Jlekuusa 4

* Pa3BeTBNeHHbIE LIeN NepeMeHHOro
CUHycouaanbHOro Toka.

* Pe3oHaHC B NMMHENHbIX Lenax
nepeMeHHOro cMHycomganbHOro Toka.

* TpexdasHble Lenn nepemMeHHoro
CUHYycOouaanbLHOro Toka



(JCHOBHEIE TCPMHHEIL H ITOHEATHA, HCIIOTBIVEMEBIC B OEITAX [IEPCMEHHOIO
TOEA

[lepemernrle 3/IC, HANpAKEHHT H TOKH HIMEHAOTCH 10 CHHYCOHIATEHOMY
3AKO0HYV:

e(t) = Ex sin (@t +y). u(t) = Uy sm (ot +yy), 1(t) = Iy sin(at + ;).
(OCHOBHEIE MApaMETPHl CHHYCOHTATEHEIX CHIHATOE:

I, Up. B — aMImaTyaE! Toka, Hanpaaernd, 3C;

() — DHETHIECKAd TacToTa, o = 217,

f—mactota, f = 1/T;

T — nepuox;

W, W, W, — HASATRHEIE a3kl TOKA, Hanpaxerms, 3]C;

€, 1I, 1— MTHOBeHHBIe 3Ha9eHn 3][C. HanpaaeHHd H TOKA.

Bemrauuel 1. I, — maMepaiorcd B ammepax. BemEmHEE U, Uy e, Ep — B
BONIBTAX, BemHMHHA 1 (mepHon) H3MepseTcd B CEeKVHIaX (c); 9acToTa [ — B
reprax ('), THETHYeCKAS 9aCTOTA & HMEeeT pasMepHOCTE Paj/c.

IHaueHHA HAYATLHEIX (a3 Wi Wy Y. MOIVT H3IMEPATRCH B pajHaHAX HIH
rpagycax.

BemmduHA W, W, W. 33aBHCHT OT HaYaga oOTcdeTa EBpeMeHH t=10.
[lonoxHTETEHOS 3HAYEHHE OTKIATEIBACTCA BIEEO, OTPHIATEIBHOE — BIPAED.
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18 CpaBHEHHA AEHCTBHH IOCTOSHHOTO H IIEPEMEHHOIO TOKOB BBOJAT
TMOHATHE «/[eHCTBYIONMEe 3HAUEHHE [IEPEMEHHOI0 TOKaY.

JeAcCTByIOmEe 3HAYEHHE MEPEMEHHOI0 TOKA YHCIEHHO PaBHO TaKOMY
IIOCTOSHHOMY TOKY. IPH KOTOPOM 3a BpeéMA pPaBHOE OJHOMY IIEpPHOIY B
IIPOBOJHHKE C COMPOTHBICHHEM R BEIIEIAETCA TAKOE XK€ KOTHIECTBO TEILIOBOH
3HEPrHH. KaK H IIPH NepeMEeHHOM TOKE.

Jq1g mo00H H3 CHHYCOHJANBHEIX BEIHYHH  JCHCTBVIOIIEE 3HAYUCHHE

ompeeIseTcs uepe3 aMIUTHTYIHOE JeeHHeM ero Ha V2=141

.
=Y , E= E.
V2T 2
YCIOBHIHCH, YTO BCE  H3MEPHTEIBHEIE IPHOOPE  MOKA3bIBAKOT
neHcTRYIOmMHE 3HadeHHd. Hampuwmep, 220 B — aeficTeyromee 3HaueHHE. TOrAa
u(t) =310 sm ot
B mensx nepeMeHHOro TOKa BELICIAIOT CIEAVIOMIHE BHIEI CONPOTHRICHHH.
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AKTHBHOe. AKTHBHEIM HAa3EIBAKT CONPOTHBICHHE Pe3HCTOpa. EaHHHIEH
H3IMEpEeHHA CONpOTHBIEHHA fBageTcd OuM. CONpoTHRICHHE pe3HCTOpa He
3aBHCHT OT 9acTOTHL.

PeaxTEEHOe. B pazgene peakTHBHEIE BEIIEIAIOT TPH BHIAA CONIPOTHEICHHH:
HHIVETHBHOE Xi. eMmKocTHoe X¢ H COOCTBEHHO peakTHBHoe. [lna
HHIVETHEHOTO COINPOTHBIEHHS BRINEe ORUIA DOTy49eHa QopMyia X; = el
EIuHHIEH HIMEPEHHA HHIVETHEHOTO CONPOTHBISHHA Takke ABMAeTcA O
Bemmuna X; THHeHAHO 3aBHCHT OT 9acTOTEL

Ina eMKOCTHOTO CONPOTHEJISHHA BEINE OBLIA [OIVUEHA QopMyIa
Xe =1/ oC. Exneanei H3MepeHHS eMKOCTHOTO COMPOTHBICHHAS ABIAeTcd OM.
BemwunHa X 3aBHCHT OT YacTOTHEl 110 OOPATHO-NPONOPIHOHATEHOMY 33KOHY.
[TpocTo peaKTHEHEIM COMPOTHBIEHHEM 1TENTH HAIRIBAKOT BeMHIHEY X = X7 - X

Ilonmoe compoTEEIeHEdEe. [IOTHEIM CONPOTHEIEHHEM IEMH HA3EEBAOT
BETHIHHY

I \ 2
.f.- -_IR. B [j:.L - X.,:'
H3 3T0r0 CoOTHOmEHHA cleqyeT, IT0 compoTHBAeHHA Z. R H X o0pazvior
TPEVTONBHHE. 7 — rHmoreHy3a. R B X — katerel. 18 vIoOCTBa B 3TOM
TPEVIOIRHHKE PACCMATPHBAKT VIOI @. KOTOPEIA ONPeIeniioT YpaBHEHHEM

¢ = arctg((Xr - Xo)R).



H Ha3BIBAKOT yIJIOM COBHIA cbas O YHE€TOM HETO MOXHO JaTh JOIIOIHHTCIIBHEIC
CBA3H

R=Zcose. X=Zsmo.

ITo aHamOrHH C MOIMHOCTBIO B IemAxX nocrogHHoro toka P=U I B pmensx
MIEPEMEHHOIO TOKA PAaCCMaTPHBAXOT MTHOBEHHYIO MOIDHOCTE P = U 1. aKTHBHVIO
MOIIHOCTE P, peaxkTHBHBEIE MOITHOCTH Q1 Qc, H Q H moaHy MomHOCTE S. s
HX OIIpeJeIeHHT HCIIOMb3VIOT QOpMYIIEI:

P=UL

rae U u I gelcTRyIOIIHE 3HAYCHHA HANIPAKCHHA H TOKAa. EQHHHIIEH H3MEpeHHA
MomHOCTH P aBagerca Barr (B1).
Jna onpegeneHHA pPEaKTHBHOH HHAVKTHBHOH  MOINHOCTH HMEIOTCA
Gopyysl .
Q=Upl)2mmQ.=I"X;.
Enununel ee H3MepEeHHA BEIOPATH Bap (BOIBT-aMIIep PeaKTHBHEIH).

ITo amamoruH ¢ Qp BBOAAT BeaHIHHY Q¢ = X KOTOPYIO HA3EBIBAKOT
PEaKTHBHOH €MKOCTHOH  MOINHOCTBI. EIHHHIEH €€ H3MEpPeHHA TakkKe
ABJIAETCA Bap.

Ecm B pmem npHCyTcTBYIOT 3deMeHTHI R, L B C, TO akTHBHaZ H
PEaKTHBHAA MOITHOCTH OINPEAEIAI0TCA YPAaBHEHHAMH

P=Ulcosg. Q=QL-Qc. Q=Ulsme,
rae @ — yroxa casura das.

BBOIAT NOHATHE NOIHOH MOITHOCTH LeMH

S= ||' P+ Q'
Eme S MOXHO 3aIHCaTh B BHIE
S=UL
Eauuune H3MepeHHA NMOJIHOH MOITHOCTH ABIgeTCa B-A — BOIBT-aMIIep.



(JCODEHHOCTH pacdeTa UeNeH NePeMEHHOT0 TOKA IPH Pa3HEIX BHIAX
HATPV3IEH.

