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Technology for restoring functional dependencies
to determine reliability parameters

The problem of determining the properties of the object by analyzing the numerical and qualitative
characteristics of a discrete sample is considered. A method has been developed to determine the probability
of trouble-free operation of electronic systems for the case if the interpolation fields are different between
several interpolation nodes. A method has been developed to determine the probability of trouble-free
operation if the interpolation polynomial is the same for the entire interpolation domain. It is shown that
local interpolation methods give more accurate results, in contrast to global interpolation methods. It is
shown that in the case of global interpolation it is possible to determine the value of the function outside
the given values by extrapolation methods, which makes it possible to predict the probability of failure.
It is shown that the use of approximation methods to determine the probability of trouble-free operation
reduces the error of the second kind. A method for analyzing the qualitative characteristics of functional
dependences has been developed, which allows us to choose the optimal interpolation polynomial. With
sufficient statistics, using the criteria of consent, it is possible to build mathematical models for the analysis
of failure statistics of electronic equipment. Provided that the volume of statistics is not large, such statisti-
cs may not be sufficient and the application of consent criteria will lead to unsatisfactory results. Another
approach is to use an approximation method that is applied to statistical material that was collected
during testing or controlled operation. In this regard, it is extremely important to develop a method for
determining the reliability of electronic systems in case of insufficiency of the collected statistics of failures
of electronic equipment.

Keywords: approximation, interpolation, reliability of electronic equipment, statistical processing, restorati-
on of functional dependence, estimation of reliability indicators, small sample, sufficiency of statistics.

Introduction

In order to increase the reliability and noise immunity of electronic systems operated in space and aviation,
it is necessary to conduct numerical tests with high accuracy.

If it was possible to collect sufficient statistics, then using the criteria of agreement there is an opportunity
to choose a mathematical apparatus with which you can analyze this series. But if the volume of statistics
is not large, then such statistics may not be sufficient and the application of the consent criteria will lead to
unsatisfactory results. The existing methods of studying the reliability of electronic equipment do not fully meet
the requirements of practice and the level of production technology. It is explained by the fact that the values
of real reliability indicators differ significantly from the forecast estimates, as the sufficiency of the collected
statistics of failures is not taken into account.

Insufficient statistics make it impossible to apply the criteria of consent for the choice of the law of distri-
bution of work to failure due to the large error of the second kind, with which the selected laws of distribution
will align the collected statistics. Therefore, it is necessary to develop a method of data processing to study and
solve this problem.

All of the above-mentioned leads to the need to solve the problem of restoring functional dependencies.
Therefore, the problem of restoring functional dependences on a discrete experimentally obtained sample by
local and global interpolation methods is relevant. Electronic systems are known to be highly reliable, and failure
statistics are very difficult to collect. In the well-known publications of X. Changhui, R. Xiaoping, S. Xianfeng,
G. Jingxiang on the study of reliability in [1] the modeling of the studied object by Kalman filtering method is
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offered. But in the case of modeling the behavior of electronic systems, this method can lead to large errors in
the simulation results. This is due to the fact that the technology of manufacturing electronic systems is very
complex. In the electronic system there are a lot of complex processes, which are very difficult or impossible to
take into account. For example, the software environment for modeling the operation of electronic circuits NI
Multisim, in the case of building complex electronic circuits may not correctly model the processes occurring
in electronic equipment. According to its properties, the Kalman filter will return more accurate results only
if the data are normal in the distribution. But research data will not necessarily have a normal distribution.
Therefore, the method described in [1] for modeling the behavior of electronic systems should be used only in
the case of justification of the use of normal distribution.

