O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0824U001094
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 01-03-2024

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Haka3y MOH / Haka3y 3akjyazny: Hakas N° 174 sig 31.05.2024 (npo Bujady
nurnoma J1® Bapanoscskomy B.J1.)

I1. BimomocrTi nipo 3400yBaya

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. bapaHoBchkuii Biagycnas JMUTpOBUY

2. Vladyslav D. Baranoskyi

KBasigikamis:

Imentudikarop ORCID ID: 0000-0002-0438-262X

Bupa, pucepranii: nokrop dinocodii

AcnipanTtypa/JIOKTOpaHTypa: tak

ITugp HayKoBOi creniaIbHOCTI: 141

HasBa HayKOBOi cneuia.nbﬂocri: EnexrpoeHepreTrka, €J1eKTPOTEXHIKA Ta €JIEKTPOMEXaHiKa
T'anmy3b / ranysi 3HaHB. eeKTpUYHA iHXEHEPIs

OcCBiTHBO-HAayKOBa NMpOrpama 3i CreniajJibHOCTI: EnekTpoeHepreTrka, eleKTPOTEXHIKA Ta

€JIEKTPOMEXaHiKa

JarTa 3axHcTy: 02-05-2024

CrneniaJbHICTh 32 OCBITOIO: EleKTpOEHEPreTrKa, eIEKTPOTEXHIKA Ta €eKTPOMEXaHiKa

Micue po60TH 34,00yBava: Kpusopisbkuil HaljiOHAIBHUI YHIBEPCUTET

Kopg 3a €IPIIOY: 37664469

Micue3HaxoaKeHHS: yi1. Bitasnist Matycesuua, 6ya. 11, Kpusuii Pir, KpuBopisekuii p-H., 50027, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Indp cneuniasnizoBaHoi BY€HOI paaH (pa3oBoi creniaizoBaHoi BY€Hoi pazu): 1d 09.052.011 (ID
4974)

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0C00H: KpuBopisbkuii Hal[ioHaIbHUI YHiBEpCUTET

Kopg 3a €IPIIOY: 37664469

Micue3Haxoa>KeHHS: yi. Birania Matycesuua, 6yx. 11, Kpusuit Pir, Kpusopisekuii p-H., 50027, Vkpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI 0COOHM: KpUBOpi3bKuil HALIOHAJILHMIA YHIBEPCUTET

Kog, 3a €JIPIIOY: 37664469

Micue3HaxoaKeHHS: yJ1. Bitasnist Matycesuua, 6ya. 11, Kpusuii Pir, KpuBopisekuii p-H., 50027, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

V. BimomocTi npo guceprauiio
MoBga auceprTaliii: Vkpaincoka

Koau TeMaTHYHHUX PYOPHK: 44.29, 44.01.77
Tema gucepranii:
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2. Fuzzy control of power consumption modes by electromechanical systems for main drainage facilities of iron
ore underground mines.

Pedepar:

1. lucepTarito NpuCBSYEHO BUPIlIEHHIO HAYKOBOTO 3aBIaHHS LI0/I0 MiABUIIEHHS €JI€KTPOEHEProe(pEKTUBHOCTI
rOJIOBHUX BOJIOBIIJIMBHUX KOMILJIEKCIB 3a/1i30pyIHUX MIAXT y HANIPSIMKY 30iJIbII€HHS PiBHS BUKOPUCTAHHS
€HepPreTUYHOro MOTeHIialy LibOro BUAY CTalliOHAPHUX YCTAHOBOK, LIJISIXOM PO3POOKU TEOPETUYHUX ACTIEKTIB i
MIPaKTUYHUX PEKOMEH AL} 1719 po30y1OBU CUCTEMU 6araTOKpUTEPiaIbHOTO HEYITKOTO KEPYBaHHS PEXUMaMU
(YHKIIOHYBaHHS €JIeKTPOMEXaHIYHUX CUCTEeM HAaCOCHUX arperariB. bazyrounch Ha LOCHITHUIIPKOMY MaTepiaJi,
CTpaTeriyHo BU3HAYEHO HEOOXiHICTb PO30YIOBY ABOEAUHOTO aJITOPUTMY K€PYBaHHS IIPOLleCOM (QPYHKIIIOHYyBaHHS
I'BK: kepyBaHH$ €JIeKTPOEHEPTeTUYHMUMH Ta €JIEKTPOMEXAHIYHUMY NTapaMeTPaMU POOOTH €JIEKTPOMEXAHIYHUX
CHCTEM HACOCHUX arperaTiB Ha OCHOBIi PeryJbOBaHOIO aCHHXPOHHOTI'O €JIEKTPOIIPUBOLY 3 6a3yBaHHIM Y MeXax

eHeproedeKTUBHUX PeKUMiB QyHKIIOHYBaHHS [IPUBIIHUX ABUTYHIB SIK B IHIMBilyaJlbHOMY, TaK i FPyIIOBOMY



