O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI
Jep>kaBHHH 00J1iIKOBHI HOMep: 0824U002711
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpauii: 24-07-2024

Craryc: 3amaHoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Mapuyk Jlro60B PomaHiBHa

2. Liubov Marchuk

KBasmigikamis:

InenTudikarop ORCHID ID: 0000-0002-2099-4538

Bupg, pucepranii: nokrop dinocodii

IIIudp HayKOBOi CIENiaIbHOCTI: 141

Ha3Ba HayKOBOIi CIIeIiaIbHOCTI: EjleKTpoeHepreTyKa, €leKTPOTEXHIKA Ta EJIEKTPOMEXaHiKa
T'any3b / ranysi 3HaHB: eneKTpUYHA iHXEHEPis

OcBiTHBO-HayKOBa Mporpama 3i CleniaJbHOCTI: EnekTpoeHepreTnka, eJ1eKTpOTEXHIKa Ta

€JIEKTPOMeXaHika

JlaTa 3axHcCTy:

CrneniaJbHICTh 3a OCBITOIO: EleKTpoeHepreTika, eIeKTpOTEXHIKa Ta eJleKTpoMexXaHika
Micue po6oTu 3400yBaya:

Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

Imentudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: He 3aCTOCOBYETHCS



I11. BizomMocTi mIpo aucepraiiiro

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi Cleniaai3oBaHoi BY€HOI pagu). 1d 26.002.179; ID
6535

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecTeiichKuii, oyx. 37, Kuis, 03056, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

IV. BimomocTi Ipo nmigznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BUKOHaHO JHUCEPTALil0

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npociekT bepecTeiichKuii, oyx. 37, Kuis, 03056, Ykpaina
dopma BiracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

V. BimomocTi npo guceprariio
MoBga auceprTallii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 45.41.33

Tema gucepranii:
1. AnanTyBHa MeXaTPOHHA CUCTEMA YAAPHOIO PYMHYBAaHHA TiPCHKUX MIOPif

2. Adaptive mechatronic system of impact destruction of rocks

Pedepar:

1. Ines po6oTH 1os1sirae y BUKOPUCTAHHI aJallTUBHOI MEXaTPOHHOI CUCTEMU KEPYBAHHSI [1apaMeTpamMu yAapHOro
IIPUCTPOIO 17151 €(PEKTUBHOIO PYHHYBaHHS ripChbKUX MOPiJ, B yMOBax 3MiHHOTO po6040ro cepeioBUIa. AKTYaIbHICTb
po60TH MigKpecyeHa ii 3Ha4eHHIM [1J1s1 TipHU40400yBHOI IPOMUCIIOBOCTI, 5IKa Biflirpae KJII04OBY POJIb Y
ryi06aJIbHOMY IIepexo/ii Ha BiTHOBIIIOBaHI Ipkepesa eHeprii. Pobora cripsmoBaHa Ha po3po06Ky 6ijbI
eHeproe(eKTUBHUX Ta €KOJIOTIYHO YMCTUX METOiB BUA0OYTKY, 30KPEMA /1J151 KOJIbOPOBUX METAJIB, TAKUX SIK JITiH i

