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ABSTRACT

Context. Operation costs throughout the life cycle of radio electronic equipment are very significant, which value far exceeds the
initial cost of the equipment. Therefore, the up-to-date scientific and technical problem is to minimize operation costs. One of the
ways to solve this problem is the introduction of statistical data processing technologies in the operation systems of radio electronic
equipment.

Objective. The goal of the paper is to improve the efficiency of thecondition-based maintenance with the determining parameters
monitoring, which is widely used in civil aviation.

Method. The solution of this problem is based on finding the functional dependence of the efficiency indicator in the form of
specific operation costs on the basic parameters of radio electronic equipment and its operation system. To determine this
dependence, the probability-event model is used,as well as methods of probability theory and mathematical statistics, in particular
methods of statistical classification of sample sets and functional transformations of random variables. To determine the optimal level
of the preventive threshold by the criterion of minimizing operation costs, the method of statistical simulation of Monte-Carlo is
used.

Results. Maintenance strategy with the determining parameters monitoring based on additional statistical data processing and
technology of the optimal preventive threshold calculation are improved.

Conclusions. The obtained results can be used during the development and modernization of operation systems of radio
electronic equipment in terms of application of statistical data processing procedures. A comparative analysis of the two maintenance
strategies showed that the use of additional statistical data processing might reduce specific operation costs. The proposed technology
for determining the optimal preventive threshold can be extended to use during the operation of complex technical systems, in
particular for those whose technical condition is associated with the values of the determining parameters.

KEYWORDS: efficiency indicator, condition-based maintenance, statistical data processing, operation system, radioelectronic
equipment.

ABBREVIATIONS N is a number of elementary sections of At duration
CBM is a condition-based maintenance; during the observation interval;
OS is an operation system; P, and P are preventive thresholds;

RCM is a reliability-centered maintenance;

REE is a radio electronic equipment. P, and P; are statistical estimates of probabilities of

failure-free operation and failure of radio electronic

NOMENCLATURE equipment;
a, is an initial determining parameter value in the O, and O_ are operational thresholds;
[P_;P,] interval; S, is a first strategy;
a, is a tangent of the technical condition deterioration S, is a second strategy;
linear trend slope; t, is a moment the changepoint beginning;
Cy and C; are average costs of maintenance and T, is an observation interval;

repair;

X (t) is a monitoring parameter;
C, is a total operating cost;

x(t) is a fluctuation component due to the instability
C, and C,,, are the costs of data processing and  f the determining parameter;

preventive maintenance, as a result of which failure does y(t) is a determining parameter;
not occur;

. .. ) y,(t) is a component that characterizes the trend in a
h(t) is a Heaviside function;

) time interval where there is no changepoint;
m(P:) and m(F) are the mathematical Y,(t) is a component that characterizes the
expectations of the probability of radio electronic

) . . . changepoint;
equipment failure and the failure-free operation; &P
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a is a probability of the first kind error;
B is a probability of the second kind error;
y is a dimensionless coefficient;

At is a time interval,
6 is a standard deviation.

INTRODUCTION

Radioelectronic equipment in civil aviation plays a big
role in ensuring the safety and regularity of aircraft
flights. There are airborne and ground equipment.

The radioelectronic equipment operation efficiency is
related to its reliability [1]. Maintaining the required
reliability and efficiency level of equipment usage is the
main task of the OS.

The main operation system elements are
radioelectronic ~ equipment,  processes,  personnel,
documentation, expandable resources, equipment for
measurement and monitoring, etc. The main operation
processes are equipment intended use, maintenance,
repair, operational data collection and processing,
resource extension, flight inspections, storage and
disposal [2].

The operation system can be considered as an object
of design and improvement [3].

The operation system forms and implements control
and corrective actions. Decision making is based on
operational strategies, such as condition-based and
reliability-based [4]. The condition-based maintenance
(CBM) strategy includes control of the determining
parameters or reliability level. Another strategy is RCM.
CBM and RCM strategies include data processing
procedures, including statistical ones [5]. So in the
operation system it is advisable to use algorithms and
procedures of statistical data processing in order to make
correct and timely decisions during the radioelectronic
equipment intended use [6].