IIpE pacdere peanbHEI® 3IEKTPHYECKHE LENH 3aMEHAKTICE CXEMaMH
3AMEINEHHA, B KOTOPEIX IOTPEOHTEIH 3INEKTPHYUSCKOH 3IHEPrHH 3aMEHRHOTCH
PEINCTOPaMH, HHIVETHEHOCTAMH, KOHIEHCATOPAMH HIH HX COYSTAHHAMH C
COOTBETICIBVIOIIHMH conpoTHBIEHHAMH R, X; H Xy Pacuer Dened
IEPEMEHHOTO TOKA IPOHIBOIHTCA TakKe Ha OCHOBE 3akoHoB Oma H Kupxroda.
[IoCKOMBEY CHHYCOHIE! TOKOE H HaNpPAEKEHHH YVIaCcTKOB LEIH B ODIIeM CIy4ac
COBHHYTE OTHOCHTEIBEHO APYVT Apyra mo dase Ha YTol ¢, NpHMeHeHHe 3aK0HOB
I8 OJeHCTBVEOIOHX 3HAYEHHH TOKOE H HANPA&KEHHH BO3MOXKHO TONBKO B
BEKTOPHOH HIH KOMIITEKCHOH dopMe.

[TonHOE ConmpoTHEIEHHE Z HA KOMILIEKCHOH IUTOCKOCTH H300pa&aeTca B
BHIE TPEYTONBHHEA CONPOTHEICHHHA, B KOTOPOM BETHYHHA VIIa (aloBoro
COBHIA ¢ H €r0 3HAK ONpeJeldlTcs COOTHOINEHHeM MEXIY PEeakTHBHOH H
AKTHBHOH COCTABRJIAMOIIHME NOTHOTO COIPOTHBIEHHS.



TIpr nmocaedoBaTEIRHOM  COEOHHEHHH 3JIEMEHTOE  pacdeT LelnH
OPOH3BOOHTCA 0 3akoHyY OMa H BETopoMYy 3akoHY Kupxroda. J[ng pacdera UemH
C MapamieNbHBIM COEJHHEHHEM HCOONB3VETCH 2aK0H OMa H [EepEHH 33aK0H
Eupxroda. Heorma mma VIOpomIeHHd pacieTOB CONpPOTHBIEHHH BeTBedH
NEPEXONAT K MPOBOIHMMOCTAM. AKTHBHOH, pPEakKTHBHOH H  IIOJTHOH.
PazeeTBneHHBIE 3NEKTPHYECKHE [OENH PEKOMEHIYETCHA PAacCYHTEIBATE C
ONpPHMEHEHHEM KOMILUTEKCHBEIX WHCeJI. PacdeT UemeH I8 KOHTPOIA €ro
OPAaBHIBHOCTH H JIVHIIET0 [IOHHMAHHA [EIeCOo00pazHO CONPOBOMIATH
NOCTPOCHHEM BEKTOPHBIX JHArpaMM, TPEVIOIBHHKOE CONPOTHBISHHH H
MOLITHOCTEH.

XapakTep HaIpy3kH LeNH [epeMeHHOIO TOKa  OIOpeJendercH
OapaMeTpaMH [MOTPEOHTEId H MOMKET OBITE AKTHEHEIM, AKTHEHO-HHIYKTHEHEDM
H AKTHBHO-eMEKOCTHEIM. Ha AKTHEHYH COCTABIAKINVHY Harpy3kKH H3 CETH
PACXOIVeTCHA aKTHBHAS MOITHOCTE P, KoTopas onpegenseTcs GopMyTaMH

P=Ulcosge, P=Scosg.

KosbdummenT MOMHOCTH C©OS @ ONpPefeIdeT. Kakad HacTh [OTHOH
MOITHOCTH S PacXoIyeTcd MOTPEOHTETIEM Ha COBEpPIIEHHE MOJS3IHOH padOTEL
bompmmHCTEOD DOTPEOHTENEH HMEKT AKTHEBHO-HHIVETHEHEIH  XapakTep
Harpy3kH. [[18 EKOMIIEHCAIIHH HHIVKTHBHOH COCTABIAIOMEH MNOIKTHYACTCH
EMEKOCTHAA HAIrpy3Ka, HallpHMep, OaTaped KoHAcHcaTopob. IIpH nDomHOH
KOMIIEHCAIHH C0s ¢=1. H H3 CeTH NoTpPeOIAeTCH TONBKO AKTHEHAA MOIMHOCTE.
B nens ¢ mapauleBHEIM COeIHHEHHEM BOIHHEAST Pe30HAHC TOKOE, a B LEMH C
[IOC/IeI0BATENEHEIM COEIHHeHHEM — PE30HAHC HAIPAKEHHH.



KoMnneKkCcHbIM MeTo pacyeTa

1. 3anuwem ucxogHole oaHHble B KOMMIMEKCHOM Buae.

2. BbibepeM ycnoBHO-NONOXUTENbHOE HanpaBneHue
BCEX TOKOB B BETBSIX.

3. Ans (n—1) yanos 3anuwem 1 3akoH Kupxrocda B
KOMMMEKCHOM Buae.

4. 3annwem 2 3akoH Knpxroda BOonb HE3aBUCUMbIX
KOHTYPOB B KOMMMNEKCHON popMme.

5. Onpenennum HEU3BECTHbIE NAapaMeTPbl CXEMbI
3amMeLleHuns.

6. NpoBepnm BanaHc MOLHOCTEN (aKTUBHBLIX U
PeaKTUBHbIX).

/. I'loCTpOMM BEKTOPHYIO AmnarpamMmmy Ha KOMMNIEKCHOW
MNJIOCKOCTW.



NpachoaHannTUyeCcKkumn (BEKTOPHbIN) MeTOA aHarin3a cxem

3aMeLlleHNA INeKTPnieCKnx uenen nepemMeHHOro Toka

1. KayecTBEeHHO CTPOUTCA BEKTOpPHasi guarpaMmma TOKOB U
HanpsHKeHUU Ha KOMMNEeKCHOM NJIOCKOCTU. [lonyckaem, 4YTo B
Hepas3BEeTB/IEHHbLIX CXeMaXx 3aMeLleHNs BEKTOP TOoKa CoBMaaaeT C
OENCTBUTENBLHOW OCbO, a B pa3BETBNEHHbLIX — 0bLLlee Hanps>KeHne
coBnagaeT C AencTBuUTeNbHON OCblo. CTPOMM BEKTOPHYIO
ovnarpamMmy HanpsXXeHUn n (Unu) TokoB Ha ocHoBaHun | n 1l —
3aKoHOB Kupxroga ¢ y4eToOM NCXOAHbIX AaHHbIX.

« 2. Ecnn 3Tto HeobxogmMmo ans pelleHnst 3agadvm, CTpoUMm
MHOIOYrosfibHUKM MOLLHOCTEU U COMNMPOTUBNEHUN (B
Pa3BETBMNEHHbIX LEensax — NpoBOAUMOCTEN).

« 3. Ucnonbayem Teopemy lNudaropa n Teopemy KOCUHYCOB a4
onpegeneHns HEM3BECTHbIX NapamMeTpPOoB.

« 4. [lpoBepsiem banaHC MOLLHOCTEN.



Pe3oHaHc (anekTpunyeckas Lenb, BKNoYatoLas akTUBHbIE
N peaKkTUBHbIE 3NIEMEHTbI, UMEET nokasaTenn YUCTO

aKTUBHOIO COMNDOTUBIIEHUS)

TpeyTOMBEHHKH MOITHOCTEH MOJ00HB TPEVTOMBHHEAM CONPOTHBICHHH.
Mz TpeyroneHHKA MOIUHOCTEH MOMHO VCTAHOBHTE B3aHMOCBAIE MEEIY
AKTHBHOH P, peakTHBHOH () H NOTHOH S MOIDHOCTAMH 3MEKTPHIECKOH LEIH:

P = Ulcosp = Scosip, Q = Ssingp, $=UI=,/R*+ Q-

KoMiuekcHas MOITHOCTE BCeH LIENH

§=UI"=P+jQ=P+j(QL—Qc) =S(cos ¢ +jsing).
rae [* = [e7'¥ — conpaxERHOE IHAYEHHE KOMILTEKCHOTO Toka [ = [ 1%,

B amMexkTpHYMECKOH IEMH MepeMeHHoTo Toka (puc. 1.18) mpwm
MOCTEOBATENEHOM BEMOHMEHHH KAaTVIIKH HHIYVKTHBHOCTH H KOHIEHCATOpa
MOKET  BOIHHKHYTP  PE30HAHC  HANPAAEHHH, KOIOAa  HHIYKTHBHOE
COMPOTHBJIEHHE KATYVINEH PAaBHO EMKOCTHOMY COMPOTHRIEHHE) KOHJIEHCATOpA
Xy = X IlpH 3T0M peakTHBHO® COIPOTHR/ISHHE LENH CTAHOBHICH PABHEIM
HyI0 X=X —X.=0, BXogHoe CONPOTHBIEHHE LENH MHHHMAILHO H
ABIETCA THCTO akKTHBHEIM (Z=R). [eficTByiomee 3HakGeHHE TOKA IIPH JAHHOM
Hanps#eHHH U JOCTHraeT MAaKCHMAIBHOIO 3HAYEHHA H COBNAZAST C HHM IO
thaze (o=0).