KOOAJIbT. BPOCTaHHH IIOIIUTY Ha Lll MeETaJI1 CTBOPIOE PO3PUB MIXK ITOTOYHUMU MOKJIUBOCTSIMU TE€XHOJIOTIN



nepepooKU Ta 3pOCTAYUMU OTPe6AMU, L0 MiIKPECIII0e HaralibHy NOTPeOy B yIOCKOHATIEHHI BULOOYBHUX
TEXHOJIOTi!. PO3po0Ka afanTUBHOI MEXaTPOHHOI CHCTeMU [1J1 PYHHYBaHHS TiPChKUX MOPif BiAnosinae
3aKOHOMaBuMM Ipiopuretram YKpainu. JJocsiiskeHHs] BUKOHAHO BiJIIOBiIHO [0 IJ1aHy Kadeapu aBToMaTu3aliii
€JIEKTPOTEXHIYHUX Ta MEXaTPOHHMUX KOMILJIEKCIB B paMKaxX HayKOBO-AOCJigHOI po60TH “YIOCKOHAIEHHS
€JIEKTPOMEXaHIYHMX Ta MeXaTPOHHUX cucTeM”. OCHOBHI IIOJIOKEHHS IucepTalii BKII0YaloTh MeTy, 3aBLaHHS, 00 €KT
Ta [peaMeT AOCIiIPKeHHS, @ TAKOXK METOAY NOCJIIIKEHHS, SIKi BKJIIOYAlOTh MAaTEMAaTUYHE MOJEJIIOBAHHS Ta
BMKOPHMCTaHHSI Pi3HOMaHITHUX NPOrPaMHUX NPOAYKTiB. HOBU3HA HAyKOBUX I10JI0’KE€Hb Ta IPAKTUYHE 3HAYE€HHS
ollep>KaHMX pe3yJIbTaTiB TaKOXK MifgxKpecseHi. [lucepralist BKIOYae pe3yibTaTy my6Jikaliil Ta anpoballii HayKOBUX
nocsirHeHb. CTPYKTypa AucepTalii CKyafaeThes 31 BCTYITY, II'SITU PO3LiJiB 3 BUCHOBKaMU [0 KOXHOTO PO3Tiy,
3arajibHMX BUCHOBKIB, CIIMCKY BUKOPUCTAHUX JIKepeJl Ta foAaTkiB. Pobora MicTUTh 49 pUCYHKIB i 0flHy TabJuULII0 Ha
117 cropinkax. YacTuHa JOCIIiI)KeHb BUKOHAHA B PaMKax IporpamM Mi>XXKHapoAHOi akafieMiyHOI MOGiJIbHOCTI, TaKUX SIK
Erasmus+ ta npoexkt DAAD CxigHe napTHepCTBO. Y gucepTalii IpoBegeHO aHali3 Cy4aCHUX MEXATPOHHUX CUCTEM,
30KpeMa y KOHTEKCTi I7106a/IbHOTrO IIepexoly [0 BiJHOB/IIOBAHUX JIKepeJl eHeprii Ta 3poCTaHHs [IONIUTY Ha METaJIH.
O6roBopeHoO HEOOXiAHICTb BIIOCKOHAJIEHHS NIPOLIECiB BUN00YTKY KOPMCHUX KONAJIMH 3 BUKOPUCTAHHSIM YIAPHUX
cucreM. JleTasbHO NIPOaHali30BaHO OCTAHHI JOCATHEHHS B 06J1aCTi €JIeKTPOriipaBiiuHuX IPUBOLIB Ta PUCTPOIB
I PyVHYBaHHS TipCbKUX MOPiJ, MOPiBHSIHO €JIEKTPUYHI, FiIpaBIIiuHi Ta THEBMATUYHi IPUBOMY, iX TepeBaru Ta
3aCTOCYBaHHS B Pi3HMX YMOBaX. PO3IJIIHYTO CUCTEMY peKyIlepallil eHeprii Ha MPUKIIafi aKyMyJIsITOpa I
rigpaBiiyHOi CTPiNM eKCKaBaTopa 3 iIHHOBALIHOI0 KOMOiHalli€l0 PO3iMKHYTOI Ta 3aMKHYTOI CUCTEM KE€pPyBaHHSI.
Po3risiHyTO MOJieJb €JIeKTPOTiAPaBIIiuHOrO MPUBOY i CTPiIM €KCKaBaTOPa, 1[0 BUKOPUCTOBYE 4 /3-X010BUI
peryJoBaibHu KaanaH. OnucaHa yHiKaJabHa KOHCTPYKIi yIApPHOTO PUCTPOIO HAIIPABJIEHOI [ii 3 CaM03apsagHUM
MEXaHi3MOM 3BeJI€HHS 00¥iKa i 3apsIKU IHEBMOAKyMyJIsiTOpa. MeToMKa aHaiTUMHYX JOCIiI)KEHb BKIIIOYa€e
