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AHAJII3 HECUMETPUYHUX TPUPAZHUX KIJI
3A JOIMOMOTI'OIO METOAY KOHTYPHUX CTPYMIB

Anomayis. Y poOOTi po3IIITHYTO HECUMETPUYIHI peKUMHU poOoTH Tpudaznux ki [IpoananizoBano MeToan po3-
PaxyHKy CTPYMIB B pa3i HeCUMETpii HABAaHTAKEHHS 1 B pa3i HECUMETPIi pKepena. BussieHo, Mo Ay BU3HAUCHHS
CTPYMIB KOJIa 32 HECUMETpii HaBaHTAKEHHS 3aCTOCOBYETHCS METO] IBOX BY3JIiB, a 32 HECUMETPIl pKepera — MEeTo.
CHMETPHUYHHX CKIa0BHUX. HemomikoM BKa3aHWX METO/IIB € 3HAYHA KUTBKICTh pO3paxyHKoBUX Aii. [t crporieHns
PO3paxyHKy CHJI CTPyMiB y (ha3ax Koja 3alporOHOBAHO 3aCTOCOBYBAaTH METOM KOHTYpPHHX CTpyMiB. Ha 6a3i 11p0-
T0 METOY CKIIaJIeHO PIBHSHHS JUIsSl BU3HAYCHHSI CUII CTPYMIB TPUMPOBITHHUX 1 YOTUPHUIIPOBITHUX TpU(AZHHUX Kill
y HECUMETPUYHUX PEKHUMax poOOTH.

Knrouosi crosa: TeopeTHUHI OCHOBH €NIEKTPOTEXHIKM, HECUMETPUYHE TpH(Da3zHe KoJo, Harpyra 3CyBy HEUTpali,
CHMETPUYHI CKJIa/I0Bi, KOHTYPHI CTPYMH.

Ilocmanoska npobnemu. Ha cydacHoMy eTari po3BUTKY HayKH 1 TEXHIKH MPUCTPOT Ta YCTAHOBKH,
10 PO3pOOIISIIOTHCSL W yNPOBAIKYIOTHCS, U1 CBOEI POOOTH 3aCTOCOBYIOTH €JIEKTPUYHY EHEpriio.
B enexTpoTexHili iX Ha3UBAIOTh CIIOKUBAYaMHU UM HAaBAHTAXKEHHSIMH 1 KIaCU(IKYIOTh TaK: HaBaHTa-
YKEHHSI IIOCTIMHOTO 1 3MiHHOTO CTpyMYy [1; 2]. HaBanTaxXeHHS 3MiHHOTO CTPYMY IEPEBAXKHO € Tprdas-
Humu. Ha Hux npunanae 6iauspko 40 % BupobiaeHoi y CBITI enekTpuyHoi eHeprii [3; 4]. Pobora mux
HaBaHTaXXeHb y Tpu(da3HUX cucTeMax 00yMOBIIIOE MEBHI MPOLIECH, SKI MPU3BOJIAThH 10 BUHUKHEHHS
HECHUMETPHUYHUX PEKUMIB [5; 6]. BoHM BUHMKAIOTh YHACIIIIOK HEPIBHOMIPHOTO PO3MOILITY OMHO(DA3-
HUX HaBaHTaX€Hb MK (azaMu Tpu(a3HOI CUCTEMU, MIAKIIOUEHHS MOTY>KHUX OJHO(PA3HUX CIOKH-
BauiB, BIUIUBY (POTOECIEKTPUUHUX MOJYJIIB 1 3apsAIHUX CTAHIIIH, MOMIKOKEHHSI eJIEKTPOOOIaAHAHHS
Toio [7; 8]. BUHUKHEHHSI HECUMETPIi CIPUUMHSAE MTOPYIIEHHS HOPMaJIbHOTO (DYHKI[IOHYBaHHS TPH-
(ha3HUX HaBaHTa)KE€Hb, 30KpeMa 3HIKEHHS €()eKTUBHOCTI POOOTH, 30UIbIIEHHS CIIOKUBAHHS €JIEK-
TpoeHeprii Ta goxarkoBe HarpiBauHus [9; 10]. Tomy mocmipKeHHS HECUMETPUUHUX PEKUMIB POOOTH
TpU(a3HUX CUCTEM € aKTyaJIbHOIO 3a/ayelo.

