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характеристики объекта и параметры проведения ремонта. Критерия выбрана максимизация 

показателей надежности и минимизация стоимости эксплуатации объекта. 

Ключевые слова: сложный технический объект, плановый ремонт, параметры ремонта. 
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ALGORITHM FOR SIMULATION OF PLANNED REPAIRS OF COMPLEX TECHNICAL 

OBJECTS AND SYSTEMS 

 

The vast majority of complex objects and systems are recoverable objects. The required level of 

readiness and survivability of such complex objects is provided by technical support of their exploitation. 

For these purposes, a complex of tools and methods is used, which constitute a system of maintenance and 

repair. Significant role in these systems is devoted to planned repairs. 

In the work the algorithm of simulation of scheduled repair is developed as an integral part of the 

simulation statistical model of a complex technical object. Carrying out the simulation allows determining 

the optimal structural characteristics of the object and the parameters of repair. The criterion is chosen to 

maximize reliability and minimize the cost of operation of an object. 

Keywords: Complex technical object, planned repairs, repair options. 
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TECHNIQUE OF OPTIMIZATION PARAMETERS OF STRATEGY REGULATED 

MAINTENANCE SERVICE 

 

In clause the analysis of the maintenance of process of maintenance service (MS) of object of radio-

electronic technics is made and necessity of a choice  best strategy MS corresponding reliability -cost 

characteristics of object is proved. It is shown, that for complex objects of radio-electronic technics 

potentially the most effective is strategy MS «on a condition». MS and its private representations the 

general mathematical model of process is developed for following strategy MS: MS on a condition with 

constant periodicity of the control (MSС); MS with adaptive change of periodicity of the control (АMS); 

MS on a resource (MSR). Indicative limitedness of the constructed analytical model of process MS, 

impossibility to consider in it real constructive and reliability structure of complex object of radio-

electronic technics. The analytical model which is used as the initial formal description of process MS by 

development of imitating statistical model (ISM) process of maintenance service and repair is developed. 

Keywords: non-failure operation of object, maintenance service, optimum parameters, periodicity of 

the control, technical condition. 

 

Statement of a problem. Prominent feature of complex technical objects of special purpose 

is presence in their structure of a plenty (tens, hundred thousand) polytypic completing elements 

which have a various level of reliability, various laws of processes their deterioration and ageing. 

This feature demands more thin approach to the organization and planning MS during their 

operation. 

The problem consists that by development of such objects all the questions connected with 

maintainability and maintenance service should be solved already at early design stages of object. If 

to not provide in advance necessary equipment rooms and software of the built in control technical 

conditions (TC) of object, to not develop and "not build in" object technology of carrying out, to 

realize in the future a possible prize in non-failure operation of object due to carrying out THAT it 

will not be possible. As all these questions should be solved at a stage of creation objects (when the 
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object still is not present), mathematical models of process by means of what it would be possible to 

count a possible prize in a level of non-failure operation of object due to carrying out MS are 

necessary, to estimate cost expenses demanded for it. Then on the basis of such calculations to 

make a decision on necessity of carrying out MS for the given type of objects and if such decision is 

accepted, to develop structure of system MS to choose the most comprehensible strategy MS, to 

define its optimum parameters [1,3,4]. 

Unfortunately, mathematical models known now and design procedures of optimum 

parameters of processes MS are poorly suitable for application to real technical objects. The basic 

lack of these models consists that in them or the complex structure of object is not considered at all, 

or there is an opportunity to consider only some elementary structures [2,5,6]. In [7,8] the 

comparative analysis of the problems arising at the decision of problems MS “on a resource” and “ 

on a condition ” is made. The review of the last for that period of works is resulted in the field of 

MS and repair of complex systems. In [9,10,11,12] theoretical generalization of known 

mathematical models of processes MS is made. However these models do not allow to build on 

their basis suitable techniques for practical use. 

