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Jlo6ona 1O. B. Cuctema kepyBaHHSI CTATUHYHUMHU KOMIIEHCATOPaMHU PEAKTUBHO1
MOTYXXHOCTI B HECUMETPHYHUX HECHHYCOITHHX PEKUMax PO3MOMUIBHUX MEpPEexX. —
KranidikamiitHa HaykoBa mpaiisi Ha IpaBax PyKOMUCY.

JlucepTaliis moAaeThCsl HAa 3100yTTS HAYKOBOI'O CTYMEHS JOoKTopa ¢igocodii 3a
cnemianbHIicTIO 141 — enekTpoeHepreTuka, eIeKTPOTEXHIKA Ta €JIEeKTpOMEXaHiKa. —
BinHunpkuii HalllOHAIBHUYN TEXHIYHUN yHIBepcuTeT, Binauis, 2020.

VYV nucepraniiiHiii poOOTI TOCTaBlieHa ¥ BUpIIEHAa aKTyajlbHa 3ajayda
3MCHIIICHHS ~ TOMWJIOK CHUMETPYBaHHS  CTPYMiB  3BOPOTHOI Ta  HYJbOBOIi
TIOCITITOBHOCTEH 1 KOMIICHCAIlii BUIIUX TAPMOHIK B HECUMETPUYHUX HECHHYCOITHUX
peKMMaXxX PO3MOIUTLHUX CICKTPHUYHUX MEPEIK.

HaykoBa HOBM3HA OTPMMAaHUX Pe3YJbTATIB i MMOJIOKEHB, 110 BUHOCATHCS Ha
3aXUCT, TOJATa€E Yy  BIOCKOHAJIICHHI CHCTEMH KEPYBaHHS  CTaTUYHUMHU
KOMIIEHCATOpPAMU PEAKTUBHOI MOTYKHOCTI B PO3MOAUIBHUX EIEKTPUUYHUX Mepekax
nuIIXoM (OpMyBaHHS MHUTTEBUX CHHYCOIMHUX CTPYMIB 3BOPOTHOI Ta HYJIbOBOT
IIOCJIITOBHOCTEM.

B po6oti oTpuMaHo Taki HAyKOB1 pe3yJIbTaTH:

1. Bnepuie oOrpyHTOBaHO METOJ MPSIMOTO KEPYBaHHS CTPYMOM CTaTHYHOTO
CUHXPOHHOTO KOMIIEHCAaTopa 3 (OpMyBaHHSM HECHHYCOIIHUX CHTHAJIB, IO
JOPIBHIOIOTh PI3HUIII CTPYMIB HaBaHTakKeHHsS ¢a3 Ta iX OCHOBHHUX TapMOHIK, 1
CUHYCOITHUX HECUMETPUYHUX CHTHAJIB, BIAMOBITHO, JJII KOMIICHCAIlll BHIIHUX
TapMOHIK 1 CHMETpPYBaHHS CTPYMIB HaBaHTa)XCHHs, IO JO3BOJSE 3a0€3MEeUnTH
pPO3AUIEHHS  KOHTYpiB  KepyBaHHSA  (UIBTpYBaHHSM  BHINUX TapMOHIK Ta
CUMETPYBAaHHIM HENHIMHIX HECUMETPUYHNX HABAHTAKEHb.

2.  YIOCKOHalleHO  METOJ] KEpyBaHHS CTaTUYHUMH  THUPUCTOPHUMHU
KOMIIGHCATOpaMH 3  BUKOPHCTAaHHSIM  YMOBHUX  TIOTYXXHOCTEH  3BOPOTHOI
MOCJTITOBHOCTI 1 BiIMOBIAHUX CTPYMIB B cHcTeMi d(-KOOpAWHAT, 110 3a0e3neuye

MIJIBUIIIEHHS iX TOYHOCTI Ta MIBUIAKOI11 32 HASIBHOCTI HECUMETPHUYHUX CTIIOKMBAYiB.



3. JicraB momamplmioro pO3BUTKY METOJ KEpPyBaHHA CTaTUYHHMHU
CUHXPOHHUMH KOMIIEHCATOPaMH 3 BUKOPHCTAHHSM MHUTTEBUX CUMETPUYHUX CTPYMIB
3BOPOTHOI Ta HYJIBHOBOI MOCHIZOBHOCTEH, 10 3a0e3redye 3MEHIICHHS JTUHAMIYHHX
MOMMJIOK CHMETPYBAaHHS CTPYMiB HABaHTAKCHHS.

IIpakTuyHe 3HA4YeHHS] OTPUMAHUX pe3yabTaTiB pPoOOOTH TmMONsITaAE: Y
po3po0iii cucteM npsimoro kepyBaHHs ctpymoM CTATKOM pjist mokparieHHs sIKOCT1
CUMETpPYBaHHsS HABaHTAKEHb Ta KOMIIEHCALIl BHMIIMX TAPMOHIK. IX BIIPOBAIKEHHS
CIpUATUME  TOKPAIICHHIO  SKOCTI  €NEKTPOeHeprii, 30KpeMa  3MEHIICHHIO
HECHHYCOITHOCTI Ta HECUMETPii HAPYTH B PO3MOIUIHBHIX MEPEkKax.

