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Abstract. Currently, a mixed system of high-speed passenger and freight trains has been 
implemented on the railways of Uzbekistan. During the movement of high-speed passenger trains 
on double-track main line sections, the movement of freight trains at all stations and segments is 
temporarily suspended for a specific period. From this perspective, in the present time, the 
suspension of freight train traffic is leading to numerous technical and economic expenses. In this 
article, based on experimental runs using the technology of passing freight trains without stopping, 
train movement schedules have been drawn up, and train operations have been organized without 
unnecessary stops. This research paper provides a restructured overview of the introduction and 
practical implementation of non-stop train operation technology for double-track railway lines 
where both high-speed passenger and freight trains operate simultaneously. Using real operational 
schedules, comparative experimental charts were developed to evaluate the new approach. The 
outcomes of this analysis demonstrate how the proposed technology influences efficiency and key 
performance indicators of train movements. A regression-based analytical model was also 
constructed to determine the relation between freight train waiting time and average section speed, 
ensuring reliability through statistical verification. Furthermore, the application of innovative 
solutions and technologies mentioned in this article to sections of high-speed highways creates an 
opportunity to increase transport transit potential and improve economic indicators. 
Keywords: high-speed trains, section speed, operational efficiency, freight transport, regression 
analysis, schedule optimization. 

1. Introduction 

Ensuring safe and efficient train crossings, particularly in conditions where both high-speed 
passenger and freight trains share double-track sections, is one of the major operational challenges 
of modern railways. Previous studies [1]-[6] have highlighted these concerns and recommended 
optimization methods. Building upon such findings, this study develops experimental movement 
charts aimed at assessing the influence of a non-stop passage technology for freight and passenger 
trains on railway performance. To achieve this, the Uzbekistan-Yangi Yangier double-track line 
was selected as a case study, with charts created and compared against normative schedules  
(Figs. 1-2). The effectiveness of the proposed method was measured through variations in section 
speed and average dwell time at intermediate stations. 

In Figs. 1 and 2 𝐼௛௜௚௛ି௦ – the time interval between consecutive high-speed passenger trains, 
in minutes; 𝐼௣௔௦ ௦௜௡ ௔௥௥௜௩௔௟. – the time interval for freight trains arriving at stations after high-speed 
passenger trains, in minutes; 𝐼௣௔௦ ௦௜௡ ௗ௘௣௔௥௧௨௥௘. – the time interval for sequential dispatch of freight 
trains from stations following passenger trains, in minutes; 𝜏௜ – departure and arrival times at 
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stations for each category of trains, in minutes; Trains numbered 760, 762, 764 and 766 indicated 
in red on the schedule, represent high-speed passenger trains; Trains numbered 3117, 3119 and 
3121 which are indicated in green, represent freight trains on the schedule. 
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Fig. 1. Fragment of a typical train movement schedule for the year 2023  

in the joint-stock company “Uzbekistan temir yullari” (Uzbekistan Railways) 
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Fig. 2. Fragment of an experimental train chart developed based on the technology  

of non-stop passage of high-speed passenger and freight trains 

2. Analysis literature and methodology 

Operational efficiency on railway sections is often expressed through parameters such as 
sectional speed, technical speed, pedestrian speed, and route speed. Additionally, various 
coefficients sectional speed coefficient, technical speed coefficient, and others are calculated 
based on these values [3], [6]. These factors are strongly influenced by variables such as train 
weight, length, locomotive traction power, aerodynamic resistance, and track gradient. 
Mathematical expressions for determining train speed and coefficients were applied Eq. (1-4), 
while both standard and experimental charts were prepared for analysis. Figs. 3-4 summarize the 
calculated values for the standard and revised tables: 
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⎩⎪⎨
⎪⎧𝜈௧௥௔௩௘௟ ௦௣௘௘ௗ ൌ 𝑓ሺ𝑄௚௥ , 𝐿௧௥௔௜௡ ,𝑊௟௢௖,𝐶௜ , 𝑖, 𝑘 ሻ → 𝜈௠௔௫,𝜈௧௘௖௛௡.ି௦௣௘௘ௗ ൌ 𝑓ሺ𝜈௧௥௔௩௘௟ ௦௣௘௘ௗ , 𝑡௔௖௖.  , 𝑡ௗ௘௖. ሻ → 𝜈௧௥௔௩௘௟ ௦௣௘௘ௗ ,𝜈௦௘௖.ି௦௣௘௘ௗ ൌ 𝑓ሺ𝜈௧௘௖௛௡.ି௦௣௘௘ௗ , 𝑡௦௜௠௣.௜௡௧ ௘௥௠௘ௗ , 𝑘௦௧௢௣. ሻ → 𝜈௧௘௖௛௡.ି௦௣௘௘ௗ ,𝜈௥௢௨௧௘ି௦௣௘௘ௗ ൌ 𝑓ሺ𝜈௦௘௖.ି௦௣௘௘ௗ , 𝑡௦௜௠௣.௧௢௧௔௟ሻ → 𝜈௦௘௖.ି௦௣௘௘ௗ ,  (1)