The object of study is the process of statistical data
processing in the operation system of radio electronic
equipment.

The subject of study is the method of determining the
optimal values of preventive threshold for condition-
based maintenance of radio electronic equipment.

The purpose of the work is to improve the efficiency
of the condition-based maintenance with the determining
parameters monitoring, which is widely used in civil
aviation.

1 PROBLEM STATEMENT
The generalized block diagram of the operation
system is shown in Fig. 1.
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Figure 1 — Generalized block diagram of the OS

The circuit in Fig. 1 is built on the basis of the
process approach (ISO 9001) and adaptability and
management principles. The main OS element is REE.
REEs use traffic control personnel during air traffic
control [7]. REE signals in automatic mode are fed to
the aircraft.

The task of the operation system elements and its
control units is to provide the necessary levels of risk
and safety [8]. At the same time, the OS operation costs
should be minimal [9].

According to the National transport strategy of
Ukraine [10], one of the main tasks is improvement of
data collecting and processing. Data processing absence
leads to additional costs and reduces efficiency [11].

In author’s opinion, an important scientific area is
the creation of a methodology for processing operational
data and making decisions based on it.

This article discusses two tasks: the task of
substantiating the need for statistical processing of
operational data for one particular efficiency indicator
type; the task of determining the preventive threshold
during processing data for the condition-based
maintenance strategy.

2 REVIEW OF THE LITERATURE

There are various concepts, approaches, regulatory
documents in the aviation industry on the basis of which
developers create equipment and its operation systems
[12]. The modern approach is based on the entire
equipment life cycle consideration: planning, design,
manufacturing and operation [13].

Promising areas of research in the operation field
are: remaining lifetime estimation, improvement of the
procedures for diagnosing the technical condition,
increasing the reliability of maintenance monitoring,
cost optimization, statistical processing of operational
data, processes analysis in deteriorating systems [14].

According to the second thermodynamics law, the
entropy of any system tends to infinity. That’s why, the
integrity of the system is violated and the system breaks
up into a large number of elements. It is the reason for
the occurrence of degradation processes that are
characteristic of physical, biological, and social systems
[15]. Thus, in technical systems there are technical
condition deterioration processes. The model of these
processes is an unsteady, random process with two or
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more quasistationary sections [16]. In the literature, such
processes are called processes with changepoint.

The changepointis time moment of transition from
one stationary condition to another stationary or non-
stationary condition. Mathematically the changepoint
problem is associated with case when a series of
observation contains values with one probability
distribution before changepoint occurrence and values
with another distribution after it.

Processing operational data of processes with
changepoints will allow solving the problems of
estimating the residual lifetime [17].

The literature analysis shows that sufficient attention
is paid to the theoretical study of processes with
changepoints. However, during the design and
improvement there are insufficient engineering results in
this area.

3 MATERIALS AND METHODS

The operation system is a system for managing the
condition of REE and other OS elements [16]. The
following content is needed for management: “when to
do”, “what to do”, “whom to do”, “with what to do”.
The main thing is the time to perform operational tasks,
which is associated with the residual lifetime.

The following indicators are used as an OS
efficiency indicator: availability factor, operational
availability factor, operating efficiency factor, average
risks [18].

In this article, we consider the efficiency indicator in
the form of specific operation costs during the one REE
operation. The REE technical condition will be
characterized by one determining parameter.

In the operational management system for REE, we
will consider two options for the maintenance and repair
strategy.

The first strategy S; is based on the performing the

periodic  technical condition monitoring. The
determining parameter value is compared with
operational tolerances during the monitoring process. If
tolerances are exceeded, failures occur and repairs are
carried out. In S;, the trend analysis of the change in the

determining parameter is not performed. Therefore,
failures appear suddenly.