Pe3oHaHC HanpsXeHunu

[Ipp pe3oHaHCE HANPAKCHHH HANPAKEHHA HAa KOHIGHCATOpe H
HHIVKTHBHOCTH paBHEL: U- = Upp = Xl = Xgl H B 3aBHCHMOCTH OT TOKa H
PEaKTHBHBIX CONPOTHBICHHH MOIYT IPHHATh OOidbmHe 3HadeHHd: Up > U,
Ur > U H npeBrIaTh HanpsKeHHe MuTaromei ceta U.

Pe30HAaHC HaNpAXKeHHH B MPOMBIIUIEHHEIX 3/TEKTPHYECKHX YCTaHOBKAX
HEKEIATeIbHOE H ONAacHOE ABJIEHHE, TAaK KaK OHO MOKET IPHBECTH K aBapHH
BCJIECTBHE HEJAOMYCTHMOrO IEPerpeBa OTACIBHEIX 31EMEHTOB NIeKTPHIECKOH
LIENH HIH K IIPOO00 H3OMALHH OOMOTOK IEKTPHYECKHX MAIIHH H allapaTos,
H30/LIHH Ka0e1f H KOHJEHCAaTOPOB IIPH BO3MOKHOM IIEPEHANpPAKEHHH HA
OT/AEIBHEIX YIaCcTKaX LEMH.

B Toke BpeMAi Ppe30HAHC HANPAKEHHH IIHPOKO HCIOIB3VETICA B
PAJHOTEXHHKE H JIEKTPOHHKE B NPHOOpaX H YCTPOHCTBAX, OCHOBAaHHEIX Ha
PE30HAHCHOM ABIECHHH.



F3.'IE.']--.."'I]II-E‘:H‘"lI'.IEIEH'E! OelH ¢ Oapa/l1eIbHBIM COeTHHEHHEM 3IEMEHTOE

[Tomoxsm, 9ro 2agaHel BemudeHEI R, R;, L. C, gacTrora [ H BXOZHOE
HanpaxerHe U. TpeQyerca onpeIeIdTs TOKH B BeTBAX H TOK BCeH LIETH.

B manHo# cxeme puc.1.22 gpe petBH. CoOrIacHO CBOHCTBY MapaLIeIbHOTO
COEIHHEHHA, HANpPAEEHHE HA BCEX BETBAX NMapATIETbHOH HEMH OJHHAKOBOE,
€CJIH [IpeHe0peds CONPOTHRISHHEM OB IAIIHY [IPOBOLOE.

Pemmenne 3a1a4n pa30HBAeTCAd HA PAI 3TAIIOR

I
ﬂ_l'
R R:
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Ii| DL Li=C
&

Prc. 1.22. CxeMa 37eKTpHEIECKOH HEIIH



OnpepneneHne conpoTUBIEHUN U
TOKOB B BETBAX

1. OnpenesieHHE CONPOTHRICHHH BETBEH.
PeakTHBHEIEC COIIPOTHBICHHS 31eMeHTOB L u C onpegenseM mo gopMymam
Xir=oL. Xc=1/eC, o =2xf.
Ilo:THOE CONMPOTHBIIEHHE BETBEH PaBHEI

T TR % ' - -
Zy =R} +X[. Z:=\:'R5+XE'

COOTBETCTBYIONIHE HM YIVIEI CABHTA ¢a3
@1 = arctg(Xy / Ry). @2 = arctg(Xc / Ry).
2. HaxoXxaeHHe TOKOB B BETBAX.
ToOKH B BETBAX HaX0AATCA IO 3aKoHY OmMa
I] =U.‘{Zl. I:=U/Z}

3. HaxoxaeHHe TOKa BCEH LIEITH.

Toxk BceH memH MOXKeT OBITP HAHIEH HECKOJIBKHMH METOJaMH:
rpadHYeCKHEM. METOZOM MOINHOCTEH, METOAOM IIPOEKIHH H METOJIOM
IIPOBOAHMOCTEH.

Hame BCero HCIOAL3VIOT METOJ MPOEKIHH H METOA IpoBoauMocTeH. [na
MEeTOJa IIPOEKIHH CTPOHTCA BEKTOpHad aHarpaMmMa (pmc. 1.23). Ha KOTopoH
¢daza manpmxenna U npuaEMaeTca @,=0. Toraa tok I, onepexaeT HanpsxeHHE

U Ha yT01 @>. a TOK I; OTCTaeT Ha VIO Q).
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Puc. 1.23. BexTopHas aHarpaMmMa

B meToge mpoeklHH ToK [} H I packIagplBaloTCA MO JB€ OPTONOHAILHEIE
COCTABJIAIOINHE AKTHBHVH) H peakTHEHVK. (Ck AaKTHBHOH COCTABRIAHOIMECH
COBIMAJAET ¢ BEKTOpOoM HampamieHHs U, OcCk PEaKTHEHOH COCTARIAIOMEH
nepnerauKyagpHa sexTopy U (puc. 1.23).

AXTHBHEIE COCTABTAIOITHE TOKOE DABHEL

Iia=1; cos 1. Ina =1, cos @,
Ia = Ila 8] Iﬂa-
PeakTHBHEIE COCTABIAINIHE TOKOB PaBHEL
Ilp = I1 s P, 13P == Ig 511 Q3.
IP — Ilp . I'—’P'



B nocienHeM VpaBHEHHH B3AT 3HAK MHHYC, IOCKO/IBKY COCTABIAIOIIHE I,
(HEIVKTHEHAA) H b, (eMKOCTHAR) HAPABIEHE! B PA3HEIE CTOPOHEI 0T ocH UL
ITOMHEIH TOK HAXOTHTCA HI VPaBHEHHH

e
I'= J L+
¢ = arctg(l, / L).

B MeTone MpOBOTHMOCTEH TAKKe HCIOMBLIVETCA PA3IOAKEHHE HAa AKTHEHEIE
H pPeaKTHBHEIE COCTABJIAIOINHE. AKTHBHEIE COCTARIAIONIHE TOKOB 3aIIHCHIBAOTCA
B BHIIE

I, =lcosqy = lzj—;x:—: = %: Ug;.
rae uepes g =R/ Zf 0003HAYTeHA BeIHYHHA, HAEAHHAYE AKTHBHOH
MPOBOTHMOCTEIO TIEPBOH BETBH. Aﬂa.mmmm aﬁp'unm TTO.TYHM

u,
[,, =, cosq- =R :*—‘=U—— Ug,,
rae g2 =R,/ 7, a BEIHYHHY g = g1 + g Ha3hIBAKOT - AKTHBHOH IPOEQIHMOCTRID

BCEH LeIH.
AHATOrHYHO 3aIHINEM PEAKTHEHEIE COCTAR/IAIMIHE TOKOE

; ) B
I,.. =1, sin =— X —== ——Ub
. ) SRR
[,,. =,sinp, =—x—= ——Ub~
=P = P2 =7 Z» 7z

rae b, B b, — peaKTHBHEIE IIPOBOIHMOCTH BeTBel by =X; / Z,%. b, =X/ Z
A1 peakTHBHOH IIPOBOAHMOCTH BCEH LIEITH HMEEM
b=Db; - b



AHaTHI DACUETHRIX 13

B 33aBHCHMOCTH OT COOTHOIIEHHA pPEakTHBHEIX HpoBomHMocTed by m by
BO3MOMKHEI TPH BapHaHTa: by = by by <by; by =ba

Nra BapHaHTa b; =by mmeeMm I =1, @>0. Ilems HMeer akTHBHO-
HHIVETHEHEIH XapakTep. BekTopHAas qHarpaMMa HioOpa&eHa Ha puc. 1 .24

Puc. 1.24 BexTopHad qHarpaMMa IIpH aKTHEHO-HHIVETHEHOH Harpyzike
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AHanun3 PACHETHbIX AAdHHbIX

IIpg by <b; tomu Ljp<Ily. ¢<0. Ilemp HMeeT AKTHBHO-EMEOCTHBIA
XapakTep. BekTopHAf JHAarpanMa H300pakeHa Ha pHC. 1.25.

