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Beenenue

CucremMoil 37eKTpOCHabKeHUsT Ha3bIBaeTCsl COBOKYMMHOCTb YCTPOMCTB, C/Iy’KaIl[UX [Jis
nepefaud, TipeoOpa3oBaHWs W pacrpefie/ieHHs]  3/MeKTpudeckodd sHepruu. Cucrema
9/IEKTPOCHAOKEHUSI  TIPOMBIIIVIEHHOTO — TIPeJTIPUSTUAS ~ TIpefHa3HaueHa [Jig  CHabKeHUs
9/IeKTPO3Hepryueli TIPUEMHUKOB, K KOTOPbIM OTHOCSTCS 3/IEKTPOJIBUTATeM Pa3INUHbIX
TTPOM3BO/[CTBEHHbIX MEXaHU3MOB, 37IeKTpUUecKre Teud, YCTAaHOBKMU 3/IeKTPUUeCKON CBapKW,

OCBeTUTeJ/IbHLbIE, 3JIEKTPOJ/IN3HbIE YCTAHOBKH U T. II.

Haubonblliee pacripocTpaHeHHWe B COBPeMEHHOM 3/IeKTPOIHEpreTHKe —TOTyUr/IN
TpexdasHble LleMu, KOTOpble SB/SIFOTCS OCHOBOW ceTeli W CHUCTEM SHeprocHab)keHwusl.
Tpéxdasnast cuctema 6bu1a TipeayioxkeHa M. O. [JomiBo-/]06poBo/ibCKHM, KOTOPKIN pa3paboTat
BCe OCHOBHbIE 3BeHbsl 3TOW CHCTeMbl — T'eHepaTophl, TpaHChOpPMAaTOphl, JIMHUU Tiepefiaud U

ABUrateyy Tpéxga3Horo TOKa.

B TpéxdaszHoii crcTeMe 3/1eKTpOCHaOKeHUs AeMCTBYIOT CO3/laHHbIe 00IIUM MCTOUYHUKOM
cunycorganbHele JIC OAMHAKOBOM 4YacCTOThI, CABUHYTHIE [DYr OTHOCHUTEIBHO Jpyra BO
BpeMeHM Ha ompejie/iéHHbIA (Pa30Bbili yron paBHbIM 120°. Kakayro OTAenbHYIO lielb TaKOM
CUCTEMbI KOPOTKO Ha3bIBalOT ee (pa30M, a CUCTEMY TpeX CIABHUHYTBIX MO (ha3e NepemMeHHbIX
TOKOB B TaKuX LeMsX Ha3bIBalOT MPOCTO Tpexda3HbiM TOKOM. [IpakTuueckoe TpuMeHeHHe
MMEIOT 3/IeKTPUYeCKH CBsi3aHHbIe TPéxdasHble CCTeMbl, 00pa3oBaHHbIe (ha3HBIMU 0OMOTKaMU
Tpéx(a3HOro reHepaTopa, COeAUHUTENbHBIMUA (JIMHEMHBIMH) TIPOBOJAaMU U  TpeMsi
NPUEMHHKAMU 371eKTPO3Hepruu ((pasamu Harpys3ku), COeZJMHEHHBIMM TI0 CXeMe «3Be3Za» WU
«TpeyronbHUK». IIpr coeiuHEHMM HArpy3Ku IO CXeMe «3Be3/la» KPOMe JIMHEHMHBIX MPOBOZOB,
MOXXHO BK/IHOUAaTh HEWTpasbHbIA (HY/JIE€BOM) TPOBOJ, COEJUHSIIOLIANA HeWTpajibHble TOYKHU
reHeparopa W Harpy3kKd, UTO yMeHbIlIaeT B3aUMHOe BUsSHUE peXUMOB paboThl (a3
Tpéxda3Hol 1em | obecrieuMBaeT BO3MOXKHOCTb TIOAK/IIOUEeHUsT K TpéxdasHou 1iemu

ofiHO(a3HOI Harpy3KH.

Tpexda3sHbie ceTy 00/1aZiAal0T PSAOM TTPEUMYIIECTB KaK Tepesi APyriMy MHOTO(ha3HbIMU
L[eTISIMU, TaK U B OTHOLLIEHUU OAHO(DA3HbBIX 1[eTel TepeMeHHOro ToKa. M3 HUX MOKHO OTMETHUTh
ceflyrole: SKOHOMHUYHOCTL Tepefjaud SHepPruM Mo CpPaBHEHHI0 C OAHO(Aa3HbIMU LIeMsMU;
BO3MO)KHOCTb CpPaBHUTE/bLHO MPOCTOrO TOJIyYyeHUs] KPYTrOBOTO BpalllalOIerocss MarHUTHOTO
nosisi, HeoOXoAMMOro [ijisi Tpex(a3HOTO0 AaCUHXPOHHOTO [BUTraTe/iss OJHOTO U3 CaMbIX

PaCIIpoCTPpaHEHHBIX ,[LBHFEITE]'IGIZ IMepeMeHHOro TOKd; BO3MOXHOCTH TIIO/IYUEHHSA B O,E[HOﬁ
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YCTaHOBKe ABYX SKCILTYyaTallMOHHBIX HaHpH)KEHI/Iﬁ - (1)83H01"O n HHHEﬁHOFO;
YPAaBHOBEIMIEHHOCTL CHUCTEMBI, 4YTO IIPUBOAUT K paBHOMepHOﬁ MeXaHUuueCKOU Harpy3ke Ha

SHEProreHepUPYIOLIYI0 YCTAHOBKY Y 3HAUMTETbHO YBEe/TMUUBAET CPOK €€ CTYKOBI.
ITpu pacuetsbl Tpexda3HbIX 1ereil HeoOXOANMMO YUHUTHIBATh PEXKUMBI €€ pabOThI.

