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Abstract. The results of a theoretical study evaluating the effectiveness of 
using Uzbek diesel locomotives of the UzTE16M3 series during the non-
stop movement of freight trains on the hilly-mountainous high-speed 
section Marokand - Kattakurgan of the Uzbek railway are presented. The 
reference point for the implementation of this assessment was the 
mathematical model of the movement of a freight train developed by the 

authors and the algorithm for performing traction calculations, which are 
prerequisites for substantiating the numerical values of the parameters of 
the logistic indicators for the process of railway transportations of goods in 
real conditions of the organization of operation. The authors obtained the 
parameters of logistics indicators in the form of numerical tabular values 
and graphical dependencies, and the corresponding regression equations 
were proposed to calculate the indicators of transport logistics. The data 
obtained by the authors can be used by specialists of the locomotive depots 

"O'zbekiston temir yo'llari" JSC, whose production activities are related to 
the issues of forecasting and normalizing the consumption of full-scale 
diesel fuel by diesel locomotives on the hilly-mountainous, of hi high-
speed sections of the Uzbek railways. 

1 Introduction 

At present, the high-speed passenger railway of Uzbekistan, with a total length of 741 km, 

consisting of three high-speed sections Tashkent - Samarkand, Samarkand - Karshi, and 

Samarkand - Bukhara, is served by six «Afrosiyob» electric trains and passes through seven 

regions of the republic, connecting such largest cities like Tashkent, Samarkand, Bukhara, 

Karshi and Navoi. 

In addition, at the indicated high-speed sections of the railway industry of Uzbekistan, 
passenger and freight rail transportation are carried out by diesel and electric locomotives in 

various sectional designs. 

At the current time, "O'zbekiston temir yo'llari" JSC has actively replenished the 

operated fleet of the locomotives diesel traction through the implementation of a phased 

deep modernization of several existing mainline (train) freight diesel locomotives of the 

TE10M series by replacing the 10D100 diesel engine with a "new" progressive diesel 

engine 1A-5D49 PA "Kolomensky Diesel Locomotive Plant" [1]. 
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Analysis of the data [2] shows that approximately 52.6 percent of all sections of the 

operated locomotives of Uzbekistan Temir Yollari JSC are mainline (train) freight 

locomotives of diesel traction in various sectional designs, while about 30.0 percent are 

three-section diesel locomotives UzTE16M3 with V-shaped types of diesel. 

Research on improving the efficiency of locomotives of electric and diesel traction in 

real conditions of organizing various types of traffic on high-speed sections of railways is 

the primary task of the energy efficiency of the mainline traction rolling stock of the 

locomotive fleet on these sections of railways. 

The foregoing is solved with the help of complex measures and recommendations by 

finding ways and opportunities to implement the mentioned efficiency based on various 

organizational-technical, constructive, technical, and technological developments.  

2 Objects and methods of research 

The analysis of scientific studies of scientists from far abroad [3-15], carried out by the 

author [16, 17] for traction diesel and electric rolling stock, including high-speed ones, 

indicates that in modern theoretical studies, only a few of them take into account the 

implementation of one of the components associated with increasing the efficiency of 

railway transportation of locomotives and of the transportations process of railway 

transportation of goods. 

Indeed, only in works [6,7,15] various technical and design-technological solutions are 

substantiated and recommended in the practice of operating the locomotive depot - 

enterprises of the railway network, ensuring, as far as possible, prudent consumption of 
diesel fuel and electric energy spent on the implementation of rail transportation of goods, 

primarily by diesel locomotives and hybrid (mixed) traction locomotives. 