Z. Zhengcheng, B. Narayanaswamy in [2] suggest determining of the probability of failure-free operation of
the system using signatures, which are a function, the arguments of which are the operating time for failure.
But the suggested method does not answer the question of the sufficiency of the collected statistics. H. Zhipeng,
G. Jianbin, Z. Shengkui in [3] used a combination of Bayesian methods with system state vectors to determine
the reliability of the system to reduce the number of calculations and the amount of statistics. But to determine
the probability of failure, it cannot be recommended because the study [3] does not contain the calculation
of the error that occurs if selected for data processing of a mathematical apparatus. F. Hailin, D. Jieyu in [4]
suggests determining of the probability of failure-free operation of the system using signatures, as well as in [2],
but the method suggested in [4] is suitable for solving problems of diagnosing and identifying problematic places
during system operation.

S. Xujun, L. Xuezhi in [5] proposed on the basis of modeling of discrete events algorithm of modeling of
reliability of system of a step-by-step mission with several states. The program algorithm includes the Markov
process. But the degradation process that takes place in the system will not necessarily be Markov. Therefore,
the reliability model for different types of systems will be individual.

Groezinger, A. Zimmermann in their research [6] tested the reliability of LEDs in the laboratory. A correlati-
on analysis was used to process the test results. The presence of a correlation indicates the relationship between
the data being analyzed, but does not determine the mathematical apparatus by which the experimental data
can be processed. Of particular interest is the publication of X. Zhao, S. Wang, L. Sun [7] which suggested a
method of planning tests for the reliability of finished products using Markov circles. However, in the production
of complex electronic equipment, where it is necessary to control the parameters of the product at each stage
of the technological cycle of production, this method is not suitable.

D. Zhou, H. Wang, F. Blaabjerg in [8] used the Weibull distribution to evaluate the reliability of mains
electric filters and voltage converters and did not sufficiently substantiate their choice. For this reason, it is not
known with what error the Weibull distribution will align the experimental data. In this case, it is necessary
to check the plausibility of hypotheses and in case of insufficient statistics to solve the problem of restoring
functional dependencies.

Kostanovsky V.V., Machalin I.A., Kozachuk O.D., Terentyeva I.A. in [9] have built a generalized probabi-
listic physical model of reliability of a two-level active phased array. Exponential and diffusion nonmonotonic
distribution were used in [9] as models of failures of electronic components and transmission channels. However,
[10] showed that the exponential and diffusion nonmonotonic distribution has no advantages along with other
distributions with similar characteristics. Therefore, the use of exponential and diffusion nonmonotonic distri-
bution in the study [9] is not justified.

Analysis of the literature [1-10] shows that the problem of restoring functional dependences on a discrete
experimentally obtained sample by local and global interpolation methods is relevant.

Problem setting. It is necessary to develop a method of restoration of functional dependences in the
conditions of insufficiency of statistical data by means of technologies of approximation and interpolation.

In order to achieve this goal, the following tasks were set:

— to investigate the existing methods of approximation;

— on the basis of research to develop a method for determining the probability of failure-free operation in
case of insufficiency of statistics on a discrete experimentally obtained sample.

Material and method
At the first stage of data processing it is necessary to determine the sufficiency of statistics. This should be
done according to the method described in [10]. If the statistics are insufficient, there are two options for solving

this problem: 1. Continue to collect failure statistics, in the case of actual observations, or simulate more failures.
2. Restoration of functional dependences by approximation methods. Suppose the values of some function at
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given points are known. You need to find intermediate values of this function, according to the approximation
method. This is a task to restore the function. In addition, when performing calculations, it is convenient to
replace complex functions with algebraic polynomials or other elementary functions, which are quite simple to
calculate (problems on the approximation of the function) [11].

The formulation of the interpolation problem is as follows. In the interval [a,b] the points x;, i = 0,1,..., N
are given; a < 2; < b and the value of the unknown function at these points f;,i = 0,1, ..., N. We need to find
function F(z) that takes the same values of f; at z;. In this case, we look for F'(z) only on the segment [a, b]. If
it is necessary to find a function outside the segment, then this is an extrapolation problem.