B obmiem cinyuae B ObITYy B KauecTBe Harpy3ku TpexdasHOW LieNyd UCHOIb3YHTCS
3/IeKTpUUYeCKUe YCTAaHOBKM M amfaparbl, KOTOpble SIB/SIOTCS MpPHEeMHUKAMHM TPaKTU4eCcKd
PEe3UCTUBHOTO XapakTepa C Ko3(h(uilieHToOM MOIHOCTA Onu3kuM K efguHuile. [Ipu 3TOoM
Harpyska Tpex¢a3HOW CeTH MNPUHLIUIHUAIBHO HeCUMMMeTpPUYHAas, HO Halhuue HeUuTpasibHbIO

MpoBo/ja 00ecTieurBaeT CUMMETPHUUHBIN peXKUM pabOThI A1 Harpy3KHU.

Ha mpoMbIIieHHbIX TIPeATPUATHSX Harpy3ka B Tpexdas3Hoi ceTu pacmipefesieHa Oomee
pPaBHOMEPHO B OCHOBHOM K3-3a Ha/Ju4usi OOJBIIIOrO KoauuecTBa TpexdasHbIX /IeKTpHUUeCcKux
MaIllH ¥ W3-31 JIy4llled OpraHu3aijiy TIOAK/IIOUeHUsT K CeTH JPYTUX 37IEMEHTOB TOTpebieHus.
OfHaKo 3/MeKTpUYeCcKre MalllMHbI YacTo paboTaioT B HEJOTPY’)KEHHOM peXHMe, TIPU HU3KOM
3HaueHUM K03 dHIileHTa MOIIIHOCTH, UTO CHIKaeT 3hdeKTUBHOCTh pab0ThI 371eKTPOCTAHIIUMU.
OpauM u3 criocoboB  ymyuriieHUss Ko3(dduileHTa MOIIHOCTHA SB/SETCS WCIOMb30BaHUE
YCTPOWCTB KOMIIEHCAlMM PeaKTUBHOW MOIIHOCTH, B KaueCTBe KOTOPBIX MOXXHO UCIO/Ib30BaTh

KOH/IeHCaTophbl, TpeOyeMOoi MOII[HOCTH.

[Tpu paboTe cHUCTEM 3/1eKTPOCHAOKEHHSI MMEIOT MEeCTO TIepeXO/Hble IPOLIeCChl TIPH
TIOAK/TFOUEHHH W OTK/IIOUeHWH MOIIHBIX T10TpeOuTesiel, a TakKe TIpU BO3HUKHOBEHWH
aBapUMHBIX PpEXHUMOB pabOThl ceTH, UYTO HeoOXOJWMO YUMTBIBaTH BO W30e)KaHUU

nepeHanpsyKeHW U Meperpys3okK Mo TOKY.


https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80

1 Pacuet Tpex¢)a3HoM CeTH C NIEPBHIM U BTOPBIM MOTpeduTe/1eM 0e3 KoMmeHcaTopa

Ha PUCYHKE 1 IMMpeAcCTaB/IeHd SKBUBAJIEHTHAA CXEeMa paCCqHTbIBBEMOﬁ TpEXd)aBHOﬁ ceTu

IMpH OTK/IFOYEHHOM KOMIIEHCdTOpe.
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Pucynok 1
HauanbHble yc/10BUA A1 BapuanTa 200

WcTounvk Tpexda3HOTO HamnpspkeHWs TpefcTaBiasieT coboii reHepaTop, 0OMOTKH
KOTOPOT'O COeJMHEHbI «3Be3[0UW» C HY/eBbIM MPOBO/JOM C JMHelHbIM HarpsbkeHueM U = 660 B
Y BHYTPeHHUM (pa3HbIM conipoTuBieHreM R, = 0,081 Owm; X, = 0,6 Om.

[Torpeburens 1 mpezcTaBiseT coboif Pe3UCTUBHYIO HeCUMMETPUUHYHO Harpysky IIo
cxeMe «3Be3fla» C HYJEeBbIM MPOBO/IOM, MOIIHOCTH (pa3 KOTOporo coctapisitoT Py, = 8100 Br;
P, = 6600 Bt; Py = 6000 BrT.

[Torpeburens 2 sB/SETCS CAMMETPUUHOM HAarpy3kod II0 CXeMe «TPeYrOfbHUK» C
akKTUBHOW MolHOCTBIO P> = 54000 Bt 1 ko3¢ ¢duriieHTOM MoLHOCTA €0s@. = 0,6 akTUBHO-
WHAYKTUBHOTO XapakKTepa.

Paccuer mnpoBoautcsi B cpeae MathCAD, mostomy B TIpuBeeHHBIX (parMeHTax

mporpaMm m3 MathCAD koMriieKCHbIe BeJIMUMHbBI IMpUBE€AEHLI B OTUETE 0e3 Iog4YepKBaHUA.

