTU ycuneHua. C NOoMOLLbIO
nepeaaloWmx BEHTUIEN MOXKHO NMOCTPOUTL CXeMbl BbIBOPKKU Ha 2 1 Bosee BX0A08B ANs LUMdPOoBbIX ypoBHel KMOTI
M aHaNorosbIx CUrHanos. CBA3KY Mepedatollmx BEeHTUAEN MOXKHO MCMNOb30BaTh A1A TOro, YTobbl NPOM3BOAUTL
BbIOOP OAHOr0 M3 HECKOMbKMX BXOA0B (BblpabaTbiBad yNpasBastoliMe CUrHaAbl C NOMOLLbID AelmndpaTopa, Kak
ByaeT NoKasaHo HUXe).

3Ta nornyeckas OQyHKUMA HACTONBKO LIMPOKO WCMOAb3YeTca, 4YTOo nosydmna odwuumanbHoe HasBaHMe
«MYNbTUMNNEKCOPa», KOTOPbIN ByaeT pacCMOTPEH B C/edytoliem pasaene.

YnpaxHeHue 8.16. MOKaXu1Te, Kak C MOMOLLbIO NePeAAloLLMX BEHTUAEH NOCTPOUTL CXeMyY BbIBOPKM Ha ABa BXOAA. 34ECh HY)HO MCMO/b30BaTb MHBEPTOP.
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MynbTunaekcopsl. BeHTWMAb BbIOOPKM Ha fABa BXO4a W3BECTEH TaKXKe MoJ HasBaHMeM 2-BXOZOBOrO
MY/IbTUMAEKCOPA. [TPOMbILLIIEHHOCTBLIO BbIMYCKAOTCA TaKXKe My/bTUniekcopbl Ha 4, 8 u 16 BxoaoB (ycTpolicTBa Ha
4 BXO/Za BbIMYCKAtOTCA CABOEHHbIMM, T. €. MO 2 B OAHOM Kopnyce). JBOUYHbIN aapec CAyKuUT 4na Bblbopa BXoAa,
CUTHaA C KOTOPOro AO/IKEH MOCTynaTb Ha BbIxod. Hanpumep, MyabTUNAEKCOP, UMeoWwmin 8 MHGOPMALMOHHbBIX
BXOJ0B, MCMONb3YeT ANA adpecauyn K HMM 3-pa3pafdHbiil afpecHbi Bxod. 3TO MokasaHo Ha pwuc. 8.33, rae
npeacTasneH UMdpoBon MyabTUnaekcop TmMna 151,

"151

IS B .-!Il‘I ] Beixopb

Puc. 8.33. 8-8x0008bl1l Mysnbmunaexkcop.

OH MMeeT CTpobMpYOWMN (UK paspellatowmin) Bxos, £, paboTatolwmii B OTpULATENbHON NIOTUKE, a TaKxKe
NPAMOIM U MHBEPCHbIN BbIXoAbl. ECAM yCTPOMCTBO 3aKpbiTO (Ha Bxode E AeWCTBYET BbICOKWUA YpOBEHb), Bbixod Q
byaeT MMeTb HU3KMI ypoBeHb, @ Q' — BbICOKMM HE3aBMCMMO OT COCTOSHMA aZpPEecHbiX M MHPOPMALIMOHHbIX
BXO/0B.

B cemelictee KMOMM mmetoTca aBa TMNa MyNbTUNNEKCOPOB. [epBbli NPUMEHSETCA TOIbKO AN paboTbl C
LMPPOBLIMK  CUTHANAMM, MMEET BXOAHOM MOPOr WU pereHepupyeT Ha BbIXOAE «4YMCTble» YPOBHM, KOTOpble
COOTBETCTBYIOT BXOAHOMY COCTOAHUIO. Takmm e obpasom paboTatoT Bce ¢GyHKUMOHaNbHble 3nemeHTbl TT/1.
Mpumepom ABnfeTcs MUKpocxema 153 — TT/I-mynbtunnekcop. K gpyromy Tumny YCTPOWCTB OTHOCATCA
aHanorosble M AyHanpasaeHHble KMOI mynbTUNAEKCopbl, KOTOpble GaKTUYeCcKn npeactaBastoT coboi Habop
nepeaatowmx seHTUnein, KMOM-mynbtmunaekcopbl 4051 1 4053 paboTatoT Taknmm obpa3om (NOMHMTE, YTO SIOTUKA,
BbINOMHEHHANA M3 Nepefatolnx BEHTUNEN, HE MOXKET Pa3BEeTBAATLCA). TaK Kak nepeatolime BEHTUAM ABAAKOTCA
ABYHaNpPaBAEHHbIMK, 3TW MYNbTUMNAEKCOPbl MOFYT WMCNO/Ib30BAaTbCA B KayecTBe «AeMy/IbTUMNIEKCOPOB WU
[ewndpaTopos», KOTOPbIE Mbl PACCMOTPUM B CAefytoLLeM pasgene.

YnpaskHeHnune 8.17. MoKaxkuTe, Kak NOCTPOUTL My/SbTUMNAEKCOP Ha 4 BXOAa, UCMNOAb3yA a) 0BblYHble BEHTUAM, 6) BEHTUAM C TPEMA COCTOAHMAMK U B) Nepesatolime

BeHTUAN. [1pK Kakmx obcToATeNnbCTBax 6\/,£I,ET npeanoYTUTE/IbHbIM BapMaHT B)?

MHoraa npu paspaboTKe SI0rMUYeCcKMX YCTPOMCTB MOMKET 0Ka3aTbCA, Y4TO NnoTpebyeTcs npomnsBoamnTs Habop 13
bonbllero uucna BXOOOB, YeM MMEIOTCS B My/AbTUMAAEKCOpe. ITOT BOMPOC OTHOCUTCA K obulel 3agade
PACLIMPEHNA MMKPOCXEM, KOTOPOE 3aK/YaeTcA B WCMOAb30BaHWUM HECKObKMX MUKPOCXEM C HebOo/bLIMMM
WHAMBUAYA/IbHBIMX  BO3MOMKHOCTAMM, M MPUMEHAETCS A1A NOCTPOeHUA aAelindpaTopos, MNamATh, PEerucrTpos
cABuUra, apuPMeTUYECKU-NOTMYECKUX W APYrMX YCTPolcTB. Kak BMAHO M3 puc. 8.34, pacluMpeHue BbIMOHAETCS
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OYeHb NPOCTO. 34eCb MOKA3aHO, KaK MmeA ABa MyabTUNAeKcopa Ha 8 BxoaoB 74LS51 noCcTponTb MyAbTUNAEKCOP
Ha 16 BXxo40B.
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Puc. 8.34. HapawusaHue mMmysnsmunsieKkcopa.

KoHeuHo, B cxemax MMeeTcA AOMOAHWUTENbHbIA apecHblit BUT, KOTOPbI Bbl MCNOAb3yeTe Ans Bblbopa
O[HOTrO0 YCTPOMCTBA MAN Apyroro. Ha HeBbiGpaHHOM mynbTunaekcope 151 Bbixod Q noaaepKMBaeTca Ha HU3KOM
YpPOBHeE, 4YTO NO3BOAAET Npon3BecTy obbeanHeHe vepes BeHTUAb WJIN. Ecnum BbiIxoabl MMEHT TpU COCTOAHUA, TO
pacwmpeHne Npon3BoOAMTCA ellle NPOoLLE: AA 3TOTO AOCTAaTOYHO HEMOCPeACTBEHHO O0OBbEANHNUTL BbIXOAbI.

Odemynetnnnekcopbl 1 gewudpaTopbl.  BXOAHOM CUrHan  MNPUHUMAETCA  AEMY/JbTUMIEKCOPOM U
HanpaBNAeTCA MM Ha OAMH W3 HECKO/IbKMX BbIXOA0B B COOTBETCTBMWM C ABOWYHbIM KOAOM, AEWCTBYHOWMM Ha
afapecHbIx Bxogax. OcTasbHble BbIXOAbl B 3TOM CAydae HaxoaaTca AMbo B HEAKTMBHOM COCTOAHUM, AnbHO B
COCTOAHMM Pa3OMKHYTOM Lenu. AHasorMyHo paboTaeT M aelwndpatop. EAMHCTBEHHOE OT/IMYME COCTOUT B TOM,
4TO Ha BXOAbl MOAAETCA TO/MBKO aapec, BO3OyKAAtOWMIA OAMH M3 N BO3MOXHbIX BbIXoAoB. Ha pwuc. 8.35 nokasaH
TaKoM npumep.
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Puc. 8.35. flewugppamop «1 u3 8».
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Oewndpatop 138 — "1 u3 8" MMEEeT HU3KUIN ypoBEHb Ha BbIXOAE, KOTOPbIM COOTBETCTBYET BXOAHOMY
3-pa3pagHomy Koy (agpecy), a Ha OCTafibHbIX BbIXOJaX — BbICOKMI ypoBeHb. B yacTHOCTM 3TOT AewwndpaTop
MMeEeT TpU BXO4a paspelleHne, BCe M3 KOTOPbIX [A0/KHbI ObiTb aKTMBHbI (Ba — HWM3KOTO M OAWMH — BbICOKOMO
YPOBHA), MHaye BCE BbIXOAbl MMEIOT BbICOKMI ypoBeHb. OCHOBHOE MpumeHeHue aewndpaTopa — 3acTaBUTb
MPOUCXOANTb Pa3iMYHbie CODbITUA, KOTOPbIE 3aBMCAT OT COCTOAHMSA «CYETYMKa», KOTOPbIM yNpaBaseT 3TUM (CKopo
06 3TOM TOXKe NoroBopmMm NoApobHO).

OewndpaTopbl 0ObIYHO MCMOAL3YIOTCA MPU COMPSKEHUM C MMKPOMPOLLECCOPOM, KOorda Heobxoaumo
BbIMO/HWUTL Pa3iMyHble AENCTBMA B 3aBMCMMOCTM OT agpeca. Mol byaem paccmaTpmeaTb 3TO AeTasbHO B 271. 10.

OpyrMm npumeHeHvem 0OLLIEero MCrnosb3oBaHMA fdelinbpatopa ABAAETCA OpraHusaums (paspelieHue)
NoCNefoBaTENbHOCTM [AENCTBUIA, COMNAaCHO AOCTUTHYTOrO afpeca, 33a4aHHOro BbIXOAOM ABOMYHOMO CYETYMKA
(pa30. 8.25). B 3aknodeHune, o «bpate» cxembl 138 — cxeme ‘139, KoTOpaa NpeacTaBAseT CABOEHHbIN
newmndpatop "1 M3 4" ¢ pasaenbHbIM OAMHOYHBIM pa3pelleHnem Mo HM3KOMY ypoBHIO. Ha puc. 8.36 nokasaHo,
KaK MCnonb3oBaTth ABa Aewundpatopa 1 mn3 8' tuna 138 ana nonydeHuns aewmndpatopa "1 M3 16". Kak BMaAHO M3
PUCYHKA, NPW 3TOM He TpebyloTca BHELWHME 31eMEHTbI, MOCKO/bKY cxema 138 nmeeT BXxoApl paspelieHns obemx
noAspHocTel (HM3KOro M BbICOKOTO YPOBHEN).

T —
—E ‘138
Az 4 Ay
Ay —ay A,
A= 0 1 2 3 4 5 8 7
TTYTTTTT
Qg Qg-= = Qi
+5
L
3
‘138
Az
A,
Ag

o—d -
|
" L
—_
i—gq o
- o
o— ~

-

s—qe

Puc. 8.36. HapawusaHue dewugpamopa.

YnpaxHerve 8.18. Bonblwoe paclmpeHune: noctponte adewudpatop "1 m3 64" Ha aesatn yctpoicteax 138. Moackaska: WMCMONb3ylTe OAMH M3 HWUX ONS

paspeweHns NOAKMOYEHNA APYTUX.

B KMOTMM-noruke MYNbTUNNEKCOPbI, KOTOPble WMCNOJIb3YIOT nepeaatoume BeHTUAN, TaKXe ABJAKTCA
AeMynbTUNNeKCoOpamu, NOCKOJ1bKY nepegatouimne BEHTU/IM  ABNAKOTCA ABYyHanpaBJieHHbIMA. KOFLI,a OHMU
MCMNOJIb3YKOTCA TAKMM o6pa30N\, BaXXHO CO3HaBaTb, YTO BbIXOAbl, KOTOPbIE HE Bbl6paHbI, OTK/THOYEHbI. Hal'py?:O‘-IHbllZ

- 147 -



pe3ncrtop, wan 3KBMBAJIEHTHbIN emMmy, AOO0J1XHbl ObITb  MCMO/Ib30BaHbI ana obecnevyeHun npasBnbHOTo
(byHI-(LI,l/IOHl/IpOBaHVIFI JNNOTUKN C TAaKMMU BbIXOdaMM (Te Ke CamMble Tpe6OBaHl/lﬂ, 4710 U C TT/I-BEHTUAAMM C OTKPbITbIM

KONIEKTOPOM).

CywectByeT Apyron Tmn AewndpaTopoB, KOTOPbIM 0BbIMHO BXOAMT B COCTAB BCEX /IOTMYECKUX CEMENCTB.
Mpumepom Takoro gelundpaTopa CAYXWUT npeobpasosaTenb ABOMYHO-AECATUYHOMO KOAa B CEMMCErMEHTHbIN C
bopmupoBaTenamm ans ynpasneHus uMdpoBbIM MHAMKATOPOM 47. 3Ta Cxema B COOTBETCTBMM C ABOMYHO-
[eCATUYHbIM KOOM, AENCTBYIOWMM Ha BXxode, GOpMMPYeT CUTHaAbl Ha BCEX BbIXOAHbIX JMHMAX, CBSA3AHHbIX CO
BXOJaMW CEMMCErMeHTHOro LUMbPOBOro MHAMKATOPa, BOCMPOM3BOAALLErO AECATMYHbLIA CUMBOA. YCTPOMCTBO
TaKoro TMna GakTuyeckn asaaeTcs npeobpasosaTesiem KOAO0B, HO B ODbIYHOM MPAKTUKE UCNOJb3YeTCs Ha3BaHWe
newndpatop. B 1abn. 8.6 B KOHLE r1aBbl NPeACTaBAEHO BONbIIMHCTBO NPUMEHAEMbIX AelNdpPaTopoB.

YnpaxHeHue 8.19. Ucnonb3ys BEHTUAK, NOCTpONTe Npeobpa3osaTeNM ABOMUYHO-AECATUYHOIO Koaa B AecaTuuHbli ("1 13 10").

MpuvopuTeTHbIN  WundpaTop. TlpuopuUTeTHbIM  WKdpaTop GOPMUMPYET Ha BbiIXode ABOWYHbLIA  Kod,
COOTBETCTBYIOLMI BXOAY C HAaMBbLICLIMM HOMEPOM (MPUOPUTETOM), KOTOPbIN BO3OYKaaeTcA. Hanbonee yacto aTa
CXeMa MCMNosb3yeTca B aHaNoro-umppoBbix npeobpas3oBaTensx C napannenbHbiM npeobpasosBaHuvem (cm.
CNeAylolyto rNaBy) U B MPOEKTUPOBAHUM MMKPOMPOLLECCOPHbIX cUcTeM. Mpumepamm yYCTPOMCTB Takoro Tuna
ABnATCA cxema 148 — 8-Bxom0Bbili (3 BbIXOAHbLIX pa3psaa) NpPUOPUTETHLIN Wudpatop M cxema 147 — 10-
BXOA0BbIN.

YnpaxHeHue 8.20. CnpoeKTupyiiTe npocTeilumnii AewmndpaTop, y KOTOPOro 2-paspasHbiii aapec Ha Bbixoae ByaeT ykasbiBaTb, KaKOM M3 YeTbipex BXO4OB MMeeT

BbICOKMIA YpoBeHb (BCe OCTa/ibHble BXOAb! AO/KHbI MMETb HU3KUI ypOBeHb).

Cymmatopbl M apyrne apudmeTmyeckme yctpoictBa. Ha puc. 8.37 m3obpaxeH 4-pas3pasHbli NOMHbIN
cymmatop. OH npubaBnseT 4-paspsaHoe ABOMYHOE 4YMCNo Ai K 4-paspagHomy 4ymcny BiM BblpabaTbiBaeT Ha
BbIxoAe 4-pa3paaHyto cymmy Si naC paspAan nepeHoca [1geix. s CyMMMPOBaHMA OONbLIMX  BENUYMH
CYMMaTOpbl MOXHO HapawmeaTb. A 3ToW Lenn npedycMoTpeH BXOZ [18x, Ha KOTOPbIM MOCTyNaeT BbIXOAHOW
CUTHaN NepeHoca oT Npeablayuiero (Maaalwero) cymmaTtopa.
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Puc. 8.37.4-pa3psadHsili NoaHbIlG cymmamop.

Ha puc. 8.38 noKasaHo, KaK CTPOUTCA CXema A1 CYMMMPOBAHUA ABYX 8-pa3pAaHbIX ABONYHbIX YMCeN.
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Puc. 8.38. HapawusaHue cymmamopa.

YacTo B KayecTBe CyMMaTOPOB MCMO/b3YIOTCA apudMeTUKo-norndeckne yctpoinctea (AJ1Y). 3Tn yctpoictea
baKTUUecKkM npeaHasHauyeHbl A8 BbINOJHEHMA LEAOro pAda Pas/ivuHbiX GYHKUMK. B yacTHocTu, 4-paspaaHan
AJTY 181 (c BO3MOXHOCTbIO paclumMpeHns ana ob6paboTkm cnoB 6osbluelr A MHbI) MOMET BbIMOAHATL CAOMKEHME,
BblYMTAHWE, CABUI ABOUYHbIX Pa3pAA0B, CPAaBHEHME BEIMYUH M HEKOTOPbIE Apyrue GyHKLMU. Bpema BbiNONHEeHUS
apudmeTnMyecknx onepaumn B cymmaTopax u AJY HaxoAMTca B npedenax OT HAHOCeKyHA, [0 [AeCATKOB
HaHOCEKyHA, B 3aBUCMMOCTM OT TUMa SIOTMYECKOro cemeincTsa.

NHTerpanbHble YMHOMMUTENM BbINyCKAOTCA B KOHUrypaumax 8 6uT x 8 6ut mam 16 6ut x 16 6uUT.
Pa3HOBMAHOCTbIO YMHOXWUTENEN, KOTOpble B OCHOBHOM WCMO/b3YKOTCA ANA UMPpoBoM 06paboTKM CUTHaNOB,
ABNAIOTCA TaK HA3blBAEMbIE YMHOMKUTENN-HAKONUTENMN, KOTOPblE HAaKanAMBalOT CyMmmy npomsseaeHuit. OHM TaKkKe
BbINONHAOTCA B paszmepax 32x32 ¢ 64-6MToBbIM NPOM3BEAEHWEM MAKOC HECKONBKO [AOMOAHUTENbHbIX BUT AnA
COXPaHEHUs CYMMbl OT MepenosiHeHUs. YMHOXUTENN-HAKOMUTEAN W YMHOMMUTENM BbIMYCKAOTCS C BPEMEHEM
25-50 Hc; y 9C/1-yMHOXUTENEN BpeMsa MeHblle — 5 He (TWN.) Ans ymHoxuTenen 16x16.

Opyrum  apudMeTMyeckMm YCTPOMCTBOM, KOTOPOe WCMNofib3yeTca B UMbposBol o0bpaboTke CUrHanos.,
ABNAETCA KOPPENATOp, KOTOPbIA CPaBHMBAET COOTBETCTBYlOWME OUTbI ABYX LEMOYEK OWUTOB, BbIYMCAAA YMUC/O
coBMnaBLWMX OMTOB. TWMOBOW MWHTErpasbHbIM KOpPPEensTop CcpaBHWMBaeT ABa 64-pa3psfHblX, KOTOpble MOryT
COBUIATbCA  BO  BHYTPEHHWX  peructpax cagura. Kakon-nubo Habop 6OGUT  MOXKET WMrHOpPMPOBaTbCA
(«MackMpoBaTbCA») B Koppenaumn. Tunosble BpemeHa cocTaBaatoT 30 HC, T. €. IeHTa BUT MOXKET TaKTUPOBATLCA C
yactoToM 35 MU, ¢ paspelleHnem 7 BUT B KOPPeNaUMM O0A KakOOoro TakTa. BbluMcnaeTca OTKAOHeHMe (Kak B
undposom ¢unbtpe ¢ KUX) BMecTto cymmbl (C mepeHOCOM) MOMNapHOCBA3aHHbIX MPOM3BEAEHMI ABYX Lenovek
Lenbix ymcen.

TUNUUHble pasmepbl — uenble yncna ot 4 ao 10 6uT npm AanHe oT 3 A0 8 cNoB (KOHEYHO, Mmetollme
BO3MOMHOCTb paclimpeHnsn). Hanbonee CAOMHbIMKU apUPMETUUECKMMKU KPUCTanNammn ABAAIOTCA MPOLLeCCopbl C
NNaBaloWen 3anAToM, KOTOPble OCYLIEeCTBAAOT CPaBHEHME, CYMMMWPOBAHWE, YMHOMEHWE, BblYUCAEHNE
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TPUTOHOMETPUYECKUX GYHKLMIA, IKCMOHEHT M KOpHel. OBbIYHO OHM MCMO/b3YHOTCA COBMECTHO C Onpeae/eHHbIMM
MUKpoMpoLeccopamm U npucnocobneHsl ana paboTbl B CTaHgapTe, M3BeCTHOM Kak |EED754, KoTopbii
onpeaenseTr pasmepbl cnos (go 80 6uT), dopmat u T.4. Mpumepamu TaKkMx YCTPOMCTB (NAKOC OCHOBHble
MUKponpoLeccopbl) aBasoTcs cxembl 8087 (80848), 80287 (80286), 80387 (80386) u 68881 (68020/30). OHu
NMEeOT AeNCTBUTENIbHO OLIeNOMAAILLYID NpoussoauTensHocTs B 10 Meradnonc (MUMAAMOH onepauuin ¢
nnaBatoLent 3anaTon B CekyHay) uam bonee.

Komnapatopbl. Ha puc.8.39 nokasaH 4-pa3pafHbii  KOMMNApaTop uuMcesn, KOTOpbiM  onpedenset
OTHOCUTE/IbHbIE 3Ha4YeHus yncen A n B n BbipabaTbiBaeT Ha BbIXOAE CUTHA/bl Pe3ybTaToB cpaBHeHuA: A< B, A =B
n A > B. Bxoapl AonycKatoT HapallmBaHue ana o6paboTku yncen aanHon bonee 4 6uT.

Bmﬂ A Bxop B
.i_'_i—\

Lt 11 11 11
Ay—==Ay By==—=5
A< ) A<B
nggﬂr;ag::n —A=8 85 A =8 Boivopu
—A>8 A>B

Puc. 8.39. Komnapamop.

YnpaxHeHve 8.21. CKOHCTPyMpyMTE KOMMapaTop, WCMONb3yA BEHTUAM «UCKIKOYAlOWee WAM», KOTOpbIM OyaeT cpasHwBaTh 4-paspagHble yucna A u B un

onpeaenatb, Koraa A = B.

Cxema ¢OpMMPOBaHMA M KOHTpoAs 6uTa napuTeTa. ITO YCTPOMCTBO NpefHasHavyeHo A1A BbIPaboTKM
napuTeTHOro buTa, KOTopbI A0baBAAETCA K MHOOPMALIMOHHOMY «C/OBY» NMpW nepegadve (MAM 3anncK) AaHHbIX, a
TaKXe A1A NPOBEPKM NPaBMAbHOCTM MapUTETA MNPM BOCCTAHOBAEHWM 3TUX AaHHbIX. [TapuUTeT MOXKET BbiTb YETHbIM
MAW HeYeTHbIM (NpY HEYETHOM NapuTeTe ANA KaXKA0ro cmmBosa obllee yncno 6MToB (pa3paaos), cogepalmx 1,
HeyeTHo). Hanpumep, dopmuposaTens naputeta 1280 npuHMmaeT 9-paspsaaHoe CAOBO M B COOTBETCTBMM C
COCTOSTHMEM YMPaBAAOLLEro BXOAa BblpabaTbiBaeT Ha BbIXOAE YETHbIN UAN HeYeTHbIM BUT. KOHCTPYKTUBHO cxema
npeacTasfaeT coboi Habop BEHTUNEN KMUCKAOYAIOLLEee UMY,

YnpasHeHune 8.22. MoaymaiiTe, Kak caenatb GOPMMUPOBaATENb NAPUTETA, UCMONb3YA BEHTUAM KUCKNIOYAIOLLEE UAUY».

Mporpammupyemble JI0rMYECKMe YCTPOMCTBA. Bbl MOXeTe CTPOUTb BallM COHBCTBEHHblIE KOMOUHALMOHHbIE
(n paxe nocnepoBaTenbHble) SIOTMYECKME CXEMbl Ha KpucTanne, ucnonbsya WMC, KoTopble coAepKaT MaccuB
BEHTMNEN C NPOrpamMmMpyembiMK  Nepemblukami. CylecTBYHOT HECKO/bKO BapMaHTOB TaKMX YCTPOWCTB, M3
KOoTopbIXx Hanbonee nonynspHeimu asastoTca MMJT (nporpammupyemans maTpuyHas normka — PAL) u MM
(nporpammupyemas normyeckaa matpuua — PLA). TIMJ1, B 4acTHOCTW, CTanAW KpalHe HegopOorMMu U TMOKMMMK
YCTPOMCTBAMM, KOTOPbIE [0/IXKHbI BOMTW KaK YaCTb MHCTPYMEHTa Kax4oro paspaboTtymka. Mbl Byaem onucbiBaTb
KombuHaumoHHble MMJ1 B cneaytolem pasaene.

HekoTopble Apyrne He3HakoMble GYHKUMKU. CyllecTBYeT MHOIMO ApPYrux KOMOWHAUMOHHBIX CXeM cpeaHew
CTeneHn UHTerpaumm, NpeacTaBnAoWLMX HECOMHEHHbIN UHTepec. Hanpumep, B cemenctee KMOI ecTb cxema —
«MaXOpUTapHaa NOrvMKa», KOTOPasa roBopwUT, YTO BO3DOY:KaAeHa 6oabluaa YacTb BXOAOB. VimeeTca TakKe ABOMYHO-
[EeCATUYHOE YCTPOMCTBO AOMONHEHMA A0 9, HasHayeHMe KOTOpOoro He TpebyeT noAcHeHWM. CywecTByeT cxema
«bapabaH-caBuraTenb», KOTOpas CABMIaeT BXOAHOE YMC/IO Ha n (3a4aBaemoe) pa3pszoB M MOXKET HapallmMBaTbCs
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[0 Ntobo ANHbI.

8.15. Peanuzayua npoussosnbHsix mabsuy UucmuHsl

K cyacTbto, BOMBLWIMHCTBO M3 NPOEKTOB LMOPOBLIX CXEM HE COCTOMT M3 CTPAMHM Be3yMHbIX YCTPOMCTB Ha
BEHTUAAX ANA peannsaumu CAOXKHbIX AorMdecknx ¢yHKkumi. OAHAKO BPEMEHamM, KOrda Bam Hy»KHO CBf3aTb
HECKONIbKO CAOXKHbIX TabAWL, MCTUHHOCTW, YNCI0 BEHTUAEN MOMKET CTaTb CAMWKOM O0/blIMM. Bo3HMKaeT Bonpoc,
He/Mb3s /M HaMTM KaKoM-TO Apyrol MNyTb. TakMx MNyTel CyLlecTBYeT HECKO/bKO. B 3TOM pasgesne Mbl KpaTKo
PaCCMOTPUM, KaK MCNOb30BaTb MYNbTUMNEKCOPLI U AEMYIbTUMNAEKCOPbI ANA Peann3aumm NpomsBobHbIX TabauL

MCTUHHOCTWU. 3aTem Mmbl obcyaum B obuem 6osnee MOLIHbIE METOAbl, MCMOb3YyoLME MNPOrPaMmUpyemMble
NOrMYecKme KpucTanibl, B YacTtHocT M3Y m MNJIM.

MynbTUNAEKCOPbI B KayecTBe peanm3aumii 0b600LeHHbIX Tabanu, UCTUHHOCTU. HeTpyaHo BMAETb, YTO N-
BXOZ0BbIN My/NbTUMNAEKCOP MOXKET OblTb MCNONB30BaH A4 reHepauumn nobol Tabaunubl CTUHHOCTM Ha N BXOAOB
6e3 npuMeHeHMA KaKMX-IMBO BHEWHMX KOMMOHEHTOB, €CAM MPOCTO Ha MX BXOAbl NOAATb COOTBETCTBYOLIME

BbICOKME U HU3KME YpOBHWU. Cxema Ha pwuc. 8.40 roBopuT, ABAAETCA N BXOAHOe 3-pa3pAfHoe ABOWYHOE YMCNOo
NPOCTbIM.

2 (w3p ——{4 P
=

@ g 4051

S| c3p s

= g m e —————

Puc. 8.40.

He cTO/b 0O4EBUAHO, YTO MYALTUMNNEKCOP Ha N BXOA0B C MOMOLLbIO TO/IbKO OAHOr0 MHBEPTOPA MOXET ObITb
MCMNO/Ib30BaH A4 reHepaunn Ta6J'Il/ILI,bI WCTMHHOCTM Ha 2n BXOA4OB. Harlpwwep, pwnc. 8.41 nokasbiBaeT cxemy,

KOTopan onpeaenseT MMeeT MAM HeT AaHHbli mecau roga 31 aeHb, rae mecay, (oT 1 o 12) 3agaetca 4-6UToBbIM
BXO/0M.

XUTPOCTb B TOM, 4YTOObI 3aMeTWUTb, YTO A/1A AAHHOFO COCTOAHMA afpecHbiXx OWUTOB, MPUKNAAbIBAEMBIX K
MY/IbTUNAEKCOPY, BbIXOA (KaK dYHKLMA OCTaBLIerocs BxoAHOro 6ura) posKeH 6biTb paseH H, L, A0 wan A'O;
COOTBETCTBEHHO BXOA, MY/IbTUMIEKCOPa CBA3bIBAETCA C /IOMMUYECKMM BbICOKMM, OTMYECKMM HU3KUM, A nan A'O.
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Puc. 8.41.

YnpaxHeHue 8.23. Cxema Ha puc. 8.41. CocTasbTe TabauLy, NOKa3bIBAOWY, UMEET X AaHHbIN mecal, 31 aeHb, ¢ ABOMYHOW agpecaumnelt mecaua. Crpynnupyite
MeCcALbl B Napbl COMNACHO CTApLWMM 3HaYalWmm 3-m 6uTam aapeca. s Kaxzaow napsl o6o3HaveHue Bbixoaa Q («31 AeHb») 3aBUCUT OT MNAALIETO 3HaYallero aapecHoro

6uta AO. CpaBHuTe C puc. 8.41. HakoHeLl, HanparmTecb v NPoBepbTe, YTO CXEMa AENaeT Ha CaMOM Aefle, eC/IM 3afaHHbI mecal, umeeT 31 AeHb.

3abaBHOE NpMMeYaHMe: OKa3blBaeTCA, YTO AaHHYK Tabauuy WCTMHHOCTM MOXHO peanm3oBaTb TOJbKO C
OAHUM BEHTUIIEM «WUCKAtOYAKOLLEe WAM», eCAM UCNONb30BaTh A1 HeCyLecTBYOWMX MecAueB 3Hak X (ntoboe
3HauveHue)! MonbiTaTecb caenaTb 3TO CaAMOCTOATENbHO. 3TO AACT Bam BO3MOMKHOCTb MNPMODPECTM OnMbiT B
COCTaBJ/IeHMM KapT KapHo.

OewndpaTopbl Kak 06006lleHHble Tabanupbl WCTUHHOCTW. [elmndpaTopbl TakKe MNO3BOMAT YNPOCTUTb
KOMOMHALUMOHHYIO JI0TUKY, OCOBEHHO B TeX C/yyasx, Koraa HYXXHO MONYyYMTb HECKONbKO OAHOBPEMEHHO
OEVCTBYIOLIMX BbIXOAHbIX CWUrHaNO0B. B KayecTBe npumepa nonpobyem cocTaBUTb cxemy npeobpasoBaHma
[BOMYHO-AECATUYHOMO KoJa B Kof, ¢ M36bITKoM 3. Tabnumua UCTUHHOCTM A1 Takoro npeobpa3oBaHna MMeeT BUAL

JecaTHyusiit JdBouuHo- C uabsiThoM 3
OecATHYALIHR
0 0000 0011
| 0001 0100
2 0010 0101
3 0oll o110
4 0100 ol
5 0101 1000
6 0110 1001
7 0111 1010
] 1000 1011
9 1001 1100

Mbl 30eCb MCNOAb3yeM 4-pas3paaHbli (B ABOMYHO-AECATUYHOM KOZE) BXOA KaK afpec Ans aewwudpaTopa, a
BbIXoAbl AewmndpaTopa (B OTPMLATENLHOM IOTMKE) CAY»KAT B KayecTBe BXOAOB A/ HECKO/IbKMX BeHTUnein WU,
bopmmpytoWmMx BbIXOAHbIE BUTbI, Kak NOKa3aHo Ha puc. 8.42.

3aMeTUMm, YTO B 3TOWN CXEME BbIXOAHblEe BUTbI HEe ABASKOTCA B3aMMHO MCKIOYAIOLLMMKM. AHANOMMYHYIO CXEMY
MOHO MCMO/Ib30BaTb B KAYECTBE YCTPOMCTBA A8 3a4aHMA pabounx LMKNOB B CTUPASbHON MallMHE: NPU KaXKaoMm
COCTOAAHMM BXO/a@ BbINOJHATCA Pa3andHble GyHKUMM (Nofada BOAbl, 3ano/siHeHWe, BpalleHe HbapabaHa v T. 4.).
Bckope Bbl yBMAWUTE, KakMM 0Opa3om BbipabaTbiBaeTcA NOC/AeA0BaTE/NbHOCTb ABOWYHbIX KO/O0B, CAEAYHOLLMX
yepes paBHble NMPOMENKYTKM BpeMeHU. MHAMBUAYabHbIE BbIXOAbl AelmndpaTopa HOCAT Ha3BaHUE KMUHTEPMbIY» U
COOTBETCTBYIOT MO3MLUMAM Ha KapTe KapHo.
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BiOpHER WHDOPMALWA
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Puc. 8.42. lNpeobpazosaHue K0O08 HA YyposHEe MUHMePMO8: npeobpazosaHue 080UYHO-Oecamu4YHo20 Kooa

Boimofivan wHpOpPMauMa ( Kop ¢ m3bbiTrom 3 )

8 K00 ¢ uzbbimrkom 3 (ycmapeswiuli K00, coxpaHuswulica ¢ 1-20 u30aHuAa KHUau).

M3Y n nporpammupyemaa normka. 3t NC no3BOAAKOT BaM MPOrpaMMMPOBaTb WX BHYTPEHHME cBA3M. B
3TOM CMbIC/e OHU QAKTUYECKM ABAAKOTCA YCTPOMCTBAMM C NAaMATbIO M ByayT paccMaTpmBaTbCcA NO3AHEee, BMeCTe C
TpUrrepamm, permctpamm u T. n. OgHaKo nocie NPorpaMmMMpPOBaHUA OHU ABNAKOTCA CTPOrO KOMBWUHALMOHHBIMM,
XOTA CYWECTBYIOT TaKKe MoC/aef0BaTe/IbHOCTHbIE MPOrpamMmMUpyeMble SIOTMYECKMEe YyCTpoircTBa (cM. pa3d. 8.27),
OHMW TaK NoaesHbl, YTo byayT 0bCyKaaTbCca cendac.

M3Y. M3Y (nocToAHHOE 3anoOMMHatoLLee YCTPOMCTBO) COAEPKUT BUTOBbIN 0O6pa3 (06bl4HO 4 UM 8 pas3paaos,
napannenbHbli BbIXOA) ANA KaKAOro KOHKPETHOro azpeca, NMPUIOMKEHHOro Ko Bxody. Hanpumep, 1Kx8 M3Y
BblJA@eT BOCEMb BbIXOAHbLIX 6WUT Ha Kaxpaoe w3 1024 BXOAHbIX COCTOAHWM, onpeaensembix 10-pa3paaHbImM
BXOAHbIM azapecom (puc. 8.43).
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Puc. 8.43.

Ntobas KombuHauMoHHaA Tabanua MCTUHHOCTM MOXKET BbITb 3anporpammmpoBaHa B M3Y, obecneynBatolem
[0CTAaTOYHOE YMCAO BXOAHbIX NuMHWIA (agpeca). Hanpumep, M3Y 1KX8 MOMKHO MCMOMb30BaTh A9 peannsaumm
YMHOXUTENA 4x4; B 3TOM C/lydae OorpaHuMyeHue Ha «LMpUHY» (8 pa3psanos), He AeUcTBYeT (Tak Kak umeetca 10
pa3pagos.).

M3Y (a TakKe nporpammupyemble NOrMYECKMe YCTPOMCTBA) ABNAIOTCA IHEProHe3aBUCHMMbIM YCTPOMCTBOM,
T. €. XpaHMMaa uHbOPMaLMA OCTaeTcA [Jaxke TorAa, Korga nuTaHue nponagaet. M3Y noapasgenstorcs Ha
HECKO/IbKO TWMOB, B 3aBMCMMOCTM OT MX MeToJa MpPorpaMmmpoBaHus: a) «MacodyHo-nporpammupyemblie M3Y»
MMetoT cBoe BUTOBOE COofep!KaHWe, CO34aHHOe BO Bpemsa M3rotosaeHusa. 6) «lporpammupyemsbie M3Y» (MM3Y)
nporpaMmMmnpytoTca nosb3sosaTesem: M3Y MMeT TOHKME MepemblYKM, KOTopble MOryT Nepesuratbea (nogobHo
npeaoxpaHuTensMm) MoCpPeAcTBOM MNoJaYyM adpeca WM YNpaBAsIOWMX CUFHANOB;, OHM 00N3JaloT  BbICOKMM
6bicTpoaencTemem (25-50 Hc), oTHocUTENbHO BonbliMm noTpebneHnem (bunonspHele 0,5-1 BT), pasmepamum oT
Masnbix 0o cpeaHux (ot 32x8 go 8Kx8). «Ctnpaemble nporpammupyembie M3Y» (CMM3Y) xpaHAT cBoM BUTHLI Kak
3apsAapl Ha nnasatowmx MOTM-BeHTMAAX; MHPOPMALMA B HMX MOMKET CTUPATbCA MOCPEeACTBOM ODAyYeHMs WX
MHTEHCUBHBIM YAbTPAaGNONETOBLIM CBETOM B TEUEHWE HECKONbKMX MUHYT (OHM MMEOT Npo3payHoe KBapLesoe
CTeKN0); BbiNoAHATCA no nN-MOM n KMOIM-TexHonorMm mn 3HauyntenbHo meaneHHee (200 HC) nNpu HU3KOM
noTpebaeHnn (4acTUYHO B pPEeXMME XpaHeHud), MMEeloT A0CTaTodyHO Oonblwon pasmep (8Kx8 u 128Kx8).
CoBpemeHHble KMOT CMMN3Y aocTuratoT bHbicTpoaenctsma bunonapHeix M3Y (35 Hc). M3BecTeH BapuaHT —
«O[HOKpaTHO-Nporpammmpyemblin» (OKM), OH COAEPKUT UOEHTUYHbIA KPUCTaA/, HO HE MMEET KBApLLEBOro OKHa
[ONA SKOHOMUU M NPOCTOThI, T) «DNEKTPUYECKNE CTMpaemMble nporpammupyemsie M3Y» (3CMMN3Y) nogobHsl CMM3,
HO MOryT MPOrPaMMMPOBATBLCA M CTUPATbCA SNEKTPUYECKM MPAMO B CXEME C MCMOJ/b30BaHMEM CTaHZAAPTHbIX

HanpsXeHun nutaHua (+5 B).
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M3Y HaxoAAT LWMPOKOE UCMOMb30BaHWE B KOMMbIOTEPAX M MUKPOMPOLIECCOPaX, rAe OHM UCMOb3YyTcs AA
COXPaHEHMSA 3aKOHYEHHbIX MPOrpamMmm W Tabsuu, AaHHbIX; Mbl yBUAMM WX CHOBa B 271. 11. OaHako Bbl BCeraa
OO/KHbI NOMHWUTL 0 HeBOoAbLLIMX M3Y, KaK 0 3aMeHe CNOKHbIX BEHTUbHbIX MaTPULL.

Mporpammupyemas norvka. MMJT (nporpammupyemas maTpuyHaa noruka; PAL-TOBapHbIM 3HaK GupMbl
Monolitic Memories Inc.) n MJ/IM (nporpammnpyembie NOTMYECKME MaTPULbl) ABAAIOTCA ABYMS OCHOBHbIMM
BMAAMM MPOrpammMmmnpyemon nornkn. OHum asnatotca MIC co MHOTMMM BEHTUAAMMK, CBA3M MeXAy KOTOPbIMM MOTyT
nporpammunpoBatbcs  (nogobHo TM3Y) ana  GOpMMPOBAHMA  KenaTeNbHbIX  IOTUYECKMX  QYHKUMIA.  OHU
BbINO/NIHAOTCA Kak B bunonapHom, Tak n B KMOI[-BapmaHTax, nepsble MCNOAb3YIOT MPOXKMUraemble NepemblyYKm
(o4HOKpaTHO-NpPOrpaMmMmnpyemble), BTOpble — naBatolime BeHTUAbHble KMOIM cxembl (ynbTpadmnonetoBoro mam
3N1EKTPUYECKOrO CTUPaHKA). Bbl He MOXKeTe 3anporpammmpoBaTh AOOYIO CBA3b, KaKylo KesfaeTe — Bbl byaeTe
orpaHuMyeHbl BCTPOEHHOM CTPYKTypoW. Puc. 8.44 noKasbiBaeT OCHOBHbIE CXEMbl KOMOWHAUMOHHbLIX (He
permcTposbix) MJIM n MM/,

I &y 5 fy PUKCHPOR.
WMAETRHLUE AW
f_“—‘l
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NpOrpamMMup. MaTPHLE W CIJ

a
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OEpaHaueHHe
—+— NPOrpaMmMup.
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MHKCH]OB
[ CoEAHHERKE
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I

PeansMas noruka

8

Puc. 8.44. Tllpoepammupyemaa noz2uka: a — [I/IM; 6 — [IM/l; 8 — paemeHm npoepammupyembix
coeOuHeHUll ¢ MH0208X0008bIM 8eHMuUAem W, Kpyukamu o0003Ha4YeHbl Naaskue nepemsiYku Uau opyaue
npo2pammupyemsie coedUHEeHUA.

- 156 -



Ana npocTtoTbl Ha 3TOM  puUcyHKe BeHTMAM W wuam WM HapucoBaHbl C OAHWMM BXOAOM, XOTA B
OENCTBUTE/IbHOCTU OHM SBASKOTCA MHOTMO-BXOA0BbIMM BEHTUIAMM C BXOAOM /1A KaxKA0ro nepekpectya. Kaxkabii
BbIX0Z, (C 3 COCTOAHMAMMN) KOMBUHaLUMOHHOM TTM/1 BbiBOAMTCA OT BeHTUAA UM, a Kaxabl BXO4, NOACOeANHAETCS
K BeHTUNO M c atoxnHamm BxodoB. Hampumep, 1618 (puc. 8.45) nmeeT Bocemb 7-BXOA0BbIX BeHTwunen W/N;
KasKblA BO3MOMHbINA CUTHAN JOCTUMMKMM O Kaxaoro BeHTUAa U, Bratovaa 10 BXOAHbIX KOHTAKTOB (M MHBEPTOPbI

[NA HUX) U 8-BbIXOAHbBIX KOHTAKTOB (M MHBEPTOPbI K HUM).
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Puc. 8.45. KombuHayuoHHas M/l 16L8 umeem 10 cneyuasbHbix 8x0008, 2 cCheyuasbHbIX 8bix00d U 6
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08yHANPABAEHHbIX AUHUU 8x00a/8bix00a (¢ 3-m cocmosHuem). «16L8» o3Hayaem 16 8x0008 (MaKc), 8 8bix0008
(MakKc.) (Huskuli yposeHbs - ucmuHHoe 3Ha4yeHue).

(c paspeweHnusa drpmbl Advanced Micro Devices, KaandopHus.)

PaspelleHne TpeTbero COCTOAHWUS TaKMKe yCTaHaB/AMBaeTcs OT 32-BxomoBoro BeHTuasa WM. MJIM nopobHa
MM/, Ho obnagaeT 6onbliel TMOKOCTLIO — BbIXOAbl BEHTUAEN M MOryT CBSA3bIBAaTbCA CO BXOAaMu BeHTMnen UIN
B Nt0OOI KOMBUHAUMMK (T. €. NPOrPaMMMPOBATLCA), YTO NPEANOUYTUTEIbHEN, YEM KECTKOEe NPUCOeAMHEHNE, KaK B
M.

3ameTum, yto MMJT 1 NJIM, KOTOpble Mbl OMUCbIBAAM, ABAAIOTCA KOMBUHALMOHHLIMW YyCTPOMCTBaMK (T. €.
BbINOMHEHbI TO/LKO Ha BEHTUAAX, 6e3 namaATtn). Apyroi pasHOBWUAHOCTbIO MPOrPAaMMMUPYEMON IOTUKM ABAAETCA
nocnefoBaTeNbHOCTHAA JIOTMKA, T.€. WMMelolana namaTb (peructpbl), MNOAPOOBHO Mbl PACCMOTPUM  UX B,
cnepyrowem pasgene. Ona mucnonbzosaHma [MMJT m TIJIM Bbl AO/MKHbI MMETb MNPOrPaMmMaTop, KaK 4acTb
annapaTHoro obecneyvyeHnsn, KOTOPbLIMA 3HAET, KaKk NPOXMUraTb NMEPEMbIYKM (MAKM ApyrMe TUMbl NPOrPaMMUPYEMbIX
CPe/CTB) M NPOBEPUTb OKOHYATENbHbLINA pe3ynbTaT. Bce nporpammaTopbl MMET CBA3b Yepes nocae0BaTe bHbIN
NOPT C MUKPOKOMMbIOTEPOM (CTaHAAPTHOE CPeACTBO CBA3U Ha IBM PC MAM COBMECTUMOM C Helt), Ha KOTOPOM Bbl
paboTaeTe ¢ nporpammHbiM obecrneyeHnem nporpammatopa. HekoTopble M3 COBPEMEHHbIX MPOrpaMmaTopoB
BKJIOYAIOT OZHOM/IATHbIA KOMMbIOTEP, KOTOPbLIN paboTaeT ¢ COBCTBEHHbIM NMPOrpaMmHbIM obecnedyeHnem.

MpocTeiwee nporpammHoe obecnedyeHre NPOCTO MO3BOJSIAET Bam BblOpaTb NMepembldYKM 418 NPOXUraHuA;
Bbl M300pakaeTe 3TO B 3aBMCMMOCTM OT TOTO, KaKyt /IOTMKY Bbl XOTUTE MOMIYYUTb Ha YPOBHE BEHTU/EN, 3aTem
nepeuncnsete (MAM nomedvaeTe Ha rpaduyeckom Aucnaee) sTM Nepembldku. Puc. 8.46 noKasbiBaeT MpPOCTOM
npumep ans GyHKUMM uckatovatoulee MM Ha aBa BxoAa Ha OAHOM M3 Bbixoa0B MM/,

UEﬁ

—_— —

-

ADE

Puc. 8.46. Ucknroyarowee VNI Ha TTM/I.

Xopolmre nporpammaTopbl MO3BOAAIOT Bam 3afaBaTb OYKBbl BblpaXKeHWs (eciv OHWM Bam M3BECTHbI) MK
Tabauubl WMCTUHHOCTM; nporpamMmmHoe obecneyeHne 3aTemM JenaeT OCTajbHOEe, BKAOYAA MWMHUMMM3AUMIO,
MOZle/IMPOBaHMe 1 nporpammuposaHme. Xota MJ/IM 6onee rubkune, GaBopUTOM B COBPEMEHHOM NMPOEKTUPOBAHUM
asnatotca MMJ1. 370 M3-3a TOro, Yto OHWM ObicTpee (TaK Kak CUrHan MpPOXOAWUT TONbKO 4Yepe3 OAMH MACcCUB
nepemblyek), Aelwesne n 0bblYHO YA0BNETBOPAIOT 3ada4e. Kak mMbl yBUAMM Mo3ke, HoBble MMM/1, ucnonbsytouime
«MAKPOAYENKM» N KCKNAOHYIO  apPXWUTEKTYpy» OAT  BaM  HEKOTOPYH  [AOMOSHUTENbHYO  TMOKOCTb B
npoekTnpoBaHun Ha MM/ ¢ duKcmpoBaHHbIMKM WUITN-BeHTUAAMKU. Takum obpasom, MM/ npeacTasBastoT cobol
TMOKYIO M KOMMNAKTHYtO anbTepHatMey MC ¢ GUKCMPOBAHHBIMU GYHKUMAMM WM HE AO/KHbI BbiNadaTb M3 BUAY Y
CEPbE3HOro MPOEKTUPOBLUMKA CXeM. Mbl MOKaxeM, KaK (M rae) NpMMeHATb NPOrpaMMMPYEMytD  IOTUKY C
MCMNO/Ib30BAaHNEM MONE3HbIX XUTPOCTEN B pa3d. 8.27.
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[locnenoBaTe/IbHOCTHAA JIOTUKA

8.16. Ycmpolcmesa ¢ namamero: mpuazepsl

Bca paccmoTpeHHan Bbllle UMPPOBaA NOTMKA CTPOMAACb Ha KOMOWMHALMOHHbLIX cxemax (T.e. Habopax
BEHTUNEN), B KOTOPbIX BbIXOA MOJHOCTbIO OMNPeAenseTcs TeKyLMM COCTOAHMEM BXOA40B. B 3TUX cxemax
OTCYTCTBYET «MNamMATb», OTCYTCTBYET NpeabicTopus. Mu3Hb UMPPOBON NOMMKKM CTaHeT Bosiee UHTEePecHOW, ecawu
YCTPOMNCTBa CHabAUTb NaMATbIO. ITO A3aeT BO3MOMHOCTb KOHCTPYMPOBATh CYETUMKM, apUPMETUUECKME PEerncTpbl 1
PasNIMYHbIE «YMHbIE» CXEMbl, KOTOPble BbIMNOAHWB OAHY MHTEPEeCcHy OYHKLMIO, HauyMHaloT AenaTb APYryto.
OCHOBHbIM Y3/IOM TaKuMX CXeM ABAAETCA TPUITEP, KOMOPUTHOE MMA 414 ONUCaHMA YCTPOMCTB, KOTOpble B
npocrenwen bpopme npeactaBaeHbl Ha puc. 8.47.

Puc. 8.47.RS-mpuzzep.

Mpeanonoxunm, 4To oba Bxoaa A U B MUMEIOT BbICOKMIA YPOBEHb. TOraa, B KAKOM COCTOAHUKM ByayT Bbixodbl X
n Y? Ecim X ByaeT MMeTb BbICOKUIA YPOBEHb, TO NMOCAeAHUI ByAeT NpUcyTCTBOBaTb Ha 060MX BXxodax BeHTUAS G2,
M yCTaHaBAMBaTb Y B COCTOAHME HM3KOro ypOBHA. ITO COMacyeTca C COCTOAHMEM Bbixoda X (BbICOKMIA YpOBEHD),
cnefoBaTeNbHO, BCe NpasuabHO. He npasaa amn?

X=B Y=H.
HeBepHo! Cxema cMMMeETpUYHa, CledoBaTeNbHO, MPpaBoOMepHO ByaeT 1 COCTOSHUE, MPU KOTOPOM
X=H, Y=8B.

CocTosiHMe, Korga oba Bbixoda X v Y UMEIOT BbICOKUI (MM HU3KKIA) YPOBEHb, HEBO3MOXHO (BCMOMHMM, YTO
A = B = BbICOKMI ypoBeHb). Taknm obpasom, TpUrrep MMeeT ABa YCTOMYMBBIX COCTOAHMA (MHOrA4A ero HasbiBatoT
«BbUCTabnnbHOM» cxeMol). B KaKOM M3 3TUX ABYX COCTOSHMIA OH OKaXKeTCs, 3aBMCUT OT ero NpeabiCTOpun, T. €. OH
obnagaet namaTbio. [aa Toro 4ytobbl B 3Ty MamATb YTO-TO 3ammcaTb, AOCTaTOYHO Ha OAMH M3 BXOOOB TpuUITepa
KpaTKOBPEMEHHO MoAaTb HU3KMIM ypoBeHb. Hanmpumep, nocne KpaTKOBPEMEHHOM MoJayuM HU3KOro YPOBHSA Ha
BX0A, A TPUITEp rapaHTUPOBAHHO YCTAHOBMUTCA B COCTOAHME

X=BY=H.
HEe3aBMCMMO OT TOTO, KaKoe COCTOAHME OH UMEeS Mpeskae.

MNopasneHne apebesra KOHTAKTOB. PacCMOTPEHHbIM Hamu Tpurrep co Bxodamu S (ycTaHOBKM B «1») n R
(yctaHoBKM B «0» mam cbpoca) okasbiBaeTCcA BECbMA MOME3HbIM AN MHOTUX NpuMeHeHuI. Ha puc. 8.48 nokasaH
TUMNWUYHBIN NPUMeEpP ero NCNob30BaHUA.
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Puc. 8.48. «/Lipebeze» nepeknoyeHus.

Mo naee ata cxema A0MKHA OTKPbIBATb BEHTU/Ib M MPOMYCKaTb BXOAHbLIE MMMYALCbI, €CAN KO PAa3OMKHYT.
Kntou cesA3aH ¢ 3emnelt (a He ¢ WKnHOM +5 B) M3-3a ocobeHHOCTM BunonapHbix TT/1-cXxem (B MPOTMBOMNOMIOMKHOCTb
KMOTM-anemeHTam), COCTOsLWEN B TOM, YTO Bbl AO/IXHbI obecneynTb OTBOA TOKa OT Bxoda TT/1 B COCTOAHWUM
HW3Koro yposHs (0,25 MA ana LSTTL), B TO BpeMs Kak B COCTOSIHMM BbICOKOTO YPOBHS BXOAHOM TOK B/IM30K K HY/IO.
Kpome Toro, 06bl4HO B YCTPOMCTBAX MMEETCA WKHA 3eMAK, yaobHas AN NOACOeAMHEHUS K HEl KatoYel 1 apyrnx
OpraHoB ynpasfeHus. pu MCNoAb30BaHUM TaKOM CxeMbl BO3HWMKaeT npobsema, obycnosneHHasa «apebesrom»
KOHTAKTOB Kato4a. 3a BpemA nopagKka 1 mc nocne 3amblKaHMA KAto4a ero KOHTaKTbl BXOAAT B COMPUKOCHOBEHME
Apyr ¢ apyrom o6b14HO oT 10 o 100 pas. Bbl nonyuynte B UTOre GOpMy CUIHAN0B, YKa3aHHYIO Ha pUCYHKe; eciu Obl
BbIXOZ, MOAKMOYANCA K CYETYMKY WM PErUCTPY CABWUra, TO OHW HaBEpHAKA oTpearMpoBann Obl Ha Kawapli

LI,OI'IO/'IHVITGJ'IbeIVI MMNYbC, BbI3BAHHbIN 3TUM ,u,pe6e3r01v\ KOHTaKTOB.

Ha puc. 8.49 nokasaHo, Kak paspewnTs 3Ty npobaemy.

Puc. 8.49.Cxema nodasneHusa Opebesea.
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MpY NepBOM Ke COMPUKOCHOBEHWM KOHTAKTOB TPUITEP M3MEHWUT CBOE COCTOSIHME W B Aa/ibHENLIEM YXKe He
byaeT pearMpoBaTb Ha nocneayowmin aApebesr, NOCKOMbKY ABYXMO3ULIMOHHbLIA OLHOMOAOCHbBIA K04 HE MOXKET
coBepwaTtb KosnebaHua 40 MPOTMBOMOJMONKHOM no3Mumn. B pesynbtate apebesr BbIXOAHOrO CurHana byaet
OTCYTCTBOBaTb, KaK W MOKa3aHO Ha Auarpamme. Takas cxema nogasneHua apebesra WKMPOKO MCNOAb3YETCA; Tak,
MMKpOCxema 279 nmeeT yeTbipe SR-Tpurrepa B o4HOM Koprnyce. K corKaneHunto, Takaa cxema umeeT HebobLION
HefocTaTok. [eno B TOM, 4YTO MepBbld MMMY/AbC, BO3HMKAKOWMIA Ha BbIXOAE BEHTMAA MNOC/Ae TOro, Kak OH
OTKPOETCA, MOMET OKa3aTbCA YKOPOYEHHbIM: 3TO MOXHO OMpefenvTb MO MOMEHTY, 3aMbIKaHMA K/aYa Mo
OTHOWEHMID K BXOAHOW CEepuUM WMMMYAbCOB. TO e Camoe OTHOCUTCA U K KOHEYHOMY  MMMY/bCy
NoCnefoBaTENbHOCTM (pasyMeeTca, YTo M Katoun 6e3 nodasneHusa apebesra mmetoT Te ke npobnemsbl). B Tex
CNyYanx, KOrga 3TOT HexenatenbHbld 3GdEeKT MOXEeT OKas3aTb KaKoe-TO 3HayeHWe, MNPUMEHAETCA Cxema
CMHXPOHM3aTOpa, KOTOpadA NO3BOAAET €ro YyCTPaHUTb.

MHoroexogosble Tpurrepbl. Ha pwuc. 8.50 nokasaHa euwe oOAHa MpocTad cxema Tpurrepa. B Hen
MCNonb30BaHbl BeHTUIM UJTN-HE: BbICOKM ypOBEHb Ha BXOZE yCTaHaBAMBAET COOTBETCTBYIOWMI BbIXOM TPUITEPA
B COCTOAHME HWM3KOro YpPOBHA. YcTaHaBauBaTb WAM cbpacbiBaTb TPUITEP Pas3IMYHbIMU  CUTHANAMU  MOXKHO
6narofapa HaAMUMIO HECKONbKMX BXOAOB. Ha 3TOM CXeMHOM ¢parmMeHTe HarpysodHble pe3ucTopbl He
MCMOb3YIOTCA, MOCKOJIbKY BXOAHbIE CUTHaAbl GopmMupytoTca rae-Hubyab B APYyrom MecTe (C MOMOLLbIO
CTaHAAPTHbIX BbIXOOB C aKTUBHOM Harpyskom).

CHPOC
OBLIWA L
CaPac

DWWBKA
ABAPHA

Puc. 8.50.

8.17. Takmupyemsie mpuaeepsbi

Tpurrepbl, BbINOJHEHHbIE Ha ABYX BEHTUAX, Kak NokasaHo Ha puc. 8.47 un 8.50, 0bbl4HO HasbiBatoT RS (oT
aHTIMACKMX C/IOB: Set — «yCTaHOBKa» W reset — «cbpoc»), UM aCMHXPOHHbIMU Tpurrepamu. NocpeacTsom
Nofa4M COOTBETCTBYIOWErO BXOAHOIO CUrHana OHW MOTYyT OblTb YCTAHOB/AEHbI B TO MAW MHOe cocTosHMe. RS-
Tpurrepbl yA06HO MCNOAb30BaTb B CXemax 3aliuTbl OT gpebesra, a TaKkKe BO MHOIMMX APYrMx CAy4aaX, OAHAKO
Hbonee WKMPOKOE MpUMEHEHME MOAYYUAWU TPUITEPBI, CXEMa KOTOPbIX HECKOJbKO OT/AMYaeTCA OT PacCMOTPEHHOW.
BMecTo mapbl aCMHXPOHHbLIX BXOOB OHW MMET OAMH MAM ABa MHOOPMALMOHHbBIX BXOAa W OAMH TaKTUPYHOLLMIA
BX0Z4. B MOMEHT nofauM TaKTMpYylOLLero MMMy/bCa BbIXOAHOE COCTOAHWE Tpurrepa AnMbo m3meHaeTcd, Anbo
OCTaEeTCA NPEXHUM, B 3aBUCUMOCTW OT TOFO, KaKME CUrHa/bl AeUCTBYIOT N0 MHPOPMALIMOHHBIM BXO/1aM.

MpocTeiwan cxemMa TaKTMPYeMOro Tpurrepa npmeedeHa Ha puc. 8.51.
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Puc. 8.51. CuHxpoHU3UpOoB8aHHbIU mpuazep.

OT pacCMOTPEHHOW BbILIE CXEMbl OHa OT/IMYAETCS HaNMuMem ABYX BeHTMaen («SET» um «RESET»). Jlerko
NpPOBEPUTDL, YTO TabanLa UCTUHHOCTK /1A 3TOrO TpUrrepa byaeT MMeTb BUA,

5 R Qs
0 0 Q.
0 1 0
1 0 1
1 1 Heonpeaeneunoe
COCTORHHME
roe Qn +1 — cocToAHMe BbIxoAa Q nocse nogayum (n + 1)-ro TakTOBOro MMMynbca, a Qn — [0 ero

noctynaeHua. [nasHoe oTin4yme 3TOM CXembl OT npe,u,bl,a,yu.l,elﬁ COCTOUT B TOM, YTO BXOAbl S M R B 3TOM Ccny4vae
AOJ/KHbI pPaCCMaTpPUBATbCA KakK VIHd)OpMaLI,VIOHHbIe N CWUITHanbl, NPUCYTCTBYHOLWME Ha 3TUX BXOAaX B MOMEHT
NOCTYNNEHNA TAKTOBOIro MMNy/ibCa, 1 ONpPeaenAroT, YTo I'IpOl/ISOlZﬁI,ET ¢ BbiIxogom Q.

Y 3Toro Tpurrepa ecTb OAMH HeAocTaToK. [eno B TOM, YTO M3MEHEHMEe BbIXOAHOFO COCTOAHMA B
COOTBETCTBMM CO BXOAHLIMU CMIHaNAaMM MOMKET MPOMCXOAMTb B TEYEHME BCEro OTPEe3Ka BPEMEHW, Ha KOTOPOM
TaKTOBbI UMMY/bC UMEET BbICOKMIN YPOBEHb. B 3TOM CMbic/e OH ellle NoaobeH acMHXpoHHOMY RS-Tpurrepy. JTa
CXema M3BeCTHa TaKKe Nof, Ha3BaHMEM «MPO3payHbIi GUMKCATOP», MOTOMY YTO BbIXOA, «HAaCKBO3b MPOCMATPMBAET»
BXO/, B TEYEHME MHTEpPBaNa AeNCTBNA TaKTOBOTO CMrHaa.

BcecTopoHHME BO3MOMKHOCTM TPUITEPHBIX CXEM PACKPOIOTCA MOC/e BBeAEHUA HOBbIX, HECKOMbKUX OT/IUYHbIX
OT PACCMOTPEHHbIX KOHOUTYpaumMii, KoTopble NpeacTaBAalnT coboil Tpurrep TUNa «BeayLIMI-BEAOMbIN»
(mByxcTyneH4aTbIl) M TpUrrep, 3anyckaemblii Mo GPOHTY.

Tpurrepbl TWNa «BeayWMA-BEAOMbIA» W TPUITepbl, 3anyckaemble N0 GPOHTY. 3TW TUMbl TPUITEpPOB
Hanbonee pacnpocTpaHeHbl. MHbOpmMauma, NOCTYNMBLLAA HA BXOAHbIE JIMHUM 3TOrO TPUITEpPa K MOMEHTY
BO3HMKHOBEHMA nepexona WMAM «GPOHTa» TaKTOBOrO CWUrHana, onpeaenseT, Kakmm OyaeT cocTosHMe BbiXxoda B
nocnedyloWnin  MHTEPBaAN BpemeHu. Takue Tpurrepbl BbiNycKaloTca B Buae Hegopormx WMMC u  Bcerga
MCMNONB3YIOTCA B 3TOM BWAE, HO ONA TOro YTOObl MOHATb, Kak OHW PabOoTalT, MMEET CMbIC/ PAacCMOTPETb MX
BHYTPEHHIOK CTPYKTYypY. Ha puc. 8.52 nokasaHbl NpUHUMNMAAbHbIE CXeMbl TaK HasblBaeMblx D-Tpurrepos.
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Benywmi Bepombii

TAKT

Cpabatweanme N0 NONOMMTENLHOMY NEPERaQY

Puc. 8.52. D-mpuzzepsi ¢ NyCKOM no ¢ppoHmy.

NHbopmauma, noctynuewas Ha D-Bxond, nepegaeTca Ha Bbixod, Q nocsie NoAady TaKTOBOrO WMMMy/bCa.
PaccmoTpum MPUHLUMMLI AENCTBMA TPpUITepa TMna Beaylmii-seaomblin (puc. 8.52, a). ECiv TaKTOBbIK CUTHaN UMeeT
BbICOKMIA YpPOBEHb, pa3pellaeTcs paboTa BeHTUAeN 1 U 2, yepes KoTopble Beaylimini Tpurrep (BeHTMAM 3 u 4)
YCTaHaB/MBAETCA B COCTOAHME, cooTBeTcTBylowee D-Bxoay: M = D, M' = D'. BeHTUAIM 5 1 6 3aKpbITbl, NO3TOMY
BEAOMbIN TpUrrep (BEHTUAN 7 U 8) coXpaHAeT CBOe npeablaylilee cocTosHMe. Koraa TakToBbIM CUrHaA nepenaer B
COCTOAHME HM3KOrO YPOBHA, BXOAbl BeAyLEro Tpurrepa oTkatovaTca oT D-Bxo4a, a BXOAbl BeAOMOro NoAKAr4aTcA

K BXOA4y BeAyllero, B pe3yabrate I'IOC}'Ie,D,Hl/Il\/II nepenacTt CBoOe COCToOAHME BEAOMOMY TPpUTTEPY.

Mocne 3TOr0 HMKAKME W3MEHEHWMA Ha BbIXOAE MNPOM3OMTM HE CMOryT, TakK Kak Beaywuin Tpurrep
3abnokmpoBaH. C NpUMXoA0M CAedytoLlero TaKTOBOrO CUrHafa BeAOMbIV TPUITEp OTKAOYMTCA OT Beayllero, a
BeAyLMIA BOCMPUMET HOBOE COCTOAHME BXOoAa. C TOUYKM 3PEHUA BHELLIHWUX CUIHAJIOB TpUrrep, cpabaTbiBatlowmii no
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bpoHTY, BedeT ceba TOYHO TaKKe, 0AHAKO BHYTPWM OH paboTaeT no-Apyromy. MNpuHUMN ero AencTBuA HeTPyaHO
pa3obpaTb camocToaTenbHO. Cxema, MoKasaHHas Ha puc. 8.52, 6, npeacTaBaseT coboi pacnpocTpaHeHHbIn D-
Tpurrep 74 cemeictea TT/1, cpabaTbiBalOWMI Ha NONOKMUTENBHOM MNepenae. B paccMoOTpeHHOM paHee Tpurrepe

TMNa «BeAyWWN-BEAOMbIN» AaHHble Ha BbIXOA Mepeaasaiuch Mo OTpUUAaTeNbHOMY rnepenagy TaKToBOro
UMMNYNbCA.

B HomeHKnaTypy cTaHaapTHbix  WMMC,  BbIMyCKaeMbiX  MPOMbIWIEHHOCTbIO,  BXOAAT  TPUITEPHI,
cpabaTblBatoLLMe KaK MO OAHOM, TaK M MO APYrol noaspHocTu nepenaga. Kpome Toro, 60/bLIMHCTBO TPUITEPOB
MMEOT TaKKe aCMHXPOHHble BxoAbl S M R. OHM MOTyT yCTaHaBAMBATbLCA MW COPACLIBATLCA KaK BbICOKMM, TaK M
HU3KUM YPOBHEM B 3aBMCMMOCTM OT TUNa Tpurrepa. Ha puc. 8.53 NoKa3aHO HECKOJIbKO NOMYAAPHbLIX TPUITEPOB.

b 5
42 af 2 ol 1/ af
1 1 I
-+ 3'74 - a3 | < pm
at- a4« af
R R

—d=
—q

Puc. 8.53.D- u JK-mpuzeepel.

CTpenka 0603Ha4YaeT AMHaMMYeCcKMin Bxoh, (cpabaTbiBaHWe MO QPOHTY), a KPYXKOK — WMHBEPCUIO. TaKum
obpasom, wusobpakeHHaa Ha pUCYHKe cxema 74 npeactasndeTr coboil CABOEHHbIM D-Tpurrep, KOTOpPbIN
cpabaTtbiBaeT MO MONOKMTEABLHOMY Nepenagy M MMEeT aCUMHXPOHHble BXOAbl S WM R, aKTUBHblE MO HM3KOMY
ypoBHt0. Cxema 4013 npeacTasnsetr coboi caBoeHHbiM D-Tpurrep cemeictea KMOIM, cpabaTtbiBatowpin no
NONIOKUTEBHOMY Mepenagy W WMMEeKLWM acMHXPOHHbIe BXOAbl S M R, aKTMBHblE MO BbICOKOMY YPOBHIO.
MHTerpanbHas cxema 112 — 3To caBoeHHbIi JK-Tpurrep Tuna BeayWMn-BeAOMbINA, CpabaTbiBatoWMn Mo
oTpuUaTeNbHOMY Nepenazy v MMEILWMIA aCMHXPOHHbIE BXOAbl S M R, aKTUBHbIE MO HU3KOMY YPOBHIO.

JK-Tpurrep. Mo npuHumMny geinctemna JK-Tpurrep aHanormyeH D-Tpurrepy, HO MMeeT ABa MHPOPMALIMOHHbIX
BX0o4a. Ero Tabavua MCTUHHOCTM MMEET BUAL

J K Q.
o o0 o0,
0o 1 0

] 1 ]

1 0 Q.

Ecam Ha BxoApl MOCTyMatoT MPOTUMBOMOJONKHbBIE CUIHaAbl, TO Ha oYepeaHOM GPOHTE TaKTOBOro MMMy/bCa
BbIX04, Q BOCNPOM3BOAMT 3HaYeHMe J-Bxoaa. Ecnm 06a Bxoaa J U K MMeoT HU3KMIM YPOBEHb, TO COCTOAHME BbIXOAA
He n3meHuTCA. VI HaKoHel, ecnn Ha oboumx BXO4aX BbICOKMIA ypoBeHb, Tpurrep bydeT coBepwaTtb «nepebpocy»
(MeHSTb CBOE COCTOAHME Ha KaXKAOM TaKTOBOM MMMY/bCe), T. €. paboTaTb B CYETHOM peXMME).

MpeaynpexaeHne. HekoTopbie cTapbie TUMbl JK-TPUITepoB NpeacTaBasioT COO0M «0BYLWIKY AAA eAUHNLY.
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STOT TEPMMWH Bbl He HaldeTe HW B OAHOM AOKYMEHTALMW, OH O3HayaeT AB/IeHMEe, KOTOpOoe MOXKEeT MpMBECTM
HEeoCBeAOMNEHHOIO Yen0BeKa K BeCbMa HEeNnpuATHbIM NocieacTenam. [Jeno B Tom, YTO €C/IM Ha MHTepBase, Koraa
BEAOMbIA TpUITep OTKPbIT TAKTOBbIM cuUrHanom, Bxod J u K (uam oba o4HOBPEMEHHO) HA KaKOW-TO MOMEHT
M3MEHUT CBOe COCTOAHWME, a 3aTeM [0 OKOHYaHWA TaKTOBOrO CUrHana BepHeTcA B WCXOA4HOe, TO 3TO
KpaTKOBPEMEHHOE COCTOAHWE TPUITEP 3aMOMHMUT M B JasbHellwem OH byaeT BecTu cebs Tak, Kak ecnm Hbl 3TO
COCTOAHME COXPaHMAOCh. B pesynbTaTe TpUITEp MOXKEeT nepebpocuTbCa Ha cneadytollemM TaKTOBOM MNepenaje,
[aXe ec/n CurHanbl, AeNCTBytoUWMe B MOMEHT 3TOro nepenaja Ha BxoAdax J v K nmoATBepkAatoT npeaplayliee
COCTOSHME. ITO MOXKET MPUBECTM, MAFKO roBopsA, K cBoeobpaszHomMmy nosefeHuto. MMpobnema BO3HWMKaeT U3-3a
TOro, YTO 3TU TPUITEPbl ObIAM CKOHCTPYMPOBAHbI B MPEANONONKEHUN, UYTO TAKTOBbIM WMMMY/JAbC MMeEEeT O4YeHb
KOPOTKYIO O/UTENBbHOCTb, B TO BPEMA KaK B AENCTBMTE/NbHOCTM TAKTMPOBAHWE BCerga NMpPOM3BOAMTCA CUMTHA/IOM
KOHEYHON ANUTENbHOCTU. ECAM Mcnonb3yeTca Tpurrep TMna «BeAylWMi-BeAOMbINY, cneayeT cobntoatb Mepbl
NpPeaoCcTOPOXKHOCTH, AMBO BoObLWe M3beraTh KX, NpUMeHssa Hosiee HafeXHble Tpurrepsl, paboTatowme no GPoHTYy.
[Be xopolune anbTepHaTUBbI, KOTOPbIE MUCMO/b3YIOT UCTUHHO 3anyck Mo GPoHTY, 3To Npmbopbl 112 1 "109. Oba
npeacTaBnAloT cobol caBoeHHble (ABa B OAHOM Kopryce) JK-TpuUrrepbl C acCUHXPOHHbIMW S- U R-BXOZamMu,
AKTUBHbBIMW MO HU3KOMY YPOBHHIO. YCTpoicTBO “112 cpabaTtbiBaeT No oTpuLaTelbHOMY GPOHTY TAaKTOBOrO CUrHana,
a ycTponctso 109 — Mo NONOKUTENbHOMY.

Cxema "109 nmeeT MHTEpPecHy 0COBEeHHOCTb, a UMeHHO, K-BX0J y HEero MHBEPCHbLIN, MO3TOMY MHOTAA ero
Ha3biBatoT JK-Tpurrep ¢ 3anpetom. Takum obpasom, ecsim Bbl coeamHUTe BXxoabl J U K BMecTe, TO nosyymute D-
Tpurrep. [lna nepesoa ero B cHeTHbIN pexkMm Bbl 3a3emnneTe Bxos K', a Ha Bxode J ycTaHasamsaeTe BbICOKMI
YPOBEHb.

Henutenb Ha 2. Jlerko nNocTpoOUTb CXemy AenuTena Ha 2, UCNoab3ya CNoCOoOHOCTb TpurrepoB paboTaTb B
CYETHOM pexkume. Ha puc. 8.54 nokasaHbl ABa cnocoba NocTpoeHus Takoro aenutens. JK-Tpurrep paboTaeT B
CYETHOM pexunme, Koraa oba Bxoda MmetoT BbICOKMIW ypoBeHb, Mpons3BoAA Ha BbIXOAE CUrHaA, MOKa3aHHbIN Ha
pucyHKke. BTopaa cxema Takxe OyaeT coseplaTtb nepebpochbl, Tak Kak ee D-Bxon MOAKAOYEH K CODCTBEHHOMY
BbIXOA4Y Q M B MOMEHT MOCTyMN/IeHMA TaKTOBOro MMMybca Ha D-Bxo4e Bceraa AencTBYEeT MHBEPCUA MO OTHOLWEHMIO
K TEKYLLEMY COCTOSIHMIO Tpurrepa. YacToTa curHana Ha Bbixode B Atobom cnyyae OyaeT paBHa NOMIOBUHE BXOAHOM
4acCToTbl.
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Puc. 8.54. Cxemsb! OeneHusa Ha 2.

CUHXPOHM3aLUMA MHOOPMALMM U TaKTMPOBaHME. B CBA3W C nocieaHein cxeMoW BO3HMKAET WMHTEPECHbIN
BOMPOC: He MOAYYMTCA /N TaK, YTO TPUITEP He CMOXeT nepebpocnTbes, Tak Kak cocTosiHue D-Bxoda M3MeHseTcs
MOYTM Cpasy XKe BCae/ 3a TaKTOBbIM MMMY/NbCOM? [pyrMmuM CI0oBaMK, HE HauyHEeT i cxema cOmMBaTbCA, eCin Ha ee
BXOZEe NPOUCXOAAT TaKMe CTPaHHble ABAEHWA? ITOT BOMPOC MOXKHO CHOPMYAMPOBATL M Caeayowmm obpa3om: B
KaKol TOYHO MOMEHT MO OTHOLLEHWUIO K TAaKTOBOMY MMMyAbcy D-Tpurrep (MAm Kakon-Hmbyap Apyroi) aHanusmpyet
cocTtosfHne cBoero Bxoga? OTBeT Takol: Ana Noboro TaKTMPyemMoro YCTPOWMCTBA CYLLECTBYET onpedesneHHoe
«BPEMA YCTAHOBAEHUA» tycm W «BPemsa yaepxaHua» tyd. [Ona Toro 4tobbl cxema paboTana npasubHO,
MHPOPMALMA [AOMKHA NOCTynaTb Ha BXOA He Mo34Hee 4Yem 3a Bpema tycm [0 BO3HMKHOBEHMA TaKTOBOrO
nepenaga W OCTaBaTbCA HEM3MEHHOM MO KpalHel mepe B TeyeHue BpemMeHu tyd nocne Hero. Hanpumep, ans
Tpurrepa 74HC74, tycm = 20 Hc u tyd = 3 Hc (puc. 8.55).
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HHIPOPMELLHA HHpopmauns  WHmopMaums
MOMET MEHATHLA MORET
W3IMEHATHCHR HE MOANHA  M3MEHATHLCH

T HT MMH.

Puc. 8.55. Bpemsa ycmaHosneHUA OGHHbIX U BpeMSA YOEepPHaHUS.

B paccMOTpeHHOM cxeme CYETHOro Tpurrepa TpeboBaHWe K BPeMEeHW YCTaHOBAeHWMA OyaeT COXpaHATbCA
HEeM3MEHHbIM B TeyeHMe Kak MWHMMym 20 HC, NpealecTByOWMX O4YepeaHOMY TaKTOBOMY nepenady. Moxet
MoKa3aTbCA, YTO NPU 3TOM HapylaeTca TpeboBaHME K BDEMEHW yAepKaHMA, HO 3TO He TakK. MUHMMaNbHOe Bpems
PaCMpOCTPaHEHMA CUrHANA C TAaKTOBOTO BXOAA Ha BbIxog, cocTasaseT 10 Hc, n D-Tpurrep, BKAOYEHHbIA B CHETHOM
pexume, byaeT MMeTb HeMaMeHHoe cocTosHue D-Bxofda B TeyeHue No MeHbluelr mepe 10 Hc. BonblMHCTBO
COBPEMEHHbIX YCTPOMCTB BOODLLE He NpeAcTaBaAoT TpeboBaHUIM KO BpeMeHn yaepskaHusa (MmetoT tyd = 0). Ecan
CUrHan Ha D-BXofe WM3MEHAETCA Ha MHTepBajle BPEMEHW YAEpPMaHuA, TO MOMKET BO3HWKHYTb 0OOMbITHbIN
3bdeKT, HOCALWMIA HasBaHWE «MEeTacTabubHOEe COCTOAHME», MPU KOTOPOM TPUITEP HE MOXET OnpeaennTb, B
Kakoe COCTOAHWE OH A0/KeH nepeinTn. O6 3TOM ABAEHUN Mbl BCKOPE elle YNOMSAHEM.

OeneHve Ha uncno, bonbluee yem 2. C MOMOLLbIO KaCKaAHOro COeAMHEHUs CYETHbIX TpUrrepoBs (Bbixod Q
KaskI0ro npedplayliero Tpurrepa NOAKAOYEH K TAKTUYECKOMY BXOAY MOCAEAVIOLLEro) Nerko NoayYuTb «4eaunTenb
Ha 2™», UAM OBOMYHbLIA cYeTYMK. Ha puc. 8.56 NOKasaHa Cxema YeTblpexpaspsaaHOro acCMHXPOHHOrO CYeTYMKa U
[laHbl €ro BpemMeHHble AMarpammol.
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Puc. 8.56.4-pa3padHsili cuemyux.

3aMeTMMm 34ecb, HYTO eCcau Bbixod Q Kax4oro Tpurrepa HenocpeacTBEHHO AeNCTBYeT Ha TaKTOBbIM BXOL
cneaytollero, cpabaTbiBaHMe TPUITEPOB A0/IKHO MPOUCXOAMTL MO crnady (3aaHemy GPOHTY) CMrHana Ha TaKTOBOM
BXoZe (MOKasaHo KPYyKKOM WHBepcuu). 3Ta cxema npencTasnseT coboi cyeTumKk-genutens Ha 16: Ha Bbixoade
nocnegHero Tpurrepa GOPMMUPYIOTCA MPAMOYTObHbIE MMMYAbChI, CAeaytolle ¢ YacToToM, pasHol 1/16 YacToTbl
BXOHOrO TaKTOBOro CWrHasna. Cxema Ha3biBaeTCA CYETYMKOM, MOCKOMIbKY MHGOpMauma, MNPUCYTCTBYOWANA Ha
yeTblpex BXxoAax Q, MOXeT pacCMaTpMBaTbCA Kak 4-pa3pAaaHoe ABOMYHOE YMCOo, KoTopoe nameHseTca oT 0 ao 15,
YBE/IMUYMBAACL HA eAMHULY C KaxKAbIM BXOAHbIM MMMY/AbCOM. ITOT GaKT OTpaskaeT BPeMeHHas Amarpamma Ha
puc. 8.56, 6, Ha KoTopoi C3P 03HayaeT «CTapwuin 3Havawmi paspaa», M3P-«mnagwnini 3Havawmim paspaa», a
M30THYTble CTPenku, obnervatolime MOHMMAHWE, YKa3blBAtOT, KaKMMW Nepenajamu Bbi3blBAOTCA W3MEHEHMUA
CUTHANOB. DTOT CYETYMK, KaK Bbl yBMAMUTE B pa30. 8.25, BbIMNOMAHAET HACTONbKO BaXHY OYHKLMIO, 4TO
BbIMyCcKaeTca B BMAE OO/MbWOro YMcia MoaMOUKALMA, BbIMOAHEHHbIX B BWAE OAHOKPUCTA/NbHbIX MUKPOCXEM,
BK/AKOYAnA Takme GopmaTtbl cyeTa, Kak 4-paspAgHblid, ABOUYHO-AECATUYHBIN M MHoroundposoi. CoeanHAs 3Tu
CYETYMKM KACKAZHO W BOCMPOM3BOAA WX COAEPNKMMOE C MOMOLWb0 UMPPOBOro MHAMKaTopa (Hanpumep,
CBETOAMOAHOM0) MOMKHO JIETKO MOCTPOUTL CXEMY MOACYETA KaKUX-IMb6o cobbiTuin. Ecam paspelunTb NpoxoxaeHue
MMMNYNbCOB Ha BXO[L CYETYMKA B TeyeHMe poBHO 1 C, TO MOAYYMTCA CHETYMK YaCTOTbl, KOTOpbIN OyaeT
BOCMPOM3BOAMTL 3HAYEHME YacTOTbl MyTEM MOACYETa YMCaa NepUoAOoB B cekyHAy. B pasd. 15.10 npusoasaTcs
CXeMbl 3TOr0 MPOCTOro, HO OYeHb MOJIE3HOrO YCTPOMCTBA. POMbILLIEHHOCTBIO BbIMYCKAOTCA OAHOKPUCTasIbHble
CYETUMKM YACTOTbI, B COCTAB KOTOPbIX BXOAAT AOMO/HUTENbHO reHepaTop, CXembl yMnpasBiaeHMA W BbiBOAA Ha
MHAMKauMto. Tpurrep Takoro YCTPOMCTBa NoKasaH Ha puc. 8.71.

Ha npakTuke npocTenlas cxema KacKagupoBaHUs CYETYMKOB MOCPEACTBOM COEAMHEHUS KasKOoro Bbixoda
Q CcO CneayroWmMM TaKTOBbIM BXOAOM WMMEET HEKOTOPble MHTEpEeCHble MPoB/eMbl, CBA3AHHbIE C MOKACKaAHOW

- 169 -



33JEePKKON PacnpoCTPaHeHNA CUrHaNa MO LEmnoYke TpUrrepoBs. 10 3TOM NpuUMHE Nydlle UCMO/b30BaTb CXEeMY, B
KOTOPOW OfIMH M TOT e TakKTOBbIM CWUrHaa NoAaeTcA OAHOBPEMEHHO Ha BCe BXOAbl. B cneaytoulem pasgene mbl
byaem paccmaTpmBaTb 3TU CUHXPOHHbIE TaKTUPYEMbIE CUCTEMBI.

8.18. lNocnedosamenibHOCMHAA s102UKG — 0bveouHeHue
namamu u eeHmurseul

Mocne TOro Kak mbl U3y4naM CBOMCTBA TPUITEPOB, MOCMOTPUM, YTO MOXKHO MOAYUYUTb, eCn 0OBEANHNUTD UX C
PAaCcCMOTPEHHOM paHee KOMOWHAUMOHHON (BEeHTUAbHOWM) norukoin. COCTaBNEHHbIe W3 BEHTMNEN U TPUIrepos
cXembl, NpeAcTaBAAlOT cobol Hanbonee obLLyto popmy LMPPOBOI NOTUKK.

CUHXPOHHblE  TaKTUpyemble  CUCTEMbl.  Mbl  yXe YyNoMAHYAM B Npeablaylwem  pasgene, 4Tto
Nnoc/ne0BaTENbHOCTHbIE JIOTMYECKME CXEMbl, B KOTOPbLIX A1A YNpaBAeHUA BCEMM TPUITEpaMu KCNOoJb3yeTca
OO UCTOYHMK TaKTOBbIX MMMY/AbCOB, UMEKT PAL NPEUMYLLECTB. B TaKMX CMHXPOHHbIX CUCTEMax BCe AeNCTBUA
NPOUCXOLAT CPasy e Nocne BO3HWKHOBEHWA TaKTOBOrO MMMy/bCa WM OMNPesenatnTca TeEM COCTOAHWEM, KOTopoe
MMEET MeCTO HENOCPEACTBEHHO Nepes ero Bo3HMKHOBeHWeM. O6Was CTPYKTypa nodobHOM cucTemMbl MOKa3aHa Ha
puc. 8.57.

BronHBIE Beixopnuie
YPORHN YpOBHY
BeHTHAM
ﬂ! ':?1
fz ‘il?z
I PerucTp I
| |
| I
| |
1 |
On TaKTh n

EEEERNN 3

Puc. 8.57. Knaccu4eckas nocnedosamesnbHOCMHAA CXemMa: peaucmpbl NAMAmMu U KOMOUHAYUOHHAS f102UKa.
Smy cxemy MOMCHO s1eeKo Peau308dms C UCNO0/6308aHUEM O00HOKpUCMAsbHbLIX peaucmposelx [TM/T (cm. paso.
8.27).

Bce Tpurrepbl 0bbeanHeEHbI B OAMH 0BWMIA pPerncTp, npeactaBastowmini coboil He YTo MHOeE, Kak Habop D-
TPUITEPOB, Y KOTOPbIX TAaKTOBbIE BXOAbl COEAMHEHbI BMECTE, a MHAMBUAYaAbHble D-BXOAbl M BbIXOAbl Q BbiBEAEHbI
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BoBHe. KakApli TaKTOBbIM WMMMY/AbC BbI3blBaeT nepedady YPOBHEMW, NPUCYTCTBYIOWMX Ha D-Bxodax, Ha
COOTBETCTBYIOULME BbIXOAbl Q. BNIOK, COCTOALWMN M3 BEHTUNEN, aHa/NM3UPYET COCTOAHME BbIXOAOB PErucrTpa u
BHELUHWX BXOA0B, BbipabaTbiBaeT HOBYIO KOMBOMHaUMIO curHana a4na D-BXOA0B PErncTpa M BbIXOAHbIE SIOTMYECKME
YPOBHMU.

3Ta ¢ BMAY NpocTas cxema 06/1a4aeT oveHb 60/bLWMMM BO3MOKHOCTAMM. PaccmMoTpum npumep.

Mpumep: genexHne Ha 3. Monpobyem MOCTPOUTb CXeMYy CUHXPOHHOrO AenuTens Ha 3 ¢ nomoulbto AByx D-
TPUITEPOB, TaKTUPYEMbIX BXOAHbIM CMTrHanom. B atom cnyyae D1 u D2 6yayTt Bxoaamm pernctpa, Q1 n Q2 — ero
BbIXOZ4amMM, 00LIan TakToBaA ANMHUA ByaeT NpeacTaBAATb r1aBHbI TakTOBbIN BX04 (puc. 8.58).

Puc. 8.58.

1. Bbibepem Tpu cocToAHUA:

2. 0npegennm, 4To [O/MKHO ObiTb Ha BbIXOAax KOMOWHALMOHHOM CXeMbl, A8 TOro 4YTobbl MOAY4YUTb
nocneaoBaTe/IbHOCTb 3TUX COCTOSIHUW, T.e. YTO AO/BKHO MNocTynaTb Ha D-BXoApl, AN TOrO 4YTOObl MOAYYUTb
Tpebyemble COCTOAHMA Ha BbIXOAAX:

Q. @, |D, D,
0 0 [0 1
0 1 |1 0
1 0 [0 0O

3. MOCTPOMM BEHTWUIbHYIO CXeMy, KOTOpas, C MOMOLLbIO MMEIOLLMXCA BbIXOA40B, N0O3BOAANA Obl NOAYYUTb
Tpebyemble COCTOSHWMA Ha Bbixodax. B obuiem ciayyae MOMKHO WCMONb30BaTb KapTy KapHo, HO A4A [aHHOTO
NPOCTOro NpMMepa MOXKHO Cpasy yBuaeTb, 4To D1 = Q2, D2=(Q1 + Q2)'. 3ToMy COOTBETCTBYET CXeMa Ha puc. 8.59.

= LILIL

-171-



Puc. 8.59.Cxema OeneHus Ha 3.

Jlerko npoBepuTb, YTO 3Ta Cxema paboTaeT TaK, Kak 1 BbiN0 3a4ymaHo. TaK Kak OHa ABAAETCA CMHXPOHHOM,
WM TaKTUPYEMOWM, CUTHabl Ha 0BOMX BbIXOJAX U3MEHAIOTCA OAHOBPEMEHHO (EC/N e BbIXOA MepBOro Tpurrepa
HenocpeAcTBEHHO MOAKMOYUTL K TAaKTOBOMY BXO/y BTOPOro, TO MOAYYMTCA ACMHXPOHHbLIA CcYeTYMK). B obuiem
C/y4ae MNpeanoyvyMTatoT MCMO/b30BaTb CUHXPOHHbIE (MKW TaKTMPYEMbIE) CMCTEMbI, TaK KakK OHW MMetoT Honee
BbICOKYIO MOMEXOYCTOMYMBOCTb. ITO 0OYCNOBAEHO TEM, YTO K MOMEHTY BO3HWKHOBEHMS TaKTOBOrO WMMMY/bCa
TpUrrepbl HaxoAATCA B YCTAHOBMBLLIEMCA COCTOSAHMM, @ Ha CXEMbl, B KOTOPbIX BXO/HblE CMTHa/bl aHaAU3UPYOTCA
TO/IbKO MO PPOHTAM TAKTOBbIX MMMY/bCOB, HE AEMCTBYIOT MOMEXM, BO3HMKAOWME 33 CHET EMKOCTHbIX CBA3el OT
[PYrUX TPUITEPOB WMAM MO KakMM-1Mbo ApyrMm npuumHam. Elle oAHO MpPemMmyllecTBO COCTOMT B TOM, 4YTO B
TAKTUPYEMbIX CUCTEMAxX NepexodHble COCTOAHMA (Bbl3BaHHble 3aJEpsKKamu, B pesyabTaTe Yero BbIXOAHble
CUTHasbl U3MEHAIOTCA He OJHOBPEMEHHO) He BbI3bIBAOT Ha BbIXOAAX JIOMKHbIX CUTHAM0B, MOCKOJbKY CMCTEMA He
BOCMPUHMMAET HMKAKMX W3MEHEHWI, KOTOpble MPOUCXOAAT MOC/Ae BO3HUMKHOBEHWA WMMyabca. [lanee Mmbl

NPOUNNIOCTPUPYEM 3TO Ha PALE NPUMEPOB.

3anpelleHHble COCTOAHMS. YTO MPOM3OMAET CO CXEMOWN AeNEHNA Ha 3, eCin ee TPUTTEPbl KakMM-TO obpasom
oKaxyTca B cocTosHun (Q1, Q2) = (1, 1)? OTO MOXET NPOU30MTU MPU BKAOUEHUM MUTAHUSA, Tak Kak HavyanabHoe
COCTOSIHWE TPUITEPOB NPeACcKa3aTb HEBO3MOXKHO. /13 cxembl BUAHO, YTO MEPBbLIA TaKTOBbIN UMMY/IbC NepeBeaeT ee
B coctosHuMe (1, 0) u nanee oHa byaeT QYHKLMOHMPOBATL KaK MOMAOMEHO. B TakMx ciydasx BarKHO MPOM3BOAMUTHL
NPOBEPKY 3aMpPeLLeHHbIX COCTOAHMIA, NMOCKO/bKY CXEMa MOMKET C/y4aliHO 0Ka3aTbCA B OAHOM M3 HuMX. (C apyroi
CTOPOHbI, BCE BO3MOMXHbIE COCTOAHUSA CUCTEMbl MOXKHO ONPEeAeanTb Ha HayasbHOM 3Tarne pas3paboTku.)
[varpamma CcOCTOAHMIA, TNOKasaHHas 448 [aHHOrO npumepa Ha puc. 8.60, MOXKET 0KasaTbCA MOAE3HbIM
[IMArHOCTMYECKMM WMHCTPYMEHTOM. ECAM B cuCTeme MCMonb3yloTcad WM Apyrve NepemeHHble, To 06blYHO 448
KaXKA0ro nepexoda PAAoM CO CTPESIKOWM 3amnmMcbiBatoTcA ycaoBuA. CTPENKM MOTryT UATU B 060MX HanpaBaeHUsX, a

(@)
(D=

Puc. 8.60. luaepamma cocmosHuli cxemol OeneHusa Ha 3.

TAKXe U3 04HOro COCTOAHMA K HECKO/IbKMM APYTrNM.

YnpaxHerue 8.24. MOCTPONTE CUHXPOHHYIO CXEMY AENeHWA Ha 3 C NOoMolbio ABYX JK-TpUrrepoB. ITO MOXKHO BbINONHUTL (16 pasnuuHbiMu cnocobamu) bes
MCNONb30BaHWUA BEHTUNEN MAn nHBepTOopoB. Koraa Bbl ByaeTe cOCTaBNATL Tabanuy Tpebyemblix 3HaueHuin ana exonos J1, K1 v J2, K2, He 3abyabTe, YTO ANA KaXKAOM TOYKM
J, K cywecTsytoT ABe BO3MOXHOCTW. Hanpumep, ecau Bbixod Tpurrepa nepexoamt n3 08 1, 7o J, K = 1, X (rg4e X — noboe 3HayeHune). HakoHel, nposepbTe, He ByaeT au

CXema 3aCTpeBaTb B 3anpeweHHOM COCTOAHUN <9TO Ha6}'IPOLI,aeTCH B YeTbipex m3 16 BO3MOMKHbIX peLIJEHl/Il;I aTOM SBAa‘—IM)A

YnpaxHeHne 8.25. ToCTpONTe CUMHXPOHHbBIN 2-paspafHblii PEBEPCHMBHbBIM CYETUMK: OH MMEET TaKTOBbIM BXO4 W BxoA ynpasnenus (U/D'); Bbixoabl ABAAtOTCA
Bbixogamu Tpurrepos Q1 u Q2. Ecam exog, U/D umeeT BbICOKUM yposeHb, To oH paboTaeT Kak 0BbluHbIi ABOWMYHBIN cHeTYmK, a ecan HU3KIMM, To oH cunTaeT B obpaTHOM

HanpasneHun — Q2Q1 =00, 11, 10, 01, 00...

Onarpamma COCTOSHMIA KaK WMHCTPYMEHT MpPOeKTMpoBaHMA. [Marpamma COCTOAHMIA MOXKET OKa3aTbCs
none3Hon npu pa3paboTke nocnefoBaTeslbHOM NOMMKM, OCOBEHHO B Tex CNy4vasax, Koraa nepexonpl M3 OLHOro
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COCTOSIHMA B APYroe MoryT NPOMCXOAUTb pasfiMuHbiM nyTem. CO34aBan TaKylo CXeMmy, HYKHO CHadyana BblbpaTb
COBOKYMHOCTb €MHCTBEHHbIX COCTOAHWM CUCTEMbI M KaKAOMy M3 HUX MNPUCBOUTL COBCTBEHHOE MMA (T.e.
[IBOMYHbIN agpec). 3aecb noTpebyeTca He MeHee N TPUITEPOB, FAe N — HaumeHbliee Lenoe, Ana Kotoporo 2"
6o/blie MAM PAaBHO YWUCAY Pa3AMYHbIX COCTOAHMI cucTembl. [lanee ycTaHaBAMBalOT Mpasuaa Nepexoaos M3
OAHOr0 COCTOAHMA B OPYroe, T. €. BCE BO3MOMHbIE YCA0BUA A/19 BXOAA B KaKAOEe COCTOAHWE M BbixoAa W3 Hero.
Takum 06pasom, 3agadva MOCTPOEHMA NOCNefoBaTeslbHOM  /IOTMKWM  CBefacb K 3adade  MoCTPOeHMS
KOMOWHAUMOHHOM NOTWKM, KOTOPYIO BCEMA@ MOXKHO PEWMTb C MOMOLLIO M3BECTHbIX METOAOB, HAMNPUMEP KapTbl
KapHo. PeasbHblll Npumep nokasaH Ha puc. 8.61. 3ameTnm, YTO 3[eCb MOTYT UMETb MECTO COCTOSHUA, M3 KOTOPbIX
HeT nepexoda K APYrMmM COCTOAHUAM (Hanpumep, «NoaydeHue Annaoma).
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Puc. 8.61. fluaepamma cocmosHud.

PerucTposbie MJIM. Mporpammupyemble norudeckne UC (MM n NJIM, cmoTpuTe pasd. 8.15) BbinycKatoTcs
Kak C BEHTUAAMM, TaK U C CUHXPOHHO TaKTMpyembimu D-Tpurrepamm Ha ogHomM KpucTtanne. OHW M3BECTHbl Kak
permctposble MM/ n MJIM 1 aBnaoTCcA MaeanbHbIMK 4147 NOCTPOEHMA NOCNeA0BaTENbHOCTHbIX CXem. Bbl y3HaeTe,

KaK 3To Aenatb B pa3o. 8.27.

8.19. CuHxpoHU3amMop

NHTepecHO WCNo/Ab30BaHME TPUITEPOB B MOCNELOBATE/IbHbIX CXEMax B KayecTBe CUHXPOHM3ATOPOB.
MpeaAnoNOXMM, YTO B CUHXPOHHYKO TaKTMPOBAHHYID CMCTEMY C TpPUITepamm NOCTynaeT BHEWHW YNpaBAAOLWMI
CUTHaN M Bbl XOTUTE WCMOMb30BaTb COCTOAHMA 3TOMO CWUrHana [Aa YnpaBAeHWA HEKOTOPbIM [eNCTBMEM.
Hanpumep, CUrHan oT M3MepUTENbHOro Npubopa WAWM 3KCNEPUMEHTANIbHOM YCTAaHOBKM MOMKET YKa3blBaTb, YTO
AaHHble roToBbl AnA nepedaym B OBM. TaK Kak aKcnepMmeHTasibHaa ycTaHoBKa M 3BM paboTatoT coBeplueHHOo
He3aBMCMMO ApPYr OT Apyra, T.e. aCMHXPOHHO, HEOBXOAMMO WMMETb MEeTOA, KOTOPbIA MO3BOAMA Obl YCTAaHOBUTH

nopaaoK B paboTe ABYX CUCTEM.

MpUMep: CMHXPOHM3ATOP MMMNYAbLCOB. ELLe pa3 pacCMOTPMM B KauecTse NMpUMMepa CXemy, B KOTOPOM Tpurrep
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nogasuTens apebesra paspellaeT MNPOXOXAEHME MoCNeAoBaTeNbHOCTM MMNyAbcoB (paszd. 8.16). ITa cxema
OTKPbIBAET BEHTWU/b BCAKWUI Pas, KOr4a KAoY 3aMKHYT, HE3aBMCUMO OT ¢asbl, NOAaBAEMON Ha HEro MMMY/IbCHOM
nocnefoBaTeNbHOCTM, B pe3ynbTaTe NEPBbI UKW NMOCAEAHUA MMMYAbC MOTYT OKa3aTbCA YKOPOUYEHHbIMUM. 3aaaya
COCTOMT B TOM, YTO 3aMblKaHME KAo4a MNPOMCXOAMT ACMHXPOHHO C MOC/AeA0BaTe/NbHOCTbIO MMMY/AbcoB. B
HEKOTOPbIX C/Ay4asx BaXKHO, YTODObI BCE TAKTOBbIE MMMY/bCbl MMEAN TOMAbKO MOJHbIE MEPUOabl, M TOrAa HYMHO
MCMO/1b30BaTb CXEMY CMHXPOHM3aUMK, NOA0OHY0 NpeacTaBNeHHON Ha puc. 8.62.

BxofHas nocnepoBATERE-
HOCTH MMNYABLOB
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Puc. 8.62. CuHxpoHU3aMOpP UMNYAbCHOU nocnedosamesibHOCMuU.

MPU HaXaTM KHOMKM «NyCK» Ha Bbixode BeHTWAA 1 BosHMkaeT BbICOKWUM yposeHb, HO A0 nosAsneHUs
3a7Hero GpoHTa o4YepesHOro UMNyabca Ha Bbixode Q Tpurrepa coxpaHutca HU3KWMI yposeHb. B pesynbTaTe Ha
BbIxo4 BeHTUAA 3 W-HE ByayT npoxoAuTb TONIbKO MNOJHble MMNyabCbl. Ha puc. 8.62 mnokasaHbl BpeMeHHble
anarpammbl.  KpuBble CO  CTpefKkamMu  MOKasblBatOT, KaKkMe [AeWCTBMA  BbI3blBAOTCA  COOTBETCTBYHOLWMMMU
nepenagamun. Kak BMAHO M3 AMarpammebl, M3MeHeHMA Q nNpoucxofAT cpasy no 3aaHemy OPOHTY BXOAHOMO
CUrHana.

Nlornyeckne CoCTA3aHWUA W «BCMJECKM». PacCMOTPEHHbIM MNpUMep MO03BOASET OCBETUTb TOHKWMIA, HO
npefesbHO BaKHbIM BOMPOC: YTO Ke MPOM30NAET, ecan Ans nepebpoca Tpurrepa OyaeT MCMNo/b30BaTbCA
NoNOXUTENbHbIM Nepenad? Ecam Bbl TWaATe/bHO MNpoaHanuM3Mpyete 3TOT Cayyail, To yBuauTe, 4To ¢ MYCKOM
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cxembl Bce ByaeT B NosHOM nopsake, HO ecan KHonKy CTOM HaxaTb B TOT MOMEHT, KOrda Ha BXxo4e AencTeyeT
HV3KNI ypoBeHb, NpoM3oiaeT BecbMa HenpuaTHas Bellb (puc. 8.63).

Bxop

Bbixon J

Puc. 8.63./locu4eckue cocmAa3aHuUA Mo2ym 8bi380Mb NOABAEHUE KOPOMKUX UMNYs6CO8.

TaK Kak nocnefHunin (3) BeHTMAb M-HE ByaeT oTKpbIT A0 TeX Nop, NoKa Ha BbIXO4e TPUrrepa He yCTaHOBUTCA
HU3KUW yposerb (3apepwka ana HC uwam LSTT/1 coctasnseT npubamsmtensHo 20 HC), Ha BbIXOAE CXembl
BO3HMKAET KOPOTKUM «BbIDPOC» WAM  «BCAAECK» (FMTY). ITO — KAACCUYECKUH NpUMeEp  «0rMYecKkoro
cocTazaHua». NMpUHMMasa onpeaeneHHble Mepbl NPeaoCTOPOKHOCTM, NOA0OHbLIX CUTyaLMIA MOXKHO M3bexKaTb, YTo
M NOKa3blBAaeT PACCMOTPEHHbIM Mnpumep. «Bcnneckm» — 3TO CTpallHaa Bellb, €C/M OHM 3aBedyTcA B BalUWX
cxemax. Kpome Bcero npoyero, Mx HEBO3MOXKHO YBMAETb Ha ocumnnorpade 1 Bbl MOXKeTe NPOCTO He y3HaTb 06 MX
CYLLLECTBOBAHUN. «BCNAECKM» MOFYT CambiM MPOM3BOJIbHBIM 00Pa30OM TaKTMPOBATb LIEMOYKM TPUITEPOB, OHMU
MOTYT PACLIMPATLCA MM CYXKaTbCA A0 NOJHOIO MCYE3HOBEHMA, NPOX0Aa Yepes3 BEHTUAN U MHBEPTOPDI.

YnpaxHerue 8.26. MOKaxKMTe, YTO PACCMOTPEHHANA CXeMa CMHXPOHM3aTOpa MMMYNbCOB (puc. 8.62) He BbipabaTbiBAET «BCMIECKNY.

YnpaskHeHue 8.27. CnpoeKkTUpyiTe cxemy, KOTOpas MO3BONAET MPOMyCKaTb OAMH MOJHbIM OTPULATENbHbIM MMNYyALC (M3 BXOAHOM NOCNELOBATENbHOCTH

VIMI‘I\/ﬂbCOB) Ha BbIXOA, NOCNE HaXaTuA KHOMKKU.

HeckonbKko 3amedaHuin Mo NoBOAY CUMHXPOHM3aToOpoB: Ha D-Bxod Tpurrepa CUrHaa MOMEeT MOoCTynaTb He
TONBKO OT K/oYa ¢ nodasuTenem apebesra, HO TaKKe M OT APYruxX SIOTMYECKUX CXeM. B cpeacTBax conpsasKeHus ¢
3BM un Apyrnx NnpumeHeHMAx 4acto OblBAaeT HYKHO nepesaBaTb aCMHXPOHHbLIA CUIHAN B TaKTUPYyeMOe YCTPOMCTBO.
MaeanbHbIM  pelleHMem B 3TUX  CAyYasax ABAAETCA  WCMNOAb30BaHMe  TaKTUPYeMbIX  TPUITEPOB  WAM
CMHXPOHM3aTOPOB. B paccMOTpeHHOM CXeme, TaK »Ke KakK M BO BCEX APYTMX JIOTMYECKUX CXemax, Heobxoammo
COOTBETCTBYIOLMM 0OpPa3OM MOAKAOYMTb HEWCMNO/b30BaHHblE BXOAbl. B AaHHOM ciiydae BXoAbl S M R HYXHO
NOAKAOUYNTL TaK, YTODOblI OHWU He BAUSAAM Ha paboTy cxembl (Ans 74 coeanHuTs ¢ BbICOKMM yposHem, a ana 4013
3a3eMUTb), Hewncnonbayemble BXOAbl, HE BAMAKOLIME HA Bbixod (Hanpumep, BXOAbl HE33aAEMCTBOBAHHbIX
BEHTMAEN), MOMHO OCTaBAATb HEMOAKAYEHHbIMU. ITO He oTHOoCuTCA K anemeHTam KMOI, y KOTOPbIX OHU
[O/MKHbI  3a3eMNATbCA, 4TODbl He MOSBWMACA TOK B BbIXOAHOM Kackage (6onee noapobHo cm. en. 9).
[MPOMBILINEHHOCTLIO BbIMYCKAETCA CABOEHHbIN CMHXpPOHM3aTop 74120, 0AHAKO WMPOKOro PacnpocTpaHeHua OH He
nNoay4nn.
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MoHOCTabuabHble MyNbTUBUOPATOPDI

MoOHOCTabuAbHbIK MyAbTUBMOPATOP, WMAM OAHOBMOPATOP, SBAAETCA PA3sHOBUAHOCTbIO Tpurrepa (Tpurrep
MHOTAa Ha3blBAOT OUCTabuibHbIM  MyNbTUBMOPATOPOM), B KOTOPOM BbIXOL OAHOrO W3 BEHTUAEN uMeeT
E€MKOCTHYIO CBfi3b CO BXOAOM [PYroro BEHTWAA, B pe3y/ibTaTe 3TOr0 CXema BCerda BO3BPAWAETCA B OAHO
cocTosiHMe. Ecnn ¢ NOMOLLbIO KPaTKOBPEMEHHOrO BXOAHOTO MMMy/bCa CXeMY MPUHYAMTENbHO YCTaHOBWUTL B
[lpyroe COCTOAHWE, TO OHa BEPHETCA B MCXOAHOE C 3a[leP)KKOM, KoTopas byaeT onpenenatbCs BeAUUYMHOM
E€MKOCTM WM MapameTpamm Cxembl (BXOAHbIM TOKOM W T.M.). 9Ta Cxema WMPOKO MCMob3yeTca Ans GopMUpoBaHMSA
MMMNYNbCOB 3aZaHHOM AAUTENBHOCTM M NOASPHOCTU. MocTpoeHe 0AHOBMOPATOPOB Ha BEHTUAAX M RC-anemeHTax
npeactaenaeT cobolt AOBONbHO CAOMHYIO 3aayy. 34ecb HAZLo YYWUTbIBAaTb KOHKPETHOE BbIMOJAHEHME BXOHbIX
BEHTU/IbHbIX CXEM, TaK KaK HanpsXeHMe Ha eMKOCTU B O4HOBMOPATOPE MOMKET MPEBbILIATh HaNpsXKeHUe MUTaHMA.
YT0Obl HE pa3BMBaTb Yy uMTATeNs AypHbIX NPMBbLIYEK, Mbl He Oyaem AaBaTb MpUMepbl MoA0OHbIX Cxem W
PAacCMOTPUM OAHOBMOPATOP, KOTOPLIM BbIMYCKAETCA B BUAE CTaHAAPTHOrO GyHKLMOHANbHOrO 610Ka. B peanbHbIx
YCTPOMCTBAX /ydlle BCEro Mcrnosib3oBaTb OAHOBMOPATOPbI B MHTErPasbHOM MCMOAb30BaHMM, CO34aBaTb Ke CXEMb!
COBCTBEHHON KOHCTPYKLMM MMEET CMbIC/T /Mb B C/y4ae KpaHen HeobXxoAMMOCTM, Hanpumep ecau Ha naarte
nmeeTca CBODOAHbLIN BEHTWUIb U HET HWM OAHOr0 MecTa ANA AONOAHUTENBHOM MUKPOCXeMbl. OHaKO, BO3MOXKHO,
YTO 3TO HE MMEET CMbIC/IA AaXKEe B TAKOM Cayyae.

8.20. XapakmepucmuKu 00Hos8ubpamopos

Bxoapl. OaHoBMOpaTOpbl CPabaTbiBAlOT MO MONOKUTENBHOMY MAM OTPUUATENBHOMY Nepenagy, KoTopbil
noJaH Ha COOTBETCTBylOWME BXoAdbl. EAMHCTBEHHOe TpeboBaHWe K CUrHasy 3amnycka COCTOMT B TOM, YTO OH
[oMKeH 061afaTb HEKOTOPON MUHUMANBbHOM ANUTENbHOCTBIO — 06bl4HO OT 25 A0 100 c. MNpu 3TOM OH MOMKET
BbITb Kak Kopo4ye, TaK W [A/IMHHEEe BbIXOAHOrO MMMyabca. O6bIYHO B CXeme npeaycMaTpPMBAeTCA HECKO/bKO
BXO/I0B; 3TO MO3BO/AET MCMNO/b30BaTb /18 3anycka Cxembl O[HOBMOpaTOpa HECKO/bKO CWUIHAMOB: OAMH MO
oTpuLATENbHOMY Nepenaay, APYyr1me no MoNOXKMUTENbHOMY (HanmoOMHMM, YTO OTPULATE/bHBIA Nepenas o3HavyaeT
nepexog, ¢ BbICOKOIO yposHa Ha HU3KUW, a He oTpuuaTenbHyto NoAApHOCTL). JJONOAHWUTENbHbIE BXOAbl MOFYT
TaKKe MCNoab30BaThCA ANA 3anpeTa 3anycka. YeTbipe npumepa o4HOBMOPATOPHBIX CXeM NMOKasaHbl Ha puc. 8.64.
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Puc. 8.64. Yemeoipe Haubosiee pacnpocmpaHeHHbix 00Hosubpamopa u ux mabauysi ucmuHHOCMU.

CTpenkamm B CTPOKax Tabaul, noKasaHbl HanpasieHWs MepenazoB Ha BXOAAX, MPW KOTOPbIX MPOUCXOAMT
3anyck. Hanpumep, "121 3anyckaeTtcs, Korga Ha o4HOM M3 Bxoa0B A npoucxoamt nepenad ¢ BbICOKOIO yposHs
Ha HU3KWI, npu ycnosum 4To Ha Bxoge B u Ha apyrom sxoge A aeiicteyeT BbICOKMM yposeHb. Cxema 4538
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npeactaenseT coboit cABoeHHbI oaHOBMOpaTop ¢ BeHTMAem W/TM Ha Bxode. ECAM MCMoONb3yeTca TOMbKO OAMH
BXO/, TO APYro Ao/ KeH ObiTb 3a0/1I0KMPOBAH, Kak Mokas3aHo B Tabauue. OaHoBmubpaTop 121 nmeeT TpM BXOAa,
KoTopble CBA3aHbl C KOMBUHaumen BeHTUnen M n UNW. Ha Bxoae B yctaHoBieH Tpurrep LIMWTTa, 4To no3sonseT
CHU3UTbL TPebOoBaHMA K CKOPOCTM HapacTaHWs BXOAHOrO CUrHasa M K ypOBHIO nomex. B coctaB ogHosmbpaTtopa
BXOAMT TaKXKe He C/AMLWKOM XOPOWMUM BHYTPEHHWI BpemAsafatolWmii  pe3ncTop, KOTOPbIM Bbl MOXKETE
MCMNONb30BaTb, €C/M Yy BaC HET }KeNaHWA MOAKAYaTb BHeWwHM pesnctop R. Cxema 221 npeactasnaeT coboi
CABOEHHbIN BapuaHT cxembl 121. NMonb3osatenn KMOM-Bepcnini MoryT MMeTb TONIbKO CABOEHHbIE BapUaHTbl CXEM.
MonynspHaa WC 123 npeactaBnser cobon CABOEHHbIM oAHOBMOpaATop C BeHTMAem W Ha Bxode, Ha
Hencnosb3yemble BXOAbl [AO/KHbI MOAABATLCA pa3pellatolive CUrHanbl. 3ameTMMm, B YacTHOCTM, YTO OH
cpabaTblBaeT M MO cnafdy CWrHana Ha R-Bxode, ecaM B 3TOT MOMEHT Ha oba BXoda 3amnycka nogaHbl
COOTBETCTBYIOLIME CUTHaMbl. ITO CBOWCTBO He ABAAETCA A4 OAHOBMOPATOPOB YHWMBEPCA/bHbIM U MOMKET
TpeboBaTbcA WMAM He TpeboBaTbCA, B 3aBUCMMOCTM OT KOHKPETHOTO WCMO/b30BaHMA (Yallle BCEro OHO He
Tpebyetca). Cxema 423 ABnseTca TOM Ke camoi cxemol, yto u 123, Ho 6e3 3Tol «ocobeHHocTU». Ha
NPUHLMNMANABHBIX CXeMax Npu M306parKeHNMN 0AHOBMOPATOPOB BXOAHOM BEHTUAb OBbIYHO He MOKa3biBaeTCA. ITO
NO3BONAET CIKOHOMMTb MECTO, HO CO343ET HEKOTOPYIO MyTaHWULY.

MepesanycKk. BoAbWWHCTBO 0AHOBMOPATOPOB, HanpUMep ynomaHyTble paHee 4538, 123 u 423, 6yayt
Ha4MHaTb HOBbIM LMK OTCYETA BPEMEHHOIO MHTEPBANa, €C/IU 33 BPEMSA AENCTBUA BbIXOAHOIO MMMYAbCa Ha BXOL,
NOCTYNUT HOBbLIM 3aMyCKatoWMn MMNyAbC. TakuMe YCTPOMCTBA Ha3blBAKOT OAHOBMOPATOPOM C MepesanyCKoM.
BbIXxoAHOM MmnynbCc oAHOBMOpaTopa ByAeT wupe, Yem OBbIYHO, eC/IM Mepe3anyck CXembl MPOUCXOAMT BO BPeMs
0EeVCTBMA BbIXOAHOIO MMMYy/AbCa M 3aKaHYMBAETCA MO WMCTEYEHWW MHTepBana HOMMHANbHOM AANTENBHOCTM C
MOMEHTa MNOCTYMAEHUs noc/AeAHero 3anyckatoulero curHana. OaHosmbpaTopbl 121 m 221 He wmetoT
nepesanycka; BO BpemA AeNCTBMA BbIXOAHOMO WMMY/AbCa OHW He BOCMPMHMMAKOT Mepenagbl Ha BXOAe.
BoNbWKWHCTBO MNepe3anyckaembix OAHOBMOPATOPOB MOMHO BKAKYMTbL TakMm 06pasom, u4Tobbl OHW He
nepesanyckanucb. Npoctol npumep NoaobHON cxembl NMOKasaH Ha puc. 8.65.
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Puc. 8.65. Cxemsbi 00HOBUOpamopos be3 nepesanycka.
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Cbpoc. bonbluas YacTb 04HOBUOPATOPOB MMEET BX04, COPOCa, KOTOPbLIM OTMEHAET BCE OCTasibHble GYHKLMM.
KpaTKoBpeMeHHbIM CUTHan no Bxoay R 06pbiBaeT BbIXOAHOM MMMYAbC. ITOT BXOL, MOMET MCMOAb30BaTbCA A/
npeaoTspalleHns BbipaboTKM BbIXOAHOTO MMMY/JbCa B MOMEHT BKAOYEHMA MUTAHUA /IOTMYECKOM CUCTEMbI;
O/1HAKO YYTUTE CAeNaHHble Bbille 3amedyaHuns no cxeme 123.

OnntenbHocTs  Mmnyabca. C NOMOLIBIO CTaHAAPTHbLIX OAHOBMOPATOPOB MOMHO MOAYyYaTb WMMMYbChI
ONNTEeNbHOCTBI0 OT 40 HC [0 HECKONbKMX MUAAUCEKYHA, (M [Jaske CeKyHA) 3a cYeT MOAKMOYEHWMA BHELIHero
KOHAEeHcaTopa, 0bbIYHO B coYeTaHMM ¢ pesnctopom. C NoOMOLLbo ycTpolcTea, nogobHoro MC555 (cm. paso. 5.14)
MOMHO GOPMUPOBATb UMMYbChl U BObLIEN ANUTENBHOCTU, HO €ro BXOAHbIE XapaKTePUCTMKM 3a4acTyto CO3aatoT
HeyaobcTBa. VHTepBasbl BpPeMeHM oueHb OO0NbLION AAUTENbHOCTM Aydlle BCEero OTCYMTbIBATh LMPPOBbLIM
cnocobom (cm. pasd. 8.23). B Tabn. 8.8 B KOHUe rnaBbl NpMBEAEHbl AaHHble Ha OO/bLIMHCTBO MPUMEHAEMbIX
0HOBMOPATOPOB.

8.21. lpumep cxemosl 00Hos8UbBpPamMopa

Ha puc. 8.66 nokasaHa cxema reHepatopa MPSMOYIro/bHbIX MMMY/IbCOB C HE3aBUCMMOM PerysiMpoBKOn
4acTOTbl U CKBAXHOCTW; CXema MO3BONAET C MOMOLbIO BHELIHEr0o CUrHaNa 3akpbiBaTb BbIXOA, NO OTPULLATENBHOMY
nepenaay BbIXOAHOrO MMNybCa.
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Puc. 8.66. CaMOCUHXPOHU3UPYIOWULCA 2eHepamop Umnynsco8 C 8HEWHUM 3aNYCKOM.

TokoBoe 3epkano T1—T3 popmupyeT Ha C1 HapacTatolee HanpsaxkeHue. Koraa 3To Hanps»KeHue AocTuraet
nopora BepxHero KomnapaTopa, pasHoro 2/3 U+, 3anyckaeTca oAHO — BMBPATOp, KOTOPbLIM BbipabaTbiBaeT
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NONOXKUTENbHBIN MMNYbC ANUTENBHOCTBIO 2 MKC M YCTaHaBAMBAET nN-KaHanbHbIM [T T4 B npoBoAALLEe COCTOAHME
N paspsarkaeT KoHaeHcaTop. Takum obpasom, Ha C1 dopmupyeTcs nuioobpasHbii CUrHaA, HapacTalowmMin a0
3Ha4YeHMA +8 CO CKOPOCTbO, KOTOpaa 3aZaeTcA noTeHUMomMeTpom R2. HUMMNKHMI KOMnapaTop M3 NmMaoobpasHbIX
MMMNYNbCOB BbIpabaTbiBAaeT MPAMOYrO/bHbIE MMMY/AbCbl CO CKBA*KHOCTbKD, KOTOPYIO C MOMOLLbI MOTEHLMOMETPA
Rs MOXKHO NMHENHO peryanpoBaTb B npedenax ot 0,1 4o 99 %. Oba Komnapatopa MMET rMcTepesnc nopsaaka
HECKONbKUX MUAAMBOALT (R8 M R9), HanMuMe KOTOPOro MO3BOAAET NPeAoTBPaTUTb MHOTOKPAaTHbIE Mepexodb,
BO3HMKalOWMe nog AencTBMem Mnomex. B cxeme npuMMeHeH cABOeHHbIM KomnapaTtop Tuna LH393 ¢ manbim
notpebneHnem, KOTOPbIM MMEEeT Ha BbIXOAAX CXEMbl C OTKPbITbIM KOJIIEKTOPOM WM AMana3oH cMHGA3HOro curHana
Ha BXOAe OT Hy/1A A0 HaNPAKEHNA NUTaHUA.

OTANYMTENBHOE CBOMCTBO 3TOW CXeMbl — ee CNOCOBHOCTb CUHXPOHU3UPOBATLEA (PaboTaTb B CTAPT-CTOMHOM
peXnMMe) No BHelWHeMy ynpasaawollemMy curHany. [Mpu Hannumm curHana Ha Bxoae OCTAHOB cxema
OCTaHaB/NMBAET CBOW reHepaTop MO o4yepegHOMY OTpuUUATENbHOMY nepenady Ha Bbixoge. Korga Ha Bxoae
OCTAHOB curHan cHoBa nepenaet B coctosHne HU3KOIO ypoBHSA, reHepaTop cpasy e HaumHaeT GopMMPOoBaTh
NoJiIHble Nepuobl: Kak ecnn 6bl 3aAHNKN GPOHT BO3HUK B MOMEHT CHATUA curHana OCTAHOB. [lononHUTeNbHbIN 3-
n Bxod cxembl W-HE, KOTOpbIM coeAmMHeH C BbIXOAOM KOMMApaTopa, CAYXKWUT AAA Toro, 4tobbl cxema He
«3acTpeBasa» Npu 3apsaKeHHon emkoctu C1. AnuUTenbHOCTb MMNyAbCa Ha BbixoAe oAHOBMOpaTopa BblibMpaeTcs
[OCTaTOYHO H6onbWoM, YTOobbI 33 3TO Bpema C1 MOT NOAHOCTBIO Pa3PAAUTLCA.

8.22. [lpedocmepexceHua omHocumesibHo 00Ho8UbPamMopos

C oaHoBMOpaTOpaMmM CBA3aH UEeNbll psag npobiem, KOTOpble He BCTPEYATCA B APYrMX UMOPOBbLIX CXeMax.
Kpome TOro, CyLIecTBYIOT HEKOTOpble 0OLIME MPUHLMMLI, KOTOPbIMW HEOOXOAMMO PYKOBOACTBOBATLCA MPU MX
ncnosb3osaHnn. OCTaHOBMMCA CHaYa/la Ha «NaTo0rMn» 0AHOBMOPATOPOB.

Mpobaembl NpUMEHEHNA OAHOBMOPATOPOB.

OnutenpHocTb  mmnynbca. [aa NOCTpOeHMAs OA4HOBMOPATOPOB MCMONb3YETCA COYETaHWE JIMHEMHbIX W
UMOPOBbIX METOAOB. TaK KaK SIMHENHblE CXEMbl YYBCTBUTE/IbHbI K M3MeHeHuam U63 n h213 oT TemnepaTypbl M
T.M., OIHOBMOPATOPbLI TaKXKe pearvpyrT Ha M3MEHEHMsA TemnepaTypbl WM HaNPsXKeHWA MNuTaHua Apendom
ONVTENBHOCTM BbIXOAHOMO WMMMyAbCa. B TMNOBBIX yCTponcTBax, Hanpumep 4538, AAMTENbHOCTb BbIXOAHOTO
MMNynbca Konebnetca B Npegenax HeCKOAbKMX MPOLEHTOB MpU M3MeHeHUn TemnepaTypbl B nHTepsane 0-50 °C u
NPU OTKAOHEHMAX HanpaXeHua NuTaHua +5 %. Kpome Toro, pa3bpoc napameTpoB OT YCTPOMCTBA K YCTPOMUCTBY ANA
MMC paHHoro tmna coctasndet +10 %. lNpun pacCMOTPeHUM YyBCTBUTENBHOCTM K M3MEHEHMAM TemnepaTypbl M
HaNPsXXeHUA MUTaHMA BaAXKHO TMOMHWTb, YTO KpUCTana (4MN) MUKPOCXEMbI MOXEeT o06nagatbh 3ddeKkTom
CaMopasorpeBa, a WM3MEHEHWE HaMpPAXKEeHUs MUTaHWA BO BPemMs [eNCTBMA BbIXOAHOrO MMMyabca (Hampumep,
KOPOTKME «BCMNIECKM» MO WWHE MUTAHMA) MOXKET CYLLECTBEHHO MOBAMATL Ha €ro AJMTeNbHOCTb (MAW Bbl3BaTb
JIOXKHbIN 3anycK).

OnvHHble  umnyabebl.  Mpyv  GOPMUPOBAHUM  AAMHHBIX  MMMY/JbCOB  EMKOCTb KOHAEHCAaTopa MOMKeT
NpeBbIlWaTb HECKONbKO MUKpodapasd, YTO MPUBOAMT K HEOOXOAMMOCTM WCMNO/Mb30BaTb 3S1EKTPOAUTUYECKME
KoHAeHcaTopbl. B 3TOM c/iydyae BO3HWMKaeT npobiema TOKa YTeYKM (Be/MYMHA KOTOPOro ANs KOHAEHCAaTOpOB
Masioli eMKOCTU He3HauuTesnbHa), 0COBeHHO ecan y4yecTb, YTO B OO/bLIMHCTBE OAHOBMOPATOPOB BO Bpems
[eNCTBMA BbIXOAHOTO WMMMY/AbCa K KOHAEHCATOPY NPUKNAAbIBAETCA HanpaxeHwe oboux nonapHocten. Lna
paspelleHmsa 3ToM Npobiembl MOXKHO YCTAHOBUTb AMOA WAM TPAH3UCTOP, AMBO NepeiTn Ha LUMPpoBble METO/bI
bopMMPOBaAHMA 33JepPXKEK C MCMOSb30BAaHMEM TaKTOBbIX MMMY/bCOB M TPUITEPHbIX KacKa[oB, Kak MOKasaHo B
pa30. 8.23. Mcnonb3oBaHWe BHELWHEro AM0Aa WAM TPaH3WCTOpa MOBbILWAET YyBCTBUTENBHOCTb K TemnepaType M
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CHMXa€eT TOYHOCTb 3a4aHNA AIMTENBbHOCTU MMMNYNbCa. 3TO MOXKET TaKKe 3aTPYAHUTb nepe3anyck.

CKBa)KHOCTb. B HeKoTOpbIX CXxemax OAHOBMOPATOPOB ANUTENBHOCTb BbIXOAHOrO WMMMY/AbCa MPU BbICOKOM
CKBAXHOCTU yMeHbLlaeTca. TUNUYHBbIM NPUMEPOM ABAAIOTCA 3/1emeHTbl cepum TT/1 9600-9602, y KOTOpbIX Npu
CKBaXXHOCTM 60 % AAMTENbHOCTb BbIXOAHOMO MMMY/AbCA MOCTOAHHA, a NpWM CcKkBaxHocTM 100 % ymeHbluaeTcA
npmbansnTensHo Ha 5 %. YcTpoitcteo 121 (npekpacHoe B APYrMX OTHOWEHMAX) B 3TOM OTHOLIEHUM ELLe Xy»Ke, TaK
KaK Mpu BbICOKON CKBaXKHOCTM BoOblLEe BeaeT cebsi He yCTOMYMBO.

3anyck. Ecnm ans curHana o4HOBMOPATOPOB MCMOJb3YHOTCA C/AULIKOM KOPOTKME CWUIHa/fbl, TO OHW MOTYyT
BblpabaTblBaTb Ha BXOA4e HecTaHAAPTHble, UAM «APOXKaLWMeEY, UMMYAbCbl. [1nA 3anycKatowero MMnNyibca 3a4aeTca
MWUHMMabHAA AJIMTENbHOCTb, Hanpumep, aaa npubopa LS "121 oHa coctasnseT 50 Hc, a ana 4098 - 140 Hc npwm
HanpsXeHun nuTaHus +5 B 1 40 HC nNpu NuTaHuMM +15 B (NpW NOBbLILIEHHOM HAMNPAXKEHWUU MUTAHWUA S1EMEHTbI
KMOM mmetoT 6onee BbICOKOE HbICTPOAENCTBME M NMOBLILIEHHYIO HArpy304YHY0 CMOCOOHOCTD).

[TOMexoycToMYMBOCTb.  Tak Kak B COCTaB OAHOBMOPATOPOB BXOAAT JIMHEWHbIE  3/1EMEHTbI, WX
NOMEXOYCTOMUYMBOCTb OObIYHO XyXKe, Yem y Apyrux umdposbix cxem. OaHOBMOPATOPbl OYeHb YyBCTBUTENbHBI K
E€MKOCTHbIM  CBA3AM BOAM3WM BHEWHWX BpemaAsadatowmnx snemeHtoB R m C. Kpome TOro, HeKoTopble
0AHOBMOPATOPbI CKAOHHbBI K TOXKHOMY 3aMyCKy OT «BCM/IECKOBY» Ha LUMHE 3emMan uam U+,

MacnopTHble JAaHHble. He 3abbiBaliTe, 4YTO XapaKTepPUCTUKM oAHOBMOpaTOpa (TOYHOCTb BbIAEPMHKKM,
BPEMEHM, HeCTabWUIbHOCTb MO TeMNepaType U HaAMPAXKEHUIO NMUTAHMA) MOTYT 3HAYUTENbHO YXYALIATLCA Ha Kpaax
paboyero auanasoHa. B nacnopTHbIX AaHHbIX Ha YCTPOMCTBO OObIYHO 3a4aeTca AManas3oH AAUMTeNbHOCTeMN
BbIXOAHOMO MMMy/bCa, B KOTOPOM OHO MMEET XOPOLIME XapaKTePUCTUKKU, U 3TO MOMKET BBECTU B 3abnysKaeHue.
Kpome Toro, moryt HabntogaTbCA pas3/nuMs B TeX e CaMblX HOMepax M3Aenni, Koraa OHM BbIMycKatoTcs
Pa3/IMYHBbIMU U3FOTOBUTENAMM. YUTaliTe NacnopTHblE JaHHble TWaTebHO!

Pa3Ba3ka Mo Bbixody. Boobuie, B 1tlo6OM LMGPOBOM YCTPOMCTBE, COAEPMKALLEM TPUTTEPDI, BbIXOAbI AOMMKHbI
6bITb OydepupoBaHbl (C MOMOLLbIO BEHTUASA, WMHBEPTOPA, BO3MOMHO, WMHTEPOENCHOM CXembl TUMna JMHEeNHOro
dopmmpoBaTens — BO3OyAUTENA MM ApaiiBepa) A0 TOro, Kak OHWM MOCTYNAT Ha Kabenb MAM BHeWHWn npmbop.
Ecnn ycTpoicTBo TMNa oaHoBMbBpaTOpa MOAKAoYaeTCs K Kabento HenocpeacTBEHHO, TO ero paboTa MOMKeT CTaTb
HeyCTOMYMBOM 3a CYET BAMAHMA HArpy304HOM EMKOCTM M OTPaXKeHWA CUrHaA0B B Kabene.

Obuwme coobpaxeHus MO MNPUMEHEHWO oAHOBMOPaTOPOB. [MpU MCMONb3OBAHUM OAHOBMOpPATOPOB A/A
bOpPMMPOBAHMA MMMYJIbCHOM NMOCAeA0BaTe/IbHOCTM ybOeaMTech B TOM, YTO Ha «KOHLAx» He byayT BbipabaTbiBaTbCA
[ONONHUTENbHBIE MMMYAbLCHI, T. €. YTO CUIHA/bI, pPaspeLlatolme 3anyck ogHoBMbBpaTopa, CaMu He NPOU3BOAAT ero
3anyck. 3To Nerko cAenatb, ecau TWATebHO NPOCMOTPETb Tabanuy UCTUHHOCTU. He yBnekanTecb NpMMeHeHNem
04HOBMOPATOPOB, XOTA 3aMaH4YMBO CTaBMTb MX BE3e, rAe TONbKO MOMHO, M HabatodaTb, Kak MMMYIbCbl OT HUX
pasberatoTca BO BCE TOUKM CXEMbI.

Cxembl, cofepKaline BonbLIoe YNCNO OAHOBMOPATOPOB, CBUAETENbCTBYIOT O HEOMbITHOCTM pa3paboTumKa.
Kpome yKazaHHbIX Mpobnem CylecTBYIOT elle U AONONHUTE/bHbIE CAOMHOCTW, CBA3AHHbIE C TEM, YTO CXEMA,
HacbllLEeHHass oAHOBMOpATOpaMn, He [0MyCcKaeT CYLWECTBEHHOM PEeryMpoBKM TaKTOBOWM YaCTOTbl, MOCKO/IbKY BCe
BbIAEPKKM BPEMEHM B CXEMe HaCTPOEHbl Ha OnpefeneHHbld MopPsaAoK BO3HUMKHOBEHMA cobbITMA. Ecam ecTb
BO3MOXHOCTb BbIMNO/IHUTL Te e OYHKUMKM 0e3 NMPUMEHEHWs OAHOBMOPAaTopOB, €0 HaZo BOCMO/1b30BAThCS.
MprMep TaKoM CXembl NMoKasaH Ha puc. 8.67.
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Puc. 8.67. LHugposas 3adepxcka (6) 3ameHsem 3a0epicky Ha o0Hosubpamopax (a).

Mpeanonoxum, 4to Tpebyetca cdopmmpoBaTb MO Cnay BXOAHOrO CUrHajna MMMYAbC, a 3aTeEM elle OAMH,
3aepXKaHHbli NO OTHOWEHMIO K MNepBOMY. 3TW WMMMNYAbCbl MOTYT WMCMOAb30BaTbCA ANA MNpefBapUTenbHOM
YCTaHOBKM  CXeMbl W 3aMycka onepauui, nepeg KoOTopbiMM  TpeboBaNoOCb  BLINOJAHUTL  HEKOTOpPble
npeaBapuTesbHble [AENCTBMA, O 3aBEPLUEHMW KOTOPbIX coobulaeT chnaf BXOAHOTO CWrHana. TaK Kak A4nA
yNpaBieHUA OCTa/IbHOM YaCTblo CXEMbI CKOpPEee BCEro MCMO/b3YKTCA TaKTOBble MMMY/bChbl, Byaem npeanonarats,
YTO CUrHan Ha D-BXOo4e CHMMAEeTCAa CUMHXPOHHO C nepeaHuMm GpPOHTOM TakTa. B cxeme Ha puc. 8.67, a BXOAHOM
nepenaz 3anyckaeT nepsbli 0AHOBMOPATOP, KOTOPbIA MO KOHLY CBOEro BbIXOAHOIO MMMy/bCa 3amnycKaeT BTOPOM
oaHoBMbBpaTOp.

B cxeme Ha puc. 8.67, 6 TO e camoe aenaetca npuv nomolim D-Tpurrepos, KOTopble BbipabaTbiBalOT Ha
BbIXOAE MMMY/bCbl C A/IMTENBHOCTBIO, PaBHOW OAHOMY MepWoay TaKTOBOW 4acTOTbl. B OTAMYME OT aCMHXPOHHOM
CXeMbl, B KOTOPOW TpUITepbl BKAOYAOTCA KacKadHO, AaHHas CXxema SBASETCA CUHXPOHHOW. o paay NpuuMH, B
YaCTHOCTU CBA3AHHbLIX C MOMEXOYCTOMYMBOCTbIO, MPeAnoyYTUTEbHEE MPUMEHATL CUHXPOHHbIE cucTembl. Ecau
Heobxoanmo GopMMPOBaTb MMMY/bCbl BOMbLIEN AJUTENbHOCTU, MOMKHO MCMO/b30BaTh Ty e CaMyl CXeMy, HO
B3AB MNpM 3TOM [PYryt0 TaKTOBYIHD YacTOTy, KOTOPYKD MOMHO MOAYYMTb NyTem AeneHus OCHOBHOW
(BBICOKOYACTOTHO) TaKTOBOM MOCAEA0BATENbHOCTM C MOMOLLbLIO LIEMOYKM CYETHbIX TPpUrrepos. B sTom ciydae
OCHOBHOM TaKTOBbI CUIHaN MOMET WCMNO/b30BaThCA [A1A TaKTMpOBaHWA D-Tpurrepos. Kak npaswio, B
CUHXPOHHbIX CUCTEMAX MMEETCA HECKOJIbKO Cepuit TaKTOBbIX MMMYAbCOB, 0Opa3oBaHHbIX B pesynbTaTe AeneHus
OCHOBHOW YacTOTb!.
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8.23. lNonyyeHue 8bIOEPHKU B8pemMeHU C NOMOUWbHO
cYyemyukos

Kak Mbl y)Ke NoayYepKuMBaM, CyLWECTBYET LEAbld psaa NPUYMH, N0 KOTOPbIM cieayeT m3beraTb NPUMeEHATb
0AHOBMOpPATOPLI B SIOrMYECKUX ycTporcTBax. Ha puc. 8.68 n3obparkeHa elle ofHa CXeMa, rae TPUITep 1 CHETYUK
3aMeHAT 0a4HoBMOpaTOP A1A GOPMMPOBAHMUA MMMNYAbCa BONLLION ANNTENBHOCTH.
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Puc. 8.68. PopmuposaHue OnuHHbIX UMNYAbCO8 UUDPOBbIM CNOCOOOM.

NHTerpanbHan cxema 4060 npeactasnset cobor 14-pa3psfHblii  ABOMYHBLIM  cyeTunk (14 KackagHo
BK/MOUEHHbIX Tpurrepos) Tuna KMOI. ®poHTOM BXOAHOrO CWUrHana Ha BbIXOAe YCTaHaBAMBAETCA BbICOKMI
YpOBEHb, KOTOpbIN paspelwaeT paboTy cyetumka. Mocne ortcdeta 2™ MMNynbCoB Ha Bbixoge Qn W BO3HUKaeT
BbICOKWMIN ypoBeHb, B pesynbTaTe 4Yero TPUIrep M cueTuMK cOpocATca. [laHHaa cXema MOo3BONAET C BbICOKOWA
TOYHOCTbIO BbIPabaTbiBaTb WMMMNY/AbCbl HOALLION AJUTENBHOCTU, MNPUYEM MOCAEAHAS MOXKET W3MEHATbCA C
KoapduumeHTom 2. B coctas cyeTunka 4060 BXOAUT TaKKe BHYTPEHHUI reHepaTop, KOTOPbIA 3aMeHseT BHeLHWI
MCTOYHMK TaKTOBbIX MMMY/AbCOB. Hall OMbIT rOBOPUT, YTO BCTPOEHHbLIN reHepatop MmeeT OefHYH YacCTOTHYIO

XapaKTEPUCTUKY U MOXKET (aaxe B HC-Bepcuax) Naoxo ¢yHKUMOHWPOBATb.

Bbl MoOMeTe MCNo/ab30BaTb 3aKOHYEHHble MHTEerpajsbHble CXembl ANA 33a4aHWMA BPEMEHHbIX WHTEePBA/OB C
MOMOLLBIO CYETYMKOB. Tak, cxembl ¢upmbl Intersil ICM 7240/50/60 umetoT BCTpOEHHbIE 8-paspAdHbIA U
OBYXAEKAHbIA  CYETYMKM U HEOoDXOAMMYIO  NOTMKY  Ans  GOPMMPOBAHMA  33[EPXKEK, SKBUBANEHTHbIX
HakoneHHOMY Yncay cyeTa (1-255 nam 1-99); yctaHaBAMBATL YMCNO Bbl moxkeTe MbO yCTaHaBAMBaA NEPEMbBIYKY,
ambo ¢ nomoulpto HapabaHHbIx nepekatodaTenen. Cxema ICM7242 nogobHa MM, HO WMMEET CYEeTYMK C
YCTAaHOB/IEHHbIM KECTKO 3HayeHMeM AnAa feneHns Ha 128. dupma Exar BbIMNyCKaeT aHasorMyHbIM npubop,
nmeHyembln XR2243, KOTOPbI MMeeT GUKCUMPOBAHHbIM cYeTYMK-AenmTens Ha 1024,
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[TocnenoBaTenbHble QYHKUWK, peansyemble Ha
CTaHAapTHbIX MMC

Pas/fiMyHble COYeTaHWA TPUITEPOB W BEHTWENM, TaK e KaK M pPacCMOTPEHHble paHee KOMBWHALUMOHHbIe
CXeMbl, MOTyT ObITb pa3melleHbl Ha ogHoOm Kpuctanne MMC. B nocneaytioumx pasgenax Mbl gagum o630p
Hanbonee 4acTo Mcnonbayemblx TMNoB MMC B COOTBETCTBUM C BbIMOAHAEMbIMM QYHKUMAMKU. TaK Ke, Kak M B
cnydae ¢ HeboraTom KOMBMHALMOHHOW NOTMKOM, Mporpammupyembie normdeckme yctpoictea (MM n GAL, B
YaCTHOCTM) CO34A0T MPUTATATENbHYIO anbTePHATUBY A8 UCMONb30BAHMA MECTKMX NOCAeA0BaTeNbHbIX QYHKLMNA.
Mbl Tak»ke 06 3ToM Byaem roBOpmMTb NOC/E PACCMOTPEHMA CTAaHAAPTHbLIX GYHKUMIA.

8.24. Qukcupyrowue cxemsl-3aWesIKU U peaucmpsl

OUKCUPYIOLLME CXEeMbI-3aLLeNlIKU U PerucTpbl NO3BONAT 3aNOMMHATb KOMOMHALMIO ABOMYHbLIX Pa3pAnos,
KOTOpasd noJaHa Ha UX BXOAbl, Y XPAaHUTb ee Noc/ie U3MEHEHUA BXOAHbIX CUITHA/MOB. PErnMcTp MOXHO NOCTPOUTL C
nomoulbto Habopa D-TpUITepoB, HO B 3TOM C/ly4ae 4YMCI0 BXOZOB W BbIXOAOB Yy Hero byaer Oosiblie, 4yem
TpebyeTtca 06bI4HO. Tak Kak B AaHHOM MPUMEHEHUW HeT HeobXoAMMOCTM MCNONb30BATb PA3Ae/bHO TaKTOBbIE U
YCTaHOBOYHbIE BXOAbl, 3TW LEMU MOXKHO OObeAWMHWUTb O/1A BCEX TPUITEPOB; 3TO MO3BOJUT COKPATUTb YMUCIO
BbiBogoB MMC 1 gacT BO3SMOXHOCTb Pa3mMeCcTUTb B CTaHAAapTHOM 20-KOHTaKTHOM Kopnyce 8 Tpurrepos. Tak,
Hanpumep, nonynapHaa cxema 574 npepacrasnsaeTr cobot 8-pa3pagHbid D-peructp ¢ dukcaumei no
NONOMKUTENbHOMY GPOHTY M C BbIXOAAMM Ha TPU COCTOAHMA; cxema 273 nogobHa eit, HO MMeeT BO3MOMKHOCTb
cbpoca BMeCTO BbIxoAoB Ha 3 coctosHuA. Ha puc. 8.69 npeactasneH 4-paspagHblin D-peructp ¢ npsambim m
MHBEPCHbLIMWN BbIXOAAMMU.

T L
74L5 2 Boixopn
Bogel— 178 o, puncaTopa

Puc. 8.69.4-pa3padHsili D-mpueeep muna 74L5175

TepN\l/lH «d)l/IKcaTOp)) NN «3allenka» 06blYHO CNYXUT ONA ob03HayeHuA cneunanbHOro Tmna pPerncTpos,
KOTOPblE B OTKPbLITOM COCTOAHUWN OTCNEXWMBAKOT Ha CBOMX BbIXOAAX BXOAHblE CUTHA/Ibl, @ B 3aKPbITOM XPaHAT WUX
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nocnefHee 3HayeHue. Tak Kak TEPMUH «dUKCATOP» CTas HEOAHO3HAYHbIM, YacTo A4S TOro, YTobbl OTANYMTL APYT
OT Apyra [Ba O4YeHb CXOAHbIX YCTPOMCTBA, WCMOMb3YIOT TEPMMHbI «MPO3payHblii  duKcaTop» (cobCTBEHHO
«3alenka») n «peructp D-Tuna». Hanpumep, cxema 573 npeacrtasnaeTr coboit 8-paspagHbiil «NpoO3payHbIil
pUKcaTop», 3KBUBANEHTHbLIN 574 D-peructpy.

CyLecTBYIOT HeKoTopble Bapuauum GUKCaTOPOB/PerncTpoB, TakMe KaKk: a) 3anomMHaloLlpMe YyCTPOMCTBa C
npounssosbHOM Bbl6opKOM (3YIB), KOTOpble MO3BONAIOT BaM KaK 3anuCblBaTb, TakK M YMTaTb MaCCWMB PErMCTPOB
(0bbluHO 60AbLIOK), HO TONABKO MO pasaenbHOCTU. 3YTMB MMeloT pasmepbl OT HECKOAbKMX HalT Ao 1 M6anT u
bonee M 0B6bIYHO MCMOML3YIOTCA B CMCTEMAX MAMATM MWKPOMPOLLECCOPHbIX YCTpoicTB (cm. ea. 10 w 11); 6)
afipecyemble 3alllefikM, YCTPOMCTBA MHOropaspaaHon duKcauumm, KOTopble MO3BONAIOT OCYLLECTBAATb AOCTYyn K
OTAENbHbIM BUTAM, HE U3MEHAS COAEPHKMMOrO OCTajbHbIX; B) 3allesika UKW PerncTp, BCTpamBaemble B HOMbLION
KPUCTaNN, Hanpumep UMdpo-aHaiorosbii npeobpasoBaTesib, Takoe YCTPOMCTBO HeobXOAMMO, Korga BXOAHble
[laHHble CYLLEeCTBYIOT He BCe Bpema (B TedeHMe TaKTUpytoLLero GPoHTa), NOCKOAbKY BHYTPEHHWN PErucTp MOXKeT
XPaHUTb AaHHbIE.

B tabn. 8.9 B KOHLE rnasbl NpeacTaBaeHbl JaHHble OO/bWMHCTBA MNOJIE3HbIX PErMCTPOB U 3allesiok. OTMeTUM
Takne 0cobBeHHOCTM 3TUX YCTPOMCTB, KaK: BXOA, paspelleHnsa, cbpoc, BbIXOA Ha 3 COCTOAHMA U
«MNPOTUBOMONOMKHOE» PACMOIOKEHNE BbIBOAOB (BXOAbl Ha OJHOW CTOPOHE KOpMnyca, a BbiXOoAbl - Ha Apyrow).
lMocnegHee o4YeHb BaXXHO, KOr4a Bbl MCNOAb3yeTe ANA Pa3MeELLeHMA NeYaTHY naaTy.

8.25. Cyemyuku

Kak Mbl yxe BUMAENM paHee, cOeauHAs TPUITepPbl APYr C APYrom, MOMHO MOCTPOMTb cyeTumk. CyliecTsyeT
nopa3nTesbHOE MHOXEeCTBO pPa3HOODpPa3HbiX YCTPOMCTB TaKOro TWMa, BbIMNOJHEHHLIX B OAHOM KOPMyce.
MonbITaeMCA BbIACHUTb HEKOTOPbIE MX XapaKTePHble 0COBEHHOCTU.

O6beM WMAM pasmep cyeTdnka. Bbl MoXKeTe HalTu B MONYAAPHON 4-paspsaaHON CepuM Kak ABOMYHO-
[eCATUYHbIE, TaK U JBOMYHbIE (MK LeCTHaAUuaTepUUHble, AennTenn Ha 16). CylwecTBYOT CYETYMKM 1 Ha Bosbliee
YMCNO PaspPAaoB — A0 24 (HO He BCe AOCTYMHbI), @ TaKKe CYETUMKM MO MOAY/IO N», MO3BOAAIOLWME NPON3BOAUTD
[leNleHne Ha Lenoe YMCio N, KOTopoe 3a4aeTcA C MNOMOLbIO BXOAHOro ¢a108a. [a noaydeHus 60bWero Yucna
Pa3pAA0B CYETUMKM, B TOM YMCIE U CUHXPOHHbIE, MOMHO COEMHATL KacKaaHo.

TakTnposaHue. Cpeau BbIMYCKaEMbIX MPOMbILLNEHHOCTBIO B BUAE CTaHAapTHbIX MMC cHeTYnKoB oZ4HM MOryT
TAKTUPOBATLCA MONOKUTENLHBIM Nepenagom, a Apyrue oTpuuaTensHbiM. bonee cylecTBeHHO, 34eCb TO, ABAAETCA
JIN CYETUMK CUHXPOHHBIM WMAW ACUHXPOHHBIM. B CHHXPOHHbBIX CYETYMKAX TaKTUMPOBAHME BCEX TPUITEPOB
MPOUCXOAUT OAHOBPEMEHHO, @ B aACMHXPOHHbIX KaXKAbl MOCNeAyloWMA  TPUITEP TaKTUPYETCA BbIXOAOM
npeablayluiero. B acCMHXPOHHbLIX CHETYMKAX MMEIOT MEeCTO NepexoHble COCTOAHMA, TaK Kak HayaNbHble TpUrrepHble
CTyneHun nepebpacbiBatOTCA HECKOJIbKO paHblie nocaeayowmx: Hanpumep, npu nepexoae ot puc. 8.70.
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Puc. 8.70. CO80€eHHbIl 080UYHO-0ecaAMUYHbIL cYemyYuK cO CKBO3HbIM nepeHocom muna 74L5390.

CABOEHHbIN ABOMYHO-AECATUUYHbLIA CYETYMK CO CKBO3HbIM NepeHocom Tuna 74L5390. uncna 7 (0111) K umcay
8 (1000) aCUHXPOHHBIMA CYETYMK NpoNAEeT yepes cocToaHMA 6, 4 n 0. ITO MOMKET NPUBECTM K NOXKHOW paboTe
CXeMbl, BOCMPUHMMAIOLLEM Tekyllee COCTOAHME CYeTYMKa, eCAnM B Hel He OyayT npeaycMOTpPeHb!
COOTBETCTBYIOLIME MEPbI. B TakMx clydasx KenatenbHO MCNOAb30BaTb 4YTO-1Mb0 noaobHoe D-Tpurrepy, 4ToObI
aHaNM3MPOBaTb COCTOAHME CYETYMKA TO/MbKO MO TaKTOBOMY nepenady. ACMHXPOHHble CYeTYMKM paboTatoT
MefJIEHHEee CUMHXPOHHbIX, TaK KaK OHW HaKanaMBaltOT 3aep)KKy pacnpoctpaHeHuda. [na obneryeHus
HapalWmBaHWA (NyTem TMOAKAOYEHMS BbiIxoga Q OAHOTO CYETYMKA K TaKTOBOMY BXOZY MOCAeAyOLLErO)
ACMHXPOHHbIE CYETYMKM AO/KHbI MMETb BXO[, KOTOPbIM paboTaeT no 3aaHemy GPOHTY, CMHXPOHHbIE CHETYMKM
TAKTUPYHOTCA MONOKMUTEbHBIM Nepenasom.

Mbl pekomeHayem cemenctBo 160-'163 4-paspAgHbiX CUHXPOHHbIX CYETYMKOB ANA  HObLIMHCTBA
NpUMeHeHunn, rae He TpebyeTca chneumanbHbix ocobeHHocTel. Cxembl 590 M 582 ABnsOTCA XOpowWUMKU 8-
Pa3pALHbIMU CUHXPOHHbBIMKU cYeTYMKamK. Ha puc. 8.70 NOKasaH CABOEHHbIA ABOWYHO-AECATUYHBIA CYETYMK TUNa
390.

CymmunpoBaHMe/BbluMTaHME. HeKoTopble CYETYMKM MOTYT cuMTaTb B 060OMX HamnpasieHusax. [na sToro
CYLWeCTBYET [1IBe BO3MOMHOCTM: a) OTAE/IbHbINA ynpaBAstoWmin Bxos, (+/—), KOTOpbIM yCTaHaBAMBaeT HanpasieHue
cyeTa U B) ABa pasdesibHbiX CYETHbIX BXO4a AN NPsMoro u obpaTHoro cuyeta. Hanpumep, cxembl 191 n 193
COOTBETCTBEHHO. Cxembl 569 © 579 asnaTca 8-paspAdHbIMM - CYETYMKAMM, CUMTaOWMMKM B 0bBowmXx
HanpaB/aeHUAX.

MpeaBapuTenbHas YCTaHOBKA M O4YUCTKA. BOABLIMHCTBO CYETYMKOB MMEOT MHPOPMAUMOHHbIE BXOAb,
KOTOpble MO3BOAAIOT NPeABapUTE/IbHO 3aHOCUTL B HMX 3aZlaHHOE YMC0. 3TO, B HAaCTHOCTM, MOXKET noTpeboBaTbCA
[N18 NOCTPOEHUA CYETYMKA MO MOAYO N.

3arpy3ka MOMeT ObITb KaK CWMHXPOHHOWM, TaK M aCUMHXPOHHOWM: B ycTpoictBax 160-163 ucnonb3yetcs
CUHXPOHHAA 3arpyska. JTO O3HayaeT, YTO BBOJ, AaHHbIX B CYETYMK MPOM3BOAMTCA MO o4vepesHOMY nepenaay
TAKTOBOrO MMMy/bCa NPV YCNOBUK, YTO Ha NuHUKM 3ATPY3KA pelicteyeT paspellatolmin curHan. Cyetumkm 190-
193 ABNAKOTCA ACMHXPOHHbBIMM, MM ACMHXPOHHO 3arpy*KaembIMW; 3TO 3HAUYUT, YTO MHPOPMaLMA BBOAMUTCA B
CYETYMK MPWU HaANYMK paspellatollero curHana «3AFPY3KA» He3aBMCMMO OT COCTOSIHMA TaKTOBOW uenu. MHoraa
MCNOJIb3yeTCA TEPMUH «MapasienbHan 3arpy3ka», Tak Kak Bce BUTbl 3arpy»KatoTcs 04HOBPEMEHHO.
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®yHKkuma CEPOC (nnmn YCTAHOBKA B «0») saBnaeTtca GOpmoi npeaycTaHOBKM. B BONbLIMHCTBE CYETYMKOB
Bxo, CEPOC — aCMHXPOHHbIM, XOTS B HEKOTOPbIX TUMaX MCMOAb3yeTcAd CUMHXPOHHbIK CBPOC (Hanpumep,
'162/163).

Mpoyne 0COBEHHOCTU CYETYMKOB. B HEKOTOPbIX CXEMaxX Ha BbIXOAHbIX JAMHUAX MCNONb3YIOTCA GUKCATOPSI,
KOTOpble BCerga ABAAIOTCA «MPO3PadYHbIMU GUKCATOPaMM», U CNeA0BaTENbHO, CHETYMK MOMKET MCMO/b30BaThCA
TaK, Kak ecan Bbl 3alleskn He 6blao (cneayeT NOMHUTb, YTO Mt0HOKN CYETUYMK C NapannenbHbIMU BXOJaMMU MOMKET
paboTaTb KaK 3allleska, OA4HAKO NPU 3TOM Hefb3sA OAHOBPEMEHHO NPOWM3BOAUTL CYET U XPaHUTb MHDOPMaLMIO).
MHoroa oveHb yA0OHO MMETb CHETYMK B coveTaHnn ¢ GUKCATOPOM, Hanpumep B TOM C/ydae, Korga nocsie Havana
HOBOrO LMKAa cyeTa HeobxoAMMO BOCMPOM3BECTM WAW BbIBECTM Npedblayliee 3HadyeHue. B yacToTomepe 37O
NO3BONAET MOMYYUTb YCTOMUMBYID WMHAMKALMIO C KOPPEKTUPOBKOM MOC/AE KaxAoro UMKAa oTcyeTa M He
BOCMPOMU3BOAUTL HA MHAMKATOPE BCE TEKYLIME COCTOAHMA CYeTYMKa, cbpacbiBas ero B Hy/ib MoC/ae OKOHYaHUs
Kaskaoro LUmKna.

MMeroTcA CYETYMKM C BbIXOAAMM Ha 3 cocToAHMA. OHM HE3aMEeHUMbIl 1A NpUMeHeHU, rae umedpsl (Mam 4-
paspaaHble TPYNMbl) MyJbTUNNEKCUPYIOTCA Ha OAHY WKMHY AN 0TObpaskeHusa MaM nepeadyun B 4pyroe ycTpoicTeo.
Hanpumep, yctpoiicteo 779 npeactasaseT cobol 8-pas3psaHbii CUHXPOHHbLIA ABOWYHbIA CYETUYMK C BbIXOJAMM Ha
3 cocTosHMA, KOoTOopble MOryT paboTaTb Kak napannenbHble BxoAbl. [locpeAcTBOM 0O6beAMHEHUS JINHWINA
BBO/A/BbIBOAA CYETYMK pasmellaeTca B 16-KOHTaKTHOM Kopryce. YcTpoicTtso 593 nogobHo npedblayliemy, HO
BbIMO/AHEHO B 20-KOHTAKTHOM KOpMnyce.

Ecnv Bbl 3axoTUTe MCMNO/b30BaTb CYETYMK BMECTE C MHAMKATOPOM, TO K BallMM YyC/lyraM HECKOJIbKO
YCTPOMCTB, O0OBEAMHAIOWMX B OAHOM KPUCTANNe CYETYMK, PEerncTp, 7-CerMeHTHbI aewundpatop U
dbopmmpoBaTeENb YPOBHEN AS yNpaBaeHua MHAuKaTopom. Hanpumep, cepua 4-paspagHbix cyetymkoB 74C925-
74C928. BbinyckaeTca Takwxe cxema TIL 306/7, npeacTasnawowas cobol CYETYMK U MHAMKATOP Ha OAHOM
Kpuctanne. CTOUT MOCMOTPETb Ha 3TOT NPMBOpP, KOTOPbIA CYMTAET M BbiCBEUMBAET OTAe/bHble Undpbl! Ha
puc. 8.71 noKasaHa oyeHb yaavHaa BWC cueTymka, KoTopaa He TpebyeT 60NbLWIOrO YMcAa AONOSHUTENbHbIX
KOMMOHEHTOB.
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Puc. 8.71.8-3Hakossll yHUsepcansbHeill 00HOKpucmansHell cuemyuk Ha 10 mIy muna Intersil 7216

(c paspewenmns dupmbl Intersil Inc.)

B T1abn. 8.10 B KOHLE rnaBbl NpeacTaBaeHbl AaHHble HOMbLWMHCTBA CYETYMKOB-KPUCTANIOB, KOTOPbIE Bbl
MOXeTe MCMoab30BaTb. MHOMMe M3 HUX HaxoAATCA TO/MbKO B OAHOM cemelcTBe (Hanpumep, LS mam F), Tak 4To
06s3aTeNIbHO NPOBEPbTE MO CMPABOYHUKY Nepes NPOeKTUPOBaHUEM.

8.26. Pecucmpsbl cosuaa

EC/M HECKONIbKO TPUITEpOB COEAMHUTL TaK, YTO BbIXOA Q KaXA0ro npeablaywero Tpurrepa byaeT ynpasnatb
D-BXO40M MOC/NeAyIOLLEro, a BCe TaKTOBble BXOAbl ByAyT BO3OYKAaTbCA OAHOBPEMEHHO, TO MOAYYUTCS CXema,
KOTOPYIO Ha3blBAKOT «pPernctp casura». Mo Kaxkaomy TakKTOBOMY MMMY/bCY KOMOUHAUMSA «HYNEn» U «edUMHULY B
permctpe 6yaeT caBMraTbCs BNpaBo, a cneBa 4epes D-Bxod nepsoro Tpurrepa 6ydeT BBOAUTLCA HOBas
nHdopmauma. Kak M BO BCEX TPUITEPHbIX cxemax, WHOOpMauMa Ha /NeBOM BXOAE, MPUCYTCTBYIOLLAA
HenocpeAcTBEHHO mnepes BO3HMKHOBEHWEM TaKTOBOTO MMMynbca, byaeT BBeAeHa B PermcTp, U Ha Bbixoge byaeT
obbluyHaA 3adepXKa pacnpocTpaHeHma. Takum obpasom, PerncTpbl MOMKHO 0ObeAMHUTb KacKafdHo, He ouaan
BO3HMKHOBEHUA PEXMMA IOTMYECKMX FTOHOK.

PerucTpbl casgura LWIMPOKO MCMONbL3YHOTCA AN NpeobpasoBaHMA AaHHbIX M3 napannenbHon dopmbl (n 6ut
nocTynaet OLHOBPEMEHHO MO N HEe3aBUCUMbIM JIMHUAM) B NocnefoBaTesibHyto (OUTbl OOAMH 33 ApPYrum
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nepeaatoTca No MHGOPMALMOHHON ANHMM) M HAaobopOoT. OHM TaKKe NPUMEHAIOTCA B KayecTBe 3anoMMHAIOLLMX
YCTPOWCTB, 0OCOBEHHO B TEX C/ly4asX, KOraa JaHHble CYUMTHIBAKOTCA M 3aMMCbIBAOTCA BCErda OAMHAKOBbIM 0DOPasom.
Pernctpbl caBura, Kak W CYETYMK, M  MKcaTopbl, NpeacTaBieHbl 6OAbWMM  YMCAOM  Pa3HOOBPa3HbIX
moamduKaumin. Bece Hanbonee BaxkHbie MOMEHTbI, CBA3aHHbIE C PErMCTPOM CaBura, ByayT pacCMOTPEHbI HUKE.

O6bem. 4-paspsagHble U 8-pa3padHble PErncTpbl ABAAIOTCA CTaHAAPTHLIMW. BbINyCKatOTCA TaKXKe PermcTpbl 1
c 6onbwnm obbemom (64 buTta M Honblue). CyllecTBYIOT AaXKe PErucTpbl ¢ NepemMeHHon AAMHON (Hanpumep,
cxema 4557 MOXKeT U3MEHATb CBOKD A/IMHY OT 1 A0 64 BUT C NOMOLLbIO 6-pa3psAHOro BXxoda yrnpasaeHums).

OpraHunzauma. O6bIYHO perncTpbl cABMra ABAAKTCA OAMHOYHbIMU, OAHAKO BbIMYCKAOTCA TaKMKe CABOEHHbIE,
CYeTBEPEHHbIE U CLUeCTEPEHHble pPerncTpbl. BOAbLIMHCTBO PerncTpoB CABMIra NPOM3BOAAT CABWUI TOAbKO BMPaBoO,
HO CYLLECTBYIOT M PErUCTPbI CO CABUIOM B 0OOMX HanpaBAeHMUAX, Takne Kak 194’ n "323', KoTopble MMEOT BXOS,
«HanpasneHue» (puc. 8.72). OcTeperaiitecb XMTPOCTEN TUNA «ABYHANPaBJAEHHOCTUY Yy CXeMbl 95" perncTp moxet
cABuraTb BAEBO TO/IbKO, €C/NU COeAUMHUTb MNPeABapuUTeNbHO KarKAbl BbIXOA C MpedblAyLiMm BXO4OM, 3aTem
NPOW3BECTN NapanNeNbHYIO 3arpy3Ky.

Beixugsl
L
T 1L 1 T
Qa Qg 4; Gy
—  TAKT
"194 Broa |
—q toriC 3 (CABHT 8ne80)
| Bxop
(CABMr BNPaB0 )
So 54 A B 0
Bronw 3apaswA  Bropbt napannens-
PEMHMOB HOW  33rpy3u
3 5
0 0 Janpert
1 0 Cpewr enpasp
0 1 CoBMr BNeed
1 1 NapannensHoe
13HECEHME

Puc. 8.72.4-pa3padHsili pesepcusHsili pecucmp cosuea muna 74L5194.

Bxoabl ¥ BbiIxoabl. Hebonblime pernctpbl cABura MoryT NpomM3BOAWTL NapanfefibHbli BBOA U BbiBOA, W
06bIYHO 3TO AenatoT, Hanpumep, cxema 395" aAnseTcAa 4-paspsagHbIM  PErUCTPOM CABMra C MnapaiaiesbHbIM
BBOAOM M BbiBogOM (PI/PO) c BbIXOAOM Ha 3 COCTOAHWA. BOMbLUME PErucTPbl MOTYT OCYLLECTBAATb TOJIbKO
nocnefoBaTe/bHbIM BBOA W BbIBOA, T. €. TO/IbKO BBOJ, B MEPBbIN TPUITEP WAM BbIBOZ M3 NOCAEAHEr0 AOMYCKAETCA.
B HEKOTOPbIX C/y4anXx BbIBOAATCA HECKObKO MPOMEXKYTOUYHbIX BbIXOA40B. EAMHCTBEHHBIM CNOCOH PasMecTUTb Kak
napannenbHblil BBO/, TaK W NapanfiesbHbli BbIBOA B OHOM MasoM KOpMyce — 3TO MCMNO/b30BaTb OAHM U Te e
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KOHTaKTbl B Ka4eCcTBe BXO4O0B M BbIXOAO0B. Tak, Hanpumep, cxema 299 npeactaBaset cobol 8-pa3paaHbiii permcTp
napannenbHoro ssoga/sbiBoga (PI/PO) B 20-KOHTaKTHOM Kopryce. HeKkoTopble CABMIOBble PErncTpbl BKAKOYAOT
3allenkm (buKcaTopbl) Ha BXO4e WM BbIXOAE, TaK UTO CABUI MOXKET MPOUCXOAMTb MOKa AaHHble 3arpyKatoTca Uam
BbIFPYXatoTCA. TaK e Kak My cyeTunkoBs, napannenbHas 3AMPY3KA n OYNCTKA moryT 6biTb MO0 CUHXPOHHbIMM,
IMBO aCMHXPOHHbIMUK, Hanpumep cxema 323 nogobHa cxeme 299, HO C CUHXPOHHOW OYUCTKOWN.

B Tabs1. 8.11 B KOHLE r/1aBbl NPUBOAMTCA CMUCOK CABUIOBbIX PErMCTPOB. Kak Bceraa, He BCe TUMbl PerucTpos
NPUCYTCTBYIOT BO BCEX JIOTMYECKMX CEMENCTBAX, MPOBEPANTE MO CNPaBOYHUKAM.

O3Y B KayecTBe CABMIOBbIX PErMCTPOB. 3anommHatollee YCTPOWCTBO C MPOU3BObHON BbIGOPKOM MOMKHO
BCErAa MCMnob30BaTb KaK CABMIOBbIM pernctp (Ho He HaobopoT), UCMONb3YA BHELIHWIA CYETYMK AN reHepaumm
nocnefosaTeNbHbIX aZApecoB. ITa naed nokasaHa Ha puc. 8.73.
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He gonxHn HameHeHne Ha BXOOe
MEHATHLA

Bx. paHHvie
Ba. chedym
574 (a)
TakT umn. /
CLK
Buxon FS574(a) YeTOHYHBGIW
Bce aapepmKH
]-E- 2 Ynepmanue AaHbi B HC
Yeranoh,
CLE WE /|
LY
CLK,WE ana 03Y e 105
Japepmona
CYETYHKA
Berxop F269 (aapec)
——

BpemA BhISOPKM

Buixon 03Y CY123
Yeranosked [~ O

Boixop F574 (8) %{
]
3apepwra i, FOA 3,7He
lanepmra Dy FI74 BSHC _ "
Bpems ycrarosxn CYC123 5 } 135=37 eRbuc e,
3apepmuca Buxoga cuetiF269 105
Bpemn Brisoprn CYC123 7 19,5 + 37 =23 2Hc H.Bbix.
Bpems ycranosku I, F574 2

MK, neprOA CHHXPORMN,CABHMA 33 ML
8

Puc. 8.73. Peaucmp cosuza 6onsbwol OnuHsbl Ha O3Y U cYyemyuke, KOCAS YepmoyKkad yKa3bieaem Ha
KpamHocme aAuHUl, 8 OaHHOM cay4dae umeemcs 4-pa3pAoHsili KaHaa OGHHbIX (a); epemeHHas ouazpamma 014
onpedeneHus MAKCUMAsAbHOU 4acmomesl CUHXPOHU3AUUU Npu  Hauxyowem pacnpedesneHuu  8pemMeHHbIX
napamempos (6); 8bl4UCAEHUSA, NOKAG3blBAOUWUE Hauxyouwee pachpedeneHue 3a0epwer 8 00HOM makme
CUHXPOHU3auuu (8).

