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Anomayia—B cTartTi chopMy/iLOBaHA METOAMKA PO3PAXYHKY NAapaMeTPiB PeaKTHBHOIO KOMIICHCATOpPA JIiHiHOro
HEeCHMETPHYHOr0 HABaHTA:KeHHs TpPUda3HOI TPHUIPOBiAHOI Mepexki, M0 A03BOJAE 30iIbIINTH KOEMILIEHT MOTYKHOCTI
HeCHMETPHYHOI0 HABAHTAKEHHS 10 OIMHUYHOTr0 3Ha4yeHHs. [Toka3aHo, 1110 B pe3yJibTaTi 3aCTOCYBAHHS PEAKTHBHOI0 KOM-
MEeHCATOPa NOTYKHICTh BTPAT B JIiHII nepegayi Moske 0yTH 3MeHILIEHA 10 ABOX pa3iB. Y pe3y/bTaTi BAKOHAHOI PO6OTH BCTA-

HOBJICHO:

1) 30inbmenHs koediunieHTa MOTYy’kKHOCTI TPU(pa3HOI cHMCTEMH 0 MAKCHMAJILHOIO OJUHHMYHOIO 3HAYEHHS Bele 10

BHUIpaNIy 32 NOTYKHICTIO BTPAT.

2) BrpaTu Ha MpoBOAAX HeCHMETPUYHOI CHCTEMHM B 2 pa3u OiabuIi 3a BTPATH CMMETPUYHOI CHCTeMH, a Koe(ilieHT

MOTYKHOCTI HECHMETPUUHOI CHCTEMH B /2 MeHIIHii 3a KoedillieHT CHMeTPHYHOI.

Bi6.. 3, puc. 8.

Knrouogi cnosa—- peakmuenuii Komnencamop; Koegivicnm nomysxcnocmi; mpugpazna mpunpogiona mepesyca .

I. Bcrvn

VY cyyacHMX yMOBax akTyaJbHHM € 3a0€3NCUCHHS
SIKOCTI €JIEKTPHUYHOI eHepril Uil IPOMHUCIOBUX MiINpH-
€MCTB 1 MEpeX 3 MOTYKHUM HaBaHTaKeHHSIM. Hecumer-
pHYHE HaBaHTAXXEHHsI TPU(PA3HUX TPUIPOBIIHUX CHCTEM
JKUBJICHHS TIPU3BOIUTH JI0 TIOTIiPIICHHS SIKOCTI €JIEKTpOe-
Heprii, 0 MPOSIBISETHCS Y IMOSIBI CTPYMIB 3BOPOTHOI
TIOCTITOBHOCTI Ta MyJbcallii MUTTEBOI MOTY>KHOCTI, SKi
CIPUYUHIOIOTH J0JATKOBI BTPAaTH Ha aKTHBHUX OMOpax
TiHIT eeKkTponepeaadi Ta HECUMETPII0 HAIPYT KUBICHHS
y By3JllaX 3arajJbHOr0 IMiJKIIOYEeHHsI HaBaHTaxeHb. J[is
BpPIBHOBAXYBaHHS ~ HECHMETPHYHOTO  CTalliOHAPHOTO
JMHIMHOTO HaBaHTaKEHHS €(EKTUBHO 3aCTOCOBYIOTHCS
nacuBHI (UIBTPU Ha PEaKTHBHHUX EJIEMEHTax, po3paxy-
HOK AKHX 0a3y€TbCsl Ha IBOX MiIX0/AaX: yCyHEHHS ITyJb-
CYIOUOi CKJIQJIOBOI MUTTEBOT MOTYXKHOCTI [ 1] Ta KOMITEH-
calfisi HeaKTUBHHUX CKIIQJAOBUX BXiTHUX CTpyMiB [2, 3].
B [3] nponemMoHCTpOBaHa MOXJIMBICTH (HOPMYBaHHS
AKTHBHOTO CTPyMY TpH(ha3HOI CHCTEMH KHUBJICHHS 3aCTO-
CYBaHHSIM PEaKTHBHOTO KOMIIEHCATOPA [UIsl KOHKPETHOTO
BHAYy HecuMeTpil TpudasHoro mxepena. Pazom 3 TuM
B SIBHOMY BUIJISAJ BiZICyTHSI METOJIMKA PO3paxyHKy Hapa-
METpIiB PEaKTUBHOTO KOMIICHCATOpa Ta HE OILiHCHHH
e(eKT Bij HOro 3aCTOCYBaHHSI.