The problem has many solutions, because through the given points (x;, f;), i = 0,1, ..., N, it is possible to
draw infinitely many curves, each of which will be a graph of the function for which all interpolation conditions
are fulfilled. The case of approximation of a function by polynomials is important for practice, [11]

F(z) = ag + a1 + agz? + ... + apa™.

All interpolation methods can be divided into local and global. In the case of local interpolation, a separate
polynomial is constructed on each interval [z;-1,;]. In the case of global interpolation, a single polynomial is
found in the entire interval [a, b].

On each segment [z;-1,x;] the interpolation polynomial is equal to a constant, namely the left or right value
of the function.

For the left piecewise linear interpolation it is:f(x) = fi_1, if i.e. ;-1 < x < x; [11, 12]

fo, o< <y

, 1<z <z
F(z) = fi, @ 2

IN-1, aN-1 Sz < zN.
For the right piecewise linear interpolation it is: F(z) = f; if 2,1 < z < z;, l.e. [11, 12].

f0,$0<x§$1

, T1 <x <
F(w): f1 Z1 x Z2

fv-1, zv—1 <z < 2N,

Thus, the interpolation conditions are fulfilled. The constructed function is discontinuous, which limits its
application.

The principle of piecewise-linear [11, 12| interpolation is as follows. At each interval [z;_1, z;], the function is
linear F;(z) = k;xz+1;. The values of the coefficients are from the fulfillment of the interpolation conditions at the
ends of the segment: f;(z;—1) = fi—1, fi(x;) = fi . We get a system of equations: k;z; +1; = f;—1, where we find:
Jizfi ;}71 r+ fi —kix;

i Li—1

k; = Jizfina , li = fi — k;x; from. Therefore, the function F(z) can be written as: F'(z) =

Ti—Ti—1

if ;1 << x; that is:

1— fo
ux"*‘fo—koﬂﬁo, zo <7 < 11
Tr1 — Xo
2—f1
u$+f1—k1331,331§$1<$2
F(z)=4 22—

N — -1
2+ fy_1 —kn—1ZN—1, TNo1 S 2N < TN
TN —TN-1

When using linear interpolation, you must first determine the interval in which the value of x falls, and then
substitute it into the formula. The final function will be continuous, but the original derivative will be absent
in each interpolation node. The error of such interpolation will be less than in the case of piecewise constant
interpolation.

When interpolating functions, the condition of equality of values of interpolation polynomial and this functi-
on in interpolation nodes was used. If the original data are obtained as a result of experimental measurements,
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the requirement of exact coincidence, as a rule, does not apply because the data are not obtained accurately. In
these cases, only an approximate fulfillment of the interpolation conditions can be required |F'(x;) — f(x;))| < €.
This condition means that the interpolating function F (x) does not pass exactly through given points, but in
some of their margins.

In this case, use a selection of empirical functions. The construction of an empirical function consists of
two stages: the selection of the form of this function ¢(x,ag,as,...,a,), which contains unknown parameters
ag, A, .-, Am,, and the determination of the best in some sense arguments of this function. The type of function
is sometimes known for physical reasons (for an elastic medium, the relationship between stress and strain). Or
the type of function is chosen for geometric reasons: the experimental points are plotted on a graph and the
general form of the dependence is roughly guessed by comparing the obtained curve with the graphs of known
functions. Success here is largely determined by the experience and intuition of the researcher.

The case of approximation of a function by polynomials is important for practice [11-15], i.e.

F(x) = ap + a1 + a22? + ... + a,a™.

Once the type of empirical dependence is selected, the degree of proximity to the empirical data is determined
using a minimum of the sum of the squares of the deviations of the calculated and experimental data.

Suppose that for the initial dataz;, f;,i = 1,..., N (numbering is better to start with one), the type of
empirical dependence is chosen: ¢(z,ap, a1, ..., a;,) with unknown coefficients ag, a1, ..., a,,. We write the sum
of the squares of the deviations between the calculated by empirical formula and given experimental data:

N
S(ag, a1y ey Q) = Z((b(m,ao,al, ey @) — )2 (1)

i=1

We will find arguments aq, a1, ..., &, from the condition of a minimum of function S(ag, a1, ..., @y, ). This is the
least squares method (LSM).

