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BBeneHue

Electronics Workbench

Electronics Workbench — aTo nuaep MeXayHapoJHOTO pbIHKA IO pa3padoTKe HauboJjiee UPOKO UCITOIb3yeMOro B
MUpe MPOrpaMMHOI0 oOecredyeHUs 1Sl IpoeKTHpoBaHusIX cxeM. KommnaHus obiagaer 6oiee yeM 15-Tu IETHUM OIBITOM
10 aBTOMaTU3a1Ms TPOEKTUPOBAHUS 2JIEKTPOHHBIX MPHUOOPOB 1 YCTPONCTB U ObLIa OAHUM U3 MMOHEPOB KOMIBIOTEPHOM
pa3paboTKu 271eKTpoHUKHU. B HacTos1ee Bpems: obopynoBaHue Electronics Workbench ucrnonb3yetcs 6osiee uem Ha 180
ThICSTYaX pabOUYMX MECT.

B xommnekT nnpoaykroB Electronics Workbench BxoasT cpencrsa st OMcaHus 3JIEKTPUUYECKUX CXEM, UX IMYJISILIUU
(SPICE, VHDL u patented co-simulation), a Takxe 11 pa3padOTKM U aBTOMaTUYECKON TPACCUPOBKM TMEYATHBIX TUIAT.
ITonw3oBarenu MoOay4yaloT MO HACTOSIIIIEMY YHUKAJIbHBINM MPOAYKT, HauboJiee MPOCThie B OTPACIU CPEACTBA UCIOJIb30Ba-
HUSI, UHTETPUPOBAHHBIE MeXIy coO0Oil B eanHoe liegoe. Mactep nomaepxku u odbHosiaeHuit (SUU — Support and
Upgrade Utility) aBToMaTHuyeCcKu MPOBEPsSIET HAJTUUKME M YCTaHABJIMBAET MO CETU HEOOXOIMMbIe OOHOBJIEHUS, O0eCTeYn-
Basl TIOCTOSIHHO CaMblii BBICOKUI ypoBeHb paboThl Batero I10.

IMponyxuwms Electronics Workbench u National Instruments — 370 HauboJiee TecHast MHTETpaIUsI MeXX1y CPeICTBAMU
pa3pabdoTtku, mpoBepku 1 TecTupoBaHust CAITP 371eKTpOHHBIX CPeACTB, UMEIOMIASICS B HACTOSIIIIEE BPEMSI.

Electronics Workbench — 3To mouepHsst KOMITaHUS, KOTOPOI MOTHOCTBIO BilajgeeT National Instruments Corporation
(NASDAQ: NATI). [l 6onee mogpobHoi mHGopMmaumu o NI, mocetrute www.ni.com.

IlIta6-xBaptupa Electronics Workbench pacmnonoxena B ToponTo (Toronto), Kanana, oduchkl mpogax u 00CTyKrBa-
HuA pasMelneHbl B EBpomne, Asum u FOxxHO#T AMeprke. MHOXeCTBO BBHICOKOKBAIM(MDUIIMPOBAHHBIX TEXHUUECKHUX I10-
CPEIHUKOB MpeIIaraoT MOKYIKY 1 00CIIy>KiMBaHUE B 35 CTpaHaX 110 BCEMY MUPY.

Llenb n 0630p Kypca

OTOT Kypc — BBeJigHe BO MHOTMe ocobeHHocTH Multisim. Yepes 3 yaca Bbl pazdepeTech ¢ MoJb30BaTeIbCKUM MH-
TepdeiicoM, cpeacTBAMU BBOJA U UMUTALIMU CXeM. TakxKe Bbl y3HaeTe MecTo Multisim B pa3paboTKe MnmeyaTHbIX IaT (pu-
CyHKU | u 2).

Kypc paznesieH Ha HECKOJIBKO pa3esioB, B KaXKIOM U3 KOTOPBIX MPEIOKEHbI YITPAaXKHEHUS, YTOOBI 3aKPEMUTh 00CYXK-
JIEHHYI0 TeMy. B npuitoxkeHuu conepxkaTcsl ykazaHus 1o nHTerpaunu Multisim ¢ npoaykuueit National Instruments mist
CO3IaHus eAUHON MIaT@OopMbl pa3paboTKU U TECTUPOBAHUS.

HeoOxooumo pnga Kypca

JIJ1s1 yCTIelHoro 3aBeplleHtsT Kypca BaM MoTpedyeTcs:

+ 10 Multisim.

* PykoBoacTBo nonb3oBatess Multisim (Multisim User Guide) u ¢aiinbl cipaBku (yctaHaBiuBatoTcs Bmecte ¢ [10
Multisim)

* YuyeOHBIe cXeMbl (HaXOIATCS Ha KOMIAKT OVMCKE B KOHIIE JTaHHOM KHUTH).

MporpammHoe o6ecne4vyeHue Electronics Workbench

_II\IHI\I\HH Tight, Forward & Backward Integration HHI\IHI\I\I—

=

_IIIIIIIIIIIIIIII Common User Interface II\I\II\IIIIIIII—

Pucynok 1 — B3aumocss3b nporpammHoro obecrnieueHus Electronics Workbench

Multicap

Multicap 9 — aT0 Haubosee MHTYUTUBHO MOHSATHOE WM MOIIHOE CPEeICTBO omucaHusl cxeM. HoBeillive cpenctsa
Multicap 3HaUMTEIBHO 9KOHOMSIT Ballle BpeMsi, OHU BKJTIOUAIOT B ce0s1 Oe3pekMMHOe PeIaKTUPOBaHUE, YIOOHOE coeTn-
HEHME U BCECTOPOHHIOIO 0a3y JaHHBIX, Pa30UTYI0 Ha JOTMUYECKHUEe YaCTH MPSIMO Ha BallleM pabouyeM CTojie. DTU CPeaCT-
Ba MMO3BOJISIIOTCS BaM MPOTPaMMHO OIMKUCATh CXeMy MPaKTUUECKU cpasy Mocje TOro, Kak y Bac MosiIBUIOCH ee obliee mpeji-
craBieHue. OMMHAKOBBIE MMOCIIEIOBATEIBHOCTY IEWCTBHIT BHITTOTHSIOTCS aBTOMAaTUIECKH, HE OTHUMAr0 BpeMsl OT CO3/1a-
HUSI, TIPOBEPKU M COBEPILIEHCTBOBAHUST CXEMBbI, OJIarofapst 3TOMY Ha BBIXOJIE TIOJYJYaroTCsl UaeaIbHbIe TTPOIYKTHI C MU-
HUMaJIbHBIM BpEMEHEM pa3pabOTKU.

BseneHune B Multisim 1 © National Instruments Poccusi, CHI', bantusi



BBeneHune

Multisim

Multisim — 3TO €AMHCTBEHHbII B MUPE UHTEPAKTUBHBIN 3MYJISITOP CXeM, OH MO3BOJISIET BaM CO31aBaTh JIyUllIne Mpo-
JIYKThI 34 MUHMMaJIbHOE BpeMsi. Multisim BkJItouaeTt B ce0s1 Bepcuio Multicap, 4To aeyaeT ero uaeajlbHbIM CPEACTBOM IS
MPOrpaMMHOTI0 OMUCAHUS U HEMEIJIEHHOTIO MOCAEAYIOIIErO TECTUPOBAHUS CXEM.

Multisim 9 Takke nonaepkuBaet Bzaumoneiicteue ¢ LabVIEW u SignalExpress npousBoactsa National Instruments
JIISI TECHOM MHTErpaluy CpeCcTB pa3pabOTKU U TECTUPOBAHUS.

Ultiboard

Ultiboard — 3To0 cpeacTBo, pa3paboOTaHHOE CHEeMAaIbHO ISl YBEIMUEHUS POM3BOAUTEIbHOCTU. baronapst aBTomaTu-
3alUM HauOoJiee MOIYJISIPHBIX MTOCIeA0BaTeIbHOCTEe IEHCTBUM, HAIIpUMEp, pa3MellIeHUe U COeIMHEHNE KOMITOHEHTOB,
KOJIMYECTBO IIETYKOB MBIIIbIO M HAKATUI KJIaBUIII BO BpeMsT pa3pabOTKU MOXKHO OYKBaJIbHO IIEPECYMTATh Ha Majblax.

bnaromapst TexHosoruu orpaHuueHuit cxembl (constraint driven layout) Ultiboard nerko momaep:knBaeT COBpeMeH-
HYyIO OBICTPYIO pa3paboTKy cxeM. HoBelilne dhyHKIIMU, HapUMep ofiepaTUBHasI ITPOBEPKa CXEMbI, CPEeICTBa pa3Mellie-
HUS U coeuHeHUus koMnoHeHToB "Push & Shove", anacTuyHOe coequHeHUe, MPOABUHYThIE CPENCTBA PelaKTUPOBAHUS
("Follow-me") u aBTOMaTHYeCKOE COeIMHEHNE 00eCIeYnBalOT ObICTPOE U 0€301IMO0UHOE CO3IaHUE TIIAThI.

Ultiroute pnga npodeccuoHanbHbIX NOJSIb30OBaTEsNIEN

I[IJIOTHOCTP M CIIOKHOCTh BCEX COBPEMEHHBIX IIAT, 32 UCKIIOUCHUEM CaMBbIX IIPOCTHIX, TAKOBA, YTO BPYIHYIO pa3Me-
IIAaTh ¥ COEAWHSTDL NX KOMITOHEHTRI. J1J1 Takux padot npenHasHadyeH Ultiroute pazpabotku Electronics Workbench — ato
MOIITHOE CPEICTBO aBTOMATHUECKOTO Pa3MEIICHNST M COSIUHEHMST KOMIIOHEHTOB.

Ultiroute obecrieunBaeT BBICOKYIO IMTPOMU3BOAUTCIIbBHOCTb CXEMbI 1 HU3KYIO CTOMMOCTD ITPOM3BOACTBA 3THUX TpC6OBa-
TCJIbHBbIX ILJIAT 6naroz[ap51 YHUKaJIbHOMY COCIMHCHMIO JIYUYIINX aJITOPUTMOB C PETYJIAPHBIM U HEPCTYJIAPHBIM LIAroM.

UHTerpauusa paspaboTku n
TectupoBaHua ¢ National Instruments

Design/Simulate Prototype/Test Deploy
MultiSIM 9 — Capture & Simulation NI LabVIEW Automated Testing w/
UItiBOARD 9 — PCB Layout NI ELVIS NI Hardware & LabVIEW
UltiBoard 9 — PCB Autorouting Signal Express

Pucynok 2 — TTosnHbI MK pa3paboTKU

LabVIEW

NI LabVIEW — a10 rpaduueckas cpena pa3padboTKu IJ1s1 CO3AaHUsI TMOKKMX, MaCIITAOMpPyeMbIX MPUJIOKEHUIN TECTU-
pOBaHUsI, U3MEPEHMS U YIIPaBIeHUSI C MUHUMAJIbHBIMU 3aTpaTaMu BpeMeHU U cpeacTB. LabVIEW — 270 s3bIK 0011eHUs
WHKEHEPOB U YYEHBIX ¢ MUPOM CUTHAJIOB, BO3MOXKXHOCTb aHaau3a JJ1s1 TTOJAyYeHUs] 3HaUMMOUN nH(pOpMallMi U COBMECT-
HOTO MCIOJIb30BaHUS PE3YJIBTATOB U CO3IaHHbIX MpUIoXeHUuii. PazpaboTka npunoxeHuit Ha LabVIEW otnnuaetcs Obl-
CcTpoTOi U 3(pPEeKTUBHOCTHIO JIJIsI BCEX IMOJIb30BaTelieil, BHE 3aBUCMMOCTHU OT UX OMbITA.

SignalExpress

SignalExpress — 3T0 MHTEpaKTUBHOE MPOTrpaMMHOe obecrieueHue Ijisg coopa, CpaBHEHMsI, aBTOMaTU3allMKd U COXpa-
HeHus usmepeHuii. SignalExpress — 310 a(ppekTrBHOE CPenCcTBO PEelIeHUS NCCAEA0OBATEILCKIX M M3MEPUTEIHHBIX 3a1a4
B TaKuX 00JacTsIX, KaK MPOEKTHpOBaHUE BJIEKTPOHUKM, MPOBEepKa U TecTupoBaHue. SignalExpress mpemiaraer HOBbIM
Croco0 HACTPOWKHU 3aJaul U3MEPEHN B HeCKOIbKO drag-and-drop 1maroB, 6€3 HEOOXOAUMOCTH pa3pabOTKU KOJa.

NI ELVIS

KoMrmiekT BUpTyaibHbIX MHCTPYMEHTOB IS y4eOHOl JabopaTopuu oT komranuu National Instruments (Educational
Laboratory Virtual Instrumentation Suite NI ELVIS) — aT0 cpena pa3zpaboTku Ha ocHoBe LabVIEW, npenHaszHaueHHas
CcreluuraabHO IS HAyYHbIX U MHXeHepHbIx padoTHUKOB. NI ELVIS cocrout n3 Habopa BUPTyaJlbHbIX MHCTPYMEHTOB
LabVIEW, MHOTOMYHKIIMOHATBHOTO MpUOOpa cOopa JaHHBIX U CO3JAHHOTO IO BalllM TpeOOBaHUSIM paboyero Mecra u
MakeTHOU ruiathl. [Tonydaercs MOMHbBIN KOMILIEKT MPUOOPOB A1 00pa3oBaTebHOM tabopaTopuun. CucTtemMa OCHOBaHA
Ha LabVIEW, mostoMy c60p TaHHBIX U pa3paboTKa MPOTOTUNA JOCTYITHBI B TOJTHOM 00beMe. CucteMa uaeaibHO MOIX0-
AT U 00pa30BaTeIbHBIX LIEIe OT JaO00PaTOPHBIX PAOOTHI /11 CTYAEHTOB A0 3aKOHYEHHBIX KypCcOBBIX padoT. [Tocnen-
HME MOTYT OBITh BHITIOJIHEHBI B paMKaX KypCOB 110 CXEMOTEXHUKE, CBSI3U, YIIPABJICHUIO, MEXaTPOHUKE U COOpY TaHHBIX.

ni.com/russia 2 BeneHune B Multisim



Paspen | — OnucaHue cxemsbl

MpeuMyLlecTBa UHTErPUPOBAHHOIO ONMUCAHUSA U 3AMYIALUUN

Multisim — 3To yHUKaJIbHasI BO3MOKHOCTh pa3pab0TKU CXeMBI U €€ TeCTUPOBAHUSI/SMYJISIIAN M3 OTHOM Cpembl pas-
paboTKM. Y TaKOTO ITOAX0a €CTh MHOXKECTBO ITpenMyInecTB. HoBrmukam B Multisim He HYy:KHO 0€CTIOKOMTBCS O CIIOKHOM
cuntakcuce SPICE (Simulation Program with Integrated Circuit Emphasis — mporpamma amyisiiuu co BCTPOEHHBIM 00-
pabOTUYMKOM CXeM) U er0 KOMaHAaX, a y IMPOABUHYTHIX TTOJIh30BaTe/Icii €CTh BO3MOXKHOCTh HACTPOMKM BCEX ITapaMeTPOB
SPICE.

Braromapst Multisim ormcaHne cXeMBI CTaJlo KaK HUKOTIA ITPOCTBIM M MHTYUTUBHO MOHATHBIM. [IpencraBieHne B
BUJIC JICKTPOHHOU TaOJIUIIBI TTO3BOJISIET OMHOBPEMEHHO N3MEHSTh XapaKTEPUCTUKH JIFOOOTO KOJIMIECTBA SJIEMEHTOB: OT
cxembI iedatHo# T1aTel (PCB = PBC???) nmo momenu SPICE. be3pexxuMHoe pegakTupoBaHue — 3TO Hambouee 3 dek-
TUBHBIIA CITOCO0 pa3MeIeHNs M COeANHEHUSI KOMITOHEHTOB. PaboTaTh ¢ aHAJI0TOBEIMU M LIM(PPOBBIMU COCTABHBIMU 3JIC-
MEHTaMM MHTYUTUBHO MPOCTO U TTIOHSITHO.

Kpome tpagummonnoro ananu3za SPICE, Multisim mo3BoJISIT MOIb30BaTEIIM ITOAKIIOYATh K CXeMe BUPTyalbHbIE
npuoopbl. KoHIenms BUPTyaIbHBIX HHCTPYMEHTOB — 3TO IIPOCTOM M OBICTPBI CTIIOCO0 YBUIETh PE3YJIBTaT C IIOMOIIBIO
MMUTAIUN PEaTbHBIX COOBITHUI.

Taxcke B Multisim ecTh crieniaJbHbIe KOMITOHEHTHI TIOJT Ha3BaHMEM "MHTePAKTUBHbBIC 2JIeMeHTHI" (interactive parts),
BBl MOXKETE M3MEHSITh UX BO BpeMsl aMYJISAUU. K MHTEpaKTUBHBIM 3JIeMEHTaM OTHOCSITCS TIepEKIIoYaTe/n, TIOTEHIINO-
METpBhI, MaJIeHIIINe U3MEHEHUS 3JIEMEHTa Cpa3y OTPaxkaloTCsl B UMUTALINH.

ITpu HeoOxoauMoOCTH OoJiee CIOXKHOTO aHamu3a Multisim nipeasaraet 6onee 15 pa3nuuHbix QyHKUMI aHanu3a. He-
KOTOpBIE TIPYMEPHI BKIIOUAIOT UCIIOIb30BaHNE MIEPEMEHHOTO TOKa, MOHTE-KapJjI0, aHaJIn3 HauboJiee HeOIarompusITHBIX
ycaosuii 1 @ypee. B Multisim Bxoaut Grapher — MOIIIHOE CPEACTBO MPOCMOTPA U aHAIM3a JaHHBIX SMYJISLIVH.

DyHKIMM ONMKUCAaHUS U TECTUPOBAHUS CXEMBI, TIpeAcTaBieHHbIe B Multisim ITOMOryT JI000My pa3pabOTUHMKy CXEM,
COKOHOMSIT €ro BpeMsI 1 CIacyT OT OIIMOOK Ha BCEM MYyTU Pa3pabOTKU CXEMBI.

Cpepana Multisim

BeepeHue B Multisim
HHTCpCbCﬁC ITOJIB30BATCJIAA COCTOUT U3 HECKOJILKMX OCHOBHBLIX JICMCHTOB, KOTOPLIC MPCACTABIICHLI
Pucynox 3.

CranpapTHas
naHenb MaHenb rpaduryeckoro
OkHO odopmneHns
Manens paspaboTky Ctpoka OcHoBHas MonynsapHbIi
KOMIMOHEHTOB Manenb Bua  wmeHio naHesnb CMncoK

= e Ml ES
nl B[ X

el =7

b
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o
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2f- | ‘.-l L
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.E b B

Crtpoka 3aknagka TabnuyHoe OkHO [opu3oHTanbHas MaHenb
COCTOSIHUS AKTUBHOW CXEMbI oTO6paxeHne Cxembl npokpyTka VHCTPYMEHTOB

Pucynok 3 — Cpena Multisim
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OkHo pa3pa6oTku (Design Toolbox)

B oxHe pa3paboTKu HaXOHSATCS CPelCTBA YIPaBJIEHUS Pa3IMYHBIMU 3JIEeMEHTaMU CXeMbl. 3akianka JlocTymHOoCTh
(Visibility) 1o3BoJISIET CKPBITh WX OTOOPA3UTh CJIOU cXeMbl paboueii oonactu. 3akianka Mepapxus (Hierarchy) oro6pa-
JKaeT B3aMMOCBSI3b MeXy (ailiaMu OTKPBITOrO MPOeKTa B BUE IPeBOBUIHON CTpYKTYphl. 3akiaaka Ilpoexrt (Project)
COIepKUT MHPOPMALINIO 00 OTKPEITOM TIpoeKTe. I1ob30BaTe b MOXET J00aBUTH (aliIbl B MAIIKA OTKPBITOTO IIPOEKTA,
M3MEHUTH OOCTYII K (paitiaM 1 cO30aTh apXyB IIPOEKTA.

FmoOanbHble HACTPOMKU
ImobanbHBIE HACTPOIKY YIIPABISAIOT CBOCcTBaMM cpeabl Multisim. JIocTyrm K HUM OTKPBHIBAE€TCST U3 IMAJTOrOBOTO OK-
Ha "CpoiictBa" (Preferences). Beioepute mynkT Onuuu/riobansabie HacTpoiiku (Options/Global Preferences), oTkpo-
eTcst okHO "CBolicTBa" cO CIEAYIOIINMHU 3aKJIaJKaMU
* Paths (ITyTtb) — 31€Ch BbI MOXETE YKa3aTh MyTh K (paiiam 6a3 JTaHHBIX U APYrUe HACTPOMKU
» Save (CoxpaHWUTb) — 3[1€Ch Bbl MOXETE HACTPOUTH IEPUOJT aBTOMATUUECKOTO COXPAHEHUSI M HY>KHO JIM 3aITUChIBaTh
JaHHbIE SMYJISILIUU BMECTe ¢ TIPUOOPOM.
* Parts (KoMImOHEHTBI) — 3/1eCh BBl MOXKETe BBIOpATh PEXXUM pa3MelIeHUss KOMIIOHEHTOB M CTaHIApT CHMBOJIOB
(ANSI nnu DIN). Takke 31ech HaXOASTCS HACTPONUKU IMYJISILIAM 110 YMOJTUYAHMUIO.
* General (O011Me) — 3mech Bbl MOXETE U3MEHUTh MOBEACHNE MPSIMOYTOJIbHUKA BbIOOpA, KoJieca MBI U UHCTPY-
MEHTOB COEIMHEHUS] M1 aBTOMAaTUYECKOTO COSTUHEHNSI.

