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IMPROVING THE METHOD FOR REDUCING UNPRODUCTIVE 
LOSSES IN SPEED-LIMITED CONDITIONS 

 
Toxirov N.S. 

Tashkent State Transport University (Tashkent, Uzbekistan) 
 

Abstract: In the article the analytical expression of the dependence of the overlapping 
area of the movable pole tip of the inertial element sector with the pole tip of 
the stationary magnetic core with circular segment-like sections on the angle 
of rotation of the inertial element sector of the developed induction transducer 
of the inertial principle of action is obtained. It is shown that at the same 
values of the excitation magnetic field and the number of turns of measuring 
windings the output signal of the new vibration transducer is four times 
greater than the output signal of its prototype. It is established that it is 
achieved, firstly, by increasing the working magnetic flux and more rational 
use of magnetic fields of permanent magnets, and secondly, by providing 
simultaneous change of all working magnetic fluxes under the influence of 
vibration oscillation and summation of EMF of measuring windings.

Keywords: induction vibration transducer, inertial action, permanent magnet, magnetic 
field, magnetomotive force, magnetic flux, magnetic resistance, magnetic 
conductivity, air gap, measuring winding, inertial element, segment-shaped 
pole tip, electromotive force.

 
СОВЕРШЕНСТВОВАНИЕ МЕТОДОВ СНИЖЕНИЯ 

НЕПРОИЗВОДИТЕЛЬНЫХ ПОТЕРЬ В УСЛОВИЯХ ОГРАНИЧЕНИЯ 
СКОРОСТИ ДВИЖЕНИЯ ПОЕЗДОВ 

 
Тохиров Н.С. 

Ташкентский государственный транспортный университет (Ташкент, Узбекистан) 
 

Аннотация: В статье даны рекомендации и выводы по повышению участковой 
скорости движения поездов и снижению непроизводительных потерь в 
условиях ограничения скорости. Описано, как предлагаемая система 
позволяет сократить непроизводительные потери, связанные с 
ожиданием бланков предупреждений на поезда в случае возникновения 
незапланированных неисправностей, а также повысить скорость 
движения по участку. Также следует отметить, что разработана 
функциональная схема системы выдачи и отмены предупреждений. 
Были изучены и представлены ожидаемые результаты от использования 
предлагаемой системы с учетом всех факторов, включая скорость 
движения на участке, расстояние, пройденное поездами, время стоянки, 
количество поездов на участке и время движения поездов на участке.

Ключевые 
слова: 

Автоматизированная система выдачи предупреждений, 
железндорожной участок, участковой скорость, весовая норма поезда, 
тип подвижного состава, колесные пары, бланк предупреждения.

 
In railway transport, the impact of non-compliance with the train schedule due to the 

condition of locomotive traction engines has been determined to be 2.5-3%. Based on this, 97% 
of cases of non-compliance with the technical speed limit relative to the standard speed occur due 
to temporary speed limit warnings, that is, when the speed limit is reduced. At the same time, long-
term restrictions or unplanned failures, i.e., failures observed on the track after the train has started 
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moving, causing the train to stop to receive a warning form, cause the speed of the section to 
decrease. 

The main operational performance indicators of railway transport are the section speed of 
trains on sections and passages. The section speed is the speed at which trains move along sections, 
taking into account acceleration, deceleration, and stopping times at intermediate stations, and is 
determined by the following expression (Formula 1). 

sec
sec

. / .

, / ,tion
tion

tr time t s w form

L
km h

t t t
 

                                              (1) 

These key indicators can be seen in the significant impact of these warnings on the speed of 
the section in conditions where trains are speed-limited. When unplanned failures are detected, it 
is determined by taking into account the waiting times for warning forms at stations when 
delivering warning forms to train drivers [1-5].  

The time-related losses affecting the speed of the section were also analyzed. This implies 
the need to take into account the additional acceleration and deceleration of trains due to warnings, 
the time spent stopping to receive warning forms, preparing warning forms, and handing them 
over to drivers. 