It is known that at the point of minimum all partial derivatives from S to ag,as,...,a,, are equal to zero
[11, 15]:

dsS ds ds
—=0,—=0,...,— =0.
dag " day " dag,

Consider the application of the LSM for a particular case, widely used in practice. As an empirical function,
consider a polynomial [11, 15]
() = ap + a1 + agx® + ... + a

Formula (1) for determining the sum of squares of deviations will take the form [11, 15]:

N
S(CLOa Ay .-y am) = Z(ao + a1z + a2:£2 + ...+ am,xm - fz)2
=1

Calculate the derivatives [11, 15]:

s ZN

dag H(ao +a1w +apa’ + .+ apa™ — fi)

s a

7:25 24 ama™ — f)a
day Z=1(a0+a1x+a2x +ooFama™ — fi)x

ds N
_ 2 )
da. =2 g (ap + a1z + asz” + ... + ama™ — fi)z".

i=1

Equating these expressions to zero and collecting the coefficients for the unknowns , we obtain a system of linear
equations [11, 15]:
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N N N N
Na0+alin+QQZIZZ+...+CLmZxT = Zfi
i=1 i=1 i=1 i=1

N N N N N
2 3 1
aog xi—&—alg xi—i—agg xi—&—...—i—amg x;’” :E i fi
i=1 i=1 i=1 i=1 i=1

N N N N N
1 2 2
ao E "+ aq E x;’” + as E x;’” + .. +an E ;™ = E " fi.
i=1 i=1 i=1 i=1 i=1

This system of equations is called normal and is used to find the coefficients ag, a1, ..ay,-
As a rule, several empirical dependencies are chosen. The LSM finds the coefficients of these dependences
and among them find the best for the minimum amount of deviations.

Results of the research of approximation methods

Selection of empirical functions. The specified values of the failure function of the electronic system (Table 1).
Table. 1 shows that N = 6. You need to find empirical dependences: linear pl = ag + a;x, quadratic

p2 = ag + a1x + a»x?, hyperbolic p3 = LLOE by the LSM and choose among them the best for the smallest sum
x

of squares of deviations.
The system of normal equations for linear dependence:

N

N
Na0+alz$i :Zfi
i=1

i=1
N N N
2
ag E x; + a E x; = E Zifi
i=1 i=1 =1

Table 1

The number of failures and the corresponding probabilities

Parameters used in the calculations Zo 1 T2 T3 T4 s
z (number of failures) 1 2 3 4 8 10
f (statistical probability of failure-free operation) | 0,1 | 0,15 | 0,2 | 0,3 | 0,45 | 0,7

Given that N = 6, and solving a system of linear equations, we obtain ag = —0,25;al = 175. Given that N = 6,

and solving a system of linear equations, we obtain . Thus, the linear dependence has the form pl = —0,25+175x
(Fig. 1).
6
Calculate the sum of the squares of the deviations: s; = Y (ag + a1z — f;)* = 2,63. Consider the quadratic
i=0

dependence. The system of normal equations has the form:
6 6 6
6ag +alzxi—|—a22x? = Zfi
i=1 i=1 i=1
6 6 6 6
aozgci +alzx? + as fo’ = Z:mfz
i=1 i=1 i=1 i=1
6 6 6 6
aOfo —|—alzzf —|—a22x? = Za:ffz
i=1 i=1 i=1 i=1

Solving simultaneous linear algebraic equations we obtainag = —0,101;a; = 14,982;a5 = 0,162. Thus, the
quadratic dependence has the form: p2 = —0,101 + 14, 982z + 0, 16222. Calculate the sum of the squares of the
6

deviations: so = Y (ag + a1x + aza? — f;)? = 2,234.
i=0
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Figure 1. Approximation of experimental data by quadratic dependence: f is the experimental data,
pl - approximation by linear dependence, p2 - approximation by quadratic dependence.

