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Tema Neol
3HAKOMCTBO C NAKETOM LTspice
Hean

W3yunth uHTEpdeiic LTspice IV u TeXHOJIOTHIO CO3TaHUS U MOJCTUPOBAHUS
paboThl CXeM YCTPOMCTB CHJIOBOWM OJJIEKTPOHUKH C €€ IOMOINbI0 Ha MpuUMepe
OJIHOTIONYTIEPUOTHOTO BBIIPSIMUTEIIS.

IosicueHus

B mnactosiiiee Bpemsi Uisi MOJEIMPOBAHUS aHAIOTOBO-IIU(GPOBBIX CXEM BCE
OoJbiliee mpuMeHeHrne Haxoaut maket LTspice IV xopmopanuu Linear Technology. B
COCTaB TAKeTa BXOJAT CXEMHBIM pEAAKTOp, MporpaMMa  MOJEIUPOBAHMS
(cumynsauuu), cuctemMa rpauyeckoro OTOOpaKeHHsI pe3yibTaTOB U 0a3a JAaHHBIX
TUTs1 OOJIBIIMHCTBA JIEKTPOHHBIX KOMIIOHEHTOB (M0J10B, TPAH3UCTOPOB, TUPUCTOPOB,
CUMHUCTOPOB U T.J.) U MHOTHUX IaCCUBHBIX KOMIOHEHTOB. Ilaker obOecneunBaeT
BO3MO’KHOCTh CO3/IaHHsI M1 HOBBIX OMOJIMOTEYHBIX 3JIEMEHTOB.

[TakeT MO3BOJSET CO3/1aBATh CXEMY HMCCIEIYEMOTO YCTPOWCTBA, HCCIEIOBATh
e€¢ paboTy, MPOU3BOJAUTH 3aMEphbl HANPSHKEHUH, TOKOB M MOIIHOCTEH, YTOUHSTH U
ONTHMM3UPOBATh PE3yJbTaThl IPEABAPUTEIBHBIX PAacC4€TOB, 3KCIEPUMEHTAIBHO
no0MpaTh MapaMeTphbl JJIEMEHTOB U PEKUMBI pa0OThI CXEMBI.

1. Co3nanue cxeMbl

st cozmanus cxem B LTspice cnyKUT penakTop cxem, KOTOPBI COXpaHseT
BBEACHHYIO CXEeMY B crenuaibHoMm daiiie ¢ pacimupenuem asc. Ilepen Havaniom
CUMYJIALIMM, W3 asC-(aiiyla M3BIEKAECTCS ONUCAaHUE CXEMbl W aBTOMAaTHUYECKHU
reHepupyercs Cir-¢aiis, KOTOpbIid B TaJbHEUIIIEM UCTIOIB3YETCS CUMYJISITOPOM.

B LTspice cxema co3gaércs B CXEMHOM pelakTope MyTéM BbIOOpa B 0ase
HEOOXOJAMMBIX KOMIIOHEHTOB, MX pa3MeEUIeHUss B paboueM ImoJie, MOCIEAYIOIIETO
COEIMHEHHUSI U OIPENIENICHUS YUCIIOBbIX MAPAMETPOB U TUIIOB KOMIIOHEHTOB.

UtoObl HauaTh PHCOBATh HOBYIO CXEMY, HYKHO IEIKHYThH JIEBOW KHOIIKOM
MBIIIKH O  KHOMKE  « By, pacronokeHHON HA MaHENTH MHCTPYMEHTOB, WM
BeIMONIHUTE KoMaHmy <File (daiin) => New Schematic (Hosast cxema)>. UToOBbI
pEINaKTUPOBATh pPaHEE CO3JAHHYIO CXEMy, CIEAYeT IIEIKHYTh JIEBOM KHOIIKOM
MBIIIKM ~TI0 KHONKE  « @), pacrosoeHHOH Ha MaHeIM MHCTPYMEHTOB, MU
BbINOJHUTE kKoManay <File (®aiin) => Open (OTKpbITH)>, a 3aTEM BbIOPATH BXOHOM
daiin ¢ pacimmpenuemM asc.

Jlis BbIOOpa 4YacTO MCIMOJb3YyeMbIX KOMIIOHEHTOB, TaKUX KaK pPE3UCTOpHI,
KOHJEHCATOPbl, ~ WUHAYKTUBHOCTH U  JHOABl  MOXHO  BOCIOJIB30BATHCS

COOTBCTCTBYIOIIMMH KHOIIKaAMH, PACIIOJIOKCHHBIMU HA IMMAHCJIW HHCTPYMCHTOB (("w‘})), «

£ 5 By, «Zx.

Ha cxeme o0s3aTenbHO JTOKEH MPUCYTCTBOBaThH CUMBOJI '"3emurst" — «Iy, ¢
KOTOPBIM JIOJDKHBI OBITH CBSI3aHBI BCE OCTalbHbIE KOMIMOHEHTHI. "llomBenieHHbIE
nenu", T. €. GparMeHThl CXEMBbI TaJIbBAHUYECKH HE CBSI3aHHBIE C CUMBOJIOM '3emJs”
HEJIONYCTUMBI.



JUig BBIOOpa OCTQJIbHBIX KOMIIOHEHTOB HEO0OXOIMMO BBIIOJHUTh KOMaHIY
<Edit (PemaxtupoBats) => Component (KommoHeHT)>, KOTopasi BbI3bIBACT
muanoroBoe okHo <Select Component Symbol> (puc. 3). AHanoru4Hoe aeHCTBHE
MPOU3BOIUT Haxarne (yHKIMOHANbHOW KiaBuim <F2>, a Takke IIEITYOK JIEBOM
KHOIIKOW MBIIIKA IO KHOIKE «D», pacronoXeHHON Ha NaHeNIH HWHCTPYMEHTOB.
BriOpaB TpeOyeMblii KOMIIOHEHT, HYKHO IIEJIKHYTh JIEBOM KHOIKOW MBIIIKH I10
kHonke «OK», mocie yero KOMIIOHEHT MNEPEHOCUTCS Ha pabouee MoJie B OKHE
pEeAaKTOpa CXEM.

AT LTspice ¥ - [Draitl] - be
1, File Edit Hierarchy View Simulste Tools Window Help _ &
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Puc. 3. Beibop KOMIOHEHTOB U3 TUaIoroBoro okHa «Select Component Symboly.

HeO6XOI[I/IMOG IMPOCTPAHCTBCHHOC IIOJIOKCHUC KOMIIOHCHTA MOKHO
obOecnieunTh, Bpamas ero komOuHaruei kmapum <Ctrl>+<R>. Taxke Ha maHenu
UHCTPYMEHTOB €CTh CHEHUAIBHBIE KHOIKHU «E, «Ed, NPEIHA3HAYCHHBIE I
BpalIeHUs U 3epKAIbHOTO OTOOpakKeHUsI BLIOPAHHOTO KOMITOHEHTA.

Puc. 4. Bug mento Edit Ha nanenn KoMaHI.

3aoanue 1: Co3ganue cXxeMbl OJJHOMOTYIEPUOIHOTO BBIPSIMUTEIIS.

VD

Puc. 5. HpI/IHI_[I/IHI/IaJ'IBHaSI CX€Ma OJHOMMOJIYIICPUOJHOI'O BRIIIPAMUTEIIA.

IHopsimok pa6oThI

1. JIns Toro 4toObl HayaTh PUCOBATH HOBYIO CXeMy, HIEIKHHUTE JEBOW KHOIMKOMN
MBIIIKH 10 KHOTTKE « ¥y,

2. BolOepute B OMONMOTEKE M pa3MECTUTE B paboueM MoJie KOMIOHEHTBI CXEMBbI
OJIHOIIOJIYIEPUOJHOTO BBIMPSIMHTEIIS.
JUtst BbIOOpa pe3ncTopa, KOHIAEHCATOpa, JAMOJAa M «3EMIIM» BOCHOJIb3YWTECH
COOTBETCTBYIOIIMMH KHOIKAMH HA TTAHETH MHCTPYMEHTOB «< », «T», «XZ», «7».
Bb10paHHBIi KOMIIOHEHT OYJET «IIPUBSA3aH» K YKA3aTENI0 MBIIIHU. Y CTAHOBUTE €r0



MBIIIBIO B HY’KHOM MeCTe pabouero moJis ¥ MIEIKHUTE JICBOM KJIABUIIIEH MBIIIIH.
Ecnu B cxemMe KOMIIOHEHTOB JTOTO TuIa OOJbIIe HET, MIEIKHUTE IPaBOM
KJIABUIIEM MBIIIA M MOXKETE€ TMEPEXOJUTh K Pa3MEUICHHUIO CIIEAYIOIIErO
KOMITOHEHTA.

Jlns Be1O6opa uctounnka DJIC mENKHUTE JIEBON KHOMKOM MBIIIKH MO KHOIIKE — «
Tr» Ha maHeaM WHCTPYMEHTOB. BbrIOpaB B TOSBUBIIEMCS JHAIIOTOBOM OKHE
KOMITOHEHT «voltage» (puc. 3), MEIKHUTE JIEBOW KHOIKOW MBIIIKH 10 KHOIKE
«OK», mocye yero nepeHecuTe KOMIIOHEHT Ha pabodee IMoJe B OKHE PeaaKTopa
cxeM (puc. 6).

AT LTspice IV - [Draft1] -
4. Flle Edit Hiearchy Yiew Simulste Tools Window Help )
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Puc. 6. Pa3smerniieHre KOMIIOHEHTOB B OKHE peiakTopa cxem LTspice.

3. 3amaiiTe HEOOXOIUMOE MPOCTPAHCTBEHHOE MOJI0KEHNE KOMITOHEHTOB CXEMBI.
N3MeHeHne TPOCTPAHCTBEHHOTO TMOJOKEHUS KOMIIOHEHTOB OCYIIECTBIISICTCS C

MOMOLUBI0 KHOIKH «°2», BHJ KOTOpPOW TMocle IIeNyka o Hed mnpuolOperaer

yKazarenb MbllM. HaBeaure ykaszarenp Ha MHTEPECYIOIMN KOMIIOHEHT, LIEIKHUTE

JIEBOM KJIABMILIEH MBIIIH, IEPEMECTUTE KOMIIOHEHT B HY’)KHOE MECTO U €lIE pa3

IETKHUTE JIEBOW KIIABUILIEU MBIIIU.

IToBopoT nmozna, mocie ero BBIAEICHUs C ITOMOLIBIO LIETYKa 110 HEMY yKa3aTelleM

MBIIIH «@», OCYIIECTBIAETCSA HakatheM KomOwmHarmed kmauin <Ctrl>+<R> (cm.

puc. 7).

4. HapucyiiTe cBSI3M MEXAy KOMIIOHEHTAMH B COOTBETCTBUH CO CXEMOM
BBIIPAMUTENS (pHC. D).

JIns 5TOro aKTHBM3HMpYHTe KHONKY KapaHjama «#£» Ha TaHend HWHCTPYMEHTOB.

Kypcop Mbimm npuobperér popmy nepekpenuparomumxcsa muHuid. HaBenure ero Ha

BBIBOJI KOMIIOHEHTA U WIEJIKHUTE JIEBOW KJIABUILIEW MbIU. [lepemecture m10 TOYKH

u3ruda JIMHUM CBSI3U M OIATH HIENKHUTE JIeBOW KiaBuiel. [lepemecture Kypcop 10

BBIBOJIAa KOMIIOHEHTa, C KOTOPBIM PHUCYETE CBSI3b, M BHOBb IIEJIKHUTE JIEBOMN

kiaBuiiei. CBs3b yCTaHOBJICHA.

