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PO3POBKA HEYITKOI'O AJITOPUTMY PEI'YJIIOBAHHSA
KOE®ILIEHTIB HECUMETPII HAIIPYT'U 3A 3BOPOTHOIO
I HYJbOBOIO HOC/TAOBHOCTAMMU

Anomayis. Y 1l poOOTI HAaBEACHO pe3YyJbTAaTH IOCHIKEHHS 3aCTOCYBaHHS
HEUITKUX aJTOPUTMIB KepyBaHHS [yl HOpMaui3auii KoeQilieHTiB HeCUMETpii Halpyru
3a 3BOPOTHOIO 1 HYJBOBOIO IIOCIIJOBHOCTAMU B eJeKkTpoMepexi. Po3pobieno
MO/JICJIFOBAHHS CHCTEMH Yy HEUITKid JIOTili, e MpeAcTaBiIeHO (QyHKIIT nmpuiagas Uit
TepMi BX1IHOI 1 BuXiJHOI 3MiHHMX. llpencraBnene rpadiune peryitoBaHHS MNpPaBUI
BXIIHMX 3MIHHHUX, JI¢ YITKO BHUJHO TepeMUKaHHA KomyTanii HaBemeHi eBpHCTHYHI
3HAaHHS aHaJII30BaHOi MNPOOJIEMHOI Tramy3i JIOTIYHOTO BHCHOBKY JUIsl HOpMaiizamii
Koe]ilieHTIB HECUMETpii HaNpyTH 10 3BOPOTHIHN Ta HYJIbOBIN nociinoBHOCTI. [TokazaHo
e(eKTUBHICTb MPEICTABICHUX AITOPUTMIB 3 YpaxyBaHHSIM MOJEIIOBAHHS.

Kniouogi  cnosa: SKicTb €JIEKTpOEHEprii, Koe]illieHT HEeCHUMEeTpil Hampyr,
HEYITKICTh, aJITOPUTM PETYJIIOBaHHS, 3BOPOTHA Ta HYJIbOBA MOCII1JOBHOCTI.

Ilocmanoska npobremu. ONHIEIO 3 aKTyallbHUX MPoOJeM TpudazHUX
eleKTpuuHuX Mepexxk Hampyrowo 0,4 kB € Hecumerpis Hampyrw.
Hecumetpiss Hanmpyru BUpPaKaeThCI B HEPIBHOCTI MK COOOIO MOITYIIIB
BEKTOpPIB (pa3HUX HAIPYT 1 KyTiB 3CYBY MK HUMH. 3 TEOPETHUYHUX OCHOB
CJICKTPOTEXHIKA BIJIOMO, IO HECHMETPUYHY CHCTEMY HAmpyr MOKHA
MPEICTaBUTH SIK TEOMETPUYHY CYMY TPhOX CHUMETPUYHHX CHCTEM HAIPYT:
TaK 3BAHMX CKJIAJIOBUX MPSMOI, 3BOPOTHOI Ta HYJIbOBOI MOCIHIIOBHOCTEHN
[1]. CxiamoBa mpsiMOi MOCTIOBHOCTI € IIYKaHOI, IPHU JI0JJaBaHH1 10 SIKO1
CKJIQJIOBUX 3BOPOTHOI Ta HYJbOBOi  TOCIIJIOBHOCTEH  BHUXOIUTH
HECUMETpPUYHA cHucTeMa Hanpyr. OCHOBHOIO TPHUYMHOI HECHUMETPil
HAIPYTH Y CUIBCHKUX CJIEKTPUYHUX MEpekaxX € MOsBa CKIAI0BOI HYJILOBOI
MOCTIAOBHOCTI, OCKUIBKM HAsBHICTh IIi€1  CKJIa0BOi OOYMOBJICHO
nepediroM CTpyMy B HYJIbOBOMY JIPOTI, SIKHH, CBOEIO YEPIrOl0, BUHUKAE MPHU
HEPIBHOMIpPHOI HaBaHTaXXEHHI (a3 Mepexi — 3BUYAHHOMY SBHIIE Y
CLIBCHKIN MICIIEBOCTI.

