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ABSTRACT

Context. The process of maintenance of modern radio-electronic facilities is aimed at supporting the serviceability or perform-
ance of the facilities during their technical operation. Specifications for achieving high reliability of operation are often contrary to
other required characteristics, such as reducing the size of the product, obtaining high accuracy, reducing the cost of operation, etc.
Therefore, the problem of the optimal choice of maintenance parameters to solve various tasks of operation using different criteria is
relevant.

Objective. The objective of this research is developing approaches to determine the optimal parameters of the process of adap-
tive maintenance.

Method. Within the framework of the general simulation statistic model of the process of maintenance and repair of a complex
facility (REF), we have developed a simulation model for parameter optimization of one of the maintenance strategies. The general
simulation statistic model is intended to simulate the process of the TMR of the FEF in order to predict the reliability and value of the
facility operation. Optimization of maintenance parameters improves both indicators of reliability of the facility and economic indi-
cators of operation of the facility as a whole. The parameters are optimized on the basis of the criterion of a minimum specific cost of
the REF operation or the criterion of the maximum ratio of technical use. In both cases, limitation means the required value of the
mean time between failures of the facility, and as a method of optimization, we use the method of directed search within the scope of
the maintenance parameters. An expert can participate in the process of finding an optimal solution, being involved in the analysis of
intermediate data and making a decision on the completion of the search process.

Results. The improved method of optimizing the maintenance parameters is a mathematical and algorithmic basis for the general
software of the simulation statistic model of the maintenance and repair process. The method is programmed and tested in solving
testing tasks. The results of the computational experiment are illustrated in the tabular form.

Conclusions. In our work we have developed the simulation model of the process of adaptive maintenance of a complex radio-
electronic facility. The model enables to substantially simplify and automate the process of research and optimization of the adaptive
maintenance parameters of a complex radio-electronic facility. By adding the least reliable elements gradually to a plurality of items
subject to servicing and modeling the random moments of the failure time, the simulation model calculates the optimal maintenance
options with the adaptive time of condition monitoring. The simulation model is based on the algorithmic model and algorithmic
optimization methods for adaptive maintenance, developed in our research, and works in the ISMPN software environment. As a
method of optimization, we use the method of directed search within the scope of the maintenance parameters, with a DN distribution
as a mathematical reliability model for electronic components and DM distribution for mechanical components.

The practical value of the research lies in developing software which optimizes the maintenance parameters and predicts the reli-
ability and value of operation for the given REF. The results obtained are to be used when determining the requirements for the pa-
rameters of operation of both new facilities and those of the available stock.

KEYWORDS: optimization of maintenance parameters, adaptive maintenance.

ABBREVIATIONS Ch
ISMPN is a simulation statistic modeling program;
AM is an adaptive maintenance;
DB is a database;
REF is a radio-electronic facilities; ca(y) is a function of the specific cost of operation
OTM is a operation time maintenance;
OCM is an on-condition maintenance.

; 1s a cost of the maintenance operation for the i-th

element
. 1s a cost of operation;

with the optimal value of the maintenance level u,,;(Y) ;

NOMENCLATURE ca(y") is an optimum value of the specific cost of

a;(ty) is an estimation of the average degradation rate operation in the current step;

of the i-th element; ¢s ¢ 1s a specific cost of the facility in the failure

Cy; is a cost of the i-element; mode;
) ) . ¢ 15 a specific cost, if the facility is in the mainte-
Ciepli 18 a cost of replacing the i-h element;
nance state;

e; 1s an i-th constructive element;
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E_ is a set of elements maintained;

m

E,, is a desired set of elements maintained;

E,, is a conditionally optimal set of elements main-

tained;

K, 1s a steady state availability factor;

K., (y) is a function of the steady state availability
factor with the optimal value of the maintenance level

+ ) -
Uzoi (V) 5
K4 (y") is an optimum, in the current step, value of

the steady state availability factor;
L(#;) is a smoothed value for current control time 7 ;

N; is a number of simulations implemented;

P+

am
maintenance;

is a conditionally optimal parameters of adaptive

P,, is an optimal parameters of adaptive mainte-
nance;

* . . . .
P,mc 1s an optimal parameters of adaptive mainte-
nance according to the criterion minc, ;

P, is an optimal parameters of adaptive mainte-
nance according to the criterion max K ;

S(#;) is a seasonal value of seasonality at the current
time;

S(t;_s) 1s a seasonal value for the same period of the

previous season;
s is a seasonal period;
T(t;) is a current trend value;

T, C'p (t;,) 1is a current forecast value of the mean time
between failures of the least reliable element;

T, w(tr) 1s a planned time interval of a regular mainte-
nance;

Ty is a mean time between failures;

7,1 is a required mean time between failures;

T, is a time of operation of the facility;

t; 1is a current time of the 4-th maintenance;

U,, is a vector of defining parameters levels, which
determines the necessity for maintenance of elements;
U, is a required vector of defining parameters levels,

which determines the necessity for maintenance of ele-
ments;

U,, is a conditionally optimal vector of defining pa-

rameters levels, which determines the necessity for main-

tenance of elements;
U;,; is a conditionally optimal vector of defining pa-

rameters levels of elements from the 1¥to the i-t4;
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u,,; is a optimal value of the defining parameter ob-

tained in the final (i-th) step;

+

u,,; is a conditionally optimal value of the defining

parameter obtained in the last (i-#%) step of modeling;

uyt is an intermediate optimal value of the defining
parameter for this step;

uyi(y) is a function which determines the depend-

ence of the optimal maintenance level of the i-th element
on the ratio vy ;

v; 1s a ratio of variation of mean operating time to uni

failure of the i-th element;
o is a sequence smoothing ratio;
B is a trend smoothing ratio;

¥ 1s aratio of seasonality smoothing;
T,epi 18 @ mean time of replacement of the item of the

i-th element;

T, o 15 an administrative time for maintenance;

T,,; 1s a mean maintenance duration of the i-th ele-

ment;

T,,- 18 a mean time of maintenance control;

mc

Tyou 18 @ mean time of troubleshooting;

€4 is a the necessary accuracy of the results (rela-
tive error);

v is a desired lead ratio;

y" is a conditionally optimal lead ratio.

