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Bup 3ansaTnsa: npakTrHyeckoe

Tema 3aHATHA: «['eHepaTOp 3JIEKTPOMATHUTHBIX KOJIEOAHUIA.
DJIEKTPOMATHUTHBIE KOJIeOaHUSI»

B snekTpuyeckux Hensix, Tak e Kak 1 B MEXaHMUECKUX CUCTeMax, TaKUX Kak Ipy3
Ha NPYKUHE WIK MAsITHUK, MOTYT BO3HUKATh CBOOOIHbIE KOJIeOaHUS.

JJIeKTPOMATHUTHBIMH KOJICOAaHUAMM HA3b18A10OM nepuoouyecxue
83AUMOCEA3AHHbIE UMEHEHUsl 3aps0d, CUNbL MOKA U HANPAANCEHUS.

CBOOOAHBIMU KOIEOAHUAMU HA3LIBAIOM MAaKue, Komopwvle cosepuiaomcs Oe3
BHeUIHe20 6030eliCMBUsL 3a CYem NePEOHAYAIbHO HAKONJIEHHOU IHEPSUM.

BbIHYKIEHHBIMU HA3bI8AIOMCA KONEOAHUS 8 yenu noo oelicmeuem GHeuHel
NepuooOUdecKoll NeKmpoosUNCYuel CUuibl

CBoOoHbIe  JJIEKTPOMATHUTHBIE  KOJIEOAHUSI — IMO  NepuoouyecKu
NOBMOPAIOUUECS USMEHEHUSL DIeKMPOMASHUMHBIX GeIUYUN (§ — dJIeKMPUYecKuil 3apslo,
| — cuna moka, U — paznocms nomenyuanos), npoucxooswue 6e3 nompeoienus SHepeuu
OM GHEULHUX UCTNOYHUKOS.

[Ipocreiiiielt >MEKTPUYECKON CHUCTEMOM, CIOCOOHOM coBepiiaTh CBOOOIHBIC
KojeOanus, sBisieTcss mnocjaenoBarebHblii RLC-KOHTYp uinu KoJjedaTejbHbIN
KOHTYP.

KonedaTeJbHblil KOHTYP — 2mo cucmema, cOCmoawas u3 Nnocieoo8amenbHo
coedunennbix KoHoencamopa emxocmu C, kamywku unoykmuenocmu L u npogooHuka ¢
conpomugnenuem R

PaccMoTpuM 3aKpbIThIN KOeOaTEIbHBIM KOHTYP, COCTOSIIIMN U3 UHIYKTUBHOCTH L
u emxoctu C.

UtoOsl BO30YAWTH KOJEOAHWS B OTOM KOHTYype, HEOOXOIMMO COOOIIUTH
KOHJICHCATOPY HEKOTOPHIA 3apsim oT ucrouHuka ¢. Korma wimou K Haxomutcs B
MOJIOKEHUU 1, KOHACHCATOp 3apsbkaeTcsl N0 HampspbkeHus . [locnme mepeximrodeHus
KJI0Ya B TOJIOKEHHUE 2 HAYMHACTCS MPOIIECC Pa3psIKi KOHICHcAaTopa yepe3 pe3uctop R
W KaTymKy WHAYKTHBHOCTH L. ITpw ompemeneHHBIX YCIOBHSX ATOT MPOIECC MOMKET
UMETh KOJIeOaTeIIbHBIN XapaKTep



CBO6OI[HBI€ QJICKTPOMArHUTHBIC KoeOaHusI MOXKHO Ha6J'IIOI[aTB Ha OJOKpaHC

ocruiuiorpada.

Kak BugHO U3 rpaduka xosjedaHui, MOIyUYeHHOTO Ha ocuuiorpade, cBOOOAHBIC
ANIEKTPOMATHUTHBIE KOJEOaHUS SIBISIOTCA  3aTyXaWwIUMH, T.€.UX aMIUIMTyJa
YMEHBIIAETCS C TEYEHHEM BPEMEHU. OTO MPOUCXOAUT TNOTOMY, YTO 4YacTh
ANEKTPUYECKOM SHEPrMM Ha AakKTUBHOM CONPOTHBIEHMH R mpeBpamaercs BO
BHYTPEHHIOIO 3HEPIH. ITPOBOJHMKA (IPOBOJHUK HArpeBaeTCs INMPHU MPOXOKIACHUHU I10
HEMY 3JIEKTPUYECKOIO TOKA).

PaccMoTpuM, Kak HpoUCXOAST KojeOaHusi B KoyeOaTeIbHOM KOHTYype U Kakue
WU3MEHEHUSI 3HEPIMM IIPU 3TOM IMPOUCXOAAT. PaccMoTpuM cHaudana ciaydaid, KOrjga B
KOHTYpE HET MoTeph deKTpoMarauTHom sHepruu (R = 0).