Preferences

& i
Poths | Save | Pty Deresal

Selechon Reclange Prelerences
= Iniprppcing Fully enclosed

Hint: Hald the-Z ey dusing seleciion 1o 1oggie modes Paths | Save  Poti | Gensd

Mo 'Weed B ek Flace comporent moda

¥ Rt o Comporset Browees aller placerment

¥ Tt vtk pacs Szl werkspace
Placs srghe componsnt
v Shaw e lo comporend when mowng is besd * Contiruous placement for mult-pection part onsy [ESC 1o gul]
W Show Bne 1o onginal locstion when moving pas Contruoius placemant [E5C 1o o)
ALbCreae Sypmbiod shandard
W Badowae wihen pa are loucheg P
[ Baiwae on conrmcine D
[+ Badowae on move Positve Phave Shit Dinection
liw -'W-: wath e Hhan thes Foliowarg raambes of cornactions T R Mot Ths seftng ondy stfects
10 =] RS Bl Y the “Phace™ pacameter nAC
— * Sht lell i o i RECET
W Delisle aspocashed winas when delstng comporent Dl Sevndabion Settngs

= ldea flastes simdation]
Resl [mode sccursle iemishon- iequees ponvel and diglal ground]

oK Cancel H

| ik Gancel Help

Pucynok 4 — Pazinunble riobanbHble HACTPOKU

HacTtpouka nucta

JlnamoroBoe OKHO HACTpOIKU cBOUCTB JiucTa (Sheet Properties) ucnosib3yeTcst 1Jisl UBMEHEHUSI CBOMCTB KaKI0TO JIU-
cTa. DTU CBOMCTBA COXPAHSIOTCS ¢ (haiiJioM CXEMBI, TIO3TOMY €CJI ITPOEKT OTKPBIBACTCS Ha IPYrOoM KOMIIbIOTEpe, HACT-
POMKM HE M3MEHSIIOTCS.

Hactpoiiku icra crpyniupoBaHbl B CIEAYIONINE 3aKIaIKN:

* Circuit (Cxema) — 31ech Bbl MOXKETE BbIOPATh LIBETOBYIO CXEMY M BHEIITHUI BUJl TEKCTa paboyeil 00acTu.

* Workspace (Pabouast o061actb) — 3mech Bbl MOXETE HACTPOUTD pa3Mep JIUCTA U €T0 CBOMCTBA.

» Wiring (coennHenue) — 31ech HAXOASITCSI HACTPOMKM COEAMHEHWI U IIIVHBI.

» Font (IlIpudt) — 3meck BbI MoXeTe BHIOpATh MIPUGT, €T0 pa3Mep U HauepTaHUE ISl TEKCTOBBIX 2JIEMEHTOB CXEMBI.
* PCB (ITeuarHas miata) — 31ech HaXOISITCS HACTPOMKU MeYaTHOM TIIAThHI.

* Visibility (locTymHOCTB) — 31€Ch BBl MOXKETE CKPBITh MM OTOOPA3UTh NOMOJHUTEIBHBIE CJIOM KOMMEHTAPHEB.

ITogpoOHOE omMcaHuWe KaxkIoro CBOMCTBA JIMCTA MOXKHO IOCMOTPETh B PYKOBOICTBE IToJb3oBartesss Multisim
(Multisim User Guide) niu B (aiine cripaBku Multisim (Multisim helpfile).
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Sheet Properties

Ccut Workspace | vwiing | Fot | PCB | Visbliy
Show
i v Show grd
[ Show page bounds
¥ Show bardes Sheet Properties
Sloodt s3im Circut | Workspacs | Wiing | Font | PCB | Visiiity |
—_— s
|4 [Lesther] - Ao 2e Show
2 Whdth p— Componsnt
i ation ! e =
- Hagh  [B5 = Test o, Al
T Pomai e ¥ ReiDes
! ; W Vahies ¥ Pinname:
o) & % nches Cordiiosh
Lendscepe " - v Altrbutes ¥ Pin numbeis
Nel Harnes Bz Erity
™ Showal ¥ Show labets
& e Net-speciic Sefling
" Hide AR
Codo
[white Background =]
TEST PT_
¥ Save az default m”
& B
Garce T Tt
CsolicTBa J'IVICT? MOXHO
NMPUMEHNTb KakK OQHOU CXemMe, —_ |
TakK 1 KO BCeM nocnenyrumnm. Cancel | | Help |

Pucynok 5 — CpoiicTBa 11cTa

HacTtpoika nonb3oBaTesibCKOro uHrepdemnca

ITonw3oBarenbckuii nHTEpdeiic Multisim MOXHO HACTPOUTDL Ha CBOI BKYC, U3MEHEHUS 3aBUCAT Apyr oT aApyra. [1a-
HeJIM MHCTPYMEHTOB MOXHO 3aKpenuTh B JIOOOM MecTe W M3MEHUTh UX Gopmy. MHCTpyMEHTHI Bcex TMaHeseil Takxke
MOXHO U3MEHSITh U CO3aBaTh HOBbIE TaHe M. CHcTeMa MEHIO TaKKe MOJIHOCThIO HACTPANBAETCs, BIUIOTH 10 KOHTEKCT-
HBIX MEHIO Pa3HBIX OObEKTOB.

Topsiure KIaBUIIM KJIaBUATYPhI TOKE MOXHO HACTPOUTh. JI1000i1 KOMaHAe MEHIO MU MTaHEeIU MHCTPYMEHTOB MOKHO
Ha3HAYMTh CBOIO KJIABUIITY.

Ha 3amemxy: YToObl Ha3HAUEHHbIE KJIABUIIIU HE TIEpeceKaTuch ¢ KOMaHAaMU UHTEPAKTUBHBIX 2JIEMEHTOB, COBETYEM

HazHayaThb KoMOuHauuu kiapuil, Hanpumep Ctrl-E.

Hanpumep, st iucta cxeMbl M ONTMCAHUS MOXXHO HA3HAYUTh CBOI0 KOMOMHAIIMIO TOPSTYMX KJIABUII U IOTIOJTHUTENb-
HBIX OKOH.

JI1s1 HaCTPOMKM TMOJIb30BaTeIbCKOro MHTepdeiica BpioepruTe MyHKT Onunu/HacTpouTh 1mosib30BaTeIbCKUIA UHTEP-
(deiic (Options/Customize User Interface). C moMonisio nuanoroBoro okHa "Hacrpoiika" (Customize) Bbl MOXeTe co3/1a-
BaTh U U3MEHSTh MaHEeJIM MHCTPYMEHTOB, Ha3HAvYaTh ropsiuue KJIaBUILKM, HACTpauBaTh M CO3/1aBaTh HOBbIE MEHIO, a TaK-
K€ UBMEHSITh CTUJIb TTOJIb30BaTeIbCKOTO MHTepdeiica.

Commands | Toolbars Keyboard | benu | Options

Category Set Accelerstor for:
T L R 30 S A Reporks | Options | Window  Help
ST - | |0t - '
Commence Cimiert Kept E & | = Global Preferences. ..
LPreferences . [Dptonsz) A | IS Sfpeet Properties... =T
555 Time Wizard [Tools) —_— I a | i
90 Clockwize [Edt) | } 4
30 ConsteiCw [ dit] | } Glabal Restrictions, .. E
bout Multisim [Help) - : 1 |
41 Bnabisio (Bnabisas Fress New Shortcut Key Flezat A | Circuit Restrictions. .. b
Dezcaiption: —_— I p B I
Gersral user preferences i | Cigsbomize User Inberface... |
Sinphfied Yersion
@)|
Pucynok 6 — Inanorosoe okHo "Hacrtpoiika" Pucynok 7 — Hactpoiika MeH1o
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YnpaxHeHune 1 — Untepdenc Multisim

MpumepHoe BpemMs Ha BbinosiHeHue: 10 MUHyT

Llesb 5TOrO yrpaxkHeHUs — MO3HAKOMUTBCS ¢ uHTepdeiicom Multisim. Bbl cMoXeTe U3yduTh BHELIHUI BUI, TJIO-
OaJibHbIE HACTPOMKH, a TAKXKE Pa3IUYHbIEC TAHEIU UHCTPYMEHTOB U MTYHKTHI MEHIO.

Uenn
* [To3HakoMuTbcs ¢ MHTEepdeiicom Multisim.
* V3HaTh, KaKk HACTpauBarOTCs TapaMeTphl cpeabl Multisim.

YnpaxHeHue
1) 3amyctute Multisim
a) Breiobepure myHkT MeHio ®Paitn/OtkpbiTh mpuMep (Select File/Open Samples) 1 otkpoiite AMPMOD.ms9.
b) INo3KcrepuMEHTUPYITE C pa3IMIHBIMY BHEITHUMU BUIAMU cpeabl Multisim.
i) Beioepute Bun/Ta6auia (View/Spreadsheet), 4ToObI BKIIOUUTD MTPEACTABICHNUE TAOJIULIBI.
ii) Mzyuure 3aknanku Browse Cetu, KommonenTsl u Ciiou neuatHoii miatsl (Nets, Components u PCB
Layers).
iii) YKaxxuTe KOJIM4YeCcTBO ceTeil ¢ yHUKaTbHBIM HOMEPOM.
¢) Beibepurte nyHkT Bun/Onucanue cxemsl (View/Circuit Description Box). 3nech pazpaboTuyrMku MOTYT y3HATh

MoAPOOHBIE CBeACHUs O pa3pabaThiBaeMoii cxeMe. JIJist penakTupoBaHue COACPKMMOro BbIOepuTe MyHKT MH-
crpymeHThl/Penakrop onucanus (Tools/Description Box Editor).

d) Buioepute Bun/Ilanens pazpadorunka (View/Design Toolbox). 3aech nmpuBeaeH Crucok ¢aitaoB, BcrioMora-
TEJILHBIX CXEM U IPYTUX 3JIEMEHTOB CXEMEL.

2) N3yuyute myHKTHI [T06anbHbIe HacTpoiiku 1 CBoiicTBa sincta (Global Preferences u Sheet Properties).
a) Breioepure mynkT Ormmun/CpoiicTsa ucta (Options/Sheet Properties).

i) ITompoOyiiTe 0TOOpa3uTh U CKPBITh CETKY Ha 3akiaake Pabouas obmacts (Workspace), 4ToObI yBUIETH
usMeHeHnus, Haxmute OK unu Ilpumenuts (Apply).

ii) TTorrpoOy¥iTe U3MEHUTH 1IBETA C MOMOIIbIO 3aKkinanku Cxema (Circuit) 4ToOBI yBUIETh U3MEHEHUST, HA-
sxvute OK v [Mpumenuts (Apply).

b) Beibepure Onmu/Inobanshbie HacTpoiiku (Options/Global Preferences).

i) OtMmeTbTe ABTOMATHMYECKOE CO3MaHue pe3epBHOU kommu (Auto-backup) Ha 3axmanke CoxpaHeHUe
(Save).

ii) BxomrounTe nnm otkiounte Bo3Bpar K mpoBogHUKY KoMImoHeHTOB (Return to Component Browser) Ha
3aknanke KommoHeHTs! (Parts).

3) Usyuute Hactpoiiku Ha BKkianke O6miue (General). Kakoit pexum s mpsiMoyroibHUKa BbiOopa (Selection
Rectangle)?

4) Ecnu ectb BpeMs, TIOTpeHUpyiiTech B cpeae Multisim. [TompoOyiite pa3MecTUTh MPOU3BOJILHBIN 2JIEMEHT Ha cXe-
My.
5) 3akpoiite cxemy ¢ nmomouibio mynkra Paiin/3akpeith (File/Close).

KoHeu ynpaxHeHusa.

ni.com/russia 6 BseneHune B Multisim
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KoMnoHeHThI

O06G30p KOMMNOHEHTOB

KoMIoHeHTBI — 3T0 OCHOBA JII00O0I CXeMBI, 3TO BCE JIEMEHTHI, U3 KOTOPBIX OHA COCTOUT. Multisim onepupyer ¢ ABy-
MsI KaTeropusiMi KOMIIOHEHTOB: peaibHbIMU (real) u BUpTyajabHbIMU (virtual). HeoOXxoaumo sicHO MOHUMATh pa3indus
MeXIy HUMU, YTOObI B TTOJTHOI Mepe BOCIIOJb30BAThCS UX MPEUMYILECTBAMMU.

V peanbHBIX KOMIIOHEHTOB, B OTJIMYKE OT BUPTYaJIbHBIX €CTh OTIPeAeIeHHOE, HEM3MEHsIEeMOe 3HaUeHUe U CBOE COOT-
BETCTBME Ha MeYaTHOM ruiaTe.

BupryanbHbIe KOMIIOHEHTHI HY>KHBI TOJIBKO IUTSI SMYJISILIMM, TT0JIE30BaTE)Ib MOXKET Ha3HAUYNTh UM ITPOM3BOJIbLHBIC TTa-
pameTpbl. HanpuMep, cOnpoTuB/IeHE BUPTYAIbHOIO PE3UCTOPA MOXET ObITh ITPOM3BOIbHBIM, Aaxe 3,86654 Oma. Bup-
TyajibHbl€ KOMIIOHEHTHI TOMOTAlOT pa3paboTuyrKaM MpU MPOBEPKE C MOMOIIBIO CXeM C U3BECTHBIMU 3HAUYEHUSIMU KOM-
IMOHEHTOB. BUpTyasbHBIe KOMIIOHEHTHI TAK:KE MOTYT HE COOTBETCTBOBATH pPeajlbHBIM, HAIIPUMED, KaK 4-X KOHTAKTHBIN
3JIEMEHT OTOOpaXkeHus1 16-TUPUYHBIX LU(P, MOKA3aHHBINA Ha PUCYHKE 8.

B Multisim ecTb u apyras kKjiaccupukaiysi KOMIOHEHTOB: aHAJIOTOBbIE, IM(PPOBLIE, CMELIAHHbIE, aHUMUPOBAHHbIE,
WHTEepaKTUBHBIE, HU(PPOBBIE C MYJIBTUBBIOOPOM, JTEKTPOMEXaHUYECKHUE U PAANOYaCTOTHBIE.

BupTyanbHbIe KOMMOHEHTHI PeanbHble KOMMNOHEHTbI
U1
% GO/INT LO/CMPOUT ;—
. R L1CMPIN- &
bCp_Hex D1 2] S LacuPN: iy
5 G4/so ta M1
BN DIODE_VIRTUAL 31 Soer L
41 GrIcKo L7/MmobouT H4
S5 cKi
16
VA 1%| ~RESET
COP87L42RIN
1kHz Q1
i T
74S03N

2N2222A

Pucynok 8 — CUMBOJIBI pa3IMYHbIX KOMIIOHEHTOB: 7-CErMEHTHbIM aucruieit, nuoa D1, ucTouHUK HanpskeHust V1,
snorudeckuit anemeHTel HE-U U2A, MukpokonTposuiep U3 u tpaHsucrop Q1.

MHTepaKTVIBHbIe KOMIMOHEHTbI

Hekotoprbie anemeHThl cxeMbl Multisim MOTryT pearupoBaTh Ha IeHCTBUS Mob3oBaTessd. Mi3MeHeHne 3TUX 3JeMeH-
TOB Cpa3y OTpaXkaeTcsl Ha pe3yJibraTtax aMyJIupoBaHus. KOMIIOHEHTHI YIPaBISIOTCS C IMTOMOIIBIO KJIABMIL, YKa3aHHbBIX
IO/ KaXKIbIM 3JIEMEHTOM.

HaHpI/IMCp, Ha PUCYHKE 9 NPpUBEACHO HECKOJTBbKO KOMIIOHEHTORB: KJIaBUILIa A YBECJIMYUT COIIPOTUBJICHUE MMOTECHI MO~

Metpa 10 100% ot ykazaHHoM BeanduHbl (1 KOM). UTOOBI YMEHBIIUTD CONPOTUBIIEHUE, TIpyxkMuTe Shift 1 HaxkmuTe A.
ITpoGen oTKpbIBaeT MIIM 3aKPhIBAET BHIKJIIOYATEIb HA TIPABOM PUCYHKE.

BASIC_VIRTUM x|
Labsl | Display Value |Faull | Finz
Eey
Ircrement =
Resstance kOhm
R3 J1
Key =A —o/o—
50%
1kQ ° Key = Space

Reploce | [ Ok | Concel | o | Hep

Pucynok 9 — I[Tpumepbl MHTEPAKTUBHBIX KOMIIOHEHTOB
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Topstayto kaBuIIly MOXHO BBIOpATh CJEAYIOIIMM 00pa30M: IMPU TBOMHOM IIIETUYKE MBI OTKPOETCS OKHO, B BhITIA-
JIAIOIIEM MEHIO KOTOPOTO MOXHO BhIOPATh HY>KHYIO KJIABUIITY.

ITone OnucaHue ITpumep

HasBanue 6a3bl naHHbIX Multisim,

baza naHHBIX . o ITonb3oBatenbckas (User)
B KOTOPOW XpaHUTCST TAaHHBI KOMITOHEHT
HaszBanwue rpymmsl, K KOTOpoit
Ipynma (Group) Py i P TTL
MPUHAMJICKUT TaHHBINM 2JIEMEHT
. . HasBaHnue cemeiicTBa, K KOTOPOM
CewmeiictBo (Family) ’ POMY 74S

IIPpUHAOJICKUT IAHHBIN 2JIEMEHT

KommonenT (Component) Ha3Banme maHHOTO KOMITOHEHTA 74S00D
Cumson (Symbol) CumBoa (ANSI unm DIN), KoTophblit :Do_
OTOOpakaeT KOMITOHEHT Ha CXxeMe
. 4-Hoi1 TByXKOHTaKTHBIN 31eMeHT U-HE
Haznauenme (Function) OmnucaHre KOMIIOHEHTa (QUAD 2-INPUT NAND
Model Manuf./ID Texas Instruments\74S00
(Footprint Manuf./Type) DO14

Pucynok 10 — MHbopMalius o KOMITOHEHTax

XapakTepucTUKu KOMMNOHEHTOB
B npoBogHMKe KOMITIOHEHTOB OTOOPAXKaIOTCsI CASAYIOIINE OIS

* e AP BB GBS Y WS

Pucynok 11 — Bknanka Dnementsl (Parts) nin nanenb uHcTpyMeHTOB "KoMnoneHThl" (Component)

L Select a Component

Componsnt Symbaod [AM5I)
| LM3244) D |
w | | LM 3I24AM |
""" | L3244 o _gearch,
(I anaioG_wATuaL |HHI24P >~ | Detad Repor
£5 GPaMP (= LMI248PWLE =1 Mosdel
LMIZ0 | .
2 OPAMP_NORTON | yasansLe e
b= COMPERATOR LM324) =
T WIDEBAND_aMPs | LMI24M a |6 ]
|'_E_F SPECIAL_FUNCTI.. |LM324N Furction
L3248 (Jusad GeneralPuposs
LMIZ4PLE Opes shonal Ampbher
LM 3242DELE
| | Mphoeodahl M 3244,
ESTHicicelschores LM 12
Tewas Irslnumertsh LM 22
| Teeas Intnamerts\LM 224
Fonhprnt b anud 5T ype:
)
Companents: 14 Searching: LM32 Backspace Delete

Pucynok 12 — [poBoqHUK KOMITOHEHTOB
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MpoBOAHUK KOMMOHEHTOB
ITpoBogHuk koMnoHeHTOB (Component Browser) — 3To MeCTO, TJie Bbl BLIOMpaeTe KOMIOHEHTHI, YTOObI PAa3MECTUTh
ux Ha cxeMe. [opsgyas KiaBuia o yMoa4aHuIo i padmelieHus KomrnoHeHTa — Ctrl-W uiu 1BOIHOI 111eTY0K MBIIIBIO.
Kypcop Mbiuy npumeT hopMy KOMIIOHEHTA, TTOKa Bbl HE BHIOEPUTE MECTO HA CXEMeE 11 KOMITOHEHTA.
7151 morcka mpoCcToO HAYHUTE HAOUPATh Ha3BaHMUE KOMIIOHEHTA U TPOBOJHUK aBTOMATUYECKU MOA0EPET MOIXOASIINE
sneMeHThl. KHorka [Touck (Search) oTKpbIBaeT pacIiMpeHHbII TOUCK.
B I1poBogHMKe KOMITOHEHTOB OTOOpakaeTcsl TeKyIas 6a3a TaHHBIX, B KOTOPOI XpaHSITCS OTOOpaskaeMble 3JIEMEHTHI.
B Multisim oHM opraHM30BaHBI B TPYIIIHI (groups) 1 ceMeiicTBa (families). Takke B MPOBOTHMKE OTOOPaXKaeTCs OIMCa-
HHue KoMmIToHeHTa (Trosie Haznauenue Function), Momess 1 TieuaTHas Tj1aTa WM ITPOMU3BOIUTEIb.
CumBour 3Be3mouku ("*") 3aMeHsIeT 110001 Habop cuMBoIoB. HammpuMep, cpenu pe3ynsraToB 3ampoca "LM*AD" 0y-
oyt "LM101AD" u "LM108AD".
Ha 3amemky: JItoOoMy KOMIIOHEHTY COOTBETCTBYEeT MHOXKECTBO Momeneii. Kaxkmass Momeslb MOXKET CChUIAThCSI Ha pa3-
JNYHBIC (U3NYECKUE XapaKTepPUCTUKM KOMIIOHEeHTa. Ha mpumep, y oIlepalliOHHOIO YCHJIMTEIIS
LM358M cHapyXu 5 KOHTAaKTOB, HO B 3TOI MOJEIN M3 HUX UCTIOIL3YeTCST TOJIBKO 3, KOHTAKThI ITUTa-
HUS He 3a7eiicTBoBaHEL. boiee moapoOHyo nH(GOpMAIIUIO O MOACIISIX MOKHO HailTH, BRIOpaB MOACIH B
TToJie TipousBoanTeNb/uaeHTUGUKaTOp (Model Manuf \ID) u ximkHyB 1o KHornike Monens (Model).

