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ABSTRACT

Context. Various radio electronic devices are being continuously developed and refined in order to improve the quality
indicators according to the consumers’ requirements for their use in multiple operational modes, each with separate subsets of
elements. Given fact is not taken into account when assessing the reliability indicators, which leads to a decrease in their value, and,
as a consequence, to an increase in the products cost.

Objective. The purpose of the article is to improve the quantification accuracy of reliability values of electronic devices with
variable structure by using a new model, which takes into account the operational time of individual subsets of elements of the object
in its possible operational modes.

Method. The paper analyzes the structures of radio electronic devices and their influence on reliability using methods of set
theory, probability theory, discrete search theory and metrology. This allows objective quantification of reliability indicators values
depending on the conditions of the product use: operating time for failure, average recovery time and the readiness coefficient.

Results. An improved model of reliability of multiple mode objects with variable structure, which takes into account the features
of structural design of the product, the features of its intended use (operating time in separate modes), and the influence of the quality
of metrological support on the average recovery time has been obtained. This allows increasing the estimation of the real value of the
complex indicator of reliability — readiness coefficient, and, as a consequence, reducing the value of the readiness coefficient.

Conclusions. The use of the proposed model of quantitative estimation of the reliability indicators’ values of radio electronic
devices with variable structure can reduce the cost of products while providing the required values of failure time and the average
recovery time by reducing the requirements for the reliability of the base elements. The results obtained should be used in the design
of perspective radio electronic devices to justify the choice of element of the minimum cost base while meeting the required
requirements for the reliability of the product as a whole.

KEYWORDS: radio-electronic devices with variable structure, rating of reliability indicators, mean time between failures,
average recovery time.

ABBREVIATIONS
RED is a radio-electronic devices;
MTBEF is a mean time between failures.

t is an average time for performing the parameter
check;
tmr 1s an average time for malfunction repair;

NOMENCLATURE Ki 1is an average checks quantity to find defects in a

Z; is a parameter failure flow of individual elements; ~ Subset of elements L;;

L is a total RED elements;

Tetr 18 an estimated time of recovery of the RED;
modes; A

uj is a value of the relative coefficient of each

Tpi is a operating time of the product in individual

is a complex product reliability indicator —
readiness coefficient;

element usage;
Tp is a total time of the product operation in all

possible modes;

N is a quantify rate the number of each element
failures;

T /Tp = N; is the MTBF for the separate subsets of

elements

T is the MTBF for the RED as a whole;

n is a quantity of subsets of RED elements, which are
used in various modes;

Z is a parameter failure flux parameter.

Tart 1s an average recovery time RED;
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U =1- A is an unreadiness coefficient;

P is a probability of correct diagnosis;

p is a probability of correct estimation of the result of
the RED performance parameter check;

P(t) is a metrological reliability of the measuring
instruments;

T is a period of measuring instruments verification;

Tperm. is a permissible values for the operation time
for failure;

Tart. perm. 1S @ permissible average recovery time;

X is a parameters, which affect the product reliability;
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X * is a value of parameters X in the problem solving;

A is an area of allowable parameters values change
limits.

U' is a relative reduction
coefficient;

M, is a set of elements used in the “transmission

in the unreadiness

mode”;
M, is a set of elements used in the “receive” mode;

M, is a kernel used in both operation modes.

INTRODUCTION

RED of various purposes are instantly developing and
improving the quality indicators according to the
requirements of consumers, by introduction of new
diagram and constitutive solutions, as well as the use of
modern elements of the base. This causes a corresponding
complication of products, which does not lead to an
improvement in the values of their reliability indicators.
Therefore, the issue of providing the required level of
modern RED reliability is very important for both
manufacturers and consumers.

Extension of the capabilities of REM is achieved by
their multi-mode regime, such that different sets of
elements are used to satisfy individual consumer
requirements. However, such an approach implies that the
structure of the object changes in the course of its
exploitation. This direction in the theory of technical
reliability has not been explored enough yet, which results
in the underestimation of the values of the time between
failures of products, and this, in its turn, requires the use
of a more reliable and thereby a more expensive element
base.

The object of study is the reliability of technical
objects with variable structure, and the subject of the
study is the process of quantifying the values of the
reliability of many mode objects.

The purpose of the article is to increase the accuracy
of the quantitative assessment of the reliability of radio
electronic devices with a variable structure through the
use of a new model that takes into account the operation
time of individual elements of the object in different
operation modes and increases the calculations accuracy,
taking into account the construction features and intended
use of these objects.

1 PROBLEM STATEMENT

To increase the accuracy of the quantitative
assessment of the reliability indicators of the objects with
a variable structure, one has to develop a mathematical
model, which will take into account the properties of
multi-mode regime (the use of various subsets of elements
depending on the operational mode), as well as the time
of the functioning of the object in each mode. In addition,
when quantifying the average recovery time, it is
necessary to take into account the quality of metrological
support  (metrological  reliability of  measuring
instruments). For a quantitative description of the variable
structure of an object, it is advisable to use the
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mathematical apparatus of the set theory with the
introduction of the coefficient of exploitation for each
subset of elements during operation. This will allow one
to evaluate the parameter of the flow of failures, for each
individual operating mode as well as for the product as a
whole, which are needed for further calculation of the
mean time between failures. The accuracy of the
quantitative assessment of the average recovery time can
be improved by taking into account the failure
probabilities of subsets of elements and the characteristic
parameters of diagnostic algorithms. The order of
localization of faults is estimated by the average number
of inspections needed to find faulty elements in a subset.
This will allow one to assess the probability of a correct
diagnosis. To our best knowledge, the directions
mentioned above have not been yet comprehensively
considered in the literature.

