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10.1.8. Висновки. 

1. В монографії розроблено математичну модель руху екіпажу тепловоза 

2ТЭ116, що відрізняється від відомих вдосконаленим описом гребеневої 

фрикційної взаємодії коліс із рейками. 

2. На основі принципу суперпозиції запропоновано метод кінематичних 

компонентів проковзування у контакті гребеня з рейкою. 

3. На основі аналізу геометричних характеристик профілів коліс і рейок 

визначено основні параметри гребеневого контактування, до яких відносяться: 

- координати центрів контактних плям; 

- радіуси профілю колеса в точках контактів; 

- ухили профілю колеса в точках контактів; 

- вертикальні навантаження в точках контактів. 

4. Вдосконалено модель перерозподілу контактних навантажень між 

контактами гребеня колеса із елементами стрілочного переводу: рамною рейкою 

і гостряком. 

5. Вдосконалено модель стрілочного переводу на основі урахування 

відхилень параметрів стрілочного переводу від номінальних і динамічних 

процесів «ущільнення» стрілки.    

6. Розроблено графоаналітичний метод моделювання формоутворення 

зношених профілів коліс і рейок. Метод заснований на припущенні, що знос 

взаємодіючих коліс і рейок пропорційний ступеню взаємного проникнення 

контурів досліджуваних профілів і коефіцієнту відносного зносу колеса і рейки.  

7. Розроблено метод динамічного моделювання відносної інтенсивності 

підрізу гребенів, заснований на енергетичному принципі оцінки масового зносу. 

Метод дозволяє отримати співвідношення прокату і підрізу в процесі 

формоутворення профілю на детермінованих динамічних моделях руху екіпажа.  

  



THEORETICAL FOUNDATIONS OF ENGINEERING. TASKS AND PROBLEMS 

 

 437 

10.2 The influence of the configuration of transport work on the time parameters 

of transport services 

 

The main purpose of experimental research is to test in practice the effectiveness 

of the proposed theoretical provisions and principles of management decisions to 

improve the quality of public transport services (QPTS) [397-400], to establish an 

empirical relationship between configuration management parameters and QPTS 

evaluation indicators. The purpose of the simulation experiment is to establish 

characteristic information about the influence of configuration parameters of the 

transport offer on the indicators of QPTS basic types of routes [401-403]. Simulation 

modeling is a process of construction and testing of the algorithm for modeling the 

functioning of the route, simulating the behavior and interaction of the subjects of the 

system, taking into account the nature of stochastic processes of passenger flow in 

stopping points, the range of deviations (fluctuations) passenger movements on 

adjacent routes [404-408]. The simulation model reproduces the stochastic process of 

changing discrete states of QPTS at different combinatorial variants of the number of 

vehicles on the route ( ) and their capacity ( ), which in combination with technical 

and operational indicators (turnaround time ( ), stop time ( ) the arrival of the 

vehicle ( )) forms an internal combination of the transport capability of the route. 

When software implementation of the model on a computer is the accumulation of 

statistical data on the indicators of QPTS, which is the subject of further analysis. The 

data obtained during the simulation are the basis for statistical processing and 

establishing patterns of change parametric areas of influence QPTS. 

Analysis of the operating conditions of urban public passenger transport routes 

(PPT) showed that the main controlling influence of configuration management is the 

choice of capacity and number of rolling stock. This procedure must also take into 

account the time parameters of the formation of the transport offer at each stopping 

point, which is achieved by taking into account the deviation (fluctuation) of the arrival 

of vehicles. Three types of buses were used for the analysis: especially small class Ruta 
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A048.4 ( = 21 pas.), small class BAZ A079 ( = 38 pas.), large small class MAZ 

206 ( = 72 pas.). The number of rolling stock on each route varies from 5 un/ up to 

15 un. To determine the operating costs, the actual reporting data of motor transport 

enterprises on variable and fixed operating costs of these brands of buses were used. 

On the basis of field observations, the average values of the fluctuation of the arrival 

of vehicles to the stopping points were determined. During the simulation, two variants 

of values of the range of arrival fluctuation were considered: the first - the actual value, 

the second - the fluctuation is determined by the conditions of permissible deviation, 

which for urban routes is 2 minutes. The simulation takes into account that the actual 

fluctuation implies the possibility of arrival of the vehicle at any time in the fluctuation 

range. When establishing the distribution of passenger flows between the routes, it was 

assumed that all adjacent routes have a fixed time of arrival of vehicles to the stopping 

points. The moment of arrival of buses of the studied route is determined ramdomno 

taking into account the interval of movement and the range of fluctuations. When 

conducting simulation experiments, the established laws of distribution of random 

variables and their indicators were used. The results of passenger questionnaires for 

each stopping point of the route were used as parameters to establish the degree of 

compliance of QPTS. 

