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Modern devices that support augmented reality techno-
logy are widely used in various fields of human activity, in-
cluding medicine. Head mounted displays may provide an at-
tractive alternative to traditional surgery navigation systems
because allow users to stand at the first point of view and
interact with objects in their surroundings naturally. Thus,
the object of research in this study is recognition accuracy
of fiducial markers in zones where ultra-wide angle camera
distort the most. This is motivated by the need to increase
user workspace for interaction with markers compare to the
workspace provided with such popular augmented reality
device as Microsoft HoloLens 2.

In this study, the recognition accuracy is evaluated using
ArUco square markers with taking into account different
marker sizes and their positions in the camera view space. The
marker positions include the center of the camera view space
as well as such zones where lenses distort the most as top left,
top right, bottom left, and bottom right corners.

Obtained results show that recognition accuracy is good
enough to be applicable for surgical navigation and failures
referred to the distortion occurs are available in less than 0.2 %
of all cases. This gives a possibility to increase workspace for in-
teraction with markers compare to the Microsoft HoloLens 2.
At the same time, the workspace for interaction could not
reach the actual view space of the camera since recognition
fails in cases where marker’s body is partially visible in the cap-
tured image (i. e., marker position is at the image boundaries).
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The study is devoted to the development of a system for
the automated collection of primary information coming
from different sources and in different formats. The object
of the study is the properties of primary information and
the processes that occur during its collection in systems of
complex monitoring in various directions. One of the most
problematic places is that information about the environmen-
tal, energy, economic and social state of the region can come
from different sources and in different formats. This requires
a significant investment of resources and time for the deve-
lopment of blocks in integrated monitoring systems.

In the course of the study, a systematic approach was used
when analyzing the structure of sources and formats of infor-
mation of various types, as well as an analysis method when
developing a set of rules for collecting information.

The authors analyzed the structure of different sources
and formats of primary information in the systems of environ-
mental, energy, economic and medical monitoring. It has been
determined that there is no single database and for conducting
a comprehensive analysis it is necessary to collect data from
various sources and in different formats, which requires a sig-
nificant investment of resources and time. Therefore, in the
course of the study, an automated system for collecting prima-
ry information was developed, which allows creating your own
sets of rules for importing data from files of various formats.
The proposed system can be integrated into large monitoring
systems instead of an information collection unit. For example,
the module for collecting primary information of the inte-
grated eco-energy-economic monitoring system successfully
uses the developed automated system to collect information
that is necessary for analysis, modeling and forecasting of the
territory by specialists of various profiles, namely: environmen-
talists, power engineers, economists and medical workers. This
made it possible to reduce the total time for the development
of a comprehensive eco-energy-economic monitoring system,
as well as to increase the accuracy and timeliness of obtaining
information during the operation of the monitoring system.

Keywords: automated system, information collection, set
of rules, expert system, complex eco-energy-economic mo-
nitoring.
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The object of research in this work are individual bran-
ches and processes of metrology, namely algorithms and
methods of global positioning, analysis and research of indi-
vidual processes, and their implementation in the software
model to analyze their accuracy. The existing problem is that
some methods or devices that produce results based on these
methods are not accurate enough or their accuracy is affected
by a number of factors that worsen the result.

During the work the methods and approaches of the global
positioning system were analyzed, such as: precise point po-
sitioning, relative positioning of GPS, static and fast static
GPS-shooting and Stop-and-go shooting. Approaches were
also divided into static and kinematic. Among the methods, the
method of precise point positioning was chosen, as the most
common and used among ordinary GPS users, for more de-
tailed research and analysis of accuracy. Development methods
are based on the means of interaction with open GPS services,
and C#, ASPNET Core, Angular framework, and development
environment Visual Studio Code and Visual Studio 2022.

In order to implement all the necessary functionality, the
subject area was analyzed, the methods of determining metro-
logical accuracy in general and within the system of global po-
sitioning as a direct object of work were considered. As a result
of the work the analysis and modelling of the subject area was
carried out, the methods of the global positioning system and
the software system for the analysis of the accuracy of one of
the GPS methods were investigated. The analysis results pro-
vided by the software help to understand the accuracy of the
method and the GPS receivers that use it on different devices.

Keywords: metrological measurements, global positioning
system, precise point positioning, NET, Angular.
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The object of research is a system of special communica-
tion. Decision making support systems (DMSS) are actively
used in all spheres of human life. They are especially common
in the processing of large data sets, forecasting processes,
providing information support in the decision-making pro-
cess by decision-makers. Systems of analysis of information
transmission in special purpose radio communication systems
are no exception. However, there are a number of problems in
the transmission of information, namely: the transmission of
information takes place in a complex electronic environment
against the background of intentional and natural interfe-
rence; elements of the radio communication system are the
objects of primary fire damage due to high radio visibility
for radio intelligence. The best solution in this situation is to
integrate with the data of the information system analysis of
the electronic environment, artificial neural networks and the
ant algorithm. Their advantage is also the ability to work in
real time and quickly adapt to specific situations. Therefore,
in this paper the methodological principles of routing in spe-
cial communication networks in the conditions of fire damage
and electronic suppression are developed.

Improving the efficiency of information processing (re-
ducing error) evaluation is achieved through the use of
evolving neuro-fuzzy artificial neural networks; learning not
only the synaptic weights of the artificial neural network, but
also the type and parameters of the membership function.
Efficiency of information processing is also achieved through
training in the architecture of artificial neural networks;
taking into account the type of uncertainty of the informa-
tion to be assessed; synthesis of rational structure of fuzzy
cognitive model. It reduces the computational complexity
of decision-making; absence of accumulation of an error of
training of artificial neural networks as a result of processing
of the information arriving on an input of artificial neural net-
works. The approbation of the use of the offered technique on
the example of the estimation of information transfer in the
conditions of influence of destabilizing factors is carried out.
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This example showed an increase in the efficiency of evalua-
tion at the level of 15-25 % on the efficiency of information
processing.

Keywords: artificial intelligence, electronic environment,
intelligent systems, decision making support systems.

References

1. Brownlee, J. (2011). Clever algorithms: nature-inspired program-
ming recipes. LulLu, 441.

2. Gorokhovatsky, V., Stiahlyk, N., Tsarevska, V. (2021). Combi-
nation method of accelerated metric data search in image clas-
sification problems. Advanced Information Systems, 5 (3), 5-12.
doi: http://doi.org/10.20998,/2522-9052.2021.3.01

3. Meleshko, Y., Drieiev, O., Drieieva, H. (2020). Method of iden-
tification bot profiles based on neural networks in recommen-
dation systems. Advanced Information Systems, 4 (2), 24-28.
doi: http://doi.org/10.20998/2522-9052.2020.2.05

4. Shyshatskyi, A. V., Bashkyrov, O. M., Kostyna, O. M. (2015).
Rozvytok intehrovanykh system zv’iazku ta peredachi danykh
dlia potreb Zbroinykh Syl. Ozbroiennia ta viiskova tekhnika,
1(5), 35-40.

5. Tymchuk, S. (2017). Methods of Complex Data Processing from
Technical Means of Monitoring. Path of Science, 3 (3), 4.1-4.9.
doi: http://doi.org/10.22178 /pos.20-4

B. Sokolov, K. O., Hudyma, O. P, Tkachenko, V. A., Shyiatyi, O. B.
(2015). Main directions of creation of IT infrastructure of the
Ministry of Defense of Ukraine. Zbirnyk naukooykh prats Tsentru
voienno-stratehichnykh doslidzhen, 3 (6), 26—30.

7. Shevchenko, D. (2020). The set of indicators of the cyber secu-
rity system in information and telecommunication networks of
the armed forces of ukraine. Modern Information Technologies in
the Sphere of Security and Defence, 38 (2), 57—62. doi: http://
doi.org/10.33099,/2311-7249/2020-38-2-57-62

8. Makarenko, S. I. (2017). Perspektivy i problemnye voprosy raz-
vitiia setei sviazi spetcialnogo naznacheniia. Sistemy upravleniia,
sviazi i bezopasnosti, 2, 18—68. Available at: http://sccs.intelgr.
com/archive/2017-02/02-Makarenko.pdf

8. Zuiev, P, Zhyvotovskyi, R., Zvieriev, O., Hatsenko, S., Kup-
rii, V., Nakonechnyi, O. et. al. (2020). Development of com-
plex methodology of processing heterogeneous data in intel-
ligent decision support systems. Eastern-European Journal of
Enterprise Technologies, 4 (9 (106)), 14—23. doi: http://doi.org/
10.15587/1729-4061.2020.208554

10. Rybak, V. A., Akhmad, Sh. (2016). Analiticheskii obzor i sravne-
nie sushchestvuiushchikh tekhnologii podderzhki priniatiia re-
shenii. Sistemnyi analiz i prikladnaia informatika, 3, 12—18.

