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Pedepar/anoTamis:

1. lncepraliist mpucCBsAYeHa aKTyaJbHill HAYKOBO-TIPUKJIAAHIN 3a/1a4i MigBUIIEHHS aBTOHOMHOCTi 06pO6KHU
iHopmatii Ta piBHSI IPUBATHOCTI JaHUX KOPUCTYBauiB y nepudepiiHux By3nax cucteMm Smart Grid msxom
pO3pobeHHs Mozeiell, METOAIB Ta iHpopMaLiiiHOi TexHoJIOri po3noaineHoi 06pooku iHdopmaliii 3
BMKOPHCTaHHSIM MOJ€JIEN MAIIMHHOIO HaBYaHHS Ha MAJIONOTY>KHUX IPUCTPOSIX. Po3pobsieHo iHpopmaLinay
TEXHOJIOTI0, 1110 3abe3Ievye JIoKaabHUM 36ip Ta 06poOKy iH(opmallii Ipo piBeHb CIIOKMBAHHS €JIeKTPOEeHeprii B
cermeHTi Mmepexi Smart Grid, KOpOTKOCTPOKOBE IPOrHO3YBaHHs, afjanTallilo Moesieil 0 YyMOB eKcIulyaTalii Ta
CHHXPOHI3allilo i3 30BHIIHIMU cerMeHTaMU Mepexxi. OfepsKaHi pe3yJbTaTy CIPSIMOBaHI Ha 3BMEHILEHHS 3aJI€KHOCTI
JIOKaJIbHUX CEeTMEHTIB iHTeJIeKTyaJlbHUX €HEPTOMEepeX Bif LeHTpasi3oBaHOI XMapHOi iHpacTpyKTypu Ta
0OME>KEHHS IIepeJJaBaHHs CUPOI TesleMeTpii 3a MeXi JIOKJILHOTO By3Jia. Y IIepIIOMy PO37isi IPoaHali30BaHO
aKTyaJIbHi BUKJIMKY LA poBi3alii enepretuky, poss Smart Grid y TpaHchopmMallii HeHTpali30BaHUX €eHEPTOMEPEX Y
THYYKi IeleHTPasi30BaHi cucTeMy, a TAKOX Cy4acHi MiX0ay B0 XMapHOi, TYMaHHOI Ta nepudepiiiHoi 06podku

inpopmaii. BusnaueHo nepeparu nepudepiliHUX 06YKUCIIEHb 010 3MEHIIEHHS 3aTPUMOK, ITiIBUIIEHHS