The results of the simulation experiment allow to analyze the influence of the 

configuration of the provided transport offer in different conditions of traffic 

organization (according to the schedule and with fluctuation) on the main operational 

indicators of QPTS. This analysis is performed in an analytical form based on pre-

established statistical models and aims to identify the main characteristic types and 

trends of causation. To implement the procedure for analyzing the results of 

experimental research, it is advisable to use visual and graphical representation. This 

form provides for their visualization in the form of a set of typical graphs on which the 

system of basic coordinates reproduces the characteristic patterns of change in the 

parameters of the evaluation of QPTS. The number of rolling stock is the basic value 

that determines the transport supply. In fig. 1-3 shows the graphs of changes in QPTS 
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indicators for the route №250e (Kharkiv) for buses Ruta A048.4 ( = 21 pas.),  

BAZ A079 ( = 38 pas.) and MAZ 206 ( = 72 pas.) for fluctuation of 7 minutes. 

 

 

 

 

 

 

 

 

а – average waiting time; b – distribution of waiting time change limits 

 

Figure 1. Influence of the number of rolling stock on the average waiting time (route 

№250e, Ruta A048.4 ( = 21 pas.), fluctuation range 7 min.) 

 

 

 

 

 

 

 

 

а – average waiting time; b – distribution of waiting time change limits 

 

Figure 2. Influence of the number of rolling stock on the average waiting time (route 

№250e, BAZ A079 ( = 38 pas.), fluctuation range 7 min.) 
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а – average waiting time; b – distribution of waiting time change limits 

 

Figure 3. Influence of the number of rolling stock on the average waiting time (route 

№250e, MAZ 206 ( = 72 pas.), fluctuation range 7 min.) 

 

The presented dependences reflect the change in the indicators of QPTS in the 

presence of fluctuations in the movement of buses along the route. Traffic fluctuation 

is the deviation of the arrival time from the planned traffic interval on the route. It is 

assumed that the arrival can occur randomly at any time from the range of fluctuations, 

and the time of deviation is not described by any law of distribution of random 

variables. There are a number of objective and subjective factors that cause motion 

fluctuations. Objective factors include the complexity of the conditions for the 

implementation of technological operations, which is manifested in the occurrence of 

additional traffic delays in the objects of passenger transport infrastructure and 

elements of the road network. Subjective factors of traffic fluctuations are situations in 

which there is a downtime at stopping points associated with additional expectations 

of passengers or other non-productive functions. In the case of creating conditions for 

stabilizing the time of bus traffic through the allocation of separate lanes for PPT on 

routes, it is possible to completely eliminate the fluctuations of arrival at bus stops. In 

fig. 4 - 5 shows graphs of changes in QPTS indicators for the route №250e «Art. South 

Station - st. Berkosa» for without fluctuations. 
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а – average waiting time; b – distribution of waiting time change limits 

Figure 4. Influence of the number of rolling stock on the average waiting time 

(route №250e, Ruta A048.4 ( = 21 pas.), without fluctuations) 

 

 

 

 

 

 

 

а – average waiting time; b – distribution of waiting time change limits 

Figure 5. Influence of the number of rolling stock on the average waiting time (route 

№250e, BAZ A079 ( = 38 pas.), without fluctuations) 

 

 

 

 

 

 

 

а – average waiting time; b – distribution of waiting time change limits 

Figure 6. Influence of the number of rolling stock on the average waiting time (route 

№250e, MAZ 206 ( = 72 pas.), without fluctuations) 
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Analyzing the presented dependences of change of indicators of QPTS for a 

route №250e under conditions of use of buses of Route A048.4 it is possible to establish 

the following: 

− the presence of traffic fluctuations on the route leads to an increase in the 

scattering (noise) of the values of QPTS, which is due to the instability of the intervals 

of arrival of buses to bus stops and fluctuations in the actual passenger flow; 

− in accordance with the requirements for the maximum waiting time for 

bus passengers on the route (for the degree  of 15 min.) it is necessary that the route 

operates at least 8 buses for conditions with fluctuations of arrival and at least 7 for 

conditions without fluctuations of arrival; 

− ensuring the permissible level of filling the cabin on the route requires at 

least 12 buses of rolling stock Ruta A048.4; 

− regularity of communication at a satisfactory level is provided by 7 buses 

in the presence of fluctuations of arrival and 6 buses without it; 

− travel time ranges from 12 minutes to 19 minutes, the minimum value at 

the upper limit of change is 14 minutes in the absence of traffic fluctuations; 

− limits of change of QPTS indicators are described by polynomials of the 

second and third degree and have high levels of adequacy; 

− elimination of traffic fluctuations makes it possible to improve the values 

of QPTS indicators and ensure their compliance with the requirements of passengers 

with the use of fewer rolling stock. 