Puc. 1.25. BexTopHad IHarpaMMa IpH aKTHBHO-€MKOCTHOH Harpy3ke

1/



Pe3oHaHC TOKOB

Ecm by=by, 10 Ijp=I; ©=0. Tlpm paBeHcTRe HHIYKTHBHOH
COCTABIAIOIIEH TOKA [}, H eMKOCTHOH COCTaB/LAFOIIEH TOKa Iy, BekTOp obImErO
TOKa COBIATaeT ¢ BekTopoM U mpHioxkeHHOrO BEIpakeHHA ¢ = 0. [lenn HMeeT
YHCTO AKTHBHOE COMPOTHBICHHE, ATOK [ =1, =1 + L1,

Tox noTpedmAeMEIH LEMBH OT HCTOYHHEA HAHMEHBINHH. JTOT PEXHM
HA3ILIBAETCA PE30HAHC TOKOE. BeKTOpHAR THAIPaMMa H300paKeHa Ha pHe. 1.26.

s U

+— —
Ip;‘ = Ipl
Puc. 1.26. BexTopHad qHarpaMMa IpH Pe30HAHCE TOKOB
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JMEKTPHYECKA IIeMh ¢ MapALIETbHEIM COSTHHEHHEM TPEX BeTBEl

Ilpm napannensHOM COEOJHHEHHH TPEX BETBEH 3IIEMEHTOB MOOIYIamOT
PAZBETBICHHVEO Uens (puc. 1.27). [IpH napanielsHOM COSTHHEHHH HNIEMEHTOER
TOEH B OTAENBHEIX BETBAX 33BHCAT TOIBKO OT HANPAKSHHA HCTOYHHEA NHTAHHA
H [OJIHOIO CONPOTHBICHHA KAXO0H BeTBH. IIpH 3TOM TOK B BETEH C
pe3HCTOpOM [p COBOAZaeT mo (aze ¢ HaOpAKeHHEM HCTOYHHEA, TOK B BETBH C
KAaTVIOKOH [y OTCTAaéT mo $ase oT HANPAAEHHA HCTOYHHEA MHTAHHA Ha VTOI @,
3ABHCANNHE OT AaKTHBHOIO H PEeaKTHBHOIO COMNPOTHRIEHHNA PeaTbHOH KAaTVIOKH
HHIOIVKTHEHOCTH. TOK B BeTBEH C KOHISHCATOPOM J[- ONEpeXacT HapAAKCHHE
HCTOYHHEA MHTAHES Ha 90° (pHe. 1.28).

B COOTBETCTBHH ¢ MEpPBEIM 3akoHOM Kupxroda oO0mmdE TOK T,
MOTPedAfeMEIH TakKoH NenNs 0T HCTOYHHKA [HTAHHA, OOpeleadseTrcH
reOMeTPHYECKOH CYMMOH TOKOB OTIOENEHELX BEeTBEH:

SR,

[ lg Iy
A =l
Rh:
F [:Im .

|
|
|
!
o JLE :
i I
= I

L= ¢ T.;ﬁ; l-l".
Puc. 1.27. CxeMa 3OeKTPHISCKOH ETH Prc. 1.28. BekTopHaa JHarpaMmMa




Pemenne 3a7awH [IPOH3BOIHTCA B HECKO/IBRO 3TAIIOB

1. Pacqet ToKoB.

PacdeT TOKOB BO BCEX BETBAX MPOBOIHTHCA 10 3akoHY OuMa. [Ipe pacuete
Nened ¢ MapAIeThHEIM COSTHHEHHEM YIEMEHTOB. KOTTIA BCE YTEMEHTH NeIH
(R1. Zz u C) maxomfrcd mox ogHHM Hanpm#eHHeM U, ero Ha9aTRHVIO dazy
IPHHEMAT 33 HolE (y=0). Torga koMIeKc HaNpPAECHHA B IENH 3AMHIIETCH

8 suge U = Ueti”
C.mmamemm 1714 pacdeTa TOKOB B BETBAX 3aIHIIVICA B BHIE:
~ 1
4] Uetd D)
-ToEBperHcTope Rl g ===——=[ge™"
=% Rl Rie*l®
| U uetl” .
— TOK B KaTyIIKe HEAVKTHBHOCTH I === S i = [e 19K
Ix Ixe
U et -
— 0 ey 2 e — ] ti%0
TOK B KoHJeHcatope |- X L e
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2. Haxo#ieHHE TOKA BCEH LEMH

[coMETpHHUECKOE NOCTPOCHHE IIA ONPEIeNcHHOH BElHUHHEL H (a3w
00IIero TOKA IpeacTaBIeHo Ha pHC.1.28, roe Ly, [; — aKTHBHEI® COCTABIAIOIMIHE
TOE3 B BETBH C KaTyInkoH Iy ® obdmero Toka I Ly I, — peaKTHBHEIE
COCTABJIAIOIIHE B BETBH C KaTVIIKOH Iy H odmero toka I Cnegyer mOMHHTE, 9TO
AKPINEHAR 1 PEAKMUEHAR COCMABTRIOUIE MOKA — 3MO VCI0EHLIE ETUYLHE], HE
HMEHOITHE (HIHYECKOTO CMBICTA B TOCTEIOBATENBHOH CXEME 3aMENIEHHA, HO
VIOOHEIE I71A PacuEToB.

M3 pexTOpHOH qHArpaMMEel CIEIVET, 9T0

=L+ Lg. L=Lx- L
CrnenoBaTeIsHO, BETHIHHA OOIIET0 TOKA
| 5 b
= '\' <k [13 :

a VIO CIBHTA a3 (Me& Ty oDITHM TOKOM H TIPHIOKCHHEM HANPAKCHHEM )
tgp =L/ L=x-1c)/ (& + L)
B koMIutexcHOR opMe BX0oIHOH TOK [ 3amHIIeTCs B BHIE
[=[e7%
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3. PacueT MoITHOCTEH

Bce BHAE MOITHOCTEH MOAKHO PACCIHTATh HCIIOAB3VA CIeIVIOIIHE
COOTHOIIEHHA:

— AKTHBHYIO MOITHOCTE IIeIH ¢ pesHcTopoM R1 PFr =R 1[%,

— AKTHEHVIO MOIIHOCTE IEIIH ¢ HHIVKTHBHOH KaTyInkoH By = R!{]E:-.

— AKTHEHVIO MOITHOCTE BeeH memH P=Pe+Pi.

— PeAKTHEHVIO (HHOYKTHEHYIO) MOITHOCTE KaTymmkl Qp = Xz I° |

— PEAKTHEHVIO (EMKOCTHYIO) MOIIHOCTE KoHaeHcaTopa Q. = —X 1= .

— PEaKTHEHVEO MOITHOCTE BeeH menmH () = Qx + Q¢ .,
£ P R—
— MOMHYI0 MOIMHOCTE BeeH memH 5 = Ul = ,/P- + Q=

— K03D QHIIHEHT MOIDHOCTH B HEPA3IBCTEIEHHOH JacTH NICKTPHIECKOH
LIETTH

cose=P/S.

4. [IpoepepKa pacueToB.

[IpoBepKA MPABHIEHOCTH PACIETOR JTEKTPHISCKOH IEMH MPOBOIHTCA M0
DaJTaHCY MOJIHEXX MOITHOCTEH. H32 ceTH noTpednieTc NoIHAA MOIIHOCTE

5. =UL

rae Tok | ompegenceH paree. HaHOeHHVIO BBINE MOIMHOCTE S HAaz0BEM
MOTPEOIAEMOH MOITHOCTERY — Spor. OTHOCHTEIBHYIO IIOTPEIIHOCTE PAcIeTOB AS
ompegeTHM cCcOoOTHOmeHHeM — AS=(S, — Spr)/S100%. Oma He JomTEHA
[IPeBEIIATE 3%



Pe30HAaHC TOKOB

[Ipp paepeHCTBe pPeakTHEHOH HHIYKTHEHOH COCTaBIRHOIOEH TOEAa B
KaTVIIke Ly H eMKOCTHOro ToKa I BekTop obmero Toka I coBmagaet mo daze c
BEKTOPOM NPHIOKEHHOTO HANMPEAEHHA, 3 €T0 BEIHYHHA ONPEIeIfeTCd TOMBKD
AKTHBHEIMH COCTABIAFOMIHMH TOKOB I=Ip+Lyx IIpH 3ToM B DemHM HacTymaeT
ABJIEHHE PE30HAHCA TOKOE, TAK KaK [Eeb, COOEpHANAL PeaKTHBHEIE WIEMEHTEL
BEJeT Ce0f Kak Lelb ¢ YHCTO AKTHEHEIM CONPOTHBIeHHeM. IIpH pezoHaHce
TOKOE TOKH B BETBAX C pPEAKTHBHEIMH 3IeMeHTaMH MOTVT 3HadYHTEIBHO
IPEBEIIATE TOK, MOTPEONIAEMEIA OT HCTOYHHEA MHTAHHA.

EmxocTs KoHgeHcaTopa Cp IIpH KoTopoil B HocnenyeMod memH (puc.1.27)
BOIHHEAELT Pe30HAHC TOKOB MOMHO PACCYHTATE JBYMA CIIOCODAMHE. .