During the second S, strategy the statistical

processing of operational data is made. This data is the
trends of changes in the determining parameters. This
strategy allows to evaluate the failure possibility and
perform preventive and corrective actions. Repairs are
performed in the event of a failure.

The analytical formula for the efficiency indicator
can be obtained while using an event-probability model.
The main components of this model are events, their
probabilities and average costs.

Let us consider the S; strategy. We assume that the
efficiency estimation is made on the observation interval
Ts. The observation interval is divided into N

elementary sections of At duration. During the At

interval, the REE may remain in an serviceable
condition or a failure of the REE may occur with
subsequent restoration. We assume that the events at
different elementary intervals At are independent.

A random number of failures N may occur in the
observation interval Ty . The number of events, when
there are no failures, is equal to N —n.

So, two events are possible in scheduled maintenance
S, strategy. Statistical estimates of these events

probabilities are the following:
Ps =n/N, Pe =(N -n)/N .

If the model of operating time between failures is
known, then it is possible to determine the numerical
characteristics of the estimates, at least the mathematical
expectation and variance. In this article, as in many
other works, we limited ourselves to considering only
mathematical expectation.

We assume that in the absence of failure the average

costs are equal to Cys. If on the At interval failure
occurs, then the costs are equal to Cg . Table 1 presents
the components of the event-probability model for S;

strategy.

Table 1 — Components of an event-probability model for S,

strategy
Statistical estimates Averace costs due o
Events of the probability of &
an event

an event

Serviceable
condition over time PS CM
At

Failure and
maintenance PF CR

Let us make an expression for the effectiveness
indicator of the S, strategy based on Table 1:

E=m(Cy/S))=m(Ps)Cpp + My (Pe)Cr

m(P) and my(R)

expectations of the probability of REE failure and the
failure-free  operation in  the At interval,

where are the mathematical

respectively; Cy, are the total operating costs.
Let us draw up a similar table of the event-
probability model for S, strategy. Since the S, strategy

involves making decisions based on data processing, the
table will be more complex. It will contain the following
components: event, event probability, possible decisions
based on processing the operational data and their
probabilities, as well as average costs.

Table 2 presents the components of the event-
probability model for S, strategy. For the second

strategy, an event of the possible failure occurrence is
introduced. In this case, data processing algorithms can
detect or skip it.
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Table 2 — Components of the event-probability model for S, strategy

Events Statistical estimates of the The decision on the technical | Probability of Average costs
probability of an event condition of the REE a decision &
REE operable 1-a CP
Serviceable condition over time At R
REE inoperable o CP + CM
REE operable B Cp +Cy

Failure and maintenance PF REE inoperable (preventive CoiC

maintenance) 1-p P+PM

In Table 2, the values of Cp and Cpy, are the costs

of data processing and preventive maintenance, as a
result of which failure does not occur; o is the
conditional probability of making a decision about an
inoperative condition in the absence of failure; B is the
conditional probability of making a decision about an
operable condition in the presence of failure.

Based on Table 2, let us make an expression for the

effectiveness indicator of S, strategy:
E =m;(Cy/Sy)=m;(Ps)((1-a)Cp +a(Cp +Cp))+
My (PE)(B(Cp +Cr)+(1-B)Cp +Cpy)).
Let us compare the effectiveness of S; and S,

strategies by calculating the dimensionless coefficient y
of the following form:

_mCs/S)
m(Cx/Sy)

After mathematical simplifications, we obtain the
following expression:

y= Cr +m(Ps)(Cym —Cr)
Cp +Cp +m;(Ps)(aCyy —Cg)

where Cp =Cpp +BCr —BCpp -
To analyze the coefficient y , we calculate its limit
ratios, on the assumption of o« = =0:

Cr +M(Ps)(Cm —Cr)
Cp +Cpym —m(Ps)Cpym

(a=p=0)=

If we assume that Cp <<Cpg , then after dividing the

numerator and denominator by Cg , we get:

My (Ps) M 4 (1-my (Ry))
Ha=p=0)~ R -
C
Dra-mr)

_Cu m®) | Cr
Cpm (1-my(Rs))  Cpy

From this ratio it follows that for more reliable
equipment (My(Ps) —>1), the value y>>1. Therefore,
the application of S, strategy is more appropriate.

