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1. Y nuceprauiiiziil po60Ti PO3B’s13aHO aKTyaJIbHE HAyKOBO-TIPUKJIAJIHE 3aBAAHHS aHai3y JaHUX
€JIEKTPOCIIOKMBAHHS HAa OCHOBI MOZIEJIi y BUTJISIi IEPiOAMYHO KOPeJIbOBaHUX BUNAnKoBuUX npouecis ([TKBIT) y
[IO€HAHHI i3 MeTolaMU MalIMHHOTO HaByaHHS (MH) nyis kynacudikanii peskumMiB eJ1eKTPOCIIOXKUBAHHS B
PO3IIOLiNeHNX €JIEKTPOEHEPreTUYHUX CUCTeMax. Y NepLUIOMY PO3/ijli BAIKOHAaHO aHajli3 Cy4YaCHOTO CTaHy
€JIEKTPOEHEPreTUYHUX CUCTEM B YMOBAX PO3BUTKY PO3IOIiIEHOI reHepallii Ta iHTerpanii BifHOBIIOBAHUX IyKEPeEl
eHeprii B KoHUenuii Energy 4.0, 30kpeMa B KOHTeKCTi cuHxpoHizanii OEC YKpaiHy 3 KOHTUHEHTAJIbHOK MEPEXKEI0
ENTSO-E, mo nigsuiye BUMOTY 4O ONEPAaTUBHOCTI Ta HAJiMHOCTI aHaJIi3y JaHUX €JIEKTPOCIIOKABAHHA. Bu3HavyeHo,
110 OCHOBHUMMU NPUKJIaJHVMU 3aBJAHHSIMU € IPOTHO3YBaHHS €JIEKTPOCIIOKUBAHHS, BUSIBJIEHHSI aHOMAJIbHUX Ta
iKOBUX PEXMMiB, a TAKOX Kiacu@ikallisi 30a1aHCOBaHUX i HE30aIaHCOBAaHUX PEXXUMIB €J1IeKTPOCIIOKUBAHHS BY3JIiB

po3IozineHoi eleKTpoeHepreTnyHoi cucteMu. OGIPYHTOBAHO, 110 a/ieKBaTHA MO/IEJIb CUTHATTY



€JIEKTPOCIIOXKMBAHHS Ma€ OGHOYACHO BPAaXOBYBAaTH CTOXAaCTUYHY IIPUPOAY Ta MOBTOPIOBAHY (LMKIIIYHY) CTPYKTYPY
I0OOBOTO LIMKITY. Y IPYroMy PO3Zisi PO3IJISIHYTO KIac MaTeMaTUYHUX MOZeJIeH, 110 OJHOYACHO OIUCYIOTh
CTOXACTUYHY IIPMPOLY Ta [IOBTOPIOBAHY CTPYKTYPY CUTHAJY €JIEKTPOCIIOKUBAHHS: MOJIEJIb IHUKJIIYHOTO
BUIAanKoBOro npouecy (LIBII), sixka mo3BoJise oTpuMarty iHpopMallilo IpO MOMEHTH BUMIMX MOPSIKIB Ta MiXKIUKJIOBI
KopeJisLii, Ta MOZAEJb MEPIOAUYHO KOPEIbOBAHOIO BUIIAIKOBOIO IIPOLECY 3 NIEPIOAUYHICTIO MATEMATUYHOTO
CIloZliBaHHS Ta aBTOKOBapianiiiHoi dyHkuii. O6rpyHTOBaHO BUbip Mozesi [TKBII sik ocHOBHOI AJ1s1 aHai3y JaHUX
€JIEKTPOCIIOXMBaHHS. JleTaJlbHO PO3TJISIHYTO ABa MeToau aHasisy [TKBIT: KOMIIOHEHTHUI MeTOoJ, 10 6a3yeThbCs Ha
pO3KJa/li aBTOKOBapiauiiiHoi ¢yHKuii y psg Dyp'e 3a rapMmoHikamu nepiony, Ta CMH(Ga3HUI METO, 110 BUKOHYE
KOrepeHTHe ycepeHEeHHs peaizaliil [UKIy y yacoBiil o6sacTi. [IpoBesieHo NOpiBHA/IbHUN aHali3 METOiB Ta
OOI'PYHTOBAHO BUOip KOMIIOHEHTHOT'O METO[LY SIK OCHOBHOTO 117151 (POpMYyBaHHs iHPOPMaTUBHUX O3HAK. Y TPETbOMY
PO3[ijli HaBeIeHO Pe3ybTaTU €KCIEPUMEHTAIBHOTO JOCIIIKEHHS PEeaJIbHUAX JAHUX €JIEKTPOCIIOXKUBAHHS
IIPUBATHOTO MiTIIPUEMCTBA 32 365 1i6 (moropuHHa nuckpeTusanis). IlinTBepaskeHo 6araTopiBHEBY [TIOBTOPIOBAHY
CTPYKTYpPY €JIEKTPOCIIOXUBAHHS 3 JOMiHYBaHHSM J1060Boro nepiony. Ha ocHoBi komnoHeHTHOro metony [TKBII
cdopMoBaHo Hab6Ip i3 13 iHPOpMATUBHUX O3HAK (9 KOMIIOHEHTHUX Ta 4 YaCOBUX), CTATUCTUYHUM aHAJI3 NMiATBEpAUB
iX JMCKPMMIHAHTHY 31aTHiCTb. Cepell 03HAaK BU3HAYEHO YOTUPY HANOL/IbII 3HAUYIIi: CEpPEeNHil piBeHb €Heprii
(time_mean), inTeHCcuBHICTb PIyKTyaLill micast KpUTUYHOI TouKM (skew_after_45), yacoBa jiokamizanis Touku
nepeJsioMy (tangent_45) Ta cTaHJapTHE BiIXUJIEHHS [0 TOUKU riepesioMy (std_before_45). [Iposeneno
NOPIBHSIIIbHUI aHasi3 e(peKTUBHOCTI 14 Mogesiell MalIMHHOrO HaByaHHs. HaiiBumuii F1-score (0,9877) Ta
Recall=1,0000 mocsruyto ans Tppox mogeneit: Extra Trees, KNN (k=5) ra SVM (RBF), 3a kputepiem kpoc-
BasimauiitHoi crabinbHOCTi nepesary mae Extra Trees (CV-F1=0,9826). Pe3ysibTaTy OLiHIOBaHHS 33 KOMILJIEKCOM
MeTpuK sikocTi (AUC, MCC, Kappa) nigTBeppKyoTh HaJlillHy PO37iJbHY 3[aTHICTb Ta y3rOIPKEHICTb Kyacudikallii
17151 BCix 14 Mogesieid. Y 4eTBEpTOMY PO31ijii po3po6ieHO IPOrpaMHU MOAYJIb, IO peastidye MOBHUM LMKJI aHaJli3y
IAHWX €JIEKTPOCIIOXMBAHHS — BiJl ONpalloBaHHs BXigHuX naHux mertonamu [TKBII no knacudikanii pexxumy
€JIEKTPOCIIOXXMBAHHS 3 Bidyaslisaljielo pe3ysbTaTiB. 3alIpOIIOHOBAHO MifXif, 10 aiallTUBHOIO BUOOPY ONTUMAIbHOTO
nporokoiy nepegasanss ganux (MQTT, CoAP, HTTPS) Ha 0CcHOBI aHasli3y MepeKeBUX [1apaMeTPiB MeTOJaMuU
MAaIIMHHOTO HAaBYaHH4, 110 3abe3edye CBO€YACHICTh HAIXOIKEHHS TeJleMeTPUYHOi indopmalii y posnoginennx
€JIEKTPOEHEPIeTUYHUX CUCTEMAaX. 3a Pe3yJIbTaTaMU MOPiBHSJIBHOTO aHAJi3y YOTUPbOX MOZEJIEN MAIIMHHOTO

