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ABSTRACT

Context. Radioelectronic devices are continuously complicated, which complicates the process of restoring their efficiency,
when the diagnosis consumes the largest labor costs and time. Therefore, the promising direction of increasing the efficiency of the
renewal of modern electronic means is to improve diagnostic support.

Objective. The purpose of the article is to increase the efficiency of diagnostic provision of radio electronic means at the expense
of a reasonable choice of the type of group search of defects.

Method. In the work analytical studies of conditional algorithms of diagnosis with the use of graph theory theory, probability
theory and the theory of discrete search — a scientific discipline that studies the diagnostic process when restoring the efficiency of
complex technical objects with varying degrees of damage through research and optimization of procedures and algorithms for
detection of a priori — in unknown number of elements with given properties on the finite structurally-bounded set according to some
criterion.

Results. The method of choosing the type of algorithm of group search of defects at given restrictions and assumptions on the
criterion of minimum labor costs on the basis of generalization of the graph-analytical model of group search of defects with
quantitative estimation of probabilistic, time and cost indicators of the quality of the process of diagnosing radioelectronic devices
with different degree of damage, which allows to pre-substantiate the most appropriate algorithm for group defects search for use in
the development of diagnostic support for modern radio ectronic means.

Conclusions. For the first time, various types of group search of defects with a quantitative estimation of the efficiency of their
use depending on the features of radio-electronic means and the conditions for their restoration of efficiency are considered in a
complex way.

KEYWORDS: radio-electronic means, group search of defects, restoration of working capacity, diagnostic support.

ABBREVIATIONS u the number of types of REM that are restored in
GDS is a group defect search; RB;
GDSI is a an independent GDS; X is a parameters of RB affecting the quality of
GDSZ is a Zone GDS; work;
GDSC is a compliant GDS; A the range of permissible limits for changing
GTLP is a group TLP; parameters;

DS is a diagnostic support;

TLP is a tree of logical possibilities;
ERE is a electrical radio elements;
MM is a means of measurement;

X their significance in solving the problem;
p is a mathematical expectation (ME) deviation of the

diagnosis with one error in the evaluation of the result of

STA is a spare tool and accessories; the test; . . .

ME is a mathematical expectation; Pmax the maximum possible value of this parameter;

REM is a radio electronic means; S the degree of damage to the ERE (the ratio of the

RB is a repair body; number of defects to the dimension of the object);

CAD is a conditional algorithm for diagnosing. T, pern 1s @ permissible value of average recovery time
of REM;

NOMENCLATURE

. ; . . R i ber of irers RB;
L is a depth of defect search (dimension of object); 18 @ DUMDBET O1 repatrers £,

t is a average run time;

N; is a number of recovered REM type i =1, u ; 1. is a mean time to troubleshoot;
T,; is a average recovery time of the REM type C the cost of repairing the REM;
i=lLu; Cacrep the acceptable value of the repair cost of the

REM;
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K is a average number of checks;

M maximum value of the module for choosing an
inhomogeneous conditional algorithm for diagnosing
CAD;

p 1is a the probability of a correct assessment of the
results of the verification;

Z is a number of search zones when implementing
group band search defects;

P is a probability of correct diagnosis;

n is a number of groups of elements in CAD;

m 1s a module of choice CAD;

[ is a number of masters repairing REM;

¢; is a the cost of a specialist qualification i in one

hour;
Py, is a metrological reliability of MM;

T, is a mean time of diagnosis;

T is a inter-verification interval of the MM;

Ky, 1is a utilization rate MM (0,1 <K, <0,3);

Ky;  the
uncovered by the integrated control of the MM,;

share of metrological characteristics

K; is a statistical estimation of the coefficient of
hidden failures (0,1 < K3<0.24) MM;

T" is a statistical estimation of the time-to-day
progress of the MM on the refusal;
K7 the number of checks in the search area;

W is a total labor costs for restoration of REM;
v the relative fate of the time of diagnostics from the

time of restoration of the efficiency of the REF.
(K —| is a rounding the value, K to the whole number;

LK J is a integer of the number K.

INTRODUCTION
REM of various uses continuously develop in the
direction of improving the satisfaction of user
requirements, which leads to their complication, which in
turn, worsens the reliability values — the failure rate and
the average recovery time (7, ). For example, the number

of radio-radio elements of radio stations in the past 30
years has increased by 6, 43 times [1], and the required
time for their recovery has not changed. It is known that
up to 60-80% of the average recovery time of RES is
spent on finding faulty REM and only 20-40% of this
time on their replacement and after-repair of the product
[2-8]. Therefore, a promising direction for improving the
repair system of REM is to increase the effectiveness of
DS, which is understood as a set of interrelated rules,
methods, algorithms and tools necessary for performing
diagnostics at all stages of the life cycle of REM [9].
Realization of this direction does not require significant
economic costs, as the effect is achieved by rational
distribution of forces and means of repair body (RB).

