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1. Heo6xipHicTb po3B's3aHHS 334a4 IPOTHO3YBAaHHS B €eHEPTreTUYHil cucTeMi YKpaiHM 3yMOBJIEHA CyYaCHUM CTaHOM
Ta NepcrnekTuBamu po3BuTKy O6'enHaHoi eHepreTnyHoi cuctemu (OEC) Ykpainu Ta puHKY eJ1eKTPOeHeprii.
BanaHcyounii pUHOK € KJII0YOBUM [1J1s 3a6e31edeHHs cTabiibHOCTI Ta HaAiltHocTi pyHKijionyBaHHs OEC YkpaiHuy,
OCKiJIbKM Ha HbOMY 31iICHIOETbCS 6alaHCyBaHHs1 BUPOOHUIITBA Ta CIIOJKVBAHHS €JIEKTPOEHEPrii uepe3 KOHKYPEHTHI
MEXaHi3MM LiHOYTBOPEHHS. PyIIHYBaHHS €HEPreTUYHO]I iH(PPACTPYKTYPH, 30i/1bLIEHHS YACTKHU BiTHOBJIIOBAHUX
IKepeJsi eHeprii Ta HeTOYHOCTI y IPOTHO3YyBaHHI CIIOKMBaHHS IPU3BOAATH 10 HebasyiaHCiB eslekTpoeHeprii B OEC
YKkpainu. lle pobuTh akTyaJbHUMU 33a4i KOPOTKOCTPOKOBOTO IIPOrHO3YBAHHS CyMapHUX He6alaHCiB
€JIEKTPOEHEPTii Ta CIIO>KUBaHHS, 110 MiJiBUlLye €(PEKTUBHICT BUOOPY PECYPCIB /11 IOKPUTTS CIIOKUBAHHS Ta
6anancyBanHs OEC. Y po60Ti IpoBeieHO AOCiIpKeHHS Ta 3a[IPOIIOHOBAHO HOBi MOZeJIi i MeTOAM ITPOTHO3yBaHHS

CyMapHOT0 eJIEKTPUYHOTO HaBaHTaKeHHs Ta HebasaHciB B OEC Ykpainu. KommiekcHuil nmifxin 3a6e3neduns



BCEOIUHMI PO3IJI] 3a1a4i IPOTHO3YBaHHS HEOAIAHCIB, BPaXOBYIOUHY MiBUILIEHHS TOYHOCTI IPOTHO3YBAHHS,
3MEHIIEHHs 00CATiB HebaIaHCiB Ta MJIaHyBaHHS il OO iX MOKPUTTS. AHAJ3 JliTepaTypu 10Ka3as, 110 MoAei
4acTO He BPaxOBYIOThb 30BHIIIHI (PaKTOPH, TaKi sIK TeMIlepaTypa NOBiTps. BiTUM3HSIHI JoCiI)KeHHs Malbke He
PO3IJISAAI0Th TPOTHO3YBAHHS HEOAJIAHCIB €JIeKTPOEHEPTii Ta IONUTY Ha 6aJIaHCYI0Ui IOCJIYTH, IO € HOBUMU
3a/la4aMH IiCJIs BIIPOBAIKEHHSI HOBOI MOJIeJli PUHKY eJIeKTpoeHeprii YkpaiHu. Y po60Ti 06IpyHTOBAHO
HeoOxifIHiCTh 6araTo(akTOPHOro IPOTrHO3yBaHHSI 1715 MiABUILEHHS TOYHOCTI KOPOTKOCTPOKOBOTO IPOrHO3YBaHHS
I060BuUX rpa@ikiB €1€KTPUYHOTO HaBaHTAXKEHHS. 3alIpONIOHOBAHO €KOMIIO3ULIIHY IapaiUrMy, sIKa aleKBaTHO
BpaxoOBYye BIIJIUB 30BHIlIHiIX YUHHUKIB. POOOTA MPOMNOHYE KiNlbKa eMIIPpUYHUX NiAXOMiB 10 AEKOMIIO3UILii 4aCOBUX
P4IiB €JIEKTPUYHOrO HaBaHTaKeHHS. [I71 NigBUIeHHS HAZliMHOCTI BUMiIJIEHHS TEMIIEPATyPHOI CKIa70BO1
€JIEKTPUYHOTO HaBAHTAXXEHHS 3alIPOIIOHOBAHO METOJ, BU3HAYEHHS MEX «30HU HEYYTIIMBOCTI» €JIEKTPUYHOTO
HABAaHTAXEHHS JI0 TEMIIEPATyPu MOBITPsl 3 BUKOPUCTAHHIM NepeTBOpeHHs ['inbbepTa-XyaHra 1j1s 1eKOMIIO3NULii
9aCcOBMX PsAiB. [ MPOTHO3yBaHHSI CYMapHOIO €JIEKTPUYHOIO HABAHTAKEHHSI 3aCTOCOBAHO Pi3Hi MeTonu:
perpeciiini, Metoz Xosta-BinTepca, mTyyHy HepoHHY Mepexxy LSTM. Po3pobiieHo ribpuiHy MoZiesb [1jisl
KOPOTKOCTPOKOBOTO IIPOTHO3YBaHHS €JIEKTPUYHOTO HAaBAHTAXKEHHS, B SKil pekypeHTHa IITHM LSTM Bukopucrana
Il IPOTHO3yBaHHS 6a30B0i CKJIa/I0BOI, a MOJIiIHOMIiaIbHI perpeciiiti 3a71€KHOCTi AJ151 KOXXHOTO TOAUHHOTO Npodiio
