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3ACTOCYBAHHS HEUPOMEPEXKI 111 BUSHAYEHHS TAITY EJJEMEHTIB
CUMETPO-KOMIIEHCYBAJIBHOI'O IPUCTPOIO HECUMETPUYHOI
CUCTEMM 3 HYJIBOBUM ITPOBOJJOM

V cTaTTi DOCIHIUKY€EThCS MOXIIUBICTS BUKOPUCTAHHS HEHPOHHUX MEPEX y raly3i MiJBUILCHHS CHEPreTHYHNX TOKa3HUKIB YOTHPUIIPOBIIHOT CHCTEMH
@IICKTPOIIOCTaYaHHs 3 HEPIBHOMIPHIM HaBaHTAXXEHHAM Y (a3ax. HepiBHOMIpHE HaBaHTakeHHA y (a3zax CIPUUMHIE HECHUMETPIIO CTPyMiB y Mepexi i
CIIPHSIE 3pPOCTAHHIO CTPYMY B HyJIbOBOMY IIPOBO/II, 110 BKpaii HEraTHBHO BIUIMBAE, SIK Ha CaMy MEPEXY, TaK i Ha 11 CriokuBadviB. JJ1s yCyHEHHS HeCUMETpil
1 3HIKCHHSI CTPYMY B HYJIbOBOMY MPOBOJI MOXKHA MiAKITIOYHTH CHMETPO-KOMIICHCYBaIbHUN mpucTpiil. Takuil npucTpiii npencrasisie coboro Habip
PEaKTHBHUX CIEMEHTIB, MApaMETPH KX BU3HAYAIOTHCS IUIIXOM MOIIYKOBOI onTuUMi3arii. JIyist BUSHAYCHHS THIy HEOOXiJHOTO €IEMEHTY BUKOHYETHCS
HepepaxyHoK BU3Ha4YCHHX rapamerpiB. ToOTO BUpiLICHHS TaKol 3a1a4i CKJIAAAETHCS 3 ABOX CKIIAJOBUX ITi13aBaHb — CTPYKTYPHOI'O Ta apaMETPUIHOTO
cuHTe3y. Takuil miaxin HaJjae BUCOKY TOUHICTh PO3PAXyHKIB, alle Mae CYTTEBHIT HEJIOMIK — OOUNCIICHHS NPECTABIAIOTHCSA IPOMI3AKUMH 1 3aTPaTHUMH.
3au1s CIPOLLCHHS BUPILICHHS 3a/1a4i CHHTE3y Ma€ CEHC BU3HAYMUTH THII SJIEMCHTIB 33 JOTOMOTO0 HeHPOHHHX MEPEX, 110 JO3BOJIUTH 3HAYHO CKOPOTUTH
9ac Ta PECypPCH, [0 BUTPAYAIOTHCS HA PO3PAXYHOK BEIMUYMH [IAPAMETPIB CHMETPO-KOMIICHCYBAJIBHOTO IPHCTPOIO. IIpeMeToM HOCIIKEHHS CTaTTi €
BUBYCHHS MOJKJIMBOCTI BUKOPHUCTAHHS HEHPOMEPEX 3 METOO MIPOTHO3YBaHHS THITIB PEAKTUBHHUX CIEMEHTIB CHMETPO-KOMIIEHCYBAJIBHOTO HPHUCTPOIO. Y
XOIl JOCHiKeHHS Oylo BH3HA4YEHO MapaMeTpH i THUI HEHPOHHOI Mepexi, IO 3a0e3ledyloTh HAHTOYHINIe NMPOTHO3YBAaHHS TOIOJIOTIl CTPYKTypH
CHMETPO-KOMIICHCYBAILHOTO NIPUCTPOI0. BXimHi mapamerpu HelipoMepexi (opMyBaucs 3 HAOOPiB, IO CKIANAIOTHCS 3 BOCBMH IapaMeTpiB — OIopiB
Ta IHIYKTUBHOCTET JIiHiil mepenad i HyapoBoro Apoty. MaTpuus wineid GpopmyBanacs 3 MHOXKUHU HaOOPIB JAHHX, [0 CKIIAJAI0THCS 3 LIECTH eJIEMEHTIB,
0 MICTATH iH(OPMAIIiI0 IPO TUIH EIEMEHTIB, 0 HiaKmo4aoTscs (0 — KoHaeHcaTop, | — IHIYKTUBHICT) Mk (a3zaMu Ta MK (azaMH Ta HyJIbOBHM
IpoOBOAOM. Y XOJi JOCIiKEHHS Oy/nn OTPUMAaHI pe3yIbTaTH KBa3ipillICHHS, 3HAUYCHHS SIKUX BHSBHIINCS CIIBPO3MIPHUMH 3 TOYHHMH PO3PaxyHKaMH
BU3HAYCHHS CTPYKTYPU CUMETPO-KOMIICHCYBAJILHOTO MPUCTPOIO CUCTEMH €IEKTPONOCTa4aHHs 3 HYJJbOBHM IPoBOAOM. Lle CBiIYHUTH MPO BUCOKY SKICTh
pobotH po3pobieHoi HelpoMepeki. 3acTocyBaHHS MiHIMAKCHOI cTpaTerii o OTPHMaHHUX pe3yIbTaTiB HaJa€ MOXIIMBICTh 3BECTH OTPHMAaHI 3HAUCHHS