DOI: 10.15587/2706-5448.2022.253906

PROPERTY ANALYSIS OF MULTIVARIATE CONDITIONAL
LINEAR RANDOM PROCESSES IN THE PROBLEMS OF
MATHEMATICAL MODELLING OF SIGNALS

pages 29-32

Mykhailo Fryz, PhD, Associate Professor, Department of Com-
puter Science, Ternopil Toan Puluj National Technical University,
Ternopil, Ukraine, e-mail: mykh.fryz@gmail.com, ORCID: https;//
orcid.org/0000-0002-8720-6479

Bogdana Mlynko, PhD, Associate Professor, Department of
Computer Science, Ternopil Ivan Puluj National Technical
University, Ternopil, Ukraine, ORCID: https://orcid.org/0000-
0003-0780-5365

The object of research is the process of mathematical
modelling of a multidimensional random signal, which in
the structure of its generation is the sum of a large number
of random impulses that occur at random times. Examples of
stochastic signals of this type can be, in particular, electroen-
cephalographic and cardiographic signals, photoplethysmog-
raphy signals, resource consumption processes (electricity,
gas, water consumption), radar signals, vibrations of bearings
of electric machines and others.

A common mathematical model (especially in the mul-
tidimensional case) of this type of signal is a linear random
process that allows the signal to be represented as the sum
of a large number of stochastically independent random
impulses that occur at Poisson moments. If the impulses are
stochastically dependent (or the moments of time of their
appearance are not Poisson), then the mathematical model
is a conditional linear random process. The definition and
analysis of the probabilistic properties of such processes for
the multidimensional case have not been conducted.

The paper defines a multidimensional conditional linear
random process, each component of which is represented as
a stochastic integral of a random kernel driven by a process
with independent increments. Expressions for the characte-
ristic function and moment functions of the specified process
are obtained. The approach used was to use the mathematical
apparatus of conditional characteristic functions, as well as
the known representation of an infinitely divisible charac-
teristic function of a linear random process as a functional of
a process with independent increments.

The obtained results provide a possibility for theoretical
analysis of probabilistic properties of multichannel stochastic
signals, the mathematical model of which is a multidimen-
sional conditional linear random process. Justification of
their properties of stationarity or cyclostationarity, which are
the consequence of corresponding properties of the kernel
and process with independent increments, can be carried out.

Keywords: multivariate signal, conditional linear random
process, stochastic integral, characteristic function, mathe-
matical expectation, covariance function.

References

1. Zvaritch, V., Mislovitch, M., Martchenko, B. (1994). White noise
in information signal models. Applied Mathematics Letters, 7 (3),
93-95. doi: http://doi.org/10.1016/0893-9659(94)90120-1

2. Babak, V. P, Babak, S. V,, Zaporozhets, A. O., Myslovych, M. V,
Zvaritch, V. M. (2020). Methods and Models for Information Data
Analysis. Diagnostic Systems For Energy Equipments. Volume 281
of Studies in Systems, Decision and Control. Cham: Springer,
23-70. doi: http://doi.org/10.1007 /978-3-030-44443-3 2

3. Fryz, M., Scherbak, L., Karpinski, M., Mlynko, B. (2021). Cha-
racteristic Function of Conditional Linear Random Process. Pro-
ceedings of the 1st International Workshop on Information Tech-
nologies: Theoretical and Applied Problems. Ternopil, 129—135.

4. Fryz, M. (2017). Conditional linear random process and random
coefficient autoregressive model for EEG analysis. Proceedings
of the 2017 IEEE First Ukraine Conference on Electrical and Com-
puter Engineering. Kyiv, 305-309. doi: http://doi.org/10.1109/
ukrcon.2017.8100498

5. Pierre, P. A. (1971). Central Limit Theorems for Conditionally
Linear Random Processes. STAM Journal on Applied Mathema-
tics, 20 (3), 449—461. doi: http://doi.org/10.1137/0120048

6. Twankiewicz, R. (1995). Dynamical mechanical systems under
random impulses. Singapore: World Scientific Publishing Co.
Pte. Ltd. doi: http://doi.org/10.1142/2767

;SD

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/2(65), 2022



I55N 2664-9969

ABSTRACTS AND REFERENCES: SsYSTEMS AND CONTROL PROCESSES ﬁ

7. Demei, Y, Lan, L. (2016). Some results following from conditional
characteristic functions. Communications in Statistics — Theory
and Methods, 45 (12), 3706—3720. doi: http://doi.org/10.1080/
03610926.2014.906614

8. Bulinski, A. V. (2017). Conditional central limit theorem. Theory
of Probability & Its Applications, 61 (4), 613-631. doi: http://
doi.org/10.1137/s0040585x97t98837x

9. Grzenda, W,, Zieba, W. (2008). Conditional central limit theo-
rem. International Mathematical forum, 3.31, 1521-1528.

10. Napolitano, A. (2016). Cyclostationarity: New trends and ap-
plications. Signal Processing, 120, 385-408. doi: http://doi.org/
10.1016//j.sigpro.2015.09.011

11. Marchenko, B. G. (1973). Metod stokhasticheskikh integralnykh
predstavlenii i ego prilozheniia v radiotekhnike. Kyiv: Naukova
dumka, 192.

12. Barndorff-Nielsen, O. E., Benth, F. E., Veraart, A. E. D. (2018).
Ambit Stochastics. Springer Nature Switzerland AG. doi: http://
doi.org/10.1007 /978-3-319-94129-5

DOI: 10.15587/2706-5448.2022.259792

SUBSTANTIATION OF TECHNICAL CHARACTERISTICS
OF PROMISING HIGH-SPEED MULTI-BAND BROADBAND
MILITARY RADIO STATIONS

pages 33-35

Oleksandr Symonenko, PhD, Senior Lecturer, Department of
Automated Control Systems, Military Institute of Telecommunica-
tions and Informatization named after Heroes of Kruty, Kyiv,
Ukraine, e-mail: lokalyt@gmail.com, ORCID: https.//orcid.org/
0000-0001-8511-2017

The issue of improving the technical characteristics of
promising high-speed multi-band broadband military radios
is an important issue. It happens because of the increase
in the number of devices of communication in information
and telecommunication networks, as well as the growing
requirements for the level of technical characteristics of
these devices. Given the above, the object of the research is a
promising high-speed multi-band broadband military radios.
The subject of the research is the technical characteristics of
promising high-speed multi-band broadband military radios.
In the course of the research, classical methods of analy-
sis and synthesis were used. The research analyzes global
trends in the construction and development of wireless ac-
cess networks, which allows concluding on the prospects of
development (purchase) and implementation of high-speed
multi-band broadband military radios for the Armed Forces
of Ukraine. The results of the analysis of characteristics and
parameters of high-speed multi-band broadband radio sta-
tions of the world-’s leading countries allow to determine
the main features and requirements for promising radios, as
well as to substantiate the use of high-speed radio stations
in the Armed Forces of Ukraine. The conditions and factors
influencing the possibilities of using promising broadband
radio stations in the conditions of modern wars and armed
conflicts are determined. The analysis allows to conclude
that broadband radio access systems will be used to orga-
nize access to information resources in the information and
telecommunications environments of network-centric and
information wars.

Keywords: radioelectronic environment, network-centric
war, multi-band radio stations, technical characteristics.
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The object of research is cyber-physical systems for the
study of inhomogeneous environments, in particular, such as
land and water depths, in order to find in them the leading
bodies. One of the most problematic places in the creation of
such systems is a highly sensitive meter of small phase shifts
with a low sensitivity threshold.
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During the study, a review of methods for achieving
a low threshold of sensitivity to phase shift. The main one is
the method of converting the phase shift into the amplitude
modulation coefficient. The implementation of the method is
based on the sum-difference transformation with the prelimi-
nary introduction of the quadrature phase shift between the
signals. The results concerning the methods of solving the
following problems are obtained:

— increasing the temperature stability of the quadrature
phase shifter;

— reducing the non-identity of the transmission coeffi-
cients of the sumo-difference scheme channels;

— allocation of the amplitude of the amplitude-phase-
modulated signal at low ratios of the frequencies of the input
signals and switching.

The first problem is partially solved by dividing the
quadrature phase shifter into two equal halves, placed in
different channels, with approximately the same phase tem-
perature coefficients. The second problem is also solved
by manual calibration before measurement. The most dif-
ficult task is to extract the bypass from the amplitude-
phase-modulated signal, in which the carrier frequency is
only several times greater than the bypass. The difficul-
ty is that the detection produces combinational frequen-
cies due to phase modulation. Therefore, it is difficult
to separate them. Several methods of allocating the by-
pass, if the frequency of the input signals is fixed, are
considered. This allows to get the sensitivity threshold
(1-1074+3-107°) of advice. Reducing the operating frequency
of the signals increases the depth of research, but increases
the impact of flicker noise. The minimum frequency is 10 Hz.
Therefore, these methods are not suitable for frequencies of
Hz units. Methods to reduce the impact of flicker noise will
be considered in another paper.