The object of study is the diagnostic process of REM,
and the subject of study are mathematical models of

interaction between specialists of RB during the
restoration of REM with varying degrees of damage.

The purpose of the article is to increase the
efficiency of diagnostic provision of radio electronic
means at the expense of a reasonable choice of the type of
group search of defects.

1 PROBLEM STATEMENT
The indicator of the quality of work of specialists —
the RB capacity — is determined by the number of restored
REM sets per unit time

gzv,-(x)
ﬁlfri(x)'

The task of upgrading or creating a RB is to achieve
maximum bandwidth with given restrictions on
parameters

n(x)

n(X) = maxn(X*)
xeA
Values n(X) is determined mainly by the average

recovery time of the REM, which, in turn, depends on the
time of the diagnosis of the object. Thus, the reserve for
increasing the efficiency of the work of the team of
specialists or RB is to improve the reparability and DS of
the REM at the stages of their design (modular design,
justification of a set of standard measuring instruments
(RB), rational placement of embedded diagnostic tools,
the formation of STA for the repair of aggregate method)
and operation (technical and technological
documentation, training of specialists, implementation of
modern achievements of technical diagnostics in the
practice of repair).

Thus, the problem arises in explicit form, research and
minimization of the function 7, ,(L, S, R, t,t,p, K, p) at

the given restrictions, determined by the guiding
documents, the organizational-staff structure of the RB,
the implementation of the repair of the TC by the
aggregate method, technological equipment of specialized
workplaces:

1/L<S<0]1;1<R<5;0.65<p<l; p<0.5;

pmax Sl’ Tr STr.perm.; CSCHC.V@])

The problem is solved with assumptions
corresponding to the peculiarities of the functioning of the
RO: the degree of damage to a technical object is
determined with a given probability as a result of
defecation: 0.01 <S5<0.2 [5];

— the worst case of diagnosing the case of uniform
distribution of defects in an object is considered,;

— during the diagnosis of new defects in the object
does not occur;

— organizational time losses are not taken into
account;
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— echnological equipment, MM and sets of ZIP are
known to work;

— qualification of specialists corresponds to the post;

— the repair technique is provided with a set of
documentation.

The managed variables in the design of DS TC
include: P Fy  and total number of checks to find
defects, which is determined by the values L, S, R, type
and appearance of the CAD [8, 17].

Depending on the operating conditions of the RB, its
target function is stationary conditions in providing a

given value 7, at a minimum cost of repair C' or in

.perm.
field conditions in minimizing the value of the average
recovery time 7, with resource constraints [12].

In the practice of repairing REM there are the use of
all types of GDS [8, 10-12]:

— independent (GDSI) — at repair of various types of
technical objects in universal RB;

— joint (GPAC) — when repairing objects of large
dimension with spatially spaced elements;

— zone (GPAZ) — for repairs of the same type REM
modular design in specialized RB.

Graphically, CAD are presented in the form of tree
logic capabilities (DLM) with an independent and zone
GDS or as a group TLP (GTLP) with a common GDS,
which are investigated in [2, 4, 8, 10—12].

Problem statement: The choice of the type of GDS
with restrictions on the conditions of repair
Wy, <We <Wip;

Tr < Tr.perm.;
C< Cac.rep;
0,01<8§<0,2;
I1<pu<R;

Pmax <L p<0,5;
0,6 < p<0,999.

GDSI
GDSyGDSZ ; at
GDSC

To solve the problem, it is necessary to obtain and
investigate the models of interaction between the
specialists of RB in the implementation of the GDS,
which will, in each case, justify recommendations for the
improvement of the DS of the REM. The urgency of this
problem increases especially when operating RES in the
conditions of remoteness from the supply and repair bases
(for example, at Antarctic or space stations), when the
restoration of efficiency REM is directly significantly
affect the survivability of the operating autonomously
isolated groups of specialists or crews of objects.

2 REVIEW OF THE LITERATURE
The results of research on certain issues of refinement
DS REM are presented in modern scientific papers.
In the works [2, 3, 5-7] the questions of improvement
of the search for defects during the current repair, when

S =1/L. Specific recommendations for the development
of CAD to reduce the value are given 7, .

In the works [8, 10-12] the peculiarities of the
interaction of the specialists of the RB with the GDS were
considered, recommendations for the construction of the
CAD were proposed.

