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The object of research is cloud computing as an element of the
server infrastructure for intelligent public transport systems. Given the
increasing complexity and requirements for modern transportation, the
application of the Internet of Things concept has a high potential to
improve efficiency and passenger comfort. Since the load generated in
ToT systems is dynamic and difficult to predict, the use of traditional
infrastructure with dedicated servers is suboptimal. This study consid-
ers the use of cloud computing as the main server infrastructure for the
above systems. The paper investigates the main cloud platforms that
can be used to develop such systems and evaluates their advantages
and disadvantages. The authors developed the overall architecture of
the system and evaluated the performance and scalability of individual
components of the server infrastructure. To test the system, a software
emulator was developed that simulates the controller module installed
in vehicles. Using the developed emulator, stress tests were conducted
to analyze and confirm the ability to scale and process input data by
the proposed architecture. The test scenarios were developed and con-
ducted on the basis of the existing public transportation system in Kyiv,
Ukraine. The experimental results showed that the proposed ToT archi-
tecture is able to scale efficiently according to the load generated by the
connected devices. It has been found that when the number of incoming
messages increases from 40 to 6000, the average message processing time
remains unchanged, and the error rate does not increase, which is an
indicator of stable system operation. The obtained results can be used in
the development of modern public transport systems, as well as for the
modernization of existing ones.

Keywords: internet of things, cloud computing, system architec-
ture, public transport systems, scalability.
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This paper considers the process of dynamic reservation of the
channel resource of a secure corporate multi-service communication
network.

It has been established that the processes of building and
functioning of the schemes of a secure corporate multi-service com-
munication network and improving the quality of the implementa-
tion of its main work processes involve the evaluation and dynamic
reservation of channel resources for incoming aggregated data flows
of the network.

The model of dynamic reservation of the channel resource of the
aggregated data stream of the secure corporate multi-service com-
munication network was built and proposed. The proposed model
makes it possible to set the quantitative values of the reserved channel
resource for different service methods depending on the number of
component flows in the total aggregated data flow of the VPN tunnel.

It was established that an increase in the density of the ag-
gregated data stream requires an increase in the reserved channel
resource. At the same time, its value is influenced by the way of
servicing the aggregated data flow in the VPN tunnel of the secure
corporate multi-service communication network. Application of the
isolated service method gives a gain in the allocated resource for the
channel reserve from 10 to 20 percent compared to the group service
method for IR and video telephony. This is due to the more flexible
management process of the border router’s incoming data storage
buffer under the isolated service mode.

The model of dynamic reservation of the channel resource of
the secure corporate multi-service communication network reported
in this paper could be used in the improvement of existing and de-
velopment of new structures of the secure corporate multi-service
communication network. The consequence of such an improvement
is a reduction in the delay time for the processing of incoming data
packets in the specified network.

Keywords: secure corporate multiservice communication net-
work, aggregate flow, channel resource, VPN gateway.
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Recommender systems make it easier to search with a large
amount of content, supplementing or replacing the classic search
output with recommendations. In P2P networks, their use can have
additional benefits. Because of indexing and search problems, previ-
ously added files may not be available to P2P network users. If the
user cannot find the file he is looking for, one can provide him with
a list of recommendations based on his preferences and search query.

The object of research is the process of creating recommendations
for users of decentralized P2P networks to facilitate data search.

The urgent task of increasing the accuracy of mathematical
modeling of recommender systems by taking into account the re-
quirements for reliability and data security during changes in the
structure of a decentralized P2P network is solved.

An analytical model of the recommender system of a decentral-
ized P2P network has been developed, the main feature of which is
taking into account the requirements of reliability and security of
recommendation messages. This was done by introducing the fol-
lowing indicators into the general model of the decentralized recom-
mender system — the probability of reliable packet transmission and
the probability of safe packet transmission. The developed analytical
model makes it possible to conduct a comparative analysis of differ-
ent methods of operation of recommender systems and to set accept-
able parameters under which the degree of relevance does not fall
below a certain threshold.

The developed mathematical model of the system based on the
GERT scheme differs from the known ones by taking into account
the reliability and security requirements during changes in the struc-
ture of the decentralized P2P network. This has made it possible to
improve the accuracy of simulation results up to 5 %.

The proposed mathematical model could be used for prototyping
recommender systems in various fields of activity.

