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KouBepTepsnl B nporpamme GeckoCIRCUITS

IIpeabicTOpUA

Mot faBHWI 3HAKOMbIN YacTo paboTaeT c KOHBEpPTepamM, PaccunTbiBan U mMoaenmpys paboTty cxembl, a
BPEMS OT BPEMEHU NPUBJIEKAaeT MOE BHUMaHME K pasHbIM cxemam KoHBepTepoB. OH e AAET CCbI/IKMU Ha
6ecnnaTHble NPorpaMmmsbl, KOTopble (XoTa Bbl B NPUHLMME) MOTYT MOAENNPOBaTb KOHBEPTEPHI.

B 3TOT pa3 OH NPeANoKMUA MHE PAacCMOTPETb TaKylo CXeMy KOHBEpPTepa:
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Puc. 1. Cxema KoHBepTepa

MHe He poBenocb pa3pa6aTb|BaTb CXeMbl KOHBEpPTEPOB, NMO3TOMY ocoboro MHTEPECaA OHU Y MeHA,
NPU3HaOCb, HE BbI3bIiBAlOT, UCKNKOYAA rOTOBbIE N3OENNA, KOTOPbIMU Mbl BCE MNO/Ib3yEMCA.

OH »Ke Jan cCblKy Ha becnnaTHylo Nporpammy, NpeaosKMB CMOLENMPOoBaTh paboTy KOHBepTepa B 3TOW
nporpamme CUMyAALNN:

http://www.gecko-simulations.com/geckocircuits.html

Mporpamma, HacKo/IbKO i NOHAA, co3gaHa B LUBeliuapckom yHuBepcuteTe, He TpebyeT yCTaHOBKM, HO
Hannuma Java Bepcumn He Huxe 1.6. Mocne pacnakoskn B Windows 8 40CTaTo4HO 06bIYHOIO ABOMHOMO
LeNYKa no ucnonHaemomy dainy Ha asbike ABa:


http://www.gecko-simulations.com/geckocircuits.html
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Puc. 2. Nanka c nporpammotit GeckoCIRCUITS

Mo onbITy Npeablaywmx Hawux 6ecen A 3Halo, YTO He Bcerga yAaérca 3anycTUTb MOAENMPOBAHUE B
nporpamme, XoTsi OOYC/IOB/IEHO 3TO MOXKET ObiTb OTCYTCTBMEM OCOOOro MOEero MHTepeca K 3TomMy
npoueccy. Ho meHs Bcerga MHTepecyeT, a He byaeT an paboTaTb Nporpamma B Linux. 3ToT pas He cTan
nckntovyeHnem. B Fedora 18 nporpamma 3anyckaerca, XoTA HEMHOTO cTpaHHoO. TpebyeTcs 3anycTutb eé
M3 TepmMuHana (B CBOMCTBaxX S OTMETUA, YTO 3TO MCMOJIHAEMasi Mporpamma, Ho He nomorso). He
WCKNlOYalo, 4YTO U 3aecb TpebyeTcs HEeKOTOpPOe «laMaHCTBO», Ho.. He canwKkom obpemeHuTenbHo
3anyCcTUTb NPOrpammy 13 nanku, NOMeLLEHHOM B TBOKO AOMALLHIOK ANPEKTOPUIO:

= viadimir@localhost: ~ & & &
®aln Npaeka Bwg Nowck TepMmwHan ChnpasBka
[vliadimir@localhost ~]$ java -jar /home/vladimir‘/GeckoCIRCUITS/GeckoCIRCUITS.jarl

=)

Puc. 3. 3anyck nporpammel U3 TepMmmnHana B Linux

TepmuHan B Linux MMeeT CBOWCTBO COXpPaHATb MOC/AeAHME KOMaHZAbl MPU MOBTOPHOM 3anycKe Aake
nocfie BbIKNOYEHUA KOMMNbIOTEPA, LOCTAaTOMHO 3anMyCTUTb TEPMMHANbHYIO MPOrpaMMy W HaxaTb Ha
KYPCOPHOW KnaBuaType CTpesKy BBepx.

Mporpamma 3anyckaercs, paBHo Kak 1 B Windows, gasas ocHoBHoe paboyee OKHO:
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Puc. 4. Nporpamma GeckoCIRCUIT B Fedora 18

Mporpamma NPMUXoAnT C NPUMEPaMM N 0BYYaOWMMIN JOKYMEHTaMM, KOTOPble MOXXHO HalTK B Nanke ¢
nporpammoii. M npu 3anycke nporpammbl OHa OTKPbIBAeT paHee OTKPbITbIN daitn. Ha pucyHKe Bbllle
oTKpbiacAa daitn n3 Habopa NpPMMepoB, KOTOPbIA A OTKPbIBan paHee. M MoOKHO ybeamTbca, 4TO
moaennpoBaHune paboTaert.
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Puc. 5. lnarpammbl mogennMpoBaHUA KoHBepTepa

MonyyeHne anarpamm (OCUMANOTPAMM) M €CTb CyTb PaboTbl C NPOrpaMmmammn MOAENNPOBAHMA.
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BBoa cxeMbl

B nanKke c nporpammon s He Halén PyKoBOACTBA NO/b30BATENA, HO €CTb TO, YTO Ha3blBaeTcA «bbIcTpbIl
ctapT». [oBTOpMB BCE ONMCaHHOE Ha MNpuMepe COOPKU CXeMbl, MOXKHO MNPUCTYNUTb K npoueccy
camocToATe/IbHO. UTaK:

& Untitled - GeckoCIRCUITS - =

File Edit Simulation View Tools Help Ready ... 454ME Total
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Puc. 1.1. YcTaHOBKA MCTOYHUKA NMUTAHUA

Ha 3aknagkax B MpPaBOM OKHE J/IerKo HaWTW BCe KaTeropuMum KOMMOHEHTOB Mporpammbl. Bbibpas
KOMMOHEHT LLEeNYKOM JIEBON K/IaBULUM MbILKKN, €F0 MOMKHO NEPEHEeCTU B HYXKHOE MECTO Ha yepTerke.
Mpy NepemeLLLeHNN KOMMNOHEHT ABUMKETCA BC/ed, 38 KYPCOPOM MbILKK B BUAE, NOKAa3aHHOM B HUMKHEN
YacTM NpPaBoOro OKHa. B HyXXHOM MecTe yepTeka O0CTaTOYHO MOBTOPHO WENKHYTb NEBOM KnaBulien
MbILWKK, YTOObl KOMMOHEHT, CMEHMB LBET Ha CMHUWN, OCTancAa HenogBwuKeH. JIlobol, KTo paboTan ¢
APYrMMU NPorpammamm MoLe/IMPoBaHMA 3/TEKTPUYECKMX Leneit, 3HAKOM C 3TOM npoLeaypon.

Ecnun npu nepemelL.eHMM KOMMNOHEHTA B paboyee NoJsie YepTerKa HaXKMMATb NPaBYHO KAaBULLY MbILWKK, TO
KOMMNOHEHT byaeT BpawaTbca. Ero Bua, B NpaBoM OKHE TOXKe MOBTOPSET 3TO ABUMKEHWUE, a C/iefyoLLnit
BbIOOP KOMMOHEHTA nepeHecéT ero B paboyee nose yxe B «NOBEPHYTOM» BUae. Bnpouem, ecnu Bbl
NOMeCTUIN KOMMNOHEHT Ha YepTEX, eC/IM BAaC He YCTPaAUBAET ero Bua, To, BblAENNB €ro LLENYKOM IeBOM
KN1aBULWLKN MbILWIKKU, Bbl MOXXeTe npaBoﬁ K/laBULLEN MbILKK NOBEPHYTb €ro TakK, Kak BamM HYXHO.

U ewse, co6paB 4YaCTb CXeMbl, Bbl MOXeTe MoXKaneTb, YTO HE CABUHY/IN KOMMOHEHTbI YyTb NpaBee Uan
nesee (BbILIJe nnn HVI)Ke). B atom C/lydae Wwenykom NIeBOM KNABMLIW MbILWKKW MO CBOGOAHOMY mecTty
yepTeXXa Bbl MOXeETe Ha4daTb nNpouecc BblaeneHmnA COBOKYMHOCTUM KOMMOHEHTOB (I'IpﬂMOYFO}'IbHOG
Bblp,e.l'IeHMe), yOEepXnBaa NeByw Kanasuwy — OOCTaTOYHO NPOBECTU KypCOpOM MbIWKKM B Apyroe
CBO6OAHO€ mMecTo, OpaHH(EBbIVI NPAMOYTOJIbHUK YKa3blBaeT obnactb BblgeneHunAa, rae oTnyctutb
KAaBULWY MbIWKN. BblaeneHHble KOMMOHEHTbl MEHAIT LBeT. U_l,é}'IKHMTe no l'HO60My M3 HUX SIeBOM
KNaBULIEN MbILWKK U, YOEPXKUBAA N1IEBYHO KnaBully, nepemectute KOMMOHEHTbl B Apyroe Mecto Ha
yepTrexe.
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Puc. 1.2. [ToBOpPOT KOMNOHEHTa NpU NepemeLLeHnmn

Haanucm KOMNOHEHTOB MOTYT MeLLaTb, Kak MOKa3aHo C/ieBa HUXKe:
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Puc. 1.3. MapameTpbl UCTOYHMKA NEPEKPbIBAIOT M306pakeHue amoaa

[O0CTaToOYHO LWENKHYTb MO HAZAMMCK, KaK Mo toboMy KOMMOHEHTY, U NepeHecTu eé B yaobHoe mecTo, rae
NOBTOPHO WENKHYTb IEBOI KNABULWIEN MbILLIKK.

[lo6aBnto, 4TO B TOM C/lyyae, Koraa Bbl nepegymanu f06aBaAaTb KOMMOHEHT Ha YepTEX BO BPeMs ero
nepeHoca, Bbl MOYKeTe O0TKa3aTbCA OT onepaLmm, Haxae Knasuwy Esc Ha KnasuaType.

