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BBenenue

B yyeOHOM nocoOHMHM paccMOTPEHbl KOMMYTAIlMOHHBIE
PEXUMBI B JIEKTPHUECKHX LIEIAX MOCTOSHHOTO ¥ MEPEMEHHOTO
TOKOB, MOKa3aHbl IIEPEXOJHBIC IPOLECChl MPH H3MEHEHHH
pexuMa paboThl CXEMBI BO BPEMsI KOMMYTAIHH, TIPU IIEPEXOJIE
CXEMBI M3 OIHOTO YCTAHOBHMBILETOCS COCTOSIHHS B IPYTO€.

[lepexonHble mpoLEcCHl PAcCMOTPEHBI I JIMHHHA C
COCPEJIOTOYEHHBIMH M DPacCHpeleNieHHbIMH NapamerpaMu. Jlus
neneii ¢ COCPeOTOYEHHBIMH INapaMeTpaMH  OCBEIEHbI
OCHOBHBIE METOJIBI pacyeTa KOMMYTAUMOHHBIX PEXHUMOB, JaHbI
HX CPaBHHTE/IbHbBIE XapaKTEPUCTHKH.

Hns Oonee MOHATHOrO  H3JIOXKEHHS  MEPEXOIHBIX
IPOLIECCOB B JIMHHAX C paclpe/ieleHHBIMH NapaMeTpamMH B
y4ebHOM NOcOoOHH pacCMaTPHBAIOTCA OCHOBHBIE NMEPBHYHBIE H
BTOPHYHbIE NTapaMeTPhl JJTHHHBIX TMHUHA. JIHHHS noka3zaHa npu
pa3nuyHbIX  pexuMmax paborel. B 3aBucumoctu ot
COTIPOTHBIICHUS HArpy3KH PacCMOTPEHBI PEXUMBI XOJIOCTOTrO
X0Ja ¥ KOPOTKOIO 3aMBIKaHHUs, OTPAXECHHUE U NPEIOMIIEHHE
BOJIH B MECTE COEIMHEHHS HECKOJIbKUX JIHHHHA.

KoMMmyTannHoHHbIE IpoUECCHl B  JUIMHHBIX  JIHHHAX
paccMaTpHBalOTCS C MOMEHTa BO3HHKHOBEHHS BOJIHBI IO
onpenerieHUs BOJIH B 33aJlaHHOH Toyke NHHUU. B 3aBHCHMOCTH
OT XapakTepa HAarpy3Kd TIIOKa3aHbl JTambl pa3/ieJICHHs
HampsOKEHHssT M TOKa JJs Naalolel, OTpaXeHHOH W
IIPEJIOMIIEHHOM BOJIH.

Jns OGonee HArasAHOTO H3Y4YEHHUS KOMMYTALHOHHBIX
pPEeXUMOB B y4eOHOM IMOCOOHH paccMaTpHBAIOTCS 3a/ayd IO
H3YYEHHIO IIEPEXOJHBIX IPOIECCOB € TOMOINBI) OCHOBHBIX
METOJIOB pacyera.
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1. IlepexoHple mponecchl B 3IEKTPUUECKUX LENsIX.
1.1. OCHOBHBIC NOJIOKEHUS U 32AKOHOMEPHOCTH.

DNEeKTpUYECKUEe 1€, B COCTaB KOTOPBIX BXOUAT
HaKOIINTENIM DJHEPrUM, XapaKTepu3yIOTCS TaK Ha3bIBACMBIMH
uepexolHbIMU Iponeccamu. [lepexopnHoit mpomecc 310 Mpo-
ece Nnepexola dJIEKTPUYECKOH Lend U3 OGHOIO YCTOMYHBOIO
COCTOssHUSA B apyroe. llpu mepexogHsIX npoieccax B Ienu
BO3HUKAIOT [qidiiE nepeHanpsHKeHus, CBEPXTOKH,
97ICKTPOMAarHUTHblE KonebaHUsl, KOTOpblE MOIYT HapyUIMTh
paboTy yCTpoHCTBa BILIOTH O BBIXOJI[a €ro H3 CTpPOsi. ITO
BbI3bIBaET HEOOXOAUMOCTH M3Y4YEHHs METOJI0OB aHallu3a
HECTALlMOHAPHBIX PEXUMOB pabOTHI HEITH.

W3menenue pexxuma pabOThl 3JEKTPHIESCKON EMH MOXeT

so4 s |3 ——*‘&.__ OBITb BBI3BAHO BKIIIO-
YCHUEM HJIH BBIKJIIO-
YeHHWeM LeNu IIUTa-

HHSA, KOPOTKHM 3aMbl-

r; ! /s ¢ KaHMeM HIH  Kole-
__( OanueM  Kakux-nubo

" napameTpoB nenu. Ile-
" 5 pEeXOjIHbIE  MPOLECCH

HE MOI'YT I[pOTCKaTh

MFHOBEHHO, TaK Kak
Cb qs HEBO3MOXXHO MTHO-
BEHHOE H3MEHEHHE

JHEPrUH, 3allaceHHOU

Pnc. i.1. B 3JCKTPOMArHUTHOM

roJie LIeTTH. Te.,

[IEPEXOJIHBIH  Mpoliec 0CYyCI0BICH ~ HECOOTBETCTBUEM

BCJIMYHHB! 3allaCEHHOH 3HEPIrvH B MAarHUTHOM II0JI€ KaTYIIKH



MM 571eKTpHYECKOM TNOJIE KOMJEHCATOpa e¢ 3HAYeHHIO JUIA
HOBOT'0 COCTOSHHS LIENH.