The work [4, 13-15] investigated the effect of
diagnostic errors on the probability of correct diagnosis,
which in the future allowed to substantiate the
requirements for MM [16].

The influence of metrological reliability of the MM
during the repair of the REM was considered in [17],
which allowed to increase the reliability of the calculation
of the assessment 7, .

The procedure for determining the degree of damage
to the REM with the given accuracy is formalized in [18].

Thus, the preconditions are created for modeling the
GDS process in REM  with varying degrees of damage
for preliminary analysis of possible variants of DS and
justification of the most preferable in each case.

3 MATERIALS AND METHODS

The value of the quality indicator of RB is determined
mainly by the average time of the reconstruction of the
technical object, that is, there is an explicit acquisition
task, research and minimization of the function
T, ,(L, S, R, t, typ, K, p) at given restrictions and
assumptions.

Taking into account the preliminary analysis of the
simulation of the repair process of the REM [8, 10, 11],
which did not take into account the use of all types of
GDS, there is a need to create a common model. The
essence of the methodology is to use a new model for
assessing the quality of diagnostic provision of radio-
electronic equipment during repair by a group of
specialists. The essence of the model will be to choose the
preferred type of GDS on the criterion of minimum time
or labor costs and the cost of restoration of efficiency of
the RES depending on the permissible limits of changing
the parameters of the CAD, taking into account the
quantitative ~ assessment  of  their  probabilistic
characteristics.

Taking into account the above considerations, the
general graph-analytic model of the process (independent,
common, zone) of the GDS by a group of specialists is a
combination of the set of CAD and the functional
dependencies of their parameters and constraints on
controlled variables, which allows quantifying and
maximizing the production capabilities of RB in the given
operating conditions.

Many CAD used in the development of DS of group
search of defects are divided depending on the features of
the circuit construction of the REM and the degree of
their damage in the form [2, 4, 8, 10-16]:

— incomplete (Kmin <K< Kmax);

— perfect (Kmin =K= Kmax);
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— minimal (Kmax —Kpin = 1) ;
— maximum (Kmin =LK =L— 1).
K nin —minimal , a K., — the maximum number of

inspections in the localization of the defect, and
depending on the used MM , qualifications of specialists,
diagnostic procedures that are implemented, the form:

—binary (m=2);

—homogeneous ( m = const );

— heterogeneous (m = var).

Inhomogeneous CAD can be as decreasing as the

selection module m;2m;,;, and with its increase

;2
m;<m;,., when j=1K-1.

Outputs are: L, R, p — from the technical description of
the REM, the instructions for technical operation, the
circuit construction of the REM, MM, qualifications of
specialists; K, n, m — implemented diagnostic procedures;
Z ,n;m.

Limitations when using the model:

— number of repair personnel;

—regular staff of RB (in stationary conditions);

— average recovery time — no more acceptable;

—application for complex objects consisting of
mechanical, radio-electronic and electric elements;

—is designed at the planning and production
departments of stationary and field RB and research
organizations and enterprises-manufacturers in the
modernization of existing and development of advanced
objects of REM.

The generalization of the functional dependences of
the optimal value of the number of groups of elements in
the algorithm, the minimum value of the total number of
checks in the search for all defects, the minimum required
number of specialists in the group and other indicators DS
[8, 10-12] allowed to obtain explicitly analytical
expressions for quantitative evaluation of indicators the
quality of DS GDS of any kind, which are summarized in
Table 1, which is a model of GDS.

Table 1 — Model of group search of defects

Parameter Browser Type
independent bandwidth joint
Type TLP 1 (BY!
[) /\‘ ‘/\
\
\
b2 ﬂ X
n
- n
{uyRsZ9KZ} {LLLK} {LRsZaKZ} {uaualaK}
1-8 [m -1 j
5 ——1x
28L(m n 1P \1-8 SL(I +10g, .1 fj +
m-— n
K x 1_S+mJ+2(SL—l)+ Z(1+K,)+SL/Z n—p-1
i-s
i
+SLlog,, (m — 1)
1-5 (m—l 71j[m—1 +mj+
I% B 28L(m-1PF\1-8  A\1-§ _
’ +2[¥—1)+¥10 1-5
z & Sm—1)
n SL(m—-1)/Z(1-5) uSL/(1—S)In(u +1)
P Py p't Kz /SL lenu(prlogu+l (L/n))
T, (weK +SLt, )/ PR
(wK +SLt, )/ P
R
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i=1
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Taking into account the above considerations, the
general model of the process (independent, common,
zone) GDS is a set of CAD that are implemented by a
group of specialists and the functional dependencies of
their parameters and constraints on controlled variables,
which allows quantifying and maximizing the production

capabilities of RB in the given operating conditions.
Analytical expressions for quantitative estimation of
values p 1 ppax for different types of GDS and CAD
data [15] are summarized in Table 2 for GDSC and
Table 3 for GDSI and GDSZ.