The studies of Uzbek scientists [18-20] are devoted to developing new technological 

methods for smelting and out-of-furnace processing, in particular, improving the process of 

refining and modifying structural alloyed steel 20GL in a steel-pouring ladle using rare 

earth metals and solid slag mixtures. Here, the authors show that high manganese steel 

20GL is recommended for producing cast critical casting elements that can work with 

significant requirements for wear and resistance to impact, abrasive, and shock-abrasive 

variable loads at high specific static pressures. These specified blanks are widely used to 

produce parts and metal structures intended for railway transport, taking into account their 

operation in areas with sub-zero temperatures, including quite high ones. 
The authors of [18–20] proved that the treatment of this steel, preliminarily deoxidized 

with aluminum, silicocalcium, and rare earth metals, significantly improves its mechanical 

properties. In this case, there is a decrease in the content of oxygen and sulfur by reducing 

the amount of oxide and sulfide inclusions in the metal. Also, introducing rare earth metals 

allowed the authors to obtain high-manganese steel 20GL with a significantly lower sulfur 

content, total oxygen, and non-metallic inclusions and provide an almost twofold increase 

in the level of mechanical properties. 

Further, based on the results of studies [18-20], considering thermal hardening, the 

authors of [21] developed a technological process for producing cast critical elements of 

automatic coupling devices of locomotives, passenger and freight of railway cars. 

In addition, studies [3-15,18-21] are in no way interconnected with the substantiation of 

the logistics indicators of the transportation process of freight trains and the transportation 
work of diesel traction locomotives in real operating conditions. It also does not reflect the 

issues of studying the efficiency of using traction rolling stock, including diesel, on sections 

of Uzbek railways, including high high-speed ones, considering the degree of complexity of 

their track profile. 
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To study the efficiency of using diesel locomotives of diesel traction in various 

operating conditions on high-speed railway sections, it is possible and necessary to use the 

main logistical indicators of transport energy - the technical speed of freight trains, the 

amount and cost of diesel fuel, which is consumed for train tractions. The above should be 

attributed (added) to the time of movement of a freight train in the study area under 

different operating modes of the diesel generator set of the diesel locomotive. 

The present studies continue the works [1,2] and are devoted to the study of the 

transportations work of three-section freight diesel locomotives of the UzTE16M3 when 

they drive freight trains under real operating conditions of a given (accepted by the authors) 

of section high-speed railway track Marokand – Kattakurgan of the railway industry of 

Uzbekistan. 
The purpose of this work is to perform numerical calculations to determine the main 

logistical indicators of transport logistics for the movement of the object of study without 

stops on the real section of the Uzbek railway in the form of tabular data, graphical 

dependencies, and regression equations for their calculations in quantitative and monetary 

terms. 

To carry out this study, the author [16] developed an appropriate algorithm for 

performing traction calculations, for the implementation of which a mathematical model of 

the movement of a freight train [17] was used as the initial data, which was the object of 

study, taking into account the subject of study [22]. 

The object of the study is the Uzbek diesel locomotives of the UzTE16M3 series with 

freight trains of different compositions masses, as well as the high-speed section Marokand 

- Kattakurgan of the Uzbek railway, belonging to the hilly-mountainous profile of the track. 
The subject of the study - is the logistical indicators of the non-stop transportation 

process of freight trains and the efficiency of using the studied locomotives of diesel 

traction on a high-speed railway section in quantitative and cost (monetary) terms. 

The design features, traction, and energy characteristics of the UzTE16M3 of diesel 

locomotives are described in detail in [17], and a detailed description of the straightened 

track profile of the hilly-mountainous, high high-speed section of Marokanda - Kattakurgan 

is given in the study [22]. 

3 Results and their discussion 

Table 1 shows the indicators of transport logistics during the non-stop movement of freight 
trains on the hilly-mountainous high-speed section Marokand - Kattakurgan of «Uzbekistan 

Temir Yollari» JSC. 