IloBTOpuTE oOmepamuu N0 COEAUHEHUS BCEX KOMIIOHEHTOB B COOTBETCTBHHM CO

cxemon. [locie aTOoro mENKHUTE NMpaBoOM KiIaBUIIEW MbIIM. Pe3ynprar mokasaH Ha

pUCYHKE 7.

5. Ompenenute YUCIOBbIE MAPAMETPhI U TUIBI KOMIIOHEHTOB.

BenuunHbl BXOJAIIMX B CXEMY CONPOTHBICHUNW W WHIYKTUBHOCTA MOTYT OBITh

3a1aHbl B OKHE CBOMCTB 3JIEMEHTA, KOTOPOE IOSABIIAECTCS NPU HABEICHUM yKas3aTess

MBIIIM HA MHTEPECYIOIIMM 3JIEMEHT U IIETYKE NMPAaBOM KJIaBUIIM MbIMH. I 3TOTO

IIOABOAUM KYpCOp K PENAKTHpyeMOMYy KOMIIOHEHTy. [Ipu coBmemienun Kypcopa c
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nosnuneﬁ KOMIIOHCHTA, KYypCOp MCHIACT CBOE Hau€pTaHUC MW H3 KPCCTHUKA
IMPpCBpaIIacTCA B YKaBaTeHBHBIﬁ ITaJICII. Tenepb, IIOCJIC IICIIYKa HpaBOfI KHOTIKOM
MbIIIIH, TMOABJIICTCA COOTBCTCTBYIOHOICC OKHO, B KOTOPOM MOJKHO OIIPCACINTD
YHUCJIOBBIC ITapaMCTPbl KOMIIOHCHTA.

AT [Tspice IV - [Draft] - x
1, File Edit Hierarchy View Simulate Tools Window Help .

|B@E P *0 QR BRI EARE *RRHEE LIBT3 IDHODC ALy

Puc. 7. Cxema ogHonosynepuoiHoro Beinpsimutens B LTSpice.

Ha puc. 8 mokaszan BeiOOp amoaa. B mosBuBIIEMCcsS TOcCie LIENTYKa MpPaBOi
KHOIKOW MbIIIKA OKHE (puc. 8,a) HaxumaeMm KHomky «Pick New Diode» u B
nosiBuBieMcsi okHe «Select Diode» BeiOupaem guon tuna RFOSVALS, umeromuii
npsaMoil gomyctumelil Tok 0,5 A u nonycrumoe odparHoe Hamnpsbkenue — 100 B (puc.
8,0).

a)
. D 4 AT Select Diode

. - Part Mo, Whrkdn[¥] lawes] SPICE Model ~

Pick New Diods RFOSVATS F 100.0 model RFOSYATS

Diode Properties RFOSW&25 FastRecovery _model RFOSYA25

Diod l:l RFOSYAM1S FastRecovery model RFOSWAM1:

o RFOBVAM2S FastRiecavery model RFOSVEM 2

Manufactuer [ | RFUDAVSES FastRiecavery model RFLIOVSES

Type: l:l RFUO2VSES FastRecovery model RFOA/S8
RFO71M25 FastRecoverny model RFO71M25 o,

Average Forward Current[a]: I:I < >

Breakdown Vaolage[]: ICI .- ——

Puc. 8. Onpenenenne tuma auosa.

Bribop tuna m mapametrpoB ucrouHuka OJIC BemmosHsercs ananoruyHo. [locrme
Ie/TYKa MPaBOM KiIaBUIIEH MBIIIM Ha UCTOYHUKE V1 B mosiBUBIIEMCs OkHE «Voltage
Source-V1» naxumaem kHonky «Advanced» u B oTkpsiBiieMcs okHe «Independent
Voltage Source-V1» ycraHaBiuBaeM: HMCTOYHUK CHHYCOHMJIAIBHOTO HANPSKCHUS C
noctossHHBIM cMmemenneM - 0 B, ammmmrymoit Upn,=50 B, wgactoroit f=50 I'm,
3aaepxkkoit — 0, koadduimentom 3aryxanus — 0, ¢pazoBsiM caBUTOM (P=0° U YUCIOM
IIUKJIOB - 5, KaK ATO MOKa3aHo Ha puc. 9.



LT Independent Voltage Source - ¥1
Functions
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Additional PL Paints

Make this infarmation visible on schematie: (4

Puc. 9. Onpenenenue Tuma u mapamerpoB ucrounnka JJ[C.

Bennuuny conpotusnenust Harpy3ku R1 3amaém 200 Om (1= Un/R1=50/200=0,25 A
<0,5 A, T.. TOK 4Yepe3 OWOA TPH TAKOM COIPOTHBICHUH HArpy3Kd MEHBIIE
JOIYCTUMOTO). THIT COTPOTHBIICHHSI HE OTIPEACIISIEM.

EmkocTh crmaxusaromero konjescatopa Cl 3amaém BHauane 0 mx®, Tun He
onpenensieM. 3atem ycrtaHoBuM 20 u 200 wmk®, uToOBI HCCIENOBaTH €&
CTJIXKMBAIOIIEE BIMSHUE HA BhIXOJHOE HampsikeHue. [locTosiHHAs BpeMeHU paspsiia
émkoctu T=R1¢C1= 2004200 10°=40 mc=2 T, rne T — MIUTENBHOCTH INEPHOJA
nutarorieit DJIC, T=1/f =20 mc, T.e. crnaxxuBaHue OyaeT HE H/CATbHBIM.

PesynbpTat mocie onpeaencHus TUOB U TapaMeTPOB AIEMEHTOB MToka3aH Ha puc. 10.

AT |Tspice [V - [1nn_ssinp]
1; File Edit Hierarchy Wiew Simulate Tools Window Help

|B@ T 0| B ERE I ERA S| L L0 & =3 ¥D@@@eﬁﬁm=p|

-( 1nn_geinp ic: 1nn_gsinp

D1 Rrosvamis
_ I
vi = L et

SINE(0 50 50 0 00 5)

Puc. 10. Pe3ynprupytomias cxeMa OaHOTOIYEPHUOTHOTO BEITPSIMHATEIS.

6. Coxpanure cxemy B mamke Cui sn-ka\llp pado\llp pl nHa Bameii
bdiIKe Mo UMEHEM: « 1T BBITP.asc.

2. AMuTanmonHoe MoieiipoBaHue padoThbl cXeMbl

[Tporpamma LTSpice mo3BoIsIeT BBIMOIHATD pa3HOOOpa3HbIe UCCIICI0OBAHMUS
AIIEKTPOHHBIX CXEM:
1. Transient — BBIMOJHACTCS aHAIW3 TEPEXOAHBIX IMpoleccoB. Mccmemyercs
TIOBEJIEHUE CXEMBI ITOCJIE MOIaY TUTAHUS;
2. AC Analysis — pacuéT 4acTOTHBIX XapaKTEePHCTHK;
3. DC sweep — BBINIOJHSACTCS aHAIW3 PEXKHUMA IO TOCTOSIHHOMY TOKY TpH
M3MEHEHUH TIOCTOSTHHOTO HAMPSHKCHUS UJIM TOKA,;
4. Noise — PacuéT ypoBHsI BHyTPEHHETO [IyMa;
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5. DC Transfer — onpezensercs nepexogHasi GyHKIIHS 10 TOCTOSHHOMY TOKY;
6. DC op pnt — ompexaenseTcs pekuUM CXEMbl IO TOCTOSHHOMY TOKY (pabouas
TOYKa).

B mpaBoii yactm CTpOKM TMOJCKa3ku crapToBoro okma LTspice (pumc. 1)
otobpaxaercs anroput™m padoTel Berauciautenss SPICE cumynsartopa. ITonp3oBatemnto
JOCTYITHBI JIBa aITOPUTMA PaOOTHI BEIYUCITUTEIIS:

 Normal;

« Alternate.

[To ymomyanuto ycraHaBiuBaeTcss anroputM Normal, KoTopslli HECKOJIBKO
osicTpee anroputma Alternate. Omnako anroputM Alternate obecrieunBaeT OOIBIIYIO
BHYTPEHHIOIO TOYHOCTh M YCTOWYMBOCTH IIpoIlecca BRIYUCIICHUI. biaarogaps stomy,
JUISt MHOTHX cXeM, anroput™M Alternate cmocoOeHn obecnieduTs U OOJBIITYI0 CKOPOCTh
MOJICJIMPOBaHUs. Tak 4To €Clu CUMYJISITOP HAI0ATO "33 yMBIBAETCA", TO MEPBOE, YTO
CTOWT CJenaTh, — 3TO U3MEHHUTH AITOPUTM PaOOTHI BeUUCIUTENS. [ 3TOrO HaMO
IEKHYTh JICBOIl KHOIKON MBIIIKK [0 KHOIKE @& » Ha IAHEIH HHCTPYMEHTOB HIIH
BBINIOJTHUTH KoMaHay “‘Simulate (MonenupoBanue) => Control Panel (ITanens
ynpasienus)”. B BozHukmem mocie storo okHe “Control Panel” namo BbIOpath
BKiazKy “SPICE” u B ctpoke “Solver” ycTaHOBUTH TpeOYyEMBbI alrOpUTM.

JIJist IpoBeNIeHUs aHaJIu3a MEePEXOHBIX MPOIIECCOB CIENYET BOCIOJIb30BATHCS
koMmaHaou ‘“Simulate (MonaenupoBanue) => Run”, win MEIKHEM JIEBOM KHOMKOMU
MBIIIKH 1o KHOTIKE «#-Run» Ha maHenu HHCTpYMeHTOB. Ilocie sTOro
aktuBm3upyercs okHo «Edit Simulation Command» (PemaktupoBanue KOMaHJbI
MOJEJIUPOBaHUs), B KOTOPOM, MO YMOJYaHMIO, BbIOpaHa Bkiagka «Transient». Ha
ATOW BKJQJAKE, KaK MHHUMYM, HY)KHO OIPEICIUTh BpPEMsS OCTAaHOBKM aHaM3a
nepexoiHoro mpoiecca (Stop Time). 310 HE0OX0UMO C/IeNIaTh TOJIBKO IPH TIEPBOM
3amycke MOJeNupoBaHusd. Bce mocnenmyromue 3amycku MPOU3BOASTCS COTJIACHO
YCTaHOBJICHHBIM 3HaueHusM. [Ipum HeoOxomumocTu penaktupoBanusi, okHo “Edit
Simulation Command” MokHO BbI3BaTh KOMaHI0M <Simulate (MoaenupoBanue) =
Edit Simulation Cmd (PemaktupoBanre KOMaHIbl MOACIUPOBAHUS)> WU MIETKHYB
PaBOM KHOIKOM MBIIIKK MO AUPEKTUBE «.tran» B pabodeM Ioje peaakTopa CXeM.
Kpome Bpemenu okoHUaHMs aHamW3a mepexoaHoro mpoiecca (Stop Time), B okHe
“Edit Simulation Command”, BeiopaB Bkiaaky “Transient”, MOKHO OIIPEICIUTh:

— Time to Start Saving Data - Bpems Havasia 3aIIucH pe3yJIbTaTOB MOJICIIMPOBAHHS,
— Maximum Timestep - MakCHMMaJIbHBIH IIIar HHTETPUPOBAHHS.

Ecnu mar mHTErpuMpOoBaHMs HE yKa3aH, TO MporpamMma cama BbIOMpaeT s
HEro MaKCUMaJbHO BO3MOKHOE 3HAUCHUE.

B oxne “Edit Simulation Command” npucyTCTBYIOT TOMOJHUTEIBHO OIIIUH,
MO3BOJISAIONIME 0O0Jiee TOHKYIO HACTPOWKY IMpollecca MOJSIUPOBAHMs, HO HAC OHU
MOKa HE UHTEPECYIOT.

