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Abstract: Research aim - to produce conclusions that will result in the increase of the productivity 

and reduction of specific expense of fuel of tippers, while taking into account the tippers operational 

characteristics at transportation of metallurgical slags and products of their processing.. As a result of 

research the analysis of tippers of BelAZ-7540 exploitation was conducted on a metallurgical 

enterprise in the climactic conditions of southeast of Ukraine,. In addition, factors contributing to the 

efficiency of the tippers use have been distinguished and examined. It was found that the efficiency of 

the use of tippers, namely the studied change of expense of fuel is contingent on the work of tippers. 

Thus, in the process of research, there was the educed periodicity of oscillation of expense of fuel of 

tippers. The application of the research findings is that appropriate procedures are recommended in 

terms of the rational use of fuel, in particular, in the process of determination, planning, setting of 

norms of the necessary amount of fuel, which is one of the most essential and actual tasks for modern 

metallurgical enterprises today. 
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1. Introduction 

Motor transport, in particular, industrial transport of enterprise - the constituent of a transport 

system of Ukraine is important. An industrial transport works in workshops, on open works, prevails in 

careers. He is presented, mainly, by the tippers of different carrying capacity. Dump trucks are used for 

transportation in opencast mines [1]. Him structural subdivisions and transport vehicles provide 

continuity and reliability of production. Worsening of operating indexes of work of tippers in a career 

results in systematic lag of volumes of booty to worsening of the productivity of work of quarry motor 

transport, rising in price of eventual products. Optimization of work of tippers in the routes of 

transportation of metallurgical slags and products of their processing in the conditions of quarry of 

metallurgical enterprise is important direction of scientific and technical progress on a transport. The 

for today operating events of increase of the productivity at transportation of metallurgical slags and 

products of their processing operating of tippers conditions cannot recreate in the conditions of quarry 

of metallurgical enterprise. Energy consumption rises as mines extract ore from deeper levels [2]. 

Fuel consumption of mining dump trucks accounts for about 30% of total energy use in surface 

mines [3]. The "empty idle time" truck was the main contributor to unnecessary fuel consumption [4]. 

Nowadays, there is a strong tendency to optimize—in wide sense—production efficiency, safety of 

operations, environmental impact etc. in mining industry. One can notice in different media that mining 
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industry evolves to be green, intelligent, smart, invisible, safe and effective. Different actions have been 

taken to achieve it. Undoubtedly, transfer of technology to mining industry that covers monitoring 

system, IT solutions, computer aided management systems, automation/robotics, etc. significantly 

helps in modernization of mining industry [5]. 

Vehicle platooning has become important for the vehicle industry. Yet conclusive results with 

respect to the fuel reduction possibilities of platooning remain unclear. The focus in this study is the 

fuel reduction that heavy-duty vehicle platooning enables and the analysis with respect to the influence 

of a commercial adaptive cruise control on the fuel consumption [6]. 

Nowadays and in the near foreseeable future the quarry road transport will be the most common 

in the open-cut mining method. This is due to a range of advantages of open-pit dump trucks usage as 

compared with other types of quarry transport, i.e. autonomy, the possibility of using in any mining 

engineering and climatic conditions etc. [7]. 

Automobile quarry transport, namely heavy tippers, occupy an important place in a transport 

system of industry [8]. Automobile quarry transport has significant advantages over other types of 

transportation, therefore at this stage of open development of deposits it is used most often by 

domestic and foreign miners. The experience of the use of road transport has confirmed its high 

technical and economic performance in certain mining conditions. Due to the release of new 

high-performance large-capacity cars and improvement of their maintenance and repair system, the 

scope of this type of transportation has expanded significantly in recent years (in Ukraine it is 

approximately 60...70% of the total volume of transport). It is known that automobile quarry transport 

has high mobility; it does not depend on external power supplies, which allows it to be used in difficult 

conditions of mineral deposits, during the construction phase of a career, as well as in the development 

of deposits with limited reserves and a short lifetime. By car you can move rocks with different physical 

and mechanical properties; it can overcome the rather steep climb of the highways, which reduces the 

length of the routes and allows you to save on mining costs during the construction of outgoing 

trenches; simplify the process of transportation. A significant disadvantage of road transport is its 