Ud:= —U =381.0561 V

1.1 da3Hoe HarpspKeHue reHeparopa B BOJIbTaX PaBHO \/5

[TpoBeseM paccueT Moay/iel AeUCTBYIOLIMX 3HaYUeHUM (Pa3HbIX TOKOB lia, Lis, Lic:

a2 _ 919574 Tbett? 173214 Temt2C_15746 A
Uo Uo Uo




Tak Kak HampsbkeHWe W TOK Ha pe3uCTOpe COBIaJalT 1o (asze, TO KOMIIEKChHI
JeHCTBYIOIINX 3HaUeHUM (ha3HbIX TOKOB lia, Iis, Iic paBHBI
lla:=Ila-e’"*"'=21.257 A
Ilb:=I1b.e? ' =(-8.66—15i) A
Ic:=Tlc.e'" " =(-7.873+13.636i) A
Tok B HeWTpa/sbHOM TIpOBO/le TI0 MepBoMy 3akoHy Kupxroda paBeH Iiw= Lia+ Lis+ lic.

Tak kak Harpy3ka HecUMMeTpHuuHasi, TO L. OyZieT oTyinueH oT Hyssl U paBeH:

InN:=I1a+I1b+I1c=(4.724—1.364:) A

1.2 ITonHas MOIONHOCTE B Bd4TTdX, HOTpE6J’[HEMaH BTOPBIM TIPUEMHHWKOM, PdaBHa

P2
S2:= =(9-10") W
EERE . Tak KaK BTOPOM MPUEMHHK SB/ISETCS CUMMETPUUHOM Harpyskoi, To
52
S2¢:="—=(3.10") W
TOJIHasi MOLIHOCTh B BaTTax /s KaXkJ0i (askl paBHa 3 . ®asHble TOKU B

I2¢ ::SZT(D: 45.455 A

amriepax BTOPOro NpYeMHUKA M0 MO/Y/IF0 PaBHbI
ITo 3aaHHOMY KO3()(PULIMEHTY MOLJHOCTHA BTOPOIO NpUeMHUKa cos@: = 0,6 HaiineM f/1s
Hero CABUI 110 ¢ase Mexy (pa3HbIM HarpspkeHUeM U TOKOM (P2 B rpaflycax Kak

150 =53.13
™

p2:=acos ({:05:,02) .

C yyeTOM M3BEeCTHBIX HauajbHbIX (a3 JIMHEMHBIX HaMpsDKeHUW B Tpex(asHou 1iernu

Hal/leM KOMILIeKChI [IeMCTBYIOIIUX 3HAaUeHUU (pa3HbIX TOKOB L, Luc, Ica B ammepax:
Tab:=I2¢-e!" (0¥ "= (41.801 —17.8551) A
Ihc:=12¢ . (" ~91) "= (_36.364—27.273i) A
Iea:=12¢.e' (079" "= (_5.437 4+ 45.128i) A

[nsi HaXoXKeHUsl JTMHeNMHbIX TOKOB BTOporo rotpedutensi L, L, Ic coctaBum pjis

KaKZI0r0 y3/1a «TPeYrojibHMKa» ypaBHEeHUs M0 MepBOMY 3aKoHy Kupxroda, 0TKyza noayunm

I2A :=Tab—Ica=(47.238 — 62.984i) A [12A|=78.73 A
I2B:=Ibc—Iab=(—78.164—9.41Ti) A 12B|=78.73 A
12C:=Ica—TIbc=(30.927 + 72.401:) A [12C|=78.73 A 1)



@da3Hble TOKU UCTOYHHUKA li2a, Li2e, Ii2c HAMEM KaK CyMMY JIMHEHMHBIX TOKOB Ka)K/IOTO U3

MMpHeMHHKOB
112A:=T1a+12A =(68.495 — 62.984i) A 112A]=93.051 A
112B:=11b+I12B = (—86.825 — 24.417i) A 112B|=90.193 A
112C:=T1c+12C=(23.054 + 86.037i) A 112C|=89.072 A

)
1.3 CymmapHasi akTMBHasi MOLLJHOCTb B BaTTax [BT] AByX MprieMHUKOB paBHa

Pcetn:=Pla+Plb+Plc+P2=(7.47-10")

CyMMapHasi peakTHBHasi MOIITHOCTh B [BAp] BTOpOro rpueMHuUKa paBHa

Q2:=82-sin (92 °)=(7.2-10")

CymMMapHasi nojiHasi MOLIHOCTh B [ BA] IByx mpueMHHKOB paBHa

Scetn:=1/Pcetn® + Q22 =(1.038-10°)

KoadhduiyeHT MOIITHOCTH CeTU HaizieM Kak

Pcetn
COSWPCETU := =0.72

\/Pcetn® +Q2?