Bce KOMMOHEHTbI, Kak B N0b6OM Apyroit nporpamme, MMEOT CBOMCTBA. Ham Hy)KeH WCTOYHUK
HanpsXeHua yactoToi 60 My n HanpaxkeHrem 220 B (nam 200 B, Kak B opurnHane). [JBOMHON LWENYOK NO
WUCTOYHUKY HanpaXeHUs AaéT HaM BO3MOKHOCTb BblbpaTb BMA, (N0 YMOAYAHUIO UCTOYHUK NOCTOAHHOTO
HanpsXeHun) U 3a4aTb NapaMeTpbl. 3aKNaAKN OTKPbLIBAKOT AMaIOrOBOE OKHO ANS BBOAA NapaMeTpoB.
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AC Sinusoidal
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Puc. 1.4. HacTpoiika UCTOYHWKA NUTAOLLETO HANPAXKEHUA

3TK npoueaypbl 3HAKOMbI TEM, KTO paboTan ¢ aHanorMyHbiMM nporpammamu. Ho B Hallem cny4yae ecTb
0cobeHHOCTb. B OpuUrMHanbHOM cxeme eCcTb UCTOYMHWUK TPEeYroibHOro HanpAXeHWs, NOAKAIOYEHHbIN K
WHBEPCHOMY BXOAYy KomnapaTtopa. Ha 3aknagkax guanora HacTPOMKM UCTOYHMKA HaNpPSMKEHMA Bbl He
HangEéTe HYM NPAMOYro/IbHOrO, HU TPEYroNbHOrO HaMpsAMKeHUs, YTO B APYrMX MPOrpaMmmax ecTb B TOM e
OManorosom OKHe. Ho 3zecb Ha 3aKnaZKke Bbl MOXKeTe yBuAeTb Haanucb Sign. OHa OTHOCUTCA K
YNpaBiAeMOMY UCTOYHUKY HANPAXKEHUA.

Al yXKe roBOpw/I, YTO Ha 3aKNagKax NPaBOro OKHA OTMeEYEHbl pPasHble KaTeropum KomnoHeHToB. Cpeam
HUX HAUOEM HYXKHbI KOMMOHEHT.
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Puc. 1.5. ,ﬂ,06aBHEHMe ynpasaAawwero KOMnoHeHTa AnAa co3gaHnA MCTOYHUKaA TPeYyroJibHbIX UMNY/1bCOB

B AManoroBOmM OKHE HAaCTPOWKM 3TOrO YNpaB/AlOLWLEro KOMMOHEHTA Mbl U HAaWAEM HyKHyl dopmy
CUrHana, a NonNyTHO 3a4aAnMm BCe NapameTpbl.
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Puc. 1.6. [lInanoroBoe OKHO HAaCTPOMKM YNPaBASAIOLLETO KOMMOHEHTA

Tenepb ABOVIHbIM Wwen4ykom NeBOM KNaBULIW MbIWKK MO npaBomMy Kparo 3TOro KOMMOHEHTA OTKPOEM
OKHO MapKMPOBKM y3/10B CXeMbl. B 5TOM OKHe NPUCBOUM MMA Y31y, CKaXKeM, tri.

D2

I_tri=10 [SIGNAL}-

Puc. 1.7. MapKnpoBKa BbIxo4a ynpasaatowero KOMNOHeHTa

Knasuweir OK noaTtesepaym cBoit Bbibop. OTKpoem ABOMHbLIM LLEAYKOM /IEBOM KAABULIM MbIWKK NO
NepBoOMy MCTOUHWKY AMAaNOroBOe OKHO CBOMCTB, Bblibepem BUA Sign, roe OTKPOEM OKOLWIKO (KHOMKOW
CTPE/IKa BHU3 U/IN LLLE/TYKOM MO OKOLLIKY), B KOTOPOM MOKHO BblGpaTh ynpasaaoLwmin ysen.

Mo3xe Mmbl BepHéMCﬂ K I'IO,EI,O6HbIM npoueaypam, NOCKOJIbKY Mbl ewé He 3aKOHYMMN MOAKNKYEHUE
MUCTOYHUKaA TPEeYrosibHOro HanpAa>xeHma, masao Toro, y Hac ewé MHOro KOMNOHEHTOB, KOTOpble NpeacTtounT
HacTpouTb. U, 3aberas Bnepép,, Bbl yBUANTE N3IMEHEHNA B ONMUCAHNN NCTOYHUKA.

|_tri=10- [SIGNALEH"
+ U2

Sgn.-Contr.
tri ==

Puc. 1.8. 3aBepLIéHHbIN BbIOOP BUAA CUrHaNa UCTOUYHUKA
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Puc. 1.9. Bbibop y3na ynpaBaeHuna gns UCTOYHMKA TPEYro/IbHOrO HanpAXeHNs

Ha gaHHbIN MOMEHT Mbl 3HaeM, Kak BblbpaTb M YCTAHOBUTb BCE 3/IEKTPUUYECKUE KOMMOHEHTbI CXEMbI.
3aBepLUnB UX YCTAHOBKY, MOXHO NPUCTYNUTb K coeanHeHUto. [11a 3TOro WENKHUTE NpaBoi Knasulliein
MbILLKMK B NH0BOM MecTe, Kypcop U3MEHMUT CBOW BUA.

/

/

W D.2 uA D2

ac =310 ac =310
0 0

Puc. 1.10. Hayano paboTbl N0 COEANHEHMUIO SNEKTPUYECKUX KOMMOHEHTOB

MoageanTe Kypcop K Y37y, CKa)Kem, WMCTOYHMKA MEPEMEHHONO HanpsMKeHus, LWENKHWUTE NeBOW
KNaBULeN; nepemecTute Kypcop K [APYyromy ysay, rae NOBTOPHO LWENKHUTE /NIeBOM KNaBuLlelw;
coeguHeHve nposeaeHo. OcTanocb MOBTOPUTb 3Ty OMepauuio 4/1A COeAWHEHUA BCeX 3/1eMEHTOB
3N1EeKTPUYECKOM cxembl. YTOObl BbINTU U3 pPeKMMa MNPOBEAEHUA COEAMHEHW A0CTAaTOYHO LWENKHYTb

NpPaBoM KNaBuLLEN MbILLKWN.

MHorga Y3/1bl CXeémbl He COegUuHUTb I'IpFlMOVI JNINHWENn wnnm HYXXHO CAenatb JNINLWHWIA neperM6 B
coegmHeHnn. MoXHO co34aTb HpOMEH(YTOHHbIVI y3€en, TO eCTb, LLI,éI'IKHYTb IEBOM KNaBULLIEN MbILWKK He B
KOHEeYHOM TOYKe, a Ha NyCTOM MecCTe, a 3aTemM NOBTOPUTb coeanHeHne, NCNo1b3yAa 3TY NPOMEXKYTOYHYIO
TOYKY. A B TOM Cnhy4vae, Korga coegmnHeHmne coBCeM He «3a4a/loCb», ero MOXHO yAa/inTb. LLénkHute
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NeBOM KNaBULIEN MbIWKM MO HEHYKHOMY 3/1EMEHTY CXeMbl WM NPOBOAHWUKY, BblAEAUB €ro, a 3aTem
Ha*kmuTe Knasmwy Delete Ha KnaBumaType. 3TMM Bbl yoannUTe TO, YTO XOTUTE YAANUTb. [1py 3TOM, ecnm Bbl
nepemelLaeTe MbIWKY NOC/E LENYKA, TO BblAENEHHbIA 31EMEHT OCTAETCA MPUBA3AH K KYPCOPY MbILLKM,
cnefioBaTesIbHO, €ro MOXKHO NepemMecTuTb B Apyroe mecTo.
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Puc. 1.11. DnekTpnyeckana cxema KoHBepTepa

Bbl cpasy MoKeTe OTMETMTb OTCYTCTBME «3eMIN» Ha cxeme. Ho MoxeTe OTMEeTUTb U MapKUpPoBKy gnd.
3TO MeTKa, KOTOPOM Mbl BOCMONb3yeMCA Aajiblie, M NOA0OHYI0 METKY Bbl MOXKeTe caenatb Ans ntoboro
y3na cxembl U coeauHeHua. Mpoueaypa aHasorMyHa TOMW, YTO onucaHa AN MapKUPOBKM BbixoAa
YNPaBAAIOLEro KOMMOHEHTA. 3aMeTbTe, YTO MapPKMPOBKA HOCUT OTHOCUTE/IbHbIN XapaKTep.

Kpome 3ﬂ6KTpM‘-IeCKOﬁ CXeMbl B OpMUrMHane ecTb cxema ynpasaeHunA. be3 cxembl ynpasneHuaA
I1IEKTPNYHECKAA CXeMa NpPaBuUIbHO paGOTaTb He 6y[l,ET.

Co cxemMoW ynpaBieHUs cpasy Xo4y OTMETUTb, YTO CEHCOPOB HaMPAXEeHMSA M TOKa U3 OPUTMHA/IbHOM
CXeMbl B JaHHOW Nporpamme A He Haweén. Ho AaTyMK HanpaKeHWa, Kak MHe MOACHWAWM, NOBTOPAET
HanpsAMKeHWe B TOUYKaX, K KOTOPbIM OH NOAK/IOYEH, @ 3N1eMEHT yNpaBaeHUs, 0603HaYEHHbI Ha UCXOOHOW
cxeme Kak absolute value, naét abcontoTHOe 3HAYeHWe 3TOro HanpaxeHus. MosTomy s cymTato, YTO
MOXHO 3aMEeHWTb CEHCOP HaMNPAMKEHUA U3MEPUTE/IbHBIM BOIbTMETPOM, KOTOPbIN ecTb B Mporpamme. A
NOAKNOYNUTDb €ro K BblNnpAMUTENIO.