Keywords: recommender system, decentralized computer net-
work, peer-to-peer network, GERT network, information security.
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Modern communication systems are based on orthogonal fre-
quency division multiplexing (OFDM) technology, which allows
reliable transmission of information under multipath conditions.
The need to preserve the orthogonal properties of subcarriers leads
to high sensitivity of these systems to frequency shifts of the signal.
The method of signal formation for the OFDM system has been
improved in this work. The use of spectrum-selective shaping pulses
after the inverse fast Fourier transform (IFFT) stage at the trans-
mitter side to reduce the level of inter-channel interference during
carrier frequency shift was investigated. New pulse shapes were
synthesized, obtained by using optimized multiparameter functions
with a selective spectrum. The effectiveness of the application of syn-
thesized pulses with a selective spectrum in reducing the influence
of the frequency shift of the signal on the interference immunity of
the OFDM system was analyzed. A comparison of the probability of
a bit error with already existing forms of Nyquist pulses was carried
out. In the MATLAB environment, a model of the transmitter and
receiver of the OFDM system was developed for the experimen-
tal assessment of the influence of the proposed forming pulses on
the immunity of the system under the conditions of inter-channel
interference with different types of modulation. It was established
that the lowest level of bit error probability under the conditions of
inter-channel interference was observed for a two-parameter pulse
with a selective spectrum and a piecewise linear approximation of
the transition region. So, for a signal-to-noise ratio of 15 dB, BPSK
modulation and a normalized frequency shift of 0.2, the probability
of a bit error for a given pulse is 3-10"%; for QPSK modulation and a
normalized frequency shift of 0.1, 10°; for QAM-16 modulation and
a normalized frequency shift of 0.03, 2-10%.

Keywords: Nyquist shaping pulse, pulse with a selective spec-
trum, piecewise linear approximation, interchannel interference,
OFDM.

References

1. Singh, P, Sahu, O. P. (2015). An Overview of ICI Self Cancellation
Techniques in OFDM Systems. 2015 IEEE International Conference



on Computational Intelligence & Communication Technology. doi:
https://doi.org/10.1109/cict.2015.113

. Kumar, N, Kaur, G., Sohi, B. S. (2015). Comparative Analysis of Var-
ious Inter-Carrier Interference Cancellation Methods. International

Journal of Wireless and Microwave Technologies, 5 (3), 18—32. doi:
https://doi.org/10.5815/ijwmt.2015.03.02

. Tan, P, Beaulieu, N. C. (2009). Analysis of the effects of Nyquist

pulse-shaping on the performance of OFDM systems with carrier
frequency offset. European Transactions on Telecommunications,
20 (1), 9-22. doi: https://doi.org/10.1002/ett. 1316

. Muschallik, C. (1996). Improving an OFDM reception using an

adaptive Nyquist windowing. IEEE Transactions on Consumer Elec-
tronics, 42 (3), 259-269. doi: https://doi.org/10.1109/30.536046

. ETSITS 136 211 V17.1.0 LTE. Evolved Universal Terrestrial Radio

Access (E-UTRA). Physical channels and modulation. Available
at: https://www.etsi.org/deliver/etsi_ts/136200_136299/136211/
17.01.00_60/ts_136211v170100p.pdf

. Muller-Weinfurtner, S. H., Huber, J. B. (2000). Optimum Ny-

quist windowing for improved OFDM receivers. Globecom
’00 - IEEE. Global Telecommunications Conference. Conference
Record (Cat. No.0OCH37137). doi: https://doi.org/10.1109/glo-
com.2000.891232

. Song, R, Guo, X,, Leung, S. H. (2011). Optimum Second Order

Polynomial Nyquist Windows for Reduction of ICI in OFDM
Systems. Wireless Personal Communications, 65 (2), 455-467. doi:
https://doi.org/10.1007/511277-011-0267-x

. Kamal, S., Azurdia-Meza, C. A., Lee, K. (2016). Suppressing the ef-

fect of ICI power using dual sinc pulses in OFDM-based systems.
AEU - International Journal of Electronics and Communications,
70 (7), 953-960. doi: https://doi.org/10.1016/j.acue.2016.04.013

. Kamal, S., Azurdia-Meza, C. A., Lee, K. (2017). Improved Nyquist-I

Pulsesto Enhancethe Performanceof OFDM-Based Systems. Wireless
Personal Communications, 95 (4), 4095—4111. doi: https://doi.org/
10.1007 /s11277-017-4044-3

. Balan, A. L., Alexandru, N. D. (2012). Two improved nyquist filters

with piece-wise rectangular-polynomial frequency characteristics.
AEU - International Journal of Electronics and Communications,
66 (11), 880-883. doi: https://doi.org/10.1016/j.aeue.2012.03.006

. Alexandru, N. D., Balan, A. L., Diaconu, F, Dimian, M. (2013).

Development of Improved Nyquist Filters with piecewise linear
frequency characteristics. 2013 36th International Conference on
Telecommunications and Signal Processing (TSP). doi: https://
doi.org/10.1109/tsp.2013.6614023

. Alexandru, N. D., Balan, A. L. (2014). Investigation of the mechanism

of improvement in improved Nyquist filters. IET Signal Processing,
8 (1), 95-105. doi: https://doi.org/10.1049 /iet-spr.2013.0050

. Sharique, M., Chaturvedi, A. K. (2015). Transmitter Pulse Shap-

ing to Reduce OOB Power and ICI in OFDM Systems. Wireless
Personal Communications, 83 (2), 1567—1578. doi: https://doi.org/
10.1007/s11277-015-2464-5