[To k03 PULIMEHTy MOLIHOCTH CeTH COSQPcern = 0,72 HalileM [Ji1 Hero CJABUT IO (pase

MeXxJy (pa3HbIM HalpsyKeHHUEM U TOKOM reHepaTopa Qeers B IPajlyCax Kak

(pCeTn :=acos (cospceTn) - oL 43.946

1.4 PaccuuTaeM mnapaMeTpOB pa3BEPHYTOM CXeMbl Tpex(a3HOU CeTU C OTK/IHOUYEHHBIM

KOMITEHCAaTOPOM:

— ha3HBIe COTIPOTUB/IEHHS IePBOro MOTpeouTens Ria, Ris, Ric B OMax paBHBI

p) 2 9
L2 =17.926 2 Rlb:= e =221 Rlc:= L
la P1b Plc

Rla:= =24.2 12

;
— ¢ha3HbIe COTPOTHB/IEHHS BTOPOrO TOTPeOUTENS Zas, Zsc, Zca B OMaX paBHBI MEXIY

co0oi, T.K. Harpy3ka CMMMeTPHUYHAasI 1 OTIpe/Ie/ISTFOTCS Kak

Rao :zizg,ﬂg Q X := Sg'sm(ﬂﬂ )
3"_[2{'}2 3.12{'}2

Zab:=R¢ +j-Xp=(8.712+11.616i) 2 Zbc:=Zab  Zca:=Zab

=11.616 12

b



— 10 peakTUBHOMY (ha3HOMY COMPOTUB/IEHUIO HakjeM (Ha3HyH0 WHAYKTUBHOCTh B

Lo= 2P

= =0.037T H
TeHpUAX Kak 2emf

1.5 Ha pucyHke 2 mnpuBefeHa BeKTOpHasi AuarpamMma (asHbiX TOKOB lia, Iis, Lic ®
HanpsokeHUH Uja, Uss, Usc A1 TiepBoro morpeburens. 3 KOTOpo#t BUAHO, UTO CABUT TI0 (base

MeXay (ha3HbIMU HaMpsDKEHUSIMUA Y TOKaMU MIPU YMCTO PE3UCTUBHOU Harpy3Ke OTCYyTCTBYET.

lc +1
Q llc
//,
7 Iia Ula
/ L
= 5 >
Lictlis, IinN +1
\\
UlB llB

PucyHOK 2 —Macmurra6: 1 cv =10 A, 1cm = 140 B

BekTopHasi cymMMa (pa3HbIX HarpsDKeHWM, COBIaJlaeT C PacueTHbIM 3HaueHHWe TOKa B
HeuTpanu_Ly, 4TO CBUZETENBCTBYET O BHITIOJIHEHWH NTepBOro 3akoHa Kupxroda.

1.4 Ha pucyHke 3 mnpuBefjeHa BeKTOpPHas AuarpamMma (asHbiX TOKOB las, I, La W
HanpsoKeHUH Uas, Us,, U BTOpOTO TOTpeOUTENsA. M3 KOTOpOM BHAHO, UTO CABUT TI0 (hase
MeXxy (ha3HbIMM HarpsDKeHUsIMU M TOKaMU Q2 COCTaB/IsieT IIPUMepHO 53°, UTO COOTBETCTBYET

pPacueTHOMY 3HAYEeHUIO /151 Pe3UCTUBHO-UHAYKTUBHOW Harpy3Ku BTOPOTO MPUEMHHKA.

+i
Ic

Lea
Uca ? Uas

P2

e 0
« +1

632} :

P2
Lic

ba
_QBC l

PucyHoK 3 —Macurra6: 1 cm =20 A, 1em = 175 B



JlvHeliHble TOKKM BTOpOro mnpueMHUKa I»a, s, Inc MOXHO HaWTHM KakK BEKTOPHYIO
pa3HOCTh ero (ha3HbIX TOKOB B COOTBETCTBUM C BbipakeHHeM (1). IlonyueHHble 3HaueHUs
COBIIaZIAI0T C PaCUeTHbIMU 3HAYEHUSMU.

1.5 Ha pucyHke 4 mniprBe/ieHa BEKTOpHasi AuarpamMma JMHEHWHbIX TOKOB [l TIePBOTO U
BTOpOTrO NoTpebuTessi. JInHeliHbIe TOKM UCTOUHKKA ruTaHus [12A, 112B, 112C nmocTtpoeHb! Kak
BEKTOpPHAasi CyMMa JIMHEWHBIX TOKOB Ka)KI0TO U3 MPUEMHHUKOB B COOTBETCTBUU C BbIpaKEeHHUEM
(2) u coBmagaroT C pacueTHbIMU 3HaueHUsIMUA. CABUT MO (Pa3e Mexay (ha3HLIM HarpsKeHUeM U
TOKOM T'eHepaTopa Qcer PaBeH NpUMepHO 44°.

+i ; lIZC

+1

Da XS
PucyHok 4 Maciira6: 1 cm =10 A
1.6 Pacuurtaem J/IC da3sl C reHepaTopa C y4yeToOM ero BHyTpeHHero conpoTuBieHust Ry,

Xop KakK

EC:=Z70-112C+ U -e 120" =(—240.281 + 350.801%) _



—425201  @EC:=arg(EC)- oV =124.409

mw

IEC

2 Pacuer TpEX(l)a3H0i/i CE€TH C IIePBbLIM U BTOPbIM HOTpEﬁI/ITEJIEM C KOMIIEHCATOPOM

2.1 BerunciuM  9KBUBasIeHTHble TapaMmeTpbl kKomrieHcatopa Rx u Ck U3 ywioBus
yayullleHds: KO3 uLjeHTa MOLJHOCTA BTOpPOro IpHUEMHMKA [0 3HadeHHs cos@k = 0,99 c

yuyeToMm 1oTepb komrieHcaropa Py = 450 Br.
18U

mw

Q2:=52-sin(p2 °)=(7.2-10") W P2k:=P2+Pk=(5.445.10") W

=8.11

Pk:=450 W cosp2k:=0.99 p2K:=acos(cosp2k) acos(cosp2K)-

JonycTtimoe  3HaueHue KOB(b(l)I/II_[I/IeHTa MOILITHOCTU  BTOPOI'O HOTpe6I/ITEJ'IFI C
P2k ~0.99