Ha ocHoBi ananizy jiTepaTypHUX JKepen MpoaHalIi30BaHO CydyacHI 3aco0u Ta
OPUCTPOI TUHAMIYHOT KOMIEHcAIlli peakKTUBHOI MOTY>KHOCTI Ta MIJBULIEHHS SKOCTI
CJIGKTPUYHOI eHeprii B pO3MOAUIBHUX Mepexax. I[IpencraBieHi mpuHIMIU PoOOTH
CTK Ta CTATKOM Ta iXx mnopiBHsUIbHa XapakTepucTtuka. HemonmikoM MeToniB
KepyBaHHS CTaTUYHUMHU KOMIIEHCATOPAMH, $IKI OCHOBaHI Ha MHUTTEBUX CTpyMax
3BOPOTHOI MOCIITOBHOCTI, € T€, [0 BOHU HE 3a0€3Meuyl0Th BUCOKOI IIBUIKOMII Ta
XapaKTepU3YyIOThCS 3HAYHUM TMEPEPETYNIOBAHHSM TPU HAKUJAX HaBaHTaXEHb.
HenomikoM MeToiiB KepyBaHHS CTaTUYHUMHM KOMIICHCATOpaMH, SKi OCHOBaHI Ha
TEOpii MUTTEBOI MOTYKHOCTI, € T€, 110 BMICT BUIIUX TAPMOHIK ITIiCIII KOMIIEHCAIIIl €
CYTTEBHM.

[IpoananizoBaHO MOXKJIMBOCTI BHMIPIOBaHHS PEAKTHMBHOI TIOTYXXHOCTI B
HECUMETPUYHUX 1 HECHHYCOINHUX PpEXUMaxX EJIEKTPUYHUX MEPEeX 13 3a3eMIICHOIO
HEUTPAJUTI0O 3 BUKOPUCTAHHSAM KJIACMYHOI Ta MHTTEBOI TeOpii MOTYKHOCTEH.
[Tokazano, 1m0 3a HE3HAUYHOI HECHMMETpli MOXXHa BHUKOPUCTOBYBATH OyIb-fKYy 3
noTyxHocTe. HalOinpmm mpocTo peanizyBaTH BHUMIPIOBAHHS 3 BUKOPHCTAHHIM
MUTTEBOT TEOPil MOTYKHOCTEH. 31 30UTBIIIEHHSAM HECUMETPUYHOCTI PEXXHMY MEPEKi
JOIUTEHO 3aCTOCOBYBATH PEAKTHUBHY MOTYKHICTh, 110 OCHOBAaHA HA KIACHYHIA Teopii
MOTYKHOCTEM.

BBeneHo noHATTS epeKTUBHUX aKTUBHOI, PEAKTUBHOI Ta MOBHOI MOTYKHOCTEH

Ha Mepiojll HaMpPyTru >KUBJIEHHSA, & TAKOXK CEPEIHbOKBAAPATUYHHUX BIIXUJICHB
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AKTUBHOI, PEAKTUBHOI Ta IMOBHOI NOTYXXHOCTEH Ha NEpioJl HANmpyrd >KHUBJICHHS.
[lokazaHo, 110 A7 BU3HAUEHHS MOTYXHOCTI IMyJbCallii MOXHa BHUKOPUCTOBYBATU
CepeIHbOKBAIPATUYHI BIIXWJICHHS aKTUBHOI, PEAKTUBHOI Ta MOBHOT MOTYKHOCTEH.

[IpoananizoBaHO YMOBHU CUMETPYBAHHS HaBaHTAKEHb, 110 MPECTABICHI Yepe3
OpPTOTrOHAJIbHI CKJIAJHUKH YMOBHOI TMOTYKHOCTI 3BOPOTHOI MOCHIAOBHOCTL, 1
MOKAa3aHo, L0 iX 3aCTOCYBaHHS B SIKOCTI IHPOPMATUBHUX MapaMeTPiB JJIsl KEpyBaHHS
KOMIIEHCAlIUHUMH ~ CUMETPYBaJbHUMU TMPUCTPOSIMH  3a0e3Medye  MOXKIUBICTb
ICTOTHOT'O 3MEHIICHHS] TOMUJIOK CUMETPYBaHHSI.

Po3po0neHo  CTpyKTypHY CXe€My MPUCTPOIO JIUHAMIYHOI  KOMIIEHCALi
PEaKTUBHOI MOTY>KHOCTI 3 CUMETPYBaHHSIM HaBaHTa)XE€Hb, 1110 MICTUTh OJIUH KOHTYD
perymtoBanHs. [loka3aHo, 10 KepyBaHHS YCTaHOBKAMH JIMHAMIYHOT KOMIIEHCAIii
PEaKTUBHOI TOTYXHOCTI MOXKHA 3J1HCHIOBATH MIISAXOM OO’ €qHAHHS KOHTYpIB
KOMIIEHCallli PEaKTUBHOI TMOTYKHOCTI Ta CHUMETPyBaHHS HaBaHTakeHHs. Yac
3alli3HEHHS MPUCTPOI0 JMHAMIYHOT KOMIIEHCalli pEeakTUBHOI MOTY)XHOCTI He
nepesuirye 0,05...0,08 c.

[IpoaHani3oBaHO TNOMUJIKHM CHUMETPYBAaHHsS IIBHUJKO3MIHHUX HABaHTaXEHb 3
BUKOPUCTAaHHSIM YMOBHHMX IOTYXHOCTEH 3BOPOTHOI mociigoBHocTi. [lokazaHo, mio
3aCTOCYBaHHSI MMTTEBUX YMOBHHMX IOTYKHOCTEH 3BOPOTHOI IOCHIZOBHOCTI
HaBaHTAKEHHS 3a0e3leuye JOMYyCTUME 3HAYEHHsS MOMWJIOK CHMETPYBaHHS, IO
3YMOBJICHI HECUHYCOTTHICTIO.

