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- - - - n PE):(IfCJIOBHE--- - - - - - --

AaHHbie MeTO.nH'ieCKHe YKll3aHHR K na60paTOpHbIM pa60TaM COCTaBneHbI B

COOTBeTCTBHH C nporpasosoa xypca «TeOpeTH'ieCKHe OCHOBbI 3neKTpOTeXHHKH»

(T03) H BKnIO'iaIOT B ce6R pa60TbI no reve «JIHHeHHble 3neKTpH'ieCKHe uena no­

CTORHHOro H canycoaaansaoro TOKOB». B onacauau Ka)K.lIOH pafiorst CO.llep)KHTCJI

ee uens, 06U\He CBe.neHHR, MeTO,nHKa accnenosaaas, pexoaeanauaa no nonro­

TOBKe K ssmonaeaato 3a,naHHR H o4>opMneHHIO orxera, xoarponsusre BOnpOCbI.

06U\He csenenaa H3 TeopHH, xoropue .naIOTCJI B naxarre Ka)K,nOH pa60TbI, He CTa­

BlIT uensro 3aMeHHTb y'ie6Hble noc06HR no KYpCY T03. OHH H3nO)KeHbl KOpOTKO

H npHMeHHTenbHO K conepxanmo nafioparopaoti pa60TbI. ,lVIJi nonaoro H3yqeHHJI

MaTepHana cryneirr 06J13aH 06paTHTbClI K yt.Ie6HHKaM H yqe6HblM nOC06HJlM,

cnHCOK KOTOpblXnpasenea B KOHl.(e H3.naHHJI.

nPABIfJIA BbIllOJIHEHIf.H JIAliOPATOPHbIX PAliOT

Jlafioparopnsre 3aH1lTHlI npecnenyior uens fionee rnyfioxoro yCBoeHl-IJI Teo­

peTH'ieCKHX BonpOCOB nYTeM 3KcnepHMeHTMbHOH npOBepKH OCHOBHbIX nonoxe­

HHH xypca. Kpove roro, 3TH 3aHlITHJI cnoco6CTBYIOT ssrpariorxe HaBblKOB npose­

AeHHJI Hccne,nOBaHHJI H aaanasa 3neKTpHt.IeCKHX ueneii H anexrposrartnrraoro no­

rta.

Ilepen BbillonHeHHeM nafioparopnsrx pa60T, B aaxane ceuecrpa Ka)K.nbIH

crynenr .lI0rr)KeH H3yqHTb npaaana 6e30rraCHOCTH, OTHOCJlU\HeCJI K AaHHOll nafio-

paropan.

K Ka)K,lJ,OMy oxepenaoray nafioparopaoay 3aHJlTHIO He06xo.llHMO H3yt.IHTb

onacaaae nafioparopaoti pa60TbI H COOTBeTCTBYIOU\HH TeOpeTHt.IeCKHH MaTepHa,l

no xoacnexry rreKUHM H yqe6HbIM nOC06HJlM. 3neKTpHt.IeCKHe cxesrsr H Ta6rrHUbi

AnJi 3arrHCH Ha6nlOLleHHH ,non)KHbl 6blTb nO.l!rOTOBneHb1.3apalleC_ - - - - - - -

Ilepen Ha'iMOM BblTIOnHeHHJI Ka)((,nOH pa60TbI npOBo,nHTCJI npoaepxa ro­

TOBHOCTH crynenrcs K :n OH pafiore, B cnyxae Heno,nrOTOBrreHHOCTH CTYLleHT K
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pafiore I-Ie ,nOnYCKaeTClI.

flpe)l(,n;e 'leM cofinpars anexrpasecxyro uens, cnenyer 03HaKOMliTbClI C na­

XO,nllUUfJICli ua pa60'leM MeCTe ofiopynosaaaea, BbIlICHHTb ero uaanaxeuae, na­

pasaerps, Ka)l(.[(oro aneveara uena, a ,nnll npafiopoa - npenensr H3MepeHHM, port

roxa Ii neay ,neneHlill UlKMbI. ITPH HMH'lHH [fa pa60'leM MeCTe aBTOTpaHC¢Op­

MaTopOE rana JIATP Ii peOCTaTOB cnenyer yCTaHoBHTb B xa-ransuoe nonoaceaae

ax ABH>EKH, 'lTo6bl nocne BKnlO'leHHlI 3neKTpH'leCKOH uena nanpaxeaae H TOKB

HeM 6hIJiH MHHlIMMbHbIMH. Ilocne sroro Heo6xo)J.HMO cofipars 3neKTpH'leCKYIO

uem•.

CtiopKY cnolKHoH 3neKTpH'leCKOM uena pexouenayerca uaxaaan, C nocne­

AOBaTenbHo coenaneaasrx 3neMeHTOB 11 npatiopon, a 3aTeM nonxmo-rars napan­

nensasre BeTBH,KaK caMoH 3neKTpH'leCKOH. uena, TaK Ii npatiopos.

K~lK.na51 cotipaaaas anexrpmecxaa uens, a TaKlKe npoasseneaaue B HeM

H3MeHeHHll )J.OJI)I(HbI 6bITb npoaepeusr npenonasarenea HnH nafiopaaroa Ii rons­

KO C HX paspeureaas uens MOlKeT 6bITb axmoxeaa non aanpaxeaae, Bo BpeMli

ssmona(HHlI nafoparopaux pa60T crynearsi AonlKHbI crporo BbInOnH5ITb npaaa­

na 6e30IJaCHOCTlI Ii cofimonars nacnannaay. JIHua, HapYUlalOIUHe IlpaBHJIa 6e30­

naCHOCTIl, orcrpaasrorcs OTBbIllOJIHeHlIlI pafiorar .

ITpoBO.lJ)l 're lInll HHhle HcnhITaHHlI, Heo6xo.nHMO crpevatsca nonysars .nOC­

rosepmse peaynsrarsi, Cnenyer nOMHliTb, 'ITO He6pelKHOCTb B CHlITHH nOKaJaHHM

npH60pClB H 3anHC5IX 06bl'lHO npaaonar K nenpaaansnsiu BblBo.naM 0 CBOMCTBax

HcnbITYCMOH. uena, ITPll HMH'lHlI rpyfisrx OUlH6oK B HCIlblTaHHlIX onsrr HnH BClI

na60paTOpHa5I pafiora ,nonlKHbl 6bITb nepenenansi.

Upli BhIllOJIHeHHH pafiorsi 6pHraAOH CTy,neHThI ,nOJIlKHbl pacrrpenenars o611­

aaanocrt H nepaonaxecxa HMH MeHlIThClI. ITPH :nOM see ,nOJIlKHbI aKTHBHO BHH­

xars B CMbIcn npOBo,n;HMhIX lICllbITaHHH, yMeTb cotiapars 3neKTpH'IeCKHe cxesrsr,

onpenernrs ueay aeneaas npafiopa.

ITlICJIe OKOH'laHlIlI KalK,lI,OrO onsrra aeofixonnao 0311aKOMHTh C pesyns­

TaTaMH ::JaMepOB npenonasarena 11 TOJIbKO C era paspeureaaa pastiapars 3neKTpH­

xecxyio aens.



____ _lJ5:L3aBepWeHIHLna6opaTopHhIX-3aH}lTI1H - -Heo 6 x OA I1MO- o fio p y n o aa a ae:«

npl:i60phI axxyparno COCTaBHTh aa pa60tJeM MeCTe, a nposona yfipan, B H!IlI1K

crena. Ilocne sroro crynearsi npHCTYnalOT K O¢OpMneHI1IO OTtJeTa.

Orser no nposeneauca pafiore o¢opMMeTCH KalK,llhIM CTY,lleHTOM. Orser

,llOnlKeH cozrepxars: naasamre pa60ThI, ee uens; anexrpaxecxae cxevsr ueneii, HC­

Cne,llOBaHHhIX B ,llaHHOH pafiore: rafimnnr, rpa¢I1KH I1nl1 I1Hhie peaynsrarsr scex

onsrroa, npOBe,lleHHhiX B pafiore; paC'ieTHble ¢OPMYJlhl 11 pesynsrarsr BhItJI1CJle­

HI1M; aHaJIR3 pe3YJIhTaTOB R BhIBO,llhl.

Orsersr OepOPMJlHIOTCSI na cneuaansnsix 6JlaHKaX I1JlI1 B 06hltJHOH 'rerpana

axxyparno, C HCnOJlb30BaHI1eM seprescaux I1HcrpyMeHToB H C C06nlO,lleHl1eM

CTaHAapTHhlX 0603Ha'ieHHH MH 3JleMeHTOB 3JleKrpWIeCKHX cxera,

Bce rparpaxa AOJlIKHbI 6hITh BbInOnHeHhI B COOTBeTCTByIOIUeM MaCWTa6e H

C 0603HatJeHI1eM BeJII1'iI1H. Ha rpaqIHKax 06H3aTeJlhHO AOJIIKHbl 6hlTh aaaecensr

TOtJKI1, no KOTOpblM CTpOI1JlI1Cb KpI1BJ,Ie.

Orner no npoaeneaaoti pafiore ,llOJIlKeH 6hITh 3aIUHIUeH CTy,lleHTOM B KOHl\e

3aHJlTI1H HJIH nepen HatJanOM CJle,llylOIUeH pafiorst . B npOTHBHOM cnyxae crynear,

He OT'iHTaBWI1HCH sa ABe pafiorsr , He nonycxaercs K BbInOnHeHl11O CJIeAyIO!IleH.

Ilponynreansie nafioparopasre 3aHHTHH no YBalKl1TenhHblM I1nl1 HeYBalKHTenbHhlM

npHtJIiHaM iJ,OnIKHbl 6bITb orpafioransr B nepaon cornacoaanasni C npenoztasare­

JleM, C paspemeirnaztexanara.

UPABHJlA EE30UACHOCTH UPH BbIllOJlHEHHH

JlAEOPATOPHbIX PAEOT

J1cCJIe,llOBaHHe 3JIeKTPI1tJeCKHX ueneji, yCTaHoBOK 11 npl160pOB HeH36eIKHO

CBH3aHO C npHMeHeHl1eM He6e30naCHbIX ,llJIH 3iJ,0POBbH Ii IKH3HIi HanpHlKeHHH. no­

paxcenae TOKOM MOlKeT npl1BeCTI1 K THlKenblM nOCne,llCTBHHM. Heotixonavo, tJTO­

6bl JIHua, pa60TalOIUI1e 3 3TI1X onacasrx ycnOBI1HX, nOCTOHHHO H TO'iHO BbInOnHH-

__~n'.!.!H"-"C",,,OQIBe.TCIB¥JO!llI4e-nflaBIiJla- Ge'30naeH6enl .

B JIa60paTopHH T03 onacnsraa HBnHI{)TCR $roHble 11 JIHHeHHble uanpsxe-



HIUI 127,220 B. OnacHbIMM MOIyT 6bITb Hanpl[)KeHMlI ssnue 36 B, a TaKme 3)lC

caMoMH.nyKl(HH npa pa3MbIKaHMH l(eneH C HHAYKTMBHOCTlIMH, aepaspszraauraecs

KOfl,lleHCaTOpbI. . Kpoae roro, IJpH aenpaeansaux AeHcTBHlIX C :meKTpH'IeCKHM

06opYAoBaHHeM, aesepao cofipannsrx 3JIeKTpM'IeCKHX cxexax B03MomHbI KOpOT­

KHe 3aMbIKaHHlI H neperpysxa B nensx, 'ITO npHBOAHT K BbIXOAY H3 CTpOJI IlpH6o­

pOB, 3neMeHTOB uena, nOBpe)J(AeHMIO H30JIJlllMM, pacnnaaneamo TOKonpOBOAlIUJ,HX

'1aCTeH 060PYAOBaHHlI, ero rreperpesy. EPbI3rH pacnnasnennoro MeTaJIna onacssr

omoroM OTKpbITbIX yxacrxoarena, a B03HHKwall anexrpuxecxaa nyra nopaxaer

opraasr 3peHHlI.

Ilpa asmonneaaa nafioparopasrx pa60T Heo6xOAHMO crporo C06JIIO,I.{aTl,

CJIeJ.{ylOmHe npasana 6e30nacHocTH.

1. He nonycxaercs 3arpoMomAaTb pafioxae MeCTa JIH'lHbIMH BemaMH. Bo spe­

Mll nafioparopusrx 3aHlITHHMo6HJIbHbIeTeJIe4'oHbI ,nOJImHbl 6blTb OTKJIIO'leHbI.

2. Ilpescie 'leM cofiapars uens, Heo6xo,nHMO y6e,nHTbCJI, 'ITO CeTeBOH BbIKJIIO­

sarens OTKJIIO'IeH M caraansnas nasrna aa CTeHAe He ropar,

3. OpM c60pKe 3JIeKTpM'IeCKOH uena coenanenas npoBoAHHKaMM cnenyer BbI­

IJOnHlITbTaK, '1To6bI OHH He JIOmHJIMCb na IllKaJIbI IJpM60pOB, HMeJIH naaxeasuree

'lMCnO rrepecesenaa Mem.ny C060H H 6b1JIM Ha,nemHO npacoenaaeau K 3amMMaM.

Bee HeHCnOJIb30BaHHble npOBo,nHHKH AOJImHbI 6bITb y6paHbi B lIIIIHK CTOJIa.

4. BKJIIO'IeHMe uena nOA aanpxxeaae paspenraercs TOJIbKO IJOCJIe nposepxa

npenonasarenea MJIM nafiopaaroa.

5. Bo BpeMll pafiorsr C anexrpouensio ayaoro 6bITb BHHMaTeJIbHbIM M OCTO­

pomHbIM, HaxOAMTbClI aa pa60'leM MeCTe H He AOIJycKaTb K HeMy nOCTopOHHHX.

KamAbIH BKJIIO'IaIOIUMH uens nOA uanpazceaae AOJImeH rtpeztynpenars 0 CBoeM

,neHcTBHM OCTaJIbHblX lJneHOB 6pHra.nbI.

6. OpH o6HapymeHHM KaKMX-JIH60 aeacnpasnocreti (noBblweHHbIH WyM, HC­

xpenae, neperpes 06MOTOK MnH IJpOBO,nOB, OTcYTcTBHe caeseuas CMrHaJIbHOH

naxnsr) MJIH IJpH nonanaaaa Koro-HH6y,nb non nanpsxeaae "ymHo HeMe.nneHHO

OTKJIIO'UlTb BbIKJIIO'laTenbM npMrJIaCMTb npenonasarens.

7. Bo BpeMli pa60TbI He xacarsca HeM30JmpOBaHHbIX qaCTeH 3JIeKTpHlJeCKHX



- - - - - ---- ----- ----
------_ .._.._------

--- - u' eneH;-HaXO.nlll lU1XClI non HanpIDKeHHeM.

8. Bee H3MeHeHHJl B uena npoaonxrca npH OTKnlO'leHHO

cne aroro uens .non)f{eH nposepars npenonasarens Hm1 Jla60paHT. DpH BbIXO.L\e

CT)'.L\eHTOB sa ncpepsrs anexrpaxecxas uens .L\OJl)f{Ha 6blTb OTKnlOtJeHa OT HCTO'l-

HHKanHTaHHlI.

9. Ilocne OKOHtJaHHlI pafioru Heo6xo.L\HMO noxaaars npenonasaremo pesyns­

TaTbI 3aMepOB H ronsxo nocne 3TOro paaofipars uens, npasecra B nopsnox pa6o­

'lee MeCTO (cnosorrs rrposona, COCTaBHTh npafiopsr , crynsa).

10. 3a nopxy natioparopaoro o6opy.L\OBaHHlI, BbI3BaHHYIO He6pe)f{HbiM o6pa­

lUeHHeM C HHM HnH neasmonneanera Tpc60BaHHH nauuoro PYKOBO.L\CTBa, crynen-

Thl HecYT MOpaJIhHylOH .L\HcUHnnIlHapHYIO OTBeTCTBeHIlOCTb.
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~I=O .

Pa60Ta If> I

3AKOHH KYlPXr~A, ilCYl'EHUHAJllHftH ,lJ;'IArPAMMA 1JlEKTPWlECKO~ !..(Em!

1. UeJlb pa60Tbt

UeJlb~ pa60Tbt ~BJI~eTCn OnbtTH~ npOBepKa saKOH08 KHpxr~a, HSy­

qeHHe MeTo~a pacqeTa CJlO~ sJleKTpHqeCKHX ~neA, OCHOBaHHOrO Ha

saKOHax KHpxr~a, H nocTpoeHHe nOTeH~8JIbHOR ~Harp~ sJleKTpHQeC­

KoA uena.

Il. 0611\He CBe~eHHn

CJ10Jm8H ::JTeKTpJllqeCKIlH uenh VlMeeT BeTBVl J;1 YSJlhT.

PeTBb~ SJ1eKTpVlqeCKOR uenJil HaSbtBa~ yqacToK, BnOJ1b KOToporo

np orexae-r OnJl.H 1-1 TOT lIIe TOK. YS.nOM uenJil HaSblBaIlT TOqKY e oena­

HeHJIIH He MeHee TpeX BeTBeR. HI!. pHC. 1.2. npe.IlCTOBJIeHEl. cxeva anex­

Tp~qeCKOR uenJil C ABYMR YSJlRMVl JII TpeMR BeTBHMJII.

KOHTypoM R 3J1eKTpJllqeCKOR uenJil HaSbtBIl~ saMKHyTblR nyTh, npo- .

xorum~JIIR B o~ueM cJlyqae no HeCKOJlhKI-1M BeTBHM, npH STOM Ka~R

yseJl B paCCM8TpJIIBaeMOM KOHType BCTpeqaeTCH He 60nee O~Horo pasa.

B KaqeCTBe npJllMepa Ha pJllc.I.2 MOlf:HO YK838Tb KOHTyp atcolela_
Bee 3J1eKTpJllqeCKJlle uenJil nO~HHn~TCH nepBowy H BTOpOMY SaROHaM

KHpxr~a.

ilepBbtl saKOH KHpxrapa npHMeHneTCn K YSJlaM SJleKTpHqeCKOI ~enH H

q>0PMYJlHpyeTC~ CJle,nynI\IfM 06pasOM: aJIre6paHqecK~ cywa TOROB B YSJle

pasxa HYJI~:

ilO~TeKanI\Jlle K ySJly TOKH CqHTa~TCH nOJlO~TeJlbHNMH, a OTTeKanI\He ­

OTpJIIuaTeJlbHblMJII.
BTOpoA saKOH KHpxr~a npJllMeHneTCH K KOHTypeM SJleKTpHqeCKOA ~enJil

H JllMeeT CJlellYnI\Y1O !P0PMYJlHPOBKY: B JlIOt'lOM SeMKHyTOM ROHType aJIre6pa­

HqeCKaH CYMMa 1~C paBHa 8JIre6paHQecKol cYMMe HanpRlIIeHHA Ha conpoTHB­

JleHHnX, BXOMIUHX B STOT KOHTyp:

t:e =E,RI.
I1pv. COCT8B'1eHI11-1 ypaBHeHJII~ no BTOpOMY aaxoxy KJllpxr~!l. Bbl6J11pam

KOHTYP JII HRnp8BJ1eHJlle er-o 06xo.n.a. E:cm" H8npaMeHJlle 1,UC COBna.nse-r

C 06XO ~OM KOHTYpa, TO STy 1~C S8nJIICbtBalOT co SHaKON nJl~, eCJlJII

He COl'\n"nae r, TO -CO SHIlKOM MHHyC. E:c.nl-l HnnpaBJIeHile HSnpIIJKeHJ.1R COB­

nil nae-r C Or)'I( On,OM KOHTypfl, TO HllnpRlReHHe Sanl-1CblB8KlT co 3HIlROM nJlIOC.
eC.JTJII He COJlna'la8T, TO - co 3HIlKOM MI1HYC.

Hanpasneuae Hl3npflll\f)HJ;111 Hl3 yqacTK8 C COnpOTI-1BJl8H118M c oannnae -r

C Henpl'!B.np.HH8M TOTUl Hil 3TOM yuacrxe .
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__1,I\~_!,!~ JJT__gJle .nylll1~e --yc-Jl 0 BKble- 06o3Ha1l8HH"ii-Iia cxexax ~-f±=-
---- I1J11.1 ~. KaK B nepsou, TaK 1-1 BO BTOpOM o!So3HatleHI-II1 'i,I\C

HanpaBJIeHbl cne ea xanpaao (OT MI1HYca K nnIJCY).

PaC'lleT cno~ 3neKTpl-ltleCKI-IX ~ene~ oc~ecTBnHeTcfl nyTeM pemeHl-lfl

CI-ICTeMbI ypaBHeHHJI, COCTaBJleHHblX no SaKOHaM KJ.tpxrexpa. KaK npasano ,

nOAJIeMaT onpe~JleHHIl TOKH B ~TBflX npH HSBeCTHNX ~,I\C H conpOTHBJle­

HJllffX 3J1eMeHTOB ~enH. qJllcJlo He3aBJIICHMNX ypaBHeHHII B STOM cJlyqae ~OJl­

~HO paBHflTbCfl tlJIICJlY TOKOB HJlH tlJIICJlY BeTBeJl cxeNN.

LIpH COCTaBJleHJIII-I ypaBHeHHIl no SaKOHaM KJ.tpxrexpa peKONeH~TCJl: npa­

~ep~HBaTbCH TB.KOJ! nocnenOBaTeJlbHOCTH: CHatlaJIa 0603HatlJIITb Ha cxe-

Me npOH3BOJIbKble nOJlO~TeJIbHNe HanpB.BJleHHfl TOKOB BO Bcex BeTBffX

3J1eKTpHtleCKOR uenH, SaTeM COCTaBHTb ypaBHeHHfl HB. OCHOBB.HHH nepBoro

3B.KOHa KJ.tpxrcxlJB. ,lI,JIll ySJlOB. ~CJlO STHX ypaBHeHHA ~O~O 6HTb Ha

e,ll.l1HHLIY MeHbIDe tlHCna Y3JIOB. He~OCTaQllee 'llHCJIO ypaBHeHHJI COCTaBJIH­

eTCH HB. OCHOBaHHH BToporo 3aKoHa KHpxrexpa. ~H SToro BH6HpaJJTCfl

KOHTypbl J.1 SB.,nB.mCfl HanpaBJleHHeM HX oexona. ~Jl: Toro 'llT06b1 ypaBHe­

HHl1 no BTOpOMY 3aKOHY KHpxrexpa, B. CJIe,nOBB.TeJIbHO, H CaMH KOHTyJlbI

6blJlH He 3aBHCHMHMH, ,nOCTB.ToqHO (HO He seerna He 06X0,ll.l1MO). 'llTo6bl KM­

~ft nOCJle,oy1\lll11ft KOHTyp OTJlH'llaJICl1 OT npe)l,bl.JlYl!lero XOTfl 6b1 O,nHoR HO­

BOft BeTBbll.

IlOTeHUHaJIbHoJl ,Il.l1arpawoR Ha3b1BaXlT rpBllJHK pacnpe~JleHHl1 noreauaa­

JIB. B,nonb ~aKoro-nH60 yqacTKa SJleKTpH'lleCKOA uenH HnH 38MKHYToro KOH­

Typa. Ha rpBllJHKe no OCH a6CUHCC OTKJla,D,bIBamCR B MacwTa6e conporna­

neHHfl B TOM nopR~Ke, B KaKOM OHH BCTpe'llaXlTCH npH o6xo~ KOHTypa. LIo

OCH op,nHHaT OTKJla~BaXlT nOTeH~aJIbl TO'lleK SJleKTpHtleCKOR cxeMN. Ilo­

TeHu~an TO'llRH, C KOTOpoR Ha'llHHaeTCl1 o6xo,n KOHTypa, npHHHMaeTCfl pB.B­

HblM HYJlIJ.

IloTeHUHaJIbHM ,Il.l1arp8MNa n03BOJlReT onpe~JlHTb HanpflllleHHe Me~ JIX!­

6b1W1 TO'llKaMl1 uena,
IlOTeH~aJIbI TOtleK MoryT 6b1Tb onpe,neJleHbl OTHOCHTeJIbHO onpe,neJleHHoft

TO'llKH ~enl1 3aMepOM C nOMOmbJ) BOnbTMeTpa HJII1 paC'lleTOM, eCJlH 1-13BeCTKbl

'i,I\C, COnpOTI-IBJleHHfl, BeJII-I'llHHa 1-1 HanpaBJIeHHe TOKOB 3JIeKTpI-l'lleCKOR ~enH.

IlpM pacve-re nOTeHU\'Iana KaKoft-JlH60 ToqKH He06xo,nHMO ytlHTblBaU, 'llTO

Ha yqacTKe uem1 6e3 ::l,I\C TOK Te'lleT OT (Sonee BblCOKoro nOTeHU\'IaJIa K 60­
nse HH3KOMY. Cne,noBaTeJlbHO, eCJlH NN nepeMemaeWCfl no HanpaMeHHIl TO­

xa , TO npOHCXO,ll.l1T nOHHlIreHHe nOTeHU\'IaJIa sa BeJlH'llHHY na,neHHl1 HanpJl:lre­

HHfl H8 ~aHHOM yqacTKe QenH.

I1pli nepexone uepea HCTOtlHHK 8,I\C OT OTpH~aTeJlbHOrO SUMMIl I{ noJlO­
~~TeJIbHOMY nOTeH~aJI nOB~aeTCfl Ha BeJlHq~--1,L(C-lieToqHHxa~pli n@­

_ pe1CDJle-tlefle-3->1CTn 'll tml< B oOj)aTHOM H!lJ1paBJleHHH - nOTeHUHaJI n9J\88't'

Hli BeJl~'llI-lHY '1..ne HCTO'llHIiKa.



ill. OnMcaHMe na60paTOpHOR yCTaHoBKM

,Il,'Ul MCCne ,U.OB!lHHR QeneR nOCTOllHHOrO TOKa ua nn60paTOpHOM CTeH­

,ne HMeKlTCIl Ha60p pe3HCTOpOB 11 ABa HCTOQHI1Ka nOCTollHHOR ::l,IJ,C: E( 11

E2 . BHelIlHI1R BH,n. naHenH CTeH,na n OKa38.H ua pac , 1. 1.

-.L: £4
T-
)

~E2
T-

)
QR' OR2 QR3

Q"' ~R5 ~R6

~C. 1. L ·::lneMeHTbl ~nVl nOCTORHHoro TOKa

,Unll 113MepeHVlR TOKOB npenycMoTpelibl MHnnHaMrlepNeTpbl C npelJ,eJl8.M\ol

1i3MepeHI1R 100-150 MA. ,IVlR H3MepeID1R HanpRllteHIiR - BOnbTMeTp na 15 B
(3neKTpoHIiblR. Q1i~poBoR. M253. M330).

06~KTOM IiCCJlelJ,OBaHIiR B lJ,aHHoR na60paTopHoR pa60Te RBJlReTCR CJlO~­

HM 3J1eKTpIiQeCKM uens nOCTORHHOrO TOKa C ABywr IiCTOQHIiK8.MH ~.uc B

pa3HNX BeTBRX (pl1c.1.2).

BYKB!lMl1 a.8 • c •d • e.! aa cxeNe 0603HaQeHbl TOQKI1. nOTeHQli8Jlbl

KOTOpblX He 06X0,lJ,l1MO 113Mep11Tb.

IY. ilporp8MMa 11 MeTO,lJ,l1Ka BblnOJlHeHI1R pa6oTbI.

4.1. C06paTb 3J1eKTplillecKyll uens no oxese plic.1.2. AMnepMeTpbl non­

KnmliTb JleBO/.\ (oTpl11.\aTenbHoR) KJleMMOR K y3Jly '·C" •

.-__-rc__--. PV

r0l

PMc.I.2. CxeMa cno~oR 1.\enl1 nOCTORHHoro TOKa.

II



4.2. ~~~CaTb_~HaqeH~RCOnpOT~gReH~~-pe~iopo~-----
I.r. ConpoT~sReH~R peS~CTOPOB

4. 3. Y6eo.~TbCff B cnpaaennaeocra nepBOI'O aaxoaa lUipxr<xpa: I, [=0.

BKJlm~Tp ~CTOI{HVlKVI ~JJ.C, ~SMeP~Tb 8JJ.C VI TOKVI. I1pVl STOM TOK~ aMl1ep­

MeTpOB, V1Me~VlX OTKJlOHeH~e CTpeJlK~ BnpaBO, ·s anVic aT b co sHaKOM nJltc,

a BJleBO - co SHaKOM MVIHYC.

TOK~ co SHaKON naoc nO,II,XO,ll,ll:T K ySRy '.CIf, co SHaKON IDIHYC OTXO­

MIT OT yana "c If. JJ.aHHble ~3MepeH~~ 3aHeCT~ B Ta61l~UY 1. 2. Ha CXflMP.

~ll e lfTpVlqp. C KOR uena YK8SflTb HanpaBJIeHl-lfl TOKOB B BeTBflX.

1.2. Ilposepxa nepBOI'O asxoaa KVlpxI'apa ,Il,IIJr ySJl8 "c "

VI paCqeTHNe 3HaqeHVlR TOKOB

---
BbIlIKCJleHOMepeHO

1 I 2 I:, rr Ii [2 13

MA MA MA MA MA MA MA
.__L--

~r­
~

4.4. Y6en.~TbCfl B CnpaBe,ll,1lHBocT~ BTOpOI'O 3aKOHa lUipxI'apa: f,E =r u.

O~XOQR KOHTyp, COI'Jl8CH O Ta~JlVlue r.3, no qacoBoR cTpeJlKe sanH­

caTb SHaqeHHJr 1JJ.C VI H8npfl~HHR Ha pe3HCTOpax, Bxo~qHX B 3TOT

KOHTyp, C yqeToM SHllKIl. (nnoc V1J1V1 MHHyC).

3HBKH nepen 'i).lC paCCTnBI-lTb COrJlaCHO HanpaBJIeHHflM 3TVlX 'i.L\C,

YK8311HHNM a cxeMe pl-lc .I.2.

3HIlKI1 nepen Hllnpfl~Hl1flMl-1 Ha pe31-1CT OpllX paCCT8BI'ITb COr JlRCHO

HRnpABJleHVoflM TOKOB B 3TI'IX peSI-1CTopax (cM.nYHKT 4.3).

12



1. 3. Ilpoeepxa !!TOpOrO 3aKOHa fulpxrapa ,II)lft

KOHTYpO!l sJleKTpHqeCKOR QBnH

KOHTYPbl £.1 E2 VR( iJR2 ~.3 L'R't VP.5 f-£ LV
~ B B B B B B B B

a. CC d el a. -
a&cla - - -
{cdel - - -

4.5. H3MePHTb H S8nHCaTb e Ta6J1Hlij" 1.4. nOTeHQI1aJ1b1 TOtIeK O'1'HO­

CI1TeJlbHO TOqKH, sa,naHHoR npeno,na!!a'l'e.lleN. flOTeHUliaJI sToR TOqlm C.IIe,Dy­

eT npHHIITb paeHbIM Hy.llIO H K HeR nO,!lK.II~I1Tb OTpHQB.'l'eJlbHblR 38l!HN eO.llb­

TMe'1'pa. flpl1 OTKJIOHeHl1I1 CTpe.llKI1 !!OJIbTNe'1'pa snpaso nOTeHQI1aJ1 '1'Oqlm

38nI1Cb!!!88TCII co SHaKOt.( nnec , saeao - co SHaKOM MHHyC (BO.llhTNe'1'P

M 33» . 1.4. flOTeHQI1aJIb1 'l'otleK 3JI9K'1'pMqeCKOA ~nM

IloreHUliaJIhi !fo 'ft '1" lfcl <fe ttl
H3NepeHO,B

4.6. COCTa!lI1'l'b CMCTeMY YP&!!HeHHA no SaKOHBM KHpxrolla ,II)l1l pacqeora

'l'OKOB B Be'l'BftX SJIeKTpHqeCKOA QenM no cxeNe pHc.1.2. !10Jlb3yftCh 3a­

,llaHHblMM 3HaqeHI111M11 COnpO'l'M!lJleHI1R 11 113MepeHH~ 3HaqeHHnMM ~nC

(Ta6JI.1.1., 1.2),pacCql1'1'aTb TOIm, SaHeC'1'M I1X B '1'a6JII1uy 1.211 cpaB­

HI1Tb C HSMepeHH'b1Wi. O~eT ,llO.ll~H CO~plIt8.'l'b pacqeThl no ,llaHHOMY nyHK­

Ty.

4.7. !1OCTpOMTb nOTeHUliaJIbHyIO ,ll.MarpBMMY ,II)l1l ICOH'l'ypa atcde fa.
Y. KOH'l'POJlbHble sonpoca

T. ~R'I'e onpe~JIeHMe OO'1'BH, y3JIa, KOHTypa B 3JIeK'1'pKqeCROR cxeMe.

2. ~OpMYJIHpyA'l'e nepBblA M B'l'opoR saKOHbl KHpxrolla. 3anHWI1'1'e HX

aHaJlM'1'meCKOO Bhlp~HMe. QIloPMYJlHpyAre npasana SHaKOB npa COC'1'aB­

JIeHHM ypaBHeHHA no SaKOHBM fulpxralla.

3. KaKO!! nopll,llOK pacqe'l'a 'l'OKO!! B CJIOJHoR ~enH Ha OCHOBaHl1H saRO­

HOB fulpxralla?

4. 06~CHHTe nocTpoeHHe nO'l'eHQI1aJ1hHOA ,ll.MarpaMMbl.

5. Onpe,lleJlI1Te nO'l'eHQI1aJJb1 'l'OqeK, npl1HJlB 'fa = O.
,...8.L.., r\£1 ~_DE2.....I _
a.~~e

J3



- - ·-- - ----Pa60TfC /#J-2

UEITb I1OCTOHHHOrO TOKA

1. UeJlb pa60Tbl

UeJlb pa60Tbl COCTO~T B 3KCnepHMeHTaJIbHOR npOBepKe 3KB~BaJIeHTHblX

npeo6paaoBaH~n cxeM SJleKTp~qeCKHX ~enen, a TaK~ B YCTaHOBJleHHH CBff­

seR Me~ HanpR~HHmM~ H TOKaMM np~ H3M8HeHHH conpOTHBJleHHfl OAHoro

HS 3JleMeHTOB uenH.

fl. 06LqHe CBell.eHHR

u1=R: .
IlpH paCq8TaX 3Jl8KTpHqeCKHX ~eneR c O~M HCTOQHHKOM 3JleKTpHQeC­

KoR 3HeprHH, KaK npaBHJlO, H3BeCTHH HanpR~HHe HCTOQHHKa, T.e. Han­
Pff~HH8 Ha BXO,o.e uenH,H conpOTHBJleHHR npHeMHHKOB, KOTOP~ MoryT
6blTb coe,n,HHeHH Mellt,lJy co6oR pasJlHQHblMH cnoco6aMH. B 3TOM CJlyqae ~e­

JleC006pa3HO ynPOCTHT b CX8MY uenH, 3aMeHHB rpynny npHeMHHKOB HJlH

Bce npHeMHHKH OAHHM 3KBHBaJIeHTHNM npHeMHHKOM. Ilpeo6paaOBaHHff Haabl­

BallT SKBHBaJIeHTHblMH, eCJl~ TOKH ~ HanpRllleH~ff BeTBeR B rex qaCTRX

CxeMbl, KOTopble He 3aTpOHyTbl npeo6paaOBaHHmMH, OCTlfllTCR HeH3MeHHHMH.

llocJl8,noBaTeJlbHblM coe~HeHHeM npHeMH~KOB HaablBallT raxoe ~x coe­

,n,HH8HHe, npH KOTOpOM Qepe3 Bce npHeMHHKH npOXO~T O~H ~ TOT ~
TOK (pHc.2.I).