HaBYaHHS HalKpally TOYHICTb Kjacuikalii mpoTokosy 3abesnednsa mogenb MLP Neural Network (F1=0,9020).

2. The dissertation addresses a relevant scientific and applied problem of electricity consumption data analysis
based on the model of periodically correlated random processes (PCRP) combined with machine learning (ML)
methods for classifying electricity consumption modes in distributed electrical power systems. The first chapter
analyzes the current state of electrical power systems amid the development of distributed generation and the
integration of renewable energy sources within the Energy 4.0 concept, particularly in the context of
synchronization of the Ukrainian Integrated Power System with the ENTSO-E continental network, which imposes
higher requirements on the timeliness and reliability of electricity consumption data analysis. The main applied
tasks identified include electricity consumption forecasting, detection of anomalous and peak modes, and
classification of balanced and unbalanced electricity consumption modes of nodes in a distributed electrical power
system. It is substantiated that an adequate model of the electricity consumption signal must simultaneously
account for both the stochastic nature and the repetitive (cyclic) structure of the daily cycle. The second chapter
examines a class of mathematical models that simultaneously describe the stochastic nature and repetitive
structure of the electricity consumption signal: the cyclic random process (CRP) model, which provides
information about higher-order moments and inter-cycle correlations, and the periodically correlated random
process model with periodicity in the mean and autocovariance function. Two PCRP analysis methods are
examined in detail: the component method, based on Fourier series expansion of the autocovariance function over
period harmonics, and the synphase method, which performs coherent averaging of cycle realizations in the time
domain. A comparative analysis is performed, justifying the selection of the component method as the primary
approach for generating informative features. The third chapter presents experimental results on real hourly
electricity consumption data from a private enterprise over 365 days. The multi-level repetitive structure of



consumption with a dominant daily cycle is confirmed. Using the PCRP component method, a set of 13 informative
features (9 component and 4 temporal) is formed; statistical analysis confirms their discriminative power. Four
most significant features are identified: mean energy level (time_mean), fluctuation intensity after the critical
point (skew_after_45), temporal localization of the inflection point (tangent_45), and signal standard deviation
before the inflection point (std_before_45). A comparative evaluation of 14 machine learning models is conducted.
The highest Fl-score (0.9877) and Recall=1.0000 were achieved by three models: Extra Trees, KNN (k=5), and SVM
(RBF), Extra Trees demonstrates the best cross-validation stability (CV-F1=0.9826). Evaluation results across the
full set of quality metrics (AUC, MCC, Kappa) confirm reliable discriminative power and classification consistency
for all 14 models. The fourth chapter describes the developed software module that implements the full analysis
pipeline - from PCRP-based input data processing to electricity consumption mode classification with result
visualization. An adaptive approach for selecting the optimal data transmission protocol (MQTT, CoAP, HTTPS)
based on network parameter analysis using machine learning is proposed, ensuring timely delivery of telemetry
data in distributed electrical power systems. A comparative analysis of four machine learning models showed that
the MLP Neural Network achieved the best protocol classification accuracy (F1=0.9020).
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