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1. Inest po60TU noJIArae y BUKOPUCTAHHI aJalTUBHOI MEXaTPOHHOI CUCTEMHU KE€PYBaHHSI [IapaMeTpaMu YIapHOTO
IIPUCTPOIO 17151 e(PeKTUBHOIrO PyHHYBaHHS ripChbKUX MOPiJ, B yMOBax 3MiHHOTO po6040ro cepeioBuina. AKTyaabHICTb
poboTH nigKpecseHa ii 3HaYeHHSIM 17151 TipHU4000yBHOI IIPOMUCJIOBOCTI, 5IKa Biflirpae KJI040BY POJIb Y
ry106aJIbHOMY IIEPEXO/Ii Ha BiTHOBJIIOBaHI IpKepesa eHeprii. Po6ora cripssmoBaHa Ha po3po06Ky 6isbIl
eHeproeeKTUBHUX Ta €KOJIOTIYHO YMCTUX METOLiB BULOOYTKY, 30KpeMa 17151 KOJIbOPOBUX METAaJIiB, TAKUX SIK JITiH i
KO6asbT. 3pOCTAHHS MONUTY Ha Li METaJIA CTBOPIOE PO3PUB MiXK IOTOYHUMMU MOKJIMBOCTSIMU TEXHOJIOTIN
IepepoOKU Ta 3pOCTAYMMU IOTpebdaMHy, IO MiIKPECIIoe HarajabHy NOTPeby B yIOCKOHAJIEHH] BUTOOYBHUX
TEXHOJIOTi. PO3po6Ka afanTUBHOI MEXaTPOHHOI CUCTEMMU [I71s1 pyHYBaHHS MipCbKUX MOPif Bianosigae

3aKOHOMaBYMM Ipioputetram YKpainu. JlociifkeHHs: BUKOHAHO BifIIOBiIHO [0 IJ1aHy Kadeapu aBToMaTu3ariii



