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2. Enhancement of the quality of electricity in distribution networks by improving energy converters.

Pedepar:

1. luceprauis npucBa4YeHa BUPILIEHHIO HAYKOBOI 3a/1a4i — IMOKPAlleHHS AKOCTI €JIEKTPUYHOI €HEPTii pO3NOAiNbHIX
MepesKax 3 YaCTOTHO-PEryJIbOBAaHUMHU €JIEKTPOIPUBOJAMMU 34 PAXYHOK KEPYBaHHS CIIEKTPAJIbHUMU
XapaKTepUCTHMKaMU [IEPETBOPIOBAUiB eHeprii. Mae Micle akTyasibHa HayKOBa 3a/1a4a, [10B'A3aHa 3 HELOCTATHLOIO
€(EeKTUBHICTIO iCHYI0OYMX CbOTOJIHI METOIB 3a0€3Me4YEHHS 3MEHIIEHHS PiBHS TaPMOHINHNX CKJIA[IOBUX Bif
HEJIHIHUX CIIOKMBAYiB JO SIKUX BiIHOCSTHCS iIHBEPTOPH YIIPaBIiHHS aCUHXPOHHUMU JBATYHAMU 3MiHHOTO CTPYMY.
[TpoBenenuit B po6OTi aHai3 BUSBUB HEOOXiIHICTh PO3POOKU METO/IiB IO MiIBUIIEHHIO SIKOCTi €JIeKTPUYHOI eHeprii
B PO3IIOJiNBbHUAX Mepeskax. CucTeMa «Kepylo4unii iHBEPTOP i €JIEKTPUYHUN IBUTYH» € IKEPEJIOM rapMOHIYHUX
CKJI/IOBUX i OCHOBHUM JPKEPEJIOM MOTipLIeHHS SIKOCTi eJIeKTPUYHOI eHeprii. B po60Ti 3ar1pornoHOBaHO METO[,

KEepyBaHHS CIIEKTPaJIbHUMU XapaKTepUCTUKaMU iHBEPTOPIB i3 11i/IbOBOIO PYHKIIi€IO SIKOCTi €JIeKTPUYHO] eHeprii, 1m0



