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The object of research is the adaptive switching weighted
median image filter (ASWM) algorithm. This algorithm is
one of the most effective in the field of impulse noise sup-
pression. The computational complexity and algorithmic
features of this adaptive nonlinear filter make it impossible
to implement a filter that works in real time on modern PLD

microcircuits.

The most problematic areas of the algorithm are the
weight coefficient estimation cycle, which has no limit on the
number of iterations and contains a large number of division
operations. This does not allow implementing the filter on
PLDs with a sufficiently effective method.

In the course of the research, the programming model of the
filter in Python was used. The performance of the algorithm
was assessed using the Peak Signal-to-Noise Ratio (PSNR) and
Structural Similarity Index Measure (SSIM) metrics.
Modeling made it possible to find out empirically the
number of iterations of the cycle for estimating the weight
coefficients at different levels of noise density and to estimate

the effect of artificial limitation of the maximum number of it-

erations on the filter performance. Regardless of the intensity
of the noise impact, the algorithm performs less than 40 itera-
tions of the evaluation cycle. Let’s also simulate the operation
of the algorithm with different variants of the division mod-
ule implementation. The paper considers the main of them
and offers the most optimal in terms of the ratio of accuracy/
hardware costs for implementation. Thus, a modified algo-
rithm was proposed that does not have these disadvantages.

Thanks to modifications of the algorithm, it is possible
to implement a pipelined ASWM image filter on modern
PLDs. The filter is synthesized for the main families of Intel
PLDs. The implementation, which is not inferior in terms of

SSIM and PSNR metrics to the original algorithm, requires
less than 65,000 FPGA logical cells and allows filtering of
monochrome images with FullHD resolution at 48 frames/s
at a clock frequency of 100 MHz.

Keywords: adaptive filter, nonlinear filter, median filter,

impulse noise, Peak Signal-to-Noise Ratio, Structural Simi-
larity Index Measure.
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The object of research is the process of predicting the churn
of customers of telecommunications companies based on fuzzy
logic and neural networks. The research carried out is based
on the application of an approach that is implemented through
the combined use of fuzzy logic and neural networks. The main
assumption of the study is the hypothesis that the use of a
fuzzy neural network formed on the basis of fuzzy logic algo-
rithms can improve the accuracy of predicting customer churn
relative to available solutions. This result can’t be achieved
neglecting the existing resource constraints and requirements,
which must be determined separately for each case of research.
The relevance of the problem of forecasting customer churn for
companies with a large number of users is considered. A model
for predicting customer churn is proposed based on the com-
bined use of fuzzy logic and neural networks. The main feature
of this approach is that a test sample of normalized data is used
at the basis of fuzzy neural networks, which are processed to
form the parameters of membership functions that correspond
to the inference system, that is, conclusions are made on the
basis of a fuzzy logic apparatus. Also, to find the parameters of
the membership function, neural network algorithms are used.
Such systems can use previously known information, learn,
gain new knowledge, predict time series, perform image clas-
sification, and besides, they are quite visual to the user. The
application of methods of fuzzy logic is considered, they make

it possible to obtain a result in the form of a fuzzy inference.
The expediency of choosing these methods is explained by the
fact that they were previously used in fuzzy automatic control
systems and showed sufficiently high quality results. The
expediency and prospects of using the proposed approach in
the problem of predicting the outflow of customers of telecom-
munications companies are shown, and the results of software
implementation are presented.

Keywords: predicting customer churn, fuzzy logic, mem-
bership function, fuzzy neural network, Mamdani algorithm,
Sugeno algorithm.
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The object of research is the process of controlling the
trajectory of unmanned aerial vehicles (UAVs) in autono-
mous flight mode based on neural network algorithms. The
study is based on the application of numerical-analytical
approach to the selection of modern technical solutions for
the construction of standard models of platformless inertial
navigation systems (BINS) for micro and small UAVs, fol-
lowed by support for assumptions. The results of simulation
in the Matlab environment allowed to simulate the operation
of the UAV control system based on MEMS technology (us-
ing microelectromechanical systems) and Arduino micro-
computers. It was also possible to experimentally determine

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 1/2(57), 2021

67—)



(— ABSTRACTS AND REFERENCES: sYSTEMS AND CONTROL PROCESSES

I55N 2664-9969

the nature of the influence of the structure of the selected
neural network on the process of formation of navigation data
during the disappearance of the GPS signal. Thus, to evaluate
the effectiveness of the proposed solutions for the construc-
tion of BINS, a comparative analysis of the application of two
algorithms ELM (Extreme Learning Machine)-Kalman and
WANN (Wavelet Artificial Neural Network)-RNN (Recurrent
Neural Network)-Madgwick in the form of two experiments.
The purpose of the experiments was to determine: the study
of the influence of the number of neurons of the latent level
of the neural network on the accuracy of approximation of
navigation data; determining the speed of the process of adap-
tive learning of neural network algorithms BINS UAV. The
results of the experiments showed that the application of the
algorithm based on ELM-Kalman provides better accuracy of
learning the BINS neural network compared to the WANN-
RNN-Madgwick algorithm. However, it should be noted that
the accuracy of learning improved with the number of neurons
in the structure of the latent level <500, which iincreases
computational complexity and increases the learning process
time. This can complicate the practical implementation using
micro- and small UAV equipment. In addition, thanks to the
simulation, the result of the study of the application of the
proposed neural network algorithms to replace the input data
instead of GPS signals to the input BINS, allowed to estimate
the positioning error during the disappearance of GPS signals.
Also, the application of the WANN-RNN-Madgwick algorithm
allows to approximate and extrapolate the input signals of
navigation parameters in a dynamic environment, while the
process of adaptive learning in real time.

Keywords: neural network, flight trajectory, neural net-
work learning accuracy, simulation, navigation data.
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The object of research is infrastructure projects as part
of the program. The products of infrastructure projects
are various infrastructural objects that together provide
a certain value for stakeholders, for example, a certain
bandwidth of the transport network or the capacity of
a port, channel, etc. Identification of the parameters of
project products is carried out at the stage of program de-
velopment. For most projects, these parameters allow for
variability within certain limits. The interconnection of
infrastructure projects is determined not only by general
financing and management, but, above all, by the consis-
tency of the properties of goods. Therefore, the optimiza-
tion of the parameters of the products of such projects is
carried out integrally, within a single model. Coordination
of the parameters of the products of infrastructure projects
as part of the program requires formalized methods that
allow them to be optimized taking into account both lo-
cal constraints for each project and the global conditions
for implementing the program. As a result of the study,
a concept has been formed and an appropriate model has
been developed, which allows setting the optimal param-
eters of the products of infrastructure projects as part
of the program. Modeling is based on the ability to vary
the parameters of project products and their relationship
with the characteristics of projects and the program as a
whole, such as value, costs, and the magnitude of risks.
Since the program and the projects included in it can be
of a non-commercial nature, therefore, the main criterion
of optimality for the parameters of the products of proj-
ects and programs is a universal category — value, and it
is considered for all stakeholders. The use of this model
in the development of the program and the infrastructure
projects included in it ensures the optimization of the
required result while meeting certain requirements and
limiting conditions. The model belongs to the class of
nonlinear models and is developed for a situation where
a so-called «main» project (or their combination) can be
distinguished, which form(s) the requirements for the
products of other projects interconnected with it, which is
typical for infrastructure programs.

Keywords: stakeholders of infrastructure projects, project
value, optimization of the program composition, infrastruc-
ture facility, project risks.
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The object of research is the processes of operation
of a web-based information system. The conducted re-
search is based on the application of existing approaches
to organizing the operation of IT products, as well as on
the previously developed formal model of the problem
of managing the operation of an information system.
The existing assessment of the satisfaction degree of the
requirements for the system was adopted as the main
criterion for managing the operation of the information
system. The main hypothesis of the study is the assump-
tion that the main criterion for managing the operation of
a web-based information system should be considered the
efficiency indicator as the ratio of the degree of satisfac-
tion of requests for changes in individual components of
the information system and the total costs of operating the
system. The analysis of the applicability of the criterion
«Satisfaction of the requirements of users of the informa-
tion system» is carried out and its incomplete objectivity
is shown for describing the goals of managing the operation
of the information system. The use of the management ef-
ficiency indicator is substantiated, the features of the use
of this indicator for solving the problem of managing the
operation of the information system are considered. The
existence of two approaches to determining the efficiency
of the operation of an information system is recognized.
Based on the results obtained, a concept for managing the
operation of a web-based information system is proposed.
This concept represents the main task of managing the op-
eration of a web-based information system as a special case
of a multicriteria optimization problem, the solution of
which will be a Pareto-optimal system. On the basis of the
proposed concept, a mathematical model of the problem of
effective management of a web-based information system
has been developed. To describe the function of the goal in
the course of developing the model, it is proposed to move
from descriptions of requirements to knowledge-based
models of requests for changing the information system.
It is also proposed to divide the set of model constraints
into two separate complexes — a set of technical manage-
ment constraints and a set of operating process constraints.
Application of the developed model will make it possible
to create new information technologies for managing the
operation of web-based information systems for enterprise
management. In contrast to the existing ones, such tech-
nologies will allow formalizing and automating the work
on the formation and approval of the most profitable for
the participants in the operation of the information system
of project plans for fulfilling requests for changes in the
operating system.

