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Pedepar:

1. Y puceprauiiiHiil po60Ti MiCTUTBCSI HAYKOBO OOI'PYHTOBAHE TEXHIYHE PO3B’SI3aHHS aKTyaJIbHOI IPO6IEMU
MigBUIIEHHS HAAiHOCTI Ta €(PEeKTUBHOCTI eJIeKTPOIIOCTaYaHHSI IPOMUCIIOBUX i IIUBIIbBHUX 00 €KTIB 3
¢doroenexrpocranuismu (DEC) i Hakonnuysayamu eHeprii (HE) misxoM yJOCKOHAJIEHHS] CUCTEM KePyBaHHS
€JIEKTPOIIOCTAaYaHHS i3 3aCTOCYBaHHAM IHTEJIEKTYyaJIbHUX METOMIB KEPYBaHH, METOIB OL[iHIOBAaHHSA Ta
nporHo3yBaHHs TexHiuHoro crany (TC) enektporexHiuHoro o6aaaHanHs (EO), iHdpopManiliHUX TeXHOJIOTIH Ta
BUKOPUCTAHHS €JIEKTPOTEXHIYHUX IIPUCTPOIB HA OCHOBI HOBITHIX MaTepiaiB. Y NepmomMy po3aiji IpoBeIeHNN

aHali3 0CcOOJIMBOCTEN Cy4acHUX cucTeM enekrponocTtadyanHs (CEIT) Ta akTyasbHUX MIJISIXIB IX pO3BUTKY. OCHOBHUM