€JIEKTPOTEXHIYHUX Ta MEXaTPOHHMUX KOMILJIEKCIB B paMKax HayKOBO-AOCJigHOI po60TH “YIOCKOHAJIEHHS
€JIEKTPOMEXaHIUHNX Ta MeXaTPOHHUX cucTeM”. OCHOBHI II0JIOKEHHS JucepTalii BKII0YaloTh MeTy, 3aBIaHHS, 00 €KT
Ta [IpeIMeT AOCIIIKEHHS, @ TAKOXK METOAM JOCIIIKEHHS, SIKi BKJIIOYAlOTh MATEMAaTUYHE MOJEJIIOBAHHS Ta
BMKOPHMCTAHHSI Pi3HOMaHITHUX NPOrPaMHUX NPOAYKTiB. HOBU3HA HAyYKOBUX 10JIOKEHb Ta IPAKTUYHE 3HAYEHHS
oJlep>KaHMX pe3yJIbTaTiB TaKOXK MifgkpecseHi. [lucepranis BKIO4Yae pe3yibTaTy y6Jikaliil Ta anpoballii HayKOBUX
nocsirHeHb. CTPYKTypa AucepTallii ckyianaeTbest 3i BCTYINY, II'SITU PO3LiJiB 3 BUCHOBKaMU [0 KOXHOTO PO3Tiy,
3arajibHMX BUCHOBKIB, CIIMCKY BUKOPUCTAHUX JIKepeJl Ta foAaTkiB. Pobora MicTUTh 49 pUCYHKIB i OflHy TabuUlLIl0 Ha
117 cropinkax. YacTuHa JOCIiI)KeHb BUKOHAHA B PaMKax MporpamM MiKHapOoAHOi akaleMiYHOI MOOIJIbHOCTI, TAKUX SIK
Erasmus+ ta npoext DAAD CxigHe napTHEPCTBO. Y gucepTalii NpOBeIEeHO aHali3 CY4aCHUX MEXaTPOHHUX CUCTEM,
30KpeMa y KOHTEKCTI I7106a/IbHOrO IIepexoly [0 BiJHOB/IIOBAHUX JIKepeJl eHeprii Ta 3pOCTaHHsI [IONIUTY Ha METaJIH.
O6roBopeHoO HEOOXiAHICTh BIIOCKOHAJIEHHS! IPOLIECiB BUNO0YTKY KOPUCHUX KONAJIMH 3 BUKOPUCTAHHSIM YIAPHUX
cucreM. JletTanbHO NpOaHali30BaHO OCTAHHI JOCATHEHHS B 06J1aCTi €JIeKTPOriipaBiiuHuX IPUBOIB Ta MPUCTPOIB
I pyVHYBaHHS ripChKUX MOPiJ, MOPiBHSIHO €JIEKTPUYHI, MiIpaBIIidHi Ta MTHEBMATUYHi IPUBOMY, iX TepeBaru Ta
3aCTOCYBaHHS B Pi3HUX YyMOBax. PO3IJIsiHyTO cucTeMy pekynepaltlii eHeprii Ha NpuKJaji akyMyJsiTopa ajs
rifpaB/IiyHOI CTPiNM €KCKaBaTopa 3 iIHHOBALIMHOI0 KOMOiHali€l0 PO3IMKHYTOI Ta 3aMKHYTOI CUCTEM KE€PYBaHHS.
Po3ryisiHyTO MOZeJIb €JIeKTPOTiApaBIidYHOro IPUBOAY i CTPi/IK €KCKaBaTOPa, [0 BUKOPUCTOBYE 4 /3-X010BUM
peryJoBabHU KianaH. ONnucaHa yHiKaJabHa KOHCTPYKLi yIAPHOTO IPUCTPOIO HAIIPABJIEHOI [ii 3 cCamM03apagHIM
MEXaHi3MOM 3BeJ€HHS 00¥iKa i 3apsIKU THEBMOAKyMyJISITOpa. MeTOMKa aHAJIITUYHYX JOCIiI)KEHb BKIIIOYa€e
CTaTUCTHUYHI PO3PaxyHKHU, MOJEJIIOBAHHS 3 BUKOPUCTAHHSIM HEJIiHINHNX qudepeHLiabHUX PiBHSIHD Ta JUCKPETHO-
HelepepBHOI MaTeMaTU4HOi MoJieli. [JocikeHo KJII040Bi NapaMeTpy, 10 BIJIMBAIOTh Ha €(PEeKTUBHICTb YAAPHOTO
IIPUCTPOIO T EHEPreTUYHI XapaKTepUCTUKU [THEBMAaTUYHOTO aKyMyJIsITOpa. BusHaueHo poboui JianasoHu
[IOKa3HMKIB CTUCHEHHS ra3y Ta IOJITPONU. BUBUEHO B3a€EMOZiI0 MK TEpPMOIMHAMIYHMMHU YMOBaMU Ta
€HepreTYHNMU [IapaMeTpaMy ITHeBMOaKyMYyJISITOpa. AHaIi3 [10Ka3as, 0 a1iabaTUYHUI [TPOLeC AEMOHCTPYE
NIOBi/IbHIlIY MIBUIKICTb 3061/IbLIIEHHS €Heprii Ipu nifBuineHHi TUCKY. Po3pobiieHo HesiHiliHy Mozeb y GopMmi
Iv(epeHLiaTbHOTO PiBHSHHS, 10 BifoOpakae NpoLiec €HEPropo3psiiKA MHEBMOAKYMYJIITOPa IIPU PO3roHi O0Ka.
BukopucTaHHS KiHETOCTAaTUYHOTO METOJY [I03BOJIJIO PO3paxXyBaTH CUJIy iHeplii i BCTAHOBUTU NTPOdisb