. Xiao, J., Yu, J., Cao, Z., Li, E, Chen, L. (2013). Flipped-exponential

Nyquist pulse technique to optimize the PAPR in optical direct de-
tection OFDM system. Optics Communications, 286, 176—181. doi:
https://doi.org/10.1016 /j.optcom.2012.08.053

. Jayaprakash, A., Reddy, G. R. (2015). Discrete Ambiguity Function

Based Analysis of Filter Bank Multicarrier Systems. IETE Technical
Review, 32 (5), 330—346. doi: https://doi.org/10.1080,/02564602.20
15.1015941

. Kongara, K. P, Smith, P. J., Mann, S. (2008). A comparison of CP-

OFDM with IOTA-OFDM under typical system imperfections. IET
Seminar Digests. doi: https://doi.org/10.1049/ic.2008.0694

17. Sukachev, E. A. (2016). Vvedenie v teoriyu signalov Naykvista.
Odessa: Osvita Ukrainy, 108.

18. Proakis, J. G., Salehi, M. (2008). Digital Communications. Mc-
Graw-Hill. Available at: https://edisciplinas.usp.br/pluginfile.
php/5636847/mod_resource/content/1/digital%20commun?%20
5th%20-%20proakis%2C%20salehi.pdf

DOI: 10.15587/1729-4061.2023.285540
DEVELOPMENT OF AN ERROR CORRECTION
METHOD USING PERFECT BINARY ARRAYS (p. 45-53)

Pierre Murr

International University of Science and Technology in Kuwait,
Ardiya Government Area, Kuwait

ORCID: https://orcid.org/0009-0007-4094-0223

Serhii Yevseiev

National Technical University “Kharkiv Polytechnic Institute”,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0003-1647-6444

Stanislav Milevskyi

National Technical University “Kharkiv Polytechnic Institute”,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0001-5087-7036

Marharyta Melnyk

Private Institution «University of Science, Entrepreneurship
and Technologies», Kyiv, Ukraine

ORCID: https://orcid.org/0000-0003-0619-7281

Vitaliy Katsalap

The National Defence University of Ukraine named after Ivan
Cherniakhovskyi, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0003-4804-8022

Yurii Pribyliev

The National Defence University of Ukraine named after Ivan
Cherniakhovskyi, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0003-1941-3561

Khazail Rzayev
Azerbaijan Technical University, Baku, Azerbaijan
ORCID: https://orcid.org/0000-0001-9272-4302

Andrii Bryla
Uzhhorod National University, Uzhhorod, Ukraine
ORCID: https://orcid.org/0000-0003-2518-9877

Oleksandr Shpak
Uzhhorod National University, Uzhhorod, Ukraine
ORCID: https://orcid.org/0000-0002-1179-7196

Pavlo Fedorka
Uzhhorod National University, Uzhhorod, Ukraine
ORCID: https://orcid.org/0000-0002-9242-5588

The research focuses on an innovative error correction method
that uses perfect binary arrays (PBAs), a powerful mathematical
tool with unique properties that make it ideal for error correction.
The research is aimed at studying the impact of uncorrelated
mixed-type errors in the data exchange path, which allows using
it in smart technologies with limited computing capabilities.
The effectiveness of the approach is confirmed by simulation
and comparison with other error correction methods. In order
to further study the structural, cross-correlation and distance
properties of orthogonal two-dimensional codes and the correcting
capabilities of the proposed method, an information technology
system for data transmission based on an equivalent class of



perfect binary arrays has been developed. The proposed model
evaluates the performance of the error correction code based
on perfect binary arrays under various conditions, including
correlated and uncorrelated interference and data exchange paths.
A generator of PBA of equivalent classes has been built. An
experimental evaluation of the correcting ability of the proposed
two-dimensional codes was carried out by simulating various pre-
code situations, including packet and random errors, for the cases
of correlated and uncorrelated interference. Using a graphical
interface, users will be able to enter the number and type of errors,
determine whether they are random or packet errors, manually
or automatically, move errors through the data packet, and view
intermediate results. Thus, the complex nature of this study can be
positioned as a promising approach and a reliable choice in the field
of error correction.