HackonbKo npaBuabHa W MpaBWabHa AM Boobuwe nogobHasa 3ameHa celyac cyauTb paHo. Ecau
pe3y/ibTaTbl MOAE/IMPOBAHNA OKAXKYTCS NMPUEMIEMbBIMU, TO, BEPOATHO, 3TO NPaBWU/IbHO, MHAYe creayeT
WCKaTb 4PYron BapuaHT.
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File Edit Simulation View Tools Help GECKO 494MB Total

Source/Sink rSpecwaI ‘

| Cmeasure | Digital | Math
Reluctance Control
Subcircuit Thermal

Circuit Motor & EMI

Scope

Voltage Measurement [V]

Current Measurement [A]

MMF Measurement [A]

Flux Measurement |Wb]

Temperature Measurement

Healflow Measurement [W]

1 |

notdefined

?;

Puc. 1.12. UameputenbHbIit BONLTMETP Ha 3aKnagke Measure

KctaTu, ecnm Komy-To MHTEPECHO, MOXKHO 3anycTWUTb ZiBE KOMUM MPOrpammsl, 4To A ceidac caenan. Ho
BEPHEMCA K CEHCOpy Hanps)KeHWA. BoAbTMeTp HY)KHO MOAKNHUMTL. [JNA ero NogxaAtodeHus u 6biin
cAenaHbl mapKepbl plus n gnd. OTKpoliTe CBOWCTBA BOJIbTMETPA ABOMHbIM LLENYKOM SIEBOM KNaBULLIN
MbILIKW, U Bbl YBUOMUTE, YTO €r0 MOXKHO NOAKAUYNUTE MO0 K y31aM CXeMbI, MO0 K KOMMOHEHTY CXEMbI.

Define nodes for measurement Define nodes for measurement

plus |v |gnd |plus |V| |gnd

pmponent———————————— Measure voltage at component

L1
-l S MOSFET.1

Puc. 1.13. HacTpoiika NepBoro AatymMka HanpaxeHus

Mpn NOAKNIOYEHUM K Y3/1aM CXEMbI UCNONb3YIOTCA ABa BEPXHUX OKOLLIKA, FAe 3TU y3/ibl MOXHO BblbpaTb
NO AaHHbIM UM HA3BaHUAM, @ ANA MOAKIOYEHUA K SNEMEHTY CXEMbl MCNONb3YETCA OKOLIKO HUXKe. Kak
MHE NOACHUAN, AATYMK HACTPOEH TaK, UTO OH AAET HaNPAXKEHUE MEHbLUEE, YEM HanpAXKeHNEe NCTOYHMKA
nuTaHuA. [na 3Tol LeAn MOMKHO MCMNONAb30BaTb YCUAUTENb C YCUAEHWEM MeHblle eaunHuubl. Ha
3aknagke Control ectb KomnoHeHT GAIN, KOTOpbIA Mbl HAacTpoOMM, BBeAA B AMA/IOTOBOM OKHE ero
CBOMCTB 3HaYeHue 40m. Tenepb Hayano CXxemMbl YNpaBAEHWUA BbIFNAONT TaK:

" plus @ gnd (VLT oo F 12
SR e

Puc. 1.14. HayanbHaa 4acCTb Cxembl yNpasaeHua

B KayecTBe BTOPOr0 CEHCOPA HAMPAMKEHWUS, MOAKAOYEHHOTO K BbIXO4HOMY COMPOTUB/EHMUIO,
NCNosib3yeTcs BTOPOM BOILTMETP, KOTOPbI ByaeT noakatoYeH K pesnctopy R2.
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[aTtumk ToKa. OH OaéT Hanps)KeHue, KOTopoe MPONOpPLMOHANbHO TOKY B Lenun. He Byayyun noaHoOCTbIO
YBEPEHHbIM B CBOEN NpPaBoTe, A 3aMeHI0 ero conpoTtussiieHnem 8 1 Om 1 BONIbTMETPOM, NOAK/TOYEHHbIM
K 3TOMY COMPOTUB/IEHMIO.

Rt [WOLT F & Voltage Measurement [V]
Name: [VoLT:3 |

Enabled
Define nodes for measurement

Measure voltage at component

R hd

Ok | | Cancel

Puc. 1.15. laTuunK TOKa

TakMe KOMMOHEHTbl, KaK cymmaTtop (B CXeme OH BbluMTaTE/Nlb) WAM YMHOMUTENb, €CTb cpeau
KOMMOHEHTOB 3aKnagaku Control. VX OOCTAaTOMHO MEPEHEecTM Ha YEepTEX M NPaBUIbHO COEAUHUTb.
CoeanHeHMne cxembl yrnpaBneHnA NPoOmM3BOANTCA AaHANOTMYHO COeANHEHUAM INTEKTPUYECKUX INEMEHTOB.

HemMHOro meHsi, Hanpumep, CMyTUAMU 31eMeHTbl P/ (NnponopuuoHanbHble MHTerpaTopbl). MoAo6HbIN
MHTErpaTop, MnoxoXe, ecTb Ccpeau YnpasBAsloWMX KOMMNOHeHTOB. Ho 6e3 [0CTaTouYHOM NpPaKTUKK
NCMOJIb30BaHMNS 3TUX KOMMOHEHTOB A HE B MOJIHOM Mepe MOHAA UX HAaCTPOMKY, MOCKOJIbKY B CBOMCTBaX
KOMMOHEHTa ecTb noacHaAwLWmne GopmyJsibl, KOTOPbIE MEHA U CMYTUJIN.

72 pI x|
Name: PL

Enabled [] Shorted
Farameter

Ris) = To +a1.|'s
Risl=ry-(1+1/(s-T))

0= 1)
al= 33.333
T= 30.0002e-3
| Ok | | Cancel |

Puc. 1.16. CBoicTBa KOMMNoHeHTa Pl

Ho, He MyApcTBYA /lyKaBo, A UCMOAb30Ban «r0» B KayectTBe mapameTpa ycuneHus, a «T» B KayecTse
MOCTOAHHOWN BpEMEHU.

M elwé oaHo 3ameyaHue. B opurMHanbHOM CXeMe UCMO/b3YeTCA UCTOYHUK MOCTOAHHOMO Hanpsa)eHua B
KayecTBe OMOPHOro. D/IeMEHTbl 3/1eKTPUYECKME M0XO COYETalTCA C YNPaBAAWMMU SNeMEHTaMU
CXeMbl, MO3TOMY 8 UICMONb30Baa KOMNoHeHT Constant value u3 Habopa Source/Sink co 3HayeHnem 10.5.

Tenepb 3Ta 4acCTb CXeMbl yNpaBAeHUA BbIFNALNUT TaK:
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W1
plus @ gnd *lIF'

0= 40e-3

st= 10.5 L P
] g
1

0=400e-3
T=83.008e-G

-

0=
T=30e-3

Rt [MOLT ]

Rz MO e 7 }e

0= 30e-3
Puc. 1.17. MepBana 4acTb cXxembl yrnpasBaeHUaA

B nporpamme A He Halwén KomnapaTopa. Micnonb3oBan ONepaunoHHbIi ycunutenb. Ero npamoi Bxog,
OOJIKEH NMOAKoYATbCA K CXemMe YNpaB/ieHUs B TOUKe, 0603HaYeHHOW MHOW Kak pi (Ha puMCyHKe Bbile).
Ho A yXe roBopus, 4TO 3NEKTPUYECKME KOMMOHEHTbI (OY) MNoXo COeaMHAIOTCA C YNPaBAAOLWMMAU.
OfHaKko B 3TOM c/yvae, eciv BCMOMHWUTb, Kak Mbl CAeNaNn UCTOYHUK TPEeyrosibHOro HanpsXKeHua, Ha
NMOMOLLb MNPUXOAUT UCTOYHMK HANPAKEHUA, YNPaBAAEMbIA HanpaxKeHnem. MogKNoUunB ero K y3ny pi, A
coeamnHio ero ¢ npamoeim Bxogom QY. MonyvaeTca TakaAa KOHCTPYKLUUA:

Voltage Source U[V]
slek MName: |U.4 |
P AMP 1
i $'=['1§.';.°';312'°] Enabled [[] Shorted
Ok (ac |'oc [ sign | Dirvolt |
—dndua ) i Signal-Controlled
i M
I_tri=5 [SIGHALR “Tand us
Sgn.-Contr.
tri ==
| Ok || Cancel ‘

Puc. 1.18. 3aBepLuatoan 4acTb CXembl ynpasaeHua

CnpaBa NOKa3aHO AManoroBoe OKHO HACTPOMKM COoegMHEeHMs npedplayliet 4acTu M MCTOYHMKA
yMpaBAAeMOro HanpseHus. Pabota co cxemoW ynpaB/ieHUs NOYTM 3aKoH4YeHa. OCTanocb COeauHUTbL
BbIXOZ, OMEepPaLNOHHOro YCUAUTENS C 3aTBOPOM NOJIEBOrO TpaH3ucTopa. Ho, noxoxe, TpaH3UCTOP, XOTA
OH HaXoA4MTCA B KaTEropun 3/1eKTPUYECKMX KOMMOHEHTOB, OTYaCTU NPUHAANENKUT K rpynne ynpasieHuns
KaK ynpasnsemblii 3nemeHT. M03TOMy /1A OCTaBLUETOCA COEeAMHEHMS S WUCMO/Ib3YIO elle OAWH
BOJITMETP C HAaCTPOMKOM MOoAKAOYEHUs K Bbixogy OY M 3fieMeHT ynpas/jeHus 3aTBOPOM, KOTOpPbIV
HaxoauTca B Habope Source/Sink n HasbiBaeTca Gate control. B ero cBoiicTBax BbiGUpaeTca TPaH3UCTOP.

clok @ grd #] GATE | == MOSFET:1

Puc. 1.19. CoeanHeHue Bbixoga OY ¢ TpaH3UCTOPOM
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MoaenupoBaHue paGboThbl CXeMbl
YTto6bl MOAENNPOBaTbL paboTy CXeMbl, CIeAyeT YBUAETb OCLMIIOrPaMMbl B MHTEPECYIOLWMX HAC TOUKaX.
Cpeau M3ameputenbHbIX MHCTPYMeHTOB (Measure) ecTb ocuunnorpad.

