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JIABOPATOPHAS PABOTA
«HccnenoBanue 3JEKTPUUECKOM 1IENU TEPEMEHHOTO TOKa

Heab padorel: Ananus anektpuueckoit uenu (I1]) nepemennoro toka (I1T) (DLIIT)
MeTroaamu Teopuu ekrpuyeckux renei (TOL) u ee mogenupoBanue B Electronics Workbench
(EWB).

1 3ananue Ha BbINOJIHEHHE PA0OTHI (CoAepKaHNEe 0TYETA)
Cs
Ii OUIIT coaepkuT Tpu BEeTBU (pUCYHOK 1).
1.1 Paccuntarh TOKM B BETBSIX METOJAMH:
- KOHTYpHBIX TOKOB (KT);
- y310BbIX ntoTeHuanoB (YII);
[:|R3 1.2 CoGpats cxemy Ol B cpene Electronics
Workbench 1 B KOMITbIOTEpHOM SKCIIEPUMEHTE:
- ONPEIETUTh TOKU BO BCEX BETBSX;
_ - U3MEPUTH MOIITHOCTH B TIEPBOM BETBH;
I3 AN . I3BMEPUTH PA3HOCTH (ha3 TOKa M HAMPSHKEHUS Ha
WHIYKTUBHOCTH W PE3UCTOPE.

Pucynok 1 — Ucxonnas cxema O1]

7 MopeaupoBanue JII B cucreme Electronics Workbench (EWB)
Co6opxka cxembl DL (pucyHOK §) ¥ MOJKITIOUEHNE U3MEPUTETBHBIX TPUOOPOB OCYIIECTBIISIETCS B
cpene EWB (pucynok 9).

7.1 3anuch padouero gaiiia.

[Tocne 3arpy3ku EWB cnenyer 3apats ums ¢aiina, B KOTOpoM OyA€T COXpaHEeHa cxema
MOJENUPOBaHus. s 3TOro cienyer MEIKHYTh MBIIIKOW 10 HKOHKE U B [IOSIBUBILIEMCS OKHE
Save Circuit File BeiOpats nuck, nanky, tun ¢aina (EWB no ymonuanuio) u ero ums. s
OJIHO3HAYHOM MACHTUPUKALUU UCTIONHUTEN UM aitna mudpyercs 1o madioHy:
<a0OpeBHaTypa JUCUMINIMHBI>-<IOPAJAKOBBIM HOMeP PadoThI>_<rpynna>-<BapuaHT
(HoMep mo cnucKy)>, Hapumep, toe lr-03 ae06-30. Mms sToro ¢aiisia mosBUTCS Ha BEPXHEH
naHeau paboyero MmoJjs nocie HaXaTHs KJIaBUIIU @

7.3 IlocTpoeHne ceTKH

JInst IpaBUIIbHOM OPUEHTALIMH DJIEMEHTOB CXEMBI JKEJIATEIIbHO CTPOUTH €€ C IPUBI3KOU K
ceTke paboyero noJist. JlJig 3T0ro NOMECTUTh MBILIKY Ha padoyee Mojie U HaKaTh [PaBylO KHOIIKY.
B Hucnanaromem MeHto BeiOpaTh cTpoky Schematic Options... - CBoiicTBa cxembl. B
MOSIBUBILIEMCS OJJHOUMEHHOM OKHE BbIOpaTh 3akiaaky Grid — CeTka, B KOTOpOIl OTMETUTH
rasioukamu [V | onuuu Show grid — Iloka3zats ceTrky u Use grid — Ucnosib3oBaTth ceTky. B
pe3yJipTaTe Ha pabodeM I10JIe IOSIBUTCS CETKA.
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Pucynok 9 — Pabounii cron Electronics Workbench

7.4 YCTaHOBKa, nmepeMenmcHu € KONMMPOBaHue, BLIPE3aHUE H YIAJCHUEC KOMIIOHCHTA

KomnoneHTs! Ha pa6oqee 10JI€ BBITATUBAIOTCS MBIIIKOW U3 ITaHEJIEH KOMIIOHECHTOB. I[J'IH
9TOr'0 YKa3aTCJib MBIIIKU IMTOMCIIACTCA HAa NKOHKY HY’KHOTI'O 3JICMCHTA, HAXKUMACTCA U
YACPKUBACTCA JICBASA KHOIIKA MBIIIH, IICPEMCIIICHUCM KOTOpOﬁ BLI6paHHBIﬁ KOMIIOHCHT
MmoMeacTCA B IIPCAHA3ZHAYCHHOC OJIA HCTO MCCTO pa60qer0 IIOJII X1 OTITYCKACTCA KHOIIKA MBIIIH.

