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1. luceprauisa npucBaYeHa BUPILIEHHIO aKTyaJbHOI HAYKOBOI 3a7a4i MiJBUILIEHHS IKOCTI €JIEKTPUYHOI eHeprii
IJISXOM 3MEHILIEHHS [IPOBAJIiB HAIIPYTM B MEPEXi Yepe3 3HIKEHHS NOHATHOPMATHUBHOTIO CIIO>KUBAHHS
€JIEKTPOEHEPTii Ha OCHOBI TOUHOTO PETYJIIOBAHHS PiBHS TemsonocrayaHHs. O0’eKT NOCiIKeHHS: € IPOBain
HaIpYTy B €JIEKTPAYHIN CUCTEMI Ta iX BIIJIMB Ha €JIEKTPOTEXHIUHE 00J1afHAaHHA MiAIIPUEMCTBA TEIMJIONIOCTAYaHHS.
[TpenmMeT mocimKeHHS: € CrIocoOy BUSIBJIEHHS, aHaJli3y Ta KOHTPOJIIO IIPOBaJliB HAIIPYTY B €JIEKTPUYHIN Mepexi
IiANpUeMCTBa TENJIONOCTaYaHHS. Y BCTYIi OO PYHTOBYETHCS aKTyasIbHICTh TEMU JOCJIJIKEHHS], sIKa 6€3[10cepeiHbO
BUILJIMBAE 3 BUCOKUX BUMOT O SIKOCTi €JIEKTPUYHOI €HEPrii B €JIEKTPUYHIN CUCTEMI i IIPUEMCTBA
TEMNJoNnocTadyaHHs. ONUCYIOTbCS TPO6JIeMHU, OB SI3aHi 3 IPOBAJlaMU HAIMIPYTY B €JIEKTPUYHIN MEPeXi, Ta iXHill BIIJIMB

Ha po6OTY eJIEKTPOTEeXHIYHOro 06J1aHAaHHS. Y MepuIoMy PO3[iijli HaBeeHO TEOPETUYHY OCHOBY JOCJIiIKEHHS,



