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Pedepar:

1. Inceprauis npucBg4YeHa BUPIIIEHHIO aKTyabHOI HAYKOBO-TIPAKTUYHOI IPO6JIEMU MiJBUIEHHS €KOJIOTi4HOI
0e3reKu Ta NajauBHOI ePeKTUBHOCTI TPAaHCIIOPTHUX NPOLIECIB y ripHUYOI00YBHUX MiJIIPUEMCTBAX, 1110 37ilICHIOIOTh
BiIKPUTY pO3pOOKY POIOBUIL 6JI0YHOTO OOJIMLIIOBATIBHOIO KAMEHIO. 3HaYHA YaCTKa €HEeProCIOKMUBAHHS Ta BUKUIIB
COm, NOm, SOn i TBepauX 4aCTUHOK y Kap'epax MoB's13aHa 3 Hee(eKTUBHOIO TPAHCIIOPTHOIO JIOTiCTHUKOIO, 0COOJINBO B
YMOBaXx BEJIMKUX YXWJIiB JOPIr, IepeBaHTaXKeHHS TeXHIKU Ta BiACyTHOCTI @ poBOro ynpasiiHHs. Y Nepmomy
PO3[ii O6IPYHTOBAHO aKTyaJbHICTh TEMU, C(POPMYJILOBAHO METY, 3aBIaHHS, 00'€KT i IpeAMET [LOCIiI>)KEeHHS,

PO3KPUTO METOMLOJIOTIYHY OCHOBY. 31iiICHEHO CUCTEMHU OTJIST, JIiTePaTypH, B IKOMY IIPOAHAJIi30BaHO CYy4aCHUI



CTaH eHeproeeKTUBHOCTI Ta €KOJIOTiYHOI pe3yJIbTaTUBHOCTI TPAHCIIOPTHUX IIPOLIECIB y Kap'epax. Y3arajbHEeHO
HayKOBI Mifxony 1o nudpoBoro ynpasiiHHS JIOTICTHUKOIO i3 3acTocyBaHHAM cucteM FMS, texnosoriii [oT, Digital
Twin i aIrOpUTMiB MAIIMHHOIO HaBYaHH4 [1JIs IPOTHO3YyBaHHS TEXHIYHOTO CTaHy, BUTPAT IaJIbHOTO Ta BUKUTIB.
BcraHoBIEHO, MO B YKpaiHi Taki iHCTPYMEHTU NIPAKTUYHO HE BUKOPUCTOBYIOTbCSI, XO4a BOHU € KPUTUYHO
BaYXJIMBUMU B YMOBaX IJ106a71bHOi €HepreTHYHOI Ta KJIIMaTUYHOI Kpu3u. Y IpyromMy po3fiiji mpoaHati3oBaHo
crienniky PyHKLIOHYBaHHS MalIMHHO-TPaHCIOPTHUX KOMILJIEKCIB y Kap’epax 00JIMII0BaIbHOTO KaMEHIO.
HaBegneHo neTanbHi XapaKTepUCTUKY TEXHIKY, MapLIPYTiB, reoMeTpii 6J10KiB, Ipo@io NOpPir Ta ce30HHUX yMOB. Ha
OCHOBI JJaHUX KaMe€HeJI00yBHUX NiANPpUEMCTB JKUTOMUPILVHYU BU3HAYEHO, 1110 OCHOBHMMU YMHHUKAMU NAJIMBHO]
HeePEeKTUBHOCT] € 3611blIeHni YXuJl AOpir, HecTabisbHa SKICTb IOKPUTTS, HAMipHI IPOCTOI, TEXHIYHUI CTaH
MalllvH i 110AChKUl daxkTop. BusBieHo, o HepalioHalbHa OpraHisallisi TpPaHCIIOPTHUX MPOLIECiB TPU3BOAUTH 0
CYTT€BUX €KOHOMIYHUX BTPAT i MiJIBULIEHOTO €KOJIOTiYHOTO HAaBAaHTAKEHHSL. Y TPETbOMY PO3Lisli PO3POOIEHO
KOMILJIEKCHY IM(POBY MO/IEJIb IIPOTHO3yBAHHS BUTPAT NaJIbHOTO, CO6IBAPTOCTi TPAHCIIOPTYBAHHS Ta [OB'SI3aHUX
€KOJIOT{YHUX PU3UKIB. MOZlesib BpaxOBye yXUJ, MaCy BaHTaxXy, JOBKUHY MapuIpyTy, KoedillieHT 34elIeHHs], CE30HHi
YMHHUKY W TEXHIYHUI CTaH 06s1afHaHHS. Po3paxyHKku peasnizoBaHo B cepenosuili Google Colab i3 inTerpanieto
pesysbTatiB y Google Sheets. [1n1s Bepudikanii 3actocoBano metpuku MAPE i RMSE, a Tako>X aroputm MallMHHOTO
HaB4yaHHs Random Forest. Exkonoriuauii 610K o1jintoe Bukuau COn, NOn, SOn i PM 3a eMiciiinnmu koeditieHTamu.
PesynbTaru anpobatiii Mmogesi Ha nignpueMcrBax Mexxupinpkoro Ta Kam'ssHOOpiicbKOro pogoBulL, ifATBEpIUIH ii
eeKTUBHICTb: IM(PPpOBa ONTUMI3allisl MapIIPYTIB i rpagikiB TEXOOCIYrOBYBaHHS 3MEHIIYyE BUTPATH MaJIbHOTO 10 31
%, ckopouye Bukuau COn Ha 30-42,5 % i nifgBuiye epeKTUBHICTb BUKOPUCTAHHS TEXHIKU. Y Y€TBEPTOMY PO3/ii
3aIPOIIOHOBAHO LMPPOBUI iIHCTPYMEHTapill yIIPaBJIiHHS €KOJIOTiYHUMU PU3UKaMU TPAaHCIIOPTHUX IPOLECiB, 1110
iHTerpye po3pobsieHny moges i3 margopmamu Tuny MineStar Edge, FMS Ta Digital Twin. Hapano pexomeHnpanii
IIOZ0 BUKOPUCTaHHS [0T-ceHCcOopiB 111 aBTOMAaTHU30BAaHOTO MOHITOPUHTIY Ta aJITOPUTMIB LITYYHOTO iHTEJIEKTY [JIs1
aJarTHBHOIO TIJIAHYBAaHHS MapUIPYTiB i TEXHIYHOTO 06CIyTOBYBaHHS, BIPOBAIKEHHS aJIbTePHATHBHOIO 1aJIbHOTO,
riopugHUx cucteM i enektpudikallii TpaHCcIOpTy. PO3paxoBaHo CcollialbHO-€KOHOMIYHME e(eKT: IiiBULEeHHS
KOHKYPEHTOCIIPOMOSKHOCTI MiZIIPUEMCTB, CTBOPEHHSI HOBUX POO0YMX Miclp y cdepi 1MppOBUX TEXHOJIOTIH Ta
€KOJIOTIYHOT0 ayJIUTY, 3HUKEHHS] PU3KKIB 7151 300POB’ IPaLliBHUKIB, 3pOCTaHHS KOPIIOPATUBHOI €KOJIOTi4HOI
BiAnoBinanpHOCTI. [IpakTYHa 3HAUYLIICTb [10JISIra€ y MOXJIMBOCTI 6€3[10cepelHbOro BIIPOBaIKeHHS U POBOi
MogeJi 17151 NiABUILEHHS] TOYHOCTI IIPOrHO3YBAaHHSI BUTPAT NIaJIbHOI'O, 3MEHIIEHHSI IPOCTOIB i X0JIOCTUX MPOOIriB,
CKOPOYEHHSI BUKU/IB i MiATPUMKY YIIPABIiHCBKUX PillIEHb OO0 JIOTICTUKU Ta TEXHIYHOIO OOCITYrOBYBaHHS.
PesynbTaTt MOXYTh OYTH BUKOPUCTAHI y BUPOOHMYIN [isSIbHOCTI, HAYKOBUX JOCJIiIKEHHSIX i HABYaJIbHOMY IIpOLieci
3a crienjanbHOCTIMU «['ipHKYa cripaBa» Ta «EKosioriuHa 6e3neka», a TakoX y nporpamax nugposisatii ripHU4Y0ro
BMPOOHHULITBA. 3arajioM, AUCepTaLjiliHa poO60Ta € MPKIUCLUIIIHAPHMM JOCIIKEHHSM, 10 NTO€JHY€E €KOJIOTIYHY
6esmexy, udpoBy JIOTICTUKY i ripHNYY iH)KeHepio. Briepie po3po6ieHO ajarTOBaHy 4O YMOB Kap'epiB 6J104HOTO
KaMeHIo IU(dPOBY MOZeJIb YIIPaBJIiHHS TPAHCIIOPTHUMU IIpoliecamy, sika 3a6e3reuye MifBUleHHS
€Heproe(eKTUBHOCTI, 3HDKEHHS BUKU/IIB i TPOTHO30BaHy HAJilHICTh TexHiKU. Pe3yabTaT MalOTh IIPUKJIATHE