Keywords: error correction information coding, error detection,
perfect binary arrays.
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Wireless sensor networks (WSNs) have up until now faced many
challenges because of their open, wide-ranging, and resource-limited
nature, including security, efficiency, and energy consumption. In
the military system, it is essential to provide high-level security to
the significant data over wireless network which is proved to be
unreliable public communications. To solve the above problem, high
level of security with minimum complexity should be applied to be
adequate to limited capabilities of transmission system. This paper
presents a new algorithm named (SRS) for encrypting transmit-
ted military images to keep them from getting hacked or broken
by WSN. The SRS algorithm is designed to be lightweight, fast,
and secure, taking into consideration the limited capabilities of the
transmission system. It is implemented as a public key cryptosystem
specifically designed for image encryption. The algorithm consists
of two parts: encryption and decryption. The proposed system sug-
gested some equations and calculations that are applied to the plain
and coded images after being transmitted over the WSN. The results
of testing the simulation model demonstrate the effectiveness of the
system by evaluation using various metrics such as Signal-to-Noise
Ratio (SNR), Mean Squared Error (MSE), and Peak Signal-to-Noise
Ratio (PSNR). Overall, the paper presents a new encryption algo-
rithm, SRS, specifically designed for securing military images trans-
mitted over wireless sensor networks. The algorithm aims to provide
a balance between security, efficiency, and energy consumption, con-
sidering the resource-limited nature of WSNs. The simulation results
indicate the improvement of the proposed system by 13 %, 10 %, and
55 % in packet delivery ratio (PDR), throughput, and dropping ratio,
respectively, and it shows that the suggested SRS method increased
execution time by 67 % compared to RSA based algorithm.
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SRS algorithm image encryption.
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The object of this study is the process of determining the coordi-
nates of low-visible aerial objects. The main hypothesis of the research
assumed that the signals emitted by airborne systems of airborne
objects that are not visible to radar stations have a greater power
than the signal reflected from the airborne object. This, in turn, could
improve the signal /noise ratio and, accordingly, the accuracy of deter-
mining the coordinates of low-visible aerial objects. It is suggested to
use Software-Defined Radio receivers to receive such signals emitted
by on-board systems of low-visible aerial objects.

It was established that the main sources of signals for Software-
Defined Radio receivers are signals of command, telemetry, target
channels, manual control channels, and satellite navigation. Tt was
established that an additional distinguishing feature when determin-
ing the coordinates of low-visible aerial objects is the uniqueness of
their spectra and spectrograms.

The method of determining the coordinates of low-visible aerial
objects when using Software-Defined Radio receivers has been im-
proved, which, unlike the known ones, involves:

— the use as signals for Software-Defined Radio of signal receiv-
ers of on-board equipment of low-visible aerial objects;

— the use of a priori coordinate values of a low-visible aerial
object;

— conducting additional spectral analysis of signals of on-board
systems of low-visible aerial objects.

The spectra and spectrograms of signals of on-board systems of
aerial objects when using non-directional and directional antennas
were experimentally determined. The experimental studies confirm
the possibility of using the Software-Defined Radio receiver to
receive signals from airborne equipment and improve the signal-
to-noise ratio.

The accuracy of determining the coordinates of aerial objects
when using Software-Defined Radio receivers was evaluated. A de-
crease in the error of determining plane coordinates by the Software-
Defined Radio system of receivers compared to the accuracy of de-
termining coordinates by the P-19 MA radar station was established
by an average of 1.88—2.47 times, depending on the distance to the
aerial object.

Keywords: low-visible aerial object, Software-Defined Radio,
receiver, determination of coordinates, accuracy.
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OIIIHKA E®OEKTUBHOCTI 3ACTOCYBAHHA XMAPHUX OBYUCJIEHD /I CUCTEM I'POMA/ICBKOI'O
TPAHCIOPTY HA OCHOBI KOHIIENIIII IHTEPHETY PEYEM (c. 6-13)