dependence on climatic conditions and the state of highways, which inevitably leads to a decrease in 

traffic volumes during the periods of rains, snowfalls and ice. In addition, its use implies a short 

distance of transportation (3...4 km, and most appropriate for 1.2...1.5 km); in the process of work there 

is a high level of pollination and pollution of the atmosphere by harmful emissions (up to 200 tons per 

year) of exhaust gases due to the high intensity of traffic and limited size of the career; Also, there is a 

low level of staff productivity due to the need to maintain a state of drivers; at the same time, we note 

the relatively high energy consumption of cars and significant operating costs. Currently, in the 

quarries used heavy truck dumpers and trains BelAZ brand with a hydro mechanical and 

electromechanical transmission, load capacity from 27 to 220 tons. Road transport can be used quite 

effectively for the construction of quarries when developing fields with irregular contours, with a 

selective extraction of useful fossil fuels The rational distance of transportation of cargoes cannot 

exceed 3...4 km, therefore the transport will be appropriate in the quarries, which in terms of relatively 

limited size (up to 2.0...2.5 km). Divers of roads can be 80...100%, and the size of the largest radius of 

rotation on the roads can reach 40...50 m, the smallest 8...12 m. The depth of quarries where the road 

transport works usually does not exceed 200...250 m. The prospect of its use in deep quarries may be 

realistic due to combined transport schemes within the CPT, by improving the routes of vehicles in the 

quarry, developing automated control systems for dump trucks, along with excavation excavators [9]. 

2. Literature review 

Unlike other modes of transport, industrial transport is rigidly associated with the technology of 

basic production. Technological transportations by dump trucks of metallurgical slags determine 

extremely stressful working conditions and high expenses of fuel resources, which make up a 

considerable share in the cost of road transport. In addition, the reliability of the transport system of 

the metallurgical enterprise as a whole depends on the efficiency of transport and the quality of fuel 

and its availability. At the same time, there is a problem of increasing productivity and maximally 

accurate valuation and forecasting of fuel consumption by dump trucks during transportation of 

metallurgical slag and products of their processing in the conditions of a metallurgical enterprise 

career. On the basis of estimated numbers of hours for both overnight idling by sleepers and 
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long-duration idling by all size classes during their workdays, the total fuel use by idling trucks is 

estimated to be more than 2 billion gallons per year [10]. The rational use of fuel dump trucks in the 

routes of transportation of metallurgical slag and products of their processing in the conditions of a 

metallurgical enterprise career is an important direction of scientific and technological progress in 

transport. Current measures to increase productivity and reduce fuel consumption when transporting 

metallurgical slags and their products are not well-known and, of course, can not adequately reproduce 

the current conditions for the operation of dump trucks in the conditions of a metallurgical enterprise 

career. The metallurgical industry in the country's economy occupies an important place, being the 

basic industry. 

Modern metallurgical combines are characterized by complex production technology, large 

volumes and assortment of products and, as a consequence, a significant need for iron and other types 

of raw materials. A characteristic feature of the promotion of material flows of such enterprises is that, 

throughout their trajectory, from the receipt of raw materials to the shipment of finished products, they 

necessarily include in their structure transport links [11,12]. 

Large metallurgical enterprises are characterized by complex production technology, large 

volumes of production reaching 5-6 million tons per year, and with their high transport capacity (up to 

10-12 tons) - a significant need for material resources [13]. 

In modern conditions, an open way of developing minerals is characterized by further deepening 

of quarries and, consequently, more stringent requirements for the stability of the operation of the 

transport and technological complex [14]. 

At present, theoretical and scientific-practical ways and measures for increasing productivity and 

reducing fuel consumption of mining dump trucks are considered in many scientific works of domestic 

and foreign scientists. 

The article [15] examines the dependence of dumper performance on technical performance 

indicators and the introduction of cargo monitoring and control systems as one of the ways to increase 

productivity in the mining industry. This paper investigates the factor parameters of the transport 

process of the BelAZ truck dump truck and develops ways to increase the productivity of dump trucks 

under specific conditions of operation. 

