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ASSESSING AND FORECASTING THE STATE OF DETERIORATING SYSTEMS
WITH THE USE OF MODIFIED REGRESSION POLYNOMIALS ON THE BASIS
OF FUNCTIONAL APPROXIMATION OF THEIR COEFFICIENTS

Abstract: Object of research is technical state of deteriorating systems whose operating conditions depend on a large
number of interacting factors. The caused inhomogeneity of the sample of initial data on the technical state leads to
impossibility of correct use of traditional methods of assessing the state of a system (meaning methods using mathematical
tools of regression analysis). Subject of research is developing a method for constructing a regression polynomial based
on the results of processing a set of controlled system parameters. Non-linearity of the polynomial describing the evolution
of the technical state of real systems leads to an increase in the number of regression polynomial coefficients subject to
estimation. The problem is further complicated by the growing number of factors affecting the technical state of the
system. In these circumstances, the so-called <small sample effect> occurs. Goal the research consists in developing a
method for constructing an approximation polynomial that describes evolution of the system state in a situation where the
volume of the initial data sample is insufficient for correct estimating coefficients of this polynomial. The results
obtained. The paper proposes a method for solving the given problem, based on implementation of a two-stage procedure.
At the first stage a functional description of the approximation polynomial coefficients is performed; and this radically
reduces the number of regression polynomial parameters to be estimated. This polynomial is used for preliminary
estimation of its coefficients with the aim of filtering out insignificant factors and their interactions. At the second stage,
parameters of the truncated polynomial are estimated by means of using standard technologies of mathematical statistics.
Two approaches to constructing a modified polynomial have been studied: the additive one and the multiplicative one. It
has been shown that the additive approach is, on average, an order of magnitude more effective than the multiplicative one.

Keywords: assessment of technical state; deteriorating systems; functional representation of regression equation

coefficients.
Introduction

Assessing and forecasting the technical state of
systems taking into account conditions of their
operation is carried out with the use of appropriate
mathematical models. Suppose F = {F,, F,, ...,E,} is a
set of factors determining the mode of operation of the
system and presumably influencing its state, and R(F)
is an indicator of the technical state of the system. The
mathematical model traditionally used for describing
R(F), is represented as a multifactorial regression
Kolmogorov-Gabor Polynomial [1-3]:
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Technology and procedure for calculating multiple
values of coefficients of the polynomial (1) is
determined by the nature of the problem set. If, in
particular, the problem of assessing reliability of the
system is considered, then it shall be solved in the
following way [4-7]. During the procedure of system
operation technical state of the system shall be
controlled at specific instants in time Ty,T,, ..., Tx .
Therewith, values of factors F;(T,), i=12,..,m,
k =1,2,...,K, and results of control displayed by a set
of indicators h,, are registered; hy = 1, if a system failure
is determined at the momentT,, hy=0, if at the
moment Tj, the system is in good order.

As a state index R(F) we choose the failure rate
defined in the following way. If we accept the

hypothesis that the failure flow is the simplest, then the

probability of failure-free operation of the system on the
interval Ty is equal to

P(Ty) = e AETNTk 2

To obtain the vector A = (ag,, -, A, - Aigiy,.ig)

the maximum likelihood method [8, 9] is used. In this case

calculated is the probability of the fact that in the result of
K checks the set {h4, h,, ..., h; } will be obtained. Then

K T e
PA) = 1—[ [expfo A(F(t))dt] x
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Next, the logarithmic likelihood function (3) is
differentiated by the components of vector A and the
result of differentiation is set to zero.

Let the non-stationary law of variation of failure
flow intensity has the form [10, 11]:

d
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Then the resulting system of equations will have
the following form:
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where E, = {k:k € E,h;, =0}, E; = {k, h;, = 1}.

The system of nonlinear equations (5) can be
solved by any known numerical method (for example,
Newton’s method [12, 13]) whence we get (4). Let us
consider the simplest particular case, when the failure
rate A(e)is estimated at the stage of normal operation of
the system under fixed conditions. Herewith, the system
of equations (5) is reduced to one equation:

s Z T,=0.  (6)
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Let’s solve this equation by expanding the
denominator in its left-hand side to the Maclaurin series,
restricting ourselves to the linear term. Herewith we
receive the following
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We obtain an initial approximation by limiting
ourselves to the linear terms of the Maclaurin series:

L1 he 1hk
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Let us point out obvious shortcomings of the
described approach. The adequacy of the estimates
obtained when using it depends on the size of the
sample and the degree of homogeneity of the statistical
material used. The arising need to split the sample
generates unpredictable differences in the obtained
results for different subsamples. At the same time, the
desire to make each of the subsamples as homogeneous
as possible leads to a decrease in its volume and to
decrease in accuracy of the obtained estimates.