BapiaHTax; KEPyBaHHS PEXMMaMU POOOTH BOJOBIIJIMBHOTO KOMILJIEKCY B (PYHKIIii TEXHOJIOTIYHMX ITApaMeTPiB 0ro
(YHKLIOHYBaHHSI Ta «I1JIaBAI0YUX» IIOTOMHHUX Y N06i TapruQiB 3a CIIOKUTY eJieKTpoeHepriio. JucepTarliiiina poboTa
Mae aBa ToMu. Tom 1: BCTyII, 4 po3Ainy, 3arajbHi BUCHOBKH, CIIMCOK BUKOPUCTAHUX JIKepesl. Y Berymi
c(pOpMyJIbOBAHO aKTYaJIbHICTb JOCIII’KEHHS, IOr0 METY, HAyKOBi 3aBAAHHS, PE3yJIbTaTU JOCJIiIKEHHS, [0 MiCTSTb
HayKOBY HOBU3HY. Y Po3zini 1 Ha OCHOBI [iarHOCTYBaHHS CTaHy €JIEKTPOEHEPTETUYHOTIO KOMILIEKCY 3 OLIiHIOBAHHAM
PEUTHHTY CIIOXMBAHHS €JIEKTPUYHOI €Heprii mpruiiMadaMi 3aj1i30pyJHUX aXT MigTBEPIKEHO, 110 I'OJI0BHI
BOJIOBIIVIMBHI KOMIIJIEKCY € €EHEPrOEMHUMH CIIOKMBAa4aMU €JIEKTPUYHOI €Heprii, a MilBUIIEHHS iX
€JIEKTPOEHEProePeKTUBHOCTI € aKTyaJIbHOIO IIPO6JIEMOI0. AKIIEHTOBAHO, 1[0 KAHOHIYHI (POPMYJIM 3 BU3HAUEHHS
piBHIB eslekTpoeHeproeeKTUBHOCT] BUIIB IAXT, [0 aHAII3YIOThCH, SIK i IX OKpeMUX CIIO>KMBAUiB, TOTPEOYIOTh
HOBOTO (pOpMaTy B yMOBax Cy4yaCHUX €HEPrOOPi€eHTOBAHUX CIIPsSIMyBaHb. Y Po3zini 2 npoBeeHO MaTeMaTU4He
MOJIEJIIOBAaHHS PEKMMIB IIOCTAa4YaHHSI-CIIO>KABAHHS €JIEKTPUYHOI €Heprii ToJIOBHUM BOJOBiIJINBHUM KOMILJIEKCOM
3J1i30pyIHUX MAXT K CTOXaCTUYHOIO NPOLECY Ta BU3HAYEHO KOMIIEKC €HEPTEeTUYHUX XapPaKTEPUCTHK, SIKi
IIOB's13aHi 3 (PaKTOM BUIIAAKOBOCTI: MIBUIKICTb Ta OOCSTY HAaKOIIMYEHHS BOJY Ha Mifl3eMHOMY FOPU30OHTI aXTH,
€HEProBUTPATH Ha BOAOBIIBENEHHS i3 3aJaHOTO MiI3€MHOI0 TOPM3OHTY IIAXTU 3a BU3HAYEHUH Yac. Y Po3gini 3,
BPaxOBYIO4M NIOCTiliHy MiHJIMBICTb IAPAMETPIB PEKUMIB (PYHKLiOHYBAaHHS FOJIOBHUX BOJOBIIJIMBHIUX KOMIIJIEKCIB,
POSTJISIHYTO BIPOBAIPKEHHS CUCTEMHU aBTOMATU30BaHOTO YIIPABJIiHHA 3 BUKOPUCTaHHSIM cuctemu [TU-A]l Ta
BpPaxyBaHHSM CUTHAJIIB JATYMKIB CTAHy, a TAKOXK IPUNHATTS YIIPABIiHCbKUX PillleHb 10 BKJIIOYEHHIO IIE€BHOI
KiJIbKOCTi HaCOCiB i pe>KuMiB ix po6oTu. Y Po3zii 4 3alIponoOHOBAHO A1 BIPOBAIKEHHS CUCTEMY €KCIIEPTHOTO
KepPyBaHHS €HeProClOKMBAHHSM IIAXTHUMU BOJOBIIJIMBHUMU KOMILJIEKCAMU Ha 6a3i aJIrOpUTMy HEUiTKOTO
JIoriyHoOrO BMBOAY MamzaHi; BUILly sIKICTb KepyBaHHS IIPOJIEMOHCTPYBaja cCUcTeMa 3 623010 HEUiTKUX [IPaBUJl TUILY
KOH'IOHKIifl Y IIOPiBHSHHI i3 CUCTEMOIO HEYIiTKOTO JIOTIYHOTO BUBOJLY 3 KYCKOBO-JIiHiIMHUMHU QYHKIIISIMU 3
NOJA/IBIIVM YIOCKOHAJIIEHHSIM HEYITKMX CUCTEM LIJIIXOM BBEJIEHHS JOJATKOBOrO OOMEXEHHS HA PiBEHb
IIOTY>KHOCTI HACOCHUX arperariB, KOTpi IIpalioi0Th OAHOYACHO, Mif 9ac ¢asudikauii BinnosigHoi JiHrBicTHYHOI
3MiHHOI. ¥ 3aK/II0YHUX BUCHOBKAX BUKJIAZ€HO KBIHTECEHIIiI0 OTPUMAHUX PE3yJIbTaTiB HAYKOBOIO IOLIYKY Ta MEBHi
peKoMeHpanii 7o iX NpakTUYHOrO BUKOPUCTAHHS B IIPAKTHULi pO3POOKM Ta IIPOEKTYBAHHS €HEProe(PEKTUBHUX
CHCTEM KEPYBaHHS PIBHAMU CIIOKUBAHHS €JIEKTPOEHEPTii EHEPrOEMHNMMU CIIOXKMBaYaMU B CTPYKTYPI 3arajibHOI