[Tocne ompeneneHusi BpEMEHU OCTAHOBKM aBTOMATHYECKH HAYHETCS aHAJN3
MEPEXOTHOTO TpOoIecca, OKHO CO CXEeMOM «<uMs>.asc» COXMETCI, a Ha
0CBOOOIUBIIEECS] MECTO OyAET BCTaBJICHO OKHO IUIOTTEPA «<HUMS>.raw», KOTOPOE
MOKa BBITVISIAT KaK MyCTOW MPSIMOYTOJIbHUK. MoienmupoBanne Oy1eT aBTOMaTHIECKH
3aBEpUICHO MOCJE TOCTHKEHUSI BPEMEHU OCTaHOBKH. [Ipn HE0OX0AMMOCTH, TIpoIECcC
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MO>KHO OCTaHOBUTH U paHblie komOuHauued kmaum <Ctrl>+<H> wnn ménkHyB
JIEBOM KHOIKOM MBIILIKH I10 KHOIKE «M Ha IaHeaIu HHCTPYMEHTOB.

Yto6bl mOCMOTpETh (POPMY HANpPSHKEHHUS HAa MPOU3BOJIBHOM Y3JI€ CXEMBI, HAJl0
npuOIU3UTh K HEMY Kypcop Mbid. OKa3aBIIMCh B pailoHE MPOBOJHHUKA, Kypcop
TpaHchOpMHUpYyeTCsl B Iyl KpacHOro 1Bera. Jljis BbIBOJA AMArpaMMbl HaIPsDKEHUS
Ha TJIOTTEP HEOOXOAUMO MIENKHYTH JIEBOM KHONMKOM MbIH. [lo yMoimuaHuio miorrep
MOKAa3bIBAECT HANPSUKEHHE Ha BBIOPAHHOM Y37, OTHOCHUTENbHO "3emiu". YUToObI
YBUJIETh HANIPSDKCHUE MEXKAY Y3J1aMHU, CIEAYET WEIKHYTh JI€BOU KHOIKOW MBIIIKU 110
IIEPBOMY y3Jy W, HE OTIIyCKasi KHOIIKM MBIIIKH, IIEPEMECTUTh KypcOp KO BTOPOMY
y3iy. [lo mepe mepemenieHus, IIyn CHadaja OKPAaCHUTCS B CEPBIM LIBET, a 3aTEM, B
paiioHe BTOpPOro y3ia, B 4YEpHbIM LBET. llociae 3Toro oTmyckaeMm JIEBYIO KHONKY
MBIIIIH.

UtoObl yBUAETh TOKH B KOMIIOHEHTaX CXEMBI, JOCTATOYHO HABECTU KypCOp Ha
KOMIIOHEHT WJIH IOJBECTH K OJHOMY M3 BBIBOJIOB KOMIIOHEHTa, UMEIOIIETo OoJiee
IBYX BbIBOAOB. Kypcop TpanchopmupyeTcsi B TOKOBBIE KIICIIU ¥ 3

AHQJIOTMYHO TOKY, MOHO IOCMOTPETh IWAarpaMMy MIHOBEHHOW MOIIHOCTH,
BBIICISIEMOM Ha KOMIIOHeHTe. J[si 3Toro Hy»XHO HaxaTh kiaBumry <Alt> wu,
yaepxKuBas €€, MEIKHYTh JIEBOM KHOIMKOW MBIIIKK 110 KOMIIOHEHTY WJIHA IO BBIBOAY
KoMIOHeHTa. Teneps Kypcop OyAeT oX0 Ha rpa yCHHUK.

Brrancinth cpeiHee 3HaYyeHUE MOLIHOCTH, a TAK)KE CPEIHUE U JEHUCTBYIOLINE
3HAYEHHS HANPSHKEHUM U TOKOB MOYKHO TOJIBKO MOCJIE OKOHYAHUS MOJCIMPOBAHUS.
VYcpennenue NpOU3BOAUTCS 3a BECh MEPHOJ BPEMEHH, OTOOpakaeMblii B OKHE
wiorrepa. YToObl BOCTIONB30BAThCS (PYHKIMEH YCPEAHEHHS, JOCTATOYHO HaXaTh
kiapumy <Ctrl> wu, ynepxuBas €€, ImEIKHYTh JIEBOM KHOMKOH MBIIIKKA 10
MHTEPECYIOIIEMY BBIPAXEHUIO. /[ HAanpsKEHNUN U TOKOB PACCUUTHIBAKOTCSA CPEAHEE
(Average) u npeiictByromiee (RMS) 3nauenus. s MOIIHOCTH PacCYUTHIBACTCS
cpemusisi (Average) mommuocth u dHeprus (Integral) 3a oroOpakaembldi mepuon
BPEMEHH.

3aoanue 2: ViccnenoBanue paboThl OHOMOIYTIEPHUOTHOTO BHITPSIMHUTEIIS.

1. 3amycTuTe aHaJIU3 MEPEXOHOTO MPOIECCa.
Jlast oToro MEJNKHUTE IO KHONKE « % -Run» Ha NaHEId MHCTPYMEHTOB M B
nosiBuBiiemcs okde “Edit Simulation Command” B ctpoke “Stop Time” BBemute
«60my». Bpemsi ocTaHOBKHM Mpoliecca MOAEIUPOBaHUS YCTAHOBJIEHO paBHbIM 60 Mc,
T.€. 3 mepuoja npouecca BeipsiMiieHus. B cTpoke “Syntax” mosiBuiiach JUpEKTHBA
st cumynaropa — .tran 60m. Tlocne mendka 1eBON KHOMKOW MBIMIKH MO KHOIIKE
«OK», nupektuBa “.tran 60m” OymeT CKOMMpPOBaHA B OKHO PEJAaKTOpa CXEM, e e
HAJ0 pa3MECTUTh B J0OOM BbIOpaHHOM MecTe. [locnme 3Toro aBTOMaTUYECKU
HAa4yHEeTCsl aHaJIu3 NEPEeXOAHOro Mpolecca, OKHO €O CXeMOW «lmm_BBINp.ascy
COXKMETCS, a Ha OcBOOOAMBIIEECS MeCTO OyneT BCTaBJIEHO OKHO IJIOTTepa
«lnm_BeIIp.rawy, KOTOPOE MOKA BBITJISAUT KaK MyCTOU MPSMOYTOJIbHHUK.
2. VccnenyiiTe mpoIecchl B CXeME BBITTPSIMHUTETIS.
Jlist monydeHuss BPEMEHHOM JuarpaMMbl HANpsDKEHHST HA BXOJIE€ BBIIPSIMUTEIS
npuOIM3UTE Kypcop MBI K BbiBoAy «+» uctounuka J/C V1. OkazaBuiuch B
paiioHe MPOBOAHMKA, Kypcop TpaHCPOpMHUpYeTCs B Iyl KpacHOro userta. s
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BBIBO/IA JMAarpaMMbl HAaNpspKEHUS Ha IUIOTTEp HEOOXOIMMO IIEIKHYTh JIEBOM
KHOIKOW MBIIIM (3aBUCUMOCTh 1 Ha puc. 12). [lo ymMoa4aHuio mioTTep MOKa3bIBAET
HaIpsDKEHUE Ha BBIOPAHHOM y3J1€, OTHOCUTENBHO "3eMin".

JIns mojiydeHuss BPEMEHHOM auarpaMMbl HANpsKEHUST HA BBIXOJE BBIIPSMUTEIS
MPUOJIM3UTE KypCOP MBIIIN K BEIBOAY CONMPOTHBICHUS Harpy3ku R1, coenmmHéHHOMY
c anojom auoza D1, u mocnie Toro, kak Kypcop TpaHchOpMUpPYETCs B Iy KPaCHOTO
[BETa, IETKHUTE JICBOH KHOITKOW MBIIIHN (3aBHCHMOCTH 2 Ha puc. 12).

JIJist monydeHuss BpEMEHHOW IuarpaMmbl TOKa B LM HArpy3kd HaBEAUTE Kypcop
MBIIIY Ha BBIBOJ COMPOTUBIICHUS R1 win HAa caMO CONPOTUBIIEHUE U TIOCJIE TOTO, KaK
Kypcop TpaHCc(HOpMHUPYETCS B TOKOBBIE KIJICIIH, IMETKHUTE JICBOM KHOMKOW MBIIITH
(3aBHCcHMOCTD 3 Ha puc.12).

Kaxnoii nuarpaMmMe npucBauBaeTCsl Ha3BaHUE B BHUJIE BBIPAKEHUS, OTOOpakaeMoe B
BEpXHEW YacTH IJIOTTEpPa U OKPAIIEHHOE TE€M K€ I[BETOM, Hampumep, JJIsi BXOIHOTO
HanpspkeHus Boimpsimutens - V[NOOL]. Ilpu HaBemeHuW ykasaTells MbIIIM Ha
Ha3BaHHUE M IIEIYKE IMPABOM KJIABUILIECH MBIIIA LBET AAHHON AWArpaMMbl MOKHO
U3MEHHUTH. VI3MeHeHue 1BeTa AuarpaMm ObIBa€T HEOOXOIUMO JJIsi TOTO, YTOOBI OHU
OBLITM OTUYETIIMBO BUIHBI IPU pacrevyaTke oTuéTa Ha MOHOXPOMHOM TIPUHTEPE.

3. BrmonaHUTE M3MEPEHUS SIEKTPUISCKUX BEITHYUNH.

Hapegute ykazarens Mbliii Ha HazBaHue «V[NOO1]», Haxmure knaBuiny <Ctrl> u,
yaepxuBasg €€, MEIKHUTE JIEBOM KHONMKOW MbIKA 1O Ha3zBaHuio «V[NOO1]». B
nosiBuBiieMcst okHe «Waveform:V(n001)» cunTaeM BeTUYHMHY CpPEIHErO 3HAUYECHHS
BXOJIHOTO HampsikeHus: Average:-276.55uV (t1.e. npaktudecku 0 B) u nelicTByromero
sHayeHus RMS: 35.351V.

[ToBTOpHTE OmMEpanuu Il ONPEACIICHUS] CPEAHETO U JICHCTBYIOIIECTO 3HAYCHUHN
BbixoHoro Hanpspkenus (V[n002]). ITomyuute: Average:15.552V, RMS:24.519V.
Onpenenute cpelHee U JCUCTBYIOIIEE 3HAUEHUSI TOKAa B CONPOTHUBJIICHUU HArpy3Ku
(nazBanwme: I[R1]). [Tonyuure: Average: 77.762mA, RMS: 122.6mA (cm. puc. 12)

facd o @)=

sov V[n001) . V[nl?l]Z] . . . I[A1) 260ma
s T ! ! £ %, ! ! ! ! ! F

0V~ oo NN boeennnaaees : o N e IR O e boseenenmnaes 240mA

f ‘ : : ’ : : : : 3 [ 220mA

3OV Y e N N [ A A W T s I 200maA

syl S VN [ SRR N A | oo e N — -/ [ A U W [ 180mA

: 5 : | 4T Waveform: I(R7) X
L e RO CET\ PERPEES R ERLEEETEEEEFPEREEERS SPPY SEPEE

: : : : Irterval Start: _Ds ----------------------------------------------------------- ~140mA
oV : o Interval End 1 120mA

P U T S vt A N A e (T S B U S N £ W W S -100mA
| | | | - s
20V - ’j """""""" r """""""""""""" H T [ I  60mA
T . o L R e R e - 40ma
: : : : : : - 20mA
L e R ARt Ak Rt sREREEEEEEE R Lt S 0 AR S R I SRRt R Sttt
! ; ; ! ' / ! ! \ OmA
50V } i i i i . i i \ -20ma
Oms bms 12ms 18ms 24ms 30ms 36ms 42ms 48ms 54ms 60ms

Puc. 12. Onpenenenue cpegHEro u AEHCTBYIOIIETO 3HAYEHNH TOKa B CONTPOTHBIIEHUH Harpy3KH.