Their implementation is aimed to minimize the value
of an integral indicator of reliability, i.e. the coefficient of
unavailability. The problem is solved by the variation of
the controlled variables in the range of permissible values.

Thus, the target studies function is to minimize the
value of the complex product reliability indicator — the
unreadiness coefficient with restrictions on the allowable
values for the operation time for failure (Tperm, ) and the

average recovery time (Typ perm ), determined by the
guidance documents, at a given operating mode (T , Uj),
is presented like the following:
U (x) = minU (x*); x* € A;
X = (L, Ui, Tpin Ziun, Pt 1 (), T, Tare )s
T =Ty,
Tart. (G, K, P, P(D) < Tart. perm.

Ui, Zi,n) 2T perm 5

Unmanageable parameters groups:

Lj,n,Z; — depend on the product scheme and the
reliability of the element base.

Parameters groups, manageable during the product
usage:

Ti, Uj —depends on product operating mode;

t, tyy — depends on operators qualification and work
efficiency restoration conditions;

K — depends on the quality of diagnostic support and
the form of conditional algorithms for defects searching;

p, P(t) — depend on the measuring equipment used
during the current maintenance to estimate the values of
the signals at the control points of the product.

In this case, as an indicator of efficiency, it is
appropriate to use a relative reduction in the unreadiness
coefficient, whose value is calculated using known
techniques (U'") , in comparison with the suggested model

of reliability of variable structure objects (U)

n=100-U"-U)/U%.
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To solve this problem, it is necessary to develop a
mathematical model for estimating the values of
reliability indicators of RED with variable structure,
which is presented in this article.

2 REVIEW OF THE LITERATURE

Known methods for providing the required values of
REDs reliability indicators by reserving the least reliable
structural units, increase their cost and mass-grossing
indicators, as well as the amount of spare parts,
instruments and accessories for realizing the maintenance
by the aggregate method [1, 2]. The directions of
automatization of RED reliability indicators calculations
and their changes with time [3] are also researched.

The promising direction of RED development in the
communications area is the implementation of software-
controlled devices, counting that the quality of devices
software also affects the reliability of individual products
and communications systems in general [4].

Not only the MTBF, but also the average time of
recovery [5] substantially affects the value of a complex
REDs reliability indicator — their readiness coefficient,
therefore, in the special technical literature [6, 7], research
and dissertation papers pay attention to the elevation of
quality of the diagnostic maintenance provided. However,
during the quantitative assessment of the values of RED
reliability indicators, which are determined by the design
tasks, the properties of multi-mode are not taken into
account, which leads to a change in the structure of
objects during their intended use.

Nowadays, the engineering methods and theoretical
developments of the analysis of the technical systems
with variable structure reliability, which is due to its
multi-functionality and  multi-mode, when the
corresponding sets of elements are used in certain
operation modes [2], are not presented. Multi-mode
properties are used in the development of diagnostic
support [6, 7], but when reliability is rated, it is
traditionally believed that all elements of the object work
simultaneously [5, 8], which significantly reduces the
value of the operation time for failure.

Currently, modern domestic and foreign publications
on the topical issues of complex technical objects and
systems reliability consider separate directions of
increasing the values of their reliability indicators [9—14].
However, these publications do not consider the issues
complex account of the individual components reliability
of programmed-controlled multi-mode communications
devices with a variable structure during the evaluation of
their indicators both in the design process and in
specification during the experimental operation.

3 MATERIALS AND METHODS
The task of development upgradable and perspective
samples of multi-mode RED is to normalize the value of
the operation time for failure and the average time for the

© Ryzhov Ye. V., Sakovich L. N., Puchkov O. O. Nebesna Ya. E., 2020
DOI 10.15588/1607-3274-2020-3-3

repair of existing ones. Therefore, during design, it is
necessary to perform a reliability calculation with a
quantification of all reliability indicators, which are then
checked during experimental operation.

The communications devices relate to a class of
objects with a variable structure, which can be uni- and
multifunctional, multi-mode with a fixed or random
change of operation modes. For example, the radio station
is in “reception” or “transmission” mode, while the order
of operation modes changes is not fixed. The system of
the operations control of a high power radio transmitter
successively, in a fixed order changes the number of
elements as it turns on (input, cooling, heating, biasing,
high voltage).

To simulate these objects, the well-known
mathematical apparatus of the theory of sets [1, 7] is used
but only during the development of diagnostic support.
Multiple-theoretical models allow us to rate the power of
sets of elements used in individual operation modes, as
well as their interconnections. For example, when a fixed
change of modes it is appropriate to use a “garland”
model, when with each step the number of involved
elements of the object increases. This leads to a decrease
in the operation time for failure and an increase in the
average recovery time, which impair the value of the
complex reliability indicator — the readiness coefficient of
the object.

When using a random change of the modes of the
radio receiver or radio station, it is appropriate to use the
multiple-theoretical model with intersections of elements
subsets, which have a kernel (for example, amplifiers,
power supply or generator equipment). In this case, the
reliability of individual subsets of the elements is
significantly influenced by their operation time in the
given mode (for example, the time of the radio station in
the “receiving” mode is few times greater than
“transmission”), i.e. the technical resource of the elements
varies unevenly.

In order to take into account this circumstance, it is
suggested to apply a coefficient of the intended use of
each subset of elements in the possible operation modes
of the product, which is calculated as the ratio of the
working time of the subset of the elements to the total
operating time of the product in all possible modes. Its
value can be rated quantitatively from the analysis of the
communications devices usage, as reflected in the
hardware logs of the communications centers.