In the same table, taking into account with studies [23], the average values of the 

logistic parameters are calculated, calculated for two types of movement of freight trains 

and transportation work of diesel locomotives UzTE16M3 on the Marokand - Kattakurgan 

section for the accepted range of changes in the compositions mass of freight trains. 
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Table 1. The main indicators of transport logistics on the high-speed 
section Marokand – Kattakurgan, UzTE16M3 diesel locomotives 
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Movement without stops 

Marokand – Juma haul, L = 8.75 km 

1 3500 200 67.65 8.12 5.31 2.81 

2 3000 200 64.26 8.17 4.41 3.76 

3 2500 200 67.13 7.82 4.31 3.51 

Averages values 665.35 8.04 4.67 3.37 

Dzhuma - Nurbulak haul, L = 29.00 km 

1 3500 200 76.75 22.67 5.11 17.56 

2 3000 200 77.96 22.32 4.86 17.46 

3 2500 200 79.02 22.02 4.56 17.46 

Averages values 77.91 22.33 4.84 17.49 

Nurbulak – Kattakurgan haul, L = 24.00 km 

1 3500 200 69.83 20.62 4.61 16.01 

2 3000 200 67.23 21.42 4.51 16.91 

3 2500 200 68.83 20.92 4.26 16.66 

Averages values 68.63 29,99 4,46 16,53 

Marokand – Kattakurgan section, L = 61.75 km 

1 3500 200 72.07 51.41 15.03 36.38 

2 3000 200 71.37 51.91 13.78 38.13 

3 2500 200 72.59 51.04 13.41 37.63 

Averages values 72.01 51.45 14.07 37.38 

Averaged values for two (both) types of movement 

Marokand - Kattakurgan section, L = 61.75 km 

1 3500 200 66.25 55.92 17.68 38.24 

2 3000 200 66.77 55.49 16.36 39.13 

3 2500 200 68.22 54.31 15.48 38.83 

Averages values 67.08 55.24 16.51 38.73 
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Continuation of table No. 1. 
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Movement without stops 

Marokand – Juma haul, L = 8.75 km 

1 121.98 38.32 54.80 215.96 23.74 

2 101.97 37.37 53.44 180.53 19.85 

3 99.81 43.90 62.78 176.71 19.43 

Averages 
values 

107.92 39.86 57.01 191.07 21.01 

Dzhuma - Nurbulak haul, L = 29.00 km 

1 127.62 12.79 18.29 225.94 7.924 

2 121.89 14.24 20.38 215.80 7.568 

3 115.10 16.15 23.09 203.78 7.147 

Averages 
values 

121.54 14.39 20.59 215,17 7,546 

Nurbulak – Kattakurgan haul, L = 24.00 km 

1 115.23 13.63 19.49 204.01 8.445 

2 113.59 15.67 22.41 201.10 8.325 

3 107.75 17.84 25.51 190.76 7.897 

Averages 

values 
112.12 15.71 22.47 198.62 8.222 

Marokand – Kattakurgan section, L = 61.75 km 

1 364.83 16.87 24.13 645.91 10.457 

2 337.45 18.21 26.04 597.44 9.673 

3 364.83 16.87 24.13 645.91 10.457 

Averages 
values 

341.65 18.66 26.68 604.87 9.793 

Averaged values for two (both) types of movement 

Marokand - Kattakurgan section, L = 61.75 km 

1 426.61 19.73 28.22 755.29 12.228 

2 397.32 21.44 30.66 703.44 11.389 

3 377.29 24.43 34.94 667.98 10.815 

Averages 

values 
400.41 21.87 31.27 708.90 11.477 

 

The methodology for evaluating the effectiveness of the studied UzTE16M3 diesel 
locomotives carried out in the implementation of rail transportation of different ways and 

types of cargo in freight movement on a given, high-speed railway section Marokand - 
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Kattakurgan provided for a comparison between themselves of the average and averaged 

values of the above-mentioned indicators of transport logistics. 