MacIITabOBaHOCTI, aBTOHOMHOCTI JIOKaJIbHUX BY3JIiB i IPMBAaTHOCTI JaHUX. OKpeMy yBary NpuzineHo goBipi
KOPHCTYBAuiB [10 iHTEJIeKTYyaJIbHUX CUCTEM YIIPaBJIiHHS eHeproMepeskamu Ta HeoOXiHOCTI ajanTarii IpOrHO3HUX
Mogesieil B yMoBax Apeidy naHux. BusisieHo notpeby B po3poOLi pillleHb 3 po3nofiieHoi 06podku iHdopmaliii, 110
BiANOBIAIOTh Cy4aCHUM TEHIEHLISIM PO3BUTKY €HEPrOMEPEX Ta 3[aTHI BpaXOBYBaTU iHTEPECU KOPUCTYBAUiB 00
3abe3neyeHHs IPUBATHOCTI JaHUX Ta NepcoHanisauii. ¥ 1pyromy poszini po3po61eHo Mojeli po3NoAiieHo]
06po6ku iHdopmalii y meperkax Smart Grid. 3anIporoHOBaHO MO[IeJIb KOPOTKOCTPOKOBOT'O IIPOrHO3YBaHHSI PiBHS
CIIO)KMBaHHS eJIeKTpoeHeprii Ha 6a3i LSTM Ta meToA NiAr0TOBKY MOJieslell MAlIMHHOTO HaBYaHHS IO BUKOPUCTAaHHS
Ha MaJIOTIOTY>KHUX NepudepiliHux NpUcTposix. [yis 3abesneyeHHs nepudepilinoi 06pobKky Ta 36epiraHHs JaHUX
IIPO €HEPTOCIIOKUBAHHS 3alIPOIIOHOBAHO MOJEJIb, 110 popMasiizye rpoec 360py NepBUHHUX AAHUX, KOHTPOJIb iX
SIKOCTi, HOpMaJlizallilo, YaCOBY arperallito Ta 30€pe>keHHs! y BUTIJIsZi BIIOPSIIKOBAHMX 4YacOBUX PsfiB. Po3pobyeHo
MOJ€eJIb OLiHIOBaHHS €(PEKTUBHOCTI Ta BUOOPY Mogei-4yeMilioHa 3a metpukamu MAE, RMSE, WAPE Ta Skill, a Takox
METO[ iHIMBiAyaIbHOI afanTanii IPOrHO3HUX MOJEJIEN HA OCHOBI IHKDEMEHTAJIbHOTO IOHABYaHHS MOJEIIEN-
KaHAUATIB i BU6OpY MoZesi-ueMItioHa. 3allponoHOBaHi pillieHHs GOPMYIOTb OCHOBY [1J1s1 IOKQJIbHOTO
IIPOTrHO3yBaHH: 6€3 HEOOXiAHOCTI IepelaBaHHs CUPUX JaHUX [I0 LIEHTPali30BaHUX CEPBICiB. Y TpeTboMy pO31ii
po3pobieHo iHbopMaliliHy TeXHOJIOTiI0 po3nozineHoi 06pooku iHbopmalii y Mepeskax Smart Grid. CdpopmoBaHo ii
CTPYKTYpHO-(YHKIiOHATIbHY MOJI€JIb, BU3HAYEHO OCHOBHI MOYJIi, iX IPU3HAYEHHS Ta B3aEMO3BSI3KH Y IIPOLiecax
300Dy, arperaliii, IporHo3yBaHH, afarTallii Mojiesiel i CMHXpoHi3allii pe3yspTaTiB. [106y0BaHO CXEMY ITOTOKY
IAHUX i 3aITPOIIOHOBAHO y3arajbHEHY CXeMY pO3NoJieH0i 06pooku iHpopmauii Smart Grid y po3pisi J10KaabHOTO,
KJIIEHTCBKOTO Ta 30BHIIIHBOIO KOHTYPIB. 3allpONIOHOBaHA iH(pOpMaLlifiHa TEXHOJIOTIS JO3BOJISIE IOEAHATY JIOKAJIbHY
aBTOHOMHICTb 06POOKM IAHUX i3 MOSKJIMBICTIO KOOPAMHALIl Ha PiBHI MIMPIIOTO CErMeHTa eHepromepexi. YeTBepTuit
PO3[ia onMcye NporpaMHy peasizatiito indpopMaliiiHoi TexHoJIorii Ta ii mpakTHyHy anpobatito. 36ip Ta arperatis
IAaHUX BUKOHYIOTbCS 3a Jonomoroio Home Assistant Ta InfluxDB. Ha ocHOBI X JaHUX BilOyBa€TbCsl HABYAHHS
mogeneii-kanauaaris TensorFlow, a o6paHi Mopeni-4eMIioHN KOHBEPTYIOThCsl Y dopmatu TensorFlow Lite Ta
CoreML 3 nojanpiiuM po3ropTaHHsM Ha MOGiIbHOMY IPUCTPOI i0S 117151 HaZlaHHS TPOTHO3iB Ta CUHXPOHI3alji.
ApxiTexTypa pillleHHs peai3oBaHa y MiKpOCEPBiICHOMY cepefoBulli 3 BukopuctaHHsiM Docker, FastAPI Ta REST-
B3aemogii. [[pakTuyHy anpo6aito 6y10 BUKOHAHO Ha IPUBATHOMY IOMOTOCIIOJAPCTBi B yMOBaX, HAOIMKEHUX JI0
peasIbHOI eKcITyaTallii, OlliHeHO CTabiIbHICTh pOOOTH OCHOBHMX IiICUCTEM Ta MiITBEPIPKEHO MOXJIUBICTD
BMKOPHMCTaHHs nnepudepiiiHoi peanisalii K ajbTepHaTUBY XMapPHUM CLI€HApisiM 1J1s1 JIOKaJIbHAX CETMEHTIB Smart
Grid. Po3po6eHi mozesi Ta MeTOAY BITPOBAIKEHO B OCBITHIl npoiec CyMCbKOTO A€p>KaBHOTO YHIBEPCUTETY B
MeKax OTUCLUUILIIHY «IHTerpoBaHi iHopmaniiiHi cucTemMn» Ta BUKOPUCTAHO Iifl 4aC BUKOHAHHS HAyKOBO-

