O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0825U001499
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 05-05-2025

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Hakasy MOH / Haka3y 3aKsazgy: Hakas NeHCBC /59 /25 Bix 21.07.2025
HamioHasibHOro TeXHIYHOro yHiBepcuTeTy YKpainu "KuiBCbKOro MOJIiTEXHIYHOTO iHCTUTYTY

imeHi Irops Cikopcekoro"

I1. BizomocTi npo 3100yBaya
Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Xomak Aunpiit Oserosny

2. Andrii O. Khomiak

KBasmi¢ikamis:

Inentudikarop ORCID ID: 0000-0003-0315-0883

Bupg, nucepranii: nokrop dinocodii

AcmipanTtypa/JlOKTOpaHTypa: tak

IIIn¢p HayKoOBOi CHeNiaIbHOCTI: 141

Ha3Ba HayKOBOi CHIeliaJIbHOCTI: EjleKTpoeHepreTrka, €1EKTPOTEXHIKA Ta €IEKTPOMEXaHIKa
T'anmy3b / rasysi 3HaHB. eneKTPUYHA iHXEHEPis

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

€JIEKTPOMEXaHiKa

Jara 3axHcTy: 02-07-2025

CrneniaJbHICTh 32 OCBITOIO: EeKTpOEHEPTreTUKA, €IEKTPOTEXHIKA Ta €EKTPOMEXaHiKa
Micue po6oTu 3400yBayva:

Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma ByracHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CleliaJai30BaHOI BYE€HOI pazu). PhD 8644

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepeuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocnekT Bepecreiicbkuii, 6ya. 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuHMi yHiBepcuTeT YKpainu "KuiBchKuii
MOJIITEXHIYHM IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TeMaTHYHHUX py6puK: 44.37.31, 44.37.33, 44.09.39, 44.09.41, 44.09.03

Tema guceprauii:
1. IHTEJIEKTYAJIbBHA CUCTEMA PETYJIFOBAHHS PEJKMMIB POBOTU COHAYHOI EJTEKTPOCTAHIII

2. Intelligent system for regulating the operating modes of a solar power plant

Pedepar:

1. Incepraris Ha 3000yTTSI HAYKOBOTO CTYyIEHS AOKTOP ¢inocodii 3a cnenjanbHicTio 141 —~«Es€KTpoeHepreTuka,
€JIEKTPOTEXHIKa Ta eJleKTpoMexaHika» (14-EnekrpuyHa iHxepepist). — HalioHanbHUI TeXHIYHUI YHIBEPCUTET
Ykpainu «KuiBcbkuii nositexHiyHuil iHctutyT imeHi Iropst Cikopebkoro», Kuis, 2025. [lucepTauiiiHe LOCTiIKeHHs
«IHTesIeKTyasibHa CUCTEeMa PETyJII0BaHHS PEXUMIB pOOOTH COHSIYHOI €JIeKTPOCTaHLii» IPUCBSYEHE aKTyaIbHOMY
HayKOBOMY 3aBJAaHHIO MiJIBUIIEHHS PiBHS €Heproe(eKTUBHOCTI EHEPrOCUCTEMU YKPAiHU HIJIIXOM PO3PO0OJIEHHS
MoOJeJsiell Ta MeTO/iB MOHITOPUHTY, TPOTHO3YBAHHS Ta KOHTPOJIIO 1151 3a0e31e4YeHHs] eHepreTUYHOI CTiMKOCTi
KpaiHu. 17151 aHasizy npobseM ranysi 6ys10 o6paHO COHSIYHI eIeKTPOCTaHlii, 110 € [AKepeslaMU BiJHOBIIOBAHO]
eHepreTvku. JluceprauiliiHe JOCIiIPKEHHS BiiIOBiae NIPiOPUTETHOMY HaIIPSIMKY PO3BUTKY Kpainu: «EHepreTuka ta
eHeproedeKkTuBHICTb» (EHEeproeeKTUBHICTb i €HePro36epeKeHHs, pUHKU eHepropecypcis; EHeproMmeHe1)KMeHT,

indopmaniitHo-aHaMiTUYHE Ta HOPMAaTUBHO-METOAUYHE 3a6€e3eYeHHs] eHepreTUYHoi rajnysi; ExosoriyHo



