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1. Incepralis npucBsYeHa BUPIIEHHIO aKTyalbHOI HAyKOBO-TEXHIUHOI 3a7ja4i po3p0o6KM METOiB Ta 3aC006iB
3MEHIIEHHS TOXUOKU 00JIiKy eJIeKTPUYHOI eHeprii, CHPUYNHEHO] BIIJIMBOM FapMOHIYHUX CKJIaIOBHUX, 110
BUPIIYeThCS UIJISXOM 3MEHIIEHHS PiBHSI TApMOHIUHUX CKJIQIOBUX Y MEPEXi 32 PaXyHOK CTBOPEHHSI YMOB [1J15
CKOPOY€HHSI HATHOPMAaTUBHOI'O CIIOKMBAaHHS €JIEKTPUYHOI €HEPTil 3aBISIKY ONTUMI3allii TENJI0NOCTaYaHHS. Y
BCTYIIi OGIPYHTOBYETHCS aKTyaJIbHICTb TEMHU JOCIIIKEHHS, 10 6e3110CcepeiHbO BUILJIMBAE 3 BUCOKUX BUMOT J10
SIKOCTI €JIEKTPUYHOI €HePrii B €JIeKTPUYHil CUCTEMI TeNIoNnocTayaabHoro nignpuemctsa. ONUCYIOThCS IPOGIEMH,
IIOB'SI3aHi 3 HASIBHICTIO FApMOHIYHMX CKJIQOBUX Y MEPEXI, iX BIIJIMBOM Ha POOOTY €JIEKTPOTEXHIYHOrO 00J1aiHAHHSL.
BusHaueHO MeTy i 3aBIjaHHS JOCJIiIKeHHS], 2 TAKOXK 00’eKT i IpeAMeT NOCiIKeHHs. Y IepIIoMy po3ijii HaBegeHO
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OOCIiIXeHHs. Y LIbOMY PO3Zisli C(POPMYJIbOBAHO IIPOOIEMATHUKY MOSIBY FADMOHIYHUX CKJIQLOBUX Y MEPEXi
TEIJIONOCTAa4YaIbHOTO HifanpueMcTBa. OKpeMy yBary MpUAiJIEHO BIUIMBY FTAPMOHIYHMX CKJIQIOBUX HA HAJiMHICTh Ta
ePEeKTUBHICTh eHepreTUYHOI CUCTEMHU, BUBHAYEHHIO KJII0UOBUX MPUYMH iX BUHUKHEHHS Ta MOTEHUINHUX IJISXiB
YCYHEHHs. Y IpyroMy po3[iji MpeCTaBlIeHO OIJIs], Cy4aCHUX 3aC06iB 00JIiKy eJIeKTPUYHOI eHeprii, ix 6yzoBa Ta
npuHuuI Aii. HaBeneHo ocHOBHI ck1aioBi npuiiafiiB 061Ky, BUBHAYEHO iX IlepeBaru Ta HeJoJliki B yMOBaX
HasSIBHOCTi TAPMOHIUYHUX CKJIaIOBUX Y Mepeski. OBrpyHTOBaHO HEOOXiTHICTh pO3pOOKU CTeHAa 1Sl TIepeBipKU
pob0TH NpusafiB 00Ky B TPAHAYHUX PEXUMaxX BUMIpIOBaHHS. ONKUCaHO po3po0IeHUI CTEH, 17151 IIEPEBipKU
npunagis o6siky. HaBeleHO pe3yibTaTy BUMipIOBaHb POOOTHU NpUjaZiB 001Ky 32 Pi3HUX PiBHIB rapMOHIYHUX
30ypeHb y Mepexxi. Y TpeTboMy pO37isi IIPOBeeHO aHali3 3aX0/iB 010 3MEHIIIeHHS] TADMOHIYHUX CKJIaJlOBUX B
eJIeKTPUYHil Mepexxi. OnucaHo B3a€MO3B'sI30K MK HasiBHICTIO FApMOHIYHUX 30ypeHb B €JIEKTPUYHIN Mepexxi Ta
piBHEM MOCTa4YaHHS TeIJIa CIOXKUBaYaM. PO3po06s1eHO 3aX0y 010 CTBOPEHHSI YMOB 1711 IPUITAHEHHS
HaJICTIOKMBAHHA €JIEKTPUYHOI €HePrii CrioXkKuBaYyaMU LJISIXOM 3MEHIIEHHS! BUKOPUCTaHHS €JIEKTPUYHOI eHeprii A1
nipirpisy npumMimiens. [iis 3abe3neyeHHs: MOXJIMBOCTI peastizallii TaKuX 3aX07iB 3aIIPOIIOHOBAHO CUCTEMY
MOHITOPUHTY, SIKy OIKCAHO B LIbOMY PO31iji. HaBeieHo MaTeMaTU4Hi MOZEJi Ta METOAM aHANi3y JUHAMIYHUX
IIPOLIECIB, IKUMU NIPEACTABJIEHO NOTIiK JAHUX BiJl CHCTEMU MOHITOPUHTY. ONKUCaHO PO3POOJIEHNN aITOPUTM