Mertoro maHoi poOOTH € pO3pPOOICHHS METOAUKH PO3-
paxyHKy pEakTHBHOTO KOMIIEHCATOpa Uil JIIHIHHOTO
HECHMETPUYHOTO HaBaHTAXKCHHA TpU(a3HOI TPUIIPOBiA-
HOT Mepexi.

II. BUBEJIEHHS OCHOBHOI'O CIIBBIJIHOIIEHHS
U1 PO3PAXVYHKY ITAPAMETPIB
PEAKTUBHOI'O KOMITEHCATOPA

Cunycoigauii mpouec TpudaszHOI TPHUIIPOBITHOI
Mmepexi B niepepisi A, B, C (puc.1) noBHicTio 3anaeTbes
TPUKOOPJMHATHUMH BEKTOPAaMH MUTTEBUX 3HA4YEHb (ha3-
HUX HanpyrT Ta JiHIHHUX cTpyMiB [1].
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Puc. 1 KommekcHa cxema 3aMillieHHs TpUdasHOT TPHIPOBITHOT
MEepeKi 3 JIiHITHUM HaBaHTAXKEHHAM
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cupsokerss; Uy, Up , Uc; L4, Ip, Ic — Oitovi 3HAYCHHS,
®4, OB, PC; W4, WB, W — BLANOBIAHI OYaTKOBI (hasu rap-
MOHIYHO 3MIHIOBaHUX (pa3HUX HANPYT Ta JIHIHHHUX CTPY-
MiB (a3 4, B, C, SKUM BIAMOBIIAIOTH TPUBUMIPHI KOM-
TUIEKCHI BEKTOPH JII0YHX 3HAYCHD
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IToBHA MOTYXHICTH TAKOrO TPU(A3HOTO KOJNa Po3pa-
XOBYETBCS 3a popmynoro byxromera [1]
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nie ' 3HaK TPaHCIOHYBAHHS, IPHYOMY Ma€ MICIle HACTY-
IHE ii KBaJ[paTUYHE PO3KIIaIaHH

T
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ze P:Re(uT i) — aKTHBHa  MOTYXHICTb;
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0= Im(uT i ) — peakTHBHA MOTYXXHICTb; D = d’d
. . dT v =
— TOTYXXHICTh HeOalaHcy; =i XU — BEKTOpHAa KOM-
IUIEKCHA TIOTY>KHICTh, 3yMOBJICHA KOMIIJIEKCHOIO HENpO-

MOPLIHHICTIO KOOPAMHAT BEKTOPIB U Ta i .

VY cuHyCOiTHOMY peXHMi ITOJaTKOBI BTPAaTH MOTYX-
HOCTI Ha ONOpax I JiHIHHUX HPOBOIIB TpH(a3HOI CHUC-
TEMHU OOYMOBIICHI HE TIIbKH PEAKTUBHOIO MOTY)KHICTIO,
a ¥ MOTYXHICTIO HeOalaHCy, IO BH3HAYAETHCS BEKTOP-
HOIO KOMIUIEKCHOIO MTOTYXHICTIO.

KoedirmienT moTyXHOCTI TIpH IIbOMY JOPIBHIOE

S JP*+0Q*+D?

B po6ori [2] mokazaHo, 110 MOTYKHICTH BTPAT IIPOIIO-
puiliHa KBaJpaTy MOBHOI HOTY)XHOCTI, a iX MiHIMalbHO
MOXKJIMBA BeJIMYMHA IPOINOpLiifHA KBaapaTy aKTHBHOI
MOTYXHOCTI. 301IbIIeHHs KoeillieHTa MOTYXHOCTI TpH-
(ha3HOi CHCTEMH 10 MaKCHMalbHOTO OJMHUYHOTO 3HA-
YeHHsI BeJIe /IO BUIpaIlly 3a MOTY)KHICTIO BTparT, 110 Xapa-
KTEePHU3YEThCS KOCPIieHTOM
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Ta JNiHIITHOrO HABaHTA)XKEHHS, IO 33JA€THCSI KOMILIEKC-
HUMH HpOBiHHOCTHMI/I

Vap =Gup +JjByp;

Yypc =Gpc +JBpcs s

Yea =Gy + JBcy

KOCQIIIEHT MOTY>KHOCTI BH3HAYAETHCS CITiBBiIHOIICH-
M (3) [2]

Re(y)
[2 27
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A= 3)