where 𝜈௧௥௔௩௘௟ ௦௣௘௘ௗ, 𝜈௧௘௖௛௡.ି௦௣௘௘ௗ, 𝜈௦௘௖.ି௦௣௘௘ௗ, 𝜈௥௢௨௧௘ି௦௣௘௘ௗ – correspondingly, the pedestrian, 
technical, sectional, and route travel speeds, measured in km/h; 𝑄௚௥ – the total mass of the train 
consist, in tons (t); 𝐿௧௥௔௜௡  – the overall length of the train consist, in meters (m); 𝑊௟௢௖ – the 
traction power of the locomotive, in kilowatts (kW); 𝐶௜ – the aerodynamic resistance coefficients 
affecting train motion; 𝑖  – the gradient (profile) of the railway section, in ‰ (per mille); 𝑘 – 
additional operational and technical parameters. 

The conditions, algorithms, aerodynamic effects, and solutions for the safe intersection of 
high-speed passenger and freight trains on double-track high-speed main lines of Uzbekistan 
railways were described in detail in previous scientific studies [12]-[13]. Based on this and the 
experimental train movement charts have been developed for the Uzbekistan-Yangi Yangiyer 
section. The values of the normative and experimental charts were calculated using Figs. 3-4. 

The average values of the parameters for the typical chart and the experimental train movement 
charts are presented in Table 1. 

 
Fig. 3. Parameters for establishing a standard train operation schedule  

(𝑁௛௜௚௛ି௦௣௘௘ௗ ൌ 6 s.t., 𝑉௛௜௚௛ି௦௣௘௘ௗ ൌ 160 km/h, 𝑉௙௥௘௜௚௛௧ ൌ 60 km/h, 𝑁௙௥௘௜௚௛௧ ൌ 21 s.t.) 

Through the application of regression modeling and the least squares method, a functional 
relationship was established between the movement speed of freight trains on a given section and 
the time spent at intermediate stations. This relationship is determined by the number of freight 
and passenger trains, the speeds of different train categories, as well as the section length within 
the range [7]-[11]. 

The data in the above figures and table are based on experimental train movement graphs 
drawn using the technology of continuous passing of freight and high-speed passenger trains on 
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the existing two-track high-speed main lines of Uzbekistan Railways. The trains shown in green 
on this diagram represent freight trains that crossed safely with high-speed passenger trains 
without stopping, but continued their movement. On this basis, it was possible to reduce the time 
of inefficient stopping of freight trains at stations. 

 
Fig. 4. Parameters for developing an experimental train operation schedule 

(𝑁௛௜௚௛ି௦௣௘௘ௗ = 6 s.t.,𝑉௛௜௚௛ି௦௣௘௘ௗ = 160 𝑘𝑚/ℎ,𝑉௙௥௘௜௚௛௧ = 60 𝑘𝑚/ℎ,𝑁௙௥௘௜௚௛௧ = 21 s.t.) 

Table 1. Average values of parameters for the typical train movement schedule  
and experimental train movement schedules 

No 

The number of 
high-speed 

passenger trains, 
paired train 

The number 
of freight 

trains, 
unpaired train 

The length 
of the 

section, 
km 

According to the existing 
technology 

According to the proposed 
technology 

Section 
speed, 
km/h 

The average dwell 
time at 

intermediate 
stations, hours 

Section 
speed, 
km/h 

The average dwell 
time at 

intermediate 
stations, hours 

1. 4 22 113 36.40 15.56 37.20 14.10 
2. 6 21 113 32.44 22.00 34.53 17.75 
3. 8 21 113 29.20 31.28 31.70 24.67 
4. 4 16 103,8 38.68 12.47 39.39 11.82 
5. 4 16 128,8 23.84 37.11 24.22 35.99 