Analysis of the data in Table 1 on the average values in kinematic and energy of the 

main logistics indicators of transport logistics of the above object of study in real operating 

conditions suggests the following: 

- the changes in kinematic (speed movement) and energy (diesel fuel consumption) 

indicators of transport logistics of the transportation process directly depend on the 

organization of railway transportation of goods - without stops or with stops of freight 

trains at intermediate stations of the section and does not depend on the type, content, and 

structure of the transported cargo; 

- an increase in the operating time of a diesel generator set under load provides an 
increase in diesel fuel consumption along the route, which is reduced (decreases) during 

operation (operation) of a diesel engine in idling mode; 

- with an increase in the composition mass of a freight train, there is an increase in the 

amount and in the cost of consumed diesel fuel; 

- with a decrease in the composition mass of the freight train and the operating time of 

the diesel locomotive under study in the traction mode, the mechanical work of the forces 

acting on the freight train decreases; 

- the mechanical work of forces on a freight train decreases with an increase in the 

operating time of the diesel generator set of the diesel locomotive under study in modes 

idling; 

- an increase in the load on the axles of wheel sets of freight trains and the volume of 

transportation work performed by the studied diesel locomotives will undoubtedly provide 
an increase in the efficiency of rail transportation, which does not depend on the structure 

of the transported cargo and of the view of the movement of freight trains; 

- each subsequent decrease in a certain fixed number of cars in a freight train 

contributes to an increase and decrease, respectively, in the specific consumption of diesel 

fuel and cash costs per trip; 

- with a decrease in the mass of freight trains, the total and specific cost of freight rail 

transportation increases. 

Similarly to studies [1, 2, 17], by processing in the Microsoft Excel Office environment 

the values of the above indicators of the transport logistics of the process of freight trains 

by the diesel locomotives UzTE16M3, the authors obtained regression equations for 

calculating their averaged values for real conditions for organizing freight traffic movement 
with a sufficient value of the approximation reliability R2 = 1.0 for each i - th mass of the 

composition Qi of a freight train on the high-speed railway section Marokand - Kattakurgan 

of the Uzbek railway. 

Total train travel time tt tr, min: 

tt tr = -0.37Qi
2 + 0.68Qi + 55.59   (1) 

Train travel time in mode traction ttr, min: 

ttr = 0.22Qi
2 - 1.98Qi + 19.43     (2) 

Train running time at idle and braking modes tid.,br, min: 

tid,br = -0.6Qi
2 + 2.7Qi + 36.12    (3) 

Technical speed of the train Vt, km/h 

Vt = 0.72Qi
2 – 1.69Qi + 67.75    (4) 

Total natural diesel fuel consumption per trip Е, kg: 
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Е = 4.63Qi
2 - 43.18Qi + 465.16    (5) 

Conditional consumption of natural diesel fuel е, kg / 104 t km brutto: 

е = 0.64Qi
2 – 0.21Qi + 19.3     (6) 

Specific consumption of conventional diesel fuel еsp, kg / 104 t km brutto: 

еsp = 0.92Qi
2 – 0.32Qi + 27.62   (7) 

Total cash costs Сd.f, thousand soums:             

Сd.f = 8.195Qi
2 - 76.435Qi +823.53   (8) 

Specific cash costs ст, thousand soums / km: 

сd.f = 0.1325Qi
2 - 1.2365Qi + 13.322    (9) 

The analytical dependences (1) - (9) obtained by the authors are in good agreement with 

the studies [1, 2, 17, 22] and confirm that all the indicated logistic parameters of the 

indicators of transport logistics of rail transportation of goods, implemented by UzTE16M3 

diesel locomotives on the section of the high-speed railway Marokand - Kattakurgan JSC 
"Uzbekiston temir yullari", with an increase and decrease in the composition mass of a 

freight train, change according to a polynomial law. 

Table 2 shows the numerical values of the dynamics of the rate of change in the 

parameters of the studied logistics indicators, depending on the mass of the freight train per 

each stop of the freight train. 

In Table 2, the indicated rates of increase (or decrease) in the values of logistics 

indicators in quantitative and monetary terms are obtained by dividing the values for the 

movement of freight trains with stops by the same values for their movement without stops. 

The averages in said table 2 were calculated as arithmetic average values. 

