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BBEJIEHNE

CucremMa CXEeMOTEXHUYECKOTO MOICINPOBAHNA
Electronics Workbench (EWB) npenna3nauena
T MOICIIMPOBAHHUA KW dHAJIKWM3d dHAJIOI'OBBIX
ICKTPUYECKUX U IU(DPOBBIX INEKTPOHHBIX CXEM.

DJTa IporpaMma MHO3BOJISIET CO34AaTh HA Ka)KIOM
KOMITBIOTEPE BUPTYAJIbHYIO ICKTPOHHYIO

1a00PaTOPHIO.
Bepcus EWB 5.12 6b11a BeinmyiieHa B 1996r.

ITocaennss, 9 Bepcus EWB Beinyiiena B 2006 r., mog HazBaHueM
Multisim.

OpHako, paboTa C OporpaMMOM B TOCJCIHUX  BEpEHsiX
YCJIOKHUJIACh, OHAa YyTpaTuja TMpOCTOTY U <KLIIPO3pavyHOCTH>>
uHTepdeunca.



J1I0CTOMHCTBA IIPOrPaMMBbI

[IInpoxuit HAOOp U3MEPUTEIBHBIX ITPUOOPOB.

Bce  npuOopel  n300pakaroTcsi B BHJE,
MaKCUMaJIbHO MPUOJMKEHHOM K pEalbHOMY
BU]TY.

Y moab30BaTeNss CO3HAECTCSA IIOJIHAS HILIFO3US
HAOIIONCHUS MPOLIECCOB, IPOUCXOISIINX B
pPEAJBHOU CXEME M OIEPUPOBAHUA C PEATIbHBIMHU
M3MEPUTEIILHBIMU IPHOOPaAMHU.



NuaTtepderic EWB
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CtpykTypa uHTepdeiica

B  BepxHEeM  4YacTd  OKHA  IPOrpaMMbl
pacHoJIOKEHA CTPOKA MEHIO.

Ona conmepxur. File, Edit, Circuit, Analysis,
Window, Help.

Ilon MeHH B BHUAE CTPOKA IHUKTOTPaAMM
pAacCIoIOKEHA CTaHIapTHas [TAHEIb
MHCTPYMEHTOB.



IlaH€eh HHCTPYMEHTOB
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File Edit Circuit Analysis

IlaHenp JIMHEWKW  HWHCTPYMEHTOB  ITO3BOJISAET
BBIOpATh AJIEMEHTHI JJISI MOJICIUPYEMOM CXEMBI U
Ha0OP HEOOXOIUMBIX H3MEPUTEIBHBIX NPHOOPOB.



IlaHenb JIMHEWKU HHCTPYMEHTOB

CoJIepKUT CIEAYIONNE OMOIUOTEKH SJIEMEHTOB:
SOources — UICTOYHUKH ITUTAHUA
BasiC — rpymma macCUBHEIX KOMIIOHCHTOB,

Diodes —  moOIympoBOAHUKOBEIE  OHUOMDI,
CTAaOMJIMTPOHBI U T. II.;

Transistors — moaymnpoBOJHUKOBEIC TPAH3UCTOPEI
Analog ICs — aHa10rOBEIC MUKPOCXEMBI,

Mixed ICs — MHUKpOCXEMBI CMEIIAHHOTO THIIA
(AL, LTAIT);

Digital ICs — nudpoBbie MEKPOCXEMBI;



Logic Gates —  gorudeckne  IUQPPOBBIC
MHUKPOCXEMBI,

Digital — I(pPOBEIC MHUKPOCXEMBI
(otmmuarommecs ot Digital 1Cs);

Indicators — uHaUKaTOpHBIC YCTPOICTBA,

Controls — aHanoroBBIC  BBIYMCIMTCIIHHBIC
ycTpoucTBa (AudpepeHINaTOPhl, HHTErPaTOPHI U
T.JI.);

Miscellaneous — KoOMIIOHEHTBI CMEIAHHOTO THIIA,
Instruments —KOHTPOJIbHO-U3MEPHUTEIIbHBIC
IIPUOOPHL.



ITanenp SOUrces — HCTOYHUKHU IIUTAHUS

B Sources
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YrnpaBiadeMble UCTOYHUKU TOKA U HAIPSHKCHUA
12-TM BUJOB, KOTOPBIE ITO3BOJISIFOT BBINIOJIHATH
MOJCIIMPOBAHUE MPAKTUUYECKH BCEX PpPEaAJIbHBIX
IPOLIECCOB B DIIEKTPUUYECKUX UM DJIECKTPOHHBIX
CXEMax.

CrnenuajibHbIC HCTOYHUKHA HAOPSOKCHUS U TOKOB
I MOJCIUPOBAHUS MPOLECCOB B IU(MPPOBBIX
3JICKTPOHHBIX CXEMaX.



ITanens BasIC — macCHUBHBIE DJIIEMEHTHI

[Tanens BasiC comepkuT OMOIMOTEKY ITACCHBHBIX
3JIEMEHTOB JIEKTPUUYECKUX 1(S1(S) |
KOMMYTHUPYIOIIUX YCTPOUCTB.




