O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0824U002358
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 01-07-2024

Craryc: Haka3 npo Bugady gumnioma

PexBizutu Haka3y MOH / Haka3y 3aKjazy: Hakas npo Bugady aunioma N2148

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. PomaHmok Bosogumup Tapacosuy

2. Volodymyr T. Romaniuk

KBasidikanis: 141

InenTudikarop ORCID ID: 0000-0002-0172-1833

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi cHeniaJIbHOCTI: 141

Ha3Ba HayKOBOIi CIIeIiaIbHOCTI: EjieKTpoeHepreTyKa, eleKTPOTEXHIKA Ta EJIEKTPOMEXaHIKa
lanyss / ralesi 3HaHb. €JIEKTPUYHA iHXKeHepis

OcBiTHBO-HayKOBa Mporpama 3i CreniaJbHOCTI: EnekTpoeHepreTnka, eJ1eKTpOTEXHIKa Ta

€JIEKTPOMeEXaHiKa

Jara 3axHCTy: 28-08-2024

CnenianbHICTD 32 OCBITOIO: 141 EleKTpoeHepreTuka, eJIeKTpOTeXHiKa Ta eJleKTpoMexaHika
Micue po6oTu 3400yBayva:

Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByracHOCTI:

Cdepa ynpasiriHHS:

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BY€HOI pagH (pa30Boi CleliaJai30BaHOi BYEHOI paju). 6293
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMIl yHIBEPCUTET XapYOBMX TEXHOJIOTIH
Kopg 3a €IPIIOY: 02070938

Micueanaxo;perHﬂ: ByJI. Bonmogumupceka, 6ya. 68, Kuis, 01601, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# yHIBEPCUTET XapYOBUX TEXHOJIOTIi
Kopg 3a €IPIIOY: 02070938

Micue3HaxoaKeHHS: ByJI. Bonmonumupceka, 6ya. 68, Kuis, 01601, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TeMaTHYHHUX PYOPHK: 44.29.31, 44.29.37

Tema gucepranii:
1. ITinBuIeHHS HaiMHOCTI Ta €(PEeKTUBHOCTI CUCTEM €JIeKTPONOCTaYaHHs HIJISIXOM BUKOPUCTaHHS

aBTOMATM30BAaHUX CUCTEM KEPYBaHHS Ta €JIEKTPOTEXHIYHUX IIPUCTPOIB Ha OCHOBI HOBITHIX MaTepiaiB

2. Increasing the reliability and efficiency of power supply systems by using automated control systems and
electrotechnical devices based on novel materials

Pedepar:

1. Y pucepraniiiHiii po60Ti MiCTUTLCS HAYKOBO OOI'PYHTOBAHE TEXHIYHE PO3B’SI3aHHS aKTyaJIbHOI IPO6IEMU
IiIBUIIEHHS HAIiHOCTI Ta €(PeKTUBHOCTI €J1eKTPOINOCTA4aHHS TPOMUCJIOBUX i IUBIJIbHUX O0'EKTIB 3
¢doroenekrpocranuigmu (PEC) i HakonmdyBayamu eHeprii (HE) migxoM yZ0CKOHaJIEHHSI CUCTEM KEPYBaHHS
€JIEKTPOIIOCTAa4YaHHS 13 3aCTOCYBAHHSAM IHTEJIEKTYyaJIbHUX METOMIB KEPYBaHH, METOIB OLiHIOBAHHS Ta
IporHo3yBaHHs TexHiYHOro crany (TC) enexkrporexHiuHoro o6aagHanHs (EO), indpopmalillHUX TeXHOJIOTIN Ta
BUKOPMCTAHHS €JIEKTPOTEXHIYHMX MPUCTPOIB HA OCHOBI HOBITHIX MaTepiaiB. Y NepmomMy po3aiji IpoBeIeHun
aHasi3 ocobauBOCTeN cyyacHUx cucteM enekrponoctadyadHs (CEIT) Ta akTyasbHUX MIJISIXIB iX po3BUTKY. OCHOBHUM
HanpsiMkom po3BUTKy CEII € BUKopuCTaHHS BilHOBJIOBaHUX JKepeJ eHeprii (BIE), o Takox nepenbadae
BukopucranHsg HE. EpextuBHa po6ota CEII 3 BIE 3a6e3ne4yeTbcs MIISIXOM [T00Y,0BA aBTOMAaTU30BAaHUX CUCTEM