10 0 ta 1, mo6 3abe3neunTy HAsBHICTH OTPHMAHHUX HEHPOMEPEKEIo Pe3yIIbTaTiB.
Kurodosi ciioBa: HeiiponHa Mepexa, baifeciBcbka perynspusaiist, CTpyKTypHHI Ta MapaMeTpUYHMII CHHTE3, MiHIMAaKCHa CTpaTeris, CucTeMa

CJIIEKTPOIIOCTAYaHH 3 HYJIbOBUM ITPOBOIOM.

Beryn. [ligBuiieHHS SKOCTI €NEKTpUYHOI eHeprii
JI03BOJISIE 3HAYHO 36KOHOMUTH PECYPCH, III0 BUTPAYAIOTHCS
Ha €JIEKTPOCHEPTilo, 1 TOMYy € aKTyaJbHUM 3aBJaHHAM. Y
JaHuii 4Yac HaiOUIBII TIOIIMPEHWM THUIIOM CHCTEMH
€JIEKTPOIIOCTaYaHHsI € TpudazHa Mepexa 3 HyJIbOBUM
MPOBOJOM. SIKiCTh €JIEKTPUYHOI €Heprii B Takiii Mepexi
3HAYHO 3HIDKYETHCS TIPH HECHUMETpii CTpyMiB Ta 3a
HasBHOCTI CTpyMy B HYJHLOBOMY IpOBOJi. BupimeHHsIM
Takoi mpobaeMu Moke OyTH IMiIKIIOYEHHS CIEI[iaTbHOTO
CHMETPO-KOMIICHCYBaJILHOTO MPUCTPOr0. Takuii mpucTpiit
npeacTaBisie cob0i0 Habip peaKTHBHHUX €JIEMEHTIB — KOH-
JieHcaTopiB a00 KOTYILIOK IHAYKTHBHOCTEH, SIK1 MiJKIII04a-
I0ThCs MK (pa3aMu Ta MiX (a3aMu 1 HyJIbOBUM IIPOBOZOM
[1,2]. OnHak mpaBUiIbHE BU3HAYEHHS HAJEKHOTO THITY
eJleMeHTa a00 MOXKJIMBOCTI HOTO BUKIFOUCHHS 31 CXeMU
BUMarae BHpILNICHHS KOMIUIEKCHOTO 3aBJaHHS CTPYK-
TYpPHOTO 1 TapaMeTpudHOro cuHTEe3y [l,2]. 3aBmaHHs
BHpIIIYEThCS Yy JeKilbka eramiB. Ha mepmomy etami
T TKITIO9A€ThCS CUMETPO-KOMITEHCYBTBHUN TIPUCTPIH, M0
CKIamaeTbes 3 12 enemeHtiB, ne MK (azamu 1 Mixk
KOXHOIO (ha3010 1 HYJHOBHUM TPOBOJOM ITiAKIIOYAIOTHCS
MapayielbHO IMIKIII0YeH] KOHIEHCATOP 1 KOTYIIKa iHIyK-
THUBHOCTI, 110 LIYHTYIOTh OJWH OJxHOro. Takui mpuiiom
IITyYHOTO 30UIBIIEHHS BIBIYi E€JIEMEHTIB BUKOPHCTO-
BYETBCS ISl MOJANBIIONO BH3HAYEHHS KiHIIEBOTO THITY
€JIEMEHTa, BUXOJMYM 13 3HAaYeHb NapaMeTpiB IHMX