Keywords: web-based information system, system opera-
tion management, multi-criteria optimization problem, op-
eration efficiency indicator, Pareto-optimal system.
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The object of research is the degradation processes that
take place in gas-pumping units (GPU) during its long-term
operation and lead to the appearance of defects and, as a
result, to a change in its technical state. Today, methods of
parametric and vibration diagnostics are used to determine
the technical condition of the GPU. To identify diagnostic
signs of the technical state of the GPU, various transforma-
tions are used, in particular the wavelet transforms used in
vibration processing that accompany the operation of the
GPU and their technological parameters.

At the same time, in the study of the diagnostic signs of
the technical state of the GPU, the acoustic processes ac-
companying the operation of the GPU, which can be more
informative in comparison with the vibration ones, were
practically not considered.

The developed experimental research methodology and
their technical support made it possible to record the acoustic
processes accompanying the operation of the gas compressor
unit type GTK-25-i of the Nuovo Pignon company (Italy).
In the course of the experimental studies, the realizations of
the acoustic processes of the GPU were obtained for its three
states — «nominal», «defective» and «current».

Further studies of acoustic processes for three states of
the GPU type GTK-25-i and using the wavelet transform
showed that by the appearance of the wavelet spectrograms it
is difficult to notice the difference in the appearance or disap-
pearance of various frequency components depending on the
technical state of the GPU. To obtain quantitative indicators
of this dependence, a discrete wavelet transform was carried
out, which makes it possible to identify characteristic trends
in the change in noise values at different scales. The values
of the approximation norm and the detail norms in relation
to the signal norm (in percent) were obtained for a five-level
wavelet decomposition with datasets. A linear dependence
of the norm of the wavelet-component of the fifth-order
detailing on the operating time of GPU type GTK-25-i and
(changes in the technical state), which can be taken as a diag-
nostic sign of its technical state, has been established.

The investigated diagnostic feature can be used as the
basis for the method of diagnosing the technical state of
GPU type GTK-25-i based on the characteristics of its
acoustic process using the wavelet transform. An approach
to identifying a diagnostic sign of the technical state of a
GPU type GTK-25-i is considered based on the character-

istics of acoustic processes using a wavelet transform can
be used to identify a diagnostic sign of a condition for any
type of GPU.

Keywords: gas pumping unit, acoustic process, experi-
mental research, wavelet transformations, diagnostic feature,
technical condition.
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The object of this research is the composition of the
suppliers of a project-oriented transport and forwarding
company. The work is aimed at determining the composition
of the suppliers of a project-oriented transport and forward-
ing company, the purpose of which is to obtain a synergistic
effect, which manifests itself in reducing the costs of per-
forming individual operations of the transport process while
meeting local requirements for each project.

This study proposes an optimization model that allows
to determine the composition of suppliers of a project-
oriented organization in order to obtain the maximum sys-
temic effect — a synergistic effect. The proposed approach
is based on the creation of a virtual project management
office, the work of which is based on the corresponding
information system. The proposed model is a flexible tool
that allows to quickly form the composition of suppliers
of a project-oriented company. The model is developed
for the service sector and, in particular, for the transport
industry, where suppliers are not responsible for material
objects, resources, but for services, the set of which forms
the essence of the project. Thus, the product of the project
and its parameters in such a situation are directly formed
due to the specifics of suppliers and the parameters of their
services. For the transport industry, this approach has not
been used before and can serve as a theoretical basis for
building a project-oriented management system in the
transport sector. The synergistic effect taken as a basis in
this model provides the greatest difference between the
«declared» delivery costs and the «actual» ones, which are
formed taking into account the amount of work for all proj-
ects. Since the freight forwarding company is the «holder»
of the portfolio of all deliveries/projects, a certain part
of the synergy effect can be used to reduce delivery costs
for customers in order to increase competitiveness and at-
tractiveness.

Experimental studies have substantiated the reliability of
the results of the developed model and confirmed its practi-
cal applicability. This model is quite universal and can be
supplemented with restrictions that take into account the
specifics of a project-oriented organization, its projects and
requirements for suppliers.

Keywords: synergistic effect, portfolio of projects, distri-
bution of scope of work, virtual project management office.
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The object of research is the processes of planning
transport provision of projects. The vast majority of proj-
ects involve the creation of tangible objects as a product.
The implementation of such projects is associated with
the use of various types of materials and equipment, which
necessitates transport services for the functioning of the
project logistics system. Vehicles with different character-
istics can be used to solve the same transportation prob-
lems. Also, for large-scale infrastructure projects, rental of
vehicles is often used for the duration of the project. This
allows, on the one hand, to save on transportation costs, on
the other hand, to gain complete control over the transpor-
tation processes in the project.

As a research result, an optimization model has been de-
veloped for determining the option of transport support for
the project. The variant of transport support of the project
is understood as a set of combinations of types and types of
vehicles, their characteristics and conditions of use in the
project for the work of the project that provide for transport
services. Acquisition, lease or transport services from the
project suppliers are considered as conditions for the use of
vehicles in the project.

The optimization criterion is the cost of transport sup-
port, taking into account their possible increase, as well as
the potential risks of losses associated with the failure to
complete the work. Constraints take into account costs, time
to receive a project product, and availability of transportation
options.

Experimental calculations, a fragment of which is pre-
sented in the research, demonstrated the efficiency of the
developed model, its adequacy and reliability of the results
obtained with its help.

The area of practical use of the model is making deci-
sions about transportation at the stage of project planning.
The model allows for «what-if> experiments, which reflect
various scenarios that are possible in the transportation of
the project. And this, in turn, allows at the stage of project
planning to assess the possible risks associated with trans-

portation, and to establish their impact on the project as a
whole.

Keywords: infrastructure projects, project risks, project
network schedule, vehicles, project product, project life
cycle.
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The object of research is the processes of cost, duration
and quality management in long-term contracts for the
maintenance of roads. The presented work is based on the
use of project management theory. The main hypothesis
of the study is the application of methods for optimizing
the parameters of long-term contracts for the mainte-
nance of roads. Features, advantages and problematic is-
sues concerning the use of long-term contracts based on
quality indicators in the road sector are considered. The
world and domestic experience of introduction of long-
term maintenance of highways is analyzed. The main ap-
proaches to optimization of parameters are defined and the
mathematical model of management of processes of cost,
duration and quality in long-term contracts is developed.
Based on the model, two methods of mathematical solution
of the optimization problem of the proposed parameters
have been developed. A mathematical experiment based
on the example of the project of long-term maintenance of
roads on the final quality indicators, the results of which
showed that the adaptive capacity of projects by the sec-
ond method is less flexible than the first. But the second

method achieved better performance to minimize time
parameters with averaging at 5 %. Optimization of param-
eters of long-term contracts for maintenance of roads has
a multiplier effect, which is expressed in reducing admin-
istrative costs of the customer, reducing the responsibility
of road services, creating conditions for stable financing
of road works, satisfaction of road users, building strong
partnerships between the customer and the contract. The
results of calculations have practical value and can serve
as a tool for making sound management decisions to deter-
mine the basic parameters of long-term contracts for the
maintenance of roads based on quality.

Keywords: optimization methods, long-term contract pa-
rameters, maintenance, financing for road works.
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The object of research is the system and schemes of
conformity assessment (certification) of cybersecurity of
operational technologies (OT), as a set of rules and proce-
dures that describe the objects of certification, determine
the specified requirements and provide a methodology for
certification. The terminological base and conceptual ap-
paratus of the study of cybersecurity certification of opera-
tional technologies are based on the international standard
ISO 17000:2020 Conformity assessment — Vocabulary and
general principles. Cybersecurity certification systems and
schemes are based on assessment standards, the choice and
application of which is not unambiguous and historically
has many interpretations and application mechanisms.
These standards consist of tools, policies, security con-
cepts, security assurances, guidelines, risk management
approaches, best practices, safeguards, and technologies.
But they have, to one degree or another, a significant
drawback — the complexity of transforming the results of
information security assessment according to these stan-
dards into security guarantees with any wide international
recognition. In the context of globalization, this signifi-
cantly degrades the cybersecurity quality.

The main hypothesis of research is that the cybersecu-
rity quality can be improved by converging towards a com-
mon methodology that is based on agreed international
standards and international best practice for certification.
The question of the key role of cybersecurity for operation-
al technologies, which become the basis for Economy 4.0
and are now considered as a new frontier of cybersecurity,
is considered. The need to create a system and schemes for
certification of OT cybersecurity based on international
and European certification principles is shown. A hierar-
chical model of cybersecurity certification system assess-
ment standards and a hierarchical model of agreements on
mutual recognition of cybersecurity certificates have been
developed, which will allow a systematic approach to the
creation of a system and schemes for OT cybersecurity
certification. This provides an opportunity for developers
of systems and certification schemes to form OT cyberse-
curity certification systems based on the principles of wide
cross-border recognition of OT cybersecurity certificates.

Keywords: cybersecurity system, conformity assessment
system, hierarchical model, cybersecurity certification scheme.
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The problem of substantiation of methodological bases
of radio resource management of military radio communi-
cation systems in the conditions of a priori uncertainty is
solved in the work. The object of research is the military
radio communication system. One of the most problematic
places in the management of military radio resources is the

inability to carry out a hierarchical management of the pa-
rameters and modes of operation of both individual radios
and the military radio system as a whole. This reduces the
efficiency of the system itself and the efficiency of its ap-
plication.

The scientific problem is solved by substantiating the
methodological principles of radio resource management
of military radio communication systems in conditions of
a priori uncertainty. During the research, the authors used
the main provisions of the theory of queuing, the theory
of automation, the theory of complex technical systems,
as well as general scientific methods of cognition, namely
analysis and synthesis. The novelty is that in the course
of work:

— the purpose of functioning of an operative manage-

ment subsystem of a radio resource of military radio

communication systems is formulated;

— indicators and criteria of functioning efficiency of

military radio communication systems are determined,;

— decomposition of the solution of this problem into

problems depending on the signal and noise situation

is carried out.