110 SlfKOHY OMa 3JleKTpHQeCKHR TOK qepes npHeMHHK C conpOT~BJleH~eM

R paBeH HanpR~HHlO U Hlf STOM npHeMHHKe, ,IJ.eJleHHOMY sa cOnpOTHBJleHHe

R aror o npHeMHHKa:

+~--- -
v~

PHc.2.I.ITocJle,noBaTeJlbHoe coe~HeHH8 npHeMHHKOB

Ilp~ nOCTo8ll.0B8TeJlbHOM coe~HeHHH npH8MHHKOB HanpRllleH~e l! , npHJlO­

)J(8HH08 K usna , COrJlaCHO BTOpOMY 38KOHy }{~pxrapa. paSHO CYMMe HM­
PR)J(8HVlR H8 3all\~M8X OT,neJlbHbTX npHeMHVlKOB: V = Vi + li + U

l
'
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TaK KaK BO Bcex nOC~eAOBaTe~bHO coe~HeHHWX npHeMHHKUX TeqeT

OAMH H TOT lIIe TOK, TO no aaKOHy OMa MOJIIHO 3arIHCaTb

V; =RtI I llz = R.2.l, ~ ::= R,31 j

OTKYAa V =R,I+R2.ItR3I:R9dI, rM R:JKt::=R, +-~+-R.3'
TO eCTb 3KBHBaneHTHoe conpOTHBneHHe ~enH npH nocneAOBaTenbHOM coe­

AHHeHHH npHeMHHKOB paBHO CYMMB conpoTHBneHHR oTMnbHHX npHeMHHKOB.

IlonyqeHHDe 3KBHBaneHTHoe conporaanexae ~enH R~noSBonfieT sa­

MeIDlTb uenb C HeCKonbKHMH nocnenoaarensao CDeAMHeHH!llMH npHeMHHKaMH

3KBHBaJleHTHOA ~nblO C OAID!M npHeMHHKDN, HMB~M conporaaaeaae R9«l
(pHc.2.2).

~c.2.2. CxeMa SKBHBaneHTHoR 3neKTpHQeCKOA ~nH

TOJIbKO nocze TaKoro npe06pasoB8.HHfI MOlKHO IiCnOnb30BaTb aasoa

OMa AJIfi pacaara TOKa, nOCKonbKY HarIpl'lJlBHHe U Ha 3KBHBaneHTHOM npa­

eMHHKe (Ha BXO,n,e uena) HSBeCTHO:
- U
1 =R;t<8

IlapannenbHbIM CDeAMHeHHeM npHeMHHKOB Ha3blB8.IlT TaKDe HX coeAMHBmte,

npH KOTOPOM Bce npHeMHHKH nOAKn~eHbl K OAID!M Ii TeM ~ ABYN y~naM

H HaXOAflTCH nOA O~HM H TeM lIIe HanpflllleHHeM (pHc.2.3).

I

Pac , 2 .3. Ilapanneasaoe coe,ll,HHeHlie npHeMHliKOB

IIp''MeHfllI nepBilIA saKOH KKpxrafla, MOllleN aarIHCaTb

1=11 +~ +13 •

Tal< KaK npa napannenbHOM COe,ll,HHeHHH npHeMHHKH H8.X0AflTCfI nOA

0AKHM 11 TeN lIIe HanpR!teIDleM, TOKH B IDlX HaRABM HS BblPaJKeHHA
I V T U - U, =~ , -2. = R.,' 13 = 1<3 '

15



---_._---------

--- - - n-03TOW --r = %,-+-f;.~ t =U(l, ~ 1; +~ ) =: J5:/~t '
oTKy .n.a .L: =L +.J.....,....-L IiJlIi 0 ; =: OJ +Q~ -r0

3
,

R3,,6 e, Rz R3 d 3Ko dJ (1:" if
r.n.e g - npOBO.JJ.liMOCTb.

TaKIiM o6paSOM, 3KBliBaJleHTHaR npOBOA\iMOCTb ~enli npli napaJIJleJlbHOM

COeA\iHeHIiIi nplieMHIiKOB paBHa cYMMe npOBOA\iMOCTeA OT.n.eJlbHNX nplieMHIi­

KOB.

Onpe nenas 3KBliBaJleHTHYJO npOBO.JJ.liMOCTb npa napaJlJleJlbHON coe.JJ.liHeffiUt

nplieMHHKOB, NO~D HaRTH 3KBliBaJleHTHoe conpOTHBJle~e KaK

RsJ, =: ~6"
B qaCTHOM cJlyqae .JJ.JJfI .n.Byx n~paJIJleJlbHO COeA\iHeHHhTX nplieMHIiKOB

R /J:: R.· R2. •
3J<..C 7f:+7<i:

HaA.n.eHHoe 3KBHBaJleHTHoe COn'pOTHBJleHHe ~nli R.~ n03BOJIfleT 3aMe-

HHTb ~enb C napaJlJleJlbHblM coe.JJ.liHeHHeN npHeNHHKOB 3KBliBaJleHTHOR ~nbJO

C O.JJ.HHM npHeMHHKOM (plic.2.2). Cxexa nepBOH8JlaJIbHOA ~enli 3HaqHTeJlb­

HO ynpolllaeTcfI, ~TO mHpOKO HCnOJlbsyeTCfI npa pacve-re pa3BeTBneHHhlX ~e­

neRo

Cxeaa npocTeRmeA uenH CD CNemaHHbIM COeA\iHeHHeM npHeMHIiKOB npencraa­

neHa na pHc .2.4.

f'l.tc.2.4. CNelllaHHoe coenaaenae npHeMHIiKOB

JLnR TaKoR ~enH cnpasenaxsa COOTHOUJeHHfI U =lI, +~ H T,> I 2 .,.1 3 •

1KBliBaJleHTHoe conporwanenae ~enH co CMeUJaHHhlM coeA\iHeHHeN npa­

eMHIiK OB H8XO~TCfI nyTeM nOCJle.n.OBaTeJlbHbIX npeo6pa30B~A cxeMN uenH.

JLnf{ l.\enli pac , 2.4 CHaqaJIa SaNeHflDT napansemero coeA\iHeHHble npHeMHIi­

KH R2. Ii 1<3 O.JJ.HIiM 3KBHBaJleHTHbIM R2 3 , SaTeN B nOJlyqliBlJleAcfI cxese

nens C nOCJl6.n.oBaTeJlbHhlM coe.n.IiHeHlieM nplieMHIiKOB R, Ii R2~ (plic.2.5,a)

~(. 1:'\19R23 ~1~:'1-=9=--R_3KC-------::-__
Plic .2.5. CxeMN-n-O~JJ~.n.~BaTe-JJEH@X npeo6paSOBaHliA ~enli plic.2.4
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HAXOn;.R"T :'lKmHl flJI8 HTHOe COnpOTJ.1BJI8Hv.e BceA U8nv.

R - 1<2'/(3
~"e - R( -I- R,2.3 s: R( + ;:;---->r •

K2.+ K 3
B pe3YJlbTaTe paSBeTBJl8HHM uens co CMSmaHHbIM Coe,IJ;1Heffi18M rtpa-

eMHI1KOB MOJKeT 6blTb 3aM8HeHa SKBI1BaJIeHTHOA 1.\8nbll C O,IUiI1M npI18Mffi1­

KOM C COnpOTI1BJ18HI1eM R~ (pl1c.2.5,6). ryTO nOSBOJlI1T I1CnOJlb30BaTb 3a­

KOB OMa ,D.JIH pacve-ra TOKa 11 , nOCKOJlbKY HanpHlKeHI18 V Ha 3KBYlBM8H­

THOM np118Mffi1K8 (Ha BXOA8 Qanl1) I1SB8CTHO.

ill. Onl1CaHI18 Jla60paTopHoA yCTaHOBKI1

06~KTOM I1CCJleAOBaHI1H HBJlHnTCH 3J1eKTpl1tl8CK118 ue"11 C O,n:HI1M I1CTOtl­

HI1KOM ry,nC E1 C nOCJl8,n.oBaTelIbHblM, nap8JIlIeJlbHbIM 11 CMemaHHbIM coe,lI.l1He­

Hl1eM npI18MHI1KOB.

B KaQ8CTBe npl18MHI1KOB "cnOlIb3YIlTCH peSYlCTOphI R, RI , R2 , R6 •

,!J,nH I1SM8peHI1H TOKOB na CTeH,II.e npe,nycMoTpeHhI WtJlJll18M11epMeTpbl C

npe,n.81I8.MI1 I1SMepeHI1H 100-150 MA, ,D.JIH 113MepeHI1H HanpHlKeHYlA - BOJlbT­

M8Tp na 15 B (SJl8KTPOHHhIA, 1.\11tl!POBOR, M 253, M 330).

1Y. nporpaMMa 11 MeT0,lI.l1K6 BbmOJlH8HYlft pa60Tbl

4.1. nOCJl8AOBaTeJlbHoe COO,IJ;1HeHl1e ,n.Byx npl1eMHl1KoB.

a). C06P6Tb 3J18K'l'pl1tlecKYIl uenb no cxeMS pl1c.2.6, 113Mepl1Tb TOK B

1.\8nl1 11 HanpHlKeHYlH Ha 060l1x npl1eMHI1Kax 11 Ha BXO,n.e uenl1 ,D.JIHmeCTI1

pa3lIl1tlHhIX 3HatleHI1R nepeMeHHOrO COnpOTI1BJl8HI1H R •
ITePBhIR 3aM8p npa R= 00 (yqacToK uenl1 C COnpOTI1BJ1effi1eM R

paSOMKHyT) •

EI

QS

PHc.2.6.ryJleKTpl1tl8CKM uenb C nOCJl8,n.OBaT8J1bHbIM COO,lI.l1H8Hl1eM

npl1eMHI1KOB.

2. 1. HanpRJKeHI1R 11 TOK npa nOCJleAOB6TeJlbHOM COO,IJ;1HeHI1I1

npYl8MHYlKOB

Vl3McpeH O
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_---6 ),- flo -AaHHhIM~bl1IiTay6eJii1T-bCR B CnpB.OO,lJ)lI-lBOCTI-l COOTHOlUeHI-l51
if =. V, + U2. •

B). flOCTpOI-lTb B O~I-lX OCRX KOOP~HB.T rpaPl-lKI-l 3B.B~CI-lNOCTe«:

V=:.I(I) , VI. ;:/(I} , V" =/(r).
4.2. flapannenbHoe coe~HeH~e npl-leMHMKoB.
a). C06paTb 3neKTpl-lqecKYD ~enb no cxeMe pHc.2.7 .

v PV

~c.2. 7. ~neKTp~eCKaR uenb c napanneJlbHhIM COe)l."HeH~eM

npl-leMHMKOB

~3MePI-lTh TOKI-l I-l HanpR~HI-lR ,IJ)IR meCTI-l Pa3J1~qHMX 3HaqeHI-l~ nepe­
MeHHoro COnpOTI-lBneHI-lR R • flePBhI~ 3aMep npa R= 00 (yqacToK uenl-l C
COnpOTI-lBneH~eM R pa30MKHyT).

2. 2. Hanpaseaae I-l TOK~ npa napanJleJlbHOM coe~HeHl-l~

np~eMHI-lKOB

113Mf":!pA HO MI-lCJleHO

V I, I2. 13 R6 R2+R RJlCt R -¥»s:
R MA- MA lolA OM eM eM OM._,-._-

6). flo AaHHHM onNTa npOBepl-lTb C06J1DAeHl-le nepBoro 3B.KOHa
KHpxrexpa I, = [;I. +-I 3 •

B). flOCTpOHTb B OAH~X OCRX Koop~HaT rpaP~K~ 3aB~CHMOCTeA

L~ s: !(I3 ) II £2 =I (.i~)

4.3. CMewaHHoe coeAI-lHeHl-le npl-leMHHKoB.
a).Co6paTb cxeMY pl-lc.2.8, 1-l3Mepl-lTb TOKI-l I-l Hanpft~HH~ AnA tpe~

pa3J1I-lQHHX 3HaQeHHA COnpOTI-lBJleHI-lR R ~
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El

as

Pili PV

r0-l

f'l.fc.2.6 ~JleKTplflleCK8JI nens co CMemaHHbIM COeJl,l1HeHHeM

npHeMHHKOB

2.3. HanpRlIIeHHfl H TOKH npa CMemaHHOM coeJl,l1HeHHH npHeMHMKOB

-----
M3MepeHQ P.w.ll1CJleHO

Vz I( I z I a Rt R6 I< 1(3/(t' RNCC.::J

B MA MA MA OM OM OM OM OM
-

6). Ilposepar s CnpaBe,IVIMBOCTb cooTHomeHHR

U=V(+TJ;., I(=.Tz +I 3 •

s), 3anHcaTb lPOPMYJlbI, no KOTOpbIM pacCIU1TaHbI COnpOTI1BJleHHR R(,R6,R.

4.4. PyKOBO,Il,CTByRCb 3aKOHaMH OMa H KHpxra:>a, 06'b11CHHTb, KaK

113MeHflTCR TOKM 11 na,Il,eHI1R HanpRlIIeHHR B uena npa j'MeHbmeHI1H HJlH yBe­

JlHqeHHH O,!J,HOI'O H3 conpOTHBJleHI1R npa nOCJIe,Il,OBaTeJlbHOM. napaJtJleJlb­

HOM I1 CMewaHHOM coe,Il,l1HeHHH npl1eMHHKOB.

Y. KOHTpOJIbHble BonpOCbI

Onpe,Il,eJlI1Tb 3KBHBaJteHTHoe

COnpOTI1BJIeHHe QenH OTHOCH­

TeJlbHO 38JlG1MOB a-S, Ii-t.
R6RS

a

I. KaKDe coe,Il,l1HeHl1e npHeMHHKoB HMblBalOT nOCJle,IlOBaTeJIbHbIM H Ka­

Koe - napaJIJleJlbHNM?

2 . KaK onpe,Il,eJlReTCfl 3KBHBaJteHTHoe cOnpOTHBJleHHe npH nOCJle,Il,OBaTeJlb­

HOM, napaJIJleJlbHOM H CMewaHHOM coe,Il,HHeHHH conpoTHBJleHHR?

3. RI )].aHO: R.,=R2 -= R3=IOOn,

R.2 t Ri(=I<S=t<6=50r1.
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Onpe.nemiTb TORl.1

1 1 1 12 t 13 ,
eCJlH 113BeCTHO:

U = roo B; R, = 8 OM;
R2.= 20 OM; R3 = 3J OM.

1«
+-_-1

ul

5.

_-- - ---- ---- - Pll----------- - - -- - - -----------_.
4. + ------7fi\ HaR HSMeHffTCff noxaaaxax

r
PV! npH6opoB npa nepeMemeHl111

,lJ,BI1JKKa peocrara R( BHH3,

V eC.1I11 U -::: con-:>t?
PV2

6.
HaATH 3KBHBaJIeHTHoe con­
pOTHBJleHl1e Qenl1, eC.1IH

R{ = 10 OM;
Rz = 20 OM; R3= 20 OM.

7 - OflOpMYlJvpyhe 38KOH OM8 I'. 3aKOHbl KTt1pxl'C¢a

8 . Rl R3 HapTt1cY~T e cxeMH 3KBHBaJIeHT-
Hb~ npe 06pa30BaHt1A yqacTKoB

!.IeOI1 npa onpeiJ,eJleHHH 3KBt1Ba-

R6
JleHTHOI' O c onp OTHBJleHHff Bce~

uenn.

R1 R8
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Pa60Ta ", 3

mllU1H '=lJIEKTPOIlEPE)l,Atlli IIOCTOflHHOrO TOKA

1. Uenb paeors

MccneAoBaHMe nMHMM 3neKTponepe~qM nOCT OHHHOI'O TOKa c nepeMeH­

HO~ HarpysKo~.

II. 06mMe CBe~HHH

B HaCTOHmee BpeMJI MMellTCH nHHMH 3neKTponepe,ll,atlH nOCTOllHHOI'O TO­

xa Ha .n.a.nbHMe paCCTOHHI1H. KpoMe TOI'O, nepe,ll,atla 3HepI'KI1nOCTOHHHblN

TOKOM BCTpetlaeTCH Ha sneKTp~I1UHPOB8HHHX zsne3HHX ,lI,OPOI'SX; BTpaM­

BaRHoR ceTH H Ha npoMNmne~ npennpHHTHHX, I'~ HMeIlTCH ,lI,BHI'aTe.nH

nOCTOHHHOI'O TaKa.

I1epe,o.atla 3HepI'HH OT HCTOllHMKa 3neKTpHtleCKOR 3HepI'HH K npHeMHHKy

MOZST ocymeCTBJlHTbCH no pB.3nHtlHblM CXeMaM. B npOCTeAweM cnyqae OHa

npOH3BOAHTCH no ,lI,BYM npOBO~, npM STOM HCTOtlHHK, npOBO,o.a 11 npHeu­

HHK SHepI'I1H 06pB.3ym' SaMKHYTYl' Hepa3BeTBneHHYlJ uenb (pHC. 3. 1) .

PHc.3.I.ITpHHUHnHa.nbHaR sneKTpHtleCKaR cxeMs. nMHKH

anexrponepenaaa

G - rexepaeop ,
R - npMeMHHK,

R - nposona nMHMH anexrponepenaua •
"'f' .

B COOTBeTCTBMH co BTOpbIM aaKOHOM K\olpxI'c¢a HanpHlteHMe ~ B Hatta­

ne nMffiI \ol BblUJe HanpHlI':eH\olH ~ B KOHue ee na BeJUltl\olHY na)l,eH\olH senpa­

lI':eH\IlH B npOBO)l,SX: VI:: 1/2., + R.J1I ,
R=2Rn - COnpOT\olBneHMe npOBO)l,OB nHHMI1•
.JI p. U

COnpOTHBJleHHe npHeMHHKa. R. == /" •
M<XIlHOCTb HCTOtlHHKa. f= V, I .
MCX1{HOCTb npHeMHHKa. Pz == Vi I .
KO~HUHeHT noneSHOI'O ,lI,eRcTBHH nHHMH 3neKTponepe.n.a.tlH

p~

'1.. = Pi .
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-_.__._--- ----- - - - , -
__ ----- B -pe aJJhHbfX-JTIi Hli ffiC SJlEiWr j'if ifi-epe,iilitll1 npa nepsnace 6 0JlbUJliX MOm­

H or.Te~ (Hsnpl1Mep, HeCK OR bKIiX .neC ffTb~ MepaBaTT) KnA COCT8BJlReT

0,94 ... 0,97. B TBRIiX JlI1Hl1ffX ate xrponepensaa f< ~ R./1 •
B qaCTHOM cJlJ'l{ae npa XOJlOCTOM XO,II.e, Kop,na R= 00 11 I::. 0

KI1)1, paseu J. ~TO BI-l,nHO 113 BblpromHI-lR:

tz =.n - P, - b.. P./l _ .Ut .L- I 2R/I _ 1_ I R..J1 •
P, - P1 - V; .L - V"!

AH8Jl1i3 BbIpromHI1R MOIllHOCTH npl1eMHHK8 nOKa3bIB8eT, qTO npl1 R=!?fl
MomHOCTb npl1eMHHK8 M8KCHM8JlbHa npH 3a~OM Hanp~Hl111 reHepaTOpa

Vi' O,nH8KO B STOM CJlJ'l{aB 'I. = 0,5 .
ECRH MOmHOCTb Pr 3Ha1.lI1TeJlbHa, TO pa60TaTb C TaRKM Hl13KHM KnA

R8K 0,5, COBeptneHHO He,ll,onyCTHMO. Ho eCJlH MomHOCTb M8Jla, KaK, HanpiHEp,

B yCTpoAcTB8X aBTOMaTI1KH 11 p~OTeXHHKH, TO C Hl13KKM KQU MOMMO He

C1.IHTaTbCR, nOCKOJlbKY B STOM pellGlMe npHeMHHK I1MeeT M8KCI1M8JlbHytl MOI!l­

HOCTb.

B pellGlMe KOpOTKOPO 3BMb1K8IDUI, KOr,l].8. COnpOTHBJleHHe nOTpe6l1TeJlSl

R = 0, TOK B ~enl1 OPPaHl11.1I1BBBTCSI TOJlbKO conpOTHBJl8Hl1eM npOBo,uOB

R./I lIHHli1i nepenexa , r= 7{, H ,nOCTl1r8ST MaKCI1M8JlbHOPO 3HaQeHI1Jt.

Ho HanpffllleHl1e Ha nOTpe6KTeJle B STOM CJlytl8S L'z. = 0, nOSTOMY 1.. =O.
l1eM ~I1HHee JlKHl1Jt SJleKTponepe,naqH, TeM 60Jlbme COnpOTI1BJleHl1e npo­

BO,uOB Rfl' ~H 06eCneQeHl1R BbICOKoro KnA ~HHHOA JlI1Hl1H 3J1eKTponepe­

.na1.lK He06XO,ll,HMO nOBblUJaTb ee HanpJtllleHHe. A!ftCTBI1TaJlbHO, lleM BbllDe Han­

p~HHe ~ , TaM MeHbIlJe TOK, Heo6xo,ll,HMbIA ~SI c03,naHHH Tpe6yeMo~ MOIll­

HOCTH ~::: L't I . l1eM MeHbWe TOK, TaM MeHblDe MOIIHO0,-& .no v ep s B

JlI1HI111 L:J.~:::I 2.R.fl'

ill. Onlic8HHe lI a 6 0p a Top HoA yCTaHOBKI1

nnff C03,naHl1ff Mo,nelll1 ,llByxnpOBO,nHoA JlHHHI1 nepe.na1.lH nOCTOffHHoro TO­

xa n pennar-aarca I1CnOJlb30B8Tb B KalleCTBe HCTOqHI1Ka SHePPI1I1 ~.uc E f. ,
B KaQeCTBe npHeMHHK8 - nepeMeHHbIR pe3l1CTOp R. • ConpOTKBReHHff npo­

BO,ll,OB lIHHIHI nepe,na1.l11 MoryT 6bITb npe,ll,cTaBJleHbI pe3MCTOp8Ml1 RLr H RS.
Bee 3 JleMeHTbI pacnonozeaa Ha naHeJl.H CTaH,l].8. (pHC. 1. 1) •

~H 113 Me pe HI-lH TOKa HarpY3KI-l Ha CTeH~ I1MeeTCH M1iJlJll-laMIlepMeTp He

100 1-l1l1-l 150 MA, ~H 1-l3MepeHl1H Hanp~HHR - BOJlbTMeTP ua 15 B (M 330) .

IY. ITpoPPaMMa I-l MeTO,ll,HK8 B~nOJlHeHI-lH pe60TbI

4.1. PyKOBO,nCTBYffCb paanenaxa II I-l 1Il ~oA pa60Thl l COCTaBI1Tb ca­

MOCTOHTeRbHO cxeMY 3J1eKTpHllecKo~ ~enH nl-lHl1H slIeKTponepe,uaql-l. B cxe-

Me npenycMOTpeTb aMIlepMeTp AJlff 1-l3MepeHHJI TOKa HarpY3KI-l I-l BOnb'Me_T_p_ -
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CO CB060,ll,HbIMY1 KOHl\8M1-1 ,ll)IH 1-13MepeHI-1R HanpHlIIeHI-1R aa pa3HbIX yqacTKax

3J1eKTpI-14eCKOR l\enl-1. CxeMY ~nl-1 npe,IlCTaBI-1Tb ,ll)IH npOBepKI-1 npenO.o.aBa­

TeJl~ 1-1 BKJI~MTb B O~eT. nO,JJ.rOTOBI-1Tb Ta6J1l-1uY ,ll)IR 3anl-1CI-1 nOKa3aHI-1R

npl160poB.

4.2. Co6paTb 3J1eKTpl14ecKyD l\enb. H3MeHHH COnpOTI-1BJleHl1e nepeMeH­

aor o peSI-1CTOpa R OT 6ecKoHettHocTM .0.0 HYJlH, I{TO COOTBeTCTByeT 113­

MeHeHHV pe~Ma pa60T~ JlHHI-1M 3J1eKTponepe.o.a41-1 OT XOJlOCTOrO xo.o.a .0.0

xoporxor-o a~KaHl-1lt, H3MepHTb TOK I , HanpltllleHMH Ha HCT04ffilKe U,
H xa npMeMHI-1Ke Vl 1-1 na.o.eHl-1e HSnpltllleHl-1lt aa npOBO,ll.8.X Ll ~ 1-1 Ll~ (scer-o

He MeHee ,Il.eBl!TH 38MePOB). )l,aHHble H3MepeHI-1R CBeCTH B Ta15J1MuY.

4.3. no ,Il.aHHNM 3aMepOB pacc41-1TaTb COnpOTI-1BJleffile npOBO,ll.OB JlI-1HI-1I-1

3J1eKTPonepe.o.a4M R.JI • COnpOTI-1BJleHHe npl-1eMHllKa R ,MOII\HOCTb HCTOq­

HHKa ~ ,MOlI\HOCTb npHeMffilKll. Pz 1-1 KIUJ. JlHHHH 3J1eKTponepe .1l,a4H 1, .
PeaYJlbTaTbl pacvaroa CBeCTM B Ta6J1l-1uY. B o~eTe npHBeCTH pac4eTHble

iPOPMYJI~·

4.4. TIoCTPOI-1Tb Ha O,ll.HOM pl-1CYHKe rp8PI-1KI-1 3aBI-1CI-1MOCTeR

VZ , ~, p;., 1- == I (t],
Y. !{OHTPOJlbHble sonpocu

I. {{eMY paBHO na.n.eHl-1e Hanpl!lIIeHMl! B Jll-1ffill-1 ?
2. RaK onpe.o.eJlHTb norepn MOmHOCTI-1 B nposonax ?
3. {{eMY paBeH KIUJ. JlHHI-1I-1 3J1eKTponepe,ll.aql-1 ?
4. TIPI-1 KaKHX yCJlOBHl!X B03MOMH& nepe,I\aqa MaKCHMaJIbHOR MOmHOCTI1

norpeca-reno ?
5. IToqeMY ,ll)IH nepena4H 3J1eKTp03Hepr11H Ha ,I\aJIbHHe paCCTOl!HI1R

HcnoJibayDT nOB~eHHoe HanpltllleHl1e ?
6. {{TO 03HaqaVT pe~MN XOJlOCTOrO XO,JJ.a H KopOTKoro SaMNK8.HHR

JlMHI1I1 nepe,IlaQH ?
7. nOqeMY H KaK H3MeHMTCR HanpRlIIeHMe Uz. I eCJlM npu Hel-13MeHHOM

no.o.BOAHMOM HanpflllleHHH ~ YBeJll14HTb KOJlHQeCTBO napaJIJleJlbHO BKJI~eH­

HblX nOTpe6HTeJle A?
8. ITOflCHHTe XO,I\ KpHBblX 3aBHCI1MOCTeA Pf =I (I J, Pz = / (z) ,

UJ.=f(r), 1=/(r).



---- ------------·-PaOoTi-Jf"4

I..(EfIb flEffiMEHHOrO TOKA C fIOCJJE)J.OBATFJllliliM COE,ll,illiEHJ1EM
I1Pl1EMHHKOB

I. UeJlb pa60Tbi

1KCnepI1MeHT8.JTbHBJI nposepxa 2-1'0 aaxoaa KHpxrapa B l.\enl1 nepeMeH­

aer-o TOKa. flocrpoeaae BeKTOpHbIX ~arp8MM. Onpe,D,eJleHl1e conporaane­

HI1R no aKCnepHMeHT8.JTbmIM ,Il,aHHblM.

II. 06mHe CBe,D,eHHii

Ileus nepeMeHHOrO TOKa C nOCJle~OB8.reJlbHbIM coe~HeHHeM npHeNHHKOB

B 06meM CJlyqae CO,D,eJmlT peaHCTI1BHblR (R), IfHJlYKTHBHblR (t ) If eM­

KOCTHbiR (C )3J1eMeHTY (Pl1c.4. 1) .
R L. C

~r-----.

11I u;- ----u;.- --;;;-

PlicA.1. Uenb nepeMeHIWrO TOlla C nOCJle~OB8.'reJlbHbIM

coe~HeHHeM nplfeMHHKoB

,!J,l$pepeHl.\H8.JTbHoe ypaBHeHHe uenlf C nOCJle~OB8.reJlbHbIM coe,II,HHeHHeM

3J1eMeHTOB R , L , C , COCT8.BJleHHoe no BTOpOMY a8.KOHY KHpxrapa,

I1MeeT BI1~ . _/ • . .
- . Crt. .Lj d~ti. = UR + U i. + ttc: - R t: ... L~ ..,. c (.. c.,

U.r_ Hanp.lflKBHl1e aa peaHcTIfBHOM 3JleMeHTe,

Ui. - HanpJllKeHHe Ha I1H,uyKTHBHOM 3JIeMeHTe,

U c - Hanp.lflKBHHe Ha 8MKOCTHOM 3JI8MeHTe.

EcJlIf TOK B I.\8nH CHHYCOIf~bHblR i.' : I hi s I~ W t ,TO nsnpaxenae

H8. pealfCTI1BHOM 3JleMeHTe UR. =R I", S, '17 wt COOOa,n,a.eT no <!>aa8 c '1'0­

KOM, Hanp.l!1lteHHe H8. HH,uyKTIfBHOM 3JIeMeHTe U,: t.fJi.I...sin/GJt+§(I") 6nepe­

llt8.8T no tPaae TOK H8. 900
, HanpltlKBHHe na eMKOCTHOM 3JI8JreHTe

Llc=!;cr", $1n(wt-9tljOTCTaeT n o !flaae 0 '1' TOKa Ha 9OlJ
• TaKHM oripaaou, MT'HO-

BeHHOO 3HatleHI1e HanplfllteHHlf Ha BXO,D,e I.\8nH pasuo

u= RI", S/l1wt + wLI",.sih((lJt+9()~~d;cImSi/J(wt-9()'.

CYMMe CHHYCOH~8.JTbHbIX HanplflKBHHA COOTBeTCTByeT cYMMa Ha06p~~I1X

I1X BeKTopoB 11J111 cYMMa KOMrIJleKCHbIX ~eRcTB~I1X HanplfllteHI1R.

___________¥ _-7h--ih~-&c
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TOKOM 11 Hanp~Hl1eM CJle,D,y8T

• OTKY,IJ,B. U='lVi/.J.~-lf..,)Z'

r,lJ,e

. . . . l'
>1JIVl U: RI +r.uL.I -i oJC I .
1TO COOTHoweIDle npeJl,CTB.BJlReT C060R ypB.BHeHVle uena (pHcA.1),

COCTB.BJleKHoe no BTOpOMy' SB.KOHy KHpxrcxPB. B KOMl1J1eKCHoAiPopMe. B
3TOM ypaBHeHMH VIC :. R. i; (/I. ::jwLi" rr.,:: -j;;'c i .
Ms 3Toro ypB.BHeHMR JlerKO nqJlyqaeTcH saKOH ONB. B KOMl1J1eKCHOA iPopMe

. V
1= R t"/(wL -b,J

B~p~HVle, CTORmee B SHaMeHB.TeJle, eCTb KOMl1J1eKCHOe COnpOTHBJleIDle

~ l.\enl1 C nOCJIe,lJ,OBe.TeJIbHbIM coe,lJ,l1HeH>1eM 3JIeMeHTOB R., '" ,c •

?=fl.+;'(t.lJl..-btJ HJlVl ?~R+j(Xl-XC),
R - B.KTHBHOO conpOTMBJIeIDle,

X=Xl-XC - pee.KTMBHDe COnpOT>1BJ1eIDle,

x,,=wL - MH,DyKT>1BHoe COnpOT>1BJ1eIDle,

:l.c=';c- eMKocTHoe ConpoT>1BJ1eHl1e.

KOMl1JIeKCHble BeJI>1t1MHbI B eaxone ONe. MoryT 6~Tb san>1CB.Hb1 B noxaaa-

TeJlbHOR iPOJ)Me • , ' '(J

i =Iej .", I if;: ue->, l:::.VR 3+(wL-/iic r eJ
I

WI..-rk
tp:: orc-tf} R

if ;.,...
I ei y~ - t==;r=e==:::=:;::::::::;:~"

- " /l.l-trw/. -c!Tif'eo! If'

~BB. KOMl1JIeKCHHX tI>1CJlB. pB.BHbI APY1' APY1'Y, eeJlH paBHbI HX MO~JIH H

paBHbI HX B.PI"YMeH~

V "".. ="ru.-'f'.
I: VRJ + (w/..-tT;;)' " if

!10JIyqeHHDe Bblp~HHe T = ~V=:,,~;o:::::;:I.=_=r,=:);:;,,-
" +IWi. ...c

YCTB.HaBJlHBaeT CBRSb Me~ ~RcTBynnI1MH TOKON H HanpH~HHeM.

BblpaJltSHVle B SHB.MeHB.TeJIe HB.3~BaeTCR nOJlHblM COnpOTIfBJIeHl1eM

Ii' I tr JL Ez =.J R:+(wL-wcJ I = Z' OTKY,IJ,B. Z» r . CJI>1

I1SBaCTH'bI ,lJ,eACTBYQI1He HanpR~IDlR Uif , l/i. I u, , T O
R = VA . co/ :: u«, ..L- s: "if"

I I .., Z I we - .
Ms BblP~HHR CBR3H Me~ ,n,e«CTBYIII1I1M

tr Z :: R ZI~+ ~L I - 6c I l
!10cTpoeHHe BeKTOpHOA ,IJ,I1B.1"pB.MMN TOKB. H HanpH~HHA ~enH C nocJle,lJ,o­

BB.TeJIbHHM coe,lJ,l1HeHHeM npHeMHHKOB HB.tlHHB.DT C nocTpoeHHR HB. KOMl1JIeK­

cHoII nJIOCKOCTH BeKTOpB. TOKB. i . BeK:'OP Hanp~HVlR {r~ =Ri COB­

nanae-r C Hanpe.BJleH.HeM. BeKTOpe. TOKe. I , BaRTOp HanpR~HHR

iJk=,/ilJi-i :wLTeIJlO~nOBepHYT OTHOCJIlTeJlbHO BeKTOpe. i npOTHB

HanpaBJIeHHR ,lJ,BVl~HHR tle.cOBoA CTpeJIKH HB. 900 , BeRTOp HanpR~HHR
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· c
..' ' f ' _ f i ~-J90 • _
V",- := -ILiZI- we t:: ~Q~PliyT--Jl'l'HOCrlTeJlbHO --BeKTOpe.--I----no-

- -----Ha:n p-a BJlEl Hi<l iJ-,nBI1JKe-Hrl fl xacoeos CTpeJlKIi HB. 900 • Ha BeKTOPHO~ ,lI.l18J'paM­

Me (prlg.4. 2) HB.1.IaJIbHM rpa3a TOKe. i npllHflTa paBHoR HYJlIl rI BeKTOp

TOKa I cosnanae-r C ,neRCTBrlTeJlbHoft ocsn KOMTlJleKcHol! nJlOCKOCTH I=I ., .r , -y ~r 'uTor-na iftt =YR,. Vi. =J VI. / uc;:; J C

ttl
Ui-

if"

-)
~c.4.2 BeKTOpHaR ,lI.l18J'paMMa

CJlOl\U'lB BeKTOpbl Ult ,-if/. II u; , nOJlytll<lM BeKTOp ir . Ero ,lI)lIlHe. onpe­

,neJlfleT ,n.eRCTBymtee Hanpfllll8Hrle V , a nonozeane OTHOCrlTeJlbHO KOOp-

,lI.l1HaTHbIX ocea - Ha1.laJIbHYX> iflaay SVu... B ,Il.aHHOM clIJ'llae ~l(.= 'P ,
nocxonsxy lfl- = O.