4. Coxpanute pesynbrar B manke Cwmin sn-ka\Jlab pa6b\Jl pl na Bamei d¢ummke.
Kpome Ttoro, mis odopmnenus otuéra cuaenaiite “Print Screen” skpaHOB C
OCHOBHBIMH pe3ysibTaTamMu Bameil paboThl.

5. BepnyBmmce k n. 1.5 MOBTOpHUTE HCCIEOOBAaHUS IPOLIECCOB M HW3MEPEHUs
BEJIMYWH MpU EMKOCTHU critakuBaromiero kouaeracaropa C1= 20 Mx® u 200 mkd.
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6. Berunciure ko3hPUIMEHT MyJIbCallMi BBIXOAHOTO HAIMPSHKEHUS MPU BCEX 3-X
3Ha4YeHUN EMKOCTH criakuparomiero konjaeHcaropa C1= 0, 20 u 200 mkd.
Udmax - Udmin
K Mu — 2 Ud ’
rae Udgmax, Udmin COOTBETCTBEHHO MAaKCHMAaJIbLHOE K MHHHMAJIbHOE 3HAYECHUS
BBIXOJTHOTO HAMPSDKEHUS, OMNpeAe/sieMble TI0 TIOJYYCHHBIM BPEMEHHBIM
auarpaMMam;
Us — cpeaHee 3HaueHHWE BBIXOJIHOTO HAIPSDKCHUS, OIpEAeIEHHOE MpHU
BBITIOJTHCHUH €T0 U3MEPEHUSI.

OTtuéT o paboTe JOHKEH COIePIKATh:

- OCHOBHBIC CBelleHHs 0 TakeTe LTSpICe (U1 Y4ero CIy»KHUT, YTO BXOJMT B MAKET
U T.IL);

- ONHMCaHWE TEXHOJOTHH CO3/JaHMsI CXEMBbI BBITIPSMUTEIIS M CO3/IAHHYIO CXEMY;

- ONHMCaHUE MPOIECcca UCCIIETOBAHNS PA0OTHI BRIMPSIMHUTEIS U €T0 PE3YIbTaThI;

- BBIBOJIbI, OTPAKAIOIINE KaK PE3yIbTaThl 3HAKOMCTBA C TTAKETOM, TaK U aHAJN3a
MOJIYYEHHBIX PE3yJIbTaTOB.

Bomnpocsl

JIJ1s1 9ero CIay KT U 4TO BKJIFOYaeT B ceOst maket LTspice?

HazoBuTe OCHOBHBIE ATaNbI CO3/IAHUS CXEMBI YCTPOUCTBA.

[TosicHuTe cozepkaHue Kaxa0ro 3Tana Co3gaHus CXEMbI, €0 CMbICI.
ITponemoncTpupyiite B makete LTspice BbITOTHEHNE KaXKI0TO ATAria CO3aHus
CXEMBI.

HazoBuTe 0CHOBHBIE ATaIbl UCCIIEIOBAHUS paOOTHI YCTPOHCTBA

[TosicauTe copepaHue KaXKIOTO dTara MCCIeAOBaHHS PAOOThI CXEMBI, €0
CMBICIL.

7. TlpomemoHcTpupyiiTe B makere LTSpiCe BbIMOJHEHHWE KaXIOro JTara
HCCJICIOBAHUS.

[TosicauTe paboTy OHOMOIYIIEPHUOIHOTO BBITIPSIMUTEISL.

Kak Bnuser BenmnunHa EMKOCTH CIUIQXXHMBAIOIIETO KOHAEHCAaTOpa Ha Gopmy U
BEJIMYMHBI CPEIHETO U JICUCTBYIOIIETO0 3HAYEHUN BBIXOJHOTO HAMpsHKEHUs, Ha
ero k03¢ UITMEHT MyJIbCallui?

e

o O

© oo
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Tema Neo2
NCCIEJOBAHUE OJHOMNMOJYIHEPUO/JHOI'O BBIIIPAMUTEJIA
ean padoTsl

HccnenoBats pabOTy OAHOMOIYNEPUOTHOTO BBIIPSIMUTENS TMPHU PA3IAIYHOM
XapakTepe Harpy3Kd: akTUBHOW, aKTUBHO-EMKOCTHOM, aKTUBHO-UHAYKTUBHOW U TIPH
pabote BeipsmuTensa Ha mpoTuBoIJIC.

IHosicHenusi k padorte

BBIHpHMI/ITCJ'IHMI/I Ha3bIBAarOTCs YCTpOﬁCTBa, MpCAHA3HAYCHHBIC JJIA
npeo6pa3013aHH51 IMCPCMCHHOI'O HAIIPSAKCHHA B IIOCTOAHHOC.

1. PaGoTa BBINPAMUTEJISI HA AKTUBHYI0 HATPY3KY

PaccMoTpuM DmpOCTEHIIYyI0 CXEMY BBIIPSMIIEHHS C OJHUM BEHTHJIBHBIM
AJIEMEHTOM, Ha3bIBa€Myl0 OJHOMoJynepuogHoi (puc. 1,a). Tpancpopmatop T
CILYKUT JIJIA MOJTYYEHUsI HEOOXOAMMOTr0 Harpy3Ke BBIIPSIMUTENS YPOBHS HAIPSKEHUS
U, 1 ranbBaHMYECKOHN pa3BsI3KK OT MUTAOIIEH ceT. B Tex ciydasx, Koraa BeIU4YuHy
HaIpSDKEHUS TUTAIOUIEH CETH HW3MEHSATh He TpeOyeTcs, BBIIPSIMUTEIb MOXKET
MUATAThCS OT ceTu 0e3 Tpancpopmatopa T.

a) 0)
T i,“ Uy fo(
\L §Ud /\
Bxaouense NG,
Uy AMoaa - 2n k S=wt
e(8)

Puc. 1. Cxema ogH0¢a3HOT0 OAHOMOIYIIEPHUOTHOTO BBHIIPSIMUTETS ()
Y BPEMEHHbIE TMarpaMMbl TOKOB U HanpskeHHi (0).

Ha Bpemennsix muarpammax (puc. 1,0) B KauecTBe BpPEMEHHOTO MapameTpa
MCIIOJIB30BaH yroa LV = wif, rae w — KpyroBas 4acTOTa MCTOYHHMKA MEPEMEHHOIrO
HaNpsDKCHUS, T.€. BXOJHOE HampshkeHue Up(v) = e(v) = Epsin v,

Tok iy HAaUMHAET MPOTEKATh Cpa3y Ke, KaK TOJIbKO K JUOIY OYAET MPUIIOKEHO
npsiMOoe HampspkeHue, T. €. ¢ MoMmeHTa UV = 0 no momenta v = 7. Ilpu sTOM
HanpspKeHue Up, 332 MCKJIIOYEHUEM HEOOJBIIOro MajeHUst Ha OTKPBITOM AHoae (~
1,.,2 B), mpukiaapiBaeTCsi K CONPOTHUBJICHUIO Harpy3ku. Tok B Harpyske R,
MOBTOPSIET (JOPMY BXOJHOTO HAMPSHKEHUS HA TPOBOSIIEM UHTEpBaie auozaa ot 0 1o
7. B MOMeHT vV = 7T HampsbKeHHWE Ha JIHUOJIE CTAHOBUTCS PAaBHBIM HYIIO, U OH
BeIKIMtouaerca. Cnenyromuit  monynepuon k auoxy VD Oyaer mnpuimoskeHo
OTpHUIIATETILHOE HAMPSHKEHUE, U OH OyJeT HaXOAUTHCS B HETPOBOMISIIEM COCTOSHUHU.
Harnpsixenue Ha Harpy3ke Ha MHTEpBaJie OT JT 10 27T paBHO Hym0. C MOMEHTa U = 271
IPOLIECCHI TEPUOANYECKH TOBTOPSIOTCS.

[Tpu akTMBHOW Harpy3ke (opMa Toka Ig MOBTOpsieT (GOPMY MHUTAIOIIETO
HAMpsDKEHUST U JUIMTENIbHOCTh MPOTEKAaHMsI TOKa 4epe3 nuoa A =m. B s3toMm ciydae
HaIpsSDKEHUE HA HAarpy3Ke HE UMEET OTPULATENIbHBIX YYaCTKOB
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Ilone3Hno 4YacThiO HaIIpsDKCHUSL Ha HArpy3Ke BBIIPAMHUTCIIA SABISACTCA €TI0
IMOCTOAHHAA COCTABJAIOIIAA UIIKM CPCIHCC 3HAUYCHUC 3a IICPHUOI

Ud =Ud max /ﬂ=0,318 Ud max- (1)

KadecTBO BBIIPSAMIEHHOIO HAIPSKEHHWS MOKHO OLICHMBATH 10 OTHOLICHWIO
aMIUTATYABl TIEPEMEHHON COCTABILIIOLIEH K CPEIHEMY 3HAYEHUIO BBIIPSIMIIEHHOTO
HANpsDKEHUs. OTO OTHOIIEHWE Ha3bIBAIOT Kod(duimentom mynbcauud Ky, OH
XapaKTEpU3yeT TNEPEMEHHYIO0 COCTaB/LIOIIYI0 HampsbkeHuss U, Ha cropoHe
IIOCTOSIHHOTO TOKa:!

K - Uy max — Ud min
nu = r J
2U, (2)
3aoanue 1: ViccnenoBanue pabOThl OJHOIOIYIIEPUOIHOTO BBINPSIMUTENS Ha
aKTUBHYIO HArpy3Ky.
IHopsimok padoThI

1. Co3paliTe cxeMy BBIIPSIMUTENIS C aKTUBHOM Harpyskoi (puc. 2). B aToit cxeme B
nenb uctounuka DJIC BBemeHo comportuBieHne R2=1 Owm, wumuTHpYyIOIICe
BHYTPEHHEE COMNPOTHUBJIICHUE HCTOYHWKA U  COCJUHUTEIBHBIX MPOBOOB.
Amvmmntyna 9J1C ycrtanosieHa pasHoit 10 B.

R2 1 D1RrosvAamMiS

V1 \ o
R1

10 0
SINE(0 10 50 0 0 0 5)

Puc. 2. Cxema uccienoBaHuii paboThl HA aKTUBHYIO Harpy3Ky.

2. Uccnenyiite mpomecchl B cxeme Boimpsimutens. [lomyunte BpeMeHHbBIE
JIyarpaMMbl HanpsKEHUH Ha Bbixoje uctounuka JJ1C, Ha Harpys3ke, Ha IHOJIE
U TOKa B 1enu Harpy3ku. OOpaTuTe BHUMaHUE Ha HaNpsDKEHHE Ha JUOJNE B
IPOBOJISIIEM TTOIYIIEPUOLE.

3. Tlo momy4yeHHBIM BpEMEHHBIM JUarpaMMaM OMNpPE/IETUTE MAKCUMAIBHOE  Udmax
U Ugmin MUHUMAJIBHOE 3HAYEHMs BBIXOJHOIO HampspkeHus. M3mepbre cpennee
3HAYEHHE BBIXOJAHOTO HampspkeHuss Uy W 1o BbIpakeHUto (2) BBIYHUCIUTE
KOd(hPUITMEHT My IhCalIUN.

