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2. Models and methods of information technology for assessing the state of microgrids with renewable energy

sources

Pedepar/anoTamnis:

1. Incepraist npucBsiueHa HAyKOBill Ta IPUKJIALHIN Ipo6sieMi NigBUIneHHs ePeKTUBHOCTI MiATPUMKU IPUNHSITTS
pilleHb IpM yIPaBJliHHI MIKpOMepeKaMU 3 BiTHOBJIIOBAHMMHU JI>KepeJlaMU €Heprii IJISIXOM pO3pOo0KU MoJieslel i
MeToziB iHpopMaLiliHOI TEXHOJIOTI] OLiHIOBAaHHS iX (PYHKIIOHATIBHOTO CTaHy B yMOBax HEBU3HAYEHOCTi. CTBOPEHO
iHopmalliiiHy TeXHOJIOrIIO, [0 aBTOMATU3Yy€E aHajli3 CTaHiB MiKpomMepesk Ha OCHOBi YacoBUX psifiB. Po3pobieHo
ribpyuHi METOAU [IPOTHO3YBAHHS CIIOKUBAHHS, FreHepallii Ta IIIKOBUX HaBaHTaXXE€Hb, YJJOCKOHAJIEHO MiIX0O! 10
nonepenHb0i 06POOKU aHUX Ta Peasli3oBaHO MEXaHi3MMU iHTerpallii TPOTHO3iB i3 HEYITKUM BUCHOBKOM [1JIS
dhopMyBaHHS iHTEPIPETOBAHMX OLIIHOK. TeXHOJIOris MifiBUIly€e TOYHICTb BUSIBJIEHHSI KpUTUYHUX CLI€HApIiB,
3abe3nevye aalTUBHICTb 10 3MIHHMX YMOB Ta HNigTpuMye GOpPMyBaHHS pEKOMEHIalliil [J1s1 yIIPaBiliHHS. Y [IepuioMy
PO31isi 3MiICHEHO OIJIsi]] BIIPOBAI’KEHHS iHPOPMAaLiiHUX TEXHOJIOTIN B YIIPaBJIiHHS MiKpOMepesKaMy, 3 aKLeHTOM
Ha IoT, uudpoBux ABifHUKaX, XMapHUX m1argopmax, SCADA-crucTemax Ta NpeIUKTUBHUX 3aC00ax. BUCBiTIEHO

BUKJIMKU JleKapOoHi3allii, inTerpanii BiffHOB/IIOBaHUX [I’KEpeJl Ta [IeLleHTPali30BaHOTO yIIpaBiliHHS. PO3rIsHyTO



apxiTeKTypy Ta IPUHLMUIIN POOOTU MIKPOMEPEXK, 30KpEMa KEPYBaHHS €HEPrOoMOTOKaMU 32 YMOB HECTa0bi/IbHOI
re"epaiii. [IpoananizoBaHo cyyacHi MeToau rporaosdyBaHHs (ARIMA, SARIMA, ETS, LSTM, BiLSTM, Random Forest)
Ta iHCTpyMeHTH niaTpumMku pimens (AHP, TOPSIS, nepesa pilieHb, HediTKa jorika). BusiBieHo 6pak KOMIIIEKCHUX
pileHs, 1o o6I'PYHTOBY€e NOTPEOY B HOBI afJalITUBHIN TEXHOJIOTI], SIKa iHTerpye NpeIUKTUBHY aHAJIITUKY Ta
JIOTiYHUI BUCHOBOK. [Ipyruil po3zin nprucesiueHnii popmantisauii npoueciB MporHo3yBaHHS 3 ypaxyBaHHSIM
CTOXACTUYHOCTI, CE30HHOCTI Ta 30BHIIIHIX YNHHUKIB. 3allpOIIOHOBAHO CTPYKTYPOBAHUI KOHBEEP MiATOTOBKU JIAHUX,
110 BKJIIOYae (PisnbTpaliio mymis, MaclITabyBaHHS, BilHOBJIEHHS [IPOIYCKiB, BUSIBJIEHHS] aHOMaJlill Ta NOOY0BY
JIaroBUX 3MiHHUX. 1711 IPOTHO3yBaHHS reHepallii 3 POTOeeKTPUYHUX YCTAHOBOK, BITPOBUX TYpOiH Ta CUCTEM
HaKOIMYEHHS 3aCTOCOBAHO peKypeHTHi HelipoHHi Mepexxi (LSTM, BiLSTM), 3naTHi BpaxoByBaTu 4acoBi 3aJI€XKHOCTI.
MopeoBaHHS CIIOXKUBAHHSI BUKOHAHO [1J1s1 )KUTJIOBUX, IPOMUCIIOBUX, iHPPACTPYKTYPHUX i KOMEPLiHUX
KOPHMCTYBauiB i3 BUKOPUCTAHHSIM CIIelliai30BaHUX HAbOPiB 03HAK, 1O MifBUILy€E TOUYHICTb Y KOPOTKO-, CEPEIHbO- Ta
IOBrOCTPOKOBHUX iHTepBasax. Y TpeTbOMY PO3JiJii pO3p006JI€HO METOIY IPOTHO3YBAHHSI MTIKOBUX HABAaHTAXKEHD i
OlIiHIOBaHHS cTaHy Mikpomepek. LSTM-mopens no3Bodisie ineHTudikyBaTu KpUTUYHI J000Bi iHTEepBasy, a cucrema
HeyviTKoro BUBogy MampaHi knacugikye cTaHu siK cTabibHi, pU3MKOBaHi 4u Ae@ilUTHI Ta IPONOHYE KepyBaJlbHi Aii
— KOpUTyBaHHS rpa@ikiB, KepyBaHHS 3apsilOM HAaKOIIMYYBayiB UM 3aJly4Y€HHS pe3epBy. EKcriepuMeHTabHi
pe3yJbTaTy MigTBepauan eeKTUBHICTD Hinxony. YeTBepTuil po3[ia onucye peanisanio iHhopmMauifHoOi TeXHOJIOTi.
[IporHosu nepenamTbCs B MiACUCTEMY BUSBJIEHHS [IIKOBUX HABAHTAXXEHb, PE3YJIbTATH SIKOi aHAJI3YIOThCSI HEYITKUM
BHMCHOBKOM 7151 OLiHIOBaHHSI CTaHiB MiKpOMepEeX. AIIAIITUBHICTb 3a0€311€4y€eThCs [IapaMeTpu3allielo Mojene,
KOPEKIi€l0 HEYITKUX ITPABUJI i IHTErpaui€eo 3 MeTeocepBicamu. ApXiTeKTypa peasizoBaHa y MiKpOCEpPBICHOMY
cepenoBulli 3 BUKOPUCTaHHSIM 1eHTpastizoBaHoro API, Redis, Docker, Kubernetes, REST-B3aemopii Ta
>KypHasoBaHHS yepe3 ELK. Anpo6aliist nokasasa HilBULeHHS TOYHOCTI IPOTHO3iB, 3MEHILEHHS PU3UKY AediuuTy Ta
3pPOCTaHHS CTiliKocTi. Po3po6seHi Mofiesti I MeToU BIPOBaAKEHO Ha NianpueMcTsi TOB «AHnpeKce» nis
MOHITOPHHTY TPOMUCIIOBOI MiIKPOMEPEXI Ta iIHTETPOBAHO B HaBYAIbHUM MpoLec CyMCBKOTO NEP>KaBHOTO
VHIBEpCUTETY B MeXax TeMu «Mogesi Ta MeTonu iHpopMalifiHOI TeXHOJIOri OLiHIOBaHHS CTaHy MiKpoMepexX 3