BM3HAYEHO aKTyaJIbHICTh TEMU. Y IIbOMY PO37iJii CGOPMYJIbOBAHO IPUYMHY BUHMKHEHHS TPOBAJIiB HAIIPYTU B
POBIIOINBbHUX eJIeKTPUYHUX Mepekax, iXHill BIJIMB Ha poOOTY Pi3HOTO eJIEKTPOYCTaTKyBaHHS Ta BUSHAYEHO
3aBJaHHS, Ki HEOOXiHO BUPIMINTH /1719 3MEHIIEHHS BIIJIMBY IPOBaJliB HANpyru. [IpuzineHo ysary BIJIUBY IIPOBaJliB
HaIpYyryu Ha HAZiMHICTb i €(PEKTUBHICTb €JIEKTPOEHEPTreTUYHOI CUCTEMH, @ TAKOK BU3HAUEHO MOTEHLiNHI Xy iX
yCYHEHHSI. YV IpyroMy po3[iji pecTaBieHo OrJjisiy, Cy9acHUX 3ac00iB 3MEHIIeHHS! BIUIMBY IIPOBaJliB HAIIPYTH, iX
Oy[lOBYy Ta IPUHLUIIOBI cxeMu. [IoKazaHO HeLoJIiKY iCHYI0UMX arlapaTHUX 3aC00iB 3MEHIIEHHS BIIUBY [IPOBAJIiB
HaIpyry pi3HUX CUCTEM i BUPOOHUKIB. 3p06JIEHO BUCHOBOK, 1110 JIMIIE TEXHIYHMMU 3acO06aMU BUPIIINTHU IPOOIEMY
BILJIMBY ITPOBAJIiB HAlIPYT'¥ HEMOJKJIMBO, TOMY HEOOXiZHI OAATKOBI 3aX011 MIOL0 3MEHLIEHHS BILJIMBY IIPOBAJIiB
HaIlpyTU B €JIEKTPUYHIN MepexXi. Y TpeTbOMY PO31iji IPOBEIEHO aHai3 iICHYIOYMX 3aXO/iB 3arajbHOr0 MiiBUIIEHHS
SKOCTI €JIEKTPUYHOI eHeprii, 10 BKJII0YAIOTh TAKOX iCTOTHE 3MEHILIEHHS [TPOBaJIiB Hanpyru. Ha
TEIJIONOCTAa4YaIbHOMY IiANPUEMCTBI IPOAHAi30BAaHO BUHMKHEHHSI ITPOBAJIiB HANIPYTU B €JIEKTPUYHIN Mepexi y
NOPIiBHSIHHI 3 06cAramu BifillyleHOi TeI10Boi eHeprii. AHali3 JaHKUX OKAa3aB HAsIBHICTb 3B’13Ky MIX BiiIylLI€HOIO
CIIO>KMBA4aM TEIJIOBOIO EHEPTi€I0 Ta IpOBajlaMy Hanpyru. [IpoBeeHo oriis MaTeMaTUYHUAX MOJeJIel i MEeTOIiB
MOHITOPUHTY BJIaCTUBOCTEN AMHAMIYHMX npouecis. [laHi cuctem 360py iHpopmallii 06¢cAriB TenuoBoi i e71eKTpu4HOi
€Heprill IpeiCTaBIeHO Y BUIVISIA YaCOBUX PsfiB. PO3p06s1€HO MeTO L, BUSIBJIEHHS IIPOBAJIiB HAIIPYTH B €JIEKTPUYHIN
MEePEeXi TEIMJIONOCTAYandoro MiANpUeMCTBA LIUISIXOM 3aCTOCYBAHHS CUHIYJISIPHO-CIIEKTPAJIbHOTO aHAaJIi3y I10
B32€MOIIOB'SI3aHUX [1I0TOKAaX TEIJIOBOI Ta €JIeKTPUYHOI eHeprii. ALeKBaTHICTh METOAY BUSIBJIEHHS [IPOBAJIiB HAlpyru
IIepeBipeHo Ha TECTOBUX NPUKJIaAax. [IpoBeieHO aHasi3 peajlbHUX JAHUX CIIOKMBAHHS TEIJIOBOI i €JIeKTPUYHO]
€Heprii 0JHOTro palloHy MiCTa 32 ACTPOHOMIYHMIA piK. B pe3ysibTaTi IpOBENEHOro aHasi3y 6ysI0 BUSIBIEHO PEXXUMU
IiJ] Yac SIKMX BUHMKAIOTh IIPOBAJIM HAIIPYTH, OyJIO BUSBJIEHO Yac MOSBY, JOBXKMHA NIEPioAy HE6e3[IeYHUX PEKUMIB i
KUJIBKICTB €Hepril [J11 HeOoMyLleHH ITpoBaliB. Li maHi € 0CHOBOIO 11711 TOYHOTO PEryJII0OBAHHS TEIJIONOCTaYaHH i3
Pe3yJIbTaTOM HEIOMYILIEHHS HAZCIIOKUBAHHSI €JIEKTPUYHOI €HEePrii i K HaC/iIOK IPUIIMHEHHS IPOBAJIiB HAIIPYTH.
YeTBEPTUI PO3MiJ IPUCBSIYEHO EKOHOMIUHMM PO3PaxyHKaM CIIOCOOY 3aCTOCYBAaHHS 3alIPOIIOHOBAHOTO METOLLY
BUSIBJIEHHSI IIPOBAJIiB HAINIPYT B €JIEKTPUYHIN Mepexi. BukopucTaHo MeTOUKy pO3paxyHKY 30UTKIB B
€JIEKTPOEHEPIreTUYHINM CUCTEMI TEIIONOCTAYa0Y0ro MiANPUEMCTBA Bifl HU3bKOI AKOCTI €JIEKTPUYHOI eHeprii. Takox
BUKOHAHO PO3PaXyHOK TOYKU 6€336MTKOBOCTI Bifl BIIPOBAIKEHHSI CIIOCIO 3aCTOCYBaHHSI 3alIPOIIOHOBAHOTO METOMY
BUSIBJIEHHSI IIPOBAJIiB HAIIPYT B €JIEKTPUYHil Mepexi. Y BUCHOBKaxX HaBeJJleHO OCHOBHI pe3ysbTaT HayKOBOi poObOTHU
1010 BUPIlIE€HHS [TOCTABJIEHUX Y IOCJiIKEHH] HAayKOBUX 3a1a4. OTPMMAaHO TaKi OCHOBHi HAyKOBi Pe3yJIbTaTh: —
BIIEpILIE PO3POOIEHO METO/] BUSIBJIEHHSI IIPOBAJIiB HAIIPYTH B €JIEKTPUYHII MepesKi TeIonocTayalndoro
HiANMPUEMCTBA LIJIIXOM 3aCTOCYBaHHS CUHTYJISIPHO-CIEKTPAIbHOTO aHAJIi3y 10 B3a€MOIIOB I3aHUX ITOTOKAX
TEIJIOBOI Ta €JIEKTPUYHOI eHeprii, 10 a0 3MOTr'y 3MEHIINTH KiJIbKiCTh [IPOBAJIiB HAPYTY Ta MigBULIUTH
e(EeKTUBHICTb BUKOPUCTAHHS €JIEKTPUYHOI €Heprii; — Brepiue po3po6JeHO CIOCi6 BUSBIEHHS [IPOBAJIiB HANPYTH i3
3BOPOTHIM 3B'$I3KOM T10 1Ii/IbOBOMY IIapaMeTpy i MpoLeaypoIo MiATOTOBKYU JAaHUX MiJ, BUMOTYU PO3PO06JIEHOTO METOLY,

110 [1aJI0 3MOTy BU3HAUYUTU HEOOXiHI 3ac00M Ta 3ax01u AJ1s oro peasisatlii.

