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SELECTION OF STRATEGY OF CONTROL OF GOOD STATE OF 
TECHNICAL SYSTEM WITH DUPLICATION OF CHANNELS AND 

VERIFICATION OF THEIR GOOD STATE ON THE BASIS OF GIVEN 
VALUE OF EFFICIENCY 

 
Annotation. Modern technical systems contain, as a rule, a large amount of elements that may
fail in the process of its operation. 
To ensure high efficiency of the use of a technical system throughout the assigned lifetime, it is
necessary to carry out its maintenance in order to identify possible failures and restore the up
state of the system. 
Discusses the issues of determining the duration of the interval between checks of the service-
able state of a technical system with duplication of channels and monitoring the health of each
channel according to the criterion of a set value of availability function. 
The possibility of approximate estimation, as well as the effect of the degree of approximation of
the objective function on the efficiency of the use of the technical system, is investigated. 
Studies have been carried out to determine the interval between checks of the technical system
serviceability with duplication from the condition of meeting the requirements for its effective-
ness. 
It is shown that this approach can significantly reduce the number of checks compared with the
optimal strategy and provide an economic effect. 
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Modern technical systems contain, as a rule, a large amount of elements that
may fail in the process of its operation. 

To ensure high efficiency of the use of a technical system throughout the as-
signed lifetime, it is necessary to carry out its maintenance in order to identify pos-
sible failures and restore the up state of the system. 

One of the important operational characteristics of the system is the value of the
inspection intervals, which is specified in the tactical and technical requirements. The
developer needs to justify the implementation of these requirements. 

As a rule, the developers solve the optimization problem. 
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where  is the availability factor, 
R is the area that defines the set of valid control strategies. 
A significant number of publications, those include authors such as E.Yu. Bar-

zilovich, V.F. Voskoboev, M.V. Savenkov, V.A. Kashtanov, V.D. Kudritsky, V.G. Kura-
sov, L.D. Chumakov et al. 

Thus, in [1, 2], an expression was obtained for an approximate estimate of the 
optimal duration of the interval between checks θopt with an exponential distribution 
of the uptime: 

       (1) 

where τ is the test duration, 
λw - failure rate when waiting, 
λch - failure rate when checking, 

 - replacement time. 
In [3], an expression is given for θopt with the same waiting and checking mode, 

        (2) 
However, this direction does not lose relevance, and research continues. 
Usually, the curve of dependence of the availability factor values on the value 

of the inspection intervals in the optimum region has a gentle form and, conse-
quently, the number of checks from the condition that the availability requirements 
are met can be reduced. 

The purpose of the article is to show the solution to the problem of choosing 
the duration of intervals between checks for this case. A similar problem for a system 
without redundancy was solved in work [4]. 

In this article a technical system is considered, which is in a state of readiness 
to accomplish the task set for it on an interval [T], where T is the assigned lifetime. 

At a random moment of time, evenly distributed over the interval, a command 
may be received to use the technical system. At the same time, there may be a hid-
den failure according to some set of parameters that determine the efficiency of the 
system. To eliminate it, checks are performed on the technical system. Different 
groups of parameters can be monitored continuously, periodically or not monitored 
over the entire life cycle. The tasks of evaluating the efficiency of operating a techni-
cal system with the aggregate repair method are considered in works [5, 6]. 

In our case, periodic good state monitoring is considered. We assume that the 

control strategy is determined by the vector of intervals between checks . 
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Let’s the uptime be distributed according to the exponential law where λ  is the
channel failure rate. For a system without a reserve, the optimal control strategy is a
uniform arrangement of checks [1-3], so in our case one inspection interval can be con-
sidered. 

The expression for the availability of the system with duplication of channels,
assuming that the replacement time is negligible, we write as follows: 

     (3) 

Denote the set value of availability factor, and then the selection condi-

tion for the quantity is: 

         (4) 
An approximate solution of the problem can be searched for by expanding the

exponents in a series and taking a different number of expansion terms. 
Formula (3) will be as follows: for three members of expansion: 

        (5) 
for four members of expansion: 

       (6) 
for five members of expansion: 

      (7) 

Let’s the channel of system consist of one computer with a failure rate of λ  =

0.8649 1/Y. The recovery time of the system is  = 0.0044 Y. [4]. With an optimal 

control strategy, ( opt) = 0.9176. If it is required to ensure  

 = 0.95, then in this case it is necessary to apply channel redundancy, for exam-
ple, duplication. 