AnHali3 TOMMJIOK CHUMETPYBaHHS UIBHAKO3MIHHUX HaBAaHTAXEHb 3a YMOB
HECHUHYCOINHOCTI 3 BUKOPHUCTAHHSM METOAY MNpsAMOro (hopMyBaHHS PpPEaKTUBHUX
MOTYXHOCTEH (a3 CHUMETPYBaJbHOTO MPHUCTPOI0 HAa OCHOBI BHMIPSHUX IMOTOYHHUX
3HAYeHb JIIMCHOI Ta YIBHOT CKIAJOBHX KOMIUIEKCHOT YMOBHOT OTYXHOCT1 3BOPOTHOT
MOCIIAOBHOCTI, SIKHM € OJHUM 3 HAlKpaIluX METO/1IB CHMETPYBAaHHS IBUAKO3MIHHUX
HAaBaHTa)XEHb, IIOKa3aB, IO METOJWYHI TIOMUJIKA CHUMETPYBaHHS IOPIBHSHO
HE3Ha4H1, OJHAK IHCTPYMEHTAJIbHI MOMMJIKH CHUMETPYBaHHS MOXYThb OYTH JOCHUTH

ICTOTHUMM.
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Y nockonaneno cucremy dg-kepyBanus ctpymom CTATKOM 3 ¢hopmyBaHHSIM
id2 Ta lig2, 1o 3a0e3nmeuye iCTOTHE 3MEHINEHHA MepeperyioBaHHA Yy pasi

CUMETPYBAaHHSI CHHYCOITHUX CTPYMiB HABaHTaXKCHHS.

OO6rpyntoBaHo meton npsimoro kepyBaHHsi ctpymoM CTATKOM, 3rigHo 3
AKUM 3a ()a3HUMH HECHHYCOITHUMHU CTpyMaMU HaBaHTA)KEHHS BU3HAYAIOTHCS IX
Ait04l 3Ha4eHHs 1 (OPMYIOTHCS CHUHYCOiJHI OJMHHMYHI CUTHAIM 3 MOYaTKOBUMH
(dazamu, siKi JOPIBHIOIOTH MOYATKOBUM (pazaM HECHUHYCOITHMX CTpyMiB. JloOyTOK Hux
BEJTMYUH 3a0e3neuye popMyBaHHSI CUHYCOIHUX CTPYMIB, 110 JOPIBHIOIOTH OCHOBHIN
rapMOHILI HECHHYCOITHUX CTpyMiB (a3 HaBaHTaXeHHA. Pi3HULA CTpyMiB
HaBaHTAXKEHHS 1 CHOPMOBAHUX CHHYCOITHUX CTpyMmiB KomneHcyeTbesi CTATKOM i
3a0e3neuye (UIBTPYBaHHS BUIUX TapMOHIK. (i1 OTpUMaHHS MUTTEBUX CTPYMIB
3BOPOTHOI MOCJIJIOBHOCTI B cuUcTeMax mpsimoro kepyBanHs ctpymom CTATKOM
BUKOPDUCTAaH1 JIHIMHI TEPETBOPEHHS MHTTEBUX CTpyMiB (a3 HaBaHTaKECHHS.
MopentoBaHHsT ~ KOMIIEHCAaTOpa  MIATBEPAWIO  JOCTaTHRO  BHCOKY  TOYHICTb
CUMETpYBaHHs Ta (QUILTPYBaHHS BUIIUX TAPMOHIK.

[Ipu nocnimxenni npornecy kepyBanHi CTATKOM mnokaszaHo, 110 MOMMJIKH
CUMETpYBaHHS Ta (UIBTPYBaHHS BUIIUX TAPMOHIK 3aJIe’KaTh BiJ IIBHJIKOCTI 3MiHU
HAaBaHTAXEHHSA. 3 aHaji3y 3aJeKHOCTEH BHIUIMBAE, IO CTPYM HYJIHOBOI
MOCJTIZIOBHOCTI KOMIICHCYETBCS TOYHO, @ CTPYM 3BOPOTHOI MOCIIAOBHOCTI OCHOBHOI
TFapMOHIKH, a TAKOXX CTPYMH MPSIMOI Ta 3BOPOTHOT IMOCTITOBHOCTEH BUIIUX TAPMOHIK
KOMIICHCYIOTbCS 3 TOMMJIKAMH, K1 3aJ1€KaTh BiJl IIBUIKOCTI 3MIHM HAaBaHTaXCHHS.
[TpranHOI0 MOMIIIOK € 1HEepUiHHICTh (OpMYyBaHHS MOTYKHOCTeH. [ToMumku mMoxkHa
XapakTepu3yBaTH 3aJIMIIKOBUM CTPYMOM 3BOPOTHOI MOCHIIOBHOCTL. Y  pasi
¢ikcyBanHs akTUBHOI Ta peakTuBHOI MOTyKHOCTe CTATKOM momunku BincyTHI,
onHak 1ipu 1poMy CTATKOM mnoBUHEH CHOXUBATU AaKTUBHY Ta PEAKTHUBHY
MOTY>KHOCTI 32 MQJIUX HaBAHTAXXCHb 1 FTEHEPYBATH — 33 BEJIMKUX HABAHTAXKCHb.

[TpoanainizoBaHO TOYHICTH CHMETPYBAHHS HABAHTAXKEHD Ta SIKICTh KOMIIEHCAITi1
Bumux rapmoHik CTATKOM, peanizoBaHOrO Ha OCHOBI P(-TeOpii MHUTTEBOL

MOTYKHOCT1. 3HAaUeHHS KOoe(illieHTa HEJIHIMHUX CIIOTBOPEHb CTPYMIB (pa3 mMepexi



THDj ta piBeHb IyJbcalliid CTPYMIB MEpeXki MOPIBHSIHO BEJIMKI. Y pasi 3aCTOCYBaHHS
CTATKOM 3 kepyBaHHsM B cucteMi 0(-KOOpPIWHAT TOYHICTh CHMETPYBaHHS
HaBaHTa)XEHb Ta AKICTh KOMIIEHCAIl1T BUIIIUX TAPMOHIK JOCTAaTHI.