INTRODUCTION

The task of providing the necessary indicators of reli-
ability of complex REF arises very often, both in the de-
sign of new models of equipment (modernization) and in
the operation of available ones. Complex radio-electronic
facilities are recoverable facilities of long-term applica-
tion. The cost of such facilities is high, as well as the costs
of operation. Diversity and the stochastic nature of the
impact of various operational factors on the radio-
electronic facilities result in the fact that, with the same
operation time or duration of operation, facilities, in terms
of reliability, have different actual technical condition.
Due to this fact, operation or calendar time does not ex-
pressly characterize the technical condition of the facility.

In order to provide the required level of reliability of
REFs during their operation, maintenance and repairs are
usually performed, the essence of which is to timely re-
store the operational condition of the facility and the pre-
ventive replacement of the items in the pre-failure condi-
tion.

On the one hand, a longer period of maintenance en-
ables to increase the production operation of REF, as well
as the operation profitability. But this is not the case with
the use of an outdated equipment stock which signifi-
cantly increases the time of maintenance due to the elimi-
nation of intensively increasing failures and malfunctions.
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The object of study is the maintenance process of
complex radio-electronic facilities.

The subject of study is optimizing the parameters of
adaptive maintenance.

The purpose of the work is to develop approaches to
determining the optimal parameters of the process of
adaptive maintenance.

1 PROBLEM STATEMENT

Depending on the criterion used in determination of
the timing of maintenance, there are two main strategies
for arranging maintenance: OTM and OCM. When per-
forming OTM, control is exercised according to the avail-
able potential of the facility, and when the residual life
reduces to some predetermined threshold, the facility
maintenance is performed. When conducting OCM, the
current technical condition of the facility is monitored,
with maintenance performed, if the technical condition of
the facility deteriorates to some predetermined unaccept-
able threshold. In turn, two types of strategies can be
identified during OCM: OCM with a constant control
period and OCM with a variable control period (adaptive
OCM).

Each strategy is characterized by its parameters, which
can be simulated using simulation statistic modeling. The
modeling criteria of determining parameters of adaptive
maintenance in our research are as follows: the criterion
for minimizing the specific cost of the facility operation,
which is determined at a reference period of operation,
with the provision of a reference requirement to the reli-
ability level of the facility, and the criterion of maximiz-
ing the coefficient of technical operation with the provi-
sion of the same requirement to the reliability level of the
facility [1-4].

To perform modeling, it is necessary to create simula-
tion models for all maintenance strategies.

The initial data for ISM are the following variables:

E,, Ty, o, B and y.

Thus, the article solves an urgent scientific problem in
relation to the development of simulation models to opti-
mize the adaptive on-condition maintenance parameters

. . * &
and getting subsequent output variables: E,,, U, , and
v. Two criteria are used: optimization by criterion
minc, and by criterion max K, . The limitation is the

use of DN distribution, as a mathematical model of reli-
ability of electronic components and DM distribution, for
mechanical components.

2 REVIEW OF THE LITERATURE

Nowadays, many scientists also investigate the prob-
lem of optimizing the maintenance process for different
types of facilities. Thus, to minimize the cost of servicing
systems with the reliability constraint, work [5] suggests
the approach which uses the methods of Lagrangian re-
laxation embedded in dynamic programming. The ap-
proach can be applied to determined and probable tasks of

dynamic programming, as well as to Markov partially
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observable decision making process. The computational
complexity of the approach is polynomial with regard to
the number of Q-components of the system. The author of
work [6] addresses the problem of optimizing mainte-
nance in a multi-component system which performs sev-
eral missions with scheduled finite discontinuity. Due to
the limited time, budget, or availability of resources,
maintenance can only be performed on a limited set of
components. To do this, we propose a new integrated
formulation of nonlinear programming for the sample
maintenance, which enables to choose the components to
be serviced, the maintenance levels to be performed, and
maintenance tasks for several maintenance technicians. In
work [7], a stochastic optimization model is considered to
reduce the long-term total cost of maintenance complex
systems. The work relies on the following principle: op-
timization of cost models for complex multi-component
systems is based on analyzing the reliability of different
maintenance approaches (regular block and age ones) and
on clustering maintenance actions to reduce the total cost
of maintenance of a complex system. In work [8], in ac-
cordance with the task of optimizing maintenance, the
author selected the most important components of the
power system with renewable energy sources. Then a set
of maintenance strategies is proposed for all critical com-
ponents. The total cost of each strategy for all critical
components is calculated as the amount of costs for: op-
eration, maintenance and environmental protection. The
best maintenance strategy for each critical component is
selected by identifying the lowest total cost of different
maintenance strategies.

The author of work [9] addresses a new method of op-
timal strategy of maintenance of a complex system taking
into account the reference reliability limitation. It is based
on the direct analysis method which provides accurate
quantitative determination of the reliability of highly reli-
able maintenance systems. As a discrete maintenance
model, the article considers a model where each main-
tained component can operate in one or more discrete
maintenance modes. In work [10] the author considers the
optimal schedule of preventive maintenance of one ele-
ment on the finite segment on the basis of Bayesian mod-
els of the failure function. In work [11] a new approach to
the modeling of maintenance of machine tools is devel-
oped taking into account the architecture of stock sys-
tems. The stock architecture is considered, which consists
of various types of machine tools of different manufactur-
ers of equipment, working with different users, but sup-
ported by one repair shop. The essence of the approach is
to jointly optimize the decisions on the levels of repairs,
namely: the schedule of repair, relocation, disposal and
preventive maintenance, taking into account the structure
of user costs and policy in the workshops. In work [12],
the author suggests a new approach to cost-effective op-
timization of maintenance completion strategies for a set
of repaired elements. The optimization method consists of
two stages. Firstly, a new concept of matrix modeling is
introduced to find the scope for solving this optimization
problem. Secondly, a genetic algorithm is used to find a
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solution with minimal costs. It is shown that the combina-
tion of matrix modeling and genetic algorithm is a power-
ful method for solving the problem of optimization. In
work [13], the MINLP model is suggested which repre-
sents a stochastic process of failures and repairs of the
system in the form of a Markov continuous-time chain, on
the basis of which the choice of backup and frequency of
verification and maintenance tasks is optimized for
maximum profit. The model explicitly takes into account
all possible conditions of the system. It also offers effec-
tive decomposition methods and reduction of maintenance
scenarios.

Thus, the task of developing simulation models and
improving the procedure of optimizing the adaptive on-
condition maintenance parameters for two different crite-
ria is relevant.