An approach based on the hierarchical decomposition
of the functional structure of networks, the behavior of
which is described by stochastic differential (or difference)
equations of the high dimension state, into a number of in-
terconnected but simpler functional structures is used for
the functional description of military radio communication
systems. It will allow to make a decomposition of the state
of the military radio system and increase the efficiency of
decision-making on adjusting the modes of operation and
parameters of the military radio system in real time. The
research results should be used at the stage of operational
management of parameters and modes of these systems
operation.

Keywords: military radio communication system, hier-
archical decomposition of functional structure of networks,
electronic suppression, destabilizing factors.
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KOHBEEPH3O0BAHA PEANISALIA ASWM PUILTPA 30BPAMEHD HA MNMIC  cropinku 6-11
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OO6’€KTOM MOCTI/KEHHST € AJITOPUTM A[AIITHBHOTO 3BAsKEHOTO MeiaHHOTO (insTpy 300pakemb, mo mepekmiodactbest (ASWM). lannit
AJITOPUTM € OJIHUM 3 HaOLIbII eheKTUBHUX B 00JaCTi MPUAYIIEHHS IMITYIbCHUX 1yMiB. OGuunc/ioBadbHa CKIAHICTD 1 aJITOPUTMIYHI 0CO-
GJIMBOCTI IOTO AANITUBHOTO HETIHIHHOTO (iIBTPa He I03BOJIAIOTh PearisyBaTu (HilbTp, AKUIA MPAITIOE B PEKUMI PEATBHOTO Yacy Ha Cy9acHUX
mikpocxemax [1JIIC.

Haii6inbin mpobaeMHUMU MiCIIAMU AJITOPUTMY € LIUKJI OIIHKM BaroBUX Koeilli€HTiB, KUl He Mae 0OMesKeHHsI KiJIbKOCTI iTepartiii Ta
MICTHUTbB BEJMKY KilbKicTh onepartiiii moximy. Lle ne nosBossie peanizysBaru ¢insrp Ha IIJIIC mocuth eeKTUBHUM METOIOM.

B xoai noctiazkeH st BAKOPUCTOBYBajlacst IporpamMHa Mozesb (iibrpa Ha Mosi Python. Ouinka sikocti po60TH aJIroputmy MpOBOANIACS
3a nonomoroto merpuk Peak Signal-to-Noise Ratio (PSNR) i Structural Similarity Index Measure (SSIM).

MogesioBaHHs 03BOJIAIIO 3'ICYBATH eMITiPUYHO KiJIbKICTD iTepailiif IUKJIy OIiHKN BaroBUX Koedili€HTiB IpU Pi3HUX PiBHSIX IIIJIBHOCTI
HIYMy Ta OUIHUTH BIUIMB IITYYHOrO OOMEXKEHHS] MAaKCUMAaJIbHOI KIJIbKOCTI iTepauiil Ha sikicts poboru dinsrpa. B nesanexuocti Bix inten-
CHBHOCTI 3aNIyMJTIOI0YOTO BIUINBY aJITOPUTM BHUKOHY€E Memire 40 iteparmiit rukiy orfinki. Takoxk 6yJsio MPOBEIEHO MOAETIOBAHHS POGOTH
aJITOPUTMY 3 PI3HUMU BapiaHTaMK peasiizailii MoAyJIst oiny. B poboTi po3riisiyTi OCHOBHI 3 HUX i 3aIIPONIOHOBAHO HANOLIBII ONTUMATLHIN
3 TOYKH 30py CIIBBIAHOMIEHHS TOYHICTb/anapaTHi BUTPATH Ha peasizaiiio. TakuM yMHOM GyB 3alPOIOHOBAHUN MOAM(IKOBAHUI AIrOpUT™,
AKUUI He Ma€ 3a3Ha4eHnX HeL0JIKIB.

3aBnaxu MoaudiKaisaM arroputMy 3abesnedeHa MOKIUBICTh peanidyBatu KoHBeepuzosanuii ASWM ¢inbrp 300paskeHb Ha CydacHHUX
IIJIIC. @inbrp cunresoBanuii st ocnoHux ciMeiiets TTIJIIC kommanii Intel. Peasnizaris, sika me mocrynaerbes 3a Merpukamu SSIM i PSNR
OpUTiHAIBHOMY ajiroputmy, Bumarae Metiie 65000 soriunux enementis IIJIIC i 10o3Bossie 3ailicHOBaTH (DiNBTPAIiI0 MOHOXPOMHUX 300pa-
serb po3mipy FullHD si mBuzkictio 48 xampis/c mpu takTosiit wactori 100 MITr.

Kmouosi cnosa: ajantusHuil Ginbrp, HediHiiHUE Giasrp, Mepianuuil Gigsrp, iMmyabcauil mym, Peak Signal-to-Noise Ratio, Structural
Similarity Index Measure.
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AHAM3 METOJIB HEMITKOI IOTTKH JIA MPOTHO3YBAHHA BIATOKY KNIEHTIB cropimkx 12-14

Mana A. A, lllemerT E. 0., Apoewuit A. A.

OO6’eKTOM OCTI/KEHHS € TIPOIEC MPOTHO3YBAHHSI BIATOKY KJIEHTIB TEJIEKOMYHIKAIIfIHMX KOMIAHI HA OCHOBI HEUITKOI JIOTIKM Ta Heli-
pounux Mepex. [IpoBesieni focmiKeHHsT 6a3yI0ThCST HA 3aCTOCYBaHHI MIAXO/Y, SIKUIT PEaTi3yEThCSI 3a IOTIOMOTOI0 KOMOIHOBAHOTO BUKOPHCTAHHS
HEYITKOI JIOTiKM Ta HEHPOHHUX Mepesk. [0J10BHe IIPUILYIIIEHHS JOCIII/IPKEHHS [OJISATA€ B Till0Te31, 10 BUKOPUCTAHHS HEYiTKOI HeIPOHHOI Mepesi,
YTBOPEHOI Ha OCHOBI aJTOPUTMIB HEYITKOI JOTIKH, A03BOJISIE MOKPAIINTH TOYHICTh MPOTHO3YBAHHSA BIITOKY KJIIEHTIB BI/IHOCHO HASBHUX PillleHb.
JlaHOTO Pe3yJIbTaTy HEMOXKIIMBO OCSATTH 3HEBAKAIOYN ICHYIOUMMU PECYPCHIMU OOMEKEHHSIMHU Ta BUMOTaMU, SIKi TIOTPIGHO BU3HAYATH OKPEMO
JUISL KOSKHOTO BUIIAJKY AOCTI/KEHHs. PO3IJISTHYTO aKTyasibHICTh TIPOGIEMATUKY TIPOTHO3YBAHHS BIATOKY KJIEHTIB /ISl KOMIIAHIH i3 BEJMKOO
KIJIBKICTIO KOPUCTYBaviB. 3allpOMOHOBAHO MO/IE]b IPOTHO3YBAHHS Bi/ITOKY KJIIE€HTIB Ha OCHOBI KOMOIHOBAHOTO 3aCTOCYBAHHST HEYITKOI JIOTIKM Ta
HelipoHHUX Mepek. [0J10BHA 0COGIUBICTD TAHOTO TAXOTY MOJISTAE B TOMY, 1110 B OCHOBI HEUITKMX HEIPOHHUX MEPEK BUKOPUCTOBYETHCS TECTOBA
BUGIPKA HOPMAJIIB0BAHUX JIAHUX, sIKi 0GPOOJIOIOTHCSI 17T (DOPMYBAHHST TTapaMeTpiB (BYHKILH HANEKHOCTI, SIKi HAKpalle BiAMOBIIAIOTh CUCTEMI
JIOTIYHOTO BHCHOBKY, TOOTO BUCHOBKH 3IHCHIOIOThCA Ha (a3l amapary HediTKoi Jjioriku. Takox, JJis NOLIyKy napaMeTpis (pyHKINI HaIeKHOCTI
BHUKOPHUCTOBYIOTBCSI QITOPUTMU HEHPOHHUX Mepexk. Taki crcTeMn MOJKYTh BUKOPHCTOBYBATH 3a3/1aJIeTi/ib BiloMy iH(opMaIiio, HaB4aTucs, 3710-
OyBaTH HOBI 3HAHHSI, TPOTHO3YBATH YacOBi Psi/iM, BUKOHYBaTH KJaackdikaiiito oOpasis, i KpiM I[bOT0 BOHU € IIJIKOM HAOYHMMH /IJIsT KOPHCTYBava.
PosrisanyTo sacTocyBaHHs METO/IiB HEUiTKOI JIOTIKH, 110 /Jal0Th MOKJIMBICTD OTPUMaHHS PE3yJIBTaTy Y BUIJIA/ HEUiTKOTO BUCHOBKY. Jlo1ibHiCTh
BHOOPY /TAHUX METO/IB TIOSICHIOETHCSI TUM, 110 BOHH PaHillle BUKOPHCTOBYBAJINCS B HEYITKHUX CHCTEMAX aBTOMATHYHOTO YIIPABJIHHS Ta TIOKa3y-
BaJIM JIOCUTH sIKicHi pe3yJspraTu. [TokasaHo /1OII/IBHICTD Ta EePCHeKTUBHICTD 3aCTOCYBAHHSI 3aIIPOIIOHOBAHOTO ITi/IXO/Ly B 33j1a4i IPOTHO3YBAHH:
BIJITOKY KJIIEHTIB TeJIEKOMYHIKAIIIITHIX KOMIIaHiii, a TAKOK HAaBEIEHO Pe3yJIbTaTH IPOTPaMHOi peastisarltii.