() ®

eJIEMEHTIB IIic/II BUKOHAHHS ONTHUMIi3alii Ta BiAIOBIIHUX
nepepaxyHkiB [2]. Ha HacTymHOMY eTami 3MIiHFOETHCS
TOIIOJIOTISI CXEMH CUMETPO-KOMIICHCYBAIEHOTO TIPUCTPOIO,
sKa CKJIAJa€Tbcsl BKe He 3 12, a 3 IMIECTH YU I STH
eJIEMEHTIB. SIKIIO BU3HAYCHO HAIIUINIKOBHIA EJIEMEHT 1
CUMETPO-KOMITICHCYBAJbHUM TPUCTPIH MICTUTh I1'STh
€JIEeMEHTIB, TO BUKOHYETHCSI TIOBTOPHA OINTHMI3aIlisl mapa-
METpiB CHCTEMH eJIEeKTPONOCTAYaHHs, $Ka 3HAXOAWUTh
KiHIIEB1 3HAYEHHS IMapaMeTPiB BCTAHOBJICHUX PEAKTUBHUX
enemenTiB. CItiJi 3a3HAYUTH, IO PO3B'SA3aHHS 3aj]adi Jac
TOYHE 3HAUCHHS, ajie TIOTpedye BEIMKUX BUTPAT Yacy Ta
pecypciB Ut MPOBECHHS PO3paxXyHKiB Ta ONTUMI3auii npu
BUKOHaHHI MOIIYKOBOT ONTHMI3alii B CHCTEMI €JIEKTPOIIOC-
TavyaHHA i3 12-eJIEMEHTHUM CUMETPYBaJbHUM MPHUCTPOEM.
Kpim Toro, mporec € He aBTOMATHYHMM 1 BHMAarae
BTPYYaHHS JIFOJUHH JUIS 3MIHH TOIOJIOTii CHMETPO-
KOMIICHCYBaJIbHOTO MpPUCTporo. Take 3aBmaHHA MOXKHA
AaBTOMATH3yBaTH IUIAXOM 3aCTOCYBaHHS HEWPOHHHX
MEpex, SKi 3a3/Jalerilp BU3HAYAIOTH HEOOXiIHI THIH
enemeHrtiB [3—11].

MeTo10 CTATTI € TOCITIHKEHHS MOXKIIUBOCTI 3aCTOCY-
BaHHS HEHPOHHUX MEPEX IS BU3HAUCHHS THITIB PEaKTHB-
HUX €JICMCHTIB Y CUMETPO-KOMIICHCYBATBHOMY IMPUCTPOT
Tpuda3HOT CUCTEMH EIIEKTPONIOCTAYaHHS 3 HYJTbOBHM TIPO-
BOJIOM.
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OcnoBua yactuna. Ha puc. 1 300pakeHo Monens
YOTHPHUIPOBITHOT ~ CHUCTEMH  EJICKTPOINIOCTA4YaHHS i3
CHUMETPO-KOMIICHCYBAJIEHUM HPUCTPOEM, L0 CTBOPEHA 3a
qonomororo  makera  SimPowerSystem — mporpamu
MATLAB.

HepiBHomipHe HaBaHTa)XeHHS Yy Pa3ax, 0 3a1a€ThCS
3a JIONOMOTOI0 €JIEMEHTIB zna, znb, znc MpHu BiICYTHOCTI
CHMETPO-KOMITEHCYBAJIbHOTO MPHUCTPOIO CTBOPIOE HECH-
METPUYHUN PEeXUM y (a3zaXx Ta CIOPHYUHSIE 3POCTAHHSA
CTPYMYy B HYJHOBOMY JApoOTi (pHC. 2), IO € BKpai Hera-
THBHHM SIBHINEM SK JJIs caMoi Mepexi, Tak i1 jius i
CIIOXKHBAYIB.

CreuianbHa Imporpama 3aIycKatouy MOJIEIb BUKOHYE
onrtuMizanito merogom Hennmepa — Mina, 3ailicHo04H
MOUIYK 3HA4YeHb NapaMeTpiB PEaKTHBHUX €JIEMEHTIB CH-
METPO-KOMIIEHCYBAJILHOTO MPUCTPOIO, SIKMH 33J0BOJIBHSE
TaKOMy KPHUTEpil0 ONTHMIi3alii, o cTpyMHu y (azax cTa-
IOTh CHMETPUYIHHMH, & CTPYM Y HYJTbOBOMY IIPOBOJII JOPiB-
Hio€ Hyr0. [Ticis 1boro BUKOHYIOTRCS CIIelliaibHi po3pa-
XYHKH, 0 BU3HAYAIOTH TUIN €JIEMEHTIB 1 iX 3HaYCHHS.
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Conti

ous ACTIVE POWERS
powergui
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212.15910798744

REACTIVE POWERS

HactynauM eTamnom € 3aMiHa OITyHTYBaJIbHUX KOHICH-
CaTOPIB 1 KOTYIIOK 1HIYKTHBHOCTEH BiIIOBITHUM €IHHUM
eJIEMEHTOM i3 Bu3HaueHuM TurioM [ 1]. Takuit minxin 3a0e3-
MeYy€e BHCOKY TOYHICTh PO3PaxyHKIB, OTHAK BU3HAYCHHS
3HaYeHb MapameTpiB 12 eneMeHTIB METOIOM ONTHMIi3amil
3aiimae 3abararo gacy i pecypciB (Bix 800 mo 5000 ite-
partiii).