MODEL GDS
Incoming data Qutput data
Analysis The st of CAD plural and fectional deperndencies af DS
their parameters on controlled variables, which
- Requirements allows o gutiy and moomize e production - independent,
o capabilities af RB in the given operating conditions:
) - Zone;
- Construction EEW, K,n,m,Z P
: - shared.
- Terms repairs
= ™

Assumption

Limitation

Figure 1 — Structure of the model of group search of multiple defects

Table 2 — Quantitative evaluation of the mathematical expectation of a defect of a diagnosis with one specialist
mistake and a joint group defect finding

Form Grou
rr(I:lAD p p pmax
Perfect 0,5[K +(L—1)/u]gp"c ! [(Z-1)/u]epc!
Incomplete (:;f fxl [p+1 +zp l]p i § ((H+ 1) ) in-1
((u+1)m —l)gp“m_l/ w for
KF2ua1)< L <(u+1
(gpd[(}l/u”zl((““)[ﬂ —L)>< n (2u+ )< < (H+ )K
((LH-l)Dd_l (x1-1) “‘1)+ gp”“d_1 K
inimu 1 407 _ [K -1
Minimum . +“+1)(L “+1)f1<1-1) W[((MH)( IXL (n+1) )p+
Al KTk B (Y L Y (Y L TP 1)—L)]
for (u+1)ﬁdf1 <L< u(K172(2u+1)
05 [(u + l)p max ((u+ I)K"'ax +L— 2)+
Maximum upL Ko — - PR ax 1
u Wy o) +,'p-1)pf} (L—p)ep
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Table 3 — Quantitative estimation of the mathematical expectation of deviation of the diagnosis (p) with one specialist mistake and
the search for defects in the CAD

Form
Type CAD Incomplete Minimum Maximum
CAD
. lx] lx] o)s -
Binary 0.5(1- p) Kf‘zu" cimby (gpLKJ/ZL)-|:(gp /ZLXZL J +[|—Kj 2)- } 0’5(1217)‘ (2L +2L-4p" ¢
t . _9lK K _ _ _
| S ok | S e
Kinax=L—1
(gpt¥)/20 -1 ) K (K
_ )| mp Ko (Ko 4 L —2 )+
Homogeneous 2)’5(1—)/0) fol-(mi +i(m—-1)-1)p’ m’—K<_L ] +|—K—|(m—1)—m)+ &15?1);2 ’ (K - )
>2 m_lpL,‘= ' . -1 S i +im-1)=1)p'
" Koin +p+m(L—mLKJXm[KW-{-(K—‘(m—I)—I) =) E ( 1) l)p
Kinax= (L-1)/(m-1)
(gp““d_1 /2Lu2 1((u + 1)Dd - L)><
Group 0.5(1- p) Kf}f [(H 1) e 1]pr . (e 0 (-1 1)+ ) OVSL(LIPL )| *KI)Pj‘"“ (b1 2 -2)s
m=p+1 Wl +(p”+(u+1)(L—(u+1j~KJ)) +p E ((H+l)i+[p—1)pi
x ((p. K K - 1)] K= (1)t
%]
) ! ((HfKW)—L)[fKW—H zﬂ]z L gl
eterogeneous 0.5(1- p) Kog | ] 2L J=1 0,5(1- p) J=1
I, ! ’
m; = mjyy +1 pL i:%:m: sz=1j g K] PEo e (Y
+p+(2L-(1 +|—K—|)!{|—K—|+ Zjlﬂ + 2 (M t{” /_Zlﬂ]p
Jj=1 B .

When using Table 3 for the estimation of GDS indices
by algorithms of the minimum and maximum form in the
calculation expressions instead of L should be
substituted L/Z , but instead K substitute K.

Functional dependencies of Table 2 and 3 are valid for
the current repair of REM, in the presence of multiple
defects they are used to assess the values p 1 pp, in

each group of elements, since in the implementation of
the truncated search procedure in the CAD at a uniform
distribution of defects not more than one element in the
group is defective [10-12, 15].

Value W, R, Z are selected based on the conditions of
repair and design REMDescription of the implementation
algorithm:

— requirements to DS REM,;

—receipt and analysis of the output data;

— establishment of restrictions and assumptions based
on the conditions of repair;

— substantiation of the criterion of choice of DS REM;

— assessment of quality indicators of DS REM using a
new mathematical model;

— the choice of the optimal variant of the development
of DS REM based on the results of simulation;

— development of the CAD of the chosen version of
the GDS;

— assessment of the effectiveness of CAD GDS.

