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KomnbloTep moaenupyeT paguocxemMbl

[peskae yeM MpeTBOPATH B KHU3HB HOBBIH, TOIBKO YTO TIPUAYMaHHBIH pagnoantapar,
WJIH HOBBIM BapHAHT AOPAOOTKH CXEMbI KaKOT0-THOO YCTPOHCTBA, HEOOXOIHMO YOe THTh-
cs B paboTOCOCOOHOCTH TIOABHBIIIEHCS HWeH, YOSIHTHCS B TOM, YTO OOHOBJIEHHOE YCT-
poiicTBO Oyzet paboTtath Jyurire ctaporo. JIs 3THX meneil KOHCTPYKTOPBI pagroarmapa-
TYpHI BceTla HaUWHAJIW co3IaHrie HOBOTO arlfiaparta WiIH YCTpOHCTBa ¢ co3aaHNs HeKOTO-
POTO OTIBITHOTO 00pa3Lia, Wi MaKeTa, KOTOPBIH MO3BOJIAT Obl 0e3 OonbiiX 3aTpar yoe-
JIUTHCS B PabOTOCTIOCOOHOCTH HIIH B TMPEHMYIIECTBAX HOBOTO armapara mepea CTapbiM.
IMpodeccronansl cozaanms MOZOOHOTO OMBITHOTO 00pasiia YacTO Ha3hIBAOT MPOLIECCOM
(hH3HYECKOTO MOAESTHPOBAHHS.

C mosiBIIEHHEM W IIHPOKHM PacTPOCTPAHEHHEM TIEPCOHATBHBIX KOMITBIOTEPOB OTIEb-
HBIMH (pHpMaM¥ OBUTH pa3paboTaHbl KOMIThIOTepHBIE TTPOTPaMMBbl, TIO3BOJISIOLIHE BHITION-
HSATH KOMTIBIOTepHOE (MaTeMaTHIecKoe) MOIeTMPOBaHHE PaIHOIeKTPOHHBIX CXOM.

DuzHYecKoe MOISTHPOBAHHE CBA3AHO ¢ OOJIBITHMH MaTEePHATBHBIMH 3aTpaTaMH, To-
CKOJIBKY TpeOyeTcs W3rOTOBIeHHe MaKeTOB M MX TpyJdoeMKoe HccitenoBanne. Yacto ¢u-
3WdecKkoe MOAeTHPOBaHHe TIPOCTO HEBO3MOXKHO HM3-3a Upe3BBIUaWHON CIOKHOCTH YCT-
poiicTBa, HampuMep, MpH pa3paboTke OONBIIHX H CBEPXOOMBIIHX HHTErPATBHBIX MHKPO-
cxeMm. B aTom cityuae npuOeraioT Kk MareMaTH4YeCKOMY MOIETHPOBAHHIO C HCTOIB30Ba-
HWeM CPeICTB W METOIOB BEIUYMCITATEHHOM TEXHHUKH.

Jns nogoOHbIX Lienell Uermofb3ytoT 00buHO n3BecTHbIe nakeTsl P-CAD wmi OrCAD,
KOTOpbIE comeprkaT OIOKH JIOTHYECKOTO MOASTHPOBAHHS IIH(MPOBBIX YCTPOHCTB. DTH Make-
TBI TIpOTpaMM TipenHasHadeHbl I TpodhecCHOHabHON paboThl, a U HauMHAIOIINX, B
TOM YHciIe W 7S CTYAeHTOB, OHH MOTYT TTPeACTaBIATh 3HAUNTEIbHbIEe TPYIHOCTH B WX H3Y-
YEHHH.

CymiecTByeT Takxke Lieflas TPYTTa TTaKeTOB KOMITBIOTePHBIX TIPOTpaMM, KOTOpbIe SIB-
astoTest 6oliee TPOCTHIMU B OCBOGHWH, M TIPH 3TOM MaJlo YCTYTatOT YKa3aHHBIM BBITIIe
npodeccHoHanbHBIM MakeTam. Ha srane HavaaIpHOTO OCBOEHHS METOIOB aBTOMATH3HPO-
BaHHOTO MPOSKTHPOBAHHS H Ha Tanax MPOBeIeHHs MOHUCKOBO-HCCIISA0BATENBCKHX paboT
es1ecooOpasHo paccMOTPeTh BOZMOKHOCTE HCTIONB30BaHHS CIIeIYIOIIAX TIPOTpaMM.

Iporpamma Micro-Cap (Bepcum 6 m 7) — pazpaborka dhupmsl Spectrum Software
(www.spectrum-soft.com), Beiyckaercs mis miardopm IBM, NEC u Macintjsh. B
Bepcusix mis IBM u NEC TpeGyercs mpoueccop He Hinke 80386 ¢ compotieccopom,
15 MGaiT cBOGOAHOrO MPOCTPAHCTBA HA KECTKOM IHCKE, OnepalHoHHas cucrema Mi-
crosoft Windows 3.xx wmi Beitiie. Mmeercs Onbmmoreka Momeneit 10 Thic. amekTpopa-
JTHOAIeMeHTOB BenyImnx ¢upm Snonwnu, Esporter n CIIIA.

[TporpamMmMa MO3BOAET BHIMOMHATH CIEAYHOIIHE TEHCTBHS:

¢ CO3JaBaTh MPUHLHIMHAJIBHYHO SJIEKTPUHYECKYHO CXEMY yc’[’pOﬁCTBa W PEOaKTHPOBATH €€,

¢ TIPOBOAWTD pacyeT CTaTUUECKOTO pEXKUMa MO MOCTOAHHOMY TOKY,
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¢ PaccUHUTHIBATH YACTOTHBIE XaPAKTEPUCTHKH U MEePEeXOAHbIE MPOIIECCHI;
¢ TIPOBOJIMTH OLIEHKY YPOBHS BHYTPEHHETO 1IyMa W MPeebHON YyBCTBHTEIBHOCTH;

¢ TIPOBOJAWTHL MHOTOBAPHAHTHBIN aHAJIN3, BKITIOUAs CTATHUECKHI aHaTH3 TI0 METOIY
Mownte-Kapio;

¢ HapallHuBaThb 6I/I6J'II/IOTeKy KOMITOHEHTOB;,

¢ TIpeACTaBIATH JaHHBle B (opMe, yIoOHBIe A WHTepTpeTallii W JallbHeHIero
AHAITN3;

¢ peann3oBaTh Ipyrue cepBUCHble (YHKLUWMH, THTHYHBIE A TaKOro Kiacca Tpo-
TpamMM.

IIporpamma DesignLab 8,0 — wrATerpupoBanHbiil maker kopropaitiu MicroSim
(www.oread.com), B COCTaB KOTOPOTO BXOAWT M3BECTHas MporpaMMa MOAeTHpOBaHU
Pspice. DToT maxer mo3BosifeT MPOBOAHTH CKBO3HOE MPOSKTHPOBAHHE PAAHOMNIEKTPOH-
HBIX YCTPOWCTB:

¢ BBOAWTH MPHHLMITHAIBEHEIE CXEMBI;

¢ MOJETHPOBATH CXEMY JIO0 CO3JIaHHs YIMPABIAIOIINX (haiIoB A MPOrpaMMaTOPOB;

¢ paSpaGaTBIBaTB NMEYaTHLIC TUIATBI W YTPAaBJIAKOIIHAE TTPOTrpaMMbl IJIA CBEPJIHUIIBHBIX
CTaHKOB W BBIBOOWTH JAHHBIC HA rpad)onomponTenb.

IIporpamma Aplac 7,0 — maker ¢ THTMYHBIM HaOOPOM BO3MOXKHOCTeH, TIepeurciieH-
HBIX BBITIIe. OMHCaHHe MakeTa MporpaMM H BO3MOXKHOCTH €ro pHOOPETeHHsT HMEtoTCS B
Internet Ha caitte www.aplac.hut.fi/aplac. IIporpaMma no3BosiseT Takke MOAETH-
posath ycTpoiictea CBY nramazona, B 9aCTHOCTH, OHAa COAEPKHT TIOAMPOTpaMMy pacHe-
Ta TPEXMEPHBIX EKTPOMATHHTHBIX TIONIell MHKPOITOIOCKOBBIX KOHCTPYKIHH W APYTHX
yerpoiicts CBY texanku. [Iporpamma mo3posisieT BBOOWTH AaHHbIG ¢ MMOMOIIBK MHTEP-
teiicaprx miar IEEE-488.

Iporpamma System View 1,9 — nporpamma dupmer Elanix (www.elanix.com),
COJIEPKHT THITUYHBIH Habop GYHKIH A CXeMOTEXHWYECKOTO MOJETHPOBAHNS, a TaK-
ske 0OraThiii MaTeMaTHYeCK i anmapaT s 00padoTKH MOMyYEeHHBIX Pe3ybTaToB. [Ipo-
rpaMma MO3BOJISET MOAETHPOBATh YCTPONHCTBA HA YPOBHE (BYHKIIHOHAIBHBIX CXEM.

IIporpamma Electronics Workbench (EWB) — paspatomra dvipmsr Interactive Image
Technologie (www.interactiv.com). OcOOEHHOCTBIO TIPOTPAMMBI SBISIETCS HAIHUIHE
KOHTPOJIBHO-H3MEPHTETBHBIX MPHOOPOB, MO BHEITHEMY BHIY W XapaKTEPHCTHKAM TPH-
OMMKEeHHBIX K WX TIPOMBINIEHHBIM aHajioraM. [Iporpamma jerko ocBanBaeTcs W I0cCTa-
TouHO ynoOHa B pabote. [locie cocTaBieHns cxeMbl MOAEIUPOBaHNE HauyWHaeTCs ¢ TIO-
MOIIBIO IIIETYKa MBITIH Ha OOBIYHOM MepekiodaTene. [IporpaMMa cyIiecTByeT B He-
CKOJIBKHX BapHaHTaX, MOCIeIHHe W3 KOTOPBIX HMEloT Ha3Banwe Multisim (Hampwmep,
Multisim620pro, Multisim2001). JIns HauWHatOIAX TTOJIB30BaTeNeil GOBINON WHTepec
MOJKET TIPECTABIATh BAPHAHT MPOTPAMMBI, TTPeAHA3HAYEHHBIH I CTYASHTOB, KOTOPHIH
pacnpocTpaHseTcss cBOOOTHO. DTy BEPCHIO MPOTPAMMBI MOXKHO CKa4yaTh C YKa3aHHOTO
BBILIIE caiTa.

IIporpamma CircuitMaker 6,0 dupmst MicroCode Engineering (www.micro-
code.com). [IporpaMmMa comep:kuT oOIHUPHYIO OMOIHOTEKY MoAeseld TIPOMBIIIICHHBIX
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W3JIETHH 3JIEKTPOHHBIX KOMTIOHEHTOB ¢ BO3MOYKHOCTBIO OTEPAaTHBHOTO TIPOCMOTpa HX
OCHOBHBIX XapaKTepHCTHK (Hampumep, Md TpaH3MCTOpa — 3TO THM KOpryca, MakcH-
MaJlbHOe HalpsiKeHHe, TOK, 4acToTa, (GUpMa-u3roToBHTeNb M Ap.). OcoOeHHOCTH Tpo-
TPaMMBI:

¢ TIporpaMMa TO3BOJIAeT AOCTATOYHO OMEepaTHBHO MOATOTaBINBATEH EKTpHUECKHe
CXeMBbl aHAJOTOBBIX, IM(POBBIX HIH CMEMaHHBIX aAHATOTOBO-IIM(PPOBBIX YCT-
POWCTB;

¢ MPOBOAWTH MOAETHPOBAHHWE 3THX CXEM C MOIYYCHHEM Pe3yJbTaTOB B BHIE OCLIHJI-
JIOTpaMM CHUTHAJIOB M IpaMKOB YaCTOTHBIX XapaKTePHUCTHK, BO3MOXKHO TIOJTyUeHHe
TOYHBIX OTCHYETOB C TMOMOLIBIO BePTHKAIBHBIX H TOPH3OHTATEHBIX BU3WPHBIX JTHHAI;

¢ TIO3BOJIAET KOHTPOIHUPOBATH PEKHM TTO TIOCTOSTHHOMY TOKY B BBIOPaHHBIX TOUKaX
CXEMBI;

¢ MHTepecHOH 0COOSHHOCTBHIO TPOrpaMMbl SBISETCS HaIWMUMe aHUMAaLMOHHBIX KOM-
MOHEHTOB (3aIyCK PaKeThl, CTAPT aBTOMOOHJIEH), IPH3BAHHBIX HMHTHPOBATH KO-
HEYHBIH pe3ysbTaT paboThl CXEMBI,

¢ TIpOTpPaMMa COAEPKHT yueOHOe MocoOHe B IEMOHCTPALIHOHHOM PEXKHAME;
¢ WHTErpHpyeTcs ¢ porpaMMoii pa3pa0doTKH mevyaTHbIX TmaT TraxMaker.

ITporpamMMa HMEOT KOMMEPYECKYHO W CTYIeHUYECKYO0 BepcHH. CTyaeHdeckas BepCcHs
MPaKTHYeCKH He oTindaeTcs oT NpodeccHoHallbHOH, ckauaTh €6 MOXHO C YKa3aHHOTO
BBILIIE caiTa.

YYHuThIBas JIETKOCTH OCBOCHHS JBYX TOCIETHHX MPOTPaMM, HaTH4He OecTiaTHBIX
(cTyzmeHuUecKkHx) BepcHii STHX MPOTpaMM, B 3TOH TiaBe AOCTATOYHO MOAPOOHO paccKaxy
BaM O TOM, 4TO TmpexacTaBisier coboit mporpamma Electronics Workbench 5.12
(EWB 5.12) w1 kakuM 00pa3oM MOKHO TIPH TIOMOIIH 3TOH MPOTpamMMbl MPOBOIHTH KOM-
MTEIOTEPHOE MOZETHPOBAHHE PAIHOAIEKTPOHHBIX CXEM.

B nipenpiaytmeii ritaBe Owiio ipuiBeneHo omiucanwe nporpammel CircuitMaker 6,0pro w
pacckazaHo O TOM, KaK ¢ MOMOIIBIO 3TOH MPOrpaMMbl CO3[aBaTh BHICOKOKaUeCTBEHHbIE
PHCYHKH CXeM, TIpeHa3HavYeHHbIe I TIedaTH B KHATaX HITH )KypHasIax.

Taroke crnemyer oTMETHTb, YTO OMTHUCaHHe METOAOB paboThl C STUMH IBYMS TIPOTpaM-
MaMH, a TaKKe COOTBeTCTBOHHO W 3Ta KHWTa, OyAYT MOJIe3Hbl He TOJIBKO HaYWHAIOLIUM
pazpaboTdHKaM pagHoanmapaTypsl, HO H pa3paboTuiKaM — CTIEIHaIHCTaM.

Cucrtema mopgenupoBaHus Electronics Workbench

ITporpamma Electronics Workbench (EWB) Beitiia 8 1989 1. B 1996 r. 6bu1# BbIy-
IeHbl CHavYasla YeTBepTast, a 3aTeM W TMATas BepcHs MPOrpaMMBbl, KOTOpble 3HAYNTEIBHO
OTITHYAITHCH OT BCEX TIPEABIIYIIIHX.

[Tporpamma crana HMETh CpeACTBA aHAIH3a MPHMEPHO B 00BeMe TporpaMmMbl Micro-
Cap 5, nepepaboraHa W HECKOJBKO paciidpeHa OMOIHoTeka KOMMOHeHTOB. CpedcTBa
aHaJIh3a [erei BBITIOJIHEHBl B THITMYHOM UTS BCeil MporpaMMBl KJltode — MHHUMYM YCH-
Wi co cTOpoHBI nonb3oBatens. JlaneHedmnm passutuem EWB sasmsiercss mporpamma
EWB Layout, npegHasHaueHHasi Ais pa3paOOTKM TeyaTHBIX TUIaT, KOTOpas B JaHHOMH
KHWTe He paccMaTpHBaeTCs.
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[Mporpamma EWB obnanaer npeeMcTBEHHOCTBIO CHH3Y BBEPX, T.€. BCE CXEMBI, CO3-
naHAble B Beperax 3.0 u 4.1 MoryT OBITh TpoMoennpoBaHbl B Bepenn 5.0. Criemyet oT-
MeTHTh. Uro EWB mosBonser Takke MOAeTMPOBATH YCTPONUCTBA, AJIST KOTOPHIX 3aAaHHe
Ha MOJEIMPOBaHHe MOAroTOBIeHO B TekcToBOoM (popmare SPICE, obecnieurBas coBmec-
THMOCTb ¢ Tiporpammami Micro-Cap u Pspice.

ITporpamma EWB 4.1 npeqnasHadena ass paboThl B OTIepallHOHABIX cHcTeMax Micro-
soft Windows 3.xx/95/98 w zarnmaet okosio 5 Moaiit guckosoit mamati, EWB 5.0 — B
cuctemax Microsoft Windows 95/98, TpeGyembiii 00beM THCKOBON MaMaTH — OKOJIO 16
Mobaiir. Jlns pa3smeliieHust BpeMeHHBIX (ailioB TpeOyercs momnosmAnTenbHO 10—-20 MoaiT
CcBOOOIHOTO MPOCTPaHCTRaA.

JlanmbHelime oGHOBIEHHBIE BAPHAHTHI IPOTPaMMBI (HAYHHAS ¢ BapHaHTa 6) CTAH Ha-
3piBaThes Multisim. TTocnennass Bepeus mporpammbel — Multisim 2001 (EWB 6.20) —
MPpaKTUYSCKH SIBIISeTCs pacliupeHHoi Bepereii mporpamm EWB 5.12; Ho, mo-mMoeMy, oHa
cTalia MeHee yI00HOH B 00paIeHnH.

Jlamee B 3T0l TnaBe mpuBOAMTCA onrcanme mporpammel EWB 5.12 w1 mapamtensHo,
rie HeoOXoAawMo, MaeTess wHpopMalnsa o mporpamme Multisim 2001. 3To TO3BOIHAT YH-
TaTeNo H3Y9HTh padoTy ¢ mporpammoil EWB 5.12 w1 6e3 Tpyaa mprcTynuTs K padoTte ¢
Multisim 2001.

CTpyKTypa okHa un cuctema meHro EWB 5.12

[Mportece MoaenMpoBaHHs BO BCeX aHATOTHUHBIX MporpaMMax TPOUCXOIHT OJHHAKO-
Bo. CHauama B pabodeM OKHE MPOrpaMMbl W3 Ha0Opa WMEIOIHXCS B 3TOH Tporpamme
KOMITOHEHTOB CO3/IaeTCs TPHHIIHITHAITBHAS DIEKTPHYecKas cXema Hy:KHOTO YCTPOHCTBA.
CxeMa cosfaeTcsi O TPHHITUITY JETCKOTO KOHCTPYKTOpa — W3 OTHAENBHBIX KyOWKOB-
KOMITOHEHTOB, KOTOPBIE 3aTeM COSTHHAIOTCA MEKIY cOOOH JTHHHUAMH CBSI3H.

