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Pedepar:

1. MespHuK M.B. [HdOpManifiHa TeXHOJIOTIS YIIPaBJIiHHS CUCTEMOIO aKyMYJIIOBAHHS €JIEKTPOEHEePrii B pO3yMHUX
MikpoMepexax. — KBanigikaniliHa HaykoBa npalisl Ha IpaBax pykonucy. Jlucepratist Ha 3006yTTsI HAYKOBOTO
cryneHs fgokTopa ¢dinocodii 3a cnenjanphicTio 122 “Komm'iotepHi Hayku”. — HarjionanbHMil yHiBepeuTeT «JIbBiBCbKa
noJilitexHika», JIbBiB, 2026. Y nucepTaii po3po6seHo iHdpopmaLiiiHy TEXHOJIOTIIO YITPaBJliHHS CUCTEMOIO
aKyMYJIIOBaHHS €JIEKTPOEHEPTil B PO3YMHUX MiKpOMepeKax 3 BUKOPUCTAHHSM HOBOTO METOJY YIIPaBJIiHHS
€HeproJrHaMiuHUMU [IpoLecaMHy, YIO0CKOHAIEHOI MOJieli IPOLECIB 3apsi>)KaHHI-PO3PsI)KaHHS aKyMyJIsITopa Ta
METOJly KOPOTKOYaCHOT0O IPOrHO3YBaHHS reHepallii COHSYHOI eJIeKTPOCTaHLi, 0 3a6€31e4nII0 Y3rOIKEHHS
rapaMeTpiB IpolieciB reHepalii, HAKOIIMYEHHS i BUKOPUCTaHHS eJleKTpoeHeprii. Oco6InBiCTIO I[bOTO JOCiIKEHHS
€ BU3HA4YEHHS [TapaMeTPiB IIPOLECIB 3apAIKaHHA-PO3PSIKAHHS 32 OIIOMOIOI0 €KBiBaJIEHTHOI CXEMU aKyMYJISITOPa
Ta ICTOPUYHUX €KCIIyaTalliHUX AHUX, @ TAKOXK BUKOPUCTaHHS iHAekcy JKakkapa y monudikoBaHill npouenypi
arperatii c1abKuxX IpeqUKTOPIB IJ1s1 MiIBUILIEHHS TOYHOCTI mporuo3yBaHHs reHepatii CEC ta 3a6e3nedeHHs

yHiBepCcaJbHOCTI Mogesti. Y nepuomy posfiisi «AHasi3 MeTOfiB Ta 3aC06iB yIIpaBiliHHS €HeproAuHaMiYHUMUI