KOMITeHCAaTOPOM PaBHO COSP2K ="
poM P VP2K +Q2K’

13 niocnenHero BbIpa)KeHHWsl HaliZieM BbIpakeHUe [Iisi peaKTUBHOW MOIIIHOCTU BTOPOTO
NpUEeMHUKA C KOMIIEHCAaTOPOM B BaTTax

Ccosp2K

2
Q2k:= ( P ] —P2? =(7.759-10%) W

OTKyga HaiiieM peakTUBHYIO MOIIIHOCTb KOMIIeHCaTopa Kak

Qk:=Q2k—Q2=—-6.424.10" W

Taxkum 06pa3oM, KOMIJIeKC TT0JTHOM MOILIHOCTH KOMIIeHCcaTopa paBeH

Sk:=Pk+j-Qk=(450—6.424i.10") W
Vcxons w3 3a/jlaHHOM MOLHOCTHM MOTepb KoMreHcatropa PK U Hali/leHHOW peakTHBHOU
MoImfHOCTH QK HalileM I1apaMeTpbl TIOC/Te/[0BaTe/NbHbBIX CXeM 3aMellleHus1 (a3HbIX

kommneHcatopoB (Ck, Rk), coefijuHeHHBIX 110 cXeMe «3Be3/la» (PUCYHOK D).

C y4yeTtoM TOro, uTO KOMILIEKC MOJHOM MoIIHOCTH Lienyd paBeH S, =U I' nHaiizem
BbIpakeHHe [I/I1 KOMILIeKCa TIOJTHOW MOIIIHOCTH, HaripuMep, B (a3e A TpexdasHoU Lienu C
KOMITeHCaTOpoM  KaK Sxa = Ualx". OTKyza TONyurM BbIpaKeHHe I  KOMIUIEKCHO

COMPSKEHHOM MO/IHOM MOIHOCTH B (pase A Kak S'xa = Ua In = Ua*/Z. = 1/3S,".

Taxkum 06pa3oM, KOMIJIeKC TT0JTHOTO (ha3HOTO COTIPOTHB/IEHMs KOMITeHCAaTOpa paBeH

2
ZK::&:(D.U%LT—G.TSII) 2
Pk—j-Qx

T.K. KOMIleHcaTop TipefcTaBiasieT Co0OW CUMMETPUYHYIO Harpysky, TO (a3Hble

coripotuB/ieHust RK B oMax v eMKocTh CK KoMIleHcaTopa OyyT O/[iHaKOBbIe U paBHBI
10



Rk:=Re [ZI{] =0.047 2 f:=50 Hz Ck:= i !

i =(4.695-107") F

Qiﬂ--f'Ilﬂ(ZK)
A II‘;ZKA “2A
Bl Lys
c i L
Ql EAQDEB EC "II Y Il M| lKC 1 lKB
L, L, 2L L P L
¢ v ¢ []RIC [:I RIB[] Rla R
R DR URon 1 ‘ [H&[
PucyHok 5

2.2 ®a3Hble TOKUA KoMrieHCaTopa La, L, Ic OYAyT paBHBEI

Ika:= g_qn =(0.394+56.197i) A
K

Lpois120°
—(48.471+28.439i) Alkb ::U':p;—: (48.471—28.439:) A
K
Lpdt120°
.7571) Alke ::U¢+: (—48.864—27.757i) A
K
|[Ika| =56.198 A pka:=arg(Ika)« 180 _ 59,500
aw
[Ikb| =56.198 A @kb:=arg(Ikb) - 180 _ 30401
aw

180
[Ikc| =56.198 A pke:=arg(Ike)» ——=—150.401
mw
JIuHeltHbIe TOKHW BTOPOTrO ITOTPeOHTENs] C BK/IIOUEHHBIM KOMITeHCATOPOM Ixa, Inks, Iokc

HaiiZleM Kak CyMMY HalifIeHHbIX paHee TOKOB BTOPOTO MOTpeOuTesi U KOMITeHcaTopa.
I2kA :=12A +Ixa=(47.631—6.7871) A

12kB :=12B + Ikb=(—29.694 — 37.856¢) A

12kC :=12C + Ike = (—17.938 + 44.644i) A 3)
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P2KA = a,rg{lzm)-@:—s.n 12kA[=48.113 A 1
i 12kB|=48.113 A

©2kB :=arg (szﬂ)-ﬁ:_ms.u 12kC|=48.113 A
m

©2kC :=arg (12«C) 180 11180 p2k:=(arg(Ud)—arg(I2xA)) I lgln
mw m

2.3 Ha pucyHke 6 mipuBeJjeHa BeKTOpHasi Auarpamma (pa3HbIX HalpspKeHUM reHeparopa
Ua, Us, Uc, a Takke muHEHHBIX TOKOB Ira, Ip, Ioc BToporo morpebutenss u ¢ha3HBIX TOKOB
KoMrteHcaTopa Ika, Iks, Ik JIMHEHHbIE TOKM BTOPOTO MOTPEOUTE/ISE C KOMITEHCAaTOPOM Ixka, Ings,
L«c MOCTpOEHBI KaKk BEKTOpHAasi CyMMa B COOTBETCTBHMU C BbIpaKeHWEM (3) W COBIAJAlT C

paCy4eTHbIMH 3HAUYE€HHUSAMMU.