Ha puc. 10.1 mokazano padouee okHo nporpamvel EWB 5.12, a Ha puc. 10.2 — pabo-
Yee OKHO TiporpaMmMbl Multisim 2001.
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Puc. 10.1. OkHo nporpammbl EWB 5.12
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Puc. 10.2. OkHo nporpammbl Multisim 2001

Jis meuatn B KHUTE PHUCYHOK pabouero okHa mporpamMmbl Multisim 2001 BeirisignT
CIHTIIKOM TeMHBIM. K cuacThio, B TIporpaMMe WMeeTcsl BOSMOKHOCTh M3MEHSTH I[BeTa
(hoHa pabodero okHa, BeTa H30OpaKeHHS] KOMTIOHEHTOR W COeMANTENBHBIX JTHHU. [To-
aromy Ha puc. 10.3 nokazaHo npenbiayinee oxkHo Multisim 2001, HO ¢ H3MEHEHHBIMH
LuBeTamMH 1 POHA W KOMIIOHEHTOB.
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Puc. 10.3. OkHo Multisim 2001 ¢ n3amMeHeHHbIMU LiBeTamMun

OkHo nporpammbl EWB 5.12 cogep:KHUT cTpoKy MeHIo, KOTopas pacroiaraercs, Kak
00bivHO B Windows-npHiioxKeHHsX, B caMOil BepXHei yacTH OKHa, oA Hell pacrosaraeT-
s TIAHENTb YIPABIIAIOIIHX KHOTOK, & HHXKe HaXOATCs TIaHeH OHOTHOTEK KOMIMOHEHTOB H
KOHTPOJIBHO-H3MEPHUTENEHBIX IPHOOPOB.
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B paGovem mosie mporpaMMBbl pacmiofiaraetes MOASTHpYeMas cxeMa ¢ TOAKITHOYeHHbI-
MU K Heli 1300paskeHNIMH KOHTPOJIBLHO-U3MEePHUTEIBHBIX MPHOOPOB.

OxkHo miporpamMmMbl Multisim 2001 comepXHAT cTpoKy MeHto, oA Heil pacrojiaraercs
TIaHeNTh YITPAaBIAIOMIAX KHOTIOK, ¥ TIPaBOTO Kpas OKHA PacIiojiaraeTcs TIanelh KOHTPOITb-
HO-H3MePHTETBHBIX MPHOOPOB, a Y JIEBOTO Kpas — TaHe b KOMTITOHEHTOB.

Cpasy Halio TIpemynpedwTh, YTO, HeCMOTPS Ha To, uTo TiporpamMma Multisim 2001
HMeeT TOpasao Ooblee YACIO KOMIMOHEHTOB H HHCTPYMEHTOB, TOYHOCTH BBITIOTHEHHS
mporiecca MOISTHPOBAHHS B OOOHX CITydasx MPaKTHYECKH OJHHAKOBas. Tak 4To He CTOUT
«THATBCS» 32 MHOTO(YHKLUMOHAIBHBIM WHTepdelicoM W KpacodHocThto. M Ta w1 mpyras
MporpaMMbl MO3BOIAIOT MOAKIIOUNTh K CO3AaHHON cxeme (K CO3aHHOMY MPOeKTYy) OT-
JeTbHOe HeOOIIBIIOe OKHO C OTTHCAHHeM CXeMBI (OT aHiT. description), HO, K COXKATEHHIO,
TOJILKO Ha aHTIIMHCKOM S3bIKE.

[Tpr He0GXOIUMOCTH, ¢ TTIOMOLIBIO ABOMHOTO MISMYKa MBIIIN Ha W300paXXeHWH TpH-
00pa, MOJKHO H3MEHHTH PEXHM PalOThl KAKIAOTO W3 H3MEPHTENBHBIX MPHOOPOB TS Ha-
ONMIOZICHNS 32 pe3ysIbTaTaMH.

CrenyeT yOMSHYTh TakXe O HAJIMYAW BCTUIBIBAIOLINX TIOACKA30K BCeX KHOTOK, KOM-
TTOHEHTOB W HHCTPYMEHTOB, YKa3BIBAOIIHX Ha HX Ha3HAUSHHE.

Crpoka mento mporpamMmel EWB 5.12 cogepxwr cnemytorie myHkTel: File (Daiin),
Edit (ITpaBka), Circuit (Cxema), Analysis (AHanu3z), Window (OkHo), Help (Crpagka).
PaccmoTpum nonpobHee kaxaoe U3 MEHIO.

MeHro File

Memio File (Paiin) npegHazHaueHo 11 3arPY3KH W 3aMTHCH (BaiioB, MOy4YeHHS TREP-
ol KOTHMW BBIOPaHHBIX IS TleuaTH COCTaBHBIX YacTeil cxXeMbl, a Taroke IJI WMITop-
Ta/sKcTniopTa $aiaoB B GopMaThl APYTHX CHCTEM MOJETHPOBAHHSA W TIPOTpaMM pazpadoT-
KH TIeUaTHBIX TIIAT.

1. Tlepsbie ueTsipe koMaHabl 3Toro MeHO: New (HoBbIi) — coOTBETCTBYET KOMOHHALIHS
knapum  <Ctrl+N>, Open (OTKpbITh) — COOTBETCTBYET KOMOWHAITHS KITABHIII
<Ctrl+O>, Save (CoxpaHWTh) — cOOTBeTCTBYyeT KoMOWHalms KiaBumr <Ctrl+S>,
Save As (CoxpaHHTbh KaK) — CcTaHAapTHbIe A1 Windows-npuiioskeHnii KoMaHabl pa-
00TBI ¢ (aiinamMi W MO3TOMY MOsICHEHHH He TpeOyloT. 3TH KOMaHIbsl IyONnHpYrOTCS
KHOTIKAMH CO CTaHIApTHBIM M300paxkeHneM. [l XpaHeHUs aHaJIOTO-LU(pPOBBIX CXeM
B miporpamme EWB Bepennt 5.0 1 BoIlle HCTTOMB3YIOT (halillbl ¢ pacimpeHueM EWB.

2. Komanga Revert to Sabed (BepryThca k TocienHeMy COXpaHEHHOMY BapHaH-
Ty) npeaHasHavY€Ha [JIA CTHPAHWA BCEX HSMCHGHHﬁ, BHECCHHBIX B TEKYIIEM CCaHCC
penaKTHPOBaHWS, W BOCCTaHOBIGHH® CXeMBI B TTepBOHAYaILHOM BHIE.

Kowmanna Import (MMriopT) mo3BosisseT BCTaBUTH CXeMy M3 BHeIITHeTo daiina.

4. Komanga Export (OKcrmopT) NMo3BOIAET COXPAHUTH CXeMy B daiijie 0IHOTO U3 NOAAEP-
JKWBaeMBIX TIporpamMMoii popMatoB: CIR WiH PLC ams iporpammel EWB Layout.

5. Komanma Print (ITewats), ¥oTOpod COOTBETCTBYeT KOMOWHALHA  KJIABHII
<Ctrl+P>, npeanazHaueHa 1715 BbIBOJA BHIOPAHHBIX TaHHBIX HA TpHHTEP: Schematic
(CxemaTHuYeCKH) — BBIBOJI CXEMBI, TIEPEKIIIOUYATE b BHIOpaH Mo ymModaniio; Descrip-
tion (Onucanue) — BeIBOA onucaHus cxeMsbl; Part list (Crincok dacteii) — nepedeHb
BBIBOJIHMBIX Ha TIpWHTep mokyMeHTOB; Label list (Cricox o6o3HaueHnii) — BBIBO



262 KomnbioTep MoAenMpyeT pajocxembl

criicka 00o3HaueHui s1emMenToB cxemsbr;, Model list (Criicok Moaeneii aneMeHToB) —
BBIBOJI CITHCKa HMEIOIIMXed B cxeMe KoMmTioHeHToB; Subcir (ITomcxema) — BBIBOA
YacTeil CXeMBI, SBISIONMIAXCA 3aKOHYeHHBIMH (DYHKIIHOHATLHBIMHA Y3JaMH, 0003Ha-
YaeMbIX TIPAMOYTOJIBHHKAMH ¢ Ha3BaHWeM BHYTpH; Analysis options (ITapamerpsr
aHaTi3a) — TepeMeHa peKHMOB MozenrpoBanis; Instruments (ITprGopsr) — BBIBOX
cITHCKa MPHOOpoB. B oKkHe medaTH MOXKHO W3MEeHHTH MapaMeTphl TiedaTH ¢ TTOMOTIhHO
kHOTIKH Setup (YcTaHOBKA), a 3aTeM OTMPABHTh MAaTEPHAT HAa TIPHHATEP C TTOMOIIBIO
kdonkH Print (Iledats). B mporpamme EWB Bepcrin 5.0 w BBIIIE TipemycMoTpeHa
Tak)ke BO3MOKHOCTh W3MeHeHHs Maciraba BRIBOAUMBIX Ha TIPHHTEp JaHHBIX B TIpe-
nenax ot 20 no 500%.

KomaHga Print Setup (Hactpoiika npuHTepa) oTKpbIBaeT OKHO IS U3MEeHEeHHsI Mapa-
METpPOB TIPHHTEPA.

Komanma Exit (Bwixom), KoTopoli  cOOTBeTCTBYeT KOMOWHAIIHS  KIIABHII
<ALT+F4>, npennaznavena A BEIXO/A H3 TIPOTPaMMBI.

Komanza Install (YeraHoBka) mpeaHasHadeHa A1 yCTaHOBKH HOTOTHUTENBHBIX TIPO-
rpaMM ¢ THOKHX JHCKOB.

Komanma Export to PCB (Okcnopt B PCB) mo3BOMSIET COXpaHATH CITHCKHA COSOHHE-
HHI cxembl B popmate niporpammbl OrCAD W apyrux mporpaMm pa3zpaloTKH meqaT-
HBIX TIIAT.

10. Komannga Import from SPICE (Mmnopt w3 SPICE) ans mmmopTta TekcToBbIX ¢aiinos

OTIMCaHWs cXeMbl W 3aflaHWii Ha MozelnpoBaHWe B ¢opmate mporpamMmbl SPICE (m3
daiina ¢ pacpenrieM CIR) H aBTOMATHYECKOE TIOCTPOSHHE CXEMBI TT0 €€ TEKCTOBO-
MY OTMHCaHHIO.

11.Komanaa Export to SPICE (Okcnopt B SPICE) mosBosisieT coXpaHUTh TEKCTOBOS

oTIMcaHWe cXeMbl 1 3a/IaHre Ha MoJienupoBaHre B hopmate miporpamMmbl SPICE.

MeHto Edit

Mento Edit (IlpaBka) comepKHT KOMaHIB! PEOaKTHPOBAHHA CXeM W KOTTHPOBaHHA WX

13 pabovero OkHa MpOTrpamMMbl.

1.

Komanaa Cut (Beipe3aTh) — cooTBeTcTBYeT KOMOWHaIHs kinaBuin <Ctrl+X> — mo-
3BOJISET BHIpe3aTh BBIIEICHHBI® YacTH CXeMbl ¢ coXpaHeHHeM WX B Oydepe oOMeHa
omepaiinoHHoN crcteMbl Microsoft Windows. Beigenenne oqHOTO KOMITOHEHTa TPo-
W3BOAMTCS IIETYKOM MBIIIH Ha €ro W300pakeHHH. J{a BbIAETeHHS YacTH CXeMbl HITH
HEeCKOJIBKHX KOMTIOHEHTOB HEOOXOAWMO OKPY)KHTH 3TH JIEMEHTHI ¢ TIOMOILBIO TIPSI-
MOYTOJIFHOTO MapKHpPYHOIeTo KOHTYpa: YCTaHOBHTe yKa3aTeslb MBIIIH B HadaJbHOM
yIIIy KOHTYpa, HAKMHTE JIEBYIO KHOTKY MBIIIIH H, HE OTIYCKas ee, MepeMecTHTe yKa-
3aTellb MBIIK B OPYTOH YroJl KOHTYpa, HaXOIAIIHMHCS TIO OWaroHaidH. BeimeneHHbIe
KOMTTOHEHTBI OKpacaTcsl B KpacHbIiH 1BET.

2. Komanga Copy (KommpoBaTh) — cooTBeTCTBYeT KoMOWHaIHs kiasutn <Ctrl+C> —
TipeiHa3HavYeHa IS KOTTHPOBaHWS BBIIeSIeHHONH YacTH cxeMbl B Oydep oOMeHa Win-
dows.

3. Komanga Paste (Bcrasuth) — cooTBercTByeT KoMOWHaims wiaBum <Ctrl+V> —

MpeaHa3HaveHa IJ1f BCTaBKH coaepiumMoro Oydepa oOMeHa B pabodee mojie mporpam-
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mbl. [lockoneky B EWB HeT BO3MOKHOCTH MOMEILATh HMIIOPTHPYEMOE H300paKeHHe
CXeMBl WIIH ee (hparMeHTa B TOYHO yKa3aHHOe MecTO, TO HeToCpeICTBeHHO TIociTe
BCTaBKH, KOT/la H300paxkeHHe ellle BhIIeNIeHO KpacHBIM IIBETOM W MOKeT OKa3aThes Ha-
JIOKEHHBIM Ha CO3JaBAEMYIO CXEMY, €r0 MOYKHO MEPEMECTHTh B HY)KHOE MECTO KIIaBH-
[IAMH YITPABIEHHS KypcopoM (co CTperKkamMi) WITH ¢ TIOMOIIIBIO MBITITH. TaknuM ke o0pa-
30M TIepeMelIatoTes W MpeIBAPUTETEHO BhIeSIeHABIe (hparMeHTh CXEMBI.

Kowmanna Delete (Y gamnTh) — cooTBeTcTBYeT KiaBHia <Del> — mo3BomnseT yaatuTh
BBIIETIEHAYIO YacTh CXeMBI.

Komanna Select All (BbigennTs Bce) — cOOTBETCTBYeT KOMOWHAIMS KIIABHII
<Ctrl+A> — 114 BeIZETICHHS BCEIl CXEMBI.

Komanna Copy as Bitmap (KommpoBatrh kak pacTpoBoe H300paxkeHWe) KOMHpYeT
n3obpaxenne cxembl B Oydep oomena Window B Gopmare pactporoii rpadikia BMP.
Komanna Show Clipboard (ITokasats Oydep oOMeHa) — oTobOpaikaeT comepkuMoe
Oydepa oomerna Window.

MeHto Circuit

Mento Circuit (CxeMa) Henonb3yeTcst TPH MOATOTORKE CXeM, a TakKe U1 YCTaHOBKH

MmapaMeTpoOB MOACTINPOBaAHNS.

1.
2.

KomaHga Rotate (IToropoT) moBopaurBaeT BblAeICHHbIH KOMMOHEHT Ha 90°.

Komanga Flip Horizontal (IlepeBepHyTh TOpH30HTANIBHO) CO3AaeT 3epKalIbHOS W30-
OpaskeHHe BhIISISHHOTO KOMMOHEeHTa OTHOCUTEIBHO TOPHU3OHTAIBHOM OCH.

Kowmanna Flip Vertical (ITepeBepHyTh BepTHKAIBHO) co3iaeT 3epkaibHOe W30o0pake-
HHe BHIISIIEHHOTO KOMITOHEHTa OTHOCUTEIBHO BEPTHKAIBHON OCH.

Komanga Component Properties (CroficTRa KOMMOHEHTa) OTKpPbIBae8T OKHO pPeaak-
THPOBAHHA IJI BBIASICHHOTO KOMTIOHEHTa, B KOTOPOM MOKHO TIPOH3BOIHTE pelak-
THPOBAHHE OCHOBHBIX CBOHCTB.

Komanga Create Subcircuit (Cozmats nogcxemy) oroOpaskaeT BbIASIESHHbIH KOMITO-
HEHAT B OTAEIIHHOM OKHE, 1A eT0 JaTbHEHIIeTO HCTTOJIh30BaHHS.

Komanza Zoom In (YBennunTh Macinmab) — COOTBETCTBYET KOMOWHALIMS KIIABHIII
<Ctrl+osa paza xnasuuia niwoc> — yBeTudrBaeT MacTad H3o0pakeHus.

Komanna Zoom Out (YMeHbIIHTh MacinTal) — COOTBETCTBYET KOMOWHALIMA KIIABHII
<Ctrl+xnasuuia niwoc> — yMmeHbIIaeT Macitad H300paskeHns.

Komanga Schematic Options (CgoiicTBa cxembl) H3MEHSET BCE OCHOBHBIE CBOHCTBA
n3o6paxkerns: Grid (Cerka); Show/Hide (Iloka3siBaTh/cKpbITh) — TIOKa3bI-
BaTh/CKPBITH d1eMeHT n3o0paxenns; Fonts (Illpndt) — BeIOOp mpHdTa, Kpome pyc-
ckoro; Printing (ITevataeMoe) — H3MEHHTH pa3Mep MEYaTHOTO H30OpaKEeHHs, B MPO-
IIeHTax.

MeHio Analysis

Mento Analysis (AHaTH3) HCTIONB3YETCA TPH 3aIyCKe HA BHITIOTHEHHE HAXOIATIESHCS

B paboyeM OKHE MPOrpaMMbl CXeMbI (B MTPOLIECCE MOAETHPOBAHHS).
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1. Komanma Activate (AKTHBHPOBaTh) — COOTBETCTBYET KOMOHWHALIHA KIIABHII
<Ctrl+G> — 3armyckaeT pexkVMM MOIEIWPOBaHWA. JTOH KOMaHOe COOTBETCTBYET
KHOTTKa, pactiojloykeHHas B TIpaBOM BepXHeM YTIIy OKHa TTPOTPaMMBI.

2. Komanga Pause (Ilay3a) — cooTBeTcTByeT KilaBuila <F9>— ocTtaHOBKa mpolecca
MOJEINPOBaHNA. JTOH KOMaHAe COOTBETCTBYET KHOITKa, PaciliofioXeHHas B TIPaBOM
BEPXHEM YTUTy OKHA TTPOTPaMMBT.

3. Komanga Stop (OcraHoBHTE) — cOOTBETCTBYET KOMOHHaLHsA Kiapum <Ctrl+T> —
OCTaHOBKA MPOLIECCa MOACSTHPOBAHHA. JTOM KOMaHAEe COOTBETCTBYET KHOTIKA, PACIo-
JIOXKeHHas B TTIPaBOM BepXHeM YTy OKHa TTPOTPaMMBI.

4. Komanga Analysis Options (CsolicTBa aHajgn3a) — COOTBETCTBYET KOMOHHALHA
knapuin <Ctrl+Y> — OTKpBIBaeT OKHO pPelakTHPOBAaHWS BCeX OCHOBHBIX CBOMCTR.
HzmeHATh 11000€ W3 3THX CBOMCTB HE CIIEAYET A0 MOJHOTO OCBOSHHS MPOTPAMMBI.