Kmovosi cnoBa: 1poruo3yBaHHs Bi/ITOKY KJII€HTIB, HEUiTKa JIOTiKa, (QYHKIIiS HATEXKHOCTI, HEWiTKA HeiipOHHA MepeXka, alroputM Mawmani,

SYSTEMS AND CONTROL PROCESSES
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IMITALTHE MOAEMIOBAHHA BEE3MAAT®0PMHOI IHEPLIANBHOT HABITALIHHOI CHCTEMM BE3MINOTHUX NITANBHHX
ATIAPATIB HA OCHOBI HE{POMEPEMEBMX ANTOPHTMIB cropinku 15-19

Benaxos P. 0.

OG6’eKTOM JIOCIIKEHHS € TIPoIiec KepyBaHHsI TPaeKTopicio 6e3mnisoTaux jgitanbiux amapatis (BIIJIA) B aBTOHOMHOMY PEKUMI TTOJBOTY
Ha OCHOBI HelipoMepeskeBuX ajsroputmis. [IpoBesene pociijskeHHs ()a3y€TbC$I Ha 3aCTOCYBAHHI YMCEJbHO-aHAJITHYHOIO MiZXOLY Bm6opy
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CYYaCHUX TEXHIYHUX pillleHb M0OYI0BU THUIOBUX MOjenell GesmmardopMuux iHepuiaapHux Hapiraniitaux cucrem (BIHC) mas mikpo- Ta
Masux BITJTA 3 mogasbinmM i AKpIiTIeHHsIM TIPUITYIenb. Pesysbraty iMitaniiinoro mojemoBanis B cepegouiti Matlab gosBosino simiTy-
BaTH Tipoitec pobotu cucremu ynpasiainus BILIA wa 6asi MEMC-textosorii (BUKOpUCTaHHS MIKPOEJIEKTPOMEXaHIUHUX CUCTEM) Ta MiKpO-
komrr'otepis Arduino. Takok BIasoCh €eKCIEPUMEHTATBHO BU3HAYNTH XapaKkTep BIUIMBY CTPYKTYPU BUOPAHOI HEHPOHHOT Mepexki Ha mpotec
dopmyBaHHs HaBiramiinux ganux mix yac 3uukaents GPS curnamy. Takum unHoM, 17151 OIIHKY €(DEeKTUBHOCTI 3aITPOIMIOHOBAHUX PillleHb i3
no6ynosu BIHC 6ys0 poBeieHo MOPiBHAIBHUI aHasi3 3acTocyBanHst aBox anroputmis ELM (Extreme Learning Machine) — Kalman Ta
WANN (Wavelet Artificial Neural Network) — RNN (Recurrent Neural Network) — Madgwick y Burusizi 1Box excriepumentis. MeToro ekc-
NepuUMeHTiB GyJI0 BUSHAUEHO: JOCIIIKEHHS BILIUBY KiIbKOCTI HEIPOHIB IIPUXOBAHOTO PiBHS HEPOHHOI MEPEXKi Ha TOUHICTD ANPOKCUMAILT
HaBiraliiHuX AaHNX; BUBHAYEHHS IMIBU/IKOCTI MPOIleCy aanTUBHOTO HaBuaHHs HeiipoMepekeBux anroputmiB BIHC BIIJIA. Pesynbrat exc-
MeprMEHTIB TI0Ka3aB, 10 3acToCcyBaHHA aaroputMy Ha ocHoBi ELM — Kalman 3abesneuye kparty TounicTs Hauanis neiipomepeski BIHC B
nopisusinHi 3 anropurMom WANN — RNN — Madgwick. Oaak He0OXiHO 3a3HAUKTH, 110 TOUHICTh HABYAHHS [TOKPAILYBATACH i3 3DOCTAHHIM
KIJIBKOCTI HEipOHiB B CTPYKTYPi mpuxoBanoro pisisa <500, 1o migBuIye 0GUNCIIOBAIbHY CKIaJAHICTh Ta 301/IBIIy€E Yac MpoIecy HaBYaHHsI.
Ile MoKe yCKIaHUTH TPAKTUYHY Peasisalliio i3 BUKOPUCTAHHIM 00JaaHanHsa Mikpo- Ta Mamux BIIJIA. KpiM toro, 3aBasiku poBeseHOMy
IMiTaIiitHOMY MO/IETIOBAHHIO, PE3YJIBTAT JOCTIKEHHST 3aCTOCYBAHHS 3aIIPOITOHOBAHIX HEHPOMEPEKEeBUX AJITOPUTMIB IS 3aMiHN BXiHITX
nanux samictb curnanis GPS na Bxin BIHC, 103BoauB oninuTy moxuGKy MO3UIIIOBAHH 11i/ Yac sHukHenHs curnanis GPS. Takosx 3acto-
cyBannst anroputmy WANN — RNN — Madgwick 103B0s151€ anipoKcrMyBaTH Ta €KCTPanoioBaTH BXi/IHI CUTHAIN HABITAIIHUX MTapaMeTpiB B
JIMHAMIYHOMY CEPEIOBUIIL, TIPU I[bOMY BiIOYBAETHCST MPOIIEC AANTUBHOTO HABYAHHS B PEATbHOMY Jaci.

KmovoEi cnosa: HeliponHa Mepeska, TPAEKTOPIs IT0JILOTY, TOYHICTh HaBYAHHS HEIIPOHHOI Mepeski, iMiTalliline Mo/ie/IIOBaHH, HaBiraliiti gaHi.
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ONTHMI3ALIA NAPAMETPIB NNPOAYKTIB IHPPACTPYKTYPHHX NPOEKTIB B CWIAAI MPOTPAMHU  cropinku 20-24

Bepewaxa M. A.

O06'ekTOoM f0CTIIKEHHS € TH(PACTPYKTYPHI TPOEKTH B CKJIazii rporpamu. [Ipoaykramu iHdpacTpyKTypHUX MPOEKTIB € pisHOMaHITHI iH(pa-
CTPYKTYPHI 00'€KTH, SIKi B KOMILTEKCI 3a0€3MedyI0Th MEBHY IIIHHICTD /IS CTEHKXOJIIEPIB, HAPUKJIAJ, IEBHY TPOIYCKHY 3/ATHICTD TPAHCTIOPTHOI
Mepeski abo TPOIYCKHY 3/aTHICTD TIOPTY, KaHauty Ta iH. [enTudikaltis napaMeTpis PpoyKTiB IPOEKTIB 3IHCHIOETHCS Ha eTarti po3poOKH porpa-
M. J[71s1 GLIBIIOCTI TTPOEKTIB 3a3HAYEH] MapaMeTpy Oy CKAKOTh BAPIaTUBHICTh B IEBHUX MesKaX. B3a€MO3B 130K iH(PPACTPYKTYPHUX MPOEKTIB
BHU3HAYAETHCS HE TIILKU 3araJbHUM (DiHAHCYBAHHSM 1 YIIPABJIHHAM, a, TIEPIIT 32 BCE, Y3TOLKEHICTIO BIACTUBOCTEN ToBapiB. Tomy onTmMmizartis
rapaMeTpiB IPOJLYKTIB TAaKNX IIPOEKTIB 3/[iIICHIOETbCS IHTETPAJIbHO, B PAMKaX €IMHOI MOJIe/I. Y3TO/UKEHHSI [IapaMeTpiB POAYKTIB iH(ppacTpyk-
TYPHUX MPOEKTIB B CKJIA/I TIPOrpaMu BUMarae (hopMasi30BaHUX METOIIB, IO I03BOJISIIOTH ONMITHMI3YBATH X 3 YPaXyBaHHSIM SIK JIOKATBHITX 00Me-
JKEHb JUIsT KOJKHOTO TIPOEKTY, TaK 1 robaabHIX YMOB peasiizaliii mporpamu. B pesyssrari gocsipkens copMoBata KOHIENIist Ta po3podiena
BI/LIIOBI/IHA MO/IEJIB, 1110 JIO3BOJISIE BCTAHOBJIIOBATH ONTHMAJIbHI ITAPAMETPH IPOAYKTIB iH(PACTPYKTYPHUX ITPOEKTIB B CKJIa/I Tporpamu. B ocHOBI
MO/ICJTIOBAHHST — MOJKJIMBICTD BapilOBAHHs MapaMeTPaMU MPOIYKTIB MPOEKTIB i iX B3a€EMO3B'SI30K 3 XapaKTEPUCTUKAMU MIPOEKTIB i TIPOrpaMu B
LIZIOMY, TAaKUMHU $SIK I[IHHICTb, BUTPATHU, BeJNUNHA pu3uKiB. Tak sIK IporpaMa Ta IPOEKTH, 110 BXOJATD B Hel, MOXKYTb HOCUTU HEKOMEPIiHMI
XapaxTep, TOMy OCHOBHUM KPHUTEPIEM OMTUMAJIBHOCTI /ST TTApAMeTPiB TIPOAYKTIB MPOEKTIB i TIPOTpaMu € yHiBepCaTbHA KATETOPist — IHHICTB,
MPUYOMY PO3IJIIHYTA VIS YCIX CTeiiKxo/1epiB. Bukopucranus qanoi Mozesi B mporeci po3poOKy mporpaMu Ta inpacTpyKTypHUX IIPOCKTIB, 10
BXOJISITH JI0 Hel, 3a6e3Ieuye ONTHMI3aIiio HeoOXiHOTO Pe3yJIbTaTy NP BUKOHAHHI MEBHIX BUMOT 1 00MEKY0UnX yMOB. Moz BiTHOCHTBCS
IO KJIacy HeJIiHIHHUX Mojiesiell Ta po3pobiieHa st CUTyallii, KoJim Moyke OyTH BUALIEHWH TaK 3BaHUI «OCHOBHUIA» TIPOEKT (YU IX CYKYITHICTD),
sakuit (siki) hopMye(10Th) BUMOTH /10 TIPO/IYKTIB iHIINX B3a€MOIIOB'I3aHUX 3 HUM IIPOEKTIB, 110 € TUIIOBUM JIJIs iH(PACTPYKTYPHUX IIPOTPaM.

