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Summary. Based on the recommendations of the international standard ISO 25010, a formalized
technology for evaluating the performance of relational database management systems in the design of computer
systems has been developed. Attributes and metrics of the performance characteristics were defined and
elementary functions for evaluating the quality of their implementation were developed. The procedures for
planning and performing evaluation processes are substantiated, which makes it possible to quantitatively express
the quality of both an individual attribute and their aggregate in the form of sub-characteristics and characteristics
of the external quality model. The proposed technology provides flexibility and formalizes the process of choosing
the best DBMS alternatives, taking into account the type and requirements of a specific designed computer system.
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Statement of the problem. The design and implementation of modern computer
systems requires involvement and processing of large arrays of computing information of
various nature and presentation, both within the system and for the end user. This creates the
need for reliable storage and ensuring the effective building of storage facilities with the
possibility of receiving data and transferring or transpositioning it among software blocks of
the computer system.

Taking into account the trends of development and evolution of both software and
hardware development technologies, data collections are only growing [1, 2], and the search
for solving the problem of their effective preservation and application leads to the appearance
of heterogeneous structures, methods and tools [3], which perform the role of storage of this
data. The evolution of the search for a solution to the problem of integrating data storage
structures with the logical and conceptual foundations of the software that uses them has led to
the emergence of a separate type of high-performance software tools, which are modern
DBMSs.

Usually, customers of computer systems do not have a theoretical, technological and
methodical basis for making technically correct requirements and evaluating the quality of the
work performed, the effectiveness of the developed or proposed concepts [4]. This, in turn,
makes it impossible to control the quality and performance of the software, does not allow to
evaluate its compliance with the set requirements, and therefore there is a high probability that
due to dishonest and poor-quality development, the product will not be able to perform the
necessary functions and provide planned services.

Evaluation of quality, including productivity, as one of the characteristics of quality, is
primarily the task of information technology experts. In their work, experts are guided by
recommendations of international standards, which often offer a general concept for evaluating
properties implemented in software products, and evaluation procedures are not formalized and
ambiguous for different classes of software [4]. Therefore, it is relevant today to study the
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quality of modern relational database management systems, in particular, their performance
when implemented in computer systems. This involves the justification and formalization of
the performance evaluation procedure, the definition of relevant quality attributes and metrics,
as well as evaluation functions and scales.

Evaluation of the latest researches and publications. Taking into account that
software is an important component of both computer and Information Systems, the latter (IS)
forming grounds for operation of business systems, so the quality of decision making within
business systems directly depends on software quality and data which are operated by the
system. The importance of the software quality assurance process is also due to the presence of
a variety of technologies that make it possible to design and implement systems in various ways.
However, this raises a problem related to the objectivity and adequacy of quality assurance
methods at stages of the life cycle and assessing the appropriateness of the attributes of the final
software product. This is explained by the use by developers of their corporate technology and
quality assessment criteria, which are often inconsistent and not standardized.

Thus, 1. Sommerville, the author of many works [5-7] in the field of software
engineering, made significant efforts to standardize processes related to the control and
management of the quality of software systems. In [6], the authors analyzed a set of
technologies, procedures and means of software implementation, conducted their analytical
comparison and showed the importance and relevance of the problem of quality assurance and
assessment in the overall design process. In [7], it is proposed to use the recommendations of
the ISO/IEC 9126 (ISO/IEC 25010) series of standards for the evaluation and management of
PS quality, however, they do not contain practical recommendations for the formalization of
quality models, requirements development procedures, their communication, and the
development of appropriate CASE tools. The absence of a formalized requirement
communication procedure may result in the loss of connection between the relevant
requirements and their transformations at different stages of development, which can lead to a
significant deterioration in quality.

In practice, developers use organizational and technological measures to ensure
software quality. Organizational measures for quality control and assurance are based on the
use of human resources to monitor project development processes. At the same time, code
inspection and review, testing, and a number of other measures are expected [9]. However, this
approach requires significant labor and economic costs, and the results of using such measures
do not always adequately reflect the real state of PS quality.