8-paspAaHbIA CUHXPOHHbBI PEBEPCUBHBIN CYETUMK BblpabaTbiBaeT NocaeaoBaTelbHOCTL aapecos aaa KMOM
03Y c opraHuzaumenn 256x4 6ut. Takas KombuHaums BeaeT cebs NoAobHO ueTbipem 256-6UT CABUIOBbIM
pPermcTpam C Hanpas/ieHneM CABWUra BNpaso/BNeBo, BbibMpaembiM yrnpasadowen amHuert BBEPX/BHW3 cyeTymKa.
Bce ocTanbHbie BXOAbl, KaK MOKA3aHO Ha PUCYHKEe, CAyXKaT ANs paspelleHnsa cyeTa. Bbibnpas bbiCTpble CHETYMKN U
NamMATb, Mbl MOMeM AOCTUrHYTb MaKCMMaabHOM ckopocTh 30 MM, (CM. BpeMEHHYI0 AMarpammy), KoTopas Takas
e, KaK M y MHTerpasnbHbiXx (HEe Ha MHOro MeHblle) cABUroBbIX pernctpos HC-TMna. 3TOT MeTod MOXKeT ObiTb
MCMNO/Ib30BaH A/1A NoMyYeHMa o4eHb BOobLWIOro perncTpa casura, ecnm Tpebyercs.

YnpaxHeHue 8.28. B cxeme Ha puc. 8.73 KaXKeTCA, YTO BXOAHbIE AaHHblE MOCTYNAtOT B Ty e AYEWKY, YTO M BbIXOAHbIE AaHHbIe NPW YTeHWU. Tem He MeHee cxema

BeseT cebs NoA0BHO KNACCUYECKOMY CABUIOBOMY PETUCTPY Ha 256 cnos. O6bACHUTE, noyemy.
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8.27. lNMocnedosamesnbHocmHsie [1MJ]

KombuHalmoHHble (ToNbKo Ha BeHTUAAx) MMJ], KoTopble Mbl paccMaTpuBann Bbille B pa3d. 8.15, BXoAsaT B
HoNblIOE CEMENCTBO, KOTOPOE BK/OYAET YCTPOMCTBA C PA3/IMYHBIM YUCAOM pPerucTtpoB D-Tuna Ha KpucTanne
(Ha3biBaemble «perucTposble MMJI»). TunuuHbiM 13 3Tnx NMJ1-16R8-nokasaH Ha puc. 8.74.
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ynpassieHuAa 3-m cocmosHuem. BbixoOsi peaucmpa MOXHO MAakKMe Ucnosib308ame Kak 8X00b| mampuysl Y.

(c paspewenuns dpupmbl Advanced Micro Devices, KanndopHus.)

Mporpammupyemans — W/dukcnposaHHas WM maTpuua TUNOBbIX KOMBUHALMOHHBLIX TIMJ1 reHepupyet
BXO4Hble YPOBHW AN1A 8 CUHXPOHHO TaKTMpyemblX pernctpa D-Tuna C BbIXO4amW Ha 3 COCTOAHWA; BbIXOAbI
pernctpa (NpPAMON M MHBEPCHbIA) KaK M CTAHAAPTHblE BXOAHblE KOHTAKTbl AOCTYMHbI KaK BXOA4bl JOrMYECKOW
MaTpULbI.

Echn Bbl nocmoTpuTe cHOBa Ha pwuc. 8.57, Bbl yBuamte, yto [IMJ1 C peructpamm — 3TO 31EMEHT
NoCNefoBaTENbHOCTHON CXeMbl ODOLWEero Ha3Ha4yeHUA ¢ onpeaeNeHHbIMM OTPAHUYEHUAMM Ha YMCNO PErUCTPOB U
BEHTUAEN, M Bbl MOXETE KOHCTPYMPOBAaTb, YTO XOTUTE, HO TOAbKO B 3TUX Npeaenax. Hanmpumep, Bbl MOXeTe
cAenaTb CABWIOBOM PErUCTP UAM CYETUYMK, MAM cpa3y oba. Ha npakTuMKe Bbl MOXeTe C/enaTb HEKOTOPbINA KyCOK
NOTUKM Kak YacTb DONbLUOK CXeMbl, 418 KOTOPOWN aNbTePHATUMBOM ABNAETCA AMCKPETHAA NOMMKa, NOCTPOEHHAA Ha
BEHTUANAX W TpUrrepax. NocMoTpum HeKOTopble NPUMEpHI.

KapTbl nepemblyek, co3gaBaemble BpyyHyto. [IpocTble NpoeKTbl MOryT KOHCTpyuposatbcA B [1MJ]
nocpeacTBOM M300paxKeHWA NI0rMKK, 3aTeM COOTBETCTBYHOWMI 06pa3 npeobpasyeTca B MaccMB NepemblyeKk A
nporpammaTtopa NMMJ1. Tak, Hanpumep, NPeAnOAOKMM, YTO Mbl XOTUM MOAYYUTb 4-BXOLOBbLIA MYAbTUNAEKCOP C
3allle/IKMBAaEMbIMK BbIxoZamn. Mbl MOXKEM 3amnmncaTb OTMYECKOE YpaBHEHWE A8 MY/bTUANEKCHOM YacTu (T. e. Ao
D-Bx040B Tpurrepa) 8 Buae

Q.d =10*S'0*S'1 + 11*S0*S'1 + [2*5'0*S1 + 13*S0*S1
roe BxoApl So 1 11 - aapeca, Bbibupatolime Bxoabl 10-Ssy «*» 1 «+» cooTBeTCTBEHHO W man U,

Peructposbie NTM/1 n1erko peanmsytoT 3To ¢ PUKCcaLUMen pesynbTata. 3aMeTMm, YTo Mbl ucnosib3oann NN 3-
BXOA0BbIX M, nmpeanoynmTas 3TO MNepBOHaAYaNbHOMY AEKOAMPOBAHUIO BbIOPAHHOrO azpeca Ha [ABYXBXOAO0BbIX
BEHTUASAX M, TaK KaK Mbl BbIHYKAEHbI UCMO/b30BaTb CYMMY MPOM3BeAeHUI (3TO Takke bbicTpee). OKoHYaTebHan
cXema MnokasaHa Ha pwuc. 8.75 (3amMeTuMm, cyllecTByeT TOHKOCTb AJ/19 3TOM CXembl, CM. noapasf. «Bblbpocki» B
KOHUE 3Toro pasaesna).

ia h i iy Sa 5y TaxT. uMmn.

NN

U

U

) N s B

Puc. 8.75.4-8x0008bIl Mysibmunaekcop ¢ ¢pukcayuel, 8oinosnHeHHoil Ha MM/

PALASM. [na cxem KaKoW-Ambo pasyMHOM CAOMKHOCTM HEOBXOAMMbl HEKOTOPbIE METOAbl JOMMYECKOro
npoekTnposaHua NMMJ1. Hanpumep, NMMJT 16L8 nmeeTt 2048 nepemblyeK, a CMIOXKHbIA NPOEKT MOXKET noTpeboBaThb,
4yTOObI Bbl MPOMKIINM HECKONBKO COTEH M3 HWUX, U eC/U Bbl He HeobOblYaMHO 06A3aTeNlbHbl, TO MaNOBEPOATHO, YTO
OOCTUTHUTE LIeAM BPYYHYIO, KOPPEKTHO onpeaenvs ux ans MMJ/-nporpammatopa. PALASM (PAL Assembler,
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TOprosbln 3Hak ¢upmbl Monolithic Memories Inc.), paspaboTaHHbIi dupmoit Monolithic Memories (Bnepsble
cospasliein MMJ), 6bln 0AHUM M3 NePBbIX MHCTpyMeHToB. OH BepeT nornyeckoe BbiparkeHue, nogobHoe Tomy,
KOTOpoe Mbl Nucanun Bbllle, M npeobpasyeT ero B KapTy nepemblyeK. [pou3BOAMTCA 3TO MOCPEACTBOM
nporpammsbl, HO 6e3 NorMyeckorm MUHMMM3ALMKM, NMOSTOMY Bbl AO/KHbI NpoAenaTb 3Ty TPyAHyt paboTty camu.
OpHako PALASM nos3BonseT Bam BBOAUTb Habop TECTOBbIX COCTOAHWMIA (Ha3biBAaEMbIX TECTOBbIMM BEKTOPaMM),
[AOWMX  BO3MOMKHOCTb MOJYYMTb Ha BbIXOZAX TO, YTO [JO/MKHO OblTb pPEe3yNbTaTOM BalUMX JIOTMYECKMX
cneumomnkaumin. Takum obpasom Bbl MOXKETE OT/IIAXKMBATb BaLLM yYpaBHEHUs neped uarotosutenem MM/,

PALASM wunpoKko ucnonb3ayetcs. CyWecTBYIOT JIMCTUHIM UCXOAHbIX TEKCTOB (KOAoB) Ha s3bike PopTpaH,
KOTOpble MOryT 3aTem MocaaTb KapTbl nepembiyek ana TMMJI-nporpammatopos (B cTaHaapTHom «JEDEC»-
dopmaTe)  yepes  nocnenoBaTENbHbIN nopt.  MHorne  [IMJl-nporpammaTopsl CO  BCTPOEHHbIMMU
MMUKPOMPOLIECCOPamMM BKIIOYAIOT pe3naeHTHbIn PALASM Takue, Hanpumep, Kak y dupm Data 1/O, Digiles, Stag, u
Structured Resign. OcTaeTca TONbKO NOAKNOYUTL TEPMMHAN, U Bbl B paboTe.

Asbikn ABEL n CUPL. PALASM — NOMOLLHWK, HO cepbe3HoMy nosb3oBaTento NMMJ1 Heobxoaumo 6onbliee.
A3bIKM NIOTMYECKOTO MPOrpaMmmMMpPOBaHMA BbICOKOrO YpPOBHA MofdobHO sA3bikam ABEL (dupmbl Data 1/O) n CUPL
(dbnpmbl Logical Devices) aenatoT nporpammuposanune MM/ (n TJIM) nerkoit paboToit. OHKM MO3BOASAIOT Bam
3afaBaTb NOrMKYy AnbBo 4Yepes nornyeckme Oynesbl ypaBHeHusA, Anbo Yepes Tabauupl WMCTUHHOCTW, ONA
NoCNef0BaTENbHOCTHBIX CXeM Bbl 334aeTe COCTOAHMA M Mpasuia nepexoda. MoaobHO Kakomy-nMbo xopolwemy
A3bIKY BbICOKOrO YPOBHSA, Bbl MOMKeTe onpeaensTb Maccubl (418 Habopa CMrHanoBs, T.e. afpecHOM LUHBbI),
BblpaXKeHUA U NPOMEXKYTOUYHbIE 3HAYeHMA, 3aTEM MCMO/b30BaTb MX B APYrMX BblPAKEHUAX. ITU A3bIKM AOCTAaTOYHO
«YMHbI» An8 npeobpa3oBaHna TabaUL, MCTUHHOCTU B OTMYECKUE BbIPaXKeHMUA C NOC/Aeayolen MUHUMU3ALMEN KX
(Takske, KaK W NOrMYecKMx OyneBbIX BbIPaXKeHUM) B NOTMYECKM WAEHTUYHbIE, OKOHYaTeNbHbIA pe3yabTaT
nonyyaetca B ¢GOpMme, KOTOpasa COOTBETCTBYET JIOTMYECKMM  OrpaHMYeHMAM  yCTpOMCTBa (T.e. cymma
npoussegeHuin ana MMJ1). BMecTo 3anucu cBepxy BHMU3 ABHO3a4aHHbIX JIOTMUYECKUX BbIpaXKeHWM ana psga
3HaQYeHUN Bam [0OCTAaTOYHO 3anucaTb 4YTo-TO Bpode ADDR: [10..FF], kotopoe OyaeT npeobpasoBaHO B
COOTBETCTBYIOLLYIO NIOTUKY. ITK A3bIKM TaKMKe MO3BOAAIOT BAM OMNpPefenaTb TeCT-BEKTOPbI, C MOMOLLbID KOTOPbIX
TECTUPYETCS Ballla CXEMA, KPOME TOro, TeCT-BEKTOPbI MOTyT TaKyKe MOoCblIaThCA B MPOrpaMmmaTop A5 MpoBEpKu
3aMporpamMMmMpPOBaHHOIO KpucTanna. HakoHel, 3TU A3blKM NO3BOAAIOT MOAYYMUTL CTAHAAPTHYIO JOKYMEHTALIMIO Ha
3aKOHYEHHbIA  KPUCTaNA, UTO CYWeECTBEHHO, €C/AM Bbl 3axOTUTE OTAaXMBaTb MNPUCNOCOBNEHNE C 3TUMM
camofebHbIMK YCTPOMCTBAMM.

C Uuesblo  KOHKPeTU3auMm 3TUX Wael, JaBalTe paccMoTpMm o0ba npumepa MPOEKTUPOBAHUS  Kak
nocneanoBaTelbHOCTHbIX, TaK M KOMOUHALMOHHBIX CXeM, MCno/b3ysa s3blk CUPL.

MMpumep ucnonvzosaHua Asvika CUPL 018 npoekmuposaHus npeobpazosamens u3 7-ceameHmHo20 Kooa 8
wecmHaoyamepuyHblll  (KOMOUHAUUOHHAA 02uKka). HacTynaeT Bpems, KOrda Bbl 3axOTUTE WCMNO/b30BaTb
enaembit BUC-KpucTana, KOTOPbIM BbIMOAHAET onpedeneHHylo OyHKUMIO  (Hanpumep, KanbKyaaTop Wam
XPOHOMETP), KaK 4acTb CO371aBaeMOro BaMW yCTpoMCTBa. beaa B Tom, 4To 3Tn BUC-KpUCTanibl 0O6bIYHO MMetoT
BbIXOAbl A1A TMNPAMOro  YNpaBAeHMA 7-CErMEHTHbIM  WHAMKATOPOM, KOTOPbIA  MPeanodyTUTENbHEN, 4Yem
lecTHaALuaTepUYHble (MM ABOUYHbIE) BbIXOAbI, KOTOPbLIE Bbl XOTUTE MNOAYYMTL. [laBalTe CNPOEKTMPYyEM KpUcTan-
lWndpaTop, KOTOpbIK NpeobpasyeT 7-cermMmeHTHbIM Ko, 0bpaTHO B 4-OUTOBbLIM ABOMYHLIM, Takas OyHKUMA He
peanusyeTcs Kak CTaHJapTHaa MMUKpocxema (XoTa cyllecTByeT Aewundpatop M3 CeMUCErMEHTHOrO Koda B
ABOUYHO-AeCcATUYHbIN, 74C915).

Bxoapl MpeacTaBAftoT OTAENbHblIE CETMEHTHbIE CMTHa/bl, KOTOpble BCErda NomevatoTcd CMMBOMaMKM a — f
(puc. 8.76).
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Puc. 8.76.Kodb! 7-ceameHmHo20 UHOUKAMOpPA.

Ha puc. 8.76 noKasaHo, KaK UMpbl NPeacTaBAAlOTCA Ha 7-CErMEHTHOM MHAMKAaTope. 3ameTbTe, 4To
BO3MOXHO [BOAKOe npeacTaBneHne «9» n «C», 06a M3 KOTOPbIX A0/XHbl KOPPEKTHO BOCMPUHMMATLCA Ballein
nornkon. Ons MMJT mbl BbibuMpaem X6L8, 20-KOHTAKTHAs KOMOMHALMOHHAA 4YacTb KOTOPOM JiorMyecku 6bina

noKasaHa Ha puc. 8.45.

Puc. 8.77 npeacrtaBnaet BxogHoe onucaHme Ha A3blike CUPL. 34ecb CurHaabl 3anycka CErmeHToB a — g
0b03HayatoT BXOAbl (MONOXUTENbHAA NIOTMKA), a WecTHaauaTepuyHble paspaasl DO-D3 Bbixoabl (oTpuuaTesbHas
noruka). Aseik CUPL no3BonseT onpefennts NpOMeXKYTOUYHblE NepemeHHble, KOTopble MOryT BbITb MCNOb30BAHbI
B BbIPa)KEHMAX MNo3aHee. B aTom cnyvae yaobHO onpenennTb O4YeBMAHbIE NMEPEMEHHble OT zero A0 next yepes
BO3MOXKHble OTODOpaKeHns LUMPpPbl B TEPMMHAX CEITMEHTHbIX BXOA40B. ITO NPOCTO 60/bluMe TepMbl MPOMU3BEAEHUI
(M) oT BXOAHbIX CErMEHTHbIX NEPEMEHHbIX, KOTOPbIE Bbl MOXeTe NpoYecTb U3 M306pakeHnn Ldp Ha puc. 8.76.

Puc. 8.77.Cneyugpuxkayus npeobpazosamersns 7-ceameHmHo20 npedcmasneHusa 6 16-puyHoe Ha A3bike CUPL.

OKOHYaTeNbHO  KakAdpl  [OBOMYHBLIN  BbIXOAHOW OWT 3anucbiBaeTca Kak cymma (MIN)  undposbix
NepeMeHHbIX, NPN KOTOPbIX 3TOT BUT ycTaHaBAMBaeTcA. Mbl UCMO/Ib3YEM YPOBHU OTPULIATE/IbHOM JIOTUKKU, MOTOMY
yto 16L8 npeactasaset matpuuy N-UIN-HE. 3Tm 3aKaHYMBaEeTCs Nornyeckas cneumduKaums Ana A3bika.

YnpaxHeHve 8.29. MposepbTe a1 ceba NpPaBUAbHOCTb Hawel paboTbl, 3anuWcaB HEKOTOPble M3 OTOBpaKaembiXx CUMBONOB, 4Yepe3 3adaHHble Hamu

NMPOMEXKYTOYHbIE MepemeHHble zero-next.

A3bik CUPL cHavana ncrnosb3yeT onpeaeneHne NpoMeXKyTOUYHbIX NMepemMeHHbIX A7 3anMcu BbipaxeHnin DO-
D3 nNpAMO B Tepmax BXOAHbIX MepemeHHblX a — f, paboTta, KoTopaa nogobHo accembnepy PALASM ponkHa
MCMONHATLCA HaMW M3Ha4YanbHO. B 3TOM C/ydae fornmyeckme ypaBHeHMA NpeacTasieHbl B KenatenbsHon U-UN-
HE dopme. OfHaAKO Mbl HE 3aKOHUYMAM Ha 3TOM, TaK Kak 16L8 (1 Bce apyrme kombuHaumoHHble MMJ1) gonyckatoT
He 6onee 7 TepMOB NPOM3BEAEHUI ONA KAXKAOM CyMMbI, TOraa Kak mbl umeem 9, 8, 9 1 10 cOOTBETCTBEHHO ANA
Bbixogos DO-D3. OgHMM pelleHnemM MOXKeT ObiTb CBA3bIBAHWE BbIXOAa Yepes BTOPUYHbIN BeHTUAb W/TN, ona Toro
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4yTOOBI Nnoay4vynThb KenatesibHoe YMCN0 TEPMOB I'IpOl/I3Be,£I,EHMlz B CyMmMme.

37a 06bIYHO paccmaTpueaeman Gopma Nioxa, Tak Kak OHa y/aBauBaeT 3a4ePHKM PacnpoCTpaHeHns, XoTa 3T
He TaK Ba)KHO B MeJIEHHbIX YCTPOMCTBax, MoA0OHbIX 3TOMy. Jlyyllee pelieHMe — MNpPOM3BECTM NOrUYECKYHo
MMHUMMU3ALMIO, MCNO/b3YA JIOTMYECKYIO 3KBMBANEHTHOCTb Mo dopmMyane MopraHa, Hanpumep.

Mbl 3anyckaem mnHummsatop CUPL, KOTOpbIi BblgaeT TepMbl NpousseaeHuii (puc. 8.78).

Puc. 8.78.7peobpazosamens  7-ceeMeHMHO20 npedcmasaeHus 8 16-pudyHoe ¢ MUHUMU3IUPOBAHHbLIMU
mepmamu npou3seodeHus.

B3rnaHuTe, BCe yAOBNETBOPAET OrpaHuMyeHuto «7 npousseaeHui». CUPL Takke pucyeT Ana Bac KapTy
nepemblyek (puc. 8.79).
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k* Fuse Flot #*=*

Pin #19
0000 ====== e e —————————————
D032 x—x=—x=====—=—=== =R ———————
L R S D e
0096 —-xx--%—-———- = e e e e
0128 -X-X(k-———X-=—=X-—=—K-—=—X=—==————————
0160 X==XN===X=== =)o oo e -
0192 -x-%x-%X--X-=--X-———X-=X==—========
0224 XAXXARARXEXKAKXAXXXAXLX XN KX KHXLX LK
Pin #18
0256 ===memmceca——— e —m e
0288 -xx--x--X-—--X-——X-=—=——=—===—=——=—===
0320 -xx-%x-——-%x---==--X-——}R-——————===——=
0352 -#x--x-—---——x———X-=—=)N-==———=====
0384 x-—-xx——-—-%-—-—X——-X-—-X-===——=====
0416 X-—-XX-———X=== ====K==]=—==m ——————
D448 =X=XeMm=)mm = e o e Y e o e o e o e
D4B0 X=X-Um===Rm e m eI = = Y o o e e o e
Pin #17
0512 ===== e —————————————
0544 —XX==N-——r==gmm=gme~ge—————————-
D576 =XmmXmmmm iy o Y o o oo e
DE0B X-X=H=—==X==Y-——Y———H=——=————=—=
0640 X-X==X==X===}-———R——H———=——————=—=
0672 K-X=X===X====X === X=—k-=—=——=====
0704 X-X-X====Y===Kmmmfm ==Y ——————
0736 XAXKXXHANARXXKRKXXHHKH X XNKNN KNI NN KN KN
Pin #16
0768 ===———————m —————— e ——
L S L e et S ——
0832 x-x-%=-=-—==—= -l Y Y e
0B64 —=X—X-=-K~===R==R===f=—=—=———————
0B96 x-==X=—==Y-——Y-==Y=—=fmm————————
0928 —-x-xy-=—X-—-H-—-H-==Y—=————————e
0960 -xx-=X==ex-—-x-———X-—=)-—————-——=—=
0992 x-=-xXX-—-X---X==—=(=—X=—m————————
OB0AHAYEHKA

Puc. 8.79. KapTa nepemsbiuek npeobpasoBaTens 7-CerMeHTHOro npeacTtaBieHuns B 16-puyHoe.

KoHe4yHO, Bbl He nporpammupyete [IMJ1 Tak, a WCNONb3yeTe BMeCTO 3TOro npAMYIO
yHuBepcanbHoro JEDEC nporpammumpytollero ¢opmata. B aTom npumepe s3bik CUPL, oyeBMaHO, AenaeT TPpyaHYIo

3a4a4y NpocToMn.

MMpumep ucnons3osaHus Assbika CUPL 0718 npoepammuposaHua asmomama-npooasud (nocsiedosamesbHas
cxema). Mpous3BobHaA MallMHa COCTOAHUA (pa30. 8.18) nmeeT Habop COCTOAHWM M NpaBua nepexoaa ANs
OBVXKEHUA MEXAY 3TUMM COCTOAHUAMM MO KaKAOMY GPOHTY CUHXpOMMNyAbca. [1paBuaa nepexoaa 3aBUCAT OT
TEKYLLEro COCTOSIHMA M OT YaCTHOM KOMOMHALUMKM BXOAHbIX YPOBHEM, CyWEecTBYOWMX Ha caeayowem ¢poHTe. Bbl
MOMKETE COOPYAMTb MalUMHY COCTOSHMIM Ha NPOrpaMMMpyemolt NIOTWKe, COAepsKallei perucrpbl, ecan a)

* NepemMblKa He YyAANAETCA
= :NepEMbIYKa YAanseTch

- 198 -



CYLLLECTBYET A0CTaTOYHOE YMCA0 BUTOB B PErMcTpe ANa NpeAcTaBAeHNs BCEX BO3SMOMXKHbIX COCTOSHMIA (Hanpumep, C
4-paspagHblM PErucTpoOM Bbl MOMKETe MMeTb 40 16 cocTosHWi), n 6) cyllecTByeT A0CTaTOYHOE YMUC/IO BXOA0B U
NIOTUYECKMX BEHTUAEN ANA peannsalumm npasua nepexoaa.

Kak npumep, AaBaliTe CNpoekTMpyem pernctposyto NMJ1 ans amarpammbl COCTOAHWMI Ha puc. 8.80.

Het moHeTsl (nc)

Bcerpa

Puc. 8.80. uaepamma cocmosaHul mopaogo2o asmomama.

3TO — TOProBbIM aBTOMAT, NpPeAHa3HaAYeHHbIM ANA BblAauyn OYTbIIKM CNAAKOW LUIMMYYEn HKUAKOCTM, Koraa
onyuleHo 25 ueHT man 6onee. CyllecTBYeT HEKOTOPbIN BWUA, MOHETHOrO MHTepdeica, KOTOpbIM «3arnaTbiBaeTy,
pacrnosHaeT MOHETY M NocblaeT Ha Haw MM/ 2-6utosbin BxoaHoM curHan (C1, CO), AeNcTBUTENbHbIN A8 OAHOTO
TaKTa, NOKa3blBatoWEro MoHeTy, Kotopyto onyctuam (01-5 ueHT, 1010 — ueHT moHeTa, 11-25 — uLeHT moHeTa, 00
— HEeT MOHEeTbI). 3aZ1a4a MallnHbl COCTOAHUIM N0HaBNATL K 0blemy BKAaay U GOPMMPOBATL BbIXOA, Ha3biBaEMbIN
«ByTbIIKa», KOrda OMnyuleHO A0CTaTOYHO MoHeT. Puc. 8.81 nokasbiBaeT crneumMduKaumio, BbINOSHEHHYIO B
CMHTAKCUCE MalMHbI COCTOAHMM A3bika CUPL.
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Puc. 8.81. Cneyugukauus mopaosoeo asmomama Ha a3eike CUPL.

Kak 1 npexae, Mbl Ha4yHEM C ONpeaeneHUs BXOAHbIX-BbIXOAHbIX KOHTaKTOB. 3aMeTUM, YTO Mbl A0bHasuan
BXxo4, reset (c6bpoc) Tak, 4yTobBbl Bbl MOMIM MEPENTM K HadaibHOMY cocTosHMio SO (HEeT MOHeTbl). 3aTem Mbl
onpeaenm CoCToAHMA, NOTOM NpasBmaa Nnepexosa Mexay HUMK. Ecam Kakme-nnubo BbIxodbl, MMBO perncTpossble,
MMbBo  KOMOMHALMOHHbIE, HeobxoAMMO TreHepMpoBaTb B TeYeHMe COCTOAHWUIA WAM  MNepexodoB  Meay
COCTOAHMAMM, OHM ONPEAENAtOTCA B TO e camoe Bpema. B aTom npumepe Bbixos «ByTbiNKa» cneumndumpyeTcs
KaK pa3fe/ibHbll BbIXOAHOM PErucTp, T. €. BbIXOAHbIE COCTOAHMUA AendPUpPoBaTh He HYKHO. DaKTUUECKN HY»KeH
TO/IbKO BbIX0A, @ 6MTbl Q0-2 MalliMHbI COCTOSHUI MOryT BbiTb NpeacTaBAeHbl BO BHYTPEHHUX PerncTpax, Kotopblie
HEe TreHepupyloT NPAMO BbIBOAbI, HEKOTOpPble MNPOrpammupyemble NOTUYECcKMe YCTPOMCTBA MMEKT TaKkKe
BHYTPEHHME PErucTPbl B AOMOJHEHME K OObIYHbIM BbIXOAHbLIM PErMCTPaM.

3aMeTMM, YTO Bbl AO/IKHbI OMPeaesMTb TOYHO Nepexos U3 HEKOTOPOro COCTOAHMSA B cebs, TakKe, Kak Mbl
[enanu aona Bxoda «HeT MOHeTbl». HeonpeaeneHHoe ycnosue 6e3ycnoBHO cOpacbiBaeT COCTOSIHME BO BCE Hy/IN.
3TO NpoucxoauT NOTOMY, YTO 3TWU YCAOBMA CODMpPatOTCA B KOMOMHALMOHHYIO NOTMKY ANA BbiCTaBAeHWs Ha D-
BXO/bl PErncTpoB M, TakMmM 0OPa3oOM, ec/iM YC/IOoBME He YyA0BJIETBOPAETCS, TO COOTBETCTByHOWMIA D-BXxod He
noateepxaaetca. Puc. 8.82 nokasbiBaeT BbIBOA M3 A3blka CUPL.

Puc. 8.82.Bbixod CUPL 015 mopeogo2o asmomama.

Huuero o4yeBMAHOIO WAM MPOCTOTO B /IOTMKE, MOCKO/bKY W cocTosHWe aBTomaTta (SO-S5) u Bxoasuime
nepemeHHble (CO-1) onpefeneHbl B BUAE ABOMYHbIX YMCeA, a NOrMKa paboTaeT No oTAenbHbIM HUTam. Takum
06pa3om, pesynbTUPYIOLWaa NOrMKa He CUAbHO CBA3aHa C NepBOHAYasbHbIM OMMCAHWEM COCTOAHMIA (puc. 8.81).
®aKTUYECKM, KOHKPETHbIN BbIDOP COCTOAHUI (BO3pacTatolWmMi ABONYHBIN Koa 0—5) mor Obl ObITb Pa3INYHbIM, 3TO
MNONHOCTBIO M3MEHUNO Obl Pe3yNbTUPYIOWYO /OTMKY. B 3TOM Cc/ayd4ae STOT NMpuMMep Aerko yKknaaplBaeTca B
orpaHuyeruax MM/ 16R6 (8 TepMOB NPOM3BEAEHNA HA PErUCTP): €C/IM 3TO He TaK, Mbl MOMIM Bbl NOMNbITATHCA
nepeonpesennTb COCTOAHMA, YTO YacTO NpMBOAMT K BoNee NPOCTON IOTMYECKOM peannsaumm. 3aMeTUM, YTO BXOL,
cbpoca aeinctayeT, 3ameHAa H6e3ycnoBHOCTb Bcex D-BXOL0B, KOTOPYH Mbl 333X NOCPEeACTBOM Hallero 3agaHus
NPOMENKYTOUYHbIX NePEMEHHbIX «HET MOHETbLI», «5 LEHT» U T. 4.

YnpaxHeHue 8.30. MPOKOHTPOAMPYITE MNPaBUILHOCTb KOHEYHbIX NIOTUYECKMX BbIPAKEHMHA, NMOCPEACTBOM MPOBEPKM HECKOMBbKMX MPasua nepexoaa. Bbl LO/KHbI

McnbITaTh Be nepexodpl oT 00, Uau oT «5 ueHToB», nam «10 UEeHTOB» K KaKoMy-11Mb0o ApYyromy COCTORHMIO.
YnpaxHerue 8.31. Xopolume Toprosble aBToMaTbl MMEIOT pa3meH. epepucyitTe auarpammy cocTosHui (puc. 8.80) Tak, YTobbl HBblAM COCTOAHMA (CKONBbKO?) ONs

KaX40ro BO3MOXHOIO 4YMCia pasmeHosB. MO,EIMd)MLI,VIpyIZTe npasuna nepexona COOTBETCTBEHHO. I'apaHTMpyVlTe, 4TobbI Baw VCOBepUJeHCTBOBaHHbIIZ ABTOMAT BbINO/HAN

CBOK OCHOBHYIO paboTy — Bblgady GYTbINOK.

YnpaxHerue 8.32. HapucyiiTe anarpammy COCTOAHWIA M NPaBWA Nepexoda ONS 3NeKTPOHHOTO KOMBOMHAUMOHHOTO 3amKa. OH A0NKEH OTKPbIBATLCA TO/bKO TOrAa,

Korza yetbipe Lundpbl HabpaHbl B NpasuabHOM nopaake. Kakasa-nmbo owmnbra gomkHa cpackisath ero.

BO3MOKHbIE MPUMEHEHWA MPOrPAaMMUPYEMbIX NOTUYECKUX MHTErpasbHbix cxem (MIMNC)

[na BbINOAHEHUA HeKoTopbix ¢GyHKUMM MJIMC noaxoauT Kak Henb3s aydile. BoT camble BaxkHblie obnactu
npumeHeHuna un npenmyulectsa MNANC:

Asmomamesi. Kak u B npeablayuwem npumepe, MJIMC  ecTecTBeHHbIM 06pasom  BMUCbIBAeTCs B
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MPOU3BO/IbHbBIA  CUHXPOHHbLIM aBTOMaT. bbllo Obl HEpasyMHO WCMNO/b30BaTb MaTpuly U3 D-TpuUrrepos U
JUCKPETHYIO KOMBUHALMOHHYO orunky, koraa N/NC cnocobHa BbIMOAHUTL Te e GpYHKUMM B OAHOM HEA0POrom

n MOLLHOM Kopnyce.

3ameHa npou3sonbHOU a02UKU. BO MHOMMX CXEMaX Bbl MOXKETe 0BHAPYKUTb Y3/bl M KAYOKU U3 BEHTUAEN,
NHBEPTOPOB M TPUITEPOB, Ha3blBAaEMbIX C NMPEHebpeKeHNemM «NPOM3BOAbHAA NOTMKa» nUan «knenx». MJINC obblyHO
COKpalllaeT 4ymcsio KopnycoB B 4 n 6onee pas. Kpome Toro, npu ncnonbzosanum MJINC cxema cTaHoBUTCA Dosee
MOHATHOWM, MOCKO/IbKY MPUMeEHeHMe HO/bLIOro YMCaa BEHTUAEN O3HAYaeT, YTO BCHO HEOOXOAMMYIO BEHTUIbHYHO
0b6paboTKy MOXHO cAenaTb Npu BBOAE B PETUCTPbI (MPW 3TOM BbIXOAbl CTAHOBATCA CTPOTO CUHXPOHHbLIMKU) BMECTO
TOro, 4Tobbl KOMOBUHNPOBATL BbIXOAbl PETMCTPA C BEHTUAAMM (MPU 3TOM BbIXOAbl HE BYAYT CTPOTO CUHXPOHHbLIMM);

cm. puc. 8.83.

Bxoasl BeH THAH Bxoas EHTHIM ﬁ‘ Boixonw
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Puc. 8.83.poepammupyemoe noeudeckoe ycmpolicmeo (a); obbiyHas duckpemHas noauxa (6).

fubkocms. B psage cnyyaeB Bbl HE COBCEM MNpe/cTaBndeTe cebe, Kak, B KOHUE KOHLOB, A0/MKHa paboTtaTtb
Balla Cxema, TEM He MeHee Bbl J0/KHbl KaK-TO ee 3aBepLUnTb, YTOObl MMETb BO3MOXKHOCTb C HEM «MoUrpaTby.
3aeck MJIMC Kak pa3s K MecTy, TaK Kak B OT/IMYME OT AMCKPETHOM NIOTMKM Ha HEKOTOPOM 3Tane Bbl MMeeTe
BO3MOXHOCTb 3aMEHUTb OAHY Ha ApYryto 6e3 nepemoHTaxa. Cxembl Ha MJ/INC nprobpeTatoT XxapakTep Nporpamm.

Heckonbko eepcul. C nomouibto MJIMC MOMKHO CNpPOEKTMPOBaTb OAHY EAMHCTBEHHYIO CXEMY W 3aTem
N3roTaBaMBaThL HECKONbKO Pa3NNYHbIX BEPCUM  YCTPOWCTBA, BbIMycKan naaThl C  pasanyHo
3anporpammmnpoBaHHbimn M/INC. Hanpumep, Bbl Moriv 6bl MMETb KOMMbIOTEP, KOTOPbIA COAEPHKUT KPUCTaNbI
namatu nnbo Ha 256K, nnbo Ha 1M, npuyem nameHeHMsA Kacanmcb Hbl Tonbko MJNC.

Ckopocmb u Komnaekmayusa. Mpun ucnonbzoBaHun MNMJINC NPoeKTUPOBaHNE CXEMbl B 0OLLEM Cy4ae MOMKHO
BbINO/HWTb rOpa3ao 6bicTpee (ec/n Bbl, Pa3yMeeTcAa, XOPOLWO OpueHTUpyeTech B 3To obaactun). bonee Toro, Bam
notpebyeTcs Bcero Heckosbko Tunos [MJIMC, a He HEeCKONbKO AI0XMH TUMOB CTaHAAPTHbIX CXeM cpeaHen
WHTerpaummn. [eicteutenbHo, Bcero Aase Hosbix [JIMC GAL (6a3oBaa  maTpuyHaa foruka) 6narogaps
NPOrpaMmMmUPYEMOCTM CBOEM BHYTPEHHEN apXMTEKTypbl (M cBA3el) 3ameHaT uenbii Habop MM/, B yactHocTH, 20-
BbiBOAHaA GAL16V8 u 24-sbiBogHaa GAL20V8 kKaxkgaa moxeT umutuposaTb no 21 crtaHgapTtHbix MMJ1. bonee
TOro, MX MOXKHO 3aNpPOrpPaMmmMpoBaTh Kak «nomecb» MMJ1 (Hanpumep, HeYeTHOE YMCA0 PErUCTPOB).

Pacwuperne dyHKumin MM, BxoObl/8bix00bl. BbiBOAbI BbIXOA0B C 3 COCTOAHUAMM, NOAKAOYEHHbIE BHYTPU
KpWUCTanna K BXxogam maTpuubl N, MOXXHO MCNONb30BaTb B KadecTBe BxoA0B. Hanpumep, NMMJ1 16L8, nokasaHHaA
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Ha puc. 8.45, umeeT 16 BXx0A0B (NPSAMbIX U MHBEPCHbIX) Ha matpuuy M; 10 3 HMX 0DBO3HAYeHbl KaK BXOAHble
BbIBOAbI, @ 6 ABAAIOTCA LEenAMM 06paTHOM CBA3M C BbIXOAOB C 3 COCTOAHMAMM. 3T 6 BbIBOAOB MOXKHO NPEBPaTUTb
B «MEepMaHEeHTHble»  BXOAbl  NyTem  OOKMPOBKM  COOTBETCTBYIOLWEro  BbIXOA4a  (MOAKAUMTL  MNapy
NPAMOI/MHBEPCHBIN K ynpaBaeHuio M); ¢ Apyroi CTOPOHBI, 3T BXOAbl MOryT paboTaTb B ABYX HanpaBAeHMAX 3a
cyeT BNOKMPOBKKM bopMMpoBaTENEN C 3 COCTOSHMAMM, COOTBETCTBYHOLLMMM HEKOTOPOM NOTMYECKOM NepeMeHHOMN.

«Cynep-lIM/1». PaHee Mbl y)Ke oTMeYanu, Yto Hambonee rmbkas Nporpammmpyemas J0rMKa COOTBETCTBYET
opurnHanbHbim MMJ1, cpean KOTOPbIX CaMbiMKM M3BECTHbIMKU ABAAIOTCA CTMpaemble KMOM-BapuaHTbl dupm
Lattice, VTI, Altera n gp. NMMJT GAL dupmbl Lattice, Hanpumep, MCNOAb3YET MPOrPAMMUPYEMYID JIOTUKY C
3NEKTPUYECKMM CTUPAHMEM, TaK YTO Bbl MOXETE MNepenporpaMmupoBaTb KpucTana. bonee Toro, BbIXOAHblE
CTPYKTYpPbl («MaKpOAYENKM») CamMM MPOTrPaMMUPYEMbl, — KaKabl BbIXOL, MOMET ObiTb KaKk PEerncTpom, Tak wu
KOMOWHAUMOHHON CXEMOM C MPAMbIM W MHBEPCHbIM BbIXOAOM. [1OXOXen nporpaMmmpyemocTblo obnagatoT
JIMHUA aKTUBALMM 3-TO COCTOAHUA U NIMHUA BKAOYEHUA 0OPaATHOM CBA3M (NOCNeAHAA MOXET NOLKNYATHCA A0 U
nocne 6ydepa C 3 COCTOAHMAMM MAM K COCEAHEMY BbIXOAY); CM. pwuc.8.84. B pesynbTaTe, Bbl MONKETE
NMUTUPOBATL 0By 0b6bluHyto 20-BbiBoAHY0 [MMJ], Mcnonb3ys ToAbKO oAuH Kopnyc GAL16V8 (1 nwobyto
0bblYHYt0 24-BbiBOAHYO TIMJT, Mcnonb3ys GAL20V8). 3TO no3BOMAET COXPaHATb MNepeyeHb KOMMAEKTYHOLLMX
n3oennii B ynpaensemblx rpaHuuax. ®upma Altera mmeeT anHUto nporpammupyemort KMOM-nornkun, KoTtopas
[OMNyCcKaeT yabTpaduonetosoe ctupaHue no tuny 3MMN3Y (B Kopnyce NC Had KPUCTANNOM MMEETCS OKHO U3
KBapLEeBOro crtekna). Takme ycTpolctBa HasbiBaloT CM/INC — cTupaemas nporpammmpyemas ormyeckas
MHTerpanbHaa cxema.
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Puc. 8.84. Mpozpammupyemas makpoadelika 6a30800 MampuyHoOU n102UKU.
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Caman maneHbkaa MC mn3 atoit cepum (EP320) mmeeT BbIXOAHbIE MaAKpPOAYENKM M UMUTMpyeT Bce 20-
BbiBOAHbIE [IMJI, TOYHO TaKxe, Kak GAL16V8. bonee TOro, oHa ManOMOLLIHA B OT/AUYME OT «MPOMKOPAMBLIX»
opuriMHanbHbix MMJ1 (cMm. HUKe). HakoHel, dupma Altera BbinyckaeT Heckosibko 6onee KpynHbix CMJINC, a Takke
nporpammMmmpyemble  MUKpocekBeHcepbl U T.n. ®upmbl Cypress u VTl Takke BbINYCKalOT CTUPaAEMyto
nporpammupyemyto  KMOTM-noruky ¢ makpoadenkamu. [pyrMm noaxo4oM K CO34aHWMIO MPOrpaMmUpyemom
nornkn asnsetca O3Y-nogobHas BeHTUAbHaA maTpuua dupmbl Xilinx. BnedyaTnatowme KpuUcTanibl 3TOW MaTpuLbl
COAEPKAT OrPOMHble BI0KM KOHOUTYPUPYEMOW NOTUKKM, MPUYEM KOHOUTYpaLUMA CBA3EM XPAHUTCA BO BHYTPEHHEM
O3Y Kpuctanna (sHeprosasuMcMmas MNamaTb). ITa NaMATb 3arpy)KaeTcs OT BHEWHEN NaMATU Mocie BKAHYEHUA
nuTaHMa NMbo OT MMKPOMpPOLLECCOPa; KPOMe TOro, OHa MOXKET CaMO3arpy»aTbCa C MCMOAb30BAHMEM NaMATU TUNa
SHeproHesasucumoro [13Y.

Ckopocme u mowHocme. OpurmHansHaa MMJ1 Ha BMNoNAPHBIX TpaH3MCTopax, paspaboTaHHas Ha dupme
Monolithic Memories (1 6bicTpo ckonupoBaHHaa National n AMD) notpebnana 3Ha4yMTENbHbIA TOK — OKOAO
200 MA ona 16L8/16R8, n wmena 3agepxky pacnpoctpaHeHua 40 Hc. MNocneayouwme bunonsapHbie MM
«MNOJIOBUHHOW MOLLHOCTUY BblnnM BRoAHe npuemnembl — 90MA 1 35 Hc. OaHako camble BbicTpble MM
noTpebytoT BCe elle yMMy MOLLHOCTU; Hanpumep, Bpemsa pacnpocTpaHeHuna MM/ 16R8D n 16P8-7 dupmbl AMD
coctasnseT cooTBetcTBeHHo 10 u 7,5 Hc, HO noTpebnaoT oHn 180 mA. (makc). KMOT-npmnbopbl cylecTBeHHO
nydwe: GAL (GAL20V8-15Q) «1/4 mouiHocTu» dupmbl Lattice noTpebastoT 45 mA npu 3agepkke 15 He, EP320-1
dunpmbl Altera obnagatoT 3agepRKkon 25 He npu Toke 5 MA. Ho 4Tto Honee BaKHO AN MasIOMOLHbIX YCTPOWCTB,
TaK 3T0O TO, YTO KpucTannbl dpupmbl Altera (a Takske MM/ cepum Z dupmbl AMD) moryT paboTaTb B pe3epBHOM
PEXMME C «HYNEBOM MOLLHOCTbIOY. KOHCTPYKTOPbI ByAyLWmMX CTPYKTYP NMPOrpammmpyemont NIOTMKKM, HaBepHAKa,
COXPaHAT 3Ty 340POBYI0 TEHAEHUMIO K TMOBbIWEHMIO CKOPOCTU W CHUMKEHWIO MOLLHOCTW; COBpPEeMeHHasn
Nporpammmnpyemasn 0rmKa, aToT «NOKMpPaTENb BAaTT», HAYMHAET yYXOAMTb B Npownoe!

Beibpocsl.  MNNC, KOHEYHO, yAMBWUTENbHAA Belllb, HO Bbl MOMETe, HEHAapOKOM, OKa3aTbCA B
3aTPYAHUTENBHOM MOJIOKEHUW, €CNU He DyaeTe NOMHWUTb O BO3MOMKHOCTU JOTUYECKUX COCTA3aHMn. Ha puc. 8.85
NMoKasaH 2-BXOA0BbIM MY/bTUMNAEKCOP, BbINOJHEHHbIM CaMbiM OObIYHBIM CNOCODOOM; MOKaszaHbl [IMJ/1 —
peanusauma 1 sKBMBAZIEHTHAA CXeMma.

As5+8-5
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A5+ B8
+As8

A3BbITOYHDIA TEpM

Puc. 8.85. UcknoueHue enumua 6 M/, a — 2-8x0008bil Mynemunaexcop;, 6 — 014 UCKAIOYEHUS enumya
0obasnaemca u3bsbimoyHblli mepm npoudsedeHus; 8 — Kapma KapHO ¢ u3bbIMOYHbIM MepPMOM.

34ecb BCe BLIMSAUT Kak-OyATO MpPeKpacHo, HO Cxema WMMeeT OAMH M3bAH: Koraa oba Bxoda (A u B)
Haxo4ATCA B COCTOAHMW BbICOKOro YpOBHA, a JiHMA BbIBOP meHAeT cocTosHWe, Ha BbIXOAE, Kak MOKasaHo,
BO3MOMEH BbIOpPOC. ITO 0OBACHAETCA TEM, YTO BHYTPEHHME 3a[€PKKN MO Lenam S un S moryT 6biTb He paBHbI, YTO
NpPUBEAET K MOABMEHMIO MEepPexoaHOro COCTOSHWUA, B KOTOPOM Ha OAHOM M3 BXOAOB BeHTUAen W ByaeT HU3KWUN
ypoBeHb. M36aBMTbCA OT 3TOr0 MOMKHO, MCMONb30BaB M3ObITOUYHLIN Tepm A*B, KOTOpbIM OyaeT rapaHTMPOBaTb
OTCYTCTBME BbIOPOCOB, B YEM Bbl MOXKETE NIETKO YOeanTbes.

YnpaxHeHue 8.33. MoKaXXu1Te, YTO AOMOHUTEbHBIA TEPM YCTPAHAET BCE BO3MOXHOCTU A1 NOABAEHUA BbIGPOCOB.

YnpaxHeHue 8.34. Kakue noruyeckue Tepmbl cnesyeT f06aBUTb K 4-BXOL0BOMY My/bTUnneKkcopy (puc. 8.75) ansa ycTpaHeHWa BbIGpOCoB.

C nomoubto KapT KapHO Bbl MoxeTe HarnaaHo ybeauTbcA B CyWeCTBOBAHWMM 3TUX TaK Ha3blBaeMbIX
NOTUYECKMX PUCKOB; KapTa KapHo Ana 2-BX040BOro My/bTunaekcopa puc. 8.85, a npueeaeHa Ha pwuc. 8.85, s.
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Kaxkgas rpynna Ha KapTe npeacTaBaseT OAMH TepM MNpPOM3BeAeHMsA, KOTopbii obpasyeT Bxohd BeHTMAa WJIN.
MIcTMHHOE 3HadyeHue Ha Bbixoge M/ noasnsetca B TOM caydae, Korga Mtobol M3 TepmMoB NPomn3BedeHNa nmeeT
WCTMHHOE 3HAYeHWe; HO Mepexos, MeXAy rpynnamu NpousBeAeHUI MOXKET MNpUBOAMTL K BblOpocam, eciu
nepemeHHble NepBoi rpynnbl CHUMAKOTCA, 40 TOro, KaKk byayT HasHauYeHbl NepemMeHHble BTOPOM rpynmbl.

«MpoTBoaaMe» (KOTOPOE Mbl MCMO/b30Ba/IM M paHee) COCTOMT B A06aBAEHMU M3OLITOYHbIX TEPMOB,
rapaHTUMPYIOLWMX, YTO Ntobble Nepexodbl Mexay NOTMYeckMMn «1» ByayT BKAKOYEHb! B OAMH TEPM NMPOM3BeaeHUS.
Opyrumn cnoBamu, ntobble eAnHMLbI, KOTOPblE NEXKAT B COCEAHMX pAdax UAM cTonbuax, byayT NOKPbITbI FPynmnoi
npousBeaeHuns. 3To npeanncaHne MoXxHO aaTb B 0606ueHHOM dopme, CBA3AaHHOM HeNnoCpPeaCcTBEHHO C ByeBbIM
JIOTMYECKMM BbIparkeHMeMm, a He ¢ KapToi KapHo. 3To yaobHO ana normyecknx GyHKUMIA, 3aBucalmx ot bonee,
4yem 4-x nepemeHHbIX.

B npeablaywem npumepe npeactaBaeHbl Tak Ha3blBaeMble CTaTUYeCcKne BbIBPOCHI, MOCKObKY Bbixoa byaeT
OCTaBaTbCA CTaTUYecKMM. CyLLEeCTBYIOT TaK¥e AMHAaMWYecKue BbIOPOChbl, MPOABJIEHME KOTOPbIX 3aK/ovaeTca B
TOM, YTO BbIXOZ, KOTOPbIA A0/KEH cAenaTb OAMH-eAMHCTBEHHbIM Nepexo, HauyMHAET MHOMOKPaTHO MepexoamTb
N3 COCTOSHWMA B cOCTosHMeE. [Tpn MCNONb30BAHMM NPOrPaMMUPYEMOM IOTMKN MOXKHO M30eXaTb 3TUX BHYTPEHHMUX
FOHOYHbIX YCNOBUIM. B 0bliem cpeactsa NpoeKkTMpoBaHusa Takme, kak PALASM, ABEL n CUPL He nbiTatoTcs pewaTb
3T npobnembl. Ecanm XoTUTe, OHM AenatoT BCe, 4TOObl yXYAWWTb CUTyalUMIO, MOCKOAbKY WX JlorM4eckue
ONTUMMN3ATOPbI YCEPAHO PaboTatoT NO UCK/IOYEHUIO TaKUX M3DbITOYHbLIX TEPMOB.

8.28. PazHoobpasHbie nocnedosamesibHOCMHbIE CXEMb

MNosBieHne Ha pbiHKe 60bWOro Yncna pasHoobpasHbix BUC n CEUC (nmetowwmx 6onee 1000 BeHTMAEH Ha
KpUCTanne) AaeT BO3MOMHOCTb WCMO/b30BaTb [OCTATOYHO C/IOXHbIE YCTPOMWCTBA, BbINMOJHEHHbIE Ha OAHOM
KpucTanne. B aTom paszaene mbl NPUBEAEM HECKObKO BbIBOPOUYHbBIX NPUMEPOB.

MamaTb TUMNa «NepBblii Bollen-nepsbiit Bbiwen» (FIFQ) B HEKOTOPOM CMbIC/IE @aHANOTMYHa PErncTpy CABUra,
TaK Kak MHpopMaLMa, BBOAMMAR Ha BXOE, B TOM Xe NnopsaKe noasaseTcs Ha Bbixoge. O4HAKO Mexay HUMMK ecTb
CYLLLECTBEHHOE OTAMYME, KOTOPOE COCTOUT B TOM, YTO B PErMUCTPE CABMra MHPOPMALIMA «MNPOTA/IKMBAETCA BAO/b
Hero» Mo Mepe BBOZAa W TaKTMPOBAHMA AOMNONHUTE/bHLIX OUT, @ B 3aNOMWHAIOLLEM YCTPOWCTBE TMMa «NepBbil
BOLLE/N-NEPBbLIN BbILEN» [AaHHble «MPOBA/MBAIOTCA HACKBO3b» W BbICTPAMBAIOTCA B BbIXOAHYHO O4epedb C OYeHb
Manio  3aJep)KKoW. YnpasneHue BBOAOM WM BbIBOAOM  MPOU3BOAMUTCA  pPa3feNbHbIMW  TaKTOBbIMM
noc/nef0BaTeNbHOCTAMM, @ YCTPOMNCTBO MOMHWT, KakMe JaHHble BBEAEHbl M KaKkue BbiBedeHbl. MOXHO NpoBecTy
MONEe3HYI0 aHaNormio C KerenbbaHom, rae 6enble M YepHble UrpoBble Wapbl (BMTbl) BO3BPALLAOTCA Ha MCXOAHYIO
No3nuMto. 3TN BUTbI BBOAATCA C NMOMOLLUBIO UFPasbHOM MallMHbI, @ BPeMs, KOoTopoe TpebyeTcs wapy Ans Toro,
4yTOObl MNPOKATUTLCA MO CBOEMY JIOTKY, COOTBETCTBYET «3aflepPrKKe MpW CKBO3HOW nepedaye» B 3Y TMNa «nepsbii
Bolen-nepsbii Bbiwen» (0bblMHO 1-25 mKc). Mocne 3toro 6GUTbI MPUXOAAT Ha BbIXOA M MOryT 3abupaTbcs
nosib3oBaTesiem Mo Mepe HagobHOCTU (T.e. acMHXPOHHO). MamsaATb TUNa «MepBbli BOLWIEA-MEPBbIA  BbILEN»
MOfIe3HO WCMOMb30BaTh AN Oybepmsalmm  acMHXPOHHbLIX  AaHHbIX. KiacCMYecKMM MNpUMepom  ABASeTCA
bydepupoBaHme KnaBmaTypbl (MAM APYroro BXOAHOMO YCTPOMCTBA, TAKOro, Kak MarHuTHas neHTa) IBM unaum
Apyroro ycTponctea 0b6paboTkM AaHHbIX. MpW MCNONb30BaHMM 3TOrO MeToAa AaHHble He ByayT TepaTbCcA B TOM
cnydae, Korga OBM He rotoBa NpuHATL o4vepesHOe BblpaboTaHHOE C/I0BO — MpPU YCAOBMWU, KOHEYHO, 4To 3Y
He3ano/IHeHOo LUennkom. Mpumepamn TUMUYHBIX YCTPOWCTB NamAaTu asastoTca 74FA33 (TT/1, 64 cnosa no 4 6ut
Kaxaoe, 10 MTu, Bpems «nponeta» 4 mkc) n IDT7202 (KMOTM, 4096x9,15 MTu, HyneBoe Bpemst «NpoaeTa»).

MamATb TWNa «MNepBblii BOLWEN-NEPBbIA BbilEA» HE MNPUMEHAETCA, €CAM YCTPOMCTBO, KOTOPOMY Bbl
nocbliaeTe JaHHble, MOXeT BCeraa noay4nTb UX 40 NOCTYNAEHUA CAeAyoWMX AaHHbIX. Ha KOMMNbIOTEPHOM fA3blKe
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— Bbl AOJ/IXXHbl rAPaHTNPOBATb, YTO MaKCMMa/ibHaA NATEHTHOCTb MeEHblle, YeM MUHUMA/ZIbHOE BpemMAa mexay
CA1oBaMM OaHHbIX (Bpel\/\ﬂ CKPbITOCTU Ll,aHHbIX). 3ameTnm, 4TO NamATb TUNa <(I'IepBbI§I BOLL]eJ'I-ﬂepBbIM BbllWeN» He
6y,£|,eT none3Ha, ecam nonyvatesib AaHHbIX HE TOTOB (He CI'IOCO6€H) B CpeaHeM BOCMPUHATL npmuxogaume AaHHbIE.

YMHOXWUTENb 4acTOTbl WMCMOAb3YeTCA ANA TeHepauuMum noCAefA0BaTENbHOCTM  BbIXOAHbIX MMMYNbCOB C
4acTOTOM, 3HAYeHMe KOTOPOM CBA3@HO C TAKTOBOM YacTOTOM 4Yepe3 pauuoHanbHyto Apobb. Hanpumep, 3-
NeKaaHbIA  ABOVMYHO-AECATUYHBIA  YMHOXUTENb MO3BOAAET MO/y4aTb Ha BbIXOAE YacCTOTbl, COCTaBAAOLUIME
nnn/1000 OT BXOAHOW 4acTOTbl; NNN-TpexsapaaHoe AeCATUYHOE 4YMC/O, 33[aHHOEe TPems BXOAHbIMW ABOMYHO-
[EeCATUYHbIMM 3HaKaMK. ITO He TO XKe, YTO CYETYMK MO MOAY/0 N, TaK KaK C ero NMomollblo Ha BbIXOAe Hesb3s
MOAY4YUTb YacTOTy, paBHyto 3/10 BxoaHOM. OTMETUM OAMH BaXKHbIA MOMEHT: MMMY/bCbl Ha BbIXOAE YMHOMKUTENA B
obuem cnyyae He byayT cnefoBaTb pPaBHOMePHO. OHM COBMAZAtOT C BXOAHbIMWM TAaKTOBbIMW MMMY/JAbCaMU 1
06pasytoT YyaHble KOMOMHAUMM, CpeaHAs 4acToTa KOTOpbIX 3adaeTca npeasapuTesnbHo. MMpumepamu yCTponCTB
asastoTca 97 (6-6MTOBbIM, ABONYHbIN) U 167 (ABONYHO-AECATUYHbIN).

CyeTymKk yacToTbl. ®Pupma Intersil MmeeT xopownit Habop WMHTErPanbHbIX CYETYMKOB YacTOTbl. OHM
BK/IIOYAIOT cpeacTBa B/0KMPOBKM BXOAHOrO CMrHana 418 TOYHOro onpedeseHns MHTepBasnoB, A0 BOCbMMU LMbP
[NBOMYHO-AECATUYHOIO CYETYMKA, AMChAeHble dopmmMpoBaTenn U T. 4. ITU KPUCTanabl 0b6biYHO TpebyloT o4yeHb
Ma/io BHELIHEN CXeMOTEXHUKM.

Undposble BOAbTMETPLI. Bbl MOXeTe MNonyyYnTb LMPPOBbIE BOALTMETPbI Ha OAHOM KpucTanne. OHM
BK/IOYAIOT LEenu aHasoro-umdpoBoro npeobpasosBatens M HeobXOAMMOMN CUHXPOHM3ALUMM, CXEMbl CYyeTa U
ynpasneHua gucnaeem. lpumepamm TakMX YCTPOMCTB ABAAKOTCA MA/IOMOLHbIA 3,5-pa3pagHbin ALM ICL7136 u
4,5-paspagHbii AUM ICL7129; o6a MCNOAb3YIOT KUAKOKPUCTANNMYECKUA CEMUCETMEHTHbIM UMHAMKATOP M
paboTatoT oT oaHoMn baTapen 9 B.

Cxembl creumanbHoro HasHaveHusa. CyllecTBylOT npekpacHble Habopbl BUC Kpuctannos ana obnacrtei,
NoAobHbIX  pPaaMocBA3KM  (Hanpumep, CUMHTEe3aTopbl 4acToThl), 418 umbpoBo 006paboTKM  CMrHanoB
(ymHOXUTENM/HakonuTenn, umbpoBble UALTPLI), KOPPEIATOPbI, apUPMeTUYecKMe YCTPOWCTBa), nepeasaqn
[aHHbIX  (YHMBEPCaNbHbIX), aCMHXPOHHbIE MpuemonepesaTyMkM, MOJEeMbl, ceTeBble WHTepdeicbl, MNC
KpucTannorpadmupoBaHmna  (geKkpucTannorpadmpoBaHmMa  AaHHbIX,  Npeobpas3oBaTenn  NoOCAeA0BaATENbHbIX
dopmaToB). YacTo 3TM KPUCTaA/bl MCMOb3YIOTCA COBMECTHO C YCTPOMCTBAMWM Ha Dase MMKPOMPOLLECCOPOB W
MHOTME 13 HUX HEe MOTYT paboTaTb B OAMHOUKY.

Kpuctannel gna 6bIToBOro npumeHeHua. MoaynpoBOAHMKOBAA MPOMBbIWAEHHOCTb NOOUT pa3pabaTbiBaThb
NC ona MCNoNb30BaHUA MX B M3AeNMAX BONbLIOTO PbiHKA. Bbl MOMETe MOAYYUTb OAHOKPUCTA/IbHbIE CXEMbl A/A
M3roToBNEHMA LUMIPOBLIX (MAM «aHANOrOBbIX») YacoB, TAaMMEpPOB, 3aMKOB, KajlbKy/JATOPOB, AETEKTOPOB AbiMa,
TenedOHHbIX annapaToB, CMHTE3ATOPOB My3blKM, FEHEpPaTOPOB PUTMA M aKKOMMaHeMeHTa W T. 4. UYTo KacaeTca
PagMONPUEMHMKOB, TENEBU3OPOB, KOMMAKT-AMCKOB, TO Celvac B 3TOM OTHOLWEHWW [Aeno ob6CToUT Xy»Ke M3-3a
Honbluoi cTeneHn nHTerpaumm. CUHTE3 peun (M 0COBEHHO pacno3HaHWe peun) B Moc/iedHee Bpems Mosy4vus
HEKOTOpOe pa3BUTUE; BOT NodYemy AMdTbl, aBTOMOOUAN 1 AaXKe KyXOHHble annapaTtbl obpallatoTca Tenepb K Ham
TEeMW Tronocamum, KoTopble Mmbl Aobum. Cyaa no sBcemy, cieayrowymm OonblWMM Wwarom byaet paspaboTka
9bPEKTUBHBIX aBTOMODBU/bHBIX CXemM (414 BbIMOAHEHMS GYHKUMIA  ABUraTens, CUCTEM NpeaoTBpalleHus
CTONIKHOBEHMUI U T. M.).

Mukponpoueccopbl.  CambiM  BblatoWwMmcs nNpumepom  «dyaa» bBUC  aABnAaetca  mMuKponpoueccop
(komnbloTep Ha KpucTanne). Ha o4HOM BepLIMHE HaxoAATCA MOLHbIE LUudpoBbie npubopsbl, nogobHblie 68020/30
n 80386/486 (32-paspagHble 6ObiCTpble NpPOLLECCOPbl C NPeaBbIBOPHON KOMaHA, BUPTYaAbHOW MNamaATbio,
MOLLHENWNe apudMeTUYECKME COMPOLLECCOPbI) M KpucTanabl, noaobHble MicroVAX, KoTopble 3myanpytoT
cyulecTsytouimMe 6onblIME KOMMNbOTEPLI. Ha Apyroi BeplinMHe — OAHOKPUCTabHbIE MPOLECCOPbI C Pas/IMYHbIMMK
bYHKUMAMKM BBOAQ, BbIBOAA M NaMATK, paboTatolme camocTosTenbHo. Hanpumep, oamH 13 nocneaHnx obpasLos,
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310 TLCS-90 o¢upmbl Toshiba (puc. 8.86), npeactasaawolwmMii  manomolHbii  KMOIM  MUKpOKOHTpoAnep c
6-KaHanbHbIM 8-paspagaHbiM ALM, BCcTpoeHHbIMKM Tanmepamm, O3Y un M3Y, 20-aByHaNpPaBAeHHbIMU LMDPOBLIMMI
MHWAMKW  BBOAA/BbIBOAA,

nocnenoBate/ibHbiM - MOPTOM U ABYMA NOPTaMh  ONA  YyNPaB/e€HNA  LWATOBbIMA

Asuratenamu. 3ToT Nnpubop bosblie NpeaHasHadeH 405 3a4a4 ynpasaeHus, Yem 414 NpoBeaeHMs BblUMCAEHUN.
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Puc. 8.86. O0HOKPUCMArbHBIL MUKPONPOUECCOP CO CXemamu 8800a/8618004.

PeBotoLMA B MUKPOMPOLLECCOPAX He MPOXoauna B OAMHOYECTBE, U Mbl BUAUM YABOEHME KOMMbIOTEPHOW
MOLLHOCTM M pa3mepa NamsaTu (B HacTosdulee Bpema 1 M6OWUT, cpaBHuTe ¢ 16 KBWT Ha KpucTanne Ha Bpems
HanMcaHWA MNepBoro M34aHWs 3TOM KHUMM) KaxdblM rofd, B TO Ke BPEeMA LEHbl Pa3BMBAOTCA APamaTUyecku
(puc. 8.87). Hapsaay paboThbl
CBEPXCKOPOCTHbIX MPMBOPOB M BO/bWMX NapannenbHbIX apxuTekTyp obellatoT 6onee BOMHyOWIME COBbITMA B
nocsieaytouime rogpl.

C  VYKPYMHEHMEeM U yaydylWleHMem MpPoLeccopoB M  NamsaTH, nociaegHue
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HeKkTopble TMNOBblE LMPPOBbLIE CXEMbI

Bnarogaps ycuaMam noaynpoBOAHMKOBON MPOMbILWAEHHOCTM LUUPPOBbIE CXEMbl YAUBUTENbHO NErKM U
NPUATHbI. MOYTN HET caydYaeB, Koraa NPUXOAUTCA KNacTb UMBPOBYIO CXeMY Ha «xNebHYt0 AO0CKY», Kak 3TO 4acTo
NPOUCXOAUT C NIMHEMHbIMU CXxemamun. Booblie roBopsa, eAMHCTBEHHbIMW Cepbe3HbIMM Npobaemammn SBAAIOTCS
CUHXPOHM3aLMA W LYMbl.

Mbl B Mnocineaytowem pacckaxem o6 3TOM. 34eCb YMECTHO MPOM/IICTPUPOBATh CUHXPOHM3ALMIO Ha
HECKO/NIbKUX MpUMepax MocneaoBaTelbHOCTHbIX CXeM. HekoTopble M3 3TUX GYHKUMIA MOryT 6biTb BbIMOJHEHbI C
nomouwibto  BUMC, odHako paccmaTpuBaemble peanmsaumm cAenaHbl Ha XOpOollem YpOoBHE W MNO3BOAAIT
MPOUTIOCTPUPOBATb, KaKOro TUMa CXEMbl MOMHO CTPOUTbL C MOMOLLIO MMEIOLLMXCA CPeACTB.

8.29. C4emyuk no Mooysto

MN306parkeHHana Ha puc. 8.88 cxema Ha KaxkAble N BXOAHbIX TAKTOBbIX WMMMY/AbCOB BblpabaTbiBaeT OAMH
BbIXOAHOW MMMyAbC. 3HAYEHME N ecTb 8-pa3pAagHOe YMCO, KOTOPOE Bbl 334aeTe C NMOMOLLbIO ABYX HGapabaHHbIX
lecTHaZLUATePUUHbIX nepekatodatenen. Cxembl 163 aBnsatoTca 4-pas3psagHbiMUM CUHXPOHHBIMU CYMMUPYIOLLMMM
CYETYMKAMWM C CUMHXPOHHOM 3arpyskoit (Koraa Bxon LD'- HW3KMI) Yepes D-BxoAbl. Maea cocTouT B 3arpyske
OOMNONHUTENBHOTO KO, CHeTe BBepX A0 FFn v nepesarpyske no cnefyolemy TakTOBOMY MMMY/bCy. [MOCKOAbKY
Mbl CHOPMMPOBAAM 3HAYEHME MNepesarpyski C MOMOLBI0 MCTOYHMKA +5 (C OOWMM 3a3eMIeHHbIM BbIBOAOM
nepekntoyaTens), TO 3TU  YPOBHM  ABAAIOTCA  OTPULATENbHO-UCTUHHBIMKM  ANs  oTobparkeHua  Habopa
nepekatoyaTeneil, 3STO O3HA4YaeT, 4TO 3arpyKaemble  3HAYEeHWA  UHTEPNPEeTMPYHTCA  KaK  WCTWUHHblE
NO/IOXKUTE/IbHbIE, PAaBHbIE AOMNOAHUTENBHOMY A0 1 3HAYEHUWIO, YCTaHOBAEHHOMY Ha NepekatvaTensx.

WECTHARUATEPNYHIE [ NTKOBYIE
NEPEKAHINATENK © WHBEDEHBIMMN
Boopamw EECO 1776126
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Puc. 8.88. Cuemyux no modyso n.

YnpaxHerue 8.35. [lyTem BbIYMCAEHUA UCTUHHOTO NONOXMUTENLHOTO 3HAaYeHUA, KOTopoe 6\/,CI,ET YCTaHOBNEHO Ha NepekatoyaTenax puc. 8.88, OKaKMTe UCTUHHOCTb

nocnegHero yrsepxxaeHua.

PaboTa cxembl COBEpLUEHHO O4YeBUAHA. 1A KacKaMpOBaHMA CUMHXPOHHbLIX CYETYMKOB Bbl COEAMHAETE BCE
TaKTOBble BXOAbl BMECTe, 3aTeM COEAMHAETE BbIXOA «MAKCMMAabHbIA CYET» KaXKAO0ro CYHETYMKA C paspelleHnem
cnepytoulero cuyetdymka. [ns cxembl 163 Bbixog, RCO (ripple-clock output — Bbixod, nepenonHexHua [1M)
BbicTaBnAeT BbICOKWIM ypoBeHb Npu MaKCMManbHOM cuyeTe, pa3pellas BTOPOMY CHETYMKY MOCPEeACTBOM
ycTaHoB/eHMs paspelweHma (BbICOKOIO yposHa) Ha Bxogax ENT n ENP (Pa3p). Takum obpaszom, MC1 nosbiwaeT
CBOE 3Ha4YeHMe Ha KarKaplh TaKTOBbIM MMNy/bc, @ MC2 noBbIWaeT CBOM CYET Ha KaK/bl TAKTOBbIM MMMYAbC Nocae
Toro, Kak MC1 HacumTaeT 3HadeHne Fn. Takum obpa3om, ABa CYETUYMKA CUMUTAOT MOKA He AOCTUIHYT COCTOAHMA FFn,
B 3TOM TOYKe BXOAbl 3arpysku LD' ycTaHaBAMBAOTCA B WCTMHHOE 3HauyeHwe. ITO MPUBOAWUT K CUHXPOHHOM
npensarpyske Ha cineayoulem TakTe. 34ecb Mbl BbIOPaiM CYETYMKM C CMHXPOHHOM 3arpy3kolr Aas Toro, Ytobbl
n3bexaTb NIOMMYECKMX COCTA3aHUM (M KopoTKoro mmnynbca RCO), KOTopble MOryT BO3HUMKHYTb B CYETYMKE C
ACUHXPOHHOW 3arpy3Koi. K coxaneHuto, CYeTYMK Npu 3TOM AeNUT Ha N + 1, a He Ha n.

YnpasHeHue 8.36. O6bACHUTE, YTO NPOM3ONAET, €CAM CYETYMK C aCMHXPOHHOM 3arpyskoi (Hanpumep, '191) 3aMeHUTb Ha CYETYMK C CMHXPOHHOW 3arpyskoi '163.

[MoKaXknTe, B YaCTHOCTM, Kak moryT O6pa3OBbIBaTbCﬂ KOPOTKME MMNYAbCbl. [MOKaXkute Takxe, YTO Npeablayllan cxema AenuT Ha n + 1, B TO Bpema Kak npu aCMHXpOHHOlZ

3arpyske byaeT OCyWecTBAATLCA Ae/leHne Ha n (ecan cxema Boobuie byaeTt paboTaTs).

BpemeHHaa amarpamma. [0 KakoM MaKCMMasibHOM YacTOTbl MOMKET CUMTaTb Hall cyeTymk? Cxema 74HC163
MMEEeT rapaHTUPOBAHHYKD MAKCMMaNbHYKO 4acToTy cuyeTa fmakc27 M. OAHaKo B Hallel CXeme CyLLecTBYHOT
[ONONHUTENbHbIE BPEMEHHbIE 3a[EPKKM, CBA3AHHbIE C KacKaaHbiM coeanHeHnem (MC2 gonkHa «y3HaBaTb», YTO
MNC1 yxe [OoCTUrNa MaKCMMalbHOrO CYeTa 3a BPems A0 CAeAylollero TakTOBOrO MMMYAbCa), U C COeaMHEHUEM
«3arpyska npu nepenoaHeHum». [nsa n306parkeHna MakCMMaibHOM YacToTbl, NPW KOTOPOK rapaHTupyeTcsa paboTa
CXeMbl, Mbl OO/IKHbI A06aBUTb 334EPKKY A8 HaMXyAWero cayyas U H6biTb YBEPEHHBIM, YTO OCTAeTCA AOCTATOYHO
BPEMEHM Ja nepeycTaHOBKy. [locmoTpuTe Ha puc. 8.89, rae Mmbl M300pasuvaM  BPEMEHHYIO AMarpammy,
MOKa3bIBaOLLYIO MOC/NEL0BATE/IbHOCTb 3arpy3KM, KOTOPAA BbINOJHAETCA NPU MAaKCMMaZIbHOM CYETe.
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M3P
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Puc. 8.89. BpemeHHasa 0uaepamMmma cHyemyuxa no modysto N u pacyem MaxkcumasaeHol ckopocmu pabomei.

M3meHeHne curHana ¢ HU3KOTO Ha BBLICOKUWM yposeHb Ha kakom-nnbo Bbixoge Q cnegyeT 3a
NONOMKUTENbHBIM GPOHTOM TaKTOBOIO CUrHasNa MakCMMyM 4vepe3 34 HC. ITO MHTEPECHO (HO He OTHOCUTCA K aeny),
YTO 3arpykaemas nocnefoBaTeNbHOCTb Mcnonb3yeT Bbixod RCO (nepeHoca); curHan RCO cneayet 3a
NONIOXKUTENbHBIM GPOHTOM TAKTOBOrO MMMY/bCa, YTO MPWU MAKCMMabHOM YacTOTe cYeTa COCTABAAET MaKCUMyM
35 Hc. CurHan nepeHoca RCO MC2 noansetca nocie Haamuymsa BXOAHOrO paspelleHus (Npu yCnoBUKM, KOHEYHO,
YTO 3TO MPOUCXOAUT MPU MAKCMMaNbHOM CcYeTe) MakCcMMym 4depes 32 Hc. Cxema 74HCO4 nobasnseT 3alepskKy
Makcumym B 19 Hc ana reHepaumm curHana 3AMPY3KA' (LD'), KoTopaa [A0/MKHa NpeawecTBoBaTb CUTHaAy TaKTa
(isetup) kKak MMHUMYM Ha 30 Hc. YTo NPMBOAWT Hac K CAeaytolemy TaKTOBOMY MMMY/bCY; Takum obpasom 1/fmakc
= (35 + 32 + 19 + 30) Hc, uan fmaxkc = 8,6 MIU. YTO 3HAUMTENBHO MEHbLIE, YEM MAKCMMaabHO rapaHTUpyemas
4yacTtoTa cyeTa ogHoro 74HC163.

YnpasHenne 8.37. lMoKaxuTe, nposeas NOAO6GHOE BbIYUCAEHME, YTO [BA CMHXPOHHbIX KAaCKaflHO COeAMHEHHbIX cyeTumka 74HC163 (6e3 3arpysku npu

nepenosHEHUN) UMEIOT MAKCHMaNbHYHO YacToTy cyeTta 15,4 My,

KoHeuHo, ecnn Bam Heobxoamma Honee BbICOKAs CKOPOCTb, Bbl MOXETe MCMo/sb3oBaTb 6osee ObICTPYHO
noruky. Mpoaenas Te XKe camble BbIYMCAEHUA AR NOTUKK 74F (18 KOTOPOM MaKCMMaibHana 4acToTa cYyeTa OHOro
cueTynka 74F163 coctasnset 100 Mlu), mbl Haxoaum fmaxkc = 29 MTU. HyxHO oTMeTuTb ycTpoicteo "HC40103
NPU PacCMOTPEHMM CYETYMKOB MO MOAYA0 N, KOTOpoe npeacTaBnaeT coboi 8-paspAaaHblii  CUMHXPOHHBLIN
BbIYMTAOWMIA CYETYMK C MapaneNbHON 3arpy3Kon (CMHXPOHHOM MM aCMHXPOHHOM), ¢ Aewndpaumein HyneBoro
COCTOAHMA M BXOAOM cbpoca B MaKCMMaJbHOE COCTOAHME. ITOT CYETYMK MMeeT BAM3KOro POACTBEHHMKA
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"HC40102, nAEHTMYHOrO, 32 UCKJOYEHUEM €ro KOpraHn3aUmMm», CABOEHHOMY ABOUYHO-AECATUYHOMY.

8.30. MynemunneKcupyemsil  4ugposol UHOUKamMop Ha
c8emoouooax

3TOT NpUMep UAMOCTPUPYET METOL, MY/bTUMIEKCHOrO OTOBPAaXKEeHMA, KOTOPbIN 3aK/A4YaeTca B TOM, YTO N
uMbp Kaxaoro umcna nocneaosBaTeslbHO M BbICTPO  BOCMNPOM3BOAMTCA Ha 7-CEIMEHTHbIX CBETOAMOAHbIX
MHAMKaTopax. (MoryT, KOHEYHO, MCMOAb30BATLCA HE TONbKO UMPPOBbIE CUMBOJbI, M KOHCTPYKLMA WHAMKATOPOB
MOKET OT/INYATLCA OT PACNPOCTPAHEHHON 7-CEerMEeHTHOM opraHusaumm). KommyTauma MHAMKATOPOB NPUMEHsaeTcs
/15 SKOHOMMM U YMPOLLEHWA: HEMPEPbIBHOE BOCMPOM3BEAEHNE KaKA0ro 3Haka TpebyeT YCTaHOBKM ANA KasKaoM
umModpbl MHAMBUAYANbHBLIX AelindpaTopos, GOpPMMpPOBaTENEN M TOKOOrPaHMUMBAIOWMX PESUCTOPOB, a TaKKe
WHAMBWAYAbHbLIX CBA3EM MEXAY KarAblM PErMcTpOM M COOTBETCTBYIOWMM AewndpaTtopom (4' AMHUK) 1 Mexay
KakablM GOpMMPOBATENEM M COOTBETCTBYIOLIMM MHAMKATOPOM (7 MPOBOAOB); KyTKan nyTaHuua!

B meTome mMynbTURNAeKcMpoBaHMA TpebyeTca Aullb oAuH AewwndpaTop/dopmuposaTens M oauH Habop
TOKOOrpaHMYMBAOLLMX PE3UCTOPOB. Kpome TOro, Tak Kak CBeToAMOoAHble UMPPOBblIE MHAMKATOPbL! BbIMyCKaloTCA B
BUAE N-CUMBOJIbHbIX rafer, NpuYemM COOTBETCTBYIOLLME CErMeHTbl BCEeX CMMBOJIOB 0ObeAMHEHbI, KOAUYECTBO
B3aMMHbIX COEAMHEHWI COKPalaeTca [A0BOIbHO CYLIECTBEHHO. Tak, 8-3HaKoBbl WHAMKaTOp TpebyeT 15
COeIMHEeHMN NPU UCNONb30BaHUK 3TOro MeToa (7 cermeHTHbIX BX040B, 0buime ana scex umdp, NAC OAUH KaToa,
WM aHOZ, B LNy BO3BpaTa Kaxaon Ludpbl), Mpy HENPEPbLIBHOM e BOCMpou3BeaeHMn nx notpebyetca 57. Eue
oAHO NoBONbITHOE MPEeMMYLLECTBO 3TOr0 METOAa COCTOUT B TOM, YTO CyDbEKTMBHO BOCMPWMHMMAEMas r1as’om
APKOCTb ByeT B 3TOM CAydae Bbille, YeM NPU HEMPEPLIBHOM CBEYEHUM BCeX UMbP Npu TOM Ke cpeaHen APKOCTY.

Ha puc. 8.90 nsobparkeHa NpuHUMNMANbHAA CXEMA MHAMKALMN.
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Puc. 8.90. Kommymupyemeoili  uugpposol uHoukamop 044 4yemelpex 3HAKos. Yucna c¢ eHewHell cmopoHs!
epagpudeckux obosHayeHull coomseemcmeaytom Homepam KoHmakmos VC.

LUndpsl, KOTOpble A0NXKHbI ObITb BOCNPON3BEAEHbI HA MHAMKATOPE, XpaHATCA B pernctpax NC1-MUC4. BmecTo
PErucTpPOB MOXHO WCMOAb30BaTb CYETYMKM, €C/IM YCTPOMCTBO NpeacTaBaseT cobOM CYETHbIA YacToToMep WK
Habop 3allesioK (TpUrrepos), NoayYaloLWMX AaHHbIE OT KOMMbloTepa WaM Bbixoda AL v T. 0. B aTom caydae npu
OAaHHOM  MeTode Kaxfzaa uumdpa nocnenoBaTeslbHO BBOAMUTCA Ha BHYTPEHHIOW  4-pa3pagHyto  WuHYy (B
paccmaTpuBaemom npumepe depes KMOIM-bydepbl ¢ Tpema coctoaHuamu 4503), pewndpupyetca U
oTobpaskaeTcs Ha MHAMKaTope (cxema 4511 npeacTtasndeT Aewmdpatop ABOMYHO-AECATUYHOTO Koga B 7-
CErMeHTHbIN ¢ GopMMpPOBaTENEM CUTHANOB YNPaBAEHUA LMPPOBLIM MHAMKATOPOM).

B oTOM cxeme [nBa WHBEpPTOpa MWCMOML3YIOTCA A4 MNOAydeHuAa Knaccuyeckoro KMOIM reHepaTopa,
paboTatowero Ha yactote 1 Kl M NOAAOWErO CUrHaAbl Ha 8-pa3paaHbln cyeTuMK-gewmndpatop 4022. Karkabii
BbIXOJ, CYETYMKA NocneaoBaTeNbHO YCTaHaBamsaeTca B8 coctoAHne BbICOKOIO ypoBHA W BbIBOAMT Ha LWKHY
oyepesiHyto undpy.
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O[HOBPEMEHHO OH 3anMuUTbiBaeT KaToz, COOTBETCTBYIOLIErO MHAMKATOPa, Nojasas Ha Hero HU3KWMI yposeHs
yepes MoLLHbIN Bydep ¢ oTKpbITbIM KonnekTopom 40107, CyeTumk 4022 UMKANYECKM NPOXOAUT cocToAHMe oT O Ao
3, a Npu OOCTUXKEHWUM Yncna 4 Kaxkablh pa3 copacbiBaeTca. MynbTUNAEKCUPYEMaAa MHAMKAUMA MOXKeT paboTaTtb u
npu 6onbluem Konmyectse Undp. OHa NOBCIOAY MCMONb3YETCA B MHOTOUMOPOBbLIX MHAMKATOpPAx Ha cBeToAMOdaX.
MonblTanTecb NOCMOTPETb BOKPYr — nepes BalMMM rnasamMm mope Umdp 1M 3HaKOB.

MHorne BUC, opueHTMpOBaHHble Ha BOCMNPOM3BEAEHME WHOOPMALMKM, KaK, HaNpuMmep, CYETYMKW, pene
BPEMEHM M Yacbl, COAEPKAT BCTPOEHHYO CXEeMY KOMMYTALMM WHAMKATOpa W Aaxe dopmuposaTtenu. bonee Toro,
cyuwecTsytoT BEUC ynpaBneHus MHaMKaumen (Hanpumep, 74C922 n 7411912); oHM npoaenbiBatoT BCo Ty paboTy,
KOoTOpasa paHblle BbIMNOAHANACL ¢ nomolibto UMC cpeaHen cTeneHn MHTerpaumu.

8.31. lpusod 38e30H020 mesneckona

Cxema, M3o0bparkeHHasa Ha puc. 8.91, bbina cnpoeKkTMpoBaHa ANs ynpaBaeHua npusoaom Mapeapackoro 62-
OOMMOBOTO ONTUYECKOTrO Teseckona.
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Puc. 8.91.peuusuoHHsbil Gopmuposamens Cu2HaGAad nepemeHHo2o moka 4Yacmomol 60 [y. BeixoOHas
yacmoma pasHa xx. Xxx. 14 3060aHuUA 38e30HOU CKOPOCMU K/o4U YyCmMaHasausaromca Ha 3HavyeHue 60 165.
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[na nuTaHWs 3KBaTOPMaNbHOrO NpuBoaa Asuratensa (cosepluatowiero 1 06opoT B AeHb) TPebyeTca UCTOYHMK
3/1EKTPO3HEPTUN NEPEMEHHOro TOKa, YacToTa KOTOPOro A0/KHA YCTaHaB/AMBATLCA PaBHOM OBOMY 3HAYEHMIO
okono 60 'y, (ckaxkem, oT 55 0o 65 'l). ITa YacToTa HE MOXKET TOYHO paBHATbEA 60 U No creayoWmMM NPUINMHAM:
a) 38e3apl 1 ConHUE ABMXYTCA C Pa3HOM CKOPOCTbi, MosTomy noTpebyeTca yacTtoTa nopsaka 60,1643 [u; 6)
NPOX0AA HAaKNOHHO Yepes aTMocdepy, 3Be3AHbIM CBET NpeTepneBaeT pedpaKLmto; 3TO NPeNoMAeHne 3aBUCUT OT
3@HUTHOrO y3/1a W, CNef0BaTeNIbHO, BUAMMOE ABUXKeHue OyaeT NPoUCXoAmuTb C HEPaBHOMEPHOM CKOPOCTbIO; B)
MHOTA@ MOMET BO3HWKHYTb XXenaHue B3rNAHYTb Ha JIyHy, NAaHETbl WMAM KOMETbl, KOTOpble ABMXKYTCA C
HEeOAMHaAKOBbIMM CKOPOCTAMM. BblNO pelieHo MCNoAb30BaTb 5-3HaYHbIA AMCKPETHbLIA YMHOXWUTENb YacTOTbl A
NONYYEHUA BLIXOAHbLIX MMMYALCOB C Y4acTOTOM cnemoBaHua fexn/10°, rae n — NATU3HAYHOE AECATUYHOE YUCAO,
KOTopoe YyCTaHaBAMBaeTCA Ha nepeaHerm naHeauM ¢ MNOMOLLbIO  ABOUMYHO-AECATUYHbIX  HapabaHHbIX
nepeknoyatenem.

BbixogHaa 4actoTa ymHOXMTena oyaeT nopsaaka 600 kI, MOCKO/MbKY BXOAHAA 4acToTa fex dpopmupyerca
CTabW/bHbIM KBAapLEBbIM reHepaTopoM M paBHa To4HO 1 MIL. Ha Bbixo4e YyMHOMMTENA Yactota genmtca Ha 10%
NOCPeACTBOM YeTblpex AeKaAHbIX CHETYMKOB, MPUYem MOCNEeAHWI CYETYMK BbIMOMHEH B BUAE AeanTena Ha 5, a
Noc/ie Hero yCTaHoBAEeH AeAUTeNb Ha 2, CAYKAWMN ANA NONYyYeHUA CUMMETPUYHbBIX MMMYAbCOB C YacToTomn 60 Iu.
Ona crabunmsaumm amnauTyabl NPAMOYTroNbHOM  (GOPMbl  BbIXOAHOM CWUrHAA MNOCTYNaeT Ha OrpaHWM4mTEND,
BbINONHEHHbIN Ha CTabUAUTPOHE, a 3aTem C NOMoLWbto 6-3BeHHOro HY-dunbTpa baTTepsopTa ¢ YacToToM cpesa fO,
paBHo 90 'y, NnpeobpasyeTca B XOPOLIMIA CUHYCOMAANbHbIN curHan. (MOMKHO cunTaTb, YTO GUALTP «BbIYULLAET
M3 NMPAMOYrOJIbHOTO CWUIHana BbICLWIME FaPMOHMYECKMe cocCTaBAAloWMe, nanM «obepToHbl»). [anee, ¢ NOMOLLbIO
YCUAUTENA C «MepeKoMMeHcaumnen», pacCMoTPeHHOro B pasd. 4.35, BbipabaTbiBaeTcA NepemMeHHOe HanpsKeHue
115 B.

BbixogHoM curHan dunbTpa Ha aKpaHe ocumnnorpada BbIMAAMT MAEaNbHbIM, TaK Kak 6-3BeHHbIM GUAbTP
BaTTepBopTa NO3BO/IAET B AAHHOW CXeMe CHM3UTb HaubO/bWY FAPMOHMKY A0 1,5 % OT 3Ha4YeHWA amMnAnTyAbl
HedUNbTPOBAHHOIO CUrHana, YTO O3HayaeT 3aTyxaHue 6onee yYem Ha 35 Ab. 3ameTUM, YTO AaHHbLIA MeTos,
bOpMMPOBaAHMA CMHYCOMAANbHBIX KonebaHui yaobeH NMLb Toraa, Koraa 4YacToTa BXOAHOTO CMrHaaa orpaHuuyeHa
Y3KMM AmanasoHom. Bxoapl ynpaBnaeHua +10 % NO3BONAOT M3MEHATb YaCTOTYy BbIXOAHOTO CUHYCOMAANbHOIO
curHana Ha 10 % 3a cyeT TOro, Yto KO3IOOUUMEHT AENEHUA TPETbEro AeNUTENSA YCTaHAB/MBAETCA PaBHbIM 9 MK
11. O1a cTyneHb NnpeacTaBaseT cobon AennTenb No MoAy o n, n30bpaxKeHHbIn Ha puc. 8.88.

8.32. [eHepamop nocnedosamesnbHOCMU U3

UMNY16Co8

[eHepaTop NocaenoBaTe/IbHOCTU M3 N UMMY/IbCOB NPeACcTaBAAeT cOO0M WMPOKO UCMO/b3yemMbln HEDONbLLION
npubop AnA TeCTUPOBaHMA. 10 BHEWHEMY CUTHAY 3amycKa (MM UCMOb3yA PYYHOM 3amycK) OH BbipabaTbiBaeT Ha
BbIXOAE MayKy M3 N MMMYAbCOB C 3aaHHOM 4acTOTOM CAefoBaHWA, KOTOPaAa MOXET UMETb pAfd, AUCKPETHbIX
3Ha4yeHui. Ha puc. 8.92 nokasaHa NpuMHUMNMAAbHaA cxema reHepartopa.
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NHTerpanbHble cxembl HC40102 npeacTaBastoT  cobolt KMOIM  BbICOKOCKOPOCTHble — 2-AeKadHble
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BblUMTAIOLLME CUYETUYMKM, TaKTUPyemble HemnocpeacTBEHHO 4YacTOTOW, BblOMpaemol AEeCATUUYHLIM ASAUTENEM,
noAKkMoYeHHbIM K 10-MTU, KBapLueBomMy reHepaTopy. CHETUMKM AennTens MoryT 61oKMpoBaTbca B0 aKTUBHbLIM
ypoBHEM Ha Bbixode A3 (acMHXpOHHas 3arpyska), MMH60o NacCMBHbIM YPOBHEM Ha Bxode nepeHoca (Bx. nmep.).
Korga 3anyckaloWmMin WMMOyabC MNOABAAETCA  (3amMeTum, 4YTo  ucnosab3yetcs  HCT-cepus Ha Bxoge A4
COBMECTMMOCTM C bunonapHoi TT/1), Tpurrep-1 BblAaeT paspelieHne CYeTYMKy, a Tpurrep-2 obecnedymsaeT
CUHXPOHM3aLUMIO CYeTa NoC/e CAeAyloWero NoaoKUTENbHOrO GPOHTa TAaKTOBOTO MMMY/bCA. TaKTOBbIE MMMY/IbCh
NpoXoanT Yepes BeHTUAb M-HE-3 40 Tex nop, Noka CUYEeTYMKM He AOCTUrHYT HyAsd, B 3T0 Bpems oba Tpurrepa
cHbpacbIBalOTCA B MCXOAHOE COCTOSHME; OCYLLECTBAAETCA NapanienbHas 3arpyska B CYETYMK YnCaa N, 3a4aBaemMoro
[IBOMYHO-AECATUYHBIMM MEepeKloYaTeNAMM, 3aMNpPeELLAeTCa CYET M CXeMa roToBa A4S APYroro 3anycka. 3ameTum,
YTO MCMO/Ib30BaHME PE3UCTOPOB, NOAKMOUYEHHbIX K 06LLIEMY MPOBOAY, B 3TOW CXeMe 03HavaeT, YTO AO0MKHbI ObITh
MCMNONb30BaHbl  ABOMYHO-AECATUYHbIE MepekaloYaTent B NpAMOM  Kode (mpeanoytutesnbHee, uYem B
fononHuTenbHOM). OTMETMM TaK¥Ke, YTO BXO[, PYYHOro 3anycKa AO/KEH MMETb 3aluTy OT Apebesra, Tak Kak oH
TakTMpyeT Tpurrep. 3awmTta OT apebesra He TpebyeTca A1A MNeEpeKloYaTeNs PeXMMOB, KOTOPbIA MPOCTO
paspellaeT GopMMPOBaHME Ha BbIXOE HEMPEepPbIBHOM NOCAeA0BaTENbHOCTM UMMY/bCOB.

BbIxoAHOM Kackag obecneunBaeT ABe Mapbl MPAMbIX W MHBEPTMPOBAHHbLIX CUTHAAO0B. 3amnapanfnesneHHble
nHeepTopbl HCO4 BblAatoT 0bBbIYHbIN NOrMYECKUIA pa3smax +5 B Bnarogaps ncnosib3oBaHUo TexHonormn KMOI.
Mbl 3anapannenmnm WUHBEPTOPbI AR YBEAMYEHUSA Harpy3ouyHol crnocobHocTn. CxemMa mMoxeT obecneymsaTb No
KpaiHen Mmepe ToK Harpy3sku +10 MA Npu NOrMYecKMx ypoBHAX, oTamdatowmxca Ha 0,3 B OT rpaHuML, HanpaXeHus
nuTaHua. Ecnm Bam TpebyeTca OGOMbLIMIM BLIXOAHOW TOK, Bbl MOXETe 3aMeHWUTb WMHBEPTOpbl Ha cxembl “ACO4,
3anapanneneHHas napa KoTopbix OyaeT AaBaTb BbIXOAHOM TOK A0 +50 MA NPU TaKUX Ke 3HAYEHUAX NOTUYECKMUX
YPOBHEN.

Mbl 406aBMM Napy ycuauTenen, n3obparkeHHbIX B NMPSAMOYFOJIbHUKE, KOTOPble MOTYT YNpPaBasTb SIOTMKOW,
cnocobHoi paboTaTbh NPW HaMNPAXKEHUN, OTAMYHOM OT +5 B: HanpMmep, MasIOMOLLHbIe YacTO UCMNO/b3yeMble MPuU
npoekTuposBaHim KMOM cepun 4000B n 74C paboTtatoT HenocpeacTBeHHO OT Hbatapeit +9 B (oHM HOpManbHO
paboTaloT Npu HanpsaxKeHun ot 3 Ao 15 B); HC-nornmyeckne anemeHTbl paboTatoT Npu HaNPsKEHUN NUTaHMA OT 2
[0 6 B. Bbla0 BbIABUMHYTO npeanoxeHne, ytobbl KMOI cepus "AC onepuposana npu HanpsxKeHun +3,3 B (JEDEC
ctaHgapT NO8). UHTerpanbHbie cxembl 40109, 14504 n LTC1045 asnstotcs npeobpa3osBaTensimu YPOBHEN, 3TO
KPUCTaNbl C aKTUBHbIM BbIXOAHbIM KaCKaZloM, KOTOPbIM 3anNMTbIBAETCA OT BTOPOro MCTOYHMKA NMUTAHWUA, KOTOPbIN
MOXKeT ObITb BbIlE WAM HUXKEe HanpaxeHus +5 B. Takum obpa3om, Mbl MOAYYaEM YUCTble JIOTUYECKME YPOBHM
KMOT-cxem.
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[laTONOrMA B NOTUYECKUX CXemax

CyLLecTBytOT WHTEpecHble, a WHoraa W npocTo 3abaBHble /OBYLWKM, MNOACTEPEratolUiMe HUYero He
nofo3peBatoLlero paspaboTumka LUndpoBbix cxem. HeKoTopble U3 HUX, TaKMEe KaK IOTMYECKMEe TOHKN U TYNUKOBbIe
CUTYaLMM, MOTYT BO3HMKATb HE3aBMCMMO OT TUMa MCMOJb3yEMbIX JOTMYECKMX cxem. [pyrue (Kak, Hanpumep,
3bdEKT TUPUCTOPHOrO BKAOYEHMA B KpucTannax KMOIM) npeactaBnstoT cobol «reHeTuyeckme aHomanammn» Toro
MAW MHOTO cemencTBa. HuKe mbl nonbiTaemca 0606WMTb HaLl NeYaabHbIM ONbIT M HAAEEMCA, YTO NPUBEAEHHbIE
aHeKAO0Tbl MOMOTYT M3bexKaTb APYrMM TeX XKe OLNOOK.

8:33. [lpobriembl cmamu4ecKux pPemcumos

«Tynnkosoe coctoaHMe». JIerko nonactb B JIOBYLIKY, NMOCTPOMB CXEMY, MMEIOLYKD «MepTBOE» COCTOAHME.
LdonycTum, MMeeTcA Kakoe-TO YCTPOMCTBO C pAAOM TPUITEPOB, KOTopble B mpouecce paboTbl MNPOXoAAT yepes
3afaHHble COCTOAHMA. KaxeTca, 4TO cxema [AeNCTByeT MpPeBOCXOAHO, HO B OAMH MPEKPACHbI MOMEHT OHa
HamMepTBO OCTaHaBAMBAeTCA. EAMHCTBEHHbIM cnocob 3acTaBuTb ee onATb paboTaTb — 3TO BbIKAYUTL NUTAHMKE,
3aTeM CHOBaA ero BK/O4YMTb. Takana CUTyaluMs M3-3a TOTO, YTO CXemMa MMesla K MepTBOe» COCTosAHMe (3anpelleHHoe
COCTOAHME CUCTEMBI, KOTOPOTO He yAanocb m3bexkaTb), B KOTOPOE OHa M yroauna nof BO3AeMUCTBMEM KaKMX-TO
nepexoAHblX Momex Mo uenu nuTaHuA. Mpu paspaboTke UMPPOBLIX CXEM OYEHb BAXKHO BbIABUTb MOAOOHbIE
COCTOAAHMA W CTPOMTb JIOTUKY TakMm 06pasom, 4Tobbl CXema MOria aBTOMATMYeCKM BOCCTaHaBAMBaATbCA. Kak
MWHUMYM, O0MKeH OblTb NPeayCcMOTPEH CUTHanA HavafNbHOM YCTAHOBKM (BblpabaTbiBaemblli OT KHOMKW, MNpw
BKAOYEHMM MUTAHWMA W T. 4.), KOTOPbIA MOr Gbl BO3BpallaTb CMCTEMY B HOPMasibHOe cocTosaHMe. Mpu Hanuyumm
TAKOro CUrHana HUKaKUX Apyrnux mep MOXeT M He NoTpeboBaTbca (CM. ynpaxHeHune 8.24).

HayanbHaa yCTaHOBKa. 3TOT BOMPOC BO3HMKAET Mpu onpeaeneHun COCTOAHWUS CUCTEMbI B HavasbHbIM
MOMEeHT. B ntobom cnyvae nNonesHo MMeTb KaKon-1mbo CUrHan, KoTopbli obecrneunsan bbl Ha4abHYHO YCTAHOBKY.
MHaye npu BKAOYEHUWU MNUTAHUA B CMCTEME MOTYT NMPOMCXOAWTb HeMnoHATHble Bewy. Ha puc. 8.93 nokasaHa
noaxodawlaa cxema. [locnenoBatenbHO BKAKOYEHHbIA CO  BXOAOM BEHTMAA pPe3nCTOp Heobxoaum npu
ncnonb3oBaHMm KMOTI-cxem, 4To No3BOASET M3beKaTb NOBPEXAEHMA CXEMbI MPU OTKNHOYEHUWU NUTAHWUA, TaK Kak
B MPOTMBHOM C/ly4ae 3/EeKTPOIMTUYECKMA KOHAeHcaTop OyaeT NbITaTbCA 3anuTaTb CUCTEMY Yepe3 3alMTHbIN
anopa BxogHoro BeHTMAA KMOIM. Xopouwel wmaeen ABnfeTcs Mcnosib3oBaHue Tpurrepa Lmntta (4093, “14),
6narofapa Kotopomy cHaTue curHana CBPOC npoucxoamT Yncto. CMMBOA TMCTEPE3MCA Ha PUCYHKE O3HAYaeT, YTo
Ha BXO/le MHBEpPTOpa ycTaHoBaeH Tpurrep LLmnTTa, cobpaHHbli, Hanpumep, Ha TT/1 74LS14 (6 nHeepTopos), AnMbo
KMOTM 40106, nnbo 74C14.
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Puc. 8.93.Cxema 0518 popmMuposaHUa cueHana cbpoca npu 8KALYEeHUU NUMAHUA.

8.34. [Npobraembl npu nepexknyeHuUsax

JIorMyeckne roHKM. 34eCb CKPbIBAKTCA MHOMME KOBapHble N0BYWKU. KNacCMYeckuini caydai NIorMyeckmx
FOHOK OblN onucaH B pa3d. 8.19 Ha MpuUMepe CUHXPOHM3aTopa MMMNY/AbCOB. B ntobom caydae, Korga BeHTUAM
YyNpasAsTCA CUrHaNamm OT TPUITepoB, HeobxoaumMo ybeauTbca B TOM, YTO B CXEME HE MOMET BO3HUKHYTb
CUTyaUmMs, B KOTOPOM K MOMEHTY TaKTUPOBaHWA TPUITepa BEHTWU/b OTKPbLIBAETCA, a MO UCTEYEHMM 3a4EPHKKU Ha
Tpurrepe 3akpbiBaetca. CUrHaibl, BO3HMKAIOLME Ha BXOAAX TPWUITEPOB, HE AO/KHbl ObiTb 3aAepsKaHHbIMK MO
OTHOLWEHUIO K TaKTOBbIM MMMyAbCaM (elle OAHO MPEMMYLLECTBO CUMHXPOHHOM cucTembl!). B obuwem caydae
3a[epKMBanTe TaKTbl, HO He wuHPopmaumioo. HeoBbl4HO NEerko MNPOrAaAeTh BO3MOMHOCTb BO3HUKHOBEHMS

NOTNYeCKMX TOHOK.

MeTacTabuibHble COCTOSHMA. KaK ysKe OTmMevanocb, Tpurrep U noboe TaKTMpyemoe YCTPOMCTBO MOryT
CcOUTLCA, eCi M3MEHEHME CUIHAN0B Ha MHOOPMALMOHHbLIX BXO4AX MPOM30OMAET MeHee Yem 3a Bpems tycm Ao
BO3HMKHOBEHMSA TaKTOBOro MMMynabca. B xyawem cnydae Bbixod Tpurrepa 6yaeTr 6OykBanbHO coBepllaTb
KonebaHMA B OKPECTHOCTM JIOTMYECKOrOo MOopora B TeYeHWe HECKONIbKUX MUKPOCEKYHA (417 CpaBHEHMA:
HOPMa/fibHas BeMUYMHA 3a[epXKKM pacnpocTpaHeHuna snemeHToB TTJ1 coctasnseT 20 Hc). Pa3paboTumku
NIOTUYECKMX CXEM 3TO OObIYHO He MPUHMMAOT BO BHMMaHMWe, HO NoAobHaa npobnema MOMKET BO3HMKHYTb B
BbICTPOAENCTBYIOWMX CUMCTEMAX, KOrAa NoTpebyeTcs CUMHXPOHW30BATb ACMHXPOHHbIE CUTHAjbl. TaKyl CUTyaLuio
CYMTAOT BUHOBHOM BO MHOMMX TaMHCTBEHHbIX cb6oAX IBM, HO Mbl CMOTPMM Ha 3TO NPEANONONKEHNE CKENTUYECKM.
B aTom cnyyae TpebyeTcA AMlb YCTAHOBMTb LIEMOYKY CUMHXPOHM3ATOPOB WAW «AETEKTOP MeTacTabuibHbIX
COCTOAHMMY, KOTOPbIM ByaeT cObpacbiBaTb TpUTTEP.

CKoC GpPOHTOB TaKTOBbIX MMMY/bCOB. CKOC GPOHTOB TAKTOBbIX MMMY/bCOB OKa3biBaeT DoMbliee BAMAHUE Ha
cxembl KMOI, yem Ha TT/1. Takaa npobsema BO3HWMKAET B TOM C/lydae, Koraa A5 TAaKTUPOBAHWUS HECKOJIbKUX
CoeaMHEHHbIX MeXay cobol yCTPOMCTB MCMOIb3YeTCcA CUrHan ¢ HoblIMM BpeMeHeM HapacTaHma (puc. 8.94).
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Puc. 8.94. BpemeHHol cdsue u3-3a 308010 MAKMOBbIX UMNYbCO8.

B paccmaTpuBaemMom npumepe [Ba PerucTpa caura TaKTMpytoTca GPOHTOM ¢ DOAbWKMM BpPEMEHEM
HapacTaHuA. 3To Bpema 0DYyCNOBAEHO EMKOCTHOM Harpyskoi Bbixoga KMOI, KOTOpblIM MMEeeT OTHOCUTESIbHO
BbICOKMI mmneaaHc (nopsaaka 500 Om npu paboTe OT MUCTo4YHMKa +5 B). Mpobsiema BO3HMKAET M3-3a TOrO, YTO
nopor cpabaTbiBaHWA y NEPBOro PermcTpa MOXKET OKa3aTbCA HUXKE, YeM Yy BTOPOro, B pesy/ibTaTe Yero ero casur
Npou3onaeT paHblle W nocnegHuin 6UT nepsoro peructpa byaet notepsaH. [eno elle OCNOKHAETCA Tem, YTO
3HAYeHMA MOPOroBbIX HAMPAMKEHWN ana yctpohcts Ha KMOIM KonebnoTcs B O4YeHb LIMPOKOM  AMana3oHe
(baKkTMUeCKM OHM MOryT NpuHMMaTh Atoboe 3HaveHme B npeaenax oT 1/3 po 2/3 Ucc v oHu npuHumatot!). B
No4oOHON CUTyauum camoe fydlwee — 3TO pacnojaratb KOpnyca MMKPOCXeM PAAOM, TeM cambiM n3beraTb
H0/bLLON €MKOCTHOM Harpy3KM Mo TaKTOBbIM BXO/1aM.

FfoBopA B 0OLlEM, TaKTOBble BXOAbl KaKUX-IMOO UMOPOBbIX MWMKPOCXEM AO/MKHbI BCerda TLLATENbHO
obpabaTbiBaThcA. Hanpumep, TakTOBbIE IMHUM C LLIYMOM WM «3BOHOMY» [OJIKHbl BCErAa OUYMLLATLCA C MOMOLLbIO
BEHTUAA (BO3MOMHO, C BXOAHbIM TMCTEPE3NCOM) A0 MOAa4YM Ha CUHXPOHM3MPYEMBIN KpuUcTann. Y Bac, BEPOATHO,
BO3HMKaNM Npobaembl C JAMHUAMM CUHXPOHM3ALMM, KOTOPble MOCTyNanu C APYron nnatel WAM C APYroro
nlornyeckoro cemerctea. Hanpumep, megneHHan nornka 4000 B naun 74C, nutatowan bbicTpble cemerctsa HC nan
AC, HaBepHsAKa Bbl30BeT NpobsieMbl Nepekoca MMMNY/IbCOB MM KPaTHbIX Nepexoaos.

YKOpOoYeHHble MMMNyAbCbl. B pa3d. 8.29 npu pacCMOTPEHUM CHETYMKOB MO MOAYAD N Mbl OTMEYau, 4To B
TOM C/lydae, Korga CYETYMKM O0JKHbl cOpacbiBaTbCA COOCTBEHHbLIM BXOAHLIM CUIHANOM, HEODXOAMMO BBECTM
33ZlePKKy A1 TOro, 4Tobbl MpPenoTBPaTUTL MOSBAEHME YKOPOYEHHOTO MMMy/bca. TO e camoe OTHOCKMTCA M K
MMMNYNbCAaM  3aMUCKM B CHETYMKM  WMAM  PEerucTpbl  CABWMra. YKOPOYEHHble WMMMy/AbCbl 4acTo JAOCTaBAAOT
HENPUATHOCTK, MPMBOAAT CXeMy K paboTe Ha rpaHWue YCTOMYMBOCTM W BbI3bIBAOT nepuoamyeckme cobou. Mpu
pa3paboTKe cxembl CaealyeT UCXOAWUTb M3 HaUXYALWero 3Ha4YeHns A5 3a4ePHKN.

HeonpeaeneHHble npasuna. Korda nosaynpoBOAHWMKOBAA MPOMbIWAEHHOCTb HallynblBasa CBOW MyTb,
HauYMHaA C NPOCTEMLINX CXEM PE3UCTOPHO-TPaH3UCTOpHOM normkn 1960 r., 3atem TT/1- n TT/1LLU-cemeincTea, A0
BbICOKOMPOM3BOAUTENBHbLIX COBpemeHHbix KMOIM-cemeincTs, 6blN0 HeAOMNOHATO 3HAYeHWe CcTaHAapPTM3auum
BbIBOAOB, CneuuduKaumii n pyHKUMOHaNbHOCTU. Kak npumep, cxema 7400 (U-HE) nmena cBou BbIBOAbI BEHTUAEN,
a cxema 7401 (MIN-HE ¢ OTKPbITbIM KOINEKTOPOM) MMENa OTIMYHbIE OT Hee Pacro/IOKEHUs BbIBOAOB BEHTUEN.
3TO c034aBano TaKylo NyTaHMULYy, YTO NOOYAMAO BbIMYCTUTb «MyTaHT»-cxemy 7403, KoTopas npeactasaseT cobon
cxemy 7401, HO c pa3BoAKoM BeHTWel, Kak y 7400. MNoaobHoe HedopasyMeHWe CAy4miocb co cxemon 7490
(ABOMYHO-AECATMYHBINA CYETYMK) C PACMONOKEHUEM KOHTAKTOB MUTAHMA MO cepeauHe Kopnyca, a He B yrnax. (Kak
HM CMELWHO, HO KOHTaKTbl MWUTaHMA, PaCNONOXKEeHHble MNocpeAMHe  Kophyca, «BO3BPAaTM/IUCL» B
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bbicTpoaencTBytowmx cxemax KMOT, Ana yMeHbLIEHNA UHAYKTUBHOCTU U YAYyULWEHNA M30AALMN.)

Ba)KHbIM HacneACTBOM 3TOW PaHHEM aHapxXuMW SBAAETCA «BCAKAA BCAYMHA» HeonpeaeneHHbIX Mpasu,
KOTOPbIX Mbl Npuaep:kmsaemca. Hanpumep, nonynspHblil “74D-TpuUrrep CywWecTBYeT B KaKAOM JOTMYECKOM
CEMENCTBE; Nofaya OAHOBPEMEHHO CMIHANIOB YCTAHOBKM M cbpoca NPMBOAMT K BbICOKOMY YPOBHIO Ha 0HOMX
BbIXOJAax B KaKom cemelcTBe, Kpome 74C, rae 3To NPMBOAMT K HU3KOMY YPOBHIO Ha Bbixodax! 3To He coBcem
HeonpeaeseHHoe MnpaBuao, MOCKONbKY eC/lM Bbl BHMMATE/IbHO MOCMOTPUTE B XOPOLWYI [OKYMEHTaumio, TO
HalgeTe HenocnenoBaTe/IbHOCTb. Ha TeXHWYEeCKOM KaproHe 3TO HasbiBatoT «[Monancal» (gotcha). Opyrum
NOOMMbIM  HalLMM NPUMEPOM 3TOro «nonancal» asnaetcs cxema 96: 5-pas3psagHbli CABMIOBLIA PErncTp ¢
XUTPbIMW BXOAAMM 3arpy3KM; OHW MOTYT YCTaHaBAMBATbCA, HO He cbpacbkiBaTbcA. MOANMHHBIM HeoNpeaeneHHbIM
NpPaBMIOM, a QaKTUUYECKM OYEHb BaAXKHbIM SBAAETCA «BPEMS MEPEMEHbI». ITO TaKoe KOAMYECTBO BPEMEHMW,
KOTOpOe Bbl [O/IKHbI OXWAATb MOCNE CHATMA aCMHXPOHHOTO BXOAHOIO CWUrHana [AAA MNOJHOW rapaHTUM
CUHXPOHM3aLLMN TaKTUPYEMOrO 3/1eMEHTA.

MPOEKTUPOBLIMKOB KPUCTANN0B He BEeCrnoKouno 3TO 0O6CTOATENbCTBO (XOTA MPOEKTUPOBLLMKU CXEM BCeraa
XOTeAM 3TO 3HaTb), MOKa JIOTMYEeCKMe CeMencTBa, BbiMycKasluMecs paHee 1980r., He 6biaM 0HOMAEHSI
yaydweHHbiMn TT/LW mn 6bicTpbiMn KMOT-cemenctBamu. Eciv Bbl MPOEKTUPYETE C NPUMEHeHnemM Hosiee paHHen
norvkm (Hanpumep, 74C), Haw coBeT — ObiTb KOHCEPBATMBHbLIM, Hanpumep, npeanonaranTe, 4Tto BpPems
NepemeHbl TaKoe Ke, KaK BPems YCTAHOBKW AaHHbIX XOTA 0O6blMHO OHO MeHblle. Tak Hanpumep, y D-Tpurrepa
74HC74 MMHMMaNbHOE BpPems PacnpoCTpaHeHWA onpeaenseTcd B 5 He, B TO BPEMA Kak MMHMMAJIbHOE Bpems
YCTaHOBKM AaHHbIX cocTasaseT 20 Hc.

8.35. [pupoxcoeHHble Heoocmameku

TN

KMON

B aTOM pasgene B 04HOM €ro 4acT Mbl PACCMOTPUM NpobBaembl, NpUYMHAIOWME HeyaobCcTBa pa3paboTumky,
a B APYro — Mo HacToALWEMY HEHOPMabHOE MOBeAEHWE NOTMYECKMX S/1EMEHTOB.

Mpobnembl, NpuymHaAowmMe HeyaobcTsa. bunonsapHseie TT/l-anemeHmel. He cnepyeT 3abbiBaTb, YTO Npw
HWU3KOM YypOBHe BxoAbl TT/1 AEMCTBYIOT KaK WMCTOYHMK Toka (Hanpumep, 0,25 mA ans LS, 0,5 MA ana F). 310
3aTpyaHseT ucnonb3oBaHne RC-LEenoYyeK B KayecTBe 3/1€MEHTOB 3a4epPKKM M NOA0OHbIX 31EMEHTOB, TaK Kak OHU
B 3TOM CAy4ae [OJIKHbl MMETb HW3KOE COMPOTUBAEHWE W BaM HeODXOAMMO Cepbe3HO MoAymaTb, Korga Bbl
conpAraeTe CUrHabl IMHEMHbIX YCTPOMCTB ¢ TT/1-Bxoaamu.

3HauyeHMe nopora y anemeHToB TT/1 (M cepuit, Kotopblie X MMmuTUpytoT — HCT 1 ACT) 6/1M3KO K YPOBHIO
3eMAM, BCNEACTBME Yero BCE 3TO /IOTMYECKOE CEMENCTBO B M3BECTHOW CTEMNEeHM MOABEPKEHO BAMAHWUIO MOMEX
(bonee nogpobHO cm. 21. 9). Tak Kak 3TU JIOTMYECKMEe CemMencTBa SBAAITCA ObICTPOAENCTBYOWMMMK, OHU
BOCMPUHMMAIOT KOPOTKME BCMAECKM MO LWMHE 3eMan. Takue BCMIECKM 4acTo BO3HMKAKOT Npu ObICTPON cmeHe
COCTOSIHUI Ha BbIXOAax, YTO elle Honee ocNoKHAET npobaemy.

BunonapHble TT/1-anemMeHTbl NPeabABAAIT BbiICOKME TpeboBaHMA K WMCTOYHMKY NUTaHMA: +5 B +5% npwu
OTHOCUTENIbHO BbLICOKOM MOLWHOCTM pacceaHma. Hanmume TOKOBbIX BCM/IECKOB B LIMHAX MNUTaHWA, KOTOpble
BbIpabaTbIBAtOTCA CXEMAMM C aKTMBHOM HarpysKoW, Kak Npasuao, TpebyeT WyHTUMPOBAHUA UCTOYHWKA NUTaHWA, B
naganbHOM Caydae — OAMH KoHAeHcaTop emKkocTbio 0,1 MKD Ha Kaxabit kopnyc MMC (puc. 8.96).
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Kepamuueck.

KOHJeHcaTop
0,01+ 0,1 MxP
C KOPOTK.
BLIBOAAMM WC
® Huaromun-
AYKTHBH.
KQPGTﬁﬂE EMNAHAR

COEAHHEHKHE

Puc. 8.96.Bcezda yenecoobpasHo UCNoab308aMe ycmolyugyro HU3KOUHOYKMUBHYIO Pa3800Ky 3eMsau U He
CKYNUMbCA HA PA36A3bI8AOWUE KOHOeHCAmopbi.

KMOTI-anemeHmsi.  Bbixoapl KMOM-anemeHTOB noaBep)keHbl npoboto noa AeNCTBMEM  CTaTUYECKOoro
anekTpuyectea. «CmepTHocTb» y KMOI aenctButenbHo noackakuMBaeT B 3MMHee Bpemsal HoBble cemelcTBa C
nofMKpemHnesbimmn  3atsopamum  [HC(T), AC(T)] 3HauuTenbHo 6osblle CTpagatoT, Yem UX Npeaku ¢
MeTann4ecknmm 3ateopamum. Bxoabl KMOIM nmetoT oyeHb 60/bLLON pa3bpoc No 3HaYEHUAM NOPOTroBOro YPOBHS;
B COYETaHMM C BbICOKMM BbIXOAHbIM MMMeaaHcom (200-500 Om) 3TO MPUMBOAMT K BO3HUKHOBEHMIO NpPobHaEMb
cKoca GPOHTOB TAKTOBLIX MMMY/AbCOB (CM. paszd. 8.34). Koraa Ha BbIXOAe CUTHaaA MeASIeHHO HapacTaeT, MOryT
BO3HMKATb [ABOMHble MNepekAtoYeHMA Ha Bbixodax. B ycTporictBax Ha KMOIl BCe HEMCMNO/b30BaHHbIE BXOAbI,
BK/ItOYaA BXOZbl HE33AEMCTBOBAHHbIX BEHTUAEM, A0MKHbI ObiTb 06A3aTE/NBHO COeANHEHbI C LUMHOM BbICOKOTO UM
HWU3KOro YPOBHA.

NHTepecHas BpoxaeHHasa npobnema HoBelwmx boicTpoencTeyolmx KMOT-cemelicTB B ocobeHHocTn AC
n ACT COCTOUT B HaMYMKU «MOACKOKa» YPOBHA 3emun. bbicTpogencteyrowmin KMOIM-anemeHT, paboTatowmii Ha
©MKOCTHYIO HarpysKy, reHepupyeT rpomaiHble KpPaTKOBPEMEHHbIEe TOKWM MO WWHE 3eMAN, NPUBOAALLME K TOMY,
YTO MOTEHUMAN Ha JMHUM 3eMAN, NOAXOAALMA K KOPMyCcy MUKPOCXEMbl, MOMEHTa/ibHO noanpbirmsaet! B
pe3y/abTaTe 3TOro NOAMNPbLITMBAET M HU3KMIA YpOBEHb HAa BbIXOAAX Ha TOM e camom Kpuctanne. Ha pwc. 8.95
NoKasaH 3ToT C/yYall.
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Puc. 8.95.bycpep 74AC244 Ha 8 8bix0008, 3anyckarouwjuli 7 Hae2py3ok 50 n® u3 «gbie.» 8 «HU3K», U
yoepxcusarouuli 8-l 86IX00 8 COCMOAHUU «HU3K.». «3emasa» — medHaa naama (1 yHuyus/ke. ym).

(Mo puc. 1.1-4 pykoBOACTBa MO NPOEKTUPOBAHUIO yayUweHHoH KMOMM-noruku.)

B ocobeHHOCTM 3ameTbTe, YTOo amnanTyaa atoro addekta oT 1 Ao 2 B He ABnsetca peaKkocTblo. [lasainTte
PAcCMOTPUM C/lydalt, Korga Bpems NepektodeHms CocTaBafaeT 3 He, a nepenas B 5 B npuKaaabiBaeTcs K eMKOCTH
50 n®. B pe3syabTaTte nosy4aemMm MrHOBEHHOe 3HaudeHMe ToKa | = CdU/dt = 83 MA, a Tak Kak 8-paspsaHblit bydep
MOXET Harpy»aTbCA HemnocpeAcTBEHHO Ha TaKMe e BOCeMb Harpysok (npu obuwem Toke 2/3 Al), Takoe
NoBeAEHWE CXeMbl He SBAAETCA HEOMMAaHHbIM. 3Ta 3a34ada OKas3blBAaeTCA TAMesnee, 4YemM KOoMy-11Mbo
npeacTasnfeTca, U NpuMBOAMT K CnopHOMY HoBomy Habopy AC/ACT-cxem C «UEHTPa/ibHbIM» PaCrofIOXeHUeM
BbIBOAOB MUTAHUA U 3eMAU (A1 CHUNKEHUA UHAYKTUBHOCTM). Ha MOMEHT HanmncaHUsa KHUMM paspaboTunKkmM NOrMKK
BCTa/IM MO pasHble CTOPOHbI: No oaHy dupma Tl, Boptollascs 3a HOBYI Pa3BOAKY BbIBOAOB, a MO Apyrywo —
dupmbl RCA m Fairchild, 3awmuwatolie TpaamMUMOHHYO pasBoAKy Mo yrnam. Mbl NpeaocTaTodyHo MOCNopuan C
obenMMn CTOpOHaMM U BbIABUMAM CNabOCTU KaK MPOTUBOMO/IOMKHBIX aAPryMEHTOB, TaK W COMEpPHUYAOLLINX
KpucTannos. o KpaliHeln mepe Noab30BaTe M A0KHbI CO3HABATb CEPbEe3HOCTb 3TOM NPOHOAEMbI U NPUHATL MEpbI
ONA  COXpaHeHMA WHAYKTMBHOCTM LWWHLI 3€MAM Ha HM3KOM YPOBHE, HACKOJIbKO 3TO BO3MOMKHO, Koraa
ncnonbsyetcs cemenctso AC/ACT. CambiM NYYLIMM ABAAETCA MCNOb30BaHME MedYaTHbIX NAaT ¢ pacnpeaeneHHomn
LIMHOMN 3eM/IM U MHOMECTBOM LUIYHTUPYIOLLMX HU3KOMHAYKTUBHbIX KOHAEHCATOPOB. Jlyulinii cnocob, ecnm Bam He
HY)KHa BbICOKAasi CKOPOCTb MepekatoveHnn, oTkasaTbca oT cemeicTea AC/ACT, a MCMoNb30BaTb B3aMeH Cepuio
HC/HCT.

AHOMasnbHOe noseaeHue. InemeHTbl TT/1. C anemeHTamm TTJ1 He cBA3aHO Takoe 60/blIOe 4MCAO0
TAUHCTBEHHbIX fiBAeHnM, Kak ¢ KMOT. OgHako HekoTopble oaHOBMOpaTopbl TT/1 cpabaTbiBaloT OT «IAMTYEN» B
Lenu nutaHma (Mam 3emnm) 1 Booblle, Kak Npasuno, BeayT cebs B M3BECTHOW CTeneHu «HepBHO». Kpome Toro,
cxema, KoTopasa npekpacHo pabotaeT Ha LS TT/1, moxkeT gasaTtb cbowu, Koraa 3ameHsaetcs AS TT/1, ns-3a bonee
BbICTPOrO NEPEKNYEHUS U YBENMYEHUA TOKOB MOTpebaeHMs Mo Lenam 3emMan U OKpyKatowum ee (Ha 3ToT
B3rnag4 cepust 74F TT/1 nydwe). B BonblIMHCTBE C/ly4aeB HenpaBuabHyto paboTy TT/1-9/1eMeHTOB MOXKHO CBS3aTb C
npobaemon nomex.

SnemeHTbl KMOT. KMO[M-31emeHTbl cnocobHbl CBECTM € yMa Koro yrogHo! Hanprumep, cxema MOXKeT BOUTU
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B PEXMM «TUMPWUCTOPHOIO 3allesIKMBaHMA», ec/n CUTHaA Ha Bxode (MAM BbIxo4ge) BO3HMKAET cpasy noc/ae
BKAIOYEHMS MUTaHWA. PesynbTupytowmii Tok (50 MA nnum 6onee) yepes AMoAbl BXOAHOW 3aLUMTbI BKAOUYMT Mapy
MapasuTHbIX MEePEeKPECTHO CBA3AHHbIX TPAH3UCTOPOB, KOTOpble ABAAOTCA MNOBOYHbIM 3ddekTom KMOTI-
TEXHO/IOTUM C U30AMPOBAHHbIMK Nepexodamn (cm. puc. 3.50 n pazo. 14.16). NMpu sTom HanpsaKeHue nutaHmns U,
3aKOPaAYMBAETCA Ha 3EMJI0, KPWUCTaN/N HauyMHAeT rpeTbCcA M ANSA TOro 4YTtobbl Cxema CHOBa Hayasna MpaBWbHO
paboTaTtb, Bam noTpebyeTcA OTKAOYMTb NuTaHMe. Ecam 37O He caenaTb B TeYEHWe HECKO/IbKUX CeKyHA, TO
NpMAeTCs 3aMeHUTb MUKpocxemy. HekoTopble u3 Hoelwmx KMOM-cxem (cepua HC ¢ noaMkpemHuesbiMM
3aTBOpammn dunpm GE/RCA u National) HeBOCMIPUMMUMBLI K «3alLENKMBAHMIO» [a)ke C BXOAHbIM pasmaxom 5 B
BblLLE YPOBHA NUTaHMA M paboTatoT Npu BXoAHOM pa3maxe 1,5 B Bbile ypoBHA NUTaHMA.

Cxema KMOI nmeeTt BecbMa KOBapHbIe M CTPAHHbIE PEXMMbI I0XKHON PaboTbl. OAMH M3 BbIXOAHbIX MOAEBbIX
TPAH3UCTOPOB MOMET OTKPbLITbCA, YTO MPUBOAMT K KOAO33aBMCUMbBIM NOMKHbIM CpabaTbiBaHWAM, KOTOPble O4eHb
TPyAHO OOHapy:KMTb. Bxo4 MOXKeT HayaTb paboTaTb KaK MCTOYHMK TOKa WM TOKOBas Harpyska. Becb Kopnyc
MOMEeT HayaTb NoTpebnATb OT WCTOYHMKA MWUTAHWMA CYLLECTBEHHbIM TOK. YToObl nerye 6bINO 0OHAPYKUTH
HEWCMNPaBHYIO  MUKpocxemy, noTpebastowyto  OONbLIOM TOK B CTAaTMYECKOM  PEXMMe, pPeKoMeHIyeTcs
NoCNefoBaTENbHO C KOHTAaKTOM UcCC KaKAoM MWMKPOCXeMbl BKAOYMUTL pesmcTop 10 Om (ans MUKPOCXeM,
HarpyeHHbIX Ha 60/bllOe YMCNO BXOAOB, MAM MOLLHble ApanBepbl, Takue, Kak B cepum AC, mcnonb3yite
pesucTtop 1 Om).

Kpome TOro, Kpuctanabl KMOI gatoT 6onblioi pa3bpoc no BXOAHOMY MOPOTY, a OAMH U TOT Ke KpUCTa
MOYKET MMEeTb HEOIMHAKOBbIE 3HAYEHMA MOPOroBOro YPOBHSA A5 PA3NINYHbIX QYHKLMNA, KOTOPbIE BbINOAHAOTCA MO
OZIHOMY M TOMY e BxoAy. Tak, Hanpumep, B ycTporcTae 4013 Bbixoa Q' npu ynpasaeHun no R-Bxoay nepexoamt
B COCTOAHME BbICOKOIO YPOBHA paHblUe, Yem BbixoA Q YyCTaHaB/IMBAETCA B COCTOAHWE HU3KOrO YpPOBHA. A 3TO
3HQYMT, YTO CUIHAN YCTAaHOBKM Henb3s 0bpbiBaTb MO M3MeHeHWo Q', MOCKOAbKY BO3HWMKANOWMA B 3TOM C/ay4ae
MMINYNbC MOXKET He COPOCUTb TpUrrep.

Henb3a octaBnatb Bxoabl Kopnyca KMOI HenogKka4YeHHbIMKU. B 3TOM caydae cxema BpemA OT BPEMEHU
MOMET BecTu ceba HenpaBuibHO. [1a TOro YTobbl BbIABUTL HEUCMNPABHOCTb, Bbl MOCTaBMAK LyN ocuuanorpada B
KaKylo-TO TOYKY CXeMbl M ODHapy»uam Tam yposeHb O B, Kak M A0MKHO 6blno 6biThb. Nocne 3TOro B TeyeHue
HECKONbKUX MUHYT cxema paboTaeT npekpacHo, a 3aTem CHoBa cbuBaeTcs! A npousoLlao BOT YTO: ocumanorpad
pa3paaMn HenoAKNOYEHHbIM BxoAd, M noTpeboBanocb A0CTAaTOMHO 60/blIOe Bpems, 4YTOObl OH CMOr CHOBA
3apAAMTbCA A0 NOPOroBOro ypoBHA. Janblue UAET yKe YMcTas GpaHTacTMKa: Bbl 3a0blIM MNOAKAUYNTL KOHTAKTHbIN
BbIBOA, Ucc kKopnyca KMOI, Ho Bce-TakM cxema paboTaeT npocTo naeanbHo! A aeno Bce B TOM, YTO OHa NosyyaeT
nUTaHWe Mo OAHOMY M3 CBOMX JIOTMYECKMX BXOM0B (OT BXOoZa uepes 3aluTHbIN Anoa K uenu Ucc kopnyca). Bbl
MOXeTe He 3ameyaTb 3TOro B TeyeHue [AO0BO/IbHO ANMTENIbHOTO BPEMEHM, MOKAa He BO3HWMKAeT CUTyauusa, Koraa
OZIHOBPEMEHHO Ha BCex BxoAax Kopryca byaeT AeNCTBOBaTb HW3KWA YPOBEHb: KPUCTaaAA MOTEpPAEeT NMUTaHue u
«3abyaet» cBoe cocToAHMe. B nobom c/iydae TaKOM PeXMM He MOMKET CYMTATbCA HOPMasibHbIM, TaK KakK
BbIXOZIHOM KacKaj, He 3anuTaH HyXHbiM 06pa3om M He B COCTOAHMM obecneynTb HOMUHANbHbLIA TOK. CAOXHOCTb
COCTOMT B TOM, YTO NOA0OHAs CUTyaLMA MOMKET AaBaTb O cebe 3HaTb NLLb 3NU30ANYECKN, NOSTOMY BaM NPUAETCS
npobekaTb He OAMH KPYr, NOKa Bbl, HAKOHEeL, A04yMaeTech, YTO e B AeMCTBUTENbHOCTN NPOUCXOAMNT.
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Cxembl, He Tpebytolme NOACHEHUM

8.36. YOoa4Hble cxemobl

Puc. 8.97 nnntoctpupyeT pag nonesHbiX NPUMeHeHUn UMOPOBbLIX CXEM.

Y[IAYHBIE CXEMbI

+ Do

Juu

Puc. 8.97.0 — popmuposamens umnynsca no nepedHemy gpoHmy;, 6 — popmuposamesns UMnNysasca nNo
cnaody cueHana, 8 — hopMuposamMesns UMnysa6co8 no 06oum ppoHmMam;
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Puc. 8.97. 2 — CUHXpOHHbIU eeHepamop nocnedosamesibHocmu U3 2n umnysascos;
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Puc. 8.97. 0, — peaynupyemsili hopmuposament UMNyabca no hepedHemy poHmy;,
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Puc. 8.97. e — acuHxpoHHbIl eeHepamop nocanedosamenbHOCMU U3 2n UMNYnbcos;
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Puc. 8.97. - npeobpaszosaHue K8adpamypHo20 KoOd 8 KOO pesepcusHo20 CYemuyuKd, ucnoss3yemcs 011
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onpedesneHus NOOHEHUA 8PAWEHUA NO 8bix00y npeobpazosamerns yena;
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Puc. 8.97. 3 — k8adpamypHbll eeHepamop CUHXPOUMNYbCOB.

8.37. HecoOHble cxembl

Ha puc. 8.98 noKkasaHbl NPUMepPbl KNacCUYeCKMX OWNDBOK, COBEPLUAEMbIX Pa3paboTymKamm Mpu NOCTPOEHUM
LNPPOBbLIX CXEM.

HEFOQHBIE CXEMBI
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Puc.8.98. a — dopmuposamens Kopomkoeo uUMnysaeca;, 6 — xpoHomemp C 0OUHOYHOU KHONKoU

[1YCK/OCTAHOB;

>

Puc. 8.98. 8 — cxema 014 UCKAOYEHUA Kax0020 8Mmopo20 UMNysbca U3 8xo0HoU nocnedosamesnbHocmu

UMNysnecos ¢ 0snumesibHocmoeto 1 MK (moHKul caydall); @ — ka4 ¢ nodasumenem opebesaa;
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> CYRTYMA HA M 3HAHOB

Puc. 8.98. 0 — cuemmHsili yacmomomep ¢ bygepHbIM pe2ucmpom.
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[nasa 9

COMPAXEHNE LUMDPPOBbLIX N AHATOTOBbIX
CNITHANOB

Mepesod /1.B.Mocnenosa

«lNepemanbiBaHWe 4ucen» camo no cebe ABNAETCA, HECOMHEHHO, YPE3BblYAaMHO BaXKHbIM MPUMeEHEHWEeM
LMPPOBOIN INEKTPOHUKM, HO ee [EeNCTBMTE/IbHbIE BO3MOMHOCTM OTKPbLIBAOTCA MPM MCNOAb30BaHUN LMOPOBbLIX
MeToLO0B ANA 06paboTKM aHaNOroBbiX (AMHENHbIX) CUTHAAOB WM MPOLECCOB. ITy r1aBy Mbl HaYHEM C KPaTKOM
XPOHOJIOTUN  «B3/1€TOB WM MAAEHWA» CEMENCTB LMPPOBOM /IOTUKM M PACCMOTPUM BXOAHblE W BbIXOAHbIE
XapPaKTEPUCTUKM  «BbIKMBLIMXY cemencts TT/1-KMOT-normkmu ana Toro, 4Tobbl MOHATb, KaK OCYLIECTBUTb
COMpPSAMKEHME NIOTUYECKUX CEMENCTB APYr C APYrOM U C yCTpoWCTBaMM LMPOBOro BBoAa (Nepekntovatensimu,
KNaBMaTypoi, KOMMapaTtopamu W T.M.) M BbiBOAA (MHAMKATOpamM, pene u T.M.). Mbl pPacCMOTPUM TaKKe n-
KaHasbHble fornyeckme anemeHTbl Ha MOT-TpaH3MCTOpPax, MNOCKO/IbKY OHU HAaxXOAAT LUMPOKOE MPUMEHEHMEe npu
peannsaumm GyHKUMOHaNbHbIX BUC. 3aTeM KOCHeMCA BaKHOWM Tembl BBOAA M BblBOAA UMOPOBbLIX CUIHANOB Ha
naaTbl M BHElWHMe NpMbopbl, a TakKe nepenadn UMdpPoBbIX CUrHaNA0B No Kabenam, nociae Yyero obcyamm MeToAbl
B3aMMHOro NpeobpasoBaHMA LMPPOBbLIX M aHANOTOBbIX CMrHANOB. HakoHew, nocnie TOro Kak 4ymMTtaTesnb YCBOUT 3TH
MEeTO/bl, Mbl PACCMOTPUM HECKOJIbKO MPUMEPOB MPUMEHEHMA, B KOTOPbIX COYETaHWE aHasoroBbIX U LMOPOBLIX
cpeacts obecnednsaeT aPpPeKTMBHOE pelleHne pa3HOObpPa3HbIX 3a4au.
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ConpaxkeHne nornyeckmnx KMOI1-u TT/1-anemeHTOB

9.01. XpoHosioeusa rnoaudeckux cemelicms

B Havane 1960-x rr. BO BpemMeHa, KOTOpble MOXHO Ha3BaTb AOUCTOPUYECKUMM, NMPeanpunumynBble N10AM, He
noxenaslime Co34aBaTb CBOM JIOTUHECKME CXEMbl Ha AMCKPETHbIX TPaH3MCTOPaX, CaMOOTBEPXKEHHO OBUAWUCL Hafg,
PE3NCTOPHO-TPAH3UCTOPHOM Nornkon (PT/1), MPOCTbIM CEMENCTBOM NIOTUYECKMX 3/1EMEHTOB, Pa3paboTaHHbIM Ha
dupme Fairchild 1 xapakTtepusytowmmea HebonbWMM KoO3bOUUMEHTOM PA3BETBIEHMA MO BbIXOAY M HU3KOM
NOMEXOYCTOMYMBOCTLIO. PuC. 9.1 MANOCTPMPYET BO3HMKLIME B TO BPEMA NMPOBAEMbl, B Y4aCTHOCTM, JIOTMYECKUM
Nopor, MNPEeBbIWAOWMA YPOBEHb 3EMAM Ha OAHO HanpsxeHue U63, M KpaliHe ManeHbKUIn KoapOULUMEHT
Pa3BeTB/EHMSA MO BbIXoAy (B HEKOTOPbIX CAy4asX OAMH BbIXOA MOr MMTaTb TONIbKO OAMH BxoA!) Obian
00yCcnoBAEHbI NAaCCUBHOWM BbIXOAHOM CXEMOW UM HW3KOOMHOM TOKOOTBOAALLEN Harpyskon. 370 ObiAM BpemeHa
Masniol MHTerpaumm n Hambosee CNOMKHBbIM 3/1EMEHTOM, KOTOPbI MOMKHO DObl10 peann3oBatb, Obln CABOEHHbIN
Tpurrep, paboTatowmin Ha vactote 4 Mlu. Ho mMbl cMefio CTpouam cBou cxembl Ha PT/1, nHorga oHu cHMBaNMCh

OCO6€HHO, Koraa B TOM e KOMHaTe BKAOYaNM Nas/bHUK.

[MOXOpPOHHBIM 3BOH nNo PT/1 npo3By4an HECKOJbKMMW rOAaMu MO3Ke, Korga noABWaacb AWMOLHO-
TpaH3ucTopHaa nornka (OT/1) dupmbl Signetics M BCKope Bced 3a HeW yHMBepcCasbHas ObICTPOAENCTBYOLLASA
nornka SUHL dupmsbi Sylvania, KoTopas Tenepb HasbiBaeTcA TPaH3MCTOPHO-TPAH3MUCTOPHOM norukoi (TT/). Pupma
Signetics BbiMyCcKana pPacnpoCTPaHEeHHYI CMecb M3 AByX Ccepui, HasBaHHyto DCL Utilogic cepun 8000
(«/lornueckune cxembl No BbIBOPY NPOEKTUPOBLIMKA»). TT/1 BbICTPO NPUMKMAACL OCOBEHHO B KCUCTEME CHUCIEHUAY

«74xx», aBTOPOM KoTOpou Bbina dpupma Texas Instruments.

B 3Tux cemelicTBax OblM NMPUMEHEHbI BXOAbl, MOCTaBAAOLWME TOK, C TOTUYECKMM MOPOTOM B 2 HamMpAKeHUs
Ubs u v (Kak NpaBuao) ABYXTaKTHble KacKkagHble Bbixodp! (puc. 9.1).

+36B
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Puc. 9.1..Vf7,00u,(€HHb/€ CXemMbl a7ieMeHMmoe8 passiuyYHbIX s102U4YeCcKUxX cemelicms.

Cemeincta AT/T 1 TT/1 OTKPLIAK 3pY MNONOKUTENBHON 5-BONbTOBOM NMIorMKK (PT/1 6blna norvkol +3,6 B) u
npeasaranyv CKOPOCTb, COOTBETCTBYytOWY0 25 MIU, a KoadpduumeHT passeTBaeHMA no Bbixoay 10, T.e. oAuH
BbIXxO4 mor paboTaTb Ha 10 Bx0A0B. Pa3paboTumKkM He MOTMIM HapafoBaTbCA CKOPOCTWU, HAZAEKHOCTM M CAOMKHbIM
byHKUMAM (Hanpumep, cyeTumKky no moaynto 10) aTux cemencts. Kasanock, Yto 6onblie U meyTaTb He O Yem; TT/1
— 3TO Ha BEKW BeYHble.

OfHaKo NtoAAM CBOWCTBEHHO CTpeM/IeHWe K COBeplUeHCTBOBaHMK. Mm noTpebosanacb H60/bllad CKOPOCTb,
MeHbllas MOLWHOCTb NoTpebneHunsa. Kasanocb Obl, BCKOPE OHM MOAYYMAM U TO W Apyroe. B obnactu BbICOKOTO
HbICTPOAENCTBUA CKOPOCTHbIE TT/1-cxeMbl (cepumn 74H) NO3BOAMAN YBENNYUTDL CKOPOCTb MOYTU BABOE, NPaBAa, 3a
YBOEHHYIO MOLLHOCTb! (3TO BblAatolleecs AOCTUKEHWE ObIN0 CAENaHO MYTEM YMEHbLUIEHWA BABOE BEIMYMH BCEX
pesnctopos). [pyroe cemeincTBo — 3MUTTEPHO-CBSA3aHHasA normka (3C/1) — npeacTaBMAO HACTOALLYD CKOPOCTb
(30 Mrly, B nNepBOHaYasbHOM BEPCMM) 3@ CYET MCMOML30BAHMA OTPULATENBHOIO MCTOYHMKA NUTaHWA W Honee
OAN3KUX Opyr K Opyry norudeckux yposHen (—0,98 m —1,75 B); anemeHTbl cemeinctsa noTpebnanm yhmy
MOLLHOCTM W eflBa BTUCHY/MCb B Masblli YPOBEHb MHTerpaummn. B 061acTM HWM3KOM MOLLHOCTM NOSABUANCH
ManomouiHble TT/l1-anemeHTtbl  (cepua 74L) ¢ 1/4 ckopoct npu  1/10 MOWIHOCTM, COOTBETCTBYHOLLMX
«cTaHaapTtHon» TT/1 cepum 7400. Mpu noapep:kke odupmbl RCA 6bin0 pa3paboTaHO nepBoe CemencTBo
JIOrM4ecknx anemeHToB Ha MOTM-TpaH3nctopax, KMOM-nornka cepumn 4000. ITK a1emeHTbl 061agann Hynesom
MOLLHOCTbO NOTPebaeHNs B COCTOAHMM MOKOA M WMPOKMUM AMANa3soOHOM HanpaskeHWa nutanua (ot +3 go +12 B).
Bbixoabl MMeNW pa3maXx, paBHbI HaMPAKEHWIO MUTAHWA, a BXOAbl HE «OTTATMBaAM» TOK. 3T0 BblAn Xopolwwue
HOBOCTM, HO BblAN M Naoxue - ckopocTb (1 MIu npu nutaHum 10 B) 1 ueHa (20 Aonn. 3a KOPMNyC C YETbIPpbMS
BEHTUNAMM). HecmoTps Ha UeHy Ha MUKpomouwHbix KMOM-anemeHTax BbIPpOC/NO LEeNoe MoKoseHue
pa3paboTyMKOB YCTPOMCTB C HaTapeMHbiM MNUTaHMeM, MNpPocTo He Obino apyroro Bbibopa. PaboTasa ¢ nerko
«PaHMMbIMM» BXOAAMM, Pa3paboTYMKM MOHANM UCTUHHOE 3HAYEHMEe CTAaTUYECKOro 3NEeKTPMYECTBa.

TakoBa bblna cuTyaums Ha Hadano 1970-x rr.,-ABe rnaBHble AMHUMKM BunonapHoi norukm (TT/1 m 3CM) m
HeobbldHaa KMOTM-nornka. Bapumantel TT/1 OblAM MO NpUMpoOAEe CBOEM COBMECTMMbI ApPyr C ApYyrom, 3a
NCKAOYEHWEM Toro, 4To TT/1-anemeHTbl cepumn 74L umenn cnaboiii BbIXOAHOM y3en (0TBOA, TOKa 3,6 MA) 1 Morau
NUTaTb TONbKO ABEe CTaHAAPTHbIX (cepumn 74) Harpy3skm TT/1 (4bn BxoAbl Tpebosanu 1,6 MA Ha HU3KOM YPOBHE).
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Cpean 60NbLIMHCTBA CEMEICTB MOYTU He DbII0 COBMECTUMOCTM (XOTA NMOrpyKeHHble TT/1-2/1eMeHTbl MOT/IM NUTaTb
KMOM-anemeHTbl, a 5-BonbToBble KMOTMM- ToNbKO 0aHY TT/1-Harpysky cepum 74L).

B TeyeHme 1970-x rr. cuTyauma MNOCTOAHHO Y/AydllasnaCb MNPaKTMUYECKM Ha Bcex HanpasaenHmax. Ot TT/1
OTNAYKOBANINCb HeHacblleHHble «dUKcnpyemble anogamm LLOTTKM» cemelicTea (cm. pa3d. 13.23): cHavyana cepusa
74S, KoTopas H6rarogapa YTPOEHHOM CKOPOCTX NPU YABOEHHOW MOLLHOCTU BbiTeCHUAA ceputo 74H, n 3atem 74LS (L
— low, S — Schottky, manomoliHaa LLIOTTKM), KOTopaa cnerka yaydline CKOPOCTb Npu 1/5 MOLWHOCTM BbITECHWNA
TT/1 cepum 74. usHb ¢ 74LS 1 74S 6blna npusTHOM; 3aTem nogocnena ¢upma Fairchild co ceoelt cepunein 74F (F —
FAST: Fairchild Advanced Schottky TTL — ycosepuweHcTBoBaHHaa TTJ1 ¢ anoaamu LUoTTkm dupmbl Fairchild),
KoTopan 6bina bbicTpee Ha 50 %, yem 74S, npu 1/3 MOLIHOCTW; KpoMe TOro, BbIAn 1 Apyrue yaydlleHus, Tak 4To
NPOEKTMPOBAHME CXEM Ha 3TUX 3/IEMEHTAX CTafo CAOWHbIM yaoBoabcTBMeM. Pupma Texas Instruments (aBTop
MHOMMX AUMHUI 14xx) BbINyCTMAA MNapy YAydleHHbix cemencts LoTTku-nornkmn: 74AS (ynydweHHas LLOTTKK-
noruka) n 74ALS («ynydweHHas manomoluHas WoTTkm»). Mpeanonaranocb, YTo NepBoe CEMENCTBO 3aMeHUT 748,
a BTopoe - 74LS. Bce atn TT/l-cemeincTBa MMenn OAMHAKOBbIE NOTMYECKME YPOBHW M A0DOPOTHYIO Cxemy
boOpMMpPOBaAHMA BbIXOAA, TaK YTO UX MOXKHO Obl1O co4veTaTb B oA4HOW cxeme. Mcnonbdya Tabn. 9.1 u puc. 9.2,
MOHO CPaBHUTb CKOPOCTU M MOLLHOCTM 3TUX CEMENCTB.

OBo3HaueHHA
- T4C/40008 Q Kmon
>0 o @ sunonsp. TTL
=\ 3cn
wi i O npouHe
30 |- ®
]
Sl -l o oRTL
E
~ 10 [ eLs @ nepeas TTJ (74xx)
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-é. 8 +
el
6 @H
O FACT s
4 @ ALS
OAC 10K
a8 = 1l {r:ugﬁ]
] a
8 ; JokH® w15
0,1 1 10 100

MouHocTb, MBT/BeHTHAL NpK £ =1 MTTY

Puc. 9.2.3asucumocmes ckopocmu om MOWHOCMU 018 PA3/UYHbIX 102UYeCKUx cemelicms.

Mexay Tem cepua 4000 KMOTI aBontoumoHMpoBana B yaydlleHHyto ceputo 4000 B ¢ 6onee WMPOKMM
[Mana3oHOM HanpskeHus nutaHua (ot 3 go 18 B), nyywen 3awmToin BXxoaos M Hosiee BbICOKOW cKopocTbio (3,5
Ml npu 5 B). Mo cyuwectsy, 3To Ta e cepua 74S ¢ OyHKUMAMM UM BblBOAAMW cemelicTBa 74, KoTopas
BOCMO/1b30BaaCb NOTPACAOWMM ycnexoM BUnonspHoM nornkn cemeinctea 74. 3C/1 nyctmna poctku B Buae ECLII,
ECLII, ECL 10,000 v ECL 100,000, obnanatouine ckopocTbto Ao 500 Ml .

NTaK, cutyauma B 1980r. Gbina cneayouleit. boabWMHCTBO cxem Obl10 BbINOAHEHO Ha cepunm 74LS B
coyeTaHun ¢ 74F (nnum 74AS), ecnmn TpeboBanach 6osiee BbICOKas CKOPOCTb. Ta e camas TT/1 Mcnonb3oBanacb Kak
CBOEr0 poAa KNei ANA CBA3N MUKPONPOLECCOPHbIX N-MOTM-cxem, YbM BXOAbI U BbIXOAb! BblaM coBMecTUMbl ¢ TT/1.
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MMWKpPOMOLLIHbIE YCTPOMCTBA Bcerga ObiM caenaHbl ¢ ucnosnbzosaHvem KMOTM-cepuin 4000 B wam 74C,
9KBMBAZIEHTHbIMM M COBMECTUMbIMM APYr C APYrom. s yCTPOMCTB C CaMOoM BbICOKOW ckopocTbio (100+500 MIw)
ncnonbsosanacb IC/1. COBMECTHOE UCNOAb30BaHNE CEMENCTB ObII0 He CTO/b YK YaCTbIM ABNEHUEM, UCKIKOUEHNE
cocTaBnsaan peakme covetaHns KMOTM n TT/T unu conpsxkexue TT/1 ¢ bbicTpogencteyowmmm IC/1-cxemam,

B 1980-e rr. npon3oLwio 3amedatesibHoe cobbiTne - paspabotka KMOI-10rMKM CO CKOPOCTbIO U BbIXOAHbIMM
napameTpamu, cooTBeTcTByloWMMM TTJ1. CHavyana noABUAUCH 3dnemMeHTbl cepun 74HC («BbICOKOCKOPOCTHanA
KMOTI-norMka») ¢ TakoM e CKOPOCTbo KaK 74LS u, pasymeeTcs, C Hy/eBbIM TOKOM MOKOoA M 3aTem cepua 74AC
(«ynydweHHaa KMOIM-n10rMka») € TaKoW Ke CKOPOCTbio Kak 74F wmau 74AS. Obnagas pa3smaxom BbIXOAHOMO
CUTHaNa, PaBHbIM HANPAKEHUIO MUTaHWA, WM BXOAHbIM MOPOrOM, PAaBHbIM MOJOBMHE HAMPAXKEHUA WCTOYHMKA
NUTaAHWA, 3Ta IOTMKA COYETAET Nydllme CBOMCTBA NpealwecTtsytowmx TT/1- 1 KMOIM-10rMkn 1 nocteneHHo A0XKHa
BbITECHUTL BunonapHyto TT/1. Bmecte ¢ TemM MMeeTca HeKoTopas HEeCOBMECTUMOCTb — JIOTMYECKUA «BbICOKMIA»
YpOBeHb BbIxoAHOro curHana TT/1- u n-MOM-nornkn (MuH. 2,4 B) He aocTaTtodeH Ans 3anycka sxoaa HC m AC.
MocKo/bKy, MO-BMAMMOMY, CyllecTByeT Takol nepuosd BpPeMeHu, Korga Bam HeobXxoAMMo MCMoAb30BaTb
HEeKOTOpPbIe 13 CTapbiX cemencTs bunonapHont TT/1- uam n-MOTT-norukK, Kaxkgoe cemenctso KMOTT-n10rmku umeet
BapMaHT c 6osiee HU3KMM BXOJHbIM MOPOromM. TakMe cemencTBa MMmetoT HaumeHoBaHue 74HCT wu 74ACT
(«bbicTpoaencTeytowaas KMOIMM-nornka ¢ TT/1-noporom»). OAHAKO He NbiTalATeCb MCMNOAb30BaTb WX Besae, rae
TO/IbKO MOXKHO, Bedb 3anemeHTbl ¢ KMOT-noporom o61anatoT 0osiee BbICOKOM MOMEXOYCTOMUYMBOCTBIO U
npeacTaBnaT coboi cemelcTBa no BbibOpy NpoeKkTUpoBLIMKa. K Tomy ke B 80-e rr. BUC n CBMC nocteneHHo
nepekatoyanmcb ¢ n-MOM-TexHonormn Ha KMOI (c BbiTeKaloWMMM OTCoAa HU3KOM MolHOCTbio 1 KMOM-
COBMECTUMOCTbIO), OJHOBPEMEHHO YBEAMYMBAST CKOPOCTb M C/AOMHOCTb. WM HaKoHel, Ha BepliMHe
HbicTpOAENCTBMA — 3nemMeHTbl Ha GaAs (apceHunaa ranams), obecneymBalolime CKOPOCTb B HECKOLKO rurarepl,.

3ameTbTe, 4yTto BCce KMOI[M-cemelictBa (4000 B, 74 C, HC, HCT, AC u ACT) obnagatoT [A0BOJIbHO
npuBNeKaTe/lbHbIM CBOMCTBOM — HY/NIEBOM «CTAaTUYECKOM» (T.e. KOrga HWYero He MpouCXOAmMT) MOLLHOCTbIO
paccemBaHMA C TMMOBbIM TOKOM MOKOA MeHee MWKpoamnepa. HOo Mpu nepekntoYeHusax S0rMYeckux ypoBHei
KMOTM-anemMeHTbl NOTPebAsoT «AMHAMUYECKUIA» TOK, OOYCNOBAEHHbIM ABYMA 3ddekTamn: a) nepexoaHom
MPOBOAMMOCTbIO MEXAY LWMHAMM NMUTAHWUA BHYTPEHHWUX ABYXTAKTHbIX Map B cepeamHe NOrMYeckoro nepenaga v 6)
OMHAaMUYECKMM TOKOM, HeobXxoAMMbIM ANA 3apsfa W paspsfa BHYTPEHHWUX EMKOCTeM M eMKOCTU Harpysku.
OMHAMUYECKMA TOK MPOMOPLMOHANEH YacToTe MEePeKMOYEHMA M MOXKET COMepHMYaTb C TOKOM OUMNOAAPHOWA
JIOTUKN MPW AOCTUKEHUN MAKCMManbHOM 4acToTbl paboTbl. s 6onee AeTanbHOroO aHanaM3a 3arnaHuTe B pa3o.
8.10 (pwnc. 8.18) 1 pa30. 14.16 (puc. 14.38).

3aBeplWMM Hally KPaTKYl0 WMCTOPMYECKYHD CMApPaBKy CrAedyloller pekomeHaauuein. Mcnonb3yinTe BO BCeX
BalUMX HOBbIX YycTpoilcTBax Jsoruky 74HC B coueTaHum c (a) 74HCT ans obecneyeHms COBMECTUMOCTU C
CYLECTBYIOWMMM  yCTporcTBaMmn Ha n-MOTM- u TT/1 un (6) 74AC(T) ona obecneyeHmsa cKopocTU. MOKHO
ncnonb3oBatb bunonapHyto TT/ (74LS/ALS v 74F/S), Ho npeanodTuTensHee, no-snaumomy, KMOM-noruka. Ecam
TpebyeTca WMPOKMIA  AMana3oH  Hanps»KeHua nNuTaHusa, a K ObICTpoAencTBMiO  0cobbix TpeboBaHWI  He
npeabaBaseTca (Hanpumep, MNOpTaTUBHbIe YCTPOMCTBA C MUTaHMEM OT Heperyavpyemoi 6atapenm 9 B), TO
ncnonbsyiTe ctapyto ceputo 4000 B/74C.

9.02. BXOOHbIe U 8bIXOOHbIE XApaKmMepucmukxu

CemelicTBa LUMOPOBOM NOMMKM MPOEKTUPYIOTCA TakMm o0bpasom, 4Tobbl BbixoA, Kpuctanna bbin cnocobeH
paboTaTb Ha OOMbLIOE YMC/O BXOAOB 3/EMEHTOB TOTO KE CEMENCTBa. TMNOBOM KO3dOULMEHT pa3BeTBAEHMA MO
BbIxo4y paseH 10; 3TO 03HayaeT, YTO K BbIXOAY BEHTUAA WUAW TPUITEpa MOMKHO NoAKAYMTL A0 10 BXO40B M
anemeHT byaeT npaBuabHO paboTaTb. JpyrMmun cioBaMu, B OObIMHOM MPaKTMKE NPOEKTUPOBAHMA LMGPOBLIX CXEM
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MOMHO 060MTUCE 6e3 Kakux-1Mbo cBeaeHW 06 I1eKTPUUYECKMX napameTpax MCNob3yemMoro Bammu KpucTania
MNPy YCNOBMM, YTO Balla CXeMa COCTOMT TO/IbKO M3 3/1EeMEHTOB UMOPOBOMA NIOTUKKM, paboTatouwmx Takke Ha
3/1eMEHTbI UMGOPOBOI NOMMKM TOTO Ke Tuna. MpakTUYECKM 3TO 03HAYaET, YTO Bbl MOMKETE OCOOEHHO He AymaTb O
peasibHblX MpoLEeccax, MNPOUCXOAALLMX Ha NOrMYecKMx Bxodax M Bbixogax. OAHaKo eciu Bbl MblTaeTecb
NOAKMOYNTb LMDPOBYIO CXEMY K BHELIHWM MCTOYHMKAM CUrHan0B (UMPPOBbIX MAM aHANOrOBbIX) AW UCMOb3yeTe
LUMbPOBbIE CXeMbl ANA 3amycKa APYrMX nNpubopoB, Bbl AO/KHbI MMETb MPEeACTaBAeHMe O TOM, YTO HEOHXOAMMO
[NA yNPaBAEHUA NOTMYECKMM BXOAO0M M YEM MOMKET YNPaBAATb NOTMYECKUI BbIXOA. Bosnee Toro, Npy cMellnBaHum
CEMEWCTB /IOTUYECKUX 3/IEMEHTOB BasKHO 3HaTb CXEeMHble 0COBEHHOCTM JIOTMYECKUX BXOAOB M BbIXOAOB.
ConpsiKeHne SIOTMYECKMX CEMENCTB MpeaCcTaBAseT OTHIOAb He YMCTO TeopeTMYecKMin uHTepec. s Toro uTobsl
BOCMO/1b30BaTbCA MPENMYLLECTBAMM COBPEMEHHbIX KpucTannos BUC nam cneumnanbHbiMm QYHKLMAMM, KOTOPbIMM
061a4aeT TO/bKO OAHO CEMEMCTBO JIOTMYECKMX 3/1eMEHTOB, Bbl AOMKHbI 3HATb, Kak co4yeTaTb JlorMyeckune
3/1EMEHTbI Pa3/IMYHbIX TUMOB. B mocieaytolwmx pasgenax mbl PacCMOTPUM AE€TasbHO CXeMHble 0CoBeHHOCTM
NOTMYECKMX BXOZ0B M BbIXOAOB M NpMBEAEM MPUMEPbl CONPAMKEHMSA NOTMYECKMX CEMENCTB Mexay coboi u
NOTUYECKMX 31EMEHTOB C BHELLIHUM MUPOM.

BXxoAHble XapaKTepuUCTUKU. [paduku, npusedeHHble Ha puc. 9.3, LEMOHCTPUPYIOT OCHOBHblE CBOMCTBA
KMOTM- n TT/1-Bx0A0B — BXOAHOW TOK M BbIXOAHOE HanpsaKeHue (ana mMHBepTopa) Kak OYyHKUMKU BXOAHOMO
HanpsxeHua. Ha rpadmKax Mbl HECKOJIbKO PaclUMpUAM AMana3oH BXOAHbIX HanpAKeHWM No CpaBHEHMUIO C
NPUHATBIM B LLUOPOBbLIX CXeMax, MOCKOAbKY NPU CONPAXEHUU NIETKO MOTYT BO3HWKHYTb CUTyalLMK, KOr4a BXOAHble
CUrHanbl ByayT NpesbiWaTh HaNpPAXKeHWe UCTOYHMKA nuTaHuA. Kak cneayeT m3 rpadumkos, 1 KMOTM-normka n TT/1
HOopMa/ibHO paboTatoT NP NOAKAOYEHUN BbIBOAA NMUTAHWA OTPULATENLHOM NOAAPHOCTU K 3emie.
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XAPaKmepucmuxa.

Mpu nopave Ha TT/1-BXOZ HWM3KOTO YPOBHA OH pPaboTaeT Kak MCTOYHMK TOKA 3aMETHOW BEe/IMYMHbLI, a Npu
nofaye BbICOKOrO YPOBHS — KaK Harpyska, noTtpebaatowas Hebosbwol TOK (TUMOBOM — HECKOJIbKO MKA;
HWKoraa He npesblwaeT 20 MKA). Aaa ynpasneHua TT/1-BXO40M Bbl AO/IXKHbI 06ecneynTb OTBOA TOKa MOPsAKa
1 MA (TOYHble 3HaYyeHUMsa npuBedeHbl B Tabn. 9.1), noaaepKmnBas HanpaxeHue Ha BXoAde Ha ypoBHe meHee 0,4 B.
HecobntoaeHne 3TOro yCA0BMS MOMKET MPUBECTM K HEMPABWUIbHOM paboTe cxembl Npu conpsaxKeHmm! Ona BXOAHbIX
HaNpPsAXeHUN HUXKe YPOoBHA 3eman TT/1-Bxon, BeAeT ceba Kak GUKCUMPYIOWMIA AMOA, BKIOYEHHBIA Ha 3eMt0; Npu
HanpaKeHWAxX Bble +5 B TOK onpenensetca HanpsxeHuwem npobosa amona (LS, F) uam nepexoga 6asa-amutrep
(ALS, AS) c Hanpsa»keHnem npobos okono 10 B.

TunnyHoe 3HadyeHue BxoaHoro nopora TTJ1 coctasaseT npumepHo +1,3 B, XxOTA NO TEXHUYECKMM YC/IOBUAM
OH MOMeT HaxoauTbea mexay +0,8 n +2,0 B. TT/1-BeHTUAM C Tpurrepamm LLmmTTa Ha Bxoae (713, 14, "132) nmetot
ructepesunc +0,4 B; npu rpaduyeckom M3006parKeHWM OHM MOMEYAtOTCA CMMBOJIOM TMCTepesnca (CM. Hanpumep,
puc. 9.9). HanpsixkeHune nutaHus Unum (obbiuHo ero obosHadatoT UKK) coctasnneT +5,0 B +5 %.

Bxoabl KMOIl1-3n1eMeHTOB MNpU BXOAHbIX HAMNPAXKEHUAX OT YPOBHA 3eM/IM A0 HAMPAXEHUA MUTAHUA He
NoTPebNAIOT TOK (33 MCKAIOYEHMEM TOKa YTEYKM, TUMOBOE 3HAYeHMe KOToporo coctasader 10° mkA). Ons
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HanpAKeHW Bbille [AMana3oHa HaMpPAXKeHWM nuTaHWA BxoAbl BedyT ceba Kak ABa OduKcUpylowmx amoaa,
MNOAKMOYEHHBIX K MOMOMKUTE/IbHOMY MOJIOCY MCTOYHMKA MUTaHMA U K 3emae (puc. 9.1). KpaTKoBpeMeHHbI ToK
yepes 3TM AMOAbl, NpeBblWatowmi npumepHo 10 mA, nepesoaut mHorve KMOM-npubopbl B cocTosHME
TUPUCTOPHOrO «3allefikmBaHMa» (cM. pasd. 8.35; HoBellMe cxembl MPOTMBOCTOAT HO/Mee BbICOKMM TOKam M
06/124at0T UMMYHUTETOM K 3TON «B0Ne3HW»; Hanpumep Ha Bxodbl cemencts HC n HCT moxHO nogasaTb Ha 1,5 B
BbllUE HAMPAXKEHUA NUTaHUA 6e3 HapylweHua OYHKUMOHWPOBAHMA WAM paspylleHusa npubopa). 310 — Te
3HaMeHUTble AMoAbl ANA 3awmTbl BXxoaos, 6e3 koTtopbix KMOTIM-anemeHTbl 66111 Bbl Upe3BbIYAaNHO MOABEPIKEHDI
PaspPyLIEHUAM OT CTaTMYECKOTO 31EKTPUYECTBa MPU PYYHbIX MaHUNyAaumax (OHW W Tak Bce elle A0BOJbHO
HeXHbl). TMnoBoe 3HayeHWe nopora ana cemencts 40008, 74C, 74HC n 74AC cocTaBaseT NoJ0BUHY HaNpsAKeHUs
NUTaHWUA, HO OH MOXeT KonebaTbca oT 1/3 po 2/3U+ (U+ 0bbiyHO HasbisatoT UCC); ana 74HCT n 74ACT tunosow
nopor paseH npumepHo 1,5 B ana obecneveHma coemectumoctu ¢ TT/1. Kak n B TT/1, cywecTsytor KMOTM-BeHTMAM
c Tpurrepamm LLmutTa Ha Bxoge. HanpaxeHune nutaHmna KMOTIT-nornkm coctasnaeT ot +2 Ao +6 B gna HC, AC, +5 B
+10 % pns HCT n ACT, n oT +3 o +18 B ana 4000B n 74C.

BbixoaHble xapakTepucTuku. BbixogHoM y3en TT/1 npeactasnseT coboi npn-TPaH3UCTOP, NOAKIOUYEHHbIN K
3emne, U npn-nosToputens (Mnm cxema JapAMHITOHA), MOAKAOYEHHbIN K U+ C pe3ncTopom, OrpaHuUYMBaoWMm
TOK, B KONekTope. OAMH TPAaH3UCTOP HACbILWEH, APYroi BbikAoYeH. B pesynbtate TT/1-9/1eMEHT MOXKET OTBOAMTb
60NbLLIOM TOK Ha 3emto (8 MA ans 74LS, 24 mA ana 74F) npu HeboONbWOM MafgHUN HANpPsXeHUa U crnocobeH
OT[aBaTb MO MeHbLUeN Mepe HECKOJIbKO MUAMaMNep MNPU BbICOKOM BbIXOAHOM YypoBHe (okono +3,5 B).
BbIXxoAHanA cxema NPOeKTUPYeTCs TakMm 06pas3om, YTobbl MOXKHO Bbl10 noak tounTb 40 10 TT/1-BX0408B.

BbixogHaa cxema KMOI[-norMkm npeacraBaseT cobol ABYXTaKTHYHO Mapy KomnsiemeHTapHbix MOTI-
TPaH3MCTOPOB; OAMH BKAKOYEH, APYroin BbikAYeH (puc. 9.1). Bbixoa BegeT cebs Kak romkpMOMM-TpaH3nCcTopa,
NOAKMOYEHHOE K 3emae uan K U+, ecnm HanpsaXKeHne Ha Hem HaxoauTtca B npegenax 1 B OTHOCUMTENbHO LWKHbI
NUTaHMA, WM KaK MCTOYHWUK TOKa, ec/iin Bbl OoTOMpaeTe TakoW 6OMbLIOM TOK, YTO HaMpsyKeHue Ha BbIXoAde
oT/In4aeTcA Ha 1+2 B OT HanpsaXKeHuA Ha WWHaxX NUTaHKuA.

Tunosoe 3HauyeHWe romkp coctasnaeT oT 200 Om o 1 KOm ans 40008/74C, 50 Om — ana 74HC(T) n 10 Om
ona 74AC(T). BeixoaHble xapaktepuctnkn KMOTT 1 TT/1 noKasaHbl Ha puc. 9.4.
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Puc. 9.4. Bbix0OHaA XapakmepucmuKka s102U4ecKo20 8EHMUSIA.

Ha pucyHKe mbl M306pa3nam TUNOBOE BbIXOAHOE HanpsaKeHue ana 0bomux cocToAaHMM Bbixoga — BbICOKOIO
n HM3KOTO B 3aBMCMMOCTM OT BXOAHOrO TOKa. [aa ynpolleHua rpadMKoB BXOAHOM TOK Be3je MokasaH
NONOXUTENbHbIM. 3ameTbTe, 4TO BbixoAbl KMOI[-3/1eMeHTOB, eC/iM OHW HE CUbHO HarpysKeHbl, NOAKAHOYAOTCA
nmbo Kk U+, nnbo K 3emnie, obecneymBan MOJHbINA Pa3Max BbIXOAHOTO HaMpAXKeHWs; Npu NOAKAOYEHUN TObKO
KMOT-Harpy3ok (HyneBoOW CTaTUYECKMIA TOK) pa3max COCTaBAAET NOMHOE HaNpPAXKeHWEe Ha WNHAX NUTaHWA.

[nA cpaBHeHMA OTMETWUM, YTO TUMNOBOe 3HayeHue TT/I-yposHeit cocTasnaeT 50+200 mB (HU3KMUW) naun +3,5
B (BbICOKWUWM) npw ycnoBMM MNOAKMIOYEHMA B KayecTsBe Harpysku Apyrvx TT/1-anemeHTtos. [logxatoueHune
Harpy3o4HOro pesucropa (paccmaTpmBaeTcsa HUXe) 40BOAMUT BbICOKUIA TT/l-ypoBeHb A0 +5 B.