BUSIBJIEHHS] CTPYKTYPHUX 3MiH YaCOBUX PSIZiB HA OCHOBI MAaTEMATUYHOIO METOLY CHHIYJISIPHO-CIIEKTPAJIbHOIO
aHaizy. [IpoBefieHO nepeBipKy Npane3naTHOCTi po3p0o06JIeHOro aJITOPUTMY BUSIBJIEHHSI TADMOHIUHUX 30ypeHb Ha
(PaKTMYHUX JAHUX €JIEKTPOCIIOKMBAHHS KUTIOBOIO MaCUBY BEJIMKOTO MicTa. UeTBEPTUI pO3/is IPUCBSYEHO
€KOHOMIYHMM pO3paxyHKaM BIIPOBAI’)KEHHIO CIIOCO0Y 3MEHIIEHHS TApMOHIUYHMX 30ypeHb B €JIeKTPUYHiil mepexi. Ha
OCHOBI YMHHVX METOJUK IIPOBELEHO OLiHIOBAHHS €eKOHOMIYHUX 30MTKIB, 3yMOBJIEHUX BIIJIMBOM FapMOHIYHUX
CKJIaJIOBUMX Ta iHIIKX BiJXWJIEHb [TOKA3HUKIB SIKOCTi €JIEKTPUYHOI eHeprii Ha poboTy 06J1alHaHHS MiIPUEMCTBA
TEIJIONOCTa4YaHHsl. [IpOBeIeHO OLIHKY €KOHOMIUHHUX BTPAT i IOKa3aHO MOXUJIMBICTD X 3MEHIIEHHS BHACIOK
3aCTOCYBaHHSI 3aIIPOIIOHOBAHOr0 criocody. OTpUMaHi pe3yJbTaTH MilTBEPIKYIOTh EKOHOMIYHY AOLITIBHICTD
BHMKOPHCTaHHS 3alIPOIIOHOBAHOI0 CIIOCOOY 3MEHIIIEHHS TAPMOHIUYHUX CKJIaJIOBUX B €JIEKTPUYHIM MepexXi Ha OCHOBI
BMKOPHMCTAHHSI QJIFTOPUTMY BU3HAYEHHSI TApMOHIYHUX 30ypEHb, 110 I03BOJIsSIE OTPUMATH 3MEHIIEHHS 30UTKIB Bif
rapMOHIYHUX 30yPEHb B €JIEKTPUYHII Mepexi, MigBUIMTU HAJiHICTh pOOOTU €J1eKTPOOO6IaiHAHHS Ta CTBOPUTU
YMOBHU /17151 6i1b1l €(PEKTUBHOrO QYHKLIOHYBaHHS CUCTEM TEIJIONIOCTAa4YaHHs I €JIeKTPONIOCTaYaHHs. Y BUCHOBKaX
HaBeJIEHO OCHOBHI pe3yJIbTaTu BUKOHAHHS AMCepPTaLiliHOI pOOOTH 1010 BUPILIEHHS [IOCTaBJIEHUX 3aBAaHb
nocuigxeHHs. HaykoBa HOBU3HA OTPMMAHMX PE3YJIbTATIB MOJISATa€ Y HACTYITHOMY: — BIieplIe 6yJI0 pO3p00IeHO
CTEeH[, 1J1s1 TIepeBipKu pobOTH IPUIaAiB 001Ky eJIeKTPUYHOI eHeprii 3a HassBHOCTi CyMapHOro KoediuieHTy
rapMOHIYHUX CIIOTBOPEHb Ha MEKOBUX 3HAYEHHSIX, 110 J1aJI0 3MOTY BUSIBUTH 3aJIEXKHOCTI NOXUOKM MPUJIaZiB 00Ky
€JIEKTPUYHOI €HEPTii Bifl BEJIMUNHY CyMapHOTo KoedillieHTa rapMOHIYHUX CIIOTBOPEHb B €JIEKTPUYHIN Mepexi; -
BIIEPILIE PO3PO6IEHO aITOPUTM BU3HAUYEHHS TADMOHIYHUX 30ypEHb B €JIEKTPUYHIN MEPEXi i3 BUKOPUCTAHHSIM
MaTeMaTUYHOIO METOAY CIIEKTPAJIbHO CHUHTYJIIPHOIO aHaJi3y JaHUX TEIJIOBOI i €IeKTPUYHOI €Hepril, o
IO3BOJIMJIO BU3HAYUTHU [1049ATOK, TPUBAJIICTD Ta IJINOMHY PEXXUMY Ha/ICTIOKUBAHHS €JIEKTPUYHOI €Heprii, 110 €
IIPUYMHOIO0 BUHUKHEHHS FAPMOHIYHUX 30yPEHb; — BIIEPILIE 3alIPOIIOHOBAHO CIIOCIO MO 3MEHLIEHHIO TaPMOHIYHUX
30ypeHb i3 BUKOPUCTAHHSM PO3PO0JIEHOTO aJITOPUTMY BU3HAYEHHSI TADMOHIYHUX 30yPEHb B €JIEKTPUYHIN Mepexi,
110 Jla€ MOXJIUBICTb COPMYBATH KOMaH Y TOYHOTO BiJITyCKy TEIJIOBOI €HEPTii TeMI0NnoCcTa4alouuM
IiANPUEMCTBOM 3 METOIO HEJONYIEHHS PEKMMY HaJICIIOXKMBAHHS €JIEKTPUYHOI €HEPrii TUM caMUM NpUbHpandu

