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Abstract. The paper deals with the probabilistic modeling of training tests subdivision of device production. Increased reliability is 

required from devices for control systems of non-stationary objects. This is provided by a number of training operations with 

subsequent control. A network model of queuing systems is proposed to describe the process of passing devices through subdivision 

of control-training operations. Expressions are obtained, which allow estimating the load of each production section and find its 

characteristics of functioning. 

 

Introduction. Control systems for non-stationary objects 

(cars, airplanes, ships) include a significant number of 

various devices, such as information sensors, controllers 

and computers. As a rule, they function in conditions of 

an aggressive external environment. The temperature can 

vary from -1200C to + 500C, devices are affected with 

vibration during movement, high humidity can lead to 

loss of dielectric properties of materials. At the same 

time, high requirements are imposed on the reliability of 

the operation of control systems for non-stationary 

objects. It is possible to provide high reliability of such 

objects both at the design stage and at the stage of 

production, by including training operations of devices in 

appropriate conditions on special stands with subsequent 

monitoring for correct functioning [1]. Thus, the 

simplified technological scheme of the training tests 

subdivision of device production can be the same as in 

fig. 1. 

 
Figure 1 – Technological scheme of the training tests 

subdivision of device production 
 

Failures of devices during training operations are 

random. This leads to congestion of individual 

technological sections and transport conveyors, reducing 

the capacity and production capacity of the entire system. 

At the same time, as practice shows, such production 

systems designed according to well-developed methods of 

flow-mass production design often can not provide the 

required productivity and throughput, despite the 

sufficient capacity of the assembly sections. Possible 

irregularity of production also render a strong influence 

on the performance of the system. In this regard, the 

traditional methods of calculation of the flow-mass 

production design of devices production must be 

supplemented by probabilistic methods that allow take 

into account various random factors affecting the 

production process. 

In a formalized presentation, each technological 

section of the training test subdivision is a service system 

consisting of a certain number of service places (these 

may be the workplaces of the regulators or the seats in the 

climatic test area), the input flow of devices that act as 

requests for service, and the place of waiting for requests, 

in whose role the intermediate buffers can be used. In the 

whole, the training tests subdivision of device production 

can be modeling by a queuing network, in which the 

assembly section is the source of requests (in this case, 

the assembled devices), separate technological sections 

are separate service systems. 

A brief overview of publications on the topic. A 

characteristic feature of the modern stage of development 

of society is the increasingly widespread use of large 

complex systems with a network structure and stochastic 

nature of functioning. The study of the processes 

occurring in systems of this kind is carried out within the 

framework of the theory of networks of queues and 

simulation. The basic work on queueing networks did 

James Jackson (University of California, Los Angeles, 

mathematics professor) [2]. The work [3] is devoted to the 

study of closed homogeneous exponential queueing 

networks. To analyze the quantitative distribution of 

customers over the nodes of the queueing network, a 

diffusion approximation method was proposed in [4]. 

Along with analytical methods, simulation methods are 

widely used to study queueing networks [5, 6]. 

Simulation modeling allows obtain more accurate results 

than analytical methods, but simulation models have a 

little typification, in addition, the cost of developing 

simulation models is quite high. The applied aspects of 

queueing networks, as applied to computer systems, are 

described in [7, 8]. It should be noted that most of the 

works on the applied use of queueing networks are 

devoted to computer systems and networks. Taking into 

account the specifics of production processes building 

appropriate models of queueing networks is an urgent 

task. 

Purpose of research. The probabilistic model of the 

training tests subdivision of device production will be a 

queuing network with an appropriate topology. The aim 

of the work is to determine, based on the queuing 

network, the load of each production section, the average 
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cycle time of control and training tests, the effect of 

device failures on the general characteristics of the 

system. 

Materials and methods. The structure of the training 

tests subdivision of device production can be represented 

by the network transmission graph, shown in fig. 2. The 

node S0 corresponds to the assembly section, S1 – to the 

tuning section, S2 – to the vibration test section, S3 – to 

the climatic test section, S4 – to the repair section. Solid 

arcs correspond to the passage of devices along the 

technological chain without failures; arcs marked with 

strokes mean the transfer of failed devices to the repair 

section, or a completely defective product. ijp  means the 

probability of transferring the devices from section i to 

section j. Accordingly, 23p  is the probability that the 

device has passed the vibration test section normally and 

24p  is the probability that the device require a repair after 

vibration test, 30p  is the probability that the device after 

section of climatic tests  has passed all the training tests 

normally and 34p   is the probability that the device 

require a repair after climatic test, 40p  – this is the 

probability that the device is not subject to recovery. 