[Tanens Diodes — mmomanl

Il Diodes

[Tanens Diodes comepXUT MOIYIIPOBOTHUKOBEIC
3JICMCHTEI




[Tarens TransisStors — TpaH3uCTOPLI

B Transistors

[Tanens Transistors comepXuT OWUMONISIPHBIC H
OJIEBEIC TPAH3UCTOPHI BCEX U3BECTHBLIX TUIIOB




KOHTPOJILHO-U3MEPUTEIBHBIC IIPHOOPHI

KOHTpOIBbHO-U3MEPUTEIILHBIC IPUOOPHI
pa3MEIICHBI Ha JBYX IaHEIISX:

1. Ilamens Indicators coaepKUT HE TOJBKO
WHJIMKATOPBI, a TaK)Ke IPHUOOPHI H3MEPECHUS TOKA
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1 HAIIPAXKCHUA. BOIIBTMCTP

M aMIIEpMETP Al

OCOOCHHOCTBIO YKa3aHHBIX IIPHUOOPOB SIBIISICTCS
TO, YTO HMX MOXHO YCTaHOBUTb B COOpPaHHYIO
CXEMY B HEOIPAaHMUYECHHOM KOJIHNYECTBE.



2. I1anenp INnstruments:

B Instruments
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COACPKUT KOHTPOJBbHO-U3MEPHUTEIbHBIC MPHUOOPHI
M TEHEParopbl, MCIIOJb3YEMbIC i1 AaHaJin3a
pPaOOTHI AIEKTPUUECKHUX U DJIEKTPOHHBIX CXEM.




B OnOIMOTEKE KOHTPOIbHO-U3MEPUTEIIBHBIX
3JCKTPOHHBIX ITPUOOPOB IIPEACTABIICHBI:

1.Mynemumemp—yHUBEPCATBHBIA U3MEPUTEIIBHBIN

npuooOp, C  TMOMOIIBKD  KOTOPOTO  MOYKHO
BBIIIOJIHATh W3MEPEHUS TOKA, HaNPSKCHUS,
CONPOTUBJIEHUS M OTHOCHUTEIILHBIM YPOBEHbB
HaIIPAKECHUS.

2. DYHKYUOHAIbHBIU 2eHepamop — YHUBEPCAIIbHBIM
TCHEpATOp KOJICOAHWM SBIISICTCS HJICAJbHBIM
MCTOYHHUKOM HaIIPSKECHUS, BbIpaOaThIBACT
CUTHAJIbl CHUHYCOMUIAJIIBHOM, TPEYTrOJbHOU WJIU
IPSIMOYTOJILHOU (DOPMBI.



3.0cyunnocpagp — nOpubOp, IOKA3BIBAIOIIUM
YPOBEHb HANPSDKCHMS HCCISAYEeMOI0 CUT'Halla Ha
CIIeI[MaIbHOM DKpaHe.

4 [Ipubop 011 nocmpoenus YACMOMHBLX
xXapakmepucmuk — 3TO HU3MEPUTEIIb aMILIATYIO-
YAaCTOTHBIX XApaKTEPUCTHUK MpEIHA3HAYCH I
aHaJdW3a  aMIUIATYJ0-4aCcTOTHBIX M (pazo-
YAaCTOTHBIX XapPaKTEPUCTHUK DJICKTPUUECKUX U
ANEKTPOHHBIX CXEM.



ITopssgok pabOThl C KOHTPOJIBHO-
M3MEPUTECIbHBIMY IPUOOPaAMU

OOyl mopsaoK padOThl ¢ IpUOOpaMU TaKOM:
«MKOHKa» IpUOOpa KypCOpOM IIEPEHOCHUTCS Ha
pabouee noje U NOAKIYACTCS MPOBOJHUKAMU K
ucciaenyeMon cxeme. /s npuBeaeHus npudopa
B pabouee (pa3BEpHYTOE) COCTOSIHUE
HEOOXOAUMO JIBAXIBI IICIKHYTh KypCOPOM IIO
€r0 «MKOHKE.



Mynsrumetp (Multimeter)

[TogknroueHHne IIPOBOAHUKOB K BBIBOJIAM MPHOOpa
BBIIIOJIHSICTCS. B YMEHBIICHHOM H300paKCHUM, a
HACTPOMKA PEKMUMa padOThl U CHATHE MOKA3aHUM
BBIIIOJIHACTCS HA YBEIMYECHHOM M300paKCHUHU
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Knasumra Settings

Haxxatme xmaBumm SettingS BBI3BIBAET OKHO
HACTPOMKM MapaMeTpoOB MOpHOOpa, B KOTOPOM
MOXXHO 3aJ1aTb BHYTPEHHEE COIIPOTHUBIICHUE
BOJIbTMETpPAa M aMIICpMETpa, TOK IIpuOoOpa B
PEXKUME UBMEPECHUSA COIPOTUBIICHUA U BEIIMUNHY
OIIOPHOTO  HANPSKEHHUS, HCIIOJIB3YEMOIO B
PEXHUME U3MEPEHUA OTHOCUTEIILHOTO YPOBHS
HAOPSAKEHUA, & UMEHHO.