BiTHOBJIIOBAaHVMU [IJKE€PEJIAMU €HEPTii».

2. The dissertation addresses the scientific and applied problem of improving decision-making support in
managing renewable energy microgrids by developing models and methods of an information technology for
assessing their functional state under uncertainty. An information technology was created that automates the
analysis of microgrid states using time series data. Hybrid forecasting methods for energy consumption,
generation, and peak loads were developed, along with improved preprocessing approaches and mechanisms for
integrating forecasts with fuzzy inference to build interpretable assessments. The technology enhances accuracy
in detecting critical scenarios, adapts to changing conditions, and supports generation of control
recommendations. The first chapter reviews the implementation of information technologies in microgrid
management, focusing on IoT, digital twins, cloud platforms, SCADA systems, and predictive tools. It highlights
challenges of decarbonization, renewable integration, and decentralized operation. The architecture and operation
of microgrids are examined, with attention to energy flow management under intermittency. Modern forecasting
methods (ARIMA, SARIMA, ETS, LSTM, BiLSTM, Random Forest) are analyzed, as well as decision support tools
such as AHP, TOPSIS, decision trees, and fuzzy logic. Gaps in current systems justify the need for adaptive
technologies integrating predictive analytics and logical inference. The second chapter formalizes forecasting
processes considering stochasticity, seasonality, and external influences. A structured preprocessing pipeline is
proposed, including noise filtering, scaling, imputation, anomaly detection, and lag-feature construction.
Forecasting models for PV, wind, and storage use deep recurrent neural networks (LSTM, BiLSTM) to capture
temporal dependencies. Electricity consumption is modeled for residential, industrial, infrastructural, and
commercial users via tailored feature sets and classification-based approaches, improving prediction accuracy
across different horizons. The third chapter develops methods for peak load forecasting and functional state
assessment. An LSTM-based model identifies daily critical intervals, while a Mamdani fuzzy inference system
classifies states as stable, risky, or deficit and suggests control actions such as schedule adjustments, storage
management, or backup use. Experimental results confirm effectiveness. The fourth chapter presents the



implementation of the information technology. Forecasts feed into a peak load detection subsystem, with fuzzy
inference evaluating microgrid states. Adaptability is ensured through model parameterization, rule adjustment,
and meteorological data integration. The architecture employs microservices, centralized API, Redis, Docker,
Kubernetes, REST communication, and ELK logging. Approbation shows improved forecasting accuracy, reduced
risk of deficits, and enhanced resilience. The models and methods were implemented at LLC “Andreks” for
industrial microgrid monitoring and integrated into the educational process at Sumy State University within the
research topic “Models and methods of information technology for assessing the state of microgrids with
renewable energy sources.”
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