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 
ABSTRACT 
 
One of the main indicators set in the design and 
modernization of complex technical facilities are indicators 
reliability and cost of operation. These indicators depend on 
the properties reliability and maintainability of the object, as 
well as on the parameters of  maintenance system. 
 
The article considers the problem of determining approaches 
to optimizing the parameters of MC process with a constant 
periodicity of control. Two optimization criteria are 
investigated: minimization of the specific cost operations of 
the object, which is determined at a given period of operation, 
while ensuring a given requirement for level of reliability 
object; and maximizing the coefficient of technical use while 
meeting the requirements for the level of reliability of the 
object. The results are necessary for the development of 
methods and algorithms for optimizing the parameters of 
different types of maintenance.  
 
Key words: maintenance, maintenance as condition, 
simulation statistical modeling.  
 
1. INTRODUCTION 
 
Today, much attention is paid to increasing security measures 
in the operation of various complex technical facilities and 
systems, including special purpose. Reliable operation of 
electronic and radio electronic facilities and systems is 
ensured by high-quality operation of the maintenance and 
repair (MR) system. The need for maintenance is the timely 
replacement of elements that are in a pre-failure condition, 
which leads to improved performance of the object as a whole. 
Repairs are carried out in order to restore the serviceable or 
operational condition of object, as well as to restore the 
resource of whole object or its part [1-4]. 

 
 

 
Indicators of reliability and cost operation facilities depend on 
the properties of faultlessness and maintainability of the 
facility itself, as well as on parameters of  maintenance 
system. Thus, there is a general problem of optimizing 
characteristics of object and parameters maintenance system. 
Determining the reliability of complex technical objects and 
their relationship with parameters of maintenance system on 
the basis statistical data is quite difficult. It is much easier and 
more efficient to conduct simulation statistical modeling to 
establish links between these parameters and the predicted 
indicators of reliability and cost of operation object itself. 
 

In past, a large number of well-known scientists, including 
Kredentser B.P., Barzilovich E.Yu., Cox D., Smith V., 
Kashtanov V.O., Ushakov I.O., Barlow R., Proshan F. and 
others. Today, many scientists are also exploring the problem 
of optimizing the maintenance process for different types 
objects. Thus, in [5] a new variant of the selective service task 
(SMP) is considered for joint optimization of service planning 
and resource allocation tasks for several missions. The 
resulting SMP takes into account five joint solutions: 
selecting components for maintenance, selecting service 
levels performed on selected components, identifying gaps in 
service tasks, selecting repairmen, and assigning 
maintenance tasks to selected repairmen. The goal is to 
minimize the total cost of maintenance and pay for a service 
plan that guarantees a given reliability threshold. In [6], a 
model of service optimization is proposed taking into account 
both economic and structural dependencies between 
components. The effect of structural dependence on reliability 
of components was considered using a proportional hazard 
model. The model implements influencing factors, such as 
component components, system structure and production 
context. This supported a more accurate assessment of 
reliability. In [7], a stochastic optimization model for 
reducing long-term overall maintenance costs of complex 
systems is considered. The work is based on the fact that: 
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optimization of cost model for complex multicomponent 
systems, based on the analysis of reliability different 
approaches to maintenance (periodic block and age) and the 
method of clustering maintenance actions to reduce the total 
cost of maintenance complex systems. In [8], in accordance 
with the tasks of optimizing maintenance, first select the most 
important components of the power system with renewable 
energy sources. Then a set of maintenance strategies for all 
critical components is proposed. The total cost of each 
maintenance strategy for all critical components is calculated 
as the sum of the costs of: operation, maintenance, 
environmental protection. The best service strategy for each 
critical component is selected by determining the lowest total 
cost of the various service strategies. In [9] the new method of 
optimum strategy of service difficult system taking into 
account the set restriction of reliability is considered. It is 
based on the method of direct analysis, which provides an 
accurate quantitative determination of the reliability highly 
reliable systems with maintenance. As a discrete service 
model in this article we consider a model where each serviced 
component can operate in one or more discrete service modes. 
In [10] we consider obtaining an optimal schedule of 
preventive maintenance of one element on the final segment 
on the basis of Bayesian models failure rate function. In [11] a 
new approach to modeling the maintenance of machines 
taking into account architecture of the park systems was 
developed. The architecture of fleet systems is considered, 
consisting of different types machines from different 
equipment manufacturers, working with different users, but 
supported by one repair shop. The essence of the approach is 
to jointly optimize solutions by level of repair, namely: by 
repair schedules, relocation, disposal and preventive 
maintenance, taking into account the structure of user costs 
and policy parameters in the shops. In [12] a new approach to 
cost-effective optimization of shutdown strategies for a set of 
repaired elements is presented. The optimization method 
consists of two stages. First, a new concept of matrix 
modeling is introduced to find space to solve this optimization 
problem. Second, a genetic algorithm is used to find a 
solution with minimal cost. It is shown that the combination 
of matrix modeling and genetic algorithm is a powerful 
method for quickly solving the optimization problem. In [13], 
the MINLP model is proposed, which represents a stochastic 
process of failures and repairs of the system in the form of a 
Markov chain with a continuous time, based on which the 
choice of redundancy and frequency of inspection and 
maintenance tasks is optimized for maximum profit. The 
model clearly takes into account all possible states of the 
system. Effective methods of decomposition and reduction of 
service scenarios are also offered. In [14], analyzed solutions 
to search problems and detection of objects in technical 
systems for various purposes. The developed rule can be 
extended to the case of a multi-alternative problem of testing 
hypotheses. In [15], an algorithm was developed for 