[IpuBenenuit nopiBHsuibHUM aHani3 cucreM kepyBaHHd CTATKOM mnokasas,
[0 HaWKpalnuMU 3 TOYKHU 30py (GUIBTPYBaHHS BHUIIMX TapMOHIK Ta CHMETPyBaHHS
ctpymiB cuctema kepyBaHHs CTATKOM 3 npssMuM KepyBaHHSIM CTPYMOM B CHCTEMI
dg-koopaunar. [lynbcarii cTpyMiB Mepexi i, BIAMOBIIHO, MyJbCYFOUUX MOTYKHOCTEH
Mepexi B mepexiiHux pexkumax Ha 30% wmeHmi, HDK y pa3l BUKOPUCTAHHS
CTATKOM 3 kepyBaHHsIM B cuctemi 0Q-KOOpIMHAT.

B poGoTi mpoBeneHo MojeNOBaHHS POOOTH MPHUCTPOI0 HA OCHOBI METONY
npsimoro kepyBanHs ctpymoM CTATKOM 3a yMOB iCTOTHOrO piBHA HECHUMETPIi.
Jlanuii MeTO JAa€ MOKJIMBICTh PO3JUIATA CUTHAIM KOMIIEHCAIlll BUIITUX TapPMOHIK 1
CUMETPYBaHHS HABaHTAXXEHb, 10 J03BOJsE OOMEXyBaTh TmTeBHI (YyHKIII B
3QJIEKHOCT] BIiJl TMOTYXHOCTI TpucTporo. Jliroui 3HAYEeHHS 3aJaBaIbHUX CTPYMIB
CTATKOM 1opiBHIOETBCA 3 HOMIHAJIBHUM CTPYMOM IHBEpPTOpa  HAmNpyru
CTATKOM 1 y pa3l mepeBUIICHHS HOMIHAIBHOTO CTPYMY pPO3PaXxOBYIOThCS
KoeilieHTH TepenaBaHHs JJii OOMEXEHHsI (DYHKIIi cCHUMeTpyBaHHS (KOMIIEHCAIlii
peakTUBHOI  MmOTyxkHOCTi). Takmii  migxig  Ao3Boisie  OUThII  e(EKTUBHO
BUKOPHUCTOBYBATH MOTYKHICTH IMIPUCTPOIO B MIKOBUX PEKUMaX.

Opep>kaHi HAYKOB1 Pe3yJIbTaTH a caMe: METOJl MPSIMOr0 KepyBaHHS CTPYMOM
CTaTHYHOTO CHHXPOHHOTO KOMIIeHcaTopa BrpoBamxkeHo B TOB “VYkpaiHchki
TEXHOJIOTIYHI TMPOAYKTH, IO TMIATBEPKEHO aKTOM TMPO BIPOBAHKCHHS Bil
06.02.2020 p. Pesynbrat poboTH TakoX BUKOpUCTOBYIOThCA y BHTY Ha kadenpi
“ENeKTpoTeXHIYHI CUCTEMH EJEKTPOCIOKUBAHHS Ta CHEPTrEeTUYHHI MEHEHKMEHT
Ui marotoBku  (axiBIiB  3a cnemianbHicTIO 141 —  “EnextpoeHeprertuka,
SJICKTPOTEXHIKA Ta EJICKTpOMeXaHika”, MoBijKka mpo BupoBaxeHHs Bix 07.02.2020 p.

KitouoBi cioBa: SKiCTh €JIEKTPOCHEPT1l, HEMHIIHI 1 HECUMETPUYHI CIIOKHUBAYI,

KOMIIEHCAIlisl PEaKTUBOI MOTY>KHOCTI, CHMETPYBaHHSI HaBaHTA)KE€Hb, KOMIICHCAII1s1

BUILIUX TAPMOHIK, PO3MOJUIbYI €JIEKTPUYHI MEPEXK1, YMOBHI MOTYX HOCTI 3BOPOTHOT



Ta HYJIbOBOI TOCIIJOBHOCTEH, MHUTTEBI CTPYMHU 3BOPOTHOI Ta HYJbOBOI

MOCITOBHOCTEM.



ABSTRACT

Loboda Yu. V. Control system of static reactive power compensators in
asymmetric non-sinusoidal modes of distribution networks. - Qualifying scientific
work on the rights of the manuscript.

The thesis is submitted for the degree of Doctor of Philosophy in the specialty
141 - electric power, electrical engineering and electromechanics. - Vinnytsia
National Technical University, Vinnytsia, 2020.

The thesis sets and solves the urgent task of errors reduction in balancing the
currents of return and zero sequences together with the compensation of higher
harmonics in asymmetric non - sinusoidal modes of distributive electric networks.

The scientific novelty of the obtained results and the provisions submitted for
the protection implies for the improvement of the control system of static
compensators of reactive power in electrical distribution networks by forming
instantaneous sinusoidal currents of reverse and zero sequences.

The following scientific results were obtained in the work:

1. For the first time there had been substantiated the method of direct current
control of static synchronous compensator with the formation of non-sinusoidal
signals equal which equal the difference in currents of the of the phases loading and
their main harmonics and sinusoidal asymmetric signals, respectively, for the
compensation of higher harmonics and balancing of load currents, that allows to
ensure the segmentation of controlling filtering contours of the higher harmonics and
balancing the nonlinear asymmetric loads.

2. There had been improved the method for controlling the static thyristor
compensators with the use of conditional powers of the reverse sequence and the
corresponding currents in the dg-coordinate system, which provides for an increase in
their accuracy and responce in the presence of asymmetric consumers.

3. The method of controlling static synchronous compensators with the use of

Instantaneous symmetric currents of the reverse and zero sequences has been further
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developed, which provides for the reduction of dynamic errors in the balancing of
load currents.

The practical significance of the obtained results is: the development of direct
current control systems STATCOM to improve the quality of load balancing and
compensation of higher harmonics. Their implementation will help improve the
quality of electricity, in particular by reducing non-sinusoid and voltage asymmetry
in distribution networks.