Kmouosi cmoBa: creiikxosepn iHGPACTPYKTYPHUX MPOEKTIB, IIHHICTD MPOEKTY, OMTUMI3aIlis CKIAIY TPOTpaMu, iHdPaCTPYKTYpPHUN
00’€KT, PUBUKH TIPOEKTY.
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PO3POEKA MOJEM 3ARAYI YNIPAB/IIHHA EKCIUTYATALIEN) WEB-BA30BAHOI IHPOPMALITIHHOT CHCTEMH  cropinku 25-31

Nesukin B. M., Eenanos M. B., Heymusaxkina 0. E., llerpuuenxo 0. B.

OG6'eKkTOM JIOCIIIKEHHS € Tpolieck eKciryarailii web-6asoBanoi indopmartiiiinoi cucremu. IIposeaeni gociakents 6asyoTbest Ha BU-
KOPHCTAaHHI iCHYIOUNX MAXOAIB 0 opranisaiii ympasiiHHs ekcruryaTanieio IT-mpoaykTiB, a Takok Ha po3pobuieHiil paninre dopmasbHii
MoJIeJTi 3a/1a4i yIPaBJIiHH eKCIUTyaTalieio indopmaiiinoi cucteMu. SIk OCHOBHUIT KpUTEPiil yNpaBIiHHs eKcILTyaTtalfieio ingopmMartiitnoi
CUCTEMU HPHITHATO iCHYIOUY OLIHKY CTYIEHS 3a/[0BOJIEHHS BUMOT /10 cuctemMu. OCHOBHA TinoTe3a J0C/II/PKeHH 10JIATa€ B IPUILYIIEeHHI, 1[0
TOJIOBHUM KPUTEPIEM yIpaBJIiHHs eKCcIIyaranieio web-6asoBanoi indopMaiiiiHoi cucteMu cJrii BBakaTh MOKa3HUK e(heKTUBHOCTI sSIK CITiB-
BI/THOIIIEHHST CTYIICHS 32/[0BOJICHHST 3MUTIB HA 3MiHY OKPEMUX KOMIIOHEHTIB iH(MOPMAIliiiHOI CUCTEMU Ta CyMapHUX BUTPAT HA €KCILIYATAIII0
cuctemn. [IpoBesieHo anamis 3acTOCOBHOCTI KPHUTEPisl «3a0BOJIEHICTh BUMOT KOPHUCTYBauiB iHGopMaiiiinoi cucteMu» Ta MOKa3aHO HOTO
HenoBHY 00’€KTUBHICTD /IS OTIMCY IiJell yIIpaBJiHHs eKciuyaTaiieio indopmariinoi cucremu. O6rpyHTOBAHO BUKOPUCTAHHS MOKa3HUKa
e(heKTUBHOCTI yIPABJIiHHS, PO3IJISIHYTO 0COOJIMBOCTI BAKOPUCTAHHS IAHOTO MOKA3HUKA JUUIsl BUPILICHHS 3a/1a4i YIIPABJIiHHS €KCIIyaTalieio
indopmariiinoi cuctemu. Busnano icHyBaHHS ABOX TMi/IXO/IiB /10 BU3HAYEHHs e(heKTUBHOCTI eKcITyaTaiii indopmariiinoi cucremn. Ha ocrosi
OTPUMAHKX Pe3yJIbTaTiB 3alPONOHOBAHO KOHIIETIIII0 YIPABJIiHHA MpollecaMi eKciuryaraiiii web-6asosanoi indopmaitiiinoi cucremu. /lana
KOHIIEIIITisT TPE/ICTABJISE TOJOBHY 3a/[a4y YIIPAaBJIiHHS eKCIuIyaraiieo web-6aszoBanoi indopMaiiiiHoi cucTeMu Ik OKpeMUii BUTIAZIOK 3aj1adi
GaraTokpuTepiaabHOI oNTUMI3alli, pilmeHHsaM gKoro crane ITapero-onTumasibha cucreMa. Ha 6asi 3anponoHoBaHol KOHIEIii po3pobaeHo
MaTeMaTUYHy MOJENb 3a1aui eheKTUBHOTO yrpaBainHs web-6azosanoro indopmartiiinoo cucremoro. s onmcy (yHKIII i mix gac po3pod-
KU MOJIEJT 3aIIPOITOHOBAHO TIepeiTH BiJl OIMCIB BUMOT /10 3HAHHI-OPIEHTOBAHUX MO/IeJiell 3anTiB Ha 3Miny ingopmartiiinoi cucremu. Takosk
3aIPONOHOBAHO PO3/LINTU HAGIP 0OMEKEHb MOJIEI Ha IBA OKPEMUX KOMILICKCH — KOMILIEKC OOMEKEHb TEXHIYHOTO YIPABJIIHHS Ta KOMILIEKC
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obOMeskeHb TpolieciB ekcruryaraiii. Bukopucrannsa po3pobieHol Mozesti 03B0OJMUTh CTBOPUTH HOBI iH(bopMaIiiiini TexHosorii yrpasainHs
ekcrryaraiieio web-6azopanumu indopManiiiumMmu cucreMaMu YIIPaBJiHis mignpremMcTBamu. Ha BiaMiny Biz icHyloumX, Taki TeXHOIOTIT
JI03BOJISITH (hOPMAIIi3yBaTH Ta aBTOMATU3yBaTH Po6OTH 3 (POPMYBAHHS Ta 3aTBEPKEHHsT HAUGIIBII BUTIIHUX ISl YIACHUKIB €KCILIyaTallii
indopMaIiiHoi CCTEMU TITaHIB TPOEKTIB BUKOHAHHA 3alNTiB Ha 3MiHY €KCILTyaTOBAaHOI CHCTEMU.

Kmouosi cnosa: web-6azoBana indopmaiiiiina cucrema, yrpas/iHHs eKCIIyaTallieio CucTeMu, 3ajada GaratoKpuTepiaibHOl onTuMisaitii,
MOKa3HUK e)eKTUBHOCTI eKciiayataittii, [lapeto-ontnmanbhaa cucrema.
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HNOCNIMHKEHHA XAPAKTEPHCTHK AKYCTHYHHX NMPOLECIB 3 BAKOPUCTAHHAM BEHBNET-NEPETBOPEHHA [NA BUABNEHHA
HIATHOCTHYHKX 03HAK TEXHIYMHOro CTAHY A30ONEPEKAYYBANBHOI'O ArPETATY cTopinku 32-36

3amixoscnuuii JI. M., 3amixoscrka 0. JI, Masnux B. B.

OG’'eKTOM JIOCTIUKEHHST € JIerpajialliiiii MpoIecH, siki MPOXo/sATh B By3Jax i eJeMeHTax rasonepekadysaibioro arperary (ITTA) mpu
1I0TO TPUBAJIIN EKCILTyaTallil Ta MPU3BOATD JI0 TOSIBY MeeKTiB i, SIK HACIIOK, 0 3MiHU HOr0 TeXHiuHoro crany. CbOToIHi /s BUSHAYEHHS
TexHigHOTO cTany I'TIA BHKOPHCTOBYIOTH METO/IM ITAPAMETPUYHOI Ta BiOpariitHoi AlarHocTHKN. [[JIsT BUSIBJICHHS IarHOCTHYHUX O3HAK TEX-
Hiuxoro crany T'TIA BUKOPHCTOBYIOTHCS PI3HOMaHITHI TIePETBOPEHHS, 30KpeMa BeHBJICT-TIEPETBOPEHHS, SIKi 3aCTOCOBYIOTHCS TIPH 06poOIL
BIOpaIiiiHIX MTPOIECiB, 110 CYIIPOBOJIKYIOTH p060Ty I'TIA ra ix Texnomoriunux mapaMeTpis. B Toii jke yac mpu IOCTIKEHH] IarHOCTHYHITX
o3Hak TexuiuHoro crary I'TIA akycTudHi mporec, 1o cynpoBouKyioTs poboty I'TIA Ta MOKyTh Oy TH GibI iH(GOPMATUBHUMH B TOPIiBHSAHHI
3 BIOpalii UMK, IPAKTUYHO HE PO3TJIANATNCS.

Poszpobiiena MeTosMKa eKCIIEPUMEHTAIBHUX JOCTIKEHDb 1 iX TexHiuHe 3abe3medeHtsl, M0 J03BOJIMIN TIPOBOIUTH 3AIUC aKyCTHIHUX
Mpolecis, mo cynpoBoKyoTh podory T'TIA tuny I'TK-25i ¢ipmu «Hyoso Ilinbitone» (Itamist). B xoai nposeienns ekcrepuMeHTanbHux
nocaipKeHb Oy oTpuMaHi peastisanii akyctnanux nporecis [TTA a/ist TpOX 00 CTaHiB — «HOMIHATBHOTO0», «1e(EKTHOTO» Ta «IIOTOYHOTO.