4. CHUMHUTE U MOCTPOWTE BHEIIHIOK XapaKTEPUCTUKY BhIMpsMuTend. s aToro
NOOYEPENHO 3a/1aiiTe BEJMYMHBI COMPOTUBIICHUS HArpy3Kd U3 TaOnuimbl 1 u
M3MEPHTE CPEIHUE 3HAUEHUS TOKA HATPY3KHU U HAIIPSKEHMS HA HEU.

Taomuna 1.

R1, Om 10 20 50 100 200 500 10000
lg, A
Ug, B
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2. PaGoTa BINpAMUTEJISA ¢ EMKOCTHBIM PUIBTPOM

[IpocreifiiuM METOJOM CTJIaXXUBaHUSA IyJbCAllUi SBISAETCS MNPUMEHEHHE
KOHJIEHCATOpa, BKIIOYEHHOT0 MapajuielIbHO COMPOTUBIIEHUIO HArpy3ku Ry (cm. puc.
3). BkitoueHne KOHeHCAaTOpa CYIIECTBEHHO U3MEHSIET YCIOBUS pabOTHI IMO/A.

VD
2 |
L1 Ry
E D +| Cod
N
6) i uoﬁp
0 {
3apsao 3apsao 3apao
Pa3zpsd Pa3zpsd
Bo Puc. 3. CrmaxxuBanue myibcaIii ¢ TOMOIIbI0 KOHACHCATOPA

BpeMsI HEKOTOpPON YacTH TMOJIOKUTEIBHOTO MOJYNepHro/ia, KOTJa HalpssKeHHE Ha
IUojAe TpsSMOe, 4Yepe3 JUOoJA TMPOXOJUT TOK, 3apsHKArOIUMiA  KOHJEHCATop 0
HaMpsOKEHUS, MPUOIMKAIONIETOCS K aMIUIMTYJIHOMY 3HaueHuro - Eyn. B To Bpewms,
KOTJ]a TOK 4epe3 AUO0]I HE MPOXOJUT, KOHJICHCATOp pa3psbKaeTcs uepe3 Harpy3ky Ry
M CO3Ja€T HA HEW HaNpsKEHUE, KOTOPOE IIOCTEIIEHHO CHUWXAETCA. B  KaxIblid
CHEAYIOIIMN TOJIOKUTEIbHBIA MOJYNEPHOJ KOHICHCATOpP IMOA3APSIKAETCS U €ro
HaIpsKEHHE CHOBA BO3PACTAET.

3apsii KOHJEHCATOpa 4Yepe3 CPaBHUTEIBHO Majlo€ COMPOTUBIICHHE JUOAA
MPOUCXOAUT OBICTPO. Paspsym Ha GOJbIIOE COMPOTHBICHUE HATrPy3KH COBEPIIACTCS
ropa3go MejyieHHee. BcerieacTBue 3TOro HampsbKEHME HAa  KOHJIGHCATOpe M
BKJIFOUEHHOM TapajuiesIbHO €My Harpy3ke MyJibCUpYyeT He3HauuTelbHOo. Kpome Toro,
KOHJICHCATOpP PE3KO TOBBIIIAET TMOCTOSHHYIO COCTABJISIONIYI0 BBIIPSAMIIEHHOIO
Hanpspbkenus. Ilpu  orcyrctBum kouaeHcaropa Ug =<0,3FEy,, a npu HaIUMYUH
KOHJIEHCATOpa JOCTATOYHO 00JbIon eMkocTH Uy npubmmxaercs K Em U MOXKET ObITh
(0,8 = 0,95) En wm paxe Boime. Takum o00pa3oM, B  OJHOIOJYIEPHOTHOM
BBITIPSIMUTEJIC KOHJICHCATOP TOBBIMIACT BHINIPSAMIICHHOE HAIpPsHKEHHE MPUMEPHO B 3
pa3a. Uem Oosbllie TOCTOSIHHAS BpEMEHM Lienu paspsiaa 1, =Cy*Rp, TEM MeljIeHHEe
paspaxaeTcsi KOHIEHCAaTOp, TeM MEHbINe myibcanuu u TeM ommke Ug x En. Ecnm
Harpy3ky BOOOILE OTKJIIOYUTH (PEXKUM XOJOCTOro xonaa, win Ry = o), TOo Ha
KOHJICHCATOPE TOIY4aeTCs TIOCTOSHHOE HaMpshKEHUE 0€3 BCAKUX MyJIbCalliid, paBHOE
En.

PaboTy BRIIPAMHTEIS CO CTIIAXXKUBAIOIIMM KOHJIEHCATOPOM TOSCHSIET puc. 2,0,
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Ha KOTOPOM IIOKa3aHbI BPEMCHHBIC JUAarpaMMbI QI[C HNCTOYHHKA €, TOKa 4CpE3 U0 [
M HAIIpsDKCHHE HA KOHJACHCATOpE Uc , paBHOC HAIIPsDKCHHUIO HA HArpy3Ke UR.

HanmeeHHe KOHACHCATOpPa MIPHUIIOKCHO IUIFOCOM K Karoay M MHHYCOM K
aHonay auonaa. HOSTOMY HaIpsOKCHUE HA A1MOAC Uy paBHO PAa3HOCTH 3. O. C. HCTOYHHUKA
W HAIIPSPKCHHUA KOHACHCATOpA:

uz=e- uc. (3)

Tak kak Uc 6113K0 K £y, TO Uy CTAHOBUTCS MPSMBIM TOJBKO B TEUEHHE YACTH
MOJIOKUTENbHOTO  Tonmyrnepuona, korma OJIC e mpesmmaer Uc  (BOIHM3HM
aMIUTUTYIHOTO 3HaueHus E,). B 3Tu HeOonmbIne MPOMEKYyTKH BPEMEHHU Yepe3 AUOA
IIPOXOJIMT TOK B BUJI€ HMITYJILCOB, OI3aPsKAIOIIMX KOHIeHCaTop. OCTalbHYIO 4acTh
nepuosia Uy oOpaTHOEe, TOK OTCYTCTBYET M KOHJEHCATOp pa3psKaeTcs Ha HArpy3Ky
Rh.

MakcumanbHOe 0OpaTHOE HaNpsHKEHHE Ha JUO0Je IMOJIydaeTcsl Mpu
orpuniatenbHoil ammuryne JOC, korma e = FE,. IloCKOJIbKY HampsiKeHUE
KOH/IEHCaTopa TaKkxke OJn3Ko K £, To HauboJplliee 00paTHOE HANPSKEHUE OJIM3KO K
2E,,. Ecnu uenp Harpy3ku pa3oMKHYTa (X0J0CTOM X0[), TO MaKCUMaJIbHOE 00paTHOE
HampspDKeHUe TOYHO paBHO 2FE,. Takum o0pa3zom, HpuUMEHEHUE KOHJEHCATOpa
yJlBauBaeT 0OpaTHOE HaIPsHKEHUE 0 CPABHEHUIO C €0 BEJIMYMHOM MPU OTCYTCTBUU
KoHaeHcaropa. [loaToMy nuon Hazmo moaOupaTh Tak, 4TOOBI OH BBIIEP)KAT 3TO
oOpaTHOE HanpsKEHHE.

Ecnu conporunenue Ry Mano, To HeoOXxoauma upe3MepHO 0oJibllas eMKOCTh
KOHJIEHCATOpa, T. €. CIVIAKMBAHHWE MyJbCAUUA OJHUM KOHJEHCATOPOM IMPAKTUYECKH
OCYUIECTBUTh HemNb3sl. [Ipuxomurtcs BKIIOYATh JOMOJHUTENbHBIA CrUIAKUBAIOUIUI
GuIbTp, cocTOALIMI U3 Ipoccenst ¢ OOJIbIINM UHAYKTUBHBIM CONPOTUBJICHUEM (WU
erie 00Jie CIOXKHBINA QUITBTP).

3aoanue 2: ViccnenoBanue pabOThl OAHOIMOIYIIEPUOIHOTO BBITIPSIMUTENS C
€MKOCTHBIM (UIBTPOM

1. B cxeme Bommpsmutens puc. 2 ycraHoBute BenumunHy R1=200 Om wu
MOOYEpEIHO 3a/1aiiTe BennunHy EMKocTH KoHsieHcatopa C1 = 100, a 3atem 500
MKD.

[TocTosHHas BpeMeHH paspsaga émkoctd T1=R1+C1= 200100 10°=20 mc= T,
rae T — mmatenbHOCTh nepuoa nutaromier DJC, T=1/f =20 mc. 1,=R1+Cl=
2002500 10°=100 mc= 5T.

2. Wccnenyiite criaxuBaroliee BIUsSHHE EMKOCTH Ha BBIXOJIHOE HaIpsHDKCHHE.
[Tonyunte BpeMEHHBIE AUArpaMMbl HANPsDKEHUM Ha Bbixone ncroynuka J/C,
Ha Harpy3Ke ¥ TOKa B IIEMH Harpy3KH Mpu 00OUX 3HAUYEHUSAX EMKOCTEH.

3. [lo mosydyeHHBIM BPEMEHHBIM JHarpaMMaM ONpECIUTE TMpU  Kaxaoh
BeIMUMHEe €MKOCTH KoHjaeHcaTopa (1 wmakcuManbHO€ Udmax ¥ Udmin
MUHUMAJIbHOE 3HAYEHUS BBIXOJHOTO HampsbkeHus. W3mepeTe cpennee
3HAYCHHWE BBIXOJHOTO HampspkeHus Uy W 1o BeipakeHUio (2) BBIYHCIHUTE
KO3 (UIUEHT MyIbCALHUH.

CpaBuute ko3¢ duumeHTsl myibcanuu, onpeaenéuusie npu C1=0, 100 u 500
MKOD.
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4, CHUMUTE U MOCTPONTE BHEIIHIOK XapaKTepUCTUKY Bhipsmutens npu C1=500
MK®D. JIns1 3TOTO0 MOOUEpPEAHO 3a7aiiTe BENUUMHBI COMPOTUBIICHUS HATPY3KHU U3
Ta0UIBl 2 U U3MEPhTE CPEAHUE 3HAUYCHHS TOKA HArPYy3KH M HANPSDKCHHS Ha
HEM.

BHemH00 XapakTepUCTHKY MOCTPOUTE HAa TOM K€ PUCYHKE, Tjie u300paxeHa
XapaKTEPUCTHKA TPU AKTUBHOM HArpy3Ke BBINIPSIMUTENS, U CPAaBHUTE 3THU

XapaKTEPUCTHKHU.

Ta0muna 2.
R1, Om 10 20 50 100 200 500 10000

lg, A
Ug, B

3. PaboTa BbINPSIMUTEISI HA AKTUBHO-WHAYKTUBHYIO HATPY3KY

[lpunnunuanbHas cxeMa M BPEMEHHBIE JHarpaMMbl, WIUTFOCTPUPYIOLINE
paboTy cxeMmbl, ToKazaHsl Ha puc. 4, a—e. Ilpu BBemeHUHM B HArpys3Ky, Kpome
pesuctopa Ry, peakTopa ¢ MHIYKTHBHOCTBIO Lg TOK Ig = I, OymeT ompeneisiTbes

YPaBHEHHUEM:

diy

dr - (4)

Emax sing = “dRa' + de

0 u th ) ::uz:\: \/;r
HZK
3)

Puc. 4. PaGota BeIpsSIMUTENS HA AaKTUBHO-UHAYKTUBHYIO HArpy3Ky.

