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1. Incepraliiio pyCBsIY€HO BUPIlIEeHHIO HAYyKOBOTO 3aBAAHHS 1I[0/10 MiIBUIIEHHS €J1eKTPOeHeProepeKTUBHOCTI
FOJIOBHUX BOJIOBiIJIMBHUX KOMILJIEKCIB 3a/1i30PyIHUX MIAXT y HANIPSIMKY 30iIbIIE€HHS PiBHS BUKOPUCTAHHS
€HepreTUYHOro MOTEHIiaNly IbOr0 BUAY CTalliOHAPHUX YCTAaHOBOK, IJISIXOM PO3POOKU TEOPETUYHUX ACTIEKTIB i
[IPaKTUYHUX PpeKOMEeHalliil AJ1s1 po30yLOBU CUCTEMU 6araTOKpPUTEPiaIbHOrO HEYITKOrO KepyBaHHS peXXKUMaMu
(YHKLiOHYBaHHS €JIeKTPOMEXaHIYHUX CUCTEM HACOCHUX arperariB. basyrounch Ha JOCAiTHUIIBKOMY MaTepiari,

CTpaTeriyHO BU3HAYEHO HEOOXiHICTh PO30yIOBY ABOENVHOTO aJITOPUTMY K€PYBaHHS IIPOLLECOM (PYHKILIOHYBAaHHS



I'BK: KepyBaHHSI €JIeKTPOE€HEPreTUYHUMU Ta €JIEKTPOMEXaHIYHUMU NapaMeTpaMy poOOTH eJIeKTPOMEXaHIYHUX
CHCTEM HAaCOCHUX arperariB Ha OCHOBI PEryJIbOBaHOTO aCMHXPOHHOTO €JIEKTPONPUBOLY 3 6a3yBaHHSIM Y MEXKax
eHeproe(eKTUBHUX PeKUMIB PYHKIiOHYBaHHS [IPUBIIHUX ABUTYHIB SIK B iHIMBilyaJlbHOMY, TaK i FPyIIOBOMY
BapiaHTax; KEPyBaHHS PEXMMaMU POOOTH BOJOBIIJIMBHOTO KOMILJIEKCY B (PYHKIIii TEXHOJIOTIYHMX ITapaMeTpiB 0ro
(PYHKIIIOHYBaHHS Ta «IJIaBAlOYMX» IOTOJAUHHUX Yy 106i Tapu@iB 3a CIOXUTY eJIeKTpoeHeprito. JuceprauiitHa poboTa
Mae n1Ba ToMu. Tom 1: BCTyM, 4 po3[iny, 3arajbHi BUCHOBKH, CIIMCOK BUKOPUCTAHUX pKepeal. Y Berymi
c(pOpMyJIbOBAHO aKTYyaJIbHICTb JOCIiI’KEHHS, IOr0 METY, HAayKOBi 3aBAAaHHS, Pe3yJIbTaTU JOCJiIKEHHS, [0 MiCTSTb
HayKOBY HOBU3HY. Y Po3zini 1 Ha OCHOBI [iarHOCTYBaHHS CTaHYy €JIEKTPOEHEPTETUYHOTIO KOMILIEKCY 3 OLIiHIOBAHHAM
PEUTHHIY CIIOXXMBAHHS €JIEKTPUYHOI €Heprii npruiiMadaMu 3a1i30pyJHUX WaXT MigTBEPIKEHO, 10 F'OJI0BHI
BOJIOBIJIJIMBHI KOMILJIEKCY € €EHEPrOEMHUMH CIIOXKMBAa4aMU €JIEKTPUYHOI €Heprii, a MilBUIIEHHS iX
€JIEKTPOEHEProe(PEKTUBHOCTI € aKTyaJIbHOIO ITPOOIEMOI0. AKLIEHTOBAHO, 110 KAHOHIUHI (POPMYJIN 3 BUSHAUYEHHS
PiBHIB eJ1eKTPOeHeproePeKTUBHOCTI BU/IB IAXT, 10 aHaIi3yI0ThCS, 5K i iX OKpeMUX CIIOKMBAYiB, IOTPEOYIOTH
HOBOro )OpMaTy B yMOBaxX Cy4aCHUX €HEProOPi€HTOBAHUX CIIPSIMyBaHb. Y Po31ini 2 npoBeieHO MaTeMaTUYHE
MOJIEJIIOBAaHHS PEKMMIB IIOCTAa4YaHHSI-CIIO>KUBAHHS €JIEKTPUYHOI €Heprii ToJIOBHUM BOJIOBiIJINBHUM KOMILJIEKCOM
3J1i30pyIHUX MAXT K CTOXaCTUYHOIO NPOLECY Ta BU3HAYEHO KOMIJIEKC €HEPreTUYHUX XapPaKTEPUCTHK, SIKi
[IOB’s13aHi 3 aKTOM BUIIAAKOBOCTI: MBUKICTb Ta OOCSATY HAaKOIIMYEHHS BOJY Ha Mil3eMHOMY FOPU3OHTI IaXTH,
€HEProBUTPATH Ha BOAOBIIBENEHHS i3 3aJaHOTO MiI3€MHOI0 TOPM3OHTY IIAXTU 3a BU3HAYEHUH Yac. Y Po3gini 3,
BPaxOBYIOYM NIOCTiMiHY MiHJIMBICTb NIAPAMETPIB PEKUMIB (PYHKI[iOHYBAaHHS FOJIOBHUX BOJOBIIJIMBHIUX KOMILJIEKCIB,
PO3IJISIHYTO BIIPOBAIPKEHHSI CUCTEMU aBTOMAaTU30BAaHOI'O YIIPABJIiHHS 3 BUKOPUCTaHHAM cuctemu [TU-A]l Ta
BpaxyBaHHSIM CUTHAJIIB JATYMKIB CTAHY, a TAKOXK IPUNHATTS YIIPABIiHCbKUX PillleHb IO BKJIIOYEHHIO I1IE€BHOI
KiJIbKOCTi HacOCiB i pe>kuMiB ix po6oTu. Y Po3zini 4 3a1IponioHOBaHO 1,151 BIPOBAIKEHHS CUCTEMY €KCIIEPTHOTO
KEPYBaHHSI €HEPrOCIOKUBAHHSIM MIAXTHUMY BOJOBiIJINBHUMU KOMILJIEKCAMU Ha 6a3i alrTOPUTMY HEUiTKOTO
JIOTiYHOTO BMBOJY Mam/iaHi; BUIY SIKiCTb KEPYBaHHS [TPOJIEMOHCTPYBaJa CUCTEMA 3 6a3010 HEYITKUX MTPaBUJI TUILY
KOH'IOHKI1isl Y IOPiBHSIHHI i3 CCTEMOIO HEUiTKOTO JIOTIYHOTO BUBOJY 3 KYCKOBO-JIiHITHUMU QYHKLSIMU 3
[OJA/IBIIVM YIOCKOHAJIEHHSIM HEYITKMX CUCTEM LIJIIXOM BBEJIEHHSI JOJATKOBOrO OOMEXEHHS HA PiBEHb
IIOTY>KHOCTi HACOCHUX arperariB, KOTpi IIpalioTh OAHOYACHO, Mij 9ac ¢dasudikaunii BinmnosigHoi JiHrBicTHYHOI
3MiHHOI. ¥ 3aK/II0YHUX BUCHOBKAX BUKJIAZ€HO KBIHTECEHIIiI0 OTPUMAaHUX PE3YJIbTaTiB HAYKOBOIO IOLIYKY Ta MEBHi
peKoMeHpanii 7o ix NpakTUYHOrO BUKOPUCTAHHS B IIPaKTHULi pO3POOKU Ta IIPOEKTYBAHHS €HEProePeKTUBHUX
CHCTEM KEPYBaHHS PiBHSIMU CIIOKMBAHHSI €JIEKTPOEHEPrii eHeprOEMHUMU CIIOXKMBA4YaMU B CTPYKTYPi 3arajlbHOI