3 MATERIALS AND METHODS

The development of a simulation model for optimiz-
ing the parameters of the process of adaptive maintenance
should be based on a pre-formalized adaptive mainte-
nance model. In our work we use an improved model as
the formalized model of adaptive maintenance, which is
described in works [1]. The optimization task was solved
for one of two criteria: optimization by criterion minc,

(1) and by criterion max K, (2):
Ce(<E;:wU;1’O°’BaX»'Y*>)_>mins (D

To(( B U By ) > 73

KSSa (<Em,Um,(X, B’ XY >) — max .

Constants of smoothing are not directly related to the
choice of maintenance options. For this reason, the pa-
rameters o,f,x are not included in the number of opti-

mized strategy parameters, and we regard them as con-
stants.

When solving a problem (1) the set E,, is fixed, with
the sequence of partial problems solved. At each step, an
auxiliary set E,, is formed by adding one element from
the set E,,, with a specific task solved for determining
the optimal parameters satisfying the condition:

Ce(<E;:laU:<n>asB9x,'Y*>) - (I]l’lll’l . (3)
m>Y

Solution P, = <E,J,'1,U ,J;,,y+> satisfying condition (3)

is a conditionally optimal solution obtained, if the set of

maintained  elements  consists of E,, and

Upi = {15t 2 seeestty i} [1,16].
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When adding new elements to E;,, the mean time be-
tween failures 7 should increase, and when the require-

ment Ty >7,“/ is met in a certain step, the process of

search for a conditionally optimal solution is completed.
This solution, obtained in the final stage, is taken as the

general optimal one P; m -

Figure 1 shows the algorithmic model of the task solu-
tion (1)
Statement 1 generates the output data: the set of the

maintained elements £, ; records constants of smoothing.

Statement 2 creates empty sets E,,; and Up,;, and

initiates the variable i, which is used to calculate the
number of steps for a solution search (simultaneously, the
variable i is the number of element e; which is added to

the set E,,;). The set E,,; is used as the current set of

maintained elements (one element from the set E,, will

be added at each stage). A set U,,; is used to memorize
the obtained optimal values of the maintenance levels
u,,; of elements included in the set £, .

Statement 3 forms the number 7 of the next (current)
step of the search process.

Statement 4 chooses i-th element e; from the set E,,

and adds it to the set. The elements e; from the set E,,

are selected in ascending order of their mean time be-
tween failures.

Statement 5 makes function charts u,;(y) and

cJ () depending on the value of the lead ratio vy, which
binds the scheduled time interval to the next maintenance
ﬁn (t;) , with the current predicted value of the mean time

between failures of the least reliable element 77, (#; ) :

, 1
Topti) = a; (1)

For a two-parameter exponential smoothing model,
estimation of the average degradation rate of the i-th ele-
ment is determined by the expression:

a;(tgs1) = L(tg) + T (1),
L(tp) = o-a; () + (1= o) [S(tg—1) — T (t4_1)]
T(t) =BS(t) = St ))+(1=PB) - T(ty—y)
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Input

Ep Ty o, By

++ .
Ef = @:U" -3 -i—0 Saveu,,; in the database
mi Y mi > + ottt +
Ui = Upi (umi eL]m)

[
| t
3 N 9 Determine T0+
1:=1
T0+ : TO(<Emt’U-:n’Y+>]
‘ 10
4 Select €¢; € E )\
pe 7 =75
mi = Lmi I No
Yes 11 Yes
P
5 Construct function 12| K, =E} U, =Epy i< |E,, ]
charts u,,;(v); ¢; (v) Y=yt mN
| | °
6 Determme T 13 * * *
E Uy No solution

Y s (v = mylnc (v)

7 ; ++
Retermlﬂe U, i Output
Umi = Up i(Tk )

Figure 1 — Algorithmic model for optimal parameters search of the OCM strategy with adaptive change of the control period
For a three-parameter smoothing model [14, 15]: () = (B, UL y). )

a;(t =Lt ) +T ) |xSWr,1_o),
@i(lk+1) [ () + 1 k)] (k15 Statement 6 determines the optimal value of the ratio

L(tx)=a- Gill). ———+ (= )[S(t_) - T ()], y" in the current step, which satisfies the condition:
t—s
T(ty) = B(S(t,) = S(t-1) +A=P)- Tt co (v") =minc, (v) . (6)
St)=x- 2ille) % () ——=+(1=y)-St;_,)- Statement 7 determinez the optimum value of the
L(%) maintenance level:
The function u,,;(y) determines the dependence of t =i (r") Q)
the optimal maintenance level of the i-#4 element on the Statement 8 saves the value u;" in the DB as the op-

ratio v . ) .
timal value for this step.

+ . . . .
The value u,,;(y) is determined on the basis of the ex- Statement 9 defines the value of the mean time be-
tween failures, obtained in the current search step

) TO _TO( m(z)) and am(i)_<Em1’Um1’Y >
t (1) Co(Epyis Uy y) — min. 4) Statement 10 verifies the compliance with the condi-

Ui

pression:

tion T, >7,“Y . If the condition is satisfied, Statement 12

Function ¢, (y) is the specific cost of operation ob-  forms the final solution:

tained with the optimum value of the maintenance level . .
U:,—”'(Y) : ame *= Yam(i) -
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Thus, the solution search process finishes.
If Statement 9 does not comply with the condition

Ty =Ty, Statement 10 verifies if all the elements from

E,, have already been used. If not, and (i<‘Em‘), it

passes control to Statement 3 to continue the solution
search process.

Statement 13 forms the optimal values of the adaptive
maintenance parameters.

The algorithmic model of the task solution (2) com-
pletely coincides with the model developed above, except
for the content of Statements 4 and 5. The only difference
lies in the fact that instead of the criterion min ¢, a crite-

rion max K .., is used. Therefore, in Statement 4 a func-

ssa

tion chart K., (y) is constructed, with the optimal value
determined in Statement 5 on the basis of the condition:

Ko (r")=max K, (y). (8)
Y

The content of all other operators remains unchanged.

Taking into account the aforementioned, one can for-
mulate the following method of optimizing the parameters
of the adaptive maintenance process of a complex radio-
electronic facility:

1. Create a database of the REF, with the task of opti-
mizing the adaptive maintenance parameters solved.

2. Specify the simulation parameters for [SMPN.

3. Determine the set of potentially maintained ele-

ments £,, and the required mean time between failures

based on the maintenance 7,/ .

4. Choose an item from the set of potentially main-
tained ones, with the highest failure rate, and perform
modeling according to one of the criteria: minc, or

max K Determine the conditionally optimal mainte-

req *
nance parameters for one maintained element.