BeHTnip mpomyckaeT TOK Ha WHTepBasie A > w (puc. 4,0), T.e. U TIpH
OTPULIATEIILHOM HAIPSKEHUU Ha BTOPUYHON 00MOTKE TpaHchopmaTopa. ITo
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OOBSICHSIETCSI TE€M, 4YTO B HMHIYKTUBHOCTHM L Ha wuHTepBame 0— m 3amacaetcs
AJIGKTpOMarHuTHas SHeprus. [Ipu yMeHBIIEHNUH TOKa HATrpy3KH HAa WHAYKTUBHOCTH
Bo3HHKaeT D/[C caMOMHIYKIIMY TaKOW TMOJISIPHOCTH, YTO 3HAYEHUE OTPHUIIATEIHLHOTO
MOTEHITMANTA KaToJa BEHTWJIS CTAHOBUTCS OOJBIIE OTPHUIATSIIFHOTO TOTCHIIMAJA
aHonma. /[nomx mpoBOAMT TOK J0 TE€X MOP MOKa TOK HATPY3KH HE CHAACT J0 HYI,
MMOATOMY Ha BBIXOJIC BBIIPSMUTENS HANpsDKEHWE Uy HM3MEHSIETCS 10 3aKOHY
W3MEHEHUS HaIPSHKEHUS HAa BTOPUYHONW 0OMOTKe Tpancdopmaropa e, (puc. 4,8) B
TEUEHUE BCETO BPEMEHH MPOBOMSAIICTO COCTOSHHS TUOMA, W Ha BXone (QUiIbTpa
MOSIBIISIIOTCS] YYACTKH OTPHUIIATEIIBHOTO HAMIPSIKEHUS.

JITATETbHOCTh TIPOTEKAHUS TOKA A 3aBUCHT OT COOTHOIIEHWS AKTUBHOW W
PEaKTUBHOM COCTaBISIONIMX HArpy3kd. B 3ToM ciiydae cpeaHee 3HaueHHUE
HaIPSHKEHUS Ha BBIXOJIE BBIIPSIMUTEIIS

J2E,(1 - cos))
27 '

A
U,= ;.TI-E [V/2E,sin® d8 =
0 5)

Wtak, mpu aKTUBHO-UHAYKTHUBHOW Harpy3ke MJIUTEIHHOCTh MPOTEKAHUS TOKa
4yepe3 BEHTUIb A > T ¥ TOK MPOTEKAET MIPHU OTPHUIIATEIHFHOM HANpSHKECHUH HAa 0OMOTKE
TpaHcpopmaropa.

B pe3synbrare 3toro:

- Ha HArpy3Ke BO3HHMKAIOT BPEMCHHBIC HMHTEPBAJBI, B KOTOPHIX HAINPSHKCHHE
MMeeT OTPUIIATEILHBIN 3HAK, YTO MPUBOJIUT K YMEHBIIICHUIO cpeaHero 3HadeHus Uy
(puc. 4,6);

- B KpHUBOW HampspkeHHs Ha BeHTWwie (puc. 4,2) HaOomaeTcs CKadok
oOpaTtHoro Hampspkenus. [Ipu mpoTrekaHuu mpsIMOTO TOKa Ha P-N mepexoje Auoja
HAKaIUIMBAaeTCsl 3apsll, MPU CKayke OOpaTHOTO HAMPSHKEHUS BO3HHUKAET HMITYJIBC
oOpaTHOro TOKa 4Yepe3 IUOJ. DTO MPUBOIUT K TOSBICHUIO TEpPEHAIPSIKEHUN Ha
WHIYKTUBHOCTSIX CXEMBI, YTO MOXET IMPUBECTH K BBIXOJY U3 CTPOS THOJIOB.

D¢ GhHEeKTUBHBIM CIIOCOOOM HCKIIIOUYCHHS BBIIICHA3BAHHBIX SIBICHUN SIBIISCTCS
BKJIFOUCHHE 0OpaTHOro (HyseBoro) auoaa VD2 (puc. 4,0). Ha unrepBaiie 0— 7 TOk
Harpy3ku npotekaeT uepe3 auon VD1, mmon VD2 maxomutcs mom oOpaTHBIM
HampspkeHueM W TOK He mnpoBoauT. Ilpm v> m numox VD1 3anumpaercs, DC
CaMOWHJIYKIIMU JIPOCCeNsl CO3JaeT yCiaoBus s oTniupanust auona VD2 u sneprus,
HAKOTUICHHAs B KaTyIIKEe WHIYKTHBHOCTH, OTJAACTCA B HArpysky (puc. 4,¢). B atom
clydae HamnpsDKCHHME Ha BBIXOJIC BBIIPSMHUTENS HE UMEET OTPUIIATEIBHBIX YYaCTKOB,
T.C. Ha BBIXOJIC BBINIPSAMUTENS OYIET TaKkoe K€ 3HAUCHHC HAMPSOKCHUS, KaK W TIPH
aKTUBHOW Harpys3ke, a TakkKe Ha BEHTHJIE He Oy/ieT OpPOCKOB 0OpAaTHOTO HANPSIKEHUS
(puc. 4,01c, 3).

3aoanue 3: ViccnenoBanue pabOTHI OJHOIOIYIIEPUOIHOTO BBINPSIMUTENS Ha
AKTUBHO-WHIYKTUBHYIO Harpy3Ky
1. Cozpaiite cxeMy BBIIPSIMUTENSL C AKTUBHO-UHAYKTUBHOW Harpy3ko# (puc. 5). B
3TOM cxeme B Lenb conporuBieHuss R1 BBenena mHayktuBHOCTH L1=3 I'H. B eé
napameTpax 3ajJaHo napasmiesnbHoe conporusiaenue 100000 Om.
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0 RFOSVAM1S
D1 L1

¥ R1
_ 200

SINE(0

.tran 60m
Puc. 5. Beinpsimutesnb ¢ aKTUBHO-UHAYKTUBHOM HArpy3Koi

2. MUccnenyiite mpoueccbl B cxeme. [lomyunTe BpeMEHHbIE AHarpaMMbl
HanpspKeHU Ha BeIxoze ucrtouHuka DJIC, Ha Katoje IMOAa, HAa Harpy3ke U TOKa B
ey Harpy3ku Tnpu 3HaueHWsx wHAyktmBHocth 3 wm 0,3 T'm (oL/R1 =
314+3/200=4,71). ObpaTuTe BHUMaHHUE Ha TO, YTO MPHU JAHHOM XapaKTepe Harpy3Ku
JMOJ OCTAETCSI OTKPBHITHIM M TOCJIE CMEHBI MOJSPHOCTH MHUTAIOIIETO HANPSIKEHUS,
YTO SBJSETCS] MPUYMHOMN MOSBICHUS OTPHUIATEIBHBIX MOJTYBOJH HAMPSDKEHUS HA €To
karone. CpaBHHUTE [UIMTEIHHOCTH OTKPBHITOTO COCTOSIHHSI JAMOAA TpPU Pa3HON
BEJIMYMHE UHAYKTUBHOCTH.

3. Bsenure B cxeMy o0paTHbIN AuO (pHC. 6)
RFO5VAM1S

D1 L1

3INE(O 5

.tran 60m
Puc. 6. Cxema ¢ 0OpaTHBIM JHOAOM.

Uccnenyiite mporieccel B cxeme npu L1=3 T'H.

4. Pabora BeInpsiMuteJisi Ha npoTuBoIC

[IpakTrueckuii HMHTEpEC MOXKET MNPEICTABIATh TAKKE Harpy3ka B BHJE
uctounrka DJIC MOCTOSHHOIO TOKa, BKIIOUEHHOrO0 C OOpaTHOW AJisi BEHTUJIBLHOTO
KJIf0Ya MOJSPHOCTBbIO. Takue cxembl BbINPAMIEHUS HA3bIGAIOMCA CXEMAMU C
npomusod/[C 6 yenu Hacpysku. OHH TPUMEHSIOTCS B YCTPOMCTBax 3apsia
aKKyMYJISITOPHBIX OaTapei, B cucTeMax peKynepaiuu 3JIeKTPOIHEPTUHA U3 UCTOUHHUKA
MOCTOSIHHOTO TOKa B CETh IEPEMEHHOT0 TOKA U JP.

Kongencarop ¢unabTpa OOJBLION EMKOCTH Ha BBIXOJE BBIIPSMUTENS B
HEKOTOPBIX pexnuMax paboThl MOKET paccMaTPUBAThCs KaK UCTOYHHUK MpoTHUB0D[C.
Ha puc. 7,a npeacrasieHa cxema OAHOIOIYIIEPUOJHOIO BBIIPSAMUTENS C JHOLOM
VD u npotuBo3/IC Eyq. B MoMeHT v = v; HanpsbkeHue Ha auone VD cranoButcs
IPSIMBIM, ¥ OH HAYMHAET MPOBOJNTH TOK Ig, HAITPABICHHBII BCTPEUYHO UCTOYHUKY
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npotuBo/IC Ey. TloaximtoueHre UCTOYHMKA C HampspkeHHeM e( V) K UCTOYHHUKY

YD Ly npotuBoIIC Egq MoXkeT BbI3BaTh HEOIpPaHUYECHHBIHI
Y YL .
,.—d- pocT ToKa lg. s
; OTPAaHUYEHHH 3TOTO TOKA B LIETb TOCTOSTHHOTO TOKA
ew?) E,
BKJIFOYEH PEAKTOP C HHAYKTHUBHOCTBIO Lg.

a)

?l T . 3aoanue 4. HccnenoBanue paboThI
’ )I’\‘] [ Ed | K OJIHOTIOJYTIEPUOIHOTO BBIIPAMUTENS HAa NpoTUBOIIC
, S,
| I\l iz -~ o o
" N N\ 1. CozpaiiTe cxeMmy U UCCIEAYUTE MPOIIECCHI B
Sl 9283 s 2n 5 HeI\/JI
e(9) )
OTuéT no paboTe AOJIKEH COACPIKATH:
Puc. 7. OnHONoNyneproHast - HCCICAYCMBIC CXCMBI,
CXeMa BBIIPSAMIIEHUSA C - BPECMCHHLIC IUAaIrpaMMBI IIPOLCCCOB,
npotuBoDJIC B Harpyske: - pe3ynbTaThl U3MEPEHUMN 151 IIOCTPOCHHBIC

a — CXeMma, 6— AuarpaMmbl XapaKTepI/ICTI/IKI/I;
TOKOB U HaIIpsKEHUI - BBIBOJIBI

Bonpocsi

1. TlosicHuTe paboTy OJHOMOIYIIEPHOTHOTO BEIIPSIMUTENS HA aKTUBHYIO HATPY3KY.
2. Kak onpenensercs KodQHUITUEHT MyTbCAIIUU BHITPSIMICHHOTO HAMIPSKCHHUS?

3. OObsicHUTE XapaKTep BHEIIHEH XapaKTePUCTUKH BBHIMPSMUTENS TPU aKTHBHOU
Harpyske.

4. Kax Bnuser BennmunHa EMKOCTH CTIAXHMBAIOIIETO KOHACHcaTopa Ha (opmy H
BEJIMYMHBI CPEHETO W JCHCTBYIOIIETO 3HAYCHHH BBHIXOAHOTO HANPSDKEHUS, Ha €ro
KO3 PUIMEHT myIbcauii?

5. OObsicHUTE NMPUYMHBI U3MEHEHUS] BHEIIHEH XapaKTEPUCTUKU BBIIPSIMUTENS MPU
HOJKIIFOUEHUH CTJIaKUBAIOIIET0 KOHAEHCaTOopa.

6. B kakux ciaydasx Afs CIVIAKMBAaHUS BBIXOJHOTO HANPSDKEHUS BBIIPSMUTEIS
IPUMEHSETCS KOHACHCATOP, a B KAKUX — JPOCCEIIb?