CydJacHi gociimkeHHs y chepi HelipoMepek HalaloTh
HMIMPOKY MOXJIMBICTh BH3HAYUTH HPAKTHYHO OJpazy
BUXigHI mapamerpm cucremu [3—11]. Tomy B Takux
pO3paxyHKaxX € JOIIBHHM pPO3pOOUTH CHEIliabHy HeH-
POHHY Mepexy, sika 0 oapa3y BH3Hayasla TOIOJIOTIIO CH-
METPO-KOMIIEHCYBaJIbHOTO MPUCTPOIO.

VY npoBeIeHOMY JOCTIKEHHI B SKOCTI IHCTPYMEHTY
MAIIMHHOTO HAaBYaHHS NOOYIOBHM HeEHWpoMepexi Oyio
obpano crenianpHuii maker Neural Network Toolbox y
cucremi MATLAB. Ileit 3aci6 mis poboTu 3 Heipomepe-
’KaMU JT03BOJISIE MOJIETIOBATH HEHPOHHI MEpEeXi Ta KOpery-
BaTH iX OCHOBHI IIapaMeTpH, 3aCTOCOBYIOUH MeTo U baiie-
ciBCbKa perynspuzaiis, Mmerona Jleenoepra — Mapksapara
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Ta KOHTPYCHTHHH TpAJi€HT, IO MacmTadyeTbes. s
TpeHyBaHHs Mepexi Oyno momepenHbo mposezneHo 300
SKCIICPUMCHTIB 3 pe3yJIbTaTaMH, sIKi HaJall MOXKJIHBICTh
chopMyBaTH KOPTEXi BXiTHMX Ta BHUXIAHUX JaHUX.
Matpunst BXiJHHX JaHUX TMPEICTAaBIsAE CO00K HaOIp
3HaYeHb PE3UCTOPIB Ta KOTYIIOK iIHAYKTUBHOCTEH y (hazax,
[PH [[bOMY 3HAYCHHS HABAHTAXKECHHS B HYJIbOBOMY ITPOBO/II
3QIMIIANIOCS. HE3MIHHUM. MatpuIls Ifijield IpeacTaBisie
c00010 KOPTEX 13 IIECTH 3HA4YeHb, SIKI MPUAMAIOTh 3HA-
yeHHs 0, SKIIO eJIEMEHT BU3HAYEHHUH SK KOHAeHcaTop, 1 1,
SIKIIO €JIEMEHT TPHUBAIOE 10 IHAYKTHBHOCTI. Ekcmepu-
MEHTAJbHUM MUIIXOM OYJIO0 BCTAHOBJICHO, 1[0 HAHOLIBII
TOYHY BiINIOBIb (pOpMy€e HEHHpOHHA Meperka, CTBOpPEHa 13
3aCTOCYBaHHsM MeTony baiieciBchkoi peryinspusarii, 1o
CKJIQZA€eThes 13 22 1mapis.

VY 1abin. 1 HaBeJCHO HU3KY PEe3yNbTATiB MPOBEACHUX
EKCIICPUMCHTIB, i3 aHOMAaJbHAMH IapaMeTpaMu, sKi He
BXOIWJIM II0 NaHuX, Npu (GopMyBaHHI HeHpoMmepexki. Y
JIpYTif KOJIOHII TaONuIli, HaBelIeH! TOYHI JaHHi, sKi Oyan
OTpHUMaHi B pe3yJbTaTi ONTHMI3allii i mepepaxyHKiB, sSKi
BU3HAYAIIM TUI PEAKTUBHOIO EIIEMEHTY. A TPETs KOJOHKA
MICTUTh JaHHi, OTPUMaHi B pe3yJbTaTi IX BU3HAUYCHHS 3a
JIOTIOMOT'OI0 CTBOPEHOI HeHpoMepexi. SIKIIo mopiBHIOBATH
pe3yabTaTH JBOX KOJIOHOK, MOXHA MOOAYUTH 3aKOHO-
MIPHICTB, 1[0 3HAYCHHS CJICMCHTIB, BU3HAYCHUX HEHpOMe-
peXero, siKi MaloTh OyTH KOHICHCATOPAMH 3HAYHO MCHIII
THUX, II0 MAIOTh OYTH MPEICTABICHUMH iHYKTUBHOCTSIMH.
JloriyanMm y uii cuTyauii € mopjanblle 3acTOCYBaHHS
MiHIMAKCHOI ~ CTpaTerii, ska Ma€ Uil HasIBHOCTI
OKPYTITIOBATH BiAMOBITHAM YHHOM OTPUMaHi 3HAYCHHS JI0
04gm 1.

