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Pedepar:

1. Y nuceprauiiiHiil po60Ti BUpilleHa aKTyaJbHa HAyKOBO-TEXHIYHA 33/a4a, CIIPSIMOBaHa Ha MiJBUIIEHHS 6aJ1aHCOBOI
HAJiMHOCTI €JIEKTPOEHEPTEeTUYHOI CUCTEMU B KOHTEKCTI IUPOKOT0 3aCTOCYBAHHS BiJHOBJIIOBAHUX JIDKEPEJI €HEPTii.
OcHOBY 1iei po60TH CKJIaaI0 MOKPalleHHS TOYHOCTI KOPOTKOCTPOKOBOI'O IIPOTHO3yBaHHSI reHepaii
doroenexkrpuyHux ctaHuiil (PEC). B nepuomy po3nisi JocifKeHHs po3ryIsiHyTO KJIIOYOBUI acleKT YKpaiHChKOi
E€HEPreTUKY, a CaMe MOTEHLIaJl COHAYHOI €HEPril, AKUH Bifiirpae BayKJIMBY POJIb Y BiTHOBJIIOBAHOMY €HEPIETUYHOMY
CEKTOPi. B 1bOMY KOHTEKCTI TPOBENEHO aHaJli3 aKTyaJlbHUX BUKJIMKIB, 3 AKMMU CTUKAETLCA YKpaiHa Iif, yac

interpauii ®EC Ta iHIKMX BiJHOBJIIOBAHUX JPKEPeJsl eHePrii, 3 BUKOPUCTAHHIM MIKHapOZHOTO JOCBiYy SIK BasKJIMBOI