On the base of the analysis of reference sources there had been analyzed the
modern means and devices of dynamic compensation of reactive power and
improvement of electric energy quality in distribution networks. The principles of
work of SVC and STATCOM and their comparative characteristic had been
presented. The disadvantage of static compensators control methods, which are based
on instantaneous reverse sequence currents, is that they do not provide for high speed
and are characterized by significant over-regulation during load sketches. The
disadvantage of static compensator control methods, which are based on the theory of
instantaneous power, is that the content of higher harmonics after compensation is
significant.

There had been analyzed the possibilities of reactive power measurement in
asymmetric and non - sinusoidal modes of electric networks with grounded neutral
using classical and instantaneous power theory. It had been shown that any of the
capacities can be used for slight asymmetry. It is easy to make measurements using
Instantaneous power theory. With increasing asymmetry of the network mode, it is
advisable to use reactive power based on the classical theory of power.

The concept of effective active, reactive and full power during the supply
voltage period, as well as standard deviations of active, reactive and full power
during the supply voltage period had been introduced. It is shown that the standard
deviations of active, reactive and full powers can be used to determine the power of

pulsations.
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The conditions of load balancing, presented through orthogonal components of
the conditional power of the reverse sequence, are analyzed, and it is shown that their
use as Informative parameters for control of compensating balancing devices
provides for the possibility of significant reduction of balancing errors.

The block diagram of the device of dynamic compensation of reactive power
with load balancing containing one control circuit is developed. It has been shown
that dynamic reactive power compensation units can be controlled by combining
reactive power compensation circuits and load balancing. The delay time of the
dynamic reactive power compensation device does not exceed 0.05... 0.08 s.

Errors of balancing of fast-changing loads with the use of conditional powers
of the reverse sequence are analyzed. It is shown that the application of instantaneous
conditional powers of the reverse sequence of loading provides for the allowable
value of balancing errors caused by non-sinusoid.

Analysis of balancing errors of fast-changing loads under non-sinusoidal
conditions using the method of direct formation of reactive powers of phases of the
balancing device based on measured current values of real and imaginary components
of complex conditional power of reverse sequence, which is one of the best methods
of balancing fast-changing loads minor, but instrumental balancing errors can be
quite significant.

The dg-current control system STATCOM with the formation of ig2 and ig, has
been improved, which provides for the significant reduction in over-regulation in the
case of balancing sinusoidal load currents.

The method of direct control of STATCOM current is substantiated, according
to which their active values are determined by phase non-sinusoidal load currents and
sinusoidal unit signals with initial phases equal to the initial phases of non-sinusoidal
currents are formed. The product of these values provides for the formation of

sinusoidal currents equal to the fundamental harmonic of non-sinusoidal currents of

the load phases.
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The difference between the load currents and the generated sinusoidal currents
Is compensated by STATCOM and provides for the filtering of higher harmonics.
Linear transformations of instantaneous currents of load phases are used to obtain
instantaneous reverse sequence currents in STATCOM direct current control systems.
Compensation modeling confirmed a fairly high accuracy of balancing and filtering
of higher harmonics.

In the study of the STATCOM control process, it is shown that the errors of
balancing and filtering of higher harmonics depend on the rate of change of load.
From the analysis of dependences it follows that the zero sequence current is
compensated exactly, and the reverse sequence current of the fundamental harmonic,
as well as the forward and reverse sequence currents of higher harmonics are
compensated with errors that depend on the rate of change of load. The cause of
errors is the inertia of power generation. Errors can be characterized by a residual
current of the reverse sequence.

In the case of fixing active and reactive power by STATCOM, there are no
errors, however, STATCOM must consume active and reactive power at low loads
and generate — at high loads.

The accuracy of load balancing and the quality of compensation of higher
harmonics by STATCOM, realized on the basis of pg-theory of instantaneous power,
are analyzed. The values of the nonlinear distortion coefficient of THDI phase
currents and the level of network current ripple are relatively large. In the case of
STATCOM with control in the dg-coordinate system, the accuracy of load balancing
and the quality of compensation of higher harmonics are sufficient.

The presented comparative analysis of STATCOM control systems showed
that the best in terms of filtering higher harmonics and current balancing is the
STATCOM control system with direct current control in the dg-coordinate system.
The ripple of the network currents and, accordingly, the pulsating power of the
network in transient modes is 30% less than in the case of using STATCOM with

control in the dg-coordinate system.
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The paper simulates the operation of the device based on the method of direct
current control STATCOM under conditions of a significant level of asymmetry. This
method makes it possible to separate the signals of compensation of higher harmonics
and load balancing, which allows you to limit certain functions depending on the
power of the device. The current values of the set currents STATCOM is compared
with the rated current of the voltage inverter STATCOM and in case of exceeding the
rated current, the transfer coefficients are calculated to limit the balancing function
(reactive power compensation). This approach allows you to more efficiently use the
power of the device in peak modes.

The obtained scientific results: the method of the direct current control of the
static synchronous compensator was introduced in LLC "Ukrainian technological
products”, which is confirmed by the act of implementation of 06.02.2020. The
results are also used in the VNTU by the Department of “Electrotechnical systems of
electric power consumption and energy management ” for training specialists in the
specialty 141 - Electric power, electrical engineering and electromechanics ”,
certificate of implementation of 07.02.2020

Keywords: power quality, nonlinear and asymmetric consumers, reactive
power compensation, load balancing, higher harmonics compensation, electrical
distribution networks, conditional reverse and zero sequence capacities, reverse and

Zero sequence instantaneous currents.
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TUPUCTOPHO PETyJbOBaHa rpymna
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OIrmoJIsIpHI TpaH3UCTOpH 3 i301b0BaHUM 3aTBopoM (Insulated Gate

Bipolar Transistors)