Let’s make a system of normal equations for hyperbolic dependence. According to the LSM we find the sum

N a
of squares of deviations: S5 = Y (ag + bt fi)?. We make a system of normal equations:
i=0 Z;

s 0 ai
dag 2% E_ <ao 2 [ z) 0

T4

ds 6 ai 1
d%:%S:Z(“OU‘ﬁ)m:O'

Solving the equations gives
ap =1,942;al1 = 0,571.

The sum of deviations squares S3 = —46,687. Thus, the results of the calculations by the LSM show that
it is best to approximate the curve by the quadratic dependence (Fig. 1).

As can be seen from Fig. 1 approximating curves pl and p2 in appearance, in this case, it is very difficult
to distinguish and very difficult to see which curve is better to approximate the experimental data. Therefore,
it is very important to calculate the sum of the squares of the deviations.

Conclusions

As can be seen from Fig. 1 approximating curves describe a statistical series consisting of experimental data
with some error. This error is characterized by the least squares check. In Fig. 1 it is difficult to see. In order to
obtain more accurate results, it is necessary to use approximating curves of higher order, or local interpolation
methods. The peculiarity of this method is that in the conditions of insufficiency of the collected statistics the
probability of making an error of the second kind decreases due to the possibility to choose an approximating
curve that can align the statistical series with the required accuracy. Analyzing the results of the research, it
can be stated that the suggested method allows to effectively calculate the parameters of reliability in case of
insufficiency of the collected statistics of failures.

The advantages of the suggested method are the following ones:

— it is possible to calculate the value of a function for any argument in short time with the required accuracy.

The disadvantages are:

— insufficient clarity in terms of the behavior of functional dependence;

— the analytical formula is often unknown;

— in some cases, the known functional dependence is too tedious for easy use in practice.
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But it should be noted that the disadvantages of the suggested method can be offset by the use of modern
software and sufficiently powerful computer systems.

Due to the advent of computing systems that can handle multiple threads simultaneously, the prospect of
developing approximation methods is the development of new methods for approximating numerical information
with a multithreaded structure to solve problems in mathematical physics, such as grids, finite elements.
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B.I1. Ksacuukos, C.B. Eropos, T.1O. IlIkBapuurikast