9.03. ConpsaxeHue rno2uyeckux cemelcms

[MOCKONIbKY CYLLeCTBYIOT CUTyaUuK, KOrda Bam MNPUXOAMUTCA CMELLMBATb Pas3/MyHble TUMbl JIOTMYECKMX
CEMENCTB, BaXKHO 3HaTb, KakKMM 0OPa3OM MOXKHO 0becrneynTb «ODLLIEHMEY» PA3/IMYHbIX CEMENCTB APYr C APYrOM.
Hanpumep, MHOrMe npeacraBasawolime MHTepec Kpuctannsl BMC co3gaHbl Ha ocHoBe n-MOTl-texHonormm ¢ TT/1-
COBMECTUMbIMW BbIXOAHBIMU YpoBHAMM (BBICOKUI — okono +3 B), HO MX HeMb3A Cpasy »Ke noakMo4aTb K 74HC.
Lpyron npumep, Bam 3ax0TeNOCb MCMOAb30BaTb MPEBOCXOAHYIO Ceputo cyeTynkoB 14COxx B CyLLeCTBYHOLLEN
cxeme, NoCcTPoeHHoW Ha 74LS. Man Bam noHagobunack 5-80i1bTOBan forMka no nepudepun 12-sonstosor KMOTI-

cucTembl Ans Toro, 4Ytobbl obecneyntb coeduMHeHMe C BHEWHUMU TTJ/1-COBMECTUMbIMW CUTHANaMu, AU ANs
nUTaHWA Kabenen.
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BocnpenATcTBOBaTb COYETAHWMIO KaKOW-1MOO /IOrMYEcKor napbl KPWUCTaAI0B MOMYyT TO/bKO 3 Belu: a)
HECOBMECTMMOCTb  BXOAHbIX JIOTUYECKUX YpPOBHEW; 6) BO3MOMHOCTM BbIXOAHOTO GOopmMMpoBaTENs U B)
HanpsKeHWe NUTaHuA. YTobbl He YyTOMAATb Bac CTPaHWLAMM OOBACHEHMM, YTO paboTaeT a UYTO-HET, Mbl CBEAU
npobnemy conpsaxeHus K Tabn. 9.2. Mpeanpumem no Hel KpaTkoe nyTelecTsme.

TT/1 cnonb3yeT HanpsaxeHue NuUTaHns +5 B 1 0ObIYHO BblAAET BbICOKMIM YPOBEHb BCEro OKoJo +3,5 B; oHa
0061afaeT XOPOLWMM HU3KMM YPOBHEM-MOYTM [0 3eMIM. TakMm 0Bpasom, ee MONKHO MOAKMOUUTL K JIOTUKe C
HU3KUM 3Ha4yeHuem nopora, T. e. K TT/1, HCT, ACT u n-MOI1 (B KOTOpbIX 3apaHee 3aKnaabiBaeTcs COBMECTMMOCTb).
Ona Toro utobbl ynpasnsate HC, AC n 4000B/74C, paboTatowme npu 5 B, Bam noHagobutca nosHbIM nepenag, oo
+5 B. 310 Bbl MOXKeTe cAenaTb C NOMOLIIO PE3NUCTOPHOM NoaBecKkM K +5 B nnu sctasnaa bydpep HCT (HanomHuMm,
410 HCT 1 ACT MMetoT BbIXO/bl C MOHBIM Nepenaaom).

Ecnun Bbl Mcnonb3yeTe MOABECKY, YYTUTE, YTO 3HAYEHUE Pes3ncTopa OMNpPeaensieTcs KOMMPOMMCCOM — Yem
MeHblle, Tem ObicTpee, HO npu bosblen mouHocTM. O6blyHO BbibMpatoT 4,7 KOm. Pesnctop noasecku
NOATArMBAET BbICOKUIA BbIXOAHOM ypoBeHb TT/1 K +5 B, XOTA NocaeAHAs 4aCTb BOJIHbI MOAbeMa (BO BPeMa KOTOPOW
pesucTop v AenaeTt BClo paboTy) A0BOALHO MeadseHHas. [na Toro 4tobbl ynpaBasTb BbICOKOBObTHOM KMOIMM-
JIOTUKOM, Ucnonb3yinTe npeobpasosaTesb yposHel Tvna 40109, 14504 nan LCT1045; oHM o4eHb Med/IeHHbIE, HY U
NycTb, Befdb Bbl K& BCE PABHO MbiTaeTecb ynpasaaTb meaneHHon KMOM-nornkoi. n-MOTI-BbIXOAbl MOXOXKWU Ha
TT/, Ho B OobOlWem caydae 06/1a4at0T MEHbLUEN Harpy3o4yHOM CcrnocobHOCTbIo. MoXKeTe WCNoAb30BaTb, TaKMM
0bpas3om, Te e CpeiCTBa COMPAXKEHMA.

Bbixoabl Bcex KMOM-cemeicTs 06nafatoT nepenasom, PaBHbIM HaMNPAXKEHWIO NUTaHUA. TO O3Ha4yaeT, YTo
Bbl MOXeTe HenocpeAcTBEHHO NoAKAto4YaTb 5-sonbToBytd KMO[M-normky K TT/1, n-MOI[M- n 5-sonbToBot KMOI-
nornke. Yytute, ogHako, 4yto KMOT craporo tuna (4000B/74C) nmetoT cnabblin Bbixon npu pabote oT 5 B (Tok
otBoaa 0,5MA) M MOAHOCTbIO TEPSIOT CBOK CNOCOBHOCTb ynpasnate TT/1. Ona 3TUX CEeMEeNCTB MCNo/b3ynte
TPaHCNATOP YPOBHEN ANA yNpaBAeHUA BbICOKOBObTHOM KMOI-nornkom.

MpeBOCXOAHbIM pelleHnem 3agadn conpsxenma KMOT-TT/1/n-MOT asaseTtca ucnonb3osadme KMOI npu
YMEHbLEHHOM HanpsKeHun nutaHua; no ctaHaapTy JEDEC Standard No 8 HanpseHue nuTaHua cocTasideT +3,3
B, npu aTom BXxoAHOW mopor pacrnonaraetcs B6aM3M obbiuHoro TT/l-nopora 1,4 B. Takmum obpasom, TT/1 mokeT
HenocpeAcTseHHo ynpasaate HC/AC npu nutaHum 3,3 B © HaobopoT. B Kayectse [OMONHUTENbHOMO
BO3HarpaxkaeHusa pabota npu 3,3 B CHUMXKAET AMHAMUYECKYID MOLLHOCTb notpebneHua (cm. pa3d. 8.10, 14.16 v
puc. 8.18 1 puc. 14.38) Ha 55 % OTHOCUTENIbHO MOLLHOCTM NMPK 5 B Npu yBEANYEHNN 3a[€PKEK PaAChpPOCTPaHEHNS
noytm Ha 40 %. Y4TuTe, OAHAKO, YTO Bbl HE MOMKEeTe MOAK/AoYaTb (M B TOM M B APYrom HanpasaeHuum) 3,3-
BonbTOBYt0 KMOT K Apyrum KMOM, paboTatowmm npu 5 B.

YnpaxHeHue 9.1. O6bAcHUTE, Novemy nocieaHee yTBEPKAEHNE UCTUHHO.

HakoHeu, BblcOKOBOAbTHaA KMOIM-normka MOXKeT ynpasasaTb 5-BONbTOBOM  /IOTMKOM, ecau AN
dbopmmnpoBaHmMs 5-B0NLTOBOrO BLIXOAHOIMO Nepenaja Bbl NOCTaBUTe NpeobpasosBaTtens yposHel (74C901/2, 14504,
LTC1045 namn 4049/4050). MoxHo ynpasnats LS TT/1-anemeHTamy HenocpeacTBEHHO OT BbICOKOBOIbTHON KMOTI-
NOTUKK, NMOCKObKY Tam HET AMOA0B, 3aLUMLLAIOLLMX BXOAbl, M BXOAHOE HanpsaxeHne npobosa obbluHO NpesbiluaeT
10 B; oAHaKo B COOTBETCTBMM C TEXHWYECKMMM YCAOBMAMM Ha LS (abcontoTHoe MaKcMmanbHoe BXOoAHOoe
Hanps»eHune 7 B) HeobxoaMMOo MCno/b30BaTh NpeobpasoBaTesib YPOBHEN.

MpepoctepexeHune. XoTA CTaTUMYECKME NIOTMYECKME YPOBHM MOTYT He BbI3blBaTb OECMOKOWCTBA, MHOrAa
BO3HMKAET 3aHMMaTe/bHaA AMHAaMM4YecKkas HecoBMEeCTMMOCTb, €C/AM Bbl MblTaeTecb ynpaBasTb GPOHTOBbIMM
BXOAamu (Hanpumep, BXoAbl CUHXPOHM3aLUMK cyeTunkos) HC nam AC oT BbIxoaoB Hosee MeaieHHOM NOrMKN T1na
4000B nnm 74C. Ha puc. 9.5 nsobparkeHbl MHOTOKpaTHble MNepexobl, KOTopble Bbl MOIMIM 4acTo HabaoaaTh;
nHoraa Kpuctann HC coBcem OTKasbiBAaeTCA CYMTaTb A0 TeX Nop, MOKa Bbl HE MPUKOCHETECH LLyNOM ocumanorpada
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(nnn Hebonblwon emKocTbio)! Mo-BUAMMOMY, BUHOBHMKOM 3TOTO ABAAETCA KOMOMHAUMA 6OMbLIOFO BPEMEHMU
nepexoAa W OTHOCUTE/IbHO BbICOKOrO BbIXOAHOrO MMMesaHca medneHHor KMOT. Ha puc. 9.6 npuseneHbl
HECKO/IbKO COYEeTaHMN CEMEINCTB, C KOTOPbIMKU BaMm, BEPOATHO, AOBOAMAOCH BCTPEYaTbCA.

200 He

+5

Buxof BEHTHAR

74C
ﬂ ——— — — — —
+5
MHOrOK paTHble
CyeTymx HC nepexoab)
ﬂ ________

Puc. 9.5. bbicmpyto ¢hpoHMOBYHO /102UKY HEMb3S 3aNYCKAMb MEOAEHHLIMU CUZHAAAaMU (Hanpumep, om Y3108
¢ medsneHHoU no2uxkodl).
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Puc. 9.6. CoeduHeHue noeudeckux cemelicma opya ¢ Opyeom.

9.04. YnpasneHue KMOIlI-u TT/l-exodamu

MexaHM4Yeckme KoUMW B KavyecTBe YCTPOMCTB BBOJA. ECAM BaM M3BECTHbI BXOAHbIE XapaKTepUCTUKM
MCNOb3YEMOMN JIOMMKKM, TO yrnpasaeHne umMbpoBbIMW BXOAAMM OT MepektovaTesnieid, KaasmaTypbl, KOMNapaTopos
M T.N. He [OCTaBWUT Bam 0CODbIX OCAOXHeHWI. Camblit MpocToi cnocob — 3TO MCMNO/b30BaTb PE3NCTOP,
NOAKAOYEHHbIN K WWHEe nNuTaHua (puc. 9.7). na anemeHToB TT/1, yunTbIBas MX BXOAHbIE XapPaKTEPUCTUKM, Aydlle
BCEro, KOrda PesucTop KOMMYTUPYETCA K/YOM Ha 3emto. Ktou ferko oTbupaeT BXOAHOM TOK Ha HU3KOM
YPOBHE, a pesncTop NoAHMMAET BbICOKUI ypoBeHb A0 +5 B, obecneunsas BbICOKYIO MOMEXOYCTONYMBOCTL; Kpome
TOro, 370 yA06HO, KOrAa Kty BO3BPALLAETCA B COCTOSHME, COOTBETCTBYIOLLEE 3eMAe.
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Puc. 9.7. ¥npasneHue no2udeckumu 3nemeHmamu om MexaHudeckux Kmwodel (6e3 saujumsi om Opebesea).

ANbTePHATUBHBIM CNOCOD, Koraa Pe3ncTop NOAKAOYAETCA K 3eM/e, a KNty obecneymBaeT KOMMYyTaLMIO K +5
B, HeskenaTeneH, NOCKO/bKY MpU 3TOM HeobXxoAMma ManeHbKas Be/MYMHa conpoTuBaeHna pesuctopa (220 Om),
rapaHTMpytolaa HM3KkMi TT/1-ypoBeHb B HECKO/IbKO AECATbIX BO/IbTA, @ 3TO 03HAYaeT, YTO NMPM 3aMKHYTOM KJtoue
byneT npoTekaTb O0ONbLIOK TOK. B cxeme € NOABECKOWN K LWIMHE NMUTAHMA NMOMEXOYCTOMYMBOCTb MPU PA3OMKHYTOM
KAtode (XyAWniA cyda ¢ TOYKM 3pEeHUs YyBCTBUTEBHOCTM K Momexe) ByaeT cocTaBaATb Mo KpalHel mepe 3 B, B
TO BPeMA KaK B CXeme C nofseckoin K semne - Bcero 0,6 B (ans TT/1 FAST HMKHMIA nopor +0,8 B, BXOAHOW TOK
paBeH — 0,6 MA).

Ons KMOM-norvkn 1 ta 1 gpyraa cxema paboTaeT nNpeBoCXoAHO, MOCKO/bKY BXOAbl HE NOTpebaaloT TOK, a
TMNOBOE 3HayeHWe nopora cocTasaseT nonosuHy UCC. OBblMHO yAOOHO 3a3emMAATb OAHY M3 CTOPOH K/tuva, HO
€C/IN CXeMa CTaHOBWUTCA MPOLLE MPW HAMYMM BbICOKOTO YPOBHA, KOTAa K/AOY 3aMKHYT, TO BMOJHE MNPUroAeH
cnocob ¢ NoakatoYeHeMm pesncTopa Ha 3em/to. Ha puc. 9.7 nokasaHbl BCe TP ONMCaHHbIX crnocoba.

Opebesr katoden. Kak Obl1o OTMeEYeHO B 1. 8, MNOCAe 3aMblKaHWA KOHTAKTOB MeXaHW4YeCKMx
nepekntodaTeneit Apebesr KOHTAaKTOB MPOAO/KAETCS B TedeHue npumepHo 1 mc. [dpebesr KpynHorabapuTHbIX
nepeknoyaTesielt MOKET NPoao/KaThes 40 50 MC. DTO MOXET NPUBOAUTL K BECNOPALOUHbIM NEPEKNIOYEHNAM B
CXemax, pearvpyolmx Ha CMeHy COCTOAHWN A GPOHT (Hanpumep, ecnn TPUITeP WAM CYETYMK TaKTUMpyroTCA
NPAMO OT K/oYa, TO BO3MOMHO MHOTOKPaTHOE KX nepekatodyeHre). B nogobHbix cuTyaumax cnedyeT noaasBuTb
npebesr Kada 31eKTPOHHbIMKU CPeaCTBaMM.

PaccmoTpmm HecKkonbko cnocobos noAdaB/1IeEHUA.

1. Cobepute 13 ABYX BEHTUNEM aCMHXPOHHbLIN RS-Tpurrep, He 3abbIB, pa3ymeeTca, O Pe3ncTopax NoABecku K
lWKHe nuTaHma (puc. 9.8). MoKHO MCNoAb30BaTb roToBbliM Tpurrep ¢ Bxogamm CEPOC 1 YCTAHOBKA (Hanpumep,
"74), 3a3eMINB BXO/, CUHXPOHMU3ALMN.
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Puc. 9.8. Cxema 3aujumel om Opebesaa (RS-mpuzzep).

2. icnonb3yinTte MHTErpasabHbi BapuaHT npeablayein cxembl. InemeHTsl 279, 4043 n 4044 npeactasnsatoTt
cobol cueTBepeHHble RS-Tpurrepsi.

3. Ucnonbayinte KMOM-Tpurrep Wmutta ¢ 3ameanstiowenn RC-uenodykon Ha Bxoge (puc.9.9). dunbtp
HUXHMX YacToT R2C1 crnaxkmeaeT apebesr, noatomy Tpurrep LLIMMTTa nepekntoumTcs ToNbKO oAauH pa3. B obuiem
c/y4ae BMOJIHE AOCTAaTOYHO MMETb MOCTOAHHYIO BpemeHn RC-uenodku, pasHyto 10+25 mc. Oas TT/1 3T0T cnocob
He NoAXOAMT M3-3a HWU3KOro MMneaaHca, HeobxoaMMoro Ana 3anycka TT/1-Bxoa08.

+UE{'

0, Mx@ :[

Puc. 9.9. Cxema 3aujumel om opebesza (RC-yenoyka u mpuezep LLimumma).

4. Bocnonb3ynTtecb Kpuctanaom Tuna 4490, «clwlecTepeHHbIM noaasutenem apebesra». B aToM
NPEeBOCXOAHOM CXeMe MCMO/b30BaHa UMPPOBan 3aepKKa (5-pa3psaaHbli CABMIOBbLIA PErMCTP Ha KaxAabli Katod)
KaK cBOero pofa umdpoBont GMALTP HUMKHUX YacTOT. Cxema COAEPKMUT BHYTPEHHME PEe3nCTOPbI NMOABECKM N CXEMY
CUHXPOHM3aLuuMK. MNonb3oBatenb A0baBNAET BpemMA3aLatoWmMii KOHAEHCATOP, YCTaHABAMBAA YacTOTy reHepaTopa u
onpeaenaa Tem CaMblM BPeMA 3aLEPHKKM.

5. MpumeHnTe cxemy, MOKaszaHHyto Ha pwuc. 9.10, ucnonb3ya nmMbo HEUHBEPTUMPYIOLWMIA BEHTUAbL, MDO

- 246 -



bydep. Slormyeckmnin BoIXod BCeraa MOKHO 3abN0KMPOBaTb, 3aMblKaa ero Ha U+Man 3eMto, HO MpW YCAOBKUM, UTO
o5Ta ONOKMPOBKA KpaTKOBpemeHHa. [lpMBeaeHHas CXema YAO0BAETBOPAET 3TOMY YC/I0BMIO, MOCKO/IbKY
NPUHYAWTENIbHAA YCTAHOBKA AEMCTBYET TO/bKO Ha MHTEpBase BPEMEHW, PAaBHOM 334EPMKKE BEHTU/A, MOCIE Yero
BEHTW/Ib NOAAEPKMBAET Cam ceba B HOBOM COCTOSHUM,

+Uge

_T_ KMOn

Puc. 9.10. Cxema 3awiumel om dpebe3ea (HeuHsepmupyrowuli eeHmMunb ¢ 06pamHol c8A3b10).

6. MpUMeHARTE KOMMOHEHTbI C BCTPOEHHbIM nodasutenem apebesra. Hanpumep, wudpaTopbl KnaBmaTypsbl
NPOEKTUPYIOTCA C YYEeTOM TOrO, YTO B KayecTBe YCTPOWCTB BBOAA OyAyT MCMO/b30BaHbl MEXaHWYECKME K/uM,
NO3TOMY OHM OObIYHO COAEPIKAT CXxeMy NoAaBneHuna apebesra.

7. MOMHO MCMOMb30BaTh K/OUYM, MOCTPOEHHble Ha ocHoBe 3ddekTa Xonna. OHM npeacTasnAoT cobol
TBEPLOTE/IbHbIE K/KOYM, YNPaBAAEMble MArHUTHbIM MOJIEM, W WCMOJIb3YIOTCA B KavyeCTBe MaHEe/bHbIX WK
KnaBmaTypHbIX Katoden. Ona ux paboTbl TpebyeTca HanpaxkeHWe +5 B; BbipabaTbiBaemble MMu 6e3apebesroBble
JIOTMYECKME BbIXOAHbIE CUTHAbl MOXHO MCMNONb30BaTb AnA ynpasaeHus TTJ1 unn KMOI-norvkon, paboTatoulein
oT +5 B. Tlockonbky kAU Ha addekte Xonna He MMEKT M3HALMBAEMbIX MEXaHWYeCKUX KOHTAKTOB, OHW
NPaKTUYECKM BEYHbl (XOTA OAHAXKAbl Yy HAC CAy4YMnacb 3NUAEMWMA NPOTrPEeCcCUpYoLLert MarHUTHOM aHemMuwu
KnaBuaTypbl Ha apderTe Xonna; mbl Hageemcs, 4To 3Ta 6oe3Hb Tenepb nobexaeHa).

Heckonbko 0BWMX 3amedyaHuit O K/loYax Kak ycTponcTeax BBoga. CrneayeT MMETb B BuAy, 4TO 4414
OAHOMOJ/IIOCHbIX KAOYeN Ha OAHO HanpasfeHWe (MHOrAa HasbiBAEMbIX «TUM A») MOXHO MCMNONb30BaTh 3-U U 4-i
cnocobsbl (M Kak NpaBuo, 6-i), B TO BPEMSA KaK A/14 OAHOMOMIOCHbIX KAtoYeil Ha 2 HanpasaeHus (Tun «By») cneayet
NPUMEHATb OCTanbHble cnocobbl. MOMHUTE TaKXe, YTO BO MHOMMX C/Aydasx HeT HeobxoAuMMOoCTU noaaBAATb
npebesr Ka4den, Bedb KAKUM He BCerda ynpasBastoT CXemMaMu, YyBCTBUTENbHbIMU K GPOHTY. Ellle 0AMH BaXKHbIN
MOMEHT: XOpolune Kaoun 061a4atoT 06blYHO CBOMCTBOM «CaMOOYMUCTKMY», MO3BOMSAIOLMM COXPAHATbL YMCTOTY
KOHTaKTHbIX MOBepxHoCTel (paszbepuTe oAMH M3 KAOYEl U Bbl MOMMETE, YTO 3TO O3HA4aeT), TeM He MeHee A/A
OYMCTKM KOHTaKTOB enaTenbHO BbibpaTb NapameTpbl CXeMbl TakMm 06pa3om, YTOObI Yepes KOHTaKTbl NpoTeKan
TOK He MeHee HeCKObKMX Muianamnep. Boibop noaxodawero matepuasnbl 418 KOHTAKTOB (Hanpumep, 3010T0), a
TaKXe cneumasnbHan KOHCTPYKLUMA MO3BONAIT M3bexKaTb 3TOM Npobniembl «CyXOro mepeknoueHms», Koy byaet
X0poLo paboTaTb Aaxe NPU HYNEBOM TOKeE.

9.05. ¥YnpasneHue yugposol sno2ukoli om KomMmnapamopos Uu
onepayuoHHbIX ycunumeneu

KomnapaTopbl M OnepauyoHHble YCUAUTENW, Hapsady C aHanoro-umdpposbiMM Npeobpasosatenammn (ALM),
ABNAIOTCA OObIYHbIMW  YCTPOWCTBAMM BBOAA, C MOMOLLLIO KOTOPbIX aHaforoBble CUTHaAbl MOTYT YMNpaBAsTb
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umMdpoBbIMKU cxemamu. Ha puc. 9.11 NoKasaHO HECKObKO NMPUMEPOB.
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Puc. 9.11. ¥npasneHue no2ukol om KOMNapamopos U onepayuoHHsIX ycunumened.

B nepBol cxeme komnapaTop ynpasaseT TTJ/1 HenocpeACTBEHHO. BOMbLWMHCTBO KOMMApaToOpoOB COAep’KaTt
BbIXOAHOW NPN-TPAH3UCTOP C OTKPbITbIM KOMIIEKTOPOM M 33a3eM/IEHHbIM SMUTTEPOM, MOSTOMY OCTaeTCA TONbKO
[006aBUTb HArpy3o4Hbli Pe3ncTop, MOAKAYEHHbIM K +5 B. AHANOMMYHYO CXeMy MOMHO WMCMOAb30BaTb M ANd
KMOI, noakntoyasa pesuctop K +UCC. Mcnonb3oBaHWe ABYMNOJIAPHOIO WMCTOYHMKA ANA NUTAHMA KOmMapaTopa
CcoBCeEM He 06A3aTeNlbHO; MHOTMEe M3 HUX NpeAHasHayveHbl Ans paboTbl C OAHMM UCTOYHMKOM (U_ 3a3emneHo), a
HeKkoTopble ByayT paboTaTh AaxKe C OAHMM UCTOYHUKOM MUTaHus 5 B (Hanpumep, anemeHTbl 311, 339, 393 mau
372/4).

Ha BTopoi cxeme mnokasaH crnocob ynpasneHna KMOI-n0rMkon oT OnepaumoHHOro ycuauTens ¢
MCNO/Ib30BaHMEM TO/IbKO MOC/AEeAO0BaTENbHO BK/OYEHHOrO TOKOOrpaHW4MBaloOWero pesucropa. Anoabl 3almThl
BX0A08B anemeHToB KMOI 06pasytoT adpdekTnBHbIe duKcaTopsl yposHeln UCC n 3emnun, bnarogaps 4emy BXOAHOM
TOK He npesblwaer 10 MA. B TpeTbelt cxeme OMNepauUMOHHbIA YyCUAUTENb NEPEBOAUT NPN-TPAH3UCTOP B
HacblweHue, obecneymBas BO3MOXKHOCTb YMNpPaBAeHUA Harpyskoh TTJ1; AMOL CAYKMUT ANA NpenoTBpalleHun
npobona nepexona H6asa-smutTep B obpaTHOM HanpasneHun (~6 B). B aToit cxeme RI M DI MONKHO WCKAKOUYNTD,
3aMeHAA 04HOBPEMEHHO NPN-TPaAH3UCTOP Ha N-KaHaibHblin MOIM-TpaH3McTop. MNocneaHtol cxemy Mbl OCOBEHHO
He peKoMeHZAyeMm, HO OHa BMoJsiHe paboTocnocobHa. PUKCUpyoWMiA anoa, Ha Bxoae TT/1-anemeHTa orpaHMYMBaeT
oTpuUaTeNbHbIA Nepenag A0 BeAMYMHbI MafeHWA Ha AMOAE HWXKEe 3eM/N, a BHEWHWM AMon, OrpaHuyMBaeT

NOJIOKUTENbHBIM Nepenag.

MocnenoBaTeNbHO BK/AOYEHHbIM PE3UCTOP NPeAOoTBPALLAET MNOBPEXKIEHWE CXEMbl, KOrAa Ha BXOAHOM
TpaH3ucTope TT/1 noasaAeTca HanpsxKeHne obpaTHoro npobosa Hasa-amuTTep. BesnumHa pesncTopa Bbibupaetcs
[OCTaTOYHO Masiol Ans Toro, 4tobbl OTBECTM BXOAHOM TOK Ha HM3KOM ypoBHe TT/I, Koraa Ha Bbixoae
OMepauUmMoHHOro YCUANUTENA NOSBUTCA OTPULATENBHOE HAaMPAXKEHWUE B HECKO/IbKO BOJIbT.

TakToBble BXOAbl. [UcTepesuc. Obliee 3amedyaHMe OTHOCUMTENbHO YMnpasieHWa UMOPOBOM NOTMKOM OT
OMepauUmMOoHHbIX ycuauTenei. He nbiTaiTecb ynpasaAaTb TaKTOBbIMM BXOAAaMM C MOMOLLBIO MPUBEAEHHbIX Bbille
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cXeMm; O/ MTeNbHOCTb Mepexoaa [A0BOAbHO Oo/bliaa W, KOrda BXOAHOM CUTHaA MPOXOAMT Yepes HampaxKeHue
IOTMYeCcKoro nopora, B Ballen CXeme MOryT NOsABUTbLCA BblOpoOCbl. Eciv BO3HMKaeT HeobXoAMMOCTb YNpaBAATb
TAKTUPYIOLWMMKN BXOAAMK (TPUITEPOB, CABWUIOBLIX PErUCTPOB, CYETYMKOB, OAHOBMOPATOPOB M T.M.), /yylle BCEro
MCMO/b30BaTb KOMMAPAToOp C MMCTEPE3NCOM MM MOCTAaBUTb Ha BXOAE BEHTWUb € Tpurrepom LLmmTTa (Mam noboi
[PYroi anemeHT Takoro Tmna). AHaforMyHoe 3amevaHme OTHOCUTCA M K CUTHafam OT TPAH3MCTOPHbIX aHa/oroBbIX
cxem. Obpatmmea K puc. 9.12.

+15 +5

rOBLIM CHCHAR

BropHoR awano-

Puc. 9.12.opozossbili demexkmop ¢ 2ucmepe3ucom.

BennumnHy pesnctopa R2 BblbMpatoT TakMmM obpasom, 4Tobbl rucTepesmnc coctasasn 50 MB. MapannensHo
pe3nctopy obpaTHOM CBA3M BKAtOYeH HebosbllioM KoHaeHcaTop C2, KoTopbiM obecrneumBaeT Heobxoaumytro
CKOPOCTb NEepexofoB W NpPefoTBPALLAEeT MOABAEHME MHOTOKPATHLIX MMMY/AbCOB MNPW MepecevyeHur Mnopora
(3nemeHT 311 0cOBEHHO CKNOHEH K 3ToMmy). [ns npenoTBpalleHns BbIGPOCOB Ha BXO4Ee OMOPHOrO HampsKeHus
Ba*KHYIO PO/b UIPaAEeT KoHAEeHCATOP pa3BA3KkM C1. Bo MHOrMX ciy4asx ONOpHOE HaMNpAXKeHMEe PaBHO HY/tO W TOraa
C1 MOXHO He CTaBWUTb.

9.06. Hekomopsble 3aMeYaHUA, Kacarouueca r102u4eckux
8x0008

Mpwu pa3paboTke TT/1-31eMeHTOB UMeEeTCA TeHAEHLMA NCNONb30BaTb HU3KMIM YPOBEHb B Ka4eCTBE aKTUBHOIO
BXOAHOro curHana (Kak u ans mx aHanoros HC u AC). Hanpumep, OT HM3KOro ypoBHA cpabaTbiBatoT BXOAb!
YCTAHOBKA 1 CEPOC Tpurrepos. MoaTomy Lenu BHEWHUX UMDPOBbLIX BXOAHbIX CUIHA/IOB MOYTU BCEraa CoAepKaTt
Harpy3ouHbld pe3ncTop W, Oyaydnm aKTUBHbIMWM, HAXOAATCA B COCTOAHMM HW3KOrO YPOBHA (OTBOA TOKA); 3TO
yA0OHO, MOCKO/IbKY MEXaHWYeckMe KAUYM WM T.M. MOryT paboTaTb C BO3BPAaTOM Ha 3emsto. Kpome 3T0roO,
BO3paCTaeT NMOMEXOYCTOMYMBOCTb, TaK KaK LieMb C HANPAXeHWem okono +5 B nmeeT nomexoyctonumeocTb 3 B, a
Luenb C HanpaxeHuem okono O B nomexoyctonumsocts 0,8 B. Idta npucywas TT/1 cnabocTb (HW3KasA
MOMEXOYCTOMYMBOCTb Ha HM3KOM YPOBHE) CTAaHET OYeBUAHON, €CAMN Bbl NpeacTasuTe cebe, YTO KPUCTANN MOXKET
MHTEPNPEeTUPOBaTL OTpUUATENbHbIN Bbibpoc 0,5 B Ha CBOel 3eMNAHOM LWMHE KaK BXOAHOW CWUrHajn BbICOKOroO
YPOBHA. TakMe BbIOPOCHI He ABAAIOTCA YEM-TO HEOObIYHbIM; MX MOTYT MOPOXKAATb KOPOTKME MMMYNbCbl TOKA B
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WHAOYKTUBHOCTM LWKHbI 3emaun. [JlanbHelwee obcyKaeHne 3TOro XKMBOTPENeLlyLWero Bonpoca OTA0XMM A0 pa3o.
9.11.

Momexoyctonumocte KMOTIM-norMkn oamHakoBa B Nt0OOOM COCTOSIHMM, MO3TOMY MpPW YNpaBAEHUM OT
NpMbOpPOB, MMEIOLIMX OTKPLITOE COCTOAHME, B KaYecTBe BXOAHbIX LeMel Bbl MOMETE MCMO/b30BaTb PE3UCTOPbI,
NOAK/MIOYEHHbIE K MUTAHUIO WMAM K 3em/e. Yaule MCNob3yrTCA Pe3UCTOpbl, MOAKMOYEHHbIE K 3em/se, XOTA
NOAKNOYEHNE K MUTAHMIO MOXKHO YBWAETb B CXEMax, B KOTOPbIX YNPaBAAOWMN 3NEMEHT aHaNOTMYeH KoYy C
BO3BPATOM Ha 3eMJIt0.

OTKpbITbI TT/1-Bx04, — 370 «easa BbICOKMWM». OH pacnonaraetca Ha norudeckom nopore (1,3 B), Ho,
MOCKOJIbKY TOK OTCYTCTBYET, OH HE OTKPbIBAET BXOAHOWN TPaH3MCTOP. Bam, BO3MOXKHO, A0OBENOCH BUAETb KCXEMbIY,
B KOTOPbIX BXOZ, KOTOPbIA A0MKeH OblTb NOAKNOYEH K BbICOKOMY TT/1-ypOBHIO, OCTAaeTCcA He3aLeNCTBOBAHHbIM.
Hukorga He genante 3Toro! 3TO CTO/b e HE Pa3yMHO, CKOAb WM OMACHO: He3aAeMCTBOBAHHbLIA BXOA4 MMeeT
HY/IEBYIO MOMEXOYCTOMYMBOCTb, MO3ITOMY EMKOCTHAA CBA3b C N0BbIM BAN3NENKALLMM CUTHANIOM MOKET MPUBECTU K
KOPOTKMM BCMAECKAM K HUXHEMY YPOBHIO Ha Bxode. B pesynbTaTe Ha BbIxoAe KOMOMHALMOHHbLIX 3/1E€MEHTOB
(BeHTUNEN) NoABAAIOTCA BbIOPOCHI, YTO CaMO MO cebe y:Ke MA0X0, HO B Cay4ae TPUITEpPOB MM pernctpos byaet
NPOCTO HEeAoMyCTUMO, MOCKO/bKY He3aaeMcTBOBaHHbIM Bxoa CBPOC moxeT cpaboTaTb B Henpe/cKasyemble
MOMEHTbI BpemeHu. Bbibpocsl, Hapywatouwme paboTy, MHOrAa HEBO3MOXKHO YBMAETb Ha ocuuanorpade, oHwu
MOIYT MMETb XapaKTep OAMHOYHbLIX WMMMYAbCOB ANMTENbHOCTbIO OKONOo 20 He. B BOAblUMHCTBE C/ly4aeB Bam,
BO3MOXHO, M Y/1aCTCA «BbIMTU CyXMM U3 BOAbI», OCOBEHHO NP HEBONBLLIOM EMKOCTU MeXAay He3aaelCTBOBAHHbIM
BbIBOAOM W COCEAHMMMW BbIBOAAMM, TEM HE MEHee 3TO He BbIXOA W3 MONOXKEHMA; eCAN Bbl MOMbITaeTeCh HANTH
NPUYNHY HepaboToCNoCOBHOCTN C MOMOLLBID NOTMYECKOro aHasM3aTopa WAM TeCTOBOWM KAWMMCHI, ¥ BaC MOAYYMTCA
HOBaA CXema, MOCKO/IbKY [OMNOAHUTE/bHbIE €MKOCTM TEeCTOBOro obopyAoBaHMA MOYTU HaBEPHAKa MNpuBedyT K
MMMYAbCHbIM NEepexofam K HUXHEMY YPOBHIO Ha He3a4eNCTBOBAHHbLIX BblBOAaX. Kpome TOro, 3a4em co3faBaTb
3aBeJOMO HEHAAEKHYIO CXeMy, eCNM Bbl 3HAeTe, Kak C MOMOLbIO MPOCTbIX COEANHEHWN CAenaTb ee HaAEeKHON?
(KoHeu, TMpasbl.)

Heuncnonb3yemble BxoAbl. Hewcrnonbsyemble BXOAbl, KOTOpblE BAMAIOT Ha Jfornyeckoe coctoaHue WC
(Hanpumep, Bxog Tpurrepa CBPOC), A0MKHbI ObiTb MNOAKAOYEHbI COOTBETCTBYHOLLMM OOPA30OM K BbICOKOMY WM
HW3KOMY YPOBHSIM. BXoZbl, HE OKa3blBalolIME BAMSHUA (Hanpumep, BXOAbl HEUCMOJb3yeMbiX GYyHKLMOHANbHbIX
yacten B TOM e Kopnyce), B TT/ MOXHO OCTaBUTb HEMNoAKMOYEHHbIMKW, HO He B KMOI. OTKpbITble BXOApb!
He3aaencTBoBaHHOro KMOI-BEHTMAA MOryT, Hanpumep, CMEeCTUTLCA K JIOTMYECKOMY MOPOry, BbIXOAblI MPW 3TOM
3aIMyT MOJIOKEHME Ha NOMIOBUHE HANPAXKEHUA NUTaHKUA, T. e. 0ba BbixogHbIXx MOTM-TpaH3ncTopa ByayT OTKPbLITHI,
noTpebnAna 3HaUMTENbHBIM TOK Knacca A. ITO NpuBeAET K Ype3mMepHOMy MOTPebAeHMI0 TOKAa M MOXKeT aaxe
BbI3BaTb OTKa3 3/1eMEHTOB C OO/blIMM YUCAOM BbIXOAHbIX KacKagoB. Jlydwe 333eMAuTb BCe BXOAbl
Hencnonbayembix GYHKLMOHAAbHbIX YacTen B Kaxkgom KMOM-Kpuctanne.

B TT/1 MOXHO He obpaliaTb BHUMAHMA Ha HeMcnoab3lyemble QYHKUMOHANbHbIE YacTW KpUCTana, Kak M Ha
HecyllecTBeHHble BXOAbl WCMO/b3yemMbIX CXem. Hanpumep, MOMXKHO OCTaBUTb HENOAKAOHEHHBIMW  BXOAbI
napaniesnbHON 3arpy3kn CYeTYMKa, eCn Bbl HUKOTAa He akTuBu3anpyeTe anHuio 3AMPY3KA.

9.0/. Komnapamopel

Mbl BKpaTLe y)Ke YNoOMWHaAM O KomMapatopax B pa3d. 4.23 ans Toro, 4tobbl MPOUANIIOCTPUMPOBATL
NPUMeEHEHWE MNONOXKMTEeNbHOW 0b6paTHOM cBA3M (Tpurrep LUMKTTA) M nokasaTb, YTO cneumanmsmpoBaHHble WC
KomnapaTopoB 06/1a4atoT CyWEeCTBEHHO YYWMMM XapPaKTEPUCTUKAMM, YEM YHMBEpPCasbHble onepauuoHHble
YCUAUTENM, UCTIONb3YEMbIE B Ka4ecTBE KOMMapaTopoB. ITW NpenmyLlecTBa (Masble 3aepPHKKM, BbICOKAA CKOPOCTb
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HapacTaHWA BbIXOAHOMO HAMPAMEHUA W CPAaBHUTENbHO BbICOKAA YCTOMYMBOCTb K OO/bLIMM Neperpyskam)
[OCTUratoTCA  LEHOM MOME3HbIX A8 ONepaumMOHHbIX YCUAUTENEeN CBOMCTB (B YacTHOCTM, LEHOMN TOYHOro
ynpasaeHns $a3oBbIM CABMIOM Mo YactoTe). KoMnapaTopbl HE MMEIOT YacTOTHOM KomneHcauun (pasd. 4.33) n He
MOTYT MCMO/b30BaTbCA B KAYECTBE MHEMNHbIX YCUAUTENEN.

KomnapaTopbl WrpatoT BaKHYH PO/b MPU COMPSXMEHUU aHaNoroBbiX (/IMHENHbIX) BXOAHbIX CUrHan0B C
MUPOM LMGPOBOM TEXHUKU. B JaHHOM pasgene mbl NMoApoOHO PacCMOTPUM KOMMapaTopbl, YAenas OCHOBHOe
BHMMaHME UX BbIXOAHbIM XapaKTepPUCTUKaM, HEKPUTUYHOCTM B OTHOLIEHUM K HAMPSKEHUIO UCTOUYHMKA NUTAHUA U
cnocobam nNogaum CUrHaA0B U 3aLMUTbl BXOAOB.

HanpsaxeHne nuTaHMA M BbiIXOoAbl. BOMBWMHCTBO KOMMNAPaTOPOB MMEIOT BbIXOZ C OTKPbITbIM KOJ//IEKTOPOM,
npeaHasHaYeHHbIN A1A 3anycKka SI0rMYeCcKMX BXOAOB (pasymeeTcs, C Pe3NCTOPOM MOABECKM Ha LWMHY MUTaHWUA) U
CUNIbHOTOYHbIX/BbICOKOBO/ILTHLIX ~ HAarpysok. 2nemeHT 311, Hanpumep, MOMKET yNpaBaAATb  Harpyskomn,
NOAK/IIOYEHHOM K UCTOYHMKY nNuTaHua o 40 B n notpebasiowen Tok Ao 50 mA, a anemeHT 306 MoxKeT paboTaThb C
ewe 60/bWMM TOKOM. ITW KOMNApPaTOpPbl MMEHT BbIBOA, 3eM/IM B AOMOJHEHUE K BbIBOAAM OTPULATENbHOMO WM
NONIOKMUTENBHOTO MUTAHWA, MO3TOMY HaNpsXeHWe Ha Harpyske [OoCTUraeT YPOBHA 3eMAW HEe3aBWCMMO OT
HanpsXeHua NuTaHusa. KomnapaTopbl NoBbileHHoro bbicTpoaericTeuns (521, 527, 529, 360, 361, Am686, CMP-05,
LT1016 n VC7695/7) B 6OMAbLWIMHCTBE C/AYyYaeB WMMEIOT BbIXOAHbIE KacKafbl C aKTMBHOW Harpyskoi. OHu
npeAHasHavyeHbl A8 ynpaBAeHUs 5-BoNbTOBOW LMPPOBOM NOTMKOM M OObIMHO MMetoT 4 BblBOAa MUTAHUA —
U+ U_, UKK (+5) n 3emns.

Cnepnyetr o06paTuTb BHMMaHWe Ha TO, 4TOo Ana paboTbl OOAbLWIMHCTBA KOMMApaTOpPOB HeobXxoAaMmo
MCMNONb30BaTb UCTOYHUKM M MONOKMTENBHOIO M OTPULLATENBHOMO HAMNPAXKEHNA AaXKe B TOM C/y4vae, eCAM Ha BXoae
HUKOr4a He MoAB/AETCA OTPULATENbHbIA CUTHA. TTpUMepamm MOTYT CAYKUTb 31emeHTbl 306, 710 n 711, a Takxke
KOMMNapaTopbl C aKTMBHOM  MOATPY3KOM, MNepedyucsieHHble Bbllle. HeobxoaAMMOCTb  MMETb  UCTOYHMK
OTPULATENLHOTO HanpsxeHua ans obecnedyeHua paboTbl KOMNapaTopa B annapaType, UCMO/b3yoWeln TONbKO
NONIOKUTENbHOE HaNpAXeHWe, A0CTaBAAET onpedesneHHble HeyaobcTBa. B CBA3M C 3TMM NOJIE3HO 3HaTb
XapaKTEPUCTUKM KOMMApPaTOPOB, KOTOPbIE MOTYT MUTATbCA /LWL OT MONOKUTENBHOIO HanpsaKeHus (Hanpumep,
311, 319, 339, 393, 365, CA3290, HA4905, CMP-01, CMP-02, LT1016, AD790 n TLC372/4). JelCcTBUTENbHO, OHM
MOryT paboTaTb C OAHMM UCTOYHUKOM MUTaHMA 5 B; 3TO cyllecTBEHHOE AOCTOMHCTBO ANA UMbPOoBbIX cuctem. Mpu
paboTe OT 0AHOro UCTOYHMKA +5 B KomnapaTtopbl 339, 393, 365, CA3290, HA4905, LT1017/18, AD790 u TLC372/4
MMEeloT BXOAHOM AManasoH B PEeXMMe CUHODA3HOro curHana, AOCTUralolWMii ypoBHA 3emau. OHKM co3faHbl
crneumansHo ana paboTbl C OAHMM UCTOYHMKOM MUTAHUS M 33 UCKItoYeHnem anemeHToB 4905 n 790 nmetoT Bcero
[Ba BbiBoAa nuTaHMa (U+ 1 3emns); npu paboTe OT pacluenseHHoro nutaHua Bbixos byaeT onyckaTtbea Ao U .
Kpome TOro, HekoTopble M3 HUX 061a4atoT A0BOJIbHO HEOObIYHbIM CBOMCTBOM — OHM CrMocobHbl paboTatb oOT
O[HOTO MCTOYHMKA MUTAHMA C HanpsKeHnem auvib +2 B. ToBopAa 06 MCTOYHMKAX NMUTaHUA, cleayeT YNOMAHYTb,
YTO HEKOTOPble KOMMApaToOpPbl CMPOEKTUPOBaHbLI A1 PaboTbl NPU MaioOM TOKE NMUTaHMA B 0bLLEM Caydae, MeHee
0,5 MA; npumepamu MOTyT CAYKUTb KomnapaTopbl LP311, LP339, TLC373/4, TLC339/393, TLC3702/4, CMP-04,
LT1017/8, MC14574 wn LP365. MocneaHune aAsa 3nemMeHTa NpeacTaBadioT cobol cyeTBEpeHHble KOMMapaTopb! C
nporpammmpyembim pabouymm ToKom. Manas MOLWIHOCTb AOCTUraeTcAa LEeHOM HM3KOro ObicTpoaencTBuA C
BPEMEHEM peakuMM Nopsfika HECKONbKMX MUKPOCeKyHA. [na NOAHOro 3HAKOMCTBA C  MasIOMOLLHOM
3/IEKTPOHMKON obpaTtuTech K 2. 14; B Tabn. 14.8 nepeuncaeHbl MasoOMOLLHbIE KOMMNAPaToOpPbI.

Bxoabl. BxoAHble Lenu KOMMNapaTopoB TpebytoT HEKOTOPbIX Mep MPefoCTOPOXKHOCTM 0bLero xapakTepa.
Besae, rae 370 BO3MOXKHO, C/ledyeT MCMOAb30BaTb rucTepesnc (pasd. 4.24), B NPOTMBHOM C/ly4ae BO3MOMKHbI
ownboYHble nepekatodeHns. s Toro YTobbl NOHATL NPUYMHBI, BoobpasuTe cebe KomnapaTop 6e3 rucrepesuca,
B KOTOpPOM anddepeHUManbHoe BXOAHOE HaMpAXKeHWe MpoxoauT yepes3 ypoBeHb O B, MeaneHHO WM3MeHAAChb
6yayun aHanorosbiM KonebaHnem. PasHuua Ha BXxodax BCcero B 2 MB npuBeAeT K MU3MEHEHMIO COCTOAHMA BbIXOAA C
BpeMeHeM nepekatoyeHns meHee 50 HC. HeomaaHHO B Ballel CXxeme BO3HMKAlOT ObICTpble NOrMYecKkue
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nepenaabl amnantyaon 3000 mB, conpoBoxaaemble MMMNy/AbCamM TOKa B LENAX NUTaHMA M T.N. MOXHO NpocTo
YyaoM M3bexaTb HaNOXKeHUA 3TUX BbICTPbIX KoNebaHuit Ha BXOAHOW CUTHan, BeAb AOCTAaTOYHO BCErO HECKO/bKMX
MWNMBONBT OAA TOro, Y4ToObl PA3HOCTb Ha BXxoAe NpeBbicMaa 2 MB M BO3HMKAW MHOrOKpaTHble nepexonpl u
KonebaHua. VIMEHHO MO 3TOM MNpWUYMHE A8 CO343aHMS XOpowo paboTatollelt YyBCTBUTENbHOM CXembl C
KOMMapaTopom HeobXoAMM COOTBETCTBYIOLWIMI rucTepe3nc (¢ HebOo/MbLIMM  KOHAEHCAaTOPOM  MapasiieslbHoO
pe3snctopy 0bpaTHOM CBA3W) B COMETAHWMM C TLLATENBHO NPOAYMAHHOMN TPACCUPOBKOM M pa3BA3KaMM MO MUTAHMIO.
Crapaiitecb BoobOuWle w3beraTb ynpaBieHMA BXOJaMW KOMMapaTopa BbICOKOMMMEAAHCHbIMM  CUTHANaMM;
MCNoNb3yMTe BbIXOL OMNepauMoHHOro ycuautend. Ecnu BbicTponeicTsue He TpebyeTca, CTapalTech Takxke
nsberatb NPUMeHeHWs ObICTPOLENCTBYIOWMX KOMMApPaTOpPOB, KOTopble 06OCTPAOT BCe 3TM NpobBAEMbI.
HekoTopble KoMNapaTopbl 4OCTAaBAAOT B 3TOM OTHOWEHUKU Bosble BECNOKOMCTB, Yem ApYrue; Mbl CTONKHYANUCH C
MacCoW TPYAHOCTEN, NPUMEHAA NPEBOCXOAHbIM BO BCEX APYTMX OTHOLWIEHMAX KomnapaTop 311.

Ewe oaHO npefocTepexeHMe OTHOCUTENbHO BXOAOB. HekoTopble Komnapatopbl 06/M34atoT BecbMa
OfPaHUYEHHbIM  AMANA30HOM HanpsKeHW Ha anddepeHUManbHblX BXOAax, HEeKoTopble TuMbl Bcero 5 B
(Hanpumep, CMP-05, 685-7 u VT969/7). B 3mux cayyasx A8 3alWuUTbl BXOO0B BO3MOMKHO MOHasobaTCA
buKcHpylolwme AMOAbl, MOCKOAbKY W3ObITOYHOE HanpsaxKeHwe Ha AuvbdepeHUManbHbIX BXOAax npuBeneT K
YMeHbLIeHNO h213 1 BbI3OBET MOCTOAHHblE OWMWOKM CMELLeHMs BXOda, a B pALe C/Ay4aeB BbIXOA M3 CTPOA
nepexona 6a3a-amuTTEP BXOAHOrO Kackada. YHMBEpPCabHble KOMMapaTopbl B 3TOM OTHOWEHMM Nyydlle; TUNOBOe
3HaYeHMe AManasoHa HanpAXKeHUM Ha anddepeHUManbHbiXx Bxodax coctasnsaeT + 30 B (Hanpumep, 311, 393,
LT1011 m 7. n.).

OaHOM M3 BaXHbIX 0CODEHHOCTEeN BXOA0B KOMMAPATOPOB ABMAETCA BXOAHOM TOK CMELLEHUA U ero
3aBUCUMOCTb 0T AnddepeHUManbHOro  BXOAHOrO  Hanps»KeHus. Bo  BXoAHbIX Kackagax 60/blMHCTBA
KOMMapaToOpoB WCMNO/b3YOTCA OUNONAPHbIE TPAH3UCTOPblI C BXOAHBIMM TOKAaMW CMELLEHWA OT [AeCATKOB
HaHoamnep A0 AeCATKOB MMKpoamnep. BxoaHoM Kackaz npeactasnseT cobol anddepeHumanbHblil yeUAnTeNb C
60NbLIMM yCUAEHMEM, NO3TOMY MpU MNepexode Komnapatopa 4vepes Mopor TOK CMelleHua mameHsaeTca. Kpome
TOro, BHYTPEHHWE CXeMbl 3alMTbl MOTYT BbI3BaTb elle OOblUME WM3MEHEHWMA TOKA CMELLEHUA B HECKO/bKMX
BO/IbTax OT nopora. Ha puc. 9.13 nokasaHa TMMNOBas 3aBMCMMOCTb TOKa cmelleHna (ans CMP-02).
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komnapamopa CMP-0,2. (C pazpeweHus ¢gupmel Precision Monoliths, Inc.) Uu = 15 B; Tokp = 25 °C.

Hebonbwasa ctyneHbka Toka npn 0 B (anddepeHumanbHoe HanpsxeHue) npeacrtasndetr cobon B
NEeNCTBUTENbHOCTM MAaBHbIM nepexod npumepHo npu 100 MB; 3TO COOTBETCTBYET WM3MEHEHWMIO HaNpPAMKeHUs,
KOTOpoe HeobxoAMMOo A1A NOAHOMO MepeKktoYeHns BXOAHOTO AnddepeHLmMansHOro YCUAUTENLHOTO Kackada u3
OAHOTO COCTOAHMA B Apyroe. [na Tex npuMeHeHui, rae Heobxoammo obecnednTb paboTy Npu KpalHe HU3KOM
BXOAHOM TOKE, MCMO/b3YIOTCA KOMNapaTopbl C NOAEBbIMM TPAH3UCTOPAMM Ha BXOeE.

Mpmepamm MOTYyT CAYXWTb CABOEHHble KOMMapaTtopbl € noaesbiMi MOI-TpaH3MCTOpaMu Ha BXxoae
CA3290, TLC372, TLC3702 mn TLC393, a Takxe LF311 c nonesBbiM TPaH3UCTOPOM C p-n-nepexoaom, BapuaHT
M3BecTHOro KomnapaTtopa 311. MocneaHut MMeeT MakCMManbHbIM BXoAHOM TOK 50 nA (311-250 HA) npu no4ytu
NO/IHOM COXPaHEHWW HaMpAXKeHUA CMeLWeHns U ObicTpoaencTBua. Tam, rae HeobXoAMMbl XapaKTEPUCTUKM
KaKOro-To KOHKPETHOrO KomnapaTopa, HO Npu 6onee HU3KOM BXOAHOM TOKe, Ha BXoe LienecoobpasHo A06aBuTb
NOBTOPMUTESb C COM1aCOBAaHHOW Mapol NOEBbIX TPAH3UCTOPOB.

N nocnegHee 3amevyaHMe OTHOCWUTENIBHO BXOAHbIX XapaKTEPUCTUK: TemrnepaTypHble TrpPagueHTbl Ha
KpucTanne, obycnoBieHHble pacceMBaHMEM MOLLHOCTM Ha BbIXOAHbIX KacKkadaX, MOTYyT yXYALWTb yKasaHHOe B
cneumomnKkaLmMm HanpaKeHWe CMeLLeHWA BXOZ0B. B 4acTHOCTM, B CBA3M C Tem YTO Tenjo, reHepupyemoe Ha
BbIXOAHOM KacKade W 3aBuCALLee OT COCTOAHMSA, MOXKET MPUMBECTU K MEPeK/ItOYEHMIO BXOAa, AR BXOAHbIX
curHanos 86m3n 0 B (anddepeHumanbHoe HanpsixKeHue) BO3MOXKEH 3QPeKT «ypyaHua asuratena» (MeaneHHble
KonebaHMA Ha BbIXOAHOM KacKaae).

Obuee bHbicTpogencTene. OO6bIMHO MonaratoT, YTO KOMmMapaTop NpeacTaBaseT cobol  maeanbHyro
nepekatoyaTeNibHytD  CXeMy, B KOTOpoM /tobble  CKOb  YrOAHO  Mafble  W3MEHEeHWMA  MOAAPHOCTM
InddepeHUManbHOro  BXOAHOTO  HANpsXKeHWa NpuMBOAAT K MIHOBEHHOMY M3MEHEHMIO Ha Bbixode. B
[EeNCTBUTENbHOCTU Ke A1A ManblX BXOAHbIX CWUrHaNOB KomnapaTop BedeT ceba Kak ycuautenb, a ero
nepekatoyaTe/ibHble XapaKTePUCTUKM 3aBUCAT OT YCUAMTE/IbHbIX CBOWCTB Ha BbICOKMX 4acToTax. B pesynbrarte
He3HauMTe IbHble Neperpysku no Bxoay (T.e. Npu curHanax, 6onbWNX, YEM 3TO HEOBXOAMMO A4 HACbILLEHWA Ha
NOCTOAHHOM TOKE) NPUBOAAT K YBEIMYEHWIO BPEMEHM PACNPOCTPAHEHUA K, KAaK NPaBUAO, K 3aTArMBaAHUIO GPOHTA
M chnaga Ha Bbixode. B TexHUYeCKMX AaHHbIX Ha KOoMMNapaTopbl 0O6bl4HO MMeeTcA rpada «BpemsA OTKAMKa ANA
Pa3/IMYHbIX NePErpy3oK Mo BxoAy». HeKoTopble 3Ha4YeHmA 3TOro napameTpa 414 komnapaTtopa 311 npuseaeHbl Ha
puc. 9.14.
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Puc. 9.14. Bpemsa omknauka kKomnapamopa LM311 npu pas3nuyHeix 8bix00HbIX nepeapyskax. (C paspewieHus
¢upmel National Semiconductor Corp.) Uu = #15 B; Tokp = 25 °C.

ObpatTuTe BHUMaHME Ha CHWKEHME TnapameTpa B KOHPUIypauuu, KOraa BbIXOAHOW TPAH3UCTOP
MCNOMIb3YeTCA KaK MOBTOpPUTENDb, T.e. He3 ycuneHua. YBeanyeHne BXOAHOrO HamnpsKeHua YCKOpPAEeT MpPOLECChI,
MOCKOJIbKY CHUXKEeHME Ko3dbUUMEeHTa YCUAEHUA Ha BbICOKMX 4acTOTax KOMMEHCUMpyeTcs OO/bLIMM CUTHAIOM.
Kpome TOro, yBesinyeHne BHYTPEHHMX TOKOB YCUANTES NO3BOJIAET YCKOPUTL 3apa BHYTPEHHMX EeMKOCTeN.

B 1abn. 9.3 npuBeAEHbl XapaKTEPUCTUKN DO/bLIMHCTBA COBPEMEHHbLIX KOMMNApPAaTOPOB.

9.08. ¥YnpasneHue sHewHel uyugpposol Hazpy3Kol om
KMOII- u TT/l-anemeHmos

YnpasneHue ¢ nomouibto TT/1- 1 KMOM-31eMEHTOB YCTPOMCTBAMM PENENHOrO TUNA, TaKMMW, KaK amnbl
(cBeToamoapbl, CUA), pene, ycTpoicTBa OTOBPAXKEHUA U AaXKe Harpy3KM C NePemeHHbIM TOKOM, He AO0CTaBUT Bam
0cobbix TpyaHocTen. Ha puc. 9.15 npeactasneHbl HEKOTOPbIE CNOCODbI yrpaBaeHUs.
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Puc. 9.15. ¥npasneHue Hazpy3kamu om so02uyveckux yposHed.

Ha cxeme g noKasaH cTaHAapTHbIM cnocob ynpasneHua CUA-MHAMKATOPOM OT 5-BONLTOBOM AOrMKKM. TT/I-
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3N1eMeHTbl /ydlwle paboTatoT Ha OTBOAE TOKa, Yem Ha oTaade, nostomy CWUA noaknodaetcs K +5 B; ans
KMOM-anemenTos CNA MoxKHO noakaodate nmnbo kK U+, ambo Kk 3emne. CU/ BeaseT ceba Kak Avod C NPAMbIM
nageHnem HanpsxkeHua ot 1,5 o 2,5 B npu TMnosbix paboumx Tokax oT 5 ao 20 MA; MCNoNb3ya HeKoTopble
Camble COBpPeMEeHHble BbiCOKoaddeKkTnBHble CK/, Bbl MOAYYMTE XOPOLUYHO CBETOOTAa4Yy BCEro MpW HECKObKUX
Munanamnepax (dupma Stanley BbinyckaeT ocnenuTesnbHO fApkue npubopbl). Bmecto auckpeTHbix CUA wn
pe3ncTopa MOXHO Mcnosb3oBaTb CU/ ¢ MHTErpasbHbIM TOKOOTrPaHMYMBAOWMM PEIUCTOPOM (MK PEryNSTOPOM
TOKa), KOTOpble BbIMYCKAOTCA MHOIMMU GUPMamK; nocMmoTpuTe KaTanorn ¢upm Dialight, General Instrument,
Siemens n Hewlett-Packard.

Ha cxeme 6 mnoKa3aHO, KaK YynNpaBaATb 5-BONbTOBbIM CNADOTOYHbIM pene C MOMOLLbID  JIOTUYECKMX
3/1EMEHTOB, OTBOAA TOK MO TUMY CXEMbI O; AMO4, LWYHTUPYET MHAYKTUBHbIE BbIBpOCHI. Pene, nokasaHHOe Ha cxeme,
BbIMO/IHEHO B CTaHAapTHOM Kopnyce DIP ¢ conpoTmueieHnem obmoTkn 500 Om (noTpebnsieMblit TOK cocTaBaseT
10 MA, 4TO COOTBETCTBYET BO3MOMHOCTAM OONbLWIMHCTBA 3/1EMEHTOB 5-BO/ILTOBOM NOrMKK). Cxembl 8, 2 U 0
npeAHasHavyeHbl 414 yNpaBAeHWA BbICOKOBOMIbTHOM Harpyskon. Ha cxeme B BeHTMAb 74LS26 ¢ OTKpbITbIM
KOMINeKTOpoM, paboTatolwmii oT UCToYHMKa 15 B, ynpasnserca 12-BONbTOBbIM pesie, @ Ha CXemMe & «CABOEHHbIN
nepndepunitHbln - bopmmposaTenb» 75451 ynpasndeT HeKoW HeonpeaeneHHOM Harpyskon B AManasoHe
HanpseHun ao 30 B 1 TokoB a0 300 MA. BbiNycKatoTcA TaKXKe aHanoruMyHble npubopbl € OTKPbITbIM
KONNIEeKTOPOM, NpefiHaszHavyeHHble Ans paboTbl ¢ HanpakeHnem 80 B 1 gaxke ¢ 6onblWIMMKM, Yem B Npeaplayuiem
C/yy4ae, TOKamM; nosHakombTecb € cepuelrt DS3600, Bbinyckaemon dupmort National, n c cepmelt MOLLHbIX
dopmuposaTeneinr dupmbl Sprague (UCN/UDN/ULN), BKAtoUatoLLen NpeBocxodHble OKTalbHble GopMUpoBaTenn B
kKopnyce DIP. B cxeme 0 Mbl MCMOAb30Ba M HMU3KOMOPOTOBbIA N-KaHa/lbHbI MOLLHbIA MOJEBOM TPAH3UCTOP;
6narofapa BbICOKOMY BXOAHOMY MMMeAaHCy TPaH3MCTOpa TakoM cnocob ynpasneHus ocobeHHo yaobeH. Mpwu
ynpasneHuu TT/1-ypoBHAMK a8 obecnevyeHna HOPMasibHbIX YCA0BUIA paboTbl lyYlle UCMO/b30BaTh PE3NCTOPHYIO
NOABECKY K MUTaHMIO, MOCKOIbKY MMHUMAa/bHbIA rapaHTMPOBaHHbIA B TT/1-a1emeHTax BbICOKUIA ypoBeHb (2,4 B)
ABNAETCA CIMLIKOM HU3KUM.

PaccmoTpeHHble Bbllle cnocobbl MOFyT OKasaTbCA Henpuemanmbimn ana anemeHtoB HC, LS nan 74C ns-3a
orpaHuMyeHuit No Bbixody (0TBOAALLMI TOK COCTaBAAET COOTBETCTBEHHO 5,8 1 3,5 MA). [1na ynpasieHus 60ablLIMMN
CWO moxKHO BOCMO/Ib30BaTbCA 3afeMeHTaMu Tuna 74AS1004 (cliecTepeHHbI MHBEPTOP C TOKOM OTBOAA WM
oTaaun 48 mA). Tpu ynpaBAeHUN CUAbHOTOYHOM HArpysKol OT SIOTMYECKUX INEMEHTOB CaeayeT no3aboTuTbea o
MaCCMBHOM 3eMAAHON WNHE A8 NOABOAA 3EMAN K KPUCTaNY, MOCKO/bKY TOK Harpy3kM BO3BPALLAETCA Ha 3eM/It0
MCTOYHMKA MUTAHMA Yepe3 KpUCTana. B HEKoTopbIX Cayvasax LenecoobpasHO MCMONb30BaTb OTAENbHbIA MyTb
BO3BpaTa 3eMu.

Ha cxeme e nokasaHO NPUMEHEHME Npn-TPaH3UCTOpPa ANA NEePeKNtoYEHMA CUAbHOTOYHOM Harpy3ku C
NMOMOLLbO  5-BONLTOBOM NOMMKW. [Ns KOMMyTaLmMmM OOAbLUMX TOKOB MCMO/b3ylTe BTOPOM TPaH3UCTOP, Kak
MOKa3aHO Ha cxeme M(. Ha cxemax 3, U npeAcTaBiAeH cnocob ynpaBAeHWA Harpyskamu, MNOAKAYEHHBIMU K
oTpULATENbHOMY MOJIOCY WMCTOYHMKA NWUTAHMA. BbICOKMIA BbIXOAHOWM YPOBEHb OTKPbIBAET pPNpP-TPAH3UCTOP W
HaMpAMKeHWe HacbILWeHMA Ha KOJIJIEKTOpe CTAaHOBWUTCA Bbllle MOTEHUMana 3eMIM Ha BeMUYMHY MadeHuA
HanpsxeHua Ha anoae. TOK aMUTTepa, a, CeJ0BaTe/IbHO, M MaKCMMasbHbIA TOK KO/eKTopa (Harpysku), B cxeme
3 onpenenseTcs PesncTopom (UM MONOKUTENbHbIM MPeae/ibHbIM TOKOM BEHTWAA). B yaydlleHHON cxeme U B
KayecTBe bGydepa wcnonb3yeTca nNpn-noBTOPUTENb; AMOA, BK/IOYEHHbIM MNOCAEA0BAaTE/NbHO C  BbIXOAOM,
YOEPHKMBAET HArpysKy oT nepenagos Bbllle 3eMau. B 0boux caydanx MaKCUMMasbHbIA TOK Harpy3ku paBeH TOKY
3IMUTTEPA pPNp-TPaH3UCcTopa. AHANOTMYHbIE CXEMbl BbIMYCKAOTCA B MHTErPajbHOM WCMOJAHEHUW; OHUM UMEIoT
KMOM/TT/1-coBMeCTUMbIE BXOAbl W BbICOKOBO/IbTHbIE BbIXOAbl C Harpy304HOM CNOCOBHOCTbIO MO TOKY A0
HECKONIbKUX COTEH MUAAnamnep. MNMonpobyiTe npumeHnTs anemeHTbl DS3687 (300 MA, — 56 B) dupmbl National u
pacnpocTpaHeHHyto ceputo UDN dupmbl Sprague. B Tom cnydae Korga Bbl MCMOJSb3yeTe CNabOTOUYHYIO NOTMKY
4000B/74C c BbIXOAHbIM TOKOM e4Ba [AOCTUTalOWMM MUAAMaMNepa, caedyeT npedyCMOTPeTb chneuyanbHbIn
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MOLLHbI popMMpOBaTENb, faxke ANA CBeToaModa. Ha cxeme K MoKasaH HafeXHbld cluecTepeHHbln Bydep,
YyNpaBAAOWMIA CBETOAMOAOM. ITOT 3/1EMEHT MOXKET paboTaTb C OTBOAOM ToKa OT 5 Ao 50 MA Npu HanpaKeHUK
nuTaHua oT 5 ao 15 B cOOTBETCTBEHHO (Harpy3o4yHad CnocoBHOCTb BbIXOAA YBENUYMBAETCA C YBeAMYEHWMEM
HanpsXeHua nuTaHuAa). B cxemax s, M UCMOAb3yloTcA elle 6osee MmollHble dopmuposatenn — 40107,
coaepallyii  MOLLHbIA N-KaHanbHbIM  MOT-TPpaH3MCTOP Ha BbIXOAE C OTKPLITbIM CTOKOM (OTBOAALIMIA TOK
coctasaseT oT 16 A0 50 MA Npu HanpseHWn nNuTaHns ot 5 Ao 15 B, cooTBeTcTBEHHO), M DS3632 C MOLLHbIM npn-
dopmuposaTesieM Mo cxeme [apAMHITOHa, paccyMTaHHbiM Ha Tok 300 mA. MOXKHO, pasymeeTcsa, Bcerda
MCNONb30BaTb M AWCKPETHble BHELIHWE TPAH3UCTOPbI, KaK B CXeMax X, W, HO WX MPUMEHEeHWe OrpaHuUyeHo
6a30BbiIM TOKOM MeHee mMunaMamnepa. [JUCKpeTHbI n-KaHanbHbln MOM-TpaH3ucTop B cxeme O 0cobeHHO
Xopouwo paboTaeT co «cnabeHbknumm» KMOI-anemeHTamum.

[Ons ynpaBneHns yaaneHHOM Harpy3Kom MaM Harpy3kom ¢ He3aBUCMMOM CUCTEMOM 3a3eM/IEHMA fydLle BCEro
MCNOAb30BaTb OMNTPOH. 3TOT NpMbOpP COAEPKMUT CBETOAMOA, (Ha CTOpPOHe POopMMpOBaTENd), KOTOPbIA OcBeLLaeT
doTonpmemMHUK (Ha cTopoHe Harpysku). ONTPOHbI BbIMYCKAKOTCA Ha pPa3/IMYHbIE CKOPOCTM C PasINYHbIMMU
KOHOUIypaUmMaAMM BXO0B/BbIXOA0B (/IOMMYECKMA BXOA, MAM MPOCTO CBETOAMOZ; /SIOTMYECKUI BbIXOA, BbIXOA C
HaCbIWEHHbIM TPaH3UCTOPOM (MK cxema dapauHIToHa), Bbixod ¢ MOM-TPaH3MCTOPOM UAW BbIXO4, C TUPUCTOPOM
AN CUMUCTOPOM; CM. puC. 9.26).

TUMUYHBIM MPUMEPOM ABAAETCA PACcnpPOCTpPaHeHHbIM 3anemeHT 4N36, nokasaHHbiM Ha puc. 9.15, H; aToT
3/1IEMEHT COAEPMKMT MNPOCTON CBETOAMOJ Ha BXOAE, NPN-TPaH3UCTOP Ha BbiIxode W MOXeT paboTaTb npu
HanpsxkeHun 2500 B ¢ BpemeHem nepekatoveHuna 4 MKC. MUHMManbHbIA KO3GOUUMEHT nNepefayn no TOKy
coctansetr 1.0, mMo3aToMy OCTaeTcA TO/IbKO MPOMYCTUTb 4Yepe3 CBETOAMOL TOK, PaBHbIA MaKCMMabHOMY
BbIXOAHOMY TOKY. CyllecTByeT pAL ONTPOHOB, KOTOPbIE MCMNOJIb3YHOT SIOTMYECKMEe YPOBHM HA BXO4E W Ha BbIXOLE.
MNpUMepoM MOMKET CAy¥uTb onTpoH 740L6000 dupmbl General Instrument; ypoBHM Ha BxoAe M BbIXxoAde
COOTBETCTBYIOT YpOBHAM LS, Bpema pacnpocTpaHeHua cocTaBaseT 60 Hc (15 Mlu), HanpaxeHue usonaumm —
2500 B. B 60/1bLLUMX KOAMYECTBAX €r0 MOXKHO Nnpuobpectu 3a 3 Ao,

Hanbonee npoctbiM cnocobom ynpasBneHUa Harpy3Kon nepemeHHOro Toka ABAAeTCA cnocob, OCHOBaHHbIN,
KaK MOKa3aHO Ha CxeMe 0, Ha NMPUMEHEHWW TBepAoTe/NbHOro pene. Pene 3Toro TMna npeacTaBaseT coboMn
CMMWUCTOP C OMNTMUYECKOM CBA3LIO C NOTMYECKMM BXOAOM W Harpy3o4YHoW cnocobHocTbio no Toky oT 1 ao 40 A npu
KOMMYyTaUMKW Harpysku C nepemeHHbIM HanpsaxeHuem 115 B. CnaboTouHble pene B H6onbwom pasHoobpasunm
BbIMyCKatoTCs B Kopnycax Tuna DIP (Hanpumep, cepua «MHTerpanbHbix Katoden» oupmsbl International Rectifier), B
TO BpemAa Kak Hosiee MolIHble pefie BbINMyCKAlTCA B BWAE MNPAMOYro/ibHbIX 6/10KOB CO CTOPOHAMMW, PaBHbIMM
NPUMEPHO 2 AOMMaM, NpeaHa3Ha4YeHHbIX 414 YCTaHOBKM Ha waccu. C Apyro CTOPOHbI, Harpy3kuM nepemeHHoro
TOKa MOMHO KOMMYTMPOBATb C MOMOLLbIO 0ObIYHOMO pese, yNpaBAAeMOro /JI0TMYecKUM 3nemMeHTOM. [pn 3Tom,
04HaKo, 06A3aTeNbHO U3yunTe TeXHUYECKMEe AaHHble, NOCKOAbKY DOMBLUMHCTBO pene, yNpaBAaeMmblX SIOTMKOW, He
CNOCOBHbI KOMMYTMPOBATb HO/MbWME HArpy3KM NMepemeHHOro Toka M BaM MOHAZobUTCA forvyeckoe pene ans
Toro, 4ytobbl yNpaBAATb BTOpbIM 60nee MowHbIM pene. [ToYTK BO BCEX pene MCMOAb3yeTCA KOMMYTauUMA No TUMy
«rnepexoAa yepes Hyab» (MW «HYJEBOro HanmpsKeHUs»), KoTopas B AEMCTBUTENbHOCTM ABAAETCA KOMBUHaLMen
BK/IOYEHMA MO HYJI€BOMY HAMPSXKEHWIO W BbIKAOYEHWA MO HYJNEBOMY TOKY; 3TO BeCbMa MoJjiesHaa 0CcobeHHOCTb,
OHa NpefoTBpallaeT nonafaHue BbIBPOCOB M MOMeX B WWHY NUTaHMA. MHOro «mycopa» Ha CWIOBYH LUMHY
NepemMeHHOro ToKa nonajaeT OT CMMUCTOPHbLIX KOHTPO/IEPOB, B KOTOPbLIX KOMMYTaLMA OCYLLECTBNAETCA He B
MOMEHTbI Mepexofa Yepes Hy/b, TaKOBbl, HaNpUMep, Peryaatopbl cBeTa € $a3oBbiM yNpaBAeHUEM AOAA
OCBETWUTENbHbIX /1lamMMN, TEepMOCTaTOB W ABuratenei. B KayecTBe anbTepHaTMBbI  OMTUMYECKOW  CBA3M,
MCNONb30BAHHOM B CXeMe 0, MHOTAA MOMXHO BCTPETUTb MMMYAbCHBIA TpaHchOpMaTop 414 NOoABOAA MMMY/bCOB
3aMycKa K CUMUCTOPY WMAK TUPUCTOPY.

Ona ynpaBneHua 7-CErMeHTHbIMU UMOPOBLBIMU UHAMKATOPaMM MPOLLE BCEro MCNOAb30BaTb 3/1EMEHThI,
obbeanHaowme aewmndpaTop U dopmmposaTenn. PasHoobpasme 1Mx nopasuTenbHo, — ¢ GopmMMpoBaTENAMN A4
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CNO v Ana KUOKOKPUCTANIUYECKMX WMHAMKATOPOB, C BO3MOXHOCTAMW OTBOZA W OTAAYM TOKA M T. N. TUANYHbLIMMK
npuMepamu ABASIOTCA 3NEMEHTbI «peructp/aelwmndpaTop/dopmuposatenn» Tuna 74HC4A511 (CUA ¢ obuwmm
KaToaom) n 74HCA543 ana RUAKOKPUCTAANNYECKUX UHAMKATOPOB. bonee noapobHo 06 aTom ByaeT U3N0KEHO B
paszgesie No onTo3NeKTpoHMKe (paszd. 9.10).

9.09. ConpaxceHue

-MOIT bUC

Bo/bWKNHCTBO cxem BONbLIOK 1 o4eHb HoAbLLIOK cTeneHn MHTerpaunn (BNC, CBMC) nsrotaBnmeatoTca cenyac
Cc wucnons3oBaHnem KMOIl-TexHONOrMM; OHWM 00N3JaAT TaKoW Ke MpuUBAEKaTeNbHOM CNOCOOHOCTbIO K
COMpPAXKeHUto, KaK 5-BonbToBble nornyeckne KMOT-BEHTUAN, U MHOTUMW APYTMMKW BO3MOMXKHOCTAMM KPWUCTaNN0B
cpeaHen ctenenn uHterpaumm (CUC), paccmoTpeHHbIMM Bbile. OaHako gonroe Bpema Kpuctanabl BUC n CBNC
M3roTaB/IMBaA/INCb TOJNIbKO Ha nN-kaHanbHbix MOI[-TpaH3MCcTOpax B pexume oboralweHns ana Toro, 4tobbl
YNPOCTUTb TEXHONOTMYECKMI MpPOLLECC M NOSYyYUTb BOoNee BbICOKYIO MAOTHOCTb. Takaa n-MO[M-nornka nonyydmna
LLIMPOKOE PacnpoCTpaHeHMe, NOSTOMY BaKHO 3HaTb, KaKMM 0OPa3OM MOMKHO OCYLLECTBUTL conpsiKeHne n-MOIM-
norvkn v KMOM/TTT n Kak obecneynTb CBA3b BX0A08/BbiIx0A08 N-MOT-N0MMKU C BHEWHMMWU OUCKPETHLIMM
cxemamun. bonbwmnHetBo Kpuctannos n-MOIM BUAC cosmectumbl ¢ TT/1, TeM He MeHee 34eCb eCTb HEeCKONbKO
TOHKMX MOMEHTOB, KOTOpbIE CAeayeT PacCMOTPETb.

Bbixoabl n-MOI[M-anemeHToB. Ha puc. 9.16 nokasaHa BXoAHaA Lenb UHTErpaabHOM CXeMbl Ha N-KaHanbHbIX
MOMM-TpaH3ncTOopax, npeaHasHavyeHHas aas pabotsl ¢ TT/1. T1 — uHBepTOp, @ T2 — WCTOKOBbIM MOBTOPUTE/b C
MasbiIMW FTEOMETPUYECKMMM Pa3MepPamMmu, 3aAat0lnn HEOBXOAMMbBIA TOK OT WWHbI NUTAaHMA (Pe3ncTop 3aHAN Obl
C/MLLKOM MHOTFO MECTa, NMO3TOMY B KayecTBe CTOKOBOW Harpysku Bcerga ucnosbsyerca MO[M-TpaH3ncTop); YacTo
Mcnonb3yeTca W ApPYyrok cuMmBon Ana u3obparkeHua T2. B COBPEMEHHbLIX CXeMax KPEMHWEBbLIX BEHTUAEN
NopOroBoe HanpaXeHWe BXOAHOro TPAH3MCTOpa HaxoamuTca B AuanasoHe oT 1 4o 1,5 B, nosatomy BXO4 MOXHO
HenocpeacTBEHHO noAaxatodaTtb K TT/1 nam KMOT1-norvke. B HEKOTOPbLIX CTapbiX CXemax MOPOr MOXKET OKa3aTbCA B
AvanasoHe oT 2 Ao 3 B, B 3Tux cay4vaax ansa ynpasnaenua ot TT/1 aydwe mcnonb3oBaTb pesmctop 1-10 KOm,
NOAKAOUYEHHBIN K WKHe NuTaHus; ana KMOIM obbl4HO 3TOro He TpebyeTcs.

Hm;— +5B

i
L

H

Puc. 9.16. BxodHaa cxema n-MO[-nozuku 8 pexcume o0bo2auwieHus.
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Bbixoapl n-MOI[M-anemeHTOB. BbiXOAHas cTyneHb 5-8onbToBOM N-MOIM-N10rMKK NokasaHa Ha puc. 9.17.

Vep +5 8
T HCTONOBbIH
2 NOBTOPUTENb
H Buixop
T Knwou

Tox orpauu 0.2 mA npn 2,4 B
— Tou otB0Aa 2,0 mA npu 0,5 B

Puc. 9.17. BbixodHasa cxema n-MOT-no2uxu.

T1 npeactasnaeT cobon Koy, a T2 — UCTOKOBbIM MoBTOpUTENb. [N TOro Ytobbl YCTaHOBWUTL Ha BbIXoAe
HUXHWI YpOBEHb Ha 3aTBOP TpaH3ucTopa T1 nodaeTcs Hanpsa)keHue +5 B; HanpsaxeHwe Ha BbIXxoAe NpPWM 3TOM
bynet HMKe 0,5 B garke npm 0TBOAE TOKAa B HECKO/IbKO MU/IIMAMMEP.

CuTyauma B COCTOAHUM BbICOKOTO BbIXOAHOMO YPOBHA HECKONbKO YXYALAeTCA: NpY MUHUMANIbHOM BbICOKOM
BbIxoAHOM TT/l-ypoBHe +2,4 B HanpAaXKeHWe 3aTBOP-UCTOK COCTaBAAeT Bcero 2,6 B, 4TO NpMBOAUT K CPAaBHUTEIbHO

BbICOKOMY 3Ha4YeHMWIO COMPOTUBAEHUA RBK/; AnA 6osiee BbICOKMX BbIXOAHbLIX HaMPAMKEeHWn cuTyaumsa ObiCTpo
yXyALaeTcs.

KpuBble Ha puc. 9.18 nAnoCTpUpyrOT 3TO NONOXKEHMUE.

L = wn

=

BelX0AHOR HANDAMCEHHE ——a=

3 4 5
Tok oTRaum / Tok 0TBOMA , MA

Puc. 9.18. Tunossie 8bix00HbIEe xapakmepucmuxku no moky n-MOIll-anemeHmos. 1 — mok omoayu; 2 — MoK
omeoda; 3 — MoYKa 3anycKa cxemel [lapauH2moHa.

B pesynbTate HarpysodHas crnocobHocTb n-MO[M-Bbixoga cocTaBnseT scero 0,2 MA (oToada Toka) npu
HanNpAXeHnn Ha BbiIxoge +2,4 B. 370 BNoAHE AONYCTUMO AAa ynpasaeHua TT/1-BXxogamm, HO BbIXOAMT 3a Npeaesbl
nonyctmumoro ana 5-sonbtoBort KMOT-N0rMKkM (MCNONb3yMTe Pe3ncTop, NOAKAOYEHHbIM K WKMHE NUTAHWUA, UAK
BcTaBbTe BeHTUAb HCT nan ACT); noaobHaa HenpuaTHas cuTyauma nsobparkeHa Ha puc. 9.19.
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Puc. 9.19.

Ona pabotbl CUA C ypOBHAMM TOKOB MY/IbTUMIEKCMPYEMOrO YCTPOMCTBa oTobpaxeHna (25-50 MA BO
BK/HOYEHHOM COCTOAHMM) BbIxod, n-MOIl-a3nemeHTa [0/KeH 0oTAaBaTb TOK okono 1 MmA npu +4,1 B. Ho 310
HEBO3MOXHO, MOCKOAbKY HanpsxeHue U3M ponkHO npu aTom 6biTh Bcero 0,9 B, a moxeT ObiTb, Aaxe HuKe
MOPOroBOro HampAXeHMA NoJeBOro TpaH3UcTopa. BcnomHuUTe elle, Y4TO BCe CXeMbl 5-BOIbTOBOM IOTMKM LO/IKHbI
bYHKUMOHMPOBATb MPU OTKAOHEHUW HanpAXKeHWa nuTaHua £10 %, T. e. npu Hanps»eHun +4,5 B. s ynpasneHua
CBETOAMOAAMU (MAN OPYTMMKU CUABHOTOYHBIMK Mpubopamm) oT nN-MOM-31eMEHTOB KeNaTe/bHO MCMO/b30BaTh

CXeMbl, MOKa3aHHble Ha pumc. 9.20.
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Puc. 9.20. ¥npasneHue Haepy3kamu ¢ 8bixo008 n-MO[1-anemeHmMos.

B nepBoit cxeme HU3KMK Bbixod n-MOI[M-anemeHTa OTOMpaeT TOK 2 MA, mnepeBoas pnp-TPaH3UCTOp B
COCTOAHWE MOHOM MPOBOAMMOCTWU. Ha BTOpOI cxeme npn-TpaH3ucTop cxembl JapAVMHITOHa MepekatoyaeTca B
OTKPbITOE COCTOAHWE MabIM BbIXOAHBIM TOKOM N-MOT1-31emeHTa, HaXxOA4ALLEroca B COCTOAHMM BbICOKOrO YPOBHSA.
B 370l cxeme BbICOKMI Bbixoa, GUKCUPYETCA Ha ypOBHE NaAeHMUA HaNpAXeHWA Ha ABYX AMOAaX Bbille 3eMAU, YTO
MOXET MOKA3aTbCA He COBCEM «APYKentobHbIM» 0BCTOATENBCTBOM, HO OKasblBaeTcs, 4TO Bbixogbl n-MOM-
3/1eMEHTOB MPOEKTUPYIOTCA C TaKMM PacyeTom, YTOObl UX MOXKHO Obl10 TakMm 06pa3om 3aKopaymBaTb Ha 3eMIO;
NpMyem AO0CTaTOYHO Masble BbIXOAHble TOKM MOJYyYatoT BO3MOMXKHOCTb YMpaBaaTb 6a3oi TpaH3McTopa C
33a3eM/IEHHbIM 3MUTTEPOM B cXxeme [lapAuHrToHa 6e3 HapyweHus pabotocnocobHocTn. Tunosoi n-MOIM-Bbixos,
MOKeT oTaasatb 2 M A npu +1,5 B B 6a3y cxembl JJapAnHITOHA, NpM 3TOM CNOCOBHOCTb BbIXOAa OTBOAMTL TOK A5
TaKMX CXeM, KaK «cllecTepeHHaa» matpuua JapavHrtoHa, coctasuTt 250 MA npu 1 B. B ceputo ULN dumpmbi
Sprague BXOZAT HECKONBbKO CLUECTEPEHHbIX M OKTaNbHbIX MaTpuy, [JapanHrtoHa B kopnycax Tuna DIP.

9.10. OnmossieKmpoHUKa

B AByx npeaplaylimx raaBax Mbl MCMOAb30BaAM CBETOAMOAbI M UMPPOBbIE MHAMKATOPHbIE MPUOOPbLI Ha
CBETOAMOAAX B PA3/IMYHbIX MPUMMEpax CXem Mo mepe Heobxoammoctn. CBeToAMoAbl OTHOCATCA K OBLWMPHOM
061aCTV ONTO3/IEKTPOHMKK, KOTOpasA BKAKOYAET B cebA 1 ycTpoicTBa 0ToOpaXKeHMa Ha OCHOBE APYrnxX TEXHOIOTUHN,
3 UMEHHO, UAKMX KPWUCTANN0B, NIOMMHECLEHTHBIX M razopaspaaHbix npubopos. 3Ta 061acTb BKAKOYAET TaKkKe
ONTUYECKME 3/IEKTPOHHbIE YCTPOMCTBA, KOTOPbIE MCMO/b3YIOTCA HE TOMbKO KakK MHAMKATOPbl M AWUCTIAEN; K HUM
OTHOCATCA ONTPOHbI, TBEPAOTENbHble pene, AaTYNKM MNONOKEHUA («npepbiBaTeNn»), AMOAHble Na3epsbl,
MaTpUUHble AeTeKTopbl («npubopbl ¢ 3apaaoBon ceasbio», M3C), aNeKTPOHHO-ONTUYeckne npeobpasosaTeny u
H6onbloe pa3Hoobpasne KOMMNOHEHTOB, MCMO/Ib3YEMbIX B BOJIOKOHHOM ONTUKE.

XoTA Mbl 6y,qelv\ n Aasblle MUCNOoJZIb30BaTb B Ka4eCTBe NMPUMEPOB pPas/iMyHbIE «BOJILIEOHbIEY FIpVI60pr no
mepe nx HeO6XOLI,I/IMOCTVI, HaM NpeacTtaBaaeTca yMmeCTHbIM O6paTVITbCﬂ K 061acTm ONTO3/TEKTPOHUMKN, MOCKO/IbKRY C
Hen cBA3aHb! HEKOTOpPbIE o6cy>+<,qaeMb|e 34ecCb I'IpO6}'IeMbI conpAaxXeHna NOornkn.

NHOMKATOPbl. DNEeKTPOHHbIE MPUMBOPLI BbITIAAAT Donee NpuBAeKaTeIbHO M NPOLLEe B MPUMEHEHUK, eCn Ha
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HUX eCTb Pa3HOLBETHble NamMModyku. B 3Toi 0b61acTM CBETOAMOAbl MOSHOCTbIO BbITECHWAM BCe Mpeablaylime
TEXHONOTMU. Bbl MOXKeTe npuobpecTn KpacHble, MKEeNTble W 3e/1eHble MHAMKATOPbI, MpUYEeM B Pa3/IUYHbIX
Kopnycax, Hambonee yaobHbIMM M3 KOTOPbIX ABAAIOTCA JaMMbl A7A MOHTa)a Ha NaHennm W pasnyHble TuMbl
MHOMKATOPOB A9 MOHTaXKa Ha nevyaTHoW nnaTe. KaTasorm npeactaBAatoT nopasuTesnbHoe Mx pasHoobpasne no
pasmepam, LBEeTy, CBETOOTAa4YM U Yray M3iydeHns. NocneaHsa XxapakTepucTMka TpebyeT HEKOTOPOro NOACHEHMUSA:
B TaK Has3blBaemble «3a/IMBHble» CBETOAMOAbI BBOAMTCA CMelLMasbHOE pacCenBatollee BELECTBO, MO3ITOMY MX
CBEeYeHMe B LIMPOKOM [AManasoHe yrna 3peHus OAMHAKOBO, BO MHOIMX C/ydasx 3TO XOpOLWO, HO 3a 3TO Bbl

pacniavymnBaeTeCb APKOCTbIO.

C 271EeKTPUYECKOM TOYKM 3PEHUS CBETOAMO[ NpeactasnseT coboin obblYHbIM AMOA C NPAMbIM MaAgHUEM
HanpsaKeHua oKkono 2 B (Npu U3roToBNEHWN CBETOAMOAOB MCMOAL3YIOT dochua apceHnaa rannma, obnagatowmi
bonee WMPOKOM 3anpelleHHON 30HOM W, cnefoBaTesibHO, OOMbLIMM NafeHUEM HanpPAXeHUs B MPSMOM
HanpaBAeHUM, YeM KPeMHWI). TUNUYHbIE «3aNMBHbIE» CBETOAMOAbI NMAHENbHOrO TWMAa AAt0T XOpollee CBeYyeHue
npyu npamom Toke 10 MA; B yrnybneHHoW 4acTv npubopa MOMKHO 060MTUCH 0ObIYHO 2+5 MA, 0COBEHHO ecnu

MCMNONIb3YOTCA CBETOAMOAbl C Ma/ibIM YIZTOM U3ZTYy4EHUA.

Ha puc. 9.21 nokasaHbl cnocobbl ynpaBieHna MHAMKATOPamMM Ha CBETOAMOAaX.
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Puc. 9.21. ¥npasneHue c8emoouoOHbIMU UHOUKAMOPAMU.

BONbLWNHCTBO CXeM OYEBMAHO, OAHAKO 3aMeTbTe, YTO, MOCKOJbKY OunonspHble TT/l-aneMeHTbl UMET
HebONbWOW TOK OTAAYM, CXEMY MNPUXOAMTCA CTPOMTb TaK, 4YTOObl HW3KMIMA NOTMYECKMI YPOBEHb BK/KOYAN
cBeToAMoA, ANA CpaBHeHMA oTmeTum, 4to KMO[M-cemeicTBa CUMMETPUYHBI OTHOCUTENbHO Harpy304YHOM
CnocobHocTM no Toky. N-MOI[M-cxembl, Kak U bunonapHble TT/l-cxembl, 061aaaloT cnabon oTaayYen ToKa, K Tomy
e MX CNocobHOCTb K OTBOAY TOKA BECbMa OrpaHuWyeHa, Mo3ToMy cieayeT MCNo/sb3oBaTb Bydbep (Hanpumep,
BeHTMAb HCT) wMAM AMCKPETHbIM MNOMEBON TPaH3MCTOP. YUTUTE TaKKe, 4UYTO HEKOTOpble WHAMKATOpbl Ha
CBETOAMOAAaX BbIMYCKAOTCA C BHYTPEHHUMM TOKOOrPaHUYMBAIOWMMUM PE3UCTOPAMM (MM AaKe C BHYTPEHHeMN
CXemMoi GUKCaLMM TOKA); B 3TUX CAy4anXx BHELIHMI Pe3UCTOP MOXKHO He CTaBUTb.

MOKHO MCMNONb30BaTh HeboblIME MATPULbLl MHAMKATOPOB, Habopbl u3 2, 4 uan 10 ceeToaMoaos B pAad,
npeaHa3HavyeHHble 4158 MOHTasKa Ha nevatHon naate. MNociegHne UCNob3yoTCA Yalle BCero A5 BbiBOAA AaHHbIX
B BUAE /IMHEWHbIX rucTorpamm. OHM BbIMYCKAlOTCA KaK A1A BEPTMKA/NbHOTO MOHTa)Ka, Tak M A8 MOHTa)ka nog,
NPAMbIM YrA0M. MOMKHO TaKMe MCNoMb30BaTb UHAMKATOPbI 419 MOHTa)ka Ha MaHenu, B KOTOoPbIX 06beauHeHb!
KpacHble 1 3e/eHble CBETOAMOAbl B OAHOM Kopryce. MaHesib Npu 5TOM CTaHOBUTCA BblpasuTesibHee, — MJoxue U
XOpollne YCA0BMA OTOOpaxatoTcs pasHbiMM  LBeTamMu. Mbl MUCMOMb3yeM WHAMKATOPbl Ha CBETOAMOaX,
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BbIMyCKaemble TakMmmn dupmamu, Kak Dailight, General Instrument, HP, Panasonic, Siemens u Stanley. MocneaHss
crneumann3npyeTca Ha samnax Heobbl4aHO BbICOKOM 3GGEKTUBHOCTM, Bbl MOMETe y3HaTb 3TW Npubopbl Ha
BbICT@aBKaX MO 3/1EKTPOHMKM MO M3YMNEHHbIM B3rns4am NOCeTUTeNeN.

Oucnnewn. Jucnaeem HasblBAOT ONTO3NEKTPOHHBIM NPMOOP, KOTOPbLIA MOXeT 0Tobpa3nTb undpy (undposoi
ancnnen), 16-puunyto undpy, T.e. 0-9 n A-F (16-puuHblit aucnaeit) uam nobyo bykesy nan umobpy (bykBeHHO-
undpoBon aucnnen). B HacToswee BpemMs AOMUHMPYIOWMMM TEXHONOTUAMU MPON3BOACTBA AMCMIEEB ABAAOTCA
CBETOAMOAbI W KUAKME KpUCTanabl. Muarokpuctanamveckne gmcnnen (HKKO) — 370 HoBeWwana TexHoMOrus,
KoTopasa obnafaeT CylWecTBeHHbIMU NpeumyllecTBamn ana HatapeHoro 06opyaoBaHWA, MNOCKONAbKY MMeeT
O4YeHb HM3KYD MOLLHOCTb paccemBaHua, Ana 0HOpyA0BaHMA, HaxOAAWErocA Ha OTKPbITOM BO3AyXe WAW B
YC/I0BUAX BbICOKOWM BHELWHEN OCBELLEHHOCTW, ANA CO34aHMA AWCNAEEB C 3aKa3HbiIMM GOPMaMM M CUMBOSAMU U
amcnnees ¢ 60bWKMM YncaoM LUMdp 1 B6ykB. C Apyron CTOPOHbI, CBETOAMOAbI HECKOIbKO MPOLLE B MPUMEHEHWNMU,
0COBEHHO, eCc/iM BaM HYXXHO BCEro HecKosibKo umop nam Hyks. Kpome TOro, OHW BbIMYCKAtOTCA Tpex LBETOB U
XOPOLWO BbIMAAAT B YCA0BMAX MOHWMMKEHHOM OCBELWEHHOCTM, TAe WX MOKa3aHMA JIerye CUYMTbIBAKOTCA, Yem
nokasanma HKK/A.

B obnactn aucnnees Ha OO/bLIOE YMCAO CMMBOJIOB, CKaKeM, Ha OAHY WM [Be CTPOKM TeKcTa, ¢ MK/
KOHKYPUPYIOT rasopaspsagHble (NaasmeHHble) AMCNAeirHble naHenu, ocobeHHOo B TOM Cayyae, Koraa Tpebyetca
ACHOCTb M KOHTPACTHOCTb. BMecTe ¢ Tem nnasmeHHble Aucrnien notpebasoT 60/bliyio MOLWHOCTb, MO3TOMY A9
HaTapenHoro ob6opyaoBaHMA aydlle UCnosib3osaTth KK/,

Oucnnen Ha ceeToamomax . Ha puc. 9.22 nokasaHbl pasHOBMAHOCTM AMCNNEEB Ha CBETOAMOAaX.
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7-CECMEHTHBIR  16-CerMEHTHHM  ToueYH.MaTpHLA

5x7

Pnc. 9.22.

MpocTellUMM ABAAETCA 7-CErMEHTHbIM AMCnAeil; OH MoxeT oTobparkaTb undpbl 0-9 u wecTb Hyks
paclimpeHns (A-F), xoTa nocneaHue oTobpaskatoTcs HECKOAbKO Heykaoxe (AbcdEF). Bbl moxkeTe npuobpecTu
OAHOCMMBO/IbHbIE 7-CErMEHTHbIE MCMIEN CaMbIX PAa3HbIX PA3MEPOB M AUCMIEN B BUAE «Majnoyek» no 2, 3, 4 unu
8 cMMBO/10B (0ObIYHO OHM MpeaHasHauYeHbl 418 MYAbTUMNEKCMPOBAHWA — CMMBOJIbI OTOBPAXKaAlOTCA NO OAHOMY
bbicTpO cneaya Apyr 3a Apyrom). OAHOCMMBO/IbHbIE AMCNAEN WMEHT BbiBOAbI AAA 7 CErmMeHToB W 0bLwero
3/1EKTPOAA; TakMM 00pasom, BO3MOXKHbI [BE PAa3HOBMAHOCTM AMCNieeB — C OOWMM KaToAoM M C obwmm
aHoAOM. B Aaucnnesx Ha HECKOJbKO CHMMBOJIOB BbIBOAMTCA OOLWMIA  31EKTPOS  Kakaoro CMMBO/A, HO
COOTBETCTBYHIOLLME CErMEHTbI OOBEAMHAIOTCA; 3TO, KaK Pas TO, YTO HYXKHO A1 MyAbTUMNIEKCUPOBAHUA.

16-cermeHTHblE AWCMAEUM M MaTPUYHblE AMCRAEUM Ha 5X7 TOoueK BbIMyCKaloTcA B ABYX BapuaHTax: «Tymble»
AWCNNEN, B KOTOPbIX BbIBEAEHbI CErMEHTbl M OOWMIA 371eKTPoa (TaKKe Kak M B 7-CETMEHTHbIX AWCNAeax) u
«YMHbIE» AMCNAEU, KOTOPbIE MPUHMMAIOT Ha cebs BClo Taxenyo paboTy no gewmndpaunn u bopmmposaHuto. He
byaem 6onblle 3aHMMaTbC 0000LLIEHNAMM, PAaCCMOTPUM NyYlle HECKO/bKO NMpumepoB (puc. 9.23).
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Puc. 9.23.¥npasneHue oucnneem Ha 7-ceeMeHmHOM c8emoOuo0HOM UHOUKamope, a — 00Hoyugposol; 6

— MYAbMmunAeKcupo8aHHsl.

Ha nepBoi cxeme NOKasaH crnocob ynpaBneHWa AWUCMNAEEM Ha OAHOM 7-CErMEHTHOM CBETOAMOAHOM
UHOMKaTOpe C 0BWMM KaTodom. dnemeHT HCA511 — 370 anemeHT «pernctp/mewmndpatop/popmmnposatens ¢
npeobpasoBaHNeEM [BOMYHO-AECATUYHOIO KOZa B 7-CErMEHTHbIN»; OH cnocobeH OTAaBaTb TOK OKO10 15 MA npwu
aKTMBHOM Bbixode +4,5 B. MocnenosatenbHble PE3UCTOPbI rAPaHTUPYIOT, YTO TOK CErMEHTOB OyAeT orpaHu4yeH
YKa3aHHOM BENMYMHON NPU NPAMOM NaAeHMM HanpsKeHuAa Ha amodax 2 B. MOXKHO MCnonb30BaTb mMaTpuuy M3
OZMHAKOBbIX PE3UCTOPOB B YA0OHOM KOprnyce ¢ 04HOPAAHbIM PAcroIOKEHMEM BbIBOAOB.

Ecan Bbl Mcnosib3yeTe NMPUHLMN MY/bTUMNAEKCMPOBAHMA, T. €. BbICBEUMBAETE TONLKO OAHY UMbPY 33 OAHO
obpalleHne, Bam NOHaZ0bUTCA BCEro OAMH KpPWUCTana AelwmndpaTtopa/bopmmposaTens, Oarke npu oTobpaxKeHum
HECKONbKMUX undp. Ha puc. 9.23, 6 nokasaH NPUHLMN MyAbTUNAEKCMPOBaHUS; ncnonbayetcs BUC 4-paspsaHoro
(MecATUYHBIX Pa3psaoB) CYETYMKA C BCTPOEHHBIMU 7-CEFMEHTHbBIMU MYNbTUMEKCUPYEMBIMU HOPMUPOBATENAMM.
dnemeHT 74C925 npefocTaBnseT CBOM CEerMeHTHble GOPMMPOBATENM (AKTUBHbLINA BbICOKUI YPOBEHb C HOMbLION
Harpy3o4HoM cnocobHOCTbIO) MO ovyepear B PACMOPsSMEHWe Kaxaon uudpe, OAHOBPEMEHHO YCTaHaB/MBas
aKTUBHbIN BbICOKMIA YPOBEHb Ha COOTBeTCTBYHOWEM LmMbpoBom Bbixoae A-D. OcTanbHas YacTb cxembl He TpebyeT
NOACHEHWM, 32 UCKNIOYEHNEM, DbITb MOKET, TOM HEMPUATHOCTU, YTO LMDPOBbLIE BbIXOAb!I MPUKMMAKOTCA K YPOBHIO
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BbllE 3&M/IM, COOTBETCTBYIOWEMY MAZEHUIO HanpsxkeHua Ha auoge. K cyactblo, 74C925 ponyckaet nogobHoe
BK/ItOYEHME, MOCKO/bKY LIMbPOBbLIE BbIXOAbl MMEIOT BybepHyo 1 TOKOOrPaHMYMBAIOLWYO LEemMb.

Ha puc. 9.24, a nokasaHo, Kak ynpasaaTb OAHUM 16-pPUYHbIM AUCTAEEM, BbIMNOSIHEHHBIM B BUAE TOYEYHOM

maTpuubl 5x7.
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Puc. 9.24. MilumeepaneHeie ducnaeu, a — 0OHOCUMBO/bHbIU, mo4YyeyHas mampuud, 6 — 4-cumsosnbHsil, 16-
ceameHMHbIl, adpecyemsil.

dnemeHT HP 5082-7340 aABnAeTcA NpMMEPOM «YMHOFo» AMcnaes C  BCTPOEHHbIMWU  PErncTpom,
newmndpatopom n bopmmpoBaTenem. Bce, 4To Bam Hafo cAenatb, — 3TO BbICTaBUTb 4-paspAdHble AaHHble,
noaoxaatb He meHee 50 HC M 3aTEM aKTMBM3MPOBATb PEIUCTP BbICOKMM ypoBHem. Ha puc. 9.24, 6 noKasaH oauH
M3 KUHTEANEKTYaNbHbIX» (YMHEe «yMHOro»?) aucnnees ¢Gupmbl Siemens — 4-CMMBOJIbHbLIA Habop Ha 16-
CEMMEHTHbIX aucnaeax. ITOT AuUCnaen npeaHasHayeH Ana Toro, Ytobbl paboTaTb C MMKPOMPOLIECCOPOM MO TUMy
NamsaTL; Mbl elle BEpPHEMCA K 3TOMy B C/ledylolmx AByX rnasax. Kopoye rosops, Bbl BbicTaBnsaete awbon 7-
Pa3pAdHbIA  CMMBOA U ero nosnumio (2-paspsagHbii  agpec), 3aTem nogaete WR' (3anuchk) Ha Bpems,
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rapaHTMpyrowiee aKTnBmM3auuto KpUCTannaa. LaHHble 3anomumHatoTCA BHYTPW 3/71€MEHTa, 3aTeEM OCYLLECTBNAETCA
CoOoTBeTCTBYOWEE MN3IMEHEHNE NO3NUNKN ONA OTO6pa)KeHVIFI o4yepegHoro cnmseoaa. Ha pwnc. 9.25 nokasaH Ha6op
OTO6pa)'KaEN\bIX CMMBO/10B.

Hagop CHMBONOB
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Bce Apyrue koAl nycToie

Puc. 9.25. Kods! 16-ceemeHmHoz20 ducnnes DL-3416 ¢pupmel Siemens.

(C paspewerunsa dupmbl Siemens Components, Inc.)

EcAam Bbl XOTUTE MCMOML30BaTb «Tynmow» AMcnaen (BO3MOMXKHO, TO, 4YTO Bam Hado, HeAoCTyrnHO
WHTENNIEKTYa/lbHOMY AMCRAEI0), HO Bbl yXKe M36asoBaHbl MPOCTOTOM WHTENNEKTyaslbHbIX AMCANEEB, MOMHO
NPOCTO NPUMEHUTb KPUCTaNA TNa 8-paspsaaHoro snemeHTa ICM7218/28 dupmbl Intersil, KoTopbili BbITAAAUT CO
CTOPOHbI MMKPOMPOLECCOPa Kak MamATb U KOTOPbIM YNpaBaAeT «TynbiM» CBETOAMOAHBIM AUChAenHbIM Habopom
OT COOTBETCTBYHLIMX CETMEHTHbIX M LUMdPpoBbIX dopmmpoBaTenei. [pyrot cnocob coctout B ToM, 4TODbI AaTb
BO3MOHOCTb MWKPOMPOLLECCOPY AenaTb BCO «yMHyt0» paboTy, MCnonb3ya paspadbl CBOMX «MnapaniesfbHbIX
NOPTOB» ANA YNPaBAEHNA COOTBETCTBYIOLLMMM ANHUAMM. ITO CTAaHeT A1a Bac H6o/see MOHATHLIM, MOC/Ae TOro Kak
Bbl YCBOWUTE A8€ rNaBbl 0 MMKponpoleccopax (a1. 1, 2).

KUOKOKpUCTaNIMYeCKMe U rasopaspagHble  aucnaen. MHOoroe wu3 TOro, Y4TO Mbl Y¥Ke pacCkasaaum o
ancnneax Ha ceeToamoaax, npumeHnmo m K KA. OQHaKO cywecTBYeT HECKObKO BaXKHbIX OTAM4YMIA. BOT 0AgHO U3
HUX: onAa ynpasneHus MK HeobxoAMMO MCNONb30BaTb NEPEMEHHOE HaMpAKEHWE, MHaye WX XKUAKUE HUTK
paspywatotca.  Mostomy  dopmuposaTenn  HKKA  0ObIMHO  reHepupytoT — NPAMOYrO/bHble  CUTHasbI,
CUHXPOHN3NPOBAHHbIE C  CUIHaAOM NOANOMXKM KA. Mpumepom MOXET  cayxutb  HC4543,
MUAKOKPUCTANTNYECKNIA POACTBEHHUK CBETOAMOLHOro 3N1eMeHTa "HC4511 T™™na
«pernctp/oewmndbpatop/dpopmmnposatenby.

[pyroe oTnnuyme cocTouT B TOM, YTO BaM He 4acTo NPUXOAUTCA BUAETb OAHOCMMBOJIbHbIE AUCMAEM HA
HKNAKMX KpucTannax. OHKW BbINyCKatoTCA B BMAe DOAbLIMX MaHenen, KoTopble 0TobpaKatoT O4HY UAN ABE CTPOKM
TekcTa. K cyacTbto, MPOM3BOAMTENM AOCTATOYHO ACHO MPeACTaBnAloT cebe, KakK MOXKHO MOAYYUTb [0BOJbHO
C/IOXKHblE BelLM, MO3TOMY OHW MOCTAB/AIOT COBEpPLUEHHbIE AMCMNAEN, KOTopble Bonee, YemM UHTENNEKTyaNbHbl —
NPOCTO Ha ypoBHe reHuA. B obuiem Bbl obpaljaeTecb K 3TUM AMCNAEAM 4Yepe3 MUKPOMPOLLECCOp M OHMU
npespaLLatoTcA B CBOEro posa 610K NamATK (Kak 1 B caydae aucnnes Ha puc. 9.24). OtobpaxaTtbca byaeT Bce, 4TO
6bl Bbl HW 3anucann. HekoTopble elwe Honee daHTacTMYECKME AMCMAEM MOWAWM AasKe Aajblue, OHM CMOCOOHBI
XPaHUTb HECKONIbKO COODOLLIEHMIA M OCYLLEeCTBAATL CBA3b Yepes3 nocsenoBaTesbHble NopThl. 3arnaHuTe B EMM,
4yTObbI Y3HATb NpomdBoanTenel (cm. bubnauozpaduro).
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Fa30paspsaaHble AMCMAEN BbIASNAOTCA CBOMMM KPACMBbIMM KPACHO-OPaHXEBbIMM CUMBOSIAMU; Bbl MOMKETE
MX YBMAETb Ha HEKOTOPbIX AOPOrOCTOALMX MOPTAaTUBHbLIX KOMMbtoTepax. Aaa paboTbl rasopaspaaHbiX AMcniees
HeobxoAMMbl  BbICOKOBO/IbTHbIE  GOPMMPOBATEAM U MPOU3BOAUTENM OObIYHO NpeaycMaTpuBaloT CcpeacTsa
bopmmpoBaHMa. Bbl  MoxeTe npuobpect 0AHO- M MHOTouMbpoBble AuMcnaen, a Takke 6bosblune
MHOTOCMMBO/IbHbIE MaHenn C NamaATbilo U yaobHbIM MHTepdeincom. MpUMEPOM MNOCNEAHErO MONKET CAYXKWUTb
MHOTOCTPOKOBbIM aucnaen éupmbl Cherry, cCHabXeHHbI NamsaTblo C aBapUiHbIM HaTapelHbiM MUTaHWeM,
KOTOpas MOMET XpaHuTb 512 coobLEeHW, OCYyLLeCTBAATb PaCCAOeHWe AaHHbIX, MOCTyNaloWmMX B peasbHOM
maclwrabe BpemeHu, M NO3BOAET MPOWM3BOAUTL PEAAKTUMPOBAHME COOEPKMMOro. BO3MOMKHO, Bbl HasbiBaeTe
TaKkMe yCTPOWMCTBA He AMCMNNEAMM, @ KOMMbIOTEPAMM, KOTOPbLIM MOOKEHO MMETb Anchael!

OnTpoHbl W pene. M3nyyaTenb Ha CBETOAMOAE, PaA3MELLEHHbIM B HenocpeacTBeHHOM 61M30CTU OT
doToaeTeKkTOpa, 0H6pasyeT OYeHb MOJe3HbIM NPeaMeT, M3BECTHbIM Kak onTonapa WAM ONTPOH. B AByx croBax,
ONTPOHbI NO3BONAIOT 0becneunTb 06MeH LMbPOBLIMU CUTHANAMM (a MHOTAA M aHANOTOBbIMM) MEXKAY CXeMamMU C
pa3genbHON 3emnel. Takaa «rafibBaHMYECKana pa3BA3Ka» ABASETCA XOPOLWMM crocobom msberkaTb 3emMasHbIX
KOHTYpPOB B 060pyA0BaHMK, KOTOPOE YNpaBaseT yaaeHHON Harpy3koi. 3To 0COBeHHO BaXKHO B CXemMaX, KOTopble
B3aMMOZLENCTBYIOT C CMAOBbIMM duaepaMy MNepemMeHHOro Toka. Hanpumep, Bam NoHaaobunocb BKAKOYATH M
BbIK/tOYATb HarpeBaTesb No LMPPOBOMY CUrHasy, BbipabaTbiBaeMOMY MUKPOMPOLECCOPOM; B 3TOM C/yYae Bbl,
HaBepHoe, OyaeTe WCMONb30BaTb «TBEPAOTENbHOE» pefie, COCToAllee W3 CBEToAMOoAa, MOAKAYEHHOro K
CUIBHOTOYHOMY CUMMUCTOPY. HEKoTOopble MMMY/NbCHbIE UCTOYHWKM NUTAHWA, yNpaBisemble NepemMeHHbIM TOKOM,
(Hanpumep, UCTOYHUK NUTaHKUSA, Uchosibayemblit B IBM PC-AT), MCNOMb3YIOT B M30/IMPOBAHHOM KOHType 0bpaTHOM
CBA3KM ONTPOH (CM. pa30. 6.19). TOUYHO TaKKe MNPOEKTUPOBLUMKM BbICOKOBOBLTHbLIX WCTOYHUKOB MUTAHUS
MCMNONb3YIOT MHOrAA ONTPOHbI ANA TOro, YTOObI NepeaaTb CUrHaA B CXEMY C BbICOKMM HaNpAXeHUEM.

Bbl MoOKeTe BOCMO/b30BATLCA [AOCTOMHCTBAMM OMNTPOHOB JaKE B MEHee 3K30TUMYECKMX CUTyauMmsax.
Hanpumep, ONTUYECKMIA MONEBOM TPAH3UCTOP MO3BOJIUT BamM MNEPEKOYMTb aHaNOroBbIA CUrHan 6e3 BCAKOW
MHBEKLMN 3apAna; TO Ke CaMoe CMpaBed/MBO O/1A CXeM KBAHTOBAHWA C 3aNOMWMHAHMEM W WHTErpaTopos.
Mcnonb3oBaHMe ONTPOHOB MO3BOAWUT M36eKaTb TPEBONHEHUI NPU YNPaBAEHUM KOHTYPaMM C MHAYCTPUANbHbIMM
TOKaMu, MNpMBOAAMM MOJIOTOB M T.M. HaKoHel, rajsbBaHMYecKas pa3BA3Ka ONTPOHAMW MpUroamMTCs B
NPEUM3MOHHbBIX M HU3KOYPOBHEBbLIX CXemax. TpyAHO, Hanpumep, BOCMO/b30BATbCA BCEMW [OCTOMHCTBAMKU 16-
paspsaaHoro AL, nockosnbky LMPOBblE BbIXOAHbIE CUrHAAbI (M MOMEXM Ha UMPPOBOM 3emse, K KOTOPOM Bbl
nofKato4aeTe BbIxoA nNpeobpasoBaTend) BO3BPALLATCA Ha «MNepedHMId Kpal» aHanoroBoi 4acTu. Bbl moxeTe
ocBoboanTb ceba oT Bcex 3ab0T, CBA3AHHbIX C MOMEXaMM, MPUMEHMB ONTUYECKYHO Pa3BA3KY B LUMPPOBOI YacTu.

OnTpoHbl 06blYHO obecneumBatoT n3onaumio B 2500 B (cpeaHekBaapaTUYHOE), COMPOTUBAEHUE WU30AALUK
102 OM 1 @MKOCTHYIO CBA3b MEXKAY BXOLOM U BbIXOLOM MeHee nukodapabl.

Mpexae 4em 0OpaTUTbCA K peasbHbIM  ONTPOHAMm, 6pocum bBernbit  B3rna4, Ha  dotoamonbl U
boTOTPaAH3MCTOPLI. BUAMMBIN CBET Bbi3blBAET MOHM3ALUMIO B KpeMHMM M obpa3oBaHMe Nap 3apAf0B B OTKPLITOM
6a3oBoi 061acTn; aPPeKT OT 3TOro TOYHO TaKOM e, Kak OT BHellHero 6a3oBoro Toka. CyliecTBytoT ABa cnocoba
MCNO/Ib30BaHMA GOTOTpaH3UCTOpPA:

1. B kauectBe $oTOAMOAA, NOAKNOUYEHHOTO TONbKO K HAa30BOMY M KONNEKTOPHOMY BbIBOAAM; B 3TOM C/yYae
$OTOTOK OyaeT CoCTaBAATb HECKO/IbKO MPOLEHTOB OT TOKa ceetoamoga. dotoamon reHepupyeT ¢GOTOTOK
HEe3aBMCMMO OT TOrO, NPUKAaAbIBaeTe Bbl HaMPSKEHWe CMeLLeHUA WAM HeT, CNedoBaTe/bHO, Bbl MOMKeTe
NOAKMOYATh €ro NPAMO K CyMMUPYIOLLEMY Nepexody OnepaLyoHHOro ycunutena (BUpTyasbHan 3aKopoTKa) uau
obecneynTts obpaTHOe cmelleHme (puc. 9.26 a, 6).
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Puc.9.26. a, 6

2.Ecam Bbl Mcnonb3yeTe TOK ¢oToamModa Kak 0a3oBbI TOK, TO MoAyvMTe 0DObIYHOE YyCUAeHMEe TOKa C
Pe3yNbTUPYIOLWMM TOKOM /K3, KOTopbIi, Kak npasmao B 100 pa3 6onblie 6a30BOro; B 3TOM C/ydae, Heobxoanmmo
CMECTUTb TPAH3UCTOP, KaK MOKasaHo Ha pwuc.9.26, 8. 3a yBENWYEHHbIN TOK NPUXOAUTCA NNatTUTb 6Gonee
MeZIeEHHbIM OTK/IMKOM, YTO 0BYCNIOBNEHO OTKPbLITOM 6a30B80M Lenbto. Oa4 NOBbILWEHNA ObICTPOAENCTBMA MOXKHO
006aBUTb pe3ncTop ¢ Hasbl HA AIMUTTEP; OAHAKO 3TO AaeT Noporosbin 3ddeKT, NOCKOAbKY GOTOTPAH3UCTOP He
NnepexoamT B COCTOAHME MPOBOAMMOCTM A0 TeX Nop, NOKa Tok ¢oToamnona He AOCTUIHET BEIMYMHDBI, AOCTAaTOYHOM
AN nonyyYeHus HanpsxeHusa UgsHa BHelHem 6a30BOM pe3unctope.

B uMdpoBbIX Cxemax MOPOr MOMKET OKa3aTbCA MOJEe3HbIM, HO B aHA/NOrOBbIX MPUBOAUT K HeEXKenaTe/bHOM
HeanHeHocTK. Ha puc. 9.26, 2-y NOKasaHbl TUNWUYHbIE NPUMEpPbLI MPUMEHEHWUA PA3IMYHbIX ONTPOHOB, C KOTOPLIMM
BaM, BO3MOXHO, AOBOAMIOCL BCTpeyaTbcA. Camble nepsble (M camble MpocTellive) npeactaBieHbl 31eMeHTOM
4N35, napa cBetoamMon — GOTOTPAH3UCTOP C KoaddMuMeHTOM nepedadn no Toky 40 % (MuH) 1 Bonblwnm
BPEMEHEM BbIKIOYEHMA 5 MKC Npu Harpyske 100 Om. Ha pucyHKe NoKasaH cnocob ero Mcnosib3oBaHMA: BEHTU/b
N pe3ncTop obpasyoT GopmMmnpoBaTeb C OrpaHNUYEHMEM MO TOKY 8 MA, @ OTHOCUTE/IbHO DO/bLION KONNEKTOPHbIN
Pe3nCTOP rapaHTUPYET NepeKItoYeHne Bbixoaa B Npeaenax J0rmMyecknx ypoBHEN C HACbILLEHMEM.

+5B8
::: R v 2
b, LA 1

= Koagg nepegayi TOKA
& 3nem MU BHICTPOR. HATD.
MCTZ(ronekoCB) 04% 30mxc ZrOm
8 MCTZ 20% 30mmc 2KOm
4N35 40% Swmmec 1000
MCT2200 100% Guxc 1000M
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Puc. 9.26. 8-y. OnmpoHel.

3ameTbTe, YTO NPUMEHEH MHBEPTOP C Tpurrepom LLIMKUTTa; 34eCh 3TO XOpOLasa MbIC/b B CBA3W C HONbLIMM
BPEMEHEM MepeKkMtoyeHna. Bbl moxkeTe npuobpect napbl cBETOAMOA-POTOTPAH3UCTOP C Ko3ddUUMEHTOM
nepefayn no Toky nopsaaka 100 % v Bbilwe (Hanpumep, MCT2201 c koadpduumeHTom 100 % (MMH)), a TaKKe napbl
cgetoamon — GOTOTPAH3UCTOPbl [JAapAMHITOHA; OHM Aaxe MedneHHee oTOTpaH3ucTopos! s nosbilleHMs
HbICTPOAENCTBMA NPOM3BOAUTENN UHOTAA Pa3aenatoT ¢boToamnoa 1 TPaH3UCTOP, Kak B afemeHTax 6N136 1 6N139,
ONTOTPaAH3UCTOP M onTocxema [ap/IMHITOHA.

3TN ONTPOHbLI, KOHEYHO, XOPOLLUM, HO MHOrAA pasaparkatoT HeobXoAMMOCTbIO MCMOAb30BaTb AMUCKPETHbIE
KOMMOHEHTbl M Ha BXOoAe M Ha Bbixode. bonee TOro, BXoA HarpyaeT 0bObluHble NOrMYEcKMe BEHTUAWU A0 MX
MaKCMMabHOM  Harpy3o4yHoOM CnocobHOCTM, a BbIXOA C MACCMBHOM HArpy3KoM «CTpafaeT» Meas1eHHbIM
nepekntoyeHnem u cnabol MNOMexXoyCTOMYMBOCTbIO. [as Toro 4Tobbl M36aBUTbCA OT 3TUX HEAOCTATKOB
KPEMHMEBbIE KYAECHWKM MpednaratoT Ham «1orMyeckme» ONTPOHbl. InemeHT 6N137 Ha puc. 9.26, u 3aHMMaeT
NPOMEXKYTOYHOE MONOXMEHNE — AMOAHbLIA BXOA, MU NOMMYECKMIA BbIXOJ, 3[4eCb BCe elle HyXeH D0/bloN BXOAHON
TOK (N0 TEXHWYECKMM AaHHbIM 6,3 MA MWH. ONA TOro, YTobbl rapaHTMPOBATb MEPEK/OYEHME BbIXOAA), HO Bbl
noslyyaeTe YMCTbIM NOrMYECKMIM nepenag (XOTA M C OTKPbITbIM KOMNEKTOPOM) M ckopocTb 10 MbuT/c. 3ameTbTe,
YTO Ha BHYTPEHHWE BbLIXOAHbIE CXeMbl HeobXOoAMMO MofaBaTb NUTaHWe +5 B. bosee HOBble 3/€MeHTbI cepum
740L6000 dmpmbl General Instrument (puc. 9.26, K) npeanaratoT To, YTO Bam AENCTBUMTENLHO TpebyeTca: BXOAbl U
BbIXOAbl C SIOTMYECKMMM YPOBHAMM, KaCKaZHbIA BbIXOA WAW OTKPbLITbIA KOAMEKTOP Mo BbibOpy M CKOpoCcTb 15
M6uT/C. TIOCKONBKY Ha BXOZE M Ha BbIXOAE MMEIOTCA JI0TMYECKMEe CXembl, 0be CTOPOHbI KpucTanna TpebytoT
NOL34YMN HANPANKEHUA ONA MUTAHWUA NOTUKK.

Ha pwuc. 9.26 nokasaHbl ele HeCKO/IbKO BapWMaHTOB CXeM B MPOAO/IKEHWEe TeMbl CcBeToaMon —
doTOoTpaH3UCTOp. InemeHT IL252 coaep:KMUT napy BCTPEYHO-BK/OYEHHbIX CBETOAMOAOB, MOSTOMY MM MOXHO
ynpaBaaTb NepemMeHHbIM TOKOM. [As nosydeHusa 3allMUIeHHOCTX No HanpsxeHuto 10 KB (cp. keaap.) B IL11
MCNOMb3yeTCA ANMHHbIA M30AAUMOHHbLIN 3330p (M COOTBETCTBYIOWMIA KOPMYyC); ANA OCTajbHbIX ONTPOHOB 3Ta
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Be/MYMHA cocTasnseT 2,5 kB. dnemeHT H11C4 — 3TO ONTOTMPMUCTOP, YAOOHbLIA ANA NMEepeKNtoYeHUs BbICOKUX
HanpsXeHun n Bonblimx TokoB. B MCP3023 oaHOHanpaB/ieHHbIM TUPUCTOP 3aMEHEH Ha CMMWUCTOP, T.e. Ha
ABYHaNpaBAEHHbIA TUPUCTOP; C €ro MOMOLLBIO MOXHO HENOCPeACTBEHHO YMNpPaB/AATb HArpy3kon nepemMeHHOoro
ToKka (puc.9.15, o). Mpu ynpaBAeHWUM Harpyskamu MNepemMeHHOro TOKa BK/IOYEHME HaArpy3Ku Jydlle BCEro
NpPOM3BOAMTb B MOMEHT NepeceyeHmna BOIHOM NEePeMEHHOro ToKa HyAs ANsa M3berkaHua nonagaHusa BbI6pocoB B
CUNIOBbIE NIMHUW. ITO NIETKO OCYLLECTBUTL C MOMOLLLIO ONTOCMMMUCTOPOB, COAEPMHALLMX CXEMY «NEepeKkNtoveHUA Mo
HY/IEBOMY HanpsaxKeHWto» (KoTopaa BAOKMPYeT 3amyCcK CMMUCTOpa A0 CAeaylolWero nepeceyeHms Hyns); Kak pas
TaKyl CXemy McnosiblyeT Hebonbwon anemeHT MCP3043, Kak M npuBeAeHHble Ha PUCYHKe «TBepAoTesibHble
pene» Ha bonee cunbHble TOKK. dnemeHT DP6110 dumpmsbl IR BbinyckaeTcs B 16-BbiBOAHOM Koprnyce Tuna DIP, a
MoOLLHble 3nemeHTbl D2410 n D2475 pacnonaratoTca B MOLLHbIX MoAyAsxX € pasmepamu 1,75x25x1 atoinma,
npeaHasHa4YeHHbIX ANA MOHTaxa € 0TBoAOM Tenna. OcTanbHble ONTPOHbI, NPeACcTaB/ieHHble Ha puc. 9.26, MOXHO
MCNOMb30BaTb ANA /NIMHENHbIX CurHanoB. [lonesble ONTOTpaH3McTOpbl cepmm H11F MOXKHO MCMONb30BaTb Kak
N30/IMPOBAHHbIA MEPEMEHHbIN Pe3nCTOP WMAW KaK M30/IMPOBAHHbLIM aHANOroBbIA KAOY. 34ecb HeT npobnem,
CBA3AHHbIX C COBMECTMMOCTbIO YPOBHEN HaMpPAXKeHWA, TMPUCTOPHbIM 3alLENKMBAHUEM WU BHECEHMEM 3apAA0B.
Bbl MOXKeTe MCnoab30BaTb OAMH M3 TaKMX 3/1EMEHTOB B KBaHTOBATENAX C 3aNOMWHAHWMEM W UHTErpatopax.
Moxoxumn npmubopamm aBaaoTca anemeHTbl «BOSFET» cepumn PVR, HO OHM coaepskaT B KayecTBe BbIXOAHOrO
3/leMeHTa Nnapy COeAMHEHHbIX MOCNeA0BaTeNbHO MOLLHbIX nonesblx MOTM-TpaH3ucTopa. TaKuMe 31emeHTbl
npeaHasHavyeHbl Npexae BCero [A1A HenocpeAcTBEHHOrO MepeKkloYeHNa Harpy3oK MepemMeHHOro Toka Mo
NPUHUMMNY ONTOCMMKUCTOPOB. dnemeHT H11V1 — 3TO NIMHENHbIN BWAEOM30ATOP C noaocoi yactotr 10 Mly, a
anemeHT ISO — 100 dpupmbl Burr-Brown-«ymHbIn» aHanoroBbld U30AALMOHHBIN 31EMEHT, B KOTOPOM CBETOAMOL,
MMeeT CBA3b C ABYMS COMN1acoBaHHbIMM GOTOAMOAAMM; OAMH M3 HUX MCMOAb3YeTCs B Lenu obpaTHOWM CBA3M ANA
JIMHeapu3aunn OTKAMKa BToporo ¢oToamosa.

MpepbiBaTenu. [lapy «cBeTOAMOA-OOTOTPAH3UCTOP» MOMKHO WMCMO/b30BaTb B KayecTBe AaTymKka 6aAM30CTU
AN ABuKeHuA. «ONTUYECKU NpepbiBaTeb» COCTOMT M3 CBETOAMOAQ, CBA3aHHOro no wenn 8 1/8 atolima ¢
doToTpaHanctopom. OH MOXKET OOHapyXKMBaTb MNPUCYTCTBME CBETOHEMPOHMLAEMONM MNOAOCKM WAW BPALLEHWA
Wwenesoro Aucka. [pyroln BapuaHT — cBeToamon M GOTOAETEKTOP, HamnpaB/ieHHble B OAHY CTOPOHY; TaKow
SN1eMeHT ODHapyXMBaeT MNPUCYTCTBME B HEMocpeacTBEHHOW 6AM30CTM oTpaxKatowero obbekta. B3rnaHuTe Ha
puc. 9.27.
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Puc. 9.27.a — onmuyeckuli npepsisamesns;, 6 — 0amyuk ompaxcarouie2o obvekma.

OnTUYecKkne NpepbIBaTENN UCMONb3YIOTCA B AMCKOBOAAX M NPUHTEpax ANA 0DHApYXeHUA Kpaa MOABUMKHOMO
y3na. MoxHO npuobpectn «Kodep BPalWEeHMA», KOTOPbIA reHepupyeT  KBAAPATYPHYIO  MMMY/bCHYHO
nocnefoBaTeNbHOCTb (ABa Bbixoda ¢ ¢daszosbim casurom 90°) npu BpaweHuM Bana. OH MPEKpacHO 3ameHaeT
PE3NCTUBHbIE MaHebHble OpraHbl ynpasaeHus (noteHumMomeTpsl). CMmoTpn pa3o. 11.09.

Mpwn pa3pa60TKe NtobbIx MPAKTNYECKNX CXEM, B KOTOPbIX Bbl co6mpaeTer MCMNO/1b30BaTb ONTUYECKUE
npepbiBaTen UAnN AaT4NKKM C OTPa*KEHUNEM, O6paTl/ITe BHMMaHWE Ha AdaTYHUKKN Ha Sd)CbEKTe Xonna Kak Ha
a}'IbTepHaTl/IBHbe/'I BapMaHT, 3TO TBepAOoTe/ibHble [AaT4UKM Ha MarHMTHOM Moae, npegHa3Ha4yeHHble A1A
onpeaeneHnAa CcrteneHum 6am3octn obbekTa. OBbIYHO AAaTYNKM TAKOro TUMa WMCNONb3YHOTCA B aBTOMODOW/IbHbIX
Cncremax 3axXmraHmAa BMeCTo HaKOHEYHMKOB MeXaHNYeCKNX npepblsaTeneM.

M3nyyaTenn w aeTekTopbl. Mbl yKe YNOMWHANM CBETOAMOAbl B CBA3W C AWMCNAEAMM W OMNTPOHAMM.
MocneaHee AOCTUMXKEHWE B 061aCTU ONTO3NEKTPOHWKM — 3TO AOCTYMNHbIE HeA0POTne TBEPAOTE/bHbIE AMOAHbIE
Nasepbl, — UCTOYHWMKM KOrePEHTHOrO CBETA B OT/IMYMM OT ANPDY3MOHHBIX cBETOAMOA0B. OAMH N3 HUX Bbl MOXKETE
YBUAETb, €C/IM OTKPOETE BEPXHIO KPbILLKY MOPTATMBHOIO MPOWrpbIBaTeNA KOMMAKT-AMCKOB. [MoAHble Nasepsl
cTosT oKkono 20 Jonn. M npodalTca  GUpMamMuM, MNPOM3BOAALMMKW  ObITOBYIO 31EKTPOHHYIO annapaTtypy
(Matsushita, Mitsubishi, Sharp n Sony). Tunu4HbI AMOAHbIN nasep reHepupyeT 10 MBT CBETOBOM MOLIHOCTM Ha
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800 HM (HeBMAMMBIA B OAMMKHEN UHbpaKkpacHoM obnactu crnektpa) npu Toke 80 MA M MpAMOM MNafdeHUM
Hanps»eHua Ha auode 2 B. BbIXOAHOM MOTOK M3/y4aeTca HEenocpeaCcTBEHHO M3 KPOLWIEYHOro OTBEPCTMA Ha
KpucTanne ¢ yrnom pacxoxieHus 10°-20°; ero MOMHO KOAJIMMWMPOBATb C MOMOLLbBIO JIMH3bI WM NOMYYUTb
napannenbHblA Ny4OK MAKW OYeHb MaseHbKoe GOoKycHoe NATHO. CBETOAMOOHbIe S1a3epbl WMPOKO MCNOb3yoTCA B
OMNTOBO/IOKOHHOM CBA3MN.

Elle oaHOW TexHONOMMEN NPON3BOACTBA U3NyYaTeNel ABAAETCA IMHENHAA CBETOAMOAHAA MATPULLA BbICOKOM
nnotHoctk; 300 wm3nyyaTenelt Ha OOMM W gaxe Honblle; TakKMe MaTpUUbl MCMONAb3YIOTCA B CBETOAMOAHbLIX
npuHTEepax. lpu ycnewHomMm pas3BUTUM MOAYNPOBOAHMKOBOM TEXHOMOMMU TaKMe MPUHTEPbl 3aMEHAT Na3epHble,
NOCKO/IbKY OHW NpoLLe, HagexHee 1 061afatoT KpaHe BbICOKOM paspellatoLleit CnocobHOCTbIO.

B 0b6s1acTi AETEKTOPOB CYLLECTBYIOT HECKObKO anbTepHATUB MPOCTbiM GoToAMoAaM U GOTOTPaH3UCTOPaM,
KOTOpble Mbl 0BCYyXKAann Bbille, 0cobeHHO Koraa TpebyeTcs CKOpPOCTb MAM YyBCTBUTENBHOCTL. B pa3d. 15.02 mbl
paccmoTpum PIN-amoabl, Nprubopsbl € 3apAa0BOM CBA3LIO U YCUAUTENN.
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LindpoBble cUrHanbl U AAMHHbIE NUHUM

Mpu nepefaye UMOPOBLIX CUrHANOB MO Kabenam wauM mexay OTAeNbHbIMW Npubopammn BO3HMKaOT
cneunduyeckne npobsembl. BaxkHytO pPosb HaYMHAOT MrpaTb TakMe 3PdEKTbl, Kak eMKOCTHad Harpyska Ha
BbICTpble CUTHaAbI, CMHMA3HbIE MEPEKPECTHble MOMEeXM, a TakKe 3PPeKTbl «AJMHHBIX AUMHUNY (OTparkeHue OT
HEeCOrnacoBaHHOM Harpysku, cm. paso. 13.09). YTobbl obecneunTb HadeKHyo nepenady, B HOAbLIMHCTBE C/yYaes
HeobXoAMMO MCMNONb30BaTb CneLMaibHble CPeACTBa U COOTBETCTBYOLWME MHTepdeicHble VIC. HekoTopble M3 3TMX
npobaem MOryT BO3HMKHYTb [AaKe Ha OTAe/bHOM MNevyaTHOW niate, NO3TOMYy HeobXoAMMO KOoe-4To 3HaTb O
cnocobax nepenayn uMdpoBLIX CUrHaNOB. HayHem c npobnem nepepaydnm B npedenax OAHOW NAaTbl. 3aTem
paccMoTpum npobiembl, BO3HMKalOLWIME NPU MNepesadve CUTHANOB MEXKAY NaaTamu, No WWHaM JaHHbIX, M
HaKOHeL, NpW nepegaye CUrHaA0B MeXay Npubopamm No CKPYYEHHbIM Mapam M KoaKcuasbHbIM Kabensam.

9.11. BHympunanameHbie coeoOuHeHUs

TOK nepexoaHOro npouecca BbIXOAHOINO Kackada. [ByxTakTHaa BbixodHaa cxema B TT/1 n KMOIM UC cocTout
M3 Napbl TPAH3MCTOPOB, BKAOYEHHbIX Mexay U+ 1 3emnein. Korga coctoaHne Ha BbIXOAe M3MEHAETCS, CYLLeCcTByeT
KOPOTKMI MHTEPBas BPEMEHM, B KOTOPOM o06a TPaH3MCTOPa HaXoAATCA B OTKPbITOM COCTOSHMM; Ha 3TOM
NHTepBane oT U+ K 3em/e NpoxoauT MMMY/bC TOKa, CO3[aBas KOPOTKMM OTpUUATENbHbIN BbIOPOC Ha WnHe U+ 1
KOPOTKMI MONOKNTENbHbINA BbIBPOC Ha 3eMAAHOM LWKMHE. 3Ta CUTyalLmMAa nokasaHa Ha puc. 9.28.

+)
-
UMC,
WML, MMC;
e Bbtipoc
- 20 we
Jemns - £
OnopHas Touxa
383EMNEHHA

Puc. 9.28.llomexu Ha wuHe 3emnu.

Mpeanonoxunm, 4to MC1 meHAeT CBOe COCTOAHME; B 3TOM C/lydae OT WuHbl +5 B K 3emne npoTtekaet
60/bLION KPaTKOBPEMEHHbI TOK MO yKa3aHHbIM NyTam (ana cxem 74Fxx mam 14AC(T)xx TOK MOXKeT A0CTUraTb
100 MA). 3TOT TOK B KOMBUHALMM C MHAYKTUBHOCTbIO MPOBOAHMKOB 3eMAU M U+ NpUMBOAMUT K MOABAEHMIO, KakK
MOKa3aHO Ha PUCYHKE, KOPOTKMX BbIOPOCOB HaMpAXKeHMA OTHOCUTENIbHO OMOPHOM TOYKM. HecmoTpAa Ha To, 4To
BbIOPOCHI MOMYT MMETb A/MTENbHOCTb BCero 5+20 HC, OHW A0CTaB/AOT MacCy HenpuatHocTen. MpeanonoKnm,
Hanpumep, 4to MC2, «NPOCTOAYLIHbIA CBUAETENbY, HAaXOAALWMNCA BOAN3KU «KPUCTaNNa-HaAPYLIMTENNR», HAXO4MUTCS
B COCTOAHMWU HMU3KOMO YPOBHA W ynpasaseT cxemoin MC3, pacnonoxeHHOM HeCcKoNbKo Aanbliue. [on0KUTEeNbHbIN
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BbIOPOC Ha 3eMAAHON LWKHe MC2 NoABAAETCA M Ha ee BbIXOAE W, eciu 3TOT BbibpOC A0CTaTOYHO BeAuk, MC3
BOCMPUMET €ro Kak KOPOTKWMA BblBPOC BLICOKOrO YpOBHA. TakMm obpasom, Ha MC3, pacnosioxeHHOM Ha
HEKOTOPOM PAaCCTOSHUKU OT «BO3MYTUTENS CMOKOUCTBUA» MCI, NOABUTCA MOJHOLEHHbLIN NOTUYECKUIA MMMYAbLC,
rOTOBbIN nNomewatb paboTe «A06POMNOPAAOUHON» CXembl. MHOTO ycuamii He Tpebyetca Ana Toro, 4tobbl
3anyCcTUTb UM COPOCUTL TPUITEP, M TakMe BbIOPOCHI TOKa MO 3eMISHOM LWKWHe 6recTallee ymeroT AenaTtb
nonobHyto paboTy.

Nydwein npodUNaKTUKOM NPOTUB TaKMX ABAEHUI ABAAETCA: @) UCMO/b30BaHME DOMBLIOTO YMCAA 3EMAAHBIX
WWH NO BCEM nnaTe BNAOTb A0 MPUMEHEHUA «3EMAAHbIX MNOBEpPXHOCTeN» (oAHa CTOPOHA [BYXCTOPOHHEN
neyaTHOW MaaThbl LESMKOM OTBOAMTCA MOA 3eMto) 1 6) 0b6MAbHOE MCMOMb30BaHNE KOHAEHCATOPOB Pa3BA3KM MO
BCeM cxeme. Yem MolUHEe LWKHbI 3eMaW, Tem MeHblle BblIbpoChl, WHAYLUMPOBaHHbIE TOKOM (MeHblle
WHIOYKTMBHOCTb W COMPOTMB/EHME). POAb KOHOEHCAaTOPOB PasBA3KM, BK/MOYEHHbIX Mexay U+ 1 3emaen u
Pa3bpocaHHbIX MO BCEW MaaTe, 3aKA0YaeTCs B TOM, YTOBbl NepeaaTb MMMY/bCbl TOKA MO KpaTyallwmm MyTAM C
HebONbLIOWM MHAYKTUBHOCTBIO M CYLLECTBEHHO YMEHbLIMTb BbIOPOCHI MO HaMPAXKeHWto (KoHAeHcaTop paboTaeT Kak
NOKaNbHbIN UCTOYHMK HaNPAMKEHMA, MOCKObKY HanpaskeHue Ha Hem CYLEeCTBEHHO He WM3MEHAeTCA BO Bpems
KOPOTKMX BbIBPOCOB TOKaA).

Jlydwe Bcero ycTaHOBMTb BO3/sie Kaxkaon MC koHaeHcaTop emkocTbto oT 0,05 go 0,1 mMK®, xoTa mokeT
OKa3aTbCA [A0CTAaTOYHbIM M OAMH KOoHAeHcaTop Ha age-Tpu MC. Kpome TOro, Ans 3anaca 3HEprum nosesHo
paccTaBMTb MO BCel naTe TaHTan0Bble KOHAEeHCaTopbl 6oMbWON eMKocTh (JocTaTodHo 20 mMkd, 20 B). Mexay
NPOYNM, KOHAEHCATOPbl PA3BA3KM MeXAy WMHAMM NMUTAHUA U 3eMIeN PEKOMEHYeTCA CTaBMTb B t0DObIX cxemax,
byab To unMdpoBbie UM NUHENHbIe. OHXM NOMOTaOT NPEBPATUTL WKHbLI MUTAHMA B HU3KOMMMNEAaHCHbIE MCTOYHUKM
HAMNPAMKEHUs Ha BbICOKMX YacTOTax WM NPeaoTBPallatoT CUMHAJIbHYIO CBA3b MEMAY CXeMamu 4yepes MCTOYHMK
nuTanma. LKnHbI nuTaHua 6e3 pa3BA30K MOryT MPMBECTM K HEnpeayCMOTPEHHOMY MOBEAEHMIO CXEMbI,
KonebaHnam M BoobOLLE K roN0BHOM Bonn.

Bbibpocbl, 00ycnoBAEHHbIE EMKOCTHbIMW  Harpyskamu. HecmoTps Ha pas3BA3KM MO MNWUTaHWIO, Balin
npobnembl ellle He 3aKOHYMANCH. B3rnsHMTe Ha puc. 9.29.

+5 +5
1 ! i o
¢ ~
— EmuocTe nposopa _T_
bpock« ToKa sl
BO3BpAlLBHTCA EMKOCTD
N0 WHHE 3eMAM 8x0aa
BbiGpoch: wa
WHHE 3BMAH !

Puc. 9.29.Mlomexu Ha WuHe 3emau U3-30 eMKOCMHOU Haz2py3Ku.
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UndpoBolt BbIXoA, OOHApyKMBAET MapasUTHYH EMKOCTb MOHTaXa M BXOAHYH emkocTb MC, KoTopoi OH
ynpasnseTt (0bbluHO, 5-10 Nd) Kak YacTb obulein Harpy3ku. [na Toro Ytobbl OCYLLECTBUTL OLICTPLIM Nepexon oT
COCTOAHMA K COCTOAHMIO, OH [0/IKeH 0TOobpaTh OT 3TOM HArpyskuM MM NodaTb B Hee BO/bLION TOK B COOTBETCTBUM
c | = C(dVv/dt). PaccmoTpum, Hanpumep, cxemy 74ACxx (5-BONLTOBbLIM BLIXOAHOW Nepenaf 3a 3 HC), KoTopan
ynpasnset obuiein eMKOCTblo Harpyskn 25 nd (ato cooTtBeTcTBYeT 3—4 NOrMYECKMM Harpy3kam C KOPOTKMMM
npoBoAHMKamK). TOK B MOMEHT JlorMyeckoro nepexoga coctasnseT 40 MA, T.e. MOYTM Ha MaKCMMabHOM
Harpy3o4HoM cnocobHocTu Bbixoda ynpasastoweit NC! 3ToT ToK Bo3BpallaeTca yepes 3emto (Mpu nepexone ot
BbICOKOTO K HWU3KOMY) MAW Yepes WKHY +5 B (Npu nepexose OT HU3KOTO K BbICOKOMY), MHAYLMPYA 3TN «LLIYCTPbIe»
MesieHbKMe BbIBPOCHI, O KOTOPLIX WA pevb paHee (4nA TOro Ytobbl NOAYYMTb NpPeacTaBieHMe 06 UX BeSUYMHE,
NPUMUTE K CBeAeHMIO TOT (aKT, Y4TO WMHAYKTMBHOCTb MOHTa)a COCTaBMfeT MpumepHo 5 HIH/cm. Ha atoime
3eMNISHOr0 NPOBOAA, MO KOTOPOMY MPOTEKAeT 3TOT TOK /IOrMYEcKoro nepexoaa, noasutca sbibpoc U = L(dl/dt) =
0,2 B). Ecnn UIC oKaxkeTca oKTaslbHbIM Bydepom C OfHOBPEMEHHbIMU NepexoJamu Ha NOAMOMKUHE BbIXOA0B, TO
BbIOpOCHl Mo 3emse npeBbicaT 1 B; cm. puc. 8.95. Moxoxkume BbIOpOChI MO 3emse (XOTS M MoMeHblle) NoABATCA
B6/M3M ynpasnsemoit UC, rae BbIOPOCH TOKA BO3BPALLAIOTCA Ha 3EM/IIO Yepes3 BXOAHYI0 eMKOCTb YrNpaBaAemMoro
npmbopa. B CUMHXPOHHbIX CUCTEMAX C OOAbWWM YMCAOM 3S1EMEHTOB, OLHOBPEMEHHO MEHAOLWLMX COCTOAHME,
cuTyauma c BblIBpocamm-nomexamm CTAHOBWUTCA HACTONbKO CEpbesHOM, Y4TO CXeMa He B COCToAHMM paboTaTtb
HagEeXHo.

Ocoboe 3HauyeHMe 3TO npuobpeTtaeT Aaa OOAbLWMX NEYATHbLIX MAAT C AJMHHBIMUA MENKCOEAMHEHUSMUN U
O/IVMHHBIM 3eMAIAHBLIM NyTemM. B Takol cxeme MOryT MpoucxoduTb cHoM, Koraa uenas rpynna AMHUA AaHHbIX
MEHAET CBOE COCTOAHME OT BEPXHEro YPOBHA K HM3KOMY, Bbi3blBad MOSB/AEHME KPAaTKOBPEMEHHONO O4YeHb
60blIOro TOKa Mo 3eme. Takas MHGOPMALIMOHHAA 3aBMCMMOCTb ABMAETCA XapaKTepHoM ocobeHHOCTbIO cOoes,
0OYCNOBNEHHbIX MOMEXaMW, W XOPOLWWMM O0DBOCHOBAHMEM A/1A MNPOroHa PacCliMPEHHbIX TEeCcTOB MNamATh B
MWKPOMPOLLECCOPHbIX CMCTEMAX (B KOTOPbIX 0ObIYHO MMeeTcA 16 NMHUIA AaHHbIX U 24 aipeCHbIX AMHUM C CaMbIM
pa3HoOobpasHbIM pacnpeneneHmem nHbopmauun).

Hamnyqwmii noaxos K NPOEKTUPOBAHMIO COCTOMUT B TOM, YTODbI MCMO/Nb30BaTb MACCUMBHYK Pa3BOAKY 3eMAN
(ona obecneyeHMa HU3KOM MHAYKTUBHOCTW), Jy4ylle BCEro B BWAE BHYTPEHHEro C/IoA 3eMM Ha MHOTOCI0MHOMN
nnate (cm. ea. 12) nam no KpamHel mepe neprneHAMKYAAPHbIX 3eMIAHbIX NMPOBOAHWKOB C 06oMX CTOpPOH Hosee
NPOCTOMN ABYXCTOpPOHHEM nnaTtbl. OBMAbHOE WCMNONb30BaHWE KOHAEHCAaTOPOB pa3BsA3KkM o0bA3aTesbHO. OcCTpoTa
aTnx npobnem He Tak BenMKa A1A BbICOKOBOALTHbIX KMOM-anemeHToB (6nrarogapa meaneHHbiM GpoHTaMm); C
[PYroi CTOpPOHbI, ANnA normyeckmx cemencts F, AS n AC (T) 3T1 npobnembl AOCTUratOT HaWBbICLIEN OCTPOTHI.
HenicteutensHo, cemelictBo AC (T) HacTONbKO CKJAOHHO K AMHaMUYECKMM BbIDpOCaM TOKa, YTO HEeKoTopble
nsrotosutenn (HaumHaa ¢ TI) OTKasanucb OT TPAAMLMOHHOIO  «YrIOBOTO»  PACMNONOMKEHWA  BbIBOAOB
3eMAN/NUTaHMA B MOMb3y «LEHTPaAsbHOro» pPacnofoKeHus ¢ 6osee HW3KON MHAYKTMBHOCTbIO BbIBOAOB; OHM
nownu euwe Aanblle, UCNO/Ib30BaB ANA CHUXKEHMA WHAYKTMBHOCTM 3eM/IN YeTblpe COCeAHMX BblBOAA. YUMTbIBAA
3TV NpobBaembl, Ny4ylle He NPUMEHATb 6e3 HyKabl ObICTPOAENCTBYOWEE NOTUYECKOE CEMENCTBO; BOT MOYEMY Mbl
PEKOMEHA0BaAN MCMONb30BaTb A1A 0bwmx uenen normky HC, a He AC.

9.12. MexnnamHsie coeoOuHeHUA

B cnydae norMyeckmx CUrHanoB, nepegaBaemMblX Mexay naaTamu, BO3MOKHOCTEM ANA NoABNEHNA NMOMeEX
CTaHOBMTCA Bce Oosiblie. BospacTaeT eMKOCTb MNPOBOAHWKOB, LEMb 3eMJN CTAaHOBUTCA AJIMHHEE, MOCKO/bKY
Tenepb OHa npoxoauT no Ka6e/'IF|M, pasbeMHbIM COEANHUTENAM, NJIaTHbIM pacWMpuUTenam mn T. 1. |_|03TON\y
Bbl6pOCbI no 3em/sie, BO3HMKakOWKMe 3a CHET TOKOB BO BpemMAa JIOTMYECKMX MepexodoB, KaK Mnpaswmo, bonbliue u
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BbI3blBalOT 60/ble 6eCnoKOMCTB. Jlydle BCero crtapatbCa M3beraTb nepefayn mexay niatamy TakTUMPYHOLLMX
CUrHaNoB C BONbLUMM KO3POULMEHTOM Pa3BETBNEHMSA, €C/IM 3TO BO3SMOXHO; a NPOBO/a 3a3eM/IEHMSA K OTAE/IbHbIM
naaTam caenatb A0CTaTOYHO MOLLHbIMU. ECAM TAKTUMpYIOWME CUTHasbl BCE Ke MepeaatoTcs Mexay naaTamu, To
LenecoobpasHo MCNOMb30BaTh Ha Kax4oM MnnaTe BEHTM/b B KayecTBe BXoAHOro bydepa. B KpaiHem ciydae
MOXKeT noHagobutca UC nuHenHoro dopmmposaTens M NpMemHuKa, HOo 06 3TOM HECKO/bKO no3sxe. B nobom
CNyYyae KpUTMYECKME CXeMbl Jyylle pacrnonaraTb Ha OAHOW nnaTe: y Bac MOSABAAETCA BO3MOMKHOCTb
KOHTPO/IMPOBaTb MHAYKTUBHOCTb LIEMM 3EMAM M CBECTU K MUHUMYMY eMKOCTb MOHTaxa. [Mpobaembl, ¢ KOTOpbIMM
Bbl CTO/IKHETECH MPW MEPEecbi/IKe BbICTPLIX CUrHAJI0B Yepes HECKO/bKO MaT, TPYAHO AaKe OLEHWUTb, OHW MOryT
0bepHyTbCA HacToAWMM HeACcTBMEM A/19 BCEFO MPOEKTa.

9.13. llJuHbI OQHHbIX

Koraa 60/blioe 4ncao noacxem obbeaMHATCA B LWMHY AaHHbIX (6onee noapobHo 06 aTom cm. 21. 10 n 11),
yNnomMsaHyTble Npobaembl CTaHOBATCA ellle Hosiee OCTPbIMU. Bonee TOro, NOABASIOTCA HOBble MOMEHTbI — 3ddeKTbl
OJIVHHbBIX IMHUIA, 0BYCNOBAEHHbIE O/IMHON U MHOYKTUBHOCTBIO CaMWUX CUIHaNbHbIX AUMHWA. 1A cambiX ObICTPbIX
3CNT UC (ECLII, ECL100K c dpoHTOM MeHee 1 Hc) 3T 3ddeKTbl CTaHOBATCA HACTO/IbKO BaKHbIMK, 4TO BCE
CUrHa/bHble Uenu anvHoi 6onee 1 Alolima cnedyeT PacCMaTpuBaTh Kak IMHUMM nepeaadn M COOTBETCTBYHOLLMM
06pa3om MX COrNacoBbIBaTS.

Ona WuH aaHHbIX Ntobol cywecTBeHHON AanHbl (1 ¢yT 1M Bonee) HanmayywWmMm NOAXOAOM, MO-BUAMMOMY,
ABNAETCA NpUMeHeHMe 0ObeAMHUTENBHOM NANATbl C «3eMAAHOM NNOCKOCTbio». ObbeanHUTeNbHaAA naaTa (Ccm. es.
12) npeactaBnaeT coboi NPOCTYHO MeYaTHYO NAaTy, COAEPMKaLlyo PAA PasbeMHbIX COeANHUTENEN NoJ NeYaTHbIN
MOHTaXX 418  MOAKAYEHMA  OTAENbHbIX  CXEMHbIX M1aT, COCTABAAKOLWMX  BCIHO  JIOTUYECKYHD  CXEMYy.
Ob6beanHUTENbHbIE NAATbl — 3TO 3KOHOMHOE pelleHne Npobnembl 06beAMHEHUA NAAT, @ €C/IM OHWU BbINOHEHbI
COOTBETCTBYIOLMM 06pa3omM, TO U pelleHre 3NeKTpUYecknx npobniem. MpPoBOAHMKM, PacnonoXKeHHble BOAU3K
3eMIM, UMEIOT MEHbLLYIO UHAYKTUBHOCTb M MEHEe CKIOHHbI K 06pa3oBaHMI0 eMKOCTHOM CBA3U C Ban3nexalmmm
CUTHANIbHBIMM  IMHUAMMW, MO3TOMY A8 CO343aHMS MPOCTON 0ObeAMHWUTENBHOM NAaTbl BCE CUTHA/bHbIE JWHWUK
cnefyeT PacnofioXMTb Ha OHOW CTOPOHE, a APYryro CTOPOHY OTBECTWM NOJ OCHOBATE/IbHYI 3EMAHYIO MJIO0CKOCTb
([BYXCTOPOHHMeE nevyaTHble NAaTbl MMEHT LMPOKOe pPacnpoCTpaHeHWe, HO AN CAOMHbIX CXemM BCe valle
HaYMHAIOT NPMMEHATb MHOTOC/IOMHbIE MeYaTHble NAaTbl).

MNMocneaHee 3amedaHune Ha 3Ty Temy. Koraa apdpekTbl AMHHON IMHUM TUMA «3BOHOB» 1 BbIOPOCOB MO 3eme
CU/IbHO Bac [OMNEKYT, Bbl, BO3MOMHO, B OTY4asAHWM npuberHeTe K pacnpoCTpaHEeHHOMY MpUemy: MOAKAYUTb
KOHAEHCATOP MPAMO K BEHTW/IIO, YNPABASEMOMY AJMHHON NMHWEN. Mbl cammn Aenann 3T0 HEOAHOKPATHO, TEM He
MeHee Mbl He peKkomeHZyem npuberatb K 3TOMYy ManoM3AWHOMY MPUEMY, MOCKOJbKY OH TObKO YCIOMHAET
npobnemy H60/blLIMX TOKOB MO 3eM/IE BO BPEMSA /IOTMYECKMX nepexoaos (cm. pasd. 9.11).

OKoHeyHas Harpyska WWH. CUrHanbHble AUMHMKM WWH OOALLIOM AJMHLI NPUHATO HArpysKaTb Ha CamMoM
[ANlbHEM KOHLE PEe3ncTopamu, MOAKAYEHHbIMM K MUTaHUIO UAKW K 3emae. [O/WHHble napbl NpOBOAOB WM
KoaKcuasbHble Kabenu ob61afatoT «XapaKTepuCTUYECKMM MmnedaHcom» Zg (06 aTom noiger pedyb B 1. 13).
CurHan, pacnpocCTpaHsloWMAca No  Kabeno, KOTOPbI  HarpysKeH 3TMM  MmnedaHcom  (Kctath, Bceraa
PE3UCTMBHbIN), MOHOCTLIO NOr/AoWaeTcss 6e3 BCAKMX OTparkeHu. Jliobasa apyras BeAnYMHa Harpysku, B TOM Ymcie
M XONOCTOM XOA, BbI3bIBAET OTPAXKEHHblE BOJIHbI, aMNAMTyAa M dasa KOTOPbIX 3aBMCUT OT PacCOrnacoBaHMs
nmnegaHcos. LLMpuHa neyaTHbIX MPOBOAHMKOB WM PacCTOAHME MEXAY HUMM TaKOBbl, YTO XapaKTepUCTUYECKUIA
UMMNeAaHC JIMHUA CBA3M Ha MNedyaTHOW nnate cocTtasndaeT npumepHo 100 Om, 4YTO MOYTM COOTBETCTBYET
XapaKTepUCTUYECKOMY MMMNEAAHCY CKPYYEHHOW Napbl M3 0ObIYHOrO M30/IMPOBAHHOIO NpoBoaa 24-ro Kaanbpa nam
apyroro, 6113Koro cevyeHums.
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PacnpocTpaHeHHbIM crocobom 3aBeplieHns TT/I-WWHblI ABAAETCS MOAKAYEHWE AeNUTena HanpaKeHus
mexay +5 B 1 3emneit. JIorMyecknin BbICOKMN YPOBEHb YAEPKMBALTCA MPU STOM Ha YpOBHe +3 B, a 3TO 03Hauaer,
YTO MNP NEPEKNIOYEHUN HY)KEH MEHbLUMI Nepenas HanpsaXeHWa M NO3TOMY Yepe3 eMKOCTb HarpysKu npoTeKaeT

MeHbLINIM ToK. OBblYHO BbIbMpatoT KombuHauuo 13 pesnctopos 180 1 390 Om, NOAKAOUYEHHbIX COOTBETCTBEHHO K
+5 B n 3emne (puc. 9.32).

Opyroin cnocob, xopouwo paboTatowmn M ana TT/1 u ana KMOI, coctomT B TOM, YTOObI MCMNOAbL30BaTb

Harpysky Mo nepemeHHOMY TOKY, COCTOALLYI W3 MOCAe[A0BaTe/bHOM LEMOYKM PEe3NCTOP-KOHAEHCATOP MeXay
JIMHUEN AaHHbIX 1 3emnen (puc. 9.30).

BennunHa pesuncrtopa obblMHO BblibUpaeTca 6AM3KON K XapaKTepMCTUYECKOMY MMMedaHcy WWHbl (TMnosoe
3HavyeHne 100 Om); BENMUYMHE eMKOCTU [A0/1XKHa BbiTb BbiGpaHa M3 pacyeTa HM3KOro eMKOCTHOMO COMPOTUBEHMS
Ha YacToTe, paBHOM 0BpPATHOMN BENMUYMHE BPEMEHM Noabema curHana (B obuwem caydae goctatodHo 100 k).

)

TTH 100 n%g

i 2
Kman
1000w

Puc. 9.30. Haepyska no nepemeHHol cocmasnsowed.

nHHbIE dopmupoBaTenn. bBeanm AMHUM WKWH UMeT OONblYK AJMHY WUAW OONbLIOKA KO3IPPUUMEHT
Pa3BETB/IEHUA, TO HEOHXOAMMO MCMOMb30BaTb CrelmasbHble JIOTMYECKME 3/EMEHTbI C BbICOKOW Harpy3o4HoM
CNocobHOCTLIO MO TOKY. Huske nepeuncneHsl Hanbosiee M3BECTHbIE 3NEMEHTbI 3TOFO TUMA.

Tan Onucanne
"I65-8 1MIeCTh CXemM, 3 COCTOAHHA
'1004/34 WIECTE CXeM, 2 COCTOAHHSA
'11004/34 mIECTh CXeM, 2 COCTOHHHA,
ORHOCTOpOHHHE
"240-4 BOCEMB CXeM, 3 COCTORHAR
'540-1 BOCEML CXEM, 3 COCTORHHA,
ONHOCTOpOHHHE
'827-8 10 paspanoe, 3 coOCTOAHNMA,
OAHOCTOpOHHHE
CemeiicTso Tok orsona/ornadn, MA
LS 2415
AS, F 64/15
ASlxxx 48/48
HC(T) 6/6
AC(T) 24,24
Am298xx 48/24

«O,D‘HOCTOpOHHl/Ie» O3Ha4aeT, YTO BXOAHble U BbIXOAHble BbiIBOAbLI NC pacnonoXeHbl Ha NMPOTUBOMOTIOKHbIX
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cTopoHax kKopnyca. CyulecTeytoT Takke WC-npvemo/nepedaTtymMkoB C  COOTBETCTBYIOLWIEN  HArpyso4HoW
CNOCOBHOCTLIO; OHWM  MOTYT WCMONb30BaTbCA Kak bOydepbl [AaHHbIX B At0boM HanpasaeHwn 6Hnarogapa
NPUMEHEHUIO HA KaXAO0M JIMHUM AaHHbIX NapanfefbHbix nap 6ypeposB ¢ 3-A COCTOAHWMAMM, BKOUYEHHbIX
HaBCTpeYy ApYyr APYry; BXO4, «HamnpasjeHMe» OnpeaenseT, B KaKylo CTOpoHy 6yayT nepenaBatbCs AaHHbIE.
Opyrne Tunel npnbopos npuseaeHsl 8 Tabn. 8.4 1 Tabn. 8.5.

9.14. KabesibHble c8A3U

Mepenayvy uUMPPOBBLIX CUrHANOB OT OAHOTO YCTPOMCTBA K APYroMy HEeNb3A OCYLeCTBAATb C MOMOLLBHO
NPOCTOro OAMHOYHOrO MPOBOAHMKA, TaKoe COoeAMHEHMWE MNOABEPKEHO BAWMAHWMIO B3aMMHbIX nomex. Lindposble
CUrHasbl 0BbIYHO MepefatoTca MO KOaKCMaibHbIM Kabenam, CKpyYeHHbIM Mapam, MAOCKMM Kabensm (MHoraa c
3eM/IAHOM MOBEPXHOCTbIO MM B 3KpPaHe), MHOTOMKMAbHbIM Kabenam M Bce Yalle No ONTOBOJIOKOHHbIM Kabenam.
Mbl BCTPETUMCA elle pa3 C KoaKCManbHbIMU Kabensamm (HeXHO Ha3blBaeMbIMW «KOakcamm») B es1. 13 B CBA3U C
PaAMOYaCTOTHOM TEXHUKOM; 34EeCb e Mbl HaMepeHbl PacCMOTPETb HeKOoTOopble Cnocobbl nepegadn UMOPOBbLIX
CUTHANIOB MeX4y KOpOOKaMW C 3NEKTPOHMKOM, MOCKOJIbKY 3TV CNOCODbl COCTaBAAKOT BaXKHYH 4acTb LUMGPOBOro
conpsskeHua. B BobLUMHCTBE C/yYaeB CyLLECTBYIOT creumannsmpoBaHHble MC dopmuposaTenein/npuemMHUKOB,
cnocobHble obneryntb Bally paboTy.

CtaHaapT RS-232. [Ana cpaBHUTENbHO MedIeHHOW nepeaadn CUrHanoB (HECKO/IbKO Tbicsd BUT B cekyHay) no
MHOTOMMAbHbIM Kabenam 0Obl4HO UCMONb3YIOT M3BECTHbIN CUTHaMbHbINM cTaHaapT RS-232C (unm 6onee HoBbIM RS-
232D). CraHaapTom onpeeneHbl 6unonapHble ypoBHM OT =5 ao =15 B (ana dopmuposaTenein Heobxoanmbl
NONOMKUTENIbHOE W OTPULATENIbHOE HAMPAMKEHWUA MWUTAaHUSA, HO MPUEMHUKM OObIYHO 3TOTO He TpebytoT);
NPUEMHMKM [OMNYCKAOT, Kak MpaBwWio, YNpasB/ieHWe TUCTEPE3NCOM U BPEMEHEM OTKAMKA MO, KOHKPETHYIO
CUTYaUMIO C MOMEXamMM; MPUMeHsAa cTaHAapT RS-232, Bbl MOXKeTe WMCMo/ab30BaTb MHOFOXWMAbHbLIA Kabenb 6e3
BCAKOM 3KPAHWMPOBKM, TaK KaK MaKCMManbHaA CKOPOCTb WM3MEHEHMA HanpaxeHua dopmmposaTenen anA
MWHUMMU3ALMM NEePEKPECTHbIX MOMEX HamMepeHo orpaHuyeHa BeanymHon 30 B/mkc. Kpome ocHosHoro TT/1-
COBMECTMMOrO 3/1eMeHTa, cocTosLlero 13 4 nap «dopmmposaTtens/npuemunk» (148 8/1489), B HacToALLee Bpems
MMEEeTCH HEeCKONbKO yaydlleHHbix MC, BKAoYana mManomoliHble BapuaHTbl (LT1032, 1039 n MC145406, cm. paso.
14.47) v BapuaHTbl, paboTatolinme OT OAHOro UCTOYHMKa +5 B (cepum MAX-232 n LT1130, LT1080). MocneaHue
cogepKat npeobpasoBaTesib HanpsKeHWa Ana GOPMMPOBAHMA HEOBXOAMMOro OTPULATENBHOTO HaMPAXKEHMA.
Tunosaa cxema nNokasaHa Ha puc. 9.31.

ILTI032 RS-232C -
Bxop (oT58) +10 Beixon po5B
TTN Lt TN
-10 14894
88 —
— 3‘;% 0pHONPOBORHIA
0B asyxnoARPHLIA
CHrHan
_H B —
BuixoaHo i BxopHble
CHrHER nopork
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Puc. 9.31. KabenbHbie npuemMHUKU U nepedamyuku B8bICOKOU nomexoycmoliyusocmu, B8biNOAHEHb! NO
cmaHoapmy RS-232.

RS-232 wupoko ucnonb3yetcs ana obecneyeHUs CBA3M MeXKy KOMMbIOTEPaMM M TepMUHaNaMKU  Ha
CTaHAaPTM30BaHHbIX CKOPOCTAX Mnepefayn AaHHblX, BXOoAAWwMX B Auana3oH oT 110 go 38400 6ut/c. MonHbIN
CTaHAApT onpedenseT AarKe pacrnaiKky KOHTAKTOB 25-KOHTAaKTHOro CyOMWHMATIOPHOro coeauHuTens Tuna D wu
ncnosbayeTca Ans nepefadm aaHHbIX B kKoge ASCII (cm. pasd. 10.19).

HenocpeactseHHoe ynpaBaeHWe OT 5-BOILTOBOM JIOTUKKU. JIMHUAMM cpedHeir A/MHbI, Kak U WWUHaMK
[AHHbIX, MOXKHO YNpPaBAATb HENOCPEACTBEHHO NIOTMYECKUMM YPOBHAMM; B 0DLEM Cydae HEOBXOAMMbI BEHTUAMU C
6ONbLLION HArpy304YHOM CNOCOBHOCTLIO MO TOKY (CM. MPUBEAEHHbIN Bbille NepeyeHb Moj 3aro/0BKOM «LIMHHbIE
dopmmpoBaTenm»). Ha puc. 9.32 nokasaHO HECKONbKO cnocobos ynpasneHusa. Ha nepsont cxeme bydep (MmoxeT
MMETb OTKPbITbINA KONNEKTOP) YNPaBAAET HarpyKeHHoW nuHueit ¢ TTN-Tpurrepom LLIMUTTa B KauecTBe NpMemMHUKa
[N19 MOBbILEHUA NOMEXOYCTOMYMBOCTU. ECAN ypOBEHb MOMEX BbICOK, TO MOMHO MCMO/1b30BaTb, KakK MoOKa3aHo Ha
BTOpOM cxeme, 3amegnsawouyto RC-uenb ¢ MNOACTPOMKOM MNOCTOSHHOM BpemeHM (M ckopocTu nepegayun!) B
COOTBETCTBUM C KOHKPETHOM 0BCTaHOBKOMW. B 3ToM cxeme Tpurrep LUMKUTTa uvrpaeT BaxkHyto ponb. B nocnenHen
cxeme MollHbM KMOIMM-bydep ynpaBnaet AMHWEN C KOMMAEKCHOM Harpyskon u KMOM-tpurrepom LLmntta B
KayecTBe NpUemHMKa.
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L74ac244 7 74nC14
Nepenapor 0 A0 +5B, o FucTepesuc 1B
ToK *24 MA npH NUTaHUM SB
1000m

Puc. 9.32. OkoHeYHble uenu ¢ popmMupoBaHUEM 102UYECKUX yposHedl.

HenocpeacTBeHHOE ynpaBAeHWME C MOMOLLbIO JIOFTMYECKMX YpOBHeW OyaeT HopmanbHO paboTaTb Ha
CKPYYEHHOM Mnape, MJIOCKOM M KoaKCManbHOM Kabenax cpeaHen AnuHbl (0Kono 3 m). M3-3a BbICTpbIX GPOHTOB
bonblloe 3HaueHMe NpUobBpeTaeT emMKOCTHas CBA3b C COCeAHWMWM AMHUAMK. OBbIYHOE «/1IeKapCTBO» — 3TO
yepenoBaHWe C 3eMAAHBIMW JVMHUAMM UAW CMAapUBAHME CUTHANbHBIX SIMHUIA C 3eMAAHBIMM (CKPyYeHHas napa).
Mpobiema B3aMMOCBA3M CUIHANOB MPAKTUYECKM /MLWIAET BO3MOMHOCTM OCYLIECTBMTb HEenocpeacTBeHHOe
yrpaB/ieHNe OT JIOTMKU C UCMONb30BAHMEM MHOTOMW/bHLIX Kabenel. B cneayouem pasgene Mbl MOKaXKEM
HECKONIbKO MHTEPECHbIX OCUMAIOTPAaMM, WAMIOCTPUPYIOWMX 3Ty npobaemy, M MNO3HaKOMMM C  APYrUm
3bDEKTUBHBIM «/1IEKAPCTBOMY, AMbdepeHLManbHbIM IOTUYECKUM YpaBAEHUEM.