Keywords: eddy current method, phase shift measure-
ment, harmonic signal, low frequencies, threshold sensitivity.
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The object of research is the technological complex of
secondary condensation (TCSC) and the control system of
a typical ammonia synthesis unit of the AM-1360 series.

The analysis of the conditions of its functioning and hard-
ware and technological design was carried out. The coordi-
nates of the control vector are determined. The features of the
proposed functional diagram and the necessary algorithmic
software for the computer-integrated control technology of
the TCSC with a correction subsystem for decision-making
under uncertainty are established. The implementation of the
proposed solutions is complicated by the use of the informa-
tion and control complex TDC-300 (USA) with closed-type
software installed on the existing ammonia synthesis units.
The need for such a control complex to implement a decision-
making subsystem under conditions of uncertainty is shown
to supplement the existing control system with hardware and
software of an «open» type.

A computer-integrated TCSC technology based on
a three-level hierarchical structure has been created. The
implementation of the zero and first levels of such a structure
form single software and hardware complex consisting of
a programmable logic controller and an automated operator’s
workplace based on an industrial computer with installed
software. A software implementation of decision-making on
the correction of the coordinates of the control vector by ad-
ditional hardware and software based on the VIPA logic con-
troller and the Zenon SCADA system was made. A scheme
of network information flows has been implemented, which
illustrates the functioning of the decision-making correction
subsystem in the general structure of the TCSC computer-
integrated control technology.

Implementation of the developed system allows, under
the existing uncertainties, to reduce the secondary condensa-
tion temperature by an average of 3 °C, which ensures an an-
nual reduction in natural gas consumption by 1 million nm3,
The proposed approach to the possibility of combining
«open» and «closed» type hardware and software can be ap-
plied in other industries.

Keywords: ammonia production, secondary condensation,
energy efficiency, computer-integrated technology, hardware
and software.
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The object of research is the influence of the conditions
for the implementation of technological trip operations in
the implementation of the priority movement of urban pas-
senger transport on the bus route on the level of accessibi-
lity of the transport service. On the basis of the developed
contour of information communication, a typical procedure
for establishing the parameter for assessing the availability of
a transport service, depending on the time indicators of traffic
on the route, is singled out. As a controlled parameter that
determines the conditions for increasing the availability of
a transport service, the trip time and the range of deviations
in the arrival of buses to the stopping point are singled out.
Implemented on the basis of simulation modeling, the proce-
dure for establishing the correspondence between the time
parameters of the departure of buses from the stopping point
and the formation of demand made it possible to establish
patterns of changes in the level of accessibility of the trans-
port service depending on the traffic conditions on the route.

In the course of field observations along route No. 115¢
«Gagarin avenue metro station — Nesterov street> (Kharkiv,
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Ukraine) it was found that the introduction of free traffic
conditions that meet the conditions of the priority of urban
passenger transport can reduce the duration of the trip by
5 min and reduce the range of deviation of the arrival of buses
to the stopping point by 4 min. On the basis of experimental
studies, it was found that by reducing the duration of the trip
from 32 min up to 27 min it is possible to increase the value of
the transport service accessibility indicator by 20.5 %. When
organizing traffic according to a schedule, it is possible to
increase the indicator of the availability of transport services
up to 0.679 (by 6.8 %). The introduction of priority traffic on
route No. 115¢ allows reducing the trip time to 22—27 min,
which will positively affect the indicator of the availabil-
ity of transport services (increase to 0.803 in traffic without
a schedule and up to 0.880 in compliance with the traffic
schedule). Reducing the range of bus arrival deviations in the
range from —1 min up to +2 min allows increasing the level
of accessibility of transport services under normal conditions
from 6.8 % to 13.3 %, and with the introduction of priority
traffic — from 15.4 % to 18.3 %.

Keywords: urban passenger transport, availability of trans-
port services, bus arrival, service quality.
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Nowadays, the satellite segment in telecommunications
occupies an important place and provides positioning of the
global coverage system. However, the development of satel-
lite technologies, compared to terrestrial wireless technolo-
gies, is slow. For example, the new DVB-S2 (Digital Video
Broadcasting via Satellite) satellite standard contains
a small number of improvements and refinements over the
previous DVB-S standard. The main improvements are
the introduction of codes with low density of LDPC (Low
Density Parity Check) and the introduction of adaptive
modulation and coding. Given the above, the object of
research is modern satellite communication system. The
subject of the research is the way to increase the efficiency
of modern satellite communication systems. The research
aims to analyze the feasibility of using a number of effective
technologies in modern wireless systems, such as OFDM,
UWB and MIMO, in satellite communication systems.
The implementation of the considered options for the use
of MIMO technology in satellite communication systems
will increase the bandwidth and efficiency of these systems.
However, there is a need for additional research to adapt
this technology in satellite communication systems. Thus,
the analysis allows forming the main directions of improving
the efficiency of modern satellite communication systems.
This analysis allows:

— to formulate new approaches to increase the efficiency
of modern satellite communication systems;

— to substantiate new technological solutions for the con-
struction of transceivers of satellite communication systems;

— to identify possible areas of research to improve the ef-
ficiency of modern satellite communication systems.
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OLIHKA TOYHOCTI PO3NI3HABAHHA MAPKEPIB, BHKOPHCTOBYHYH HANWMHWPOKOKYTHY KAMEPY cropinku 6-10

Anximozra C. M., laeunosu4 I. B.

CyuacHi npucTpoi, o miATPUMYIOTh TEXHOJIOTIIO IOIOBHEHOI PeabHOCTI, IINPOKO BUKOPUCTOBYIOTHCS B PI3HUX cepax JI0AChKOI Aisib-
HOCTI, B TOMY uncai i y Meauipni. [onoBHI guciel MoKy Th cTaTi IpUBabIMBOIO aJITEPHATHBOIO TPAAUIIIHHIM CUCTEMaM iHTpaonepaliiHol
HaBirarii, OCKiJIbKM JI03BOJISIIOTh KOPUCTYBaYaM IIPUPOIHO B3AEMOJIATH Bijl mepiioi ocobu i3 06'ekTamu, 1o X 0TouyioTh. OTKe, 06’ €KTOM
JOCTI/KEHHST y faHiit po6OTi € TOYHICTh PO3IMi3HABAHHS KOOPAMHATHUX MITOK (MapKepiB) y TaKMX 30HAX, B SIKUX HAANIMPOKOKYTHA Kamepa
Ha/lae HaibiIbII crioTBOperHst 300paskentst. Ile 06ymoBieHe HeoOXiAHICTIO 361bITHTIH POOOUMIT TIPOCTIP MOKIIMBOI B3AEMO/IT 3 MapKepamMu
y TIOPIBHSIHHI 3 THM, 1[0 HAJIA€ TaKUI MOMYJISIPHUI IPUCTPIN 10M0BHEHOT peanbHocTi ik Microsoft HoloLens 2.

Y Xoni KOCTiKEHHS AJIST OTIHKN TOYHOCTI PO3ITiI3HABAHHS BUKOPUCTOBYIOTHCS KBapaTHi Mapkepn ArUco i3 B3ATTSAM /10 yBaru MOKJIT-
BOCTI MaTH 3a3HaYeHi MapKepy Pi3HUX PO3MIPIB Ta po3MillieHi y pisHuX 30HaX 300pakeHHs 3 kamepu. [10J105KeHHS MapKepiB BKIIOYAIOTD IIEHTP
TI0JIST 30PY KaMepH, a TAKOK Taki 30HN HAUOLIBIINX CIIOTBOPEHD MIMPOKOKYTHUMU 00’€KTHBAMI, SIK BEPXHIiil JIiBNIil, BepXHIil paBuil, HIDKHIH
JIIBUIA Ta HUKHIN TIPAaBUIi KyTH MOJIsI 30pY KaMepHu.

OTpumani pe3yJbTaTy HOKa3yioTh, 10 TOUHICTh PO3Ii3HABAHHS € JIOBOJII IIPUITHATHOIO /IS BUKOPHCTAHHS B CUCTEMaX 1HTpaomepaiiiHol
HaBiTarii, a MOMIJIKY, TOB’sI3aHi 3 IUCTOPCISIMHU, CKJIAAAi0Th MeHtr, Hixk 0,2 % Bi ycix BUMAAKIB i3 HEPO3MIZHAHUMEI MapKepaMu. 3aB/sIKN
bOMY 3a6E31IeUYEThCsT MOKIUBICTD 30LIBIINTH POOOYMI TPOCTIP MOKIMBOI B3AEMOIii 3 MapKepaMu y MOPIBHAHHI 3 IPUCTPOEM JOTIOBHEHOT
peanpHocTi Microsoft HoloLens 2. Pazom 3 TM, poGoUmil TPOCTIP IS B3aEMOJIT 3 MapKepaMi € MEHITNM 3a (haKTUYHUI PO3MIp TSt 30py
HAJIITIPOKOKYTHOT KAMEPI, OCKIIBKI PO3ITI3HABAHHS HEMOKJIMBE Y BUTIAKAX, KOJIU MapKep YacTKOBO MPUCYTHI{T Ha 300pakeHHi (IOJOKEHHST
Mapkepa HaOJIMKeHe 10 TPaHUIb 300pakeHHs ).