CeHiMIi/IIK mapaMeTpJepiH aHbIKTaY YHOIH (PYHKINOHAJIIBIK
TOYEJILILIIKTI KAJNbIHA KeJITIPYy TE€XHOJIOTHUSICHI

JluckperTi ipikTey GOMBIHINA CAH/IBIK, YKOHE CAlAJIBIK, CUITATTAMAaJIAP/IbI TAIIay APKbLIbI O0bEKTIHIH KACHeT-
TepiH aHBIKTAy Moceseci KapacThIpbLIabl. MHTepnonsnusanbiy GipHerte TYHiHAep] apacbiHIAFbI HHTEPIIOJI-
[USJIBIK, KOIIMYIIIEJIep 9p TYpJii OOJIFaH Kariai/ia 3JIeKTPOHIBI KYHeep/IiH, aKayChl3 »KYMbIC iCTey BIKTH-
MAaJIIBIFBIH AHBIKTAY OIiCi Kacayabl. VHTEpHoisanus MOJUHOMBI WHTEPIIOSAIUSHBIH, OVKIT ayJaHbl VIIiH
Gipmeit GosraH Karmaiiza, akaychbl3 XKYMbBIC BIKTUMAJIIBIFBIH aHBIKTAY ofici »kacamel. 2KeprigikTi mHTEp-
MOJIATUS dicTepi KahaHIBIK UHTEPIIOJIAIUS 9iCTepiHe KaparaH/ia JIoJIipeK HOTHKe OepeTiHi KepceTiareH.
FanaMmapik uHTEpHONSAIINS KAFTAWBIH/IA SKCTPAIIOJISAINS OiCTePIMEeH OepLIreH MOHIEPAEH THIC (DYHKIIHSI-
HBIH MOHIH aHBIKTayFa O0IATHIHIBIFBI KOPCETLITeH, OYJT aKayChI3 XKYMBIC BIKTUMAJIIBIFBIH O0JIZKAY MYMKIiH/Ti-
rin 6epei. AKayChl3 >KYMBIC BIKTUMAJIIBIFBIH aHBIKTAY VIIIiH AIIITPOKCUMAIUSIIIAY 9JICTEPIH KOJIAHY eKiHIIi
TUIITET] KATEJIIKTIH TOMEHEYiHe 9KeJeTiHIir KopceTiireH. OyHKIIMOHAIIBI TOYEJIITIKTEP/IiH, CATIAJIbIK, CH-
nmaTTaMajapblH TaJaay SIiCi Kacaymapl, Oy OHTANIBI HHTEPIOJIAINIBIK KOIMYIIEH] TaHIayFa MYMKIHIIK
Oepesi. 2KeTKiiKTI craTucTUKaMeH KeJliciM KpUTepHuilJiepiH KOJIJaHa OTBIPBIM, 3JEKTPOH/bI KA/ IBIKTHIH
iCTeH TIBIFY CTATUCTUKACHIH TAJIIAyIbIH MaTeMATHKAJBIK MOJEIbIEpiH KypyFa 60maapl. Erep cratucruka
KeJjieMi yiIKeH 6oJsiMaca, OHJ/Ia MYHIail CTATHCTHKA YKETKLTKCI3 OOJIybl MYMKIH KoHEe KeJiciM KpuTrepuiiie-
piH KOJIJaHy KaHaraTTaHAPJIBIKCHI3 HOTHUXKejiepre oKesedi. Tarbl Oip Tociyi — Tecrisiey Ke3iHJie >KUHAJFAH
CTaTUCTUKAJIBIK MaTepuaJifa HeMece OAKBIIAHATHIH TaliIaaHyIafbl MATEPUAJIFA KOIAHBLIATHIH ATPOK-
cuManusiiay omicin Kosmany. OcbiFa 6aiIaHBICTBI 3JIEKTPOHALI *KAOIBIKTBIH, iICTEH IIBIFY CTATHCTUKACHI
JKETKLTIKCI3 O0oJIFaH »Kargaiaa 3JIeKTPOHIbI XKy HeIep i, CEHIMIIITH aHbIKTay 9/IICIH YKacay eTe MaHbI3/IbI.

Kiam cesdep: 31eKTpOHIBI 2KaO IBIKTHIH, }KAKBIHIAY b, HHTEPIIOJISIIIASICHI, CEHIMILTIT], CTATUCTUKAJIBIK, OHJIEY,
GbYHKITMOHAJIIB TOYEIIUTKTI KAJIIBIHA KEITIPY, CeHIMIITIK KOpCeTKInTepin baraiay, MarbH ipikTemMe, cTa-
TUCTUKAHBIH YKETKIJTIKTLJIIr.

B.I1. Ksacuukos, C.B. Eropos, T.}O. IlIkBapuurikast

Texnosioruss BocctaHoBJeHUS PYHKINOHAJIBHBIX 3aBUCUMOCTEM
JJIsI oIIpeJieJIeHnsl IMapaMeTPOB HAIE2KHOCTHI