© IMaroB A. O., I'purterko C. /1., Tansko C. B., 2024
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HecuMmetpiss Hanpyru € OAHUM 13 IOKa3HHKIB, 32 SIKUM OLIHIOKOTH
SKICTh EJNEeKTPUYHOI eHeprii y TpudasHUX EIeKTPUYHUX Mepexax
narpyrow 0,4 kB BianosigHo go JACTY EN 50160:2014 [2]. 3a numu
HOPMaMH KOE€(ILIEHT HECUMETPIi HAIIPYTH 32 HYJIbOBOIO MOCIIIOBHICTIO HE
NOBHHEH nepeBulnyBatu 4%. HecumeTpist Hampyru mpu3BOAUTH 0 Pi3KOTO
3HWKEHHS €(QEeKTUBHOCTI TpU(a3HUX ACHUHXPOHHUX ABUTYHIB. OCKIUIBKH
ACMHXPOHH1 JIBUTYHU CTAHOBJIATH HAWOUIbIIYy YAaCTUHY HPOMHUCIOBUX
HaBaHTa)XE€Hb, TO HECHUMETPII0 HANpPyru CIi pPETeIbHO BUBYATH Ta
KOHTpoJtoBatH [ 3].

Ananiz ocmanmnix oocniodcenb. OAHUM 13 BapiaHTIB YCYHEHHS
HECUMETpii HaIpyT y CUIbCBKUX ENEKTPUYHUX Mepexax Hampyroio 0,4 kB
€ BHUKOPHCTaHHS CIICLiaTbHUX TPUCTPOIB CHUMETpyBaHHA Hampyru [4].
BoHo 103Bosie 3HMKYBAaTH HECHMETPIIO HAmpyr y TpudasHiii Mepexi,
0e3nocepelHbO BIUIMBAIOYM Ha BeNMYMHY (a3zHoi Hanpyru. Ilpuctpiii
CUMETPYBAHHS HAIPYTH BKIIIOYAETHCS B JIIHIIO €JIEKTpOIEepeaadl 1 KOpUrye
BEJIMYMHY Hanmpyrd 1 3cyB (a3 MDK HUMHU [UISIXOM 3J1HCHEHHS
BOJIbTOI00ABKU. 3aBISKH LbOMY TMPHUCTPOI0 € MOXKIUBICTb aKTHBHO
BIUIMBATH HAa HECHMETPII0 HANPYIW MpomopuiiHo ii BennuuHi. Ha BX0oau
Al, Bl1, C1 nogaetscs da3na Hanpyra, a 3 BuxofiB A2, B2, C2 3HiMaeThCA
cUMeTpuyYHa Tpu(a3Ha CUCTEMa Harpyr. TeopeTHyHO MPUCTPIN 3AaTHUM
ycyBaTu HecuMmerpito Hampyru g0 100% 1 Moxke e(deKTHBHO
3aCTOCOBYBATUCS SIK I 1HAWMBIAYyaJbHOTO, TakK 1 JUisi TPYHOBOTO
MOJIMIIIEHHS  SKOCTI  €JEKTPOEHeprii 3a BEIWYMHOI  HECUMETPIi,
MiIBUNYIOYM  TaKAM  YWHOM  PIBEHb  CHEPro30epekeHHS  Ta
peCypCco30epeKEeHHSI B CLUIBCHKUX CIICKTPUIHUX MEPEKax B IIIIOMY.

Takox omHMM 13 CMOCOOIB 3HWKEHHS HECUMETpPil Hampyr €
BUPIBHIOBAHHS HaBaHTaXEHb Mo (azax [5]. TeXHIYHUM PILICHHSIM I[LOTO
CHoco0y € 3ampoOBaJKEHHS JOJATKOBOTO MIXK(a3HOro 3MIHHOTO onopy. Y
po0OTI [6] BUSIBIICH] 3aJIEKHOCT1 JO3BOJISIOTH BUBHAUUTHCS 3 HAMPSIMOM Ta
MOPSIZIKOM 3MiHU 3HaueHb omnopiB. [Ipu boMy cTae BiTOMUM, K 3MIHSATHCS
3HAYCHHsI JTIHIMHUX HAMPYT, 110 JO3BOJUTH 3HAWNTH MPaBUIHHUN HATPSIMOK
JUIsT  3MEHILIEHHS KoeQillleHTa HEeCHUMETpii Hampyr MO 3BOPOTHIN
MOCTIAOBHOCTI. Bapiroroun JaHUMHU 3aJIEKHOCTSIMHU, MOXHA TMiai0paTu
KIHIIEBl 3HAYEHHS MDK(pa3HUX OIMOPIB, MPHU SKUX 3HAUYCHHS KoedirieHTa
HECUMETpIl Hampyr MO 3BOPOTHIN MOCTIJOBHOCTI CTaHE B MeEXax, IO
Hopmytotbest JICTY EN 50160:2014. YV poGotax [7] AOCTHIIKYIOTHCS
3aJIeKHOCTI  KOe(DIIiEHTIB HECHMMETpii Hampyr 1O 3BOpPOTHIH [§]
MOCJIITOBHOCTI JUIsl BUCOKOI T4 HU3bKOI HAPYTH Bl MMOTY>KHOCTI CUJIOBOTO
Tpancopmaropa. Y XoAl EKCHEPUMEHTy MNpH 3MEHIICHHI MOTY>KHOCTI
TpaHchopMaTopa Ha HU3BKIM Hampy3i KOe(]illeHT HECHUMETPii Hampyr Mo
3BOPOTHIN MOCHIAOBHOCTI 30LJIBIIYETHCS, @ HAa BUCOKIH — 3MEHILYETHCS.
[TpydyoMy paHi 3aJ€XKHOCTI CIOCTEPIratOThCA MPU PIZHUX MOTY>KHOCTSIX
JDKepesa Halpyrd, Pi3HUL JHUIIE B TOMY, IO IPU BHIMIN MOTY>KHOCTI
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JUKEepena 3aJIeKHOCTI SK JJIg BUCOKOI, Tak 1 I HU3bKOI Hampyru
MOYMHAIOTHCS 3 MEHIIMX 3HA4YeHb KOe(illleHTa HECUMETpPli Hampyr Mo
3BOPOTHIM MOCI1TOBHOCTI.