[Mopampin gocsipkernst akyctnanux mporieciB st Tppox craniB ['TIA TTK-251 3 BukopucranusiM BelBIET-1IEPETBOPEHHS TTOKA3AIM,
1110 32 30BHIMIHIM BULJISIOM BeliBJIeT-CIIeKTPOrpaM BaskKKO HOMITUTH PI3HUIIO Y BUHUKHEHHI 200 3HUKHEHHI PI3HUX YaCTOTHUX CKJIAJ0BUX B
3asreskHoCTi Bift Texuiunoro crany ITTA. J[71st oTprMaHHs KiJIbKICHIX MTOKA3HUKIB TAKOI 3aI€KHOCTI OyJI0 TIPOBEIEHO ANCKPETHE BEIBIET-TIe-
PETBOPEHHSI, sSIKe J03BOJISIE BUAIMTY XapaKTePHi TPEH/A B 3MiHI 3HaUYeHb IMyMy Ha pisHuX Maciitabax. Bynn oTpuMmaHi 3HAYEHHS] HOPMU
aIpOKCUMAIlii Ta HOPM JIeTasmi3allii 1o BiIHOMEHHIO 10 HOpMU curHamy (y BiZICOTKAX) /JIS I STUPIBHEBOTO BEMBJIET-PO3KIALY 3a Habopamu
nanux. Beranoiena sriHiiiHa 3a1€KHICTD HOPMU BEHBIIET-CKITAZ0BOI JleTali3allil 'siToro nopsiiky Bij yacy nanparoBanust ['TK-25i (3minn
TEXHIYHOTO CTaHY ), sIka MOKe OYTU NPUIHHATA 3a IATHOCTUYHY O3HAKY HOTO TEXHIUHOTO CTaHY.

Jlocri/pkena iariocTHYHa 03HaKa MoKe OyTH TOKJIa/leHa B OCHOBY METOJy jiarHocTyBaHHst Texuiunoro crany ['TK-251 3a xapakrepuc-
TUKaMU HOro akyCTHYHOIO IIPOLiecy 3 BUKOPUCTAHHAM BeBJleT-IepeTBOpeHHs. Po3ryanyTuil minxiz BUsBIeHHS A1arHOCTUYHOI O3HAKU 32
XapaKTePUCTHKAMH aKYCTHYHUX TIPOTIECIB 3 BUKOPUCTAHHSAM BEUBJIET-IIEPETBOPEHHST MOKe OYTH BUKOPUCTAHMI /715t Oyib-sikoro tuiry TTIA.

KmouoBi cnoBa: rasonepexkavyyBasIbHUI arperar, akyCTHYHHII IIPOIIeC, BEIBIIET-IIepeTBOPEHHS, /[iarHOCTHYHA O3HaKa, TeXHIYHUI CTaH,
EeKCIIePUMEHTAJIbHI JIOCJIJIPKEHHSI.
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PO3POEKA TA ROCMIMEHHA MOJENI ONTHMIBALIT CKNARY NMOCTAYANLHHKIB MPOEKTHO-OPIEHTOBAHO! TPAHCMOPTHO-
EKCMEAUTOPCHKOI KOMMAHI  cropinku 36-42

Masnosa H. /1., Oumuenxo C. I1.

OG’'€KTOM JIAHOTO JIOCTIUKEHHST € CKJIajl MOCTaYalbHUKIB MPOEKTHO-OPIEHTOBAHOI TPaHCIIOPTHO-EKCIEMTOPChKOI KoMmanii. PoGora
CHPsSIMOBAaHA HA BU3HAYCHHS CKJIA/LY ITOCTAYaJbHUKIB IIPOEKTHO-OPIEHTOBAHOI TPAHCIIOPTHO-EKCIIEUTOPCHKOI KOMIIAHii, MeTa SIKOro I110B’sI-
3aHA 3 OTPUMAHHSIM CHHEPTeTHYHOTO e(eKTY, SIKUil MPOSIBISIETHCS B 3HIKEHHI BUTPAT HA BUKOHAHHS OKPEMHUX OMepailiil TPaHCIIOPTHOTO
TIpoTIeCy NP BUKOHAHHI JIOKAJIbHUX BUMOT 110 KOKHOMY TIPOEKTY.

B nanomy nocitipkeHHI IIPOIIOHYETbCS ONTUMI3alliliHA MOJIEJIb, 1110 03BOJISIE BUSHAUATHU CKJIa]] II0CTAUYaIbHIKIB IPOCKTHO-OPIEHTOBAHOL
opramisaiii 3 METOI0 OTPUMaHHS MAKCUMATBHOTO CUCTEMHOTO e(heKTy — CHHEPreTHIHOTO eheKTy. B 0CHOBI 3aIIpOIIOHOBAHOTO Ti/IXO/Y — CTBO-
peHHst BipTyasbHOro ogicy yrnpasiiHHsa HpoeKTaMu, poOoTa SIKOTo IPYHTYEThCs Ha Gasi Biznosiamoi indopmartiiinoi cucremu. [Ipononosana
MOJIEJTh € THYYKUM IHCTPYMEHTOM, 10 JI03BOJISIE B ONEPATUBHOMY PeKuMi yacy popMyBaTH CKJIA/( MOCTAYATbHUKIB IPOEKTHO-OPIEHTOBAHOT
KkoMmanii. Mozesb po3pobiisiiacs Aist chepr MOCAyT Ta, 30KpeMa, JiJIsl TPAHCIIOPTHOI Tay3i, jie TocTavyaJbHUKN BiANOBIAAIOTH He 3a MaTepi-
asibHi 06’'€KTH, PECYPCH, a 32 TTIOCAYTH, HAOip AKUX (hOPMYE CyTh POOIT 1O TPOEKTY. TAKUM YUHOM, TIPOYKT IIPOEKTY Ta HOTO MapaMeTpu B Takii
curyaitii 6e3nocepeiHbo (OPMYIOTHCST 32 PAXYHOK CIENMMIKK MOCTAYaIbHUKIB 1 TTapaMeTpiB iX mocsyT. [Jist TpaHCIiopTHOT rajrysi Takuii mij-
Xiz pailiie He BUKOPUCTOBYBABCS Ta MOKE MOCIIYKUTU TEOPETUYHOK OCHOBOIO [UIst TI0OOYI0BU CUCTEMU TIPOEKTHO-OPIEHTOBAHOTO YIIPABJIHHS
B TPAHCIIOPTHOMY ceKTopi. IIpuitnsaTuii 3a ocHOBY B maHiil Mozesi eeKT cuHepriaMy 3abesredye HafOIIbITy PISHUINO MK «3asIBIEHIMI>
BapTOCTSIMU JIOCTABKU Ta «(PaKTUIHUMU», sIKi GOPMYIOTHCS 3 ypaxyBaHHsIM 06csry poboTH 3a BeiMa IpoekTamMi. Tak sk TPaHCIOPTHO-eKCIIe-
JIITOPCHKA KOMIIAHIS € «BJIACHUKOM» TTOPTQeJist BCIX JI0CTABOK,/IPOEKTIB, TO IIeBHA YacTUHA e(heKTy CHHEPTri3My MOKe BUKOPUCTOBYBATHCS B
SIKOCTI 3HUKEHHST BUTPAT 3 IOCTABKI IS KJIEHTIB 3 METOTO T IBUIIEHHST KOHKYPEHTOCTIPOMOKHOCTI Ta MPHBAOIHBOCTI.

ExcriepumenTasbti JOCI/KEHHS 10BeJIN JOCTOBIPHICTL Pe3yJIbTaTiB PO3pO6JIEHOT MOJIEI Ta MHATBEPANIIN Ti TIPaKTHYHE 3aCTOCYBaHHA.
Jlara MOJIeSTb € IOCUTD YHIBEPCATBHOIO Ta MOXKe OYTH OTIOBHEHA 0OMEKEHHSIMI, STKi BPAXOBYIOTD CIENN(iKy MTPOEKTHO-0Pi€EHTOBAHOI Opra-
Hi3artii, ii TPOeKTiB i BUMOTH /IO TIOCTAYAIbHUKIB.

Kmovoei cnoga: cuHepretnunuii ehexT, TOPThETh TPOEKTIB, PO3MOALN 06CATIB POOIT, CKJIa/ MOCTAYATbHUKIB, BIpTyaabHuil odic yrpas-
JIHHS TPOEKTaMU.
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MOJENHBAHHA ONTHMANILHOr0 BAPIAHTY TPAHCNOPTHOr0 3ABE3NEYEHHA NPOEKTY cropinku 43-48

Pycanona C. C., lliTepcexa B. M., Omwmuenxo C. I1.

OG'eKTOM JIOCIIJUKEHHS € TIPOIECH IIJIAHYBAHHSI TPAHCIIOPTHOTO 3a0e3MedeHH I IIPOEKTIB. 3HauHa OUIBIIICTD MPOEKTIB Tepe0aYaloTh CTBO-
peHHs MaTepiabHuX 00'€KTIB K TPOAYKT. Peasizaltist TakuX MPOEKTIB MOB'si3aHa 3 BUKOPUCTAHHSM PI3HOTO BU/Y MatepiasiB i 00JaHaHHS, 1110
06YMOBIIIOE HEOOXIIHICTH TPAHCIIOPTHOTO 0OCIYTOBYBaHHS (DYHKI[IOHYBAHHSI CUCTEMHU JIOTICTUKHY TIPOEKTY. JIJIs1 BUPIIIEHHS OJIHUX 1 TUX K€ 3aBIaHb
TPAHCIIOPTYBAHHsI MOKYTh BUKOPUCTOBYBATHCST TPAHCTIOPTHI 3aCO0M 3 PI3HUMHU XapaKTePUCTHKaMU. TAKOXK /Uit MacITabHUX 1H(PPACTPYKTYPHUX
MIPOEKTIB IOCUTH YaCTO BUKOPUCTOBYETHCS OPEHIA TPAHCIIOPTHUX 3ac06iB Ha Yac peasisariii mpoekty. Lle 103BoJIstE, 3 OMHOTO GOKY, 3a0IAIUTH Ha
TPaHCTIOPTHUX BUTPATAX, 3 IHIIOTO GOKY — OTPHMATH MOBHUIT KOHTPOJIb B IIPOEKTI HA/l TIPOIIECAME TPAHCTIOPTYBAHHSI.