Ecau HGO6X0,III/IMO AOIIOJIHUTCIIBHO IICPEMECTUTh KOMITIOHCHT, TO CJIICAYCT IIOMCCTHUTL HA

HEro yKa3aTellb MbIIIN U, KOTJa OH IPUMET BUJ PYKH @, HaXaTh JIEBYIO KJIaBULILY U, yJIE€PKUBas
ee, IEpEMECTUTh KOMIIOHEHT B HY>KHOE MECTO.

Jiist BeIpe3aHusi, KOMMPOBAHUS WU yJIaJeHUs! O0BEKTa CIEAYET BbIJCIUTh €r0, HaXaTh
MPaBylO KHOIKY MBIIIH U BBIOPATh B HUCMHAIAIOIIEM MEHIO COOTBETCTBEHHO cTpoky Cut, Copy
i Delete.

7.5 Opuenranus (BpamieHue) KOMIOHEHTOB.
OpuenTalys KOMIOHEHTAa (BBIICJIEHHOTO KPACHBIM LIBETOM) OCYIIECTBIISIETCS HAXKaTUEM Ha

KHOIIKM IIaHEJIM UHCTpyMEHTOB Rotrte — Bpamars , Flip Horizontal — OTpa3urs
p Vert =
TOPU30HTAJIBLHO u Flip Vertical — OTrpa3urb BepTUKAJIbHO L™

Bropoii BapuanT BpaieHus. Eciin nepeMecTUTh MbIIllb Ha KOMIIOHEHT, TO €€ yKa3aTellb
NPUHUMAET BUJ PYKH U MOCJIE€ HAXKaTUs MPaBO KHONKU B HUCIIAIAIOIIEM MEHIO JJis TpeOyeMou
OpUEHTAllMU BBIOMPAETCA COOTBETCTBYIOLIAS CTPOKA.

7.6 CBoiicTBa KOMIIOHEHTA (OCHOBHBIC)
[TomecTuTh Ha KOMIIOHEHT YKa3aTelb MBIIIU U, KOTJIa OH MPUMET BHUJI PYKH, HAXKATh MPABYIO
KHOTIKY. B Menro BeiOpaTh cTpoky Component Properties... - CBolicTBa KOMIIOHEHTA.
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7.6.1 CBoiicTBa uctounuka I/[C mocTosHHOr0 TOKa IQl (Battery Properties)
Lebel — O0o3navenue - 3371a€TCsl COINIACHO 0003HAYEHHIO HA CXEME;
Reference ID — Unentuduxarop - YCTaHABJIMBAETCSI CUCTEMOM.

Value — 3uauenue:
Voltage (V) — Hanpsizkenue (B) @ - 33J1a€TCS COIJIaCHO BapUAHTY CXEMBbI;
Voltage tolerance — Ilorpemnocrs % - 00111as1 yCTaHOBKA CUCTEMBI.

7.6.2 CBoiicTBa pe3ucrTopa lil (Resistor Properties)
Lebel - O603nauenue:

Label - 33/1a€TCsI COIVIACHO 0003HAUEHHUIO HA CXEME;

Reference ID — Unentudukarop - YCTAHABIIMBAECTCA CUCTEMOM.
Value — 3nauenmue:

Resistance (R) — ConporuBiienue - 33J1a€TCA COIVIaCHO BAPUAHTY CXEMBI;
Global

Resistance tolerance — Ilorpemnocrs % - o011ast ycTaHOBKA.