Ananis ocmannix oocnioxcens. Ha cboroisi icHyroTh 0araro myOumikaiiil pe3yinbTaTiB 10CTiIKEeHb
Tpuda3zHuX KiJ 3a pi3HUX BUIIB Hecumerpii [11-20]. Omisa nux myOsikamii mokasye, o aHami3
HECHMETPUYHHUX PEXKUMIB TaKUX K1J1 0a3yeThCs HA JBOX METO/IaX pO3paxyHKIB: MEPIIUH 13 HUX — 1€
METOJI IBOX BY3JIIB, PYTUN — METOJ] CAMETPUYHUX CKJIa/I0BUX.

[Tepmmmit MeTo 31€0UTBIIIOTO 3aCTOCOBYIOTH IS aHAJI3y TpU(a3zHUX KTy pa3l HECUMETPil HaBaH-
Ta)KeHHs 49M JiHil exekTpomepenadi. Moro cyTh moisirac y BH3HAYCHHI HATPYTH 3CyBy HeifTpaii,
a MOTIM — CHJI CTPYMIB y (pa3ax Koa.

Jlis TpUnpoBiAHOTO TpU(A3HOTO KOJIa pO3PAXYHOK 3I1HCHIOETHCS TaK:

_EZ,+E,)7,+E 2, "
N VZ,+1Z,+1/Z.
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[j=—A—N;, [ ="t "N, [ ="C "N )

ge U, — KOMILIEKC Ail040ro 3HaYCHHS HaMpyTH 3CyBYy HEUTpaJi;
E, E,, E — KOMIUIEKCH JIIFOYUX 3HAUEHb €JIEKTPOPYLIIHUX CUIT JDKEpea;
Zy, ZB, ZC — KOMIUIEKCH ITOBHUX OTOPIB (a3 Koja;
I1,,1,, I — KOMITJICKCH JIFOYMX 3HAYEHb CTPYMIB y (pa3ax Koia.

AHaJ'I13 piBHsHB (1), (2) moKa3ye, MO IS 3HAXOHKEHHS KOMIUICKCY JIF0Y0TO 3HAYCHHS Oy/Ih-
SIKOTO CTPyMY Y (a3i Koa moTpiOHO BUKOHATH 34 pO3paxyHKOBI i1, BKITFOYHO 3 MIEPEBEACHHSIM KOMII-
JIEKCHUX YHCET 13 T0Ka30B0i opMH B anreOpaiuHy i HABIIAKH.

JUJ1s1 9OTUPHIIPOBITHOTO TPUPAZHOTO KOJIA PO3PAXYHOK 3IHCHIOETHCS TaK:

=EA/ZA+EB/ZB+EC/ZC (3)
Yoyz, 4z, vz 412,
. E-U, . E,-U, . E.-U, . U
[=—t= ==t lo==C = I =2, @)
A B C N

ne 1, — KOMIUIGKC AiI0YOr0 3HAYCHHS CTPyMy HelTpaii;
Zy — KOMITJIEKC TTIOBHOTO OTIOPY HEHTpai.

Amnauni3 piBHsHB (3), (4) okazye, 10 U1 3HAXOHKEHHS KOMIUIEKCY J1F0Y0r0 3HAYSHHS OyIb-sIKOTO
CTpyMy y ¢a3i KoJia MOTPiOHO BUKOHATH 39 pO3paxXyHKOBHUX JIii, BKIIFOYHO 3 TIEPEBEICHHSIM KOMILICK-
CHHUX YHCEJ 13 TOKa30B0i opMHU B anreOpaiuyHy i HaBMaKH.