Consider the option of calculating the limit ratio for
the case of highly reliable equipment (mM(Py) —1) and

the first and second kind errors presence. Then we write
the coefficient y in the following form:

Cm
mi(Pg) > 1) x—M .
v(my(Ps) > 1) CotoCry
Since Cp <<Cyy, we get:

V(M (Ps) > ) =+
(04

It follows that the application of S, strategy is more

preferable.
Nomograms of the coefficient y dependence on

conditional probabilities a, B and the probabilities of the
REE operational condition for the cost option Cp =5,

Cpm =50, Cyy =75, Cr =500 are shown in Fig. 2.
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Figure 2 — Nomograms of the coefficient y dependence

As can be seen from the graphs in Fig. 2, the
coefficient y > 1 for all initial data variants. This
indicates that the use of the operational data processing
by algorithm is reasonable and appropriate.

4 EXPERIMENTS
Preventive actions are possible in S, strategy. These
actions can be carried out in various ways. In this paper,
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we consider a variant connected with the preventive
threshold presence [19]. Having a preventive threshold
will eliminate potential failure [20].

Fig. 3 shows the trend of the monitoring parameter

X (1) . Preventive thresholds are marked as P, and P_,

operational thresholds —as O, and O_.

A

O Failure

Normal operation

Preventive maintenance

Monitoring parameter X(t)

Failure

\

Time ¢

Figure 3 — The monitoring parameter trend

In accordance with S, strategy, the monitoring

parameter values can be in one of three areas:
1) a normal operation area

P <X(t)<P,;

2) an area of planning and performing the preventive
maintenance

O_<X®M)<P_;P. <X ()<0O,;
3) an area of inoperative state
X(t)<O_; X(t)>O,..

In the normal operation area, periodic monitoring is
carried out using computer technology.

In the malfunctioning area, current repair is
performed. After performing it, the REE is operational
in the considered determining parameter.

In the case when P, =0, and P_=0_, the S,
strategy coincides by nature with the S; strategy.

Let us perform statistical simulation of S, strategy

based on the Monte-Carlo method. The main task of
simulation will be to determine the optimal decision
making  threshold for preventive maintenance
performing.

We will present the operational data in the statistical
model form of the determining parameter trend of this
kind:

yO =y, (1) +y2 (),

where Y;(t) is a component that characterizes the trend

in a time interval where there is no changepoint; Y, (1)

is a component that characterizes the changepoint.
In this study, we consider the following version of
the trend components models of determining parameter:

yi(t) =ag +x(1),

where 3 is the initial determining parameter value in

the [P_;P,] interval; x(t) is the fluctuation component
due to the instability of the determining parameter,
errors in the measuring equipment, etc. An automatic
monitoring system of the REE condition is used in S,
strategy. The measurement period is very short. The
initial measurement results  Y;(t)
performed to reduce fluctuation amplitudes.

During modeling, we assume that after maintenance
and repair:

averaging is

P_+P
ao =_T+.

The fluctuation component has a Gaussian model
with zero mathematical expectation and a given standard
deviation o.

The Y,(t) component will be represented by the
following model:

Ya(O)=a;(t-tyh(t-t4),

where @; is the tangent of the technical condition
deterioration linear trend slope; ty is the moment the
changepoint begins; h(t) is the Heaviside function.

In the general case @; and ty values may be

random. In this paper, we assume that they are described
by a uniform distribution.

Let us describe the initial group of parameters that
must be set to describe the OS:

1) the determined temporal characteristics of the

model: the observation interval Ty, the duration of the
scheduled maintenance preparation and performing, the
repair duration tg, the control operations frequency
(system time) t.;

2) the determined parameters that characterize the
average cost of processing Cp, preventive maintenance
Cpm and repair Cy ;

3) the random variables that are characterized by
probabilistic laws: x(t), a; and ;.