In the first works on the development of methods for assessing the quality of a PS, a
method for determining the properties of a PS and establishing the corresponding metrics with
the help of formal operators was proposed. However, evaluating the quality of the finished
software product makes it possible to identify only needs which have not been met or partially
met in the PS. At the same time, recommendations for improving quality are not always
objective, since the criteria used for evaluation were subjective and not generally accepted. In
addition, the impact of one quality criterion on others was not investigated. In some cases, the
improvement of one indicator led to the deterioration of another one or ones. The approach [8]
was based on the use of a set of unstructured quality characteristics, on the basis of which it is
difficult to adequately and quantitatively assess the quality of PS, however, the appearance of
such an approach gave impetus to the development and improvement of methods for ensuring
and evaluating the quality of PS.

Works [10, 11] deals with methods and models of PS quality assurance from the
standpoint of reliability. The method proposed by the author is based on the recommendations
of the ISO 9126-1 standard. However, it should be noted that the procedure for applying the
method of ensuring reliability, as one of the characteristics of the quality of PS, is quite difficult
to implement in practice. This is due to the fact that the methods focused on identifying and
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predicting defects in the relevant processes during the development of a software project are
based on merely one of the quality models of the 1ISO 9126 standard.

Research objective is to justify the technology of evaluating the performance of
relational database management systems by using the recommendations of international
standards of the 1SO 25000 series [12] and to determine the attributes, metrics and functions
for evaluating the performance of the class of software related to database management systems.

Introduction to the task and formalization of the DBMS productivity evaluation
procedure. In general, to evaluate the productivity of modern relational database management
systems, it is suggested to apply the approach proposed in [4] for evaluating the quality of
software on the web. However, the external quality model needs to be transformed with an
emphasis on the characteristics and attributes specific to the description of DBMS performance.
The DBMS external quality model with defined sub-characteristics of the performance
(efficiency) characteristic is shown in Fig. 1.
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Figure 1. DBMS quality evaluation model

Modern relational DBMS productivity evaluation should rely on specific set of criteria
which reflect the quality of DBMS. Making specific decisions regarding the use of certain
DBMS should be well grounded, i.e. represented in the form of certain metrics with numerical
interpretation.

At the same time, the productivity criteria should allow to flexibly and dynamically
adjust the assessment model to meet specific expertise tasks. It can be extremely effective to
differentiate the requirements according to the intended purpose of both evaluation and
evaluated means, according to the goal the experts should reach, a specific case of DBMS
application, and the requirements the entire computer system should follow. Therefore, the
technology for evaluating the productivity of database management systems must define
specific groups of attributes, the metrics by which they are determined, and their mapping to
specific systems which often perform disparate and heterogeneous tasks.
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Domain features, structural elements of the external quality model, customer and user
needs should be presented in the hierarchy of quality requirements (Fig. 2).
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Figure 2. The process of design as a part of DBMS quality evaluation process

To ensure the adequacy and objectivity of the DBMS performance evaluation process,
first of all, it is necessary to define the attributes and their corresponding metrics, as well as to
propose elementary evaluation criteria. A set of elementary indicators that describe the same
entity form partial or integral indicators. The process of direct quality assessment consists of
three phases: measurement of implementation indicators, linearizable assessment and partial or
integral assessment (Fig. 3).
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Figure 3. The process of implementation for quality evaluation of DBMS
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Quantitative measurement of the quality of DBMS is performed taking into account
the attributes that are defined during the design of the quality assessment. At the same
time, both automated tools and methods and ways of involving manual acquisition
of quantitative criteria values can be used. The type of attribute and the availability of
quality expert resources are the determining factors for the use of automated tools or manual
tools.

Obtaining a quantitative value of the realization of the quality of a specific attribute
is not sufficient to form a conclusion about the satisfaction of quality requirements.
Therefore, it is proposed to perform the approximation of attribute metrics on a fuzzy
scale with defined relative ranges of quality levels. The procedure of displaying metrics
on a scale is performed at the stage of forming elementary estimates of quality indicators
(Fig. 3.)

In order to obtain an integral assessment of the DBMS productivity by a specific sub-
characteristic or their combination, it is necessary to take into account the importance of each
of the productivity attributes. This procedure is provided at the stage of partial or integral
assessment.