Jlpyruii MeTo]] IepeBakHO 3aCTOCOBYIOTH JIJIS aHAITI3y TpU(a3HUX KT y pa3i HECUMETPil Jpkepera.
Moro cyTh nmossirae y BU3HAYEHHI CHMETPUYHNX CKJIAJ0OBUX HATIPYT i CTPYMIB, a OTIM — CHJI CTPYMiB
y ¢azax koja.

Jnist TpUnpoBiAHOTO TPH(A3HOTO KOJIa PO3PAXyHOK 3MIHCHIOETHCS TaK:

. B+ E 4™ B . U
U, = £ : <=t (5)

A

. B 4™ B E. . U
U, = £ - c. j,=22; (©)

A
fomdirdy B =e™ 0 4e/™ iy =™ ] ™ ] ™

e U 1 U , — KOMITJIEKCH JIIF0YMX 3HAUEHb HANpPYT BIAMOBITHO MPSIMOI 1 3BOPOTHOI OCIIIJOBHOCTEH;
I 1> I , — KOMITJIEKCH JIIF0YMX 3HaY€Hb CTPYMIB BIIOBIAHO MPSAMOI 1 3BOPOTHOI OCII1JOBHOCTEH.
Amnani3 piBHAHb (5)—(7) mokasye, 10 AJIs1 3HAXOKEHHS KOMIUIEKCY JIF0Y0T0 3HAYEHHS CTPyMY
y (a3i A xoma motpiOHO BUKOHATH 47 PO3PaXyHKOBUX i, BKJIIFOUHO 3 TIEPEBEICHHSIM KOMIUIEKCHUX
YHcell 13 M0Ka30Boi popMHu B anreOpaiuHy 1 HaBMaKH.
JI1s 4oTUpUNIPOBIAHOTO TPU(DA3HOTO KOJIA PO3PAXYHOK 3/11HCHIOETHCS TaK:

. E, 4™ E .+ E .U
U=— 3B < Il:Z_l; (8)
A
. E, 4™ E +e" - E . U
U,=—4 3 S L==% )
A
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. E,+E,+E. U
U=—ATZ875c, j-_ o0 . (10)
3 Z,+3-Z,
=1 +0L+1; I,=e™ I+ -I,+1; I.=e" -0 +e™ - I,+1, (11)

ne U, — KOMIUIEKC JIF040r0 3HAYCHHS HATIPYTH HYIBOBOI IIOCIiIOBHOCTI;
I o — KOMIIJIEKC JIIF0Y0T0 3HAUYEHHSI CTPyMY HYJIBOBOI MOCIIIOBHOCTI.

Amnani3 piBastHB (8)—(11) mokasye, 1m0 st 3HAXOPKEHHS! KOMIUIEKCY JIF0YOTO 3HAYEHHS CTPYMY
y ¢asi A xona noTpiOHO BUKOHATH 79 pO3paxyHKOBHX JIili, BKIFOUHO 3 MEPEBEICHHAM KOMIUIEKCHUX
qrced 13 MoKa3oBoi popmu B anreOpaiuyHy i HaBIAKH.

TakuM 4yMHOM, 13 BUKJIQJICHOTO BUIUIMBAE, 1[0 METOIU PO3PAaXyHKIB, sIKi HAa CHOTO/IHI 3aCTOCOBY-
I0Th J10 HECUMETPUYHUX TPU(PA3HUX KiJI, MAIOTh 3HAYHY KIJIBKICTh PO3PAaXyHKOBHX OIEpalliii.

Dopmyniosanms memu cmammi (nOcmanoeka 3a60ants). Y CTaTTi IOCTABIEHO 3a METY OOIPYHTY-
BaHHS MOXJIMBOCTI 3aCTOCYBAaHHS METOY KOHTYPHHUX CTPYMIB JUIsl BU3HAUEHHSI CHJI CTPYMIB Y (pazax
Tpu(a3HOTO KOJNa 32 HECUMETPUYHUX PEKUMIB POOOTH. J{JIs1 1IHOTO MOTPIOHO PO3IISTHYTH 3aCTOCY-
BaHHS BKa3aHOTO METOJY /Il TPUIIPOBITHOTO Ta YOTHPOIPOBIAHOTO TPU(PA3HOTO KOJIA B pa3i HECH-
MeTpii HaBaHTaXeHHs1 a00 JpKepena Ta 3pOOMTH HOTO MOPIBHAJIBHHIA aHAI3 i3 METOIOM JIBOX BY3-
JIB 1 METOZOM CUMETPHYHUX CKIIQJOBHUX, 38 PE3yJAbTaTaMHU SIKOTO JIWTH BUCHOBKY PO TOLIIBHICTH
3aCTOCYBaHHSI METOLy KOHTYPHHX CTPYMIiB.