CHCTEMU KepyBaHHS eJIeKTPOeHepreTUMHUMU II0TOKaMU IifI3eMHUX 3aJ1i30pyHUX nignpuemcTts. Tom 2: JlogaTku.

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.

Jep>kaBHHH peecTpaniiiHuil Homep [iP:
IIpiopuTeTHHI HanIpsIM PO3BUTKY HayKH i TeXHIKHU: EnepreTnka Ta eHEProeeKTUBHICTh

CrpareriyHuii NpiopUTEeTHUH HaNPSIM iIHHOBALLiMHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIIA
TPaHCIIOPTYBaHHS €HEPTil, BIPOBAIKEHHS eHeproepeKTUBHUX, peCypco30epiraiourx TeXHOJIOTil, OCBOEHHS

aJIbTEPHATUBHUX IPKEPEJI eHeprii
ITizcyMKH JOCIiI>KeHHSI: HoBe BUpilIEHHS aKTyalbHOTO HAYKOBOTO 3aBIaHHSI

ITy6ostikamii:

o Starting positions to improve energy efficiency of main water drainage facilities of iron ore underground
mines / Monograph / V. Baranovskyi. Supervised by Doctor of Sciences (Engineering), Professor Sinchuk O. -
Warsaw: iScience Sp. z.0.0. - 2023. - 135 p.

¢ V. Baranovskyi, O. Sinchuk, R. Strzelecki, I. Sinchuk, T. Beridze, V. Fedotov, and K. Budnikov. Mathematical
model to assess energy consumption using water inflow-drainage system of iron-ore mines in terms of a
stochastic. Mining of Mineral Deposits, Volume 16, no. 4, 2022, pp. 19-28.

¢ V. Baranovskyi, O. Sinchuk, R. Strzelecki, T. Beridze, I. Peresunko, D. Kobeliatskyi, and V. Zapalskyi. Model
studies to identify input parameters of an algorithm controlling electric supply/consumption process by
underground iron ore enterprises. Mining of Mineral Deposits, Volume 17, no. 3, 2023, pp. 93-101.

¢ V. Baranovskyi, K. Budnikov, 1. Sinchuk, A. Somochkyn, S. Somochkyna, O. Danilin. Modeling tools for
improving energy efficiency of water drainage complexes at iron ore underground mines. Herald of Advanced
Information Technology 2022; Vol.5 No.1, pp. 40-51.

e bapanoscekuii B. [I., Kosomin I'. B., bapanosceka M. JI., Bnacenko B. A., Yopuuii O. I1., ApremeHKo A. M.,
Batup6ex A. E. JlocifpkeHHs TOoTeHIjjaly eHepro3oepeskeHHs MaxTHOI BOJIOBiAJIMBHOI YCTaHOBKU 3ac0o6aMu
PeryabOBaHOro esieKTponpusony. EnekrpomexaniuHi i eHeprosbepiratoui cucremu. Bu. 1/2022 (57). c. 16-24.