Kmovosi cnoBa: 1on0BHEHA PeasbHICTD, PO3ITi3HABAHHS MapKepiB, kKoopauHaTHi MiTku ArUco, TOUHiCTh PO3Mi3HABAHHS, iHTpaoIepaIiiiina
HaBirallisg, HaZllMPOKOKYTHA Kamepa.
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PO3POBKA ABTOMATH30BAHOI CHCTEMM 3E0PY PIZHOPIAHOI NEPBMHHOT IHPOPMALIL B CHCTEMI KOMIIEKCHOI'O EKO-
EHEPT'0-EKOHOMIMHOIr'O MOHITOPHHI'Y cropinku 11-18

Cnimyenxo B. I, Monarywko JI. I, Kpyw 0. E.

JIOCTiKEHHST TIPUCBSTYEHO PO3POOII CUCTEMH aBTOMATH30BAHOTO 300pY MEPBUHHOI iH(hOPMAILi, 1[0 HAXOAUTH 3 PI3HUX JUKEPEJ Ta B Pis-
HoMaHiTHUX opmaTax. O6’'€KTOM OCHIKEHHS € BAACTUBOCTI MEPBUHHOT iH(hOPMAIlii Ta mporecH, 1o BifllyBaoThest MpH ii 300pi B cucTeMax
KOMILJIEKCHOTO MOHITOPUHTIY Pi3HOro HanpasieHHs. OfHuM 3 Halbiibin mpobJeMHUX MiCIlb € Te, 0 iH(OpMAILis IIPO eKOJIOTIYHUIT, eHepre-
TUYHNN, eKOHOMIUHHUI Ta COIIA/IbHUI CTAaH! PETiOHY MOJKe HA/IXOMTH BiJl PI3HUX /pKepes Ta B pisnoMy dopmaris. [le Bumarae 3naunnx satpat
pecypciB Ta yacy ist po3poOKu GJIOKIB B cCHCTEMaX KOMIIJIEKCHOIO MOHITOPHUHTY. Y XO/Ii MOCTIKeHHSA BUKOPUCTOBYBABCsT CHCTEMHIH TTi/IXijl
[PU aHAJTI31 CTPYKTYPU JKepes Ta hopMaTiB iHhopMallii pisHOro THILy, a TAaKOkK METO aHAJIi3y MpH po3polii Habopy paBust 360py iHdOpMAItii.

ABTOpU TIpOAHATI3yBaJIN CTPYKTYPY Pi3HUX JiKepesd Ta (HopMaTiB MepBUHHOI iHdopMalli B ciucTeMax eKOJOTIYHOTO, eHepreTHYHOro,
€KOHOMIUHOIO Ta MeIMUHOI0 MOHITOPUHTY. BusHaueHo, 1110 He icHye €1nHOI 6asu JaHuX i JJIst IPOBEACHHS KOMILIEKCHOTO aHamisy HeoOXiTHO
30MpaTy lati 3 PIBHOMaHITHUX JpKepeJT i B pisHux (hopmatax, 1o motpedye 3HaYHUX BUTPAT pecypcis Ta yacy. Tomy y Xozi gocaiukents 6yno
PO3pOBIIEHO aBTOMATU30BaHY cucTeMy 300py mepBUHHOT iHGOpMAILil, 1110 103B0Ist€ GOPMYBATH CBOI HAGOPU TIPABUI JIJIst IMIIOPTYBAHHS JAHIX
3 (ailztis pizHOTO (hopMaTy. 3aMPOIOHOBAaHA CHCTEMA MOKE IHTETPYBATHCH B BEJIMKI CHCTEMH MOHITOPUHTY 3aMicTh 6J0Ky 360py iH(MOopmartii.
Hamnpukiaz, Moy b 360py nepBUHHOI iH(hOpMaIlii cueTeMi KOMIIJIEKCHOTO eK0-€HEPro-eKOHOMIYHOr0 MOHITOPUHTY YCIIHIITHO BUKOPUCTOBYE
PO3PObIIEHY aBTOMATU30BaHy CUCTEMY /Jisi 360Dy iHopMaIlil, 1o HeoOXijHa ISt IIPOBEICHHS aHATI3y, MOJICIIOBAHHS Ta TIPOTHO3YBAHHS
TepuTopii haxiBIAMI pi3HOTO MPOMIIIo, a camMe: eKOJI0TaMH, eHepTeTUKaMM, eKOHOMICTaMI Ta MeINYHUMHU npaiiBHnkamu. Ile mosBommio
CKOPOTUTH 3araibHUil yac po3poOKU CHCTEME KOMILIEKCHOTO €KO-€HEPrO-eKOHOMIYHOTO MOHITOPHHTY, & TAKOK I IBUIIMTH TOYHICTh Ta CBOE-
YacHiCTh OTpUMaHHS iHpOpMalii M| 9ac ekcruryaTailii cucTeMiu MOHITOPUHTY.

Kmouosi cnosa: apromMaT3oBaHa crcTeMa, 36ip indopmaiiii, Habip MpaBuII, eKCliepTHa CUcTeMa, KOMILIEKCHUET €K0-eHepro-eKOHOMIUHUI
MOHITOPUHI.

DOI: 10.15587/2706-5448.2022.259139
JOCMMMEHHA METOAIB BU3HAYEHHA TOYHOCTI METPONIOITYHUX BUMIPHOBAHb cropinku 18-23

Koxxesnixos A. 0., Binoyc H. B.

O6’e€KTOM IOCiZKEeHHS y poboTi € oKpemi rajtysi Ta mpolecu MeTpoJIOrii, a caMe aJITOPUTMU Ta METOLU CUCTEeMU r106aJIBHOTO TTO3UILI0-
BaHHsI, aHAJII3 Ta OC/IPKEHHS OKPEMUX TIPOIIECiB, Ta iX peasrisaitis B porpaMHiit MoJeIi [uist anaiiay ix TouHocTi. [cHyroua mmpobiema moJisirae
B TOMY, 1110 ZIesIKi MeTO/iU ab0 TIPUCTPOI, SIKI BUIAIOTH PE3YJIbTaTH HA OCHOBI IIMX METO/IB € HEAOCTATHHO TOYHUMU ab0 Ha X TOYHICTD BILIMBAE
psia pakTopiB, MO MOTIPIIYE Pe3yJIbTaT.

I[Tix gac poGotu 6yJ0 MPOAHATIZ0BAHO METOIM Ta TAXOAM CUCTEMU TJIOOATHLHOTO TMO3UIIOHYBAHHS, TaKi SIK: MO3UIIOHYBAHHS TOY-
ku (precise point positioning), Binsocue nosutnionysants GPS, crarnuna Ta msuaka crarnuna GPS-3iiomku Ta 3itomka Stop-and-go. Takox

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/2(65), 2022 67 —)



— AHOTALI ISSN 2664-9969

niaxoau Oynu nofiieHi Ha cratudni Ta Kinemaruuni. Cepen MeToiB GyJ10 06paHo MeTOI precise point positioning, sik camuii pO3MOBCIOIKE-
HUIT Ta BAKOPUCTOBYBAHU cepell 3Bnyaiinix kopucrysadis GPS, st Gibiin IeTaabHOro HOCTiKEH s Ta aHaiisy ToqHocti. Metoan pos-
pobKu GasyroThes Ha 3acobax B3aeMozii 3 Biakputumu cepsicamu GPS, it mosax C#, ASPNET Core, dpeiimBopky Angular, Ta cepegosuiii
pospobku Visual Studio Code it Visual Studio 2022.

Jlnst peanizaniii yeboro reobxignoro (ynkitionany GyJa mpoaHaaizoBaHa npeaMeTHa 06J1acTh, PO3IJISTHYTI METOAM BU3HAYEHHS METPO-
JIOTIYHOT TOYHOCTI B I[IIOMY Ta B PAMKaX CUCTEMU IJI00aTbHOTO MO3UIIIOHYBaHHS K Ge3mocepeHboro 00’ekry poboru. B pesyiibsrati pobotu
6yJI0 TIPOBEIEHO aHATi3 Ta MOJETIOBAHHS MPEIMETHOI 06IACT, IOCTIKEHO METOIN CHCTEMY TI00ATBHOTO MO3UI[IOHYBAHHS Ta TTPOrpaMHa
cucreMa JUIs aHasi3y TouHocTi oiHoro 3 MetoiiB GPS. Hazani pesysisraTu aHastisy 3a J10110MOTOI0 IIPOrpaMHOro 3a6e3I1eUeHHS [0IIOMAraloTh
3po3ymiTn TouHicTh MeToy Ta GPS mpuiitmadis, 1mo i10ro BUKOPHCTOBYTIOTD, Ha PISHUX MPHUCTPOSIX.