B pesyabrari socmijpkenns poapobJiera onTUMizaltiiiia MoiesTh BUSHAYEHHsI BapiaHTy TPaHCIOPTHOro 3abe3nederns nmpoekry. [Tix Bapiantom
TPAHCIIOPTHOTO 3a0€3MEUEHHS TIPOEKTY PO3YMIEThCS CYKYITHICTh KOMOIHAIII BUIIB 1 THITIB TPAHCIOPTHUX 3aCO0IB, X XapaKTEPUCTUK | YMOB BUKO-
PHUCTAHHS B IPOEKTI VIS POOIT MPOEKTY, SIKi TTepebavaioTh TPAHCIIOPTHE 0OCIYTOBYBAHHSL. B SIKOCTI yMOB BIKOPHCTAHHSI TPAHCIIOPTHHUX 3ac00iB B
MIPOEKTI POIIISANAIOTHCS MPUAGAHHSL, OpeH;ia aG0 TPaHCTIOPTHE 0OCYTOBYBAHHS Bijl IOCTAYAIBHIKIB IPOEKTY.

Kpurepiem ontnmizartii € BATpaTH Ha TPAHCIIOPTHE 3a0€3MEYEHHST 3 YPaXyBaHHSIM 1X MOKJIMBOTO 301/IBINEHHS, 8 TAKOK TOTEHIINHIX PU3UKIB
BTDAT, MOB'SI3aHIX 31 3DHBOM TePMiHiB BUKOHAHHsT poGiT. OGMeKeHHsT BpaXOBYIOTh BUTPATH, YaC OTPUMAHHS TIPOAYKTY TTPOEKTY, AOCTYITHICTH Bapi-
AHTIB TPAHCTIOPTHOTO 3a0E3IIEUEHHSI.

ExcriepumenTasbHi po3paxyHku, (pparMeHT SIKUX TIPeJICTaBIeHIH B IOCITI/UKEHH, IPOEMOHCTPYBAJIN MPAIE3aTHICTh po3pobIeHol Mojiedi, Ti
AJICKBATHICTD 1 JIOCTOBIPHICTb OZIEPKYBAHUX 3 i I0IIOMOTOI0 Pe3yJIbTaTiB.

O61aCcTh MPAKTIYHOTO BUKOPMCTAHHS MOJIENi — TIPUIHHSTTS PillleHb TIPO TPAHCTIOPTHE 3a0€3MeUeHHsT Ha eTalli TIaHyBaHHS MPOEKTY. Mozerhb
JIO3BOJISIE TIPOBOMTH €KCIIEPUMEHTH <IIO-AKIIO>, SIKi BiZ0OPaKaIOTh Pi3Hi clieHapii, MOK/IMBI IIPU TPAHCIIOPTHOMY OOCIYTOBYBaHHi POEKTY. A 11,
B CBOIO YEPTy, I03BOJISIE HA €Talll IJIAHYBAHHST IPOEKTY OIIHUTH MOKJINBI PUBUKH, SIKI TT0B'sI3aH] 3 TPAHCIIOPTHUM 3a0€3TIEUEHHSIM, | BCTAHOBHTH iX
BILINB HA ITPOEKT B IIITIOMY.

Mmouosi cnosa: iHbpPacTPyKTYPHI IIPOEKTH, PUSUKY IIPOEKTY, CITKOBUIT TPadiK IPOEKTY, TPAHCIIOPTHI 3aC00M, TIPOLYKT MPOEKTY, KUTTEBUIA IIHKJT
TIPOEKTY.
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PO3POEKA METOAIB ONTHMISALI MAPAMETPIB JOBrOCTPOKOBHX KOHTPAKTIB HA EKCIUTYATALUIAHE YTPHMAHHA
ABTOMOBINBHUX AOPIT cropinku 49-53

Xapuenxo A. H., 3asuitckuit 0. H., Uubynucexuit B. M., 3asopoTuuit C. H.

OG’'€KTOM JIOCII/IKEHHS € TIPOIIECH YIIPaBJIiHHsI BapTiCTIO, TPUBAMICTIO Ta SIKICTIO B JIOBFOCTPOKOBUX KOHTPAKTaX 3 €KCILIyaTalliiiHoro
YTPUMaHHs aBTOMOOLIbHUX N0PiT. [IpesicTaBiera poboTa IPYHTYEThCS Ha BUKOPUCTAHHI TeOPii ynpaBaiHHs npoekTaMu. [0J0BHO TIMOTE3010
JOCTIIPKEHHSI € 3aCTOCYBaHHS METO/IIB ONTUMI3allii mapaMeTpiB JOBrOCTPOKOBUX KOHTPAKTIB 3 €KCIIyaTalliiiHOro yTpUMaHHs aBTOMOOIIBHUX
nopir. PosriistHyTi 0co6MBOCTI, iepeBary Ta npoGJieMHi IUTAHHS 11010 BUKOPUCTAHHSI I0BIOCTPOKOBUX KOHTPAKTIB, 3aCHOBAHUX HA [OKA3-
HUKAX SKOCTI, Y IOPOKHBOMY TocTiofapcTsi. [IpoananizoBano CBITOBHI I0OCBI/l BIIPOBA/KEHHST JJOBIOCTPOKOBOTO YTPUMAHHST aBTOMOOIIBHUX
Jopir. Busnaueno ocHOBHI MiIXOAM 10 ONTUMI3aIi TapaMeTpiB Ta PO3POOIEHO MaTeMaTHYHY MOJIEb YIIPABJIiHHS [TPOIecaMy BapTOCTi, TPHU-
BaJIOCTI Ta SIKOCTI B JIOBFOCTPOKOBUX KOHTpakTax. Ha ocHOBI Moziesti po3po6JieHo iBa METO/ MaTeMaTHYHOTO BUPIIIEHHS 3a/a4i OnTrMi3alii
3arpoOIIOHOBAHNX MapaMeTpiB. Biukonano MaTeMaTH4HIIl €KCIIEPIMEHT Ha OCHOBI TIPUKJIATY TIPOEKTY JIOBTOCTPOKOBOTO YTPUMAHHS aBTOMO-
GiIbHUX OPIT 38 KIHIIEBUMU [IOKA3HUKAMU SIKOCTI, PE3YJIBTATH SIKOTO MOKA3AJIH, 1[0 3l TUBHA 3[aTHICTh IIPOEKTIB 3a IPYTHM METOIOM MEHII
THYYKa B HOPIBHsHHI 3 mieprnM. [IpoTe 3a ApyruM MeTogoM GyJI0 OCSATHYTO KPAIIUX TTOKa3HUKIB 1010 MiHIMi3allii YacOBUX MapaMeTpiB 3
cepeiHiM KBa/[pAaTUYHUM BixuieHusM y 5 %. OnruMisartist mapaMmeTpiB JOBrOCTPOKOBUX KOHTPAKTIB HA €KCILIyaTalliiine yTpuMaHHs aBTo-
MOOLIBHUX TOPIT MA€ MYJIBTUILTIKATUBHIN e(DEKT, TKUil BUPAKAEThCS y 3MEHIIEHH] aIMiHICTPATUBHIX BUTPAT 3aMOBHUKA, 3MEHIIIECHHI BiZlITO-
BIZIAJILHOCTI IOPOJKHIX CIy»K0. A TaKOK CTBOPEHHI MEPeyMOB 10 cTabiIbHOTO (hiHAHCYBaHHS JOPOKHIX POGIT, 3aI0BOJIEHOCTI KOPUCTYBAYiB
JIOPIT, CTBOPEHHI MIiITHUX HapTHEPCbKUX BiZIHOCUH MiX 3aMOBHUKOM Ta HiAIPSAAHUKOM. Pe3yibraTt po3paxyHKiB MalOTh IPAKTUYHY LIHHICTb T
MOJKYTB CTYTYBaTH iHCTPYMEHTOM TPHUITHSITTST OOTPYHTOBAHNX YIPABIIHCHKIX PIllleHb 100 BI3HAYEHHS OCHOBHIX TTAPAMETPIB IOBTOCTPO-
KOBHMX KOHTPAKTIB Ha eKCIyaTaliifHe yrpumMans aBTOMOOIIbHUX JIOPIT, 3aCHOBAHUX Ha SKOCTI.

Kme4osi cnosa: MeTo M ONITHMI3AILT, TapaMeTpu I0BFOCTPOKOBOTO KOHTPAKTY, EKCIIIyaTalliiiHe yTpuMaHHsi, hiHaHCYyBaHHs JOPOKHIX POOIT.
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PET'YNHOBAHHA KIBEPEE3NEKH: CEPTHPIKANIA KIBEPEE3NEKH ONEPALIHHHUX TEXHOMOIIM cropinku 54-60

U=imiit 0. 0.