OCHOBHHMI1 YAHHUK F'apMOHIYHUX 30yPEHb i 3MEHIIYI0YM TOXUOKU NPUIaLiB 061Ky €JIeKTPUYHOI eHeprii.

2. The dissertation is devoted to solving the relevant scientific and technical problem of developing methods and
tools for reducing errors in electrical energy metering caused by the influence of harmonic components. This
problem is addressed by reducing the level of harmonic components in the electrical network through the creation
of conditions for limiting excessive electricity consumption by optimizing the heat supply system. The
introduction substantiates the relevance of the research topic, which directly arises from the stringent
requirements for electrical energy quality in the power system of a district heating enterprise. It describes the
problems associated with the presence of harmonic components in the electrical network and their impact on the
operation of electrical equipment. The first chapter presents the theoretical foundation of the research,



substantiates the relevance of the topic, and defines the aim, objectives, object, and subject of the study. This
chapter formulates the problem of the occurrence of harmonic components in the electrical network of a district
heating enterprise. Particular attention is paid to the impact of harmonic components on the reliability and
efficiency of the power system, the identification of the key causes of their occurrence, and the determination of
potential methods for their mitigation. The second chapter presents a review of modern electrical energy metering
devices, their structure, and operating principles. The main components of metering instruments are described,
and their advantages and disadvantages under conditions of harmonic distortion in the network are identified. The
necessity of developing a test bench for evaluating the performance of metering devices under extreme
measurement conditions is substantiated. The results of measurements of metering device performance under
different levels of harmonic disturbances in the network are presented. The third chapter presents an analysis of
measures aimed at reducing harmonic components in the electrical network. The relationship between the
presence of harmonic disturbances in the electrical network and the level of heat supplied to consumers is
described. Measures have been developed to create conditions for preventing excessive electricity consumption
by reducing the use of electrical energy for space heating. Mathematical models and methods for the analysis of
dynamic processes are presented to represent the data streams generated by the monitoring system. A novel
algorithm for detecting structural changes in time series based on the mathematical method of singular spectrum
analysis is described. The performance of the developed algorithm for detecting harmonic disturbances has been
validated using actual electricity consumption data collected from a residential district of a large city. The fourth
chapter is devoted to the economic evaluation of implementing the proposed method for reducing harmonic
disturbances in the electrical network. An assessment of the economic losses was carried out, demonstrating the
potential for their reduction through the application of the proposed method. The obtained results confirm the
economic feasibility of the proposed approach for reducing harmonic components in the electrical network based
on the use of the developed algorithm for detecting harmonic disturbances. The conclusions summarize the main
results of the dissertation and their contribution to solving the research objectives. The scientific novelty of the
obtained results is as follows: - dependencies between the measurement error of electrical energy metering
devices and the presence of harmonic components in the network have been established, making it possible to