TOYKH Bifjiky. OcobamBa yBara npujiieHa CUCTEMHOMY IiIXOy O TpaHcpopMallii eHepreTu4Hoi cucteMu. B
LIbOMY PO37iJii TAKOK PO3IJISIHYTI Ipo6ieMHU, [TOB'sI3aHi 3i 3HOIIEHICTIO TPaAULIIHUX [IKepeJl eHeprii, TaKux sIK
aTOMHI, BYT'JIbHI Ta ra30Bi €JIEKTPOCTaHLLil, IKi € OCHOBHMMU [10CTa4YaJIbHMKAMU €JIEKTPOEHEPTii B YKpaiHi Ta B
inmux kpainax. Kpim Toro, BUCBIT/IEHO TPOGIEMY, IOB'I3aHi i3 0OMEXXEHUM PeCcypCoM KUTTSI Ta 3HOLIEHHSIM
TPaJULIITHUX €HEPTETUYHUX YCTAHOBOK, 1IJO MOXKYTb [IPU3BECTHU 1O 3HIKEHHS iXHbOI €(PeKTUBHOCTI Ta HATiMHOCTI,
a TaKOX IiABUIMTY PU3KK aBapiil Ta BUPOOHUYUX ITPOCTOiB. [J0AATKOBO, PO3[Iis HAfla€ OIS Cy4aCcHUX T€HIEHLIN Y
BIIPOBA’KEHHI (POTOEJIEKTPUYHUX CTaHLiN B YKpaiHi, HABOJSAYM NUHAMIKY IIPUPOCTY BCTAHOBJIEHOI IOTYKHOCTI
®EC 3a ocranHi poku. B gpyromy po3aisi aHanisyloTbCsl MeTeOaHi, o BU3HavyaoTh PyHKuioHyBaHHS OEC B
PO3IJISIHYyTOMY perioHi. BuxinHzi mgaHi, ki cTocyioTbest GOTOENEeKTPUIHOI reHepallii Ta meTeomanux KuiBcbkoi
obacrTi, 6ysu 3i0paHi Ha OCHOBI BUMIpiB, IpoBeieHUX Ha JJuMepchKill GOTOoeIeKTpUYHIl cTanLii. 3arasbHa
KUJIBKICTB JaHUX CKiafasa nonaz 80 Tucsad 3paskiB 3 BUMIpiB TpuBaslicTIO 10 XBUJINH, OTPMMAaHUX B Iiepioy, Bix, 1
ciuns 2020 poky po 1 cepnns 2021 poky. Ls o6¢skHa 6a3a JaHMX 103BOJINIIA TIPOBECTHU JOKJIAAHUM aHAi3 yMOB
po60TH POTOEEKTPUYHUX NTaHe el 3arajbHOI0 IOTY>KHICTI0 9 MBT, 5IKi MOXKYTb OyTU arperoBaHi Ta IpeicTaBieHi y
napaMeTpuyHiil popmi. PosrisiHyTo ¢pakTopH, Ki BIIJIMBalOTh HA IPOTHO3YBAHHS FeHepallil eJ1eKTpoeHeprii, i
BKA3aHO Ha MPO06JIeMU Ta ITOXMOKY, SIKi BIAaCTUBI CYy4aCHUM METO/IaM ITPOrHO3yBaHHSL. BUAiiseThCsl BAKIMBICTD
ajanTanii Mogesieil MpOTHO3yBaHHS 1O KOHKPETHUX KJIIMaTUYHUX YMOB i BpaXxOBaHHSI 0COOJIMBOCTEN MiCLIEBOCTI,
BKJIIOYAIOUU KyT Mifiiomy COHLS Ta BILIUB NPUPOAHUX (PAKTOPIB, TAKUX SIK 3alIMJIEHICTh (OTOEIEKTPUUHUX [TaHeseN
Ta onazy. JleTajabHO aHasi3yeTbCs KOPEALiMHI 3a71€;KHOCTI MiXK METEOPOJIOTIYHMMU IIapaMeTPaMU Ta BUXIIHOIO
notyxHicTio Jlumepcbkoi QEC. [To3uTrBHA KOpeJsiLis BUSIBJI€Ha MK BUXiIHOIO ITOTY>KHICTIO i COHSTYHUM
BuIipoMiHioBaHHsM (0,92), Temneparypoto (0,62) Ta mBuakicTio BiTpy (0,46), 1110 CBiAYNTE NPO iX BasKIUBICTD 11715
IIPOrHO3yBaHH:. HeraTrupHa 3aj1€>KHICTb BUXiJHOI MOTY>KHOCTI BiidHaveHa 3 BoJioricTio (-0,64), xmapsicTio (-0,23) Ta
ingekcom norogu (-0,24), migKpeca00Yy HEraTUBHUH BIIUB [TIOXMYPOI Ta JOLIOBOI IIOr011 HAa BUPOGJIEHY
MOTYXHiCTb. TaKOX BiI3HAYE€HO HYJIbOBY KOPEJIALiI0 BUXiTHOI IOTY>KHOCTI 3 TAKMMMU I1apaMeTPaMU 5K
atMmocdepHuii Tuck (-0,18) Ta Hanpsimok BiTpy (-0,11), 3 MifKpecaeHHSIM BasKJIMBOCTI pO3yMiHHS HeJliHIHMX
3aJI€KHOCTEN. Y TPETbOMY PO3JiJi ITOAAHO aHAJIITUYHUI OIJI[, METOAIB Ta MOJIeJIEN IIPOTHO3YBAHHA, B IKOMY
aHaJi3yI0ThCS MiIX0Au TaKi IK Qi3MYMHUNA, CTATUCTUYHUM, MAIIMHHOTO HAaBYaHHS, riOpUAHUN Ta aHCaMOJIeBUI.
Bu6ip Haii6inbII BilIOBIZHOTO METOY 3aJI€5KUTh Bill KOHKPETHUX I1OTPel i HasIBHUX 00UYMCIIOBAIbHUX pecypciB. B
PO3[ii mpeCcTaBieHi pe3yabTaTh PO3POOKHU Ta BIOCKOHAJIEHHS MOJi€JIel IPOrHO3YBAaHHS reHepallii
doroenexkrpuuHoi eHeprii. Cepen, po3TISIHYTUX MOJIeJIEN: MOZIEIb EKCTIOHEHIIIFTHOTO 3I71a/I)KyBaHHSI, MOJIEJIb
CE30HHOI iHTErpOBaHOI aBTOPETPECii 3 pyXOMUM CEpPEAHIM, perpeciliHi Mozesi Ta MOJiesIb IITYYHOI HEMPOHHOI
mepexi Tuny “JloBra KOpoTKkoyacHa IaM’siTe”. B yeTBepTOMY pO3iji aHali3yeTbCs BIIJIMB BEJIMKOIO IPUPOCTY
COHSIYHOI eHeprii Ha 6as1aHCOBY HAZiMHICTh €HEProcucTeMU. PO3KpHUBAETHCS 3MiCT IIOHATTS “HebanaHcy” Ta
PO3IJISIIAI0THCS Pi3HI cLieHapii 1oro MOKIMBOro BUHUKHEHHSI. HebasaHC eHeprii B eHeprocucTeMi € Baromomo
Ipo6J1eMOI0, sSIKa BUHUKAE, KOJIX 00CSTH BUPOOHUIITBA Ta CIIOXMBAHHS €JIeKTPOEHEPTii He y3roaKyloThcs. J1oCBif,
iHTerpatii BiIHOBJIIOBAaHUX [IPKEPEJI €EHEPTil B €JIEKTPUYHI MEPEXKI MiAKPECIIIOE, O iCHYI0Y] eJIEKTPOMEPEXK] HE
FOTOBI 0 MacIITaOHOTO BIPOBAIKEHHS BiHOBJIIOBAHUX JI)KE€PEJI €HEeprii, 0 BUMarae 1UPOKOTO CIIEKTPY
ONTMMi3alifHKUX 33a4. Y IbOMY KOHTEKCTi TaKOX JeTaJbHO MPOaHali30BaHi iCHyI0Ui IOKa3HMKU OLiHIOBAaHHS
0aslaHCOBOI HaMIIMHOCTI €HeproCUCTEMH, SIKi, Ha 5KaJib, HE BPaXOBYIOTh BIJIUB METEOPOJIOTIYHUX YMOB Ta HE HAJAl0Th
MOSKJIMBOCTI OLiHIOBaTU CTabinbHiCTh reHepaliii ®EC mono rpadika crnoskuBaHHS eneKkTpoeHeprii. OKpiM 11boro,
PO3iJ IPUCBSYEHUN OLiHILi MOXUOOK PO3POOJIEHUX MOZEIIEH, sIKi BAKOPUCTOBYIOThCS [1J1s1 Iepe6ayeHHs

HebaslaHCy eHeprii. [I71s1 TOpiBHAHHS Moieslell BAKOPUCTOBYBABCS MeTO[, “BeHYMapKiHT IPOrHO3iB”.