2. The dissertation is devoted to solving the scientific problem of improving the quality of electrical energy by
reducing voltage sags in the network through the reduction of non-standard electricity consumption based on
precise regulation of the heat supply level. Object of the research: voltage sags in the electrical system and their
impact on the electrical equipment of a district heating enterprise. Subject of the research: methods for the
detection, analysis, and control of voltage sags in the electrical network of a district heating enterprise. The
introduction substantiates the relevance of the research topic, which directly follows from the high requirements
for electrical energy quality in the power system of a district heating enterprise. It describes the problems
associated with voltage sags in the electrical network and their impact on the operation of electrical equipment.
The first chapter presents the theoretical foundation of the research and establishes the relevance of the topic. It
formulates the causes of voltage sags in distribution electrical networks, their impact on the operation of various
electrical equipment, and identifies the tasks that must be addressed to reduce their influence. Particular attention
is given to the effect of voltage sags on the reliability and efficiency of the power system, as well as to identifying
potential ways for their mitigation. The second chapter presents a review of modern means for mitigating the
impact of voltage sags, including their structure and basic circuit configurations. The shortcomings of existing



hardware-based solutions from various systems and manufacturers are identified. It is concluded that the problem
of voltage sag impact cannot be resolved solely by technical means; therefore, additional measures are required to
reduce their influence in the electrical network. The third chapter presents an analysis of existing measures for
overall improvement of electrical energy quality, including a significant reduction of voltage sags. At a district
heating enterprise, the occurrence of voltage sags in the electrical network is analyzed in comparison with the
volumes of supplied thermal energy. The data analysis revealed a relationship between the amount of thermal
energy delivered to consumers and the occurrence of voltage sags. A review of mathematical models and methods
for monitoring the properties of dynamic processes is carried out. Data from information acquisition systems on
thermal and electrical energy flows are presented in the form of time series. A method for detecting voltage sags in
the electrical network of a district heating enterprise is developed based on singular spectrum analysis of
interrelated thermal and electrical energy flows. The adequacy of the proposed method is verified using test
examples. An analysis of real data on thermal and electrical energy consumption for a city district over a full
calendar year is performed. As a result, operating regimes during which voltage sags occur are identified, including
the time of occurrence, the duration of hazardous periods, and the amount of energy required to prevent voltage
sags. These results form the basis for precise regulation of heat supply, enabling the prevention of excessive
electricity consumption and, consequently, the elimination of voltage sags. The fourth chapter is devoted to the
economic evaluation of the proposed approach for implementing the voltage sag detection method in the
electrical network. A methodology for calculating the economic losses incurred by the power system of a district
heating enterprise due to poor electrical energy quality is applied. In addition, a break-even analysis of the
proposed implementation approach for the voltage sag detection method is performed, confirming the economic
feasibility of its deployment. The conclusions present the main results of the scientific work aimed at solving the
research problems formulated in the study. The following main scientific results were obtained: - for the first time,
a method for detecting voltage sags in the electrical network of a district heating enterprise has been developed
using singular spectrum analysis of interrelated thermal and electrical energy flows, which made it possible to
reduce the number of voltage sags and improve the efficiency of electrical energy use; - for the first time, a
practical approach for implementing the proposed voltage sag detection method in the electrical network has
been developed, which made it possible to determine the required set of equipment for its realization and to
calculate the economic efficiency indicators of its implementation.
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ImenTudikarop ORCID ID: 0000-0002-9305-8169
JoparkoBa indopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPITIOY: 02071180

Micue3Haxoa>KeHHS: Bys1. Kupnuyosa, Xapkis, XapKiBchkuil p-H., 61002, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. Makapesuu CsitnaHa CepriiBHa



2. Svitlana S. Makarevych

KBasigikanis: x.r.u., gou., 05.09.03
ImenTudikarop ORCID ID: 0000-0002-9601-5156
JonaTkoBa iHdopmalist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuTeT 6iopecypcis i

IIPUPOJOKOPUCTYBaHHS YKpaiHu

Kopg 3a €IPIIOY: 00493706

Micue3Haxoa KeHHS: By ['epois O60ponu, Kuis, 03041, Vkpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Nepitt Bonogumup OnekciiioBud

2. Volodymyr O. Derii

KBastidikamis: . r. n., crapmmii HayKoBuii cniBpo6ithuk, 05.11.05
Inentudikarop ORCID ID: 0000-0002-5689-4897
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: IHCTUTYT 3aranbHOI eHepreTuku HarjioHanbHoi akamemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 04589627

Micue3HaxoaKeHHS: By/1. AuToHOBMYa, Kuis, 03150, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂZ HaujonanbHa akageMid HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KV1I FOpi# BacunboBuy
2. Yurii V. Kuts

KBasidikanis: g.1.1., npodpecop, 05.11.16
Inentudikarop ORCID ID: 0000-0002-8493-9474
JonaTkoBa iHdopmaris:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”
Kog, 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina



dopma By1acHoCTI:
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akar04Hi BimoMocTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Hosocenbues Onekcauap Bikroposuy
rOJIOBH paau

Bnacwue IpizBume Im's I1o-6aTbKOBI Hosocenbues Onexcauap Bikroposuy
rOJIOBYIOYOrO Ha 3aCiflaHHi

BigmoBimasibHU 32 MiATOTOBKY Hexyma O.JL.
00JIIKOBHX JJOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