Kmouosi crosa: MeTpPOJIOTIUHE BUMIPIOBaHHS, cCcTeMa T1006aIbHOTO MO3UIIOHYBaHHs, precise point positioning, NET, Angular.

DOI: 10.15587/2706-5448.2022.257862
PO3POBKA METOAOMOTTYHUX 3ACA MAPLUPYTH3ALI B MEPEMAX CNEL{IAILHOTO 3B°A3KY B YMOBAX BOrHEBOI'0
YPAMEHHA TA PARIOENEKXKTPOHHOrO NOAABNEHHA cropinku 24-28

O06’eKTOM JIOCIIIZKEHHS € CHCTeMa CIeiabHOTO 38’ s13Ky. Cructemu miarpuMiy npuitaatts pimetb (CIITIP) akTHBHO BUKOPHCTOBYIOThCS
B yCixX chepax KUTTEMTBHOCTI Jiofieit. OcoOIIMBOTO TOMMPEHHST BOHU OTPUMAIH ITPH 06001l BETHKIX MACHBIB IAHUX, TIPOTHO3YBAHHS IPO-
ecis, 3abesnedents iHGOPMAIIHHOT MATPUMKH NPOIECY TPURHATTS pillleHb 0cOOaMu, 10 TPUIMAIOTD pilieHHs. He BUKITIOUEHHAM cTajin
i cucreMu anasisy nepegadi iHhopMmaIli B crucTeMax pagioss’si3Ky creniagbHoro npusHaderns. OHaK BUHUKAE Psi/i TIPoOIeM TPy repejadi
indopmaitii, a came: nepegava indopmaiiii Big0yBaeThCst B CKAAAHIN pagioeseKTpoHiii o6cTanoBIl Ha (GoHi HABMUCHUX Ta TIPUPOJHNX 3aBal;
€JIEMEHTH CHCTEMU PAJlio3B 13Ky € 00’ €KTaMU ePIIOYEProBOr0 BOTHEBOTO YPAKEHHsI 32 PaXyHOK BUCOKOI PaiONOMITHOCTI /171t 3ac001B pajio-
posBiaku. Haitkpamnuii Buxi B miii cuTyarfii 3HaXoAgTh B iHTErpallii 3 JaHIMI aHasizy iHbOopMaIiifHoi cicTeMy aHasi3y paioeseKTPOHHOI
06CTaHOBKH, IITYUYHUX HEHPOHHIX MEPEsK Ta MyPAlMHOTO a/IrOPUTMY. IX IlepeBara TakoskK MoJIArae B MOKJINBOCTI pOOOTH B PEKIMi peasbHOro
Yacy Ta MIBU/KOI aflanTarii /10 KOHKpeTHUX cutyariil. Came ToMy, B 3a3HaueHiil po6oTi po3pobIeHo METOMOIOTIUHI 3aca/ii MapIIpy TH3AII
B Meperkax CIIeIiaJIbHOTO 3B’3Ky B YMOBaX BOTHEBOIO YPayKEHHS Ta PajlioOeIeKTPOHHOTO 110/IaBJICHHS.

TigBumennst onepaTuBHOCTI 06poOKHM iH(GOpMalii (3MeHIIeHHST MOXUOKKM) OIIHIOBAHHS JIOCATAETHCS 32 PAXYHOK BUKOPUCTAHHS
HeWPO-HEUITKUX MTYYHUX HEHPOHHUX MEpPEeK, IO €BOTIONiOHYIOTh; HABYAHHS He TIbKW CHHANTHIHUX BaT IMTYYHOI HEHPOHHOI Mepexi,
BUy Ta mapameTpis GyHKIil HamexHocTi. OnepaTuBHicTh 06pOOKU iHGOPMAILT TAKOK JOCITAETHCS 33 PAXYHOK HABYAHHS apXiTEKTypu
MTYYHIX HEHPOHHUX Mepesk; BPaxXyBaHHs THUIY HEeBU3HAUEHOCTI iHGopMalii, 1o misarae omiHIOBaHHIO; CUHTE3Y PallioHAThHOI CTPYK-
TYPH HEwiTKOT KOrHiTuBHOI Mogesi. IIpu 1[boMy ocsaraeThbest 3MEHIIEHHA 00YHCITIOBAHOT CKIAAHOCTI PU TPUHHATTI pillleHb; BiCyTHOCTI
HAKOIMYEHHST TOMUJIKY HABYAHHS MITYYHUX HEHPOHHUX MEPEK B pe3ysbrari 00pobku iHdopMaltii, o HaJXOAUTh Ha BXijl MITYYHUX HEIi-
pornux Mepex. [Iposesero anpoballito BUKOPUCTAHHS 3apOTIOHOBAHOT METOAMKK Ha NPUKJIA/l OIIHKKM Hepeaadi indopmaiii B ymoBax
BILIUBY fecTabinisyounx Gakropis. 3a3HaueHil TIPUKJIAJ II0KA3aB Mi[BUIIEHHS OTIEPATUBHOCTI OI[iHIOBaHHA Ha piBHI 15—25 % 10 omepa-
TUBHOCTI 06pOOKH iH(pOpMAIIii.

Kmouosi crosa: 1TyuHUH IHTEIEKT, PaJioeIeKTPOHHA 00CTAHOBKA, IHTEIEKTYa bHi CUCTEeMHU, CUCTEMHE T ATPUMKK IIPUAHATTS PilllCHb.
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RAHAJII3 BACTHBOCTEi BATATOBHMIPHMX YMOBHHMX MIHIHHX BUMAAKOBHX NMPOLECIB Y 3AJAYAX MATEMATHYHOTO
MOJENIOBAHHA CUTHANIB cTopinku 29-32

Ppuz M. E,, Mmunxo B. B.

OO0’eKTOM TOCTIIKEHHS € TIPOIEC MATEMATUYHOTO MOJIETIOBAHHS OAraTOBUMIPHOTO BHIQJIKOBOTO CHTHAIY, IKUIi 32 CTPYKTYPOIO CBOTO
TOPOJIKEHHST SIBJISIE COB0T0 CYMY BETMKOTO YHCJIA BUMAJIKOBUX IMITYJIbCIB, 110 BUHIKAIOTH ¥ BUTIAAKOBI MOMeHTH Yacy. [Ipukiamamu croxac-
TUYHUX CUTHAJIIB TAKOTO THUITY MOXKYTb OyTH, 30KpeMa, esekrpoeHnedanorpadiuni ta kapaiorpadivni curnamm, GoTomieTusMorpamu, mpo-
1IECH PECYPCOCTIORMBAHHS (€JIEKTPO-, Ta30-, BOAOCTIOKUBAHHS ), PAAIOJOKAIIHHI cUTHAIM, BIOPAITii THAIIUITHUKIB eJIeKTPUIHIX MAIIUH Ta iH.

TlommpeHooO y TMPUKIAMHNX 3a/a4aX MATEMATHYHOW MOIEII0 (30KpeMa, i y 6araToBUMiPHOMY BUITA/KY) TAKOTO TUITY CUTHAJIB € JIi-
HIFHUIT BUMIAIKOBUIT TIPOTIEC, 110 JOMYCKAE 300paskeHHs CUTHALY Y BUIJISII CYMH BEJMKOTO YHCJAQ CTOXACTHYHO HE3aJEeKHUX BUIIAQJKOBUX
IMITYJIbCIB, IKi BUHMKAIOTH Y IIyacCOHIBCbKI MOMEHTH 4acy. SIKIO0 5 IMITyJIbCH € CTOXaCTHYHO 3ajieKHUME (200 MOMEHTH 4Yacy iX MOosiBU He
€ IIyacCOHIBCHKUMM ), TO MATEMATHYHOIO MOZIEJLITIO Oyjie YMOBHUIT JIiHIITHUI BUuaKoBuil iporiec. O3HaYeHHsT Ta aHaJIi3 IMOBIPHICHUX BJIACTH-
BOCTEN TaKMX MPOTIECIB /I7TsT 6araTOBIMIPHOTO BUTIAMKY, HA CBOTO/IHI, He TPOBEIEHO.