YMOBaMH JIOCATHEHHSI OJJUHUYHOTO 3HaYEeHHsI Koedi-
Ii€HTa MOTY>KHOCTI 32 (PopMyIT0F0 (2) € HACTYIHI piBHO-
cTi

Im(yy)=0,y_ =0,

3 IKMX BUIIMBAIOTh BUPA3H VISl PEAKTUBHUX MIPOBITHOC-
Teil (ha3 HaBaHTaKEHHS

Byg =(Gey —Gpe) I \3;
Bye = (G a3~ Gey) I \3;
By =(Gge —Gap) /N3,

110 TIOBHICTIO €KBIBAJICHTHI NPEACTaBICHNM B [3].

(4)

SIkmo mapamerpu HaBaHTaXXCHHS HE BiJIIOBINAIOTH
npencraieHuM B (3), BBOAATH PEAKTHBHUI KOMIIEHCA-
TOP, IO CKJIAJAETHCS 3 EJIEMEHTIB IIOKa3aHUX ITYHKTUPOM
Ha puc.l, TPOBITHOCTI SIKMX PO3PaXxoOBYIOTH 3a (popmy-
JamMu

Blg =B 5 +(Gey — Gpe) I3;
B =—Bgc +(G 5 —Gey)/\3;
BE, =-B ~G4p)/\3

c4 =—Bcy +(Gpc —Gyp) /3.

)

III. METOJIMKA PO3PAXYHKY PEAKTHBHOI'O
KOMIIEHCATOPA JUHITHOI'O HECUMETPUYHOI'O
HABAHTAXEHHS TPUOA3ZHOT TPUTTPOBIJIHOT CUCTEMU

[MpoinmtocTpyemo ii Ha MpUKIaIl CXeMH 3 HECUMETPH-
YHUM OJHOIIJIEYEBUM aAKTHBHUM HaBaHTaKCHHAM

(puc.2) .

[pencraBnsieMo JiHiHE HaBaHTa)XXCHHS KOMILICKC-
HUMH MPOBITHOCTSIMU:

Yag =Gy + jByp = G;

Ysc =Gge + jBpc =0;

Yeu = Gey+ jBey =0.
3BiJICH BU3HAYAEMO:

Gup =G;Gpc =Gy =0;

Byp =Bpc = Bcy =0.

3a dopmymnoro (5) po3paxoByEMO pEaKTHBHI MPOBiJ-
HOCT1 KOMITEHCATOpA.

Puc.2 Cxema HECUMETPUIHOI'O HAaBAHTAXXECHHS
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Blig =B g +(Gcy —Gpe) /N3 =0;
6.
\/g:
K G
BE; =—Bey+(Gge —Gyp) /3 =——=.

NE)

Po3paxoByemMo mapamMeTpu PEaKTHBHUX €JICMEHTIB
KOMIICHCATOPA.

Bjic =—Bgc +(Gp —Gey) /3 =

Jlnst monaTHUX 3HAYCHb PEAKTHBHUX IPOBIIHOCTEH 3
1.1.2 BU3HAYAIOTh EMHOCTI KOHJICHCATOPIB

Bk
Cy =K+
K 2nf

Jis Bin’ eMHUX 3Ha4YCHB MTPOBIAHOCTEH 3 11. 1 .2 BU3Ha-
4aeMO 1HIYKTHBHOCTI KOTYILIOK

1
B anBK_ ’

3agaemo G =1Cwm, f=50T"11 Ta BU3HAYAEMO

Ly

By G
2nf  24f3nf
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== =54.4(ul'n).
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=1837,7(MxD),
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Po3paxoByeMO KOMIUIEKCHI IIPOBITHOCTI
Y- =Y4p+a@Vpc +aycy = G;
Yo =Yap +¥Ypc +¥Yca =G

KoeilieHT moTyKHOCTI HaBaHTaXXCHHS 0€3 KOMIICH-
caropa 3a ¢popmyJoro (2)

Re(yo ) _ G 1

A= = =—.
\/yz+y5 \/G2+G2 V2

Busnauaemo koedillieHT BHrpairy 3a MOTYKHICTIO
BTpaT
2
N )
w=—0r-=A"=2.
P2
Bynyemo cxemy (puc.3) HECUMETPUYHOTO HaBaHTa-
JKEHHSI 3 PEaKTHBHHUM KOMIIEHCATOPOM, SIKa BiJIOBiza€e
BIIOMIH CXeMi CHMMeTpu3aTopa-komiencaropa Illtein-
Mmetua [3]

Po3paxoByemo niHiiHI cTpyHH cxemH 6e3 KOMITeHCa-
TOpa Ta OyAyeEMO BEKTOpHY miarpamy (puc.4)

) . . 200
I, =—ig =1, =3UGe”" .