494ME Total

r Special |
Measure Digital Math

nce Control
| subcircuit | Thermal
| circut | wotor & EMI

ED)
] T —
Voltage Measurement [V]

Current Measurement [4]

1 I+

A

Puc. 2.1. lobasneHne ocumnnorpada

MCXo4HO MOMKHO BMAETb TPM BXOAA, HO CTpesfKamu (BBEPXY W BHM3Y) KOMYECTBO BXOLOB MOMKHO
YBENNUUTD WU YMEHbLUNTb. MeHA celiyac UHTepecyeT Hab/lofeHWe 33 HanpsKeHMem Ha BXoAe, Ha
BbIXO4E M TOK 4epes MHAYKTUBHOCTb. [Mo3ToMy BXxogbl ocuuanorpada noAKNoYaeM yepes nBa
BOJIbTMETPA U O4UH amMMNepMeTp.

File Edit Simulation View Tools Help CGECKO 4594ME Tatal

Source/Sink | Special |
Measure | Digital | Math
Reluctance r Control
Subcircuit r Thermal
Gicuit | Motor &EMI

Scope

Voltage Measurement [V]

not defineg VOLT

not defined WVOLT S Current Measurement [A]
not definefd AMP

1 ] |

not defined

Puc. 2.2. lobaBneHne conpsxKeHus ¢ TouKkamu HabaogeHns

Celtyac anemeHTbl conpaxeHua ewgé He NPUBA3aHbl K 3/1eMeHTam CXembl, HO Mbl Bbllle 06CYLI,MI'IM, KaK
3TO caenatb. EAMHCTBEHHOE, YTO OCTanoCh |CI,O6aBl/ITb — B KayecTtBe BXoAHOro Bbl6paHO HanpAaxeHue,
OoTMeYeHHOEe Ha CXeme ynpasaeHnAa Kak V1. Ha Bxopgax ocu,wnnorpad)a cneanyet 0603HaunTL CUrHanbI,
MHa4ye OHUN NoABATCA C Ha3blBaHUAMU, NPUCBOEHHbIMU UM aBTOMATUYECKU.

lMonHasa cxema BbIrNALMUT TaK:
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X

File Edit Simulation View Tools Help GECKO Ready .. 494ME Total

- |&}:|[ SeurceiSink

Digital
Reluctance
Subcircuit
Circuit

Thermal
Motor & EMI

CoLa
- L~A00e6

Signal Source

H MOSFET.1

Constant value

‘Gate Control

Expoit Data to Simulink

Wil Min  Vin A
1 @ gnd VOLT }-
Lot SRz S Import Data from Simulink
o S At
nd |y

B, s

Sgn.-Contr Data exporttofile
S

© o plus @ gnd [WOLT P
ciex  clek@gnd - [VOLT I GATE | »» MOSFET:1

A2

Puc. 2.3. MonHas cxema B nporpamme GeckoCIRCUIT

YT06bl yBMAETb rpaduKy, ABaXKAbI WENKHMTE MO ocumuanorpady.

Data Graphs Analysis Simulation

Graph Data | Info
12—

960e-3 |
720e-3 |
43003
240e-3

.

@

=1

T
dy
|

T T T T
200e-3 400e-3 600e-3 800e-3

Puc. 2.4. I'padunyeckoe oKHO Nporpammbl

Y rpaduuyeckoro okHa ecTb CBOE meHto. Tak B pa3sgene Simulation Bbl HaMAETe HAaCTPOMKU NapameTpoB
cMmMynauumn (Hanpumep, Bpems HabawaeHWA) M 3anyck cumynaumun. 3aaaB Bpems HabnwogeHus B 1

CeKyHAy, NTOCMOTPMM Ha pe3y/ibTaTbl Npeablayuiel paboTsl.
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=
Data Graphs Analysis Simulation
off Graph [ Data [ Info
128
98
Ll i
Y 64
sHow 324
ALl q
o
@ 30 o A AAAAAAANANAAANANAANANANANAANAANAN A AAARAASAAAA A AR AR AN AN AN AN AARAAAAARAAAASAR AR A SAAAASAAARANAA AN
.| 270 |
! i
180 |
e
2 i
R
o
aur
64|
48
32
16|
o
T T T T T T T T T T T T T T T T T
0 1003 20063 30063 400e-3 500e-3 6003 7003 800e-3 900e-3

Puc. 2.5. Ocunnnorpammsl Npu moaenMpoBaHNN

Moyemy a Bblbpan ana HabnogeHua 3T TOYKM? BOT ocuuanorpammbl, NOJIYYEHHble B APYroi
nporpamme, KOTOPbIE A U XOTe CPABHUTL C BblENPUBEAEHHBIMU.

Hu)Ke BbIXOLHOE Hamps)KeHWe U TOK Yepe3 WHAYKTUBHOCTb MMEHT MHOM MOPALOK, YeM HA Hallel
ocumanorpamme.

200
200 pdoooeiil hemmemmeee - ..................... .........................................

A0 [mmmmm s s T e e LR

Time (s)

Puc. 2.6. Ocupnnorpammol OPUrMHANBHOM CXEMBI

Ho cornacutecb, pe3ynbTaTbl MOAENNPOBAHMA NOXOXN. U, rnaBHOe, MogeinpoBaHmMe He nNpepBanoch C
COO6U.I,€HM€M, YTO pelleHne pacxoanTca Nam maTpuua CUHIynapHa.

K KOHLYy paccKasa Mbl elé NoroBopMm O TOM, MPaBU/IbHO I MOAeNMpoBanack cxema? A ceiuac A
npuseay OCUMANOTPAaMMbI, MOYYEHHbIE NPU UIMEHEHUWN KKOHCTPYKUMU» AATYMKA HaMNpAXKEHWA, npu
€ro MOAK/IOYEHNN K UCTOUHUKY HamnpsyKeHWs (Yepes AOMNOAHUTENbHbIA MOCT).
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SCOPE.1 = B

Data Graphs Analysis  Simulation

off Graph Data Info

1124
Eifr" 5.4
56
28]

0

1
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Tz
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80

m
o
=

G0 —

40 |

20

Q! ]

0

80
60
a0

T
o 28e-3

T T T
S6e-3 Bde-3 112e-3

Puc. 2.7. Ocupnnorpammol MogmuduUUMpPOBaHHOM CXEMbI

MN3MeHUNOoCh BbIXOAHOE HamnpaXKeHne 1 TOK Yepes NHAYKTUBHOCTb. B NpuUYMHaxX 3TOro cneayet, KOHEYHO,
pa3bupatbca, HO Toraa, Koraa 6yaer ACHO, YTO MOAE/NIMPYETCA CXeMa NPaBU/bHO.

B cywiHOCTH, Bbilwe A NOBTOPWUA, U3MEHMB repos NOBECTBOBAHUA, TO, YTO HANMUCAHO B «BbICTPpOM cTapTe».
M nporpamma MmeeT elé MHOIo BO3MOXKHOCTEN, O KOTOPbIX A He ynomMuHan. Ytobbl y3HaTb 6oblue 0
nporpamme, cnaegayeT 6onblle MNONO/Ab30BaTbCA €t0. XOoTA £, NPU3HAKCb, WCMNO/b3yA TEKCTOBbIM
npoueccop, 3Hato 10-15% 13 ero BO3MOXKHOCTEN U HE OLLLYLLLAa/1 HE0OXOAMMOCTM 3HaTb €ro AOCKOHA/IbHO.
Ecnv 4TO-TO HY}KHO, Yero A He 3Hato, A ULy B CNpaBKe UK B MHTepHEeTe, HO, KaK NpaBMI0, XBaTaeT TOro,
yeMm A MOb3YHOChb perynAapHo. Ho 3To Tak, K cnosy.

A npesae, 4em oLeHMBaTb PaboTy NPOrPammbl, CIeAYeT NOHATD...

Kak pa6oTaeT noBbIIIAKLIMIA KOHBEPTEP
B MHTepHeTe MOMKHO HaMTM MHOro TEOPETUYECKMX cTaTel no paboTe KOHBepPTOPOB. 1 BOCMO/b3YyHOCh
HECKO/IbKUMU CTaTbsIMU, YTOBbI NPOUNNIOCTPUPOBATL MX C NoMOLLbio Nporpammbl GeckoCIRCUITS.

KoHBepTepbl, NoA06Hble BbILIEONUCAHHOMY, MWCMOAL3YHOTCA ANA WMMMYAbCHOTO Npeobpa3oBaHMs
HanNPAXeHUA C Uenblo ero MOBbIWEHUA WAW MNOHMMKeHuA. [ns noeblwatowero npeobpasoBaHus
MCMO/Ib3YETCA C/I0MKEHWE MUTAOLWEr0 HAMPAXEHMWA C PEAKTUBHbIM HaNPAXEHNEM Ha UHAYKTUBHOCTM.

BOT 04MH 13 MPMMEPOB B Nanke Nporpammbi:
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File Edit Simulation View Tools Help GECKOD Stopped after 304e-3 [5] 32EME Used

Source/Sink |  Special |
Measure | Digital | Math
Reluctance r Control
Subcircuit r Thermal
Circuit | Motor & EMI

Signal Source

Constant value

Gate Control

o T A
q Export Data to Simulink
- | s1GNAL a3t gate GATE | - S o

Clree=d Import Data from Simulink [

Data export to file

Puc. 3.1. Mpumep npeobpasosartens

N ocumnnorpammbl ToueKk HabnogeHus, BblibpaHHble aBToOpamu nporpammbl. OTmedy MOMYyTHO, YTO
U3MepUTE/IbHbIE MHCTPYMEHTbI B NMPUMEPE HEe COeAUHAIOTCA C BXOAamu ocumanorpada, Ho OTMeYeHbl
OANHAKOBbIMW Ha3zBaHMAMU. Bugmmo, n Takon npném yaobeH npu paboTe.

