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Pedepat/anoranis:

1. CyyacHuUI CTaH CBiTOBOI Ta BITYM3HSAHOI EHEPrETUKU XapaKTePU3YETLCS CTPIMKUAM IIEPEXOOM [10 BiIKPUTHX
PYHKIB €JIEKTPUYHOI €HEPTii, e TOYHICTh KOPOTKOCTPOKOBOTO IJIaHYBaHHSI CIIOXKUBAHHS CTa€ BarOMUM €J1EMEHTOM
6i3HecC-cTpaTerii 1711 MPOMUCIOBUX MigIPUEMCTB. B yMoBax QyHKI[iOHYBaHHS PUHKY «Ha 700y Hamnepen» Ta
6aslaHCyI0u0ro PUHKY, Oyb-sKi Baromi BinxuneHHs (PaKTUIHOTO CIIOXKUBAHHS Bif 3as1BJIeHNX rpadikiB IpU3BOAsTh
[0 3HaYHUX ¢iHaHCOBUX mITpadiB. [ BEIUKUX IPOMUCIIOBUX CIIOKMBAYiB [Ipo6JeMa yCKIIaAHIOETbCS
CTOXaCTUYHOIO IPHPOAOI0 BUPOOHNYMX NPOLIECIB Ta AMHAMIYHYIM 3HOLIEHHSIM TEXHIYHOTO CTaHy O0JIaIHaHHS, 10
6es3rocepeHbO BIUIMBAE Ha Moro eHeproedeKTuBHiCTh. TpanuuiiiHi NifXxoqu 10 eHepreTUYHOrO0 MeHEIKMEHTY Ta

IIJIaHYBaHHS, 30Kpema, cTaTucTuyHi Metony ARIMA a60 HOpMaTUBHI METOIM HA OCHOBI IACIIOPTHUX JAaHUX