 
Table 2. Indicators of transport logistics of freight trains on the hilly – mountainous 

section Marokand - Kattakurgan, section length L = 61.75 km 
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1 2 3 4 5 6 7 

The rate of change in the values of indicators of transport logistics of the 
UzTE16M3 diesel locomotives 

1 2500 200 0.891 1.14 1.36 1.06 

2 3000 200 0.867 1.15 1.38 1.07 

3 3500 200 0.861 1.16 1.36 1.08 

Averages values 0.873 1.15 1.38 1.07 
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Continuation of table No. 2. 
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The rate of change in the values of indicators of transport logistics of the 
UzTE16M3 diesel locomotives 

1 1.33 1.33 1.33 1.33 1.33 

2 1.35 1.35 1.35 1.35 1.35 

3 1.33 1.33 1.33 1.33 1.33 

Averages 
values 

1.34 1.34 1.34 1.34 1.34 

 

Diagrams of the rate of change (increase or decrease) in the values of the logistic indicators 

of the transportation process associated with the rail transportation of goods on the hilly-

mountainous section of Marokand - Kattakurgan with a change in the mass of the freight 

train by value ∆Q = 500 tons, taking into account studies [23], is shown in fig. 1. 

 

 

Fig. 1. The rate of change in the values of indicators of transportation logistics for the diesel 
locomotives UzTE16M3 series on the high-speed section Marokand – Kattakurgan 
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On fig. 1, the following symbols are adopted: ∆Vt is technical speed of movement 

(km/h:stop km); train running time is total ∆tt tr, in mode traction ∆ttr and in idle mode, 

braking ∆tid,br (min/stop km) and Eqc is quantitative and cost parameters of logistic 

indicators of energy efficiency of the diesel locomotives (kg/stop km). 

An analysis of the data in Table 2 and diagrams of growth rates - a decrease in the 

logistic indicators of the movement of the studied freight trains and diesel locomotives on 

the high-speed section of Marokand - Kattakurgan (Fig. 1) allow the authors to state the 

following. 

1. An increase in the composition mass of a freight train indicates: 

- the rate of change in energy efficiency for all quantitative and cost (monetary) 

indicators of transport logistics of the studied diesel locomotives is a constant value and 
does not depend on their view or type, with an increase in the range from 1.338 to 1.357. 

units; 

- with a decrease in the technical speed Vt of movement, the value of the growth rate 

coefficient also decreases from 0.889 (Q1 = 2500 t) units. up to 0.859 (Q3 = 3500 t) units.; 

- coefficients for increasing the time of movement of freight trains and the operation of 

the diesel generator set of the studied diesel locomotives with V-shaped diesel engines in 

traction and idling modes are, respectively, 1.367 units and 1.076 units, and for the time 

movement of the train as a whole over the section they are 1.156 units. 

2. Reducing the composition mass of a freight train provides: 

- the same (constant) values of the growth rate of the mentioned parameter values for all 

types (view) of quantitative and costs parameters of the energy efficiency of diesel 

locomotives with V-shaped diesel engines, as well as for the case of increasing the 
compositions mass of the freight train, with a decreasing interval of 1.338 units; 

- an increase in the technical speed Vt of a freight train with a rate of increase, the value 

of which ranges from 0.861 (Q3 = 3500 t) to 0.891 (Q1 = 2500 t) units; 

- decrease in the rate of change in time of movement on the modes general movement 

time and idling of the freight train, on average, respectively, is 0.95 and 0.97 percent, 

except for the mode traction, the decrease of which is approximately 1.16 percent for Q1 = 

2500 t and an increase of 1.55 percent for Q2 = 3000 t. 

- reduced cash costs (expenses) for train traction per one kilometer of the railway track 

is approximately 3.6 thousand soums/km (Q1 = 2500 tons); 3.8 thousand soums/km (Q2 = 

3000 t) and 4.08 thousand soums/km (Q3 = 3500 t). 

The results obtained by the authors showed a fairly high convergence and are in good 
agreement with research data [1-2, 17, 23, and others]; therefore, they can be recommended 

to specialists for assessing and predicting the consumption of diesel fuel for traction trains 

by diesel locomotives on real hilly-mountainous, high-speed sections of the railway track. 