Ecnu 3apsanute koHzaeHcatop Ao HanpsbkeHuss Uy TO B HayalbHBIA MOMEHT
BpeMeHu =0 Ha OOKIaJKaXx KOHAEHCATOpa YCTAHOBATCS AaMIUIMTYAHbIE 3HAUCHUS
Hanpspkenus Uy u 3apsiaa qo = CU,.

ITomHas sHeprus W cucTeMsl paBHa DHEPTUM JIEKTPUIECKOTO IO Wy

CU2 2

e e W ()

2 2C

Ecmu uenps 3aMbIKarOT, TO HauMHAET TeYb TOK. B KOHType BO3HHKaeTr 3.1.C.
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BcenencrtBue caMOMHIAYKIIMM B KaTYLIKE KOHAEHCATOP Pa3psKaeTcsi HE MTHOBEHHO,
a MOCTENEHHO (TaK Kak, corjacHo npapuiy JIeHIIa, BOSHUKAONIUNA WHIYKIIMOHHBIA TOK
CBOMM MAarHUTHBIM IOJIEM MPOTUBOJACUCTBYET TOMY M3MEHECHUI0O MATHUTHOIO IMOTOKA,
KOTOPBIM OH BbI3BaH. .. MarHuTHOE IIOJIE€ WHIYKIUOHHOIO TOKa HE JaeT
MTHOBEHHO YBEJIMUUTHCSI MAarHUTHOMY IIOTOKY TOKa B KOHType). Ilpu »3TomM TOK



YBEJIMUMBAETCS MOCTENEHHO, JOCTUrasi CBOEr0 MAaKCUMAJIbHOIO 3Ha4eHUs [p B MOMEHT
BpemeHH t,=1/4, a 3apsi Ha KOHACHCATOPE CTAHOBUTCS PaBHBIM HYIIIO.

IIo mepe paspsaku KOHIEHCATOpa DHEPIHs JIEKTPUYECKOIO ITOJISI YMEHBIIAETCH,
HO OJIHOBPEMEHHO BO3pACTAET 3HEPrus MarHUTHOro nosist. [losHas sHEprus KoOHTypa
IIOCJIE PA3PAAKHA KOHAEHCATOPAa PaBHA SHEPIUU MAarHUTHOTO MOJsA W,

W=W,= £

2

B crnenyromuii MOMEHT BPEMEHH TOK TE€UET B TOM K€ HAIIPABICHUH, YMEHBIIASChH
110 HYJISA, 4TO BBI3BIBACT IE€pe3apsaKy KOHAEHcaTopa. TOK HE MpeKpalaeTcss MTHOBEHHO
MOCJI€ pa3psAKd KOHJEHCATOpa BCIEACTBUE CAMOMHAYKLHMH (TENEph MAarHUTHOE I0JIE
MHIYKIIMOHHOTO TOKA HE JaeT MAarHUTHOMY IIOTOKY TOKa B KOHTYPE MIHOBEHHO
yMEHbIIUThCSA). B MoMeHT BpeMenu t;=T/2 3aps KoHAeHcaTopa OMSATh MAaKCUMAJIEH U
paBEeH MepBOHAYAIBHOMY 3apsiny ( = (o, HANPSYKEHHUE TOXKE PaBHO NepBOHaYagbHOMY U
= Up, a TOK B KOHTYpe paBeH Hyio | = 0.

3areM KOHJAEHCATOpP CHOBAa pa3pspKAETCsS, TOK 4Yepe3 WHIAYKTUBHOCTb TEYET B
oOpaTHOM HampaBlieHUU. Yepe3 MNPOMEXYTOK BpeMeHu T cucrtema OPUXOJIUT B
HCXOJHOE COCTOsIHUE. 3aBepIIaeTCs MOIHOE KoJieOaHHe, POLECC MOBTOPSETCS.

I'paduk m3MmeHeHus 3apsiga U CWIBI TOKAa MPU CBOOOJTHBIX AJIEKTPOMArHUTHBIX
KoJIeOAHUSIX B KOHTYpE MOKa3bIBAET, YTO KOJEOaHUs CHJIBI TOKA OTCTAIOT OT KOJeOaHu!
3apsiia Ha /2.