Ammeter resistance — BHYTPEHHEE
COIIPOTUBJICHUE aMIIEpPMETPA,

Voltmeter resistance — BXomHOE CONPOTHBIICHHUC
BOJILTMETPA,

Ohmmeter current — Tok gepe3 KOHTPOIHUPYEMBbIii
OOBEKT;

Decibel standard — ycraHoBKa 3TaJOHHOTO
HAaOPSOKCHUS  MPY U3MEPEHHUHU OCIIA0JICHUS WJIH
YCHJICHHUS B JelnOesax



dyuknmonansHLIN reHepaTop (Function
Generator)
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YIpaBJlICHUE TEHEPATOPOM

OCYILECTBIISICTCS KHOIIKAMM.

Br100p (hOpMBI BEIXOAHOTO CUTHAIA

| — | i
Frequency — ycCTaHOBKa YacCTOTBHI BBIXOJHOIO
CUT'HAJIA,;
Duty cycle — ycramoBka xoa(dduimenra
3aIl0JIHEHUS B Y0. 1711 UMITYJIbCHBIX CUTHAJIOB,
Amplitude — ycraHoBka aMIIUTYIBI BBIXOZHOTO
CUT'HAJIA,;
Offset — ycranoBka cmemieHMs (ITOCTOSHHOM
COCTAaBJISIONICH ) BLIXOQHOI'O CUTHAJIA,




IToakaroueHue mpudopa

[TogkaroueHne MPOBOJHUKOB K BBEIBOAAM HpubOopa
BBIIOIHSICTCS B YMCEHBIICHHOM H300paKCHUH,
HAaCTpOMKa pexXuMa PaOOThl BBINOJHICTCA Ha
YBEJINYCHHOM H300pakeHUH proopa.

[Ipubop mmeeT Tpu BhIBOAA, BbIBOZ Common —
cpeaHsia Touka. Ecan HeoOXOoAuMO 4YTOOBI
YPOBEHb CHUTHAja U3MEHSJICA OT HYJIS B CTOPOHY
YBEJIMYCHHUS, TO ABA IMPOBOJHUKA MOAKIIOYAIOT K
BeiBOJaM + m Common. Ecim ke TpeOyercs,
4TOOBI BBIXOJAHOM CHUTHAJI TE€HEpATOpa HE HMEI
IMOCTOSIHHOW  COCTaBJIAIOIIEHW,  IPOBOJHUKI
IOAKJIFOYArOT K KPaHUM BbIBOJIAM.



Ocoumrorpad (Oscilloscope)

Ocuwaorpad —  nOpuOoOp, IMOKa3BIBAIOIIUM
YPOBE€Hb HANPSKCHUS HCCICAYEMOIO CUTHAJIa Ha
CIIEIIUAILHOM 3KpaHe. DKpaH NMeEET

rpaJlyupoBKy, Ojarogapss KOTOPOM MOXKHO HE
TOJIBKO  YBHJETH  (POpMYy  H3MEHSIOIIETOCH
HaMpsDKEHUSI, HO M M3MEPUTh €ro BEJIMYHHY H
NIUTEIBHOCTS.

B EWB  wucnomeisyercs — aByXKaHaJIbHBIM
HUMPOBOH 3aIIOMHUHAOIIMK OCIHIorpad.



dopmbl 0TOOpaKeHUs ocLuiLiorpada
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[Ipnbop nMeeT YeThipe BBIBOAA, MOAKIIOUCHUE K
KOTOPHIM BBIIIOJIHSETCS HA MajJoOM HM300paKeHUHU
ocuuyuIorpada.

JIBAa HWKHHUX BBIBOJAa — BXOIbl KaHAJIOB
(Channel) A wu (Channel) B pa6orarot
HE3aBUCUMO Jpyr OT JApyra, C pas3aciabHOU
PETYJIUPOBKOM UYYBCTBUTEIBHOCTH B JUWaNa3OHE
ot 10 mxB/gen (WV/Div) no 5kB/aen (kV/DIiv) u
PEryIUpPOBKOM cMemieHnss 1mo BepTukamm (Y
position).



BepxXHUHW BBIBOA cCHOpaBa — 3a3€MJICHHUE, Kak
IPaBWJIO, UMEHHO OTHOCHUTEIILHO 3TOr0 BBIBOJA
OTCUHUTBHIBACTCS  HANPSDKEHHUE HAa  BXOIHBIX
3QKUMAX, TOATOMY IIOJAKIIOYCHUE 3a3€MIICHHUS
HEOOXOAMMO  JjI1  HOpaBHIBHOM  paOOTHI
ocuuyutorpada.