5. Determine the mean time between failures and
compare with the required one. If the mean time between
failures is less than required, add the second one, etc. to
the list of maintained items, till the mean time between
failures is no less than necessary.

6. Determine the optimal parameters of adaptive main-
tenance.

4 EXPERIMENTS
The problem is solved using the ISMPN program. In
each step of the task solving, actions are performed in
accordance with the following procedure:

1) the formation of the current subset E,; of the

maintained elements (in the i-¢th step one element E,, is

added to the subset E,,;);
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2) the search for a conditionally optimal solution
P;m(i) = <E;;”~,U;“m~,y+> (by criterion minc, or
max K .., ) and determination of the mean time between

failures 7y ;
3) verification of compliance with the condition
Ty = T,* . If the requirement is not satisfied, proceed to

point 1 and continue solving the task. If the request is
met, complete the closing point of the procedure;
4) acceptance of the conditionally optimal solution

P;m(i) obtained in the final step as the final solution of

the task Pp, := P ;) -

The procedure is illustrated by the example of the test-
ing facility Test-1. The database for the facility was estab-
lished. The facility contains 15 elements of different lev-
els included in the set of denied elements Ej. For exam-
ple, the set of potentially maintained elements E,, com-
prises 5 least reliable elements from E(. Table 1 shows

the data on such elements. Mean time between failures is
subject to the DN distribution with the coefficient of
variation of failure time of all elements v; =0.8 .

Cost and time characteristics of the facility Test-1:

Trepi = 1hy 1,; = 02hours; Cp; = 10cu; Cppp =
leu; Cpi=lecu (Vi=L|E,|); T, = 05k
Thou=1h; T,,, =1h

Table 1 — Characteristics of potentially maintained elements
of the facility Test-1

. . Cost of the
Element Mean failure time
number Element name T . h element COi s
cpi-
c.u.
1 132 10000 40
2 12 14142 20
3 11111 14142 20
4 131-1 20000 10
5 131-2 20000 10

We specify the parameters of modeling and the envi-
ronment for the ICM, namely: 7, =20 years;

NP =100; €™ =0.2; cgr =10 culyear; cg,, =2

c.u./year.
If maintenance for the facility Test-1 is absent in such
conditions, the following values are obtained: 7, = 1,210

h; ¢, =0.02997 cu/h; K, = 0.99835. Permanent
smoothing equals to 3 =0.5.
The required mean time between failures:
Ty =1.500 h.
5 RESULTS

Optimization by criterion min ¢, .
The calculations are performed as follows:
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1. In step 1, we add element 132: E;,(l) = {132} to

the set £, .

2. We launch the ISMPN program in the mode “Opti-
mizing maintenance/adaptive maintenance” and specify
the following variation parameters:

—for: u,, 1u,, € [0.4; 0.8]; Au,, =0.05;

—for: y:ye [0.2;0.7]; Ay =0.05.

Figure 2 shows the view of the PC screen after model-
ing is completed in step 1.

By the function chart ¢, (y), we determine its mini-
mum and corresponding conditionally optimal value
7" =0.45 . According to the chart u;,;(y), we determine

the optimal value of the maintenance level for element
132 uy i =up(y") = 0.40.

As a result of the calculations performed in step 1, we
obtain the following conventionally optimal solution:

Pty = (Bt Ui v* ) = (11324:10.40}30.45).

(G5 ISMPN:

3. According to the chart T (y), we determine the

mean time between failures 7, = 1.386 hours, which is

achieved with these parameters (shown next to the chart
on the right).

4. If the requirement 7, > 75! is not fulfilled, we
take the next step. But before proceeding to the next step,
we enter the latest value of the maintenance level u,,|

(for element 132) in the database.
The final modeling results are shown in Table 2.

To ensure the reliability level 7;°/ = 1.500 h, the pa-
rameters
P*

amc

obtained in step 2:
=P = ({132,12}; {0.40;0.55}; 0.40) are opti-
mal parameters of the adaptive OCM by criterion min ¢, .

With the above parameters, the following values of
indicators are provided:

To(Pone) = 1.529 h; ¢, (P,,.) = 0.02162 c.u./h;
Kysq(Pom ) =0.99825.

Search for optimal adaptive maintenance status parameters

Object Test-1 Histograms Mo maintenance To=12071 | Cu=003007 cu/h
i . Proceed
Optimum maintenance level 0
07
: Stop
Criterion  [in Ce ~ SR 0,40 -
05 4 Exit
. 04 = o
Maintenance level change 02 025 03 035 04 045 05 0355 06 065 0:01:13
Initial value 040
Final value (80
Change interval T 00252 T
: 0,025 f----1 R
BapbvpoBanve GAMMA 00248 4 : : Uo7
0,024 g IR, 0.45
Initial value 0.0 00244 | [ L]
Final value 0.7 02 025 03 035 04 045 05 055 06 085
Change interval |[po5
Mean time between failures, h
Beta coefficient |00 1 000 :
[ 13067
e S s S S S S
List of serviced items 0 . f f f . . f f f
00000 132 02 025 03 035 04 045 05 055 05 055
Steady state availability factor
o - [ - I e, o]
08881 | e 0.95618
0858 4---- : ! :
09979 4 - ; : : ! : : :
00978 oo e o]
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Figure 2 — View of the PC screen after modeling is completed in step 1 (criterion min c)
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The statistical error of the modeling results, with the
above results obtained, is € =0.148 .
Optimization by criterion max K, .

1. In step 1, we add element 132 to the set E,,:
Epay= {132}

2. We launch the ISMPN program in the mode “Opti-
mizing maintenance/adaptive maintenance” and specify
the following variation parameters:

—for u,, :u,, € [0.4; 0.8]; Au,, =0.05;

—fory :ye [0.4;1.0]; Ay =0.05.

The result of modeling shows that the function
K 5, (7) does not have a stable maximum, so we immedi-
ately proceed to step 2 and add element 12 to the set

Epqy: Em2y = {132, 12}. Figure 3 shows the view of
the PC screen after completing the simulation in Step 2.

In step 2, the maximum of the function K, (y) is ob-

tained at the value of the argument y* = 0.65. According
to the chart, we find conditionally optimal value of the
maintenance level u,,] =u,}(y") = 0.65. All these data
are calculated in a programmatic manner and displayed to
the right of the corresponding chart.