Tpouecc CKa4K00Opa3HOro (MIHOBEHHOTO) HM3MEHEHHs
Kakoro-nu6o MNapaMeTpa 3JIEKTPHYECKOH 1eNM Ha3bIBaeTcs
KOMMyTauHeii. [Ipn ananm3e mepexomHbIX MPOLECCOB OTCYET
BpEMeHH [pHHATO NPOHU3BOAUTH OT 3TOr0 MOMEHTa. MOMeHT
BpeMeHH, onpeACIANINE HaYalo XOMMYyTalMH, 0003HavarT
t(0-), nocne -t(07). ITOT HHTEPBANT, IPAKTHYECKH, PABEH HYIIO:

t(0+)—-21(0-)=0

O6bIyHO, MPOLECC KOMMYTALMH HA 3JIEKTPHYECKONH cXeme
u300paxaercs  UOeanbHbIM KIoYesbiM IIEMEHMOM.
Uneansupii ko4 S (puc. 1.1,a,6,8):

B 3aMKHYTOM COCTOSHMH oOOnagaer HyJIeBBHIM
COIIPOTHBIICHHEM H YKBUBAICHTEH MICAIbHOMY IIPOBOHHKY;

e B pa3’OMKHYTOM COCTOSHHH o0nagaer 6GecKOHEeuHo
GosbiuM conpOTUBIEHHEM U SKBUBAICHTEH Pa3pbiBy LICIIH:

o mepeXOIHT U3 OJHOIO COCTOSHHS B Apyroe  3a
OECKOHEeYHo MAaJbIi IIPOMEXYTOK BPEMEHH (MI‘HOBCHHO).

Ha puc. 1.1 N0OKa3aHbI IPHMEPHI PEATH3ALMH C ITOMOLIBIO
KIIOYed MrHOBEHHOIO H3MEHECHHS CONMpOTHBICHUs. [Ipu
nocnenopaTeJpHOM COCIUHEHUU 3HAYECHHUE CONPOTUBJIICHHUS U3~
mensietcs ot (11t I2) (puc 1.1,r) 10 2 TO ecTh 10 KOMMYTaUuK
YCTAHOBUBIIHACA PEXHM ONpeJesiCa COMPOTHBIEHUSMH T U
r;, mnocme - TONBKO 1. IIpM mnapamienbHOM coelHHEHUH
COTPOTHB/IEHHE H3MEHSETCS OT 1112 /(1) +12) 1o 1y (puc. 1.1,x).

AHanoruyno € MOMOLIBIO KIOYEH MOXKHO cKaykooOpazno
M3MEHATH TOK i HalpshkeHHe UCTOYHUKOB. Ha puc. 1.1.e Tok /
CKaykoM usMmeHAeTCs ot (Jy + Jy) no Ji, a Ha puwe. 1.1,x
Harnpsxenne U P KOMMyTauuu u3Mensercs ot E; mo Ey [1].

PaccmoTpM OCHOBHBIE IIOJIOXKEHHS, XapaKTEPHU3YIOLIHE
nepexoHbiii npolecc:
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YCTaHOBHMBIIMHCS PEXHUM B  3JEKTPUYECKHX  LIENAX
Onpe/eNsaeTcs HaIpPHKEHHSIMH H TOKaMHU, KOTOPblE B TEYEHHE
JUTHTENIBHOI'O TPOMEXYTKa BPEMEHH OCTAIOTCS MOCTOSHHBIMH
WIIH U3MEHSIIOTCS NEPUOAUYECKH. 3tot peXHuM
YCTaHABIUBAETCS MPU JOCTATOYHO JUTMTEIHHOM JEUCTBHH HC-
TOYHUKOB MOCTOSHHOW mmuM nepuomuyeckod IJIC, He
MCHOBEHHO BCJE]l 3@ MOMEHTOM BKJIIOYEHHS HJIM OTKIIOYEHHUS
HCTOYHHKOB MUTAHUS WJIM MOMEHTOM H3MEHEHHs MapamMeTpoB
cxeMsl (L, C u 1), T.€. cpazy 3a MOMEHTOM KOMMYTallHH.

B mpocreiimeM ciyyae, IEPEXOJHOMY  MpPOLECCY
NpEIIeCTBYET YCTAHOBUBIIHICS PEXHM W 3aKaHYHBAETCH OH
TaK>K€ YCTaHOBHBILIMMCS PEXHMOM.