Hactpoiika ocumniaorpada

Hacrtporika ocuwaimorpada aas  paOOTHI
OCYILECTBIISICTCS B TPU dTara:

1. Be10OOp pexxrma mo BXoay;
2. Bb100p pexrMa pa3BepTKH;
3. Be100p pexrMa CUHXPOHU3AIUH.



Pexxum o Bxoay

1. BpIOOp pexnmma mo BXOAY OCYIIECTBISIETCS
HAa’KaTHEM KHOIIOK ‘ ac | 0| |

Peoxxcum  AC npenHa3HadeH i1 HaAOIOACHMS
TOJIBKO CHUTHAJIOB IIEPEMEHHOTO TOKa (€ro €IIe
HA3bIBAIOT PEKMMOM  '3aKpBITOIO  Bxoda',
IIOCKOJIBKY B 3TOM PEXKHME Ha BXOJIC YCHIUTEIIS
BKJIIOYACTCSI PaA3ACIUTECIbHbIA KOHJICHCATOP, HE
IPONYCKAIOIIUK IIOCTOSSHHYIO COCTABISIONIYI0):



B peosicume O BXOmHOM 3aXMM 3aMBIKAeTCS Ha
3EMUTIO.

B peowcume DC (BKIIIOUEH O YMOJIYAHUIO) MOYKHO
IPOBOJUTh OCHMJIIOrPaUUICCKUE HM3MEPCHUS
KaK MOCTOSHHOIO, TaK M MEPEMEHHOIO TOKA.
DTOT PEKMM HA3BIBAIOT PEKHUMOM 'OTKPBITOIO
BXOJ1a', IOCKOJIbKY BXOJHOM CHUTHAJ IOCTYIIA€T
Ha BXOJI BEPTUKAIILHOIO YCUJTUTEIIA
HEIocpeacTBeHHO. (€ IpaBOM  CTOPOHBI  OT
kHONKHU DC pacnojio;keH BXOTHOM 3a:KHM.



Pexxnm pa3BepTKu

2. PexxyuM pa3BepTKU BbIOMpPAETCS KHOIIKAMU

‘- Bras | AR

B peowcume Y/T (0OBIYHBIM PEKHUM, BKIIOUCH IIO
YMOJIYaHUIO) PEAIM3YIOTCS CICAYIOIIUE PEKUMBI
pa3BepTKU. II0 BEPTUKAIU — HAIPSKCHUE
CUTHAaJIa, 110 TOPU30HTAIN — BPEMS;

B peorcume B/A: 110 BepTHUKAIIM — CUTHANI KaHana B,
10 TOPU30HTAIN — CUTHAJ KaHajia A;

B peosicume A/B: o BepTHKAJIN — CUTHAJ KaHanalA,
10 TOPU30HTAJIM — CUTHAJI KaHaia B.



PexxuM CHHXpOHU3AIIUU

BHEIHSIAE ~ CHHXpOHM3amuss  ocuwuiorpada
OCYIIIECTBIACTCSA uepe3 Onok [rigger HMKHUH
BBIBOJ| CIIpaBa — BXOJ JJIs CUTHajla BHEIIHEH
CUHXPOHU3AIIMHY;

OOblyHO ocumwuIorpad padoTaeT B PEKUME
BHYTPEHHEH CHHXPOHU3AILMU, B ATOM CiIy4yac B
OJIOKE CMHXPOHM3ALIMM YCTAaHOBJICH pexkuM Auto,
a Ha BXOJ CHHXpPOHHM3AIUM HE MOHACTCS
HUKAKOI'0 CUTHAJA.



Knomxka Expand

[Ipn HaxxaTny Ha KHONIKY EXpand nuieBas maHelsb
ociuiorpada  CyIIECTBEHHO  MEHSETCS, a
MMEHHO. YBEJIMYHNBACTCS pa3Mep dKpaHa.

IlosaBngercs BO3MOYXHOCTbH IIPOKPYTKHU
M300paKeHUsI 110  TOPU3OHTAIM U €I0
CKAHUPOBAHUA C IIOMOIIBID BEPTUKAIBHBIX
BU3UPHBIX JIMHUU



Tpetes popMa oTOOpaKECHUS
ocruorpada — nuppoBoi ocuuiaorpad
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B »sToM pexnMe Ha IIaHeId ocuuuiorpada
MOSIBIIIFOTCSL TPU UM POBBIX IIKAJIbI, OKA3aHUS
KOTOPBIX OTIPEIEISFOTCS IOJIOKEHUEM
BepTUKaIbHEIX METOK T1 m T2. IlepBasg mkana
[IOKa3bIBACT YPOBEHb HAIPSIKCHUS I O0OHX
KAaHAJIOB M IIOJIOKEHUE METKH HAa OCH BPEMEHU
st Metku T1, Bropas — Takue ke IIOKa3aHHUs
o MeTkn T2, TpeTbs IIKajla OTOOpakaet
PA3HOCTH IEPBHIX JIBYX MOKA3AHUM.




KpoMe Toro, moa sKpaHOM IIOSBIISICTCS JIMHEHKA
POKPYTKH, II03BOJISAIOIIAS HAOIIOAATh 000U
BPEMEHHOM OTPE30K OT MOMEHTA BKIIIOUCHMS 0
MOMEHTA BBIKJIIOUCHHUS CXEMEL. B 3ToM pekume
M3MEPCHHUS,  BBINOJIHEHHBIE C  IIOMOILBIO
ociorpada, MoryT ObITb O4YE€Hb TOYHBIMH.