30uTblIeHHsT  Koe(Ili€eHTa  HECUMETpli  Hampyrd  3BOPOTHOI
MOCJIIJTOBHOCTI B MEpEXi HU3bKOI HANPyTd HpPU 3HMKEHHI MOTYXHOCTI
TpaHcopmaropa MOXKHA TMOSCHUTH THM, IO TMOTYXKHICTh HaBaHTaKCHHS
3pocTae MO0 MOTYXKHOCTI TpaHchopMaropa 1 3amac MO MOTYXKHOCTI
TpaHchopMaTropa 3MEHIIYEThCS. 3MEHIICHHS Koe(illieHTa HeCUMETpii
HaIpyTH 3BOPOTHOI MOCIIIIOBHOCTI B Mepexi HanpyTru 10 kB npu 3HMXKeHH1
MOTYXHOCTI TpaHcpopMaropa MOKHA MOSCHUTH THM, IO MOTY>KHICTb
JoKepenia Hampyru IIOJ0 TMOTYKHOCTI TpaHchopMaropa 30UTIIYEThCS 1,
BIJIMMOBIAHO, 301IBITYETHCS 3aImac 1Mo MOTYKHOCTI JHKEpelIa )KUBJICHHS.

[Ile omHMM TEXHIYHUM pINIEHHSAM BUPIBHIOBAaHHS HaBaHTaXEHb 3a
¢dazaMu € BBEJIEHHSI CUMETPYIOUOTO MPUCTPOIO TPAaHCHOPMATOPHOTO THUILY.
PeanizyeThcs 3a 10MOMOror0 3MiHM BEIMYMHHU €MHOCTI KOHJIEHCAaTopa ado
IHAYKTUBHOCTI KOTyIKHU. [IpoBeaeH1 MOCHiIKeHHs, ONKcaHl y cTarTi [7],
NOKa3aJid, W0I0 TAaKUH CUMETPYIOUMI NPUCTPId JO3BOJSE 3HU3UTH
HECUMETPII0 HAmpyrd J0 THUX 3HaueHb, siki HopmyroThes JCTY EN
50160:2014. BinnosinHo, HaBeJIeH1 crocobu pEryItOBaHHS
3aCTOCOBYIOTBCA TICHS TOTO, K Ha TMIACTaBl BHUMIPIB MPOBEICHO
ONTUMAJIbHY TIEpEKOMYTallito criokuBavin [9-11].

Dopmynrosanns memu cmammi. MeTOIO TOCTIIKEHHSI € IT1IBUIICHHS
SAKOCT1 EJIEKTPOEHEPTii HUISIXOM PEryJioBaHHS KOE(IIiEHTIB HECHUMETPii
HaNpPYyTH 332 3BOPOTHOIO Ta HYJIHOBOIO MOCI1OBHICTIO.

