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Abstract. An analysis of the main approaches to a system for rolling stock maintenance and repair at road transport enterprises was conducted. A new information model for remote vehicle monitoring based on obtaining real-time technical condition data was described. Some steps were developed for subsequent processing of diagnostic information for preventive maintenance and repair of vehicles within a "virtual enterprise" system. A methodology for assessing the effectiveness of technical services, suitable for use by small road transport enterprises, was presented. Using urban passenger transportation as an example, a mathematical model was used to determine the key parameters of the technological productivity distribution. The methodology allows for calculating the probability of downtime for vehicle maintenance and repair stations for different rolling stock of motor transport utilization patterns.
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INTRODUCTION
Automobile transport is the leading social, political and economic sector of Ukraine. Urban automobile passenger transport provides the bulk of the population's transportation, especially for people who do not own vehicles for personal use. Timely and safe transportation of people within the city ensures the efficient functioning of the urban economic system and influences the work of organizations and institutions, enterprises and factories [1]. 
The efficiency of passenger transportation by buses depends on the rolling stock technical condition, which is determined by the level of technical readiness then achieved by ensuring continuous monitoring of the vehicle technical condition and improving the management system of the technical service for the automobile transport enterprise. One of the areas for improving methods and means of technical control is the introduction of an intelligent transport system (ITS) [2, 3].
Global experience shows that modern information technologies are widely used in transport, combining electronic measuring instruments installed on vehicles; satellite and mobile communication channels; cloud technologies for collecting and processing information; server and local software for data analysis and presentation [3, 4].
The study aim is to improve the intelligent transport system (ITS) aimed at the efficiency of technical service management for a small passenger bus enterprise during the maintenance and repair of rolling stock of motor transport.
METHODOLOGY
One of the main tasks of vehicles technical operation is to maintain the rolling stock of motor transport in good technical condition [5]. This is achieved by carrying out maintenance at different intervals and performing not routine repairs as needed. 
There are several approaches to organizing a system for technical maintenance and repair of motor vehicles. Figure 1 shows a diagram of the analysis of systems for technical maintenance and repair of rolling stock, which is used in automobile transport enterprises.
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FIGURE 1. Analysis of systems for maintenance and repair of motor transport rolling stock.

The maintenance and repair system regulates the procedure, organization, content, and standards for performing work to ensure the operability of rolling stock. For a long time, a planned preventive maintenance system was used, the organization of which was guided by relevant regulatory documents [6, 7]. In such a system, the timing of scheduled maintenance work was set with the same frequency and without taking into account the actual condition of the vehicle. Position [6] practically excludes the principle of adjusting labor costs depending on the vehicles operating conditions, which is incorrect.
A condition-based system is a more advanced system for vehicle maintenance and repair. In this system, the frequency and complexity of work depend on the technical condition, which is determined through diagnostics of the vehicle's systems and components [8]. However, such a system requires periodic and continuous monitoring of the technical condition for the rolling stock. In a mixed system, maintenance intervals can be determined by an indicator that is highly sensitive to the overall technical condition of the vehicle and its operating conditions. For example, this could be fuel consumption [9].  
Advances in information technology now make it possible to monitor the entire fleet of vehicles, including assessing their technical condition, and to organize automated technical service management. This has become possible thanks to the development of computer and telematic systems, communications, and satellite navigation [10, 11]. 
One of the most accessible ways to create an intelligent transport system is the use of satellite monitoring (Global Positioning System) [12]. The vehicle is equipped with a GPS tracker, a diagnostic data collection system, and a mobile communication channel (GSM). Vehicle status information is transmitted to a server, which manages and distributes the data, storing it in its own database. Software processes and presents the information in reports accessible to the dispatcher [13].
It is advisable to present the system of technical maintenance and repair of the modern structure of the technical service for small enterprises in the automobile transport industry in the form of a mass service system with a single service center [14]. For small motor transport enterprises, when describing maintenance and repair processes, it is recommended to use a single-channel queuing system with an unlimited queue. The technical service system productivity index is the volume of work performed by workers per working day, given the maximum limits on vehicle downtime within the technical service and repair system [5].
The following methodology for mathematical modeling of technical control and stability regulation systems is proposed, which includes the following blocks: correction of input information taking into account operating conditions; calculation of operating efficiency parameters; optimization of technical service parameters for a motor transport enterprise [4, 5].
In the management system of the technical service of a motor transport enterprise, the main task is to study productivity, i.e. to determine the volume of work on the vehicles maintenance and repair for a certain time period.  
Let us consider the technological calculation of technical maintenance using the example of data obtained by the GPS system for a small automobile transport enterprise servicing 8 medium-class buses - BOGDAN A-09202 with a total passenger capacity of 43 persons (number of seats - 22). 
Initial information on the rolling stock and the enterprise is given in Table 1. 