identify the threshold value of the total harmonic distortion (THD) coefficient above which the metering error
exceeds the permissible limits specified by standards; - for the first time, an algorithm for detecting harmonic
disturbances in an electrical network has been developed using the mathematical method of singular spectrum
analysis applied to thermal and electrical energy data. The algorithm makes it possible to determine the onset,
duration, and severity of excessive electricity consumption regimes that give rise to harmonic disturbances; - for
the first time, a method for reducing the measurement error of electrical energy metering devices has been
proposed based on the developed algorithm for detecting harmonic disturbances in the electrical network. The
proposed method enables the generation of control signals for the precise regulation of thermal energy supply by
the district heating enterprise in order to prevent regimes of excessive electricity consumption. By eliminating this
major contributing factor to harmonic disturbances, the method reduces the impact of harmonics on the network
and improves the accuracy of electrical energy metering devices.
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JoparkoBa iHdpopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL OCOOM: IHCTUTYT 3arabHOI eHepreTvky HarjionanbHoi akamemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 04589627

Micueanaxo,szeunﬂ: ByJ1. AHTOHOBUYA, KuiB, 03150, Ykpaina

dopma BacHoOCTI: Jlepkasna

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InmenTudikarop ROR:

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. MipowmHuk Onekcangp OsekcanapoBuy
2. Oleksandr O. Miroshnyk

KBasigikamis: 1. 1. u., npodecop, 05.13.03
ImenTudikarop ORCID ID: 0000-0002-6144-7573
JonaTkoBa iHdopmalist:

IloBHE HalIMEHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMI 6i0TEXHOIOTIYHMIA YHIBEPCUTET



Kopg 3a €EIPIIOY: 44234755

Micue3Haxoa>KeHHS: ByJ1. AT4eBCbKUX, XapKiB, XapKiBCcbkuil p-H., 61002, Vkpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kaninumk Bacuis [TpokonoBruy

2. Vasyl P. Kalinchyk

KBasigikamis: . t. u., mou., 05.14.01
InenTudikarop ORCID ID: 0000-0003-4028-0185
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHu#t TexHiyHuil yHiBepceuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHMI IHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

MiCIICBHaXO,T.[)KeHHH: npocnekT Bepecrericekuii, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

ImentTudikarop ROR: He zacrocoyerbcs

PeuenseHTu

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Bryposeup OnekcaHnp BacuiaboBud

2. Oleksandr V. Zhurovets

KBasigikanis: . . 1., c.z., 05.14.01

InenTudgikarop ORCID ID: 0000-0001-8439-9781

JoparkoBa indpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT 3aranbHOI eHepreTuky HaujoHanbHOI akaziemii Hayk
YKpainu

Kopg 3a €IPIIOY: 04589627

Micqesﬂaxon)KeHHﬂ: ByJI. AHTOHOBMYA, KuiB, 03150, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. HeyaeBa Terana IleTrpiBHa



2. Tetiana P. Nechaieva

KBasmigikanis: . . 1., c.1., 05.14.01

InenTudikarop ORCID ID: 0000-0001-9154-4545

JoparkoBa iHdopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[H‘IHOi 0COoO0M: [HCcTUTYT 3aranbHOI eHepreTrky HanjioHanpHOI akagemii Hayk
YKkpainu

Kopg 3a €APIIOY: 04589627

Micuesﬂaxo,rm(el-lﬂﬂ: ByJI. AHTOHOBMYA, Kuis, 03150, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoMOCTi

BaacHe IlpizBume Im's [10-6aTbKOBI Hosocerbues Onekcausp Bikroposuy
TOJIOBH pajgu

Bnacwue IpizBume Im's I1o-6aTbKOBI Hosocenbues Onekcangp Bikroposud
rOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBizasibHUH 32 MiATOTOBKY Hexyma O.JI.
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