The basic part. In view of statement of problems (1) and (2) with reference to optimization 

of parameters of strategy ТОС with constant periodicity of the control it is concretized as follows: 

Optimization by criterion упcmin :  

  
тр

0ктото0
),,( TTUET 

;    

min),,( ктотоэ  TUEc ,                                                             (1) 

optimization by criterion 
ти

max K :  
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where 
тр

0
T  - the set requirement to a level of non-failure operation of object; 



то
E , 



то
U  and 



к
T   - required optimum values of parameters MSС with constant periodicity of 

the control.  

It is obvious, that parameters 


то
E , 



то
U  and 



к
T , received as a result of the decision of 

problems (1) and (2), will be various. 

The space in which search of optimum values 


то
E should be carried out, 



то
U  and 



к
T , in both 

problems equally and represents the cartesian product of a following kind:   

 

),0[]1,0[}{ то
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E

E ,                                                             (3) 

where }{ тоE  - set of all sets consisting of elements, entering into set 
то

E ; 

то]1,0[
E

 - hypercube, each point in which represents a vector dimension 
то

E , elements of a 

vector are the numbers belonging a piece ]1,0[ ; 

),0[   - numerical axis containing all positive numbers. 

Clearly, that a generating element of space (3) is the set of served elements 
то

E . The set 
то

E  

is defined by the developer, it joins the least reliable elements for which defining parameters are 

known and there are means of their measurement. At a development cycle of object RET for some 

potentially served elements defining parameters can be still unknown. However, and such elements 

can be included in set 
то

E  with the purpose of check expediency in the future of additional 

researches on revealing defining parameters for these elements. By results of modeling the 

developer has an opportunity to define an expected prize in reliability of object due to carrying out 
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MS of these elements. If there will be, that a prize essential, the developer can make a decision on 

additional charges on changes of a design object with the purpose of maintenance measurement 

defining parameters. 

So, the set 
то

E  is set in view of already accepted decisions on necessity MS for a part 

elements, and also from reasons of check of expediency of inclusion in number of served other 

elements.  

The problem (1) (the same as also (2)) is supposed to be solved a problem as sequence of 

private problems in which the set of served elements is fixed. On each step the auxiliary set 


то
E  by 

addition in it on one element taken from 
то

E is formed. Before it all elements of set 
то

E  are ordered 

on increase of an average operating time to refusal of elements. 

On each step for the fixed set 


то
E  the private problem of definition optimum parameters 



то
U  

and 


к
T , satisfying to a condition is solved 

кто ,
ктотоэ min),,(

TU
TUEc  .                                                             (4) 

The decision 
 

ктотото
,,P TUE , satisfying to a condition (4), we shall name conditionally 

optimum decision received provided that set of served elements has structure 


то
E .   

It is obvious, that at addition in 


то
E  new elements the average time between failures 

0
T  

should increase, and as soon as on some step the condition 
тр

00
TT  be satisfied, process of search 

of the decision stops. Conditionally optimum decision 


то
P  received in last step makes as the 

optimum decision 


то
P .  

Similarly the problem (4.2) is solved also with that only difference, that instead of a private 

problem (4) on each step the problem is solved 

 

кто ,
ктототи max),,(

TU
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.                                                                 (5) 

Thus, due to such reception we have reduced number of optimized parameters up to two - 

то
U  and 

к
T . However complexities have not disappeared yet as one of the remained parameters is 

a vector. 

The parameter 


то
U  is a vector of levels MS set for various served elements. Simple physical 

reasons speak that optimum values 
 
тото

Uu
i

 should be separately for various elements 

то

Ee
i

as 

likelihood characteristics of process degradation various elements can essentially differ. Thus the 

greatest influence on a choice of optimum value 
i

u
то

the size of factor a variation process of 

degradation of an element 
iu

 , apparently, should render. On the other hand, optimum values 
i

u
то

 

can depend also on periodicity of the control 


к
T . For finding-out of these dependences we shall 

execute simple research. 

For an example we shall take object Test-1 and we shall make calculations of specific cost of 

operation ),,( ктотоэ TUEc i  at fixed 
то

E  and 
к

T , and at various values 
i

U
то

where 
i

U
то

 is a vector in 

which varies i-th component 
i

u
то

: }...,,,{
то2то1тото ii

uuuU  . 