Let us consider the order of using these suggestions
with an example of a multi-mode object, the scheme of
which is shown in Fig. 1. The object works in three
modes, each of which uses five of the eight common
subset of elements. This is a multiple-theoretical model
with strong intersections of a subset of elements and a
kernel, consisting of elements 7 and 8, which are used in
all operation modes.
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Figure 1 — Example of the multi-mode technical object with a
kernel and powerful intersection of the subset of elements

In the traditional indicative calculation of reliability,
the minimum and maximum values of the parameter
failure flow of individual elements ( Z; ) are being added,
and then the boundaries of change and the average value
of the operation time for failure are determined [3, 5, 8].

In this case, the real work time of individual elements
is not accounted.
If the value of the parameter Zg; of the individual

product elements failure, then for each mode we get:
ZRI :Zl +Z4 +ZS +Z7 +Zg;
ZR2 :Zz +Z4 +Z6 +Z7 +Zg;
ZR3 :Z3 +ZS +Z6 +Z7 +ZS'
In that case, the operation time for failure of the

product in every mode is equal to:

LI S
ZR, ZR, ZR,
If there exists an extra data on the operating time of
the product in individual modes (Tp;), it is possible to

T

calculate the value of the relative coefficient of each
element usage (Uj ), respectively:

Tor . Tp2 | Tps .

ul =—; u2 =— U3 =—;
Tp TP TP
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Tpl +Tp2 ) Tpl +Tp3 ) sz +Tp3 )

U4:—, u5:—5 6= = >

T Tp T
us =1, ug =1, Tp :Tpl +Tp2 +Tp3.

This allows accounting the specific MTBF for each
element, to quantify rate the number of their failures (N )
and the product as a whole:

The MTBF accounting for the operation time of
elements subsets in separate modes, respectively

T=Ty/N.

Suppose that all subsets of the elements in the
example considered are equally reliable (Zj =Z ), and in

each mode the product runs at the time

(Tpi =T /3), then we obtain:

same

U] :Uz :U3 :1/3, U4 :US :U6 :2/3, U7 :U8 =1.

Total failure count of the product for 1 working hour
T, is:
p

8
N=Z-TpYu; =52 T,
i=1
and MTBF is T =1/5Z .

Under the same conditions, with a traditional
indicative calculation of reliability, get T'=1/8Z , that is,

the real value of the product's failure, accounting its
property of multi-mode, has increased in T/T'=1.6
times, or by [(T ~T//T")]-100% = 37.5% .

Obviously, the greater the number of possible
operation modes of the product is, the more accurate the
rate of the value of the work time failure, accounting the
properties of multi-modes, is. However, it requires
additional output data for the estimated operation time of
the product in each mode. Currently, when designing new
or updating existing RED and special communications
devices, an indicative and specified calculation of
reliability indicators is performed [1, 2].

In the first case, all elements of the product are
divided into groups (resistors, capacitors, transistors,
diodes, microcircuits, etc.) with approximately the same
value of the failure rate; both the minimum and the
maximum values obtained from the reference books are
considered. Then we multiply the number of elements of
each group to the limit values of the failures intensity and
sum the results. In this way, the limit values of the
product failure flow parameter are calculated and the
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value of the operation time for failure value is calculated.
If the required value stays in these limits, then a specified
calculation of reliability is performed. If not, you need to
change the elements for more reliable and repeat the
calculation.

When the specified reliability is calculated, the
average values of the failure rate of each element takes
into account the coefficient of its electric load, as well as
the climatic conditions (temperature, humidity, pressure)
and mechanical load (vibration, impact) depending on the
conditions of further products operation. In both cases, the
operation time of the elements in separate modes (T ) is

not accounted, which understated the real value of the
operation time for failure [1-5] of the RED in general.
The MTBF (T ) for the RED as a whole depends on
this indicator for individual parts of the product, which
are used in various operating modes (T ), which, in turn,

is determined by the failure parameter of this subset of
elements (Z;)

T =1/Z;.

The property of many RED modes is accounted by
introducing the coefficient of individual sets of elements
usage depending on the relative time of their work (T ;)

Ui =Tpi [Tp: i=Ln.

In that case, the total failure count of product per hour
Tp is

N Ty n
N=>-2=7,3uz,

i=1 i i=1

and RED failure flux parameter in total equals
T 1
p
T=—= UiZj =—.
N E "tz

Another reliability indicator of a RED, that is
normalized and specified by the guidance documents, is
the average recovery time T,y It depends on the

qualification of the performers (t is the average time for
performing the parameter check, t;,, is the average time

for malfunction repair), the quality of the metrological
and diagnostic support [6—8], the power of the subsets of
the elements used in the individual operating modes of the
product, and the probability of their failure.

When looking for defects during the current
maintenance of the programs, based on the use of
conditional algorithms of the minimum form, the average
checks quantity [6, 7] is

Ki=log, Lj; i=Ln.

An average checks quantity during the current
maintenance of the product, in total is
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n

1
K=—=>log; L;
Nzt

here with, total RED elements quantity
n
L=> L
i=1

provided that subset elements are used only in separate
work modes, where average checks quantity is

1
K :FZ?zllogz L.

The probability of product failure due to defect
appears among the elements L; equals

Ni Tpi

UiTp Uiz

- > -
N Tt uiZi ZlTpZ z

>

here with

n
TZZiui =1.
i=1

The average recovery time of a product is a discrete
random variable, whose mathematical expectation is the
sum of the multiplication of their possible values ( K; ) for

the probability of their occurrence (u;Zi/Z ) [15]. Then,

the estimated time of recovery of the RED (without
accounting the metrological reliability of the measuring
instruments) equals

t n
Tetr =tmr +?zuizi log, Lj.
i=1

In that case, the complex product reliability indicator —
readiness coefficient, equals

n n
Lz/{IHZUiZi 10g2 Li +tmr ZUiZi .

T+ Tagr i=1 i=1

This expression does not account the probability of
correct diagnosis [16]

P= pK.