O06'eKTOM IOCIIIKEHHS € CUCTEeMa Ta CXeMU OIIHKY BianosigHocti (ceprudikamnii) kiGepbesnexu onepaniiinux texunosoriii (OT), sax
Habip MPaBUJT Ta TPOIELYP, IO OMUCYIOTh 06'€KTH cepTudiKaIlii, BU3HAYAIOTH 3a3HaueHi BIMOTH Ta 320€3IeYyI0Th METOIOJIOTIIO TIPOBEIEHHS
ceprudikarii. Tepminosoriuna 6a3a Ta MOHATIHHUI anapat Koc/TiaKeH s ceprudikaitii kibepOesnekn onepaniiiHuxX TeXHOMOTI CIIUpPaThCA
Ha Miskaapoauuii crargapt ISO 17000:2020 Conformity assessment — Vocabulary and general principles. OcroBoio cucrem i cxem ceprudi-
Katii KibepGesneKku € OIiHOYHI cTaHAapTH, BUGIP Ta 3aCTOCYBAHHS SIKMX He € OJHO3HAUHUM Ta iCTOPMYHO Ma€e Ge3Jiid iHTeprnpeTaiii Ta Me-
XaHi3MiB 3acTocyBaHHs. [1i CTAHAAPTH CKJIAJAI0THCS 3 IHCTPYMEHTIB, TIOJTITUK, KOHIENTIiiT Ge3meKn, TapanTiii 6e3neKn, KepiBHUX MPUHIIUIIB,
MAXOMIB /10 YIPABIIHHS PU3UKAMU, HAWKPAIUX MPAKTHK, TAPAHTIl Ta TEXHOJOTIH TOIOo. Ajle BOHU MAlOTh B Tilf UM iHIII Mipi cyTTe€BUIA
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HEZIONIK, — CKIaAHICTh TpaHchOpMAallii pe3y IbraTiB oniHoBaHHS iHDOPMAIITHOT 6E31IEKN 3a MU CTAHAAPTAMK B TapaHTil Oe3IeKY 31 CKIIbKU
3aBrOJIHO TIMPOKKM MiKHAPOAHNM BusHamHsM. [le B yMoBax rirobaisaliii cyTTEBO TOripiIye sKkicTh KibepOesrneku.

OcHoBHa TinoTesa AOCTiIFKEHH s MOJIATae B IPUITYIIEHH], M0 AKiCTh KibepOesnekn Moske OyTH MiBUIIIEHA IIJISIXOM KOHBEPreHiiii 10 3a-
TaJIbHOI METO/I0JIOT], SIKa CITUPAETHCS HA Y3TOJKEHI MIPKHAPO/HI CTAaHAPTH Ta TIePEI0BY MIsKHAPOAHY TPAKTUKY 3 cepTudikarii. Posrisiayto
MUTAHHS MIO/I0 KJIIOYOBOI poJii KiGepOesIeku /s onepariiiHix TeXHOMO I, Ki cTaloTh 0CHOBOIO JiJIsl eKOHOMIKHM 4.0 Ta pO3IJIsialoThest 3apas
sIK HOBHiT pyOisk KibepOesnexu. [Tokazano notpedy B cTBOPEHHI cuctemu Ta cxeM ceprudikartii kibepoesnekn OT Ha OCHOBI MiKHAPOAHUX Ta
€BPOIEHCHKUX TPUHIMIIB cepTudikaitii. Pospobieni lepapxiuna Mojiesb OIIHOUHUX cTaHAAPTIB cucTeMu ceprudikartii Kibepbesnexu ta le-
papxiuHa MOJIe/Ib YTO/[ PO B3aEMHE BUSHAHHS cepTudiKaTiB KibepOesneku, siki 103BOMISATh CUCTEMHO TH/IHATH 10 CTBOPEHHS CHCTEME Ta CXEM
3 ceprudikanii kiGepbesnekn OT. 3aBasgKy 1IbOMY 3a0€311EUYETHCS MOKINBICTD /ISl PO3POOHUKIB cucTeM Ta cxeM ceprudikanii hopmysaTn
cucremu ceprudikatii kibepbesnexu OT Ha IPUHIMIIAX TTMPOKOTO TPAHCKOPAOHHOTO BU3HAHHs cepTudikaTis kibepoesnexu B cepi OT.

Kmouosi cnosa: cuctema kibepOesnekn, cucteMa OIiHKY BiOBIAHOCTI, iepapXiuna Moziesib, cxema ceptudikanii kibepoesnexu.
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OEI'PYHTYBAHHA METOIONIOrTYHUX 3ACAR YNIPABMIHHA PARIOPECYPCOM CHCTEM PAJIO3B A3KY CNELIANLHOrO
NPH3HAYEHHA B YMOBAX ANPIOPHOI HEBU3HAYEHOCTI cropixku 61-65

Whnuauskuit A. B, Mensuux A. 0., Bongap 0. I, Metpyx 0. B, Yepxaxiscukuit [. B, Kpusenko M. B, letpos 0. B, Kpasuyk C. M.,
Wignoscexuit 0. 1., Nyx'aneus B. B.

VY poboti BUpileHO 3aBAaHHs OOIPYHTYBaHHS METOAOJOITYHUX 3acajl YIPABIIHHA PaliopecypcoM BiliCbKOBUX CHCTEM PaIio3Bs3Ky B
YMOBax anpiopHoi HeBuzHaueHOCTI. O6'€KTOM MOCITIKEHHS € CHCTEMA BIICBKOBOTO Paiosds’sisky. OfHNM 3 HalbiIbmI TPOGIEMHIX MicCIb
TIPU YOPAaBJIiHHI pajiopecypcoM BiliCbKOBUX PaZiioMepesk € HEMOKJIMBICTh MPOBOAUTH HACKPi3He iepapxivyiHe YIPaBIiHHS ITapaMeTpaMu Ta
pexuMamMmu pobOTH SIK OKPeMUX pajiio3aco0iB, Tak i cucTeMu BificbKOBOTO pajlio3s’si3Ky B iisiomy. 11e 3H1Ky€e e(heKTHBHICTD SIK CAMOI CHCTEMH,
Tak i e)eKTUBHOCTI ii 3acTOCYBaHHS.

HaykoBe 3aBIaHHs BUPILIEHO 3a IOMOMOTOK0 OOTPYHTYBaHHS METOOJIOTTUHUX 3aca/] YIPABJIIHHS PafiopecypcoM BiiCbKOBIX CHCTEM pa-
Ni03B'SI3Ky B yMOBax anpiopHoi HeBU3HAYEHOCTI. B X0/ MPOBEEHOT0 IOCIIIPKeHHsT aBTOpaMi po6GoTH Oy BAKOPUCTAH] OCHOBHI TIOI0KEHHS
Teopii MacoBOro 06CAyroByBaHHS, TEOPii aBTOMATH3AIli1, TEOPIl CKIAIHIX TEXHIYHUX CHCTEM, & TAKOXK 3araJbHOHAYKOBI METO/N MI3HAHHS, &
came aHasizy Ta cunrtedy. HoBusHa mosisirac B Tomy, 10 B X0/ po6OTH:

— ccopmypoBana Meta GYHKITIOHYBAHHS MiZICUCTEMU OMIEPATUBHOTO YIIPABJIiHHS PAZioPECYPCOM CUCTEM BilICBKOBOTO PaIio3B’sI3KY;

— BH3HAUEHI IIOKA3HUKMU Ta KpuTepii epeKTUBHOCTI (DYHKIIOHYBAHHS CUCTEM BilICBKOBOTO Pajlio3B’s3KY;

— TIPOBe/IeHa IEKOMITO3HILiS PIllleHHsT IaHOi TPOOJIeMH Ha 3a/a4i B 3aJI€KHOCTI Bijl CHTHATIBHOT Ta 3aBafloBOi 0OCTAHOBKH.

[l hyHKIIOHAIBLHOTO OITUCY CUCTEM BiliCbKOBOTO PAJi03B'I3KY 3aCTOCOBYETHCSI TTi/IXiJI, 3aCHOBAHUIT Ha iepapxiuHiil jekomMo3uilii (pyHk-
I[IOHAJIBHOI CTPYKTYPH MEpPEsK, MOBEAIHKA SIKIX OIMHMCYEThCS CTOXacTHIHUMN AudepeHniaabHumu (ab0 PI3HUIEBIMIT) PIBHSHHSIME CTaHY
BHCOKOI PO3MiPHOCTI, Ha PsiJi B3AEMOIIOB SI3AHUX, aJie TIPOCTINX QYHKIIOHATBHIX CTPYKTYP. Lle 103BOIUTH MPOBECTH JI€KOMITO3UIIIIO CTAHY
CHCTeMU BICHKOBOTO Paio3B’sI3Ky Ta MIABUIIMTH ONEPATUBHICTD MPUITHATTS PIllleHb MI0Z0 KOPETYBAHHS PEKUMIB POOOTH Ta apamMeTpiB
CHCTEMH BiliChKOBOTO PaJIio3B’sI3Ky B PEsKMMi peasibHOTO Yacy. Pe3yasraTti oCi ke s AOIHIbHO BUKOPICTOBYBATH Ha €Talli OTlepaTuBHOTO
YIPABJIiHHS IAPAMETPAMU Ta PEKUMAMEI POOOTU 3a3HAYEHUX CUCTEM.

Kmouosi cnoBa: cruicTema BiliCBKOBOTO PaJlio3B’s3Ky, i€papXiuHa AeKOMMIO3WIis (PYHKIIOHAIBHOI CTPYKTYPH MeEpeK, pajlioeseKTPOHHEe
nojlaBJieH s, gectabinizyioui hakropu.
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