In accordance with the requirements of transforming
the CAD into a diagnostic program and experimental
verification, otherwise, the change of output data
(qualifications of performers, process equipment, MM,
depth of defects search).

4 EXPERIMENTS

The adequacy of the model is the ability to describe
the output parameters with a relative error of not more
than a given value [19]. The adequacy of the model is
checked on the example of the development of the DS of
the receiving path of the tropospheric communication
station P-423 provided that the two wizards are jointly
searched for defects with the following output data:
L=51, S§=001; p=0995; T, < 20 min;

r.perm. =

t=3min, t,, =5min; m=2; p=2 [14].
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Figure 2 — Conditional algorithm of parallel (common) defect search in the receiving path of P-423

The results of testing the adequacy of the model are
summarized in Table 4, the analysis of which shows that the
relative error of the results of calculations of the average
recovery time 67, < 3.35 %, and labor costs 6/ < 5.0 %, this
confirms the feasibility of using the model to evaluate the
possibility of applying the type of GDS.

Table 4 — Results of the check of adequacy of the model of
group search of defects

Type of search P 7,. min W. pers. hours
GDSC [14] 0.931 17.9 0.6
- GDSI 0.944 24.0 0.4
2 g
i
2 GDSZ 0.944 20.3 0.67
ok
GDSC 0911 17.3 0.57

The discrepancy between the results of the simulation
(the presence of an error) and the quality of the DS is due
to the fact that the model is oriented on the use of a
homogeneous algorithm, but in reality, depending on the
features of a particular object, the use of heterogeneous
algorithms is possible. In the example that is considered
independent and zone search does not meet the conditions
of recovery T, >T, ., . In addition, the design of the

object practically does not allow to implement a zone
search, therefore, it is advisable to use the DS with GDSC

(Fig. 2).

5 RESULTS

The obtained model allows comparing the
effectiveness of different types of implementation of the
GDS. In Table 5 shows the dependence of labor costs on
the repair of one set of REM from the depth of the defect
(dimension of the object) L and the form of the GDS,
where the physical sense has only points, and dotted lines
reflect the tendencies of changing the parameters. There
are also obvious advantages of group band search of

defects, which minimizes both time and labor costs for
repairs.

Table 5 — Dependence of labor (W, pers. hours) and the average

recovery time (Tr, h) selection of the depth of the defect search ( L ) and
type in the GDS at S=0.02; m = 2; p = 0.995

GDS L 100 500 1000 2000
GDSI w 1.6 10.1 16.8 32.1
p=1 Ts 22 7.9 16.9 31.8
w 2.1 9.7 222 43.1
sz Ts 1.8 5.1 9.7 200
GDSC W 15 10.2 17.1 34.8
p=4 Ts 1.1 23 3.9 9.1

Similar results are obtained in the study of the
dependence of labor costs on repair of one set PEM on the
degree of its damage S and the type of GPA (Table 6) for
L=1000, m=2, p=0.995.

Table 6 — Dependence of labor (W, pers. hours) and the
average recovery time (Tr, h) selection of the degree of the
defect search (S ) and type in the GDS at L = 1000; m = 2;

p=0.995
GDS S 0,02 0,04
W 16,8 29,0

GDSI
Tr 16,9 23,8
W 22,2 37,1

GDSZ
Tr 9,7 18,2
W 17,1 30,0

GDSC
Tr 3,9 8,2
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It is understood, that higher qualification of the
specialist implies shorter time needed for the test and
troubleshooting. However, consequently, it increases
expenses for his salary. As an example, let’s consider the
influence of qualification of executors on time and cost of
repair for different types of GDS under the same conditions:
L=1000, §=0.04; p=0995; Z=20; m=2; R=4;
n=2, but with
¢=5UAH [hour, t =3 min , t, =5min, but with high
¢ =10 UAH [ hour,
=2.5min . Results of calculations according to the

low qualifications

qualifications t =1.5 min;

ly
Table. 1 are shown in Fig. 3, where the line is represented
by a stroke — corresponds to a low qualification, and
without a stroke — a highly skilled performer. As before,
the best indicators have a group band defect search.

Tr, hour 1

15 1

Cr, U4

0 T T T T T T
80 85 90 95 100 105

Figure 3 — Depending on the time and cost of repair from the
skill of the performers and the type of group search of defects

In all cases, professional development leads to a
reduction in the time of recovery by increasing the intensity
of labor, the use of effective CAD (heterogeneous with the
module of choice of more than two).