	TABLE 1. Initial data for calculation

	Parameter name
	Notation in formulas
	Value of quantity

	Average daily mileage of one bus, thousand km
	

	0.25

	Standard bus mileage between maintenance services No. 1, thousand km
	

	5

	Standard bus mileage between maintenance services No. 2, thousand km
	

	20

	Standard mileage per cycle, thousand km
	

	360

	Standard of labor intensity of maintenance services No. 1, person-hours
	

	4,6

	Standard of labor intensity of maintenance services No. 2, person-hours
	

	16

	Specific standard labor intensity of performing current repairs, person-hours / thousand km
	

	3.9

	Average technical bus speed, km / h
	

	36.41

	Duration of the work shift when performing routine maintenance No. 1, routine maintenance No. 2 and routine repairs, hours
	

	8

	Share of current repair work carried out during maintenance No. 1
	

	0.3

	Share of current repair work carried out during maintenance No. 2
	

	0.5

	Share of current repair work carried out at posts
	

	0.4

	Number of workers at one post when performing technical maintenance No. 1, person
	

	1

	Number of workers at one post when performing current repairs in maintenance area No. 1, person
	

	1

	Number of workers at one post when performing technical maintenance No. 2, person
	

	1

	Number of workers at one post when performing current repairs in maintenance area No. 2, person
	

	1

	Number of workers at one post when performing current repair work, person
	

	1

	Number of shifts in maintenance area No. 1, maintenance area No. 2 and current repairs
	

	1


The calculation begins with the adjustment of standard mileage and standard labor intensity for all units of rolling stock, taking into account the operating conditions, which are taken into account by the corresponding coefficients according to [15].
Determination of the frequency of technical interventions technical Maintenance No 1 and Maintenance No 2 taking into account the coefficients and the frequency of the average daily mileage (in thousand km):


	;	


	,	





where:  and  – mileage correction coefficients based on vehicle operating conditions;  and  – Accordingly, the adjusted daily mileage of rolling stock and the adjusted mileage between technical maintenance No. 1, thousand km. 
The change in the labor intensity of performing technical maintenance No. 1 and maintenance No. 2 is performed according to the formula (in person-hours):


	;	


	,	



where:  and  – coefficients for adjusting labor intensity depending on vehicle operating conditions. 
The labor intensity of current repair work is calculated using the formula (in person-hours / 1000 km):


	,	




where:  and  – transverse stiffness of the tire tread pattern elements;  – longitudinal rigidity of the elements of the tire tread pattern. 
The calculation of the work labor intensity on current repairs, which are carried out within the structure of technical maintenance work No. 1 and No. 2, is performed according to the formula (in person-hours):


	;	


	,	


where:  – road operating conditions coefficient. 
The requests frequency for maintenance and current repairs for all vehicles is shown in Table 2. 

	TABLE 2. Distribution of requests for maintenance and repair per unit of the rolling stock.