1. Pe3zoHaHC TOKOB BO3IHHKAST IpH [NapalLIeIBHOM COCIHHEHHH

HHIVETHEHOH KaTyimks Zx H KoHZeHcaropa C IOpH BHIIONHEHHH VCIOBHA

Ry a
Br=Bc¢. rae By, = — - HHIYKTHBEHAA NPOBOIHMOCTE HHEIVETHBHOH KaTVIOKH Zy,

e

1 3 i
Be = - €MKOCTHa NpOBOZHMOCT KoHZeHcaTopa C. TO EMKOCTE
g

-
KOHJIEHCATOpa IPH Pe30HaHCe TOKOB Ly = E’-‘-
K
2. Ilpu pesonance TokoB I¢ = Ix Ilo 3akoHy OMa CONpOTHBICHHE
xoHzeHcaTopa paBHO Xc= U/le. a X¢ = 1/oC. © = 2nf. Toraa Co=106./2nf Xec.
JTO H €CTh EMKOCTh KOHAEHCATOPa, IIPH KOTOPOH IMPOHCXOJHT PE30HAHC TOKOB.



[lopbimenne Ko3pOETEEATA MOMEOCTH B 31eKTPEIECKOH IR

AKTHEHAS MOIDHOCTE NOTPEOHTEIT ONpeIeIdcTCa HopMyIoR
P=UIcos o.

BenmHaHHY COS @ 306CE HAIBEAKT Ko3QDHOHEHTOM MOIMHOCTH. LTOK E

AHHHH DHTARIOEH NDOTPEOHTENE ¢ 3AJaHHOH MOIDHOCTER P paBeH

I=P/(Ucos q)

H OyIaerT TeM OOJBIIE, 9€M MEHbINe cos ¢. [IpH 3TOM BO3PACTANOT MOTEPH B
MHTAKONIEH MHHHH. (I8 HX CHIKCHHS XEIATEIBHO VEBEIHYHBATE COS @.
bonsMIMHCTBO MNOTPEOHTENEH  HMEeT AKTHBHO-HHAVETHBHEIH — XapakTep
Harpy3KkH. YEBEIHYUeHHE COS ¢ BO3MOMKHO IYTEM KOMIIEHCAITHH HHIVETHBHOH
COCTABIAIONIEH TOKA  IIYTeM  MNOJKTHOYEHHS — IapaIelsHO — HAarpy3ke
KOoHOeHcaTopa (pHc. 1.29).

Pacuer eMKOCTH JONOJHHTEIRHOIO KOHOeHCaTopa M4IA oOecnedeHHS
3aJaHHOTO COS ¢ IMIPOBOAHTCA CIEOYIOIIHM o0pazoM. IIycTe H3IBECTHEI
napaMeTprl HarpyikH Py, U H I; . Mo&H0 oOpeIeaIHT: COSQy

cos oz = P/ (U Ig).

R.. Ic

I Lu

&

Puc. 1.29 CxeMa 37IeKTPHISCKOH IIeNH UIA MOBRIIIEHHS COS @



Hz puc.1.28 cnemyeT. 9To NOIKIHNEHHE €MEKOCTH HE H3MEHAEST AKTHBHVIO
COCTABIAIOIITVIO HATPYIKH
Is=Igcos =P/ UL
PeakTHBHAA COCTABIMIOIIAS HArpy3KH lg, MOXKET OBITE BEIDAXKEHA [epes
tg ¢ (pHC.1.28)
Ip =L t2 @

[IpH moOKMHOYEHHH eMKOCTH BETHYHHA [, yMEHBIIaeTcd Ha BeIHIHHY I

Ecmu 3agaso. 9T0 KO3Q(HIHEHT MOITHOCTH B MIHTAKINEH JTHHHH I0LKEH
OBITE paBeH COS@Q. TO MOKHO ONpPEJEIHTE BEIHIHHY PEaKTHEHOH
COCTABIAWIIEH TOKA B THHHH

L=ltge.

VMeHbIIeHHe PEAKTHBHOH COCTABIAIONIEH HAarpy3KH C Iy, mo I onpenemaer

BEJIHIHHY TOKA KOMIIEHCHP VIOIIEH eMKOCTH
Ie=lp-L=L(zg9:-t20).

[logcTaBmas B 3TH YpPaBHEHHA., 23HaUeHHe I, H VUHTHBAd, 9IO
[c=U/Xe=UwC, nomyed UeC =P,/ U -(tgp; - tg @), OTKyma aa
eMEOCTH KOHIEHCATOPa HMEEM

C=P./ U (tg gz - tg @).

IOna OoapmHX 3HaYeHHH Pp; Bemm-mHA eMiocTH O MOMeT oOKasaThea
CIHIIKOM OONBINOH., 9TO TEXHHYECKH TPVIHO PeaTH20BaTe. B 3TOoM ciIydae
HCIIOIB3VIOT CHHXPOHHEIE KOMIEHCHPYIOMIHE MAITHHEL.



PENIEHWE 3ATAY IO OEITAM IEPEMEHHOI'O TOKA

Pacger nenen OepeMeHHOI0 TOKa € moCj1eJ0BaTe IbHBIM COeTHHEeHHEEM
3/IeMeHTOB

3agaga 1. DnexkTpu4eckas Lenb, MOKAa3aHHAA Ha pHC. 2.1, MHTAeTCH OT HC-
TOYHHKA CHHYCOHZaTeHOro Toka ¢ 4dactoroH 200 I'm u HanpsxenumeMm 120 B.
Haro: R=40M. L=06.37M8 C=159 MxP.

BEMHCIHTE TOK B LENH. HaNPAKEHHA HAa BCEX VIaCTKaX. aKTHBHVIO, Peak-
THBHYIO, H I@OJHYK MOIMHOCTH. IIOCTPOHTE BEKTOPHYIO AHArpaMMy,
TPEVTOILHHKH CONPOTHBICHHH H MOITHOCTEH.

i R L C

0 > O i “
—_—) » »

u U U

v
O

Puc. 2.1. CxeMa 3I1€KTPHIECKOH LIENH



AHATH3I H peIIEHHE 3a7a9H 1.
1. BerrmcaeHHe CONPOTHRISHHH VIACTKOB H BCEH [IeTH
HEayKTHBHOE peaKTHEHOE CONPOTHBICHHE
X1 = 2af L = 2x3.14x200%6,37-10°=8 Om
EMKOCTHOE® peaKTHBHOE COIIPOTHEIICHHE
Xc=1/2efC)=1/ (2:—:3?14:{30[};«:159-10"5) =50M
PeakTHEHOE H NOTHOE COMPOTHEICHHA BCeH IEMH:
X=X -Xc-=30M;
Z=JR?P+x* =4 +37=50m
2. BEMHCISHHE TOKA H HAIPAXECHHHE HAa VIACTEAX IeH

Tok B e
I=U/Z=120/5=24 A
Hampamenna Ha V9aCTEAX:
Uy=RI=968B; Uh,=X;I=192B; U;=X-1=120B.
3. DrMHECIeHHE MONTHOCTEH
AKTHEHAS MOITHOCTE
P=RI =U,1=2304Br.
PeakTHEHEIE MOITHOCTH:
Q=X F=U,1=4608 Bap; Q.=X.F=U;I=2880Bap.
ITomHa" MOITHOCTE LEH

S=Ul=,P2+(Q,— Q.)° = 2880 BA.



PACHeT [eMH MeT00M KOMILTCKCHBIX THCET

3anHmeM B KOMIUIEKCHOM BHOE CONPOTHRICHHE KAAIOT0 3JIEMEHTA H BCeH Ie-
H
R=4" =40 X =8 =180 X.=5¢" =4950u
Z=R+)X-K)=4+)(8-5 Om

Ha xoMIuteKcHOH ILIOCKOCTH B MacmTade: B 1 cu — 2 OM, nDocTpoHM Tpe-
VIOIBLHHE COMPOTHBRIEHHTH (pHc. 2.2, a).

H3 TPeyTOMEHHES ONpeIeTHM BETHTHHY IOIHOTO CONPOTHRIEHHS Z H VTOI
(hasoBOTO COBHTA @

= '-\a"rR: + URL = }:c}: =5 On;

X - £ ,
¢ = arctg —— = arctg- = 37°.
R 4
B mokazaremsHOH hopMe MOMHOE COMPOTHBICHHE BCEH NEMH 3AMHINETCA B

BHIEC
7 =Ze1?=5¢"FT0On
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[IpHMEM HAYATEHVIO a3y OPHIOKEHHOTO K IENH HANPTEEHHS 33 HOMb H
OIpeIeIHM I10 3aKk0HY OnMa TOK B JaHHOH LeNH
i=1/Z=120a"/5"F" =243 A
CJIE,’J,OBEITEJIBH-D, B ,lT,ELEHGfI IIEMH TOK OTCTAaET IIO (1}3.'33 OT HﬂﬂpﬂEEHHE Ha

YTOI .
+ 1 ¢
o s r +ji
M: B ol wn
"
Xe | [ X Qcf [Qx - B A
UI UJ H
z | L _
/ X=XL'X'E / (}:Ql_QL /
© < | 4
" . 0 i
R +1 P +1 : -
B)

Puc.2.2. TpeyrolIsHHEH COMPOTHRISHHH (a), MOIMHOCTEH (D).
BeKTOPHAA JHArpaMMa (B)
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3Has BeJTHYHHY TOKa I, onpeaeHM MOITHOCTH 14 OTASTBHEIX 3IEMEHTOB H
BCEH LIETH.
P=2304Br. Qr=4608 Bap; Qc = 2880 Bap.