During simulation, we assume that the normal
distribution law describes the fluctuation component.
Therefore, as a result of averaging the Y;(t), we also
obtain a normal distribution with a standard deviation,
depending on the number of samples during averaging.

When modeling the Y,(t) component, assumptions
were made about the uniform probability density
function of ajand t; values.

As a result of simulation, we will estimate the
efficiency indicator in the form of total costs per unit:

* _ ml(CZ /Sz)
Ts '

E
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The efficiency indicator in general case is a function
of the preventive threshold value P, (or P_). The
simulation process solves the problem of finding the

minimum effectiveness estimation E  value and the
preventive threshold value that corresponds to it.

5 RESULTS

The initial data for simulation are such values:
Cp =0.01, Cpp =100, Cg =1000, t. =1, tpy =40,
tg =300, =10, ay =200, O, =300, O_=100.
The observation period is a random variable, but the
maximum number of possible failures is n=40. The
changepoint beginning moment is described by a
uniform probability density function in the [50; 100]
interval. The deterioration trend slope is also uniform in
the [-75; —30] interval.

An example of the determining parameter trend
implementation for the given initial data set is presented
in Fig. 4.

Figure 4 shows the determining parameter trend over
three possible events in the OS. The first event is a case
of prevented failure. At the same time, in OS managed
to perform preventative maintenance. The second and
third events correspond to the case when the failure
occurs. At the same time, in OS there is no time to
perform preventive maintenance.

‘K0+ T
a P

123
=3
=l

Determining parameter y(f)

Time ¢
Figure 4 — An example of the determining parameter trend
implementation

An example of a single procedure for evaluating the
efficiency indicator for different values of the preventive
threshold for the given initial data set is shown in Fig. 5.

dicator E*
N
]

The minimum value V*

y in

D
=

The efficienc

—
n

10 20 30 40 50
The preventive threshold value P.

Figure 5 — The efficiency indicator estimates dependence on
the preventive threshold value

The number of simulation procedures is 100. In each

simulation procedure, the minimum value estimation is a

random variable. Therefore, it is advisable to calculate
the mathematical expectation of the optimal value.

For a more accurate estimate of the V.~ minimum
value, the least-squares method approximation using a
polynomial of the third degree is used in each simulation
procedure. Such actions correspond to the proposed
simulation-analytical-calculation method.

As a result, the mathematical expectation of optimal
preventive  threshold  estimation is  obtained

m; (V") =30.845.

6 DISCUSSION

From the obtained results, the following conclusions
can be made.

Operation is the longest period of the life cycle of
REE and other technical systems. The analysis shows
that operation costs are a significant value that exceeds
the initial cost of the equipment. Therefore, the task of
reducing operation costs deserves the attention of
scientists.

The most common equipment maintenance strategy
is the condition-based maintenance with the determining
parameters monitoring. Authors proposed to improve
this strategy by using additional statistical processing of
determining parameters.

Analysis of scientific results has shown that not
enough attention is paid to optimizing the preventive
threshold, which is an integral part of the maintenance
strategy. Therefore, the article defines a new efficiency
indicator based on the use of probabilistic-event model.
This model reflects the application of the method of
statistical classification of radio electronic equipment
technical condition and is used to find the analytical
formula for the efficiency indicator. The efficiency
indicator also takes into account the model of the
determining parameter, which is the basis for solving the
problem of finding the preventive threshold optimal
value.