B 000t MOMEHT BpeMeHH MOJTHAs YIHEPT UL
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[Ipu cBOOOAHBIX KOJICOAHUSX MPOUCXOAUT TMEPUOIUYECKOE TPEBpAICHUE
anekTpudeckoit sueprun W,, 3ammaceHHON B KOHAEHCATOpe, B MarHUTHYIO sHepruto Wy
KaTymka 1 Haobopor. Eciiu B Ko/1e0aTeibHOM KOHTYpe HeT MOTepb HEPruu, TO
MOJIHASA YJIEKTPOMATHUTHAS JHEPTUsl CHCTEMBbI OCTAETCH MOCTOSIHHOM.

CBoOOmHBIE  DJEKTPUYECKHME  KOJIeOaHWS ~ aHAJNOTUYHBI  MEXAHHUYECKUM
koseOanusaM. Ha pucyHke nmpuBeneHsl rpaduku u3mMeHeHus 3apsaa J(t) konaeHcaropa u
cmemieHust X(t) rpy3a OT TOJOXEHHMS paBHOBecHs, a Takke rpadukm Toka I(t) u
ckopocTH rpy3a v(t) 3a 0JIMH Nepuo] KojaeOaHuH.
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B orcyrcTBHE 3aTyxaHusi CBOOOJIHBIE KOJ€OaHUsS B AJICKTPUYECKOM KOHTYpeE
SBJISIFOTCSI TAPMOHUYE€CKUMHU, TO €CTh ITPOUCXOSAT MO 3aKOHY

q(t) = docos(wt + ¢o)
[Tapametpsr L u C koneOaTenbHOrO KOHTYpa OMPEACISAIOT TOJIHKO COOCTBEHHYIO
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4acTOTY CBOOOIHBIX KOJI€OaHUI : @ 1 nepuoj Konebanuii 7 = 27 JIe - dhopmyna
Tomncona

Ammuntyaa (o ¥ HavanbHas ¢aza Qg ONPEACIAIOTCS HAYAJIbHBIMH YCJIOBHSIMH,
TO €CTh TEM CIIOCOOOM, C TIOMOIIBIO KOTOPOTO CHUCTeMa Obljla BhIBEIEHA M3 COCTOSHHUS
paBHOBECHS.

Jlist koniebaHui 3apsija, HANPsSKEHUS U CUJTBI TOKA MOTYyYaroTcs (popMyJibL:

st kKoHgeHcaTopa:

q(t) = gocoswot

U(t) = Upcosmot

JIsl KATYIIKH WHAYKTHBHOCTH:

I(t) = locos(mot + 7/2)

U(t) = Ugcos(mot + )

BcniomuuM ocrosHble xapakmepucmuku KonebamenbHo20 08UNCEHUS

Jo, Uo, lo - ammumTyma — motysib HauOoJbIlIero 3HaYeHUs KoseOroencs
BEJIMYHHBI

T - mepuox — MUHUMAaJIBHBIN IPOMEKYTOK BPEMEHH 4€PE3 KOTOPHIN MPOLIECC
MOJTHOCTHIO TIOBTOPSIETCS

v - YacToTa — 9ncio KoyiebaHuil B €TUHUILY BPEMEHH

o - Hukanyeckas yacTora — 4ucio KojiebaHuM 3a 211 CEKyH/

¢ - pa3a KoseOaHMI - BETMYMHA CTOALLAS IO/ 3HAKOM KOCHHYca (CHHYCa) U
XapaKTepHU3yIoIlas COCTOSIHUE CUCTEMBI B JIF000 MOMEHT BPEMEHHU.




Hononnumenvnas ungpopmavun:

I'enepupoBaHue 3JIeKTPOMATHUTHBIX BOJIH BBICOKOH YaCTOTHI

YCTpOMCTBO, B KOTOPOM CO3HAIOTCS U TMOMIEPKUBAKOTCA 3AJIEKTPOMArHUTHBIC
KOJIeOaHWsl 3aJlaHHOM 4YacTOThI, HA3bIBACTCS 2E€HEPAMmOpPOM INEKMPOMACHUMHBIX
Konebanuil.

OCHOBHO 3JIEMEHT TaKOTO I'€HEepaTopa - KoJjedameabHblii KOHmYp, COCTOSIINAN
U3 KaTyIIKU U KOHIEHCATOPA.

Ecnu coenMHUTh NIIACTUHBI 3apsyKEHHOT0 KOHJIEHCAaTOpa uepes3 KaTyuky (puc. 1a),
KOH/ICHCATOp HAUYHET Pa3psKaThCsl, U Yepe3 KaTyIIKy MMONAET AIEKTPUUIECKUI TOK.
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Puc. 1 KonebaTenbHbIit KOHTYD.

OCHOBHOI1 3JIEMEHT TeHepaTopa dJIEKTPOMArHUTHBIX KOJIEOaHUM.