The obtained results are summarized in table.1, which
stands as mathematical model for rating the values of
reliability indicators of radio-electronic devices with
variable structure.

The suggested model differs from the known ones,
by accounting the work time of product in individual
operation modes, the failure probability in each operation
mode and metrological reliability of the measuring
equipment.
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Table 1 — Mathematical model for rating the values of reliability indicators of radio electronic devices with variable structure

Functional Dependences

Indicator Without accounting multi-mode operations Accounting multi-mode operations
n n
Failure flux parameter Z'= z Zi Z'= z Ui Zi
i=1 i=1
MTBF T'=1/2' T=1/7
Total failure count n n
" . — 7.
perhouer N —szz| N—TDZ:UIZI
i=1 i=1
tQ tQ
Estimated average recovery time Tletr =tmr + HZIng L Tetr =tmr + quizi log, Lj
i=1 i=1
) 1
Quantity of average checks K=— z log, L;
Nici
Probability of correct diagnosis P=p
T T,
. etr etr
Average recovery time Tt = Tyt =———
art P art P.P (T)
d d ffi ' T A T
Product readiness coefficient e — Il —
THT 4t T+Tant
T T
Product unreadiness coefficient U'= % U= —art
THT '3t T+Tant
u'-u
Model using effect n=——---—100%
U 1

The adequacy of the model is confirmed by the fact
that the formulas, obtained in the right column of the
table.1 for uj =1 and P(t)=1 without accounting the
failure probability of subsets of elements L;, are

converted into expressions, which are given in the left
column of table 1.

4 EXPERIMENTS
Let us consider the order of using the obtained results
in the example of rating the values of reliability indicators
of the new generation radio station [17]. Multiple-
theoretical model of the radio station is shown in Fig. 2,
where M; — the set of elements used in the “transmission
mode”, M, — in the “receive” mode, M, — the kernel

used in both operation modes (power supply subsystems,
control and operation, generator equipment, antenna).

Mpr=(M M NI DURM N Mz ) =24, My =MD M UMMM =M,

Miz= M2
Figure 2 — Multiple-theoretical radio station model of the
tactical control unit

The total number of radio station elements is
L =4096, of which both modes use the total number of

© Ryzhov Ye. V., Sakovich L. N., Puchkov O. O. Nebesna Ya. E., 2020
DOI 10.15588/1607-3274-2020-3-3

36

L; =512 elements, in the “receive” mode L, =3072
elements and in the “transfer” mode L; =1024 elements.

At the same time Z,=307- 10™%hrs™!,

Z,=532-10"%rs%, Z5=154-10"hrs™".
Excluding multi-mode properties, we have (n=3)
3
2'=32;=993-10"Chrs !,

i=1
the MTBF is T'=1007 hrs. during the current
maintenance of radio stations using measuring equipment
with  metrological characteristics p=0,997 and
P(t) =0,96 [16]. If the conditional diagnostic algorithms
are used during the current maintenance, then K = 8,86.
Assuming that the qualification of specialists provides
t=35min and t,, =8min, we obtain the average
recovery time T'y =43 min. These indicators are fully
meet the requirements for the reliability of similar objects
Toerm. 21000 s, and  Typy perm, <60 min.,  with
A'=0,9993 (U'=0,0007 ).

Results of calculations for the same output data

applying the mathematical model of reliability of Table 1,
accounting the properties of the radio station in two

modes, depending on the work time to “reception” or
“transmission” is shown in Fig. 3—6.
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Figure 3 — Dependance of the radio station operation time for
failure to from the relative time of work in the “reception”
mode”
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Figure 4 — Dependence of average time of radio stations
recovery from the relative time of operation in the mode of
“reception”
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Figure 5 — Dependence of the readiness coefficient of the radio
station from the relative time of operation in the “reception”

mode
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Figure 6 — Dependence of the unreadiness coefficient

of radio station from the relative time of operation in the
“reception” mode
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5 RESULTS

The analysis of the received dependencies shows that
with an increase in the relative operation time of the radio
station in the “receive” mode:

— the MTBF is reduced, since most radio station
elements are used in this mode (Fig. 3);

— the average recovery time also does not significantly
increase as the value of the probability of failure in the
receiving part of the radio increases, and this pattern is
maintained at any time during the verification of t
(Fig. 4);

— as a result of a decrease in the value of the
operations time on failure of T and an increase in the
average recovery time T,¢, the complex reliability

indicator is also reduced — the readiness coefficient A
(Fig. 5) and, accordingly, the value of the unreadiness —
U-coefficient (Fig. 6) increases;

— the indicated tendencies are maintained at any
values of the average check time t, moreover, its
reduction leads to an increase in the readiness factor (A)
by increasing the skills of the operators and improving the
diagnostic support (the selection of checks with smaller
losses).

Comparison of the results with the prototype
(calculation of similar indicators without accounting
multi-mode radio station) shows that when radio station
operates 90% of the time in the mode of “reception”
(u, =0.9), which often takes place in practice, we have a

specification of the operating time for a failure on 33 %
(T =1507 hrs.), the average recovery time on 14%

(Tart =50min.) and the reduction in the unreadiness

coefficient by 28% (U =0.000548 ). Thus, it was possible
to use less expensive elements to provide the necessary
requirements for the reliability of the radio station during
its design and production.

6 DISCUSSION

The analysis of the results shows that the proposed
mathematical model of evaluation of reliability indicators
values of REDs with variable structure (Table 1) allows to
get real values of working time for failure, average
recovery time and complex indicators of reliability —
coefficients of readiness and unavailability of multiple
mode objects depending on real-time operation of subsets
of elements in each mode. The adequacy of the model is
confirmed by the transformation of the obtained
mathematical relations to the known assumptions about
the required work of elements subsets, the metrological
reliability of measuring equipment, and the independence
of the failure in the elements subset power.