- 17151 CKJIa0BOI, 1110 BimoOpaskae BILJIMB TeMIiepaTypu. Lleil minxin nifBUIUB TOYHICTb KOPOTKOCTPOKOBOTO
IIPOTHO3YBAaHHSI CYMapHOTI0 eJIEKTPUYHOrO HaBaHTaKeHHsI B cepeHbOMY Ha 25%. TperTiil po3zin poboTu
IIPUCBSYEHO AETaIbHOMY CTATUCTUYHOMY aHajli3y BUOGIpOK HeOalaHCIiB eJIeKTPUYHOI eHeprii Ta 06cary onuTy Ha
nocJ1yry 6asiaHCyBaHHS B YKpaiHi. JJoCIiIpKeHHs [10Ka3alo HeCTALiOHAPHICTb Ta BUCOKY BapiaTMBHICTb LUX BUOIPOK,
BUSIBUBILY, 1110 BUOIpKY HebaIaHCIB eleKTpoeHeprii B OCHOBHOMY IIiATIOPsIIKOBaHi 3aKOHY poamnoziny [TyaccoHa.
ByJio BigxuiieHo rinoTe3y Npo HOPMaJbHUM Ta PiIBHOMIPHUI PO3MNOALNY 1J151 000X BUOIPOK. [I7151 IPOrHO3yBaHHS
CyMapHUX HE0AJIaHCIB €JIEKTPOEHEPTii 3alpOIIOHOBAHO BUKOPUCTAHHS aBTOPETPECIMHUX MOJIeJIe Ta MOAEi
IITYYHOI HeMpOHHOI Mepexxi Tuny LSTM. [I71s1 nporHo3yBaHHS 00CsTy MONUTY Ha [I0CYTy 6a/laHCYBaHHS, SIKUU
1030aBJIeHUI IBHUX 3aKOHOMipHOCTE, 3alIpOIIOHOBAaHO BUKOPUCTaHHSI iMoBipHicHux IITHM, 30kpeMa 6aecoBux
Mepesx (BNN) Ta reHepaTuBHO-3MaraabHuX HepoHHUX MepeX (GAN). Moneni BNN 1mo3BoJSIIOTh OL[iHUTH
MaKCHMaJIbHI BiIXUJIEHHS 00CATY MOIUTY Bifl IPOrHO30BaHOI0 3HAYEHHS 3 337JaHOI0 MMOBIpHICTIO, a Moaesi GAN
eeKTUBHI IIpu poOOTi 3 aCUMETPUYHMMU PO3IOAiTaMU Ta CKIIATHOI CTPYKTYPOIO AaHUX. 3aCTOCYBaHHS LIUX
MoJeJsiell MifBUIly€e TOUHICTb IPOrHO3YBAHHS 00CATY NOIUTY Ha [IOCYTy OaJaHCYBaHHS. Y YETBEPTOMY PO3Aii
QHAJIi3YyI0TbCSI pe3yJIbTaTU BUIIPOOOBYBAHHS PO3POOJIEHUX MOZEJIeN 115 IPOTHO3YBaHHS HebaIaHCIB
€JIEKTPOEHePrii Ta 06CAry MONUTY Ha IOCJIyTy 6asaHcyBaHHs. [JOCSTHYTO 3afJOBIIbHUX pe3yJIbTaTiB IPOTHO3YBAHHS
cyMmapHux HebasnaHciB enekrpoeHeprii OEC Ykpainu 3a jonomoroto aproperpeciiinux moneneil ARIMA ta VARMA,
IKi BUKOPHACTOBYIOTbCSI Y€P€3 BUCOKY aBTOKOPEJISLiI0 BUOIpOK. JJOCiIKeHHs NifTBEpIUIIN NOLIIbHICTb I00YI0BU
0nHO(QAKTOPHUX Moaesel. [I71s miiBUIeHHS TOYHOCTI IPOrHO3yBaHHS He6aIaHCIB esleKTpoeHeprii 3alIpOIIOHOBAHO
3aCTOCYBaHHS WITy4yHOI HelipoHHOI Mepexi LSTM. IIposeneHo monudikalii Mogesi, 30Kkpema 10JaHO KOMIIOHEHT
IJ11 aBTOMATUYHOr 0 BUOOPY rinepnapametpis. Lle cipocTriio HajamTyBaHHS MOZEJI Ta OKPaLUIO TOYHICTh
MIPOTrHO3yBaHHS. TakoX BUIIPOOYBaHO aHCaMOJ1i Mogeneil LSTM 3 pisHUMU 3Ha4€HHSIMU JOBXUHU BiKHA, SIKi
nizbupaloTh ONTUMAaIBHI rinepnapamerpu. PesysipraTi aHcamb6J110, 004YKCIIeH SIK cepeiHe apupMeTryHe IIPOTHO3iB,
NiABUILMIIY HaAiMHICTb T TOYHICTh IPOTHO3YBaHHS. PO3p06Ji€eHO 3aCTOCYHKY /1151 KOPOTKOCTPOKOBOIO
IIPOTHO3YBaHHS NOO0BUX IPadiKiB CyMapHOro €JIeEKTPMYHOrO HAaBAHTAKEHHSI Ta CyMapHUX HEOAJIaHCIB
eJIeKTpoeHeprii Ha nepiof, Big oxHiei mo cemu 11i6. Tako>X CTBOPEHO NpPOrpamy [jisl pO3paxyHKy LiH Ta Tapu@iB Ha
€JIEKTPOEHEPTilo, sIKa 00YUCIIIOE 3HaUeHHs Tapudy Ta BAPTOCTI 3aJI€5KHO BiJl TUITY 3aKyIIiBJIi.