7. Tlosichute 0COOCHHOCTH pPalbOTHl OTHOTIONYIIEPUOTHOTO BBITIPSIMUTENS Ha
aKTUBHO-UHIYKTHUBHYIO Harpy3Ky.

8. Jlns uero B cxeMmy BBITIPSIMUTENSI BBOAUTCS 0OpaTHBINA A10OA?

9. Tlosicuutre o0coOeHHOCTH pabOThl OJHOIMOIYHNEPUOAHOTO BBIIPSIMUTENS Ha
npotuBoDJIC.
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Tema Ne3

HUCCJIEAOBAHUE OJHO®A3HBIX JIBYXITOJYHEPUOJHBIX
BBINPSIMUTEJIEA

eab padoThl

HccnenoBath paboTy OAHO(MA3HBIX ABYXIIOIYIEPUOTHBIX BBIIPSIMUTENEH MPU
pa3IMYHOM XapakTepe Harpy3Ku: aKTUBHOM, aKTHMBHO-EMKOCTHONM M MpH padboTe
BbITpsIMUTENS HA TPOTUBOD/IC.

IHosicHenusi k padorte

3aoanue 1: VccnepoBanue paOOThl ABYXIIOIYIEPUOIHOIO BBIIPSIMHUTENS C
HYJIEBBIM BBIBOJIOM Ha aKTUBHYIO Harpys3Ky.

IHopsimok padoThI

5. Co3paiiTe cxemy BBIIPSMUTENS C AKTUBHOM Harpy3koil (puc. 1). OcoOeHHOCThIO
CXEMBbI SIBJISIETCS Halu4ue TpaHcpopMaropa co cpeaHed Toukoil. s ero
co3nanus Oepém Tpu uHayktuBHoctd L1 u L2, L3, koTopble OynyT UMHUTHPOBATH
WHIYKTUBHOCTh TIEPBUYHONW M BTOPHUYHBIX 0OMOTOK TpaHchopmartopa. B SPICE
MPHUHATA MOJENb, COTJIACHO KOTOPOHM CBSI3b MEXIYy OOMOTKAMH OIpEaeseTCs
(PUKTUBHBIM CXEMHBIM KOMIIOHEHTOM, KOTOpBIM Ha3bIBaeTcs Kod(hduineHTom

cBs3u K mexay oomotkamu. Eciiu K =1, To cBs3b MeXTy 0OMOTKaMU - TIOJIHAS.

[~

K1 L1L2L31

LT
ES1D

.tran 60m D2
L
ES1D
Puc. 1. Cxema BbIIpSIMUTENS MPU paboTe Ha aKTUBHYIO HArpy3Ky

Koaddumment cBsizu K pazmemiaercs HenocpencTBeHHO Ha cxeme B Buie SPICE
TUPEKTUBBI. J[JIs1 €ro pa3MeleHus METKHUTE JIEBOM KHOMKOW MBIIIKHU 10 KHOIIKE

«SPICE Directive» °F . B pe3yabTaTe MOsSBUTCS OKHO BBOJA TeKCTa (puc. 2).

Edit Text on the Schematic:

Hows to netlist this text Justification Font Size E 0K
) Comment Left hd 1.5(defaull]
C. |
(=) SPICE directive [ ertical Test
KiL1L2L31
Type Chil-M to start a new line. —I

Puc. 2.Co3nanus cBSI3U MEK1y UHAYKTUBHOCTSIMU

[I{€nkHyB 1€BOM KHONKOW MBIIIKK 1O KHOIKE «OK», mepeHocuM BBEIEHHYIO
CTPOYKY B OKHO peJaKTopa cxem (puc. 1).
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Koadpdpumument tpanchopmanuu Tpanchopmaropa 3ama€rcs myTéM  BbIOOpaA
COOTHOIICHUSI MEXIy BETMYMHAMH MHIYKTUBHOCTEH MEPBUYHON L1 M BTOPUYHBIX
L, o6MoTOK

KT — VVI/WZ — Ul/U , — \/Ll/Lz — \/1000/10 = 10.

6. Uccnenyiite mpoiueccbl B cxemMe Bbinpsmutens. [lomyuute BpemMeHHbIC
JarpaMMbl HaNpsOKEHW Ha BTOPUYHOM 00MOTKe TpaHchopmaTopa, Ha Harpyske
Y TOKA B IIEMU HArpy3KH.

/. Tlo moJly4eHHBIM BPEMEHHBIM JHarpaMMaM OMpPEACIUTE MAKCUMAIBHOE Udmax U
Udmin MHUHHMMaJbHOE 3HAYEHHUS BBIXOJAHOTO HampsbkeHusa. M3meppTe cpeaHee
3HAYCHHE BBHIXOTHOTO HanpspkeHus: Uy 1 BErYucnTe Kod)PUIMEHT My IbCcaruu.

3aoanue 2: ViccnenoBanue pabOTHI JBYXITOIYIEPUOTHOTO BBITTPSIMUTENS C
HYJIEBBIM BBIBOJIOM U C EMKOCTHBIM (PHIIBTPOM.

IHopsimok padoThI

1. Co3paiite cxeMy BBIIPSIMHTENS ¢ EMKOCTHBIM GuibTpoM (puc. 3). IlocTtosHHas
BpEMeHH LenH paspaa éwkocth 1=R1-C1= 50+500 10°=25 mc=1,25T.

..... R N
. ES1D. . . . ..

Puc. 3. Cxema BbIIpSIMUTENS C EMKOCTHBIM (DPUITBTPOM
2. Uccnenyiite mpoiecchl B cxeme Beimpsmutens. [lomyunte BpeMEeHHBIC
qyarpaMMbl HamnpsDKEHUW Ha BTOPUYHOM 0OMOTKe TpaHchopmaTopa W Ha
Harpyske.
3. Tlo moyiydeHHBIM BPEMEHHBIM JIHarpaMMaM OMPEACIUTE MAaKCUMAJIBbHOE Udmax U
MHUHUMAIIBHOE Udmin 3HAYEHUS BBIXOJHOTO HampspkeHus. HM3meppre cpenHee
3HAYCHUE BBHIXOHOTO HanpspkeHust Uy 1 Beraucinte KodhGUIMEHT myibCcaluu.

3aoanue 3: VccnenoBanue paboThl 0AHO(GA3ZHOTO MOCTOBOTO BBIMPSIMUTENS
pu paboTe Ha aKTUBHYIO HArPy3Ky.

1. Co3pgaiite cxeMy BBIIPSIMHUTENS C aKTHBHOW Harpyskout (puc. 4). B MocToBoOii
cxeMe TpaHcopmatop JByX o0O0MOTouHbIA. KoadduimeHt cBs3u 0OMOTOK
octasisieM pasabiM K=1, K1=10.
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oK1tz 0

T sINE(0 100500006
A A

grangom

Puc. 4. Cxema MOCTOBOIO BBIIPSAMHUTENS C aKTUBHOM Harpy3koi

2. Uccnenyite mporeccbl B cxemMe Bbimpsmutens. [lomyunte BpeMeHHbIE
JMarpaMMbl HalpsOKeHU Ha BTOPUYHOM 00MOTKe TpaHchopmaropa, Ha Harpys3ke
U TOKA B I[ENU HArPy3KH.

3aoanue 4: UccnenoBanue pabOThl JBYXMOJYNEPUOAHOTO MOCTOBOTO
BBITIPSIMUTEIS C EMKOCTHBIM (DHIIBTPOM.

=
'SINE(0 100 50 0

.tran 60m

Puc. 5. Cxema MOCTOBOTO BBIPSMUTENS ¢ EMKOCTHBIM (PUIBTPOM

2. Uccnenyiite mporecchl B cxeMe BbIIpsMutTens. [lomyunte BpemMeHHBIE
qyuarpaMMbl HampsDKEHUW Ha BTOPUYHOM O0OOMOTKEe TpaHcopMaropa uU Ha
Harpyske.

3aoanue 5. UVccrnenoBanue palOOThl JBYXIOIYINEPUOJHOTO MOCTOBOIO
BBITpsAMUTEIS HA TPOTUBOD/]C.

1. Co3spaiite cxemy BoinpsimuTens ¢ mpotuBo/C (puc. 6).
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Puc. 6. Cxema MocTOBOTO BBINpsiMUTENA ¢ TPpoTUBOIDJIC.

2. Uccnenyiite mnpomeccsl B cxeMe BbinpsMutrens. [lomyunre BpeMeHHBIE
auarpamMmbl HanpspKEHUM Ha BTOPUYHON OOMOTKE TpaHc(hopMaropa, Ha BBIXOJE
BBINIPSIMUTEINS ¥ TOKA B 1ienu mpoTtuBo/(C.

3. Ilo mosiydeHHBIM BpPEMEHHBIM JUarpamMmam OIpEIEIUTe, YeM ONpeIesieTcs
BEJIMYMHA TOKA 3aps/ia aKKyMYJIATOPHOHN OaTapeu.

OT4€T 1o paboTe TOJKEH CONePKaTh:

HCCIIETyEMBIE CXEMBI;
BPEMEHHBIE IUarpaMMbl [POLIECCOB;
pe3yJIbTaThl U3MEPEHU;

BBIBOJIBI.

Bonpocsi

1. TlosicauTe paboOTy ABYXIOIYNEPUOAHOTO BBHIIPSIMUTENS C HYJIEBBIM BHIBOJIOM
Ha aKTUBHYIO HArpy3Ky.

2. Tlosicaute paboOTy JBYXIOJYHEPUOJAHOTO MOCTOBOTO BBIMPSMUTENS Ha
aKTUBHYIO Harpy3Ky.

3. Kak BiamseT BenmnunHa €MKOCTH CIUIQKHMBAIOIIETO KOHJEHcaTopa Ha (Gopmy u
BEJIMUMHY CPEAHETO0 3HAUYEHUS BBIXOJAHOTO HANpsOKEHUS W Ha  €ro
K03 PULIMEHT mybcanui?

4. CpaBHUTE CXEMBbI BHIIIPSIMUTEINICH C HYJIEBBIM BHIBOJIOM U MOCTOBYIO.

5. B uém 3akimrouaroTcsi 0COOCHHOCTH PabOThI BhITIpsAMUTENEH Ha mpoTuBoIJIC.
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Tema Ne4
VCCJIEJOBAHUE YIIPABJISIEMbBIX BBITIPSIMUTEJIEN
ean padoTsl

HccnenoBath paboTy oOaHO(A3HBIX YNPABISEMBIX BBIIPAMUTENCH TpU
Pa3IMYHOM XapaKTepe Harpy3Ku: aKTUBHON M aKTUBHO-UHIYKTUBHOM.

IosicHenus k padore

[Ipu u3ydeHUM YyIpaBisieMbIX BBIIPSMUTEICH BaXXHO HMMETh BO3MOKHOCTb
UCCJIeIOBATh TMPOIECChl B CXEME BBINPAMUTENSA, CHUMATh PErYJIUPOBOYHBIC
XapaKTEepUCTUKU  TNpPU  pa3HOM  xapaktepe  Harpy3ku.  [IpeacraBisiercs
1eJIeco00pa3HbIM  BHAyaje IMPOBECTH  MCCIECAOBAHUE  OJIHOIMOIYNEPUOHOTO
BBIIIPSAMUTENS, MPU 3TOM OCHOBHOE BHHUMAaHHE COCPEJOTOUYUTh HA HU3YYCHUU
MIPUHLINIA ACHUCTBUS U UCCIIEOBAHUU MTPOIIECCOB B CXEME.

3aoanue 1: VccnenoBanue paboOThl OJHOMOIYNEPUOTHOTO YIPABISIEMOTO
BBITIPSIMUTES HAa aKTUBHYIO M aKTUBHO-UHIYKTHUBHYIO Harpy3Ky.

IHopsimok padoThI

Co3paiite cxemy BoIpssMuTesis (puc. 1).