Ocnosna yacmuna. 3rigao 3 JICTY EN 50160:2014 [2] Bigomo, 1110
3HauYeHHs Koe(imieHTa HeCMMEeTpii Hampyr MO 3BOPOTHIA TOCIITOBHOCTI
JIOPIBHIOE:

U
K,y :Ui”-loo,

HM
ne Upy — HoMiHanbHEe 3HaYeHHs MiK(da3Hoi Hanpyru. B Ykpaini qopiBHIo€
Uny = 380B st wotupunposigHoi JIEIT;
U2z(1) — 3HaUeHHs HANpyTru 3BOPOTHOI MOCHIOBHOCTI OCHOBHOI YaCTOTH
TprGa3HOi CUCTEMHU HAIPYT, 11O €.
YuHHE 3HaYeHHS HAMPYTW 3BOPOTHOI MOCTIAOBHOCTI 3HAXOJIUTHCS 32
bopmyiioro:
U2(1) = 0’62'(UMmax _UMmin)l
e U mex = maX(UAB;UAC;UBC);
U =min(U ,5;U ,c;Ugc).
AHAaJOTIYHUM METOJIOM € 3HAYEHHS KOoe(illeHTa HECUMETPIi HAaPyru
3a HYJIbOBOIO MOCTIJOBHICTIO:

M min

U
Koy = —2.100,

HD
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ne Uno — HOMIHANBbHE 3HaueHHA (a3Hoi Hampyru. B Ykpaini mopiBHioe
Uny = 200B 1u1s1 4OTUpHUIPOBIIHOT MEPEKI;

Uo1) — 3HaUY€HHS HaNpyru HYJIbOBOI MOCIIOBHOCTI OCHOBHOI YaCTOTH
TpU(a3HOi CUCTEMHU HAIPYT.

YuHHE 3HAaY€HHS HANPYTr'W 3BOPOTHOI MOCTIAOBHOCTI 3HAXOJIUTHCA 32
BHPA30M:

U0(1) = 0762'(Ucbmax _U<Dmin )7
ne U, =max(U,;U;U.);
U =min(U ,;U ,;;U.).

Jliig perymoBaHHs KOe(iLI€EHTIB HECUMETPIl HAIPYTH 1O 3BOPOTHIN Ta
HYJILOBIM MOCIIIIOBHOCTI MOXHA CKOPUCTATUCS aITOPUTMOM KEpPyBaHHS Ha
OCHOB1 HEYITKOi JIoriku. Ilpu 1bOMy maiii MOJENIOBAaHHSA CHUCTEMH
pauioHanbHO 3actocyBatu Fuzzy Logic Toolbox, 1m0 BXOAUTh A0 MaKeTy
MATLAB. KoedimieHTr HecuMeTpii Hanpyru Mo 3BOPOTHINA Ta HYJIbOBIH
nociigoBHocTi "K2U" 1 "KOU" mopmatoThcsi B HewiTKid (opmi, K 11e
3anpornoHoBaHo B [11-13], a BUXIZHUM MapamMeTpOM € HEUITKa 3MiHHA:
"yBIMKHEHHs mpujany KomyTtamii'. SIKk TepM-MHOXHHH IS HEYITKHUX

3MIHHHUX "KOe(DIIli€EHT HECHMETPii HAIpyrd IO 3BOPOTHIN IOCIIIOBHOCTI"
BUKopucTOBY€eThCs Oe3miu Tk={"K2Un", "K2Uh"} (puc. 1).

@ min

K2Un K2Uh

1==)

1 | 1 1 1
q 3 - 4

input variable "K2U"

Puc. 1. ®ynkuii npunaans 1js TepMiB BXiaHoi 3minHo1 "K2U"

Tak camMo SIK TepM-MHOXHHH JJii HEUITKUX 3MIHHUX: "Koe]iIlieHT
HECUMETpIl HaNpyrd 3a HYJbOBOIO MOCHIIOBHICTIO" BUKOPUCTOBYETHCS
MuoxuHa Tk={"KO0Un", "KOUh"} (puc. 2).

Crmin 3a3HauuTH, MO (QYHKIIT TPUHAIECKHOCTI TEPMIB-MHOKUHU Tk
oOpaHi BIAMOBIJTHO O HOPM CTaHJapTIB [2] 1 BUTJISJAIOTH TaK:

HK 40 = maX{O, min{l, %}}1 Koy = max{O, min{l, —5; k}},
HK 300 = maX{O, min{l, %}}, Koy = max{O, min{l, k=2 ; 2}}
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KOUn KOUR

1 | |
1 2 3 4 5 :

input variable "KOU"

-
(=

Puc. 2. ®ynkuii npunaans 11 TepMiB BXigHoi 3minHoT "KOU"

[Ipu 11bOMyY KOKEH 13 TEPMIB MEPIINX TBOX 3MIHHHUX OI[IHIOIOTHCS 3a
mKkano koedimienra HecumeTpii Big 0% no 5%. Jlns HediTKoi BHXIiIHOI
3miHHOi ~ "IlepekitoueHHss  KoMyTalli"  BHUKOPUCTOBYETbCS  0Oe3mid
To={"TlepexmtouenHss komyTtamii"} (puc. 3) 1 OIIHIOETHCA 3a NIKAJIOIO
Bix 1 go 2.