3. Main content 

Based on the results of experimental studies and the regression model, a universal function can 
be formulated to describe a consistent pattern between section speed and the time spent by freight 
trains at intermediate stations [1], [3], [12]-[13]. The study employed regression modeling 
techniques, specifically the method of least squares, to establish a functional relationship between 
freight train sectional speed and waiting times at intermediate stations. The number of passenger 
trains, freight trains, and section length were taken as key input variables. A generalized 
correlation function was formulated Eqs. (2-3) and solved using statistical approaches to ensure 
minimal deviation from observed data. Cramer’s method was applied to derive universal empirical 
formulas. In addition, the accuracy of the regression model, approximation error, correlation 
coefficients, and determination coefficients were established in the appropriate order. 
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In the general case, let the correlation function of multiple factors be of the following order: 𝑉௦௘௖. ௦௣௘௘ௗ = 𝑎 ⋅ 𝑁௛௜௚௛ି௦௣௘௘ௗ ൅ 𝑏 ⋅ 𝑁௙௥௘௜௚௛௧ ൅ 𝑐 ⋅ 𝐿௦௘௖., (2)𝑇ௗ௢௪௡௧௔௜௠௘ = 𝑎ଵ ⋅ 𝑁௛௜௚௛ି௦௣௘௘ௗ ൅ 𝑏ଵ ⋅ 𝑁௙௥௘௜௚௛௧ ൅ 𝑐ଵ ⋅ 𝐿1ଵ௦௘௖., (3)

where 𝑉௦௘௖. ௦௣௘௘ௗ – the sectional speed of freight trains, km/h; 𝑇ௗ௢௪௡௧௔௜௠௘ – the dwell time of 
freight trains at intermediate stations, hours; 𝑎, 𝑏, 𝑐, 𝑑, 𝑒 – the coefficients to be determined are 
obtained through the following equation; 𝑁௛௜௚௛ି௦௣௘௘ௗ, 𝑁௙௥௘௜௚௛௧ – the number of high-speed and 
freight trains, respectively, paired trains; 𝐿௦௘௖. – length of the section, km; Δ – the ratio of speeds 
between freight trains and high-speed passenger trains. 

It is known that applying the least squares method to a regression model involves minimizing 
the quadratic deviations between the actual values of the function and their approximate 
(smoothed) analogues. Based on the results of experimental studies, train movement schemes were 
developed for operational sections (Uzbekistan-Yangi Yangiyer, post-block Jizzakh, Jizzakh-
Samarkand), taking into account the speeds of freight and high-speed passenger trains, as well as 
the technical characteristics of each section. By applying the Cramer’s method to solve the above 
equations, the following empirical universal formulas were obtained: 

൝𝑉௦௘௖ ି௦௣௘௘ௗ௘௫௜௦ି௧௘௖௛ = െ1.82 ⋅ 𝑁௛௜௚௛ି௦௣௘௘ௗ െ 0.08 ⋅ 𝑁௙௥௘௜௚௛௧ െ 0.5482 ⋅ 𝐿௦௘௖ ,𝑉௦௘௖ ି௦௣௘௘ௗ௣௥௢௣ି௧௘௖௛ = െ1.415 ⋅ 𝑁௛௜௚௛ି௦௣௘௘ௗ െ 0.16 ⋅ 𝑁௙௥௘௜௚௛௧ െ 0.5529 ⋅ 𝐿௦௘௖ . (4)

4. Results and their discussion 

The graphs of the generated multivariate functions can be seen in the following  
Figs. 5-6. 

 
Fig. 5. The graph of the empirical function for the section speed can be observed  

on the normative and experimental train movement charts 

 
Fig. 6. The dependency of the section speed on the experimental train movement charts  

on the ratio and number of train speeds 

Figs. 5-6 present the dependency graphs between sectional speed, freight dwell time, and the 
ratio of train types. The analysis showed an approximation error of only 2.5 %, with a correlation 
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coefficient of 0.9871 and 𝑅ଶ = 0.9744. These results confirm the model’s validity. 

5. Conclusions 

The findings suggest that implementing non-stop train crossing technology on the 
Uzbekistan-Yangi Yangier line leads to a 5.12 % (2.09 km/h) increase in freight train sectional 
speed. Furthermore, average dwell times decreased by 19.32 % (4.25 hours). When the number of 
high-speed trains increased from 4 to 12 pairs, the reduction in sectional speed was significantly 
lower with the proposed method (30.3 % instead of 39.91 %). An economic evaluation revealed 
that this reduction in dwell times translates into substantial financial benefits. Based on average 
operating costs per train-hour, the estimated annual efficiency gain amounts to 466 billion USD 
for freight operations under the new system. The study demonstrates that applying the technology 
of non-stop passage for freight trains alongside high-speed passenger services on double-track 
sections improves both speed performance and economic efficiency. The technology not only 
reduces freight train delays but also enhances the overall utilization of section capacity, ensuring 
sustainable development of railway operations in Uzbekistan. Its adoption could serve as a model 
for other railways facing similar mixed-traffic challenges.  
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