To make results evident and easily interpreted, we shall extremely simplify a situation. In set 


то
E  we shall include a unique element so the vector 

i
U

то
 turns to a scalar 

i
u

то
.  
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On fig.1 results of calculations in the form of schedules dependence parameters 
э

c  and 
ти

K  

from size 
i

u
то

 are resulted at the fixed periodicity of the control 
к

T = 1000 ч. The size 
i

u
то

 varies in 

an interval [0,1; 0,95]. 

Calculations have been executed for three values of factor of a variation 
iu

 : 0,5; 0,8; 1,0.  

Under the received schedules it is well visible, that functions )(
тоэ i

uc  and )(
тоти i

uK  has 

strongly pronounced extrema which position depends on factor of a variation i . At increase in 

factor of a variation optimum values of a level MS 


i
u

то
 are displaced in area of smaller values, 

coming nearer to a level 0,5.  
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Fig.1. Schedules of functions )( тоуд iuc  and )( тоти iuK  at various values  i  

(Object Test-1, 
к

T = 1000) 

 

Now it is necessary for us to find out, whether optimum values 


i
u

то
 depend on periodicity of 

the control 
к

T . For this purpose we shall make the same calculations at various values of periodicity 

к
T , and at everyone 

к
T  we shall define optimum values 



i
u

то
 and values )(

тоэ



i
uc  corresponding 

them and )(
тоти



i
uK .  
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Value 
к

T  we shall vary in a range from 500 up to 5000 ч. By results of calculations schedules 

of dependence on 
к

T  optimum sizes 


i
u

то
 and the values )(

тоэ



i
uc corresponding them received by 

criterion эmin c  (fig. 2), and the same schedules for values 


i
u

то
 and )(

тоти



i
uK , received on 

criterion 
тиmax K  (fig. 2) have been constructed. 
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Fig. 1. Schedules of dependences an optimum level MS 

iuто  and corresponding values of criterion 

functions )( тоэ



iuc  and )( тоти



iuK  from periodicity of the control кT  over various values i  

 

The received schedules evidently show the following: 

1)   conditionally optimum values 

iuто  and corresponding sizes )( тоэ



iuc  and )( тоти



iuK  

essentially depend on periodicity of the control кT  and, hence, sizes 

iuто  and 


к
T  are dependent, and  

2)   conditionally optimum values 

iuто  also 


к
T  depend also on factor of a variation i . 

Conclusions. Established facts allow to draw such conclusions. 

First, we have received acknowledgement of that by search conditionally optimum vector 


то
U  it is necessary to carry out separate optimization of each of its elements. 

Secondly, by search of conditionally optimum decision in (4.4) it is necessary to search for in 

common optimum values of parameters 


то
U  and 



к
T . 

Developed below a technique of optimization of parameters MSС appreciably are based on 

use of established facts and the conclusions made on them. 
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к.т.н. Банзак Г.В., к.т.н. Цицарєв В.М., к.т.н. Лещенко О.І., Бондаренко Т.В. 

ТЕХНІКА ОПТИМІЗАЦІЇ ПАРАМЕТРІВ СТРАТЕГІЇ РЕГУЛЮВАННЯ ТЕХНІЧНОЇ 

СЛУЖБИ 

 

В статті проводиться аналіз змісту процесу технічного обслуговування (ТО) об'єкта 

радіоелектронної техніки та обґрунтована необхідність вибору найкращої стратегії ТО, що 

відповідає надійно-вартісним характеристикам об'єкта. Показано, що для складних об'єктів 

радіоелектронної техніки потенційно найбільш ефективною є стратегія ТО «за станом». 

Розроблена загальна математична модель процесу ТО та її часткові представлення для 

наступних стратегій ТО: ТО за станом з постійною періодичністю контролю (ТОС); ТО з 

адаптивним зміною періодичності контролю (АТО); ТО по ресурсу (ТОР). Показова 

обмеженість побудованої аналітичної моделі процесу ТО, неможливість врахувати в ній 

реальну конструктивну та надійну структуру складного об'єкта радіоелектронної техніки. 