Ocnosna wacmuna. PO3rITHEMO PO3paxyHKOBY CXE€MY TPHUIIPOBIIHOTO TpHU(a3HOTO KOJIa, IO CKIIa/1a-
€THCS 3 JDKEpeTa i HaBaHTaXEHHs, 3’ €/IHAHMX 31PKOI0, Ha SIKOMY ITO3HaYUMO KOHTYPHIi cTpymH (pHc. 1).

i. L, | Z,
Y'Y [ 1
E, i 1, ,
—_ D B
0 p—"N 1o
E. i I, z.
LYY 1

Puc. 1. Po3paxyHkoBa cxema Tpu(azHOro Kojia «3ipka — 3ipka» B HECUMETPUYHOMY PEKUMI

Ha po3paxynkoBiii cxemi (puc. 1) mozHadeHo: jn, I 5, — KOMIUIEKCH JIIOYMX 3HAYCHb KOHTYPHHX
CTPYMIB KoJIa; iHII JITepH po3mU(pPOBAHO BHUILE.
CkrnazieMo piBHSHHS 32 METOJIOM KOHTYPHHX CTPYMIB JUIsl pO3PaXyHKOBOI CXeMH KoJia Ha puc. 1:
(ZA+ZB)'111+ZB'122:EA_EB3 (12)
Zy 1\ +(Zy+Z.) -1, =E.—E,. (13)
Jlia cuctemu piBHsHB (12), (13) 3anumemMo 3arajbHUl BUBHAUHUK:
Z,+Z VA
A= 7F P oN=(Z,+2,)(Z2,+Z.)-Z,. 14
z ZB+ZC(A 5)(Zs+2c)=2; (14)

[Ticna neperBopens (14) orpumaemo:
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A = ZAZB + ZBZC + ZCZA.

Jis cucremu piBHAHB (12), (13) 3anumemMo 4acTKOBUN BU3HAYHUK KOHTYPHOIO CTpyMy 1,

EA - EB Zg
E.—-E, Z,+Z,
[Ticna neperBopens (16) orpumaemo:
A=EZ,+EZ.~E,Z.~E.Z,.

A, = =(E,~E,)(Z,+Z.)~(E.— Ey)- Z,.

Jnst cuctemu piBHAHB (12), (13) 3anumemo yacTKOBUIl BUZHAYHUK KOHTYPHOTO CTpyMy /,,::

Z,+7Z, E,-E,

A, = :
21z, E.-E,

(e E,)(Z,+2,)~(E, - £,)-Z,.

[Ticnsa nepetBopens (18) orpumaemo:
A,=EZ,+E.Z,~E,Z,~E,Z,
[ToninuBmu (17) Ha (15), orpumaemo:
— EAZB +EAZC _EBZC _ECZB
22, +2,72.+2.Z,

11
Honinusmm (19) Ha (15), orpumaemo:

_ ECZA + ECZB _EBZA _EAZB
22,42, Z.+Z.Z,

22

Ha mincrasi puc. 1 3anumniemMo Bupa3u cTpyMiB y ¢a3ax Koja yepe3 KOHTYPHI CTPyMH:

jA :jll; jB :_jll _jzz; jc :jzz-
3 ypaxyBanHsaM (20), (21) nepenuiemo (22) Tax:
I = EAZB T EAZC _EBZC — ECZB .

A 5

L L, +1, L. +1.7,
I' _ ECZA +ECZB _EBZA _EAZB.
c 5

ZZ,+2,7.+2.Z,
I,=—1,-1..