In article [16] the peculiarities of transportation of mining mass by automobile quarry transport 

are analyzed. The technical and operational parameters of work of the rolling stock on the route that 

influence the transport process are determined. It was established that the technological process of 

transportation of mined weight has a high level of mechanization, which, in turn, requires the 

organization and planning of transportation in order to effectively use it. 

The article [17] investigates the performance of dump trucks and increases their productivity in 

the conditions of the field of migmatites. According to the author, one of the important factors in 

improving the efficiency of the use of dump trucks is the status of quarry roads. The state of the quarry 

roads directly affects their performance. On the basis of graphical and analytical dependencies, we 

obtained indicators that allow us to determine the ways of increasing the productivity of dump trucks 

in the conditions of the Stryzhavsky deposit of migmatites. 

This paper discusses the fuel economy question with respect to road geometry data and future 

speeds, a condition that can be determined for an autonomous haulage system with relative ease [18]. 

This paper a new raster‐based GIS model that combines multi‐criteria evaluation and least‐cost 

path analysis was developed to determine the optimal haulage routes of dump trucks in large scale 

open‐pit mines [19]. 

3. Research methods 

The study of the transport process of transport of metallurgical slag by dump trucks was carried 

out on the basis of existing statistical information. The method of complex systematization of statistical 

information was used. Namely, the collection of primary statistical material through the registration of 

facts; construction and grouping of collected data during statistical observation of primary data by 

dividing them into certain groups or classes on one or more grounds; analysis of consolidated data 

based on generalized synthetic indicators in the form of absolute, relative or average values; on the 

basis of analytical indicators. The mentioned method was used in article [15, 29, 3, 24]. 
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4. Research of parameters of a transport process of transportations of metallurgical slag 

Automobile career transport has become widespread in the open development of mining 

industries around the world. The use of motor transport in mining affirms its high technical and 

economic performance when used in difficult conditions: deep or complex deposits of minerals, the 

development of deposits with limited resources (with a limited size in the plan of up to 2.5 km) or a 

short lifetime [20]. Dump trucks today are the main means of transport for the extraction of rock mass 

from quays in mining, delivery of rocks for the construction of tailings dams at iron ore mines and for 

the transport of slags in metallurgical enterprises [21]. The mining industry provides more than 80% of 

material and energy resources necessary for mankind [22]. 

Due to its advantages, road transport is widely used in various mining conditions practically on 

most enterprises of the mining industries of Ukraine, other countries of the former USSR, as well as all 

developed countries of the world. At the iron ore quarries of Ukraine, motor transport has become the 

most widespread: it carries about 60...70% of the entire mining mass. The volume of these 

transportation at large mining and processing enterprises of Ukraine and Russia makes 30...130 million 

tons each year. In particular, in Ukraine, iron ore quarries transport 50...125 million tons of cargo 

annually. The use of automobile quarry transport is a technological process for the transfer of mining 

mass from quarries by dump trucks, in combination with reloading points to reception facilities of 

concentrating factories or in dumps. As has been noted more than once, this type of transport is 

characterized by high maneuverability of rolling stock, and cars are able to overcome steep slopes to a 

slope of 80...100% at a fairly high speed, which results in a significant reduction in the length of 

transport communications, in addition to increasing the productivity of excavators on 15...25% in 

comparison with work in the scheme of rail transportation, thanks to reduction of downtime in 

anticipation of loading. Under these conditions, the process of transportation is simplified due to the 

less complexity and the possibility of reducing the area of dump truсks; and also it is possible to 

provide high speed management of rolling stock. In the meantime, when using road transport, it is 

necessary to take into account its negative characteristics, which include restrictions on the rational 

distance of transportation to 3 ... 4 km; the dependence of the operation of roads and rolling stock on 

climatic conditions; high level of dustiness and environmental pollution in conditions of high traffic 

intensity and limited size of a career; low labor productivity, due to the need for a large number of 

drivers; high energy intensity, considerable expenses for operation and repair of rolling stock and 

highways, and therefore, relatively high cost of transportation [9]. 

