HccnenoBaHve JMHAMUYECKUX TapaMeTpoB 6Jioka nuTaHus B NI Multisim 10
CkBopuoB C.I0., CmupHoB B.B.

"Bpocasa 8 800y KAMEWKU, CMOMpPU HA Kpyau umu obpasyemeie;
UHaue makoe bpocaHue 6ydem rnycmotro 3ab6asoro."
Kosema lMpymkos. "lMa00sbi pazdymes”
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Puc. 1

Ha npunaBKax KHUXKHbIX MarasmHOB MMeITCA M3AaHusA, nocBAwweHHble nporpamme NI Multisim,
pa3paboTaHHol KomnaHuel Interactive (Electronics Workbench) B ctaTyce noagpasaeneHua National
Instruments (CLLUA). B oCHOBHOM, OHW OPUEHTUPOBAHBI Ha TabOPaTOPHbIE NPAKTUKYMbI 417 U3yYeHUsA
OCHOB 3/IEKTPOTEXHUKM U NEKTPOHUKN. B pagmontobntenbcknx KypHanax ctaTbu, NOCBALLEHHbIE 3TOM
3ameyvaTeNbHOM Nporpamme, NPaKTUYECKM OTCYTCTBYIOT. Llenb ny6amKaumm - 06paTuTb BHUMaHUe
paauontobuTenein Ha HEKOTOPbIE MPAKTUYECKME MOMEHTbI MPOBEPKMU N OTIAAKM CXEM C MOMOLLbIO

Multisim.

«Multisim — 3To pegaKTop CXeM M NPUIOKEHUE AN UX CUMYNALMK, BXOAALLLEE B CUCTEMY
pa3paboTKu aNeKTpuYeckmx cxem, cuctemy cpeacts EDA (Electronics Design Automation), KoTopble
MOMOTYT BaM B BbIMOJIHEHNN OCHOBHbIX LLIArOB B NOC/eA0BaTeIbHOM pa3paboTke cxembl. Multisim



pa3paboTaHa 414 BBOAA CXEMbI, CUMYAALMK U NOATOTOBKM K CeAyIOLLLEMY 3Tarny, TAKOMY KaK pa3BojKa
nnaTbi» («PykoBoacTeo nonb3zosatens NI Multisim»).

BosbLwoi nHTepec Bbi3Basa cxema bl 13 No3HaBaTenbHOM NpaKTUYecKom cTaTbm 3bI3toK A.l. «Bnok
NMUTaHMA PEMOHTHUKA-PAANONOBUTENA C BO3SMOXKHOCTLIO NaBHOM PeryiMpoBKM CTabuansnmpyemoro
ToKa» (. «Pagnoamatop» Nel2 - 2007, Nel, 2 — 2008). K coxKaneHuto, B HEl He YKa3aHbl gaxe
NpUMepHble 3HaYeHUA eMKOCTU KoHaeHcaTopos C1 n C2 (Bce npuBeseHHbIe HUXKE NO3ULUOHHbIE
0603HaYeHNs 3/1eMEHTOB COOTBETCTBYIOT CXEME U3 CTaTbu). [03TOMY Nepes MaKeTUPOBaHMEM CXEMBI,
pelweHo bblno nccnegoBath ee paboty B nporpamme NI Muiltisim 10 ¢ uenbto onpegeneHuns nx
HOMWHANbHbIX 3HAYEHWA.

B paboyeit o61acTi nporpammsl 6bina cobpaHa cxema puc. 1. dneMeHTbl MHANKALUN B MOAENb He
BK/IIOYA/INC, a K Bbixoay Bl 6bina nogxkatouyeHa akTMBHasA Harpyska: 20 Om (gns pexuma ctabunamnsaymu
HanpsxeHua) u 2 Oma (ansa perkmma ctabmnnsaumm ToKa), nepekatodaeman KOHTakTamMu Tymbnepa.
[BUKKKU noTeHumomeTpoB R4 1 R12 6bian ycTaHOBAEHbI B CpegHee NoJoXKeHUe, KoTopble onpeaenatoT
BbIXOAHOE CTabUAN3NPOBaHHOE HanpsKeHue paBHbIM 9,23 B, a cTabuansmnpoBaHHbI ToK - 1,86 A.

Mogenb bl «3apaboTtana» cpasy 1 NoKasasna 3asB/JeHHblE aBTOPOM TEXHUYECKME NMapameTpbl.