W. OnrlCaHlie Jla60pB.TOpHol! yCTB.HOBKIl

~fl IlCCJle,ll.oBB.Hllfl ueneR nepeMeHHOrO TOKa HB. Jla60pB.TOpHOM CTeH,n.e

rlMeeTCfl Ha60p pe31lCTOpOB R1. , R2, R:1, nee IlH,DyKTIlBHble K8.TymKIl 1.,/11£2,

O,II.HB. L,t C 3aJ1U.1MaMrI I - 2 H BTOpaR 1.2 C 3aJIMM!lMI1 3 - 4, II 6aTapeR

KOH,neHC8.TOpOB C co cTynemaTblM peryJlHpOB8.Hl<leM eMKocTIl.~R nJI8.B­

Horo peryJIllpOB8.HHR HanpRlIleHIlH HMeeTCH JIa60pB.TOpHbll! aBTOTp8.HerpOpMB.­

TOp.

311J1tMMbI 3TIlX 3JIeMeHTOB Bbloo,neHbl HB. JlIlUeByXl CTOpOHY naHeJIIi CTeH­

na (prlc.4.3>'

t:t
3 1--......

1--/

R1 R2 R3 /..2 ~

12
1--
I--

0'-
C

~C.4.3 ::lJIeMeHTbI Jla60paTopHoro CTeHlUL,llJIJ'I_I1-CCJle-,ll;OBaHl<lH

----------uU'Eme ll nepeMeHHOrO TOKa
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,ll,nl'l 113MepeHI1l'1 CI1HYCOI1,ll8JlbHblX TOKOB aa crenne I1MellTCl'I aM1lepMeTpbl

C Ilpe,ueJ18M11 113MepeHl1R 1 - 2 A.
,ll,nl'l 113MepeHl1l'1 Hanpl'lllteHI1A CJle,nyeT BOCIlOJlb30BaTbCl'I ,uBYMl'I BOJlbTMeT­

paMl1. O~H C Ilpe,neJlOM 113MepeHI1l'1 ,no 250 B, KaK IlpaBI1J10, I1CIloJlb3yeT­

Cl'I ,uJIl'I 113MepeHl1H Hanpl'lllteHI1H I1CTOQHI1Ka IlI1TaHI1l'1, 11 BTOpoA, MHOrOIlpe­

,neJlbHblA, Ha ?5 - 600 B - ,II)Ifl 113MepeHl1l'1 Hanpl'lllteHl1l'1 Ha 3J1eMeHTax l.\e­

1111 .

B ,naHHoA JIa60paTopHoA padore Hepa3BeTBJIeHHM usns C0611paeTCl'I 113

cnenynnax 3JIeMeHTOB: pe311CTOpOB Ri 11 R2 • I1H,nyKTI1BHbIX KaTymeK /,,1 11

1.,2 11 6aTapel1 KOH,neHcaTopoB C eMKOCTbll 60 ~. Ilaa I1JII1 60JIee 113

IlepeQI1CJleHHblX 3J1eMeHTOB Coe,nHHl'IllTCl'! IlOCJle,nOBaTeJIbHO (pl1c.4.4).

Jla6opaTopHblR aBToTpaHcfl!opMaTop TV npe,nHa3HaQeH,II)I1I IlJlaBHOrO pe­

ryJII1pOBaHI111 HanpmmHl111.

PV2

PA r0f
11 A

Ie u
V PVl

J
RI

T""'
J

t2
~

5

PI1c.4.~CxeMa 3J1eKTp"11eCKOA l.\eIlI1 C IlOCJle,nOBaTeJlbHNM

coe,nHHeHl1eM npl1eMHl1KOB

pvJ- BOJlbTMeTP 250 B,
N2 - BOJlbTMeTP 600 B,
PA - aMIlePMeTp 2 A.

1Y. ITporpaMMa 11 MeTO,nHKa BhlnOJlHeHI1l'! pa6o~

4.1. C06paTb 3J1eKTpI1QecKYD l.\eIlb 110 cxeMe pl1c.4.4., no,nKJI~I1B K

3aJ1tYlM8.M A Ii IlOCJ1e,noBaTeJlbHO coe,nHHeHHblEl pe311CTOpbl Rt 11 R2. YCTa­

HOBI1Tb HanpHlIteHl1e Ha BXO,ne I.\eml raxoe , llT06b1 TOR B QeIlI1 paBHHJlC1I

I;:;.1,'1 • Ilp0l13BeCTI1 113MepeHI1l'1 11 ,naHHble 3aHeCTI1 B Ta6J111~ 4. I.
AHaJIOrl1QHO rrpOBeCTI1 ,I13MepeHI111 B uen1lx c ,npyrl1MM IlOCJIe,nOBaTeJlbHO

coe,nI1HeHHNMI1 3JIeMeHTaMI1, COrJlaCHO Ta6J1I1I.\e 4.1.
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- ---- ----------------- -
·- -- -- -------- ---4 : 1: -ToKi H8!iiiRi8HHfi--~e-nl-l

1J1eMeHTbl, Y13MefX'!HO
COCTaBJlffl(}-

I 7f III/i 1/R2 ihi v.i 2 lfcU\I_le
nens A " 8 8 13 B 8

_. R/,R2

RI, C

LJ,U

~--
U ,L2JU _La .i.s. C

4.2. no ~aHHNM 1_l3MepeHI_lA ~I_lCJlI_lTb conpOTMBJleHMH 3J1eMeHTOB, BXO­

Am~Mx B Qenb. 3HaqeHl-lH COnpOTI_lBJIeHI_lA 3aHeCTM B Ta6J1l_luY 4.2.

4.2. 3HaqeHMfl conpOTMBJleHI_lA 3J1eMeHTOB ~nl_l

1<1
f.'. 1_"'.'__ XL2 Xc- .__. "'-()'f 0"" ON 0,., 0,...,r-- -- r---

4 .3. no 3HaqeHMKM conpOTMBJleHl-lA 3J1eMeHTOB B L\enl_l onpe~JlI_lTb aKTMB­

Hoe, peaKTI_lBHae, KOMnJleKCHae H nOJlHae COnpOTI_lBJleHMR uenH. CpaBHI-lTb

nocJle~ee co 3HaqeHMeM nOJlHOrO COnpOTI_lBJleHHR, HaA~HHoro no ~OPMY­

Jle. z:: J . npHHflB HaqaJIbHYIO <pa3Y TOKa /,' paBHol! HYJlIO Y-'Z= 0,
I:: I ,3anMcaTb 1_l3MepeHHble HanpflllteHHfl Ha 3J1eMeHTax uenl_l B KOMn­

JleKCHoA ~OPMe . no 3TI_lM HanpflllteHIHIM onfX'!~eJlI_lTb KOMnJleKcHoe Hanpflllte­
HHe Ha axone uerra , OCHOBblBMC b Ha BTOpOM 3aKOHe Kl1pxropa v:: l1~ih -Uc •

HaRTH MO,DyJlb KOMnJleKCHOro HanpRlIteHI1R U ,cpaBHHTb er o C H3MepeH­

HhIM H y6e,nHTbCfl B cnpasennasocm sroporo 3aKOHa KHpxropa. ,lJ.aHHble

paCqeTOB 3aHeCTH B COOTeeTCTBY~1O CTpOKy Ta6J1M~ 4.3.

4.3. PaCqeTHNe 3HaqeHl-lR HanpRlIteHI_ll! I_l conpOTHBJleHl-lA

N' R X Z Z l.f 6~{ 1J~2. lhl ~.l. VI; U trZ"y
0 ... 0 ... OM (!),., 0,.; R B 13 // fl 8 11

I
2
~3
4
r;

_.. 'J
~_.._..__._.--

i) ,4 _ :l o!) T }l o l-1 Tb BeK'l' 0PHbJ8 IU~ ll rrlliMMhLJ1,.llli----R<l-ll<,I1oGP-&--HY-Hif'l' ft ----TarhT-;-M~.--­

/1!l BAH TOD HhlX n.l-1 n rpIlMMAx y K1l31l'l'h y r o.n 'I'
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,lJ,aHO: lJ = 100 B;
I = 50 rl.\; R" = 2 OM;

R2= I OM, R." = 3 OM;
£J= 15,9 MrH;LZ= 31,8 MPH
C, = 636 M~;'~ = 1590 ~

Onpe,1l,eJII1Th ;&/z , z, III
nOCTpOI1Tb BeKTOPHYIl AHa­
rp~ TOKa 11 HanpHMeHl1R

Ha KalIt,lJ.OM 3JIeMeHTe u.eml ..

Y. MeTOAHtleCKHe yKaaBHHR K 06pa60TKe

pe3ynbTaToB 3KCnepHMeHTa

ilpH nocTpoeHHH BeKTOpHHX ~arpaMM no n.4.4 pa~otlero 3a,o.aHHR

sa Hcxo~R BeKTOp cneAYeT npHHRTb BeKTOp TOKa I H HanpaB~Tb

ero no ropHsoHTanbHoR oc~. BeKTOpN Hanp~HHR npoBoARTCR B Mac­

lDTa6e IlJv:= 20 ~M • BeK,TOP (;1: COBnMaeT no xanpaanerorn C BeKTO­

pOM TOKa I , BeKTOp 7f, OTCTaeT OT BeKTOpa TOKa (nOBepHYT no

qacoBoA crpenxe ) aa yron 90 0
, H BeKTOp HanpRlItBtrnR 'if.. onepexaar

sexrop TOKa i (noaepHYT npOTHB 'l8.COBoA crpenxa) na yron 900
•

BeKTOp oOll(ero Hanp~trnR it HaxO,II,HTC$I B peaynbTRTe ,c YMMHp o Ba­

HHR BeKTOpOB B COOTBeTCTBH~C ypaBHeHHeM KHpxropa

if='ifI: -t:+l:c .
,!J,nI1Ha BeKTOpa zi onpe,n.enReT 3Ha'leHl1e ,n,eRcTBYD!lero Hanp~HHR

na axone u,enl1 'tr • Yron Mell,lly BeKTOpaMM l) H j eCTh yrOJI VJ •

YI. KOHTpOJIhHNe Bonpoc~

1. KaKoBa CBR3h MelllJJY MrHOBeHHNMH 8HaqeHHffirn TOKa H HanpRlItBHHR

HR aKTHBHOM conpOT~BJIeHl1H ~ ,Ha HH,IIyKTHBHOCTH L ,Ha eMKOC-

'I'll C ?
2. KaKoB c,o.Bl1r 4laa Hanp$llltBtrn$l 11 '1'OKa Ha aKT~BHOM conporaane-

HIU' R ,Ha I1H,IIyKTI1BHOCTH L ,Ha eMKOCTH C ? Qt>oPMYJlllpyftTe

II 3anl1urnTe BTOpoA 3aKOH KHpxropa B KOMIIJreKCHoA ~OPMe.

3. 3anH1JllIITe 3aKOH OMa B KOMIIJleKCHOA ~OPMe 11 COOTHOlDeHl1e Mellt­
lJY ,o.eAcTBynllllM\1 3Ha'letrnRMl1 HanpRlIteHI1R 11 TOKa.

4. 3anl1lDHTe ENpaMeHl1e KOMIIJleKCHOro cOnpOTHBJIeHI1R H nOJIHOrO

COnpOTI1aneHl1R.

5. qeM,Y paBHN peaKTI1BHoe, eMKocTHoe 11 HH,IIyKTI1BHoe COnpOTI1BJIe-

HI1R ?
6. KaK paCCtn'TbiBBeTCR yrOJI <f ?
7. B KaKI1X npeneaax MOllteT 113MeHRTbCR yrOJl Cf 3J1eKTpl1'leCKOR

uena ? qTO 03Hatlaeor. I,O~ 0 11 1"<: 0 ?
8. 06"h!lcHI1Te nOCTpOOHl1e BeKTOpHHX AHarpaMM B BalDeR padcre .
9.
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Pa60Ta N> 5

PA3BETBJJEHHAH UEfIb IlEPEMEHHOrO TaKA

1. l.\eJ1b pa60ThI

~RCnep~MeHTaJJbHaR npOBepKa 3aKOHOB HMpxropa B uenH nepeMeHHoro

TORa. nOCTpOOHl1e BeRTOpHhIX ,UI1arpaMM. Onpene.neaae conpOTHBJ1e~A no

3RCnep11MeHTaJJbHb~ ,naHHhIM.

n. 0611111e CBe,neHVlR

Uenb C naOaRJJeJJbHhIM coeAHHeHVleN npVleMHVlKOB

UpVl napaJJJJeJJbHOM COe,Ul1HeH~H np~eMHHKOB HanpR~HHe Ha K~,nOM Vl3

HHX O,nHO Vl TO lre, nOCKOJ1bKY OHVl no,nKJJKJlfeHbl K O,nHVlM H TeM lre ,nBYM

Y3J1aM (pHc.5.I). nyCTb COnpOTVlBReHVlR np~e~KOB paBHbI

?' z: e, +)WL / f.2:= -'<2 -(i~c

PVJc.5.I. ITapaJJJ1eJJbHOe Coe,Ul1He~e npVleMHVlKOB

TIpVJ aHaJJVl3e ueneR C napanJleJJbHhIM coe,Ul1HeHVleM npVleMHVlKoB y,no6­

HO nOJJb30BaTbCR ROMnJJeKC~ npOBO,Ul1MOCTRMH. KOMnJJeKCHaR npoBO­

AVlMOCTb eCTb BeJJVlQHHa 06paTHaR KOMnJJeKCHOMY cOnpOTVlBReHH~

J= ~ VlJJH j= ;e.l'f'=ye:;''f'=YCO:>SC'j'Ys/af?=j-/f?,
r-ne i. -- aKTVlBHaR npOBO,Ul1MOCTb,

(f - peaKTVlBHaR npOBO,Ul1MOCTb,

Y - nOJIHaR np OBO,Ul1MOCTb. e
y=~I COS If':: ~,' Slav' =f, t~ if=: j ,

3aKOH OMa npVl VlCnOJIb30BaH~Vl npOBO,Ul1MOCT~ VlM8eT BVlA:

i = J'U VlJJVl .t ::: (9-i'f) (;- .
~R uenVl, npeACTaBJJeHHOA Ha pHc .5.I,

i I . . .Y,= -;. := RJ -J UJL - 0 'Ii- !1 R I tj uJi., R!r{coty,f R,""'(WL..)2 - ,ff./ - / y

Y. ::--L I _ I!~ . de . u
s : Z." R ,,· /·L- '-"# /.L)2+.1 A~""{..?)" ; 90 rit e

- .." tVC' ''': (i.u.,;. , ...: ~
COrJJaCHO nepBOMY 3aKOHy KHpxropa

i s i, ...1<. yu= J;(r.rj.&
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Orxyna o6maR KOMllJleKCHasl npOBO,ll.l1MOCTb uena C napaJIJleJlbHhlM coe­

.uI1HeHl1eM npl1eMHI1KOB

Y=Y./+Y~,' y49i +9.?) ;; f!r {§c) =9 -/ C,
r.ue 9 =: 'Ii --92,: e; ~.I?CJ..

06l1\ee KOMnJleKCHOe COnpOTI1BJleHl1e uenll 7:..!. . B IIaCTHOM CJlY­
- Y

IIae. xorna nens COCTOI1T 113 ,lJ,Byx napaJIJleJlbHO COe,ll.l1HeHHbIX npl1eMHI1KOB

Z = .!..;: .~ z: i _ ~,g2.
_ Y 'f,r .Y. J.~L z» y.z~

~R npOBepKI1 nepB~O §aKOHa KHpxrapa no 3KCnepl1MBHTaJIbHhlM ~­
HbIM Heo6xo,ll.l1MO I1MBTb KOMnReKCHble Bblpa;mHl1R HanpR1ll8HIUl 11 TOKOB.

ECJlI1 HalI8.JlbHaR 4Jaa8. Hanpflll(SHI1R He aanaaa, TO, KaK npaBIOIO, OHa

npl1HI1~aeTCfI paBHO~HYJlIl Y...= 0, Tor,n,a. 7J=U 11 BeKTOp Hanpflll(S­

HI1f1 If coananaer C HanpaBJIeHl1eM Bell\eCTBeHHO~ OCI1 KOMnJleKCHOR

nJlOCKOCTI1. ~fI aanaca TOKOB BeTBe~ B KOMnJleKCHOR 4JopMS orrpenesa­

IlT BH8.Q8.Jle paaaocrs iflaa Hanpflll(SHI1f1 11 TOK8. KB.lIt,UoR BeTBI1 'I'

~ '" ar-c (1 ~~ =: Of'C~~; / 11'2 =arc 19 ~: z:a.rd;t -:: •

YroJI Y'r 6y,n.eT OTpl1uaTeJlbHhlM. 3aTeM onpe,n.eJlRIlT HaQ8.JlbHyIl 4Jaay

TOKa /Y<:./ = /Y", - sP.t =: - Y't ; <PG'" ::. <t'... - Y'~ = - Y'.z •

TO!<11 B K?~JIeKCH9A 4J0JlM8.I:IMBIlT BI1A:

II::I« e' " !2 : r~ e-' i'... - nOK83aTeJIbHaR 4JOPM8. aanaca
f , II': II

11J111 It:: I, -,lIt,' I~=I: -jL - 8.Jlre6p8.l1QeCKM 4JOPM8. aanaca,
B nOCJle)J,Hl1X Bb!P8.lI(SHI1RX t.»r, C<J:)~ 'I ,": [, s i 'r., 'L ';:,b co.s~ ·Ic"-.:I ..s ,.'r,s->.z ,., 1/ I .... co,-

Coryracao nepBOMY saKOHy lU1pxroifl8. •

I=i.f+iz =(.r/+I;i)-j{Tj"+It ::I'+Ir'~ .
,I!.eAcTBYK1llee SH8.QeHl1e I.:: '(I J2 {I':F . TOK I MOJKeT 6b1Tb

onpensnea C noaomso BeKTOpHOR ,Il.I1arp8MMbl uenl1.
, .

:J ~

I
~,:-ru..:.. .. f

II

Pl1c.5.2. BeKTOpHaR ,Il.I1arpaMN8. HanpRlIeIDlR 11 TOKOB

I1ocTPOlH~ BeKTOpbl TOKOB it 11 i, 11 S8.TeM CJlOMHB I1X, nOJlytll1M BeK­

TOp TOKa I . ,Il,nI1H8. BeKTOP.8. j eCTh .ueRcTBYK1IlI1R TOK. Ha BeKTOP­

HoR ,lI,l1arpaMMe BeRTOp TOKa II C,lI,BI1HYT OTHOCHTeRbHO BeRTOpa HanpfI­

lIteHI1R if n o IIacoBoR crpenxe (OTCTa8T). TaK K8.K yrOJI .~ nOJlOMH-
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_ _ _ _ 1'eJlbHblR, a .BeKTOp ..TOKa I2.C,nBlIIHYT OTHOC\olTeJlbHO BeKTOpa H8.npffil'i8HlIIR- - ­

rr npOT1-1B t{8.COBOR CTpeJlKl1 (onepeaeer ) , TaK KaK yrOJl Y'~, orpaua­

TeJlbHblR.

Uenb co CMeUl8.HHblM coe.IJ,I1HeffileM npHeMH\olKOB

Zt

PI1c.5.3. llens co CMeW8.HHbIM coe,lJ.l1HeH1-1eM npHeMH\olKOB

TOKH B 1.\8n1-1 co CMeUlaHHbIM coe,lJ.l1HeHHeM npHeNHHKOB pa.cCtU1TblBBJ)T­

CR nyTeM npe06p8.30B8.HIHt cxejes. 3a.MeHHM napannensac coe,lJ.l1HeHHble

nplileMHI1KH O)J,H1llM SKBHBaJleHTHblM C npOBO,lJ.l1MOCTbIJ ~.~ =y.~ +y~ I-IJIH

C COnpOTHBJIeHl1eM Z 2.1=~ . Ilocne aror-o npe06p8.30B8HHH cxeaa
- _ 2·3

COCTOHT H3 ~BYX nOCJIe~OBaTeJIbHO COe,lJ.l1HeHHHX yqacTKoB C conpOTHB-

JIeHHHMI-I Z, H Z 2". 0611lee conpOTHBJI8HHe uenH- - ~ ~.~

Z -Z +Z . ' Z-Z~+'_- -Z~+~
- - _:i. _ 2 .j / _ - - ..L; "I, - - ? +~, . .
3H8.lt 06mee COnpOTHBJI~HHe)H'KXO;nJ1M TOK aa BXO.o,e 1~ =%. 3a-

TeM HaR,n.eM HanpHlP:eHJll6 If 1-13 ypaBHeHHH, COCTaBJIeHHOrO fib BTOpOMY

saROUU Kl-lpxr""'a 0 =if; +th -V- " l.i::= U- VI == V-.-"l d'.I. ."" "*'.. ..2. ., u:
3HM HanpHlP:eHl-le U2 } HaxO)J.HM TOKH BeTBeR I2: -¥; ; I 3= 'EJ '

BeKTOpHaH ~l1arpaMMa CTpOlllTCH no KOMTIJIeKCHHM 3H8.t{eHHHM TOKOB H

HanpmreHliIlL

ill. Onl-lc8.Hl-le JIa60paTopHoR YCT8.HOBKI-I

06~KTOM I-ICCJIe~OB8.HHH CJI~T uenl1 C napaJIJIeJIbHblM COe,lJ.l1HeHl1eM

npl-leMHI1KOB (pl1c.5.4 a,6) 11 l.\enlil co CMeUJ8.HHbIM coe.lJ,1llHeHliIeM npaeu-

H1-1KOB (pac , 5.4 C ). Ka.lIt.n.8.lt HS 3TI1X 1.\8neR noorepenso nO~KJlmaeT-

CR K S8.lItl1MaM "A" 111 "B" (plllc.5.4). EMKOCTb KOH~8HcaTopa C MR

K8.lItAOR cxeMbi paBHa 60 M~. Ra6opaTopHblR aBTOTp8.H~OpMaTop ,-V
npe~8.3Hat{eH MH peryJlHpOBaHlIIH HanpHlKSH1IIH aa BXO.o,e uena,

- - - - --- - - - - - - - --3 2'- - --- - - --- - - --- -



!.-@11i. A
Ii

p~~
u

11 RI
A

R22
8)
1-2 PAt

,A ~>- 1~ J..~

8 PA2 PAS
; 4 A

If
I

~~
C V uI ~3 C

C) d)

PHc.5.4. CxeMbi eneKTpKtleCKIolX l.\8neA C napannenbHblM .

K co CMeWaHHbIM coe,D;fHeHloleM nploleNm'lKOIl

PAl. PA2. PA3 8Ml1epNeTpbl 2 A.
f>Vi - BOnbTMeTp 250 B
P'v2 - 1l0nbTMeTp 600 B.

lY. ITporpaMMa Iol NeTO,D;fKa IlbinOnHeHIolR pa(SOThl

ITapannenbHoe coe.ll,l1Heffile npKeMffilKoB

4.1. C06paTb eneKTpKtleCKYKl uens C napannenbHbIM coe,D;fHeHKeM npa­

eMHKKOB no cxeMS pKc.5.4.a.

YCTaHoBIolTb HanpRlKeHKe Ha axone ~em-l V = 60 B. IlpOH3BeCTIol H3MS­

peHKJ'l K ,ll.8.HHble 38.HeCTH B Ta6n\oll~ 5. I.
4.2. B cxeMS l.\8nK plolc.5 .4.a IolCKn~IolTb pe31olCTOp ~3. OCTaBIolB BO

BTOpoA BeTB\oI ronsxo KOH,II.eHCaTOp C (pKc.5.4 . B). npOll3BeCTIol 1ol3MSpe­

H\oIJ'l Iol ,ll.8.HHbre 3aHeCTIol B Ta6nHuy 5.!.

33



-------------5-:-I -:-Ha f ff lRt.e"trn H H T -OKj;!HaSJle Me HTax uenli-c- - riap anJleJlb­

HbIM coel\HHeHHeM npHeMHHKOB

CxeMR
Vl3MepeHO

V lft, ~Z Vi::... u; I It £2-

B 8 B 8 .s A A A

Il )

B)

4.3. ITo 3KCnepMMeHTaJIbHYM ~8HHNM B~HCJlMTb COnpoTManeHMR 3J1e­

MeHTO B, BXO,ll,RlI\MX B uens , M no HMM onpe,n.eJlMTb Zi,-~2,' !-,:Z . ' Cpas­
HMTb nOJIHOe COnpOTMBJleHl1e Z co 3HatleHMeM nOJlHOI'O COnpOTI1BJ1eHMR.

nOJlytleHHOI'O no iflopMYJle Z = j . .
ITPI1HHB HB.tlaJIbllYIl <pB.3Y HBIlpHlI".eHl1H Ll PB.BHO~ HyJlIl Yu. = O.

3BIlI1CB.Tb 113MepeHHble TOKM Ii H I2. B KOMl1J1e KCHO~ <poPMe

r" - I e-/I"I . i. --I e-j vJ2
t -, r 2 - 2 •

3BIl~caB KOMIlJleKCHbie. TOKH r, H 12 B aJII'e6paMtleCKO~ <poPMe) onpe­

,lJ.ellMTb. KOp,y1J1eKC TOKa:l, OCHOBIlIBMCb Ha nepsoa 3aKOHe IUtpXI'apa

I =.l.J. ofI2. . Ha~TI1 MO~Jlb KOMIlJTeKCa TOKa.l , CpaBHI1Tb eI'O C

3B.MepeHHbIM 11 y6e,lJl1TbCR B cnpase.anaaocra nepBOI'O 3aKOHa IUtpXI'apa.

,II,aHHble BbItIHCJleHI1A 3aHeCTli B Ta6J1M~ 5.2. ITp0Be,D,eHHble pacvera

npaaec-rn B orve-re.

5.2. PaCtleTHIlIe 3HatleHHH COnpOTI1BJ1eHM~ 11 TOKOB uenH

c napaJIJlenbHYM coe~HeHl1eM npHeMHMKOB.

!' ?2 Z Z 'l/ J: I j
CXP.MIl

Z =z J.t

o- 0 ..., O-v 0,., 0 "1 ~ A A A

Il )

B) .
4.4. ITOCTPOI1Tb BeKTOpHyll ,lJl1B.I"P~ TOKOB M HBIlPRlI".eHI1R uenH C

napaJIJle .nhHblM COOl\HHeHMeM npHeMHI1KOB ,1l,JUl' 0 6e l-lx cxeu.
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CMBrnaHHOe COe,llJ.lHeHHe npHeMHHKOB

4.5. C06paTb uens co CMelUB.HHbIM COO,llJ.lHeHHeM npl1eMH~1KOB (pHC. 5.4. c) ,

YCTaHOBI1Tb Hanp~HHe sa BXO,ne uenH "If = 150 B. IlpOI1SBeCTI1 I1SMB­

peHHR 11 ,llaHHble SaHeCTI1 B Ta6J1H~ 5.3.

4.6. B cxexs uenl1 pl1c.5.4.c nsa nocnenoaarexsno COO,llJ.lHeHHble

peaacropa A,'j 11 1<2 SaMeHI1Tb ,llBYMR nOCJle,llOBaTeJIbHO coe,llJ.lHeHHbJMlll

I1H,DyKTI111HblMl1 KaTymKaMI1 L../ 11 /.,2 (IlHC.5.4.d). IlpOI1SBeCTI1 113Mepe­

HI'lR 11 AQH~ 3aHeCTI1 B Ta6J1H~ 5.3.

5.3. TOKI1, HanpR~HI1R 11 COnpOTI1BJIeHI1R uenH

npa CMernaHHON COO,llJ.lHeHHI1 nplleMHHKOB

eXE YlSM8PP-HO BhJq"'C.1JeHO

1111 V ZJi o: If r. I.3 ~I ?2 !~ l z. trs-sI1
S 13 i3 II A A O''f C,.., 01-1 CI'1 0"" 0"'1

C)

d)
._~..._.•._ - -

4.? Ilo 3KCnepI1MeHTaJIbHblN,II,8HHbIM HaATI1 f., 'l2.,?3 ,"? o Z,
CpaBHI1Tb nOJIHOO COnpOTI1BJIeHHe co 3HaqeHI1eM nonHoro eOnpOTHBJIeHHR,

nonyqeHHoro aa BblpaJlleHI1R Z ;;.l! . Cosnanerrae 060l1x SHaqeHI1A
.J.

OSHaqBeT, qTO B ,naHHof.t uenl1 BhII10JlHRIlTCR 06a aaxona Kl1pxrat>a, noc-

KOJlbKY paCqeTHOO SHaqeHl1e nOJIHOrO COnpOTI111JleHI1R 6b1JIO HB.R,neHO Ha

OCHOBaHl111 I1M8HHO 3TI1X SB.KOHOB.

4.8. IlOCTPOI1Tb BeKTopHym ~arpaMMY TOKOB 11 HanpR~HI1R Qenl1 co

CMeWaHHblM COO.lJ,l1HeHl1eM npl1eMHI1KOB AJlS! 06eHX cxex, PeKOMeH,DyeTCR

npl1HRTb HaqaJIbHyI> rIlasy Hanp~HHR 7h paBHoR HyJIIl ~." = 0, TOr,ll,8

'iJ;, =:"lJ2. 11 BaKTOp ifz. COBna,u.aeT no HanpaBJIeH111l C ,neACT~I1TeJIb!ioA

Oebl> KOMnJIeKcHof.t nJIOCROCTI1. SaTaN eTpORT BeRTOpbl TOKOB .2Z H I J

non yrJloM - \"., 11 - S1 . no HI1M HB.X!,,llRT BeKTOp i -= il -ei: . Ilocne
aroro CTpORT BaRTOp HanpR~HI1R v; . OH 6y,neT e,nBI1HyT OTHOCI1TaJlbHO

sexropa roxa it na yrOJI <If • CJIOlltl1B BeKTOpbl zj; H ~) nOJIyqI1M

BeRTOp HanpR~HI1S1 "V;; zj~ '1'2/z •
PaccMaTpI1SBeMh1E3 L\enl1 npe,nCTaBneHbl 3JIeMeHTaMI1 R. , 1. , C , nos­

TOMY yrOJI C.IJ,Bl1ra rIlas HanpRlIteHHR 11 TOKa KB.lK,IJ,oA BeTBI1 HaxO~TCR Jler-
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._------- --- ------- ---­- -- - - --- - ---- --- - -_.__._----------------- - - --- - ---- - - -
KO: )l)lR 3 JIeMeHTa Ii? tf' =0, ,1l,JUI 3JIeMeHTa J., q? =90° 1-1 )l)lH 3JIe-

MeHTa C V = - 90°. B
PeKoMeH,nyeTcH MaclDTa6 HanpHlI:8HIHI Inv = 20 CM , MaclDTa6 TOKa

A
1». = 0 ,4 CM •

YI . KOHTp OJlbHHe BonpocH

I . 4 eMY pasea yr on C,lI.BHra tPas HanpHlIIeHHH 1-1 TOKa aa pe3I-1CTI-IB­

HOM, ~H,lI.yKTV.BHOM H eMK OCTHOM 3JIeMeHTax ?
2. DpoptdYJI101pyRre ;, aanauiare nepBblR ;, BTOpOS! 3aKOHH KI-IpxrotPa B

KOMnJIeKCHOA tP0PMe.

3. 3 an;'lDl-I Te saKOH OMa npl-l I-ICn OJIb30BaHHI-I KOMnJIeKCHOA npOBO,ll.HMOCT;'.

4. KaK onpe,ll.e JIRIOTCH KOMllJleKCHaH ;, nOJlHaH npOBo,ll.HMOCT 11 I..\en;, ?
5. 4eMY paBH~ aKTI-IBHaH, peaKT;'BHaH, HH,lI.yKTI1BHaH ;, eMKOCTHaH

npOBO,ll.HMOCT;' qen;, C n OCJle,ll.OBaTeJIbHHM c oe ,ll.HHeH;,eM 3JleMeHTOB

R, L, c... :>

6 . KaK onpenexae-rca yron cnsara tPas HanpHllleHI1H 11 TOKa (jP ?
7. PaccK~Te nOpH,Il,OK pac~eTa TOKOB B usnl-l co CMelDaHHNM

coe,ll.HHeH;,eM np;,eMHHKoB.

8. 06~cH;,re nOpR,Il,OK n ocTpoeHHH BeKTOpHHX ,lI.HarpaMM B ,Il,aHHoR

pa6oTe.

9 . ,I!.IlHO: o, ~ l, ~ 2. , ?: ~ •
Onpe,ll,eJl;' Tb T ORI1. 3 a}l,aQY pern ;,Th B 06meM B;,.ue.

i..

10. ,Il,aHO: o , ~ 1 I ?:;2.' ~ 3 ~ ~ 'f t b 5"'

Onpene JlI1T h T OR;'. 3a1J,IlQy peml1Tb B o6u~eM B>1 ,J],e.
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e 3KBYlBIlJIellTHbIM reHepaTopOM
f::. (/<:1.6'.<.

- ?~" +?

Pal50Ta ~ 6

I1CCJlE,Il.OBAHl1E CBO~TB '1JlEKTPl14ECKl1X ~f1Etl

I. UeJJb pa60Tbl

'1KcnepMMeHTaJJbHaR npoBepKa cnpaBe~JJMBOCTM npMHQMna HanO~HMR,

npMH~Mna 3KBMBaneHTHoro reHepaTopa H npMHQMna B3aHMHOCTM.

fl. 06l1\He CBe,IJ.eHl-lR

HapR~ co 3HaHMeM OCHOBHNX MeTO,IJ.OB paCqeTa 3JJeKTpMqeCKMX ue­

neR TaKHx, KaK MeTO,IJ. ypaBHeHMR KHpxr~a, MeTO,IJ. KOHTypHNX TOKOB,

MeTO~ y3JJOB~ nOTeHQMaJJoB,nOJJe3HO 3HaHMe OTAeJJbHNX cBoRcTB 3JJeK­

TpMQeCKHX ueneR, n03BOJJR~HX B HeKoTop~ CJJyq8HX ynpOCTl-lTb KaK

paCqeT 3JJeKTpMtleCKOR uenM, TaK H 3KCnepHMeHTanbHoe MCCJJenOBaHHe

ee . 8TH CBoRcTB8. tlaCTO HMeHYPTCR TeOpeMRMH HJJM npHHQHnaNM . K HMM

OTHOCRTCR npHHUMn HarrO~HHR, npHHQMn KOMneHcaQMH, npMHQHn 3KBH­

BaneHTHoro reHepaTopa, npHHUMn B3aMMHOCTH, npHHUHn JJHHeRHOCTH
M np.