HanpssMKoM po3BUTKY CEIl e BUKopucTaHHS BifHOBJIOBaHUX mpkepes eHeprii (BJE), mo Takox nepenbavyae
Bukopucrtanns HE. EpexruBna po6oTa CEII 3 BIIE 3a6e3nedyeThcs MIIIKoM T0OYI0BY aBTOMAaTU30BaHUX CUCTEM
KEePYyBaHHA 3 BUKOPUCTAHHAM iHTEJIEKTyaJlbHUX METO/IiB KEPYBaHHS. BUlijieHO OCHOBHMII METO/] 3a6€31eYeHHS
eKCIUlyaTaliliHOi HafilHOCTI 061agHaHHs — 1106ynoBa cuctem kepyBaHHs TC EO Ha ocHOBI ouiHoBaHHS TC,
TEXHIYHOTO 00CIyroByBaHHS Ta PeMOHTY EO 3 BUKOPUCTAaHHS MPEAUKTUBHOTO MiXO0y, iHTEJIeKTyalbHUX METO/IiB
nporHo3yBaHHs T'C Ta OLiHKM 3aJIMIIKOBOr0 pecypcy obsangHaHHs. [IpoBeeHnit aHasli3 MeTOMiB MiJiBUIIEHHS
edexruBHOCTI Ta HafifHOCTI CEIT n1SIXOM CTBOPEHHS €JIEKTPOTEXHIYHUX NPUCTPOIB Ta €J1IEMEHTIB €JIEKTPUYHUX
MepeX 3 BUKOPHCTaHHSIM HOBITHIX MaTepiasiB (30KpeMa, KOMIIO3UTIB Ta CIJIAaBiB 3 e(pEeKTOM Nam’siTi popmu)
[10Ka3aB JIOLi/IbHICTb Ta EKOHOMIYHY e(PeKTUBHICTb IX BUKOPUCTAHHS. Y APYroMy po3iji IpoBeneHni AeTalbHUN
orzsip ta aHaniz CEIT 3 ®EC ta HE, ix pexxumiB po60TH, 3alIPONIOHOBAHUI CIIOCI6 ONTHMMI3allii peXXUMIB HIJISIXOM
YIOCKOHAJIEHHSI aBTOMATU30BaHUX CUCTEM KE€PYBaHHS Ta BUKOPUCTaHHS KOMbiHOBaHMX HE, a Takoxx meTonu
NiABUINEHHS HAliMHOCTI IUIsIXoM 1o6ynosu cuctemu kepyBanHs TC EO. [TposeneHi nocinkeHHs TOKa3ann
eeKTUBHICTb 3alIPOIIOHOBAHOI CUCTEMU KepyBaHHS KoMb6iHOBaHUM HE i3 3acTOCYBaHHSIM CTpaTerii KepyBaHHS, 1110
6a3yeTbCs Ha eHepPreTUYHOMY MifgxXoHi Ta BpaxoBye eHepreTuyHuii ctad HE. TIpoananizoBaHo cy4yacHi niaxonu go
KkepyBaHHd TC EO. BukoHaHO cucTeMHuUi1 aHasis mpouecy ouinioBaHHA Ta KepyBaHHd TC EO. IIpencrasieni
MaTeMaTu4Hi Mogiesi oniHoBaHHA cTany EO ta kepyBanHs TC EO. 3anponioHOBaHO CUCTEMY BUSIBJIEHHS aHOMAJIN
Ha OEC, mo Bifpi3HseTbCs NonepeaHbolo Kuacudikallieto natepHis noseainku EO i 103Bos1sie BpaxoByBaTu
BifCyTHiCTb iHpopmalii mpo HecipaBHOCTI B po60Ti EO, po3pobiieno imiTaniitny Moziesb i IpoBeeHO IEPEBIPKY
3aIPONIOHOBAHOI CUCTEMH, 1O MOKa3aa ii e(eKTUBHICTb. [IpencTaBieHi pillleHHs Ta KEPYBaJIbHi CUTHAJIY, IO
BUKOpHUCTOBYIOThCS 17151 KepyBanHs TC EO. [IpencraBieHa MeToAuKa po3pobku cleHapito podotu EO BifnosinHo
Io ¢aktuyHoro crany EO. 3anponoHoBaHa apxiTeKTypa iHTesekTyanbHoi cuctemu kepyBaHHs TC EO Ta
iHopmaliiiHa cucTeMa MiATPUMKY IPUMHSTTS PillleHb B aBTOMAaTM30BaHil cucrteMi kepyBanHs TC EO. ¥V Tpetbomy
PO3aisi HAeThCsl PO MiIBUIIeHHS HaminHOCTI Ta edpekTuBHOCTI CEIT m11X0M BUKOPUCTaHHS TEPMOKOMIIEHCATOPIB
(TK) Ha ocHOBI cniaBiB 3 epekToM Nam’saTi GopMY, SIKi KPIIJIITHCS 10 IPOBOJIB [OBITPSIHUX JIiHii i 3a6€31euy0Th
KOMIIEHCAIL{I0 iX TeMIIEpaTypHOTro BUIOBXEHHS. Bukonana knacugikauig TK 3a npu3HaueHHSIM, NPUHLIAIIOM
pO6OTH Ta OCOOIMBOCTSIMU KOHCTPYKIii. 3alIpONIOHOBaHa y0CKOHaeHa KOHCTPyKLis TK 3 pepomarHitHumMu
eJleMeHTaMHU (KiJIbLsIMA), o 3abe3neyye cnpauobadHd TK rpu 3agaHux TeMnepaTypi HaBKOJIMIIHBOTO
CcepenloBUlIa Ta CTPyMi HaBaHTaXKeHHS1. PO3p06JI€HO alrOpUTM pO3paxyHKy IlapaMeTpiB (epOMarHiTHUX €J1€MEHTIB
TK i migTBepaKeHO MOro Nnpaue3faTHicTb. 3 BUKOPUCTAHHIM iMIiTaliMHUX MOZEJIeN NOCaiIKkeHo BB TK Ha
esniekTpruyHi napametpu JIEIT, HopMmasbHi Ta aBapiliHi pesxkxumu pobotu nositpstHux JIEIT 3 TK, mo nigTeepanamn
3a0e31e4eHHs] HOPMaTHBHUX [10Ka3HUKIB SIKOCTi eJIeKTPUYHOI eHeprii Ta HafiliHy i edpekTrBHY pobdoTy JIEIT.
BrKoHaHi po3paxyHKOBI AociipKeHHsl poooTu nosiTpsHux JIETI 3 TK B yMOBax KOPOTKMX 3aMUKaHb ONKCAJIN
HETaTMBHUM BIIJIUB CTPYMiB KOPOTKUX 3aMuKkaHb Ha TK. [IpoBeseHo iMiTaliiiiHe MOLEI0BaHHS €JIEKTPUYHOTO M0JIS
HaBkoJio TK pi3HUX KOHCTPYKLiii, BCTAHOBJIEHUX Ha NpoBoAax nositpsiHux JIEI, BusiBiieHo daxkTopy, sIKi BIVIUBAIOTD
Ha MaKCHUMaJbHY HallPYy>KEHICTb €JIEKTPUYHOTO I10J1 Ta YMOBU BUHUKHEHHSI KODOHHOTO po3psiny. [IpoBeneHa
oninka BiuBy TK Ha HagiHicTs noBiTpssHuX JIETI nokazana epeKkTuBHiCT, BUKOpUCTaHHs TK 3 MeTOl NinBUIEeHHS
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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