36a71aHCOBaHA €HEPreTUYHa 6e3IeKa ) 1o 3aTBepPKeHUI OCTaHOBOI KabineTy MiHicTpiB YKpainu Bif, 7 BepecHst
2011 p. N2 942 «I1po 3aTBepIKEHHS MEePETiKY NPIOPUTETHUX TEMATUYHUX HAIIPSIMiB HAYKOBUX JOCIIIKEHD i
HayKOBO-TEXHIYHMX PO3p0O06OK Ha nepion 1o 2023 poky» (B pepakuii nocranosu Kabinetry MinicTpis Ykpainu Bin 9
TpaBHs 2023p. N2463). Mera. [linBuineHHs epeKTUBHOCTI 3aCTOCYBaHHS PE3EPBiB EHEPTOCUCTEMMU 11711 KOMIIEHC AL
He6asIaHCIB, [0 BUHMKAIOTh IIPY 3MiHi HAaBaHTaK€HHS Ha COHSYHUX €JIEKTPOCTaHLisSX. 3/eleBIeHHs IPOLeCy
KOMITeHcallii HebaJIaHCiB, 1110 BUHMKAIOTh IIPY 3MiHi HABaHTa)KEHHS HA COHSIYHUX €JIeKTPOCTAHIIisIX. AKTYaJIbHICTb.
Tema cnpsiMoBaHa Ha MiBUIIEHHS €HEPreTUYHO]I CTIHKOCTI YKpaiHu Ta BUpilleHHS 3a/a4i KoMIIeHcallii HebaylaHCiB
BHACJIilOK pOOOTH COHSIYHUX eJleKTpocTalii. HoBu3Ha Temu nossirae y po3po6Ji€HHI HOBOTO MiAXOLy 4O KepPyBaHHS
COHSIYHMMU €JIEKTPOCTaHIIiSIMU Ta pearyBaHHs Ha BilXUJIEHHS YaCTOTU B €EHEPTOCUCTEMI 33 PaXyHOK
BIIPOBA)KEHHSI IHTEJIEKTYaJIbHOI CUICTEMU PETyJII0BaHHS PEXKUMaMU POOOTH COHSIYHO] e/1eKTpOCTaH1ii, 31aTHOI 10
KOPOTKOYaCHOrO IIJIaHYBAaHHS 3 TOPU30HTOM IIJIaHYBaHHS Oijiblie 15 XBUJIMH Ta OTPMMAHHSIM CY4acHOTO
iHCTpyMEHTY ITPEBEHTMBHOTO PearyBaHHs Ha BUKJIMKU B eHeprocuctemi Ykpainu. O6'eKT: polec reHepatii
€JIEKTPUYHOI €HEPTii COHIYHUMHU €JIeKTPOCTaHLiSIMU YKpainu. [IpegmeT: oKa3HUKY reHepallii e1eKTPUIHOI
€Heprii, KOJIMBAaHHS B €HEPrOCUCTEMI, HASIBHICTh PE3€PBIB JOIIOMIKHUX IIOCIYT, @ CAME: PE3€PBY NiATPUMKU
4aCTOTH, aBTOMATUYHOIO Ta PYYHOTO PE3EPBY BiIHOBJIEHHS YaCTOTH, PE3E€PBY 3aMilleHHs. HaykoBa HOBU3HA
IOCIIIPKEHHS TI0JISITA€ Y TOMY, I10: 1. 3aipONIOHOBAHO METO], PearyBaHHs Ha 3MiHY BEJIMUMHY reHepallii
€JIEKTPUYHOI €Heprii Ha COHSYHUX €JIEKTPOCTAHLiSIX HA OCHOBI KOPOTKOYACHOI'O IIPOTHO3YBAHHS 3 BUKOPUCTAHHAM
iHTeJIeKTyaJIbHUX CUCTEM Ha 6a3i HePOHHUX MEPEX, 10 NO3BOJIUJIO 3MIHUTH MifXif, 10 6a1aHCyBaHHS
€HEepProCcuCcTeMH Ta 3[€MEeBUTH IIPOLEC 32 PAXYHOK aKTUBallii 6i/bII MOBIbHUX, IPOTE [EMEeBUINX PE3EPBiB
BiZJHOBJIEHHSI 4aCTOTH. 2. 3alIpOIIOHOBAHO HOBUI1 MaTeMaTUYHUI METO]], PaHTOBUX KOoe(illieHTiB y3roKeHOCTi Ta
KpuUTepii 10 6araTOKpUTEpiabHOTO aHai3y €(PEeKTUBHOCTI pOOOTH €J1EKTPOCTAHLMH, 1O 03BOJINIIO 30ibIINTH
MIBUAKICTh pearyBaHHs AUCIIETYEPCHKOTO IEPCOHAJY OllepaTopa CUCTEMU Nlepeadi Ha BilXUI€HHS B
€HEeprocuCcTeMi 32 paXyHOK PaH)XyBaHHS COHSYHUX eJIEKTPOCTaHLi 3a e(peKTUBHICTIO iX poOOTH Ta BIJINBOM Ha
eHeprocucremy. 3. CTBOpeHO HEIIPOHHY MepexXy [J1s1 po3lizHaBaHHs o6pa3iB CoHL i xMap Ha Hebi Ta aHami3y
TPaeKTOPIi iX pyXy, 110 JO3BOJIMIIO OTPUMYBATU IIPOTHO3HI 3HAYEHH IeHepallii €JIEKTPUYHOL eHeprii Ha COHAYHUX
€JIEKTPOCTAaHLiSIX B PEXXMMI peasbHOrO 4acy Ta TOPU30OHTOM IPOTHO3YBaHHS B 15 XBUJIMH 33 PaXyHOK BUKOPUCTAHHS
3TOPTKOBUX HEHPOHHUX MepeX B cepefoBullli nporpamyBaHHs Python. ITpakTuuHe 3HaueHHs. Po3pobyieHo meToy,
PaHroBux KoedilieHTiB y3ropKeHOCTi, 6araToKpuTepialbHUI aIrOPUTM aHai3y e(peKTUBHOCTI pO60TU, CTBOPEHO
iHTeJIeKTyabHy CUCTEMY Ha 6a3i HEPOHHOI MepeXi IJ1s1 aHai3y nosio>keHHs: COHLS i XMap, Ta NOJAJIbIIOr0
IIPOTHO3YBaHHS TPaeKTOPii iX pyxy. CTBOPEHO HOBMI METOJ, aKTHBALlii JOTIOMDKHUX IIOCIYT [1719 KOMIIEHCallii
HebaslaHCiB B €HEProCUCTEMI, 1110 Ja€ 3MOTy OiJIblll IelIeBO KOMIIEHCYBAaTH HebaJlaHCU B €HeProCUCTEMI 32 PaXyHOK
KOPOTKOYaCHOT'0 NPOTHO3YBaHHS 3MiHM BEJIMYMHU reHepalil €JIEKTPUYHOI €HEPTil Ha COHSAYHUX €JIEKTPOCTAHIiSX.
MeToq, paHroBux KoeQilieHTiB y3roZ>KeHOCTi Ta 6araTOKpUTEPiaJbHUI aJITOPUTM aHami3y e(peKTUBHOCTI BXKe
3HANIIOB CBOE 3acTOoCyBaHHs B po6oTi HEK «YkpeHnepro».