CnpaBenJIHBOCTb 3THX npHHQHnOB B~TeKaeT H3 aHanHsa ypaBHeHHR,

COCTaBJIeHHblX no SaKOHaM KHpxr~a.

flpHHQMn HanO~HHR.

TOK B JIXJ60R BeTBH CJJOlKHoR 3JJeKTpHtleCKOR uenH paseu anre6paH­

tleCKo!:t cywe TOKOB., Bbl3bIBA.8MbIX KaJIt,II,oR ~,Il.C B OT,n,eJJbHOCTH. flpHH­

UHn Hano~HHR HCnOJIbsyeTCR B MeTO,!J.S paCtleTa, nOJIyqMBweM HaSBa­
HHe MeTo,na HanO~HYlR. flpl1 pscxe-re QeneR no MeTO,ny HaJJOll<eHMii

nocrynaor CJJe .aynllHM 06pa30M: noovepenso paCCqHTblBaJOT TOKYI OT

K8.lK,II,oR 3,UC, CqMTaR ace OCTaJJbHble 3,Il.C HCTOtlHHKOB paBHblMl-1 HYJJKl, no

c oxpaHilR B cxeMe l-1X BHYTpeHHHe COnpOTHBJJeHMii. TOK B JJJ060RBeT­

Bl-1 onpe .ne JJ Re TCR nyTeM anre6pal-lqeCKOrO CYMMYIpOBaHHR qaCTl-lq,~

TOKOB.

flp~HQYln 3KBHBaneHTHoro reHepaTopa.

TOK B BeTBI-I a 6 C cOnpOTHBJJeHHeM? He I-I3MeHl1TCR, eCJJYI sen

OCT8JJbHYJO uerrs, co,n,epllt8ll\YJO MCTOqHMKYI 3,Il.C, SaMeHYlTb 3KBHB8JleHT­
HhIM reaeparopoa C 3,Il.C, paBHoli\ HanpR~HHJO H8 38J1C11MaX a. YI tf npn

P830MKHYTOR BeTBM a 6 (npa XOJJOCTOM xO,!J.S)Uat)C, H BHYTpeHHHM

COnpOTl-lBJJeHHeM, paBHblM BXO,ll,HOMY COnpOTYlBJJeHl1JO ~/A uenM OTHO­

CI1TeJJ bHO 3IUKHMOB a H g npa pa3 0MKHYTOR BeTBH a.~. H 38.MK­

HyTbIX HBKOpOTKO HCTOtlHl1K8X ~,Il.C.

Tox i B BeTBl-1 cut B cxeve uenu
(pl1c .6.I> Haxo .n.I1TCR l-13 Bblpall<eHl1R
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Hlll1pRlIteHl1e Uut'x 11 BXO,Il,HOe COnpOTI1BJleHl1e __ Z(I<_Or1Jle,ll,€1J1f1I!TCJr - - - - -- -
. _-~._---~_..__._-_. -_.._-- --_ ._------ -----------_ .._--- ---_._._-

3KCnepI1MeHT8J1bHb~ 11J111 paCqeTHb~ nyTeM.

e-

I

I
I
I

I
I

L

~

I
'-----,------J&

- .,

Pl1c .5.I. CxeMa ~enl1 C SRBI1BaJJeHTHNM reHepaTopOM

Ha npl1HQl1ne SRBI1BaJJeHTHoro reHep8Topa OCHOB8H MeTO,ll, pacqeT8,

nORyqI1FWI1~ Ha3B8Hl1e MeTO,ll,8 3RBI1BaJJeHTHoro reHepaTopa . ~TOT Me­

TO~ I1cnoJlb3yeTcJr.Kor~aTpe6yeTcJr onpe,ll,eJlI1Th TOK B o,ll,HoR BeTBI1

CJlOlllliOR uena , llpa onpeneneaaa Vabl1 ~I~ p8CQeTHNM nyTeM BeTBh

a t C COnpOTI1BJJeHl1eM :f pa3MhlK8m 11 paCCQI1Tb1Bam TORI1 B 113Me­

HI1BrneRcJr ~enl1. 3aTeM BM6I1pa~T KoHTyp, B ROTopeR Bx6~JlO 6w H8TI­

pJrJlteHl1e ria,;. Ha MeCTe P8.3pblB8 BeTBI1 oil ,11 COCTaBJJJrm ypaa­

HeHl1e no BTOpOMY 38KOHY Kl1pxrapa. H3 SToro yp8BHeHI1Jr 11 onpe,ll,e­

MIlOT lh:u; 1<. Bxomroe COnpOTI1BJleHl1e Qenl1 l'" OTHOCI1TeJlbHO 38.l1GlMOB

<> 11.t npa pa30MKHYTOR BeTBI1 (} g 11 38MKHYTbIX H8ROpOTRO I1CT04­

HI1KliX ~~C onpeneJlJreTcR, RaR npaBI1J10, nyTeM nOCJlenOB8TeJlhHMX npe­

o tSp a30B8 m1R cxew. uerra , TO eCTh aHaJJOrl1QHO H8XOlK,D,eHI1IO 1 ;1,<('

TIPl-I onpe,ll,e Jle m m 'v;,,' ~ 11 ? &'10 OnblTHbIM nyTeM BbIf10JlHRm nsa onura .

l) 0rblT XO.Jl0CToro xona. BeTB" 0 g pa3Mb1R8m 11 113MepRm HanpR­

1KeHl1e 'V " i ,( Ha 3lilKHMliX a. 11 e. .
2) 0nHT KopoTRoro 38MblKliHI1R . COnpOTI1BJJeHl1e BeTBI1 (~g 38MblRSm

H8KOpOTKO 11 113MepRlOT B SToR BeTBI1 TOK xopcrxor-o 38M!>IK8HI1R .tK •

KAR ~1l.Il,HO .1l3 CxeMbl PI1C. 5 . I, TOR II< onpenenaerca ,Bblp aJlteHl1eM

I - if.. i,. ,,- Z - . Ct;"'A"'-Z"7"; . Vl'KJ'J1.a CJle.n.yeT, QTO _t,,- I",

[lpv.HQl1fi B3liI1MHOCTI1 .

ECJlI1 8,Il.C £ Q (;;: it , l1,e lk T By R B BeTBI1 0 l CROJl" yrO,ll.HO c nox­

HoR 1..18nl1 npa OTCYTCTBI1I'! .8 l..1enl1. np~l1x ~l~C) Bb13b1BBeT . B .n,pyroA BeT­

El'! c d 3T oR l~enl'! T OR It,d=: Is, TO TliKM JKe ~,Il.C E c ¥!= i., ,Il,eA­

CTByR B BeTBI1 ~d np'11 OTCy TCTBl111 npOQ\-1X ~Jl.C ,Bbl30BeT B BeTBI1 a (,'
T8KOR Ille TOR .1cd z:It

_____________~J8:-------------_



fIplmUllD B3alllMHOCTIII B COqeTaHl1111 C rrpl1HI~lIIrrOM HllJIOlll8HI'IH naer

B03MO*HOCTb C~~eCTBeHHO CHIII311Tb TpYAoeMKocTb paCqeTa cno~o~

uerrlll, B KOTOpoR P~RCTBYDT OnHOBpeMeHHO HeCROnbKO 3~C, OC06eHHO

B c .nyqae, KOPp,a. Tpe6yeTcR .0rrpe.neJlIIITb TOK B o.nHoR BeTBH 3TOR ue­

fIlii.

fIyCTh, HarrplllMep, uenb HMeeT TpH BeTBH~ B Ka~oR H3 KOTOpMX

IIIMeeTCfi 8nc Et 1 £2 :E3 • I1CXOJJ,H illS rrp'IIIHu.ma. HllJIOlKeHIIIR
J

TOK B rrep-
• 'IL) ~('J -r{,J)

BoR B8TBIII 6yneT p8BeH fr=Ii. -I'Lt- rJ-J . 3.n.eCb eepXHIIIA IIIHp,eKC

B cxooxax noxaaaaae-r , non p,eRCTBllleM KalwR :-I~C BOSHI-11<aeT TOR.

ECJIIII B uerrlll OCT8BIIITb TOJlbKO O,D,Hy '1nC i t
J

a t~1II EJ nplllHRTb

p8BHNMIII HYJlD, HO coxpaHIIITb IIIX BHJTpeHHHe corrpOTIIIBneHIIIR, TO TOKH
~ (I). '(I). 'C:)

B BeTBfiX .t.1 , I ~ 1 I I H8RJlYTCR ,ll.OCTaTOqHO rrpOCTO, TaR KaK B

uerm p,eAcTByeT TOJlbKO onaa 3~C £, . ECJlIII STy 3~C s, nepeaecra

H3 1- A BeTBIIi BO BTOPJD, TO B rrepBoR BeTBIII,corn8CHO rrplllHUlllrry
~(IJ

B38I1MHOCTH, 6yp,eT TOK paBHblA ~~ ,HO B ,n.eRCTBIIITenbHO~TIII BO

BTOpoA BeTBI1 p,elkTByeT 3nC Ha E::., a i.~, ROTOpaR B .$. pas
• E1

60nbme 3nC . E t '. cnenoearemao, l1 COCTaBJlRKlI\aR T0,l<a nepaoa B8T-

Bill OT :-InC Ez. B ~ pas 6o.nbUJe, TO eCT~.i;..!~.iilJf; . AHllJIOrlllq.HO
~ E' ~'~h

COCTaBJlHD!laR TOKa nepsoa BeTBH OT 8,ll,C 'l 6y.neT paeaa I, =1j £1'
I1CTIIIHHHR TOK rrepBoR BeTEl1 6y.n.eT paBeH llJIre6p8111QeCKOR cYMM8 COCTaE-

.nRD!lIllX .;. =I,·{J)-+I;'fzJ.,.t{JLL'(.) f'll} f. I'{"..!"
.I.J / 1 -I - 11'_2'-;;:"'+ J E,'

1:=, J

B rrOCJlenHeM Bb~~HI1I1 COCT8sJlRnqllle TOKa sanIllC~B8DTCR co SH8-

KOM rrJl~, ec.nlll HanpaSJleHllle 3~C BeTSill COBnanaeT C H~npaB.neHllleM

TOKa B SToR BeTSill rrplll ,ll.eRCTBHIII B uerrlll TO.nbKO '1nC Et . B rrpOTIIIB­

HOM CJlyqa€ CT8BRT SHaK MIIIHYC.

ill. OrrlllC8Hllle na60pnTopHoR YCT8HOBKIII

06WKTOM IIICCJlB,IJ,OBaHIIIR HB,n,ReTCR CJlOlltHaR s.neRTplllqeCKaH uens

nOCTORHHoro TOKa C .!I,BYMIl IIICTOqHIIIK8M1II'3~C B pa3HbIX BeTBJ'lX (pHC. 6.2) .
'1.rreMeHTbI, 11I3 KOTOpblX COCT8BJlReTCR SJIeKTpIIIQeCR8.H nern., pacnonose-

Hbl na rtasenax creuna , BHeWHIII~ BI1.a KOTOpblX nOK83aH HB plllc.1.4.

(B OnlllCBHl1111 pa6oT~ ~ I).
,1l,rrR 113MepeHIIIH TOKOB He o6x o,Il.l1MO HCnOnb30B8Th AMflepMeTpbl H8

100-150 MA, ,Il) IR H3M€peHIIIR HanpRlKeHI1R - BOJlbTMeTp M253 I1J1M

M 330 aa J5 B.
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-I Y. -Hpor paMMa -t-l MeTO,D.l1Ka- BblnOJlHeHt-lll - ---- ----- - ----- -- -------­

psriora

4.1. C06paTb 3Jle KTpt-lqeC Ky~ uenb no cxeMe pt-lc.6.2. AMnepMeTp~

ne BOII\ ( oTp YluaTeJlbHoll) I(JleMMoA npt-lCOeUt-lHYITb I( y3J1y "c ".

PV

r0l

PMc.6.2.CxeMa CJlO~oll\ uent-l nOCTOllHHOrO TOKa.

4.2 . Bhmt-lCaTb c naHeJlt-l CTeHna 3HaqeHt-lR COnpOTt-lBJleHt-l1l\ pe3t-lC­

TOpOB.

6.1 . COnpOTt-lBJleHt-lR pe3Y1CTOpOB

KI R 2 P..? R~ R~'

011 0.. 0,;, 0...- 0 ...

4.3. BKJTICJHlTb J.1CT OqHt-lKYI ~)J,C. t-l3Mept-lTb BOJlbTMeTpOM l3eJlt-lqt-lHy

K~IToA 1)J,C YI 38nt-lCRTb nOKaaaHYlR aMnepMeTp OB C yqeToM 3HaKOB.

ilpYi OTKJl OHeHYlH CTpeJlKYI BMnepMeTpa BnpaBO TOI( 38nHCHBaeTCR co

3HaKOM nJlKJC. ane BO - co 3HaKOM MYlHyC.

6.2. 3HaQeHYlR 3)J,C t-l TOKOB uent-l

... .. ..._--~_ ..- ---- - - - -,_.
113MepeHO

£J E2 It £.0 IJ

B 8 ;,,/1 m # ... .11
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4.4. ITpoBepRA. np~H~~nA. HanO~H~R.

a) VlCKJllOlmTb M3 ~enM MCTOqHMR :1,D,C £2 , ,!VIR uero nepeuecr»

ROHe~ npOBOf\HMRa C 3aJmMa r e "Ha 3al\Q4M " d ". BRJll(Jl.lMTb MCTOq­

H~R ~,D,C E:1. 11 113MepMTh TORI1 C yqeToM 3HaKo!!.. ,D,aHHble ~3MP.peH~R

3aHeCTI1 B Ta6J1I1UY 6.3.
6) BocCTaHOBI1Tb I1CXOf\HylO uens C ,O,BYMR I1CTOQHMRSMM :1,D,C £j ~

E2 . VlCRJll(Jl.l~Tb ~3 uena I1CTOqHI1R 8,D,C £.j , ,l1)lfl uer-o nepeaecrs KO­

seu npOBOJlHMRa C 3allGiMA. "f " Ha 3aJmM I' tI " . BRJll(Jl.lI1Tb I1CTOq~K

8,D,C £2 11 1-13Mepl1Tb TORI-I C yqeToM 3HaKOB . ,D,aHHble 113MepeHI1R 38.HeCTI1

B Ts6J1I1UY 6.3.

6.3. 3HaqeHI1e TOROB npM ~CCJle~OB8.H1111 npl1H~na HanO~HI1f1

Qs.CTl1llHb1e TORM

!I°PRTl,OJ( IJ.eRcTBl-IR Vl3MeDEHO BbllmcJleJt0

It I [2 13 r, lIz Ii

m/l I ",1/ mil ,"Ii T hili
. ----;;;r

BIOTI04P.HIl ET

BRJTlO4eHA E2
AJlre6pal-lqeCKl-I CJTO-
1Itl1Tb QaCTI1QHhle TOKl-I ,

3anl-lCA.Tb I1CTl-IHHble TO-
RI-l l-I3 T86J1l-1l\b1 6 .2.

B) Y6errl1TbCR 8 cnpA.Be~J1I1BOCTI1 npl-lH~l1nA. HanO~HMfI .

r) PaCCQI1T8.Tb TOKM B BeT8f1X no MeTOAY HSnO~HI1f1 M Cpa8HI1Tb

I1X C peaYJTbTSTID.rn 1~3MepeHI1 f.t (Ta6J1M~A. 6.3). CxeMbl ~enef.t npa )T.eRCT­

81111 K~oR M3 1,D,C B OT~eJlbHOCTM M nOJlHblR pacqeT TOROB npl1BeCTI1

B OTqeTe.

4.5. ~POBePK8. npMH~na SRBI1BaneHTHoro reHepaTopa.

a) BOCCTBHOBI1Tb ~enb no cxeMe pl1c.6.2. P8.30MRHyTh BeTBb C

peSMGTOpOM RoB • VlSMepMTb aanpszexae 1h{1t .
to t300C'I'8.HOBI-ITb I1CXO,uHylO uens , 38MRHy'l'h HaRopOTKO peSMCTOp I< ~

tI BeT~1'l af . VlSMePI1Tb aMTlepMeTpOM PM!. TOK I 1(.

41



I1CTOtlHI1R ~,D.C £1 B BeTBb cl (pJ-lc.6.3). HSMeJlI1Tb

I (2 J, ir:, i.-I')
t I 2 I J

..__.-_._--_._-----_.__._--._--- ---------_....__._---_._---- - ------,-

------~---BY-!16--pe3y:n t;TIi-T8M--H3MeJ:ie HHA onpe ~eJlI1Tb

«/) _. "iJ <: / x
, b); - Ii<

r ) BbNI1CJI\1Tb TOR B BeTBJ-l "c.I" xepea l!cl>. H RI;< npa Sa.,naHHOM'3

H CpaBHHTb ero c peSyJIbTA.TOM I1SMepeHI1Jl" TOKa :£2 (Ta6.6.2).

4.6. OnpeneJleHl1e napaMeTpOB 3KBHBaJleHTHOro reHepaTopa paCtleT-

HblM nyTeM:

a) HA.tlepTHTb cxeMY C pS.30MKHYToft BeTBbll ,. ct ";
6) no rlSBeCTHhIM '"l,D.C H COnpOTI1BJleHHffM pacCtlHTaTh HanpRll'8HJ-le t/:':/A

11 CpaBHI1Tb ero c S&MepeHHoR BeJIJ-ltlHHoR;

B) onpenenar s BXOAHoe COnpOTI1BJIeHl1e cxeMbl Rtx OTHOCJ-lTeJlbHO

salKHMOB "c.1 to npn SA.KOpOtleHHblX I1CTOtlHI1KA.X '"l,fl,C. CPA.BHI1Tb STY

BeJlJ-ltlI1HY C RIi< HS nyHKTA. 4.5, B.

r-) onpenenars TOK Iz , CpA.BHI1Tb ero BeJlI1QI1HY C 3aMepeHHOR.

CxeMbl ueneft H pA.CtleTN npHBeCTH B OTtleTe.

4.7. I]gOBepKA. npJ-lHUHna BSA.I1MHOCTH.

A.) BOCCTA.HOBI1Tb I1CXOnHYIl uenb (pHc.6.2). OTKJI~I1Tb OT uenl1

\IICTOtlHI1R 1,fl,C £2) ,IJ) HI tlero rtepeneera KOHeu npoBoAHI1Ka C 38.l1U1MA. e:
.J I (I), - (I) . ,-fl)

Ha 38.JmM « . HSMepl1Tb 11 38TII1CaTb TORI1 1 1 .1.2 ; .J J npa BKJI~eH-

HOft '"l,D.C E1 .
6) !1epeHeCTI1

11 sanacars TORI1

0;/A2
lQS

," ~, 0;:
~6
PHc.6.3. ITpoaepKa npJ-l~na BSA.I1MHOCTJ-l

) ~ W
B CpaBHI1Th TOR ~2 I1S nyHRTA. 4.7,a) \1 TOR If 113 nyHRTa 4.~6)

11 y6e~I1T heR B cnpase )1)111 BOCTI1 npl1HUI-ma B3A.\1MHOCTI1.

r) HcnoJIh3yn npl1HUI1n HaJlOll'8HI1R 11 npl1HUJ-ln BSA.I1MHOCT\II,paCCtll1­

TA.Tb TOR Ii HCXO~HOA uenl1 (pJ-lc.6.2) npl1 neRcTBHI1 o6el1x 1,D.C

£1 \01 [2 n o 3HA.QeH\oI1O TORoa B BeTBRX npa neRCTBl111 TOJlbRO O,ll,HoR

1,D.C [1 (nyHKT 4. ?,a), BOCnOJlb30BaBtlJI1Ch Bblpall'8Hl1eM

I - .... t, / f ·- III E 2.1 . ..-/11 EJ~'
i -..L. J . J;, E;/ ... ./-3 u·

B STOM BblpA.llIeHI1I1 Ed " Ere,' t:~t - '1,D.C COOTBeTCTBYKnll1X M'I'tlelL
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,l],lIfl paCCMaTp'HlaeMO~ ~eml (pl1c.6.2) t:Jfi==£.r; E.c'"'C, EM~£z.
3Hatl8Hl1fl '1)~C Ci VI £2 B3RTh 113 Ta6JJI1~ 6.2.

CpaBHl-'ITb 3HatleHl18 TOKa It C ,/l,aHHb1MVl 3KCnepl-'lMeHTa (Ta6JJI-I~a 6.2).

Y. KOHTpOJJbHNe BonpOCM

I. B tl8M COCTOVIT npl1H~l1n HaJJO~HI1R ?
2. KaROB nOpR,/l,OR paCtl8Ta TOROB MeTO,/l,OM HaJJO~Hl1fl ?
3. KaKoB nOp.R.J:\OR paCtleT8 roxa B BeTBl-'I no MeTO,ny 3KBl1BaJJAHT­

noro reueparopa ?
4. KaROB nopsno« orrsraor-o onpeneneuaa EeJJl1tll1HbI 1,UC 1-1 BHyT­

p8HH8ro COnpOTI-IBJJ8Hl1fl 3KBl1Ban8HTHoro reH8paTopa, 3aMemaD~ero

aKTI1BHbI~ ,/l,ByxnOJJKCHI-IK ?
5.

1---..1 ---- f

,UaHO: £1 = E 2 = 10 B;
R,:;R.2,,12.1 = 5 OM.

Oope,ll,eJJI1Tb BeJ1l-1tll1HY ~,UC

11 BHYTpeHH8e COnpOTI1BJ18­

Hl1e reHepaTOpa., 3KBI1Ba­

JJ8HTHOro 3a,/l,aHHOA cxe­

Me, OTHOCI1TeJJbHO 3aJK11­

MOB a~.

6. ,UaHO: e = roo B;
Rt = 5 OM; 1<2= 20 OM;

!<"t =- Ry = 10 OM;
f!. = I OM.

Onpe,U8JJl1Tb TOK I B con­

POTI1BJJ8HI-II-I R 00 MeTO­

,ny GKBI-IBan8HTHoro reHe­

paTopa.

E
7. B tleM COCTOI1T npl1H~n B3aI1MHOCTI-I ?
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113MEPEHI1E MOllHOCTYl Yl OIIPE.IJ.EJlEHl1E IlAPAMETPOB
I1PYlEMHm{A B l(EID1 IIEffiMEHHOrO

TOKA

I. l.\enb pat'loThl

Yl3yqeH~e cxeM ~3MepeH~R ~ MaTOAOB paCtleTa aKT~BHoR. peaKT~BHo~'

H nonHoR MomHocTeA 1'1 napaMeTpOB npHeMHHRa B ~enH c~HycoHAanbHoro

TOKa.

IT. 061J~He CBe,ll.eHHR

ITYCTb HanpRJ!(f!HHe. npanoseaaoe K 3A11t11MaM nena , 1'1 TOK B 3ToR

~eml Bblp81K8.IOTCR COOTBeTCTBeHHO ypaBHeHIf1fM\1:

l..{. "'" [J"" ~wt)

i:: I,.., ~(wt -if) '.
MrHOBeHHaR MOlI(HOCTb. nonyqaeMaR npHeMHHKOM uena , HaxO,ll,i1TCR

KaK npOH3Be!l,eHIIJe MrHOBeHHblX 3HatleHHR HallPRlIIeHHR l-i TOKa

p =uL := V", I""" 1-t.n.t.:Jt·0-t(wt -<t) = l/IC01tf -VI Wj(Z~t -7").
Yl3 nonyqeHHoro Bblp8.lKeHHR BH,IJ,HO, tlTO MrHOBeHHaR MOlllHOCTb COC­

TOHT H3 AByx COCTaBnR~HX: nOCTORHHOR Lr[COj~ 1'1 nepeMeHHOR

lJlc.o-s(2.wt - if) . MrHOBeHHaR MOmHOCTb nOnOlltHTenbHa, Kor,n,a y Hall-

PRJ!(f!HHR u. 1'1 roxa i.. OIDIH8KOBbJe 3HliKH. r .e , Korna )~eACTBI1TeJlb-

Hble aanpaaaeaaa HanpRlI!eHHR 11 TOKa B ~enH OAHHaKOBbJ. MrHOBeHHaR

MOIIlHOCTh P orpauarensna, Kor,n,a y HanpRJ!(f!HHH YI TOKa paaaue 3Ha­

HI1, T .e. KorAa .~e AC TBI1Ten bHbre HanpaaneHHH HanpRlIIeHI1R 11 TOKa B

QenH npOTI1BOnOJlO~b1.

Hor-ns MrHOBeHHaR MOlllHOCTb P nOJlOll\l-1TeJlbH8., 3HeprHH nocry-

neer OT Y1CTOtlHI1Ka B npl1eMHI1K, xorna MrHOBeHHaR MOIIlHOCTb OTPI1~8­

TeJlbH8., 3Heprl1R B03Bp~aeTCH 1'13 npHeMHI1Ka I1CTOtlHHKy. TaKoR B03­

BpaT 3HeprH~ ~CTOtlHHKY nHTaHHR B03MOllleH B ~enl1, co,n.ep~eR I1HnyK-

TI1BH OCTb L. ~ eMKOCTb C • TaK KaK 3HeprHR nepHOAHtleCKH aana-

caeTCR B MarHHTHblX 11 3JleKTpwqeCKHX nonRX 3THX 3neMeHTOB ~enH.

MrHOBeHHaR MOIl1H OCTb ,ll.aeT H8H(\OJlee nOJlHyJJ XapaKTepl1CTI1Ky eaep­

reTHQeCKHX npOneCCOB ~enl1.

AKTHBHaR MOlllHOCTh P eCTb cpemtee 3HaQeHI1e MrHOBeHHOR MOllIHOC-

TI1 aa nepaon T: T T

P = .f,fdt z: ;, f~idi.
o 0
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110,ncTaBJUHl BbIp~Hrle Mf'HOBeHHOA MOliIHOCTIII P ,nOJlytllllM epOPMYJlY

8KTIIIBHOA MaUHOCTIII CIIIHYCOIII,nanbHOrO TOKa:

P =VI C01<f.
MHolKWreJlb cO;S VJ HOCliT Ha3Ba.HI1e Ko3MIIIl.\1II6HTa MOlIlHOCTIII.

AKTIIIBHaH MOlilHOCTb P epM3111treCKI1 npe.nCTaBJIReT co~oA aaepr-an,

KOTOp8R BblJJ,eJlHeTCR Il e.r\IIIHM'-W BpeMeHIII II BMJ\e TeTlJlOTbl Ha ytlaCTKe

u ena c COnpOTIIIBJleHllleM R
TaK RaR cO':! //):!l. =.!i... ,TO aKTHBHaH M01QHOCTb MOllteT lllMeTb

T Z Y
eme CJle .UYDnMe BblP~HIIIR:

P=I2.R=U2j .
AKTI1BHaH MOlIIHOCTb 113MepH6TCR B BaTTax (BT).

llplII pacve-rex 3JIeRTpllltreCKIIIX ueneA nonsayorca T8KlIle nOHRTl16M

peaKTIIIBHaH MOll1HOCTb, KOTOpaH onpeJJ,6J1R6TCR no epopMYJle

Q =VI~lf.
~R BblRCHeHIIIR TIOHHTI1H peaKTIIIBHoA MrnQHOCTIII paCCMOTpIIIM QaTIb

nepeMeHHOrO TOKa C K8TyoJKOR 003 aKTHBHoro COTIpOTliBJIeHI1R, r ,e •

C trrlCToR I1HAYKTIIIBHOCTbD. B TaKoR uenl1 OTCyTcTByeT He06pll.Tl1Moe

npeoepaaoaenae 3J1eKTpl1treCKoA 3Heprl1111 B TeTIlIorry, B TO lIle BpeWl

BKJllltleHH8f1 IS QaTIh KIl.TyoJKa npe,Jl,CTaBJIReT co6oA 3J1eMeHT C KOHQaHT­

plllpOBaHHblM MarHIIITHNM TIOneM. TaK KaK MarHIIITHoe TIOJIe nepeMeHHO,

T O B MONeHTbI er-e Hll.paCTaHHR l.\enb nOrJlOmaeT eaepran, a B MOMeHTbI

y6MJlIII ITOJlfl 3Heprl1R B03BpamaeTCH 06Pll.THO I1CTOtrHI1KY. T8KIIIM 06pa­

30M, B TaKoR uenlll I1M6eT MeCTO npOU6CC 06MeHIl. 3Heprl1eA Mellt,lJY

npl1eMHI1KOM 11 rlCTOQHHKOM.

FeaKTIIIBHAR MomH0CTb Xap8KTeplll3yeT Ty traCTb SHepr"rl, KOTopafl

KOJle6J1eTCfI Me~QY IT1HeMHHKOM III MCTOqHIIIKOM.

TaK RaK ~iAlf:z c ~ , TO BeJlIIIQI1Ha peaKTHBHoA MomHOCTM B ue­

nM nepeMeHHoro TORa MOllteT 6blTb Bblp~Ha CJle~I1M 06pa30M:

Q=IrJ. X=V
2g .

Pe8KTIIIBHaH MrnQHOCTb H3MepReTCH B BOJIbT-8MIIepax peaKTI1BHbIX

(aap). EC.lIM ~rp>o, TO Q"7 0 , 6CJlIII ~ f,P< 0 , TO Q.. < 0 .
TaK KB.K X =X£. - X c • TO Q =I2.(Xt. -Xc) -=:I2.X" - rZXe :::'(1.,,-Qc.

Hapnny C nOHRTl1eM aKTI1BHOA MOII\HOCTIII P H peaKTHBHoA Q

TIpIIIMeHH6TCH nOHRTllle nOJlHoA MOll\HOCTIII S
s-ui .

MIl.TeMIl.TllltrecKIII npOlll3Be,neHl1e V 1= S npe ncraanse-r H!lll60JIblIJylO

B03MOlKHyIJ aKTIIIBHYIO MOll\HOCTb P ,ROTOpyKl MOllCHO nOJlytllllTb npa

3a.C\aHHbIX 3HaqeHIIIRX V III I 11 npa crrsxre epa3 If=- 0, r .e , c01'f=L
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_ _ ~ 00_- - - -- -- --
--_ .•- - T !fle kaK v=2·r 1= YU -_. --;-;y.o S =:L2Z = V .zy .-, '

fl OJlHaR MOlllHOCTb 11 3MepHp.TCH B BOJlbT-aMl1epax ( B·A).

Mellluy P ,Q 11 5 CYIIleC T Bye T COOTHome HI1e 5«-Jp2.+ Q2.' •

rpB!fll-lqeCKl-I 3TY CBR3 b MOlllHO npe J1,CT a Bl-IT b B BI1D.e n p a voyr- onsaor-o

Tpeyr O.nbHl-IKa (pac .7 . 1).

~Q
p

FMc. 7.1. Tpeyr oJlbHl-IK MOmHOCTe~

R =Z COj 1/ , )< ;;: 1:zcRi .
, eCJlI1 X" > XC1 11

v p
z"'f' R =p '

PeAKTI1BHOe COnpOTI1BJleHl1e X 7' 0
X< 0 ,eCJlI1 XI. < Xc

110 113MepeHHblM l-IJlI1 BbTtlI1CJle HHblM 3HaqeHj,jRM T OKa I , Hanp .ltllle Hj,jR

l/ 11 MOIllHOCTj,j P npl1eMHI1Ka ner-xo onpenenaorca napaae'rpu npl1eMHI1­

xa R. ,X , z

III. On l1CAHl1e Jla60paTopHo~ YCTaHOBKj,j

.li.nR MSMe peHMR BeJlW-HIH, npe,nycMOTpeHHbIX nporpaMMoR pa60TbI Ha

n a 6opa T op HoM CTeHne I1Me eTCR BRTTMeTp, ~a30MeTp, aMnepMeTp Ha 2 A
11 BOJlbTMeTp H8 250 B .

BATTMeTp - npl16 0p URR j,jSMe peHI1R MOmHOCTI1. B Jla 6 0p a Topl111 I1CnOJlb­

aye-res MHoronpe.n.eJl bHbtA BaTTMeTp 3J1eKTP0,!l.l1HBmlqeCKOA CI1CTeMbi. BaT­

TMeTp MMe e T ,IJ,Be KB.ryllJl(\1 - H8npmlle Hl1R j,j T OKa. Ka Tyru KB Hanp.ltllleHl1.1t

BK ,JJ rnap. TCH napannem-no Y't 8CTKY uerta , nonoeno BOJlbT MeTp y , ee 38.­

llU-IMbl HB JlI1l..\eBo A CT op OHe BaTTMeTp a OTMe q e Hbt 6YKBOR V . T OKO-

BaR KIlTynIKa BK.JJrn aeTCR B ue ns n OCJlp.)lOBaTeJlbHO, n O,ll,06HO asmep­
MeTpy, ee 3aJKlo1Mhl OTMe q p.Hbt 6yKBoR I . O.II,J,!H 3aJK11M T OKOBOf:! Ka -

T,YIll KI1 11 O}l.j,jH SaJKloIM K8TyuJKI1 Ha n pH lIIeH I1R OTMeq a lOT 3 Be 3 ,D.oq KaMM , 3TO

reHepBTopHblP' 3~Mbl . !1pj,j j,j3 Mepe HI1I1 8KTI1BHOA MOmHOCTj,j 3 TI1 3a-

JKj,jMbI )lOJIlllHbl BKJlrnaTbCH co CTOpOHbl I1CTOq ml Ka :meprl1l1 . • •

B a T TMe T p yc-rpoen TaK, tITO 11 3MepRe T 3HaqeHI1e UI C01 (L. l/I ),
r)le U 11 I )l.eAcTByKlUl1e HanpHlIIeHl1e 11 T OK, n O)l.Be )l.eHHble K BIl.TTMeT­

py, a L rJi - yr-on cnaar-a tPa 3 Mell<,!ly Hj,jMj,j.

UeHll. fLe JleHIIR MHor onpe ,rte Jl bH OT" O BaTTMCTpa BbTtlMCJI!leTCJ'! n o ~op-

C Cf" I ...
My Jle w ::: --n- '

r-ne UH II I H - HOMI1HaJl bHble H8npHlIIeHJ,1e J,1 T OK BIl.TTMeTpll., YKa-

asHHbte Ha JI~ueBoR CTopOHe npJ,160ps,

_________-I-L-~-~q llGjl-()_{(fHl eH>1 £l-BCe-R-WKllJlbl·~-. -------------
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AKTIIlBHM MOII\HOCTb, 113Mep.HeMaR: BaTTMeTpOM p;:; n<.l3t1: Cw ,
r-ne n'-i.3r7. - tll1CJlO .ueJleHIIlR mK8.JJbI, YK8.3b1B8.eMoe CTpeJlKOR npaoopa.

