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2. Operational control of supply voltage of consumers of electrical networks of underground mines

Pedepar:

1. lucepranis npucBsYeHa BUPILIEHHIO aKTyaJbHOTO HAyKOBO-TIPUKJIALHOTO 3aBAAaHHS MOJIIMIIEHHS [I0Ka3HUKIB
SIKOCTI €JIEKTPOEHEPTii B €JIeKTPOeHEePreTHYHUX KOMIJIEKCax Mifl3eMHUX PYAHUKIB 3 BULOOYTKY 3aJli3HOI pyau.
l'ipHMYO-MeTanyprilina NPOMHUCJIOBICTb € 6a30BOIO rajly3310 €EKOHOMIKM YKpaiHM Ta BOJHOYAC HANOIIbIIMM
IIPOMUCJIOBUM CIIO>KMBAaYeM eJIeKTPUYHOi eHeprii. [IpoTe cnenudika nii3eMHOro BULOOYTKY, IO CYIIPOBOIKYETHCS
IIOCTiTHUM TNOTINOJIEHHSIM TiPHUYUX POOIT i IEBHUM KOHCEPBAaTU3MOM TEXHOJIOTiN QYHKIIOHYBaHHS HiANPUEMCTB,
IIPU3BOJUTH 10 IIOCTYIIOBOTO 3HIDKEHHS eHeproeeKTUBHOCTI BUPOOHULTBA. Y pOOOTi OBELEHO, 110 OJHUM i3
KJIIOUOBUX YMHHUKIB HETAaTUBHOTO BILJIMBY Ha POOOTY €JIEKTPOEHEPTETUYHOTO KOMILJIEKCY B IOTO arperaTuBHOMY
BapiaHTi € CyTTEBE MOTipPIIEHHS [TI0Ka3HUKIB IKOCTi esleKTpoeHeprii. JlocaigykKeHHs noKasanu, o cepe yciei ramu
HEraTUBHUX YMHHMKIB IOMIHYIOTb BinxuneHHs Hanpyru (AU) ta posmax ii 3miH (oU). BapiaTuBHICTb IUX IIOKa3HUKIB
Mae BUPKEHUN CTOXaCTUYHUI XapaKTep, 10 He JIMile YCKIAIHIOe POOOTY iHIVBinyabHUX CIIOXKUBAYIB, a I
YHEMOXJINBIIIOE edeKkTUuBHE QYHKIIOHYBAaHHS 00J1afHAaHHS 6€3 3aCTOCYBaHHS CIeliajli3oBaHUX CUCTEM

OIIEpaTMBHOIO KEPYBaHHS B Yaci. MeToo pobOTH € MOJINIIeHHs TOKa3HUKIB SIKOCTi eJIeKTPOeHePrii IIJISIXOM