The rolling stock of vehicles is usually estimated according to the following technological 

parameters: 

- Load-carrying capacity (t), that is, the maximum weight of the load that the tool maintains in 

terms of structural strength (dump trucks with a load capacity of 10 to 180 tons and more, but often 

75...120 tons); 

- geometric capacity of the body (m3), which ensures maximum use of lifting capacity;  

- This parameter distinguishes machines for small and medium cargo (the bulk density of the 

breed is 1.0...1.2 t/m3), as well as heavy duty vehicles (1.75...2.0 t/m3); 

- utilization rate of the container, which is the ratio of the vehicle's own weight to its load-carrying 

capacity(in modern dump trucks with hydro mechanical transmission it equals 0.7...0.77, and with 

electromechanical transmission - 0.71...0.85); 

- Specific power (kW/t), that is, the ratio of engine power to the full weight of the vehicle, reflects 

the traction properties or the ability of an dumper to overcome resistance to movement in different 

road conditions (in modern cars is 5...6 kW/t); 

- speed (V=25...35 km/h, maximum up to 60 km/h); 

- normalized braking distance (lg=16 m, if V=30 km/h); 

- fuel consumption (from 140 to 700 liters per 100 km of run); 

- minimum radius of the curve (10...12 m). The concept of the effectiveness of road transport gives 

the following main characteristics of this type of transport: - volume of transportation, million 

tons/year; 

- Annual volume of transportation in recalculation on one registered dump (in the quarries of 

Ukraine it is 1.5...3.0 million tkm); 
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- average annual mileage, which, depending on mining conditions, fluctuates within 20...60 

thousand km; 

- coefficient of using the fleet of cars, the value of which is determined by the level of organization 

of work and repair of dump trucks (is in the range 0.2...0.8) [9]. 

Road haulage is considered to be effective under the following conditions: during the development 

of quarries, in particular, in the development of fields with irregular contours of limited size in the plan 

(2.0...2.5 km), as well as during selective extraction of minerals. At the same time, the annual volume of 

transportation may exceed 80 million tons; the rational length of transportation is 3...4 km, the depth of 

the quarries is 200...300 m. The further development of motor vehicles is associated with the use of 

large-capacity cars, increasing their reliability and service life, improving roads and systems of 

technical exploitation [9]. 

Dump trucks are one of the main means of transportation of metallurgical slags and their 

processing products. To date, dump trucks have become widespread in the quarries of metallurgical 

enterprises. This is primarily due to its high technical and operational performance in difficult 

operating conditions. When transporting and producing hot-metal metal in which the BelAZ-7540 

dump trucks are used, they determine extremely stressful operating modes with high resource costs. In 

the system of PJSC "Mariupol Metallurgical Combine them. Ilyich "the park of dump trucks BelAZ-7540 

works on 18 different routes, differing among themselves conditions of a transport process. 

For transportation of slag it is the most stressful conditions and often forced work determined by 

the instability of physical and chemical properties of the cargo, the distance of cargo, the distance of 

transportation from 5 to 17 km, the daily volume of transportation from 850 to 2500 tons, the intensity 

of traffic to 16 trips per day. A similar situation exists in many other metallurgical enterprises. In the 

conditions of metallurgical enterprises, the organization of work of dump trucks career dump is built in 

accordance with the interests of industrial material flow, coordinated interaction with the rhythm of 

shops and units, with work in difficult environment transport and logistics system [23]. The mining 

operations of loading and haulage have an energy source that is highly dependent on fossil fuels [24]. It 

is possible to substantially increase the productivity of mining equipment by improving the system of 

maintenance and repair, which will reduce the length of time of cars in the repair zone [25]. 

The efficiency of the use of quarry transport depends on various factors that determine the 

parameters of the machine, which can be attributed [25, 26]: climatic conditions (temperature and 

humidity of the ambient air, wind speed), productivity of the enterprise, distance of transportation, 

relief, the type and quality of the road surface, the type of lorry, the type of cargo and its characteristics, 

the condition of the repair base, the speed modes of the machine, the type and age of the machine [28]. 

The productivity of a quarry dumper primarily depends on the speed of their movement and load 

capacity [29]. 

To date, the question remains about the production of innovative models of dump trucks that will 

meet the conditions of transportation of rock mass in quarries. 

In this work, climatic conditions and their impact on fuel consumption of dump trucks were 

investigated. 

In Figure 1-3 shows the dynamic series of climatic conditions of dump truck operation in the 

conditions of the southeast of Ukraine. 
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Figure 1. Dynamic row of monthly mean values of ambient temperature. 