~a30MeTp - npaeop ,IJ)l.H 1i3MepeHIi.H yr-na if Cnfll",ra rp83 H8npFlll<eJl\oU! 11

TOKa. He. JII1QeBoR cropoue rp8.30MeTpa, TaKlIle KaK y BaTTMeTpa,

l'IMeIOTC.H 38.lK11Mb1 ,IVI.H no.uKJlllJleHIi.H H8.npltllleHI1.H U 11 TOKa I, Melll-

JJY KOTOpbIMl'I onpenenserca C,UBl'Ir rpas. ,nBB. S8.lltHMB. TaKlIle .HBJI.HIOTC.H

reHepaTOpHHMIIl III OTMe'leHbI 3BeS.uO'lK8.M1Il. eXeMa BKJlvqeHIIl.H rp8.30MeT­

pa B 3JJeKTpIIl'leCKYIO Qenb aH8.JJOrlll'lHa BKJlDqeHl110 BaTTMeTpa. YCTpoRc­

TBO rpa30MeTpa TaKOBO, 'lTO B Hepa6o'leM COCTO.HmUI CTpeJlKa npadopa
3aHIIlM8.eT np0l13BOJlbHOe nOJlOllleHl1e Ha mK8.JJe.

IY. ilporpaMMa 11 MeTO~Ka BblnOJlHeHI1.H pa60Tbl

4.1. Co6paTb 3J1eKTpl1'lecKYIO Qenb no cxeMe pl1c.?2.

6

PYle. ?2 eXeMa 3J1eKTpmecKoR l.\enl1 ,IJ)lff \Il3MepeHl1ff MOl!1-

HOCTI1 11 nap8.MeTpOB np\lleMHI1Ka

p V - BOJlhTMeTP, 250 B;
PR - aMnepM8Tp, 2 A ;

PIN - MHoronpe,rieJlbHblR B8.TTMeTP;

TV - aBToTpaHerpopMaTop.

4.2. Ilonxnmaa K 38.lK11MaM f/S nooseperuto npl1eMHI1KIIl Rf,Lf
11 R2., C \II 06a 3TIoIX npl1eMHI1Ka, COe,ll.\llHeHHb1X nOCJle.uOBaTeJlhHO, 101

YCT8H8.BJlI1BaJl B KalII,nOM 113 rpex CJlyq8.eB npa nOMOl!1l'1 aBTOTp8.HCrpOpM8.­

TOpe. TOK I = 2 A, 38.nIllC8.Tb nOK8.SaHI1.H npl160pOB B T8.6J1I1QY 7. I.
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7. I. 113MepeHHe MOll\HOCTH H -napaMeTpOB

npH8MHHKOB C nOManb~ BaTTMeTpa

113MepeHO BhJlIHCneHO

npHeMHl':K I U P 5 Go Z R X
A. B BT Bft tlllp OM OM OM

ei, LI

R2,C

RI,U, R2,C

4.3. BKJ1DHlTb B sneKTpHllecKyKl nens BMeCTO BaTTMeTpa rpa30MeTp.

PeKOMeHlJYeTCH Bbl6paTb .IVlH epa30MeTpa npene.n H3MepeHHH no TORY 5 A
H n o HarrpHJlIeHH~ 220 B. nepeKJlmaTeJlb npadopa "r-eueparop - npvex­

HHK" )J,OJIlKeH 6b1Tb B rrOnOlKeHHH "npHeMHHK".

4.4. nOBTOpHTb nyHKT 4.2. nporpaMMH. 3anHcaTb nOKa3aHHH npH6o­

P OB B Ta6nH~ 7.2 . Yron r.p cnenye r 3RJlHCblBaTb C YlleToM 3HaKa:

If<-<Hj .>O, tf'~K.< O.

7.2. t1'3MepeHHe MOR\HOCT>1 >1 napaMeTpOB

npHeMHHKOp c n OM~nb~ epa30MeTpa

[Jp HeMHV; K 11 3 MepeHo &TtlHCJleHO

I U cp coW 5 P Q Z R X
A. B BA BT Bap OM OM CM

R.f~LI

R2,C

Rf,Lf,R2,C

4.5. RhJlI>1CJ1>1Tb BeJ1HQHHbI, YKa3aHHble B T86J1H~ax . PaCqeTHble

!P0PMY.l1bl np YlBeCTH B OTlle Te .

4 .6 . n OCTp OHTb B MIl.CIIlTa6e Tpeyr OJ1bHHR MOU\HOCTeR)J,JlH npHeMHHRIl.

R:1~-i •
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Y. KOHTpORbHNe Bonpoc~

I. tIeMY passa MI'HOBeHHaR MOlllHOCTb 1.\enl1 nepeM8HHoro TOKa ?
2. tIeMY paBBA, liKTl1BH8R MOIl\HOCTb ,

3. KaK onpensnaerca peaKTI1BHM 1'1 110JlH8R MOlllHOCTl1 ?
4 . Ka.KoBIi pa.3H\o1I1A. Mellt,lJy aKTI1BHof.\, peaKTl1BHof.\ 1'1 nOJIHol% MOlll­

HOCTRMY1 ? B KA.KI'IX e,7I,l1Hl'IllaJC OH\o1 1'13M8pRXlTCR ?
5. )laHO: i==sUnc.Jt II, 1l=IOO'"liJ1(wtdOV

) 8 .
Onpe.n,eJl\o1Tb aKTI1BHyIl \01 peaKT\o1BHyn MOll\HOCTI'I

6. YeMY paBeH KO~I'Il.\~eHT MOmHOCTI'I ?

YI. IIp\o1JIolKeH\o1e

YCTpOf.\CTBo Il)lR 113Mepeffi1R peA.KTI'IBHof.\ MOIItHOCTI'I O}l.HaliasHbIX

npl1eMHl1KoB.

PeaKTI'IBHaR MOIItHOCTb O)l.HaliasHof.\ llenfl MOlKeT ClblTb 1'13M8peHA. BA.TT­

MeTpoM SJleKTpO}l.f1HaMl1~ecKof.\CI1CTeMbI. ~3BeCTHO, ~TO yrOJl OTKJJOHe~

HIUl 0<. CTpeJlKI1 BA.TTMeTpA. nponopuaoaanea np0113Bell.eHI1Il rpex BeJlI'I-

InIH UICO":,(LUi) . ~TO np0l13Bell.eHl'le He scer-na ssrpa-

~aeT aKTI'IBHyIl MOmHOCTb, Bce 3aBl1Cl1T OT ~a30Boro COOTHOmeHl1R M8~­

lJY TOKOM 1'1 HanpRlKeHl1eM. ECJlI'I, Hanpl1Mep, 113MeHl1Tb ~A.3y HaiIPRlKeHKR

Ha 900 , TO BaTTMeTp 113M8p11T peaKTI1BHylO MOll\HOCTb npKeMHI'IKa. ,Il,nR

oCleCne~eHI'IR raxoro cnaar-a ¢aa npl'IMflHeH ¢aaOBp8ll\aTeJlb HanpRlKeHI'IR,

CXeMA. l.\enl1 xoropor-o rrpaseneaa Ha pl'lc.7. 3a.

c i
. 4:1J
tf:u

PMC. 7.3 Cxeva ¢a30BpamaTeJlR HanpRlKeHI1R (a) 11

Ton orparpv.qeCKaR BeKTOpH8R ,JJ,loHlr p aMM ll. (6)

49



~-- ---_ _ 0 - - -- -

----- --~-

·Ec.nw nocTp6l'iTb ··To ii op·p ltPi.iq e c KY IO sexropnyn ,UHarpaMMY uenV1

(pwc , ? . 3, IS), TO OKB.JKeTCR, tlTO npa R. --XC HanpRJKeHlie VAe> paaao

HanpRlKeHYlIO VC'll ,HO C,n,BYlHYTO OTHOCHTeJlbHO ero na yroJl 900
• YroJl

;r=90D- 'f a CO~,!"'C01(9tf-'f) =iintf. OTCIOl1,a noxaaaane BaTTMeTpa, BKJlXl-

\{eHHOr O no cxeae p;1C.?.4, paBHO npoV13Be,1l,8HI1IO UIl8Ic.oS"(=~5Iu'nt.f,

T •e. peaKTYI BHOR MOInHOCTV1 Q

YfI. 3an,aHHe no ~~

MCnOJlb30eaH;1e BaTTMeTpa B KatleCTBe V13MepYlTeJlR

peaKTYlBHOR M~nHOCTH.

? I. 03HaKoMV1TbCR C yCTpoRcTBOM )lJIR V13MepeHYlR pea,KTI1BHOR

MOmHOCTV1 0lJ,Hapa3Horo npYleMH;1KB..

?2. C06paTb uenb no cxeMe pHc.?4 .

,"",2208

1 1QF

~-----4--------':o

PI1c .?4. CxeMa 3J1eKTpl1tleCKOR uenH ,nJIR H3MepeHHR

peaKTHBHoR MDmHOCTH

~JleMeHT~ MOCTOBoro ~a~OBpmnaTeJlR HanpRJKeHYIR CMOHTHpOBaHbl Ha

nepeHOCHoR naHeJlH.

?3. fI O,JJ.KJIIOtlM noouepemto K 38.lK>1M8.M C'Z) pe311CTOp 11 HH,D,yKTYlB­

HyRl KaTyIDKy L, Ll yelen,HThcR, tlTO npa n0lJ,KJIlOtleHYlH psaacropa CTpeJlKB.

YCTaHB.BJlIlBaeTCR y OTMeTK\.I 0, a npa nOl1,KJllOtleHI1H V1H,uyKTHBHOA KB.­

TyUJKH BaTTMeTp H3MepReT peaKTI1BHYRl MOmHOCTb.
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Pa,60Ta If> 8

8JlEMEHW 8JlEKTPI1YECIOO( UEIlE~ M MX MATEMATmECIillE
MO,IlE'JIM

1. UeJlb pa60Thl

~CCJleAOBaH~e napaMeTpOB pe3~CTOPOB, MHAYKT~BHHX KaTyweK M

KOH,ll,e,HCaTopoB. CXeMbI 38Mel1\e~f( YI MaTeMaT~qeCKl1e MOAeJlI1 3TYlX 3JIe­

MeHTOB.

II. 06ulHe CBe,D,e~f(

AJIR Toro qTo6~ ynpocTI1Tb v.CCJleAOBaHHe npoueccoB B peaJIbHOR

3J1eKTp~qeCKOA uenl1, ee 38MeHRDT cxeMoR 3aMel1\eHMR, COCTaBJIeHHOA

M3 pe3~CTYlBHHX, MHAYKTMBHNX 11 eMKOCTHNX 3J1eMeHTOB.

Pe3~CTMBHblA 3J1eMeHT - 3TO M,D,eaJII13I1POBaHHblA 3J1eMeHT cxeMbl 13J1eK­

Tpl1QeCHOA uenl1, B KOTOpOM 3JIeKTpwqeCKaH 3HeprMR npeo6paayeTcR B

TenJlOTY. I1apaMeTpOM, xapaKrepM3YDIIl1M pe3MCTMBHblA 3J1eMeHT, RBJlR­

eTCR COnpOTYlBJleHMe R ,OM.
~H.IJYKTI1BHblR 3J1eMeHT - 3TO l1,D,eaJII13I1P0BaHHblA 3J1eMeHT CXeMbI 3J1eKT­

p~qecKoA uenYl , B KOTOpOM HaKanJIMB8eTCR 3HeprMR warHMTHoro nOJlR.

IIapaMeTpOM, xapaKrepYl3YDIIYlM YlHAYKTYlBHblA 3JIeMeHT I RBJlReTCR I1HAYK­

TMBHOCTb L ,fH.

EMKOCTHbiA 3J1eMeHT - 3TO' I1neaJIM3MpOB8.HHhlR 3J1eMeHT cxeMbl 3J1eKT­

p~qecKoA QenYl, B KOTOpOM HliKanJII1B8eTCR 3HeprYlR 3J1eKTpl1qeCKOrO

TIOJlR. I1apaMeTpOM, xapaKTepYl3ynl\I1M eMKOCTHoA 3J1eMeHT, RBJlReTCR

eMKOCTb C,!fl.
CBRSh MelK,JJy TOKOM 11 HanpRlKeHYleM HE!. 3J1eMeHTax YlMeeT ,c JIe AYDltI1R

BYI.n..

AJIR pe311CTI1BHOrO 3J1eMeHTa

. t.L ..
.~ U-==Rt.-

R

HHAYKTMBHoro 3J1eMeHTa
, u ..

..!:--rv--v--..__
L.

eMKOCTHor o 3J1eMeHTa.
u:. -._ ._~

~l--
c
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- MaTeMaTV1QeC!<MCBRSb MelK)Jy TOKOM V1 HanpRJKeHl1eM H8 SJleMeHTe

eCTb MaT8M8TV1qeCK8R MO~eJlb STOrO 3J1eMeHTa.

Jho6M BeTBb CXeMb] 3J18KTpV1qeCKotl uena C O~8PlKV1T XOTR 6bJ O~H

illS p8CCMOTpeHHNX 3J1eMeHTOB .

CV1CT8M8 ypaBHeHH~,COCT8BJleHHNX no S8KOHaM KHpxroP8 AJlR ~aHHO~

uenH ,HBJlReTCR M8TeM8THQeCK OA MO~eJlb~ 3T OA uenlll.

Hanpasep , AJlRn OCJle.IJ.OB8TeJlbHOA U8rJVI ,R • ~ I C COrJl8CHO

2-My aaxoay Kl-1pxroPa HMeeM:
. R L C

~t.L 1 UR Ui. u:l
IIoJlyqeHHoe ypllBHeHvre eCTb M8.TeM8TYlQeCKM MO~8J1b 3TOA uena ,

ECJlH uenb paSBeTBJleHH8ff. TO KOJlHQeCTBO ypaBHeHIIIA. COCTaBJIeHHNX

no nepBOMy VI BTOpOMy SaKOHaM KYlpxroPa7~OJllKHO paBHffTbCR QHCJlY

BeTBeA uenH.

npVl nepeMeHHOM TOKe JI~08 3J1eKTpOTeXHH'IeCKOe YCTPO~CTBO xapaK­

repaaye rcs TpeMR n8paMeTp8MV1 R • L • C , nOCKOJIbKy B 3TON yCT­

POACTBe 6Y~T B HBJlH'IIIIH TenJlOBbJe nOTepH, nepeMeHH08 MarHl1TH08 no­

JIe H nepeeemroe 3J1eKTpHQeCKOe nOJl8. KpoMe ror o , eCJll-1 OT)l.8J1bHb18

Q8CTVI YCTpoAcTB8 CBRS8Hbl BSaHMHoA VlHn~KUI-1eA • TO B qlllCJlO napa-

MeTpOB BO~)l.eT eme B3al-1MHM HH,ll.yKTIIIBHOCTb M •
B TO JKe BpeMR TaKH8 3J1eMeHTbJ 3J1eKTplllqeCKIIIX ueneA KaK pe3I11CTOp.

I-1H,T.TYKTHBH8R K8TYWKIl V1 KOH~eHcaTOp npa HH3K0!1 QaCTOT8. Ky~a OTHO­

CVlTCR III npOMMlliJl8HHIlff 'IaCTOTa 50 fu, MoryT 6bJTb npH6J1HJKeHHO oxa­

p a KTepH30BIlHbl O~HHM napaMeTpOM. BJlHRHIII8 OCT8JlbHb~ napaMeTpOB Ha

3J1eKTpOMarHIIITHbJe npoueCCbJ B 3THX 3JieMeHT8X H83HaqHT8J1bHO. B STOM

CJIyqa8 peSVlCTOp MOlKHO paCCMIlTpIIIBaTb K8K peSV1CTHBHblA 3J1eMeHT,

V1H,flYKTHBHYIO KaTywKy - KaK V1H~KTY1BHbjA ::;r.eMeHT, KOH~eHcaTOp - KaK

eMKOCTHOA 3J1eM8HT. COOTBeTCTBeHHO 3T OMy M8TeMaTI-1qeCKOA MO)l.eJlblO

pease-rope 6y~eT BblpaJKeHHe U=R~ ; I1H,IlYKTI1BHOA KaTyrnKVI -

U s: 1. :1i ; KOHl\eHCaTOpa tL =i j i'.tt ,
AaHH8H JI86opaTopHM pa60T8 CT8BV1T CBoe~ ueJiblO V1CCJle.n.OB8HVl8

npaBOMOtIH OCTI-1 T8KV1X ,n.onyt~8 HH n .

PeSI-1CT OP

Pe3 1-1CTOP e c r s 3JreMeHT 3J1eKTpHQeCKoti uena , npe,UH83H8.l.IeHHbl« AJlR

I-1Cn OJlb30B8.HI-1R e r o 3J1e KTp I-1 Qe CKOr O COnpOTl-1BJl8HV1H R . Pe311CT OP

l.Iarue Bcer o 1-13r OT8B.nI-1BllIOT I-1S nI2 0B0J1ac,~.MQT}ll:lHnrc.O-Ha--1-13 0JllllpYJ()lIee - ---- ~- ------
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OCHOaaH\IIe . MaTepl1nJJ npoaona I1MeeT, KaK npaBI1J10, BblC OKOe y.ue.J1bHOe

COnpOTI1B1leHl1e jJ . COnpOTI1BJleHl1e nposona ,I1)lI1HOA e. W nonepex­

HblM CBlieH\IIeM S (PI1C.8. 1) H8.XO.Il.WTCfl' \113 BNJ}alIIeHWfl' R =.p J- .

PI-lC. 8. I. Ilposon

R L.

~

R
-c::::J-

R
--c=J-

a)

Ha conpOTWBJlBHI1B npOBO,il,H\IIKa BJI\IIfl'BT liaCTOT8. TOK8.. C pOCTOM llac-

TOTbl TOK pacnpenenae'rca n o CBtleHI1Kl npOBO,l1,H\IIKa HBpaBHOMBpHO: BHYT­

pw nJlOTHOCTb TaKa YMBHbwaeTCR, TOK BNTeCHReTCR K noaepXHOCTI1 npo­

BO,l1,HI1K8., liTO BN3blBaeT KaK 6N YM8HbWeHl1e CeqBHl1l1 npOBO,ll,HI1K8., a

3HallWT, YBeJl>1tieHWe COnpOT\IIBJlBHWR. '"lTO f1BJlBHl1B HOC\llT Ha3B8H\IIe no­

BepXHOCTHOPO :$PeKT8. HBpa.BHOMepHOCTb pa.cnpe,n,eJleHl1l1 TOKa no .ce·­

tlBH\IIKl npOBO,ll,H\IIKa npO\llCXO,ll,\llT TaKme no,ll, BJI\IIRH\IIeM TOKa, npoxo~epo

no c ocenHBMY npOBO,ll,HWKy. 1TO HBJleHl1B HOCWT Ha3BaHWB :$PBKT8. 6J1w­

30CT\II. no 3Tl1M npWll\llHaM conpOTWBJlBHWB npOBO,il,H\IIK8. nBpeMeHHOMY TO­

Ky (aKT\IIBHoe COnpOT\IIBJlBHwe) BHillB, tleM COnpOT\IIBJlBHWB 3Toro me npo­

BO,Il.HI1Ka nOCTOflHHOMY TOKY. YBeJlWllBHl1e COnpOTl1BJlCHWR npOBO,ll,HI1Ka aa

CllBT nOBepXHOCTHOPO ~BKTa \II ~BKT8 6J1W3OCTW 3aMBTHO npw BeCbMa

BblCOKI1X tiaCTOT8X.

I1p\llMeHflBWB Ha npaKTWKB npoaonouaae pe311CTOpbJ ol'iJla,l1,8IOT scer'na

HeKOTopoA I1 H~KT\II BHOCT bKl , W, KpOMe Toro, Me~ OT,neJl b~ B\IITK8­

Ml1 \IIMBeTCR eMKOCTb. I1pw ,Il,OCT8TOtiHO H\II3KWX Q8CTOT8X BMKOCTb pe­

314CTOpa npaKT\IIlleCKW H14KaKOr O BJl14RHWH He \IIMeeT 11 B paCqeT8X He

ytIWTNBaeTCH, qaCT O npeHe6peraKlT 11 \IIH~KTI1BHOCTbKl.

CxeMbi 3aMelneHI1fl' peaacropa \llMeIOT BI1.u, npe,l1,CT8BJ1eHHblA He pac.B, 2
c

~
f)

Pl1c.8.2.CxeMH 3aMBWBHHfl' pe311CTopa npl1 a) n OCTORHHOM

TOKB, 6) HI13KI1X tlaCT OT8X, B) BblC OKI1X uacrorex

53



Y1H,/lYKTJ;fBHM KaTymKa

Y1HAYKTHBHaH KaTytJlKa eCTb aneMeHT 3neKTpHqeCKOR uenH, npe~a3­

HaqeHHblR ,fl)JH I1CnOJlb30BaHl1H er-o J;fH,DyKTIoIBHOCTI1.

Y1H,IJyKTI1 SHaH K8TytJlKa npe ~,CTaBJlHeT co6oR HeCKOJl bKO KpyrOBbIX BI1T­

KOB npoaona, no KOTOpOMY npOXo,IJ,IoIT TOK (Pac .8. 3). MarepVlarr npOBO-

l\8 I1MeeT, R8K np8BVllIO, Marroc y~eJlbHOe conpOTIoIBlIeH\oIe J' ,\01 V1H,IJyK-

TI1BHM KaTytJlKa OCSnBl\aBT M8JJbIM 8KTl1BHbIM COnpOTI1BJIeHl1eM R. • fIpl1

nOCTOHHHOM TOKe HBllpRlKeH\oIe H8 38.l1U1MaX KaTytJlKIoI onpelleJI\oITCH nana­

Hl1eM H8npfllKeHIoIfl H8 COnpOT\oIBJIeH\oIVI npOBOl\8 KaTyrnKH \01 TOK BO Bcex

TOqKaX 6y,neT O~I-1HaKOBbIR.

====~

PIoIc.8.3. Y1H,DyKT\oIBHaH KaTyrnKa

ITp\ol nepeMeHHOM TOKe Vl3MeHR~eeCR MBrH\oITHOe nOlie, Bbl3~BaeMoe

C06CTBeHHblM TOKOM, 6Y,o,eT HaBO,Il,l1Tb B BIoITK8X 1,UC CaMOIolH,DyKl.\IoII1. MelK­

,Dy BWTKaMl1, TaK ~ KaK MelK,IJy OT,neJlbHHMIoI TOqKaMl1 CMelKHblX B\oITKOB,

aneKTpVlqecKoe nOJle CT8HeT nepeMeHHbIM, \01 Qepe3 ,Il,l13JleKTpWK, OKpy­

JKa1aJlwR B\oITKW, 6y,neT npOXO)lWTb TOK CMelueHW.R. lleM BbI1lIfl qaCTOT8.

nepeMeHHoro TOKa, TeM 60JlbWe 6y,IJyT 1,UC CaMOWH,DyKUJ;fW W TOK CMeme­

HI1R. CJIeJJ,OB8.rellbHO, cxexa 3aMen~eHJ;ffl \oIH,DyKTI1BHOA K8TyrnKYI npa ne­

peMeHHOM TOKe ,nollJKHa CO~eplKB.Th nOMI1MO conpOTHBJleHIoIR R WH,IJyK­

TI1BHOCTb L 11 eMKOCTb C
ITpYi HI13KYlX QaCTOT8X TOKOM CMemeHI1R, TO eCTb eMKOCTbll) MOJKHO

npeaeripevs.
fIpH He OqeHb MaJlOf.! qaCTOTe MOlKHO npeHe6peqb conpOTHBJIeHl1eM

R npOBOl\8 KaTytJlKH, lJOCKOJIbKY cat.» R , 11 CQI1TaTb HH,IJyKTHB-

Hyll KaTyrnKy QI1CTO WH,DyKTV1BHbIM 3JIeMeHTOM.

TaKHM o6paaoM, B 3aBWCWMOCTM OT Bbl6paHHOrO ,Il,l1BllasoHa QacTOT

cxexa 3aMemeHWH WH,nyKTWBHOA K8TyrnKI1 pasJII1QHaH (PIoIc.8.4)
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L

?vic.8.4. CXeM8. 3aMemeHI1H I1H.nyKTI1BHO~ KaTytllKI1

npl1 a) nOCTOHHHOM TOKe, 6) nepeMeHHoM TOKe

HI13KO~ tlacTOTH, B) nepeMeHHOM TOKe BHCOKO~

tl8.CTOTbI

KOH,IJ,eHC8.TOP

KOH~eHcaTOp eCTb aneMeHT 3neKTpl1tleCKOR ~enl1, npe~a3H8.tleHHNR

AnH I1Cnonb30BaHI1H ero eMKOCTI1.

KOHneHcaTOp COCTOI1T 113 nByx MeTannVltleCKI1X 3neKTpO~OB)P8.3­

,ne n8 HHHX JT.I13neKTpVlJ<OM {pl1c.8.5>.

?vic.8.5.KoHAeHcaTOp

npl1 n OC1'OHHHOM H8IlpHllIeHI111 11 l1n.eanbHOM ,!1,HaneRTpMR8 TOKa B 1.\8-

nl1 C ROHAeHCRTopOM He 6YneT, ero conpOTMBneHl1e paBHO 6eCKOHetlHOCTVl.

ECJll.1 HanpH1K8Hl1e nepeMeHHoe, TO B npouecce Vl3MeHeHl1R anexrpauecxo-

r o 3apR,Il.8. B03Hl1KaeT nepeMeHHhl~ TOK. Ilpl1 HM3RI1X tlaCTOTaJ< KOH~eHca­

T Op C HeKOTOp~ ~On~eHl1eM MO~IO paCCM8.TpI1BaTb R8.K eNROCTHNR 3ne­

MeHT. C yaenl1tleHMeM tlacTOTH OJI\YTVlMYIO pon s HatlI1H8.KlT I1rpaTb nore-

pM 3Heprl111 B ,!1,H3neKTpVlKe, KOTop~e B03pacTaKlT C POCTON tlaCTOTbI,

n03ToMY TOR B ROH)leHC8.TOpe onepexae-r no ~a3e HBIlpHlKeHVle Ha era

3~I1MaX He. yron I~I ,MeHbillMR .~ • YronJ~ononHRn~I1R \~I AO

,~% ' 0603H8.QaeTCR 6yKBOR t 11 H8.3h1BMTCR yrnoM ncreps

(pl1c.8.6). Ila.panneJIbHfHT cxeua 3aMeilleHl1R KOH)J.eHcaTopa 11 COOTBeTCT-
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r

To

PJ.1C. CXeMa SaMellleHJ.1R KOHp,eHCliTOpa C napanne.ns­

HblMfJ,I1HeHJ.1eM :J J.1 C J.1 ee BeKTOpHaJ!: )J,J.1aI'paMMa

Ha npaKTJ.1Ke KHCaTOp XapaKTepJ.1syeTcR IJ,BYMR napaMeTpaMM C
J.1 t9s . !.J,1lR mJIeJlbHO~ cxeMbl SBMell\eHJ.1R

t s .&!!.. -4-, - .s.: •9 = lwC U -' (.J}C -~

IlpJ.1 )l.OCTB.TOqHCOKI1X ~acToTax Heo6xo,fJ,l1MO yqecTb HanHql1e

J.1H).JyKTVlBHOCTVl, OflJlReMOA MaI'HHTHbIM nOJIeM, COSIJ,B.BaeMbIM TO}(OM

KOHp,eHCaTOpa (p~7.)

c
-~

9

PJ.1c .8CxeMbl 31l.M811\eHJ.1R }(OHlJ,eHCB.Topa npl1

a) HJ.1: qaCTOTax, 6) BblCOKIiX qaCTOTA.X

Crpor-o paarpans 06JlaCTJ.1 qaCTOT, npa }(OTOPbIX cnpaaennaea

ra J.1 J1 11 J.1HlilI CXeM81ellleHIiR, He npelJ,CTaBJIReTCR B03MOlltHblM, TaK

KaK ST O SBI'l14CJ.1T O'OllleCTBa !paKTopOB.

ill. canae Jla60paTopHoA yCTaHOBKI1

06WK'l'OM J.1 CCJle ,HI1 R CJlYlKaT:

I ) Pe3J.1CTOp ,CO'ilIViA VIS ,IJ,BYX n OCJle,UOBaTeJlbHO COO,fJ,l1HeHHbIX

---pe 3 J.1 C TOpOB-R1-J.1 --~-- -------------_·_- - -
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2) ~H~yt<TIH\H!l.f1 t<aTymKIl 1.1 C 3aJK11MR.MI1 1M2.

3) }{oH,11.eHCaTOp C 50 M~.

1T~ TP~ 3neMeHTa 3neKTp~eCK~X uene~ MCCne~DTCfl Kat< Ha nac·

TORHHOM HBIlPRJKeHI1M (pMc.8.8), TaK M HIl nepeMeHHOM HanpRlI':eHMM

(pMc.8 .9>'

PA A

RJ lcL1

R2 1600

"
B

£j T
QS1__.......... -=

P!4c.8 .8. Cxexa 3net<Tp~qeCl{QR uenl1 Mfl I1CCJle.o.OBaHl1R

3neMeHTOB 3neKTpl1QeCKMX ueneR Ha nOCTOffHHOM HanpRJKer

P4- BMnepMeTp :3 514, I A;
pv- BOnbTMeTp M253 na ~ B HnH 359 Ha '75 B.

P!4c.8.9,CxeMa 3neKTpwqecKoR uenM Mfl I1ccneAOBIlHI1R

sneMeHTOB 3neKTpl1QeCKI1X ueneA Ha nepeMeHHOM HanpflJKe

Pj/ - aMnepMeTp :1 514, 2 A;
/'V - BOJlbTMeTp 159 HIl 150 B;
p - ~a30MeTp,
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1Y. ITporpaMMa ~ MeTO~Ka BNnOnHeHHR

pa60Thl

4.1. Co6paTh sneKTpMqecKy~ ~enh no c x e Me p~c.8.8. ITooqepe~­

HO n onxnruas K 3aJ1G1M8.M A ~ B pe3Y1CTOp, YlH,nyKTYlBHYIO KaTymKy VI

KOH,lteHC8TOp 8MK OCThlO C = 50 MK<li) npOYl3BeCTVI 143MepeH14R COrJJaCHO

Ta6n14~ 8.1.

8.1. 1KcnepHM8HTanhHoe onpe~e]JeHHe napaMeTpOB aneMeHT OB

aneKTpH4eCK14x. ~eneR npM nOCTORHHOM TOKe

1oI3M8peHO BbN14CJl8HO
L;x eM8

1.neMeHT 38Me!l1eHVlR

V,B I. A K, OM

Pe3HCTOp
--_._-- ..- -~~---

1oI1trIYKTVI flHIlR
I<Il.TymKA- -_._-_._ ... .. . .._.• ..__.~ . . _-- - - - -- f-- -

f{OIl.71,CHC8T OP

4.2. Co6 p a T h 3neKTp14QecKYIO ~Bnb no cxeM8 p14c.8.9 . YCTaHOB14Tb

7.J = roo B.
Ilooreparurc n O~KJl104:aH K 3alKVlM8M A Yl B peancrop , JolH,nyKTJolBHYIO

xarynncy M KOH~eHcaTop eMK OCTblO C = 50 MK<liJ npOM3BeCTM Jol3MepeHJolR

COrJl 8CHO T86JlM~e 8.2 . YrOJl ~ CJle,nyeT 3aITYlC8Tb C yqeToM 3HaKa.

8.2 . 1Kcnep~MBHTanbHoe onpe~e]JeHHe napaMeTpOB sneMBHTOB

SJl8KTpVlQeCK14X ~8neR npa nepeMeHHOM TOKe

M3MepeHO BhltHlcneHo

'=lJleMeHT Lr lr I 'I
,

:J ~{~l~ Z R x y
fl I A 0,,,- ON 0,., c» c'" c...,

Pe3\o1CT OP
1 - . _._...- f-- -

loIH TlYKil1 BHaR
..__ .•-.

~-- " ' - JHJ,TYll)K/J 1-- .. ..-
KOH.rJ,eHC8.TOp

4. 3. ITo ~aHHhlM V: 3 M8peHYlH n.4.I . BhlqYlCJlYl Tb COnpOTMBJleHMe pe3MCTopa,

V1H,nyKTYlBH OR KaTymKVI ~ KOH)l8HCaTopa. HapYlC OBaTh CXeMhI 3aMemeHYlR

pe3Y1CTOp8 Jol KaTymK ~ JolH,rryKTJolBHOCTYI npu n OCTORHHOM ~'OKe .
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4.4 . Ilo ,Il,aHHblM H3MepeHHR n .4 .2 BhJqJ.1C.lI J.1 Tb nap8.MeTphi R. H X

nOCne,ll,OBaTeTlbHOR cxeMH 3aMe me HHR pe3HCTopa, J.1H,D,yKTHBH OA KaTyw­

KH 11 xonneaca'ropa 11 napaae'rps fJ 11 ~ napaJIJleJIbHOR cxeMbl 3a­

Mell1 eHl1fl pesacropa, I1H,D,yKTI1BHOA KaTywKI1 11 KOH,neHcaTop8.

4.5 . Do .naH~ Ta6JII1upl 8. 2 Hapl1COBaTb n OCJle,ll,OBaTeJIbHble cxe­

MbI 3aMemeHI1R pe311cTopa H I1H,D,yKTH BHOA KaTywKI1 . DOCTpol1Tb BeKTOp­

Hhle ~arpaMMbl . 3anl1C8T h M8TeMaTwqecKYD MO,ll,eJlb nOCJle,ll,O BaTeJlbHOA

cxeMhl 3aMell1eHHR pe3HCTopa H MaTeMaTHqeCKY~MO,ll,eJIb n OCJl8,1l,OBaTeJlb­

HoA cxeMhl 3aMemeHI1R KaTyuIKI1 I1HJJYKTHBHOCTH B ,Il,HrM>epeHUl1aJIbHOA

11 KOMnJleKCHOA ~OPMax.

Do .n.aHHblM Ta6JIHUhI 8 .2 HapHCOBaTb napaanenssyo cxeMy 3aMeme HI1R

KOH,Il,e HCaTOpa , nOCTpOI1 Tb BeKTOpHylO ,Il.HarpaMMY . YKa3aTh Ha ,Il,l1arpaMMe

yrolC noreps s . 3anHc a Tb Ma Te Ma Tl1tleCRYIO MO,ll,eJlb napaJIlCeJIbHo« c xe­

MbI 3BMemeHI1R KOH,n.eHcaTopa B tl,l1'fxPepeHl.(HaJIbHOA 11 KOMn.JleKCHOA epop:­

Max.
4.6. OcHOBhlBaRCb H8. ,Il,8.HHblX 3KCnepHMeHTa, npoee nenaor-o npl1

tlaCTOTe 50 fu (Ta6JlHua 8.2)Jonpe,ll,eJIHTb, C KaKoA OTHOCI1TelChHOA

n orpeWHOCTblO MO~O CQHT8Th, QTO peSH CTOp XapaKTepH 3yeTcR TOJlbKO

aKTH BHhIM COnpOTHBJIeHHeM R , HH,D,yKTI1 BHaR KaTywKa - TOJIhKO

I1H,D,yKTHBHbIM COnpOTJ.1BJIeHl1eM X. , K OH~HcaTOp - TOJIbKO e MKOCT-

HhIM conporaanexaea Xc .
OTHOCI1TeJIbHaR n or-pemsoc r s onpenense-rcs no epopMyJIe

R = a~ -0.- /()O'/
J" a. /" ,

r-ne a x - 113Me pe HHa H BeJIHtH1Ha (z),
a - ,Il,eRCTBI1TeJJbHaR BeJlHtll1Ha (R , X/..., Xc) .