At the stage of evaluating the productivity attributes, it is necessary to provide a
guantitative measurement of the value of the implementation of the requirement and assess the
level of its compliance. Any quantifiable attribute A i can be matched with a variable X i,
which will provide a quantitative value from a direct or indirect metric. However, this measure
does not show the level of compliance with productivity requirements. Therefore, it is necessary
to propose such an elementary function, which would allow directly assessing the level of
satisfaction of requirements with the possibility of manipulating the value of its measure.
Depending on the class and the context of the requirement, one or another elementary function
is used.

As an example, let's define an attribute that reflects the requirement for the speed
of inserting (recording) data into the database. Taking into account the purpose of the
attribute, an indirect metric of the following type can be applied to obtain its quantitative
value:

number of lines

1)

recording time

After carrying out the calculation according to (1), the average value of the data
recording speed is determined. However, there is a problem with the interpretation of this value
and establishing the degree of compliance with the requirements for the DBMS and the
computer system. One of the ways to solve this problem is to set an elementary metric
evaluation function:

1, provided X —» 0
gX) = X’;“—x_x,provided 0<X < Xmax, )

0, otherwise

where g(X) — elementary function;
X — metrics;
Xmax — confirmed upper level for requirement compliance.
The use of elementary evaluation functions makes it possible to form a quantitative
representation of the quality of the relevant attributes in relative units. It is also important
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to carry out normalization procedures of scales and metrics [14]. In order to ensure the
objectivity of the evaluation process, three ranges of acceptability can be distinguished on
the scale:

from 0% to 39% — unacceptability range;

— 40% — 59% — marginally acceptable range;

— 60% — 100% — acceptable range.

In addition, for greater informativeness of the quantitative value, which takes into
account the quality of implementation of the DBMS attribute, you can use the acceptability
coefficient. In this case, the quality assessment can be calculated by the formula:

q(X) = g(X) * A, ©)

where g(X) — quality indicator at the attribute level;
A — acceptance factor set by the expert for a specific attribute.

The interpretation of the acceptability coefficient is to express the quality, importance
and convenience of the assessed attribute from the expert's point of view. The scope of
determining the acceptance factor belongs to the interval [0;1].

At the stage of partial or integral evaluation of DBMS performance, an aggregate
scheme of unification of all productivity indicators determined in the previous phase is
implemented. To ensure the comprehensibility, accuracy and structure of the DBMS
evaluation process at the stage of its design, it is advisable to use models and connecting
criteria.

In the case when the integral performance evaluation procedure is based on a linear additive
model, the partial or integral performance of the DBMS can be calculated by the formula:

Q=XL14:(X) * ki, (4)

where Q — complex productivity indicator;
k; — attribute weight criterion;
N — number of attributes.

The weight factor k is a coefficient that reflects the importance of each specific
attribute in the constructed quality model depending on the domain. The process of ranking
quality attributes for a specific domain necessarily involves the use of the importance
criterion [9]. Thus, a method and procedure for evaluating the performance of DBMS is
proposed, which together form an evaluation technology, the input data for which are the
corresponding requirements presented in the form of quality models [13].

Formation and analysis of productivity evaluation results of relational
databases. He assessment model will be complete and relevant only when the
characteristics and sub-characteristics for quality assessment reflect specific attributes. As
a result of such mapping, the attributes that are available as quantitative measurements will
be realistically compared and contrasted. Let's highlight the attributes that will correspond
to the sub-characteristics of the quality model for evaluating the DBMS performance
characteristics (Fig. 4).

The nature of presenting attributes in terms of metrics and methods of their
evaluation is important. Descriptive nature is inappropriate, as it does not provide clarity
and standardization of presentation, may contain inaccuracies or be interpreted incorrectly.
One of the effective and natural views for presenting the attributes of the quality model is
the tabular view. An example of the description of the «Speed of inserting data» attribute is
given in the table. 1.
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Time efficiency
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Figure 4. Subcharacteristics and attributes of characteristic«Productivity»

Table 1

Description of «Speed of inserting» attribute

Characteristic

Productivity

Subcharacteristic

Time efficiency

Attribite name

Speed of inserting data

Attribute definition

Inserting data is one of the main operations with data inside databases, which aims to
create tuples of tables and save the given values inside them

Obijective/Motivation

Data insertion should be fast, both for single and mass data transfer. Especially important
is the process of building the logic of executing an insert request, using indexes,
optimization taking into account relationships between tables (primary and internal
keys).