IlepexonHblif npoliecC BO3HUKAET B 3JEKTPHUYECKOM IIEMH
BCIIECTBHE U3MEHEHUS 3amaca dJIeKTPHIEeCKOH UIH MarHUTHOR
3HEPrHH, T.€. MEPEXOIHBbIH IPOHECC HEBO3IMOXEH B LIEMSX,
COZIepXaIlUX JIMIIb aKTHBHbIE CONPOTHBNECHHUS. B Takux memsx
TOKM M HanpsHXKeHUss MTHOBEHHO IIPUHHMAIOT HOBBIE
YyCTaHOBUBILIHECS 3HAYCHUS.

3HAYEHHUS TOKOB U HAMPSOHKEHWH B JIEKTPUYECKOH LENH B
MOMEHT BpeMeHH ! = ( Ha3bIBAIOTCA HAYaJbHBIMH 3HAYEHUAMH
HIIM HaYadbHBIMH YCIOBUAMH. DT 3HAYCHUS IIPH KOMMYTALHH
MOTYT M3MEHATBCS HJIM OCTaBaThCH NMOCTOSHHBIMH B ITEePBBIH
MOMEHT BpeMeHH. HavannHble 3Ha4eHHs, HE H3MCHSIOUIMECS
IIPH KOMMYTallUH, ¥, ONpeAe/sieMble 110 COCTOSHHIO IICHH 10
Hee, Ha3bIBAIOTCSH HE3aBUCHUMBIMU HAaYalbHBIMU 3HAYEHHAMH.
OcTasnbHble HauaJIbHbIC 3HAYEHHS BEJIHYHH HA3bIBAIOTCH
3aBHCHMBIMH H OIPE/ENSIOTCS MO COCTOSHHUIO LIeMH IMOCTe
KOMMYTallH{ C YYETOM HE3aBHUCHMEIX HaYaJIbHBIX 3HAYEHUH.

3HayeHUs: TOKOB W HANpsDKEHHH B Iend 1ocie
[IEPEXO/IHOTO npolecca npu t=00 Ha3bIBAIOTCH
YCTaHOBHUBIHUMHCS 3HAUCHUSAMH.
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HawanbHble M yCTaHOBMBIUMECS 3HAUCHHMA BEIHUKH
MOXHO OTNPENCHUTh € {IOMOLUBIO JHOBIX METONOB pacuera
EKTPHUESCKUX HeETeH B YCTAaHOBURBIIEMCS PEXUME, HAlIPHMED.
¢ mOMOMIBIO ypasHeHuit Kupxroda.

Toku B WHJIYKTHBHOCTSX M €MKOCTHAX SABJIAIOTCS
OPOU3BOAHBIMH M MHTErpalaMi COOTBETCTBYIOLIMX BEJIMYHMH.
IToatomy, ypaBaenus Kupxroda 1mst 2JIeKTpUIecKoi LelH, ¢o-
JepXKalmell  peakTHUBHBIE  DJeMEHTBf Oynyt  uddepeH-
UMaNBHBIME  WIN  MHTerpo-auddepeHnnansHbMi.  3agavcH
aHaM3a Nepexo;IHBIX NPOIECCOB ABIAETCA UX PEIIeHYE.

VzyueHue 11epexoiHsIX [POLECCOB B JIMHEHHBIX UEMsNX
yIpOIAeTCs, €C.11 HEePeXO/HbIH MPOIEeCcC paccMalpHUBaTh KAk
pe3ynpTal HAIOKEHHS [BYX IIPOLIECCOB: VCTaHOBHBUIETOCH
pexxuma, TMnojaras. 4YTO OH HaCTYIaeT MIHOBEHHO 110cCiIe
KOMMYTallMi, ¥ CcrOOOJAHOrO IIpouecca. 00ecnedHBAtOIICro
HepexoJl LCMH OT NpekHero YCTAaHOBHBIIETOCH peXMMa K
HOBOMY YCTAaHOBUBHICMY PEXUMY.

PenleHne cocTouT B ONpE/lE€HUM YaCTHOIO PELICHHS
HEOJTHOPOJHOTO (P PEepCHUUATBHOIO YpaBHEHUS M OOIUCro
pelleHusi ONHOPOAHOIrO T PepeHINaTbHOTO YPaBHEHHA.

YacTHOE pelieHUe HEOAHOPOAHOro IHG(epeHUMATLHOIO
YpaBHEHHS HaXOAST NS YCTAHOBUBILEIOCS PEXHUMa U ero
Ha3bIBAKOT MPUHYXKJIEHHOH coCcTaBisitole Xp.

Obmee pellieHHe ypaBHEHUS MpeACTaBIseT cOOOH CyMMYy
YaCTHOrO PeLUEHMs] MCXO,HOIO HEOAHOPOIHOI'0 YpaBHEHHS U
oflero  pelicHUs  OJHOPOJHCIO  YPaBHCHHSA.  KOTOpPOE
Ha3bIBAIOT CBOOOAHOH COCTABISIOMIECH X g.

OO0mwee peuieHye ypaBHEHUI AMEET BH/I:

X=X _+X_-
Torpa, JeHCTBUTENBHBIH TOK B UENH B TCHEHHE
MEPEeXOAHOO HPOICcea MOXKHO PEACTABUThL B BHIC!