BaxkHoe 3amevyaHMe: HMKOrga He MbiTakTecb YnpaBAATb AJMHHBbIMKM JWHUAMM OT HebybepupoBaHHbIX
TAKTUPYEMbIX 3/1EMEHTOB (TPUITepoB, 0AHOBMOPATOPOB, CHETYMKOB M HEKOTOPbIX PErMCTPOB CABMIa); EMKOCTHaA
HarpysKka v 3ddeKTbl «AJAMHHBIX IMHUIA» MOTYT BbI3BaTb HEMpaBW/bHOE MoBeAeHMe cXeMbl. «bydbepnpoBaHHbIEN
3/1EMEHTbI COAEPMKAT BbIXOAHbIE GOPMMPOBATENN, BKAIOYEHHbIE MEXAY BHYTPEHHUMM PEFUCTPAMMU U BbIXOAHbIMMU
KOHTaKTamMM M NO3TOMY «He BUOAT» pPeasbHbIX CUrHANO0B (C NIOXMMM NapameTpamm) Ha BbIXOAHbIX JIMHUAX U He
CTa/IKMBAOTCA C 3TOW Npobnemon.
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YnpaBneHue OT BbICOKOBO/MILTHOW NOMMKWM. Ecan ans nepefaynm CUrHanaos no Kabenam Bbl MCMoab3yeTe
HenocpeACTBEHHOE yNpPaBAEHNE OT NOTUKM, TO Bbl MOXKETE NOBbLICUTb MOMEXOYCTOMUYMBOCTb, YBEANUYMBAA Nepenas
cuUrHanos. B npumepe, nokasaHHOM Ha puc. 9.33, B KavecTBe reHepaTopa 12-BO/IbTOBOrO NOMMYECKOro nepenaja
ON1A CKPYYeHHOWM napbl ucrnosb3yeTca snemeHT 75361 «dopmuposatens TT/-MOTMM». MpueMHUKOM  ABAAETCA
anemeHT 75152, KOTOpbIi MO3BOAAET YCTaHaB/AMBaTb BXOAHOM Mopor (BxogHOe COMpPOTWMBAEHWE cocTaBisdeT
npumepHo 9 KOM, cnenoBaTeNibHO, pPe3ncTop cmelleHma 12 KOm ycTaHOBWUT nmopor Ha +5 B) u ructepesunc (B
[aHHOM cnyyae o +2 B). Harpyska nnMHMKM 120 Om COrnacoBbiBaeT XapaKTepUCTUYECKUA MMMNedaHC CKPyYeHHOM

napoi.
[ 78
- +12B
+12B 3B
+5B
1210m
Bxonnwie
LAHHEIE BrixonHbe
RAHHEE
CkpyuenHad napa
IpORmeE 1240M
(noacTpoika
rucTepes.) 128
753614 ?5‘[52 :
(capoeHHER HY (aBYXMHHERHMA NPHEMHHK)
MON-GopMKupoBaTens)
Puc. 9.33.losbiweHue nomexoycmoutiyusocmu c nomouwibto 8bICOKOBO/TbIMHO20 KabesibHo20
opmuposamens.

TpaneuenaanoHoe ynpasneHue. [NAa CHWKEHMSA OCTPOTbl NPobaembl eMKOCTHOM CBA3WM C COCEeAHWMMM
MHuaMmM dupma National M3rotaBaMBaeT AMHelMHble dopmuposaTenn/npmemHmnkn (cepumn DS3662, DS3890) c
YyrpaB/isemMbiM BpeMeHeMm nepekatodeHns GOpMMPOBaTENA B COYETAHMM C YNpaBAsEMbIM BpPeMEHeM OTK/IMKA
NpMemMHuKa. o cyulecTBy 3TO CBOAMTCA K YNPABAEHWIO JIMHWMEN, HArpy)KEHHOM Ha CXemy, MNOoKasaHHYl Ha
puc. 9.32.

OnddepeHumanbHoe ynpasneHue; crtaHaapT RS-422. HamHoro 6onee BbICOKYHD MOMEXOYCTOMYMBOCTb
MOYHO MONYYNTb, MCMNONAb3yA AnddepeHUManbHble CcurHanbl, T.e. nogasada Q M Q' Ha CKPy4YeHHylo napy c
anddepeHumanbHbim - npueMHukom (puc. 9.34). 3aeck napHble TT/1-MHBEPTOPbI MOCHLINAIOT B HArpy*KeHHYyo
CKPYYEHHYIO Napy MpsMON W MHBEPCHbIK CUTHaMbl, a AubdepeHuManbHbld AUHENHbI npuemHuK 75115
BOCIMPOM3BOAUT YMCTble ypOoBHM TT/.
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Puc. 9.34. beicmpodeticmsyrowue OuggepeHyuansHele KabensHbsie TT/I-nepedamyuxku U NPUEMHUKU.

Mbl Bblbpann bunonapHeie TT/1-popmuposaTtenn, a He KMOI, NOCKOMIbKY OHM MEHee CKAOHHbI K
Pa3pyLEHNIO OT CTATUYECKOrO 3/IEKTPUYECTBA U K TMPUCTOPHOMY 3alLEKMBAHWUIO M3-32 OTPAKEHUA B NMHMMK. ITa
cxeMa obecrneymBaeT BbICOKYIO CTeMeHb NoJaBaeHus CUHGA3HbIX NMOMeX M BOCCTAHAB/MBAET YeTKME lorMyeckune
YPOBHU U3 IMHEMHbIX CUTHANOB, KOTOPbIE MOTYT BbIMSAAETb AOBOJbHO YyCTpalatoule. MoKasaHHas Ha PUCYyHKe
dopma KonebaHuit faeT Avwb obliee npeacTaBAeHME O TOM, UTO MOMKHO YBMAETb Ha OTAENbHbIX CUTHANbHbIX
JNIMHUAX B CPABHUTENIbHOW YMCTOWN CMCTEME; PeasibHble CUTHAsbl MOTYT BbITb AOBO/ILHO CUBHO MUCKAXKEHbI, XOTA U
6yayT ocTaBaTbCA MOHOTOHHbIMUM (OTCYTCTBYET 06paTHasA BOJIHA).

MpUMEPOM JIMHEMHOIO MPUEMHMKA C HacTpauMBaeMbiM BPEMEHEeM OTKAWKa sBaseTca 3ssemeHT 75115;
apyron  anddepeHuUManbHbii  nNpuemHuK  (75152) nossonseT ynpaBaATb rMcTepesncom. [as  AyLeBHOro
CMOKOMCTBUA KenaTeNbHO MCMNOAb30BaTb NMPUEMHUK C TMCTEPE3NCOM (M C HAaCTPaMBaeMOM NOCTOAHHON BPEMEHN);
Takne NMPUEMHUKM KaK pa3 M Npu3BaHbl 414 TOro, 4tobbl pasbupaTbca C caMbiMKU NPUYYAANBLIMUM  GOPMaMM

CNTHa0B.

dopmmpoBaTenn € OTBOAOM TOKa. dnemeHTbl TMna 755110 n MC3453 nmetoT KOMMYTHMPYEMbIE BbIXOAbl C
OTBOZIOM TOKa, KOTOPble MOXHO MCMOAb30BaTb KaK BbIXOAbl A8 OAHOMPOBOAHON CXEMbl WM/IM, KaK NMOKa3aHo Ha
puc. 9.35, B aAnddepeHLManbHOM pPeEXKMME.
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Puc. 9.35. fluchcheperyuansHas cxema moKosol c8A3uU C NPUEMHUKOM.

SnemeHT 75107 Anaetca napHbiM AnddepeHUmanbHbIM NPUEMHUKOM, KOTOPbLIA 0ObIYHO MCMOb3yeTCsa C
COTNacytoller HarpyskoM, Kak ToKa3aHo Ha pucyHKe. Heckonbko dopmuposaTeneim MoryT COBMECTHO
MCcnosb30BaTb OAHY AndbepeHUMaANbHYIO ANHUIO B PEXMME «TPYNNOBON JMHUNY, NMOCKOAbKY WX BbIXOAbl MOTYT
OTKNHOYATbCA B 3-€ COCTOAHME; B 3TOM C/y4ae Harpysky Ha Kaxaom GopmMmpoBaTesie He CTaBAT, a NEPEHOCAT ee B
CaMbI AaNbHUM OT NPUEMHMKA KOHEeL, IMHUMN.

Haw onbIT nokasbiBaeT, 4To AnddepeHumanbHble GOPMUPOBATEN C OTBOAOM TOKa MO3BOAAKOT A0CTUYbL
NEeVCTBUTENbHO BMeYaTAAlolWEe CKOPOCTU nepedadyn AaHHbIX. IT0 0ObACHAETCA, MNO-BUAMMOMY, TEM, 4TO
BbICOKOMMMNEAAHCHOE YNpaBieHWe C OTAa4yell TOKa rapaHTMPyeT BO3MOXHOCTb Harpy3kuM Kabena Ha ero
XapaKTepPUCTUYECKOe COMpoTMBIeHMe A 0O60MX COCTOAHUI dopmMpoBaTens. B COOTBETCTBUM C TEXHUYECKUMM
[aHHbIMM CKOpOCTb Nepedayn coctasnaeT b6onee 1 M6OuT/c Ha AMHUKM anmHol 500 m n pocturaet 10 MéuT/c Ha
JIMHUN ANIMHOM HECKO/IbKO AECATKOB METPOB M MeHee.

PeanbHble ocuMANOrpammbl, NpuBeAeHHbIe Ha puc. 9.36, NOKa3bIBAOT, HACKO/AbKO 3PPEKTUBHLIM MOXKET
oKazaTbcA auddepeHuManbHoe ynpasieHWe C OTBOAOM TOKAa NpW pelleHnn npobaembl crHdasHbix nomex. Ha
NpeacTaBfeHHOM NpUMepe CUrHan ¢ paamaxom 50 MB «3arpsasHeH» cMHba3HOoM nomexon ¢ pasmaxom 4 B.

a 6 8

Puc. 9.36. Ocyusnoepammel, NOKA3bIBAKOUWUE NPEeBOCXOOHYH nomexoycmoliyueocms OuggepeHuuanbHou
nepedayu O0aHHbIX (OughghepeHyuansHell npuemHuk 75108). (C paspeweHus ¢upmel Texas Instruments.) a —
8X00 NpUeMHUKa (+); 6 — 8x00 npuemHuUKa (—); 8 — 8bIX00 NPUEMHUKA.

CraHpapT RS-422/423. 3ToT CTaHOapT nepefaydn  AaHHbIX, pa3paboTaHHbIM C  LEeAbld  3aMeHbl
pacnpocTpaHeHHOro craHaapTa RS-232, npeaHasHaveH npexae Bcero Ans paboTbl CO CKPyYeHHOW Mapon mam
NNOCKUM Kabenem. Ero MOXKHO MCMo/1b30BaTh Kak B HecbanaHcmpoBaHHOM cxeme (RS-423, 100 kbuT/c makc), Tak
n cbanaHcnpoBaHHoW cxeme (RS-422, 10 M6UT/c makc). B HecbanaHCMPOBAHHOM PEXKMME MOMHO MCMO/b30BaTb
BUNONAPHbIE CUTHA/bHbIE YPOBHU (MCTOYHMKKM +5 B) C ynNpaBAsemoin CKOPOCTbIO HapacTaHusA, Kak u B RS-232. B
cbaNaHCMPOBAHHOM PEXMME UCMOb3YIOTCA OAHOMOASAPHbIE TT/1-ypoBHM (M MO OAHOMY MCTOYHUKY NUTaHUS +5 B)
6e3 orpaHMYeHMA CKOPOCTM HapacTaHuA. Ha puc 9.37 nokasaHa 3aBMCMMOCTb PeasibHOM CKOPOCTM nepenayn
OAHHbBIX OT AMHbI IMHWUN.
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Puc. 9.37.3asucumocmes mexdy CKOpocmbio nepedaqu OaHHbIX Npu NocsiedosamesnsvHol cesa3u U OaUHOU

Kabens.

PacnpoctpaHeHHOM cepuelt ¢dopmupoBsaTeneit/npuemHnkos ana RS-422/3 ssnsetca cepus 26L530-34
dupmbl AMD ¢ pacliMpeHHOW BTOPWMYHOWM MOCTAaBKOM OT APYrMX WM3roToBWUTeNel; Honee no3gHWE 3/N1eMeHTb
75ALS192/4 wn cepua DS34F30/80 wmeloT noBbieHHOE ObICTPOAENCTBME MPU MeHbLUeN MOLWHOCTU. Mol
ncnonb3oBaan RS-422 Ans niOCKOro Kabena M3 CKPYYEeHHbIX Map B TOM C/ay4ae, Korda XoTenn ob6beauHUTb
napannenbHble MNOPTbl W yNpaBAAloWMe CUTHanbl Habopa M3 144 MUKPOMNPOLLECCOPHbLIX MaaT B CXemMy Tuna
«3Be3abl». Mbl m3rotoBmManM 9 rpynn no 16 nNpoueccopHbiX MNAaT, Kaxk4aa rpynna cofepKana TakKe OogHYy
NMHTEePdENCHYO NAaTy, U Ucnonb3osanu TT/I-cUrHanbl Mexay Npoueccopammn n B MHTepdeince; 3aTem, 0bbeaNHNB
9 wuHTepdelcHbIX naaT, Mbl  MNOAKMOYMAM UX K BHELWHEMy KOMMbloTepy C nomoulbto  RS-422  (no
anododepeHumanbHoli cxeme). MonHaa AnnHa Kabena coctaBmaa NPUMEPHO 8 M C WYHTUMPOBAHMEM KaXK4oW napbl C
obounx KoHuoB pe3suctopamm 100 Om. BcAa cucTema 4vpesBblHaiHO MPOCTa M HafeHo paboTaeT Ha Hallel

CKOpPOCTW Nepeaayn okono 1 Méut/c.

Mbl NpeanoYymMTaem MCNosab3oBaTb AndpdepeHUManbHyo nepedady CUrHanoB B TeX C/AYYasX, TAE BAMKHYHO
PO/ib  WrPatoT  HAAEMKHOCTb M XOpoWwas MOMexXO3alWMULeHHOCTb.  3a  cyeT  3pdeKToB  KomneHcaumu
anddepeHumanbHbln  curHan obecnevymBaeT HU3KYIO CTeMeHb CBA3W C APYIMMW CUTHanaMu («nepekpecTHble
nomexmu»). Mcnonb3oBaHWe CKPyYeHHOWM MNapbl, @ He MAOCKOro Kabensd, gaxe ynydwaeT paboty. Ha pumc. 9.38
NMOKa3aHO HECKOJIbKO OCUMANOTPamm, NoaydeHHbIX ana RS-422 v ana HenocpeACTBEHHOIO YNpPaBAeHUA OT I0TMKK
C WCNO/Mb30BaHMEM KaK TMIOCKOro Kabena, TakK M MNNOCKOW CKpydeHHOW napbl (nocneaHaa 6Obina B
NEeNCTBUTENbHOCTM BAaPMAHTOM, M3BECTHbIM NOA, Ha3BaHMEM «CKPYYEHHbIA M NAOCKUI»; 3TO COeAMHEHNE COCTOUT
M3 JKryTa CKpyYeHHbIX nap, npepbiBaembix Ha 0,05 M yepes kaxable 0,5M ans Toro, 4ytobbl caenaTb MJIOCKYHO

BbIBOAHYIO MAOLLAAKY).
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Puc. 9.38. YxyoweHue napamempos U nepeKkpecmHsie noMmexu Yugposbix Cu2HaAs08.

a — NPAMOYro/ibHble MMNyabCbl ¢ TT/l-ypoBHAMMK 4acToTol 1 MIL Ha 10 dyTax HeHarpyKeHHOro MaocKoro kabena C 3a3emMAeHUAMM Yepe3 onpefeneHHble

nHTepsanbl, 1 B/aen.;
6 — NapHbIit MPOBOA, K @ C HW3KUM TT/1-ypoBHEM;
B, I — TO e, 4To a 1 6, HO ¢ Harpy3koi 220/330 Om, NoAKHeHHOM K +5 B;
[, € — TO e, YTO B, T, HO C UCMO/Ib30BAHMEM CKPYYEHHOW Napbl BMECTO MIOCKOrO Kabens;
K, 3 — TO e, YTO B, T, HO C UCMONb30BAHMEM MIOCKOTO Kabens ¢ 3eMaaHON NaaTou;

M — napa C HWM3KMM ypoBHem ana RS-422, Ha 100 ¢ytax nNockoro Kabens, CMeXHOro C napoK, nMo KOTOpoW NpoxogaT avddepeHumanbHble NPAMOYrosibHble

umnynbesl RS-422 vactotor 100 klu; 0,1 B/aen. (3ameTbTe, 4To macwtab nsmeHwncs);
K — TO K€, YTO M, HO CUTrHaNbl pa3aeneHbl 3a3eMIEHHON Napow;

Jl, M — TO )€, 4YTO U, K, HO BMeCTO N/I0CKOro Kabens MCMONb3YyeTCA «CKPYHEeHHaA M N0CKaA» napa.

Ona RS-422 mbl ncnonb3oBann 30-meTpOBbIM Kabesb, N0 0AHOM Mape KOTOPOro Mbl NepeaaBanu CUrHan ¢
pasmaxom 6 B yactoTor 100 Kl » Habatoganmn 3a NepekpecTHbIMW NOMEXaMK Ha cocegHel nape; obe napbl HbiAN
Harpy»eHbl. [pun HenocpeACTBEHHOM YMNPaBAEHUMM OT JIOTMKM WUCMONb30Banucb dopmmuposatenn 74LS244 Ha
yactote 1 Ml ¢ 3-meTpoBbiM Kabenem B ABYX BapWaHTax: C Harpy3kon u H6e3 Harpysku. Ocumnnorpammsl C
O4EeBMAHOCTbIO MOKa3bIBatoT, UTO RS-422 ype3Bbl4alHO HaJeXeH Aaxe npu nepegade no AMHHOMY Kabento, B TO
BPEMA KaK HernocpeACcTBEHHOE ymnpaBieHWe OT /JIOTMKM BECbMa OrpaHMYEeHO B CBOMX BO3MOXHOCTAX [AaXKe Ha
CpefHUX ANMHAX, XOTA ero MOMHO HECKOJIbKO YAyYlMTb, MCNONb3yA Harpysky M MNAOCKMM Kabenb c obuiei
3eMIAHOM MOBEPXHOCTbIO. BOMpekn OXMAAHWMAM, CKPpyYeHHaAa napa OKasafaCb HWUCKOAbKO He /ydlle M0CKOro

Kabensa npum HenocpeacTtBeHHOM ynpaBaieHUn OT JIOTUKN.

OnddepeHumanbHble ANHENHbIE NMPUEMHMKM pPabOoTalOT HOPMasbHO A0 Tex Mop, MoKa MNPUHUMaeMbIe
CUrHasbl HAaXO4ATCA B NpeAesnax A0MyCTMMOro AmManasoHa CMHGA3HbIX HanpsKeHW, 0BblYHO B HECKO/IbKO BOJbT
(ona 75108 — %3 B). Mpu MCNONb30BAHUWN AJIMHHBIX JIUHUA Bbl MOMETE, O[HaKO, OYYyTUTLCA B CUTyalLuM Anbo
BbICOKOYACTOTHbIX CUH}A3HbIX MOMeX, MO0 HU3KOYACTOTHbIX PA3HOCTEN HAMNPAMKEHWA MeXAY WMCTOYHWKOM U
JNIMHWEN, NpeBblWatoWwmMmm B 0boux caydasx CuHGasHbIi AManasoH NpuemHuKka. Ecam aTm npobnembl BCTatoT
C/MLLKOM OCTPO, MOXHO MCMO/b30BaTb Mapy PE3UCTMBHbLIX AeAMTene Ha BXoAe NPMEeMHMKa, MAN MCNOb30BaTb
NPUEMHMK C BCTPOEHHbIM aTTEHIOATOPOM, Hanpumep 26LS33, npuemHuk ans RS-422 ¢ cMHba3HbIM AMana3oHOM
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+15B.

Mpu nepegaye CUrHaj0B MO AEUCTBUTENBHO ANMHHbIM Kabenam wau npu nepegadve B YC/OBMAX O4YEHb
CUMIbHBIX TMOMEX OObIYHO MCMO/b3YIOT UHAYKTMBHYIO CBA3b. [MpUMeHMB TpaHCHOPMATOPbI, Bbl, pasymeeTcs,
NMWaeTecb BO3MOMKHOCTM MepeaaBaTb /JIOTMYECKME CWUFHabl MOCTOAHHOTO TOKa: Bbl BbIHYMKAEHbI KOAMPOBATb
[laHHble OnpeaeseHHbIM Cnocobom, HampuMep C MCMO/b30BaHMEM «HECYLLEro» curHana. JIokanbHblie cetu (cm.
pa30. 10.21) 06bI4HO UCNONB3YIOT MHAYKTUBHYIO CBA3b.

Kpuctann TAXI dupmbl AMD. ®upmoit AMD paspaboTaHa Becbma MHTepecHas napa avbdepeHumanbHbix
nepeaaTyMKkos/npruemHnkos, AT7968/9, coaep:kalwana Ana obNerdeHns MNpPUMEHeHUA BCe PasHOBMAHOCTM
BHYTPEHHMX pernctpos (puc. 9.39).
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Puc. 9.39. Habop kpucmannos AMD TAXI dns beicmpodelicmayrouwieli nuHuli nocnedosamerssHoli ceasu. (C
paspeweHus pupmsl Advanced Micro Devices), a — nepedamyuk Am7968; 6 — npuemHuKk Am7969.

Bbl moxkeTe, Hanpumep, paccmaTpmBaTe MC nepenaTtymka Kak 8-OMTOBYHO 3allle/IKy CO CTPOOBMpOBaHMEM U
KBUTUPOBAHWEM; CXEMA B TAKOM MpUMEHEHUM NpeobpasyeT 6aliTbl B NOCAeA0BaTe/IbHblE AaHHble, AONONHAET 3Ty
nocnefoBaTelbHOCTb COOTBETCTBYOWMMUM BUTaMM CUHXPOHM3aLMK, NepedaeT AaHHble B MOCAeA0BaTe/bHYHO
JIMHUIO CBA3W M BOCMNPOM3BOAMUT BaiTbl Ha APYrom KoHLeE. M0 OTHOLWEHMIO K MONb30BaTENO ANHUA BbITAAAMT Kak
NpoCToOM napannenbHbii pernctp. 3tn NC copeprat KabenbHble dopMmmupoBaTeNn U NPUEMHUKM Ona 50-oMHOro
Kabena, paboTatoulMe OT OAHOTO WCTOYHMKA nuTaHma +5 B; oOHM 06nafatoT  A0CTaTOYHO  BbICOKMM
BbICTPOAENCTBMEM: CKOPOCTb Mepeaadnm AaHHblx coctasnseT 32-100 Méut/c (oT 4 ao 12,5 M6uTt/c). UC TAXI
npeAHasHauyeHbl [A1A CBEPXCKOPOCTHbIX JMHUI nepedadn [AaHHbIX ODOLIero HasHayeHus CO CBA3bD MO
nepemMeHHoOMYy WM NOCTOAHHOMY TOKy. PeanbHOM cpenoil nepedaym MOXKeT ObiTb MPOCTOE CcoeAMHEHWE Yepes
NpoBOAa, CKPyYeHHble Mapbl, KOaKcuasbHble Kabenu, Kabenu ¢ TpPaHCHOPMATOPHOM CBA3bID WAM  AaxKe
BOJIOKOHHO-OMNTUYECKNE IMHUM.

dopmupoBaTenn ANA KoaKcuManbHbiXx Kabenel. Bnarogaps cBOeM reomMeTpuu KoaKcMajbHble Kabenu
06134al0T OYeHb XOPOLLIEN 3alMTON OT BHELHUX BAUSAHUIA. Kpome Toro, 0AHOPOAHOCTb AMaMeTpa U BHYTPEHHMX
pPa3mepoB (N0 CPABHEHUIO CO CAYYaMHbIMU OTKJAOHEHUAMM B C/Iy4ae KIyTOB W CKPYYeHHbIX nap) no3soaser
[IOCTaTOYHO TOYHO MpPeAcKasblBaTb BEAMYMHY XapaKTepUCTMYECKOro mMmnedaHca M, ciedosaTenbHo, obecneynTb
NPeBOCXOAHble YCNOBMA ANA Nepefadn; MMEHHO MO 3TOW MpUYMHE TONbKO OHM MCMOAb3YITCA AN8 nepeaayu
aHa/IoroBbIX PaAMOYacTOTHbLIX CUIHA/OB.

CyLLeCTBYIOT HECKONbKO nap ¢$opmuposaTeneit/npuemHmnKos, yaobHbix On8 umdpoBOM nepegayn no
KoaKcManbHOMY Kabesnto; npumep nokasaH Ha puc. 9.40.

+5 +5
BT23 8724
TTA I\‘* RGS8/U (500m) TTA
Bx W g \
| > 19 e
A;=510M

Puc. 9.40.Mepedamyux u npuemHuK 0149 50-omHo2o kabens.

Kabenb Harpy»KeH Ha XapaKTepuCTMYecKoe COMpoTMBAEHME, B AaHHOM ciydae 51 Om. InemeHT 8T23 moKeT
HenocpeAcTBEHHO yNpaBasTb 50-oMHOM Harpyskol, a 8724 obnagaeT rmcTepesmcom GUKCMPOBAHHON BEAUUYNHDI
nna obecneyeHma MOMEXOYCTOMYMBOCTM M MasibiM BPEMEHEM MepekntoyeHmna Bbixoda. CKOPOCTb nepenayn B
Takol cxeme gocturaet 100 k6uT/c Ha Kabene B8 1609 m 1 0o 20 M6UT/c Ha Bonee KOPOTKUX NMHMAX. [pyraa napa
dopmuposaTenein/npUeMHNKOB  BXOAUT B UHTepdeicHble cemeictBa 8Txx M 75xxx. dnemeHTbl 74F3037
(cyeTBepeHHbIN) 1 74F30244 (OKTanbHbIN) NpeaHasHayeHbl ANA ynpasieHus Kabensmm ¢ umnegaHcom Huke 30
Om (Hanpumep, Kabenem, HarpyKeHHbIM C ABYX KOHUOB). Mpu ynpaBaeHuM 50-OMHbIMM KOaKCMasbHbIMM
JIMHUAMU  HEMPEMEHHO WCMNOMb3yNTe NPUMEMHWMKM C COOTBETCTBYIOWMMWU TEXHUYECKUMWN XapaKTEPUCTUKAMM,
MOCKOJIbKY YPOBHM HaMpsKEHWM Ha HarpyeHHoOM Kabesne MOryT OKasaTbCA MeHblie O0ObIYHbIX SI0MMYECKUX
YPOBHEMN.
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PasnnuHble cemeictBa IC/1 coaepaT HECKO/NbKO nap dopmuposaTenein/npuemMmHmkos  aaa 50-0MHbIX
KOaKchasbHbIX AWHWI, Hanpumep 10128/10129. MpeBOCXOAHLIM KOaKCWaibHbIM GOpMUpOBaTENEM SBAAETCA
MC10194; no cyuwiectsy 3TO WWHHbIA NpuemonepeaaTynK, nNpeAHasHa4YeHHbIM A8 OAHOBPEMEHHOM nepedayn U
nprMema no oaHOM IMHUK (AynaeKcHasa cBs3b, puc. 9.41).

1 1

=10194 =101

2 3 0194
ﬁ ﬁ

bIXOA j}: Beixop D, Bxon D
2

RG-59U (Z; = 750m)

"
1

Puc. 9.41. Tokossili npuemonepedamyux 3C/1 (OynnekcHoil).

MpM MCNoNb30BaHMKM 3TOro cnocoba Kakgaa WC MoXeT OcCylecTBAATb nepefady K Apyromy
nprvemonepenaTynky M 04HOBPEMEHHO MPUHUMATb OT HEro AaHHble B aCMHXPOHHOM pexume He3 nepekpecTHbIX
nomex Ha ckopoctn 100 MMy w Bblwe. C NOMOLWbID OAHOTO 3MWUTTEPHOrO NPN-NOBTOPUTENA Bbl MOXKeETe
HenocpeACTBEHHO YMNPaBAATb KOaKCcMalbHbIM  Kabenem onpeaeneHHOM AAMHbI OT +5-BO/ILTOBOM  NIOTMKMK
(pnc. 9.42). TpaHanctop 2N4401 — 370 HEOONLLLIOM MOLLHbBIA TPAH3UCTOP C BONbLIMM KOIPOULMEHTOM YCUAEHUA
MO TOKY B CXeMe C ODLIMM SMUTTEPOM NpK Bonbluom Toke (h213 > 100 npu IK = 150 MA). 10-OMHbIA pe3nctop
BK/ILOYEH [A/1A 3aluTbl OT KOPOTKOTO 3amblKaHWA. [10 CpaBHEHWMIO C TUATE/IbHO CMPOEKTUPOBAHHBIM U
poporoctoawmmm NC-bopmmposatenamm ans 50-oMmHbIx Kabenel 3Ta cxema A0 YAMBAEHWA NPOCTa. 3ameTbTe,
YTO AN HOPMA/IbHOM PaboTbl BbIXOA C OTKPbITbIM SMUTTEPOM AO/IKEH HATPY»KaTbCA Ha HW3KOE COMPOTMBAEHME
Ha 3eMJ1to, YTO CNPaBeA/IMBO M ANA HEKOTOPbIX MHTErpanbHbiX KabenbHbIx GopmupoBaTenen.

+3

50-omMubik Kabenb 8124

J__—Blﬂm

Puc. 9.42.Mpocmoli popmuposamens 0118 50-oMmHo20 Kabens.

BonokoHHO-onTMYeckne Kabenu. HoBbl MHoroobeuwatowmii cnocob nepegaydnm CUrHaaoB OCHOBaH Ha
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NPUMEHEHUN BOJSIOKOHHO-OMTUYECKUX Kabenei. 370 Kabenu c NpeBOCXOAHbIM MAACTMKOBLIM MOKPbLITUEM C
COTNAcyLWMMMU COEANHUTENAMWN, N3NYYaTENSAMM U AeTEeKTOPaMn. BbICOKOKAYeCTBEHHbIE BOJIOKOHHO-OMTUYECKMNE
Kabennm mMoryT OCyLlecTBAATb Nepeaady B MOJOCE YacTOT A0 HECKONbKUX rMrarepl, Ha PaccTosHMA B AECATKM U
COTHU KnnomeTpos 6e3 notepn ApobHbIX aeumben Ha KuaomeTp. o CpaBHEHUIO C KOaKCMasibHbIMKU Kabenamu,
KOTOpble MOTyT MMeTb pa3bpoc mapameTpoB (CKOPOCTb PacnpOCTPaHeHUs 3aBWUCUT OT YacTOTbl, KOJAMYECTBO
noTepb TaKKe OnpeaenseTca 4YacTOTOM, UYTO BbI3bIBAET WCKaKeHMA KosnebaHwui), Aucnepcua  BONOKOHHO-
ONTUYeCcKMUx Kabenen HesHaumTenbHa. Kpome TOro, BOJIOKOHHO-OMTUYECKME Kabenu ABASITCA M30/1ATOPaMM,
NMO3TOMY MX MOXKHO MCMNO/b30BaThb AJ15 Nepeadym CUrHaa0B MeXKay YCTPOMCTBAMW C U30/IMPOBAHHOM 3eMAen, UK
Ha PasNMYHbIX HanpsXKeHuAx. B oTanume oT 0OblYHbIX Kabenein OHM He ABAAIOTCA aHTEHHAMM MO OTHOLWIEHMIO K
PaAMOYaCTOTHBIM M MMNYbCHbIM Nomexam. OHW nerye, besonacHee, 061aaat0T Honee BbICOKON CTOMKOCTbIO, Yem
TPaAMLUMOHHbIE Kabenu, K TOMY e, OHW NMOTeHLMA/IbHO AeLlesie.

CYLLI,ECTByeT HECKO/IbKO TUMOB BOJIOKOHHO-OMNTUYECKUX Ka6enel51, NO3BONAKOWMNX CAEeNaTb Bbl60p mexay
CTOMMOCTbIO 1 MPOMN3BOANTENBHOCTbLIO (,CI,/'Il/IHa Ha WKMPpUHY I'IO/'IOCbI). CambiM geleBbiM ABAAETCA MHOMOMOA0BOE
BOJIOKHO CO CTyneH4YaTbiM W3MeHEeHNeM Koad)d)VILl,VIEHTa npenomneHuna, 0OblYHO 3TO M/IACTMKOBOE BOJIOKHO
ANaMeTpom 1 mm. Bbl moxkeTe nepenasatb No Hemy m3nyyvyeHne MHC])paKpaCHOI'O csetogmoda (a HE N1a3epHOoro
,CIMO,CI,a), a B Ka4ecTBe AEeTeKTOpPa MCNOJ1b30BaTb d)OTOTpaH3l/1CTOp nnn p-/-/’l-,EI,MO,EI,.

®upma Motorola npousBoaMT Hemoporon Habop dopmuposaTenei/npuemHnKos (meHee gonnapa 3a
WTYKY); 3/1@MEHTbI 3TOro Habopa NPAMO HacaxmBaloTcA Ha Kabesnb B obonouke (cepma MFOE71/MFOD71-73); ¢ nx
MOMOLLIO MOXKHO MNepefaBaTb [AaHHble CO CKOpocTbto 5 M6uT/c no 10-meTpoBOMY MAacTMKOBOMY Kabesto,
onucaHHoMy Bbille (cm. puc. 9.43).

Ao 30dyT0B KaBeNs
TuPont OE1040 WaW

Eska SH4001
+5 3
| MFODT1 |
MFOET — ”
PHpMb _— ,...ﬁ
Motopona A = — j
330m
TTA-8xon, =
Ao 1ME/c
75452 +5

I 180 NogcTponia
YYBCTBHT.

Puc. 9.43. Hedopoaasa onmo8oMoKOHHAA AUHUA CBA3U.

(Ha ocHoBe puc. 7 cneundukaupum MFOD71 dpupmbl «MoTopona»)

Kabenn 6osee BbICOKOro KayecTBa MCMOJIb3YKOT CTEK/IOBOJ/IOKHAa — MHOIomoaoBble CO CTyneH4YaTbiMm
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M3MeHEeHWEM Ko3bdUUMEHTA NPEeNOMIEHMs, MHOrOMOAOBblE C MAaBHbIM  M3MEHEHMeM KoadduumMeHTa
npesomaeHna (nyywe) WM OAHOMOAOBble (camblie Aydwimne). Mcnonb3ys cTeknoBosokHo 200 MKM  co
CTyMNeH4YaTbiIM M3MEHEHMEM KO3DOUUMEHTA MPENOMAEHMSA, MOMKHO AOCTMYb CKOpocTM 5 MBUT/c Ha 1 Km nyTv co
CTaHAAPTHbLIMW  BOJIOKOHHO-OMNTUYECKMMMU  KOMMOHEHTAaMW, BK/KOYAIOLWMMMN  COEAMHUTENN, 3/1eMEHTbI  CBA3M,
fenntenv/obbeaMHUTENN M AETEKTOPbl C BCTPOEHHLIMU yCUAUTENAMM. TlOCAeAHUM OOCTUMKEeHMEeM B 06/1acTu
LLUIMPOKOMOIOCHOM BO/IOKOHHO-OMNTUYECKOW AanbHel cBaAsn asnsetca 4 [Ty Ha 120 Km nyTu 6e3 noBTOpUTENEN.

-296 -



AHanoro-umpposoe npeobpazoBaHME

9.15. BseodeHue 8 aHas1020-Uupposoe npeobpa3osaHue

Kpome 4mcTo «UMdPOBOro» COMpAMKeHUa (KAKuM, Namnbl M T.M.), KOTOpoe 06CYX4anoch B NpeablayLimx
pasfenax, 4yacto TpebyeTca npeobpas3oBaTb aHaNOrOBbIA CWUrHaA B 4YMCAO, MPOMOPLIMOHANbHOE amMnAuTyae
CUrHana m HaobopoT. ITO UrpaeT BaXKHYH POJb B TEX C/y4asax, KOraa KOMMbOTEP UM MPOLECCOP PErmcTpupyoT
MAN KOHTPOAMPYIOT XO4, IKCMEePMMEHTa MW TEeXHONOTMYECKOro npouecca, MW BCAKUWM pas, Koraa uudposan
TEeXHMKa MCNO/b3yeTcs A1 BbINOAHEHWUA TPaANULMOHHO aHaa0roBol paboTs.

AHanoro-umédposoe npeobpasoBaHMe cnedyeT MUCNOAb30BaTb B 06nacTax, rae ana obecneveHua
MOMEXOYCTOMYMBON M LIYMO3ALIMLIEHHOW  nepedayn  aHanoroBas  uHbopmaumsa  npeobpasyetcs B
MPOMEXKYTOUHYIO  UMbpoBYtO dopmy (Hanpumep, «UMPPOBAs  3BYKOTEXHMKA»  MAM  MMMYIbCHO-KOA0BasA
Mmoaynaumsa). ITo TpebyeTcAa B CamblX Pa3HOOOpPasHbIX W3MepPUTEsIbHbIX CPeacTBax (BKAOYad 0bOblYHble
HacTo/ibHble MpWBOPbI TMNa UMOPOBbLIX YHWBEPCAbHLIX M3MeEpPUTENbHbIX NpMbBopoB U Bonee 3K30TUYECKME
npmnbopbl, TakMe, KaKk ycpeaHWTenn Mnepexo/iHblX MPOLEeccoB, «/OBYWKM AnA Bbibpocos» M ocumanorpadbl ¢
UMPOBOM MNaMATbIO), @ TaKXKe B YCTPOWCTBAX reHepaumm M 06PabOTKM CUIHANOB, TaKWMX, Kak LMPPOBble
CMHTE3aTopbl KoiebaHWin U yCTPOMCTBa WNGPOBAHMA AaHHbIX.

N HaKoHeLl, TeXHWKa Npeobpa3oBaHWA ABAETCA CYLLECTBEHHOM cocCTaB/Alollen cnocobos GopmmnpoBaHmMs
aHaNoroBblXx M3006parKeHW C MOMOLLBIO UMPPOBBLIX CPeAcTB, Hanpumep, NOKasaHUM namepuTenbHbIX Nprbopos
WA OBYXKOOPAMHATHLIX M300pa)KeHW, CO34aBaeMblX KOMMblOTEPOM. [lake B OTHOCUTE/NbHO MPOCTOM
3/IEKTPOHHOM annapaType CYLLecTBYeT Macca BO3MOMKHOCTEM [/1A MPUMEHEeHMA aHanoro-umdposoro M umMdpo-
aHanorosoro npeobpa3oBaHMsA, Tak YTO 3HAKOMCTBO C Pa3/MYHbIMK CNOCOBamMM U AOCTYMHbIMKM MOAYAAMM,
MCNOAb3yeMbIMW B aHanoro-umMpposom npeobpasosaHMM, BeCbMa Noie3HO, Tem Hosee, YTO B HACTOsLLEE BPEMSA
MOXKHO npunobpectn ALIM 1 UAM no 5 gonn. 3a WTyKy.

Halle 3HAaKOMCTBO C pas/MdHbIMKM MeTodamu npeobpasoBaHMa He OyAeT HOCUTb XapakTep Kypca no
NpoeKTMpoBaHUio npeobpasosateneit. Mbl MOMbITaeMCA MNOKas3aTb MNPEUMMYLLECTBA M HEAOCTAaTKM  KaXK4oro
MeToAa, MOCKO/bKY B OO/bLIMHCTBE C/y4aes 3adadva COCTOMT B TOM, 4YTODbI KymWUTb KOMMEPYECKM AO0CTYMHbIN
KPWCTa Il UM MOJY/b, @ HE MOCTPOUTL €ro C Havana A0 KOHLA. MoHUMaHWe TeXHUKN NpeobpasoBaHnA 1 3HaHWe
ocobeHHoCTel MeToA0B NpeobpasoBaHma ByayT PYKOBOAMTL BamM Npu Beibope 6/10Ka M3 COTHM AOCTYMHBbIX.

Koagpbl. 34ecb Bbl A0/MKHbI BCMOMHWUTL pa30. 8.03, B KOTOPOM OMMCaHbl Pa3inyHble YMC/AOBbIE KOAbI,
Mcnosb3yemble 448 NPeACTaBNeHUA uYMcen co 3Hakom. B cxemax A/U-npeobpasoBaHWa MCMOMb3yOT 0ObIYHO
CMELLEHHbIA ABOUYHBIA W AOMOJHWUTENbHbIA KOAbl, BPEMA OT BPEMEHMU MOABAAKTCA TaKKe MpPAMON Kog CO
3HaKoMm K Koz [pes.

,ﬂ,OI’IOﬂHMM Ball BOCNMOMWHAHUA:
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MorpewHocTn npeobpasosateneit. MorpewHoctn A/LL- 1 LU/A-npeobpaszosaHiii — Becbma C/OKHaA Tema,
KOTOPOW MOHO MOCBATUTL Liesible ToMma. Kak Bbipasusica bepHu fopaoH 13 dupmbl Analogic, ecnu Bbl nonaraete,
4TO cucTemMa npeobpa3oBaHMA BbICOKOM TOYHOCTM KMBET B COOTBETCTBUWM C OOBABAEHHBIMM TEXHUYECKUMMU
OaHHbIMM, TO Bbl, BEPOATHO, HE AO0CTATOYHO OAM3KO C Hel Mo3HakomuaMcb. Mbl He Byaem cnefoBaTb TakoMy
NPUKNAAHOMY CLEHAPUIO C TeM, YTODbl NOAAEPKATb BbiCKa3blBaHMe BepHM, HO NoKaxkem 4 Hambonee obLIMX TUNA
norpewHocTen npeobpasoBaHuA. He Kenas yTOMAATb BaC YMHbIMW PA3roBOPaMu, Mbl MPOCTO MpPeacTaBUM
rpadumKkn, He Tpebytolime NoACHeHWNM, ana 4-x Hanbonee pacnpPoOCTPaAHEHHbIX TUMOB NOrPeLHOCTEeN: NOrPeLWHOCTH
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cABUra, NOrPeLHOCTH LLKa/bl, HEIMHENHOCTb M HEMOHOTOHHOCTb (puc. 9.44).
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Puc. 9.44. Yemeipe oCHOBHbIX muna nozpewHocmel aHa1020-uupposo2o npeobpa3o8aHus.

(C paspewenusa dupmsl National Semiconductor.)

a — nepegaTtoyHan xapaktepuctuka ALLM co casurom Hyna Ha 1/2 M3P;

6 — /IMHelHaA norpewHocTb Wkansl Ha 1 M3P;

B — +1/2 M3P HesMHeHOCTM (BK0Yas BO3MOXHYIO norpewHocts 1 M3P); 1 M3P anddepeHumanbHol HeNMHENHOCTM (NpyY COXpaHeHUM MOHOTOHHOCTM);

I — HEMOHOTOHHOCTb (HEIMHEMHOCTb A0/IHa BbiTb Bonble * 1/2 M3P).

9.16. Hugppo-aHanozossie npeobpazosamenu (LAl)

Llenb cocTouT B TOM, 4TObbl NpeobpasoBaTb KOAMYECTBO, OMNPEAe/eHHOe B BMAE ABOMYHOMO 4ucna (Mau
MHOTOPaspALHOro ABOMYHO-AECATUYHOIO 4YMCAa), B HaMPSXKEHWe WAM TOK, MPOMNOPUMOHAAbHOE 3HAYeHUIo
LUMdpPOBOro BXxoAa. PacCMOTPMM HECKO/IbKO PacipoCTpaHeHHbIX cnocoboB npeobpasoBaHums.

BKAtoyeHWe MaclWTabupylowmx pesncTopoB B CyMmupytollee coeamHeHne. Kak Bbl yXKe BMAENM B pa3o.
4.09, noakao4an HeCKOSbKO PEe3UCTOPOB K CYMMMUPYIOWEMY BXOZYy OMEepPaUMOHHOro YCUAUTENsA, Ha Bbixode
MOXHO MOJIYYUTb HaNpPANKEeHWe, NPONOPLMOHaIbHOE B3BELIEHHOW CyMMe BXOAHbIX HanpsxeHui (puc. 9.45).

+10 b
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Puc. 9.45.

HanpsaxeHne Ha Bbixode 3TOM cxembl M3meHseTca oT O go —10 B, npmyem MaKCMMa/bHbIA BbIXOZ,
COOTBETCTBYET BXOAHOMY umncay 64. [JeNcTBUTENbHO, MaKCMManbHOe BXOAHOE YMCNO BCcerga pasHo 2" — 1, T.e.
BCE pa3psadbl HaxoaaTcA B «1». B AaHHOM c/lydae mMakCMmasnbHOe BXOAHOE YMC/I0 paBHO 63, a COOTBETCTBYHOLLEE
BbIXOAHOE HanpsykeHue paBHo —10 x 63/64. M3meHAa pe3ncTop obpaTHOM CBA3M, MOMHO A06UTbCA, YTOOLI
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BbIXOA M3meHanca ot 0 4o — 6,3 B (T. e. caenatb TaK, YTobbl BbIXOA, B BO/bTax Obla Bbl uncneHHo paseH —1/10
BXOAHOrO 4YMCAa), MOMHO A06aBWUTb TaKKe WHBEPTUPYIOWMIA YCUAWTENb WAM MOCTOSHHOE CMELLeHME Ha
CYMMWPYIOLWLMIA  BXOZ, YTODbI MOAYYUTb MONOKMTENbHBLIM BbIXOA. VI3MeHAA 3HAaYeHUA BXOAHbIX PE3NCTOPOB,
MOYHO COOTBETCTBYOWMM 0bpa3zom npeobpa3oBatb MHOrOPaspAAHbLIA ABONYHO-AECATUYHbBIN BXOAHOW KOA, UK
nobol Apyroi B3BELEHHbIM KoA. BxoAHble HanpsKeHWA [0/KHbl COOTBETCTBOBATb TOYHbIM 3TajNOHAM; Yem
MeHblle 3HaYeHMe BXOAHOrO pesncTopa, Tem OOoAbluyld TOYHOCTb OH  AO0/KEeH uMeTb. Pasymeertcs,
COMPOTUB/IEHWE MEPEKIOYEHNA AOMKHO ObiTb MeHblie YeM 1/2" Be/IMYMHbI CaMOro MafleHbKOTO Pe3ncTopa; 3To
Ba)KHOEe 3ameyvaHue, MOCKOJIbKY MNepeKatoveHre BO BCeX peasbHbIX CXemax BbIMOMHAETCA C MOMOLLbLO
TPaH3UCTOPOB MAM Katodelr Ha MOI-TpaH3ucTopax. 3T0T cnocob npeobpas3oBaHUs MCMOb3YETCA TO/IbKO B
HbICTPbIX NPeobpa3oBaTensx HU3KOM TOYHOCTU.

YnpaxHeHve 9.2. CnpoeKkTupyiTe 2-paspafHblii ABOMYHO-AecATUYHBIN LAM. McnonbsyiTe Bxodpl ¢ nepenagom oT O go +1 B, BbIxo4 Npu 3TOM [AOMKeH

nameHaTbea ot 0 7o 9,9 B.

UenHaa  K-2K-cxema. Cnoco6  macwtabupylowmx  pes3ucTOpoB  CTAHOBMTCA  HeyaobHbIM,  ecan
npeobpasoBaHMIO MNOABEPraldTCA MHOro paspaaos. Hanpumep, ana  12-paspsgHoro  npeobpasoBaTens
notpebyeTcs cooTHolleHWe BenndnH pesmctopoB 2000:1 ¢ cOOTBETCTBYIOLWIEN TOYHOCTbHO CAaMOro MaseHbKOro
pesuctopa. LenHaa R-2R-cxema nokasaHHas Ha puc. 9.46, NPUMBOAUT K U3ALWHOMY PELIeHUIO 3TOM 3a4a4u. 34ech
TpebytoTca TONbKO 2 3HaYeHWA pPe3UCTopoB, MO KoTopbiM R-2R-cxema GOPMUPYET TOKM C  JBOUYHBIM
MaclTabupoBaHmem. Pe3ncTopbl, KOHEYHO, AO0/KHbl OblTb TOYHO MoAO0OpPaHbl, XOTA AeNCTBUTENbHbIE KX
BE/IMUYMHbBI HE TaK CyllecTBeHHbl. [puBeaeHHas cxema GpopmupyeT BbixoaHoe HanpaxeHue oT 0 go —10 B ¢
MOJIHbIM BbIXOAOM, COOTBETCTBYHOLIMM 4YMCAy 16 (ONATb Ke MaKCMMasibHOe BXOAHOE 4MCA0 paBHO 15 npwu
BbIXOAHOM Hanpsxenmun 10 x 15/16). Jna ABOMYHO-AECATUYHOTO npeobpasoBaHMA UCMOAb3YeTCA HECKO/bKO
moamndukaunin R-2R-cxemsl.

U A0 w0m 50 wlm 50 wOm 100 x0Om
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+10B

100 #Osa | |700 wOwm | |00 wOm | [100 HOM

i 50k0mM

c3p M3P

i

Puc. 9.46. Cxema necmHu4yHo2o muna R-2R.

YnpaxHerue 9.3. MoKaxute, 4To NpMBeaeHHan Bolle R-2R-cxema BbINOAHAET GYHKUMIO Npeobpa3osaHMa NpasuabHO.

NCTOYHMKM MacluTabupytolmx TOKOB. B cxeme ynomaHyToro Bbille R-2R-npeobpa3oBaTens onepaumoHHbIn
ycunautens npeobpasyeT ABOMYHO-MACLUTAaOMPOBAHHbIE TOKW B BbIXOAHOE HanpsaxeHue. Bo MHOrmMx cnydasax
BbIXOAHOE HanpsaxKeHWe nABnAeTcA Hambosnee yA0OHbIM BWAOM CUIHaNa, HO OMEPALMOHHbIE YCUAUTENMU, KakK
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NpaBMIO, COCTaBAAIOT CaMyld MeA/IeHHYI0 4acTb npeobpasosaTens. Ecam Bbl Mcnonb3yete npeobpasosBatesb C
TOKOBbIM BbIXOAOM, Bbl [J0ObETECH NYYLIMX XapaKTepucTUK 3a bonee HM3Kylo UeHy. Puc. 9.47 unnoctpupyet

obuiyto naeto.

TOKM MOXKHO CHOPMMPOBATL C MOMOLLBIO MATPULLbI TPAH3UCTOPHbBIX UCTOYHMKOB TOKA C MacLITabupyowmmm
SMUTTEPHbBIMKU PE3UCTOPAMMU, XOTA NPOEKTUPOBLIMKKM VIC npeanoymTatoT MCNOo/b30BaTb UenHyto R-ZR-cxemy m3
SMUTTEPHBIX PE3UCTOPOB. B HonbwmMHCTBE NpeobpasoBaTenelt 3TOrO TMNa UCTOYHWKM TOKA BK/OYEHbI BCE BPeMs,
a WX BbIXOAHOWM TOK MOAKNOYAETCA K BbIXOAHOMY KOHTAKTYy WM K 3em/e NoJ ynpaBieHnem umdpoBOro BXo4HOro
koda. B UAI c TOKOBbIM BbIXOAOM CnefdyeT NMPUMHMMATb BO BHWMMAHWE OrpaHMYeHWe Mo pas3maxy BbIXxoAa; OH
MOXeT focturaTb scero 0,5 B, xoTa TMNoBoe ero sHayeHne CoCcTaBiAET HECKO/IbKO BO/LT.
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Puc. 9.47. Knaccuyeckas cxema LIAT c kKommymayuel moKos.

®opMMpoBaHME BLIXOAHOrO CUrHana HanpaxeHua. CyllecTByeT HEeCKOo/bKo cnocobos GopmMpoBaHMA
BbIXOAHOIO HanpaxeHua ana Tokosbix LUAT. HekoTopble M3 HMX NOKasaHbl Ha puc. 9.48.
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Puc. 9.48. opmuposaHue HaAnpAMeHUa no moxkosomy 8bixody LIAT

EcAin emMKOCTb HarpyskuM HeBenuKa, a Tpebyemblli nepenas HanNpAXeHWAa [O0CTaTOYHO OO0AbWOW, TO
npekpacHo pabotaeT cxema C OObIYHBIM  PE3UCTOPOM, MNOAKAOYEHHBIM K 3emie. [lpu  TUNOBOM
nosHomMmaclWwTabHOM BbIxogHOM Toke 1 MA HarpysouHbii pesnctop 100 Om obecneumBaeT nosHomaclwTabHoe
BbIxoAHOEe HanpaxeHune 100 mB ¢ BbixogHbIM MmnegaHcom 100 Om. Ecam cymmapHad eMKkocCTb Bbixoga UAT u
€MKOCTb Harpy3ku He npesbiwaeT 100 nKP, To Bpems yCTaHOBKM B npedblayulem npumepe byaet pasHo 100 He,
npeagnonaras, 4to bbicTpoaeincTame LA HecKoNbKO Bbllle. AHanM3Mpysa BAMAHME MNOCTOAHHOW BpemeHu RC-
LLeMoYKM, He 3abblBaliTe, UYTO BbLIXOAHOE HAMPSAKEHWEe YCTAHOBMTCA C TOYHOCTbO A0 1/2 M3P 3a Bpems,
COCTaB/AOWLEE HECKO/IbKO MOCTOAHHbIX BPEMEHW. Hanpumep, Bpems yCTaHOBAEHMA BbixoAa C TOYHOCTbIO 1/2048
ana 10-pa3psagHoro npeobpasoBatens cocTaBafaeT 7,6 NOCTOAHHbIX BpemeHu RC-uenoyku.

Ona Toro ytobbl chopmMmpoBaTh HO/LLIOK Nepenas, HanpPAKEHWA UM COTNacoBaTb BbIXOJ C HU3KOOMHOM
Harpy3kon WM c BONbLION HArpy304HOM EeMKOCTblO, MOMKHO MCMO/b30BaTh MOKA3aHHYO Ha PUCYHKe CXemy C
Pe3nCTUBHOM 0bpaTHOWM CBA3bIO (YCUAUTENb TOKa C BbIXOAOM MO HamnpsaxKeHuto). KoHAeHcaTop, WYHTUPYIOLWNIA
pe3snctop obpaTHoOW cBsA3M, Heobxoaum Ansa obecrneyeHus YCTOMYMBOCTM, MOCKO/bKY BbIXOAHasa emkocTb LIAM B
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COYeTaHUM C pe3nctopom ob6paTHOM CBA3M CO34aET 3amnas3ablBatollmii ¢GasoBbld CABUM, 3TO, K COXaANEHWIo,
CHW)KaeT ObicTpogenctBue ycunutens. Cxema o6nagaer OAHOW  3aHMMATENIbHOM  OCOOEHHOCTbIO:  A/1A
noAAepKaHWA BbICOKOM CKOpPOCTM Jaxke Hepopororo LIAM moxkeT noTpeboBaTbCA OTHOCUTENIbHO [A0POroi
BbICTPOAENCTBYIOWNIM (C MabiM BPEMEHEM YCTAaHOBKM) OMEPauUMOHHbLIA ycuanTenb. Ha npakTuke nocneaHss
cxema obecneymBaeT NyyllMe XapPaKTEPUCTMKKM, MOCKOAbKy He TpebyeT KOMMNEHCMPYHOULero KoHAeHcaTopa.
Crapaiitecb n3beraTb MOrpelHOCTEN HaNPAMEHWs CABWUrAa — OMNepauUMOHHbIA YCUAUTENb YCUAMBAET BXOAHOE
HanpaeHune casura B 100 pas.

Kommepueckn aoctynHble moayam LIAM o6nanatoT TOYHOCTbIO OT 6 A0 18 6UT 1 BpemeHem yCTaHOBAEHMA OT
22 He po 100 mkc (LAM ¢ camol BbICOKOM TOYHOCTbIO). LleHbl Ha LIAM KonebntoTca OT HECKONbKMX [0N1apoB A0
HECKONIbKUX COTEH A0171ap0oB. TUMNOBbIM LIMPOKO PachpoCTpaHeHHbIM 610Kkom asnsetcs AD7248, 12-pa3paaHbii
npeobpasoBaTtesib C 3aLLE/IKOM UM BHYTPEHHUM OMOPHbLIM UCTOYHUKOM U C BPEMEHEeM YCTaHOBEHUS A/1A BbIXOAa
No HaNpPAXXeHWto, paBHbIM 5 MKC. LleHa ero coctasndaet okoso 10 gonn.

9.17. Uumeepupyrowue LIATI

B npuKknaaHbix 3apadax «UMOPOBOMY» BXO MOMET NpeactaBnaTb coboir NocnenoBaTe/lbHOCTb MMMY/IbCOB
nnn KonebaHWe Apyroro BMAa ONpeaeseHHOM 4acToTbl. B 3TOoM ciyvae HemocpeAcTBeHHoe NpeobpasoBaHMe B
Hanps)KeHWe MHorAa OKasbiBaeTcs 6osee yaobHbIM, YeM MPeaABapUTENbHbIA OTCYET BPEMEHU C MOCAEAYOWMM
npeobpasoBaHMeM ABOWNYHOTO YMCAA NO ONUCAHHbLIM Bblille cnocobam. Mpu Nnpamom npeobpa3oBaHMM YacTOTbl B
HanpAKeHWe Ha KaKAOM BXOAHOM LMKAE FreHepupyeTcs CTaHAAPTHbLIA MMMYAbC; OH MOMET ObITb KaK MMMY/IbCOM
HanpsKeHWs, Tak U UMMYAbCOM TOKa (T. . GUKCUPOBAHHbBIM KOAMYECTBOM 3apAaa).

MmnynbcHaa nocnefoBatenbHOCTb ycpeaHaeTca RC-GUAbTPOM HM3KMX YAacTOT MAM MHTErPaTOpPOM, CO34aBas
BbIXOAHOE HampAxKeHue, NPonopLUMOHaNbHOe CpefHeln BXOAHOM YacToTe. Bbixod, pasymeeTca, MMeeT ny/abcalu
M 0N TOro, 4ToBbl UX YMEHbLUIUTL A0 yPOoBHA TouyHocTM LIATT (1.e. go 1/2 M3P) ncnonbsyoT GUALTP HU3KOW
4aCTOTbl, KOTOPbLIM 3ameanaeT BbIXOAHYKO peakumto npeobpasosatens. Jaa Toro 4tobbl nyabcaumm 6611 MeHblle
1/2 M3P, noctosHHan spemerun T npoctoro RC-duabTpa HU3KMX YacToT AOMKHA ObiTb, MO KpaHeil mepe, paBHOWM
T = 0,69(n + 1)TO, rae 70 — nepuoa BbIXOAHOIO CUIHanNa nN-paspagHOro npeobpasosBaTesna 4vacToTbl B
HanpA)KeHWe, COOTBETCTBYIOLWMA MaKCMMaNbHOW BXOAHOM 4YacToTe. [pyrumu cNoBamu, BPeMA YCTaHOBAEHMSA
BbIxoga A0 1/2 M3P 6ynet npumepHo pasHo t = 0,5(n + 1)°T0. 10-paspagHbii npeobpa3osaTesib 4acTOTbl B
HanpsXeHne C MakCcMManbHOW BxoAHOW 4YacToTor 100 KMU NPy MCNONb30BaHMM craaxmsatowero RC-dmnbTpa
byaeT MMeTb BPEMA YCTaHOBEHUS BbIXOAHOro HanpsxeHusa 0,6 mc. Mcnonbays 6osiee CAOXKHbBIA GUABTP HU3KMX
4acToT (C KPYTbIM CPE30M) MOMHO [06UTbCA Nyylumx pesynbTatoB. OAHAKO Npexae Yem yBAeKaTbes
3aTeNnBbIMM Cxemamn QUABLTPOB, BCMOMHMTE, YTO OYeHb 4acTo npeobpasoBaHME 4YacTOTbl B HaMNpAXKeHue
Mcnonb3yeTcsa, Korga He TpebyeTcsa Bbixod, NO HaNPsXeHuto. HuKe Mbl KOCHEMCA CYLLeCTBEHHO WMHEPLMOHHbIX
Harpy3oK B COYETaHMM C LWMPOTHO-UMMYIbCHOM MOAYNALMNEN.

WnpoTHO-MMnyabCcHas  moaynauus. B atom crnocobe ucnonb3yetca UMOpPOBOM BXOAHOM KoA ANA
bopMMpoBaHMA NOCNEA0BATENbHOCTM  MMMY/bCOB  OUKCMPOBAHHOW 4acToThl C A/IMTENbHOCTBIO  MMMYNbCOB,
NPONOPUMOHANABHOM BXOAHOMY u4Mcay. Jlerde BCEro 3TO CAenaTb C MOMOLLBIO CYeTYMKa, KomnapaTopa M
BbICOKOYACTOTHOrO reHepaTopa TaKTOBbIX MMMY/AbCOB (CM. ynpaxHeHwe 9.4). Kak u npexae, MOXKHO
MCMOb30BaTb MPOCTENWMIN OUABTP HU3KMX YacToT AAA Toro, 4tobbl CHOPMMPOBATL BbLIXOAHOE HaMpsAMKeHue,
NPONOpUMOHaAbHOE CpeaHEeMY BPeMeHM npebbiBaHMsA B BbICOKOM COCTOSIHMM, T.e. MpPOnopuUMOHabHOe
undpoBomy BxoAHOMY Koay. Hambonee yvacto 3atoT BuA LU/A-npeobpasoBaHMs MCMOAb3yeTcA, Koraa cama
Harpyska ABAAETCA CUMCTEMOM C MeA/IeHHOM peakumen; B 3TOM C/yYae WMPOTHO-UMMNYAbCHbIK MOAYAATOP
reHepupyeT TOYHbIe MOPLUMM SHEPTUM, YCpeaHAEMble CUCTEMOW, NMOAKAOYEHHOW B KayecTBe Harpysku. Harpyska,
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Hanpumep, MOXeT OblTb eMKOCTHOM (Kak B cTabuamsatope C MMMYAbCHbIM PeryiMpoBaHuem, CMm. ea1. 6),
TEPMMYECKON (TepmMoCTaTMpOBaHHaA BaHHA C HarpesaTeNem), MexaHMYecKon (cucTema aBTOMATMYECKOro
PerynnMpoBaHMsa CKOPOCTU NEHTbI) UM NEKTPOMArHUTHOM (60bLWONM 3NEKTPOMArHUTHBIN PEryasaTop).

YnpaxHeHue 9.4. MocTpoiTte cxemy GopMUpPOBaHUA MMNYIbCHOM nocaeaosaTensHocTv 10 KL, ¢ AUTENbHOCTBIO UMMY/ILCOB, NPOMOPLMOHANbHOM 8-paspasHoMy

[ABOVYHOMY BXOAHOMY KOZy. MICMonb3yiiTe CYETUMKM U KOMMAPaTopbl (C COOTBETCTBYIOLLMMM PACLUMPUTENAMM).

YMHOXUTENb YacTOTbl C ycpeAHeHMem . Cxemy YMHOXWUTENA 4acToTbl, ONMCaHHy B pa3d. 8.28, MOMKHO
MCNoab3oBaTb AN co3danua npoctoro LLAM. MapannenbHblil ABOMYHBIA MAM ABONYHO-AECATUYHBIA BXOAHOMN KOA,
npeobpasyeTcs B MNOC/AeA0BATENbHOCTb BbIXOAHbIX MMMY/IbCOB CO CpPefHel 4YacToTOM, MNPONOPLMOHAIbHOM
undpoBomMy Bxoay; Ana GOPMMPOBAHMA BbIXOAA MO MOCTOAHHOMY TOKY, MPOMOPLMOHANbHOIO LMbpoBOMY
BXOAHOMY KOAY, MOXHO, KaK W A/1A ONUCAHHOro Bbile npeobpasoBaTens 4acToTbl B HAMPAXeHWe, UCNob30BaTb
npocTtoe ycpedHeHWe, XOTA B [AAHHOM C/yyYae Be/MYMHA MOCTOSHHOM BPEMEHM BbIXOAA MOMKET O0Ka3aTbCA
HeLonycTUMO GONbLIOM, MOCKOAbKY BPeMA YCPeAHEHWA Ha BbIXOAE YMHOMMWTEeNA 4acToTbl AOMKHO OblTb pPaBHO
Hanbosbliemy Mepuoay BbIXOAHOrO CUrHasa YMHOMWUTENA. [OCTOMHCTBA YMHOMKMTENEeW 4YacToTbl Kak L/A-
npeobpasosaTtesneil 0cobEHHO NPOABAAIOTCA, KOrAa BbIXOZ YCPeAHSAeTCcA 3a CY4eT CUAbHON MHEePLUMOHHOCTM CamoM

Harpysku.

Mo-BMOAMMOMY, Nlydlle BCEro MNPUMEHATb Takue npeobpasosaTenM npu  UMGPOBOM  YNpaBAeHUM
TeMnepaTypon, rae no KaxAoMy BbIXOAHOMY MMMY/AbCYy Y4aCTOTHOTO YMHOXWTENA MPOUCXOAMT MNepeksoveHue
MOJIHbIX MEePUOA0B HaMpPANKEHWA MNEePEMEHHOro TOKa Ha HarpesaTtesie. YacTOTHbIM YMHOMMUTENL MPU 3TOM
opraHMsyeTcs TakMum 06pa3om, YTobbl ero camas HM3Kas BbIxoAHaA 4yacToTa Hblna OGbl paBHA LENOYUCAEHHOMY
fenvtento 120 Tu, a 418 KOMMYTUPOBAHMA HaNpPAXKEHMS NEepemMeHHOro Toka (Mpu nepeceyeHnu Hyns) no
NOTMYECKMM CUTHAIaM UCMO/b3YyeTCA TBEPAOTE/bHOE pesie (MM CUMUCTOP).

ObpaTtnTe BHMMaHWe, 4TO nocnegHue Tpu cnocoba npeobpa3oBaHMA OCHOBLIBA/NIUCL HA YCPEAHEHUM BO
BPEMEHM, B TO BPEMS KaK MEeTOAbl Ha OCHOBE LEMHOW PEe3MCTOPHOM CXeMbl U MCTOYHMKOB TOKa MO CyLECTBY
«MFHOBEHHbI». 3Ta OCOBEHHOCTb Mpucylla M PasIMYHbIM  MEeTo4amM aHanoro-umMdposoro npeobpasoBaHuUA.
YcpenHsaeT nu npeobpasosaTenb BXOAHOW CUTHAA Mau npeobpasyeT OTCHETbl MTHOBEHHO MMEET, Kak Bbl BCKOpe
ybeamTecb Ha HEKOTOpPbLIX NpuMepax, Ho/blloe 3HaYeHMe.

9.18. LUAT] ¢ ymHOxMceHuem

BONbLWIMHCTBO M3 paHee pPacCMOTPEHHbIX CNOCOBOB MOMHO MCMOAb30BaTb A8 nocTtpoeHusa UAM ¢
YMHOEHMEM, B KOTOPbIX BbIXOZ, paBeH MNPOU3BEAEHMIO BXOAHOIO HanpsxXeHus (MM TOKa) Ha BXO4HOW UMdPOBOM
Koa. B LUAM ¢ macwutabmpyembiMn UCTOYHMKAMM TOKa Bbl MOXKETE, Hanpumep, OTrpaaympoBaTb BCE BHYTPEHHMWE
MCTOYHMKM TOKa C MOMOLLbIO BXOAHOrO MPOrpamMMMpYrOLLEro Toka. YMHoxatowme LAM MOXHO BbINONHWUTL Ha
UAM, KoTopble He WMMElT BHYTPEHHEro OMOPHOr0 WMCTOYHMKA, WMCMNOJb3yA BXOZ, OMOPHOTO HanpAXeHua anA
BXOAHOIO aHa/joroBoro curHana. OgHako Ana 3Ton uenum npurogHsl He Bce LLAM, moatomy cnepyeT m3yyunTb
BHMMATENbHO WX MAcNOPTHble AaHHble. B MmacnopTHble AaHHble Ha LAM C XOpOoWWMMMWM «MHOMKUTENbHbIMUY»
CBOMCTBaMM (LUMPOKMIA AManasoH BXOAHOMO aHa/0OroBOro CUrHana, BbICOKasa CKOPOCTb M T. M.) B BEPXHUIA NpaBbii
Yyron 0bbl4HO BHOCUTCA NOMETKa «yMHOKatolwmin LAM». Mpumepamn 12-paspagHblix yMHoxKatowmx LIAT seaatoTes
AD7541, 7548, 7845 n DAC1230, ctoMmocTb KoTopbix Konebnetca ot 10 ao 20 gonn.

YmHoxatoume LAM (1 A/LU-3KBMBaANEHTbI) OTKPbLIBAIOT BO3MOMHOCTU /1A IOTOMETPUYECKUX U3MEPEHUIN ©
npeobpasoBaHuit. ECAM HEKOTOPbLIM [AaTyMK (Hanpumep, PE3UCTUBHbLIM AATYMK TUMa TEPMWUCTOPA) MUTaeTca oT
3TaNIOHHOTO HaNpAMeHus, KoTopoe nodaeTca Takke Ha A/L- wan L/A-npecbpasoBaTent B KayecTBe OMOPHOro
HanNpsXXeHWA, TO WM3MEHEHMA STA/IOHHOTO HaNPAMEeHWA He MOBAMAKOT Ha pPesynbTaTbl M3MepeHWn. ITa uaeA
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L‘I[.')e38bll‘lal~/’1HO NNoA0TBOPHA, MOCKOJIbKY MO3BOJIAET MNPOBOAUTbL WM3IMEPeHMA W ynpasseHne C TOYHOCTbLIO,
HDEBbIUJaPOU_LeVI CTabWNIbHOCTb 3TAZIOHHOIO WCTOYHMKA HanpaxXeHma wuan UCTOYHMKA MUTAHUNA, U HaO60pOT,
CMATYNTb Tpe6OBaHVlﬂ no CTabUAbHOCTU M TOYHOCTU UCTOYHMKA NUTAHUA.

JIOrOMeTpUYECcKMiA NPUHLMN B CBOEM NpocTenllen dopme MCNOoAb3yeTcs B KAACCMYECKOW MOCTOBOM CXeme,
rOe 3a CYeT CBeAEHMA K HY/0 PA3HOCTHOTO CUrHana MeXay [OBYMA BbIXOAAMW AenuTener HanpsKeHus
YCTaHaB/MBAETCA PABEHCTBO ABYX OTHOWEHUM (cM. pa3d. 15.02). Mpubopsl Tna 555 (cm. paszd. 5.14) nossonsaoT
[06uTbcA Xopolwen cTabUAbHOCTM BbIXOAHOM YAacTOTbl MPU 3HAYMTE/bHbBIX M3MEHEHUAX HAMPAKEHUA MUTAHWUA; 3TO
pocturaetca 6narogapa NPUMEHEHUIO TIOTOMETPUYECKOM CXeMbl: HaNpAXKeHWe Ha KoHAeHcaTope, dopmMmupyemoe
C nomollbto RC-LEMNOYKM OT UCTOYHMKA NUTAHWUA, CPABHUBAETCA C GUKCMPOBAHHOM A0NEN HAMPAMKEHUA NMUTAHUSA
(1/3 UKKu 2/3 UKK). PesynbTupytollaa BbixodHas 4YacToTa ByaeT 3aBMCETb TObKO OT MOCTOAHHOM BpemeHn RC-
uenn. K aToi BaXKHOM TeEmMe Mbl elle He pa3 BepHEMCs M B 3TOM rnase B cBA3n ¢ AL u B 2. 15, Koraa mbl byaem
obCcyKAaTb MeToAbl Hay4HbIX U3MEPEHUI.

9.19. Bbibop LIATI

B KauyecTBe CnpaBoOYHOro matepuana, Heobxoammoro Ana sbibopa LIAM ona KOHKPETHOrO MPUMEHEHWSA, Mbl
npusoaMm Tabn. 9.4, B KOTOPOM MepeuncneHbl camble TUNMYHble LIAM pasanyHOM CKOPOCTM M TOYHOCTM. ITOT
CMMCOK HM KouMm 06pasom He npeTeHAyeT Ha MNOMHOTY, HO OH BK/AOYaeT Hambosnee pacnpocTpaHeHHble
npeobpas3oBaTeIn U HEKOTOPbLIE Camble COBPEMEHHbIe MPUBOPLI, MpeaHa3Ha4YeHHbIe A1 3aMEHbI.

Mpu nouncke LLAT ana KOHKPETHOro NPUMEHEeHUs CaeayeT BCeraa NOMHUTbL O HEKOTOPbIX Hanbonee BarKHbIX
MOMEHTaX: a) TOYHOCTb, 6) ObicTpOAENCTBME; B) TOYHOCTb YCTAHOBKKU (TpebyeTca AM BHELWHAS NOACTPOMKa?); T)
BXxogHasa cTpykTtypa (namaTte? KMOM/TTN/3C/N-cOBMECTUMOCTL?); /) OMOPHbIA  UCTOYHUK  (BHYTPEHHUN,
BHELLHWI?); ) BbIXOAHAsA CTPYKTypa (TOKOBbIN BbIXOA? pa3max BbIXOAa? BbIXOA MO HAMPANKEHUIO? AMANa30H?); XK)
HEeobXoAMMbIE HaMPAMKEeHUss MUTaHMA WU MOLLHOCTb PaccemMBaHMA; 3) KOpryc (KenaTefbHo C MajbiM 4YMC/IOM
BbIBOAOB «Yy3Kui DIP» wupuHon 0,3 atoima); 1) LeHa.

9.20. AHanozo-yugpossie npeobpazosamersu

MOXHO HacuMTaTb C MOAAIOMKMHBI OCHOBHbIX cnocoboB A/LI-npeobpa3oBaHus, Kasabli M3 KOTOPbIX
o0bnafaeT CBOMMM MPEVMYLLECTBAMM M OrpaHMYeHnAMM. [MOCKOAbKY Bbl 0ObIMHO NpuMeHseTe rotosble A/LL-
moaynm mam UC, a He paspabaTtbiBaeTe MX CamMu, Mbl MO BO3MOMHOCTM KPATKO OMMWEM pPas/iMyHble CNocobbl
npeobpasoBaHnA rNaBHbIM 06pasom Ana Toro, 4Ytobbl NOMOYb cAenaTb KBAaIMPUUMPOBAHHBLIN BbibOp ANA
KOHKPETHOro npumeHeHudA. B cneaytowem pasgene STOW rnaBbl Mbl MOKAXKEM HECKOJIbKO TUMOBbLIX MPUAOKEHWM
A/U-npeobpasosaHua. B a1. 11 paccmoTpum HekoTopble AL, MCnonb3yowme TOYHO TaKkMe Ke MeToAbl
Npeobpas3oBaHMA, HO BbIXOAbI KOTOPbIX MPOCTO CONPATraOTCA C MMKPOMNPOLLECCopamu.

MapannenbHoe KoaAMpoBaHME. B 3TOM MeTofe HanpsKeHue BXOAHOrO CWUrHana noJaeTcs Ha OAMH U3
BXO/I0B N KOMNAapaTOpPOB OAHOBPEMEHHO; APYrMe BXOAbl KOMMNapaToOpOB MOAKMOYEHbI K N ONOPHbLIM UCTOYHUKAM
C paBHOMEPHO pacnpeaeneHHbIMU HanpaxeHuamu. LLndppaTtop ¢ npuopuTeTom GopmupyeT UMPPOoBOIA BbIXOAHON
CUTHa/A, COOTBETCTBYIOLWIMI CaMOMy CTaplleMy KOMMapaTopy M3 aKTUBM3MPOBAHHbLIX BXOAHLIM CUrHANOM
(puc. 9.49).
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Puc. 9.49.MapannensHo kKoduposaHHsll AL
MapannenbHoe KoAuMpoBaHWe (MHOrA4a@ HasbiBaeMOe «MFHOBEHHbIM» KOAMPOBaHMEM) — 3TO CaMbll

6bIcTpbIi MmeToa, A/Ll-npeobpasosaHna. Bpemsa 3a4epKKM OT BXOoAa A0 BbIXOAa PaBHO CyMME BPeMEH 3aepiKKu
Ha KomMnapaTope U WudpaTope. MNapannenbHble NpeobpasoBaTenn, BbiNyCcKaeMble NMPOMbIWAEHHOCTbIO, UMEKOT OT
16 no 1024 ypoBHel KBaHTOBaHWA (C BbIxogamu OT 4 Ao 16 pa3panos). Mpu Bonbliem ymcne paspagoB OHU
CTQHOBATCA AOPOrMMK U FTPOMO3AKMMU. BbicTpoaelicTene mx konebnetca ot 15 Ao 300 MAH. OTCYETOB B CEKYHAY.
TunoBbiM MrHoBeHHbIM ALM asnsetca TDC1048 dupmbl TRW, 310 BUNOAAPHLINA 8-pa3psaaHbii npeobpasoBaTesib
Ha 20 M/IH. OTCYETOB B CEKyHAy B 28-BbIBOAHOM KOpMyce, LeHa KoToporo coctasaseT 100 ponn.; dupma HOT
BbINyCcKaeT npeobpasosatesb 75C48, KMOI-3KBUBANEHT C YAYULEHHBIMU TEXHUYECKMMM JaHHbIMMN.

CyllecTByeT BapMaHT NPOCTOro napananenbHoro Wwndpatopa, Tak Ha3biBAEMbIA NMOAYMIHOBEHHbIM WndpaTop,
B KOTOPOM MCMNOAb3yeTCA [ABYXCTyMeHyaTblh npouecc. B 3TomM npouecce OCyWwecTBAAETCA MrHOBEHHOe
npeobpasoBaHMe BXO4a A0 TMONOBWMHHOM 3aJaHHOM TOYHOCTW; BHyTpeHHWe LAM BHOBb npeobpasytoT
NPUBAMMKEHHOE 3HaYeHMe B aHA/I0rOBYIO BE/IMUYMHY, @ PA3HOCTb MeXay Hel 1 BXOAHOW BEeNNYMHON NoABepraeTca
MrHOBEHHOMY NpPeobpasoBaHMI0 AN1A NOAYYEHUA MAAALINX 3HaYaWmxX pa3pasos (puc. 9.50).
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Puc. 9.50. MMonynapanneneHeit AL

OnucaHHbIM cnocob NeXknT B OCHOBE AelleBbix npeobpasosatenen, KOTopble 06/71a4at0T CaMbiM BbICOKMM
BbICTPOAEUCTBMEM CPEAM BCEX OCTasbHbIX, 3@ WMCKAOYEHMEeM MOMIHOCTbIO MIHOBEHHbIX npeobpasoBateneit. OH
MCNonb3yeTcs B Hedopornx npeobpasosaTenax Tvna 8-paspagHbix ADC0820 (National) u AD7820/4/8 (Analog
Devices). LlenecoobpasHo paccMOTPeTb BO3MOMKHOCTb MCMOJIb30BAHMA MIHOBEHHbIX LIMPPaTOpPoB B 061aCTK
npeobpasoBaHns KonebaHnn B UMdpPoByto GopMy, JaxKe NPU CPABHUTENBHO HU3KOW CKOPOCTU Npeobpa3oBaHms;
nx ObicTpoaencTemMe (TOYHee, Manblid  anepTypHbI WMHTEpBaa, B TeyeHMe KOTOporo OQUKCMPYeTcA BbIXOL4,
KomnapaTopa) rapaHTUpyeT, 4YTO BXOAHOM CUIrHan 3a Bpema Npeobpa3oBaHWsA CYLLECTBEHHO He W3MEHWTCA.
ANbTepHATUBHbLIK BapuaHT (bonee menseHHble npeobpasoBaTeNM Mbl OMUWIEM HUXKe) 0bbluHO TpebyeT
NPUMEHEHWA aAHA/NIOTOBOM CXeMbl KBAHTOBAHWMA M 3aNOMWHAHWA Ana Toro, 4tobbl 3adMKCMpPOBaTb BXOAHOE
KonebaHne Ha Bpema npeobpasoBaHuUA.

MocnenoBatenbHoe npubanKkeHne. B 3Tom pacnpocTpaHeHHOM crnocobe ocyllecTBnseTca onpobosaHue
Pa3/IMYHbIX BbIXOAHbIX KOAOB MyTemM nofayunm ux Ha LAM M cpaBHeHWA pesyabTaTa C aHa/NoOroOBbIM BXOAOM C
MOMOLLIbIO KomnapaTtopa (puc. 9.51).
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Puc. 9.51.ALIIT c nocnedosamensHol annpokcumayued.

O6bIYHO MpOoLECC Ha4YMHAETCA C YCTAaHOBKM BCeX pa3panos B «O». 3aTem, HauMHaA CO CTapllero 3Hadvallero
pa3paaa, Kaxzabli pa3pag no oyepeam BpemeHHO ycTaHaBamBaeTca B «1». Ecam BbixogHoe Hanps»keHue LAM He
NPEeBbIWAET HANPAMXKEHNA BXOLHOIO CUrHana, TO 3TOT Pa3pAs OCTAeTCA B COCTOAHUM «1», B MPOTUBHOM C/ly4ae OH
Bo3Bpalaerca B «0». [na n-paspaaHoro AL notpebyeTcs n Takux waros. [Mponcxoaalwmii NpoLecc MOXKHO
onucaTb Kak npouecc BUHapHOrO MOWMCKa, HadyMHaloWerocs C cepeamHbl. A/L-momyab € nocienoBaTe/bHbIM
npubamkeHnem nmeet Bxoa «Havyano npeobpasosaHma» U Bbixon «KoHel, npeobpasosBaHua». LmbposBoit Bbixoa,
BCeraa BblaaeTcsa B napannensHoin dopme (Bce paspsabl cpasy no N OTAe/bHbIM BbIXOAHbIM JMHUAM), @ MHOM4A U
B nocnenosaTesibHOW dopme (n nocnenoBaTeNbHbIX BbIXOAHbLIX OMTOB, HayMHaa ¢ C3P, no OAHOM BbIXOAHOM
NIMHUK). B Halem Kypce Mo CXEMOTEXHUKE CTyAeHTbl KOHCTpympytoT AL ¢ nocnenoBatenbHbiM NpUBAMMKEHNEM B
nonHom obbeme BmecTte ¢ LAl KomnapaTopom 1 ynpaBaatoLLEeN OTMKOM.

Ha puc. 9.52, a noka3aHO BOCEMb MMMY/NbCOB CMHXPOHM3AUMN M BbIXOAHble curHanbl Ha LIAT, cheayroume
OPpYyr 3a Apyrom No Mepe TOro KaK aHanoroBbl BbIXOA, MOABEPraembll MPOBEPKE, CXOAMUTCA K BXOAHOMY
HanpaxeHunto. Ha puc. 9.52, 6 nokaszaHo NoaHoe 8-pa3psHoe «AepeBo», — MNPeKpacHas KapTWMHKA, KOTOPYO Bbl
MOXKeTe Mnoay4nTb, Habmogaa 3a Bbixogom LAIM, npu nogaye Ha BXOZ MeEA/IEHHO MEHSIOWErocs SMHENHOro
HaNPAeHWA NOo BCEMY AMana3oHy BXOAHONO aHa0roBoro cMrHana.
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Puc. 9.52. CueHanbl npu 8-6umosoli nocnedosamersnvHol annpoxkcumayuu. (C paspewerus 1. Imepu, P.
Jlosemma u K. PyduHa.) a — aHano0208bl1l 86ix00, cx00AUULCA K KOHEYHOMY 3HAYEHUK;, obpamume 8HUMAHUe Ha
CUHXpoUMNYsbCel; 6 — nosHoe «depesoy.

ALM ¢ nocneaoBaTeNbHbIM MPUBAMKEHMEM ABASAIOTCA CPABHUTE/IbHO TOYHbLIMU U ObICTPLIMKM U TPebytoT
BCEro n yctaHoBoK Ha UAM ana obecneyeHua n-paspaaHoOn TOYHOCTM. TUNMYHOE Bpemsa npeobpasoBaHus
Konebnetcsa B AnanaszoHe oT 1 MKkc Ao 50 MKC npu TodHOCTM oT 8 A0 12 pa3psaos; ueHa ero coctasnaet 10-400
nonn. 31oT TMN npeobpasosBaTens paboTaeT Ha KOPOTKMX BbIBOPKAX M3 BXOAHOrO HanNpsAMKeHWs U ecnm ero
BXOAHOM CUTHa/N MeHAeTcA BO Bpemsi Npeobpa3oBaHMs, TO OLWMOKa He NpeBbilaeT BeANYMHY NPOUCXOAALErO 33
3TO BpemMA M3MeHEeHWsA; 0AHaKO BbIOpPOCbl Ha BXOAHOM CUrHane KaTacTpoduuHbl. HecmoTpa Ha obllyto BNo/He
DONYCTUMYKD  TOYHOCTb, 3TW npeobpa3oBaTesM MOryT WMMETb JOBOJIbHO HEOOblYHbIE HEAMHEMHOCTU MU

«MNPONYLLEHHbIE KOAbI».

®upma National Semiconductor B cBoux npeobpasosatenax cepun ADCO800 ANs  UCKNKOYEHUS
NPONyLEHHbIX KOA0B WMCMNOMb3YET XMTPOYMHbIM Mpuem: BMecTo MHorozseHHoro LIAM "R-2R" ucnonb3ytoTcs
Lenoyka mn3 2" pesncTopoB M aHanorosblie KAoum (puc. 9.53); aTa cxema reHepupyeT NpPOoBEPOYHbIE aHaN0roBble

HanNpPAXKeHWs MO TUMY MIHOBEHHOTO WKdpaTopa.

CyutecTByeT BapuaHT AL aToro TMna, M3BECTHbIM Kak «cneaawmin ALM», B KoTopom Ans GOPMUPOBaHNSA
nocnenoBaTesIbHbIX MPOBEPOYHbIX KOAOB MCMO/b3YETCA PEBEPCMBHBIA CYETYMK; OH CPABHWUTENbHO Me/IeHHbIN,
€C/IM yuMTbIBaTb CKAYKM BXOLHOMO CUrHana, HO ObiCTpee OTCNEXMBAET MNNaBHble UW3MEHeHMA, 4Yem

npeo6pa308aTenb C nocnenosate/ibHbIM I'Ipl/I6/'|l/l)-KeHl/1€N\.
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Puc. 9.53.LIAl1 Ha ocHoBe pe3ucmopHOoU ecmHUYHOU yenu u 0epesa KoMmymauud: 6e3 nponycka Koooa.

MpeobpasoBaHMe HanpsKeHWMs B 4YacToTy. B gaHHOM MeTode BXOAHOE aHafMoroBoe HanpsaxKeHue
npeobpasyeTcs B BbIXOAHYIO MMMY/IbCHYIO MOC/AeA0BaTeNbHOCTb, YacToTa KOTOPOM MPONOpLMOHanbHa BXOAHOMY
HanpAKeHWo. 3TO MOXKHO OCYLLEeCTBUTb MPOCTbIM  3apALOM KOHAEHCATOpa TOKOM, MPOMNOPLMOHAAbHBIM
BXOAHOMY YPOBHIO, M MOCNeAYOWMM ero paspagom npu AOCTUKEHMM 3apaHee yCTaHOBAEHHOro nopora. s
MOBbIWEHUSA TOYHOCTM OB6bIMHO MPUMMEHSIOT 06paTHYl0 CBA3b. 0 OAHOMY M3 CMOCODOB BbIXOA, CXEMbl YacTOTa-
HanpA)KeHWe CPaBHMBAETCA C BXOAHbIM aHA/JIOrOBbIM YPOBHEM U OCYLLECTBAAETCA reHepauma WMMNY/AbCOB Ha
4acToTe, KOTopaa MO3BOJIAET BbIPaBHATb BXOAHbIE YPOBHM KOmMapaTopa. B 6onee pacnpocTpaHeHHbIX MeTodax
MCMNOb3YeTCs TaK Ha3blBAEMbIN MPUEM «BbIPaBHWBAHMS 3apsSA0B»; MO3KE Mbl OnulieM 3TO bosee noapobHo (B

4YaCTHOCTN, MeTOo[, «pacnpeaeneHna 3apaaa, HakonieHHoro Ha KOH,EI,eHcaTOpe»).

O6bI4HO YaCTOTbl Ha BbIXOAE CXEMbl HAMpsXKeHWe-4acToTa HaxodAaTcs B AmanasoHe oT 10 Kluy o 1 Mrly,
(nocnegHee  3HayeHWe A8 MaKCMMasbHOrO  BXOAHOrO  Hamps»KeHwus).  BbiMycKaloTcs  KOMMep4yeckune
npeobpasoBaTeNn HanpaXeHWA B YACTOTy C paspellatoller CnocobHOCTbIO, 3KBWMBaNeHTHOM 12 paspagam
(TouHocTb 0,01 %). Hanpumep, npeBocxodHbii npeobpasosatenb AD650 ¢upmbl Analog Devices (pazd. 5.15)
nmeeT TMNoByt HeanHenHocTb 0,002 % npu pabote ot 0 4o 10 Kl'u. OH He AOpPOroM 1 o4eHb yaobeH ANna Cay4vaes,
Korfa BbIXOAHOM CUIrHaN AO/KeH NepenaBatbca B LMGPOBOM BuAe No Kabento man korga TpebyeTca BbIxoAHas
yacToTa (a He undpoBol Koa). Ecnm ckopocTb He urpaeT 60bWON POAK, TO NYyTEM NOACYETA BbIXOAHOM YacToTbl
33 QUKCMPOBAHHbLIA  MHTEPBAN BPEMEHM MOXKHO  MOAYYUTb YMUC/I0O B LUMPPOBOM  MpeacTaBieHuu,
NPOMNOPLUMOHANbHOE CpeAHeMy BXOAHOMY YPOBHIO. 3TOT cnocob LWMPOKO wucrnonb3yetca B  ULMOPOBbLIX

N3MepuTesbHbIX Npubopax cpeaHein ToYHOCTH (3 undpsbl).

OaHocTagniHoe uHTerpupoBaHue. B aTom cnocobe B Hayane npeobpa3oBaHMA 3amnycKaeTcs BHYTPEHHWM
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reHepaTop /IMHEMHOro HanpaXeHUa M OJHOBPEMEHHO A48 NoAcYeTa WMMMYAbCOB CTabwabHOro reHepaTopa
TAKTOBbIX MMMY/bCOB CYETUMK. KOrda AMHENHO MEHSIOLLEECA HanpaskeHWe CPaBHMBAETCA C BXOAHbIM YPOBHEM,
KOMMapaTop OCTaHaB/AMBAET CYETUMK; PE3yNbTaT Ha CcYeTYMKe ByaeT NpPonopuMoHaseH BXOAHOMY YPOBHIO, T. €.
370 U ecTb UMdpPoBON Bbixod. MpuHLUMN paboTbl NpeacTasaeH Ha puc. 9.54.
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Puc. 9.54. 00HocmaouliHsit AL,

B KoHUe npeobpas3soBaHMs Cxema paspsXKaeT KoHAeHcaTop W cHpacbiBaeT COCTOAHME CUHETYMKA;
npeobpasoBaTte/ib rOTOB K O4YepeaHoOMy UMKAy npeobpasosaHua. Cnocob OAHOCTAAMINHOIO WMHTErpupoBaHMUA
[OCTaTOYHO MNPOCT, HO OH HE MCMNO/b3YeTCA, eCAn HeobXoAMMa BbICOKAs TOYHOCTb, MOCKO/bKY B 3TOM C/ayyae
BbIABUralOTCA C/IMLLIKOM KecTKue TpeboBaHMa K cTabuabHOCTM M TOYHOCTU KOHZEeHcaTopa M KomnapaTtopa. Metog,
«[IBYXCTAZMMHOrO WHTErPUPOBaHMUA» MO3BONAET M36aBUTLCA OT 3TUX NPOBAEM; B HACTOsALLEe BPEMA ero 0bblI4HO
NPUMEHSIOT, eCcan TPebyeTca BbICOKAA TOYHOCTb.

OaHOCTaAnMHOE WMHTErpuMpoBaHMe BCe ellle KWBeT M BaarodeHcTByeT ocobeHHo, B Tex obnacTax, rae He
TpebyeTca abcontoTHaA TOYHOCTb, @ HeObXoAMMO MpeobpasoBaHMe C XOPOoLUen paspellatoller CnocobHOCTbIO U
OAMHAKOBbIMU MPOMEXYTKAMWU MEMKAY CMENKHbIMU YPOBHAMMU. XOPOLIMM NMPUMEPOM ABAAETCA NPUMEHEHWe aNs
aHanM3a amnanTya MMNYAbcos (Ccm. pa3d. 15.16), roe amnauTyaa MMNyabca GUKCUPYETCA C MOMOLLLIO MUKOBOTrO
[eTeKTopa 1 3aTem npeobpasyeTca B HeKoTopbIM aapec. CyLlecTBEHHYIO PO/b 34eCb UrpaeT PaBeHCTBO WNPUHDI
KaHanoB, NO3TOMY MpuUMeHeHue npeobpasoBaTens C NocaeAoBaTeNbHbIM NPUBAMMKEHMEM bObino 6bl B 0bLLEM
cnyyae HeyaobHo. Cnocob 0AHOCTAAMIMHOTO MHTErpupoBaHMA MCMOMb3YeTcA TakXe npu npeobpasoBaHUn

BPEMEHHbIX MHTEPBANOB B aMMNANTY Y.

9.21. Memoos! ypasHosewusaHuUa 3apa0a

CyLecTByeT HECKO/IbKO MeToZ0B, 06Lie 0COBEHHOCTbIO KOTOPbIX ABAAETCA MPUMEHEHMe KoHAeHcaTopa
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ANA OTCNheXMBaHMA OTHOWEHNA YPOBHA BXOAHOIO CMUIrHas1a K 3Ta/IOHHOMY. Bo Bcex 3Tnx metoaax OCyLLecTBAETCA
ycpeaHeHne (VIHTerl/IpOBaHl/le) BXOOHOIo CwurHasia Ha d)l/IKCVIpOBaHHOM MHTEPBAJ/ie BPEMEHWN, OTHOCALWEMCA K
OAHOMY U3MEPEHMUNIO. ﬂpm 3TOM €CTb [iBa Ba*XHbIX NpenmyLiecTBa:

1. MOCKONbKY B 3TMX MeToAax M ANA CUrHana, M ANA 3TaNoHA MCMOAb3YeTCs OAMH M TOT »Ke KOoHAeHcaTop,
OHW He MNpeabaBAAldT BbICOKMX TpeboBaHMM K CTabUAbHOCTM M TOYHOCTM KOHAeHcaTopa. TpeboBaHuAa K
KOMMapaTopy TaKM»Ke He CAULLIKOM XeCTKue. B pesynbTaTe AN KOMMOHEHTOB SKBMBAJIEHTHOIO Ka4yecTBa MOXHO
NoAy4nTb HoJlee BbICOKYH TOYHOCTb MM TaKyHO Ke TOYHOCTb, HO 3a Bosiee HU3KYIO LieHy.

2. BbIXOAHOW CMTHaN NPOMOPUMOHANeH CpedHeMy 3HAYEHMIO BXOAHOro HanpsxeHusa Ha (PMKCMpoBaHHOM)
MHTEepBasie BPEMEHW WHTErpmMpoBaHuaA. Bbibrpaa 3TOT MHTEepPBas BPEMEHW PaBHbIM KPAaTHOMY Mepuoja CETEBOTO
HanpAXKeHWA, MOXHO caenaTb npeobpasoBaTeslb HEYYBCTBUTENAbHbIM K GOHY nepemeHHOro Toka 60 My (1 ero
FAPMOHMK) Ha BXOAHOM curHane. Pe3ynbTUpylowas YyBCTBUTENBHOCTb K CUrHafam MOMeX Kak OyHKumMa oT
4acToTbl NOKa3aHa Ha puc. 9.55 (MHTepBan MHTerpuposaHua 0,1 c).

IAcHumma HHTETPUPO-
50 |BaHMR 33 -
| ¥10e -~
-

-
| ¥ Acumntota
HKTEr pUPOBAHMA
’JI/ sa I/60¢
1

100 1000
Yactota, Ty

Puc. 9.55.7odasneHue nomex uHmezpupyroujum AL,

Takoe nogasneHWe ceTeBbix Mnomex udactotor 60 [u TpebyeT TOYHOrO YyMpaB/AeHUS BPEMEHEeM
WMHTErPUPOBAHMA, MOCKO/bKY OWMOKa B A0M NPOLEHTa TaKTOBOM 4acTOTbl NPUBEAET K HEMNOJAHOMY YCTPaHEHMIO
¢doHa. OaHOM M3 BO3MOMKHOCTEN peannsaumm ABAAETCS NPUMEHEHWe KBapLeBoro pesoHatopa. B paszd. 9.29 sbi
NO3HAaKOMMUTECH C M3ALHBbIM METOAOM CUHXPOHM3aUMK paboTbl MHTErpUpytoLLero npeobpasosaTtena C YacToTaMu,
KpaTHbIMM 4acTOTe CEeTEeBOro HanpsxeHua, Ana obecneyeHus MOAHOrO noaasneHns ¢oHa. HepoctaTkom
npeobpasoBaHUs C MHTErpMpPOBaHMEM MO CPABHEHMIO C MNOCAeA0BaTeNbHbIM  MPUBAMNKEHWEM ABASETCA
HeBbICOKaA CKOPOCTb NpeocbpasoBaHmA.

[ByXCcTaaMiMHOE WMHTErpMpoBaHue. 3TOT M3ALLHbLIA U O4eHb PAaCcnpPOCTPaHeHHbI cnocob n3basnaeT Bac OT
b6onbWMHCTBA NPOBAEM, CBA3AHHbLIX C KOHAEHCATOPOM M KOMMAPaTOPOM W MPUCYLLMX OAHOCTaAMMHOMY
NMHTerpupoBaHuto. MpuHUMN NpeobpasoBaHns MATOCTPUpYyeTca puc. 9.56.
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Puc. 9.56. L{ukn dsyxcmaduliHo2o npeobpa3osaHus.

CHavyana B TeyeHne GUKCMPOBAHHOIO MHTEPBasia BPEMEHU MPOUCXOAUT 3apsam, KOHAEHCcaTopa TOKOM, TOYHO
NPOMNOPLIMOHANbHLIM BXOAHOMY YPOBHIO; 3aTE€M KOHEHCATOP PaspsaeTca MOCTOSHHbIM TOKOM [0 TeX rnop, Noka
HanpsXeHne Ha HEM BHOBb HE CTAHET PaBHbIM Hy/l0. Bpemsa paspsga KoHaeHcaTopa OyaeT nponopLMoHasbHO
BXOAHOMY YPOBHIO, OHO WUCMOAb3YeTCs A/A TOro, YTobbl MPMBECTU B AENCTBME CUETUYMK, Ha KOTOPbIM MoaatoTcs
TAKTOBblE MMMY/bCbl GUMKCMPOBAHHOM YacToTbl. OKOHYATENbHOE COCTOAHME CYeTYMKa OyaeT MPonopLMOHaNbHO
BXOAHOMY YPOBHIO; T. €. 3TO M eCTb LMbPOBOI BbIXOA,

C NOMOLLbIO ABYXCTAaAMMHOIO MHTErPUPOBAHMSA MOMKHO A0DOUTHCA OYEHb XOPOLIEN TOYHOCTU, HEe NPeabaABans
C/MLWKOM  KeCTKMX TpeboBaHWM K CTabWAbHOCTM KOMMOHEHTOB. B 4acTHOCTW, CTabWbHOCTb EMKOCTU
KOHAEHcaTopa MOXKeT ObiTb He BbICOKOM, MOCKO/bKY LMKAbI 3apada W paspsga MNpoucxodsT CO CKOPOCTbO,
0bpaTHO MNpPOMOPLUMOHaNLHOM  eMKocTU. bonee Toro, owunbkM aApeiida UM CMeLlleHUs  Komnapatopa
KoMMeHcupytoTca Biarogapsa TOMyY, UTO KaxKabli LUK NpeobpasoBaHMa HauyMHAETCA U 3aKaHYMBaETCS Ha O4HOM U
TOM e HanpaXeHuW, a B HEKOTOPbIX CAyYasxX U C OAMHAKOBLIM HaKAOHOM. B cambix TOYHbIX Npeobpa3oBaTensx
UMKy npeobpasoBaHMA MpeAlecTByeT LUMKA «aBTOKOPPEKLUMUM Hyas», B TEYeHMe KOTOpPOro Ha BXOf,
npeobpasoBatena MNoAaeTcs Hy/neBOM CUrHan. [MOCKO/IbKY Ha 3TOM ¢ase MCMoJb3yeTcss TOT »Ke MHTerpaTop U
KOMNapaTop, Bbl4MTAHME BbIXOAHOTO 3HAYEHMA «OLWMBKM NPU Hyne» M3 pesynbTaTa NocNeayloLero M3MepeHus
MO3BO/MIAET KOMMEHCMPOBaTb OLIMOKM, CBA3aHHblE C WM3MepeHuMamMUM BOAM3M Hyna. OaHaKo MpuM 3TOM He
NPOUCXOAUT KOPPEKLMA OLWMOOK Mo BCeW WKase.

3ameTbTe, 4YTO B [ABYXCTaAMMHOM NpeobpasoBaHWWM He MNPedbABAAIOTCA KecTKMe TpeboBaHMA aOaxe K
4aCTOTE TAKTOBbIX WMMMY/IbCOB, TaK KaK OWKCUPOBAHHbLIA WMHTEPBAs BPEMEHM Ha NepBOM dase M3IMepeHui
bopmMpyeTCa M3 TEX XKe TaKTOBbIX MMMY/IbCOB, KOTOPbIE MCMOb3YIOTCA A/1A CYeTa B NPAMOM HanpasaeHun. Ecam
4aCTOTa TaKTOBbIX MMMYAbCOB yMeHbWUTCA Ha 10 %, TO HavaNbHbIA HakNOH ByaeT Ha 10 % Bblle HOPMANbHOTO, a
Bpema cnaga Ha 10 % BbipacTeT. Tak Kak M3MepeHWe OCYLLeCTBAAETCA MO TAaKTOBbIM METKaMm, a WX 4actoTa
cHUM3KMnacb Ha 10 % no cpaBHEeHWIO C HOPMasIbHOM, OKOHYaTe/IbHOE COCTOSIHME CYeTYMKa ByaeT Tem e cambim! B
[BYXCTagMiMHOM  npeobpasoBaTesie C aBTOKOPPEKUMEN Hyns  KeCTKue TpeboBaHMA K CTabUAbHOCTM
NPeabABAAIOTCA TOMbKO K TOKY paspaga. MMpeumsmoHHble 3TANOHHbIE UCTOYHMKM TOKA M HamnpsyKeHWUA MNoay4nTb
[OBOJIBHO MPOCTO, MpuYem B 3TOM Tune npeobpasosBaTenida MacwTabHbin KO3bGOULUMEHT YyCTaHAB/IMBAETCH
pPeryampyembiM 3TaIOHHBIM TOKOM.

Mpn  BblbOpe  KOMMOHEHTOB  ANA  ABYXCTaAMMHOTrO  npeobpasoBaHWMA  OPUEHTUPYWTECb  Ha
BbICOKOKAQYeCTBEHHbIN  KOHAEHCATOP C MWHMMaAbHOM OCTATOYHOM noAnspusaumern AusnekTpuka (addekT
«MamaTU»; CM. MOAeb Ha puc. 4.42) — NOAUMNPONUAEHOBbIE, MOAMIDUPHbIE AWM Ted/IOHOBbIE KOHAEHCATOPbI B

-313 -



5TOM OTHOLIEHWM Aydlle. XOTA 3TV KOHAEHCATOPbl WM HEe ABAAITCA MOAAPU30BAHHLIMUK, MX BHELHIOW GONbry
cnenyeT MNOAKMOYMTb K HM3KOMMNEOAHCHOW TOYKe (BbIXOZ, OMNEepaLMOHHOrO YCUAUTENA WHTerpaTopa). [Ans
MUHUMMU3aLUMM OWKOOK BeAnUMHbl R 1 C BbibMpaliTe Takum 06pasom, 4TOObl MCMNO/b30BaTb BECb aHA/OrOBbIN
[IManasoH MHTerpaTtopa. Ha BbICOKOWM 4acToTe TaKTOBbIX MMMY/AbCOB pa3spellalollas CrnocobHOCTb yayyllaeTcs,
OHAKO MPU CUNBHOM YBEIMYEHMM YacTOTbl NEPMO TAKTOBbIX MMMY/IbCOB MOMKET CTaTb KOPOYE BPEMEHM OTKAMKA
KomnapaTopa.

Mpyv MCNONb30BAHWM MPEUM3MOHHOIO ABYXCTaAMMHOrO npeobpasosaTens (Kak, Bnpodem, w aoboro
NpPeumnsmnoHHOro npeobpasoBaTensn) BaXKHO WMCKAOYMTb UMOPOBbIE MOMEXM Ha MyTU MPOXOMKAEHWA aHasoroBbIX
curHanoB. lpeobpasosaTenn 06bIYHO CHabKalTCA ANA 3TUX Lenel pasfesbHbIMW BbIBOAAMM «aHA/OrOBOWM
3eMAM» U «UMDPOBOM 3eMaM». BO MHOrMX Caydanx Ha UMOPOBbIX BXOAAX MOME3HO NMOCTaBUTbL Bydepbl (CKarkem,
OKTa/bHbIN dopmmpoBaTens 244 c Tpems COCTOAHUAMMK, paboTaloWmMii TONbKO MPU CYUTLIBAHMM BbIXxOAa) ANS
TOro, 4tobbl 3aWMTUTL Npeobpa3oBaTeNb OT UMPPOBbLIX WYMOB MWKPOMPOLECCOPHOM WWHbI (CM. CaefytoLLyto
rnaey). B KpaliHem cayyae, 018 TOro 4TOObl «OTrOPOAMTBLCA» OT MOMEX OYEHb «TPA3HOM» LIMHbI, MOXHO
MCNoNb30BaTb ONTPOHbI. [locTapanTech ob6ecneynTb COOTBETCTBYIOWYHO pPasBA3Ky Mo nuTaHuto Ha MC
npeobpasosatene. [locTapaiTecb He BHOCUTb MOMEX B KOHEYHOM KPUTUYECKOM TOYKe WHTerpupoBaHus, rae
NIMHEMHOE M3MEHEHMWE AOCTUIaeT TOUYKM NEPEKIIOYEHNA KOMMNapaTopa: HeEKOTOpble nNpeobpasosaTesnin, Hanpumep,
[OMNYyCKatoT MPOBEPKY KOHLA Npeobpa3oBaHMA MyTEM CUYMTbIBAHWA BbIXOAHONO C/AOBA; HE MOAb3yMTeCb 3TMM!
Jlydue ncnonb3ymnTe oTAENbHYO COOTBETCTBYOWMM 06pa3om M30AMPOBaHHYIO AnHUIO 3AHATO.

[ByXCTaAMIMHOE  MHTErpUPOBaHME  HAxoAMT WWPOKOE TMNPUMEHEHME B  LMPPOBbLIX YHUBEPCA/bHbIX
N3MepuUTeNbHbIX NPUbopax, a TakkKe B NpeobpaszoBaTe/ibHbIX MOAYAX C pa3peluatollert cnocobHocTbio oT 10 Ao
18 paspsagnos. Tam, rae He TpebyeTca BbICOKOe HbiCTpoAeicTBME, 3TOT cnocob obecneymBaeT XOPOLLIYO TOYHOCTb U
BbICOKYIO CTabUAbHOCTb NPU HU3KOM CTOMMOCTM M 0bnafaeT NPeBOCXOAHOM NOMEXOYCTOMYMBOCTbIO K CETEBLIM (M
Apyrum) nomexam. Mcnonb3ysa moay/ib Ha OCHOBE ABYXCTAAMMAHOIO MHTErPUPOBAHMA, Bbl MOJYYaETe HAUBLICLLYIO
TOYHOCTb MPW 3aZaHHbIX 3aTpaTax. [pu yBeanYeHUM BXOAHOrO CUrHana Koapl LMPPOBOro BbiXo4a BO3PaCTatoT
CTPOro MOHOTOHHO.

Henbta-curma-npeobpasosatenn. CyliectsyeT HECKOAbKO MmeToaos A/L-npeobpasoBaHus, B OCHOBe
KOTOPbIX NEMXUT MPUHUMN HEeMTpasM3almm BXOAHOTO TOKa (CpedHero) curHana C MOMOLLbI0 MepekoYaeMoro
BHYTPEHHErO0 WMCTOYHWMKA TOKa MAM 3apafa. Ha puc. 9.57 nokasaHa ¢yHKUMOHANbHAA Cxema AenbTa-CUrMa-
npeobpasosatens.
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Puc. 9.57. flenema-cuema AL ¢ ypasHosewusaHuem 3apaoa

BxoaHOe HanpsaxeHWe MOCTynaeT Ha WMHTErpaTtop, BbIXOAHOM CUrHanA KOTOPOro CPaBHWMBAETCA C Nt0Obim
OUKCUPOBAHHBIM  HaMPAKEHWEM, Hamnpumep Hyaem. B 3aBMCMMOCTM OT BbIXOAHOFO CWUrHasa Komnapatopa
MMNYAbCbl TOKA GUKCUPOBAHHOM ANNTENBHOCTM (T. €. C PUKCUMPOBAHHBIM MPUPOCTOM 3apAaa) NOAKAYAOTCA NpU
KaXKIOM W3MEHEHUN TaKTOBbIX MMMYAbCOB MO0 K CyMMUPYHOLLEMY BXoAy, NMOO K 3emse, 4TO MNO3BOAAET
NoAMEePKMBATb HYNAEBOM CPeAHUM TOK Ha CYMMMPYIOWEM Bxode. ITO-MPUHUMN ypaBHOBeWwMBaHMA. CyeTymk
OTC/NIEXKMBAET YMCAO MMMNYAbCOB MOAKAOYEHMA K CYMMMPYLOLWEMY BXO4y B npedenax HEKOTOPOro 3aJaHHOoro
Yymcaa TAKTOBbIX MMMYAbCOB, AonycTnum, 4096. MNonyyeHHoe Yncno ByaeT NPonopUMOHaNbHO CpeaHeMy BXOAHOMY
YyPOBHIO 33 4096 TaKTOBbIX MMMY/ILCOB, T. €. 3TO U ByAeT BbIXOAHbIM KOAOM.

B nenbTa-curma-npeobpasoBaTenax MOMKHO WMCMNOMb30BATb TaKMKE MMMYAbCbl TOKA, CHOPMMPOBAHHbIE C
MOMOLLbIO pesncTopa M CTabuabHOrO 3TaNIOHHOTO HAMPAMKEHWA, MOCKOMIbKY CYMMMPYHOLLAA TOYKa HaxoauTcA
baKTMUYecKM Ha ypoBHe noTeHuMana 3eman. B aTom ciyyae Heobxoammo, YTobbl COMPOTMBAEHWE 3aMKHYTOrO
KAtova HbI10 MeHbLIe Noc/ief0BaTeIbHOMO PE3MCTOPA M ero OTKAOHEHWUA He BbI3blBaIM Apelda.

AUM ¢ KommyTUpyembiM  KoHAeHcaTopoM. C MeToAOM BblpaBHMBAHWMA 3apsAfa TECHO CBA3aH MeTof «C
pacrnpegeneHvem 3apaga, HakoMNEeHHOro Ha KoHgeHcaTope» wuam A/L-npeobpasoBaHMa C «KOMMYTUMPYEMbIM
KOHOEeHcaTopoM». B 3TOM MmeTode C MOMOLLbI MepuoamMyeckin MNOBTOPSIOLLIErocs 3apsja KoHAeHcaTopa oT
CTabuNbHOrO 3TaZIOHHOIO HaNPAXEeHMA CO3[AeTCA 3apAs OnpeAeneHHOW BeAMYMHbI, 3aTeM MPOUCXOAUT pPa3pss
Ha CyMMMpYtoWyo TouKy. Kak M paHee, K BbIXO[y WHTErpatopa MOAKIIOYEH KOMMapaTop, KOTOPbIM ynpasaseT
YaCTOTOWN MepeKNtoYeHna KoHaeHcaTopa. ITOT MeToA obnajaeT onpeaeneHHbIMU NPeuMyLLIecTBaMmn A1 CXeM C
NUTaHMEM OT OAHOIO UCTOYHMKA HaMPAMKEHMA, MNOCKOMbKY AEUCTBYIOLLYHO NOAAPHOCTb 3apALa, NepesaBaemoro ot
KOHAEeHcaTopa K CYMMWPYIOLLEN TOYKE, MOMHO M3MEHWTb C MOMOLLbIO KItoYeil Ha MOAeBbIX TPaH3UCTOpPaX,
COeIMHEHHbIX COOTBETCTBYIOWIMM 06pasom (T. e. nyTem KommyTaummn obenx obKkNagoK KoHaeHcaTopa).

Mpumepom npeobpas3oBaTensi, OCHOBAHHOrO Ha 3TOM MeToJe, ABAAETCA Npeobpa3oBaTenb HampsKeHWa B
yacTtoTy LM331, xapakTepHaa 0COH6eHHOCTb KOTOPOro COCTOWT B TOM, YTO OH paboTaeT OT O4HOro MCTOYHMKA +5 B.
Mbl paccKkasbiBaiM 0 ero NPUMEHEeHUM B KauecTBe reHepaTopa, ynpaBaaeMoro HanpsaxkeHnem, B paso. 5.14.
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3ameyvaHus no nosogy uHTerpupytowmx ALM. Kak n B A/LI-npeobpasosaTensax Ha OCHOBE ABYXCTaAMMHOro
MHTErpnpoBaHmA, BO Bcex NpeobpasoBaTeniax C ypaBHOBELWMBAHMEM 3apAda NPOMCXOAMUT yCpeHeHMe BXOAHOMo
CUrHana Ha GUKCUPOBAHHBIX MHTEPBasaX BPEMEHM, MO3TOMY MX MOMKHO CeNaTb HEeYYBCTBUTEbHbIMM K CETEBLIM
MOMexamM Ha OCHOBHOW YacToTe 60 U, 1 ee rapmoHuMKax. MeToabl YypaBHOBELIMBAHWA 3apAada XapaKTepusyoTca B
OCHOBHOM TOYHOCTbIO M HMU3KOM CTOMMOCTbIO (AN1A WX peannsaumm He HyXKHO, HampuMmep, O4YeHb XOpOoLUero
KomnapaTopa) 1 obecneymnsatoT CTPOro MOHOTOHHbIM BbIXOZ. BMecTe ¢ TeM MO CpaBHEHUIO C NOCNEeA0BATENbHbIM
NPUOAMMKEHMEM OHM  [O0BOJIbHO MedneHHbl. [peobpasosatens AD1170 obecneunBaeT pa3peluatoLLyto
CcnocobHocTb 18 pa3psaoB Npu BpemeHu npeobpasoBaHma 66 mc; cTouT oH okono 100 gonn. Ans cpaBHeHusa 16-
pa3paaHblii Npeobpas3oBaTenb C NocaenoBaTeNbHbIM NpubamxkeHnem AD76 mmeeT Bpems npeobpasosBaHma 15
MKC W cTouT 120 ponn. B oTanume oOT ABYXCTAAMMHOIO MHTErpMpoBaHMA B MeTodax AenbTa-CUrma-
npeobpasoBaHMA M C KOMMYTMPYEMbIM KOHAEHCAaTOPOM MCMO/b3YOTCA KOMMApaTopbl HW3KOM TOYHOCTH,
NOAKNOYaEMble K MHTErpatopam, OAHAKO 3TU MeToAbl TPebytoT TOYHbIX CXEM KOMMyTauMW 3apanos. B To ke
BpeEMA ABYXCTaAMWHblE METOAbl MCMO/b3YOT KOMMNAPaTOPbl C BbICOKOW BOCMPOM3BOAMMOCTBIO XapaKTePUCTUK, HO
He NPeabABNAOT BbICOKMX TPebOBaHWN K KAto4am, MO KpalHen mMepe B OTHOLWIEHMM CKOPOCTU U WMHMKEKLMM
3apaga.

MpoaonKana Hawe CcpaBHEHME peasibHbiX MNPUMOOPOB, OTMETUMM, YTO MHOFOCTaAMMHLIA  22-pa3pAaHbIi
npeobpasosaTens AD1175K obnagaet BpemeHem npeobpasosanHna 50 mc 1 ctouT 800 gonn (pasd. 9.22).

OAHOM M3 WHTepecHblx ocobeHHocTel ntoboro cnocoba WMHTErpupoBaHMs (OAHO- W ABYXCTaAmitHoe
WHTErpMpOBaHME W ypaBHOBelIMBaHWE 3apsada), O KOTOPOW caedyeT MOMHWUTb, ABAAETCA TO, YTO WMHTErpaTop
MOMET WMMETb BXOZ, KaK MO TOKY, Tak W MO HaMPAKeHWIO C NOCNeA0BaTe/IbHO BK/AOYEHHbIM PE3UCTOPOM.
[enctButensHo, HekoTopble npeobpa3oBaTeny MMEOT ABa BXOAHbLIX BblBOA3, OAMH — HEMNocpeacTBEHHO
NOAKAOYEHHBI K CYMMMPYIOLWLEN TOYKE A8 CBA3M C YCTPOMCTBOM, NPeACTaBAAOWMM COBON MCTOYHMK ToKa. Mpu
MCNO/b30BaHMM TOKOBOIO BXO4a HaMPAXKeHWe CABWUra MHTerpaTopa CTaHOBMTCA HECYLWeCTBEHHbIM, B TO BPeMS Kak
BXOZ, MO HAaNPAXEHMUIO (C BHYTPEHHUM MOC/NEA0BATE/IbHBIM PE3UCTOPOM) ONEPALMOHHOTO YCUAUTENSA MHTErpaTopa
[laeT oWNBKyY, PaBHYIO HaMpPAXeHMo casura no Bxody. MosTomy TOKOBbIN BX04, yA06eH 415 NoAyYeHUs WKMPOKOro
NMHAMMYECKOro AuanasoHa, ocobeHHo ecan ALT Mcnonb3yeTca BMecTe C YCTPOWCTBOM, MMEIOLLMM KaKoM-
HMOYOb TOKOBbLIM BbIXOA, Hamnpumep GoToyMHOXUTENM U doToamoabl. OcTeperaiitecb Takux 06pasymKkos
«Monancal», Kak: TodHocTb AL moxeT ObiTb 3adaHa A1 TOKOBOrO BXOAa, XOTs MpeobpasoBaTesb MMeEEeT U
TOKOBbIM BXOZ, M BXO/, MO HaMNPAMKEHUIO, HE PacCUMTbiBalTe Ha XOpoLiMe napameTpbl NMPM Masblx CUrHanax, Koraa
Bbl MCNO/b3yeTe TaKoM Npeobpa3oBaTesb MO BXOAY HaMNpsHKeHUs.

CneflyeT OTMETUTb, YTO BCE METO/bl YPaBHOBELIMBAHMA 3apAaa BKAOYAOT B ceba ToUHbIN NpeobpasosaTens
HanpAMeHWs B 4YacTOTy M MOTYT WCMO/b30BaThCA B KA4YeCTBE TaKOBbIX, €C/NM TpebyeTca 4acTOTHbIM BbIXOA
(puc. 9.58).
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Puc. 9.58.Mpecbpazosamens HanpAMeHUa 8 Yacmomy C ypasHOBeWUBAHUEM 3apA0a.

9.22. Hekomopsie HeobbiyHbie AL u LAl

CTOUT KpaTKo yNoMsAHYTb O YeTbipex nocaeaHunx paspaboTtkax ¢upmbl Analog Devices, npu3HaHHOTO Anaepa
B 061acTM npeobpasosaTenbHbix MC 1 moaynen.

KombuHmnposaHHbin  LUAM/ALM AD7569. B moHonutHOM NC AD7569 Ha oaHOM KpucTanne obbeguHeHbl 8-
paspaaHble ALUM mn LAM co cxemol BbIGOPKM M XpaHEHWUA, BHYTPEHHMM TaKTOBbIM reHepaTOPOM M UCTOYHWMKOM

OMOPHOTO HanpsaKeHus (puc. 9.59).

CLK Uee
CHHXPOH. HeTouMuK
U
Lxema 7
u. O—m CTaH. Cnexc. ALLR -—l—-
s puanazona | xpaHen. o l
Ul:ln
i ~ = AD7569
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ST RD TS WR DBO D87 AGND, . AGNDp,
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Puc. 9.59. KombuHuposaHHbil 8-pa3zpadHsit LUATM/ALMN AD7569.

(C paspewerunsa dupmbl Analog Devices.)

AN c nocnepoBaTeNbHbIM NPUBAKMKEHMEM OCyLLECTBASET npeobpasosBaHne 3a 2 MKc, a LIAM dopmupyet
BbIXOAHOE HaNpAXeHWe C TUMNOBbIM BpemMeHem YCTaHoBKM 1 mKkc. I1a UC npegHasHavyeHa B OCHOBHOM A/iA
MMKPOMPOLLECCOPHbIX CMUCTEM: Npeobpa3oBaTeNM COBMECTHO MCMONb3YIOT OAMH 8-paspasHbli LMbPOBON NopT C
NOAXOAALLMMM YNPABAAOWMMM CUTHANAMM U BbICTPbIM TaKTUPOBaHMEM (B OTAMYME OT BONbLIMHCTBA MeAIEHHbIX
NC npeobpasosaTenelt, KoTopble TPebylOT AOMOAHWUTENbHBIX COCTOAHUI «OXWAAHWA» W UMEKT He COBCEM
NnoAxoAsllee BpemMAa YCTAHOBKM), a Cam KpUCTaan paboTaeT TONbKO OT OAHOr0 UCTOYHWMKA NuTaHus +5 B. Bonee
TOro, He TpebyeTcAa BHEWHUX KOMMOHEHTOB M MOACTPOMKM; CXema pasmelleHa B ya0H6HOM 24-BbIBOAHOM Kopnyce
TMna «y3kuit DIP», umeeT Hebosblwoe noTpebnenne (60 BT) M noaxoasulyto LeHy (6 Aoan. B napTum no 100 wrT.).

22-pa3psagHbii MHTerpupytowmin ALIMAB 1175. B atom Bnevatnatouem moayne (puc. 9.60) ncnonbayercs
MHOrOCTaAIMMHOE MHTErPUPOBAHME C aBTOKOPPEKLMEN HYNA ANA TOrO, YTOObI MOAYYMTb TOYHOCTb 22 paspasa (6 u
1/2 undp) npu Heobbl4HOM cKopocTM NpeobpasosaHusa (20 NnpeobpasoBaHUil B CEKYHAY).

i
IHeproHe3as, l'H.: 4) CONV CMD
NamaTh ] i 5) RESET
= 6) 60My /50Ty
CHHXP. B64MI 1y = 7) He noaKAlou,
(8) +58
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ek U.,.?H%}’ﬂ?EFH ADIT75K ’g DIG GND
' Mukpo- (i) DIG GND
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+158 §3) L o
siGNALRTN 62) = f &Eﬁgﬂ:ﬁ
T Npeuus. n v Bybep
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ANA IN H1 @ MHOrOCTan . it
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ANA TN LO (58

- 158 RTN & GND

1T AL

D

1158 RTN & GND (49

Puc. 9.60.22-pa3padHsili uHmeepupyrouwuti AN AD1175K.

(C paspewenusa dupmbl Analog Devices.)

YT106bI NONYYMTb NPEACTaBAEHME O TOM, YTO 3TO 3HAYUT, PACCMOTPUTE APYro BapMaHT — HACTONbHbIN (MK
CTOEYHbIN) M3MepUTesbHbIA Npubop, CTOMMOCTb KOTOPOro, Kak npaswuao, gocturaer 4000 Aonn. M KOTOPbIN
BbIMOAHAET 2 npeobpasoBaHuAa B cekyHAy. [Ona cpasBHeHuWsa: AD1175 3aHuMmaeT obbem 10 KybH. AOMMOB,
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notpebnaet 3 BT 1 ctout 800 Aonn. OH COAEPHKUT BHYTPEHHUIN MMUKPOMpPOLIECCOp U AONycKaeT rpybyto ycTaHOBKY
YCUNEHUS W cOBuUra no cBoel umMdpoBOM WKHe (KOTopas MCMoAb3yeTcs M AAA BBOJAA KOMaHA M A1s BblBOAA

Npeobpa3oBaHHbIX JaHHbIX).
MNpeobpasoBatenu ans suaeocurHanos HDGO807 m AD9502. 3T npeobpasoBatenm — 3TO Kak pas To, YTo

HY}KHO A1A UMbpoBbIX BUAgocurHanos (puc. 9.61 v puc. 9.62).

+5 (BCE PRSHCTORD! 3aMCK KM,
G7) YEAIAHHEIX 2x0Mm)

HDG-0807
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Puc. 9.61. Al komnozumHozo sudeocueHana HDGOSO7.

(C paspewenusa dupmbl Analog Devices.)
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Puc. 9.62. AL KomnoszumHoeo sudeocueHana muna AD9502.

(C paspewerunsa dupmbl Analog Devices.)

Mpeobpasosatens HDGO807 LA

BMAEOCUIHANOB M C BbIXOAHbBIM MMnNegaHcom 75 Om. bonee TOro, OH pfaxke d)Ole/IpyeT npasunibHble

npeacrasnsaet cobon  8-paspAaHbIN C YPOBHAMM CTaAHAAPTHbIX
«KOMMO3MTHbIE CUHXPOMMMY/IbCbI», COBMELWAEMbIE C aHA/IOTOBbIM BUAEOCUTHANOM A8 06pa3oBaHMA MOJHOrO

BbIXOAHOTO BMAeocurHana. [peobpasosaTesib MOAHOCTLIO FOTOB K MPUMEHEeHUIo, 001a[aeT  BbICOKUM
boicTpoaenctemem (go 50 MTu) m poctyneH. MOHOAMTHOW OCHOBOW 3TOro rmMbpuaHoro npeobpasoBaTens

asnaetca cxema AD9700; paboTaeT oHa Ha YacToTax A0 100 MTu.

AUM ana suaeocmrHanos AD9502 BbinonHseT obpaTHyto paboTy, @ MMEHHO, OCYLLEeCTBAAET AUCKPETM3ALMIO
BXO4HOro BuAeocurHana. OH BblAeNAeT M3 aHa/loroBOro KOMMO3UTHOMO CUIHaAa CUMHXPOWMMMY/bChI, MCMO/b3yeT
KoHTyp QPAMY ana GOpmMMPOBaAHMA CUHXPOMMMY/AbCOB 3/1EMEHTOB M300paXKEHUA, CUHXPOHU3MPOBAHHBLIX C
pa3BepTKOM, M 3aTeM NpeobpasyeT aHa/I0roBoe HanpaxeHue B 8-paspAgHyto UMOPOBYO BeanumHy. OH MOXKeT
BbINONHATE NpeobpaszoBaHMe Ha YactoTe Ao 13 Mlu, reHepupya BbIXOAbl B UMPPOBOM BMAE C 3IKPAHHbLIM
paspelweHmnem 512x512.

9.23. Boibop AU

Kak n B cnydae LIAM, mbl crpynnupoBann ALM (tabn. 9.5 1 Tabn. 9.6) Tak, 4ToObl OXBAaTUTb BECb AManNa3oH
TEXHUYECKUX XapPaKTEPUCTUK M CTOMMOCTU. Mbl CTapa/iucb BKAOYUTL Kak Hambosiee pacnpocTpaHeHHble 6/10Ku,
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TaK 1 Te, KOTOPble NOABUANCL HEJaBHO M BbIMAYT NOOeAUTENAMMN B CAEAYIOLEM roay.

Mpun Bbibope ALM cneayeT yuuTbiBaTb Psf GaKTOPOB: a) TOYHOCTb, 6) ObicTpOAEMCTBME, B) TOYHOCTb
YCTaHOBKM (TpebyeTca M NOACTPOMKA, rapaHTUPYeTca /M MOHOTOHHOCTb), ) HeobxoAumble MuUTatoLlme
HanpsxeHua (HekoTopble paboTaltoT TOAbKO OT +5 B) M MOWHOCTb paccemBaHus, A) Hebonbwon Kopnyc, e)
MCTOYHMK OMOPHOTO HaMPANKEHUSA U TeHepaTop TAaKTOBbIX MMMY/bCOB (BHYTPEHHWI UKW BHELWHWUA? ECAn BHELWHWIA
OMOPHbIA UCTOYHMK, TO noaonaeT Au +5 B? EcAM BHYTPEHHWA, TO AOCTYNeH AW OH CHapy»Ku, Hanpumep 45
JNIOTOMETPUYECKMX M3MEPEHNIN? XOpOoLO M 3T0? MOXKHO /M ero Harpy3uTb?), ) BXOAHOW MMMenaHC U AManasoH
aHaNoroBoro HanpskeHua (oAHOMONAPHbIA, ABYXMOAAPHbIA MAM W TO, U Apyroe?), 3) BXoAHaa cxema
(anddepeHUManbHbIN?  BHYTPEHHMIA  MyAbTUMNAEKCOP MAM BbibOpKa C 3anomuHaHWem? WMHBepTMpOBaHHas
NONAPHOCTb, T. €. 6onee oTpULATENbHBIN CUrHaN A 6oNbWero BbIXoAa?), W) BbIXOAHAA CXema (napanienbHbii,
nocnenoBatesbHbIM, aMbO M TO, W Apyroe? ABnAetcA M NapananenbHbll  BbIXOZ COBMECTUMbIM  C
MMKPOMPOLLECCOPOM KaK YacCTb OTAENbHO aKTUBU3MPYEeMbIX BaUTOBbLIX rPynn?) U, KOHEYHO, K) CTOMMOCTb.

Monuble A/U-noacuctembl. Ecnv Bam  HyKHbl  ALIMT  BbICOKOW TOYHOCTM, OCOBEHHO C BXOAHbIM
MYbTUMIEKCOPOM U BbIOOPKON C 3aNOMWHAHWEM, Bbl AO/JXHbI BHMMATE/NbHO MpPUCMOTPeThbes K «A/LL-
noAcucTeEMam», KoTopble npeanaratoT pas nsrotosuteneit. OHM npeacTasastoT cobol 0bblyHo moayau (a He UC),
BbIMO/IHEHHbIE B BMAE MeTaaAnMYeckon Kopobku BbicoTol 0,4 Atolima c pasmepamu 2x4 atoima (mam 3x5);
BbIBOAbl MOAY/IA COMPAratoTCA C MOMOLLbIO CreunanbHOM KOMOAKM (MAM 3amauBatoTcA HEemnocpeaCcTBEHHO B
nedyaTHyto naaTy). 3T nNpeobpasoBaTenv He AELIeBbl, HO OHWM MUCKAOUYUTENBHO MPOCTbI B UCMO/b30BaHMMK. Bonee
TOro, W3roTOBUTENW PEeLnAn pagd, AeNCTBUTENbHO C/OXKHbLIX Npob/iem, KOTopble He MO03BOAAAM OCYLIECTBUTb
npeobpasoBaHMe C BbICOKOM pa3pellatoliert CnocobHOCTbIO — HaBOAKM, M30aAUMA UMOPOBLIX M aHANOrOBbIX
Yy3/10B, CTabuUAbHOE ONOPHOE HaNPAXKeHWe, CABUMM YCUAUTENA U T. M.

TUNUYHBIM NPEACTAaBUTENEM 3TUX YCTPOMCTB aBnseTca DT-5716 dupmbl Data Translation (puc. 9.63).
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Puc. 9.63. ModyneHaa ALlM-cucmema DT5716.

3ToT Moaynb MMeeT 16 HecuMmeTpuuHbix (Man 8 auddepeHLUManbHblX) BXOA0B C  aHa/OroBbIM
MYJIbTUMIEKCOPOM Ha BXO/E, 32 KOTOPbIM CAeAytoT cXema BbIOOPKM 1 3aNOMUHAHUA, YCUANTENb C PErYINPYEMbIM
KoadpduUMeHTOM ycuneHna n 16-paspagHbin ALM. OH moxeT ocylecTsnATb NpeobpasosBaHme Ha yacToTe 20 Kl
N nmeeT AByxDaAMTOBYIO OPraHM3aLUMio BbIXOAa, KOTOpas ynpoLaeT COMPAMKEHME C MUKPOMPOLLECCOPHOM LWMHOWM
(cm. en. 10 11).

Moayan A/U-noacuctem BbiNycKaloTCs € paspallatowein cnocobHocTbio o1 12 o 16 paspanos Kak C
BXOAHbIM MY/NbTUMIEKCOPOM, Tak M H6e3 Hero. Bbl AeNCTBUTENbHO MNAATUTE 33 BbICOKYKD TOYHOCTb M BbICOKOE
bbicTpoAencTBMEe U BOMBLWKMHCTBO BbINMYCKAEMbIX MOAYAEN CYLWECTBEHHO JelleBne, YemM YNOMAHYTble paHee
6n10kn. K npumepy, moaynm cepum DAS1157-9 dumpmbl Analog Devices npeactaBnatoT coboirl ogHOKaHasbHble
npeobpasoBaTenn c paspellatollen crnocobHoctblo oT 14 Ao 16 paspagoB M MPOMYCKHOM CNOCOBHOCTbO,
cooTBeTcTBYtOULEM 18 KIW; cToAT oHM MeHblwe 300 gonn. B8 naptum m3 100 wT. Bbl moxeTe npuobpectu
npeobpasoBaTe/ibHble MOAYAN HECKObKMX drpMm, BKAtoYas Analog Devices, Analogic, Data Translation u Intech.
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Mpumepsbl A/U-npeobpasoBanHusa

9.24. 16-kaHanbHasas A/L-cucmema cbopa OaHHbIX

Ha puc. 9.64 nokasaHa cxema, npegHasHadeHHaa Ana npeobpasoBaHuns B unbposyto dopmy nobot 13 16
aHaNOroBblX BXOAHbLIX BEAMYMH C 12-pa3pAgHbiM KOAOM Ha Bbixode. C ee MOMOLLBIO MOXHO OpraHuW3oBaTb
«nepefHUI Kpa» B aKCNepumeHTe cbopa AaHHbIX No4 ynpaBieHMeM MUKPOMpoLEeccopa.
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Puc. 9.64.12-pa3padHsili  16-kaHansHeill AL nocnedosamesnbHo2o  npubnuxeHus (50 MKc Ha
npeobpaszosaHue).

NC HI-506 npeacTaBnset cobol 16-kaHanbHbli aHanorosbii MOT-MyabTURAAEKCOP C LUMGPOBLIMM BXOAaMM,
coBMmecTUMbIMM ¢ MOTN-norMkon. 3ToT cBoeobpasHbii MY/IbTUMIEKCOP MMEET HECKObKO OYeHb MPUATHbIX
CBOWCTB. B 4aCTHOCTM, €ro KAtoumM ABNAKOTCA PA3HOBUMAHOCTBIO K/KOYEN C «pasmblKaHMeM nepes cpabaTbiBaHUEM.
3TO 03Ha4aeT, YTO MPU CMEHe afpeca Ha My/bTUMIEKCOPEe Pas/iMyHble BXOAHble KaHasbl HE 3aMblKatoTca ApYr C
npyrom. bonee TOro, BXoAHble CUrHanbl MOTYT YXOAMTb 33 Npeaesbl HaNnpPsKeHUs NUTaHWA U NpU 3TOM He byaeT
BO3HMKATb 3QDEKT «TUPUCTOPHOTO 3alLe/IKMBAHUA» WAWU MEePEKPECTHble MOMEXM MEXKAY BXOAamMMU. YUTuTe 3TM
coobpaxeHusa, Koraa byaeTe noAbicKMBaTb cebe NUHenHble Katodn. OHM MHOrA@ MOTYT MOpPoAUTb Npobsemsi.
Hanpumep, «pa3mblikaHne nepes cpabaTbiBaHNMEM» CHUNKAET BPeMA NepeKNtoYeHms, MOCKONbKY «cpabaTbiBaHMeEY
HeobXxoAMMO 3aZepKaTb A4 TOro, YTOObI A4aTb BO3MOXKHOCTb KAOUYY PAa3OMKHYTLCS.
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EAMHCTBEHHbLIM aHANOrOBbIA BbIXOA MY/bTUMNAEKCOPA NOCTynaeT Ha cxemy LF398 — MOHOAUTHBIR ycuantenb
c BblbOpKOM M 3anomuHaHvem (puc. 4.41) B yaobHom 8-BbiBoaHOM Kopnyce DIP (ueHa 2 gonn.). 3ta MC
MCMNONb3YETCA KaK CXeMa KCNEXEHUA M 3aNOMMHAHUA», QUKCMPYIOLWaA aHanorosoe KonebaHne TONbKO C Ha4aioM
npeobpaszosaHns. C mcnosb3loBaHMem KoHaeHcaTopa 1000 nd Bbixod cxembl ycTaHasameaetca Ao 1 M3P 3a 0,5
MKC M CHUXKAeTcAa MeHee, Yem Ha 3 MKB 3a nocneaytowme 12 mkc npeobpasosanma. AD7572-3TO npeBocxoaHbIn
MasOMOLHbIN  12-paspagHbii AU ¢ BHYTPEHHMMM  UCTOYHMKOM OMOPHOMO  HaMpPAXeHWA W TaKTOBbIM
reHepaTopoMm; OH MMeeT yaobHble ynpaBAAlOWMe CUMHAAbI ONA COMPAXKEHMA C MUKPOMPOLECCOPOM, BK/KOYaA
BO3MOMXHOCTb MY/IbTUMIEKCUPOBAHUA 12-pa3psaAHOro pesynbTaTta Ha 8 InHWI («balToBasA WKMHA AAHHbLIX») 33 ABa
noc/nefoBaTeNbHbIX LIMKAA.

yCTpOlZCTBO, ynpasaawouee 3TOM CXemowm, 0OblYHO HaszHavaeT aapec Aana MyabTUNAEKCOpPa, 3aTem

MHUUMMPYET npeobpasoBaHMe C MOMOLLbIO CUIHANO0B BK u UT. ALN oTBevyaeT Bblaayen curHana 3IAHAT,
KOTOPbIM GUKCUPYET aHanoroBblM BXoAHOM curHan. lNpeobpasoBaHue 3aBepllaetca 4yepe3 12 MKC M CUrHan
3AHAT ycraHaBnmBaeTca Ha BbICOKOM ypoBHe. C 3TOro MOMEHTa AO0CTyMHbl BCce 12 pa3psoB pesynbraTta, ecau
Bbl XOTUTE MCMO/b30BaTb BCe 12 AMHWMIN Dgbix; OAHAKO ecan y Bac 8-paspAgHad LWMHA, TO Bbl MOXETE MepBbIMU
CUMTaTb 8 MAAALMX 3HAYallMX pa3paoB, a 3aTem noAaTb curHan BbIEOP CTAPLUEFO BAMTA ana Toro, Ytobbl
nepenatb Ha DO-D3 4 cTaplumx 3Ha4alWmx paspasa.

Mocne MHUUMMPOBAHMA Npeobpas3oBaHMA YCTPOMCTBO, ynpasaatowee npeobpasoBatenem, MOXKET 3aHATLCA
nposepKkon curHana IAHAT, ytobbl yBMaeTb, Koraa npeobpa3oBaHue 3aBepluMTcsa. bonee NpocTon BapuaHT —
3T0 ¥A4aTb 12 MKC («BPEMEHHOM UMKA» NPOrpammbl NoTpaTUT Tpebyemoe Bpems; cm. ea. 11). Ynpasnswouiee
YCTPOMCTBO BbIHYKAEHO KAATb 4 MKC nocsie 3aBeplleHWs npeobpasoBaHWA nepes Tem, Kak MHULMMPOBATb
cneayouee npeobpasoBaHue; aTo-«Bpema 3axBaTa» WNC LF398, T.e. Bpems, HeobxoaMmoe Aas TOro, 4Tobbl
BbIXO/, BHOBb OTC/AeAMA BXOf, C TOYHOCTbIO A0 0,1 %. B TeyeHne 3TOro BPeEMeHM YCTPOMCTBO YNPaABAEHUA MOXKET,
KOHEYHO, 3aHATbCA CYMTbIBaHMEM UMPOBOro Bbixoda. Obuiee Bpems Npeobpa3oBaHMA COCTABAAET, TaKUM
obpaszom, MUHMMYM 16 MKC, 4TO paBHO3Ha4HO 60000 npeobpa3oBaHMAM B CEKYHAY. 10 NOBOAY 3TOM CXeMbl CTOUT
cAienatb HeCcKo/bKo 3amedaHuit: (a) Ons nonydyeHusa nosiHon 12-paspsgHoOM TOYHOCTM Bbl AOJIXHbI 0becnevynTs
NOACTPOMKY cABUra ANA KOMNEeHcauuu Tpex BMAoB owmbok: 1) Ucde Bxoda B/3 coctasnser 7 MmB (makc); 2)
NONEBOW TPaH3UCTOpP Bxoga B/3 BBOAUT HEBOMLLIVIO CTyMeHbKy HanpsskeHus B peskume 3ANOMUMHAHUE,
0OYCNOBAEHHYIO MHMXEKUMEN 3apsna B 3aTBOP MOAEBOro TpaH3ucTopa (pa3d. 3.12), B JaHHOM Caydae
OTHOCUTENIbHO CTabUbHYIO OTpULATENbHYIO CcTyneHbky B 10 MB; 3) cam ALM nmeet Ucds, onpeaensemoe Kak 4
M3P (akBuBaneHTHo 5MB ans gmanasoHa BxoAHOro curHana 0-5 B). Mbl BKAUYMAW CXeMy MOACTPOWMKM ANA
LF398, ncnonbsya pekomeHaaumm narotosutens, (6) EMKOCTb KOHAEHCcaTopa 3anoMUHAHUA ONpeaenaeTca nyTem
Komnpomucca. Hebosblas eMKOCTb COKpalaeT Bpems 3axBaTa, HO MPUMBOAMT K Hosblwemy cnady BepluHbI
MMNynbca M BoNbLUEN CTyNeHbKe OT MHXeKUMM 3apsaga. Mbl BbiI6pann eMKoCTb, KOTOpaa AaeT He3HauYnTe bHbIN
cnag v NpuMBoAMT K cTyneHbke B pexume 3ANOMUHAHWME, skeBmBaneHTHoM 8 M3P; cTyneHbKa CPaBHWUTENbHO
cTabunbHa M ee MOXHO KOMMNEHCMPOBATL COOTBETCTBYIOLWLEN MOACTPOMKOM C MOMOLLbIO perynatopa «loacTpoika
capura», (B) Cxema npucrnocobnieHa nof OAHOMOASPHble BXOAHble curHanbl (0-5 B); ecanm HeobxoamMmo
NPUMHUMaTL BUNoNAPHbIE BXOAHbIE CUTHAAbI, TO cneayeT A06aBUTbL CXeMy CMeLLEHMA ONepaumoHHOro ycuamnTens,
no3abotacb 0 TOM, 4TObbI yaep:kaTb oWWOKM B npedenax meHee 1 M3P (1 yactb Ha 4000). Ans Toro 4TobbI
obneruntb paboty, cxema AD7572 BblgaeT NpeumsnoHHOe OMopHOe HanpsXeHue, Tem He meHee noTpebyeTcs
elle HEeCKONbKO KOMMNOHEeHTOB, (r) MpeKkpacHbIM AO0MNO/MHEHMEM K TAaKOTO COpTa CXemaM ABAAETCA YCUAUTeNb C
NporpaMmMmnpyemMbiMm KO3OPUUMEHTOM YCUAEHMSA, TaK YTO YMNPaBAAIOWMA MUKPOMPOLECCOP MOMKET YMNPaBaATb
KO3QPULMEHTOM YyCUAEHMA ONA TOro, Ytobbl MPMUCNOCOBUTBLCA K AMana3oHy amnauTyd BXOAHOro curHana. MC
AD526 ¢upmbl  Analog Devices npeactaBnaetr cobol OAHOKPWUCTaNbHbIA  NPUMBOP C MNPOrpamMmMmUPyEMbIM
KoadduumeHtom ycunenmsa 1, 2, 4, 8 m 16 un TO4HOCTblO ycuneHuma 0,02 % (TodyHocTb 12 pa3psaos);
aNnbTepHaTMBHbIN BapuaHT — WC LF13006/7 ¢umpmbl National cogepsKUT pesncTopbl M KAYM Ha MONEeBbIX
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TpaH3MCTOpax (HO He camM YCUAUTEeNb) A8 YCTaHOBKM KoadduumeHTa ycuaenma ot 1 go 128 (c koadduumeHTamm
2) nuan ot 1 go 100 (B nocneaoBaTenbHOCTM 1-2-5); 3TM KOMMOHEHTbI MMEKT TOYHOCTb KoadpduLMeHTa yCUaeHUA
0,5 % (TouHOCTb 8 pa3psaaos).

B aTol cxeme, ecTecTBeHHO, ucnonb3yetca ALM ¢ nocnenoBatenbHbIM NPUBAMMKEHMEM, MNOCKOMBKY NPK
nepeKkItoYeHn OT OAHOTO BXOAA K APYromy BakHY posib Urpaet bbicTpoaeincTame. Mbl BbIOUPanmM KOMMOHEHTBI,
CTapasacb MMHUMM3NPOBATb CTOMMOCTb. [oKa3aHHaA cxema ByaeT cTouTb OKkoao 50 40NN, NO LeHaM Ha CeroaHs;
OCHOBHOW BK/1ag, B CTOMMOCTb BHOCKT npeobpasosatens — 35 gonn.

9.25. 3 1/2-3HaKosbili yugposoli 8os16mmMemp

Ha pwc. 9.65 OBYXCTaAMMHOro
MHTEerpmpoBaHmAa. louTn BcA cxema UMPPOBOro BOALTMETPA, 33 WCKAOYEHMEM BHEWHMX KOMMOHEHTOB A/A

npeacTaBfieHa CXema, B KOTOPOM WMCMO/Ib30BaHbl MpenmyLLecTBa
MHTErpaTopa M reHepaTtopa TaKTOBbIX WMMMY/bCOB, TOYHOrO WMCTOYHMKA OMOPHOrO HaMNPAXKEHMA W YCTPOMCTBA
oTobpaskeHMs, BbINOMHEHA Ha oAHOKpucTanbHoiM KMOM BWC. Cxema ICL7107 npu paboTe MCNOAb3yeT LMKA
aBTOMATMYeCKOro 0OHyneHMA W aaxe, Honee Toro, GopmupyeT BCe 7-CEFMEHTHble My/AbTUMNAEKCUPYEMbIE
BbIXOAHbIE CUTHaNbl ANA HEMoCPeACTBEHHOro 3anycka 4-umdpoBoro Aucnaes Ha csetogmonax. Mcnonb3ya Ha
BXOZE BHELWHMA aTTeHoaTop (MAM 3TaNOHHbLIA UCTOYHMK), Bbl MOXeTe GopmMMpoBaTb Apyrue nosHomacwTabHble
OMana3oHbl HanpsaxkeHun. MeToa ABYXCTaAMMHOIO npeobpasoBaHMa odeHb yaobeH ans paboTbl UMPOBOro
BO/NIbTMETPA: OH obecneyMBaeT XOPOLWYH TOYHOCTb (BKIKOYAA ABTOKOPPEKUMIO HYAA) WM MNOoAaBNeHWe CeTeBblX
nomex B npubopax c ycpegHeHMemM Npu HU3KOM CTOMMOCTU. CTOMMOCTb MCMOIb3yeMOro 34eck npeobpasosaTtens

He npesblwaeTt 20 gonn.
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Puc. 9.65. O0HoKkpucmansHelli  «3  1/2-3Hakoebill»  uugposoli  eonsmmemp ¢ 08yxcmaodulHbim
uHmezpuposaHuem. B — goicokuli; H — Hu3sKud.

9.26. KynioHomemp

Cxema, NokasaHHas Ha puc. 9.66, npeacTaBaseT cobol TOKOBbIN MHTErpaTop C ypaBHOBELWMBaAHMEM 3apAaa,
WM «KYNIOHOMETP». ITOT NpmMbop MOXKHO MCMO/Mb30BaTh A/ U3MEPEHUS MHTErpasbHOro TOoKa (MOJHOro 3apaaa)
3a onpeAeneHHbI WMHTEpPBan BPEMEHW; OH MOXKET HaNTW NPUMeHeHWe B 061aCTU 3NEKTPOXUMUKU WAWN ANSA
anekTpodopesa. HauyHemM C HWKHEro NeBOro yrna, rae WHTErpupyemblidt TOK MNPOTEKAeT 4Yepe3 MOLLHbI
NPeuM3noHHbIN  4-NPOBOAHbLIA  pe3ncTop, o0bpa3yd NpomnopuMoHanbHoe HanpaxeHue. WMC2  asnsaetca
CpaBHUTENIbHO HefoporMm (MeHee 5 40/1/1.) NPELUM3MOHHBIM OMEePaLMOHHbIM YCUAUTENEM C OAHUM UCTOYHUKOM
NUTaHWUA, C HMU3KMM HayaslbHbIM CABMIOM HanpsxeHua (80 MKB mMakc.) U manbim Aperndom casura BO BPEMEHU U
no Temnepatype (MeHee 2 MKB Ha rpaayc 1 0,5 MkB B mecau).
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Puc. 9.66. KynoHomemp (cyemyuk HakonneHHo2o 3apAada). K.T. — KOHMpoabHaa moyka uHmezpamopa; lp
— npedoxpaHumens; HK — Henodknto4eHHbIl KoHmakm,; M3 — mnadwas 3Hayauw,aa yugpa; C3L — cmapwas

3HaYawasa yuppa.

OH  dopmupyeT  BbIXOAHOM  TOK,  NPOrpaMmMMpyemMblit M3MepAaembiIM  TOKOM UM 3anycKaet
3apAf0ypaBHOBELWNBAOWMNMA  MHTerpatop Ha MMC3. C nomollbtd MNOBOPOTHOrO MepekatoYaTens Ha Bxoae
BbIGUpaeTca OAMH M3 NATM AeKafHbIX NPeaenos YyBCTBUTENbHOCTW, MPUYEM Ha NOOOM AManazoHe MoAHOMY
BXOAHOMY CUrHany cooteeTcTeyeT Tok 200 MKA B KosnekTope T1. TpaH3suctop 71 — 370 noneson MOI[l-
TpaH3ucTop (a He O6WMNoNAPHbIM MAOCKOCTHOM TPAH3MUCTOP), WCMOAb3YeMbIA AN  UCKAOYEHUSA  OLIMOKMK

yNpasAAoLLEro TOKa.

Cxema YpaBHOBEWNBaHNA 3apAda ABMAETCA 00ObIYHOMN Aeana—cmrr\/\a—cxeMon C nonesbiM p-KaHa/IbHbIM
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TpaH3ucTopom T2, paboTatouMm B pexume oboralleHus, KOTOpbIA BblAaeT MopuUMKM 3apsna B COOTBETCTBMM C
coctofHnem Tpurrepa MMC5a nocne KaxkAoro Takta cuHxpoHudaummn. UMC56 paboTaeT Kak ogHosubpaTop,
YyBEANYMBAA COCTOAHME [OBOWMYHOM nepecyeTHoOM cxembl MMC7 Ha KaXAOM TaKTe, B TeyeHWe KOToporo T2
Haxo4AMTCA B MPOBOAALLEM COCTOAHMKW. ITa CXema He MNOACYMTbIBAET Kakoe-TO onpeaeneHHOe YMC/IO TaKTOB
CUHXPOHM3aLUMKM, a NMPOCTO HaKamn/JMBaeT A0 Tex Mop, MOKa He OCTaHOBUTCA. 4-paspagHblie cyeTumkn MMCY n
MMC10 oTcnekmBatoT 0bWMI 3apaa, M yNpaBAatoT 8-pa3psagHbiM AUCMAEEM Ha CBETOAMOAAX.

Ecnn namepsaembiit TOK NpeBbIaeT MaKCMMasbHbIM TOK BbIOpPaHHOrO AmManasoHa, To TOK T2 He crnocobeH
YpPaBHOBECUTb TOK T1, AaKe ecnn TPaH3MCTop OyAeT NOCTOAHHO BK/KYEH; Mpu 3TOM 3adMKCMpOBaHHOE Ha
CYETUYMKAx 3HayeHMe 3apsaga OyaeT codep:kaTb OWMBKRY. MMC4a nposepseT yci0BME BbIXOAA 3a Npeaessb
[IManasoHa M 3aXkuMraeT CBETOAMOA, €CAM BbIXOAHOW CUrHaN MHTEerpaTopa npesblllaeT GUKCMPOBAHHbIN YPOBEHb
OMOPHOro HanpsseHus (KOTopbIM BbIBMPAETCA C 3anacom MO OTHOLWEHWMIO K HOPMasbHbiM YCA0BMAM pPaboThl
NHTErpaTopa).

HekoTopble noAcyeTbl MpW NPOEKTUPOBAHMMK. [1pn NPOEKTUPOBAHMM CXeMbl TMNA 3TOM caedyeT NPUHATbL
HECKONbKO pelleHuit. Hanpumep, 6onbluiMHCTBO 3nemeHToB KMOM-normkn pabotatoT oT HanpsaxkeHua +15 B ans
TOro, 4Tobbl YMNPOCTUTL KOMMYTAUMIO TpaH3ucTopa T2. [OCKONbKY 4-pa3psfHble CYETYMKM paboTatoT oT
HanpaeHna +5 B, ONA CONpAXeHMA BbICOKOYPOBHEBbLIX CUrHaAo0B KMOIM-N10TMKM € YPOBHAMM CYETYMKA
ncnonb3oBaHa cxema 4049. MMC4 paboTaeT OT 04HOrO UCTOYHMKA MUTAHUA U ee BbIXOAHOM CUrHaA U3MeEHAETCA
OT Hyna Ao +15 B, yto ynpouwiaeTt nogkntodeHmne Kk MMC5a.

Ona Toro 4tobbl 0becneynTs AOCTAaTOYHbINM AMaNa3oH PaboTbl TpaH3UCTOpa T1, ONOpHOe HanpsAKeHue OA
MHTErpaTopa M KOMMNapaTopa yCTaHaBAMBAETCA C MOMOLLbID CTabuanTpoHa D2 Ha yposHe +4,7 B; 3aeck nogonaet
CaMbl NPOCTOM CTabUAUTPOH, NMOCKO/IbKY TOYHOCTb He TpebyeTcs. ObpaTuTe BHUMaHME Ha TO, YTO MPEeLM3nOoHHOoe
OMOPHOE HanpAKeHWe 3aBUCUT OT HanpaxeHua +4,7 B, WCNONb30BAHHOrO A4 MacwTabupoBaHMA TOKa,
KOMMYTUPYEMOro B WHTerpatope. Pabounii Tok McTouHMKa REF-02 mcnosnb3yetca 3a04HO M AAA CMeLeHus
cTabunntpoHa.

Kntou (T2) mosKeT oKasaTb CyLECTBEHHOE BAMAHME Ha obulyto ToyHOCTb npubopa. Ecam oH obnagaer
CANLIKOM DONbLIOK eMKOCTbtO, TO AOMONHUTENbHbIN 3apsf Ha ero CTOKe MpMBEAEeT K norpewHoctn. CxemHoe
pelieHne, UCMob30BaHHOE B Mpedblaylem npumepe (KOMMyTauma Ha 3eM0 BO BPEMSI LIMK/AOB OTK/IOHEHMUS
TOKa), B l@aHHOM C/ly4ae He NoAoMAeT, MOCKOAbKY OWWOKKM Hanpsxenua casura MMC3 npuBeayT K NOCTOAHHOWN
oWMbKe Npu 0YeHb Masblx TOKax. Mcnosb3ysa oAHOMOMOCHbIM OAHOHAMNPABAEHHbIA NepeKatoYaTeb, NOKasaHHbIN
Ha CXeme, MOMHO YBENYUTb AMHAMMYECKMI AManas3oH 3a CYeT HEKOTOPOro CHUMKEHMA TOYHOCTU (UYTO BbI3BAHO
M3b6bITOYHBIM 33aPAZJOM Ha CTOKe TpaH3ucTopa T2, KOTOPbIM MHTErpuMpyeTca Ha Kaxkaom TakTe). BbiOpaHHbIN
onepauyoHHbIA YyCUAUTENb MHTEerpaTtopa npeactaBnset coboit ycunmtenb Ha nonesbix MOIM-TpaH3mMcTOpax C
MasIbiIMW TOKAaMWU CMELLEHUS U NMO3TOMY NMPEHEBPEKMMO Manoi NOrpelHoCcTbio No ToKy (10 nA Tun.). MNocKoibKy
onepauyoHHbIe YCUAUTENW Ha MOAEBLIX TPAH3MCTOPAX MMEIOT, Kak NpaBuao, Ho/bliMe HANPSKEHUA CABUTA, YeM
YCUAUTENU Ha BUNONAPHbLIX TPAH3UCTOPAX, TaKoM BbIBOP YCUANUTENSA TOIbKO 0HOCTPUT TONIBKO YTO PACCMOTPEHHY!HO
npobaemy AMHAMMYECKOro AMana3oHa Npu UCMob30BaHUM OAHOMOJIIOCHOIO K/toYa Ha ABa HanpasiaeHUs.

OuHamnyeckmin  amanas3oH. BakHO MOHMMaTb, 4TO 3TOT NMPMOOP CMPOEKTMPOBAH B pacyeTe Ha OO0JbLOMN
OMHAMMYECKMIA AMANa30H C TOYHbIM WHTErpMpPoOBaHMEM TOKA, M3MEHAIOLLErocA B MpPOLLECCe 3KCNepMMeHTa Ha
HECKONIbKO MOPAAKOB Mo BeAnvmHe. MIMEHHO Mo 3TOM npuyMHe 6O0nblloe BHUMAHWE YAENSeTCcA CXeme
«nepefHero  Kpas» Ha MPeuusMoHHOM  OMePauUMOHHOM  YyCUAMTEeNe C  Lenbl  MNOACTPOMKM  CABWUTa,
obecneynBalolWen MPeUU3NOHHYIO PeryiMpoBKy (obblyHas cxema MNoACTPOMKM MMEET, Kak MpaBuao, MNOHbIN
[ManasoH B HECKOJIbKO MWNMBOJLT, UYTO 3aTPYAHSAET TOYHYK MOACTPOMKY cABura Ha Hyne). MNMpu noacTporike
MMC2 Ha casur 10 MB nnm meHee gMHaMU4YecKkMii aManas3oH npubopa byaet npesbiwaTs 10000:1.
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CxeMbl Ga30BOM aBTOMNOACTPOMKM YaCTOTb

9.27. BgeoeHue

Cuctema ¢$asoBoi  aBTOMOACTPOMKKM YacToThl (DAMY) — 3TO BecbMa BaxkHbIi W MOMAE3HbIA  y3en,
BbIMYCKAeMbI B BUAE OTAENbHOW WMHTErpasbHOM CXembl MHOMMMUK m3rotosutenamm. GAMNY coaepKmTt $Gasosbil
[EeTEeKTOP, YCUAUTENb W FeHepaTop, ynpasasemMbln HanpsxeHuem (FYH), n npeactaenaetr coboit coyeTaHuwe B
OHOM KOpMyce aHanoroBoi n UMbpoBON TEXHUMKU. Mbl paccMOTpUMM B AasibHenlwem npumeHeHne PAMY ana
TOHa/IbHOrO AeKoAMpoBaHuA, aemoaynaumm AM- n YM-CUrHanoB, YMHOMKEHMSA 4acTOT, Y4acTOTHOrO CUHTE3a,
MMMYNbCHON  CUMHXPOHM3AUMM  CUFHANOB  OT  WYMAWMX WCTOYHMKOB (Hampumep, MarHUTHOM NeHTbl) U
BOCCTaHOBIEHMA KYMCTbIX» CUTHA/OB.

CyulecTByeT TpaauumoHHoe npeaybexaeHne npotme QPAMY, cBA3aHHOE OTYACTM CO  C/AOMKHOCTbIO
peannsaumm PAMY Ha AMCKPETHBIX KOMMOHEHTAX, @ OTHACTU C COMHEHMAMM OTHOCUTE/IbHO ee HaZeKHON paboTbl.
C nosAB/ieHMEM HeAOopOrMx W MPOCTbIX B NpumeHeHUn yctporncts PAMNY nepsoe npenaTcTBMe A1A WX WMPOKOTO
npumeHeHua 6bla10 NpeoaoneHo. Mpu NPaBUIbHOM MPOEKTUPOBAHUN M KOPPEKTHOM MNPUMEHEHUN YCTPOMCTBA
®AMY cTaHOBATCA TaKMMM e HAAEKHbIMU 31EMEHTaMM CXEMbI, KaK ONMepaunoHHbIe YCUAUTENN UAK Tpurrepbl. Ha
puc. 9.67 nokasaHa Knaccuyeckaa cxema OAMMY.

Pa308blil HY-@uneTp

B [IETEKTOP |3 y

TYH

RL VNpasnAUILE =

HANPRAMEHHE

Puc. 9.67.Cxema ¢pazosoli asmonodcmpoliku Yyacmomei.

®a30Bbll AETEKTOP — YCTPOMCTBO, KOTOPOE OCYLLECTBAAET CPpaBHEHME ABYX BXOAHbIX YaCTOT, U GopmupyeT
BbIXOAHOW CWUrHa/, MPOMOPUMOHAAbHbIA WX $Ha30BOM PaA3HOCTU (ecan, HampuUMep, YacTOTbl Pa3IMYALOTCA, TO Ha
BbIXOAE MOABUTCA NEPUOAMYECKUIA CUTHAN Ha Pa3HOCTHOM YacTtoTe). Ecan fyHe paBHa fTYH, To oTGUALTPOBaHHbIN
M YCUNEHHBIM curHan $a3oBoi olWMbKM byaeT BO3AeNCcTBOBaTb Ha YacToTy MYH, M3MeHsAa ee B HanpaBieHuu fex.
Mpn HopMmanbHbIX ycnosusax NYH BbicTpo NPOM3BOAUT «3axBaT» YaCTOTbl fB8X, NOAAEPHKMBAA NOCTOAHHbIN Ga30BbIN

caBur nNo OTHOWEHNIO K BXOAHOMY CUTHaNY.

MOCKONbKY OTPUALTPOBAHHBIN BbIXOAHOM CUrHaA $a30BOro AeTeKTopa ABAAETCA CUIHANOM MOCTOAHHOMO
TOKa, a ynpasasloWwmi BXOAHOM curHan TYH — mepol BXOAHOM 4acTOTbl, COBEPLWEHHO o4yeBuaHo, 4To PAMY
MOXHO NpUMeHATb Ana YM-AeTeKTMPOBaHMA WM TOHA/IbHOTO AEKOAMPOBaHMA (Mcrnonbayemoe npu umdposoin
nepefaye no TenedoHHbIM AMHUAM). BbixoaHOM curHan YH — 3To curHan mMecTHOWM 4acTOTbl, PaBHOWM f8x, TaKum
obpasom, TYH BblAAET YMUCTbIA OMOPHBINA CUMHAMA, KOTOPbIA MOMET CoAepaTb WyMbl. [TOCKOAbKY BbIXOAHOWM
curHan TYH moxeT umeTb tobyto dopmy (TPeyronbHyt, CUHYCOMAANbHYIO M T. MN.), 3TO No3BoaseT GopMUpPOBaTb,
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A0NnyCcTunm, CVIHYCOVI,EI‘a}'IbeIVI CUTrHan, CVIHXpOHl/Bl/IpOBaHHbM C nocnenoBaTe/IbHOCTbIO BXOAHbBIX MMMY/1bCOB.

B oAgHOM M3 4acTo BCTpevatowmxca npumeHeHun GAMY mexay Bbixogom YH 1 $a3oBbIM AeTEKTOPOM
BK/IOHAIOT CYETYMK MO moaynto n, obecneumsasn, Takum oHpPa3om, YMHOMXKEHWE BXOLHOW 3TasIOHHOM 4acToThl fBx.
3TO — uWAeanbHbll MeToa reHepalyyM MMMYNbCOB CUMHXPOHM3AUMM Ha 4acTOTaX, KpPaTHbIX 4acToTe CEeTeBOro
HanpsKeHusa, Aana uHTerpupytowmx AUM  (OBYXCTagMMHBIX M C ypaBHOBEWIMBAHMEM 3apaga) C MOAHbIM
noflaBneHMeM NOMeX Ha CeTeBOM 4acToTe M ee rapmMoHMKax. [ofobHble cXemMbl ABAAKOTCA OCHOBHbIMM MpU

MOCTPOEHMN HaCTOTHbIX CMHTE3ATOPOB.

KomnoHeHTbl ®AMY. dasosbili geTekTop. CyLLeCTBYIOT [Ba OCHOBHbIX TMMa $Ga3oBbIX AETEKTOPOB, KOTOPbIE
MHoraa HasbiBatoT TMn 1 1 TMN 2. ®a3oBbin AeTeKTop Tuna 1 npeaHasHavyeH AnAa paboTbl C aHANOroBbIMM
CUTHaNaMU MAN UMOPOBLIMW CUTHANAMM MPAMOYrobHOW GOpPMbl, a AeTeKkTop TMna 2 — Ans paboTtbl no
normyeckMm nepexogam (ppoHTam). TUNUYHBIM NpeacTaBuUTeNemM AeTeKTOpoB Tuna 1 AsnseTcs AeTekTop 565
(nuHelHbIN), a aeTtektop KMOTM 4096 MOMHO OTHECTM M K TOMY, M K Apyromy Tuny. CamMbiM MpOCTbiM $a3oBbIM
[eTekTopom ABnAeTcA faeTektop Tuna 1 (umdposoit), KoTopblM nNpeacTaBnsaeT cobor NpocToi BEHTUAb
NCKIHOYAROLEE NN (puc. 9.68).

OnopHbiA _|
CUrHan
Curnan |_
OnopHbIA
i Qo] | [ ]|

]

0AOpHbIH GATHAR —— Uep

Curuan ———J

i
CHHXPOHM3AUMA HA
3TOM  Y4ACTHE
[—%
[ ]
=
Sy
"\.Mh
Sy
| | >~
0 I " 2
i

Taa

Puc. 9.68. ®aszossbili demekmop (mun 1), 8binonHeHHbIlI no cxeme Vicknodarouiee UJIN.

Ha pucyHKe nokasaHa 3aBMCMMOCTb BbIXOAHOIO HaNpsKeHWa oT PaszHOCTM a3 Npu UCNOAb30BaAHUN GUALTPA
HU3KUX YacTOT M MPSAMOYFO/IbHOIO BXOAHOTO KosiebaHua co cKkBarKHOCTbO 50 %. dasosbili geTtekTop Tvna 1
(MMHENMHBIN) MMeeT aHaNoOMMYHYIO 3aBMCMMOCTb BbIXOAHOTO HanpsxeHus OT $a3oBOM PasHOCTM, XOTS ero cxema
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npeacrasnaetT cobol «YeTbiPeXKBaAPaAHTHbLIA YMHOMUTENbY, M3BECTHbIN TaKXe nog Ha3BaHMem «6anaHCHbIN
cmecuTenb». das3oBble AETEKTOpbl 3TOro Tuna, 0b6nadaloliMe BbICOKOW JIMHEMHOCTbIO, HaxoAaT LIMPOKOoe
NPUMEHEHWE B CUHXPOHHOM 0emeKmuposaHUU, KOTOPOE Mbl PACCMOTPUM B pa3d. 15.15.

®azoBbIn OETEKTOP TUNa 2 o6nap,aeT 4YyBCTBUTENBbHOCTbKO TOJIbKO MO OTHOWEHMIKO K pPaCnosioKEHUNIO

(hpOHMOB CcUrHana v BXxoAHoro curHana NYH, kak nokasaHo Ha puc. 9.69.

a 26
] MA Ty G
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DrcTasamue
~ ¥4
LAY
4044 (TTH)
] e
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(TcTasaHme J-L _n_u_
=1 Dnopba
by [ e
30Bbii —
wounapatop |JL Py Cawryn
"urn;?nmu ——l Ry
4046 (KMO) -
g
OnopHBiM
CHrHAN
ryh = L] e b
Drcrasanwe | NS
(nepemenie Il |

EH’-UI.'I.HE'E Ha= -JL____JL__-...-.--.-lr.....-.—-Lr-
NPARCEHHE [DAADBOID
neTexTapa

Puc. 9.69. ®azossbili demekmop (mun 2) onepexceHus — omcmasaHusd, pabomarowjuli «no ppoHmMam».

Cxema $a30BOro KomnapaTopa reHepupyeT BbIXOAHbIE MMMYAbCbl NMBO omcmasaHua, NMbo onepexceHuA B
3aBMCMMOCTM OT TOro, KOrga MOABAAIOTCA NOrMYeckMe nepexohdbl BbIXOAHOro curHana [YH, nocne wnm o
nepexoAoB OMNOPHOrO CUrHafa COOTBETCTBEHHO. LLIMpMHA 3TUX MMMY/AbCOB pPaBHa MPOMENKYTKY BPEMEHW Mexay
COOTBETCTBYHOLMMN GPOHTAMK, KaK MOKa3aHO Ha PUCYHKe. Bo Bpema AeMCTBUA STUX MMMY/AbCOB BbIXOAHAA CXema
nmbo oTBOAMT, MMBO OTAAET TOK, @ B MPOMENKYTKAX MEXAY MMMNYNbCaMM HAXOAUTCA B PA3OMKHYTOM COCTOSHWMU,
bopmMpyA 3aBUCUMOCTb MeXKAY BbIXOAHbIM HampsXKeHMem M pasHOCTbio $as, nokasaHHyto Ha puc. 9.70.
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Puc. 9.70.

Mpouecc abCoOMOTHO He 3aBWUCMT OT CKBAXKHOCTM WMMMY/NbCOB Ha BXOAe B OT/M4YME OT CuTyauuu C
PacCMOTPEHHbIM paHee $a30BbiM Komnapatopom Tuna 1. [lpyroi npuBnekaTesbHOM 0COBEHHOCTbIO 3TOro
bas3oBOro getekTopa ABAAETCA TO, UYTO WMMMYAbCbl Ha BbIXOAE MOAHOCTbIO WCYe3aloT, Korda [Ba CurHaia
3aCMHXPOHM3MPOBAHbI.  ITO O03HAYaeT, YTO Ha BbIXOAE OTCYTCTBYIOT «MynbCalMM», KOTOPble BbI3blBAOT
nepvoamyeckyto $asoBytd MOAYNALMIO B KOHTYpe, Kak 3TO WMMeeT MecTo Mpu MCNo/ib30BaHMM $a3oBoOro

netektopa Tmna 1.

