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OKBUBAJIEHTHBIE CXEMbI SAMELYEHWA HECUMMETPUYHbIX
TPEX®A3HbIX CUCTEM

Paspabomanvr  memoowvr onpedenenuss napamemposd 9KEUBANEHMHOU CXeMbl 30AMeWeHUs. HeCUMMEMPUYHbIX
mpexgasnuvix cucmem. Ilpednoscen ancopumm onpedenenus xomniekcos IC sKkeUBANEHMHOU CXeMbl 3AMeWeHUs U
Cnocob  onpeodeneHuss GHYMPEHHUX CONPOMUGNEHUN KAJCOOU U3 as ¢ yuemom aKMUueHOU U PeakmueHoU
cocmasnsaouel.

Knrwouesvie cnoea: mpexgpaznvie cucmemsl, cxema 3ameu{eHUs, MEmoO CUMMEMPUUHBLIX COCMABIAIOUUX,
KOMRJIEKCHOE 6X00HO0E COnPOmueneHue, X0a0Cmoil X00, KOpomkKoe 3amMslKanue.

IMocranoBka npo6aemMbl. DKcIuTyaTalyst Tpex(a3HbIX CUCTEM COIPOBOXKIAETCS Pa3IMYHBIMU HECHMMETPUIHBIMU
pexxumamu. [TogoOHBIE HECUMMETPHH MOTYT OBITH BBI3BaHBI HEHCIIPABHOCTSAMH OTHEJIBHBIX MCTOYHHKOB Tpex(a3HOH
OJIC wmu pe3Ko HECMMMETPUYHBIMH Harpy3kamHM, BKIIIOYAIOIIUE pa3IMYHbIE aBapHHHbBIC pPEXHUMBI OTIEIBHBIX
notpebureneid. [logoOHass HecMMMeETpHs OKa3bIBAaeT BIMSHHE Ha PEXUMBI Pa0dOTHI pa3iuyHBIX HoTpeduteneit. s
OLICHKHU 3JIEKTPOMEXaHMYECKUX XAPaKTEPUCTHK M PeXHUMa pabOThl OTAENBHBIX NOTpeOHTeell BechMa yNOOHO UMETh
SKBUBAJICHTHYIO CXEMY 3aMeIleHHs Tpex(a3HOH CHCTEMBI, B KOTOPOH HECHMMETPHYHBIMH MOTYT ObITh Kak JJIC
OTZENBHBIX (a3, TaK ¥ UX BHYTPCHHHE CONPOTHBIICHHUS.

Ananu3 nmyoaukanumii. B pabote [1], Oputa paccMOTpeHa cxeMma 3aMelIeHHs aKTHBHOTO TPEXIOIIOCHUKA B BHIE
SKBHBAJICHTHOH 3BE3IBI C ABYMS HCTOYHHMKAMH IHTaHHA W TPeMs BHYTPEHHHMH COINPOTHBICHHAMH. OmpeneseHue
napamMeTpoB SKBHBAJCHTHOM CXEMBI 3aMCUICHHUA TpeX(baSHI)IX CUCTEM, BBI3bIBACT OIIPCACIICHHBIC 3aTPYAHCHHS, TaK KaK
HEOOXOMUMO OmpeeaTh He ToJabko BenuunmHy (asueix DJIC, Ho u ux cusur no ¢aze. Kpome Toro, B cxemax
3aMeIleHns] HEOOXOMMO TaKXKe OIPEAENATh BHYTPEHHHE CONPOTHBICHHUsS KaXIOH W3 (a3 ¢ ydyeroM aKkTUBHOH W
PEaKTUBHOI COCTABISIONIEH, KOTOPHIE B OOIIEM CIIy4ae pa3jiuuHbl.

Hear pa6Gorsl. PazpaboTka anropuTMa OINpeIeNCHUS] MapaMETPOBIKBHBAICHTHOW CXEMbl  3aMEICHHUS
HECHUMMETPUYHBIX Tpex(dasubix cucteM (Ea, Eg, Ec, Za, Zg, Zc)-

Pe3yabTaTsl uccaenoBanmii. 13BecTHO, UTO HKBHBAJCHTHAs cXeMa 3aMeleHnst TpexdasHoi cucremsl (puc. 1),
MOJeT OBITh MpeJICTaBlIeHa TPEXITyUeBOI 3B€3/10M M MIMEET BUJI, TPUBEACHHBIN Ha puc. 2.
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Pucynox 1 — IIpoussonvras mpexgasznas cucmema Pucynox 2 — Oxeusanenmnasn cxema 3amewenus

[IpuBeseHHAs OSKBHUBAJCHTHAs CXEMa COACPIKHUT IIECTh JJIEMEHTOB: TPH HECHMMETPUYHBIX HCTOYHHKA
curyconganbHeix DJC (Es, Eg M Ec) M TpH KOMIUIEKCHBIX COMPOTHBICHUS (Zs, Zp, Zc), HMapaMeTpbl KOTOPHIX
HEOO0X0IUMO
OIPEICITUTD.

