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The use of an optimization algorithm layout of elements on the basis of the method of 
branches and borders taking into account the thermal coefficient will improve the reliability of 
electronic tools, and avoid overheating. 
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Abstract - The report discusses the application of simulation modeling to dependability 
prediction of the restored equipment. A formal model is described that allows forming time 
diagrams of the states of both the components and the equipment as a whole. It is shown that the 
use of such a model allows us to estimate the availability function and the mean restoration time 
of the equipment if the law of the distribution of the restoration time of the components differs 
from the exponential one. 
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INTRODUCTION 

Consider the of the dependability prediction of the restored equipment under the 
following conditions, assumptions and restrictions: 
- RBD - "Serial connection of the Component Part (CP)"; 
- failures and recoveries of the CP - independent events; 
- when restoring one CP, the remaining CP remain in loaded mode; 
- the time-to-failure distribution law of the CP (tFi) is exponential with the parameter i;
- the law of the distribution of the recovery time of the CP (tRi) - exponential with the parameter 
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i. 
In this case, the Mean Time To Restoration (MTTR) of the equipment (TR) is calculated 

according to the standard formula [1]: 

,                          (1) 

where                                                       , 

where                                                ,  , , 

where TF is the Mean Time To Failure (MTTF) of the equipment; KA is stationary availability 
function; Oi is operational failure rate of the i-th CP; I is the number of CP in the RBD; KAi is 
stationary availability function of the i-th CP; TFi is MTTF of the i-th CP; TRi is MTTR of the i-

i is the restoration time of the i-th CP. 
 

PROBLEM STATEMENT 
However, Data Sheet for CP lead maximum allowable restoration time (TRmax) - 

deterministic value, mean time to repair CP (TRi), including tolerance to it (TRi i) or the time 
interval [TRie, TRiu]. In the last two cases, the standard [2] recommends using a truncated normal 
distribution to calculate the probability of recovery of parts (PRi): 

                                                     (2) 

where Ci is the normalizing coefficient; m(tRi) and (tRi) are the distribution parameters. 
Obviously, if the distribution of t i differs significantly from the exponential one, then the 

use of the standard [1] for calculating T  can lead to an error, the value of which is difficult to 
estimate. 

 
SOLUTION OF THE PROBLEM 

At the same time, the standard [3] states that "The universal method of calculation ... is 
the method of statistical modeling". Therefore, we will consider the possibility of using this 
method to calculate the TR, or rather, a formal model for obtaining the implementation of the 
process of functioning of the restored equipment during the time tF for the above RBD with 
independent restoration of CP during which the remaining CP remain in operation [4, 5]. As the 
value of t , we take the service life of the equipment. 

It is obvious that at t =0, the probability of failure-free operation of each CP (Pi) is equal 
to 1, and, consequently, KAi=1. However, let's assume that for t =0 KAi

calculated by the formula: 

.                                                                           (3) 

Note: it is possible to perform the calculation even if KAi =1. 
As a result, you can form an array of KAcp=[KA1, KA2 KAi KAI], which is necessary 

to determine the states of the CP at the initial time (running or recovering) for each simulation 
experiment, which is determined from the condition: 

,                                                  (4) 

where x is the implementation of the Base Random Variable (BRV). 
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Next, the implementation of its Time State Diagram (TSD) is calculated for each CP. 
If at t =0 l=1, then the implementation of the operating time (tO) is calculated. For 

example, for an exponential distribution: 
,                                                               (5)

where y is the implementation of the BRV. 
Then the total time t =tO is calculated and the condition is checked: 

                                                                              (6) 

If condition (6) is satisfied, then the implementation of the TSD has the form shown in 
Fig. 1. 

 
Fig. 1 Implementation of the TSD CP 

If condition (6) is not met, the implementation of the recovery time (tR) is calculated. For 
example, for an exponential distribution: 

,                                                                             (7) 

where z is the implementation of the BRV. 
Then the total time t =tO+tR is calculated and condition (6) is checked. If condition (6) is 

satisfied, the implementation of the TSD has the form shown in Fig. 2. 
 

 
Fig. 2 Implementation of the TSD CP 

If condition (6) is not met, then a new implementation of the operating time is calculated, 
t is calculated, condition (6) is checked, and so on, until condition (6) is met. In this case, the 
implementation of the TSD will have the form shown in Fig. 3. 

 
Fig. 3 Implementation of the TSD CP 

If at tE=0 l=0, then the implementation of the recovery time (tR) is first calculated, and 
then the TSD of the midrange is constructed in the way discussed above. 

After calculating the TSD implementations for all CP, the TSD implementation for the 
equipment is calculated by sequentially "superimposing" the TSD (see Fig. 4). 
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Fig. 4 Implementation of the TSD equipment

As can be seen from Fig. 4, t  of the equipment is equal to the minimum value of t of the 
TSD of the midrange. 

After calculating the implementation of the TSD of the equipment, the MTTF of the 
equipment (TFn) in this simulation experiment is calculated: 

,                                                         (8) 

where Jn is the number of intervals in which the equipment is in operation (see Fig. 4); n 
is the number of the simulation experiment. 

And also the value of R is calculated: 

                                                               (9) 

Similarly, the MTTR of the equipment (TRn) in this simulation experiment is calculated: 

,                                                                  (10) 

where Kn is the number of intervals in which the equipment is in recovery mode (see Fig. 
4); n is the number of the simulation experiment. 

The value of S is calculated: 

                                                               (11) 

In addition, the value of m is calculated: 

(12) 

After performing all simulation experiments, the MTTR of the equipment is calculated: 

,                                                                      (13) 

The MTTF of the equipment is calculated in the same way: 

.                                                                     (14) 

The equipment availability function is calculated: 
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.                            (15)

The stationary availability function of the equipment is calculated by the formula: 

.                                                                       (16) 

 
ONCLUSION 

Thus, the above is a formal model for the formation of TSD implementations of CP and 
equipment as a whole, which allows you to calculate the reliability indicators of the restored 
equipment with a "sequential" RBD, in which failures and recovery of CP are independent events 
and when restoring one CP, the remaining CP remain in the loaded mode. 
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in the context of universal distance learning associated with the spread of coronavirus infection 
is an important link between sources of information services and consumers of educational 
resources. The digital environment includes organizational and methodological support, 
computer technology, educational models [1], telecommunications and information technologies 
[2]. 