PucyHOK 6 — Maciura6: 1 cm = 20 A, 1cm = 100 B
C'Z[BI/IF I10 (1383@ MexXnay ¢)a3HbIMI/I TOKdAMMH BTOPOI'O HOTpE6I/ITEJ'IH C KOMII€EHCAaTODPOM H

da3HbIMU HaTpsLDKEHUsIMU TeHepaTopa (ox paBeH TpUMepHO 8°, UTO COOTBETCTBYET pacCyeTHOMY

3HA4YeHMIO.

2.4 OHPE,D;EJ'II/IM JIMHeMHbIe TOKW HCTOYHHUKA TpEXd)aE}HOl" O HalpsokeHuda [Ojid  OBYX

norpebutesneit u komrieHcaTopa Lioka, Lizks, Lizkc Kak

[12kA :=12kA 4+ I1a=(68.888 — 6.787i) A [112kA|=69.222 A
112kB:=12kB +I1b=(—38.354 —52.8561) A 112kB| =65.306 A
[12kC:=12kC+I1c=(-25.811 +58.28:) A 112kC|=63.74 A

[MIpu sToM caBur 1o daze Mexay (asHbIMM TOKaMHA U HaMpsUKeHUsSIMU MCTOYHUKA

Tpexda3HOro HarpsbKeHUs HailleM Kak

12



180

@A :=(arg(Ud)—arg(I12xA))- =5.627
T
¢B:=(arg (Utb Lot ) —arg {IlZKB]) [ 0L 5.965
T
eC:= (arg (U{:]J )1 ) —arg (112}(0]) L =6.113
T

2.5 BbIUMC/IUTE  pe3ysIbTUPYIOLUMK KO3 (QHULMEeHT MOLJHOCTH BCed Tpex(a3HOW CeTH,
paboratoirieii ¢ KoMreHCcaTopoM cos(®).
IToTHAT MOIDHOCTH HCTOYHHKA

ScetuK:=Pla+P1b+Plc+P2+Pk+4j-Q2k=(7.515-10" + 7.759i-10°) W

¢ :=arg(ScetnkK)=0.103 PeaynbrHpyromui  cos (@) =0.995
k03 PHIHEHT MOIMHOCTH

it =5.804
g

¢ :=acos(cos(yp))-

2.6 Ha pucyHke 7 mnpuBeJjeHa BeKTOpHasi AvarpamMma (pasHbIX HanpspKeHWW reHepaTopa
Ua, Us, Uc, a Takke TMHEWHBIX TOKOB BTOPOTO MTOTPEOUTE IS C KOMITEHCATOPOM Ioka, ks, Iokc U
niepBoro motpebutesnsi Iia, Iis, Ii. C TOMOIIBIO BEeKTOPHOM [JuarpaMMbl HaiifieHbl BEKTODbI
CyMMapHbIX TUHEMHbIX TOKOB MCTOYHMKA Tpexda3HOro HarpsbKeHus JJ1sl IBYX ToTpebuTesnei u

komreHcatopa lLioxa, Lioks, Lizkc. T10/TyueHHBIE BEKTOPBI COBMAJAKOT C PACYETHBIMU 3HAYEHUSIMU

BbIBOZbL. Ha BeKTOpHOU Auarpamme IMOKa3aHbIYIVIbI QPox U Pa, Ps, Pc , KOTOPbIE COBMNAJAIOT C

PaCYeTHBIMH 3HAYEHUSAMMU.

13



+i

LB

PucyHok 7 — Macmra6: 1cm =10 A, 1 cm = 100 B
2.7 Ha pucyHke 8 mipuBeZieHa BEKTOpHas AuarpaMMa (PasHOro HarpspkeHUsi M BCeX
JIMHEWHBbIX TOKOB AJis1 (pa3bl A. Ha BeKTOpHOI Juarpamme IMOKa3aHBIYITIbI @2 U (Pa, KOTOPbIE
COBIIa4alOT C paCY€THBIMU 3HAYEHHAMMU.

a L

Pucynok 8 — Macmtab: 1cm =10 A, 1 cm =100 B

2.8 BriurcsieHve  pesysbTupylolllero  kKosdduiyieHTa MOIIHOCTA BCel Lenud C

IMOAK/IFOYEHHBIM KOMITEHCATOPOM.

ITonHas MOIIHOCTb HMCTOUYHMKA, OTAdBaeéMasd B CeTb C [ABYyMA IIpUEMHHKaMKU U

KOMITEHCAaTOPOM paBHa

14



ScetuK:=Pla+P1b+Plc+P2+Pk+j-Q2k=(7.515-10" +7.759i-10°) W

p:=arg(ScetnK)=0.103 PesympTapytommit  cos () =0.995
K03 (OHITHEHT MOIITHOCTH

2.9 Beruucnienve (asHoii 3IC reHepatopa B ¢aze A C yueTOM BHYTpPEHHero

corpoTuB/ieHus reHepatopa Re, X, TIpy MogK/IFOUeHHOM KOMITeHCaTope BTOPOTro MoTpebuTerisi.
C y4eToM BHYTPEHHETO CONMPOTHBICHHA FeHepaTopa, 3aJaHHOIO KaK

AKTHBHOE COIPOTHBIICHHE R0O:=0.081 12
H peaKTHBHOE COIPOTHBICHHE X0:=0.6 12

KoMIuieke moaHoro COnpoTHICHHA Z0:=R0+j-X0= (0.081 + 0.62') 2
111 dasbl ApapeH:

[Ipy OTCYTCTBMM KOMIIEHCALIUM BTOPOrO TIPUEMHMKA B COOTBETCTBHMU CO BTOPbIM

3akoHOM Kupxroda as1s ¢a3bl A MOXKHO 3anvcarb
EA =TA + T12A.-Z0 = 426.173 + 37.9351 (B).