Data Graphs Analysis  Simulation

Graph Data | Info
40 —
32
24
16 -
g5
i’

F

I ||.‘|,| UL |||‘

’."..[\l..\ ‘! Il J"! I

uw.|.|,,,

gate

I I 1
188 Be-6 399 Ge-6 599 de-6 799 2e-6 99%9e-6

Puc. 3.2. Ocunnnorpammsl MOLAEANPOBAHNA CXEMbI

OTmMeYeHHOe Ha BepxHel Auarpamme HanpsaXeHue U2 — 3TO BbIXOAHOE HanpsXeHWMe CXeMbl, OHO
60/blle HaMNPAXEeHUs NUTaHWA, TO €ecCTb, KOHBepTep nosblwakowuin. MNpn paboTe Kawya S1 Ha
MHAYKTUBHOCTM BO3HMKaeT 34C CaMOMHAYKUMM, KoTopasa WM MpUKAagblBaeTca K KoHaeHcaTopy Cl1
COBMECTHO C MUTAIOLLMM HanpaKeHUeM.
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bonee nodpobHO ¢ HebOAbWUM BKAKOYEHUEM MAMeEMamMuKu OAf YCMAaHO8UBWE20CA
pexcuma pabomel amo 8bl2aa0um mak. [losnoxwcum, ymo Knrou S1 3amkHym. [ladeHue
HANPAYEHUA HA UHOYKMUBHOCMU PABHO MO 6eAUvUHEe MUMaruwemy HarnpaxeHuro.
HanpaxeHue u Mok UHOYyKmuUeHocmu ceA3aHbl ¢popmynoli V1 = -L*di/dt. Uumeepan om
3Mo20 8bIPAXEHUA 0acm 3HAYeHUEe moKa Yyepes uHOykmusHocme 1=V1*t/L. dmo nuHeliHas
308UCUMOCMb MOKA om HanpaxceHua. KpymusHa epaduxka 3asucum om eenuduHsl
HanpAXeHUs U UHOYKmusHocmu. Koz2da Kaw4v pasmblKaemcs, HAMpAXeHUe 8 moyke
coel0uHeHUs UHOYKMuUBHoCmuU U Kaoua bydem Hexkomopsim V2 (npakmuyecku, 3mo
8bIXOOHOE HAMpAMeHUe), @ Ha UHOYKMUBHOCMU pasHbiM pasHocmu V1 u V2. 3Ha4yum,
308UCUMOCMb MOKA om e8pemMeHU mernepb cmaHosumca I=(V1-V2)*t/L. 3anuwem spems
BK/IIOYEHHOR20 KAto4Ya Kak Ton, a 8biKA4YeHH020 KakK Toff. B nepsobili mnpomexymok epemeHu
MoK nuHeliHo Hapacmaem, a 80 emopoli nuHeliHo cnadaem. HanpsaxceHue 8 amoli moyke
0149 epemeHuU Ton pasHoO Hy:to (KAo4Y 3aMKHYym). 3a nepuod pabomel Kao4a MOMHCHO 0114
cpedHez20 3HauyeHus HanpaxeHus 3anucame: V2*Toff = V1(Ton + Toff). To ecms, OnAa
HanpaweHus V2 = V1(Ton/Toff + 1). BbixoOHOE HaMpAMceHUe 3a8uUcum om 6X00H020
HANPAYEHUA U CKBAXHOCMU Yynpasaarouux umnynscos. 1 samemoeme, Ymo oHO 6osbuie
8X00HO020.

MpoBepum 3TO YTBEPKAEHME, U3MEHMB CKBAXKHOCTb YMPABAAIOLWMX MMMYAbcOB. Ha cxeme oTKpoem
CBOWCTBA KOMMOHeHTa signal.

Signal Source “

Name: |SIGNAL.1 |

Enabled
Source Type

[[] Use external parameters

[] Display Details

(sn ['Rec | TRI | RND | DAT |

Rectangular

amplMAX = 1
f[Hz] = 35e3
offset= 0
phase[]= 0

cﬁuty cycle = T00e-3

View Curve == Show

| Ok | | Cancel |

Puc. 3.3. HacTpolika ynpasastoLwero reHepaTopa

MosTOopnMm cumynaumio npm napametpe 700m, a 3atem U3MeHMM 3TOT napameTp Ha 300m.
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Data Graphs Analysis Simulation Data Graphs Analysis Simulation

Graph Data [ Info off Graph Data [ Info
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Puc. 3.4. BoixogHoe HanpAaxXeHune npu gsyx 3Ha4eHMA CKBAXXHOCTU ynpaBaAoWNUX UMNY1bCOB

M3meHMMm BXxOogHOE HanpAXeHue, ckaxem, 3agas 20 B.

]
x

Data Graphs Analysis Simulation

Graph Data | Info
70—

R

m \|
a 1 W

\
|| = Aj\l

L I | e R B
o 199 8e-6 399 6e-6 599 4e-6 799 2e-6 999e-6

Puc. 3.5. BbixogHoe Hanpsa*KeHue Npu HanpaXeHnn UCTOYHUKA nuTtaHuna 20 B

PaccmoTpum eLwg oauH napameTp cxembl — TOK Yepes MHAYKTUBHOCTb. BOT yCTaHOBUBLUMICA peXkUM:
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Data Graphs Analysis Simulation

Graph Data | Info

Puc. 3.6. Ocunnnorpamma ToKa Yyepes UHAYKTUBHOCTb

lpaduyeckoe OKHO MO3BOAAET PACCMOTPETb OTAE/NbHble 061acTM  ocumanorpammbl. [oCTaToOYHO
MbILLIKOM BbIAENUTb NPAMOYToNbHY0 061acTb. Bug rpadunKka nsmeHurca:

Data Graphs Analysis Simulation
Graph Data | Info

11.181

10871

10.56 —

10248

9.939

124

0

4860e-3 -

240e-3 4

o

f ! f T f
2.598e-3 2.646e-3 2.693e-3 274e-3 2787e-3

Puc. 3.7. BoigeneHHan obnactb rpaduka
[ns BO3BpaLLEHUs K NepBOHAYaibHOMY BUAY rpaduKoB ncnosbsyinte kHonky BACK.

HanomHto, 4To rpaduyeckoe OKHO MMeeT CBOE MeHto. Mcnonb3ya pasaen Graphs, MOXHO y4anuUTb UAu
006aBUTb rpaduKmM Touek HabaogeHua, ncnonbsys KHonku Add graph u Delete graph. B BepxHei yactu
3TOro Anasnora Bce Habtogaemble BEIMYUHDI.
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&= Matrix Signal - Graph “
Matrix Signal - Graph

gate

\ﬂ\i -weight (%]
Bl Kl Digital

us
uz

g

=
GRF 2

GRF 1 - -

ul

Add graph || Delete graph || Down || Up || Close Window |

Puc. 3.8. YnpasneHue rpapuKkamm B rpadpmyeckom OKHe

BepHEMcA K TOKy. TOK /IMHEMHO HapacTaeT A0 MAKCMMANbHOIO 3HayeHWs Imax u cnagaet [o
MWHUManbHoro Imin. Mopa, guarpammoit ToKa NpeacTaBieHa Auvarpamma ynpasnaeHusa Katodom S1. Tok
HapacTaeT 3a Bpema Ton, a cnagaet 3a spems Toff.

CpedHuli MoK om ucmoYHUKa (8xo0Hol) MmoxcHO 3anucame mak: lin=(Imax+Imin)/2. Ana
8bIX0OHO20 MoKa cnipasedauso lout*(Ton+Toff)=Toff*(Imax+Imin)/2, mo ecmo:
lout=(Imax+Imin)/(2*(1+Ton/Toff)), a mexOy mokamu u HanpaxeHUAMU (8X00HbIMU U
8bIX0OOHbIMU) ecmb ced3b: lout/lin=Vin/Vout. B umoze MOMHO 048 MAKCUMAs/IbHO20 U
MUHUMQbHO20 MOKO8 3anucame:

Imax=lin+1/2*Ton*Vin/Vout, Imin=lin-1/2*Ton*Vin/Vout, a ¢ y4yémom moao, 4Ymo
lin=lout*Vout/Vin, Ton=1/f-Toff, moxHo 3anucams:

Vour 1 Vin
Imas'= Liiie * —o + 57 W -(1— )
max out V; ZfL n Vour

Ve 1
[minzlout'i__'vin'(l_ m)
Vin ZfL Vout

Smum popmynam moxcHo npudame 6osee yoobHbili sud, ecau obosHayums Vin/Vout = k.

I il Iout a4 Vout
max
k 2fL

k- (1—k)

[out Vout
Ipin = —— — ‘k-(1-k
min k ZfL ( )

Mbi paHee MmeHAAN BbIXOAHOE HanpAaXeHne, U3IMeHUB CKBAXHOCTb YyMnpasaAloWKUX UMNYbCOB,
NOCMOTPUM, USMEHUTUCb TN B STOM 3KCNEPUMEHTE MaKCMMa/IbHOE U MUHUMA/IbHOE 3HaYEeHUA TOKa.
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Data Graphs Analysis Simulation

Graph Data Info
25 —

2533

2.445 4

2.358 o

2271

2183

f T f f
2.493e-3 2528e-3 2.563e-3 2.598e-3 2633e-3

Puc. 3.9. MakcumanbHbI U MMHUMa/bHbIM TOK NPU ApYrom 3HaveHum Vout

3HayeHMe MUHMMANbHOTO TOKA (M MAaKCMMa/IbHOTO) 3aBUCUT OT BbIXOAHOTO TOKA. Bbille Mbl BUAENM, UTO
3HayeHMe MMHUMAIbHOTO TOKAa He AOCTUraeT Hynsa. TakoW pexum paboTbl HasbiBAOT PEXMMOM
HenpepbIBHOrO TOKa. Ho mocnefoBaTeNbHO YMEHbLUAs BbIXOAHOM TOK (YBe/MYMBAA COMPOTUB/EHME
HarpysKku), Mbl MOXeM AOCTMYb CUTYaLMM, KOrAa BbIXOAHOW TOK B HEKOTOPbIE MOMEHTbI PaBEH HYJO.
TaKol pexxmMm paboTbl Ha3bIBAIOT PEKMMOM C MPEPBLIBUCTBIM TOKOM.