calculating the unconditional probability of detecting an 
object of observation during joint search and detection of 
objects in technical surveillance systems. It is shown that the 
joint search and detection of objects of observation using a 
uniformly optimal search strategy provides a higher 
unconditional probability of a correct decision. 

 
2. METHODOLOGY 
 
The problem of optimization maintenance (MC) parameters 
can be reduced to solving the problems: optimization by 
criterion eminc  (1) and optimization by criterion ssamax K  
(2): 

 
req

0cmcmc0 ),,( TTUET  ; min),,( cmcmcе  TUEc    (1) 
req

0cmcmc0 ),,( TTUET  ; min),,( cmcmcе  TUEc    (2) 

where: req
0T  -  requirement for level of reliability objects; 


mcE , 

mcU and 
cT  - desired optimal values of MC 

parameters with a constant periodicity of control; mcE  - set 

elements that are serviced; mcU  - vector of levels that 

determine the need for maintenance of elements; cT  - 
frequency of control; ssaK  - is a steady state availability 
factor. 
 
The parameters 

mcE , 
mcU and 

cT , obtained as a result of 
solving problems (1) and (2), will be different. 
 
The space in which the search for optimal values should be 
carried out 

mcE , 
mcU and 

cT , in both problems is the same 
and is a Cartesian product of the following form: 

    ),0[]1,0[}{ mc
mc  EE                   (3) 

where }{ mcE  – is the set of all sets consisting elements that 

are part of set mcE ; mc]1,0[ E  - hypercube, each point in 

which is a vector dimension mcE , elements of vector are 

numbers belonging to the segment; ]1,0[ ; ),0[   - numerical 
axis containing all positive numbers. 
 
The generating element of the space (3) is a set of serviced 
elements mcE . The set  mcE  is determined by the developer, 
and it includes the least reliable elements for which the 
defining parameters are known and there are means of 
measuring them. At the stage of development objects of 
technology for some potentially serviced elements, the 
defining parameters may still be unknown. However, such 
elements can be included in the set mcE  in order to test the 
feasibility in the future of additional studies to identify the 
defining parameters for these elements. Based on the 
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simulation results, the developer has opportunity to determine 
expected gain in the reliability of object through the 
maintenance (MC) of these elements. If the gain is found to be 
significant, the developer may decide to incur additional costs 
to change the design of the facility to ensure that the 
determinants are measured. 
 
Therefore, the set mcE  is set taking into account decisions 
already made on the need for maintenance for some elements, 
as well as for reasons of verification feasibility inclusions in 
the scope of service, other elements. 
 
Problem (1) is supposed to be solved as a sequence of partial 
problems in which the set of served elements is fixed. At each 
step, an auxiliary set is formed by adding to it one element 
taken from mcE . Before that, all the elements of the set 

mcE  
are ordered in ascending order of the average operating time 
before the failure of the elements. 
 
At each step, for a fixed set 

mcE , a partial problem of 

determining the optimal parameters 
mcU  and 

cT  satisfying 
the condition is solved: 

cmc ,
cmcmce min),,(

TU
TUEc  .                    (4) 

 

A solution   cmcmcmc ,,P TUE  that satisfies condition (4) 

is a conditionally optimal solution obtained provided that the 
set of serviced elements has a composition 

mcE . 
 