IIPUCKOPEHHS 601iKa. 3arpoBa>)KeHO METOJ, [IOHIKEHHS IIOPSIKY ITU(epeHLiaJbHOTO PiBHSIHHS, 110 CIIPOCTUIIO
PO3B’30K i JOTIOMOIJIO BCTAHOBUTH CTEIIEHEBY 3aJIEXXHICTh MIXK MIBUAKICTIO 60¥iKa Ta HOTo NepeMIllleHHSIM.
Po3pobsieHa gucKpeTHO-0e3nepepBHa MaTeMaTUYHA MOJIeJIb BpaXOBYe iHepIiliHO-XBUJIbOBI B3aeMO/Iii 60IiKa Ta
iHcTpyMeHTa B mpoueci nepezadi eHeprii ripcbkomy MacuBy. Po3pob6isieHo iMiTariliny Mmozesnb PyHKLiOHYBaHHS
yIapHOro NpUCTPOIO B cucteMi Matlab, 1110 103B0/11M710 BCTAaHOBUTH palliOHabHI pEXKUMU POOOTH Ta [apaMeTpu
(OYHKLIOHYBaHHS CUCTEMH, & TAKO>XX CPOPMYBATH BUMOTHY [0 MEXaTPOHHOI CUCTEMU aJJalITUBHOTO KEPYBaHHS
[IPOLECOM PYMHYBaHHS TPCHKUX MOPil. BU3HaA4eHO NOCUIIEHHS KOHTAKTHOI CUJIM MIX yIapHUM iHCTPDYMEHTOM i
I'PYHTOBUM MAaCHBOM, 1[0 IIPOJAEMOHCTPYBAJIO TIOTEHLIMHI MOKJIMBOCTI aJallTUBHOI cucTemMu. ONUCAaHO peasi3alilo
MEXaTPOHHOI CUCTEMHU 3 €JIEKTPO>KUBIJIEHHSIM 32 TPbOMA BapiaHTaMU. 3alIpOIIOHOBAHO GJIOK-CXEMY
(PYHKIIIOHYBaHHSI CUCTEMU Ta CXeMY 3B’513KiB (PYHKIIOHATBHUX GJIOKIB aJallTUBHOTO KEPYBAHHSIM TUCKOM B
ITHEBMOAKYMYJISITOPi yIApHOTO NPUCTPOIO. [IpoBeieHO pO3paxyHKNU OCHOBHUX €JIEKTPOTEXHIYHUX IapaMETPiB
€JIEKTPOMarHiTHOrO KJlallaHa Ta BCTAaHOBJIEHO YaCTOTHI IapaMeTpH 1oro PpyHKLioHyBaHHS. OLiHEHO ePeKTUBHICTb
POOOTH €JIEKTPOMArHITHOI CUCTEMU Ta BU3HAYEHO TPUBAJIICTh 6€3I€PEPBHOI pOOOTH aIalITUBHOI CUCTEMMU.
HaBenena ingopmallis po3KpuBae MoOBeLiHKY aJalTUBHOI MEXaTPOHHOI CUCTEMU KEPYBAHHS yIaPHUM IIPUCTPOEM
17151 Pi3HUX TEXHOJIOTIYHUX YMOB, a TAaKOX CKJIaIa€ OCHOBY 17151 TOTEHIIITHOTO TIOKPAIeHHS IPOAYKTUBHOCTI 3a

JOIIOMOTOI0 MeXanOHHOi CUCTEMU KEPYBAHHA.

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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Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Bocak Anna BacusniBHa

2. Alla Bosak

KBasigikanis: x.r.u., nor, 05.09.03
Imentudikarop ORCID ID: 0000-0003-0545-9980
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. leBuyyk Cremnax [Ipokonosuy

2. Stepan Shevchuk
KBasidikamis: n. . 1., npodecop, 05.09.03
ImentTudikarop ORCID ID: 0000-0002-7517-0501

JoparkoBa iHpopMmawist: 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 HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iHCTUTYT imMeHi Irops Cikopcpkoro”



Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHH: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi
ByiacHe Ilpi3Bumie Im's ITo-6aThKOBI
TOJIOBH paju

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI
rOJIOBYIOYOTO Ha 3aciJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisIIBHOCTI

3aituenko CredaH Bonogumuposud

3aityenko Credan Bosmogumuposny

Mapuyk Jlt060B PomaHiBHa

VKpIHTEI

[Opuenko TersHa AHaTosiiBHA