(15)

(16)

(17)

(18)

(19)

(20)

21)

(22)

(23)

24)

(25)

[IpoBenemo umncenpbHE TOPIBHSAHHS PO3PaxyHKy CTpyMmy y ¢asi A koma (puc. 1) 3a J0IMOMOTor0

METOAY JBOX BY3JIIB 13 PO3PAXyHKOM LbOTO K CTPyMY 3a JOIOMOTOI0 METOLY KOHTYPHHUX CTpY-

MiB. JJs bOrO BBaXKATUMEMO, IO IS PO3PaXyHKOBOI cxeMu Ha puc. 1 Bimomo: E, =220-¢/" B;

E,=220-¢/"" B; E.=220-¢ B; Z,=2-¢/" Om; Z,=5-¢/" Om; Z.=10-¢"" Om.

[MincraBnsiemo 111 3Ha4eHHs Yy (3), (4) 1 3A1HCHIOEMO PO3PaxXyHOK CTpyMy Yy ¢a3i A Kosa 3a J0Io-

MOTOIO METOJY JIBOX BY3JIiB:

220-¢’ 2207 220-¢7/%
+ +

7 _ 2. 5-¢"" 10-¢7" .
Uy= 1 1 1 ’

730° + j50° + j70°

2-e 5-e 10-e

C110-e7 +44.677 +22.¢77

- PP .en° qne O
0,5-¢7" +0,2-¢7° +0,1-¢/"

Uy
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95,263 j55-43,332— j7,641+14,141+ j16,853
¥70,433— j0,25+0,129— 0,1532+0,0342 — j0,09397°

66,072 — j45,788  80,3869-¢ /**7
Y7 0,5962— j0A9717  0,7763-¢ %
220-¢" -103,55-¢7%"  220-103,14— /9,21

=103,55-¢*" B;

I, — —
2.¢"? 2.¢"°
. —j A e
i = 116,86 '109,21 _ 117,22 .eo _58.6-¢/ A
2. 2.¢/%

[TincraBnseMo i x 3HaUYeHHA Yy (23) 1 3A1HCHIOEMO PO3paxyHOK CTpyMy y (a3l A koja 3a J10mo-
MOTOI0 METO/Ty KOHTYPHHUX CTPYMIB:
220’ 567" +220e’" -10e”"" —220e"" -10e’7" —220e /2 567
- 2:¢™ 5.0/ 15.¢/% .10-¢" +10-¢7" 2.¢7 ’
_1100-¢” +2200-¢’" —2200-¢* —1100-¢/"
- 10" +50-¢/" +20-¢/"% ’
i 707+ /843+752+ /2067 1414+ j1685+1083— /191

4 1,74+ j9,85—25+ j43,3-3,47+ j19,7
1128+ 74404 4546,2-¢'7°
126,73+ 72,85  77.6-¢M°F

I

A

I

A

=58,6-¢ 7 4.

[opiBHSHHS pe3y/bTaTiB pO3paxyHKiB CTpyMy Yy (asi A, sKi 3aiiicHeH] 32 METOIOM JIBOX BY3JIiB 1 32
METO/IOM KOHTYPHHUX CTPYMiB, BKa3ye Ha iX iIeHTUYHICTh. [Ipu IboMy pe3ysbTar 3a METOJIOM KOHTYP-
HUX CTPYMIB OTPHUMaHUH 13 MEHIIIOIO KUIbKICTIO PO3paxXyHKOBUX OIEpallii MOPiBHIHO 3 PE3yIbTaToM
32 METOJIOM JBOX BY3IIiB.

[IpoBeneMo uucensHe MOPIBHSIHHS PO3paxyHKy cTpyMmy y ¢a3i A koma (puc. 1) 3a 101moMororo
METO/ly CUMETPUYHHX CKJIAJIOBUX 13 PO3PAXYHKOM IIHOTO K CTPYMY 32 JIOTIOMOTOI0 METOLy KOHTYpPHHUX

cTpyMiB. JlJ1s IbOTO BBAXKATUMEMO, 110 JIJIsI PO3paxyHKOBOI CXeMH Ha puc. 1 BioMo: E ,=200-¢’ " B;
E,=250-¢ B; E.=150-¢ /" B; Z,=2,=27.=10-¢/ Om.