1 =10 +ira #
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AHQJIOTMYHO MOHO [Ip¢/ICTaBUTh M HAaNPSKEHUE B
TeYCHUE NIEPEXOTHOTO IIpoecca:

u :unll+uw .

Peuienue UIf Xy, COOTBETCTBYET UCKOMOM IEepeMEHHOH X
B YCTAaHOBHMBIIEMCS  IOCJICKOMMYTAallHOHHOM  pP&XUME
(TeopeTuvecKH, Wi t — o).

YacTHOE pelIeHHE X;p, YPABHEHHS OIPEIENsieTCsi BUIOM
byukuun {(t), crostineit B ero npasoil yactu. OHa Ha3bIBAETCA
NPHHYKAEHHOH COCTABIAIOILCH.

JIns  uemet ¢ 3aJaHHBIMA  TOCTOSHHBIMH  HJIH
NEPHONMYECKUMH  HAIPSHKEHHUSIMH  (TOKaMH) MCTOYHHKOB
NPUHYKACHHAs COCTAaBIISIOUIAsl ONpEleNseTcs IIyTEeM pacyera
CTallHOHAPHOTO peXxuMa padoThbl CXEMB! MOCIE KOMMYTAUHH
MoObIM M3 M3BECTHBIX  METOJOB  pacuera JIHHEHHBIX
INEKTPHYECKHX IIeTei.

Pemenue onnopojHoro nuddepeHHATEHOTO YPaBHEHHS
COOTBETCTBYET IIpOIleccaM B  BJIEKTPUYECKON [enu IpHu
OTCYTCTBHH BHCIIHMX UCTOYHUKOB IHEPIHH, T.€. PEKUMY, NPH
KOTOPOM 3HEpPrusi DIEKTPHUYCCKUX M MarHUTHBIX IOJEH
npeobpasyercs 0e3  BHeWIHero BO3NCHCTBHA. BrusHue
HCTOYHHUKOB TMPOSBISETCS Yepe3 DHEpPruio, 3allaceHHYI B
NOJsAX KaTylleK HHIYKTUBHOCTH M KOHJEHCATOpoB. JlaHHBd
pexuM paboThl CXeMbl Ha3blBaeTCsl CBOOOIHBIM, a IepeMeHHas
Xcp - ¢BODO/IHOH cocTaBJigomeidi. DTa cocTaBisoUias perie-
HUg  sBisieTcst  3aryxarowed. CBOOOAHYIO COCTaBIISIFOULYIO
pelleHuss MIIYT B BHAE QYHKUHH q(f) = de /", TOE € -
OCHOBAHHE HATYPATBHBIX JIOTapUGMOB WIH IKCIIOHEHTA, T.K.
perienust  auddepeHIHaTbHBIX  YPaBHEHMH NPEACTABISIOT
co00lf cyMMYy 3KCMOHEHT; A - MOCTOSHHAS HHTErPHPOBAHUS,
onpenenseMas U3 HaYaJIBHBIX YCJIOBUIA. -

DxcroHeHTa obmagaeT psigoM OcoOeHHOCTEH, KOTOpbIe
UMeloT  OonbLIOE  3HAYEHWE 1IpW  aHasM3e  TMEPEXOIHBIX



MpolECCOB. 3HAUCHHE ¢V npu t = 0 paBHO eAMHHLE, [TOITOMY
a0)=A.llput > o ,e " > 0ua(t) > 0.

3HaueHuss CBOOOIHBIX TOKOB M HANPSXKEHHUH 3aBHUCAT OT
YPOBHSI HECOOTBETCTBHUS 3HEpru MarHMTHOTO "
JIEKTPUYECKOro MOJeH HOBOMY YCTAHOBHUBIIEMYCS PEXHMY,
10 Mepe YMEHBIIEHUS 3TOr0 HECOOTBETCTBUSA CBOOOJIHBIE TOKU
H HalpsXKeHUs I[IOCTCIIEHHO YMEHBINAIOTCA [0 HYJEBBIX
3HAYECHHUH.

CBoboaHsIi TIPOLECC MIPOUCXOIUT B Len,
OCBOOOXIECHHON OT HCTOYHHMKA 3.J.C, B HEi CBOOOIHBIE TOKM
HE MOT'YT NMPOTEKATH CKOMb YTOJAHO JUTUTENIBHO, TAK KaK B LIETIH
OTCYTCTBYIOT HCTOYHHKH D3HEPIHH, KOTOphle ObUIM OBl
CHOCOOHBI B TE€UEHHE CKOJIb YrOAHO ANHTENHHOTO BpPEMEHH
MOKPHIBATh TEIJIOBBIE INOTEPH OT CBOOOAHBIX TOKOB, T.C.
cBOOO/IHBIE TOKH JOJDKHBI 3aTYXaTh BO BpEMEHHU.