When new elements 
mcE  are added to the new elements, the 

failure 0T  rate should increase, and as soon as the condition 

is met at some step req
00 TT  , the process of finding a 

solution stops. The conditionally optimal solution 
mcP  

obtained in the last step is accepted as optimal solution 
mcP .  

 
Problem (2) is solved in a similar way, with the only 
difference that instead of partial problem (4) the problem is 
solved at each step: 

cmc ,
cmcmcssa max),,(

TU
TUEK  .                    (5) 

 
Thus, due to this technique, we have reduced the number of 
optimized parameters to two: mcU  and cT . 
 
The parameter 

mcU  is a vector of maintenance levels set for 

different serviced elements. The optimal values   mcm Uu ic  

should be separate for different elements  mcEei , as the 
probabilistic characteristics of the degradation process of 
different elements can differ significantly. The greatest 
influence on the choice of optimal value 

iumc  should be 

given by the value of the coefficient variations of degradation 
process element iu . On other hand, the optimal values 


iumc  may also depend on the frequency of monitoring 

cT . 

 
3.  RESULT AND DISCUSSION 
 
For example, take the imaginary object Test-1 and calculate 
the unit cost of operation ),,( cmcmce TUEc i at fixed mcE  and 

cT , and at different values iUmc , where iUmc   – is the 

vector in which the i-th component varies iumc : 

}...,,,{ mc2mc1mcmc ii uuuU  . 

 
The Test-1 object is an example of the simplest object that has 
a consistent reliability structure and a constructive structure 
that has 6 levels of nesting, shown in the figure. 1. The total 
number of simple elements is 20 (indicated by circles in the 
figure). Elements included in the set оE are marked with 
hatching. 

 
Figure 1: Structural structure of Test-1 object 

 
To simplify, we include a single element in the set 

mcE , so 

that the vector iUmc  
turns into a scalar iumc . 

 
Figure 2 shows the results of calculations in the form of 
graphs of dependence of indicators and on size at the fixed 
periodicity of control cT = 1000 hours are resulted. The value 

iumc  
varies in range [0,1; 0.95]. 
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Calculations were performed for three values of the 
coefficient variation iu : 0.5; 0.8; 1.0. 

 
The obtained graphs clearly show that the functions )( mce iuc  

and )( mcssa iuK have pronounced extrema, the position of 

which depends on the coefficient of variation i . As the 
coefficient of variation increases, the optimal values of 
maintenance

 


iumc  level are shifted to range of smaller 

values, approaching the level of 0.5. 
 

Now we need to find out whether the optimal values 
iumc  

depend on the frequency of monitoring cT . To do this, we 
make the same calculations for different values cT  of 
periodicity, and for each cT  we will determine the optimal 

values 
iumc  

 and their corresponding values )( mce


iuc  and 

)( mcssa


iuK . 

 
 

 

 
Figure 2: Graphs of functions )( mcunit e iuc  and )( mcssa iuK

 
at different values i  (object Test-1, cT = 1000 h) 

 
 
 
The values cT  will vary in the range from 500 to 5000 hours. 
Based on the results of calculations, graphs of dependence on 
the cT  optimal values 

iumc  
and their corresponding values 

)( mce


iuc  obtained by the criterion emin c  (shown in the 

figure 3.a), and the same graphs for the values 
iumc  

and 

)( ssassa


iuK obtained by the criterion ssamax K  (shown in the 

figure 3.b) were constructed. 

 
Figure 3: Graphs of dependences optimal level of maintenance 


iumc  

and corresponding values of objective functions  

)( mce


iuc and )( mcssa


iuK from the periodicity control cT  at 

different values i  
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From  obtained graphs we can draw the following 
conclusions: 
- conditionally optimal values 

iumc  
and corresponding 

values )( mce


iuc and )( mcssa


iuK significantly depend on 

periodicity of control cT and, therefore, the values 
iumc  

and 


cT  are dependent; 

- conditionally optimal values 
iumc  

and 
cT also depend on 

the coefficient of variation i . 

5. CONCLUSION 
 
The article analyzes and suggests ways to optimize the 
maintenance process of a complex technical object. It is 
determined that when searching for a conditionally optimal 
vector 

mcU  it is necessary to perform separate optimization 
for each of its elements. It is also proved that when searching 
for a conditionally optimal solution, it is necessary to look for 
compatible optimal values of the parameters 

mcU  and 
cT . 

The results found are necessary for the development of 
methods and algorithms for optimizing parameters of 
different types maintenance. 
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