The

dependence E = f \% *) always has a minimum.

simulation results analysis shows that the

CONCLUSIONS

The article considers the task of substantiating the
appropriateness of using statistical data processing in the
REE operation system. An efficiency indicator in the
form of average total costs is proposed. For this
indicator, a comparative analysis of two strategies for
planning and performing maintenance and repair work
was carried out: S, strategy of performing periodic
maintenance without trend analysis of the change in the
determining parameter; S, strategy of performing
preventive maintenance based on the statistical data
analysis. For the performance indicator nomograms
were built, which showed that S, strategy is more

effective than S;.
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Performance indicator is a function of the possible
failures probability. Such failures can be eliminated
using  preventative  maintenance.  Therefore, a
maintenance strategy with a preventive threshold was
considered. This strategy helps to prevent possible
failures and therefore reduces operating costs. The
effectiveness analysis of the maintenance strategy with a
preventive threshold was carried out based on the
Monte-Carlo method. The problem of optimizing the
preventive threshold value is solved based on the
simulation results. This result was obtained using the
analytical-calculation-modeling method.

The obtained results can be used during the design of
new statistical data processing subsystem in the operation
systems of REE.

The scientific novelty. The article proposes the
method for determining the optimal preventive threshold
for the condition-based maintenance strategy, this method
is based on statistical processing of operational data
represented by trends of the determining parameters.

The practical significance. The application of the
method allows reducing the specific operation costs
during radioelectronic equipment intended use.

Prospects for further research. Further research
studies could be associated with determining analytical
formulas for the optimal values of the preventive
threshold, the use of different models of probability
density functions of determining parameters trends, the
use of more complex statistical processing, in particular
the application of procedures for technical condition
forecasting.
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AHOTAUIIA

AxTyanbHicTh. ExcrutyaTaniiiHi BUTpaTH OpPOTArOM BCHOTO KUTTEBOTO LHUKIY PaioeIeKTPOHHOTO OOJIaJHAHHS CKIIadaloTh
3HAaYHY BEJIMYMHY, 110 HAa0arato IEpeBUIYeE BlIACHE BapTicTh 00nasHaHHA. TOMY aKkTyalbHOIO HAayKOBO-TEXHIYHOIO HPOOIEMOIO €
MiHiMi3amig ekcruyatanidHux BUTpar. OIHHM i3 NUIAXIB BHUPIMIEHHS Ii€i MpoOJeMu € BIPOBAKCHHS TEXHOJIOTiH 0OpOOJIeHHS
CTaTUCTUYHUX JaHHX Y CHCTEMaX eKCIUTyaTalil palioeIeKTpOHHOTO 00IaqHaHHS.

Meta po6oTn — migBHIIEHHS €(eKTHBHOCTI CTpaTerii TEXHIYHOTO OOCIYroBYBaHHS 32 CTAHOM 3 KOHTPOJIEM BH3HAYaJIbHUX
rapaMeTpiB, sIKa ITHPOKO 3aCTOCOBYETHCS B IMBIIBHIN aBiarii.

Meton. BupimenHss nocrasieHoi mpobiieMn 06a3yeThesl Ha 3HAXOPKSHHI (yHKIIOHAJIBHOI 3aJIe)KHOCTI ITOKAa3HUKA e()eKTHBHOCTI
y BHUINII IHMTOMHX EKCIUTyaTalifHMX BHTPAT BiJl OCHOBHHX IIapaMeTpiB pajioeleKTPOHHOTO OONajHAaHHS Ta CHCTEMH HOTO
excrutyartanii. Jlns Bu3HaueHHsI wi€l 3aJeKHOCTI BHKOPHCTOBYETHCS IMOBIPHICHO-TIOJi€BAa MOJENIb, a TAKOXK METOAM TeOopii
WMOBIpHOCTI Ta MaTeMaTHYHOI CTATHCTHKH, 30KpeMa METOIM CTaTHCTHYHOI Kiacubikanii BHOIPKOBUX CyKYIHOCTEH Ta
(GYHKIIOHABHUX NEPETBOPCHb BUIAKOBUX BEMMYMH. J[Jsi BU3HAYEHHS ONTHUMAJBHOTO PiBHS NPEBEHTUBHOTO IOPOTa 33 KPUTEPieEM
MiHiMi3amii eKCIUTyaTaliifHIX BUTPAT BUKOPUCTOBYETHCS METO CTATUCTUYHOTO MozeroBaHHs MonTe-Kapio.