R O P T LS

T T T T T T T T T
HQPQKHIOHE‘HHBKUMMHTE] UAn

I 1 1 1 I I I I I
0.2 | 1.2 1.4 1.6 1.E 2
avtriit variahle "Tenamiodaea Kosnmani™

Puc. 3. ®ynkuis npuiaais 1js TEPMiB BUX1THOT
3miHHOI "[lepexmtouenHs komyTaii'"

B enekTtpomepexi MOXKHa TIEBHOKO MIPOIO 3MIHHMTH JIMIIE I JBa
nokasHuku skocti [14-16]. Ilepembauvaernhcsi, 1m0 TpaHchOpMaTOpHA
MiJCTaHIls yKoMIUlekToBaHa mpuctpoeM PIIH 1 MOXIuBICTH 3MIHUTH
KOMYTAaIlil0 CroxuBava j0 (a3, TOOTO. 3MIHUTH HaBaHTaXeHHS y ¢azax y

aBTOMAaTUYHOMY pekuMi abo BpyuHy [17].
EBpUCTMYHI 3HAHHS aHAJII30BAHOI MPOOJIEMHOI Trangy3l JIOTTYHOTO

BUCHOBKY JUIi HOpMali3amii KOe(ILI€HTIB HECUMETpli Hampyrd Io
3BOPOTHIH Ta HyJIbOBIM MOCIIJOBHOCTI HABEACH1 Y ITpaBUiax HUKYE:
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1) if (K2Un or KOUn) then "llepexmtodennst komyTaiii';

2) if (K2Uh or KOUh) then "TlepekirodeHHs KOMyTaIii".

[Ticnst 3aBmaHHs MpaBUI HEYITKOTO BUCHOBKY OTPUMYEMO PE3yJbTaT
JUIs KOHKPETHUX 3HAYEHb BX1AHUX 3MiHHUX. [liciig 3MiHU 3HAYEHBb BX1THUX
3MIHHUX PO3TJISIAAIOTHCSA PE3yJIbTaTH BUKOHAHUX 3MiH (puc. 4). OCKIIbKH
IpoLIEC HEYITKOrOo MOJIEIIOBAHHS Iependavyae aHalli3 pe3yJbTaTiB
HEYITKOTO BUCHOBKY IPHU PI3HUX 3HAYEHHSAX BXIJHUX 3MIHHUX 3 METOIO
BCTAHOBJICHHSI aJICKBAaTHOCTI PO3pOOJICHOI HEYITKOI MOJelNi, ToMy Oy
po3risHyTl iHII Bumanku. Ha mpaBwmi 1 mpexacramieHl 3ampoBaKeHi
3Hauenns "K2U" na 1,19 % (K2Un) ToOTO 3HM)KEHHS, 1 HaBITh 3HAYCHHS
"KOU" na 3,6 % (KOUh) T0OTO. miABHUINEHHS, TO IIHOMY BHITAJIKY
po3po0jieHa CHUCTEMa HEYITKOTO BHCHOBKY PEKOMEHIY€E 3HIHCHUTH
"l[lepemukanas komyrarii". Tak camo, Ha mpaBwI 2 BUIHO, IO KOJH
3HaueHHa K2U mae Huzbkuil koediuieHt, a KOU mae BUCOKMIT Koe]ilieHT
HECUMETPIi, TO IEPEMUKAHHS KOMYTallli He 000B'sI3KOBO.

K2U = 1.19 KoU = 3.6

-
.
e -~
-
~

Me pexnovyesnaKomyTaui = 1.23

0

ha

Puc. 4. [lepexmtoueHHs KoMyTaltii

ToO6To mpu 3MiHI Koe(ilieHTa HECUMETpli Hampyrd 3BOPOTHOI alo
HYJIbOBO1 MOCIIOBHOCTI 3/1ACHIOBaTUMEThCS KomyTailist [18]. Hecumerpis
K 110 3BOPOTHIM, TaK 1 O HYJIbOBIM MOCTIIOBHOCTI BUPIILIYETHCSA OJTHAKOBO —
NEPEMUKAHHAM KOMYTallli CIIOXKUBaviB MK (azamu.