OfHO YTOYHEHME - HUXKHUI Npeaen peryanpoBaHusa TOKa CTabuansaumm orpaHmyeH CHU3Yy
pesnctopom R13 Ha ypoBHe oKosio 100 MA (B cTaTbe 3aaBsieH 0). Mo Hauayywum AMHAMUYECKMM
napameTpam Bl 6binM onpegeneHbl 3HaYEHUA eMKOCTU KoHAeHcaTopoB C1 =1 HP n C2 = 10 HO. WX
ONTMMaNbHble 3HAaYEHUS HEOBXOAMMO YTOUHUTL B PeasIbHON KOHCTPYKUMU.

Ha puc. 2 npeacTtasnieH aKkpaH BUpTyanbHoro ocuuanorpada Multisim npouecca moaennposaHus
paboTbl cxembl BN Npy nepekntoYEHUN HarpysKMu.
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3necb Bxoa KaHana A (Channel A — yepHbIii) NOAKNIOYEH K SMUTTEPY TpaH3ucTopa VT2, Bbixoay BI.
Bxog KaHana B (Channel B — KpacHbIit «iyy») - K Bbixogy OY DAL.1.

LieHa aeneHua no wkane X (Timebase-Scale) — 5 mc/pen.

LUeHa peneHns (Scale) no wkane Y gna oboux kaHanos — 5 B/gen.

KpacHbliii «nyu» gns yaobctea npocmoTtpa cmelteH no Y (Channel B - Y position) Ha 3 aeneHuna BHU3.

Kak BuaHo 13 ocuunnorpammsl (Channel A —uepHbIn «nyu») Ha puc. 2, npouecc nepexoaa bl ns
pexxnMma ctabmamnsaLmm BbIXOAHOTO HANPAXKEHWUA B PEXUM CTabMNM3aLMM BbIXOAHOTO TOKA NpOTeKaeT
«K/laccmyeckm». 3a 5 Mmc BbIXO4HOE HaNpAXKeHUe YCTaHAB/IMBAETCA Ha HOBOM 3HAYEHUN,
COOTBETCTBYHOLLEMY 3a4aHHOMY TOKY CTabuamsaumn. 3To Bpema onpeaenseTcs napameTpamm Harpysku
M 3HAaYEHMEM EMKOCTU KoHaeHcaTopa C4. ObpaTHbIi npouecc, T.e. nepexos B 13 pexkuma
CTabunam3aumm BbIXOLHOTO TOKA B PEXUM CTabWUAM3aLNN BbIXOLHOTO HaNPsAXKeHMs, 3aTAHYT (40 8 Mc) 1
COMPOBOXAAETCA 3aMeTHbIM BbIBPOCOM BbIXOAHOTO HaNpsKeHUs (nepeperyanposaHune okoo 30%).

Ha puc. 3 npeacTaBnieH sKkpaH BUpPTyasbHOro ocumanorpada Multisim npouecca mogenMpoBaHus
paboTbl cxembl BN gns 6onee HU3KOro BbIXOLHOMO HaNpAXKeHUs (okono 5 B).
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Puc.3

Kak BuaHo, nepexog Bl 13 perxknma ctabmamsaumm BbIXOLHOTO TOKA B PeXUM CTabunmsaumm
BbIXOAHOTO HAMPSMKEHUA, TaKXKe 3aMETHO 3aTAHYT (40 8 MC) M CONPOBOXKAAETCA CYLLECTBEHHbIM
BbIBPOCOM BbIXOA4HOIO HanpsAxKeHus (4o 8,7 B).

[ns HEKOTOpPbIX YCTPOMCTB Takol Bl MoKeT cTaTb «pagnorybutenbckmum»!