I€MOHCTPYIOTb HM3bKY TOYHICTb y P€aJIbHUX YMOBAax eKcIulyaTalii. Lle 3yMoBJIeHO HasiBHICTIO iH(OPMAaLiTHOTO
PO3pHUBY MiX Qi3nyHUM piBHEM 360py JaHUX 3 CEHCOPIB 00JIaiHAHHS Ta PiBHEM KOMEPLiTHOTO IIJIaHyBaHHS
nignpuemcrsa. Cy4yacHi NporpamHi pillieHHs 4acTo irHOPYIOTb CTYIiHb 3HOCY 00J1aJHaHHS, PO3IJISIA04U HOro SIK
CTalliOHAapPHUI 00'€KT i3 HE3MIHHMMU XapaKTePUCTUKaMHU, IO B yMOBAX IPOrPeCYYOro 3HOMIEHHS BY3JliB BeJe [0
noxu60k nporuosysaHHs (MAPE), siki MOXyTb niepeBuiyBati 40%. PO3BUTOK Kibep@isnyHMX CUCTEM Ta
iHgycTpianbHOrO iHTEpHETY pevell BilkprBae HOBI MOKJIMBOCTI 11715 [TO/I0JIaHHS Liiei Ipo6yiemMu, IpoTe iCHYI0Ui
LI€HTpasi30BaHi XMapHi apXiTeKTypU CTUKAIOThCS i3 OOMEXEHHSIMMU 1010 MPOIYyCKHOI 3aTHOCTI KaHaiB 3B'SI13KY,
3aTPUMOK Yy Ilepeiadi BeJIMKMX MAaCKBiB JAHVX Ta PU3MKiB BTPATU JeTePMiHOBAHOCTI Yacy peakuii. Lle o6ymoBioe
HEOOXiJIHICTh IIepexoy [0 NapaiurMy rpaHUYHUX 004KCIIeHb, [ie IIEPBUHHA aHAJIITUKA Ta CEeMaHTH4YHA 00poOKa
IAHUX BiZi0yBaloThCs 6e310cepesHbo y Miclli iX BUHUKHEHHS. AKTYaJIbHICTb IOCTIiI)KEHHSI T10JIIra€e y HeoO0XiAHOCTi
CTBOPEHHS HOBUX apXiTEKTypHUX MA6JIOHIB, MATEMAaTUYHUX MOJIEJIEN Ta METOLIB eLleHTPali30BaHOi 06PO6KHU
indopmatii, siki 6 103BOIMIIN aBTOMAaTU30BaHO TPAaHCHOPMYBAaTU HEOOPOOJIEHI IaHi 3 CEHCOPIB 00JIafHAHHS Y
¢opmarnizoBaHi ceMaHTWYHi CTaHU Ta mapaMeTpu npaie3naTHocTi. Po3pobka rnporpamMHux 3aco6iB, 3IaTHUX
[IPEBEHTUBHO KOPUT'YBAaTY €HEPrETUYHI IIJIAaHU HA OCHOBI aHAJIITUKY CTaHY aKTHBIB Ta TOIOJIOTII MaTepialbHUX
IIOTOKIB, € KPUTUYHO BAKJIMBOIO /17151 MiHiMi3allii eHepreTMyHNX HebasaHCIB Ta 3abe3nedyeHHs [udpPoBoi
TpaHcopmaliii mpomucioBoro cekropy. OyHIaMeHT /1J1sl BUpPIllIeHHs! 3aBJaHb iHTE€JIeKTYaJIbHOTO KEPYBaHHSI
€HEProCIO>KUBAHHSM, [IPEIUKTUBHOI [iarHOCTUKHU Ta pO3POOKU apXiTeKTypU IIPOMUCIIOBUX KibepdiZUUHUX CUCTEM
0yJI0 3aKJIaJIeHO Y NpaLsix 6araTboX NPOBiTHMX BiTUM3HSIHUX Ta 3apyO0i’KHMX HAyKOBLIB. 30KpeMa, 3HAYHMI BHECOK Y
PO3BUTOK METOZiB MATEMAaTUYHOTO MOZEJIIOBAHHS €HEPreTUYHUX IIPOLECiB, ilKeHepii 3HaHb, Teopii rpadis Ta
posnogainieHux oburcaeHs 3poounu Kouap O., Packo. 1., lononos O., HoBocenbiieB O.B., Kannin M.1., ManspeHko
O.€. Jenuciok C.I1., Baxxenos B.A., Kummari D., Laayati O., Bouzi M., Chebak A, Basmadjian R., Porter V., Oke P,
Jiang Tao, Cao Yang, Yu Liang, Ta Wang Zhiqgiang. He3Bakatouu Ha 'PyHTOBHI TEOPETHUYHI Ta IPAKTU4Hi 30,00yTKA
LIMX OOCJIiTHYKIB, SIKi CTBOPUJIY HAZiMHY aIFTOPUTMIYHY Ta METOLOJIOTIYHY 6a3y 1jis1 iHTerpauii inpopmaniitHux
TEXHOJIOTI! y IPOMUCIJIOBUI CEKTOP, crelrdika 3aCTOCyBaHHs IapalurMy TPaHUYHUX O0UKCIIEHb 6e3110CepPeSHbO
17151 1i1Iell KOMEPLIHOrO €HEPrOMEeHEeIKMEHTY 3aJIMIIAEThCS HeLOCTaTHbO po3kpuTolo. Hacamnepes,
CIIOCTepiraeTbcsl MPOTUPIYUS MK TUM, 10 MiHiMi3allis (piHAHCOBUX BUTPAT NOTPeOy€e BUCOKOI TOYHOCTI IPOTHO3IB,
Ta TUM, 110 iCHYIOUi METOIY €HEPTOMEHEI)KMEHTY 0a3yI0ThCsI [IEPEBAXXHO HA CTATUYHUX MOJIEJISIX i HEe BpDaXOBYIOTb
IVHaMiyHi 3MiHM TeXHIYHOrO cTaHy o6safHaHHs. [To-apyre, BUHMKAe apXiTEKTypHE IPOTUPIYYs: Xoua
LleHTpaJi30BaHi XMapHi apxiTeKTypH 3aTHi 40 06pO6KM BEJIMKUX MACHBIiB JaHMX 3 CEHCOPIB, 0OMesKeHa IPOITyCKHA
3[,ATHICTh KaHAJIiB CTBOPIOE HEIPUINYCTUMI 3aTPUMKHU B YMOBaX ONI€PATUBHOTO KEPYBaHHS CIIOXUBaHHAM. [1o-
TpeTe, KOMIJIEKCHE BpaxyBaHHs Pi3HOPOIHUX PAKTOPIB Bif, 6i3HecC-Iy1aHy 0 Pi3UYHOro CTaHy 00J1aJHAHHS
I03BOJIsSIE TOYHO BU3HAYaTH IJIaH €HEProCIIO>KUBAHHS, ITPOTE HApas3i BilCyTHI METOAU Ta IPOrpamMHe 3a0€e3I1e4eHHS
17151 PO3MOIily TAaKUX OOUMCIIIOBAJIbHUX 33]ja4. 3PEIITOI0, HasBHE «O€3M1EeKOBe» IIPOTUPivUs, SKe MOJISrae B TOMY, 10
IIPOITIOHOBAHI XMapHi CEPBiCU MAIOTh HU3bKY BAPTIiCThb [JIs CIIOKABAYA, IIPOTE CTABJIATD INiJl PU3UK
KOHQifeHLiHICTb Ta CyBEPEHITET HaJl JAHUMU IIPO 6i3HEC-TIPOLLECH, CTPYKTYPY MigIIPUEMCTBA Ta CTaH
obsagHaHHs. HasgBHICTh HaBeIeHMX HEPO3B'SI3aHUX NIPOTUPIY 3yMOBMJIA HEOOXIIHICTD i JOLINBbHICTh IPOBENEHHS
IAHOTO [IOCJII>KEeHHS], 110 06'€KTUBHO IIPU3BEJIO 10 IIOCTAHOBKY HAYKOBOTO 3aBIAHHS JUCepTaLifiHOI poboTH, sIKe
IoJIsSITa€e y MifBULLIEHHI TOYHOCTI IIJIaHYBaHHSI €HEPTOCIIOXKUBAHHS TPOMUCIIOBUX MiANPUEMCTB LJISIXOM PO3POOKHU
METO/IiB Ta MIPOTrPaMHUX 3aC00iB CEMaHTUYHOI 06POOKHU TEJIEMETPUYHUX JAHUX [TPO TEXHIYHUI CTaH O0JIaIHAHHS Ha

0a3i apxiTeKTypu rPAaHUYHUX OOYUCIIEHD.