Thus, after completing step 2, we obtained a conven-
tionally optimal solution:

P = (B Ut = (11323:10.45150.65)

Table 2 — Results of calculation of conditionally optimal parameters of the adaptive maintenance strategy for the facility Test-1
(criterion min c,)

. ) Values of indicators obtained under conditionally optimal pa-

¢ Conditionally optimal parameters p+ .

step am(i) rameters Pt .

num- am(i)

ber i
ert E;,;i M;,J,r y* T0+ ,h c;r ,cu/h K;:m €
0 - - - 1207 0.03007 0.99834 0.135
1 {132} 0.40 0.45 1386 0.02427 0.99818 0.138
2 {132, 12} 0.55 0.40 1529 0.02162 0.99825 0.148
3 {132, 12, 11111} 0.45 0.45 1706 0.01894 0.99840 0.153
4 {132, 12, 11111, 131-1} 0.55 0.45 1868 0.01743 0.99849 0.143
5 {132, 12, 11111, 131-1, 131-2} 0.56 0.40 2057 0.01603 0.99852 0.173

(0 ISMPN: Search for optimal adaptive maintenance status parameters

. Histograms  No maintenance To=12137 h Cu=0025370 c.u./h
Object Test-1 9 Proceed
Adaptive maintenance Optimum maintenance level
Stop
Criterion  |max Kssa ~ 0.45
Exit
Maintenance level change 00043
Initial value n.4n
Final value 0.80
Change interval 0,05
0,025 4
0,024
Bapbupoeanve GAMMA 002283
0,023
Initial value 04 0,022
Final value 1.00 na
Change interval |0.03
. 1500 e ——e kel S
Beta coefficient  |0.50 | : . \ :
1000 --m-me- R IR IR Pt E. 1469.3
500 4-------- bemeneend beemeeeees boemeeeee TR TR
List of serviced items o . . . . .
100000 132 04 05 05 07 0,3 039 1
141421 12
el 099836
080885 4 - 0.65
099828 4 - ---
0,39526
04
eps = 0146

Figure 3 — View of the PC screen after completing the calculations in step 2 (criterion max K,)
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3. According to the chart Tj (y), we determine the

1469 h, which is

achieved with these parameters (displayed along with the
graph on the right).

mean time between failures 7, =

4. If the requirement Ty > 7,/ is not satisfied, we
proceed to the next step. However, as before, we enter the

latest value of the maintenance level u;,j = 0.45 in the

database.
Table 3 shows the complete data obtained for all 5

steps (for all elements of the set £, ).

For the requirement 7;°/ = 1.500 h, the parameters,

obtained in step 3, are optimal for the parameters of the

adaptive maintenance strategy by the criterion max K, :

*

Pam K

With the above parameters, the following values are pro-
vided:

Ty (P,

a”lK)

= 1.616 h; c (P

am K

) = 0.02048 u.c./h;
Ksa (Poy ) = 0.99846.

The statistical error of the modeling results, with the
above results obtained, is € =0.152.

6 DISCUSSION
The analysis of the task solution results with regard to
optimization of adaptive maintenance parameters by two

different criteria show that the solutions -P? and

am K

*
Pones are better than the solu-

by all indicators P’

amk >

tion P

am ¢ - Table 4 shows the compared parameters.

The table also shows that the advantage of the solution
P}, « is obtained only at the expense of a greater number

*

of maintained elements: according to the solution P, ,,

the number of the maintained elements is equal to 3, and
*

according to the solution P, .,

it equals to 2. This result

is expectable, since in the output data cost and time spent
on maintenance are very insignificant and equal for all
elements.

Table 4 — Comparative data of the optimal parameters of the
adaptive maintenance of facility Test-1

Number Compared parameters
. o of the
Main- Optimi- main-
tenance zation tained
para- crite- elements Ty, Ce» K
meters rion h cu/h ssa
Em
P* min c,
am ¢ 2 1529 0.02162 | 0.99825
p* max K, 3 1616 | 0.02048 | 0.99846
am K
+
Pam ¢(3) | min c, 3 1706 0.01894 | 0.99840

=Py =({132,12,11111}; {0.4;0.45;0.5}; 0.65).

The results obtained in this example also show that in
the case of three maintained elements, the conditionally

optimal solution P;m(3), obtained by the criterion

min ¢,, is much better than both solutions P, . and
*
Pam K

The obtained results adequately demonstrate the pecu-
liarities of the simulation model of optimizing the pa-
rameters of the adaptive maintenance strategy, as well as
the possibility of application of the modeling results ob-
tained.

CONCLUSIONS

The simulation model of the process of adaptive main-
tenance of a complex radio-electronic facility is devel-
oped in the work. The essence of the simulation model is
that by gradually adding the least reliable elements to a
set of elements to be maintained, and simulating random
moments of the failure time of the facility elements, the
model calculates the optimal parameters of maintenance
with the adaptive time of the technical condition control.

The scientific novelty of the research is to improve
the simulation model of the process of adaptive mainte-
nance of a complex radio-electronic facility, which,
unlike available ones, is based on the algorithmic model
and algorithmic optimization techniques used in the soft-
ware package of the ISMPN. As a method of optimiza-
tion, we use the method of directed search within the

Table 3 — Results of calculations of conditionally optimal parameters of an adaptive maintenance strategyfor the facility Test-1
(criterion max K,)

. Values of indicators obtained under conditionally optimal pa-
Step Conditionally optimal parameters P . +
.y am (i) rameters P, ;)
ber i + ++ + + +
Emi Ui Y TO ,h Ce ,cu/h KSS(l €
0 — — — 1219 0,02970 0,99834 0,137
1 {132} — — — — — —
2 {132, 12} 0,45 0,65 1469 0,02289 0,99836 0,146
3 {132,112, 11111} 0,50 0,65 1616 0,02048 0,99846 0,152
4 {132,12, 11111, 131-1} 0,55 0,55 1815 0,01801 0,99853 0,164
5 {132,12, 11111, 131-1, 131-2} 0,40 0,60 1941 0,01721 0,99860 0,167
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scope of the maintenance parameters; as a mathematical
model of reliability, we use the DN distribution for elec-
tronic components, and DM distribution for mechanical
components, with the scheduled time interval to the next
maintenance determined on the basis of the three-
parameter exponential smoothing model, which enables to
significantly simplify and automate the process of study-
ing the reliability of indicators and optimization of adap-
tive maintenance parameters of a complex radio-
electronic facility.