Consider the effect of reducing the average diagnostic
time 7 at current repairs of REM for the RB throughput.

In the simplest case N, =1;n=1, P~1,t,, =const we will
get T, =T, +1;,4. Due to the improvement of the DS the
value decreases 7,, which leads to a decrease in the

average recovery time of the average recovery time with
increasing RB throughput. Denote the relative reduction in
the time of diagnosis y=T7,/7, , in this case we will

receive 7. = ttrb/(l —-y) inx)= 1/Tr = _'Y)/tr (Fig. 4).

His analysis shows that, for example, reducing the
time of diagnosis of RES from 80% to 60% of the value
T, increases RB throughput twice. The effect is achieved

without additional expenses for the equipment of the PB
due to the improvement of the DS.

In practice of repair all types of group search find:

— independent — when repairing different types of
REFs on universal workplaces;

— common — when repairing objects of large
dimension with spatially spaced elements;

— zone — for repair of the same type REZ modular
design in specialized work places PO.

nex)

0.8

0.6/

041

Figure 4 — Dependence of RO throughput improvement of the
DZ and the time of troubleshooting

The simulation results allow to quantify the quality of
the DS of different types of GDS and depending on the
task of optimizing the number of repairers and CAD
parameters.

6 DISCUSSION

Considered the possibility of increasing the efficiency
of the RB REM by improving their DS, namely - by the
previous modeling to establish the most appropriate for
each case from the GDS taking into account the design of
the REF, the degree of their damage and the conditions of
recovery of disability.

Thus, the use of the methodology allows the development
of a specific algorithm for defect detection to quantify the
possible indicators of the quality of the diagnostic process.

The effect of using the methodology is to reduce labor
costs for the development of DS due to the fact that for
choosing the type of GDS there is no need to develop a
search algorithm for each of them, as it is possible to
evaluate in advance with the necessary accuracy
indicators of their quality and choose the most preferred
by the given criterion.

The simulation results allow us to quantify the quality
of the DS of different types of GDS and, depending on the
task of optimizing the number of repairers and parameters
of the CAD. In the article for the first time various types
of GDS are considered in a complex way with a
quantitative estimation of the efficiency of their use. The
results obtained should be used in the methodology for
developing diagnostic programs for the GDS during the
repair of the REM by the crews in the field, as well as
during the development of their metrological support with
a minimum cost of traffic accidents.

These studies are a continuation of work to improve
the DS of modern REM for reducing labor costs and the
time of their recovery in conditions of autonomous use at
remote locations from the supply and repair.

In the future, it is necessary to optimize the
organizational and staff structure of the PB of its material
and technical base by the chosen criterion: average
recovery time, minimum labor costs or the cost of single
repair of the REM.
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CONCLUSIONS

A comparative analysis of possible types of GDS
during the restoration of REM is performed and the
methodology was obtained on the basis of a generalized
graphical model of this process. The probabilistic time
and cost indicators of the quality of the functioning of the
PB REM are estimated in quantitative terms.

The analytical estimation of the MS of the diagnosis
from the true one in the presence of one error of the
expert in the evaluation of the result of the test was
obtained.

Scientific novelty of the methodology consists in
obtaining common analytical expressions for quantitative
estimation of the quality indices of any type of GDS.

In addition, for the first time, the verification of the
possibility of using all types of GDS to perform repairs by
the aggregate method due to the quantitative assessment
of the diagnosis of a diagnosis with a diagnosis mistake.

For the first time, various types of group search with a
quantitative assessment of the effectiveness of their use
are considered in a complex way.

The obtained results should be wused in the
development of diagnostic support for group search of
defects in the repair of REM crews and the elimination of
accidental damage in field conditions
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I'natiok C. €. — kaHJ. TEeXH. HayK, HAYaJbHUK BIAJiMy yrHpaBiiHHs JlemapTaMeHTy PO3BHTKY €JICKTPOHHHMX KOMYHiKaIlii
JlepxaBHOI ci1y>k0u CrielianbHOro 38’ 513Ky Ta 3aXucty iHdopmarii, M. KuiB, Ykpaina.

Po3ym 1. }O. — xaHp. BiliCBK. HayK, CTapIINi HAYKOBHH cHiBpoOiTHHK HamioHanbpHOTO yHiBepcuTeTy 000poHM YKpaiHu iMeHi
IBana Yepusixoscekoro, M. KuiB, Ykpaina.

