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Pedepar:

1. Incepralist IpUCBsAY€HA BUPIIEHHIO aKTyaJbHOI HAYKOBO-IIPAKTUYHOI MPO6JIeMHU MiABUILEHHS €KOJIOTIYHO]
Oe3MeKy Ta NaJluBHOI €(PeKTUBHOCTI TPAHCIIOPTHUX MTPOLIECIB Y FipHUYOL00YBHUX MiAIIPUEMCTBAX, 110 37iICHIOIOTh
BiIKPUTY pO3pOOKY POIOBUIL, 6JI0YHOTO OOJINIIIOBAILHOIO KaMEHI0. 3HauHa 4YacTKa €eHeproCloKMBaHHS Ta BUKUIIB
COn, NOmn, SOn i TBepAuX YaCTUHOK y Kap'epax NOB'sI3aHa 3 Hee(EeKTUBHOIO TPAHCIIOPTHOIO JIOTiCTHUKOIO, 0COOJIUBO B
YMOBaxX BEJIMKUX YXWJIiB OPIr, IePEBAaHTaXEHHS TEXHIKU Ta BiICYTHOCTI (pPOBOro yIpaBiiHHS. Y NEPIIOMY
PO31iii OGrPYHTOBAHO aKTYyaJIbHICTh TeMH, CPOPMYILOBAHO METY, 3aBIAHHS, 00'€KT i MpeAMeT IOCIiIKeHHS,
PO3KPUTO METOIOJIOTIYHY OCHOBY. 3iICHEHO CUCTEMHUM OIJIST, JIiITEPAaTypH, B SKOMY [IPOAHAJII30BaHO Cy4YaCHUN
CTaH €Heproe(eKTUBHOCTI Ta €KOJIOTiYHOI pe3yJIbTaTUBHOCTI TPAHCIIOPTHUX IIPOLIECIB y Kap'epax. Y3arajJbHEeHO
HayKOBI Mifxony 1o nudpoBoro ynpasiiHHS JIOTiCTUKOIO i3 3acTocyBaHHAM cucteM FMS, texnosnoriii [0T, Digital

Twin i aITOpUTMiB MAIIMHHOTO HABYaHH4 [1JIs1 IPOTHO3YyBaHHA TEXHIYHOTO CTaHy, BUTPAT NaJIbHOTO Ta BUKUTIB.



