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UDC 621.398 This paper presents a computer-aided method of planning the volumes of repairs of sys-

tems of nuclear power units and a method for calculating their gamma-percentile life.
OPTIMIZATION This planning is carried out on the basis of predicting the reliability indicator, the prob-
OF SYSTEMS ability of no-failure operation for a certain time period, with the gamma-percentile life of
REPAIR PLANS the equipment being determined by solving the corresponding equations. The tasks con-

sidered are related to an important energy problem of extending the operation of nuclear
AND ASSESSMENT power units. Its importancelzs determinefi nI;ainly by efconomicﬁeasibi{;ty: itis c}{eaper to
OF THE USEFUL assess the useful life of a nuclear power unit and, on this research basis, extend its op-

eration, than create a new unit. It is also shown that the calculation of the probability of
LIFE OF NUCLEAR a radiation accident at a nuclear power unit is associated with the results of planning the
POWER PLANT repairs of its systems, with assessment of its useful life. An optimization problem is for-
EQUIPMENT mulated: it is required to find such a plan for the volumes of repair of a system that, with
limited repair costs, its reliability indicator for a given duration deviates least from the

maximum permissible value. The solution to the problem is based on calculating the
structural reliability of the system. A graphological image of the system is built in the
form of a composition of graphological images of typical structures. After the reliability
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Hennadii H. Krol indicator of typical structures has been calculated, the structures are replaced with indi-

. ) ) vidual structural elements, which makes it possible to simplify the initial graphological
A. Pidhornyi Institute image of the system in a computational scenario and calculate its reliability indicator.
of Mechanical Engineering | The determination of the repair volume is carried out by applying a version of the coor-
Problems of NASU, dinate-wise optimization method. To assess the gamma-percentile life, a model is
2/10, Pozharskyi St., Kharkiv, adopted, in which the recoverable equipment components have an unlimited life, al-
61046, Ukraine though, of course, they "age", and the non-recoverable components spend their life up to

the level when their replacement becomes conditioned by the violation of the require-
ment for the maximum permissible value of the system reliability indicator. Estimates of
the gamma-percentile life of the equipment are calculated by planning system repairs on
a sequence of intervals of annual energy production by a nuclear power unit.
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Introduction

The tasks of planning repairs and assessing the useful life of the equipment of nuclear power units
(NPU) are mainly solved on the basis of regulatory instructions of equipment manufacturers. This article
proposes an approach based on computing the reliability indicators of NPU systems, with account taken of
their structural organization. As the reliability indicator, the reliability function (RF) over a particular time
period is used. As the useful life indicator, the gamma-percentile life is used, which is the duration of the
working state of a unit with the probability of gamma.

The main NPP quality indicator, that allows it to be operated, is safety. Safety assessment is a multi-
faceted problem. From the standpoint of systems analysis, one of the ways to obtain quantitative safety as-
sessments is to mathematically model the risk from the operation of NPUs [1]. The magnitude of the risk is
determined by the product of the probability of a radiation accident and the magnitude of the consequences
of the accident: life loss, environmental pollution, material losses. Knowing the risk allows one to manage it,
that is, to provide for compensatory measures.

One of the ways to reduce the risk is to provide high-quality maintenance and repair of NPUs. The
paper considers part of this task, namely, the planning of rational volumes of system repairs, carried out dur-
ing the periods of annual scheduled preventive maintenance overhauls ensuring that NPUs produce cost-
effective energy and are safe. The solution to the repair planning problem is used to determine the gamma-
percentile life of equipment.

This work is licensed under a Creative Commons Attribution 4.0 International License.
© Leonid I. Zevin, Hennadii H. Krol, 2020

72 ISSN 2709-2984. IIpobaemu mawunobydysanns. 2020. T. 23. Ne 4



APPLIED MATHEMATICS

The plans for repair and useful life assessment are related to the problem of extending the gamma-
percentile life of NPUs [2]. The importance of the problem is mainly explained by economic feasibility: it is
cheaper to assess the useful life of a NPU, and on this research basis, extend its operation, than create a new unit.

The useful life indicators depend not only on the physico-chemical, thermodynamic, vibrational, and
other impacts on the equipment, but also on the requirements for the maximum permissible value of the
probability of a radiation accident, on the quality of maintenance and repair.