IGCT
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BCTYII

OOrpyHTyBaHHs BMOOpPY TeMM A0CJai/:KeHHs. HasBHICTP Ha MPOMUCIOBHUX
MIANPUEMCTBAX ~ HEKOHBEHIIIMHUX  HaBaHTaXeHb  (MOTYXXKHI  IIBUAKO3MIHHI
HAaBaHTAXEHHS, YacTO 3 HECUMETPUYHUMM Ta HENIHIMHUMHU [apaMeTpaMu)
CHOPUYMHIOE TEBHI NPOOJIEMU BUKOPUCTAHHS 3BUYHUX IPUCTPOIB KOMIIEHCALIEIO
peakTUBHOI OTYXHOCTI. J[aHi CrTOKMBaYi CIIPUYMHIOIOTh YTBOPCHHS B €JICKTPUIHHUX
Mepekax KOJIMBaHHS, HECUMETPII0 Ta HECHHYCOIAHICTh Hampyrw. TomMy Ha TakWX
IiIMPUEMCTBaX HE MOKHA 3aCTOCOBYBATH TPAIUIliHI KOHJICHCATOPHI YCTAaHOBKH, a
HEOOX1JJHO BHpPIIIYBaTH B KOMIUIEKCI MpoOieMy KOMIIEHcAlli  peakTHUBHOT
MOTY>KHOCTI Ta MiJIBUIIICHHS SKOCTI €JIEKTPOSHEPTii.

YcTraHOBKM JMHAMIYHOI KOMIIGHCAIli PEaKTUBHOI TOTY)KHOCTI Ha 0a3i
CTAaTHYHHUX TUPUCTOPHUX Ta CUMHXPOHHHUX KOMIICHCATOPIB 3a0€3MEeYyIOTh OJTHOYACHY
ONTHUMI3AIlII0 TAKUX TapaMeTpiB SIKOCTI €JIEKTPOCHEPrii K BiIXWUJICHHS, KOJTUBAHHS
Ta HecuMeTpii Hanpyru. Po3poOIii Ta AOCHIIKEHHI CUCTEM KEepYBaHHS yCTaHOBKOK
JTUHAMIYHOI KOMIICHCAIlli PeakKTUBHOI MOTYKHOCTI TMPUCBIYCHO BEIMKY KUIBKICTD
HAyKOBHMX IIpallb, B SKHX yBara akIEHTYETbCSI Ha HEOOXITHOCTI IIJABUIIEHHS iX
MIBUAKOMAII. YCKJIQJHIOE CTBOPEHHSI CHUCTEM KEPYBaHHS YCTaHOBKAMHU TUHAMIYHOT
KOMITCHCAIlIl peaKTUBHOI MOTY>KHOCT1 3 MOYKJIMBICTIO CHMETPYBaHHS HAaBaHTA)KCHb.

He3Bakaroum Ha BENMKY KUIBKICTh JOCIKEHb B 00JacTi po3poOKu Ta
BIIPOBA/)KEHHSI YCTAHOBOK JWHAMIYHOT KOMIICHCAIlli PEaKTUBHOI IMOTY>KHOCTI Ha

ToMmy nOCHIDKEHHS TIO ITABUINEHHIO TOYHOCTI W IIBUAKOIII CHCTEM
KepyBaHHS YCTAaHOBKAMHM JWHAMIYHOI KOMIIGHCAIlli PEAKTUBHOI TMOTYXXHOCTI 3
MO>KJIMBICTIO CHUMETPYBAaHHS HAaBAHTAXEHD € aKTyaIbHIUMH.

3B’A30K po00TH 3 HAYKOBUMH NPOrpaMamMu, IjaHamMmu, remaMu. OCHOBHUU
3MICT POOOTH CKJIAAAIOTh PE3YIbTATH JAOCTIKEHD SK1 TPOBOIMWINCH BIIMOBITHO 0
HAayKOBOI'0 HamnpsAMKy kadenpu ,,EIeKTpoTeXHIUH1 CUCTEMHU E€JIEKTPOCHOKUBAHHS Ta

€HEepreTUYHNN MEHEKMEHT BIHHUIILKOTO HAIlIOHAJBHOTO TEXHIYHOTO
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yuiBepcutetry (BHTY). [luceprauiiina poOoTa BHKOHYBajacs BIAMOBIIHO [0
,IIporpaMu HayKoOBHX JOCHIIKEHb 1 po3poOok MiHicTepcTBa OCBITM 1 HAyKH
VYkpaiHu 3a mplOpUTETHUMU HANpsSMKaMU PO3BUTKY HAyKU Ta TEXHIKH Yy paMKax
HayKoBo-nocainHoi podotu Ne 22 K1 ,Teopis Ta NOpakTUKa ONTUMAIbHOTO
KEpyBaHHS pPEXUMaMU CUCTEM €JIEKTPOIOCTAYaHHS 3a PEaKTUBHOIO MOTY)KHICTIO Ta
AKICTIO eJIeKTpoeHeprii’. ABTOp OpaB ydacTb Yy BHUKOHAHHI HAyKOBO-JIOCIHIIHOI
pOOOTH SIK BUKOHABELLb.

Meta i 3aBaaHHsi gociaifkeHHs. Metaio poOOTH € MiJBUILIEHHS TOYHOCTI
CUMETPYBaHHsS CTPYMIB 3BOPOTHOI Ta HYJbOBOi MOCIIJIOBHOCTEH 3a HasgBHOCTI
rapMOHIYHUX CIIOTBOPEHD B POMOAUILHUX ENEKTPUUHUX MEpexKax.