VY poborti HaBeeHO 03HAYEHHS 6AraTOBUMIPHOTO YMOBHOTO JITHIHHOTO BUIIA[KOBOTO IPOLECY, KOKHA KOMIIOHEHTA AKOT0 300pakeHa y BU-
TJISIT CTOXaCTUYHOTO iHTErpasia BiJi BUIIAIKOBOTO SI/IPa 32 MIPOIECOM i3 He3amesKHIMH rprupoctamu. OTpUMaHO BUPA3H TS XapaKTePUCTUYHOT
GyHKITi Ta MOMeHTHIX (DYHKIIII 03HAUEHOTO TIpoTiecy. BUKOpuCTOBYBaHMIT i IXi/I TIOJISATAB Y 3aCTOCYBAHHI MATEMATUYHOTO allapaTy YMOBHUX
XapakTepucTHIHUX (PYHKILH, a TAKOK BiZIOMOTO 300pakeHHs GE3MEKHO MOAIBHOI XapaKkTepUCTUIHOI (GYHKIL JHIHHOTO BUTIAAKOBOTO IPO-
1iecy, K (yHKI[iOHAIY Bil TIPOIleCy 3 He3aJIeKHUMH MPUPOCTaMU.

3aBISAKK OTPUMAHUM PE3YJIbTaTaM 3a0e3Meuy€eThCst MOKIMBICTD IPOBEIEHHS TEOPETHYHOTO aHAJI3y WMOBIPHICHUX BJIACTHBOCTEN Oara-
TOKAHATBHUX CTOXACTUYHNX CUTHATIB, MATEMATHYHOIO MOZIEJTIO SIKIX € 6araTOBUMIPHIN YMOBHUI JIHIFHITN BUTAIKOBUIT Tpotiec. 30Kpema,
€ MOKJIMBUM OOIPYHTYBaHHsI X BJACTUBOCTEH CTAIiOHAPHOCTI Y1 CTOXACTUYHOT HEPIOAMYHOCTI, SIKi /I TAKOT MOJIEJI € HAC/IIIKOM BiZNOBi/-
HUX 0COOJIMBOCTEH S7ipa Ta HOPOKYIOUOT0 TIPOTIECY 3 HE3AIEKHUMU TIPUPOCTAMH.

Kmouosi cnosa: GaraToBUMIpHWIA cCUTHAJ, YMOBHUI JIHIHHUN BUMIAAKOBHIA TIPOIIEC, CTOXaCTUYHUN 1HTErpas, XapaKTepucTnuHa (hyHKILis,
MaTeMaTHYHe CIIO/[iBaHHS, KOpeJisiiiiiHa (hyHKILisL.
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OBI'PYHTYBAHHA TEXHIYHHX XAPAKTEPHCTHK NEPCNEKTHBHUX BUCOKOWBHAKICHHX EATATORIANTA30HHUX
IIMPOKOCMYTOBMX PAZIIOCTAHLIH BIACLKOBOr0 MPH3HAYEHHA cropinku 33-35

Cumonenxo 0. A.

[TuTaHHs MABUIIEHHS TEXHIYHNX XapaKTEPUCTUK MEPCIEKTHBHIX BUCOKOIBHUAKICHIX 6arato/lialla30HHIX MINPOKOCMYTOBUX PA/IiOCTaH-
1[ii1 BifichKOBOTO MPU3HAYEHHS € BAXKJIMBUM UTAHHAM. 3a3HaueHe 0OyMOBJICHE 30LIbIIEHHSIM KilbKOCTI 3ac00iB 3B’s13Ky B iHMOpMaIliiiHo-Te-
JIEKOMYHIKAIIFIHUX Mepeskax, a TAKOK 3POCTAHHSIM BUMOT JI0 PiBHSI TEXHIYHUX XapaKTePUCTUK 3a3HaYeHUX 3ac00iB. BpaxoByioun 3azHavene
00’€KTOM JOCIIKEHHST € MepCIeKTUBHI BUCOKOIBHUIKICHI GaraToAianasoHHti IUPOKOCMYTOBI pajiocTanilii BificbkoBoro npusnadentst. [Tpes-
METOM JIOCJI/UKEHHS € TeXHIYHI XapakTePUCTHKK TIEPCIEKTUBHUX BUCOKOMBU/IKICHUX GaraTtofiana30HHuX MUPOKOCMYTOBHUX Pa/liOCTAHIIII
BiliCbKOBOTO TIpU3HAa4YeHHs. B Xozi TpoBesienoro ocikenHs BUKOPUCTOBYBANCS KJIACHYHI METOJM aHaIi3y Ta CHHTe3y. B pocimkenti
MPOBeJIeHMIT aHaIIi3 3araJbHOCBITOBUX TEHJIEHINN TOOY/IOBH Ta PO3BUTKY MeEPEK 6e31pOTOBOTO JIOCTYILY BiliCbKOBOTO IIPU3HAYEHHS, SIKUIL
JI03BOJISIE 3POOHTH BICHOBOK PO MEPCIIEKTHBHICTh PO3POOKN (3aKyIIBIIi) Ta BIPOBA/UKEHHST BUCOKOIIBIIKICHUX GaraTofianasonHnX M-
POKOCMYTOBUX pajiocTaniiiii BificbkoBoro npusHadenns ansa 36poitnux Cusn Yipainu. Pesysbratii mpoBeJeHOro aHajisy XapaKTepucTuk
i mapaMeTpiB BUCOKOMIBUAKICHUX Garato/iaasoHHUX MUPOKOCMYTOBUX PajioCTAHIIIl POBIHUX KPAiH CBITY 03BOJISIE BUSHAYUTH OCHOBHI
0COGJIMBOCTI Ta BUMOIHM JIO TIEPCIIEKTUBHKX Pajlio3acodiB, a TaKOkK OOTPYHTYBATH BapiaHTH 3aCTOCYBAHHS BUCOKOUIBUAKICHUX PaiocTaHIlii
y 36poitnnx Cusax Ykpainn. Busxaueni ymMmoBy Ta (haktopu, 0 BIUIMBAIOTH HA MOXKJIMBOCTI 3aCTOCYBAHHS TIEPCIEKTUBHUX TUPOKOCMYTO-
BUX PaJiOCTaHINN B yMOBaxX cy4acHUX BiiiH Ta 30poitnnx korduikTis. [TpoBeaennii anais 103B0Js€ 3pOOGUTH BUCHOBOK PO T, MO CHCTEMU
HIMPOKOCMYTOBOTO PaiofocTyIy GyayTh BUKOPUCTOBYBATUCH JJIst OpraHisaitii goctymy 10 indopmariiinux pecypcis B indopmaiiiinomy ta
TeJIeKOMYHIKAI[IHOMY CepeIoBHUIIAX MEePEKHO-TIEHTPUYHIUX Ta iHOPMAI[iTHNAX BilfH.

Kmouosi cnosa: pajiioesieKTpoHHa 0O6CTAaHOBKA, MepesKelleHTpUYHa BiiiHa, Garatotiana3onii pagiocTaniiii, TeXHiYHi XapaKTePUCTHKH.
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OTMIAR METOAIB TA 3ACOEIB PEANI3ALIT INPOPMALIHHO-BUMIPHOBANLHUX KOMIOHEHTIB KIGEP-PI3HYHMX CHCTEM ANA
ENEKTPOMATHITHOr'0 30HAYBAHHA cropinku 36-40

Byuma I. M., Boituenxo M. B.

OG6’exTOM roCaiKeHHS € Kibep-(hisuuni cucTeMu T0CTIIKEHHST HEOAHOPIAHUX CEPeIOBUIIL, 30KPeMa, TAKUX sK 3eMHI Ta BOJAHI TIIMOUHH,
3 METOIO TIONIYKY B HUX TPOBIAHUX Tist. OfHUM 3 HAWGLIBII TPOOJEMHIMX MICIlh TPU CTBOPEHHI TAKUX CHCTEM € BUCOKOUYTINBHIA BUMipIOBaY
Masinx (ha3o0BUX 3CYBiB 3 HUI3bKUM OPOTOM 4y TJINBOCTI.

B xozi 1ocTi/pKeH ST TPOBEEHO OTJISI/I METO/IIB IOCSTHEHHST HU3bKOTO TTOPOTY Yy TJIUBOCTI /10 (hazoBoro 3cyBy. OCHOBHUM 3 HUX € METO/T
neperBopeHHs (hasoBoro 3cyBy B KOeDIllieHT aMILIiTyAHOI Moy alii. Peasizaitisi MeToay 6a3y€eThcsi Ha CyMO-PI3HUIIEBOMY IIEPETBOPEHHI
3 TI0Iepe/IHIM BHECEHHSIM KBapaTypHOTro (a3oBOro 3cyBy Mixk curraizamu. OTPUMAHO Pe3yJbTaTH, M0 CTOCYIOThCS METO/IB PO3B’si3aHH:
HACTYTTHUX 3a/a4:

— TABUIEHHS TEMIIEPaTyPHOI cTablIbHOCTI KBagpaTypHOro dhaszoobepraya;

— 3MEHIIeHH HeiJleHTHYHOCTI KoedillieHTiB nepeaadi KaHaIiB CyMO-PI3HUIEBOI CXeMHU;

— BUJIJIEHHS OOBIZHOT aMILIITY/ aMILITYAHO-(ha30-MOYILOBAHOTO CUTHAILY TIPU MAJIMX BIIHOIIEHHSIX YaCTOT BXIIHUX CUTIHAJIIB Ta KOMYyTarlii.