Data Graphs Analysis Simulation

Graph Data | Info
90 —

72+

54 ]

6595 .568e-3 —

521 B76e-3 o

347 784e-3 o

173.892e-3

T T f T T T
2.465e-3 2.452e. 2518e-3 2.545e-3 2571e-3

0

Puc. 3.10. Pexxum paboTbl ¢ NpepbIBUCTbIM TOKOM

MHOrMx MoXeT MHTepecoBaTb, Kak paccyMTaTb npeobpasoBaTtesib? B 3ToM nporpamma He NOMOLLHUK.
BOT ccbi/ika Ha caiT, rae Bbl HaWAETe peKomeHAalumm no pacyéry: http://radiohlam.ru/teory/boost2.htm

A nposepuTb pe3ynbTaT pacqéTa MOXHO B nporpamme.


http://radiohlam.ru/teory/boost2.htm
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Emé Hemuoro o nporpamme GeckoCIRCUITS

HOCMOTpMM, 4YTO B OCHOBHOM MEHIO Nporpammbl.

Paspen File.

Edit Simulation View Tools Help GECKO Ready ... 494ME T otal

MNew Co3aaTk HoBeIl dain

épen OTHPEITE CYLLECTBYOWMA dain

Save CoxXpaHWTE dain

;aveAs CoxpaHnTe Banm nog 4pyrum MMeHEmM
Save as Applet COXPEHWTE KaK annaeT

Save View as Image CoxpaHWTh BWO K&K KapTHHRY

Exit BEIATH

CllserswiladiminDesktoplalex-2\alexs.ipes
CllserswiadiminDesktopihe_33\GeckoCIRCUITS\Examplesieducation_www.ipes.ethz.ch\buck_simple.
CllserswladiminDeskiopihe_33GeckoCIRCUITS\Examplesieducation_www.ipes.ethz.ch\boost_simple
CAllserswiadiminDesktoplalex-2\alex7? ipes

Puc. 4.1. Paborta c painnamm

Mpn coXpaHeHUM CXembl B BMAE KAPTMHKM MOMKHO BblbpaTb popmaT M306parkeHua M MecTo ero
XpaHeHuA. Bbibop MecTa coxpaHeHMs U UMeHU daiina — WeNYoK No nanke cnpasa.

File format Information Seltings

il 1Jpg | SVG- Scalable Vector Graphics ® Color
() Grayscale
o gif - Vector-graphics Image, no compression
- Editable vector-graphics
- Programs for image post-processing:
2 png O pdf - Windows: e.g. Adobe lllustrator
- Linux: e g. Inkscape, Gimp

i) svgz

Filename: ‘-NGeckoCIRCUITS‘.Examples‘.education_wm.ipes.ethz.ch‘.buck_simple.svg| 3

‘ Create Image | ‘ Cancel

Puc. 4.2. CoxpaHeHune n3obpaxkeHus

Paspgen pepaktuposaHuA Edit. MHorue KOMaHAbl MOXXHO BbINOJIHUTL U APYTMMU CpeacTBaMM.
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Simulation View Tools Help GECKO 494MEB T otal

Undo {not available) Ctrl-Z Source/Sink |/Special |

Redo (notavailable) ~ ctl-v [ Measure | Digital | Matn
i Reluctance |/ Control
Subcircuit r Thermal
Circuit | Motor & EMI

Move Elements Cirl-x

Copy Elements Chrl-C

Delete Elements :
Deselect Escape i|| Vvoltage Source U[V]

Selectall Chrl-A | ||| currentSource I[a]

Enable f Disable Ctrl-E Resistor R [Ohm]

Short-Circuit Component A-E

Puc. 4.3. PepaktuposaHue

[ns BbiNnosHeHUs KomaHabl Move Elements cnefyeT BbINONHUTL NPSIMOYTOJIbHOE BblAe/IeHNE Ha CXeMe,
a 3aTeM BbIMONHUTb KOMaHAy. BblaeneHHas 4acTb CXeMbl OKa3blBaeTCA NPMBA3aHA K KYPCOpYy MbILLKM, U
eé Nlerko nepemecTuTb B APYryto YacTb YepTexKa, rae A4OCTaTOUYHO LWeNYKa 1eBON KNaBULWKM MbILLIKU.

AHanornyHas npoueaypa ANA KOMaHZ KOnNupoBaHMA W yaaneHusa. OnpegenéHHol  UHTepec

npeacrasBAseT pag KomaHa. PaccmoTpum KomaHay Short-Circuit Component Ha NpocTom NpUMepe.

Data Graphs Analysis Simulation

off Graph | Data | Info
Elm 552 |

File Edit Simulation View Tools Help GECKO Stopped after 2.008 [s]

|| SourcelSink

Special

Digital ﬂ
= Reluctance
Subcircuit
Gircuit

590

T T T T
0 20e-3 40e-3 60e-3 B0e-3 100e-3

Puc. 4.4. HanpaxkeHue Ha pe3sumctope R2

Tenepb BblAeMM (NPAMOYrO/IbHbIM BblaesieHMeM, Kak MOKa3aHo Bbille) pesuctop R1 n ucnonbsyem
KOMaHAy. BbinoaHUM cumynaumio, 4tobbl yBMaeTb, 4To pe3nctop R1 aeicTBUTENIbHO 3aKOPOYeH.
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Data Graphs Analysis Simulation
File Edit Simulaion View Tools Help GECKO  Stoppedsfter 1984 (5] E s
o Graph | Data [ Info
1.4 | sg0
&
Subcircuit Thermal o b
Circuit Motor & EMI Ik
108 —|
Seco SHoW
i LL
R2 Voltage Measurement [V] p—
R= 1000
o || Current Measurement [A] 102
Kl I IIC @z
Gl
9.6 |
save
Taok
woAn
Z00H
a9
SCALE
T T T T T T 1
] 20e-3 40e-3 60e-3 80e-3 100e-3

Puc. 4.5. loBTOpHOE MOAenMpoBaHue

Y106bl CHATb KOPOTKOE 3aMblKaHME C KOMMOHEHTa, AO0CTAaTOYHO NOBTOPHO BbIAENINTb KOMMOHEHT U
BbINOJ/IHUTb Ty XK€ KOMaHAy.

Eweé oaHa KomaHaa Enable/Disable. MocMmoTpMM Ha AEACTBME KOMaHAbI C TAKOW CXEMOIA.

File Edit Simulation View Tools Help GECKOD Stopped after 2.601 [s] sa4me 1| Data Graphs Analysis  Simulation
o Graph | Data [ Info
368 =a.0
&
Subcircuit Thermal I 1
Motor & EMI ied
352
Voltage Source U[V]
L
R2 R3 Current Source I[A] 4
R= 1000 R= 1000 N Back
Resistor R [Ohm] Q
336
o Hor O 51 —
Q!
RA 324
R= 1000 save
Saom
e
Za0h
304
SCALE
T T T T T T T T T T
0 20e-3 40e-3 60e-3 B0e-3 100e-3

Puc. 4.6. HanpaxkeHue Ha pe3nctopax R2 n R3

Bbiaenum pesnctop R3 (NpAMOYrosibHbIM BblAgNeHWemM) U nNpuMeHMm KomaHay Enable/Disable,
LWENKHYB NO Hel NeBOI KNaBuULLIEN MbIWKK B CNMCKE KOMaHA pasaena Edit.
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File Edit Simulation View Tools Help GECKO Data Graphs Analysis Simulation

Stopped after 2.601 [5]

oF Graph | Data | Info
sg.0
Eﬂg"‘ 5.52
Subcircuit Thermal f§ ===
Motor & EMI ir 1
Voltage Source U[V] 528 |
SHOW -
i Current Source [A] AL
R= 1000 BACK 7
T Resistor R [Ohm] Q
o~ XS — 5.04 -
é QI |
RA
R= 1000 save 48—
]
LoAD i
Zom

T T T T 1
1] 20e-3 40e-3 60e-3 80e-3 100e-3

Puc. 4.7. BoinonHeHWe moaenmpoBaHua nocae onepauym c R3

[na BOCCTAHOBNEHWUA «CyLECTBOBaHMA» pe3ncTopa R3 [0CTaTOMHO MNOBTOPUTb OMWUCaHHbIE Bbllle
onepauuu.

File Edit View Tools Help GECKO Stopped sfter 2.375 [5] 494MB Tatal

Parameter F5 “ SourcelSink rSpeciaI |
Init& Start =1 o Measure | Digital | Math
Fause F3 Reluctance |/ Control
Continue 74 | subcireuit | Thermal
| circuit | otor & EMI

Scope

Voltage Measurement [V]

Ii [Tr]

)

[ Tnl»

Puc. 4.8. CNnUCOK KOMaHA pasgena cMmynauum

MocnegHue aBe KOMaHAbl OTHOCATCA K NPOLECCY CUMYNALUK, KOTOprﬁ MOHO OCTaHOBUTb Ha BpemA U
npPoAO/IXUTb ero BbinoJIHEHUE. nepBblﬁ B CNUCKe pa3gena Parameter. OTKpOEM Ananorosoe OKHO.

ITvar‘s\ent Steady-State Solver

 Parameters r Par; Integration algorithm selection —

dt= 2553 dt_pre = [2008 Backward Euler
LSIM = 1 T pre= -0e-3

LBR= -1 Trapezoidal

Transient Transient

Steady-State Solver Steady-State

rtBR Info (Gear-Shichman

Set't BR to stop the simulation at a defined T_pre, dt_pre: The simulation is exscuted Trapezoidal: Ne numeric damping,
time before t_END' Sett_BR=-1'to with the simulation time of T_pre and the possibly unstable

disable this feature. stepwidth of dt_pre in advance of the Gear-Shichman: Behavior is in between

regular simulation. This enables an easy Trapezoidal and Backward Euler methods

finding of the steady state solution.

Puc. 4.9. InanoroBoe OKHO HAaCTPOEK MapameTpPoB CUMYAALUN
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Bce Tpu 3aK/NafikM MOKa3aHbl Ha pUCYHKe. Ha nepBoit 3a4aéTca Wwar no BPemMeHU U Bpemsa CUMYIALNN.
Ha BTOpoW mapameTpbl YCTaHOBMBLLErOoCA COCTOAHMA, a MOC/AeAHAA 3aK/iafKka AaéT BO3MOMKHOCTb
BbI6paTb METO/, pelleHna ypaBHEHNA.