Paccmorpena 3agada ompesmesenust CBOACTB 00ObEKTa MyTEM aHAJIM3a YUCIOBBIX M KAYECTBEHHBIX XapaK-
TEPUCTUK TI0 JUCKPETHON BbIOOpKe. PazpaboranH MeTos ompejiesieHusi BEPOATHOCTH 0OE30TKa3HOU pPabOThI
JIEKTPOHHBIX CUCTEM JIJIs CJIydasi, KOT/Ia WHTEPIOJISIIMOHHBIE IOJTMHOMBI MEXKTy HECKOJIBKUMU y3JIaMU UH-
TEPHOJIANNY Pa3IudIHbl. PazpaboTan MeTO T Onpe/iesieHns BEPOSTHOCTH 6€30TKA3HOM paboTh B CiIydae, KO-
I MHTEPIOJISIIUOHHBIM [TOJIMHOM Il BCell 06JIaCTH MHTEPIIOJIANNN OuHAKOBbIA. [TokazaHo, 4TO MeTOmbI
JIOKAJILHOM WHTEPITOJISIIIUN TaloT Oojiee TOYHBbIE PE3Y/IbTAThl B OTJIUYHE OT METOJOB TIJIODAJIBLHON WHTEp-
nossituu. [lokazano, 9To B ciaydae rirobabHON MHTEPIIOISIIMN €CTh BO3MOXKHOCTD OIPEIC/INTh 3HAUECHUE
dyHKIMHT 3a IpejesaMy 33/JaHHbIX 3HAYEHHI MEeTOIaMU SKCTPAIIOJISIIIN, 9TO JAeT BO3MOXKHOCTD IIPOIHO3H-
pOBaHUsI BEPOSITHOCTH Ge30TKa3HOM paboThl. [TokazaHo, YTO MCMOIB30BaHNE METO/OB ATITPOKCAMAIIUN JIJTsT
OIpEJIETICHUsT BEPOATHOCTU OE30TKA3HON PAbOTHI HPUBOMAUT K YMEHBIIEHHUIO OIMMMOKN BTOPOTO poma. Pas-
paboraH MeTOJI aHAJIU3a KAYECTBEHHBIX XaPAKTEPUCTHUK (DYHKIMOHAJIBHBIX 3aBUCHMOCTE, 9TO IIO3BOJISIET
BBIOMpPATh ONTUMAJIBHBIN WHTEPIIOISAIMOHHBIN TOJMHOM. [Ipu TOCTATOYHON CTATUCTUKE, C UCITOIB30BAHUEM
KPUTEPHUEB COTJIACHS], MOXKHO CTPOUTH MaTEMaTUIECKIE MOJIEIN AHAIN3A CTATUCTAKNA OTKA30B JIEKTPOHHOMN
anmaparypsl. [Ipu ycioBuu, 910 06beM CTATUCTUKYU HEOOJIBINOM, TaKas CTATUCTAKA MOXKET OKa3aThCsl HEJI0-
CTaTOYHOM, U IPUMEHEHNEe KPUTEPUEB COTVIACUS IPUBEIET K HEYIOBIETBOPUTEIbHBIM pe3ysibraraM. JIpyroit
[IOJIXOJI, COCTOUT B UCIIOJIL30BAHUU METO/IA AIIIPOKCUMAIIUN, KOTOPBINA IPUMEHSIETCS K CTATUCTHIECKOMY Ma-
TepuaJLy, KOTOPBIil Ob11 COBpaH BO BpeMsi UCHBITAHUN, UM HOAKOHTPOJILHOMN SKCIUIyaTauu. B cBs3u ¢ aTuM
KpaifHe BayKHO pa3paboTaTh METOJ, ONPE/IeICHHUs HAJEXKHOCTU JIEKTPOHHBIX CHCTEM B CJIydae HeI0CTaTOq-
HOCTU COOPAHHON CTATUCTUKHM OTKA30B 3JIEKTPOHHON almapaTypbl.

Karouesvie caosa: alnmipOKCUMAIHsL, UHTEPIOJANNS, HAAEXKHOCTD SJIEKTPOHHON aIlapaTyphbl, CTATUCTHYE-
ckasi 00paboTKa, BOCCTAHOBJIEHUE (DYHKIIMOHAJIBHON 3aBUCUMOCTH, OICHKA IOKa3aTeseil HaJEKHOCTH, Ma-
Jiasi BBIOOPKA, JOCTATOYHOCTD CTATACTHKH.
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