ITepina 3a1aua YaCTKOBO BUPINLYEThCsT PO3OUTTAM KBaZpaTypHOTO (hazoobepTaua Ha [Bi PiBHI MOJOBMHKY, PO3MIlIEH] B PI3HUX KaHA/aX,
3 MPUOJIIBHO OIHAKOBUMH (haszoTeMIiepaTypHuMu kKoedimientamn. /[pyra 3azada TakoK BUPIIIYEThCS PYIHUM KaTiGpyBaHHsIM TIepesl BIMi-
poBaniam. Haiickmaaninmono € 3azaua BuiieHis o0BiaHol 3 aAMILITY/IHO-(a30-MO/Ly/IbOBAHOTO CUTHAIY, B SIKOMY 4acTOTa HECy4ol TilIbKU
B KiJIbKa pasiB € 6ibInoio Big 06BigHoT. CKIaIHICTh B TOMY, 110 IPU JIE€TEKTYBaHHI YTBOPIOIOTHCST KOMOIHAIIIITHI YacTOTH, 3yMOBJIEHI (ha30BOI0
MozpyJstieio. Tomy posainuT ix Baskko. PO3IJistHyTo KijibKa METO/AIB BUALICHHA OOBIHOI, SIKIIIO YacTOTa BXiAHUX CUTHAJIIB (ikcoBana. 3aB-
K] 1IIbOMY MOZKHA oTpuMati mopir uytmusocti (1:1074+3-107%) paz. 3meHuenns po6ouoi yacTOTH CUTHAJIB THABUILYE IIMOMHHICTD A0CT-
JUKeHD, ajie IPH IbOMY 3pocTac BILTHB Qurikep-1mymy. [pn mbomy Minimambhoto BBaxkaeTbest yactota 10 [ OTike, 7151 4acToT, 10 CKIAIAIOTH
oaunuLi 111, 11l MeToau He 1iAX0/4Th. MeTo/in 3MEHIIEHHS BILIUBY (DJIiKep-1IyMy IJIAHY€EThCS PO3IJISSHYTH B iHIII poboTi.

Kmouosi cnoBa: BUXPOCTPYMOBHIT METOJI, BUMipIOBaHH: (ha30BOTO 3CYBY, TAPMOHIYHII CUTHAJ, HU3BKI YACTOTH, TOPOTOBA Yy TJIUBICTb.
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PO3POBKA ANAPATHO-TPOrPAMHOI0 3ABE3NEYEHHA KOMIT'HOTEPHO-IHTET'POBAHOI TEXHOMOTT KOMINEKCY BTOPHMHHOI
KOHAEHCALI BAPOBHMUTBA AMIAKY cropinxkn 41-44

Babiuenxo A. K., liucayenxo L. I, Kpasuenxo fl. 0., Ba6ivenxo 1. A., Kpacxixos I. /I, Wyruxcekuii 0. I

OG’ eKTOM JIOCTIIZKEH ST € TeXHOMOruHIiA KoMIteke Bropunnoi kouaencaiii (TKBK) Ta iioro cucrema kepyBaHHsSI TUIIOBOTO arperary
cunTe3y amiaky cepii AM-1360.

[TpoBezeno amasniz yMOB #0r0 (DyHKIIOHYBAHHS Ta amapaTypHO-TEXHOJOTIYHOTO odopMIens. Busnaueni KoopamHATH BEKTOPY Kepy-
BaHHs. BcTaHOBJIEHI 0COGIMBOCTI 3aMPONIOHOBAHOI (DYHKIIOHANBHOI CXeMH Ta HEeOOXi[HOrO aJrOpUTMIYHO-TIPOTPAMHOTO 3a0e3IeUCHHS
KOMIT I0TepHO-iHTerpoBanoi Texnosorii kepyBanusi TKBK 3 mizcncteMoro kopekiii 111 mpUitHATTS PillleHb B yMOBaX HEBU3HAYEHOCTI.
BripoBa/pkents 3anpornoHoBaHuX pillleHb YCKIAAHSIETbCS 3aCTOCYBAHHSIM Ha [HIOUMX arperatax CHHTe3y amiaky iHdopMaliiiHo-kepyiodoro
kommexcy TDC-300 (CIITA) 3i BCTaHOBJIEHUM ITPOrPAMHUM 3a0€3MEUEHHAM «3aKPUTOrO» ThIty. [loKkazaHa HeOOXIHICTb 7T TAKOTO Kepyio-
YO0 KOMILJIEKCY 3 METOIO peasisallii mificucTeMu MPUITHATTS PillleHb B yMOBaX HEBU3HAYEHOCTI JOTIOBHEHHS iCHYIOUOI CHCTEMH KepPyBaHHS
anapaTypHO-TPOrpaMHUMU 3aC00aMU «BIIKPUTOTO» THILY.
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CrBopena KoM 0TepHO-iHTerpoBana texxosoris TKBK na 6asi TpupisreBoi iepapxiuoi cTpykrypu. Peasizallist HyJIbOBOTO Ta HEPIIOTO
PIiBHS TaKoi CTPYKTYPU YTBOPIOIOTH €IMHUIT MTPOTPAMHO-TEXHIYHUI KOMIIEKC y CKJaji MPOrPaMOBAHOro JIOTIYHOTO KOHTPOJEepa Ta aBTO-
MaTH30BaHOTO POOOYOTO MICIlsl OTlEPaTOPa-TEXHOIOTa Ha 6asi MPOMUCIOBOrO KOMITIOTEPA 31 BCTAHOBJIEHUM TIPOrPAMHUM 3a0e31eUeHHSIM.
3aiiicHena mporpaMHa peasisaitis TPUHHATTSA PillleHb 010 KOPEKIlii KOOPAMHAT BEKTOPY KepyBaHHS A0JATKOBUM arapaTHO-TPOTPaMHUM
3abesnedentam Ha Gasi soriuroro kourposepa VIPA ta SCADA-cucremu Zenon. PeasizoBana cxema MepeskHUX iH(GOPMAIiiiHIX TTOTOKIB,
sIKa HA0YHO 1LTI0CTPY€E (QYHKI[IOHYBAHHS ITi/ICKCTEMN KOPEKILii IPUITHATTS PillleHb y 3arajbHiil CTPYKTYPi KOMIT IOTEPHO-IHTErPOBAHOI TEXHO-
siorii kepyBannsg TKBK.

BripoBa/keHHsT pO3pO0IIEHOT CHCTEMU I03BOJISIE B YMOBAX ICHYIOUMX HEBU3HAYEHOCTEl 3HUSHUTH TEMIIEPATYPy BTOPUHHOI KOHIEHCAII
B cepestibomy Ha 3 °C, 10 3abesnedye piute 3HUKEHHS CIOKUBAHHS TPUPOAHOTO Tasy Ha 1 Mutw. nv, anpononosanuii miaxiz moao Mosk-
JIMBOCTI TIOE/THAHHS ATIAPATHO-TIPOrPAMHUX 3aC00iB «BIIKPUTOTO» Ta «3aKPUTOTO» TUITY MOXKe GYTH 3aCTOCOBAHUM i B IHIINX BUPOOGHUIITBAX.

Kmovoei cnoga: BUPOOHUIITBO aMiaKy, BTOPUHHA KOH/IEHCAIIisl, eHeProe(eKTHBHICTh, KOMIT FOTEPHO-IHTErPOBAHA TEXHOJIOTIS, aapaTypPHO-
mporpamMHe 3abe3neveHHs.
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OLIHKA BIUTMBY YMOB PYXY HA JOCTYMHICTb TPAHCIOPTHOI NOCAYTH ABTOEYCHOI0 MICHKOI'0
MAPWIPYTY cropinku 45-50

Bpoeuuenxo B. 0., Isanos I. E., Migmy6uwit C. H0.