Insertion of data can be done directly by an SQL query or by calling a stored procedure.
Both of these methods should be equally fast, but for use from software tools, it is
recommended to insert data by calling stored procedures and using the transactional
mechanism

Measurement scale

Relative (number of records per time unit)

Determination procedure,
protocol, X

The value of the attribute can be obtained experimentally by sequentially inserting the
prepared data and measuring the time. The value of the attribute is calculated as the ratio
of the number of records to the time of their insertion

Notes |

Type of data collection
and counting

Manual, with the help of devices, automated

Interpretation of the value
of the assessment

The higher, the better

In order to quantify the attributes of the Performance characteristic, it is necessary to
justify the metrics for measuring the attributes, obtain the input data for evaluation, and develop
elementary functions for evaluating the attributes.
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To evaluate the attributes of the «Time efficiency» sub-characteristics, evaluation
metrics and elementary functions were developed, which are partially shown in Table 2

and Table 3.
Table 2
Metrics and elementary evaluation functions of data inserting and selection
Subqha_\ra- Attribute Metrics Elementary attrlbute'qual ity evaluation
cteristics function
Average speed ;1: n:lsiertlng data 1, X > Xonax
=0u gx) = Lif0 < X < Xpax
PR st H max
Speed of where N; — number of records of 1% iteration, 0, otherwise

data inserting

ti — inserting time of 1% iteration,
(ti=tstart — tend, tstart — insertion start time,

where X max — Lhe largest maximum

2 . .
% teng — insertion end time) value for an attrlt_)u_te given by an
Kté K — number of insertion iterations expert for a specific subject area
é Average Data san:]pling rate 1, if X > X0
£ it
o =0 gx) = Lif0 < X < Xpax
. . max
D_ata where N; — numper of records_of lsf iteration, 0, otherwise
sampling rate ti — sampling rate of 1% iteration, where X —the largest maximum
(t=tstart - tena, Where tsart — Sampling start time, max T g _
tena — Sampling end time), value for an attribute given by an
K — number of sample iterations expert for a specific subject area
Table 3
Metrics and elementary evaluation functions of data updating, searching
and time of server connection to data base
Subqhe_lra— Attribute Metrics Elementary_attrlbute_qual|ty
cteristics evaluation function
Average data refresh rate 1, if X = X,0x
K N
X= l_Klt",where gX) = Jf0 <X < Xipax
Data N; — number of recqrds of 1% _refres:h iteration, maxo' otherwise
refresh rate ti — refresh time of 1% iteration, where X _the largest maximum
(t=tstart— tend, Where tsare — SamMpling start time, max _ 9 _
teng — sampling end time) value for an attribute given by an
K — number of data refresh iterations expert for a specific subject area
o K N, 1, ifX - X
. Rate of Search rate by advanced criteria X = % max
§ information where N; — number of records, which gX) = ,if0 < X < X
'S search by corresponds to the 1% criteria, max )
5 additional K — number of criteria, 0, otherwise
2 search t — search time according to the specified criteria | Where X . — the largest maximum
= criteria (t=tstart-tend, tstare — S€QICh Start time value for an attribute given by an
tend — Search end time) expert for a specific subject area
gX) =
1, ifX-0
X . tmax
. i i '1fTSXStmax,
Connection Server response time X=t, where t — time to tmax 0. otherwi
time establish a connection with the serve » otherwise

where tm,f1X —allowance time to

establish connection with the server
(usually 1sec)
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In table 4 the values of columns «Interation range», «Oracle 11g, inserting time, msec»,
«MS SQL Server, inserting time, msec» were obtained by executing the same
SQL-queries with the same data. The values of the «Oracle 11g, (Iteration/Time)» and «MS

SQL Server, (Iteration/Time)» columns are calculated by the formula % where N — iteration

range, t — inserting (data resording) time. The normalized value is obtained by dividing the
obtained values by the digit of the number (10000000).