Pe3yabTaTH. Y0ocKkoHaNIeHA CTpATeris TEXHIYHOTO OOCIYroBYBAaHHS 3a CTAHOM 3 KOHTPOJIEM BU3HAYAIBHHX ITapaMeTpiB, IO
0a3yeTbcsi Ha JIOJATKOBIMl cTaTHCTHYHIN 00poOmi eKCIUTyaTamiffHMX JMJaHMX Ta TEXHOJOTii 3HAXO/KEHHS ONTHMAIBEHOTO
HPEBEHTHBHOTO TIOPOTY.

BucnoBkn. OTpuMaHi pe3ysibTaTH MOXYTb OyTH BHKOPUCTaHi Iii 4ac PO3pOOKHM Ta MOJEpHi3alii CHCTEeM eKCILIyaTtamii
PazioeNeKTPOHHOro 00JIaJHAHHS B YACTHHI 3aCTOCYBaHHS MPOLELyp 0OpOOIEHHS CTATUCTUYHUX JaHUX. [TopiBHSIBHMIT aHaNi3 1BOX
CTpaTeriii TeXHIYHOro 00CIyroBYBaHHS MOKa3aB, 110 BAKOPUCTAHHS JI0JJATKOBOI CTATUCTUYHOI OOPOOKY JaHHUX 103BOJISIE 3MEHIINTH
MUTOMI eKCIUTyaTaliiiHi BTpaTd. 3ampoIlOHOBAaHA TEXHOJIOTiS BHU3HAUCHHS ONTHUMAJIBHOTO IPEBEHTHBHOTO IOPOTY MOXE OyTH
MOIIMPEHa IS BUKOPHCTAHHS IMiJ Yac eKCIUTyaTamil CKJIaZHHX TEXHIYHMX CHCTEM, 30KpeMa Ul TaKHX, YMil TEeXHIYHWil CTaH
0B’ s13aHUH 31 3HAYCHHSIMH BU3HAYAJIbHUX [APAMETPIB.

KJIIOYOBI CJIOBA: noka3nuk e(peKTUBHOCTI, TEXHIYHE 0OCIyrOBYBaHHS 332 CTAHOM, CTATHCTHYHA 00poOKa JaHUX, CHCTEMa
eKCIUTyaTallii, paJioeIeKTPOHHE 00JIaTHAHHSI.
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AHHOTADNUSA

AKTyaJIbHOCTb. OKCIUTyaTal[HOHHBIE PACXOIbl B TEUEHHE BCETO JKM3HCHHOTO IMKJIA PAJHUOAIEKTPOHHOTO 000pYIOBAHUS
COCTABJISIIOT 3HAYMTENBHYIO BEJIMYMHY, HAMHOTO IIPEBBILIAIONIYI0 COOCTBEHHO CTOMMOCTH 00opynoBaHus. IloaToMy akTyanbHOM
Hay4YHO-TEXHUYECKOH MPOOIEeMOil SBIsIeTCST MUHIMH3AIMs SKCILTyaTallnOHHbIX 3aTpar. OJHUM U3 MyTed perIeHus 3TOH mpobIieMbl
ABJIAETCS BHEJPEHHE TEXHOJNOTHH OOpabOTKM CTaTHCTHYECKMX JaHHBIX B CHCTEMaX OJKCIUTyaTallid pPaagnO3JIEKTPOHHOTO
o0opynoBaHusl.

Leans padorsl — moBbimeHHE 3()(EKTHBHOCTH CTPATETHH TEXHUYECKOTO OOCTY)KHBAaHHSA IO COCTOSHHIO C KOHTPOJEM
OTIPEAEISIONINX TapaMeTPOB, KOTOPast IIMPOKO MPUMEHSIETCS B TPaykAaHCKOH aBHAIIUH.