Today, there is increasingly the problem of assessing the individual useful life of NPUs by accumu-
lating reliable information, using diagnostics, witness samples, and accelerated tests as well as modelling the
strength and useful life indicators of equipment. The need to carry out special useful life studies of an indi-
vidual NPU is due to its individual characteristics and operating features. In NPP conditions, a complete
study of the individual useful life of an NPU, its numerous equipment, measured in thousands of units, is
practically impossible because there will be uncertainty in some of the results due to the reduced volume of
measurements and engineering interpretations of incomplete information.

In this article, the determination of the equipment repair plan is based on the analysis of the structural
reliability of NPU systems. It is assumed that the values of equipment reliability indicators can be obtained
from the registration data of their failures, from expert assessments, or taken from the data of its manufacturers.
Repair planning is transferred to the mathematical plane, that is, the problem of optimizing system repairs is
formulated based on the calculation of its structural reliability. In this case, a functional relationship is used be-
tween the cost of repairing a piece of equipment and the increase in the value of its reliability indicator.

Due to the variety and range of technical systems, there is no and, apparently, will be no universal
method for calculating their structural reliability [2]. To date, the main methods for assessing the structural reli-
ability of systems include the logical-probabilistic method, the discrete-state Markov processes method, and the
simulation modelling method. They are difficult to apply to systems with a large number of elements [3]. In this
regard, other methods that facilitate the solutions of computational problems are of interest too.

One of the approaches used in engineering hand calculations is shown in [4]. It consists in compressing
a structural diagram, that is, a graphological image of a system. When there are many elements in the system, the
calculations become time-consuming. This process becomes even more labor-intensive if the calculations have
to be performed repeatedly with changing data, for example, when optimization problems are being solved.

In order to automate the calculations of the structural reliability of complex systems with a large
number of elements, an approach has been developed [5] based on the recognition and compression of struc-
tural schemes that change during the calculation on a computer.

The search for a rational plan is carried out step by step by assigning repairs to the equipment, the
increase in the reliability of which ensures the greatest increase in the system reliability indicator at each
step. The calculated repair plan determines the change in the system reliability indicator over time, which
allows one, by solving the corresponding equations, to find the duration of the operative condition of a piece
of equipment with the probability of gamma, thereby determining the estimate of its useful life.

Main Part

In this article, the method for planning the repair of a system and the assessment of the equipment
useful life are presented according to the following scheme: a brief description of the method for calculating
the structural reliability of the system is given; the task of optimizing the system repair plan is formulated; a
method for solving the optimization problem is described; the connection of repair plans with the assessment
of NPU safety and with the estimates of the equipment gamma-percentile life is shown.

Calculation of Structural System Reliability

The structural diagram of a system is composed of the images of its elements (hereinafter referred to
as elements) with the known laws of their reliability indicator. To calculate the system reliability indicator on
a computer, simple elements; generalized elements; typical basic graphological images, for example, redun-
dant systems; virtual connectors are introduced into the information image of the system. The following
theorem is used: if the graphological image of the system is composed either of typical basic graphological
images with simple elements or from generalized graphological images with computable indicators of reli-
ability, then the system reliability indicator can be calculated [5]. Based on this theorem, the process of cal-
culating the structural system reliability is monitored on a computer.
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The calculation method developed in [5] is based on the representation of the graphological image of
a system in the form of a composition of typical graphological images. Automatic recognition of their images
is carried out and the values of their reliability indicators are calculated. The calculation results are assigned
to typical graphological images, turning them into elements of a structural scheme, which creates a new
structural diagram of the system with new typical structures. Such replacements sequentially compress the
initial graphological image of the system to one element with the calculated value of the reliability indicator,
which determines the value of the reliability indicator of the initial graphological image of the system.

Statement of the Repair Planning Problem

For the mathematical formulation of the problem, the following is accepted: S is a system formed from
systems Sy, S, S», ..., Sy, each of which consists of elements «;", i"=0, 1,2, ...,I", m=0, 1,2, ..., M, (further
a,1=0,1,2,...,1); ty is the repair start time; Ar=t—f, is the duration of the annual operation of the system;
O(S0), O(S1), O(S5), ..., O(Sy) are the probabilities of failures of the systems S, S, Sy, ..., Sy over time period Af;

V is the repair volume of the system S; Q; is the maximum permissible value of the probability of failure of the

system S over time period Af; Z; is the maximum allowable value of the cost of repairing the system S.