Tpu ynpapisgroniye KiaBUIIN B IPaBOM HHKHEM
yIJIy  JHIEBOH MaHeIn ocuiuiorpada
BBIIOJIHSIOT CIACAYIOIINE (PYHKIUM:

Reduce — Bo3Bpamaer peXuM  IIPOCTOTO
IBYXKaHAJIBHOIO ocuiorpada;

Reverse — oOpamaer nBer (poHa H300paKCHUS
(4EpHBI BMECTO O€JIOT0);

Saveé — MO3BOJISIET COXPaHUTh OTOOPAKAECMYIO
OCLIHJLJIOTPAMMYy BO BHCIITHUM (han
crelagabaoro tuma *.SCP.



HOCTpOI/ITeJ'IB AMIIJIMTYJO-9dCTOTHbIX

XapaKTEPUCTUK
(Bode Plotter)

Il Bode Plotter E|




[TogknroueHue npudopa

[ToagkmrodeHue mnpuOopa K HCCICAYEMOM CXEME
OCYIIIECTBISACTCS C IIOMOIILIO JBYX BXOJHBIX
3akuMOB  (IN) m  1IByX BBIXOOHBIX 32KHMOB
(OUT). JIeBBIC KJIEMMBI 32KMOB
MOAKIIFOYAIOTCS COOTBETCTBEHHO KO BXOJy H
BBEIXONY CXEMBI, a IIpaBbIe 3a3eMIITIOTCA. [lpm
TOM HCCIIeAyeMas cXxemMa JOJKHA, KOHCUHO JKE,
COZICPIKATh NCTOYHHK IIEPEMECHHOTO
HaNPSDKCHMS.



PexxuMbl u3MepeHus

PexxnMoB n3MepeHus JiBa.

npu HaxkaToil kHomke Magnitude anamu3upyror
AMILIATYIHO-4aCTOTHBIE XapaKTCPUCTHKH,

npu Haxkatol kHomnke Phase — ¢a3o-uacTtoTHbIC
XapaKTEPUCTHKH.

rOpU30HTAJbHAsl W  BepTUKaJIbHAsA  IlIKajua
IprOOpa MOT'YT OBITh JOrapu(PpMUUECKON (KHOIIKA
Log) wnu nmuaeitnon (Lin).



Hactpoiika npudopa

HacTtpoiika npuOopa CBOAUTCS K 3aJaHUIO
BepxHero (F) n amwkuaero (1) npeaenos

1. xoapdunmenta nepemaun cxemsl (AB)
onok Vertical

2. muama3ona yactot (GHz, mHz)

ook Horizontal.



MozaenupoBaHue

IIpu 3ammycke MOACIUPOBaHUS HA dKpaHEe Ipudopa
oyaner oroopaxena AUX (mm  OYUX)
MCCIICIYEMOU CXEMBI, 4 B JABYX IIOJIX B IIPABOM
HIKHEM — YIUIy  [aHeJIM [Opuoopa  TOYHOE
3HAQUCHUE AaMIUIATYAbl M YacTOTbl B TOUYKE,
3aJJaHHOW MOJIOKEHUEM BU3UPHOU JIMHEHKMU.
YopapisgoOIUMA KJIABHIIAMH C H300paKCHHUEM
CTPEJIOK  MOXHO  INepeMelarb  BU3UPHYIO
JIMHEUKY IO OCH YacCTOT.



3anucarb Pe3yabTaTOB U3MEPCHMUS

Pe3ynbTaThl U3MEPEHUS MOXKHO 3aIliCcaTh TAaKXKe B
TEKCTOBBIM (ain. Jlng »>Toro HEoO0XOAUMO
Ha)kaTh KHOIIKY Savé W B JUAJIOrOBOM OKHE
yKazarb MM (anna (D0  YMOJYAHMIO
npeanaracTca uMs  cxemMHoro (amima). B
OJTYYEHHOM TaKHUM 00pa30M TEKCTOBOM (aiijie C

paclIMpeHUEM .bod AUYX I/I dUX
IPEACTABISIOTCS B TAOJIUYHOM BHJIE.



OCHOBHBIC IIPUHIIUIIBI CO3ddHUA CXCM

Pabota ¢ cucremoii EWB Bkiatouaer B ce0st Tpu
OCHOBHBIX dTala:

1. co3maHue CXeMBbl;

2.BBIOOD 51 IMOOKTFOUCHUE KOHTPOJIBbHO-
M3MEPUTEIBHBIX MPHUOOPOB;

3. aKTUBH3aIMs CXEMbl — pacyeT M aHaju3
IIPOILIECCOB, MPOTEKAIOIINUX B YCTPOMCTRE.



TexHoJ0rugd NOArOTOBKH CXEM

[Ipexae 4eM co3maBaTh YEPTEK NPUHIANIHAIIBHON
CXeMBl  cpeacTtBamMu  mporpammbl EWB,
HEe00XOIUMO:

1.Ha nucTe OyMaru NOArOTOBUTH €€ ICKU3;

2 .JIOBHAKOMUTBHCA C OHMOJIMOTEKOM TOTOBBIX CXEM
IporpaMMbl A1 BbIOOpa aHanora (IIpoTOTUIA);

3.MCI0JIb30BaTh UMEIOIIHUECS PEIICHUS B KAUECTBE
TIOJICXEM.