AHOTAIIA

AxTyanbHicTh. PanioenekTpoHHi 3aco0M 0e3mepepBHO YCKIAJHIOIOTHCS, IO 3aTpyaHs€e IPOLEC BIIHOBJICHHS iX
Mpale3[aTHOCTI, KOJM Ha JiarHOCTYBaHHS BHTPAYalOTh HAWOUIBLII IpaneBHTpaTd i 4Yac. TOMy INEpCIEKTHBHUM HANpPSIMKOM
MiABUIICHHsT ¢()EeKTUBHOCTI BiHOBJICHHS Cy4YaCHHX PaJiOeeKTPOHHHMX 3acO0IB € YIOCKOHAJICHHS AiarHOCTUYHOrO 3abe3revdeHHs.
Meroto cTarTi € migBUIIEHHS e(pEeKTHBHOCTI AiarHOCTUYHOr0 3a0e3NeYeHHs PafioeIeKTPOHHUX 3aC00IB 32 paxyHOK OOIPYHTOBaHOTO
BHOOpY BHIY TPYIOBOTO IOIIYKY IC(EKTiB

Meton. B po60Ti BUKOHAHO aHANITHYHI TOCTIKEHHS YMOBHUX aJTOPUTMIB AiarHOCTYBaHHS 3 BUKOPHCTaHHSAM METOMIB TEOpii
rpadis, Teopii WMOBIpHOCTEH 1 Teopii AUCKPETHOTO MOIIYKYy — HAyKOBOi AMCHUILTIHY, SKa BHUBYA€ IPOIEC NiarHOCTYBAHHS IPU
BiJTHOBJICHHI TPAINE3[JaTHOCTI CKJIQJHUX TEXHIYHUX 00’€KTIB 3 PI3HUM CTYICHEM IOIIKOKCHHS 32 JIOMOMOTOI IOCIHIIKCHHS 1
OnTUMI3allii IPOLEAYp 1 ANTOPUTMIB BUSABJICHHS alpiOPHO-HEBIIOMOT KUTBKOCTI €JIEMEHTIB i3 3aJJaHUMH BJIACTHBOCTSMH 3 KiHIICBOI
CTPYKTYPHO-3B’513HOT MHOXKHHU 3@ JCSKUM KPUTEPIEM.

PesyabraTn. OTpuMaHO METOAMKY BHOOPY BHAY aJTOPUTMYy IPYIHOBOrO MHOIIYKY Ae(eKTiB mpu 3aJaHux OOMEKEHHSIX Ta
JOMYIICHHSX O KPUTEPi0 MIHIMyMy TPYAOBHUTpPAaT Ha OCHOBI y3araibHeHHs rpado-aHATIITHYHOI MOJENi TPYIOBOTO MOLIYKY
IeeKTiB 3 KUIbKICHOIO OIIIHKOIO MMOBIPHICHMX, YacOBHX 1 BapTICHUX IIOKAa3HUKIB SKOCTI TPOLECY AiarHOCTYBaHHS
PamioeNeKTPOHHHUX 3acO0iB 3 PI3HUM CTYNEHEM ITOLIKO/DKEHHS, L0 JI03BOJISE 3a3MajieTifib OOIPYyHTYBATH HAWOUIBII MOLINBEHUMA
ITOPUTM TPYIOBOTO IIONIYKY Ae(EKTiB Ul BHKOPHCTAHHS IiJl 4Yac pPO3POOKM MAIarHOCTUYHOTO 3a0e3NedeHHs Cy4acHUX
panioeneKTpOHHHX 3ac00iB.

BucnoBku. Briepmre KOMIIEKCHO pO3IIITHYTI Pi3HI BUIH IPYNIOBOr0O HOIIYKY Je(eKTiB 3 KUIBKICHOIO OI[IHKOIO e(heKTHBHOCTI iX
BUKOPHUCTAHHS 3aJICXKHO BiJl 0COOIMBOCTEH palioCICKTPOHHUX 3aCO0IB 1 YMOB BiJHOBJICHHS iX MpPaIe31aTHOCTI.