D03BOJINJIO PO3POOUTH 3aCaay [1JIs CTBOPEHHS iHBEPTOPIB 3i 3MEHIIEHUMU [TOKa3HUKAMU CIIOTBOPEHHST GOPMU
HaIpyry i cTpyMy. 3arporiOHOBaHO TEXHIYHI pillleHHs i O6IPyHTOBaHA MOSKJIMBICTh BUKOPUCTaHHS METOLIB
CIIEKTPaJILHOTO 30y/I>)KEHHSI CUJIOBUX I1€PETBOPIOBAYIB €Heprii, 1110 3a0e311e4yI0Th 3HUKEHHSI PiBHIB TapMOHINHNX
CKJIa[IOBUX €JIEKTPUYHOI €HEePrii, 0 CTBOPIOIOTHCS SIK HEJIIHITHUM HAaBAaHTAXEHHSM, TaK i MEPEXKeIo KUBJIEHHS. Y
NOPiBHSIHHI 3 NaCUBHUMU QiIbTPaMU i aKTUBHUMU QiZIbTPAMU, METOIYA CIIEKTPAJIbHOTO 30YIPKEHHS CUJIOBUX
[IepeTBOPIOBAYiB €Heprii He NOTPeOyIoTh CIeliajIbHOI HACTPOMKY Iifl TapaMeTpU KOHKPETHOI Mepexi i
Bipi3HSIOThCS HaJilHiCTIO. PO3po6eHo anapaTHo iHdopMalLliliHy CUCTEMY, Ka J103BOJII€ 3MEHUIUTU BIJIUB Bif,
FapMOHIMHUX CKJIQ[IOBUX Ha CIIOXKMBAUIB i CUCTEMY €JIEKTPOIIOCTAYaHHS [IPU Pi3HMX PEXMMax po60TU 4aCTOTHOTO
PEryJI0BaHHS eJIEKTPUYHUX JBUTYHIB. Pe3ysibTaTu eKCIIepUMEHTaNbHUX JOCiIKeHb PO3PO6JIeHOI cUCTeMU
MOKa3asu ii BiIMOBiIHICTh TEXHIYHUM BUMOTaM Ta MOXKJIMBICTb OTPMMAaHHS NiarHOCTUYHOI iHpopMallii mpu pisHUX
peXumMax pobOTH €JIEKTPOBUTYHIB. EjleMeHTH KOHCTPYKLii Ta NPUHLUI [Iii pO3p006JIEHOI CUCTEMU [1J1s1 YACTOTHOTO
peryJoBaHHA 3aXULEHi aTeHTaMy YKpaiHu. OTpMMaHO Taki OCHOBHI HAYKOBi pPe3yJIbTaTU: — BIIEPIIE
3aMIPOMIOHOBAHO METOJ, KEPYBaHH$ CIIEKTPAIIBHUMU XapaKTePUCTUKAMU iHBEPTOPIB, SIKUH BiPi3HIETHCS Bif
icHyl0uMX 11iNbOBOIO QyHKIi€0 napameTpis SAEE, 1m0 103B0MII0 pO3poOUTH 3acaiy [ij1s CTBOPEHHS iHBEPTOPIB 3i
3MEHIUIEHMMH [TOKa3HMKAMU CIIOTBOPEHHS (POPMU HAINIPYTH i CTPYMY; — OTPUMAB NOJAJIbIINI PO3BUTOK METOT
BU3HAYEHHS MTOXO)KEHHS TAPMOHIYHUX CKJIAJJOBUX B €JIEKTPUYHOMY CTPYMi Bifl CUJIOBUX [1I€PETBOPIOBAYiB €HEPTii,
SIKUH, Ha BOMIHY BiJl BilOMUX, JO3BOJIMB BUSHAYMTH CIIEKTPAJIbHI METOLM 30YIPKEHHS, SIK Halbibll 30a/1aHCOBaHi 3
€KOHOMIYHOI i TEXHIYHOI TOYOK 30py; — OTPMMAaJIa NOJAJbIINKA PO3BUTOK MaTEMATUYHA MOJEJb CIIEKTPAIbHOTO
30y/I’)K€HHS CUJIOBUX NIEPETBOPIOBAYIB €HEPTii, sIKa Biflpi3HSI€TbCSI BpaXyBaHHSM [IaPAMETPIB €JIeKTPUYHOI MEPEXI,
1110 [103BOJISIE€ OTPUMATH MaTeMaTUYHO OOI'PYHTOBAHI ClIeKTPaJbHO-€HEPreTUYHi 3aJIeXKHOCTI B €JIeKTPUYHIN
MEPEeXi; — YIOCKOHAJIEHO METO]] BU3HAUEHHSI [IapaMeTPiB CIIEKTPAIbHOrO 30YPKEHHS CUJIOBUX II€PETBOPIOBAYiB
eHeprii i MozenoBaHHs ix poboTu B cepenouili Matlab, gxuil Bipi3HseTbCs ypaxyBaHHSIM [TapaMeTpiB
€JIEKTPUYHOI MEPEXI, 10 JO3BOJISIE OTPUMATU [TapaMETPU NEPETBOPIOBAaYA 3 MiIBUIIEHUMU XapaKT€PUCTUKAMU
SIEE. IlpakTuyHe 3HaUY€HHS OTPMMAHUX PE3yJIbTATIB [JIs1 €JIeKTPOEHEePreTUYHO] rajysi nossirae B o6I pyHTyBaHHi
HaMnpsIMKY nigsuiieHHs SIEE B po3nofinbHUX Mepekax 3a PaxXyHOK YAOCKOHAJIEHHS] YaCTOTHUX [I€PETBOPIOBAYIB
eHeprii; 0O6rpyHTyBaHHi IapaMeTpiB MPUCTPOIO 11711 KOPUTYBAHHS TOKA3HUKIB SIKOCTIi €JIeKTPOeHeprii (MaTeHT Ha
BrHaxin N2101521); po3po61ii CTPYKTYPHOI CXeMHU 4aCTOTHOTO I€PETBOPIOBAaYa 3 afJalITUBHUM KePyBaHHSM ([IaTE€HT
Ha KopucHy Mozesb N2113090); po3po6bui Ta nobyoBi cTeHAy 1151 BUMIPIOBaHHS BULIMX FAPMOHIK $Ki FeHEePYIOThCS
4aCTOTHO-PEryJIbOBAHUMU €JIEKTPOIIPUBOAAMU B PO3INOLINbHY MEPEXKY; pO3pOO1i BapiaHTy NPUHLIAIIOBO]
€JIEKTPUYHOI CX€MU YaCTOTHOTO NIEPETBOPIOBAYA €HEPTii 3 MOKIIMBICTIO aJAlITUBHOIO KEPYBAHHS CIIEKTPAJIbBHUMU
XapaKTepucTuKamu. Pedysbrat po60TU Ta po3po6sIeHUH Ai0UMil MaKeTHUH 3pa30oK CTEHy i IporpaMHe
3abe3ne4eHHs 1151 OOpOOKM pe3yJIbTaTiB BUMIPIOBaHHS PiBHS BUIIMX TAPMOHIK, Ki F€eHEPYIOTbCS YaCTOTHO-
peryJibOBaHUM €JIEKTPOIPUBOZIOM B PO3MOiIbHY MEPEXY, BUKOPUCTOBYIOThS B TOB «Cno6ona-
OynenekTpoMoHTax», TOB «XapkiBchbKe cliellianizoBaHe MOHTaKHO-eKCIlTyaTallifiHe MignpueMcTsoy», TOB
«I[TpoMarpoiHXuHIpiHr». Pe3yabTaTé TEOPETUYHUX Ta €KCIIEPUMEHTAIBHUX JOCIiIPKEHb BUKOPUCTOBYIOTHCS IIPU
BUKJIQJIEHH] JVICLUUILIIH «SIKiCTb €JIEKTPONOCTaYaHHs», «IH(pOpMaLiliHi CHCTEMU Ta TEXHOJIOTII B €eHepreTuLLi»,
«Smart Grid TexHosorii» Ha kadenpi eJIeKTPONIOCTaYaHHS Ta €HePreTUYHOIO0 MeHEePKMEHTY XapKiBCbKOTrO