4.7. Be3YJlbTaThi o6pa6oTKI1 3KCnepI1MeHTaJlbHh~ .naHHb~ no nyHKTBM

4.5. H 4.6 . ~R pe311cTopa CBeCTI1 B Ta6JII1uY 8 .3. AHaJlOrHtlHhle Ta6­

JIl1l{bl c ,nelCaTb Jl)JR HH,D,yKTI1 BHO A KaTywKI1 11 ,Il,JIIl KOH,Il,eHCaTopa.

8.3. 8JIeMeHT 3J1eKTpHtleCKOR ueml 11 er o CXeMbI 3BMelI1eHI1R

npa CI1HYCOW,uaJIbHOM TOKe, I = 50 I'u,

Pe311CTOP

YnpOlueHHaR
CXP.MO BeKTopmlR MaTeMIlTl1tle C-

cxeMa 3aMe-

SaMerl\eHIHl ru~ a r pllMMH KaJl MO.n.e .llb
U\eHHH 11 nor-
peWHOCTb npa
HCnOJIb3 0BaHI1 11
ee, (3

59



- Y·. -KOHbHbleBOnpOCbI

T. HasoBHTe 3AeMeHT~KTpHqeCKHX ~ene~ H OnHlliHTe HX

KOHCTpYKTHBHoe YCTPO~CT

2. liTO npenc-raanae-r tA MaTeMaTHtIeCKaR MO,lleAb 3AeMeHTa

3AeKTpHtIeC KO~ uenl-1 ?

3. liTO TaK oe 3KBl-1SaJJ«jR cxexa SaMeIQeHHH?

4. HapHcY~Te cxe~ S8Hl-1H pesHcTopa H HHAYKTHBHD~ KaTyrn­

KH Ha nOCTOHHHOM T OKe H~I S8Me~eHl-1H peSHCTopa, HHAYKTHBHO~

KBTyrnKH H KOH,neHCBTopa llepeMeHHOM TOKe npa HHSKHX qaCToTax

H npH BblCOKHX tIaCT OT8X.

5. CocTaBbTB MfiTCMfiTKYD MO~eJ1b uenH n OCTOflHHoro TOKa.

6. CocTaBbTB MBTBMaTHyll MO~eJlb uenJ.1 CJ.1HycOJ.1.nanbHoro TOKa

B ;J.H~epe HUl-1 an bHO~ H !WMnHOft ¢OPMax.
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Pa60T8 Ii> 9

JJJ1Hl1H ClJlEKTPOIlEPE)J.Alffi ITEPEMEHHOrO TOKA

1. UeJlb pa60TbI

I1cCJle,noB8HVle JlHH1-H1 enexrponepenana npa pa3.mltlHOM xapaxrepe

HarpY3KI1

Il. 06[l\l1e CBeAeHHR

]]I1HI111 enexrponepenaua nepeaenaor-o TOK8 otSJYa,naeT aKTI1BHblM 11

peaKTI1BHblM COnpOTI1BJYeHI1HM11. AKTI1BHoe COnpOTI1BJYeHl1e eCTb COnpOTI1B­

JleHl1e npsxoro 11 coparnor-o MeT8JlJIl1qeCKI1X npoaonos. Pea.KTI1BHOe

COnpOTI1BJYeHl1e ' C03,fla8TCR KaK I1HAYKTI1BHbIM COnpOTI1BJIeHl1eM, onpe,ne­

JlReMb~ H8Jll1tll1eM MarHI1THOI'O nOJIR BOKpyI' npoBouoB. TaK 11 eMKOCT­

HblM COnpOTI1BJleHl1eM, onpe,n,eJIReMb\M H8Jll1tl118M 3JIeKTpl1tleCKOrO nona

MelK,lly npoBoU8M11, ,UB8. nposona RBJlRIOTCR 06KJlMKIl.MI1 KOH)leHC8Topa:
KpoMe Toro, COnpOTI1BJYeHl1e 1130JlR~11 npoBouoB XOTR 11 BeJ1I1KO, HO
OHO KOHeqHO, n03TOMy tlepes 1130JlR~1O npOXO~T He60JIbWOR TOK YTeQKI1.

TaKI1M 06pasOM Me~ npOBOUaMl1 npOXO)J.flT eMKOCTHOR TOK 11 TOR YTeQ­

KI1. 06a 3TI1X TOKa He SaBI1CRT aT Taro, BKJ1lQqeH npl1eMHI1K 11J111 HeT.

B B03pymHNX JlI1H11RX C HanpRm€Hl1eM Hl1m€ 110 KB eMKOCTHbIM TO­

KOM JlI1HI1I1 11 TOKOM YTetlKI1 qepe3 1130JIRI.\I11O MOlltHO npeHe6petlb. 1TO

n03B0J1ReT npeAcTaBI1Tb JlI1HI1IO 3JIeKTponepe~aql1 cxeMoA SaMe~eHI1R

B BI1,1l,e nOCJIeUOBaTeJIbHOrO coe ,o,l1HeHlll'l pe311CTI1BHOrO ~ 11 I1HAYK­

TI1 BHor0 )(.11 3J1eMeHTOB (pac , 9. I .a) •

PI'lC.9.1. eX8Ma JJI1HI111 ::lJTeKTpOnepefJ.aq (a), B8KTOpHIlJl

,fll'l arpaMM8 (<5).
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IV, -Vt I=JR} +-x/ .I = Zj1 I .
Ha BeKTOPHOA .n.J.1arpaMMe nanenae HanpRlKBHI1R B JlJ.1HJ.1J.1 paBHO B

MaCUlTa6e )I,Jl~H8 BeRTOpa £.11 i .
[]OCKOJlhRY cnaar <PM Mellt,D.y V! 11 t'z Ha paeore nOTpe6J.1TeJlR He

OTpaJKaeTCR, TO npa pacve re npOBO~OB yqJ.1ThlBA-JJT He n8,A8Hl1e HanpR­

JKeHJ.1fl, a nOTep~ HanpRlKBHI1R B JlI1HJ.1J.1.

[] OTepR H8l1PRlKBHJ.1R B J1J.1H11 I1 nepen ex a passa pMHOCTJ.1 MO,IIyneR

HanpRlKBHI'IR B Hatrane J.1 KOHI..\8 nI'lHJ.1J.1, TO 8CTh A If '" Iu, r-I V:</ •
f10TepR HanpRlKeHJ.1R noxaauaae-r , Ha K9KYlO BenJ.1t1J.1Hy HanpRlKeHI18 II

KOHI..\8 JlJ.1HJ.1J.1 MeHbUl8, tl8M HanpRlKeHJ.18 B Hatla~e JlJ.1HJ.1J.1.

Ha BeKTOpHOA ~arpaMMe (pJ.1c.9.I,6) nOT8pR HanpRJKeHJ.1R paBHa

B MHcmTa68 )I,Jllm8 OTp83K8 a t/ , nOJlyq8HHoro sac8trKoR p8.,1lJ.1yCOM

paBHbIM )I,Jll1H8 BeKTOpa V2. . 113 B8KTOPHOA )l,l1arp8MMbl BI.J ,n,HO. 'lTO

n a.ueHJ.18 HRnpRllteHI.JR z.,j I 60Jl hID8 no-repa HanpRllteHI1R ,::" V.

ilpl1 eMK OCTHOM xapaKT8pe HarpysKI.J HanpRllteHI18 B KOH'-Ie JlJ.1HI.JI1

V2, MOJKeT cpaBHRThCR J.1 .n.a.JKe npp.BblCJ.1Tb HanpRllteHJ.1e B Hatlane JIl1­

HI1J.1 UL •
Ilorepn HanpRlK8I1I1R c ~lOCTaTOtlH otl )I,JlR npaKTJ.1t1eCKJ.1"x '-I8neR TOl.{­

HOCTb~ MOlltHO paCCT.lJ.1T8Tb no rpopMYJle: 6. U' =~ I co')r2. -t-Xfl I "Yii'lCf2. ,

)J)lfl GlTeKTpJ.1t1eCKOA 1..\8nJ.1(pJ.1c. 9 . 1,0.) ypaBH8HI18 no BTopeMY' sa­

KOHy Kl1pxro:I>a I1Me8T BI1U:

U1. : (Rf/rjX/I)[ +Uz .
B COOTBeTCTBI1J.1 C 3TJ.1M ypaBH8HI18M nOCTpOJ.1M B8KT OPHy~ ,UJ.1 arp aMMy .

~JlR Onp8~eJleHHOCTJ.1 nOJlO~M, tlTO Harpy3Ka I1Me8T J.1HAYKTJ.1BHhIR xa­

p a x r e p . BeKTOp HanpRllIeHJ.1R xa npJ.1eMHJ.1Ke ~ paCnOJlO~M no OCI1

neRCTBI1TenbHMX tll1cen (pl1c.9.I,6). TOK i OTCTa8T OT Her o Ha

yrOJl t.f2 B CJ.1JJY J.1H,IIyKTJ.1BHOrO xapaxrepa HarpY3KJ.1. IIa,n,eHJ.1e HanpR­

lKeHJ.1R B aKTJ.1BHOM COnpOTI1BJJ8HI1J.1 JlI1HJ.1J.1 JS"i coananae-r no <paS8 C •

TOKOM, na1T.8HJ.18 HanpRllIeHI1R B I1H,IIyKTJ.1BHOM CO~POTJ.1BJI:HI1I1 ml:'J.11'1 j~I

onepexae-r TOK aa 900
• Cxnanssas sexrops 'liz ,R.III l'I jXI/ I , no­

nyqJ.1M HanpRlKeHJ.18 U, B Hatlan8 nJ.1HI1J.1, TO 8CTh aa I1CTOtrHJ.1K8.

~3 BeKTOpHOR .n.l1arp8.MMbl BI1,IJ,HO, tlTO Hanp~HI18 B KOHl..\e JlI1HI1I1

Uz OTJll1tla8TCR OT H8l1pRlKeHI1R B H8tlan8 JlI1HI1I1 li( KaK no senl1tll'lHe ,

TaK 11 no <pase. 'iTO OTJlYltll1e ooy c n o an e x o nB,J:1,8H118M HanpRlKeHI1R B JlI1­

HI1I1.

Ilon nan,eHYl8M HanpRllteHJ.1R B JlI1HI1I'1 nepe naua nOHI1MaJJT MO,D.yJlb r80­

M8TPJ.1t18CKOR pa3HOCTJ.1 BeKTOpOB HanpRlKeHI1R B Hatlane (Vi ) 11 B KOH­

'-Ie ( L5. ) JlI1H11J.1:

- - - --- -- --- - r ,D,8 - lfz. - c .n.BJ.1 r rpas M8lKJlY HanpRllIellJ.18M J.1 TOK OM aa npJ.18MHJ.1Ke-.
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V,K . r:::-?-;::;'
Z.A=II<, , R./f=Z.IIco,:>!f, , X/1=v Z;'-R.t1 ·

lli. Onl1CaHMe Jla60paTopHoA yCTaHOBKH

Ha BeKTOpHOA ~arpaMMe (pHc.9.1,6) nOKasaH OTpe30K npRMoA

AVi , nOJIyqeHHblA KaK cywa npOeKl\I'1R IleKTOpOB ~ i rI iJYtf xa

rOpl-l30HTaJIbHYll OCb. RaK Bl1,D,HO, STOT OTpe30K npI16J1l1l1teHHO paeeu

OTpe 3 KY .1V , COOTBeTCTByDI\eMY norepe HanpJllreHHfi ' B JIliHl1l1.

rIapBMeTphi JII1HIHi ~ H X.J! Momo pacCqHTaTb aHaJIHTHqeCKH,

I1CXOM 113 ee KOHCTPYK~HH. B yCJIOBl1.IfX JIa60paTopHH R.,., l1 X./I MOlK­

HO HaRTl1 H3 onhiTa KopOTKoro 3aMh1KaHl1J1 JlMHHl1. rIo AaHHhIM, nOJIyqeH­

HhIM H3 SToro onhlTa:

06~KTOM HCCJIeAOBB.HHR

MeHHoro TaKa (pl1c.9.2)

",,220 B
1 t

RBJIJleTCR MOAeJIb JlHHl1H nepeAaql1 nepe-

6

PHc.9.2. ~JIeKTpl1qeCKaR MOAeJIb Jll1HHl1 nepeAaQH

nepeMeHHOrO roxa

PII - AMnepMeTp 1 A;
PVI - BOJIbTMeTP 250 B;
PV2 - MHoronpe,n.eJIbHbIR· BOJIbTMeTp;

'P - !paaOMeTp.

B KaqeCTBe Harpy3Kl1 K 3aJK11MBM AB BKJImaeTCR !pasa A pe3l1CTl1B­

Horo Tpex!pa3Horo npHeMHKKa.

)~"H C03,naHHJI HH.nyKTHBHoro xapaierepa Harpy3KH K pe3HCTHBHOMY

npl1eMHHKy rtapannen bHO BKJlmaeTCR: HH.nyKTl1BHB.R: KaTylllKIl L 2 .
)],nit C03AaHHJI eMKOCTHoro xapaarepa HarpY3Kl1 K pe3l1CTl1BHOMY

npl1eMHl1KY napanseasao BKJIKltlB.eTCJI eMKOCTb C = 10 M~.

)],nJl r13MepeHHR: Cf, 11 tt2 13 HaqaJIe H B KOHl.\e Jll1HHH Bxo,D,HoR

38.lK11M 06MOTKH Hll.npRlIteHl1R !pasoMeTpa noouepenno npHcoe~HJleTCR:

K 3alKI1MY 5 A !P1l.30M6TPa. l1 J{ 3alltl1M,Y 2 HH,IIyKTI1BHOR KaTYUIKl1 L f •
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IY . UpOrpaMM8 Vl M8TO ,ll,l1Ka BIIDOJJHeHVlR

pa60Tbl

4.I. C06paTh 3JJeKTpMlteCKY~ uenb no cxeMe pMc.9.2.

4.2. OnhlT xoporxor-o 3B.Mb1K8HI'lR JIMHI'lI'l.

PyqKY JJa6 0paTopHoro 8BToTpaHciPopM8.TOpa. (T V ) nOCTaBMTb B

n OJlOlKeHlile Hy.n.fL 3a.JKl1MbI AS COe)\MHJIITb H8.KOpOTKO. Ilnaaao nOBblUI8.R

HanpRlKeHJII8, YCT8.HOBJIITb TOK I A. ~HHble J/l3MepeHII~ 3aHeCTM B Ta6­

mmy 9.1.

113MepeHO BbNJIIc.n8Ho

V;K IK "P, eo~'f, ZJ1 RjI X/I
F- A rpl'lq OM OM OM

ITo ~8HHHM onMT8 paCC~MT8.~Te napaMeTp~ JJMHIIM nepe~altM.

4.3 . I1cnblT8.HJII8 JJJIIHJIIJII nepe uattJ/l npJII P8.3J1J11ltHOM xapaxrepe H8T'­

PY3KJII.

floouepenno nO,J1.KJIXJ.I8R K 38J1(l.1MaM AS aKT"'BHbI~, aKTMBHo-MH~K­

TMBHblA II aKTJIIBHO-AMKOCTHOA npJlleMHIIKI'l, YCTaHOBIITb HanpRlKeHII8

IICTOqHIIKa nJ/lTaHJIIR Vi = 100 B II npOBeCTJII Heo6xo~Mble J113MepeHIilR

C Or,lTIl.CHO Ta6nJllue 9.2. YroJl <.f cne nye-r 3anHC8Tb C yqeToM 3HaKa .

9.2. I1a~eHlile V1 norepa HanpRlKeHJIIR B .nMHIilV1

3J1eKTponepe .n.attM npa P8.3JJlilltHOM xapaxrepe

H8rpy3KV1

Yl3MepeHO BbIqI1C.neH o

fIpl1e MHlllf
I V, Ul R/II AU'tf, lf2. XI/I Z.A1 MJ

A B B B B B B B

AKTIIBHbrA

A I{Tv!f!f-l(l-
MHn.YKT~1BHbl!1

AKT"I'\H f'-
P.MKOCTHOt!
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rpex
10 B/CM.

4.4. rrOCTpo~Te B MacUlTa6e BeKTopHNe ~~arpaMMH Ana

B~nOB H8rpySKM. PeKOMeHffiTeMblR M8cUlTa6 HanpfflKeH~ff YYl tr

Y. KOHTpOnbHNe Bonpoc~

I. l{TO OSHatt8HlT noreps ~ nanenae HanpfflKeHMH B n~H~~ nepe­

.naq~ ?
2. KaK n onytteH8 ~opMyna ,rr,nff npM6n~lKeHHOr O onpeneneH~ff n o­

Tep~ HanpRlKeH~ff 4 V' ?
3. Ilpa KaKol! aar-pyaxe /.', U' \01 I:> u:oco6eHHO OTnl1ttallTCff .npyr

ornpyr-a ?
4. [loqeMy napaaerpu Jl~H\o1M nepenasa MOlKHO orrpe nenwr s ~MeHHO

~s OllblT8 KopoTKoro 3aMb1K8~ff ?
5. KaK pacCttMT8Tb MOmHOCTH HCTOttHHKa, npMeMHMKA ~ KnA nMH~M

nepenexa ?
6. [lotteMy Anff nepe~attH SJleKTpHttecKol! SHepPHH He .naJlbH~e pac­

CTOffHHff Heo6xo,ll,YIMO nOBblUJaTb HanpfflKeH~e ?

7 . PaCCttl~TaRTe HAnpHlKeHYle J-lCTOttHI1K8 rrVlTR.HI1H U, ,ec.1Jl1

RA.npRlKeHI1p. HR. npto\p.MHVlKP. Uz = 220 B, COnpOTI1MeHIo1p. rrplo1eMHIo1KA

!<.. = no OM, COnpnT~BJlp.HI1H .nI1HIo1Yl enexrportepenavs R.JI = 3 OM,
Xfl = 4. OrrpP.~e Jl M Te nOTepHl VI naAeHlo18 HAllpfflK8HMH B JlMHI1M

:) rreKTpone pP.rr.fl tt l' •
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Pa60Ta '" 10

FE3CHAHC HAI1PHJKEHY1A

1. l.(eJlb pa60Tbl

HCCJle~OBaH~e pe3 0HaHCHOPO pe~Ma B Hepa3BeTBReHHOA 3J1eKTpH­

CKoA ~en~, co~ep~eA pe3HCTOp, HHAYKT~BHy~ KaTywKy H KOH~eH­

,T Op . MCCJ1e)J,OBaHl18 3aB~c~MocTeA TOKa H HanpRllteH~SI aa :,lJ1eMeHTBX

nH OT eMKOCT~ !WHll,eHCBTopa. Iloc-rpoeuae BeKTOpHbIX .nl1aPpBMM

TO)lOM 3aCetleK.

Il, 06'I1He CBe,n.eH~R

Pe3 0HaHCOM Ha3b1BaeTCR TaKoA pe~M naCCI1BHoA nena , CO~eplAAllleA

rYWKI1 ~H.nyKT~BHOCTI1 11 KOH,Il.eHCaTOpbl, np1<l KOTOpOM ee BXO~oe

lpOT~ B.l1e Hl1e RBRReTCR tll1CTO aKT~BHblM. npl'l p e 3 0HaHCe TOK COBna­

3eT n o 1I83e C HnnpflJlfSHI1eM Ha sxone nenl1.

R L C

~

,
t:

!\IC . TO. Ll.(enb C n OCJle,nOBaTeJl bHblM coe.JJ,.meHl1eM ytlacTKoB R,L,e

[JOJlHOe COnpOTWRJ1eHW~ Z nerm (p~c • IO. 1) paBHO

Z;yR2+(WL-3cr '.:: IR 2 +(XrXc)2 '
UnR TaKoA nenl1 pe30HaHC HacTynl1T npl1 YCJlOB~~, tlTO peaKT~BHoe

JOT~BJleH~e X=XL-X,,=O ~Jl~, ~Hatle POBOpSI, ~H.nyKT~BHoe

)OTHBReH~e nenl1 .ll,OJllKHO paBHRTbCH eMKOCTHOMY C OnpOT~BJ1eHl1Il

L =c1x . B 3TOM CJ1ytlae n OJlHOe conporaaneuae uena 6y,n,eT

'0 aKT~BHblM 2;: R •
Ip~ an:«die nporasononosonse no tPa38 HanpHJreH~R HR ~H.nyK­
'OM 3neMeHTp. i/i. l-1 HI3 eMKOCTHOM 3R eMellTe ,Fe p a HHbl n o Be­

He ( p~c. IO.2). [J03T OMY pe3 0HaHC B p aCCM8 Tpl1BaeMOR uenl1 Ha­

.IOT pe30HIlIIC OM HAnpflJKeHl-1R.

66



P>1C. 10.2

Ilomtoe conporwanenne Z npa X. ==X c MIolHIolMBJlbHO, nOCKOJlbKY

OHO pSBHO TOJlbKO SKTIolBHOMY cOnpOTIolBJJeHIol~ ~enlol, S TOK I nplol 3a­

1l,8HHOM HanpRll'.eHIolI1 V ,n.OCTIolP8eT H8.1ol6oJlbl1lero SHatleHIolR I ==*.
HanpRll'.eHIolR HB IolHnyKTI1BHOM \ol eMKOCTHOM 3J1eMeHT8X np\ol pesoHflHce

MoryT npe~CI1Tb no BeJl\oltl\olHe HanpRll'.eHl1e CeT\ol, Ha KOTopoe no,n.KJI~e­

Ha aca cxejsa , BO CTOJlbKO pas, BO CKOJlbKO pas X.. ==Xc 60JlbIDe aKTI1B­

ner-o c onporaaneuaa R. 'TO MOll'.eT Bbt3BaTb nOBpellt,UeHl1e npaoc-

pOB 11 3J1eMeHTOB ~enM MS-S6 npo60R I1S0JlR~I1. KpOMe Toro. nOBYmeH­

Hoe HanpRll'.eHMe ortacno ,JJ,JJR 06CJJyJKMBSnnero nepCOHBJlS.•

O~aRO, 6J1arO~pR 3TI1M ll'.e CBO~CTBaM - MSKCI1MBJlbHOMY TORY 11 no­

Bb~eHHNM HanpRll'.eHHRM H8. I1H~KTI1BHOCTH H eMKOCTH - pe30H6HC H6­

npRll'.eHI1~ H8XO,n.HT Wl1pOKOe npl1MeHeHl1e B p6,11.110TeXHHKe H TeXHI1Ke CBR-

311. i
. 1Il3 YCJlOBIolR cci: == we CJle,nyeT, tlTO peSOH8.HCa MOlfJiO ,n.OCTI1t1b,

1ol3MeHRR JlI160 tlacToTy HSnpRll'.eHI1R I1CTOtlHHKS, JlI160 n8p6MeTp~ ~enH ­

HHnyKTI1 BHOCTb IolJlH eMKOCTb. YrJlOBaR tlaCTOTS, npa J<OTOPO~ HacTynaeT

pe30HaHC, Ha3~BaeTCR pe30HaHCHO~ yrJlOBO~ tlSCTOTO~:
ico; = VlC •

C 3HepreTHtleCKO~ CTOPO~ aPH peaosaace nOJlHaR MOU1HOCTb s:== 7J.r
paBH8 6KTMBHOt! MOlllHOCTH P:uIcoSl'? ,IIOCKOJlhKy yr- on

If'=arc t9 )(~;;''-: 0 11 CO S If>;./ . PeaJ<THBHaR MOIl\HOCTb

HHnyKTI1BHOrO 3J1eMeHTa \ol peaKTHBHaR MOmHOCTb eMKOCTHOPO 3J1eMeH-

TR. 01l,I1 Ha KOBbl Q ~ == Q c. • PeaKTI1EHaR MOlllHOCTb BeeA usna

Q =OJ.-Gc :: 0 . MelK,ny KaTY\lIKoe! IolH,rtyKTI1BHOCTIol Iol KOH,lJ,eHeliTopOM

npOI1CXO,ll.I1T .06MeH 3HeprHet!. 1HeprHR 3J1eKTpl1t1eCKOrO nOJlR nepexo~

,III1 T B 3Heprl11O MarHI1THOrO nOJlR M o6paTHo.

1Heprl1R, nocTynannliR B uenh OT I1CTOtlHI1Ka III1T6HHR, B JlI060R

MOMeHT BpeMeH\ol ~emtKOM nepexonar fl rennory II 8lfTMBHOM conpo­

TI1BJleHlill1.
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- Ill. Om 1CaH I1H JTfl Ciop a T Op HOfl YCTIl.HOBKI1

YlcCJle,nyBMM Hep8.3BeTBJleHH8R uens C0611paeTCR 113 pe311CTOpa

R f, n Byx I1HnyKTI1BHblX K8TYUIHK, Coe Jl,I1HRBMblX MelltAY c o6o'l 3aJQ1­

MaMI1 2-3 , 11 613 Tape 11 KOH)l.eHCaT opOB. llens npllcoe,UI1HReTCR K Ra 6o­

p ll.T OpHOMY 8BTOTpIl.Hc41 0pM8Topy, npe,f1,HIl.3HalleHHOMY ,IJ)l1t nR 8BHOI'O pe­

I'YJl\o1p OB8H\o1R HSnpRJII8HI1R . 3SJlMMbJ 3TI1X 3JJeMeHTOB BblBe Jl,eHbJ HIl. Rl1ue­

BY~ CTOPOHY naHBJlI1 CTeHna ( p l1c.10 .3)

TV ~

LI ~

.-v 2208 /-11
Rl -\1.2

----H
./i c

F\1C. IO. 3. '1J1BMeHTbI Jl86opaTOpHOI'O crenna ,II)IR

I1CCJre.Tl,OBIl.HI1R pe30HRHCa HanpRJII8HI1~

,Ll.nR 113MepeHl1R BeJII1IlI-lH, npellYCMOTpeHHbIX npoI'pBMMo£l padora , na

CTeHJl,e I1MeDTClt ~a30MeTp, 8Mn e p Me Tp Ha 2 A 11 ,ll.Ba BOJlbTMeTpa, O)l.l1H

H8 250 B ,ll.J1R H3MepeHl-IH Ha BX O.l\e uena 11 BTOpoR H8 600 B B KalleCT­

Be nepeHOCHOI'O ,II)IH 1I3MepeHI-lR HanpHJII8Hl-Ilt Hn I1H,DyKTI1BHO- pe 3 I1CT I1B­

H IiM npl1eMHI1Ke 11 KOH,IJ,eHC8TOpe .

JlBe \I1 HJlY KT I1J3Hb1e KaTyulKI1 )l.OJIlKHbl 6blTb coe,UlmeHbI nOCJIe ,ll.OBBTeJlb­

HO 3aJ1(I1MAM\I! 2 \11 3 ,ll.J1R C03}l,1lHI1R 6 0JlbllJeI'O \IIH,DyKTI1BHOI'O COnpOTI1BJIe­

H VIR. Pe311cTop R1 He 06 )(0)l,l1M Tl,JlR OI' p aH\o1lle HI1H TOKa B pell(l-lMB pe30­

HaHCR. nepeMe HH8H eMK OCT b ~aTapel1 KOH,ll.e HC8 T op OB n 03BOJlVlT C03)l.aTb

p€30H8HCHbI£l pell(l-lM.

1Y. ITpoI'paMMa 11 MeTO)l.I1Ka BblnOJlHeHl11t pR60TN

4 . I. PyKOBOJl,CTBYHCb p a 3.n.e RaM VI IT 11 U1, CB.MOCTOHTeJlbHO COCTaBVlTb

c x evy 3 JJeKTpl-l1leCKOA ~en l1 ,ll.J1H I1CCJJe .nOBaHl1R pe a c a a x c a HfUlPHJII8H11'1.

R CXe Mp. n.OJllKHbJ 6blTh n pP..ny cM oTpeHbJ aMnepMeTp )l.JIH 113MepeHVlR T OKa,

BOJIbTMeTp .n,JJR 113MepeHVlH HanpHJII8HVlH Ha BX O.ne uena , tfla3 0MeTp ,IJ)l1t

113MepeHI-lH yr-na If> VI c os j?' , nepeaocsoa BOJlbTM8Tp. ITO,IJ,P OTOBI1Tb

Ta6 JJI-lIl,Y ,IJ)lH 3fUll1CI1 113MepeHI1lL
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4.2. C06P8.Tb 3neKTp~ecKY~ UBnb AnH ~ccne,n,OBaH~H pe30HBHC8.

HanpfllKeH~I:L 4T06b1 1136eJKaTb 60nbUll1x HanpHlIt8HI1'" H8. 3aJKl1MaX K8.TY­

meR 11 6aT8.pel1 ROH~eHcaTopOB. YCTaHOBI1Tb B uenl1 npl1 nOMOml1 aBTO­

TpaHopopM8.TOpa HanpHlIt8HMe U = 80 B. Bo BpeMH npOBe,D,eHI1Jl onu­

Ta HanpJlllt8Hl1e nO.RAep~BaTb HeM3MeHHNM.

4.3. 113MeHRH eMROCTb 6aTapeM ROH,I1.eHC8.TOpOB OT 0 ,D,O 60 MJ@.

113Mepl1Tb TOR I • HanpHlIt8H11e v..: Ha yqacTRe, co,n.eplK8.llleM

I1HnyRTI1BHble K8.TyrnRI1 C nocne,n,OBaTenbHO BKn~eHHNM pe311CTOpOM k t
HanpfllKeHl1e l/c Ha 6aTapee KOH,D,eHCBTopOB, cos '1 11 yr-cn <fJ

Yron I(J cne,nyeT Sanl1CblBaTb C Y'leTOM SHaKa: 1f'~"?>O , '1"...'" c 0

Bcero BblnOnHI1Tb He MeHee 8 113MepeHI1"'. 113 HI1X O,n.HO ,nomKHO COOT­

BeTCTBOBaTb pe~MY pe30HaHCa, npl1 ROTOpOM 3H8.lleHMe yr-na V' = 0
M TOK I1MeeT MaKCI1MMbHoe 3HaQeHl1e. {{I1CJlO 113MepeHl1R ,D,O pe30HaHCa

11 nocne Hero .n.omKHO 6b1Tb npaxepno O,ll,\'lH8.KOBblM . Henpaxeaae l i;
113MepR:eTCR H8. yqacTKe, conepxamea I1H)JyKTI1BHble RaTyrnRI1 11 nOCJTe';

,nOBaTenbHO BKn~eHHbIR pe311CTOp R J . OT,nenbHO Henpmr.eHl1e aa

pe311CTOpe Rj Tpy,nHO 113Mep11Tb, TaK KaR OHO Cnl1WKOM MMO.

4.4. ~R pe30HaHCHOrO pe~I1M8. 3J1eKTp"QeCKO'" uenl1 BNQI1CJlI1Tb

nOJlHOB COnpOTI1BneHl1e uenl1 Z:: ¥ ' 8.KTI1BHoe COnpOTI1BJTeHl1e BceR

uenl1 R;;- zeos ~ • nOJIHOe COnpOTI1BneHl1e Ha yqacTKe C I1H,DyKT\IlB­

HblMl-l KaTyrnKaMI1 ZA;.:: fA: ,I1H~TI1BHoe COnpOTl-lBJTeHl1e x: ,=VZ: - RZ,
11 eMRocTHoe COnpOTI1MeHl1e Xc:: Ie. .

4.5. nOCTpOI1Th Ha O.~OM pl1cYHKe rpePl1KI1 3aBI1CI1MOCTeA

U(c) ,. u.«), u.tc); I(e): co se/c),
4.6 . no pP.3YJTbTaTBM 113MepeHI1'" nOCTpOI1Tb BeKTOpHble nl1Brpa~1

TOKa 11 H8.npHlIt8H\Il'" ,n,.n H Tpex pelKl1MOB pa60Tbl uenl1: a) no pe30H8HCIl.,

6) npl1 pe30HaHCe, B) nocne peSOHaHca .

Y. MeTo~eCRl1e YKA3aHI1R K 06pa60TKe

pe3YJlbTaTOB 3KCnep~MeHTa

5.1. Upl1 BMnOnHeHMI1 nyHKTa 4.5 38.,n8.HI1H peKOMBH,ny8TCH M8.Crn­

Ta6 no rOpl130HTMbHolt OCI1 ,D,JIR eMROCTI1 me = 4 M~ • no BepTI1­

KMbHO'" OCI1 - MacIDTa6 AnH HanpHlIt8HI1R In", =2~ ; MaCIDTa6 Ta­

xa m, = 0,2 ~M 11 AnH cos~o ,2 JM •

5.2. Ilpa nocrpoeag» BeKTOpHblX ,n1l8.rpaMM peKOMeHJlYeTcR MaclUTa6
R

HanpmKeHI1H m» = 40iiM.
Ilocrpoemse BeRT OpHblX ,flW i r p aMM He o6xo,Ul1~o HaQI1HaTb C BeRTOpa

r oxa, BeRTOp HlinpJllKeHI1H sa ROHJl.eHCliTOpe UC OTCTa8T OT eexropa
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T OKa HS. 90°. I10JlOlKeHl1e lleKTOpaHanpHlKeHI1H lh nOCKOJlbKY OH conep­

lKl1T aKTl1llHyIO 11 I1H,IJ.yKTl1IlHYIO coc-raanrmuae , MOlKHO Ha~TI1 CJle,IJ.yKll\I1-

MI1 cnoco6aMI1. nepB~A cnoco6 - MeTO,ll. aaCetleK. ~a TOtlKI1 0 Il8KTOP­

HoA ,Il.l1arpaMMbt npOIlO~I1TCH pyra OKpylKHOCTI1 pa,ll.l1ycoM, paBHNM Il M8C­

lIITa6e HanpHlKeHI1Xl "If , a l1a KOH1.18 Il8KTOpa zic ,nyra OKPYlKHOCTI1

panayc ox, paBHbtM B MaclDTa6e HanpHlKeHI1IO U", (pHc.IOA).

i

PI1c.IO.4 BeKTOpHalt ,Il.l1arpaMMa

B TOtlKe nepeceuexaa nyr OKpYlKHocTeA CXO,u;rTCfl Il8KTOPbT if 11 VI( .
TaKDe nOCTpOeHl1e OCHOBaHO He. TOM, tlTO 7J=l/e-fYk..

BT Op oA cnoco6 YtlI1T~BaeT, tlTO AnH HSnpfllKeHl1fl V l1aIl8CTHB. He

TOJlbK O lleJll1tll1Ha, HO 11 yrOJl ~ C,Il.Bl1rS no OTHOlDeHI1IO K Il8KTOpy

TOKR i . ECJ111 iI>0 ,TO BeKTOp 7f H8npaBJIfreTCfl B CTOP?Hy

on e pelKeHI1R (npOTI1B tlSCOBoA CTpeJlKI1) no OTHOmeHl11O K Il8KTOpy L I

eCJJI1 1ft. 0 ,TO B CTOpOHy OTCTaB8HI1fl (no qaCOBO~ crpenxe ),

BeKTOp HanpHlIteHVlH iI" npOBO,ll,I1TCH B COOTBeTCTBI1I1 C ypaBHeffi1eM

VI<:: () - z{ .