I[Ipu onpenenenuy KOMILIEKCOB CONPOTUBIEHHH oTAenbHBIX Ga3 Z ,, Zp M Z , UCHOJIB3YIOTCA KOMILUIEKCHI
BXOZIHBIX conpoTuBneruit Z , 4p, Z . pcr Z 40y - AJTOPUTM ONpPEENEHHs] KOMILIEKCHOTO BXOJHOTO COMPOTUBJICHNS,

Hanpumep Z exdB = Vexap T jX ¢xAB> IPEAIIONAraeT Cle1yroliee:
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1) TIpoBeieHue OMbITa XOJIOCTOTO X012 OTHOCUTENIBHO 3aKHMOB A-B ¢ m3mepenuem Hanpsokenns U 4p .
2) OnbIT KOPOTKOro 3aMbIKaHus A-B ¢ u3MepenueM Toka |, 4p.
[To naHHBIM OIBITa XOJIOCTOTO X0/Ia M KOPOTKOT'O 3aMBIKaHHs OIPEIEIISIOT MOYJIb BXOIHOTO CONTPOTHUBIICHHS:

Uag [ 2 2
Z uB =T FoeaB + XexaB -

KkAB
3) OnmeIT ¢ NMOAKIIOYEHUEM H3BECTHOTO EMKOCTHOTO CONPOTHUBIECHHA XK 3akuMaM A-B ¢ mocienyromum

nu3MepeHueM Toka | 113 . B 3TOM ciy4ae BXOHOE CONPOTUBIICHNE PABHO

1 _Uas _\/ 2 2
stAB - I/ - rngB+(X@xAB_XC) :
AB

B pesynbraTe monydaeM cucteMy ABYX yPaBHEHHM ¢ HEU3BECTHBIMU I yp U X, 4p:

[ 2 2
Z s =\ Vaxan + Xeean

I 2 2
ZexAB _\/rexAB+(ngAB_Xc) :

Pemas cucremy, onpeenseM HEM3BECTHBIE CONPOTHUBIEHNS I, p B X yp "

2 / 2
X _ (ZexAB) - (ngAB) - XC . r _ IZ 2 _ X2
wAB 2y ’ 6xAB — 6xAB 6xXAB *

c

Ecmm 3Hak COIPOTUBJICHUSA ng AB 6y,Z[€T IOJOXUTECIBbHBIM, TO 3TO O3HA4YacT I/IHI[yKTI/IBHHﬁ XapaKkTep COIIPOTUB-

JICHHS; COOTBETCTBEHHO, B CJIy4a€ OTPULIATCIILHOT'O 3HAKa IMOJIydYacM €MKOCTHOE COIIPOTUBJICHUE XSXAB .

Ecnu ombIT KOPOTKOTO 3aMBIKaHHSI HEBO3MOXKEH M3-32 CIHMIIKOM OOJIBIIOrO TOKa, IIPOU3BOUTCS ONBIT HATPY3KU Ha
H3BECTHOE PE3UCTHBHOE CONMPOTHBICHHE R ¢ mociemyromum u3MepeHHeM Toka Harpysku |,,p ¥ BblUnCICHHEM

MOZYJISl BXOAHOTO COTMPOTUBIIEHUSI Z = Uﬂ
6xAB — I )
HAB

PeakTuBHOC COIPOTUBJICHUC XBXAB BbIYHCIIACTCA 1O MMPUBEACHHOU BBIIIC (bOpMyJ'Ie, a UCKOMOC pPE3UCTUBHOC

[52 2
NoxaB =\ Zoxap — Xexap — R

AHAJIOTUYHO ONPEACILIIOTCSI BXOHBIC COMPOTHBICHUS Z exBC Y Z oxCA -

Hanee HaxoaaT SKBUBaNEHTHEIE conpoTusienus Z ,, Zp u Z [1]:

1 1
Z,= 5 (ZoraptZorca—Zoxpc): Zp = 5 (Zgxan T Zoxne = Zoxca) s

1
ZC = E (ZexCA + Z@xBC - Z(s’xAB) '

Kommuiekcbr dazupix DJIC (Ex, Ep U Ec) SKBHBAJICHTHOW CXEMBI 3aMerieHus (puc. 2) B 00meM ciydae
MPEJCTABIAIOT COO0M HECUMMETPHUYHYIO TpeX(asHyl CHUCTEMY, MapaMeTphl KOTOPOH OMNPEACISIIOTCS C MOMOIIBIO
METO0/Ia CHMMETPUYHBIX COCTABIISIFOMIMX. JJI1 TPEXIPOBOTHONW CUCTEMBI COCTABIISIONINE HYJIEBOM MOCIEI0BATEIBHOCTH
OTCYTCTBYIOT, MO3TOMY OyJeM HMETh TPH HCTOYHHMKA C npsMoil (En;, Eg; u Ec;) u obparHoit (Exy, Epy v Ec)
IOCIIEI0BATENBHOCTRIO (pHC. 3).