I. B. 3akyruncokuii, JI. B. Ciopyk, 1. €. PaGoageii

O6'eKTOM IOCTIUKEHHS € XMapHi 0GUHCIICHHS SIK €JEMEHT CepBEPHOI iHPPACTPYKTYPU /IS IHTEJNEKTYaIbHUX CHCTEM IPOMAJCHKOTO
TPAHCTIOPTY. 3 ypaxyBaHHSM 3POCTaHHS CKJIAJHOCTI Ta BIMOT, IO CTABJSATHCS /[0 Cy4aCHOTO TPAHCIIOPTY, 3aCTOCYBaHHA KOHIeTlii [nTepreTy
pedeil Ma€ BHMCOKMII INOTEHIiasl JIs MOKpalleHHs edeKTHBHOCTI Ta KoMdopTy macakupis. OCKIIbKYM HaBaHTa)KEHHSI SIKE T€HEPYETLCS
B cucremMax IHTepHeTy peueil € AMHAMIYHNM Ta BA)XKKOIPOTHO30BAHUM, TO 3aCTOCYBAaHHS TPAUIINHOI iHPPACTPYKTYPH 3 BHJIEHUMHI
cepBepaMi € HEONTHMAJIbHUM. Y IIbOMY MOCTI/UKEHHI PO3IJISAAETHCS BHKOPHUCTAHHS XMApPHUX OOYMCJEHb SIK OCHOBHOI CepBepHOi
iHGPACTPYKTYpH [UIsT BUIIEHABEAEHNX CHCTeM. [IpOoBeeHo MOCTiUKEHHST OCHOBHIX XMapHUX TIaTdOpM, siKi MOKYTb GYTH 3aCTOCOBaHI
JUISE PO3POOKU TaKUX CHCTEM. ABTOPU PO3POOUIIN apXiTEKTYpPy CUCTEMHU, & TAKOK OIIHUIN POLYKTUBHICTD i MaciiTaboBaHiCTh OKPEMUX i
KOMIIOHEHTIB. [[JIst TecTyBaHHs1 cucteMu 6yJ10 pO3poOJIEHO IPOrPaAMHUil eMyJISATOP, KU IMITY€ MOLYJIb KOHTPOJIEPA, 110 BCTAHOBJIIOETHCS B
TPAHCIOPTHHX 3ac00ax. 3a TOMOMOTOI0 eMYJISITOpa GYJIO POBEAEHO CTPEC-TECTH VIS AHAMI3Y Ta MiATBEP/UKEHHS 3aTHOCTI MACIITA0YBAHHS
Ta 06pOOKM BXIJHUX JAHWUX 3alPOIOHOBaHO apxiTekTypolo. CrieHapii tectyBanHst OyJiu po3pobJeHHi Ta IPOBeAeHi Ha OCHOBI HasiBHOI
CHCTeMHU TPOMaJICbKOro TpaHcropTy M. Kuis, Ykpaina. Peaysbratn excriepuMeHTiB 1mokasasy, 10 3alpOIoHOBaHa cucreMa [HTepHery peyeit
3/1aTHa MacmTa6yBaTuc3 BI/JIIIOBIZTHO /10 HABAHTA)KEHHS, K€ FEHEPYETbC MIAKIIOUCHUMHU IIPUCTPOSIMU. BeTaHOBIIEHO, 1[0 IIPU 3061/Ib1IIeHH]
KiJIbKOCTI BXiHNX noBizomuens 3 40 1o 6000 cepenniii yac 06pOOKI MOBIIOMIEHHS 3aIUITACTHCSA HE3MIHHIM, & TAKOK KOEMII[EHT MOMUIOK
He 3POCTaE, TI0 € TIOKa3HUKOM cTabibHoi poboTn crctemn. OfepskaHi pe3yasTraTt MOKYTh OYTH BUKOPUCTAHI ITPH PO3POOII CYYaCHUX CHCTEM
TPOMAJICHKOTO TPAHCHIOPTY, & TAKOXK /IJIST MOJIEPHi3allii BXKe i1CHYIOUMX.

Kio4oBi cioBa: inTepHeT peueii, XMapHi 00UUCIEHHS, apXITEKTypa CUCTEMU, CHCTEMU MiChKOTO TPAHCTIOPTY, MAaCIITAGOBAHICTb.
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VIOCKOHAJIEHHS TEXHOJIOTTI OBPOBKU ATPETOBAHOTO ITIOTOKY TAHUX 3AXUIIEHOT
KOPIIOPATUBHOI MYJbTUCEPBICHOI MEPEKI 3B'I3KY (c. 14-23)

JI. H. Bepkmamn, A. I'. 3axap:keBcokuii, K. I'. JlaBpinenn

JlocaimxyeTbes 1npoliec AMHAMIYHOTO Pe3epBYBAHHS KaHAJIbHOIO PECyPCy 3aXUIEHOI KOPIIOPATUBHOL MyJ/IBTUCEPBICHOI Mepexi 3B sI3KY.

Beranosseno, mo mporecn moOyaoBu Ta (DyHKIOHYBAaHHS CXEM 3aXMIIEHOI KOPIOPATMBHOI MYJIBTHCEPBICHOI Mepexi 3B'3Ky Ta
MIBUIEHHST SIKOCTI peastizaltii il 0CHOBHUX poOOUYMX MPOIECiB mependadac OIiHKY Ta AWHAMIYHE Pe3epBYBaHHS KaHAJIBLHOTO pecypci mijx
BXi/IHi arperoBaHi MOTOKY JJAHIX MEPEXi.

PospobiieHa Ta 3ampoNOHOBAHA MOJIE/b JUHAMIYHOIO PE3EPBYBAHHs KaHAIBLHOIO PECYPCY arperoBaHOTO MOTOKY AAHUX 3aXUIIEHOI
KOPIIOPATUBHOI MYJIBTHCEPBICHOI Mepeski 3B'SI3Ky. 3alpoloHOBAHA MOJE/b JI03BOJISIE BCTAHOBUTU KiJIBKICHI 3HAYEHHS 3aPe3epPBOBAHOTO
KaHaTBHOTO PeCypcy ULl PI3HUX COCcO6iB 06CTYTOBYBAHHSI B 3aJI€5KHOCT] Bi/l KIJTBKOCTI CKJIAJIOBUX MOTOKIB B 3aralbHOMY arperoBaHOMY
norotti ganux VPN-ryneso.