In accordance with this, a rational approach to
solving problems of assessing and forecasting system
reliability consists in joint processing of results of
monitoring the state of systems operated in different
conditions.

Herewith, for a set of possible operating modes
S =1,2,..,8 we introduce a set of operational factors
F = (F,F,, ... Ep), Fs = (fis) fas » fms) and the laws
of change in the failure rate corresponding to these
operational factors.
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The above relation (10) corresponds to the
situation when the failure rate in each of § the operation
options is affected by all factors, as well as their
interactions of the order not higher than d,,.

The obtained relations (9) - (10) make it possible
to carry out joint statistical processing of the results of
operation of multiple objects of the same type,
functioning in different conditions. In accordance with
this, the entire set of objects is divided into & subsets,
and in each of these subsets the operating conditions are
characterized by their individual set of values of
influencing factors. Fs = (fis, foss ~» fms)
S =1,2,..,6. At the same time, for the selected set of
T, T,, ..., Ty moments used for monitoring operability
of the objects, their results are recorded. Next, with the
use of relations (9), (10) probabilities of fault-free
operation of the objects are determined and the
probability  function is  formed. Logarithmic
representation of this function is differentiated and the
results are set to zero. Solution of the resulting system
of equations determines coefficients of the analytical
description of the multifactor polynomial model of the
law of change in failure rate (9). The principal difficulty
of practical implementation of the described approach
consists in high dimension of the resulting problem. If
the number of factors taken into account is equal to m,
the maximum order of factor interactions taken into
account is equal to d, and the law of change in the
failure rate is described by means of a polynomial of
degree d then the number of unknown coefficients to be
estimated shall be determined by the following relation

=(d+ 1)k

m+dg”

biju'z---fdofhsffzs '"ffdos' (10)

Herewith, if m =10, dy, =4,d =3, which is
quite real, then J = 4000. It is clear that assessment of
such a number of parameters is not possible.

To solve the problem, the following two-step
approach is offered. At the first step, we introduce
calculation relations for analytical description of the
relation coefficients (10). In this connection, the
following two approaches to formation of
approximating values turn out to be the most easily
implemented f;;: additive one and multiplicative one.

K
fisigoix = Z by, (11)
j=1
K
Fiatyoi = kuj, i iy iy €{1,2, .., m}. (12)
j=1

Let us consider the approximation procedure for
the simplest problem, when d = 2.
Let us introduce the matrix A:

ap Qo Aom
A0 Q11 A1m
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Next, to describe the additive approximation
polynomial, we introduce the following

bO b01 bOm
Yy _ _ _ _ )
me b01 + me bOm + me
bO b01 bOm
B b10 b01b10 bOmbIO
H -_ _ _ _ _ .
me bOlme bOmme
Thus, in the proposed method for constructing
modified regression equations coefficients b;;,i #

0,j # 0, are to be calculated according to the formula
bij = by, + by; (for functional (11)) and according to
the formula b;; = b;y by (for functional (12)). In this

connection the number of unknown coefficients is equal
to (m+1)(m+2)

2
Let us turn to the problem of finding the optimal
set B = (bg, by1, ) bym) D21y -+ by, --.), determining
the approximating polynomial in the class (11). Let us
write the relation for this polynomial of order d:

LA(x) - bO + z blllxll + Z Z (bZL1 + ble)xllxlz
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The obtained relation (13) is linear with respect to
the required variables. Therefore, the method of least
squares can be used for their estimation. For this
purpose, we transform (13):
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Let us consider that a set of function values at N
points is used to estimate the coefficients. Let us

introduce the following: x;; — value of factors x; at the

point i, i =1,2,..,N, j—12 ,m; y; — value of
function at the pomtt i=12,. N
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The desired vector B shall be calculated according
to the formula

me, ey bdl’

By = (HiHy)"'HpY (14)

Let us now construct the approximating functional
that arises when using the multiplicative approach:

