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3ax0[iB KEPYBaHHS IPOL€CAMU I€PETIKAHHS PEAKTUBHOI [TIOTY>KHOCTI 3 BIIPOBAIP)KEHHSIM aJANITUBHOI CUCTEMU
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Ta [IE€PEX0J0M NIPOMHUCJIOBUX MiAIIPUEMCTB HA PEXXUMU ITIMOOKOT0 HELOBAHTKEHHS, 1110 BUMArae feperssiny
TPaAMLIMHNX OPraHi3aliiHO-TEXHIYHUX 3aXO0/iB i3 ONTHUMI3allii IOTOKIB €JIEKTPOEHEPTii Ta BIIPOBAKEHHS HOBITHIX

aJlarTHBHO-eHeproedeKTUBHYUX IiZIX0/iB 10 KepyBaHHS KOMIIEHCAL[iTHUMHU IIPUCTPOSIMUA PEAKTUBHOI IIOTY>KHOCTI.



JocigKeHHs TI0Ka3aiu, 110 OTPYMMaHi pe3ybTaTy IPU iX IPAaKTUYHOMY 3aCTOCYBAaHHI MAaTUMYThb [TO3UTHUBHE
3HAYEHHS IJISI MOJiepHi3allii eHepreTMYHUX ripHN4Y0-306arauyyBajbHUX KOMOIHATIB, CIPUSIOUM TigBUIIEHHIO iX
KOHKYPEHTOCIIPOMOSKHOCTI Ta €(PEKTUBHOCTI BUKOPUCTAHHS €JIeKTPOeHePrii. BupoBaiKeHHs OTpUMaHUX
pe3yJIbTaTiB y IpakTuKy po6oTtu I'3K moxke 3a6e31ednTy 04iKyBaHU €KOHOMIYHUMI eeKT 611M3bKO 1,3-5 MJIH. TPH.
Ha pik gys migcrannin ['3IINe1, I'3IINe2, I'3TINe3, I'3TINe4, T'3TIN25 ninnpuemctsa IIpAT «I1iBHI'3K», y TOoMy 4mcai
3MEHIIEHHS CIIO)KUBAHHS PEaKTUBHOI eHeprii npubsiusHo Ha 17-20% BifcOTKIB Bif 3arajlbHOro 00CSTY CIIOKHUBAHHS
(47-130 MBAp). MeTo10 po60TH € MiABUILEHHS €JIEKTPOEHEPreTUYHOI €(PEKTUBHOCTI (PYHKILIIOHYBaHHS CUCTEM
€JIEKTPOIIOCTauaHHS TipHUYO0-306aradyyBajbHMX KOMOIHATIB MIJIIXOM PO3POOKY aIalITUBHOI CUCTEMU KEPYBaHHS
KOMIIEHCAlilHUMU MIPUCTPOSIMUA PEAKTUBHO]I MOTYKHOCTI B YMOBAaX Pi3K0O 3MiHHUX PEXKUMIB €JI€KTPOCIIOKMBAHHSL.
JIns1 nocsirHeHHs Liiei MmeTy 6yJ10 IPOBeIEHO I'PYHTOBHUM aHasli3 peXKMMiB pOOOTH OCHOBHUX €HEProeMHUX
CIIO>KMBAUiB Ta CPOPMOBAHO CUCTEMY ITPABUJI PalliOHAJIbHOTO KEPYBAHHS pKEPEJIaMU PEaKTUBHOI eHeprii. HaykoBa
HOBU3HA OZIE€P>KAHMX PE3YyJIbTATIB N0JISITa€ Y HA3L TEOPETUYHUX Ta IPAKTUYHUX pe3ysibTaTiB. Habysa nogasnipimoro
PO3BUTKY KOHILIENIisl BUOOPY NOTYKHOCTEN KOMIIEHCAL[iiHUX IIPUCTPOiB Ha OCHOBI iHTerpalii cyyaCHUX METO[IiB
CTaTMCTUYHOTO aHaJli3y Ta IIPOrHO3YBaHHS, sIKa BPAaxOBY€e CE30HHI Ta CTOXaCTUYHi KOJIMBAHHS €HEPrOCIIOKMBaHHS i