4 Conclusion 

Diesel locomotives of «Uzbekiston Temir Yullari» JSC UzTE16M3 series have significant 

design differences from three-section diesel locomotives of the 3TE10M series due to the 

deep modernization of the converter part, control system, and diesel generator sets by 

replacing the 10D100 diesel engine with the diesel 5D49, which, of course, has a very 

positive effect on their traction and energy characteristics and parameters. 

1. The study results will help correct the existing regime maps for driving freight trains, 
which will save the amount of natural diesel fuel consumed in each trip and help increase 

the technical speed of such trains on hilly-mountainous of the high high-speed sections of 

Uzbek railways. 

2. Obtained by the authors of the indicators of transport logistics of freight trains and 

logistic fuel and energy efficiency parameters of the diesel locomotives with V-shaped 
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diesel engines, taking into account the regression equations to determine their values, will 

allow developing systemic (complex) measures and outline further ways for the economic 

consumption of full-scale diesel fuel on the traction of trains for enterprises of the 

locomotive economy of the Uzbek Railway 

In addition, the research results obtained by the authors for mainline (train) three-

sections of the UzTE16M3 series of freight diesel locomotives, which are quite successfully 

operated on a given, hilly-mountainous, high-speed railway section Marokand - 

Kattakurgan and which can be used in the practice work of the specialists of the 

locomotives depot operation shop Bukhara "Uzbekistan temir yullari" JSC. 

References 

1. Ablyalimov O. S. Research of the efficiency of locomotive UzTE16M3 operation and 

tractive qualities of the rail track profile Marokand - Navoi line of Uzbek railway. 

Journal "Modern Problems of Russian Transport Complex". 2021, Vol. 11, No. 1 pp. 

18-28 DOI: 10.18503/2222-9396-2021-11-1-18-28. 

2. Ablyalimov O. S. The effectiveness evaluation of the diesel locomotives 3ТЭ10М 

utilization between Marokand - Kattakurgan on the Uzbek railways. Journal "Modern 

Problems of Russian Transport Complex". 2016, Vol. 6, No. 2 pp. 16-22 DOI: 

10.18503/2222-9396-2016-6-2-16-22. 

3. Anand M. D., Selvaraj T., Kumanan S., Janarthanan J. Fault diagnosis system for a 

robot manipulator through neuro fuzzy approach // International Journal of Modelling, 

Identification and Control. 2008. Vol. 3. No. 2. pp. 181-192. 
https://www.doi.org/10.1504/IJMIC.2008.019357. 

4. He Z. Y., Hu H. T., Fang L. "Research on the Harmonic in High-speed Railway 

Traction Power Supply System and Its Transmission Characteristic," Proceedings of 

the CSEE, 2011，Vol. 31，No. 16, pp. 55-62. 

5. Li N. Research on Electromagnetic Transient Process of Electric Locomotive System: 

PhD thesis, Beijing Jiaotong University. Beijing. 2010. 332 р. 

6. Naidoo P. N., Mulder J.М. Improved distributed power train handling strategies // 11th 

International Heavy Haul Association Conference. Cape Town, 2017. pp. 1118-1124． 

7. Mayet C., Pouget J., Bouscayrol A., Lhomme W. Influence of an Energy Storage 

System on the Energy Consumption of a Diesel-Electric Locomotive // IEEE 

Transactions on Vehicular Technology. 2014. Vol. 63. No. 3. рр. 1032-1040.  

8. Michal G, Huynh N, Shukla N, Munoz A, Barthelemy J (2017) RailNet: A simulation 

model for operational planning of rail freight. Transportation Research Procedia 25: 

рр. 461-473. 

9. Jiang X., He Z., Hu H., Zhang Y. Analysis of the Electric Locomotives Neutral-section 

Passing Harmonic Resonance // Energy and Power Engineering. 2013. Vol. 5. No. 4B. 

рр. 546-551. https://www.doi.org/10.4236/epe.2013.54B104. 