5. Komanga DC Operating Point (Toukn H3MepeHHs MOCTOSHHOIO HAaMpsKeHHs) OT-
KpPBbIBAET OKHO C OCHHJUTOTpaMMoi (rpadruecKkiM pe3ysIbTaTOM MOACIHPOBAHHSA) H
JaHHBIMH aHaJTH3a PaboThl CXeMbl (M3MEPEHHI MMOCTOSHHOTO HATIPAKESHHS ).

6. Komanma AC Frequency (IlepemeHHas 4acToTa) OTKPHIBAET HA dKPaHe OKHO IJIA pe-
JaKTUPOBaHUS HWXHEro M BepxHero mnpeaesa MPHUMEHEHHBIX MPH MOJSTHUPOBAHWUH
YacToT.

7. Komanaa Transient (BpemeHHbIe) OTKpbIBaeT Ha 3KpaH OKHO PeAaKTHPOBaHHS Bpe-
MEHHBIX TPeAeIoB LT MOASTUPOBAHHMS.

8. Kowmanma Fourier (IIpeoOpasoBaniie Mypre) OTKphIBaeT OKHO I pedaKTHPOBaHHS
JUTHTEIHHOCTH TIaroB TIPH MOJETHPOBaHHH.

9. Komanaa Monte Carlo oTKpbIBaeT OKHO AJISI CMIEHATBHOTO METOa MOAETHPOBAHHS,
HaszsiaecMoro Monte Carlo.

10. Komanna Display Graphs (OTtoGpasute Tpadik) OTKpbIBaeT cliellHalbHOe OKHO, B
KOTOPOM Pe3yJIbTaT MOAETHPOBAHHS CXEMBI MPEJCTABICH B BHAE rpadHiIecKoi 3aBH-
CUMOCTH (Tpadika).

MeHio Window

Bento Window (OxHo) HaxomguTcst moameHio Arrange (YTOpsSgo9YHTE), KOTOPOE CO-
nepxut npe komaHasl. Komarna Description (Omricanne), KOTOPOi COOTBETCTBYET KOM-
onHamms kiasum <Ctrl+D>, otobpakaer B HWKHEH YacTW OKHa TIPOTPaMMBI CTieIlHaTb-
HOe OKHO, KOTOPOe CITYXKHT JIJIS OTTHCaHWS CXeMBI.

MeHro nporpammbl Multisim 2001

Mento niporpammbl Multisim 2001 comepxwut chemyromnipe myHkToI: File (Daiin), Edit
(TTpaBka), View (Bun), Place (Pacnonosxkenue), Simulate (Monenuporanune), Transfer
(ITepeHoc), Tools (Muctpymentsl), Options (napametpbl), Window (OkHo) n Help
(CrpaBka).

B 3amaun »TOM KHHTH He BXOOWT mMoApoOHOe omHcanne paboThl TPOrpamMMbl
Multisim 2001, T.k. 3ToMy BOTPOCY MOXHO TIOCBATHTH IeiTyto KHHTY. IloaTomy 3meck
TTPHBEIEHBT TOJBKO OCHOBHBIE OTIIHYHSA 3TOH TIpoTpamMMb! OoT Tiporpammel EWB 5.12.
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e [Iporpamma Multisim 2001 paGoTaeT He TOIBKO ¢ OTACTBHBIMH CXeMaMH, HO H € TIPO-
eKTaMH ycTpoiicTB. Jlis atoro B MeHto File ecTh cooTBeTCTBYIOIINEG KOMaH/IBI.

¢ C nomortpto komaHa MeHto Transfer MoHo mpeoOpazoBaTh Galiiabl OTAETEHBIX CXeM H
mpoekToB TiporpaMmbl Multisim 2001 B dopMartsl Apyrux TiporpamMM, HampuMep, B
cdopmat niporpamMmbel OrCAD.

e C momortmkto kKoMaHa MeHto Tools mporpamMMa Multisim 2001 moskeT 3afeiicTBOBaThH B
paboTe apyrue BCIOMOTaTEIbHbBIE MPOTPAMMBI.

o Kowmanzasl MeH0 Options TIO3BOJISIOT U3MEHSATH 1BeT (pOHa W KOMITOHEHTOB, BBITION-
HATH PUCYHKH KOMIMOHCHTOB KakK B aMEPHKAHCKOM, TaK W B HEMCIKOM CTaHIApTax.
Bce >t w3mMeHeHMs MOTYT GBITB YCTAHOBJICHBI IJIs1 BbIBOAA TIO YMOJIYaHHIO. Ha
puc. 10.4 nokasaro pabodee OKHO MPOTPaMMBI, B KOTOPOM cXeMa reHepaTopa BHITION-
HeHa no craAnapram DIN (memernkim). CpasuwnTe pric. 10.4 ¢ puc. 10.1, puc. 10.2 n
puc. 10.3.

:

- Multisim - Gen2a
File Edit “iew Place Simulate Transfer Tools Options  Window  Help

Puc. 10.4. NiameHeHHOe pabouee okHO nporpammel Multisim 2001

e [lporpamma Multisim 2001 mo3BoJIfeT W3MEHSATh TeKCTOBble 0003HaYeHHS BMecTe ¢
W3MEHEeHHeM TpaHuuecKoro M300paxeHHs KOMIOHEHTOB: M3MEHSTh PacrojioKeHHe
Ha3BaHHH KOMITOHEHTOB W WX HOMWHAIBI.

e B nporpamme 1o6aBieHbl HEKOTOPbIE U3MEPHUTENIBHBIC TPUOOPHI.

TexHONnornsa cosnaHua cxem

IMocne ycranosku nporpamMvbl EWB 5.12 (Wi aHaiorHdHo# nporpamMmbl), HEOOX0-
JTAMO TIPOCMOTPETh BCe MMetoIIHecs B cOCTaBe 3TOH MPOTpaMMBl TIpUMEPBI cXeM H TIPO-
ekToB. JlemaeTcs 3To Hepe3 TiIaBHOe MEHIO TIporpamMmbl BbIOopoMm komaHna File=>Open
(Paiin=OT1kpeITh). B pesynbTate Ha dkpaHe oTkpbiBaeTcs okaHo Open Circuit File (OT1-
KpBITh (haii co cxemoi) mis BeiGopa daiina (puc. 10.5), B KOTOpOM ClieayeT 13 AHPEKTO-
puH EWB512 BBIOpaTh Manky CIRCUITS.
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Ha pwc. 10.6 mokazaHo OKHO TPOTPaMMBI C OT- 2
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- (F=r shematshnika
WMEIOIHeCT B COCTaBe IMMPOTPaMMBI TMPUMEPBI W | [Fhmet, (= Ewes12
- Istg_amp.ewh
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MOJKHO, YTO KOE-YTO TIOXOXKee MOXHO OydeT B3SiTh
W3 WUMEIOLINXCS MPHUMEPOB, KOTOPBIA 3aTeM OcTa-
HETCSA TONBKO N0paboTaTh B HYXKHOM HATPABICHHH.
3auem n300peTaTh KOJIECO, eCiIi YXKe eCTh TOTOBOe?

Puc. 10.5. OkHo BbIGOpa thaiina
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Puc. 10.6. MpoekT B okHe nporpammbl EWB 5.12

TIpexxne yem B mporpamme EWB 5.12 HavaTe mpouecc cozfaHHs depTexka NPUHLMITH-
aNMbHON CXeMBbI KaKOTO-THOO YCTpOHCTBA, COBETYIO Ha JHCTE OyMard TOATOTOBHTE 3CKH3
JTOH CXEMBI C TIPHMEPHBIM PACTIONIOKEHHeM KOMITOHEHTOB H C YY€TOM BO3MOYKHOCTH
odopmIIeHHST OTHSMBHBIX (PparMeHTOB B BHIe moacxeM. llemecoobpasHo Tarke 03HAKO-
MHTBCA ¢ OHOJTHOTEKOH TOTOBBIX CXeM TPOrpaMMbl (WJIH 3amiceil B CBOeH TeTpaike) I
BHIOOpA aHanora (MMPOTOTHITA) HCTTOB30BAHHSA HMEIOIIIHXCS PEIIEHHH B KAYECTBE MOJICXEM.

PasmelleHne KOMNOHEeHTOB

B ofmem citydae mipoliiece co3NaHus cXeMbl HAYHHAETCS ¢ PacTioNoKeHHs Ha pabodem
nojie mporpamMMbl EWB 5.12 (111 aHajorvyHOM) KOMITOHEHTOB W3 OHOIHOTEK Mporpam-
MBI B COOTBETCTBHH € TIOJITOTOBJIEHHBIM 3CKHM30M. Paszmensl OWOMHOTEKHW TpOoTrpamMMbl
EWB 5.12 moovepeqHO MOTYT OBITH OTKPHITHI ¢ TIOMOIIBK) COOTBETCTBYIOIIAX KHOTOK C
n3o0paxkenneM koMmmoneHT. Ha prc. 10.7 mpoHyMepoBaHbl Bce 9 KHOTOK, KOTOpbBIE OT-
KPBIBAIOT JOCTYTT K OUOMHOTEKkaM KOMTIOHEHTOB, PacrojioKeHHBIM Ha 3TOM ke pUCYHKe
Hike. [Ipn ycTaHOBKe ykazaTesss MBIITH Ha KHOTIKY Ha SKpaHe TOSBISeTCS BCIUTBIBAIO-
[as MoACKa3Kka ¢ Ha3BaHHEM COOTBETCTBYIOIIECH OHOTHOTEKH KOMIMOHEHTOB,
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Puc. 10.7. BUbn1noTekn KOMMNOHEHTOB

HeobOxomumblii 1utd co3gadns cXeMbl 3HaYOK (CHMBOJI) KOMITOHeHTa TIepeHOCHTCS H3
KaTajora B 3aJJaHHOe MecTo Ha pabouee Tojie TIpOTPaMMBI ABH)KeHHEM MBITIH TIPH Haxka-
TOMH JIEBON KHOTIKe, MOciie Yero KHomka oTmyckaerca. Dukcaiys cMMBOJIa KOMTIOHEHTA
Ha 33JJaHHOM MECTE OKHa BBITIOTHAETCA ¢ TTIOMOIIBIO [eTYKa MBIIIBIO Ha HEKOTOPOM pac-

CTOAHHH OT 3Ha4YKa KOMITOHEHTa.

Ha sTom aTane HeoOX0AUMO MPEIYCMOTPETh MECTO IJIA PACTIONIOKEHHA KOHTPOIBHBIX
TOYEK W W300paKEHHH KOHTPOIBHO-H3MEPHTEIBHBIX TIPHOOPOB.

YTto6BI YCTaHOBUTHL IJId JAaHHOTO KOMITOHEHTa

HeO6XOHHMy}O BEJIMYWHY 3HaydYCHWs,

HYXHO ABayKIbl [IEIKHYTh MBIIIBKO Ha 3HaUKe 3TOr0 KOMMOHeHTa. Pesynbrar aToro neii-
cTBHA Tokasad Ha puc. 10.8. B pesymprare oTkphIBaeTcss OKHO PEeOaKkTHPOBAHHA, B KOTO-
POM cllefyeT YCTaHOBUTh HEOOXOAMMYIO BEIMUMHY W IIENKHYTh Ha KHoTke OK.

B mporpamme Multisim 2001 nBoitHOH memuok MBITTBEO Ha H300pakeHHH KOMTIOHEeH-
Ta TIPHBOAWT K OTKPBITHIO OKHO, TIOKa3aHHoe Ha puc. 10.9, B KOTOpoM TOKa3aHBl OCHOB-

HBIC TTApaMeETPbl U 3HAYCHHA 3TOTO0 KOMITOHCHTA.

N-Channel JFET Properties

Label  Models | Faut | Display | Analysis Setup |

El
o] oo

Puc. 10.8. OkHO peaakTnpoBaHMa HOMUHanNa
NnoneBoro TpaHsmcTopa

2lx

L

Library

New Library
Edit
Copy
Paste
Delete
Rename

BIT_NPN [

Label | Display Walue | Fauk |

2M22228,
TO-18
Felex

——

Edt Component in DB
Edit Model

x|

Walus/Model :
Footprint :
Marufacturer

Funcion

Replace |

0K | s |

iia | Crpaska |

Puc. 10.9. OkHO ¢ nHdopmaumren
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Ecni Heo6X0AMMO BHECTH KaKOE-TO H3MEHEHHE, TO CJeAYeT IICIKHYTh MBIIIBIO Ha
KHOTIKe, pacriojoKeHHOH B JIeBOM HIDKHeM YTITy oKHa. Toraa MosBHTCS OKHO BBIOOpa
HOBOTO 3HaUeHUS AJ14 3aJaHHOTO KOMITOHeHTa, MokazaHHoe Ha puc. 10.10.

B packpeiBarommeMces IHAIOTOBOM OKHE yCTa-

6 x|
HaBITMBAIOTCA TpeOyeMble MapameTpbl (COMpoTHB- |~ 0 e (]
JICHWe pe3WcTopa, THM TPaH3HCTOpa W T.A.) M BBI- | [F257 =] ComponentFari: [ en o]

2714 Component Name: [2N3333
0op moaTBEpIKIAAETCA ¢ MOMOILIBIO KHOMKH OK wiTH 203 Manufacturer. Tiabond
knasuin <Enter>. S e

N3 ootprint: T0-32

Ecmn B cxeMe WCHONB3YIOTCS KOMITOHEHTHI | |32 e
OJIWHaKOBOTO HOMHHalla (HallpuMep, Pe3HCTOPHI ¢ | [2: Syt DIN)
OMHHAKOBBIM  COTIPOTHBIIEHWEM), TO HOMHHAI %E%%E ReflD
PartNa

TaKOTO  KOMITOHEHTa pPEeKOMEHIyeTcs  3aiaTh %Egéi\ i
HeMocpelCTBeHHO B KaTanore OWOIHOTeKH, W |[2z%
3aTeM TEPEHOCHTH KOMIMOHEHTHI B  HYXKHOM | lais =
KOJTHYeCTBe Ha padodee mose. Caree N
CoeguHeHUe KOMNOHEHTOB NIMHUAMMU- Puc. 10.10. OkHO peakTUpoBaHWs
NPOBOAHMKAMM AaHHbIX TPaH3ncTopa

TToce pasmerneHMs KOMMOHEHTOB TPOW3BO-

JUTCSA COeTHHEHHE WX BBIBOJOB TIPOBOAHWKAMH. [IpH 3TOM HEOOXOIHMO YYHTHIBATH, YTO
K BBIBOy KOMITOHEHTa MOXKHO TTOAKIIOYHTE TOJBKO OIHH TTPOBOAHHK. JiIs BBITIOTHEHHA
MOJKTIOUSHHS HeOOXOIUMO YCTaHOBUTH YKa3aTeslb MBIIIHN Ha BbIBOIE KOMITOHEHTa, W Mo-
cJle TIOABIIEHWS Ha dKpaHe MpSMOYTOIbHWKa CHHeTo 1IBeTa (MJIW OKPYKHOCTH ¢ TepeKpe-
CTHEeM) Ha)KaTh JIEBYIO KHOTIKY MBIIIH W, HE OTIMyCKas KHOMKH MBIIITH, TTePEeTaIHTh MBI-
b0 MOSBUBIIHIHCS Ha 3KpaHe MPOBOAHHK K BBIBOAY APYroro KOMMOHEHTa Tak, YToObl Ha
HeM TOSIBHJICA TaKo# e TPSAMOYTOIBHHK (MM OKPYXKHOCTB ¢ TlepeKkpecTreM). Jlns 3a-
BEPIICHHs CO3JaHHS COSTHHEHHS HYKHO OTIYCTHTH KHOMKY MBIIIH. B mporpamme Mul-
tisim 2001 mocie OTmycKaHHS KHOTKH CIIEAYET TYT K€ BBITIONHHTD MIETYOK MBIIBIO.

[Tpn HeoOXoANMOCTH TIOAKIIOUEHNUS K 3THM BbIBOAAaM IPYrWX MPOBOAHWKOB B OMO-
mHoTeke Basic BeIOHpaeTcst Todka (CHMBOJ COSMHHEHHS ) H IEPEHOCHTCS HA YCTaHOBJICH-
HBIH TIpoBOAHHK. YTOOBI ToUka TovepHena (TiepBOHAYAIBHO OHA HMEeT KPacHBIi IBET),
HeoOXOIMMO IIEIKHYTh MBIIIBIO Ha cBOOOIHOM MecTe pabodero mnond. Ecian 3ta Touka
JIeHCTBUTEIBHO HMeeT MIeKTpHIecKoe coeIMHeHHe ¢ MPOBOJHNUKOM, OHa MOJHOCTBIO OK-
pamHBaeTcs HepHBIM IBeTOM. ECITH BHIOEH Cilel OT TIepeceKarollero TMPOBOJHHKA, TO
ANMEKTPHYECKOTO COEAWHEHHs HeT W TOYKY HEO0OXOOMMO YCTaHOBHTH 3aHOBO. [locie
YAa4HOH YCTaHOBKH K TOUKe COSANHEHHS MOYKHO MOJIKITIOUNTH ellle 1Ba MPOBOJHWKA.

Ecnn coennHenme Hy»KHO pa3opBaTh, yKazaTeslb HAJO0 MOABECTH K OIHOMY W3 BBIBO-
OB KOMTIOHEHTOB WJIH TOYKE COSTWHEHHs KOMITOHEHTOB W TIOCHIe TIOABISHWS TIPAMO-
YTrolbHWKa HaXaTh JIEBYIO KHOTIKY MBIIIHN W, He OTIMycKa ee, MepeTalfTh MTPOBOJHWK Ha
cBOOOIHOE MeCTO paboUero Mo, Mocje 4ero KHOMKY MBIIIHN HYXXHO OTMYCTHTh. UToOb
yOpaTh COeMHHHTENBHYIO JTHHHIO, HEOOXOJHMO YCTAHOBHTH Ha Hel yKazaTenb M IIelTk-
HYTBH MBI, JIMHUS TipK 5ToM MO0 U3MEHHT CBOM LiBeT, MO0 cTaHeT Gosee TOJICTOM,
a0 Ha KOHLAX JIMHWK MOSBATCS HeOOMbINe KBaIpaTUKH — BCe 3TO OyAeT CBUAETeIb-
CTBOBaTh O TOM, YTO JaHHAsA JIHHWSA BbIOpaHa. [locie STOTO MOXKHO HakaTh KIIABHINY
<Delete> v mienkHyTh Ha KHOMKe Jla B OKHE TIOATBEPKACHHS YAaTeHH.
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TouHO TakAM ke METOJIOM yJaiIseTCs HeHy KHBII KOMITOHEHT.