The example of use of the received results for the
evaluation of radio station reliability is given, the
functional dependences of values of reliability indicators
on the relative operating time in the “receive” mode are
provided. It is established that at 90% of work in this
mode there is a refinement in working time for failure by
33% and average recovery time by 14% in comparison
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with the existing models. Without taking into account the
multi-mode property of the radio station, the operating
time for failure meets the requirements, but only if it is
considered 1.5 times more. That is, to ensure the
requirements for the reliability of the radio station a
different element base can be used, which reduces the cost
of the product.

The following should be stated as a restriction on the
use of the proposed model:

— in different product operational modes not all
subsets of elements work simultaneously (in this case
existing models should be used);

— relative time of using a subset of elements in
separate modes is known in advance.

Application of the results obtained in the framework
of the research project devoted to the development of the
tropospheric communication station with a complex
signal allowed one to improve the specification of the
operating time for failure by 29%, the average recovery
time up to 12% and to increase the readiness during the
trial operation by 26%.

Research findings should be used to evaluate the
reliability of objects with a limited power supply (for its
ecology, a subset of elements that are not required to
perform tasks are disabled), which include spacecraft,
automatic planetary exploration stations, deep-sea
research vehicles, and others.

CONCLUSIONS

The traditional assessment of the operations time for
failure of the technical objects without accounting of their
multi-mode operation reduces the value of this reliability
index. Consequently, if it meets the requirements, then the
actual value of the operations time for failure will be
greater, which affects the cost of the product. Considering
the properties of the multi-mode radio electronic devices,
it is possible to specify the value of the operations time
for failure and the average recovery time: the existing
models underestimate the value of operating time for
failure and the average recovery time.

Using the suggested model of the quantitative
evaluation of reliability indicators of radio-electronic
devices with variable structure allows reducing the cost of
products, by providing the required values of operations
time for failure and average recovery time by reducing the
requirements to the reliability of the element base.

The closest to the subject under consideration is the
method of proportional distribution of reliability but it
cannot be used to create new promising samples based on
a new element base because the data on the operation of
analogs are not available.

The scientific novelty of the research results consists
in the development of a mathematical model for assessing
the reliability indicators of objects with a variable
structure. The model takes into account the operating time
of subsets of the elements of the object in possible modes,
and also account for the influence of the quality of
metrological and diagnostic support on the maintainability
of the object as a whole.
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The practical importance of the obtained results
consists in the possibility of providing the required level
of reliability of objects with a variable structure at the
minimum necessary values of the failure rate of the
element base, which will lead to a decrease in the cost of
products for the required values of quality indicators.

The obtained results are appropriate to use during
the design of advanced communications devices in
assessment of their operations time for failure, which
provide a possibility to reduce the cost of products due to
the rational choice of elements of multi-mode RED
objects.

Further research should be directed to the
development of a method for evaluation of reliability
indicators of objects with a variable structure using the
resulting model, as well as to assess the reliability of
systems in general with their usage [18-20].
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OLIHKA HAJIIMHOCTI PAJIOEJEKTPOHHUX 3ACORBIB 31 3SMIHHOIO CTPYKTYPOIO

PuxoB €. B. — KaH/. TeXH. HAyK, HaYaJbHUK HAYKOBO-IOCIIIHOI jaboparopii (iHpopMariiiHuX Ta reoinpopmaiiiiHux
cucteM) HayxoBoro nenrpy CyxomyTHux Bilicbk HarioHanbHOi akazemil CyXomyTHHX BiHicbk iMeHi rerbmana Ilerpa
Caraiinaunoro, M. JIbBiB, YKpaiHa.

CaxoBuu JI. M. — KaHA. TeXH. HayK, JIOLEHT, JOLEHT crneuianbHoi kadenpu Ne 4 IHCTHTYTYy CHELiadbHOTO 3B’SI3Ky Ta
3axucry iHopmarii KITI imeni Iropst Cikopcebkoro, M. Kui, Ykpaina.

IIyukoB O. O. — kaux. dinocode. Hayk, npodecop, HAYATPHUK [HCTUTYTY CHEliaIbHOIO 3B 3Ky Ta 3axucTy indopmari KIII
imeni Iropst Cikopebkoro, M. Kui, YkpaiHa.

HebecHa SI. E. — HauanbHUK CEKTOpY IUIAaHYBAaHHS Ta KOHTPOJIIO HABYAIBHOIO MPOLECY HaBYAIBHOIO BTy IHCTUTYTY
crienianbHOro 3B’s3Ky Ta 3axucty iHdopmariii KIII imeni Iropst Cikopebkoro, M. KuiB, Ykpaina.

AHOTANIA

AxTtyanbHicTb. PanioenexkTpoHHI  3acobu  PI3HOMAHITHOrO  NpU3HAUEHHS  OE3MEpepBHO  PO3BUBAIOTHCS 1
YIOCKOHAITIOIOTHCS B HANPSIMKY IMOKPANICHHI MOKA3HHUKIB SKOCTI BiIOBIIHO 0 BUMOT CIOXKHBAYIB MO0 TX BUKOPHCTAHHS B
0araTbOX peKUMax poOOTH, B KOXKHOMY 3 SKHUX MPAIIOIOTh OKpEMI IMiAMHOKHUHH elleMeHTiB. {10 00cTaBHHY HE BpPaXOBYIOTh
IiJ] Yac OLIHKM INOKa3HUKIB HAAIWHOCTI, 110 BEAE /1O 3HIKEHHS X 3HAYEHHS, 1, AK HACNiJOK, JO MiJABHMIIEHHS BapTOCTi
BUPOOIB.