The task of planning is to find such a plan for the repair volume V of the system S that the probability
of no-failure operation Rs(Af, V) over time period Ar deviates least from the maximum permissible value

R; =1- Q; . At the same time, the costs Zg of implementing the plan should not exceed the maximum permis-
sible value Z;. In a symbolic form, the problem can be written as follows: it is required, for given values At,
Ry, to find V so that

m*:mvin[RS[Az,V]—R;], 0 >0, Z;<Z;. (1)

For the mathematical formulation of the problem, it is necessary to determine the maximum permis-
sible value Ry and the volume of repair V.

The value R can be obtained by calculating the reliability indicator of the system S, based on its
structure and the reliability indicators r(a;) of the elements a;, i=0, 1, 2, ..., I, taken from the nominal data of
equipment. Also, the value R; can be determined by applying expert estimates.

To determine the repair volume V, the specific value of the reliability indicator dr; of the element
a;, i=0, 1, 2, ..., I is introduced as the value of increase of the reliability indicator of the element a; per one cost
unit.

Let r,(ty) be the RF of the element a; over its operating time A't preceding time #,. As a result of re-
pairs in the volume of costs c;, the element can obtain the RF rl.* (t,) over time period At . The difference

between these RFs at time #,, divided by the value of incurred costs c;, determines the value of the specific
RF ori(ty) of the element a;:

8r(ty) = (r; (t,) = r:(t)) ¢; = Ar(t))/ c; , i=0, 1,2, ..., I. )

In this formula, r(#,) and c; are assumed to be known quantities and ri* (t,).i=0, 1,2, ..., I are unknown
quantities. The specific value of the RF 6r(#)) can be estimated as follows. Suppose that the element q; is re-
placed with an identical new element that has not spent its reliability indicator over time period A’t . Therefore,
it is assumed that its RF 7 (z,) =1 over time period A't. Let the cost of installing a new element a; equal z;.
Then the specific RF of the new element (the value of the increase in RF per unit cost) will be &r;(¢,) =1/z; .

Therefore, if the costs ¢; of repairing the element will be z;, it will mean replacing the element a; with
the RF r())=0 with an identical element a; with the RF ri* (t,) =1. Then, according to expression (2), the value

of the RF increase as a result of replacing the element a; will be Ar;(t)) =1, (t,) —1,(t,) =1-0=1. If the repair

is carried out with costs c;, then the value of the RF increase over time period A't is determined by the ratio:
Ar(ty) =c; -Or(ty) =c;/ z;, that is, it is assumed that the increase in the RF of the element during repair at
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time £, is directly proportional to the costs of repair ¢;, which determines the repair volume v; of the element a;.

1 i

Then the performed repair volume V of the system S will be determined by the sum V = ZVi = ZCi . It is as-
i=0 i=0

sumed that the costs of repairing the elements c;, i=0, 1, 2, ..., I are known and can be measured in various

units, for example, in monetary units or in labor costs.

The RF R(ty) over time period At of the system S depends on the scheme of its structure and the
RF r(ty) over time period At depends on its elements a;, i=0, 1, 2, ..., I. Since the RF values over time pe-

riod At of the systems Sy, Si, S», ..., Sy are computable, the FBG Rs(#,) over time period A't of the system S
will be computable as well. To simplify the notation and emphasize that the RF of the system S is a function
of the reliability indicators r{(ty) of the elements a;, the notation Rg(#))=0(r«(t)), i=0, 1, 2, ..., I is used.

As a result of repairs, within the allotted time, the RF increment ARs(f,) over time period At of the

system S with the RF increments of its elements a;, i=0, 1, 2, ..., I, Ar,(ty) over time period At , can be written
as follows:

AR (1)) = Q(ry (1) + Ary (1), 1 (1) + AF (g )ons 13 () Ar; (1)) = @1y (£)s 1 (B ) sy (1)) -

Due to the fact that the RF Ry(f,) over time period A't of the system S without the application of repair
costs will be Rs(f0)=0(r(t), r1(t)), ..., n(ty)), as a result of the application of the costs for the repair of the ele-

ments a;, i=0, 1, 2, ..., I, we will receive the RF IQ’S (t,) over time period At of the system S in the form
Ry (1)) = Ry (1) + AR (1) = 0(1y (1) + 87y 15 (ty) + €80 ..o 1, (1) + €, 817 (3)
since the RF increment of the elements a;, i=0, 1, 2, ..., I, over time period A't will be Ar(ty) =c,-0r(t,) .
In formula (3), the values dr,(ty), i=0, 1, 2, ..., I determine the specific RF over time period At of

the elements, which are calculated by the formula &r,(f))=1/z;, and the unknown repair costs