Table 4

Average speed of data inserting in DBMS Oracle and MS SQL Server

Iteration Oracle 11g, inserting MS SQL Server, Oracle 11g, MS SQL Server,
range time, msec inserting time, msec (Iteration/Time) (Iteration/Time)
1000 0,003 0,009 333333,33 111111,11
2000 0,02 0,007 100000,00 285714,29
3000 0,02 0,008 150000,00 375000,00
4000 0,01 0,009 400000,00 444444 .44
5000 0,004 0,007 1250000,00 714285,71
6000 0,005 0,012 1200000,00 500000,00
7000 0,02 0,01 350000,00 700000,00
8000 0,006 0,014 1333333,33 571428,57
9000 0,004 0,007 2250000,00 1285714,29
10000 0,009 0,008 1111111,11 1250000,00

Sum (Iteration/Range) 8477777,78 6237698,41
The normalized quality value of the attribute 0,85 0,62
The quality value of the attribute in percentage, % 85% 62%

For a comprehensive assessment of the quality of the «Time performance» sub-
characteristic, we will use formula (4). At the same time, we will take the values of the
acceptability coefficient and the priority coefficient equal to 1, since these attributes are
important from the point of view of productivity. The value of the quality of the attributes
according to the sub-characteristic «Time efficiency» is given in the table. 5.

Table 5

Values of quality attributes by characteristic «Time efficiency»

. Relative attribute quality values
Attribute Oracle 11g MS SQL Server

Data inserting time 0,85 0,62
Data sampling rate 0,97 0,99
Data refresh rate 0,71 0,91
Data search rate by advanced criteria 0,84 0,98
Server connection time 0,93 0,89
Total indicator 4,3 4,39
The normalized value of the total quality indicator according to the «Time

efficiency» characteristic 0,86 0,88
The quality value of the sub-characteristic «Time efficiency» in percent, % 86% 88%

Thus, by applying the proposed method of evaluating DBMS performance, the quality
value of the «Time efficiency» sub-characteristic was obtained. By analogy, the quality of other
sub-characteristics of the «Productivity» characteristic was calculated and a complex indicator
of the quality of relational DBMS productivity was determined.
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Research findings. As a result of the research conducted, the contemporary state of
development of relational database management systems, the possibility and expediency of
their use in the design and implementation of computer systems have been determined. The
expediency of developing and implementing formal methods and procedures for evaluating
DBMS quality when choosing alternative solutions, based on the use of the recommendations
of the international standard I1SO 25010, is substantiated.

The paper proposes a technology for evaluating the productivity of relational DBMSs,
which uses the method proposed in [4], taking into account the features of the class of software
to which DBMSs belong. The developed technology for evaluating DBMS productivity, as
components of a comprehensive quality characteristic, is based on the attributes and metrics
defined and proposed by the authors. Thanks to the attribute quality evaluation functions
developed in the work, a scientifically based and practically oriented approach to the formation
of a set of quantitatively expressed attribute quality values of specific DBMSs is provided. This
makes possible to increase the efficiency of decision-making when choosing the best
alternatives for data storage and management in the process of designing computer systems.

The proposed method for evaluating the performance of relational DBMS involves the
implementation of local, partial and integral quality evaluation procedures, which allows
determining the priorities of attributes at different levels. This ensures the flexibility and optimality
of choosing one or another DBMS in accordance with the requirements for computer systems.

However, the developed technology requires further automation of the process of
measuring attribute quality values, since writing SQL scripts and the convenience of their
execution are quite time-consuming and require appropriate professional knowledge and skills.
Therefore, the further development of the DBMS performance evaluation technology and the
authors' attention in the future will be addressed to the development of a CASE tool to ensure
the convenience and efficiency of measurements and quality assessment.
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VIIK 004.4

TEXHOJIOI'ISA OIIHIOBAHHS ITPOAYKTUBHOCTI PEJIAALIAHUX
CUCTEM KEPYBAHHSA BASAMMU JAHUX Y TPOLECI
INPOEKTYBAHHA KOMII'IOTEPHUX CUCTEM