Ba3bl gaHHbIX

B Multisim ecTb 6a3bl JTaHHBIX TPEX YPOBHEH

* W3 InaBHoI1 6a3bl jaHHbIX (Master Database) MOXHO TOJIBKO CUMTBHIBATh MH(OPMALIMIO, B HE HAXOISITCS KOMIIO-
HeHThI Electronics Workbench.

 TTonb3oBaTenbckas 6aza gaHHbIX (User Database) cCOOTBETCTBYeT TeKylIeMY I0JIb30BaTe 0 KomIiblotepa. OHa
MIpeaHa3HauYeHa I XpaHEHHST KOMIIOHECHTOB, KOTOPBIE HEXeJIaTeIbHO TIPEAOCTABISATh B OOIINIA JOCTYII.

+ KopropatuBHas 6a3a gaHHbix (Corporate Database) mpemHasHaueHa IUISI TeX, KOMIIOHEHTOB, KOTOPBIC TOKHEI
OBITh JOCTYITHBI APYTUM TTOJIH30BaTEIISIM 110 CETH.

CpencTBa yIipaBlieHUs 6a3aMU JaHHBIX MO3BOJIAIOT IIepeMeliaTh KOMIIOHEHTHI, OOBeIMHSITE ABe 0a3bl B OMHY U pe-
JMAKTAPpOBaTh nX. Bece 0a3bl MaHHBIX pa3mesIsaioTCcs Ha TPYIIIBI, a OHU, B CBOIO oUepedb, Ha ceMeiicTBa. Korma monp3oBa-
TeJIb BEIOMpPaeT KOMIIOHEHT M TIOMEIIAET eTO B CXeMY, co3maeTcsl HoBasl Komusl. Bece m3MeHeHMS ¢ Hell HMKaK He 3aTpari-
BalOT UH(MOPMAIINIO, XPAHSIITYIOCS B 0a3e JaHHBIX.

Ecau m3aMeHNTh KOMITOHEHT B 0a3¢ TaHHBIX, TO YK€ CYIIIECTBYIOIINE KOITMY KOMITOHEHTOB OCTAaHYTCSI TAKMMU XK€, KaK
1 ObLTH. VI3MeHeHMS 3aTPOHYT HOBBIE KOMITOHEHTHI 3TOro THIa. [1pn coxpaHeHUU cXeMBI BCSI MH(MOPMAIIUS O KOMIIO-
HeHTaX XpaHUTCcs B daitre Multisim. I1pu 3arpy3ke mojb30BaTeIb MOKET OCTaBUTD 3arPy>KeHHBIC 3JICMEHTHI B TOM BHIIE,
KaK OHU eCTh WJIK OOHOBUTH KOMITOHEHTHI JaHHBIMU M3 0a3bl ¢ aHAJIOTUYHBIMA MMeHaMU. Ha 3aMeTKy: 9TOOBI OTKPHITh
MIPOBOIHMK 0a3 JaHHBIX, BEIOepuTe MHCTpyMeHThl/ba3br nanabix/IIpoBogank 6a3 maHHbIX (Tools/Database/Database
Manager), 4TOOBI PeIaKTUPOBATH SJIEMEHTHI IIPOBOIHMKA, CKOITUPYITE MX B TOJH30BATEIBCKYIO MM KOPIIOPATUBHYIO
0a3y JaHHBIX.

Datalase Manage: |E

Comgonsnts  Fairdy | Lper Frskd Tithes |
Farraly T oo
e Diatnbass b asiet Databade
[P ¥
Py

Cormpearnnt Feflhe:

Dralaplt Prade:

1 : F armdy

[T ] Close Help

Pucynok 13 — ITpoBonHUK 6a3 TaHHBIX
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YnpaxHeHue 2 — lNonck v pasmeweHne KOMNOHEeHTOB

MpuGnusutenbHoe BpemMs BbinosiHeHua: 10 MUHYT

Y] YIIpakHCHUEC 3HAKOMMUT C ITIPOBOJHMUKOM KOMITIOHCHTOB. BoimonHus 310 YIpPa>KHCHUEC, BbI JOJ2KHBI YMETB OTKPbI-
BaTb MMPOBOAHMK, MCKATb N HAXOAWTHb HYXKHbBIC KOMIIOHCHTBI, a4 TAKXKC I10J1y4aTb JOMOJHUTCIbHYIO I/IH(I)OpMa]_[I/IIO C I10-
MOIIbIO PA3JIMYHbIX oJIei IIPOBOOAHHMKA.

Uenn
° y3HaTb, Kak € IMoOMOIIbIO ITPOBOAHNKA KOMITIOHECHTOB UCKATb HCOGXO,ZI,I/IMI)IC DJICMEHTHI.
* [TosHaKOMUTBCH C HH(i)OpMaHHeﬁ, KoTopas 0To6pa>KaeTc;[ B ITPOBOJHUKE KOMIIOHCHTOB.

BbinonHeHue
1) Otkpoiite okHO HOBOM cxembl: Paiin/Hoserit/Beoa cxemsr (File/New/Schematic Capture).

2) Br130BUTE MPOBOTHUK KOMITOHEHTOB C ITOMOIIBIO KHOIKM McTounuku (Sources) manenu 3iaeMeHToB (Parts Bin)
wim naHenu koMmnoHeHToB (Components Toolbar).

Sl SR Trj gy [E] tusc i

3) Haiimure u IoMecTUTe Ha cXeMy ajieMeHT 3a3emiacHue (Ground), OH HaXOAUTCS B CeMeiCTBe MCTOYHUKOB ITHTA-
Huss POWER_SOURCES.

4) C nomoriibio MHCTpYMeHTa nouck (Search) Haiinute Mmukpocxemy Analog Devices OP297AZ.
a) B npoBogHMKE KOMIOHEHTOB HaxXMuUTe KHOTKY ITouck (Search).

b) HaGepute "OP297AZ" B nosnie KomnoneHt (Component), Koraa Bbl Haiinere KomnoHeHT, Haxkmute OK. TToka
He NoMeNIaiiTe ero Ha 0JOK-AUarpamMmy.

¢) CKOJIbKO pa3IMYHbIX OMEepallMOHHBIX YCUJIUTEel B Balllell 6a3e TaHHbIX?
(Ykazanue: Bocrionb3yiiTech CMMBOJIOM '*' B ToMCKOBOM 3arpoce: "OP297*")
d) CKonbKO CeKInil y MUKPOCXEMBI?
(Ykazanue: Cexuimu 0603HavatoTcst OykBamu A-7)

e) Ilpu pazMellleHUM ONEPalMOHHOTO YCWINTENS Ha OJI0K-AuarpaMMe HY>XXHO BbIOpaTh cekiuio A uinu B. T1oka
He oMmemaiite OY Ha cxemy.

f) C nomoiupio GyHKLMY ITOMCKA HaiauTe 16-TupuuHbiil nHBepTOp 74S04D.

T a | B |

Cancel i

5) [lepen TeM, Kak IIOMECTUTD DJIEMEHT Ha CXEMY, BaM IIPEIJI0XAT Ha BEIOOP OOMH U3 6 MHBepTOPOB. BuibepuTe Bapu-
aHT A. Iloce 3TOro BBl MOXeTe T00aBISATh TM00 Takue ke jorndeckue saeMeHTs (Ul), oo npyrue MUKpocxe-
MBI,

6) loGasbre eiie onuH a;meMeHT Buga A. Kakas meTka (reference designator) nj1st Hero Ha3HayaeTcsl 10 YMOJTYaHUIO?

KoHeu ynpaxHeHusa
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Casur, NnoBOpoOT, BbIOOP U coeAnHEeHUue KOMMNOHEHTOB

CABVIF, MOBOPOT U BblaeJsnieHne

[Tocne BbIOOpa KOMITOHEHTOB U3 06a3bl TaHHBIX OHU PA3MENIAIOTCSI HA CXEME U COEIMHSIIOTCS] MeXay co0oi. JIBoitHOM
IIETYOK MO0 KOMIIOHEHTY B IMTPOBOAHUKE MPUKPENUT ero K Kypcopy. ITocjie 3Toro MoxkHoO MOMECTUTh 2JIEMEHT Ha CXEeMY,
MPOCTO KJIUKHYB B >KEJIaEMOM MeCTe.

B 3T0 BpeMs 1 mocse yCTaHOBKM KOMITOHEHTBI MOXHO MOBEPHYTh. UTOOBI 3TO clesaTh B IMIEPBOM Ciydyae, HaXXMUTE
Ctrl-R. YToObI MOBEPHYTh YCTAHOBJAEHHBI KOMIIOHEHT, BbIAEIUTE €T0o U Toxe Haxxmute Ctrl-R nnu BbiOepuTe B KOHTEK-
CTHOM MYHKTE IMyHKT MOBEPHYTh Ha 90° 10 MM MPOTUB YACOBOM CTPEIKMU.

L Cut Chrl4l DHIDES VIR TLIAL
Copy Chel+C Label | Digplay Value | Fat | Fira
Delate Delets Value DBODE_VIRTUAL
Foolpirt
Flip Horizonkal Al e Genenc
Flip Vertical At FLrvtion
Sk 90 Clodkyise Chrl+R
des 90 CounterCw Chrl+5hift-+R
Bus Wechor Conreck. ..
Replace by HE Chrl4+5hift+H
Edit Foodpiind
Replace by 5C Ctel+Shift+8
Echl Mool
Echt Symbel,..
Fonk...
Properthes Chrl+i \Ff“ﬂl-""-" Ok | Concel Inf Help
Pucynok 14 — [ToBopoT KOMITIOHEHTa Pucynok 15 — 3amMeHa KOMIIOHEHTOB

Yr1oObl BBIOPaTh KOMIIOHEHT, IIPOCTO IIEJIKHUTE 10 HEMY MBIIIbBIO. J1JIs1 BBIOOpa HEeCKOJIBKHUX KOMIIOHEHTOB ITPYKMU-
Te KHOIIKY MBIILIK 1 IIepeMeILaiiTe ee, PUCYs IPSIMOYTOJbHUK BbIOOPA BOKPTY HYXKHBIX KOMIIOHEHTOB. BhIOpaHHBIE KOM-
ITIOHEHTHI 0003HAYAIOTCS MYHKTUPHOM JTMHUEH. MOXHO BbIOPATh OTAEJIbHbIE 2JIEMEHTbI, HAIIPUMED 3HAYeHUE I MET-
KY KOMITIOHEeHTa. BBIOOp OCyILEeCTBISETCS OAMHAPHBIM IIETYKOM MbIILIHN 110 HY>KHOMY 3JIEMEHTY.

Knapuira Shift mo3BosisieT 100aBASATh MM CHUMATh BhIJIEJICHUE C HECKOJIBKIUX KOMITOHEHTOB.

KoMMmoHeHTBl MOXXHO 3aMEHSITh Ha APYrUe ¢ MOMOIIbIO UX KOHTEKCTHOTO MEHIO, IMyHKTa 3aMEHUTh KOMITOHEHT(bI)
(Replace Component(s)). HoBble KOMITOHEHTHI BLIOMPAIOTCSI B OTKPBIBIIEMCS JOTTOJTHUTEILHOM OKHE MTPOBOAHUKA KOM-
noHeHToB. CoeaMHEeHUsI KOMITOHEHTOB TTocjie 3aMeHbl Multisim BOCCTaHOBUT.

CoepunHeHune

B Multisim ncnonb3yeTcst 6e3peKMMHBINA TPUHLIUI PaOOThI: IEMCTBUE MBIIIbIO 3aBUCUT OT MOJIOKEHUSI Kypcopa, HET
HEOOXOAMMOCTHU BBIOMPATh UHCTPYMEHT WM pexXuM npu padote B Multisim. Kypcop usmeHsieT cBoii Bu B 3aBUCUMOC-
TH OT TOTO, Ha KaKoi 0OBEKT OH HaBeleH. PasnuHble BUIbI Kypcopa MpUBeaeHbI Ha pUCYyHKe 16.

Korma xypcop pacmoyioxeH Haa pazbeMoM (pin) Wiu TepMUHAIOM (terminal) KOMITOHEHTA, JIEBBIM IIETYKOM MBI
MOXHO ero coenHuTh. Korna Kypcop pacmoyioxeH HaJl CYIIECTBYIOIINM ITPOBOIOM U PSIIOM C pa3beMOM WU TEPMUHA-
JIOM, COEIUHEHUE MOXHO JIETKO U3MEHUTb.

Y1oObl HAYATh BECTU COEMUHSIIONINI MTPOBOJ, KIMKHUTE 110 Pa3beMy, UTOObI 3aBEPIIUTh COENNHEHNE, KIIMKHUTE TI0
KOHEYHOMY TEPMUHAITY.

ITocne mosgBneHus npoBogHMKa Multisim aBTOMaTU4eCKU IMTPUCBOUT eMy HoMep B ceTu. Homepa yBennmumBaloTcs 1mo-
cienoBaTeNbHO, HaYMHas ¢ 1. 3azemuisiionue mMpoBoaa Bcerna uMelor Homep 0 — 3To TpeboBaHME CBS3aHO C paboTOM
ckpoiToro amynsitopa SPICE. UToOb1 U3MEHUTH HOMep COeTMHEHMSI WJIU IPUCBOUTH €MY JIOTUUECKOE UMsI, ITPOCTO ABAXK-
Il KJIMKHETE T10 TIPOBOMHUKY (PUCYHOK 17).

BseneHune B Multisim 11 © National Instruments Poccusi, CHI', bantusi
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Het name
‘When uzing net specific hide/show selting
[ Show

FCE

Trace whidth Mn

Trace Width

PasmelleHne nnm nepeaBmkeHmne a1eMeHTa,

AL BLIGOP MYHKT UV UKOHKM MEHIO

v Uze |C for Tranzient Analss i)

e
¥ Uze NODESET fee DT o i —¢— JobasneHne coegnHeHns
0K I Cancel >=

Pucynok 16 — CBoiicTBa coemuHeHUs Pucynok 17 — be3peXXUMHBIN KypCOp MbIIIU

M3mMeHeHne coeanHeHns, nepemMeLLeHne
NPOBOAHNKOB.

ABTOCOEAUHEHME pa3beMoB KaCaHnem

B Multisim ecTh (pyHKIIMSI aBTOMATUICCKOTO COCIMHEHMS Pa3beMOB MEXKIY COOOM U ¢ TIPOBOTHUKAaMU. UTOOK 100a-
BUTb KOMITOHEHT B CYILIECTBYIOIILYIO CETh COEIMHEHUI, TIPOCTO €ro pa3beMbl KaCaJUCh CYIIECTBYIOIIEH CETH.

War 1 LWar 2
v1 CyLlecTByloLmEe KOMMOHEHTbI vi  Jo6aBbTe KOMMOHEHT Ha Cxemy
R1 R1
M- AN~
=+
[MepemecTTe KOMMNOHEHT Tak, 6 .
LWar 3 4TOBbI OH KACANCs COEAMHEHNS!. Lar 4 (HeoGsa3aTenbHbIN) LWar 5 ...  Ha 3aMeTKYy,
Koraa Bbl OTNYCTUTE MbiLLb, MepemMecTuTe KOMMOHEHT 4TO coeaviHenne
V1 hosisutes coeguHeHne Vi g HYXXHOE MECTO... Vi ocraercsa

/ R1 / R1 4 R1

AVAVAV_ | AAA o AAA

— 7

H

--1
1

-

al

Pucyﬂox 18 — ABTOMaTHMuUeCcKOe COeAMHEHNE KacaHUEeM

Ado6GaBneHne B aBTOpa3pbiB

B Multisim ecTb BO3MOXHOCTb BCTABUTh KOMITOHEHT BHYTPb CYIIIECTBYIOIIEH CeTU COeNUHEHUMA. 11 3TOro mpocto
pa3MecTUTe 2JIEMEHT TapaljieJIbHO MTPOBOAHUKY (PUCYHOK 19).

w R2

1kQ
U1 U1 U1
| 1'k'g'z ) | 1i<'§'z ) | 1'k'§'z i
— —+ —t
1 OPAMP_3T_VIRTUAL 1 OPAMP_3T_VIRTUAL 1 OPAMP_3T_VIRTUAL
1kHz 1kHz 1kHz
0Deg ODeg 0Deg
-=L = -TL = -=L =
LWar 1 HyXHO BCTaBUTb KOMMOHEHT Lar 2 NomecTnte KOMMOHEHT LWar 3 KomnoHeHT BCTaBnsieTcs
napasnnefnibHO NPOBOAHUKY aBTOMaTUYECKMN

Pucynok 19 — ABTOBCTaBKa KOMITOHEHTOB
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YnpaxHeHue 3 — HapucoBaTtb cxemy

MpuGnuautTenbHoe BpeMs BbinosiHeHusa: 20 MUHYT.

DT10 yrpaxkHeHrUe — 0a30Boe MO0 BBOMY cXeMBbl B Multisim. Bl co3maguTe u coeqmHUTE MIPOCTYIO0 cxeMy B Multisim,
BOCMOJIB30BABIIUCH PA3IMYHBIMU METOJAMU MOUCKA KOMIIOHEHTOB, MMOTPEHUPYETECHh UX COEAUHSTDH U 3AMyCTUTE MPO-
CTEHUIIIYIO SMYJISLINIO.

Uenb
* [Tonarp pasaInuIne MEXKIy p€ajlbHbIMU, BUPTYaJIbHbIMU, UACAJIbHBIMU 1 UHTCPAKTUBHBIMU 3JICMCHTaAMU.
* Co3zgaTh NpocTeiyto cxeMy (BKJII0Uasi BUPTyaJbHbIE COEAUHEHMST).
* [To3sHaKOMUTHCI U YCTaHOBUTD HaCTpOVIKI/I COCIUHCHUS.

BbinonHeHue

1) Cosnaiite cBoro komnuio cxembl 40KFILTER1 Complete.ms9, kak moka3aHo Ha puCyHKe HIKe. Brioepure Heooxo-
IMBbIe KOMITOHeHTHI 13 OcHOBHOI 6a3bl maHHBIX (Master Database) (Pasmectuts/KommoneHt Place/Component)
u [MonynspHoro crmcka (In-Use List). YcTaHoBuTe 3HaYeHMST KOMITOHEHTOB, KaK ITOKa3aHO Ha pucyHke. Ha 3a-
MeTKy: KoMnoHeHTHI R1, R2 u C2 BuprtyanbHbIe.

MNomecTute KOHAOEHCATOP A B
Mexay Todkamun A n B
© ©
R1
AVAVAV
191kQ
mput R c2 vzl
AN I— dil;
40.2kQ 270pF , 15V
2 1kQ_LIN U19A
vt ')'E’ Key =A [~ Output
) 40Hz '
03V B 1 BHumaHne!
37| LMIneN Bce komMnoHeHTbl kpome OY —
1]+ ,  BupTyansHbie (Virtual Components).
=+ =+ 15V L QY 6blin OTpaxXeH CBEPXY BHU3.

Pucynok 20 — ITosnocoBoii hpuabTp

2) UToOBI COeAMHUTH KOMIIOHEHTHI, HABSINTE Kypcop Ha TEPMMHAJ TaK, YTOOBI OH M3MEHWJI CBOI BUI 1 KJIMKHUTE
MbIbio. [TlepeMecTuTe Kypcop (Taia 3a co0oif IpOBOI) 10 BTOPOTO TepMHUHAJA M KIWKHUTE, YTOOBI 3aBEPIIUTD
COCTMHEHNE.