B pesynprare koMruiekcsl D/]C UCTOYHUKOB MUTaHUS (PHUC. 2) COOTBETCTBCHHO PaBHBI

E,=En+E » Eg=Eg +Egy. Ec =Eci+Ecy.

Kommnekcer DJIC (Ea, Egu Ec) ONIPEAETSIOT ¢ TOMOIIBIO KOMITIEKCHBIX JTMHEUHBIX HAanpsokeHUH Uag, Upc Uca.
OTH KOMIUIEKCHI THMHEHHBIX HAPSHKEHUH (OPMHUPYIOTCS 110 pe3yIbTaTaM OMBITOB X0JIOCTOTO Xoa (puc. 2) 1 ux
BEKTOPHBIX Auarpamm. CoriacHo BropoMy 3akoHy Kupxroga B KOMIUIEKCHOMH (hopMe I pexkrMa X0JIOCTOro X0/a
UMeeM:

U, p+Ugc+U =0.
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PuC‘yHOK' 3 — DkeusaneHmuas cxema ¢ UCHOIb308AHUEM MEMOOd CUMMEMPUUHBIX COCMABIAIOWUX

CrnenoBarenbHO, BEKTOpPHaAs qUarpaMMma UMeeT BHJ, NPEACTaBICHHBINM Ha pUC. 4, KOTOPYIO MOXHO IOCTPOUTH IO
W3MEpPEHHBIM BEJIMYMHAM JIMHEHHBIX HampspkeHnil. Ha puc. 4 ¢ mnpuBeneHa BeKTOpHas AnWarpamma, KOTOpas
COOTBETCTBYET NPSIMOMY TIOPSIAKY cienoBaHus (a3, a Ha puc. 4 6 — oOpaTHOMY TOPSAKY cienoBaHus (a3, MOPSITOK
cirefoBaHus (pa3 KOTOPBIX ONpeNeNseTcs H3BECTHRIMU MeToaaMu [2].

Uys R
Usc g
Ucs “ @2
o az/ U QCA
1 Usc

Uz

Y.

a) — npsAMot NOPAOOK Yyepedo8anus gas 6) — 0bpamHublll NOPAOOK Yepedosanus ¢as

Pucynox 4 — Bexmophas Ouazpamma HAnpsadjiceHuti Xoi0cmo2o xo0d

Anroput™ popMupOBaHHA KOMIUIEKCHBIX JTHHEHHBIX HANPSOHKCHUHN clieayromuii. KoMIUIeKCHBI BEKTOpP OOHOTO W3
HamnpsDKeHu, Hanpumep, U 4p» HampaBIsleM TI0 JEHCTBUTENbHOH ocu. Torma, ompenenus yriel o3 U Oz (PHC. 4),

(hopMupyeM KOMITIICKCH IMHEHHBIX HATPSKESHHN:
TIpH IpsMoM nopsiake cnefoBanus das (puc. 4a) — U ,p =U 5,

_ j(a-180%) _ jwe _ j(180° —arp) _ jwea .
Ugc =Ugce™ =Upce "8,  Uga=Ucpe 27 =Ucpe’";
npu obpaTHOM nopske cnepoanus pas (puc. 46) — U ,p =U g,
_ j(180°—ar) _ ivec _ i(ap-180°%) _ ivea
Upc =Ugce =Ugce »Uea =Ucat =Uca "™
Hcnonb3ys KOMIDIEKCHI TUHERHBIX HANPSIKEHUH, onpenenseM cocTasisromue ux npsamoi (U , U , U Hu
Yy p p p Y 4B1r ¥BC1' 241

obparnoit (U ,ps, Upey, Uy, ) nocnenosarensaocteil. OHM COOTBETCTBEHHO PABHBI
1 2 ; ; o

_ _ v . _ a2 _ i(y1-1207).