Bacuab Aunmmun; Oaer [acryx; Anapiit ITanamap; Pyciaan ZKapoBcbknid

TepHoninbcokuul HAYIOHAILHUU MEeXHIYHUL YHIgepcumem imeHi Ieana Ilynios,
Tepuonins, Ykpaina

Peztome. Ha ocnogi pexomenoayii migxcnapoonozo cmandapmy ISO 25010 pospobaeno
@opmanizosany mexHono2ito OYIHIGAHH NPOOYKMUSHOCI PENAYIUHUX CUCEM Kepy8aHHA 6a3amu OaHUX
npu NPOeKmy8aHHi KOMN IOMEPHUX Ccucmem md 3 YPaxy8awHAM O0coOIugocmell KIAcy npocpaMHO20
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Vasyl Yatsyshyn, Oleh Pastukh, Andriy Palamar, Ruslan Zharovskyi

3abesneyents, 00 AK020 GIOHOCAMbCs makxi npoepamu. [Ipu nposedeHHi 00CNIONCEHHA BCMAHOBIEHO, WO
npeocmasnenns skocmi CKBJ] naiidoyinvHiwe eupasicamu y mepMiHax mooleni 308HiuHboi sikocmi. Lle
3YMOBIEHO 0COOAUBOCMAMU OOCMYNY 00 NPOZPAMHO20 KOOy RpO2PAMHO20 3dbe3neuenHs ma NOGHOM 0I0
xapakmepucmuk — akocmi.  [Jna  KilbKICHO20 — 6UpAdCenHs — ampuOymie  3a  Xapakmepucmukroro
«IIpooykmusHicmsby» He0OXiOHO 0OTPYHMY8AMU MeMPUKU O UMIDIOBAHHA amMpuoOymie, o mpumamu 6Xiowni
OaHi 01151 OYIiHIOBAHHA Ma PO3poOUMU elemeHmapHi QyHKyii 015 oyinto8anHs ampubymis. [{ia np osedeHHs
oyinoeanns ampubymie nioxapaxmepucmuku «Hacoea epexmusnicmoy y pobomi 3anponoHo8aHo
8i0N0GIOHI MempuKu OYIHIO8AHHA ma enemenmaphi @yukyii. I[lobydoeana mexHoN02ia OYIHIOBAHHA
npodykmusnocmi CKBJ], ax komMnonenmu KOMNIEKCHOT Xapaxmepucmuky AKoCmi, 6a3yemuvcs Ha BU3HAYEHUX
ma 3anponoHO8aHux ampubymax i MempuKax 3 ypaxysanuam Kiacy npozpamuo2o 3abesneuenus. 3a80aKu
po3pobnenum @yukyiam oyiniosanHa AKocmi ampubymis, 3a06e3neuenHo HAYKo80-00IpYHMOBAHU ma
NPAKMUYHO-OPIEHMOBAHUU NIOXIO U000 (POPMYBAHHS MHONCUHU KIIbKICHO BUPANCEHUX 3HAUEHb SIKOCMI
ampubymie xoukpemuux CKB/]. L]e oae 3mo2y nidsuwumu epekmusHicms nputiHAmms pivieHb npu ubopi
Kpawjux anemepHamug 01a 30epicanta ma YNpasiiHHsA OaGHUMU 6 Npoyeci npoeKmy8aHHs KOMN 10mepHux
cucmem. Pospobnenuii memoo oyinioeanua npooyxmusnocmi penayiinux CKB/[ nepedbauae euxoHauH:
npoyedyp JA0KANbHO20, YACMUHHO20 MA IHMESPalbHO20 OYIHIOBAHHA AKOCMI, W0 O00360JAEC BUHAUAMU
npiopumemu ampubymie Ha pisHux pieHax. Lle 3a6e3neuye enyukicms ma onmumanbHicms eubopy miei uu
inwoi CKB/] 8ionogiono 0o eumoz, AKi 8UCy8aromuvcsa 00 KOMN FIOMeEPHUX CUCHEM.

Kniouosi cnoea: mexnonozis, oyinio8aunHsa, NpOOYKMUGHICMb, cUCMeMd Kepyeanms 6azamu OaHux,
KOMN lomepha cucmema.
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