3) 3amenure pe3uctop R2 cpeactsamm Multisim: BEIOEpUTE B KOHTEKCTHOM MEHIO ITYHKT 3aMEHUTH KOMITOHEHTHI 1
3aMEHUTE BUPTYyaJIbHBIE PE3UCTOP pealbHbIM (pa3men Basic/Resistor) Ha Bar BIOOD.
4) IBaxk1pl KIMKHUTE HA BUPTYyaJbHble KOMIIOHEHTBI M IIOCMOTPUTE, KaK 3a1al0TCsl MX MapaMeTphbl.

5) IloBepHUTE U MTEpeMECTUTE KaKOi-IM00 KOMITIOHEHT, YTOObI TOCMOTPETh KaK BalllM ACHCTBUS BAUSIOT HAa COSAM-
HSIOIIME ITPOBOIHMKM. TakKe KOMITOHEHThI MOXKHO ITIOBOPAaYMBaTh, KOT/IA BBl pa3MelaeTe UxX U3 6a3bl JTaHHBIX.

6) BribepuTe BUPTYabHbI KOHIEeHCATOp U3 [1oIy/IsipHOro crivcka U pa3MecTUTe ero MexXay ToukaMu A u B cxembl.
Ha 3aMeTKy: OH aBTOMaTUYECKU COCINHSIETCS U €ro eMKOCTh cTaHoBUTCS 270 KD.

KoHeu ynpaxHeHus
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AonoJsiHuTenbHble TEMbI

MacTtepa coeguHeHn

B Multisim ecTb HECKOJILKO MacTepOB COEIMHEHMIT, KOTOPbIE TOMOTaloT pa3padoTuyrKaM ObICTPO CO3JaBaTh CXEMbI C
3alaHHBIMU TTapaMmeTpamMu. CIIMCOK MacTepPOB COeNMHEHUI MpYBeaeH Ha pucyHKke 21. OHu HaxoasTcs B MeHIo MHCTpy-
MeHTbl/Mactepa coenuHeHuit (Tools/Circuit Wizards).

Filter Wizard

T ipem .Ll'll'.' Pass Filtes - |
— Gain[dB}
Pasz Frequency |1 Hz ~| o ———==Fa3t Bind Gain
T : " Srop Bamd Gar
Stop Fraquency |1.5 kHz | 3 R G
—
&g "; _ FeeqiHa]
Pazs Band Gan|-1 | & ERtTiec S
Stop Band Gain[-25 de
Filter Load |50 a -
255 Timer Wizard... Type Topology Sowrce Impadance
Eilker wWizard. .. * Butleworth * Pasmve * 10 times > Load
~ Chebyshey ™ Active 10 limes < Load
Cparmp Wizard, .. " Ecual lo Load
CE BJT amplifier Wizard...
MOSFET Amplifier Wizard. ., | vesiy Clase Hel
Pucynok 21 — Macrepa coennHeHmii Pucynok 22 — JTnanorosoe okHo Mactepa ¢hunsrpos (Filter Wizard)

Macrep TaitMepoB (555 Timer Wizard) 1mo3BoJIsieT co3maBaTh HeCTaOMIbHBIC I MOHOCTAOMIBHBIC OCHIIISTOPHI C T10-
MOILLBIO TaliMepa 555.

@unsrpsl B Multisim co3marorcst B Mactepe dwmisrpoB (Filter Wizard) mpocTsIM BBOZOM ITapaMeTpOB.

Macrep ycunautesieil ¢ OOLIMM 3MUTTEPOM Ha OMITOJISIPHOM ITOCKOCTHOM TpaH3uctope (Common Emitter BJT
Amplifier Wizard) momoraet co3aaTh YCUIUTEIb C OOIIIMM 3MUTTEPOM ¢ 3agaHHbIMK TTapamerpamMu. MOSFET (kanainb-
HBII TosIeBOI yHMIIOISApHBIE MOII-TpaH3UCTOP) YCUIUTEIN CO3MAIOTCS C TTOMOIIBIO COOTBETCTBYIOIIETO MacTepa
(MOSFET Amplifier Wizard). B Multisim ecTb HECKOJIBKO CXeM C OTepallMOHHBIM ycmiuTeneM. B momsix Mactepa OY
Multisim (Opamp Wizard) Hy>kHO BBECTU TpeOyeMbIe ImapaMeTpPhI:

* MHBepTupyouui yCuinTesb.

* He uHBepTUpYIOLIUiI YCUIUTEb.

* IunddepeHunanbHbIi YCUITUTED

* MlHBepTUpPOBaHHBINI CYMMUPYIOIINI YCUIIUTETh

* He uHBepTMPOBaHHBIN CYMMUPYIOIIUI YCUTUTEb
* Macirabupyemblii cymMmMaTOp

Mpoeepka npasun anekTporexHuku (ERC)

B pesynsrate mposepku npaBwi nekTpoTexHuku (Electrical Rules Check) reHepupyercst oT4eT ¢ moapooHoii uHdop-
Malluii 00 ommnobKax (HarpruMep, BBIXOTHOM pa3beM COSIMHEH C pa3beMOM IUTAaHUSI), 1 HECOeAMHEHHBIX padbemax. I1o-
cJIe COeIMHEHMS BCeX 3JIEMEHTOB MIPOBEPBTE CXeMY Ha OCHOBaHUM MpaBUJI B AuajgoroBoM okHe ERC.

B 3aBucuMocTH OT cXxeMbl BaM MOTYT IMOTPEOOBAThCSl MPEAYNPEXAECHUSI 00 OMpeAesIeHHBbIX TUMAaX COCTUHEHUN,
oIIMOKY B ciayvyae Hanuuus apyrux 1 OK mjis Bcex octanbHbIX. TUIT coeMIMHEHUI U COOOIIeHUI ycTaHABIMBACTCS Ha 3a-
knanke [TpaBuia ERC (ERC Rules) B nuanoroBom okHe Electrical Rules Check.

MozxHo BbInoaHUTE ITpoBepKy Bceil cXeMbl WM OMpeneeHHOTO yuacTka. Bo BpeMsi MpoBepKU Bce HEKOPPEKTHOCTHU
oToOpaxkaroTcsl B TaHEJM Pe3yJbTaTOB B HMKHEI 4acTH 9KpaHa, a Ha CXeMe OTOOpaxkaroTcsl MapKephl. [1pu 1ienuke mo
OlIMOKe 3KpaH LIEHTPUPYETCS Ha Hell 1 yBeJIMUMBaeTCs MaciuTao.

3aknanku Onuuu nposepku (ERC Options) u Ipasuia nposepku (ERC Rules) npeaHazHayeHbl 1151 HACTPOEK.

JI1s1 Havasia mMpOBEPKU:

1. Beioepute nmynkr UuctpymenTsl/IIposepka npasui anekrporexHuku (Tools/Electrical Rules Check), oTkpoercst

okHo ITposepku (Electrical Rules Check).

2. Hactpoiite mapaMeTpbl oTyeTa Ha 3akiaake Onuuu nposepku (ERC Options), pucyHok PucyHox 23).

3. YcranoBute mapameTpsl TpoBepku Ha 3aknanke [Ipaswia nposepku (ERC Options) (PucyHok 24).
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Hlectrical Rules Check El Electrical Rules Check Et
ERC Opticas | ERT Fudes | ERC Options  EFIC Flules
Riepodt Alsa ERC Makes [rafnition Laggard
"~ Unconnected Pz M Clew ERC Matkess In_Out Oe Oc B WOk
HE :
Exechudad Fir I Crasls ERC Mackers = LI Waning
Py . | ! W Eror
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0= Wl ]
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Cancel Apply Help i I Cancel Spgy | Hew

Pucynok 23 — 3aknanka Onyu nMpoBepKu Pucynok 24 — TTpaBiia mpoBepKit

4. Haxxmute OK. @opmar oToOpakeHUsT pe3yJIBTaTOB yCTaHaBIMBaeTCs B pasaeie Pesynasrater (Output) Ha 3aKjIanke
ERC Options.

Mopcxembl U nepapxmyieckue O0nokm

Multisim mpegHa3HaueH B TOM YMCJIE M IJISI pabOTHI CO CXeMaMM Pa3HOM CJIOXHOCTU. [ co3maHusi MOIyIbHOM
CTPYKTYPBI CXEMbI U aOCTparupoBaHUsI CIOXHBIX CXEM CIYXKUT KOHLEIIMS HEeCKOJbKUX JUCTOB (multi-sheet design),
noacxeMbl (ITC, sub-circuits — SC) u uepapxuyeckuii 61oku (Mb, hierarchical blocks HB).

IToxcxembl mose3HbI, YTOOBI cAeIaTh CXeMy 00Jiee KOMIIAKTHOM U B TO XK€ BpeMsl XpaHUTh ee B ogHoM (aiine. Mepap-
XMUYECKUe OJIOKH JIydIlie TTOIXOAST IJIsI UCITOJIb30BaHUS B HECKOJIBKUX CXeMaX, ITOTOMY YTO OHU XpaHSITCS B pa3HbIX (haii-
Jlax.

Hepapxuyeckue GJIOKU U TTOACXeMbI (PYHKIIMOHAIBHO HE OTJIMYAIOTCS IPYT OT JAPYra, €AMHCTBEHHOE pa3inine MeX-
Iy HUIMU — 3TO CIIOCO0 XpaHEHMS Ha JIMCKE.

Cy1iecTByeT ABa criocoda caeiaTh MOACXeMY WIM UepapXruIecKuii 010K, [1epBbIii: BBIACINUTD YaCTh CXeMbl U BHIOpaTh
nyHKT Pasmectuts/Pasbsembr/VBb/Paszbem I1C (Place/Connectors/HB/SC Connector). Bropoii MeTon ormcaH HIKe.

HoBbil1 nepapxu4yeckunii 6710k (BTopoi meTton):
1) Beioepure Pasmectuts/HoBrriit nepapxmueckuii 610k (Place/New Hierarchical Block) u ykaxurte nmst daiina.
2) Knonka O630p (Browse) mo3BoJisieT BoIOpaTh ITyTh U UMSI TSI COXpaHEHUsI (haitia nepapXuueckKoro 0JIoKa.

Hierarchical Block Properties e _)_(_]

File: W ame of Hierarchical Block:

] Browse ]
Mumber of inpul pins: ]Ll

Mumber of output ping: 10
ak | Cancel I

Pucynok 25 — JIuajaoroBoe OKHO CBOMCTB MepapXu4yeckKoro 01oka

3) Beeaute TpeOyemMoe YMCIIO BXOAHBIX U BHIXOAHBIX pazbeMoB U Haxkmute OK. [TossBuTcst "HesiBHBIN" 00pa3 HOBOTO
Mepapxuieckoro 0J10Ka, BHIOEPUTE €Tr0 MECTOITOIOXEHNE U KIMKHUTE MBIIIBIO.
4) JIBaxpl KITMKHUTE Ha HOBoM Osioke 1 Bbhioepute Penakruposats UB/TIC (Edit HB/SC) B mosiBuBIIIEMCST Traio-
roBoM okHe Mepapxuueckuii 6;1ok/IToncxema (Hierarchical Block/Subcircuit).
5) PazmecTuTe 1 coenMHNTE KOMITOHEHTHI HOBOTO MEPAPXUUIECKOTO OJIOKA.
6) Coenunute Ub c aieMeHTaMM CXEMBL.
7) CoxpaHHUTE CXeMy.
Ha 3amemxy: Ecnv Bbl lIepeMeCTUTE WU TiepenMeHyeTte haiisl nepapxudeckoro 6J10Ka OTHOCUTEIbHO OCHOBHOI cxe-
MbI, Multisim He cMOKeT ero HaliTh. BaM Hy>XHO OyIeT yKa3aTh HOBOE MECTOIOIOXEHHE B ITOSIBUBIIIEM-
Csl IMAJIOTOBOM OKHE.
Ytobnl no6aBuTh b u3 (aiina, Beioepute myHKT Pasmectuts/Mepapxuueckuit 610k u3 daiina (Place/Hierarchical
Block from file) u moBTopuTe ACHiCTBUSI.
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AobOaBneHne HOBO Noacxembl (BTOpPOn MeToA):

1) Beidbepute mynkt Pasmectuts/HoByio moncxemy (Place/New Subcircuit). OTkpoercss okHO KMMsI momcxeMbl
(Subcircuit Name).

Subcircuit Name

0k Cancel Help

Pucynok 26 — J/InanoroBoe OKHO UMSI ITOACXEMBI

2) BBeauTe Tpebyemoe UMsI IS cXeMbl, HarpuMmep "uctouHuknmtanus” u Haxmute OK. Kypcop npuMer Bun "HesiB-
HOI" CXeMBI TIOKa3bIBasl, YTO BbI MOXKETE €€ Pa3MECTUTh.

3) KiiukH1Te Ha HY>KHOM MecCTe JJIS1 CXeMbl (Bbl MOXETE €€ MepeMeCcTUThb Mo3Xe eclii Heobxoaumo). Ha cxeme mo-
SIBUTCS TMOJICXeMa B BUJIE OKOIIIKA C YKa3aHHBIM UMEHEM IOJICXEMBI.

4) JIBax bl KIMKHUTE Ha HOBOI Ttoficxeme 1 Boioepute Penaktuposars UB/TIC (Edit HB/SC) B mosiBuBIiemcst nua-
smoroBoM okHe Mepapxuueckuii 61ok/IToncxema (Hierarchical Block/Subcircuit). [TosiButcs mmycToe OKHO mojcxe-
MBI,

5) PasMecTuTe U COeTMHUTE KOMITOHEHTBI HOBOIA ITOJICXEMBI.

6) Bribepute nmynkt Pasmecturs/Pasbembl/Mb/Paszbem T1C (Place/Connectors/HB/SC Connector), momecTure u
COeMHUTE HOBBIN pazbeM. PazMmecTure Bce HeoOXoauMble pa3beMbl. Koraa Bel BEpHETECh HA OCHOBHYIO CXEMY, Ha
WKOHKE TTOJICXeMbI OyIyT BCe TOOABICHHbBIC PA3beMBbl.

7) CoenMHUTE MOACXEMY C IPYTMMU KOMIIOHEHTAMMU.

3ameHa KOMMNOHEHTOB nepapxmiyeckmmm onokamMum unm noaocxemMmamum

B Multisim MOXHO JIErKO 3aMEHUTh CYIIECTBYIOLIE KOMIIOHEHTHI HepapXUieCKUMU OJIoKaMu Wi noacxemamu. Ipo-
CTO BBIOEpUTE HYKHBIII KOMIIOHEHT, KOTOPBII MO BULy COOTBETCTBYET TpeOyeMoli rmoacxeMe 1 3aMeHuTe ero Ha U b: myHKT
Pasmecturs/3amenntsb uepapxuyeckuM 6okoM (Place/Replace by Hierarchical Block) niu Pasmectuts/3aMeHUTH TT0O/I-
cxemoii (Place/Replace by Subcircuit).

MpepcTaBneHune B BUAe Tadnuubl

Tabnuia — Mo3BOJISIET MOJYUYUTH OOIlee MpeacTaBIeHe O CBOMCTBAX 00BEKTOB. DTO Oojee MPOABUHYTOE CPEACTBO
IIPOCMOTpA U peAaKTUPOBAHMS [IApAMETPOB, BKJIIOUAs] IeTaIbHYI0 MHMOPMALIMIO O KOMIIOHEHTAX: CXeMY, METKY, IapaMe-
TPbI U OTpaHUUYEHUSI KOHCTPYKLMU (design constraints).

C noMoIIbIO TaOJUIBI MOKHO U3MEHSTh Cpa3y HECKOIbKO KOMIIOHEHTOB. DJIEMEHTHI MOXKHO OTCOPTUPOBATH 10 JII0-
OoMy cToiOIly B YOBIBaIOIlEeM MJIM BO3pacTalollieM Mopsiake. Takke BBl MOXETe 3KCIIOPTUPOBATH COIAEPKUMOE B
Microsoft Excel® mist oruera.

OTyeTbl NO cxeme

B Multisim MOXHO ciesiaTh HEeCKOJIBKO pa3nnaHbix oTueToB: Crincok marepuanos (Bill of Materials BOM), TTonpo6-
HbIil oTyeT o KomnoHeHTax (Component Detail Report), Otuetr o coenunenusx (Netlist Report), Cratuctuka cxemsl
(Schematic Statistics), He3anetictBoBanHbIe a1eMeHTHI (Spare Gates) u Otyet nmepekpectHbIX cchblloK (Cross Reference
Report). B criucke maTepuanoB MpuBeaeHBI BCe peabHbIe KOMITOHEHTBI CXeMbI, TAKMM 00pa3oM, 3TO CTIMCOK TeX 3Jie-
MEHTOB. KOTOpPbI€ HYXHBI JUIsI TPOU3BOICTBA cxeMbl. B Criicke MaTepuaioB TakKKe COMEPKUTCS Clieyrolnas nHpopMa-
LU

+ KonmuecTBo KaxIbIX 3JIEMEHTOB.

+ OnucaHue, BKITIOYAIOIIee TUIT (HalpuMep, pe3rcTop) U 3HadeHue (Harnpumep, 5,1 KOwm).

* Mertka Kax/10ro KOMIIOHEHTAa.

* YImakoBKa WIM cXeMa KaxkIoro KoMrnoHeHTa (package miu footprint).

B IMoapoodnoMm otuete o komnoHeHTax (Component Detail Report) nmpencraBneHa Bcst nHGopMaLus U3 6a3bl JAaHHBIX
Multisim 151 onpeneieHHOro KOMITOHEHTA.

Ortuet o coenuHeHus (Netlist Report) BkiIiouaeT ciieayouryo MHGOPMAaLKIO AT KaXKI0ro COeIMHEHUSI:
* Mms coequHeHUS.

» CrpaHuua (ums daiina)

* Pazbem (1ornyeckoe nms pazbema).

Otuet o nepekpecTHbIX cchlikax (Cross Reference Report) — 3T0 moapoOHbIii TepedeHb BCeX KOMITOHEHTOB U UX pa3-
MEIICHUS Ha CXEeME.

Craructuka cxeMbl (Schematic Statistics Report) — 3T0 KOAMYeCTBEHHOE ONMUCAHUE CXEMBI:
* KOMITOHEHTOB — IOJIHOE YMCJIO KOMITOHEHTOB, PABHO CYMM€ BUPTYaJIbHBIX U PEaTbHBIX KOMIIOHEHTOB.
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PeanbHBIX KOMITOHEHTOB — KOJTMYECTBO KOMIIOHEHTOB, KOTOPhIE MOXKHO KYITUTh.

BupTtyanbHble KOMITOHEHTHI — KOJTMYECTBO KOMITOHEHTOB, KOTOPbIE HEJIb3sT KYITUTb.

Benruneit (Gates) — moJiHOE KOJTMYECTBO BEHTUJIEH HA CXEME.

V3108 — [loiHOE KOIMUYECTBO COEAMHEHUI MEXIY pa3beMaMu.

CoeaMHEHHBIX pa3beMOB

HecoennHeHHBIX pa3beMOB.

[MonHoe yucno pazbeMoB — KonnuecTBO COEAMHEHHBIX U HET Pa3beMOB.

CrpaHull.

Hepapxuyeckux 6J10KOB — MOJTHOE KOJUUYECTBO UePaApXUUECKUX OJJOKOB, BKIIOUAsT KOIUU.

total number of hierarchical blocks, unique or otherwise. KonuuectBo sk3emiuisipos (Instances) 6;10ka paBHO KOJU-
YECTBY €ro KOIMUI Ha CXeMe.

YHUKaTbHBIX HepapXUUECKUX OJJOKOB — MOJHOE KOJIMYECTBO YHUKATBHBIX UEPAPXUUECKUX OJIOKOB.
IMoncxem — MoOHOE KOJIMYECTBO MOJICXEM, BKITIOYAsT KOMUU.

YHUKATBHBIX TIOJICXEM.

OtueT 0 He3a/eiicTBOBaHHBIX 25ieMeHTax (Spare Gates Report) — 3To CricOK HEMCIOIb3YeMbIX BEHTWIICH (gates) v
MHOTOCEKIIMOHHBIX KOMITOHEHTOB. Ha 3aMeTky: B Multisim ecTh onTuMu3aTop BeHTWIEH (gate optimizer), KOTOPBIA aB-
TOMATUYECKU CBOJUT MHOTOCEKIITMOHHBIE KOMITOHEHTHI K MUHUMAJTbHOMY YMCITY MUKpOCXeM. UTOOBI ero 3amyCTUTh, BbI-
o6epute TyHKT MeHI0O MHcTpyMenTsl/IlepenmenoBars/IlepenymepoBats KommoHeHTH (Tools/Rename/Renumber
Components) u 3amyctute Ontumusarop BeHTIIeH (Gate Optimizer).