Therefore, improving methods for accelerating and effectively organizing train traffic, 
analyzing and assessing the level of performance, and developing operational measures to identify, 
systematize and eliminate factors affecting the achievement of the established standard value are 
among the urgent issues today. 

The weight standard of the rolling stock, the type of rolling stock, the relative resistance of 
the wheelsets and rails, and the location and brand of switches when receiving and sending trains 
to the station are all factors that have a constant impact on the organization of train movement. 

One of the main factors affecting the speed of trains on the railway lines is unscheduled train 
stops due to speed limit warnings (Figure 1).  

.ave passagelim .eted speed

,
/

km
h



Figure 1. Diagram of the impact of speed limit warnings on traffic speeds at passages  
 
The speed limit warnings are compared with the calculated technical speed for each section. 

Based on the results of the comparison of the displayed values, the need to adjust the graphic time 
values for the passages where the warnings were issued is determined [24]. 
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Therefore, improving methods for accelerating and effectively organizing train traffic, 
analyzing and assessing the level of performance, and developing operational measures to identify, 
systematize and eliminate factors affecting the achievement of the established standard value are 
among the urgent issues today. 

The impact of speed limit warnings on railway routes can be described as follows (Figure 
2). 

 
Figure 2. Ishikawa diagram of speed limit warnings 

 
In the organization of train movement in railway transport of goods and passengers, the 

speed of trains on each section and section is one of the main factors. The schedule of train 
movement is also developed taking into account the standard speeds on the sections and passages, 
and thus the movement is organized [6-8]. 

Factors that have a random impact include exceeding the specified weight limit and 
locomotive malfunctions, natural factors, exceeding the time spent on shunting and maintenance, 
and waiting for the train to deliver the speed limit form to the train driver to repair unscheduled 
malfunctions. Based on statistical data from “Uzbekistan railways” JSC, a comparative analysis 
was also conducted of the impact of the number of freight trains on the speed of the section (Table 
1). 

The length of the Aqrabot-Kumkurgan railway section is 110 km. Train crossing operations 
are carried out at 6 intermediate stations on the section. 

The comparative analysis was performed for October 2024. Based on the data obtained from 
the analysis results (Table 1), the degree of influence of changes in the daily volume of freight 
trains on train delays was graphically represented (Figure 2.4). 
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Table 1 

Analysis of freight train delays on the “Oqrabot-Kumkurgan-Oqrabot” railway 
section (October 2024) 

Days 
Distance 
traveled, 

km 

Staying 
times, 
hours 

Time in 
motion, 
hours 

Number 
of freight 

trains 

Speed of 
sections, 

km/h 

1 1505 3,68 43,14 13 32,14 

2 1210 3,04 32,35 11 34,19 

3 1250,5 3,42 31,72 12 35,51 

4 1260,8 3,66 32,34 13 35,02 

5 1310,1 4,56 32,78 14 35,08 

6 1301,6 3,31 33,17 12 35,67 

7 1274,3 3,78 33,89 13 33,8 

8 1208,9 3,66 32,94 11 33,03 

9 1280,6 3,14 31,72 12 36,7 

10 1238,6 4,01 31,69 13 34,6 

11 1202,9 3,55 31,51 12 34,7 

12 1301,2 2,73 32,68 12 36,7 

13 1251,4 3,97 31,89 14 34,8 

14 1295,9 3,01 32,46 12 36,53 

15 1282,6 3,27 32,08 12 36,27 

16 1305,3 3,33 31,65 11 37,33 

17 1213,9 3,98 32,72 13 33,07 

18 1328,4 3,77 32,26 14 36,59 

19 1243,5 3,12 32,01 13 35,39 

20 1220,7 3,16 32,03 15 34,68 

21 1259,5 3,02 31,71 13 36,26 

22 1272,9 3,93 31,15 12 35,55 

23 1306,8 3,42 32,66 13 37,16 

24 1213,6 4,25 30,99 14 34,43 

25 1279,6 3,83 31,19 15 36,35 

26 1287,7 3,59 32,71 14 35,47 

27 1179,3 3,47 31,31 12 33,91 

28 1230,3 3,77 32,51 15 33,92 

29 1321,7 4,15 32,14 13 36,42 

30 1261,21 3,88 32,11 12 35,03 

31 1233,93 3,88 31,53 13 34,85 

Total 39332,74 111,34 1007,04 398 35,19  
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Figure 3. Analysis of train traffic on the “Aqrabot-Kumkurgan” railway section 
 