[MincTaBnsiemo 111 3HaYeHHs y (5)—(7) 1 3A1MCHIOEMO PO3paxyHOK CTpyMy Y (a3i A Kona 3a A0IMo-
MOTOI0 METO/Iy CHMETPUYHUX CKJIaIOBUX:

200e” +e/ 250677+ - 150e7* 200+250+150

g, 3 =200-¢° B;
U - 200’ +e’* 25007 + ¢/ -150e7*  200e’" +250e’*" +150e"
2 3 3 ;
U, - 200-125+j216,51-75-129.9 _ 86,62 _ 10 o7 o0 .
3 3
. el . . e -
=200 g py =288 g e,
10-¢’® 10- ¢/

I,=20e7 +2,9¢" =10— j17,32+2,51+ j1,45=12,51— /15,87 =20,21e*"* A.

[TincTaBnsiemo 11 3k 3HaueHHS y (23) 1 3A1ICHIOEMO PO3PAaXyHOK CTpyMy y ¢a3i A komna 3a AOIMo-
MOTOI0 METOIY KOHTYPHHUX CTPYMIiB:
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)

~200e’ 110’ +200e”" -10e’® —250e7"*" 10’ ~150e/**" 10’
10-¢’ 10’ +10-e/ -10-¢/* +10-¢’* -10-¢/® ’
i 4000e’® —2500e 7" —1500e™*" 2000+ j3464—1250+ j2165+1500
A_ 300-¢' B 300- ¢ ’
j _2250+,/5629 6062 ¢’
*300-€/ 300-¢™
[TopiBHSHHS pe3ynbTaTiB pO3paxyHKiB CTpyMy y (asi A, siKi 3A1iCHEH1 32 METOI0M CUMETPUYHUX
CKJIaJIOBHX 1 32 METOZOM KOHTYPHUX CTPYMIB, BKa3ye Ha iX 1JeHTU4HICTh. [Ipu niboMy pesyabrar 3a
METO/IOM KOHTYPHHMX CTPYMIB OTPMMAaHUH 13 MEHIIOK KIJIBKICTIO PO3PaXyHKOBHX OIEepawiil mopiB-
HSIHO 3 PE3yJIbTaTOM 32 METOAOM CUMETPUYHHUX CKJIaJI0BHUX.

Po3risiHeMO po3paxyHKOBY CXeMY YOTHPHIIPOBITHOTO TpU(A3HOTO KOJIA, IO CKIAJAETHCS 3 JKe-
perna i HaBaHTaXKeHHs, 3’ €JHAHUX 31PKOI0, Ha SIKOMY ITO3HAYUMO KOHTYpPHI CTpyMH (puc. 2).

I

A

=20,21-¢ % A.

4, i Ay Z,
Y 1
E ; i
it 2N I, H Z,
Y S . 3o
E ‘ I
C I, 2 Z,
— Y YN | ]
iy I 7
<+ I_IN
| I |

Puc. 2. PozpaxyHkoBa cxema Tpu(azHOro Koja «3ipka — 3ipKa 3 HyJIeM» Y HECUMETPUIHOMY PEKHIMI

Ha pospaxyHnkoBiii cxemi (puc. 2) mosnaueHo: /;,, 1,,, I;; — KOMIUIEKCH IiF0UNX 3HAUYCHb KOHTYP-
HUX CTPYMIB KOJIa; 1HIII JIITEpU PO3LIN(POBAHO BUIIIE.
CkJiaieMo piBHSIHHS 32 METOJIOM KOHTYPHHUX CTPYMIB [UIsl PO3PaXxyHKOBOI CXeMH KoJia Ha pHcC. 2:

(Z,+Z,) 1, +Z,- 1, =E,—E,; (26)
Zy 1 +(Zy+Z.) I+ 2o Ly =E, - Ey; (27)
Zo1,+(Z.+2,) 1, =E,. (28)
Jiis cuctemu piBHSHB (26)—(28) 3anuimeMo 3araabHU BUZHAUHUK:
Z,+Z, Z, 0
A=| Z, Z,+Z, Z. | (29)
0 Z. Z.+Z,

[Ticna nepeTBopens (29) oTpumaemo:
AN =725+ ZgZcoy+ZcZyZy+Z,257c. (30)

Jlost cuctemu piBHSHB (26)—(28) 3anuieMo 4YacTKOBUI BU3HAYHHK KOHTYPHOTO CTpyMy 1,
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E,~-E, Z, 0
A, =|E.~E, Z,+Z, Z. | (31)
E Z. Z.+Z,
[Ticna nepetBopens (31) oTpumaemo:
A =EZ,2.+EZ, 7, +EZ.Z,~E,Z.Z,~E.Z,Z,. (32)

Jliig cuctemu piBHSHD (26)—(28) 3anuieMo YacTKOBUI BUSHAYHUK KOHTYPHOTO CTPyMY I 2°
Z,+7Z, E,~E, 0
A, =| Z, E.-E, Z. | (33)
0 E. Z.+Z,
[Ticna nmepeTBopens (33) oTpuMaeMo:
Ay = ECZAZN + ECZBZN o EBZAZC - EBZAZN a EAZBZC o EAZBZN' (34)
Jnis cuctemu piBHAHB (26)—(28) 3anuiieMo YacTKOBUI BUSHAYHUK KOHTYPHOTO CTPYMY I 3
z,+z, Z, E,-E,
Ay=| Z, Z,+Z. E.-E,| (35)
0 Z,. E,.
[Ticna neperBopens (35) oTpumaemMo:
Ay=EZ,72.+E,Z 7. +E.Z,Z, (36)
[oninuemm (32) Ha (30), orpuMaemo:

EZ,2.+EZ,7,+EZ.Z,~E,Z.Z,~E.Z,Z,

" 2,22 +Z, 2.2+ 22 Zy+ZL, 2,7, G7)
[Moninusmm (34) na (30), oTpuMaemo:
&:Q@4+Q44—@@4—@@4—@44—@44. -
VAVAYANE VAV ANE VAV AV ANE AV AV
[Tominmusmm (36) Ha (30), oTpumaemo:
EZ,Z.+EZ2,Z.+E.ZZ,
BT L L ALyl L+ ZoZ Ly + 2 Lyl %)
Ha mizcraBi puc. 2 3anumiemMo BUpa3u CTPyMiB y (azax Koyia yepe3 KOHTYPHI1 CTPYMU:
L=l Iy=—ly~1y; lo=l,+1y Iy=1; - (40)
3 ypaxyBanHsM (37) — (39) Ta nepetBopeHs nepenuiiemo (40) Tak:
I'A — EAZBZC+((EA _EB)ZC+(EA _EC)ZB)ZN; (41)
2,222, Zy+ZyZo+Z.Z,)Z,
j Bl (EymENZ+ (B, E)Z)Z @)
Z, 2,7, +(ZAZB +Z,7Z, +ZCZA)ZN
I = ECZAZB + ((Ec _EA)ZB + (Ec _EB)ZA)ZN : (43)

¢ Z,Z,2.+(Z,Zy+ 2,2+ 2. 2,)Z,
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[opiBHSIHHS pO3paxyHKy CHJIM CTpyMy y ¢a3i A 4OTHPHIIPOBITHOTO KOJIa 33 METOIOM KOHTYp-
HUX CTPYMIB 3 aHAJIOTIYHUMHU PO3PaXyHKaMH 32 METOJAMH JBOX BY3JIB i CHMETPUYHHX CKIIAJOBUX
3I1HICHEHO TaK caMo, 5K 1 y BUIIAJIKy TPUIIPOBIIHOTO Koja. Pesymnbrar mokasas ix imeHTHuHIcTh. [1pn
[IbOMY METOJ KOHTYPHHUX CTPYMIB JIaB 3MOTY OTPUMATH PE3yJIbTaT i3 MEHIIOK KUTBKICTIO PO3paxyH-
KOBHX ONepaliil MOpiBHSHO 3 IHITMMU METOJAMH.