Metoa. Pemenne mnocraBieHHOH mnpoGieMbl 0a3upyeTcs Ha HaXOXIGHHH (YHKIMOHATHHON 3aBUCHMOCTH IIOKA3aTels
3¢ {eKTHBHOCTH B BUJIE yJEIBHBIX 3KCIUTYaTaI[MOHHBIX PAcXOJOB OT OCHOBHBIX MAapaMeTPOB PaANOdIEKTPOHHOTO 000pyIOBaHUS U
CHCTEMBI ero JKcIulyaTanuu. s ompeneieHus 3TOH 3aBHCHMOCTH HCIOJIB3YETCs BEPOSITHOCTHO-COOBITHIHAS MOJENb, a TaKKe
METO/IbI TEOPHHU BEPOSITHOCTH M MATEMAaTHYECKON CTaTUCTUKH, B YACTHOCTH METO/BI CTATHCTHYECKOH Ki1acCU(UKanuu BEIOOPOYHBIX
COBOKYIHOCTEH WM (YHKIMOHAIBHBIX IpeoOpa3oBaHMil ciy4ailHBIX BenM4uH. [ OIpenesieHHs ONTUMAJILHOTO YDPOBHS
MIPEBEHTUBHOTO IOpOTra MO KPUTEPHUI0 MHHHMHU3ALUM SKCIITyaTallMOHHBIX PACXOAOB MCIOIb3YETCS METOA CTaTHCTHYECKOTO
mozenupoBanus Monre-Kapio.
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Pe3yabTaThl. YCOBEpPIICHCTBOBAHA CTPATETHS TEXHHUYECKOTO OOCITYKMBAHUS MO COCTOSIHUIO C KOHTPOJEM OINPEIEIIOMNX
IapaMeTpoB, OCHOBaHHAS Ha JIOIOJHHUTEIBHOIN CTaTUCTHYECKONH 00paboTKe AKCILTYyaTAl[HOHHBIX JAHHBIX U TEXHOJIOTHU HAXOXKICHUS
ONTUMAIBHOIO IPEBEHTUBHOI'O I10POra.
BriBoasl. [lonyueHHbIe pe3ynbTaThl MOTYT OBITH UCIIOJIB30BaHBI BO BPeMsl pa3pabOTKH M MOAEPHHU3ALMH CHCTEM DKCILTyaTalliH
PaIHodIEeKTPOHHOTO 000PYIOBAHUS B YaCTH NPUMEHEHUSI IIPOLeyp 0OpabOTKN CTaTHCTUYECKHUX JaHHBIX. CpaBHHUTEIBHBIN aHAIN3
JIBYX CTpaTeruii TEXHUIECKOTro 0OCITyKHMBaHUS MOKa3all, YTO UCIOIb30BAHHE JOMOIHUTENbHON CTATUCTHUECKONH 00pabOTKH JAaHHBIX
MO3BOJISIET YMEHBIIUTh YyJIENbHBIE JKCIUTyaTalHOHHBIE 3aTPATHI.
MIPEBEHTHBHOTO TIOPOTa MOXKET OBITH PACHPOCTPAHEHA AN HCIIOIb30BAHUS NPH IKCIUTyaTalldH CIOXKHBIX TEXHHYECKUX CHCTEM, B
YACTHOCTH JUIS TAKUX, b€ TEXHHIECKOE COCTOSIHIE CBA3aHO CO 3HAYCHHUAMH OIPEIESIISIONINX TapaMeTPOB.

K/IIOYEBBIE CJIOBA:

Hpe,I[JIO)KCHHaﬂ TEXHOJIOTUA OHNPEACIICHNUA OINTUMAJIBHOTO

IoKasaTejib Bq)(i)eKTI/IBHOCTI/I, TEXHUYCCKOC O6CJ'Iy)KI/IBaHI/Ie 0 COCTOSIHHIO, CTaTUCTHYCCKasA

06pa60TKa JAaHHBIX, CUCTEMA JKCIUTyaTallun, paluO03JIECKTPOHHOC 060pyI[OBaHI/Ie.
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