 

 

Figure 2. Dynamic row of monthly mean values of atmospheric air pressure. 

 

 

Figure 3. Dynamic row of monthly mean values of absolute humidity. 
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On Figure 4-9 dynamic rows over of climatic external of tippers environments are brought in the 

conditions of southeast of Ukraine. 

 

  
 

Figure 4. Dynamic row of average monthly 

values of ambient temperature and overrun 

of fuel in a cold period. 

 

 

Figure 5. Dynamic row of average monthly 

values of ambient temperature and overrun 

of fuel in a warm period. 

 

  

Figure 6. Dynamic row of average monthly 

values of atmospheric pressure and overrun of 

fuel in a cold period. 

Figure 7. Dynamic row of average monthly 

values of atmospheric pressure and overrun 

of fuel in a warm period. 

 

  

Figure 8. Dynamic row of average monthly 

values of absolute humidity and overrun of 

fuel in a cold period. 

Figure 9. Dynamic row of average monthly 

values of absolute humidity and overrun of 

fuel in a warm period. 
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5. Discussion of the results 

The study produced the following results. The territory of the southeast of Ukraine is 

characterized by the following climatic conditions (Figure 1-8). The average annual temperature is 11 

degrees Celsius, and the warmth of the year is only 6 months: April May, June, July, August, and 

September, where the warmest month is August, and the remaining months are the cold season. The 

average annual atmospheric pressure is 749.9 mm Hg. The average annual atmospheric humidity is 

7.44 g/m3. In cold period, excessive fuel consumption than in warm period. In cold period, the average 

monthly fuel consumption was - 9.27%. In warm period, the average monthly fuel consumption was - 

4.9%. 

References 

1. Lalit Kumar Sahoo; Santanu Bandyopadhyay; Rangan Banerjee. Benchmarking energy consumption for dump 

trucks in mines. Applied Energy, January, 2014, 1382-1396. https://doi.org/10.1016/j.apenergy.2013.08.058 

2. Michelle Levesque; Dean Millar; Jacek Paraszczak. Energy and mining – the home truths. Journal of Cleaner 

Production 2014, 1 (December), 233-255. https://doi.org/10.1016/j.jclepro.2013.12.088 

3. Elnaz Siami-Irdemoosa; Saeid R. Dindarloo. Prediction of fuel consumption of mining dump trucks: A neural 

networks approach. Applied Energy 2015, 1, August, 77-84. https://doi.org/10.1016/j.apenergy.2015.04.064 

4. Saeid R.Dindarloo; ElnazSiami-Irdemoosa. Determinants of fuel consumption in mining trucks. Energy 2016, 

1, October, 232-240. https://doi.org/10.1016/j.energy.2016.06.085 

5. Pawel K. Stefaniak. Multidimensional Signal Analysis for Technical Condition, Operation and Performance 

Understanding of Heavy Duty Mining Machines. Springer International Publishing Switzerland 2016, 

197-210. https://doi.org/10.1007/978-3-319-20463-5_15 

6. Assad Al Alam; Ather Gattami; Karl Henrik Johansson. Study on the Fuel Reduction Potential of Heavy Duty 

Vehicle Platooni. 13th International IEEE Conference on Intelligent Transportation Systems (September, 

19-22), Funchal, Portugal, 2010. https://doi.org/10.1109/ITSC.2010.5625054 

7. Burmistrov, K.V.; Osintsev, N.A.; Shakshakpaev, A.N. Selection of Open-Pit Dump Trucks during Quarry 

Reconstruction. Procedia Engineering 2017, 206, 1696-1702. https://doi.org/10.1016/j.proeng.2017.10.700 

8. Kreіsman, V.A.; Monastyrsky, Y.A.; Vesnin, A.A.; Galchenko, A.V. Analysis of mining technical conditions of 

operation and modes of hauling truck dump trucks in the Krivoy Rog region's quarries. News of the 

Automobile and Road Institute 2012, 1(14), 115-119. https://elibrary.ru/item.asp?id=28802346 

9. Shirin, L.N.; Pygunov, O.S.; Denischenko, O.V. Transportation complexes of quarries. Ministry of Education and 

Science of Ukraine: Dnipropetrovsk, 2015; 238. 

