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1. O6rpyHTyBaHHS NapaMeTpiB QYHKLIOHYBAHHS Kap'€pHUX aBTOCAMOCKUIB AU3€JIb-TPOJIENBO3iB IPU BULOOYTKY
3aJIi3HUX Py,

2. Justification of the parameters of the operation of trolley assisted truck haulage during the extraction of iron
ores

Pedepar:

1. Incepraist npucBgY€Ha BUPIIIEHHIO aKTyaJbHOTO HAyYKOBOTO 3aBIAHHS MifBUIEHHS €(PEKTUBHOCTI Ta
€KOJIOT{YHOCTi Kap’€pHOTr0 aBTOMOOIIBHOI'O TPAHCIIOPTY Ha OCHOBI BIIPOBAPKEHHS Kap' €pHUX aBTOCAMOCKU/IIB
IM3€JIb-TPOJIEMBO3iB 3 €JIEKTPOMEXAHIYHOIO TPAHCMiCi€l0. Y BCTYIIi OOrPYHTOBAHI aKTyaJIbHICTh TEMU Ta META,
IIOCTaBJIEHI 3a71a4i JOCIiIKEeHHS. Y NepIIoMy PO31isli pOOOTU BUKOHAHMM aHaJli3 Cy4YaCHUX METOJiB MiABUIEHHS
ePeKTUBHOCTI po6OTU Ta feKapOoHizallii Kap’epHOro aBTOMOOGINIBHOIO TPAHCIIOPTY. PO3riIsHYyTI HO3UTHBHI Ta
HETraTUBHi aCIeKTH CUCTEM TPAHCIIOPTYBAaHHS 3BUYaiHMMU aBTOCAMOCKUIAMU 3 €JIEKTPO-MEXaHIYHOIO
TPaHCMIiCi€lo Ta IMU3eJb-TPOJIeBO3aMU. 3BUYalHNY Kap'€pHUI aBTOCAMOCKU/, y TIOPIiBHSHHI 3 iHIIMMY BUJAMU
TEXHOJIOTIYHOr0 TPAHCIIOPTY AEMOHCTPYE Kpallli IOKa3HUKMU 100 THYYKOCTI, KaliTaJbHUX BUTPAT, 3allPABKU,

HAJIMHOCTI, MacmTaboBaHOCTI Ta MOKJIMBOCTEH, ajie MAa€ HU3bKi MOKA3HUKY 10 eHeproeeKTUBHOCTI,