Npadbmyeckmne aHHoTaumm

B Multisim ecTb cpeacTBa mis rpaguueckoro opopmieHust Baileil cxembl. Ha maHenu rpaduuyeckux aHHOTALIMA
(Graphic Annotation) ecTb clieayolIe 2JIEMEHTBI: TEKCT, TUHUU, MTOJWIMHUM, TIPSIMOYTOJIbHUKMU, DJUTUATICHI, IYyTU, MHO-
TOYTOJIbHUKU, KAPTUHKU U KOMMeHTapuu. YToObl 100aBUTh TpacUUecKUil JIEMEHT, HE UCMOJIb3ys MaHeb UHCTPYMEH-
TOB, B KOHTEKCTHOM MeHI0 BblOepuTe MyHKT Jlo6aBuTh rpacduyeckuii oobekT (Place Graphic).

AN DO oK &

Pucynok 27 — IlaHenb rpaduyecKux aHHOTALUA

OKHO onncaHus cxembl

Bbl MoXeTe 100aBUTh TEKCT HE TOJIBKO B OINPEAEICHHOE MECTO CXeMbI, HO M CO3[aTh OIMCAHKE [JIsI BCEi CXEMBbI C I10-
mouibsio OkHa onrcanus cxembl (Circuit Description Box). B 3To 0kHO BbI TakxKe MOXeTe 100aBIATh KAPTUHKU, 3BYKO-
BBIC U BUICO DJIEMEHTHI.

ConepxuMoe OKHa OMMCAaHMS CXeMbl OTOOpaAXKaeTCsl B BEPXHEIl 4YacTH COOTBETCTBYIOIIEIO OKHA, OHO OTKPbIBAECTCS
koMaHaoil MmeHto Bun/OkHo onmcanus cxemsbl (View/Circuit Description Box). UToOsI penakTpoBaTh OKHO OIMMCaHUS
CXEMBI, 3aITyCTUTe peaakTop KoMaHaoil MeHto MHcTpymenTol/PenakTop okHa onucaHus (Tools/Description Box Editor).

Bnoku 3aronoBkoB

MoliHbI# penakTop MO3BOJISIET BaM CO31aBaTh yA00HbIe 0J10KK 3arojioBKoB (title blocks). Ecau HeobxonumMo, 010K
3aroJIOBKOB MOXHO 100aBUTh Ha JI0OYIO CTPAHUILY CXEMBbI.

IToist 6;10Ka aBTOMATUYECCKU 3aITOJTHSIIOTCS B 3aBUCUMOCTHU OT COACPKMMOTO M CBOMCTB JOKyMeHTa. [1pu co3gannm
0s10Ka Bbl MOXeTe BbIOpaTh 10O 1oJje u3 1abjoHa, Jubo co3aaTh cBoe. ECTh BO3MOXHOCTh BbIOpATh MOAXOASIINMA
mpudT. YTOOBI CO3AaTh HOBBII MM peAaKTUPOBATh CYIICCTBYIOIINI OJIOK 3ar0JIOBKOB, BBIOEPUTE ITYHKT MeHI0 MHCTPY-
MeHTBI/PemakTop 0J10Ka 3aroJIOBKOB.

B 610Kax 3arojIoBKOB MOXKET OBITh TEKCT, TUHUU, TIyTH, KpuBEIe be3be, MpsIMOYTOJbHUKN, OBaIbl, KAPTUHKA U JIPY-
TUE 3JICMEHTHI.

Y1o0BI 10OABUTH 0JIOK, BEIOepUTE IMyHKT MeHI0 Pasmectuts/biiok 3aronoskos (Place/Title Block). biiok MoxHO aB-
TOMAaTUYCCKHM TIePEABUHYTH B JTI000H yToJI C TIOMOIIBIO ITyHKTa KOHTeKCTHOTO MeHIo [TepenBuHyTh (Move To). UToOs! 3a-
MOJIHUTB MOJIs1 0J10Ka, IBAXKIbl KTUKHUTE HA HEM.

JkcnopT cxembl B Ultiboard n apyrmne nakeTbl

B Multisim ecTb KoMaH1a ObICTPOTO SKCIIOPTUPOBAHUS CXEMbI B JII0OYIO ycTaHOBIEHHYIO Bepcuio Ultiboard. Bribe-
puUTE MyHKT MEHI0 DKcropTtupoBaTh/DKcnoptupoBath B Ultiboard (Transfer/Transfer to Ultiboard) uTto0Ob1 3amycTuTh
MpOoLIecCC KOHCTPYUPOBAHUS MeYaTHOU riathl. JIpyrue myHKThl MeHIo Transfer mo3BOJISIIOT MPOBECTU MPSIMYIO U 0OpaTt-
HYIO KOPPEKTHUPOBKY MPOEKTA.

Kpome nepenaun nanHbix mexay Multisim u Ultiboard y pa3zpaboTuynKOB €CTh BO3MOXKHOCTb 9KCITOPTUPOBAThH JaH-
HbIe B IPYyTUe MaKeThl MPOEKTUPOBAaHUS MeyaTHbIX 1aT. Ha 3aMmetky: [1pu mepenaye JaHHBIX B TAKEThI IPYTUX MPOU3-
BOJUTEJIEH MOXET MOTPEeOOBATHCS CTPOTrOE COOTBETCTBUE UCIIOIb3YeMbIX KOMITOHEHTOB U3 0a3 TaHHBIX.

BseneHune B Multisim 17 © National Instruments Poccusi, CHI', bantusi



Paspen Il - 9mynupoBaHue

O6G30p amynupoBaHus

B T0 BpeMs Kak xopoliiasi KOHCTPYKIIUS — CJI€ICTBUE XOPOIIed CXeMbl, IO HACTOSIILIEMY OTJIMYHbIE KOHCTPYKIUU MO-
JIy4aroTcs TOJABKO €CJIU Y Bac €CTh BO3MOXHOCTb UX 3MyJMpoBaTh. B Multisim ecTb MHOXeCTBO (YHKIIMIA U CPEICTB IMY-
JISIUUU, HETOCTYITHBIX B IPYTUX MaKeTax MPOEKTUPOBAHUS JEKTPOHUKMU.

OMyJsars Tpubopa Mo3BOJSIET CHU3UTh KOJMUYECTBO LIMKIIOB Pa3padOTKU U OIIMOOK MPU CO3MaHNUU MpoToTumna. Ec-
JIK cxema MPOBEPsSIeTCS IMYJIUPOBAHUEM MIPSIMO BO BpeMsl €€ pa3padOTKU, KOJUYECTBO IMKIJIOB MPOEKTUPOBAHUS 3aMET-
HO CHUXaeTcs.

B Multisim BcTpoeH He TosibKo amysisitop MupoBoro ypoBHs SPICE, nHo u XSPICE, npenHa3zHayeHHbIH 115 3dbek-
TUBHOTO 3MYJIUPOBAHUS LIU(PPOBBIX KOMITIOHEHTOB.

[TaTeHTOBaHHBIE CPENCTBA COIMYJISILIMY MTO3BOJISIIOT TECTUPOBATH CXEMbI C KOMITIOHEHTaMU, onucaHHbIMU HAa VHDL.
[Maker MultiMCU mo3BoJIsIeT BKJIIOYATh B AMYJISIIIMIO CMEIIAHHOW CXEMbI OTIpeeIEeHHbIE MUKPOKOHTPOJIIEPHI. DTOT
MakeT JOCTYIeH He BO Bcex Bepcusix Multisim.

Moaenu

ITo cnoBam Pona Kunouniku (Ron Kielowski), aBropa 2-ro nzganus "Inside SPICE":

"TouHble pe3yJIbTaThl IMYJISILIMKM He ObIBAIOT CllydailHbIMU. Mcroab3yemast Mojie b M HACTPOMKHM 3MYJISITOpa OIpe/ie-
JIAT CKOPOCTh, TOYHOCTh 1 3(P(HEKTUBHOCTD BallIMX PE3YIbTATOB".

DTy HMTaTy MOKHO C(OOPMYJIMPOBATh B CJIEAYIONIEM BUE: /11 TOUHBIX PE3yJIbTAaTOB HEOOXOAUMBI KaU€CTBEHHbBIE MO-
JIeJIM Y COOTBETCTBYIOIIME HACTPOUKM IMYJISATOPA.

Multisim npemaraet Teicsiuu moaeneit SPICE, Ho Bce Xe nHoraa CylecTByOT CUTyalliu, KOrja Bailla COOCTBeHHast
MoJe/Ib Obla Obl JTy4Ilei.

B Multisim BxoguT cpenctBo co3manus moneieii "Konctpykrop mozeneii” (Model Makers), KOTOpbIii aBTOMaTH4IeC-
KM CTeHepUpYeT MOJIeJIb Ha OCHOBaHMY AaHHbIX databook. TakuM 0OpazoM 3KOHOMUTCS Ballle BpeMsl U YCUJIUS, HO YTO-
OBl yCMelHO paboTaTh C HUMU, HY>KHO XOPOILIO MOTPEHUPOBATHCS.

HauanpHbie HacTpoiiku KoHCTpyKTOopa Momeseit COOTBETCTBYIOT OlpeAeieHHOM Moaenn. OHU He (MKCHUPOBAHbI, C
ITOMOIIBIO TaHHBIX databook MOKHO BBIOpaTh KOMITOHEHTHI M YMCICHHBIC 3HAUCHUSI, COOTBETCTBYIOIINE OITPeIe/ICHHO-
MYy KOMIIOHEHTY.

KoHcTpykTOp MoJeeii 3arycKaeTcs Ha 6-M 1Iare Co3JaHKus HOBOTO KOMIIOHEHTA C ITOMOIIbIO MacTepa KOMIIOHEH-
TOB. TakKe ero MOXHO 3aIlyCTUTh MIPHW PeIaKTUPOBAaHNM KOMIIOHEHTa M3 0a3bl JaHHBIX: Ha 3akjIanke Mopenb (Model)
oKHa cBolicTB KomImoHeHTa (Component Properties) HasxkmuTe KHONIKY Jlo0aBuTh/penakTupoBath (Add/Edit) u 3amycTu-
Te KOHCTPYKTOP MOJIeJiell COOTBETCTBYIoMIel KHOMKOH (Start Model Maker).

Monemu SPICE MoXHO HaiiTH Ha caiiTaX TIPOM3BOIUTENSI MUKPOCXEM, TaKXKe OITBITHBIEC TI0JIb30BATEIM 9acTO CO3/1a-
FOT CBOM MOJIEJIM.

Ucnonb3oBaHue MHTEepPaKTUBHOIo aMysdaTopa

[Mepen HavyaIOM MYJISIIIMM BHUMATEJILHO BCE TIPOBEPBTE. Y BCEX CXeM MOJIKeH ObITh MCTOUHMK U 3a3emiieHue. Korma
BCE TOTOBO, HAKMUTE KHOIIKY 3arycka amyJisitopa [ | win FS. 3amycTuTcs HHTEPaKTUBHAS SMYJISLIMS.

HacTpoiiku MHTEpaKTUBHOU 3MYJISIIIMA MOXHO U3MEHSITh B MEHIO DOMyJsiins/HacTpoitku MHTepaKTUBHOW IMYJIs-
mu (Simulate/Interactive Simulation Settings). HekoTopble 13 HacTpoeK MpuBeeHbI HIDKe, Ha pucyHke 28. [To ymo-
YaHUIO YCTAHOBJIEHO BpeMs OKOHUYaHUS amyJisiuuu yepes 1e+30 cekyna (rae-to okoso 3,17 e+13 munnuapaos Jjiet). Lar
110 BPEMEHU TeHEPUPYETCS aBTOMATUUECKHU.

Interactive Simulation Settings

Defaults for Transient Analysis [nstruments | Analysis Options |

Initial conditions
: Fieset to default |

L]

Instrument Analyzis

Starttime (TSTART] [0 o

Endtime (TSTOP)  [12+030 Sec

W Set mawimum timestep [ThAX)

7 Maxirnumn time: step [ThA] | Sec

* Generate time steps automatically

Mare > | QK. | Cancel | Help |

Pucynok 28 — HacTpoiiku MHTepaKTUBHON SMYJISILIUN
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YT06bI TOCMOTPETD PE3YIIBTAThI, BOCIIOIB3YIHTECh TMHAMUUECKIM MPOOHUKOM &® . [IpocTo HAXMUTE MKOHKY ITPO0-
HHUKa ¥ KypCcOp MBIIIN OYIET BHIITOJHATH €r0 pOJib: IIPU HaBEACHNH Ha JII0O00M CETMEHT CETH OTOOpa3sATCs CIIeHyIOIIre
JTaHHEBIC:

+ HanpsokeHne (MrHOBEHHOE, aMIUTUTYA, CPeIHEKBAAPATUIHOE W TTIOCTOSTHHBIN CIBHUT).

* Yacrora.

PesynbraTsl aMyIsiinmy Takke 0ToOpakaloTcsl Ha BUPTYaJbHBIX Mpuoopax. OHU paccMaTpUBAIOTCS HIKE B 3TOM pa3-
nene.

B Multisim ectb u 60see npuBbiuHble cpeacTBa aHanmmu3a SPICE. UToObl nx 3amycTuTh, HaxkMUTe Ha nmaHenu Camo-
nucen/AHanutuka (Grapher/Analyses List) KHOIKY , WIM C TIOMOIIBIO TYHKTa MEHIO DMYyJISLNsSI/AHAIN3
(Simulate/Analyses). bojee mogpo6HO aHanIM3 00CyXmaeTcsl HIKe 6oJiee moapoOHO.

OGpaboTka onbOoK amynauum

PaHo uiv mo3aHO, 1aXke y caMbIX OMBITHBIX MOJIb30BaTEIE MOXET BOBHUKHYTH olbKa Bo Bpems amyJsuuu SPICE.
Jist morcka v ucnpasiieHust omnbok B Multisim ciiy>xkut CoBeTHUK aMyisiliuu (simulation advisor).

Ecnu nosiButTcst coob1iieHne 00 ommbke, Kak Ha pucyHke 29, 3amyctute COBETHUKA U TTPOCMOTPUTE JIOCTYITHYIO MH-
dopmanuio.

= Simulation Adwviser
Fis Edt Bookmak Ophions  Help
Cordents| [ndew | Find | Prrd | Ophices |

When you buld a cirewit for simulation, the ulfimate goal is accuracy and speed

An unsuccessful simulabion can result in inaccurate data, very slow simulation ar a simulation

that halts and produces an error message. Successfully trouble-shooting simulation ermors Simulation Error LogfAudit Trail
typically requires an in-depth understanding of the circuil you have designed and the
sirnultation process itself A Ernar Mo nodes present in circuit. Simulation aborted. Mew |
The following sections provide some helpiul 1ips for trauble-shooting simulation @rmors that you VSU_UICE: Independentivoltage source Save
may encounter device vl
! = Advizer
' dc a J
. acmag 1
. i 0 O Full
- - 3
o P o * Simple
J ) ~
' s Mo matching models None
< >
Pucynok 29 — Jluanorosoe okHo MHbopMaiius 06 ommnbdke sMyJIsiiiun Pucynok 30 — COBETHUK SMYJISIIIMHT

Yarie Bcero BCTpevaeTcs IBe OLIMOKMY: 3aIaHMsI BpeMeHHU (timestep error) U CUHTYJIsSIpHAs MaTpuiia (singular matrix).
B tabauie 31 npuBeaeHb BO3MOXKHBIE ITyTH PEIISHUST 9TUX OIINOOK.

JleticTBue Hacrpoiika ITo ymonyaHuio HoBoe 3HaueHune
Ouin6ka: BpeMeHHOI 11ar CAUIIKOM MaJeHbKUMA
HavanbpHble ~ ABTOMaTHUYECKOE

M3MeHnTE HAYaJIbHbIE YCIOBUS VcraHoBUTE HOJIB
YCIIOBMSI onpeeseHne

VBeauubre MaKCUMAaJIbHBIN 1ar TMAX 1x10°5 1x10-3

10 BpeMeHU

YBeIMubTe OTHOCHTEBHBIIA 10IYCK RELTOL 0.001 0.01

omnoku (relative error tolerance)

VYMEHDILUTE COIIPOTUBJIEHUE IIIYHTA RSHUNT 1x10"2 1x10°

M3meHuTe MeTo1 MHTErpalumn
(TIp¥ BBICOKOI MOIITHOCTH WJTA
B CXeMax C MepeKITI0YaTesISIMM )

OmmobKa: CUHTYJISIpHASI MaTpUIIa

IIpoBepwTe coemMHEHNS

METHOD TpaneuuunaabHbI

(Trarsemck ) 3yo6uarslii (Gear)

VYMeHbIINTE ITOpPOT PIVTOL 1x10-13 VYMeHBIINTE 10 BETNYNHBI, MEHBIIIEN
JIMarOHAJIbHOTO 3JIEMEHTAa YKa3aHHOU B cOOOILEHNUM 00 OIInOKe
VBenmubTe 1OMyCTUMBII

A PIVREL 1x10°13 1x10-11

YPOBEHbB 3aIIOJTHCHHUS

Pucynok 31 — OGuMe pelieHus OIMO0K dMYJISILIUN
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BupTyanbHble NpUoopbI

BuptyanbHble mpubopbl — 3TO MOJEIbHbIE KOMIOHEHThI Multisim, KOTOpble COOTBETCTBYIOT peabHbIM MPUbOpaM.
Hanpuwmep, cpeau BUPTyasibHBIX TpUOOpoB B Multisim ecTh ociusuiorpadbl, TeHEPATOPbl CUTHATIOB, CETeBbIE aHAIN3a-
TOPBI U TUIOTTEPHI OOIIE.

BuptyanbHble mpUOOPHI — 3TO MPOCTON U MOHSITHBIN METOJ B3aUMOJEHCTBUS CO CXEMOU, MOYTH HE OTIUYAIOIIUIACS
OT TPAAULIMOHHOTO MIPU TECTUPOBAHUY W CO3[IaHUU MTPOTOTHUIIA.

Paspaboruuku, 3nakombie ¢ National Instruments LabVIEW moryT co3naBaTth cBou COOCTBEHHBIE TTPUOOPHI OYKBaTHHO
n3 Hr4ero. Hampumep, misg MogempoBaHMS 3JIEKTPOMATrHUTHBIX TTOMEX MOXHO CHeJIaTh COOCTBEHHBINM TeHepaTop IIyMa.

Bupryanbabie mpuoopsl LabVIEW MoryTt peructpupoBaTth peajibHble JaHHbBIE, ITOJIb30BAThCI UMW BO BpeMsT dMYJISI-
1Y, OTIIPABJISITh JaHHBIC Ha BRIBOI aHAJIOTOBBIX IIPUO0OPOB. TaKM 00pa3oM, SMyIUpOBaHHBIC TaHHEIE MOTYT YIIPABIISITh
peanbHbIMU ITprubopamMu. [1st co3gaHust BUPTyaabHBIX IPUOOPOB cpena pa3padborku LabVIEW Heobxoguma, a mjis uc-
TIOJIB30BAaHUS YK€ CO3MaHHBIX — HET.

YT00BI T0OABUTH BUPTYATbHBIN ITPUOOp, BEIOepHUTE ero ¢ maHenu [Ipudopos (Instruments), pucyHok 32. UToOwI mo-
CMOTPETH JIMLEBYIO MaHeb Mprbopa, OBaXAbl KJIIMKHUTE HA UKOHKY mpubopa. TepMuHaabl mpubopa COCIUHSIOTCS C
3JIEMEHTAaMM CXEMBI TaK e, KaK U IJISI IPYTUX KOMIIOHCHTOB.

B Multisim Takke ecThb 3MYJIMpOBaHHBIE pPealbHO-CYILIECTBYIOIIME TpuoOophl. K Takum mpubopaM OTHOCHUTCS
Tektronix TDS 2024 Oscilloscope. OHM BBITISAAT U ASUCTBYIOT TOUHO B COOTBETCTBUM C TEXHUUYECKUM OIMMCAHUEM ITPO-
W3BOIUTE]IS.

Instruments

WE WM o e e s
s aiEE b S - B

- S « ARG

Pucynok 32 — Ilanenb npuGopoB

B xaxmnoii cxeme MOXeT ObITb MHOTO ITPpUOOPOB, BKIIOYAsl U KOMMUU OTHOTO Ipubopa. Kpome Toro, y Kaxaoro okHa
CXeMBI MOXeT OBITh CBOI Habop mpudopoB. Kaxkaas Konust mpubopa HACTpauBaeTCsl U COEIUHSETCS OTAEIbHO.

B aToM paszaene paccMOTpeHBI HauboJiee omysapHble mpuoopsl. bosiee moapoodHas nHGopMaIys 0 KaxkaoM Mpuodo-
pe ecThb B pykoBoacTBe Tosib3oBaresss Multisim (User Guide) u B ¢aiine cripaBku (helpfile).
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YnpaxHeHue 1 — PaboTta ¢ npubopamm

MpuGnuautTenbHoe BpeMs BbinosiHeHus: 20 MUHyT

B aToM ynipaxkHeHUN JeMOHCTPUPYETCS MHTEPAKTUBHBIN AMYJISITOP Y BUPTYaibHbIe TPUOOpPHI. K KOHITY yIIpaskHeHUsT
TOJTb30BaTEJIb HAYYUTCS pa3MeNiaTh MPUOOPHI, OTKPBIBATH MX JIMIIEBbIE MAHEIN M HACTPAUBATh PA3TUIHBIC TTAPAMETPHI.