 
Figure 2 – Networks transmission graph 

 

Let us define the transition probability matrix P  as 

consisting of elements ijp , that is 
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The peculiarity of this matrix is that the sum of the 

probabilities in the rows is equal to one. 

We will investigate the functioning of the system in a 

stationary state. Let us denote by i  the total intensity of 

the input flow of devices in section i in a stationary mode, 

i  –  the average time of the technological operation in 

the i-th section. For the existence of a stationary state, it is 

necessary that the inequality 1= iii   holds for each 

section, where i  is a load of i-th section. Then the 

following system of equations for the stationary state 

corresponds to the graph in fig. 2  
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In the matrix form, the system of equations (2) is 

written by 
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If we add to the elements of the last row in system 

matrix corresponding elements of all the remaining rows, 

we get a row with zero elements. Thus, the determinant of 

the system matrix of the system of equations (3) is equal 

zero. That is, the system of equations is uncertain. But if 

we fix the intensity of the arrival of devices from the 

assembly section 0 , then the system of equations 

becomes definite and can be solved relatively 
0 , that 

can be expressed as 

4,3,2,1,0 == iii  .                          (4) 

Let us reformat the system of equations (2) as follows  
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Reordering the corresponding rows, rewrite the system 

of equations (5) as follows: 
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The solution of the system of linear algebraic equations 

(6) is expediently sought by the Gauss method in a matrix 

form, which makes it possible to simultaneously test the 

system for solvability. We write the extended matrix 

system (6) in augmented matrix form (only coefficients 

for unknowns) as follows 
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Let us realize the direct move of the Gauss method. To 

do this, multiply all the elements of the first row by 12p  

and add them to the corresponding elements of the second 

row. After that, multiply all elements of the first row by 

14p  and add them to the corresponding elements of the 

third row. These operations are formally written as 

follows. 
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As a result, we get 
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Next, we perform the following operations 
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Perform the following operation:  IIIVV +=:  

As a result, we get 
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As a result, we get 
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The fourth and fifth rows of the system (7) are 

equivalent. Throw away the fifth row and swap the third 

and fourth rows. We get 
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Using the third row, let us perform the following 

conversion:  34: pIIIIVIV +=  

We get 
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From the last row follows: 
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Accordingly, from the third row we get: 
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from the second row we get 
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The most important indicators of production will be the 

intensity of devices that have completely passed the 

training tests out  and the intensity of completely 

defective devices fa il . From the network transmission 

graph follows:  

404303 , pp failout  == .                                       (9) 

Important characteristic of the production process is 

the average time of the devices passing through the 

training and control operations – T. It, in turn, depends on 

the average time spent by devices (customers in terms of 

queuing theory) in each section 4,3,2,1, =iti . Then 
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The execution time of a production operation in the i-th 

section is constant – i . Therefore, a queuing system of 

the type M/D/1 can be chosen as a model of production 

section. Then 
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By using obtained expressions the performance of the 

training test sections can be reasonably chosen. 

Results and their discussion. Let the transition 

probability matrix P of the network have the form: 
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Using the expressions (8), we get: 

.76,0,10,1,23,1,53,1 04030201  ====  

Accordingly, 00 76,0,77,0  == failout  

Thus, the received expressions allow to estimate 

loading of each technological section and to choose its 

productivity. 

On the fig. 3 depicted the family of curves out  as a 

function of the probability of a complete failure of the 

device 40p  for different values of the probability of 

failures in the vibration test section - 24p . 

The dependencies are almost linear, and each section 

contributes to the decrease in the performance of the 

entire system of training operations. 
 

 
Figure 3. Related intensity of devices that have completely 

passed the training tests 
 

Conclusions. The paper proposes the use of a queuing 

network as a model of the training tests subdivision of 

device production. The analytical solution of the 

corresponding systems of equations makes it possible to 

estimate the load of each training test section, the real 

time of the production cycle, the output of suitable 

devices from the section. By using obtained expressions 

the performance of the training test sections can be 

reasonably chosen. 
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