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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 (zr:) is exponential with the parameter A;;
- the law of the distribution of the recovery time of the CP (¢zi) - exponential with the parameter
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Wi.
In this case, the Mean Time To Restoration (MTTR) of the equipment (7%) is calculated
according to the standard formula [1]:
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where 7F is the Mean Time To Failure (MTTF) of the equipment; K4 is stationary availability
function; Aoi is operational failure rate of the i-th CP; / is the number of CP in the RBD; K4 is
stationary availability function of the i-th CP; TF: is MTTF of the i-th CP; Tz is MTTR of the i-
th CP; w; is the restoration time of the i-th CP.

PROBLEM STATEMENT
However, Data Sheet for CP lead maximum allowable restoration time (7rmax) -
deterministic value, mean time to repair CP (7&:), including tolerance to it (7z=+0:) 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):
Tp |:[Bi _m([Ri ):|2
C : ¢ 2~cr(t .)2
P =——-|e Y dt 2
Ri 2 . T[ I R,‘ ( )
where Ci is the normalizing coefficient; m(#ri) and (&) are the distribution parameters.
Obviously, if the distribution of #s: differs significantly from the exponential one, then the
use of the standard [1] for calculating 7B can lead to an error, the value of which is difficult to
estimate.

T,

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 7z, or rather, a formal model for obtaining the implementation of the
process of functioning of the restored equipment during the time ¢+ for the above RBD with
independent restoration of CP during which the remaining CP remain in operation [4, 5]. As the
value of tz, we take the service life of the equipment.

It is obvious that at 7£=0, the probability of failure-free operation of each CP (P;) is equal
to 1, and, consequently, K4=1. However, let's assume that for /=0 K4#1, and their values are
calculated by the formula:

KA = TF' . (3)
: TF‘ +TR1

Note: it is possible to perform the calculation even if K4 =1.

As a result, you can form an array of Kyep=[Ka1, Ka2,..., K4i,..., Kar], 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:

{0 byx>K, — mode of restored

; (4)

Ibyx<K, — operating mode

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 /=1, then the implementation of the operating time (f0) is calculated. For
example, for an exponential distribution:
1o ==L, (5)

where y is the implementation of the BRV.

Then the total time #z=fo is calculated and the condition is checked:

t,>t, (6)

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

Fig. 1.

0 t
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Fig. 1 Implementation of the TSD CP

If condition (6) is not met, the implementation of the recovery time (¢z) is calculated. For
example, for an exponential distribution:
Inz , (7)

n

where z is the implementation of the BRV.

Then the total time t==fottr is calculated and condition (6) is checked. If condition (6) is
satisfied, the implementation of the TSD has the form shown in Fig. 2.

t, =

Ir

0 [ ] /
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Fig. 2 Implementation of the TSD CP
If condition (6) is not met, then a new implementation of the operating time is calculated,
ts 1s 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.
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Fig. 3 Implementation of the TSD CP
If at £7=0 /=0, then the implementation of the recovery time (zr) 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, ¢z of the equipment is equal to the minimum value of #z of the
TSD of the midrange.

After calculating the implementation of the TSD of the equipment, the MTTF of the
equipment (7F») in this simulation experiment is calculated:

Jn
733%;%, (8)

where J» 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:

_ R, lf]jF"=0 (9)
R+1, if TF,, >0
Similarly, the MTTR of the equipment (7&») in this simulation experiment is calculated:
1
T, = - )ty (10)
8K ; Rix

where K, is the number of intervals in which the equipment is in recovery mode (see Fig.
4); n 1s the number of the simulation experiment.
The value of S is calculated:

_ S, lfTRHZO (11)
S+1if T, >0
In addition, the value of m is calculated:
m, if at t =1, the equipment is being restored (12)
|m+1, ifats= t, the equipment is working

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

1 S
L (13)
S s=1 ’
The MTTF of the equipment is calculated in the same way:
1 R
T,=—>'T, . (14)
R r=1 '

The equipment availability function is calculated:
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m
KA(t=tE)=N. (15)
The stationary availability function of the equipment is calculated by the formula:
K,=—Tr_. (16)
T.+T,
CONCLUSION

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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Annotation — The article examines the features and issues of organizing distance learning
for students in Russian universities based on the use of the digital environment. In the context of
a viral pandemic and a general transition of distance learning students, the administration and
university professors design the most optimal technical and software solutions that contribute to
the development of network, telecommunication forms of organizing education with limited
opportunities for movement. The main problems arising in distance learning are considered. The
efficiency of using the digital environment at St. Petersburg State University is shown.
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Today, the concepts of «digital society», «network learning», «electronic educational
environment» have become integral parts of our life. The digital environment of the university
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].
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