Uenb
* HayyuTbcs pa3Melliatb U COSAUHSITh BUPTYyaJIbHbIE TTPUOOPHI
+ HayuuTbcs HacTpauBaTh MIPUOOPHI.

BbinonHeHue
1) 3arpysute cxemy 40kFilter2.ms9. Bo Bpems BEITOJHEHUS IaTOB 2-4 00paTrUTeCh K pUCyHKY 20.
2) 3amenuTte TakToBniit reHepaTop (Clock Source) Ieneparopom curnanoB (Function Generator). [Tocie pa3mere-
HUSI IBaXXKIbl KITMKHUTE €r0 MKOHKY, YTOOBI OTKPHITH IIEPEIHION0 MaHEeIb U BBEAUTE CICAYIOIINE TTapaMeTpPhI::
* BonHoBoit pponT (Waveform) = cuHycoumaibHBIN (Sinewave)
« Ammutyna (Amplitude) = 1 B.
* Yacrora (Frequency) = 40 kIir
3) 3akpoiiTe maHeab MPUOOPHI.
4) ITomectute Ilnorrep bone (Bode plotter) Mexay BXOAHBIM U BBIXOIHBIM y371aMU. JIBOWHBIM 1IETYKOM OTKPOKTE
puOOp 1 BBEIUTE HACTPOMKM, yKa3aHHbIe HUKe. [1ociie 3Toro 3amycTute SMyJISILIUIO U UCCIIeAYITe pe3yJIbTaThl.
* YcraHoBute BenuuuHy (Magnitude)
* Topuzonranbhyio I (Initial — HavaneHas) = 1 kI, F (Final — koHeunas) = 1 MIix
* BeprukanbHag I (Initial — HavanbHas) = -50 nb, F (Final — xoHeunas) = 10 nb
5) [Momectute ocumnorpad YToObl U3MEPUTH BXOAHOE M BBIXOIHOE HATPsiKeHUs. JIBaXKIbl KIMKHUTE UKOHKY OC-
mtorpacda U BBEIUTE CIIeMyIoNIne mapaMeTphl:
* llena nenenus no Bpemenu (Timebase) = 20 Mkc/mer.
« Kanan A= 1 B/nen
» Kanan B =1 B/nen
6) LIBeT MpoBOAHMKA, TTOAKIIOUEHHOTO K IIPUOOPY OIpeneseT BT Ha dKpaHe mpubopa. YoeauTech, YTO IIPOBOIHU -
K1 OT BBIXOZHOT'O pa3beMa JI0 ONepallMOHHOIO YCUIUTES ToIyOble. B mpoTuBHOM cilyyae, B KOHTEKCTHOM MEHIO
y4yacTKa IpOBOAHUKA BeIOepuTe KoMaHay "LIBeT mpoBomHuka" (Wire Color) u U3MEHUTE 1IBET.
7) U3menuTte 3HaueHue noteHuromeTpa (R3), Haxas "A", 4TOOBI yBeIMUYUTHL CONpoTUBIeHUE U "Shift-A",

YTOOBI €r0 YMEHbBIUTh. M3yunTe n3amMeHeHne NaHHBIX Ha 9KpaHe ocuuiorpada. Ha 3amerky: JlaHHbIe
Ipacpuka bone n3aMeHATCST TOJBKO MOCIIE TIepe3anycka dSMYISIINAN.

8) Bo BpeMst paboOThI AMyISILUM Bocmoab3yiiTech pudopom "IIpooHuk" (Measurement Probe) uToObI
IIPOBEPUTh YPOBHM HANpsKeHUsI B cxeMme. OH HAXOMUTCSI B KOHIIE TTaHEe I ITpUOOpPOB.

@' EE i) BR

KoHeu ynpaxHeHus
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MyneTMeTp

MynsTuMeTp npeaHasHavYeH IS U3MEPEeHUsT IEPEMEHHOIO WJIM ITOCTOSIHHOTO TOKa MM HaIMPSIXKEHUSI, COITPOTUBIIE-
HUS WIM 3aTyXaHUsI MEXIy ABYMS y3JaMM cXeMbl. Jlnana3oH U3MepeHUil MyJIbTUMETpa MOA0MPAETCSI aBTOMAaTUYECKMU.
Ero BHyTpeHHee CONPOTUBIECHUE U TOK OJIM3KM K MIeaTbHbIM 3HAUEHUSIM, HO UX MOXHO M3MEHUTb.

Multimeter-... E

A

|
| |
|
|

=

e
T

Pucynok 33 — CumBos MyJIBTUMETpa Pucynok 34 — JluuieBasi maHesib MyJIbTUMETpa

leHepaTOp curHanos

Teneparop curHanoB (function generator) — 3TO UCTOYHUK HAMPSIKEHUST, KOTOPBI MOXKET TeHEPUPOBATh CUHYCOU-
JaJbHbIe, MMIO00PA3HbIC U IIPSIMOYIOJIbHbIE UMIYJIbChl. MOXHO U3MEHUTH (hOPMY CHTHAJIA, €r0 YacTOTY, aMILIUATYY,
KO3 OUILIMEHT 3aII0JIHEHUS U TTOCTOSIHHBIN cABUT. JInamna3oH reHepaTopa JOCTATOYEH, YTOObI BOCIIPOU3BECTH CUTHAJIBI
C 4aCTOTaMM OT HECKOJIBKO Tepll 10 ayAuo U PaIUOYaCTOTHBIX.

VY reHepatopa CUTHAJIOB €CTh TPU TePMMHAIa-MCTOUHUKA UMITYIbCOB. OOIINIA LIEHTPAIbHbBIN TePMUHAJ OIpPEACIsIeT
MOJIOKEHKE HYJISI.

& Function Generat... m

Waveformms

Signal Options

Frequency |1 Hz
Oty Coyrcle Iil—

[ xFe1 | popltude [0 [V
| - | Offset [0 [ W
A Ny orr
& o5l | |
Tl :
|_ g _| = L £
Pucynok 35 — CumBOJ reHepaTopa CUTHAJIOB Pucynok 36 — JlutieBast maHenb [eHepaTopa CUTHAIOB
Ocuunnorpadnbl

B Multisim ecTb HeCKOIbKO MOIUGMUKALINI OCHMILTIOrpad)oB, KOTOPBIMU MOXHO YIIPABIATh KaK HacTosAuMu. OHU
TMO3BOJISIIOT YCTAaHABJIMBATh MapaMeTPbl BPEMEHHO Pa3BEePTKU U HAIPSKEHUS, BBIOMPATh TUIT U YPOBEHb 3allycKa U3Me-
penuii. JlaHHbIe cienaibHbie ocuuutorpadoB Multisim MOXXHO MOCMOTPETh MOCE SMYJISLIMU ¢ TOMOIIBIO caMomnuciia
(Grapher) u3 mento Bun/ITnorrep (View/Grapher).

[,  =secl = ﬁ|

I Est Trig |

o |

| A B |

| S— |

e e i i
Pucynok 37 — CumBon ocumsuiorpada Pucynok 38 — JluiieBasi nmaHenb ocuusiorpada
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B Multisim ecTb cieayoniye ocuuiorpadub:

* 2-X KaHAJIbHBIN

* 4-X KaHAJIbHBIN

* Ocumnorpad cMemnaHHbIX curHaaoB Agilent 54622D.

* 4-x KaHaJIBHBIN IUPPOBOIT ociimyutorpad ¢ 3anuckio Tektronix TDS 2024.

[ xsez |
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Pucynok 39 — Cxemaruueckas quarpamma Pucynok 40 — JIuuieBast manesnb ociusuiorpada Tektronix
ocuuiriorpaga Tektronix

Mnottep boae

[Tnorrep Bome oToOpaxkaeT OTHOCUTENBbHBIN (Pa30BBII WM aMIUIUTYIHBI OTKIIMK BXOITHOTO M BBIXOTHOTO CHUTHAJIA.
DTO 0COOCHHO YIOOHO ITPY aHAJIM3€ CBOMCTB TTOJI0COBBIX (DIIIBTPOB.

P
Bagrdade Phats
Hanzord al Solertic al
[ xFe1 | Mo _wn || [
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Pucynok 41 — CumMBoJI TeHepaTopa CUTHAJIOB Pucynok 42 — JluuieBasi raHesib reHepaTopa CUTHAJIOB

CnekTpasnbHbIA aHanNU3aTop

CrieKTpaabHbII aHaaM3aTop (spectrum analyzer) CIyXUT UTSI U3MEPEHUSI aMITIUTYIBI TApMOHMKM C 3aJaHHOM YaCTOTOIA.
Taxke oH MOXET U3MEPUTHh MOIITHOCTh CUTHAJIA 1 YaCTOTHBIX KOMITOHEHT, OIIPEIC/INTh HATMYME TApMOHUK B CUTHAJIC.

Pesynbrartel paboThl CIEKTPAILHOTO aHAIM3aTOpa 0TOOPaXKaloTCs B CIIEKTpaIbHOM 00/1acTH, a He BpeMeHHOoM. O0bIU-
HO CUTHAJI — 3TO (DYHKIIWSI BpEMEHU, IJIs €€ M3MEePEeHUSI MCITOIb3yeTcs ocumunorpad. MHorma oxXumaeTcs CHHyCOUIab-
HBII CUTHAJ, HO OH MOXKET COAePXaTh JOTOJHUTEIbHBIC TAPMOHUKH. B pe3yiabsrate, HEBO3MOXHO M3MEPUTh YPOBEHb
curHaina. Ecimm ke curHa m3mMepsieTcsl CIieKTpaabHBIM aHAIM3aTOPOM, TTOJTy4aeTCsI YaCTOTHBIN COCTaB CUTHANA, T.€. aMII-
JINTYa OCHOBHOI U JOTIOJTHUTEIbHBIX TAPMOHUK.

@ Specirum Analyrer X541 EI
' | Span Costred
iTgdnude
SF dbm| Un
b XSAl | e
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il 5 |
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Pucynok 43 — CumBos CrieKTpajibHOTO aHajM3aTopa Pucynok 44 — JIuuieBasi maHeJsb CIIEKTPaJIbHOTO aHAIU3aTOPA.

Function Generator Front Panel
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Mpu6opsi NI LabVIEW

B coctaB Multisim BXoauT 4eThipe pa3HbIX BUpTyanbHbIX Mpuoopa NI LabVIEW: Mukpodon (microphone), imHaMuk
(speaker), reHepaTop curHajios (signal generator) u aHaau3aTop curHanos (signal analyzer). Ux cuMBoJIbI TpUBEIEHBI HA
pUcyHKe 45, a nuieBas maHesb JMHaAMUKa — Ha PUCYHKe 46.

Muxkpodon (Microphone) — 3anmuchbiBaeT 3ByK YCTpOHCTBAaMU ayauo 3alCy KOMITbIOTEpPA U BbIJAET 3TU JaHHbIE KaK
WCTOYHUK CUTHAJIA.

Junamuk (Speaker) — [TpourpsiBaeT BXoasIiye 3ByKOBbIE TaHHbIE HA JTUHAMUKE KOMIIbIOTEPA.

T'eneparop curnanos (Signal Generator) — [eHepupyeT CUHYCOMIANBHBIN, TPEYTOIbHbINA, TPSIMOYTOJbHBIA U MI000-
Pa3HBI CUTHAJIBL..

Anamm3zarop curHanoB (Signal Analyzer) — OtoOpaxkaeT BpeMeHHOM Mpo(iib, IHEPTETUISCKUI CTIEKTP WM Oeryiiee
CpelHee BXOMSIIETO CUTHANA.

B Speaker-XLV2

Device

WLVl SigrnaTel C-Major Audio w0

cutput —  MUKPODOH Playback Duration (s)
1.00

e

XLv4 Sample Rate (Hz)

£2050.00

~,—+ “uEi ™ Tedepatop curHanos

Eeasiel

Mote: IF using the Speaker instrument
HLV2 in conjunction with the Microphone
= instrument, set the Sample Rate of the
AnHamuk Input (]f:-- Ebwo instruments to be the same,
Wy Ctherwise, set the Sample Rate of the
Speaker ko be ak least bwice the
HLV3 frequency of the input signal.

AHanmMa3aTop CUrHanoB =— inl

Pucynok 45 — CumBosibl ipu6opoB NI LabVIEW Pucynok 46 — I1pumMep nuueBoii maHeau rnpubdopa

Heobxomumbie TprOOphsl MOKHO c0o31aTh B rpaduueckoii cpene padpadbotku NI LabVIEW. Btum mpubopam 1ocTyr-
HBI Bce Bo3MoxKHOCTU LabVIEW: c6op naHHBIX, yIIpaBlieHHEe TIpUudopaMu, MaTeMaTUUECKUI aHAJIU3 1 MHOTHUE IpYTHeE.

Hampumep, BbI MOXeTe 3aperuCTpUpOBaTh peaJbHbIil CUTHAI C TTOMOIIbBIO TUIaThl COOpa JAaHHBIX WU MOAYJIbHOIO
npu6opa NI 1 Bocronb30BaThCs MOJyUeHHBIMY JaHHBIMM B OMYJISLIMU cxeMbl Multisim.

Taxzke MOXXHO ciesiaTb IpUOOp, KOTOPBI 0TOOpakaeT JaHHbIE SMYJISLIMY U OMTHOBPEMEHHO Pe3y/IbTaThl BHIYMCACHUI
(6eryiero cpeaHero, CriekKTpa MOIIIHOCTH) Ha OCHOBAHUU 3TUX TaHHBIX.

[TpuGopsr NI LabVIEW MoryT ucnoib3oBaThCsl KaK YCTPOHCTBa BBOJA, TaK M BbIBOAA JaHHBIX. [1prbGopsl BBOIA OTO-
OpaxkaroT Wiu oOpadaThIBalOT faHHbIe. [IpnOOpPHI BBIBOA TEHEPUPYIOT NaHHbIE, KOTOPbIE CTAHYT UCTOUHUKOM B OMYJISI-
uuu. OguH npuoop NI LabVIEW He MokeT ObITh OTHOBpEMEHHO MPUOOPOM U BBOJA U BBIBOJA JAHHBIX.

Ente ogHo pasnnune Mexay nprudopamMu BBOAA M BbIBOJA JaHHBIX: TIEPBbIEe MIOCTOSIHHO MOJIYYaloT JaHHbIE BO BPEMsI
pPabOThI SMYJISLIMU.

B otnuune oT HUX, MpUOOPHI BHIBOIA TaHHBIX TEHEPUPYIOT KOHEUHBI HA0Op JaHHBIX U MepenaloT ero B Multisim.
DTH TaHHBIE UCITOIB3YIOTCS B AMYJISILIMU CXeMbl. [IpnOOpBI BEIBOA MTaHHBIX HE MOTYT MOCTOSTHHO T€HEpUPOBATh TaHHbIE
BO BpeMs1 pabOThI aMyJisiiiiu. st BBoJIa B CXeMY HOBBIX JaHHBIX, OCTAHOBUTE IMYJISILIMIO, U3MEHUTE NaHHBIC U Iepe3a-
ITYCTUTE IMYJISILIUIO.

[TpuGops! BBIBOAA MAaHHBIX MPEIOCTABIISIOT CO3ATETIO WM TOJb30BaTEI0 BOBMOKHOCTH TTOBTOPEHUST BBIXOIHBIX
naHHbiX. B Hactpoiikax npubopa LabVIEW HeoOGxomumo yka3aTh Mepuoj MOBTOPEHUS TaHHbBIX, B TPOTUBHOM Cllyyae
AMYJIATOpP OyJeT cunTaTh, 4To noctyraet 0 B. mocie okoHuanus nanHbix. Ecim mpubop HacTpoeH Ha MOBTOP JaHHBIX,
CUTHAaJ Oy/IeT TTIOBTOPSITHCS IO OKOHYAHUST SMYJISIIIUN.

[Tpubopsl BBOIA JAaHHBIX MO3BOJISIOT MOIB30BATEI0 WU CO3ATEI0 YCTAHOBUTD YAaCTOTY OLM(MPOBKU. DTO yacTtoTa
perucTpauuu naHHbIXx Multisim, aHaJormyHo yactoTte olrpoBKe npudopa cobopa JaHHBIX WU MOIYJBHOTO Mpuodopa,
PETUCTPUPYIOLIETO peasibHbIi curHai. [1pu BbIOOpe yacToThl OLIM(POBKY HEOOXOIMMO YUUTHIBATh TeopeMy HalikBucra.
OOpaTuTe BHUMaHUE, YTO YeM OO0JIbIlle YacToTa OLM(pPOBKHU, TEM MeIJeHHee OyneT paboTaTh IMYJISILIUS.

Hnst cozmanus u usmeHeHus mpuoopos NI LabVIEW Heobxonuma cpena pazpadorku NI LabVIEW Bepcuu 8.0 unum
BBIIIIE.
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Hnsa ucnionbzoBanus npudopoB NI LabVIEW Ha kommnbiotepe qoyokeH ObiTh yetaHoBieH NI LabVIEW Run-Time
Engine. Ero Bepcus nomkHa coBnagath ¢ Bepcueit LabVIEW, B kotopoii 66wt co3nan npubdop. NI LabVIEW Run-Time
Engine 8.0 kak snemeHT Electronics Workbench Shared Components BXOAUT B KOMITIEKT yCTaHOBKM Multisim.

AHanuns

B Multisim BXOAUT MHOXECTBO CPEACTB aHaIM3a JaHHBIX SMYJISILUU, OT IMPOCTHIX 10 CAMBIX CIOXKHBIX, B TOM YUCJIE U
BJIOXXEeHHBIX. YTOOBI HAYaTh aHAU3, BHIOEPUTE ITYHKT MEHIO DMysius/AHanu3 (Simulate/Analyses) 1 BIOEpUTE HYXK-
Hy10 pyHKuMI0. Crincok Beex pyHkuuit Multisim npuBeaeH Ha pucyHke 47. Kpome BCTpoeHHBIX (DYHKIMIT aHaIU3a, eCTh
BO3MOXKHOCTb OMPEAEIUTb CBOIO (PYHKIIMIO ¢ TToMolbio Komana SPICE.

[Tpu moAroToBKe K aHAIM3Y, HACTPOMTE €ro apaMeTphbl, HallpuMep, IUarna3oH 4acToT JIJIsl aHaIM3aTopa IMepeMeHHO-
ro Toka (AC analysis). Takxe 31ech HEOOXOAMMO BhIOpPaTh BHIXOAHBIE KaHAbI (traces). YTOObI He 3ammyTaThCsl MPU MPo-
CMOTpE pe3yabTaTOB, UMEeHA KaHaJIO0B JIyulllie AeJaTh OCMbICIEHHBIMU. Pe3ynbsraThl oToOpakaloTcs Ha rpadukax Multisim
Grapher u coxpaHsoTcs [UIs TTocieayloliein 0opadotku Postprocessor. HekoTropble pe3yabraThl COXpaHSIOTCS B KOH-
TpoJbHoI 3anucu (audit trail), KOTOPYIO TOXKe MOXKHO MPOCMOTPETh.

DiZ Operaking Poink. ..
AC Analysis

Transienk Analysis, ..
Fourier analysis, ..
Moise Analvsis...

Moise Figure Analysis, ..
Distortion Analysis. ..
D Sweep,..,

Sensikivity... AC Analysis

EEISME el SHERE > Frequency Parameters | Qutput | Analysis Dptions | Summany

Temperature Sweep, ..

Pole Zera... Stan frequency FSTART) il [z -| Reset o delaul
Transfer Function SRRy FS 106 10 |GHz =]

AT by :Dl’:uddn.- |
\Warsk Case... Mo

Humbes of points per decade
Morte Carlo... Veitical scale Logasithmic - |

Trace Widkth Analysis, ..
Batched Analvsis. ..

zer Defined Analvsis, ..

RF Analyses Simdste | k. Cancal Help
Pucynok 47 — ®yHKUMN aHaIN3a Pucynok 48 — JTuanoroBoe okHo HacTpoek AC Analysis
Mnotrtep

Ilnorrep (Grapher) — OCHOBHOI MHCTPYMEHT MPOCMOTpPA PE3YJbTaTOB 3MyJduuu. OH OTKPBIBAETCS U3 MEHIO
Bun/TTnorrep (View/Grapher) u aBToMaTU4ecKu 1Mpu padboTe aMyJIsiiiiu. PazmmaHbie 9acTW OKHA TJIOTTEpa Iepedrciie-
HBI Ha pUCyHKe 49.

JlanHbie oToOpaxkaroTcsl Ha rpaduke graph u B Tabauie chart. [padhuk — 3To 0JHA WM HECKOJIBKO 3aBUCUMOCTEN
BIOJTb BEPTUKATHLHON WM TOPU3OHTAIBHOM OCU. B Tabinile mpeacTaBaeHbl CTPOKY U KOJIOHKU TEKCTOBBIX JaHHBIX. OK-
HO pa3/ieJIeHO Ha HECKOJIBKO 3aKJIa/I0K, YMCIIO KOTOPHIX 3aBUCUT OT paboTaloInX (PYHKIIUI aHaIM3a.