B cooTrBetrcTBHM C  onpeneneHHEM  CBOOOAHOI
cocraBmstomieli Xcz B €€ BBIPAKEHHH HMEIOT MECTO
MOCTOSTHHBIE HHTErPUPOBAHHA A, UYHCIO KOTOPBIX PaBHO
nopsaaky muddepeHuuanbHoro ypaBHeHus. [locTosiHHBIE
HHTETPHPOBAHUS HAXOASTCA U3 HAYAIBHBIX YCJIOBUH, KOTOpBIE
OpUHATO JETHTh Ha He3aBHCHUMble H  3aBHcuMble. K
HE3aBHCHUMBIM HayaabHbIM YCJIOBHAM OTHOCSTCS
MOTOKOCILEIIEHHE (TOK) N KaTYIIKH WHAYKTHBHOCTH W 3apsn
(HanpsbKkeHHe) Ha KOHJIEHCAaTOpe B MOMEHT BpeMeHH t = 0
(MoMeHT xomMmyTauuu). HeszaBucuMmble HadajbHBIE YCIIOBHA
OTIPENICIIAOTCA Ha OCHOBAHHH 3aKOHOB KOMMYTAIIHH.

Bripaxenue cBOOOIHOH cocTaBasiOmed X 0O0HIEro
pemenus X auddepeHIHanbHOrO YpaBHEHHS OIpeAessieTcs
BUIOM KOpHEH XapaKTepHUCTHUYECKOTO YPaBHEHHS.

Ecny cBOGOMHBIE TOKHM, BBHIDAXKEHHBIE CllaraeMbIMH €,
JIOJDKHBI 3aTyXaTh (Cllajarb) BO BPEMEHH, TO JEHCTBHTEIbHAS
4acTh KOPHEH XapakTepHCTHYECKOrO YPaBHEHHS «p» AOIDKHA
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OeiTh  oTpunarenbHOH.  KonudecTtBO  KOpHe#H  JTaHHOroO
ypaBHEHHS 3aBHCUT OT 4YHCla HE3AaBUCHMBIX HaKOIHTeNeH
OHEPrud B 1ENH, NOJ KOTOPbIMH IOHUMAIOTCS KaTYUIKH
UHAYKTHBHOCTH U KOHACHCATOPHI.

XapaKTepUCTHYECKOE YPARHEHUE COCTABIISIETCA JUISI LETIH
nocsie KoMMyTaluu. OHO MOXxeT OBITh NOYYEHO CleAYIOLINMHU
criocobaMu:

-Ha OCHOBE MU PEPEHLATLHOr0 YpaBHEHUS OTHOCHTEIHHO
OJTHOH NIepEMEHHOM;

-IyTEM HCMONb30OBAHUS BBIPAXEHUS I BXOJHOTO
COMPOTHBIIEHUS IEIH, COCTaBJICHHOTC AJIf peXXHMa CHHYCOH-
JIAJILHOT'O TOKa;

-Ha OCHOBE BBIP@XEHHS [JIABHOTO  OINPEHEIIHTENS,
COCTaBJIEHHOTO JUIS pa3BETBICHHOH NEKTPHYECKON LIeMH.

CornacHo mepBoMy crocofy, coctaBnsercss aug-
dbepeHIIHATEHOE YPaBHEHHE OTHOCHTEIBHO HampsbkeHus U; Ha
KoHJeHcatope ans nocinenosaTensHod R-L-C-nenu, na 6ase
KOTOPOTO 3aIHCHIBAETCS XapaKTePUCTHYECKOE YpaBHEHHUE.

[lockonbky  nUHEHHas  Lenb  OXBaueHa  CAVHBIM
NEpPeXOHEIM  IIPOLECCOM, KOPHH  XapaKTEPUCTHYECKOTO
YpaBHEHHUS SABASAIOTCA OOmMMMM [UIS  BCEX CBOOOIHBIX
COCTaBJSIOIIMX HANps)KEHHWH U TOKOB BETBEH CXEMBI,
nmapamMeTpel  KOTOPBIX  BXOAAT B XapaKTEepPUCTHHECKOe
ypasHenue. Iloatomy, mo mnepBoMy criocofy cocTaBieHUs
XapaKTepUCTHYECKOTO YPaBHEHHS B Ka4decTBE IEpPEMEHHOMH,
OTHOCHTEJILHO KOTOpPOH OHO 3allUCHIBAETCS, MOXET ObITh
BBIOpaHa rodasl.

Tlopsimok  ypaBHEHHs  OIpeneiseT YHCAO  KOpHEeH
XapakTepucTuyeckoro ypapHenus. CocTaBieHHE YypaBHEHHS
TIPOU3BOIUTCS JJISL Cydyasi OTCYTCTBHUS BHEUIHMX MCTOYHHKOB
JHEpPrHH, T.€. XapaKTEPUCTHYCCKOMY YPaBHEHHIO COOTBET-
CTBYET OJIHOpOAHOE NH(epeHHaNIbHOE YpaBHEHHE.
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Cocrasneune XaApaKTEPUCTHYECCKOTO YpaBHeHUA C
HCIIOJIL30BAHHEM BBIPAXCHUA 11 BXOOHOIO COHNPOTHBIICHHA

R L C
S l
o——{—}—r—o| |
—— S
u 1 “C
[
Puc. 1.2.