Co3maHus CXeMBbI

IpPOLIECC CO3JAaHMS CXEMbl HAUUMHACTCI C
pasmenieHus Ha  pabouem  mone EWB
KOMIIOHEHTOB M3 OHOJHOTEK MNpOorpaMMbl B
COOTBETCTBUM C HOATOTOBJICHHBIM 3CKH30M.

YETBIPHAILIATh pa3JICIoB OMOJIMOTEKHU
nporpammbl EBW  moouepenno moryt ObITh
BHI3BAHBLI C IIOMOINBID MeHro WIndow wiu ¢
ITIOMOIIBIO NKOHOK



IIocie Toro Kak BbIOOpP HEOOXOAUMBIX BJIEMEHTOB
U OpuOOpPOB M3 OMOIMOTEK CJelaH, MEPEeXOasiT K

BBOAY M H3MCHCHHMIO IapaMETPOB BBIOPAHHBIX
KOMIIOHEHTOB.




BBOA 1 U3BMEHEHHUE ITapaMETPOB

3ajaHWe CBOKWCTB W IIAPAMETPOB  DJIEMECHTOB
BEITIOJTHSIECTCS yepe3 MeHIo CIrcuit BEIOOpOM KOMaH/IbI
Component Properties B KOHTEKCTHOM MEHIO.
Komangy Component PropertieS MoXHO BBI3BATh,
€CIM yKa3arelib MBIIIKW IIOABECTHU K KOMIIOHCHTY B
OKHE PEIAKTUPOBAHMS, U WICIKHYTH JBa pas3a JICBOU
KHOIIKOM MBI, BpeImagaetr MEHIO, COCTOSIEE U3
HECKOJILKUX OIIIUMH.

PaccMoTpuM JIBE U3 HUX:

Label — HeoOxoamnma i1 HanmucaHust 0003HAYCHMS
KOMIIOHEHTA,;

Value — areoOxoanma 1St IPOCTaHOBKY 3HAYCHUM
KOMIIOHEHTA.



B KOHTPOJIBHO-U3MEPUTEIBHBIX ITPpHUOOpax

B BOJBTMETpax M amiepMmeTpax B omrum Label,
YKa3bIBAIOT I KaKOTrO TOKAa MOCTOSHHOTO HIIH
IIEPEMEHHOTO;

B onuumu Mode Bweibupator DC -  mis
OCTOSIHHOTO ToKa, AC — JIJIs1 MEpEMEHHOTO;

o8  U3MCHCHHUS  HOMMHANa  KOMIIOHCHTA
HEOOXOAMMO JiBa pa3a IICIKHYTbh MbIIIBIO MO
CHMBOJY €ro rpa@uyeckoro H300pakKCHUS U B
OTKPBIBIIEMCSI OKHE BHECTH U3MECHECHHUS.



CoenHEHNE DIIEMEHTOB CXEMBI

Ilocie pasmeleHrss KOMIIOHEHTOB M BBOJA MX
[IapaMETPOB  MOPOU3BOAUTCA  COCAUHEHHUE  MX
BBbIBOJIOB IIPOBOJHUKAMHU.

[Ipy >TOM HEOOXOAMMO YYHUTBIBATh, YTO K
BbIBOAY KOMITOHEHTA MOXHO MOAKJIKOYUTH TOJBKO
OJIMH MPOBOJIHUK.

JIUIA  BBINIOJIHEHWUSA  MOAKIIIOUECHUA  yKas3areib
MBIIIN TIOJBOAAT K BBIBOAY KOMIIOHEHTA M IOCJIE
MOSABJICHUA J>KUPHOU TOYKH HAXKUMAKOT JIEBYIO
KHOIIKY MBIIIU, W TOABJIAIONIMUCA IIPA OTOM
IIPOBOJHUK TIPOTATHUBAOT K BBIBOAY JPYIrOro
KOMIIOHEHTa [0 IIOSIBJICHUSA HA HEM TaKOU K€
KUPHOU TOYKH, MOCJE YEro KHOIKY MBbIUIH
OTIYCKAKOT, COCIMHEHUE TOTOBO.



Ecmu He00XO0IUMO BBIBO/I KOMITOHEHTA
NOAKIKYUTh K  HMEIOIIEMYCS Ha  CXEMe
IPOBOAHUKY, TO W3 BbIBOJA KOMIIOHEHTA
IPOBOAHUK YyKa3aTeJIeM MBI MOABOAAT K
yKa3aHHOMY IIPOBOJHUKY M MOCJEC MOSBICHUS
TOYKH COCIMHEHUS KHOMNKY MBIIIN OTITYCKaIOT.

IIpokmanka COCINHUTEIILHBIX IIPOBOJIOB
IIPOU3BOIUTCSA AaBTOMATHUYECCKU, [IpUYEM
[IPEIATCTBUA — KOMIIOHEHTBI M IIPOBOJHUKH

Oru0aroTCs MO OPTOrOHAJIBHBIM HAIPABICHUSIM
(10 TOPU30HTAJIN WA BEPTUKAIIN).