Lm(x) = bo + Z llilxil +

+ Z Z (bai,bai, )X, Xiy + -+ + Z

11 1 ip=

. Z (Bat, bat, - bai,)bai, - bai xi, X1, (15)

ig=1
The functional (15) is nonlinear with respect to the
required variables. Therefore, direct use of the method
of least squares in the form (14) is impossible.
However, relation (15) specifies the value of the
approximating polynomial for any sets of values of
factors and polynomial coefficients. Therefore, the
optimal set of parameters B can be calculated by any
numerical method of zero-order optimization. Analysis
of numerical values of elements in this set makes it
possible to filter out insignificant factors and their
interactions. In this regard, reduced dimension of
problem concerning estimating parameters of the
truncated polynomial allows us to use standard methods
of mathematical statistics at the second stage of the
proposed procedure. Comparing effectiveness of
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applying the proposed approaches to the construction of
truncated approximation polynomials is of practical
importance. A simulation experiment was conducted for
this purpose. Let us compare two approaches: additive
one and multiplicative one.

The simulation experiment was organized as
follows. Preliminarily, for the given values of d (degree
of polynomial), m (number of factors), a test regression
polynomial was introduced, its coefficients were
randomly selected from the interval [0,1]. Next, for a
random set of factor values, the corresponding value of
the test polynomial was calculated a given number of
times N. These values were used to estimate the
coefficients of approximation polynomials (additive one
and multiplicative one). The described procedure was
repeated R number of times, and after that a criterion was
calculated for comparing effectiveness of the approaches

1w (1w 2
_ ~(4)
(A—EE NE (YjT_er)'

i

1=

(YjT - )A’j(;w))z

where R — quantity of conducted series of experiments;
r — consecutive number of the respective experiment set,
r =1,2,..,R; yj; — value of the test polynomial in the

j — th experiment of the r — th set, j = 1,2, ..., N; 9 -

value of the approximating polynomial in the j - th
experiment of the r - th set, j =1,2,...,N, calculated
using the additive approach; 37]-(;”) - value of the
approximating polynomial in the j - th experiment of
the r - th series, j =1,2,...,N, calculated using the
multiplicative approach. Results of the simulation
experiment are summarized in Table 1.

Table 1 — Results of the simulation experiment

Analysis of the presented results of the simulation
experiment allows us to formulate the following
recommendations. First, the additive approach is more
effective than the multiplicative one in all cases.
Second, advantages of the additive approach compared
to the multiplicative approach grow with the increase in
the degree of the approximating polynomial and the
number of factors taken into account.

In conclusion, we should note that the proposed
method of constructing truncated polynomials
describing relationship between a certain resulting
variable and a set of influencing variables can be
effectively used in solving many other problems. For
example, it can be used in the problems of evaluating
effectiveness of mass service systems, in problems of
managing a multi-nomenclature stock [14-16], etc.
Direction of further research consists in development of
the proposed method of constructing truncated
regression equations for the case when the initial data
are not specified clearly. In this regard the technology
considered in [17] can be used.

Conclusions

1. We have considered the actual problem of
assessing the technical state of deteriorating systems,
whose operating conditions depend on a large number
of interacting factors.

2. It has been demonstrated that the problem of
processing a heterogeneous sample of initial data on the
state of a system cannot be solved correctly by
traditional methods.

3. To solve the set problem concerning multifactor
assessing and forecasting the technical state of
deteriorating systems in conditions of a small sample,
proposed we propose a two-step method of constructing
modernized approximating polynomials based on a
constructed functional description of coefficients of the
required regression equation.

4. It has been demonstrated that the additive

d=2 d=3 method of forming coefficients of the approximating
m 5 10 15 5 10 15 polynomial is, on average, an order of magnitude more
Ul 34 5.3 8.4 7.2 11.2 14,7 effective than the multiplicative method.
REFERENCES

1. Seber, G.AF. and Lee, AJ. (2003), Linear Regression Analysis, Second Edition, John Wiley & Sons, Inc., Hoboken, N.-J.,

doi: http://dx.doi.org/10.1002/9780471722199

2. Anderson T.W. (2003), An Introduction to Multivariate Statistical Analysis, 3rd Edition, Wiley-Interscience, N.-J., 752 p.,
available at: https://www.amazon.com/Introduction-Multivariate-Statistical-Analysis/dp/0471360910