~I. KOHTPOJlbHU~ Bonpoc~

1. .llaAre onpe ne.neaae pe30HSHCHoro p8lK11Ma B 3JIeKTpI1tleCKOA nerra.

2. KaKOBO YCJJOBl1e peaOHB.HCa B lienl1 C nOCJIe,ll.OBaTeJIhHb~ CoeAV!­

Hetll1eM yqacTK oB R ,t. ,C ?
3. I10tleMY peaonaac Il nOCJ1e)j,OBaTe.1JhHOA 1.181111 HOCI1T HaaBSHl1e

peaOHaHca HanpHlKeHI1A ?
4 . K KB.KI1M HelKeJIaTe JlbHb~ HBJI8HI1HM 11 notleMY MOlKeT npl1ll8CTI1 pe­

a OHBRC HanpfllKeHI1A ?
5, KaKI1M o6paaoM ,Il.OCTl1tlb pea oHBHca npl1 nOCJle,ll.OBaTeJIbHOM coe­

,Il.I1Hemnl yqacTKoB R ,L ,C ?
6 . KaKoM oc o l'5e HHoc T b peaoaanca HanpfllKeHI1A C 3HepreTI1tleClWA

CT OpOHbl ?
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Pa60T8 t1' II
ffi30HAHC TOKOB J.1 KOMfIEHCAUW\ C.n;B\I!rA ~A3

1. !..leJlb paoora

MCCJle~OBaHMe pe~M8 pe30H8HCS TOKOB B 3J1eKTpHqeCKO~ Q8nH C

napaJTJleJlbHbIM coe n:J;lHeHl1eM OOTOO~ . I1cCJIe,ll.OBaHMe 3SBI1CliMOCTli T OK8

H8 BXO,ll.e Qenl1 11 KOappHQHeHT8 M~qHOCTli OT eMKOCTH KOH,II.eHCSTOpa.

IT. ()('jrllHe COO.n.eHliR

Pe30H8HC TOKOB J;1MeeT'MeCT O npa nSPaJTJJeJJbHOM coe,ll.IiHeHIiIi BeTOOti

C eMKOCTHNMli 11 HH~KTHBHNMM 3J1eMeHT8M11.

HBJleHlie, npoacxonanee B QenH pHC. II. 2 )MOlKHO HarJlR)l.HO nPfl.TT.CTa­

BliTb C nOMO~bD BeKTOpHOti ~arpaMMN (pl1c.II.I).

1.3

Tt-p

yrJIS c;p 38KJImSeTCR

, qTO npHBOl\I-IT K

PHC . II. I PP. KTOpHBR 'l,Yl8rpaMMfl

TOK I~ B npHeMHHKe R ,L OTCTaeT OT npHJlOlll8HHOrO HanpRlreHHR

'V H8 yrOJJ ~ • T OK I.1 Il KOH,neHc8Tope C onepexae-r Hanpfllll8­

HHe H8 900
• 06mH~ TOK i. B Hepa3BeTBJleHHO~ qSCTH uena p8BeH OOK­

TOPHO~ CYMMe TOKOB o6p.l1x BeTBe~

i,=j'J,~j:z

ITPII OTCyTCTBliJol KOH,II.eHCSTOpa 06lQHA TOK P8BHflJlCR 6b1 TORY .Ii.
KSK BI1)lHO 113 BeKTOPHO~ ,ll.l1arp8MMbI, npn napSJIJIeJIbHOM nO.n.KJlUleHl1l1l

KOH,lJ.eHCaTOpa K npllleMHlIlKY R ,J., , ao-nepsax , YMeHbllJaeTCR o6ml1lf

TOK Qenl1 I/ I BO-BTOpbIX I y-MeHblUaeTCR yrOJJ 'I MelK,Ily 0611\1IlM TO­

KOM I I 11 HanpRlreHJoIBM I CJle)lOBIlTeJl hHO, YOOJIl1qlll BaeTCR KO~I1QHeHT

MOmHOCTI1 cos ~ .
YMeHbllleHl1e yr"'" C """'I'll 1>113 Hl1npRllI8HI1R ua npYleMHlllKe 11 otl,qero

TOK8 HIl3blBalOT ¥OMneHCIlUl1e~ C,II.BIH'1l. !pM.
ITpaKTl'lqeCKlIl tlCJi8co o6pa31l0CTb YMeHblIJeHl1R

Il O.r1,HOBpeMeHHOM YMeHhl1leHl111 06111erO TOKa fj
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JlI1I-rnI1, coe[(I1HRQlleA nOTpe611TeJlb C

B J1I1HI1I1 npon opua onansuu xaanpary

BeJlI1ql1Hy 060181'0 T OKa MOllGiO n OJlyql1Tb B TOM CJlY­

B KOH,IleHC6TOpe 6Y,ll,eT pase« peaKTI1BHOR COCTaBJlJl-

CHl1l1teHI1D n oreps MOIIlHOCTI1 B

I1CTOqHI1KOM, TaK KaK nOTepl1

TOKIL

MI1HI1MaJlbHY!J

uae , KOI',IlR. T OK

nnet\ TOK8 1L
T, -= I~ ;)/1, '1= Ilj' " I:J =It!' "

'7T11 T OKI1 6Y,rJYT nOJTHOCTblO KOMneHCl1pOBaTb ,npyl' ,IlJ)yra 6J1aro­

~APR TO~. qTO I1MeIOT C,IlBl1r no ~aae Ha J80 0
• 8TOT cJlyqaR HOCI1T

Ha3BI1HI1e pea OHaHCa TOKOB. npl1 peaoHaHce 06UlilA TOK B Hepa3BeT­

BJTeHHO~ QaCTI1 uenll COBna~aeT no ~83e C H8npRlKeHIleM, T.e. CTa-

HOBIlTCR QI1CTO aKTI1BHblM, yrOJI ~ = 0, Cos P = I.
C YBeJlI1QeHlleM TOKa B KOH,IleHCaTOpe Ceepx He 06XO,llilMOrO ,fI)IR

KOMneHCaU\111 peaKTI1BHOR COCTaBJIRKlIleA TOKa I" 06Ull1R TOK 6y,neT pac­

TI1, yr-on Y' npl106peTaeT OTpl1UIl.TeJlbHOe aHll.qeHl1e 11 YBeJlI1QI1BaeT-

cn , Ko:$Pl1l\l1eHT MOTI1HOCTI1 YMeHbUlaeTCJl.

AHaJIl1TI1QeCKI1A paCQeT napaJIJleJlbHMX ueneA nepeMeHHOrO TOKa npo­

BO,llI1TCJl C novomsn npOBOJI.l1MOCTelL B ,IlaHHOM cnyuae

06TI1I1A TOK uerm

r,ll,e 'U - HanpR:lIteI-rn8. npl1J10llleHHOe K uena;

Y - nORHM npOBO,ll,l1MOCTb uena ,

9 - aKTI1BHllJl rrpoeonaaoc-r s BeTBI1 ~L ; 9~R~(Wi.}~'

6i - I1H,IJyKTI1BHM npOBO,lJ,l1MOCTb BeTBI1 e, L; ~t ~ ..t<)~" _j ,
R r(~t-

f?c - eMKOCTHIUT npOBo.nI1MOCTb BeTBI1 C eMROCTblO; Ie =toe •

I1sMeHRR 11.1111 I1H,IJyKTI1BHOCTh L • I-IJlJ.1 eMKOCTb C ,J.1JlI1 conpo­

TJ.1BJ1eHl1e R • 1111101 qACTOTy nl1TAIOI1erO HanpstllteH1-1R. MOllOiO ,ll.0CTl1qb

ror-o , QT O f~ 6y.neT paBHJlThCR C< • 11 TOr,UIl.. 06ml1A TOR L.:7/,;
CTaHOBI1TCR QI1CTO aKTI1BHbIM. 8TO COOTBeTCTByeT PeJlHUY peaOHSHCa.

C.1Ie,Il0B8,TeJl bHO. yC]] OBl1e peaoaasca TOKOB MOlKHC aanJ.1CaTb KaK ~ <: t?c
' I-In 1-1 Wi, _ / ., /"

1:(2. +(Wi. )L - uv(.,

B QACTHOM CJJ,ycI " p . lI'f'T'."P. M"llOir. npeHe6peQh 8.KTI1BHblM COnpOTI1B­

.1IeHl1eM KRTyurK Y1 I1H,nYKTI1BHOCTI1. YC ftOBl1eM peSOH8HCa CTaHOB~TCR PfI-
BeHCTBO ~i. = UJC 11 .111-\ wj,. '" tJc B STOM qS,CTHOM CJiyq8e T OK

B Hepn3 l'p.'1'"nPHHnt\ tHlCTI1 uen« paB8H HyJllO. 8TO SHaQI1T. QTO nparoxa
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3Hepr~~ ~3BHe HeT, HO B 3fiMKHyTOM KOHType, 06pa3yeMoM ,nBYMR

BeTBRMM, TOK npOXO~T. B 3TOM KOHType npo~CXOA~T Henpep~BHoe

npeBpameH~e 3Hepr~~ 3ReKTp~qeCKOrO nORR, 3RnaCeHHOrO KOH,neH­

C8TOpOM, B 3HeprmO Marll~THOrO nORR, 3RnaCBeMYIJ Kfl.Ty\UKOR, 10{

06paTHO.

HBneH~e pe30H8HCa TOKOB ~cnoRh3yeTcR AnR YBeR~qeHMR KO~M­

u~eHTa MOmHOCT~ 3ReKTpHqeCK~X yCTaHOBOK, B paA~OTeXH~Ke ~ TeX­

H~Ke CB.R3~.

ill. On~ca~e Ra6opaTOpHOR YCTaHOBK~

06~KTOM ~CCRe,nOBaHHR Cn~T uenb C n8panReRbHb~ coe,n~HeH~eM

BeTOOA. Ilepsas BeTBb CO,IJ,epll(l1T ~H,nyKT~BHyKl K8TYIUKY t.I 11 pease­

TOp R1 , BTOpM - 6aT8pelO KOH,n,eHcaTopoB co cTynema.TbIM peryna­
pOBaH~eM eMKOCT~ (p~c.11.2).

MccnepyeMaR uenb np~coe~HReTcR B Ra6opaTopHOMy 8BTOTPfl.H~OP­

M8TOpy, npeAHfl.3HRQeHHOMy MR nnaaaor-o peT'YR~poBaH~R Hfl.npflllle~R.

1Y. nporpaMM8 ~ MeTO~K8 B~nOnHeHI1R

pa6()~

4.1. C06Pfl.Tb 3ne KTpm e CKYKl uenb AJlR ~ccRe,noBaHI1R pEl30H8HC8 TO­
ROB (pac , II.2).

PMc.II.2.CxeMa uen~ .nnR ~CCReAOBaH~fI peaOHaHCa TOKOB

PI! - BOJlbTMeTP 250 B, PAJ,PA2 - aMllepMeTpbl I A,
PA3- eMnepMeTp 2 A, f? - ~a30MeTp.
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4.2. YCTaHn ;:·j'rt. h l1.J1 p llJKe Hl1e 70 B 11 n o,n,n,epllUlsaTh er-o He\o13MeH­

HblM.

4. 3. 113MeHJlR eMK OCTb 6/iTapel1 KOH.neHcaTopOB OT 0 .0.0 60 M~,

n p 0 l13BeCTl1 He MeHee 8 113MepeHI1A, 113 HI1X O}l,HO .o.OJll\(HO COOTBeTC-

TBOBaTb pellQ.1MY pe3 0HaHCa, n p a KOTOp OM yr- on If> = 0 11 OtSlI.l\o1~

TOK n p l10tSpeTBeT Ha l1MeHhWee 3Haqe Hl~e. '{\o1C JlO 113MepeHl1R .0.0 peao­

HaHCS 11 nocJle Hep o .lJ,OJl l\(HO 6~Tb np\o1MepHO OAHHSKOBblM. YpOJl

cnenye-r aanacusar j, C ytleTOM 3HaKa : f/''''ff> 0 I IIc.vA·<Q. )J,aHHble 113­

MepeHI1A 3aHeCTI1 B Ts6nl1UY 11. 1
II. I. HanpmmHl1e, T OKI1 11 KoaMll1ID1eHT MOII\HOCTI1 uenl1

I1SMp.peHO M \IIClleHO

C I CI I It I I~ II3 I e,t> \cos S' y I 9 I yz I t :. I s,
;".., "PI B I A I A jA I I en I c,., I C.., I c.~ I I'M

4.4. ~R pe30HaHCHOpO pellQ.1MB. 3J1eKTp~ecKoR uenl1 B~I1CJlI1Tb

n OJlHYRJ npOBO,ll.I1MOCTb lJ,enl1 ~i =.f.t , aKTI1BHyRJ npOBOAHMOCTb

9= y. CO[; <.f' , nOllHYRJ npOBo.o.l1MOCTb BeTBI1 C I1H.o.yKTI1BHOA K/i-

TyUlK OA Y2 = ~ , I1H.lJ,yKTI1BHYIO npOBO.lJ,l1MOCTb gJ- :' V1J2-9z'

11 eMKocTHylO npOBO,l\I1MOCTb Ie = .:; .
4 .5 . [lOCTPOI1Tb Hli O!!,HOM p l1cyHKe rpacfll1KI1 SaBI1CI1MOCTeA

I,{~); Iz('c)/ I .JC);' c or,;CI{C).
4. 6. n o pesyJlbTaTBM I1SMepeHI1A B MlicwTatSe n OCTpOI1Th

aeKTopHble .nl1a p p !lMMbl T OKOB 11 Hfln pRJKeHtI H ,Il.JlJl r pex peJlmMOB uena:

a) rto peaoaasca ; 6) peaoaaxca ; B) nOCRe peS OHliIlCR..

Y . Me TO.lJ,l1QeCKl1e YKa3aHI1R K 0 6pa 60T Ke

pe3ym,'r aT OB SKCn epl1MeHTa

Ilpa nocrp oeaaa Be KT Op HblX AH81'pBMM H ppa:pI1KOB p e KOMell,nyeTCll

Me.cmTs6 ,l\JlR TOKa m, = 0 ,2 ~M . :

nOCTpO e Hl1e BeKTOp HbIX JlHlipPBMM He06x o.lJ,l1MO HaqHHBT b C BeKTOp a

H8np.fllll8HI1H. BeKTOp eM KOCTHOp O T OKa 15 npOBO.lJ,l1TCR n on yrJlOM

90 0
K BeKTOpy Hanp1IltteHl1R B CT Op OHY on e pezeu a s , Ilonoxeaae BeK­

T op a T OKa i 2 , n OCK OJ1b1<y Oil C0}1.8plKHT 8 KTHBHYIO H pea KTI1BHy lO

COCT8.BJlRKlI.\118 , HBX OllVl TCfl MeT OIJ,OM aBCeQeK. ,Il,JIR STOpO VIS T OQKI1 0
BeKTopHoA .o.Vl a r p a MMh! n p OBOl1V1TCR OKpy lKHOCT b pa~YCOM , paBHMM e
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B MacllITa6e It ,a 1-13 KOHua BeKTOpa I.~ - OKpylKHOCTb panayc ov,

paBHblM B MaCUlTa6e £2 . Bexropu Ii 1-1 Iz. ,D,OJIlItHbl CXO,I1,wl'bCR B

TOtlKe nepeceveuas OKpYlKHocrel.l (P1-1C. II. 3). TAKoe nocrpoeaae OCHO­

BaHO HA. TOM, tlTO .i, =i. +~3

I

.lj
i2{'
~,,

\

{f
0

I\IC. I 1.3. BeKTOpHM ,nI1AT'pAMMA..
BeKTop TOKa £2 MOlKHO PA.S.7TOlKI1Tb HA BKTI1BHYKl 11 peaKTI1BHYKl OOC-

TaBJ1RKll\1-1e. AKTI1BHaR 900TaBJIRKJI\8.R lUi.. napannensaa BeKTOpy uanpa­
JKeHI1R, peaKTHBHaR .[zf OTCTaeT OT BeKTOpa HanpR~HHR Ha 900. , ..

II :=Z2 +IJ •

BTOpOl.l cnoc06 nOCTpOeH1-1R BeKTOPHb~ ,II.I1arpaMM OCHOBaH HA TOM,

tlTO 1-13 3KCnepI1MeHTa. 113BeCTeH yrOJI <t MelK,lly 0611\I1M TOKOM I, 11

HanpRJKeHl1eM U . B 3TOM cJlyqae nocrpoexae BeKTOpHblX ,D,I1arpaMM

TaK~ HYJKHo Ha'llHHaTb C BeKTOpa HanpR~HHH U. BaKTOp TOKa 13o ..
Hanp8BJIReTCH B CTOpOHY onepeJKeHl-1H non yrJIOM 90' , a BeKTOp It
nort YT'JIOM <f K HAnpRlI:eHI1KlU •

Ec.7TH f.(7) 0 ,TO BeKTOp 061118ro TOKa i; OTCTaeT OT BaKTOpS.

HanpRJKeHHR; eCJIH Cf~O ,TO BaKTOp i, onepexaer BaRTOp H8n-

PflJKeHHfI V . BaRTOp TOKa 12 H8XO,l1,I1TCR B COOTBeTCTBI1I1 C ypae-
HeHYIeM 12 :::t, -i,

YI. KOHTpOJIbHble BonpOOM

I. Haxoe RBJIeHl1e H83MB8eTCR peSOHaHCOM TOKOB ? B KAKI1X

U8TIRX B03MOJKeH peSOHliHC TOKOB ?
2. Haxoso YCJ10BI18 peSOHaHCA. TOKOB, KaKI1M 06pasOM MOlKHO

,n,OCTYI'll h peSOHAHCA. TOKOB ?
3. ,lJ,7TfI KIlKOl.l l..\8nH 11 KA.KI1M 06pUSOM OCYllleCTBJ1.II8TCH ](I'MneHCal..\l1R

CHBI1T'8 4JAS ?
4.. OI'i'bllCHI1Te nOCTpOeHI18 BeKTOpHOt:\ ,n,l1aT'paMMbI TOKOB MeTOll.OM

aaceuex.
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5 . Onpe ,n,8JH1Th ooJll1tumy
8MKOCTHoro COnpOTl1aneHI1R

Xc , np~ K OTOp OM B ~enl1

BOSHrlKaeT peS OH8HC T OKOB,

e ClIl1 R = 6 OM; )(~ = 8 OM .

J1..lC. 11.4 CxeMA I

Yll"JJOlf.eHl1e

<i18.3 0BPflJlh T aKA.

lle rn- , COCTORll\YJO I1S KO~aTopa, COOIJ,HHeHHOPO nllpa.nJleJlbHO C

I1HnY KTI1BHO« KaTyuJKOA 11 ~PY8MHM peSI1CTOpOM (pl1c .II.5), MO~­

HO HaCTpOI1Th Ha TaKotl pelKnpl1 KOTOpOM SHaQeHl1e T OKa I B

HepaSOOTBJI8HHOA tlaCTIo1 L\8n SaBI1CI1T OT COnpOTI1BJleHI1R peSI1CTOpa

J1..lc.II. 5 CxeMa ~asoBpanlaTeJlR T OKA.

flpl1 STOM YP OJI C,ll,Bl1ra ljl ll.lm 1. n o OTHorn8HI1JO K HllnpRlI':eHIUl U
6y .ne T loI SMeHRT hCR ( pIo1C. IJ .6"nR CCls,n.aHI1R TaK or a pe lKl1Ma He o(')x o­

Il I1MO , tlTol'i hl Xc =2 XL

\

e: \ 1.1
a ..:., ) ~

i, ~/
../1. ,

PI1c. I I . 6. hPHaJI ,fl.l1UrpaMMu



v!3 BewropH ot:l ,q~arpaMMhI (p>lc.11.6) BM,IIBO, 'lTO npv >l3M8HeHlo1 M

COn OOTJ.oI R1TeHI111 R xoae u Be1<TOPfl T OKa it !'I KOHeu BeKTOpn TOKa." . .

I CKo.rrh3l'lT n o nyre oKpylltHOCTM pa.n,lo1yco"". palnlblM nOJlOBMBe )1,JlM-

Hbl BeRTOpll. TaKa rll< II pelK>lMe x oporxor- o 31:lMhlK8HMH R . TalHlH

BeRTopHflfl rr,>lflrpaM!,llfl HIl3blBfleTCR KpyrolloA ,",I1Ar p BMMoA .

113 KpyrOBoA Jl',v.arpflMMbl 1111 Il,HO, 'IT() OpM ()npe,'1,e ,7IeHHOM 3H8,QeHM\o1

Con p OTlo1 BlleHI1R R B 1.\enVi MOlKHO n onyq\o1Th pel101M pe30HAHCA. TOKOll .

YllI . 3an,flHl1e no Yl1PC

I1cC,lJenOBIiHt1e pa60TbI pfl3BeTBJIeHHol\ uena B pel101Me il>a30BP8lllflTe­

,71 11 C n OCTORHHblM 3HaqeHI1eM TOKa H8 axone 1.\en\o1.

8 . I. I1cn OJJb3yH cxeMY ,!1,.1!R IICCJJe,1I0BflHIIH pe30HliHCA. TOI<OB (pIIC. II.2»)
OnblTHbIM nyTeM onpeneJlJ.1Tb l1H,nyKTI1BHDe conpOTVlBJJeHl1e x, IIH,nyK-

TIIBHO~ KaTynlKIf.

8.2. PaCCQIlTATb eMI<OCTb 6A.Tapel1 KOH,Il,eHCA.TOpOB 113 YCJJOBIIR

Xc=,iA'L \01 I = 50 I'u. YCT8HOBI1Tb 31'0 3Ha'lelll"e eMKOCTII B 3JIeKT­

pl1QecKoA 1.\enl1.

8.3. 113MeHHR conpOTIIBJleHlle pe311CTopa BeTB\o1 C ~ nYTeM noc-

Jlen,OBaTeJJbHOrO BKJ1meHlo1R peSY\CTOpOB iN. , R2 1\ R3 (Bee pe31\C­

TOphI no 30 OM), y~e,l1.I1ThCR, llTO BeJ!lIlU1HB TaKA. B Hepa3BeTBJIeHHol\

'lRCTlo1 1.\enlol He 1oI3MeHReTCR.

8.4. !1ocTpOMTb Be KTOpHbJe ,mm r p aMMbI Ha.npHlKeHI1R }1 TOKOB ,Il,JlR

Tpex 3HaQeH\o1A COnpOTI\BJleH\o1R pesMcTopa.

8.5. PA.CCllMTA.Tb conpOTMBJleHIIP, peaacropa, npa KOTOpOM B 1.\enll

HacTynlo1T p e 30HA.HC TOKOB.
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PIl.(j OTB If 12

YlCCJIE,UOBAHI1E 1JIEKTPI1llECKJ1X UEflEtl C lifH,Wh."TI1BHO
CBH3AHHHMYl KATYllJKAMI1

1. UeJib p a 6 0Tbl

I1ccJJe 11,OBa T b RBJle Hl1e B31i I1M0I1H)lyI<l\11 11 HIl. Ilpl1Mepe .fJ,BYX I1H)lyKTI1BHO

CBR3aHHb~ KIiTymeK. Onpe ~eJJI1T b on~THb~ nyTeM B3aI1MHY~ I1H)lyKTI1B­

HOCT b M 11 O.n.HOI1Me HHbJe 3allnl~ 3TI1X KaTyrueK.

IT. OtSrlllile CBe 'leHI1R

I1pv. ,n.OCTIl.T04 HO 6JI11 3KOM pa.cnOJlOJKeHI1I1 n syx KaTymeK MOJReT OKIl.­

aarsc s , 4TO 4aCTb . MarHI1TH Or O nOTO Ka , coanaseeuo r- o T OKOM nepBo A

Ka Tyru KliI , 6y.ne T c~ennRTbCR C BliITKaMM BT Op oA KIl.TymKI1 , 11 Hao6 op oT ,

4 aC T b MlirHI1THOrO nO T OKll , c oanasaevor- o T OKOM BT Op oA KaTymK \o1 , 6y­
ne T CQenJlRT bCR C BI1TKaMl1 n epBoA KaTymKI1. B ST OM c nyqae rOBn~RT,

QTO KIl.TymK\o1 MnrHI1TH O cBR3aHH~e (I1H)lyTI1BHO CBR3aHHNe) ( pl1c .12,1).

cP" {

f'I.1C. 12. I I1HllYKTI1BHO CBRsaHHble KaTyruKI1

ITPliI npOTe KaH1111 n o KaTymKaM nepeMeHHor o T OKa MarHI1THNe n OTOK\o1

6y)lyT nepeMeHHb~11 M B xaryuncax 6Y)lyT HliBO)l,l1TbCR KpOMe '\ 1J,C c a­

MOMHJJYK~Vl I1 '4)J,C B3/3 I1MHoA I1 H n,yKI~Vl M eM
Haseneuae 8)J,C B KOHType (KI'lTymKe) npa 113 Me He HI1V1 T OKa B c o­

cense x KOHType H8.3blBalOT 83a.V,M0I1HllYKUl1eA , 1)J,C B31l.I1MHoA VlH)lyKQliIJ-1

neps oa KaTyruKVI eM I =IM;~z.1 ,BT Op oA KIl.TYWKVI eM2. = IM~ I '
K Oappl1UI1CHT t1 HIl.3~BIl.IOT B3 a VlMHoA \o1H~YKTI1 BHOCTb~ KOHTypOB

( KIl.Tyrue K) . OH v,Mee T Ty *8 p a 3MepHOCTb, QT O v, I1H)lyKTI1BHOCT b L
v. 113MepReTcR B reHpl1 (I'n). R3al1MHM I1H)lyKTI1 BHOCTb M 3 1l.BliICI1T

T o nblW OT B3 a \o1MHOr O p Il.Cn o.TTO*8HI1R xaryuie x , QI1CJlIl. I1X BI-1TKOB, re o­

MeTp l14eC KI1X p/33MepOB KaTyrueK 11 OT MarHI1THhrX CB oAcTB Cpe .IJ,hI.

78



rrp~ n~6oA ¢OpMe H RD60M p8.CnOnOlKeHHH MArHHTHO CBR3a HH&X KaTY­

meK B38.J11MHYlO ~n.nyKTI1BHOCTb M Mell\ny HrlMH MOlKHO onpe )l,e n !'!T b onsr­

HbIM nyTeM He. nepeMeHHOM TOKe.

TIePBblR cnoc06. C06epeM 3ReKTpXqecKYlO ~enb no cxeMe pHc.I2.3.

QqeBX)l,HO, HBnpR~HHe, KOTopoe nOHBrlTCR H8. 3~Max BTOpoR KB.TYID­

K!'!, BbI3BaHO :1,UC B3llrlMHoA !'!HnyKtn1r1. MI'HOBeHHOe 3HBJleH!'!e HanpRlFe-

HI1R Uz, =111f. . Er o ,neRcTBynJlee 3HaqeHl1e Vi. -= cul1IJ. .
Cne,lJ,oBB.TeRbHO: t M:: l/2. •

.si,
BTOpoR cnoc06 onpe)l,eneHI1R t1 XCnORb3yeT nOCneiJ,OB8.TenbHoe coe-

)l.HHeHHe MarH~THO CBR3/iHHliX KaTymeK (pac , 12.4) •

rrp~ nOCReiJ,OBA.Te.J1bHOM coelJ,l1HeHXX ,Il.ByX RA.TYWeK OH!'! MoryT 6b1Tb

BKJlmeHbl .111160 corRBCHO, nH60 BCTpetlHO. COrJIaCHOMY BKJImeH!'!1O COOT­

BeTcTByeT COPR8.CHOe HBnp8.BReHKe MaPHI1THJ,1X nOTOKOB CIlMOI1HJl.YKl.{IHI

11 B38.HMOHH,IlyKUI1I1, BCTpetlHOMY BKJlDleHl1Il - BCTpetlHOO HanpaBJIeHl1e'

3THX nOTOKoB.

I1pH cor-nacxox BKmmeH!'!H npHnOlKeHHoe K cxeMF.! HanpRlFeHHe

V-=i[fl/+Rz+j(..)(L., +1.2. +-211)J.
fipH BCTpetlHOM BKnKQeHHH

ir:: i[/?1 tRl +iw(I.>, +1..2- 211)],
3,1leCb R, I R2 - 8KTHBHhle COnpOTYlBneHIHI KaTymeK;

L t ) Lz. - I1HrT.yKTHBHOCTH KB.TYWeK;

M - B3B.I1NHBR YlH,IlyKTI'IBHOCTb;

GJI1:: XM - conpOTHBJIeHHe BSe.11MHoA I1HAYKU~H.

t: (+ L.zt 2/1==L "JJ<i- 3KB!'!B8J1eHTHfl.fl ~H)l.yKTHBHOCTb noc.lTe.Il,OBaTenbHO

coe)l.I1HeHHb~ MBPHHTHO CBH3B.HHblX K8TyWeK.

KaK BYI.n.HO, nORHOO COnpOTl1BJleH!'!e KaTYIDeK 60RhllJe npH COrJIB.CHOM

BKnmeHHH. ':lTO MOlreT cnylKl1Tb npH3H8.KOM ,Il.RH onpeIleJleH~R O)l,HOHMeH­

Hb~ 3a.lKYlMOB K8.TymeK. O,lJ.HOl1MeHHble 38.l1t11Mbl (HanpHMep, Hatl8J1B. K8TY­

meK) HIl 3neKTpHtleCKHX cxeMax nOMetlaDT O~HaKOBbl~ 3HaQK8NM, HBn­

pHMep 3Be3A0tlK8MH.

EcnH H8 3ReKTpHtleCKOA CxeMe TORM )l.Byx I1HJl.YKTYlBHO CBH38.HHbIX

KaTymeK O)~YlHaKOBO 0p>leHTl1pOBaHbI OTHOCHTe.J1bHO O)l.HOHMeHHbIX 38.l1t11­

MOB KaTymeK, Hllnpl1Mep. 06a HanpaBReHbl K SBe3~OtlKaM MRH 06a HBn­

pBMflHbl 01' SIle3}10QeK. TO HMeeM cor-nscaoe BKRKQeHI18. B npOTHBHOM

cRyqae - BC~qHoe. 3HA.Hl1e O~HOHMeHHb~ 3a~MOB KRTymeK n03BonReT

on pe .fJ,eRHT b no 3.TJeKTpYltleCKOA cxeve BH,Il. BKnmeHHR KaTymeK 1'1 npa­

BYlRbHO Bbl6MPaTb SH8KH (nn~ Hnl1 MHHYC) npl1 COCTaBneHl111 ypaBHeHMA
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no BTOPOMY 3fl.R OHy KMpxrc¢a.

fIp0,flp. .1fa8M J\BA onur e . B nepllOMHI1X RRJIl(JqI1M RaTyIDKl1 nocne n o­

BA.TeRbHO 11 corRACH O, BO BT OpOM - J1e.n.OBA.TeJ1bHO M BCTpetlHO. ITo
pe3YRbTaTAM 113MApeHl1A HaAn.eM: Xc· c..J (L., +L.2 +21'1) ,

XCcrp = c.J(t ffLz -2M).
P83HOCTb XCO'IVl - Xecrp . = 1/&)1'1 CJ1e)J.OBIlTe.nbHO,

. f1 = Xc01ap,,
Crerteus l1HnyRTI1BHOA CBR311 Mellt,8TyuIKaMt-1 X8paKTeplol3yeTcR

KO~l1Ul1eHTOM CBR3101: I<. = !:...
'1//..(

KO~JoIUl1eHT CBR3Y. BCer.n.a MeHbtlJJ1HI1I.\bl.

ill. Onl1C8Hl1e J1860paDA YCT8HOBKl1

06DeRTOM IoIcc.ne,1l.0B8Hl1R CJIylltaT ,MarHI1THO CBJ'l3aHHble K8TyuIl<loI,

38.lK11Mh1 KOTOpbIX 1-2 101 3-4 BblBe,n.em naxens CTeH.Il.8.

,1J,n1l 113MepeHIoIR BeJ1l1tlMH, npe nyC~HHbIX pIl60tlHM 38.1l.aHt-1eM, na

CTeH.Il.e I1MeKlTCR !f>830MP.TP, 8MnepMe'B. 2 A, )l,Ba IlO.llbTMeTpa, O.Jl.l1H

H8 250 B ~nR 113MepeHl1R HanpR~HI1WOtlHI1Ka nl1T8Hl1R M BTopoA

MHoronpe il.8J1 bHbll! .

Ylcc.1fenyeMaR uern- nO)J.l<J1maeTCR ttSopaTOpHOMY 8BTOTP8Hc¢opMa­

TOpy, n03BOJlRUueMY pery.nl1pOB8Tb Hll'\8HMe.

1Y. Ilporpaaaa 11 MeT0.ll.'tbIIIO.J1HeHI1R pa60Tbl

4.1. C06P8Tb SJleRTpli1tlecKYIO nen cxeMe plolc.12.2. ,IJ.JlR

onpe)J.eJleHIi1R naPAMeTpoB K8TyuIe K.

,.,2208

R.Z

'--__-+- --'2. ,-''t'--__~

PMC. 12.2. Onpe,r\e .J1e HMfl napave: \o1H,JJyKTI1 BHbIX l<8TyuIel<
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YCTaHOBMTb TOR B ~enM 2 A. ITacne ~aMepeHMH OTRRKQMTh 3neMeH-

ThT ~enM RL, Li >1 xa ax MeCTO npMCOe)J.l1HV1Th R2, L2 . Pesyns-

TaThl '13MepeHVI~ BHeCTl-I B Ta6.rml.\'l 12. I.

12.1. fIapaMeTpbl MH,IJyKTMBHblX R8TyuJeR

I1H'1,yRTMB-
113MepeHo BbJl.l'lCneHO

HBJl u II IC01 f _~R Ix"l/.118TyuJR8
H I A I -- OM OM I OMI fH

ff> I

".2

4.2. 110 peaYRbTaTaM l-IaMepeHM~ onpe,n,en'lTb napaae-rpu RalK,n,o~

RaTyuJKM: nonxoe c onporwaneuae Z = U , aRTMBH08 conporaa-'
.JIeHMe R = 2 C cY5 If ' pe aRTM BHoe I c onporaMeHl1e Xf., = VZ2 - R2-',

~HrWRTMBHOCTb l. =X~ .
4.3. Onpenenars Baal1MHyIO I1H,n,yRT~BHOCTb M MarHMTHO CBH3aH­

HblX RaTyuJeR (pMc.12.3).

PV2

PMC. 12. 3. Onpenenexae B3aVlMHO~ l-IH)JYRT'IBHOCT'I R8TyuJeR

a) YCT8.HOBMTb TOR 2 A, pe3y.JIbTaTbl l1aMepeHM~ aarnrcar s B Ta6nM­

~ 12.2.