Uag = g(QAB +aUpgc +a’Ucp)=Upge’ ™t Upgcp=aUpg =Upgc® ;

_ _ jlp1+120°) .
Ucar =aU ag =Uca® ;

1 ) : (s 1207
_ _ jya . _ _ j(w2-1207) .
U ag2 _g(!AB +aUpc +aUcp) =Upgoe” "2 Upcy =aU pgp =Upcr€ :

a2 _ jlyp+120°)
Ucaz =@°U pgp =Ucar€ :

rae a= 5 +j >~ oneparop HOBOpOTA.

Kommutekcet DJIC mpsimort (Eay, Epy u Ecy) u oOpaTHOW mocienoBaTenbHOCTed (Exy, Epy U Ecy) (puc. 3)
COOTBETCTBCHHO PaBHBI

U L e U e U : .
EAl:_ABleJ(‘//l 30); E. —=BClgiln 150); E 1:_CAlej(f//1+90 );

G E E
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= 2882 0i(2+30) E Uscs oo +150) . g ,- Ucaz 4ir2-90)
IV B V3

Taxkum 00pa3zoM, NoTydeHa SKBUBAJICHTHAS CXeMa 3aMeIIeHNs Tpex(a3HON CHCTEMBbI, TO3BOJISAIOIAS PACCUUTHIBATh
U aHaIN3UPOBATH PEKUMBI PabOTHl OTAENBHBIX mNOTpeduTeneld. HeoOXoauMo OTMETHTb, YTO Ml OTHENBHBIX
moTpebuTeneil Tpexa3sHoH CHCTEMBI, B 3aBUCHMOCTH OT MX MECT BKIIOYECHHS u pazOpoca Brons JIDII, mapamerpsl
9KBUBAJICHTHOI CXEMBI 3aMEIIEHHS MOTYT OBbITh Pa3JINYHBI.

BoiBoa. IlpuBeneHHBI anrOpUTM TMO3BOJSIET ONPEHNETUTH IApaMeTPhl CXEMBI 3aMemleHus Tpexdas3Hoit
HECHUMMETPUYHONW CHCTEMBI M Ja€T BO3MOXKHOCTH C JOCTATOYHOW TOYHOCTHIO OLIEHUTh XApPAKTEPUCTHKU OTIENIBHBIX
NOTpeOuTeNel B pa3INuHbIX PEXKUMAax padoThI.
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ExBiBajieHTHI cXeMM 3aMillleHHs1 HeCHMETPHYHMX TpHda3Hux cucreM. Po3poOineHi Meroau BH3HAYEHHS
napaMeTpiB EKBIBaJCHTHOT CXEMH 3aMillIeHHS HECUMETPUYHUX TPU(PA3HUX CHCTEM. 3alpONOHOBAHO ajlrOPHUTM
Bu3HaueHHs nmapamerpiB EPC ekBiBaJeHTHOI CXeMHM 3aMIIICHHS Ta CIOCIO BH3HAYCHHS BHYTPIIIHIX OMOPIB KOXKHOI 3
(a3 3 ypaxyBaHHSIM aKTHBHOI Ta pEaKTHBHOI CKJIa/I0BOI.

Knrouosi cnosa: mpugpasni cucmemu, cxema 3amiujeHHA, MEMOO CUMEMPUUHUX CKIAOOBUX, KOMNIEKCHUIL 6XIOHUL
onip, xonocmuit xXio, KOpomKe 3aMUKAHHA.
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Equivalent Circuits of Asymmetric Substitution of Three-Phase Systems. Exploitation of the three-phase systems is
accompanied by the different asymmetrical modes. Similar unsymmetries can be caused by the disrepairs of separate
sources three-phase E.M.F. or sharply asymmetrical loading, including different malfunctions of separate consumers.
Similar unsymmetry has influence on the modes of operations of different consumers. For the estimation of
electromechanics descriptions and mode of operations of separate consumers it is very convenient to have an equivalent
chart of substituting for the three-phase system, Equivalent circuit of three-phase substitution systems can be represented
by a star and a detector contains six elements: three asymmetrical sinusoidal E.M.F. source and three integrated resistance.
When defining complex resistances individual phases, input resistance, complexes are used to determine which you need
to perform the following tests: 1) experience of idling on the appropriate clamps; 2) experience a short circuit; 3)
experience with famous capacitive impedance. Next, on the known formulae are complex impedances separate phases.
Complexes phase E.M.F. equivalent chart of substitution in general case is the asymmetrical three-phase system the
parameters of which are determined by means of method of symmetric constituents. For the three-wire system, the
constituents of a zero sequence are absent, therefore we will have three sources straight-in and by a reverse sequence.
Complexes of the E.M.F. are determined using a complex linear voltage. These complexes are formed according to the
results of stress analysis of linear experiences idling and their vector diagrams.

Key words: three-phase system, replacement scheme, method of symmetrical components, complex impedance,
idling, short circuit.

286