Розроблена аналітична модель, яка використовується як вихідне формальне опис процесу ТО при 

розробці імітаційної статистичної моделі (ІСМ) процесу технічного обслуговування та 

ремонту. 

Ключові слова: бездоглядність об'єкта, технічне обслуговування, оптимальні параметри, 

періодичність контролю, технічний стан. 
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к.т.н. Банзак Г.В., к.т.н. Цицарев В.Н., к.т.н. Лещенко О.И., Бондаренко Т.В. 

ТЕХНИКА ОПТИМИЗАЦИИ ПАРАМЕТРОВ СТРАТЕГИИ РЕГУЛИРОВАНИЯ 

ТЕХНИЧЕСКОГО ОБСЛУЖИВАНИЯ 

В статье произведен анализ содержания процесса технического обслуживания (ТО) 

объекта радиоэлектронной техники и обоснована необходимость выбора наилучшей стратегии 

ТО, соответствующей надежностно-стоимостным характеристикам объекта. Показано, что 

для сложных объектов радиоэлектронной техники потенциально наиболее эффективной 

является стратегия ТО «по состоянию». Разработана общая математическая модель процесса 

ТО и ее частные представления для следующих стратегий ТО: ТО по состоянию с постоянной 

периодичностью контроля (ТОС); ТО с адаптивным изменением периодичности контроля 

(АТО); ТО по ресурсу (ТОР). Показана ограниченность построенной аналитической модели 

процесса ТО, невозможность учитывать в ней реальную конструктивную и надежностную 

структуру сложного объекта радиоэлектронной техники. Разработана аналитическая модель, 

которая используется как исходное формальное описание процесса ТО при разработке 

имитационной статистической модели (ИСМ) процесса технического обслуживания и 

ремонта. 

Ключевые слова: безотказность объекта, техническое обслуживание, оптимальные 

параметры, периодичность контроля, техническое состояние. 
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ANALYSIS OF THE APPLICATION OF CDZNTE DETECTORS FOR CONTROL OF 

INITIAL ENRICHMENT OF FRESH NUCLEAR FUEL FOR OVERLOADING 

 
The task of determining the initial enrichment of nuclear fuel (NF) at nuclear power plants in real 

time is relevant for both economic indicators of operation of the power unit and for all components of 

nuclear safety (nuclear safety, security and safeguards). The technology used by nuclear fuel cycle 

companies is not suitable for use at nuclear power plants. It is proposed to use a measuring system based 

on CdZnTe semiconductor detectors designed to control the burn-up depth of nuclear fuel for estimating 

the initial enrichment of fresh nuclear fuel in fuel assemblies (FA). The initial enrichment is estimated 

with help of the gamma radiation of uranium isotopes of fresh nuclear fuel. A distinctive feature of the 

system that has been developed is the use of passive tomography technology to take into account the self-

absorption of radiation in the FA. The promise of the proposed method for estimating initial enrichment 

is confirmed by experimental measurements and simulation results. It is shown that the system developed 

makes it possible to determine the enrichment of nuclear fuel, taking into account its profiling by the 

volume of FA. Also, the results of measurements confirmed the possibility of using the proposed technical 

solutions for CdZnTe detectors to create portable monitoring systems for special nuclear material in the 

field. The solution of this task is of great importance for national security. 
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Full control over the state of nuclear fuel, at all stages of its life cycle, at nuclear power plants 

necessarily requires an instrumental assessment of the initial enrichment of fresh fuel before it is 

loaded into the reactor core. Nuclear fuel (NF) is a mixture of 235U isotopes with a range of content 

of 1.6-4.4%, therefore the initial isotope composition of nuclear materials is often the object of 

measurements. However, there are no such systems for determining the initial enrichment of 

nuclear fuel at nuclear power plants. Therefore, at present, it is necessary to rely solely on the data 