Bucnosku. ChopmoBana MetoioM batieciBchkoi pe-
Tyaspu3alii HelpoMepexa Hagae MOXKIUBICTh BUSHAYUTH
TOTIOJIOTII0 CUMETPO-KOMIICHCYBAJIBHOIO HPHUCTPOIO, IO
3HAQYHO CKOpOYYE Yac pO3paxyHKIB 1 CHpOLIye 3axady
cunresy. [l 0OpoOKK pe3ysbTaTiB 1iJIbOBOI MaTPHUII Ma€e
CEHC 3aCTOCYBATH MiHIMAKCHY CTPATETiI0 JJIs OKPYTJICHHS
Pe3yIbTATIB, 010 BU3HAYCHHS THITY CIIEMCHTA.
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Tabmuns 1 — Pe3ynbrat gociipkeHHs. poOOTH CTBOPEHOI HelipoMepexi

3HaueHHs, OTPUMaHi B
Bxiani mapamerpu Mepexi XO/1i onTUMi3aLil i Marpuus migei
nepepaxyHKiB

1.2 0.025 1 0.01 2 0.04 0.3 0.003 00000O01 0.0847 0.0491 —0.0529 0.0196 0.2773 0.6523
1.0 0.010 5 0.07 8 0.01 0.3 0.030 01 000O0O0 —-0.0731 0.6278 0.0227 0.1415 0.1817 0.2131
1.0 0.010 4 0.07 5 0.06 0.3 0.003 0000T1°71 —0.0330 0.0621 0.0232 —0.0766 0.9714 0.2931
0.5 0.070 5 0.06 9 0.03 0.3 0.003 110000 0.5832 1.1574 —0.0858 —0.1204 0.1654 —0.0345
0.5 0.060 5 0.0710 0.03 0.3 0.003 01 000O0O0 0.1404 0.8871 —0.0144 0.1105 —0.1202 —0.0515
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APPLICATION OF A NEURONETWORK FOR DETERMINING THE TYPE OF ELEMENTS
OF A SYMMETRICAL COMPENSATION DEVICE OF AN UNSYMMETRICAL
SYSTEM WITH A ZERO WIRE

In article the possibility of using neural networks in the field of increasing the energy performance of a four-wire power supply system with an uneven
load in the phases is being investigated. An uneven load in the phases causes asymmetry of currents in the network and contributes to the increase in the
current in the neutral wire, which has an extremely negative effect on both the supply itself and its consumers. To eliminate asymmetry and reduce the
current in the neutral wire, you can connect a symmetrical compensating device. Such a device is a set of reactive elements, the parameters of which are
determined by search optimization. To determine the type of the required element, the defined parameters are recalculated. That is, the solution of such
a problem consists of two component sub-problems — structural and parametric synthesis. This approach provides a high accuracy of calculations, but
has a significant drawback: the calculations are cumbersome. In order to simplify the solution of the synthesis problem, it makes sense to determine the
type of elements using neural networks, which will significantly reduce the time and resources spent on calculating the values of the parameters of the
symmetrical compensating device. The subject of the article is the study of the possibility of using neural networks to predict the types of reactive
elements of the symmetrical compensating device. During of the study, the parameters and type of neural network were determined, which provide the
most accurate prediction of the topology of the structure of the symmetric-compensating device. The input parameters of the neural network were formed
from sets consisting of eight parameters — resistances and inductances of the transmission lines and the neutral wire. The target matrix was formed from
a set of data sets consisting of six elements containing information on the types of elements connected (0 — capacitor, 1 — inductance) between phases
and between phases and the neutral wire. During research, the results of a quasi-solution were obtained, the values of which turned out to be
commensurate with the accurate calculations for determining the structure of the symmetrical compensating device of the power supply system with a
zero wire. This indicates the high quality of the developed neural network. Applying the minimax strategy to the received results provides an opportunity
to reduce the received values to 0 and 1 to ensure clarity of the results obtained by the neural network.
Keywords: neural network, Bayesian regularization, structural and parametric synthesis, minimax strategy, zero-wire power supply system.
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