CpaBHMM cBoiCTBa $Ha30BbIX AETEKTOPOB ABYX OCHOBHbIX TUMOB.

Ton 1 Tun 2

HCRTHYA- Zanyox no

HINEE HITH dgipoumy (ana-
Kauka 3apAacas)

Crpasnpocts sxomuoro  50% onru- He arpaer

cHraana MANLHO poiin
Craxponusauua no rap- Ja Her

MOHHKAM
[MogasneEne nomex Xopowres Mroxoe
Ocrarcunas myIsCanHs

Ha 4actote 2§, Bonsuras Manag

Juanasos cuEXpoHKIa- Beck nHanaloH Beck nuanasom

oue (L) I'vH I'YH
Juana3on 3axsata JL{f<1) L
BuixogHEA €acTOTa MpH

PaCCHHXPOHASATHA fmnrp ) -

CywecTByeT elle OAHO pas/MuMe Mexay 3TUMM ABYMS Tunamu $as3oBbiX AeTeKTopos. [eTektop Tuna 1
BCerga reHepupyeT BbixogHoe KosebaHue, KOTopoe B AafbHelllem A0MKHO GUAbTPOBATLCA C MOMOLLBI0 GUAbTPa
KOHTypa peryavposaHua (bonee noapobHo obcyamm 310 nosske). Takum obpasom, PAMY ¢ pa3oBbIM AeTEKTOPOM
T™MNa 1 COAEPMKMUT KOHTYPHbIA GUALTP, paboTatowmii Kak GUABTP HUMKHMX YacCTOT, CrAaXKMBAOWMA NOTUYECKMI
BbIXOAHOW CMTHaA NOAHOM aMnAWUTYdbl. B TaKOoM KOHType BCerda npucyTCTBYeT HeKoTopas OCTaTouYHas ny/bcaums
W, CNefoBaTesibHO, nepuoamMyecke Gas3oBble M3MeHeHusa. B Tex cxemax, roe DAMY umcnonbsyetca Aans
YMHOMEHWA MW CUMHTE3a 4acToT, K BbIXOAHOMY CMUrHany AobasnaioTcs eulle M «HBOKoBble MNooChl $HasoBOM
Mmoaynauum» (cm. pazo. 13.18).

®a3oBbIli AeTekTop Tuna 2, HaobopoT, reHepupyeT BbIXOAHblE WMMMY/AbCbl TOAbKO TOTAa, KOrAa Mexay
OMOPHbIM CUrHasoM W curHanom YH mmeetca ¢asoBas pa3HOCTb. [MOCKOAbKY B MPOTUBHOM C/y4ae BbIXOf,
da3oBOro AeTekTopa BLIMSAAUT KaK Pa3sOMKHyTas Lenb, KOHAEHCATOp KOHTypHOro ¢uabTpa paboTaeT Kak
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3N1EMEHT 3aMOMMHAHMA HAMNPAXKEHWA, NOAAEPHKMBAA HaNPANKeEHUe, coxpaHAlwee Tpebyemyto YacToTty I'YH. Ecam
OMOPHbIA CUTHAN «yXOAMT» MO 4YacToTe, TO (a30BbI AETEKTOP rEHepUpyeT Noc/ne0BaTe/lbHOCTb KOPOTKMX
MMMNYNbCOB, 3apAXKaa (MW paspsaKan) KOHAEHCATOP 40 HOBOrO HanpAKeHua, Heobxoaumoro Ans Toro, YTobbl
BHOBb BepHYTb [YH B CUHXPOHMU3M.

[eHepaTopbl, ynpasasemble Hanps:keHuem. BarkHbiMm KomnoHeHTom DAY aABnaeTcs reHepaTop, YacToToMn
KOTOPOro MOXHO VYMpaBasTb, MCMNOJIb3yA BbIXOAHOW CUrHan ¢as3oBoro getektopa. Hekotopble MMC ®AMY
coaep:Kat 'YH (Hanpumep, AnHeRrHbIM anemeHT 565 n KMOM-anemeHT 4046). Kpome TOro, MMetoTca oTAe/bHble
MMC TYH, nepeuncneHHble B Tabn. 5.4. UHTepecHbir Knacc TYH cOCTaBAAOT 3/1eMEHTbl C CUMHYCOMAA/bHbIM
BbIxoAom (8038, 2206 u T.1M.), NOCKOJIbKY OHW MO3BOMIAIOT reHEPMPOBaATb YUCTOE CMHYyCOMAaNbHOe KonebaHue,
3aCMHXPOHM3MPOBAHHOE C BXOAHbIM KonebaHMem «cTpalHoro» Buaa. CneayeT ynOMAHYTb elle OAMH Kaacc
'YH, — «npeobpa3oBaTeM HaMNpPAMKeHMA B 4YacTOTy», KOTOpble OObIYHO MPOEKTUPYHTCA C ONTMMaAbHOM
NIMHEMHOCTbIO; OHWM MMET, KaK MPaBMAO, CKPOMHYKD MaKCMMasnbHyto 4actoTy (4o 1 Mlu) u BbipabaTbiBatoT
UMMYAbChl C IOTUYECKUMIN YPOBHAMMK (CM. pa30. 5.15).

CneayeT NOMHUTL O TOM, YTO YacToTa [YH He orpaHMYMBaETCA CKOPOCTbIO CpabaTbiBaHMA NIOTMYECKMUX CXEM.
MOKHO, HanpuMep, UCMNO/b30BaTb PaJMOYaCTOTHbIE FreHepaTopbl, HacTpanBaemble C MOMOLLbIO BapaKkTopa (anos,
C U3MEHAEMOM eMKOCTbto) (puc. 9.71).

MT.0.

KoneBarens-
Kbl KOHTYD

i

Puc.9.71.

[MpoaBuraacb B COOTBETCTBMM C 3TOM MAeel elle Ha OAMH War, MOXXHO 6bl10 Obl JaxKe MCNONb30BaTb TaKoM
9N1EMEHT, KaK OTpakaTesbHbli KAWUCTPOH, — MWKPOBOJIHOBLIM (rMrarepLesblit) reHepaTop, C 31EKTPUYECKOon
HaCTPOMKOM 3@ CYET M3MEHEHUS HanpsaKeHus Ha ompaxcamene. Pasymeetca, PAMY, mcnonbsyollaa Takue
reHepaTopsbl, NOoTpebyeT paanMoYacToTHbIM $a30BbIN AETEKTOP.

3aBUCKMMOCTb YacTOTbl OT ynpasaatowero HanpsaxeHua YH, ncnonssyemoro 8 ®AMY, moxkeT He obnagathb
BbICOKOW /IMHENHOCTbIO, OAHAKO B CAydyae HONbWOM HEAMHEMHOCTUM KO3IOPUUMEHT yCUAEeHUA B KOHType bOyaeT
M3MEHATHCA B COOTBETCTBMM C YaCTOTOM CUTHaNa M npuaetcs obecrneunsaTtb ODOAbLWMIA 3anac yCTOMYMBOCTM.

9.28. llpoekmuposaHue QPAIY

3amblkaHMe  KOHTypa  peryampoBaHus.  das3oBbit  AeTeKTop  BbipabaTbiBaeT  CUMrHaA  OWWBKM,
COOTBETCTBYIOLWIMI $a30BOMY PACCOrIAaCoOBAHMIO MeXAY BXOAHbIM M OMOPHbIM cUrHanamu. YactoTol INYH moxHO
ynpae/naTb, NOAABaA Ha €ro BXOZ COOTBETCTBylOUlee HanpsKeHue. Kasanocb Obl, YTO 34€Cb MOXKHO MOCTYNMUTb
TaKKe, Kak M B Mobom Apyrom ycuauTesne ¢ obpaTHOM CBA3bIO, BBOAA KOHTYP PEry/MpoBaHMA C HEKOTOPbIM
KoaddUUMEHTOM Nepenayn; Mbl MOCTYNanM TOYHO TaKKe B CXeMax C ONepaLMOHHbIMU YCUAUTENSMM.

OQHaKO MMeEeTcA OJHO CYLLECTBEHHOe OoTauuyMe. PaHee, perynvpyemas C MOMOLLbO 0BpaTHOM CBA3M
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BE/IMYMHA COBMagana C BE/MYUHOM, M3MEPSeMOM C Lenblo GOPMUMPOBAHMA CUrHaNa OWMOKM wmam bBbina no
KpailHel mepe el NponopuMoHanbHa. B ycuauTene HanpsKeHus, Hanpumep, Mbl U3MEpAaM BbIXOAHOE
HanpsA)KeHWe U COOTBETCTBYOWMM 0bpa3om noacTpamBann BxogHoe. B cuctemax PAMY ocywecTenaeTcs
WHTErPMPOBAHUE; Mbl M3MEPAEM a3y, a Peryanpyem yacmomy, Ho dasa ABAAETCA MHTErpasoM OT YacToTbl. 3a
CYET 3TOrO B KOHTYpe peryaMpoBaHua nossasetcsa ¢asosbiii casmr 90°.

TaKkoM WMHTErpaTop, BK/IOYEHHbLIM B KOHTYp 0OpaTHOM CBS3M, CYLWECTBEHHbIM 0Opa3om BMAeT Ha paboty
CXeMbl — [ONOAHWUTENbHOE 3anasgbiBaHue no ¢dase Ha 90° Ha YacToTax, rae KospOULMEHT yCUAeHUs paseH
eAMHNLIE, BbI3bIBAET BO3HWKHOBEHME CamoBO3bYyXAeHuA. TpOoCToe pelleHWe 3akN4vaeTcs B TOM, YTODbl He
BK/10YATb B KOHTYP KOMMOHEHTbI, KOTOpble AatoT AOMNOJAHUTENbHOE 3aMma3abiBaHMe no dase, No KpaHel mepe Ha
Tex 4acToTax, rae KosdpuUMEeHT ycuneHma 6AM30K K eduHuUe. B KOHUE KOHLOB OMepalyoHHble ycuauTenu
MMeloT 3anasgpiBaHve no ¢ase 90° Ha HOMbLWMHCTBE YacTOT CBOEro JManasoHa, OA4HAaKO OHM MPeBOCXO4HO
paboTatoT. 3T0 — OAMH M3 NOAXOA0B M OH MPUBOAUT K TOMY, YTO HA3blBAETCA «KOHTYPOM MEPBOro MOpPAKay.
Bnok-cxema B 3TOM C/ydae BbIMAAMT TOYHO TaKXe, Kak paHee npusedeHHaa 6aok-cxema PAMY 6e3 dunbTpa
HUMHUX 4acToT.

XOTA KOHTYpbl NepBOro Nnopajika BO MHOTUX CUTYaUMAX OYeHb YA0OHbI, OHWM He 06nafatoT HeEOHXOANUMbIMM
CBOMCTBAMM «MAxOBMKa», KOTOPble NO3BOAAIOT reHepaTopy, yNpaBaaeMoMy HanpAKEHWEM, CrAaXKMBaTb NMOMEXM
n GAyKTyauum BXOAHOrO CurHana. bonee Toro, KOHTyYp MepBOro mopsaAka He COXPaHAEeT MOCTOAHHbIM da3oBoe
COOTHOLWIEHME MeXAy OMOPHbIM CUrHanoM U curHanom [YH, Tak Kak Bbixog ¢a3oBoro [JeTekTopa
HenocpeacTBeHHO ynpasnseT TYH. B «KOHTyp BTOPOro nopsazka» BBOAWUTCA AOMOAHWUTENbHAA GUALTPALMA Ha
HW3KOWM YacToTe C Ue/blo NpeJoTBPaLlleHNa HeyCTOMYMBOCTM. TakoM KOHTYp 06/1aaaeT CBOMCTBOM «MaxOBMKa» U,
KpOMe TOro, ymeHblUaeT «AMana3oH 3axBaTa» W yBE/MUYMBAET BpPems 3axBaTa. K TOMy e, Kak OyaeT nokasaHo
HWXKE, NPW MCNONb30BaHWM GA30BbLIX AETEKTOPOB TWMA 2 KOHTYpP BTOPOro NopAAKa rapaHtTupyeT ¢as3oByto
CMHXPOHM3aLMM NPWU HYNEeBOM PasHOCTU Ga3 MeXKay OMOPHbLIM CUIHANOM M curHanom YH. MNpaKTnMyeckn BO BCeX
cucTeMax MPUMEHAIOT KOHTYpPbl BTOPOro MOPsA/Ka, MOCKO/bKY B OO/bIIMHCTBE NpUMeHeHU cucTema DPAMY
[oMmKHa obecneyunBaTb Manble GAYKTyauMm ¢asbl BbIXOAHOMO CUrHana, a Takxke 06/1afaTb HEKOTOPbIMM
CBOMCTBAMM MaMATU UAN «KMAXOBMKa». KOHTYpbl BTOPOro nopsaKka MOryT MMeTb BbICOKMM KO3bDUUMEHT nepeaayn
Ha HW3KWMX YacToTax, 4To obecneymBaeT MOBbLILEHHY YCTOMYMBOCTb (MO aHANOTMKM C AOCTOMHCTBAMM BbICOKOrO
KoaddUUMEHTA YCUNEHUA B ycUaMTenax ¢ obpaTHOM CBA3bID). BepHemca K Aeny M pPacCMOTPUM MPUMEHEHWe
@AY Ha npumepax.

9.29. lNpumep pazpabomku: yMHOMUMEAL 4YACMOMbI

dopmmpoBaHMe 4YacToTbl, KpaTHOM GUMKCMPOBAHHOW BXOAHOM 4YacToTe, ABASETCA OAHMM M3 Haubosnee
pacnpocTpaHeHHbIX npumeHeHnn PAMY. B 4acTOTHbIX CMHTE3aTOpPax 4acToTa BbIXOAHOTO CUrHana GopmupyeTcs
3a CYET YMHOMEHMA YacTOTbl CTabUABHOIO HM3KOYACTOTHOrO (gonyctnm, 1 ') cMrHana Ha Lesoe YMCao n; YNCno n
MOYHO 337aBaTb B LMOPOBOM BUAE, T. €. Bbl NOAyYaeTe TMOKUIA UCTOYHMK CUTHANOB, KOTOPbIM MOMKHO YNpPaBaATb
[laXke C NOMOLLBIO KOMMbIOTEPA.

MoxHo mcnonb3osatb GAMY B Honee NPo3aMyecknx CUCTEMAX, HaNnpUmep, 414 TOro 4YTobbl reHepMpoBaTh
TAKTOBYID 4aCTOTY, CMHXPOHM3MPOBAHHYIO C HEKOTOPOM APYron 3TaNIOHHOM 4YacTOTOW, KOTOpas Yy»Ke MMmeeTca B
npubope. MpeanonoKMM, YTO Mbl XOTUM MOJIYYUTb TAKTOBblE CUTHaNbl YacToTon 61440 My Ans ABYXCTaAMMHOTO
AUT. Takaa YactoTa obecneymsaeT NPOU3BOAUTENBHOCTb 7,5 M3MEPEHUIA B CEKYHAY, MPUYEM Ha NepBOM CTaanm
(noabeme) notpebyetca 4096 NepmMooB CUHXPOHM3AUMM (HAMOMHMM, YTO B ABYXCTaAMMHOM npeobpa3oBaHnm
MCNONIb3YeTCA MOCTOAHHbLIM BPEMEHHOW WHTEPBaN) M Ha BTOPOM CTaauu (paspad NOCTOSHHbIM TOKOM) MOKET
notpeboBaTtbcs A0 4096 nepuoaoB. YHMKanbHas ocobeHHOCTb cxembl PAMY 3akatoyaeTcs B TOM, YTO TAKTOBYLO
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yactoTy 61440 KM MOMHO 3aCMHXPOHWM3MPOBATbL C ceTeBol 4YactoTon 60 Ty (61440 =60x1024), NOAHOCTbLIO
Nno4aBMB TEM CamMbiM NMomexm Ha yactoTe 60 L, KOTopble, KaK Mbl yxKe obcyKaanun B pasd. 9.21, NpuUCyTCTBYIOT Ha
nobom cuMrHanbHOM BxoZe npeobpasosaTens.

HayHem co cTaHaapTHOM cxembl PAMY, B KOTOpon mexay Bbixodom MYH 1 $da3oBbiM AETEKTOPOM BK/KOYEH
CYeTUYMK-AenuTens Ha n (puc. 9.72).

ﬁﬁgq[ﬂfﬂﬁﬂ] ﬁm (8/8) H}HH[PEEI[E'EH
f y Vi Vy f
on Da3opbii BbI%
() AeTesT0p > ; > YA ) g ™)
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(¥ yugwan)
i =1 <] i

Puc. 9.72. bnok-cxema yMHOXUMENA 4GCMOMbl.

Ha 370l cxeme A8 Kawaoro ¢yHKUMOHANbHOTO 6/10Ka yKasaH KoapduumeHT nepedavumn. IT0 noHagobumTcs
Ham A1A NPoBeAEeHMs pacyeToB Mo ycTorumsocTM. ObpatuTe ocoboe BHMMaHME Ha TO, YTO $Ha30BbIN AETEKTOp
npeobpasyet ¢asy B HanpsskeHue, a [YH — HanpsskeHue B Npou3BOAHYIO $asbl MO BPemMeHu (T.e. YacToTy).
OTclofia BaXHOe CneacTBne — ecaun Gasy B CaMon HUMKHEN YaCTM CXeMbl PacCMaTpMBaTb Kak nepemeHHyto, To I'YH
byoeT OencTBoBaTb Kak MHTerpatop. ®UKCMPOBaHHOE BXOAHOE HaMpPsKEHWe pPaccoriacoBaHMA MNPUMBOAMT K
NMHENHOo Bo3pacTatollemy $a3soBOMY PaCcCOriacoBaHMiO Ha Bbixode MYH. PUALTP HUKHMX YacTOT U AEAUTENb Ha N
MMeT KoadOULMEHTbI Nepeaayn MeHblle eanHULbI.

YcTonumBoCcTb M Gas3oBble caBurn. Ha puc. 9.73 nokasaHbl Avarpammbl boae, ¢ MOMOLLbI KOTOPbIX MOMKHO
oueHUTb ycTonumsocTs PAMY BTOporo nopsaka. FYH pabotaeT Kak MHTerpatop ¢ xapaktepuctukon 1/f wu
3anasgplBatolium $asoBbiM casurom 90° (T.e. ero xapakTepucTvka nponopumoHansHa 1/fw, a KoHaeHcaTop
3apsAKaeTcA OT MCTOYHMKA TOKa). JAA TOro 4tobbl MMeTb NMPWAMYHBLIA 3anac no ¢ase (pasHocTb Mexay 180° wu
$a3oBbIM CABMIOM Ha 4acToOTe, MPW KOTOpPOM obWwmin KoabdULMEHT nepesayn KoHTypa paBeH 1), B GuUAbTP
HWMKHMWX YaCTOT NOC/NeaoBaTe/IbHO C KOHAEHCAaTOPOM BK/IKOYAIOT Pe3ncTop ANA TOro, 4Tobbl MPMOCTAHOBUTL CNag,
XapPaKTEPUCTMKM Ha HEKOTOPOM YacToTe (C NPMYYAMBbIM HAa3BAaHUEM KHY/b»).

KombuHaLMa 3TUX ABYX XapaKTEPUCTUK AAET MOKAa3aHHY Ha PUCYHKE XapaKTepUCTUKY KOHTypa. [o Tex nop
noKka crag, KoadpduumeHTa nepegayn KoHTypa bHyaeT coctasinstb 6 aAb/oktasa (B 064actv  e4UMHUYHOMO
KoadduumMeHTa nepenayn), KOHTYp ByaeT yCToONYMB. ITO AeNaeTca C NOMOLWbID QUABTPA HUMKHMX YacToT Mo TUMy
«onepexeHne — OTCTaBaHME» C COOTBETCTBYHOLWMM 06pa3om BblIOpaHHbIMM CBOMCTBAMM (TOYHO TaKKe, Kak
KOMMeHCaUMs ornepeXeHnsa-oTCTaBaHUa B ONepaLMOoHHbIX yeuauTensax). Janbliue Bbl YBUAWUTE, KaK 3TO AeNaeTcA.
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Puc. 9.73. fluaepammer booe QA[Y.

PacueTt KoadduumeHTa nepenayn. Ha puc. 9.74 npuseneHa cxema PAMNY ana cuHTesatopa YacTtoTbl 61440
l'u. ®azosbit getekTop M 'YH BxoaaT B coctas KMOIM MMC GAMY 4046. B 3TON cXeme Mbl MCMNOAb30BaIM BapMaHT
¢$a3oBoOro geteKkTopa C 3anyckom no $poHTy (B UMC 4046 nmetotca oba BapuaHTa).
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Puc. 9.74.MNpumeHeHus ymHoxumena @AY 0na Ghopmupos8aHUA MAKMOBbIX CU2HA/108, CUHXPOHHbIX C
Yacmomol cemu nepemeHHo20 MOKQa.

Ero BbIxoAHOW curHan BbipabaTtbiBaeTcs aAsyma KMOTI-TpaH3nucTopamm, KoTopble GOPMUPYIOT HaCbILLEHHble
MMNYAbCbl ¢ ypoBHAMK UCC nnm 0 B. PaKTUYECKM, 3TO BbIXO/, C TPEMS COCTOSHUAMM, Kak Obl10 M30KEHO BbILLE,
MOCKONbKY OH HaXoAMTCA B COCTOAHUWM BbLICOKOrO MMMEAaHCa, 33 WCKIOYEeHWEeM WHTepBasa BPemMeHwu, Koraa

aencreyeT MMnyabc $a3oBOro PaccoraacoBaHumA.

MUHMMaNbHaA 1M MakcMmasibHadA vactoTbl [YH, cooTBeTcTBYOWME ynpasaatowmm HanpaxeHnam 0 B n UCC,
ycTaHaBameatotca noabopom BenmumH R1, R2 n CI1 COrnacHO HEKOTOPbIM CXEMHbIM XapaKTepPUCTUKaM.
BbibpaHHble HaMK BENMYMHBI MOKa3aHbl Ha pucyHKe. CneayeT oTmMeTuTb, 4To MMC 4046 cTpadaeT «XPOHUYECKMM
3ab0/1eBaHNEM» — TOBbIWEHHOM 4YyBCTBUTENbHOCTbIO K HANPSXKEHWO MNWTaHWA, MO3TOMYy NpOBepAnTe
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XapPaKTEPUCTMKM MO NacnopPTHbIM AaHHbIM. OCTasibHble KOMMOHEHTbI KOHTYpa BblGMPAOTCA MO CTaHAAPTHLIM 45
®ATY npouenypam.

Mocne Toro Kak HeobxoaMmblin AnanasoH MYH BbibpaH, ocTaeTca Anllb MPOM3BECTU pPacyeT GUAbTPA HUKHMUX
4acToOT. ITO OYeHb OTBETCTBEHHAA YacCTb. HauyHeM € TOro, YTO BbINMWEM COCTaBAANOWME KO3bPULMEHTa Nepesadm
KOHTYpa, y4MTbIBaA Kaxayto KOMMNOHeHTy (Tabn. 9.7 n puc. 9.72).

MpUaepsKUBANTECH OOHUX M TEX e eAMHUL, U3MEPEHUS; He nepexoamnTe C f Ha w, UK, YTO elle XyXKe, C repu,
Ha Kunorepubl. Ham ocTanocb onpeaennts Tonbko Kg. Caenaem 37O, 3anucaB obulee BblpaxkeHuwe ANA
KoapdULUMEHTa Nepenadm KOHTypa, HO He 3abbiBan, 4yTo 'YH — 3T0o MHTerpatop,

YBbIX = —[UZKFVHdt

O6buwmin KoaddbMUMEHT nepenadm KOHTypa paBeH

Knﬁu.: = KA:TK-*{KWH-'{IE}KA:n -
1 + joR,C,

b4
1 +jo(RyC, + R,C,)
1,13-10° 1
x

X :
Jjo 1024

= 1,59 x

Tenepb HacTynaeT 3Tan BbIODOPA YacTOTbl, HA KOTOPOM KO3QOUUMEHT nepenayn KOHTypa A0/KEH NPOXOANTb
yepes eauHULY. Maes 3akNtovaeTca B TOM, YTO YacTOTa eAMHMYHOM Nepesadn BbibMpaeTca AOCTaTOYHO BbICOKOM,
4TOObl KOHTYP MOT AO/IKHbIM 0BpPa3oM OTCAEXMBATb M3MEHEHMS BXOAHOM YacCTOTbl, HO M AOCTAaTOYHO HW3KOW,
4yTObbl 06EcneYnTb CBOMCTBA KMaxOBMKa» M CrAaXKmMBaTb MOMEXM M CKAYKM BXOAHOrO CUrHasa.

Hanpumep, cuctema OAMY, npeaHasHayeHHas Aaa Aemoaynaumm  BxodHblx  YM-curHanos  mam
OEKOAMPOBAHMA MNOCNEA0BaTENbHOCTEN BbICOKOCKOPOCTHbLIX TOHANbHbIX CUIHANOB, [A0/XKHA MMETb BbICOKOE
bbicTpoaencTeme (ana BxoaHblx YM-curHanoB NoJsioca NPonyCcKaHUs KOHTypa A0/XKHa COOTBETCTBOBATb BXOAHOMY
CUTHaNY, T. €. PaBHATbCA MaKCMMabHOM YacToTe MOAYNALUMK, a ANA AEKOAMPOBAHMA TOHANbHbBIX CUIHAI0B BPEMS
OTK/AIMKa O0/KHO ObiTb MeHblle, Yem MPOAOIKUTENBHOCTb TOHANbHOrO curHana). C APYyrol CTOPOHbI, KOHTYP,
npeaHasHadyeHHbIM A58 reHepauum GUKCMPOBAHHOM 4YacTOTbl, KPaTHOM HEKOTOpPOM CTabuibHOM U MedsIeHHO
MEHAOLLENCA BXOAHOM 4acToTe, [AO/KEH WMMETb HM3KYD 4acToTy eAMHWYHOM nepefadn. 3TO MNO3BOAUT
YMEHbLLINTb $a30Bbli LWYM Ha Bbixode W caenaTb cuctemy PAMY HeuyyBCTBUTENbHOM K LiymMamM WM Bbibpocam Ha
BXOZIHOM CUrHane. byayT enBa 3aMeTHbl [Jaxe KpaTKOBPEeMeHHble nponafaHua BXOAHOMO CUrHana, MOCKO/bKY
HanpsXeHWe, 3aNOMMHAEMoe Ha KoHAaeHcaTope ¢unbTpa, 3actasuT MYH npogonkate dopmmpoBaHMe TOM e
CaMOW BbIXOAHOW YacCTOTbl.

B naHHOM c/iydae Mbl BbibpaaM 4acToTy eAMHUYHOM nepeaadn f2, pasHoi 2 Ty uam 12,6 pag B cekyHay. ITo
3HAYUTENIbHO HMXKE OMNOPHOM YacTOTbl U BPAA M MOXKHO OXWAATb, YTO PeasibHble OTKNOHEHWS CeTeBOWM YacCTOTbl
NPEBbLICAT 3Ty BEANUYMHY (CNeayeT yYMTbiBaTb, YTO I/EKTPOIHEPTUA BblpabaTbiBAeTCA KPYMHbIMM FeHepaTopammn ¢
OFPOMHOM MexaHW4YecKon mHepumein). Mo HernacHoMy NpaBuay TOUKY M3/I0Ma XapaKTEPUCTUKU GUAbTPA HUMKHUX
YyacToT (ee «Hynb») cnedyeT BbIOpaTb Ha 4acToTe MO KpalHel mepe B 3-5 pas HuMKe, 4TODbI obecneynTb
[OCTaTOUYHbIM 3anac no ¢dase. BcnomHuTe, yto ¢das3osblt casur npocton RC-uenm meHsetcs ot O go 90° B
AnanasoHe dactot ot 0,1 o 10 oTHocuTenbHO 4actoThl — 3 Ab («nontoc»), nMpu KoTopon casur paBeH 45°.
Bbibepem yactoty Hynaa f1 pasHow 0,5 Ty, vam 3,1 paa/c (puc. 9.75).
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KOWTYpa , Nb

Ko3mouumert nepepavm

Puc. 9.75.

Toyka usnoma f1 onpenenseT NocToAHHY BpemeHn R4C2: R4C2 = 1/2nfl. Nonpobyem B3saTb C2 = 1 MKD ©
R,= 330 KOm. OcTanocb Aullb BbibpaTh R3 TaK, yToObl KO3dbULMEHT nepeaayn KoHTypa 6bin paBeH 1 Ha yacToTe
f2. NonyyeHHbIn pe3ynbTat: R3 = 4,3 MOMm.

YnpaxHeHue 9.5. MoKauTe, YTo Npu BbIGPaHHbIX KOMMOHEHTaX GUALTPA EAMHUYHBIN KOIGDULIMEHT Nepeaadn KOHTypa nonyvaeTca AeMCTBUTENbHO Ha yacToTe f2

=2Tu.

NHoraa napameTpbl GUAbTPA MOTYT OKa3aTbCA HE COBCEM MOAXOAALIMMM M BaM NPUAETCA NOACTPaMBaTb MX
AN CMeLLaTb YacToTy eAMHUYHON nepenadn. NonydeHHble 3HaveHMa cooteeTcTByOT PAMY Ha KMOIM-anemeHTax
(TMnosoit BxogHOM MmneaaHc MYH coctasnseT 102 Om). Ona ®AMNY Ha BUNOAAPHBLIX TpaH3MCTOpax (Hanpumep,
TMna 4044) BO3MOMXHO nOTpebyeTcs corfiacoBaHMe WMNeAaHCOB C MOMOLIBIO BHELWHero onepauyMoHHOro

yeunanTens.

B aTOM npumepe 4ns ynpolleHns duabTpa Mbl MCNOAb30BaAn GPOHTOBOM (TMNa 2) Gpa3oBbli AeTekTop. Ha
MPaKTMKe BO3MOXHO 3TO M He camoe ydwee peweHne ana GAlMY, cMHXPOHM3MPOBAHHOM € ceTeBOWM YacToTorn 60
U, MOCKOJIbKY CUrHabl ¢ YacTotoM 60 I cogepskaT CPAaBHUTEbHO BbICOKMI YpOBEeHb Wyma. MNpu TuiaTe/lbHOM
BblOOpe aHaNoroBoM BXOAHOM CxemMbl (Hanpumep, nocsie GUABbTPA HUMKHWMX YacToT BKAOUYMUTL Tpurrep LLmunTTa)
MOYHO A0B6UTbCSA XOpollel paboTbl CXeMbl; B MPOTMBHOM C/lydae cneayeT MCnob3oBaTb $Ha3oBbli AeTEKTOP TMMa
1 co cxemot UCK/TKOYAROLLLEE NN,

MeTopn, npob. [OnAa HEKOTOPbIX tOAEN WMCKYCCTBO CXEMOTEXHWMKM 3akatoyaeTca B TOM, 4Tobbl noabupaTtb
KOMMOHEHTbl GUAbTPa A0 Tex Nop, MOKa KOHTyp He 3apaboTaeT. EcaM Bbl OTHOCMTECH K MX UYMCAY, TO Mbl
BbIHYXXAEHbl MPOCUTb BaC NEepPecmoTPeTb CBOW B3rAsabl. Mbl NpeacTaBuAM AeTanbHbl pacdeT KoHTypa PAMY
NOTOMY, YTO, Kak Mbl NoJ03peBaeM, naoxasa penytauma GPAMY — 370 cneacTBME Kak pa3 Takoro noaxoda. Tem He
MeHee He MOXeM YyAepaTbcs, YTobbl He AaTb coBeT daHaTMKam meToda npob u owunbok: R3C2 onpepenset
BPEMA CraKMBaAHUA KOHTypa, a R4/R3 — pemnduposaHue, T.e. OTCYTCTBUE MepPerpyskuM npu ckaykoobpasHom
M3MeHeHMKN YacToTbl. MoxeTe HaumHaTb ¢ R4=0,2R3.

dopmuMpoBaHME  TaKTOBbIX WMMY/AbCOB ANA BUMAEOTEPMWMHANA. [ApyrMM MOAE3HbIM  MPUMEHEHUEM
BbICOKOYACTOTHOIO reHepaTopa, CUMHXPOHW3MPOBAHHOrO C ceTeBOM 4acToToM 60 Tu, ABnAeTcA GopmMMpoBaHMe
BMAEOCUTHANOB AnAa  OyKBEHHO-UMPOBOro  TepMuHana KomnbtoTepa. CTaHAApTHas  CKOPOCTb  CMEHbI
n3obparkeHmna B TepmuHanax coctanset 30 KagposB B 1 c. Ecan OTcyTCTBYET TOYHAA CUHXPOHM3AUMA 4acToTbl
CUHXPOVMMYAbCOB MO BEpPTMKaNM M CEeTeBOM 4acToTbl, TO B CBA3M C Heu3beXHbIMWM CeTeBbIMW HABOAKAMM
n3obpaxeHne OyAeT UCMbITbIBAaTL MedsIeHHYt0 «DHoKoByto Kauky». Cuctema PAMY npeBOCXOAHO pellaeT 3Ty
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npobnemy. BbicokoyacToTHbIM [YH (okosno 15 MILU) CUHXPOHM3MPYETCA 3apaHee OonpeaeneHHON 4acToTown,
KpaTHOM 60 ', NyTeEM AeNeHUA 3TOM TaKTOBOM YacTOTbl MOXKHO NOC/AeA0BaTelbHO CHOPMMPOBATDL TOUKM KaXKa0ro
0TOBpaXKaemMoro CMMBOAA, YNCI0 CUMBOJIOB B KaXKAOW CTPOKE M YMC/O CTPOK, B KaXKAOM Kazpe.

9.30. 3axeam u cnexceHue 8 cucmeme DAY

O4eBMAHO, YTO, BOMAA B CMHXPOHW3M, cucTeMa DyAeT B HEM OCTaBaTbCA [0 TeX NOp, NOKa BXOAHOW CUTHan
He BblMAET 3a npegenbl AONYCTUMOrO Auana3oHa CUMrHanoB obpaTHOM CBA3W. MHTepecHO 3HaTb, Kak cucTema
®AMY BXOANT B CUHXPOHM3M B NepBbli pa3. Beab HayabHOE YaCTOTHOE PACcCOrNacoBaHMe Bbi3blBAET NOSBAEHME
NepmoamMYeckoro BbIXOAHOTO CUrHana Ha $Ga30BOM [eTeKTope Pa3HOCTHOW 4acToTbl. Mocne GuAbTPa HUMKHUX
4acTOT 3TOT CMTHaN YMeHbLUAeTCa A0 MeA/IeHHO MEeHALWMXCA KonebaHuii HeboNbWoW aMnanTyAbl, HO HUKaK He
AB/IAETCA XOPOLWMM MOCTOAHHLIM CUIHAJIOM PACCOr/IaCOBaHMA.

Mpouecc 3axBata. OTBET Ha 3TOT BOMPOC He TaK YK W MPOCT. KOHTyp nepBoro nopagka Bcerga byaet
CMHXPOHM3MPOBATLCA, MOCKOAbKY Tam OTCYTCTBYeT oc/iabieHue curHana paccoriacoBaHMA Ha HU3KOM YacToTe.
CUMHXPOHM3aLMA KOHTYpa BTOPOro nopsaAka 3aBMCUT OT Tuna $a3oBOro AeTeKTopa M MOA0ChI MPOMYCKaHWA
dunbTpa HUKHKUX 4acToT. Kpome Toro, dasoBbili aetekTop no cxeme MCKAKOYAKLWIEE WM (tTvna 1) umeet
OrpaHMYeHHbIM AManasoH 3ax8ama, 3aBUCALLMIN OT NOCTOAHHOM BpemeHn ¢uabTpa (3TO 0OCTOATENbCTBO MOXHO
MCNO/Ib30BaTb, €CAM Bbl XOTUTe caenatb cuctemy PAMY, CMHXPOHM3AUMA KOTOPOW MPOUCXOAMT B Mpedenax
onpeAeneHHOro YacToTHOro AManasoHa).

Mpouecc 3axBaTa MNPOUCXOAMUT Credytowmm obpa3om: Korga curHan $a3oBOro  paccornacoBaHMA
npubnmxkaeT YactoTy MYH K OnopHOM 4acToTe, ero M3MeHeHMsa CTaHoBATCA 6onee mMeaNeHHbIMM M HaobopoT.
CurHan paccornacoBaHus No3aToMy ABAAETCA aCUMMETPUYHBIM 1 MeHAeTcs Bonee MeaIeHHO B TOM YacTu UMKAG, B
TeyeHne KOTopoM fryubnmKe noaxoauTt K fon. B pe3ynbtaTe NOSBAAETCA HEHy/NeBana CpelHAs KOMMOHEHTa, T.e.
MOCTOAHHAA KOMMOHeHTa, Kotopaa u BBoauT PAMY B CcUMHXpOHM3M. ECAM BHMMATENbHO MOCMOTPETb Ha
ynpasaatoulee HanpsxeHuwe YH B npouecce 3axBaTta, TO MOXHO YBMAETb YTO-TO MOXOXKEE HA CUIHAA, MOKa3aHHbIN
Ha pwuc. 9.76. MocneaHWIA BCNAECK HA 3TOM CUTHase MMeeT BeCbMa WMHTEpPEeCcHYK NpuuuHy. [Jaxe B TOM ciyyae,
Korfa 4actoTa M'YH gocturaet Tpebyemoro 3HaveHna (06 3TOM MOXKHO CyAmTb MO MPaBWIbHOMY YMNpPaBAAoWEMY
HanpsxeHuto MYH), B cucteme He 06a3aTeNbHO MPOUCXOAUT 3axBaT (M3-3a HECOOTBETCTBMA dasbl). ITO U MONKET
HbITb NPUUMHON BCNeCKa. Kaxaplin npouecc 3axBaTa MHAMBUAYANEH M KaX4blM pPa3 OH BbIrNAAUT NO-pasHoMy!

CvHxpoHHan
paboTa

Ynpasnarouee
Hanparedue MYH

Hayano 3arsara Bpemn

Puc. 9.76.

MNMonoca 3axBata M cnexeHunsa. MNpu ncnosb3oBaHuMM $asosBoro getektopa no cxeme MCKKOYAILLEE MK
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(tTvn 1) nonoca 3axBaTta orpaHMYeHa NOCTOAHHOM BpeMeHM GUAbTPa HUMKHMX YacToT. B 3Tom ecTb onpeneneHHbIn
CMbIC/, TaK KaK, ec/iu pasjiMyme Mo 4acToTe BEe/MKO, CUIHa/ paccorfiiacoBaHua byaeT ocnabnatbes GuabTpom
HACTO/bKO, YTO KOHTYP HMKOrAa He CMOMET OCyLWecTBMTb 3axBaT. O4YeBMAHO, 4YTO yBENMYEHWME MOCTOSHHOM
BpemeHn GuAbTPpa YMEHbLIAET NO0CY 3axBaTa, Tak Kak 3TO NPUBOAMUT K MOHUMKEHHOMY KO3QOULMEHTY nepenadm
KoHTypa. OKasbiBaeTca, 4YTOo GPOHTOBOM (A30BbIM AETEKTOpP He MMeeT MnoA0OHOro orpaHudeHus. [lonoca
cnexeHus ana obonx TMNOB AETEKTOPOB ONpeaenseTcs AManasoHoM ynpaBaaoWmMx HanpsKeHnn MYH.

9.31. Hekomopsie npumepsl npumeHeHusa cucmem DAY

Mbl y:Ke ynomuHann 06 wcnonb3oBaHuy GAMY Ona ymHOMKeHWA 4acToT. LlenecoobpasHocTb TaKoro
NPUMEHEHWSA, KaK 3TO CcaedyeT M3 pPacCMOTPEHHOrO MpUMepa, HacTO/bKO O4YeBWOHO, YTO COMHEHWIA B
npumeHeHnn PAMY He A0MKHO BbITb. B MPOCTBIX YMHOXUTENAX (Hampumep, AAA reHepauum 6onee BbICOKOW
TAKTOBOW Y4aCTOTbl B UMOPOBbLIX CUCTEMAX) HE BO3HMKAET HMKaKMX Npobaem, CBA3aHHbIX C MOMEXamMMi Ha OMOPHOM
CUrHane, No3ToOMy 34eCb MOMKHO MCMO/b30BaTb CUCTEMbI MEPBOro NOPAAKA.

PaccmoTpum elle HecKosIbKo npumepoB npumeHeHna PATMY, MHTEepPecHbIX C TOYKW 3peHUa pa3Hoobpasua
obnacteit UCNONb30BAHMA.

OeTtekTnposaHne YM-curHanos. Mpu 4aCTOTHOW MOAYNAUMM KOAMPOBAHWE WMHPOPMALMM OCYLLECTBASAETCA
nyTeM M3MEHEHMSA YaCTOTbl HECYLLEro CMrHaaa NMPOMNOPLUMOHANbHO M3MEHEHUIO MHPOPMALMOHHOIO curHana. YM
M Opyrue BUAbl MOAYNALUMM  Mbl paccMmoTpum B e1. 13 6Honee noapobHo. CyllecTBylOT [ABa MeToAa
BOCCTAHOB/AEHMA WMHPOPMALMM M3 MOAYIMPOBAHHOIO CWUrHafa C MOMOLLbO $a30BbIX AETEKTOPOB WU CUCTEM
®ATMY. MNoa TEPMUHOM «AETEKTUPOBAHME» Mbl Dyaem NOHMMATb NPOLLECC AEMOAYNALMN.

CaMbiM  MPOCTbIM  METOAO0M  ABAAETCA CUHXPOHM3auma cuctembl  PAMY  NpPUXOAAWMM  CUTHANOM.
HanpsaxeHne, ynpasadatowee yvactoton [YH, nponopuyoHanbHO BXOAHOW 4acToTe W, CNeAoBaTelbHO, ABAAETCA
TpebyembiM MOAYAMPYIOLMM curHanom (puc. 9.77).
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Puc. 9.77. YM-0uckpumuHamop ¢ GAMY.

Monocy nponyckaHma GuabTPa B TAaKOM CUCTEME MOMKHO CAeNaTb A0CTAaTOYHO LWWWMPOKOM A8 TOro, 4Tobbl
NPONyCTUTb MOAYAWPYIOWMI CUTHAA, T.e. Bpema peakumm PAMY ao0nKHO 6biITb MeHblle, YeM MUHMMANbHOE
BPEMA OTK/JIOHEHWS BOCCTAaHABAMBAEMOro CurHana. Kak nokasaHo B es1. 13, curHan, mucnonb3yembln 8 AMY, He
[OMKeH ObITb peanbHO NepesaBaembiM KonebaHMem; OH MOMKET OblTb CMIHa/NIOM «MPOMEXKYTOYHOM YacTOTbI»
(M4), dopmmpyembim B NPUEMHOM CUCTEME C MOMOLLBIO cmMecumesns npu npeobpasoBaHun. Oaa TOro 4Tobbl
nsbexkaTb B 3TOM meToae YM-AeTEKTUPOBAHMA MCKAXKEHWUI HA 3BYKOBbIX YacToTaX, cneayeT obecneymTb BbICOKYHO

AnHenHocTb TYH.

-341 -



Btopolt meton YM-AeTeKkTMpoBaHMSA Mcnonb3yeT $asoBblli AETEKTOp, HO He B cocTaBe KoHTypa PAMY.
MpuHUMN peann3aumm 3TOro MeToaa NokasaH Ha puc. 9.78.
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Puc. 9.78. KsadpamypHoe YM-0demexkmuposaHue.

BxoaHoOW curHan wM ero Komnua co CcABuMHyTOM a3oi nopatotca Ha $a3oBblid  AETEKTOP, KOTOpbIN
BblpabaTbiBaeT HEKOTOpOe BXOAHOe HanpsaxeHwe. ®dasocaABuratollas cxema A0MKHA OblTb TaK XUTPOYMHO
caenaHa, 4Tobbl Gas3oBbIM CABUT NMHEMHO 3aBMCEN OT YacCTOTbl B AManasoHe BXOAHbIX 4YacToT (3TO AOCTMraeTcs
06bIYHO C MOMOLLbID pe3oHaHCHbIX LC-cxem). BbixogHoe HanpsaxeHue 6yaeT 3aBMceTb, TakMm obpasom, OT
BXOAHOM 4acCTOTbl. ITOT METOZ Ha3blBAOT «ABOMHbIM OanaHCHbIM KBaapaTypHbim YM-aetekTnposaHmem». OH
npumMmeHseTca 8o MHormux MMC ycuantenein/neTekTopos nNpoMexXyTo4HOM YacToTbl (Hanpumep, CA3 189).

LeTekTnposaHnem AM-curHanos. TpebyeTtca: cnocob  dopmmpoBaHMa BbIXOAHOrO  CWUrHana,
NPONOPLMOHANBHOTO  MIHOBEHHOW  amnaumyde  BbICOKOYACTOTHOro  curHana. OObIMHO — MCMoAb3yeTcA
BbINpAmaeHue (puc. 9.79).

TN HY - puAbTp = A"

AMNAHTYHO/ flemonyaunpo -
MOAYNHPOBAHHAR BAHHBIA CHrHAN
HRCYLWAS

Puc. 9.79. AM-0emexkmuposaHue.

Ha puc. 9.80 nokasaH Becbma cBoeobpasHblit meTos Ha ocHose DAY («roMOAUHHBIN NpUem»).
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Puc. 9.80.TomoduHHOEe demeKmuposaHue.

@ATY BbipabaTbiBaeT NPAMOYroO/ibHble CMTHasbl C YacTOTOM, COBNaZatoLWEeN C MOAYMPOBaHHOM Hecyulen. C
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MOMOLLbIO YMHOMEHMWSs BXOAHOrO CUrHafa Ha 3TO MPAMOYronbHoe KonebaHue GopMUpyeTca BbINPAMAEHHbIN
OBYXMOJIYNePUOAHbIN CUTHAN; OCTAETCH TOJIbKO MPOMYCTUTb €ro Yepes GUabTP HUMMKHUX YacToT A8 TOro, 4tobbl
YOAANTb OCTaTKWU HEecyllen U BblaeanTb oeubarowyto. Ecnn B cnucteme ®AMY mncnonbayetcs $a3oBbld AeTEKTOP MO
cxeme NCKHOYAROWENO WM, To BbixOAHOM curHan capuraetca Ha 90° OTHOCMTENbHO OMOPHOro curHana. B
CBA3M C 3TUM Ha NMYTU CUTHANA K YMHOXUTENO cieayeT BBecTn Gpa3osbili casur 90°.

CUMHXPOHM3aLUMA MMMNY/bCOB WM BOCCTAaHOBAEHWe curHana. Mpu umMdbpoBOM nepenade CUrHaAOB MO KaHany
CBA3M Nepenaetca HGMTOBaA MocaenoBaTeslbHOCTb, codeprKallaa mHbopmaumo. MHPOpMaUMOHHbIE CUTHAbI
MOryT ObITb MO cBoel npupode UMbPOBLIMM WAM AHANOTOBLIMKU CUTHANAMKM, MPEeACTaBAeHHbIMX B LMGPOBOM
BMAE, KaK, Hanpumep, B «MMMNyAbCHO-KoA0BOM moaynsaumm» (MKM, cm. pa3zd. 13.20). O4eHb NOXOXKeN cutyaumemn
ABNAETCA AeKoaMpoBaHMe UMPPOBOM WMHOOPMALMM, CUMTLIBAEMOM C MArHUTHOM NEeHTbl MAM Aucka. B obowmx
CNy4anx MOTYT MOABAATLCA MOMEXM WM WM3MEHEHWA YacTOTbl CAeAO0BaHMA MMMY/JAbCOB (Hampumep, 3a cyeT
PaCTATMBAHMA NIEHTbI), NO3TOMY KenaTe/lbHO MMETb YMCTbIA CUIHAN CMHXPOHM3AUMKM Ha TOM e 4acToTe, YTO M
cumTbiBaEMble MHOOPMALMOHHbIE cUTHanbl. Cuctema PAMY byaet paboTaTh 34eCh NPEBOCXOAHO. PUABTP HUKHUX
4acTOT MCKOUYMA Bbl TONBKO APOXKAHME M MOMEXM Ha BXOAHOW CMHXPOHM3MPYIOLWEN NOC/NeaoBaTeIbHOCTH, HO
MeZIeHHble U3MEHEHMA CKOPOCTU IEHTbI OCTaNUCH Obl.

B KauecTBe Apyroro npumepa CUHXPOHM3ALMM CUTHANOB MOMHO B3ATb CXeMy M3 pa3d. 8.31, B KOTopon AnA
Nosly4eHma NPeBoCXo4HOr0 CUHYCOMAAbHOTO CMrHaAa MCMOAb3YeTCa TOUYHbIN curHan «60 Uy, cGopMMPOBaAHHbLIN
LMPpoBbIM CNOCcObOM (B AeUCTBUTENBHOCTU €ro 4acToTa HaxoamuTesa rae-To mexkay 50 u 70 Tu). Ana Toro 4tobbl
npeobpasoBaTb MPAMOYrofibHoe KonebaHue B CUHYCOMAANbHOE Mbl MCMOMb30Ba/M B 3TOM Cxeme 6-3BEeHHbIN
GUNbTP HUKHKUX YacToT baTTepsBopTa. 34ech 3amaH4MBO Oblno 6bl Ucnonb3oBaTe MMC 'YH ¢ cMHyconaanbHbiM
BbIXOAHbIM cuUrHanom (Hanpumep, MMC 8038), paboTatoweit cMHA3HO C TOYHbIM MPSMOYTOJIbHbIM CUFHA/IOM.
3TO rapaHTMpPOBano Obl MOCTOAHHYID aMMNAWUTYAY CMHYCOMAANbHOTO CUrHana, obecneynmno WMPOKUA AManasoH
M3MEHEHMA YacTOTbl M MO3BOANAO Bbl M30ABUTLCA OT «APOXKAHUA» HA BbIXOAE YMHOXMUTENA YaCTOTbl.

LC-reHepaTop. Ha pwuc. 9.81 nokasaH npumep cuctembl PATMY, B KoTOpon mcnonwv3osaH LC-reHepaTop u
LMdpoBoe cpaBHeHMe Mo da3e Ha bonee HU3KOM YacToTe.
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Puc. 9.81. @AY c sapakmopHol Hacmpolikod.

Mpu sToM noTpeboBancs CTabuabHbIA MPEUM3UOHHBIN  UCTOYHUK 4acToTbl 14,4 MTlu, paboTatolwmin
CMHXPOHHO C 3agatollMm reHepatopom 10 Mlu. Bapaktop (HacTpoeuHbili amoa, cm. pa3d. 5.18) ocyllecTBnaet
TOYHYIO HacTpolKy LC-reHepaTopa Ha NOAEBOM TPAH3MCTOPE B COOTBETCTBUM C BbIXOAHbLIM CUrHaAOM $Ga3oBOro
netexkTopa TMna 2 (‘(HC4046). ObpatuTe BHMMaHME Ha TO, YTO AMana3oH HAacTPOMKKM BapakTopa 18-30 n® (o7 5 Ao
1 B cooTBeTCTBEHHO) 0becneynBaeT U3MeHeHMe napannenbHon emkoctm LC-uenu B npeaenax 2 n® (ot 8,2 o 10
nd), yuTo AaeT AManasoH HacTpolkm 0,5 % YacToTbl reHepaTopa. Mbl HAMEpPeHHO cAenann AManasoH HaCTPOMKMK
Y3KUM [118 TOr0, YTOObl 06ecneynTb XopoLlyto CTabuabHOCTb reHepaTopa.

YacToTbl OMOPHOrO U BbIXOAHOTO CUFHAMOB C MOMOLLBIO LMbPOBbLIX CPeACTB AenaTca A0 YacTtoTbl 400 KU, Ha
KOoTopol ¢a30Bbii AeTeKTop paboTaeT aydlie. 3ameTbTe, YTO A8 NpeobpasoBaHMa CUHYCOMAANbHOMO CMrHana B
CUTHAA C NOTMYECKMMM YPOBHSIMWU MCMOMb3yeTcA BeHTWIb Tuna HC co cmelleHMemM Ha /IorTMYeckom nopore ¢
MOMOLLIbIO pe3ncTopa 0bpaTHOM cBA3M 60AbLIOrO HOMMHaANa. OB6paTUTe BHUMAHME TaKKe Ha BbIXOAHYIO CTymneHb
0ObIYHOTO SMUTTEPHOrO MOBTOPUTENS (C OFpaHMYEeHMEeM MO TOKY), NpedHasHavyeHHyto Ans paboTbl Ha 50-OMHbIN
Kabesb, Kak NokasaHo Ha puc. 9.42. MNpn HacTpoike cxembl GeppPUTOBbLIN CepAEYHMK reHepaTopa NoAcTpanBaeTcs
[0 MONyYeHMs NoSHOro pasmaxa Ha Bbixode duabTpa $a3oBoro AeTekTopa.

®upma Motorola BbinyckaeT npekpacHyto ceputo Hegopornx MMC «DAMY-cuHTe3aTOp YacToTbi» MC145145-
59, KoTopble cofepraT Gpa3oBble AETEKTOPLI TMMNA 2 U AEANTEAN MO MOAY/O N U ANA BXOAHOIO W ANA ONOPHOro
CUrHanoB; oba AennTena NPorpaMmmUpyoTca, TOYHOCTb 14 pa3panos u Honee. [lepKuTe 3TU CXEMbl Ha NpuUMeTe
Ha TOT c/ly4al, Koraa Bam noTpebyeTca CMHTE3NPOBaTb KakMe-HUMbYAb HEODbIYHbIE YACTOTbI.
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[ceBaoc/y4amHble ABOUYHbIE MOCAEA0BATENbHOCTU W
reHepaTopbl LWyma

9.32. Huppossvie memoodsl 2eHepauuu wyma

MceBAOCNYyYalHble ABOWYHbIE MOCNEA0BATENbHOCTU ABAAOT CODOW MpUMEpP TapPMOHMYHOTO COYETaHMs
aHanoroBon M UMdpoBOM  TexHUMKU.  OKasblBAeTCA, MOXKHO  HeobbldaMHO  MPOCTO  reHepupoBaTb
nocnenoBaTeslbHOCTU BUT (MAM CNOB), C XOPOLIMMW CTOXAaCTUYECKMMM CBOMCTBAMM, T. €. NOC/Nea0BaTe/1bHOCTMH,
KoTopble ByayT 06/1a4aTb TaKUMK Ke BEPOATHOCTHBIMM W KOPPENALMOHHBbIMKM CBOMCTBAMM, KakMmMK obnagaet
naeanbHaa MalwuHa AnA noadbpacbiBaHMA MOHETbl. [1OCKO/AbKY 3TWM MOCAe[0BaTe/IbHOCTM FeHepupyoTcs
CTAaHAAPTHbIMW  3/1EMEHTAMW  JETEPMUHUPOBAHHON  NIOTMKKM  (ecan  ObITb  TOYHEE, pPEerncTpamm  CcABura),
noslyyatolmecs ABOMYHbIE NMOCNEA0BATE/IbHOCTM HAa CaMOM Aefie ABAATCA NPeaCcKasyeMbiMn 1 MOBTOPAEMbIMMU,
XoTs obo  dparmMeHT TakKoOW MOC/AefoBaTeNbHOCTM  BO  BCEX OTHOLWEHMAX BbIFASAWT  Kak  caydaiHas
nocnegosatencHoctb O n 1. Bcero ¢ nomouwlpto Heckosibkux UMC MOXKHO MOAYy4YUTb MNOCAEe[0BaTENbHOCTY,
KoTopble TAHYTCA OYyKBafibHO Ha CTONETUA 6e3 MOBTOPEHMS; 3TO OYeHb MPOCTOM W MpUBAEKaTesbHbIN Cnocob
nosyyYeHmsa uMbpoBbIX ABOMYHbIX NOC/AEA0BaTEIbHOCTEN MM aHANI0MOBbIX CUIHA/I0B LWyMa.

JencTBuTenbHo, cylectsyeT aaxke Hegoporas MMC «umdpoBO UCTOYHMK LWYMa», BbiNyCKaemasa B Kopryce
MWHKU-DIP (MM5437 dupmbl National), a reHepaTopsl WymMa Ha pPerucTpax CABWMra BXOAAT B COCTAB TEXHUYECKUX
cpeacts mHorux MMC, cosgatolimx 3BYKOBble 3dEeKThI.

AHanorosbln  wym. C MOMOLIbIO NPOCTON GUALTPAUMM HUMKHUX 4acTOT MNCeBAOCY4anHOM ABOMYHOM
nocneposatensHocty (MCM) MOXHO NOAYYMTb rayccoB Benblit Wym C OrpaHUYeHHOM NOIOCOM, T. €. HaMNpAXKeHUe
WYMa C NJIOCKMM 3HEPreTUYEeCKMM CNEeKTPOM A0 HEKOTOPOM YacToTbl cpesa (bonee nogpobHO o wymax cm. esa. 7).
C [Opyroi CTOPOHbI, C TMOMOLLbID B3BELIEHHOrO CYMMMPOBAHMA COOEPMKMMOro PEerncTtpoB casura (c
MCNoNb30BaHMEM Habopa pPe3nCTOPOB) MOMKHO OCYLLEeCTBUTL yugposyro ¢uasmpayuto. C NOMOLLGIO 3TOro
cnocoba MOXKHO /Ierko MOAYYUTb MIOCKMIA CNEKTP WyMa B Npeaeniax HeCKosbKMX merarepl,. o3Ke Bbl yBUAUTE,
YTO MCTOYHMKM aHANIOrOBOrO WYMa, CUHTE3UPOBAHHbIE LUMPPOBLIM CNOCOBOM, MMEIOT Lenbl pag NpenmyLLecTs
nepez YMCTO aHaNOroBbIMKW CNOcoBamm, UCNONBb3YIOWNMMM LWYMALLME ANOAbI MAN PE3UCTOPBI.

Opyrve obnactm npumeHeHWs. Kpome TaKMX OYEBWUAHbBIX MPUMEHEHWI, KaK aHanorosble WM LUMbPOBbIE
MCTOYHMKM WwyMma, MNCI nonesHbl B UeAOM psage Apyrnx obnacrter, HMYero obLero He MMeLWMxX ¢ Wwymammu. Mx
MOMHO MCNO/b30BaTh A4 WKMPOBAHMA COODLIEHNIA UAN AaHHbIX, NOCKOAbKY MAEHTUYHbLIK reHepaTtop MCIM Ha
NPMEMHOM KOHUe JaeT Kaod K wuopy. MNCM WKMPOKO MCNONb3yloTcA B KOAax, OOHApyXMBAOWMX U
MCNPaBAAKOLWMX OWMOKM, TaK KaK OHM MO3BONAIOT BWUAOMIMEHUTb ON0KM [aHHbIX TakMM 00pasom, 4To
NpaBuabHble KOZ0Bble cooblleHma ByayT HaxoaMTcs APYr OT Apyra Ha MakCMMaibHO BO3MOMKHOM «PaCCTOSHMUM
XaMMUHra» (M3mepsaeTcs YMCNOM NO3ULMIA C PasHbIMK AaHHbIMKM). OBnafas XopowWwnmMM aBTOKOPPENALMOHHBIMM
CBOWCTBAMM, OHW ABAAIOTCA MAEaNbHbIMU KaK KoAbl 414 PaZMONOKAUMOHHbBIX CUCTEM, B KOTOPbIX OTBETHbIM
CUrHaN CpaBHMBAeTCA (ToYHee B3aMMHO KOppenupyeTtca) C nepefaBaemoin BUTOBOM MocnefoBaTeNbHOCTbIO. WX
MOXHO MCMO/Ib30BaThb [aXe KaK KOMMNAKTHble AeUTEeNN MO MOAYO N.

9.33. lNocnedosamesnibHoCMU, 2eHepupyemslie peaucmpamu

cosua2a ¢ obpamHbIMU CB8A3AMU
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Hanbonee n3BECTHLIM (M CambiM NPOCTbIM) reHepaTtopom MNCI ABAAETCA PerncTp casura ¢ 06paTHOM CBA3bIO
(puc. 9.82).

PRrucTp CABMA (TAHTHDYEMbIN ) N g B g 8 B O
v(2]3]a] [[ [n] | [m BoixonHan
nean

Puc. 9.82.feHepamop ncesdocny4aliHoli 08ouyHoU nocnedosamesibHOCMU.

Pernctp casura asmHbl m paboTaeT OT TaKTOBbIX MMMY/AbCOB C YacToToi fO. BxoaHas nocnenoBaTenlbHOCTb
dopmmpyetca ¢ nomoulpto BeHTUNA MCKTIOYAKOLLEE W/IM, Ha BXOA KOTOPOro MOCTYMaktdT CUrHaabl OT N-ro w
nocnegHero (M-ro) paspaLoB perncTpa cABura. Takaa cxema NPOXOAWT Yepes HEKOTOPOE MHOMKECTBO COCTOAHMIA
(COBOKYMHOCTb COCTOAHWMIA perncTpa cAsura Mnociae KaxAoro TAaKTOBOrO MMMy/bCa), KOTopble nocie K TaKkToB
HaYMHatOT NOBTOPATHLCA, T. €. NOC/Ne0BaTE/IbHOCTb COCTOAHNMN ABNAETCA LIMKAMYECKOM C nepnoaom K.

MaKCMManbHOE YMCA0 BO3MOMKHbLIX COCTOAHWM M-paspALHOro peructpa pasHo K =27, T.e. yuchy m-
H6MTOBbIX ABOMYHbIX KOMOWHauMK. OAHAKO COCTOAHME «BCE HYAM» ABAAETCA «TYMUKOM» /14 3TOM CXEeMbI,
MOCKONbKY Ha Bbixoae BeHTMNA MCK/IHOYAKLEE M/TN noasndetcs O, KOTOPbIM BHOBb MOCTYMNaeT Ha BXOA CXEMbI.
Takum 06pa3om, MocneoBaTelbHOCTb MaKCMMasibHOM AJ/INMHbI, KOTOPYID MOXKeT ChopmMMpoBaTb AaHHaA CXema,
coaepKnT 2™ — 1 6MT. OKa3bIBAETCA, YTO TaKylt NMOCNeA0BATENbHOCTb MAKCMMAAbHOM A/IMHBI MOKHO MONYYUTb
TO/IbKO MPUW NpPaBU/IbHOM Bbibope m U n, NpUYem MNoJly4eHHas noc/ef0BaTe/bHOCTb OyAeT nceBaoCcay4anHoM.
(KpuTeprem maKCMManbHOM ANMHbI ABASETCA HENPWMBOAMMOCTb M MPUMUTUBHOCTb MHOTodseHa 1 +xn + x™Hag
nonem lanya). B kauecTBe npumepa paccCMOTPUM 4-paspaaHblii PerucTp casura ¢ 06paTHOM CBA3bI, MOKa3aHHbIN
Ha puc. 9.83.

D

Ay Qs Q¢ 0,

JuUuv Dgy 185
Taut

Puc. 9.83.

HaumHas c coctoaHus 1111 (MoKHO 6b110 Bbl HaYaTb € NtOHOro APYroro COCToAHMSA, 3a UckatodeHnem 0000),
MOYHO 3anmncaTb COCTOAHMUA B NOPAAKE MUX CNeJ0BaHUA:

1111 0100 1011
0111 0010 0101
0011 1001 1010
0001 1100 1101
1000 0110 1110
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Mbl 3amMcanu 3T COCTOAHMA Kak 4-paspaaHble uncna QaQsQcQp. 3aech 15 = (2% - 1) pasnnyHbIX COCTOAHMM,
3aTeM OHM MOBTOPAIOTCA BHOBb. 3HAYWT, 3TO PErUCTP MAKCUMaNbHON AJUHbI.

YnpaxHeHue 9.6. MoKauTe, 4To 4-paspAsHbIA PErucTp ¢ 06paTHOM CBA3LIO OT BTOPOrO U YETBEPTOro PaspAAoB He ABNAETCA PErMcTpOM MaKCUManbHOW AJUHLI.

CKO/IbKO CYLLLECTBYET Pas/iMyHbIX I'IOC/'Ie,EI‘OBaTEJ'IbHOCTel‘;I? CKONbKO COCTOSHMI B Ka)KAO;I nocnefoBaTelbHOCTU?

Otsoabl obpatHOM cBA3U. CABUrOBble PErucTPbl MakCUMaAbHOM [JIMHbI MOMHO BbIMOJIHUTL C YMCAOM
OTBOZOB B LeNn obpaTHOMN cBA3K Hosblie 2 (B 3TOM CAyYae MCMNOJb3YIOTCA HEeCKobKo BeHTunen NCKHOYARKOLLEE
NN, coeAMHEHHbIX B BWAE CTAaHAAPTHOrO AepeBa YETHOCTM, T.e. B BMAE CYMMbl MO MOAYIO 2 HECKONbKUX
paspsaaos). Ha camom gene, AN HEKOTOPbIX 3HAYEHUI M PErucTp MakCMMaabHOW AJMHbI MOXHO CAEeNaTb TONbKO
B TOM C/ly4yae, Koraa 4mMcino otBoaoB byaet H6onbliue 2. HuKe nepeumcieHsl Bce 3HadyeHns m ao 40, Ans KoTopbIX
PErncTp MakCMManabHOW ANMHbI PeannsyeTca ¢ MCNOAb30BaHMEM POBHO [BYX OTBOAOB, T. €. C 0OpaTHOM CBA3bIO OT
n-ro 1 m-ro (nocneaHero) paspsaaos No TUMNY pPerucTpa, NpUBeAeHHOro paHee.

MpeacTaBNeHbl TakKe 3HAYEeHWA N W ANVMHA UMKAa K Mo 4mcay TakToB. B HeKoTopbIx Caydasax noaonayT u
[pyrve 3Ha4yeHWA N M BO BCEX CAYYasaX N MOXKHO 3aMeHWUTb Ha m — n; Takmum obpasom, 414 Npesblayliero
npMMepa MOXHO UCMNONb30BaTb OTBOAbLI N=1nm =4,

m n Jnnaa

3 2 7
4 3 15
5 3 31
6 5 63
7 6 127
9 5 511
10 7 1023
11 9 2047
15 14 32767
17 14 131071
18 11 262143
20 17 1048575
21 19 2097151
22 21 4124303
23 18 8388607
25 22 33554431
28 25 268435455
29 27 536870911
31 28 2147483647
33 20 8589934591
35 33 34359738367
36 25 68719476735
39 35 549755813887

OnvHa pernctpos casura 06bI4HO KpaTHa 8 1, BO3MOXHO, KaK pa3 TaKyto A/MHY Bbl 3aXOTUTE UCMNONb30BaTb.
B 3Tux cnyyvasax moxkeTt I'IOTpe6OBaTbCFI bonee ABYX OTBOAOB. BOT 3T marnyeckme ymcna:

A Oreoasl Jnuma

8 4 5 6 255
16 4, 13, 15 65535
24 17, 22, 23 16777215
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B MMC MM5437 (reHepaTop Lyma) MCNoAb3yeTca 23-paspsaHbli peructp ¢ oTBoAomM OT 18-ro paspsasa.
BHYTPEeHHWIN TaKTOBbIM reHepaTop obecrneunBaeT paboTy Ha vacToTe okono 160 KIu; cxema reHepupyeT bGenblin
Wwym B AnanasoHe go 70 Ky (3aTyxaHue 3 aAB) ¢ BpemeHem uUmMKna okono 1 muH. Ha puc. 7.61 sta MMC 6bina
MCNOJIb30BaHa B CXeme reHepaTopa «po30BOro wWyma». [py mcnonb3oBaHuM 33-pa3pagHOro  perucrpa,
paboTatollero Ha yactote 1 Mlu, Bpema umkna byaet okono 24. Bpems umkna 100-pa3psaHOro perucrpa,
paboTatollero Ha Yactote 10 Ml'u, 6yaeT B MUAAMOH pa3 bonblle, Yem Bo3pacT BceneHHom!

CBOMCTBA NOC/eA0BATE/IbHOCTEM  MAKCMManbHOW  AAWHbI.  [lceBaoC/nyYalHyt0  NocAeaoBaTe/IbHOCTb
[BOMYHbIX CMMBOJIOB Mbl TMOJy4aeM MyTeM TaKTMPOBAHWA OAHOr0 M3 TaKMX PErucTtpoB M HabatoaeHUs
nocnenoBaTesbHbIX BbIXOAHbIX ABOMYHbLIX CMMBOJIOB. BbIXO, MOMHO B3ATb OT t060r0 pa3psaa perucrpa; obblYHO
B KayecTBe BbIXOJa WCMOAbL3YHOT nocaeaHuin (m-i) paspag. MocnenoBaTeNbHOCTb MaKCMMasbHOM  AAMHbI
obnapaet cnenyoUMMM CBOMCTBAMMU:

1.B nonHom umkne (K TaktoB) umcno «1» Ha eauHuuy 6onblue, dem uymcno «0». [obaBodHas «1»
NOABNAETCA 33 CHET UCKNOYEHUA COCTOAHMA «BCE HYAM». ITO CBUAETENLCTBYET O TOM, YTO KOP/bl» U «PELKn»
PaBHOBEPOATHbI (AONONHUTENbHAsA «1» BONbWON PONU He urpaeT; 17-paspagHbiii pernctp byaeTt BbipabaTbiBaTb
65 536 «1» 1 65 535 «0» 33 0ANH LUMKA).

2. B ogHOM UMKAe (K TaKTOB) NONOBMHA CEPUI M3 NOCNEA0BATENbHbIX «1» MMeeT AnuHy 1, ogHa YeTBepTas
cepui — OJIMHY 2, 0[Ha BOCbMasa — AJIMHY 3 U T. 4. Takumm e cBoncTBamu 06a1aaatoT 1 cepum n3 «0» ¢ yyetom
nponyuieHHoro «0». 3TO FOBOPUT O TOM, YTO BEPOATHOCTU «OP/JOB» M «pellek» He 3aBUCAT OT MCXOA0B
npeaplaylmx «noabpacbiBaHMN» 1M NO3TOMY BEPOATHOCTb TOMO, YTO CepuUs M3 nocnedoBaTesnbHbiX «1» man «0»
3aKOHYMTCA NpU cnedyowem nogbpacbiBaHum pasHa 1/2 (Bonpeku 06biBaTe/IbCKOMY MOHUMAHUIO «3aKOoHa O
cpeaHem).

3. Ecam nocnefoBaTeNbHOCTb MOMHOTO UMKAA (K TAKTOB) CPaBHWUTL C 3TOWM Ke MocaefoBaTe/lbHOCTbO, HO
LUMKAMYECKM COBMHYTOM Ha ftoboe 4MCio CMMBOMOB N (N He ABAAETCA HyAem WAM KpaTHbiM K), TO uucno
HecoBnaZeHunn ByaeT Ha eamHuULy 6onblue, YeM YMUCAO COBMaAeHU. HaydHO Bbiparkanacb, aBTOKOPPENALUMOHHanA
bYHKUMA 3TOM NocnenoBaTeNbHOCTU NpeacTaBnaeT coboi aenvTa-GyHKUMIO KpoHeKkepa Npu HyNeBOW 3a4epKKe u
paBHa — 1/K npu nobon apyron 3agepskke. OTCyTCTBME «DOKOBbLIX NEMECTKOBY» aBTOKOPPENALMOHHON GYHKLMM
— 3TO KakK pas To CBOWNCTBO, KoTopoe AenaeT MCM o4eHb NOAE3HbIMKU B PAZAMONOKALMOHHBIX CUCTEMAX.

YnpaxHeHue 9.7. MoKaxkuTe, YTO NOCEA0BATENbHOCTb, NOAYYEHHasA C MOMOLLbIO 4-pa3pAAHOro PerucTpa cagura (C oteogamu n =2, m = 4), y40BAETBOPAET 3TUM

cBOWCTBaM. B KayecTse «Bbixoga» Bo3bmmTe QA: 100010011010111.

9.34. opmuposaHuUe aHAs10208020 WYMQA C
UCNosb308aHUEM hocsiedosamesisHocmel MAKCUMAsibHOU
O/1UHbI

MpenmyLLecTsa Wyma, NosyYeHHOro UndpoBbiM cnocobom. Kak paHee yxe 0TMeYanoch, LMbPOBOR BbIXOZ,
pernctpa casura ¢ obpaTHOM CBA3bO, BbIpabaTbiBAOLWLIErO MNOCNEA0BaTENbHOCTb MAaKCMMaNbHON AJMHbBI, MOXHO
npeobpasoBatb B Henbilt WYM C OFPAaHWYEHHOMN MOMIOCOM, UCMOMb3yAa GUABTP HWMMKHMX 4acTOT, YacToTa cpesa
KOTOPOro CYLLECTBEHHO HMXe TaKTOBOW 4acToTbl pernctpa. lMpexae 4em BAABaTbCA B AETaZn, TMOKaANKEM
HEeKOoTOpble MPEMMYLLECTBA aHANOrOBOro WYMa, MOJYYEeHHOTO UMOPOoBbIM crnocobom. MoMMMO BCEro npoyero,
Npyv TaKom NoAXoAe MOABNAETCA BO3MOMXHOCTb MEHEpPMPOBaTb LWYM C 3a4aHHbIMK CMEKTPOM M aMNAUTYAOM C
NOACTPOMKOM nonocbl (MyTem NOACTPOMKKM TaKTOBOWM YaCTOTbl), MCMOAb3yA HaZeXHble W NpocTble B 0bpalLeHnn
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LMbpPOBbIE CXEMDI.

34ecb OTCYTCTBYIOT HECTabW/bHOCTb FEHEpPaTOpPOB Ha WYMALWMX AMoAaX, Npobiembl B3aUMOBAUSHUS U
NoMeX, KOTOpble He JalT MOKOA YyBCTBUTE/IbHbIM  MaJlOMOLLHbIM  aHA/JIOrOBbIM  CXeMaM  AMOAHbIX  WMAK
PE3NCTOPHbIX FeHepaTopoB WymMa. HaKoHel, UMPPOBblE CXEMbl TEHEPUPYIOT MOBTOPAEMbIN «LWYM»; eCAn ero
OTOUNBTPOBATL C NMOMOLLBIO B3BELIEHHOro LUndposoro ¢uabtpa (bonee noapobHO 06 STOM HECKONbKO MO3XKe), TO

MOYHO MOJIY4YMTb NOBTOPAEMbIe KOoNebaHua WymMma, He3aBUCALLME OT TAKTOBOM YacToTbl.

9.35. SHepeemuyeckul cnekmp nocrnedosamesibHOCMuU,
CGhOPMUPOBAHHOU nNpu NOMOWU peaucmpa cosuaa

CneKTp BbIXOAHOrO CWrHana, reHepPUPyemMOoro pPerucTpoM CcABMra MaKCMManbHOM  A/IMHbI, COCTaBAAKOT
KonebaHMa WymMa OT 4acToTbl MOBTOPEHMA BCEM NocaeaoBaTeNbHOCTM fmakm/K A0 TaKTOBOM YacToTbl M Bbilwe. [o
YyactoTbl 12 % OT TaKTOBOW CMEKTP MMeeT MAOCKYH 4acTb C HepaBHOmepHocTbto +0,1 ab, 3aTem HabatogaeTca
bbicTpoe nageHne Ao ypoBHs —O0,3 A6 Ha yacToTe 44 % /TakT. Takum o06pasom, OUABTP HUNKHUX 4acToT C
4acToTOW cpesa B BepxHel ob6nacti 5-10 % OT TakToBOM 4YacToTbl ByaeT npeobpa3oBbiBaTb BbIXOAHOW CUTHAA
PerucTpa cABura B aHa/loroBOe HanpAXeHWe Wyma C OrpaHWMYeHHOM NoMoCcon. s STOW Lenn AOCTaTOYeH Aake
npocton RC-dmnbTp, XOTA, €CAM BO3HWMKAET HeobXOAMMOCTb B TOYHOW MOJIOCE LWYMa, TO KenaTeabHO
MCMNO/Mb30BaTb aKTWMBHbIE GUALTPbI C KPYTOM XapaKTEPMCTMKOM Ha YacToTe cpe3a (CM. 271. 5).

Ons Toro 4toObl 3TW yTBEPXKAEHWSA 3By4ann bOonee ybeamuTenbHo, 0OPATUMCA K BbIXOAHOMY CUTHaNy
pernmctpa casura u ero cnektpy. OBbIYHO KenaTeNbHO MCKAOUYMTL MOCTOAHHYIO COCTaBAANOWY B LMdPOBOM
CUrHane, opMMpysa BbIXOAHOM CUIHAA, B KOTOPOM «1» COOTBETCTBYET HanpsaxeHue +a B, a «0» — a B (puc. 9.84).

UBHI
# ] = —
1 1 y 1 | ] -
- Bpewma
1 NepWo] TaxToBOM
__l l-b YACTOTh

Puc. 9.84.

OTO MOXHO Nerko caenaTtb C NOMOUWbKO ABYXTAKTHOIO TPAH3NCTOPHOIO KaCKkada, MOKa3aHHOIo Ha puc. 9.85.
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Puc. 9.85.MpeyusuoHHas bunosaspHAs 8b6IX00HAS CMyneHs C HU3KUM Z8biX.

MOXHO TaKkke ucnonbzosaTb MOIM-TPaH3UCTOPbI, CXeMbl CTabWAM3ALMM HaAMPAKEHUA C QUKCUMPYIOWMMM
AMoamMn, ObICTPOAENCTBYIOWMIA ONepPaUMOHHbIA YCUINUTENb C PEryIMPOBKON TOKA MOCTOAHHOM COCTaBAsOWEN B
Touke cymmumpoBaHua unan KMOM-kntod "4053, paboTatowmin oT +a B, ¢ AByMA BXOAaMW, MOAKAOYEHHbIMU K
MCTOYHMKAM MUTaHWA.

Kak Mbl OTMeYanu Bbllle, aBTOKOPPENAUMOHHAA QYHKUMA MNOCAe40BaTe/bHOCTM CMMBOJIOB Ha BbIXOA4e
COAEPNKUT OAMH NUK. ECAM COCTOSHMA Ha Bbixode nNpeacTtasuTb umcnamm +1 m —1, TO Umdposas
aBTOKOppenAUnoHHan dyHKUMA ByaeT MMeTb BUA, NOKasaHHbIA Ha puc. 9.86; (uMdpoBas aBTOKOPPENALUMA — 3TO
CyMMa Mpou3BeaeHMIn COOTBETCTBYIOWIMX Pa3pAL0B NPV CPaBHEHUM NOCAeA0BaTENbHOCTM [BOUYHbLIX CMMBOJ/IOB C
ee CABMHYTOM Konuel). He nyTaiTe ee ¢ HenpepobiBHOU aBTOKOPPEIALUMOHHOM GYHKLUMEN, KOTOPYIO PacCMOTPUM
HECKO/IbKO MO3XKe.

+27 = 1(=K]
-1
] -L#—J—I—¢—|—|—I————|-—l-— =-

0123 4567 K-2\ &
K-=1 K+
Cpour 8 mepuogax TAKTOBOA “acTOTw

Puc. 9.86.JuckpemHas  G8MOKOPPENAUUOHHAA  QPYyHKUUA 048  NOAHO20  UUKAQ — MAKCUMGAneHoU
nocnedosamersnsbHoCMU.

®PyHKLUMA Ha 3TOM rpaduKe onpeaeneHa TOMbKO A8 CABMIOB, COOTBETCTBYOWMX LENOMY YNCAY TakToB. s
BCeX HEHYNEeBbIX CABWIOB M CABMIOB, HE KPaTHbIX 0bLieMy nepuoay K, aBTOKOppenaumoHHaa GyHKUMA NOCTOAHHA
M MMeeT 3HayeHMe — 1 (NOCKOAbKY B MoOCAedoBaTe/bHOCTM eCTb AOMNOoAHMTeNbHas 1); No CpaBHEHWIO CO
3HaYeHnem GyHKUMM Npu HyneBom casure (K) BennunHa —1 npeHebpexxnmo mana.

Ecnv ke HeoTOUAbTPOBAHHbLIA  BbIXOJ PErMcTpa CABMra paccMaTpmMBaTb KaK  aHasjoroBblM  CUTHas
(NpYHMMaOWMIA TONbKO ABa 3HAYeHMs +a U — @), TO HOPMaNM30BaHHAA aBTOKOPPENAUMOHHAs GyHKUMA Byaer,
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Kak mokasaHo Ha puc. 9.87, HenpepblBHOW. [pyrMmn cnoBamu, Npu casurax 60see Yem Ha OAMH TaKT BNPaBO U
B/IEBO KOPPENALMA MEHKIY 3HAYEHMAMM CUTHANA NONHOCTHIO OTCYTCTBYET.

& NEPHONDB TaKTO-
s | BOR acTOThi
? \ ~afK /\

~ |- —

| RepUOf TaKTOROM
YacTOTol

Puc. 9.87. HenpepbisHaa  aB8MOKOPPenAuUOHHaA  YyHKUUA 04  NOAHO20  YUKAA — MAKCUMGAneHoU
nocnedosamesnbHoCMU.

DHepreTM4yecKknin cnekTp HeoTGUNbTPOBAHHOIO CUIrHaNa Ha BbIXOAE PErucTpa CABMra MOXKHO MOAYYMTb MO
aBTOKOPPENALUMOHHOM GYHKLMK, MCNOMb3YA CTaHAAPTHbIE MaTemMaTUyeckMe cpefcTBa. B pesynbTaTe nosy4vatorca
paBHOyAaNeHHble  CEPUM  MUYKOB  (AenbTa-PpyHKUMIA),  HAYMHAIOWMXCA C  YacToTbl  MOBTOPEHMA  BCeM
nocnenoBaTenbHoCTM fmakm/K v 3aTem MayLmx Yepes pasBHble MHTepBasbl fmakm/K. To, UTO CNEKTP COCTOUT 13
COBOKYMHOCTU AMCKPETHbIX CMEeKTPanbHbIX NWHMIA, OTpaxaeT TOT ¢aKT, 4YTO NOC/NefoBaTeIbHOCTb BpemMA OT
BpeMeHM (nepuoamyeckn) nostopseTca. MycTb Bac He yAMBAAET CTPaHHbIA BUA CreKTpa; oH OyaeT BbIrsAeTb
HenpepbIBHbIM NPK NOObLIX U3MEHEHUAX W MPUNOKEHUAX, KOTOPbIE 3aHMMAIOT BPEMA, MEHbLUEE Yem Bpems
UMKna pernctpa. Ormbatowan cnekTpa HeoTOUAbTPOBAHHOIO CUIHANA Ha BbIXOAE PErnMcTpa nokasaHa Ha puc. 9.88.
OHa nponopumMoHanbHa KBagpaty ¢yHKumm (sin x)/x. ObpaTuTe BHMMaHME Ha OAHO HeobblYHOE CBOWMCTBO-HA
TAKTOBOWM YaCTOTE M ee rapMOHMKaX 3HEPrua Wyma paBHa Hy/to.

01 nb npw 12% f‘[a:ﬁ

=10 nb npw 26% Franr

sinm j—
franr | oruBawwas
 f/F ran

Chapn cnextpa npu 44% foauy

f,

TaKT
BCNNBCHM PAINENBHB MHTRPBANAMM T
| _|=-—--|___
fTEH.'I' szTﬂll‘l'F

Ornbatowas

Puc. 9.88. 3Hepeemuyeckul cnekmp HeomeguaemposaHHO20 CU2HA/A HA 8bixode peaucmpa cosuea.

HanpsikeHuve wyma. [lpyv reHepauum aHajoroBoro Llyma MCNO/b3yeTcsd, pasymeeTca, TONbKO 4YacTb
HM3Ko4YacTOTHOM obnacTu cnekTpa. OKasblBaeTCA, YTO YAeNbHYIO MOLIHOCTb LiyMa Ha repl, HEeCNOXHO BblpasnTb
yepes TMOMOBMHHYIO aMiAMTYAYy @ W TaKTOBYlD 4actoTy fmakm. MOLWHOCTb, Bblpa)KeHHas depes
cpeAHeKBaapaTUUYHOE HanpaxeHue LWyma, byaeT
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1/2

2
Up=a| ——— B/T'?

e _-fnl;T

(f<0.2f )

3TO OTHOCUTCA K HUMXKHEN 4acTW CNeKkTpa, T. €. K TOW Y4acTu, KoTopas 0bbIYHO McnoabsyeTca (418 Toro Ytobbl
onpeaennTb NAOTHOCTb MOLHOCTM B 11060 YacTK CHEeKTPa, MOXKHO MCMOAb30BaTb OrMbatoLLYyHo).

MpeanonoXmMm, Hanpumep, YTO PErncTp cAsuMra MakCMMasibHOM A/MHbI paboTaeT Ha 4dacTtote 1,0 Mly m
OpraHM3oBaH TakMM 06Pa3oM, YTO BbIXOAHOE HanpaxKeHue mameHsaeTca oT +10,0 o —10,0 B. BbixogHOW curHan
nponyckaetca yepes RC-GMAbTP HMMKHMX YacTOT ¢ 3aTyxaHuem 3 ab Ha yacToTe 1 Kl'y, (pumc. 9.89).

+10,0
Npeobpase- 16 50m
P TAKT [ |sarens yposHs i
Dgx Gp O

0.01 mr@P
-10,0 I -

Puc. 9.89.Mpocmoli ucmo4Huk ncesdocsny4yaliHo2o Wyma.

MOXHO TOYHO BBIMMCANTL CPeAHEeKBaApPaTUYHOE HanpaXeHwe LWyma Ha Bbixode. W3 npeabiayliero
BbIpaXKeHMs Mbl 3HAEM, YTO CPeaHEeKBaApPaTMYHOE HanpsKeHMe Ha BbixoAe npeobpasoBaTesns YpPOBHEN PaBHO
14,14 MmB/TuY2. U3 pa3d. 7.21 Mbl 3HaeM Takxe, YTo nonoca Wyma HY-dunstpa coctasnsaeT (m/2) (1,0 KMu) nam
1,57 KU, To3TOMY BbIXOAHOE HanpaxeHue Wyma byaeT pasHo Ucp.ks = 0,01414-(1570)Y2 = 560 MB, a ero cnekTp
OyaeT cooTBETCTBOBATL HM3KoYacTOTHOMY RC-punbTpy.

9.36. HuskoyacmommHaa unempayus

AHanoroas unbTpauma. [losesHbln CNekTp LWyma, CO3[3aBaemMoro reHepaTopom MNceBAoCay4YanHoM
nocnenoBaTeNbHOCTM, NPOCTMPAETCA OT HM3KOYaCTOTHOM rpaHuUpl, obpaTHOM nepuody nostopeHusa (fmakm/K),
[10 BbICOKOYACTOTHOM rpaHmLbl, paBHOM NpumepHO 20 % OT TaKTOBOM 4aCTOTbl (Ha 3TOW YaCcTOTe MOLHOCTb LUyMa
Ha repu, nagaet Ha 0,6 Ab).

MpocTas HM3KoyacToTHad oGuabTpaums C ucnosib3osaHnem RC-3BeHbEB, Kak MOKasaHO B NpeablayLiem
npumepe, paBHO3HA4YHA YCTAHOBKE TOYKM 3 b HAMHOTO HUMKE TaKTOBOW 4acTOTbl (Hanpumep, HUxke 1 % fmakm).
[ns Toro 4Tobbl MCMOABL30BaTh YacTb CnekTpa 6onee HAM3KYID K TAaKTOBOM 4acToTe, KenaTelbHO MPUMEHUTb
bunbTpbl ¢ Bonee KpyTbiM CPE30M, Hanpumep GunbTpbl BaTtepBopTa MaM Yebbiwesa. B 3ToM c/iydae NAOCKOCTb
Pe3ybTUPYIOLWLEro CneKkTpa OyAeT onpeaenaTbCa NapameTpamu ¢ouabTpa, KoTopble AO0MKHbI OblTb M3MEPEHD,
MOCKONbKY OTK/JOHEHMS B MNapameTpax MOryT Bbi3blBaTb KosebaHua KoadduumeHTa nepedadnm B noaoce
nponyckarua. C Apyroit CTOPoHbI, ecan TpebyeTca ToYHoe 3HaYeHne HanpaKeHua wyma Ha u/2, To Heobxoarmo
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M3MepUTb peasbHbit KoabdUUMEHT nepeaadun GUAbTPa No HANPAKEHUIO.

Undposaa dunbTpaums. HepocTtaTok aHanoroBon ¢GuabTpaLMM 3aKAOYaeTCs B TOM, YTO eC/iM TaKToBas
4acToTa M3MEHAETCA B HECKOJIbKO pa3, TO TpebyeTcAa NoACTPOMKa HacToThl cpe3a GuabTpa. B Tex cayyasx, rae ato
HeobxoAMMO, M3sLHOE pelweHWe fgaeT uudpoBas OGUALTPALMA, KOTOPas OCYLLECTBAAETCA C MOMOLLbIO
B3BEWEHHOW aHa/soroBOM CyMMbl MOCAeA0BaTENbHbIX BbIXOAHbIX Pa3psaoB  (HepekypcuBHaa  UMbpoBas
dunbtpaumsa). C ee nomoLLbio 3dPeKTMBHAA HacToTa cpe3a NoACTPaMBAETCA NOoA M3MEHEHWe TaKTOBOM 4acToTbl.
Kpome Toro, undposan duabTpaLmMa NO3BOAAET CNYCTUTLCA A0 NPeaebHO HU3KMX YacToT cpesa (aonu repua), rae
aHanoroeaa GUAbLTPALMA CTAHOBUTCA NMPAKTUYECKN HECNOMOLLHOMN.

[na Toro 4Tobbl OCYLWECTBUTL B3BELWEHHOE CYMMMPOBaHME OAHOBPEMEHHO HECKOJIbKMX MOCAe10BaTeIbHbIX
BbIXOAHbIX Pa3psafoB, MOXKHO MPOCTO BOCMO/b30BATHCA PA3/MYHLIMKM NapanfefbHbIMUM  BbIXOAAMM Pa3psAa0B
perncTpa casgura M MCNo/ab30BaTb PE3UCTOPbLI PA3/IMYHOIO HOMMHANA, MOAKAKOYUEHHbIE K CYMMMPYIOLLEN TOuKe
onepaumoHHoro ycuautensa. Ana HY-dunbTpa BecoBble KO3IGOUUMEHTbI A0/KHbI ObITb MPOMNOPLUMOHALHBI (Sin
X)/x; obpaTuTe BHWMaHME, MOCKO/NbKY BECOBble KO3GOULMEHTHI MOTyT ObiTb 06OMX 3HAKOB, MNoOTPebyeTca
MHBEPTMPOBAHME HEKOTOPbIX YPOBHEN. TaK Kak B 3TOM CXeMe He UCMO/b3YKTCA KOHAEHCATOPbI, BbIXOAHOW CUMHA
ByaeT cocToATb M3 Habopa AMCKPETHbIX YPOBHEN BbIXOAHOTO HaMPAXKEHMA.

Mcnonb3ya BecoBytd ¢yHKUMA anA BOAbWIOrO YMcna pas3pagoB MOCNeA0BaTENbHOCTM, MOMKHO YAYYlWWTb
NpubAMMNKEeHWe K rayccoBy wWymy. bonee TOro, B 3TOM C/y4ae aHasOroOBbIA BbIXOAHOM CWUrHaA CTAHOBUTCA
baKTUYeCKM HenpepbiBHbIM CUMTHaNOM. [0 3TMM MpUMYMHAM KenaTesbHO WMCNO/Ib30BaTb Kak MOXHO 6osblie
BbIXOA0B PEerncTpa cagura, MCnosib3ya B Cay4ae HeobXOAMMOCTM AOMNOAHWUTENIbHbIE CTYMeHW Perncrpa casura,
BK/tOYEHHble B 0bpaTHyto cBA3b ¢ BeHTMAem WCKNHKOYAROLLIEE WM. Kak 1 paHee, Ans 3aAaHua CTabUAbHbIX
LMPPOBLIX YPOBHEN HaMNPAXKEHWA CcaedyeT MCNONb30BaTb PE3UCTOPHYKD «MOABECKY» K MuUTaHuto mam KMOIM-
Katoum (ana atmx uenert KMOM-norvka ABnAeTcA MAeaNbHbIM peLleHneM, MOCKObKY BbIXOAbl MPW 3TOM TOYHO
cooTBeTcTBYtOT UCCU 3emne).

Cxema, NoKasaHHas Ha pwuc. 9.90, reHepupyeT MNCEBAOCNYYalHbIA aHANOroBbIA LWYM, MNOAOCY KOTOPOro
MOXHO MEHATb C UCMO/Ib30BAaHMEM PACCMOTPEHHOro cnocoba B OFPOMHOM AMana3oHe.
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Puc. 9.90./labopamopHeili eeHepamop Wyma ¢ WUPOKUM YaGcmomHbIM OUANa30HOM.

CurHan KBapLeBOro reHepaTtopa ¢ 4yactotor 2,0 MIy nocTtynaer Ha 24-pa3psagHblid NPorpaMmmMmmnpyemsii
aenutenb 14536, KoTopbln dopmumpyeT TakToByto 4YactoTy oT 1,0 My, o 0,12 Ty ¢ KoabduumeHTOM AeneHus
KpaTHbIM 2. 32-pa3padHblii pernctp casura oxsaveH obpaTHOM cBA3bto OT 31- n 18-ro pa3paaoB u reHepupyet
nocneaoBaTelbHOCTb MaKCMMaAbHOW O/MHbI C MUAAIMAPAOM COCTOSIHMIA (Ha MaKCMMa/bHOM TaKTOBOWM 4acToTe
MOMHBIA UWMKN pernctpa MNpoxXoAMT 3a nosavaca). 34ecb Mbl MCMNO/Ab30BAaNM B3BELIEHHOE CYMMWMPOBaHMWE C
dyHKUMen (sin x)/x Ha 32 nocnegoBaTesibHbIX PaspAgax nocaenosaTesbHOCTU. daemeHTsl Y1 u Y2 ycunusaiot
MHBEPTMPOBAHHbIE W HEWHBEPTMPOBAHHbIE BbIXOAbl COOTBETCTBEHHO W 3anyckatoT AubdepeHuUManbHbIi
yeunutens Y3. KoadoduumeHTbl ycuneHmsa BbibupatoTca TakMm obpas3om, 4tobbl chopmmpoBaTb Ha 50-OMHOM
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Harpyske HanpsxeHue 1,0 B cp. KB. 6e3 noctoaHHOW cocTaBadaowen (2,0 B cp. KB. Ha xonoctom xoay). Obpatute
BHMMaAHME Ha TO, YTO 3Ta aMMIMTy[a LYyMa HEe 3aBUCUT OT TAaKTOBOM 4acTOTbl, T.e. OT obliel nosocbl. Takon
undposoi ¢uAbTp MMeeT dactoTy cpesa Ha 0,05 fmakm wn dopmupyeT cnektp 6enoro wyma oOT MOOChHI
NOCTOAHHbLIN TOK+ 50 KMy, (MakcMmanbHasi TaKToBaa 4acToTa) A0 MNOAOCbl MOCTOAHHbLIM TOK <+ 0,006 [,
(MMHMManbHaa TakToBaA 4YacToTa) Ha 24 AmanasoHax. Cxema BblpabaTbiBaeT BbIXOAHOW curHan ot +1,0 go -1,0 B.
OTHOCKTENBbHO 3TOM CXEMbI MOYKHO CAE1aTb HECKO/IbKO BaXKHbIX 3aMeYvaHu.

ObpaTtnTe BHMMaAHME Ha TO, YTO B 3TOM CXeme B OOpaTHOM CBA3WM MCMO/b3YETCA UHBEPTUPYIOWMIA BEHTUb
NCKIOYAIOLLEE WM, noaTomy WHUUMANM3AUMIO PErncTPpa MOXKHO OCYLLEeCTBMTb MPOCTbIM  ODHYAEHMEM.
Mcnonb3oBaHWe MHBEPCUM BXOAHbIX MOCNEA0BATE/NbHbIX CUIHA/NOB MCKAOYAET COCTOAHME «BCe eAMHMLbI» (a He
«BCE HY/M» KaK MpW UCNoab3oBaHWM obbluHoro BeHTUAa WMCK/AKOYAKOLILEE W/N), Ho BCe Apyrne CBOMCTBA
OCTaloTCA B CUne.

B3BelleHHOe CyMMMpPOBaHME KOHEYHOro 4Ymcia GUTOB He MOXeT CHOPMMPOBaTb HACTOSALIMIA TayccoB LIYM
M3-33 OrpaHMYeHMa Mo amnanTyae nuka. MOXKHO MNoKas3aTb, YTO BbIXOAHAA amnauTyga nuka (Ha 50 Om)
coctasnset 4,34 B, uyTo gaeT KoapduumneHT dopmbl 4,34, 3T UMDPblI UMEIOT BaXKHOE 3HAYEeHME, MOCKOJbKY ANS
TOro, 4TOObl MCKAUYUTL 3bDEKT orpaHudeHns, KoaddUUMEHT ycuneHuss Y1 Heobxogumo C nomollbto Y2
noAAep)KMBaTb  [OCTATOYHO  HM3KMM. BHMMaTeNbHO NpUrAAAMTECE K METoAam, MCMO/b3yembiM — ANA
bOpPMMPOBaAHMA BbIXOAHbLIX CUMHANOB C HY/JE€BOW MOCTOAHHOM cocTaBasowen n3 yposHer KMOM co cpeaHum
3HavyeHnem +6,0 B (HM3KuMIM yposeHb — O B, BbicokMin — +12 B).

OnucaHHbIM MeToa UMGPOBOM HU3KOYACTOTHOM GUAbTPALMM NOCNenoBaTeIbHOCTEN MAKCMManbHOM AJWHbI
MCNONb3YETCs BO MHOMMX KOMMEPYECKUX reHepaTopax Wyma.

9.37. KpamkKoe 3aKn4yeHue

HeckoNbKo  3aK/OUYUTENbHbIX  3aMe4YaHWii  OTHOCMTENIbHO  MOCNeA0BaTe/bHOCTENW,  FreHepupyembix
PerucTpamm CABura, Kak UCTOYHWKOB aHa/0roBOro Liyma. Ha OCHOBaHMM Tpex MepeyvncieHHbIX paHee CBOMCTB
PErMCTPOB MaKCMMasbHOW AJIMHbI Bbl, BO3MOMHO, CK/AOHHbI 3aK/OYWUTb, UYTO BbIXOAHAA MNOC/AEeA0BaTENbHOCTb
«yepecuyyp c/iyyaliHa» B TOM CMbIC/E, YTO OHa MMEeT TOYHOE YMCAO0 Cepuit 3adaHHOM AAMHbI M T. n. HacTosauwas
cnydaliHas maluvHa a8 nogbpacbiBaHMA MOHETbl He reHepupoBana bbl Ha eauHULy DOJiblle «OPJIOB», Yem
«peLieK», a ee aBTOKOpPenAuMoHHas OQyHKUMA He Oblna 6bl abCcoOMOTHO MNOCKOM A1A  KOHEYHOW
nocnenoBaTesibHOCTU. [MOCMOTpPUTE Ha 3TO C APYroi CTOPOHbl. Ecan Bbl Bbl MCMNONBL30BaAM €AUMHULLI U HYAK,
BbipabaTbiBaEMble PErnCTPOM CABMUIa, A41A YNPaBAeHUA CaydyaiHbiM Bay»KaaHWem, ABUrasch Brepen Ha OAmMH war
NPy NOAYYEHUN eAMHULbI M Ha3ad, Ha OAMH LWar Npu NOAYYEHUN HYAA, TO OKa3asnCb Obl Ha PACCTOAHUN POBHO B
OAMH War OT Haya/bHOM TOYKWM MOC/E TOro, KaK PEerucTp NponaeT Becb LUMKA. ITOT pesynbTaT Y HUKaK Heb3s
Ha3BaTb C/1y4aliHbim!

BmecTe ¢ TeM ynomsaHyTble CBOMCTBa permcrpa cagura BepHbl TONbKO A1A BCeW MocnefoBaTeNbHOCTU U3
2n— 1 6uT, 839mol Kak 00HO yesoe. Ecnm Bbl McNonb3yeTe dparMeHT NoaHON BUTOBOWM NOCAeA0BaTENbHOCTM, TO
ero cBoMcTBa OyayT [A0BOJIbHO TOYHO aMNMPOKCMMMPOBATb C/ydalHblA aBTOMAT Aa58 NoAdpachbiBaHUS MOHETbI.
MpeactasbTe cebe aHaNOrMYHbIA NPOLECC — M3BEYEHME KPACHbIX M CUHWMX WAPOB Hayrad w3 ypHbl, B KOTOPYHO
BHayasfe nomelleHbl K WapoB (NONOBMHA KpacHbIX, MOMOBMHA CUHWMX). EcAnM Bbl BblTacKkMBaeTe wWwapbl 6e3
8038paleHUs, TO CHa4yana Bbl PacCYMUTbIBAETE MOYUYMTb MOYTU CIYYaHYO CTAaTUCTURY. Mo Mmepe ybbiBaHMA LApoB
B YPHe CTaTUCTMKa M3MEHAETCA 33 CYET TOro, YTO obLlee YMCNA0 KPACHbIX M CUHMX WAPOB [O/MIKHO OCTABaTbCA TeM
¥Ke CaMbIM.

MpeacTasneHne O TOM, KaK 3TO MPOMUCXOAMT, MOMHO MOMYyYMTb, BHOBb BEPHYBLUMCb K CAy4alMHOMY
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BaykoaHuio. EcnnM mpeanosiokuTb, YTO €OMHCTBEHHBIM  «HEC/NYYalHbIM»  CBOMCTBOM MOC/NE40BaTEbHOCTM
ABNAEGTCA TOYHOE paBeHcTBO «1» u «0» (He obpallasd BHUMAHME Ha OAHY NIMLLIHIO «1%»), TO MOMKHO MOKa3aTb, YTO
OMWCaHHoOe ciydyaliHoe 6/yKAaHWe MNocae r BbITaCKMBaHWA M3 obliel «nonyaaumm» K/2 eamuuy, m K/2 Hynen
npvBeaeT K CpeaHeMy PacCTOSHUIO OT HauyabHOM TOYKM, PaBHOMY

X =[r(K—r)/(K—1)]¥2

(9TMM BbipakeHMem Mbl 06a3aHbl E. M. Purcell.) MocKoNbKy Npy MOAHOCTBIO CAydYalHOM Bay:KaaHum X
PaBHO KOPHIO KBaapaTHOMY W3 r, KOapduumeHT (K — r /(K — 1) oTparaeT BAMAHME KOHEYHbIX COAEPMHKUMbIX
ypHbI. MoKa r << K, ciy4aiHoCTb ByKAaHWUA YyTb-YyTb OTMYAETCS OT cydas abcontoTHO ciydariHoro BayxaaHusa,
W reHepaTop MCEBAOC/AYYaliHOW MNOCAeA0BaTENbHOCTU MPAKTUYECKM HEOT/MYMM OT peasibHOro aBTomaTa. Mol
NPOBEPUAM 3TO Ha HECKONbKMX TbiCAYax CAydalHbix 6ayaaHuit nog ynpasneHvem TCIM (Kasaoe B HECKObKO
ThICAY Waros) 1 06HaPYXRUAN UAEANbHYIO CY4aHOCTb MO 3TOMY NMPOCTOMY KpUTEPMIO.

ToT ¢akT, uTo reHepaTtopbl MCIM BblAEPKMBAIOT ITOT TECT, PAa3yMEeTCA, He rapaHTUpyeT, YTo OHWM ByayT
YyO0BNETBOPATL W Bosiee CNOKHBIM TeCcTam Ha CAy4aHOCTb, Hanpumep TecTam Ha Koppenauuto Hosiee BbICOKOro
nopafKka. Takne KoppenAumMoHHble 3aBUCMMOCTM TaKKe OKa3blBaloT BAWMAHWME Ha CBOMCTBA aHA/JIOrOBOro LUIYMa,
reHepupyemoro nytem ¢éunbtpaumm MCM. HecmoTpas Ha TO 4TO amMnauTyZa Wyma WMeeT [ayccoBo
pacnpefeneHne, BO3MOXHO HaauuMe Koppenaumm amnamtyd 0Oosee BbICOKOrO MopsAAKa, He CBOMCTBEHHOM
HacToAllemy Ciyd4aHoMy wymy. Mo 3ToMy noBoAy ceidac NPUHATO CYMTATb, HYTO Yem Dosblie OTBOAOB y4acTByeT
B 06paTHON CBA3M (NpeanoUYTUTENbHO NopaaKa M/2), Tem «aydlle» LyMOBble CBOMCTBA (MPU UCMOAb30BaHUM ANA
bopMMpoBaHMA MOCNeA0BaTE/bHbIX BXOA0B AepeBa YeTHOCTM Ha anemeHTax VCK/HOYAIOLLEE MNN).

Te, KTO NPOEKTUPYET reHepaTopbl WYMOB, A0JIKHbl NO3HAaKOMUTLCA CO CABUTOBLIM PETMCTPOM MepemMeHHOM
AnvHbl 8 KMOTM-noruke 4557 (o1 1 Ao 64 pa3paaos); KOHEYHO, Bbl AOJIXKHbI MCMOAb30BaTb €ro B COYETaHUMU C
PErMCTPOM C NapannenbHbliM Bbixogom (Tuna "4015 nam "164) ana Toro, yTobbl 0becneynTb N OTBOAOB.

B pa3d. 7.20 obcyxaaetca BONPOC O WymMax U NPUBOAMTCA NPUMEpP reHepatopa «po30Boro» wyma Ha MMC
perucTpa MakcumasnbHon anmHel MM5437.

9.38. Lugppossbie punbmpei

MocneaHWn NpUMep 3aTPOHYA MHTEPECHYO TeMy LMPPOBOM GUAbTPaLMK, B AaHHOM ciydae GopmMpoBaHue
HY-curHana nytem B3BELEHHOTO CYMMMPOBAHMA 32 3HAYEHMI NCeBAOCAYYaMHOW MOCAeA0BaTENbHOCTH, Kaxaoe
M3 KOTOPbIX COOTBETCTBYET YPOBHIO HanpsxeHus 0 uam +12 B. Ha BxoA Takoro «puabTpa» MOCTynatoT CUTHasbI,
KOTOpble MOryT MMeTb TO/IbKO [ABa YPOBHA HanpsxeHuA. Booblie roBopsa, TO e CaMOe MOXHO cAaenaTb C
aHaNOroBbIM CUrHANOM Ha BxoZge, 06pasys B3BELWEHHYO CYMMY ero 3HadyeHwui (xi), pacnpeneneHHblXx BO BPEMEHM
yepes paBHble MHTepBabl

Y, = Z Ay g

k=-mw

34ech xi ABNAOTCA OAMCKPETHbIMW BbIDOPKaMM M3 BXOAHOMO cuUrHana, hk — BecoBble KO3GOUUMEHTBI, a Vi -
3HAYeHMA BbIXOAHOTO CUrHana. B peanbHbix ycnosuax umdposoin dunbTp ByaeT CyMmMUpPOBaTb TO/bKO KOHEYHOe
MHOXeCTBO BXOAHbIX 3HAYEHWW, Kak, Hanpumep, B reHepatope Wyma, rae OblNo UCNonb3oBaHO 32 uyneHa. Ha
punc. 9.91 cxemaTMyHO MOKa3aHO, KaK 3TO MPOMCXOAMT.
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Puc. 9.91. HeperypcusHsili yugposol ¢unemp.

3ameTbTe, YTO TaKoW GUALTP MOXKET 061aJaTb MHTEPECHBIM CBOMCTBOM CMMMETPUYHOCTM BO BPEMEHM, T. €.
ycpeaHeHnem npoLuioro n byaywero Ana Toro, 4Tobbl CGOPMMPOBaATL TEKYLLEE 3HAYEHWE BbIXOAa.

PasymeeTcs, peasibHble aHanoroBble OWALTPbI YMET /Wb CMOTPETb B MPOLW/IOe WM COOTBETCTBYIOT
LMPPOBLIM GUABTPAM C HEHY/IEBBIMU BECOBbIMU KO3bDDULIMEHTAMM TONBKO Mpu k >= 0.

YacToTHas xapaKTepucTMKa CUMMETPUYHOro ¢uabTpa. MOXKHO MoKasaTb, YTO YAacCTOTHAA XapaKTepuCTMKa
cummeTpudHoro ounsTpa (hk = h-k) umeet Bua,

HU-] —_ hn + 2 Z hlmﬁzﬂkffnm,

k=1

roe tomc — Bpema Mexay Bblbopkamu (oTcyeTamu). HeTpyaHo 3ameTuTb, 4YTO hk NpeacTaBaatoT cobol
KoaddUUMEHTbI pasnoxkeHus B pag Pypbe Tpebyemon 4aCTOTHOW XapaKTEPUCTMKWU. DTO ODDBACHAET, Moyemy B
c/lyyae NpeAacTaB/eHHOW paHee CXeMbl reHepaTopa BecoBble KO3pdUUMEHTbl Oblin BbIOpaHbl B COOTBETCTBUM C
byHKUMEN (sin x)/x: OHW aBAsAtOTCA KoMNoHeHTamm dypbe 3arpaxgatoutero HY-dunbTpa. B TakMx CMMMETPUYHBIX
dunbTpax dasosbii casur Ha Atobolt YyactoTe AMbo paseH 0, inbo 180°.

PekypcuBHblie dUALTPLI. MOXKHO NOAYYUTb MHTEPECHBIM KNacC LMPPOBbLIX GUALTPOB, ECAN Ha BXod GUAbTPa
B LLONONHEHWE K BHELIHEeMY BXOAHOMY CUTHany NofaTb COOCTBEHHbIN BbIXOAHOM cUrHan dunbTpa. Takon GunbTp
MOYHO pPaccMaTpmBaTb Kak GuabTp ¢ 0bpaTHOM cBsA3blo. OH MMeEeT NpUYyAIMBOE Ha3BaHWe peKypcusHsil GUAbTP
(MM c  BECKOHEYHON WMMMYAbCHOM XapaKTepUCTUKOM) B MPOTMBOMONOMKHOCTL PACCMOTPEHHOMY  Bbille
HEPEeKYPCMBHOMY (C KOHEYHOM MMMYNbCHOW XapaKTePUCTUMKOM) dunbTpy. MOoXKHO, Hanpumep, chopmMMpPOBaTb
BbIXOAHOW CUrHA/M B COOTBETCTBUM CO CAEAYIOLMM BbIPAKEHNEM:

yi= Ayi-1 + (1 — A)xi

3TO COOTBETCTBYET HWM3KOYACTOTHOM XapaKTepWUCTWMKE, 3KBMBANEHTHOM TOW, KOTOpoM o6nafdaeT npocToi
HM3KOYaCTOTHbIM RC-duUNbTP

A= e*tOTC/RC

roe tomc - WHTEpBas BpPemMeHW mexKay nocaenosBaTes/bHbIMK BbI60pKaMVI Xi U3 BXOAHOrO CurHana. 3Ta
CNTyauunda, KOHe4yHO, He ABAAeTCA uoeHmuyHol CNTyaunm C aHa/oroBebim HU3KOYACTOTHbLIM d)l/lﬂprOM,
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pa6OTaI-OLLI,VIN\ C aHa/10roBbIM CUITHa/IOM, NO NPpUYNHe ,EI,MCKpETHOVI npmpoabl OTCHETOB.

Mpumep HY-dunbTpa. B KayecTBe YMCNOBOro Npumepa NpearnonoKnm, 4To Bam TpebyeTca oTGUAbTPOBATb
PAA YMCAOBbLIX 3HAYEHMUI, COOTBETCTBYIOWMX CUrHany C 3aTyxaHnem 3 Ab Ha yacTtoTe f3 46 = 1/20toTc. Takum
06pa3om, MOCTOAHHAs BPEMEHM COOTBETCTBYET MHTepBany BpemeHn 20 nocnenoBaTesibHbIX OTCHETOB. B 3TOM
cnydae A = 0,95123, a BbIXOAHOM cUrHan onpeaensaetrca no BblipaxkeHuto yi= 0,95123yi-1 + 0,04877xi. C
YyBE/IMYEHMEM TMOCTOAHHOW BPEMEHM OTHOCUTENIbHO BPEMEHM MeXay oTcyeTamu tomc npubaunkeHue K
peanbHomy HY-dunbTpy ynydlaercs.

Ona obpaboTKM OaHHbIX Y:Ke NpPeAcTaBfeHHbIX B BMAE AMCKPETHbIX OTCYETOB, Kak, Hampumep, MaccuB
[aHHbIX B KOMMNbOTEPE, Bbl, BO3MOXHO, NPeANoYTeTe MCMONb30BaTb TaKoM GuUAbTP. PeKypcuBHbIM GuabTp npwm
aTOM ByAEeT Peann30BbIBAaTLCA C MOMOLLbI OAHOKPATHOTO MPoXoada Mo AaHHbIM C TPMBMANbHOM apudmeTnyecKom
obpaboTkoii. Mporpamma HY-dunbTpa Ha s3bike QopTpaH OyAeT BbIMSAETL CAedytolmMm 0bpasom:

roe X — maTpuua daHHbix, TS — MHTepBan BpemeHu mexay otcyetamu (T.e. TS = 1/tomc), a TC —
BblOpaHHAA MOCTOAHHAA BpeMeHW GUAbTPa. 3Ta MasieHbKaa NMPorpamMmma OcyLlecTBaAeT GUAbTPaLMD Ha mecme,
T.€. OHa 3ameHsAeT nepBOHayYasibHble JaHHble OTOUALTPOBAHHbIMU. MOXKHO, KOHEYHO, CO034aBaTb M3
OTOMNBTPOBAHHbIX AaHHbIX OTAE/bHbIA MaccuB.

HY-dunbTp ¢ KommyTaumen. Takon e GUALTP MOXKHO MOCTPOUTL anmnapaTHbIM MyTeM, UCMO/b3ys CXEMY,

_I'I.I;LI"L>c
1
i

NMOKasaHHYyto Ha puc. 9.92.

e
33

f.’.'z:l_-:

Puc. 9.92. PekypcusHblil @punbmp Ha KOMMYMUupyemsiX KOHOeHCamopax.

Kntoum Ha nonesbix TpaH3McTopax S1 M S2 KOMMYTUPYIOTCA C HEKOTOPOM TAKTOBOM Y4aCTOTOM, NEPUOAMYECKM
3apsaran KoHaeHcaTop CI 40 BXOAHOrO HanMpsaXeHWs 1 3aTem nepesasas ero 3apaj Ha KoHgeHcatop C2. Ecam C2
nmeeT HanpaxeHne U2, a C1 3apaxaeTca 40 BXxoAHOro yposHA U1, To npwn noakatodeHnn C1 k C2 HanpaXeHne Ha
0bounx KoHAeHcaTopax OyaeT onpedensTbca cooTHoweHuem U = (C1U1 + C2U2)/(C1 + C2), 4TO 3KBMBANEHTHO
PAaCCMOTPEHHOMY paHee peKypcuBHOMY GUALTPY Mpu

=C2/(C1+ C2)yi-1 + C1/(C1 + C2)xi
MprpaBHUBas 3TN KO3IGOULMEHTLI K 3a4aHHOMY paHee 3HaYeHuo A, Noay4num
f3 aB = (1/2n)fotcIn(C1 + C2)/C2.

YnpaxHeHune 9.8. [okaxuTe, 4TO 3TOT pe3ynbTaT NpaBuaeH.

3TOT GUABLTP NPaKTMYEH BO BCeX OTHOLWEHWAX W 0HnafaeT oAHOM MpPMBAEKATENbHOW OCOBEHHOCTbIO —
3/IEKTPOHHOM HACTPOMKOM MNOCPeACcTBOM TaKTOBOW 4acToTbl fomc. B 0bObidHbiX cxemax ucnonbdytotca KMOT-
Katoum, a emkocTb C1 6GepetcAa MmHoro 6Honbwe C2. Tl03TOMY CUMHaN MNepekatodeHns  A0/KeH ObiTb
HECUMMETPUYHbIM M 6O/bLLYIO YacTb BPEMEHM TPATUTb Ha 3aMblkaHue S1.
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MpuBedeHHaa cxema npeacTasnseT cobol npocTol npumep @uaempa ¢ Kommymauuel; B 3TOT KAaacc
GUNbTPoB BXOAAT OGUALTPbI, BbLINOAHEHHbIE HA MaTPULAX KOMMYTMPYEMbIX KOHAEHCAaTopoB. OHM MMetoT
NepMOAMYECKYI0 YACTOTHYIO XapaKTEPUCTMKY, 4YTO AeNnaeT ux yAobHbIMM A9 MCNO/Mb30BaHWA B KayecTse
rpebeHYaTbiX M y3KOMOOCHBIX PEXEKTOPHbIX GUABTPOB.

Ona Bcex ¢UALTPOB Knaccuuyeckoro Tuna (BatrepBopTa, YebbilieBa M T.M.) MOMHO MOCTPOUTb UX
NPUOAMMEHHbIE AWCKPEeTHble aHanorm B dopme BY, HY, nosocoBbix M 3arparkgatowmx ©GUAbLTPOB, Kak
CUMMETPUYHbIX BO BPEMEHM, TaK U C UCTUHHBbIM BPEMEHEM 3anasapblBaHuA. Takue GUAbTPbI 0Y4eHb YA0OHbLI Npwu
06paboTKe KBAHTOBAHHbIX JaHHbIX, Nepes KoTopbiMK, Be3ycnoBHO, bosblioe byayliee.

B HacToAwee BpemsA BbiNycKatoT 6Honblwoe uymcno Hegoporux UMC GuabTpoB C KOMMYTUMPYEMbIMM
KoHaeHcaTopamn. MMC MF4 dupmbl National, Hanpumep, asnaetca 4-3seHHbIM HY-dunbTpom baTTepsopTa,
pa3smelleHHbIM B Kopnyce MUHKU-DIP; oH He TpebyeT BHEWHMUX KOMMOHEHTOB M paboTaeT OT OAHOMO MUCTOYHMKA
NUTaHKUA C HanpseHnem oT +5 Ao +14 B. YacToTa cpesa duabTpa (0,1 My muH. 1 20 KILL maKc.) ycTaHaBamMBaeTca ¢
MOMOLLIbIO BHELIHEW TaKTOBOW 4YacToTbl fmakm = 100f3 dB. UMC MF5 n MF10 («yHuBepcanbHble GUALTPLI C
KOMMYTUPYEMbIMW  KOHAEHcaTopamMm») paboTatoT HecKkonbKko uMHade. C MOMOLLbIO  BHELWHWX Pe3ncTopos
yCTaHaBAMBatoTca TN duabTpa (BY, HY, nonocosoid, 3arpaxaatollmii) 1 xapaktepuctnka ¢unbtpa (battepsopTa,
YebblweBa M T.M.), @ C NOMOLLbIO TAKTOBOWM YaCTOTbI, KaK M paHblle, yCTaHAaBAMBAETCA YacToTa cpesa. Apyrumu
N3roToBUTENAMM QUNBTPOB C KOMMYTMPYEMbIMM KOHAEHCAaTopamm ABaatoTca dupmbl American Microsystems
(AMI), Linear Technology (LTC) 1 Reticon. ®upma LTC Kak Bcerga MCnoib30Basna HECKObKO XUTPOYMHbIX MPUEMOB
ONA yNyYlEeHUA TEXHUYECKUX XapaKTepucTuk. Ee dunbTpbl LTC1062 n MAX280 noxoxun Ha MF4, Ho sBaatoTcs 5-
3BEHHbIMM U MMEIT Hy/neByld OWKMOKY Ha NOoCTosHHOM ToKe! [locnegHee CBOWMCTBO pPeasn30BaHO MyTeM

pasmeLlleHns GuAbTPa BHE NyTW MOCTOSHHOTO ToKa (puc. 9.94).
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Puc. 9.94. ugposol HY-punemp ¢ Maneim cO8U2OM NO NOCMOAHHOMY MOKY.

TMbkne unbTpbl cepun MAX260 AonycKatoT ynpaBAeHWe BaKHbIMM  NapameTpamu  ¢uabTpa OT
MMKponpoLeccopa. Booblle roBops, Takme GUAbTPbI C KOMMYTUPYEMbBIMM KOHAEeHCAaTOpaMmn paboTatoT TO/IbKO Ha
BEPXHEM KOHLE 3BYKOBOro AmMana3oHa. B HWMX Take Habntogaetca CyllecTBeHHOe MPOHWMKHOBEHME TaKTOBOW
4acToTbl Ha BbiIxod 06bi4HO B npegenax 10-25mB. ITo orpaHMUMBaeT WX AMHAMMUYECKMM AMana3oH B Tex
NPUMEHEHMAX, e TaKTOBas 4acToTa HaxOAWMTCS BHYTPWU MOJIOCHI NponyckaHua (Hanpumep, BY-dunbtpbl). OHK
MOTYT MMETb 3HAYUTE/bHbIA LIYM, OrpaHUYMBAIOLLMIA AMHAMUYECKMI anana3oH Ao 80 Ab 1 meHee (cpaBHUTE CO
140 pb v Bblile AN Xopolwero onepauyMoHHoro ycuautena). C apyron (MON0KUTENbHOM) CTOPOHbI, GUIbTPbI Ha
KOMMYTMPYEMbIX KOHAEHCAToOpax NpPoCTbl B MPUMEHEHUM W NO3BOAAIOT OCYLLECTBAATL 3PGEKTUBHYIO HACTPOMKY (C
MOMOLLIbIO TAKTOBOW YacToTbl). PUALTPbLI TAKOrO TMMa LUMPOKO MCMO/b3YIOT B MOAEMAX (Mpu nepenade AaHHbIX MO
Tene@oHHbIM MHUAM) 1 B Apyrnx obnactax ceasn. Cm. paso. 5.11.

dopMMpoBaHME CUMHYCOMAANbHbLIX KonebaHun umMdpoBbiM cnocobom. C HepekypcuMBHOM LMGPOBOWA
bunbTpaument CcBA3aH MHTEPEecHbI Ccnocob CMHTe3a CUMHYCOMAA/bHbIX KoAebaHWi C  MCNo/b30BaHWEM
B3BELIEHHbIX CYMM CUrHa/I0B C BbIXOJ0B cYeT4yMKa [KOHCOHA (KOMbLEBOW CYETUYMK C KO3DDUUMEHTOM NepecyeTa,

BABOE MpPEBbIWAWMM 4Mcno paspsaos). Cxema Ha puc. 9.93 nokasbiBaeT crnocob peanusaumm TaKoro
reHepaTopa.
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Puc. 9.93. Hughposoli eeHepamop cuHycoudasbHbIX CUeHA08.

MMC 4015 npepactaBnaeT cobolt 8-pa3psafHblii PerucTp cagura ¢ napannenbHbiM BbiXoAOM. [MoaaBas Ha
BXOJ, WHBEPTMPOBAHHbLIA CUrHaA C MociefHero paspaga, MOXKHO OpPraHm3oBaTb CHETYMK [IKOHCOHA, KOTOPbIM
byaeT npoxoAuTb Yyepes 16 cocTosHWi (B obliem cayvae 2n COCTOSIHUIM ANA N-PaspAnHOro perucrpa casura).
HaunMHaa C COCTOAHMA «BCE Hy/AWM», MPOUCXOAMT 3aMO/IHEHME CYETYMKA CAeBa HanpaBo «1» (mapw «1») o
MOMIHOrO 3aMOJIHEHMA BCEMW eAMHMLAMKM, 3aTeM HauumHaeTca mapw «0» u T. 4. [MoKasaHHOE Ha PUCYHKe
B3BelUMBaHne GOPMUPYET 8-ypOBHEBOE MPUBIMMKEHNE K CUHYCOMAANbHOMY KOebaHMIo ¢ 4acToTon, pasHon 1/16
TAKTOBOW YaCTOTbl, M C MEPBbIM HEHY/IEBbIM YIEHOM MCKaKeHWA Ha 15- rapmoHuKe, nmetowen 3atyxaHue 24 ab.
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Cxembl, He Tpebytolme NOACHEHUM

9.39. YOoa4yHble cxemsbl

Ha puc. 9.95 npuBeseHO HECKO/IbKO MPUMEPOB COMPAXKEHUA NOTUYECKUX U IMHEMHBIX CXEM.

@ YIAYHBIE CXEMbl

Norvka  MON

Namna

Puc. 9.95.0 — npeobpazosamens ompuyamerssHsix yposHel 8 yposHu TT/l; 6 — ynpasneHue Haepy3kol,
NOOKAtOYEeHHOU HA 3eMto;
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Puc. 9.95. e — ¢pazoseili demekmop ¢ nodasneHuem 60 0b; ¥ — npeyusuoHHeIl mpueeep LLmumma.

9.40. HecoOHble cxemeobl

Ha pwuc. 9.96 noKasaHbl CXeMbl C OCHOBHbIMW TPYyObIMK OWMOKamMM conpsxKeHua. s KaxkAoM CXxembl
nonbiTanTecb 0OBbACHUTL, B YEM COCTOUT OWMOKA U Kak ee yCTPaHMTb.

HETOHBIE CREMbI

_D 1.0 xom D H
i ]

T

K Qpyrum
BEHTHARAM

1T
cHa

Puc. 9.96. a — popmuposamens 300epHaHHo20 ¢poHma, 6 — UHOUKAMOP /102UYECK020 COCMOAHUA;
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Puc.9.96. B — conpsaxceHue anemeHma TT/1 C 8bICOKOOMHbIM 8bIXOOOM (08€ HeyoayHble CXemsl); e —

nosviweHue Haepy3zo4yHol cnocobHocmu 3nemeHma TT/1 ¢ noMouwblo no8Mopumers;
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Puc. 9.96. 0 — nposodHoe W/ Ha BeHMUAAX C AKMUBHOU HA2PY3KOU, e — cYemyuK nepecedyeHull Hyns;
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Puc. 9.96. w — RS-mpuezeep; 3 — conpsaxceHue snemeHma TT/1 co cxemamu 8bICOKUX YpoaHedl.
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[nasa 10

MWKPO3BM

Mepesod K.I.duHozeHo8a
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MuHn-2BM, mmnkpo3BM 1 mukponpoueccopsl

LOoCTynHOCTb HeZoporux manbix IBM, ctommocTeto nopagaka 1 K goan., caenana ux npueaeKaTelbHbIMK 414
NCMNOIb30BAHUA NPU YNPaBAEHUN SKCNEPUMEHTOM U TEXHOJIOTMYECKMMUM NPOLLeCCamm, ANA HAKOMAEHUA AAHHbIX U
BbINONHEHWA OMEpPaTUBHbIX BbluMcaeHUA. Manble BM WKMPOKO MCNOb3YOTCA B 1ab0OPaTOPHbIX MCCAeL0BAHUAX U
NPOMbILIEHHOCTM, NO3TOMY MHDOPMaLMA 06 MX NOTEHLMANbHbBIX BO3MOXHOCTAX, A3blKax NMPOrPaMMMUPOBAHNA U
cnocobax conpaXeHMa C BHELWHUMM YCTPOMCTBAMM COCTABAAET CYLLECTBEHHYIO YacTb 3/1IEKTPOHHOMO «HOY-Xay».

MwnKpo3BM 3BONOUMOHMPOBANM OT paHHeEN MUHU-IBM — manol 31eKTPOHHO-BbIYMCANTENIBHON MalLMHbI,
LeHTpanbHbin npoueccop (LIM) KoTopoi Bbin cobpaH Ha MUKPOCXEMAX Majsioi M CpeaHen CTeneHW UHTerpaumm,
KaK MpaBWAO PaCrONOMKEHHbIX Ha OAHOM WAM HECKOAbKMX OOAblWKMX MeyaTHbiXx naatax. o mepe
COBEPLIEHCTBOBAHMA MUKpocxem BKC cTano BO3IMONKHO peannsoBaTb paboyme XapaKTepUCTUKM LEeHTPasbHOro
npoueccopa MuHU-IBM Ha 04HOM KpUCTasie BbICOKOW CTEMeHW MHTerpauumn; Takum obpasom, Mukpo3BM — 310
3N1EKTPOHHO-BbIYNCANTENbHAA MallMHA, LEHTPa/IbHbIN NPOLLECCOP KOTOPOM cobpaH Ha HECKO/bKMX, a 3a4acTyto Ha
ogHo mukpocxeme BWC, a tmn muKkpocxembl LM mAM cOOTBETCTBYIOWMIA MUKPOMPOLLECCOPHbIA  KOMMIEKT
onpeaenseT TMn MMKPoIBM. Hanpumep, Ha cMeHy nonyaspHbiM mMUHKM-IBM dupmbl DEC PDP-11, LM KoTopbix
3aHMMaAN HECKO/IbKO MeyvyaTHbIX MaaT, npuuwio cemenctso IBM nog Takmm e HasBaHuem, UMM KoTopbix Obin
cobpaH Ha HEeCKOoNbKMX MuKpocxemax BUC, 3ameHmBWNX HOMbWOE KONMYECTBO MMKPOCXEM Masol U cpeaHewn
CTeneHn  UHTerpauuu; npUBAN3NTENBHO B TO e Bpema  dupma Motorola npeacrasmna
BbICOKOMpPOM3BOANUTENbHbLIM MUKponpoueccop MM (cepumn 68000), HECOMHEHHO MCMbITaBWUA BAMAHKE PDP-11,
paboyne xapaKTepUCTUKM KOTOPOro BO MHOTOM 6blav CXOAHbI C XapaKkTepucTukamm LM aToin IBM.

B ocHoBe HONbWKWHCTBA COBPEMEHHbIX Masbix IBM, ABAALOWMXCA Ha camom Jene MUKPOoIBM, nexar
BMEYaTAAOWME XAPAKTEPUCTUKM COBPEMEHHOIO MOKONEHMA MUKPOMPOLLECCOpPOB. He Tak [aBHO BO3HWMK/IO
NONOMATUYECKOE BbIPaXKEHUE «CYNEPMUHU-IBMY», no-sMamMmomy, Ana Toro, 4tobbl BblAEAWTb Knacc IBM,
nmewlmMx 6osee  BbICOKME TEeXHUYECKME XapaKTepPUCTMKM UM MoAdYac KOHKYPUPYIOWMX C  OOAbLIMMK U
aoporocrosawmmm SBM, NOCTPOEHHbIMW B COOTBETCTBMMU C TPAAMUMOHHBIMW TEXHUYECKMMU pelleHnamn. B
HEKOTOPbIX CAyYanaX Pas3InMuMa Meay HUMMW OTHOCATCA CcKopee K rabapuTHbIM pa3mepam WAM KOJAUYEeCTBY
BHELIHWX YCTPOMCTB, YeM K CTeneHn nHTerpaumm L.

bonee cywectseHHO pasanyme mexay MUKPoIBM U MUKPOKOHMPOonanepamu . TEPMUH MUKPOKOHTPONNEP
MCNONb30BaH ANA 0603HAYEHWA YCTPOMCTBA, B KOTOPOM MUKPOMpPOLLeccop BMecTe ¢ Hebonblinmm no obbvemy 3Y u
APYrMMM HEOBXOAMMBIMM 3N1EMEHTAMM UCMONB3YIOT AAA CNEeLMaNM3nMPOBAHHOMO YNpPaBAeHUA MPOLLEeCCOM Wan
annapaTtom. B TakoM cuTyaumMm MMKPOMPOLLECCOp Aa HECKONbKO MOAXOAALIMX MUKpocxem natoc M3Y moryT ¢
YCNEexoM 3aMeHUTb CAOXHYH KOMOMHALMOHHYIO CXeMy, COCTOALLY W3 NIOTMYECKWUX 31eMEHTOB, TPWUITEPOB,
aHanoro-umMoposbIX M UMPPO-aHaNoroBbix npeobpasosatenein; 370 HaAO MMETb BBMAY, KaK TO/IbKO Bbl
BKJIlOYAETECh B KPYMHbIM TEXHUYECKNI NPOEKT.

[ns Takoro poga NpUAOXKeHWn paspaboTaHbl CreumanmsnpoBaHHbie M, xapakTepusyolmecs Tem, YTo
TaKkMe y3/bl, KaK TaKTOBble TEeHepaTopbl, CXeMbl BBOAA-BbIBOAA W HeEKOTopble aApyrue, obbldHO cobupaemble C
MCNONb30BaHWEM AOMNONHUTE/IbHbIX MUKPOCXEM, PEeannM30BaHbl Ha TOM e KpucTanne, 4Tto M COBCTBEHHO
MUKPOMPOLIECCOP 3@ CYET BbIMUCAUTENBHON MOLLHOCTM M HOALLWIONO aApPecHOro MPOCTPaHCTBa, KOTopble
xapakTepumsytoT MI, npeaHasHayeHHble AN NOCTPOEHMA MUKPOIBM, OpUMEHTMPOBAHHbLIX Ha BbIMMCAUTENbHbIE
3a4aun.

B 37Ol rnaBe Mbl OnMULIEM apPXMTEKTYPY M MNPOrpammmnpoBaHMe MUKPOIBM, a TaKke uX ConpaxKeHue C
BHELHMMM YCTPOMCTBAMM Ha MpUMepax NosesHbIX U NPOCTbIX CNOCOHOB NOAKMOUEHNA BHELWHMX YCTPOMCTB K IBM
PC/XT. 30eCb Mbl CCbilaeMcA Ha CTaHAapTHY0 PC-maructpans u ee moanduKkaumm, Takme Kak marmctpans PC/AT u
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COBMECTUMbIX C Hell IBM, a Takxe mnagwux mogeneit AMHum PS/2. BONBLUIMHCTBO M3/0MEHHbIX B HACTOALLEM
rnaBe maen 6yaeT nepeHeceHO B C/AeAyOLIYIO [aBy, rae Mbl yraybmmca B obctosTenbHoe obcyxKaeHue no
NOBOAY NPOEKTUPOBAHMA U KOHCTPYMPOBAHMA CXEM W LieNbIX CUCTEM Ha ocHose MI, a ana npumepoB byaem
ncnonsvzosaTb Ml «Motorola 68008» 13 cepum 68000, KoTopas coBMecTHO ¢ cepuelt Intel 8086 rocnoacTayeT B
Mmasibix IBM. FoBopsa 0 MMKPOIBM B LEeNOM, Haf0 OTMETUTb, YTO MPOEKTUPOoBaHMe cobcTBeHHO IBM, BKAtoYas
03Y, BHellHWe 3aNoMMHatoWMe YCTPOMCTBA, YCTPOMCTBA BBOAA-BbIBOAA, @ TaKKe CMCTEMHOE NPOorpammmpoBaHme
M pa3paboTKa CEpPBUCHbLIX MNPOrpPaMm ABAAIOTCA MNPeAMETOM 3abOoTbl W3rOTOBUTENA, a TaKXe ero Kosjfer,
NPOU3BOAALLMX KOMMIEKTYIOWME annapaTHble W MNporpaMmmHble cpeactBa. [lonb3oBaTento Hafo TOJbKO
no3aboTUTbCA O ChNeuManmM3mMpoBaHHbIX WHTepdencax W NPOrpaMMMPOBAHUM  CBOWMX MPUKAAAHbIX 3aad.
HanpoTtus, B cneunanmnsanpoBaHHbix MIl-cuctemax Bbi6op TMNa 3Y, CXeMHbIX M MPOrPaMMHbIX pelleHuit, BoobLle
roBops, A0/MKeH BbITb cAeNaH NPOEKTUPOBLLMKOM. M3roToBuTenn MMKPo3BM, Kak npasnao, NpMHMMALOT Ha cebs
BOMPOCHI Pa3paboTKM CUCTEMHOrO M CEPBMCHOrO MPOrPaMMHOrO obecrneyeHus, Kak 4acTu BblYMCAUTENbHOM
CUCTEMbBI B LIENOM (4aCTO-COBMECTHO C BHELIHMMW YCTPOMCTBAMM), TOTAa Kak M3rotoBuTenn MII-KOMMNAEKTOB W
MHTErpasabHbIX MUKPOCXEM COCPEAOTOYEHbI HAa BOMPOCAX MPOEKTMPOBAHMA W cObITa Kak cobcTBeHHO MI, Tak u
BCMOMOTaTebHbIX MWKPOCXeM. B HacToAwen rfaBe Mbl PAaCCMOTPUM apXMTEKTYpYy M NPOrpaMmMpoBaHmne
MUKPOIBM 1 cocpeaoToummcs Ha NoapoOHOCTAX BHYTPEHHUX CBA3EN M COMPAKEHMI C BHELWHMMW YCTPOMCTBAMM.

10.01. Apxumekmypa Mukpo3BM

PucyHok 10.1 npeactasnseT TUNoByto 0000LIEHHYO cxemy HOnblIMHCTBA MUMKPOIBM. Paccmotpum 3Ty

cXemy.
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Puc. 10.1. bok-cxema Komnetomepa.
eHTpaNbHbIN  npoueccop. LeHTpanbHbIl mpoueccop — 3TO cepaue . KomnbloTepbl BbINOAHAIOT
m 7 m 7 3BM. K

BbIYMCNEHWA B LEHTPa/sbHOM MpoLeccope Had MOopuUMAMM [aHHbIX, OPraHM30BaHHbIX KaK MalUWHHble C/1084.
Pasmep C/noBa MOET COCTaBAATb OT 4 no 32 6ut u 6onee, Hanbonee NonynspHble COBPEMEHHbIE MUKPOIBM
nmetoT 16-6mToBOE CnoBo. Bocemb HUT cocTasnstoT 6alim, a nosoBuHy HanTa-yeTbipe OUTa-MHOrAAa HasbiBatOT
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«HMBA». YacTb UM, HasbiBaemas Oewugppamopom KOMAHO, WHTepnpeTupyeT nocnenoBaTe/ibHble KoMaHAbl,
BbibMpPaemMble M3 NaMATKU, BbIACHAA TeM CaMbiM, YTO HaANEXWUT AenaTb NPOLECCOPY B KaKAoM ciaydae. B cocTas
LN BXoAUT apugpmemuyeckoe ycmpolcmeo, KOTOPOE MOMKET BbIMOAHATL TaKkue onepaumn, Kak CAOMKeHUe,
HaxoKaeHWe JOMNOMHEHUA, CABMUI, NEPEChIIKY U HEKOTOPbIE APYyrMe Had YMcnamm, HaxodAWMMNCA B peeucmpax, a
B HEKOTOPbIX CAydYasx w B namsamu. [lpoepammHelli cyemyuk MNOCTOAHHO OTCAEXMBAET X0 BbINOJHEHUA
nporpammsl. OBbIYHO 3HAYEHWMEe MPOrPaMMHOTO CYETYMKA MHKPEMEHTUMPYETCA MOC/Ee BbIMONHEHWA O4vepenHON
KOMaHbl, HO OHO MOXEeT MOo/JyYuTb APyroe 3HayeHue B pesynbTaTe BbIMOJHEHWA KOoMaH4, 6e3yc/0BHOro
nepexoda WAW BETBJEHMA — VYC/AOBHOMO Mepexoja. Ynpaeddwouwue AuHUU maaucmpanu obecnedymsator
COMpsAMKeHWEe C NMamsaTblo M YCTPOMCTBAMM BBOAA-BblBOAA. BOMBLWMHCTBO KOMMbIOTEPOB (M YeM fdanblie - Tem
bonblle) UMEIOT TaKKe peaucmp yKa3amesna CMeKa W HECKONbKO ¢riaxkos (nepeHoca, HyAas, 3Haka),
MPOBEPSEMBIX MPU BbINMOJHEHUMN YCNOBHbIX NEPexoa08. B cOCTaB MHOMMX BbICOKOMPOM3BOAMUTE/IbHbBIX MPOLLECCOB
BXOAMT TAK¥Ke C8epxonepamusHaa NamsaTb (K3LW-NamaATb), KOTopas A8 YCKOPEHUA A0CTyNa COAEPMKUT BEANUYMHDI,
He3a40Aro A0 3TOrO M3BNEYEHHbIE M3 MaMATK.

3HauMTeNlbHanA aKTMBHOCTb HabaoaaeTcA B 061aCTM SKCNEPMMEHTOB C Mapasie/ibHbIMK NPOLLEeCccaMu, r4e Bbl
coefmHAeTe mexay coboi mHoro UM ¢ uenbto AOCTUMKEHWA MOTPACAIOWENA BbIYUCAUTENBHOM MolHoCTM. Co
BpemeHeM B 006/1aCTM BbICOKOMPOM3BOANUTENBHON 0OpPabOoTKM TaKaa TeHAEHUMA MOXKET CcTaTb onpeaensatowein. B
Hallle e BpemA, OJIHAKO, CTaHAAPT apXUTEKTYpbl MMKPO-IBM npeacTtaBneH oaHoNpoueccopHbimm DBM, KoTOpble
BbIMNOJIHAKOT KOMaH/Abl NOCNe0BaTeIbHO.

MamaATb. Bce KOMMNbOTEPLI MMEIT HEKOTOPbIN 06bem BbICTPON MamATM C NPOM3BOIbHBIM AOCTYNOM, TaKyto
namsaTb, OblBanO, Ha3blBa/M «CEPALEM» KOMMbIOTEPA, MOCKO/bKY 3anMoOMMHAAM W COXPaHAAW  OaHHble
Ma/ItOCEHbKME MarHUTHblE CEPAEYHUKM - MO OAHOMY Ha KaxKAbl 3aNnOMWHaembln 6UT. B 6onbluoi mMnkpo3BM
obbem 0O3Y moxeT pgocturatb 10 MOanT m Honee, xoTa TUNUYHBIM 3HadYeHWem ssasetca 1 M6OanT, a B
MUKPOKOHTpoANepax obbem O3Y MOXKET cocTaBATb Bcero 16 K6anT. (Korga namatb UamepaoT B eanHMLax K, sto
o3HavaeT He 1000 6anT, a 1024 mam 210 6anT; Takum obpasom, 16 Kb6anT Ha camom aene coctasnaoT 16 384
6anT. Ana obosHayeHmna 1000 mbl ynoTpebnsem cTpodHyto Byksy K.) s Toro 4tobbl 3anucaTb B TaKylo NamaTb
KaKon-nmbo Ko Man cumTaTb ero, obblyHO TpebyeTca okoso 100 He. MNamsATb C NPOU3BOAbHLIM AOCTYNOM MOYTH
BCErfa «paspyllaema», 3TO O3HAYaeT, 4TO, KOrAa 3/eKTPonuUTaHWe OTKIoYaeTca, MHOOpMaLMA yNeTyynTcs
(BO3MOXHO, 3Ty XapaKTePUCTUKY cneaosano Obl Ha3BaTb «3abblBYMBOCTbIO»). MO3TOMY BCE KOMMbLIOTEPLI B CBOEM
COCTaBe UMEIOT M Hepaspyllaemyto NamsaTb, 0ObIYHO AOCTYMHYIO TOMbKO Ans YTeHus (M3Y) M npegHasHavyeHHyo
ONA Toro, YTobbl «3aBecT»[2] MallKHY, HaXoAALLYOCA A0 BKAOYEHUA NUTAHMA B COCTOAHUM MONHOM aMHE3NN.,

B pononHutenbHoe T3Y 4acTo 3anMCbIBAlOT CUCTEMHblE M rpaduyeckme npoueaypbl, a Takxe apyrue
Nporpammsl, KOTOpble A0NKHbI OblTb A4OCTYMHbI B OO0 MOMEHT.

[na Toro 4tobbl CYNTATL M3 NAMATU UAM COXPAHUTb B NAaMATU Ty UKW MHYIO nHopmaumto, LM «aapecyeT» To
CNOBO (NaMATK), KaKoe noxkenaeT. BoNbLIMHCTBO KOMMbIOTEPOB apecyeT NamATb NOHBANTHO, HaYMHasA C HYNEeBOro
6alTa u nocnenoBatenbHo nepebupas 6anTbl BNAOTb A0 NociefHero B nNamaTtu. MOCKOAbKY MaWMHHOE CMOBO
OONbLWINHCTBA KOMMbIOTEPOB COCTaBAAET HECKOJIbKO 6aiT, 0bblYHO 33 OAMH pa3 Bbl 3aHOCUMTE B MaMATb WM
n3BneKkaeTe U3 Hee rpynny 6aiT; 06bIYHO HEODBPEMEHUTENBHO MMETb LUMHY AAHHbIX C PA3PALHOCTBIO B HECKO/IbKO
6anT. Hanpumep, mMUKpoIBM, KoTopble nocTpoeHbl Ha MM 80386 wman 68020, MMetoT 32-paspagHyto LWUHY
JaHHbIX (UTO paBHO 4 6aiT), Tak YTo 32-paspsaaHoe C0BO MOMKET ObiTb 3aMMCaHO B NaMATb WM CYMTAHO M3 Hee 3a
OAVH UMKA BbIOOpKK. [na Toro 4tobbl yKa3aTb AJMHY MOC/NenO0BaTeNbHOCTU NepenaBaemblx OalT, UCNOAb3YOT
yNpaBAstoLMe CUrHAMbI, MPUYEM AaXKe 18 KCONMAHBIX» WWH Bam Ha 3T0 noTpebyeTca Bcero 1-2 6anT.

B KomnbtoTepe ¢ BONbLWNM KONMYECTBOM CErMEHTOB NMaMATh A4 YKa3aHMa NPOM3BOJIbHOIO ajpeca Namatu
Heobxoammo 3—4 6aiT. NoCcKo/IbKY DOBLIMHCTBO apPecoB NamsaTy B peasibHOM nporpamme obblYHO 61M3KO, BCe
KOMMNbIOTEPbLI NOAAEPMMBAIOT YNPOLEHHbIE MOAENM ajpecaummn: «OTHOCUTENbHas» adpecauus onpegenset
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afpec Mo yAaneHuio ero OT TEeKyWelM KOMaHAbl B NamMATW; «KOCBEHHaA» adpecauma MCMoMb3yeT COAEPKMMOe
perncTtpa LM ons yKasaHWA Aveiikiv B NamaATY; «CTPaHWYHaA» agpecaums MCNosib3yeT YKOPOYEHHble ajpeca A/d
YKa3aHWA Ha 3aJaHHylo fAYerKy MNamaTM B Npedenax Majnoro JAuanasoHa (CTpaHuubl); «npamas»  Uau
«abconoTHaA» agpecaums MCNoNb3yeT HECKOAbKO CAeAylolMX 3a KoOMaHaoW 6aiT ans ykasaHua aapeca.
CoBpemeHHble LM BeHYatoT 3TOT KpaTKMii CMIMCOK «MHAEKCHOM», «aBTOMHKPEMEHTHOM» U APYTMMU MONE3HBbIMM
cnocobamu agpecaumm, KOTOPbIX Mbl KOCHEMCA B CeAyIoLLeN rnase.

Bo Bpems BbIMOJHEHMS MNPOrPaMmbl B MaMATM HaXOOATCA Kak COOBCTBEHHO Nporpamma, Tak M AaHHble.
LleHTpanbHbIA MpoUEeccop W3BAEeKaeT KOMaHAbl M3 MaMATM, BbIACHAET, 4YTO OHM O03Ha4yalT M MNocTyrnaeT
COOTBETCTBEHHO, MpPW 3TOM 4acTo TpebyeTcA COXpaHWTb JAaHHble rae-Hubyap B  namAati.  OB6blYHO
HecneuMaanm3npoBaHHble YHUBEPCAbHbIE KOMMbIOTEPBI XPAaHAT NPOrPaMmbl 1 aHHbIE B OAHOWM M TOM Ke NamaTw,
MpMYem KOMMbIOTEP Ha CamMoM Aefie He OTAMYAEeT OAHUX OT Apyrux. Ecav nporpamma nonaeT He Tyda M HauyHeT
«UCNONHATLY» AaHHble, MOryT HaYaTbCA 3abaBHble Belm!

MOCKONbKY KOMMbIOTEPHbIE MPOrpammbl BOAbLIYIO YacTb CBOEW KU3HW MPOBOAAT B LMKAAX, COCTOAWMX U3
CPaBHUTENIbHO KOPOTKMX MOC/AeA0BaTENbHOCTEN KOMaHZ, Bbl MOMETE YBEINYUTb MPOM3BOAMTENbHOCTb MaLUMHBI,
MCNoNb3ya Manyto no obbemy, HO ObICTPYHD K3W-MamMATb, B KOTOPYH Bbl MPOCTO 3aHOCUTE KOMUU BAMMKAMLLIMX
MCMNONb3yeMblX AYeeK NamaATh. LleHTpanbHbIA NpoLEeccop € K3LW-NamATbio CHavana obpallaeTcs UMEHHO K Hel,
nepen Tem, Kak OCyWECcTBUTb BbIOOPKY M3 Bosiee MeasieHHON OCHOBHOM MaMATW, KOraa UMKbl «KPYTATCA» MO
OAHUM U TEM e aZlpecam; YacTO MOMXKHO A0CTUYb PeKOpAHON 3DDEKTUBHOCTM MCMNOAb30BAHMA K3LWI-NAMATU A0
95 % v BbllWe, pa3nTenbHO yBeNMYMBaAA ObicTpoaencTeme.

MaccoBas namATb. KomnbloTepbl, npeaHasHavyeHHble Aaa pa3paboTKM Nporpamm WAM BblYUCNEHWUN, B
MPOTMBOMOJ/IOKHOCTb  CMELMaAM3UPOBaHHBIM YMPAaBAAIOWMM MnpoLeccopam, 0BblMHO MMET oAHO uan bBonee
3anomuHalollee YCTPOMCTBO [0CTaTOYHOW E€MKOCTM, HasblBaeMoe YCTPOWCTBOM MacCoBOM MNamaTu. MecTkue
ONCKN (UMEHYEeMble TaKKe «BUHUYECTEPCKUMMUY») U TMBKMe AUCKU (bAonnn-ANCKU UAM OUCKETbI) — BOT TUMUYHbIE
NpeacTaBUTENN YCTPOMCTB MacCOBOM NaMATU, EMKOCTb KOTOPbIX U3MEHAETCS OT HECKO/IbKUX COTeH KnaobalT Ao
HECKONIbKUX MerabaT Ana rMbKMX OMCKOB, M OT HECKOJbKMX OECATKOB A0 HECKONbKMX COTeH merabant ans
ECTKMX OAMCKOB. Hanbosiee NosHO SKUMMPOBAHHbLIE KOMMbIOTEPLI MMEIKOT B CBOEM COCTaBe J0MNOJAHUTENbHO O4HO
WU OBa YCTPOMCTBA BBOAA-BblBOJA HA MarHUTHYIO JIEHTY, KOHCTPYKLUMSA KOTOPbIX MOMET OblTb pasinyHa-oT
NPOCTOrO KacCeTHOro «CTPUMMEepa» [0 MarHUTodOHa, PaccUMTaHHOrO Ha OOo/blUMe KaTyLKM S-40pOXKeUYHOoM
NONYAOMMOBOI CTaHOAPTHOM NEHTbI, Te Camble, KOTOpble BCEeraa BPaLLatoTCA Ha 3aAHEM M1aHe B HayyHo-
daHTaCTUYECKUX KMHOPUAbMaxX. Bonee coBpemeHHas TEXHONOMMA, UCNOb3ya 8-MM BMOEOKACCETbI, TE e camble,
4yTO 0OMTalOT B NIErKMX MEePEeHOCHbIX BUAEOKaMepax, MNO3BOASET 3anucaTb Ha OAHY TaKylo KacceTy 1 [6awT.
rMocnefHUMm [OOCTUXMeHMeM B pa3paboTKe MacCoBOW MNaMATU ABAAIOTCA KOMMAKT-AMCKM, NpeaHasHaYeHHble
TONbKO [AO1A YTEHUA U UCMONb3YOLWME Ty e TexXHONOTMIo MNPOU3BOACTBA OMNTMYECKMX [AMCKOB, YTO M NpU
M3roTOBNEHUWN ayAMO KOMMAKT-AMCKOB, WX EMKOCTb cocTaBaseT 600 M6aiT Ha CTOpoHy 5-410lMMOBOro
NNacTMKOBOro AmMcka, 061a4atollero K TOMY sKe ropasfo MeHbLIMM BpemeHem A0CTyna, Yem abas marHutHas
NeHTa.

B oT/MYMM OT ayAM0 KOMNAKT-AMCKOB CYLLECTBYHOT TakuMe YCTPOMCTBA MAaCcCOBOM NAaMATU Ha KOMMNAKT-AMCKaX,
KOTOpble MO3BOMIAOT KaK CUYMTLIBATb, TaK M 3anuMcbiBaTb MHPOpMaLMio nyTemM 0H6pa3oBaHMs Ha MYyCTOM POBHOM
KOMMNaKT-AMCKE AMOK 3a CYeT /a3epHOro Harpesa; Takue yCcTpouMcTBa HasbiBatoT WORM oOT aHranickom
abbpesmnaTypbl «3anucaTb OAHa*KAbl - YATAaTb MHOTOKPATHO». bosiee TOro, cenyvac AOCTYMHbI TaKXe YCTPOMCTBA
BHELWHEeN NamMATM Ha MarHUTOONTUYECKMX AMCKAX, NOAAEPIKMBAIOWME ONepaLymm YTEHUA-3aNUCK 1 MNO3BOAAOLLMNE
MO/HOCTbIO OBHOBAATL COAEPIKMMOE TaKMX AUCKOB.

Mo cpasHeHnto ¢ O3Y NPOM3BOMBLHOMO A0CTyNa YCTPOWCTBa MaccoBOM namATtu, BoobLle rosops, obnasatoT
MEHbLLIMM BbICTPOAENCTBMEM, MPUYEM CAMbIMU MEAJEHHbIMU ABAAIOTCA YCTPOMCTBA Ha MarHUTHbIX NeHTax (Ux
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Bpemsa A0CTyna AOCTUraeT MHOMMX CEKyHZ), a CaMbiMW ObICTPbIMU (M JOPOrMMKU) — KECTKMe AMCKM (cpeaHee
BPEMA AO0CTyNa NopaaKa AEeCATKOB MWUAAMCEKYHA). CKOpoCTb obmMeHa AaHHbIMKM A/18 BCEX YCTPOWMCTB MacCOBOWA
NamATK BblcOKa M cocTaBnaeT oT 10 K6ant ao 100 Kb6aiT B cekyHay u 6onee, H6e3 yyeta 3afepKKM A0CTyna K
ycTporctey. Kak npaBwio, Bbl XpaHUTE Nporpammbl, ¢aiibl AaHHbIX, B TOM 4ucie oaiabl rpapuyeckon
MHPOPMaLMKN, Ha HEKOTOPOM YCTPOMCTBE MAcCOBOM MNaMATM M 3arpyxkaeTe mx B O3Y TOAbKO Ha Bpems
BbluMceHni. C o4HUM AMCKOM OAHOBPEMEHHO MOTYT paboTaTb HECKOMBKO MO/b30BaTeNeN; CpefHUX Pa3smepoB
ONTUYECKUIA AMUCK MOXKET XPaHWTb HECKO/IbKO KOMUIA BpUTaHCKOM sHUMKAONeaNN.

Ecnm Baw KomnbioTep umeeT 03Y pgoctaTodHO 60AbWOro ob6bema, 3/eraHTHbIM cnocob noaHATb
HbICTPOAENCTBME KOMMbIOTEPA, B TOM C/y4yae, eCAM OH YacTo oOpalllaeTcs K AMCKY, 3aKIYaeTcs B TOM, YTOObI
OpraHM3oBaTb MNCEBAOAMCK MyTeM 3arpyskm BceX HeobxoAMMbIX AMCKOBbIX ¢ainos B O3Y B Hayane paboTbl.
Takum obpa3om, Bbl MoXKeTe 3arpy3nTb B O3Y TEKCTOBbIM peaakTop, KOMNUAATOP, PeAAKTOp CBA3EM, 3arpy3yuk,
NoC/e YEero MOXHO 0DpalaTbCa K TAaKOMY AMCKY A8 YTEHMA AW 3anncKn Be3 NoTepb BPEMEHN Ha OXKKAaHWe. Tem
He meHee OyabTe OAMTENbHbI: €C/IM KOMMbIOTEP OTKAYWUTCA, HMYTO M3 pe3y/nbTaToB Baweil paboTbl He GyaeT
COXPaHEHO Ha BHeLWHeM HOCUTeE W Bbl NoTepseTe BCO HapabOoTKy.

AndasBuTHO-UMPOBOA U rpadMYecKMii  BBOA-BbIBOA. 3ameyaTeNbHO WMETb MOLHbBIA  KOMMbIOTEP,
CNOCOBHbLIN BbIMOAHATE MUANUOHBI MHTEANEKTYaNIbHbIX BbIYMCAEHUI B CEKYHAY, HO €CAu OH BCe pe3y/bTaTbl
nepxuT B cebe, Bam OT 3TOrO Masio MPOKYy. TakMe BHEWHWME YCTPOMCTBA, KaK KnaBMaTypa C 3KPaHOM,
COCTaBAAIOLIME BMECTE TEePMMHaM, «Mbllb», MeyaTalollee YCTPOMCTBO M Apyrve obecneymsatoT oblieHMe
yesoBeKa C MALWIMHOM M CYLLeCTBEHHbI ANA 060N  «APYKECTBEHHOW» MO0 OTHOWEHMIO K MN0/b30BaTeto
BbIYMCAUTENBHOMN  CUCTEMbI. ITM  YCTPOWCTBA OPMEHTMPOBAHbI B OCHOBHOM Ha MPOrpPamMMPOBaHME,
peflakTMPOBaHME TEKCTOB, PabOoTy C INEKTPOHHbIMM TabanLaMm 1 Ha rpaduKy; Bbl MCNONb3YETE MX, KOTrAa NuULLEeTe,
OTCNIeXXMBAETE M pacneyaTbiBaeTe NPOrpammy, BBOAMTE W rneyaTaeTe AOKYMEHTbI, MAaHUMYAMPYETE YMCAIMMU UK
M300paXKeHUs MU, UrpaeTe B KOMMbIOTEPHbIE WUrPbl. TakMe BHelWHWEe YCTPOWCTBA BKyMe C COOTBETCTBYIOLLEN
NHTEPdENCHON YacTblo JIeFKO HAWTUM Y MHOTMX MOCTaBLIMKOB, BKAOYas GUPMbI-U3TOTOBUTENIM CODOCTBEHHO
KOMMbOTEPOB.

BBoA-BbIBOA, B peanbHOM BpemMeHW. B nabopaTopHbIX MCCAeAoBaHUAX, YNPaBAEHUM TEXHOOTUYECKUMU
npoueccamu, npu cbope AaHHbIX UAM AN TaKMX IK30TUYECKMX MPUNOKEHUIM, KaK CUHTE3 PeYn UAM My3blKM, Bam
HeobXxoAMMbl aHaNoro-undposble U LMPPO-aHANOTOBble YCTPOMCTBA, KOTOPbIe MOryT 0BLWATLCA C KOMMbIOTEPOM B
peanbHOM MmaclwTabe BpemeHu, T.e. B TO e Camoe Bpemd, Korga NPOoAO/KaeTCA MPOLECC, KOHTPOAMPYEMbIA
3TUMM  YCTPOMCTBaMWU. BO3MOMKHOCTM 34eCb NpPaKTUYecku 6e3rpaHuMyHbl; ecnum B3ATb XOoTa  6bl Habop
MynbTUNAEKcUpyembix ALIM obuiero HasHauyeHua, HEMHOMO ObicTpbiX LIAMOB M HECKO/IbKO LMAPOBbLIX «MOPTOBY
(nocnepoBaTenbHbIX MAM MapannesbHblx) AnS O0bMeHa AaHHbIMKM, 3TO YyKe 0becneynmT Maccy MHTEepecCHbIX
npunoxenun. [na Hambosnee nonNynapHbIX CTaHAAPTOB BHYTPEHHEN MarucTpanmM KOMMbOTEPOB MNoA0OHaA
nepndepmna obLErO HasHAYEHWA KOMMEPYECKM AOCTyNHA. Ecnm e Bbl XOTUTE OT 3TUX YCTPOMCTB Yero-Hubyab
bonee NpUYyAANBOro, HaNnpUMep, YAyYWeEHHbIX XapaKTePUCTUK (MOBbILWEHHOTO BbICTPOAENCTBUA, YBEAUYEHHOTO
YyMCNa KaHaNoB) WAM CMNEeUMann3MpPoBaHHbIX OYHKUMI (reHepauum 3BYKOB, 4YaCTOTHOrO CMHTE3a, reHepauumu
BPEMEHHbIX WHTEPBasOB WM T.M.), BaM MNPUAETCA CAenaTb TakuMe YCTPOMCTBA CaMOCTOATENbHO. BOT 34echb-To
cBegeHnAa 06 opraHM3auMyM MarmcTpaanm KOMMbOTEPA W TeXHWKe MNPOrpaMMMUMPOBAHMA CYLLECTBEHHbI, XOTA
nofobHble cBeAeHMA NONe3Hbl BCeraa.

CeTeBOM npoTOKOA. [axe MOLlLHble HACTO/bHble KOMMbIOTEPbl  NPUMobpeTaloT  AONOJAHUTE/bHbIE
BO3MOHOCTM B TeX C/yyasX, Korga OHM MOryT obmeHuBaTbcs dalnamm ¢ apyrumm 3BM. OauH 13 cnocobos
cAenatb Tak — 3TO MOAKAOYUTLCA K yAaneHHoW IBM no tenepoHHOM ceTn n 3aTem, No mepe HeobxoammocTy,
MCNosb30BaTb pecypcbl 3ToM IBM. Takmm 06pa3om MOMNKHO MOMYYMTb AOCTYN K Hoblioi 6ase AaHHbIX MAM K
KakMM-1MO0 Cneumanm3npoBaHHbIM NporpamMmmam, MoLLHOM cynepdBM, afeKTpoHHOW noyTe, a TakKe K dainam ¢
TEKCTaMM WAW  AaHHbIMM  BallMX Kojaer no ciayxbe. [ns 3toro Bam TpebyeTrca «mogem» (MoaynsTop-
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NemMoaynaTop), KoTopbii Anbo noacoedmMHAeTCA HemnocpeACTBEHHO K BHYTPEHHEeM Maructpaau Balero
KomnbloTepa, MO0 NOAK/IIOYAETCA CHAPYXM K nocnesoBaTesibHOMY MopTy. MNoapobHee 06 3TOM Mbl MOTOBOPUM

HUXe.

Opyrum nyTem paclwmperus chepbl AEUCTBUA BaALLEro KOMMblOTepa ABAAETCA MCMO/b30BaHWE /IOKANbHOM
BbluncauTenbHo cetu (JIBC) ans coemectHoro obbveanHeruna rpynnbl IBM. Mpumepom Takon cetn asnsetcs /1BC
(Ethernet), koTopan obecrneunBaeT nepedady AaHHbIX MEXAy MallMHAMW CETU CO CKopocTbto Ao 10 Mbut/c no
OAHOMY KOaKCManbHOMY Kabento. JlIokasbHas BblMMCAUTEIbHANA CETb MO3BOAAET BaM O0OMeHMBATbCA dainamu ¢
ntoboi OBM, BKAOYEHHOM B 3Ty CeTb, Ha camMoMm Aene, paboTas B XOPOLIO OPraHM30BaHHOM CEeTU, Bbl CKopee
BCEro MPWYMHOMXUTE Pecypcbl CBOEro KOMMbKOTEPa, COBMECTHO C ApyrMmu IBM wmcnonb3ya ObICTPbIA AMCK
60bWOM eMKOCTH, AOPOrocToALLME TPadOoNOCTPOUTENN U NeYaTatoLlmMe YyCTPOUCTBA U T. 4. B 3ToM cayyae Kaxkaas
pabouyana cTaHumAa JIBC MOXeT MMEeTb BHELWHIO MNaMATb BeCcbMa OrpPaHMYEHHOM eMKocCTW, 3aTo obnagaTb
3HAYUTENbHbIMU BbIYMCAUTENbHBIMM BO3MOXKHOCTAMK. TaKaa uaeonorna opraHusaumm fIBC asnaeTca naeanbHom,
Hanpumep, ON8 U34ATeNbCTB, r4e B NPOLEecce MOArOTOBKM PYKOMUCM K NyBAMKaumm C Helt paboTatoT pasHble
moaun. Ona 60NbWIMHCTBA KOMMbIOTEPOB pa3paboTaHbl MHTepdencol Mx nogxatodeHuna K Ethernet mam gpyrum
NBC.

MarucTpanb AaHHbIX. Jna obmeHa gaHHbiMn Mmexay LM v O3Y unm agantepammn BHELWHMX YCTPOMCTB BCe
KOMMbIOTEPbI  MCMOAb3YIOT Marnctpasb — Habop 0606WEHHbIX «IMHUIA»  (MPOBOAHMKOB), MO KOTOPbIM
ocyliecTenfeTcd obMeH ABOMYHbIMKM cloBamu. (MHOrMe Mmarmctpanm [OOMycKaloT TaKke 0o6MmeH JaHHbIMK
HEeNnoCpPeACTBEHHO MEXAy afanTepamu BHELHWX YCTPOWCTB, XOTA TakMe BO3MOXHOCTM WMCMO/b3YOTCA MeHee
yacTto.) Mcnonb3oBaHWe Marnctpanm C OOOBLIEHHBIMU JIMHUAMM 3HAYUTENIBHO YMPOLLAET MEMKCOeAMHEHMUA,
MOCKO/IbKY B MPOTMBHOM c/lydae Bam notpeboBanuch Obl MHOTOXWbHbIE Kabenu, CoeAMHAOLLME Kaxaylo napy
B3aMMOAENCTBYIOLWMX APYr C APYrom YCTPOMCTB. HeMHOro BHWMMaHWA KakK Npu MNPOEKTUPOBAHWW CaMOM
MarucTpanu, Tak u nNpu NOAKAOYEHUN K HeM — K1 Bce paboTaeT oTIMYHO. Marmctpanb COCTOUT M3 Habopa ANHUI
[aHHBIX (MX 0ObIYHO CTONBKO e, CKO/IbKO Pa3paLoB (BMT) cocTaBaAeT CNOBO AaHHbIX-8 ANA MUKPOKOHTPOIEPa U
M3BM C HeBbICOKMMM paboummm xapakTepucTnukamm, 16 mam 32-gna 6onee CNOXKHbIX MUKPOKOMMbIOTEPOB),
HECKO/MIbKUX JIMHUI agpeca ANA onpefeneHus TOro, Kakoe yCTPOWCTBO ByeT «BeliaTb», a KaKoe - «CAyLiaTb,
NOAKMOYMBLLUMCL K COOTBETCTBYIOLWMM AMHUAM, a TaKke Habopa ynpasaatoWwmMx AUMHWA, KOTOpble ONpeaenstoT,
KaKoe AelcTBMe BbiNoHAETCS (nepedada AaHHbIX OT uan K LM, obpaboTka npepbiBaHUM, npsamoit goctyn K O3Y u
T.N.). Bce AMHWMM [OaHHbIX, PaBHO Kak W pAd APYTUX AWHUIA, ABAAIOTCA ABYHanpaBieHHbIMM - OHM AMbOo
NOAKAIOYEHbBI K BbIXOAY 3/1EMEHTOB C TPEMSA COCTOSHUAMM, MO0 B HEKOTOPbIX CAyYasx K OTKPbITOMY
KO/NINEKTOPHOMY  BbIXOZY JIOTMYECKMX 3/M1EMEHTOB C HarpysodHbIMM pPe3ncTopamm (3T pesnctopbl 0ObIYHO
YCTaHaB/MBAIOT Ha KOHLUE MarmcTpanu, npu 3TOM OHU AOMNOJHUTENIbHO BbIMOAHAIOT QYHKLMIO COr1acoBaHUs O/
YMEHbLUEHNA OTPAXKEHUM CUIHANOB B JIMHUAX MArmcTpanu, CMm. Takxe pa3d. 13.09); HarpysouHble pe3ncTopbl
MOTYT OKa3aTbCsA HEOOXOAMMbIMU U B Cy4ae NPUMEHEHMA YCTPOMCTB C TPEMA COCTOAHMAMM B TOM C/ayyae, Koraa
MarucTpanb nmeet 60bLIYI0 GU3UYECKYID OJNHY.

DNeMEHTbI C TPEMA COCTOAHUAMM UAW C OTKPLITbIM KOMNEKTOPOM MOAKNOYAIOTCA TaknMm obpa3om, 4Tobbl nx
MOYHO Obl/I0 NEPEBECTUN B OTK/IOYEHHOE COCTOAHME, MOCKO/IbKY NMPW HOPMasbHOM paboTe mMarmcTpanm B Kasablii
MOMEHT BPEMEHW TONbKO OAHO YCTPOMCTBO AO0/I)KHO BbICTABAATb AaHHblEe Ha COOTBETCTBYHOWME NIMHUWU AAHHbIX.
Kaxkmaa 3SBM npuaepxuBaeTca TwaTenbHO pa3paboTaHHOro NpoTOoKOMa A4NA ONpefeneHuAa TOoro, Kakoe
YCTPOWMCTBO BbICTAaBAAET AaHHble M Koraa. Ecnv aToro He caenatb, BO3HMKAET MOAHbIN Hecnopanok, Koraa sce
KpU4yaT ofHOBPEMEHHO. (KOMMNbIOTEPLLIMKK HE MOTYT YCTOATb Nepes UCKYLLIeHMeM OoayLleBnTb cBon IBM, a Takxe
nx nepudbepuintHble YCTPOMCTBA W Apyrue y3nbl. WHKeHepbl uayT Aanblie v obpallatoTcs Kak C KUMBbIMKU C
TpUrrepaMm 1 ApyruMm NOrMYEeCKUMM cxemamn. Mbl, ecTeCTBeHHO, bByaem cnenoBaTb 3TOM TPAAMLMN.)