CTaTUCTUYHi PO3PaxyHKHU, MOJEJIIOBAHHS 3 BUKOPUCTAHHSIM HEJIiHINHUX qudepeHLiabHUX PiBHSIHD Ta JUCKPETHO-
HelepepBHOI MaTeMaTUYHOI MoJiei. [JoCikeHo KIII040Bi NapaMeTpy, 10 BIJIMBaIOTh HA €(PeKTUBHICTh YAAPHOTO
IIPUCTPOIO Ta €EHEPreTHYHi XapaKTepUCTUKU [THEBMAaTUYHOTO aKyMyJIsiTopa. BusHaueHo poboui fianasoHu
[IOKa3HMKIB CTUCHEHHS ra3y Ta IOJITPOoNnU. BUBYUEHO B3a€MOZiI0 MK TEpPMOIMHAMIYHMMHU YMOBAaMU Ta
€HepreTUYHUMHU NapaMeTpamMu MHEBMOAKYMYJIITOPA. AHaJIi3 MI0Ka3aB, 10 aliabaTUYHUI ITPOLIEC JEMOHCTPYE
NIOBi/IbHIIIY MIBUIKICTD 361/IbLIIEHHS €Heprii Ipu nifgBuineHHi TUCKY. Po3pobsieHo HesiHiliHy Mozesb Y GopMmi
Iv(epeHLiabHOTO PiBHSHHS, 10 BifoOpakae IpolieC €HEPropo3psiIKY MHEBMOAKYMYJISITOPA IIPU PO3roHi O0IKa.
BukoprcTaHHs KIHETOCTATUYHOTO METOAY NO3BOJIMIIO PO3PaxyBaTU CUJIy iHepLii i BCTAHOBUTHU NPOPiib
IIPUCKOPEHHS 601Ka. 3arpoBaJP)KeHO METOJ, IIOHIKEHHS MIOPSIKY ITU(epeHLiaTbHOTO PiBHSIHHS, 10 CIIPOCTHUIIO
PO3B’30K i JOTIOMOIJIO BCTAHOBUTH CTEII€HEBY 3aJI€XHICTh MiXK MIBUAKICTIO 60¥iKa Ta HOTo NepeMillieHHSIM.
Po3pobieHa gucKpeTHO-6€e3MepepBHa MaTeEMaTUYHA MOJI€JIb BpPaXOBYe iHEPLiTHO-XBUJIbOBI B3aeMolii 601Ka Ta
iHCTpyMeHTa B Ipoleci nepenadi eHeprii ripcbkomy MacuBy. Po3po6iieHo iMiTaliiiHy Mofesb (PyHKLIOHYBaHHS
yIapHOro NPUCTPOIO B cucteMi Matlab, 1110 103B0/11710 BCTAaHOBUTH palliOHaJbHI peXXUMU pOOOTH Ta [apaMeTpu
(YHKLiOHYBaHHS CUCTEMH, & TAKOXX CPOPMYBATH BUMOTH [0 MEXAaTPOHHOI CUCTEMU aJJalITUBHOTO KEPYBaHHS
[IPOLECOM PYMHYBAHHS IPCHKUX MOPil. Bu3HAYEHO NOCUIIEHH KOHTAKTHOI CUJIM MiX yIapHUM iIHCTDYMEHTOM i
I'PYHTOBUM MaCHBOM, 1[0 IIPOEMOHCTPYBAJIO OTEHLIMHI MOKIIMBOCTI aJallTUBHOI cucTeMu. ONUCAaHO peanisalilo
MEXaTPOHHOI CUCTEMHU 3 €JIEKTPO>KUBIJIEHHSIM 32 TPbOMA BapiaHTaMU. 3alIpOIIOHOBAHO GJI0K-CXEMY
(OYHKLIOHYBaHHS CUCTEMHU Ta CXEMY 3B'SI3KiB (PYHKLiOHAIbHMX 6JI0KIB aJalITUBHOrO KEPYBAHHSIM TUCKOM B
[THEBMOAKYMYJIITOPi yIapHOTO NPUCTPOIO. [IpOBEAEHO PO3paxyHKN OCHOBHUX €JIEKTPOTEXHIYHUX I1apaMeTpiB
€JIEKTPOMarHiTHOro KjlallaHa Ta BCTAaHOBJIEHO YaCTOTHI apamMeTpH horo GpyHKLioHyBaHHS. OLiHeHO ePeKTUBHICTb
POOOTH €JIEKTPOMArHITHOI CUCTEMU Ta BU3HAYEHO TPUBAJIICTh 6€31€PEPBHOI pOOOTH aIalITUBHOI CUCTEMMU.
HasegneHa inpopMalliss pO3KpUBa€ MOBEIiHKY aJallTUBHOI MEXaTPOHHOI CCTEMU KEPYBAHHS YIAPHUM IIPUCTPOEM
17151 Pi3HUX TEXHOJIOTIYHUX YMOB, a TAaKOX CKJIaIa€ OCHOBY 17151 MOTEHIITHOTO TTOKPAIeHHS IPOAYKTUBHOCTI 32
IIOIIOMOTOI0 MEXaTPOHHOI CUCTEMU KEPYBAHH4.