IudepeHLialio 1060BUX TapUPiB €JeKTPOEHEPTI], B pe3yJIbTaTi 40ro 3a6€31e4yeThCsI TOYHICTb BU3HAYEHHS
XapaKTepHUX [aTePHIB CIIOKMBAaHHS 3 CYTTEBUMU 3MiHAMM HaBaHTa>KEHHS J151 ONITUMAaJIbHOTO PO3IIOLITY
MIOTYKHOCTEM KOMIIEHCALIHUX IIPUCTPOIB, 10 CIPUATUME 3HKEHHIO €KCILTyaTalliiHUX BUTPAT. ABTOPOM
BIOCKOHAJIEHO NPOLIeC KEPYBaHHA (PYHKLIOHYBAaHHSIM IPUCTPOIB KOMIIEHCAllii 3 afanTalieio 10 3MiHHOTO
HaBaHTAKEHHS Ha OCHOBI METO/IiB HEUIiTKOI JIOTiKY, 10 3a6e3neuye 6e3repepBHe HAOIDKEHHS IO «HYJIb-
NepeTiKaHHA» PEAKTUBHOI €HePrii Ha BBOJ] MifCTaHIIil Ta 3HV>KEHHS BTPAT IOBHOI TOTYKHOCTI. Y3arajibHEHO
IIPUHLUIIA MOHITOPUHTIY Ta YIIPaBJliHHS €HEProClOKUBAHHIM Ha MiJICTaHLiSIX ripHUY030aradyBajlbHUX
HiANPUEMCTB IIPU po30yHOBi Kibepdi3nuHOI CUCTEMH, 3 CUHXPOHI3alielo poOOTH MiICUCTEM OKPEMUX PETYJIISITOPIB
IIPUCTPOIB KOMIIEHCAllil Ta 3aCTOCYBAHHIM AN TUBHUX aJITOPUTMIB, 10 MiTBUIIUTH eHeproedeKTUBHICTh po60TH
mepexi. CTpyKTypa po6OTH JIOTiUHO BiloOpaXkae eTanu LOCiIKeHHs. Y IepiomMy po3aiii cGopMOBaHO METY
IYcepTalifiHOi poOOTH Ta 3aBAAHHS HAYKOBOTO NOLYKY. [Ipyruii po3fis NpUCBsIY€HO KOMIIJIEKCHIH OLiHIL
CIIOKMBAHHA eJyieKTpoeHeprii nignpueMctBoM [IpAT «ITiBHI'3K» sik croxacTu4HOro npouecy Ta ineHrudikauii piBHiB
3aBaHTAXXEHOCT] 00J1afiHaHHS. Y TPETbOMY PO3/iJli BUKJIaIeHO HOBY METOJMKY BUOOPY KOMIIEHCAL[iliHMX PiBHIB Ha
6a3i HOpMaJIbHOTO PO3IOJiy CE30HHUX JAHUX Ta PO3PO0JIEHO aNrOpuUTM (QYHKIIOHYBaHHS CUCTEMU CYMiCHOTO
KEPyBaHHS KOMIIEHCAL[iTHUMUY MIPUCTPOSIMUA. UeTBEPTUI PO3/iJl MiCTUTb PE3yJIbTaTU PO3POOKU CTPYKTYPU
aJanTUBHO-eHeproedeKTUBHOI0 KePyBaHHS B paMKax Kibep(disn4yHOi CuCTeMU 3 BUKOPUCTAaHHSIM METOJIiB HE4iTKOI
JIOTiKY Ta pe3yJIbTaTh MOJEJIbHOIO AOCiIyKeHHs. Y 3araJbH1UX BUCHOBKaX IiZIOUTO MiCyMOK IIPOBEL€HOI pOOOTH i
HaBeJIEHO KJII0YOBI Pe3yJIbTaTU AOCHiIKEeHb. [lucepTallisl JONIOBHEHA JOAATKaMU, O MICTATh TabauLj, rpadiku Ta
IIPOMDXKHI pO3paxyHKOBi pOpMYJIM, aKTH BIIPOBA/IKEHHS PE3YyJIbTATiB pOOOTU Y NPAKTUKY POOOTH MifIIPUEMCTB Ta B
HaBYaJIbHUI Npolec, nepesik nyosikaliil 3a TeMolo nucepraliii.