JInst nocsSITHEHHS 111€T1 MeTH HeOOX1THO pO3B’sA3aTH Taki 3aadi:

1. TlpoaHnanizyBaTu cy4acHi 3acoOM MiIBUIIEHHS SKOCTI €JIEKTPOCHEPTii B
PO3MOJIUTBHUX EIEKTPUUHUX MEPEKAX Ta CUCTEMH KEPYBaHHS HUMU;

2. VYIOCKOHaJIMTH CHUCTEMHM KEpPyBaHHA CTATUYHUMH TUPUCTOPHUMU
KOMIIEHCATOPaMU PEaKTUBHOI MOTYKHOCTI 32 HECUMETPUYHUX HABAHTAXKEHB;

3. Po3pobutu cucreMy npsAMOro KepyBaHHS CTPYMOM CTaTUYHMX CHHXPOHHMX
KOMITCHCATOPIB;

4. BuxkoHaTu TOpIBHSJIBHUI aHali3 CUCTEM KEpyBaHHS CTaTUYHHUX
KOMIIEHCATOP1B PEaKTUBHOI MMOTY>KHOCT1 B MEPEXKaAX 3 3a3€MJICHOIO HEUTPAILIIO.

O0’exT npocaimxennsi. Ilporec MmiABUIIEHHS SKOCTI e€JEKTpoeHeprii B
PO3MOAUIBHUX €IEKTPUUYHUX Mepexax.

IIpeamer pocuaimkeHHss. MeTonn KepyBaHHS CTaTUYHUMHU KOMIIEHCATOPaMH
PEaKTUBHOI MOTY>KHOCTI.

Metonu  gocaimxenns. Ilim  wac  pobGotu  Hax JIUCEPTAIIIEIO
BUKOPUCTOBYBAIMCH METOIU JOCIIIKEHB, sIKI 0a3yBauCs: Ha TEOPil €IeKTPOTEXHIKA
— mig yac moaemoBaHHI CTATKOM B HemiHIMHUX 1 HECUMETPUUHUX PEKHMaX B
PO3MOAUIBHUX ENEeKTPUYHUX MeEpekax; Teopii aBTOMAaTHYHOTO KEepyBaHHSI — NpHU
po3po0iii cucteM kepyBaHHss CTATKOM.

HaykoBa HOBM3HA OTPMMAHUX Pe3yJbTATIB i MOJOXKEHb, 10 BUHOCATHCS Ha
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3aXUCT, TOJSITAa€ Yy  BIOCKOHAJNCHHI CHCTEMH KEPYBaHHA  CTaTUIYHUMHU
KOMITCHCATOpAMH PEAaKTHUBHOI TOTY)KHOCTI B PO3MOJUTHPHUX EICKTPUIHHX Mepexax
nUIIXoM (OpMyBaHHS MHUTTEBUX CHHYCOIIHHUX CTPYMiB 3BOPOTHOI Ta HYJIBOBOI
MOCJT1IOBHOCTEH.

B po0oTi oTpuMaHoO Taki HAyKOBI PE3yJIbTATH:

1. Bmepmie oOrpyHTOBaHO METOJ MPSAMOTO KEPYyBaHHS CTPYMOM CTaTHYHOTO
CUHXPOHHOTO KOMIIeHCAaTopa 3 (OpPMyBaHHSAM HECHHYCOIIHUX CHTHAJIB, IO
JOPIBHIOIOTH PI3HMIII CTPYMIB HaBaHTaXeHHS (a3 Ta iX OCHOBHMX TapMOHIK, 1
CHUHYCOITHUX HECUMETPUYHUX CHUTHAJIB, BIIMOBITHO, IS KOMIICHCAIll BHIUX
rapMOHIK 1 CHMETPYBaHHS CTPYMIiB HaBaHTXKCHHS, M0 JO3BOJISE 3a0C3MCUUTH
pPO3AUICHHS  KOHTYpIiB  KepyBaHHS  (UIBTpYBaHHSM  BHINUX TapMOHIK  Ta
CUMETPYBaHHIM HEJIHIMHUX HECUMETPUYHUX HAaBAHTAKCHb.

2.  YIOCKOHaJIcHO  METOJT KEpyBaHHS CTaTUYHUMH  THPHCTOPHUMHU
KOMIIEHCATOpaMHU 3  BUKOPUCTAHHSIM  yMOBHHX  TOTY>XHOCTEH  3BOPOTHOT
HOC/IZIOBHOCTI 1 BIAMOBIZHUX CTPYyMIiB B cHcTeMi OQ-KoopauHaT, 1m0 3abe3mneuye
MiBUILCHHS X TOYHOCTI Ta IMIBUIKOI11 32 HASBHOCTI HECUMETPUUHUX CITIOKHBAYiB.

3. JlicraB momampIIOro  PO3BUTKY METOJ  KEpyBaHHS  CTaTUYHUMU
CUHXPOHHUMH KOMIEHCATOPAMHU 3 BUKOPUCTAHHSIM MUTTEBUX CUMETPUYHHUX CTPYMIB
3BOPOTHOI Ta HYJIBOBOI MOCIIZIOBHOCTEH, IO 3a0e3leuye 3MEHIICHHS JTUHAMIYHUX
MOMHJIOK CUMETPYBaHHS CTPYMIB HaBaHTAKEHHSI.

IIpakTuyHe 3HAYEHHSI OTPUMAHMX Pe3yJIbTATIB POOOTH MOJATAE y po3po0IIi
cucteM tmpsmoro kepyBaHHs cTpymoM CTATKOM s mokpalieHHs SKOCTI
CUMETPYBaHHsS HABAHTAKEHb. IX BIPOBAKEHHS CIIPHATHME IOKPAIIEHHIO SKOCTI
EJIEKTPOEHEPTii, 30KpeMa 3MEHIICHHIO HECHMHYCOIJHOCTI Ta HECHMETpIi Hampyru B
PO3MOIUTEHUX MEPEkKaX.