Bucnoexu. Takum unHOM, Yy po0O0Ti Ha 0231 METOy KOHTYPHHUX CTPYMIB OTpUMaHi PiBHSIHHS KOMII-
JIeKCiB CTpyMiB y (hazax TpuazHOro Kojia. BOHM Mal0Th MOXKIUBICTh BU3HAYATH CTPYMH Y TpHpas-
HUX TPUNPOBIAHUX 1 YOTHPHUIIPOBITHUX KOJIAX, SIKi MPAIIOIOTh Y HECUMETPHYHHUX pexkumax. OTpu-
MaHi piBHAHHS MAalOTh MEHIIY KUIBKICTh PO3PaxXyHKOBHX Jii MOPIBHSHO 3 METOIAMH JIBOX BY3IIiB
1 CHMETpUYHHX CKJIAJIOBHX, aje HE Jal0Th MOXIJIHMBOCTI y MPOIECI PO3paxyHKy OTPHMYBAaTH 3HA-
YEeHHs KOMIUIEKCY HampyTrH 3CyBy HedTpami. [lomanbmii mocmipkeHHsT MaroTh OyTH CIIpSIMOBaHi Ha
3’siCyBaHHS JIOIIUTBHOCTI 3aCTOCYBAHHS 1HIIIMX METOJIIB PO3PAXYHKY PO3Tally>KEHUX KiJI 0 aHATi3y
HECUMETPUYHUX TpU(DA3HUX KiJl.

)

_ EZ72.+EZZ.+E.ZZ,
2,2,Z.+(Z,Zy+Z, 2 +2Z.2,)Z, '

(44)

N
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ANALYSIS OF ASYMMETRICAL THREE-PHASE CIRCUITS
USING THE CONTOUR CURRENT METHOD

Summary

The article discusses three-phase electrical circuits operating in asymmetrical modes. It is noted that the causes
of asymmetry in such circuits in practice may be the uneven distribution of single-phase loads between the phases
of a three-phase system, the connection of powerful single-phase consumers, the influence of photovoltaic modules
and charging stations, damage to electrical equipment, etc. The occurrence of asymmetry causes disruption to the
normal functioning of three-phase loads, in particular a reduction in efficiency, increased electricity consumption
and additional heating.

An analysis of publications on this topic has revealed that, at present, the calculation of currents in asymmetrical
three-phase circuits is based on the two-node method or the symmetrical component method. The first method is
mainly used in the analysis of three-phase circuits in cases of load or power line asymmetry. Its essence lies in
determining the neutral displacement voltage and then the current forces in the circuit phases. The second method is
mainly used in the analysis of three-phase circuits in the case of source asymmetry. Its essence lies in determining
the symmetrical components of voltages and currents, and then the current forces in the circuit phases. One of the
disadvantages of these methods is that their use involves a significant amount of calculations. Therefore, the aim of
this article was to justify the possibility of using the contour current method to determine the current forces in the
phases of a three-phase circuit under asymmetrical operating conditions.

To achieve this goal, the application of this method was considered for three-wire and four-wire three-phase
circuits in the case of load or source asymmetry. Based on the results, a comparative analysis was made with the
two-node method and the symmetrical component method. In the course of the study, the calculation diagrams of the
circuits with marked contour currents and the compiled systems of equations using the contour current method were
presented. The solutions to these systems of equations were expressions of the complexes of the effective values of
the circuit currents. A numerical comparison of the obtained equations with the current equations using the two-node
and symmetrical component methods was performed. As a result, it was established that the obtained equations have
fewer calculation steps, but do not allow obtaining the value of the neutral displacement voltage complex during
the calculation process. Further research should be aimed at clarifying the feasibility of using other methods of
calculating branched circuits for the analysis of asymmetrical three-phase circuits.

Keywords: theoretical foundations of electrical engineering, asymmetrical three-phase circuit, neutral shift
voltage, symmetrical components, contour currents.
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