[ logkimrroueHrne KOHTPOIBHO-U3MEPUTEIBHBIX
IpUOOPOB

[Ipu padote B nporpamme EWB 171 nnpoBeneHus

U3MEPEHUM yare BCETO HCIIOJIb3YIOT:.
aMIIEpMETPhl,  BOJBTMETPHI,  OcCHULIOrpad,
myneTUMETp, Bode Plotter (rpadomocTpourens
4aCTOTHBIX XapaKTEPUCTUK CXEM) 1

(PYHKIIMOHAIIBHBIN TEHEPATOP.



BOJBTMETP M aMmepMeTp He  TpeOyroT
HACTPOUKU M aBTOMATUYECKHA  U3MEHSIOT
IUAIa30H U3MEPEHUM. B OOHOM CXEeME MOXXHO
OIPUMECHSATH  HECKOJBKO  TaKHMX  IIPpUOOpPOB
OJITHOBPEMEHHO, HaOmomas TOKHM B Pa3JIMYHBIX
BETBAX U  HAIPSHKECHUA  HA  PaA3JIMYHBIX
3JIEMEHTAX.

ABOMHBIM IICIYKOM MBIIIM Ha HM300paKCHUU
aMIiepMeTpa WA BOJBTMETPA OTKPBHIBACTCS
OAAJIIONOBOE€  OKHO  JIA  U3MEHEHUA  UX
[apaMeTpoB: BUJIA  U3MEPAEMOIO  TOKa,
BEJIMYUHBI BHYTPEHHETO COPOTHUBIICHUS.



BennunHbl BHYTPEHHUX CONPOTUBIICHUHU
BBOJMUTCS C KJIaBHATyphl B CTpoke Resistance,
BN  m3MepsemMoro Toka (ommmsa  Mode)
BbIOMpAacTCd W3 choucka. lIlpw u3MepeHunu
IIEPEMEHHOTO cuHyconaaabHoro Toka (AC).

OOBIYHO BHYTPCHHEE COIIPOTUBJICHUE
BoJbTMEeTpa 1 MeraOM u  BHYTpPEHHEE
conporuBiicHue  ammepMmerpa 1 mMuanOwm
YCTAHOBJICHBI 110 YMOJTYAHHUIO.



Kpome ammepmeTpa u BonsT™MeTpa B Electronics
Workbench umeercs cemp mpubopoB, ¢
MHOTOUYHCJICHHBIMU PEXKUMAMHU PAOOThI, KaXIbIN
M3 KOTOPBIX MOXKHO HCIIOJIB30BaTh B CXEME
TOJIFKO OJIUH Pa3s.

OyHKIHMOHAIBHBIM TE€HEpaTOp, Oocuuuiorpad u
Bode Plotter mpu mcmonap30BaHMN HX B CXEME
JIOJIKHBI OBITH 3a3€MJICHBI.



[TogknroueHHe M HaCTpOKMKa ocuuuiorpada

Ocuumaorpad, HMHATHAPYEMBIM — IIPOrPaMMOM
EWB, nipeacraBnser coO0M aHAJIOT ABYIIY4YE€BOIO
3aIIOMHUHAIOIIECTO OocHuuiorpada U HMEET OBE
MOJMU(PUKAIUN: TPOCTYIO U PACIIMPEHHYIO.

Ocumaaorpad MOXHO HOAKIKYUTE K YK€
BKJIFOUCHHOM CXE€M€ MJIM BO BpeMs paOOThI
CXEMBI IEPECTAaBUTh BBIBOALI K APYTHUM TOUKAM —
M300paXE€HWE HA  DKpaHe  ocuwuiorpada
M3MEHUTCS aBTOMaTHYECKHU.



JIBOMHBIM ILIETYKOM MBIIIM 10 YMEHBIICHHOMY
M300paXKCHUIO  OTKPBIBACTCA  HM300paKCHUE
IepeaIHEN [TaHEIn IIPOCTOM MOJEIIA
ocuiuiorpadpa ¢ KHOIKAMH  YIOPaBJICHUS,
MH(OPMALIMOHHBIMU IIOJISIMHM 1 DKPAHOM.

JI1s 1mpoBeAeHUS HM3MEPEHUM  OcHUJLIorpad
HY>KHO HACTPOMTD, JJISl YETO CICAYET 3a4aTh.

1) pacmoiokeHHue OcCeH, IT0 KOTOPHIM OTKJIaJbIBACTCS
CUTHAJ,

2) HyKHBII MacIITabd pa3BEepTKH 110 OCSM;
3) cMmeleHre Hadyaaa KOOPAUHAT 110 OCSIM;
4) pexxuM pabOTHI II0 BXOAY: 3aKPHITHIN WM OTKPHBITHIH;

5) peXuM CHHXPOHHU3AIINHU. BHYTPCHHHI WM BHCITHHIA.



[Tons ynpaBieHus ocuuiaorpadgpom

Hacrtpolika ocmuiuiorpadga HOPOM3BOJMTCA MOPH
[IOMOIIM IIOJIEM YIpaBICHHUS, PaCHOJ0KECHHBIX
Ha MaHEeJIM yIIpaBJICHUS.