Y kaxmoit 3aKJ1a K1 eCcTh JIBE BO3MOXHbBIE aKTUBHbBIE 30HbI, YKa3aHHbIE KPACHOU CTPEIKON Ha JIEBOM TI0JIe: BCel 3a-
KJIaJKN, OKOJIO €e MUMEHU, WIM aKTUBHOTO rpacduka (tadbmuisl). Hekoropele dyHKIMM, Hanmpumep, KOMUPOBAHUS,
BCTaBKU, BBIPE3aHMSI BIMSIIOT TOJIBKO Ha aKTUBHYIO 00JIaCTh, TTIOTOMY MTPOBEPHTE, YTO BhIEIeHA HYKHAsT 00J1acTh Tiepe]]
BBITIOJITHEHUEM TaKOTO JICUCTBUSI.
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.- Grapher View o) =|
File Edt Wew Tools
MMs 3aknagku, WenKHUTE MbILLbIO, & ==l : PR
4TOBbI 0TOBPA3NTD. D& st wPEo O Ga @ w97 b BdE
306eCh NOSIBUTCS KpacHas cTpesika f iicilioscope ST | Transient Anaipses |
Tranzient
£0 0
O6nacTb rpaduka (Tabnunubl) i 34 ';‘-]
Ha 3aknagke. Ha 3ameTky Ha KpacHyto % =]
CTpenky, KOTopasi NoKa3bIBaerT, = 29 1 a,
4TO 3TO aKTVBHaA 061acTb =, "
- g bl Z
b =
= &
1]
. 47 - =
BbiGpaHHbI rpaduk BolaeneH o)
TPeyrosbHNUKaMu Ha 3aBUCUMOCTU U 7% s ! y . 74
B NoJsiocke cocTosHus (Status bar) T29m 26 3m A3m 443m, 42 4m 52.4m
Time (5)
‘[Selected Trace: Cl-mn\ o

Ecnu He BbiaeneH HY1 oaviH rpaduk, B MOOCKE COCTOAHNS 0TobpaxaeTcs BoibpaHHasa 3aknaaka

Pucynok 49 — [1notrep

MHOXeCTBO HACTPOEK IJIOTTEPA HAXOASITCSI B OKHE CBOMCTB. MOXHO U3MEHSITh MACIITA0bI, TUATIa30HbI, 3aTOJIOBKH,
CTWJIN INHUI OCeil 1 MHOTHE IpYTHe mapaMeTpbl. YTOOBI OTKPBITH OKHO HacTpoek cTpanuilsl (Page Properties) nnu ox-
Ha CTaHIAPTHBIX CBOICTB, BOCIIOJB3yiTeCh IMyHKTaMH MeHIO PemaktupoBath/Hactpoiiku crpanunbl (Edit/Page
Properties) mmm Penaktuposats/CsoiictBa (Edit/Properties), pucynku 50 1 51 cOOTBETCTBEHHO.

Page Properties

Tty Mame Q:\ Genesal | Tracen | Leftdun | Botiom foin | Paght i | Top A
Tt | SEEOIRSES Carcel o
Toe | et
Tty
L U Gired Trace:
Tt [40kF e Complate Eont S =
| = ]
PeriSon Esbe = Lagerd On
@ [ On ¥ Ghow Select Markp
Paga Propetess
Dun iy
Background Colot r! Whts = e Tusce
= ] Craworz On Salacted Trace |1
% howw/Hicke Diagrams on Pags = 8 Trsces
| I Cancel fathors Heip:

Pucynok 50 — Hactpoiiku cTpaHUIIbI TUIOTTEpa

Pucynok 51 — CpoiicTBa rpaduka

KprOpr MO2KHO IMEPETAaCKMBATDh C ITIOMOIIbBIO JIEBOM KHOIIKY MBIIIIH. HaCTpOfIKPI NEPCABUKECHMA KypCOpa 3adal0TCA
B €r0 KOHTEKCTHOM MEHI0. MOXHO IIEPEMECTUTD KYpCOP Ha 3aJaHHOC 3HAYCHUEC 110 OCH X, Y, WM K CJIICAYIOLIECMY MU -

HUMYMY WJIX MAaKCUMYMY B JIIOOOM HarmpapieHUU (pUcyHOK 52). Kypcopbl, JieTeHIbl U TUHUY TparuKa MOXHO CKPBITH
WA OTOOPA3UTh C TIOMOIIBIO KHOTIOK MMaHeu (PUCYHOK 53).

Sek x_Value
Sek ¥ _Value =x
Sek ¥ _Value <=

Go ko nexk Y _MAk ==
Go to next ¥_MAX <=
Go ko nexk Y _MIMN ==
Go to next ¥_MIM <=

Select Trace ID

Hide Select Marks

Pucynok 52 — Bo3aMoXXHBIE TIepeMeIIeHHST Kypcopa
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Pesynbratel MoxHO skcnioptupoBath B NI LabVIEW, Excel unu MathCAD. Takxke UX MOXHO COXPAaHUTb B OTHOM
u3 caenyrouux gopmaron: gaHHbie LabVIEW (\LVM unu .TDM), ¢ pazaenenueM 3ansatbiMu (.CSV) 1 B Buae TekcTa.
UToOBI COXpaHUTH aHHBIE TTIOTTEPa, B MeHI0 Maiin/Coxpanuts Kak (File/Save As) BoiOeprTe HEOOXOAMMBIN (hopmar.

Cwmotpu "Pabota HaknagbiBaet
HacTpoiikn MacLUTaBUpPOBaHUS. C rpadukamu 3aBUCMMOCTH
Moapo6bHee cmoTpu "MacwTab 1 UCXoaHbI BUA"

MpumeHseT [o3BonseT akcnopTnpoBaThb
OTob6paxaeT/cKpblBaeT nereHay rpaduka. CmoTpu "PaboTa cBOICTBaA naHHble B Excel.
MoapobHee cMoTpu "JIMHUK ceTku 1 nereHapl” C 3aknagkamu nnotrepa” Tabnunupl CmoTpum "OkecnopT B Excel”

\ - | /
0@ DR YA ¢ BB

-

OTob6paxkaeT/CKpbIBAET IMHNM CETKU. BkntoyeHune/oTkno4eHne Konunpyet [Mo3BonseT akcnopTMpoBaTb
MoapobHee cMoTpu "JIMHMK CeTKM U nerenapl” HeraTMBHOro OTOOpaXxeHus  CBOCTBA naHHble B LabVIEW. CmoTpu
rpaduka nnm Tabnunupl Tabnnupl "9kenopT B LabVIEW"
OTob6paxaeT/CKpbIBAET KYpPCOPbl U AaHHbIE. lMosBonsieT akcnopTMposath
|'|0ﬂp06Hee cMoTpu "Kypcopu" JaHHbIE B MathCAD. CMOTpI/I

"OkcnopTt B MathCAD"

Pucynok 53 — ITaHens ruioTTepa
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YnpaxHeHue 5 — PaboTa ¢ pyHKuMamMu aHanusa

MpuMmepHoe BpeMS BbINOJSIHEHUSA: 35 MUHYT

B »TOM ympaxHeHUHU MOJb30BaTeIM MPOAOIKAT U3YyYeHME TMOJ0COBOro (GUIBTpa ¢ MOMOILIBI0 (DYHKLMA aHATM3a.
Ha ocHoBe dyHKIIMiT aHATM3a TIEPEMEHHOr0 TOKa, MepeXoaHbIX mpoleccoB, Pypbe 1 MonTe-Kapo nonbs3oBarenu Ha-
yJarcst paboTaTh ¢ HACTPOKaMU (DYHKLIUIA U MI0TTepa.

Uenn
+ CpaBHUTb aHaM3 ITepeMeHHOTo ToKa (AC Analysis) ¢ orrepoM bome
+ CpaBHUTb aHAJIM3 MepexoqHbIX mpolieccoB (Transient Analysis) ¢ ocutorpagom.
* Vcronb3oBaTh BbIpaXKeHUsI Il aHAIM3a
* [ToHsTh, KaK HacTpauBaTh U 3ammyckatb Oypbe AHAIN3
 [ToHaTh, KaK ycTaHaBIMBATh AOIYCKM (tolerances) u 3amyckath aHaau3 MoHTte-Kapno
» Hayuutbcs ynpapisitb (hopMaTOM BbIBOAA IIOTTEPA

BbinonHeHue

1) 3arpysute cxemy 40kFilter3.ms9. Ha 3aMeTky, uTo Ha BBIXOAe (PUIBTpa M00ABICHO HATPy30YHOE COIPOTUBIICHNIE
(Rload). DTo HEOOXOAMMO TSI TIPOBEACHUS aHAIM3a TTIOTPEOISIEMOI MOIITHOCTH.

2) 3amycTuTe 3MYISIIIO, YTOOBI MOIYYUTh Ipacuku boae n BpemMeHHO# 3aBucUMOCTH. OTKpOIiTe TTaHeIb MHCTPY-
MEHTOB IIBOMHBIM IIIETYKOM T10 MKOHKaM Tpaduka bome (Bode plotter) m Ocimtorpada (Oscilloscope). 3amyctn-
Te AMYJISIINAIO, HaxkKaB Ha KHOIIKY C MOJTHUEH mian KHOMIKY F5. OcTaHOBHUTE SMYJISILIMIO TIOC/Ie OTOOpaXkeHMsI Tpadu-
ka bone. 3akpoiiTe maHeIM THCTPYMEeHTOB KHOMKO# 3akphITh (Close) Ha Kaxkmoit n3 Hux. Ha 3amMeTKy: Takke MOX-
HO OTKPBIBATh M 3aKPHIBATh IMAHEIN MHCTPYMEHTOB JIBOMHBIM IIETYKOM IO COOTBETCTBYIOIICH NKOHKE.

3) OtkpoiiTe HAacTpOHKM (DYHKIMHM aHAIM3a MEPEeMEHHOTO TOKa: OMyJsius/AHanu3/AHainu3 MepeMEeHHOIO TOoKa
(Simulate/Analyses/AC Analysis).

a) Ha 3aknanke Pesynsrathl (Output) ymanuTe Bce rnepeMeHHbIe U3 KoJoHKM "BriOpanHbie nepeMeHHbIe" (Selected
variables) TabJMLIBI aHAM3a B MPaBOi YaCTHU IMAJIOTOBOTO OKHa. JIJIs1 3TOTO BhIOEPUTE BCE TepeMeHHbIe B KOJIOH-
Ke 1 Haxxmute Ynanuthb (Remove).

b) BeibepuTe BhIXOAHYIO IepeMeHHyIo $ 1 Haxkmute Jlo6aButh (Add).
¢) Touka TecTupoBaHus (test point) mepeiaeT B mMpaBylo 4acTh, 1oj "BbriOpaHHbIe 1J1s1 aHaIu3a repeMeHHbIe" .

4) ITpoBepbTe BHIXOJHBIE TTApaMETPhI U OMYJISILIMIO.

5) Haxxmute OMynuposats (Simulate).

OTKpoeTcs IUIOTTEP ¢ HECKOJIbKMMU 3akiankamu. [TocnenHue tTpu OyayT: ocimiorpad, miorrep bone, aHanu3
repemMeHHoro Toka. CpaBHuTe rpacduku miorrepa bojie u aHanm3a nepeMeHHOTo TOKa.

6) Cnenyroliue Iarv mMo3BoJIIT BAM HACTPOUTh CBOWCTBA rpaduKa (GyHKIIMU aHAIM3a MepeMEeHHOTo ToKa. DTo 00-
1111Me MEeTOJIbl HACTPOIKM JIt000ro rpaduxa.

7) JleBbiM 1memukoM Ha rpaduke Amriutyaa (Magnitude) (BepxHuii rpaduk) crenaiite ero akTUBHBIM.

AKTUBHBIN rpad UK BbIAEICH HEOOIBIION CTPEIKON B JI€BOI YACTU OKHA.

a) KnukHuTe rpaBoii KHOTIKO Ha JIEBOI OCH, UTOOBI OTKPBITH cBOicTBA Tpacuka (Graph Properties).

i) Brioepute 3akmanky JleBas och (Left Axis).
ii) BBemute ciemyrorye mapaMeTpsl Ha 3TOM 3aKIanKe:
iii) B paznene Macmta6 (Scale) Beioepute aenmoens (Decibels).
iv) B nnanore Metku (Label) Hadbepute Gain (dB) (vnu Ycunenue, nb).
v) B pasznene Ocpb (Axis) Beioepute BkiatoueHna (Enabled) u Tommuna nuauu (Pen Size) 1.
vi) B paznene JIlnanazon (Range) ycraHoBuTe HUxKHUI nipeaen -50, a BepxHuii 10.
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Graph Properties

Geretal | Traces Left A ' Boltor duds | Fight Axz | Top fuds |

Labed
Labe! | ERENE) Fort
g
W Enabled  PenSize |1 Wl Black ~| Fonl
Scabs

L T Loganthmic ¥ Dechels © Dclave
Rangs
Min |30 I & i".' Autoange
Dirvisaons
Total Ticks |4 Minot Ticks |2 Precision |3

Cawcel | Restow Helgy |

| -t - J

Pucynok 54 — YcraHoBKa CBOICTB rpacduka AMILIATYAA

vii) B pasnene Cetka (Divisions) yctanoBute: Bcero munmit (Total Ticks) 4, BcmomorateabHbIX TUHUMA
(Minor Ticks) 2, Tounocts (Precision) 3.

viii)Haxxmute kHonky ITpumenuts (Apply).
b) Ilepeitnure Ha 3aknanky HuxHss och (Bottom Axis).

i) Bwibepute Jlorapupmuueckuit macimtad (Logarithmic Scale). YcranoBute JlmanmazoH 4acToT
(Frequency Range) ot 1000 o 1000000.

ii) Haxxmute [Tpumenuts (Apply) u OK.

8) 3anmaiiTe mapameTpbl HUXHero (pa3oBoro) rpaduka, mokazaHHble Ha pucyHke Huxke. Ha 3akianke HuxHsig och
ycraHoBuTe auarna3oH ot 1000 o 1000000.

Graph Properties

Genersl | Traces  Leftéuds | Bottom fds | Right fuds | Top Ao |
Lakel
Label Font
Asas
¥ Enstled  PenSie [1 | [[lSkck < Fort
Scale
% Lirsai ™ Loganthmc ™ Diechels T Delave
HRange
Min :-‘ £ Max |1ED Autoangs |
Divignoes
Tedal Ticks “ Mimor Ticks 1 Friscision :3
0k | Cancel Restaie |  Hep |

Pucynok 55 — 3aganue napameTpoB rpacduka Paza.

ITocne atoro cpaBHUTe rpaduku bome 1 AHaaM3a IepeMeHHOTO TOKa, HaJIOXKMB aMILUTUTYIHbBIC 3aBUCMOCTH.
9) Bribepure aMIumMTynHbIN TpaduK boxe memrakom MBI,
a) Breioepute Hanoxuts 3aBucumoctu (Overlay Traces) n3 menio MHctpymenTs! (Tools).
b) Breibepute Graph_ 1 AHanu3za nepemeHHoro Toka (AC Analysis), 3TOT rpaduK JOJKEH ObITh BTOPHIM CHU3Y.
OTKpoeTCcsl HOBasl CTpaHMIIA TJIOTTepa C ABYMSI HAJTOXKEHHBIMU 3aBUCUMOCTSIMU.
MoXHO yBETUUUTh MacIlTa0d, YTOObI MTpoaHaIU3UPOBaTh 00J1aCTh, B KOTOPOil ecTh 00a rpaduka. I[Tprxmure JieByio

KHOIIKY MBIIIW 1 BbIACJIUTE UHTEPECYIOIIYIO 00J1acTh BOJIU3U MaKCuMyMa 3aBUCUMOCTU.
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PucyHok 56 — YBenuueHue macinraba HaJlOXXEHHBIX TparKOB

Ha 3aMeTKy, 4T0 pe3yIBTaThl HECKOIBKO OTINYAIOTCS. DTO O0BSICHSIETCS Pa3HOI YaCTOTOM OIIM(POBKHU IBYX METOMIOB.
YacTtoty o poBKM MOXKHO M3MEHUTH TIPU HACTPOIKe (YHKIINY aHAJIM3a.

10) I/l:squTe BO3MO2KHOCTb ITPOBEACHNA TOYHBIX H3M€p6HHI7[ C ITIOMOIIBIO TUIOTTEPA.

a) Otkpoiite 3aknanky rpacduk bome (Bode Plot) B rutorTepe.
b) Bkimouute Kypcopsl ¢ momoisio myHKTa [loka3ats/CkpeiTh Kypcopbl (Show/Hide Cursors) meHio Bun

¢) BribepuTe onMH Kypcop ¥ BBI30BUTE €ro KOHTEKCTHOE MEHIO.

d) Beioepurte Ilepetitu K ciaenytomeMy Mmakcumymy (Go to next Y _MAX), yToObl HaiiTH TTHK.

e) Boibepute myHKT YcTaHOBUTH 3HaueHue Y (Set Y Value) u BBenuTe 3HaueHHE Ha 3 MEHbIlIe MaKCUMyMa.
Tak BbI nepeiigere B Touky -3 nb.

f) [TocMoTpuTe pe3ybTUpylolilee 3HaYeHUE B YMCITOBOM OKHE.

11) BoinmosmHuTe aHanu3 repexonHbix mpoteccos (Transient Analysis): OMynsiiuys/AHanu3/AHaln3 nepexoaHbIX Mpo-
eccoB (Simulate/Analyses/Transient Analysis).

Transient Analysis

Analsiz Parameters | Qutput | Analses Opbions | Summaty

Irgtial Conditions -
- Fleset bo detault
Autornaticaly detemning iniial conditicns -
Paramebers
Stait tene [TSTART) (D Sec
End time [TSTOP) 000 Sec
W Mamurn e step settings [TMex]

Mirgmum number of bme ponts
* Mz time glep [ThAR) Te-005 Can

Generate time sleps sutomatically

More options
St iratial time s1ep [TSTEF) Sec

W [Estimabe macarmam time slep based on net kst [TMAX]

Less << Senudate Ok Cancel Help

Pucynok 57 — Hactpoiika aHaau3a nepexoaHbIX MPOLIECCOB

a) YcTaHOBUTE ITapaMeTphl aHaJIN3a, KaK MoKa3aHo Hinke. Ha 3aMeTKy: TrajioroBoe OKHO MOXHO YBEJIUYIUTD,
HaxaB KHomKy bosbiie (More).
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b) Otkpoiite 3akianky PesynasraTel (Output).
¢) Bei6epurte y3ist $input u $output B kKauecTBe BeIGpaHHBIX TIepeMeHHEIX 11 aHanu3a (Selected Variables for
Analysis).
d) Haxxmurte kHOTKy DmynupoBaTh. CpaBHuTe rpadukn ¢ Ocuiiorpadom.
Teneps Mmb1 HacTpouM aHanmm3 Dypoe.
12) OTtkpoiiTe MaHe b MHCTPYMEHTOB TeHepaTopa CUTHAJIOB U 3aJaiiTe IPSIMOYTOIbHBIC UMITYJILCHI (Square wave).
a) OTkpoiite Dmyssums/AHanus/Pypbe Ananus (Simulate/Analyses/Fourier Analysis).

b) Haxxmure o6e kHonku OueHutsb (Estimate), yToOb aBTOMaTUYECKU TTOA00paTh MapaMeTpbl OLUUMPOBKU 1
aHaJM3a IMepexoIHbIX MTPOLIECCOB.

¢) OTkpoiiTe 3aKJI1aAKy pe3yJbTaToB.
d) B kauecTtBe BrIOpaHHBIX 11l aHAIM3a NIEPEMEHHBIX BbIOepuTe y3ibl $input u $output.
e) Haxxwmure Dmynuposath (Simulate).

Ha 3amemky, 4T0 pe3yabTaThl 0TOOPAXAIOTCS Ha ABYX OTAEIbHBIX CTPAaHUIAX TIOTTEpA.

AJdononHutenbHoe 3apaHue (ecnu Nno3BonseT BpemMs)

BrinoHuTe ananu3 Monte-Kapio: Omynsuus/Ananus/Ananu3 Monte-Kapio (Simulate/Analyses/Monte Carlo).

1) B ocHoBHOM aunanoroBom okHe (front dialog box) Beioepute pyHkuuio JJodaButh HOBbINI Homyck (Add a new toler-
ance).

a) B criucke Tumn napamerpa (Parameter Type) Beioepute [1apamerp nputdopa (Device Parameter).
b) B criucke Tumn npubopa (Device Type) Boidoepute Konnencarop (Capacitor). Ykaxute ums ccl.

¢) B paznene nonyck (Tolerance) Boioepute Tun monycka (Tolerance Type): IlpoueHt (Percent), yctaHoBUTE
3HaueHue 20. Haxxmute [Tpunsats (Accept).