3HQYEHHS Ta MOXYTb OYTH BUKOPUCTAHi SIK y BUPDOOHMITBI, TaK i B OCBITHbOMY Ta HAyKOBOMY CEPEJOBUILL.

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 IoT 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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InenTudikarop ORCHID ID: 0000-0002-8376-9020



HoparkoBa 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 HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TeXHIYHMI YHiBepcuTeT "XapKiBChKuii

MOJITEXHIYHNAN iHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: Bys. Kupninyosa, Xapkis, XapkiBcbkuii p-H., 61002, Vkpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEepCUTETCHKUI

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. ITaBnn4yeHKo ApTem BosmoaumMuposuy

2. Artem V. Pavlychenko

KBasigikamis: n. 1. 1., npodecop, 21.06.01
Imentudikarop ORCHID ID: 0000-0003-4652-9180

JoparkoBa indopmamnist:

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-
KEAAAA]

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepcureT "JIHinpoBchka

MOJliTexHika"

Kopg 3a €IPIIOY: 02070743

MicueSHaxo,vieHHﬂ: npocnekT JImutpa SIBopaunpKoro, [JHinpo, JHinpoBcekuil p-H., 49005, Ykpaina
dopma BiracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: MiHictrepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEepCUTETCHKUIL

Penensentu

VIII. 3aKkJII04Hi BiZoOMOCTi

BaacHe IlpizBuime Im's [10-6aTbKOBI TopuammHcbkuit FOpiit Onexcanaposny
rOJIOBH pajgu

Biacue IpizBume Im's I[Io-6aTbKOBI [NopyamuHcbkui FOpiit OsiekcaHnpoBud

TOJIOBYIOYOTO Ha 3acCiiaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

[[Inanaxk Bosogyumup OsekcaHgpoBUY

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