Cpeayn pasHbix TUMOB BHYTPEHHMX Marmcrpasei KOMMNbOTEePOB CYLLECTBYET OAHO MHTEepecHoe pasanyue.
OHM MOTyT BbiTb IMBO CUHXPOHHbBIMM, AMOO ACUHXPOHHBLIMK, B MONYAAPHLIX MUKPOKOMMbIOTEPAX MOMKHO HaMTK
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npumMepbl  KaXXaoro Tuna. YTO 35TO 3HauuT, Bbl yBnaunTe, Korga Mbl 6y,£l,eM AeTaNbHO pPacCMaTpumBaTb
B3aVIMO,£],el\/'ICTBVIe OTAENbHbIX Y3/10B KOMMbIKOTEPA Yepe3 marmcrtpasib.

Mbl BepHemMcA K NOAPOOBHOMY PacCMOTPEHUIO MarncTpaan C NPUMEpPamM COOTBETCTBYHOLWMX MHTepdelcos,
paccmaTpuBas nonyaapHoe cemeictso IBM PC/XT. OpHako cHayana Ham HeobXoAMMO MO3HaKOMWTbCA C
Habopom KomaHg, LiM.
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Habop KoMaHa KomnbioTepa

10.02. A3biK accembriepa u A3bIK MAUIUHHbIX KOOO8

Ons TOro 4tobbl NOHATL CUIHAAbI MArMCTPAAN U GYHKUMOHMPOBAHNE KOMMbIOTEPA, HEODXOAMMO BbIACHUTD,
yto Aenaet LM BO BpemAa BbINOMHEHMA PaA3/MYHbBIX KOMaHA. COOTBETCTBEHHO Ham XOTesnoCb Obl MO3HAKOMMUTb
ynTaTena ¢ Habopom KomaHa cemeinctsa IBM PC/XT. K coxaneHuio, Habop KomaHg 60MbLIMHCTBA peanbHO
CYLLECTBYIOLIMX MMKPOMPOLLECCOPOB MMeeT TEeHAEHUMIO K pacliMpPeHMto, COMPOBOMKAAOLLYIOCA YC/NOXKHEHMEM,
HapAaay ¢ AobaBfeHnem A0MNONAHUTENbHbIX BO3MoxKHocTer, n MI Intel 8086 He nckatoveHme. OAHAKO MOCKO/bKY
Hallel Lenblo SBAAETCA TONbKO MAMCTPALMA CUIHAN0B Marnctpaaum M GyHKUMOHUMPOBAHMA KomMMbtoTepa (a He
M3OLPEHHOE MNPOrPaMMMPOBaHME), PaACCMOTPUM COKpaLLEHHbI Habop KomaHa — MoAMHOXecTBo Habopa
KomaHa, MT 8086. VCKNOUMB «ULWIHUE» KOMaHAbI, Mbl TEM CaMbiM pellaem npobaemy Bbibopa orpaHMYeHHOro
COAEP!KaTeNIbHOTO MOAMHOMECTBA MOHATHbLIX KOMaHZ, A0CTaTOYHbIX [/ MPOrpaMmmMpoBaHMA ftobolt 3adaun.
Hdanee Mmbl Mcnonblyem 3TOT Habop KOMaHAg A1A TOro, 4Ttobbl NPOAEMOHCTPMPOBATb HECKOAbKO MNPUMEpPOB
bYHKUMOHMPOBAHMA  anmnapaTtHOM 4YacTM W NPOrPaMMMUPOBAHMA. DT MPUMEPbl MOMOTYT BbIPasnTb UJEHD
NPOrPamMMMPOBaAHMA Ha YPOBHE MALLUMHHbIX KOMaHZ, 4YTO PeLlnTeNIbHO OT/IMYaeTcA OT MPOrpamMMMpPOBaHMA Ha
TaKMX A3blKaxX BbICOKOrO YPOBHA, KaK

®opTpaH uamn Cu. HeckonbKo CNOB MO MOBOAY A3blKa MAalUMHHBIX KOAOB M A3blka accembnepa. Kak yxe
ynomuHanocb Bblwe, LM KomnbtoTepa npeaHasHaydeH A0A MHTeprpeTaumMu onpeaeneHHblX MalWMHHBIX C10B B
KayecTBe KOMaHZ W BbIMO/AHEHMA COOTBETCTBYIOLLMX MPOrPaMMHbIX npoueayp. TakoM MalMHHBIN A3blK COCTOUT M3
Habopa ABOWMYHbLIX KOMaH/, KaK[1as M3 KOTOPbIX 3aHMMaeT OAMH WAM HeCKoNbKo 6ainT. Hanpumep, KomaHaa
MHKPEMEHTMPOBAHUA (YBENIMYEHUA Ha eAWHULY) coaepXmumoro pernctpa UM byaet oaHobainToBOKi, B TO Bpems
KaK 3arpyska B Pernctp COAEPKMMOro Nnamat 0OblMHO TpebyeT Kak MUMHUMYM AByX BalT, npuyem 3TO 4YMCI0
MOXeT ObITb yBe/NMYEHO A0 NATM (Npy 3TOM nNepBbii OyaeT onpenenaTb COBCTBEHHO KOMaHAy W peructp, a
yeTblpe ByAyT HeobXoAMMbI ANA YKa3aHUA NMPOU3BOALHOW AYENKM NamaTh A BOAbWOM MalwwuHbl). MevansHoM
PEeaNbHOCTbIO Hallel AeNCTBMTENbHOCTM ABAAETCA TO, YTO pPasHble KOMMbIOTEPbI MMEIOT OT/M4Yatolmecs
MalLMHHbIE A3bIKM U 3[€Cb HET COBEPLUEHHO HMKAKOWM CTaHAapTU3aLmu.

MporpammumpoBaHMe HENOCPEACTBEHHO B MALUMHHBLIX KOAAX ABAAETCA WCKAOYUMTENbHO TOCKAMBbLIM
3aHATMEM, TaK KaK NpUxXoauTca MMEeTb A0 C KOJIOHKAaMWU ABOMYHbIX YMCEN, Kaxablh OUT KOTOPbIX CYLLECTBEHEH.
[o3TOMY Bbl HEM3HEKHO A0/KHbI MCNO/b30BATb MNPOrpammy, HasblBaemyto accembsiepom; OHa NO3BOASET NMcaTb
NPOrpammsbl, MCNOMb3yA SIErKO 3aMNOMMHAEMble MHEMOHMYEecKMe 0603HaYeHUs KOMaHA, M CMMBOJIbHblIE MMEHa,
KOTOpble Bbl MOXETe NpuaymMbiBaTb camum ana sdeek O3Y n nepemeHHbIX. [Tporpamma Ha s3bike accembnepa Ha
camom Jiene He bonee, yeM Habop NOXOXMX Ha WKUPP CTPOK, codepalmx DYKBblI U Yncna; ee cneayeTt nepenatb
«B PYKM» NpOrpammbl, HasbiBaemoln accembaep, Ans TOro 4Tobbl MOAYYMTb B pe3ynbTaTe 3aKOHYEHHYHO
nporpammy B MaLUMHHOM 0OBbEKMHOM KoOe, KOTOPYHD KOMMbIOTEP MOXKeT BbiNoAHUTL[3]. Kakpaa CTpoka
accembfiepHOro Koda NpeBpallaeTcs B HECKO/IbKO 6alT malmHHoro koaa (1-6 6ant ana MM Intel 8086).
HenocpeacTBeHHO BbIMNOHATL KOMaHAbl Ha A3blke accembiepa KOMMbIOTEP HE B COCTOAHUMN.

Ona TOro 4ToObl KOHKPETM3MPOBaTb BbICKA3aHHble COOOPAXKEHMA, PACCMOTPMM Halle MNOAMHOMECTBO
KOMaHA A3bika accembnepa MI Intel 8086/8 1 BbINONHUM HECKOJIbKO NMPUMEPOB.

10.03. YnpoweHHbIl Habop KomaHO npoueccopa
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n_3

Intel 8086/8

Intel 8086 — 370 16-pa3pagHbIi npoleccop ¢ BoratbiM M HECKO/IbKO CcBOe0Hpa3HbIM Habopom KOmaHA,
CNOXHOCTb KOTOPOro oT4yacTM 0byc/noBfeHa CTpemMIeHWeM pPa3paboTYMKOB COXPaHUTb COBMECTMMOCTb C 8-
paspaaHbim M Intel 8080 paHHein moaenu. bonee nosaHue paspaboTku, Takme Kak MI Intel 80286 n 80386, Bce
ellle NoAAepPKMBAIOT NOAHbLIN Habop KomaHa MIT Intel 8086. Boopy»KMBLUMCL MOAXOAALIMM MadeTe, Bblbepemcs
M3 JXKYHTAEN NOAHOrO Habopa KOMaH/, COXPaHWB NMLIb HY)KHble Ham celyac 10 apudmeTnyeckmnx KomaHa m 11

npo4mx. BoT oHu:

Kosmanaa Kak Bu ee
HAILIBAETE

Apugh memuueciue

MOV b, a [Mepecsuika
ADD b, a [oGannerns
SUB b, a BuuanTanse
AND b, a JNormyeckoe H

OR b, a Jloruveckoe
HIH
CMP b, a Cpasnenne

INC rm Haxpenent
DEC rm Hexpement

NOTrm HE

NEG rm Himenerne
IHAKA

Cmexosbie

PUSH rm Tlepecsuika
B CTEK

POP rm Hisneuenne
H3 CTeKa

Komandw ynpasaenun

IMP label Tlepenaua
YNpaRaeHAR

Jec label Yenoepnas
nepenaya
YIpARAeHNRA

CALL /abel Boizop

Yr1o oma genaer

a—+ b, a He HIMEHAETCH

a + b - b; a ne nameHEAETCA

b —a— b, a He B3MEHAETCA

a H b— b nopaspanso,
a He WIMEHAETCH

a WIH b — b nopaspanro,
a He H3MEHSETCH

Veranasaasaer uiakks, Kag
B ciyuae b—a; a, b #ve
HIMEHAHOTCH

rm+ 1= rm

rm—1—rm
nopaspaaHEo

Wasepcun rm — rm,
NopaspAIHD

FM ¢ HIMEHEHHBIM 3HAKOM
- rm

3aHOCHT rm B CTEK
(2 Gaiira cpa3y)
M3 crexka HIpnexarorcd
2 Dajfita ¥ MepeNaloTCH B M

YnpasneHAe NepedacTCR
KoMaHge, NoMedeHHOH
metkoil label

YnpasneHne nepegaercs
KOMaHAEe, MoMedeHROH
meTkOi label B TOM Ciygae
KOI'Oa ©C—HMCTHHHO

3aHOCHT B CTEK aapec
cneayrollell KOMaHIEL,
nepefaeT Vopasacane
KOMAaHZE, NoMeueHHEOH
label
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RET Boappat Hapnekaer w3 cTexa agpec
YNpABMEHHA  © MEPEJAeT YNpaB/IeHAe no
ATOMY AApecy
IRET Boappat H3pneraer H3 CTEKA aapec,
YNpasieHHs  BOCCTAHABIMBAET (PNaXKH,

H3 Opephl- nepenaeT yNparieAAe Mo

BAHAR BHIOpaHHEOMY aOpecy
STI1 Hunosanusa- Palpeumaer npepsipanus
OMA npephl-
BAHAA
CLI Copoc 3anpewaer npepslBAHUA
npepLisaaui

Ynpassenue seodos-abiaodom

IN AX(AL) Beon port —+ AX (mma AL)

port

OUT port, Beiopy  AX (wnm AL) - port

AX(AL)

Hpumevanun

b, a: moOnie COMETAHHA W3 m, r r, m m, imm r, imm
m: r HAM m, OpH PAIMIHMHBLIX peXMMAX ajpecaumy

cc: moboe 13 Z NZ G GE LE L C NC

label: ANA PalIHYHLIX PEXHMOB ANpecanuH

port: nubo Gafit (¢ mcnonsiosanneM imm), nubo
cnoBo (¢ Ecnons3opanneM DX)

KpaTkuii 0630p. HekoTopble MOACHEHWA: NepBble WeCTb apUPMETUYECKMX KomaHa, paboTaloT ¢ napamu
ymcen (2-x onepaHAHble KOMaHZbl), KOTOpble Mbl 0603HAYMM KaK b, @ M KOTOpble MOryT NPeAcTaBaAATb COHOM
Mobylo 13 NATW Nap, yKasaHHbIX B NPUMEYaHnM; Npu 3TOM M 03HaYaeT COAEPHMMOe AYeMKM NamaTK, r O3HavaeT
coaepkmmoe permctpa LM (ux 8), a imm — HenocpeACTBEHHbIN apryMeHT, KOTOPbIA NpeacTaBaseT cobol 4ncno,
pacnosaraemoe B ciedytolimx 3a KomaHaom oT 1 o 4 6anT namati. Takum 06pasom, Hanpumep, KoMaHabl:

MMEIT aprymMmeHTbl TUNOB m, r, m, imm, r, imm COOTBETCTBEHHO. [epBan KOMMPYeT COAEPKMMOE PerncTpa
CX B fA4eilKy nmamsaTv, MMeHyemylo count; BTopas npubaBaseT 2 K COAEPNKMMOMY APYroi SYerKku namaTu,
nmeHyemor small; Tpetba 0bHynAeT 9 cTapwux paspsgos 16-paspagHoro perncrpa AX, coxpaHas npu stom 7
MNAZLINX Pa3pAg0B HEM3MEHHbIMM (TaK HasbiBaemas onepaums mackupoaHuda). OTMETUM NpuHATOe GUPMOW
Intel cornaweHne o nopaaxke apryMeHTOB: MEPBbIA apryMeHT 3amellaeTca BTOPbIM MAM MoAMbULMpPYeTCA Ha
OCHOBE 3Ha4yeHWa BTOPOTO aprymeHTa. (B cneaytouleit rnase mbl yBMAMM, 4To Motorola npeanucbisaeT Apyroi
nopAaoK AencTBuiA).

MocnedHue veTbipe apudMeTUYEcKMe onepaumnm MMEKT TOAbKO OAMH OfnepaHd, KOTOPbIi MOMeT 6biTb

cofepKumbiM nbo pernctpa, AnMbo aveliku namat. BoT aga npumepa:

MepBaa KomaHAa npubaenaer 1 K AYerKe NaMATM, MMEHYeMOW count, a BTOpas W3MEHseT 3HakK
coaepxmmoro permcrpa AL.

Jlnpuyeckoe oTcTynaeHune: agpecauma. pexae, Yem NPoAO/IKUTb, HECKOIbKO CA0B MO MOBOAY aZpecauunu
perucTpoB 1 namatu. Mpoueccop Intel 8086 npeanaraeT MCNonb30BaTh 8 ero PernctpoB obLEero HasHavyeHus,
OAHaKo nocne wmsydeHua puc. 10.2 Bbl NpuaeTe K 3aKJKOYEHUIO O TOM, 4YTO DO/bLWIMHCTBO 3STUX PErUCTPOB
NCMNONb3YIOTCA cneumudruyeckn.
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OBoanay,

16-pasp.
perucrpa
7 o7 0
AX AH AL
YmHOM, /pen. /
PerucTphi, DX DH DL BBOA /BHBOA
anpecyemble <
NoBAATHO Cx CH CL LiMKA, COBuT, cueTy.
. BX BH BL PermcTpbl 5a30B0H
BP YxkasaTenb 6a3sl OApeCaLH
51 WHexc WCToMHKMKE MHaeKCHYe
DI HHAeKC npHeMHHKa il
sp YxasaTear cTexa Yxa3ar. cTexa
15 ]
Cap M3pP

Puc. 10.2. Peaucmpsl obuwieeo HazHavyeHus MI 8086.

YeTbipe 13 HUX (A-D) moryT bbiTb MCMOb30BaHbl Kak B BUAE eauHbIX 16-paspsagaHbix peructpos (AX, roe X
O3HayaeT extended — pacClIMpeHHbIN), Tak U B BuAe nap banToBbIXx pernctpos [AH, AL, cooTBeTcTBEHHO H
O3HayvaeT cTtapwuin (high) 6ainT pernctpa AX, a AL- mnaawnii (low) 6ainT]. Pernctpbl BX 1 BP, Tak e Kak 1 Sl, DI,
MOTyT COfepXaTb ajpeca W npefHasHauyeHbl A8 UCNO/b30BaHMA Npu agpecaumn (cm. HuMxe). CheumanbHblie
LUMKAMYECKME KOMaHAbl (KOTOpble Mbl UCKAUYMAM M3 HALIero KpaTKoro nepedHa) mcnonbsyoT pernctp C, a
KOMaHAbl YMHOXeHUs/aeneHuns 1 BBoAa-BbiBOAa MCNONb3YIOT peructpbl A u D.

[aHHble, ncnonb3yemble B KOMaHAax, MOTMyT NpeacTaBAATb CODON KOHCTAHTY, BEMYMHY, COAEepKaLlytoca B
perncTpe WAM BeSIMUYMHY, COAEPKALLYtOCA B MaMATU. KOHCTaHTbl Bbl yKa3blBaeTe, MPOCTO 3amucbiBad WX, a
PErucTpbl - MO MMEHaM, TaK, Kak Oblfio NoKkasaHo Bbiwe. Ana agpecauun namatn MM Intel 8086 obecneumBaeT 6
PEeXMMOB agpecaumnm, TPU 13 KOTOPbIX NOACHEHbI cxeMamMu Ha puc. 10.3.
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Tapwas
Npsmasn  |Komawpa | [Ma.uacte |HEETF |

Appec auenku namaTi

Kocsennas [Komanpa |—-——--ef “TapW3RA Egﬂﬂ‘gﬂﬂ | BX,BP SIunu DI

N——— —

Anpec aueRku namaTi

MnuacTo] fCT.9actp!?
UnaekcHan Huma::na e !EI | cmeugnun

B

YkazaTeno “\

. Anpec AYeHKH NAMATH

b
%

[E-azoahm ﬁng.; E‘Tagljlilﬂl BX,BP, STnau DI

Puc. 10.3. Hekomopsie cnocobel adpecayuu.

Bbl MO)KeTe NpAMO YyKa3aTb MMA MEePeMeHHOM, B 3TOM C/Ayyae ee afapec npu accembampoBaHum byaet
onpeaenaATbca napon HanToB, CAeayloLWMX CPasy »Ke 3a KOMaHAOM;, Bbl MOXETe 3aHecTV agpec nepemeHHon B
OAIMH U3 PErncTpoB, MCNonb3yembix Ana aapecaummn (BX, BP, SI man DI), a 3aTem BbINOAHWUTb KOMaHJy, B KOTOPOM
npeaycMoTpeHa KOCBEHHAA afpecauma Yyepes COOTBETCTBYIOWMA PETUCTP; MOXHO MOANMPULMPOBATL NOCAEAHWN
pPeXUM agpecaummn n nNoayyaTb agpec NnepemMeHHon, NpnbasaAa KOHCTAHTY CMELLEHNA K COAEPHKMMOMY PermcTpa,
MCNONb3yeMoro AnA agpecaumu. KocBeHHbI pexxum ObicTpee (B NPeAnoNoXeHUM, YTO afpec y:Ke 3arpyKeH B
COOTBETCTBYIOLLMI PETrUCTP) U ABAAETCA ropa3fo 6osiee NpUemaeMblM, €C/iM Bbl XOTUTE BbIMOAHATb HEKOTOPble
onepauum HaZ, MHOMKECTBOM Yumcen (CTPOKOM MM MacCUBOM).

BOT HECKO/IbKO NPUMEPOB aapecaLun:

B OByx mocieAHWX KOMaHA@x MpefnonaraeTca, YTo Mbl yKe 3arpysuam agpec B BX. MocneaHas KomaHAaa
KonupyeT codepskumoe AX B A4eKy NamaTh, cmelleHHyto Ha 4 K (1000-puyHoe) Bbilie OT AYEeMKM, Ha KOTOopYHo
yKasbiBaeT BX; HMMKEe Mbl BKpaTLE PacCMOTPUM MPUMEP, WAMOCTPUPYIOWMIA, KaK MOXHO WCMO/b30BaTh 3Ty
KOMaHay 419 KOMMPOBAHWA MaccuBa.

Mpn agpecaumm namatu ana MM 8086 cyllecTByeT CAOKHOCTb APYroro poaa, KoTopyto Mbl Bblao «3amenm
nof Kosep»: agpec, dopmupyemblii B 1t06OM M3 BbilIEYKA3aHHbIX PEXMMOB aJpecaumu, He ABAAeTCcs
OKOHYaTe/IbHbIM, AEeNCTBUTENbHbIM aZpecoM, MOCKO/bKY MOydYaemblid Takmm obpa3om aapec MMeeT ToNbKo 16
PaspAaoB (M MOXKET afpecoBaTb TONbKO 64 K6alT namaTn). Ha camom gene To, YTO BbIUMCAAETCA MO YKa3aHHbIM
BbilLE MpaBWAaMm, Ha3biBaeTcs cmelleHnem. s Toro 4tobbl NONYYMTb AEUCTBUTENbHbIN, GU3MYECKUIM aapec, Bbl
[OMKHBI NPUBaBUTL K cMellleHnto 20-pa3paaHyto 6a3oByto BEANUYMHY, NOyYaemMyto cABUIrom Ha 4 pa3pana BAeBO
COAEPHKUMOro 16-pa3pagHOro CermeHTHOro pernctpa (Takux pernctpos umeetcs 4). Apyrumn cnosamm, M 8086
Nno3BoNAeT Bam 0bpallathbca K 06aacTaAM NamaTn no 64 KO6alT; NonoxeHne 3TUX KCerMEHTOB» BHYTPW MOJIHOMO
afpecHoro npocTpaHcTea 1 M6alT, 4To B CBOKO o4epelb ONpenenAeTca COAEPHKMMbIM CErMEHTHbIX PErncTpos.
Mcnonb3oBaHme 16-paspsgHoit agpecaumm B MM 8086 no 6Gonblwomy cyeTy 6bi10 6onbLWON  OLMOKON,
yHacnea0BaHHOM OT PaHHMX NOKOAEHWNA.

Bonee coBpemeHHble MI (HaumHaa c 80386, a Takxe cepum 68000) caenaHbl Kak Hago BO BCex
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OTHOLIeHMAX, C 32-paspsagHoi aapecaumein. [na Toro 4tobbl He YCAOXKHATb HalM MPUMEpPbI, Mbl MPOCTO
UFHOPMPYEM CErMEHTbI BOODOLLE; Ha NPAKTUKE Bbl, KOHEYHO, AO/MKHbLI ByaeTe O HUX NOBECNOKOUTLCA.

0630p Habopa KomaHa (NpodosxKeHue). PaccMoTpuMm Ternepb KoMaHApbl ynpasaeHus ctekom PUSH n POP.
CTeKk — 3TO YacTb NamsaTU, OpraHM30BaHHaA creumanbHbiM 06pa3om: KOraa Bbl 3aHOCMTE HEKOTOPOE 3HayeHue B
CTeK (BbIMOMHAA onepauumio push), 3To 3HaYeHMe 3aHOCUTCA B OYepedHYo AOCTYMHY AYeirKy (BeplnHy cTeka); a
Korfa Bbl M3B/AeKaeTe 3HayeHne U3 cTeka (BbinoaHaa onepaumio POP), oHO BbibupaeTca 13 BepLlUMHbI CTeKa, T. e.
BbIBMpaeTca To, YTO ObIIO 3aHECeHO B CTeK nocneaHuMM. Taknmm obpasom, cTek — 3To nociesoBaTebHbIM Habop
[aHHbIX, OPraHM30BaHHbIA MO NMPUHLMNY: NOCAeAHMM MpULLEN-NepBbIM Bbillen. Bam, moxeT bbiTb, OyaeT nerdye
OCBOWUTb 3TO MOHATUE, eC/K Bbl NpeacTaBuTe cebe MOHETHYIO Kaccy BoaWTens asTobyca MKW CTOMKY MOAHOCOB B
CTO/10BOM.

Puc. 10.4 nokasbiBaeT, Kak paboTtaeT cTek. CTek pacnonaraetca B obblMHOM O3Y, a ykazamesns cmeka
(permncTp SP) LM obecneuynmBaeT BO3MOMKHOCTb AOCTyMNa K TOM siyeiKke NamsaTh, KOTopas ABAAETCA «BEPLIMHOM» B
OAaHHbIM MOMeHT BpemeHn. [na MM 8086 cTek cocToMT M3 16-pa3pAgHbIX C/IOB M NO Mepe 3aHeCeHMA B Hero
AaHHbIX «pacTeT» BHM3 B O3Y. Comepmmoe pernctpa SP aBToMaTUYeCKM AeKpeMeHTUMPYeTCa Ha 2 nepem, KaKaom
onepaumyenn PUSH u MHKpemeHTMpyeTca Ha 2 nocie Kaxkaon onepauum POP. Takmm obpasom, Hanpumep, 16-
pa3paaHoe CcoaeprKmMmoe permctpa AX KOMMPYeTcs B BEePLUMHY cTeKa KomaHaoh PUSH AX; SP yka3sbiBaeT Ha
nocnenHui 3aHeceHHbIn 6anT. KomaHaa POP BbinosHAeTcA B 06paTHOM NMopAAKe, Kak nokasaHo Ha puc. 10.4.
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AHD CTekKa Anpgca
/ l__ NamaTi
3A 7FFF 34 TFIFF
Ywe B Fa !
F2 | 7FFE
- CA | 7FFD cA| |
Bepuutia | opy_o (0B | 7FFC 0B [
CTeKa |
CTapii 1 TFFE . I
Mycop xx_ | TFFA (SP)—» 2B | 7FFA
XX - “PUSH AX“——s < Crapbid XX
Mycop
sP | 7F 1+ FC | sp | 7F 1 FA |
AX [ 4c + 2B | Ax [ac T 28 |
a. Peaynorar gefcTBus Komangs PUSH
3A | 7FFF 3A | TFFF
F2 £2
CA CA
OB —p{ (B 7FFC
AC AC
—» 2B 7FFA ) ) Mycop 2B 7FFA
{ XX - "“POP BY“—— - XX
Mycop
sp | 7F 1 FA | sp [ 7F | FC |
BX [ 12 T 34 | BX |_4C | 28 |

- =

6. PeaynbTaT pedcTaus Komanpp POP

Puc. 10.4. Onepayuu co cmekom.

Mbl YBUOMM, YTO MPU peanvs3almu BbI30BOB MOAMPOrPamMM M MPEpPbIBAHWA CTEK UrpaeT Beadyllylo Posb.
KomaHaa JMP 3actaenaet LM OTKNOHUTLCA OT 0BbI4HOM NpoLeaypbl NOCNe0BaTENbHOMO BbINOJHEHUA KOMaHA,
nepexogs K BbINOJHEHWIO TOM KOMaHAbl, Ha KOTOPYK COBeplUaeTca nepexos. KomaHaa ycnoBHOro nepexoia
(BO3MOMKHO 8 pasnuyHbIX BapuaHToB, 0DO3HauYaemMbix 0ObIYHO J) NpoBepseT pernctp ¢aarosl4], KOTOpPbIK
pacrnonaraetca B UM (BWTbl paspagoB 3TOrO PerucrTpa yCcTaHaBAMBAKOTCA B COOTBETCTBUWM C  PE3Y/1bTAaTOM
BbIMO/IHEHUA Camol nocieaHen apubmMeTUYeckon onepaumm), a 3atem AMbBO BbINOAHAET Nepexo, (ecau ycaosue

WCTMHHO), NMBO BbLINOMHAET CAeAyloWyl0 33 KOMaHAOM YC/OBHOTO Mepexoda KomMaHay (ecin ycnoBue He
MCTWMHHO). Mporpamma 10.1 NokasbiBaeT NpMMep YCA0BHOIO nNepexoa.
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IMporpamma 10.1

MOV BX, 1000H ; Jamucath anpec maccupa B BX

MOV CL, 100 ; JagaTh HAMANBHOE IHAYEHHE CUETYHEA LMK
LOOP: MOV AX, [BX] ; KonupoeaTs anemedT maccHsa 5B AX

MOV [BX + 400H], AX ; IlepeTi ¥ ApYTOMY MACCHBY

ADD BX, 2 ; IHKpEMEHTHPOBATE YKA3ATENE MACCHBA

DEC CL ; JeKpeMCHTHPOBATE CUCTHHE

INZ LOOP ; LiMka, noxa cHETYHE LHKNA He oDMymHTCA
NEXT: (cneaywimHe KOMaHIbI) ; 3aeck BBIXOO NOCTE TOTO, KAK BCE COE/aH0

OHa KonupyeT 100 cnoB M3 MaccuBa, HauMHatoulerocsa ¢ aapeca 1000H, B HOBbIM MaccKB, HaYMHAKOLWLMNCA Ha
1 Kb6anT (400H), Bbile. OTMETUM ABHYIO 3arpy3Ky ykasaTens (B pernctp BX, ucnonb3yemblit ana agpecauun) u
cyeTynka umkna (B CL). CobCTBEHHO MacCMB C/IOB AO0/KEH ObiTb NponylleH Yepes pernctp (mbl Bbibpanu AX),
nockosibky MM 8086 He noaaep)KMBaeT KOMaHAbl TMNa NamATb-namMaTb (CM. NpumedaHue K Habopy KomaHa). B
KoHue 100-ro umkna CL = O 1 KomaHaa «nepenTn, ecim He Hyab» (JNZ) 6onee He BbIMOAHAETCA. ITOT Npumep
byneT paboTtatb[5], 0AHAKO Ha NPAKTMKe Bam, BO3MOXKHO, CleflyeT UCMonb30BaTbh Honee HbicTpble KomaHAabl M
8086-nepechiNkM CTPOK. XOPOLWMM TOHOM B MPAKTUYECKOM MPOrPaMMMUPOBAHNN CYMUTAETCA WCMO/b30BaHMe
CUMBOJIbHbIX MMeH A5 0603HaYeHUs MacCMBOB U UX PAa3MEPOB BMECTO COOTBETCTBYHIOLWIMX KOHCTAHT, TakuUX KaK
400H »n 1000H.

OnepaTtop CALL aBnseTcs BbI3OBOM MOAMNPOrPaMmbl; OH NoAobeH KamaHae nepexoaa, 3a UCKIYeHWem
TOro, 4yTo adpec Bo3BpaTa (agpec KomaHabl, cneaytoulein 3a KomaHgon CALL) 3aHocuTca B cTeK. B KoHue
noAnporpammbl Bbl BbiMOAHAeTe onepatop RET, KOTOPbIM WM3BAEKAET M3 CTEKA €ro COAEPKMMOe TaK, 4ToObl
nporpamma mMorna HaiTu «obpaTHyto gopory» (puc. 10.5).

— —

UM 3aHOCHT B -
CTEK CONEPIHHMOE 1
il yKazaTens kowang [ NEME: a—=a
et IP(“cneaylouni = | BoispiBaeman
BoiaviBarowt. CALL name ——————Jagpec“),a 8 s o= [ nognporpamma
nporpamma | CABRyROWWA __ TP-name { ums RET
afpec: BbI3LIBEAEMON
NOANPOrp.); saTeM -
ynpagnexue
nepeaaeTcy

L BbI3bIBAEMON
|_NOANPOTpamMMe _|
LN sbisHpaeT ]
W3 CTEKa CNOBO
M 3aHOCUT ero B
[P 3aTem ynpashn,
NepeqaeTcn no

aapecy “thepyw-
| M anpec

g e,

g
e

Puc. 10.5. Paboma KomaHOb! CALL.

Tpu onepatopa STI, CLI n IRET MMeOT OTHOLWEHUA K NpPepbiBaHMAM, WX PaboTy Mbl NPOUANOCTPUPYEM
BMeCTe C MpMMepamMu COOTBETCTBYIOWMX INEKTPUYECKUX CXEM W HUMKE B 3TOW rnaBe. HakoHel, KomaHAbl BBOAA-
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BoiBoga IN u OUT nepecbinaloT C/AOBO WAM BaWT Mexay peructpom A M COOTBETCTBYHOLIMM 0Opasom
apecoBaHHbIM NOpTOM; NoapobHee 06 3TOM YyTb NO3KeE.

10.04. lMpoepammHsIU nhpumep

MpuMmepsbl, NPUBEAEHHbIE Bbille, HABOAAT HA MbIC/Ib O TsAre sA3bika accembiepa K MHOroc/0BuiO; TpebyeTca
MHOECTBO MaNIeHbKMX LLIAXKKOB A4 TOro, 4tobbl caenatb B 06LEM-TO NPOCTytO Bellb. BOT npumep apyroro
poAa: AOMNYyCTUM, Bam HEOBXOAMMO WMHKPEMEHTMPOBaTb Yncio N, ecnm oHo paBHO Apyromy ymcay — M. Takum
OyaeT TUNUYHBIA KPOoLEeYHbl dparmeHT 60/bLION NPOrpPaMMbl, M Ha S3blKax BbICOKOrO YPOBHA Takoe AencTBme
6yaeT BbINOAHATLCA AMHCTBEHHOM KOMaHAO0MN:

Ha accembnepe MMM 8086 aTn aencTeus byayT BbIrNsaeTb, Kak nokasaHo B nporpamme 10.2.

IMporpasma 10.2
nDW O ; 0 (CNOBO) pAcMONAraeTca 3NECh
m DW 0 ; M pacnojaraercd 3feck, oba W3HATANLHO 0OHYNEHEL
MOV AX. n ; MNoaymTe n
CMP AX, m ; Cpapuuts
JNZ NEXT ; He papHBI—HE%ero He Jenate
INCm ; Panini — HHKPEMEHTHPOBATE M

NEXT: (cnemyrouime KoMaHmIe)

Mporpamma-accembnep npeBpatTMT 3TOT Habop MHEMOHMYECKMX BblpaXKEHMIM B MallMHHbIE KOAbl, KakK
NPaBsnao, TPAHCAMPYA KaKayld CTPOKY WCXOLHOro accembiepHOro TeKCTa B HECKO/IbKO 6alToB MaALLUMHHbLIX
KOMaHA, M MNOJIyYeHHble KOAbl MALIMHHBIX KOMaHA, npexae 4Yem ObiTb MCMONHEHHbIMKW, OyayT 3arpyKeHbl B
nocnefoBaTENbHO PACMONOMKEHHbIE AYEMKM NAMATY.

OTmeTuMm, 4To accembniepy Hafo yKaszaTb Ha HEOBXOAMMOCTb BblAe/IEHMA HEKOTOPOro obbema NamATu NoJ,
nepemeHHble. 3TO AeNaeTca C nomollbto accembrepHoro ncesgoonepatopa DW (Define Word-onpeaennts
C/I0BO) (3TOT onepaTop fABAAETCA MCEBAOOMNEPATOPOM, TaK KaK eMy He COOTBETCTBYET HWMKAKOM MCMOMHAEMbI
Koa). [Ana Toro 4tobbl NomeyaTb KOMaHAbl, MOFyT OblTb WMCMNO/Ab30BaHbl YHWKa/NbHblE CUMBO/IbHbIE METKM
(Hanpumep, NEXT). KomaHabl 06bIMHO MOMEYatoTCA Wb B TEX C/yYanX, KOr4a Ha HUX OCYLLEeCTBAAETCA nepexos,
(JNZ NEXT). MpucBanBasi nepemeHHbIM MOHATHbIE BaM CaMOMYy WMMEHa M BBOAS KOMMEHTapuu (oTaeneHHble
TOYKOW C 3ansTol), Bbl obnerdaete cebe NpouUecc NPOrpaMmMMUPOBaHUA; 3T PEKOMEHJALIMM 03HAYaloT TaKXKe, YTo
y Bac OyAeT WaHC HECKONbKMMU HedenAMM MO3XKe MOHATb, YTO Bbl Hanucanu. MporpaMmmpoBaHMe Ha A3blKe
accembniepa MOMET MO-NPEXHEeMy OCTaBaTbCA HEMPUATHbIM [e/0M, OAHAKO 4acTO Ha 3TOM A3blke OblBaeT
HeobXO0AMMO HanucaTb KOPOTKYLD Mpoueaypy YynpasieHWMa BBOAOM-BbIBOJOM, Bbi3blBAEMYKD M3 MPOrpPamMmbl,
HamMWCaHHOM Ha A3blKe BbICOKOrO YpPOBHA. [porpammbl Ha A3blke accembnepa paboTatoT ObicTpee, yem
CKOMMU/IMPOBAHHbIE C A3blKA BbICOKOrO YPOBHA, TaK YTO MX 4YaCTO WCMObL3YIOT Tam, r4e NoKasaTelb CKOPOCTU
paboTbl ABASETCA pellalwmm (Hanpumep, BO MHOFOKPATHO BbIMOAHAEMbIX BHYTPEHHWMX LMKAAX YMCAEHHbIX
BblYMCNEHUI BOMbLWIOTO 06bema).

PaspaboTKa A3blka nporpammmnposaHms Cu, obnagatollero 60abLMMM BOSMOMKHOCTAMMU, MUHUMM3MPOBAA
KO/IMYECTBO TeX CAy4aes, KOrAa Bbl AO/KHbI MCMNO/b30BaTb accemMb/iepHble MPOrpaMmmbl, TEM CaMbiM PacLINPUB
chepy npumeHumoctn Cu. B nobom ciaydae Bam TpyAHO OyAeT MOHATb, KaK OTAEeNbHble Y3/bl KOMMbIOTEPA
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paboTatoT coBmecTHO, 6e3 yAcHeHWA cyllecTBa acceMbiepHblXx KOMaHz BBOA-BbiBOoAa. COOTBETCTBME MEXay
MHEMOHMKOM A3blKa accembnepa M UCMNONAHAEMbIMM MALIMHHBIMKM KOMaHAammn 6yaeT M3y4yeHo HuKe B pa3o.
11.03, roe byneT NpouAIIOCTPMPOBAHO NpUMepammn nporpammmnposanmna MM 68000.

-386 -



CUrHaNbl MarncTpaam n ee PyHKLUMOHMPOBAHME

Tunoeaa MarnMcTpanb AaHHbIX MUKPOIBM mmeeT okono 50-100 curHanbHbIX AMHUIA, NpeaHa3HaYeHHbIX A5
nepegayn AaHHbIX, agpecoB M ynpasAsoWmMX curHanos. IBM PC/XT — TUNUYHbBIA MUKPOKOMMLIOTEP, BHYTPEHHAS
MarmcTpanb KOTOPOro COCTOUT M3 53 CUTHANAbHbIX AMHUIA U 8 ANHWI, NpeAHa3HaYeHHbIX ANA No4avu NMUTAHUA U
3a3emneHuns. Ons Toro 4ytobbl He ObpylWIMBaATL Ha Bac BCE 3TWU CUrHaAbl cpasdy, Mbl bygem npmbaMKaTbcA K
OCMbIC/IEHMIO MOAHOTO Habopa CUrHanoB, «HAACTPAMBaA» MarucTpasb, HayaB C TAKOrO KOJIMYECTBA CUIHaA/bHbIX
JNIMHUI, KaKoe HeobXoaMMO A1A NPOCTENLWEro pekrMma obMeHa AaHHbIMK (MporpaMmMmnpyemMoro BBoAa-BbIBOAA) M
nobagnAa no mepe HeobxoAMMOCTM AOMNOSHUTENIbHbIE CUTHA/bHble AMHMK. [lanee Mbl NPUBEAEM HECKOIbKO
NoJIe3HbIX MPUMEPOB OPraHM3aLUMM COMNPAKEHMA TeX MAM MHbIX Y3/10B C Maructpanbto A8 TOro, 4Tobbl
BCECTOPOHHe 0bCyAnTb 3Ty TEMY, HE TEPAA MHTEpEeca YMTaTens.

10.05. OcHoBHbIe cuz2Haabl Mmaaucmpasu: OaHHble, aopec,
CUHXPOHU3aUUSA

[na Toro 4yTobbl NepecnaTb AaHHbIE Ha MarncTpaab C pasfdensembiMM pecypcamu (MyabTUNAEKCUPYEMYIO),
Bbl AO/IKHbl YMETb OMMUCATb CaMM JaHHble, MPMEMHMK, a TaK¥Ke MOMEHT, KOr4a AaHHble ABAAIOTCA AOCTOBEPHbIMM.
Taknm 06pa3om, N0 MUHUMYMY MarucTpanb AO0/KHA MMETb LWWHY AaHHbIX (ANA nepenayu [aHHbIX), aapecHyto
WKWHY (O1a Toro Y4Tobbl MAEHTMOULMPOBATL YCTPOMCTBO BBOA-BbIBOAA MM afpec B MaMATU) M HECKONbKO SIMHWUI
CUHXPOHM3aLUMM, UK CTpobUpoBaHMA (KOTopble COOOLLIAT, Korda nepedatoTca AaHHblie). O6blYHO B WKHE
[aHHbIX NPeaycCMaTPMBAETCA CTO/IbKO Ke MPOBOAHMKOB, CKO/IbKO pPa3pafioB B KOMMbIOTEPHOM C/0BE, YTODbI
MOXHO bbln10 cpasy nepeaatb Bce coBo. OaHako B PC ecTb TO/IbKO 8 MPOBOAHMKOB WWHbLI AaHHbIX (DO-D7); 3a
OOMH UMK nepeaayn Bbl MOXKeTe nepecsatb 0alT, HO Ana Toro, 4ytobbl nepecnatb 16-pa3pagHoe CA0BO,
HeobX0AMMO BbINOAHUTL ABa UMKAA nepefadn. KoimMyecTBO pa3psaaoB LWMHbLL aapeca onpeaenseT KOAMYecTBO
afpecyemblx YCTPOWCTB: eC/iM MarncTpaib MCNoNb3yeTcs A1a obpalleHns Kak K YyCTPOMCTBaM BBO/a-BbiBOAA, TaK
M K namaTu (CTaHgapTHas cuTyauusa), OHa OO0MKHA MMeTb OT 16 A0 32 NPOBOAHWKOB aJpecHOM LWUHbI, YTO
COOTBETCTBYET apeCHOMY MPOCTPAHCTBY OT 64 KB6anT ao 4 [6ainT; marucTpanb, UCMOAb3yEMAR TONbKO A5 BBOAA-
BbIBOAA, MOXKET MmeTb oT 8 A0 16 paspanos agpeca (oT 256 go 64 K ycTpoiicTe BBOAa-BbiBOAa). [IBM PC
oblwaeTcs Mo CBOEM MarucTpaam Kak C NamAaTbio, Tak U C YCTPOMCTBAaMM BBOAA-BbiBOAa M MmeeT 20 agpecHbiX
nposoaHMKoB (A0-A19), uTo cooTBeTcTBYeT 1 M6alT aapecHOro npocTpaHcTeBa.] M HakoHel, nepefaBaemblie
OaHHbIe CMHXPOHU3YIOTCA CTPOOUPYIOWMMIN UMMIYAbCAMM, NepeaaBaembiMM N0 AONOAHUTEbHBIM NPOBOAHMKAM
marmctpanu. Ans Toro 4tobbl peann3oBaTb ONUCAHHYO CXEMY, CYLLECTBYIOT ABa NyTWU: NPeayCMOTPETb OTAe/bHbIe
JIMHUW «4TeHMe» K «3anucek» (c HasBaHWAMK, Hanpumep, READ n WRITE) n Bo3byKaaTb Ha TOM MAM Apyron U3
3TUX NIMHWIA CUTHAAbI, CUHXPOHM3MpPYLOWME Nepedady AaHHbIX; MMETb OAHY JIMHUIO CTPOOUPYIOLWMX CUTHANO0B
(STROBE) v ogHy nnHuio READ/WRITE', npudem nmnynbe Ha avHumM STROBE CHHXpOHU3UpPYET nepesady AaHHbIX B
HamnpasieHWM, KOTopoe onpeaenseTca ypoBHEm curHana Ha anHum READ/WRITE'. IBM PC mcnonbsyeT cxemy
(nencTByloWMIN YPOBEHb CUTHANA-HU3KUIA) C AUHUAMM «4YTeHMe/3anucb», HassaHHbimu IOR', IOW', MEMR' n
MEMW'. MockonbKy PC pasninyaeT namaTb M YCTPOMCTBA BBOAA-BbIBOAA, TO U IMHWIA 3TUX YeTbipe, No ABa cTpoba
(4TeHMA M 3anMcK) Ha TOT U APYro TMN BBOAA-BbIBOAA.

CUrHanbl AaHHbIX, agpeca W YeTbipe CTpob-curHana — 3To 0ObIMHO BCe, YTO TpebyeTcs ANs opraHM3aumm
NpocTeinlero pexnma nepegadm daHHbix. OgHako ana PC Heobxoamm elle oAuH CUrHaj, Ha3BaHHbIN 8b/60p
adpeca (AEN — Adress ENable) ansa Toro, 4ytobbl pasnmyatb 0bbIYHYIO Mepenady AaHHbIX B YCTPOMCTBE BBOAA-
BbIBOAA OT peXMMa nepenaun, HasbiBaemoro npamoli docmyn k namamu (NAMN) (DMA — Direct Memory Access).
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Pexkum MAM mbl paccmoTpum B pa3d. 10.12, a ceyac Bam AOCTATOYHO 3HaTb, YTO AEN MMeeT HM3KUI ypOoBEHb
Ana obblYHOro BBOAA-BbIBOAA W BbICOKMI-ANA pexkima MAMN. Takmm obpasom, ceiyac y Hac ecTb 33 curHana
maructpanu: DO-D7, A0-A19, IOR’, IOW', MEMR', MEMW ' n AEN. [1laBaiiTe NOCMOTPUM, Kak OHM paboTatoT.

10.06. Mpoepammupyemsbili 8618600 OAHHbIX 8800-8b1800:

MpocTenwinin meton obmeHa AaHHbIMKM MO MarMcTpaanm KOMMblOTEpPa M3BECTEH KaK MpPOorpammmpyemsbii
BBOA-BbIBOA, 3TO 0003HAYaeT, YTO JaHHble NepefatoTca C NOMOLLb0 onepaTopoB nporpammbl IN mam OUT
(HanpaBneHus nepegaun ana IN 1 OUT BXOAAT B COCTaB Te€X HEMHOIMX MPaBW, KOTOPbIX MPUAEPHKMBAIOTCS BCe
N3rotToBUTENN KOMMbIOTepPOoB: IN Bceraa o3HavaeT HanpasiaeHune K LM, a OUT Bcerga o3HavaeT HanpasaeHne u3
LM). B uenom npouecc BbiBoAa AaHHbIX (M 3anuck B O3Y) npeaenbHo NpocT 1 normndeH (puc. 10.6).

e 00 HOMHH.
AD-Al15 X.Elncmaepuuﬁ aapet BB0AA-Bb Bu.nax
DO-D7 XAocTosepivie Aannbie X

S0 HOMHH. ———a=
ow' 516 muH. —:;r"_'_'__
92
—_— 63D HOMMH, ———
il

Puc. 10.6. L{ukn 8800a-861800a npu 3anucu (8ce usmepeHuUs 8 HC).

Azpec NnpuemHuMKa U AaHHble, KOTopPble HEOBXOAMMO nepesaThb, BbICTABAAIOTCA Ha COOTBETCTBYIOLME JIMHNN
MarncTpanu LeHTpasbHbiM npoueccopom. CTpob-curHan 3anucu (IOW' nam MEMW') ycTaHaBaMBaeTca B HU3Koe
COCTOSAHME LEeTpasibHbIM MPOLLECCOPOM A8 TOro, 4YToObl CUrHANM3MPOBaATb MPUEMHMKY O TOM, YTO JaHHble
YCTQHOB/IEHbI M WX MOXHO CYMTbIBaTb. Ha maructpanu PC agpec rapaHTMPOBAHHO YCTAHOBAEH, HayMHas C
MOMEHTa BpemeHu npubamsntensHo 3a 100 He go IOW', a gaHHble rapaHTMPOBAHHO YCTAaHOB/IEHbI MO KpanHen
mepe 3a 500 Hc 10 oKoHYaHMA IOW' (1 B TeueHMe cneaytouimx 185 HC nocie OKoHYaHUA 3TOro CUMrHana).

[na Toro ytobbl NPUHMMATL y4acTUe B NoA0OHbIX Urpax, nepudepuinHoe YyCTPOMCTBO (MYyCTb B HALWLEM C/ydae
3T0 — rpaduyeckmii aucnaen) HabaoAaeT 3a WMHAMM adpeca U AaHHbIX. Korda ycTponcTBO obHapy»KMBaeT CBOM
CcOBCTBEHHbIN aApec, OHO CYUTLIBAET MHOOPMALIMIO C LWWHBI AaHHbIX NO cnaay curHana IOW'. BoT v Bce.

PaccmoTpum npumep, npuseaeHHbIN Ha puc. 10.7.
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Puc. 10.7. Pacmpoesili ducnnedl.

34eCb Mbl CNPOEKTMPOBAAN PACTPOBLIN rpadnyYecknin ancnaen; Bbl NOCAeA0BaTENbHO NepeaaeTe emy napbl
umcen X, Y U Ha ero skpaHe oTobpaKaeTcAa Kaxaaa TOYKa B AEKapTOBOW MPAMOYrONbHOM CUCTEME KOOPAMHAT,
npuvyem nepBoe YMUCAO COOTBETCTBYET abcumcce, a BTOpPOe — opamMHaTe oTobparkaemol Toyku. CHavana Mol
OOMKHbI BbIOpaTh agpec yCTpPoncTBa BBOAA-BbiBOAA. Ha puc. 10.8 npmBeaeHbl 3ape3epBMpPOBaHHbIe W A0CTYMHbIE
afpeca ycTpoicTBa BBOAa-BbIBOAa Ana IBM PC; mbl Bbibupaem 3COH ana X-pernctpa v 3C1H ana Y-perucrpa.
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B Nocnepos, NOpT

el B Ynp. rubKAM QUCKOM
3F0
16 He ucnonba,
3ED
<06 16 GGA
16 He Wcnonp3. -
oo 16 MoHoxp. AMCNEH E
380 3
48 He HCnonbs. %
380 a
s 8 Mpunrep '_%
120 He MCNOAB3. 3
300 8 Bropol nocneg, nopT E
ZF8 g
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32 Taimep /cueTuuk

:ﬂﬂ 32 Ynp. npepeBaHWAMMK

32 ynp. Nan

CHcTEMHAR NAaTa

Puc. 10.8. Adpeca ssoda-ebieoda IBM PC.

Mukpocxema "688-8-pa3psaaHblii KOMMAPATOP CO CTPOOBMPOBAHMEM; COCTOAHMIO PABEHCTBA CPABHMBAEMbIX
KOZI0B KOTOPOro COOTBETCTBYET HWU3KWI ypPOBEHb Ha BbIXOAE, BbipabaTbiBAaET HWU3KWIM BbIXOAHOW CUrHAN B TOM
cnyyae, Koraa 8 6uT paspsaaos A2-A9 coBnafatoT C 3a/l@aHHbIMW 3HAYEHUAMMK, B HALLEM C/lyYae - Koraa aapec Ha
MarucTpanm nexut B auanasoHe 3COH-3C3H (Bbl MoOMKeTe MCNOMb30BaTb KOMOMHALUMOHHYIO CXemy, HO
KomnapaTop agpeca KoMMakTHee). Mbl Takxke noTpebyem B COOTBETCTBMM C paHee MpuBeAeHHbIMM
pasbAcHeHussMM, 4ToObl AEN Obln HM3KOrO YpOBHS. TpexBxo4oBble fornyeckue cxembl W-HE 3aBepluatoT
aewundpaumio agpeca, ncnonbsya agpecHole auHum AO, Al gna Toro, 4tobbl YCTAHOBWUTL HM3KMI YpPOBEHb Ha
CBOMX BbIXxodax oTaenbHo ana agpecos 3COH m 3C1H (apyroit cnocob byaeT BKpaTuUe OonMcaH HUKe). B KoHue
KOHUOB YKa3aHHble BbIXOAbl OrMYecKM nepemHoxKatotca ¢ IOW' ans Toro, 4tobbl NOAYYUTb CUHXPOCUTHAA ANs X-
M Y-peructpos, KoTopble NpeacTaBaAtoT coboi 8-paspaaHble pernctpbl Ha D-Tpurrepax (MMKpocxembl 574). 3Tu
PErucTpbl GUKCUPYIOT BalTbI C WKHBI AaHHbIX B TEX C/Ay4Yanx, Korga a) BbibpaH Tpebyembilit agpec, 6) curHan AEN
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— B HM3KOM COCTOSiHMM, B) 6Obin  BblpabotaH curHan |OW'. BocbmupaspsgHble UMdpPO-aHanorosblie
npeobpasoBatenu (LLAM) npeobpasytoT cumTbiBaemble OaiiTbl B aHAA0rOBOE HaMpsKeHWe, nogasaemoe Ha X- 1 Y-
BXOAbl YCTPOMCTBa yMNpaB/ieHWs BbIBOAOM Ha 3/EKTPOHHO-AyveByto Tpybkry (INT) amcnnen. CnycTa HECKObKO
MUKPOCEKYHA, TMOCAe CUYMTbIBaHMA Y-KoopauHaTbl, OBa OAHOBMOpaTOpa BbipabaTbiBAlOT 5-MMKPOCEKYHAHbIN
MMMNYNbC TMOACBETKM, YBEAMUYMBAIOWIMIA MHTEHCMBHOCTb CBEYEHMA W300pakaemoill Ha 3KpaHe ToukM (Bce
YCTPOWCTBA ynpaBneHus BbIBOAOM Ha I/1T MmetoT Aas 3Toro Bxod, Z). [na Toro ytobbl M306pasutb rpaduk mam
Habop CMMBO/IOB Ha 3KpaHe, HeobXxoAMMO MOCNeAOoBaTeNbHO BbIBOAMTL X- M Y-KOOpAMHaTbl, MOBTOPAS WX B
OOHOM M TOM e nopsaake (cHavana X, a 3atem Y) 4OCTaTOYHO ObICTPO, YTOObLI I1a3 He BUAE MepLAHUA.

MUWKPOKOMNMNbIOTEPBLI  AOCTAaTOYHO ObICTPbI ANA TOro, 4Tobbl ycneBaTb B UMKAe oOToOpaxaTb Ha Aucniee
HECKO/IbKO TbICAY TOYeK 6e3 pasaparkatollero MepuaHmna. YUmTbiBas, YTO PacTpoBbIV AMCHAEN — 3TO CTaHAapTHOe
YCTPOMCTBO MUKPOKOMMbIOTEPA /19 BbIBOAA M300parKeHU, NpuBeeHHbIn npumep b6osiee nosie3eH B KavecTse
mozenn dotorpaduyeckoro rpaponocTpomnTena CBEPXBLICOKOrO paspelleHuns, ucnonbytowero 14-paspaaHblii
UAM n ancnner ¢ MUKPOCKOMMYECKMM Pa3sMepom ToYeK (CM. creaytollee ynparkHeHume).

HecKkonbKo None3HbIX 3amedaHnii:

a) OTMeTMM, 4TO Mbl NoA06pPann NONAPHOCTb CUIHANOB TakMm 0Bpasom, 4To D-Tpurrepbl Nepek/yatoTcs
no cnagy curHanos IOW'; 3To cywecTBEHHO, TaK Kak B MOMEHT BPEMEHW, COOTBETCTBYIOWMI GPOHTY 3TOro
MMMyAbCa, AaHHbIe MOrYT elle He yCTaHoBWMTbCA. s Gonbluelt HadeKHOCTWM cnefyeT yAoCTOBEepUTbCH, YTO
BPEMEHHbIE COOTHOLUEHWMA CWUrHaA0B YAOBNETBOPAIOT BPEMEHaM VYMNpesaeHus W yaepskaHus cxem 574;
baKTMUYeckn, oAHaKo, ANA TaKoW MedsIeHHOM, Kak y IBM PC maructpanu TpyaHO 3acTaBWUTb CXemy, NMoAoObHyto
onucbiBaemoi, paboTaTb NPaBU/bHO, MOCKObKY C MOMEHTa YCTaHOBKM AaHHbIX A0 cnaga IOW' npoxoamT 6onee
500 Hc.

6) Bbl MOXXEeTe CIKOHOMWTbL HECKO/IbKO JIOTUYECKMX 3/IEMEHTOB, UCMO/b30BAB B LENW Aelindpaummn agpeca
cTpobupyembii  gewndpaTtop TaK, Kak MNOKasaHo Ha pucyHke. [ewmndpaTtopbl TMna-138 (3 paspaga Ha 8
HanpaBneHui) 1 Tuna 139 (caBoeHHbIN, 2 pa3psana Ha 4 HanpaBAeHUA) UMEeOT OAMH MAK HBosnee CTPOBUPYIOLLMX
BXOZ0B M yA0OHbI 4117 NOCTPOEHMA CXeM TaKoro poaa.

B) OTMETUM TaK¥Ke, YTO Mbl MOMIM Obl 06bEAMHUTL 3-BXOA40Bble U 2-BXOAOBble 371eMeHTbl WM-HE B 4-
BxoaoBble W-HE, 3aecb 3TOro He cenaHo Aas Toro, YTobbl YeTye BblAENUTb OTAENbHO GaKT Aewndpaumn agpeca
M 3aTem — COBMaAeHuna pesyabTaTta Aelndpaumm co cTtpob-curHanom IOW',

r) Ha camom fene Mbl MOXem MOJIHOCTbIO UrHOPUpPOBaTb paspag Al 1 cxema byaeT paboTaTb no-npexHemy!
OfHaKo Toraa oHa HayHeT OTKAMKaTbCA Takke Ha agpeca 3C2 u 3C3 (kak X 1 Y, COOTBETCTBEHHO) M NpousonaeT
noTepAa AByX afpecoB BBOAA-BbIBOAA. Ha MpaKkTMKe, 04HAKO, YacTo MAYT STUM MyTEM U, HE NMOAHOCTbIO Aellindpys
afpec, SKOHOMAT MUKPOCXEMbI (Beb afpecHoe NPOCTPaHCTBO OCTAeTCA AOCTaTOYHO OBLWMPHBIM, JasKe ecan Bbl U
notepsaete TakMM 06Pa3OM HEKOTOpPOEe KO/AMYEeCTBO aApecoB). B paccmaTpuMBaemomM MNpuMepe Mbl MOMKEM
noakAtoYnTb |IOW' BmecTo Al M NONHOCTBIO OTKa3aTbCA OT 2-BX040B0OMN cxembl MN-HE.

) ConpsaskeHme C maructpanbto, nogobHoe obcyxagaemomy, Oyaetr 6Gonee rMBKMM, ecan  agpec
ycTaHasameath DIP-nepekntoyatensmm (Mam DIP-nepemblykamu); Torda Bbl CMOMKeTe BbibpaTb agpec BepHO,
4TObbl He OblN0 KOHOAMKTA C afpecom ApYyroro YCTPOWCTBA, MOAKMOYEHHOrO K TOW Ke Marmctpanu. BHecTu
COOTBETCTBYIOLLIME WM3MEHEHMA B CXEMY HEC/IOXHO-A0CTaTOMHO BOCEMb BXOJOB KOMMApatopa MOACOEAMHUTL
yepes K/4YM K 0bLIeMy MPOBOAHUKY («3eme»), a yepes pesnctopbl — K Lenu +5 B.

e) 0nAa noscHeHMsA cyulecTBa Jiena B 3TOM MNPUMEPE Mbl MCMNOAb30BafM OTAENbHbIE MUKPOCXEMbI 8-
pa3psagHbix pernctpos u LIAMoB. Ha npakTMKe y Bac eCTb BO3MOMHOCTb NpuMeHUTb LIAIM co BCTPOEHHOM cxemoi
BbIOOPKM agpeca (Hanpumep, «MWKPOMPOLLECCOPHO-cOBMEecTUMBbIM» LIAM Tuna AD 7528-casoeHHbin LAM ¢
BXOZIHOM CXeMOl BbIOOPKM ajpeca); Takas CXema BbIMYCKAeTCA [arke B cyeTBepeHHOM BapuaHTe (AD7226), a
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TaKKe B BapuaHTe C [BOMHOM Oydepusaumelt, AByxXKackagHoW BblODOpKOM aapeca Ans Kaxgoro LIAM
(cueTBepeHHbIt LAM AD 7225).

YnpaxHeHue 10.1. HapucyiiTe GpyHKLMOHANbHYIO CXEMY aAPECHOTO KOMNapaTopa C HacTPOWKOM aapeca.

YnpaxHerue 10.2. Hapucyite cxemy CONPAXKEHWA PacTpoBOro AMCNAEA C MarucTpanblo, ucnonbsys 16-paspagHble LUAM ans npeobpasosaHus Kak X-, Tak U Y-
KoopamMHaT. Bam noTpebyeTca 4 nocnefoBaTeNbHO PAcMoONOXKEHHble agpeca. Vicnosb3yiTe nepsble 2 ANA PErUCTpauyn X-peructpa, a Aga NocnefHux-ana Y-pernctpa;
KOHEYHO, Hafo NpeaycMOTPEeTb BO3MOMKHOCTb HAaCTPONKM 6a30BOro apeca BBOAA-BbIBOAA C UCMOMb30BaHMEM Nepekntoyatenelt 8 DIP-ucnonHenun. Kak ansa X-, Tak u ans
Y-KoOpAMHAT YeTHbIM agpecam COOTBETCTBYET MAAAWMK, a HEYETHbIM — CTapwmii HGanT COOTBETCTBYIOWEro KoAa; 3To yaobHo (nockonbky MM 8086 onepupyeT 16-

paspALHbIMK CNOBAMU, MOXKHO MONb30BaTbCA KOMaH4aMM BBOAa-BblBOAA C/NOB A4 Nepeaayn AaHHbIX 3TOMY \/CTDOIZCTB\/).

MporpammupoBaHue rpaduyeckoro agucnnen. MporpammMmMpoBaHMe TaKoro YCTPOMCTBa He npeacTaBaseT
CNOXHOCTel. Kak 3To Aenaetca nokasbiBaeT nporpamma 10.3, KOTOPOM Hago YKasaTb agpeca Aveek, rae XpaHATcA
X- 1 Y-KoopAmMHaTbl NEPBOM TOYKM M KOJIMYECTBO TOYEK, KOTOpPOe Hago oTobpasuTb. MNporpamma obcayKmnaHMA
aucnaes BO3MOXKHO, DyaeT odopmMieHa Kak MoAnporpamma C 3TUMW MapameTpamu, nepesaBaembiMi MNpu ee
BbI30oBe. [lporpamma 3aHOCUT afpeca mMaccuMBoB X- U Y-koopAuHaT (T. e. agpec nepsoi napbl X-, Y-KoopAnHaT) B
NMHAEKcHble pernctpbl Sl n DI, a 6alT KoandecTBa TodeK B pernctp CX. 3TOT perncTp noTom UCMNob3yeTcsa B UMKIE,
B KOTOpPOM napebl X-, Y-KOOpAMHAT NocnefoBaTeNlbHO NepeaatoTca B NOPTbl BBOAA-BbIBOAA Mo agpecam 3CO n 3C1.
B KaXKOOM LUMKAe nepemeLLaroTcAa yKasaTenn maccmBoB X M Y; a COAEPKMMOE CYEeTYMKA OeKPeMEHTUMpPyeTcA U
CPaBHMBAETCA C HYyJAeM, KOTOPbIA XapaKTepusyeT oTobparkeHue nocnefHel TOYKWM; 3aTeM YKasaTe/ M U CYETUMK
YCTaHaB/AMBAKOTCA B UCXOHOE COCTOAHME M NMPOLECC BbIBOAA HAYMHAETCA CHOBA.

Mporpamma 10.3
; MMpouenypa ynpasieHHs pacTPOBLIM AHCILIEEM
INIT: MOV  SI, xpoint : HEEIHAamH3HpOBaThL YKa3aTENb X-KOOPOHHAT
MOV DI, ypoint ; HHHIMATH3HPpOBATEL YKA3ATENE Y-KOOpAHHAT
MOV  CX, npointl : MHMUMA THAHMPOBATE CHETYME
PLOT: MOV AL, [SI] i Moaysure Dafit X-k00pAMHATEI
OUT 3C0H, AL ; [lepecnars ero B nopr
MOV AL, [DI] : Moaygaure Gafit V-koopawHATE
OUT 3CIH, AL ; Mepecnars ero B nopr
INC  SI : [NepenpuuyTh ykazaTeib X-KOOPIHHATHI
INC DI ; [NepensunyTe ykasatens Y-xoopauHaTh!
DEC CX ; JexpeMeHTUpOBaTE CUETYHE
INZ PLOT ; Pucoate nansine
IJMP INIT : Bee coenaso, HaYaTe HOBBRIE HMKA

Mapa BaKHbIX MOMEHTOB: OfHaMK/bl 3aMyCTMBLUMCH, MPOrpPaMma MOCTOAHHO OTODpaXKaeT Maccus ToyeK. B
OEeNCTBUTENBHOCTM MPOrpamma [AOJ/IKHA MPOBEPATb COCTOAHWME KAasBMaTypbl, YTODObl 3aMeTWUTb, ecau onepatop
3aX04eT MpeKpaTUTb BbIBOA, Ha Amchaei. MOXHO TaKke MpeKkpaTuTb BbIBOA CMyCTA 3aZaHHOE BPEMA UAWU C

MOMOLLbIO MPEepPbIBaHUSA, 0 Yem pedb ByaeT MATU HUXKeE.

Ob6bl4HO npu pereHepaumm K300paKeHUA Ha Aucnaee, oOpraHuM3oBaHHOM nNofobHbIM 0b6pasom, AnA
OONONHUTENBHBIX MPOAOMKMUTENBHBIX BbIYUCAEHUIA BO BPEMA BblBOAA WM30OpaXeHUa BpemeHu HeT. Fopasfo
JIYULWMM  METOAOM ABMAeTcs OOHOBMeHMe M300parkeHMa Ha 3KpaHe M3 COOCTBEHHOM NamATM Aucnaes, 4To
pasrpyxaeT KomnbtoTep. Kak 6bl TO HWM OblNO, ecan BalWa UeAb — MOCTPOUTb M30DPaKeHWe C BbICOKUM
paspelleHMem Aaa  nonydyeHus  doTtorpaduyeckor  Komuu, 3Ta  NporpamMmma M CXemMa  COMpsAXKeHus,
CNPOEKTUPOBaHHAA Mo ycioBMaAm ynpaxkHeHua 10.2, byaeTt paboTaTb 3amevaTesibHo.
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10.07. lNpoepammupyemsbili 8800-8b1600: 8600 OAHHbIX

Mepefadya AaHHbIX B APYrOM HamnpasBiAeHUM MpU NPOrpaMMMPYEeMOM BBOJE-BblBOAE OCYLIECTBAAETCA CTO/b
e npocTo. Cxema ConpaMKeHUa CAeauT 3a WMHOM aapeca TaK e, Kak 1 paHee. Ecnum aTa cxema obHapyKMBaeT
CBOM coBCTBEHHbIN agpec (M curHan AEN HaxoAmMTCA B HU3KOM COCTOAHMM), OHa BbLICTABASET JaHHble Ha WUHY

[aHHbIX, obecneynBas nx coBnageHne BO BpeMeHu ¢ curHanom IOR' (puc. 10.9).

S00 Humnn.——l
AD-A15 XllocTosepHbit anpec saoaa-shBosa X
e (30 HOMAH, ———=]
10R' 4 % &
un [~ . Y S—"
N i
DO-D7 ) /
g 550 MHH,——
JocTosepHe
JaHHwe
Puc. 10.9. {ukn 8800a-861800a npu YmeHuu.
Mprmep TaKoM cxembl NpuBeaeH Ha puc. 10.10.
'679
A9 i
e Marucrpans
— cTpan
i o@ Pa%7
2 A L
M Ade—
b A3— a1 as
g A2 ‘574
5 Al=— D1 D8
= Af—
o b LI LR
T0R — L3P
L= én' g 8-Pasp. aaHHbie
P3 — PO P

i

Puc. 10.10. MapannensHeil 8xodHol nopm.

Cxema nNO3BOMAET KOMMbIOTEPY CUYMTATb OalT, XpaHAWMicAa B pernctpe Ha D-Tpurrepax Tuna 574,
[MOCKONbKY M TaKTOBbIM BXOA, M BXOAbl AaHHbIX PerMcTpa A4OCTYMHbl BHELWHEMY YCTPOWMCTBY, B PETUCTP MOXKET ObITb
3aHeceHa UMdpoBas MHbOPMaLMA NpaKTUYECKM Ntoboro xapaktepa (Bbixoa umdposoro npubopa, ALUM u T.n.).
[na pasHoobpa3ns Mbl UCNOMABb30BaAIM BMECTO BCEX JIOTMYECKMX 3NEMEHTOB 2-paspsaaHbli AelwmndpaTop aspeca
TMNa 679. 3Ta «yMHaa MMKpocxema» mmeeT 12 agpecHbIXx BXOA0B, BXOA BbIOOPKM U 4 «MpOrpammumpyembix»
BXofa. Ecam Bbl xoTUTe AewndpoBaTb HEKOTOPbLINA onpeAeneHHbI aapec, 3TO AeNaeTca XMTPO: GYHKLMOHANBHO
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Takas MUKpocxema npeactasnseT coboit 12-sxomosyto cxemy W-HE, nporpammupyemoe 4Ymcno 3TMX BXOA08B
MOXKeT 6biTb AOMNONAHUTE/IbHO MHBEPTMPOBAHO; WMHBEPTUPYIOTCA BCErda BXOAbl C MEHbLIMMM HOMepamu, a uX
KO/IMYECTBO Bbl MOXKETE 33/aBaTb C MOMOLbIO 4-X OTAE/bHbIX MPOrPaMMUPYEMbIX BXOZ0B.

MycTb Mbl XOTUM «A06paTbCA» [0 Pe3epBHOro MopTa BBOAA-BbIBOAA C aapecom 200H (puc. 10.8). Ham
HeobXoAMMO pacrno3HaTb COCTOosHME A9 — BbICOKMI ypoBeHb, AO-A8 — HU3KMA. KO BCemy Npodemy mMbl MOMKEM
MCNONb30BaTb MUKpocxemy 679 ana cTpobupoBaHMa AelwndpoBaHHOTO aapeca HU3KMMWM YPOBHAMMU CUTHANOB
AEN 1 IOR".

NTaK, oOKoH4YaTenbHO Ham Tpebyetrca cxema W-HE ¢ 11-t0 WHBeEpTUPYLOWMMKM BXOJaMW W  OAHUM
HEVHBEPTMPYIOWMM BXOA0M, 4TO obecneumBaeTcs nogaden koga 1011, ocyuiecTsiaemon annapaTtHbiM 0bpa3om
Ha Nporpammupyemble BXOAbl. 3aTeM MOAKMOYUM ALPECHYIO LUMHY M CUHXPOCUTHA/bl TaK, KaK MOKa3aHO Ha
purc. 10.10. KaK To/IbKO KOMaHAa

IN AL,200H

BbinonHuTCA, LIM BbicTaBnseT agpec 200H Ha avHuax AO-A9 n 3atem yctaHasamsaeT IOR' Ha Bpemsa 630 Hc.
LleHTpanbHbIM NPOLECCOP CYMTbIBAET TO, YTO OH OOHAPYHKMBAET Ha WKWHe AaHHbIX (DO-D7) B MOMEHT BPEMEHMH,
cooTBeTCcTBYOWMN cnaay curHana IOR', 3atem cbpackiBaeT AO-A9.

Peakuma nepupepmmHOro YyCcTPOMCTBA [AO0/IKHA 3aKA4YaTbCA B TOM, 4YTOObI BblAaTb JaHHble Ha
cooTBeTCTBYtOWME pa3paabpl DO-D7 no KpanHei mepe 3a 50 HC go KoHua IOR'; BbINOAHWUTL 3TO YCNOBME He
COCTaBNSIET HWKAKOro TPyAa, TaK Kak YCTPOMCTBY M3BECTHO, YTO OT Hero TpebytoTca AaHHble, YKe MO MeHbLIen
mepe 600 He. [1na TMNOBOM 3a4epXKM cpabaTbiBaHMA UCMOAb3YyeMbIX 3a4ecb MUKpocxem 10 Hc, 600 HC BbIriAaAT
BEYHOCTbIO.

HauymHaa ¢ atoro npumepa, Mbl NPeKpPaTUM NPUCTaZIbHO PaCCMaTpnBaTb BECH K}'Iy6OK NIMHNIA MarmncTpann, a
MPOCTO 6yaeN\ Ha3blBaTb OTAE/IbHbIE IMHNN MO MMEHaM.

CurHanbl MarncTpanun: AByHanpaBAEHHOCTb W OAHOHAMNPaBAEHHOCTb. M3 ABYX MPMMEPOB, KOTOPbIE Mbl
PacCMOTPeNn A0 CUX NOpP, Bbl MOTAN YBUAETb, YTO HEKOTOPbIE IMHUM MArnCTPann ABAAIOTCA 08YHANPABAEHHbIMU ,
HanpUMep JIMHUM LWNHbI JaHHbIX: BO BPEMSA 3aMMCKM Ha HWUX BbICTABAAETCA BbIXOAHOM KoA LM, a Bo Bpems yTeHuA
— BbIXOAHON Ko nepudepuitHoro yctponctea. Kak LM, Tak 1 nepudepuitHoe yCTPOUCTBO A/1A MOAKAOYEHUA K
TaKUM JIMHMAM UCMNONb3YIOT 31IEMEHTbI C TPETBMM COCTOSIHUEM Ha BbIXOAE.

Opyrue curHansl, Takme Kak IOW' 1 IOR’, Bceraa BbipabaTbiBatoTca LI ¢ nomoLlpto CTaHAapTHbIX ApaiBepos.
TUNUYHBIM ANA KOMMbIOTEPHBIX MarMcTpaneit ABAAeTCA CyllecTBoBaHWe 0DOOMX TUMNOB NMHUIA, ABYHANpPaBAEHHbIX
JNIHWUI ONA [@HHbIX, NepeaaBaemMblX Kak B OAHOM, TakK M B APYroM HanpasaeHWW, U OAHOHANPABAEHHbIX JIMHUI
[N8 CUrHanoB, KOTopble Bcerda BbipabatbiBatotca UM (unm, 6onee TOYHO, COOTBETCTBYIOWMMU IOTUYECKMMM
CXeMamMM ynpasaeHus Marnctpasbto). Npolueccop Bceraa MCnob3yeT KaKoM-TO MPOCTOM MPOTOKO/, BPOAE Halux
NpaBua YCTAHOBKM/YTeHMA B COOTBETCTBUM C curHanamm IOW', IOR' 1 agpecHbIMKU, KOTOPbIM NpeaoTspallaeT
KOHOAMKTHbIE CUTYyaLMM HA COBMECTHO MCMO/Ib3YEMbIX ANHUAX MArUCTPanu.

Cpeaun nepevymcneHHbIX A0 CUX NOP TONbKO WWHA AaHHbIX ABNAETCA ABYHanpasaeHHOM; aapec, curHan AEN
M CUHXPOCUTHAMbl PACMPOCTPAHAOTCA TOMbKO B OAHOM HanpasneHun — ot UM, (Ytobbl He co3dasaTb
HenpaBMAbHOrO BNeYaTNeHWUA, Hag0 YTOUHUTb, YTO BoNee CAOXKHbIE KOMMbIOTEPHbIE CUCTEMbI MO3BONAIT APYrUM
afpecatam MarmcTpaanM CTaHOBMTbCA €e «X03AeBaMW»; OYEeBWAHO, B TaKMX CUCTEMAx MOYTU BCE CUrHasbl
MarmcTpanu ABAAKTCA MY/AbTUMAEKCUPYEMbBIMU W ABYHanpasneHHbIMU. |IBM PC B 3TOM OTHOLIEHUN HEODObIYANHO
npocTta.)
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10.08. lMpoepammupyemsili 8800-8b1600: pe2ucmps|
COCMOAHULU

B Hawem nocnegHem npumepe KOMMbIOTEP MOT cYMTaTb OaMT M3 CXEMbI COMPAXKEHMA B toboe Bpems, Koraa
3axo4yeT. ITO 3aMeyvaTesIbHO, HO KaK y3HaTb, KOrJa MOMHO CUMTaTb YTO-HUDOYAb cTodAlee? B HEKOTOPbIX C/aydasnx
Bbl MOXKeTe noTpeboBaTb, 4YTOObl KOMMbIOTEP CYMTbIBANA [AaHHbIE 4Yepe3 paBHble WHTEpPBasbl BPEMEHM,
OTCYMTHIBAEMbIE €ro TaMMEPOM PeasibHOro BpemeHu. TycTb Hanpumep, KoMmnbloTep «3acTasnaet» ALM HauynHaTb
npeobpasoBaHMe 4yepes paBHble NPOMEXKYTKM BpemeHu (KomaHaol OUT) m 3aTem cuMTbiBaeT pesynbTaT
HECKOIbKMMM MUKPOCEKYHAAMM Mo3xe (KomaHaon IN). B namepuTenbHbIX CUCTEMAaX 3TOr0 MOXKET ObiTb BMOJHE
noctatoyHo. OiHAKO 4acTo BCTPEYatoTCA TaKkMe C/lydau, Koraa BHellHee YCTPOMCTBO MMEET CBOM COOCTBEHHbIN
KUHTENNEKT», M Bblno Obl XOPOLIO, ecan Bbl OHO MOro 6e3 npomeaseHua COObLIMTL KOMMbIOTEPY, UYTO YTO-TO
NPOM30LLJIO.

Knaccnyeckum npumepom  asasieTca  andaBUTHO-UMGPOBOM BBOA MPU  HaXKaTUM  KaKMX-AIMOO  KAaBuLl
KnaBmaTypbl aucnnes. Ecam Bbl HE XOTUTE TEPATb CMMBOJIbI, KOMMbIOTEP AO/IKEH BBECTU KaxApbl M3 HUX U Be3
Hbonblwon 3aaepKu. Elle bonee cepbesHaa cUTyauUma € ObICTPbIM HAaKOMUTENbHbIM YCTPOMCTBOM, TAKMM KaK AMCK
NN NEHTOYHbIN MAarHUTOPOH; AaHHble HeobXoAMMO nepeaasBaTb CO CKOPoCTbio A0 100000 6anT B cekyHay 6es
3aepKKN. Ona Toro 4Ytobbl pewnTb 3Ty Npobnemy, CyLIecTBYIOT TPU peasibHble BO3MOMKHOCTWU: WMCMO/b30BaTb
PEruMcTPbl COCTOAHUIA, NPepbIBaHUA M NpAmMol aoctyn B namaTb (MAM). JaBaiTe HauHem c NpocTelilero MeToaa-
PErncTpoB COCTOAHMA — MPOUINIOCTPUPOBAHHOIO CXEMOM COMPAXKEHUs KnaBuaTypbl Ha puc. 10.11.

ﬂﬂ { marucrpans) ,
BEON (marwc i e f:: :.'? ‘ ‘ y
BLib.YCIP A L ' } 54
by J +
125
@ Fraswarypa, ¢ e N~
HCN DN L3YHLLAR C1P06 s
anpasuT ASCII J_L R

BBO[ (maruc
BRIG.YCTR. B

Puc. 10.11. Uumepgpelic knasuamypsl ¢ GUMOM COCMOAHUS.

B atom npumepe ASClI-kog, 3anucbiBaeTca B 8-pa3padHblid peructp Ha D-Tpurrepax tmna 574 cTpob-
CUrHanoMm, BblipabaTblBaEMbIM KAABMATYpPOM MPW HaxKaTUM Ha oyepesiHyto Knasuuy. Mbl coopyauanm TUMNOBOE
nporpammmpyemoe YCTPOMCTBO BBOJA [AaHHbIX TaK, Kak MoKasaHo Ha puc. 10.11, ncnonb3ya TpexcTabuibHble
BbIXOZbl MMKPOCXeMbl 574 ana HenocpeacTBEHHON CBA3M C LUMHOM AaHHbIX. BXxoaHOW cmMrHan, o6o3Ha4YeHHbIM Kak
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KBDATA SEL', noctynaeT oT cxembl fAewwudpatopa agpeca TOro e B TOYHOCTM TUMa, KOTOPbIM MpuBedeH B
npedblayliem npumMepe, W YCTaHaBAMBAETCA B HWU3KOe COCTOAHME, KOraa Ko adpeca, npeaBapuTesbHo
NPUCBOEHHOrO AAaHHOMY YCTPOWMCTBY, MOABAAETCA Ha LIMHAX afpeca MarucTpanu (BmMecTe C HU3KMM YPOBHEM
curHana AEN).

Y70 B 3TOM NpMMepe HOBOrO, Tak 3TO — TPUITep, KOTOPbLIM YCTaHABAMBAETCA B e4AMHUYHOE COCTOAHME, Koraa
KNaBuLla HEKOTOPOro CMMBOJIA HaXKaTa M cOpacbiBaeTCA, KOrAa CUMBOJ CHMTbIBAETCA KOMMNboTePOM. PaKkTUHecKH
3TO — 0A4HOPa3PALHbIA PEerncTp COCTOAHWMA, BbLICOKMIA YPOBEHb BbIXOAHOMO CWUIHaNa KOTOPOro O3HayaeT
BO3MOYHOCTb CYMTATb OYEepeaHOM CUMBOJ, HU3KMA YPOBEHb — OTCYTCTBME TakoBOW. KomnblOTEp MOMKET
ONpocUTb OWUT COCTOAHMA, BLINOAHMB KOMAHAy BBOAA [JaHHbIX IN € Apyroro agpeca paccmMaTpMBaemoro
yCTpOMnCTBa, AelndpoBaHHoro Kak KBFLAG SEL' (c noMoLbo OrMYECKUX BEHTUAEN, ALWINPPATOPOB MAU KaKUX-
NMb0o ApYrux 3/1eMEHTOB).

Ona Toro 4ToObl OMMCaTb COCTOSIHME 3TOrO YCTPOMCTBA, TpebyeTcs TONbKO OAMH OUT, MO3TOMY CXxema
COMPAKEHMA yNpaBAsaach TOJbKO OMTOM CTapllero paspaga, B AaHHOM Ciaydae C nomollpto bydepa c Tpems
BbIXOAHbIMM COCTOAHMAMM Tuna '125. (HuKorga He noakMoYanTe AByHanpaBAEHHbIe JIMHWUM K BbIXO4am
YCTPOMCTB, CNeuManbHO A8 3TOro He npeaHasHavyeHHbIM!) JIMHUA, NoAXoAsAlWas Ha PUCYHKe K M300paxeHuto
bydepa cHM3y, ynpaBasaeT TPexcTabuibHbIM BbIXOAHbIM CUFHANOM, paspellas ero CBOMM HWM3KUM YPOBHEM, YTO

0603HaYEHO KPYKKOM.

KnaBmaTypa TepMuHana: npuMmep Nporpammbl . MTak, Tenepb y KOMMNbOTEPa MMEETCS BO3MOXKHOCTb Y3HaTb,

KOraa rotoBbl o4epeaHble JaHHble. I'IporpaN\N\a 10.4 noKasbIBaeT Kak.
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Mporpamma 10.4

; MepexBaTuuk KnaBHaTyphl—HCIONBIYET (AAKEH

KBDATA equ ***H ; 3@eck yxkazaThk afpec mOPTA JAHHEIX KTABHATYPE
KBFLAG equ ***H ; To me—ana GrakEoR ETaBHATYPR
KBMASK equ 80H ; Macka donamkos knasmaTypel
OUTBYTE equ ***H ; ¥EaxuTe agpec noprta 3neck
OUTFLAG equ ***H ; To ®e-mopra dnakkos
OUTMASK equ ***H ; Afpec mopTa MEcKH 3aHATOCTH
charbuf DB 100 dup{0) ; Japesepeuposars Gydep pasmepom 100 Gadit
INIT: MOV  BP, offset charbuf ; HHAupMammInpoBaTh YKa3aTenk CHMBONBEHOTO
' Gydepa
KFCHK: IN AL, KBFLAG ; Mpountare duiamen KnaBHATYDH
AND AL, KBMASK ; MackBpoBaTh HEHCHOMBIYEMBIE PAIPALEL
IZ KFCHK ; DIakoK He YCTAHOBIIEH — OTCYTCTBYIOT MAHHEIE
IN AL, KBDATA : Caurate Hopulit GafiT ¢ xnaBHATYPHI
MOV [BP], AL ; Coxpaunts ero B Gydepe cTpoku
INC BP ; [lepenpuuyTs yKa3aTens
CALL TYPE ; OTo0pasHTs NocheHuit CHMBOJ HAa JKPAH JHCNIER
CMP AL, ODH ; ITOT CHMBOI HE— BO3IBPAT KapETEH!
INZ KFCHK ; Bonm HeT - cMMTATE OWEpEOHON CHMEON
LINE: . ; Ecne ma-cAenate 9To-HEOYAR co cTpokof

i : BunonHenue neficTauit
; He sasepmaiite paGoty
; 3apepuvTe paboTy

MOV AL, ™
CALL TYPE ; BeiBecTH Ha mucmnelt nofackasky — 3BE3GOYKY
JMP INIT ; CHHTATL CNemyIOULYIO CTPOKY
; Hoanporpamma BHBONA CHMBOE
; BeipecT ¥ coxpauuTe AL
TYPE: MOV AH, AL ; CoxpannTe cumeon 8 AH
PCHK : IN AL, OUTFLAG ; [IpoBepHTE = He 3aHATO N MEYATAKOLIES
YCTpPOHCTEO
AND AL, OUTMASK ; Macka draxkor gna nesatarowwero ycrpoiicrea
JINZ PCHK ; Eciim 3auATO, npoBepuTh ellE pa3d
MOV AL, AH ; BoccranoBuTe cumBon u3 AL
OUT OUTBYTE, AL ; BriBecTn ero
RET ; BoaBpat ynpasncnms

3Ta nporpamma npefHasHayeHa ANA TOro, YToObl CYMTbIBATL CMMBO/IbI C KAaBMaTypbl TePMUHaNa, aapec
nopTa [JaHHbix KoToporo — KBDATA (XxOpowWwMM CTUAEM NPOrPaMMUPOBAHUSA  ABASETCA OnpeaeneHue
OENCTBUTENBHONO KoAa aZpeca nopTa, KOTOPbIM COOTBETCTBYET apecy, onpeaeniemomMy annapaTHbIM 06pa3om,
Kak KBDATA SEL u T. n. — HECKO/IbKMMMK OnepaTopamM, pacrnofiaraembiMi B Hayase NPOrpaMmbl, Kak MNOKasaHo);
Kaxablh CMMBOA OToOpaxkaeTca (peXkMm «axo») Ha aKpaHe amucnies kKomnbioTepa (agpec nopta = OUTBYTE).
Korga HabupaeTca uUenas CTPOKa, nMporpamma nepefaet ynpasfaeHne 610Ky 06paboTKM  CTPOKM,
GYHKUMOHMPOBAHWE KOTOPOro onpeaenseTcd CUMBOJIbHbIM COAepKaHMem CTPOKM. Korda nporpamma rotosa K
0bpaboTKke Apyroi CTPOKM, OHa nevaTaeT 3Be3404Ky. ECM y BAac eCcTb KaKoM-TO ONbIT B paboTe Ha KomMbtoTepe,
nporpamma MoKaxeTca Bam [0CTaTO4YHO OYEBUAHOMN.

Mporpamma HauyMHAETCA C MHUUMANM3aUMM yKasaTensa Oydepa CMMBOJIOB, OCYLIECTBIAEMOWN MEPECHIIKOM
adpeca bydepa B agpecHbiit perncTp BP. OTMETUM, 4TO Mbl HE MOMKEM 3anmcaTb

TaK Kak Takaa KoMaH[a 3arpy3uT CoAepMMoe, a He aapec; B A3blke accembnepa npoueccopa 8086 aAna
0b603HayeHns agpeca SYEenKM NamaT UCMNOJb3yHOT CA0BO offset neped MAeHTUUKATOPOM 3TOM suelku. lNocne
3TOro NPOrpaMmma C NMomoLLbo KOMaHabl IN cuMTbiBaeT BUT COCTOAHMSA KNaBMATypPbl, IOTUYECKM YMHOMKAET ero Ha
80H, 4Tobbl OCTaBUTb TONBKO BUT COCTOAHMA (3TO Ha3bIBAETCA «MaCKMPOBaHMEM») W pe3yabTaT CPaBHMBAET C
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Hyaem. Hy/b 03Ha4aeT, YTo OMT He paBeH eanHULE M NPOrpamma BbINOAHAET UMKA. Koraa obHapyKeH HeHyneBom
BUT COCTOAHMA, MPOrpamma CYMTbIBAeT AaHHble M3 MopTa [aHHbIX KaaBuaTypbl (Npu 3TOM 0bHynsetca 6uT
COCTOSIHMA TpUITepa) M NocaeaoBaTeNlbHO 3aMOMUHAET WX B Bydepe CTPOKM, MHKpemMeHTUpys yKasaTenb (BP) u
BbI3blBaA MOAMNPOrpaMMmy, KoTopas oTobpa)kaeT CMMBO/A Ha 3KpaH. HaKkoHel, nporpamma npoBepsaeT, He
OKaH4YMBaETCA /1M CTPOKA CMMBOJIOM BO3BpaTa KapeTKW: eCNM 3TOro HeT, TO yMnpas/ieHWe Mnepeaaetca UMKy
MOBTOPHOW MPOBEPKM OUTA COCTOAHMS KNaBMATypbl; €CAW NOCAeAHWMIA CMMBOJ/ ABAAETCA CMMBOJIOM MeEpeBoAa
ctpokn (CR), mporpamma nepedaeT ynpasneHne o06PaboOTUMKy CTPOKM, MOCAE Yero neyataeT 3BE3404YKY U
Ha4YMHaeT BCe 3aHOBO.

[axe npoctas noAnporpamma, MCrNojb3yemas A1s BblBOAA CMMBO/A Ha AUchnel, TpebyeT HEeCKObKMX
onepaumii nposepkn dnara (buTta) COCTOAHMA M MackMpoBaHuMa. CHayana noAnporpamma 3arnomuHaeT 6aiT B
perncTpe AH, 3aTem CuMTbIBaeT M MackupyeT daar 3aHATOCTM 3KpaHa aucnnen. HeHynesoW ¢nar o3Hayaer, yTo
AVCNNEN 3aHAT WM HaZo MPOAO/IKWUTL MPOBEPKY 3TOro daara; B MPOTMBHOM C/yvae MOAMNPOrpamma 3aHoCUT
CMMBOA B perncTp AL, nepecbinaeT 3TOT CMMBOA B MOPT AAHHbIX AWCNAEA 1 3aBepLUaeTcs.

HecKko/sbKo 3amevyaHWit no nporpamme: a) NOCKO/bKY OMT cTapliero paspsaga (KOTopbld Mbl annapaTHbIM
obpa3om onpenennnn Kak 6uT dnara) ABAAETCA 3HAKOBbIM, CTaAMI0O MAaCKMPOBaHMA dara KnaBMaTypbl MOMKHO
ONYyCTWUTb; NPU 3TOM MOMKHO MCMONb30BaTh KoMaHay JPL KFCHK. 3Ta ynoBKa, oaHako, cpabaTbliBaeT TONbKO Mpu
NpoOBepKe CcTaplwlero paspsga W Mo3TOMy Becbma crneumoduyHa; 6) NpoaosKaa MNPaKTUKY XOpoWwero CTuAas
NpPOrpaMMmMPOBaHMA, CUMBOA BO3BpaTa KapeTki (ODH) 1 3B8e3404KM MOXKHO Dbl Bbl ONpeaennUTb Kak KOHCTaHTbI,
nonobHo KBMASK; B) 610K 06paboTKM CTPOKM MOKeT BbiTb 0bOpPMIEH B KadyecTBe MoAMNPOrpamMmbl; ) B TOM
cnyyae, ecam npouedypa 06pabOoOTKM CTPOKM CAMILIKOM AJIMHHA, MOTYyT OblTb MNOTEPSAHbI CMMBOJIbI; 3TO
coobpaxkeHne NPMBOAUT K MCMOMb30BaHUIO 6onee M3ALHOr0 MexaHW3ma MNpepbiBaHUA, KOTOPbLIM Mbl BCKOpe
PAacCMOTPUM; 4) NPorpammbl OBCAYKMBAHWMA KNaBMATYpPbl M AWUCNAEA MCMOMb3YTCA HACTOMbKO YacTo, 4to PC
MMeeT BCTPOEHHble MPOrpaMmbl TaKOrO POAA, BbI3blBAEMblE MOCPEACTBOM MPOTPAMMHbIX  MPepbIBaHUI
(paccmoTpum mx Nosske); TakMm 0H6pa3om, Halla NporpaMmma BoobLE He Hy»KHa!

O6obuleHne 6MTOB COCTOAHMMK. [lpMmep C KNaBMaTypon WANKOCTPUPYET MPOTOKON 06paboTknm 6BuTa
COCTOAHMA; OAHAKO MPOTOKOA HACTO/IbKO MPOCT, YTO Y BAC MOXKET CO3/aTbCs HenpasWbHOe npeacTaBieHne ob
aTom npeameTte. Ha camom pene MHTepdenc BHELWHEro YCTPOMCTBA HECKOJIbKO C/OXHEEe, KaK MNpaBuMAO OH
npeaycmaTpmBaeT HecKoNbKo ¢naros Ana GUKCaLMM pasnyHbIX YCA0BWMA. Hanpumep, B MHTepdeince NeHTOYHOrO
MarHMTodoHa BaMm, Kak MPaBWIO, HALO MMETb caeaytolime OUTbl COCTOAHMIA: HaAyano NeHTbl, KOHel, KaTywKu,
OoWmMbKa YETHOCTU, ABUMMKEHME NeHTbl U T. 4. TpaAMUMOHHAA Npougaypa 3akaloyaeTcs B TOM, YTOObI CBeCTM BCe
H6UTbI COCTOAHMUI B OAMH BAWT UAW CNOBO Tak, YTOObI CPasy cyMTaTb BCe BUTLI M3 PErUCTPA COCTOAHMI C MOMOLLbIO
KOMaHAabl BBOAa AaHHbIX IN. OBblYHO HaZO Ha3HaYMTb OUT, MOKa3biBaAOWMIA Hanuume Aobon M3 oWMOOYHbIX
CUTYyalUMI, cTaplieMy pa3psagy C10Ba COCTOAHMI C Tem, YTODbl NpocTad NpoBepKa 3HaKa curHanmsmposana bbl o
Ha/ 4NN KaKOW-HMOYAb OWMOKM; ecnn 3To OOHapPYKMBAETCA, MOMKHO MNPOBEPATb OTAE/bHble pa3pAdbl C0Ba
(HaKnadblBas MacKy C MOMOLLBIO OTUYECKOM GYHKUMKU «M») A1a BbIABAEHMA KOHKpeTHOM ownbKku. bosnee Toro, B
CNOXHbIX MHTEPdECcax, BO3MOXHO, He TpebyeTcs, 4Tobbl BUTbI COCTOAHMA cOPaChbIBAaIMCh «aBTOMATUYECKMY», KaK
3TO NPOUCXOAMNNO C eAMHCTBEHHbIM BUTOM B HallemM NpUMepe; BMECTO 3TOr0 MOXHO BOCMO/1b30BaTbCA KOMaHA0M
BbIBOAA AAHHbIX, KaXKablh OUT KOTOPbIX COpachiBaeT COOTBETCTBYOLWMIA daar.

YnpasHenune 10.3. Y Hawero uHTepdelica KnasmaTypbl HET CPeACTBa, NO3BOAIOLLETO KOMMbIOTEPY ONpeaenunTb, Obln M NPONyLLEH CUMBOA. M3MeHUTe cxemy TaK,
4YTObObLI OHa MCMob30Bana ABa O1Ta COCTOAHMI: «TOTOBHOCTb CMMBO/IA» (3TO Y Hac yxe ECTb) M «noTepa AaHHbIX». ®nar «noTepA AaHHbIX» A0/1KeH YCTaHAaB/IMBATbLCA Ha

nnHum D6 Toro e nopta COCTOAHWM, 4TO U «TOTOBHOCTb CMMBONAY; ¢nar «noTepAa AaHHbIX» O0/HKeH CTAaHOBUTbCA PaBHbIM eAVHKULE, eCU KlaBulla 6blna HaxaTa A0 TOoro,

KaK npeaplaywmii cmBoa Bbin CYUTaH KOMMBIOTEPOM, B OCTAsIbHbIX CY4asaX OH AOKEH ObITb PaBEH HyHO.

YnpaxHerue 10.4. LononHute nporpammy 10.4 610KOM NPOBEPKM MOTEPAHHBIX AaHHbIX. ITO AONKHO OCYLLECTBAATLCA BbI3OBOM MOANPOrpaMmbl ¢ umeHem LOST

B Tex C/y4danx, Koraa d)nar «noTepA AaHHbIX» YCTaHOBNEH paBHbIM eanHULE; B OCTa/IbHbIX C/Iy4aaX nporpamma A01XKHa pa6OTaTb KaK U paHblle.
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10.09. lpepbisaHuUA

TONBKO YTO NPOMANOCTPUPOBAHHOE MCNONb30BaHWE GNaroB COCTOAHWUIA ABNAETCA OAHMM U3 Tpex cnocobos,
MCNO/Ib3YEMbIX BHELWIHMM YCTPOMCTBOM /18 TOrO, 4YTOObl «HAMEKHYTb» KOMMbIOTEPY Ha HeobXxoAaMMOCTb
BbINMO/HEHUA KAKMX-TO AENCTBMIA. XOTA BO MHOMMX MPOCTbIX CAy4asax 3TOro BMOJHE [0CTaTOYHO, MMeeTcs
CEepbesHbI HeLOCTaTOK B TOM, YTO BHELIHee YCTPOMCTBO He MOMeT camo ob6bABUTb O HeobHXOoAMMOCTH
BbINONHEHWUA KaKMX-TO AEWUCTBMA — OHO AO/KHO KAATb A0 Tex nop, noka LM He onpocuT ero nocpeactsom
CYMTbIBAHMS  COAEPHKMMOrO  pPermctpa CocTtosHMs  KomaHaoi IN.  YcTpolicTBam, KoTopbiM — TpebyeTcs
bbicTpoaeCcTBUE (TakMe, KaK AUCKM Wau Apyrne, 4bA paboTa npenycmaTpuBaeT BBOA-BbIBO, B pPeasbHOM
MacwTabe BpemeHun), HeobXoAMM YacTblil onpoc GAaroB COCTOAHMUIM, U B KOMMbIOTEPHOM CUCTEME C HECKOJIbKUMU
noaobHbIMK ycTporcTBamn LM BcKope 0BHapy»KMT cebs NpoBOAALMM OCHOBHOE BPeMs 3a NMpoBepKon dnaros
COCTOSAHWI, KaK B NOCNeAHEM NPUMEpPE.

Bonee Toro, gaxke NpuW NOCTOAHHO BbINOAHAEMOM NpoBepKke $aaroB COCTOAHMUI y Bac elle OCTaeTcs NoBOf,
ona 6ecnokoicTea. B yactHocTh, B nocnegHem npumepe LN 6yaeT ycnesaTb BBOAMTL CMMBO/bI, Habupaemble Ha
KNaBMaType, ecv OH HaxoAMTCA B [1aBHOM LMKAe nNposepkn ¢naros. Ho yto, ecam LN 3atpatut 1/10 cekyHabl B
TOM 4acTu anropuTma, KoTopas obecneuymBaeT 0b6paboTKy CTPOKM? MM aucniaen MeaneHHbli M 3acTaBiseT
nporpammy KaaTb, MoKa cbpocutca dnar 3aHATOCTU? Bce, UTO B TaKMX Cydasx HEOOXOAMMO, 3TO — MEXaHU3M,
NO3BONAIOUMI BHELIHEMY YCTPOMCTBY NpPepBaTb 0bObIYHbIN NopAaaoK paboTbl LM B Tex ciyyasx, Koraa Haao 4To-
HMBYyAb caenatb. 3atem LM MoOXKeT NpoBepuTb PErncTp COCTOAHMA AAA TOro, YTOObI ONpeaennTb, YEM Bbl3BAHO
HecnoKoMCcTBO, akKypaTHO CAenaTb TO, YTO MOJIOKEHO M BEPHYTbLCA K HOPMaibHOW paboTe.

Ona Toro 4tobbl AOMNONHWUTENBHO WCMOAbL30BaTb MNOTEHUMANbHbIE BO3MOMHOCTM MPEPbIBAHUA B
KomnbtoTepe, HeobxoaMMo [06aBUTb HECKO/NIbKO HOBbIX CMIHA/NOB Ha MarucTpaau: no KpalHeln mepe, oAHa
0606UeHHAA NMHMA ANA Nepedayn NPepbiBaHWMI OT BHELWHMX YCTPOMCTB M (0Obl4HO) Mapa JAMHWMIA, C MOMOLLbLIO
KoTopbix LIM moxeT onpenenntb, Kakoe yCTPOMCTBO BblAas0 CUMrHaA npepbiBaHMaA. K coxaneHuio, npumep c IBM
PC He o4eHb yZayeH, TaK KaK 3Ta MallMHA HE MCMOb3YeT BCEX BO3MOXHOCTEN npepbiBaHWMi. O4HaKO HeLOoCTaToK
rMbkocTn 6onee YemM KOMMEHCUPYeTCa MNPOCTOTOM; peannsauma annapaTHbIX NpepbiBaHMI B nepudepuiiHbiX
ycTpoincteax PC npolle napeHom penbi.

Tenepb O TOM, Kak 3To Bce paboTaeT: maructpaib PC umeeT Habop M3 6-TW NMHUIA ANA nepefayn CUrHanoB
3anpocoB npepbiBaHuii, nmeHyembix IRQ2-IRQ7. 3TN AMHUN MCNONBL3YIOT MNONOKMUTENBHYIO NOTUKY WU MOAKNOYHEHDI
K cxemam obpamnenus LM (B 4aCTHOCTU, K KOHTpPOAAEpY npepbiBaHni Tuna 8259). Ana Toro 4Tobbl BO36YAUTH
npepbiBaHMe, Bbl MPOCTO YCTaHAB/AMBAaETE Ha OAHOW W3 IMHUN BbICOKMI YPOBEHb CUrHana. Ecam npepbiBaHUA
paspelleHbl (B TOM 4Mcie M TO KOHKpeTHoe IRQ, KoTopoe Bbl Bbibpanu), LM nocne 3aBeplieHna oyepenHown
KOMaHZbl MpepbiBaeT BbIMOJAHEHME MPOrpaMmbl, a 3aTem (Mocne coxpaHeHua B cTeke $GaroB M TeKyllero
yKasaTens KOMaHz) nepexoauT K nporpamme obpaboTymKa npepbiBaHMM, PacnoNOKEHHON rae-TO B NamMATH.

B obpaboTtunke Bbl nNpeaycmaTpuBaeTe ntobble Tpebyemble AelCTBMA (Hanpumep, UYTEHWe [AaHHbIX C
KNaBMaTypbl), ¥ MOMECTUTb ero Bbl MOXETE rae YrogHo no cBoemy yCMoTpeHuto; LIM BbIACHAET, Mo Kakomy agpecy
Ha[O COBEpWUTb nepexod, aHanusupya 4-6anToBbii agpec obpaboTymka, PACMOJIOKEHHbIN B BblAEEHHOM
obnactu B Hayane namatn. Aapec aTo 06/1acTu 3aBUCUT OT BbibpaHHoro IRQ; ans MM 8086 16-puyHoe 3HayeHMe
3TOro aapeca Bblumcasetca no dopmyne 20 + 4n, rae n-ypoBeHb npepbiBaHua. Hanpumep, LM byaet pearnpoBaTb
Ha npepbiBaHne IRQ2 nocpeacTBom nepexosa no 4-6aMToBOMY aZlpecy, KOTOPbIA XPaHUTCA B AYEMKax NamATh C
aapeca 28H no 2BH (3To noxorke Ha KOCBEHHYO agpecaumto, ¢ TOM NKLWb Pa3HULEN, YTO afpec pacnosaraeTcs B
MamsaTW, @ He B PErncTpe); KOHeYHO, HavasbHble aZpeca BaliMx 0bpaboTUMKOB MpepbiBaHUN CredyeT 3apaHee
NOMEecTMTb B NamATb. B KoHue o06paboTyMKa Hago BbINOAHUTL KomaHay |IRET, KoTopas obecneumt
BOCCTAHOB/IEHME MNpPeABaAPUTENbHO COXPAHEHHOTO COAEPMKMMOro pernctpa $aaros W nepegadvy ynpaBaeHus
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06paTHO B TOUKY BbI3OBA.

MponnnocTpupyem 370, 40OaBUB B cxeMy MHTepdelica KnaBmaTypbl npepbiaHma (puc. 10.12).

0vo-7
(arucTp)
G LuanJ:D_"-'-"_C o EJL,P—B
KBDATA SEL & 574
C_pi-g | .
8f
128
S
a1-7 Jin ; a D7 (mar)
74
Knasnatypa - .
‘125
IRO2 (Mar)
Macka
[~ | npepriBaHHA
KN3BHATY bl

RESET nmr_Do_._
Lnarkerp.)
Puc. 10.12. Uumepgpelic kKnasuamypesi ¢ NpepbIBAHUAMU.

Mbl ocTaBuAM dnar «CMMBOJI TOTOB» M CXEMy MPOrpaMMMPyemMOro BBOAA-BbIBOAA MpPaKTUYecKn 6e3
M3MEHEHWI, 33 MCKAOYEHMEM TOrO, YTO cMrHan cbpoca dnara BrkAtodeH no cxeme «W/IM» ¢ HOBbIM CUIHANOM
marmctpanu RESET DRV, KoTopbli siBnseTcAa BbIXOAHbIM Ana LM, oH Ha KOpOTKoe Bpemsa ycTaHaBAMBAETCA B
BbICOKOE COCTOAHME MPU BKAOYEHUMN KOMMNbloTepa. OBbIYHO STOT CUrHAN MCNO/b3YETCA AA YCTAaHOBKM TPUITEPOB
M APYrMx 3/1eMeHTOB MoC/ie[0BaTe/lbHON NOTMKU B OMpedesieHHOe COCTOAHWE MPW BKAKOYEHUMM MUTaHMA.
O4eBUAHO, 3TOT CUrHaN O0MKeH cOpocuTs daar roToBHOCTU HaliTa K Npuemy ero B nporpammy (B Hallem HOBOM
nHTepdelice ycTaHOBMAEHHbIM dnar roToBHOCTM Aaxe Bbi3Bas Obl NpepbiBaHWe). Eule 0AHO BHECEHHOE Hamwu
M3MEHeHWe — UCMNO/Ib30BaHME COKpalLEeHHbIX 0603HAYeHMN 414 ONUCAHUA Pa3PAAHOCTM WKHbI AaHHbIX 414 TOro,

yTOObI coenatb cxemy bosiee yaobounTaemon.

HoBas cxema 06paboTKM NpepbiBaHUI BKAtOYAeT ApalBep AnA ycTaHoBKkM IRQ2 B cinyvae roTOBHOCTM
cMMBOMa. BOT M BCce CXeMHble HOBLIECTBA, KOTOpble Bam Heobxoaumbl. Mbl A00aBWAM, XOTS B 3TOM HeT
06s3aTe/IbHOM  HEOBXOAMMOCTM, BO3MOMHOCTb OTK/IOYEHUS YCTPOMCTBA BbIpaboOTKM CWUrHana npepbiBaHUs
(KoTopoe npeacTaBaseT cobol TpexcTabuibHbl BydepHbIn aneMEHT) NyTem nepeaadn Hanta, MaaaWnin paspaq,
KOTOPOro YyCTaHOB/AEH B HU3KOE COCTOAHMe, no aapecy nopTa KBFLAG. 3To MOXHO OyaeT MCno/ib30BaTb B TOM
Cnyyae, eCAM BaM 3axOYeTCA MOAKMOYMUTL K TOMy e ypoBHi0 IRQ apyroe ycTpoWcTBO, BblpabaTbiBatollee
npepbiBaHMA, NpUYem TaK, 4YTODbl B KaXAbld MOMEHT TO/IbKO OAHO YCTPOWCTBO MO0 WMHWULMMPOBATL
npepbiBaHMe (HWKE Mbl AONOAHUTENBHO MOSCHUM 3TOT WEKOT/IMBbIA MOMEHT).

10.10. Obpabomka npepbisaHul
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KomnbtoTepbl cemeiictsa IBM PC/XT peanunsytoT 06paboTKy npepbiBaHWUii NPOCTO (XOTS M orpaHuMymMBsas npu
3TOM MBKOCTb), UCMO/b3Yys MHTErPaNbHYIO MUKPOCXEMY KOHTPO//IEpa MpepbiBaHKi TMna 8259, yCTaHOBIEHHYIO
Ha 0a3oBOM nnaTe. 3Ta MUKPOCXEMA BbIMOJHAET OCHOBHOM 0b6bem paboTbl, KOTOpadA BKAOYaeT B cebs
onpeaeneHne NpUOPUTETOB, MAacCKMPOBAHME WM BbIDOP BEKTOPOB MpepbiBaHMI (Mbl OMULIEM 3TO MOC/AE NPUMEP],
npueedeHHoOro Huke). Co cBoeit ctopoHbl LM onpeaenseT, 4To HaCTyMUAO MpepbiBaHME M pearnpyeT Ha 3TO
COXPaHeHMEeM yKasaTens KOMaHZ v pernctpa Gaaros, a TakKe 3anpelleHnem AanbHeNLWmX NpepbiBaHMi, a 3aTem-
COBepLUan nNepexos Nno COOTBETCTBYHOLLEMY aJpecy, 3anMcaHHOMY B 06/1aCTV BEKTOPOB NPepbIiBaHUI B HaYa IbHbIX
AYyenKkax namaTu. Bawa nporpamma 06paboTKM MpepbiBaHUI OenaeT OCTajbHOe, a MMEHHO: a) CoXpaHseT C
MOMOLLBIO KOMaHAbl push Bce pernctpbl, KOTopble Bbl cOBMpaeTech MCNOAb30BaTb (HAMOMHKUM, YTO NpepbiBaemasn
nporpamma He MOMKeT 3apaHee MOArOTOBUTbCA K MPEepbiBaHWIO, MOCKOAbKY OHO MOMET MPOM3onTM B Atoboin
MOMEHT BO BPEMSA BbIMNOHEHMSA MPOrPaMMbl Kak rPOM cpeain ACHOro Heba); 6) BbiACHAET, Npu HeobxoaAMMOCTH, C
MOMOLLbIO YTEHUA OAHOTO WAM HECKONbKMX PErncTpoB COCTOAHWI, YTO MMEHHO TpebyeTcs BbIMOAHWUTL; B)
BbINOMHAET 3TO; ) BOCCTAHAB/IMBAET paHee COXPaHeHHble PErmcTpbl M3 CTeKa; 4) coobuiaeT muKpocxeme 8259,
yTO BCe cAenaHo (Nepenasas HalT NpuM3Haka 3aBeplieHns npepbiBaHMa 20H u, HakoHel, e) BbINOSHAET BO3BpPaT
n3 npepbiBaHMA — KoMaHay IRET, uTo 3acTaBaseT LM BOCCTAaHOBUTL COAEPMKMMOE MPeXHero pernctpa ¢naros,
COXpaHeHHoe npeaBapuTebHO B CTEKE M NepenaTb ynpaBaeHne (MCNob30BaB NMpexHee, TakKe npeaBapuTesibHO
COXpPaHEHHOe B CTEKe 3HaAYeHMe yKas3aTeNs KOoMaHf) 06paTHO B Ty MPOrpammy, BbIMOJHEHWE KOTOPOU Hblio
npepsaHo. [Ae-TO B NMporpamme Bbl [JO/KHbI XK) 3arpy3uTb agpec nporpammbl-o6paboTynka npepbiBaHUA Mo
afjpecy BeKTopa MpepbiBaHWM, cooTBeTCTByOWEro yposBH |RQ, wucnonb3yemMoro annapaTHOM  4acTblo
KOMMNbOTEPa, M COOBLWMTL KOHTPOAAEpY npepbiBaHMi 8259 0 TOM, YTO HeobXoAMMO pa3pelmnTb NpepbiBaHWe
YKa3aHHOro ypOoBHSA.

Mporpamma 10.5 AeMOHCTPMPYET NPOrPaMMMPOBaHME KnaBMaTypbl C MCMO/Ab30BaHMEM MpepbiBaHWiA. BoT
oblan cxema: rnasHas npoueaypa BbINOAHAET HeobxoAMmble MPeayCcTaHOBKM, a 3aTem B UMKAEe MNpepblBaeT
3HayeHWe dnara (NporpaMMHOro, He anmnapaTHOro), KOTOPbIM ycTaHaenMBaeT 06paboTUMK MNpepbIBaHUA,
0bHapyXMB KO «BO3BPaTa KapeTKM»; Kor4a rnasHaa npoueaypa 3amedaeT, YTo ¢ar yCTaHOB/IeH, OHa NepexoamT
K 3aaHHbIM [AEeNCTBMAM Haf CTPOKOW, a 3aTeM MPOWCXOAMT BO3BPAT K LMKAY nposepku ¢dnara. O6paboTumk
npepbIiBaHWI, B KOTOPbLIM NepeaaeTca ynpaBaeHMe Mpu KaxaoM NpepbiBaHMM, 3aHOCUT CMMBOA B Bydep cTpoKu,
yCTaHaBAMBAET diar, eC/iM CUMBOJ OKa3asiCa «BO3BPATOM KapeTKM» M BO3BPaLLAET ynpaBsieHue.
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Iporpavma 10.5
; O6paboTank npepeiBaHuil— HCNONB3YeET
; TPEPLIBAHHA

KBVECT equ word pntr 0028H ; Bextop INT 2
KBDATA equ ***H ; 3meck HAZO 3AJaTek AApec NOPTa JaHHBIX
; KIaBHATYPE
KBFLAG equ ®***H ; 3meck HAJO 34Tk ajJpec NMopTa (UIAKKOB
; KIABHATYPRI
buflg DB 0 ; JepesepBHpyeM noj (NaXoOK NEpenoTHEHHA
: Bydepa
charbuf DB 100 dup(0) : Jepeseperposars 100 Balit moa cHMBONLHEIR
: Oydep
CLI ; 3anpeTuTs npepuIBaHKs
MOV S, offset charbuf ; Hammmamaaposate ykazatens Oydepa
MOV  buflg, 0 ; M dnaxox koHua cTpokH
MOV KBVECT, offset KBINT ; JanmHcaTth agpec obpaboTuHka npepeBaHER
; o agpecy
; COOTBETCTBYIOLUErO BEKTOPA NMpEPhIBAHAS
IN AL, 21H ; Macka npepsiBanEs onsi MHKpocxemsl 8259
AND AL, OFBH ; OaucTute 2-if paspaa ans Toro, 4Tobsl pajpeliHTh
; INT2 u mepemate B 8259 OCWI
STI ; PaspemmTe npepeiBanme
MOV AL, 1

OUT KBFLAG, AL
LNCHK: MOV AL, buflg

JZ LNCHK : Uugn, noxa He yeTaHOBNEH QUIAMOE KOHLA CTPOKH
LINE: MOV Sl offset charbuf ; Verasosuts B MCXOOQHOE COCTOAHHE YKA3ATENE

MOV  buflg, 0 ; 1 pnaxkok crpoxu

MOV AL,'*

CALL TYPE : Busect nogckazky %7
5 ; O6paboTaTe CTpORY

JMP LNCHK ; M %xpate nossnewna cneayroumel cTpokn
; OGpaboTunk npepsipanuil KIaBHATYDbI
; INT2 pepHeT Bac clolla B COOTBETCTBHH C TEM
; BEKTOPOM, KOTOPGIA Mbl 3arpy3miH

KBINT: PUSH AX ; Coxpaunth ucnonwayemeiii nanee perncrp AX
IN AL, KBDATA ; Ipuuste Gaitt naHHBIX C KNABHATYPH
MOV [SI], AL : Janectn ero B Gydep cTpokn
INC 51 : H nepensunyTs yEasarenb
CALL TYPE ; Xo-newaTe Ha IKpaH
CMP AL, ODH ;: Ipopepra Bo3ppaTa KAPETEH
JNZ HOME ; HeT Bo3Bpata xaperkn
MOV builg, 0OFFH ; Bo3ppaT KapeTkH - yCTAHOBHTE (IaKOK KOHIIA
s CTPOKH
HOME: MOV AL, 20H
OUT 20H, AL ; Curnan B 8259, wapemaomuii o 3aseplueHHn
; IpepLIBAHHA
POFP AX . BOCCTAHOBHTE NpexkHee 3HadeHHe AX
IRET : M Bo3Bpat ynpapneHus

[aBaiiTe Honee NpucTasbHO MOCMOTPMM Ha mporpammy. Mocne 3afaHuA aapeca NopTa M agpeca BEKTOpPa
npepbiBaHmit IRQ2 oHa Bblaenset 100 6anT nog bydep cTpokM (NepBoHavanbHO Bydep 3anoNHAETCA HyAAMM).
CobCTBEHHO BbIMOJHEHME MPOrPamMMbl HauMHAETCs C 3aHeceHMs agpeca bydepa B agpecHbIn[6] pernctp S,
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06HyneHWe ¢dnara KoHUA CTPOKW, M MOMeLLeHWA agpeca obpaboTymKka npepbiBaHWMI (KOTOPbIM HavyMHaeTcs C
KBINT) B aueriky 28H. [ns Toro 4ToObl pa3peliMTb KOHTPOAAEepy npepbiBaHnin 8259 npepbiBaHWA 2-TO YPOBHA,
0BbHynUM 6UT 2 mackn (KomaHabl IN, AND, OUT); 3aTtem paspewvm npepbiBaHuna LM v nepepaaum eamHuuy B
KBFLAG, 4TO NpMBOAMT K paspeLleHnto TpexctabuabHoro apansepa.

Tenepb MOXHO paboTaTtb. locne 3TOro NPorpamma BbIMOAHAET UMK/, @ NPAMO MOA «HOCOM» T1aBHOM
npoueaypbl CKpblITo obpabaTbiBaeTca npepbiBaHWe A0 Tex nop, Noka He 6OyaeT obHapyxeHo, 4Tto "buflg"
3araflovyHbiM obpasom yctaHoBuAcA. Pnar M yKasateno bydepa HemedleHHO YCTAaHABAMBAKOTCA B WMCXOAHOE
COCTOsAIHME (Ha TOT CayYal, ecan NPUAET cneaytollee NpepbiBaHWe), 3aTEM CTPOKa «MPOrNaThiBAETCS». XOPOLWMUM
coBeToMm 6b1710 Bbl MoOXKeNnatb MO0 HbICTpee BbINOAHATL NPOrpaMmmy, MO0 CKONMPOBaTbL CTPOKY B Apyroi bydep,
MOCKO/IbKY Yepe3 HECKONbKO MUAIUCEKYHI MOMKET MPOM3OWTM ApYyroe npepbiBaHMe (conpoBoOXKaaemoe
3aHeceHnem Hosoro 6aiiTa B HBydep), oAHAKO 3@ 3TO BPEMA MOMKHO BbINMOJHUTL HECKONbKO ThICAY KOMaHZ, 4To
bonee yem JOCTAaTOYHO ANA KOMMPOBAHUA CTPOKM.

O6paboTunK npepbiBaHWIN ABNAETCA OTAENbHOM NMPOrPamMmON, KOTOpas He BXOAWT B IaBHYIO Npoueaypy.
OH aKTMBM3MPYETCA C MOMOLLIO NPePbIBAHUA 2-T0 YPOBHA Yepes CBOM afpec, KOTOPbIA, B CBOKD ovepesb, 3apaHee
6bln 3arpyeH no agpecy 28H. O6paboTuMK B TOYHOCTM 3HAET, YTO AO/MKHO ObITb caenaHo, W aenaet 3To
6e3pOnNoTHO: OH COXpaHAeT codepXnmoe permctpa AX (MOCKOMbKY MAaHMPYEeT pa3HecTu nocnegHee sapebesrn),
CYMTbIBAET CMMBOJT M3 MOPTa [AaHHbIX KAaBMaTypbl, 3aHOCUT 3TOT CUMBOA B Bydep, MHKPEMEHTMPYET yKasaTesb,
[IOMOJIHUTENIBHO OTODpPAKaeT CMMBOJ/I Ha 3KpaH (B 3XO-pexMme), ycTaHaBaMBaeT AaKoK (ecam Obin BBEAEH
CMMBOA BO3BpPaTa KapeTKW), NOCbINaeT CUrHan 06 OKOHYaHMM MpepbiBaHWA KOHTpoAnepy 8259, BoccTaHaBAMBaeT
coaepxmmoe permctpa AX 1 BO3BpaLLAET ynpasseHue.

Ecnuv Bbl elle pas B3r/AHETe Ha NpUBEAEHHbIN Bbllle NepedyeHb AeUCTBUM, BbIMOHAEMbIX 00paboTYMKOM, TO
MOXHO 3aMeTUTb, YTO Mbl He YNOMAHYAM TOJbKO OAMH 3Tan, @ MMEHHO, CYMTbiBaHME GNAXKKOB COCTOAHMM,
KOTOpble MO3BOAIOT BbIACHWUTb, KaKMe M3 HECKONbKMX OEUCTBUIA A0/KHbI BbiTb BbINOJHEHbI. B AaHHOM ciydae,
MOCKOJIbKY CyULEeCTBYET e[MHCTBEHHAA MNPWYMHA, BbI3bIBatOLLAA MPEPbIBAHME, @ MMEHHO, 3anpoC Ha BBOS,
o4epesHOrOo CMMBOJIA C KAaBMaTypbl, 4TeHWe AaxXKoB He Tpebyetca. (MporpaMmMucT AOKEH OTYETIMBO
MOHMMATb, MPU KaKMX YCAOBUAX MPOMCXOAMT anmnapaTHOe NpepbiBaHne 1 4To TpebyeTtca Ana ero obpaboTku.)

HeckonbKo 3amedyaHuit no noBody 3TOM MPOrpaMmbl: BO-MEPBbIX, [Aaxe XOTA Mbl M MCMNOJb30BaM
npepbiBaHMA, NPOrpamMma BbITASAWUT CTOMb Ke TYMOM, YTO WM paHblle — OHAa MNOCTOAHHO BbINOJIHAET UMK,
NpoBepAs COCTOSHME MpPM3HaKa KOoHUA CTPOKW. OAHAKO Npu HEeobXOAMMOCTM MOMKHO OpraHM3oBaTb UMK U MO-
APYyromy, ecnm HeobxoAMMO BbINOAHATL elle Kakue-TO AeNCTBMA. ITO M MPOUCXOAMT Ha CaMoM Agefe B Halewn
nporpamme, B TOM ee 4acTi, KOTopas HaumHaeTcs ¢ MeTkM LINE n BbinONHAET BbIBOA, CMMBOJIA «3BE304YKa»; B
TeYeHMe 3TOro BpemMeHU npepbiBaHWa obecnedynsatoT 3aHECeHWe HOBbIX CMMBOJIOB B Oydep, B TO Bpems Kak B
Hawem npeaplayuiem npumepe 6e3 npepbiBaHU 3T CUMBOJIbI OblIM Obl MOTEPAHDI.

BTopoe 3amevyaHne MOXHO chOpMynMpoBaTb cnedyowMm oOpa3omM: Aaxe B TOM CAydae, Korga Mbl
MCnosb3yem MpepbiBaHWA, OCTaeTcA HGEecnoKOMCTBO, He BbIMNOAHAET /M MPOrpamma Kakue-nvbo onepauum c
npeaplaylien CTPOKOM B TO BPems, Korga caefytollas CTpoKa y»Ke MOSHOCTbio BBeAeHa. KoHeuyHo, B cpedHem,
nporpamma nNpocto ob6sA3aHa He OTCTaBaTb OT BBOAA C KJaBMATypbl; TEM HE MEHEee MOMET BO3HWKHYTb CUTyauus,
npu KoTopolr 06paboTuMK CTPOKM CAYyYaMHO 3aTPaTUT MHOTO BPEMEHMW, M Bam noTpebyeTcA BpemMeHHbln bydep
6onee yem Ha ogHy CTpoKy. OAHO pelleHne 3Tol Npobaembl — CKONMPOBaTb MHGOPMALIMIO BO BTOPO bydep nam
noovepefHO 0bOpallaTbCA K Kaxaomy w3 agyx bydepos. M3AWHOW anbTepHaTMBOM ABAAETCA OpraHv3aums
BXOZHOr0O MOTOKa B BMAE ovepeam, YCTPOEHHOM KaK KoMbLeBOM Bydep, B KOTOPOM [Ba YKasaTena obecrneymsatoT
n3BNeYeHMe o4yepeaHOro BXOAHOrO CMMBOAMA, a Npeablaywmii cumeon yaanaetcs. O6paboTymk npepbiBaHWM
npoABuraeT Brnepes BXOAHOW yKasaTesnb, a 0O6paboTUMK CTPOKM NPOABMraeT BbIXOLHOW yKasaTesb. [10406HbIM
KosibLleBOM Bydep Kak NpaBMAO MMeeT eMKOCTb 256 BaliT, 4TO NO3BOAAET NOAAEPKMBATL 0OPABOTKY HECKONbKMX
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CTPOK.

TpeTbe 3amevyaHne OTHOCUTCA K 0DOpaboTuMKy npepbiBaHUi camomy no cebe. OBbIYHO Yem OH Kopoue U
npolle, Tem Aydlle, Hanpumep, B HEM BO3MOXHA YCTaHOBKA ONAXKOB A1A YKa3aHWA Ha HeobXxo4AMMOCTb
BbINOMHEHWA B rNaBHOW npoueaype Hosee CAOXKHbIX onepaunin. Ecam obpaboTumk npepbiBaHWn ByaeT [0Aro
nepeBoANTb AyX MOC/Ae Kax4oro npepbiBaHWsA, Bbl PUCKyeTe MOTepPsATb AaHHble, UCTOYHMKOM KOTOPbIX ABAAIOTCA
Apyrve ycTpoictsa, BblpabaTtbiBatowme MNpepbiBaHWA, MOCKOAbKY B TO Bpema, Korga UM obpabaTbiBaeTt
npepbiBaHMe, ApyrMe npepbiBaHWA 3anpelieHbl. B TakoW CUTyauMM BbIXOZ, 3aKAOYaeTcs B TOM, YTODbl BHOBb
pa3pelmnTs 06paboTKy NpepbiBaHMA B Ballem cobcTBeHHOM 0bpaboTumke KomaHaoM STl nocne Toro, Kak oyayT
BbINONHEHbI KPUTUYECKME OTPE3KM MPOrpamMbl, KOTOPble AOMKHbI BbIMONHATLCA B NEPBYO OYepedb. 3aTem, eciu
BO3HMKNO MpepbiBaHMe, Ball 06paboTYMK npepbiBaHWiA ByaeT cam npepBaH. MOCKoMbKy GnaxkkM M agpeca
BO3BPaTa COXPAHAKOTCA B CTeKe, Nporpamma CymMeeT HalThu obpaTHyl [opory, cHadasa B Ball 0HpaboTumk, a
3aTeM B I1aBHYHO NPOrpammy.

10.11. lpepbisaHuA 8 Uesiom

Hall npumep ¢ KNaBMaTypoh [OeMOHCTPUPYEeT CyTb NpPepbiBaHUM, KOTOpble ABAAIOTCA BHE3aMHbIMM
annapaTHo BbipabaTbiBaeMbIMM  3aMpocamm  OT NepudepuUiiHbIX YCTPOMCTB, BbI3bIBAOWMMM  NPOrPAMMHYIO
nepegady ynpasaeHUs cneumnannsnpoBaHHOW nporpamme ob6paboTkM npepbiBaHUA (KOTOpas 0ObIMHO BbIMNOAHAET
NPOrpaMMHO-ynpaBasaemMblil BBOA-BbIBO/A), a 3aTeM BO3BPaT yNpaB/ieHMs B Ty 4acTb MPOrpaMmbl, BbIMONHEHWE
KoTopoW 6bli10 NpepBaHo.

Opyrm nNpumMepom yCTPOWMCTB, WMCMONb3YIOLMX MNpepbiBaHMA, ABAAKOTCA 4Yacbl pPeasibHOrO BPEMEHM, B
KOTOpbIX nepuoamyeckn (dacto 10 pa3 B cekyHay, Ho B [IBM Tuna IBM PC 18,2 pasa B cekyHay)
BbipabaTbiBaemMoe npepbiBaHMe «MNOATANKMBAET» NOANPOrpamMmmy OMnpeaesieHns TEeKyLLero BpeMeHu; elle oaHUM
NPUMEPOM SIBAAETCA MapaniesnbHblil MHTEPPENC NevaTatoLlero yCTPOMCTBA, KOTOPbIN BbipabaTbiBaeT NpepbiBaHNSA
BCAKMI pas, Koraa rotos HOBbIM CMMBOA. Mcnonb3ya npepbiBaHmA, Takne nepudepuniiHble yCTPOMCTBa NO3BOAAIOT
KOMMbOTEPY OAHOBPEMEHHO BbINOMHATL ApPYyrMe 3afaHuA; BOT MOYEMYy Bbl MOXeTe paboTaTb C TEKCTOBbIM
pefakTopoM, NoKa Bawa M3BM nevaTtaeT dain (M NpU 3TOM eLLe U OTCUYUTLIBAET TEKyllee Bpems).

IBM PC, oaHaKo, He UANCTPUPYET BCEX BO3MOXKHOCTEM NpepbiBaHWin. Kak Mbl BUAENM, UMEKOTCA 6 NUHWUI
IRQ Ha MarucTpanu, Kaxaas M3 KOTOPbIX MOXeT OblTb 334eMlCTBOBaHA TO/bKO OAHWM YCTPOMCTBOM,
ncnonb3ylowmm npepbiBaHmA. JInHUMK IRQ NpoHymepoBaHbl B COOTBETCTBMM C MPUOPUTETOM; B TOM C/lydae, KOraa
BblpabaTbIBAtOTCA HECKO/IbKO MpepbiBaHWA, NepBbiM OTPabaTbiBaeTCA TO, HOMEP KOTOPOro MeHblle. YeTbipe U3
IRQ-1MHKMIA NpeaonpeneneHsl Aa8 TakKMx YCTPOMCTB, Kak nocsenosatenbHbii nopT (IRQ4), wecTkmin amck (IRQ5),
rmbkmin amck (IRQ6) M nopT nevaTtatowero ycrporctea (IRQ7), octasasa Hemcnosb3lyembiMn Toabko IRQ2 m IRQ3
[AMHWK, COOTBETCTBYOWME ABYM APYrMm, ucrnonbdyembim B IBM PC yposHAM IRQ, Oaxe He BbiBeJeHbl Ha
MarncTpanb, a UCNOb3YIOTCA Ha CUCTEMHOM nNaaTe Ana obecnedyeHns paboTbl TaMmepa c YacToToM nepecyeTa 18,2
ry, (IRQO) m knasuatypbl (IRQ1)]. B Tom cnyyae, ecin Bbl XOTUTE AOMOJHUTENbHO MOAKMOYUTL CTPUMEP UK
JIOKaNbHYO CeTb, NpuaeTca ncnoab3osBaTb IRQ2 n IRQ3. bosnee Toro, npepbiBaHUA oTpabaTbiBaloTCA MO GPOHTY
CUTHana, 4YTo AenaeT TWETHbIM Kakne Obl TO HM BblI0 pasymHble MOMbITKM MCNOAb30BaTh NpoBoaHoe «M/TN» ans
TOro, YTOObI MOAKAOUYUTL HECKONBKO NepudepuinHbix YCTPOUCTB K 0aHOM IRQ-AUHKUMN.

Obuwme nvHUM npepbiBaHUn. OBbIYHbIM NPOTOKOA 0OPabOTKM MpepbiBaHWM, MPUMEHSAEMbIA BO MHOMMX
KomnbtoTepax, 06xoanT noaobHble orpaHuyeHmna. NocmoTpute Ha pumc. 10.13.

- 404 -



+5B

KonTponnep
npepuEaHUA
CPU k\
IRQ3 b
INT, | I® IRQ2p—& 9
AT e IRQ 1 p——vt- # % 2
A IRQojp & s
16 | 2
DATA |+ < - < 5
24 =
ADR |- g
coNTRAL | Hecronsio nwwi )
(RD,WR |7 )
HT.4A) * 1
h A X
| s
| | |
LNop A LMopT B

Npepris $_'

= 3-crab.
5ygep

Puc. 10.13./luHuu npepsigaHuli, COBMECmMHO UCNO/b3yemMble HECKO/bKUMU ycmpolicmeamu.

MmeeTca HECKONIbKO MNPUOPUTETHbIX AunHWMA  IRQ-TMNa; 3aeck Ha Bxodax UM (uam  apyrmx  y3nos,
HEenocpeacTBEHHO C HWMMW CBSI3aHHbIX) MCMOAb3yeTCA OTpuuUaTesbHas aoruka. Ons Toro 4tobbl chopmMmMpoBaThb
CUTrHaN NpepbiBaHMA, Bbl AO/IKHbLI 334aTb HU3KMI YPOBEHb NMOTEHUMaNa Ha oaHOM 13 IRQ-NMHUIM, ncnonb3ya, Kak
MOKa3aHO, MMWKPOCXEMY C OTKPbITbIM KONJNEKTOPHbIM BbIXOAOM (MM C TPemA BbIXOAHbIMW COCTOAHWUAMM).
(OTMETUM XMTPOCTb, KOTOPAs 3aK/OYAETCA B MCMOb30BAHWUM 3EMEHTA C TPEXCTabWUIbHBIM BbIXOAOM B KayecTBe
MMMTaTOPa 3/1IEMEHTA C OTKPbITbIM KOJIIEKTOPOM.) /InHmM IRQ, Kax4as M3 KOTOPbIX MOAKIOYEHA K Harpy304HOMY
PE3NCTOPY, MCMOb3YHOTCA HECKONbKMMM NepuPepuinHbiMM YCTPOMCTBAMM COBMECTHO, TaK UYTO K Kaxaon IRQ-
JIMHUM MOXHO MOAKAYUTL CTONBKO YCTPOWCTB, CKOJIbKO 3ax04eTcd; B Hallem npumepe ABa MopTa COBMECTHO
ncnonb3ytoT IRQL Boobuie rosops, Honee «HeTepneanBoe» YCTPOMCTBO caedyeT MoAkatoyaTb K IRQ-anHUKM ¢

H6onee BbICOKMM NMPUNOPUTETOM.

MocKonbKy AMHUK IRQ' MCNONB3YIOTCA COBMECTHO, BCErAa MOXKET BO3HMKHYTb NPepbiBaHWe, BbI3BAHHOE elle
OAHWM YCTPOWCTBOM B TO K& BPEMS M Ha TOWM Xe AWHWM (rae yKe BbICTaBNeHO npepbiBaHue). LleHTpanbHbIii
npoueccop AO/KeH 3HaTb, YemM WHWUMWMPOBAHO MpepbiBaHWMe Ana Toro, 4tobbl nepefaTb ynpaBneHWe
COOTBETCTBYOWLEMY 06paboTumKky. [na 3TOro CyWecTBYHOT [Ba MyTW - MPOCTOM W CAOXKHbIA. [MpocTon nyTb
Ha3blBAETCS aBTOBEKTOPM3OBAHHbIM OMPOCOM W UCMO/b3YETCA NMPAKTUYECKM MOBCEMECTHO (xOoTa M He B IBM PC).

370 AenaeTcs cedyolmm obpasom.

ABTOBEKTOPM30BaHHbIM onpoc. Ha ogHoM naate ¢ LM pacnonoskeHbl HEKOTOPbIE 31EKTPOHHbIE CXeMbl (415
npMmMepa Mbl BO3bMEM 3/1IEKTPOHHbIE Y3/1bl, ONMMUCbIBAaEMbIE B e/1. 11), KOTOpPble MHCTPYKTMPYIOT MMKPOMpPOLLeccop,
YTO eMy Hafo AeNnaTb ANA NOAAEPNKAHMA PEeXMMa aBTOBEKTOPMU3aALMM, KOTOPas OpraHM3oBaHa NogobHO TOMy, YTo
caenaHo B IBM PC-kaxabll ypOBEHb MpepbiBaHMA BbI3bIBAET Mepegady ynpaBAeHWAa, agpecyemyto C MOMOLLbIO
BEKTOpPa, COOTBETCTBYOWMM 06pPa30oM pacnooXKeHHOro B MAaAWmnx agpecax namatn. Hanpumep, ana MM cepun
68000, c KOTOpOM Mbl BCTpeTMmcs B 1. 11, cywectByeT 7 YpPOBHEM MNPUOPUTETHBLIX MNPepbiBaHMA, KOTOpbIe
aapecytotca 4-6aiMTOBbIMKW YKa3aTenaMM, pacnonaraembiMmn B 28-mu (7x4) aveikax namati ¢ 64H no 7FH. Aapec
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Bbi30Ba 06pabOTUMKa MpepbiBaHMIA Bbl 3aMUCbiBaeTe B 3TW SAYEMKM KaK B BbIWENPUBELEHHOM MNpUMEpE.
Hanpumep, 4-6alToBbi agpec ana ob6paboTymKka, COOTBETCTBYHOLLErO 3-My YPOBHIO NMPEpbIBAHWMA, Bbl [0OJIXKHbI
3anmcathb B AYENKM NamsaT ¢ aapecamu (B 16-puuHoin dopme) ¢ 6C no 6F.

Mepeiaa B8 0b6paboTumK, Bbl 3HAETE, KAKOM YpPOBEHb MpPepbiBaHMI Bbl 0OCNYyXKMBaAETe; BamM TO/bKO
HEeM3BECTHO, KaKoe KOHKPETHO YCTPOMCTBO MHULMMPOBANO npepbiBaHue. [na Toro Ytobbl BbIACHWTb, Bbl MPOCTO
DOMIKHbI NMPOBEPUTL PETUCTPbI COCTOSHMI KaXKAoro M3 YCTPOWMCTB, MOAKAOYEHHbIX K JIMHWUWU, COOTBETCTBYIOLLEN
3TOMY YPOBHIO MPEpbIBAaHWA (YCTPOMCTBO HMKOTAA He AO/IKHO BbICTaBAATbL 3anpoc Ha npepbiBaHWe 6e3
[OMNO/IHUTENIbHOM  YCTaHOBKM OfHOr0 WA 6Honee OWUTOB COCTOSIHUIA, KOTOPbIE MOXHO cyuTaTh). Ecam 6ut
YCTaHOB/IEH, MOKa3blBan, YTO Hago Obl YTO-TO cAenath, Bbl AenaeTe TO, YTO Hago, U ele 3abotutech o cbpoce
curHana IRQ'. HekoTopble yCTPOMCTBa (TakMe, KaK KnaBMaTypa) camm cOpachbiBatoT B MCXOAHOE COCTOAHME CUTHAs
npepbiBaHMA, KOrA4a OCYLIECTBASETCA UYTEHWe [aHHbIX, TOrda KaKk Jpyrse MoryT noTpeboBaTb nepenaym
cnewumanbHoro HarTa No HEKOTOPOMY apecy NopTa BBOAA-BbIBOAA.

Ecnm ycTpolicTBO, KoTopoe Bbl 06CAyKMBaeTe, HbIIO €AMHCTBEHHBIM WMCTOYHMKOM NPEepbIBAHWMM AaHHOTO
YPOBHA, TO Temepb, Nocne nepesadn ynpasaeHua o6paTHO B MPepBaHHYD NPOrpammy W MPOAO/NKEHUA ee
BbINO/HEHMA, curHan IRQ' ByaeT ycTaHOB/AEH B BbicOKOe cocTosHMe. OAHaKo eCcau CyLlecTBOBajO BTOpPOE
YCTPOWCTBO, BblpaboTaBllee MpepbiBaHWe TOrO e YPOBHA, TO curHaa Ha IRQ-anHMM ByaeT no-npeskHemy
OCTaBaTbCA B HM3KOM COCTOAHWUM (C MOMoOWbiO npusogHoro «W/IM») M nocne Bo3BpaTta ynpasiaeHUa U3
obpaboTumKka npepbiBaHUit LM HemedseHHO aapecyeTcs K TOMY K€ CamMOMy BEKTOPY M COOTBETCTBEHHO
06paboTumKy. MNpn 3TomM NyTem onpoca byaeT 0OHapyKeHO Apyroe yCTPOWCTBO, MHUUMNPOBABLIEE MpepbiBaHue,
BbIMOJIHEHO TO, YTO Hago W ynpasneHve OyaeT BHOBb MepefaHO npepBaHHOW nporpamme. OTMETUM, 4TO
NOPAAOK, B KOTOPOM Bbl OMNpaliMBaeTe pPerncTpbl COCTOAHWN, 3ODEKTUBHO YCTaHaBAMBAET MPOrPaMMHbIA
NPMOPUTET, AOMNOJHUTENbHO K annapaTHOMY MPUOPUTETY HECKOIbKMX IRQ'-ypoBHEN.

MNoATBepKAEeHME npepbiBaHMA. Mbl He MOXEeM MpOCTUTbCA C MpepbiBaHMAMM 6He3 Toro, 4tobbl He
yNnoMaAHyTb O 6onee CAOXKHOM nNpoueaype WAEHTUOUKAUMM UCTOYHWKA MNPEepbIBAHUA — MOATBEPKAEHUN
npepbiBaHma. Mpu atom LM He gonkeH onpaliMBaTb PErMcTpPbl COCTOSHUA BO3MOMKHbIX KaHAM/AATOB, MOCKObKY
YCTPOWMCTBO, MHULMMPYIOLLLEE MpepbiBaHMe, coobllaeT no 3anpocy LM cBoe nma. YCTPOMCTBO OCYLLECTBASET 3TO,
YCTaHaB/AMBasA «BEKTOP MpepbiBaHMA» (0ObIYHO-YHUKAbHbBIN 8-paspsaHbli KOA) Ha WWHe AaHHbIX, B OTBET Ha
CUTHaN NOATBEPXKAEHMA MpepbiBaHMA, BblpabaTbiBaemblt LM B npouecce peanusaumm npepbiBaHMA.
Heobxoanmble curHanbl BbipabaTbiBaeT nouTn Kaxabii M. MocnenosBatenbHOCTb CObbITMM Takosa: a) LM
3aMevaeT oxkuaatolee npepbisaHune; 6) LIM 3aBepliaeT BbIMOAHEHME TEKyLLe KOMaHAbl, 3aTem BbipabaTbiBaeT
(1) curHanbl marucTpanu, rosopsawme O npepbiBaHuK, (2) onpenenseT ypoBeHb MNpepbiBaHMA (MO MAaaWwmnm
paspsagam LWKHbl agpeca), a Takxke (3) BbipabaTbiBaeT NOAOOHbIE CUTHafNam YTeHUA CTPOB-CUTHaNbI, KOTOpble
NpWrAallatoT YyCTPOMCTBO, MHMLMMPOBABLUEE MpepbiBaHWe, NAEHTUOMLUMPOBATL cebs; B) YCTPOMCTBO OTBEYAEeT Ha
TakoW Habop CMrHafNOB MArMcTpann, BbICTaBAAA CBOM MASHTUOMKATOP (BEKTOP NPEepbIiBaHUA) Ha WWHY AAHHbIX; T)
LM cunTbiBaeT BEKTOP M NepeaaeT ynpasaeHne obpaboTymky npepbiBaHWA, COOTBETCTBYIOLLEMY MpepbiBatoLLlemy
YCTPOMCTBY; A) NporpammHan 4acTb 0bpaboTumKa MpepbiBaHU, Kak B Hallem nociegHem npumepe, CYUTbIBaeT
bnaxku, nonyyaet u nepesaeTt AaHHble M T. 4. B yncno npoumx obasaHHocTel 06paboTymKa npepbiBaHUI BXOAUT
HabaloaeHNs 3a Tem, YTobbl YCTPOMCTBO, 3aTpeboBaBliee npepbiBaHMe, He «3abblo» NMOTOM €ro OTMEHUTL; €) B
KOHUE KOHLL0B 06paboTuMK NpepbiBaHW BO3BPALLAET yrpaBaeHWe TON Nporpamme, BbINMOJHEHME KOTOPON HbiNo
npepsaHo.

BO3MOHO, NPOHMLATENbHbIE YMTATENN 3aMETMAMN Claboe MecTo B M3NOKEHHOW npoueaype. B yacTHocTy,

OHa paccyMTaHa Ha TO, YTO TO/IbKO OAHO YCTPOWCTBO BbICTAB/AET CBOM BEKTOP, TOraa Kak ogaHomy IRQ-ypoBHio

MOryT  COOTBETCTBOBAaTb HECKOJbKO  YCTPOWCTB, KOTOpble BblpabaTbiBatOT — 3anMpocbl Ha nNpepbiBaHME

0A4HOBPEMEHHO. TPAAMLMOHHbLIM MeToh 0bpaboTKM MpepbiBaHWIA B TaKOW CUTyaLMM 3aKNOYAETCa B TOM, YTO Ha

MarncTpanm GopmmnpyeTcs A0NoAHUTENbHbIA CUrHan (HasbiBaemblit INTP, npuopuTeT npepbiBaHMA), HEOBbIYHOCTb
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KOTOPOro COCTOMT B TOM, YTO /IMHWA MarMcTpanm, COOTBETCTBYIOWAA 3TOMY CUTHaAy, He asaseTca obuwein ans
YCTPOMCTB, MOAK/MOYEHHbIX K MarnmcTpanu, a, HaobopoT — NPOXOAMUT Yepes CXEMHYIO YacTb MHTepdelca Kaxaoro
YCTPOWCTBA, NMPOHM3bIBAsA BCe MHTepdeichbl, HaumHaa ¢ bavKanwero K L[ ycTpolcTBa € HaWBbICWMM YPOBHEM
npuopuTeTa. Ha LBETUCTOM A3blKe 3NEKTPOHWKM Takas KOHCTPYKUMA HasbiBaeTca daisy chain (aensu-uenouka,
nnu wnendosoe coeamHeHue). MpaBuao, B COOTBETCTBMM C KOTOPbIM annapaTHas Nornka obpabaTbiBaeT cUrHan
INTP, cnemytoulee: B TOM CAyyae, €CAM Bbl He 3anpaliuBanuM NpepbiBaHME Ha TOM YpoBHe, Tpebylollem
noATBep:KAeHMs, nponyctute curHan INTP K cieaylowemy ycTpoicTey 6e3 WM3MEHEHMA; ecin Bbl XOTUTe
NOATBEPANTL MPEepbIBaHWe Ha AAaHHOM YPOBHE, MOAAEPKMBANTE HU3KMIK ypoBeHb curHana INTP, Bbixoaswero ms
Balllero ycTpoicTea.

MpaBuo, B COOTBETCTBMM C KOTOPLIM HaAO0 Tenepb BbICTaBUTb BEKTOP, BbIMAAUT caeayowmm obpasom. Kak
TONbKO ByaeT BbipaboTaH BoMpoc oT L[, ycTaHOBMTE KOJ, Ballero BeKTOpa Ha LIMHE AaHHbIX TObKO B TOM C/y4ae,
€C/M a) NpepbiBaHME OXMAAET HAa TOM YPOBHE, KOTOpbIM TpebyeT noaTBepskaeHWe w 6) Ha BXOAe Ballero
ycTponcTBa curHan INTP MMeeT BbICOKUI ypOBEHb. ITO rapaHTUPYET, YTO TOIbKO OAHO YCTPOMCTBO BbICTAaBUT CBOW
BEKTOP; TakMM 0Opa30oM, TaK:Ke yCTaHaB/AMBaETCsA LEMNoyka nocaeoBaTe/bHbiX NPUOPUTETOB 45 Kaxgoro IRQ-
YPOBHA, NPW 3TOM YCTPOMCTBO, 31eKTpuyeckn Bamkarwee K LM, 6yaeT obcny:kmBaTbCs B NepByto ovepedp. B
TaKMX KomMbloTepax, rae npumeHaeTcs nogobHasa cxema, AAA Toro, 4tobbl MponycTuTb curHan INTP uyepes
HeMcnosibayemble pasbembl MarucTpanu, NPUMEHSIOTCA ManorabapuTHble pasbemHble 3ambikaTenn. He 3abyapte
WX yAanuTb, Koraa OyaeTe ycTaHaBnMBaATb OOMOMHUTENbHYIO WHTepdeicHylo nnaTy (a 3aTem He 3abyapTe UX
BEPHYTb Ha MeCTo, Koraa bydeTe OTKAo4YaTb COOTBETCTBYIOLWYIO naaTy!).

Y mMeToda NOATBEPXKAEHMA MPEpPbIBAHWUA, PEeaan3yeMoro C NMomoLblo NOCAenoBaTeIbHOM AeM3U-LEMNOYKN,
MMeeTCA M3ALLHAA anbTepHATUBA: BMECTO TOro, YTOObl MPOMNyCcKaTb CUrHaA Yepes KarK/bli BO3SMOXHbIA UCTOYHMK
npepbiBaHMI, Bbl COeAMHAETE KaxKa0e NogobHOe YCTPOMCTBO OTAE/bHOM IMHWUEN C NPUOPUTETHBIM LIMDPATOPOM
(cm. pa3d. 8.14), KoTopbli, B CBOKW o4vepedb, MNOATBEPNKAAET MpepbiBaHMe, WAEHTUPUUMPYS Hamnbonee
NPUOPUTETHOE M3 YCTPOWCTB MpepbiBaHMA. Takad Cxema WCKAYaeT CyeTy C NepeTbikaHMeM 3amblKaTenen.
[eTanbHo mbl 370 0bcyamm B pasd. 11.4 (puc. 11.8).

B 6O/bLWMHCTBE MMKPOKOMMBIOTEPHBLIX CUCTEM OMMCaHHAA TO/IbKO YTO OpraHM3auma NOATBEPKAEHWA
3anpoca MnpepbiBaHWA He WCMOoMb3yeTca B MOMHOM Mepe. B KOHUE KOHLOB nNpu 8-MWM  YpPOBHEBOM
aBTOBEKTOPM3ALMM MOMKHO OBCAYKMTb 8 YCTPOMCTB — MCTOUYHMKOB MpPepbIBaHMA 6e3 onpoca M B HECKONbKO pas3
bonbllee WX KOAMYECTBO C OMPOCOM. TOAbKO B 6O/bLIMX KOMMbIOTEPHbLIX CUCTEMaX, rae TpebyeTcs bbicTpas
peaKkumsa Npu HaM4MK AecATKOB YCTPOMCTB, KOTOpble BbipabaThbiBaloT MpepbiBaHMSA, BO3MOXHO, Bbl NoAAaAnTeCh
MCKYLLEHWIO YCNOMKHWUTL MPOTOKON MOATBEPNKAEHWA NpPepbiBaHWA, MO0 MCMO/b3ys anmnapaTHO PeasniM30BaHHYHo
nocnenoBaTeNbHY0 Aen3M-LenoyKky NpuopuTeTos, MMH60 — napaniesbHoe NPUOPUTETHOE KOAMPOBAHME.

OOHaKo BaXXHO MOHUMATb, YTO Jaxe MpoCcTble KOMMbKOTEPbl MOTYT WMCMNO/Ab30BaTb BHYTPEHHee
BEKTOPM30BaHHOE MNOATBEPXAEHWE MNpepbiBaHWA. Hanpumep, npocTas 6-TM ypOBHEBaA aBTOBEKTOPWM30BaHHasA
cxema npepbiBaHuMiA  IBM PC, Kak OHa npeacTaBAAeTcA MO/b30BaTeNAM Marmcrtpaau, Ha camom Aene
NoAJEPKMBAETCA  MMKPOCXEMOM  MPOrPamMMUMPYyEMOro  KOHTpO/Iepa npepbiBaHui  Tuna 8259, KoTopasn
pasmeltaetca 86AmM3mM UMM M reHepupyeT Hagnexallyto nocnefoBaTeNbHOCTb MNOATBEPXKAEHUI NpepbiBaHMSA,
OMUCaHHYK HUXKe. ITo Heobxoammo, Tak Kak MI 8086 (M ero «HacnegHUKM») He MOryT camm no cebe
MCMONb30BaTb aBToBeKTOpM3aumto. C apyroi ctopoHsbl, MM nonynapHoi cepumn 68000 MOryT MCMNo/b30BaThb
aBTOBEKTOPM3ALMIO BCErO /LB C MCMNO/b30BAHNEM OAHOM AOMONHUTENbHOM MUKPOCXeMbl (CM. es1. 11).

MacKnpoBaHuMe npepbiBaHW. B Halwlem NPOCTOM NPUMEpPE C KAaBMATYPON Mbl BKAKOYUAU TPUITEP TaKUM
obpa3om, 4TO MpepbiBaHMA KaaBMaTypbl MOTYyT ObiTb 3aO/10KMPOBaHbI, [a)Ke HEeCMOTPA Ha TO, YTO KOHTpoep
TMna 8259 no3BoAseT BbIK/AYATL («MACKMPOBaATb») KarkAbli YPOBEHb MPEepbiBaHUA B OTAEAbHOCTU. Mbl
NOCTYyNUAW TakMm obpas3om, 4Tobbl Kakoe-HMOyAb Apyroe YyCTPOMCTBO MO0 3aTeM Mcnosb3oBaTth IRQ2. [nA
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MarmMcTpannM C COBMECTHO McnosibayemMbiMn |IRQ-AMHUAMKM (Y4yBCTBUTENBHBIMM K YPOBHIO) OCOBEHHO BaXKHO
caenatb Kaskabl UCTOYHMK MPEepbiBaHWUII MacKMpyemMbiM C MOMOLLbI0 BUTa BbIXOAHOrO MOpTa BBOAA-BbIBOAA.
Hanpumep, mnopT nevaTalowlero ycTpolcTBa 0ObiMHO BbipabaTbiBaeT nNpepbiBaHWME BCAKMI pas, Koraa ero
BbIXOAHOW Bybep nycT («aaiTe elle AaHHbIX»); HO MOC/AE 3aBeplieHMa MeyaTu 3TOT 3aMpoC YMKe He HYMKeH.
OueBnaHOE peLIeHME 3aK/IYaETCA B TOM, YTODbI BbIKAOUYMUTL NPEPbIBAHMA NeYaTaloWwero yCTponcTea. MNocKobKy
MOTYT BbITb ApyrMe YCTPOMCTBA, «3axBaTUBLUME» TOT XKe YPOBEHb MPEPbIBaHWI, HaA0 HE MACKMPOBATb LEMKOM
BECb YPOBEHb, a NepeaaTtb BUT B NOPT NedvaTatolWero yCTponicTBa AA TOro, YTobbl 610KMPOBATL Ero NpepbiBaHue.

Kak IBM PC sT10 genaet. Mcnonbayemblin 8 IBM PC MIM 8086/8 B camom feie UCMOJb3yeT MNOJHbIA NPOTOKON
NOATBEPKAEHUA  BEKTOPM3OBAHHbLIX MNpepbiBaHWMA.  OaHaKo A8  NPOCTOTbl  MPOEKTUpPOoBLMKM  IBM  PC
MCNOMIb30BA/IM  MMKPOCXEMY KOHTpOA/Jepa npepbiBaHuin 8259 Ha cucTemHOM nnate. 3Ta  MUKPOCXeMa
ncnonwdyerca cnepyrowmm obpasom. K Hen nogratoveHbl avHUMM  IRQ OT  yCTPOMCTB BBOAA-BbIBOA3,
PaCMONOMKEHHbIX Ha BCTaBHbIX MeYyaTHbIX Maatax (rae BblpabaTbiBatOTCA COOTBETCTBYHOLWIME 3aMpPoChl  Ha
npepbiBaHMA), CaM Ke KOHTPOA/JEep COeAMHEH C JMHWAMM JaHHbIX W ynpasaeHus cobctBeHHo MIM. Korga
KOHTpO/A/Iep MNOJy4aeT OT BHEWHEero yCTPOWCTBA 3anpoC Ha NpepbiBaHWMe no AuvHWKM IRQ, OH BbIACHAET ero
NPUOPUTET W OCYLLECTBAAET BECb KOMMJIEKC [AENCTBUI, CBA3AHHbIX C GOPMMPOBAHMEM COOTBETCTBYHOLWENO
BEKTOPA Ha WWHe AaHHbIX. OH MMEeeT PermcTp Macku (LOCTYMHbIA Yepes NopT BBOAA-BbiBoAa 21H) Tak, 4TO BbI
MOXKeTe 3anpeTuTb MPOMN3BO/IbHbIM HAabOpP NpepbIBaHUIN.

KoHTponnep Tuna 8259 nos3sosnseT BblbMpaTb (NporpammHbim  obpasom) crnocob  dopmupoBaHms
npepbiBaHMA AMBO MO yPOBHIO, MO0 MO GPOHTY COOTBETCTBYIOLLErO CUIHaNa Ha BXOAHbIX AMHMAX IRQ; BbIOOP
OCYLLECTBAAETCA C MOMOLLBIO 3anucK baiTa B ynpasasiowmin pernctp (nopT Beoda-sbiBoga 20H). K coxaneHuto,
KOHCTPYyKTOpbl PC pelwimnam ncnonb3osate GopmmpoBaHmne no GPoHTY, BOSMONKHO M3-33 TOrO, YTO 3TO HECKOJ/IbKO
ynpowgaetr GOpMMpPOBaHME  MPepbiBaHWn  (HaNpMMep, MOXHO  HEenocpeacTBEHHO  NOAATb  BbIXOAHOM
NPAMOYTONbHbIA CUTHAN TallMepa peanbHOro BpemeHu Ha aumHuioo IRQO). Ecam ke Bbl BMECTO 3TOro Bblibpanu
cnocob GopmMMpOBaHMA NpPepbIBaHUI MO YPOBHIO CUIrHaNa, Bbl MOXETe «MNOBeCcUTb» Ha Kaxayto |RQ'-nuHuio
MHOXeCTBO YCTPOMCTB, BblpabaTbIBAOWMX MNPEPLIBAHMA M MNPOrPaMMHO OMpalMBaTb WX TaK, Kak 3To 6bla10
onucaHo Bbile. K HecyacTbio, Ha3oBas cucTema BBoAa-BbiBoga PC (ROM BIOS) M onepaumoHHas cuctema (3a
MCKAOYEHMEM annapaTHOM 4YacTu) npeanonaratoT dopmmpoBaHMe no GPOHTY, Tak 4YTO BbIOBOP OKOH4YATEsIEH.
(MouT BCe oOCTanbHble KOMMLIOTEPbI, BKAKOYaA Aaxe «noTomkos» PC m PC/AT, McnonbsyoT GopmMmUpoBaHmMe
npepbiBaHMIA NO YPOBH!O.)

CyllecTByeT YacTUYHOEe pelleHue 3Tol npobaemsl. MoCToNbKy, NOCKOAbKY IRQ- AMHUA AOCTYMHA, Bbl MOMXKETE
06beanHNUTL Ha oaHOM niate PC HECKONbKO YCTPOWMCTB, BbipabaTblBalOWMX MPEPbIBAHMA, M JIOTUYECKYIO CXEMY,
KoTopasa GopmMMpyeT npepbiBaHWA Aaa cooTseTcTBytowWEen IRQ-AMHMM MO GPOHTY; AAA 3TOFO0 MOXKHO [Jaxe
BOCMO/1b30BaTbCA AOMNOAHUTENbHLIM KOHTPO/epoM Tuna 8259 (NopTbl BBOAA-BbIBOAA KOTOPOrO AO/MKHbI ObiTh
poctynHbl LM). Ho mockonbKy yCTPOWCTBO, BbipabaTbiBatlollee MNpepbiBaHME, AO/KHO 3HATb O KaXk4OM M3
OCTa/IbHbIX YCTPOMCTB, TaKyt0 CXEMY HEeb3A MCMO/b30BaTb NPW HE3AaBUCMMOM MOAKYEHUM BHELWHMX YCTPOWCTB.
Bonee Toro, Bbl NO-NPEXHEMY BbIHYXAEHbI MCMOMb30BaTh N0 OAHOM IRQ-TMHUM Ha NAATy BHELIHWX YCTPOWCTB, U
CNIOXKHYIO CUCTEMY TaK NMOCTPOUTb TpyAHO: B IBM PC nmetoTca TOIbKO ABa He3aaencTBoBaHHbIX IRQ-ypoBHs.

MporpaMmHble npepbiBaHusa. Mukponpoueccopbl cepun Intel 8086 nmetoT komanay (INTn, rae n = 0... 255),
KOTOpasA MO3BONAET BaM OCYLLECTBUTb BEKTOPU30BAHHYIO mepefavy ynpaBieHWA TOro e poaa, YTO M HacTosAllee
annapatHoe npepbiBaHWe. B camom Jene, cpean 256 BO3MOXHbIX BEKTOPOB MEPEXOLOB MMeTCA W
cooTBeTcTBYlOWMe 8 ypoBHAM IRQ-3anpocos annapatHbix npepbiBaHuii (¢ INT 8 no INT 15, 4yTobbl HbITb TOUHBIM).
Takum 06pa3om, Bbl MOMKETEe OpraHM3oBaTb MNPOrpamMmHOE MpepbiBaHWE M3 HeKoTopon nporpammbl. |IBM PC
MCMNONb3yeT TakuMe MNPOorpammHble MNpepbiBaHWA 414 TOro, 4Tobbl paspelwmnTb Bam B3aMMOAENCTBOBATb C
onepaumoHHON CUCTEMOM W Pa3IMYHbIMKM Nporpammamu, «3awmntbimmn» B M3Y. Hanpumep, INT 5 nepecbinaet
KOMMIO KpaHa Ha neyvaTatollee yctponctso. OcobeHHo BaxKHO npumeHeHune INT 21H, nockonbKy 3TO npepbiBaHne
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obecrneymBaeT BbI3OB CUCTEMHbIX QYHKLMIA: Bbl coobllaeTe CUCTEME, KaKyld M3 CUCTEMHbIX OYHKLMIA XOTUTE
MCNONb30BaTb, 3aNMCbIBAaA COOTBETCTBYOLWEE YNC/IO B pernctp AH npexae, 4em BbinoAHuTb INT 21H.

He cneayeT nyTaTb TakMe NporpaMmHble MpPepbiBaHWA € annapaTHbIMU NPepbIBaHMAMM, BblipabaTbiBaeMbIMM
BHELWHMMM YCTPOMCTBAMM, O YEM Mbl FTOBOPUAM Bbille. BbINONHEHME NPOTPAMMHBIX MPEPbIBAHWMIA — 3TO UCKYCHbIA
NpMemM MCMONb30BaHWS BEKTOPM3OBAHHOM Mepefayn yrnpaBieHWs M3 MporpamMmbl MOb30BATENA CUCTEMHOMY
nporpammHomy obecneyeHuto. Ho TakMe NpepbiBaHMA He ABAAKOTCA HACTOALIMMM MPEepbiBaHUAMM B CMbIC/E
annapaTHoO BblpabaTbiBaeMbIX 3aMpPOCOB BHELWHMX aBTOHOMHbIX YCTPOMCTB. HanpoTue, Bbl MOXeTe BCTPOWUTb 3Tu
npepbiBaHMA B CBOK MPOrpammy, Bbl 3HaeTe, KOrda OHM MpoM3oMayT (BOT Movemy Bbl MOXETe nepenasaTb
aprymeHTbl yepes pernctpbl LUM) 1 oHW ABNAOTCA BCEro HaBcero peakuumen (MOYTW TaKOW e, Kakaa cneayeT B
Cny4ae «UCTUHHOro» npepbiBaHna) LM Ha cBoto cOBCTBEHHYHD KOMaHAy. MoxeTe cyMTaTb MNPOrpaMmHble
npepbIBaHMA MyapbIM Crocobom paclimpeHma Habopa komana L.

10.12. Mpamol docmyn 8 namAmMe

BcTpeyatoTca cuTyauum, Korga AdaHHble A0/Hbl 6biTb NepeaaHbl OT YCTPOMCTBA WMAKM B YCTPOMCTBO O4YeHb
bbIcTpo. Knaccuueckum npuvmepom ABASETCA ObICTPOE YCTPOWMCTBO MacCOBOM MaMATW, Hampumep AUCK Wuau
MarHUTHanA JIeHTa, a TaKXKe TaKMe MPUIOKEHMA, CBA3aHHble CO COOPOM JaHHbIX B peasbHOM BPEMEHM, Kak
MHOTOKaHabHbIM  aMNAUTYAHbIM  aHanu3. [lporpammHas  nepedada Kaxkaoro oOTcyeTa, MHUMUMMpyemas no
npepbiBaHWIO, B TaKOM ciydyae OyaeT HeyAoOHOW W, BO3MOXHO, C/AMLIKOM MeafeHHOW. Hanpumep, AaHHble
CUMTBIBAIOTCA C TMOKOro AMCKa C BbICOKOWM MAOTHOCTbIO 3aMMCK CO CKOPOCTblo oKoso 500 Kéwut/c mam 1 6aunt
Kaxable 16 mKc. Ecam cobnogath Bce onmcaHHble 3Tanbl 06paboTKM 3anpoca Ha npepbiBaHWe, AaHHble NoyTH
HaBepHAKa OyAyT MNPONyLWeHbl, Aaxe ecan rMbKui aAnck byaeT eAMHCTBEHHbIM WCTOYHWKOM MpPEepbIBaHWIA B
KOMMbIOTEPE; C HECKONbKMMM NOA0OHLIMW YCTPOMCTBAMW CUTyaLMA CTAHOBMUTCA Ge3HadexHon. Euwe xyxe geno
0BCTOUT C XKECTKMM AMCKOM, A1 KOTOPOro TUMMYHOE BPeMms, 3aTpadMmBaemoe Ha nepedady baiTa, cocTasnset 2
MKC, YTO MOJHOCTbIO MCYEPMbIBAET BO3MOXKHOCTM MPOTrPaMMMPYEMOrO BBOAA-BbiBOJA. TaKMe YyCTPOMCTBa, Kak
[VCKM U MarHWUTHbIE IeHTbI (He roBOPA YK 06 YNOMAHYTbIX CUIHaAaX M AaHHbIX B peaibHOM MacliTabe BpemeHn),
He MOryT OCTaHOBMTbCA Ha MOAMYTW TakK, YTO TpebyeTca meTod, obecneumBalolimMii BO3MOXKHO 6onee 6bICTpyto
peaKkuMio M BbICOKYIO OOLLYyt0 CKOPOCTb Mepedayn AaHHbix. [arke ANS BHELWHWMX YCTPOWMCTB C HW3KOW cpeaHei
CKOPOCTbIO Mepeaayn AaHHbIX MOXKeT TpeboBaTbCA Masioe BpemMsa peakLmm, T. €. Bpems OT HayasbHOro 3anpoca 40
cobcTBEHHO Nepeaayn AaHHbIX.

PeweHnem 3TmMx npobnem ABndetcs npaAmMon Aoctyn B namaTb (MANM), meTon HenocpeacTBEHHOM CBA3MU
BHELWWHEro YCTPOWMCTBa C NamATblo. B HEKOTOpbIX MWMKPOKOMMbtoTepax (B Tom uucne u IBM PC) Takas cBs3b
baKTMUYeCKM noadepsKMBaeTCA annapaTHbIM YCTPOWCTBOM (apxuTekTypoit L), HO He 3To rnaBHoe. BarkHbiM
MOMEHTOM ABASETCA TO, YTO NPU Nepesade AaHHbIX OTCYTCTBYET NPOrpaMmMmnpoBaHne; 6aiTbl NepeaatoTcs mexay
MamMATbIO M BHEWHWM YCTPOMCTBOM MO Marmctpanu, 6e3 yyactma nporpammbl. EAMHCTBEHHBIM BAMAHMEM Ha
nporpammy AB/SETCA HEKOTOopoe 3amensieHne ee paboTbl, MOCKOJbKY pexum AN «3axBaTbiBAaeT» TaKTbl
MarucTpanu, KoTopble B MPOTUBHOM C/yd4ae MOrAM Obl ObITb MCNOABL30BaHbl AAA A0CTyNa K MNamaTu npwu
BbINOMHEHWM MPOrpammbl. AnnapaTHana peanunsauma MHTepdeica, nogaepxusatoliero pexum MNAM, cnoxHa, He
cnepnyet 6e3 HeobXxoAMMOCTM MCNO/b30BaTh 3TOT pexkMM. OQHAKO Nose3HO 3HaTb NOTEHLUMA/IbHbIE BO3MOXKHOCTH,
NOSTOMY Mbl BKPaTLLe OMMLIEM, YTO HEODBXOAMMO ONA NOCTpoeHUA UHTepdeiica, noaaepxmsatowero pexum MAMN.
Kak n B ciydae C npepbiBaHUMAMM, KOHCTPYKTOpbl IBM PC ynpoctunm npotokon [MAMN; ocHoBHyk paboTy
BbINOAHAET KoHTpoaanep MANM, pacnonoKeHHbIM Ha CUCTEMHOM naaTe, Yto AenaeT npotokon MAMN cpaBHUTENBHO
npoctbiM. OaHako nHTepdelchl, nogaepkueatowme pexnm MNAM, 06bIMHO OKa3bIBAKTCA MALUMHHO-3aBUCUMbIMU
M CNOXKHbIMKW. CHavana Mbl NoACHMM GYHKUMOHMpPOBaHWe Bonee ynotpebutenbHoro metoda MNAMN ¢ ynpasneHvem
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CUrHana MarncTpanu, a 3aTem — ynpolueHHbin npotokon MNAMN ana PC.