PO3pPOOKU TEOPETUYHUX ACIIEKTIB Ta MPAKTUYHUX PillleHb [J1s1 CTBOPEHHSI CUCTEMU OIePaTUBHOTIO KepyBaHHS
IIPOLIECOM MiATPUMAHHS HAIIPYTH )XUBJIEHHS] B MEXKaX CTaHJAPTHUX PiBHIB Y CTPYKTYpaxX €JIE€KTPOEHEPTEeTUYHNX
CHCTEM MiJ3€MHUX PYJHUKIB. 7151 OCSATHEHHS 1iiel MeTU OyJs10 IPOBEAEHO I'PYHTOBHUI aHasli3 IPOLECiB Y
BHYTPIIIHbOPYAHUKOBOMY KOMILJIEKCI «€JIEKTPOINOCTAYaHHS — €JIEKTPOCIIOKUBAHHSI» Ta C(POPMOBAHO «IOPOXKHIO
KapTy» HayKOBOTO NOIYKy. HaykoBa HOBU3HA Ofl€p>KaHUX PE3YyJIbTATIB MOJIArae y HU3Li TEOPETUYHUX Ta
[IPaKTUYHUX pillleHb. Briepiie Ha OCHOBI CTaTUCTUYHOI 0OPOOKY Pe3ysbTaTiB €KCIIEPUMEHTAJILHUX NOCTiIKeHb
BCTAHOBJICHO NPiIOPUTETHUI PEUTHUHT HETATUBHOTO BIVIUBY JIOKQJIbHUX [TI0KAa3HUKIB SIKOCTI €JIEKTPOEHEPTrii Ta
NiATBEPIKEHO iX CTOXaCTUYHY IIPMPOAY B YMOBAX Hil0YMX MPHUYOPYIHUX MiAIPUEMCTB. ABTOPOM JOOIPaLbOBAHO
KOHIIEIIIiI0 aHaIi3y IPUPOIY KOJIMBAHb HATIPYTH SIK «BUKUIB», 110 PO3MMUPIOE MOXKINBOCTI CTAaTUCTUYHOTO
MO/IEJIIOBAHHS IIPOLIECIB €JIEKTPOCIIOKMBAHHS. Briepiie 3aliporIOHOBAHO METOJ, AOCIIIPKEHHS BilXUJIEHHS HAIIPYT1
B I1apajyrmi Teopii AKOCTi eJIeKTpOEHEPrii 3 ypaxyBaHHAM CTOXaCTUYHOIO XapaKTepy CIIOKUBAHHS, IO JO3BOJIUIIO
BU3HAYUTU HANIPSIMKY BapTiCHO-LiIJIbOBOTO aHasi3y Ta pO3pOOMTH a[JeKBaTHY MOJeJIb ONTUMi3allii piBHIB cryiaTu 3a
€JIEKTPOEHEPTil0 B MeKax iCHyl0unx 1060BUX rpadikiB. BaroMum pesysibTaToM JOCTiIKEHHS € OOIPYHTYBaHHS Ta
peasizallisi KOMIJIEKCHOTO MiJX0Ay 10 ONIePaTUBHOIO KEPYBaHHS PiBHEM HAIlIPYTU B YMOBAax IiI3€MHUX MEPEX NpU
il BigXnsieHHi Bif CTaHIAPTU30BAHMX 3HAYE€HD. 3aNIPOIIOHOBAHO BUKOPUCTAHHS AVHAMIYHOIO BiJHOBJIIOBaYa
HaIpyry 3 iHOUBIAyaIbHOIO CXeMOIO cTabinizalii A1 4yTAuBuX ejekrponpuiiMayis. s peanizauii nporo nigxomy
CTBOPEHO MOJIEJIb [IPOCTOPOBOIrO CTaHy 3 BUKOPUCTAHHAM NepeTBopeHHs [lapka-T'opesa, 10 103BOJIsIE€ aHAII3yBaTH
IIPOLIECU Ta OTPUMYBATU ONTMMAJIbHI 3HAYEHHS PETYJISITOPHUX NIapaMeTpiB. BCTaHOB/IEHO, 10 6a30BUIl BapiaHT
KepyBaHH4 3 JiHITHO-KBaIpaTUYHUM PETYJISITOPOM 3abe3Ieuye yac epexigHoro mpouecy He 6inblie 1 Minicekynau
Ta IlepeperyaoBaHHs He Oinbiue 16,35%, 10 € NpUNHITHUM, ajle NoTpedye MoKpalleHHs. 3 MeTOI0 MigBUIIEHHS
e(EeKTUBHOCTI KepyBaHHS YI,O0CKOHAJIEHO METOIUKY aBTOMAaTU30BAaHOTO HAJIAITyBaHHS JIiHIHO-KBalpaTUYHOTO
perysgaTopa JUHAMIYHOTO BiIHOBJ/IIOBaYa HANIPYT'U. 3aCTOCYBaHHS €BOJIIOLIITHOTO T€HETUYHOTO aJITOPUTMY 3
BHUKOPHCTaHHIM iHTerpasbHOi abCOJIIOTHOI MOXMUOKY SIK KPUTEPIIO OL[iHIOBAaHHS SIKOCTi PEryJII0BaHHS O3BOJIAIIO
IOCSIT'TY BUHSITKOBUX AUHAMIUHUX [10Ka3HUKIB. [Ipy onTHMaNbHUX IapaMeTpax €BOJIIOLIHHOrO MOMYKY (YMCII0
xpoMocoM - 40, iIHTEHCUBHICTb MYTallii MaTpuLp cTaHy i Bxony 2 i 0,5 BinnosigHo, Tpusaiicts — 200 reHepatii)
BIAJI0CSI IOCSITTH IIOBHOI BiICYyTHOCTI IIepeperyioBaHHs (MaKCMMaJibHE 3HAYE€HHS B OKPEMUX KaHajaxX He
nepesuinye 0,0058%) Ta ckopodeHHs Yacy rnepexigHoro npouecy 1o 95% y nNopiBHSIHHI 3 pO3iMKHEHOI CHCTEMOIO.
CTpyKTypa po6OTH JIOTIYHO Biflo6pa’kae eTanu JOCiIKeHHs. Y [1epluoMy po3[iiji Ha OCHOBI aHaJli3y CTaHy rajnysi
c(OPMOBaHO JIOTICTUKY HAyKOBOTO MOIIYKY. [Jpyruil po31isa NpUCBSIYEHO pe3yabTaTaM aHaJIiTUYHUX Ta
€KCIIEPUMEHTAJIbHUX PO3PaxXyHKiB, e BUBHAYEHO CUCTEMOYTBOPIOIOUi CKJIAJIOBi KOMILJIEKCY Ta 3/i1ICHEHO
IIPOTHO3HE OLiHIOBaHHY [IE€PCIIEKTHB 3MiH IIOKAa3HUKIB. Y TPETbOMY PO3[iJli BUKJIAIEHO €HEPrOEKOHOMIUHI aClIEKTU
Ta 3alIPONIOHOBAHO METOJMKY MOZEJIIOBAHHS SIKOCTi JOOOBOTrO CIIOKUBAHHS 3 YPaxyBaHHSIM TapU(HOI IOJIITUKN.
YeTBepTUil Ta I'SATUI PO3/iNY IPUCBSYEH] OOIPYHTYBAHHIO JIOLiNBHOCTI BUKOPUCTAHHS JUHAMIUYHOTO BiIHOB/IIOBaYa
HaIpyry, po3poolii Horo NpoCTOPOBO-CTaHy MOJeJli Ta ONTUMI3aLlii cUCTeEMU KepyBaHHS 32 JOIIOMOT0I0
T€HETUYHOI0 aJITOPUTMY. Y 3arajlbHUX BUCHOBKaX MiflOMTO MiICYMOK IIPOBEAEHOI pOOOTHU i ONIMCAaHO OCHOBHI