¢, 1=0, 1,2, ..., I can take any real non-negative values.
The result of the repair carried out at time #, will affect the RF r,(Af) over time period Ar=t—, of the ele-

ments q;, i=0, 1, 2, ..., I, and the RF 1%5 (At) , over time At of the system S. Denoting Iés (At) = Ry (Ar) , we get

R (A1) = @[(1r,(ty) + ¢,01) - 1, (A1), (1 (t,) + ¢,01) - K (AD)),..., (1, (t,) + ¢,01,) - 1; (A1))]. 4)

In expression (4), the RF Ry(Af) of the system S over time period Ar depends on the RF values r,(#y)

over time A't of the elements a; at time %y, on the laws of the RF ri(At) over time period At of the elements a;;

on the costs ¢; incurred during the repair of the elements a;; on the specific RF or.(t,)=1/z;,i=0, 1,2, ..., 1,
that is, Rg(Ar) is a function of many variables R (7,,t) =¢(c;,0r;,,r.(At)), i=0, 1,2, ..., L.

Using (4), problem (1) can be formulated as follows: it is required to find such a distribution of costs
¢, 1=0,1, 2, ..., I that

1
® = min[Q[(r +¢,8r) - 7y (AD),...(1; +¢,81) - 1 (A= Rg], @ 20, Y ¢;<Zs. (5)
G i=0

Thus, in problem (5), the uncertainty of problem (1) is eliminated: the values R; and V are deter-

mined. The desired repair plan, as follows from (5), will consist of the values ¢=C;, i=0, 1, 2, ..., I.

If one supposes that the events of failures of the systems Sy, Si, S2, ..., Sy are independent, problem
(5) can be solved for each of the systems Sy, Sy, S», ..., Sy separately, and then the results can be combined, or
the problem can be solved immediately for the entire system S. Such solutions may be different [4].

Repair Planning Problem Solution

The RF function R, (At) = @(c;,dr;,r,(At)) is continuous and differentiable in time ¢ in the domain of
its definition as it is continuous and differentiable by the parameters of c;, i=0, 1, 2, ..., I. It is assumed that
the maximum permissible values R; and Z; are such that a solution to problem (5) exists. However, as is
easy to see, considering the serial connection of two elements, it is not unique.
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Problem (5) is solved using the coordinate descent method. The efficiency of descent depends on the
ratio between the costs of repairing the elements and the magnitude of the increase in the system reliability
indicator for these costs. The descent is carried out along that coordinate c;, j=0, 1, 2, ..., I, for which at the
end of the interval [t 7] the partial derivative of the RF R (Af) = @(c;,0r;,r;(At)) with respect to the pa-

rameters of ¢; gets the highest value at the end of the interval [z, #]: a(p(At)/E)cj = max|8(p(At)/acl.| .

Since for a complex system it is practically impossible to compose the RF R (Af) = @(c;,0r,r.(At))

in analytical form, the values of its partial coordinate derivatives c;, i=0, 1, 2, ..., I are calculated by the ap-
proximate formula JdQ(Ar)/dc; = Q[(...,c; + Ac;,...) = @(...,c;...)]/ Ac; , where Ac; is the value of the applied

costs for the repair of the element a;, i=0, 1, 2, ..., I.
The value of the partial derivative dQ(At)/dc ; can be interpreted as the partial specific RF of the sys-

tem S along the coordinate c;. It is the value of the change in the RF over time period At of the system S per unit
of applied costs. Naturally, the descent along the coordinate ¢; having the greatest value of the partial specific
RF 0¢(At)/dc ; of the system § will be most effective. With the same costs for the repair of the elements, the

costs (volume of repair) ¢; of the element are selected, the repair of which increases most the RF over time pe-
riod At of the system S. The coordinate descent is carried out until a solution to problem (5) is obtained.

Since it was assumed that the repair costs ¢; can be any real non-negative numbers, the solutions to
problem (5) may require interpretation in terms of the traditional discipline of repairs — capital, average, cur-
rent, maintenance. If there is information on the costs of these types of repairs, the solution to problem (5) in
these terms can be interpreted automatically.