Sm P 4 Q- Qc)’ |

TpeyroasHHK MomHOCTeH B MacmTade: B 1 e — 1000 Bt (Bap); (BA). mo-

cTporM (pHc. 2.2. 0) Ha OCHOBE BEIPAKEHHS 14 IOTHOH MOITHOCTH
S =P +(Q- Q)"

J711 MOCTPOEHHA BEKTOPHBIX AHATPAMM II0 TOKY H HaNPSKEHHAM IIPHMEM
HaYaTeHYI0 (a3y TOKAa PaBHOH HYMO, T.K. TOK | B JaHHOH cXeMe ABIAETCA OJ-
HHM H TeM X€ 11 BCEX 3IEMEHTOB B LIENH

[=1e7" =24e"A
3anuImeM BEIPAKEHHA LA HaIPAAEHHH B KOMIUIEKCHOH dopme
U;=RI=96¢"" B: U, =X 1=192¢7"B:
U;=Xc1=120e""B; U=Z1=120e*"B.
30



DEIDepeM MacIITaOEl 4718 BEKTOPHOH qHarpaMMEl Bl oM -6 A Bl oM -
50 B. BexTopHas mHarpaMMa HaOPAHEHHH CTPOHTCA HA OCHOBE BTOPOTO 3aKOHA
Kupxroda 1718 JanHOH UenH

[:T=]j1 +U§"‘U3.

BekTopHad AHArpaMMa LEMH NoKa3aHa Ha puc. 2.2. . [IpH nocnegoBatens-
HOM CO€JHHEHHH ¥IEMEHTOB [OCTPOEHHE JHArpaMMBl HAUHHAKT C BEKTOpa TO-
Ka [, 0 OTHOIIEHHK K KOTODOMY OPHEHTHDVIOTCA BEKTODA HANPAKCHHH HA
YMACTKAX IENH: HANPAKEHHE HA AKTHEHOM CONPOTHRIEHHH U; COBIATAET ¢ HAM
[0 HATIPABIEHHI0, HANPAKCHHE HAa HEIVETHBHOCTH U, omepesaeT ero Ha 90°,
H3 eMKOCTH oTcTaeT Ha 90°. [lomxoe Hanpmserre U CTPOHTCH KAK HX BEKTOD-
Had CYMMa.
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JlomoMHHETe IbHEIE BOMIPOCH! K 3a7a4e 1.

1. Kakol XapakTep HOCHT 3KBHBAJICHTHOE PEaKTHBHOE CONPOTHBICHHE IIe-
mH?

ITo ycaoBHmo 3agaun X; = Xc. noatoMy X = X - X¢ HMeeT HHIYKTHBHEIH
xapakTep. OOpaTHTe BHHMAHHE, YTO PEAKTHBHEIE COIPOTHBICHHA OTAEIBHEIX
y4acTKOB nermH (X;. X¢) MOryT OBITH OONBINE €€ MOTHOIO CONMPOTHBICHHA. TAK B
JaHHOM cay4ae Xy = Z.

2. KaK H3MeHAeTCA peXHM paOOTHl LENH MPH H3IMEHEHHH YacTOTHl IIHTAK0-

IIero HanpsKeHHA?
OT 9acTOTEI 3aBHCAT PEaKTHBHEBIE CONPOTHBICHHA: X; MPAMO IPONOPIHO-

HameHO dacToTe f X oOpatHO mponopuHoHansHO f B paccMaTpHBaeMoO# cxeMe
X1 * X, IO3TOMY MPH POCTE YacTOTHl X BO3PAaCcTaeT, TOK YMEHBIIAETCA H BO3-
PacTaeT Yo @ €ro OTCTAaBaHHA OT HanpsaxeHHA. [IpH yMeHBIIeHHH 9acToTH X
YMEHBIIASTCH H IIPH HEKOTOPOM €€ 3Ha4deHHH X = (, T.e. cXeMa BeJeT ceds Kak
THCTO AKTHBHOE CONPOTHBRICHHE (PeXHM Pe30HAHCA HaPSKEHHH, IIPH KOTOPOM

)1 = Uc. Z=R H Tok HauOonsmuii). [IpH garpHeHmeM VMEHBIIEHHH YacTOTHI
Xe = X;. Z Bo3zpactaer. I yMeHpmaeTcs. cxXeMa BeJeT cedf KaKk aKTHBHO-
€MKOCTHOE CONPOTHBJICHHE.



3agaga 2. OnpegeneHne TapaMeTPOB MOTPEOHTEA [0 ONBITHEIM JAHHEIM.
KaTymka HHIVETHBHOCTH (pHC. 2.3) DOJKTIOYEHA K CETH ¢ HaNPAKCHHEM
U =100 B. BartmeTp nokazeBaeT 3Ha4eHHE Pir = 600 B1, anmepMerp: I=10 A
OnpeneIHTs DapaMeTpsl KaTVIIEH R, Ly

Prc. 2.3. CxeMa 31eKTpHICCKOH LEIH
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AHaTH3 H pelIeHHe 3aJa4H 2.
1. BErMHCIIeHHE NOTHOIO CONPOTHRICHHA KaTYIIKH
Zx=U/I=100/10=10 O

2. BerucIeHHe aKTHBHOTO CONPOTHRICHHT KaTyIIKH Ry
BarTMeTp H3MepsAeT aKTHBHYIO MOITHOCTh. KOTOpafd B JAaHHOH CXeMe IIO-
TPeOIAeTCA aKTHBHEIM CONIPOTHBIEHHEM Ry
Rx =Py /I =600/100=6 Om.
3. BeMHCIeHHEe HEIYKTHBHOCTH KaTYIOKH Ly
Zx = RZ +XZ: Zx = /R% + Xz = /100 — 36 = 8 Om:
Xg=2mfLy: Ly =Xy /(2nf) = 8/(2rx50) = 0.025 I'n.
JIOnOTHHTEIBHEIE BOMIPOCE! K 337a4e 2.
1. Kak pemmsTs 3a3a9y APYTHM CIIocoooM?

[TapaMeTpEl KAaTVIIEKH HHIVETHEHOCTH MOAHO OIPEeIeTHTh, PACCUHTAE IIOJ-

HYH MOITHOCTE Sy H PEAKTHEHYE) MOITHOCTE KaTYIIEH (.
Sx=UI=100-10=1000BA.

Oy = un'sfﬁ — Pp.® =+/1000% — 6002 = 800 eap.
Ry=Py/F=60n; Xz=0Qx/F=80u
Zxg = JRE + X = 100m.



2. 3anHCcaTE 3aK0HEl H3MEHEHHT TOKA H BCeX HAPAEEHHH U1 JaHHOH Ie-
IH.

Onpegensus yTod $a30BOT0 COBHTa Me# Ty TokoM 1(t) H MPHIOKEHHBIM Ha-
npaEeHHeM 1(t)

@ = arctg(Xg / Ry) = arctg(8 / 6) = 53°.

B uenH ¢ aKTHBHO-HHIVETHBHOH Harpy3KOH HaOpSAEHHE ONepekaeT TOK
Ha yroul @ = 53° AMIIIHTYAE TOKA H HAIpAXeHHT ONpeleIHM. 3Had JeHCT-
BVIONTHE 3HAYTSHHA TOKA H HANpAAEHHA

I, =v2I=141A; U, =+2ZU=141B.

3aKOHEI H3MeHeHHd TOKA 1(t) H HampaseHHA U(l) 3aMHIIVTCE B CASIYIOMEM
BHIC.

i(t) = 14.1 sinewt;  u(t) = 141 sin(et + 537).

19 3amHCH HaNpE&eHHH Ug(t) B u(t) onpegeTHM HX BeTHTHHEL
Ua=RI=60B:Us, =v2 60 =848B :
Ur=X:I=80B; U;,, =+v2-80 =113 B.

Ha aKTHEHOM COTIPOTHEIEHHH Ry Tok i(t) H HanpsxeHHe Ug(t) mo daze cos-
namaiT. [IpH mpoTeKaHHH TOKAa Uepe3 HHIVKTHBHOCTE Ly BO3HHEAeT Ga3loBhIH
caeHr @ = 90° MeETy TOKOM 1(t) H HanpaEeHHeM (1),

uz(f) = 84.8 smet;  ur(t) = 113 sm(wt+90°).