KoneOarenbHbIll KOHTYp COCTOMUT M3 KaTylIKHM W KoHJeHcaTopa. Ilpu paspsnke
KOHJIEHCAaTOpa 4Yepe3 KaTylKy HIET DSJEKTpUYECKHd TOK. BcenencrtBue sBiIeHUS
ANIEKTPOMATHUTHOM MHIYKLIHH CWJIa TOKA B KaTyIIKE YBEJIWYMBAETCA ITOCTENEHHO M
JOCTUIaeT MAaKCUMyMa, KOTJa KOHIEHCATOp IOJIHOCTBIO paspsanurca. OIHAaKo H3-3a
ABJICHUSL DJIEKTPOMAarHUTHOM MHIYKIUU TIOCJIE PA3psIKM KOHAEHcaTopa TOK Oyner
MPOJIOJKATh TE€Yb €IIE€ HEKOTOPOE BpPEMS B TOM K€ HaIpaBICHUHM, CHOBa 3apsikas
IUIACTUHBI ~ KOHAeHcartopa. Ilocme 3Toro  Bech  mpouecc  HOBTOPUTCS B
«MPOTUBOMNOJIO)KHOMY» HAMPABICHUU, U KOJIEOATENbHBIA KOHTYpP BEPHETCS B «UCXOJHOE
COCTOSIHHE» - TOTOBBIN K HOBBIM KOJICOQHUSIM.

BcnenctBre sBICHHS 3JICKTPOMArHUTHOM MHIYKIIMHM CHJIA TOKA B KaTyIIKE OyaeT
YBEJIUYHMBATHCS TIOCTEIICHHO M JJOCTUTHET MAaKCHMYyMa, KOTIJIa KOHACHCATOP MOJHOCTHIO
paspsauTtcs (puc. 10).

OpHako W3-3a SBJICHUS OJCKTPOMArHMUTHOM HWHIYKIUK IIOCJIEC  Pa3psIKU
KOHJICHCATOpa TOK HE MPEKPATUTCS MTHOBEHHO: OH OyJeT MpOJ0JDKATh Te4b eIle
HEKOTOPOE BpeMs B TOM JK€ HaIlpaBJICHWH, CHOBA 3apshkKas IUIACTHHBI KOHJEHcCATOpa
(puc. 1B).

[Tocie 3TOro Bech MPOIECC MOBTOPUTCS B «IIPOTHBOIIOJIOKHOMY HAIPaBICHUU, U
KoJIeOaTeIbHBIH KOHTYP BEPHETCS B «HMCXOJHOE COCTOSHHE» - TOTOBBIH K HOBBIM
KOJIeOaHUSIM.

Takum 00pa3oM, 3JEKTPOMArHUTHBIC KOJeOaHUs BO3HUKAIOT 110 TOW YK€ MPHUHKHE,
9TO M MEXaHWYECKHE KoJeOaHUs, TO €CTh BCJCICTBHEC SBJICHHUS HHEPIUU: B CiIydae
AJICKTPOMArHUTHBIX TIPOIECCOB MHEPIUS OOYCIIOBJICHA SIBJICHUEM JJICKTPOMArHUTHOMN
WHIYKIIHH.

[Ipy >IEKTPOMArHUTHBIX KOJICOAHUSAX MPOUCXOIAT IEPUOIHUCCKUC HpespauieHus
IHep2uu: SHEPTrusl JICKTPUUECKOTO OIS MPEBPAIIACTCsA B SHEPTUI0 MAarHUTHOT'O IIOJIA,
a 3aTeM SHEPTHUs
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HCI’ZOJZbSV@Mble U OONOJIHUMENIbHbLE UCTOYHUKU
https://fizikaklass.ru/fizika-11-klass/elektrodinamika/8523.htmi
https://fizidka.ru/egje-2018-po-fizike/jelektromagnitnye-kolebanija-i-volny.html
http://infofiz.ru/index.php/eld/item/98-molftd
http://uchitel.pro/amekrpomMarauTHBIC-KOJICOAHHS-H-BOTHBI/
https://ege-study.ru/ru/ege/materialy/fizika/elektromagnitnye-kolebaniya/

HHomawnee 3a0anue:
O3HAaKOMBTECH C MATEPUATIOM MO JaHHOU TeMe.
3anuumTe OCHOBHBIC MOHSATUS U OTIPEICTICHUS.
OnummuTe NpUHLIUI PabOThI KOJIeOATEILHOTO KOHTYpA.
PesynbpTaTel paboThsl choTorpadupoBaTh.
[IpoBepuTh ynTa€MOCTH NOJMy4YeHHOH (hoTorpaduu, ums daiina "I pynna_DOHO
cmyoeuma_Jlama"
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gD E

o