HpI/I Ha/IMYKMKX KOMIIEHCAILIMKX BTOPOTI'O MMPpHEeMHHKda B COOTBETCTBHMHM CO BTOPBIM 3dKOHOM

Kupxroda a5 ¢asel A MOXXHO 3aucaThb

EA = UA + T12rA-Z0 = 390.896 + 42.734

15



3 PacueT repexofHOTO Iporiecca

Pacuutaem nepexofHbIi rporiecc B (haze A Tpex@asHOM LielU C peajbHbIM UCTOUHHUKOM
OAC 1pu TOAK/IIOUeHWM K HeMy TepBOro W BTOpPOro IoTtpebuTens 6Ge3 KomreHcaTopa

(pucyHok 10). To ecTb Hali/jleM 3aKOH U3MeHeHUs TOKa i12a(t).

i>12A

EA Y ila i2A
L(b2n

LO

RO [l]Rla R(b2n

PucyHok 10

M cxomHble AaHHBIE [71s pacuyeTa BO3bMeM U3 pa3zena 1.

X0:=0.6 RO:=0.081 X02n:=11.616  R1a=17.926 Rd2n=8.712
L= "9 _po02 L2n=_2P20 _g037 [12A :=68.495 — 62.084i
2«50 250
| . 660 —— .
EA :=T12A - (RO+j- X0) + 2% = 424,39 + 35,995 N
V3 @EA =arg(EA) -~ =4.848
|EA|=425.913 il

MrHoBeHHbIe 3HaueHUs1 (a3Hor IJC U ToKa paBHBI

eAlt)=|EA|-2sin|arg|EA)|=425,913+2sin (314t +4,848°) B,
i12A(t|]=|I12 A|-v2sin|arg(I 12 A||=93,0512sin (314t—42,6°) A.

3.1 Tak kKak [0 KOMMYTalMM IieTlb OblIla OTK/IOYeHa oT ucrtouHuka OIIC, To

He3aBHUCHUMbIe HauasibHble ycinoBusi (HHY) B paccmarpuBaeMoti 1ienu i124(0) =0 u i2a(0) = 0.
1) HesagHCHMEI® HIYATBHEIR }TEJIDBHJI- i12A0:=0 i2A0:=0

3aBucrMMble HauanbHble ycioBusi (3HY) HalijeM U3 cUCTeMbl ypaBHEHHW MO 3aKOHaM
Kupxroda, /15 Lienu nocjie KOMMyTal|uu C yueToM HaveHHbIx HHY
[ Lo—ippp i +iy ,=0
2

el =i R LdiIZA R
66 =1, Ky t+ L dr T, K,

16



. . diZa
3) _llaR1a+12ARd)2n+Ld>2n7 =0

Cpas3y xe nocsie kommyTtauuu 1ipu t = 0 ¢ yuetom HHY:

— U3 ypaBHeHwus 1) ciiefyeT, uTo i,410]=0.

— U3 YpaBHEHUS 2) C/IeyeT, UTo e, (0)=L (0)+i,,(0)R,,

TToicTaBUM BO BTOpPOE ypaBHeHH 3HaueHHe i,(0)=0 , B pesy/bTare moydnm

di
e (0)=L,"22(0) .

Otkygna cnegyet uto 3HH a5t JaHHOM 11T paBHO

dij,

220=7210). (@)

2) 3apHCHMEIe HauaTbHEBIE VCIOBHT di1ZA0:= [EA]- V2-sin (arg(EA)) =2.665-10"

i1a0:=0 LO

3.2 3anuiiemM oriepaTopHOe COTPOTUBJIEHUE LIeMU U C TIOMOIbI0 CUMBOJBHOU (PYHKIIMU

solve MoyurM KOpHU XapaKTeprUCTAYeCKOro ypaBHeHus pl v p2 Kak

3) OnepaTopHOe CONPOTHEISHHE
7 {p:} =RO+4+p-LO+

1
+
Rla RO2n+p-Ld2n

solve [ _0922,9282139880882485 ]

Z4(P) === | _295.05007170066034518 |
pl:=—0922.9282130880882485 p2:=—225.95007170066934518

3.3 Tak Kak KOpDHM XapaKTEePUCTUYECKOTO YpaBHEHMUsl [eUCTBUTE/IbHbIe pa3Hble, TO

) 2t pt
I =A eP '+ A
cBO0OO/IHAA COCTAB/IAIOLAsl TOKA PaBHA 12Ace— 4126 1€

3.4 Ha pucynke 11 mpuBeieHa SKBMBAa/eHTHas CXeMa »J/eKTpUUeCKOW 1ienu B
yCTaHOBUBLIEMCA pexume. [IpUHYKIEHHYI0 COCTaB/ISAIOIIYH) TOKa inamp(t) Haugem o

pacuMTaHHOMY B pa3zesie 1 KOMIIeKCy AeHCTBYrolero 3HaueHus I,a = 68,495-162,984 A kak

i 12 amp|£/=93,0514 25in (314 t—42,6°+¢0) (5)

rage (pO—Haqaanaﬂ d)aaa, YUHUTEIBAKOIdasd MOMEHT BK/IKOUEHHS 110 OTHOIIEHHWIO K

HauaIbHOM (pase MpUHYKJeHHOro Toka. s @0 = 0 momyumm:
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4 ) ITpEHYAJeHHAS cOCTaBIMomad pasEa  112Am :=|112A]- V2 =131.594 wpl:=0
112Anp(t)=I112Am.sin(2+mw-50-t +arg (I112A) + ¢0) +
i12Anp (0)=—89.073