PacdeT C10:AHBIX Demeil DepeMeEEOr0 TOKA

K #croursky ¢ HanpaierneM 220 B # 9actotor 50 [ mogkTrveHH ma-
DAIUTETRHO JBA JBHTATENA, AKTHEHEIE MOITHOCTH H KO3 DHITHEHTEH MOMHOCTH
kotopex Py =03xBr, P,=04%Br. cosg,=0.6. cosg,=0,7. Haueprurs
YIEKTPHYECKYH0 CXeMY 3aMeleHHd UenH. OnpeneHTs TOKH KakI0ro JBHraTe-
17 H TOK, MOTPe0IAeMEI CXEMOH 0T HCTOYHHEA, €6 aKTHBHVI), DEAKTHBHVIO H
NOJHVE) MOIMHOCTH. /1A MOBEINEHHA C0S @ UemH 10 (.9 MoIKIHYHTE mapal-
JeBHO Harpyvike KOHIEHCATOD H ONPEJENHIR €00 eMKOCTh, DAacCHHIAThH TOK.

NOTPeO/IAeMBIH CXeMOH OT HCTOMHHKA B 3TOM pexuMe. [TocTpoHTs B MacmTabe
BEKTOPHVIO JHATPaMMY HANPAKEHH H TOKOB.
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AHATHI H PCIICHHS 3a149H

1. Cxema 3aMEIEHHA KAEIOIO IBHTATENA MOKET OBITE IPEICTABIEHA B BH-
e NOCAeI0BATEIRHOIO COSIHHEHHA PE3HCTHEHOIO H HHIVETHEHOTO 3IEMEHTOR,
T.K. B JBHTaTelle MPOHCXOOHT KAK HeoOpaTHMOE Npeo0paiOBaHHE 3ICKTpHYE-
CKOH JHEPrHH B MEXAHHYECKYI H TEIUIOBVID. TaKk H KOJeOAaTeIBHEIH OO0OMEH
3HeprHeH MeEIY MATHHTHEIM IIOJIEM OBHTATeNd H ceThr. CXeMa 3aMeleHHA
MpeacTaBIeHa Ha pHe. 2.4

|
'R B

RO[R\

U X:

Xi X

Y

O

Puc. 2.4, PacueTHadA cXeMa NICKTPHUSCKOH LETH
S/




1. Cxema 3aMemeHHs KAkIOro JBHTATEE MOKET OBITE IPEICTABIEHA B BH-
¢ NOCIeI0BaTEIEHOIC COETHHENHT PEIHCTHEHOIO H HHIVKTHEBHOTO 3IEMEHTOR,
TK B JBHTATele MPOHCXOJHT KaK HEOOPATHMOE IIPe0DPA3OBAHHE IJIEKTPHYIE-
CKOH 3HEPIrHH B MEXAHHYECKVI0 H TEIUTOBVID, TAK H KOME0aTETBHEIH O0MEH
JHEpPIrHEH MEeAJly MarHHTHEIM II0JI€M JBHTATeNld H CeThi. CXeMa 3aMeleHHd
IpeacTaBIeHa Ha pHC. 2.4.

I
I

o § v %
Xi )€

.

Puc. 2 4 PacueTHas cxeMa 3MEKTPHIECKOH IEMH
ole)




2. TokH OBHraTeIeH PpacCUYHTRIBAKTCA M0 NACIIOPTHEIM JAaHHEIM:

P 0.3-10° = Ps 0.410°
[ =—tr 9810 _o97A: [, = =" =26A
Ucosp, 22007 =  Ucosg, 220-0.7

CoeHrHE TOKOB m0 (a3e [0 OTHOIICHHK K HAaOpLKEHHK: @)= 53.1°
@2 = 455"
3. MommHOCTH BeTBeH IPHEEOEHEl B HCXOOHEIX JAHHEIX, IO3TOMY pacder
CXEMEI VI0DHO BECTH 9epe3 TPEVTOIBHHKH MOITHOCTEH.
PeakTHEHEIE MOIDHOCTH JBHTATE/ICH:
Q=UlLsing; =2202.27 0.8 =399 sap;
Q:=ULsmao;=220260.713 =407 Bap.
AKTHBHAA H IIOJHAS MOITHOCTH BCEH IENH:
P=P; + P, =300+ 400 =700 Br;
Q=0 +Q» =399 + 407 = 8006 Bap:
= \.-’P: + Q% =+/700° + 806° = 1086 BA.
ToK B nenH HCTOYHHEA
[=S/U=1068/220=485A




KoaddrmeHT MOMTHOCTH CXEMEI
cosp=P/5=700/1068 =0.655.

4. PaccuHTaeM €MKOCTH KOHASHCATOPA, HEOOXOTIHMVIO 1A MOBEIIIEHHA KO-
3¢ dHIHEHTA MOITHOCTH CXeMEI o cos ¢' = 0.9.

BrorodeHHe KOHIESHCATOpPa NapajllelEHO Harpy2ke He H3MeHAeT €€ aKTHE-
HVI0 MOIDHOCTE, 4 YMEHBIIAET PEAKTHBHVIO H NOIHYK MOIIHOCTH, IIOTpeD/Ide-
MEIe BCEH CXeMOH 0T HcToUHHEA. [To3ToMy [0 aKTHEHOH MOIDHOCTH LIENH H 3a-
OAHHOMY IHAa4YeHHIO COs @' OIpede IHM IIOIHYI0 MOITHOCTE LIEIH

S'=P/cosg'=700/09=T777.8 BA.

PeakTHBHAS MOIDHOCTE IIEITH

Q =+/5%—-P2= /777,82 — 7002 = 339 Bap.

PeakTHEHAd MOIDHOCTE BCEH LIEMH PaBHA ATeOpaH49ecKoH CYMME PEeakTHB-
HEIX MOIDHOCTEH ¢ y4acTKoB. B mamHOoM caydacs Q'=Q - Qc. DO3TOMY MOII-
HOCTB KOHJIEHCATOPA

Qc=0Q-Q' =806 - 339 =467 Bap.
Tok B menH KOHISHCATOPA H er0 COIIPOTHBICHHE:
Ic=Qc/U=467/220=212A; Xc=U/Ic=220/2,12=103 Om.
EMEOCTE KOHIEHCATOPA
C=1/2nfXc)=1/(2n-50-103) = 30,7-10° & = 30,7 mx.
Pe3yIsTHPVEOIIHA TOK HCTOYMHHEA
I'=8'/U=7778/220=3535A



P P=P+P:
o Q-QHQ0

S I Ql : Sucml'
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Puc. 2.6. BekTopHEIE HATPaMMEL: CXEMEI 0e3 KOHAeHCaTopa (a), CXeMEI ©
KOHOeHcaTopoM (0)



5. ECTH B HCXOIHBEIX JAHHEIX [MPHEEISHBl COMPOTHBICHHA BETBEeH HIH HX
TOEH H K03 OHIIHEHTE MOITHOCTH, TO PacdeT VA0OHO BECTH Hepe3 TPeyTolb-
HHEH TOKOE (HX aKTHBHEIE H PEakTHEHBIE COCTABILAIOIIHE ).

AKTHEHEI® COCTABIAKIIHE TOKOB BEeTEEH:
La=Licosg=227-06=1362A;
Li=Lcosp:=26-07=1818A;
I,=I;+1,,=1362-1818=3 18 A

PeakTHBHBIE COCTABIAIOITHE TOKOE BETBRH:
Lp=Lismg¢; =227-08=1818 A;
Lpy=Lsme;=2.6-0,713 =1852 A;

, , L.=IL.+h.=1818-1852=306T7TA
IIoMHEIA TOK HCTOYHHEA

- ’ f - -
[ = l'f; +I§ = /3,182 + 3,67° = 4856 A.
\‘ =
Ko )HUHERT MOITHOCTH 3KBHEATCHTHOH HATPYIKH
cosp=1I,/1=318 /4854 = 0655
PeakTHBHA COCTABIAIOMAS TOKA HCTOUHHEA MOCIE MOJKTH0YEHH KOH-
IeHCATOpa

I,=Ltgg'=318-0484=154A
Tox koHmencaTopalc =L - [, =3.67-1.54=213 A
Hanee onpegenstorcd X¢ H C, Kak OBLIO pacCMOTPEHO BEIIIE.



,-I:LDIID-.TEE‘IT CIBHEBIC BOIIPOCEL K 3414MC

1. KaK H3MeHATCA TOKH B CXEME, C/IH [apalIeIbHO IBHTaTeIH IOIEIH-
THTE OCBETHTENBHVIO (THCTO AKTHEHYEC ) HATPYVIEY

3a CYUST VBENMHYEHHA aKTHBHOH COCTABNAIOIIEH (OCBEIIEHHE) TOK HCTOYHH-
Ka BO3PACTET, TOKH B BETBAX CHNEME] He HIMEHATCH.