KOMILJIEKCHOMY BILJIMBY Ha HaBKOJIMIIHE CEPEOBUILE, SIK TO IIYM, NI, BUKUAY 3a0PYIHIOIOUNX PEYOBUH Ta
BUTpaTaM BUKOITHOTO NayixBa. Uepes MeBHi 00Me>KeHHs! 1U3€eJIb-TPOJIeBO3 IeMOHCTPYE CepeiHi TOKa3HMUKU 32
BCiMa IapaMeTpaMu, ajie BiH, MOJK€ BUKOPHUCTOBYBATH €JIEKTPUYHY €HEPTiIO 3 BilHOBJIIOBAJIbHUX [IKEPEJI, Ma€
3HAQYHO MEHIIY KiJIbKiCTh BUKU/IiB BilIpallbOBAaHUX ra3iB B aTMocpepy. CydacHa AU3eb-TPOJIeBO3HA CUCTEMA
HiAXOnUTD AJ1s1 TIMOOKUX Kap'epiB SIKi MaloTh OJIHY UM [IeKiJIbKa OCHOBHUX TPAHCIIOPTHUX JIiHIN IO
PO3TalIOBYIOTHCSI HA HEpOOOUYUX 60pTax Kap'epy 3a Me>kaMu Jii BUOYXOBUX POOIT i He IOTpebyIoTh epeMillleHHs Ta
BiZJHOBJIEHHS TPOJIEVHMX JIiHIN MiCJIs TPOBENEHHS MiIPUBAHHA IPHUYUX TI0PiA. Y Ipyromy po3misi BAKOHaHO
MOJIEeJIIOBAaHHS Ta BU3HAYEHHS NIapaMeTpiB HaJiTHOCTi poO60TU Kap'€pPHUX aBTOCAMOCKUIIB I13€JIb-TPOJIENBO3IB.
Po3pob6ieHunii rpad miicucTeM TEXHOJIOTIYHUX CTaHIB Kap' €PHOTO aBTOCAMOCKUA IM3€e/Ib TPOJIENBO3a HA OCHOBI
SIKOTO pO3pobJieHa MaTeMaTU4Ha MOZEJb 33 CXEMOIO «MapPKiBCbKOTO MIPOLIECY 3 JUCKPETHUMU CTaHaAMU I
6e3rnepepBHUM 4aCOM (TEXHOJIOTIUHI CTaHU Kap'€pHUX CAMOCKUiB—1I13€J1b TPOJIENBO3iB i3 4aCOM 3MiHIOIOThCS
BUIIQIKOBUM 3a3/1aJIETib Helepen6adyeHMM YMHOM. Ha OCHOBI NpUIyIE€HHS, 110 3aJI€KHICTh TEXHOJIOTIYHOTO CTaHy
Kap'epHOr0 aBTOCAMOCKUIa—13ejb TPOJIeliBo3a y MalOyTHbOMY 3aJI€XKUTh BiJ] 10r0 IOTOYHOT'O CTaHy Ta
HEe3aJIeXXHOCTI Bifi TOTO, SIK i Koyl 6yB JOCSATHYTUH L€l CTaH y JaHMI MOMEHT 4acy. [lJ1si MaTeEMaTUYHOTO OIUCY
TaKMX TEXHOJIOTIYHUX CTaHiB 3aCTOCOBAHUI MAaTEMAaTUYHMI aniapaTa «MapKiBCbKOTO NPOLECY 3 IUCKPETHUMU
CTaHaMU i1 6e3repepBHUM YacoM». BIOoCKoHasieHa MaTeMaTuyHa MoJiesib QYHKIIOHYBaHHS Kap €pHUX
aBTOCAMOCKU/IB J13e/b-TPOJIENBO3iB MJISIXOM BpaxyBaHHs NOJATKOBUX BUJiB TEXHIYHOTO OOCIyrOBYBaHHS i
PEMOHTY Ta 3B’S13KiB Mi’K HMMH, 5Ka [103BOJII€ BU3HAYaTU MMOBIPHOCTI 3HAXOPKEHHSI Kap'€pHUX aBTOCAMOCKHU/IiB
IU3€JIb-TPOJIEVBO3IB B IIPaLle3JaTHOMY Y4 iHIIOMY CTaHi. B TpeTboMy pO37ijli BUKOHAHO AOCIiIKEHHS Ta
BM3HAUEHHS NIapaMeTpiB eKcIllyaTallii 113eJb-TPoJIeiiBO3iB y OPiBHSIHHS 3 Kap' €pHUMU aBTOCaMOCKUIAMU.
Po3ryisHyTH y BiHOCHUX BeJIMYMHAX 3MiHY IPOAYKTUBHOCTI [1I€PEBE3€Hb Ta BUTPAT AU3€JIbHOTO NanuBa (BUKUIB
LIKiJJIMBUX PEYOBYH) Bif] IOBXXMHU 30K 3 BAHTAXXEM, [IPX Pi3HOMY IMTOMOMY BiJHOIIEHHIO JOBXUHU TPOJIEHHO]
YaCTHHU (CTYIIEHi TpoJieizalii) 4151 MalIiH pi3HOi BAHTaXXOIITHOMHOCTI. B siIkoCTi 6a30BUX 3HaY€Hb IPUNHATI
MMOKa3HUKY POOOTHU Kap'€pHUX aBTOCAMOCKUIiB BaHTaxkoniaiomHicTio 90, 130 ta 220 T He 06/1aiHAHUX TPOJIEHHOIO
CHACTEMOIO, SIKi MOXKYTb OyTH BUKOPHCTaHI B IJaHUX YMOBAaxX €KCIlyaTallii. Bepie BcTaHOBJIEHI ABONapaMeTPUYHI
3aKOHOMIPHOCTI 3MiHM TMTOMOI TPOJYKTUBHOCTI Ta MMTOMUX BUTPAT MaJMBa Kap'€PHUX aBTOCAMOCKUIIB IU3€JIb-
TPOJIEMBO3iB BiJl JOBKUHU TPAaCHU Ta MUTOMOI Baru TPOJIENHOI OiJSIHKY B 3arajibHiil JOBXUHI Tpacu. BusHaueHi
3aKOHOMIPHOCTI 3MiHM BUKU/IB BiATIpalibOBaHUX ra3iB B 3aJI€XKHOCTI Bifl yMOB (DYHKI[iOHYBaHHS Ta TEXHIYHOI'O CTaHY
Kap'€pHUX aBTOCAMOCKU/IIB Ta AU3€JIb-TPOJI€IBO3iB BAHTAKOMIAHOMHICTIO 130 T. Y yeTBepTOMY PO37isi BUKOHAHO
€KOHOMIKO-MaTeMaTU4He MOJeJII0BaHHS (PYHKLiIOHYBaHHS [I13€JIb-TPOJIEBO3iB Ta BUBHAUEHHS MeX iX e(peKTUBHOI
POOOTH Ha OCHOBI SIKOTO yIOCKOHaJIeHa METOJIMKA €eKOHOMIKO-MaTeMaTUYHOTI'O BUBHAUYEHHS YMOB €(DEeKTHBHOI
eKCIulyaTallii Kap'€pHUX aBTOCAMOCKHU/IiB AN3€JIb-TPOJIENBO3iB IpY PO3p0OLi pOLOBUIL KOPUCHUX KOIAIMH SIKa
I03BOJIsS€ BUBHAYUTU €(PEKTUBHICTb €KCILTyaTallii Kap’epHUX aBTOCAMOCKUIB A13€Ib-TPOJIENBO3iB B 3a/1i30PyLHUX
Kap'epax i 04aTKOBO BpaXx0OBye reHepYyBaHHs €JIeKTPUYHOI eHeprii Ipyu QPyHKLiOHYBaHHI Kap'€pHUX aBTOCAMOCKHU/IIB
Iv3esb-TposieriBo3iB. Po3paxoBano 30 BapiaHTiB (5 17151 3BUYallHUX Kap'€PHUX aBTOCAMOCKUIB Ta 25 /1Jisl TU3esb-
TPOJIENBO3iB) BUBHAUEHHS IOTOYHUX BUTPAT [JISI TPAC AOBKMHOIO Bif 1 10 5 KM 3 TPOJIEHHUMU JiNsTHKaMU
IOBXUHOIO Bif 0 kM 10 3,5 kM. [lucepTanisi [OoBHEHA JOKYMEHTOM IIPO BUKOPUCTaHHS Pe3yJIbTaTiB LOCIIiI>KEHHS