The practical value of the results obtained lies in de-
veloping software which optimizes the maintenance pa-
rameters and predicts reliability indicators and operation
cost for the given REF. The results obtained are to be
used when determining the requirements for the parame-
ters of operation of both new facilities and those of the
available stock.

Prospects for further research lie in creating simula-
tion models and software tools for optimizing the parame-
ters of the process of scheduled maintenance of REFs,
maintenance and repair procedures of the REF groups.
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IMITAIIAHA MOJEJb HPOLIECY AJAITUBHOI'O TEXHIYHOI'O OBCJIYT'OBYBAHHSA CKJIATHOI'O
PAJIOEJEKTPOHHOI'O OB’€EKTA
JlenkoB C. B. — 1-p TexH. HayK, pod. TOJOBHUIT HAYKOBUH CIIBPOOITHUK HAYKOBO-IOCIITHOTO IIEHTPY BilicbKOBOTO IHCTUTYTY
KuiBcbkoro HarionansHoro yHiBepcurety imeni Tapaca IlleBuenka, KuiB, Ykpaina.
Kupo I'. B. — kaHx. TexH. Hayk, C.H.C., JOLUCHT Kadeapu paaiOTEeXHIKH Ta pPaJiOCIEKTPOHHUX cHCTeM KuiBCchbKkoro

HAIlOHATBHOTO yHiBepcuTeTy iMeHi Tapaca IlleBuenka, KuiB, Ykpaina.

Tonok 1. B. — xaHa. mexn. Hayk, Ha4aJdbHUK BilickkoBoro iHCTUTYTY KuiBchkoro HaiioHaNFHOTO yHiBEpcHTETy imeHi Tapaca

IleBuenka, KuiB, Ykpaina;
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JlenkoB €. C. — kaHA. TeXH. HayK, CTapIINil HAYKOBHI CIIBPOOITHHUK IEHTPAIEHOTO HAYKOBO-IOCTIJHOTO IHCTUTYTY 30pOHHHX
Cun Ykpainu, Kuis, Ykpaina.

AHOTANIA

AxTtyanbHicTs. [Iporec texniunoro obcnyrosyBanss (TO) cydacuux 06’exrie PET HanpapieHuii Ha MiATpUMAaHHs COPaBHOCTI
YH Mpare31aTHOCTI 00’ €KTIB MiJ Yac iX TeXHIYHOI eKcIuTyararii. Bumoru, moao JocarHeHHs BUCOKOT HaAIHOCTI eKCILTyaTallii 9acTo
3HAXOMAATHCS B CYNEPEYHOCTI 3 IHIIUMH HEOOXiTHUMH XapaKTEPUCTHKAMH, TAKUMH SK 3MEHIICHHS PO3MipiB BHPOOY, OTpUMaHHS
BHCOKOI TOYHOCTI, 3HIKSHHS BapTOCTi eKcIuryaranii i T. A. ToMy mmTaHHs, onTuManbsHOro BuOOopy nmapamerpiB TO i BupilieHHS
Pi3HMX 3a/1ad eKCIUTyaTalii Ta i3 3aCTOCyBaHHSM Pi3HUX KPUTEPIiB, € aKTYaJIbHOIO.

Meta. Metoro 1aHoi poOOTH € po3poOKa MiXOIIB II0JJ0 BU3HAUYCHHS ONTHMAaJIbHUX HapaMeTpiB MpoLecy aJalTHBHOTO TEeXHIY-
HOTO 00CITyrOBYyBaHHSI.

Meton. B pamkax 3arajbpHOi iMITAL[iifHOI CTATHCTHMYHOI MOJENi HPOLECY TEXHIYHOTrO OOCIYroBYBaHHS i PEMOHTY CKIIaJHOTO
06’exty PET po3pobinena imiTaniiiHa Moaens ontumizarii napameTpiB oxuiel i3 crpareriit TO. 3aranbHa iMiTawiifHa cTaTHCTHYHA
MOJIeNb MIPU3HAuYCHa ISl MOZEIOBaHHs mpouecy nposencHHs TO u pemonty 06’ekta PET 3 MeTo0 MpOrHO3yBaHHs MOKAa3HHKIB
HAJIHHOCTI Ta BapTOCTi ekcrutyaTamnii 00’ exTa. OnTuMizanis mapamerpis TO mokparrye, Sk MOKa3HUKH HAIHHOCTI caMoro 00’ekta
TaK i eKOHOMIUHI ITOKa3HUKH €KCIUTyaTalii 00’ekra y minoMmy. OnTuMizarist mapamMeTpiB 34iHCHIOETECS 32 KPUTEPiEM MiHIMyMy ITH-
TOMOI BapTocTi ekciuryaranii 06’ekra PET a6o 3a xpurepieM MakcuMyMy Koe(illieHTa TEXHIYHOTO BUKOpUCTaHHSI. OOMEXEHHSIM B
000X BHUIAJKaX BUCTYIAa€ HEOOXiTHE 3HAUSHHS CepeTHHOr0 HapoOITKy Ha BiIMOBY 00’€KTa, a B IKOCTI METOY ONTHMIi3allii BUKOpHC-
TOBYETHCSI METOZ CIPSIMOBAHOTO nepebopy y npocropi mapamerpiB TO. ¥V mpoueci mouryKy onTHMaibHOTO PillleHHS MOXe MpuiMa-
TH y4acTb JIIOJIMHA-CKCIIePT, sIKa 3aTy4aeThCsl Ul aHai3y MPOMDKHHUX HaHHX 1 Ul MPUHHATTS PIlICHHs OPO 3aKiHYEHHS MPOLecy
TIOILYKY.

PesyabTaTn. YpockoHaneHa MeToauKa ontuMizanii mapameTpiB TO sBisie co0010 MaTeMaTH4He Ta aATOPUTMIYHE MiAIPYHTS UL
3arajJibHOTO MPOTrPaMHOr0 3a0e3MeueHHs iIMiTaliifHOT CTATHCTUYHOT MOZETI MPOIecy TEXHIYHOTO 00CIYTOBYBaHHS 1 peMOHTY. Po3po-
OJIeHHMI METOJ| POrpaMHO peai3oBaHMH 1 TOCHIKEHUHI IIPU BUPIIICHHI TECTOBHX 3aBJaHb. Pe3ynbTaTH 00UYHCIIIOBAIBHOTO EKCIIe-
PHMEHTY IIPOUTIOCTPOBaHi y TaOIH4HIH hopMi.