Meta. MeToro CTaTTi € MiABUINEHHS TOYHOCTI KUIbKICHOI OIL[IHKM 3HAa4€Hb IOKA3HMKIB HAJIMHOCTI pafioelIeKTPOHHHX
3ac00iB 31 3MIHHOIO CTPYKTYPOIO 32 paXyHOK BUKOPHCTAHHS HOBOI MOJIEINI, 5SIKa BPAXOBYE Yac POOOTH OKPEMHX ITiIMHOXHH
€JIEMEHTIB 00’ €KTa B MOXIIMBUX PEXXUMax HOro podortu.

Metoa. B po6oTi BUKOHaHO aHaNi3 CTPYKTYp PaaiOeNeKTPOHHHUX 3ac00iB Ta 1X BIUIMB Ha HAMIHHICTh 3 3aCTOCYBaHHSIM
METOIIB Teopii MHOXUH, Teopii IMOBipHOCTEH, Teopii AUCKPETHOro MOLIYKy Ta Merpoiorii. Ile mo3Boisse 00’€KTHBHO, B
3aJIGKHOCTI BiJI YMOB eKCIUIyaTallii BUpOOy, KiJbKICHO OLIHUTH 3HAYCHHS MOKA3HMKIB HAIIHHOCTI: HapoOiTOK Ha BiJMOBY,
cepeHiii uac BIIHOBIEHHS 1 KOe(illieHT FTOTOBHOCTI.

PesysabTraTH. OTpUMaHO YAOCKOHAJIIEHY MOZEIbh HAIIHHOCTI 0arato pe:KUMHHUX O0’€KTIB 31 3MIHHOK CTPYKTYpORO, siKa
BPAaXOBYE OCOOIMBOCTI KOHCTPYKTUBHO-CXEMHOI 100Y10BH BUPOOY, 0COOIMBOCTI 1Oro BUKOPUCTAHHS 3a IPU3HAUCHHAM (4ac
poOOTH B OKpEMHX PEKHUMAXx), BIUIUB SKOCTI METPOJIOTIYHOTO 3a0e3MeUeHHs] Ha cepelHiil yac BimHoBNeHHs. lle mo3Bossie
30LIBIINTH OLIIHKY pPEeajJbHOTO 3HAUYEHHS KOMIUIEKCHOTO ITOKa3HMKa HalilHOCTI — KoeQilieHTa TOTOBHOCTI, 1, SIK HACIHIJOK,
3MEHIIUTH 3HAYCHHS KOe(DII[iEHTY HE TOTOBHOCTI.
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BucnoBku. BukopucTaHHs 3alpOIOHOBAaHOT MOJENi  KUIBKICHOT OIIIHKM 3HaueHb MOKAa3HHUKIB  HAAIWHOCTI
PafioeneKTPOHHUX 3ac00iB 31 3MIHHOIO CTPYKTYpPOKO JO3BOJISIE€ 3HM3UTH BapTICTh BUPOOIB IpH 3a0e3MEUYCHHI HEOOXiJTHUX
3HAa4YCeHb HAPOOITKY Ha BIIMOBY 1 CEPEHBOTO Yacy BiJIHOBIICHHS 33 PaXyHOK 3HM)KEHHS BUMOT JI0 HAIIHOCTI €JIEMEHTIB 0a3H.
OtpumaHi pe3yabTaTH JOLIIBHO BUKOPUCTOBYBATH IIil 4ac MPOEKTYBAHHS MEPCIEKTUBHUX PaNiOeIEKTPOHHUX 3ac00iB A
0OIpyHTYBaHHSI BUOOPY €JIeMEHTOI 0a3u MiHIMalbHOI BapTOCTI NpH 3a0e3MeueHHi 3aJlaHuX BUMOT JI0 HAJiHHOCTI BUPOOY B
LiIoMy.

KJIFOUOBI CJIOBA: panioenekTpoHHI 3ac00H 31 3MIHHOIO CTPYKTYPOIO, OIliHKA IMOKa3HUKIB HaJiHHOCTI, HAPOOITOK Ha
BiZIMOBY, CepeHill uac BiAHOBIEHHS.

VK 621.396.6
OIIEHKA HAJIEXKHOCTH PAJIMORJIEKTPOHHBIX CPEJCTB C IEPEMEHHOM CTPYKTYPOM

PoixkoB E. B. — kaHn. TexH. HayK, Ha4aJlbHUK Hay4YHO-HCCIIENOBATENHCKOH JabopaTopuu (MHOOPMAIIMOHHBIX W
reonHopmanuonubix cucreM) Hayunoro nientpa CyxomyTHbIX Boiick HarponaneHOl akafeMun CyXOIyTHBIX BOMCK UMEHU
rermana [letpa Caraitnaunoro, r. JIbBoB, YkpanHa.

CaxoBuy JI. M. — kaHI. TeXH. HayK, JOIEHT, JOIEHT clienuanbHOi Kadenpsl Ne 4 MHcTHTyTa CrIeMAIBHON CBSA3U U
3amuThl uHGopmanuu KITN numenu Urops Cuxopckoro, r. Kues, Ykpauna.

IIyukoB A. A. — xanj. ¢punocodc. Hayk, mpodeccop, HauaabHUK IHCTUTYTa CIeNUaNbHON CBA3U U 3allUThl UH(GOPMALUU
KIIN nmenu Urops Cuxopckoro, r. Kues, Ykpanna.

Hebecnas SI. J. — HavanbHHUK CEKTOpA IUIAHMPOBAHHS W KOHTPOJs yueOHOro mporuecca ydeOHoro oraena MuctutyTta
crienuaibHOU cBsI3H U 3amuThl nHGopMmanmu KITU nmenn Urops Cukopcekoro, r. Kues, YkpauHa.