LEMNN Ha CUHYCOHJaIbHOM TOKE PaCCMOTPUM Ha IIpUMEpPE LEIH
puc. 1.2. CocraBnenue xapaKTepUCTHYCCKOTO YPABHECHMS 110
METOLY  BXOAHOIO  CONPOTHBJICHHSA  3aKJIIOYaercs B
CIELYIOIIEM:

- COCTaBIIAIONIAS J®) 3aMEHACTCS Ha ONEpParop p;

- IOJly4eHHOE BhipaxkeHue Z(p) NIpUPaBHUBACTCS K HYJIIO.

VpasueHne Z(p) = 0 sBnsercad XapaKTEePHCTHUECKUM
YPaBHCHHEM

BxozHoe conpoTuBieHHE MOXET OBITH  3alucaino
OTHOCHTEILHO MECTa paspbiBa Jr000# BeTBU cXeMbl. lipu sToM
AKTMBHBIM  OBYXIIOJIOCHHK 3aMEHAETCA IACCHBHLIM 110
AHATOTHU C METOJIOM SKBHBAJICHTHOrO reHeparopa. JaHHbIH
crocod  cocTaBieHHMsT ~ XapaKTEPHCTHYECKOTO  yPABHEHHS
IIPENTIONaraeT OTCYTCTBHE B CXEME MAarHUTOCBSA3aHHBIX BETBCH
NpH HaIYMYHM TaKOBEIX HEOOXONUMO OCYIHECTBHTHL HX
1IpeBapUTEIBHOE Pa3BA3EIBAHHE.

XapakTepuCTU4YeCKOe ypaBHCHue 1enH (puc. 1.2):

LCp*+RCp +1=0.

OTHOCHTENBHO oOIlepaTOpa p IMOJydaeM  YpaBHEHHE
BTOPOTO IOPSIKA!

1

R
Pt —p+—=0
TS
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Peuras ypaBHen#ue, nojyyaem:

R RN 1 i
P, =% — | =gt ja,
A 2L VEzLJ LC /

rae: O = R /2L - xoadpduumendr 3atyxaHus;

RY 1 24 - YIJ0Bas 4acToTa COOCTBERHBIX
@, = \(Zj 7 KoneOaHuit;
4 [
Ty - nepuon cobGCTBEHHEBIX KONeOaHHIA.
B 3aBHCMMOCTH OT COOTHOUICHHS MapamMeTpoB IelH
BO3MOJKHBI TPH THIIA KOPHEH M, COOTBETCTBEHHO, TPH BapHAHTa

BBLIPAKEHHUS A CBOOOJHON COCTaBIAIOMEH.
1. Anepmoanuecku#t mpouecc (puc. 1.3), Korma KopHH

XapaKTEePUCTHYECKOTO ypaBHEHHAS BELICCTBEHHbIC
OTpHIIATENBHBIE YUCITA:
] np# 6 > o, T.e.
R o1 wum
2L WJIC

L
R>R, =2[%,
t s c

A 4

0! rae Ry, — KputHyeckoe
COTIDOTHBIICHHE,  T.€.
TO COIPOTHBIIEHHE KOHTYpA, NPH KOTOPOM ele COOMIo1aeTcs
ATIEPHOIMUYECKHI TTPOLECC.

B otoM ciyuae ¢BoGOjaHAA coCTAaBNAIOUIAS HANPSKEHUS
olpeIeNseTcs CyMMOR ABYX 3KCIOHEHT:

Ue, = A" + 4,e™,

Ceg

Puc. 1.3.

rze A ¥ A) — [OCTOSHHBIE HHTETPHPOBAHUS,
onpee/sieMble H3 HaYajlbHbBIX YCIOBMA;

pP1 U P2 — OTPHULATENBHBIE KOPHH XApaKTePUCTHUCCKOTO
YPaBHCHHUS.

Cro0ogHas COCTABJILIONIAA TOKA:

3
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dU i
., = C—Etfl =CA4,pe™ +CA, pe™.

2. IlpemenwHbrii ciyualt (puc. 1.4) MM KpUTHYECKHMH
PEXHM, KOrJa CONPOTUBIEHHE KOHTYPa PaBHO KPHTHUECKOMY

R=R,_ ¥ KOpHH XapaKTEPHCTHYECKOTO YDAaBHEHHsS DPaBHBI
MeXIy coboit: p, =p, =p=-R/2L=-3 =-w,.
i B stom cny4ae:
U, =(4, + 4,)e™,

i, =c(A, + p4, + pA,t)e”.
t

Puc. 1.4.

3. KonebOarensHbld MM TNEPHOAMYECKUN MepexXoaHoH
npouecc (puc. 1.5) umeeT Mecro, Korja:

R <R, ,ud <w,, T.e. KOPHH XapaKTEPHCTHYECKOTrO
YPaBHEHHS KOMIUIEKCHBIE M CONPSKEHHbIE: p,, =-d % jm,.

CBoboaHbBIE COCTaABIAOIIUE HalpsHKCHUsE H TOKa
ONIPEACTAOTCS, KaK:

Ue,, = Ae”* sin(w,t + @),
i, =CAde™? [— o sin(w,t + @) + w, cos(w,t + go)] ‘

[ A




Kopduuumenr A HMEIOIUH  pa3MepHOCTh

p|’
BPEMEHH, ONpeAeNseT CKOpPOCTh H3MEHEHHS BEIHYHHBI a(t) M
HA3bIBAETCA MOCTOSHHONU BpPEMEHH JKCIIOHEHTHI. UeM MeHblle
[IOCTOSHHAsi BPEMEHH, TeM ObICTpee NPOTEKAET NEPEXOIHBIA
pollecc.