6) OTRJlIOtIMTb nern, M nOMeHHTb MeCTaMM RaTyuIRM: B nepBMqHYIO

nern, BKnJOtlMTb R8.TYIllRY C 3aJKMMaMM 3-4, BO BTOPMqHylO - C 3allt\l(M8.MI1

1-2 M BHOBb yCTaHoBMTh TOR 2 A. 113M8peH'IH 3an~caTb B Ta6.71MLIJ 12.2.
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"' L2

12.2. B31i~MHaR ~HnyKT~BHOCTb ~ Koapp~~eHT

CBfl3~ MarH~THO CB1'l3aHHblX KaTyllJeK

V13MeJ1€HO Bbltf14CJ1E!HO V13MepeHo PwnlCJleHO

u,2. Uj'f I M- US/f
~J'f V,2 I M: Uf1- I<~fi!t-wI (.)I

B B A fH B B A fH

4.4. Ilo pe3ynbTliTaM H3MepeHHA onpe)J,eJU1Tb B3aHMHYJO I-IH.DYKTHB­

HOCTb M . Y6e,D;lTbCR, QTO B38.11MHaR HH.DYKTI-IBHOCTb O,D;lHliKOBIi )J,1Ul

o6ol-lx on~TOB. PaCCQHTaTb KO~H~HeHT CBR3" K
4.5 . Onpe~en~Tb O~O~MeHHHe 3~MN, 3KBHB8J1eHTHYD ~H.DYKT~BHOCTb

H B38~MHyXl I'lH.DYKTI'lBHOCTb KllTymeK npa I'lX nocnenoaarensaox CoeI\H­

HeHH~ (pMc.12.4).

"'220 e
! OF

TV

PHC . 12.4. f1oCJlenOBliTenbHoo coe.n.~HeH~e HH,IlyKTJ.1BHO

CBl'l3aHHb~ K8TymeK

a) YCT8HOBl-ln TOK I A. ).\aHHble H3MepeHl1A 3aHeCTH B Tli6J1I1l\Y 12.3.

6) OTKJlUmTb uern., M3MeHHTb nopsnox no,nKJImeHI1R 38.l1ll1MOB BTO­

poA KRTYTlIKI-I. YCTliHOBMTb TOK I A, ~8.H~e M3MepeHHA S8HeCTI-I B Ta6­

J11-1!W 12.3.

12.3. flocnenoaareasnoe coe.~~HeHMe ~HrTYKT~BHO

CBR38HHblX K8TyrneK

V1sMepeHo &'ltf~CJleHO
BKJ1Ule-HOMep
H14e

nnhlT8 V r R Z X L.'3~t I('flTytlJCI('

B A OM OM OM fH

r

2
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4.6. ITo AaHHHM Ta6nM~1 12.peneRMTb B KaKOM M3 onNTOB (iN­

.II0 Cornacuoe BKJIXUe HMe II B KaBCTpeqHOO, Ha cxeue pMC. 12.4

OTMeTJ,1 T h O)l,HOMMeHHl:de 311.llI:MMbl tel< 3Be3,1l.QqI<aMJ-l.

4.7. BbNJ,1CRIITh 3KBIIBaReHTH1~KTIIBHOCTb nOCn8,1l.0BII.TeJIbHO

CoeJlIIHeHHbIX KII.Ty1I1eK, MR qerm,n.enllTb nonnoe conpOTIIBJIeHlle

Z = U/I ,II.KTIIBHOO c onptexae R~Rt +Rz. (3HaqeHII1f

Rf J,1 f<g. B3.1l'Tb J,13 Ta6RJ,1~ 1, pell.KTIIBHOe conporwsneuae
X:: .../z.2. - t<l' II 3KBIIBaJ!et' 11H.JJYKTIIBHOCTh L9"~::;X/~.
4.8. BbNY.CRMTh 3HaqeHlle 1"0 )l,aHHHM corJlIlCHOrO MBCTpellHoro

BKJImeHIIR X"t>
M - I!otfl ,c.r<;.:- 'r •

4.9. PaccllHTIlTh conpora BJI€B3tu1MHoR IIH,nyK~M XM "" c.; M.

4.10. f1oCTpOMTb BeKTOpHble p8MMb1 WUI COrJI/l.CHOrO II BCTpeq:­

nor-o BKJImeHII.lI, nOJIh3Y.llcb pa.c/lHHID411 Illlpa.MeTpaMJ-l KaTymeK.

Y. MeTO)l,lllleC KMe IlH1Hr K 06pa60TKe

pe3YJIbTe3KCIlepllMeHTIl

DplIl BblnORHeHIIH n , 4. TO npors pa60Tbl aa OCHOBHOR BeKTOP

peKOM8HTIY8TCR npllH1fTb BeKTOp I = I A II HllnpllBIITh eno no

.neIlCTBwreRbHoA OCII Ha KOMl1JIe~ nJIOCKOCTH . ,II.n.ll BeKTOpOB Han­

PRlKeHIIR peKOMeH,J1..yeTCR MII.CIIlTII.~ = 20 ~M • BeKTOpbl HanpRlK8HHR

e.i J,1 RzI COBIlIl.f(IlPJT no HanpflllO C BeKTOpOM TOKa f . BeK- u

TOphi jXt./i M iXL'li onepexaerrop TOKa Ha 900
, a aexrop ±jXMI

onepezae-r H8 90° npa COrJI8CH(JImeHMII II OTCT8.BT HIl 900
OT

BeKTopa TOKa npa BCTpeqHOM BmMII KII.TymeK. BeKTOp Hanp.lllKeHIIR

U HIl BXO,a,e ~nll nOJIyqaeM tyJIbTaTe CJIOlKeHII.ll BeKTOpOB B

.c n OT Be TCT BII M C ypllBHeHMeM ir''ixl..,i ±iYMi+Rz.i+/XI.2i t:'/XM i "
Y1. KOHTpOJIbHblepOCbI

I. KaKOO 1fBJIeHII8 Ha3b1BlI.eTCJJeHl1eM B3aIlM0I1H,UYKW111 ?
2. lIeMY p8BHa ~.uC B3/lJ11MHoPyK~ln\ ?
3. lITO TaKOO B3al1MH8..lI HH,flJHOCTb, OT uer-o OHa 31lBHCWr ?
4. Ke.K\oI8 eCTh cnoco6bl onJl€HII.Il' B3aIllMHoA IIH,IIyKTIIBHOCTII

,n.Byx MaI'HMTHO CB.lI31lHHbIX KII.TYU

5. lITO 03HIl llae T COrJIaCHOO TpeqHOO BKJImeHlI\e KIlTymeK ?
6; HaKMa 31llKll\Mbl M8T'HIITHO CHHbIX Ka 'J'YlDe K H8.3b1BaIOTCR OJ1,HO­

~M~H!'fhIM\i ?
'7. H~!I' onpe ,ll,eJIIITb l'l11)J, BIWKA: Ka.TyuI8K (cor.7TII.CHoe HJII1 scrpev­

Hoe) no 3JIeKTp~eCKoA CX8Me?
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Pa60Ta }(o 13

I1CCJJE)~OBAIll1E Jll1HEtlliOt1 8JIEKTPW1ECK0t1 UEI1l1
ITPI1 I1EP110,lJ,YfllECKOM HECl1HYCOYUJ,A.Jll:HOM HAIlPffiKEHI1l1

I. l.(eJlh pa60TbI

~cnep~MeHTanbHoe ~CCJle~OBaH~e BJI~RH~H XapaKTepa HRrpy3KM

BpMY KpHBOA T aKa np~ HeCHHYCO~AaJJhHOM HanpR~H~~ HCTOtlH~Ka.

II. 06Ul;1e CBe)1eHHR

i npaKTHKe KpHBble 8~C, HanpR~H;1~ H TOKOB B 60Jlbme~ HJlH

weA CTeneHH OTJlHtla~TCH OT CHHYCOH~aJJhHblX. ECJlH 3TO OTJlHtlHe

3TeJlbHOe, TO HBJleHHR, npOHCXO~~He B 3J1eKTpHtleCKHX ~enRX

CI1HYCOI1,ll,aJJbHbJMl.1 nep110A~tleCKHMI1 ~~C, npome scer-o BHaJJH3HPY­

IOnyTeM paSJlO~HHR KpHBOA 8~C B pan <I>ypbe. HeCI1HYCOI1,11,8.1lbHoe

H:~H~e, COS,IJ,aBaeMoe ~CTOtlH~KOM HeCHHYCO~,ll,aJJbHOA 8~C, pas­

.JllHoe B pan <I>ypbe, ~MeeT BH,D,

L= 14 +~i ~((,cJt+~tJl) + lIm ;z ~(2wt t«;/U2.)+"· +!/,y,,,3W,(K4Jt+%Ic)+" ',

~ lIo - nOCTORHHaR COCTaBJlRO~aR HanpR~HI1H ~JlH

HYJleBaR rapMOHHKa;

!rin.(w t +<.fU!) - nepsaa HJ1H OCHOBHM rapMOH;1Ka HanpR~HHll.
e nOCJle.nyDn~e tlJleHbI pana ~MeHJllTCR no HOMepy rapMOH~K~

H fiT HIl.SBaHHe BblClIIHX rapMOH;1K. Vrnl<jln(l<wt+-Cj/ql()- BblClIIM

f'Hl'IKa Hl\npR~HHH nopR,JJ,K8 K • HOMep f'apMOH;1KH K no­

K~eT BO CKOJlbKO pas tlBCTOTB 3TOA r8pMOHHKl'I 60JlbllIe OCHOBHOA

tl!l'bl W = ;,VT: ,r.I\e T - nepuon HeCHHYCO~,JJ.aJJbHoro
H~Hl'Iff U(f:).

n OJlhs y R npHHUHn HaJJO~HHR, paCCtlHTblBalOT TOKH B ~enl1 OT

KM COCTaBJlH~e A HanpHmBHI1H, Bxop~neA B pH,JJ, <l)ypbe.

1 pacve re r o x a I o , BOSHv{Ka~ero OT .n.elkTBI1.f1 nOCTORHHOA

C GJlHOlleA HanpRJKeHl'IH [/0 (HYJleBoA rapMoH~KI1), HcnoJlbsylOT

M~ paCtleTa ~eneA nOCT ORHHOf'O TOKa. IIpl1 3TOM Heo6xo)1l'lMO

I1~B B~PY, tlTO I1 HPYKTH BH(~T b )J.JIR n OCTOHHHor o TOKa I1MeeT con­

pneuae , pasace Hy.lllO, H 8 MI'C'C'I' b - COnpOTI1BJTeHl1e, pasaoe 6ec­

IWOCTI1 (paapue uenn >.
:qe~' T O!<A nepaoA H n OCJJe)JYIO.1IVlX rapMOHHK BblTIOJTHHeTCH C VlC­

n'1B8J-ll1 eM MeTO,flOR p ac v e 'ra uenel1 CJ.1HyCOVl ,n.a..nbHoro TOKe. 3l\eCb

yMO HCn OJlb3 0BaT b KOMl1.Tle KCIlblA Me TO)l,.
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o aK')!! UM8. JlJlfl K -VI rapM.oHI1I<V! B IWMIlJ1eKCHOl'l lp opMe I1MeeT BVI)\:

i = VI< •
K R +j(l<wi. -~)

Tal< KaJ{ VlH,!1YKTI1BHOO 11 eMKOCTH 0e COnpOTI1BJleHl1e SIl.BI1CHTOT qac-

T OTbT, T O SHaqemlfl STI-lX C OnpOTI1BJleHI1~ He o,r\I1HaKOBbl )I)Ifl PIl.SHblX

rapMOHI1K . I1H!lYKTVIBHoe COnpOTI1BJJeHl1e)l)lH K -R rapMOHI-lKVI B K

p a s 6 0.ijbWe, a eMIWCTHoe, na oriopor , B K p a s Me Hbme , treM )I)IH nep­

BoR rapMoHVlKVI

4acTOTIl. HA aKTVIBH08 conpOTVIBJleHVle OKaS~BaeT HeSHntrVITeJlbHOe

BJlYlHlll1e VI VIM MOlKHO npene epevs.
MrHOBeHH0e SHatreHl1e TOKa B BeTBVI nOJTyqam nyTeM cyMMl1pOBaHVIH

MrHOBeHHbTX SHAtreHVI~ TOKOB scex r ap MOHVI K :

i ':I o + Im-t ~in(wt+Cflil)+I m 2 -Sif1(2wt +~i2.)+ '"
~RcTBy~~ee SHIl.tr8HI18 H8CVIHyC 0I1~ll.JTbHOrO TOKa

I ={r; + (-7i/Y + ~t+ ...' .
~RcTBy~ee 3HatreHVI8 HeCVIHYCOVI~aJIbHOrO TOKa VI3MepHeTCH npVl­

6 opaMIol SJleKTpOMBrHIolTHOR VI 3J1eKTp O~Ha.Mloltr8CKOR CIolCT8M (npVI6opa.­

Mlol nepeMeHHoro T OKa).

Cpennee SHaqeHlole HecVlHyc OIol,Il,ll.JTbHOrO T OKa SI1 nepn on paBHO noc-
TORHHO~ COCTaBJlH~lle~ TOKa I o (HyJleBoA ra.pMOHI-lKe).

T

I ep =,;, :[idt =10

Cpenaee 3HaqeHI-le HeCIolHyC OVI AaJI bHOr O TOKa VISMepHeTCH nplol6opa­

M1-1 MarHYlTOS.neKTpVltreCKoR CVICTeMhl (npl160pElMVI nOCTOHHHoro TOKa).

AKTVIBHIl.R M01l1HOCTh H8CVIHyCOVl,uIl..nbHoro T OKa passa CYMMe aKTVIB­

HblX MOlllH OCTeIl OT,II,e JlbHblX T'apM OHVI K:

P ': lfc1o+V,I, C01'1, + U2.I2 C01<fz. + .. ,
no aaxoxy ,/J,lKOYJTH-J]eH~a p =I 2 R .
B uenVl, C OJlep~n~A HH!lYKTVlBHbIC KaTymKI-l 1-1 KOH,II,eHCaTOp~ ,KPVl­

BaH T OKa OTJlVlQaeTCH n o ~OPMe OT KPHBO~ HenpHm8HVlR.

HHnYKT~BHoe conpOT~BJleH~e paCTeT C pOCT OM qaCTOT~, n03TOMY

B TOKe VlHIJ,yKTVlBHor o sneMeHTa Bh'CIITt-le T'apMOHVlRVI ~MeIOT OTHOCYlTe.nb­

HO MeH bllJee SHaqeH~e , 4eM B HanpHlKeHI-l Vl. KaTYUlKa cr-naxasae-r KpVIBylO

T OKa n o c paBHeHVlIO C KPHBO~ HanpRlKeHIolH.
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EMKOCTHoe COnpOTHRneHHe YMeHbmaeTCfl C pOCTOM lIacTOT~, n03TOMY

B TOKe eMKOCTHoro aneMeHTa B~cm~e raPMoHHKH MMeDT OTHoCHTenbHO

6oJll,mee 3HalleHMe, lieN B Hanpfl)l(SH\.lIl. KOH,JJ.eHcaTOp HCKflllt8eT KpllByJO

TOKa no cpaBHeHI1Kl C KPI1BOR HanpH)I(SHVlfl.

KPMBM TOKa i nO)J.o6Ha KPVlBOR HanpHlKeHIIH U B CJlytlae, eCJlH

~eIJb 06J1a/laeT TOJlbKO aKTVlBHbIM conporaaneuaex R I ON\HaKo-

BblM AnH Bcex qaCTOT.

ill. Onl1CaHlle Jla60paTopHoR yCTaHOBKIl

Ha Jla60paTopHON CTeH)J.e IlMeeTCH IICTOllHHK nllTaHIlH, C03.nan~ll~

HeClIIHYC0I1,1l,8.71bHOe HanpHlKeHl1e (puc. 13. I, a)

"'2.206

1 1QF

a)

P!1c.13.1.8J1eKTplllleCKaH cxeMB IlCTOtlHIlKa HecI1Hycoll)J.anh­
Horo HanpR)I(SHIlH (a), rp~I1K HanpR)I(SHI1R (6).

PaSJlO)l(SHHe HecI1HYCOI1/lanbHOrO HanpRlKeHIlR u(t) (p~c.13.1,6)

B PR.!], ~YPbe IlMeeT BII)1,:

U (t) -= ~m + V2 sin wt -r 5~ iJrn 1t.n (2wt -30°) B)

r-ne Urn=33.y'2B 1 1= 50 I'n ,
06~KTOM I1CCJle,n.OBaHIlR RBJlReTCH HeCl1nycOI1,n.anbHNR 3J1eKTpl1l1eCKIlR

TOR B uena PI1C.13.2. K OCI.U1JlJlOrPa4JY
• PW

---.,~,-;x:;;W til

'158

r

Pnc , 13. 2. ·1.~eKTp\AlIeCRR.H cxexa !J,JI.H liICCJlenOBaHVlR

lrenlll HeC liIHYCOVlnaJlhHOrO TOKa.
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AmI: Yl3MepeHVlR BeJIYllH1H, rrpenycxorpemnrx pa6011MM 3a,IJ,a.HYleM,

MCnOJIbSYIOT Yl3MepYlTeJIbHble npM6opbl: PVI - 250 B, I11VlTOBO~ BOJIbT­

MeTp.

PV2. -75 B, MHoronpe,ueJIbHbl~ BOJIbTMeTp 3JIeKTpOMarHYITHOA

CI1CTeMbI;

Pfll - I A, IlMnepMeTp 3JIeKTpOMarHV!THO~CI1CTeMbI (3514, :1365 )

,II,JIR 1II3MepeHlIIR ,ueAcTIlYKJI1ePO TOKa I.
Pfl2 :- 1,5 A, aMIlepMeTp MarHMT03JIeKTpMllecKoA CMCTeMbl (M253)

,T.\JIR Vl3MepeHMR nOCTORHHOA COCTaBJIRIar(eJ;t TOKa I.:,
P\N - MHoronpe,ueJIbHb~ B8TTMeTp.

AnR Ha6JI~neHlIIR ~OPMbI KpMBOA TOKa lIIcnOJIb3yeTcR 3JIeKTpOHHNA

OCUVlJIJIOrp~. Ha. BXO,u OCUVlJIJIOrp~a no,uaeTCR HanpR~Hl1e C aKTlIIBHO-

r o conpOTVlBJIeHVlR RJ
Ann CHnTlIIR OCUMJIJIOrpaMM Heo6xo~MO 3arOTOBI1Tb KaJIhKY lIIJIM

. np03p8.llHyll 6YMary •

. Ann C03,uaHlIIR Harpy3KYI VlH,nyKTYlBHOrO xapaKTepa YlCnOJIh3yeTCH

I'lH,nyKTI1BHIlJl KaTYTlIKa L2 •

1Y. ITporpaMMa I'l MeTO~Ka B~nOJIHeHI'lR pa6oT~

4.I. j{ 3!llKl1MaM AB (pYlc.13.1,a) YlCTOllHI'lKa HeCYlHYCOI'lp,aJIbHOrO

HanpRJKeHMR nO,JT.KJIIOllMTh 3J1eKTpMlleCKyJ) uens (pac , 13.2).

4.2. 3anYlCaTb H8.npRlKeHYle YlCTOllHlIIKa u.. (t) B BlII,II~ pana (liyphe

u(t)"'ILt,8+23,3~lne.vt+9,9..,t:n.(2wt -90°) 8, 1::50Iq.
3anl1C8Tb napaMeTpM 3JIeMeHTOB 3J1eKTpMllecKoA uenYl.

13.1. rrapaMeTp~ 3JIeMeHTOB 3J1eKTpl111ecKoJ;t

uem1

Ri. R2. R. 3 1. 2 C

300M 30 OM 41 OM 0,15 fH 50 M~

4.3. ITO,Il,KJlmaR noovepenno K 38.lKl1MaM Bf a.KTlIIBHbIA, PlH,nyKTMBHblA

11 eMKOCTHOA nplIIeMHVlKYI, yCTaH0Bwt'b C nOMOlI\bkl TpaHclIopMaTopa TV
HB sxone lIICTOllHMK8 HeCI1HYcolllcTJ,aJIbHOrO HanpRlKeHlIIH IBO R. ITpOBeCTVl

\oiaMeptHf~lJ CCrJIllCHO Ta6J1I1Qe 13.2. CKOnYlpOIlaTb ocqYlJlJIorpaMMbl TO­

IfMI ,IVI'.!! Kl!IlK,n,oro 1'13 npYleMHYlKOB. Yi306pa~HYle n.OJIlKHO C01J,ePlK8.Tb no­

rl1l,ItIUI l'I,!yx nepaonos.
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13.2. I1sMepeHHhle ~ pBCqeTHble 3JleKTp~qeCK~e

BeJJYlq11 Hhl l.18nYl HeCYlHYCOYl)J,8JI bHO!' 0 TOKR

I1SMepeHO MYlcneHo

fIpVleMHI-i1f\1
'[I TI Ti, TP I I It> I P
P;TATA~T A I A I BT

AlfTIH3Hb1R

ltlHrTYKTI1B-
Hl>IA
EMKOCTHOR

4.4 . ,Il,nfl o,ll,HoR Yl3 cxev aneKTpYlqeCROR QeOli no yRB.39.HYlJO npenc­

nasarena BbIT10JlHI1Tb CJJe.nyOJlee:

a) HSpl1COBaTb paCqeTHJ'!O cxeMY 11 no 3a,ll,BHHoMY HBnpHlIteHl1JO I1CTOq·

HI·ma nllTaHYlH YI 3al\nHHbIM napaMeTpaM 3JJe!.EHTOB nen~ paCCqllTaTb noc·

TORHHYIO COCTaB.JJflJa1tyPJ roxa I o ,BMIlJlIlTy,lJ,b1 YI Haq8JIbHble !fla3bl nep­
BaR YI BTOpoR rapMOHl1K TOKa YI SBnYlCaTh ~~H~e TOKa B BI1~:

i =10 + 1m ! 1>in(wt+lf/tl) +I m 2. -sin (z,» t +- 'f/iz. ) •
ri) PIlCCIl\1TIlTb .lJ,e Rc TBYKll1ee 3HIl.qeHYle rona I 11 MOU1HOCTb P.
PaCCqYlTBHHNe 3HBqeH~H BHeCTI1 B TIl.6JJIluY I3 .2. PaCqeT~ Bcex B­

JII.,!q~1H ,Il,OJllmbl 6hlTb npI1Be,Il,eHN B OTqeTe.

B) nOCTpOYlTb 1'PaPl1K TaKa i. == I (t) . (OAHO nOJlHOO KOJlet­

HYle) HS. MYlJlJlMMeTPOBOR 6YMare Y1 cpaBHHTb era C OCQYlJlJlorpsMMoR ~I_

KB Y1 rpFJ4iV1K OM HanpRlIteHY1H aa axone Qenl1 (rPF.rPYlK HanpHJKeHYlH HA.HE.­

TI1 nYHKT~pOM B npO~3BOJJbHOM MaCWTa6e).

Y. MeTO,ll,YlqeCKYle YRa3aH~H K o6pa60TK8

peSyJlbTBTOB aKcnep~MeHTA.

,Il,nH paCqeTB aMnJl~TY,ll, nepBoR Y1 BTOpoR 1'apMOHYlK TOKa peKOMeH­

AYBTCH Y1Cn OJlb30BIlTb 3aROH OMa B BIl,ll,e

r- ImK = ?'< ,
1')1.B ZK -=IR2. + (l<wL -'/wt)'i - nOJlH~ COnpOTYlBJleHYle l.18nl1 JJ,.II

K -A 1'apMOHYlKY1 .

HaqaJI bHb18 ~a3hl nepBoR 11 BTOpoA 1'apMOHI1K TOKa MO*HO onpe,ll,eJJI1~

113 BblPSJKeHI1H '+"'1(:::: I.f/u. k -ifK ,

r,n,e tft-/K - Haq8JIbHB.H <f>S3a HA11pHJKeHl1fl K-A rapMOHYlRI1.

ttK =arct4..l<lAJL-k - C,IJ,BYI1' !flea HanpfllKeHYIR Ii TOKa I<. -R rap-
(J R MOHYlKJ.!.
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An nOCTpoeHHH rp~HKa HeCMHYCOM~anbHoro T OKa peKOMeHAYeTCH

no r0130HTanbHoA oeM HaHeCTM ~Be mKanN, yqMT~BaD~Me M3MeHeHHe

¢as nOBoA M BT OpoA raPMOHHK aa O~MH H TOT lite npOMeJKyTOK SpeMeHH

(pMc. ~:.3)' PeKOMeH.nye~ MacmTa6 ,ll)IH nepsoa rapMOHHKI1 30 r pan/c x .

no ~pTl'IKanH OTKJl/l,ll,blSB.1OT TOKJ,1 rapMOHHK S O~HOM M T OM lite MacUI­

Ta6e .

CJle ,t-eT nOMHMTb, eCJU\ HaqaJlbHM rpa.3a If> 0 , TO CMHYCOJ,1~a

C)l.SHHYT, sreao OT HaQSJIfi KOOpJl.l-lHaT, eCJ111 <f/< 0 , TO CMHYCOIl ­

~B. C~BI1IYT!i snpaso OT HaQana KoopJl.l-lHaT.

).VIH r~l'I18p8. Ha pac , 13. 3 npaeeneno noc'rpoeuae rp~IilK8. S8.,ll,8.HHOrO

HeCMHYCOI)l.a.lhHOI'O HanpHlIteHI1R

tA(t ;-=''t,g +23,~"Ji.ntJt -r9,9~(2.c.)t -9(0) 8 .

U,B

'to

30

to /Uo

10

-60

-/20

-/0

-20

rpt4iI1KI1 Ka;.o.oA rapMOHI1KI1 CTpORTCH OT~eJ1bHO. ).VIfi noc-rpoeaaa

rpalfJl1K8. HeCy.~COI1)l.anbHOA BeJll1qMHN Heo6xoJl.l-lMO CYMMHposaTb 0PAI1Ha­

TbY raptWHMK .n fi O,ll.Hl1X 11 rex lIle MOMeHTOS BpeMeHH.

Y1. KOHTpOJlbHNe Bonpoc~

I. !ViKOBbl np MQI1Hhl B03HMKHOBeHI1H S 3JleKTpl1QeCKOA uen« HeC MHY­

C OM.flBJJbHbIX TIKOB M HanpHlK8HHA ?
2 . HaK H8.11>1S8lOTCH CJlA1'MMble psrta ~ypoe ? !1oQeMY OllH MMe lOT

TB.KHe H8.3BIlHfi ?
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3. KaK paQ'bIBaeTCH m1HeRHM 3.1leKTpl1tleCKM usns npa ,lJ,e fk T-

BVJI1 B HeR ne~qeCKVJx HeCI1HYCOI1~anbHb~ I1CTOQHI1KOB 3~C ?
4 . qeMY pI .nelkTBylallee 3HaqeHI1e HeCI1HYcOYl,IJ,aJIbHOPO TOKa ?
5. qeMy P! aKTIo\BHM MOU1HOCTh HeCI1HYCOJ1,IJ,anhHOrO TOKa ?
6. KaK 3ar OT qaCTOTN Y1HAYKTYlBHoe YI eMKocTHoe COnpOTI1B­

.neHI1H ?
7. KaK BnIXapaKTep peaKTIo\BHOPO sneMeHTa Ha ~oPMY KPJ1BO~

TOKa B HeM n]3~CTBI1I1 HeCI1HYCOI1,JJ.aJIbHOPO HanpHlKeHI1H ?
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Ilpanoarenae 1

OCIIOBHblC 3aKOHLI JJlCKTPOTCXIIIIKH

3aKOHOMa U
i =-

R

Ilepaun 3aKOH Kapxrotpa 2) = 0

BropoH 3aKOU Kapxroipa Le =Lu

3aKOH ,n)l(0YJUI-J1cHQa p =;2R

de:t>
3aKOH 3J1CKTpOMarHIITHOH IIHl1YKQlI1I e= ---

dt

3aKOH Asmepa F=i[df B]

3aKOH Kynona F= Q\Q2 RO
4m:oR2

3aKon nonuoro TOKa 1fiJ1= Li

OCHOBHble IJIOp M y Jl bl H ypaBHeHHH JJlelCTpOTeXHHKH

MomHOCTb p=ui

3 HCpfH lI W= Juidt

3ncprH lI Mam ll THom nons xaryunca
Li2

W",, = 2
3ucprll1l 3nCKTpIl'lCCKOrO nons 2

KOHncn- W = eu
caropa '" 2

Teopesra Faycca 1J5dS = 'LqCB

Ilepnoe ypauncane Maxcnenna - - atrotH = J + E -
a at

Bropoe ypaaneuae MaKCnCJlJ13
- as

rotE =--at
Teopcva YMoHa---nOHnTHllra f - - J 2 aw- IldS = yE dv +---.2':!...

v at
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OKOHttaHHC npHJlOmCHHlI 1

COOTHOIllCHHH MClKJJ.Y TOKOM H lIanplImcHHcM

na 3J1CMCIITax 3J1CKTpH'ICCKOH uenn

311e- BHA TOKa

MeHT ITepeMeHHbIH Cl'lHYCOHAallbHbIH CI1HycOI1J\allbHbIH ITOCTOllHHbIH TOK
uelIl1 TOK, MrHOBeH- TOK, KOMlIJIeKCHOe TOK, J\e HCT BYIOll\ee

Hoe auauenae 3HattcHliC 3HaQCHI1e

U = iR u=j R U=IR U =/R
R U . V I =U /=Ui= - / =-

R R R R

di
U= jroLj

I1HAyKTHBHOCTb

uL=L- U=roLl HC OKaJbIBaeT

L
dt . U U

i =~ fULdt
/=- / = -

conpoTIiBllcHlili

jroL roL lIOCTORHHOMy
L TOKV

1 . 1 · 1 EMKOCTb npen-
uc= - Jidt U = ~ j-l U =-J CTaBJIliCT co6011

C C roC wC paspsra uena )lJIlI

i = C du c
j =jroCU

lIOCTOllHHoro TO-

dt /= wCU
Ka

3aKoH OMa

B KOMnJlCKCHOH eJI0pMC .nJlll uenn cauycoanansuoro TOKa

j = V . j = (j V- , =Z. R + j(wL - -!- ) R+j(XL-XC )

wC



CJJJeKTpH'IeCKHX BeJJH'!HH

)H'!HHbl H CJJe~CTBHH)

IIpHJJo'KeHHe 2

2

u
1. 3aKoB i= -

R

2. 3aKoH ):VKoJleHl~a
.2Rp=1

d<D
3. 3aKoH anesrpovaroa HH.nYK~HH e=--

dt

4. 3aKoHJpa F =i[d£ 8]

5. 3aKoH rror TOKa 1fid£ ="Li
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Ilpanoseeaae 3

fpacllH'IeCKHe H 6YKBeHHbie YCJlOBHble 0603Ha'leHHH B :)Jl eKTp H'IeCKHX

cxesrax

HaHMeHOBaHHe
Fpatpaxecxoe EyKBeHHoe

0603Ha'leHl1e 0603Ha'leHHe

1 2 3

IIoCTOJlHHblH: TOK -

IIoJlJlpHOCTb nocrosaaoro TOKa rtonoxurens-
+

Hall

IIOJlllPHOCTb nOCTOJlHHOrOTOKa 0TPH~aTeJlb- -
Hall

IIepeMeHHblH: TOK -
IIepeMeHHblH: TOK 'laCTOTOH 50 Fu -so ru
Tpexepa3HblH TOK '1aCTOTOH 50 I'u, aanpsose-

3-50 fu220 B
HHeM 220 B

Tpexepa3HblH TOK, xersrpexnpoaormaa JlHHHJI

(TPH nposona, Heii:TPaJlb) '1aCTOTOH 50 Fu, 3N-50 Fu 220/380 B
HanpJl)f(eHHeM220/380 B

Pe3HCTOP nOCTOllHHblH: --c=l- R

Pesacrop nOCTOJlHHblH C nononaarensasnta

~ R
OTBo,naMH

Illyar H3MepHTeJlbHblH --t=j- R

Pe3HCTOP nepeMeHHblH -0- R

Tepaopeaacrop -¢ RK

Bapacrop ¢ RU

IIoTeHUHoMeTP 9 R

KOH,neHcaTOp nOCTOllHHOH eMKOCTIt
-L CT

Koaaeacarop nOCTOllHHOH eMKOCTIf anexrpo- ;!;,b
C

JlI1TIt'leCKHH T
KOH,neHcaTOp nepexeauoil eMKOCTH # c

BapHKOH,n J C

Karyurxa HH,nyKTllBHOCTll* ..JVV"V"\- L
,ApocCeJlb C epeppOMarHI1THblM MarHilTOnpO-

~ L
BO,llOM+



I 2 3
Tpascdiopvarop OJJ.H0<pa3HbIH AByx06MOTO'-l - l.A.AJ TV
HbIH c <pepPoMarHI1THbIM CepAe'-lHHKoM * (V'V')

ABTOTpaHc<popMaTOp c <peppoMarHHTHbIM

~ TV
CepAe'-lHHKoM*

113MepHTCJIbHbIH r p an c tpopvar op TOKa* --f'CT TA

Tpancrpopwarop TPCX<pa3HbIH C <pcppoMar- WHHTHbIM MarHHTonpOBOAOM tlByxo6MOTO'-lHbIH
TV

C COCAHHeHHeM 06MOTOK 3Be3Aa - 3Be3Aa c rrnBbIBetlcHHoH HCHTpaJIbHOH TO'-lKOH*

I'eneparop nOCTOJlHHOrO TOKa co CMernaHHbIM

~ G
B036y)KAeHHeM

CHHXpOHHblH reneparop Tpex<pa3HbIH c 06-

~MOTKaMH, coeAHHeHHbIMH B 3Be3AY c HeBbIBe- G
AeHHoH neirrpansrc

~
.

,l],BHraTeJIb nOCTOJlHHOrO TOKa C napaJIJIeJIb-

~ M
HbIM B036y)KAeHHeM

ACHHXpOHHbIH ABHr aTeJIb Tp ex<pa3HbIH, c o -

&)eAHHeHHbIH B TpeyrOJIbHHK, C KOpoTK0 3aMK - M
HyTbIM pOTOpOM

Asmepaerp ® PA

BOJIbTMeTp 0 PV

BaTTMeTp @ PW

C'-leT'-lHK aKTHBHOH anepraa @ PI

4acTo ToMep ® PF

¢a30MeTp ®
OMMeTp @ PR

raJIbBaHOMeTp CD

O Cl.(I1JIJIorpa<p ~
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i

i
I

!
I
I
'I

1 2 3
KOHTaKT 3aMhIKalOlUHH KOMMyTaUHoHHoro I
ycrpoticraa ') QS

KOHTaKT paJMbIKalOlUHH KOMMyTaUHoHHoro

rycrpoacrsa QS

KOHTaKT nepeKJIIO'ialOlUHH C HeHTpaJlbHblM

I t I SAuearpansaua nonoxenaex

PaJ'beLlHHHTem. rpexnOJlIOCHbIH m QS

KOHTaKT BbIKJIIO'iaTenJi 3aMbIKalO1I.lHH rpex-

m"lIOJlIOCHbIH C aBTOMaTH'ieCKHM cpa6aTbIBaHI1- QF
eM MaKCHMaJJbHOro TOKa

Ilepexrnoxarens onaonomocasra urecranoaa- II I11I SA
UI10HHbIH r--
Ilpeztoxpamrrem, nJlaBKHH

~ FU

• KOnH'leCTBO nonyoxpyxnocrea B H306paJKCHHH 06MOTKH H aanpaaneaae BbIBOJ\OB He
YCTaHaBnHBaeTCJI.
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