AHHOTALIUA

AKTYanbHOCTb. Pano31eKTpOHHbIE CPEICTBA PA3INYHOIO HA3HAYECHHSI HENIPEPHIBHO PA3BUBAIOTCS U COBEPIICHCTBYIOTCS
B HAIIPABJICHUH YITy4IIeHHs MOKa3aTelell KauecTBa B COOTBETCTBHU C TPEOOBAHMAMH IOTpeOHTENel M0 UX MCHONB30BAHHIO
BO MHOTHX PEXHMax pabOThl, B KaXJOM U3 KOTOPHIX PabOTaIOT OT/JEIbHbIE IOMHOXKECTBA JIEMEHTOB. DTO 00CTOSTENLCTBO
HE YYHTHIBAIOT ITIPH OICHKE IIOKa3aTelled HaJe)KHOCTH, YTO BENET K CHIDKGHHWI0 HX 3HAYEHMS, W, KaK CJIEACTBHE, K
TOBBIIIEHHIO CTONMOCTH M3AEIHH.

Heab. Llenbio cTaThby SABIACTCS MOBBLIIIEHUE TOYHOCTH KOIMYECTBEHHOM OLIEHKM 3HAUCHUIl NOKa3aTenedl HaJeXHOCTU
PaIrOdIEKTPOHHBIX CPEACTB C MEPEMEHHOH CTPYKTYpOH 3a CUET HCIONB30BaHUS HOBOW MOMEINH, KOTOPAsk yUUTHIBAET BPEMS
PabOThI OTAENBHBIX IIOAMHOXKECTB 3JIEMEHTOB O0BEKTA B BO3MOXKHBIX PEKUMaX €ro paboThL.

Metoa. B paGore BBIMONHEH aHAaNM3 CTPYKTYp PaAMOdIEKTPOHHBIX CPEACTB M HX BIHAHHE HAa HAZEXKHOCTh C
IIPUMEHEHUEM METOJOB TEOPUU MHOXKECTB, TEOPHUU BEPOSTHOCTEH, TEOPUU JUCKPETHOIO IOUCKA U METPOJOruu. ITO
MO3BOJISIET OOBEKTHBHO B 3aBUCHMOCTH OT YCJIOBHI SKCILTyaTalluy W3/ s, KOMMYECTBEHHO OIICHUTH 3HAYCHHS ITOKa3aTeseH
HAJIS)KHOCTU: HapabOTKa Ha 0TKa3, CPEJJHEE BPeMs BOCCTAHOBJIECHUS U KO3()(DULUEHT TOTOBHOCTH.

PesyabTaThl. [lomydeHO yCOBEpIICHCTBOBAHHYIO MOJENb HAAEKHOCTH MHOTOPEXKHMHBIX OOBEKTOB C II€PEeMEHHOM
CTPYKTYpOH, KOTOpas Yy4YHMTBIBAET OCOOEHHOCTH KOHCTPYKTHBHO-CXEMHOIO IOCTPOEHMS M3JEIHs, OCOOEHHOCTH €ro
HCIIONB30BAHUS MO HAa3HAYECHHIO (BpeMs pabOTHI B OTAENBHBIX PEKHMAX), BIUSHAE KA4eCTBA METPOIOTHIECKOTO 00eCTIeUeH s
Ha CpefiHee BpeMsl BOCCTAHOBIEHUS. DTO MO3BOJIAET YBEIUYUTH OLEHKY PEalbHOrO 3HAUEHMs KOMILIEKCHOIO IOKa3aTells
HaJeKHOCTH — K03 (HUIIEHTa TOTOBHOCTH, H, KaK CI€ACTBUE, yMEHBIIUTh 3HaUeHHE K03 PUINEHTa HETOTOBHOCTH.

BoiBoabl. lcnonb3oBaHue MPEATIOXKEHHOW MOJAENU KOIMYECTBEHHOH OLIGHKM 3HAaueHMH IOKa3aTeneil HaJeKHOCTU
PanMOdIEKTPOHHBIX CPEICTB C TIEPEMEHHOI CTPYKTypOil MO3BONSAET CHU3HTH CTOMMOCTh H3AENUHA TpH 00ECTICUeHHH
TpeOyeMbIX 3HAaueHMH HapaOOTKM Ha OTKa3 M CPEAHEr0 BPEMEHHM BOCCTAHOBJIEHMS 3a CUET CHIXKEHHS TpeOOBaHUM K
HaJeKHOCTH O3JIeMEHTHOH 0a3pl. [lomydeHHBIE pe3ylbTaThl ILENecOoOO0pasHO WCIONB30BaTh INPH  HMPOSKTUPOBAHUH
NEPCHEKTUBHBIX PAJHOAIEKTPOHHBIX CPEACTB Uil OOOCHOBaHMS BBIOOpA AJIEMEHTHOW 0a3bl MHHUMAJIbHOH CTOMMOCTH TP
obecTieueHNH 3aJaHHBIX TPEOOBAHMIT K HAISKHOCTH H3/IENHUS B IIEJIOM.

KJIIOYEBBIE CJIOBA: paano3neKTpoHHbIE CPEICTBA C MEPEMEHHONH CTPYKTYypOH, OlleHKa IoKa3aTenell HaJeXHOCTH,
HapaboTKa Ha OTKa3, CpeIHee BPeMsI BOCCTAHOBIICHHUS.

JITEPATYPA / IUTEPATYPA 3. Reliability Evaluation and Reliability Prediction Models /

1. Handbook of 217 PlusTM. Reliability Prediction

Models.— USA: RIAC, 2006. — 186 p. URL:
https://books.google.com.ua/books?id=33rW29AytewC
&pg=PAl&hl=ru&source=gbs_toc_r&cad=4#v=onepage
&q&f=false.