BcraHoBIIEHO, MO B YKpaiHi Taki iHCTPYMEHTU NIPAKTUYHO HE BUKOPUCTOBYIOTBCSI, XO4a BOHU € KPUTUYHO
BaXXJIMBUMU B YMOBaX I7106a71bHOi €HepreTHYHOI Ta KJIiMaTUYHOI Kpu3u. Y IpyromMy po3fiiji mpoaHali3oBaHo
crieniky (PyHKLIOHYBaHHS MalIMHHO-TPaHCIIOPTHUX KOMILJIEKCIB y Kap’epax 00JIMII0BaJIbHOTO KaMEHIO.
HaBezneHo neTanbHi XapaKTepUCTUKM TEXHIKU, MapLIPYTiB, reOMeTpii 6J10KiB, IPO(io AOPIr Ta ce30HHUX YyMOB. Ha
OCHOBI JaHUX KaMeHeJOOYBHUX MignpUeMCTB JKUTOMUPIIMHY BU3HAYEHO, 110 OCHOBHUMU YMHHUKAMU N1AJIMBHO]
HeeEeKTUBHOCT] € 36i1blIeHnI YXUJl JOpir, HecTabisbHa SKiCTb IOKPUTTS, HAIMipHI IPOCTOI, TEXHIYHUI CTaH
MalllMH i J0ACbKUI (akTop. BussieHo, o HepallioHalbHaA OpraHisallis TPaHCIIOPTHUX NPOLECiB IPU3BOJUTE 10
CYTTEBUX €KOHOMIYHUX BTPAT i MiJIBUIIEHOTO €KOJIOTiYHOrO HaBaHTaKeHHS. Y TPETbOMY PO37isi PO3POGIEHO
KOMILJIEKCHY 1M poBy MO eJib IIPOrHO3YBAaHHS BUTPAT I1aJIbHOTO, COGIBAPTOCTI TPaHCIIOPTYBaHHSI Ta MOB'SI3aHUX
€KOJIOT{YHUX PU3UKiB. MOZIesIb BpaxOBye yXUJl, MaCy BaHTaXYy, JOBKUHY MapUIpyTy, Koe@illieHT 34elsIeHHs], CE30HHi
YMHHUKY 1 TEXHIYHUI CTaH 06s1afHaHHS. Po3paxyHKu peasnizoBaHo B cepenosuili Google Colab i3 inTerpauieto
pesysnbTaTiB y Google Sheets. 115 Bepudikanii 3acrocoBano merpuku MAPE i RMSE, a TakoX aJlrOpUTM MAlIMHHOTO
HaB4yaHHS Random Forest. Exonoriuauii 610K o1jintoe Bukuau COn, NOn, SOn i PM 3a eMicilinnmu koedirjieHTamu.
PesynbTaru anpo6atiii Mogesi Ha nignpueMcrBax Mexxupinpkoro Ta Kam'siHOOpicbKOTro pofoBULL, iATBEPAUIIH ii
eeKTUBHICTb: IM(PPOBa ONTUMI3allisl MApPIIPYTIB i rpagikKiB TEXOOCIYTOBYBaHHS 3MEHIIYE BUTPATU MaJIbHOTO 10 31
%, ckopouye Bukuau COo Ha 30-42,5 % i ninBuiye epeKTUBHICTb BUKOPUCTAHHS TEXHIKU. Y UeTBepTOMY pO3[Iiii
3aIPOINIOHOBAHO IMPPOBUI iHCTPYMEHTapIll YIIPaBIiHHS €KOJIOTIYHUMY PU3UKaMU TPAaHCIIOPTHUX IPOLECIB, 110
iHTerpye po3pobyieHy moges i3 mnargopmamu Tuny MineStar Edge, FMS Ta Digital Twin. Hagano pexomenpanii
IIOA0 BUKOpPHUCTaHHS [0T-ceHCcopiB 11 aBTOMaTU30BaHOTO MOHITOPYHTIY Ta aJITOPUTMIB LITYYHOTO iHTEJIEKTY [JIs1
aJalTUBHOIO IJIAaHYBaHHS MapUIPYTiB i TEXHIYHOrO 06CIyTOBYBaHHS, BIPOBAKE€HHS ajIbTEPHATHBHOIO 1aJIbHOTO,
riopuHMX cucTeM i enekTpudikallii TpaHCopTy. PO3paxoBaHo CoOllialbHO-€KOHOMIYHME e(eKT: IiABULIEHHS
KOHKYPEHTOCIIPOMOSKHOCTI MiZIIPUEMCTB, CTBOPEHHSI HOBUX PO0O04YMX MicLp y cdepi 1MPPOBUX TEXHOJIOTIH Ta
€KOJIOTIYHOTO ayIuTYy, 3HIDKEHHS PUBUKIB JJ1s1 30POB’s [TPaL[iBHUKIB, 3DOCTaHHS KOPIIOPATHUBHOI €KOJIOTTYHO]
BiAnoBiganpbHOCTI. [IpakTYHa 3HAUYLIICTb [10JISITa€ Y MOXJIMBOCTI 6€3[10cepelHbOro BIIPOBAIKEHHS IU(PPOBOi
MoJeJIi 17151 NiABUILEHHS] TOYHOCTI IIPOrHO3YBAaHHSI BUTPAT NAJIbHOTO, 3MEHIIEHHSI IPOCTOIB i X0JIOCTUX MPOOIriB,
CKOPOYEHHS BUKU/IB i MiITPUMKH yIIPABJIiHChKUX PillleHb MO0 JOTiCTUKY Ta TEXHIYHOTO O6CIYrOBYBaHHSL.
PesynbTaTl MOXYTb OYTH BUKOPUCTAHI y BUPOOHMYIN [IisSIbHOCTI, HAYKOBUX JOCJII)KEHHSIX i HaBYaJIbHOMY IIpoLeci
3a crienjanbHOCTIMU «['ipHMYa cripaBa» Ta «EKosoriuHa 6e3neka», a TakoX y nporpamax nugposisatlii ripHI4Y0Tro
BUPOOHULITBA. 3arajioM, AucepTaliliHa poboTa € MDKANCUUIIITIHADHUM JOCiTKEeHHSIM, 110 TIOEQHYE €KOJIOTiYHY
6e3mexy, LudpoBy JIOTICTUKY i ripHNYyY iH>XeHepio. Briepie po3po6sieHO afanToBaHy 4O YMOB Kap'epiB 6JI04HOTO
KaMeHIOo IU(POBY MOZEJb YIIPABJIiHHS TPAHCIIOPTHUMU IIPOLiecaMy, sika 3a6e3redye MiJBUIeHHS
€Heproe(EeKTUBHOCTI, 3HDKEHHS BUKUIIB i TPOTHO30BaHy HAJilHICTh TeXHIKU. Pe3ybTaT MalOTh IIPUKJIAHE

3HAYEHHS Ta MOXKYTb OYTU BUKOPUCTAHI SIK Y BUPOOHULTBI, TaK i B OCBITHbOMY Ta HAYyKOBOMY CE€peIOBUILL.