pEXMMaMU PO3YMHOI MIKPOMEPEXKI 3 €JIEMEHTAMU aKyMYJISILIMHUX CUCTEM» 3[iMCHEHO aHaJIi3 Cy4aCHUX
TEXHOJIOTI} YIIPaBJIiHHSI CUCTEMAaMU aKyMYJIIOBAaHHS €JIEKTPOEHEPTii, OMCcaHi MaTeMaTUYHi METOIY, IO JIEXKAThb B
OCHOBI ITporHo3yBaHHs re”epauii BJIE, npoananizoBaHo crnenudiky iHTerpalii cuctem HaKONUYEHHs B PO3yMHi
Mikpomepexi. Ha mifgcrasi aHasi3y BifoMUX pilleHb BCTAHOBJIEHO, 110 iCHYIOYi METOIY HELOCTATHLO BPAaXOBYIOTh
IuHaMiKy Qi3sn4YHUX MPOLECiB 3apsIPKaHHA-PO3PSAKAHHS Ta MAIOTh 3HAYHI IOXUOKM IPOTHO3YBAaHHS B YMOBAax
MiHJIMBOCTI 30BHILIHIX QaKTOPiB. Pe3ysnbTaTy, OTpMMaHi B MeXXax JaHOTO po3iny, CTBOpUiH iHpopMaLiiiHy 6a3y
IJ151 TIO[IaJIbIIOTO IIPOEKTYBAHHS Ta €KCIIEPUMEHTAJIbHOI [TepeBipKU pO3p00JIeHUX PillleHb i MOXYTb O6yTH
BUKOPUCTaHI Mif, yac aHanidy eHeproeeKTUBHOCTI PYHKI[IOHYBaHHS MiKpOMepeX. Y TPpyromy po3misi
«MopentoBaHHS €HEPrOIMHAMIYHUX PEKMMIB €JIEMEHTIB PO3yMHOI MiKpOMEPEXi» BUPIlIEHO 33724y
MaTeMaTU4HOI'O OIMCY NPOLIECiB HAKONIMYEHHs eHeprii. Po3po6sieHo Habip NpoAyKLifHNUX [TPaBUJI 1J1s1 YIIPaBJliHHS
€HEepPreTMYHMMH IIOTOKAMMU 3aJI€XHO Bif] IOTOYHOrO 6ajlaHCy NOTY>KHOCTEN. 3alIPOIIOHOBAHO MOJIEJIb
(YHKLIOHYBaHHS aKyMYJIIOI04Oi CUCTEMU HAa OCHOBi €KBiBaJIEHTHUX CXEM, 1[0 BPaxOBY€ NMHAMIKy PE>KNMiB 3apsiay-
po3psany. JocruimkeHo npodisi eHeprocrno>XxuBaHHs 00'€KTIB 3 BUOKPEMJIEHHSIM CTOXAaCTUYHUX CKJIaJOBUX
HaBaHTaXEHHS Ta PO3POOJIEHO 6a30BUI METOJ, KOPOTKOTEPMIHOBOT'O IIPOTHO3YBaHHSI reHepallii pOToeIeKTpUYHUX
CHACTEM B yMOBAX HEBU3HAYEHOCTI METEOPOJIOTIYHUX IapaMeTPiB. Y TPETbOMY PO31isi «JJOCIiIKeHHs eJIEMEHTIB
indopmaniitHoi TexHosorii yIIpaBiHHS eHeproJrHaMiYHUMU peKUMaMU PO3yMHOI MiKpoMepesKi» IpoBeeHo
IIOCJIiIKEHHS eTalliB MollepeHbOro ONPAIIOBaHHS BXiIHUX AaHUX. [ mifBuileHHs iHPOPMaTUBHOCTI BXiTHUX
IAaHUX BUKOPUCTAHO METO]] PO3UIMPEHHS 0O3HAK Ha OCHOBI MPaBuUJI acoliallii i3 MoAanbiIolo ix CTporoio ¢inbTpaLieio
3a onomorolo iHgekcy XKakkapa. Po3po6iieHo ribpuiHy MOZesib IPOLECiB 3aps A KaHHI-PO3PS I KaHHS [1J1s
BM3HAYEHHS [TApAMETPIB €KBiBaJIEHTHOI €JIEKTPUYHOI CXEMU aKyMYJIITOPA Ta PiBHS 3aJIMIIKOBOI €MHOCTI , SIKa
[IO€HYE 3aCTOBAHHS METO/ly HalIMEHIIINX KBAIPaTiB, €BOJIIOL{IHOTO F€HETUYHOTO aJIFTOPUTMY Ta META-MOJEJb
CTEKyBaHHS MOZeJiell TapaMeTpiB €KBiBaJIECHTHOI CXeMU. 3aCTOCOBAHO METOM MAIIMHHOTO HaBYaHHS Ta
MaTeMaTU4Hi MOJIeJli MapaMeTpiB CUCTEMU aKyMYJIIOBaHHS [J1s1 KOPOTKOTEPMIHOBOTO IIPOTHO3YBAaHHS TeHepallii
BiJHOBJIIOBAaHUX [iKepeJl eHeprii. Y yuerBepTomMy po3fini «Po3pobieHns iHpopmaliiiHoi TeXHOJIOTI] yripaBiliHHS
CHACTEMOIO aKyMYJIIOBAaHHS €JIEKTPOEHEPTil B PO3yMHiil MiKpOMepeXi» II0JJaHO Pe3yJIbTaT PO3POOIIEHHS
apxiTekTypu iHpopmMaLiitHOI TEXHOJIOTI], 0GIPYHTOBAHO 3aCTOCYBaHHS IPOrpaMHO-aNapaTHUX 3aCcO6iB A i
peanizauii. BusHaueHo PpyHKLiOHATIbHI MOXJIMBOCTI CUCTEMU, pO3p0bJieHO iHTepdelicHi pillleHHs 1111 MOHITOPUHTY
Ta YIPaBJIiHHS PeXXUMaMU POOOTH aKyMyJIsITOPiB. 3MiiCHEHO aHali3 OTPUMAHUX PE3YJbTaTiB, SKUH MiATBEPIUB
e(eKTUBHICTb MeTa-MOJeJIi CTeKyBaHHS Ta 3HIDKEHHSI TOXMOKM IIPOrHO3yBAaHHS PiBHSI 3a/IMIIKOBOI €EMHOCT]
akymyssatopa (MSE) Ha 30%. [TpakTH4HO peasizoBaHO ribpuaHe aHaliTUYHE SIPOo, IO CKIAAaeThCs 3 IBOX
napa’sesbHUX 064K CII0BaJIbHUX TJIOK. Y Tifllli MOJeJII0BaHHS aKyMyJIITOPHOI IiicucTeMy iHTerpoBaHo Qi3uKo-
MaTeMaTU4YHUH arnapar i3 MoJesIsIMA MAIIMHHOTO HaBYaHH4. Y TiILi IPOrHO3yBaHHS reHepallii eJIeKTpoeHeprii
COHSIYHOI €JIEKTPOCTAaHLil €KCIIEPUMEHTAJILHO MiATBEPIPKEHO €(PEKTUBHICTb PO3pO6IE€HOI KACKaJHOI METa-MOZEi.
Bukopucranns iHfexcy JKakkapa 11 Binbopy 03HaK Ta MeTa-aHCaMOJII0BaHHS JO3BOJIMIIO JOCSIITA TOYHOCTI
IIPOTHO3YBaHHS COHSYHOI reHepatii (R? = 0.99), mo € BX/INBUM 117151 IPEIUKTUBHOIO 6alaHCyBaHHS MIKpOMEpPEeXKi.
OCHOBHi HayKOBi pe3y/bTaTU gucepTalii oNy6IiKOBaHO B 8 Ipalsix, 30KpeMa: 1 CTaTTs - y BUJAHHSIX, M0
IHIeKCYIOThCSl B HAyKOMETPUYHMX 6a3ax JaHux (ofgHa cTaTTs B XXypHati Q2), 4 ctaTTi - y paxoBuX BUTAHHIX
Ykpainny, 3 ny6sikaujii - y 36ipHUKax HayKOBUX Mpalib KOH(pEePEeHLii.