	Name of the technical service unit
	
Number of requests per cycle per unit of rolling stock, 
	Daily application intensity, 1/day

	Technical maintenance 1
	52
	0.1425

	Technical maintenance 2
	18
	0.0493

	Current repairs 1
	22
	0.0603

	Current repairs 2
	6
	0.0164

	Current repairs B
	26
	0.0712

	Sum
	124
	0.3397



The application processing intensity is determined using the formula:


	.	

The calculation of the application processing intensity is determined for each type of work. For example, let's calculate for maintenance No 1 based on the number of rolling stocks:


	.	

The estimated values of applications processing intensity for other types of work are given in Table 2.
Operating time of a rolling stock unit for random events during preventive maintenance work that occur between maintenance interventions (in thousand km):


	.	

The calculation of performing random events the labor intensity for current repairs is performed using the formula (in person-hours):


	.	

The intensity of carrying out for one technical impact on the post is determined by the formula (in 1 / days):


	,	





where:  and  – accordingly, the number of workers (in person) and the labor intensity (in person-hours) for any (i-th) work of the technical service to perform technical maintenance and routine repair of rolling stock;  – duration of the work shift when performing routine maintenance No. 1, routine maintenance No. 2 and routine repairs, hours;  – number of shifts in maintenance area No. 1, maintenance area No. 2 and current repairs. 
For example, let's calculate the intensity of maintenance No. 1, which will be determined as follows (in 1 / days):


	.	

The results of calculating the work intensity for all divisions of the technical service are summarized in Table 3. 
The number of posts in divisions is determined based on the standardizing condition, which can be written as the following inequality:


	.	

From formula (14) it will be possible to obtain the boundary values ​​of posts number, which will be as follows:



	 and  	

Using formulas (15), it's possible to obtain the limit values post number for each the technical service units department that performs maintenance and repairs on rolling stock. Let's demonstrate how to perform such a calculation for technical maintenance No. 1:


	;	


	.	


It is necessary to select an integer value of work posts  that will be between the boundary values ​​determined by formulas (16) and (17):


	.	

Knowing the number of posts, it is possible to determine the capacity of each maintenance zone, and for technical maintenance zone No. 1 the calculation will be as follows (in 1 / days):


		

The calculated results of the boundary values for post numbers for other technical service units are presented in Table 3. The table also shows the accepted post numbers and the calculated capacity for each of the technical service's impact. 

	TABLE 3. Parameters for organizing technical service units

	Name of the technical service unit
	Bandwidth at the post
	
Minimum number of posts 
	
Maximum number of posts condition 
	
Number of posts accepted 
	Technical service unit throughput

	Maintenance 1
	1.512
	0.294
	1.094
	1
	1.512

	Maintenance 2
	0.435
	0.313
	1.113
	1
	0.435

	Current repairs 1
	2.353
	0.226
	1.026
	1
	2.353

	Current repairs 2
	0.353
	0.247
	1.047
	1
	0.353

	Current repairs B
	0.230
	0.509
	1.309
	1
	0.230



The saturation points for each technical service department units are determined by the formula:


	.	

Let's show how to calculate the saturation point for maintenance No. 1:


	.	

The downtime duration of buses in technical service units is calculated according to the formula (in days):


	.	

Let us give calculating an example the duration of vehicle downtime in technical service department No. 1 (in days):


	.	
The calculations result for all technical service departments are presented in Table 4.  

	TABLE 4. Quality parameters of the organization of technical service units

	Name of the technical service unit
	Saturation points of technical service units
	Loading technical service units
	Duration of downtime of rolling stock in technical service units

	Maintenance 1
	12
	0.094
	0.730

	Maintenance 2
	10
	0.113
	2.594

	Current repairs 1
	40
	0.026
	0.436

	Current repairs 2
	22
	0.047
	2.972

	Current repairs B
	4
	0.309
	6.291



The minimum productivity in the technical service that must be deployed in the team of basic functions to guarantee the specified (in this case, these are calculated) value of rolling stock duration downtime in the current repair units is calculated as follows (in person-hours / days):



	.		