£I2Anp é
EA Y llanp l2Anp
u
2 L(b2r1
L0

v Ra Rn
RO N[l]l b2

O

@

Pucynok 11
Haiiiem [IpOU3BOAHYIO OT ipanltl KAk

di
—2:=93,051+/2-314- cos (3141~ 42,6°+¢0) )

s 0 = 0 nosyumm:

Hatinem OIpoH3BOIHYIO OT IPHHYEISHHOH COCTABIIAOISH KaK
di12Anp(t):=112Am-2.w-50-cos(2-mw-50-t+arg([12A)+0)

di12Anp(0)=3.043-10"

3.5 OO0t TOK i12a(t) HalijleM Kak cyMMy CBOOOZHOM U TIPUHYKJ€HHOM COCTaBJISOIIAX

. . t t
e 112A(1.“):112Anp(t)+Alep1 +A,e”

)
3.6 [lns HaxoXK[eHusl TIOCTOSTHHBIX HWHTerpUpOBaHUsI B BbIpakeHUM (7) COCTaBUM
CHUCTeMYy ypaBHEHUM B MOMEHT BpeMeHHU t = 0
A +A,=i54(0 )_i12Anp(O )

di (0] di (0]
DP1 A+ p, A,=— 112A( )_ 112Anp( ).

dt dt
o &
6 G 6 . (8)
C yuetom HaugeHHbIX B 1.3.1 HyneBeix HHY nnsa uckomoro Toka ina(0) m 3HY B
dilZA 154
BbIpaKeHus (4) s 7(0) , a Takke BblpaxeHud (5, 6) coctaBuUM MarpuLy

ko3¢ duiiieHToB M 1 MaTpuily CBOOOAHBIX WieHOB V Kak
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ile(O)_iuAnp(O) O_iIZAnp(O)
1 1] V=|di, ,(0) diya,(0) e,(0) dij,,,(0)

pl p2 B

dt dt L, dt

PertteHre cuctemsl (8) HalifieM C IOMOIIbI0 QyHKI[UU solve

6) OnpeneneHie NOCTOSHHBIX HHTETPHPOBAHHST ORIGIN:=1
1 1] v.| 112A0—i12Anp(0) | v—.[ 89.073 |
| p1 p2] | di12A0—di12Anp(0) | | —3.778-10" |
1 _[—1.686] P .
Ap_lanlve(M,V)_I 00759 | A =—1.686 A, =90.759

TakyM 06pa3oM, 3aKOH U3MeHeHUsI TOKa UCTOUHHWKA B (a3e A paBeH

i4lt]=131,5945in(314t— 42,6 °+90)— 1,686 ¢ **'+90,759¢ ***'A .
[ToctpouM rpadyKu 3aBUCUMOCTA TOKa TOKa ippa(t) YW €ro COCTaB/SIOUIUX B

COOTBETCTBUU C BbIpakeHHWeM (7) B WHTepBajie OT Hy/as 40 6T , rje T paBHO MOCTOSTHHOU

BpeMeHU, COTBETCTBYIOIIel KOPHIO p2.

Ti=_ 1 =0004 t:=0, .67 i12A(t.)=:i12Anp(t)+Al-e‘”'

—p2 10

Ha pucyHke 12-16 mpuBOJATCA BpeMeHHble auarpaMMbl [Jisl pa3/IMYHbIX 3HauyeHue
Haua/bHOM (ha3bl, yuuThIBaIoleli MoMeHT BK/toueHuss (0. OOpaTthre BHHMMaHHe, UTO TpHU

pl:=—arg(112A) Tiepexo/{HOro rpoljecca Boobiie He OGyzeT B cxeme!!!!

19



i12A(t) i12Anp (t)

p2-i
Azne

— P

[LLLNE] oz

i

ims

gz 0uzs D028

005 Loos

—120-

t

PucyHoxk 12 — Ilpu Pi:=0
i12A(t) i12Anp (t)

L p2-1

pl-
Al-e sze

0 0.003 0.005 .00 0. 0.3 s 02 D023 0.025 0.028
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PucyHok 13 — Ilpu tplls=arf T124)

i12A(t) 112Anp (t)

of p2ei

vl
Al-e sze

4
(%
¥

LIT1VE] .02 0.z

p0:=arg (112A)

PucyHnok 14 — Ilpu
i12A(t) i12Anp (1)

A 1|IEl:rE-l
2

025

0003

21
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Pucynok 15 — TIpu @0 = 1/2
i12Anp (t)

1= 2
Al-ep szep

i12A(t)

0.003 0.005

0.3 0.ins 0.

008 0.01

0.02 0.023 D025 0028

t

PucyHok 16 — @0 = -7t/2
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