Ecnv nocMmoTpeTb Ha XapaKTep U3MeHEeHUs HanpaxeHus Ha Bbixoae OY DA1.1 (puc. 2 n 3 Channel B —
KPaCHbIN «1y4Y»), CTAaHOBUTCA ACHbIM MPUYMHA TAKOTO NoBeAEHUs cxembl BIM. B perkmume cTabunmsaumm
BbIXOAHOrO TOKa TpaH3ucTop VT3, OTKPbIBAACb, CHUXAeT NOTEeHUMaN B TOUKE COeMHEeHMA Pe3NCTOPOB
R9 1 R10. Mpun 3ToM BbIxogHOE HanpaxeHune bl TakKe cHuxKaetca. OY DAL.1 «OTKANKaeTCA» Ha 3TO



NOBbILLIEHMEM CBOErO BbIXOAHOIO HaNpsKeHMaA [0 «yrnopay, T.e. NPaKTUYECKU 10 HanpaXKeHUs NuTaHus,
BXOAs B rNyboKoe HacblleHme. EcTecTBeHHO, Npy BO3BPALLEHUM B PEXKUM CTabMAM3AUMM BbIXOAHOTO
HanpsaeHus BI1, Koraa TpaH3ucTop VT3 3akpbIT, TpebyeTtca 6oblioe Bpems Ana yctaHoBAeHua OY
DA1.1 B perum ctabunmnsaummn. OTcioga BbiBOA: B perknume ctabunmnsaumm Toka OY DAL.1 He aonKeH
BXOAUTb B rNy6OKOe HacbIWeHMe.

MpeanaraeTca BapMaHT NPOCTOM A0PaBOTKM CXEMbI, YCTPAHAOWMIA YKA3aHHbIN HEeLOCTaToOK U
yAyylwaowmii ee AMHaMUYECKME XapaKTepPUCTUKK. s aToro pesnctop R5 = 10 KOM 3ameHAeTca ABymsA
nocneAoBaTeslbHO coeAnHEeHHbIMK peanctopamm R5.1 1 R5.2 no 5,1 KOm KaxKabli, a KONNEKTop
TpaH3ucropa VT3 otcoegmHaeTca ot pesnctopos R, R10 n noakntovaeTca K TouKe coegmHeHma R5.1,
R5.2. NonesHo TaKkKe mexay BbiBogamu 6asbl 1 amutTepa TpaHsuctopa VT3 ycTaHOBUTb PE3NCTOP
Takxke 5,1 KOM. Takyto opaboTKy HECNIOXKHO BbINOJIHUTDL B YXKe rOTOBON KOHCTPYKUMKM BIN. B Takoi
[0paboTaHHOM cxeme B perkmMme CTabunamsaumm BbIXOAHOTO HANPAXKEHMA TpaH3MCTop VT3 3aKpbIT U
B/IMAHUA Ha PaboTy CXeMbl MPAKTUYECKM He OKa3biBaeT. B pexxnme ctabunmsaumm BbIXogHONO TOKa
TpaH3uctop VT3, OTKpbIBAACH, CHMMXKAET HanpAaxKeHue 3agaHma OY DAL.1 oo ypoBHA, COOTBETCTBYOLEMY
YCTAHOB/IEHHOMY TOKY CTabunmsauum.

Ha puc. 4 npeactaBnieH sKkpaH BUpPTyanbHoro ocumanorpada Multisim npouecca mogenMpoBaHus
paboTbl 4OpaboTaHHOM CXeMbI.
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MoNoKMUTENbHBIN pe3ynbTaT 4oPaboTKM HaMLO.

Kak BMAHO M3 ocumanorpammbl Ha puc.4, npouecc nepexoda bl u3 pexxkmuma ctabunmsaumm
BbIXOAHOMO HaNPAXKEHUA B PEXUM CTabUM3aLMM BbIXOAHOMO TOKA He n3meHunca. O6paTHbIi npouecc,
T.e. nepexof b 13 perkrMma cTabmansaumm BbIXOLHOTO TOKA B PEXMM CTabuIM3aummn BbIXOLHOTO



HanpAXeHUs, Tenepb NpUobpen «Knaccmyeckunin» sua (nepeperyanposaHme He bonee 5%, Bpemsa
YCTaHOB/IEHUS COKPaTMIOCh € 8 A0 2 mc). OY DA1.1 paboTaeT B IMHENHOM peXkume.