Analyzing the presented dependences it is possible to draw a conclusion about 

the positive nature of the impact of increasing the capacity of rolling stock. So the 

waiting time is less than 15 min. it is possible to provide using on the route 5 buses 

BAZ A079, which is smaller in comparison with buses BAZ A079. It is also possible 

to improve the regularity of the connection and the level of filling the cabin through 

the use of larger buses. This is due to the fact that increasing the capacity of the bus 

leads to an increase in the level of transport supply, which eliminates the expectations 

associated with the lack of free seats in buses. The volume of transportation on the 
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route increases with the increase in the level of transport supply and the improvement 

of QPTS. However, there is a clear trend, indicating that there is a limit to the feasibility 

of increasing supply. So for the route №250e when using Ruta A048.4 buses in the 

amount of more than 11 un. there is a significant decrease in the level of increase in the 

volume of traffic, for the bus BAZ A079 this limit is at point 7 un., and for the bus 

MAZ 206 - 6 un. This is explained by the conditions of formation of the marginal 

technological utility of PPT management, which is determined by the derivative of the 

total accumulated utility. In essence, this means that further increase in transport supply 

is ineffective in terms of impact on QPTS indicators and the need to use other methods 

of managing the work of PPT, including through the implementation of measures to 

improve traffic conditions on the road network. 

The procedure for assessing QPTS involves establishing the degree of 

compliance with the requirements of passengers to the values of indicators. At the first 

stage, on the basis of the methods of distribution of passengers by consumer groups 

proposed in the third section, the number of observation layers is established and the 

required sample size is calculated. In the future, the monitoring of passengers' 

requirements for service parameters is carried out, followed by the recognition of 

YATON levels. The selected criterion requirements for the distribution of QPTS 

compliance degrees are a scale of parametric evaluation. In table 1 for the route №250e 

«art. South Station - st. Berkosа» presents the values of indicators of transition of QPTS 

degrees. 

 

Table 1 - Degrees of compliance QPTS (route №250e) 

QPTS indicator Degrees of compliance QPTS 

     

Average waiting time, 

min 

over 15 12-15 8-12 5-8 under 5 

The maximum level of 

filling of buses 

over 1,3 1,1-1,3 0,9-1,1 0,7-0,9 under 0,7 
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It is possible to determine the conditions of transition of the degree of conformity 

of QPTS according to the specified indicators on the basis of the analysis of the 

obtained simulation results. For this purpose, the rules of discrete selection of 

management decisions are used, which provide for the establishment of integer values 

of the number of rolling stock as an element of influence on the parameters of QPTS. 

To establish the number of rolling stock required to ensure the degree of compliance, 

a minimax model is used in which the number of rolling stock is selected at the lowest 

rate, provided that its value takes the maximum level from the scattering range. The 

conditions of the provided configuration transport offer, ensuring the achievement of 

different degrees of compliance are presented in table 2. 

 

Table 2 - QPTS compliance conditions (route №250e) 

Traffic 

conditions 

Bus model Degrees of compliance QPTS 

     

Fluctuation 

range 7 min. 

Ruta A048.4 (

=21 пас.) 

7 9 11 13 14 

BAZ A079 (

=38 пас.) 

3 4 5 7 8 

MAZ 206 (

=72 пас.) 

3 4 5 6 7 

Without 

fluctuations 

Ruta A048.4 (

=21 пас.) 

7 9 10 12 13 

BAZ A079 (

=38 пас.) 

3 4 5 6 7 

MAZ 206 (

=72 пас.) 

3 4 5 6 7 

Analyzing the data level of table 2 and estimating the amount of costs for the 

operation of the route, it is possible to establish a rational option of providing transport 

services in which the degree of QPTS will be observed at the level of good ( ) and 

there will be minimal costs. For the route №250e in the presence of fluctuations such 

is the configuration variant of BAZ A079 ( = 38 pass.) in the amount of 13 buses,  
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and for conditions without fluctuation BAZ A079 ( = 38 pass.) in the amount of 12 

buses. 
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