BucaoBkn. Y po6oTi po3pobiieHa imitaniiiHa MOJeNIb MPOLECy aJalTHBHOIO TEXHIYHOIO 00CITyroBYBaHHS CKJIaJJHOTO pajioerne-
KTPOHHOTo 00’ckTa. Mosesb 03BOJISIE CYTTEBO CIPOCTUTH Ta aBTOMATH3yBaTH IPOLEC JOCHIIIKEHHS Ta ONTHUMI3alil mapamerpiB
aJIalITUBHOTO TEXHIYHOTO OOCIYyrOBYBAaHHS CKJIAJJHOTO pajioeneKTpoHHOro 06’exra. I1II1XoM MOKPOKOBOrO J10AaBaHHS HaiiMEHII
HaJiHHUX €JICMEHTIB O MHOXXMHH €JIEMEHTIB, AKi HiUIAraloTh 00CIyroByBaHHIO, Ta MOJEIIOBAHHIO BHIIAJKOBUX MOMEHTIB 4acy
BIIMOB €JIeMEHTIB 00’€KTa, iMiTalliiiHa MOJENb PO3paxoBy€ ONTHUMAJbHI MapaMeTPH TEXHIYHOTO OOCIyTrOBYBaHHS 3 aJalTHBHUAM
4acoM IMPOBEICHHS KOHTPOIIO TEXHIYHOTO CTaHy. IMiTamiiiHa Moziesis 6a3y€eThCs Ha pO3POOICHUX B POOOTI aNrOpUTMIYHIH MoJeni Ta
METOJHIII ONTHMIi3amii MapaMeTpiB MPOLECy aAANTUBHOIO TEXHITHOIO OOCIYrOBYBaHHS Ta MPAMIOE Y CEPEIOBHUIII IPOrpaMHOTO 3a-
co0y ISMPN. B sxocti MeTomy onTHMi3anii BHKOPHCTOBYETHCS METOH CIPSIMOBAHOTO Hepebopy y mpocTopi mapamerpis TO, a 3a
MaTeMaTHYHy MOJIENb O€3BIIMOBHOCTI B3ATHI DN pO3MOII, U €NEKTPOHHUX KOMIOHEHTIB Ta DM po3momii, A MeXaHIuHIX
KOMITOHEHTIB.

IIpakTruHe 3HaUSHHS pOOOTH MoJIATae y po3poOili mporpaMHoro 3abe3nedeHHs, sike ontumisye napamerpu TO Ta nmporuosye no-
Ka3HUKH HaJAiiiHOCTI Ta BapTOCTi excrutyarauii ast 3aganoro 06’ exra PET. OtpumMatni pe3ynbTaTH MPOMOHY€ETHCSI BAKOPHCTOBYBATH
IIPY BU3HAYEHI BUMOT 10 ITapaMeTPiB eKCIUTyarailii Ik HOBUX 00’ €KTiB, Tak i 00’ €KTiB CTApOro MapKy.

KJIFOYOBI CJIOBA: ontumizatist mapaMeTpiB TEXHIYHOTO 0OCITyrOByBaHHs, aJallTHBHE TEXHIYHE O0CITYTOBYBaHHS.

YIK.004.052
HUMHUTALOUOHHASA MOJEJIb TIPOLECCA AJAIITUBHOI'O TEXHUYECKOI'O OBCJIY)KUBAHUS
CJOXKHOI'O PAJJMODJIEKTPOHHOI'O OBBEKTA

JlenkoB C. B. — 1-p. TexH. Hayk, npod. IIaBHBIH HAy4HBIH COTPYJHHK Hay4YHO-HCCIICIOBATEIbCKOTO LeHTpa BoeHHOro
nHcTuTyTa KneBckoro HanpoHansHOro ynuBepcurera umenu Tapaca LlleBuenko, Kues, Ykpanna.

Kupos I'. B. — KkaHJ. TexH. HayK, C.H.C., JOLEHT Kadexpbl pagHOTEeXHHKa W DPaJHO3NICKTPOHHBIX cucTeM KueBckoro
HallMOHAJIBHOIO YHUBepcuTeTa uMeHu Tapaca llleBuenko, Kues, Ykpauna.

Touok I. B. — xana. nea. Hayk, HayalbHUK BoenHoro mucturyTa KueBckoro HanmoHajabHOrO yHMBEpCUTETa ImIMMeHU Tapaca
IIeBuenko, Kues, YkpauHa.

JlenkoB €.C. — KaHJA. TEXH. HayK, CTapllIUil Hay4HbIH COTPYJHHMK LEHTPAJIbHOIO HAyYHO-HCCIEIOBATEIbCKOIO HMHCTUTYTA
Boopyxennsix Cun Yxpaunsl, Kues, Ykpausa.

AHHOTAIUA

AkTtyaiabHocTh. [Iponecc Texuunueckoro obcmyxkusanus (TO) coBpemenHsix 00bekToB PET HampaBieH Ha moanep)kaHHe HC-
MIPAaBHOCTH WM PabOTOCHOCOOHOCTH OOBEKTOB NPU MX TEXHHYECKOH SKCIUTyaTanuu. TpeOoBaHMS, IO JOCTHKEHHIO BBICOKOH Ha-
JEXKHOCTH HKCILTyaTaI[M 9aCTO HAXOAATCS B MPOTHBOPEUNH C APYTUMU HEOOXOANMBIMU XapaKTePUCTUKAMH, TAKUMH KaK YMEHBIIIE-
HUE Pa3MepoB U3IENNs, NOIydeHNUs BRICOKOH TOYHOCTH, CHI)KEHHE CTOMMOCTH KCIUTyaTauu | T.1. IloaToMy Bonpoc, OnTHMAaIbHO-
ro BeIObopa napameTpoB TO miist penieHust pa3INYHBIX 337a4 SKCIUTyaTallluy ¢ IPUMEHEHHEM Pa3JINUHbIX KPUTEPUEB, SBISCTCS aKTy-
QJIBHOH.

Hean. Lenbro naHHOM paboTHI sBIsIETCS pa3paboTKa MOIXOJ0B K ONPEAEICHHIO ONITHMAIbHBIX NapaMeTPOB Mpolecca aaanTHB-
HOTO TEXHUYECKOTO 00CTy>KHBaHHUSI.