[Tanens ynpaBneHus ocnuuiorpada pasaeiieHa
Ha YETHIPE IOJIS YIPABJICHUSA

1) ropuzonTanbHOM pa3zBepTroi (Time base);
2) cuaxponHusanuei (Trigger);

3) kaHaIoM A,

4) kaHaJIOM B.



[ opu3oHTaIbHAA pa3BEPTKA

[lone yrnipaBieHUs TOPU3OHTAILHON Pa3BEPTKOMN
(MacIITaboOM BPEMEHH) CIIYKUT I 3aJaHUs
MacIITada TOPU30HTAIILHOM OCH OcHuIorpada
Opy HAOMIOJCHUM HAIpsDKEHHS Ha BXOJax
KaHaoB A U B B 3aBUCUMOCTH OT BPEMECHHU.

BpemeHnHon maciirad 3agaeTcs B ¢/0en, mc/oel,
mrc/0en, nc/oen (sldiv, ms/div, wus/div, ns/div
COOTBETCTBEHHO).



AKTUBH3ALIMS CXEMbI — PACUET U aHAJIN3
IIPOLECCOB, MIPOTEKAKOIINX B YCTPOUCTBE.

Ilociie mocCcTpoeHHsA CXEMBI W IOAKIIIOUCHUS
IpuOOPOB AaKTHUBU3AIUSA U aHalIu3 €€ pPadoThI
HAaYMHAETCS IIOCJIe HaXXaTus  BBIKJIOYATEIIS
Activate/Stop B mpaBomM BepxXHEM YLy OKHA
IIPOrpaMMHBL.

Caenarp mnay3y IIpu padOTe€ CXE€Mbl MOXKHO
Ha)KaTHEM KHOIIKM Pause 1moj BBIKIIHOYATEIEM.
B0300HOBUTH, TPOLIECC MOKHO MOBTOPHBIM
HaKaTHEM KHOIIKM Pause.

IIoBTOpHOE€ Ha)KaTHE BBIKIIOUATEIS B MPABOM
BEpXHEM YTy IIpeKpalaeT padoTy CXEMBI.



Jlid ~ 3amycka H IIpeKpalleHus  Ipolecca
MOACIUPOBAHNA MO>KHO BOCIIOJIB30BATHCA
COOTBCTCTBYIOIITUMHN KOMAH/JIdMHU IIYHKTA MCHIO
Analysis (Activate, Stop, Pause).

PaccuuTaHHbIE TOKH, HaNPsKCHUS 5
COIIPOTHBJICHUS IIOKA3bIBAIOTCS HAa HJKpaHax
N3MEPUTEIBHBIX TPHUOOPOB.

Ilocie TOro kak pacCuuTaHbl W ONPEIACITICHBI
rmapaMeTpbl CXEMbl U BEJIMYMHBI HAMPSKECHUN U
TOKOB IIPUCTYIIAKOT K aHAJIU3Yy HPOIIECCOB.



Pacuer npornecconB

PacyeT npo1eccoB mo3BOISET:

l.ompenenuTth 1O  IIOKA3aHUSIM  IIPUOOPOB
3HAQYEHUS TOKOB, HANPSPKEHUU W BEJIUYMUHBI
CONPOTUBJIICHUU DJJIEMEHTOB B MOACIUPYEMOU
CXEME;

2.pacCUuTarh PEKUMBI padOTBl CXEMBI IIpH
BKJIFOUCHUHW MYJIBTUMETPA, BOJBTMETPOB U
AMIIEPMETPOB;



3.paccuuTarh YaCTOTHBIC XapaKTCPHUCTUKH IIPH
BiroucHun Bode  Plottera, a Tak  Ke
MYJIBTUMETpPa, aMIIEPMETPOB U BOJIETMETPOB IS

N3MEPECHUS rapMOHUYECKUX TOKOB 5|
HAIIPsOKECHUH;

4.paccuuTarb BXOJTHBIEC, BHEIITHHUE 5|
PETYJIUPOBOYHBIE XapaKkTePUCTUKHU
AIEKTPUUECKUX CXEeM 5| AIIEKTPOHHBIX
YCTPOUCTB;

b.paccuuTarh  IIEPEXOAHBIC  IPOLECCHl  IpPHU
MCITIOJIb30BaHUE OCIMIorpada.



OCHOBHBIE BHUJIbI aHAIN3a

1. AHanu3 BIMSHUS MapaMETPOB HaA MEPEXOIHBIC U
YCTAHOBUBIIIUECS MPOLIECCHI B  HCCIEAYEMOU
cXeMe.

2. IIpn ucnojib30BaHUH IEPEMEHHBIX PE3UCTOPOB,
KOHJCHCATOPOB W HHIAYKTMBHOCTEH HAOII0IaTh
N3MEHEHIE IIPOILIECCOB He IpeKpalias
MO/JICIUPOBAHUS.

3. PeanmuzoBath crenyaibHbIC BUJIAa aHAJIM3a TAKHUE
KaK CIEKTPAJIbHBIA aHAJIU3 U T.].



