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1. Incepraujiiina po60Ta IpUCBSIY€HAa aKTyaslbHIil 3a1avi NiABUIEHHS €(PEKTUBHOCTI NIPOLeCy PUMHSTTS pillleHb
IIpU yIIpaBJliHHI eHepromepexamu (EM) misixom po3po6sieHHsI Mofesel Ta MeTOiB iHpopmaliiiHoi TexHosorii (IT).
PosrispaoTbes npyKIagHi cieHapii aBToOMaTUYHOrO YIIPaB/IiHHA HANPYTrOl0 Ta aBTOMATU30BaHOTO YIIPABJIiHHS
€HepPreTUYHNMU 00 EKTaMU TIPOC IOMEPIB. [IpeCTaBIeHO MOIE/ b ABTOMATUYHOTO TIPUMHATTS PilllEHb MO0
yIPaBJliHHS HANPYrol0 Ha OCHOBI MalIMHHOTO HaByaHHS (MH) 3 nigKpinseHHSIM 11711 BUOOPY ITPOAKTUBHUX
ONTMMAJIbHUX Till yIIpaBiiHHs. PO3p061€HO METOIM Ha OCHOBI reHepaTUBHOrO WITy4yHOro iHTenekty (L) nis
CTBOPEHHS BUXIiJITHUX [IOBiIOMJIEHb CUCTEMU MiATPUMKY NPUNHATTSA pimeHs (CIIIIP), mo nokpairye epeKTUBHICTD
iHpopmyBaHHS oniepaTopa, MiBUILYIOUNA KOPUCHICTh BUXiAHUX IOBiJOMJIEHD 3 ITPOIO3ULLiSIMU 100 YIIPaBJIiHHS.
CTBOPEHO MOJIEJIb J1JIsl TIOIIYKY ONTUMAJIbHOTO [JIaHY POGOTH €EHEPTETUYHOTO 06 €KTa ITPOC IOMEPA Ha HACTYIIHY
o6y, mo ninpunye epeKTUBHICTb TPONO3ULiN OO YIIPaBIiHHS. Mozenb BpaxoBye (i3n4Hi 00Me>KeHHS,