10. Linda Gaines; Anant Vyas; John L. Anderson. Estimation of Fuel Use by Idling Commercial Trucks. 

Transportation Research Record (January) 2006, 1, 91-98.https://doi.org/10.1177%2F03611981061983001

13. 

11. Parukyan, V.E. Modern state and possible ways of enhancing the efficiency of material traffic management. 

SWorld 2016 (December), 20-27. https://www.sworld.com.ua/konfer45/74.pdf 

12. Aulin, V.; Lyashuk, O.; Pavlenko, O.; Velykodnyi, D.; Hrynkiv, A.; Lysenko, S.; Vovk, Y.; Sokol, M. Realization of 

the Logistic Approach in the International Cargo Delivery System. Communications-Scientific Letters of the 

University of Zilina 2019; 21(2), 3-12. 

13. Parukyan, V.E.; Maslak, A.V. Increasing the efficiency of interaction between production and transport in the 

process of materials handling of metallurgical enterprises. Bulletin of the Azov State Technical University 

2017, 35, 237-244. https://cyberleninka.ru/article/n/povyshenie-effektivnosti-vzaimodeystviya-proizvodstv

a-i-transporta-v-protsesse-materialodvizheiya-metallurgicheskih-predpriyatiy 

14. Stepankina, I.B. Modeling of the car-conveyor complex of a career. Kryvy Rih national university 

Interuniversity collection "Scientific notes" 2016, 55, 392-396. 

http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?C21COM=2&I21DBN=UJRN&P21DBN=UJR

N&IMAGE_FILE_DOWNLOAD=1&Image_file_name=PDF/Nn_2016_55_78.pdf 

15. XIV International Scientific Internet Conference ADVANCED TECHNOLOGIES OF SCIENCE AND EDUCATION 

(19-21.04.2018) Available online: http://intkonf.org/dots-chaplinskiy-vs-stud-kirbuyuk-gv-doslidzhennya-fa

ktornih-parametriv-transportnogo-protsesu-karernih-samoskidiv-simeystva-belaz-ta-shlyahi-pidvischennya-

yih-produktivnosti/ (accessed on 18 April 2018). 

https://iccpt.tntu.edu.ua/
https://www.sciencedirect.com/science/article/pii/S0306261913007022#!
https://www.sciencedirect.com/science/article/pii/S0306261913007022#!
https://www.sciencedirect.com/science/article/pii/S0306261913007022#!
https://www.sciencedirect.com/science/journal/03062619
https://doi.org/10.1016/j.apenergy.2013.08.058
https://www.sciencedirect.com/science/article/pii/S095965261400078X#!
https://www.sciencedirect.com/science/article/pii/S095965261400078X#!
https://www.sciencedirect.com/science/article/pii/S095965261400078X#!
https://www.sciencedirect.com/science/journal/09596526
https://www.sciencedirect.com/science/journal/09596526
https://doi.org/10.1016/j.jclepro.2013.12.088
https://www.sciencedirect.com/science/journal/03062619
https://doi.org/10.1016/j.apenergy.2015.04.064
https://www.sciencedirect.com/science/article/abs/pii/S0360544216308593?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0360544216308593?via%3Dihub#!
https://www.sciencedirect.com/science/journal/03605442
https://doi.org/10.1016/j.energy.2016.06.085
https://doi.org/10.1007/978-3-319-20463-5_15
https://ieeexplore.ieee.org/author/37299769700
https://ieeexplore.ieee.org/author/37299769700
https://ieeexplore.ieee.org/author/37299769700
https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5610907
https://doi.org/10.1109/ITSC.2010.5625054
https://www.sciencedirect.com/science/journal/18777058
https://www.sciencedirect.com/science/journal/18777058/206/supp/C
https://doi.org/10.1016/j.proeng.2017.10.700
https://elibrary.ru/item.asp?id=28802346
https://journals.sagepub.com/author/Gaines%2C+Linda
https://journals.sagepub.com/author/Vyas%2C+Anant
https://journals.sagepub.com/author/Anderson%2C+John+L
https://doi.org/10.1177%2F0361198106198300113
https://doi.org/10.1177%2F0361198106198300113
https://www.sworld.com.ua/konfer45/74.pdf
https://cyberleninka.ru/article/n/povyshenie-effektivnosti-vzaimodeystviya-proizvodstva-i-transporta-v-protsesse-materialodvizheiya-metallurgicheskih-predpriyatiy
https://cyberleninka.ru/article/n/povyshenie-effektivnosti-vzaimodeystviya-proizvodstva-i-transporta-v-protsesse-materialodvizheiya-metallurgicheskih-predpriyatiy
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?C21COM=2&I21DBN=UJRN&P21DBN=UJRN&IMAGE_FILE_DOWNLOAD=1&Image_file_name=PDF/Nn_2016_55_78.pdf
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?C21COM=2&I21DBN=UJRN&P21DBN=UJRN&IMAGE_FILE_DOWNLOAD=1&Image_file_name=PDF/Nn_2016_55_78.pdf
http://intkonf.org/dots-chaplinskiy-vs-stud-kirbuyuk-gv-doslidzhennya-faktornih-parametriv-transportnogo-protsesu-karernih-samoskidiv-simeystva-belaz-ta-shlyahi-pidvischennya-yih-produktivnosti/
http://intkonf.org/dots-chaplinskiy-vs-stud-kirbuyuk-gv-doslidzhennya-faktornih-parametriv-transportnogo-protsesu-karernih-samoskidiv-simeystva-belaz-ta-shlyahi-pidvischennya-yih-produktivnosti/
http://intkonf.org/dots-chaplinskiy-vs-stud-kirbuyuk-gv-doslidzhennya-faktornih-parametriv-transportnogo-protsesu-karernih-samoskidiv-simeystva-belaz-ta-shlyahi-pidvischennya-yih-produktivnosti/