e Baranovskyi V., Budnikov K., Sinchuk I., Beridze T., Fedotov V., Peresunko I. Modelling basic parameters to
control a local power complex of water drainage facilities at iron ore mines. Enexkrpomexanivi i
eHeprosbepiratoui cucrtemu. 2022. N2 1. c. 33-38.

e bapanoscekuil B., Cinuyk O., bepinse T., [lepecyHbkol., Cinuyk 1., ApreMeHKo A. 3acagHudi iMIIepaKTUBU
MOHITOPUHTY €HEPrOOPIEHTOBAHUX PEKMMIB CIIOKUBAHHS €JIEKTPUYHOI €HEPTii Ha 3a1i30PpyLHUX

nignpruemcTBax. EnekrpomexaHivHi i eHepros6epirarodi cuctemu. 2022. N2 2. c¢. 24-30.

HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILis: MeToxy, Teopii, rinoresn



ComniasTbHO-eKOHOMIYHA CIPSIMOBAHICTh: €KOHOMisi EHEPrOPECYPCiB

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'A30K 3 HAYKOBHMH TeMaMH: N2 0121U111709, N¢ 0121U110199, N¢ 0118U006520

VI. BizomocCTi Ipo HayKOBOr0 KePiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)
Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Cinuyk Osier Mukos1aioBu4

2. Oleg Sinchuk

KBasigikamis: x. 1. 1., npodecop, 05.09.03

InenTudgikarop ORCID ID: 0000-0002-9078-7315

JoparkoBa indopmamist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: KpuBopisbkuii Hal[ioHaIbHUI YHiBEpCUTET
Kopg 3a €IPIIOY: 37664469

Micue3Haxoa>KeHHS: y. Birania Matycesuua, 6yx. 11, Kpusuit Pir, Kpusopisekuii p-H., 50027, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. HIpam OnexkcaHnp AHATOINOBUY

2. Aleksander A. Shrum

KBasigikamis: . r. n., nouent, 05.03.06

InenTudgikarop ORCID ID: 0000-0003-4206-7716

JoparkoBa inHdpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPUAHUYHOI 0COOM: HaujoHanbHuUil YHIBEpCUTET "3aM0pizbKa MO TeXHIKa"
Kopg 3a €IPIIOY: 02070849

Micuesﬂaxo,rm(eHHﬂ: ByJ1. JKyKOBCBKOrO, Oy1I. 64, 3anopixks, 3anopisbkuil p-H., 69063, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. JaBunenko Jlrogmuiia BanepiiBHa

2. Liudmyla V. Davydenko

KBasigikamis: 1. 1. n., npodecop, 05.14.01

ImenTudikarop ORCID ID: 0000-0002-0176-2045

JoparkoBa iHdopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[H‘IHO'l' 0COO0M: JlyupKril HalliOHAJIbHWY TEXHIYHUIN YHIBEPCUTET
Kopg 3a €IPTIOY: 05477296

Micue3HaxoaKeHHS: ByJ1. JIbBiBCEKA, OyA. 75, JIynpk, Jlyupkuii p-H., 43018, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Poxxnenko Kanna l'eopriiBHa

2. Zhanna Rozhnenko

KBasigikanis: . r. u., gouenr, 05.09.05

Imentudikarop ORCID ID: 0000-0002-3906-4728

JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: KpuBopisbkuii Hal[ioHaIbHUI YHiBEpCUTET

Kopg 3a €IPIIOY: 37664469

Micue3Haxoa>KeHHS: yi. Birania Matycesuua, 6yx. 11, Kpusuii Pir, Kpusopisekuii p-H., 50027, Vkpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Biacue IlpizBuuie Im's I1o-6aThKOBI:
1. Kotos Irop AnarosiiioBuy

2. Igor A. Kotov

KBasigikanis: x. 1. 1., nor,, 05.13.07

InenTudikarop ORCID ID: 0000-0003-2445-6259

JoparkoBa iHdpopmamnis:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: KpBOpi3bKuil HALIOHAJIBHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 37664469

Micue3HaxoaKeHHS: y. Biranis Matycesuua, 6yp. 11, Kpusuii Pir, Kpusopisbkuii p-H., 50027, Vkpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Turiok Banepiit KoCcTAHTUHOBUY
rOJIOBH paau

BaacHe IlpizBuie Im's [10-6aTbKOBI Turiok Banepiit KocTsaHTHHOBUY
rOJIOBYIOYOrO Ha 3aCiflaHHi

BigmoBimasibHU 32 MiATOTOBKY Xymk Mukosa BaneHTHHOBIY

00JIIKOBHX JJOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