Connection of Repair Plans with the Safety Assessment of a NPU with the Estimates of the Gamma-
percentile Equipment Life

The system repair plan is connected with the safety assessments of a NPU. One of the ways to calcu-
late the probability of a radiation accident is to construct a set of chains of events consisting of the occur-
rences of the initial events and failures of the systems that handle them. Let Hy, Hy, H>, ..., Hy; be independ-
ent events determined by the failures of the systems Sy, S1, Sy, ..., Sy, which are a chain of events consisting
of the occurrence of the initial event H, (failure of the system Sy) and the way of development of an accident
(failures of the systems S, S,, ..., Sy. The probabilities of system failures over time period Ar can be com-
puted, for example, using nominal data of system elements. Then the probability of a radiation accident P(A)
of this chain of events will be defined as the product of the probabilities of system failures
P(A) = Q(So)'Q(Sl)'..,.Q(SM) .

The repair plan ¢=C;, i=0, 1,2, ..., I, obtained as a result of solving problem (5), will change the
probabilities of system failures Q(Sy), O(S)), O(S>), ..., O(Sy) over time period At for new probabilities of
system failures Q(So), Q1(S1), ..., Q1(Sy) over time period Az. Then the probability of an accident P(A) asso-
ciated with a chain of events will acquire a new value P (A)=0,(S,)-O,(S,)-...-0,(S,,). This determines

the connection between the system repair plans and the NPU's safety assessments.
The solutions to problem (5) also determine the assessments the useful life of NPU systems equip-

ment. Indeed, since the constraint on the maximum permissible value of the system reliability indicator R; is

determined, then there is such a plan for the system repair on a sequence of annual operation intervals that
will not satisfy the conditions of problem (5) without replacing the non-recoverable equipment or non-
recoverable components of recoverable equipment.

In other words, when planning the repairs c,i = C,i , where the index k=1, 2, 3, ... denotes the interval
number, and the index i=0, 1, 2, ..., I denotes the number of the element g; it is necessary to solve the inequality
Rgl(c; = C (A, )I< Ry (6)

relative to the variables Af;, which represent the duration of one k time interval.
If the value of the interval Ar=const, then, in this case, Af,=k-At is the duration k of the time intervals
on each of which there is a solution to problem (5) and, therefore, inequality (6). Suppose that on the time

interval k+1, Rg [(c,i = C,i (At )]> R; . Then there is such an unrecoverable element ¢; in the repair plan for
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the time interval k+1, the replacement of which provides a solution to problem (5). Then the duration
At=k-At of the system's serviceable condition with the probability y= R; will be the gamma-percentile life
of the element a; to be replaced.

Conclusions

NPP accidents have unacceptable consequences for people and their environment. One of the ways
to reduce the likelihood of accidents and the scale of their consequences is to calculate risk assessments in
order to manage them on the basis of this knowledge, while improving the measures to ensure the safety of
an NPU. Therefore, the problems related to the risk of their operation are studied comprehensively. An im-
portant aspect of this problem is reflected in the organizational and technical activities of maintenance and
repair, part of which is planning the volume of repairs of a NPU, monitoring the spending of the equipment
useful life, and its timely replacement.

For the planning of repairs, a method of calculating the system reliability indicator is used, based on
the graphological scheme of the system, consisting of basic structures with information images recognizable
on a computer and with computable reliability indicators. A schematic compression process is applied, which
makes it possible to evaluate the reliability indicator of a system with a large number of elements.

The solution of the problem of planning repairs, based on the mathematical modelling of the system
reliability indicator, allows planning repairs based on taking into account their structure and maximum per-
missible values of reliability indicators. It is shown that there is a relationship between the system repair
plan, the safety assessment and the gamma-percentage life of the NPU equipment. The presented approaches
to planning system equipment repairs and assessing their gamma-percentage resources can be used to solve
problems of extending the operation of NPUs.

The software, oriented to the application of the presented approaches in practice, can be included, as
an independent software complex, in the information and analytical systems that ensure the solution of prob-
lems of effective management of the maintenance and repair system of NPUs.
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OnTumizanis NU1aHiB PeMOHTIB CHCTEM Ta OI[IHKa pecypcy 00/1aTHAHHS ATOMHHMX CTaHIIi
JI. I. 3eBin, I'. T'. Kposn

[HcTHTYT IpOOIeM MammHOOYAyBaHHS iM. A. M. ITinropaoro HAH VYkpainmu,
61046, Ykpaina, M. Xapkis, Byin. [Toxxapcekoro, 2/10