MOKHO TaKKe NoCoBETOBaTb BKAOUEHMEM/BbIKNOYEHMEM Harpy3Kku BN ynpaBaaTb «3/1€KTPOHHbIM»
cnocobom. [1ns aToro mexay Toukon coeanHenma R5.1, R5.2 1 obwmm npoBogom cxembl HeobxoamMmo
BK/IOUUTb KOHTAKTbl TYyMbAepa UAK KHOMKKU ¢ puKcaumeint. Mpu 3aMblKaHUM UX KOHTAKTOB HanpseHne
3agaHus QY DAL.1 6yaeT paBHO Hy/IO, peryanpytowme TpaHsmctopsl VT1, VT2 3aKkpotoTcs, GakTUYecKu
BN 6yaeT OTKAOYEH OT HArpy3Ku. Mpu pasmbikaHMM KOHTAKTOB — Bl BbICTPO BXOAUT B peXum
cTabunmsaunn. B KauecTse KAOYEN MOTYT TaKKe MCNONb30BATLCA MAJIOMOLLHbIE TPAH3UCTOPbI UK
ONTPOHbI. ITO NOJIOKMUTEIbHO CKAXKETCA, B NMEPBYIO ovepesb, Ha pecypce paboTbl cCeTeBOro
TpaHcpopmaTopa bl 1 MOLLHbIX BEINPAMUTENBbHBIX ANOL0B 3a CHET UCKAOYEHUA UMMNYNbCHBIX
3KCTPATOKOB B MOMEHTbI BK/ItOYEHUSt Harpy3ku BI. BusyanbHo B Multisim 3To yao6Ho Habnogats C
NMOMOLLbIO TOKOBOTO NPOBHUKA, KOTOPbIN SMYyANPYET NOBEAEHNE NPOMbILLAEHHbIX TOKOBbIX KAeLLei.
ToK, npoTeKatowmii B NpoBoae NpeobpasytoTcs B HaNpAXKeHWe, NOKa3blBAEMOE Ha BbIXOAHbIX KNeMMax.
MocnepgHue moryT 6bITb NOAKNOUEHDBI K ocunnnorpady, rae TOK onpesensaerca, OCHOBbIBAACH Ha
OTHOLIEHUM HanpaxeHne/Tok NpobHMKa (noapobHee B pasgene "8.23.ToKOBbIM NPO6HUK"
PykoBoacTea nonb3osaTens NI Multisim).

Takum obpasom, moaennpoBaHme cxembl BN NO3BOINAO COIKOHOMUTL BPEMS U CUJIbI HA MPOBEPKY
KOHCTPYKLMM, @ TAK}Ke OTaaUTb YCTPOMCTBO, He Npuberas K naaabHUKY. Ocobo xo4eTcs OTMETUTDL, YTO
HabntoAaTb NepexoiHble NPOLEcChl B peasibHOM YCTPOMCTBE He3 MOMOLLM 3aNOMUHAIOLLENO
ocumnnorpada HeBo3MOKHO. Multisim e no3BonseT 3To caenathb.

HeoueHnmyto nomollb B ocBoeHUn Multisim oKkaxkeT nepeBog, Ha PyCCKUI A3bIK « PyKOBOACTBa
nonb3sosartens NI Multisim» (Multisim 10 User Guide). Kak umetolime HeKOTopbI onbIT paboTbl € 3TOM
NPOrpamMmmoi, XoTum ob6paTuTb BHMMaHMe Ha "Yactb 7. Cumynauma" PykosoacTtBa. OcobeHHo byayT
nosiesHbl coBeTbl U3 pasgena "7.11. Ucnonb3oBaHWe CUMYNALMKN A8 yaydweHns paspabotkn”. C
HEKOTOPbLIMWU MPUMEPAMMU NPUMEHEHMA, NONE3HbIMW Ha HAYa/IbHOM 3Tane 0CBOEHMA, MOXKHO
03HAKOMUTbLCA NOCETUB CalT «MeXayHapOoLAHbIA TEXHMYECKUI nopTan Jleswmn»
(http://elektron.ucoz.ru/load/).

ToT, KTO XO4eT NPOBEPUTL BCE BbilLe CKa3aHHOE, MOXeT BOCMNO0/1b30BaTbCA paliniammu moaenmpoBaHua
paboTbl cxem, yNoMAHYTbIX B cTaTbe, B dopmaTe .ms10 (apxms RAR, 696 K6).

Ecnn y pagmontobuteneit cTaHeT 06bl4HBIM 4EN10M 0OMEHMBATLCA HE TOJIbKO CXEMAaMM U YepTeKamMu
MeyaTHbIX NAaT, HO U danNaMn MOAEIMPOBAHNS 3/IEKTPOHHbIX YCTPOMCTB, TO HACTOALLAA CTaTbA
O0CTUINa CBOEM Lenu.

r.Omck, aekabpb 2008 r.