KEepPYyBaHHA 3 BUKOPUCTAHHSM iHTEJIEKTyallbHUX METO/IiB KEPYBaHHS. BuliieHO OCHOBHMIT METO/, 3a6€3eYeHHS



eKCIIyaTaliliHol HaAiHOCTI 061agHaHHS — 100ynoBa cucteM KepyBaHHs TC EO Ha ocHOBI onjiHioBaHHS TC,
TEXHIYHOTO 00CIyroByBaHHS Ta PeMOHTY EO 3 BUKOPUCTaHHS MPEAUKTUBHOTO MiJXOy, iHTEJIEKTyalbHUX METO/IIB
nporHo3yBaHHs TC Ta OLiHKM 3aJIMIIKOBOrO pecypcy obangHaHHs. [IpoBeeHMit aHasli3 METOiB MiJBUILIEHHS
edekruBHOCTI Ta HafilHOCTI CEIl mISIXOM CTBOPEHHS €JIEKTPOTEXHIYHUX NPUCTPOIB Ta €JIEMEHTIB €JIEKTPUYHUX
MepeX 3 BUKOPMCTaHHSIM HOBITHIX MaTepiasiB (30KpeMa, KOMIIO3UTIB Ta CIJIABiB 3 e(pEeKTOM Nam’sTi popmn)
I10Ka3aB JIOLi/IbHICTb Ta EKOHOMIYHY €(PeKTUBHICTb IX BUKOPUCTAHHS. Y APYroMy po3iji IpoBeneHui AeTalbHUN
orzsp ta aHaniaz CEIT 3 ®EC ta HE, ix pexxumMiB po60TH, 3alIPONIOHOBAHUI CIIOCI6 ONTHMMI3allii peXXUMIB HIJIIXOM
yIIOCKOHAJIEHHSI aBTOMATU30BAHUX CUCTEM K€PYBAaHHS Ta BUKOPUCTAHHS KOMGiHOBaHUX HE, a Tako>X meTonu
IiABUILEHHS HaNiMHOCTI IIsIXOM 11o6ynoBu cuctemu kepyBanHs TC EO. [TposeneHi focinskeHHs 1OKa3ann
eeKTUBHICTb 3alIPOIIOHOBAHOI CUCTEMU KepyBaHHS KoM6iHOBaHUM HE i3 3acTOCYBaHHSM CTpaTerii KepyBaHHS, 1110
0a3yeTbCs Ha eHePreTUYHOMY Mifxomi Ta BpaxoBye eHepreTuuHuii ctad HE. TIpoaHanizoBaHo cydacHi nmiaxonu o
KkepyBaHHsa TC EO. BukoHaHO cucTeMHUI1 aHasli3 nmpouecy ouiHioBaHHA Ta KepyBaHHs TC EO. IIpencrasieni
MareMaTu4Hi Mogei oniHoBaHHs ctaHy EO Ta kepyBanHs TC EO. 3anpornoHOBaHO CUCTEMY BUSIBJIEHHSI aHOMAaJIiN
Ha OEC, mo Bifpi3HseTbCs NonepenHbolo Kuacudikauieto natepHis noseainku EO i 103Bos1sie BpaxoByBaTu
BiZcyTHicTb iHdopMalii npo HecnipaBHOCTI B po60Ti EO, po3po6seHo imitaliiiny Mozesb i IpoBeieHo NepeBipKy
3aIPOIIOHOBAHOI CUCTEMH, 110 MToKazasa ii epeKTUBHICTb. [IpencTaBiieHi pillleHHs Ta KepyBaJibHi CUTHAJIY, 110
BUKOpHUCTOBYIOThCA 1151 KepyBaHHs TC EO. [IpencraBieHa MeToAuKa po3pobku cleHapito poootu EO BifnosigHo
Io ¢aktryHoro crany EO. 3anponoHoBana apxiTeKTypa iHTeseKkTyanbHoi cuctemu kepyBaHHs TC EO Tta
indopmauiitHa cucreMa NigTPUMKU IIPUIAHSTTS pilleHb B aBTOMaTU30BaHil cuctemi kepyBanHs TC EO. V TpeTbomy
O3 HAeTbCsl PO MiBUIleHHS HaliiHOCTi Ta edpekTuBHOCTI CEIT I1X0M BUKOPUCTaHHS TEPMOKOMIIEHCATOPIB
(TK) Ha ocHOBI cniaBiB 3 epeKTOM Nam’aTi GOpMHY, SIKi KPIIJIITHCS 10 IPOBOJB [IOBITPSIHUX JIiHii i 3a6€311e4y0Th
KOMIIEHCAII{I0 iX TeMIIEpaTypPHOTro BUIOBXKEHHS. Bukonana knacugikauig TK 3a npu3HauyeHHSIM, NIPUHLAIIOM
pOOOTH Ta OCOBIMBOCTSIMU KOHCTPYKLii. 3alIpONIoOHOBaHa yloCKOHaneHa KoHCTpyKuist TK 3 depomarHitHuMu
eJleMeHTaMU (KiJIbLIMA), o 3a6e3nedye cnpanobadHd TK rpu 3aaHux TeMIiepaTypi HaBKOJIMIIHBOTO
CepeoBUIIA Ta CTPyMi HaBaHTaXKeHHS1. PO3p06JI€HO alrOPUTM pO3PaxyHKy IlapaMeTpiB (epOMarHiTHUX €J1€MEHTIB
TK i migTBepaKeHO MOro Nnpaue3faTHicTb. 3 BUKOPUCTAHHIM IMIiTaUiMHUX MOZEJIeN NOCliIKeHOo BB TK Ha
esniekTpruyHi napametpu JIEIL, HopMmasbHi Ta aBapiliHi pexkumu pobotu noBitpsiHux JIEII 3 TK, mo nigTeepauamn
3a0e31e4eHHs HOPMaTHMBHUX [10Ka3HUKIB SIKOCTi €JIEKTPUYHOI eHeprii Ta HafliliHy i epekTrBHY poboTy JIEII.
BrKOHaHi pOo3paxyHKOBI fAOcCimpKeHHsI poooTu noBiTpssHuX JIETI 3 TK B yMOBax KOPOTKMX 3aMUKaHb ONKCAJIN
HEraTMBHUI BIUIUB CTPYyMiB KOPOTKUX 3aMuKaHb Ha TK. TIpoBeneHo iMiTalliiiHe MOZIEIIOBAaHHS €JIEKTPUYHOTO MOJIS
HaBkoJi1o TK pi3HUX KOHCTPYKLiii, BCTAHOBJIEHUX Ha NpoBoAax nositpsiHux JIEI, BusiBieHo daxkTopy, siKi BIVIUBAIOTb
Ha MaKCHUMaJbHY HalIPY>KEHICTb €JIEKTPUYHOTO 110JI Ta YMOBU BUHUKHEHHSI KODOHHOTO po3psiny. [IpoBeneHa
oninka BiuBy TK Ha HagiHicTs noBiTpstHUX JIETI nokazana epekTuBHiCT, BUKOpUCcTaHHs TK 3 MeTOl NiIBUIEeHHS
ix HamifHOCTI.