7.6.4 CBoiicTBa BOJIbTMETPA (Voltmeter Properties)
Lebel - O0o3nauenne:

Label - 33/1a€TCs COIIACHO 00O3HAYEHUIO HAa CXEME;

Reference ID — UnenTuduxarop - YCTaHAaBJIMBAETCS CUCTEMOM.
Value — 3nayenne:

Resistance (R) — ConporuBienue - 33J1a€TCA COIIACHO MOJIENH (3TO
BHYTPEHHEE COIIPOTHUBIICHUE BOJIBTMETPA M YEM OH OOJIbILIE TEM MEHbILE BIMAHUE BOJIBTMETPA HA
uccinenyemyto I11);

Mode - Peskum - Accurace Current (mepeMeHHBIN TOK).

g ~
KiieMma co CTOpOHBI KUPHOU JTUHUU — OTpULIATEIbHAS -

7.6.5 CpoiicTBa amnepmerpa I@l (Ammeter Properties)
Lebel - O0o3nayenne:

Label - 33J1a€TCs COMNIaCHO 0003HAYEHHIO HA CXEME;

Reference ID — Unentudukarop - YCTAHABIIMBAECTCS CUCTEMOM.
Value — 3nauyenue:

Resistance (R) — ConporuBienue - 33J1a€TCA COTJIACHO MOJIENH (3TO BHyTPEHHEE
COIIPOTUBJICHUE aMIIEPMETPA U YEM OHO MEHbIIIE TEM HE3HAUUTENBHEE BIMAHUE aMIIEpMETPA Ha
mozaenupyemyro Jl11);

Mode - Pexum -Accurace Current (mepeMeHHbIN TOK). - Direct Current
(TOCTOSHHBIN TOK) IO YMOJIYaHUIO.

" A

KneMma co cTOpOHBI JKUPHOU JIMHUU — OTPULIATEIIbHAS

7.6.6 CoiictBa ucrounuka JJ[C nepeMeHHOr0 TOKa ‘@ (AC Voltage source
Properties)
Lebel — O603nauenue - 33/1a€TCSI COMNIACHO 0003HAYEHHUIO HA CXEME;
Reference ID — Unentudukarop - YCTaHABJIMBAETCS CUCTEMOM.
Value — 3nauenue:

Voltage (V) — Hanpsixenue (B) z[eﬁCTBy}omee 3HAYEHUE COTJIACHO BApUAHTY;
Hz|

Frequency (F) — Yacrora (I'n) Hz | - coritacHO BapuaHTy CXEMBI;



Phase — ®a3za (rpan) W Deg | - cormacHo BapuaHTy CXEMBbI;

Voltage tolerance — Ilorpemnocts | Global | % - o0mas yctaHOBKa CHCTEMBI.

[TonoxuTtenbHas MOTYBOJIHA CHHYCOUIbI, M300paKe€HHasi OKOJIO UCTOYHUKA, YKa3bIBACT HA
€ro MOJOKUTEJIbHBIN MOJIOC.

7.6.7 CBoiicTBa u3MepuTeabHOro Tpancopmaropa rtoxka (UTT) @I (Coreless Coil
Properties)
Lebel - O603nauenne:

Label - 33/1a€TCSI COIIACHO 0O03HAUEHHUIO Ha CXEME;

Reference ID — Unentuduxkarop - YCTaHaBJIMBAECTCS CUCTEMOM.
Value — 3nauenue:

Namber of inductor turns (N) — Kod¢ppunuent npeodpazoBanus ToKka B HANPAKeHHE
- mo ymon4anuto lammep npeodpasyercs B 1 BoabT (1A => 1B).

7.6.8 CBoiicTBa H3MepUTEILHOTr0 TpaHcopmaropa Hanpsikenust (MTH) |%
(Nonlinear Transformer Properties)
Lebel - O003nauenue:

Label - 33/1a€TCSI COMNIACHO 0003HAYEHHUIO HA CXEME;

Reference ID — Unentudukarop - YCTaHABIIMBAETCSI CUCTEMOM.
Value — 3nauenne:

Models (Moaen).

Library — 6u0/1m0TeKa KOMIIOHCHTOB - 10 YMOIYaHHUIO.