From (Figure 3), we can see that the average train dwell time on the Oqrabot-Kumkurgan 

section is 3.59 hours, the average number of freight trains per day is 12.89, and the average section 
speed is 35.19 km/h. An increase in the dwell time may lead to a decrease in the section speed of 
trains. 

The above formula for determining the speed of the section (Formula 1) has been improved 

by adding the .w formt  element. 

 (2) 
 
 

there     sectionL  length of the section, m; 

/t st  train travel time on the track, min; 

.total timet  total time of trains at intermediate stations, min; 

.w formt  total time spent preparing and delivering the warning form to the train 
driver. 

 

When improving the speed of the sections, the following is achieved. Here, .wformt  is equal 

to (Formula 3). 

.
1

j

w form i i
i

t t n


  , min                                           (3) 

there      it  i-time spent preparing the warning form, m; 

in  number of warning forms to be prepared. 

Based on the above formula, if alerts are sent to process participants, including train drivers, 
train dispatchers, and station duty officers, through an automated system, the objective function 

will be as follows: . sec,w form tiont t  will strive for a minimum, and section  will strive for a maximum 

(Formula 4). 
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                                                      (4) 

From the above, we can see that the movement of trains on the section is significantly 
affected by the maintenance work, which has a significant impact on the running time and speed 
of trains. It allows for the acceleration of train movements by reducing scheduled and unscheduled 
stop times at intermediate stations. This includes delivering warnings to train drivers through an 
automated system. By transmitting warnings to train drivers through an automated system, it is 
possible to save time spent on trains stopping to collect unscheduled warning forms, thereby 
reducing unproductive losses in speed-limited conditions[9,10]. 

The proposed scheme for transmitting alerts will reduce the time spent on data transmission. 
Saving on inefficient losses in the current system will create the basis for increasing work 
efficiency. 

We can see that the implementation of an automated system is effective in ensuring traffic 
safety during transportation. The automated system of warnings issued to trains, i.e. the 
“Automated Warning System” (AWS), is presented in Figure 4. 

 
Figure 4. Scheme of transmitting alerts through an automated system 

 
An analysis of scientific works on the organization of train movement in speed-limited 

conditions shows that a number of scientific works have been devoted to taking into account the 
inclinations of the train direction when calculating the speed of movement, technical and 
technological processes of the station, planning of wagon flows, and rational use of technical 
standards [32]. These works reveal some aspects of organizing train traffic in speed-limited 
conditions. 

Speed limit warnings are mainly manifested in processes related to the unsatisfactory 
condition or repair of the road, stops and delays in places not provided for in the schedule, 
unsatisfactory organization of train traffic, malfunctions of technical equipment, their appearance 
in unexpected situations and places, etc. 

Due to the lack of a scientifically sound methodology for assessing the impact of speed 
limits, train delays, and stops on travel times, average time loss rates are commonly used to analyze 
train schedule performance and running conditions. Speed limits are one of the largest factors 
causing train delays and stops [11,12]. 

In reality, these losses can be different for each train, as they depend on many operational 
factors: weight, speed and conditions of train movement, their control procedures, track profile 
and layout, lengths of speed-restricted sections, duration of stops and delays, geographical factors, 
etc. 



The scientific journal vehicles and roads, 2025 №1 

 

Научный журнал транспортных средств и дорог, 2025 №1 30 

In conclusion, it can be said that today, the use of digital technologies in the warning system 
in railway transport, fully automating the system and reducing unproductive losses, will contribute 
to increasing section speed, which is one of the main indicators of railway transport. Increasing 
speed has led to a reduction in the movement of freight and passengers on the road. This creates 
the need to develop a system for issuing and canceling speed limit warnings in rail transport.  
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