2. The dissertation is devoted to solving an urgent scientific and practical problem - improving the environmental
safety and fuel efficiency of transport operations in mining enterprises engaged in open-pit extraction of
dimension stone. A significant share of energy consumption and emissions of COn, NOn, SOn, and particulate matter
(PM) in quarries is associated with inefficient transport logistics, particularly under conditions of steep road
gradients, equipment overloading, and the absence of digital management systems. The first chapter substantiates
the relevance of the research, defines the purpose, objectives, object, and subject of the study, and outlines its
methodological framework. A comprehensive literature review is conducted, analyzing the current state of energy
efficiency and environmental performance of transport processes in open-pit mining. Scientific approaches to
digital logistics management are summarized, including the use of Fleet Management Systems (FMS), Internet of
Things (IoT) technologies, Digital Twin solutions, and machine learning algorithms for predicting equipment
condition, fuel consumption, and emissions. It is established that such tools are practically not used in Ukraine,
although they are critically important under conditions of the global energy and climate crisis. The second chapter
analyzes the specific features of the operation of machine-transport complexes in dimension stone quarries.
Detailed characteristics of mining machinery, transportation routes, block geometry, road profiles, and seasonal
operating conditions are provided. Based on data from quarrying enterprises in the Zhytomyr region, it is



determined that the main factors of fuel inefficiency include increased road gradients, unstable surface quality,
excessive idling, the technical condition of machinery, and the human factor. It is revealed that irrational
organization of transport processes leads to significant economic losses and increased environmental pressure. In
the third chapter, a comprehensive digital model for predicting fuel consumption, transportation cost, and related
environmental risks is developed. The model considers road gradient, cargo mass, route length, adhesion
coefficient, seasonal factors, and equipment condition. Calculations are implemented in the Google Colab
environment with integration of results into Google Sheets. Verification is performed using MAPE and RMSE
metrics as well as the Random Forest machine learning algorithm. The environmental assessment module
evaluates COn, NOn, SOn, and PM emissions based on standard emission factors. The model was tested at the
Mezhyrichske and Kamianobridske deposits, confirming its efficiency: digital optimization of routes and
maintenance schedules reduces fuel consumption by up to 31%, decreases COn emissions by 30-42.5%, and
increases the effective use of equipment. The fourth chapter proposes a digital toolkit for managing environmental
risks of transport processes, integrating the developed model with platforms such as MineStar Edge, FMS, and
Digital Twin. Recommendations are provided for the application of I0oT sensors for automated monitoring and
artificial intelligence algorithms for adaptive route planning and maintenance scheduling, as well as for the
introduction of alternative fuels (including HVO), hybrid systems, and vehicle electrification. The socio-economic
effect of implementing the proposed approach is assessed, demonstrating improved competitiveness of
enterprises, creation of new jobs in digital and environmental audit sectors, reduced occupational health risks, and
enhanced corporate environmental responsibility. The practical significance lies in the possibility of direct
implementation of the digital model to increase the accuracy of fuel consumption forecasting, reduce idling and
empty runs, lower emissions, and support managerial decision-making in logistics and maintenance planning. The
obtained results can be used in industrial practice, scientific research, and educational programs in the fields of
Mining Engineering and Environmental Safety, as well as in initiatives for digitalization of mining production.
Overall, the dissertation represents an interdisciplinary study combining environmental safety, digital logistics,
and mining engineering. For the first time, a digital model adapted to the conditions of dimension stone quarries
has been developed, enabling simultaneous improvement of energy efficiency, reduction of emissions, and
enhancement of equipment reliability. The results have applied significance and can be used in production,
educational, and scientific contexts.
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JoaparkoBa iHpopMauist: https://www.scopus.com /authid /detail.uri?authorld=57144568200);
https: / /www.webofscience.com /wos /author /record /V-8528-2017;
https:/ /scholar.google.com/citations?user=YmPqUpOAAAAJ&hl=uk

IloBHE HaliMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHUN IHCTUTYT"



Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninyosa, Xapkis, XapkiBcbkuii p-H., 61002, Vkpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. IlaBnnyeHKo ApTem Bosonumuposud

2. Artem V. Pavlychenko

KBasigikamis: n. 1. 1., npodecop, 21.06.01
InenTudikarop ORCID ID: 0000-0003-4652-9180

JoparkoBa iHdpopmamnist:

http:/ /www.scopus.com /inward /authorDetails.url?authorID=55522742000&partnerID=MN8TOARS;
http:/ /www.researcherid.com /rid /X-1129-2018; https: / /scholar.google.com /citations?hl=uk&user=7727q-
KEAAAAJ

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: HaujoHanbHuil TexHiYHMIl yHiBepCUTET "JIHIMPOBChKA

MoJIiTexHika"

Kopg 3a €IPIIOY: 02070743

Micue3HaxoaKeHHS: npocriekT JImutpa SIBopHuubkoro, JJHinpo, JJHinposcekuii p-H., 49005, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi

BnacHe IlpizBume Im's I10-6aTbKOBI Tonuammncekuit FOpiit Onexcanaposnd
TOJIOBH pajgu

BnacHe IlpizBuie Im's [10-6aTbKOBI Tonuammuchkuit FOpiit Onexcanaposud
rOJIOBYIOYOrO Ha 3acigaHHi

BinnosimasibHHu# 3a l'li,llI‘OTOBKy [lInanaxk Bosogumup OsekcaHapoOBUY
00JIIKOBHX JOKYMEHTIB

PeecTparop IOpueHko TeTsiHa AHaToOJiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