ICCPT 2019: Current Problems of Transport https://iccpt.tntu.edu.ua 

‹ 119 › 

16. Moroz М. М.X Organization of transportation of rock mass at PJSC "Kremenchug Quarry Management Quartz". 

Modern resource-saving technologies of mining production 2014, 1(13), 171-180. 

http://www.kdu.edu.ua/GV_jurnal/GV_2_2014(14)/171.pdf 

17. Anisimov, O.O.; Dovgalyuk, I.A. Research of indicators of career dump trucks and increase their productivity 

in the conditions of the Stryzhavsky field of migmatites. Collection of scientific works of the National Mining 

University 2015, 49(5), 25-31. http://nbuv.gov.ua/UJRN/znpngu_2015_49_5 

18. Ehsan Esfahanian; John A. Meech. Hybrid Electric Haulage Trucks for Open Pit Mining. IFAC Proceedings 2013, 

(16), 104-109. https://doi.org/10.3182/20130825-4-US-2038.00042 

19. Yosoon Choi; Hyeong-Dong Park; Choon Sunwoo; Keith C. Clarke. Multi‐criteria evaluation and least‐cost path 

analysis for optimal haulage routing of dump trucks in large scale open‐pit mines. International Journal of 

Geographical Information Science 2008, 12, 1541-1567. 

20. Boyko, Y.O.; Danilenko, R.S. Investigation of factor parameters of dump trucks and ways of optimization of 

their productivity and cost of transportation in the conditions of the GOK. All-Ukrainian Scientific and 

Technical Conference «Essential trends in the development of mechanical engineering and transport» 

(November, 9-11), Kremenchug: Ukraine, 2016, 65-67. http://tmash.kdu.edu.ua/sites/conference/files/mate

rials.pdf#page=66 

21. Monastirsky, Y.A.; Galchenko, A.V.; Vivcharyk, A.S. Analysis of parks of career accounts of enterprises of the 

central part of Ukraine. Bulletin of the NTU "KhPI" 2014, 9(1050), 38-42. 

http://repository.kpi.kharkov.ua/handle/KhPI-Press/7064 

22. Koptev, V.Yu.; Kopteva, A.V. Structure of energy consumption and improving open-pit dump truck efficiency. 

Earth and Environmental Science 2017, 1-5. https://doi.org/10.1088/1755-1315/87/2/022010 

23. Pomazkov, M.V. Providing resource-saving dump trucks in the routes of utilization of metallurgical slags and 

sludge. Abstract of diss. cand. tech. sciences, Priazovsky State Technical University, Mariupol, 26.09.2011.  