Cnenyer oOpaTuTh BHUMAaHHUE, YTO B CXEME MCIOJb30BAHO JBa MCTOYHHKA
HanpspkeHusi. B cBoiicTBax uctounuka V2 3amaHo, YTO OH SIBJISIETCS MCTOYHUKOM
CHHYCOMJQIBHOTO HanpsbkeHus: yactoror 50 ' ¢ ammutynoit 100 B u HavaneHOM
¢azoit - 0°. DTOT UCTOUHUK SIBISIETCA ISl BhIIpsiMuTeNs nutatomum. Mctounuk V1
3a/1aH KaK UMITYyJIbCHBI MCTOYHUK HampspkeHus: aMmiuintynoil 10 B, nnurensHOCTBIO
nepuoga 20 Mc, JUTETLHOCTHIO UMITyNibca 0,5 MC U BpemMeHeM 3aJep:KKU UMITYJIbCa
t, oTHOocuTeNbHO Hauaia nepuona 4 mc. OH GopMHpyeT yNpaBiIsAIOLMIMM CUTHAT Ha
TUpUCTOpP. VI3MEHEHnEM BpEMEHU 3aJEPKKU MOXKET PErYIMPOBATHCS YTOJ OTKPBITHS
TUPUCTOPA 0.

Jlns mpoBeeHusl aHanM3a MPOLECCOB JOCTATOYHO WIEJIKHYTh JIEBOW KHOIKOU
MBIIIM N0 MKOHKE Run Ha maHenu mHCTpyMeHTOB. llocime 3Toro akTuBU3HUpyeTcCs
okro Edit Simulation Command (PemaktupoBanue KOMaHIbI MOJCIMPOBAHUs), B
KOTOpPOM, [0 yMOJYaHHIO, BbIOpaHa Bkjaaka Transient. Ha oatoii Bkimaake, Kak
MUHHUMYM, HY>KHO OTIPEJEIUTh BPEMsl OCTAaHOBKH aHaim3a mporecca (Stop Time). B
HallleM npumepe ycraHoByieHo Bpems 30 mc, T.e. 1,5 nepuona.

Ha puc. 1 nokazanbl Takke OCHMIUIOIpaMMbl HampsbkeHuid Ha Bxoge (1) u
BbIXOJI€ (3) BBIIPSAMUTENS M TOKA B LIETH YIPABJISIOLIETO 3JIeKTpoaa Tupucropa (2)
IIpU  aKTUBHO-UHJYKTUBHOM XapakTepe Harpy3kud. Kaxmoil ocuusuiorpamme
NPUCBaMBAEeTCs Ha3BaHHE B BHUJE BBIPAKEHUS, OTOOpakaeMoe B BEpXHEH YacTu
IJIOTTEpa TeM ke 1BeToM, Harpumep V[NOOT .

Bpraucnauth cpegHue U IeUCTBYIONIME 3HAYCHUS HANPSHKEHUW M TOKOB MOKHO,
ecnu HaxkaB knaBunry <Ctrl> u, ynepxuBas e€, ENKHYTh JIEBOW KHOIKON MBITIKH
II0 HAa3BaHMIO HHTEPECYIOIIEHM OCUMIUIOrpaMMbl. s HanpsykKeHMM W TOKOB
paccunthiBatoTcsi cpeanee (Average) u nerictByromee (RMS) 3naueHus 3a Bech
NIEPUOJ U3MEPEHHS.
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Puc. 1. Cxema 0JJHOIOIYIIEPHOIHOTO YIIPaBIIsieMOTro Boinpsimutens B LTSpice
¥ OCHMJIIOrpaMMBbI HarpspkeHni Ha Bxoje (1) u Beixoze Beipsmutens (3)
Y TOKa B IIETIH yIIpaBiieHus Tupucropa (2)

N3MmeHsss BpeMs 3alepKKUM HMMITyJIbCa YNPABICHUS OTHOCUTEIBHO Hadayia
IIEPUOJA ¥ BBINOJHAS M3MEPEHUE CPEIHEr0 3HAYEHUs BBIXOJHOI'O HAIPSIKEHHUS
BBIIIPSAMUTENSL  MOXKEM  IIOJIYYUTh
PEryJINPOBOYHOMN XapAKTEPUCTUKHU BBITPSIMHUTEIIS.

JITaHHBIE,

HEO0XOIMMBIE

JI711 akTUBHOM Y aKTUBHO-WUHIYKTUBHOW HArpy3KH:

1. Uccnenyiite

TIPOIIECCHI

B

CXCMC

THPUCTOPC N TOKA B HCIIM HAI'PY3KH.

2. Tlo momy4eHHBIM BPEMEHHBIM gUarpamMmam OINpeAeNuTe MaKCUMaIbHOE Udmax H
Udmin MHUHHMMAaJbHOE 3HAYEHHs BBIXOJAHOIO HampspkeHusa. M3meppTe cpenHee
3HAYCHUE BBIXOAHOTO HampsokeHuss Ug W 1o BbIpaxkeHHIO (2) BBIYHCIUTE

KO2(DPUIIMEHT MyIbCALIUU.

3. CHUMHUTE W TIOCTPOMTE PETYIUPOBOUYHYIO XAPAKTEPUCTUKY BBIIpsAMUTENs. [s
ATOTO MOOYEPENHO 3ajaiTe U3 Tabauibl | U U3MEphTE CpeHUE 3HAUYCHUS TOKa

Harpy3ky 1 HanpsDKEHUs Ha HEW.

BBIIIPSMUTEIS.
IyarpaMMbl HalpsbKeHUMM Ha BeIxoge ucroyHuka OJIC, Ha Harpyske,

[Tomyuure

sl IIOCTPOCHHA

Tabmanma 1.
qQ,’ 0 30 60 90 120 150 180
t;, Mc 0 1,67 3,33 5 6,67 8,33 10
Ug, B

3aoanue 2: VccnenoBanue pabOThl ABYXIOIYNEPHOIHOTO YIPABISIEMOTO

BBIIIPAMUTECIIA HA aKTUBHYIO 1 aKTUBHO-MHAYKTHBHYIO HAarpy3Ky.
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Ha puc.2 npexncraBieHa cxemMa JBYXIOJYHEPUOJHOTO  YIPABISIEMOTO
BBINIPSIMUTEIS CO CPEHEN TOUKOW U OCUMIUIONPaMMbl HaNpsbKeHU! Ha ero Bxoge (1),
BbIxoJie (2) 1 ToKa B 1ienH Harpy3ku (3) B IEpEXOTHOM pekuMe. XapakTep Harpy3Ku
— aKTUBHO-WHAYKTHBHBIA, @L4/R; =314*0,2/5=12,56 > 5, dro obOecrneunBaer
JOCTATOYHO XOPOUIEE CraKMBaHUE TOKA HAIPY3KHU.

OcoOeHHOCTBIO CXEMBI SBJSIETCS HalIuyue TpaHchopmaropa co cpenHen
TOYKOH, NBYX TUpUcTOpoB Ul, U2 1 IByX UCTOUHHKOB YIPABJISIOMIUX CUTHAJIOB V2,
V3. Kax/iplii UCTOYHHK YIPABJISIONIUX UMITYIHCOB (DOPMHUPYET UMITYJIbC HAa CBOEM
noJyiynepuojie paboTsl cxembl. it V2 IIUTeIbHOCTh 3aJePKKU UMITYJIbCa 3a/iaHa 2
Mc (0=36°), a st V3 — 12 mc (180°+36°). KayecTBeHHO mpoliecc COOTBETCTBYET
AKTUBHO-MHJYKTUBHOMY XapakTepy Harpy3Kd, UYTO BHUJHO IO TIOSBICHUIO B
BBINIPSIMJICHHOM HANPSKEHWHW OTPULATENIbHBIX IOJYBOJH M JOCTAaTOYHO XOPOIIO
CIJIaXKEHHOMY TOKY Harpy3KH.

[locne HeOOMBUION KOPPEKTUPOBKM MOJYYEHHBIE CXEMbl YIPABISIEMbBIX
BBITIPAMUTENCH MOTyT OBITH HCCIENOBaHbl W Tpu padore Ha npotuBoIC u B
MHBEPTOPHOM PEKUME.

JI1st TaHHOW CXEMBbI BBITIPSIMUTEIISI TOBTOPUTE T€ K€ UCCIAEIOBAHUS, YTO U IS
OJIHOIIOJIYIIEPUOTHOM CXEMBI.

KiL1L2131

SINE(0 100 50 0 0

tran 0.05 10

V(n001) V(n002) IR1)

60V 0.2A

50V- - 0.0A
mv-_\3 L-0.2A
30V- -0.4A
20v- 2 --0.6A
10V -.0.8A

ov- 1.04
10v- L 1.24
20V~ -1.4A
30¥- L1.6A
40v- \/~-1 8A
50V-] - 2.0A

sov T T T T T L T T L 'Z'ZA
. Oms S5ms 10ms 15ms 20ms 25ms 30ms 35ms 40ms 45ms 50ms

Puc. 2. Cxema ympaBiisieMoro JIBYXITOJIYIIEPHOIHOTO BBIIPSIMHUTENS CO CPETHEH TOUKOM
U OCIIWJUIOrpaMMBbI HanpspKeHui Ha ero Bxoje (1), Beixoje (2) u Toka B 1enu Harpy3ku (3)

3aoanue 3: VccnenoBanue pabOThl  OJIHOMOJYIEPUOJHOTO  YIPaBISEMOIO
BBITIPSIMUTENS B PEKUME HHBEPTOPA
Ha puc. 3 nokazana cxema 0JHONOJYTIEPUOTHOTO UHBEPTOPA.
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Puc. 3. OnHONONYNEpUOHBIN YIIpaBIsieMbIil BBIIPIMHUTEINb B PEKUME
MHBEpPTOpA

Uccnenyitte npoueccel B cxeme nHBepTOpa. [lomyunte BpeMEeHHbIE AuarpaMMbl
HaNpsDKEHUN Ha BhIXoJIe ucTouHuKa J/{C, Ha HCTOUHUKE MOCTOSHHOTO HANPSIKEHHUS,
u Toka B ero nenu. llo 3HakKaM HanpsHKEHUST HA MUCTOYHHUKE ITOCTOSHHOTO
HANPSOKEHHUS M TOKA B €ro LMW OIPEICIUTE HAIPABICHUE MOIIHOCTH U CHECTANTe
BBIBOJI O PEXXUME PaOOTHI CXEMBI.

OT4€T 1o paboTe TOKEH COACPHKATh:
- HCCJEIYEMBbIE CXEMBI;
- BpPEMEHHBIE IHMarpaMMbl MPOIIECCOB;
- pe3yabTaThl U3MEPEHUN;
- peryJMpOBOYHBIC XapAKTEPUCTUKH BBIPSIMUTENCH;
- BBIBOJBL

Bonpocsl

1. Tlosicaute paboOTy OJHOMOJYNEPUOTHOTO YIPABISEMOIrO BBIIPSIMHUTENS Ha
AKTUBHYIO Harpy3Ky.
2. lloscuute pabOTy OJHOMOJYIEPUOTHOTO YIIPABISIEMOTO BBIIPSMUTENS Ha
AKTUBHO-UHIYKTUBHYIO HAarpy3Ky.
3. O0BsCHUTE XapaKTep PETyIUPOBOUYHON XapAKTEPUCTUKH BBITIPSIMUTENS
4. TlosicHuTe pabOTy ABYXMOJYNEPUOAHOTO BBIMPSIMUTENSI C HYJIEBBIM BBIBOJOM Ha
AKTUBHYIO Harpy3Ky.
5. IosicHuTe, KaK MEpEBECTH CXEMY B MHBEPTOPHBIN PEXUM?
6. Kak ornpenenuTs pexxum paboThl CXEMBbI?
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