Yamada S. Software Reliability / S. Yamada, Y. Tamura
// In: OSS Reliability Measurement and Assessment.
Springer Series in Reliability Engineering. — Cham
Springer. - 2016. — P. 1-13. DOI:
https://doi.org/10.1007/978-3-319-31818-9 1.

[R. Manzini, A. Regattieri, H. Pham, E. Ferrari] //
Maintenance for Industrial Systems. — London : Springer
Series in Reliability Engineering, 2010. — 187 p. DOLI:
https://doi.org/10.1007/978-1-84882-575-8 6.

Hao Sun. Study on Parameter Evaluation System of
Communication Network / Hao Sun, Xiaoxia Cai,
Hong Chen // Procedia Computer Science. — 2017. —
Vol. 107. - P. 584-589. DOI:
https://doi.org/10.1016/j.procs.2017.03.139.

Rongxing Duan. Reliability Evaluation of Data
Communication System Based on Dynamic Fault Tree

© Ryzhov Ye. V., Sakovich L. N., Puchkov O. O. Nebesna Ya. E., 2020
DOI 10.15588/1607-3274-2020-3-3

40



e-ISSN 1607-3274 PagioenexrpoHika, inpopmatuka, ynpasminss. 2020. Ne 3
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 3

12.

under Epistemic Uncertainty / Rongxing Duan, Jinghui

http://dx.doi.org/10.1016/j.proeng.2012.04.189.

Catelani M. Experimental tests and reliability assessment
of electronic ballast system / M. Catelani, L. Ciani //
Microelectronics Reliability. — 2012. — Vol. 52, Issues 9—

10. — P. 1833-1836. DOI:

Fan // Mathematical Problems in Engineering. — http://dx.doi.org/10.1016/j.microrel.2012.06.077.
Vol. 2014, Article ID 674804. — 9 p. DOI: 13.Yi Wan Thermal reliability prediction and analysis for
https://doi.org/10.1155/2014/674804. high-density electronic systems based on the Markov
6. Decision-making model for ranking battlefield damaged process / YiWan, Hailong Huang, Diganta Das,
equipment repairs based on multi-criteria / [Qiao Ma, Michael Pecht // Microelectronics Reliability. — 2016. —
Guibo Yu, Lijun Cao et al] / 2013 International Vol. 56. - P. 182-188. DOI:
Conference on Quality, Reliability, Risk, Maintenance, https://doi.org/10.1016/j.microrel.2015.10.006.
and Safety Engineering (QR2MSE), 15-18 July 2013, 14. Romanenko V. P. Methodology of justification the type
Emeishan, Sichuan, — China : Proc. IEEE, 2013. — and evaluation of quality group search of defects in the
Vol. II. - P. 1942-1944. DOLI: repair radio-electronic means / [V. P. Romanenko, L. N.
http://dx.doi.org/10.1109/QR2MSE.2013.6625959. Sakovych, Y. V. Ryzhov et al.] / Radio Electronics,
7. Khandpur R. S. Troubleshooting Electronic Equipment: Computer Science, Control. — 2019. — No. 1. — P. 18-28.
Includes Repair And Maintenance, Second Edition / DOI: https://doi.org/10.15588/1607-3274-2019-1-2.
R. S. Khandpur. — New York : McGraw Hill Education  15. Robert B. Ash. Basic Probability Theory / Robert B. Ash.
(India) Private Limited, 2003. - 422p. URL: — New York : Dover Publications. — 2008. — 352 p. URL:
https://www.accessengineeringlibrary.com/content/book/ https://faculty.math.illinois.edu/~r-ash/BPT/BPT.pdf.
9780070483576. 16. Kononov V. Dependence of parameters of repair of
8. Jonathan Swingler. Reliability Characterisation of military communication means on the quality of
Electrical and Electronic Systems / Jonathan Swingler. — metrological support / V. Kononov, Ye. Ryzhov,
Woodhead  Publishing, 2015. - 274p. DOLI: L. Sakovych // Advanced Information Systems. — 2018. —
https://doi.org/10.1016/C2013-0-16487-2. Vol. 2, No. . - P. 9195 DOIL
9. Military handbook: reliability prediction of electronic https://doi.org/10.20998/2522-9052.2018.1.17.
equipment, MIL-HDBK-217F, (02-Dec-1991). — 150 p. 17. RF-7850M-HH multiband handheld radio. Operation
10. Kharchenko V. A. Problems of reliability of electronic manual. — Rochester : Publication number: 10515-0461-
components / V. A. Kharchenko // Modern Electronic 4200.—2014.—-237 p.
Materials. — 2015. — Vol. 1, Issue 3. — P. 88-92. DOI:  18. Ryzhov Ye. Optimization of requirements for measuring
http://dx.doi.org/10.1016/j.moem.2016.03.002. instruments at metrological service of communication
11. Villanueva Ignacio. Reliability analysis of LED-based tools / [Ye. Ryzhov, L. Sakovych, P. Vankevych et al.] //
electronic devices / Villanueva Ignacio, L.azaro Isidro, Measurement 123. - 2018. - P. 19-25. DOI:
Anzurez Juan // Procedia Engineering. — 2012. — https://doi.org/10.1016/j.measurement.2018.03.055.
Vol. 35. - P. 260-269. DOI:  19. Testing Signals for Electronics: Criteria for Synthesis /

[S. Herasimov, V. Pavlii, O. Tymoshchuk et al] //
Journal of Electronic Testing. —2019. — Vol. 35, No. 3. —
P.349-357. DOI: https://doi.org/10.1007/s10836-019-
05798-9.

© Ryzhov Ye. V., Sakovich L. N., Puchkov O. O. Nebesna Ya. E., 2020
DOI 10.15588/1607-3274-2020-3-3

41