BeraHoBieHO, 1110 361JbIIIEHHS MIIIBHOCTI arperoBaHOTO MIOTOKY JIAHUX BUMArae 301/IbIIIeHHs 3ape3ePBOBAHOr0 KAHAJILHOTO pecypci. [Ipu
[IbOMY, Ha {I0r0 3HAUECHHSI YMHWUTH BILUIMB CIOCIO 0GCAYTOBYBaHHS arperoBaHOrO MOTOKY AaHuX B VPN-TyHesi 3axuIIeHol KOPIopaTuBHOL
MYJIBTHCEPBICHOT Mepeski 3B's13KY. 3aCTOCYBaHHsI CIIOCOOY 130JIbOBAHOTO 0OCIYTOBYBAaHHSI [Ia€ BUTPAIl B BU/IICHOMY Pecypci Ha KaHaJIbHUH
peseps Bij 10 10 20 BiACOTKIB B MOPIBHSIHHI 3 IPYIIOBUM MeTo10M 00cayroByBamtst /s [P Ta Bigeoresnedonii. Ile mosicHIOETbCsT GITTbII THYYKIM
npoitecoM kepyBatHs Gydepom 36epiraHHs BXiZHUX TaHUX TPHKOPAOHHOTO MAPIIPYTU3ATOPA TIPU i30JIbOBAHOMY CIIOCO01 0OCTYTOBYBaHHSL.

[Monana B po6OTI MOJIEIIb IMHAMIYHOTO PE3EPBYBAHHS KAHAJTBHOTO PECYPCY 3aXUIIEHOI KOPIIOPATUBHOI MYJIBTUCEPBICHOI MEPESK 3B SA3KY
Moske OyTH BIKOPHCTAaHA TPH YAOCKOHAJIEHHS iCHYIOUNX Ta PO3POOI HOBUX CTPYKTYP 3aXHIINEHOI KOPIIOPATHBHOI MYJIBTHCEPBICHOI Mepeski
3B'13Ky. HacaiikoM Takoro yI0CKOHAIEHHS € 3MEHIIEHHs Yacy 3aTPUMKHU TIpo 00poOIli MakeTiB BXIAHMX JaHNX B BKazaHill Mepeski.

Kmouogi ciioBa: 3axuiiena KOPIopaTuBHA MYJIBTHCEPBICHA MepesKa 3B'sI3KY, arperoBanuii MoTiK, KanaabHuii pecypce, VPN-1tio3.
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PO3POBKA MATEMATHYHOI MOJIEJII PEKOMEH/IALIIITHOI CUCTEMH B JIEIIEHTPAJII30BAHUX
OJIHOPAHTOBUX KOMII'IOTEPHUX MEPEJKAX (c. 24-35)

B. B. Mixas, C. I'. Cemenos, €. B. Meaemko, M. C. fIxkumenxo, f. II. Illyxika

PexoMeHaIIiHI CHCTEMU 03BOJISIIOTH MOJIETTIUTH TIOMIYK TIPU BEJMMKIN KiJTbKOCTI KOHTEHTY, JOMOBHIOIYN ab0 3aMiHSIOUN KJIACUYHY
MONIYKOBY BHauy pekomeHanismu. B P2P Mepeskax ix 3acTocyBaHHS MOJKe MaTH JI0JIaTKOBY KOpUCThb. Uepes npobaemu ingexcarii i MOLLYKY
paninre gogani daitam MoKy Th OyTH HEZOCTYIIHI /Uit KopuctyBada P2P Mepeski. SKIo KoprcTyBad He MOKe 3HAWTH IIYKaHU (hailir, MOKHa
HaJIaTh HOMY CIIMCOK PEKOMEHIAIIIH 3 BPaXyBaHHsIM HOTO BIIOJO0OAHD i MONTYKOBOTO 3aITHTY.



OG6’eKTOM JIOCIIIZKEHHSI € POIEC CTBOPEHHST PEKOMEHJIAII KOPUCTYBauaM JelleHTpaizoBaHiX P2P Mepesk J1JIst MOJIETTeHH ST TIONTYKY JAaHUX.

Bupinyerbess akTyaibHa mpoGJieMa IiBUIIEHHS TOYHOCTI MATEMATHYHOTO MOJIETIOBAHHS DEKOMEHANIIHNX CHCTEM 3a PaxyHOK
BpaxyBaHHsT BUMOT /IO JIOCTOBIPHOCTI Ta Ge3MeKN aHuX i/l 4ac 3MiH y CTPYKTYpi genenTpaiizoBanoi P2P mepexi.

Po3pobJiena anaiTHaHa MOJIeTh PEKOMEHIAIiHHOT cueTeMu JielieHTpasizoBanol P2P Mepeki, 0CHOBHOIO OCOOJIMBICTIO SIKOT € BpaxyBaHHsI
BUMOT JIOCTOBIPHOCTI Ta Ge3nexy peKoMeHAAIliiHuX MoBioMIeHb. [le BAKOHAHO TIISIXOM BBEIEHHS B 3arajibHy MOJIEb JeleHTPaIi30BaHol
PEKOMEH/IAIIIHOT CHCTEMU HACTYIHUX TOKa3HUKIB — HMOBIPHICTH AOCTOBIPHOI Tepegavi makera Ta WMOBIpHICTH GesneuHoi mepepadi
nakera. Po3po6iena aHatiTHaHa MOjie/Ib J03BOJISIE TIPOBOMTH TIOPIBHSUIBHUI aHaAI3 PI3HUX METO/IB POOOTH PEKOMEHAAIINHIX CUCTEM Ta
BCTAHOBJIIOBATH MTPUITYCTUMI TapaMeTpH, TIPH AKNX CTYIIHb aKTyaJbHOCTI He Ma/[a€ HIKYE BU3HAYEHOTO TTOPOTY.