yIom06aHHS IPOC OMEPA MO0 THYYKOCTI y MEPEPO3IOIJIEHH] CIIOKMBAHHS, | EKOHOMIYHMIA aCTIEKT: 3HUKEHHS



BUTPAT Ha €JIEKTPOEHEPTilo Ta 361/1beHHs NPUOYTKY Bif, ii npoaaxy. IIpoBeeHe NOCIiIPKEeHHS BILJIUBY
HEBU3HA4YeHOCTi porHo3y MH Ha pe3ysipTaTu [JIaHyBaHHS AEMOHCTPYE IIeBHUM piBE€Hb CTIKOCTI po3p0o6ieHoro
IIpolLieCy NJIaHYBaHHS JIO MOXUOKY IIPOTHO3Y Ta BKJIMBI 3aJ1€KHOCT] MDXK [TOXMOKOIO Ta pe3yJbTaTaMU IJIaHyBaHHSI.
[IpoBeneHe nOCiI>)KEHHSI METO/iB TPOTHO3YBAHHS CIIO>KMBAHHS Ta FeHepallil eJIeKTPOeHEPTil 03BOJIsi€ OKPAIIUTU
iX 3aCTOCYBaHHSI JiJIsl IIJIaHYBAHHSI IIPOC IOMEPIB. Y TIEPIIOMY PO3Lijii 30iCHEHO HOCTIIKEHHS aKTyaIbHUX IPOGIIEM,
IOTWUYHUX JIO IPUMHATTS PillleHb MO0 YIIPaBIiHHA B rany3i EM, Ta epCreKTUBHUX METOiB iX BUPilIEHHS.
Jocnipxeno I, sik iHHOBaLitHUI IHCTPYMEHT, 110 Ma€ BUCOKUM MOTEHLiaj MiBUIIUTYU €(PEKTUBHICTb IPUNHSITTS
pimeHs. Ha OCHOBI pe3y/bTarTiB 1bOTO OIJISAAY iIeHTU(iIKOBAHO OCHOBHI IOAAJIbIII HAITPSIMKU: aBTOMATU4HE
yIpaBJIiHHA, OTlepalliiiHe MIaHyBaHHS MTPOC IOMEPIB Ta reHepailis BUXigHux nosigomuers CIITIP. 7 KOXKHOro 3
LIMX HaNPSIMiB BUKOHAHO MOJAJIBIINK OIJISA], JiTEPATyPHU, METOLIB 110 3aCTOCOBYIOTLCS YA MAIOTh NOTEHIaj. Po3ain
3aBEPIIYETHCS] BACHOBKAMU O[O HEOOXiAHOCTI PO3POOKY KOHKPETHUX MOJeJIel, METOMIB Ta KOMIIOHEHTIB IT. ¥
Ipyromy po3gini onucano mogedti IT nys nigsuieHHs e(peKTUBHOCTI IPOLECY NPUMHSTTS PillleHb 100
yIpaBiliHHA. [I711 aBTOMaTUYHOrO KOHTPOJIEPA HANIPYTH IIPELCTAaBIEHO onuc Moeni MH 3 migkpinneHnssaMm, mo
MOXe 3a0e3Me4ynTy eeKTUBHE IPUMHSTTS PillleHb B aBBTOMAaTUYHOMY PE>KMMI ITiCIs1 BiANIOBIAHOTO HaBYaHHS.
Posrianaerbes CIITIP 114 onepauiiiHoro rianyBaHHS MPOC IOMEPA, JIJIS SKOi MPEICTaBIEHO BUCOKOPIBHEBUIA OTIHC
IIpoLiecy aBTOMATHU30BaHOIO IPUIHATTS pillleHb Ta BignoBinHoi cxemu podotu CIIIIP. [Ins npexncrasiaeHoi CIITIP
IIPOIIOHYETHCS MOJYJIb [IPOIO3ULN YIIPABJIIHHA i 1Oro MaTeMaTU4YHa MoZeb. Lleil MoLyJb 03BOJIsIE TEHEPYBATH
ONTUMAJIbHUI OTIEPALIHII TIJIaH [1J1s1 EHEPTETUYHOTO 06 €KTa MPOC IOMEPA Ha HACTYITHY 100y, OENHYI0YN
yroz006aHHs onepaTtopa 3 HeOOXiTHICTIO TOCATHEHHS €KOHOMIYHUX 1Iijiel Ta JOTPUMaHHAM Qi3MYHUX OOMeEXeHb. Y
TPeThbOMY PO37iJi HaBeJeHO MeTOAU HeoOXiHi 1J1s1 IporpaMHoi peanisalii kKomnoHeHTis [T, 10 NigBUILYIOTH
e(EeKTUBHICTb NIPOLeCy IPUNHATTS PillleHb B ONKCAHUX aBTOMATUYHUX Ta aBTOMATU30BaHUX CLIEHAPisX.
JIOCTIIKYIOThCS CyYaCHi MiXOAU [0 TPOTHO3YBAHHS B TIPUKJIAIHUX 3aCTOCYBAHHSX, 10 CTOCYIOTHCS MPOC IOMEPIB, i
HaBOJATHCS PEKOMEH/IAIIIT 1110710 e(EKTUBHOTO MTPOTHO3YBaHHS [1JIsl IPOC IOMEPIB, 10 6a3YI0ThCS HA TPUKIIATHOMY
cleHapii 3acrocyBaHHs. OCKiJIbKY TPOrHO3yBaHHS BHOCUTb HEBU3HAYEHICTD Y IIPOLEC MJIAHYBAHHS, IIPOIIOHYETHCS
METOJI, OLiHKM BIIMBY HEBU3HAUEHOCTI Nporuo3y MH Ha pe3ysbTaTy onepauiiiHoro njaaHysaHHs. Kpim Toro,
IIPOIOHYETBCSI METOJ, HA OCHOBI reHepaTtuBHoro LI s edexTuBHOI reHepaii BuxinHux nosigomiens CIIIIP, mo
MICTSITh PEKOMEH/IAIIIT /IJIS OTIEPATOPA MO0 YIPABIIHHS EHEPreTUYHUM 06 €KTOM. Y YETBEPTOMY PO3/Iii
HaBOJSITbCS €KCIIEPMMEHTH, 1O MigTBEPIKYIOTh €(PEKTUBHICTb BIIPOBAPKEHHSI OIIMCAHUX METOiB Ta MOZEJEN ¥
BUTJISITIi IPOTPaMHO peani3oBaHuX KOMIIOHEHTIB IT. TIpogeMoHCTpoBaHO e(peKTUBHICTh aBTOMAaTUYHOTO IPUMHSITTS
pimens 3a goriomoroo MH 3 migkpinseHHsSM y KOHTpoJiepi Hanpyru. [IpoieMOHCTPOBaHO ePeKTUBHICTh MOTYJIS
MPOIO3UIIil YIPABJIHHA Y [JIaHYBaHHI ONEPAiHOI AiSUIbHOCTI /1715 IPOC IOMEPIB, 1[0 BPAXOBYE IHYYKICTh