Puc.3 Cummerpuzarop — xommencatop LlIteiinmerna

Ue

A
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Puc.4 BekropHa giarpamMa HECHUMETPUYHOI CHCTEMHU

Puc.5 BektopHa giarpama CUMETPUYHOI CHCTEMH

Po3paxoByeMO CTpyMH CXEMH 3 KOMIIEHCATOPOM Ta
OyIoyeMo BEKTOpHY Aiarpamy (puc.5)

T4 =Uup G—UCA(—]E) = UG;

IB =Upc*—=-U 4 G =UGa;,
NE)
K
jG

Ic = UCA(—J—)—UBC—= UGa;
V3 V3
[NepeBipsiemo 3Ha4yeHHs KoedillieHTa BUrpamlyy 3a
MOTYKHICTIO BTpAr

_ B _ j,24+1'129 _
B (5 +dpy? +dEY
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CHHTE3yeMO PEaKTUBHUI KOMIICHCATOP CXEMH 3 He-
CUMETPUYHUM JIBOTICYCBUM aKTUBHUM HAaBaHTAKCHHIM

(puc.6)

3 ommMcy KOMIUIEKCHHMX TMPOBIJHOCTENW BCTAHOBIIO-
€Mo, 1110

Puc.6 Cxema HECHMETPHYHOTO JIBOIICYOBOTO HABAHTAXKEHHS
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Gap =G;Gpc = GGy =0;
Byp =Bpc = Bcy =0.

3a popmyroro (5) po3paxoByEMO PEaKTHBHI MPOBi-
HOCTi KOMITEHCATOPa

G
Bl =B +(Gey~Gpe) /B =-—1;

&

9.
\/g >
K
By =—Bcy+(Gpc =G ) /N3 =0,
OCKUIbKM OTpUMaHi 3Ha4€HHs 30iraloThCs 3 HoIepe-
nHIM npukitagom, To it G =1 Cwm, =50 I'g
Ck =1837,7(Mx®);
Ly =54,4(mI'n).
Po3paxoByeMo KOMIUIEKCHI IIPOBiTHOCTI
IWAEN

V. =G+aG=G(—+1=
y (2 2

Yo =Yap +¥pc +Yca =2G.
Busragaemo koedimieHT TOTYKHOCTI HAaBaHTAKCHHS
6e3 komreHcaTopa 3a popmynoro (2).

Bfic =—Bpc +(G 5 —Gey)/\3 =

2G 2
Aeee—e——=—.
JagtiG? 5
Busnayaemo koeQillieHT BUTpally 3a MOTY)KHICTIO
BTpaT

s 5,05
w=—=A"=—.
P? 4
BynyeMo cxemy HECHMETPHYHOTO HaBaHTAKEHHSIM
PEaKTHBHUM KOMITEHCATOpOM (puc.7).

Po3paxoByemo miHiiHI CTPyMH cXeMH 0e3 KOMIIEHCa-
TOpa Ta OyAyeEMO BEKTOPHY niarpamy (puc.8) .

. . an0
T4 =UupG=3UGe?" ;
15 =3UGq,

fc :—UBcsz\/f:UG

Puc.7 Cxema HECUMETPUYHOIO HABAHTAXKEHHS 3 KOMIIEHCATOPOM

Hapiitnuia no penakuii 10 ksiThs 2019 p.
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Puc.8 BekropHa jiarpama HECUMETPHYHOT CHCTEMH
Po3paxoByemo JiHiiTHI CTPYMH CXEMH 3 KOMIIEHCATO-
pom

14 =U48(G —’—3) = 2UG;

. K . ’G
Ic =-Upc(G +%) ~ 2UGa;
. K . .
Ip =—14—1c =2UGa.
BekropHa niarpama cTpyMiB BioBijiae puc.S.
[lepeBipsieMo 3HadyeHHS KoedillieHTa BUTpamry 3a

MOTYXHICTIO BTpaT

P Z+13+12 ~
R (K eaf 2 ealy
_(UGY*(3+9+3) 5

BUCHOBKI

1) ChopmynboBaHa METOIMKA PO3PAXYHKY HTapameT-
PiB pEakTUBHOIO KOMIICHCATOPA JIIHIHHOTO HECUMETPHY-
HOTO HaBaHTa)XEHHs TPU(A3HOI TPUIPOBITHOT MEpPExi,
110 JI03BOJISIE 301IBIINTH KOE(DILIEHT MOTYXHOCTI HECH-
METPUYHOTO HaBaHTAXKEHHA 10 OAMHUYHOTO 3HAUCHHS.