PE3ybTaTh, OTPUMAHI B OCIIiIPKEHHI.

2. The dissertation is devoted to solving the relevant scientific and applied task of improving power quality indices
in the electric power complexes of underground iron ore mines. The mining and metallurgical industry is a
fundamental sector of Ukraine’s economy and, simultaneously, the largest industrial consumer of electrical energy.
However, the specifics of underground mining, accompanied by the constant deepening of mining operations and
a certain technological conservatism in the functioning of enterprises, lead to a gradual reduction in production
energy efficiency. The study proves that one of the key factors negatively influencing the operation of the electric
power complex in its aggregate aspect is the significant deterioration of power quality indices. Research has
shown that among the entire range of negative factors, voltage deviation (AU) and voltage fluctuation range (oU)
dominate. The variability of these indices has a pronounced stochastic character, which not only complicates the
operation of individual consumers but also makes the efficient functioning of equipment impossible without the
application of specialized real-time operational control systems. The aim of the work is to improve power quality
indices by developing theoretical aspects and practical solutions for creating a system for the operational control



of the process of maintaining supply voltage within standard levels in the structures of electric power systems of
underground mines. To achieve this aim, a thorough analysis of processes in the intra-mine "power supply - power
consumption" complex was conducted, and a "roadmap" of scientific research was formed. The scientific novelty of
the obtained results lies in a number of theoretical and practical solutions. For the first time, based on the
statistical processing of experimental research results, a priority rating of the negative impact of local power
quality indices was established, and their stochastic nature in the conditions of operating mining enterprises was
confirmed. The author further developed the concept of analyzing the nature of voltage fluctuations as "outliers,"
which expands the possibilities of statistical modeling of power consumption processes. A method for investigating
voltage deviation within the paradigm of power quality theory, taking into account the stochastic nature of
consumption, was proposed for the first time; this allowed determining the directions of cost-target analysis and
developing an adequate model for optimizing electricity payment levels within existing daily schedules. A
significant result of the research is the substantiation and implementation of a comprehensive approach to the
operational control of voltage levels in underground networks during deviations from standardized values. The use
of a Dynamic Voltage Restorer (DVR) with an individual stabilization scheme for sensitive power receivers is
proposed. To implement this approach, a state-space model was created using the Park-Gorev transformation,
which allows analyzing processes and obtaining optimal values of regulatory parameters. It was established that
the basic control variant with a Linear-Quadratic Regulator (LQR) ensures a transient process time of no more
than 1 millisecond and an overshoot of no more than 16.35%, which is acceptable but requires improvement. To
increase control efficiency, the methodology for automated tuning of the dynamic voltage restorer’s linear-
quadratic regulator was improved. The application of an evolutionary genetic algorithm using the Integral Absolute
Error (IAE) as a criterion for evaluating control quality allowed achieving exceptional dynamic indicators. With
optimal evolutionary search parameters (number of chromosomes - 40, mutation intensity of state and input
matrices 2 and 0.5 respectively, duration - 200 generations), it was possible to achieve a complete absence of
overshoot (maximum value in individual channels does not exceed 0.0058%) and a reduction in transient process
time by up to 95% compared to the open-loop system. The structure of the work logically reflects the research
stages. In the first chapter, based on the analysis of the industry state, the logistics of scientific research were
formed. The second chapter is dedicated to the results of analytical and experimental calculations, where the
system-forming components of the complex are defined and a predictive assessment of prospects for index
changes is carried out. The third chapter outlines energy-economic aspects and proposes a methodology for
modeling the quality of daily consumption taking into account tariff policy. The fourth and fifth chapters are
devoted to substantiating the feasibility of using a dynamic voltage restorer, developing its state-space model, and
optimizing the control system using a genetic algorithm. The general conclusions summarize the work performed
and describe the main results obtained in the study.
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Peectparop

KepiBHuK Bigginy YKpIHTEI, mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi

OisIIBHOCTI

Kynin AHnpiit IBaHoBUY

Kynin Aunpiit IBanoBuY

Xynuk Mukosia BaleHTUHOBAY

FOpuenko TetsHa AHaTosiiBHA

[Opuenko TersiHa AHaToJiiBHA