MPOC I0Mepa Ta EKOHOMIYHUIT aCTIEKT, HABITh IPU BUCOKUX PIBHAX MOXUGKY IIPOTHO3Y (10 75%). BUsBIE€HO BaskIMBi
3aJIEXHOCTI MK THYYKICTIO IPOCIOMepa, PiBHEM MOXUOKM TPOorHo3y MH Ta pesysibTaTamu 1iaHyBaHHSL.
[IpencraBieHo pe3yabTaTU poOOTU Ta TeCcTyBaHHs KomIoHeHTa IT Ha ocHOBI reHepaTtusHoro LI, mo nigBuiye

eeKTUBHICTb BUXiTHUX NOoBigomieHb CIITIP 3 pekoMeHauisMu o0 YIIPaBJliHHSL.

2. The thesis focuses on the relevant task of improving the efficiency of decision-making processes in power grid
control through the development of models and methods of information technology (IT). Applied scenarios of
automatic voltage control and automated control of prosumer energy facilities are considered. An automatic
decision-making model for voltage control based on reinforcement learning (RL) is presented, enabling the
selection of proactive optimal control actions. Methods based on generative artificial intelligence (AI) for
generating output messages in a decision support system (DSS) were developed, improving the efficiency of
operator information support by increasing the usefulness of output messages that include control suggestions. A
model was developed for determining the optimal operational plan of a prosumer’s energy facility for the following
day, thereby improving the effectiveness of control suggestions. The model takes into account physical
constraints, prosumer flexibility preferences for redistributing consumption, and economic goals: reducing
electricity purchase costs and increasing profits from selling generated energy. Research on the impact of machine
learning (ML) forecast uncertainty on planning outcomes demonstrates a certain level of robustness of the
planning process to forecast errors and reveals important relationships between forecast errors and planning



results. Research on electricity consumption and generation forecasting methods enables improvements in their
utilization in prosumer planning. The first chapter provides a detailed analysis of relevant scientific literature. It
examines current challenges in decision-making for power grid control and reviews promising methods to address
them. Al is analyzed in detail as an innovative tool with significant potential to enhance decision-making efficiency.
The main subsequent research directions are identified: automatic control, operational planning for prosumers,
and the generation of output messages in DSS. For each of these directions, an additional literature review is
conducted, focusing on the methods currently used or having potential for application. The chapter concludes by
highlighting the need to develop specific models, methods, and IT components. The second chapter describes the
IT models developed to improve the efficiency of the decision-making process. For the automatic voltage
controller, an RL model is presented that enables efficient automatic decision-making after appropriate training,.
The chapter also presents a DSS for prosumer operational planning, providing a high-level description of the
automated decision-making process and the corresponding DSS scheme. For the proposed DSS, a control
suggestions module is introduced, and its mathematical model is presented. The proposed module generates an
optimal operational plan for the prosumer’s energy facility for the following day, integrating the operator’s
preferences with economic objectives while complying with physical constraints. The third chapter presents
methods developed to improve the efficiency of the decision-making process in the described automatic and
automated scenarios. Modern forecasting approaches are examined to provide practical recommendations for
effective forecasting for prosumers, based on a real-world application scenario. Since forecasting introduces
uncertainty into the planning process, a method is proposed to assess the impact of ML models’ forecast
uncertainty on operational planning results. A method based on generative Al for the effective generation of
output messages in the DSS is proposed. These messages provide control suggestions to the operator regarding
the operation of the energy facility. The fourth chapter presents experiments confirming the effectiveness of
software implementations of the described methods and models as IT components. The effectiveness of automatic
decision-making using RL in voltage control is demonstrated. The effectiveness of the control suggestions module
for operational planning in prosumer systems is shown. It takes into account prosumer flexibility and the
economic aspect, and is effective even under high levels of forecast error (up to 75%). Important relationships are
identified between prosumer flexibility, ML models’ forecast errors, and planning outcomes. The results of testing
the IT component based on generative Al are presented, demonstrating improved effectiveness of DSS output
messages containing control suggestions. Thesis results were applied in the educational process at Sumy State
University and in the scientific research projects of Sumy State University: “Models and Methods of Information
Technologies for the Analysis and Synthesis of Structural, Informational, and Functional Models of Automated
Objects and Processes” and “Intelligent Information Technology for Proactive Management of Energy
Infrastructure under Risk and Uncertainty”.
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