2) ITokasaHo, 1110 B pe3yJIbTaTi 3aCTOCYBAHHS PCaKTH-
BHOT'0 KOMIIEHCATOpPa MOTYXKHICTh BTPAT B JIiHII Tepegadi
MoOe OyTH 3MEHIIIeHa JI0 IBOX Pas3iB.
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Annomayua—B cratbe copMyIHPOBaHA METOAMKA pacyeTa NMApaMeTPOB PEAKTHBHOIO0 KOMIIEHCATOPA JIMHEHOWM
HeCMMMeTPHYHOIl Harpy3ku Tpexga3sHoii TpeXmpoBOJAHON CeTH, YTO INO3BOJsET YBeIHYHTh KOI(PPHIHEHT MOIIHOCTH
HeCMMMeTPHYHOI HATPY3KH /10 eAMHMYHOro 3HaveHus. Ilokaszano, 4To B pe3yjbTaTe NPUMEHEHUs] PEAKTHBHOI0 KOMIICH-
€aTopa MOIIHOCTh NMOTePhb B JIMHUHU NepeAadyl MoxKeT ObITh YMeHbIIeHa 10 ABYX pa3. B pe3yabTarte npojeianHoii padoThl
YCTaHOBJIEHO:

1) Ypeanyenne xod3pdunuenra MomHocTH TpexgasHoi cuCTeMbl 10 MAKCHMAJIbHOIO ¢JUHMYHOI0 3HAYECHHS BeJeT
K BBIMI'PBINIY 110 MOIIIHOCTH NOTEPb.

2) IToTepu Ha IPOBOJAX HECHMMETPHYHOM CHCTEMbI B 2 pa3a 00Jib1e NOTepH CUMMETPUYHOI cucTeMbl, a K03(pGuuueHT

MOIIHOCTH HECHMMETPHYHOM CHCTEMBI B /2 MeHbIIe K03 GpUIMeHT CHMMEeTPHYHOIA.
buba. 3, puc. 8.

Knioueevie cnoea — peakmugnulii KOMneHcamop; KoIghuyuenm mownocmu; mpexgasnas mpexnpo6oondas cema.
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Abstract—The article describes the method of calculating the parameters of a reactive compensator of a linear asym-
metric load of a three-phase three-wire network, which allows to increase the power factor of an asymmetric load to a unit
value. It is shown that as a result of the use of a reactive compensator, the power loss in the transmission line can be reduced
to two times. In this paper the main equation for the calculation of the parameters of the reactive compensator is derived.
The reactive compensator of the circuit with asymmetrical two-arm active load is synthesized. The method is illustrated
by an example of a scheme with asymmetric single-cell active load. As known, the unbalanced load of three-phase three-
wire power systems leads to a deterioration in the quality of electricity, which manifests itself in the emergence of reciprocal
currents and pulsations of instantaneous power, which cause additional losses on the active supports of the transmission line
and asymmetry of supply voltages in the nodes of the overall connection of loads. In order to balance the asymmetric sta-
tionary linear load, passive filters on reactive elements are effectively used, the calculation of which is based on two
approaches: the removal of the pulsating component of instantaneous power and the compensation of the inactive compo-
nents of the input currents. Among various possible methods, the inductive-capacitive systems are of particular importance.
When the limit values of unbalance factor, specified in standards are exceeded, the use of symmetrization systems is
required. A symmetrizator should not cause significant active power losses during operation; it implies that the symmetri-
zation process shall be carried out by means of reactive elements (LC) or using active methods (power electronic sys-
tems).The purpose of a compensator is to measure adequate electric quantities of the load and generate in the compensator
such currents, that the resultant load: compensator-compensated load, as seen from the supply network, was symmetrical,
and the fundamental harmonic reactive current drawn from the network did not exceed the value permitted in the supply
conditions. In the work vector diagrams of currents and voltages are constructed, power loss is calculated.

As a result of the work done, it was established:

1) Increasing the power factor of the three-phase system to the maximum unit value leads to a gain in power loss.

2) Losses in the wires unbalanced system in 2 times more loss symmetric system, and power factor for unbalanced system
in less than a coefficient symmetrical.

Ref. 3, fig. 8.

Keywords — reactive compensator; power factor; three-phase three-wire network.
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