2. The dissertation is devoted to the theoretical substantiation and development of scientifically based energy-
efficient measures for controlling reactive power flows through the implementation of an adaptive control system
for compensation devices. This system ensures the reactive power compensation process in accordance with the
application of advanced methods for optimizing operating costs, which provides an opportunity to improve the
operational stability of the system. The current state of the power system of Ukraine is characterized by a deep
systemic transformation, accompanied by a large-scale drop in electricity consumption volumes, constant changes
in the topology of the power supply system, and the transition of industrial enterprises to severely underloaded
modes. This requires a review of traditional organizational and technical measures for optimizing power flows and
the implementation of innovative adaptive energy-efficient approaches to controlling reactive power
compensation devices. Studies have shown that the obtained results, when applied practically, will have a positive
impact on the modernization of the energy infrastructure of mining and processing plants, contributing to an
increase in their competitiveness and electric power utilization efficiency. The implementation of the obtained
results into the operation of mining and processing plants can provide an expected economic effect of about 1,3-5
million UAH per year for the main step-down substations (MSDS N21, MSDS N22, MSDS N23, MSDS N24, MSDS N¢5)



of JSC "Northern GOK", including a reduction in reactive energy consumption by approximately 17-20% of the total
consumption volume (47-130 MVAr). The aim of the work is to increase the electric power efficiency of the power
supply systems of mining and processing plants by developing an adaptive control system for reactive power
compensation devices under conditions of highly variable power consumption modes. To achieve this goal, a
thorough analysis of the operating modes of the main energy-intensive consumers was conducted, and a system of
rules for the rational control of reactive energy sources was formulated. The scientific novelty of the obtained
results consists of a series of theoretical and practical outcomes. The concept of selecting the capacities of
compensation devices based on the integration of modern methods of statistical analysis and forecasting, which
takes into account seasonal and stochastic fluctuations in energy consumption and the differentiation of daily
electricity tariffs, has been further developed. As a result, the accuracy of determining characteristic consumption
patterns with significant load variations is ensured for the optimal distribution of compensation device capacities,
which will contribute to a reduction in operating costs. The author has improved the control process over the
operation of compensation devices with adaptation to variable loading based on fuzzy logic methods, ensuring a
continuous approach to the "zero-flow" of reactive energy at the substation input and a reduction in apparent
power losses. The principles of monitoring and managing energy consumption at the substations of mining and
processing enterprises have been generalized within the framework of developing a cyber-physical system, with
synchronization of the operation of individual compensation device regulator subsystems and the application of
adaptive algorithms, which will increase the energy efficiency of the network operation. The structure of the work
logically reflects the stages of the research. The first chapter formulates the aim of the dissertation work and the
objectives of the scientific inquiry. The second chapter is devoted to a comprehensive assessment of electricity
consumption by JSC "Northern GOK" as a stochastic process and the identification of equipment loading levels.
The third chapter presents a new methodology for selecting compensation levels based on the normal distribution
of seasonal data and develops an algorithm for the operation of the joint control system for compensation devices.
The fourth chapter contains the results of developing the structure of adaptive energy-efficient control within a
cyber-physical system using fuzzy logic methods and the results of modeling research. The general conclusions
summarize the completed work and present the key research outcomes. The dissertation is supplemented by
appendices containing tables, graphs, and intermediate calculation formulas, acts of implementing the research
results into the operation of enterprises and the educational process, and a list of publications on the topic of the
dissertation.
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rippmyo3barayyBajbHOro KOMOiHATy. ACNipaHTChKI YUTaHHs iMeHi rpodecopa ApTypa BeHiamiHoBHYa
[TpaxoBHMKa : MaTepianu Beeykpaincbkoi HaykoBoi koH@epeHii. Kuis : KIII im. Cikopcbkoro, 2025. C. 58-63.

e 20. llepctHboB 0. B. OnTMMI3alis CrioKMBaHHSA €JIEKTPUYHOI €Hepril IPOMUCIIOBUM MiJNIPUEMCTBOM Ha
OCHOBI paljioHasi3alii mpouecy KOMIEeHcalii peaKTUBHOI MOTYKHOCTI. AKTyaJIbHi TUTaHHS
eHeproe(eKTUBHOCTI INpHUYOMETANyprifiHOro BUpOOHUITBA : MaTepianu X BceykpaiHcbKoi
HAYKOBOIIPAKTMYHOI KOH(pepeHLii CTy[IeHTiB Ta MOJI0auX yueHux. Kpusuii Pir, 2025. C. 18.

¢ 21. lllepctHroB 0. B. EHeproedexTiBHE KepyBaHHS KOMIIEHCAL[IHHUMU ITPUCTPOSIMU MiATIPUEMCTB TipHUYO-
30arayyBajIbHOTO KOMIIEKCY. AKTYyaJIbHi IMTaHHS €eHeproepeKTUBHOCTI ripHUYO-MeTalypriliHOro
BMPOOHULTBA : MaTepianu X BceykpaiHChbKOi HAyKOBO-ITPAaKTUYHOI KOH(EPEHLLil CTYIEHTIB Ta MOJIOAUX
yuenux. Kpusnii Pir, 2025. C. 50.

¢ 22. Application of Artificial Neural Networks for Predicting Energy Consumption of a Mining Enterprise /
Busher V., Tytiuk V., Kuznetsov V., Kuznetsov V., Romanets A., Sherstnov Y. 19th Conference on Electrical
Machines, Drives and Power Systems (ELMA), Sofia, Bulgaria. 2025. P. 1-5, doi:

10.1109 /ELMA65795.2025.11083463.