The average time between failures of rolling stock is determined by the formula (in days):


	,	



where:  – average daily mileage of a rolling stock unit, thousand km (Table 1);  – mean time between failures, thousand km.
The standard readiness coefficient, taking into account the initial data, is


	,	



where:  – mean time between failures of rolling stock, days;  – rolling stock downtime during troubleshooting, days (Table 4). 
The technical readiness factor indicates the time part working capacity that vehicles are operational. The higher this indicator, the more effective the rolling stock maintenance service. The coefficient changes from 0 (the vehicle is faulty) to 1 (the vehicle is in working order) over a certain time period.
The productivity calculation of technical service units from the limit on the duration of rolling stock downtime is determined by the formula (in person-hours / days):


	.	


Let us calculate the productivity using the example of technical maintenance unit No. 1 under the constraints of rolling stock duration downtime at a given level  days (in person-hours / days):


	.     	


The calculated values of rolling stock performance () for different values of restrictions during downtime in all technical service units are presented in Table 5. 

	TABLE 5. Calculation of productivity in various technical service departments with given restrictions on rolling stock downtime.

	Performance indicators, person-hours/days
	Current time value, days
	Estimated time

	
	0.2
	0.4
	0.6
	0.8
	1
	1.2
	

	

	44.255
	28.208
	22.221
	18.964
	16.872
	15.395
	19.926

	

	102.373
	55.896
	40.186
	32.211
	27.351
	24.061
	14.820

	

	37.263
	24.465
	20.025
	17.325
	15.561
	14.30
	23.711

	

	122.778
	65.790
	46.637
	36.968
	31.108
	27.160
	14.949

	

	181.674
	94.660
	65.583
	50.997
	42.213
	36.334
	11.80



Table 6 shows the values of the time required to complete maintenance and repair work for different values of the productivity in the technical service units. Based on the data on the rolling stock downtime presented in Table 6, a series of graphical dependencies were constructed illustrating the impact of downtime on the labor productivity of various maintenance departments, as shown in Figure 2.

	TABLE 6. Calculation of the time and probability of rolling stock downtime at a given technical service productivity.

	Productivity of the vehicle, person-hours/day
	Rolling stock downtime, days
	Downtime probabilities

	
	Maintenance No 1
	Maintenance No 2
	Repairs No 1
	Repairs No 2
	Repairs B
	

	5
	99.62
	145.504
	93.006
	160.445
	202.743
	0.0571

	10
	3.193
	5.673
	2.835
	6.481
	8.767
	0.5286

	15
	1.265
	2.54
	1.082
	2.955
	4.13
	0.6857

	20
	0.725
	1.583
	0.601
	1.862
	2.653
	0.7643

	25
	0.489
	1.136
	0.396
	1.346
	1.942
	0.8114

	30
	0.489
	1.136
	0.396
	1.346
	1.942
	0.8429

	35
	0.284
	0.717
	0.222
	0.858
	1.257
	0.8653

	40
	0.232
	0.604
	0.178
	0.725
	1.067
	0.8821

	45
	0.195
	0.512
	0.148
	0.627
	0.927
	0.8952

	50
	0.168
	0.157
	0.126
	0.552
	0.819
	0.9057

	60
	0.131
	0.368
	0.096
	0.445
	0.664
	0.9214

	70
	0.106
	0.307
	0.077
	0.373
	0.558
	0.9327

	80
	0.09
	0.264
	0.064
	0.32
	0.481
	0.9411

	90
	0.077
	0.231
	0.055
	0.281
	0.423
	0.9476

	100
	0.068
	0.205
	0.048
	0.25
	0.377
	0.9529

	125
	0.053
	0.161
	0.036
	0.196
	0.297
	0.9623

	150
	0.042
	0.132
	0.029
	0.161
	0.245
	0.9686

	175
	0.035
	0.112
	0.024
	0.137
	0.208
	0.9731

	200
	0.03
	0.097
	0.02
	0.119
	0.181
	0.9764
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FIGURE 2. Downtime from productivity for different technical service subdivisions.