Pagmeabar Typss

sz o ivption -
P aembar
Dewice Type | Csnuscitor ==
M | el - Present Vs
¥ Tl
Prameater | capaciaes - 2 Te-0ND
Diasenphon Dhenice capaciancs
Toderarce
Tiderarce Typs Percert -
Tioderarcs vahun A
Dmtributaon (5 i i -
Lot s -]

Accept I Canced Helgr

Pucynok 58 — YcraHoBKa n10mycKoB mpubopa

d) Ewue pa3 Beioepure J1o0aBuTh HOBBIN JoIycK (Add a new tolerance) 1 MOBTOpUTE ACHCTBUS, yKa3aB UMsI cC2.
e) Tenepb HacTpoIiiTe mapaMeTphbl aHAIU3A.
f) IMeperigute Ha 3aknaaky [lapameTpoB aHanu3a (Analysis Parameters).

g) Beibepute ni1st pabothl AHanu3 nepeMeHHoro Toka (AC Analysis), 5 pa3 1 BbIXOIHYIO TiepeMeHHYy1o (Output
variable) $output.

h) Haxwmute Ha kHonKy Penaktuposath dyHkiuio (Edit Analysis) 1 HacTpoiiTe HDYHKIIMIO aHAJIM3a TEePEMEH-
HOTO TOKa.

i) Betoepute FSTART 1 xIiy, FSTOP 1 MIi1, uncio Touek nekansl (Number of points per decade) 100 u Bep-
TUKaabHbI MaciuTad (Vertical scale) Jleun6enst (Decibel).

j) Haxxmure kHONKY sMyaupoBath (Simulate).

KoHeu ynpaxHeHusa.
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Co3paHue KOMMOHEeHTOB

B Multisim ecTb cpecTBa co3MaHUs U PeIaKTUPOBAaHUS KOMIIOHEHTOB, HEOOXOAUMBIX ISl cxeMbl. ECTb 1Ba MeToaa:
¢ noMolbio Mactepa komnoHeHTOB (Component Wizard) u nuanoroBoro okHa CBoiicTBa koMmmnoHeHTa (Component

Properties).

Mactep KOMITOHEHTOB OTKpbIBaeTcs U3 MeHIo MIHcTpyMeHTh/MacTep komnoHeHTOB (Tools/Component Wizard). B
HEM MOXHO IOJHOCTbIO ONMMCaTh KOMIIOHEHT: YKa3aTh ero cuMBoJi, Moaeab SPICE (PucyHok 59).

YTO0OBI OTKPHITH IMAJIOTOBOE OKHO CBOMCTB KOMITOHEHTA, JIBaXK/Ibl KIMKHUTE Ha pa3MEIIeHHOM KOMITOHEHTE, OTKPOii-
Te 3aknanky 3HaueHue (Value) u Haxkmute Penaktuposath KommoHeHT (Edit Component) B kHorke DB (PucyHok 60).

Component Wizard - Step 1 of B

Erter Component Infosmation
Componerd M ames

Aiithe M s

!.ll-.'\bn:u

Coornponert Type

i-flndln-;l

™ Sandabion orly [medel]
™ Layoud ooy [Fookpeind]

Ed

Fimchon

il

o | wll use thies component oo both smulation snd bysoul (model snd footpring

TR

Pucynok 59 — Mactep KOMITOHEHTOB

General | Syeabel | Mosded | Pin Pavamedens | Fooipent | Ekscironss Parsen | Ulper Fiedds |

Componen! Properiies

Component

Hame: |

Date: [Fimcamber 22, 2006
Buther [TL

Fursctior: |

0K Cancel | Help

Pucynok 60 — JIiaioroBoe OKHO CBOICTB KOMITOHEHTA

Bosee mompo6HO co3maHne KOMITOHEHTOB OTIMCAHO B CIIPABOYHBIX (haiiiax.
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Pazpen lll - UHTerpaumna c National Instruments

LabVIEW

National Instruments LabVIEW — 370 cpena rpaguyeckoro nporpaMMrupoBaHusi, KOTOPYIO MOXHO MCMOJIb30BaTh
JUTSI aBTOMATHU3alMH 3a/1a4 TECTUPOBAHUS M M3MEPEHMUI TTpy IipoBepKe cxeM. JlaHHble Multisim, coxpaHeHHBbIE B (hopma-
tax .LVM unu . TDM moxHo npocto 3arpy3uth B LabVIEW ¢ nomoriiibio TexHonoruu Dxkcmnpecc BII. ITocne atoro naH-
HbIE AMYJISILIMM MOXXHO HaJIOKUTh Ha TTOJIydYeHHbBIE Pe3YJIbTaThl IJIST IPOBEPKU CXEMBI.

3arpy3ka ¢amnoB gaHHbIX .LVM v .TDM

YT00nI 3arpy3uTh JaHHBIe Multisim u3 ¢aiinos .LVM umu . TDM, Bocnons3yiitech akcrpecc BIT I1pounrats daiin
n3MepeHuii (Read from Measurement File). DTor BI1 Haxomutcst Ha manmutpe IIporpammupoBaHue/3anmch 1 YTCHUE
daiinos (Programming/File 10). [TonpooHast nHDOpMatust 06 3Tom BIT Haxomutes B cucteme momoiu LabVIEW. Btot
BIT MoxHO HacTpouTh Ha uyTeHue a1ubo .LVM, nmubdo .TDM ¢aiinos.

Read From Measurement File

Enat.|e ] b e s 'E_-\.r:ah

o = File Hae

Filz2 Namg ~——sr-—p b pg e it
arror in {no error) LR
== Descriphion
=== Comment

CunTbiBaeT AaHHble n3 danna namepeHui
TEKCTOBOro (.lvm) nnn 6uHapHoro (.tdm) dopmata

Pucynok 61 — Express VI IIpouuTath (aiin usmepeHuit

Ha 3amemxy: Tonbko st .LVM ¢aiinos. Ha Beixone EOF? (xonen daitna?) oyner MCTUHA, ecnu ripu 9TeHUM 10~
CTUTHYT KOHeIl (haiiyila. DTOT MHAWKATOP ITOJIe3eH, eCM JaHHBIC COXPaHSUIMCH Iociie aHanmm3a bome
WK Ipyroro rpaduka ¢ 6osee 4eM OOHOM 3aBUCUMOCTbIO. [Ipocto momectute skcrpecc BIT ureHus
(haitna uaMepeHuii B LUK U coequuute Boixon EOF? ¢ TepMuHAaIOM BbIXOAA U3 LIMKIIA.

Ha 3amemxy: Tonbko nnsa .TDM ¢aitnos. Ytoos! 3arpy3uts B LabVIEW . TDM daiin, comepkalmii HECKOJIbKO rpa-
¢pukoB, HeobxoaMBbI 3kcTipecc BIT HU3Koro ypoBHS. Y4acToOK Koda AJisl 3aTpy3KM HECKOJIbLKUX rpadu-
KOB IPUBEIEH Ha PUCYHKe 62.

] [o=y ] = ]
L
L ] L |
o Ror s B Cust s Aeasd Dl
[roet haevad groap] [Charral]
¥ . |
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lai st
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Pucynok 62 — 3arpyska HecKoJIbKUX TpadukoB u3 daiina . TDM.

BupTtyanbHbie npubopbl LabVIEW B Multisim

Bonee moapo6HO ncoib3oBaHue BUPTYadbHBIX puboopoB LabVIEW B Multisim obcyxnanoch B paszaene 2, "Bupty-
ajibHbIe Tpuoopsl LabVIEW".

SignalExpress

Signal Express — 3T0 MHHOBALIMOHHOE CPEICTBO HACTPONKU U3MEPEHNIT Ha OCHOBE HECKOJIbKHUX 111arOB pabOThI C MbI-
1IbIO, KOTOpbIE HE TPeOyloT pa3paboTKW MpOrpaMMHOro kona. B oTinuue OT TpaguLIMOHHBIX WHCTPYMEHTOB, B
Signal Express coueTaeTcsl ONTUMAaIbHbIN OamaHC (hYyHKIIMOHATbHOCTA U3MEPEHUIA U ITPOCTOTA UCIOJb30BaHMSI, TO3BO-
Jisonas pa3padboTuyrkKaM CTaHIAPTU3UPOBATh CO3MAHUE PAa3INYHBIX TIPUIOXEHUIA:

* MojaenrpoBaHue CXeM

» IIpoBepka cxem

* AHaIu3 cxem

* IIpoBepka npubopoB

* ABTOMATUYECKUI1 TTOMCK HETMOIAI0K.
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Pasnen Il UnTerpauyus c National Instruments

JkcnopT AaHHbIX Multisim B SignalExpress

YToOBI TIepenaTh JaHHBIC SMYJIIIUM B SignalExpress mo6aBbTe COOTBETCTBYIOIIMIA 1Iar: JJo0aBUTh IIar/AHaIoro-
BbIii/3arpy3uth U coxpaHuth curHan/3arpy3utb u3 LVM (Add Step/Analog/Load and save Signals/Load from LVM).
Ykaxute uMs daitna s 3arpy3Kd U BBIOEpUTE 3aBUCUMOCTH, KOTOpbIe HY>KHO MMMOpPTUpoBaTh. B mone OGmacthb
(Domain) ykaxxuTe BpeMEHHYIO WM CIEKTPAIbHYIO 00JaCTh 3alMCAaHHBIX JAaHHBIX. 3aKPOUTE OKHO U 3aITyCTUTE pado-
ynii daitn SignalExpress, 4ToObI 3arpy3UTh JaHHBIE.

Shep Sebup 5]
o close Ehlock To Step  [Dock 3 Show Help

Imported Signal

-

LT I R |

5, Pt e il P

=]

]

Amplibuds

WA - v/

1 1
1} 200 S00) 600 B0 Lk 1.2 1.4k 1.6k 1.8k
- S = T

File and Signal Selection

[t Pl path Fil= Irdhormation

\erobisel || ID | Motes | UUT | Test | Wavaform

Import | Signaks i fils o Lisar
o Trace 1(4mput)
| @ | Trace_2($output) e Dot
13 Moy 2005 : Sun
S lane
06 32239, 000 PM
Dinann

Tave "W arvefcem Lr

Pucynok 63 — SignalExpress, mar 3arpyska u3z LVM

ELVIS

National Instruments ELVIS — 310 naeanbHblii Ipubop mJist J11000i1 2JIEKTPOTEXHUUECKOM JIabopaTopruu, B KOTOPOit
ectb Multisim. B ELVIS ecTtb cpena pa3paboTKu MaKeTHBIX TJIAT CO BCTPOSHHBIMY ITPpUOOpaMU, BKITIOUAsi TEHEPaTOpP CUT-
HaJIOB, TU(POBOI MYJIBTUMETP, OCHIIIIOTPad U MCTOYHUK MUTAHUS TIEPEMEHHON MOIITHOCTH. MaKeTHas IjIaTa CheM-
Hasl, 3TO MO3BOJISIET CTYI€HTAM BBITIOJHATD YacTh J1a00paTOPHOI padboThl OTAEHBLHO OT MoayJist ELVIS.

B ELVIS ectb mporpammHoe obecrieueHre Ha 6a3e LabVIEW niisg BzanmoneiicTBus ¢ BUPTyaJIbHBIMU TTpubopaMu. B ot
MIPUOOPHI MOXKHO 100ABUTH BO3MOXKHOCTD 3arpy3KH JaHHBIX Multisim 17151 CpaBHEHMST pe3y/IBTaTOB SMYJISIIIMN Y U3MEPEHMIA.

B NI ELVIS - Bode Analyzer EE

Settings

Frequency (Hz)

Start Steps
1.00 - S v

Stop (per decade)

10000.00 S

FGEN FUNC_OUT Op-Amp
Peak Ampltude  Signal Polarity
200 ERiY Normal W

Runi T | Log +[

Load Multisim Data | *id |

Display
Y Scale

Defauk (3

Cursors Position

) 10000.00 Phase ) Gain 0.01 Gain (dé) 5 QuIT | HELP | |)-

Pucynok 64 — Ananus bone B ELVIS u cpaBHeHMe ¢ qanHbIMU Multisim

ni.com/russia 34 BseneHune B Multisim



Pazpen IV — UHTerpaumna c National Instruments

0630p

Multisim rcTonb3yeTcst B KOJIJIeIKax M YHUBEPCUTETAX 110 BCeMY MUPY, OH CTaJl HEOOXOAUMBIM MHCTPYMEHTOM 00pa-
30BareJibHOro npouecca. B Multisim cTyaeHTbl 3HAKOMSITCS C TEOPUEH CXEMOTEXHUKU C TTOMOILbIO MHTYUTUBHO MOHSIT-
HBIX METO/IOB.

IMponykuwms Electronics Workbench mpuMeHsieTcst Ha BCeX YPOBHSIX: OT HAYaJIbHOTO A0 MPO(eCCUOHATBHOIO, O3TO-
MY YPOBEHb 00Pa30BAHHOCTU CTYIEHTOB OYIET MOCTOSSHHO PACTU U MO3BOJIMT UM MEPEXOIUTH Ha 0oJiee CI0XHBIE 3a1a-
Yy, HE U3yydasl Ui KaXI0i HOBYIO CpENy.

Co3paHue NpoTOTUNOB

Bl/IpTyaﬂbele TpexmMmepHbleé KOMMOHEHTbI

Lensbiit HaOoOp KoMIoHeHTOB Multisim npeaHa3Ha4YeH [IJ1s1 CTYIEHTOB, KOTOPbIE COBCEM WJIM TOUYTH He padoTaju ¢ pe-
AJIbHBIMU 3JIEKTPOTEXHUUYECKUMM KOMIIOHeHTaMM. Ha cxeme 3T KOMITOHEHTBI BHIIVISISIT COBCEM Kak Hacrosiue. OHU
pacnonioxkeHbl B OcHoBHOIA rpymrie (Basic group) [1aBHoit 6a3bl naHHbIX (Master Database) B cemeiictBe 3D_VIRTUAL.

U2

F

L&

Mosfetl 3TEN Key = Space

|_D||'ﬂ<|__hnd__Gate

Y

Pucynok 65 — BuptyajibHbie TpeXMEpPHBIE KOMITOHEHTbI

AHMMI/IpOBaHHbIe KOMMOHEHTbI

AHUMMPOBaHHBIE KOMITOHEHTHI U3MEHSIOTCS BO BpeMsI pabOThI cXeMbl. K HUM OTHOCSATCSI CBETOIMOIBI, 7-CETMEHT-
HbI€ AUCIUIEM U HEKOTOPBIE APYIME KOMITOHEHTbI, HAIIPUMED, MEPEKI0YaTeN U MOTEHIIMOMETPbl. AHUMUPOBAHHbBIE
KOMITOHEHTBI HAaXOAATCSI B pa3HBIX pas3zenax 0a3bl JaHHBIX Multisim.

MapameTpunyeckue KOMMNOHEHTbI
DTN KOMITOHEHTBI UMUTHUDPYIOT CBOIICTBa HaCTOsIIUX. ypOBeHB mapaMeTpoOB MOXKET 3a4aThb ITOJIbL30BATCJIb B CBOMCTBax
KoMITOHeHTa. Ecim MOIIHOCTDb, pacc€nBacMad BUPTyaJIbHbIM PE3UCTOPOM ITPEBLICUT YCTaHOBHCHHLIﬁ IIOPOI, TO OH IIC-

PEropuUT U pa3oMKHeET Liemb. [lapaMeTpuueckre KOMITOHEHTHI paciionoxeHbl B OcHoBHOI rpymre (Basic group) DiaBHoit
6a3bl naHHbIX (Master Database) B cemeiictBe RATED VIRTUAL.

TpexmMmepHble MaKeTHblIe NnaTbl

3TO ele 0JHO cpeacTBO Multisim, Ha KOTOPOM CTYIEHTHI y4aTCs BaXKHBIM 3JIEMEHTAM CO3IaHMs TTPOTOTUINOB. Eciun
3JIEMEHTHI Ha IUIaTe COCAMHEHbI IIPAaBUJIbHO, COOTBETCTBYIOIIME COSAMHEHMS M KOMIIOHEHTBI Ha CXeMe OKPaCsITCs B 3€-
JIeHBbI 1BeT. Takke B IUIaTy BXOOST cienyioinue cpenctna: IIpoBepka cobmomeHus mpoeKTHbix HopM (Design Rules
Check, DRC) u nposepka coenunenuii (Connectivity Check).
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PucyHok 66 — TpexMepHast BUpTyaJibHasl T1aTa

TpexmepHbii BUpTYanbHbiih ELVIS

KpoMe ctaHmapTHOI MaKeTHOM TJIaThl CTyAeHTHI MOTYT co3aaTh cxeMy NI ELVIS ¢ cooTBeTCTBYIOIIUM TPEXMEPHBIM
uzobpaxeHueM. BupryanbHbie mpubdopsl ELVIS, HanpuMep, reHepaTop CUTHAJIOB, ocLIIOrpad M UCTOYHUK MUTaHUS
Takxe umetor mozeu. Coznanue cxembl ELVIS BeinosnnsieTcs uz mento @aiin/Hoseiil/Cxema ELVIS (File/New/ELVIS
Schematic).

YTtoObl UBMEHUTH BUPTYabHbIN TTpuoop ELVIS, nBaxk bl KIMKHUTE Ha COOTBETCTBYIOIIEM TepMUHAJE.

Variable Gain Differential Amplifier with Breadboard
Thk sampk cemon: aes A O e aal Smpier, W compar ks ELVE B readoan Prottps
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Pucynok 67 — Cxema 3D ELVIS

ni.com/russia 36 BseaeHue B Multisim



Pasznen IV CneuymanbHo ans BY3os

Pucynok 68 — Buptyanbnsiii 3D ELVIS
NMouck Henonapok

COGow cxembl

IIpenomaBaTesib MOXKET BHECTH B CXEMY HETIOJIAAKY U ITOMPOCUTH CTYIEHTA OTTOYNUTh CBOM HABBIKKM, OOHAPYKUB €.
BHeceHHBIE HEMOJIAAK MOKHO CKPBITh OT CTyAeHTa. YTOOBI IOMCK BHITIOTHSIICS CTAHIAPTHBIMU CPEICTBAMHU OTJIAIKH.
Y1006kl 100aBUTh HEMOMAMKY, ABAXIbl KIMKHUTE Ha KOMITOHEHT U OoTKpoiiTe 3akiaaky Hemonanku (Faults).

B kavecTBe HEMmoOMAagKM MOXHO 3aaTh OTCYTCTBME KOHTaKTa Ha TEPMUHAJIE, KOPOTKOE 3aMBIKaHNE IBYX TEPMUHAJIOB

WJIN PE3UCTUBHLIC ITIOTCPU B Omax.

Fraplacs | e ] cocel| e | tew |

Pucynok 69 — J/Io6aBKa Hermoxamok

YepHbin ALWMK

B Ka4€CTBC YEPHO AIIMKa IIPEIIoJaBaTe/ib MOXKET 3a1aTh ITOACXEMY, ‘-ITO6BI CTYJCHTHI OTpa6OTaIII/I HABBIKM aHaJIn3a
HEU3BECTHBIX DJICMECHTOB. COBI[aHI/IC TIIOOCXEM 06CY)K,I[3J'IOCB B pasaeie 1. Ha 3aMETKY. HE CTOMT MCIIOJIb30BaTh B KA4YE€CT-
Be YepHOro smmmKa Mepapxmaeckne 0J0KH, ITTOTOMY YTO OHU XPaHSTCS B OTIEILHOM (haiisie, KOTOPBIE CTYIECHT MOXKET

TTPOCMOTPETb.
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Pasnen IV

CneunanbHo gns BY3os

OrpaHunyeHus Ha cxemy
OrpaHUYeHUsI CXeM — OYE€Hb BaXKHBIN 2JIEMEHT CO3JaHUs 3aay Ha YePHbIN SIIUK WIK MOUCK Hernoanok. OHU MO3Bo-
JISIIOT MpenojaBaTesto BUAETh MOACXEMbI, CKPbIBaTh HEMOJIAAKM U OTPaHUYMBATh YUCJIO JOCTYIHBIX KOMIIOHEHTOB U MPU-
6opoB. Hanprumep, MOXHO BBIHYIUTH CTYJI€EHTOB BOCIIOJb30BAaThCs OCHWILIOrpacoM ISl UCCIeA0BAHUS aMIUTUTYIHOM T1e-
PENaTOYHON XapaKTepUCTUKU CXEMBI, Bellb IJIOTTEpa bojie niv aHaau3atopa MepeMeHHOTo TOKa MOXKET He 0Ka3aThCsl.
OrpaHuyeHus o01Me U Ha cXeMy OTKpbIBatoTcsl B MeHI0 Oniuu (Options). JIocTyn K HUM 3alMIIEH TTapOJIEM.

Circuit restrictions

General | Analysis | Breadboard ]

Cirzuit creatar

I arne: erohitign

[ Schematic read-onlg

[ Circuit description read-only

Component data

[ Hide component values
[ Hide component faulks

[ Lock subcircuits

Toolbars

[ Dizable Instrurments toalbar

[ Dizable InUse List toolbar

| Dizable Master DB component access
I Disable Uzer DB component access

| Dizable Corporate DB component access

Pazzword | k. | Cancel

Pucynok 70 — JluanoroBoe OKHO OrpaHUYEHUI CXeMBbI
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