Tunosol npoTokon MAM. Mpu nepecbinkax AaHHbIX B pexxume MM BHeWHWe yCTPOMCTBA NOyYatoT A40CTyn
K Marumctpanam C MOMOLLbIO Creumanm3MpoBaHHbIX JIMHUIA «3anpoca Marmctpanm» (KoTopble TakxKe, Kak IRQ-
JNIMHUWN, UMEIOT NPUOPUTETLI), ABNAIOWMXCA COCTABHOM YacTblo marmctpann. LleHTpanbHbI npoueccop paspeliaeTt
n NAMN n oTaaeT ynpasaeHne agpecamu, AaHHbIMKU M CTPOB-CMrHanamu. 3aTem BHeELLHee YCTPOMCTBO BbICTaBASET
aflpeca MamaTM Ha maructpanb W Anbo nepepaet, NMOBO NPUHMMAET AaHHble NOOANTHO, CUHXPOHMU3YACH C
YCTaHaBAMBAEMbIMW UM Ke CTPOb-CMrHanamu; APYyrMMy  C/NOBaMW, BHELWHee YCTPOMCTBO «3axBaTblBAaeT»
maructpanbs M pabotaeT Kak LI, HenocpeACTBEHHO nepecklias AaHHble. YCTPOWCTBO, KOTopoe B pexkume M6
ynpaBAseT MarucTpanblo, OTBEYaeT 3a BblYMCAEHME afpPecoB (Kak MpasBWao, HenpepbiBHy 06/1acTb afpecos,
BblpabaTbiBAEMbIX C MOMOLLbIO ABOMYHOrO CYETYMKA) M MOACHET KOAMYECTBa nepenaHHbix 6aiTtos. OBbIMHO AnA
3TOro A0CTAaTOYHO MMETb CYETUYMK BANTOB M aZPeCHbIM CYETUYMK B COCTaBe MHTepdelica.

OTM CYETUYMKM MepBOHaYabHO 3arpyxatTca Ha L, nocpeacTtBom nporpammumpyemoro BBOAA-BbIBOAA, A/A
TOoro, 4Tobbl NpeaycTaHoBMTbL Tpebyemble MNapamMeTpbl nepesayn AaHHbix B pexume MAM. Mo KomaHge LN
(nocpeacTBom 3anucu  ynpasaAtoWEro 6OuTa C MOMOLLbID MPOrpaMmMMpPyeMoro BBOAA-BbIBOAA) WHTepderic
bopmupyet TpebosaHme MAMN 1 HauMHaeT nepecblnaTb AaHHble. MHTepdenc moxeT ocBODBOXKAATb MarucTpanb B
NPOMEXYTKM BPEMEHM Mexay nepesadei 6aitoB (nosgonaa Tem cambim LM «ypBaTb» Bpema U BbINOAHUTL
HECKO/MIbKO KOMaHA), WA OH MOMXeT BecTn ceba Oosee 3roMCTMYHO, 3axBaTbiBas MarucTpasib Ha BCe Bpems
nepefayn 610Ka AaHHbIX. [locne TOro, Kak BCe AaHHble NepeaHbl, MHTepdelc ocBobOXAaeT marnctpanb A0
cnefyloulero pasa M cooblwaeT nporpamme O TOM, YTO BCE 33aKOHYEHO, YCTaHaBAMBaA OUT COCTOSHMWA W
BblpabaTbiBana npepbiBaHune, nocae yero LM moxeT pewmnTs, 4TO AenaTb Aablie.

3arpyska [AaHHbIX UM NPorpaMmm C AmMcKa-Hambosiee obWMA NpuMep nepefadnm AaHHbix B pexkume MAMM.
BbinonHAemas nporpamma 3anpalivBaeT Kakue-H1byap Gaiabl N0 MMeHaMm; onepaumoHHan cuctema (nogpobHee
- YyTb NO3Ke) NpeobpasyeT 3T MMeHa B KOMaHAbl MPOrPaMMMPYEMOrO BbIBOAA AaHHbIX 418 YNPaBAAOLLEro (Man
KOMaHZHOro) peructpa MHTepdeica AMCKa, pernctpa cyeTinka 6aiToB M agpecHoOro perucrtpa (onucbiBas ¢
KaKoro mecTa Ha AMCKe, U CKONbKO OalTOB Hafo CYMTaTb, M B Kakyto 061acTb NMaMATU MX NOMECTUTb). 3aTem
nHTEpdENC AncKa oTbilleT HeobxoamMmyto obnactb Ha aucke, chopmumpyeT 3anpoc MAM 1 HauMHaeT nepeaasaTb
H610KM JaHHbIX B 3aZl@aHHYt0 061acTb namaTn. Koraa ato ByaeT BbiNoAHEHO, UHTePdENC YyCTaHOBUT onpeaeneHHble
6UTbl B pErmcTpe CcOCTOAHMA ANa Toro, 4Tobbl 0603HAYWUTL 3aBeplueHure paboTbl M 3aTeM  WHULMUPYET
npepbiBaHme. LleHTpanbHbIA NpPoLEeccop, KOTOPbIA TeEM BPEMEHEM BbINOAHAET ApyrMe KoOMaHabl (MaK, BO3MOXKHO,
KaK pa3 OXWAOAeT AaHHbIX C AWMCKa), KOTKAMKAETCA» Ha MpepbiBaHWe, MO COAEPKMMOMY PEerMcTpa COCTOAHMUS
nHTepdeliica AWCKa onpefenseT, 4YTO JaHHble HAXO4ATCA B MaMATM M 3aTeM NepexoauT K BbINOJAHEHUIO
creayolmMx KomaHg. TakMm 06pa3om, MporpammmMpyemblii BBOA-BbIBOA, (MPOCTEMWNIA BapMaHT BBO/A-BblBOAA)
6bln MCMONMb30BaH A8 WMHMUManM3auum pexxuma AN, coberBenHo MAM (nepexsaTtbiBatowmin y UM umkabl
Marmctpanu) 6bin MCNONb30BaH A1A ObICTPOM Nepefayn AaHHbIX, @ NPepbiBaHWe HbI1I0 UCNOAb30BAHO A/1A TOTO,
4yTOObl AaTb 3HAaTb KOMMbIOTEPY O TOM, YTO Nepejadva BbliNOJHeHa. Takoro poda uepapxua BBOAA-BblBOAA —
MCKNHOYNTENIbHO YacTbll Npuem, ocobeHHO AN YCTPOWCTB MAacCOBOM MaMATM; MaKCMMasbHaA CKOPOCTb Nepeaaym
[a@HHbIX MO TUMOBOW MMKPOKOMMbIOTEPHOM Mmaructpanun B pexume MM moxeT coctasnate ot 1 go 10 maH. c/ios
B CEKYHAy.

nan s IBM PC. Komnbtotep IBM PC, KoTopbit B 06LEM-TO MPOCT, NOAAEPKMBAET YNPOLLEHHbIA MPOTOKO
NA4n. Ha cuctemHo nnate yctaHosneH KoHTpoanep MAMN (Intel 8237) co BCTPOEHHbIMM afpeCHbIM M DaNTOBbIM
CHETYMKAMM, a TaKKe AOMNOJHUTENbHBIMU NOTMYECKMMU cxeMamu ana 6aokuposku LM 1 nepexsata ynpasneHua
Marmctpanbto. Takum 06pasom, BHelWIHee YCTPOMCTBO, KOTOpOe XO4YeT BbinoAHMTL (A6, He A0/ XHO
BblpabaTbiBaTb agpeca W ynpaBasTb MArucTpanblo. BMecTo 3TOro OH CUrHanM3MpyeT KOHTPOJIepY C MOMOLLbIO
ogHo wm3 Tpex DRQ1-DRQ3 amHmin 3anpoca [MAMN; KOHTpoOANep OTKAMKAETCA MO COOTBETCTBYHOLLEN JINHUM
DACKO-3' (noatsepxaeHue T[1M). 3aTem KOHTpoOAAep ynpaBadeT nepegadvert AaHHbIX, Gopmupys agpec M
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COOTBETCTBYIOLLME CTPOB-CUIHAMbI, CUHXPOHHO C GOPMMPOBAHMEM BHELLIHMM YCTPOMCTBOM [AaHHbIX A1A Nnepenadm
B NaMATb (MM CUHXPOHHO C MPUEMOM AaHHbIX M3 NamATK). Bo Bcem 3TOM npoLecce namsaTb HE 3aMeYaeT HUYero
Heobbl4HOro, MOCKO/bKY reHepaums afpecoB M CTPob-CMrHanoB ynpasneHua namateto (MEMW' man MEMR'),
KoTopasa obbl4HO noaaep:kusaetcs LM, B AaHHOM cnyvae nogaepusaeTca KoHTponnepom 8237 w, ecam MNAN
COMPOBOXAAET Nepeaayvy AaHHbIX B NamATb, AaHHble GOPMUPYIOTCA BHEWHWM ycTpoicTBOM. C ApYro CTOPOHbI
BHELWHME YCTPOMCTBA «3HAOT» BCe OCOHEHHOCTM TOro, Kak Hago ¢opmmposaTth 3anpoc MAM (M 4To Aenatb npu
Nofly4eHMM NOATBEPKAEHMA nocpeactsom curHana DACK'); Takum obpasom, Korga KoHTponnep MNAM BbicTaBnaeT
curHan IOR" (nam IOW'), BHellHee yCTPOMCTBO BbipabaTbiBaeT (MW MPUHMMAET) COOTBETCTBYloWMe 6aiTbl. Bbl
MOXeTe YAMBUTLCA, KaK 3TO TaKOW MPOCTOAYLWHbIN, CTOPOHHWIA HabnofateNb, Kak BHeLWHee YCTPOWCTBO, He
3anyTaeTtca Bo Bpemsa (I, Koraa BbiCTaBieHbl U CTPObO- CMrHaNbl BBOAA-BbIBOAA, W afpeca, Npuyem 3Th agpeca
ABNAIOTCA afpecamm B NaMATH, YCTaHOBIEHME KOTOPbIX COMPOBOXAAETCA CTPOH-CMrHaNaMM yNpaBAeHUA NaMATbIO
MEMW' nan MEMR', reHepupyembiMn KOHTPONNEPOM; 3TWU afipeca He MMEOT HMKAKOro OTHOLUEHWMA K MOopTam
BBO/a-BbIBOAA.

CeKpeT 3[eCb 3aK/04aeTca B Hallem CTapom 3HakoMom-curHane AEN, KoTopbii AobaBaeH K mMarucrpanm
CNeLnanbHO TONbKO AN pelleHna nofobHbix npobnem. YposeHb curHana AEN BO BpemAa nepefayn AaHHbIX B
pexkume TN ycTaHaBAMBAETCA BbICOKMM, W OYHKUMKM paspelleHMsa afpecaumm Bcex MNOPTOB BBOAA-BbIBOAA
OOMIKHbBI BbIMMCNATLCA KaK /IOTMYecKoe MNpou3BeZeHMe C HUM3KMM ypoBHemM curHana AEN ana Toro, 4tobbl
NpefoTBPATUTL JIOKHYIO PeaKkLMio Npu aapecauum namatu B pexxkume MAMN.

[axe npu ncnonb3oBaHUM OTAENbHOW MUKPOCXeMbl KOHTPO//Jepa Bam BCe elle HaZo 33a4aTb HavasbHbIM
agpec, Konmyectso HAMTOB M Hanpas/eHMe nepefadn AaHHbIX Ana rpsaayuero pexkmma MAMN. 3T napameTpsl
3aHOCATCA B KOHTpoasnep 8237, KoTopbli 00A3aH MMeTb Habop pernctpos, Kyda w3 LM (c nomoulbto
NporpaMMmMpyeMoro  BBOJAA-BblBOAA) MOXKHO 3anucaTb COOTBETCTBYIOWME 3HadyeHus. HacTpoika NAN
OCYLLECTB/AETCA BECbMA MPOCTO (CM. KHUry Irrbpexta Ans bosee AeTaNbHOro O3HAKOMAEHUSA), €CM He cYMTaTb
TOro, 4To, KaKk My BosblMHCTBA MUKpocxem BUC, 3aech TaKkKke MMeeTcs ollenomastollee pasHoobpasmne Bbibopa
PA3INYHBIX PeXMmoB paboTbl (MocMMBONbHAA Mepedaya, nobnoyHaa nepegada M T.n.). K cyacteto IBM PC
[OCTAaTOMHO NPUMMMUTMBHA W NO3BOJIAET BaM MCMO/Ab30BaTb TO/bKO PEXMM MOCMMBONBLHOM nepedayn, npwm
KOTOPOM KaxAblh 3anpoc DRQ conpoBoKaaeTca nepedayert Aulb oAHOro 6anta. Ecnam Bbl HacTamBaeTe Ha
nepefaye uenoro 6noKa AaHHbIX, NoadepskmBas curHan DRQ B BbICOKOM COCTOAHWW, KOHTposnnep 8237
oCBODOXAaeT marnctpanb Ha oauH umkn UM mexay umknamum MANMN; 3TO NO3BOASET KOMMbIOTEPY COXPaHATb
paboToCnoCcObHOCTb AaxKe B TOM CAy4ae, KOrAa y Bac TaKoe «MpOXOP/AMBOE» BHELIHEE YCTPOMCTBO, YTO OHO
CTapaeTcs «3arpabactaTb» MarncTpasab NoSHOCTbLHO.

CraHpaptHaa PC o6nafaeT [A0BOMbHO CKPOMHbIMW BO3MOMKHOCTAMKM pexkmma [1M-0kono 2 MKC Ha
nepeaaBaembili 6ainT. Mo CPaBHEHUIO C KOMYECTBOM MpepbiBaHui KoanyecTBo KaHanos MAMN B IBM PC meHbLue.
[na WWHbl BBOAA-BbIBOAA AOCTYMNHbI TpM KaHana DRQ1-DRQ3 (DRQO yke 3a4eMCTBOBAH Ha BHYTPEHHME HYyXApbl
— ONA pereHepaumu amHammdyeckol namsaTm): DRQL ncnonbsyeTcsa »ecTkum auckom, a DRQ2 — rubkum. Ha Bce
ocTanbHoe ocTtaetca DRQ3.

10.13. Ce00HbIU nepe4yeHb cueHasnos mazaucmpanu IBM PC

Ha paccMOTPeHHbIX HamMW NpuUMepax-NporpamMmMpyemMoro  BBO/A-BbiBOAA, NpepbiBaHmi,  MAMN-mbl
NO3HAKOMMAUCH C BONBLWMHCTBOM CUIHANIOB MArMcTpanu, NocTynaroLMMm Ha NaaTy BHeLWHero ycTpoiictea IBM PC
B 1abn. 10.1 (1 Ha puc. 10.14) npuBeneH NOJHbIK NepeYyeHb CUrHaI0B MarncTpasam C LLOKONEBKOM pasbema. A
NOJIHOTbI M3/IOKEHMA HUMKE ONUCAH KaXKabl U3 3TUX CUTHANOB, HAYMHAA C TEX, C KOTOPbIMKU Mbl YKe BCTPETUIMUCD.
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Puc. 10.14. Maeucmpans IBM PC.

AO-A19.JuHa adpeca. [1Ba coCTOAHWA, paboTaeT TONbKO Ha 3anucb, AEWCTBYIOWMIA YypPOBEHb CWUrHana-
BbICOKMI. Bce 20 pa3paaoB MCNoAb3yoTcs AN agpecauun namaty (COBMeCTHO ¢ curHanamm MEMR' v MEMW,
KOTOpble WUrparT pPoab CTPOH-CMrHanoB, Mo aHanormm c curHanamm IOR' m IOW'), Ho Tonbko 16 mnaawmx
PaspsAaoB MCNO/b3YIOTCA NpU agpecaumu BBoAa-BbliBoAa, (64 K agpecoB mopTos); yCTpoOWCTBa BBOAA-BbIBOAA
[O/KHbI OCYLLECTB/IATb BbIOOPKY aZpeca TOJIbKO MPU HU3KOM ypoBHe curHana AEN.

BaHOe 3ameuaHue: BBOA-BbIBOJ, B Mpefesiax CUCTEMHOM NaaTbl NpeycmaTpuMBaeT aApecaumto TO/bKO
OEeCATbIO MIAAWMMKM pa3padamm, UCNoablya Npu 3Tom auwb agpeca 000H-1FFH, nosTomy aapeca ycTpoOWCTB
BBOAA-BblBOAA AO/KHbI MMETb B CBOMX MAAAWMX pPa3padax Koapl B AvanasoHe 200H-3FFH. Bbl moxkeTe
NOCTYNUTb YMHEe, MCNonb3ya Hapaay co cBoboaHbiMu 10-paspagHbIMM agpecamu elle M 6 CcTaplimx 6uT,
pacwupmB TakMm 0Hpasom afpecHoe NPOCTPAHCTBO NOPTOB BBOAA-BbIBOAA A0 64K.

DO-D7.lluHa OaHHbIX. TpW COCTOAHMA, ABYHANpaBieHHaa, JAENCTBYIOWMIA YPOBEHb CUTHANA-BbICOKMNA.
JaHHble BbicTaBnaoTca LM npu 3anncy B namATb UKW B NOPT BBOAA-BbIBOAA: BbICTABNAKOTCA MaMATbIO NPU YTEHUN

13 NamATK, B TOM Yucae un npu MNAMM; BbICTaBNAOTCA NOPTOM BBOAA-BbIBOAA MPWU YTEHUM U3 MOPTa, B TOM YMCIe U B
namatsb npw MArM.
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IOR', IOW', MEMR', MEMW' Cmpob-cueHansi OaHHbIX. [lBa COCTOSHMA ABASIOTCA BbIXOAHbIMK (MO
OTHOWeHMo K LIM), AeicTByOWMA YPpOBEHb CUrHaNa — HU3KMIK. Popmupytotes LM npu yteHmun mam 3anucu. Mpu
3anuCK AaHHble A0KHbI 6biTb 3abUKCUPOBaHbLI MO cnagy (NONOKMTENbHOMY) M NPU Had/Aexallem aapece; npu
YTEHUM A0/IKHbI BbITb BbICTAB/NEHbI OAHOBPEMEHHO CO CTPODH-CUIHAIOM NPK 334aHHOM aapece.

AEN.PaspeweHue adpeca. [1Ba COCTOSIHUA, ABASETCA BbIXOAHbIM (MO oTHoweHuo K LiM), aencteyowmit
YPOBEHb CUrHana — BbICOKUM. BbipabaTbiBaetca LM Bo Bpema umknos MAMN. MopThl BBOAA-BbIBOAA HE AO/MKHbI
felwndpoBatb agpec npu Haaumumm curHanos IOR', IOW', 33 ucKatodeHMeM Tex Cay4aeB, Korga nopTbl BBOAA-
BbiBOAA NpuHMMatoT curHan DACK m mcnonb3ytoT curHanbl IOR' n IOW' ana cTpobupoBaHuns 6alToB AaHHbIX
nanH.

IRQ2-IRQ7. 3anpoc npepsisaHus. [1Ba COCTOAHUS, ABNAETCA BXOAHbIM (MO OTHOLWEHWIO K LIM), AeicTByOLLMM
ABMAETCA HapacTatolwmii GpoHT. BbipabaTbiBaeTca YCTPOMCTBOM, 3anpallMBaloWMM MpepbiBaHMA. [puopuTeThI
YCTaHOBJIEHbl TakMm obpasom, 4yto IRQ2 mmeeT HamBbiclwMi, a IRQ7 — HauMHU3WKIA npuopuTeT. KoHTponnep
npepbiBaHMn 8259 aonyckaeT MX MaCKMpoBaHWe, ycTaHaBamBaemoe LI nocpeactsom 3anmck B MopT No agpecy
21H. Kaxablit yposeHb IRQ moxeT 6bITb MCNOAb30BaH OAHOBPEMEHHO TO/IbKO OAHUM YCTPOMCTBOM.

RESET DRV.[llpedycmaHoeka Opalisepa. [Ba COCTOAHWUS, SABAAETCA BbIXOAHbIM (MO OTHOLWeEHWo K L),
[eNCTBYIOWMIA YpOBEHb — BbICOKMIA. BbipabatbiBaeTca LM npu BrAOYEHUM aneKTponuTaHuA. McnonbsyeTca ons
npeaycTaHOBKM YCTPOMCTBA BBOAA-BbIBOAA B 33[4aHHOE Ha4aslbHOE COCTOSHME.

DRQ1-DRQ3. 3anpoc MAfl. OBa cocToAaHUA, ABAAETCA BXOAHbIM (MO oTHoweHuto K LM), aencTsyowmi
YpOBEHb — BbICOKMI. BbipabaTbiBaeTcA yCTPOMCTBOM BBOAA-BbIBOAA, KOTOpOe 3anpalwmBaeT KaHan (1401,
MpuopuTETbl YCTaHOBAEHBI Taknum obpasom, 4to DRQL nmeeT Hamebicwmii, @ DRQ3 — HaMHU3WKMIA NPUOPUTETSI.
Moatsepxaaetca curHanamm DACK1'-DACK3'.

DACKO'-DACK3'. [ToomeepmdeHue [1Al. [Ba cocToAHWA, SBAAETCS BbIXOAHbIM (MO OTHoweHuo K UM),
NEVCTBYIOLIMA YPOBEHb — HU3KMIA. BbipabatbiBaetcsa UM (nam koHTponnepom MAM) ana Toro, 4tobbl 0603HAUYNTL
noaTBepXKAeHMe cooTBeTCTBYOWero 3anpoca MArl.

ALE.PaspeweHue ¢ukcayuu adpeca. [lBa COCTOAHWUA, ABAAETCA BbIXOAHbIM (MO OTHOWweHWO K LiM),
OEeNCTBYIOWNMM ypoBeHb — BbICOKMI. MuKponpoueccop Intel 8088 Mcnosib3yeT My/NbTUMNEKCUPYEMYIO  LLUHY
[aHHble/aapec, U 3TOT CUrHaN COOTBETCTBYET CTPOb-curHany M, UCnofb3yemomy perucTpammn-gukcaTopamm Ha
cucTemMHon nnate ans dukcaumm agpeca. MoxKeT bObiTb MCNOMb30BaH B KayecTBe CUrHana Havana umkna LM;
0ObIYHO NPU NPOEKTUPOBAHNN BBOAA-BbIBOAA UTHOPUPYETCS.

CLK.Takmossili cueHan. [lBa cOCTOsHUA, ABAAETCA BbIXOAHbIM (N0 OTHOWEHWUIO K LIM). 3TO-TakTOBbIN CUrHaN
LUM; oH acummeTpuueH, 1/3 nepuoga MNOALEP’KMBAETCA BbICOKUM YpPOBeHb, a 2/3 — HW3KMIA. McxogHble PC
paboTtann Ha yactoTte 4,77 MlU, celyac ncnosb3ytoTca 6osee BbicoKMe 4acToTbl. CurHan CLK npumeHsetca ans
CUHXPOHM3aLMM COCTOAHUI OXMAAHMA NPW 3anpocax (C ucnonbsosaHnem curHana |/O CHRDY) ansa Toro, 4Tobbl
YOANHUTb UMK BBOAA-BbIBOAA AN MEANEHHbIX YCTPOMCTB.

OSC.Takmossili cueHan. [1Ba COCTOSHUA, ABAAETCS BbIXOAHbIM (N0 OTHOoWweHMo K LM). 3ToT curHan
npeacTasnseT cobon meaHap ¢ yactoton 14,31818 MTIL, KOTOPbIM MOXET MCNOb30BaTbCA (Byay4Yn noaeneHHbIM
Ha 4) AN CUHXPOHMU3aLUMM PabOoTbl LIBETHOTO AMCNEA.

T/C.3asepuieHue nepedayu. [lBa COCTOAHMUA, ABAAETCA BbIXOAHbIM (MO OTHOWeHWO K LIM), aeicTeytouimm
ABNAETCA BbICOKMIA YpPOBeHb. IDTOT CUrHan cooblwaeT nopTy BBOAA-BbIBOAA, 4YTO nepesadva 610Ka AaHHbIX B
pexume MAMN 3aBeplieHa. YCTpoNCTBO, BbinoaHaAouwee MAM, AonKHO 0bpabaTbiBaTh 3TOT CUIHAA NO COBMNAAEHMIO
¢ curHanom DACK' ons Mcnonb3yemoro KaHana, NockobKy curHan T/C BbipabaTbiBaeTca HE3aBUMCUMO OT TOrO, Mo
Kakomy 13 KaHanos MMM 3aBepuwinnack nepesaya 610kKa.

I/O CH CK'.llposepka kKaHana 88000-8bi8600d. OTKPbLITbIN KOANEKTOPHbLIA BbIXOA, ABAAETCA BXOAHbIM (MO
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OTHoWeHUo K LiM), AencTsyowmini ypoBEHb-HU3KMIA. MHULUMMPYET npepbiBaHME C HaMBbICWIMM MPUOPUTETOM
(HemackMpyemoe npepbiBaHUE); UCNONb3YeTCA AAA TOro, YTOObl CUrHANM3MPOBATL O COCTOAHMM OWNOKM B KaKOM-
TO W3 BHEWHMX YycTpoicTs. LleHTpanbHbIM npoueccop onpeaenaer «BO3MYTUTENA CMOKOMCTBMA» OMPOCOM
BHELHMX YCTPOMCTB (cM. pa3d. 10.11); cnenosaTesibHO, Kax4oe YCTPOMCTBO, KOTOpoe BbipabaTbiBaeT curHan |1/0
CH CK’, 0o/1KHO MMETb BUT COCTOAHMSA, KOTOPbIM MOXeT BbITb npoumTaH L.

I/O CH RDY.lomosHocmb KaHana 8600a-86160040. OTKPbLITbIA KONNEKTOPHbIN BbIX0A, ABNAETCA BXOAHbLIM (NO
OoTHoweHMo K LIM), aencTeyoWmMii ypoBeHb — BbICOKMIA. POPMUPYET COCTOSHME OXKMAAHWSA, €CN Nepes BTOPbIM
dpoHTOM curHana CLK umkna npoueccopa (B umkae obbiuHo 4 Taxkta curHana CLK) yposeHb curHana 1/O CH RDY
YCTaHOBMIEH HU3KMM. Mcrnonb3yetca Ana YANMHEHMSA UMKAa MarucTpann Ans MeANIeHHbIX YCTPOWCTB BBOAA-
BbIBOAA UAWM NpW 0BpaLLeHnM K namaTu.

GND,+5VDC, —5VDC, +12VDC, -12VDC.«3emnasa» U YypoOBHU NOCMOAHHbLIX  HANPAMEHUU  NUMAHUA.
Perynvpyembie ypOBHM MNOCTOAHHOIO HaMNPSKEHWA, MNepedaBaemMble MO MarncTpanm ANA NUTAHMA BHELWHMX
YCTPOWMCTB, pPa3MeLleHHbIX Ha BCTaBHbIX NaaTax. M3yymTe onmcaHue Ballero KOMMbtoTepa Aas TOro, Ytobbl
BbIACHWUTb OrpPaHMYEHMA Ha CYMMapPHYD MNoTpebnsaemyto 31eKTPUYECKYD MOLWHOCTb, KOTopas 3aBMUCUT OT
MoandUKaLMKM KomnbtoTepa. Boobliue roBopsi, MOLHOCTU AO/IKHO XBaTUTb AJ1A MUTAHMA BCEro TOro, YTO Bbl
NOAK/OYMTE C MOMOLLbI PAa3bEMOB PACLUIMPEHNSA MArMCTPaN.

10.14. CuHXPOHHbIU U ACUHXPOHHbIU NPOMOKO/IbI
maaucmpanu

MpOTOKON BBOAA-BbIBOAA, OMUCAHHbLIA HaMKM paHee, ABAAETCA NPUMEPOM CUHXPOHHO20 OBMeHa JaHHbIMU;
[laHHble BbICTABAAKTCA Ha WWUHY MAN NPUHUMAIOTCA C HEE CUHXPOHHO CO CTPOBUPYIOWMMM CUTHANAMK, KOTOPble
reHepupytotca UM (uam  KoHwTponnepom MAM). 3TOT MeTod OTAMYaETCA MPOCTOTOM, OAHAKO OH u4pesaT
HENPUATHOCTAMW B C/Ayd4ae WCMNOAb30BAHUA MNPOTANKEHHbIX AJWHHbLIX LWKH, MOCKOAbKY 60/blloe Bpems
PaCMpPOCTPaHEHUA CUTHaNa MOMET MPUBECTU K TOMY, YTO [aHHble B onepauuu BBoda OyayT ycTaHaB/MBATLCS
HeAOCTaTOYHO ObICTPO, 4TOOLI obecneunTb HadexHyto nepedady. CobCTBEHHO TroBOPA, MPU CUHXPOHHOM
NPOTOKO/E YCTPOMCTBO, MOChbiNatollee AaHHbIe, TakK HUKOrA4a M He y3HaeT, NoAydYeHbl A1 3TK AaHHble! ITo MoXKeT
MOKa3aTbCA CEePbe3HbIM HeJOCTaTKOM, HO B AeNCTBMTE/bHOCTM KOMMbIOTEPHbLIE CUCTEMbI C CUHXPOHHbIMM
MarncTpansmmn nNpeBocxoaHo paboTatoT.

ANbTepHATMBOM ABNAETCA OCUHXPOHHAA MarucTpainb, Ha KOTOPOM onepauua, Hanpumep, BBOAA
ocylecTBAAeTCA caeaytolmm obpasom. LM ycTaHaBaMBaeT agpec nopTa, a Ha cTpobupytowen AMHUK (HazoBem
ee, Kak 1 paHblie, IOR') yposeHb (He MMMY/bC), KOTOPbIV MOKa3blBAaET afpecHOMY YCTPOWCTBY, YTO MAET onepaLms
BBOAA. ALpecyemoe YCTPOMCTBO yCTaHaBAMBaET AaHHble Ha AnHUAX DATA, a TakKe ypoBEHb, CUTHAU3NPYIOLLMIA
0 Ha/M4nKM OOCTOBEpPHbIX AaHHbIX (HasoBem ero DTACK', data transfer acknowledged, noaTeepaeHne nepeaaym
naHHbIx). LN, obHapyxus DTACK', dukcupyeT («3allenkumBaeT») AaHHble M 3aTeM cHMMaeT yposeHb IOR'. Kak
TONbKO MHTepdeiic 3ameyaeT, YTo NMHMA IOR' NnepexoamuT B BbICOKOE COCTOAHWE, OH CHMMAET CUTrHabl C IMHUI
DTACK' n DATA. Apyrumun cnosamu, LN 3assnseT: «[dat MmHe gaHHble». [epudepuitHoe YyCTPOMCTBO OTBEYaEeT:
«BoT oHu, bepu». Torga LM rosoput: «foTOBO, B3AA». M, HakoHel, nepudepuitHoe YCTPOMCTBO 3aBepliaeT
ananor: «OTnmyHo! Monay cHoBa cnaTte». OnNMCaHHYO MNpouesypy WMHOTAa HasbiBAlOT «PYKOMOXKATUEM», WAU
KBUTMPOBAHWEM.  ACMHXPOHHbIA  MPOTOKOA  AOMYCKaeT  WMCMO/Ab30BaHWMe  A/IMHHbIX  WWH U NO3BONAET
B3aMMOJENCTBYIOWMM YCTPOMCTBAM YyOeaMTbCA, YTO JlaHHble AeNCTBUTENbHO nepepatoTca. Ecam yaaneHHoe
ycTponcTeo byaeT BblkAtoveHo, LM y3HaeT o6 atom. CobCTBEHHO roBopA, 3Ta MHGOpPMauUMA AOCTynHa (vepes
PErncTpbl COCTOAHMA) Ha MarucTpanax Awboro BMAa, M OCHOBHOE AOCTOMHCTBO ACMHXPOHHOTO MPOTOKO/A
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3aK/04AETCA B BO3MOXKHOCTM MCMO/b30BaTb SIMHUU CBA3M OO0 A/IMHBI 33 CHET HE3HAYMTEIbHOIO YCAOKHEHUA
annapaTypbl.

MNHoraa Bam MOMKET NOHaA0bUTbCA MOAKAYUTL K MArMcTpaanm OTHOCUTENbHO medjeHHble MHTepdencHble
NC, npumepom MOKeT cayxutb M3Y ¢ BonbliMm BpemeHem pocTyna uam gaxe O3Y. Bce maructpanm
NpeaoCTaBAAOT KaKuMe-TO CpeacTBa YAJAMHEHMA LMKAA Maructpannm, OAHAKO MpU aCMHXPOHHOM MPOTOKO/Ae 3TO
NPOUCXOANT camo Mo cebe, NOCKObKY LMKA MarucTpanmn npoaosKaeTca A0 Tex Nnop, noka He 6yAeT CHAT CUrHan
DTACK'. CMHXpPOHHble MarMcTpanu BCerga CoAep:kaT KaKylo-To AuHuio Tuna HOLD' (B komnbtoTepax PC oHa
Ha3biBaeTcs |/O CH RDY) gns opraHM3aumm COCTOSHUI OMUOEAHWA W 330EPKKM BO BPEMEHM KOHLA LUMKAA.
Pe3ynbTupytowas ANUTENbHOCTb LMKAA BCErda YBeNMYMBAETCA Ha Liesoe YUCNO TaKToB reHepatopa UM, T.e. Ha
YMCNO BKAKOYEHHbIX B LIMKA «COCTOAHMI OXWAaHMA». Hanpumep, cTaHaapTHaa IBM PC nmeeT TaKTOBYH 4acToTy
4,77 MTIu (nepunog 210 Hc), a ANUTENbHOCTb 0ObIYHOMO LIMKAa MarMcTpanan npu obpaleHnn K NamaTu cocTaBaseT
4 TakTOBbIX nepuoga (840 Hc). Ecam curHan |/O CH RDY nepeBoAMTCA B HM3KOE COCTOAHME Mpu obpalleHun K
NamaTv nepes, BTOpbIM ¢poHTOM curHana CLK m cHoBa mepexoAuT B BbICOKOE COCTOAHWE Mepes TPeTbUM,
reHepupyeTcs OAHO COCTOSIHME OXWAAHMA C YANMHEHUEM LMKAa MarucTpanu (a Takxe u curHanos MEMW' uau
MEMR') oo 5 TakTtoB (1050 Hc). Yaepkusaa curHan |/O CH RDY B HM3KOM COCTOSIHMM Ha NPOTAMKEHUWU Honbliero
YMCNa TaAKTOB, Bbl CO34aeTe AOMNOJHWUTENbHblE COCTOAHWUA OXWMAAHWA, BNAOTb A0 10 NepmosoB TaKTOBOro
reHepaTtopa.

Tenepb Mbl MOKEM OTKPbITb TLATENbHO CKPbIBAEMbIA CEKPET MPO CUMHXPOHHbIE U  ACUMHXPOHHbIE
MarmcTpanm: NPakTUYEeCKM BCE MUKPOKOMMbIOTEPLI C OAHMM MPOLLECCOPOM (MAK, TOYHee, C OAHMM BeayLlMM Ha
MarncTpanum) ABAAOTCA CUHXPOHHBIMKM, MOTOMY YTO BCA CUHXPOHMU3ALMSA NPUBA3aHA K eAMHCTBEHHOMY reHepaTopy
Un (spome 4,77 MIu TakToBOro reHepatopa mcxogHbix IBM PC). B pesysnbTaTte ecivm nepudepuinHoe ycTpomncTBo
33EePKMBAET CBOE MOATBEPKAEHME HA KACMHXPOHHOM» MArucTpanu, LUMKAN BCerda YANMHAETCA Ha Lenoe 4Yncao
TakToB L. PasHMUa mexay CUMHXPOHHBIMM M aCUHXPOHHBIMKU MarucTpasamm B AEeNCTBUTE/IbHOCTM 3aK/1to4aeTca B
cnepytoulem. Ha «aCMHXPOHHOM» MarmcTpany COCTOAHUA OXMUAAHMA BK/AOYAIOTCA B LMKA MO YMOJYAHUIO, €Cnun
TONbKO He YyCTaHOB/EeH B HM3Koe cocToaHue curHan DTACK' (noctynatowmii yepes nposoaHoe W), B To Bpems
KaK Ha «CMHXPOHHOM» MarnmcTpany COCTOSHUA OXWMAAHMA MO YMOJYAHMIO HE BO3HMKAIOT, OHWU reHepupytoTca
JMb ecan nnHus nposoaHoro MW (HOLD') yctaHaBamBaeTca B HU3Koe cocToAHne. OHAKo pasinmyme He HOCUT
/MLIb CEMAHTUYECKMIN XapaKTep — KCUHXPOHHbIM» MPOTOKO/ He Mo3BOoAAeT paboTaTb C ANMHHBIMUK LUMHAMM,
NOTOMY 4TO B 3TOM cnydae curHan HOLD' noctynaet B8 UM cAavMwKom no3aHo, Y4Tobbl YAJAMHUTL UMK, B TO Bpema
KaK Ha «aCMHXPOHHOM» marmuctpann LM He 3aBepwnT UmMKN obmeHa 6e3 Ballero paspetweHua (curHan DTACK'). Co
CBOWCTBEHHOM HaM CKPOMHOCTbIO Mbl Mpeasiaraem, BO U3bexaHue HeaopasyMeHWui, Nnosb3oBaTbCA CeaytoLlen
MHoroobelatouen TepMUHOIOTUEN: ECIN COCTOAHMA OXUAAHUA TeHEepUPYIOTCA Ha MarucTpasam fno yMOYaHMIo
(«acMHXpOHHaA» MarucTpanb), Oyaem HasbiBaTb ee «C OXuaaHuem no ymondanuo» (default-wait); ecnu
COCTOAHMA OXMAAHUA BO3HMKAIOT TOIbKO MPU MX 3anpoce («CMHXPOHHAA» MarucTpanb), Oyaem HasblBaTb ee «C
oXungaHnem no 3anpocy» (request-wait). Maructpans IBM PC xapakTepusyeTca OuaaHMem Mo 3anpocy, a
marnctpanb VME (cM. HUXKE) — Mo YMOAYaHMIO.

Mpoueccbl Ha maructpann elle 6osiee YCNOMKHAOTCA B MHOTOMPOLLECCOPHbIX CUCTEMAX, FAe yrnpasiaeHue
MarucTpasnbto NepexoamnT U3 pyK B pPyKWM. Ha CMHXPOHHOW MarncTpannm C HECKONbKMMMK BedylWMMK BCe Bedylime
DOMIKHbI MCNOMb30BaTh €/MHbIA TaKTOBbIM reHepaTop, B TO BPEMA KaK aCMHXPOHHAA Marmctpanb AoMnycKkaeT
pa3/InyHbIe TaKTOBble YacToTbl. K cyacTbio A5 Bac, 0OCYyKAEHNE MHOTOMNPOLLECCOPHbIX CUCTEM BbIXOAMT 33 PAMKMU
3ToM KHurn! Cnenyet OTMETUTb ODCTOATENbCTBO, MOTyLLEEe MPUBECTU K HedopasymeHuam. Bbl He pobaBnsete
COCTOAHMA OXKMAAHMA Mpu paboTe ¢ MeaneHHbIMU nepudepuiiHbIMK YCTPOMCTBAMM (Hanpumep NPUHTEPOM); 3TO
cnenyeT Aenatb Aulb NPy Haamumm meanerHbix MC (ckaxkem, M3Y ¢ BpemeHem aoctyna 250 HC Mav MeaneHHom
nepuoepninHoinn BUC). MepaneHHas nepudepmna o6blMHO 6e3HadeKHO MmedneHHa (MUAIMCEKYHAObl, a He
HAHOCEKYHJZbl); C TaKMMMK YCTPOMCTBAaMM c/iedyeT nocbinate (MAM NpUHMMATL) OalT Ha MOJHOM CKOPOCTU
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MarucTpanu, duKcnpya ero B permctpe 6aiToBOM LIMPUHbLI, MNOCAE YEro OXMAATb MPEpPbIBAHWA (MM, BO3MOXKHO,
YCTaHOBKM d1ara COCTOAHMA), 4TOBbl MHULMMPOBATL Cedytollyto nepeaady Ha, MOJHOW CKOPOCTHU.

10.15. Maaucmpanu Opya2ux MUKPOKOMNbIOMEepPOos

Ons  WANKCTPaUMKW  apXUTEKTYPbl  MUKPOKOMMbIOTEPHOM  MarmcTpasu-CMrHanoB  Ha  Marucrpanu,
Pa3HOBMAHOCTEWN BBO/A-BbIBOAA, MPEPbLIBAHWM, MPAMOro A0CTyna K NamsaTv, Mbl Bbibpann maructpans IBM PC.
[N KHUTU NO 3N1EKTPOHMKE 3TO OonpaBAaHHbINM BbIBOP, Tak Kak KomnbtoTepbl TMNa PC BbINyCKaloTcA NOBCEMECTHO
M WMPOKO NPUMEHAIOTCA B TEXHWKe BOODLLE M B cUCTemax cbopa AaHHbIX M yNpaBAeHUs B 4aCTHOCTU. K Tomy e,
marmctpanb PC UcKAtoUMTENbHO NPOCTa B 0OBACHEHUN M UCNONb30BAHUN.

Of4HaKo 3a MpOCTOTY MNPUXOAMTCA MAatuTb. Marucrtpanm ucxogHblx IBM PC CBOMCTBEHHbI CepbesHble
OrpaHUYEHUs, y)Ke YNOMUHABLUMECS paHee (Hampumep, Masoe YWUCAO0 YPOBHEW mpepbiBaHWiA M KaHanos MAMN).
Kpome Toro, maructpans IBM PC nmeeT No HbIHEWHMM MepKam C/AULLIKOM ManeHbKoe afpecHOe MPOCTPaHCTBO
(20 6uT, U gocTynHbl ToNbKo 640 K), CAULLIKOM Y3KYHO LUMHY AaHHbIX (8 BUT), HEAOCTAaTOYHYKO CKOPOCTb Nepeaayn
JaHHbIX (MakcumanbHo 1,2 M6ant/c) M HEeBO3MOMHOCTb PaboTbl C HECKONbKMMM BeAyLMMU WKHbL.  [Oas
nocneayowmx nokoneHut mawmH PC dupma IBM paspaboTtana yayyleHHble MarucTpanu, cHayasna Marucrpasnb
PC/AT (coBmecTMmoe ycoBeplleHCTBOBaHMe wucxodHblx PC), a 3atem Hosyto (M HecoBmecTMmyto!)
«MUKPOKaHaAbHYIO» Maructpasab A8 cepum mawmd PS/2. BHe mupa IBM MOMKHO HalNTW KOHKypupyloLme
MarmcTpanm KOHKpeTHbIX paspaboTynkos (Hanpumep, Q-bus n VAXBI ¢upmbl DEC), a Tak»Ke TMMNOBble MarucTpaam
(Multibus, NuBus, VME). [aBaliTe npoiaemca nNo KOMMNbIOTEPHbIM MarnucTpanam, nepedmcieHHbim B Tabn. 10.2.

PC/AT un Micro Channel. Komnbtotepbl IBM PC/AT (cokpauwerue ot Advanced Technology, ynydleHHas
TexHonormsa) nossuamce B 1984r., a B 19871, Ha BepwMHE MNOMNYAAPHOCTM, WX NPOM3BOACTBO HblNo
NPMOCTaHOBAEHO, YTODbI YCTYNUTb MECTO cepuM mallmH IBM PS/2, Mcnonb3oBaBWMX YAydWEHHYO Maructpanb
Micro Channel 1 npuM3BaHHbIX OAHWUM MaxoM MPUXAOMNHYTb npoussoamuTeneit AT-aHanoros. (OAHaAKO MallWHBI
PC/AT npoao/Kanu npouBeTaTb, MOCKO/bKY MPOM3BOAUTENM UX aHANOTOB, Kak M MHOTMe MOKynaTean, cHadana
MIFHOPMPOBAAN HOBUHKY IBM, ynydleHHble KayecTBa KOTOpPOW TpeboBa/iM HeCcyWeCTBYOWEro nporpaMmHoro
obecnevyenmna.) B PC/AT ucnonbayetca muxponpoueccop 80286 M paclumpeHHaa (HO COBMEeCTMMasa) marucrpaib
ncxodHbix PC: gonosiHUTeNbHbIM (M HeobA3aTe ibHbIN) pasbem Aas 400aBOYHbLIX 8 OUT AaHHbIX, 4 BUT agpecoB U 5
NHUI IRQ (co cpabaTtbiBaHWem, Kak M npexae, no ¢poHTy). B pesynbTate 16-paspsaaHan WKWHA AaHHbIX M Bonee
BbICOKasA TaKTOBaA 4acToTa MOAHAAM MPOMYCKHY CMOCOBHOCTb mMarncTpann Ao 5,3 Mb6aiT/c, 4To B codeTaHumn C
pacWMpeHnem apecHoro NpPoCTPaHCTBa WM yBENMYEHMEM YMCla YPOBHEW npepbiBaHui caenanm PC/AT Becbma
CepbesHbIM MUKPOKoMMbloTepoM. MarucTpans PC/AT (MHoraa HasbiBaemas Industry Standard Architecture, nan
ISA - cTaHAAPTHaA NPOMbILWJIEHHAs apXUTEKTYpa) [Aarke AOMYyCKAaeT HEeCKObKUX BeAyLIMX Ha MAructTpaaum, XoTsa ee
BO3MOHOCTM B 3TOM OTHOLLEHUM OrpaHuyeHsbl. Mnatbl, NpeaHa3HayeHHble Ana ncxoaHbix PC, 6yayT paboTtatb u
Ha PC/AT (ecam oHM obnagatoT HeobxoaMMbIM ObICTPOAENCTBMEM), TaK KaK yCOBEPLIEHCTBOBaHMA, cCoObpaHHble Ha
[OMNO/IHUTENILHOM Pa3beME, MOXHO MIHOPMPOBATb; B 3TOM C/y4ae, KOHEYHO, Bbl BO3BpalLaeTech K 8-paspaaHoM
WKWHe AJaHHbIX U 20-pa3pagHOMY  aApecHOMY NpPOCTPaHCTBY. AT-COBMeCTMMble  KOMMblOTepbl  0ObIYHO
3KCNAyaTUPYIOT CBOK MarmcTpaib BBOAA-BbIBOAA HA BbICOKMX CKOPOCTAX, M MPWU MCNO/Ib30BAHWM CTapbiX BCTABHbIX
NaT MOTYT BO3HUKHYTb AOMNONHUTE/bHbIE TPYAHOCTU CUMHXPOHM3ALMM.

Maructpasnb Micro Channel 6bi1a Bnepsble NMPUMEHEHa B CEpPUU MEepPCOHasbHbIX KOMMbIOTEPOB BTOPOro
nokonexua IBM PS/2, nossuswmnxca 8 1987 r. Maructpanb xapakrepmusyetcs H601bLION LWMPUHOW WWH aapecos U
[aHHbIX (00 32 pa3psgos y mogdenei ¢ mukponpoueccopom 80386), 11 ypoBHAMM pasaensiembix NpepbiBaHUM
(4yBCTBUTE/bHBIX K YPOBHI0), BO3MOMKHOCTbIO PaboTbl HECKObKMX BeAyLLMX WNHbBI U aCUHXPOHHBIM MPOTOKOIOM.
Mnatbl, NoAKMto4aemble K Marnctpanm Micro Channel, He cogepsKaT 3anasaHHbIX aApecoB NOPTOB BBOAA-BbIBOAA;
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agpeca (BMecTe ¢ APYrMMM KOHOUTYPALMOHHBIMKU XapaKTepucTMKamm) HasHadatoTca LM B npouecce 3arpysku Ha
oCHOBe MHPOPMaLMK, NpoumTaHHON B M3Y Ha nnaTe. 3TO NPUATHOE Ka4yecTBO M30aB/AeT Bac OT HEOHXOAMMOCTH
HacTPamBaTb KaKayto NaaTy C MOMOLLbID MUKpOMNepeKkatovaTeneit nnm 6ecnokomTbca O BO3MOMKHOCTU HANOKEH WS
afpecHbIX MPOCTPAHCTB pas3Hbix nnat. [natel Micro Channel xapakTepusyloTca o4yeHb HeboblMMK
reoMeTpUYEeCKMMM A0MNYCKaMM, YTO CBA3AHO C MCMO/b30BAHMEM PA3beMOB C PACCTOAHMEM MEXKAy KOHTaKTamMMu
Bcero 1,27 mm.

EISA. PaclwmpeHHas cTaHAapTHas npomblluneHHas apxutekTypa (Extended Industry Standard Architecture,
EISA) saBunacb oTBeTOM npomnssoauTenei AT-aHaforos Ha HacTynaeHue maructpann Micro Channel. Maructpanb
EISA 6bina npensoxeHa B 1988 r. AeBATbIO dMPMaMM, BbIMyCKaOLLMMN AT-COBMECTUMbIE KOMMbOTEPbI. Jlo6aBuB
K AT-Marnctpanu OONOAHUTENbHBIM pa3beM, pa3paboTumkm EISA peannsoBanm MHorve npuBiaeKaTesbHble YepTbl
maructpanm Micro Channel, coxpaHWMB COBMECTMMOCTb C CYLLECTBYKOWMMM BCTaBHbIMM nnatamu AT. Takum
00pa3om, Bbl MOXKETe BCTaBWUTb CTaHAAPTHYO naaTy AT B marmctpanb EISA v nonyumTb 06blYHYIO MallnHy AT,
OfHaKo MNpW MCMONb30BaHUM C MarucTpanbto EISA cneumanbHo paspaboTaHHbIX 414 Hee naaT, mMaructpaib
nopepskmsaer 32-6UT nepedadvy JaHHbIX (C MaKCMManbHOM CKOpOCTbio nepepaun 33 Mbant/c), 32-6ut
ajpecaunio NamATh, HECKONbKO BeAyLMX Maructpanu, nporpammumpyemble MpepbiBaHWA MO YPOBHIO WAW MO
nepenagy, a TakKe aBTOMaTUYeCKOe KOHOUTYpUpPOBaHMe naaTbl.

Multibus | 1 Il. ®opmaTtbl marucTpanu Multibus, nepsoHaYanbHO npeanokeHHble dupmon Intel, Hawnm
NPUMEHEHWE BO MHOIMX KOoMMNbloTepax. McxoaHas marmctpans Multibus | MmeeT 6onbline BO3MOMHOCTM, B TOM
yucne 16-paspAgHyt0 WKHY AaHHbIX, 24-paspAgHoe aApecHOe MpPOCTPAaHCTBO WM HECKO/bKO BedylMx Ha
maructpanm. Miltibus |l npegHa3HayeHa A4 BbICOKOMPOM3BOAMTENbHbBIX MUKPOMPOLECCOPHbIX CUCTEM U
oTnmyaeTcs 32-pa3paaHbIMK LIMHAMK aIPeCcoB W AaHHbIX, KOHTPOMIEM YETHOCTM, pacnpeeneHHbIM apbuTpaxkem,
NpoTOKONaMK Nepedadn coobuweHuit. Maructpanb ucnonbsyeT 10 ML, TaKTOBbIM reHepaTop B CMHXPOHHOM
pPeXRMME U MOKeT nepegasaTb 40 40 MbaliT/c no nocnenosaTe/ibHbIM aZpecam B peskmume «BA0YHON nepesadmy.
Tak e, KaK W HeKoTopble ApyrMe CAoXKHble Mmaructpann, B Multibus || 3KOHOMATCA KOHTaKTbl MyTem
MY/IbTUNIEKCUPOBAHMA [aHHbIX M aapecoB Ha noAwwuHe m3 32 AnHuit. B Multibus Il ncnonb3ytotca Takke 96-
KOHTaKkTHble coeanHuTenn DIN, yKpenneHHble Ha nNaaTaX, BMECTO TOPLEBbIX M/IOCKMX MO30/104EHHbIX
coeaMHUTENEN; XOPOLIO pa3paboTaHHbIA «COCTAaBHOM» coeAMHMUTENb Ha nnate obecneuymBaeT 60/bllytO
HafEeHOCTb, M CUCTEMA COeAMHEHWA OKa3blBAETCA HEYYBCTBMTE/bHOW K WCKPWUBAEHMIO naaT u rpybomy
obpalleHunto.

Xots Multibus |l oTAMyaeTcd MHOTUMM MPEeMMYLLECTBAMW, FMOKOCTb 3TOW MarmcTpanuM YCAOXKHAET ee
ncnosb3oBaHWe. Hanpumep, Ha MarucTpanu OTCYTCTBYIOT OOblYHble MPEpPbIBaHWA; Bbl «MpepbiBaeTe» MNyTEM
3aMpoca Ha 3axeaT MarucTpaaM M MOCbIIKM 3aTem COOBLIEHMA B MPOLLECCOP O Ballem KejaHuW npepsaTb ero
paboty! [lna npocTbix cuctem yaobHee MCMoONb30BaTb Oonee MpocTyio Marnctpasb Multibus 1 (Mam Kakyto-To
ZIPYTyto TOro »Ke Knacca).

NuBus. 3To elle oAHa BbICOKOMPOW3BOAMUTENbHAA CUMHXPOHHAA MHOFOMPOLLECCOPHAA MarucTpanb ¢ 32-
PaspAAHbIMM  MYJbTUMNEKCUMPOBAHHBIMM  AaHHbIMW W aapecamu, coeamHuTenamm DIN M BbICOKOM CKOPOCTbIO
nepefayn AaHHbIX (0o 40 M6aiT/c B pexume 6104HON nepedaun). Kak u B caydae Multibus Il, npepbiBaHus
PeannsytoTca MyTem 3anpoca Ha 3axeaT Maructpanu. Maructpanb NuBus Mcrnonb3yeTcs B CTapwmx MOAEnsax
KomnbtoTepoB Macintosh, raoe, K cyactbto, dupma Apple gobaBuaa K Kaxkaomy pasbemy JIMHUIO MPepbiBaHWNA.
Takum 06pa3om, Kaxaplil pasbem [18 YCTAaHOBKM BCTaBHOW NaaTbl MMEET Ha3HaYeHHbIi eMy BEKTOp;
COOTBETCTBYOLWMI 06paboTUMK NpepbIBaHWA OnpeaenseT NaaTy-MCTOYHMK npepbiBaHMA 6e3 npoueaypbl onpoca,
KoTopas TpebyeTca MMLIb B TEX C/ly4asX, KOrda naaTa CoAEePKUT HECKOIbKO NMPepbiBatoWmMX YCTPONCTB.

Maructpanb VME. 3Ta marucTpanb, Kak u NuBus nam Multibus Il, npeaHasHavyeHa A58 MHOrONPOLECCOPHbIX
32-paspagHbix cuctem. OAHAKO B HElM HE MCMONb3YTCA MYAbTUNNEKCUPOBaHHbIE NUMHUKM AaHHbIX/agpecos. HeT 8
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Hell W TNaBHOrO TaKTOBOrO reHepaTopa [A/1A CUMHXPOHHOM nepefayu, MOCKOAbKY AR MarucTpannm MNpUHAT
ACUHXPOHHbIN MPOTOKO/; 3TO AaeT BO3MOXHOCTb 6e3 Tpyaa 06beaAnHATb NpoLeccopsl, paboTatouie ¢ pasHbIMK
ckopocTamM. Maructpanb VME BKAtOYaeT 0ObIUHYIHO MHOMOYPOBHEBYHO CMCTEMY NpepbiBaHMii IRQ-TMNa, ¢ NOAHbIM
noATBepXAeHMem npepbiBaHus (u nnHuelt INTR, obpasytollein nocnegosBaTesbHyo Lenodky). Maructpans VME
4acTo PacCcMaTPMBAtOT, KaK aNbTePHATMBHYIO MO OTHOWeHMo K Multibus; Hanpumep, UcxoaHble KOMNbOTEPLI Sun
durpmbl Sun Microsystems mcnonb3oBannm Multibus, B To Bpema Kak B Honee nosgHux moaensx Sun2 u Sun3
npumeHeHa marnctpans VME. Maructpann VME n Multibus 1l nog ogobpenune ¢mpm Motorola u Intel noctoaHHO
BbIACHAIOT CBOM OTHOLWIEHMA B TEXHWUYECKOM Npecce ¢ 06NMYNTENbHBIMM 3aABAEHUAMM M DpaHbto.

Fastbus n Futurebus. 370 Becbma BbICOKONPOU3BOAUTENBHBIE MArMcTpanu, paboTatolime ¢ oWenoMAALL el
cKopocTbto. Maructpanb Fastbus mcnonbsyet nnatel 6onbworo pasmepa (14x16 aroiim), ECL — apaisepbl u
NPOTOKO/bl apbutpaxka A8 PaboTbl C HECKOJIbKMMW BeaylMmM Ha maructpann. CUabHOW CTOPOHOM 3TUX
MarucTpanen ABAAETCA  CUCTeMA  MArucTpasibHbiX — B3aMMOAEWUCTBMA  C  BO3MOMKHOCTbIO  U3OLWPEHHOMN
«reorpaduyeckon» agpecaumm 3a npeaenbl cObCTBEHHO KpelTa naar.

Q-bus MVAXBI. 3To naTeHTOBaHHble MarucTpaau KomnbtoTepos oéupmbl DEC. Maructpans Q-bus,
MCNoab3oBaBLIaAcs B mawmHax LSI-11 mn paHHMX KomnbtoTepax Micro VAX, npousowsia oT maructpanm Unibus
MCXOAHbIX MawuH PDP-11 ¢upmbl DEC. Q-bus nopaepkuBaeT 16-pa3pagHble AaHHble W 22-paspasHyto
aApecaumto, aCMHXPOHHbLIA MPOTOKOA C HECKOJIbKMMU BeayLMMM U MHOFOypoBHeBble MpepbiBaHusa |RQ-Tuna.
VAXBI aBnsieTcA BbICOKOMPOM3BOAMTENbHOM MarncTpanblo C MyJAbTUMNAEKCMPOBAHHON 32-pa3pAagHON LWMHOM
[NaHHbIX/aapecos, NpeaHasHayeHHoN ana 6onee coseplueHHbIX MawnH VAX cepumn 8600.

10.16. MoOKntoYeHuUe K Komnsromepy nepugpepuliHoix
ycmpoucms

NHTepdeicbl 0bbIYHO WM3rOTaBAMBAOTCA B BMAE Me4yaTHbIX MNaaT, AMBO MnaaT C HaKpyTKon (cm. en. 12),
npeAHasHaYyeHHbIX A8 BCTaBAEHWA B MAOCKME pasbembl («CA0TbI»)  MUKpoKomMbioTepa. ObblyHO B
MWKPOKOMIMbIOTEPE MPEeAYCMaTPMBAETCA HEKOTOPOE KOMMYECTBO CBODO/HbLIX Pa3beMOB MMEHHO A4 3TOW Lenu
(nMbo 3aHATble pasbembl AO0MYCKAOT «pacliMPeHUe» U BCTaBAEHWE HOBbIX MAAT), MPUYEM MO BCEM pPasbemam
pPa3BoOAATCA  CMTHaAbl  MarucTpaanM W nuTalowme  HanpaxeHus. HeKoTopble  MallMHbl  MCMNOJb3YHOT
«MnaTeHTOBaHHbIe» mMarucTpanu (Hanpumep IBM PC), apyrne 6asmpytoTca Ha CTaHAAPTHbIX MUKPOKOMIMbIOTEPHbIX
marucTpanax (Hanpumep pabodyas cTaHuma Sun3 c marucTpanbto VME), HakoHel, B HeEKOTOpbIX BoobLle He
npeaycMmaTpmMBaeTca  [AOMOAHUTENbHbIX PasbeMoB (Hampumep WUCXodHble MalinHbl  Macintosh). Kaxkpgas
MarmcTpanb paccymTaHa Ha NaaTbhl HEKOTOPOro CTaHAAPTHOro pasmepa (MM pasmepos), OT KpoleyHbix naaT IBM
PS/2 pasmepom 3,2x11,5 aroiim 0o ruraHTckmx 14,4x15,9 aoiim nnaT Fastbus. Kakgaa nnata, B 3aBMCUMMOCTM OT
MarucTpanu, Ans KOTOPOM OHa npeaHasHavyeHa, MMeeT BAO/b oAaHoro Kpas oT 50 go 300 coeamHeHwuit nmbo B
dbopme MO30/04YEHHbIX MeYaTHbIX famenei, NMbo B BUAE MHOTOLITHIPLKOBLIX COEAMHUTENEN, NPUNAAHHbLIX K
nnate; nocinefHWe W3BECTHbl MO4 MMEHEM «COCTaBHbIX» (two-part) coeamHuTenei MW, Kak npasuno, bHosee
HadeXHbl, Yem rnevyaTHble MIOCKME pasbemMbl. MiMmetowmecs Ha pbiHKe WMHTepdelncbl ANA peleHns CTaHaaPTHbIX
3afa4  (AMCKM, rpadwmKka, CBA3b, aHANOrOBbIM BBO/-BbIBOA) OObIYHO MOHTMPYIOTCA Ha nfatax, KoTopble
BCTaBAAOTCA B CBODBOAHbIE pa3bembl MalliMHbl. Ecan nHTepdenc ynpasnseT nepudepuiiHbiM yCTPOMCTBOM, OHU
CBA3bIBAIOTCA Kabenamu; B Tex caydasnx, Korga y MHTepdeinca o4eHb MHOTO BXOA0B M BbIXOAOB (Kak, Hanpumep, Y
LMPPOBOro SIOFMYECKOrO aHaIM3aToPa), OH MOMKET COeAMHATLCA Kabenem C BHELIHEN YacTbio B BUAE NaHENWN UK
KopobKK, rae 6osblle mMecTa A58 PasbemoB (M AONOAHUTENbHbLIX CXem). B ftobom ciydae obbIYHO MCMONb3yeTCs
TMBKMIA NEHTOYHbIM Kabenb, Npuyem npeaycmaTpMBaloTCa Mepbl 418 CHUXKEHUA YPOBHS MepeKpPecTHbIX MOMeX Ha
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CUTHANbHBIX U CTPOBUPYIOWMX TUHUAX.

OauH 13 cnocoboB 3aK/oYaeTca B 3a3eMJIEHMU KaXKAoM BTOPOM NMHMK B Kabene; apyron npeanonaraet
Mcnosib3oBaHMe rmbKoro Kabensa, CKPenNeHHOro ¢ rMHBKOM e MeTaNIMYEeCcKon 3a3eMIEHHON NOANOXKKON, KOTOpas
YMeHbLIAeT MHAYKTUBHOCTb M MOMEXM W1 B TO Ke Bpema obecneynsaeT NoYTM NOCTOSHHbLIA MMNeaaHc Kabens. Ons
060MX  KOHCTPYKLUMIA B MNpPOAaXKe MMEKTCA MHOTFOKOHTAKTHbIE  «OKOHEYHbIE  33a3eMINTENU»,  KOTOpble
noAKAtoYatoTca K Kabesnto nytem obxkatua; cmoTpute Katanorn AMP, Berg, T&B Ansley, 3M u T. 4. ANbTepHaTUBOM
NEHTOYHOMY Kabento CAyKMT Kabenb, CAeNaHHbIM M3 MHOTMX CKPYYEHHbIX Map, KarKAas M3 KOTOPbIX COAEPMKUT
OAHY CWFHaNbHYID W OAHY 3a3eMieHHyl0 uHUIO. Kabesb M3 CKpyYeHHbIX Map BbIMyCKAETCAs BO MHOIMMX
MoANDUKALMAX, BKAKOYAA LLEr0NEeBATbIN MAOCKUA Kabenb, HaNOMMHAKOWMIA NeHTOYHbIM (Kabenb Twist-'n-flat —
«KpydeHo-naockuin»  dupmbl  Allied/Spectra). B Kabenb uyepes KaxAble MOAMETPA BKAKOYAETCA MJOCKUM
HECKPYYEHHbI Yy4acTOK, Ha KOTOPbIM MOXHO HadeTb OOblYHbLI OOXMMAOWMIA COeAUHUTENb AN NEHTOYHOTO
Kabena. MockoNbKy ANs nepeaadn AaHHbIX Mexay MHTepdencHoW naaTom M yCTPOMCTBOM 0BbIYHO MCMONb3YEeTCs
NPOTOKON €O CTPOobMpoBaHMEM, 3alLMLLIATL BCE CUIHA/bHbIE JIMHUW OT HAaBOAOK HET HeobXxoAMMOCTWU. 3aliuTa
TpebyeTca Nnlb A8 CUHXPOHMUIMPYIOLWMX MMMYAbCOB W, APYrUX AMHUA CTPOoBOB M paspeweHnin. Ecam nanHnm
MMEIOT 3HAYUTENbHYIO AAWHY, CNefyeT MCMO/Ab30BaTb COMACOBaHHbIE HArpy3kM M KOMOMHALMKM NPUEMHUKOB M
[paiiBepoB, KaK 3TO onmcaHo B pa3o. 9.14.

HecTaHgapTHble MHTepdeNchbl Nydlle BCEro BbIMOAHATL TakMM e obpasom, nnbo nytem paspaboTku ana
HWUX neyaTHOW nnatbl, NMBO MCNONb3YA OAHY W3 YHMBEPCANbHbIX MHTEPdENCHbIX MAAT, BbIMYCKAEMbIX TaKMMM
KomnaHuamM, Kak Douglas, Electronic Solutions n Vector. 371 nyctble naaTbl MMEKOT MeCTa ANA NOAKAOYEHUA
MWKPOCXEM W APYrMX KOMMOHEHTOB (BK/OYaA OKOHEYHble 33a3eMAUTeNM A1 BHeWHUX Kabenen) Kak
npMnavMBaHWeEM, TaK M HaKpyTKol (nogapobHee 06 3TOM cM. B 2. 12). HekoTopble nnaTbl COAEpMKaT BCTPOEHHbIe
CXeMbl A1A B3aMMOAENCTBMA C MarMcTpasbto, BKAtOYaA 0bCayKmnBaHMe npepbiBaHUi 1 gaxe MAM.

B HEKOTOpbIX CAy4Yasx HaWAydYlWMM  pelleHnem  ABaseTcs  paspaboTka uHTepdeitca, 4acTUYHO
Pacnoiaraemoro B KOMMbIOTEPE, @ YaCTUYHO-CHAPYKM, KaK 3TO NoKasaHo Ha puc. 10.15.
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Puc. 10.15. Cmpyrkmypa pazdeneHHo2o uHmepgelica.

Toraa «KOMMbIOTEPHAnA» 4YaCTb MHTEpPdEenca MOMKET BK/IYaTb, HanpuMmep, JiMb NPOCTOM MNapanfiesbHbil
NopT BBOAA-BbIBOAA, MO0 B BUAE MOKYMHOW NAaTbl, 160 cobcTBEHHOM paspaboTku. Kabenb, coeanHsatowmin ase
YyacTu MHTepdenca, OKasbIBAeTCA NPOCTbIM; ecn TpebyeTcs CKOPOCTHAA nepeaada nNpu 60bLLIOK NPOTAKEHHOCTH
Kabena,  MOMHO  WCMONb30BaTb  BbICOKOMNPOWU3BOAMUTENbHbIE KOMBMHAUMM  ApailBepoB/MPUEMHUKOB,
obcyxkaaswmneca B pa3d. 9.14 (Hanpumep RS-232 wMAM CMMMETpUYHblE MUKpocxembl 755110, wnam paxke
BOJIOKOHHYIO OMTUKY). Takol mMoaxon, K KOHCTPYMPOBaAHUIO MHTepdencoB MOXKeT ObiTb 0COBEHHO MoneseH npu
paboTe co cnabbiMM aHaNOrOBbIMW CUTHANAMM, MOCKObKY B 3TOM C/ly4ae YyBCTBUTE/IbHbIE K MOMEXaM SMHENHble
Lenn MOXKHO yAanuTb OT peBa HaBOAOK UMPPOBBLIX CXeM KomnbtoTepa (M NpUBAM3UTDL K UCTOYHMKY aHANOroOBbIX
CUTHAsIOB); 3TO TaK)Ke MO3BOSAET C 0COObIM BHUMAHMEM OTHECTUCb K MOAAEPMKAHUIO «B YMCTOTE» 3a3EMJIEHHbIX
JIMHWI aHANOroBOroO CUrHana.

SCSI, |IEEE-488 w pnpyrne wuHTepdeicbl. B npogaske unmetoTca OYKBaAbHO COTHM BCTaBHbIX Mnat Ans
pacnpocTpaHeHHbIX Maructpanen Bpoge IBM PC, Multibus, VME un Q-bus, BbinonHAwowmMx Heobospumoe
MHOXeCTBO OYHKUMIA. DTWM NaaTbl HEAOPOrM M MPOCTbl B WMCMNO/b30BaHMM, TakK 4YTO nepen pa3paboTKon
cobBCTBEHHOM NAaTbl Bbl AO/XKHbI CHAayana BbIACHUTL (a) HET /M TaKOM Ke nnaTbl B nNpofarke U (6) Henbsa nu
MCNO/Ib30BaTb B KayeCcTBe «pPe3nAeHTHOM B KOMMbOTEpPE» 4YaCTW Balwero WHTepdelica NpPoOCTyto naaTy
napannenbHOro NopTa, Kak 3TO OMUCLIBANOCh B Npeaplaywem pasgene. Ectb n apyraa BO3MOXHOCTb-MOAKIOYNTD
Balle YCTPOWMCTBO K KOMMbIOTEPY Yepes CTaHAAPTHbIN BCTPOEHHbIM napannenbHbii nopT Centronics nnbo yepes
nocnenosatesibHbli NopT RS-232 (cm. pa3d. 10.19 wn 10.20). MOCKONAbKY 3TM MNOPTbl OAMHAKOBbI Ha BCEX
MWKPOKOMMbIOTEPAX, Takoe pelleHue caenaeT Balle YCTPOMCTBO NEPeHOCHMMbIM, AaXe Ha MUKPOKOMMbOTEP C
Apyroin  marucTtpansto  (unn  Boobue 6e3  maructpanm!). Ecam Bawe  yCTPOMCTBO  MOAKAOYaeTCA K
nocnenoBaTeslbHOMY MOPTY, OHO, CKopee Bcero, byAeT BKAOYaTb COOCTBEHHbIM MUKPOMpOLLEeCccop, YTo AacT Bam
NpaBo AyMaTb O HEM CKOpee KaK 0 KoMMbtoTepe, Yem o nepudepuitHom ycTporictee. O4HAKO KaK Mbl MOKaXKem B
cnepyroulen rnase, paspaboTtka Hebonbloro npubopa, ynpaBasemMoro MMUKponpoLeccopom — Aeno 3abaBHoe,
NpPOCTOe U Hefoporoe; COBCTBEHHO, HET HUKAKMX MPUYMH BbIAENATbL MUKPOMNpoLeccop cpeam apyrux BAC, a nx-to
Bbl He KonebaACk UCnob3yeTe B cBoemM npubope!

PasBuBaA [fasblle MNPeLNONKEHHYI0 MAel, CnefyeT CKasaTb, YTO MMEEeTCA Ue/bld pAg, CcTaHAapToB Ha
«KabesbHble MHTepdenchl», cTaBliMe nocieaHee BPems Becbma nonyaapHbiMu. OHM HasbiBatoTca SCSI (Small
Computer System Interface-uHTepdeinc manbix KomnbtoTepHbix cuctem), Pl (Intelligent Peripherals Interface-
NHTEPdECc nHTennekTyansHol nepudepun), ESDI (Enhanced Small-Disk Interface — ynydweHHbIn MHTepbeitc
Manoro aucka) n IEEE-488 (13BecTHbIN Takxe nog umeHamu HPIB n GPIB, General-Pur-Kabenb — BHelwHsA YacTb
nHTepdelica pose Interface Bus-uHTepdeicHaa marucTpanb obuiero HasHadeHus). MHTepdeic  SCSI
(npousHocuTCa «CcKasu»), B ocobeHHOCTM Bnarogaps 0OMAMIO AMCKOB WM Apyroi nepudepuu, NOAKAYAEMOMN
HenocpeAcTBEHHO K nopTy SCSI, cTan CTaHOapTHbIM 3/1EMEHTOM MHOTMX MUKPOKOMMbIOTEPOB. Mpu 3TOM AAA
KOMMbIOTEPOB, HE MMEOLLMX BCTPOEeHHOro nopTa SCSI, BbiNycKaloTCA BCTaBAseMble MHTepdencHble naaTbl C 3TUM
NOPTOM.

SCSI sBnaetca notomkom SASI (Shugart Assosiates System Interface-npoctolt napaniensHol maructpani,
KoTopyto ¢upma Shugart npuaymana Ans CBOWX AMCKOBOAOB MECTKMX [AWCKOB) M B MNpOCTeMllemM Buae
npeactaenaetr coboi 6alToOBbIN ABYHANPAaBNEHHbIM NapanfeNbHbli NPOTOKOA C KBUTMpOBaHWeM. WHTepdeic
obecneymBaeT HECKOIBbKO PEXMMOB, BK/AOYAA CUHXPOHHYIO M aCMHXPOHHYIO Nepefayvy C CUMMETPUYHBIMKU MUK
HECMMMETPUYHBIMW  ApanBepamMn; XOTA MNepBOHaYasbHO OH WMCMNO/Ib30BanACA ANA CBA3M eauHcTBeHHoro LM ¢
e[IMHCTBEHHbIM [MUCKOM, OZHAKO C €ro NMOMOLLbIO MOXHO HEecKONbKO LM NoAKAlUYMTL K HECKONbKMM AMCKaM.
TUNUYHbIE CKOPOCTM nepedadn cocTasastoT 1,5 M6aiT/c Ana acMHXPOHHOIO peskmuma u 4 Mbaint/c ans
CMHXPOHHOTO; aCMHXPOHHbIA MPOTOKON Mef/leHHee, TaK KakK B MPOLECCe KaxAoW NepecbikM Tyda M ctoaa
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nepeaatTcs CUTHaNbl KBUTMPOBaHUA. C HeCMMMETpUYHbIMK apanBepammn SCSI obecnedynBaeT nepenady Ha 6 M, a
C CUMMETPUYHbIMWU Ha 24 M.

MarucTtpanb |EEE-488 (nepBoHavanbHo — wuHTepdenc HPIB ¢upmbl Hewlett-Packard) 6bina paspabotaHa
ANA NoaKAtoYeHna nabopaTopHbIX NPUHBOPOB K KoMnbtoTepy. MHTepdenc BKAOYAET MOJHbLIA NPOTOKOA CBA3W MO
MarmcTpanm HecKobKMX NpMBopoB 1 MCNONb3YET TEPMMHOJIOTMUIO NI0Ka/bHbIX ceTel. IEEE-488 3aHMMaeT NpoyHble
NO3MUMN B UHCTPYMEHTaNbHOW TexHuke; dupmbl Hewlett-Packard, Keithley, Philips/Fluke, Tektronix n Wavetek
KOMMEKTYIOT 3TUM MHTepdeicom BONbLIYIO YacTb BbIMyCKaeMblX UMW Npubopos. Mnatel ¢ nHtepdeicom |EEE-
488 BbINYCKAOTCA MOYTM ANA BCEX MUKPOKOMMbiOTepoB. B pa3d. 10.20 Mbl elle BEpHEMCA K OOCYKOEHWUIO
nHtepdericos SCSI n IEEE-488.
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CUCTEMHblE KOHLLENUMM NporpammHoro obecnevyeHus

B aTOoM pasaene mbl 06CcyaMm HekoTopble 0bLIME acneKTbl MPOrPaMMMUPOBAHMA A1 MaslbiX KOMMbIOTEPOB,
Mmea B BMAY, YTO M3y4YeHMe CPeacCTB CBA3WM C KOMMbIOTEPOM WMMEET Mano CMbICAA, eCAW Bbl HE 3HAKOMbI C
nepapxmelt nporpamm, $GakTUUECKM BbI3bIBAOWMX K KM3HM KomnbtoTep. Ham B ocobeHHOCTM xoTenocb Obl
OCTAHOBUTBCA Ha TaKMX BaKHbIX BOMPOCAxX, Kak MpPOrpaMMMPOBaHME, OMepaUMoOHHble CUCTEMbI, $aiabl ©
MCcnonb3oBaHWe namAtTU. OdeHb Nerko YHecTUCb B LAPCTBO MeYTbl, BOCTOPrascb KpacoTOM anmnapaTHOro
obecneyeHns KOMMblOTEPA WM HEOOOUEHMTb BAXKHOCTb XOPOLWEro nporpammHoro obecneyeHusa. VImeHHO
nporpaMmHoe obecrnedyeHne NPUOAET KOMMbIOTEPY KPbIbA, M XOpollas onepaumMoHHasa cuctema BMecTe C
NaKeToOM «YTUAUT» HEOBXOAMMbI €My, KaK BO3AYX.

PaccmoTpeB nporpammHoe obecrneyeHme U CUCTEMbI MPOTrPAMMMPOBAHMNA, Mbl 3aKOHUYMM T1aBYy Pa3aenoM O
NpMHUMNaxX nepeaadn AaHHbIX, OCTAHOBMBLUMCbL Ha CTaHAAPTU30BAaHHOM nocaeaoBaTenbHOM npoTokose ASCIl RS-
232, napannensHom nopte Centronics, ApyrMx BO3MOMKHOCTAX NapanienbHoil nepeaadn aaHHbix (SCSI, IPI, GPIB)
N, HAKOHeL, Ha NOKaJibHbIX CeTAX.

10.17. lNpoepammuposaHue

Asblk accembnepa. Kak y:Ke ynomuHanocb Bbile, LM KomnbloTepa pacrno3HaeT onpeaeneHHble
KOMOMHaUMM OUT, Kak KOMaHabl, WU AeNCTBYeT B COOTBETCTBUM C WX 3HadyeHnem. OAHaKOo 3TMM [BOUYHBIM
MaLUMHHBIM SA3bIKOM MOAb3YIOTCA KpalHe peako. O6blMHO Bbl COCTaBAseTE MPOrpaMmbl Ha MHEMOHWYECKOM
A3blke accembnepa (Kak 3TO ObIIO CcAenaHo B MNPUBOAMBLUMXCA paHee npumepax MnporpaMmUpoBaHNS
NMHTEepdElCcoB), a crneuuanbHaa nporpamma, HasbiBaemas accembnepom, npeobpasyeT UX B BbINOSHUMbIE
MallMHHbIE Koabl. fA3blk accembnepa o4eHb 6AM30K K MaAWMHHOMY A3bIKY; Kakaaa KomaHaa A3blka
npeobpasyeTca HenocpeacTBEHHO B OAHY WM HECKOJIbKO CTPOK MALWIMHHOMO KoJa (M3 KOTOpbIX nepsas 0OblYHO
NpeacTaBfeT Ko onepaumu, a Nocaeaytolime OnMcbiBaloT adpecaLmio NepemeHHbIX UAKM CoAepKaT KOHCTaHTbI).
MporpaMmmnpoBaHmMe Ha A3blke accemMbaepa NO3BOASET NOMYYNTb MAKCUMaIbHO 3GdEKTUBHYIO Nporpammy M aaet
BO3MOXHOCTb 0OpalleHuna K dnaram M pernctpam, YTo HeJoCTYyMHO M3 A3bIKOB BbICOKOTO ypoBHA. OAHAKO TaKkoe
NpPOrpaMmmMmnpPoBaHNE YTOMUTENLHO, KaK 3TO MOKa3blBalOT NPMBEAEHHbIE MPUMEPLI, U ANA pelleHna 6oNbLIMHCTBA
3aga4 (ocobeHHO Tpebylowmx 3HaYMTEe/NbHOTO Obbema BblYMCAEHWUM) Bonee LenecoobpasHo WCMOAb30BaTb
KOMMUASTOP WAW MHTEPNPEeTaTop C A3blKa BbICOKOrO YPOBHSA, Takoro Kak Cu mnam PopTpaH, a K npougaypam Ha
A3blke accembiepa obpallaThCca NnLb B CyYae HEOOXOAMMOCTH.

Komnunsatopbl M MHTepnpetatopbl. Cu, ®opmpaH, llackans n belicuk — NPUMepPbl MONYAAPHbIX A3bIKOB
BbICOKOTO YPOBHA. MpK COCTaBAEHMM NPOrPaMMbl Bbl MOXKETE MUCMO/b30BaThb anrebpanyeckme BblpakeHWa Bpoae

X = (—b +sqrt (b*b — 4*a*c))/(2*a)

N ynpasasaolme CTPyKTypbl Tuna if...elseif... else, for..., while... n do.... Bam He NpuXoaMTCs TOHATbL Tyda M
0b6paTHO KpolleyHble nopumm mMHpopmaumm obbvemom 1 6aT mam 3abotuTbca 06 agpecauym, COXPaHEHWUM
PErMCTPOB M NMPOYEM; Bbl MPOCTO OOBABAAETE NEPEMEHHbIE M MACCUBbI C YKa3aHMEM TUMOB M Pa3MepOoB, a 3aTem
MCMO/Ib3yeTe UX B apUOMETUYECKMX U NOTMUYECKUX BblpaxKeHuax. He *Kun3Hb, a ManuHa.

Bbille Wna peyb 06 UCXOAHOM TEKCTE, KOTOPbIA MOXHO Mpeobpa3oBaTth B BbIMOJHMMYIO NMPOrpaMmmy ABYMS
cnocobamn. McxooHble nporpammbl Ha A3blkax Cu mam dopTpaH KomnuampyroTcs, T.e. npeobpasytoTca
CneuManbHoOM nporpammort  (KOMNUAATOPOM A3blka) B CTPOKM Ha A3blke accembiepa; 3aTem nporpamma
accembiiepa NepeBOAUT 3TOT MPOMENKYTOUHbLIA A3blK accembnepa B MalUMHHbLIA A3bIK[7]. [porpammsbl ke Ha
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A3blkax bercuk 1 AMJT 0BbIYHO UHTEpPNPeTMpYyoTCa; BMecTo npeobpa3’oBaHMA WCXOAHOW MNpPOrpammbl B
nporpamMmmy Ha s3blke accembnepa WMHTEPNPETaToOp aHaAM3MpyeT MPeaNoKeHUss NPOrPammbl M BbINOAHAET
COOTBETCTBYIOLME MALUMHHbBIE KOMaH/bI.

B uenom MHTepnpeTauMsa 3aHMMaeT ropa3fo 6o/blie BPeMeHM, YeM KOMNUAAUMA. TTOCKONbKY, OAHaKo, B
C/y4yae WHTepnpeTauuMm OTCYTCTBYIOT MPOLIECChl  KOMMUAAUMKM, acceMbaMpoBaHUA  WMAM  KOMMOHOBKM (O
KOMMOHOBKE CM. HUXKE), TNpPOrpammy MOMKHO 3anyCTUTb HeMedJ/IeHHO Moc/le ee BBOJA B  MALLMHY.
NHTepnpeTupytowmne Nporpammbl YacTo BKAKOYAKOT MPOCTble pPefaKkTopbl, yaAobHble ana 6bicTpoit moanduKaumm
nporpaMmbl nepej ee NOBTOPHbIM MYCKOM B mpoLecce oT/aaKku. Ha 3ape MUKPOKOMMbIOTEPHON TEXHWKK, KOoraa
YKEeCTKMe AUCKM BbliM pesikocTblo, MHTepnpeTaTop beicuk npuobpesn WUPOKY MOoMyAspHOCTb, MOCKO/bKY OH
paboTaeT UEeAMKOM B MaMATU; 3TOMY MOXKHO MPOTMBOMOCTaBUTb YTOMMWTE/NbHBI MHOIOCTYNeHYaTbld npouecc
Komnunsaumn. OaHako cerogHa bbiCTpble AUCKM M 3bbEKTUBHbIE KOMMUAATOPbI CHMMAKOT C Hac Bce 3aboTbl.
JtobonNbITHO OTMETUTL, YTO COBPEMEHHbIE KOMMUAATOPbI YaCTO CAeAytoT NPUMEPY MHTEPNPETUPYIOLLEN CUCTEMBI
Turbo Pascal dupmbl Borland 1 npenoctasnaoT Bam «cpeay NporpaMmUpoOBaHNA», B KOTOPOM MOXHO 6e3 BCAKMX
YCUANIA MepexoauTb OT pedakTopa K BbiMoJHAeMOW nporpamme. Ecav nporpamma HaTbiKaeTCs Ha OWKbKy,
CMCTEMa BO3BPALLAET BAC B PeAAKTOP M OTMEYAET Npu STOM HENpaBWIbHOE NPea/iOKeHNe; TaKOro Poaa CUCTEMbI
BK/ItOYAIOT OTAaAuMKKM, BMBANOTEKAPK M ApYyrMe NofesHble U NPUATHbIE CPeaCTBa.

OyeBUAHBIM NOOUMLIEM CEPbEe3HbIX MPOrpamMMUCTOB ABAAETCA A3blK Cu, coveTawolmii B cebe MOLLHOCTb
A3blKa BbICOKOIO YPOBHA C KPACOTOM CTPYKTYPUPOBAHHbIX S3bIKOB M TMOKOCTbLIO MPOrpaMm Ha si3bike accembnepa,
obecneumBaloWmMx  AOCTYN K OTAeNbHbIM  6uTam. OfHAKO B Hay4HbIX MNPUAONKEHMAX NbBUHAA  A0NA
NPOrpaMMMPOBAHMNA BCE eLle BbINOHAETCA Ha A3blke dopTpaH.

KomnoHoBWMKM 1 6ubnnotekn. Accembnep obpasyeT nporpammy Ha MaWMHHOM fA3blke (COBCTBEHHO
roBOps, HE COBCEM; €€ YaCTO Ha3blBAOT «HACTPaMBaAEMbIM» WM «Nepemeliaembim» [8] moaynem) U3 nporpammei
Ha fA3blke accembnepa, 06pPa3oBaHHON KOMMUAATOPOM, WAW M3 OTAE/bHbIX MOAMNPOrpPamM, HemnocpeacTBEHHO
HamucaHHbIX Ha 3TOM A3blke. Kpome 3Toro, 0b6bIYHO MMEKTCA MNPOrpammbl, MCMONAb3yEMbIE OTAEAbHbIMM
KOMaHZamMM A3blKa BbICOKOrO YpOBHA. TaK, B NMporpamme Ha Asblke Cu MoxeT noTpeboBaTbcA 0bpatUTbCa K
MaTemaTMYeckon GyHKUMM Bpode sqrt (BblYMCAEHME KBAAPATHOTO KOPHA), UAM K COHMY GYHKLMIA BBOAA-BbIBOAA,
Takmx Kak printf mam fopen. Becb GOPOKpaATMYECKMI KOWIMap nosydyeHua u3 «bubamoTekn» HeobxoanMbix
noAnporpamm (B o6bekTHOM Gopme), a 3aTem HACTPOMKKM MepexonoB M aapecauuin B Nporpamme, 4Tobbl BCA 3Ta
Kalla pasmecTManacb B NaMATM  JO/MKHbIM  obpasom, Oeper Ha ceba nporpamma, HasbiBaemas
KOMMOHOBLMKOM [9]).

B dyHKUMM KOMMOHOBLLUMKA BXOAMT Ha3HaYeHWe KOHKPETHbIX YMCAOBbIX 3HAYEHWM CCbIIKAM Ha SAYENKK
NamMATU 1 agpecam NepemeHHbIX B accembanMpoBaHHON Nporpamme, M caenaTb 3TO KOMMOHOBLLMK MOXET, TO/bKO
BbIACHWB, Kakan Mporpamma Bbi3blBAET KaKy M CKOMIbKO MEeCTa 3aHMMaEeT Kaxdaa nporpamma B NamsTu. VIMeHHo
NO3TOMY MPOrpaMma Ha MalIMHHOM A3blKe, Nojy4yaemas C BbixoZa accembnepa, A0KHA ObITb HacTpamMBaemow,
TaK e, Kak M acceMbnMpoBaHHble MNOAMPOrpamMMbl, XpaHSLIMECA B PasMYHbIX OUbAMOTEKax [0ObIYHO UX
HECKONIbKO — BMBAMOTEKA BCTPOEHHbIX QYHKUMIA KomMnuaaTopa, bubanoTeka BBOAA-BbIBOAA, MaTeMaTU4yecKas
6mnbnmoTeka, BMBAMOTEKA CUCTEMHbLIX BbI3OBOB M, BO3MOMHO, CO3A4aHHaa AOMa (MAWM KynaeHHas B marasuHe)
H6MbAMoTEKA NOME3HBIX NOANPOrPaMM].

PepakTopbl 1 dopmaTupyloliMe nporpammbl. B gouctopuyeckyro anoxy (4o 1970 r.) Bbl MOTAN HAaTKHYTbCS
Ha NMporpammucTa, Hecyulero konogy nepdokapT. [eNcTBUTeNbHO, Bbl MUCAAW NPOrpammy OT PyKM Ha BiaHKax
NPOrpaMMmMpPOBaHKA, 3aTeM NpobuBany, ee (MAM NAATUAN KOMY-TO 33 NPODOMBKY) Ha «KapTax IBM» — aKkKypaTHbIX
NPAMOYTrONbHUKAX M3 TOHKOrO KapTOHa MacTe/bHbIX OTTEHKOB. B HaliM AHW Aaxke NepBOKNAWKM yMetoT paboTaTb
C TEKCTOBbIMM peflakTopaMu, 06ecneynBatolLMMmn YHUBEPCAIbHbIA MEeTO/ BBOAA NPOrpaMm B MaLLMHY. BeTepaHbl
(e, komy 3a 30) NOMHSAT elle NepBble HEYKAIOMKME «UHTEPAKTUBHbIE» PEAAKTOPbI, C MOMOLLBIO KOTOPbIX MOMHO
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66110 CO34aTb M MOAMOUUMPOBATL TEKCTOBbLIM daitn; oT 3Toro dalna no NpuYMHam, BEA4OMbIM AMLb CaMOMy
pPedaKTopy, Bbl BCErda MoraM HabaaaTb AWlib KycodeK. [laH JlaHKacTep WCKyllaa Hac CBOeW «TeNeBU3MOHHOM
MUWYWeEN MaWWHKOM», KOTopas Mo3BO/ANA BbIBECTM Ha TeNEBM30pP CTPOKY TekcTa. M 6onblwe Huuyero. Hu
PeaaKTMPOBaHWA, HU NMamMATM, HU H1Yero. MosTomy erko NoBepuTb, YTO Hall BOCTOPT HE MMEN rPaHuL, Korda Mbl
BNepBble NO3HAKOMMUANCH C KMOJHOIKPAHHBIM» PEAaKTOPOM.

Xopouwunit pegakTop (a ceivac oHM BCe XOPOLLME) NMO3BOAAET BaM BBOAMTb M KOPPEKTMPOBATL TEKCT N0 Mepe
ero BBOAA, MCKaTb Tpebyemble CMOBA, M3MEHATb TEKCT, NnepemellaTb 6J0KM TeKCTa, OTKPbIBaTb HECKO/IbKO OKOH
Ana paboTbl C HECKOAbKMMKM dalllamm M CO34aBaTb «MaKpoonpeaeneHua» [OA8 BbINONHEHMA CAOMKHbIX
MaHUNYNALMK. DKpaH BbICTPO OTPaXKaeT BHOCMMbIE B TEKCT M3MEHEHUA, Aaske ec/in Bbl gobasnsete CTPOKM B
Havase 6onbluoro daina. [axe oveHb 60/bLION pasmep GanaoB He 3ameanseT nNpouecca peaakTMpoBaHms.

YHUBEpCanbHbIM peaakTop He 3HaeT, Ja U He WHTepecyeTcA Tem, YTO Bbl MULLMTE, 3TO MOXKET ObITb
nporpamma, WaM COHeT, WAW KHUra. PelakTop MpOCTO CO34aeT TeKCTOBbIM ¢aila B COOTBETCTBMM C BallMMU
MHCTPYKLUMAMM, BBOAMMbBIMM C KnaBuaTtypbl. Ecam ¢alin cocTouT M3 NpeaniokeHun A3blka MporpammMmpoBaHms,
KOMMUASATOP, WHTEpnpeTaTtop WauM accembniep 4MTaeT ero HemocpeAcTBeHHO. Ecan, ¢ apyroit CTopoHbl, dain
npeacTaBnaeT cobon TEKCT, KOTOPbLIM Bbl XOTMTE HamneyaTaTb, Yy Bac eCTb [BE BO3MOMXKHOCTU: NPAMO nocaaTb dann
Ha NPUHTEP WMAM AOMONHUTL ero MHbopmaumen o GopmMaTMPOBaHUKN K NepeaaTb GOPMaATUPYIOLLEN Nporpamme,
KOTOpaa CKa)KeT MPUHTEPY, KakK WMMEHHO c/aedyeT nedaTaTb TEKCT. Xopouwas nporpamma ¢opmaTUpoBaHMUs
3a60TUTCA O NONAX, BblPaBHMBAHMK CTPOK, BblAENEHUW pPA3HOro MecTa Noj OyKBbl PA3HOW LWMPUHLI, CMEHe
WPUPTOB, KYPCUBE, KMPHOM TEKCTe, MOoAYEepPKMBaAHWM WU T. 4. YacTo pedakTtop v nporpamma ¢GopmaTMpOBaHMUSA
06beanHATCA, NPUYEM MHOTAA Bbl MOXETE MOCMOTPETb Ha dKpaHe, KaK B AeMCTBUTENbHOCTU ByaeT BbIrNAAeTb
HanevyaTaHHaA CTpaHMLa TekcTa [3To cpeacTBo HasbiBaeTcss WYSIWYG (npousHocuTea «Busmsmr»), What You See
Is What You Get-yto Bbl BMAMTE, TO Bbl M WMMeEeTe]; OA4HAKO uYalle 3KpaH /AWWb YacTMYHO oTobpakaeT
OKOHYaTe/IbHbIM  BMA, Me4vyaTHOW CcTpaHuubl. Hambonee coBepllieHHble peaakTopbl MOTYT BCTaBASATb B TEKCT
MaTemMaTMyeckme U HaydHble ¢opmyabl. a8 NOAYYEHUS OPUTMHAN-MaKeTa Bbl BBOAUTE TEKCT C KaaBMaTypbl
HabOpPHOM MallKMHbI, KOTOPas CaMa BbINMOJHAET 3KCMNOHMPOBaHUE GOTObyMarn UM GOTONNEHKWU; Na3epHble UK
3/1IEKTPO/IOMUHECLIEHTHbIE MPUHTEPbI 0O6ECNeYnBatoT BECbMa MPUANYHOE KAvyecTBO MNeyaty Npu yMepeHHon LeHe
M BbICOKOM CKOPOCTW; yAapHble MaTPUYHble MPUHTEPbLI OTHOCATCA K CaMbIM AELIEBbIM, M PE3Y/NbTaT OKa3blBAETCH
COOTBETCTBYOLLMM.

Penaktopbl, BbiNoAHALOWME GOPMATUPOBAHNE, WMMEIOT XapaKTepHble UWMeHa, Hanpumep, MacWrite,
Manuscript, Microsoft Word, Sprint, WordPerfect.

K nonynspHbiM nporpammam GopmaTMpoBaHmMa (KoTopble moryT paboTaTb M C TEKCTOM M ¢ dopmMmynamm)
oTHocatcss TEX un Troff. OgHo npeaynpesaeHue: B NpoLEcce co34aHMa TeKkcTa (B MPOTMBOMOJIONHOCTb
nporpammam) 6OMbLWNHCTBO PeaakTopoB ¢ GOpPMaTUPOBAHMEM BK/IOYAKOT B MOTOK PEeAaKTUPYEMOro TeKCTa
HeobblYHble CMMBO/IbI, C MOMOLLLID KOTOPbIX OTMEYAETCH, HANPUMeEp, KyPCUB UAN BPEMEHHbIN KOHEL, CTPOKMK. ITK
CMMBO/IbI HE MPUHMMAIOTCA KOMMUAATOPaMKW WaM accembnepamu. Ecam Bbl He XOTuTe, 4TODbl KOMMMAATOP
noAaBu/icA Ballen MNPOrpamMmMoin, Bbl AO/KHbI CO3[aTb TEKCT He3 BCAKMX YMNparKHeHWW, A8 4ero 3anyCcTuTb
pPefaKToOp B CAMOM MPOCTOM PeXUME «4MCTOro» TEKCTa.

BoT eule napa 6ecnnaTHbIX COBETOB: a) HaWAMTE XOPOLWMUI pedakTop U AepskuTeck ero; 6) He nbiTalTech
y6eauTb Konaer, Y4To Ball pedakTop /iyylle Kakoro-Hubyas Apyroro.

10.18. OnepayuoHHble cucmemesl, alisibl U UCNOAb308AHUE
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OnepaunoHHble cucTembl. M3 npeablaywmx obBCYyKAEHWA MOMKHO CAeNaTb BblBOA, YTO MO/b30BATENIO
MWKPOKOMMbIOTEPA MPUXOAMTCA YaCTO 3aMycKaTb Pa3HOODOPa3Hble MPOrpamMmbl, KOTOPbIE, K TOMY Ke, AO0/KHbI
obmeHMBaTbCA MexKay cobol AaHHbIMUW. Ecan, Hanpumep, BaM HaZOo HanucaTb NMPOrpammy, TO Bbl HauyMHaeTe C
3aMnycKka TEeKCTOBOrO pefaKTopa M CO34aeTe C ero MOMOLLbI0 TEeKCTOBbI daiis, BBOAA CTPOKM MPOrpammbl C
KnaBMaTypbl (xopolmne MporpaMMMCTbI, HACKObKO Mbl MOXeM 00 3TOM cyamuTb, HUKOrAa He 6epyT B PyKM
KapaHaaw). CoxpaHuMB Ha Bpema 3TOT ¢alin, Bbl Bbi3blBaeTe MNPOrpaMmy KOMMUAATOPA M KOMMOWAMpyeTe
COXPaHEHHbIV TEKCTOBbIN dalin, YToObl NOAYYNTb dalii C NporpamMmmMoit Ha A3bike accembaepa. IToT daln Bbl TOXKE
COXpaHsieTe W 3anyckaete accembnep, KOTopbi M3 daliia Cc NPorpaMmMon Ha sA3bike accembnepa cosgaeT dana ¢
nepemeLLaeMol MPOrpammort Ha MalMHHOM A3blke. HaKoHel, KOMMOHOBLLIMK OObeAMHAET Nepemellaemyto
nporpammy c ApPYyrMmu accembiMpoBaHHbIMM MOANPOrPamMmMammn M BMBAMOTEUYHBIMM MPOrPamMMammn U BblAaeT
BbIMOMHMMYIO MPOrpammy, KOTOpPYt0 Bbl (HakoHel-To!) 3anyckaeTe. s BbINOSHEHWUA BCEX 3TUX OnepaLuMii Bam
HY)KHa CBepX-Mporpamma, KOTOpas XOHraMposana Obl BCEM 3TUM XO3AMCTBOM, OTbICKMBas ¢alabl Ha AOMCKe,
3arpy)aa Mx B MNamaTb WM Mepefasas ynpaBieHWe COOTBETCTBYIOWMM Mporpammam. XoTesnocb Obl TaKke
1M36aBUTLCA OT HEODOXOAMMOCTM BK/IKOYEHMA B KarKaytd NPOrpammy BCEX KOMaHZA, Tpebyemblx Aas 3anucu uMan
YTeHWA AMcKa (BKAtOYas 06pPabOTKy NpepbiBaHWIA, 3arpysky PErncTpoB KOMaHA, WM COCTOAHMI W MPoY.) UK
BbINMO/IHEHUA APYrMX OMepaumii Mo nepecblike [aHHbIX. Bce 370 (M MHOroe Apyroe) BXoAuT B QYHKLMM
onepaLyoHHOM cucTeMbI, OBLWIMPHOW NPOrpaMmmbl, HabatoAaloWEN 3a 3arpy3Koi M 3aMycKOM MOJb30BaATENbCKUX
nporpamm (T.e. Tex, KOTopble Bbl NMUWKTE) U YTUAUT (PedaKTopa, KOMMUAATOPA, accembiepa, KOMMOHOBLUMKA,
oTNafuMKa M Ap.), a TaKKe ynpaBasdlolleid BBOAOM-BbIBOAOM, CUCTEMOW MPEPbIBAHWMIA U Pa3ANYHbIMU
MaHUAyAsuMaMmn ¢ dainamm. OnepauyoHHas CUCTeEMA BK/IOYAET MOHMTOP A/1A CBA3M C Nosb3oBaTesnem (MMeHHOo
€My Bbl FOBOpWTE, 4YTO HAZO BbI3BATb PEAAKTOP, WAM KOMMWAATOP, WAW 3anyCcTUTb nporpammy) u Habop
«CMCTEMHbIX 3aMpOCOB», C MOMOLLbIO KOTOPbIX BbIMOAHAEMan NMPOrpamMmma MOXKET NMPoYnTaTb UM 3anmncaTb CTPOKY
TEKCTa Ha HEKOTOPOM YCTPOMCTBE, ONpeaenTb TeKYLLEe BPeMa CyTOK, NepeaTb yNpasfieHne Apyror nporpamme,
MO3BO/IUTb HECKO/bKMM «MpoLeccam» B MHOro3afayHon cpefe pasfaensTb mexay coboir spema LM uman
0BMEeHMBATLCA [aHHbIMKU, 3arpyykaTb MNPOrpammHble «OBepsierm» U T.[. XOpolas ornepauyoHHas cucTema
BbIMNO/IHAET BCO PaboTy MO ynNpaBieHUIO BBOAOM-BbIBOAOM, BKAOYAA «CNYyAWMHr» (Oydbepmsaumtio BXOAHbIX MK
BbIXOAHbIX AaHHbIX, MO3BOAIOWYIO MNPOrpamMmme BbINOAHATLCA B TO BPEMS, KOrda AaHHble 4MTatoTCcA WK
3aMMUCbIBAOTCA Ha HEKOTOPOM YCTPOMCTBE). BbIMOAHAACL MO/ yNpaBieHWeM OnepaLMOHHON CUCTEMbI, MPOrpamma
No/ib30BaTeNsA MOXKET He 3ab0TUTbCA O MPepbIBaHMAX; NPepbiBaHMA ODCYKMBAKOTCA CUCTEMOM M 3aTparmBatoT
X04, NPOrpamMmmbl TONBKO E€CAM MporpaMma Cama XO4yeT NPUMHATb ydacTue B 06paboTke npepbiBaHMIA OT
KOHKPETHOro YCTPOMCTBa. BeplMHOM CUCTEMHOrNO MPOrPaMMUPOBAHMA  ABAAETCA «pasfeseHne BpemMeHmu»
(ncnonb3oBaHWE OAHOTO KOMMbIOTEPA MHOMMMM MONb30BATENAMM OAHOBPEMEHHO), KOrAa AMCK CAYXUT B
KayecTBe «BUPTYyaNbHOM MNamMATU» A04 MPOrpamMm HeorpaHW4YeHHoro pasmepa. [pumepammn  NonyasapHbIX
MUKPOKOMMbIOTEPHBIX OMEePaLMOHHbIX cucTem sasaaoTcs MS-DOS (Mcnonbsyemas Ha malwuHax IBM PC 1 ux
aHanorax), OS/2 (npeaHasHayeHHasa Ana malwuH PS/2, npeemHukos IBM PC), UNIX (paspaboTaHHas 8 Bell Labs n
LLIMPOKO MCNoAb3yeman Ha MalluHax VAX, a TakKe Ha KoMMbloTepax ¢ muKkponpoueccopom 68000), MacOS n VMS
(onepaumoHHan cuctema mawnH VAX, npegoctaBifgemas KomnaHuen).

®ainbl. B KayecTBe cpebl /19 MacCOBOM MaMATM LIMPOYaNLLee pacnpoCcTpaHeHWe MNoAyYnAU MarHUTHbIe
OMCKK, KaK TMbKMe («Haonnm»), ¢ KOHTAKTUPYIOLWMMM TONI0BKAMM YTEHMA-3aMNUCK, TaK U KECTKME («BUHYECTEPY), C
NAaBaloWMMIN TON0BKAaMKU. TUMUYHbIE EMKOCTM fiexaT B npedenax 1 M6ant gna rmbkmx amckos n 20-500 Mbant
ANa HebonblIMX BMHYecTepoB. [aHHble opraHusytoTca B Buae ¢annoB. Bce mMallMHHbIe mMaTepuanbl — TEKCTbI,
Nporpammbl MOAb30BaTENEN, YTUAUTBI (T. . pefaKkTop, accembaep, KOMNUAATOP), BUBAMOTEKN M NPOY., XpaHATCA
OAMHAKOBbIM 0D6pPa3oM M coCTaBAAT danabl. XOTA cpeaa MacCcoBOW NaMAaTU pa3aenseTtcs Ha dusmyeckne H6A0KM,
NN CEKTOPbI XECTKO onpeneneHHoro pasmepa (0bblMHO pasmep cekTopa cocTaBaset 512 6anT), camu daibl
MOFyT UMeTb Mtobyto aAnuHy. OnepauyoHHas cuctema munocepaHo bepeT Ha ceba Bco 3aboTy 06 agpecaumn K
[OPOXKKaM M CeKTopam; OHa M3B/AeKaeT Tpebyemble AaHHble, eC/n Bbl yKasbiBaeTe MmAa daina. MimeeTtca macca
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MnobonbITHENWNX aeTanelt $ainaoBON OpraHM3aLMmM, KOTOPble Mbl HE MOXeM 34ecb 0bcyanTb M3-3a HedocTaTka
mecTa. Ba)KHO TONbKO MOHATb, YTO BCE 3TW NMPOrpammbl (peaakTop, KOMNUAATOP M AP., TaK XKe Kak U UCXOAHbIN
TEKCT, CKOMNWAMPOBaHHAA MPOrpaMma M Aaske AaHHble) XPaHATCA Ha HEKOTOPOM YCTPOWMCTBE MACCOBOM NMamsaTy
Kak NMouMMeHOBaHHble oaliibl, U cMcTeMa ymeeT M3BaeKaTb WX ANA Bac (MpounTaiTe, OAHaKO, B Ciedyloliem
pasgene 06 3NeKTPOHHbIX AUCKax). OcyllecTBaAA CBOU CiyKebHble 00A3aHHOCTM, CUCTEMA BbIMOJIHAET OrPOMHbIN
obbem paboT no obcayKMBaHUIO dartnos.

HenasHune npubaBneHna cemeincTea YCTPOMCTB MAaCCOBOM NaMATU MUMEIOT B CBOE OCHOBE NOTPeBbUTENbCKYIO
3N1EKTPOHMKY M 0DEecneunBatoT OYeHb BbICOKYIO MAOTHOCTb XpaHeHUs B MaseHbKkom obbeme. Cioaa oTHocATca: (a)
ONTUYECKME AWCKM BPOLE TeX, YTO UCMONb3YHOTCA B MPOMIPLIBATENAX, C EMKOCTbIO OKOMO0 rMrabaiTa. OHWM CiyKaT B
KayecTse M3Y, WORM-namsaTtn (Write Once, Read Many — 3anuncaTb OAMH pas, NPo4YMTaTb MHOFOKPATHO) UK Kak
MO/IHOCTBbIO CTUpaemas namatb Aaa 3anucu/uteHus; (6) suaeoxacceTbl popmata VHS mam 8 mm, KoTopble
NO3BONAOT UMETb TMrabaiTbl MamATM C BO3MOMKHOCTbIO 3anucu/uTeHus Ha Hepoporol sfeHTe. OCHOBHOW
HeAOCTaTOK KacceT — 6onblioe Bpemsa goctyna. Obe ynomaHyTble CUCTEMbI MAMATM MCMOAb3YIOT M30LLPEHHbIE
MeTOoAbl KOPPEKLUMN OWMOOK, BO3HMKAIOWMX M3-3a AedEKTOB MOBEPXHOCTU W MO APYTMM NPUYMHAM; B ODbIYHbIX
ayano/BUOEONPUMEHEHNAX 3TU OWMBKM He MMetoT 0coboro 3HauyeHus, OAHAKO MNPV XPaHEHWUM AaHHbIX WK
nporpaMm OHW, He Byay4YM UChpaBaeHbl, HOCUAW Bbl Pa3pyLUMTEbHBIN XapaKTep.

Mcnonb3oBaHne namatn. @Paiabl XpPaHATCA B YCTPOMCTBAX MaCCOBOM MamsATM, OAHAKO MNPOrpammbl B
NpoLecce WX BbIMONHEHMA [AO/XKHbI HaXOAMTbCA B OMepaTMBHOM NamATU. [pOCTytd0 aBTOHOMHYK MNporpammy
BpoAe TOW, 4TO OyaeT pacCMOTPEeHa B CAedylollel rnaBe, MOXHO 3arpy3auTb Movti B At0Hoe MecTo namsaTw.
OaHako B KOMMbKOTEPE C  OMEpPaLMOHHOM  CUCTEMOM  Bcerga MMelTcAa  crneumasnbHble  obnacTw,
3ape3epBMPOBaHHbIE A1A BbIMOAHEHWUA crelymanbHbiXx GYHKUMA. Hanpumep, cama onepaumoHHas cuctema MS-
DOS, BMecTe C ee MHTEPNPETaTOPOM KOMaHJA, AMCKOBbIMKW Dydepamn, CTEKOM M MpoYmMm, 0DbIYHO 3arpyrKaeTcsa B
Ha4yano MaMATW, 3aMNONHAA NPU 3TOM BEKTOPAMM MPEpbIBAHUIN BblAENEHHble AYENKM, aapeca KOTOPbIX M3BECTHbI
LN, B To Bpema Kak 4yactb MS-DOS, 3akntoveHHas B [3Y, pacnosaraetca B KOHUe NamATh, 3a 06/1acTbio,
oTBeAeHHOW noa Buaeobybepbl aucnaes. Ecam KomnbtoTep paboTaeT nog ynpaBAeHMEM OnepaLMoHHON
CUCTEMbI, BblAeNeHMeM MNamsaTK Nog NpPorpaMmbl Mo/b3oBaTena BedaeT cucTema. [MoHMMaHMe 3TOro MOMEHTa
0COBEHHO BaXHO Npu McnonbzosBaHum MAM; B 3TOM caydae Bbl A0MKHbI NPEAOCTaBUTb CUCTEME BO3MOMKHOCTb
onpenenuTs, rae dyaeT pacnonaraTbca Bal bydep AaHHbIX, M MCNOAb30BATb 3TOT aJpec B KaYecTBe CTapTOBOro
ana 61o4HOM nepesaym no kadany MNAnN.

CuTyauma euwe 6onee yCNOKHAETCA, eC/IM NPOrpamMbl MO XOAY BbINOJHEHWA BbITPYKAKOTCA W 3arpyrKatoTcs
(Tak HasblBaeMblli «CBOMMHI») UAM NEPEMELLA0TCA Mo NamaTi. B namsaTm OAHOBPEMEHHO MOXKET HaxoAMTbCA
MHOrFO MpOrpamm, KOTOPbIM B MHOI03aZa4yHOM PEXMME BbIAENATCA «KBaHTbl BpemeHm» LM. K Tomy ke
HONbLIMHCTBO MUKPOKOMMNbIOTEPOB MCMOMb3YIOT «OTOBpaXKeHMe MNamMATM», MpU KOTOpom du3Myeckme ajpeca
namAaTu oTobparkatoTca Ha pas/MyHble Nornyeckne agpeca (T. e. Te, NO KOTOPbIM MpPOrpamma pacnonaraeTca c ee
TOYKM 3peHus). Ecin Bcero ckasaHHOro HeAoCTaTOYHO, YTOObl COUTL Bac C TOMIKY, NOAyMalTe O «BMPTyasbHOM
NamATU», UCNoAb3yemon B 60see COBEPLUEHHbIX MOAENAX MWMKPOKOMMbIOTEPOB, KOrJa Balla MNporpamma
pa3fenaeTca Ha Hebo/blUMe «CTPAHMLbIY, KaXKaas M3 KOTOPbIX B 060N MOMEHT BpeMeHU MOXKET ObiTb, @ MOKET
M He BbITb B NamATU; NPOrpamma «JUCTAeT» 3TU CTPaHWLbI, TOHAS MUX MEXAy NamaATblo M AUMCKOM B He3ymHOM
napokcname bGelleHoM aKTUBHOCTM.

ObcykaeHMe MNaMATM HeNb3A CYUTATb 3aKOHYEHHbLIM, €C/IM He YNOMAHYT S1eKTPOHHbIM (NceBao) AMCK,
KOTOPbIA MOXHO OpraHM30BaTb Aa)e Ha OTHOCWUTE/IbHO MPOCTbIX MaliMHAX, €C/M TONbKO XBAaTUT OMNepaTMBHOW
namsaTu. Maes nceBooAmMcKa 3aKNo4aeTcs B TaKOM OopraHmM3aumy nNamaTi, YTOObl C TOYKM 3PEeHUA onepaLMoHHOM
CUCTEMbl OHAa BbIFAAENa, KaK [AWCK; B 3Ty MCEBAOAMCKOBYID MaMATb MOMHO 3aTemM 3arpysuTb 4acTo
Mcnosib3yemble Mporpammbl. Takaa npouedypa MOMKET OKasaTbCA MOJe3HOW Npu pa3paboTke mporpamm, Koraa
NpMXoaMTCA MOCTOAHHO 0OpaWatbCs K peaakTopy, KOMMUAATOPY, accembaepy W KOMMOHOBLIMKY. [pu
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MCNONb30BaHWM MCceBaoAMCKa paboTa MAET 3HaUYMTeNbHO ObiCTpee, MOCKO/bKY OTnagaeT HeobxoAMMOCTb B
obpalleHmnax K HacTosulemy Aucky. MpaBaa, ecan nNpowsoMAeT OTKa3 KOMMbioTepa, Bbl noTepsere BCe, YTo
caenanu, Tak Kak daiibl He COXpaHATCA Ha AMCKe aBTOMaTUUYeckn. CXoxan Uaesa NeXUT B OCHOBE KeL-NamATH; B
aTOM cniydae obnacte O3Y xpaHWUT pesynbTaTtbl NOCAeAHMX 0BpalleHnid K AMCKY.

Opansepbl. KOMNbIOTEPHBIN MMUP MNOJIOH PAa3HOODPA3nA — Kaxbli MecsL, Mbl CTa/IKUBAaeMCA C HOBMHKaMM
TexHosorMm B 0061aCTM  3aNOMMHAKOWMX  YCTPOMCTB  (MarHWTHbIX, ONTUMYECKMX), NPUHTEpPOB (nasepHble,
3NEKTPOMOMMHECLLEHTHbIE), ceTeil M npody. PasnmMyHoe 3neKTpoHHoe obopyaoBaHWe TpebyeT M PasIUYHbIX
YNPaBASIOWMX CUTHANOB C Pa3HbIMM TPEOOBAHUAMM K BDEMEHHON CUHXPOHM3AUMM U T. 4. ITO MO0 Bbl NPUBECTU
K Cepbe3HbIM NPOrPaMMHbIM TPY/AHOCTAM, TaK Kak NporpammHoe obecneyeHue, paspaboTaHHOe, Hanpumep, AnA
MaTPUYHOro NpuHTepa, abcontoTHO He roannock bbl ANs na3epHOro HabopHoro asTomara.

PelleHne NEXWUT B WCNOMb30BAHWW APAMBEPOB, CMELMaNbHbIX MPOrpPamMMm, NpeaHasHayYeHHbIX 45
OopraHusauMm eamHoOro MNpPorpaMMHOro UHTepdeica ¢ pasHoobpasHbiM obopyaoBaHWemM. Tak, Hanpumep,
HabopHbIN A3bIK TEX co3aaeT dannbl B dopmaTe dvi (device-independent-He 3aBMCAWMIN OT YCTPOWCTB); ApanBep
NpuHTEPa (Cneuuduyecknin Ana Kaxaoro MWCNoab3yemoro BaMW MpPUHTEpa) nepexkesbiBaeT dann dvi u
BbIM/IEBbIBAET COOTBETCTBYIOLIME MPUHTEPHbIE KOAbl, 3aCTaBAstolIME NPUHTEP paboTaTb A0MKHbIM 0bpasom. TEX
MOXeT paboTaTb C Nt0ObIM MPUHTEPOM, €C/M TOAbKO K 3TOMY MPWMHTEPY Y Bac eCTb «dVi-TpaHCAWPYIOLWMIA»
ApaiBep. CkasaHHOe OTHOCWUTCA M K YCTPOMCTBAaM MacCoOBOM MamsATW, TaKMM, KaK AMCKOBOAbl [AMCKOB; B
pesy/ibTaTe Bbl MOXKETE B3ATb JII0O0M 13 UMEIOLLLErOCA Ha PbIHKE MHOMXKECTBA AMCKOB U MOAK/OUUTL €ro K ntobomy
KomnbtoTepy — Tmna PC namn Macintosh nnum ¢ cuctemoit UNIX.

[panBepbl ABAAIOTCA 4YacTblO CUCTEMHOTO MPOrpammHoOro obecrnevyeHna W cpeaHuit  Nosb30BaTeslb
KOMMbOTEPA MOXET WM He nogo3peBaTb 06 Mx dyHKUMOHMpOBaHWWU. Ecin, ogHako, Bbl pa3pabaTtbiBaeTe HoBOe
obopynoBaHMe A8 KOMMbIOTEPA, Bbl, CKOPEe BCEro, BCKOpPe CTaHeTe 3KCMepToOM Mo ApaliBepam, Tak Kak 4aa Toro,
4yTOObl 3aCTaBMTb Bally annapaTypy MrpaTb 3a04HO CO BCEW OCTa/NbHOM KOMaHAOM, BamM NPUAETCA HanucaTb 45
Hee Baln cobBCTBEHHbIE ApaliBepbI.
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[MpUHUMNbI Nepenayvm AaHHbIX

MpocTas BbIMUCAUTENbHASA CUCTEMA OObIYHO KOMMIEKTYeTCA YCTPOMCTBAMM MAacCOBOW NaMATU (OMCKM,
JIEHTbI), WHTEPAKTUBHbIMW YCTPOMCTBAMWN (anPpaBUTHO-LUMPPOBON TEpMMHaAN), a TaK¥Ke YCTPOMCTBaAMM A/A
noslydeHmsa TBepAOoW Konuu (NpuHTEpbl, NAoTTepsl). Kpome Toro, B CUCTEMY MOMKET BXOAUTb MOAeM (MOAyNsTop-
LEMOAYNATOP), YTOObl KOMMbIOTEP MOT «MO3BOHWUTL» APYrOMY KOMMbIOTEPY MO OObIMHOM TeNepOHHON NMHUW.
HakoHell, Bce 60n1ee NONyAspHbIMU CTAHOBATCA /I0KabHble BbluMcAnTeNbHbIe ceTh (/IBC). BKAounB KomnbtoTep B
JIBC, Bbl nony4ynTe AOCTyn K dainam, XpaHAWMMCA Ha OCTa/ibHbIX KOMMbIOTEPAX CETU M, Kpome TOro, Mpaso
COBMECTHOTO MCMO/Mb30BaHUA  AOPOrOCTOALIMX pPecypcoB (60NbWNX [AMCKOB, JIEHTOYHbIX MarHMTOhOHOB,
NPUHTEPOB M HAaBOpPHbIX MallnH). Bo Bcex aTmx caydaax saw LM goskeH nepecbinatb AaHHble. MOCMOTPUM, Kak
3TO AenaeTcs.

HecoBmecTMMoOCTb. B MpauyHble BpeMeHa KOMMbIOTEPHOro cpeaHeBeKkoBba (cKaxkem, Ao 1975rT.) cuTyauums
6blna 0BONBHO YHbINOM. KaxKaoe ceMelcTBO KOMMbIOTEPOB MCMOAb30BaN0 CODCTBEHHYIKO CTPYKTYPY Marucrpan
M coBCTBEHHbIM NPOTOKO/ 0BMeHa (He roBOps y:Ke O A3blKax MPOrpammMmMpoBaHmA). Bbl nokynanu (Mam nHoraa
fenanun) uHTepdercHble naathl, noaxodAalwMe K AaHHOMY KOMMbIOTEPY WM CBA3bIBAAM 3TWM NAaTbl C CaMUMMU
nepuPepmnmnHbIMM  YCTPOMCTBAMW  CaMOZE/IbHbIMM Kabenamu. Takas  Bceobwasa  HECOBMECTUMOCTb
pacnpocTpaHanacb U Ha camun nepudepuitHble YCTPOMCTBA: NIEHTOUYHbIA MarHUTODOH HeNb3s HbII0 NOAKAYUTL K
nHTepdercy AnCKa, a TepMMHaN — K MHTepdeincy nnotrepa W T.4. [Jeno OCNOXKHANOCL elle U Tem, 4To
nepudbepmninHblie yCTPOMCTBA, BbiNMyCKaeMble Pa3HbIMW MNPOM3BOAUTENAMM, YACTO MCMONb30BAAM Pa3HbIe CUTHaSbI
W cornaweHuns ona nepefayn AaHHbIX U BbIIM HECOBMECTMMbI «Ha YPOBHE Pa3beMOBY.

CoBMECTMMOCTb. B KaKOM-TO CTEMeHW OTMeYeHHas Bbllle HEeCOBMECTMMOCTb Oblia HensbekHa, Tak KaKk ¢
Le/1bt0 MOBbILLEHWA MPON3BOAUTENBHOCTM Pa3inyHble nepnudepuninHble YCTPOMCTBa NO-Pa3HOMY NMepPEechINatoT CBOU
[aHHble. Hanpumep, MarHWTHbIM AWCK ANSA nepenadn CNOB C BbICOKOM CKOPOCTbIO MCMOb3yeT MnapasfiesbHblii
dopmaT WnpnHoi 1 BaiT, a COOTBETCTBYIOWMN MHTEPENC, KaK OTMEYaNoCh Bbille, A0/MKEH 0061a4aTb NPAMbIM
[OCTYMOM K MamsTW; B MPOTUBOMO/OMKHOCTb STOMY K/AaBMaTypa TepMMHaNa nepefaeT AaHHble B CTaHAApPTHOM 6UT
— nocnefosatenbHOM andaBuTHO-uMbpoBOM ¢dopmaTe C MCNOAb30BaHWEM 6osiee NMPOCTOro MNPOrPaMmMHOro
BBOZA-BbIBOAA MO MPepblBaHMAM. XOTSA KaKaa-TO A0S 3TOM HEeCOBMECTMMOCTM COXPaHW/iacb M [0 HaCTOsLLEro
BPEMEHM, B LIE/IOM CUTyaLMs CYLLECTBEHHO YydllMAach, Tak Kak 60/bllas 4acTb BbiMyCKaemoro obopyaoBaHus
MCNOb3YyeT OrpaHUYeHHOEe YMCAO0 ODLLENPUHATBIX CTAHAAPTOB Ha Nepeaayy AaHHbIX. [0ABAEHME KOMMbOTEPOB
IBM PC npuBeno K onpeaeneHunio Maructpanm 1 AONrOXAaHHbIX GOPMaToB A8 MasbiX MalWH, B TO BPEMA Kak
BbICOKOMPOM3BOAMTE/IbHbIE MarmcTpanum obulero HasHadeHua spode VME uam Multibus ctanm ocHoBol psaga
APpYyrux KomnbtoTepoB. MHorve GUpMbl BbINyCKatOT UHTEPdENChI ANA 3TUX MarncTpanen (4a v ona Apyrux, Bpoae
Q-bus mawwnH o¢upmbl DEC), 4TO CyLIECTBEHHO YMPOCTUAO MX WUCNoAb3oBaHMe. YTo elle 6Gonee BaXKHO,
npoussoauTenu nepubepuitHoro obopyaoBaHMa A0OroBOPUAMCL 06 OrpaHUYEeHHOM 4YMCae CTaHAAPTMU30BAHHbIX
«KabenbHbIx MHTepdelcoB». Hanbonee BaxkHbIMW SABAAIOTCA (a) nocnenoBaTesbHbI dopmaTt RS-232, 0ObIYHO
MCNO/Ib3yeMblit C andaBUTHO-LUMPPOBbIMK AaHHbIMKM B Kode ASCIl; (6) dopmat Centronics ana napaniensHoro
npuHTepa; (B) napannensHaa maructpans SCSI; (r) marucTtpans IPI; n () npubopHas marmucTpans |[EEE-488 (GPIB).

PaCCN\OTpVIN\ 3TV CTaHOAapPTbl, 3aK/IKOYNB /1aBYy KPATKMM O6CY)-K,EI,€HVI€N\ ABYX NMONYNAPHbIX JTOKA/IbHbIX ceten,
Ethernet 1 nokanbHOM ceTn ¢ MapKePHbIM KOJIbLLOM.

10.19. lNocnedosamenbHaa c8A3b U KoObl ASCH

Kak yxe ynomuHanocb, nepedada andaBUTHO-UMPPOBOA MHOOPMALMM  MEXKAY KOMMbIOTEPOM U
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YCTPOMCTBAMM C YMEPEHHbIM ObICTPOAENCTBMEM UYallle BCEro BbIMNOJHAETCA C nomouwpto 7-6ut Koma ASCII
(American Standard Code for Information Interchange — amepuKaHCKWUIA CTaHOAPTHbIM Kod Ans obmeHa
nHdopmaumeit), npu buUT-nocnenosaTebHOM Nepesaye No eAMHCTBEHHOW JNMHUW.

B Tabn. 10.3 npeacTtaBneH CnmMcok 7-6uT KodoB. YCTpOMCTBA, 0OMeEHMBAOWIMECA AAHHbIMU C MOMOLLBIO
nocnegosatensHon ASCll-nepenaym, NoyTn BCceraa nocbinatoT 8 BUT, HO 3TOT 8- BUT He ABASETCA YacTblo KOAa
ASCIl; yacTo OH NpeacTaBidgeT OUT annapaTHOrO KOHTPOS YeTHOCTU (MHOrAa YeTHOCTU, MHOTAA HEeYeTHOCTU, XOTA
yalle BCero oH yctaHaBamBaeTcs B O M UTHOPMPYETCS), HO MHOTAA 3TOT BUT UCMONb3YETCH KaK «MeTa-KnaBuLla»
perucTpa Ana obpasoBaHUA AOMNONHUTENbHLIX 128 CMMBOIOB, KOTOpble MOryT ObiTb rpeyeckumn HyKBamu,
aNbTePHATUBHLIM WPUHTOM U A. JNA 3TUX AONONHUTENBHbBIX CMMBOJIOB He cyllecTByeT cTaHaapTa.[10] (Bocbmol
H6UT MCNONb3YyeTCa M B Tex C/Ay4asax, Koraa Mno noc/iefoBaTeNbHOM CBA3WM MepedaloTca ABOMYHbIE AaHHbIE; 3TO,
O/[lHaKO, He BCeraa BO3MOMHO, Tak Kak A5 annapaTypbl NOc/eA0BaTeNbHOM CBA3WM CTO/b NPUBLIYHO OTHPACHIBATb
aToT 8- 6MT Npu nepeaade koaos ASCIl, 4TO OHa MOXKET He AI0NYCTUTb ero UCMNO/b30BaHMA B KAaYeCTBE 3/1EMEHTA
[OaHHbIX.)

Heckonbko 3amedaHuii no nosody Tabauubl Kogos ASCIl. ByKkBbl BepxHero permctpa (NponucHbie)
HaumHatoTcA c Koda 40H; ycTaHoBKa B 1 6UTa 5 reHepupyeT cOOTBETCTBYyHOLIME OYKBbl HUMKHEro perucrpa
(cTpouHbie). Koa ASCHl umdbpbl paBeH camoin umdpe natoc 30H. Mepsblie 32 cumBona ASCIl asnatoTcs
«HeoTobpaKaeMbIMU», YyNPaBAAWMMM CMMBOAMKU. HeKOTopble M3 HMX AOCTAaTOMHO BaKHbl, YTOObI yA0CTOUTLCA
cobCTBEHHbIX KNaBWLI Ha KnasuaTtype, Hanpumep CR (KnaBulla «BO3BPaTa KapeTKM», KOTOPan MOMKET Ha3blBaTbCA
return — BO3BPaT, NMOCKO/bKY Y KAaBMaTyp OTCYTCTBYeT KapeTka), BS (backspace — Bo3BpaT Ha war), HT (tab —
Tabynauma) u ESC (escape — Bbixoa). /ltobble ynpaBAstoLiMe CUMBO/IbI, BKAOYAA U NEPEUNCIEHHbIE BbILIE, MOXKHO
BBECTW, Ha)KaB (M He oTnyckaa) knasuwy CTRL u BBeAA COOTBETCTBYHOLLYO OYyKBY Ha BEPXHEM pPEerucrpe;
Hanpumep, CR 3kBuBaneHTHo CTRL-M (nonpobyiTe 3TO Ha CBOEM KOMMbtOTepe). YNpaBastolMe CUMBO/bI
MCNONB3YIOTCA ANA YNPaBAeHUA MedyaTbld WMAM BbINONHEHMEM MPOrPamMm; OHW MOTYT TaKXKe BOCNPUHMMATLCA B
KayecTse ynpasasaloLWmMX NporpamMm, KoTopble npeaHasHayeHbl Ana 06paboTkm andaBUTHO-UMPPOBBLIX CUMBOJIOB,
Hanpumep, NporpamMmmamun peslakTopos.

MOMMMO OTMEYEHHbIX BbIlE, K BaXHbIM CMMBOIAaM MOXHO OTHecTu: NUL (HOMb), CMMBOA, COCTOALLMI U3
OAHUX [OBOWYHBIX HY/MeN, U UCMONb3YeMbIA MHOrAa ANA pasAeNeHus CUMMBOJIbHbLIX CTpoK; FF (Form Feed —
nepeBoj, CTpaHWLUbl), KOTOPbIM HayMHaeTca HoBas cTpaHuua; EXT (End of Text — KoHel, TeKcTa, HEXHO
HasblBaemblii «control C»), KOTOPbIM BOCMPUHMMAETCA MHOIMMM OMEPaLMOHHBIMU CUCTEMAMK, KaK KOMaHAa
3aBeplleHMsa Tekywen nporpammbl; DC3 (control S), ncnonb3yembit B KayecTBe «MATKOro PyKOMoXaTua» Ans
NPUMOCTAHOBKN nocneanoBaTtenbHo nepegaum; DC1 (control Q), cumBos, BO30OHOBASAKOWMK nepedady. K
coxanenuto, B Tabnamue koaos ASCIl OTCYTCTBYIOT MHAEKCHI, MOKa3aTen CTeNeHU, a TaKKe rpedyeckme OyKBbl U
Hay4Hble 3HaKW. bblno Bbl MOME3HO MMETb MO MeHbllel mepe 3Haku T, U, QO u cumBon rpaaycos (°), KoTopble
4acTo BCTPEYAOTCA B TEXHUYECKMX TeKCTax. PasymeeTcs, C MOMOLLbIO YMNPaBAAIOWMX CUMBOMOB (MM KX
nocnenoBaTeIbHOCTM) MOMKHO YKa3aTb Ha HEOBXOAMMOCTb CMeHbl WpndTa Man andasuTa. Tak 0bbl4HO U AenatoT
B TEKCTOBbIX Mpoleccopax, rAe noc/ie BBOAA YMNPaBAAOWEro CUMMBOAA nNporpamma  GopmaTMpOBaHMUSA
BOCMpMHUMaeT nocneaytouwme cumeosbl ASCII no-mHomy. BO3MOXKHO, Takol noaxod ABAAETCA HaWAYYLWMM
peleHnem npobsiembl, Tak Kak npu paboTe C TEXHUYECKMMW TEeKCTamMu BpAAd, M Bam HAAO/ro XBaTUT OAHOrMO
duKenpoBaHHoro Habopa ASCll-cMMB0ON0B, Aaxe o4eHb BObLIOTO.

3amMeTbTe, YTO KOMMbIOTEPHbIE KAABMATYpPbl Y4aCTO KOHCTPYMPYKOTCA TakK, YTO OHW He ABAAKTCA MpPOCTO

reHepatopamm kKogoB ASCll (ogHa KnaBuwa - oAWMH Ko4); OOLWLENPUHATON METOAMKOM ABAAETCA reHepaums

KaXA0M KNaBULIEN HEKOTOPbIX ONPeAeNeHHbIX KOAOB MPW HaxKaTUM M OTNyCcKaHuu. CneumanbHoOe cUcTeEMHOE

nporpammHoe obecnedyeHue («apanBep KnasmaTypbl», cM. pa3d. 10.18) TpaHCAMPYET 3aTEM 3TK KOAbl B 0ObIYHbIE

Kogdpbl ASCIl. Takol noaxon CyweCcTBEHHO MOBbIWAET TMHKOCTL Mpoueaypbl BBOAA C K/AaBMATypbl, Tak Kak

BO3HMKAET BO3MOMXHOCTb HACTPOMKM JpalBepa KNaBMaTypbl C UENbd OTPabOTKM aBTOMOBTOPA KAaBMLL MAK
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MHOTOKNaBULHbIX KOMOWMHALMIK, nepeoTobpa)keHMa BcCel KnaBuaTypbl (Hanpumep, B Knasuatypy [lBopaka) u
OpraHM3aLmMm «ropadYnX KNasuL» 1 T. 4.

but-nocnenosatenbHana nepegava. Kog ASCIl (nav nobor apyron anpaBUTHO-LMPPOBON KOA) MOXKET ObITb
nepefaH Anbo rpynnoit M3 8 napannensHbix 6UT (N0 8 oTAeNbHBIM NpPoBoAaM), AMBO NocNea0BaTENbHOCTbIO U3 8
6uT, oanH 3a apyrum. [na opraHuM3auMm nepenaydnm co CKOPOCTAMM OT HM3KOW A0 cpedHen Gonee yaobHOM
ABNAETCA 3KOHOMMYHAA B CMbIC/IE UCMOAb3yEMbIX MPOBO/OB Moc/neoBaTeNbHana cBA3b. Mogem (noapobHee o
MOZIEMax CM. HWxKe) npeobpasyeT nocaefoBaTeNbHOCTb OWT B 3BYKOBOM CUrHan M HaobopoT (Hanpumep,
MCMONb3ys OfHY 3BYKOBYIO 4acToTy Ana «1» wm apyrylo ans «0»), KOTOPbIA 3aTeM MOMKeT ObiTb nociaH B
TenedoHHYIO /IMHWUIO; 3[eCb TaK e, eCTeCcTBEHHO, WMCMNONb3yeTca Mnoc/iefoBaTeNbHana nepesada. lpu 3TOM
MCMNONb3yeTCs CTAaHAAPTHbLIA MPOTOKOA W CTaHAAPTHble CKOpPOCTM nepedayn. Mpu acMHXPOHHOM nepefaye K
KOHUAM Kaxaoro 8-6UT CMMBO/ia NPUCOEAMHAIOTCA CTapT-OUT 1 cTon-6mut (MHoraa Aga), obpasysa rpynny («kaap»)
13 10 6uT. MepelaTymK U NPUEMHMK MCMONL3YIOT GUKCMPOBAHHYHO CKOPOCTb M3 A0NYCTUMOro Habopa; Hanbonee
nonynapHbl ckopocTn nepegayn 300, 1200, 2400, 4800, 9600 n 19200 6op (= TakTOB B cekyHAay). Ha puc. 10.16
npuseneH GpopmaT Kagpa nocieaoBaTeslbHOM nepeaadn.

Mafioi Tpebyembim

Boiwe 3B 2
L CTAPT AOTHNECKHiT 0 }(j v | Temaer
“\_Maprep NOTHYECKAR 1 CTON | | Maprep
Hame-3 B ﬂu E\ ﬂ? EE ﬂ?
M3Pp (MM YeTHOCTS)

Puc. 10.16. ®opmam Kadpa npu nocrnedosamesnbHoll nepedaye 0aHHbIx (UHmMepgelic RS-232).

Korga nepefiadya AaHHbIX OTCYTCTBYET, MepefiaTyMK HaxoAMTCA B COCTOSHMM «Mapkepa» (TepmMMHONOTUSA
oCTanack elle OT BpeMeH TeneTannos). Kaxapli CMMBOJT HauMHAeTca Co CTapT-b1Ta, 3a KOTOpPbIM ceaytoT 8 6UT
koga ASCIl, mnaawmm 6utom Bnepes (0ObIYHO B 3TU 8 BUT BXOAAT 7 BUT AaHHbIX nAoC 1 HeobazaTenbHbIn 6UT
KOHTPOAS YETHOCTU) U, HaKOHeL, CTON-6UT; NOCNeAHWI AO0/IKEH NOAAEPHKMBATLCA MO MEHbLIEN Mepe OAMH TaKT,
HO MOMEeT A/MTbCA CKOMbKO yroaHo. Ha npuemHol ctopoHe YAMM (yHWBEpPCanbHbI aCUHXPOHHbIA Npuemo-
nepeaatyuKk, cm. pa3d. 11.11), paboTasa C TOW e 4acCTOTOW, CUHXPOHM3IMpYyeTca K Kaxaoln 10-6ut rpynne u
npeobpasyeT BXOAHYK MNOC/AeA0BaTeIbHOCTb B 8-OMT napansenbHbie rpynnbl AaHHbIX. [MOCKOAbKY MPUEMHUK
3aHOBO CMHXPOHMW3UPYETCA K CTapT- U CTOM-BMTaM KaXKa0oro CMMBO/Ia, eMy He TpebyeTcs ouYeHb BbiCOKas TOYHOCTb
TAKTOBbIX CWUTFHa/NOB; PaBEHCTBO M CTabWAbHOCTb 4YacTOT MnepedaTyMka W MPUEeMHUKa A0/KHbI obecnedynsaTtb
paccorfacoBaHve He 6osnee A0NW ONUTENBHOCTM OAHOrO OWUTa Ha AAMHE Kaapa, T.e. He Hosee HeCKONbKMX
NPOLLEHTOB.

Mpuemubin YAMNM 3anyckaetca GpOHTOM CTapT-OUTa, BbIKWMAAET MOMOBUHY AJAUTENbHOCTM 6uTa 4TOObI
YOOCTOBEPUTbCA, YTO CTAPT-OUT ellle NPUCYTCTBYET, a 3aTeM QUKCUPYET 3HaYeHWe AaHHbIX B CepeAmMHe Kaxaoro
6uta. CTton-6mT 3aBepLlaeT KaxKabli CMMBOJI M OLHOBPEMEHHO BbINOJIHAET POJib MPOMENKYTKA MEXAY Kaapamu,
eC/N cneaytolmMini CMMBOI He MOCbIIAaeTca HemealeHHO 3a npedplaywmm. MpuemHbin YATT nposepaeT Haauuvme
ypoBHA cTon-6uta uepes 10,5 anutensHocten 6uUT nocne GpoHTa cTapT-buTa, 4TO MOMOraeT YAOCTOBEPWUTH
NpPaBMAbHOCTb MOCLIIKM cMMBOAA. «Pa3pbie» (break) npeactasnsaet coboi anuTenbHbln nNpoben, KoTopbid He
MOYeT BO3HUKHYTb B XOZle HOPMa/IbHON nepefayn cMMBOIOB. Ha pbiHKE MMEeloTCa NporpaMmMmnpyemMble TaKTOBbIE
reHepaTopbl (T. €. MporpaMMmupyemble AeAUTENN YacTOTbl), KOTOpble MpeobpasyloT BXOAHYK 4acToTy OT
reHepaTopa B CTAHAAPTHbLIA HAabOp TAKTOBbLIX Y4AaCTOT, ONPeAenAtoLMX CKOPOCTb nepeaayn, NpuyYemM KOHKPETHbIN
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KO3QOULMEHT AeNeHUa OnpeaenseTcd BXOAHbIM  [ABOMYHbIM - KOAOM. BO/bLWMHCTBO coBpemeHHbIX YA
(Hanpumep, AByXKaHa/NbHas CUHXPOHHO-aCUHXPOHHaA MuKpocxema 8530 ¢upmbl Zilog) BKAOYAET BHYTPEHHME
NPOrpaMMHO-yNpaBafeMble TeHepPaTopbl CKOPOCTM Nepenaym.

RS-232. Camum curHanel npu nocnegosaTenbHol nepegade ASCII-KogoB MOryT MocblaTbCA Pa3ANYHbIMM
cnocobamn. Camblh NepBbIA M3 HUX, MPEaASIOKEHHbIN elle HEeCKONbKO [AeCATKOB JieT Has3ad, COCTOMT B
NepeKkNoYeH, ¢ BbiIOPaHHOM CKOPOCTbIO nepedayu, Toka BeanumHon 20 (uam umHorga 60) MA. ITo Tak
HasblBaemMaa «TOKoBas neTns». MHoraa 3ToT cnocob peanusyeTcA, KaK asbTePHATMBHbIA BapWMaHT, HO AAA
YMEPEHHbIX CKOpOCTeN nepenadn OH Dbl BbITECHEH CTaHAAPTOM accouMauMm 31eKTPOHHON MPOMbIWAEHHOCTH
(EIA) RS-232C 1969 1. (M nocnepytowym crtaHaapTom RS-232D 1986 .), B KOTOPbIX MNepedaya OCYLLEeCTBASETCS
bunonapHoiM HanpsaxeHnem. CraHAapT RS-232 onpenenser XapaKTepUCTUKM W ApaiBepoB, M MPUEMHMKOB.
[paliBep OOMEH CO34aBaTb YPOBHM HanpsaKeHus oT +5 A0 +15 B (norMyeckuii Bxod HU3KOTO ypoBHA) M oT — 5
0o —15 B (normMyeckmin BXoZ, BbICOKOrO YPOBHA) Ha Harpyske oT 3 Ao 7 KOM C KpyTM3HOW nepenaga meHee 30
B/MKC 1 cNocobHOCTbIO NPOTUBOCTOATL 3aMblKaHMIO Ha toB0oM ApYroi BbIXo4 AaxKe CO CTO/b HebnaronpUaTHbIMM
XapakTepucTnkamm, Kak 5 B npn 500 MA; NpuemMHUK A0/IKEH NPeACTaBAATb HArpy3oyHOe ConpoTMBIeHMe OT 3 40
7 kKOm, npeobpasytollee BXOAHOE HanpsKeHwe oT +3 A0 +25 B B HM3KMIA NOTMYECKMIA YPOBEHb, @ BXOAHOE
HanpsaeHne oT —3 A0 —25 B B BbICOKWIA IOTMYECKMIA YPOBEHb. 3aMeTbTe, YTO JlorMyeckaa 1 npeobpasyetca
aparisepom RS-232 B oTpuLUaTeSbHbIA YPOBEHb, HAa3biBaEMbIli «MapKepom»; siorndeckiii 0 npeacrassiseT cobon
NONOMKUTENbHBIN ypoBeHb («npoben»). Mpu nepefadye C MOMOLLbKD TOKOBOM METAM TOK TeYeT B TeyeHue
nornyeckoi 1 (MapKep) v npekpalLaeTca Ha Bpems aencteuma normdeckoro O (npoben).

Ana npnemHnkoB RS-232 XapaKTepHO HaanMyme rucTtepesnca BXOAHOIO HanpAMeHWda; HeKoTopble
NPUEMHMKIM NO3BOAAKT NOAKAOYATb KOHAEHCATOP C LUENbI0 YBENMYEHMUA NOCTOAHHOM BPEMEHM U YMEHbLLEHNA
YyBCTBUTENBHOCTM K LUYMOBBIM MMNyaAbcam. CTaHAAPTHbIE MUMKPOCXEMbl NPUEMHMKA 1 Apansepa RS-232 onucaHsl
B pa30. 9.14 n 14.17. NMpwn pacctosHmax 10-20 m nHTepdeiic RS-232 obecnednBaeT BbICOKOE KAa4YecTBO nepenaydn
Ha ckopocTax BnioTb Ao 38400 6oa fLarke NpU MCMONAb30OBAHUM HEIKPAHMPOBAHHOIO MHOTOMWABHOTO Kabens;
CBA3b Ha KOPOTKME PACCTOSHMA MHOTAA OCYLLECTBASIOT CO CKopocTbio 115200 6oa.

CraHgapT RS-232 onpegenseT TaKKe TMMN pPasbemMa W Ha3HayYeHMe ero KOHTAKTOB. K coXKaneHuto, 37O
onucaHuve He NoaHo! 3TO BeYHbIA WCTOYHMK HEMNPUATHOCTEM, NMOTOMY 4TO, BOOOLLE roBOpA, ABa YCTPOMCTBA C
nHTepdericamm RS-232, coeAmMHeHHble Apyr C Apyrom, paboTaTb He OyayT. 3TO HACTONbKO HEOMMAAHHO U
HenpuATHO, YTO YUTATENM NPeablAyLero n3aaHua 3TOM KHUMM gaxke 0OBUHWAM HAc, MOTOMY YTO Mbl HE HanMcanu
B KHWre, Kak BOPOTbCA C STOM HECOBMECTMMOCTbIO. K cyacTbio A1A Bac, Bbl YMTaeTe BTOpOe m3gaHue. Pasragka
COCTOMT B C/IeAYHOLLEM.

B 3TOM MCTOpMM C nocnedoBaTeNbHbIM MHTEPPENCcoOM WMMeeTca [Ba MCTOYHWMKA HempusTHocTel: (a)
OnpeaeneHbl Aga TMMNa YCTPOMCTB, NMPUYEM BXOAHbIE KOHTaKTbl YCTPOWCTB OAHOMO TMMNa COOTBETCTBYHOT BbIXOAHbLIM
KOHTaKTam [pyroro; Bam MOMKeT MoHagobuTbCA CBA3aTb Mexdy coboM [Ba yCTpoicTBa OAHOrO TMMA MAW B3
B3aMMHO [OOMNOMHAIOWMX YCTPONCTBA; (6) MimeeTca NATb CUrHaA/N0B KBUTMPOBAHMA; OHM YCTPOMCTBA reHepupytoT
3TW CUTHaNbl M OKMAAOT UX NMPUEMA, APYTUE e UIHOPUPYHOT COOTBETCTBYHIOLLME BXOAbl (M HUYEro He NoAatoT Ha
BbIXOAbl). YTObbI BCe y Bac paboTano, B 3TUX AeTansax NpuaeTca pazobpatbea. Mpuctynmm.

NHTepdeinc RS-232 6bin paspabotaH ans ceasm DTE (Data Terminal Equipment — OKOHe4Hoe
obopyaosaHue gaHHbIx, O0[) ¢ DCE (Data Communication Equipment — annapaTypa nepegauyn AaHHbix, All/).
TepmuHan Bceraa BbirnaauT, kak DTE, a mogem Bceraa BbirnaauT, Kak DCE; oaHaKo Apyrne yCcTPoMCTBa, BKAOYas
MMWKPOKOMMbIOTEPBI, MOTYT BbITb 1 Tem, M Apyrum. KomnbioTep IBM PC Bbirnsaamt Kak DTE M yKOMMieKToBaH
BMJIOYHOM YacCTblo paszbema, HO BOMbWNMHCTBO BONbLWINX KOMMNbIOTEPOB MMetoT Bbixod Tuna DCE. MNoakntodaa DTE K
DCE, Bbl NpPOCTO coeanHAeTe OAHOMMEHHbIE KOHTaKTbl pasbemoB DB-25 (KoTopble MOryT ObiTb KaK BMJIOYHbLIMMU,
TaK M poseToyHbiMM!), 1, ecan Bam noseseT, Bce byaeT paboTaTb. Mbl FOBOPUM «ECAM MOBE3ET», MOTOMY YTO
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pe3ynbTaT BCE elle 3aBUCUT OT TOrO, KakMe KBUTMPYHOLLME CUTHaAbl OAHO YCTPOMCTBO OXWAQET OT BTOPOro, U
ycTaHasamsaeT camo. (Camo cobolt pasymeeTcs, YTO pewns npobaemy c kabenem, Bbl elle AOMKHbI BbIOpaTb
CKOPOCTb Nepefayn, YeTHOCTb U HEKOTOpble Apyrve nporpammuble napametpbl!) C Apyrot CTOpPOHbI, CBA3bIBaAA
[Ba OOUHOKOBbLIX YCTPOWCTBA, Bbl HE MOETE COeAMHWUTb OAHOMMEHHbIE KOHTAKTbl, MOTOMY YTO TEM CaMbIM Bbl
coeanHUTe BMecCTe ABa Bbixoaa: DTE nepenaeT yepes KOHTAKT 2 M NPUHMMaET Yyepes KOHTaKT 3, a DCE genaet Kak
pa3 HaobopoT. [lo3ToMy TaKkyt napy YCTPOMCTB credyeT coeamHsATb Kabenem (Tak Ha3blBAEMbIM  «HY/b-
MO/EMOM»), B KOTOPOM KOHTaKTbl 2 U 3 COEAMHAIOTCA APYr C APYTOM KpPecT-HaKpecT. K cosKafeHuto, 3To elle He
BCE

B Tabn. 10.4 nokasaHbl BCe OCHOBHble NMHMK. TD 1 RD - 3TO AMHUKM nepesayn 1 npuema AaHHblx; RTS u CTS
— 3anpoca nepeaayn n rotoBHoctn nepenadn; DTR, DSR n DCD — «oKoHeyHoe 0H60pyaoBaHMEe AaHHbIX FOTOBOY,
«annapaTtypa nepefayn AaHHbIX rOTOBa» U «AETEKTOP NMPUHMMAEMOro JIMHEMHOrO CUrHana». B pasbeme mmetroTcA
[Be 3emMan: 3alUMTHOe 3a3emaeHue (MKW KOpMyc, KOHTaKT 1) M curHanbHoe 3a3emneHue (KOHTakT 7); B
H6ONbWMHCTBE MAWMH KX NPOCTO COeAMHAT BMecTe. MATb CMIHAN0B, HE OTHOCAWMXCA K AaHHbIM, ABAAKOTCA
YNPaBAAIOWMMN CUTHANAMW KBUTUPOBaHMA. YcTpoinctBo DTE yctaHasnamBaeT RTS u DTR, Korga OHO roTOBO K
nepeaadve, a yctporcteo DCE yctaHaBameaeT CTS n DSR, Koraa oHO roToBo K npuemy. HekoTopble ycTponcTea DTE
TpebytoT, YTobbl A0 BbINOAHEHUA MMKM NOObLIX AENCTBUIA Bbla ycTaHoBneH ux Bxoa DCD. Ha Bcex CMrHanbHbIX
JMHUAX  AeNCTBYOT bunonspHble ypoBHM RS-232, npuuem ycTaHoBAeHHble JaHHblie (TD, RD) wmetoT
OTPULATENbHYID MOAAPHOCTb, a YCTAHOB/AEHHble ynpaBaatouwme curHansl (RTS, CTS, DSR, DTR, DCD)—
NONOKUTENBHYIO.

3ameTbTe, YTO Ha3BaHMA CUITHANOB MMEKT CMbICA TOAbKO €CAM WX pPaccMaTpmBaTb CO CTOpOHbl DTE.
Hanpumep, KoHTakT 2 HasbiBaeTca TD (Transmitted Data-nepegaBaemble AaHHbIe) Ha 06enx CTOPOHax, HeCMoTpA
Ha TO, 4To DTE ycTaHasamBaeT AaHHble, a DCE npuHumaeT mx. [M03TOMYy Ha3BaHWE KOHTAKTa He rOBOPUT BaM
O[IHO3HAYHO, BXOZ, 3TO WM BbIXO, - BaM ellle Haao 3HaTb, paccMmaTpuBaeT an cebs ycTponcteo, kak DTE nam DCE
(BbI MOXeTe 060MTK 3TO 3aTPyAHEHME C MOMOLLLIO BOJIbTMETpaA!).

Ecam 6bl Bce ycTpoiicTBa RS-232 ycTaHaBAMBanAW BCE CUrHasnbl, Tpebytolime yCTaHOBKW, W aHaAM3MPOBaIM
COCTOAHME BCEX CWrHanoB, TpebylowmMx aHaaMsa, TO BCerga MOXKHO Oblio  6bl MPOCTO  COEAMHWTL
COOTBETCTBYIOLWIME KOHTaKTbl (414 napbl DTE-DCE) mam coemHWUTb COOTBETCTBYIOLIME KOHTAKTbl KpecT-HakpecT
(ona nap DCE-DCE mnu DTE-DTE). Ecam, oaHaKo, Bbl K YCTPOMCTBY, MIHOPUMPYIOLWEMY BCE SMHUN KBUTUPOBAHMS,
NOAKAOUYMTE YCTPOMCTBO, peanu3ylollee MO/HbIA MPOTOKOA KBUTMPOBAHWMA, HWYErO XOPOLWeEero M3 3TOro He
nonyyntcs. PaspabaTtbiBas cTpaTermo CBOMX AEUCTBMIA, Bbl AO/IKHbBI ONMPATLCA HA PeaNbHOCTb; MHOrAa AS 3TOro
TpebyeTca HekoTopasa xuTpocTb. Ha puc. 10.17 nokasaHbl cxembl Kabenei, obecneymBatolimMx MpaBU/bHble
coeIMHeHNA Ans BCex (Hy, CKaXKeM, MoYTH BCEX) CUTYyaLMIA.
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Puc. 10.17. Kabenu RS-232, obecneyusatoujue npasgusbHble COeOUHeHUA. YKa3aHHble HoMepa KOHMAaKmos
coomeemcmasytom 25-koHmakmueim pazvemam DB-25; pa3zsodka anemepHamueHo20 9-KOHMAKMHO20 pa3bema
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npusedeHa Ha cxeme O.

Ha cxeme a nokasaHbl coegmHeHua ans napsl ycrponcts DTE—DCE, korga oba yCcTpoMcTBa MCMOb3YIOT
NOHbINA NPOTOKON KBUTMpOBaHMA. OaHa Napa KBUTUPYIOLLMX CUrHaNoB npeactasaeHa AnHuamm RTS/CTS, apyras -
nmHuamm DTR/DSR. Ha cxeme B nokasaH Kabesb «Hy/b-MOAemay C nepekpeLleHHbIMU BXO4aMU U BbIXO4aMu A9
napbl DTE-DTE. ToT e kabenb roautcs u ana napbl DCE-DCE, TONbKO HaA0 M3MEHWUTb HanpaB/ieHWe CTPEsIOK Ha
PUCYHKE W ONyCTUTb COeAMHEHMe KOoHTaKTa 8. Ecan, oAHaKo, OAHO YCTPOWCTBO peannsyeT MpPOTOKOA
KBUTMPOBAHWSA, a Apyroe - HeT, Kabenn a u 8 He rogsTca. B aTom cayvae camoe npoctoe — pacnanaTb Kabenb
Taknm obpa3om, 4Tobbl YCTPOMCTBO CamMO OTBEYA/I0 HAa CBOW YKe CUrHajbl KBUTMPOBAHWMA M pPaspeLlaso Camomy
cebe nepexoa K creaylowmm onepauusm. Takoe coeMHeHMe MoKasaHo Ha cxeme 6 ans napbl DTE-DCE u Ha
cxeme 2 ana napbl DTE-DTE (uam napbl DCE-DCE, Ho Torga cnedyeT onycTUTb COeAMHeHWe KoHTakTa 8). Kak
caenaTbca reHnem RS-232. Ecnum Bbl pacnasieTe 3T YeTbipe Kabens ¢ PO3eTKOW M BMIKOM Ha KaKAOM KOHLE, Bbl
CMOMeTe 3aCTaBMTb YTO YyroaHo paboTaTb € Yyem yroaHo (mouTtu). Bawim Konneru npusHatoT B Bac reHus. Npaeaa,
TO/IbKO B TOM C/y4ae, €c/iM MM B PYKM He nonagerca AenCTBUTENbHO npodeccMoHanbHas  LTyYyka —
«MHAMKATOPHAA Kopobka ana RS-232». OHa OcHalleHa CBETOBbIMM WHAMKATOpamu Ha /11 Ana KaxKaon ANHUK
NHTEepdelica, 4To NO3BOASET Hab0AATb, KaKoe YCTPOMCTBO KaKWe CUTHafbl yCTaHaBAMBaET, U MMeeT Habop
nepemblyek [A1A CoeAMHEeHMA KOHTAKTOB pa3bemoB B Jitobom nopaake. Mcnonb3oBaTb MHAMKATOPHYIO KOPOOKY
HaZo cneaytowmm obpasom. Mpexae Bcero, HaboAas CBETOBbIE MHAMKATOPbI, coeanHUTe npasuabHo TD 1 RD,
3aTeM MO COCTOSHMIO MHAMKATOPOB ONpPeaennTe, Kakoe YCTPOMCTBO MOCbINAET CUMHaNbl KBUTMPOBAHMA. Ecam
YCTPOMCTBO ycTaHaBamBaeT RTS, OHO, cKkopee BCero, oxkuaaeT oTBeTHoW ycTaHoBkM CTS. Ecam 310 genatot oba
YCTPOWCTBA, COeANHUTE UX APYT C APYroM; B MPOTUBHOM Caydae 3aMkHMTe RTS Ha CTS Toro »ke ycTpoicTtsa. To xe
camoe npogenante c curHanamum DTR mn DSR. Ecnm B yCTpOMCTBE MCMNONL3YETCA TO/bKO OZHA Napa KBUTUPYHOLLIMX
CUrHanoB, TO 310, ckopee Bcero, DTR/DSR. Boobuwe napa DTR/DSR vcnosb3yercs A8 OMNoBEeLWeHMA O TOM, YTO
YCTPOMCTBO Ha NMPOTUBOMNONOMKHON CTOPOHE NOACOEAMHEHO U BKAOYEHO, B TO Bpems Kak napa RTS/CTS 3anyckaet
N OCTaHaBAMBAET nepeaady.

Ecan ckynocTb He no3BossieT Bam NPMOBPecTM MHAMKATOPHYH KOPOOKYy, MOMeTe npoaHaiM3npoBaTb
COCTOAHME JIMHWUIA C NOMOLLBbIO BOAbTMETPA: Ntobaa NMHUA, Haxoaawaaca nog 6onblivm (> 4 B) oTpuuaTenbHbIM
WM NONOKUTENbHBIM HaNPAXKEHMEM, HECET YCTaHOB/IEHHbIN CUrHaM, eCu HanpsKeHUe Ha JAMHWUKU OKOJIO HyAs,
curHan copolleH.

lpoepammHoe KeumuposaHue. HeKoTopble YCTPOMCTBA MCMOAb3YHOT annapaTHble CUrHajibl KBUTMPOBaHMUA
RTS/CTS Aona vHAMKaUMKM Hadana M KOHLA nepefadu OaHHbIX, B TO BpemMsa Kak Hosfee meaneHHble YCTPOMCTBa
(Hanpumep NPUHTEP) NPOCTO AEPMKAT UX YCTAHOBAEHHbIMU. [lpyrne ocylWecTBASIOT NPOrpaMMHOE KBUTUPOBAHMUE:
CTRL-S (ansa octaHoBkM) u CTRL-Q (ans BosobHoBNeHMA). Ecnn Bam noseseT, y Bac 6yAeT BO3MOXHOCTb Bbibopa.
MporpaMmHbIi  MeToA, MO3BOMAET YNPOCTUTb Kabesb, W ecin YCTPOMCTBA MOJHOCTbIO WMFHOPUPYIOT CUTHa/bI
annapaTHOro KBUTUMPOBaHMA, B Kabene byayT NMLIb NPOBOAa, NOAKAOUYEHHbIE K KOHTakTam 1, 2, 3 1 7 (Bam TONbKO
HaJo BbIACHWUTb, COEAMHATb /IM KOHTaKTbl 2 U 3 MPAMO MAM KpecT-HakpecT). OAHaKo, [a)ke ecau yCTPOMCTBO
ncnonbsyer CTRL-S u CTRL-Q ana ynpasneHua nepedayen, OHO MOXKeT TpeboBaTb MNOAKMOYEHUS NUHWUIA
annapaTtHoOro KBWUTMPOBAHMA A/1A YCTaHOBAEHMA CBA3W. B 3Tom cnydae Bam nNoHagobutca oaHa U3 CXem
coeiMHEHUM, npuBeaeHHbIX Ha puc. 10.17, 6 1 e. He 3abyabTe TO/MbKO BKAOYUTL MUTaHME Ha 0benx CTopoHax
JIMHWIA CBA3M, TaK KaK HUM OAHO W3 COEAMHEHHbIX YCTPOMCTB HE MMEET HMKAKOM BO3MOXHOCTM ONpeaesninTb,
BKJILOYEHO /1M Apyroe 1 BoobLLe CyLLecTByeT /M OHO!

Opyrve ctaHaapTbl Ha nocsegoBaTesibHyto nepedady: RS-422, RS-423 mn RS-485. CraHaapt RS-232C 6bin
BBeAeH B 1969r., Koraa nocnenoBaTenbHas nepefaya  AaHHbIX  OCYLLeCTBAANACh MeaseHHO. WHTepdeitc
obecneymBaeT AanbHOCTL €BA3M A0 15 M co ckopocTbto a0 19200 6oa. OAHAKO CKOPOCTU KOMMbIOTEPOB W
nepubepmninHbIX  YCTPOMCTB  y/aBauMBaAMCb KaxAaple rod-ABa, WM noTpeboBanucb AyylimMe CTaHAApTbl Ha
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nocnenoBaTesibHylo nepefady. Kak yxe oTmedanocb B pa3d. 9.14, RS-423 npeactasnseT coboi yaydlleHHbIN
NPOTOKOAN ANA BUNONAPHBLIX HECMMMETPUYHBIX Lenel, obecneymBatolmMii ckopocTb nepedayn o 100 kbog u
nanbHocTb A0 1200 m (HO He OAHOBPEMEHHO); OH MPUHUMAMANBHO COBMeCTUM c RS-232. RS-422 npeacTasnset
cobol NPOTOKON ANA OAHOMOAAPHbBIX CUMMETPUYHbLIX LEMel C rpaHMUYHbIMKU BO3MOXKHOCTAMKM 10 Mb6oa 1 1200 m
(cm. puc.9.37, roe npuBedeHa 3aBUMCUMMOCTb CKOPOCTb-AafbHOCTh). RS-485 noagobeH RS-422, HO coagpsKuT
[ONOSIHUTENbHbIE cneundUKaumMm ANA NOAKAOYEHMA K OAHOW NMHUM MHOMMX APalBEPOB M NPUEMHMKOB. B Tab.
10.5 cobpaHbl XapaKTEPUCTMKN ITUX YeTbIPeX CTaHaapPTOB.

Mogembl. KaKk yxe oTMmeuvanocb paHee, modem («MOOYNATOP/OEeMOoayNaATop») WUCNnonb3yeTca A4
npeobpasoBaHua OGUT — NOCNEAOBATE/IbHbIX UMPPOBbLIX BENWMYMH B aHAJOrOBblE CUMHa/bl, KOTOPblE MOXHO
nepecbinaTtb No TenedoHHbIM AMHUAM MAM APYIMM KaHanam nepeaadyn AaHHbix (puc. 10.18).

Tene(oHHLIE MMHHM

flpogona WnW Apyras cpepa fpogoaa
T2D1 RxD2
BHewHW# BHewHui " |KomnsioTep 2
Komnbiovep 1 i mogem 1 mogem2 | P
CRxD ~ TxD2
LUudpa JByK Uneppa
RS-232C 3000y - 3xMy RS-232C

Puc. 10.18. CeAa3b yepes mooem.

BHYTpeHHUI moJem BCTaBAAeTCs B pasbem (C/OT) Ballero KommnbkoTepa (MO nocTymaeT K Bam yKe
BCTPOEHHbIM B KOMMbIOTEP), B TO BPEMA KaK BHEWHWM MOAeM MpeacTaBnseT cobolt aBTOHOMHbIM npubop,
MMTaOWMIACA OT CETU MEPEMEHHOr0 TOKa M MMEWMA coeanHuTeNb B cTaHdapTe RS-232 Ana noAKAlouYeHusa K
nocneaoBaTeNlbHOMY MOPTY KoMMbtoTepa. /ltobol moaem MMeeT Bbixod, Ha TenedOoHHYI0 UHUI0 OAHUM U3 ABYX
cnocoboB: (a) ¢ NMOMOLLbIO MPAMOro CoeAMHEHUA 4epe3 TenedOoHHYH pPo3eTKy uau (6) akycTU4ecku, Koraa
TenedoHHaa TpybKa KnadeTcs B 0Ope3MHEeHHOe rHe3lo, CoAepikallee MMKPOGOH W AMHaMKMK. Mogaembl C
aKYCTUYECKMM MOAKAOYEHMEM B HACTOSALLEE BPEMS BbILLAN M3 MO/bl, XOTS OHM MOTYT NPUFOAUTLCA, HanpuMep, B
FOCTUHWUE, FAe MHaye Bam NpMWAoch Bbl 1a3MTb NOA KPOBATAMM B MOMCKax TeNedOHHOM PO3eTKM (BO3MONKHO U
HecyllecTaytoLLen!).

B GonblWMHCTBE cnydaeB TpebyeTca nepecbinaTb AaHHble MO ogHOMYy TenedbOHHOMY KaHasny B 0bowux
HanpaBAeHWAX OAHOBPEMEHHO («MOMHOAYNNEKCHAA CBA3b»); Nepedaya M MNPUEM COBMECTHO WCMOb3YHOT
TenedOHHYI0 NOOCY YacToT, KOTopaa 3aHMmaeT obnactb npubansmtensHo 300 My-3 KMy, Wnpoko ncnonbsytoTcs
TpU MoAHoAynAeKcHbIX dopmaTa: 300 604 FSK (Bell 103) 1200 60a ambuTHbiM PSK (Bell 212A) n 2400 6oa,
AnbutHbln PSK (FSK o6o3HauvaeT Frequency-shift Keying — yactotHaa manunynaums, a PSK — Phase-Shift Keying
— dasoBas MaHunyaauma; o Ambutax cM. HWkKe). Mogaem, npeaHasHayeHHblM A48 nepefadnm co CKOPOCTbto,
ckaxkem, 1200 604, obbIMHO MoAAepMBaeT M CBA3b CO ckopocTbto 300 6oa m T. 4. XOTA ANA MCNONAb30BaHMA
MoZleMa HeT HeobXOAMMOCTM BHWMKATb B TOHKOCTWM KOAMPOBAHMA MM [aHHbIX, OAHAKO MeTOAbl KOAMPOBAHMA
MHTEPECHbI camm Mo cebe, N Mbl HE MOXKEM YAEepPKaTbCA, YTOObI KPaTKO He OMMCaTb UX.

CtaHaapT Ha 300 604 (Bell 103) ncnonbayeT yacToTHy0 MaHunyasumio (FSK), npu KoTopolt BbibpaHHan napa
3BYKOBbIX TOHOB 0603Ha4yaeT mapkep u npoben: 1270 Iy (mapkep) u 1070 'y, (npoben) B 0g4HOM HanpasaeHUMU,
2225 Ty, » 2025 Ty, B8 apyrom. Moaem Bell 103 oyeHb NPOCT M COCTOMT M3 MEpeKIto4aeMoro reHepaTopa Ans
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nepefayn u napbl 3BYKOBbIX GUAbTPOB Aaa npuvema (puc. 10.19, a). ObpaTuTe BHMMAHME Ha WMCMNO/b30BaHWE
rmbpuaHol uenu (puc. 10.19, 6) ana pasgeneHusa nepenaBaemoro n NPUHUMaeMoro cUrHanoB. Eciv NpuHATL, YTo
nmnesaHc TenedoHHOM AMHUKM BAM30K K ero HOMMHabHOMY 3HadeHuto 600 Om, NnepesaBaemblii CUrHaA MOLEMA
(Tx) coBeplIeHHO He NPOXOAMUT Ha BbIXOA NpUHMMaemoro curHana (Rx). Ha npaktuke rmbpuaHbie uenun pabotatoT
He TaK Yy XOpolo, NOTOMYy YTO MmnedaHc TenedoHHOM MHUM MOMKET 3aMETHO OTKNOHATLCA OT HOMWHAAbHOIO
3HayeHmMa 6000 m (cm. pa3d. 14.5). MoaTomy KenaTenbHO MMETb Y3KOMOMOCHbLIA MNPUEMHbIM GUAbTP, a 3To
NPUBOAMUT K YC/IOKHEHUIO MOJeMa.

Nposen
| ] Mapxep
Ma
FSK J _,LEPIMMMH‘IHJ
Bix. AROMYH FSK Tx NoAHD.

salthwe I8 VWV (PR

T

{mapxep)
Boix ABOMYH. NpremHbii Rx  FSK
AaHHIE ne Bxon
Mp
(nposen)

La
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Tx B
F

R R
600 Om o [
Rx 1:1 G |
10mKP || I ﬁuumi
|

Mogem (c ruspugHon
Lenbto) Ha yAaneHHON
CTOpOHE

[\\,_ 1:1:1
T
L,/

B0O00m

Rx //I
~

Puc. 10.19. Modem ¢ yacmomHoli maHunynayuel (a) u eubpudHas uens (6).

YnpaxHeHwue 10.5. Pasbeputecs, Kak paboTtaeT rubpuaHas Lenb Ha puc. 10.19. Mocne sToro Bbl CMOXKeTe NopaxaTb KOANer CBOel apyanLmeit.

CraHgapT Ha 1200 6o0gp (Bell 212A) paboTtaeT nHave. MOTOK UMOPOBBLIX AaHHbLIX FPYNAMpyeTca B napbl 6uT
(«<aMBUTBI»); KarKAbIA M3 YeTbipeX BO3MOMKHbIX AMOUT nepenaeTca B BMAe 3afaHHOro casura ¢asbl Hecyllen
nocTosHHOM 4YactoTbl (00:90°, 01:0°, 10:180° 1 11:-90°), ¢ nnaBHbIM nepexodom ¢asbl OT O0AHOTO AMbUTa K
cnepyoulemy.  Takum  0bpasom, CKOpOCTb nepedadyn  ambut coctasnder 600 [lu. Yactota (¢pasoso-
MOAYyAMPOBaHHOW) Hecyulen pasHa 1200 'y B oAHOM HanpasaeHun u 2400 Iy, B APYrom.

MpUemHbIi MoaemM pacliMdpPOoBbIBAeT AaHHble, ONpeaenss pasHoCTb ¢as mexay coceaHMmMM anbuTtamu. 3Ta
OCTPOYMHasA Maea MMeeT OAMH HeAO0CTaToK, MMEHHO, MPUEMHUK TEepSAeT 3HavyeHMe OTHOCKMTeNbHOM dasbl, eciu
nocTynaeT AJ/IMHHAA NOCNedOoBaTENbHOCTb OAMHAKOBLIX AMOWUT. [ns Toro 4yToObl NpPeaoTBPaTUTb AJIUHHbIE
MOCBIIKM @HHbIX C HEM3MEHHOM $a3oi, NepeaaBaemblii MOTOK AAHHbIX PaHAOMM3YeTCa (CKpembampyeTcs) nyTem
BbINMO/IHEHMA HaAd, AaHHbIMKW Onepauun Uckmodaowero W/IM ¢ ncesgocayy4aiHoM  NociaenoBaTeIbHOCTbIO
(reHepupyemoit ¢ nomoulbto 17-pa3paaHoro cABUroBOro peructpa c neTiel obpatHol cea3mn u3 14-ro paspsga no
nckntovatowemy WM, cm. pa3d. 9.32). Ha npuMemMHOM KOHLE BbINMOMHAETCA aHaNOMMYHbIM  Npouecc
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feckpembampoBaHms.

