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оборотах. У режимі s обороти в момент перемикання варіювали менше. 

Випробування передньопривідних автомобілів на i-ій передачі не 

вдавалися - провідні передні колеса розвантажував прикладений до них 

момент, сили зчеплення зменшувалися, колеса починали буксувати. ВАЗ 2105 

не буксував, так як прикладений момент довантажує задні провідні колеса. 

Ручна зарубка часу давала похибка 0,2–0,4 с в порівнянні з відеозаписом. 

Шлях розгону на трьох нижчих передачах з запасом укладався в 500 м. 

Шлях вибігання з 50 км/год до зупинки доходив до 760 м. Відзначено 

підвищена варіація вповільнень при швидкостях нижче 20, особливо нижче 10 

км/ч. Надійніше вимірювати параметри вибігу з 50 або 40 до 20 км/ч. 

За даними розгону і вибігу відновлені криві ефективного крутного 

моменту ряду двигунів. Вони дозволили підібрати емпіричні поправки, що 

враховують зміна конфігурації кривої моменту в залежності від 

передавального числа включеної передачі. 

Описаний метод загального діагностування може бути використаний 

водіями легкових автомобілів для самостійної перевірки технічного стану без 

закупівлі дорогого устаткування. Особливо зручний метод для рухомого 

складу, що працює у відриві від баз обслуговування, а також для спецмашин, 

у яких погіршення тягово-швидкісних властивостей може призвести до втрат 

людських життів (автомобілі швидкої допомоги, пожежні, рятувальні, а також 

рухомий склад збройних сил і силових структур). 
 

UDC 658.51.012 

DISCRETE EVENT MODEL OF THE MOVEMENT OF A BATCH OF 

SUBJECTS OF LABOUR ON TECHNOLOGICAL ROUTE 

Y. S. Oleynyk, engineer 

National Technical University “Kharkiv Polytechnic Institute” 

 

Abstract. The interrelation of the trajectories of the subjects of labour is 

analyzed. The trajectories of the movement of subjects of labour on technological 
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operations are shown. The main problems of building a discrete-event model of 

moving a batch of an subject of labour according to technological operations are 

described. 

Key words: technological operation, production lines, production process, 

technological modules, production management systems, subject of labor, 

production cycle. 

Introduction. In these papers, the discrete event model of moving a party of 

an subject of labour in accordance with technological operations is discussed.   

Modern production is a complex process of transformation of raw materials, 

materials, semi-finished products and other subjects of labour into finished products 

that meet the needs of society. 

The combination of all the actions of people and implements carried out at the 

enterprise for the manufacture of specific types of products is called the production 

process. Activities on the organization of production processes. Diverse production 

processes, as a result of which industrial products are created, must be properly 

organized, ensuring their effective functioning in order to produce specific types of 

high-quality products and in quantities meeting the needs of the national economy 

and the country's population. 

The organization of production processes consists in uniting people, tools and 

subjects of labour into a single process for the production of material goods, as well 

as in ensuring a rational combination in space and time of basic, auxiliary and 

serving processes. 

To ensure the rational interaction of all elements of the production process and 

streamline the work performed in time and space, it is necessary to calculate the 

production cycle of the product. 

The production cycle is called the complex in a certain way organized in time, 

the main, auxiliary and serving processes necessary for the manufacture of a certain 

type of product. The most important characteristic of the production cycle is its 

duration. 

The duration of the production cycle is the calendar period of time during 
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which the material, the workpiece materials or other processed subject undergoes all 

operations of the production process or a certain part of it and turn into finished 

products. The structure of the production cycle includes the time of the working 

period and the time of interruptions. During the working period, technological 

operations and preparatory-final works are carried out. The working period also 

includes the duration of control and transport operations and the time of natural 

processes. The time of breaks is due to the labour regime, interoperability of the 

parts and deficiencies in the organization of labour and production. The operating 

cycle is the duration of the completed part of the technological process performed at 

one workplace. 

Methods for calculating the duration of the production cycle. It is 

necessary to distinguish the production cycle of individual parts and the production 

cycle of the assembly unit or the product as a whole. The production cycle of a part 

is usually called simple, and the product or assembly unit is called complex. The 

production cycle of manufacturing a batch of parts includes not only the operating 

cycle, but also the natural processes and interruptions associated with the mode of 

operation, and other components. The cycle can be a single operation and multi- 

operation. The cycle time of a multi-process depends on how parts are transferred 

from operation to operation. There are three types of movement of subjects of labour 

in the process of their manufacture: sequential, parallel and parallel-sequential. 

Consider the trajectory of the subject of labour (Fig. 1). The trajectory of the 

subject of labour is represented by the dependence of its technological position in 

processing (the number of processing operations) on the processing time 
*

0(t )m ,mτ∆

. We assume that the processing time of the zero detail at the m-th technological 

operation is defined as 

1,m0,m0,m0m
* tt)t( −−=τ∆        

We are interested in the state of each part of the batch received for processing. 

If there is a previous batch on the production line, then it is a restriction for 

processing the received batch. 
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The trajectory of the last detail of the previous batch  (𝑡𝑡0,0,𝑡𝑡0,1,𝑡𝑡0,2,𝑡𝑡0,3,𝑡𝑡0,4,…,𝑡𝑡0,M) 

acts as a specified restriction. It should be noted that the generalized processing time 
*

0(t )m ,mτ∆ consists of directly from the processing time 𝛥𝛥𝛥𝛥𝑚𝑚(𝑡𝑡0,m−1) and time of stay 

𝑃𝑃0,𝑚𝑚: 

 
Fig.1. Trajectories of the movement of subjects of labor on technological operations 

 

The trajectory of the zero detail is the starting point for modelling the state of 

the batch received in the machining of details with the presence on the production 

line of the previous batch. 

Conclusion. We assume that the details arrive at the processing at the first 

technological operation with a random interval 𝛥𝛥𝛥𝛥0(𝑡𝑡):  

{𝛥𝛥𝛥𝛥0(𝑡𝑡1,0),𝛥𝛥𝛥𝛥0(𝑡𝑡2,0),..,𝛥𝛥𝛥𝛥0(𝑡𝑡𝑗𝑗,0),..,𝛥𝛥𝛥𝛥0(𝑡𝑡𝑁𝑁−1,0)}. Time interval 𝛥𝛥𝛥𝛥0(𝑡𝑡𝑗𝑗,0) is the time 

interval between receipt events (j-1) -th and j-th part in the queue for processing at 

the first technological operation. It is shown that the parameters of the 

controlled production process are quantities whose behaviour, as a rule, is due to the 

transfer of technological resources to the subject of labour. The state of the 

production process parameters is determined by the state of the parameters of a large 

number of subjects of labour that are at different stages of processing when 

performing operations on the technological route. To derive non-stationary equations 
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of state parameters of a production line operating in transient conditions, the 

equation of motion of subjects of labour is obtained. 
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Постановка проблемы. В настоящее время тематика интеллектуальных 

систем очень популярна. Одним из ключевых направлений цифрового 

видеонаблюдения является видеоаналитика. Видеоаналитика – аппаратно-

программное обеспечение или технология, использующие методы 

компьютерного зрения для автоматизированного сбора данных на основании 

анализа потокового видео (видеоанализа). Видеоаналитика опирается на 

алгоритмы обработки изображения и распознавания образов, позволяющие 

анализировать видео без прямого участия человека. Видеоаналитика – это 
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