3. Braverman, E.M. and Muchnyk, I.B. (1983), Structural methods of empirical data processing, Nauka, 464 p., available at:

https://search.rsl.ru/ru/record/01001165664

4. Xiao-Jian, Yi, Shi, Jian and Hou, Peng (2017), “Complex System Reliability Analysis Method: Goal-Oriented Methodology”,
System Reliability, Intechopen Ltd, pp. 3-42, available at: https://www.intechopen.com/chapters/55929

5. Druzhinin, G.V. (1977), Reliability of automatic systems, 336 p., available at: http://www.toroid.ru/dryjininGV.html

6. Kuchuk, N., Mozhaiev, O., Mozhaiev, M. and Kuchuk, H. (2017), “Method for calculating of R-learning traffic peakedness”,
2017 4th International Scientific-Practical Conference Problems of Infocommunications Science and Technology, PIC S and
T 2017 — Proceedings, pp. 359-362, doi: https://doi.org/10.1109/INFOCOMMST.2017.8246416

7. Todinov, M. (2006), “Reliability analysis of complex systems based on the losses from failures”, International Journal of
Quality & Reliability Management, Vol. 23(6), pp. 696-718, doi:_https://doi.org/10.1142/S0218539306002161

8. Kramer, G. (1946), Mathematical methods of statistics. Princeton University Press, Princeton, 288 p., available at:
https://www.amazon.com/Mathematical-Methods-Statistics-Harald-Cram%C3%A9r/dp/0691005478

9. Mozhaev, O., Kuchuk, H., Kuchuk, N., Mykhailo, M. and Lohvynenko, M. (2017), “Multiservice network security metric”,
2nd International Conference on Advanced Information and Communication Technologies, AICT 2017 — Proceedings, pp.

133-136, doi: https://doi.org/10.1109/AIACT.2017.8020083

63


http://dx.doi.org/10.1002/9780471722199
https://www.amazon.com/Introduction-Multivariate-Statistical-Analysis/dp/0471360910
https://search.rsl.ru/ru/record/01001165664
https://www.intechopen.com/chapters/55929
http://www.toroid.ru/dryjininGV.html
https://doi.org/10.1109/INFOCOMMST.2017.8246416
https://www.researchgate.net/journal/International-Journal-of-Quality-Reliability-Management-0265-671X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.researchgate.net/journal/International-Journal-of-Quality-Reliability-Management-0265-671X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
http://dx.doi.org/10.1108/02656710610672498
http://dx.doi.org/10.1108/02656710610672498
https://www.amazon.com/Mathematical-Methods-Statistics-Harald-Cram%C3%A9r/dp/0691005478
https://doi.org/10.1109/AIACT.2017.8020083

Advanced Information Systems. 2023. Vol. 7, No. 4 ISSN 2522-9052

10. Kubon, M., Kaczmar, I. and Findura, P. (2019), “Reliability of technical systems and the methodology for calculating MTBF
using Flexsim computer simulation”, E3S Web of Conf., Vol. 132(1), doi: http://dx.doi.org/10.1051/e3sconf/201913201012

11. Hlavcheva, D., Yaloveha, V., Podorozhniak, A. and Kuchuk, H. (2021), “Comparison of CNNs for Lung Biopsy Images
Classification”, 2021 IEEE 3rd Ukraine Conference on Electrical and Computer Engineering, UKRCON 2021 —
Proceedings, pp. 1-5, doi: https://doi.org/10.1109/UKRCON53503.2021.9575305

12. Himmelblau, D. (1972), Applied nonlinear programming, McGraw-Hill, N.Y ., 498 p., available at:
https://www.amazon.com/Applied-Nonlinear-Programming-Mautner-Himmelblau/dp/0070289212

13. Kovalenko, A. and Kuchuk, H. (2022), “Methods to Manage Data in Self-healing Systems”, Studies in Systems, Decision and
Control, Vol. 425, pp. 113-171, doi: https://doi.org/10.1007/978-3-030-96546-4 3

14. Raskin, L. Sukhomlyn, L., Sokolov, D. and Vlasenko V. (2023), “Multi-criteria evaluation of the multifactor stochastic systems
effectiveness”, Advanced Information Systems, vol. 7, no. 2, pp. 63-67, doi: https://doi.org/10.20998/2522-9052.2023.2.09

15. Kovalenko, A., Kuchuk, H., Kuchuk, N. and Kostolny, J. (2021), “Horizontal scaling method for a hyperconverged
network”, 2021 International Conference on Information and Digital Technologies (IDT), Zilina, Slovakia, doi:
https://doi.org/10.1109/1DT52577.2021.9497534

16. Raskin, L.G. and Pustovoitov, P.E. (2002), “Solution of a multi-product inventory management problem by a probabilistic
criterion”, Bulletin of NTU KhPI, Series “System Analysis, Management, Information Technologies”, No. 13, pp. 49-53.