2. This dissertation presents a scientifically based technical solution to the current problem of increasing the
reliability and efficiency of industrial and civil power supply systems (PSS) with photovoltaic (PV) power stations
and grid energy storage (GES) by improving power supply control systems (CSs) with the use of intelligent control
methods, methods of evaluating and forecasting the technical condition (TC) of electrotechnical equipment (EE),
information technologies, and by the use of electrotechnical devices based on novel materials. The first chapter
contains an analysis of the features of modern PSS and promising ways of their development. The main direction of
PSS’ development is the utilization of renewable energy sources, which also implies the utilization of GES. Effective
operation of PSS with renewable energy sources is ensured by creating automated CSs using intelligent control
methods. The main method of ensuring the reliability of PSS is highlighted: the creation of CS for the TC of EE
based on the assessment of the TC, maintenance and repair of EE using a predictive approach, intelligent methods
of TC forecasting, and assessment of the remaining useful life of EE. A conducted analysis of the methods of
increasing the efficiency and reliability of PSS by creating electrotechnical devices and elements of electrical
networks using novel materials (in particular, composites and shape-memory alloys) showed the expediency and
economic efficiency of their use. The second chapter provides a detailed review and analysis of PSS with PV power



stations and GES and their modes of operation, a proposed method of optimizing the modes by improving
automated CSs and using combined GES systems, as well as methods of increasing reliability by creating the CS for
the TC of EE. Conducted research showed the effectiveness of the proposed CS for a combined GES system, which
uses a control strategy based on the energy approach and takes into account the energy state of the GES system.
Modern control approaches of TC of EE were analyzed. A systematic analysis of the process of evaluation and
management of the TC of EE was performed. Mathematical models of TC assessment and control for EE were
presented. An anomaly detection system for PV power plants was proposed. This system is distinguished by the
preliminary classification of patterns of behavior of EE and allows taking into account the lack of information about
malfunctions in the operation of the EE. A simulation model was developed, and verification of the proposed
system was carried out. Solutions and control signals used to control the TC of EE were presented. The method of
developing a scenario of EE’s operation in accordance with the actual state of equipment was presented. The
architecture of the intelligent CS of the TC of EE and the information decision support system in the automated CS
of the TC of EE were proposed. The third chapter focuses on increasing the reliability and efficiency of PSS
through the use of special devices based on shape-memory alloys - thermal compensators (TCs). These devices
attach to the wires of overhead power lines (OPL) and provide compensation of their thermal elongation. The
classification of TCs by purpose, principle of operation, and design features was conducted. A modified TC with a
ferromagnetic screen in the form of ferromagnetic rings was proposed. These ferromagnetic rings ensure the
operation of the TC at a specified ambient temperature and load current. An algorithm for calculating the
parameters of ferromagnetic elements was developed, and its efficiency was proven. With the use of simulation
models, the impact of TCs on the electrical parameters of OPL, normal and emergency modes of operation of OPL
with TCs was investigated, which confirmed the provision of normative indicators of the quality of electrical
energy and the reliable and efficient operation of OPL. Performed calculations of the operation of OPL with TCs in
conditions of short circuits described the negative impact of short-circuit currents on TCs. Simulation modeling of
the electric field around TCs of various designs installed on OPL was carried out. Factors affecting the maximum
intensity of the electric field and the conditions for the occurrence of corona discharge were identified. The
assessment of the impact of TCs on the reliability of OPL showed the effectiveness of using TCs to increase their
reliability.
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