CHCTEMU KepyBaHHS eJIeKTPOeHEePreTUIHUMU II0TOKaMU IiZI3eMHUX 3aJ1i30pyIHUX nignpuemcTs. Tom 2: ogaTku.

2. The thesis is devoted to solving the scientific task of to improve the energy efficiency of main drainage facilities
of iron ore underground mines and to increase the level of utilization of the energy potential of this type of
stationary equipment by developing theoretical aspects and practical recommendations for building a multi-
criteria fuzzy control system for operating modes of electromechanical systems of pumping units. Based on the
research data, the necessity of developing a two-pronged algorithm to control the functioning of the main
drainage facilities is strategically determined, which includes: controlling electric power and electromechanical
parameters of electromechanical systems of pumping units based on a regulated asynchronous electric drive using
energy-efficient operation modes of drive motors in both individual and group variants; controlling operating
modes of drainage facilities as a function of technological parameters of their operation and variable ("floating")
hourly tariffs for the consumed power. The logistics of the final research are aimed at developing an appropriate
control system for main drainage facilities with the prospect of involving artificial intelligence in control actions.
The content of the current scientific research corresponds to filling in the necessary details for the process of
creating such a control system. The thesis structure includes two volumes. Volume 1 comprises introduction, four
chapters, general conclusions, and references. The Introduction formulates the relevance of the research, its aim,
scientific objectives, and research results containing scientific novelty. In Section 1, based on the diagnosis of the
power complex state and the rating assessment of power consumption by iron ore underground mine receivers, it
is confirmed that main drainage facilities are energy-intensive power consumers, and that improving their energy
efficiency is an urgent problem. It is emphasized that the canonical formulas for determining the level of energy



efficiency of the analyzed types of underground mines and their individual consumers, require a new format in the
context of modern energy-oriented trends. Section 2 mathematically models the modes of power supply and
consumption by the main drainage facilities of iron ore underground mines as a stochastic process and determines
a set of energy characteristics associated with the fact of randomness, namely the rate and the amount of water
accumulated in the underground level of the underground mine, the amount of water consumption for drainage
from a given underground level of the underground mine for a given time. In Section 3, taking into account
constant variability of operating mode parameters of main drainage facilities, the implementation of an automated
control system using the FC-AM system and considering the signals of state sensors, as well as making control
decisions to switch on a certain number of pumps and their operating modes is considered. Section 4 proposes to
introduce a system for expert control of power consumption by main drainage facilities based on the Mamdani
fuzzy inference algorithm. A higher quality of control is demonstrated by a system based on fuzzy rules of the
conjunction type compared to a fuzzy logic inference system with piecewise linear functions, with further
improvement of fuzzy systems by introducing an additional restriction on the power level of pumping units
operating simultaneously during the fuzzification of the corresponding linguistic variable. The Conclusions
summarize the quintessence of the research results and provide certain recommendations for their practical
application in developing and designing energy-efficient systems to control power consumption by energy-
intensive consumers in the structure of the overall system for controlling power flows at underground iron ore
mining enterprises. Volume 2 includes appendices.
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