Hasedeni memoo nianyeaHHs HA eNeKMPOHHO-OOUUCTIOBAILHUX MAUUHAX 00CA2I6 PEMOHMIE CUCIEM eHepeo-
610Ky amoMHOI cmanyii' | Memoo 06UUCTEHHS TI020 2aMMA-8I0COmMK08020 pecypcy. TInanysans 30iliCHIOEMbCS HA OCHOBE
NPOCHO3Y68AHHS NOKAZHUKA HAOIUHOCI — UMOGIPHOCII 6e36I0MOGHOI pobOmU 34 NEeGHUNL YaC, A 2AMMA-NPOYEHMHULL pe-
CypC 0ONAOHAHHS BUBHAUAEMbCA UWLTIAXOM PO36'A3AHHS GION0GIOHUX PIGHAHb. Po3eiaHymi 3a60aHHsA NOG'SI3aHI 3 6adCIu-
6010 NPOGNIEMOIO eHepeemuKi — NPOOOEIICEHHAM mepMinie excniyamayii enepeobnoxie. Ii eaxcnusicmo susnaena, 6 oc-
HOBHOMY, eKOHOMIYHOK OOYLIbHICIIO — Oeulesiie OYIHUMU pecypc enepeoOiioKy i Ha yill 00CTIOHUYbKIN OCHOBE NPO00s-
HCUMU TO20 EKCHAYAMAYII0, HINC CTNEOPUMU HOBY YCMAHO6KY. Taxoic noKazano, wo po3paxyHox UMosipHocmi padia-
yitinoi asapii Ha enep2obnoyi NO8'I3aHULl 3 PE3VILMAMAMU NAAHY8AHHL PEMOHMIE 1020 CUCEM, 3 OYIHKAMU Pecypcy
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obnaouanns. Popmynoemvpcs 3a0ava ONMUMI3AYiL: NOMPIOHO 3HAUMU MAKULL NAaK 00Cs2I8 peMOHMHUX PoOim cucmemu,
wob 3a 0OMeHCeHUX BUMPAM HA ii peMOHmM NOKAZHUK HAOIUHOCII CUCeMU 34 4ac 3a0aH0i MPUsaIocmi HatMeHw 8i0Xu-
JIAI8CA 8I0 2PAHUYHO OONYCMUMO20 3HAYeHHA. P036'a3aHHA 3a0ayi IDYHMYEMbCA HA PO3PAXYHKY CIPYKMYPHOI HAOiiHOCI
cucmemu. Bydyemuvcs epaghonociunuti 0bpas cucmemu y eueasioi KoMnosuyii epaghonocivhux oopasie munosux cmpyk-
myp. Ilicna obuucnents NOKA3HUKA HAOIUHOCII MUNOBUX CIPYKIYD OCMAHHI 3AMIHIOIOMbCA OKPEMUMU CIPYKINYDHUMU
eemMeHmamu, Wo 0a€ MONCIUBICIE CHPOCMUMU 8 OOUUCTIOBATLHOMY CYeHAPIl 8UXIOHUU epaghonociunull obpas cucmemu
i obuucaumu noKasHux ii Haodiunocmi. Busnayenns niany pemonmy 30IUCHIOEMbCA WIAXOM 3ACMOCYSAHHI 8epCii NOKOO-
pounamuoz2o memoody onmumizayii. /s oyinku 2amma-npoyenmnozo pecypcy npuiMacmscs mMooes, 8 aKii 6i0HO6I0-
8aHI KOMROHEHMU OONAOHAHHS MAIOMb HEOOMENCEHUT PECYPC, X0Ud, 36UYAUHO, «CIMAPIUAIomyb», A HeGIOHOBIIOBAHI KOM-
HOHEeHMU BUMPAYAOMyb CGIll pecypc 00 pIiGHsl, KO iX 3aMiHa cmae 00YMOGIEHOI0 NOPYUWEHHAM SUMO2U 00 SPAHUYHO
O00NYCMUMO20 3HAYeHHsl NOKa3HuKa Haoditinocmi cucmemu. OYiHKa 2amMma-npoyeHmHo2o pecypcy 001a0HaHHs 30ilCHIO-
EMBCA WIISIXOM NIAHYBAHHS PEMOHMIE CUCTEMU HA NOCTIO08HOCMI [HMEPBANi8, 8 MENHCAX SAKUX eHepeoDIoK 8upobise
enepeilo wopiuHo.

Kntouoei cnosa: amomna cmanyis, enep2ooiox, cucmema, niaH peMOHmy, pecypc , ONMmuMizayis.
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