2. Melnyk, M.V. Information Technology for Managing Electric Energy Storage Systems in Smart Microgrids. —
Qualifying scientific work in manuscript form. Dissertation for the degree of Doctor of Philosophy in the specialty
122 "Computer Science". - National University «Lviv Polytechnic», Lviv, 2026. The dissertation develops
information technology for managing electrical energy storage systems in smart microgrids by creating
forecasting methods and control models based on machine learning ensembles. A distinctive feature of this
research is the consideration of charging-discharging process parameters using an equivalent circuit and
historical data, as well as the use of the Jaccard index to improve the efficiency of interaction with renewable
energy sources. In the first chapter, “Analysis of Methods and Means for Controlling the Energy-Dynamic Modes of
a Smart Microgrid with Storage System Components,” an analysis of modern technologies for controlling electrical
energy storage systems is conducted, mathematical methods underlying the forecasting of RES generation are



described, and the specifics of integrating storage systems into smart microgrids are analyzed. Based on an
analysis of known solutions, it is established that existing methods do not sufficiently account for the dynamics of
physical charging-discharging processes and have low forecasting accuracy under conditions of variable external
factors. The result of this section is the justification of the relevance, formulation of the research objectives and
tasks for the development of information technology for managing energy storage systems in smart microgrids. In
the second section, “Modeling of Energy-Dynamic Regimes of Smart Microgrid Elements,” the problem of
mathematically describing energy conversion and storage processes is solved. A set of production rules has been
formulated for the operational control of energy flows depending on the current power balance. A model of the
storage system’s operation based on equivalent circuits has been proposed, which accounts for the dynamics of
charge-discharge modes. The energy consumption profiles of facilities were investigated, with stochastic load
components identified, and a basic method for forecasting the generation of photovoltaic systems under
conditions of meteorological uncertainty was developed. In the third chapter, “Research on Elements of
Information Technology for Controlling Energy-Dynamic Regimes,” the application of computational intelligence
methods for controlling microgrid components is investigated. The stages of data preprocessing are described,
and intelligent models for forecasting the state of charge (SoC) of batteries using artificial neural networks
optimized by genetic algorithms have been developed. Architectural solutions for creating machine learning
ensembles for short-term forecasting of solar power plant output are justified, where the Jaccard index is used to
optimize predictor selection, which allowed for improving the accuracy and stability of the cascaded meta-model.
All algorithms and methodological solutions are detailed using corresponding block diagrams and mathematical
models. In the fourth chapter, “Development and Testing of Information Technology for Controlling the Energy-
Dynamic Modes of a Smart Microgrid,” the architectural solution for the information technology is presented, and
the use of software and hardware tools for its implementation is justified. The system’s functional capabilities were
defined, and interface solutions were developed for monitoring and controlling battery operating modes. An
analysis of the obtained results was conducted, confirming a 30% reduction in the mean squared error (MSE) and
an increase in the overall efficiency of renewable energy use. The main scientific results of the dissertation have
been published in 8 works, including: 1 article in journals indexed in scientometric databases (one article in a Q2
journal), 4 articles in professional journals in Ukraine, and 3 publications in conference proceedings.
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