BribepeM  npou3BONBHO  JBa  MOMEHTa  BPEMEHH,
OTCTOSIIWE JPYr OT Apyra Ha BpeMs T. 3Ha4eHHus a(t) Ui 3TUX
MOMEHTOB: a,(t) = Ae™'" u a,(t) = Ae “*7'".

Ux otHowenue a(f)/a,(f)=e ™" =e.

CJ’IGJIOB&TCHEHO, B TCUYEHHE MOCTOSHHOH BPCMEHH T

BenuuyuHa a(t) H3MEeHseTcs B e-pa3, T.e. MNpH ,:rzL,

| pl
pt=pr=-—1 HIIH ¢” =¢F" =¢”! :l=2,71.
e

I'paduyecku 370 CBOMCTBO 3KCIOHEHTHI IPOSIBIAETCA B
TOM, YTO KacaTelbHas K Hed B moOOOH TO4yke mepecekaer
yCTAHOBHBLIEECS 3HAYEHHE B TOYKE, OTCTOALIEH MO BPEMEHU
OT TOYKH KacaHdhd Ha BenuyuHy T (puc. 1.6). Jto Bpems, B
TEYSHHE KOTOpPOTO IIPOHUCXOJAT SBICHHS, OOecreuuBarolye
NOCTENEeHHbIH Nepexo]l OT MPEXHEro COCTOSHHA LenH K
U __ HOBOMY, T.e. NEPEXOIHBIH

- B npouecc.
A(I—e '/’] Teoperuuecku nepe-
| XOIHBIH TIpoLecC HMPOJOJI-
AKaeTcsi OT MOMEHTa €ero

\ Aet BO3HMKHOBEHHUS JO Oec-
b KOHEYHOCTH, T.K. OKC-
] 2 3 4 t'7 TIOHEHTa B TEUEHHE
KOHEYHOI 0 UHTEpBaIA

Puc. 1.6. P

BpPpEMECHH HEC  [OCTUIACT
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YCTAHOBHBLIErOCS 3HA4YEHMS, &, MPAKTUYECKH, NPU TPHUHATOH
TOYHOCTH H3MEPEHHUs, B TEYEHUE KOHEYHOI'0 MPOMENYTKA
BPEMEHH, BEJIMYMHA KOTOPOTO 3aBMCHUT OT ITApaMeTPOB leMNH.
Wntepsan BpeMeHH paBHBUA (3+5)T CYUTAIOT JUTMTEIBHOCTHIO
HepexoAHOro mpouyecca.

1.2. 3aKOHBI KOMMVTalIHH.

IlepBblii 3aK0OH KOMMYTALIHH.

[TepBbIil 3aKOH KOMMYTallMH TIPUMCHSETCS K UETSM,
0071a/1a¥0 1M HHTYKTHBHOCTHIO.

ToK B UHIYKTHBHOCTH HE MOXET H3MEHHUTECS CKAUKOM.

MrHoOBEHHBIH TOK B BETBU C UHIYKTHBHOCTBIO B IIEPBLIi
MOMEHT NEPEXOJHOIO MEPHO/ia OCTAETCS TAKHM, KAaKHM OH ObLI
B IOCJICJHUH MOMEHT MNPSAIECTBYIONIETO YCTAaHOBHBLICIOCS
pexuma.  CnpaeeJUIMBOCTL  MEPBOIO  3aKOHA KOMMYTdlMH
clenyeT M3 CIEAYIOWHMX paccyxacHuii. PaccMorpuMm ciyyait
BKJIFOUEHHST  KaTyLIKM — HHOYK-
THBHOCTH Ha MOCTOSHHOE
nanpsbxenue U (puc. 1.7).

Jlo 3ambikanusi pyOUITbHHKA
YCTAaHOBUBUIMHCA  PeXUM Xa-
pakTepU3yeTcs TeM, 4TO TOK B
LCIH, HAIIPSDKEHUS aKTUBHOE Ug M

Puc. 1.7. MHIYKTUBHOE Uup paBHbl Hymo.
MOMEHTa 3aMbIKaHUs pyOMIBHHKA

BO3HMKAET MEePEeXOHBIH 1IpollecC. B TeUeHHE KOTOPOro TOK B
KaTyuIKe YBEJIMHYHMBAETCS [0 HEKOTOpPOH BEIHMYMHBI 1 = [,
U3MEHAIOTCS W HaNpsHKCHHs UR M Up.  DJICKTpPHYECKoe
COCTOstHME Henu 1mno cxeme puc.l.7 B 1000 MOMEHT
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NEPEXOJHOr0  MEpHOoJia  XapakTCpU3yeTcs  ypaBHEHHEM
U=U,~U, =iR+ =
dt

DTO ypaBHCHHE BbIpaXkaeT OajlaHC HANPSHKEHUHI B LEIN:

YacTh NPHIOKEHHOTO K IENd HalpsHKEHUs KOMIIEHCHpPYeT
IIajcHUe HaOpsKeHUA B conpoTuBicHuH (1R), a apyras dacth

([_d_i\i YPaBHOBCIIMBACT BO3HUKAKIIYKO IIpH H3MCHCHHH TOKA
di)

3.11.C. CAMOHHIYKIMH .