2. The necessity of solving forecasting tasks in Ukraine's energy system is driven by the current state and
development prospects of the Integrated Power System (IPS) of Ukraine and the electricity market. The balancing
market is crucial for ensuring the stability and reliability of the IPS, as it balances electricity production and
consumption through competitive pricing mechanisms. Destruction of energy infrastructure, the increase in the
share of renewable energy sources, and inaccuracies in consumption forecasting lead to electricity imbalances in
the IPS. This makes short-term forecasting of total electricity imbalances and consumption vital for improving
resource selection efficiency for covering consumption and balancing the IPS. This work presents research and



proposes new models and methods for forecasting the total electrical load and imbalances in the IPS of Ukraine.
The comprehensive approach provided a thorough examination of imbalance forecasting tasks, considering
accuracy improvement, reduction of imbalance volumes, and planning actions for their coverage. Literature
analysis showed that models often do not consider external factors like air temperature. Domestic studies rarely
address electricity imbalance forecasting and the demand for balancing services, which are new tasks following
the introduction of Ukraine's new electricity market model. The necessity for multifactor forecasting to improve
short-term daily load forecasting accuracy is justified. A decomposition paradigm that adequately considers
external factors is proposed. The work offers several empirical approaches to decomposing electrical load time
series. To improve the reliability of isolating the temperature component of the electrical load, a method for
determining the "insensitivity zone" boundaries of the electrical load to air temperature using Hilbert-Huang
transformation for time series decomposition is proposed. Various methods were applied for forecasting total
electrical load: regression methods, Holt-Winters method, and LSTM neural network. A hybrid model for short-
term load forecasting was developed, utilizing recurrent LSTM for the base component and polynomial regression
dependencies for each hourly profile for the temperature component. This approach improved short-term total
load forecasting accuracy by an average of 25%. The third chapter is devoted to detailed statistical analysis of
electricity imbalance and balancing service demand samples in Ukraine. The study revealed non-stationarity and
high variability of these samples, showing that electricity imbalance samples mainly follow the Poisson
distribution. Hypotheses of normal and uniform distributions for both samples were rejected. For forecasting total
electricity imbalances, autoregressive models and LSTM neural networks were proposed. For forecasting the
demand for balancing services, devoid of clear patterns, probabilistic neural networks, including Bayesian
networks (BNN) and Generative Adversarial Networks (GAN), were proposed. BNN models allow estimating the
maximum deviations of demand from the forecasted value with a given probability, while GAN models are effective
in handling asymmetric distributions and complex data structures. These models improve the accuracy of
balancing service demand forecasting. The fourth chapter analyzes the results of testing the developed models for
forecasting electricity imbalances and balancing service demand. Satisfactory results were achieved in forecasting
total electricity imbalances in the UES of Ukraine using ARIMA and VARMA autoregressive models, used due to
high autocorrelation of the samples. The research confirmed the feasibility of building single-factor models. To
improve the accuracy of electricity imbalance forecasting, LSTM neural networks were proposed. Model
modifications, including an automatic hyperparameter selection component, simplified model tuning and
improved forecasting accuracy. Ensemble models of LSTM with different window lengths, which select optimal
hyperparameters, were tested. The ensemble results, computed as the arithmetic mean of forecasts, improved
reliability and accuracy. Applications for short-term forecasting of daily total electrical load and total electricity
imbalances for periods from one to seven days were developed. Additionally, a program for calculating electricity
prices and tariffs was created, computing tariff values and costs depending on the type of electricity procurement.
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