Bropoii MeTon ymaneHus WM W3MEHEHHe TMOJOKEHWs KOMIMOHEeHTa — YCTaHOBHTH
yKazaTellb MbIIIW Ha M300pakeHWM KOMIMOHEeHTa M HaxKaTh MPaBylO KHOMKY MbIIH. B
MOSIBHBIIIEMCS| OKHE CJIeTyeT BHIOpATh TIePEeKITOYATENh TS BBITTOJHEHHS COOTBETCTBYIO-
ero emy AercTBus (YIAIHTh, MOBEPHYTH HJTH 3€PKATBHO OTOOPA3HTh) W LICIKHYTh MbI-
b0 Ha KHoTKe OK.

Cremyer OTMETHTb, YTO MECTO TIPOKIAAKH JTHHWH COeNHHWTEIBHBIX TTPOBOJHHKOB BBI-
OWpaeTcs aBTOMATHYECKH, TIPH 3TOM TMPEMNATCTBYIONIHE KOMITOHEHTH H IpyTHe TPOBOIHH-
KW orubaroTes 1o OpTOTOHATEHBIM HalTpaBIeHUAM (10 TOPU3OHTATH MITH 110 BEPTHKAIN).

KommoHneHT Touka coeAUHEHUs1 MOXKeT ObITh UCTTONB30BaHa He TONBKO IS MOIKIIIO-
YEHHWS TTPOBOJHHKOB, HO W 1A BBEISHHWS HaAIHCel (HarprMep, YKa3aHHs BEITHIHHBI TO-
Ka B TIPOBOAHMWKE, ero (PYHKLUMOHAJILHOTO HazHaueHHWs W T.1.). Jl1s aToro HeoOXxoanmo
JBaKIbl LISIKHYTH MBIIIBIO Ha TOUKEe M B PacKpbIBIIEMCS OKHe BBECTH HEOOXOANMYIO
3anuch (He Oonee 14 CHMBOIIOB), IPHYEM 3AMTHCh MOKHO CMEILATh BITPABO MyTeM BBEIC-
HHS HY’KHOTO KOJTHYECTBA MPOOesoB. TO CBOHCTBO MOXKET OBITH HCTTONB30BAHO H B TOM
ciydae, KOT/ia TIO3HIMOHHOe 00o3HaueHne koMmToHeHTa (HarpuMep, C1 waw R10) Haksta-
JIBTBAETCA Ha PAIOM TIPOXOAAIIAI TTPOBOAHNK HITH IPYTHE HTEMEHTHI CXEMBI.

B mporpamve Multisim 2001 TekcT ¢ HOMHHAIOM HIH 00O3HAYEHHEM KOMITOHEHTA
MOKHO TIepeMelaTh CaMOCTOATENIEHO, OTASIBHO OT N300 PaXKeHUs] KOMTTOHSHTA.

Ecnn HeoOxoanmo nepemMecTHTh OTASMBHBIH CErMEHT MPOBOAHHKA, TIOABSANTE K HEMY
yKazareiab MBIIIH, HAKMATE JIEBYIO KHOTIKY MBIIITH H, TTOCIIe TIOABISHHS B BEPTHKAIBHOM
WA TOPU3OHTAIBHON MIIOCKOCTH ABOMHOM CTpeJIKH, BBITIONIHHTE MepeMelleH’e cerMeHTa
MBIIIBIO.

MoaknoyeHune KOHTPOJIbHO-U3MepUTeINbHbLIX HpM60pOB

[TonkntoueHne K cxemMe KOHTPOIBHO-U3MEPHTEIBHBIX MPUOOPOB MPOWU3BOAWTCA aHa-
agoruyHo. [TprdeM ans Takmx npuOOpoB Kak ocuusutorpad WM JOTHUYeCKWd aHaIn3aTop
COEZIMHEHHS 1IeIecO00Pa3HO MPOBOJNTH IBETHBIMH TIPOBOJIHHKAMH, TIOCKOIBKY WX I[BET
ompeneNnseT IBET COOTBETCTRYIOIIEH OCIHITIIOrpaMMEl. 1[BeTHBIE TTPOBOIHHKH TIeTec000-
pas3Hbl He TOMbKO 11 0003HaueHHs TIPOBOAHWKOB OJMHAKOBOTO (BYHKLHMOHAIBHOTO Ha-
3HAYEHWs, HO W JJIS TIPOBOJHHKOB, HAXOMAIIHXCA B Pa3HBIX YACTAX CXeMbI (Hampumep,
MPOBOJHWKH IIHHBI JAHHBIX 70 W mocie OydepHoro aneMenTa). /g W3MeHeHHs 1[BeTa
MPOBOAHONH JIMHUK ClIeAyeT YCTaHOBWTH yKas3aTelb Ha 3Ty JWHWKO W IBaXKIbl [ISIKHYThH
MBIIBIO. [IpH 3TOM MOSIBUTCS IHAOrOBOe OKHO, B KOTOPOM ClleAyeT BHIOpaTh HYKHBIH
IIBET W IENTKHYTH MBITIBIO Ha KHOTKE OK. TIpriMepbl Takoro pazHOIBETHOTO OQOPMITEHHS
MOKHO HaWTH B KaTaJlorax rOTOBBIX CXEM.

[Tpn oGo3HaueHNH KOMITOHEHTOB HEOOXOAMMO TMPHIACPKHBATHCS PeKOMEHIALUMH W
npasii, npeaycMoTpeHAsrx ECKJ] (emmHO crHcTeMoll KOHCTPYKTOPCKOH TOKYMEHTa-
IHH). YTo KacaeTcs MacCHBHBIX KOMTIOHEHTOB, TO TIPH BBIOOpE WX 0003HAYEHHH 0COOBIX
TpyAHOCTe He BO3HWKaeT. TpyOHOCTH BO3HMKAIOT TMPH BHIOOpE aKTHBHBIX SIIEMEHTOB
MHKPOCXEM, TPAH3HCTOPOB W T.M., 0COOEHHO TIPH HEOOXOAHMOCTH HCTIONB30BAHHS KOM-
MOHEHTOB OTEYECTBEHHOTO TIPOW3BOJCTBA, KOTAA TpedyeTcs YCTAaHOBHTH TOYHOE COOT-
BeTCTBHE (PYHKLMOHAIBHBIX 0003HaUSHNH BBIBOJOB W MapaMeTpoB 3apyOeKHbIX U oTede-
CTBEHHBIX KOMMOHEHTOB. Jjst 00slerueHns 3Toi 3aaaul MOJKHO BOCTIOIB30BaThCA TabIH-
IIAMH COOTBETCTBHS 3apyOEKHBIX H OTEYECTBEHHBIX KOMTIOHEHTOB.
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MmMnopTtupoBaHue yacten U3 ApPyrom CXemMsbil

[Tpw IMTIOPTHPOBAHHH B CO3IABAEMYHO CXEMY JPYTOH CXeMBbl HIIH ee (PparMeHToB Iie-
JIeCOo00pa3HO ASHCTBOBATH B CICAYIOIICH MOCIEI0BATEIBHOCTH:

¢ ¢ nomoripto komauasl File>Save As (Daiin= CoxpaHuTh Kak) 3anmucaTh B (haiin
co37aBaeMyl0 cXeMy, yKa3aB ero WMs B JHaJOTOBOM OKHe (paciivipeHWe WMeHH
(halima yKassiBaTh He 00s3aTelIbHO, TTpoTpamMMa c/IejiaeT 3TO aBTOMATHISCKH ),

¢ ¢ momotIbto komaHasl File>Open (Pain=OTKpeITH) 3arpy3uTh B padodee Tofie
UMTIOPTHPYEMYIO CXeMY CTaHAapTHBIM 00pa3oM IUId OTlepalMoHHOH crcTemMbl Mi-
crosoft Windows;

¢ c nomombio komaHasl Edit=>Select All (ITpaBka= BreiaennTs Bce) BBIACINUTH CXe-
MY, €CJTH UMITOPTHPYETCA CXeMa TIOTHOCTBIO, HITH BBIICGITHTE €€ HYKHYIO YacTh;

¢ ¢ momomeo komaHmsl Edit=Copy (ITpaska= KommposaTh) CKOMHPOBATH BBIAE-
JICHHYIO cxeMy B Oydep oOmeHa;

¢ ¢ nomoIibto komaHasl File=>Open 3arpy3uTh co31aBaeMyto ¢xemy B pabodee OKHO
MPOTPAMMBTI;

¢ ¢ nomMomiplo komaHael Edit=>Paste (I[IpaBka=BcTaBHTh) BCTaBHTH COACPKHMOE
Oydepa oOMeHa B pabouee mose, TIocie BCTaBKH HMTIOpPTHpyeMas cxema OymeT
BbiZesieHa (M OTMeueHa KpacHbIM LIBETOM) W MOXKET OKa3aThCsl HaJOXKeHHOH Ha
CO3aBAEMYIO CXEMY;

¢ C MOMOMIBIO KIIaBHUII YITPaBJICHHUA KYPCOpPOM HIIN MbBITIN MEPEMECTUTE UMITOPTUPO-
BAHHYIO YacCTh B HY’>KHOC MECTO, TTOCJIC YET0 MOKHO OTMECHHTD BBIACIICHHE,

¢ TIOCJIC TIOAKJIKOYCHUA HMHOpTHpOBaHHOﬁ qaCTH CXCMbI HCOGXOHI/IMO meT9KaMnu
MbITIH HpOﬁTHCB MO BCEM €€ KOMIMOHCHTAam, YTOOBI HCKITKOYHTE WX CMCIICHHA,
BO3HHKaroMmure 1npu 6YKCI/IpOBKe W MPUBOAAINNE K CTYTTEHYATbIM HUCKa>KEHHUAM TIPO-
BOJHWKOB.

[lepemeriienwst OTAENBHBIX (PArMEHTOB CXEMBI TIPH €€ KOMTOHOBKE BBITIONHSIOTCS
BBITIICOTIMCAHHBIM 00pa3oM Tocsie BhIIeIeHHs (hhparMedTa — cHadala HyKHBIH (hparMeHT
CXEeMbI BBIOSIISISTCS, 3aTeM BbIeIeHHas YacTh MepeABUraeTcs B 3aJaHHOS MECTO.

ITocite MOATOTOBKH CXEMBI PEKOMEH/yeTCs COCTaBHTH e OIMHCanHne (OKHO penakTopa
TEKCTa OTKpBIBaeTCA ¢ moMorpio koMauasl Windows=Description), B KOTOpoM yKa3bl-
BaeTcsl ee Ha3HaueHWe, Mocie MPoBeASHUS MOJASIHUPOBAHUS YKa3bIBAIOTCS €ro pesylibTa-
To1. K coxxanernnto, mporpamma EWB 5.15 mozsosnser BBOANTE OTIHCaHWE TOJIBKO HA aHT-
mrdckoM s3bike. Kpome Toro, B8 EWB 5.15 He mpenycMoTpeHbI cpencTBa Tl peaakTHPO-
BaHHA TpahHIecKnX H300pakeHHi KOMITOHEHTOB, a Takyke BBeIeHHS HOBBIX MPH(TOR.

[lepeiinem Temeps K KparkoMy o0030py OHONHOTEUHBIX KOMTIOHEHTOB MPOTPAMMBI
EWB 5.15. Tlpu ommicannu OnGiHoTek Tociae Ha3BaHWS KOMTIOHEHTa B cKOOKaX yKa3bl-
BAIOTCS Ha3HayaeMble TOIB30BaTeNeM MapaMeTpbl. HampuMep, mid KoHIeHcaTopa 3TO
eMKOCTb, 3HAYEHHE KOTOPOH MOKeT OBITh YCTAHOBIIEHO ¢ TIOMOILBIO THATIOTOBOTO OKHA, &
Takke TemmiepatypHble koadduimentsl emroctd (TKE), mist orfepaliHoHHOTO yCHITHTe-
JIS — THIT, KOTOPBIH MOKET OBITh BHICBEUSH C TIOMOLIBIO MEHIO W T.A.
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prnna Favorites — BcnomMorartesibHble KOMMNOHEHTLI

B mporpamme EWB 5.12 camerii kpaiinmii cripaBa pazgen HassiBaercs Favorites (13-
OpaHHble). 3aMolHeHue pa3aena MOASIIMH KOMITOHEHTOB MIIH TOACXeM OCYIIeCTBIISeTCS
MporpaMMoi aBTOMaTHUECKH OAHOBPEMEHHO ¢ 3arpy3Koi cxeMHoro daiina u oyniaercs
nocsie OKOH4aHHs padoTsl ¢ HUM. Ha puic. 10.7 ata rpynma o6o3HadeHa Homepom 10.

pynna Sources — pa3nuyHbleé KOMMNOHEHTbI-UCTOYHUKHN

T'pynna Sources (Mctounnkn) nokasaHa Ha puc. 10.7 mox HoMepoMm | W comep:KuT
KOMIOHEHTBI, KOTOPbIe WCTIONB3YIOTCA KaK BXOASALINE CUIHAIBI MM KaK UCTOUYHWKH TTH-
TaHHA. Bee BXOMAIIHE B ATY TPYINTY KOMITOHEHTHI pactosiokersl Ha prc. 10.11.
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Puc. 10.11. KomnoHeHTbI rpynnsl Sources
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KoMToHeHTHI Ha 3TOM W Ha TIOCHe Iy IOIAX pHCYyHKaX MMPOHYMepOBaHbl IS TOTO, UTO-
OBl TTPH WX OTIMCaHWH MOXKHO OBUIO CCBHUTAThCS Ha ATH HoMepa. [IpH ommHcaHWHd KOMITO-
HEHTOB Cpa3y MOC/Ie Ha3BaHWA KOMITOHEHTa B CKOOKAaX MPEACTABICHBI SAHHHIIBI H3MEpe-
HH$, COOTBETCTRYIOIIHE 3TOMY KOMITOHEHTY.

Ha puc. 10.11 noa cooTBeTCTBYIOLIMMA HOMEPaMH HaXOIATCs CIeAYIOLIHS KOMIMTOHSHTHI:

e | —3azemieHune (MeTKa);
e 2 — Qarapes KaKk HCTOYHHK HAMPSHKEHHS NMUTAHWA (HAMTPsHKEHHE),
e 3 — HCTOYHHK MOCTOSHHOTO TOKA (TOK);

e 4 — HCTOYHHK MEPEMEHHOTO CHHYCOWIAIBHOrO HampsukeHus (3(Q¢hexTHBHOE 3Hade-
HHE HaMPsHKeHHs, 4acToTa, (aza);

e 5 — HWCTOYHWK MEPEMEHHOr0 CHHYCOHWIAIBHOTO TOKA (TOK, 4acToTa, (haza);
e 6 — WCTOYHWK HaMpsOKEeHHs, YTpaBiseMblii HarmpsokeHHeM (KoaGGHITHEAT Tiepeavn),
e 7 — WCTOYHWK HAMpPsOKEHUS, YIPaBIsSeMblii TOKOM (Ko (HITHEHT Mepeaun);
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e 8§ — HCTOYHWK TOKa, YNpaBIseMbli HanmpsokeHHeM (koapHITHeHT mepenadn);
e 9 — HCTOYHWK TOKA, YNPABIIEeMbIH TOKOM (KOX(DOHITHEHT TIepenadn);
e 10, 11 — WCTOYHHUKHN HaMps>KeHHs MATaHWS YCTPOHCTRA;

e 12 — reHepaTOp OAHOTMOIAPHBIX MPAMOYTOIBHBIX UMITYJIECOB (aMTUTHTYda, YacToTa,
KO2(h(DUITHEHT 3aITOTHEeHHS ),

e 13 — reHepaTop aMILUIUTYIHO-MOIYIMPOBaHHBIX KoJleGaHWH (HanpsbKeHWe W 4acToTa
HecyIleH, KO3QQHIIMEHT W YacTOTa MOAYJIALIMH; HA 3HAYKE rPadHuecKoro H3odpake-
HHSA KOMTIOHEHTA KOA(DDHIIHEHT MOIYJIALIHH HE YKa3aH);

e 14 — reneparop ¢hazoMOmyTHPOBAHHBIX KONMEOaHHH (HANMPMKEHHE W YacTOTa HECYILEH,
WHAEKC W 9aCTOTa MOMYJIALIMH; Ha 3HAYKE KOMITOHEHTA HHASKC MOIYJIAIIHHA HE YKAa3aH);

e 15, 16, 17 — narnpsbkeHHe, yripaBiseMoe TIepeMeHHBIM HalpskeHHe ¢ CHHYCOHIANb-
HBIM, TPEYTOIBHBIM W TIPSMOYTOJIBHBIM 110 (hOpMe CUTHAJIOM;

e 19 — WCTOYHWK CHTHAJIA TIOJIAETCS OT BHEIIHETO YCTPOHCTRA;

e 20, 21 — WCTOYHHK HAMPSKEHN, YITPABIAEMBII BHEITHHM H (Ha30MOIyTHPOBAHHBIM
CHTHAJIOM;

e 22 — MONHHOMWHATBHBIH HCTOYHHK TTHTAHHS (KO DHITHEHT MOJTHHOMA);

e 23 — HCTOYHHK TTHTAHHSA C NEPECKIIIOYACMbIMHU HATTPAKCHHUAMH.

pynna Basic — naccuBHble 6a30Bble KOMMNOHEHTbI

Ha puc. 10.7 aTa rpynna Haxoautces mod HoMepoM 2. KOMMOHEHTHI 3Toi TpyMmbl MO-
KazaHbl Ha puc. 10.12.
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Puc. 10.12. KomnoHeHTs! rpynnsi Basic

e | — TouKa coeAWHEHHS TIPOBOAHUKOB, UCTIONB3YeEMas TakKe I BBEISHHS Ha CXeMe
Haanuced amrHOM He Oonee 14 cumBosos. Hanpumep, ecnn Ha cxeme TpeOyercs yka-
3aThb 3HAYCHHE TOKA B KaKOFI-J'[H6O BE€TBH, TO Ha TIPOBOAHUKE 3TOH BETBH CTABHUTCS
TOYKa, 3aTeM JABOWHBIM IIETYKOM Ha TOYKE BHI3BIBAETCSA AHAIOTOBOE OKHO, B KOTOPOM
W BBITIOJTHSETCS COOTBETCTBYHOIIAS HAMNCh.
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2 — pe3ucTop (COTTPOTHBIIEHHE).

3 — koHAEHCATOP (EMKOCTB).

4 — KOHTypHas KaTyliKa (HHIYKTHBHOCTB).

5 — TparchopMaTop ¢ BO3SMOKHOCTBIO pelaKTHPOBaHHS:

¢ koadduirenta Tpanchopmaipu (Primary-to-secondary turns ratio, n);

¢ WHIYKTHBHOCTH paccesHus (Leakage inductance Le, I'n);

¢ WHAYKTHBHOCTH nepBHYHOM 00MoTKH (Primary winding resistance Rp, Om);

¢ COMpOTHBIeHHe BTOpUUIHOH 0OMOTKH (Secondary winding resistance Rs, Om);

6 — aNIeKTpOMarHUTHOe pesie ¢ KOHTaKkTaMW (ToK cpabaThiBaHWS W OTITyCKaHWs, WH-
TYKTHBHOCTH OOMOTKH).