Model (MoaeJin) - 10 YMOJIYaHHUIO.

[TapameTpsl MOIETIM MOKHO OTPEIAKTUPOBATH HAXKaB KHOIKY .

7.6.8 CBojiicTBa NEPEMHOKUTEJIA (Multiplier Properties)
Lebel - O0o3nauyenne:
Label - 33J]a€TCS COINIACHO 00O3HAYECHUIO HA CXEME;
Reference ID — UnenTuduxarop - YCTaHAaBJIMBAETCS CUCTEMOM.
Value — 3nayeHue — MOKHO OCTaBUTh 110 YMOJIYAHUIO UIIM OTPEIAKTUPOBATh.

7.7 CoeqHeHHE U BCTABKA KOMIIOHEHTOB B CYIIECTBYIOLIYI0 THHUIO

JI1st noACOEIMHEHUS BBIBOIa KOMIIOHEHTA K IPYTOMY MJIU K JIMHUHU CIIEYET IIOABECTH
MBIIIb K HY’)KHOMY BBIBOJlYy M, KOT/1a ITOSBUTCS TOYKA, HAKATH JIEBYIO KJIIABUILY, YAEPKUBAs
KOTOPYIO BBITSHYTb COCIMHUTENIBHYIO JIMHUIO 10 HY?>KHOTO BBIBOJIA MJIW JIUHUU. B TOUKe
IIOZICOEIMHEHMS K JIMHUY NOSBIIAETCS y3ea *“ @ . Ecim To4ka, K KOTOPOU BBITSAHYTA JINHUS,
HaXOJUTCS OJIM3KO K BHIBOJY KOMIIOHEHTA, TO COEAMHUTENIbHAS JIMHUS HE TTOJKIII0YAETCS U y3€eIl
HEe 00pa3zyeTcs.

KoMIOHEHT MOKHO BCTaBUTh B CYLIECTBYIOIILYIO JIMHUIO, €CIIU MTO3BOJIAET PACCTOSHUE
MEXAYy COCETHUMH KOMIOHEHTaMHU. [[J1s1 BCTaBKM KOMITIOHEHTa HEOOXOJIMMO COPUEHTUPOBATH €TI0
BBIBO/IbI ITAPAJLJIENIBHO JIMHUY, 4 3aTEM IIEPEMECTUTh KOMIIOHEHT JI0 COBIAJICHUSI €T0 BBIBOJIOB C
nuHuen. IIpoBepky coeTMHEHNS MOKHO OCYLIECTBUTH IIEPEMEIICHUE KOMIIOHEHTA.

8 Moaeas DIl nepeMeHHOr0 TOKa

IToce cOopku cXeMbl, 3aJJaHNSI CBOMCTB KOMIIOHEHTOB 1 3aIlyCKa Mpolecca
MOJICITUPOBAHUS U3MEPUTEIbHBIC TPUOOPHI JaAYT 3HAUCHUS TOKA B BETBSAX M HAIIPSIKEHUE MEXKTY
y37amu (pUCYHOK 3).
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Pucynoxk 4 — 3MepeHune MOIIHOCTH B IIEPBOM BETBU



9 U3mepeHue MOIIIHOCTH.
J1Jist u3MEepeHusi MOIIHOCTH B COOTBETCTHBYIONIECH BETBU HEOOXOAUMO YCTAHOBUTD

n3MepurenbHbie Tpanchopmartopsl Toka (UTT) @l, u Hanpspxkenus: (MTH) B"g, IIEPEMHOXKUTEIIb

i
K-sY¥
Y BOJIbTMETP B PEXKHUME MOCTOSHHOTO TOKA (PUCYHOK 4).
ITocne cOOpku cxeMbl, 3aJaHUsI CBOMCTB KOMIIOHEHTOB U 3allycKa Ipolecca
MOJIEJIMPOBAHUS BOJIBTMETP JACT 3HAYEHUE aKTUBHOW MOIIHOCTHU B MIEPBOM BETBU (PUCYHOK 4).