We investigate the dependence of the system efficiency on the control strategy.
The graphs of the dependence of the system availability factor on the number of checks
on the assigned lifetime, built on the basis of the formulas (3, 5-7) are shown in figure. 

We write expressions for equations, from which it is possible to calculate the
value of the interval between checks. 

Using expression (5), we obtain the following equation: 

     (8) 
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Figure 1 - Dependence of availability factor on the number of checks 

 
 

For the expression (6), then the equation will have the following form: 

    (9) 
For the expression (7), we obtain the equation of the 5th degree: 

 (10) 
The solution of such equations causes certain difficulties; however, algorithms 

have been developed that allow finding their solutions [7]. The best approximate so-
lutions are obtained by using the expression (10). 

The values of the required and optimal intervals between the checks for our ex-
ample are given in the table 1. 

Table 1 
Values of inspection intervals and availability factors 

The equation  Y. Y.   /  
Exponents 0,47 0,219 0,95 0,9701 2,1 
3rd degree 0,4 0,203 0,9497 0,9687 1,97 
4th grade 0,5 0,222 0,9495 0,9702 2,25 
5th degree 0,47 0,219 0,9492 0,9701 2,1 

Thus, the refusal to assign the optimum values of inspection intervals and the 
use of intervals that ensure a given level of readiness can reduce the number of 
checks and reduce the cost of operation several times. 

Conclusions. Studies have been carried out to determine the interval between 
checks of the technical system serviceability with duplication from the condition of 
meeting the requirements for its effectiveness. 

It is shown that this approach can significantly reduce the number of checks 
compared with the optimal strategy and provide an economic effect. 
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Выбор стратегии контроля исправности технической системы с дублированием 
каналов и проверкой их исправности на основе заданной эффективности 
Современные технические системы содержат, как правило, большое количество 

элементов, которые могут отказывать в процессе ее эксплуатации. 
Для обеспечения высокой эффективности использования технической системы в 

течение всего назначенного срока эксплуатации необходимо проводить ее техническое 
обслуживание с целью выявления возможных отказов и восстановления работоспособного 
состояния системы. 

Обсуждаются вопросы определения длительности интервала между проверками 
исправного состояния технической системы с дублированием каналов и контролем 
исправности каждого канала по критерию заданной величины коэффициента готовности. 

Исследована возможность приближенной оценки, а также влияние степени 
приближения целевой функции на эффективность использования технической системы. 

Проведены исследования определения величины интервала между проверками 
исправности каналов технической системы с дублированием из условия выполнения 
требований к ее эффективности. 

Показано, что этот подход может значительно сократить число проверок по 
сравнению с оптимальной стратегией и дать экономический эффект. 
Вибір стратегії контролю справності технічної системи з дублюванням каналів і 

перевіркою їх справності на основі заданої ефективності 
Сучасні технічні системи містять, як правило, велика кількість елементів, які можуть 

відмовляти в процесі її експлуатації. 
Для забезпечення високої ефективності використання технічної системи протягом усьо-

го призначеного терміну експлуатації необхідно проводити її технічне обслуговування з ме-
тою виявлення можливих відмов і відновлення працездатного стану системи. 

Обговорюються питання визначення тривалості інтервалу між перевірками справного 
стану технічної системи з дублюванням каналів і контролем справності кожного каналу за 
критерієм заданої величини коефіцієнта готовності. 

Досліджено можливість наближеної оцінки, а також вплив ступеня наближення цільової 
функції на ефективність використання технічної системи. 

Проведено дослідження визначення величини інтервалу між перевірками справності 
каналів технічної системи з дублюванням за умови виконання вимог до її ефективності. 

Показано, що цей підхід може значно скоротити кількість перевірок у порівнянні з оп-
тимальною стратегією і дати економічний ефект. 
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