7 — mepekmoYaTesib, YIMpaBIseMblii HaKaTHEM 3aaBaeMoil KJIABHINH KIaBHATYPbI
(no ymomuanio — kiasuiia <[Ipober>).

8§ — nepexynoyaTeslb, aBTOMaTHYECKH Cpa6aTBIBa}OLHHﬁ uepes 3aJaHHOE BpeMs (Bpe—
MA BKITFOUCHHWA H BBIKITKOYCHHA, C).

9, 10 — BBIKJTIOYaTEIIb, Cpa6aTBIBa}OLHI/Iﬁ B 3aJaHHOM JHala3oHe BXOAHBIX HaIlpsaKe-
HHI HITH TOKOB (Hal'[pﬂ)KCHI/Ie WJIH TOK BKIIIOYCHUA H BBIKJ'[}OLICHI/IH).

11 — HCTOYHHWK TIOCTOSHHOTO HAMPAXKEHHS C TTOCIEI0BATENIFHO BKIKOYEHHBIM PE3H-
CcTOpOM (HarmpsKeHHe, COTTPOTHBIIEHHE).

12 — moTeHIHOMETp, TTapaMeTphl KOTOPOTO 3aIat0TCA C TTOMOIIIBIO THAIOTOBOTO OK-
Ha, B kKoTopoMm mapametp Key (Knaswia) onpenensier cHMBOJ KJIABHIIH KIIaBHATY Pl
(o ymomuanno <R>), HaxaTHeM KOTOPOH COMpPOTHBIEHHEe YMEHBINUTCS Ha 3alaH-
HYI0 BeTHIHHY B % (mapamMeTp Increment (YBeTHIHTS), TTOABHKHBIH KOHTAKT IBHTa-
eTcs BIIEBO) WIH YBEJTHYHBAETCA HA TaKyl K€ BENIMYHHY HAXKATHEM KOMOHWHAITHH
kiaBuT <Shift+R> (TToaBHXKHBINA KOHTaKT ABWTaeTcs BIPaBO), BTOPOH MapaMeTp —
HOMWHAJILHO® 3HauYeHHe COTTPOTHBRIISHHS, TPETHI — HavallbHas YCTaHOBKa COMPOTHB-
seHns B % (o ymomdanio — 50%).

13 — cbopka (T1akeT) W3 pe3UCTOPOB, HMEIOIINX OTWHAKOBYIO BETHYHHY COTIPOTHB-
JIEHWs (COTIPOTHBIIEHHE).

14 — mepexsmtodaTesb, YIpaBIseMbli HATTpsHKeHHeM (HampAKeHwe).

15 — anexkTponuTHYeCKHil KOHAEHCcaTOp (6MKOCTh).

16 — KoHaeHcaTOp MepeMeHHOH eMKOCTH (aHaJTOTHYHO MOTEHLHOMETPY ).

17 — warymika nepeMeHHol HHIYKTHBHOCTH (aHAIOTHYHO TIOTEHITHOMETPY ).
18 — karymmka ¢ cepIeYHHKOM B BHIE CITHPAITH (HHIYKTHBHOCTB).

19 — KkaTymkn ¢ MarHATHBIM CEPACYHHKOM (HHAYKTHBHOCTH, MATHUTHAS TIPOHHIIAC-
MOCTh).

20 — TpaHchopmMaTop ¢ HETHHEHHON XapaKTePHCTHKOM.

Npynna Diodes — pasnuyHble anoabli

Ha pwuc. 10.7 ata tpynma o0o3HadeHa HoMepoM 3. M300pakeHWs KOMITOHEHTOB H3

3TOMW TPyTITHI TTOKa3anbl Ha prc. 10.13.
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e S L
1 2 3 4 5 B 7 g
Puc. 10.13. KomnoneHTs! 13 rpynnsl Diodes

e | — MOMYNPOBOAHHKOBRIN THOM (THIT).

e 2 — crabuauTpoH (TH).

e 3 — cBeroanoa (THM).

e 4 — BBIMPSIMUTENBHBIH MOCT (THM).

o 5 — awon Iloknu (Trm).

e 6 — TUPHCTOP WK AUHUCTOP (THIT).

e 7 — CUMMETPHUYHBIH IUHUCTOP WK AWAK (THIT).

e 8 — CUMMeTPHYHBIH TPUHHUCTOP WK TpHaK (THIT).

Mpynna Transistors — pa3nuyHble TPaH3UCTOPLI

Ha puc. 10.7 sra rpynna o6o3HadeHa Homepom 4. M300pakeHHs KOMIOHEHTOB H3
3TOi rpymnibl Noka3zaHbl Ha puc. 10.14.
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Puc. 10.14. KomnoHeHTsI rpynnsl Transistors

e 1,2 — GUNOISIPHBIC N-p-I1 K P-N-p TPAH3HCTOPBI COOTBETCTBEHHO (TH).
e 3,4 — moneBbie TPAH3HUCTOPHI C p- W N~ THIIOB COOTBETCTBEHHO (THIT).

e 5,6,7, 8 — nmonessie MOII-TpaH3HCTOPBI ¢ U3OIHUPOBAHHBIM 3aTBOPOM H-KaHaJIbHBIS
¢ 000TaIEeHAO N MOMIOKKOH M p-KaHaIbHbBIE ¢ KaHAIBHBIE ¢ 00ETHEHHON MOIIOKKOH,
C pasdeaeHHbIMH WITH COeAMHEHHBIMH BHIBOAAMH MOMLTOXKKH U UCTOKA (THT).

e 9, 10, 11, 12 — momessie MOII-TpaH3HCTOPHT € W30JIHPOBAHHBIM 3aTBOPOM -
KaHaJIbHbIe ¢ 00OTAIleHHBIM 3aTBOPOM M p-KaHaJlbHbIe ¢ KaHaJIbHbIe ¢ 00eIHEHHBIM 3a-
TBOPOM, C pa3feieHHbIMH WM COSANHEHHBIMH BBIBOAAMH MOIIOKKHN U UCTOKA (THIT).

e Ne 13, 14 — moneBble apceHUA-TaJNTHERbIS TPAH3UCTOPHI C KaHATIaMH /- U p- THIOB CO-
OTBETCTBEHHO (THIT).

Npynna Analog ICs — aHanoroBble MUKPOCXeMbI

Ha pwuc. 10.7 ata tpymma o0o3HadeHa HoMepoM 5. M300pakeHHs KOMITOHEHTOB H3
3TOi rpymnmbl Noka3aHsl Ha puc. 10.15.
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Puc. 10.15. KomnoHeHnTsl 13 rpynnsi Analog ICs

e | — nWHeiHas MoAenb OMepPallHOHHOTO YCHITUTENS ¢ 3 BBIBOJAMH (TH).

e 2 — HenWHeiHass MOJeNb ONMePalMOHHOTO YCHITUTENS ¢ 5 BhIBoAaMH (Thn 741).

e 3 — HenWHeiHas MOJeNb ONepalMOHHOTO yeHanuTens ¢ 7 BeieoagaMHu (Tun UA748).
e 4 — HenWHEeHHad MOAETH OTIEPAIIHOHAOTO yeHiHTens ¢ 9 BerBomamu (Tum AD620).
e 5 — kommaparop (THm).

e 6 — mukpocxema Phase-Locked Loop (Tum).

pynna Mixed ICs — pa3nuyHble MUKpPOCXeMbl

Ha pwuc. 10.7 ata tpynma o0o3HadeHa HoMepoM 6. M300paxkeHWs KOMITOHEHTOB H3
3Toi rpymnibl Noka3zaHsbl Ha puc. 10.16.

4 MONGSTAE 555
o — o — GNG o |-
L P o EEEEETET S EEEEEEET S :g/m o qmos
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Puc. 10.16. KomnoHeHTsl 13 rpynnsl Mixed ICs

o | — 8-paspannbiii aranoro-irdposoii mpeodpazosarens (AL win ADC). Tlepsbie
IBa TapameTpa 0003HavatoT qHana3oH mpeodpasyeMblX HalpsKeHHH, TpeTHii — Bpe-
Ml TipeoOpa30BaHHs, YeTBEPTHI — LieHy MITaAIIero paspsaa.

e 2 — 8-paspsaHbBIA MG pPo-aHaIoTOBEIM TIpeoOpasoratens (LIAII) ¢ BHemmHUM oTop-
HBIM HCTOYHHKOM HAMPsKEeHHs H TIapadazHbIM BEIXOIOM.

e 3 — 8-paspsaHbBIi MG po-aHaTOTOBEIM TIpeobpasoratens (LIAII) ¢ BHemmHUM orTop-
HBIM HCTOYHWKOM HATPIKEHH.

e 4 — MOHOCTaOMJIBHBII MYJIBTHBHOpATOD.
e 5 — ToMyaApHas MHKpocXxeMa MHOTO(YHKITHOHAIRHOTO TaliMepa 555. OTeuecTBeH-
we1ii anaor — KP1006BH 1.
JUTst BCeX yKa3aHHBIX BHINIIE KOMTIOHEHTOB (KpoMe TaiiMepa) HOTyCKaeTCs PeaaKTHPO-
BaHHWe B AWAIIOTOBOM OKHE CIISAYIOLINX MapaMeTpoB:
¢ BepxHWH ypoBeHb BxoaHoro HanpsukenHs (High-Level Input Voltage Vih,B);
¢ HIWKHWH ypoBeHb BXOAHOTO HanpskeHHs (Low-Level Input Voltage Vil,B);

¢ BpeMs YCTaHOBIICHHA TMPH MEPEX0e OT HHKHEr0 YPOBHS K BEPXHEMY W HA0OOpPOT
(Propagation Delay Time, Low-to-High Level Output Tplh, Propagation Delay
Time, High-to-Low Level Output Tphl, c);
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+ moporosoe Hanpsxerne (Threshold Voltage Vth, B).

pynna Digital ICs — uncgpoBble MUKpOCXEeMbI

Ha pwuc. 10.7 ata tpymnma o0o3HadeHa HoMepoM 7. M300pakeHWs KOMITOHEHTOB H3
3TOMW TPyMITHI TTOKa3aHsl Ha prc. 10.17.
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Puc. 10.17. KomnoHeHTsl 13 rpynnsi Digital ICs

e | — mabnon ans BeIOopa MAGPOBBIX MUKpocxeM, HaunHas ¢ 7400.

o 2, 3,4, 5 — maOnoHbl 11 BEIOOpa TIOCIeYIOIHX HOMepoB MIKpocxeM ceprit 7400.

e 6 — mabsoH a1s BeIOOpa Mukpocxem Hudpossix ceprn 4000.

Han xaxxopiM M3 HOMEPOB TOKa3aHa cxeMa OIHOH M3 MUKPOCXeM, COOTBETCTBYIOLISH
JaHHoMY mabioHy. M3o0pakeHme mabiioHa pa3MeIlieHo cBepXy Hall CXeMOH.

Npynna Logic Gates — nornyeckue

unudpoBble MUKPOCXEMbI

Ha puc. 10.7 sra rpynna o6o3HadeHa Homepom 8. M300pakeHHs KOMIOHEHTOB H3
3Toil rpynmbl NokasaHsl Ha puc. 10.18 u puc. 10.19.

o D P> D> DD > D P

Puc. 10.18. KomnoHeHTbI 13 rpynnsl Logic Gates
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e | — cxemarnyeckoe H300paKeHHE JJOTHYECKOro djeMenTa M (KoauuecTBO BXOI0B).

e 2 — cxemaTHYeckoe H3o0paxkeHne jorndeckoro snementa MJIM (komudecTBo BXO-
JIOB).

e 3 — cxemarnveckoe H300pakeHHe JorHdeckoro anementa HE (konnuecTBo BX0A0B).

e 4 — cxemarHueckoe W3o0OpaxkeHWe jorudeckoro anmementa WJIM-HE (kommuectBo
BXOJIOB).

e 5 — cxemaruveckoe n3oOpaskenne jorudeckoro snementa M-HE (komwvectBo BXO-
JIOB).

e 6 — cxemaTHueckoe H300paxenwue joruueckoro sementa MCKITKOUAIOUIEE NI
(KOTHIEeCTBO BXOIOB).

e 7 — cxemarnyeckoe w3o0paxkeHwe norndeckoro adnementa MCKIIKOYAIOIIEE
MNJIN-HE (konndecTBO BXOOB).

e 8 — cxemarndeckoe H300paxkeHwe mormueckoro dnementa TPEXCTABWJIbHBIN
BY®EP (konndecTBO BXOJOB).

e 9 — cxemaTHUECKOe H300paxkeHHe JIorHdeckoro snementa BY®EP (konnyectso Bx0-
JIOB).

o 10 — cxemaTHueckoe n3oOpaxkenne Tpurrepa lLLIMHTTa ¢ HHBepTEpOM.

B HmxHell wacTh okHa Ans BHIOOpa KOMIOHEHTOB 3TOH TpYMIbl pacnojaratores 8§
a0JIOHOB, KOTOPBIE CITYKAT [T BHIBOAA Ha JKPaH CXEMATHYECKHX H300paKeHHH MHK-
pocxem Thmia 4000. CooTBETCTBYIOIIHE CXeMaTHUECKHE H300paykeHHs IH(PPOBBIX MHK-
pocxem Thmna 4000 mokaszaHsl Ha puc. 10.19.
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Puc. 10.19. Mukpocxembl Trna 4000
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Han xakasiM W3 HOMEPOB TTOKa3aHa cxeMa OHOH W3 MHKPOCXeM, COOTBETCTBYIOIIEH
JaHHoMY mabioHy. M3o0pakenme mabiioHa pa3MeIlieHo cBepXy Hall CXeMOH.

pynna Digital — undpoBble MUKpOCXeMbl

Ha puc. 10.7 sra rpynna o6o3HadeHa HoMepoM 9. M300pakeHHs KOMMOHEHTOB H3
3TOMH TPyMITHI TToKa3ansl Ha prc. 10.20.

AT af RO 10 10 Do
B (o B, § 0 koo koo oy o
1 2 3 4 a 51 7

Puc. 10.20. KomnoHeHTsl 13 rpynnsi Digital

1 — apudmerndecknii mosycymmarop (THm). A, B — BBoI ciiaraeMpIx, Y, — BBIXOJ
pesyibTata cyMMbl, Co — BBIXOZ TIepeHoca.

e 2 — TOSHBIN apudMeTHUecKHi cymmaTop (Thm). A, B — BBOA craraeMbIx, ). — BBI-
X071 pe3yibTata cyMmMbl, Co — BbIX0a Tieperoca, Ci — BBOJ TiepeHoca.

e 3 — RS — tpurrep (Trm).

e 4,5 — JK — Tpurrepsl ¢ mpsMbIM WIH MHBEPCHBIM TaKTOBBIM BXOJOM M BBIXOAaMH
MpeAyCTaHOBKH (THM).

e 6,7 — D — Tpurrepsl Oe3 ipeAycTaHOBKH H €O BXOJIaMH TPEAYCTaHOBKH (THIT).

e 8 — 1ox 3TUM HOMEPOM pacrosaratroTcs MabloHbl COPUIHHBIX MUKPOCXeM. DTO MYJIb-
THTIOKCOPBI, AEKOAEPbl/AeMYIbTHTIEKCOPBI, KOAEpbl, 3JeMEHTHl apH(PMETHKO-
JIOTHYECKHX YCTPOHCTB (THTT MHKPOCXEMBI).

Mpynna Miscellaneous — pa3nuyHble KOMMNOHEHTbI

Ha pwc. 10.7 ata tpynma o6o3naueHa HoMepoM 11. M3o0paskeHns] KOMTIOHEHTOB H3
3TOi rpymnibl Noka3zaHsbl Ha puc. 10.21.

thine 1 tline 1

SRR S

g 3

1A

-

500 uHAD mOhmADd kHz - 500 uH/AS m Ohm/S0 kHz 500 uHAO mOkmdS0 kHz

4D A L=
7 g 9 10 11 12

Puc. 10.21. KomnoHenTsl 13 rpynnsl Miscellaneous
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1 — mpenoxpaHuTens (TOK cpabaTbIBAHHS).

2 — xommoredT Write Data (3amvick manABIX) — 8-pa3psaHOe YCTPOHCTBO 3ammHCH
JAHHBIX.

3 — NWHWA TIEPeavH ¢ TIOTEPSAMH, XapaKTepH3yeMas mapaMeTpamMH:

¢ mmHa muauk (Length of the Transmission Line Len, m);
COTIPOTHBIIeHHe Ha eMWHUITY ATHHBI (Resistance per unit kength Rt, Om/m);
WHAYKTHBHOCTH Ha eIWHUITY HTHHBI (inductance per unit length Ct, I'r/m);

.
.

¢ emMKocTh Ha eauHuity AnnHel (Capacitance per unit length Ct, ®/m);

¢ mposoaumMocTh Ha eannniry AnnHbl (Conductance per unit lengrgh Gt, Om/m);
.

KOJINYECTBO TMOCIIeNOBATSIFHO BKIIIOUSHHBIX 3JI8MEeHTapHbIX cerMeHToB (Num
Lumps n).

4 — nuHWUA Tiepenavyw 6e3 MoTepb C BOZMOXKHOCTBIO PEIaKTHPOBAHHS:

¢ BosHOBOTO compotrBiieHns (Nominal Impedance Zo, Om).

¢ BpeMeHH 3aIepiKKW pacrnpocTpaHeHHs curHaja B JuHWK (Propogation Time Del
Td, ¢);

¢ KOJMYECTBO TOCIEeNOBATENIbHO BKIKOYEHHBIX 3MeMEHTapHbIX cerMeHToB (Numk
Lumps, n).

5 — KBapLeBblil pe3oHaTop (THIM, YacTOTa).

6 — KOJ'IJ'[GKTOpHBIﬁ ABHTIaTejib MOCTOAHHOTO TOKa (HanpﬂxceHne BOS6y>K,D;eHH5[, pa60—
yee Hal'[pﬂ)KeHHe).

7 — 21eKTpOBaKYYMHBIH TpHoA (THIT).

8,9, 10 — mabTpHl HakOTIHTETHLHBIC Ha TIepPeKTOYaeMbIX HHIYKTHBHOCTIX (MHIYK-
THBHOCTb, COMTPOTHBIICHHE, YaCcTOTA).

11— CO3JaHHe TCKCTa — BBIBECTH 6y1(By «A» Ha SKpaH W BbITTOJIHUTH JBOHHOM IIeTYOK.

12 — odopmieHre THTYTBHOTO OIOKa — BBIBECTH 3HAYOK Ha AKPaH W BHITIONHHTH
OBOMWHON IETYOK.