The productivity of the information technology support system unit with the introduced range of restrictions on technical service downtime is determined by the formula (in person-hours / day):


	.	


As an example, we will calculate the productivity of the information technology support system unit with a given probability of downtime: . The value of the information technology support system unit productivity for other downtime probabilities is given in Table 7. 

	TABLE 7. Calculation of the time and probability of rolling stock downtime at a given technical service productivity.

	Performance parameter designation
	
The value of downtime probabilities 

	
	0.2
	0.4
	0.6
	0.8
	1

	
, person-hours / day
	5.893
	7.857
	11.786
	23.571
	∞



Table 7 shows the potential for technical service downtime, which depends on the performance of the information technology support system unit.
Figure 3 shows a graphical representation of the dependence of technical service probability downtime on changes in the information technology support system unit productivity.
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FIGURE 3. Graphical dependence of the technical service probability downtime on an intelligent transport system performance.

[bookmark: _Hlk214717391]The time and likelihood of rolling stock downtime decreases with increased vehicle productivity. Downtime due to production will vary for different maintenance departments. The likelihood of technical service downtime increases as technical service productivity increases. 
DISCUSSION
System productivity is increased by reducing rolling stock downtime during maintenance and repairs within the technical service system. However, due to the uneven nature of requests, the high-performance system suffers from high rolling stock downtime. 
It is necessary to strive to reduce the costs of vehicle downtime per working day and the costs of technical service downtime for the same period. Total costs from the operation of rolling stock and technical service:


	,	



where:  – operating costs of rolling stock;  – organizing work costs of a technical service for the maintenance and repair of vehicles. 
Operating conditions, route length and daily mileage do not change significantly from day to day for urban bus passenger transportation. Overall, transportation process indicators can fluctuate significantly, leading to changes in the frequency of requests for rolling stock maintenance and repairs. At the same time, the performance of the technical service and the likelihood of rolling stock downtime must be constantly reassessed.
An evaluation methodology for the technical service productivity and the rolling stock probability downtime should be included in the algorithm for the operation of the intelligent transport system (ITS).
CONCLUSION
An analysis of the vehicle maintenance system was conducted, and key development paths based on the use of innovative technologies were proposed. A promising approach is to determine the technical condition of passenger buses based on their actual condition. The intelligent transport system (ITS) remotely monitors vehicle movement parameters, transmits location data via a GPS tracker, and monitors the technical condition using sensors installed on the rolling stock. Processing this information allows the dispatcher to effectively schedule maintenance for all rolling stock units and prevent failures along the route.
An object-oriented approach [16] was used for mathematical modeling of the urban passenger transport control and regulation system, allowing us to describe the set of objects representing the system and identify the dependencies between these objects. Queueing theory and a normative-probabilistic methodology for the technological calculation of the maintenance and repair system were applied to optimize the results of the object analysis.
The mathematical model enables the determination of minimum labor costs for the technical service of a motor transport enterprise, ensuring guaranteed vehicle downtime during maintenance and repairs, and determining the minimum costs for achieving optimal technical service productivity.
[bookmark: _Hlk214717914]A calculation for a BOGDAN A-09202 bus with an average daily mileage of 250 km showed that maintenance intervals would be 4,500 and 18,000 km (depending on the type of service). Maintenance labor intensity would be 5.29 and 18.0 person-hours (respectively) and repair labor intensity would be 6.67 person-hours / 1000 km. The total number of impacts is 124 units per cycle for 8 buses. Calculating the frequency of incoming requests and the zone's throughput capacity revealed the optimal posts number for each type maintenance and repair of vehicle. The standard availability factor will be 0.949.
The virtual model of the technical service is particularly effective for motor transport companies with a small number of rolling stock units. Virtual models of technical service are particularly effective for motor transport companies with a small number of rolling stock units. This approach reduces technical service management costs through the use of information technology, while also accounting for the uneven influx of requests for rolling stock maintenance and repairs in real time.
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