KJIFOYOBI CJIOBA: pamioenekTpoHHI 3aco0u, TPYMoBHi MOMYK Ae(eKTiB, BIAHOBICHHS MPale3aTHOCTi, JIarHOCTHYHE
3a0e3neyeHHs.
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PEMOHTE PAJUOJJIEKTPOHHBIX CPEACTB
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CyxormyTHbIX Bolick HanmoHanpHOHU akageMuu CyXOIyTHBIX BOMCK uMeHH rerMmaHna [lerpa Caraiinaunoro, r. JIbBoB, YkpauHa.
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AHHOTAIUA

AKTya/IbHOCTb. PafMO>IEKTPOHHBIE CPEACTBAa HEMPEPHIBHO YCIIOKHSAIOTCS, YTO 3aTPyJHSET INPOLECC BOCCTAHOBICHUS HX
paboToCIIOCOOHOCTH, KOTZa Ha JUAarHOCTHPOBAHHE TPaTAT OONBININE TpyHo3aTpaTel M BpeMs. [lo9ToMy NepCcHeKTUBHBIM
HalpaBICHUEM IOBBIMIEHHUS J(P(EKTUBHOCTH  BOCCTAHOBJICHHS COBPEMEHHBIX  PAIMOICKTPOHHBIX  CPEACTB  SBIISIETCS
COBEPIICHCTBOBAHHUE JTHArHOCTHYECKOTo obecreueHus. Llenplo cTaTbu sIBIsieTCsl MOBBIMICHHE Y(P(EKTHBHOCTH JUAarHOCTHYECKOTO
o0ecreueHus paJuOdIeKTPOHHBIX CPEJCTB 3a CUeT 0OOCHOBAHHOIO BBIOOPA BUJia IPYIIIOBOIO MOKCKA AE(EKTOB.

Metoa. B paGore BBIMONHEHO AHATUTUUECKUE HCCIIENOBAHMS YCIOBHBIX aJTOPHUTMOB JUATHOCTUPOBAHUS C HCIOIb30BaHUEM
METOJ0B TEOpUH TpadoB, TEOPUU BEPOATHOCTEH M TEOPUH AMCKPETHOTO MOMCKA — HAYYHOHW MUCHUIUIMHBI, M3ydaromledl mporecc
JUaTHOCTUPOBAHMS IIPH BOCCTAHOBJICHHH PAO0OTOCIIOCOOHOCTH CIOXKHBIX TEXHHUECKUX 00OBEKTOB C Pa3HOH CTEHNEHBIO MOBPEKICHUS
C MOMOIIBIO MCCIEIOBAHUS ¥ ONTUMU3ALUH TIPOIEAYP U alrOPUTMOB OOHAPY>KEHUSI allpUOPHO-HEBEIOMOT0 KOINYECTBA 3JIEMEHTOB
€ 33/laHHBIMU CBOMCTBAaMH U3 KOHEUYHOI'O CTPYKTYPHO-CBSA3HOI'O MHOKECTBA I10 HEKOTOPOMY KPUTECPUIO.
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I[e(i)eKTOB C KOJIMYECTBCHHOU OLIeHKOﬁ BEPOATHOCTHBIX,

Pe3yasTartsl. [lomydyeHo MeTonnKy BBIOOpa BHAQ aJTOPHTMA IPYIIIOBOTO IOWCKA AS(PEKTOB IPH 3aJaHHBIX OTPAHWYEHHSIX U
JOMYIIEHUSX M0 KPUTEPUI0O MUHHMyMa TpyZO3aTpaT Ha OCHOBe 0000uIeHHs Tpado-aHAIMTHYSCKOH MOJIENH TPYHIIOBOTO IOHCKa

BPEMECHHBIX M CTOUMOCTHBIX MOoKa3aTeJied KauecTBa rnpouecca

JIUarHOCTUPOBAHUS PaIUOICKTPOHHBIX CPEACTB C Pa3sHOM CTENEHbIO MOBPEXKICHHUS, YTO MTO3BOJIAET 3apaHee 000CHOBATH Hanboee
1es1eco00pa3HbBlil METOJ IPYMIIOBOTO IMOWCKA Ne(EKTOB Ul HCIOIb30BAaHHA NpPU pa3paboTKe JHArHOCTUYECKOro OOecreyeHus
COBPEMEHHBIX PaANO3TEKTPOHHUX CPEACTB.
BbiBoabl. BriepBrie KOMIUIEKCHO PaccMOTpPEHBI Pa3iIMYHbIC BHUIBI TPYIIIOBOTO MOHMCKA Ne(PEKTOB C KOTMYECCTBEHHOW OIIEHKOW
3¢ (EeKTUBHOCTH HX HCIOJIL30BAHUS B 3aBUCHMOCTH OT OCOOCHHOCTEH PagHO3ICKTPOHHBIX CPEJICTB U yCIOBHI BOCCTAHOBICHUS MX
PpaboToCIIOCOOHOCTH.
KJIFOUEBBIE CJIOBA: pannossieKTpOHHBIC CPEICTBa, IPYIIOBOM MOMCK Ae()EKTOB, BOCCTAHOBJICHHS PabOTOCIIOCOOHOCTH,
JIMarHOCTHYECKOE oOecIeueHHe.
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