Init&Start. UHMUmManmsaumsa cxembl U 3anyck moaennpoBaHuA. KacaTenlbHO TeX CXeM, O KOTOPbIX
roBOpPW/IOCH Bbille, BHa4ase cieayeT ABOMHbIM LLEYKOM MO KOMMOHEHTY Scope OTKpbITb rpaduryeckoe
OKHO, B KOTOPOM ecTb cOH6CTBEHHOE MeHtO 1 cBOM pasaen Simulation. Ecnv B HEM WENKHYTb MbILLKOM NO
3TOM KOMaHAe, TO HaYMHaAeTca MoAeIMpPoBaHme.

]
X

Data Graphs Analysis | Simulation |

off Graph Data | Parameter =

50 ——— Init & Start 71

40 ul
om = e 2
f‘i 3] Pause 3 u
1 20 Continue 74 —
31 103

i EP

a 199 Be-6 399 Ge-6 599 4e-6 799.2e-6 999e-6

Puc. 4.10. Paszgen cumynaumm B oKHe rpadpukm

M noka mbl B rpadMyeckom OKHE, HaMOMHI0, YTO MOMKHO MPUMEHUTb MapKepbl AN MOAYyYeHUs
3HayeHui. B npeablaywem pasaese mMmbl yIOMUHAAM PEXUM PaboTbl C NPEPbIBUCTBIM TOKOM. BcnomHum,
YTO MaKCMMaNbHOE U MUHWMANbHOE 3HAYEHME 3aBUCAT M OT BEAMYMHbLI MHAYKTUBHOCTU. YMEHbLINM
3HayeHue A0 NosABEHUA NPEPbIBUCTONO TOKa.

|
X

Data Graphs Analysis Simulation

Graph | Data | Info
60

off

ul=
( 12

a8
N

ﬁé | ANV VTN NN VNN NN NN NN )
I~

e

375017
24

——
S

Activate sliders (cursors). You can use the mouse wheel for fine-

ustment of the cursors. The second (green) cursor moves by dragging -

right mouse button. The green cursor shows DIFFERENCES values w.rt ul=

first (red) cursor values. 2
3

(B
izl

z

24
12

EaE

0—

44— iL=
o+ TE4TT40e-0
33

22

1
o
ol . . . . .

33— 37602
2| |

T

|
0 U

4

2

gate = on
' [ ' I ' I ' I ' 1
o 199 Be-6 399 Be-6 589 4e-6 799 2e-6 9899e-6
1= 430 84548726 t=0

Puc. 4.11. Hayano paboTbl NnpeobpasoBaTena B pexxunme C NPePbIBUCTbIM TOKOM
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MapKep noaBAAeTcA C MOMOLbIO KHOMKN Ha 1eBOM MHCTPYMEHTAa/IbHOW NaHeNu, KoTopas BblaeseHa Ha
pucyHke. Mepemelan MapKep B HYXHYHO TOYKY rpaduKa C NOMOLLBbIO MbILWKKW, Bbl HA NPaBol MaHenu
yBUOMTE BCe 3HayYeHMA nepemMeHHbIX. KONECUMKO MbIWKN MOMOXKET TOYHee HACTPoUTb MapKkep. A
NMOMECTUB KypCOpP MbIWKM MOBEPX KHOMKM, Bbl yBUAMTE MNOACKA3Ky. BbIATU M3 peMMa MOXKHO C
nomollbio KHonku off, BepxHeit Ha neBol nNaHenn. A npuaaTb MNaHeNU UCXOAHbIA BUA, MOXKHO C
NOMOLLLbIO KHOMKKN Zoom.

Bbl MOKeTe paccyMTaTb 3HaYeHUEe UHAYKTUBHOCTU M NPOBEPUTb, COBMAAET /M 3TO 3HAYEHME C TEM, YTO
MONYYEHO MPU CUMYAALUMN.

Pasgen View.

File Edit Simulation | View| Tools Help GECKO Stopped after 304e-3 [s] 494ME Total

WorksheetSize | Paswep paboseronons || | SourcelSink | Special |
Scaling ‘Macwrabnposanue snaa . [ measure | Digital | Math
Font Size Pazmep wpWdta -~ 0 Reluctance |/ Control

| @ Use Antialiasing | Mcnons3oeaTs craasueanme " subcircuit | Thermal

| @ Name ... ||l cicit [ wmotoraEm |
| @showParameter | | || vottage Source U]
|@showTextine | ||
- | ¥ Flow Direction

-

Current Source I[A]

“|l__Resistor R 10hml

: 0 Name
.| ¥ Show Parameter
" | ® Show Text-Line

| ™ Name

* | ® Show Parameter
" | ¥ Show Text-Line

— [0 Flow Direction

Puc. 4.12. HacTtpoiika Buaa pabouein obnactm
B nocneaHux pasaenax MOXKHO 3a4aTb UK ybpaTb, 4To 13 0603HaYeHUIA ByAeT BUAHO Ha YepTexke.

Paspen Tools.

File Edit Simulation View [Tools| Help GECKO Resady ... 494MB Total

MNposepka coeguHerui | B Check Connections Cirl-K : Source/Sink r Special |
. MpoBepka mogenn: Check control model  ciil- Measure | Digital | Math
- Mouck 8 mogenn - - Find in model Crl-F Reluctance r Control
YCTEHOBKE NapaMeTpos Set Parameters e r e

: o : 1™ circut Motor & EMI
Pasmep namaTy . Memory Seitings =

_ OBHOBNEHME YCTEHOBOK Update Seitings Voltage Source U[V] é

- YCTEHOBKW gocTyna - Remote Access Seltings Current Source I[A]

Resistor R [Ohm]

Puc. 4.13. Pasgen MHCTpymMeHTOB
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MpoBepKa coeanHeHui. Mocne LWwenyka no 3ToM KOMaHAe Kypcop meHseT Bua. LLEnkHuTe no ntobomy
Y37y Ha cxeme, YTobbl yBMAETD:

File Edit Simulation View Tools Help GECKO Ready ... 494ME Total

Source/Sink |  Special |

Measure | Digital | Math
Reluctance r Control
Subcircuit r Thermal

Circuit Motor & EMI

Voltage Source U[V]

L1

=B L b I Current Source I[A]
o BATE=:  C=0ed

Resistor R [Chm]

- T

[Em o ]

Capacitor C [F]

Lrec=1 | inductor L H1

Inductor Coupling Lc [H]

Magnetic Coupling k

Ideal Switch

Puc. 4.14. NpoBepka coeauHeHunn

MNpoBepka mogzenn [aéT MHOOPMAUMIO O NoaKAtodeHuax mogenun. [obasum B paboyee none
BOJIbTMETP. BblaenMm ero npamoyrosibHblM BblaeneHnem. LLEnkHem no komaHae Check control model.

File Edit Simulation View Tools Help GECKO Ready .. Control Ports without connection
o || 4| sourcessink Input ports __—————Quiputpots
L-3g0es. D1 VOLT.4 Port no. 0 label: empty
Reluctance
Subcircuit
5 Circuit
Scope
Ut 5.1
Ude=712  gaTEass g:",mw. ) — — 1 1 Voltage Measures
not detinea] VOLT |> I Current Measurem|
>» 5:1 |
g MMF Measuremen|
©ree=t co co co co co co . : Flux Measurement|
S o e I
Cmo o . A o o . ]
2@o VOLT >“s ”s :
© o s@o - oLt B u . o o . 8 [voLT
T voLr B2 u2, . . . . :
i iL : no
e AWP_ | !
awr |° K |
v =]
1 I > |

Puc. 4.15. Nposepka moaenun
B noasmBLIEMCA OKHE CNpaBea/IMBO OTMEYEHO, YTO BbIXO, BO/IbTMETPA HE MOAK/IOYEH.

Mounck B moaenn cBOAUTCA K BBOAY TEKCTA B OKOLLIKE NOSABMUBLLErocA AManoroBoro okHa U HabaoaeHua
33 CXeMOoW, rae oTMeyaeTcsa pesynbTaT Noucka.
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494MB Total

Source/Sink rSpeciaI |

Search for String: \c

| Ignore case [] Exact match

I Found items

Voltage Measurement l\l

Component C.1x=17 y=6

Current Measurement [AI

MMF Measurement [A]

Flux Measurement |Wb]

not defin Close window

Puc. 4.16. Nowuck

06 ycTaHOBKe NapaMeTPOB MOXKHO NPOYNUTATL Ha 3aKNaaKe Help OKHa yCTaHOBKM.

Farameter | Help

Farameters (name-value pairs) must match the
parameters defined in the simulation maodel,
0. SRload.

Fairs of name-valus in the input list must be
parated by space or tab.

If a name is defined twice, a warning is given,
but the simulation can be performed. If names
re defined in the input list, that are not used in

Puc. 4.17. MoAacKkasKa B OKHe YCTaHOBOK NapameTpos

MocnefHve TpM KOMaHAbl BbI3bIBAOT OKHa HACTPOEK, BK/tOYAsA HAaCTPOWKM YAANEHHOTO AOCTYMA.

[ Settings

Scope memory handling
Lossy compression ratio: Connection seltings

= Remote acess of GeckoCIRCUITS is
(see "Info-tab” for information) ® [Never check for updat ) Enabled @ Disabled
() Daily check for updates

at port: 43035

Startup memory () Weekly check for updates
Memaory at startup:

h ly aft tart of GeckoCIRCUITS)
(changes apply after restart of Gecko ) Connection test

(Z) Notify only majer version numbers
JVM memory information

i No Connection established.
Total memory: (® Notify all updates nnection =

Currently used memaory:

|| Apply || Cancel

Puc. 4.18. HacTpoiikn namatv, 06HOBNEHME YCTAaHOBOK M HAacTpoliKa AoCTyna



KouBepTepsnl B nporpamme GeckoCIRCUITS

MocneaHee, 4To XOTENOCH Bbl YNOMAHYTb — yNpaBaeHWe LBeTom rpadurKos. LiseT rpadukos nporpamma
3343ET aBTOMaTU4YECKU. Ho Bbl MOXKeTe U3MEHUTb LIBET, YTO NOPOI OYeHb YA06HO. BepHEMCA K MeHI0
rpaduyeckoro okHa 1 Bbibepem B pasaene Graph nyHKT Signal-Graph.