HalliOHAJIBHOT'O TEXHIYHOTO YHIBEPCUTETY CLILCHKOrO rocrnonapcTsa imeHi [lerpa BacuieHka.

2. The dissertation is devoted to the decision of a scientific problem of increase of quality of electric energy by
reduction of harmonic components from energy converters. Thus, there is an urgent scientific problem associated
with the lack of efficiency of existing methods to reduce the level of harmonic components from nonlinear
consumers, which include inverters for controlling induction AC motors. The analysis revealed the need to develop
methods to improve the quality of electricity in distribution networks. The widest distribution of various devices
and equipment with induction motors, which are controlled by inverters. The control system of the inverter and
the motor is a source of harmonic components and the main source of deterioration of electric energy. The
solution of the specified problem at the expense of decrease in harmonic components by a method of management
of spectral characteristics of inverters is offered. The following main scientific results were obtained: - for the first
time the method of control of spectral characteristics of inverters with target function of quality of electric energy



is offered that allowed to develop bases for creation of inverters with the reduced indicators of distortion of a form
of tension and current; - further developed the theory of the origin of harmonic components in electric current
from power energy converters, which, in contrast to the known, allowed to determine the spectral methods of
excitation as the most balanced from an economic and technical point of view; - the model of spectral excitation of
power energy converters was further developed, which allows to obtain mathematically substantiated spectral-
energy dependences in the external network; - technical solutions are offered and the possibility of using methods
of spectral excitation of power energy converters is substantiated, which provide reduction of levels of harmonic
components of electric energy, created both by nonlinear loading and power supply network. In comparison with
passive filters and dynamic filters, methods of spectral excitation of power converters of energy do not demand
special adjustment under parameters of a concrete network and differ in reliability; - algorithms for determining
the parameters of spectral excitation of power energy converters and methods of modeling their operation in the
Matlab environment are developed, which differ taking into account the parameters of a particular network,
ensuring their construction and application at existing and projected power facilities. Of practical importance for
instrument making are approaches and recommendations for the construction of control systems for the spectral
characteristics of inverters, which allows you to create equipment with reduced impact on the quality of
electricity. The practical problem of development of methods of control of spectral characteristics of inverters of
asynchronous electric motors with the reduced influence on qualitative indicators of electric energy is solved. On
the basis of the offered approaches and methods the information technology of reception of commands of spectral
excitation of power converters of energy with use of mathematical methods is developed. A hardware information
system has been developed, which allows to reduce the impact of harmonic components on consumers and the
power supply system at different modes of operation of frequency control of electric motors. The results of
experimental studies of the developed system showed its compliance with technical requirements and the ability
to obtain diagnostic information in different modes of operation of electric motors. Elements of construction and
the principle of operation of the developed system for frequency control are protected by patents of Ukraine (Pat.
N2 101521, Pat. 113090). The results of the work are implemented in the educational process of the Department of
Power Supply and Energy Management of Petro Vasylenko Kharkiv National Technical University of Agriculture
when teaching the course "Technologies, problems and prospects of industry development".
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