2. The thesis aims at enhancing the balance reliability of the electrical power system in the context of widespread
utilization of renewable energy sources. The core of this work centered on improving the accuracy of short-term
photovoltaic power plant generation forecasting. In the first chapter of the research, a critical aspect of Ukrainian
energy, namely the potential of solar energy, which plays a significant role in the renewable energy sector, is
examined. In this context, an analysis of the current challenges that Ukraine faces during the integration of
photovoltaic power plants (PVPPs) and other renewable energy sources (RES) is conducted, with the utilization of
international experience as an important reference point. Special attention is given to the systemic approach to



transforming the energy system. This chapter also discusses issues related to the wear and tear of traditional
energy sources, such as nuclear, coal and gas power plant, which are the primary electricity providers in Ukraine
and other countries. Furthermore, the chapter highlights problems associated with the limited lifespan and
deterioration of traditional energy facilities, which can lead to reduced efficiency and reliability, as well as an
increased risk of accidents and production downtime. Additionally, the chapter provides an overview of current
trends in the implementation of PVPPs in Ukraine, citing the dynamics of installed PVPPs capacity growth in
recent years. The second chapter focuses on the analysis of meteorological data that determine the operation of
PVPPs in the considered region. Initial data related to PV generation and meteorological data in the Kyiv region
were collected based on measurements conducted at the Dymer PVPP. The extensive dataset consisted of over
80.000 samples of 10-minute measurements obtained from January 1, 2020, to August 1, 2021. This substantial
database enabled a detailed analysis of the operating conditions of photovoltaic panels with a total capacity of 9
MW, which can be aggregated and presented in parametric form. Factors influencing electricity generation
forecasting are examined, highlighting the problems and errors inherent in modern forecasting methods. The
importance of adapting forecasting models to specific climatic conditions and considering local terrain features,
including the angle of solar elevation and the influence of natural factors such as panel dustiness and precipitation,
is emphasized. The chapter thoroughly analyzes the correlation between weather parameters and the output
power of the Dymerska PVPP. Positive correlations are observed between output power and solar radiation (0.92),
temperature (0.62), and wind speed (0.46), highlighting their significance for forecasting. Negative correlations of
output power are noted with humidity (-0.64), cloud cover (-0.23) and weather index (-0.24), emphasizing the
negative impact of cloudy and rainy weather on generated power. Additionally, zero correlation is identified
between output power and parameters such as atmospheric pressure (-0.18) and wind direction (-0.11),
highlighting the importance of understanding nonlinear dependencies. The third chapter provides an analytical
overview of forecasting models, which includes an analysis of approaches such as physical, statistical, machine
learning, hybrid, and ensemble methods. The choice of the most suitable method depends on specific needs and
available computational resources. The chapter presents the results of the research on the development and
improvement of photovoltaic energy generation forecasting models. Among the models considered are:
Exponential Smoothing Model, Seasonal Autoregressive Integrated Moving Average (SARIMA) Model, Regression
Models, and the Long Short-Term Memory-Recurrent Neural Network (LSTM-RNN) Model. The fourth chapter
examines the impact of a substantial increase in PV energy on the energy system's balance reliability. The concept
of “imbalance” is explained, addressing scenarios of electricity production and consumption mismatch leading to
critical power system issues. Integrating renewable energy sources into electrical grids underscores that existing
powergrids are unprepared for large-scale implementation, requiring a wide range of optimization tasks. In this
context, existing indicators for assessing the balance reliability of the power system are also thoroughly analyzed,
which unfortunately do not consider the impact of meteorological conditions and do not allow for evaluating the
stability of PV generation concerning the electricity consumption schedule. Additionally, the chapter focuses on
evaluating the errors of developed models used to predict energy imbalances. The "Forecast Benchmarking"
method was used to compare models.
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MOJITEXHIYHUI IHCTUTYT iMeHi Irops CikopcpKoro”

Kog 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. Pozen Bikrop IlerpoBuy

2. Viktor Rozen

KBasigikamis: n. . v., npodecop, 05.09.03
Imentudikarop ORCID ID: 0000-0002-0440-4251
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHu# TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHU IHCTUTYT iMeHi Irops Cikopcekoro”
Kog 3a €IPIIOY: 02070921
Micue3HaxoaKeHHS: npocnekT Bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

Bnacwue IpizBume Im's [1o-6aTbKOBI Tlaescpkuit Onexcanzp FOnifosnd
rOJIOBH pagu

Biacue IpizBume Im's I1o-6aThKOBI Taescpkuit Onexcanzp FOnifosud
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUM 32 MiATOTOBKY Maryuikin Jimutpo CepriiioBny

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