I'padiunuii iHTepdeiic meperssamay MOBEpXHI HEYITKOrO BUBEICHHS
(puc. 5). Sxuit mokasye, MO IpH 3MiHI KOoedillieHTa HECUMITPIl HAPYTH IO
3BOPOTHIM 1 HYJIbOBIM MOCTIAOBHOCTI Oy/e 3/1iCHIOBAaTUCh KoMyTallis [19,
20]. Hecumertpist 1o 3BOPOTHIM, TaKk caMO 1 MO HYJBOBIM MOCIIJOBHOCTI
BUPIIIYETHCS  OHAKOro, TOOTO, 3a JOMOMOTOK TpaHChHOPMATOPHOI
MiJCTaHIli, sika YKoMIuiekToBaHa npuctpoem PITH, sxuit mae 3mMory 3MiHu
KoMyTalii crnoxkuBada 10 (a3, TOOTO mMEepeMUKaHHSAM KOMYTallii
CTHIOXHUBAYiB MK (pazamu.
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M eperaMKanH A Koy Tasi

Kau

Kod
Puc. 5. I'padiunmii inTepdeiic neperyisiay NOBEpXHI HEUITKOIO BUBEACHHS
st "IlepextoueHHs KoMmyTanii"

BucHnosku. 3acTocyBaHHSl alrOPUTMY YIPABIIHHS Ha OCHOBI HEYITKO1
JIOTIKM J1a€ MOKJIUBICTh PETYJIIOBATH KOE(DIIIEHTH HECUMETPIi HAMPYTH 3a
3BOPOTHOIO Ta HYJIBOBOIO MOCHIOBHICTIO. [la€ MOXIMBICTH OmepyBaTH
HEYITKUMHU BXIITHUMHU JIaHUMH, 1 HaBITh MOJKJIMBICTh MPOBEICHHS SKICHUX
OIIIHOK SK BXIJHUX JIaHWX, 1 BUXIIHUX Pe3yibTaTiB. Y TOH XK€ dYac Jae
MOJKJIMBICTh 3aMOOIraHHS TMOSBI KPUTUYHUX PEXKUMIB IO HECUMETIi.
ArmapaTHa peamizailisi JaHOTO aJITOPUTMY MOXE OyTH BIPOBaJKEHA Y
MpPOrpaMoOBaHy JIOTIYHY IHTETPAIbHY CXeMy, MO OyJe PpO3TISHYTO Yy
HACTYMHHUX poOOTax.
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DEVELOPMENT OF A FUZZY ALGORITHM FOR REGULATING
COEFFICIENTS OF VOLTAGE UNSYMMETRY BY REVERSE
AND ZERO SEQUENCES

Summary

The article is formulated the results of the study of the use of fuzzy control
algorithms for the normalization of voltage asymmetry coefficients for reverse and zero
sequences in the power grid. The problem of three-phase electrical networks with a
voltage of 0.4 kV is presented. It was found that the asymmetry of the voltage is
expressed in the inequality between the modules of the phase voltage vectors and the
shift angles between them. It was found in the problem that voltage asymmetry leads to
a sharp decrease in the efficiency of three-phase asynchronous motors. Asynchronous
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motors, which constitute the largest part of the industrial loads of the system, were
studied. An analysis of the latest research was carried out. The option of eliminating
voltage asymmetry in rural electric networks due to the use of special devices for
symmetrizing the power line is considered. Considered another option to eliminate
voltage asymmetry due to equalization of the load by phases. A technical solution to
this method was found in the introduction of an additional interphase variable
resistance. The last considered technical solution was equalization of the load by phases
with the introduction of a balancing device of the transformer type. The purpose of the
study was formed to improve the quality of electricity by adjusting the voltage
asymmetry coefficients in reverse and zero sequence. Modeling of the system in fuzzy
logic is developed, where the input and output variable terms are presented. The
graphical regulation of the rules of the input variables is presented, where the switching
of the commutation is clearly visible. Heuristic knowledge of the analyzed problem area
of the logical conclusion for the normalization of the voltage asymmetry coefficients in
the reverse and zero sequence is presented. A fuzzy output surface view GUI for
switching switching is demonstrated. The effectiveness of the presented algorithms is
shown, taking into account modeling.

Key words: power quality, voltage asymmetry coefficient, uncertainty, regulation
algorithm, reverse and zero sequence.
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