MeTtoa. B pamkax o6uield MMUTaMOHHON CTaTHCTHYECKON MOJAEIH MPOLecca TEXHUYECKOT0 00CTy)KUBAaHUS M PEMOHTA CJI0XKHO-
ro oobvekta PET pa3paboTaHna IMUTaIIMOHHAS MOJENb ONTHMHU3AIMK ITapaMeTpoB OfHOH u3 crpareruii TO. OOmas UMUTAIIOHHAS
CTaTUCTHYECKask MOZETb MpeIHa3HaueHa JJIsl MOASIUpOBaHus mpouecca nposeneHus TO u pemonrta oobekta PET ¢ menpro mporxo-
3MpOBAHMS [TOKA3aTeNIeH HAIe)KHOCTH M CTOMMOCTH dKCINTyaTanuu o0bekTa. OnruMusanus mapamerpos TO ymydmmaer, Kak IoKasa-

© Lienkov S. V., Zhirov H. B., Tolok I. V., Lienkov Ye. S., 2020
DOI 10.15588/1607-3274-2020-1-7

73



e-ISSN 1607-3274 PagioenektpoHika, inpopmaTuka, ynpasmainss. 2020. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 1

TEIN Ha/IS)KHOCTH caMoro 00beKTa, Tak U SIKOHOMUUYECKUE TT0Ka3aTeIN KCILTyaTali 00beKTa B 1eToM. ONTHMU3aIHs TapaMeTpoB
OCYIIECTBIISETCS 10 KPUTEPUIO MUHUMYMa yJIeJIbHON CTOMMOCTH dKcIuTyaranuy oobekra PET nim no xpurepuro Makcumyma Kod¢-
(HLHEHTa TEXHUYECKOT0 HCIIoIb30BaHus. OrpaHnyeHneM B 000HX CIIydasix BBICTYIaeT TpeOyeMoe 3HaueHue cpeHell HapabOTKH Ha
OTKa3 00BEKTa, a B KaueCTBE METOJa ONTUMHU3AIMHU MCIOIb3YETCs METOJ HANpaBIeHHOTO Iepebopa B NMPOCTPAHCTBE MapaMeTPOB
TO. B mpouecce nmoucka ONTUMAaNbHOTO PEHIEHNsT MOKET IPUHIMATh Y4acTHE YEI0BEK-3KCIIEPT, KOTOPbIH MPUBIEKACTCS ISl aHATH-
3a MPOMEXKYTOYHBIX JAHHBIX U IS IPUHATHS PEIICHUsI 00 OKOHYAHHH TIPOIIeCcca IIONUCKA.

Pe3yabTaThl. YCoBepIICHCTBOBaHHAS METOAMKA ONTHMHU3AMU mapametpoB TO mpeacraiseT co00ii MaTeMaTH4eCcKyro U ajro-
PUTMHYECKYIO OCHOBY JUIsl OOILEro MporpaMMHOro oOecTieueHUs] IMUTAIIMOHHOM CTaTUCTUYECKOH MOJIENH IIponecca TEXHUIECKOro
o0CIyXKUBaHHS M peMoHTa. Pa3paboTaHHBIM METOA IPOrpaMMHO peaM30BaH M HCCIEJOBAH IIPH PEIICHUH TECTOBBIX 3agaHuil. Pe-
3yJIBTAThl BEIYUCIUTEIILHOTO 3KCIIEPUMEHTA IIPOMILTIOCTPUPOBAHEI B TAOIM4HOM (hopMme.

BeiBoasl. B pabore pa3paboTaHa MMHUTAIIMOHHAs MOJENb MPOLECCa aJalTHBHOIO TEXHHYECKOro 00CITyKHMBAHHS CIOXKHOIO pa-
JHO3JIEKTPOHHOTO 00BeKTa. Mo/1enb MO3BOIISIET CYLIECTBEHHO YIIPOCTUTh M aBTOMATU3HPOBATh MPOLIECC UCCIIEA0BAHNS U ONITHUMH3a-
I[MU NTapaMeTPOB aAAaNTUBHOIO TEXHUYECKOTO 0OCTY>KHBAHHS CI0KHOTO PaJMO’IEKTPOHHOTo oobekTa. IlyTem momaroBoro no6as-
JICHUsS HauMEHee HAAEKHBIX 3JIEMEHTOB K MHOXKECTBY 3JIEMEHTOB MOATEKAMNX OOCTYXKMBAHHIO M MOJCIHPOBAHUIO CITydalHBIX
MOMEHTOB BPEMEHH OTKa30B JIEMEHTOB 00BEKTa, MIMHTAIMOHHAS MOJEIb PACCUUTHIBACT ONTHMAJbHBIE MapaMeTPhl TEXHHYECKOTO
00CITy>)KUBaHUS C aJallTHBHBIM BPEMEHH IPOBEICHUS KOHTPOJS TEXHHYECKOTO COCTOSHUS. VIMuTannoHHas Monenb Oa3upyercs Ha
pa3paboTaHHBIX B paboTe aJTOPUTMUYECKOH MOJETH U METOJMKE ONTHMH3AINN apaMeTpoB Ipoliecca afalTHBHOTO TEXHUYECKOTO
obciyxuBaHus U paboraeT B cpene nporpammHoro cpeacrsa ISMPN. B kadecTBe MeToJa ONTHMM3ALUM MCIIONB3YETCSl METOJ Ha-
HPaBJICHHOTO nepedopa B IpocTpaHcTBe napamerpos TO, a 3a MaTeMaTHUECKy 0 MoJenb Oe30TkasHocTH B3sto DN pacnpenenenue,
JUIS 3NIEKTPOHHBIX KOMIIOHEHTOB 1 DM pacnipenienenue, Ui MEXaHUUECKUX KOMIIOHEHTOB.

IIpakTuyeckoe 3HaueHUE PabOThI COCTOUT B Pa3pabOTKe MPOrpaMMHOr0 00eCIedeH s, KOTOpOe ONTUMU3UPYET mapameTpsl TO 1
MIPOTHO3MPYET MOKA3aTeNN HAAEKHOCTH M CTOMMOCTH JKCIUTyaTanun s 3aganHoro oosexra PET. Iomy4yenHsle pe3yabTaThl Mpea-
JIaraeTcs HCIOJIb30BaTh NIPU ONpPEAEeTICHIN TPeOOBAHHH K TapaMeTpaM KCIITyaTalluH, Kak HOBBIX OOBEKTOB, TaK X 0OBEKTOB CTApOTO
napka.

KJIIOYEBBIE CJIOBA: ontiMu3anyst napaMeTpoB TEXHUUECKOTO 00CITyKUBaHU, aJalTHBHOE TEXHUIECKOE 00CITyKIBaHHE.
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