B HaBYaJILHOMY I1poLeci KpuBopi3bKoro HalioHaJIbHOTO YHIBEPCUTETY.

2. The thesis is devoted to solving the urgent scientific task of increasing the efficiency and environmental
friendliness of mining transport services by implementing trolley-assistant (TA) open-pit dump trucks with
electromechanical transmission. The introduction provides the problem statement, as well as outlining the aims
and objectives of the research. The first chapter of the study examines contemporary strategies for enhancing
efficiency and reducing carbon footprint in mining road haulage. It assesses the advantages and disadvantages of
conventional open-pit dump trucks with electromechanical transmission and TA open-pit dump trucks.
Conventional open pit dump trucks outperform other technological transport alternatives in terms of flexibility,
capital costs, refueling convenience, reliability, scalability, and operational capabilities, however, they exhibit
drawbacks such as low energy efficiency and complex environmental impacts including noise, dust, emissions of
pollutants, and reliance on fossil fuels. Due to the appropriate limitations, TA open-pit dump trucks demonstrate



moderate performance across all parameters but offer the advantage of utilizing electricity from renewable
sources and significantly reducing exhaust gas emissions. The contemporary truck trolley system is well-suited for
deep open pits where one or more primary transportation lines are situated on non-working sides of the open pit,
outside the blasting zones, and do not require removing and restoring trolley lines after blasting. In the second
chapter, the modeling and determination of reliability parameters for TA open-pit dump trucks were conducted. A
graphical representation detailing the subsystems of technological states for a TA open pit dump truck has been
created. This graph is the foundation for a mathematical model formulated under the "Markov process with
discrete states and continuous time." In this model, the technological states of TA open-pit dump trucks evolve in
a stochastic, unpredictable manner based on the assumption that the future technological state of a TA open-pit
dump truck depends solely on its current state, independent of the history of how and when that state was
reached at any specific moment in time. The mathematical framework known as the "Markov process with discrete
states and continuous time" describes these technological states. The mathematical model describing the
operation of TA open-pit dump trucks was refined by incorporating additional types of maintenance and repair, as
well as their interdependencies, enabling the determination of the probability of TA open-pit dump trucks being in
operational or alternative states. In the third chapter, the operational parameters of TA open pit trucks about
conventional open pit dump trucks are analyzed and established. Variations in transportation productivity and
diesel fuel consumption (emissions) from the length of the trip with a load are examined in relative terms under
different degrees of trolley integration for machines with varying carrying capacities. The baseline values consist
of the performance indicators of open pit dump trucks with carrying capacities of 90, 130, and 220 tons that are
not equipped with a trolley system, which can be used in these operating conditions. The study established, for the
first time, two-parameter patterns of changes in specific productivity and specific fuel consumption of TA open-
pit dump trucks depending on the length of the road and specific part of the trolley section in the total length of
the road. The study also identified the patterns of changes in exhaust gas emissions based on the operational
conditions and technical status of TA open-pit dump trucks with a carrying capacity of 130 tons. In the fourth
chapter, economic and mathematical modeling of the operation of TA open-pit dump trucks is conducted to
establish the limits of their effective operation based on which the methodology for economic and mathematical
determination of the conditions for the effective operation of TA open-pit dump trucks in mineral deposit
development is improved. This methodology enables the assessment of operational efficiency in iron ore open pits,
incorporating the generation of electricity during the operation of TA open-pit dump trucks. Thirty scenarios were
calculated (5 for conventional open pit dump trucks and 25 for TA open pit trucks) to determine the current costs
for haul roads ranging from 1 to 5 km in length, with trolley sections ranging from 0 km to 3.5 km in length. The
thesis is supplemented with a document detailing the utilization of research results in the educational process of
Kryvyi Rih National University.
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