(;mpns| Analysis Simulation
of | Signal - Graph D
Define Average Signal ul
E"g"‘ Define calculation wN\M{\M\IW\f\W\f\f\MM u2
| =

01~
40

SHow 32
ALL 24

BACK 15;
8

o
&

uf

S DI

[apin
244
I T I T T T I T 1

& 96— -
e [
0 199 Be-6 399 Be-6 599 4¢-6 799.2¢-6 99926

yuy

gate

Puc. 4.19. Paspen Graph rpaduryeckoro okHa

B nosasmBLIeEMCA AManore U3MEHUM KENTbIN LBET rpaduKa Ha, CKaxKem, YEPHbINA, YTOObI Nydlle BUAETb
rpaduk. na aToro WeENKHEM NEeBOI KNaBULWEN MbILKM NO MapKepy rpaduka:

r Matrix Signal - Graph

g
O
O

\i\i Ateight (%]

- | Click Le1t or Right Mouse Buiton to Edit Curve

[ [s] @

- |-

Add graph || Delete graph || Down || Up || Close Window |

Puc. 4.20. Bbibop rpadvmKka gns MsmeHeHus LBeTa

B OKHe AManora HacTPOWMKKN BUAA KPUBOM Bbibepem Hy>KHbIN LBET U3 BbiNaatloLlero Cnucka B OKOLLKe
Line Color.
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Line Properties Symbol on Data-Points
[] show Symbol

Line style: SOLID_PLAIN = o
ip:

Line color:

Shape:

Line type:
Caolar:

Transparency:
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Puc. 4.21. Bbibop LBeTa rpaduka

34ech e Bbl MOXKeTe 334aTb TUN AnHWUK (Line type) unmn npospadHocTb (Transparency). A BOT nepeyeHb
cTunen nuHum (Line style):

Line Properties Symbol on Data-Points
[] Show Symbol

Line style: SOLID_PLAIN = .
ip:

Line color:
Shape:

Line type:
Caolar:
Transparency:

Puc. 4.22. Cnucok ctunein ninHnu

Koraa rpadmKoB MHOMO None3Ho pasHoobpasuTb UX BMA, YTODbI Jly4lle NOHMMATb NpoucxoasLLee.
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Puc. 4.23. Bug nameHumsLueroca rpadmka
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3aKJ/IloueHue

[aneko He Bce NporpaMmmbl MOAEANPOBAHNA XOPOLLO paboTaloT ¢ NnpeobpasoBaTensimmn, a UMNYAbCHblE
npeobpasoBatenn BCE uYalle WCMNOAb3YIOTCA B  pPasHbiXx ycTpoicTBax. EcnM  HaumHarowmm
pagnonobuTenam NoKaxercs, YTo NPorpaMmma He oYeHb yao6Ha B NOb30BaHMU, TO... HE BCErAa XKe UM
6bITb HAYMHAOLWMMMU.

Bbiwe A obewan, YTo K KOHLY paccKkasa BEPHYCb K CXeMe, C KOTOPOM BCE Havanocb. Bpemsa npuwo.

Bo-nepsblix, B cxeme obHapyXunaacb onedaTka.
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Puc. 5.1. OneyaTka B UICXOAHOM cxeme

OnevaTka OOHapysKMnacb, KOrga A Y3Han, 4YTO 3a CXemMa YnpaBAeHuA MPUMEHEeHa B 3TOM
npeobpasosartesne. MeHa yBegomunan, 4to 3t1o «power factor correction nam PFC». Komy-To 310 6bIS10
AICHO C CamMOro Hayana, a MHe MPULWNOCh NOUCKaTb B MHTEpPHETE NOACHEHMI, YTOBbl MOHATL — cneayet
noHabnogaTb 3a HanpsKeHWem U TOKOM, NOoTpebiAemMbiM CXeMOM OT WCTOYHMKE MUTaHuA:
http://www.nix.ru/support/fag/show articles.php?number=616&faq topics=PFC
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Puc. 5.2. HanpAxeHue n TOK NCTOYHWKA NUTAHWA B MCXOAHOﬁ cxeme

BennunHa TOKa M npuBaeKkna BHUMMaHME — eciun 6bl anoabl m TpaHBMCTOprIl‘/JI KN4 He 6blin Obl
naeanbHbiMn, ecnum 6bl cxema 6blna BK/OYEHA HA MaAKeTHOM nnarte, To OHK cropenun 6bl, NOCKOJIbKY


http://www.nix.ru/support/faq/show_articles.php?number=616&faq_topics=PFC
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KNtoYeBOM TPAH3UCTOP 3aKOpa4YMBaAET BbINPAMUTEb. Y6paB anoa, Mbl noaydumm  caeagyrouine
ocumnnorpaMmmsl.
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Puc. 5.3. Hanps»KkeHune 1 ToOK UCTOYHKUKA 6e3 Anoaa, BbI3BABLUEro COMHEHMA

XapaKTep U3meHeHna TOKa UCNPaBAEHHOW CXeMbI NOKasbiBaeT cmbicn PFC. ToK, noTpebasemblii cXxemol
OT UCTOYHMKA NMUTAHWA, XapaKTepeH AN PEaKTUBHOW HarpysKku, YTo M0X0 A4 CEeTeBOro nutaHus. Bce
HarpysKu cTapatoTca NPUBECTU K aKTUBHOMY XapaKTepy.

OcumnnorpaMmmbl, NpuBeaéHHbIE Bbile, caenaHbl gna cxembl 6e3 ynpasnawowei yactu. Co cxemoit
ynpaBAeHMA OCLMANIONPaMMa BbIrIAOUT TaK:
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Puc. 5.4. Ocupnnorpamma HanpsaXXeHWs U TOKa CO CXEMOM ynpaBaeHUs

MoTpebnsaembili TOK BbIrAAMT Ny4ylle, HO He Hauay4ylwmm obpasom. COMHEHUA Y MEHS Bbi3bIBaeT AaTUMK
TOKA, KOTOpbI A «cobupan» no HauTuto. MNMonpobyem yBennunTb CONPOTUBAEHME pPe3NCTOpa AaTyMKa
Toka B 10 pas.
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Puc. 5.5. Ocunnnorpammol NpM USMeHEHHOM AaTYMKe TOKA

XapaKTep TOKa B YCTAaHOBMBLUEMCA PEXWMME BMOJIHE YAOB/JETBOPAET HALIMM MAaHaMm, HO BEWYMHA

pesncTopa, HaBepHoe, CNWKOM BeMKa. MOMKHO YMEHbLUUTb CONPOTUB/IEHUE, @ BOJILTMETP AaTyMKa

TOKa CH36,£I,MTb ycunumtenem.
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Puc. 5.6. MoanduKkauma cxembl 1 OCLUANOFPAMMa BXOLHOIO HanpsKeHMaA u notpebasemoro ToKka

A 3aBeEpPWNTb PaCCKa3 MHe XOTeNoCb 6bl NMOBTOPEHUEM CUMYNAUNN CXEMbI NOCNeE TEX MCI'IpaBJ'IEHMﬁ, 4yTO

6blnn caenaHbl.

fl He 6epycb CyAMTb O MPABWUIbLHOCTM PaboTbl CXEMbI,

MOCKOJIbKY 3Hako O Hel canwKom mano. A

cobupancs NnpoBepuUTb TOJIbKO BO3MOXKHOCTb MOAENNPOBAHUA cxeMbl B nporpamme GeckoCIRCUIT. Ecaun

BaC MHTEPECYIOT KOHBEPTEPbI, TO HalAUTe B NPUMEpPaX NPOCTEMLLYIO CXeMY, paccymMTanTe eé anemeHTsbl,

npoBepbTe €€ paboTy B Nporpamme MOAENNPOBaHNA, cobepuTe cXeMy Ha MaKeTHOM naaTe U cpaBHUTE

pesynbTaTbl. Bo Bcex cmbicnax 310 byzeTt nosnesHo. OcobeHHO B YacTM 4OBepus K Ballel nporpamme

mogen

MpoBaHus.
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Puc. 5.7. Ocunnnorpammsbl BXOAHOIO U BbIXOAHOIO HaMNpsaXXeHuA U TOKa Yepe3 MHAYKTUBHOCTL L1
Cornacurech, YTO pe3y/ibTaTbl OpUrMHasbHble U noJsiydeHHble B GeckoCIRCUIT oueHb cxou.

MHorMe HauuMHalowme pPaguoNiobUTeNn CcTapaloTca HaWTU NOAXOAALLYHO CXeMy, cAenaTb Me4yaTHyHo
naaTty M cnasTb YCTPOMCTBO. Ho Bcerga moryT 6ObiTb AOocadHble oneyaTKW, Kak B 4YepTerke, Tak M B
HOMMHanNax AeTtanei. B nydwem ciyyae cxema He ByaeT paboTtaTtb, B XyAwWem AeTanu CropAT, OCTaBMB
Bac B pa3oyapoBaHMM U HeAoyMeHUW. [103TOMYy S CYMTalo, YTO Aaske NpPU MCNo/b30BaHWMM FOTOBOW
CXembl cregyeT pa3obpaTbCs B HEW, MOHATb NPUHUMN €€ paboTbl, MOHATb Ha3Ha4YeHMe Kaxgon u3
aetanen. 31y paboTy MOMKHO npogenatb M Ha MaKeTHOW naate, HO CEeroAHs ecTb Takasa yaobHas
MaKeTHaa nnaTta, Kak nporpamma MoAennpoBaHuA. BupTyanbHble AeTaAn He TopAT, a OLMUBKM
BbIABNAIOTCA NPU TLLATENbHON NpoBepKe. MNporpaMmbl — 3TO MHCTPYMEHTbI 418 0BNAAEHMA NPeaMETOM.
M Kak ntobble MHCTPYMEHTbI, MporpaMmbl 6biBatoT pasHbiMn. OaHM yao6HbI Ana paboTbl ¢ aHaNo0roBok
TEXHUKOW, ApyrMe Ans paboTbl C MMMYAbCHbIMW yCTpocTBaMU. Ecam y Bac ecTb Habop OTBEPTOK, TO
noyemy He 6bITb Habopy Nporpamm?