PospobJiena MaTeMaTnuHa MOjeNb cuctemu Ha ocHoBi GERT-cxeMu BifipisHAETHCA BiZl BIIOMUX BpaxyBaHHsAM BUMOT JOCTOBIPHOCTI i
GesIeK 11/ yac 3MiH y CTPYKTYpi senenTpanizosanoi P2P mepesxi. [le 103B0JIMIO IOKPAIIUTH TOUHICTD PE3YJIBTATIB MOIETIOBAHHS 10 5 %.

3anpornoHoBaHa MaTeMaTHYHa MOJETh MOKe OyTH BUKOPHCTaHa JJIs TPOTOTUITYBaHHS PEKOMEHJAINHNX CHCTEM y PisHuMX cdepax
ISTBbHOCTI.

KmouoBi cioBa: pekoMeH/atliitHa cucTeMa, JlelleHTpali3oBaHa KOMITIoTepHa Mepexka, onHopanrosa Mepexa, GERT-mepexa, indopma-
nitina 6esmexa.
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PO3POBKA METO/Y HIABUINMEHHS 3ABAIOCTIMKOCTI CHUCTEM 3 OPTOTOHAJIBHUM YACTOTHHM
MOJIJIOM KAHAJIIB B YMOBAX MIKKAHAJIbHOI IHTEP®EPEHIIII (c. 36-44)

P.T. Bukos

CyuvacHi cucTeMu 3B’43Ky 3aCHOBAHI Ha TEXHOJIOTI MyJILTUIIEKCYBAHHS 3 OPTOTOHAIBHUM YaCTOTHUM nozinoM Kanamtis (OFDM), sika
JI03BOJISIE Ha/li#iHO TIepesiaBath indopmMailio B ymosax Garatonpomenesocti. HeoOxignicTb 30epeskeHHs OPTOrOHAIbHUX BAACTUBOCTEH ITijl-
HECYYUX MPU3BOANTD /[0 BICOKOI YYTAMBOCTI JAHNUX CHCTEM 10 YACTOTHUX 3CYBIB cuTHATY. Y po6OTi yIoCKOHANEHHT MeTO (hOpMYBAHHS
curaany miass OFDM cucremu. [locripskene 3actocyBanHus (pOPMYIOUNX iMIYJIbCIB 3 CEJEKTUBHUM CIIEKTPOM ITiCJIs €Tary 3BOPOTHLOTO
mBuzikoro neperBopennst Myp’e (IFFT) na croponi nepegaBava /st 3MEHIIEHHsT PiBHSI MiPKKAHAJBHUX 3aBaJI [IPU 3CYBi 4acTOTH HeCy-
4oi. CuHTe30BaHi HOBI (DOPMU IMITyJIbCIB, OTPUMaHI 3 BUKOPHCTAHHSIM ONTUMI30BaHUX OaraTomapaMeTpuIHuX (DYHKILH 3 CEJEKTUBHUM
crextpoM. IIpoananizoBana eheKTHBHICTD 3aCTOCYBAHHS CUHTE30BANUX IMITYJIbCIB 3 CEIEKTUBHUM CIIEKTPOM II0JI0 3MEHIIeHHs BITUBY
YacTOTHOIO 3CyBY curHasy Ha 3aBajgocTiiikicrb OFDM cucremu. Iposeene nopiBHAHES HMOBIPHOCTI 6iTOBOT TTOMUJIKY 3 B3KE ICHYIOUMMU
dopmamu immysbcis Haiiksicra. ¥ cepenosunti MATLAB pospobiena mozens nepegasada i npuiivada OFDM cucteMu [1Jist €Kcriepu-
MEHTAJIbHOI OIIHKH BILIMBY 3aIIPOTIOHOBAHNX (HOPMYIOUNX IMITYJIbCIB HA 3aBaJIOCTIHKICTh CHCTEMHU B YMOBAX MikKKaHaJIbHOI iHTepdepeHIrii
MPU PI3HKUX BUAAX MOJYJIsIIlii. Betanosiieno, 1o HalMeH il pierb HMOBIpHOCTI 6ITOBOI MOMUJIKK B YMOBaX MiZKKaHAIbHOT iHTephepentii
criocTepiraeThes ISt IBOMAPAMETPUYHOTO IMITYJIbCY 3 CEIEKTHBHUM CIIEKTPOM Ta KyCKOBO-JIIHIIHOIO allpOKCHMAIIEo Tepexignol obiacti.
Taxk, st Bignomenus curuasn/mymy 15 1B, moayssanii BPSK ta nopmoBanoro yacrortoro 3cysy 0,2 iiMoBipHicTh 6iTOBOI MOMUJIKU 7151
JAHOTO iMITyJIbCy cTanoBuTh 3-1074, A Mmogysamii QPSK Tta Hopmosanoro wactotHoro scysy 0,1-10-6, ans Mmomysiii QAM-16 ta Hop-
MOBAHOTO YacTOTHOTO 3cyBy 0,03—2-10%