Mpynna Indicators — nHagukaTopHble Npudopbl

HzobpakeHHs KOMIOHEHTOB W3 3TOH Tpymnmbl TokazaHel Ha puc. 10.22. Cnesa, B

BEepPXHEM YTy, pacrojiaraercs NaHelb WHAWKATOPOB, KOTOpas MOSBIsSeTCs TOCIe HaxKa-
THSA Ha KHOTMKY o HoMepom 12 Ha puc. 10.7. Jlanee pacrionaratorest W3o0pakeHHs WH-
JHUKATOPHBIX TIpHOOpOoB. M300pazkenre Kakaoro W3 MpHOOPOB HMeEET Ha PHCYHKE CBOM
HOMED.

1 — BOJBTMETP TOCTOSHHOTO WIIH TMEPEMEHHOTO HATpsKEeHHs (BHYTPEHHEE COMpo-
THBIICHHE, PEXHM H3MEPEeHHS MOCTOSHHOTO WM MepeMEeHHOTO TOKa).

2 — aMTICpMETP TTOCTOAHHOT'O WJIH NMEPEMEHHOTO TOKA (BHyTpeHHee COTTPOTHUBJICHHE,
PEXUM USMEPEHUA TTOCTOAHHOTO WJIH MEPEMEHHOTO TOKa).

3 — naMITa HaKaJIHBaHHS (HAMPsKEHHE, MOIITHOCTS ).

4 — cBeTOWHIUKATOP (IIBET CBEUCHH).
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e 5 — CeMHCErMeHTHBIH HHANUKATOP (THIT).

*Indicators X|
g|m| e e| 5 0= 1 .

RYS 1

1012 Y 200 Hz §§§ =

3 4 I LI 1 ? L—0 —

5 . B ?

Puc. 10.22. KomnoHenTsl 13 rpynnsi Indicators

e 6 — ceMHCerMeHTHBIH WHIWKATOp ¢ memwdpaTopoM (TH). [ Bcex ceMHcerMeHT-
HBIX WHAWKATOPOB JOIyCKAeTCd PEAaKTHPOBAHWE B IHAIOTOBOM OKHE CIIEIYHOIIHX
MnapamMeTpos:

¢ BepxHWH ypoBeHb BxoaHoro Hampsukenus (High-Level Input Voltage Vih,B);
¢ HIWKHWH ypoBeHb BXOAHOTO HanpskeHHs (Low-Level Input Voltage Vil,B);

¢ BpeMs YCTaHOBIIEHHS TIPH Tepexo/ie OT HHKHETO YPOBHS K BEPXHEMY W HA060pOT
(Propagation Delay Time, Low-to-High Level Output Tplh, Propagation Delay
Time, High-to-Low Level Output Tphl, ¢);

+ moporosoe Hanpszxerne (Threshold Voltage Vth, B).
e 7 — 3ymMMmep A 3ByKOBOH WHAWKAIMA (JacToTa).

e 8§ — nMHelika W3 NecATH He3aBUCHMBIX CBETOAHOIOB (HampshkeHHe, HOMWHATBHBIN 1
MHHHMAaJTEHBII TOK).

e 9 — nuHelika W3 AeciITH CBETOAMOAOB co BeTpoeHHbIM ALl (MUHMMaIbHOe W Mak-
CHMAJTbHOE HaTTPSIKEHHE).

pynna Controls — aHanoroBble
BblYUCINUTElNbHbIE yCTpOﬁCTBa

HzobpaxkeHst KOMTIOHEHTOB W3 3TOMH TPYITHI TIokazaHbl Ha prc. 10.23. CreBa BBepXy
pacrionaraeTes laHe b ¢ N300pasKeHNSIMHA YCTPOIHCTB, KOTOpas MOSIBISETCS MOC/Ie HaXaTHs
Ha KHOTKY niog Homepom 13 Ha puc. 10.7. Jlanee Ha prc. 10.23 pacnonaratorcs u3obpaxe-

HUS BBIYMCIIUTEITBHBIX YCTPONCTB, KOTOpble 0003HaUeHbl Ha PUCYHKE CIeAYIOIINMHA HOMe-
pammu.

e 1 — muddepeHunaTop HanpsKeHUs (HampsKeHHe/HampssKeHe).

e 2 — HWHTErpaTop HampsKeHHs (HampsuKeHHe/HanpsKeHHe).

e 3 — macmTabHpyloIIee 38eH0 (HANPAKEHHE/HAMPHKEHHE ).

e 4 — dopmuposarens nepenaTodabx GyHKIHI — Transfer Function Block.
e 5 — aHaJIOTOBBIH YMHOKHTENH (KOA(QGDHUIMEHT Tiepexayn).

e 6 — aHaAJIOTOBBIH AeMHTeNh (KOIMMUIIHSHT TTepeiadH).
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e 7 — cyMMaTOp TpeX HampsuKeHHH (BeTHYHHBI HATIPAKESHHH).

e § — HeympaBIAeMbIil OTPaHHIHTENh HATPSKEHH (HampAKeHwe).

& Controls x| 1V T 1Y
@oaE =lee alglio] =m0
1 2 3
1 WAID W 1 VAID Y 0y 0y 0V Wi R,
F'(S) U ki C _LI LII | _ * |
ot X =>4 17F 4
: Y :
4 ] G 7 ° g 9 10
0 %41 S0 16 s GWis

1o}

11
Puc. 10.23. KomnoHeHThI 13 rpynnsl Controls

12

e 9 — ynpaBnsemMblii OrpaHWUHTEINb HAMTPSKEHNS (HAMpsKeHne).
e 10 — ympaBnAemMBbIii OTpaHHIATENH TOKA (TOK).
e 11 — 670K c THCTEPE3HCHON XapaKTEePHCTHKOH MO HANPSKEHHIO (HampsiKeHHe).

e 12 — cenexTop CHTHAJIOB TIO HaMPSKeHUIO (HaTpsKeHHe).

pynna Instruments — uamepuTtenbHble NPUOOPLI

HzobpakeHre KOMITOHEHTOB W3 JTOH Tpynmbl mokazanbl Ha puc. 10.24. Cresa, B
BEepPXHEM YTy, pacrojiaraercs NaHelb WHAWKATOPOB, KOTOpas MOSBIsSeTCs TOCIe HaxKa-
THA Ha KHOMKY moa HoMepom 14 wa puc. 10.7. M306paxeHis n3aMepHTEIbHBIX MPHOOPOB
Ha pHc. 10.24 0003HaYEHBI HOMEPaMH.
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Puc. 10.24. KomnoHeHTsl 13 rpynns Instruments
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MynbTumetp (Multimeter)

Mynesrumerp (Multimeter) o6o3nauen Ha puc. 10.24 Homepom 1. OH mpegHa3zHaYeH
JUTST W3MEPEHHs HATPsKEHHs, TOKa, COTPOTHBIICHHS H BETHYHHBI OTHOLICHHS B aeitnde-
nax. Pabodee okHO H3MepHTEIBHOTO WHCTPYMEHTa MoKazaHo Ha prc. 10.25.

Ha nrtieBoii maHenn My TBTHMETPa PACTIONOMKEH AHCTUTEH JJ1s OTOOpaXKEeHHs Pe3yTbTaTOB
H3MEPeHH, KIIEMMBI IJTA TTOIKITIOYEHHS K CXeMe W KHOTTKH YTIPaBiIeHHA (CBepXy BHH3):

e KHOTKa BBIOOpa pexHMa H3MEPEHHs TOKa, HAMTPSKEHHS, COTTPOTHB-

JICHHs 1 ociabneHus (3aTyxaHus, 1b);
® KHOTKA BBIOOpa pekHMa H3MEPEHHs MEPEMEHHOTO HITH MOCTOSTHHO-

TO TOKZ;

e kromka Settings (YcTaHOBKH) — yCTaHOBKA MTapaMeTpoB MYJIBTH-

Metpa. [locne HaxkaTHs Ha 3Ty KHOMKY OTKpbIBaeTCs IHaOTOBOE

OKHO, B KOTOPOM BBIBOASTCS CIISAYIOIINe JaHHbIe:

e Ammeter resistance — BHyTpeHHee COMMPOTUBIICHHE aMIepMeTpa; I\';“c- 10.25.
. YNbTUMETP
o Voltmeter resistance — BX0/IHO€ COMPOTHBIIEHHE BOJIBTMETPA;

e Ohmmeter current — Tok Yepe3 KOHTPOIHPYEMBI OOBEKT;

e Decibel standard — ycraHoBka 3TajoHHOTO HaMpsbkeHHA V1 MpH H3MEPEHHH 0CIad-
JICHHS WIH yCHiieHnus B aernbenax (no ymoadanno V1 = 1 B). Tpwu atom ans xko3d-
(hurenTa epenadn veronbsyetes dopmyia: K[ab] = 20xlog(V2/V1), rme V2 — Ha-
TIpsKeHHe B KOHTPOIIMPYEMOii TodKe.

dyHKUMOHanbHbIN reHepaTop (Function Generator)

MuorodyHakuroHansHEH TeHeparop (Function Generator) o6o3nauen Ha puic. 10.24
HOMepoM 2. OH TipefHa3HaYeH JJis TeHEPHPOBAHHS CHTHAIOB Pa3HYHON (GopMBI, paz-
JINYHOM YaCTOTHI W aMILIHTYAbl. Pabodee OKHO HHCTPYMEHTa Mmoka3zaHo Ha prc. 10.26.

VripaBieHHe TeHepaTOpOM OCYIIECTBISETCS ¢ MOMOIIBIO

i X
CIEAYIOMINX 3JIEMEHTORB YITPaBJICHN . w:

[ —— ] o ]

e Kronkamu BBIOOpa (OpMBI BBIXOJHOTO CHWTHalla: CHHY-
i i i Frequency
H, BHOH (BBI H TOJBHON W MPAMOYTOJIBHOM.
coHaanbHOMN (BBIOPaHa) TPEYTrOMBHO PAMOYTOJTBHO i 5
e [lone BBOma misa YCTaHOBKH YaCTOTHI BEIXOAHOTO CHTHAJIA. #mplitude [v B
Offset o ]

o Tlome BBOma IS YycTaHOBKHM Ko3(h(hHIIMEHTa 3aroHeHHs i e .
B TIpotieHTax. JIiIs WMITYSThCHBIX CHTHAJIOB 3TO OTHOIIIEHWe - - e
JUTEBHOCTH  WMTIYITBCA K MEPHOIY  TOBTOPE- by 10,26, MiorodbyHk-
HUsl (BeNIMYKHA, oOpaTHast CKB&KHOCTH), VIS TPEYTOMBHBIX  |oHanbHbIi FeHepaTop
CHTHAJIOB — COOTHOIIIEHHe MEXKIY LUTUTeTBHOCTIMH TTepe-
HETO W 3aHEer0 (ppOHTA.

o Tlome BBOJa IJ1d YCTaHOBKH aMIUUVIMTYAbl BBIXOAHOTO CUT'HAJIA.

o [lome BBOJa AMIA YCTAaHOBKH cMellleHHS (MOCTOSHHON COCTaBIAONIEH) BBIXOOHOTO
CUTHAJIA.

B HwxkHel "acTH OKkHa reHeparopa pacrnojaratoTcs BBIXOAHBIE 3aKHMBI, CITYKaIlne
JUTS BBIJJAYH B CXeMYy CHTHANA OT TeHepaTopa. Ecin HeoOX0aHMO BBIIATH CHTHAM TIOJIO-



TexHonorus cosgaHus cxem 283

JKHTEJTBHBIH, TO 327KHM OTPHIIATENTFHOTO CHTHANA 3a3emMirsiercs. [ [pH 3a3eMiIeHHn KIleMMBT
COM (O0umit) Ha KiTeMMax <—> ¥ <+> ToTy4daeM Tapada3Hbiii CHTHaJT.

Ocuunnorpad (Oscilloscope)

MuorodyukuroHansHbii ocumtorpad (Oscilloscope) 0603HaueH Ha puc. 10.24 Ho-
Mepom 3. Pabodee okHO WHCTpYMeHTa MokazaHo Ha pvic. 10.27.

Ocmumiorpad nMeer apa kaHaina (CHANNEL) A w B ¢ pasgenbHOl perymHpoBKo#
4yBCTBHTEIBHOCTH B auanazone ot 10 mxB/gen (uV/Div) no 5 kB/men (kV/Div) u pery-
JINPOBKOI cMellleHns 1o BepTHKaIH (Y POS).

= 0Oscilloscope X|
Expand Ground (w
—Time basze Trigger
[0.50 s/ div =] | Edge EE | &
H pasition | 0,00 ﬂ Leweal
s T e ST It | | [[LZEN [ BN - |8 Ex |
: —Channel &4 ——— Channel| B
I = [ 5 viDiw =
' position | 0.00 ﬂ  position | 0.00 ﬂ
scjoEE & | Aclo|EE

Puc. 10.27. Ocumnnorpad

BriGop pexxnma 1o BXoAy ocyIlecTBiseTcs HaxkaThHem kHomiok AC, D w DC. Dtn
KHOTIKH PACTIONAraloTes BHH3Y pabovero oKHa W WMEloTCs B JIBYX BapHaHTax — JUIA Ka-
JKAOTO W3 BXOJ0B ocitimiorpada. Pexwm AC mpeanazHaveH Uis HAOMOASHHS TOIBKO
CUTHAJIOB TIePEeMEeHHOTO TOKa (ero eIle Ha3bIBalOT PEXMUMOM «3aKpbhITOro BXona», Mo-
CKOJIBKY B 3TOM PE&XXHMe Ha BXOIEe YCHIIMTENS BKIIIOUAETCS pa3AelNuTe/IbHbIA KOHOeHca-
TOp, HE TPOTMYCKAIONIHI TTOCTOSHHYIO COCTaBIIAIONIYI0). B pexknMe D BXOmHON 32:kMM
3aMbIKaeTcs Ha 3emimto. B pexxume DC (BKITIOUEH MO YMOTYaHHEO) MOXKHO MPOBOANUTE OC-
uuuIorpadguueckne U3MepeHns Kak OCTOSHHOTO, TaK M IePeMEeHHOTO TOKa. DTOT PesKUM
elle Ha3bIBAIOT PEKAUMOM OTKPBITOTO BXOAa», TTOCKOIBKY BXOAHOH CHTHAJI TIOCTYTTaeT
Ha BXOJ BEPTHKAIBLHOTO YCHIIHTENsA HerocpencTBeHHo. C mpaBoil CTOPOHBI OT KHOTKH
DC pacnonoxxeH BXOTHOH 3a:KUM. 3aXHUM AJIS 3a3eMJICHNST HAXOAWTCS CIIpaBa, BBEPXY.

B rpymnme mapamerpos Time base (OcHoBHOE BpeMsi) pacTioiaratOTCst KHOTIKH YTIPaB-
JISHWS PEKAMaMH Pa3BePTKH.

B rpynne napamerpoB Y/T (oObIuHBIN pexXirM, BKIIOUSH MO YMOIYAHHIO) pean3yroT-
csl cIIeyIOLINe PeXUMbI Pa3BepPTKH: TIO BEPTHKaJIM — HamlpsbKeHWe CHTHasla; TIo TOpH-
30HTATH — BpeMs; B pexkime B/A: mo BepTHKANH — CHTHal KaHama A, 1Mo TOpH30HTa-
JIN — CUTHaJl KaHaja B.

B pexume passeptku Y/T mmurensHocTs pa3BepTkH (Time base) MoxkeT OBITH 3a1aHa
B ananasone ot 0,1 ue/aen (ns/div) mo 1¢/men (s/div) BOZMOMNKHOCTBEO YCTAHOBKH CMeIIe-
HHUSA B T€X K€ eIHHHILIAX MO TOPH3OHTAIH, T.€. o ock X (X position).

B pexume Y/T npenycmoTpeHr Tatoke siaymmmii pesxknM (Trigger) ¢ 3amyckoM pasBepT-
kn (Edge) mo mepemHemy win 3agHeMy (POHTY 3aMyCKalOIIEro CHrHaja (BbIOWpaeTcs
HaO)KaTHEeM KHOTIOK, PacIioIoKeHHBIX cripaBa or HaamicH Edge) mpm perymmpyemom
yposHe (Level) 3amycka, a Taioke B pexxime Auto (oT kaHana A wnn B), oT kaHama A, oT
kKaHana B wiam oT BHemHero uctouHnka (Ext), moakmovaemoro K 3axumMy B OJOKe
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ynpasieHus Trigger. HazBanHble pe:kAMBI 3aMycka pa3BepTKH BBHIOWPAIOTCS KHOTTKAMH
Auto, A, B u Ext.

3azemiteHre ocILTOTpada OCyIecTBIAeTCs ¢ MOMOIIbIO KiieMMbl Ground (3emsts) B
MPaBOM BEPXHEM YIiIy MpHOOpa.

Ecmi Haxates kAOTKY Expand (PacmmpuTs), pacmoioskeHHYIO B BepxXHEH 4acTH pa-
Oodero okHa, TO TIOSBJISETCA BO3MOXKHOCTH paboTaTh ¢ OKHOM YBEIMUEHHOTO pasMepa,
nzo0paxxeHHoMm Ha puc. 10.28. Tlpn »ToM MOABIAETCS BO3MOXKHOCTH TIPOKPYTKH H300pa-
JKEHHS TIO TOPH30HTAIH W €r0 CKAHHPOBAHHS C TTOMOIIBIO BEPTHKATBHBIX BH3HPHBIX JTH-
HUH (CHHETO W KpacHOTO IBeTa), KOTOphle ¢ TIOMOIILIO TPEYTOIBHBIX YIIeK (0HH 0003Ha-
YeHBI Takoke U paMi | 1 2) MBIITBEO MOTYT OBITh YCTAHOBIIEHBI B H000e MECTO IKpaHa.
ITpu aTOM B MHMOPMALIMOHHBIX MOJISIX, PACTIONOKEHHBIX MO KPAHOM, BBIBOIATCS pPe-
3YABTATHl W3MepeHHs HalpsikeHHs, BpeMeHHBIX WHTePBallOB W WX TIpHpalleHi (MeX Iy
BUBWPHBIMHA JTHHUSIMH). M300pakeAre MOXXHO HWHBEPTHPOBaTh HakaTHeM KHOMKH Re-
verse (MuBepchs) v 3amucars AaHHbie B (aiin Haxathem kHOMkH Save (CoxpaHWTh).
Bozepar k HCXOTHOMY COCTOSHHIO ocimiorpada — HaxaTtHem kHomnkw Reduce (ITo-
HWXKeHue).

N3meputenn [%0scilloscope %
AYX n ®YX (Bode)

Wzmepurens AUX n @YX (Bode)
obo3raven Ha puc. 10.24 Homepom 4.
CxemaTHueckoe W3oOpaxkeHWe W JIH-
ueBast maHeab uaMeputend AUX-OUX
rokaszana Ha puc. 10.29.