MonHo-AynAeKcHble MOZEeMbl CO CKOpoCTbto nepegaun 2400 6opa TakxKe nepenatoT AnbBUTLI ¢ Ga30BbIM
KOAMPOBAHMEM, XOTA W C ApyrMM Habopom ¢as3. B 3TUX CAOMKHbLIX YCTPOMCTBAX OObIMHO WCMOb3YIOTCA
afanTUBHbIE KOPPEKTOPbl YacCTOTHbIX M BPEMEHHbIX OWWBOK Ha TenedoHHOW AMHUKM, a TaKKe T[1yboko
ONTUMMN3NPOBaHHbIE GUALTPbLI ANA MepefaBaemblXx M NMPUHUMAEMbIX CUMTHanoB. B pesynbraTte yactoTa ownbBOK
YMEHbLIAeTCA B HE3HaUYMTEeIbHOM CTeNeHM No CPaBHEHMIO C paHHMMK FSK-mogemamum Ha 300 6oa.

HeT HMKaKoih HeobxoaMmocTn paspabaTbiBaTb MOAEMbl 3aHOBO, Tak Kak dbupmbl AMI/Gould, Exar, National,
Rockwell, Silicon Systems u Tl BbINyCKatOT MMUKPOCXEMbl M MOAYAN MOAEMOB. Elle npolle KynuTb roTOBbIN MOAEM,
nmbo B BMAE BCTaBHOWM nnaTthl, Mbo B BMAE OTAeNbHOro npubopa C coeamHUTenem B cTaHaapTe RS-232 ans
NOAKMOYEHMA K KOMNblOTePY. MoZembl, B 3aBMCUMOCTU OT XapakTepuctuk, ctoat 100-300 gonn. CTOMT NnomcKaTb
«Hayes-coBMeCcTUMbIN» MOAEM, BOCMPUHUMAKOLWIMK CTaHAAPTU30BaHHbIM Habop KomMaHA, 41a nepeaadn Homepa
aboHeHTa M NPoY.; 3TN MOAEMbI CTaNn CTaHAAPTOM Jie-paKTo A5 BCEro CBA3HONo NPOrpaMmHOro obecneyeHums.

MonesHblh CcoBeT: nepefaBas uyepes MoAemM Gailnbl AaHHbIX MEXAY KOMMbITepamMu, WCNob3yhTe
MO/ZEMHbI MPOTOKO/A C MpoBepKoh 6a0KoB, Hanpumep, Kermit uam XMODEM. Takol npoTOKOA MOCbifaeT
OaHHble H610KaMU GUKCMPOBAHHOM AJIMHbI, COMPOBOMAAA KarKablh 010K KOHTPOAbHOM CyMMOWM. [premHbIN
MOJZIeEM CPaBHMBAET KOHTPO/IbHbIE CYMMbl, aBTOMATM4YeCKM 3anpalimMBan MOBTOPHYIO nepefady AedeKTHbIX
6710KoB. MpUHATbIE TaKMM 06pas3om daiibl rapaHTUPOBAHHO He MMEOT OLWKMBOK; HanpoTue, Gaisbl, NoCAaHHbIE
npocTo B BMAe Habopa kogos ASCII, noyTn HaBepHAKa byayT coaep*kaTb OWNOKMK!

10.20. MNapannensvHaa ceAase: Centronics, SCSI, IPl, GPIB(488)

Ons KabenbHbIX COEAMHEHWI CO CKOPOCTHbIMU NepuPepmrimHbIMKU  YCTPOMCTBAMMU MapanfiensHas CBA3b
06bI4HO OKasblBaeTcA yaobHee nocnenoBaTeNbHOM. HwKe onucaHbl NONyAApHble NPeACTaBUTENM  3TOTO
HanpasaeHus.

Centronics. 1o npocto 6alTOBbIM OAHOHANPAaBAEHHbIM MapafiesbHbli  NOPT C KBUTUPOBAHUEM,
nepBOHaYaibHO NpPeasioKeHHbIM drpmoi Centronics M LMPOKO MCMONb3YEMbIN ANA MNOAKAOYEHMA NPUHTEPOB. B
oTnmume ot RS-232 oH Bceraa pabotaet! B Tabn. 10.6 nepeyncieHbl CUrHabl, BbIXOAAWME Ha 36-KOHTAKTHbIN
pa3beM; MX NosaraeTca nepeaasaTtb MO CKPYYEHHbIM Napam.

Ha puc. 10.20 noka3aHbl BpeMeHHble COOTHOLLIEHWA 3TUX CUTHA0B.

AAHHbIE flOCTOB. BbiX. AaHHbIE ) n {
R ' 3
STROBE
£
BUSY
55
ACKNLG

~TMee

Puc. 10.20. BpemeHHble coomHouwleHus 015 (npuHmepHo20) uHmepgelica Centronics.
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BasoBble curHanbl nepeuyncneHbl B nepsoi rpynne: DO-D7, STROBE', ACKNLG' n BUSY. CurHan BUSY
ABNAETCA GNAarom: ec/im OH B HU3KOM COCTOAHWUM, MPUHTEP HE «3aHATY, T. €. FOTOB NPUHUMATb AaHHbIE; UCTOYHUK
[aHHbIX (KOMMbloTep) ycTaHaBAMBaAeT TorAa AaHHble, a 3atem STROBF (mpu rapaHTMpPOBaHHOWM [0OCTOBEPHOCTU
[laHHbIX MO 06e CTOPOHbI 3TOro MMnysabca). MNocne 3Toro ycraHaBAMBAETCA B BbICOKOE COCTOAHME curHan BUSY,
KOTOpPbI BO3BPaL@eTCs B HM3KOE COCTOAHME TO/MbKO KOrAa MPUHTEP TFOTOB MNPUHMMATL Claeayroumin BanT.
KomnbloTep A0MKEH, Kak 3TO NOKa3aHO Ha PUCYHKe, HabatoaaTb 3a cocToaHMem NAnHMKM BUSY, 4Tobbl onpeaennTb
MOMEHT MOoCbIKK cneaytowero 6anTta. CurHan ACKNLG' (KoTopbiit npeactasaseT coboi MMMNYyAbLC, a He YPOBeEHb)
MOXHO MCMO/Ib30BaTb B KAYecTBe CWUrHafa MpPepbiBaHWA; He MblTalTecb, OAHAKO, MOAMEHUTbL MM curHan BUSY,
NOTOMY YTO OH MOXET 3aKOHYMTLCA K TOMY BPEMEHM, KOr[da Bbl 3aXOTUTE CYMTATb €ro COCTOAHME, U Bbl byaeTe
KOaTb BEYHO. B cOCTaB nopTa BXOAAT elle HECKOJIbKO CMTHANO0B, NO3BOAAKOLIME 0BHAPYKNUTb, YTO B MPUHTEPE HET
6ymarn (PE') nnm 4yto oH oTkAtodeH (ERROR' nam BUSY); KomnbtoTep MONKET MHUUMaNM3nMpoBatb npuHTep (INIT),
3aMpocuTb aBTOMaTUYECKUA nepesos cTpok (AUTO FEED XT') uam nocnaTb 6aT Ans OTMeHbl Bbibopa NpuHTEpa
(yctaHoBuTL IN' B BbicOKOe cocTosiHue, 3aTem nocnatb ASCll-kog DC3). ObpaTuTe BHMMaHME Ha LWeapble
BPEMEHHbIE COOTHOLLEHMA B AMarpamme CUHXPOHM3aLMM, C OYEBWUAHOCTbKD PACCYMTAHHbIE Ha MeaNeHHble
(MexaHWuyeckne) ycTpoicTea, KOTOPbIE HE MOTYT MPUHMMATL AaHHbIE C BbICOKON CKOPOCTbIO.

B 601bLIMHCTBE NMPUHTEPOB NPEeAyCMOTPEH KaKon-To obbem OydepHON MamaTh, YTO MO3BOAAET UM ObICTPO
NPUHATL NEePBYHO MOCbIIKY AaHHbIX, OAHAKO B cpeaHem HalTbl MOXKHO MOCbINATL NMLLIb CO CKOPOCTHIO MX MeYvaTu.
[N MaTPUUYHOTO NPUHTEPA CKOPOCTb MOCLIKM AaHHbIX cocTaBaseT 100-300 6ait/c. Ecam Bam Hago paspaboTtaTb
nHtepderic Centronics Ana NOAKMOYEHUSA K MArncTpasm Kakoro-imbo KOMMbloTepa, TO CaMbli MPOCTOM cnocob
OpraHM3auUmMm BCEX BbIXOAHbLIX JMHWIA 3aKAOYAEeTCA B WMCMOJAb30BAaHUM 3adUKCUPOBAHHDBIX («3aLLENKHYTbIX»)
[aHHbIX, YNpaBAfAeMbIX MNPOrpamMMHbIM BBOAOM-BbIBOAOM. JIMHUKM DO-D7 MOXHO BbINOAHWTL B BWAE OAHOMO
nopTa, a ocTaBliMeca AMHUK (Bkatodaa STROBE') B Buae BToporo. BxoaHble curHanbl (BUSY 1 ap.) He duKcupyitTe,
NPOCTO MPOMYCTUTE MX HA LUMHY B ONepaLMmn NPOrpaMmMHOro YTeHUA.

MonesHbIM AOMNONHEHMEM ABAseTcs ucnosb3oBaHMe ACKNLG' ana Bo3byxaeHWa npepbiBaHua. Ha
puc. 10.21 Bce CKkazaHHOE NPOUINKCTPUPOBAHO NPUMEHUTENBHO K Marnctpanu IBM PC.
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Puc. 10.21.Mlopm Centronics 0nsa PC.

3ameTbTe, YTO OpraHM3auMsa NpPepbIBaHWA B 3TOM C/ly4ae He COCTaBAAET TPyAa, MOCKOMbKY npepbiBaHus B PC

B npouecce pa6OTbI C 3TMm MHTepd)el)lICOM Bbl VI36VIpaT8ﬂbHO YCTaHaB/IMBaETE U C6paCbIBBETe BbIXOAHblIE

BOCbMMpaspaaHoro D-permcTpa (B KoTopom npeaycmoTpeH Bxog RESET).
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Curwanm Centronics

aKTMBM3MPYIOTCA MNepenazom; MomnpocTy Mcnonb3ynTe cnaf curHana ACKNLG', kak aTo nokasaHo Ha pwuc. 10.20.
Lna 3anpeuieHns npepbiBaHUA Mbl MCNOb30BAN OAMH U3 GUKCUPYEMbIX BbIXOAHbIX OUT, KaK 3TO ONUCHIBAAOCH B
pa30. 10.09 n 10.11. ObpatnTe TakKe BHUMaHME Ha MCMOMb30BaHMe curHana maructpanu RESET DRV ana cbpoca
BCEX BbIXOAOB (M MpPepbIBaHWIA) NPU BKAOYEHMM MUTAHUA;, UMEHHO PaZM 3TOrO Mbl BbIBpaan mukpocxemy 273

ynpasastolMe CUrHanbl, NoAaBas BbixoAHble 6aiTbl C COOTBETCTBYOWMM 0OpPa3oM YCTaHOBAEHHbIMW UK
cbpoleHHbIMM BuTammn, B MopT B. MOCKOMbKY Ha BbIXOA4e MpeayCMOTPeHbl GUKCATOPbl, Bbl MOXKETe CMOKOMHO
M3MeHATb COCTOAHME NobOoro BbIxogHOro 6uTa, He 6oAch NOABNEHWMA BbIOPOCOB Ha Apyrux Bbixodax. OAHaKo



XpaHuTe B NaMATK Konuto HalTa, 3adpUKCUpPOBaHHOro B NopTe B, 4TOObI MOXKHO ObIIO MOCLINATL B 3TOT NOPT HOBbIE
6alTbl, OT/AMYaOWMeECs eAMHCTBEHHbIM BUTOM (Mcnonb3ya onepaumm U u UN, cm. npumep Huke). Mmnynbe
STROBE' cnepyeT reHepupoBaTb NPOrpamMHO, MOCKOJIbKY B MHTepdeice HeT be3obpasHbix oaHOBMOpPaTOpPOB. B
nporpamme 10.6 NoKasaHO, KakK MOMKHO CO34aTb «MPOrPamMmMHbIA MMMYAbC» Ha AMHMKM STROBE'.

IMporpamma 10.6

; Cosnannum nporpaMMHBIA HMIYJIBC
; Bynem caurars, uTo agpec nopra B
; Centronics nomewen 8 DX
; Bynem cunTare, uto GuT crpoba (DO0)
, MepBoHAYANbLHO paseH |
current DB 0 ; 3meck XpauuTcs Konus nopra B
MOV AL, current i Texywee anavenne Gafita ynpapieHus
AND AL OFEH : Dauctum DO
ouT DX, AL : IMownem s nmopt B
OR AL, . Veranosam DO
ouT DXAL ; H TOWLIEeM €ro Tyaa CHOBA

OTmeTbTe Mcnonb3oBaHune onepauuit U n MW ana cbpoca M yCTaHOBKM, COOTBETCTBEHHO, oAHOro 6uta. B
3TOM MPUMEpPE Mbl He CTaAM TPaTUTb Bpemsa Ha MoAMbMKaLMIo TeKyllero HalTa B sveiKe current, MOCKO/bKY B
ntore OH He M3meHsieTcA. Ecam Bbl Ham Hago 6bl10 M3MEHWUTL (M OCTaBUTL M3MEHEHHbIM) KaKoW-TO Apyrow
yNpaBAAOLWMIA BUT, HOBbLIM BaWT NpULLAOCL Bbl COXPaHUTb C MOMOLLBID KOMaHAbl mov current, AL.

AnnapaTHbl anbTepHaTUBOWM XpaHeHWA B MamMATU Konuu BaiTa nopTa SABASETCA BKAOYEHME B COCTaB
nHTepdeiica nopTa C BO3MOXHOCTbIO YTeHMsA, 4TODbl onepauusa MporpaMmMHOro BBOJa M03BOMIMIA  Bam
onpeaennTb, 4To, COBCTBEHHO, 3adUKCMpPOoBaHO B nopTe. Caeayowmini NpMMep No3BOIMT BaM CO0BPasnTb, Kak 3TO
nenaetca.

YnpaxHeHnue 10.6. MpeacTasbTe cebe, YTO Bbl NOMHBI 3HTY3Ma3Ma W xoTUTE J06aBUTL K cxeme MHTepderica Centronics NOPT ¢ BOSMOMKHOCTbIO YTeHus. Caenaiire

Tak, YTob6bl YTEHWE M3 NopTa B pewano 3Ty 3asa4y. Bol byaeTe NPpUATHO yAMBAEHbI, OBHAPYXMB, Kak Mano AONOAHUTENbHBIX Lenell TpebyeT 3To yCoBepLUEeHCTBOBAHME.

YnpaxHerue 10.7. Tenepb nepenuwmnte nporpammy 10.6, UCNOAb3YA BaLL HOBbIM NOPT M ONYCTUB AYENKY current.

MopTbl Centronics MCNOMb3yOTCA MPaAKTUUYECKM BO BCEX MUKPOKOMMbIOTEPAX; €C/M BaM HYXEeH MpPOCTON M
HbICTPbLIA NapannenbHblt BbIXOAHOW NopT, 6e3 KonebaHuit BbibMpanTe Centronics. Bo MHOrmMx cayvasx (Ho He B
IBM PC) MMKpOKOMMNbIOTEP MO3BOAUT AarKe MCMNO/b30BaTb NOPT B 06e CTOpoHbl. OBbIMHO 3TO Aenaetcs nyTem
MOCbIIKM B TMOPT ynpasastouero 6uta, nocne 4Yero M3MEHAeTCA HanpasfieHue nepedayn [AaHHbIX Mo
eJIMHCTBEHHOM 8-paspaaHOMN WNHE JaHHbIX.

SCSI n IPI. 2To cTaHAapTHble YyHWMBEPCAAbHbIE MNapannenbHble WHTEPPENCbl ANA MNOAKNOYEHMA K
KOMMbtOTEPAM  AMCKOB U APYrMX BbICOKOMPOM3BOAMUTENBHBIX MNEPUDEPUIMHBIX YCTPOMCTB, KaK YyXe KpaTKo
ynomuHanocb B pasd. 10.16. SCSI (Small Computer System Interface — wuHTepdeic Manbix KOMMbIOTEPHbIX
cucTem) npeactasnfeT coboi 8-6uT napannenbHblt KabenbHbl MHTepdenc ¢ KBUTUPOBAHMEM W MPOTOKOAAMM
A8 0OCNYKMBAHMA HECKO/bKMX MaWWMH M HECKONbKMX nepudepuiiHbix ycTpoicTs. B SCSI npegycmoTpeHbl K
CUMHXPOHHbIM, M aCMHXPOHHbIA PEXMMbI, a TaKKe onpefeseHHble NporpammHble NPOTOKO/bl. Bbl MOXeTe HanTu
nHtepoelicHyto  nnaty  SCSI  onA  yCTAHOBKM  HA  MarucTpasb  NPaKTUMYecKu  1oboro  nonyaapHoro
MWKpPOKOoMMNbtoTepa, BKAtoYas VME mn Multibus | n ll; 3aTem Bbl NoacoeanHseTe 3TOT «rnaBHbIM agantep» SCSI ¢
MOMOLLIbIO NA0CKOro Kabens SCSI-WnHbI K naaTe nepudepninHoro KoHTpoanepa (puc. 10.22). MNnaTa KOHTpoANepa
4acTo ABMAETCA 3/1IEMEHTOM CamMoro nepudepuitHoro ycTpoicTea (T.e. pacnonaraeTca B AWCKOBOAE MKECTKOro
[OMCKa) M B3aMMOAENCTBYET C AUCKOBOAOM Yepes «MHTePdEeC YpOBHA YCTPOMCTBAY», KOTOPbIA MOMKET Ha3biBaTbCA
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ST-506/412, ESDI nan SMD.

K apyram
ycTpoRcTEaM
n 3
NOCKHA KaBeNs il
EIH;ETE?EJ’ TnaskviA aganTep il Mnata KOHTpOANEpa
51 i 5051
eyeT. nnate | 5C 1]
; BuyTp.
CucTEMHAR z kagens |OTcy ;E;’?ym,
nnara — BCAM
WhTeppenc | BCTPOEH
| W
KomnbroTep Jucxoson yeTpoucrea

Puc. 10.22. Maaucmpanes SCSI ¢ eQuHcmeeHHbIM nepughepuliHeim ycmpolicmgom.

HoctonHcTBom SCSI ABnaeTcs TO, YTO C MOMOLLBIO 3TOTO MHTepdeiica BCe MMKPOKOMMbIOTEPbI CTAHOBATCH
COBMECTUMbIMW CO BCEMM MepudepuUinHbIMM  yCTPpOMCTBaMKM. Kaxkablh pa3paboTymMK cYMTaeT CBOMM [10/IFTOM
ncnonb3oBatb SCSI, M B HOBbIX MUKPOKOMMbIOTEPAX 3TOT UHTepdeirc pacnonaraeTca NPAMO Ha CUCTEMHOM naaTe.
Co CcTOpOHbI NepudepuitHOro YCTPOMCTBA TOXKe yaaeTca M36aBMTbCA OT KOHTPOA/AEpa MyTeM MCMob30BaHMA
«apXMUTEKTYPbI BCTpoeHHoro SCSI», koraa marmcTtpanb SCSI cTaHOBMTCA OAHOBPEMEHHO M MHTEPDENCOM YPOBHS
ycTponcTea. ApyrMmn cnoBamu, Bbl cOefuMHAETe Kabenem CUCTEMHYIO NAaTy MUKPOKOMMbIOTEPa C AMCKOBOAOM.
SCSI obecneuymBaeT nepedadvy AaHHbIX CO CKOPOCTbO A0 1,5 M6aiT/c (NpM acMHXpPOHHOW nepenade) wuaun 4
MGaiT/c (Npu CUHXPOHHOM) NpY AanHe Kabena A0 7 M (HECUMMETPUYHbBIN) Uan 27 M (CUMMETPUYHBIN).

NHTepdeic SCSI AOCTaTOYHO CNOMKEH, M Mbl HE MOMKEM OMUCbIBaTb 34eCb BCE ero CUTHajbl, Pexunmbl,
KOMaHZAHble NPOTOKOAbl W WMHTepdeNCHble BO3MOMKHOCTM. BBMAY €ro nonyaapHoOCTW, Ana obnerdyeHua Balleit
KU3HW, BbIMYCKAOTCA OAHOKPUCTasbHble MHTepdelcHble mMUKpocxembl (Hanpumep, cepum NCR 5380, Western

Digital 33C90, a Takske dupmamm Fujitsu, Ferranti n ap.).

SCSI xopowo paboTaeT C HblHEWHUMKU Aauckamu. OfHAKO ANA  yBE/NMYEHWMA CKOPOCTUM nepenayn
NPOMBILNEHHOCTb MOAYMbIBAeT O nepexole Ha 16-paspagHyto WKHY. Toraa, BO3MOXHO, BCTYNWT B CBOM Mpasa
nutepderic IPI (Intelligent Peripheral Interface- MHTennekTyanbHbln nepubepunitHbii MHTepdeinc). IPI onpepenseTt
16-paspsaaHylo NapanfenbHylo Maructpasb, paboTalollyto Ha ckopocTax Ao 10 M6ait/c (yacToTa nepedadn 5
MTu); Kak 1 SCSI, IPl 06cny»KMBaeT HECKO/IbKO MalliMH U HECKO/IbKO NepudepuiiHbix yCTPOUCTB. MNocneaHee Bpems
ECTKMe OUCKU YBEANYMBAKOT CBOKD CKOPOCTb M MAOTHOCTb CEMUMMUJ/IbHBIMUM LIAramu; ecam ele MPUHATL BO
BHMMaHMe POCT CKOPOCTWU Mepenayn, CTaHOBWUTCA ACHO, YTO MWUP DObICTPO MAET K YHUBEPCA/IbHbIM MHTepdeincam
(SCSI nnwn IP1) co BCTPOEHHOM WKMHOM. Yepes HeCKOIbKO /1eT, BO3IMOXKHO, BCe OCTasibHble dopmaTbl ByayT 3abbITbl.

IEEE-488 (GPIB, HPIB). Koraa noasmanch nepsble Npnbopbl € BbIXOAAMW AaHHbIX Ha 3aHEN NaHenu, Kaxaan
KOMNaHWA Bce Aenana Mno-CBOemy. [1pOTOKONOB OblN10 MNOYTM CTOJIbKO e, CKOJIbKO camMux npubopos, ¢
napannenbHolM WM NOCNeAOBaTENbHOM nNepefadei, NONOKMTENBHOM UAM OTPULATENbHOW MNOAAPHOCTBIO U
HeBOOOpa3MMbIMM NpoLeaypamn KBUTUPOBaHMA. ITO Bbin cymaclleawnin Aom. HKMBO BCMOMMUHAETCA pa3paboTka
UMPPOBOrO MHAMKATOPA C OrPOMHbIMKM (BbicoTOM 15cM) umdpamu Ans NeKUMOHHOro 3ana [apBapacKoro
YHUBEPCUTETA; AN18 KaXKA0r0 M3 HalWmxX NpMbopos y Hero Bblan oTAe N bHble BXOAHble Lenu!

B cepeaunHe 60-x rr. dupma Hewlett-Packard pelwmna noKoHYMTb CO BCeM 3TUM Be3obpasvem, nNpeanoxmns
yHMBepCcasbHbli MpUbopHbIA MHTepdeic. Pupma C NpuUcyller el CKPOMHOCTbio HasBana ero HPIB (Hewlett-
Packard Interface Bus — wuHTepdelicHas maructpanb Hewlett-Packard) ¥ ucnonb3oBana ero B KayecTse
eOMHCTBEHHOIO MHTepdelica BO BCex HOBbIX paspaboTtkax. HPIB no3BosnseT noaxal4aTb K MarMcTpasibHoOMy
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Kabento (4o 20 m anmHol) Ao 15 nprMbopPOB € MOMOLLbIO OCTPOYMHO YCTPOEHHbIX COeAMHUTENEN, KOTOPbIE MOXHO
BCTaBAATb ApYyr B Apyra. Mo npotokony HPIB gaHHble Ha marucTpann MmeroT wupuHy 1 6aiT n nepegatotca ¢
KBUTMPOBAHMEM; CKOPOCTb nepefaun AoxoauT ao 1 M6airt/c; npedycMOTpPeHbl MPOrpaMmMHble  KOMaHAbI,
paspellatolie At0HOOMY YCTPOMCTBY, MOAKAOYEHHOMY K MAruMcTpanu, CTaTb «BeAylMm» (T.e. UCTOYHMKOM
coobueHunit), a nobol KoMOMHALUMM OCTasbHbIX YCTPOWCTB — «BeAOMbIMMY» (T. €. MPUEMHUKAMK COODLLEHWN).
«KoHTpon/iep» AMKTAaTOPCKM PacnopAXKaeTca, YTO AeNaTb KaKA0My YCTPOMNCTBY.

NHTepdeitc HPIB okasanca CTONb YAQYHbIM, YTO KOMWUCCUA MO CTaHAAPTU3aUMKU VIHCTUTYTa MHMKEHepOoB Mo
3NEKTPOTEXHUKE U paamnosnekTpoHuke (LLEE) oduumanbHo npusHana ero. B pesynbTate noasuaca ctaHaapT IEEE-
488-1975/ANSI MC1.1, KkoTopbii Bce (kpome oupmbl Hewlett-Packard) HasbiBatoT GPIB (General-Purpose
Interface Bus-uHTepdelicHaa Mmaructpanb o06Llero HasHayeHus), Wanm  «maructpanb  488». GPIB cTan
yHMBepcanbHbIM UMPPOBbIM MHTepdelricom ana nabopatopHbix npubopos. C nomoulbido GPIB MOXKHO cBs3aTb
BMecTe npubopbl NOObIX KOMNAHWI, Aa elle 3acTaBUTb MWMKPOKOMMbIOTEP (MM HACTObHbLINA KanbKynAaTop)
OT[aBaTb NPMKasaHUa. Hanpumep, Bbl MOKeTe 3a4aTb GOPMYy CMIHaNA, YAaCTOTY M aMNAUTYAY CUHTE3aTopy 4acToT,
3 3aTeM BbINOJIHUTL U3MEPEHMA HAMPAXKEHMUA B TOM e SKCMEPUMEHTE UK NpoLLecce.

10.21. JlokanbHble 8bl4UC/IUMEsTbHbBIE Uenu

B nowuctopuyeckme BpemeHa BbIYUC/AEHUA BbIMOAHAAMCE Ha OOMbWKMX LEHTPaaM3oBaHHbIXx IBM B
«MakeTHOM» pexume. 3To OblAM MOLLHble (Bonee MeaneHHble, YeM HaMMeHee MOLLHbIe W3 COBPEMEHHbIX
MepPCOoHa/bHbIX KOMMbIOTEPOB, C KPOLIEYHOM NaMATbI0) M goporme (CpaBHMMbIE MO LEHE C COBPEMEHHbBIMMU Cynep-
3BM) mawuHbl. Bbl npobuBann cBoM Mporpammbl Ha Konogax nepdoKapT, 3aTem 3anyckanu 3agaHue. [pu
YIQ4YHOM CTeYeHUKN 0BCTOATENBCTB K KOHLLY AHA Bbl NOY4anM pesybTaTbl aBapPMMHO 3aBEPLUMBLLIETOCA CYeTa, M Ha
cneaytolliee yTpoO MOMAM CHOBA 3aMyCTUTb CBOE 3adaHue, YTOObl BbINOBUTL CAeAytollyto owmnbKy. CeroaHa mbl Bce
pa3BpaLleHbl HEBEPOATHOM MOLLHOCTbIO HACTOJIbHbIX KOMMbIOTEPOB, ObICTPLIMM AMCKAMM, U3ALLHON TPaPUKON.
Ham xo4yeTtcs Honbliero. Ham xo4yeTca ob6MeHUBaTbCA Galnamum ¢ npuatenem, CUAAWLMM B COCEAHEN KOMHATe, He
BCTaBas CO CTy/ja. Ham xo4yeTca MmeTb MIHOBEHHbIK AOCTYN K Atobbim 6a3am AaHHbIX, MPUHTEPAM M YHWUKaNbHOM
nepudepnn. Bce 3To AOCTYNHO Npu Hanuumm cetein-rnobanbHbix cetel Bpoae BITNET mam DECNET 1 noKanbHbIX
BbluMcanTeNbHbIX ceTeit (JIBC) Tmna Ethernet uam LocalTalk. CeTn HaxoaATcsa elle B MAafgHYEcCKOM nepuoae
CBOEro pasBuUTMA, M B DAMXKalliee AeCATUAETME MOXHO OXWAATb APaMaTUYeCKMX M3MEeHeHWn B 3TOW obnacTu.
OfHaKO TEHAEHUMN YXKe ACHbI, MO3TOMY CTOMT OCTAaHOBUTLCA Ha Tunax /IBC, ncnonb3yembix CeroaHs.

Mpotokon CSMA/CD (Ethernet). Ethernet sasndeTca TUNUYHBLIM NPEACTAaBUTENEM CETEN C KONNEKTUBHbLIM
[OCTYNOM, OMoO3HaHMeM Hecyllein u obHapyxeHuem KoHbauktos (CSMA/CD). [Ans nepefaym coobLieHui
afpecyemMomy NpUeMHMKY co CKopocTbio 10 MBUT/c ncnonbayetca KoakcuanbHbii Kabenb. CoobuieHunn Ethernet
nepecbiNatTca «nakeTamm» C npeambynon M KOHTposem olKnbBoK. MpoToKoN nepeaayn BbIraAUT MPUMEPHO
Taknm obpasom: (a) KanUTe NpeKkpalleHns akTMBHOCTU B ceTu; (6) HaunHalTe nepeaady CBOEro naketa (CMm. HUNKe);
(B) npomonxkaa nepegavy, 0OAHOBPEMEHHO KOHTPOMPYNTE HanoKeHue cooblueHuin («koHdAMKT»); (1) (1) noka
HaNOXeHUIM HET, NPoAo/KalTe nepedasaTb CBOe cooblleHWe, HO (2) ecnn Bbl OBHApyKMBAETE HaNOMEHWE,
NOWAWUTE CUrHan 3aTopa ceTu (4Tobbl BCce 3HanM, 4TO OOHapy)KeH KOH(AMKT), 3aTem npeKkpatuTe nepenady,
BbI)KOAUTE C/AYYalHbIM WMHTEPBaAN BPemMeHM W nonpobyihTe CHOBA; MOCAE KaxK[aoW Moc/iefoBaTe/bHOM Heyaaun
BbIWAanTe H6ONbLWNIA MO BEANYMHE KCAYYaHbINY MHTEPBAN BPEMEHMU.

CoobuweHuna cetn Ethernet nepenatoTcs OTHOCUTENbHO KOPOTKMMMK MakeTaMu (MakcumanoHo 1 Kb6awT),
KaxAbll M3 KOTOPbIX BKAOYAET 3aro/I0BOK (MAEHTUGUUMPYIOLWMIA OTNPaBUTENN U NOAyYaTensn), HeCKONbKO banT ¢
nHbopmaumen o AAMHE NakeTa, ero TuMne W nocnefosaTe/lbHOM HOMepe, 3aTem rpynny cobcTeeHHO 6aiTos
[AHHbBIX W, HAKOHeL, KOHTPOJbHYH CYMMYy UMKAMYecKoro u3bbiTouHoro Koga (CRC), ¢ noMOLLbO KOTOPOIA
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nosyyateslb MOXKET NPOBEPUTb NPaBUIbHOCTL Nepeaadn CoobLIeHNA. 3aMeTbTe, YTO KOHGMKT MOMKET NPOU30NTH
TO/IbKO B Hadyane nepefayn nakeTa, MOCKOAbKy (Mo npasuay (a), cm. Bbille) nepedadya, AnAauwascs bonee
yZIBOEHHOTO BpemMeHW 0b6X0Ja CETU, MPEepbIBATLCA YiKe He byaer.

CraHgapt Ethernet, n3obpeTeHHbIN GUPMOI Xerox, MCNOAb3yeTCA ceryac oveHb WMPOKo. OH AOCTaTOYHO
LWUMPOKONONOCEH AN OO/bLIMHCTBA JIOKa/lbHbIX CETEM, @ €ro NpPOM3BOAMTENLHOCTb, Onarogaps MpPOTOKOAY
CNy4alHbIX MOBTOPHbIX Nepejad, yXy/WaeTcs Npu BbICOKOW 3arpy3ke He oveHb ObicTpo. KoHTponnepsl Ethernet
MOHO HalTK Ana 6o/bLMHCTBA Cepbe3HbIX MUKpoKkomnbioTepos (VAX, IBM PC n T. a.) n maructpanei (Multibus,
VME); Ethernet siBnaeTca opULMANLHO MPUHATOM CETbi ANA NONYAAPHbIX paboumx cTaHumin Sun u NeXT. CeTb
Ethernet moXeT MMeTb NPOTAXKEHHOCTb A0 1 KM Ha CErMEHT W coaepaTb A0 2 NOBTOPUTENEN; MOMKHO TaKkKe
MCMNO/1Ib30BaTb BO/IOKOHHO-OMTUYECKME «MOCTbI» 60/blIEN ANMHbI. HECKO/IbKO HACTO/IbHbIX KOMMbIOTEPOB MOTYT
COBMECTHO WCMO/1b30BaTb MHOronopToBbIM RS-232-cepBep, BbICTYNAOWMIA B KadyecTBe y3/aa Ha KOaKCMasibHOM
Kabene Ethernet. CepBepbl MOryT TakKe 0b6CNy)KMBaTb pasfenaemble MexAay MoSb30BaTeNAMM PEecypcChl, TaKue,
KaK NpuHTEpPbI 1 BonblUNE AUCKU.

KonblLeBas ceTb C MapKepHbIM AOCTYNOM. B KOAbLEBOW CETU C MapKepHbIM AOCTYNOM KaKAbli y3en
COoeMHAETCA C COCeAHWM OAHOHANPaBAEHHOM JMHWEN Tak, uTobbl BCe y3/1bl Oblav 06beauHeHbl B KOMbLO.
KOHOAMKTBI 34eCb He AOMycKaloTcA, a NpaBuaa MUrpbl BbIMAAAT cnedyowmm obpasom. lMpeactaBbTe cebe
HEKOTOPbIM ODBEKT (MapKep); TOT, Y KOTO OH MMEETCA, MOMET MOCbI1aTb COOOLLIEHNS, B TO BPEMSA KaK OCTasibHble
MOTYT TONbKO «CAylWwaTb». B KONbLEBOM CETU C MApKepPHbIM AOCTYNOM MapKep NpeactasnseT cobol KopoTKoe
cooblleHre, nepeslaBaeMoe COCeHEMY Y37y, KaK TO/IbKO ero BAafesel, 3aKOHYMA Nepecblky nakeTa. B ntoboi
MOMEHT BPEMEHN MapKepom BAaAegeT OAMH M3 y3/10B; MMEHHO OH MMEET MpaBo MocblnaTh coobueHns. Kak u B
cetn Ethernet (oa v B ntoboit Apyroit pasymHoOM ceTu), CoobLEeHUs NaKeTU3MpPoBaHbl, NPUYEM YacTo UCMOb3yeTca
dopmat SDLC (Synchronous Data Link Control — cuHXpOHHOE ynpaBneHWe nepedayelt AaHHbIX: OAMH MaKeT =
dnar + agpec + 3arosIoBOK + COODOLIEHME + KOHTPO/IbHAA cymma + dnar). MNakeTbl COOBWEHUN LUMPKYAMPYIOT MO
CeTM A0 Tex NOp, NOKa aZpecyembllt Nosydatenb He NpUMeT ux. [locne Toro, Kak oTNPaBUTENb 3aKOHYUA Nepeaady
BCero coobuieHna (0H6bIYHO COCTOAWErO M3 MHOIMMX MaKeToB), OH MOCblAaeT mapkep. Mapkep UMpKyAMpyeT no
KO/IbLLY /10 TexX NMop, MOKa KaKom-TO ApPYron y3en B CeTH, Keatolmin nepeaatb coobueHne, He NornNoTUT ero, CTas,
TakMm 06pa3om, HOBbIM BRadenblem mapkepa.

LocalTalk. LocalTalk (nepBoHauyanbHo Appletalk), pa3paboTtaHHas (yragainTte, kem?) dupmon Apple
Computer, npeactaBaset cobon ynpoLweHHYo CeTb C KOHPAMKTamMM. ITO He KosblieBas CeTb, a MHerHas. OamH
M3 y3/I0B MOXET repefaBaTb, OCTajibHble CAywWatoT. B KavecTBe cpefbl nepefayy MCMosib3yeTcs OonaHa
CUMMETPUYHAA Napa; CUrHanbl B cTaHAapTe RS-422 nocTynatoT Ha Hee M3 y310B Yepes TpaHchopmaTopbl. dopmat
nakeTa cooTBeTcTBYeT cTaHAapTy SDLC. MaKcMmanbHas NpoTAMKEHHOCTb ceTh cocTasndeT 330 M, M K HEN MOXKHO
NoAKAYMTL 40 32 y3108. MponyckHas cnocobHocTb cetn coctasnseT 230,4 Kout/c. COBMECTUMbIN BapuaHT,
M3BeCTHbIM nod MmeHem PhoneNET (Farallon Computing Inc.) ncnonbsyet TenedoHHble Kabeaum n cCoeanHUTENN 1,
KaK yTBep»kaaeTca, paboTaeT npu pacctoaHmax 4o 1300 m.

MpoToKoAn ceTu cxox c Ethernet, Ho Npolle: ecnu Bbl He CAbILWLXTE Nepesady no CeTU, Bbl MOXEeTe MocblaaTb
CBOWM nakeT. AnnapaTtypa CeTU He MbiTaeTcs 0B6HaAPYKUTb KOHODAMKTbI: OHa NPOCTO NepeaaeT NPUHATbIE NaKeTbl C
NPaBMAbHbIMM KOHTPObHBIMM CYMMaMK CAeaytolleMy YPOBHIO NMPOorpaMmmMHoro obecrnedeHmns. KoHGANKT 0OblYHO
paspyllaeT CTa/KMBaloWMECca NakeTbl, NPUBOAA K HEMPaBUbHbIM 3HaYeHUAM 0OeuX KOHTPO/IbHbIX CYMM; B
pe3yabTaTe nporpammHoe obecrneyeHne MNPOCTO He noayvyaeT 3TM nakeTbl! OBHApPyXUTb OWWMBRY — aeno
nporpammHoro obecnedyeHuns. Hanpumep, oTnpaBuUTeNb COODLIEHUA OXMAAET OTBET, €C/IM OTBET He MPUXOANUT B
TeYeHMe HEeKOTOPOro BPEeMEHW, OTMPaBUTENb MHULMWPYET WAEeHTUYHOe cooblieHne un »KaeT cHoBa. LocalTalk
OTHOCUTCA K ceTam c npotokonom CSMA/CA; CA 3pecb obosHayaeT Collision Avoidance — wusbexkaHue
KOHQ/IMKTOB, B MPOTMBOMO/IOXKHOCTb 0OHapyXKeHUo KOHGAMKTOB B ceTh Ethernet.

- 444 -



B cemn LocalTalk npenycmoTpeHbl MPOTOKOMbI A/ COBMECTHONO WCMO/b30BaHMA ¢alioB M pecypcos
(MpUHTEPOB, MOAEMOB M NMPOUY.), @ TaKKe Cnocob HaMMeHOBaHUA YCTPOMCTB, NOAKAOYEHHbIX K CETU. MOXHO Aaxe
pa3nobbite MHTepdeinchl LocalTalk ana «He-Apple»-KoMnbloTepoB, 4YTO AaeT BamM BO3MOMXHOCTb MepechbinaTb
dalinbl mexay KomnbtoTepamu TMnos Macintosh, IBM 1 UNIX, a TakKe COBMECTHO MCMO0/1Ib30BaTb Takne pecypch,

KaK /1a3epHbIn MPUHTEP.

10.22. lpumep uHmMepgedlca: annapamHasa YynakosKa
OQHHbIX

Ecam Bce BawuM npubopbl NOAKAOYAIOTCA K CTaHAAPTHOW MHTepdelcHol marucTpanu (Hanpumep, GPIB),
BallM Aena BnecTaum: NpocTo Kynute MHTepdeicHyo nnaty 448 Ballero KOMMbloTepa M HEeCKosbKo Kabeneit,
COoeAMHNTE BCE BMECTE M HalMWUTe nporpammucTa. TanaHT TyT He TpebyeTcs, ToAbKo AeHbrn. OAHaKo 3Ta rnaea
MOCBALWEHA MarucTpanbHbiM MHTepdericam, M Mbl XoTean 6Obl 3aBepliMTb ee MPUMEPOM 3aKOHYEHHOW
pa3paboTKu.

Hago nonaraTb, YTO Bbl, Kak M Mbl, He BbibpacbiBaeTe Bce BallM paboTocnocobHble Npubopsl, ecan
NOABAAETCA YTO-HWOYAb HOBEHbKOEe. HeKoTopble MCKAUYMUTENbHO Mo/e3Hble Npubopbl BblIM Co3aaHbl elle A0
sanoxu GPIB; B HMX MOMHO BAOXHYTb HOBYIO XW3Hb, CMacTepMB K HUM WHTepdeilc ANA MNOAKMOYEeHUA K
nabopatopHOMy KomnbloTepy. Hanpumep, YacToTomep C 8-paspadHbiM LMbPOBLIM MHAMKATOPOM CKOpee BCEro
MMeEeT Ha 3aaHel naHean «umudpo-nocaeaoBaTesibHbli, BWUT-NapannesnbHbli» BbIXOA, Ha KOTOPOM MOABAAKOTCS
ZPYr 3a APYrom UHAWUMPYEMbIE UMOPbI B ABOUYHO-KOAMPOBAHHOM AecATUYHOM Koge (BCD); Becbma BepOATHO,
YTO CKOPOCTb BbIBOAA UMP COBMaAaeT CO CKOPOCTbIO pereHepauum MHAMKaTopa. KOHTPOAMPOBaTh BpemeHHble
COOTHOLLEHMA Bbl HE MOMETE; Kaxaas 40CToBepHasa undpa, BMecTe ¢ ee TPeXOUTHbIM aapecom No3uUmMn B Y1CAe,
conpoBoaaeTca cTpobom. Takoro poda NprMbop CKOpee BCEr0 UCMOJb3YET BbIXOAHbIE ypoBHM TTL.

Ha puc. 10.23 nokasaHo, Kak NoAKato4nMTb Takol npmnbop K IBM PC.
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Puc. 10.23. CumsonbHo-nocsiedosamernsHoil uHmMepgelic.

3TO 3aKOHYEHHbIN WHTepdelic, BMecTe C $Narom COCTOAHMA, NPEepPbIBaHUAMM W BbIODMPAEMbIM aLpPECOM
nopTa BBOAA-BbiBOAA. PaboTa MHTepdelica HauMHAETCA B JIEBOM HUMMKHEM Yy PUCYHKA, rae 0003HayeHb!
OaHHble, NocbllaeMble M3 YacToToOMepa: noc/aeaoBaTesbHble UMbpbl, nx agpeca (0—7) n cTpobuMpyoLWMiA MMMYbC
STROBE7?, roBopsiliMii O AOCTOBEPHOCTM [aHHbIX. YacToTomep nocbinaeT umdpbl OT camol mnaguwen (LSD) po
camolit ctapluei (MSD), Tak UTO BECb LIMK/A 3aKaHYMBAETCA NPUEMOM Camol cTapliei undpsbl (paspsga 7). Bocemb
pernctpos 173 (4-paspaaHbie D-pernctpbl ¢ TPUCTabuAbHbIMM BbIXoAaMu) GUKCUMPYIOT MOCAeA0BaTe/bHbIE
undpbl; ANA 3TOro MX MHOGOPMALMOHHbIE BXOAbl 0O6beAMHEHbI, @ Ha TAKTOBble BXOAbl MOAAIOTCA OTAE/bHble
CUrHanbl Cc AJewndpatopa agpeca umdp. ObpaTuTe BHMMaHME Ha WCNOMb30BaHWE MUKPOCXembl 138-
cTpobupyemoro aewmndpatopa 1 13 8, C NOMOLLLIO KOTOPOro M3 CUrHaA0B adpeca M cTpoba 0b6pasytoTcA TaKTOBbIe
CUrHanbl ans dukcaumm umndp.

Takum 06pasom, BbIXOAHblE JaHHble 4YacToToMepa GUKCUMPYIOTCA B BOCbMWM 4-paspsaHbiX  perucrpax,
BbIXOAbl KOTOPbIX 0OpasyoT 4 rpynnbl Nno 2 uudpbl (8 6MT) B rpynne. PC MOMKET NPUHATb BCE BOCEMb LUPP
yeTblpbMA KomaHZamu IN BBOAA AaHHbIX WKMpWMHOM 1 HalT M3 4YeTbipex nocnefoBaTeslbHbIX aApPecoB MOPTOB
BBOZA-BblBOAA (HauuMHaa C agpeca, ycTaHoBneHHoro Ha DIP-nepekntoyaTene). MOXKHO Aake MNOCTYNUTb elle
Nydlle, 4YMTas AaHHble M3 16-paspaaHOro pernctpa (T.e. BbiMOHAA BMecTo KomaHabl IN ALDX, komaHay IN
AX,DX), 4To npuBedeT K ABYM Moc/aefoBaTe/lbHbIM OMnepaLmam YTeHus HalnToB M3 ABYX COCeAHMX NOPTOB BBOAA-
BbiBoAa. ObpaTUTE BHMUMAHME Ha MPOCTOTY CXeMbl Aewndpaunmn agpeca. 8-paspaaHbii KomnapaTtop 682 BblaaeT
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HW3KMIA ypOBEHb Ha BbIXOAE, Koraa 7 CTapwwux OMT agpeca COBMafatoT C KOMBUHaLMeEN, yCTaHOBAEHHOM Ha
nepekntoyaTenax (nNpu ycnoBuM, 4To 3TOT 3aHyda AEN HaxoAMTCS B HM3KOM COCTOAHWMMK); 3TUM «6Ha30BbIM
aapecom» paspetlaerca gelwmopatop 1 13 8 "138, ctpobupyemblit curHanom IOR', KoTopbii AekoaMpyeT Tpu
Mnagwure 6uta agpeca WM reHepupyeT OTAe/bHble MMMY/AbCbl BBOJA, COOTBETCTBYIOLWIME MOCAEA0BATE/IbHBIM
afipecam NopToB. TO BECbMa PacnpOCTPaHEeHHbIN cnocob Aelundpaumm aapecos, Tak Kak 0ObI4HO Bbl Ha3HavaeTe
PA3/IMYHBIM PErUCTPaM MHTepdelca HeCKObKO NOCAeL0BaTENbHbIX 34PECOB NOPTOB.

®nar coCToAHMA YCTaHaBAMBAETCA NPW Npueme nocaefHein uMdpbl YMcna M3 YacTOTOMEpPa; COCTOAHME
MOXHO npouymTath no agpecy PORT + 4, roe PORT — aapec, ycTtaHoBAeHHbIM Ha DIP-nepekntodatenax. ®nar
coctosaHua cbpacbiBaeTca, Koraa UM ymMtaeT nocneaHnin (cambli cTaplumnii) 6anT gaHHbix (no agpecy PORT + 3).
NHTepdeitic nossonseT paboTaTb M B PeXMMe MpepbiBaHUI, KOTOPble Yepes MepembldKy MOoAKAoYaoTCA K
mobomy m3 yposHelt IRQ2 nan IRQ3, u paspeluatotcs nocbinkor 1 no agpecy PORT (a 3anpeltatotcs nocbinkoin 0);
obpaTuTe BHMMaHWE Ha HEeMoNHYK Aelwndpaunio agpeca B LLenu 3anucu, YTo NO3BOAMAO CIKOHOMUTb BEHTUN.
KaK M NosoXKeHO 3aKOHOMOCAYWHbIM FPaXKaaHam, Mpu BKAOYEHMM MUTaHMA Mbl cbpacbiBaem oba Tpurrepa — u
COCTOSAHMA, W pa3pelleHna NpepbIBaHNA.

OnMcaHHbIM  MHTEPPENC BLIMNOMHAET  «YMaKOBKY» JaHHbIX, O0OObeAMHAA HECKOJbKO 4YuMces B O[HO
KOMMblOTEPHOE CN0BO. ECAM «4mcna» cocTonsT M3 ofHOro 6uTa Kaxkaoe, B 16-pa3psaHoe CAOBO KOMMblOTEPA WX
MOHO YyMNaKoBaTb 16 WTyK. ITO He TaKoe OeCCMbIC/IEHHOE PacCyKAeHMe, KaK KaykeTca Ha MepBblid B3rnag: B
undpoBOM 0OpPaboTKe CUrHANOB NPUXOANTCA MMETL AEN0 C NEPUOANYECKMMMN BbIDOPKAMM KECTKO OrpaHMYEeHHbIX
KoniebaHUM (KOTopble MOXKHO paccMaTpuBaTbh, Kak 1-6UT aHanoro-undposoe npeobpasoBaHue); A4 NOBbILLEHUS
CKOPOCTM BbINOJHEHWUA OMNepaLnii BBOAa-BblBOAA 3TV OUTbI MOMKHO YNaKoBaTb annapaTHO W YMTaTb 3aTEM LLeNbIMK
cnoBamu. KoHeYHOo, ecnn CKoOpoCTb HE MMeeT 3HayeHMd, NPOoLLe NoayyYaTb AaHHbIE C NMOMOLLBIO MUHMMAAbHbIX
annapaTHbIX CPEeACTB, a BCIO YNaKOBKY M Npeobpa3oBaHmMa BbINOAHATL NPOrpaMmHo. Hanpumep, B NpMBeaeHHOM
npumMmepe MOXHO bbllo dUKCMpoBaTb M nepedasatb B LM no ogHol umdpe, ecnn Tonbko bHbicTpoaencTsne
KOMMbOTEPA AOCTATOYHO BbICOKO, YTOObLI LIMdPbI HE TEPANNCH.

YHpa>+<HeHMe 10.8. BM,EI,OI/BMEHVITG cxemy MHTepd)ealCa Tak, 4TOBbl MOMKHO 6bIIO nporpamMmmHo Bbl6MpaTb JIMHUIO 3anpoca npepbiBaHUA |RQ NCNONb3yemMyto

nHutepdercom: nocbinkoit 01H no agpecy PORT paspelwats npepbiBatua no IRQ2, noceinkoit 02H no agpecy PORT paspewatb npepbiBaHva no IRQ3, a nocbinkoit 0 no

agpecy PORT (Mau BKAIOYEHWEM NUTAHWA) 3aNpeLaTb 1 TO, 1 Apyroe.

MpaKTMYecKoe 3amevyaHMe Mo MOBOAY Hallel cxembl: cnedyeT msberaTb UYpe3MepHOW Harpysku AMHWUN
WWHbI. B NnpuBefeHHON cxeme K Kaxkaon AnMHMKM Dn NOAKN0YAOTCA BbIXOAbl YeTbipex TPMUCTabuibHbIX PErmcTpoB
173, 4TO CO343eT YpPEe3MepHYH EeMKOCTHYKD HarpysKy. XoTa Haw wuHTepdeiic byneT, HECOMHEHHO, paboTaTtb
NpPaBuAbHO, €ro NOAKMOYEHNE OrPAHUYUT YNCAO AOMOSHUTE/bHBIX MAAT, KOTOPblE MOMHO YCTaHOBWUTb Ha WWHE
(ocobeHHO, ecnn ocTanbHble Pa3paboTUMKM OKaXKyTCsA TpPelHbIMM B TOM e OTHolleHuu!). B Halwem ciydae
CNefoBano MCMoAb30BaTb TPUCTabMAbHBLIN 8-paspaaHbii Bydep (MUKpocxema 244), BKAIOYMB €ro Mexay
Bbixogamu DO-D7 u wWKMHOW pAaHHbix PC. CurHan paspelieHna MMKPOCXEMbl MOMKHO MOay4MTb, 0bpa3oBas
normnyeckoe VI AeKkoanpoBaHHOro agpeca u curiana IOR.

10.23. ®opmamel vucen

®opmaT 6aiToB (MM CNOB), MOMYYaeMbIX M3 4YacTOTOMEpa B PACCMOTPEHHOM MpUMepe, OT/IM4YaeTcs OoT
BHYTPMMALIMHHOIO ABOMYHOrO ¢GopmaTta; YacToTomep 0b6pasyeT ABOMYHO-KOAMPOBAHHbIE AECATUYHbIE KOZbl,
ynaKkoBaHHble Mo Age uudpbl B 6aiTe (MAM ueTbipe UMdpbl B C0Be). YTOObI C 3TUMM YMCAAMU MOMKHO Oblao
BbINOMHATL KaKMe-TO BblYUCAEHUSA, UX caedyeT npeobpa3oBaTth B Lesble YNC/Ia UAM B YMC/A C M1aBaloLWEen TOUYKOW
(xoTAa B cMcTemMe KOMaHZ MMKpOMpoLeccopa npeayCMOTPeHbl M KOMaHAbl C «AeCATUYHOW KOoppeKumen,
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nosBosAtoLLme BbINOAHATL  apudmeTnyeckme onepaumm HenocpeacTBEHHO  HaZ  YMaKOBaHHbIMM
[IBOMYHO-KOAMPOBAHHBIMM  AECATUYHBIMW YMCAamM). PaccMoTpum dopmaTbl YMcesn, 0BbIYHO MCMOAb3yemble B
KomnbtoTepax (puc. 10.24), npeameT, KpaTKO 3aTPOHYTbIM HamMK B Hadane 2/1. 8.

1 7
integer *1 |-2'{2® 20 - 128 po + 127
8y By
1 16
integer *2 |-2'%2'¢ 2° ~32 768 032 767
By B,
1 n
integer *4 |-2''}2% 29 -2 147 483 64B 10 2 147 483 647
By, By
1 8 23
L =127
real "4 7 ﬂ' =3 -2 =323 'H'=I—1| XLHI‘I?
(IEEE) (Si2" Nopan. 2°{2°" 2 Manrucca S +1,2x10" %0 +3,4x10%
By By By
1 1" 52 . . s rozs
P = 1910 0% a1 -2 oSy “e2 v (=11 % 1. Hfx 2
;EHEE'E $12'° Nopagox  2°i27" 2 M?I-:THCEE 2 +2,2x10" %855 +1.8 x 1078
Bga Bsy 8,
1 15 64
. Y Y ¥ ¥ v {=11%x Fi#f x 29718283
e © [si2" Mopsinox 2%42° 27! 270 Mawtucca 27| sgx10 49y £6x 104
E'pg BE. Bﬁ
1 a 23 5 - 128
O e e v =105 % 0. 16 x 2577
oec) 152 Nopsgox 2°32°% 2 ManThcea 2 +2,9x10"Pg0 +1,7x 10%
By, B35 By
1 7 24
= 5 -6
real *4 H | =7 : v=1—11"=0.fff = 16
gny | (Si2tMopan. 2%i27" 2 ManTHcca 2% +5,1%10"%p0 £1,4% 107
By B2y By
=t 3 14 x 2¢
x T Ve ®
(MIL :;“;ﬂ; -2%92-'2-7 MaHTHCCa g-3%1=27 28 I"Iopn.u.z“1 +1,6%10"%0 +1,7x 10%
E:H By By

Puc. 10.24. @opmamel vyucen. S-3HaK.

LUenble uucna. Uenble uucna (integer) co 3Hakom Bcerda NPeACTaBAAOTCA, KaK [0MNO/NHEeHWE A0 2 U
3aHumatoT 1,2 mam 4 6ant (cm. puc. 10.24). Ctaplimnii 6UT ABNSETCA 3HAKOBbIM, XOTA JOMNOJHEHWEe A0 ABYX He
CoBMadaeT Cc NpeacTaB/fieHMeM B BMAE 3HaKa M umcna (T. e. — 1 3anucbiBaetcs, Kak 11111111, a He 10000001; cm.
pa30. 8.03). JononHeHMe A0 2 MOXHO MpeacTaBuTb cebe, Kak «cmelleHHoe» ABOMYHOe[11] C MHBEPTUPOBAHHbLIM
CTapwmnm BUTOM; HO MOXKHO PaccCMaTPMBaTb €ro U Kak LIesI0e YNCO CO 3HaYeHMemM BUT, yKasaHHbIM Ha puc. 10.24.
MHorne KoMnbOTEPbLI NMO3BOMAIOT 0OBABAATL NEePeMeHHble, KaKk Lesble 6e3 3HaKka B A0MNONHEHME K 00bABAEHUIO
LeNlbIX CO 3HAKOM B BMAe A0NOAHEeHWA A0 2. [lsyxbaliToBoe H6e33HaKOBOE LIe/I0e MOXKET MMeTb 3HadeHue oT 0 Ao
65535.

Yncna ¢ nnasawower To4YKoW. Ymcna € naaBalolWen TOYKOM, Ha3blBaeMble TaKKe [AenCTBUTEIbHbIMU
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n_11

yncnamm (real), obbIYHO 3aHUMaIOT 32 BUT («OAMHAPHAA TOYHOCTb») AN 64 BUT («ABOWHAs TOYHOCTLY), OAHAKO
MHOTA@ AN MPOMENKYTOUHbIX Pe3y/bTaToOB BbIYMCAEHMI MCMOMb3yeTcA AOMNOAHUTENbHbIM 80-6uT dopmaT. K
COMANEHWUIO, MMEETCA HECKOJIbKO YNoTpebuTesnbHbIX NpeacTaBNeHnin 3Tux uymcen. Hambonee pacnpocTpaHeH
dopmaT IEEE (odpuumanbHoe HassaHue ANSI/IEEE Std 754-1985), KOTOpbii peanus3osBaH MoyTM BO BCex
MMKPOMPOLIECCOPHbIX Habopax C nnasatollen Todkon (Bkatodan Intel 8087/287/287, Motorola 68881, a Takske
Habopbl dupm AMD, Weitek 1 ap.) M no 3TOM NpuUUMHE ABNAETCA CTAaHAAPTHLIM A1A MUKPOKOMMbIOTEPOB,
MCMNOb3YIOWMX 3TU Habopbl (B Tom uncne IBM PC).

Ha pwuc.10.24 nokasaHbl 32-6MT u 64-6uT dopmaTtbl |EEE. 32-6uT dopmaT OAMHAPHOM TOYHOCTM
npeaycmaTtpmBaeT 1 3HaKOBbIM 6UT, 8 BUT nopsaka M 23 BUT maHTUcchl. MopAaoK onpenendeT creneHb 2, Ha
KOTOPYIO CnedyeT YMHOMKUTb MaHTUCCy (CM. HUMKe). Mopadok «cmelleH» nytem npubasneHuns 127, Tak 4to none
nopagka 01111111 cootseTtcrByeT nopAaaky O; B pe3ynbTate AManasoH NopAagKa coctasnaaeT oT —127 go +128.
MaHTu1cca Takke 3anucbiBaeTca NOOMNbITHBIM CNOCOBOM, KOTOpbIA Obln Bnepsble Mcnoib3oBaH ¢dupmon DEC B
cBoem popmaTte C naaBatolelt TOYKOM. [IBOMYHOE YMCAO C MN1aBatoLLer TOUYKOM BCErda MOXKHO 3amnmucaTb B BUAE
f.fff x 2e, roe f.fff — maHTUCcca (No ocHoBaHMIO 2) («3Hayallaa 4acTb»), a € — nopsAdoK (cTeneHsb 2). Aas Toro
4TOObl NONYYUTL NPWU 33a4AHHOM YMCie BUT MAHTUCCbl MAKCUMANbHYHO TOYHOCTb, OHa KHOPMAJM3YeTCA» NyTem
cABura BNeBoO (C COOTBETCTBYHOWMM AEKPEMEHTOM MopsAAKa), NoKa AUAMPYIOWMIA BUT He cTaHeT paseH 1, B
pe3y/abTaTe Yero MaHTMcca npeactaBnaetca B Buae 1.fff x 2e. [anee, ncnonbsyerca npuem «CKpbITOro butax.
MOCKONbKY pe3ynbTUpyroLaa 3Havyallaa 4acTb MAHTUCCbl BCErAa MMEEeT HeHyeBOW CTaplnin BUT, XpaHUTb ero B
namAaTu Bblao 6bl n3bbITouHO; BMecTo 1fff moxkHO 3anmcaTb npocTo fff, rae nnanpytowan 1 nogpasymesaetcs. B
pe3yabTaTe TOYHOCTb YMC/a BO3PACTAET, TaK Kak ero npeacraBneHme ysenninmeaetca Ha 1 6uT, obpasys amanasoH
oT +1.2:1038 no +3.4-10%.

YnpasHenune 10.9. CKOHCTpyupyiiTe Ha Bymare MUHVMMAaNbHOE M MaKCMManbHOe HOPMAnM30BaHHbIe YWCNA C NAaBatoLLell TOUKOM U ybeanuTech, YTO NpUBEAEHHbIE

Bbllle NpeesibHble 3Ha4YeHMA COOTBETCTBYHOT UCTUHE.

®opmat |EEE ¢ ABOMHOW TOYHOCTbIO 0b6pasyeTcs aHaforMyHO, HO TOYHOCTb MaHTUCChbl Hosee uem
yaBauBaeTcsa (yBenunumsanachk Ha 29 6uT), a NopsaAoK NoaydaeT AONOAHUTENbHble 3 6UT. nManasoH YMcen ykasaH
Ha pucyHke. Popmat IEEE gonycKkaeT TakKe XpaHeHWe HEHOPMANN30BaAHHbIX YMCEN, YTO HECKO/IbKO YBe/nYMBaeT
[ManasoH CO CTOPOHbI MANEHbKMX YMCeN (33 CYET YMEHbLUIEHWA TOYHOCTU); KHEHOPMANM30BAHHbIE» YMCAA MOTYT
[LOXOAMUTb A0 BesnunHbl £1.4-10%°. CTaHpapT TakKe onpegenseT Hynb (e = fff = 0; Takum obpasom, ectb 2 Hy/4,
+0 n — 0), beckoHeuHoCTb (e = Bce eauHuubl, fff = 0; nosaTtomy oba 3HaKa), a Takke MOOOMbITHLIK Kaacc
3ape3epBUPOBaAHHbIX BEIMYMH, UMEOWMX oduLmManbHoe Ha3BaHue «He yncao» (NAN = Not A Number).

[pyroi BaxHbI MUKPOKOMMbIOTEPHbIA GOPMAT YMCeN C NAaBatoLLen TOUKoN npuHagnexut dupme DEC u
ncnonbayetca B KomnbtoTepax Micro VAX u LSI-11 (a Takxe B Ux npeaKkax, mMHM-IBM VAX n PDP-11). OH nouyTtu
coBnagaeT co ctaHgaptom |EEE, umes To e umcio BWUT B Mopsake M MaHTUcCe (BK/toYas MCMo/b3oBaHMe
CKPbITOro 6uTa) Ymcen ¢ oAMHAPHOM TOYHOCTbIO. OTAMYMA 3aKNOYAOTCA B APYrOoM 3HaYeHUM cmelleHua (128
BMecTo 127), a TaKKe B OTCYTCTBUM NMAMPYOLWMX OUT B MaHTUCCE, KoTopaa npeacTasasetca B Buae.1fff (co
ckpbiTo 1). DEC onpegenser TONbKO OAWMH Hyab (Bce 6OWUTbI KOTOporo pasHbl 0); M He [AonyckaeT
HEHOPMA/IM30BaHHbIX YnMcen 1 BeCcKOHEeYHOCTH; MMEIOTCA, OA4HAKO, BEMUYMHDBI, aHaNOrMYHble «He ymcnam» |EEE.
DEC Tak:ke onpeaenaet 64-6ut popmaT yaBOEHHON TOUHOCTU.

MNMocneaHne aBa dopmarta, npusedeHHble Ha puc. 10.24, MUCMNONb3YOTCA HE B MMKPOKOMMbIOTEpPaX, a B
6onbwmx IBM mMAM B MallMHax cneumanbHoro HasHadeHua. ®@opmat «IBM» B TeyeHMe HEKOTOPOro BpemMeHMU
MCMNO/Ib30BaCA B YHMBEpPCanabHbIX IBM dupmbl IBM 1 gaxke B HEKOTOPbIX MUHK-IBM, Hanpumep, Nova dmpmsl
Data General. 7-6UT cmelleHHbIM MOPALOK onpenensaeT crteneHb 16, a He 2, yBenn4yMBaa AManasoH 4duces.
MaHTuCcca B pe3y/abTaTe MOMET MMETb A0 TPex NUAMPYIWMX Hyael, T.e. HOPMAAM30BaHHAA 4YacTb COAEPKUT
HEeHY/eBYIO CTapLUytO LECTHAAUATEPUYHYIO UUdpY.
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YnpasHenune 10.10. YTo6bl NOHATL CMbICA NocneaHel $pasbl, HanuwuTe npeacTasneHne yncna 1.0 B dopmate IBM. Mocne aToro Hanuwmte cnepytollee meHbliee

YMCNO B TOM e popmare.

Mcnonb3sosaHue B dopmate IBM umcna 16 B KayecTBe OCHOBAHMA yBENMYMBAET AMHAMUYECKUIA AMANa3oH,
HO yMeHblUaeT TOYHOCTb. bosiee TOro, TOYHOCTb HECKO/IbKO M3MEHAETCA OT YMCAa K YWUCAY M3-33 NepemMeHHOro
KoJIMyecTBa AMAMPYIOWMX ABOMYHBIX HyAel; 3TO ABNeHMe M3BECTHO, KaKk «KayaHue» (wobble). B popmate IBM
OTCYTCTBYIOT «He Yymcaa» U 6BeCKOHEYHOCTb, U MMEEeTCA TOIbKO OAMH HyAb (BCe BUTbI HYAM); HE HOPMANM30BaHHbIE
ymncna He gonyckatoTca. Mmeetca dopmaT IBM 1 ana uncen ¢ ABOMHON TouHOCTbIO (64 6uT). MocneaHnin popmat
Ha puc. 10.24, MIL STD-1750A, ucnonb3yeTca B BOEHHbIX cucTemax. OH Heobbl4eH B TOM OTHOLIEHMM, YTO BMECTO
3HaKa W BE/IMYMHbBI YMCNA B HEM 3aMMCbiBAeTCA MaHTUCCa B Gopme AOMOSHEHWA A0 ABYX WM NOPALOK TOXe B
dopme pononHeHMs A0 ABYX (CTporo roBops, npeablaylise GopmaTbl XapaKTepusytoTca 3anucbio MaHTUCChbl B
dopme 3HaK/BesMYMHa, a Nopsaaka B GopMe CMeLLeHHOTo ABOWMYHOTO). B popmaTe oTcyTCTBYIOT HECKOHEUYHOCTH,
«He YMcna» M He HOPMaIM30BaHHbIE YMCNA; MMEETCA BapUaAHT ANA YUCEN C YABOEHHOW TOYHOCTLHO.

XpaHeHne ymcen B NamaAtu. Pa3paboTumKnm MMKPONPOLLECCOPOB N0DAT BbipaXKaTb CBOIO MHAMBUAYANbHOCTb,
npeaycmaTpuBas XpaHeHue uucen B NamATM B cBoeobpasHom nopagke. MuKkponpoueccopbl 8086/8 (a,
cnenoBatesibHo, M KoMmnbtoTepbl IBM PC 1 coBMECTMMblE C HUMMK) 3aMMCbIBAOT YMCAA B NaMATb, HaYMHaAA C CaMoro
Mnagwero 6alTa, KOTOpbIM pacnonaraetca B HalTe NamATM C HaMMEeHbWKMM HOMepoMm; ana cemerctea 68000
XapaKTepeH obpaTHbIM NopAaoK. BoT cyacTbe-To!

MpeobpaszoBaHMe AaHHbLIX B NpoLecce BBOAA-BbIBOAA. Ham npuwwinock yxe obcyaate GopmaThbl AaHHbIX B
KOHTEKCTe anmnapaTHOro WHTepdeica, KOTOPbIM BblAaBa/N YMNaKOBaHHblE ABOMYHO-AECATMYHbIE 4uMcia. Kakos
Hanbonee onNTMManbHbIM cnocob pPaboTbl ¢ 8-pa3pAaHbIMM AaHHbIMM, MOJIyY4aeMbIMM 13 Takoro uHTepderca? B
33aBMCMMOCTM OT TWMNA BXOAHbIX A3HHbIX, YMCAA 3HAYalMX UMbP, AManasoHa WX U3MEHEHMA U MPOY. MONXKET
oKaszaTbcA yAo0b6HbIM Mpeobpa3oBbiBaTb BXOAHbIE AaHHble B YMC/AA C MAABAOWEN TOYKOM (4N MNosyveHus
MaKCMManbHOrO  AMHAaMM4YecKoro JAuanasoHa), WAM B Uenble 4ucaa (448 MojayY4eHMa  MaKCMMalbHOro
paspelleHmna), Uan BbINONHWUTL KaKkMe-TO Apyrve YncioBble npoueayps! (Hanpumep, BblYUCAEHME OTKAOHEHWI OT
CpefHero 3HayeHMs WAM Pa3HOCTeW noc/ieaylolmx OTcyeToB). Bce 3TO MOXHO fenaTb B MPOrpamMmMHOM
«apaiBepe» KOHKPETHOro YCTPOMCTBA, T. €. B MPOrpaMMHOM MOJy/e, KOTOPbIA ynpasaseT BBOAOM [AaHHbIX. Mbl
BMOMM, Takmm o06pasom, 4TO ONTMMM3aAUMA NPOrpamMHOro obecneyeHMs He MOXKeT ObiTb BbiMosHeHa 6e3
MOHMMaHMA ocobeHHOCTeN annapaTypbl M CMbICAa NPUHMMAEMbIX AaHHbIX. ElWe o4Ha NpuYMHa, No KOTOPOW CTONb
Ba*KHO OCBOWTLCA B 3TOM YyAECHOM MUPE 3/1eKTPOHHOM annapaTypbi!
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Tadauya 7.1. Cemp npeumsnonnsx OY

Tabaunupbl

v

MapameTp O6o3Ha- Bmansgcauﬁ M - C manema Muxpomom- Ha IT c p—r-nepexogom C BABA-
uEEHE OP-TIE i 0?2’1‘5 CHEHIOM gl OP-90E i m
LTiol BricTponeil- © manmmm cosn- MAX4INC
cTayroummi ros OPALLIB
LTI1055A
THIL. MHH/ THIL MHE, THIL MHH,, MEH., THO. MHH, THIL MHH. THIL. MHH.
MEKC. MAKC. MAaKC, MEKC. MAKC. MEKC. MEKC.
(U = 215 B; T, =25°C)
Capur BXOAHOTD HANDAXEHHS U o 10 10 25 10 50 50 150 50 150 50 250 | 5 mxl
Bpesennoll npefid sxommorc AU, 02 — 02 1 03 — 03 2 — - - — 01 —  mkl
HANPIKEHHA COBHTA
Brogsofl ToK cMeWlEHNN E. 1.2 2 10 40 0,03 015 4 15 001 0,05 0,0005 0,001 0,02 0,2 BA
Bxognofi Tox cassra 0.1 L5 7 35 0,02 015 04 1 0002 0,01 0,0003 0,0008 0,01 0,1 BA
Bxoguoe auddepennma muuoe 45 2% 6 13 — — 30 — 10* — 17 — 10® — MO
CONpOTHRMENTE
Bxounoe cunpaswoe conporus- R, .. 200 — 3 - = — 20 —  10* — 1w — 10 — o
nedme
BrogRoe HENpARENHS IIYMAE Cuue 0.4 06 01 02 05 - 3 — 1.8 - 1,2 R N | —  max]
(0,1-10 ') K
TlnoTeoCTs BXOAHOrO HAMPR- € 10 18 35 55 17 i &0 — 2B 50 30 60— — HBY/
xerna wyma (10 o)
IMnoTEOCTH BXOANOTO HAMpA- fu 10 11 3 4 14 22 &b — 14 20 7 12 — — ub/
woman wyma (| xlo)
IMnoTeoCcTe BXOANOTD TOEA . 0,3 08 1.7 4 002 — 1,5 — 0,002 0,004 0, 0004 — 0,01 — OA
wyma (10 o)
INnoTHOCTE BXOAHOTO TOEA T 0,1 02 04 0.6 0,006 — 07 — 0,002 0,004 0,0004 —_ - — nA/
wyma (1 x[m)
Koapdrunmeat yeuaeann Gone- Ay, 12 5 1.8 I 02 2 1,2 07 04 0015 2 1 k1] 1 Bim
MOro CHrUana
Kowpdunpent ocnabnenns cun- KOCC 140 120 126 114 132 110 130 100 100 B 110 100 140 120 nb
alnoro cHraana
Koajuwpuument ocnabnenns KOMIT 120 110 120 100 132 1o 120 105 106 90 110 100 140 120 ob
BAMSHHA HCTOYHUES NMUTAHH
CropocTs napacTamms CH 0,3 01 28 1,7 02 01 001 0005 13 w2 1 05 — B/m
Yacrora eaunuunors yomwnesus  fo 0,6 0.2 B 5 1 — 0,02 —_ 5 _ r ] — 0,5 — MI
Morpebanesutil Tox ; 1,7 2 3 4,7 04 0.6 0,014 002 28 4 2.5 5 13 2 mA
(B puanaszope Temneparyp) T —25+ +8% 25+ 485 0+ +70 —25 + +85 0+ +70 —25+ +85 0+ 470 "C
CopHr BEOOHOrC HANDAKCHHA U, 10 45 20 0 20 120 70 270 100 330 100 00 — — MK
Temneparyphas crabuibsHocTs Ui T (18] 03 02 06 02 1.5 03 2 1.2 4 0.5 1 0,02 0,05 Mkl
Blo;:uﬁ TOK CMELLIEMMR I, 24 4 14 60 0,035 0,23 4 15 0,03 0,15 0,03 013 0,05 — uA
Bxognofi Tox camHra 0,1 22 10 50 0,02 0,23 08 i o0m 0,05 002 0,1 0,064 — A
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Tabauya 7.2. Mlpeunsnonnasie OV

Tun Haroto- Bxonroe HanpskeHHe Bxomroi Tok, HA
paTens Y
CHOBHIA, npeiid Cuemenus Cnenra
MEB
TeMIICPATYPHHL, BpPEMCHHOMH,
me“(R, MEB/Mec

THI, MAaKC. THII. MAaKc. THI, THI. MAKC. THIL. MAKC
Banonapasie
OP-07A PM + 0 25 0,2 0.6 0,2 0,7 2 0,3 2
OP-08E PM 70 150 0.5 2,5 - 0.8 2 0,05 0,2
LMI11 NS + 100 300 1 3 1 0,025 0,05 0,5nA 0,01
OP-12E PM + 70 150 0,5 2.5 — 0,8 2 0,05 0,2
OP-20B PM &0 250 0,75 1,5 — 12 25 0,15 1,5
OP-21A PM 40 100 0,5 1 — 50 100 0.6 4
OP-27E PM + 10 25 0,2 0,6 0,5 10 40 7 is
OP-37E PM + i0 25 0,2 0,6 0.5 10 40 7 is
OP-50E PM 10 25 0,15 0,3 — 1 5 0.1 1
OF-62E PM — 200 — — — — 300 — 100
OP-77TE PM 10 25 0,1 0,3 0.3 1.2 2 0,1 1,5
OP-90E PM 50 150 0,3 2 —_ 4 15 0,3 3
OP-9TE PM 10 25 0,2 0,6 0,3 0,03 0.1 0,03 0,1
MAX400M MA 4 10 0.2 0,3 02 0,7 2 0,3 2
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LMG6OTA
ADT07C

LT1001A
LT1006A

LT1007A
LT1012C

LTIO13A
LT1028A
LT1037A
RC4DTTA

HAS5134

HAS5135
HAS147A

NS
AD

LT
LT

LT

LT +

LT

LT

LT

HA

HA
HA

10
10

10
10

10
10

25
15

25
50

150

10

250

25

0,2
0,03

0,4
02
02
0,1

0,4
0,2
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0,3
0l

0.6
1,3

0,6
1,5

08
0,6

1,3
0,6

0,2
0,2

0,2
0,4

02
03

0.4

03

0.2
0,2

10

0,03

15

10
03

35

0,15

33

&a

0,5
0,1

08
0,12
7

0,02

0,2

4
0.5

n
0,15
1.3

50

30

1,5

25



Broago# wym, cpens. KOHIT Koagde- Cropocte g Bpema ycra- IMpumMeyanna

MHH., OMEHT  HAPAacTAHMA . HOBJIEHRA
i ﬁl"u

npsE ob YCHIEHASA CPemH.,
BSPs !em “,a' MHE., E,r‘h{l-:c MEC
EB,"rn”i C}"M?'Hm 10° .
0,1% 0,01%
Ha wacrote Ha =acrote

0T 1kfm 10T 1xlm

10,3 9,6 320 120 100 300 0,17 0,6 — —  Knaccauecknii npe-
oHHoBHEEE OY

22 20 150 130 104 80 0,12 0.8 — —  Vayamenuewsdi 308

180 150 15 4 100 100 0,3 0,5 — 70 HauMEHbBIIEE CPEH
CHMONADHBIY CME-
eHne

22 20 150 130 104 80 0,12 0,8 — —  Vayyenmwi 312

58 58 140 ] 100 S00 0,05 0,1 —_ —  MHKpOMOLIHLIA

21 21 380 210 104 1000 0,25 0,6 arn —  ManoMOImHAR

3.5 3 1700 400 100 1000 2.8 8 —_ —  Manomymawn

3,5 3 1700 400 100 1000 17 63 — —  Manowymaumi,
DEKOMNEHEUD.
OP-27 (K = 5)

53 4.5 300 230 126 10M 3 2548 — 30 CunepoToYRii,
MAJTOLTYMATILHE,
IEKOMIIEHCHD.
(K=5%

— 2,5 —_ — 105 350 15 50 — —

10,3 9.6 320 120 110 5000 0.3 0.6 — — ¥myammensedt OP-07

60 60 1600 700 104 700 0,01 002 — —  MukpoMOHEIH

17 14 20 & 114 300 0,2 0,9 — —  Manomoln=Ee
OP-77

10,3 9.6 320 120 100 S00 0.3 0,6 — — Hanmensmee U,
cpenn OV Bea
NpepbiBAEKHSA

o 6,5 320 120 100 5000 0,7 1.8 —_ —

10,3 9.6 320 120 120 8000 0,3 09 — —  Vnyuimennwri
OP-07, coeoes-
meii 708
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10,3

28
17

28

10,3

13
3,5

9.6

25
14

320
70

1500

0

4700
1500

320

L

15

1000

120

200

140

110
106

110
1o

103

117
110

110

450
1000

7000
200

1500

250
1000
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0,25
0.4

2,5
0.2

0,4

15

0,25

0,8

0,8

0,3

ﬂ‘g

75

0.8

2,5
140

I

11
0.4

OmEONOAAPHEOS NH-
TaHHE; MO 3aKa3y
Iy = 90 MeA

ManowymMammit,
Oop-27

Manwif TOK cCcMme-
IeHHs,  YAyd-
menHbii 312;

PM 10129

Vayuwennstii 358/
324; on\omonap-
HOC MATAHHE"

CeepxMalbii LmyM

Hexonmencup. 1007
(K = 5), OP-37

Haumensmee U
cpemn OV  Bes
RpepHBARNE

CueTpepeHHbIA, Ma-
AOUIYMAIHA

M anoLIyMATIH,
GricTpoaeHECTRY-
wonmui, Oes =ac-
ToTHOH KOMTIER-
cammn (K > 10)



Tun Haroto- BxogHO® HANDSKEHRE Bxoamoll Tok, BA

BHTE/B "
CORNTA, npedid CMenesus Cnpura
MeB
TeMINEpaTYPHBI, BpeMeHHOH,
:EB;“C MEB/mec

THM. MAKC. THIL MaKC. THIL. THIL MAKC. THIL. MAKC.
Ha IIT ¢ p-n-nepexogom
OPAIOIB BB 30 250 3 5 —_ BnA 0,01 1,5nA 4nA
OPAIlLIB BB 50 250 0,3 1 — 0,5nA InA 03nA  0,7nA
LFnnn NS 1000 = — — = 0,05 0,01 0,01 0,05
LF455A NS 75 180 3 4 — TnA 0,05 InA 0,02
ADS47L AD — 250 — 1 — 0,01 0,025 2nA —
ADS348C AD 100 250 —_ 2 15 3nA 0,01 2nA SnA
AD71IC AD 100 250 2 3 15 0,015 0,025 SnA 0,01
LTI055A LT 50 150 1,2 4 5 0,01 0,05 ZnA 0,01
HAS5170 HA 100 300 2 3 —_ 0,02 0,1 InA 0,06
Ha IIT ¢ p-n-nepexonoM, BLICOKOCKOPOCTHEIE
OP-44E PM 30 750 4 10 5 0,08 02 4nA 0,04
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LF401A

CrabuIH3HpOBaHHEIE MpepLIBAHKEM

OFA404B BB
OPA6O2C BB
OPAGOSK BB
OPAG06L BB
AD744C AD
ADB45K AD
LT1022A LT
MAX420E MA
MAX422E MA
LMCG668A NS

260
100

250

100

100
80

1

200

750

250

250

250

1,5

1,3

0,02

0,02

0,05
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0,05

0,05

15

0,1

01

0!

InA
0,5nA

0,01
SnA
0,03

0,25

0,01

0,01

0,01

0,02

0.2

4nA
InA

0,035
0,01
0,05

0.4

0,05

0,03

0,03

0,06

0,5nA
0,5mA

2nA
04nA
0,01

0,015

InA

0,015

0,015

0,1

dnA
InA

SnA

0,02

0,05

0,01

0,06

0,06



BxoaHo#l mwyM, cpenm. KOHUIT Kosddu- Cropocts A Bpems ycra- Tprmesanna
MHH,, OAERT  HAPACTAHMA CpeaH.,  HOBJIEHAA
HANPSKERNR TOKa, ab  ycunemms  cpepn,  MIm  cpemm,
B Ly MHH, B/mrc MEC
aB/i'n!"? pafnie 10
0,1% 0,01%
Ha 4actoTe Ha wactore
0Ta | glo 10 T | k'
25 8 1.4 1.4 86 60 7 20 25 10 Manourys AmmEii;
NEKOMITEHCHPO-
paHEBI-OPA 102
i} 7 0.4 0.4 100 1000 2 2 6 10 Manei mym, Ma-
ot CMELICHHE
14 3,5 10 10 g0 100 20 10 -- —  Hapmessumi mym
cpenn OY ma ITT
¢ p-n-mepexo-
ZOM, HMITYALC-
HEIA LIYM OTCYT-
CTBYET
100 12 10 10 86 200 3 3 — 4 456 u 457 Gonee
BrIcTPOREHCTEY-
HOLLHE
70 0 — — 80 250 3 ! 35 4,5 CasoerHpli =
AD642, 647
80 a0 — 2 86 300 LB 1 6 7 ¥Yayamennsri
LF441; copoen-
Byl = ADG48
43 18 — 10 86 200 20 4 09 I ¥ayuueHHEBTH
LF411;2
28 14 2 2 90 150 13 5 1,2 1,6 LTI056 ma 20%
GricTpee
20 10 50 10 74 300 8 8 | 1,1 Manomymamost
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38 13 — 7 o0 500 120 16 0,2 —  JexoMneHcHp.
(K=73)
60 23 — 10 30 100 30 16 0.2 0,3 FBucTpoe YCTaHOR-
JIEHHE
32 15 0,6 0,6 36 40 35 6,4 0.6 1,5 CuersépenHBIi
23 13 0,6 0.6 86 40 35 6,5 0,7 1 Manoe cMemneHme,
BHCTpOE  yCTa-
ROBMEHHE
80 20 — — 74 — 94 20 0.3 0.4 HerxommencHp.
(K > 50)
30 13 1,3 1,3 B0 100 35 13 1 2,1 ¥nynuennwf
LF356
45 18 — 10 92 250 75 13 04 0,5 Manre nepexpecr-
HblE HCHAMEHNA
(3-107%); nexom-
NeHCHpOBAHHLIN
(K=>2)
£ 25 — 100 o8 200 100 16 0,3 0,3 BsicTpot YCTAHOB-
JIEHAE
28 14 2 2 28 150 26 B35 0.8 1,8
LI¥» = 10 — 120 1000 0,5 0,5 — — *15B Ug,, y 430
KOHAEHCATOPB
BCTPOCHB!
3 - 10 = 120 1000 0,13 013 — — £I15BU,,y432
HOEI[BCIICETGPLI
BCTPORHK
2 — 10 — 120 1000 25 1 — —
Tan Haroro- Bxopmnoe HanpaxkcHAHE Bxonmo# Tok, HA
suTens
CIBHTE, apeiig CuMeinesna Cnsnra
mEB
TEMITE Biil, B HHOH,
B e
‘THI. MAKC, THIL, MAKC. THI. THI, MAKC. THI. MAKC
TSCHO0A TS — 5 0,02 0,05 — —_ 0,05 0,50A —
TSC901 TS 7 15 0,05 0,15 — 0,03 0,05 0,05 0,1
TSC911A TS 5 15 0,05 0,15 — — 0,07 snA 0,02
TSC915 TS 10 0,01 0,1 — 0,03 0,1 0,05 0,1
TSC918 e 50 04 0.8 — — 0l 0,5nA —_
LTC1050 LT 0,5 5 0,01 0,05 0,05 0,01 0,03 0,02 0,06
LTC1052 LT 0,5 5 0,01 0,05 0,1# lnA 0,03 SnA 0,03
ICL7650 IL + 0,7 5 0,02 0,1 0,1 4mA 0,01 BnA 0,02
ICL7652 IL + 0,7 5 0,01 0,06 0,2 InA 0,03 0,015 0,04
TSCI6HVS2 TS — 10 - 03 — 0,03 0,1 0,05 0,1l

) Cm. npumedanme k Tabn. 4.1; ¥ npr K = 50; ¥ mxB or nmxa k muxy, 0,1-10 T, * mxB/mec'’?; ¥ nonroe
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Bxoamo#t wym, cpens. KOUIT Kospdr- Cropocts p Bpesa yeta-  Tpusevanus
ﬁﬂ MHeHT E&pﬂ‘-’-‘tlﬂtnl ﬁ?ﬂ, HOBMCHHA
YCHMEHKA nH., 1] Cpens.,
s A b MHH, Bixe s
B/l pa/futn 10° PR
0,1% 0,01%
Ha wacrote Ha mactroTte
0o 1klu 10To 1 kTo
4 - — — 120 1000 0,2 0,7 —  —  Manomomysiit
5% — - — 120 1000 2 0,8 — — +15B  nurasue;
MI‘FDEHHHE KOH-
OEeHCATOPE]
H» — —- - 112 600 2.5 1,5 — — Berpoenmnie  KoE-
NEHCATOPE, Imy-
MALIHEA
03 — — — 120 1000 0,5 0,5 —  — +15B nuranme
4% - - — 105 100 0,2 0,7 — —  Hepoporoii
6% — 22— 125 300 4 2,5 —  — BcrpoeHnue  KoH-
AEHCATOPI
L p— 0,6 = 120 1000 4 1,2 —  —  Vnyumenssii 7652
2" — 10 —_ 120 6000 2,5 2 - —  Vaywmennsii 7650
07" — 10 —_ 120 6000 1 0,5 —  —  Vaywwenswi 7652
08" — — — 120 1000 0,5 0,5 -— — +I15B 7652

nutafne = 18 B (ecam me ykasamo uro-nmbo mpyroe); ® cnsoemmwii = 1024; V' cuerpepennpili = 1014,
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Tabauya 7.3. BeicTpopeiicTByromme npeun3nornsie OY

Tan Haroto- U.. AU, ? I €y C,» Cxopocrs

BuTens' . MAKC., MAKC. , Makc., MaKc., cpen. nd HAPACTAHHA,

E mMxB smxB/C HA HA npu 1 el cpeas.,
i HB/Tn'? B/Mkc

K

E g

- E g
EE @«

OP-37E PM + — x — 5 0,025 0,6 35 40 30 - 17
OP-42E PM x x — 1 0,75 10 0,04 0,2 13 6 58
OP-44E PM x x — 3 0,75 10 0,04 0,2 12 —_ 122
OP-62E PM — x x 1 02 — 100 300 25 — 15
OP-63E PM —x x 1 075 — 100 300 7 — 50
OP-64E PM — x x 5 0,75 — 100 300 7 == 200
OP-65E PM — x — | 2 —_ 2000 2.5MKA — - 200
CLC22] CL et | 1 15 — 10MxA 4 24 6500
CLC400 CL — x — 1 3.5 40 —_ 25mxAY 12 0,5 700
CLC401 CL _— — 7 6,5 50 — I5meAY 12 0,5 1200
LF401A NS x x — 1 02 10 0,1 0,2 20 7 70
OPAGD2ZC BB ® x — ] 0,25 2 0,001 0,001 13 3 35
AD7IIC AD ® o w — 1] 0,25 5 0,01 0,025 18 6 20
MS5738B KE — x — 2 0,075 I 20 40 38 3 3500
MS739 KE x — — 1 00257 03" 0,03" 0,08™ — — 5500
AD744C AD ®x x x 2 0,25 3 0,02 0,05 I8 5.5 75
ADR40OK AD — =% — 10 0,5 5 200 SmEA 3 1 400
ADR4IK AD — x — 1 | 20 200 SMEA 13 1 300
ADR42K AD x — 2 l 10 200 SMEA 9 1 375
ADR4SK AD ®x ®x — 1 0,25 3 0,05 0.4 25 4 100
AD3246K AD —_—— 2 0,2 2 — 1502 1.3 2 450
ADE47] AD — X 1 1 30 15™ SMEA 154 1,5 300
AD848] AD — x — 1 1 10 15" SnEA, 4% 1,5 300
LTI028A LT — x x 2 0,04 08 50 90 0,85 5 15
LT1055A LT ® x — 1 0,15 4 0,01 0,05 14 4 13
1435 TP —_x x 2 5 25 3o0™ 20 A 16 2 300
LH4105C NS ¥ — — 1 0,5 20M 04 0,6 - 40
HAS5I47TA  HA — x — 10 0,025 0,6 35 40 3 — 35
AD9611B  AD — e — ] 3 20 - 5 1% 3 1900

U Cm. npumesanns x Taba. 4.1, ¥ ToxouyBcTRHTEAbHBIH HHBEPTHPYIOMK BXOA; NpeaCTaRICHHBIH TOK CMEILICHAR
OTHOCHTCA TONLKC K HERHBEpTHpylolmemy Bxoay. ' C towmocteto 0,02%. * TMps 10 xTn. *' B noncce or 5 mo
280 MTu. ® Vcroiiums npu pabore s marpyaky 1 pb. ¥ Tunmanoe 3nasuecnue.
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Seps Bpems ycTanoe- - ) 8 g Paamax Maxkca- Tprmeuasnna
Tii: NeHnA CpenH., Cpean., 1 -4 = E HANpDAKEHHA  MabHLIH
o HC Om i " 2% B Harpy3ke BBIXOOHOH
o g Eu TOK, MA
ﬂul ﬂ-"%‘ nnul % E‘.\& < i = :t Uﬂu L] 'Rn'
36: g B g :n- B O
S'E & E 28
g o :ah; ‘§L %3
63 1000 — 70 10 71 0,7 11 600 5  ManowymsamaEi (me-
kommerc. OP-2T)
10 450 700 50 15 47 40 12 600 6 VYcroRuME npH  HAa-
rpy3ke 300 nd
20 200 3o0? — 25 53 40 —_ — 7  Dexkowmmenc. OP-42
50 — —_— — - — 5 12 GO0 e
50 - e — — — 5 12 GO0 —
200 — —- — - e 5 12 600 —
150 — — — — - 5 35 500 50 + 5 B nuTauue
—_ 15 18% B 12 — — — — 30 T'n6papsbi
280 10 15 — 0 — -— 35 100 70  MoHonHTHBIA; npe-
obpasjopaTeis CO-
MPOTHENCHAN
2100 10 13 — 0 —_ —_ 35 100 70 -
16 200 340 50 — 55 32 12 600 12
6,5 700 1000 80 20 40 36 10 600 4  Manoe cMeleHRe
4 1000 — 10 — 20 10 600 2,8 Henoporoi
1500 30 200 2 5 — 12 12 100 120
— 15 i — — - - 12 100 120
13 400 500 — 4 70 36 12 600 4  Cpepxmansie  Hemu-
HERHLIE HCKAKEHHA
(3:10°9)%
400 80 110 15 20 — — 10 500 50  Jexommenc. 841
40 80 110 5 20 — - 10 500 12 BepTuk. pnp, none3Ha
NEECMIEHCALHA
80 80 110 5 20 - - 10 500 100 [dexommenc. 841
16 250 300 —_— — — 20 12,5 500 10,2
40 80 110 16 20 — 18 10 500 7  ManourymMammi
50 80 - — — 50 6 10 500 5,6 Bepruk. pnp, noneina
MEKOMIIEHT.
250 B0 — — — 50 6 25 150 20  Bepmax. pnp
15 — — 80 5 50 0,7 12 600 10,5 Ceepxmansiii urym
5 200 1800 60 10 — 40 ] 600 4  LTI056 Gucrpee
1000 40 70 — 1 25 4 7 500 30 TI'ubpuonbi
18 — 500 — —_ — 30 10 100 25 Het orpasuyensn mno
TOKY
140 400 — 70 20 —_ 0,7 11 600 4  ManowmymMmammia (ge-
kommencup. OP-27)
280 13 — 0,03 4 — — 3 100 50 ObpatHas cBAIL NO
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Tafiauya 7.4. BrcrpogeiicTeyiomue GydepHble YCUIHTENH

Tun Wirotosn-  PexsM Manoro Hanpamenne Pexum Gonslioro curaana |/ MpaMedanas
Tens ' CHIHANA MATAHAS, MAKE.,
+B Cropocte  Maxcemane- Pasmax sanpaxeaus MB
Crnan AYX Z... om  saxc,  PAPICTAMHA, HEH Brxoa- Ha BRIXOAE
m B/muc IID:MT;I.
Mo Mo U"'ii‘ S’"
LTI010 LT 40, 15 7 25 20 200 150 12 E0 150 MononuTueii, € orpaHiyeHieM oT
LHO002 NS 50 60 & & 2 200 100 10 50 30
LH4001 NS 50 —_ & 5 22 125 200 1o 50 50 10-mwTaipukobwi kopnye DIP
LM6321 NS 50 40 5 5 16 300 300 10 50 50 Muen-DIP; sammra ot neperpeea; m
AHOOI0 OE &0 —_ 20 & 18 1500 104 10 100 0 Muun-DIP; oy xe 9910
BUF03 PM 63 0 2 6 18 250 0 10 150 & MowoarTHE
EL200] EL 70 — — 5 15 500 100 — — = Muar-DIP; mMosonsTHbHE
LH0033 NS+ 100 80 6 5 20 1400 100 10 50 10 A vakwe EL2033 u ap.
1490 ™ 100 — 20 12 18 500 104 — - 20 MT-sxom
HA3002 HA 110 — 3 — 20 1300 200 11 100 o MoronurHesit
HOS5100 AD 125 — 8 5 20 1500 100 10 100 10
MAX460 MA 140 65 4 3 20 1500 100 10 100 5 MoHONHTHRIE
LH4004 NS 140 — = 4 15 1 500 e 10 50 15 [IT-pxon; sHemmAs obpaTHAR CHAIL
EL2005 EL 140 60 4 5 15 1500 ({i1] 10 100 5 [T-sx0on, npemsisoasil
EL2002 EL 180 - - 5 15 1000 100 - — — Munn-DIF; mMomommTHsE
LHO0063 NS + 200 0 I -] 20 4000 250 10 50 25 aUYeprosckn Buctpeiit: Gydep
MSK 330 KE 200 —_ 2 —_ 1% 3000 200 13 100 25
LH4002 NS 200 150 6 4 B 1250 60 2.2 50 50 BuoeoycHamTens
9a1l OE 200 —_— & 11 18 1000 5040 10 20 20
9563 OE 200 — 3 6 18 3000 20 10 50 50 MT-exon
1359 TP 250 &0 5 123 18 1300 100 10 100 15
LH4003 NS 250 — — 5 3 1200 100 i 50 15 BrpoeoycnnTens; BHEERR obpaTHas
HAS033 HA 250 B0 5 5 20 1300 100 10 100 15 Muun-DIF; mosonmTubii; 8 Tapse A
OPAB33 BB 275 150 5 5 16 2500 100 11 50 15 MonoauTHb
3553 BB 300 60 I 5 20 2000 200 10 50 50" HaommpoBaBHLE METANARYCCRMA KOP
MP2004 MP 350 280 4 5 20 2500 100 10 1040 10 MT-exon; a tacke EL2004
LH4006 NS 350 - - 4 3 1200 100 3 50 15 BroeoycHARTENs; BHEWHAR ofparHas
EL2031 EL 500 — — — — 5000 100 = — = [T-pxon
CLCI11D CL 730 200 2 57 7 200 70 4 100 ) MosonmTasi

Y Cw. opumevaned & tabn, 4.1, 2 Hommsan, ¥ TunseEoe JHaueHe.
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Tabauya 7.5. WamepuTenbHbie YCHITHTEH

Tun I[IT- Hamm- IMuTanne MakcHManbHBE BXOABKE MOTPEmHEOCTH
BXOn qHHe

OC  ganpuwwenme, Tox CABHI HANPAKEHUS Tox, HA

no B Makc.,

TORY MA BT puix

MHH. MAaKC.
mB meB/SC mB MeB/“C cmMemenEA casura

AMP-01A — ® 9 36 5 0,05 0,3 3 50 k! 1
AMP-05A ® % 10 16 10 1 10 15 100 0,05 0,025
LH0036 — — 2 36 0,6 1 10% 5 15* 100 A0
LHOD38Y — — 10 36 2 0,1 0,25 10 25% 100 5
INAIOIC — —_ 10 40 8.5 0,025 0,25 0,2 10 20 20
INAIO2C — — 7 36 0.8 0,1 2 02 5 30 10
INAI4C — — 10 40 10 0,025 0,25 0,2 10 20 20
INA11OB * — 12 36 4.5 0,25 2 3 50 0,05 0,025
LM363A —_ ® 10 36 2 0,05 0,5 10 250 5 2
ADs21 — ® 10 36 5 3 15 400 400 B0 20
AD522 e =y 10 36 10 — 6 0.4 50 25 20
ADs24C _— — 12 36 5 0,05 0,5 2 25 15 10
AD624C — —_ 10 36 5 0,025 0,25 2 10 15 10
AD625C — — 10 36 5 0,025 0,25 2 15 15 5
ICL7605% X — 4 18 5 0,005 02 —_ — 1.5 —

I} Tym 1 NOTPEIIHGCTH MOTYT GLITH pa3nenens! Ha COCTABAMIONNE, 00YCTOBNEHHLIE KAK BXOOOM, TAK H BHIXOAOM.
Monmsiit mrym (waM norpemmocTs), TakMM obpasom, maeTca seipawennem Bx. + Baox. /K. ¥ [udepenmmamsuoe
noaEoe BXoaHoe Hanpmaenue npessnuaet | F'Ow, 3a ucxmogenmens LHO03E (5 MOum), AMP-05 (1 TOw) v INALIOB
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lym KOCC = Monoca npo- Mlupuma mono- Bpems ycTaos-
HA MOCTOAHHOM = NMYCKAHAN chl MPOMYCKAHAA Neud go 1%,
HANPAKEHHE  HANPIKEHHE g TOKE, MHH., = -3B5, npH TOTHOCTH MEKC
(0,1-10 T'w), (10 Tm- = | kl'm 1%, kl'o
MkB oT nuka 10 &), = c=
K THE .
y B () G =%
x.”  memx"  Bx.!  pex! 5%‘ K=1 K=10° Eﬁ K=1K=10 K=1 K=10 K=1 K=10°
0,1 13 0.5 — — 85 125 4.5 570 26 [2 50
4 7 3 — ] 90 110 1.5 3000 120 — —_ 5 5
— — 5 — —_ 50 100 03 350 0,35 — - 8 600
0,2 — 0.6 — 10 — 114 0,3 —_ 1,6 — - — so*
0.8 - 1.5 — 50 &0 106 0.4 300 2.5 20 0,2 30 500
0,1 - 2.5 g 20 90 90 0,2 300 0.3 0 0,03 50 3300
0.8 — 1,5 — 50 80 106 04 300 2.5 20 0,2 30 350
1 B 5 10 — RO 106 17 2500 100 — — 4 1%
0,4 100 12 100 15 100" 126 0,4 2007 30 0" 5 20M 70
0.5 150 1,2 30 —_ 70 100 10 2000 40 75 [ 7 is
1,5 15 — 15 — 75 100 0,1 300 0,3 — —_ 500%  20000%
0,3 15 0,5 10 40 80 120 5 1000 25 10 S50
0.2 10 0.5 10 40 80 130 5 1000 25 — -- 10 50
0,2 —_ 0.4 7 30 80 120 5 650 25 —_— — 15% 75%
1,7 — — - — 100 100 05 001 0,01 MeLIEHHBLI MenNeHHERI
(5 TOMm). * Muanason xoahduumenta ycuwnenus 10-2000. ¥ Ho 0,01%. * Tun KAH (cm. pasn. 7.10); 7606~ Ges

qacTOTHON Komnencaman, * K =500 K =10. * 0,01 To—10 I'n. * Tunuunoe 3HAYECHAE.
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Tabauya 8.2, WUpentrunsie BesTime & cemedcteax TTJI m KMOII

Hanmegopaune  Bupameuse Cumponmuec- CeMponuvec- Tun Konuuectso Homep anemenTa
koe ofoima-  koe oboama- BeaTHNER B
HeHHE YEHRE AR Kopnyce
OTPHIATENb= KMOI1 Tl - ALS AS F LS C Al
HOll NOrHEH
H AB 2-pxonn 4 4081 7408 W v Vv ooy
:D‘ e 5 S s 3 4073 7411 VvV
— 4-proma 2 4082 7421 v v W W
H-HE AB 2-sxona 4 4011 7400 VooV W Y
:DD' :D 3-sxoma 3 4023 7410 vV OV OV VY
4-pxona 2 4012 7420 A W W v v
E-mxonos | 4068 7430 W ' Voo W
13-sxonon | - 74133 4 W
HITH A+B 2-sxoma 4 4071 7432 W VoWV
:[:)_ j:}r J-mxoma 3 4075 -
4-pxona 2 4072 74802 v
HITH-HE A+B i}_ :D_ 2-pxo03 4 4001 7402 A
3-proma 3 4025 7427 W v V )
4-pxona 2 4002 7425
S-pxopos 2 = 74260 W
- E-sxonos | 4078 -
Huseprop A |> 2 :D 6 4069/4049 7404 v v vy oy
8 74240 v Y. ¥ ¥
[MosTopuTens A | > l:I } o 6 4503/4050 74365 WV W W v
8 T4241/244
Heaxpapanent- A@B D jD_‘ 2-mxopa 4 4070 T486/386 v v v v
HOCTE (—135)
FEBABAIEHT- ADB jDo_ D 2-xoga 4 4077 74266 v
HOCTS {— 135)
H-WITH-HE 2-2-pxonos 2 4085 7450/51 v v
2-2-2-2-mxopos 1 4086 T453/54 v
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Tabauya 8.4. Bydepsl

Tun Pazpan- Ywmeno Brixonsas BaTpy3Ka " Bxonm  Breixop® INMporuson.  [Ipumedanus
HOCTh KOHTAK- paipe- pacnon.
npaMoil  MEHBEpPC- TOB  OTTOK, cTOK, cemeli- wenns® BLIBO-
HhI MA MA CTBO nop "

‘125 - 4 14 24 2-6 LS 4H ic - Pazpemenne
Ka:KI0TO
paspaaa

‘126 - 4 14 24 2-6 LS 4B ic - To xe

365 " 366 6 16 24 2-6 LS 2H ic -

' 367 '368 6 16 24 2-6 LS ZH ic - Paspeuienune
2,4 papance

"1034 1004 ] 14 24 15 Ls - 2C - T4 AS nmeer
48/48 mA

‘230 - 8 20 &4 15 AS 2H ic - 4 npameix, 4
HHBEPCHBIX C
paipe,

- 31 8 20 64 15 AS H.B ic - Paspeinerne
4 pazpAnos

+241 - g 20 24 15 LS H.B 3iC - Paapemrenne
4 paapance

" 244 "240 B 20 24 15 LS 2H ic -

‘465 " 466 B 20 24 2-6 | I ZH ic - Paapewenne
4 palpajnop

‘467 " 468 B 20 24 2-6 LS 2H ic - Paspeurenne
4 pazpajos

"541 "5340 B 20 24 15 LS 2H ic -

' 656 "B355 8 24 64 15 F 3H ic ¢ Ileepanun
Gura naputeTa

'2966  "2965 B 20 12 1 2H ic - R,.. = 250 m, pa3-

peil. 4 pajpancs

‘827 "B18 10 24 64 15 F 2H icC . Am 29827/8

* HarpysouHas cnocoGHOCTE MM ykalaHworo cemefictea; ® mxonw PA3PEINIEHWA, BBICOKHMH wim HHIKHIA
akTuBHLIA ypopens, ® 2C-2 cocrosmus;, 3C-3 cocToARNMS; " NPOTHBOMONOKHOE PACHOJIONEHHE KOHTAKTOB BXOAA
H BRIXDJIOR
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Tabauya 8.5. IlpueMonepenaTaHEn

Tan Paapan- Ymcno Uncno Buxommas Pazpeme- Pacnono-
HOCTh KOHTaK- permc- Harpyska wed, Bel-  [pamedanns
MpA-  HHBEP- TOB CTPOB BOLOB
MOH CHELH OTTOK, CTOEK, YPOBEHbE peXHM IMpPOTHBO-
Md M nonoxgoe "

'243 ‘242 4 14 - 24 15 H,B JIn

'245 - g 20 - 24 15 H HP

543 544 ] 24 2 H Jin

‘545 - ] 20 - H HP -

" 550 551 g 28 2 H Jim - Am2950/51

552 - g 28 2 H Jin - + reHepanHA
napATeTa

" 588 - 8 20 - H HP PeancTropras
HArpy3Ka
wine 488

'623 ' 620 8 an - 24 15 H.B JIn ‘6212
umeroT OK

'639 "638 8 20 - 24 15 H HP 3C B onHOM
HAMpaBISHAH,
OK & apyrom

"fd3 - 8 20 - 24 15 HP Q u Q' BexooH,
" 6dd-pxoou

"645 640 8 20 - 24 15 HP "641/2 umetoT
swxon OK

' 646 "648 B 24 2 24 15 HP "647/3 umeroT
Buixon OK

'652 ‘651 8 24 2 24 15 H,B JII ‘6543 umetoT
3C u OK-prixomst

"657 = 8 24 - H.B HP + resepamus
NAPHTETA

12623 2620 g 20 - 12 2 H,B JIn 25 OM BHIXOOH.
CONpPOTHBICHRE

'2645 ‘2640 B 20 = 12 2 H HP 25 OM BBIXOIH.
CONPOTHBNEHNE

"2952 '2953 ] 24 2 24 6.5 H JITT "2950/1 umeer
NOATBEP#ICHHE

* nna LS cemeficrea; ® HP-manpasnenue u paspewenne Bxomos; JII-oTaensAbie BXOON PaspelicHHA NepenaTd
BJIEBO H BNpaBo; * pacnonoXkeHHe KOHTAKTOB BBOMA/PHBOOA MPOTHBOMONOXHOE; "' BCE BLIXOAH HA 3 COCTOSHEA,

EpOME OTOBOPEHHBIX.
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Tabamma 8.6. Heumdbpatopst

Paspan- Yucno  Yscno akTHB- Brixonnr Paspe-
Tun gpocTL ™ KOHTAK- HEIX YpOB- menne Iipumeaanda
TOB ueil paspewe- K-mo AkTupE. Beixoma®
mux, B/HY ypoBeHE ™

42 4 16 0,/0 10 H - *156 umeeT BRIXOM
¢ OK

131 3 16 1/1 8 H -

"137 3 16 171 8 H - D-Tparrep Ba BXOnE

"138 3 16 1/2 8 H -

139 242 16 0/1 + 1 4+4 H -

155 2 16 0+ 1/2+1 4+ 4 H - 3amenka Ha Bxofe

"538 3 20 242 8 B 2 *537-*1 m3 10"

539 242 20 0/1 +1 444 B 141

' 547 3 20 21 8 H - Jamenka Ha BXOJE;
ACK-pbxon npx
paspeIucHER

548 3 20 2/2 3 H - ACK-srixon npn
paspellieHdy

% muoroceRnHOHHOCTE oOo3Hadaerca kax “X + Y", rme X ® Y-umcno paspagoB B KamOO# CERIMH;
8 B/H-nokaseiBaeT YHCAO AKTHBHLIX YPOBHell pa3spelieHHs, /Ul MHOTOCEKIHOHHLIX CM. 3amMedaHne (a);
» B-akrtueustii BBICOKUH yposens, H- HU3KHH yposens.

Tabauya 8.7. KoMmapaTopsl

Uncno Heobxonn-  Paape- Berxoas!
Tun Paspan-  KOHTak- MOCTH BXOO- me- Jamen- IMpumeyasns
HOCTH TOB HOTO HAIDY-  HHE ka @ Q' < >
304HOTO pe-
JIHUCTOpA

"85 4 16 - - - .

'518 8 20 Ha - - - - OK, ’'519 ue tpebyer
BXONHOTO pPe3HcTOpa

"520 8 20 Ha - - - = "52] me Tpebyer RxOn-
HOTO De3HCTOpa,
'522-¢c OK

524 8 20 - - + 3amenxka c noca/napan.
JArPY3KOH H C BHIXO-
noM Ha 3 COCTOSHHA

682 8 20 Ha - - — - - '683 ameer OK-prixon

‘684 3 20 - - - - - - "685 mmeer OK-BEIXON

' 686 8 24 = - — —  — "6B7 mmeer OK-semion

‘688 8 20 - = - - - "689 mmeer OK-srxon

866 8 28 - - - 3aiuenks Ha Bmxonax P
u Q, cbpoc Q; norn-
HCCKOS HAH apHpme-
THYECKOE CpaBHEHHE

‘885 8 24 - - P - - + 3amenxa Ha exone P;

NOTHY. HAH apadM.
CpaBHEAAE
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Tatauya 8.8. OgrosuOpaTopH

Tun Yueno Ymceno xou- Jlornaeckuid Copoc Ilepera- Hanuuwe Bnokn- IMpumeuanne
ceknHii  TakTOB 3aMycK Myck BCTPOEHHO- pOBKa
ro pesncro- copoca®
pa”
121 1 14 (H+H)=xB = = - [penusnossbi
121 2 16 BxH H - - Ecre [lpenasnonsbii
‘122 | 14 (H+ H) x H Ecte
xBxB
'422 1 14 (H + H) x H Her ‘122 Bes zamycka
*xBxB
123 2 16 HxB H - Ecre ‘123 Ges szanycka
‘423 2 16 HxB H - Her
4098 2 16 H+B H - Her
‘4538 2 16 H+B H - Her ‘4528
9601 1 14 (H+H) x - - -
*xBxB
9602 2 16 H+B H - Her

% BEyTpeHHHH pesucTop cuHxpoEHM3annd; * [emepupyer mmmynnc

JOTAMECKOTD 3allyCKa

Ha seipoge CBPOC npu manayuu

Tabauya 8.9. Peructpet D-Tina ® samenxn

Tun a Pacnonoxe- /0" Bexom™ [MpaMedanAs
o HHE BHIBOOOB
D-tuna 3amenka D-tuna 3amenka E NpOTHBONO-
§ 5 E noxuoe ™
HE
SiE g
B T A
173 - - 4 16 A - 35
‘175 375 175 ‘375 4 16 A = 25
‘298 - - 4 16 - - 25  MynbTHILIEKCHPOBAHHLIH
BXOO
379 - 379 4 16 - 25  Amanorsues '175, HO
CLR - EN
‘398 = '398 4 20 = - 25  MyasTHRAEKCHPOBAHHBIR
BXOJ
'399 - - 4 16 - - = 25  MyneTHMIEKCHPOBAHHLIN
BXOO
‘174 - ] 16 A 28
‘378 - ] 16 = 25  Aganorsven ‘174, vo
CLR =+ EN
273 - - - g 20 A - - 28
'374 ‘373 '534 '533 g 20 - - - is
'377 ~ - - g 20 - - - 2S  Amnanormues ‘374, Ho
35 -=EN
- 412 - 432 8 24 A - - 35  Intel 82/2; 68T cocTOAEEA
‘574 573 '564 563 8 20 - 3 - 38§  Pacnonoxenme  BLIBOAOE
'374/3; Taxoke ‘576,580
‘575 - 577 g 24 s - 38 574 c CHHXPOHHEIM BXOZOM
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'825
'B23
'821

‘396

'B74
'B78

845
'B43
B4l

‘826
'B24
‘822

‘876
879

'84«\5

842

‘880

5w

4+4
444
444
8+ 8

8+8

BREE

28

-

= s
- s
- 35
- 25
- is
- 35
- 25

- 25

Am29825

Am29823

Am29821;  10-paspanssii
374

KackanuposaHHBIR

4-pa3panHLil percTp;
S-paspanHLIi BEIXOO

‘874 c cHEXPOHEEIM BXOAOM
CLR

MynbTunnexc. sxop;
"605-0K

'604 Ge3 puibpocos,
"B7T-0K

3 Cwm. takke «[IpHemMonepesaTiMkiy», HEKOTOPBIE W3 HHX CONEPMAT 3atuenxu. ® A - acuuxpoHmbii, S-cHEXpOH-
HBl; " COOTBETCTBEHHOE PACMONOMEHHE BXOAHBIX M BHIXOAHLIX BHBOACB; " TIpaMoil B HEBEpCHBH BXoms; * 2S-
OBYXTAKTHBH BRXOO ¢ 2-A COCTOAHHAMM, 35S -BRIXNOA € 3-8 COCTOAHMAMM.

Tabauya 8.10. CaeTaukn

Tun Paspsn- UYmeno Taxt™ Earp:ﬁ- C6poc® Cnome- Buison Bmxon”  Ipumeuanns
HOCTE KOHTAaE- Hie/Bei- npamoi/
ABOHYH. JB.-AEC. TOB THTA- © 3amen-
pre®  moi™

93 90 4 14 A - A - D 25  Hecrann. Uy, 3em-
as; '92-no mo-
aymo 12

‘161 ‘160 4 16 S S A - D 25

163 162 4 16 s S s = D 25

‘169 "168 4 16 s 8 - D 28

191 190 4 16 s A - D 28

‘193 192 4 16 ] A - D 28  OrpenbHbie BXODb
CHEXPOHHIAMMN
IR CYETA B TIPA-
mMoM B obp. mHa
NpPABNEHAR

97 196 4 14 A A - D 28

293 200 4 14 A - A - D 28 '93 co cramn. Uy,
IEMIA

‘561 560 4 20 8 B B - D 38

‘569 "S68 4 20 s S B : D 38 25LS2569/8

'669 668 4 16 8 5 - D 28 Vayumenssii '169

691 "690 4 20 8 5 A - B 38

‘693 692 4 20 s s s - B a8

697 696 4 20 s s A ; B as

699 698 4 20 s 5 8 B 38

4516 4510 4 16 s A A D 25 Bemxogw ¢
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- 4017 5 16 s - A - D 25

‘4024 - 7 14 A - A - D 23

69 ‘68 B 16 A - A - D 25

‘269 - 8 24 s S - D 28 Vagult DIP

‘393 390 8 14/16 A - A - D 25  Cpasoennerii ‘9390

‘461 - 8 24 s s 5 - D is  TIIMI

‘469 - 8 24 5 5 - D s I[IMn

'579 - ] 20 5 5 B D 3§ 8§ OByRampapnen-
HBIX FIHHHHA BRO-
na/BeIBOaA

5590 - B 16 s - A - L is

591 - & 16 S - A - L oK™

‘592 - 8 16 8 A A - L 28 B sxopos,
| mmxon (MAX
CNT)

'593 - 8 16 5 A A - L 38 B neymanpaenes-
HEX NMHEMA BRO-
na/BeiBOAA

779 = 8 16 s 5 - . D 38 8§ OByHANpaBneH-
HHX JIHHAA BBO-
na/BhlBOAA

"BET - 8 24 5 s A D 25 Vagm# DIP

‘869 - 8 24 3 s 5 D 25 Vagm# DIP

4520 ‘4518 8 16 S - A - D 25 TJlonox. ®  oTp.
pOHTH  TAKTO-
BBIX MMIYALCOB

‘40103 40102 g 16 S B A D D 28

‘4040 - 12 16 A - A - D 28

‘4020 - 14 16 A - A - D 25

‘4060 - 14 16 A - A - D 25

"OA - AcHEXPOHMBLIA, BCE TAKTOBEIE BXOAR THNA A CHYHTAIOT M0 OTPHNATENEHOMY (GpoHTY, S-—CHHXpOHHLIA, BCE
TAKTOBBIE BXOMB THNA S CYMTAIOT MO NOSoEMTENbHOMY (ipouTy; B—u No NONOKHTENBHOMY, B MO OTPHIATEILHOMY
¢ponty; ® D-Toasko Ha BeiyuTanme; Y M B npamom, W B OoTpHuaTensHOM Hanpapienus cuera; " 28-c 2-m
COCTOAHERAME (cocTaBHOH Bexoa); 3S—c 3-1 cocTosHEmAME; ' OK —C OTEpPHITEIM KONNEKTOPOM,
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Tabauya 8.11. Casurossie perucTpsl

Tun  Paspan- Ymcno Mocnen. (S)  Hanpaes- 3awen- Copoc®™ Bemoa™ TMpumevanus ™
HOCTE KOHTAK- MMapan. (P) JieHHe ka"
TOB

BXOMO BBIXOO

‘95 4 14 P/S P R - - 28
‘194 4 16 P/S P R/L - A 25
195 4 16 P/IK P R - A 25
295 4 14 P/5 P R - - 35
395 4 16 P/S P/s R - A 35
‘671 4 20 P/S P R/L 0 A 38 MynsTunnexcup.
ppixon. PC wm
3aenka, chpoc
Toneko PC
‘672 ) 20 P/S P R/L O 8 38 671 ¢ cHAXpPOHHEM
CLR
‘06 5 16 P/S P R - A 25 Toneko ana Bonb-
mOoA RATPYIKH
91 8 14 25 25 R = = 28
‘164 8 14 S5 P R - A 25
‘165 8 16 P/S 28 R - - 28
‘198 8 24 P/5 P R/L - A 25
‘299 8 20 P/5 P/S R/L -~ A 3§  ObwMe BLIBO/ILI
BEOJA/BEIBOAA
322 8 20 P/5 P/s R - A 38  Obumii mapan.
BBOA/BEIBOA
323 8 20 P/S P/S R/L - s 35’299 ¢ cHHXpPOHHEIM
chpocom
‘589 8 16 P/S 5 R I - 38 Owumcrxa npu
BETHYEHHRA
(Tonsxko PC)
‘594 8 16 5 P/S R 8] 2A 285 ‘599 ¢ OTKpLITBIM
KOIEKTODOM,
OTAENEHBLIA
cbpoc
‘595 B 16 8 P/S R (4] A IS '596 ¢ OTKPBITEIM
KONIEKTOpPOM;
cbpoc Toneko PC
597 L] 16 P/S 8 R I A 28 Copoc Tonsko PC
‘598 8 20 P/28 P/S R I A 38 Obuwmi mapam.
BBO/BLIBON,
cbpoc Tonexo PC
‘673 16 24 s P/S R 0 A 28  Obomi nmocne-
NOB. BBON/BLEIBON
¢ 3}-a cOCTOAHMA-
nar; BK, q'rﬂn
‘674 16 24 P/S s R - - 35 OBt mocnen.
BROM/BLIBOJ
‘675 16 24 5 P/5 R 0] - 25 3 cocrosamamu; BK, YT/3I0
676 16 24 P s R - - 28 BK

" O-pa Buxone;, I-ma mxone; ® A-acHEXpOHHBUL, S—CHEXpOHHEHE, ™ 2S—¢ 2-4 COCTOSHHAMM (COCTARHOM);
35-3-1 cocrosmmamy;  BK -pxon smifopa xpacranna; YT/3[1-exon srenne/3amucs.
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Tabauya 9.1, JlorHueckue cemelcTsa

CemeficTBO 00 74 fh u Uperr B Ilon saen-
(, b TS (e ) T A D = perinia
e MT:[ npu Magc., MA MHH. HOM,  MakKcC.
THIl., MAKC., IMI'n, MA
HC HC sBT/BeHT.
KMOII
AC 3 51 125 0,5 24 0 U, r2 2 Samm 3,3 6 1985
ACT " » » b B » 1,4 4.5 5 5.5
HC 9 18 30 0,5 8 0 Uu,n2 2 5 6 1982
HCT » » " » % ) 1.4 45 5 5.5
{I‘lpﬁ 0B 30 60 5 1,2 1,3 0 uv,.n 3 5+15 18 1970
4000B,74C
npe 5 B 50 90 2 0,3 0.5 0 " » n- »
TN
AS 2 4,5 105 B 20 0,5 1,5 4,5 5 5.5 1980
F 3,5 5 100 54 20 0,6 1,6 4,75 5 525 1979
ALS 4 il 34 1.3 B 0,1 1.4 4.5 5 5.5 1980
LS 10 15 25 2 B 0.4 1,1 4,75 5 525 1976
3CH
ECL 111 1.0 1,5 00 &0 = - -1,3 =519 =52 =521 1968
ECL 10K 0,75 1,0 350 40 - - -132 —-42 -—-45 =52 1981
ECL 100KH 1,0 1,5 250 25 - - -1,29 =49 =52 =53 1981
ECL 10K 2.0 29 125 25 - - —129 519 =52 =521 1971
GaAS
10G 0.3 032 2700 125 - - -13 =33 =34 =35 1986
-5l =52 55
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Tabauya 9.2. ConpskeHHe NOTHYCCKHX ceMeiicTs

K= 40008, | 40008,
oT HCT | HC |HC,AC|n-Mon| 7ac | 7ac
i TTA ACT AC |npu3,3B | BEWC [npuSB |npu10B

™ | oK oK A OK OK A B
HCT
her | oK OK ok | No | ok OK B
HC | ok oK oK NO | OK oK B
AC
HC, AC
maag| OK OK NO | oK | oK B B
n-Mon | o | ok A oK | oK A B
BUC
40008,
7ac | ok* | ok OK NO oK oK B
npu 5B
40008,
74C c c c c c i oK
npui0B

* C orpaHAYeHHEBIM KO3POHUREHTOM pPajBeTBICHHA MO BEXOAy. (+)-pabo-
Taer; (—)—He paboTaer; A —HCMONB3ylTe OTKPLITHI KOJIEKTOP C PE3HCTOPOM,
nogknoveHnbM K + 5 B, nnn npomexyrounstit seatias HCT, B - ucnoawayiite:
1) peanctop, nogkmogenssii k + 10 B; 2) anemente: 40109, 14504 wm npeobpa-
sopaTens ypobuell LTCI045; B-ucnonsiyiite snementsnl T4C901/2, 4049/50,
14504 unu npeobpazopatent yposaedl LTC1045.
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Tabauya 9.3. Komnapatopsi

Herounury nutauus, B

¢ g:
% % Cungasnsie Bxoa- E e i o5
% Hbie HAMPAKEHHA, _ onoxurens. OTpHUATEL-
Ten ¥ - 3 E ‘ B’ ‘g':;t HBlit Hbifl
r < 3 M maxe. g
E A I 5E R
£ 2 E'E 5 3 8 £ E

CMPOI1 PM 1 110 28 09 - u. L. 11 5 30 0 =30
CMP02 PM 1 190 08 0,003 - v. U, 11 5 30 0 =30
CMPO4 PM 4 1300 1 0,1 + =03 30 36 3 36 0 =30
CMPO5 PM 1 40 0,6 1,2 - U. U, 3 5 6 —52" -—18
LM306 N3 1 28 6,3 5 - -7 7 5 12 - -3 -12
LM311 NS 12 200 3 0,1 - U,=3 U_+30 3 5 30 0 -30
LF311 NS 1 200 4 000005 — U, =30 V_+30 30 5 30 0 =30
LP311 NS I 2000 7.5 0,1 - { F V.+30 30 3 30 0 =30
LM319 NS 1 80 4 0,5 - u_ V. 5 5 30 0 =30

LM339 NS 42 1300 b 0,25 + =03 36 36 2 36 - -

LP339 NS5 4 10000 3 0,025 + -03 36 36 2 36 - -

TLC339 T1 42 2500 5 0,005™  + -0,3 U, 18 3 16 - -

TLC3702 TI  2/4 2500 5 0005 + —03 U, 18 3 16 - -
LM360 NS 1 14 5 20 - L. u, 5 4.5 65 —45 -—63
LM361 NS 1 14 5 30 y =6 6 5 5 15" =6 =15
LP365 NS 4 2000 6 0,075 + -0,3 36 36 2 36 ] —36
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TLC372

CMP404
TL510C
NES521
NE522
NE527
NE529
Am685
Amb686

Am687
Bt687

ADT90K
TL810C

LT1011
LT1016

LT1017
LTI018
LT1040
SP1650B
EL2018C

EL2019C

TT  2/4

PM
T1
SN
SN
SN

AM
AM

AM
BT

AD
Tl

LT
LT

LT
LT
LT
EL

EL

...-
———— S e

[ S 8]

12

el B S ]

650

150
10

3,57

6™

BJ

0,3
35

0,5
3

| nkA™

0,025
10

0,015
0,075
0,0003
0,3

0,3

L+++ |

- 477 -

—'0.3 U+
= 7
-5 5
=5 5
—6 6
-6 6
=4 4
—4 4
-4 4
-18 18
=17 7

U_-06 U, +06

u. v,

=03 40

=03 40

U_+03 U,-03
-3 25
u_ u,
v U,

L, —
ﬂ\G-UILﬂﬂ\G\LH‘I oo

=]

& &w

1,1

4.5

4,5

18

14

10
10

18
14

=! =88

18

-3 -7
L S
—5a .
-6 —10
-6 =10
=520 .
—6" -
=52 o
-52"
0 —-18
—3 -7
0 —136
0 -1
—52m
—45 —=I8
—-45 -—18



Buixoassie napameTpsl

. =] :
Obumtt 8§ E g § 3 G Tpumeanns
. [+ ]
’E §
MHH. MaKC. 82 E § -} o E=u
R A EY] i &
Ul B
E 5 § o+ ¥ E 2 E g
5 ¥ 00 - + + + = + = = = H 32
5 ¥ S50 - + + + - + - = = H 32 IMpeuw3noHABIH
1 % 200 + + + = + = = = = 3 30 TlpeoMImoHHEIE BAapHaHT 339
85 24 16 + -+ + - + - - + 3 ~  BeicTphiit mpeuH3IBOHHELR
- N 40 + -+ + - + e - 3 24 Bonemoff sexogHoR TOK
45 3% 200 + + + + + = = = - H 40 CxnoHeH K TCHCPALMH; UIHPOKO
pAcHpOCTPaHeH;
caBoeHARN-2311
45 36 200 - + + + + — - - - H 40 311 ma MOII-Tpas3scTopax
3 v 200 -— + + + + - - - - H 40 Manomommsii 311
45 3% 40 - + + + + = = = = H 36
2 36 200 4+ + + = + = = = = 3 30 Camplii  pacTpoCTpPaHEHHLIN,
MaOMOIIHEIH, CABOCHHbIH-
393
2 36 500 + + -+ - + = = - - 3 30 ManomowEsi saprasr 339
3 16 - + + + = 4+ = = = = 3 182 Ha MOII-rpaniucropax;
casoerERkfi-193
3 16 - + 4+ 4+ = = 4+ = = = 3 U, Ha MOII-TpansucTopax;
cYeTBEpEHHRIH-3704
9 13 3 + - + + - 4+ + - = 3 - Amanorader 760
11 30 3 + -+ + - + - + - 3 7 Amanormuen 529
4 3 W0 - + 4+ + At = = = = H 36 [porpaMmEApyeMslil; TeXHH-
qecKHe NAHHBE NPH
I = 10 MxA
2 18 20 4+ + + = 4+ = = = = 3 18 Ha MOII-Tpa3kcTOpax;

cueTBepeHHLH-374

- 478 -



5
15
9.5
9.5
10
10
9.7

9,7

35
15

L Lad

10,5
10,5
20
14
14

14
12

36
21

36
14

16
36
36

++++++++

+ o+ +

+

-§

+ +++++

I +++ ++

+ + I+ 1 ++++++

+ 1 +++

=+

+ + ++ e+ EF ot

+ +++ 1

+ 1+ ++++1

+

+

+ 1 +++ +

+

- 4+
- +
S
+ o+
+ +
+ o+
- 4
+ +
+ +
-+ -
+ +
-+
- 4+
- 4+
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+

R

S QP S S R K T |

W oW wWww

WP Wwww W

L

Manﬂun-litmtﬁ
TL514C-cnpocHHERI

529 co cxemo@ JapnuarTona

3CI; xag CMP-07
Camuiii Getctpbiit w3 TTJI-kom-

napaTopop
3CI

3CI; camulil OnicTphii 687
THIA
BricTpoiii ¢ onERM HCTOTHREOM
+5 B
510 Gea cTpobEpOBAENS,
8§20 C-cnpoeHHBIHR
Ynyauwennnit 311
Camurii GHICTpPRI C OOAAM
HcrospAkoM +5 B
Manomommei
Manomoums#
MuxpomMornse,
3CIT; 1651 GuicTpee
BeicTpii, TOYHENH,
BONLTHHIA
BeicTprii, BEICOKOBONLTHEIH,

TAKTHPYEMBIH

BRICOKO-



Tabauya 9.3. Komnaparopst

]
' :
8 E Cundasnue Bxop- X » Herounnkn nuranns, B
g E < HBEIE HBUP!]IEHEI. i i
Tun L} = 2 = - B* 'g‘:, Monoxurens- OTpHuaTens-
5 E & i e HEIH HEIH
g ~~ = MHH MaKC. o=
E E 2 E g 2 g §  amm Makc. Mum  Maxc.
E 5 %E 3 < g 8 g
s 2 &E 5 I 0o <8
CA3290A RC 2 1000 10 000004 + U_-=5 U,+5 36 4 36 - -
RC4805A RA 1 22 0,3 1,2 —4 4 3 4.5 35 45 =16
HA4905 HA 4 150 7.5 0,15 + U_ U, 15 5 30 0 =30
V7695 VT | 1,5 5 5 - -5 5, 35 - 6 - —6
V1697 vT 2 2 5 5 - -5 5 35 - 6 - — b
SPO6RS PL | 23 5 20 - -5 3 L1 5= - =53w _
SP9687 PL 2 28 5 20 = —5 3 59 5™ - =52 -
MCl14574 MO 4 20000 30 0,00005 + =05 U,+05 U, 3 15 - -
SP93808 PL 8 10 35 9 - u_ U, KN L5 73 —-49 =55

" cm. cHOCKY K Ta6n. 4.1; ® ma crynenske 100 MB ¢ neperpysxoii 5 MB; ¥ paGounii Bxognoil IHanalon B cHEQAaIEOM
peXRHME BETIOMAET OTPHIATENbEOE HANPAKEeHHe, " MAKCHMANLERNI ORanaioH Gea npofof BXOMOR, BEE ARAMA30HA
paboTocnocobHoCTE HE TapaETHpYeTcs; V' MaKCHMANBHO AONYCTHMOE HANPRKCHHE MEKAY BXOAHBIMH BHIBOJAMH,
¢ cnocobHOCT: MPHARMATE CHTHANE! 0BEHX MONAPHOCTER W YNPABNATE YHHNOMAPHOH NOTHKOR, ™ 3 - BRIXOA NMpemEai-
HadeH anA ynpasneaus 3CJ (npn-TPaHIKCTOP C OTKPHITHIM IMETTEPOM); 3—Ha BaXone 3emns; H - HH3kE# ypoBeH: OT

- 480 -



BrixonHble napamMeTprl

= e
Obumit 2 c% E E g E- a % g E MpumeyaHAs
'n = = _E—- = 0 3. a
= B [
= R RN R R NN
G I0 (ke D oE s
8 287 8 T 8Esgdi b & £F 34
4 3% 150 + + + - 4+ - = = = 3 36 Ha MOII-TpaE3AcTOpax
- 2 20 + - 4+ + - + - - + 3 - Cambiii GBICTPRIA H3 Tpemm-
3HOHHABIX
5 B 400 - 4+ + 4+ = + = = = H - Tubguil eixogsoif Kackan
- 12 - + - = 4+ = = 4+ = 2 =  CpepxbDuicTphiil
- 12 - 4+ = = 4+ = - 4+ - + 3 - Campiii GHICTPEU K3 CABOCHHEIX
- 12 W 4+ - - + - - 4+ 4+ + 3 — 3CI; CGuICTpHEIA BapHAHT
Amb685
- 12 300 <+ - - + = = % + + 3 -  DCI; bucTpel BAPHAHT
Am687
3 18 100 <+ - - - - + - - - 3 U, KMOII, nporpaMMEpYyeMEii;
TEXHHYECKHE [AHHLIE [OpH
100 mxA
65 13 20 + - - 4+ - 4+ 4+ = 4+ Ho - Cpepx6uicTphili OKTANbHLIA

HACHIIEHAOTO ApA-TPAHIWCTOPA, KOTOPBLIA MOMHO NOOKMIOYATE K MoboMy OTAHYHOMY OT HYNS HANPAKEHHND;
¥ MAaKCHMATbHOE HAMPAKEHHE, K KOTOPOMY MOXKHO MOAKMIONHTH BHIXOA C HEUIHAM pPEIMCTOPOM; ™ HOMHHANLHOE

IHAYEHHE;

¥ § QONONHHTENBHEI WCTOYRRE +5 B nas mutamms normks; ™ neperpysxa 100 mB; ™ Bpema ycTaHOBKH;

TOK cmemennA; ¥ nas peixoas SCI HononeayiiTe HeTOYHEER —5.2 B —10 B; ¥ THnopoe 3gavense,
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Tafiaya 9.4. Unpdpo-ananorosue npeobpaloBaTens

g T .
CF, : . P
- §F P E o @ . = §
Tusi g : E : g ; E E Uy B I MA Ovopmi g 5“ 2 Npuntesa
& y 2 = = g
= E =] E E i B 5 .E a E
: s 2 5 45 2 £ & 2 2
= £ E & = [~ E = =3 & O
ADST02  AD 3 4 | I 5 — 12 24 +6 1.8 Br Bacmn. —_ = 4.2 4 45 s useTROTO B
pa; CIT wan T
ADT225 AD 4 B Z U 00 + 4xB M5 +15 10 Buewm. H — _— —_ 13 Capocaanil ¢ Gy
T226 - omuHapa
pos
ADSS8 AD 1 8 i U+ 8 16 5=15 15 BuyTp. H — — — 6 [Monmwii, mpocT
HH
DACOEID NS | B 2 Io1op0 M B i 5=15 2 ofr Doo +25 H + + — Paasoaxs BHBOMD
paspagaore Dy
DATS2E AD 2 B 1 1 350 M g 20 5+15 01 or 0 go +25 H + — 6 COROSHHLIE, NPOC
DACE408 PM 4 B | ] 190 M 4x§g 28 +5 0,05 Baemnm. H - —_ Honyckaer cauTE
epon
Bi-110 BT & E 1 I 100 + ] 40 +5 30 Buayrp. + — —_ Owramumutit
AD7524 AD 1 ] 1 I 100 M ] 16 515 iR} or0Dago £10 H + -_ 5 Vumossonmd L
MpoM. CTARDAR
DACOE  AD | £E — 1 85 — 8 16 +3 +2, —6 Baewm. - — 28 — 1 Yerapeswmit, np
aapT
Bt-453 BT 3 8 T 15 8 40 +5 L60 Brewm. - — - 58 Manmwrpa 256 » 24
16 M npeTon
HDGO307T AD ) ] — [ 14 + 8 24 +3 185 BayTp. H — — — 43 Jlns BugeoMOHHT
75 O
TDCIOIE TR 1 ] 1 I 10 —_ 8 24 — 53 100 Baewn. —_ = 4 + Jas BHACOMOMHT
ADOTES AD 1 ] _ 1 5 —_ ] 187 +5 +15, =T Buytp. H — — 40 Bxogm T
TDCI3E TR 3 8 | I 5 — 3Ix8 & -52 200 BuyTp. H — — Aaa us. BRIEoMO
¢ BBRIC. paip.; |
PHUE, HCT.
TQ6112 ™ 1 B 1 o 1 — B 44 —-35 —9 3.5 Br Bacisn. _— - + Apcouna roanMs;
pati
IDTTC2S TD | 9 1 I & — 9 24 +5 B0 B, —_ = -
DACIO0D NS 1 10 2 ) 500 M E+2 20 5+12 0.5 or 0 mo +25 H -+ o Capocansift ¢ Gy
OeiCEbIE
ADTMR  AD | 122 U 5000 + §+4 20 +15 5 BryTp. H — — — 10 MoxEo Momoenba
HHM WET, MMT;
+5 B on.
ADTS3T  AD 2 12 2 1 1500 M B+4 245 +15 5 Buem. H — - 15
AD7548 AD 1 12 2 I 1000 B4 20 5=15 1 or 0 go +25 H * — 10
DACI230 NS | 12 2 1 1000 B+d 0 +15 1,2 or0'mo £25 H + —_ PAIBOOKA BRIBOAC
DACOZ30
ADS568 AD I 12 — ! 35 i 12 24 +15 +3, —8 Buytp. + — + 42
AD7534  AD 1 14 2 I 1500 B+4 20 +15 —03 0,5 or 0o +35 +  + — 17 75156 § Hmewon
PAOHYES LIIHY
ADSED AD | 16 2 u A0 E+B 8 +12 +6 +5 H + — - 28
DACTI/72 mee | 16 — [ 1000 4+ 16 24 45 +1510, +10, —30  Baymp. + — 1 — 45 Mpom. crarmapt;
PCM 34 BE | 6 — I 350 - 16 23 Ti-115 +13 Baymp. H — - 11 Undposan asyxo
wennii; U -3
DACT2ZY BB 1 18 — I 300 — 18 40 +35 18, +30, Bayrp. + - & — 141 U4 mxc; nns
+13 - MUK, A00H

* Owm. cHocxy k 1abn. 4.1, % M-ymaoxarowmi. ¥ Bee xopnyes DIF; S—ysmnlt DIP. ¥ H-nogerpoiice se tpeByercs, * [ns sarpysen 75 O
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Tabmuja 9.5. Auanoro-umdpobnie npeobpazobaTenu

i :
Tun u g g Kopnyc® Hanpmxe- Tok nura- U 2  [uanason sxop-
= E_ & ; HHE MHTA- HHA THIL, E HOTO e-
E E. E J nns, B MA HHA,
= o E“ E E 2 =
2 § & IS £5
g 52 £ % &+
HS9582 HS 6 M 0,07 18 +5 30 Baewmn. 1-5 + G—U“
TDCI047 TR 7 M 005 24 45 =52 420, —140 Brewm.-1 — 0-U
ADC0844 NS 8 I 40 20 +5 1 Breum, 1-5 + 0-U_;2U_
ADCO831 NS 8 M 32 B +5 1 Buewm. 1-5 + 0-U_;2U_
TLC548 TT & I 22 g +5 1,9 Brenm. + 0-5
ADGTO AD 8 I 10 20 +5 30 . —_ 0,25, 2,5
AD7575 AD 8 TIInn 5 18 +5 3 Bremm. 1,2 — ﬂ-EUm
ADC0OS20 NS 8 M 25 20 +5 B Bremn. 1-5 + 1 ZUﬂ
AD7820 AD 8 MM 1,6 20 +5 8 Buews. 1-5 + 0=U
HS9583 HS 8 M 0,2 24 +5 20 Beenm. +5B + 0-5
ADS002 AD 8 M 0007 28 —52 150 Brewn, — or —2 mo 0
ADT770 AD 8 M 0,005 40 +5; —52 270, 125 Breurn. —_ or —1 no |
CXAll176K SO 8 M 0,003 68" -52 300 Brewun. —  or =2 100
TDCI049 TR 9 M 003 64 -5.2 950 Bremm.-2 — oT =2 no 0
HADCTT600 HO 10 M 0,02 724 +5 =52 +440, —380 Bmewm. +2 — +0,5; +2
ADCI001 NS 10 IIIT 200 20 +5 1,5 Bpewmn. 1-5 + 'L'I-U";. EU_
ADS573 AD 10 M 20 20 +5; =12 15, -9 Baytp. — 0-10; or =5 00 5
ADT7578 AD 12 TIII 100 24y +5 +£12 0,1: £13 Bremm. +5B + 0-5
ADS7T4A AD 12 T 25 28 +5; £12 30, +2, —18 Bayrp. 100 — 0-10; +5; +10
ADCRD BB 12 JII 25 3z +5 £12 11, +5, =21 Bayrp. 6,3 — 0-=5 0-10; +5;
+ 10
AD7572 AD 12 TN 5 24Y +5, —15 5 —I0 Baymp.—-52 — 0-5
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ADT7672 AD
ADS78  AD+
ADCS11 DA
ADS003 AD
THC1201 TR
CAVI220 AD
TLCI205B TI
ICL7115 1L
ADCT] AD
ADCT7se BB+
CX20018 50
ADAM-826-3 AN

12
12

12

nn
™M
M
TIM?
M
T
i

It
It

Aac
TI1

MN5420 MN 20° [T

3 24y

1 24

] 40
0,1 46
0,05 meq. Imi.
10 24
40 40
50 ir
15 32

9 28
1.5 Mned. mi.
3 40r

+35, 12

+5
+5, —6,
+15

+3, £15 +400, £150

T —12
~22
65, +25

2,5 Br
160

20 Br
k]
+2

70, +20
10, + 14,

—-17

10, 100

3Br

Buewmn. - 5
Buytp.
Bey1p.
BayTp.

BryTtp.
Brenm.

Buewn. +5B

Bayrp. 63 B
Baytp.

Brews.
BayTp.

BuyTp.

—  0-5 0-10; +£5
+ 10
— 0-10; +5

— 0-5

— or —1 mo |

+1
+5
0-5
0-5; 0-10; £5;
0-5 0E10; £5;
+10
+10
- 0-10; +10

| '+

— +5

* Cm. cHocky k Tabn. 4.1, ® JC - peyxcragnitasii; M - mreopesnsiii; [IM - nonymraosesnsiit; [1I1-c nocaenopa-
TeabHBM npEOTEEeEHeM. * Bee kopmyca DIP, 23 mckmouenmem MomedeHnsix; I —rubpnassii; ¥ —yaxmii DIP.
" AK -c¢ aproxoppexuneit nyns; HT - noncrpoiika He tpefyerca. * 20 xOM ¢ HCNONBIOBAHKMEM BHYTPCHHEND YCHANTE-
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Bxon Beixon -}
B
E Z B3 & E .
: g S |
T e AKTOR
: EEE-— e
- | o 2 2 £
& 2 a2 & E =
& 8
£ 2§ : =
(=]
=i E 5 2 c 52
oo — — HT & + = Breun. 15  BeicTpsii
100 kO — — HT 7 + - —_ 40  Beion c 3anoMHHAHHEM
o — — AK 8 + — BuyTp. 385 4-sxonoesill MyILTHILIEXCOD; OPOCT B MPH-
MeHennd; +5 B
oo + — AK — i Bueums. 2,70 Hebonwwoi; TONONHATENLHAS JIOTHER He
Tpebyerca
1 MA — + AK - - 4 Buyrp. [lpocr B8 npuMeHsHHM, B KODIYCE MHHH-
DIP
o + — HT — + - BuyTtp. 6  TlpuGopusii BXOA C yCHICHHEM
s3] — + HT — + — DBeemm. R 3,30 bricTpmii
oo — 4+ HT — + — Buytp. Brinon ¢ 3anoMHHAHNEM; C NEPENONHEHREM
4] — 4+ HT — + — Braytp. 10 Bulctpeii; BepcHE HA 4 B 8 KaHANOR,
C MepencJHeHHeEM
100 kOM — — HT — + - Brews. 44 Buictpmii
200 — — HT — — — - 90  BeicTpeiil, MANOMOWMLIR MIHOBEHHOTO TH-
na, fe3 lanomMHUEAHUA H NEPENOMHERHS
33xOm — — HT & - - — 175  BuicTpuiii Ge3 janomuHanWs # Mepenonse-
HHA
— — HT — —_ — Yemnuon mipa mo OMCTPOOSHCTEHIO
6O — — + w - — = 9-paspanueifi MrHOBEHHOTO THIA
I ¥Om® — — 4 0 - — — MrHOBEHHOTO THNA C CAMBIM BLICOKIIM Pa3-
peLueHHEM
o0 + — AK 842 + —  Bueum. RC 5-BONBTOBLIH, MHHHEMYM NOTNONHHTENLHOM
NOTHEH
5e0m — — HT 842 + — BuyTp. 14 BeicTpril, mononHuTENbHAY NJOTHKA HE TPe-
Byerca
o — — AK B + = Bmeum. RC 20 Manomowmed, seuessii
5kOM — — + B4+4 + — Buytp. 28 Bwixoa U ; knaccuyeckmil
5 kOm — — 12 —-— Buytp. 33 Bmeon D?m. EJJaCCHYecKHil, BBIXOHN TAKT.
TeHepaTopa
250 — — HT 8+4 + — Bayrp. 46  buicTpwil, NONONHHTEILHAA NOrHKA HE TPE-
GyeTca, BRIXOA TAKT. TeHEpaTOpa
5 kOm —~ = = B+4 4+ — Bueum RC 75  BmcTpuit
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5 kOm
2,5 gOm
1 kOm
| kOm
1 meA
5 kOm
5 kOm
2.5 kOm
10 kOm ™
1.4 kOm

5 kOwm

— HT 12 —  #
— HT 12 = -
+ HT 12 -
+ HT 12 +
+ HT 12 —
+ = 845 +
— AK B+6 +
e &6 —
— 4+ 6 —
+ + = =
— HT 8+8 +
- - 16 + -

%% *F 1 EL

Buytp.
BuyTp.
BeyTp.

Buyrp.

BuyTp.
BuyTp.
Brews.
Buytp.

Bueuy.

Buewn,
Brewm,

Brictpeifi, gon. noraka He Tpebyerca, Bhl-
00 Um, BRIXOA TAKT. TeH.

OTcyTeTBYIOT KOMBI NPOMYCKA MO TeMme-
patype

Onens OuICTPMEA, MPOCT B HCNONLIOBAHHM
Camuifi GuicTpaiii

Ocuosanne 1,85 nujoc sayrpennee M3V

Ilpom. cTamnapT, ELIBOA TAKT. FEH., BLIBOJ
ONOPH. HaNp.

IMpom. cramnapr: AD376

Ludposas 3sykoTEXHHKA, NBA KAHANA

Moayne; sepcuyt Gea B/3 u Gydepa

[nasaromas lansTas: noxkasatens 4 pasp.,
smaHTHCea 12 pasp.

na ' B mapten w3 100 mT. *' Heobxonam srewmmii OV, " C naapaiowedi 3anstoi. ™ BelpsiBonsoil xpucTanionep-
xarens. ¥ C MATPUYHBIM PACONOKEHHEM INTHIPLKOBLX BLIBOAOB.

Tatauya 9.6. Materpupylonme asanoro-undposse npeobpasopaTenn

s E. &  [Juanazon Bxon Buxen  Takrossi T pitrs
BXOOHEE resepa
E E g ; curnanos, B Z“, O i e
o -4 - = i 5
Tun = = 8 = T U, X 2 ; =
wll : E. a - - e 5 § - E
E g F g 5 i §
= = £ = E
2B B E L " g E % :
= =
E | ‘é i g & g - 3
S €232 £ £ £ E & £ O
AD7552 AD 1 12" 4C [i] 40 +12, 45 orlmo 5 + or 0 mo £05U 1 MOM —_— 846 + — Beeuwn.
TSCRO4 ™S 1 12°4C 30 6 +5 BayTp. +4 o — 84+6 + <+ Ksapu §-xamansm
NIeECop
LCL7109 I 1 p"ac w 40 +5 02-2 — or 0o £2U @ —_ + B+6 + + Ksapu [Mpossmmm
aspT
ADT550 AD 1 13 4C 25 40 412, £5 orlge 5 + or 0 ge 05U | MOm _— — B4+6 + — Bremm.
TSCE00 TS 1 157 AC 25 40 +5 0,2-2 — or 0 go 2U_ a0 — 4 B4 + Ksapn.
TSCES0 TS 1 159 TC 40 40 45 16 0,025 — ot 0 ge 2U_ o u, + B+ + — Bmems. BeicTpha,
meri (2w
ICL7104-16% TL 2 15" AOC 3 40 45 £15 Bayrp. —  or 0 go +4 =2} U, — E+E8+2 + — Keapn. Henoussye
CHME M
C8Z5316 CR 1 16 ¥3 20-10* 1B 15 Buytp. — 12,75 30 kOwm — — IMecaes. + — Bmemm. C B3
ADI1IT0 AD 1 18 ¥3 1000° 40 45, 15 Bayp. + 15 100 MO — — B+B4+6 4+ — Kpapn [porpasise
cTpoiika
ADIITSEK AD 1 22 HMC 0 66M +5, £15 Bayrp. — 15 1000 MO — + E+B+6 -+ + Buyrp. Touwmwif, o
nporpas

" Cwm. caocky & 1abn. 4.1. ™ V3-no metony ypassosemmeanus sapana, JC - meyxcramwiinuil, TC - rpexcrammiinnii, YC - vernipescraaniinsi. ® M —moaynss
Ame. ' Tmoc nonoaunTensasit saakoewil paapan. @ [Tmoc KMC 8065, * TporpamMmupyeMas ckopocTs nNpeobpasosiius; NPUBEOERO MAKCHMANLHOE JHAYEHNE, O
cHMAACTER paspemmoman cnocobuocTs. Tlonnyk paspemanonlylo cnocofEocTs MOKHD NONYIHTL NpH ckopocTH 30 mpeofpaloBammilc. ™ C YHHBEPCANBHEIM AC
NMPHEMONEPEIE TYHEDM.
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Tabauya 9.7. Pacuer

xoapdrmHenTa nepegaan PAITY

¥aen DyERIHSA Koagipn- Pacuer koagduomenta nepenaud (Uee = 10 B)
OHEHT
nepenays
Pazopslfl AETEKTOD U, = Ky A Ko Ot 0 po Uge e ot 0° no 360°
HY-duneTp U,=K,U, K, 1+ @R, C;
Ky = : B/B
1 4 jo (Ry Cy + Ry Cy)
I'VH d‘"nu A
T xrmu’ Krw-[ 20 kMu(l/y = 0) go 200 klo (U, = 10 B)
sy - 5 :
—+K_ . =18 xI'n/B = 1,13 10° pan/(B-c)
i 1
Kaan Kaen = E o Aa.

Henurens Ba N

Puomn = ;"Pnuu

1024
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10

Tabauya 10.]1. Curnanet marucrpanu IBM PC

HaumeHnopaare Paspsn- JMedcrey- Tun Hanpasienme KonTakTs DyHKIHH
CHTHanNa HOCTB oL LIIT « BBOQ-
YPOBEHB BLIBO/

AO-A19 20 B 2C - A31-A12  Anpeca (min BBoda-
BeiBoaa AlQ-AlS5)

D0-D7 8 B ic - A9-A2 Jannsie

IOR' 1 H 2C - Bl4 Crpob-cHraan 4TeHHA
BBO/JA-BHIBOAA

IOW’ I H 2C - B13 Crpob-cHrean 3anucn
BROOA-BBIBOOA

MEMR' 1 H 2C - Bl12 Crpof-cHraan 9reHus
H3 MaMATH

MEMW’ 1 H 2C —t Bll Crpob-cHraan 3anucu
B MAMATE

AEN | B 2C — All CHTHan agpecanuad
TTATI

IRQ2-IRQ7 6 1 2C — B4, B25-B2]1 3anpochl NpepHBaERRA

RESET DRV | B 2C — B2 IMpenycranoska nmpu
BKJIIOYEHHHY NHTAHHA

DRQI1-DRQ3 3 B 2C — B18, B6, B16 3anpoc ITAI

DACK Q' -DACKY 4 H 2C - B19, B17, Monreepxnenne [TIATT

B26, B15

ALE 1 B 2C - B28 PaspelueHse 9TeHHA
agpeca

CLK 1 - 2C — B20 Taxktossiii curaan LITT
(4,77 MI'm)

I/O CH RDY 1 B OK - AlD YcTaROBETE HHIKHIA
YpOREHL ANHA COCTOR-
HHA OXHAAHAN

O8C 1 — C - B30 14,318 MI'm (yrpoes-

- 488 -

HaA TAKTORAA YacTo-
Ta LIIM)



T/C
GND
1/0 CH CK

+5v DC
+12vV DC
-5V DC
=12V DC

PR o

ac

OK

o [ e |

11l

B27

Bl, B10, B3l

Al

B3, B29
B9
B5
B7

hupﬁeﬁne marn

O6um# nposoa anAa
CHTHAMIOB B MHTAHHA

Omubxa eBONA-BRIBONA
¢popMupyeT
HEMACKHpYeMOe
NpepLIBAHHE

+ 5 B, nuTanne

<+ 12 B, nuTan#e

=5 B, nuTagse

=12 B, nHTaHHE

Hpumeuanue: 2C—-ppa cocrosnus, 3C-Tpu cocronuus; OK - oTkpuitsil konnekTopueiii ssixon, IT-nuranuxe.

Tafauya 10.2. MarscTpans XOMOLIOTEPOB

g
a
Marwctpane  [ponycksas Mxpuea Jannn finepsl  Coennmn- Mpuse=a
Mﬂt‘:ﬁ MAHHLIX agpeca a [RQU ﬂpﬂ i Temd M i
(MbaaT/c) g g
g 2 g g
5 2 g
il : 3
o 2 é
o ;_ g
5§ E
| = b+ o
5TD bus - 3 16 - C 1 TTL CE  [IpEmescHnd THOA KOETpOLIEpa
PCXT 1,2 & 20 - - - C SE TTL CE  Hcxomsie [BM PC m coBMecTHMEIE
PC/AT 53 B.l6 20, 24 - -  mowmm C 10E TTL CE  [donyerumnd nnate PC/XT
ElSA 3 E, 18, 32 0, 2432 + - + C 1P TTL CE  ¥Yayupcnsas PC/AT, asroxoudmrypupo
Microchannel 20 B, 16, {32) 24, (32) + = + A 11 TTL CE IBM P5/2; apToxondarypaposanne
Q-bus 2 16 2 + = + A 4 3 CE  LSI-11, p VAX-L, IT; penoweynnid CHrEAn
Multibus I 10 g,16 0, 24 -+ + A ] TTL CE  Intel; Sun-I 0 apyree
CAMAC 3 24 9 ¥ - - C L TTL/OC CE Maructpans ans chopa SaRMLIX H YIID
VAX Bl 13,3 B 16, 24, 32 kY] + - + C 4 TTL ZIF  VAX cepmii T80, 8600; xorTpOn: SeTHOC
Multibus T1 40 B, 16, 24, 32 16, 32 - + + C M TTL DIN  Kowtpons seTHocTH, 40 Mbair/c Gnoxa
20 MoakiT/c
MNuBus 40 k7! iz + o+ + C M TTL DIM B mammee Macintosh 1 nobanmen | TNT
VYME 40 g 16, 32 16, 24, 32+ e + A 7 TTL DIN  Uenowesnsiii caruan IACK: Sun-3
Futurebiis 120 - + A - o
Fastbus 160 32 32 ¥ * e A M ECL H BaaumomgeficTiie wepes MHOro KpeiTon

! E—gypcTemTEnsHOCTS K mepenany; L-LAM; M—"int" sepes semymero marmcrpamy; P - nporpamMmupyemilc pepLIBAHKS, 9YBCTEHTENRBOCTE K NEPENAfY WAL
¥ CE-topnesod coemmmmTems; DIN - cocnrrnTems " Eurocard”, 96 kouTakTow, cocTasEed; H - cocTapmofl sucokod mroTrocTH; Z1IF - ¢ npumymnTensmns ofx
¥ Cocumansamee Mational Semi.
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Tabauya 10.3. Koo ASCII

HeoroGpanaemsie OrobpawaeMbie Oro Gpasaemiie OroGpamasmile

- o -~ .

¥np. Cum- Cuma- Cum- Cum-

Haomakwe  cummon ®Bon Hex son Hex Dec  ®on Hex Dec Bon Hex Dec
Hone ciri-@ NUL 00 00 SP 20 32 @ 40 &4 60 96
Hau. saronoexa ctrl-A SOH 01 01 I 21 33 A 41 &85 a &1 497
Hay. Texcra cirl-8 STX 02 02 "2 34 B 42 68 b &2 98
KoHeu Texcra cri-C ETX 03 03 # 23 35 C 43 &7 € 63 99
Koney nepepaym ctrl-D EOT 04 04 s 24 36 D 44 &8 d 64 100
3anpoc ct-E ENGQ 05 05 % 25 37 E 45 69 e 65 104
Noareepmaenve ctr-F - ACK 06 08 & 26 38 F 46 70 1 66 102
JecHoK ctir-G  BEL 07 0OF o2 38 G 47 T g 67 103
War Hazan ctled BS 08 08 { 28 40 H 48 72 h 68 104
lop. rabyn. ciri-l HT 03 09 ) 29 4 I 49 73 i 63 105
Mepesop crpoxw  cti-d LF  0A 10 * 2A 42 J  4A T4 | 6A 106
BepT. Tabyn. crl-k. VT 0B ™1 + 2B 43 K 48 75 k 6B 107
Nepesog cTp. eir-L  FF 0C 12 y  eC 44 L 4C 76 | 6C 108
Bosmpar kapetkw oM CR 0D 13 = 2D 45 M 4D 77 m &0 109
HuwmH. pereTp ci-M SO 0E 14 2E 46 N 4E 78 n 6&E 110
Bepx. pervcTp cr-0  S1I  OF 15 I 2F 47 O 4F 79 o 6F 111
Jaseplu. cBAIM ct-P DLE 10 18 0 30 48 P 50 80 p 70 12
¥np. yerp. 1 ctrkG DC1 11 17 1 31 48 a 5 8 q 71 113
¥np. yerp. 2 ctr-A DC2 12 18 2 32 5 R 52 r 72 114
¥np. ycTp. 3 ct-S DC3 13 19 3 33 5 S 53 83 8 73 115
Ynp. ycrp. 4 ct-T DC4 14 20 4 34 B2 T 54 g4 t 74 116
Owmwbica nepegayw cfr-U  NAK 15 21 5 35 5”3 U 55 85 u 75 117
Xonocrana cumxp. otV SYN 16 22 6 36 54 ¥ 56 86 v 76 118
Koseu nepegas. Bnoxcactr-W  ETB 17 23 ¥ 37 55 W 57 a7 w 77 119
Otmena ctrl-X CAN 18 24 8 38 56 X 58 88 x 7B 120
Koxeu wocutenn  ctrl-Y EM 13 25 9 38 57 ¥ 59 89 y 78 121
MoacTavoRKa ctl-Z SUB 1A 26 : 3A 58 Z S5A 90 r TA 122
Brixog cri{ ESC 1B 27 1 3B 59 [ 58 % { 7B 123
Paap. dannoe etri-\ F§ 1C 28 < 3C 60 V. 5C 92 | 7C 124
Paap. rpynn cri] GS 1D 29 = 3D & ] 5D 93 } 7D 125
Pasa. sanucen cilk* RS 1E 30 = 3E &2 A 5E 94 - TE 126
Pasn. snementos  cil-  US 1F 31 I\ T 3 63 o o= 5F 095 7 .\DEL 7F 127
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Tabauya 10.4. Curnansl RS-232

Homepa koBTaKTOB

Haumeno- dbyaknua (co croponst DTE)
= 25-x0m- 9-kon-  Hanpasnermne
TakTHEH  TakTEME (DTE+ DCE)
TD 2 3 = INepenanaemble NAHHBIE ITapa
RD 3 2 -
TpHHAMaeMBIE NAHRELIE JAHHBIX
RTS 4 7 -+ 3anpoc nepenaw (DTE roros) IMapa
CTS 5 3 —
Toror k nepenawe (DCE roros) KBHTHDOBAHAS
DTR 20 4 -+ OO0/l rororo | Tlapa
DSR 6 6 -
ATI roropa KPHTHPOBAHAR
RCD 8 1 - JeTekTop NPHEAMAEMOrO CHIHANA } Paspeiwenne
RI 22 9 —
Hennkatop BeI30BA pxoaa DTE
FG | - SammTHoe 3a3eMAeHHe (= KOpmyc)
5G 7 5 CHrHanLHOE 3a3eMieHue

Tabauya 10.5. Cranaaprel NOCNE0BATENBHOM CBA3N

RS-232C/D R5-423A RS-4224 RS-485
Pestam Hecusmerpraasii HecHmmerpadueili CHMmMerpryBsii  CHMMeTpRIHBIH
MakcumMansaOe YHCIO!
npafpepos 1 I 1 32
NPHEMHAKOB | 10 10 32
Maxcumanenas LIRHA Kabena I5m 1200 m 1200 m 1200 m
MakcEMansHaA CROPOCTE MepeladH 20 K 100 K oM 10M
(BuT/c)
Vposuit nepenaty +5 B muH. +3,6 B vun. +2 B mun. +1,5 B mmn.
+15 B makc +6,0 B Makc  (nuddepennnans-
HEIE)
YUyBCTBHTENLHOCTE NMPHEMA +3B 0,2 B +0,2 B +0,2B
HMmnenanc HArpy3KH 3-7 kOm 450 Om MuH. 100 Om muH. 60 Ont mun.
Tlpenenbubifil BRIXOAHOH TOK 500 MA K Vo 150 mA & 150 mA K 150 mA X
HAM 333eMICHHIO 3a3EMIICHHIO 3A3CMACHHIO 323EMACHIIO
250 MA &
—8 B wm
+12B
BrixonHol wMrienasc apaieepa 300 Om 60 kO 60 kOm 120 xOm

(MATAHAE BRIKTIONEHD)
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Tabauya 10.6. Curaanel npunrepa CENTRONICS

Homepa xouraxron

Hazsanmne Onucanue
Curman  Bosppar Hanpas-
JeHue
STROBE' 1 19 Borxon Crpob nanHBX
D0 2 20 - Maanmei ORT NARALIX
D1 3 21 e &
D2 4 22 —i— L ]
D3 5 23 = 8
D4 6 24 Sy e
D35 7 25 —h— [ ]
D6 ] 26 = e
D7 9 27 =n=  Crapumii buT nanmsx
ACKNLG' 10 28 Bron 3akoWamn ¢ nOcneoHEM CHMBOJIOM;
HMITYIIbG
BUSY 11 29 -#—  He roros (3ameqanme 1)
PE' 12 30 -~  Boicoxuit yposeHs = ner GyMarn
SLCT 13 - = Moaxmoden ¥ BCOKOMY YPOBHEO
AUTO FEED XT 14 - Beixon Asto-LF
INIT" k]| 16 Lo Hunupamnanes npaaTepa
ERROR’ 12 - Bxon He mory newararte (3asmeuause 2)
SLCT IN 36 - Berxon [lpotokon ormers BrboOpa
(zameyauue 3)
GND - 33 - JononHUTENLHOE IAEMICHHE
CHASSIS GND 17 = - Kopaye

Jamevanne . BUSY = sricokuli ypopens:
4) HA MPOTAMEHHH NEPeNadH KAXOOT0 CHMBONA,

6) ecnu Gydep 3anonnes,
B) ECAN OTEAMEH,

r) ecam cocTOAHME OMIBGKH.
Jomevanue 2. ERROR -HiokHi ypOBEHE:

a) ecam Her Gymars,
0} eclH OTEMOYEH,
B) BCAM COCTORHHE OLIMOKE.

Jamevanue 3. OOBMEO HM3EHA YPOBEHD:
a) mocsinka DC3, ecnn SLCT IN' = pricoksil ypoReHs, OTMEHAETCA BRIDOp nmpunTEpa,
6) cnopa puBpaTh MOXKHO Tosbko nocaas DCI, korna SLCT IN' = uicoknfl ypoBCHb,

* ok
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Hayunoe nagamie

IMayne Xoposun, Yundunn Xunn
HCKYCCTBO CXEMOTEXHHKH

B 3-x Tomax
Tom 2
Hapauwe 4-c, nepepaborTanHee W JonofiicHHoe

3apenyiomui pemaxmmed 3. H. bannkos
Benymme pemaktopel H. B. Cepernna,

M. 10. I'puropenko

XynoxecTeennslil penakrop H. M. Heanos
Texnmyeckuit penakrop M. A. Crpaummosa
HE M 7741

Cpano B gabop 01.06.92, IMoanucano K negarn 12.04.93,
dopmar 70 x 100'/,s. Bymara odceTran. [Tevats odcer-
mad. apEATypa Taimc. O6wem 11,75 Gym.n. Yen.mew. .
30,55. Venkp.-otr. 30,88, Vu.-m3p.n. 32,70. Han. Me 6/8014.
Tapax 50000 ax3, 3ak. 1797. COB2

Haparenwcreo eMup» MurRcTepcTBa nmevaTn H BHQOp-
magun Poccuitickoit ®enepanmn. 129820, T'CTI, Mockea,
H-110, -t Puxcenii nep., 2.

Moxaiickuii nonurpadwkomburaT MumicTepcTsa nevaTn
#  wmudopmanue  Poccuiickod  @enepausm. 143200,
r. Moxafick, ya. Mupa, 93.

[TpnumeyaHuA

1

LLlym nonatoLmxcs Npu NoAKapmMBaHMmM, KYKYPY3HbIX 3epeH. — [1pum. nepes.

2

MHor1e untaTenn, UMetolme Aeno C NepCoHaNbHbIMM KOMMbIOTEPAMM, HABEPHAKA CAbllanu CAoBo boot-
CEeKTOp (CeKTop HayanbHoOW 3arpy3ku). [aa Toro 4ytobbl AaTb MNOHATL YMTATENO, KaKkMe 0bpasbl BO3HMKAAM Y OTLOB
— OCHOBaTesIe MepcoHasibHbIX KOMMbIOTEPOB, OTMETMM, YTO CPEeAM MHOMECTBa 3HauyeHuit cioBa boot ecTb U
TaKoe KaK «y[dapuTb Canorom», a TEPMUH bootstrap GUrypupyeT B BbIpaXKeHWW, KOTOpPOe MNepeBOAMTCS Kak
«NOAHATL CaMoro cebsd 3a WHYPKKN BOTUHOKY». — [lpum. nepes.

3

ToyHee roBops, BbIMNOJHWTL NOCAE AajbHeilwen 06paboTKK NOAYYEHHOrO OBBLEKTHOTO KoAa MPOrpammoint-
pPeaakTOpOM CBA3ei. HenocpeacTBEHHO UCMONHATL OOBEKTHbLIN KO KOMMbIOTEP He MOXET. — 1puM. nepes.

4

- 493 -



Kpome apubmeTnyecknx ¢naros pernctp ¢GaaroB COAEPKWUT elle Tpu AONONAHUTENbHbIX dnara ana
ynpasfeHua HekoTopbiMu aencteuamm LMN: dnar Hanpasnenua (DF), dnar paspelweHuns npepbiBaHnin (IF), dnar

Tpaccuposku (TF). — Mpum. nepes.

5

[Ons Toro 4ytobbl 3TOT Npumep paboTtan, Hago M3MeHUTb naeHTudmnKaTop LOOP Ha Kakoe-HMbyAb Apyroe, He
3ape3epBUpoBaHHOe accembiepom BbipaskeHue, Hanpumep LOOP1. — lpum. nepes.

6

NHAaeKcHbI. — lpum. nepes.

5

BO/NbLWNHCTBO KOMMMAATOPOB NpeobpasytoT MCXOAHbIA TEKCT HeNnoCpPeACTBEHHO B MalUMHHbIE KOMaHAb
(nMbo B CTpOKM BbI3OBa nNpoleayp, o0bpabaTbiBaeMblX KOMMOHOBLLIMKOM) U HeobxoaAMmocTb B UX
[OMNO/IHUTE/IbHOM accembaMpPOoBaHUM OTNAAAET, XOTA HEKOTOPble KOMMWAATOPbLI, Hanpumep TPaHCAATOP A3blKa
Mackanb ans mawuH Tvna [JBK, 4eMcTBYOT MMEHHO TaK, Kak ONMCaHO aBTopamu. — [Ipum. nepes.

3

A elle yaule — o0bbeKTHbl. — [Tpum. nepes.

9

M3 mupa BOMbLWIMX MalMH NPUWAO Apyroe Ha3BaHMe 3TOM MporpaMmbl — pPefakTop CBA3el; B cpefe
no/ib30BaTe/IeM MUKPOKOMMbIOTEPOB ObITYET XKaproHHOE BblpaskeHne «uHKep». — [1pum. nepes.

10

B HacToslee Bpems 3Ta «BTOPasn NoOBMHA» KOAO0BOM Tabaunubl NPaKTUYECKN CTaHAapTM30BaHa M BKAOYaeT
CMMBO/bI  HaUMOHaNbHbIX andasBuUTOB (B YaCTHOCTM, PYCCKOro), CUMMBO/bI NCEBAOTPAPUKM U  HEKOoTopble
MmatemaTnyeckme 3Haku. — [Ipum. nepes.

11

T.e. BblYMCAEHHOE KaK CMelleHME OTHOCUTENbHO HUMMKHEN rpaHuuUbl 3HaKoBOro npeactasiaeHus (-128, -
32768). — lpum. nepes.
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