OG6’eKTOM JIOCITIKEHHSA BUCTYIIAE BIUIMB YMOB peaisallii TeXHONOTIYHUX PeHCcOBUX OmNepaliiil pu BIPOBA/UKEHHI TIPIOPUTETHOTO PYXY
MiCPKOTO TTaCaKMPCHKOTO TPAHCIIOPTY Ha aBTOOYCHOMY MapuIPyTi Ha PiBeHb AOCTYITHOCTI TPaHCIOPTHOI mocayru. Ha ocHOBI pospobmeHo-
TO KOHTYPY iH(MOPMAIHITHOTO 3B’I3Ky BUJIJIEHO TUIIOBY MPOIIEAYPY BCTAHOBJEHHS TTAPAMETPY OIHKHU JOCTYIHOCTI TPAHCIOPTHOI MOCTYTU
B 3aJIEC’KHOCTI BiJ] YaCOBHX IIOKA3HUKIB PyXy Ha MapuIpyTi. B skocTi KepoBaHOTo TapameTpy, 110 BU3HAYA€ YMOBH IT/IBUII[CHHS IOCTYIIHOCTI TPaH-
CIIOPTHOI MOCJTYTH BUIJIEHO Yac peficy Ta Aiala3oH BiAXUIeH s TPUOYTTS aBTOOYCIB 10 3yIIMHHOTO IyHKTY. PeasiizoBana Ha 0CHOBI iMiTattifinoro
MO/IEJIFOBAHHSI TIPOLIE/LYPa BCTAHOBJIEHHS BiIMOBIZAHOCTI YaCOBUX TIAPAMETPIB BiANPABJIECHHS aBTOOYCIB 3 3YIIUHHOIO MYHKTY Ta (HOPMYBAHHS
TIOTUTY ZI03BOJTA/IA BCTAHOBUTH 3aKOHOMIPHOCTI 3MiHN PiBHS JOCTYMHOCTI TPAHCHOPTHOI MOCJIYTH B 3a7€KHOCTI Bijl yMOB PyXy Ha MapIIpyTi.

B xo/1i HatypHux criocrepeskerb 3a mapiipyroM Ne 115e «ct. merpo 1ip. [arapina — Bys. Hecreposas (M. Xapkis, YkpaiHa) BCTaHOBJIEHO,
10 BIIPOBA/KEHHS BIIBHUX YMOB PYXY, SIKi BI/IIIOBIZIAIOTh YMOBaM HPIOPUTETY MICHKOTO MACAKUPCHKOTO TPAHCIIOPTY, T03BOJSIE CKOPOTUTH
TPUBAIICTH peiicy Ha 5 XB. Ta 3MEHIINTH Aiala3oH BiXUJIEHHs MPUOYTTs aBTOOYCIB 10 3yMTUHHOTO IyHKTY Ha 4 XxB. Ha 0CHOBI ekcriepuMeH-
TAJIbHUX JIOCJII/IKEHb BCTAHOBJIEHO, 1110 32 PAXyHOK CKOPOYEHHS TPUBAJIOCTI peiicy 3 32 XB. /10 27 XB. MOKJINBO IT/IBUIIUTH 3HAYCHHS [I0KA3-
HUKa IOCTYITHOCTI TpaHCIopTHOI mocayrr Ha 20,5 %. ¥ pasi opramisaiii pyxXy 3a po3KJIaoM MOKJIHBE 301/IbIIEHHST MOKA3HIKa JOCTYITHOCTI
TparcrnoprHoi nocayru go 0,679 (ma 6,8 %). Buposamkenus npiopurertHoro pyxy Ha mapupyti Ne 115e 103BoJisie ckopoTuTi yac peiicy
10 22 xB. — 27 XB., 1O MO3UTHBHO BILIMHE HA MOKA3HUK JOCTYIMHOCTI TpaHCIOpTHOI mocayru (36impmutsest 1o 0,803 B ymoBax pyxy 6e3
poskiany Ta 10 0,880 3 morpuMmanisaM poskaany pyxy). CKOpoueHHs [ianasony BiaxuaeH s TprOyTTs aBToOyCiB 10 Aianasomny Bix —1 XB.
10 +2 XB. JIa€ MOJKJIMBICTD MIBUIUTH PIBEHD JOCTYITHOCTI TPAHCIIOPTHOI MOCJAYTH y 3BMYaiiHuX ymoBax Bix 6,8 % 10 13,3 %, a npu Briposa-
JUKeHHi pioputeTHOTO pyXy — Bit 15,4 % no 18,3 %.

Kmouosi cnosa: MicbKuii TacaKUPCHKUIA TPAHCIIOPT, AOCTYIHICTh TPAHCIIOPTHOI MOCAYTH, TPUOYTTSE aBTOOYCY, AKICTb 00CTYTOBYBaHHSL.
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AHANI3 HAMPAMKIB MIABHIEHHA EPEKTHBHOCTI SYHKLIOHYBAHHA CYYACHHX CHCTEM CYNTYTHHKOBOr'0
3B’'A3KY cropinku 51-56

Tpousxo 0. 0.

VY naHuii yac CynmyTHUKOBHUII CEIMEHT y TEJIEKOMYHIKAliAX 3aliMac BaK/IuMBe Micle i 3a0e3nedye MO3UIIOHYBAHHSI CHCTEME 3B'SI3KY
r06arbHOro TOKPUTTS. [IpoTe, pO3BUTOK CYMYTHUKOBUX TEXHOJIOTIH, TOPIBHIHO 3 HA3eMHUME GE3IPOTOBIMIT TEXHOJIOTISIMHU, BiIOYBAETHCS
HEBUCOKMME Temmamu. Hanpukian, HOBUI CTaHIAaPT CylyTHUKOBOrO Tesiemoniaenus DVB-S2 (Digital Video Broadcasting via Satellite)
MIiCTHTD Y c001 HEBEIHMKY KiJIbKICTh MMOKPAIEHb 1 I00MPAIIoBAHb 110 BiIHOIEHHIO /10 TIonepeHboro crangapty DVB-S. OcHoBHIM MOKpatieH-
HSIM € BIIPOBAJIKEHHS KOJIIB 3 MaJIoio HiiibHicTio epeBipok Ha napaicts LDPC (Low Density Parity Check) i BBesieH st MOKIMBOCTI BUKO-
PUCTAHHS aJalTHBHOI MOAYJISII i KoayBaHHs. BpaxoByoun 3asnadene, 06’'€KTOM TOCT/PKEHHS € CyJacHi CHCTEMH CYITyTHIKOBOTO 3B SI3KY.
[TpemmeToM MOCTiKEHHS € MUISXU THABUIIEHHS eeKTUBHOCTI (DYHKIIOHYBAHHS CyYaCHUX CHUCTEM CYITYTHHKOBOTO 3B's13KYy. [locmimkentst
HAIPABJIEHO HA aHAJIi3 MOXKJIMBOCTI 3aCTOCYBAHHS Psily e(heKTUBHUX TEXHOJIOTIi cydacHux Ge3aporoBux cucreM, takux sk OFDM, UWB
ta MIMO, B crcTemMax cymyTHUKOBOTO 3B’3Ky. BIIpoBa/pkeHHsT PO3TJISTHYTHX BapianTiB 3actocyBanus TexHosorii MIMO B cynyTHUKOBUX
cucTeMax 3B'3KY J03BOJIUTD IABUIUTH IPOIYCKHY 3[aTHICTD i eheKTUBHICTD 1IMX cucteM. [Ipu 1IbOMY, BUHUKAE HEOOXIAHICTD IIPOBEACHHS
JOIATKOBUX JIOCTIZIZKEHb 3 METOIO alarTaiii [aHoi TeXHOJIOTii B ciucTeMax CyMyTHUKOBOTO 3B’A3KY. TaKuM 41HOM, TIPOBE/IEHNI aHasli3 03B0-
Jisie copMyBaTU OCHOBHI HAIPSIMKH Ti/IBUIIIEHHsT €(DeKTUBHOCTI CYyYaCHUX CUCTEM CYMYTHUKOBOTO 3B’sI3Ky. 3a3HAUEHMIT aHaJIi3 JTO3BOJISIE:

— c(hopMyJIIOBaTH HOBI Ii/IXO/IM 3 HiJABUIICHHS e(DEKTUBHOCTI CyYaCHUX CHCTEM CYILyTHHUKOBOTO 3B’SI3KY;

— 0OIPYHTYBATH HOBI TEXHOJIOTIUHI pilleHHs 3 TTOOY/I0BY IPUITOMOTIEPEIaBadiB CHCTEM CYITyTHUKOBOTO 3BSI3KY;

— BU3HAYUTU MOJKJIMBI HAIIPSIMKH HAYKOBUX JIOCJI/UKEHD 3 IIBUIIEHHS e(DEeKTHBHOCTI Cy4aCHUX CHCTEM CYIIyTHUKOBOTO 3B SI3KY.

Kmouosi croBa: cricTeMy CYITyTHUKOBOTO 3B'sI3KY, PajlioeIeKTPOHHA 00CTaHOBKA, 1H(MOPMAIiTHO-TeIeKOMYHIKaIliiHa CCTeMa CIielliab-
HOTO NPU3HAYEHHS.
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