WUsmepuTens TipeaHasHaueH is
aHaJn3a MaTuTHTYIHO-YacTOTHRIX (TIpH

Tt EREETE] = T EREETE] = T=T1 EREETE] =

HaxkaTtoi kHomke Magnitude), xoto- i v e
pas BKIKOYEHA MO YMOYaHHIO H (a- T ——— T ST T
o ostion (000 ]| Level [oo0 osition [ 0,00 [4] | ¥ position [0.00 4] | [Reverss

309aCTOTHBIX (TTpW HaXaToW KHOTTKe N o T | As T | iR elo ave

Phase) xapakTepHcTHK TIpH JiorapHbp-
MHdeckol (kHomka Log HawxkaTta 1Mo
YMOJTYaHHIO) WIH JIMHeiHOH (KHOMKa
Lin) mkaie o ocsM Y (kHomka Vertical) 1 X(xromka Horizontal).

Puc. 10.28. Ocuunnorpac ¢ yBENNYEHHBLIM
paboynm OKHOM

““Bode Plotter x|

| EEEEE  Phase | Save
— wirtical Harizontal
B e | Em
Floee  H |F[ H [cn=H]
I[zo0ce B I H [wH=E
|
= =
.................................................. g =

Puc. 10.29. Nameputens AYX n oUX

Hactpoiika usMmepuTens sakmodaeTcs B BBIOOpe TIpeefioB W3MepeHHs KoadduIeHTa
nepeayd U BapHallii 4acTOThl ¢ TIOMOIIBO KHOMOK mosield F 1 | onpeaensoimmx MakcH-
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MaJIbHOE W MHHHMAJIBHOE 3HAYEHHSA COOTBETCTBEHHO. 3HAYEHHE YaCTOTHI H COOTBETCTBYIO-
mee el 3HadeHWe koahHIMeHTa Tiepeladil WK (azbl WHIYIMPYETCS B TIOMAX B TTPaBOM
HIDKHEM YTITY H3MepHTeITs.

[Moaxmtogenue MprHbopa K HCCIEAYeMOH cXeMe OCYIIEeCTBIAETCS C MOMOIIbBIO Maphl
3axuMoB In (Bxom) w Out (Berxon). JIebie KiIeMMBI 325KHMOB TIOAKITIOYAIOTCS COOTBET-
CTBEHHO K BXO/Ty W BBIXOy HCCIIeAYyeMOTO YCTPOICTBA, a MpaBble — K 00IIIei HHe.

K Bx0omy ycrpoiicTBa HEOOXOAHMO TOAKMIOYHTE (PYHKIIHOHAIBHBIH TeHepaTop WIH
,prr‘Oﬁ HUCTOYHHK TICPEMECHHOTO HAMPAKCHHA, TIPH 3TOM KaKI/lX-J'H/IGO HACcTpPOCK B 3THX
ycTpoiicTBax He TpeOyeTes.

leHepaTtop cnoBa (Word Generator)

I'enepatop cnoea (Word Generator) odozraden Ha puc. 10.24 Homepom 5. Jlnmesas
MaHesb TeHepaTopa cloBa MokazaHa Ha puc. 10.30.

Teneparop crosa sensercs 16-pazpsaasimM. Komossie __ _
KOMOHWHAIIMH HEOOXOOWMO 3a1aBaTh B IUECTHAILIATE- ss X
PUYHOM KOJe, YTO A HauWHAIOLIMX TMOJb30BaTeseH ﬂ Bt [oooo Exn
MeHee YI0OHO W He TaK HallIaIHO, KaK B 8-pa3psimHOM. i:::m gggg E:T?I

Kaxxnas komoBas KOMOWHALMA 3aHOCHUTCH € TIOMO- Final [03E7 EE=FrEi|
b0 KJIABHATYPBI, HOMEP pelakTHpyeMoii s9eikn (K- Fattem...
cupyerca B mojie Edit (IlpaBka) rpynmel mapaMeTpoB
Address (Anpec) nmomemena mrdpa 0003, MOCKOIBKY
KypCoOp HaXOAWTCS B TPETheH sueiike, BEPXHAA sSUeH-
Ka — HyJeBasi. Bcero Takux sieeK W, cjleJOoBaTesbHO,
komOuHaimii — 2048. B nponecce pabotsl reneparopa LA I OO OO
B rpynnt nmapamerpos Address WHAHOHpPYETCS HOMEP
TeKylled aueikl — mosie Current, sueiikn HHULMAIN-
3alWH WiIH Hadaiia pabotel — mose Initial n koHeyHOH
sueiikn — mojie Final. Komosbie koMOHHALIMH, BBIBOAHMBIE Ha 16 BBIXOHOB (B HIDKHEH
YaCTH TEHEPaTopa) MOTYT OBITh MPEACTaBICHBI B TeKCTOBOM Koae — mojie ASCIl u aso-
WYHOM KoJie — Binary.

HHTepecHOi 0COOEHHOCTHIO MeHepaTopa sABIAETCA BHEIIHHH 3amyck (HaskaTa KHOMKA
External) mo rotToBHOCTH HaHHBIX (kKjemMa Data ready). CHrHa ¢ 3TOro BBIXOa COTIPO-
BOXKZIaeT KaXKIYIO BBIIaBaeMYHO Ha BBIXOJ KOJAOBYHO KOMOMHAITHIO W HCTIONB3YeTCs B TOM
ciydae, KOT[la WiccilelyeMoe YCTPOHCTBO 00iaJaeT CBOMCTBOM TIOTREpKASHHA. B 3TOM
cllydae Tocie MoTydeHHs O4epelHOH KOAOBOW KOMOWHAIIMH W COMPOBOXKIAIONIETO €T0
curnana Data ready nccnegyeMoe yeTpoicTBO AOKHO BBIAATH CUTHAT MOATBEPKACSHHS
MOJIYYeHUs JaHHBIX, KOTOPbIi MoJaeTcd Ha BXOJ CHHXPOHHM3aLWM FreHepaTopa (K1eMMa B
rpymnne napameTpos Trigger) W MPOU3BOANT OUEPEAHON 3aIMyCK reHepaTopa.

K momosAHATENsHBIM OpTranaM yIpaBieHHs OTHOCHTCA Tafoke KHoTka Breakpoint —
TipepbiBadre paboTHI TeHepaTopa B ykazaHHOH sdeiike. [Ipu aTom TpeOGyemas sdeiika BbI-
OWpaeTcs Ha AACIUTEe TeHEepaTopa KypcopoM, a 3aTeM HakuMmaeTcst KHomka Breakpoint.

OyrakAs kHOTTKA Pattern coctowt B ToM, 9TO TIOCie ee HaKaTHA TIOABIAETCS OKHO
BBIOOPA CIETYIOIINX BO3MOYKHOCTE:

—Trigger

EEN Etemal | ER 2| 5

— Frequency

- i G
ASCH [0 |

j Binary [J000000000000000 ]

0 (0 D (D 0 0D O 50 0 0 (50 1 O 0
0 0 (0 0 0 (D 0 0D 0 50 0 50 (50 1 0 0
0 0 (0 0 0 (D 0 0D 0 50 0 50 (50 1 0 0
0 0 0 D 0 (D 0 0D O 50 0 0 (0 1 0

Puc. 10.30. leHepaTop cnoea

e Clear buffer — crepets comep:knMoe Beex stueek (cogeprxrmoe Oydepa sKpana);

e Open — 3arpy3nTh KOJOBbIe KOMOHHALIHH (13 (haiiia ¢ paciHpeHHeM DP);
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Save — zamucath Bce HaOpaHHbBIE HA SKpaHe KOMOHHALIHH B (aii;

Up counter — 3anonunTh Oydep sKpaHa KOZOBBIMH KOMOHHALIHAMH, HaunHas ¢ 0 B
HYJIEBOU sueiike v Janee ¢ npruOaBaeHHeM | B K&KIOH MOCISAYIOIIeH A4YeiiKe;

Down counter — 3anonHuTh Oydhep PKpaHa KOAOBBIMH KOMOWHALIMAMH, HAYHHAS C
FFFF B HYJIEBOW sUeiike W majee C yMEHBIIEHWEM Ha | B KaKIOM mociaemyromei
IeiKe;

Shift right — 3amoHUTE Kaxable YeThIpe sUeiikn KoMOWHasIMA 1-2-4-8 co cMmerttre-
HHEM WX B CIIEAYIOUIAX YeThIpex A4ueiikax BIpaBo (cM. Ha pwc. 3.11 HiKHAWE A9eiKw);

Shift left — To xe camoe, HO cO CMeIllleHHeM BIIEBO.

CdopmupoBaHHbIE CI0Ba BbIAAKOTCA HA 16 PacroIOKEHHBIX B HHKHEH YaCTH OCHOB-

HOIo OKHa npn60pa BBIXOJAHBIX KJIEMM-HHAWKATOPOB!

¢ WHAWKAIAEeH BBIXOAHOTO CHTHAJA B IBOWYHOM KOJE Ha KIEMMaX-WHIWKATOPaX W B
[ecTHaanaTepuyHoM koae B okHe ASCII;

B MoIaroBoMm (MpH HaxkaToi KHomke Step, LUKIHYecKOM (NP HaxaToi KHOMKe Cy-
cle) n ¢ BRIOpaHHBIM CIIOBOM 10 KOHIIa (TTpW HaxkaToi kHoTike Burst) mpn 3amaAroii
YaCTOTe TIOCKUIOK (HaykaTHe KHOTIOK B TpyTe mapamerpos Frequency);

MpH BHYTpeHHeM (eclii HaxkaTa KHomka Internal) wiu npu BHellHeM 3amycke (eciu
Haxkara kHomka External, cripaBa oT KOTOpOil HaxOAWUTCA KieMMa I TTOAKIOUEHHS
BHEIIIHEero CUTHaIa CHHXPOHW3aLHH );

MPH 3aMyCcKe M0 MEepPeIHEMY HIH 3aHeMy (PPOHTAM HCTOJIB3YIOTCS KHOTIKH, Pacmoio-
JKeHHble MeXOy KHomkoid External w kileMMoOW MOIAKIIOYEHWs BHEITHErO CHrHajla
CHHXPOHHW3ALHH.

Nornyeckun aHanusatop (Logic Analyzer)

Jlormuecknii  anammzatop  (Logic

Analyzer) oGo3Hauen Ha puc. 10.24
HoMepoM 6. BHelHuii BUA joruye-
CKOTO aHajW3aTopa TIOKa3aH Ha
puc. 10.31.

AHanuzaTop NpeaHa3HaueH s
oTOOpaykeHWs Ha 3KpaHe MOHWTOpA
8-pazpsaaHBIX KOMOBBIX TIOCIEIOBA-
TeJLHOCTe OHOBPEMEHHO B IIIeCT-
HaAIaTH TOYKaX CXEMBI.

JUTHTeTEHOCTE pa3BepTKH yCTa-
HaBwBaeTcs B okHe Clock, ¢ Tio-
MOLIbIO KHOMKHA Set oTKpbIBaeTcd
IHAJOTOBOE OKHO, B KOTOPOM BHI-
TIOJTHSIETCST  YCTAaHOBKA ~ BPEMEHH.
3mech Takoke MOXKHO TIOAKITIOYHTH
BHelIHUH WcTouHWK External, Ha-
TIpUMEp, TEHEPATOP CIIOBA.

B rpynme napamerpor Trigger

= ogic Analyzer ﬂ#
14

0

0000

0

@]

Clocks per division 1 =
T 0.0000 s Q000 _ Clock e l—H

_ Trigger

2.1 Set... Set...

Estemal (& Oualifier (% | Qualifier (&

Puc. 10.31. Jlornyeckun aHanusaTop
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pacrmosoxeHa KHOTKa ellle ofHa KHomKa Set, ¢ TOMOIIbIO KOTOPOH OTKPBIBaETCHA AWAIIO-
TOBOE OKHO JIJISl YCTaHOBKH TTapaMeTpoB TPHTTEpa.

VYceTaHOBKY TIOTB30BaTelleM B OKHe peJaKTHPOBaHWS JaHHBIX MOXKHO BBITIOJHHUTH ITy-
TeM BBEICHHA Tyna ¢ KiIaBHaTypsl 1, 0 waw X (HeompeaeIeHHOe COCTOsTHHE ), TIPEeIBapH-
TeTHHO IMIEITKHYB MBITIIBIO Ha HY)KHOM pazpsze.

B Groke 3amaAns TouHON BeIMYWHBI BpeMeHH (BHH3Y OKHa, ciieBa) BeawdnHa T1 co-
OTBETCTBYET TTOJIOKEHHIO KPACHOU 8ePMUKATILHON AUuHeliKy, a BeTHIiuaa T2 — mosoxke-
HHUIO CUHEU TUHeUKU.

Jlornueckuu npeobpasoBatenb (Logic Converter)

Jlorudeckwii mpeoGpazoBatens aHamnzatop (Logic Converter) o6o3HaueH Ha prc. 10.24
HoMepoM 7. CxemaTHieckoe W300pazkeHHe W BHEITHWH BWI JIOTHUECKOTO Tpeodpa3oBa-
TeJs TIoKaszad Ha puc. 10.32.

Ha nunepoii naHenn cxeMaTHUeCKOTO

nzo6paskenns (1) mpeoGpazoBaTens 1o- Logic CoRiE. x|
Ka3aHbl KJIEMMbBI-HHIHKATOPHI BXOAOB ???????? i
A, B,... Hw ogroro seixomga OUT, koTo- B B eEiE
E=- —+ o1
pBle MCTIONB3YIOTCS TIPH TTOAKITIOUEeHHH
101 — AlB
mprbopa B CXemy. o SipF Ap
B pabouem okne mprbopa (2) Taxxke = Ton
BBepXY TIOKa3aHbl KIeMMBI-WHIHKATOPBI I S =
j AlB — HNAND
BxomoB A, B,.. H m omHoro BwIXoda
OUT, wmke pacmojiaraeTcst 3KpaH It | |

oTOOpaskeHNs TaOIWIBI HCTHHHOCTH HC-
cledyeMoii CcXeMbl, 3KpaH-CTpoKa IS
OTOOpaKEeHHS €€ OYJIEBOTO BBIPAKEHHS
(B HIKHEH WacTH). B TTpaBoil 9acTH MaHEeNIH pacToNOKEHbl KHOTIKH YITPaBJICHHS TPOIeC-
cOM TIpeoOpazoBaHHs — TpyTia nmapamMeTpoB Conversions.

BosMoxxHBIe BapHaHTBI HCTIOIB30BaHAS TIpeoOpasoBaTess:

Puc. 10.32. [lornueckmin npeobpasosaTens

1. Jlornueckwii aHaIu3 #-BXOJHOTO YCTPOICTBA ¢ OAHUM BBIXOAOM (BXOIBI HCCIeAyeMO-
TO YCTpO#CTBa OOKITIOHaoTes kK kitemMmam A—H, a Berxoq — k kiremMe OUT). B atom
CiTyJae, WCTIONB3yd KHOIKH YITPaBIIEHHA, PAcTOJOKEHHBIE HIKe KHOMKW Conver-
Sions MOIy4YnM:

¢ TabJHIly HCTHHHOCTH HCCIIEAYEMOTO YCTPOHCTBA;
¢ OyneBo BEIpaKEHHE, peaTH3yeMoe YCTPOHCTBOM;
¢ MHHHMH3HPOBAHHOE OYIIEBO BHIPAKEHHE;
¢ CXeMy YCTpOWHCTBa Ha IOTHUECKHX dlieMeHTax Oe3 orpaHWYeHns X THTIa;
¢ CXeMy YCTpO#CTBa TOJBKO Ha Jorrdeckux anementax U-HE.
2. CWHTE3 JOTHYECKOTO YCTPOHCTBA MO TaOIHLIE HCTHHHOCTH.

2.1. IllemuxoM MBITITH HA BXOAHBIX KJIemMMax A, B,... H, HaunHas ¢ knemMmbl A, akTH-
BH3WpyeM TpeOyeMoe YHCIIO BXOAOB aHaTH3aTopa, B pe3ysibTaTe ueTro Ha IKpaHe
aHaJM3aTopa TIOAYYUM HadaldbHYr0 TabIMHIly WCTHHHOCTH, B KOTOpoH OymyT
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MPEACTaBICHbI BCE BO3MOXKHBIC KOMOWHAIMH BXOIHBIX CHIHAJIOB H COOTBETCT-
BYIOIIIFe UM 3HAYeHHS JJoTHUecKHX ciMBoJioB (0 wimi 1) B cromdrie OUT.

2.2. OTpengakTipyeM MOy4YEeHHYIO TaOIHILy B COOTBETCTBHH C 3aJaHHEM MyTEM 3arTH-
cu 1, 0 wm X B crondite OUT B cTpokax, KoTopble 0o KOMOHWHALIAAM BXOJIHBIX
CHTHAJIOB COOTBETCTBYIOT 3aiaHHBIM. [lycTh, HampuMep, B TIepBOH cTpoke MpH
KOMOHHaWK BXxoaHbIx curHaioB 0000 Hy>kHO Ha BbIxome moaydnth Ha 0, a 1.
Jlns aToTO ycTaHOBWTE yKazaTelh MBIIIA Ha TepBY0 c¢Tpoky B crombie OUT,
LIeJIKHUTE MBITIBIO W TIOCHIe TIOSBISHNS Kypcopa BReauTe ¢ knaBuatypsl 1. Jlams-
Helimie mepeMelneHns ¢ TeNblO0 PEeIaKTHPOBAHHS OCTABHBIX CTPOK CTOIOIA
OUT ynoOHee TpOH3BOAWTE C TOMOIIBIO KIABHIN yMpaeieHHs Kypcopom. [Tpu
aToM nmaHHbIe B cTosdax A, B, C n D pegakTiupoBadns He TpeOYIOT, TTOCKOIBKY
B ATHX CTONOIAX yKe HMEIOTCS BCe BOIMOKHBIE KOMOHHAITHH.

3. CHHTe3 JJOTHYEeCKOTO YCTPOHCTBa MO OYIeBOMY BHIPAIKEHHIO.

3.1. byneBo BbIpaskeHHe 3aHOCHTCS B SKPaH-CTPOKY, MpedBapUTeIbHO aKTHBH3HpPYe-
Moe MBITIBo. McnonbaytoTtes ciMBoITHI A,...H, ipr maBepcun — A\..H\.

3.2. HaxxaB ueTBepTYIO CBepXY KHOMKY, MOMydYaeM TaOIuLy HCTHHHOCTH.

NMpumepbl MOgenupoBaHus
PaanoO3NeKTPOHHbLIX CXeM

Mpumep Ha NpUMeHeHue MyfnbTUMeTpa

[TpueeneM mpuMep HCTIONB30BaHHA MyJIbTHMETpa B pekumve dB. Jlns sToil miems 3a-
myckaem Tiporpammy EWB 5.12, 11 B ee paGouem okHe coOnpaeM W3 KOMIIOHEHTOB AJlek-
TPUUECKYIO TIPUHLMMHAIBHYEO CXeMY TIPOCTOrO YCWIINTeNS 3BYKOBBIX HacTOT Ha ornepa-
uponHom yeunnrene 741 (K140Y /(7). Ha puc. 10.33 nokazano padouee OKHO mporpam-
MBI C H300PAKEHHONW CXeMOH YCHIIHTENs W TIOAKITIOYEHHBIMH H3MEPHTENBHBIMH TIPHOO-
paMi — QYHKLUMOHATIBHBIM TeHepPaTOPOM, OCLMIIOTpadoM 1 MYJIBTHMETPOM.