2. KaK paccYHTaTh TOKH B CXeMe KOMIUTEKCHEIM MeTOIoM?

Ina pacgeTa CBA3BIBAEM BEKTOPHVID JHATPAMMY C KOMIUISKCHOH ILTOCKO-
CTBIO, IR VIIPOIIEHHA BRIKTANOK OJHH H3 BEKTOPOB. HAIPHMED HAIpAHeHHE,
HAIPaBHM M0 TeACTBHTENRHOH ocH, T.e. U=220B.

ToKH B BETBEX B KOMILIEKCHOH (dopMe:
i, =2.27e"*" =227 (cos 53,1° - § sin 53,1°) = (1,36 - j 1.81) A;
I, =2.6e7 =26 (cos 45,5° - j sin 45.5°) = (1.82 - 1.84) A.
ITo mepeomMy 3ak0HY Kupxroda TOK HCTOTHHEA
I=5,+5L=136-7181+182-j184=318-73.66=4857 A
MOITHOCTE UEMH B KOMIUICKCHOR dopMe:
S=U1=220-4.85" =1067¢™" = (700 + j 806) BA:
S = 1067 BA: P = 700 Bt; Q = 806 Bap.
baTapes KOHOSHCATOPOB PACCYHTHIBAETCA. KAK 3TO OBUIO PACCMOTPEHO BEIIIE.



PacteT pa3BeTRICHHOH JMEKTPHIECKOH HelH

Jagada 2. Ha yuacTke MeXaHHYeCKOH 00pa0OTEH VCTAHORIEHO IIEKTPO-
000pYI0BAHHE: 1) IPHEOT METALIOPEAYVIHK CTAHKOB — ACHHXPOHHEIE JTBHTA-
TEMH, 19 KOTODHIX H3BECTHH mapametpsl Ry =4 Ont: cos ¢;=0.8; 2) oceetn-
TEMLHEE TPHOOPH — JMIOMHHECHEHTHEE JaMOEL CONPOTHBIEHHE KOTOPHIX
R; =8 Ow; 3) barapes xorzencatopos, eMkocTeio C = 200 Mx®, 114 noBsme-

HEA KO3 HITHERTa MOTHOCTH. K V9acTKY 3MeKTpHIECcKas 3HEPTHT NOIBOTHTCA
10 KaDeTEHOH THHHH conpoTHeeHHeM Ky = 1.8 Om 1 X7 = 0.0 M 0T HCTOYHHEA
¢ HanmpaaeaHeM U =000 B. BEMHCIHTE TOKH Ha BCEX VHACTEAX IEMH H Ha-
MDAAEHAE. OOEEIEHHOE K MOTDEOHTETAM Un.
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AHATH3 H peIleHHE 3a134H

2 OHPC_I[EJII‘E‘-I HEH3BCCTHRIC ITAPAMETPREI H 34lTHIIECM B KOMILICKCHOM BHIC
COTMPOTHRACHHA BCEX JIEMCHTOB IEIIH.
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Puc. 2.7. PacueTHad 3eKTpHYECKad LIk
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JIHHHA 31eKTponepesain
Ri=180M X;=0.6 OM;
Zr =+R:+X:=190M:
cos on=Ryn/ Z7=0.947;
on = arctg(-Xn/ Rp) =-19° Zz=1.9¢" On
ACHHXPOHHEIE JIBHTaTeIH
Ri=40M; cos@;=0.8; Z;=R;/cos0;=4/08=50xn;
Xi=JZ: ¥ RZ=3 0
@y =arccos Ry /1 Z,=37°. Z; = 5¢ 27 On.
JIFOMHHECIIEHTHEIE JTaMIIEL
Ry =80M 0:=0% Z,=8¢"" O

Konzerncatop
C;=200mx®; X;=1/(2afC)=1/(2n-50-200 - 106)= 16 On:
Z; =166 Om.



3. PacdeT KOMIIEKCHOTO 3KBHBATEHTHOTO COMPOTHEICHHA Zm CXEMEL 34-

METEHHA.

B cxeme zaMeIeHHA K JIHHHH JIEKTPOIEpeIatH ¢ COIPOTHEIACHHEM Ly Ia-
PALIETEHO MOJETIOMEHA MPYIINA NOTPEOHTENEH ¢ COMPOTHRIEHHAMH £, £, £,
IIO3TOMY LIA pacdeTa L. He0OXOIHMO CHadana ONpede]IHTE HX 00IIee Compo-
THBIeHHEe Z17. HCIOIB3VE METOI IPOBOIHMOCTEH.

OnpegenHy AKTHBEHBEIE H PEAKTHBEHEBEIE TIPOBOIHMOCTH MaPATISTRHO BETHO-
YeHHEIX BEeTEBEH

=R /Z’=4/25=016Cu: 5 =X,/Z*=3/25=012Cun
G=1/R,=1/8=0,125Cn; by=1/-X;=-1/16=-0,0625 Cn.
OmnpegennM AaKTHBHYK. PeakTHBHVI0O H IIOQIHYK [POBOOHMOCTH Hapai-
NeTHLHOTO VIACTEA ITETTH
qu=q1 + =016 +0.125=0285 Cum;
bp=b;-b;=10.,12 -0.0625 =0.0575 Cum:
¥, =+q2 +b2 =029 Cn.
OmnpegennM AKTHBHOE, PEeaKTHBHOE H IIOJHOE CONPOTHEICHHA MNapai-
JMETLHOTO VIACTEA IIEITH
Zr=1/ Y =1/0,29 = 3.45 Om; Rp=qn Zr'=3.38 Oum; X =by Z’ = 0.68 Oum
o = arcte(Xg / Rp) =arctg 0.2 =11°;  Zp=3.45""0One

<1



HapucyeM 3KBHBATEHTHVIO CXeMy 3JaMelneHHd (pHc. 2.8). rme Bce compo-
THE/IEHHT BKIOYEHE] IOC/IENOBATEIEHO
IJI ‘  |
o—— 3
¥

Us
U Us

¥ v

C- -
Puc. 2 8. SxpHBamedTHAY CXeMa 3aMeNIeHH]

OnpezenHM 3KBHEATEHTHEE AKTHBHOE, PeAKTHEHOE H IIONTHOE COIIPOTHE-
JIEHHA BCEH LIEMH
Rax=Ry+Rp=18+138=518 On;
X = -Xnp+Xg=-0,6+0,68=0,08 On;
Tows = + Ras + X2 =5.1806 On;
g = ACtE(Xos / Ru) = 1% Zop = 5.18066 7 0On
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4. OmpeeHM TOKH H HaNPAAEHHA Ha BCEX YVIACTKAX LEH

ToK B mHHHH 3MEKTPOTIEPeaaTH
In=Uc/ Z = 660e7” /5181e7 =127 4¢3 A.
[TageHHe HaNpAXEHHA B THHHH JIEKTPONepeIauH
Un=2Znin=19¢"" - 1274e7" =242¢7" B.
HanpsaxeHne. noaapaeMoe Ha IIOTPEOHTETH
Un=Znlz=345¢"" 127 47" = 4407 B.
ToxH B mapasuTeIbHEIX BETBAX
I, =Ugp/ Z, =440e77 / 5¢ 37" = 88¢32" A;
L, =Un/Z,= 4407/ 8¢ = 55¢7'" A;
I;=Un/Z; =440e7'" / 167 = 27,5¢ 7% A.
5. IlocTpoHM BEKTOPHEIE JHATPAMMEI 718 TOKOB H HAIIPAKEHHH.

3anHIeM BTOpOH 3akoH Kupxroda a1a cxemsl 3aMemenns (puc. 2.9)
Uc=Ug+Uyp  660e™ =440e7% + 2427
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BexkTopHYI0O AHArpaMMy 14 HAIOPAKEHHH CTPOHM HAa KOMIUIEKCHOH ILUIOC-
KocTH (pHC. 2.9), HampaBHB BeKTOp HampaieHHA Uc MO AeHCTBHTEILHOH OCH.
T.e. Uc = 660e7" B. IlocTpoenne npoH3BeaeM B MacmrTaoe: B 1 e — 60 B.

BexTopHYI0 AHarpaMMy 711 TOKOB CTPOHM Ha OCHOBAaHHH IIE€PBOro 3aKOHA
Kupxroda. 3amHcaHHOro A4 y37a «a» CXeMel 3aMeImeHns (puc. 2.7)

In=hL+ L+ 1274e7 =88e®" + 5577 + 27 5719

+ 4 60 B

Puc. 2.9. BekTtopras guarpaMmMa
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