OpneprkaHi HAYKOBI pe3yJbTaTH a caMe: METOJ| MPSIMOTro KepyBaHHS CTPYMOM
CTaTUYHOTO CHUHXPOHHOrO KoMIleHcaTopa BrpoBamkeHo B TOB «YkpaiHCchki
TEXHOJIOTIYHI MPOAYKTH», W0 MIATBEPJKEHO AaKTOM IIPO BIPOBAKEHHS BiJ

06.02.2020 p. PesymbpTatn poboT Takox BUKOpUCTOBYIOThCA y BHTY Ha kadenpi
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“ENEeKTpOTEeXHIYHI CHCTEMH €JIEKTPOCIOKMBAHHS Ta €HEPreTUYHUN MEHEIHKMEHT”

Uil TArOTOBKM — (axiBUiB 3a cheuianpHicTio 141 —  “Enextpoeneprertuka,
CJIEKTPOTEXHIKA Ta eJIEKTpOMEeXaHlka”, [OBiAKAa TPO  BIPOBAIKCHHS  BIA
07.02.2020 p.

Oco0uctuii BHecok 3700yBaya. Yci HAyKOBI IOJIO)KEHHS Ta pe3yJbTaTd
OUCEepTalliifHOi pOOOTH, IO BHUHOCATHCA Ha 3aXUCT, OTpUMaHl 3700yBayeM
camocTiiiHo. OcoOucTHii BHECOK 3/100yBaua B pobOOTax, OMyOJIKOBaHUX B
CIIBaBTOPCTBI Takui: [58] — moka3aHO MOXJIMBI MIJIXOJIM 10 BU3HAYEHHS TpU(Da3HUX
NOTY)KHOCTEH HaBaHTaA)KEHb B HECHHYCOIMHHUX Ta HECUMETPUYHHUX PEKUMaxX
CJIEKTPUYHUX Mepex; [85] — oOrpyHTOBaHO BUOIp 1HGOPMATUBHUX MapameTpiB IS
KEpPYBaHHS CHUMETPYBAJbHUMH MpHCTpOsiMu; [86] — 3ampomoHOBaHO MigXig 0
noOy/TOBM CHUCTEMH KEepyBaHHS MPUCTPOSMU ITWHAMIYHOI KOMIICHCAIlli peakTHBHOI
MOTYXHOCTI 3 HECHMETPHUYHUM I[IBHJIKO3MIHHMM HaBaHTakeHHsM; [88] -
3alpONOHOBAHO CHUCTEMY KEpYyBaHHA MPUCTPOSIMH JAHMHAMIYHOI KOMIEHcaIii
PEaKTUBHOI MOTYKHOCTI 32 HECUMETPUUYHUX HaBaHTaxxeHb; [91] — mpoaHanizoBaHO
MOMUJIKM CUMETPYBAHHS HaBaHTaXeHb; [92] — 3alpornoHOBaHO YMOBU CUMETPYBAaHHS
CJIEKTPUYHUX HAaBaHTAXKEHb B PO3MOAUIbHUX Mepexax 3a gonomororo CTATKOM;
[96] — po3pobka MeToay mpsimoro kepyBauHs cTpyMoM posnoaiibHux CTATKOM;
[102] — BukoHaHO aHami3 AMHAMIYHHUX [IOMHJIOK CTATHYHMX CHHXPOHHHX
KOMIICHCATOPiB, IO 3yMOBJICHI HETOYHICTIO ()OPMYBaHHS 3aJlaBaIbHUX CTPYMIiB.
PesynpTaT  TEOpEeTHYHUX  JOCHKEHb Oynau oTpuMaHi y  BiHHUIBKOMY
HaIllOHATBPHOMY TeXHiYHOMY yHiBepcuteTi (BHTY).

Amnpodaunis marepiajgiB aucepramii. BukimaneHni B aucepranii pe3ynbTaTH
JOCIIHKeHb Oynu anpoOoBaHl Ha TaKMX HAYKOBHX KoH(epeHiisx: /11 midxcnapoona
HAayKo8o-mexHiuna Kougepenyis Onmumanvhe Kepy8aHHs eNeKmpoyCmaHO8KaAMU,
Binnus, 2015; miscnapoona naykoso-mexwniuna xongepenyis «Science, Research,
Development. Technics and technology», Poznan, 2020; XLVI, XLVII, XLVII, XLIX
HAYyK080-mexHiuni Koughepenyii nioposoinie BHTY, Bianuusg, 2017, 2018, 2019,
2020.
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Hyoaikanii. Pesynbratu nucepraiii ony0aikoBaHO B 15 HayKOBHX Mpausx, B
TOMY 4YHMCHl 7 cTaTel B HayKOBHX (paxoBUX BHUIAHHAX YKpaiHW, | — y BHJaHHI, 110
iaekcyetbest y SCOPUS, 7 — y matepianax koHpepeHiIliil Ta ceMiHapiB.

Ctpykrypa Ta o0car aucepranii. Jlucepraiiiiina pobota cKIagaeTbcsa 13
BCTYIy, 4 pO3ILUIIB, CIUCKY BUKOPHUCTAHUX JDKEpEJ, JOJATKIB. 3arajdbHUN O0OCST
JUcepTallii CTaHOBUTh 156 CTOPIHOK, 3 SIKUX OCHOBHUU 3MICT BUKJaieHu Ha 110
CTOpPIHKAaX JPYKOBAHOTO TEKCTY, MICTUTh (2 pucyHku, 9 tabmuip. Croucok
BUKOPUCTaHUX JiKepes ckianaerbes 3 106 HalimenyBaHHS. JloJaTKU MICTSTh aKkTH
BIIPOBA/IKEHHS pe3yJIbTaTiB poOOTH, MPOrpaMH PO3paxyHKIB, CIIMCOK MMyOTiKaIii 3a

TEMOIO JIUCEPTaIlii Ta BiIOMOCTI IIPO ampoOalliro pe3yibTaTiB AUCEPTaIlii.
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