S rJ

11 Ohm

10 k Ohm

v 10 k Ohm

35.67 dB

Fraquency [2d [
Duty oyl . AlY o F
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Puc. 10.33. Cxema ycunutensa Ha OY

Jlns Havana HeoO0XoOWMO HM3MepHUTh KOI(DGDULMEHT mepedaud ayauoyCWIATeNs Ha
yacrore | k[, /st 9TOTO B MOAKIIOYEHHOM (YHKIIMOHATEHOM TeHepaTope, KOTOPbIi
ABTIAETCS WCTOYHHKOM TEePEeMEHHOTO CHHYCOHAATBHOTO HAIPsIKEHHA, YCTaHaBIHBAEM
gactoTy | KI'11 ¢ Hanpsokenrem V1= 10 mB. TTockonpky Ham Oyner HeoOXOANMO H3Me-
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PHUTH yCHIIeHHe B JerHOenax, T0 B MOAKIOYEHHOM MYJBTHMETPE K BBIXOJIY CXEMBI, He-
00X0ANMO YCTaHOBHTE HaMpsbKeHHe MCTOUHMKA CHTHasla, KOTopoe OyaeT najiee GUrypu-
poOBaTh B pacdeTax Kak BelMurHa V1. DTO oYeHb BasKHO, T.K. B TPOTMBHOM cily4ae BeiH-
YHHA YCHIIEHHs B Ab OyeT HeBepHOii.

IIpenmosniockiM masniee, 9TO B pekMMe W3MEPEHHs HampsHKeHHs TofydeHa BeTHdHHa
BBIXOAHOTO HampskeHus V2 = 1,4060 V. CiemoBarensHo, KOhDHITHEHT Tiepeqadl yeH-
murens K = V2/VI1 = 140,6. [Tepesenem myasTHMETp B peskuM dB, Torna mosmydim 3Ha-
ueHHe kodhdrinenTa yeuaenns B gerpdenax K[ab]=20 log 140,6 = 42,96 dB.

[Tpennonoxnm najnee, 4TO YacToTa BXOAHOTO CHrHajla yBenndeHa 1o 20 k1 w1 moy-
YeHO HarpsbkeHHe Ha BbIXofe yeunuTenns V2 = 607,4 mV, T.e. koadbdHIMEeHT Tiepegadn B
JaHHoOM ciydae coctapnser K = 607,4/0,1 = 60,74. B pexime dB MynsTHMETp H3MepHT
K[ab] =20 log 60,74 = 35,67 dB.

OTMeTHM, 4TO MYJIBTUMETp u3MepseT addeKTHBHOe (delcTRyolIee) 3HaUeHHe Tiepe-
MEHHOTO TOKa.

MopenupoBaHue uHTerpatopa Ha OY

PaccMmoTpum cxeMy a5eKTpOHHOTO MpHOOpa, B KOTOPOM pe3yibTaT Mojydaercss B
nmpolecce MaTeMaTHUeCKOTo AelcTBUS UHTerpupoBanus. Takoil npubop HasbIBaeTCS WH-
TerpaTopomM.

Cxema uHTerparopa Ha OV 741 (K140Y]17) ¢ moAKItOYeHHBIMH HW3MEPHTETbHBIMHU
nmprOopamMu MokaszaHa Ha puc. 10.34.

Ay
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Puc. 10.34. Cxema nHTerpartopa Ha OY

[TycTs Ha BXOJ OMEpaIliHOHHOTO YCHIHTENS OT (QYHKIIHOHAIBHOTO TeHepaTopa moja-
eTcs CHIHAJ ¢ TIPAMOYTONBHOM (opMoii Mmysbca. B WHTepBane BpeMeHH ¢/...12 aMIiTH-
TyZJa BXOJHOTO HampsikeHHWs paBHa U. Tak kak BXoA 2 oMepalliOHHOTO YCHIWTENS 3a-
3eMJIeH, TO TOK i Ha TOM HHTepBaJie BpeMEeHH MOCTOSHHBIN H paBeH i = U/R. B yane 1
CyMMa TOKOB I W i¢ paBHA HYMO i + ic = 0.

Tok ic cBA3aH ¢ HanpsikeHneM U,,, COOTHOIIEHHEM:

iC =Cx dl](;bm/dt-

BeixonHoe HampsikeHHe B WHTepBatie £1...12 OyaeT H3MEHITBCA TIO JIHHEHHOMY 3aKOHY
W OyneT MpeacTaBiIsTh HHTerpall OT BXOJHOTO HaMpsKeHHs.
B Buge matemaTnueckoii GopmMyJibl 370 OyAeT BBITISAETH CASIYIOUINM 00pa3oM:
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Use = U(t1) + 1/C x icdt.

MogennpoBanue WHTerpatopa Ha OV BbIMoIHeHO Mpu noMou| chucteMbl EWB 5.12.
Cxewma, mokazaHHas Ha prc. 10.34 peannzoBaHa Mpw MOMOIIM Tpadudeckoro HHTepdeiica
3TOH CHCTEMBI.

Ha Bxox cxemMsl IogatoTes PAMOYTOIBHBIE HMITYITECHT HAPSOYKEHAA ¢ aMTUTHTYIOoH |
V n yactotoii 50 Hz. CkBaxHocts nMmynbcoB (DUTY CYCLE) npunsita 50%. Hanps-
JKEHHE TIPAMOYTOIBHOH GopMBbI BRIpadaThiBaeTCs GYHKITHOHATBEHBIM reHeparopom (Func-
tion Generator).

C momolIplo ABOWHOTO MIeMYKa MBIIIBIO Ha M300paskeHNH TeHepaTopa MOXKHO pac-
KpbITh UHTepdelicHyto NManenb nprudopa. Gopma curHaia BEIOUpaeTes ¢ MOMOILBKO COOT-
BETCTBYIOILIEH KHOTIKH B BepXHel 4acTH naHenn nprdopa. C moMoIIb0 yKazarenei, pac-
MOJIOKEHHBIX CIpaBa OT COOTBETCTBYIOIIMX MOJIeH, YCTaHaBIMBaeTCs 4acToTa, CKBaXK-
HOCTh W aMTuHTyna curHala. Cmetenne (Offset) mpuanMaetcest pagHbiM 0. OriepaiiioH-
HBIH YCHITHTENTH TTOMeEIaeTes Ha padodeM mosie ¢ moMoIpio kHomkHn Analog ICs manemnn
HWHCTPYMEHTOB.

I'padudecknii cumBon ocumiorpada moMernaeTcs B pe3yjbTaTe akTUBH3aLWHN 3HaUKa
Ha MaHeNIn WHCTPYMEHTOB ¢ WMeHeM Instruments. Tpetuii ciesa 3Ha4OK 3TOH MaHenn
COOTBETCTBYET TpaduyeckoMy CHMBOJY ocrmiuiorpada. AKTHBH3HPYS 3TOT CHMBOJI H
MepeHocs yKa3aTenb MbIIIN Ha pabodee Mojie, CMMBOJ OcLM/LIIOrpada nmomMelaercs B pa-
Oodee moste. C MOMOIIBIO IBOMHOTO INEIYKa MBIIIBIO Ha M300pakeHWH ocLuLIorpada
MOKHO PACKPBITh HHTEpQEHCHYIO TTaHeb IPHOOopPA.

Packpeisimiicss uHTepdeiic ocupiiorpada NMo3BoyseT YCTAHOBUTH BpeMs pa3BepTKH
(Time base), koTopoe MpUHUMaeTcs paBHBIM 5 ms/div; Harps>KeHWe pa3BepTKH IS KaHa-
na A, ycranasnmeaet 2 V/div. PesynbTaThl MOIeTHpOBaHAS TIOKa3aHbl Ha prc. 10.34.

MoanenupoBaHue cxemsbl LC reHepaTopa

B pabouem okne mporpammbsl EWB 5.12 cobepem 13 KOMITOHEHTOB cXeMy MPOCTOTO
TPaH3WCTOPHOTO TeHepaTopa BBICOKOUACTOTHBIX KOJIeOaHWH, BBIMOJIHEHHOTO MO CXeMe
eMKOCTHOH TpexToukn. Cxema rokazana Ha puc. 10.35.
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Puc. 10.35. Cxema reHepaTtopa BY konebaHuit

Kpome pamiosneMeHToB cXeMbl 3/ieCh TAKKe HAXOAATCS H3MEPHTENBHBIE TIPHOOPHI:
Al — MWIIIMaMTiepMeTp MOCTOSHHOTO TOKA;
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V1 — BONBTMETP MOCTOSIHHOTO HATIPSKEHHS,
V2 — BonBTMETp TIepeMEeHHOTO HalpsyKeHHS;
Os1 — ocrmmnorpad.

[Mocne BKMOYEHHWs cxembl B padOTy MyTeM HaKATHA Ha Pa3MeIeHHYI0 B MPaBOM
BEPXHEM YTy KHOTIKY ¢ mndpamu 0 u 1, cxema mpHBOIHTCSA B pabovee cOCTOsHHE, H Ha
BCEX M3MEPUTENILHBIX MPHOOpax MOSIBASIOTCH COOTBETCTRYIOLINE MOKa3aHNS, a Ha 3KpaHe
ocuutorpada — CHHYCOHIa TeHePHPYEeMOTO CHTHAA.

[MoakmtodeHHble K cxeMe H3MepHTelIbHbIe TPHOOPBI TIO3BOJAOT KOHTPOJIHPOBATH
CyMMapHBbIi TOK Hepe3 TpaH3ucTop (Al), mocTosiHHOE HanpskeHHe Ha KOJJIGKTOpe TpaH-
suctopa (V1), mepemeHHoe (BBICOKOYACTOTHOE) Hamps:KeHHWe Ha BBIXOJE TreHepaTopa
(V2) u dopmy rerepupyemoro caraana (Osl).

[Tpu yKka3aHHBIX Ha cxeMe HOMHHaJIaX paanoneTallel, TeHepupyeMas 4acToTa J0/KHa
ObITh 4 MTI11.

Ilenmpro MomeMHpOBaHWA BCETHA ABIASTCA TIOWCK BAPHAHTOB HWCTIONB30OBAHHA TAKHX
HOMHHAJIOB paaHoeTalel, TpH KOTOPBIX HabmomaeTcs HanOomee addexTrBHAS paboTa
cxeMbl. B maHHOM ciiydae MOXKHO yTBep:KAaTh, uTo Hamnbosee 3(hdeKTHBHOH paboTe re-
HepaTopa OyJeT COOTBETCTBOBATH MAaKCHMATBbHAS BETHYHHA BBIXOJHOTO HAMPSKEHHS
MPH HEHCKAKEHHOH CHHYCOHIANBHOH (opMe BBIXOJTHOTO CHTHATIA.

CrenoparenbHO, MPU MPOBEISHWH SKCTIEPUMEHTOB HE0OXOAWMO BecTH HaliromeHHe
3a BeIMUWHON HaIpsokeHHs Ha BbIxoze (BombsT™MeTp V2), dopmoii ciurHana (Osl) u Benn-
4HHOM ToKa Yepe3 Tpan3ucTop (Al). Tok depes TpaH3UCTOP HE JODKEH MPHOIHKATHCA K
JIOIMyCTAMOM TIpeaeIbHON MacmopTHON BeJTHUWHE.

DddexTnBHOCTE pabOTHl AaHHOH cXeMbl TeHepaTopa OyaeT 3aBHCeTh OT CISAYHOIINX
MnapamMeTpos:

e OT BeJIMUMHBI OOpaTHOM CBSI3W, KOTOpas 3aBUCHT OT BeJIMUMH emMKocTei C3 n C4;
e 0T cBs3H kKoseOaTenpHOTO KOHTYpa L1C1 ¢ TpansncTopoM, KoTopas 3aBUCHT oT C2;
® OT BEJTHYHHBI TOKa 0a3bl TPAH3HUCTOPA, KOTOPAS 3aBHCHT OT COMPOTHBIEHHS R1;
e OT BEJMYHHBI HAYATHHOTO TOKA KOJUTEKTOPA TPAH3HCTOPA, 3aBHCATIETO OT R2.
UtoOBI TIpOBECTH 3KCTIEPUMEHTHI TI0 TToI0opy eMkocTeit C3 n C4 ciemyer moaroTo-

BWTH TabNULLy, aHaTOTHUHYHO Tadi. 10.1, B KOTOpyto He00X0ANMO 3aMUChIBATh OCHOBHBI®
JTaHHBIe.

Ta6nuua 10.1. MoaSop emkocten C3 n C4

C3, n® C4, no® C3/C4 V2, B A1, mA
1 2 3 4 5
200 300 0,666 4,911 1,943

Bemunnbr emixocreii C3 v C4 BBIOHPAKOTCS UCXOAS W3 TOTO TOJIOMKEHHS, YTO BEJIH-
YHHa CBA3H, paBHas oTHomeHHo C3/C4 (cronber 3) moKHA BHIOHPATHCA B Mpeaesiax OT
0,3 mo 1,0. B xpaiiHux ciaydasx MOKHO H TyTOUKY OOJIbIITe.

ITociie BBemenns aiis C3 1 C4 HOBBIX 3HaUeHHH eMKOCTel cxeMa BKItodaeTcss B pado-
Ty, ¥ B TaOJIHILY 3aMHUCHIBAIOTCS MOYYEHHBIC MOKa3aHusA MprOopos. HaunHate ciemyer ¢
BBIOOpa MallbIx BelTHYWH oOpaTHOH cBa3H. 3atem mims C3 u C4 ycraHaBiAWBatOTCSH Clie-
JIYOTIHAE BEIMIHHBI eMKOCTelH W 3alACHIBAIOTCS] HOBBIE TIOKa3aHWS TPHOOPOB.
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TTocne mpoBeaeHus pAga IKCTIEPHMEHTOB 11 padovero BapHaHTa BHIOHPAIOTCA TE Be-
JTUIAHBI @MKOCTei, TTpH KOTOPBIX MoKa3zaHus V2 OyAyT MaKCHMaTbHBIMH.
ITpumepHoO TakuM ske 00pa3oM MTOAOHPAOTCS BETHYWHBI H JPYTHX JIEMEHTOB CXEMBI.

UccnepoBaHne cxeM C NNOrM4eCKMMU 3fieMeHTaMu

PacemoTpim mocTpoeHie TabIHIl HCTHHHOCTH [JIs JIOTHYECKHX JIEMEHTOB, TPH TO-
Mot crcteMbl EWB 5.12. TlocnenoBaTesHOCTS oTiepaltiii 1T TIOMYYeHHs TaOJInLl He-
THHHOCTH JIOTHYECKHX JJIEMEHTOB OYeM MPOBOAUTH ¢ MOMOILIEIO prc. 10.36.

1. B mento cucremsl EWB 5.12 Beibnpaem 3Hauok ¢ iMeHeM Logic Gates, oTMeueHHbIHH
Ha puc. 10.36 mudpoii 1.
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Puc. 10.36. Bbibop KOMNOHEHTOB

2. Uz nanenn Logic Gates (koTopas orMmeueHa 1udpoit 2), Ha padouem mose pa3mMerra-
toTes rpadudeckre ciMBoITH Jorwdeckux anmemMedToB NOT (HE), NOR (MJIN-HE),
XNOR (uckmouaromee MJIM-HE) (1a prc. 10.36 ormederno mdpoii 3).

3. HaxxnmaeTcs KHOTIKa TaHeJId HHCTPYMEHTOB ¢ MMeHeM Instruments (oTMedeHo 1wdh-
poii 4).

4. B nanenn Instruments (otmedeno mudpoii 5) BeiGupaetcs nprdop Logic Convertor,
W Ha pabodveM Tiosie pasmeinaetcs rpadrudecknii cimMBog nproopa Logic Convertor.

5. CobGupaetcst cxema, TiokasaHHasd Ha puc. 10.36 (Aag mdpoii 6). Ha aToii cxeme Tadb-
JTAIIa HCTHHHOCTH cHWMaetcs s aneMedTa XNOR. Bxonpr noradeckoro ainemenTa
MOAKITIOYAIOTCS K KpaiHNM cjleBa KiieMMaM TIpHOopa, BBIXO JOTHYECKOTO AIeMeHTa
MOAKITIOYaeTcs K KpaiHei cripaBa KieMMe.

6. JIBOWMHBIM IIeTYKOM MBITITH Ha H300pakeHHH Tiprbopa Logic Convertor oTkpbiBaeTcs
ero JIniieBas Tarels (Hag urdpoii 8).

7. lemuxoM MBIIINA Ha KHOMKe MaHeJn Npubopa, oTMedeHHas Ludpoi 7, oToOpaxkaeTcs
TaOMAIIa HCTHHHOCTH IS HCCIIEMY eMOTO JIOTHYECKOTO 3JIeMEHTa.
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8. Jlna momyderns TaOIHIl HCTHHHOCTH APYTHX 3JeMEHTOB B COOpaHHOH cxeme (CM.
cxemy Ha puic. 10.36, Hax mHdpoii 6) 3aMeHsoTes TpaddecKie CHMBOIBI 3JIeMeHTOB
W3 IMetoInxcesd B OnonrnoTeke Logic Gates.

Ha puc. 10.37 mokazana cxema ¢ HCNonb30BaHHeM TpHOopa Logic Convertor, B ko-
TOPOH BBITTONHIAETCS TTOCTPOEHHE TAOTHITBI HCTHHHOCTH [T CXeMbl H3 HECKOJBKHX JIOTH-
YeCKHMX 3JIeMEHTOB, BBITIONMHSIOLINX IeHCTBHE ONpeAeeHHON MaTeMaTHYeckoi GpyHKLINH.
Bxox A mpubopa coOTBETCTBYET MepeMeHHOMH Yy, Bxoa B — mepemenHoit z, Bxom C —
MEPEeMEHHOH X.

cooocoooo o
ESd el “%Logic Converter x|
L1 1 Ielelelele Out &
A B CDEF G H
ooo oo o o ﬂ Conwersions
oo1| o o 1 1
D I : = - T
cos| o1 H ol -+ AB
sor| 111 5 TolT SIFF Al
AlB —+ 101
A = BT
j AB —+ HNAND

>= | |

Puc. 10.37. Cxema 13 Nornyeckmx afieMeHToB

Tabnuiia UCTHHHOCTH O0TOOPaXKAeTCA Ha JIHLEBON MaHeIH ¢ MOMOILBIO KHOMKH Con-
versions.

BmecTO 3aknovyeHusda

OrmicaHAbBIe B 3TOM TiIaBe MeTOoABl padoThl ¢ Tporpammoii EWB 5.12 moszBoasT Bam
0e3 0co0oTo TpyAa OCBOHTH Ooliee CIOKHYIO mporpamMmy Multisim 2001.