IIOCJIiTHUX POOIT.

2. The dissertation addresses the relevant scientific and applied task of increasing information-processing
autonomy and user data privacy in edge nodes of Smart Grid systems by developing models, methods, and
information technology for distributed information processing using machine learning models on low-power
devices. The proposed information technology enables local collection and processing of electricity consumption
data in a Smart Grid segment, short-term forecasting, model adaptation to operating conditions, and
synchronization with external grid segments. The obtained results are aimed at reducing the dependence of local
smart-grid segments on centralized cloud infrastructure and limiting the transmission of raw telemetry beyond
the local node. The first chapter analyzes current challenges of energy digitalization, the role of Smart Grid in
transforming centralized power grids into flexible decentralized systems, and modern approaches to cloud, fog,
and edge information processing. The advantages of edge computing are identified in terms of reducing latency,
improving scalability, increasing local-node autonomy, and protecting data privacy. Special attention is paid to
user trust in intelligent power-grid management systems and to the need for adapting forecasting models under
data drift. The chapter substantiates the need for distributed information processing solutions that take into
account users’ interests in data privacy and personalization. The second chapter develops models of distributed
information processing in Smart Grid networks. An LSTM-based short-term electricity consumption forecasting
model and a method for preparing machine learning models for use on low-power edge devices are proposed. To
support edge processing and storage of electricity consumption data, a model is proposed that formalizes the



process of primary data collection, quality control, normalization, temporal aggregation, and storage as ordered
time series. A model for evaluating forecasting performance and selecting a champion model is developed using
the MAE, RMSE, WAPE, and Skill metrics. In addition, a method for individual adaptation of forecasting models is
proposed, which relies on incremental retraining of candidate models and subsequent champion model selection.
The proposed solutions form the basis for local forecasting without transmitting raw data to centralized services.
The third chapter develops an information technology for distributed information processing in Smart Grid
networks. A structural and functional model of the technology is developed, defining its main modules, their
functions, and the interactions among them during data collection, aggregation, forecasting, model adaptation,
and result synchronization. A data-flow scheme is developed, along with a generalized deployment scheme that
distinguishes local, client, and external processing contours. The proposed information technology combines local
autonomy of data processing with coordination at the level of a broader power-grid segment. The fourth chapter
describes the software implementation of the information technology and its practical approbation. Data
collection and aggregation are performed using Home Assistant and InfluxDB. Based on these data, TensorFlow
candidate models are trained, while the selected champion models are converted into TensorFlow Lite and
CoreML formats for deployment on an iOS mobile device. The solution architecture is implemented in a
microservice environment using Docker, FastAPI, and REST-based communication. Practical approbation was
carried out in a private household under conditions close to real operation; the stability of the main subsystems
was assessed, and the feasibility of using the edge implementation as an alternative to cloud scenarios for local
Smart Grid segments was confirmed. The developed models and methods were introduced into the educational
process of Sumy State University and applied in research projects
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