10. Liu Y. J., Chang G. W., Huang H. M. Mayr's Equation-Based Model for Pantograph 

Arcof High-Speed Railway Traction System," IEEE Transactions on Power Delivery, 

Vol. 25, No. 3, 2010, pp. 2025-2027．doi:10.1109/TPWRD.2009.2037521  

11. Wen J. M., Wang B. T., Fang Z. J. (2011) "Research and Using on Auto-Passing Phase 

Separation Control Strategy of High-Speed EMU," Railway Standard Design, 2011，
No. 4, pp. 104-108. 

 

E3S Web of Conferences 401, 05023 (2023)

CONMECHYDRO - 2023
https://doi.org/10.1051/e3sconf/202340105023

10



12. Guo X., Wei J., Xu L., Gao S., Han Z. (2013) "Study on Electromagnetic Transient 

Condition of EMU Passing by Phaseseparation with Electric Load in High-speed 

Railway," Energy and Power Engineering, 2013, Vol. 5, No. 4B, pp. 1061-1068. Doi: 

10.426/epe.2013.54B202. 

13. Fang Z. G. (2010) "Application of Transient Over-voltage Suppression Technique for 

EMU Auto-passing the Neutral Section with On-board Switch Closed," Railway 
Technical Innovation, 2010, Vol. 1, pp. 44-46. 

14. Li S, Lv H, Xu C, Chen T, Zou C Optimized Train Path Selection Method for Daily 

Freight Train Scheduling 8: 2020. рр. 40777-40790 DOI: 

10.1109/access.2020.2976904 

15. Mulder, M., (20140 Transnet Diesel Locomotive Fuel Consumption Tables. Pretoria: 

Transnet Freight Rail; Train Design Department, рр. 931-939. 

16. Ablyalimov O. S. (2020) The exploitation of the 3VL80S electric locomotives on the 

plain of railway district. Journal " Universum: technical science". 2020, Vol. 1, No.  

7(76) pp. 59-67 DOI: 10.32743/UniTech.2020.76.7-1. 

17. Ablyalimov O. S. (2020) Energy efficiency analysis of traction rolling stock of 

railways. Journal " Universum: technical science". 2020, Vol. 1, No. 9(78) pp. 85-87 
DOI: 10.32743/UniTech.2020.78.9-1. 

18. 18 Tursunov, N.K., Semin, A.E., Sanokulov, E.A. Study of desulfurization process of 

structural steel using solid slag mixtures and rare earth metals, (2016) Chernye 

Metally, (4), pp. 32-37. 

19. Tursunov N. K., Semin A. E., Kotelnikov G. I. Kinetic features of desulphurization 

process during steel melting in induction crucible furnace. Chernye Metally. 2017. No. 

5. pp. 23–29. 

20. Tursunov N. K., Semin A. E., Sanokulov E. A. Study of dephosphoration and 

desulphurization processes in the smelting of 20GL steel in the induction crucible 

furnace with consequent ladle treatment using rare earth metals. Chernye Metally. 

2017. No. 1. pp. 33–40. 

21. Otabek Toirov and Nodirjon Tursunov. Development of production technology of 

rolling stock cast parts", E3S Web of Conferences 264, 05013 (2021). 

https://doi.org/10.1051/e3sconf/202126405013. 

22. Ablyalimov O. S.  Analysis of the efficiency of transportation work of 3VL80S electric 

locomotives at the Kattakurgan - Navoi section of the Uzbek railway. Journal "Modern 

technologies. System analysis. Modeling". 2018, no. 4(60) рр. 70-79 DOI: 
10.26731/1813-9108.2018.4(60).70-79. 

23. Ablyalimov O., Khamidov O., Domanov K. Determination of Locomotive Traction 

Efficiency on the Section of Marokand-Kattakurgan of Uzbek Railway. In: Guda, A. 

(eds) Networked Control Systems for Connected and Automated Vehicles. NN 2022. 

Lecture Notes in Networks and Systems, vol 509. Springer, Cham. pp. 671-680 

https://doi.org/10.1007/978-3-031-11058-0 67. 

 

E3S Web of Conferences 401, 05023 (2023)

CONMECHYDRO - 2023
https://doi.org/10.1051/e3sconf/202340105023

11