B ycTaHoBHBmIEMCS  peXHMe, IpU  3aAMKHYTOM
pyOMnbHHKE, TOK B LEHH IIOCTOSHHBIA, T.€. CKOpOCTB
H3MEHEHUs TOKA paBHA HYJIIO! iy, NO3TOMY M HHIYKTHBHOE

dt
HanpsokeHue U paBHO Hymo. HanpsbkeHue HCTOYHHKA
ITOJIHOCTBIO NPHIIOKECHO K COIIPOTHBICHHIO R u 10K B Ja(&3005¢

OIpe/iesIseTCs COTNIACHO 3aKkoHy OMa:
I}
i ==,

R
duzgyeck TOK B HENH C HHAYKTHBHOCTBIO HE
HU3MEHSACTCAd B MOMEHT 10 U [OCJIIE KOMMYTAalHH. 210 ciaenyer
u3 IpUHIUIIA HENIPEPLIBHOCTH NMOTOKOCLECIIJICHUSA, T.K.

noTokocuensiedye y, = Li, To npu L = const Tox uepes

HHAVKTHBHOCTb HE€ MOXKET H3MCHHTLCA CKAUKOM. Ecnu Onl
MOTOKOCUCINNICHHUE U3MECHUIO0Ch CKAa4UKOM, TOrJda MOsSBUIIOCH Obl

- a— 2

OeckoHEYHO 0O0JIBIIOE HAIPSKEHHE (), & _dv _ . uro
‘ a dr
HEBO3MOXHO.
llpennonoxxuM  Takxke, YTG  MEpPEXOHBIH  MEpHOJ
OTCYTCTBYET M TOK B KaTyuike MrHoBeHHo (dt = 0) yBenuymics
or 0 g0 koHewHoW memuumusl [ Toraa ckopocTh H3MeHEHUs

TOKa J0JDKHA OBITh paBHa OeCKOHeYHOCTH [ di :wj, YTO TaKXKe
dt

HEBO3MOXHO.
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OTO HPOTHBOPEYHT YPABHEHHIO, B KOTOPOM HAMpsKEHUE
ucrounrka U-koHeuHas BenumumHa. M3MeHeHMe TOKa CKaykoM
03Ha4aso Obl TaKKe, YTO HDHEprus MAarHUTHOIO MOJS KaTyUIKH
yBenM4MIach ckaukom ot 0 10 w,, = L1*/2. Jinsd MIHOBEHHOTO

U3MEHEHHWs 3araca »JSHEprHd B MAarHHTHOM JIOJIE€  LelH
TpebyeTcs ucTOMHHK OeckoHeyHO OONBLIOH MOIIHOCTH, YTO
nuumeHo ¢u3uyeckoro cmeicna, T.e. P = dW/dt mocturana 651
OECKOHEYHOU BETHYUHBL.

W3 nepporo 3akoHa KOMMYTAaI[MH ClIeyeT, YTO B BETBH C
HHIYKTHBHOCTBIO TOK J10 KoMMyTauu 1 (0-) paBeH TOKy 1ocjie
xoMMyTanuu i (0+). IIpy HyJEeBBIX HE3aBHUCHUMBIX HAYAIBHBIX
yenoBusx i (0+) = i (0-) = 0, orcroza igR = 0. Hanpsbkenue Ha
unnykTHBHOCTH ¢ - 14 onpemensercs 3mauemmem DJIC

- dt
di
camounaykuuu. Ilpu t = 0 s.a.c., paBHas ¢, Z'L?‘T:_E’
’ t
xoMieHcupyeT DJ[C ucrounuka u 1(0) = 0.

Bropoii 3akoH koMMyTaIHH.
BTopoii 3akoH KOMMYyTauMH MpPHMEHSETCS K UM,
00J1aJafoLI{UM EMKOCTBIO.

R PaccMoTpuM ciydail 3apsaa

° —_ 1 KOHJIEHCATOpa 4epe3 Ppe3UucTop
_— ~

it (Bkmouenne nend ¢ R u C nHa

u(y C — _ IOCTOSHHOE HalnpsHKeHHe)

puc.1.8. Jlo 3ampixkaHus py-

o OWIbHUKA YCTaHOBHUBIIMKCA pe-

Puc. 1.8. UM XapakTepu3yercs TeM, 4TO

TOK B 1eMY, HamnpshDKEHUs Ha
PE3UCTOPE U KOH/IEHCATOpE PaBHbI HYIIO.

C MoMmeHTa 3aMbpIKaHMs pyOMIbHMKA BO3HHKAET Iepe-
XOIHBIA MpoLEecc, B TeYEHHE KOTOPOro HAMpPSIKEHHE Ha KOH-
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