17. Raskin, L., Sira, O. and lvanchykhin, Y. (2017), “Models and methods of regression analisis under conditions of fuzzy initial
data”, Eastern-European J. of Adv. Techn., No. $(4(88)), pp. 12-29, doi: https://doi.org/10.15587/1729-4061.2017.107536

Received (Hanxiiinwra) 14.07.2023
Accepted for publication (ITpuiirsta no apyky) 02.11.2023

B1IOMOCTI ITPO ABTOPIB / ABOUT THE AUTHORS

Packin JleB I'puropoBuy— J0KTOp TEXHIYHHUX HayK, mpodecop, npodecop kadeapu MyJIbTUMEIIHHUX Ta IHTEPHET TEXHOJIOTIH 1
cucteM, HarfioHanbHUH TEXHIYHUN YHIBEPCUTET « XapKiBChKUH MOMITEXHIYHUN IHCTUTYT», XapKiB, YKpaiHa;
Lev Raskin — Doctor of Technical Sciences, Professor, Professor in the Department of Multimedia Information Technology
and Systems, National Technical University "Kharkiv Polytechnic Institute”, Kharkiv, Ukraine;
e-mail: topology@ukr.net; ORCID: http://orcid.org/0000-0002-9015-4016.

Cyxomiun Jlapuca BaaumiBHa — KaHIUIAT TEXHIYHUX HayK, JOIEHT, JOLCHT Kadeapu MeHEHKMEHTy, KpemeHuynbkuii
HaIllOHAJIbHUN yHIBepcHUTeT iMeHI Muxaiina Octporpaacbkoro, Kpemenuyk, Ykpaina;
Larysa Sukhomlyn — Candidate of Technical Sciences, Associate Professor, Associate Professor of the Department of
Management, Kremenchuk Mikhail Ostrogradskiy National University, Kremenchuk, Ukraine;
e-mail: lar.sukhomlyn@gmail.com; ORCID: https://orcid.org/0000-0001-9511-5932.

CoxkosoB JImutpo JIMuTpoBHY — acmipadT Kadeapu MyJIbTUMEIIMHMX Ta IHTEpHET TEXHOJOTiH i1 cucrem, HarioHamsHHI
TEXHIYHUAH YHIBEPCHUTET «XapKiBCHKUI MOJMITEXHIYHUH IHCTUTYT», XapKiB, YKpaiHa;
Dmytro Sokolov — postgraduate student in the Department of Multimedia Information Technology and Systems, National
Technical University "Kharkiv Polytechnic Institute”, Kharkiv, Ukraine;
e-mail: sokolovddd@gmail.com; ORCID: https://orcid.org/0000-0002-4558-9598.

Buaacenko Biraniii BaaguciaBoBuY — MaricTpasT kadeapu MyJIsTHMEAIHHIX Ta IHTEPHET TEXHOJIOTIH i cucteM, HamionanpHUi
TEXHIYHUAH YHIBEPCHUTET «XapKiBCHKUI MOJMITEXHIYHUH IHCTUTYT», XapKiB, YKpaiHa;
Vitalii Vlasenko — master of the Department of Multimedia Information Technologies and Systems, National Technical
University "Kharkiv Polytechnic Institute”, Kharkiv, Ukraine;
e-mail: vitalik.vlasenko.000@gmail.com; ORCID: https://orcid.org/0000-0001-5427-0223.