24. Monastyrskiy, Y.A.; Serebrenikov, V.M.; Potapenko, V.V. System approach as a method of studying the 

operation of mining dump trucks. Bulletin of the NTU "KhPI" 2015, 9(1118), 38-44. 

http://repository.kpi.kharkov.ua/bitstream/KhPI-Press/14921/1/vestnik_HPI_2015_9_Monastyrskyi_Syste

mnyi.pdf 

25. Kuznetsov, S.R. Justification of the rational speed of the career dump trucks in the mode of fuel efficiency 

based on the optimization of engine traction and speed characteristics. Diss. сand. tech. sciences, National 

Mineral Resources University "Gorny", St. Petersburg, 2014. 

26. Ishkov, A.M.; Kuzminov, M.A.; Zudov, G.Yu. Theory and practice of reliability of equipment in the conditions of 

the North. YF "Publishing House of the SB RAS": Yakutsk, 2004; 313. 

27. Bochkarev, Yu.S.; Vikulov, M.A.; Ishkov, A.M.; Sedalischev, I.I. Research of the exploitation of dump trucks 

BelAZ-7540 in condition of the north. Mountain Information and Analytical Bulletin (scientific and technical 

journal) 2015, 151-157. https://cyberleninka.ru/article/v/issledovanie-ekspluatatsii-avtosamosvalov-belaz-

7540-v-usloviyah-severa 

28. Bondarenko, L.A. Comparative estimation of efficiency of operation of career dump trucks on the experience 

of transportation of rocks. Scientific Bulletin of the Kherson State University 2015, 12(1), 76-80. 

http://www.ej.kherson.ua/journal/economic_12/economic_12_1.pdf#page=76 

29. Vagonova, O.G.; Bondarenko, L.A. Methodical approach to the formation of competitive advantages of career 

dump trucks on the basis of their technical parameters. Economics Bulletin Industrial Economics 2015, 3, 

83-91. 

https://iccpt.tntu.edu.ua/
http://www.kdu.edu.ua/GV_jurnal/GV_2_2014(14)/171.pdf
http://nbuv.gov.ua/UJRN/znpngu_2015_49_5
https://www.sciencedirect.com/science/article/pii/S1474667016312939#!
https://www.sciencedirect.com/science/article/pii/S1474667016312939#!
file:///D:/Dropbox/ICCPT%202019/Abstracts/статті/3.%20Improvement%20of%20technologies%20of%20transport%20processes%20and%20traffic%20safety%20-%20(Вовк%20Ю.Я.)_Надія/Форматовані/IFAC%20Proceedings
https://doi.org/10.3182/20130825-4-US-2038.00042
https://www.tandfonline.com/author/Choi%2C+Yosoon
https://www.tandfonline.com/author/Clarke%2C+Keith+C
https://www.tandfonline.com/toc/tgis20/23/12
http://tmash.kdu.edu.ua/sites/conference/files/materials.pdf#page=66
http://tmash.kdu.edu.ua/sites/conference/files/materials.pdf#page=66
http://repository.kpi.kharkov.ua/handle/KhPI-Press/7064
https://doi.org/10.1088/1755-1315/87/2/022010
http://repository.kpi.kharkov.ua/bitstream/KhPI-Press/14921/1/vestnik_HPI_2015_9_Monastyrskyi_Systemnyi.pdf
http://repository.kpi.kharkov.ua/bitstream/KhPI-Press/14921/1/vestnik_HPI_2015_9_Monastyrskyi_Systemnyi.pdf
https://cyberleninka.ru/article/v/issledovanie-ekspluatatsii-avtosamosvalov-belaz-7540-v-usloviyah-severa
https://cyberleninka.ru/article/v/issledovanie-ekspluatatsii-avtosamosvalov-belaz-7540-v-usloviyah-severa
http://www.ej.kherson.ua/journal/economic_12/economic_12_1.pdf#page=76

	1. Introduction
	2. Literature review
	3. Research methods
	4. Research of parameters of a transport process of transportations of metallurgical slag
	5. Discussion of the results
	References