2. The idea of this work is to use an adaptive mechatronic control system for the parameters of an impact device to
effectively destroy rock in varying work environment conditions. The relevance of the work is highlighted by its
significance for the mining industry, playing a key role in the global transition to renewable energy sources. The



work aims to develop more energy-efficient and environmentally friendly extraction methods, particularly for
non-ferrous metals such as lithium and cobalt. The growing demand for these metals creates a gap between
current processing technologies and increasing needs, underscoring the urgent need for improved mining
technologies. The development of an adaptive mechatronic system for rock destruction aligns with Ukraine's
legislative priorities. The research was conducted according to the plan of the Department of Automation of
Electromechanical and Mechatronic Systems as part of the research work "Improvement of Electromechanical and
Mechatronic Systems." The main provisions of the dissertation include the aim, objectives, object, and subject of
the research, as well as the research methods, which include mathematical modeling and the use of various
software products. The novelty of the scientific findings and the practical significance of the results are also
emphasized. The dissertation includes the results of publications and approbation of scientific achievements. The
structure of the dissertation consists of an introduction, five chapters with conclusions for each chapter, general
conclusions, a list of references, and appendices. The work contains 49 figures and one table on 117 pages. Part of
the research was carried out within the framework of international academic mobility programs, such as Erasmus+
and the DAAD Eastern Partnership project. The dissertation analyzes modern mechatronic systems, particularly in
the context of the global transition to renewable energy sources and the growing demand for metals. The
necessity to improve the processes of mineral extraction using impact systems is discussed. The latest
achievements in the field of electro-hydraulic drives and devices for rock destruction are thoroughly analyzed,
comparing electric, hydraulic, and pneumatic drives, their advantages, and applications in various conditions. An
energy recovery system using a hydraulic boom accumulator for an excavator with an innovative combination of
open and closed control systems is reviewed. The model of an electro-hydraulic drive and an excavator boom
using a 4/3-way control valve is also considered. A unique design of a directional impact device with a self-
charging mechanism for the striker and a pneumatic accumulator is described. The analytical research
methodology includes statistical calculations, modeling using nonlinear differential equations, and a discrete-
continuous mathematical model. Key parameters affecting the efficiency of the impact device and the energy
characteristics of the pneumatic accumulator are studied. Working ranges of gas compression and polytrope
indicators are determined. The interaction between thermodynamic conditions and the energy parameters of the
pneumatic accumulator is examined. The analysis showed that the adiabatic process demonstrates a slower rate of
energy increase with increasing pressure. A nonlinear model in the form of a differential equation, reflecting the
energy discharge process of the pneumatic accumulator during the striker's acceleration, was developed. Using
the kinetostatic method allowed the calculation of inertia force and established the striker's acceleration profile.
The method of reducing the order of the differential equation, simplifying the solution, and helping to establish the
power dependence between the striker's speed and its displacement, was implemented. A simulation model of the
impact device's operation in the Matlab system was developed, allowing the establishment of rational operating
modes and system parameters, as well as forming requirements for the mechatronic adaptive control system for
the rock destruction process. The increase in contact force between the impact tool and the soil mass
demonstrated the potential capabilities of the adaptive system. The implementation of the mechatronic system
with power supply in three versions is described. A block diagram of the system's operation and a diagram of the
functional blocks' connections for adaptive control of the pressure in the pneumatic accumulator of the impact
device are proposed. The main electrical parameters of the electromagnetic valve and its operating frequency
parameters were calculated. The efficiency of the electromagnetic system's operation and the duration of
continuous operation of the adaptive system were evaluated. The provided information reveals the behavior of the
adaptive mechatronic control system of the impact device under various technological conditions and forms the
basis for potential.
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dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

CeKTop HayKH: AkafeMivHuil

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bocak Asna BacuitiBHa

2. Alla Bosak

KBasigikanis: x.r.u., nor., 05.09.03
InenTudikarop ORCHID ID: 0000-0003-0545-9980
JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOHM: HauionanbHuii TexHiuHMiA yHiBepcuTeT YKpainu "Kuischkuit

NOJIITeXHIYHMM iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrekt bepecreiicekuit, 6y7. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. IeBuyk Cremnan [IpokornoBuy

2. Stepan Shevchuk



KBasigikamis: x. 1. u., npodecop, 05.09.03
InenTudikarop ORCHID ID: 0000-0002-7517-0501

JoparkoBa iHdpopmauist: https://scholar.google.com.ua/citations?hl=uk&user=GPpWZkQAAAAJ;
https:/ /www.scopus.com /authid /detail.uri?authorld=7004183922;
https:/ /www.webofscience.com /wos /author /record /510565; https:/ /ieeexplore.ieee.org /author /37086333319

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainm "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCHTETChKUIT

VIII. 3aKkJII04Hi BiZoMOCTi
Biacue IlpisBuie Im's I1o-6aTbKOBI 3aityenko Credan Bosognumuposuy

TOJIOBH paju

Biacue IpizBume Im's [10-6aTbKOBI 3aituenko Credan Bonogumuposiy
rOJIOBYIOYOTO Ha 3acigaHHi

BignmoBizanbHMIL 32 NiATOTOBKY Mapuyk Jlio60B PomaHiBHa

00JIIKOBHX JJOKYMEHTIB

Peectparop VYkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOIi IOpuenko TeTsHa AHaToJiiBHA

OisIIBHOCTI