2. The current state of the global and domestic energy sectors is characterized by a rapid transition to open
electricity markets, where the accuracy of short-term consumption planning has become a crucial element of
business strategy for industrial enterprises. Within the framework of the day-ahead and balancing markets, any
significant deviations of actual consumption from declared schedules result in substantial financial penalties. For
large industrial consumers, this problem is exacerbated by the stochastic nature of production processes and the
dynamic degradation of equipment, which directly impacts its energy efficiency. Traditional approaches to energy
management and planning, specifically statistical methods such as ARIMA or normative methods based on
nameplate data, demonstrate low accuracy under real operating conditions. This stems from an information gap



between the physical layer of data collection from equipment sensors and the commercial planning level of the
enterprise. Current software solutions frequently overlook equipment wear, treating it as a stationary asset with
immutable characteristics. Consequently, progressive component degradation leads to forecasting errors (MAPE)
that can exceed 40%. The advancement of cyber-physical systems and the Industrial Internet of Things (IIoT)
provides new opportunities to address this issue. Nevertheless, current centralized cloud architectures face
limitations regarding bandwidth, latency in transmitting massive datasets, and the risk of losing response time
determinism. This necessitates a shift toward the edge computing paradigm, where primary analytics and
semantic data processing are executed directly at the data source. The relevance of the research lies in the
necessity to create new architectural patterns, mathematical models, and decentralized information processing
methods that would facilitate the automated transformation of raw equipment sensor data into formalized
semantic states and performance parameters. Developing software tools capable of preemptively adjusting energy
plans based on asset condition analytics and material flow topology is critical for minimizing energy imbalances
and ensuring the digital transformation of the industrial sector. The foundation for solving the tasks of intelligent
energy consumption management, predictive diagnostics, and the development of industrial cyber-physical
system architectures was laid in the works of many leading domestic and foreign scientists. Specifically, significant
contributions to the development of mathematical modeling of energy processes, knowledge engineering, graph
theory, and distributed computing were made by O. Kotsar, I. Rasko, O. Dodonov, V. Senchenko, O.V. Novoseltsev,
M.L Kaplin, O.Ye. Maliarenko, S.P. Denysiuk, V.A. Bazhenov, D. Kummari, O. Laayati, M. Bouzi, A. Chebak, R.
Basmadjian, V. Porter, P. Oke, Tao Jiang, Yang Cao, Liang Yu, and Zhigiang Wang. Despite the substantial
theoretical and practical achievements of these researchers, who have established a reliable algorithmic and
methodological basis for integrating information technologies into the industrial sector, the specifics of applying
the edge computing paradigm directly for commercial energy management purposes remain insufficiently
explored. First, there is a contradiction between the fact that minimizing financial costs requires high-accuracy
forecasts, and the reality that current energy management methods rely primarily on static models, failing to
account for dynamic changes in the technical condition of equipment. Second, an architectural contradiction
arises: although centralized cloud architectures can process massive volumes of sensor data, the limited
bandwidth of communication channels creates unacceptable delays in the context of operational consumption
management. Third, comprehensively considering heterogeneous factors—from the business plan to the physical
state of the equipment—makes it possible to precisely determine the energy consumption plan; however, methods
and software for distributing such computational tasks are currently lacking. Finally, there is a "security"
contradiction, which lies in the fact that while the proposed cloud services offer low costs for consumers, they
compromise confidentiality and data sovereignty regarding business processes, enterprise structure, and
equipment status. The existence of these unresolved contradictions has necessitated and justified this research,
objectively leading to the formulation of the dissertation's scientific objective: to improve the accuracy of energy
consumption planning for industrial enterprises by developing methods and software tools for the semantic
processing of telemetry data regarding equipment condition, based on an edge computing architecture.
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MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocrnekT Bepecreiichkuit, Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Buie Im'sa Ilo-6aThKOBI:
1. Kyspminux Banepiit OsekcangpoBuy

2. Valerii O. Kuzminykh

KBasigikanis: . 1. 1., gow., 05.13.12
InenTudikarop ORCID ID: 0000-0002-8258-0816
JoparkoBa indpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekt Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma ByracHoOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZOMOCTi
Biacsue Ipizsume Im'st [To-6aTbKOBI Bepranb AHzpiit AHATONIIHOBHY

TOJIOBH pajgu

Bnacue IpisBume Im'a [To-6aTbKOBI Bepnanb Anzipiit AHaTONIHOBAY

rOJIOBYIOYOTO Ha 3acCiiaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

T'onenp Bnagucnas OsnekcaHIpoBUY

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