2. Thesis for obtaining the Doctor of Philosophy degree in the specialty 141 - "Electric power engineering, electrical
engineering and electromechanics" (14-Electrical engineering). - National Technical University of Ukraine "Igor
Sikorsky Kyiv Polytechnic Institute", Kyiv, 2025. The dissertation study "Intelligent system for regulating the
operating modes of a solar power plant" is dedicated to the current scientific task of increasing the level of energy
efficiency of the energy system of Ukraine by developing models and methods of monitoring, forecasting and
control to ensure the country's energy sustainability. To analyze the problems of the industry, solar power plants,
which are sources of renewable energy, were chosen. The dissertation study corresponds to the priority direction
of the country's development: "Energy and energy efficiency" (Energy efficiency and energy saving, energy
resource markets; Energy management, information-analytical and normative-methodological support of the
energy industry; Ecologically balanced energy security) which was approved by the resolution of the Cabinet of
Ministers of Ukraine dated September 7, 2011. No. 942 "On approval of the list of priority thematic areas of
scientific research and scientific and technical development for the period until 2023" (as amended by the
resolution of the Cabinet of Ministers of Ukraine dated May 9, 2023 No. 463). Objective. Increasing the efficiency of
the use of power system reserves to compensate for imbalances that occur when the load on solar power plants



changes. Reducing the cost of the process of compensation for imbalances that occur when the load changes at
solar power plants. Relevance. The topic is aimed at increasing the energy sustainability of Ukraine and solving the
problem of compensation for imbalances due to the operation of solar power plants. The novelty of the topic lies in
the development of a new approach to controlling solar power plants and responding to frequency deviations in
the power system by implementing an intelligent system for regulating the operating modes of a solar power plant,
capable of short-term planning with a planning horizon of more than 15 minutes and obtaining a modern tool for
preventive response to challenges in the power system of Ukraine. Object: the process of generating electrical
energy by solar power plants of Ukraine. Subject: indicators of electricity generation, fluctuations in the power
system, availability of reserves of auxiliary services, namely: reserve of frequency support, automatic and manual
reserve of frequency restoration, reserve of replacement. The scientific novelty of the study is that: 1. A method of
responding to changes in the amount of electrical energy generation at solar power plants based on short-term
forecasting using intelligent systems based on neural networks was proposed, which made it possible to change
the approach to power system balancing and reduce the cost of this process by activating slower, but cheaper
frequency restoration reserves. 2. A new mathematical method of ranking consistency coefficients and criteria for
multi-criteria analysis of the efficiency of power plants is proposed, which made it possible to increase the speed
of response of the dispatching staff of the transmission system operator to deviations in the power system due to
the ranking of solar power plants according to their efficiency and impact on the power system. 3. A neural
network was created to recognize images of the Sun and clouds in the sky and analyze the trajectory of their
movement, which made it possible to obtain forecast values of electric energy generation at solar power plants in
real time and with a forecasting horizon of 15 minutes due to the use of convolutional neural networks in the
Python programming environment. Practical significance. The method of rank coefficients of consistency, a multi-
criteria algorithm for the analysis of work efficiency was developed, an intelligent system based on a neural
network was created for analyzing the position of the Sun and clouds, and further forecasting the trajectory of
their movement. A new method of activating auxiliary services for compensating imbalances in the power system
has been created, which makes it possible to more cheaply compensate imbalances in the power system due to
short-term forecasting of changes in the amount of electricity generation at solar power plants. The method of
rank coefficients of consistency and the multi-criteria efficiency analysis algorithm have already found their
application in the work of NPC "Ukrenergo”.
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