HaykoBa (HayKOBO-TEeXHiYHa) MPOAYKILisL: meTonu, Teopii, rinoresu

Cornia;ibHO-eKOHOMIYHA CIPSIMOBAHICTh: €KOHOMisi EHEPrOPECYPCiB

OxopoHHi gJoKymeHTH Ha OIIIB:

Bunaxonu, KOpYCHI MOJI€JIi, TIPOMUCIIOBI 3pa3Ku
1. TlpucTpiit nns nigBuieHHs eHeproedeKTUBHOCT] TEXHIYHMUX CUCTEM TEXHOJIOTIYHUX arperaris 3
CHHXPOHHUMMU NpUBOJaMU : rat. 153672 Ykpaina. N2 202300302 ; 3asss. 30.01.2023 ; ony61. 09.08.2023, Bro1.
Ne32. 6 c. 2. Cnoci6 nigsuiieHHs: eHeproeGeKTUBHOCT] TEXHIYHMX CUCTEM TEXHOJIOTIYHUX arperaris 3
CHHXPOHHUMMU NpUBOJaMu : rat. 157230 Vkpaina. N© 202401359 ; 3assi. 14.03.2024 ; omy6s1. 19.09.2024, Bios.
N238. 6 c. 3. [Ipucrpiii gja nigBuIeHHs] eHeproePeKTUBHOCTI TEXHIYHNX CUCTEM TEXHOJIOTIYHUX arperaris 3

CMHXPOHHMMM IpUBOJaMU : rat. 159062 YkpaiHna. N2 202401954 ; 3asBi1. 15.04.2024 ; ony6:1. 23.04.2025, BroJ.
Ne17. 8 c.

BrnpoBazKeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'A30K 3 HAYKOBHMH TeMaMH: 0125U003256

VI. BizomocTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Ocapuyk [Opiit I'puroposuy
2. Yurii H. Osadchuk

KBasigikamis: . . 1., gou., 05.09.03



InenTudikarop ORCID ID: 0000-0001-6110-9534

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI OPHUAHUYHOI 0COOHM: KpUBOpi3bKuil HALIOHAJILHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 37664469

Micue3HaxoaKeHHS: yi. Bitanis Marycesuya, Kpusnii Pir, Kpuopisbkuii p-H., 50027, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VII. BigomocTi npo odilifiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiuiiiHi OIOHEHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Pozen Bikrop IlerpoBuy

2. Viktor P. Rozen

KBasigikamnis: x. 1. 1., npodecop, 05.09.03
Imentudikarop ORCID ID: 0000-0002-0440-4251
JoparkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHM iHCTUTYT iMeHi Iropst Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micuesnaxon)KeHHﬂ: npocnekT bepecreiicekuii, Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Bsacue IlpizBuuie Im's Ilo-6aThKOBI:
1. Ipam OznekcaHngp AHATOJINOBUY

2. Oleksandr A. Shram

KBasigikamis: . r. u., gouenrt, 05.03.06

InenTudikarop ORCID ID: 0000-0003-4206-7716

JoparkoBa iHpopmanist: https://scholar.google.com.ua/citations?user=9QG4KAIAAAA]

IToBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil yHiBEpCUTET "3anopizbka nosiTexHika"
Kopg 3a €IPIIOY: 02070849

Micue3HaxoaKeHHS: By JKyKoBCbKOTO, 3anopixoks, 3anopisbkuii p-H., 69063, Ykpaina

dopma BracHOCTI: JlepxaBHa



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Jenuciok Ceprit [leTpoBud

2. Serhii P. Denysiuk

KBasigikanis: 1. 1. 1., npodecop, 05.09.05

ImenTudikarop ORCID ID: 0000-0002-6299-3680
JoparkoBa indopmamnist:

ITIoBHe HaﬁMeHyBaHHﬂ IOpI/I,I;I/I‘{HOi 0Co0M: [HCTUTYT enekTpoauHaMiku HanioHanbHOI akagemii HayK
YKpainu

Kopg 3a €IPIIOY: 05417236

Micue3HaxoaKeHHS: np. bepecreiicbkuit, Kuis, 03057, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Bapanoscebka Mina JleoHiziBHa

2. Mila L. Baranovska

KBasigikamis: . t. u., gouenr, 05.14.02

ImenTudikarop ORCID ID: 0000-0002-8082-1305

JoparkoBa indopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: KpuBopisbKuii HaI[iOHAILHUI YHiBEpCUTET
Kopg 3a €IPIIOY: 37664469

Micue3Haxoa KeHHS: yi. Birania Marycesuya, Kpusnii Pir, Kpusopisbkuii p-H., 50027, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI
Biacue Ipissume Im'st [To-6aTbKOBI Koros Irop Anaroniiosud

TOJIOBH pajgu

Bnacue IpisBume Im'a [T0-6aTbKOBI Kotos Irop AHaTO1i10BMY

TOJIOBYIOYOTO Ha 3acCiiaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

Xynuk Mukosa BaneHTHHOBUY

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