OuiHka Ta MPOrHO3YBAHHS CTAHY CTAPIIOYUX CHCTEM 3 BHKOPUCTAHHAM MOAU(]iKOBAHMX perpeciiiHuX moJiiHOMiB

JI. T'. Packin, JI. B. Cyxommus, /1. 1. Cokonos, B. B. Binacenko

AHoTanisi. OO0'eKT HOCHIMKEHHS — TEXHIYHUI CTaH CTapilOYMX CHCTEM, YMOBH EKCIUTyaTallil SIKMX 3aJeXKHUTh BiJ
3HAYHO! YaCTHHM B3a€MOMIIOYMX YMHHHKIB. HeomHOPigHICTh BHOIpKH BUXIJAHMX IaHHX MPO TEXHIYHMH CTaH, 10 BUHUKAE Y
3B'SI3KY 3 IIMM, MPHU3BOAUTH JI0 HEMOKJIMBOCTI KOPEKTHOTO BHKOPHUCTaHHS TPAJMI[IHHUX METOAMK OLIHKU CTaHy CHCTEMH, IO
BHKOPUCTOBYIOTh MaTEMaTHYHHUI IHCTPYMEHTAapill perpeciitHoro anamizy. lpeameT AocaigxeHHss — po3po0Kka METOy MOOYIOBH
perpeciiiHoro moJliHOMa 3a pe3yJbTaraMi 00pOOKH Ha0OpYy KOHTPOJILOBAaHHUX MapaMeTpiB cucteMu. HemiHiiHICTh TIONMIHOMA, IO
ONHCY€E EBOJIOIII0 TEXHIYHOTO CTaHy pPEaTbHUX CHUCTEM, IMPHU3BOAWTH A0 30UIBIICHHS 4YHCia KOeQiIi€HTIB perpeciiHoro
HOJIIHOMA, IO MiAJISATaloTh OLiHIOBaHHIO. [IpobiieMa 10AaTKOBO YCKIIaIHSIOTHCS i3 3pOCTAHHSIM YHCIIa YUHHHKIB, SIKi BIUTUBAIOTh
HAa TEXHIYHHUA CTaH CUCTeMH. Y NUX OOCTaBHH BUHHMKAE TaK 3BaHHI <e(eKT Mayoi BUOIpki>. MeTa MOCiIzKeHHs - PO3poOKa
METOJy MOOYIOBH amnpoOKCHMALIHOrO MONIHOMA, HIO OMKHCY€E EBOJNIOLII0 CTaHy CHCTEMH Y CHTYyallii, KOJU o0csir BHOIpKH
BUXIHUX JaHMX HEJOCTaTHii JJIs KOPEKTHOTO OILHIOBaHHs KoedilieHTIB 1poro noniHoma. OTpuMani pe3yabTaTu. Y poboTi
3alIPOITIOHOBAHO METOJI BHPILICHHS ITOCTABICHOTO 3aBJIaHHs, 10 0a3yeThesl Ha pealisalii JBoeTanHoi nporexypu. Ha nepmomy
eTami BUKOHYEThCS (DYHKIIOHATBHUI oOmHC KOe(illiEHTIB ampOKCUMAILiHHOTO TONIHOMA, HI0 pPaJWKAIbHO 3HUKYE YHUCIIO
mapaMeTpiB PerpeciitHoro MmoJIiHOMa, IO i UIATal0Th OIiHIOBaHHIO. Lleil moIiHOM BUKOPUCTOBYETHCS IS MOTIEPEAHBOT OLIHKU
oro koedillieHTIB 3 METOI BiACIBy Mano3HauyuMHX (akTopiB Ta iX B3aemoxiid. Ha mpyromy erami OpOBOAMTBCS OIiHKA
napaMeTpiB 3pi3aHOro IMOJiHOMAa 3 BHKOPHCTAHHSAM CTAaHIAPTHUX TEXHOJIOTIH MaTeMaTH4HOI CTaTUCTHKU. JlocmipkeHo nBa
nigxoau a0 MoOynoBH MOAM(IKOBAHOrO MONIHOMA: aAWTHBHHUN Ta MyJIbTHIUTIKaTUBHUiL. [lokaszaHo, 10 agUTHBHHUN MiAXix y
CepeJHbOMY Ha MOpPsIIOK epEeKTUBHILIN 332 MyJIbTUILTIKATUBHHH.

Kaw4yoBi caoBa: oIiHKa TEXHIYHOTO CTaHy, CTAapilo¥i CHCTEMH, (QYHKI[IOHAJIbHE ySBICHHS KOC]IIIEHTIB PiBHSIHHSI
perpecii.
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