10 U3mepenus caBura a3 Mexxay TOKOM U HANIPSAKEHUEM HA KaTyLIKe
HHAYKTUBHOCTH L (3a3eMJIeHHbIII KOMIIOHEHT)
JUi n3MepeHusi MOLTHOCTH B IIEPBOM BETBU HEOOXOAMMO YCTaHOBUTH U3MEPUTEIbHBIE

tpanchopmarop Toka (UTT) @I U ocuuitorpad I_l (pucyHOK 5).
ITocie cOOpKU cXeMbl, 3aJaHUsI CBOMCTB KOMIIOHEHTOB U 3aIlyCKa Ipolecca
MOJIEJIMPOBAaHUS Ha ocLMIIorpade nosiBATCA OCUMILIOrpaMMbl (pUCYHOK 6). 11 pa3BopauynBaHus

ocumiuiorpadsl caeayeT MENKHYTh 0 HEMY JIBaXKIbl U Ha YBEIMUEHHOM OCIIIIIOrpade HaxaTh
kHONKy | Expand | - pactuuputs.
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Pucynox 5 — U3mepenune casura a3 Hanps>KeHUS U TOKAa HA MHIYKTUBHOCTH L

A

N

10 M3mepenust caBura a3 Meka1y TOKOM M HANIPSAKEHUEM
Ha pe3ucrope (R; He3a3eMJIeHHbI KOMIIOHEHT)
Jlist usmepenust caBura a3 B COOTBETCTBYIOIICH BETBU HEOOXOAMMO YCTAaHOBUTH:

n3MepurenbHbie TpanchopmaTopsl Toka (UTT) @l u Hanpspkerus (MTH) B”g, u ocuuiiorpad

El (pucyHoK 7).

[Tocne cOopku cxembl, 3aJaHUsI CBOMCTB KOMIIOHEHTOB U 3aIlyCKa Ipoliecca
MOJIEJIMPOBaHUS Ha oclMIIIorpade NosIBATCS OCIUILIOrpaMMBbl (pUcyHOK 8). i pa3BopauynBaHus
ociyiorpadsl cleAyeT MENKHYTh 0 HEMY JBAXK/Ibl U HA YBEIMYEHHOM ocluiuiorpadge HaXarhb

6KHOHKy - PacCIUIMPUTb.
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Pucynok 6 — OcumiiorpamMma HarnpsKeHHsS M TOKAa Ha HHIYKTUBHOCTH L;
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Pucynok 7— U3mepenue cnpura ¢a3 HanpsoKEHUS U TOKA Ha pe3ucTtope R
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Pucynok 8 — OcuniimorpaMma HanpsiKEHUs U TOKa Ha pe3uctope Rj

11 Otuet (B 25ekTpoHHOM BHUe dhopmata Word):

- TUTYJIBHBIU JIUCT;

- 11eJ1b pabOTHI;

- ICXOJIHAsl CXEMa;

- mozeinb cxeMbl B EWB ¢ pesynpraramuy;

- CX€Ma U3MEPEHUS MOUTHOCTH C PE3yJibTaTaMHu;

- CXEMbI U3MEPEHUS CABUTOB (a3 MeXAy HAINPSKEHUSIMU U TOKAMUA HAa UHIYKTUBHOCTH U
pe3UCTOpe C OCHUIUIONPAMMAaMHU.

- BBIBO/JIbI (CPABHUTD PE3YJIbTAThl PACUETOB U MOJICIIMPOBAHUS IO KAXKIOMY MYHKTY
J1a60paTopHOil paboThI).

12 KoHTpOJIbHBIE BONIPOCHI:

- moay4yeHue cunycougansHoit /C;

- COIIPOTHUBIIEHHUS U ITPOBOJIMMOCTH 3JIEMEHTOB y4acTKOB DL cuHyconiaapHOMY TOKY;
- (ha3pl TOKOB U HANIPSDKEHUH Ha dJIeMEeHTax U ydacTtkax JL;

- SKBUBAJICHTHBIE NpeoOpa3zoBanus JL;

- IMarpaMMbl MTHOBEHHBIX 3HAUEHU;

- BEKTOPHBIE IHarpaMMBbl;

- MomiHOCTH B DIl cCMHYyCOMIaIbBHOTO TOKA.
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