Kmouosi croBa: dopmyiounii immysabe HaiikBicTa, iMITyJIbC 3 CETEKTUBHIM CIIEKTPOM, KyCKOBO-JIiHilHA allPOKCUMAILis, Mi’KKaHAIbHA
intepdepenttis, OFDM.
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PO3POBKA METO/IY BUIIPABJIEHHSI IOMIJIOK 3 BUKOPHCTAHHSIM JIOCKOHAJIUX JIBIMKOBHX
PEIIITOK (c. 45-53)

I’ep Mypp, C. II. €scees, C. B. Minescbkuii, M. O. Menbuuk, B. O. Kananan, 0. B. Ipi6unes, X. H. P3aeg, A. 10. Bpuia,
O. I. llInak, II. IT. ®exopxka

O06’eKTOM I0CTIIKEHHS € IHHOBAITHII METO/I BUTIPABJIEHHST TIOMUJIOK, Y SIKOMY BUKOPHCTOBYIOThCSI I0OCKOHAI BiiikoBi pemtitku (JI/IP),
MOTYKHUH MaTeMaTHYHWH IHCTPYMEHT 3 YHIKQJIbHUMHU BJIACTHBOCTSIMHE, SIKi POOJISATH HOTO ileallbHIM [IJIst BUITPABJIEHHS MOMUJIOK. Jlocri-
JKEHHS CIIPSIMOBAHe Ha BIBYEHHsI BIUTBY HEKOPETbOBAHUX MTOMUJIOK 3MIITAHOTO THITY Y TIUISIXY OOMiHY JaHIMIL, IO I03BOJISIE fI0TO BUKOPHC-
TaHHsI y CMAPT-TEXHOJIOTISIX 3 00MEKEHNME 0GUNCITIOBATBHUMI MOKIUBOCTAME. EQEKTUBHICTD MiXO/LY MiATBEP/IKYETHCS MOAETIOBAHHSIM Ta
MOPIBHAHHAM 3 IHITUMY METOZAMU BUIIPABJICHHS IIOMUJIOK. /{JIs TO1a/IbIIOr0 BUBUCHHS CTPYKTYPHUX, KPOCKOPEJIAIHHNX Ta JUCTAHIIHHUX
BJIACTUBOCTEH OPTOTOHATIBHIX JIBOBUMIPHUX KOJIiB Ta KOPUTYBAJIBHUX MOKIMBOCTEH 3aIIPOTIOHOBAHOTO METOLY PO3PO0JIeHO crucTeMy iHdop-
MAIiTHIX TEXHOJIOTIH /71T Tlepeadi TaHX Ha OCHOBI €KBiBJIEHTHOTO KJIACY i/1ea/IbHUX ABIITKOBUX MACHBIiB. 3aIlPOITOHOBAHA MOJIEJTb OIiHIOE
IPOYKTUBHICTH KO/Y BUIIPABJIEHHS IOMMJIOK Ha OCHOBI ijlea/lbHUX JBIHKOBMX MAaCUBIB 3a Pi3HUX YMOB, Y TOMY YHUCJi KOPeJbOBAaHUX Ta
HEKOPEJIbOBAHUX TIEPEIIKO/L Ta MIIAXiB 00MiHy Aanumu. [ToGynosano reneparop /1P ekBiBaseHTHUX KJaciB. [IPOBEIEHO €KCIIEPUMEHTABHY
OIIHKY KOPEeryIouoi 3aTHOCTI 3alTPONOHOBAHNX [[BOBUMIPHUX KOJIB IIJIIXOM MOJIETIOBAHHS PI3HNUX NMEPEAKOOBUX CUTYAILil, BKIOYAIOUN
TaKeTHi Ta BUITAJKOBI MOMUWJIKH, /IS BUMAAKIB KOPEJbOBAHMUX Ta HEKOPEJbOBAHUX Tepennko/. BukopucroByioun rpadiunmii intepdetic,
KOPUCTYBa4i 3MOKYTb BBOAUTU KiJbKICTb i THI MOMIJIOK, BUSHAYATH, YU € BOHU BUIAAKOBUME a00 TMAKETHUMI TIOMUJIKAMU, BPYYHY a60
B aBTOMATHYHOMY PEKUMi, IepeMilllyBaTi IIOMUJIKH 110 IAKETy JaHUX 1 neperysyiaTi IPOMiKHI pe3yssratu. TakuM YMHOM, KOMILIEKCHUN
XapakTep 1hOTO JAOC/IZKEHHS MOKINBO TTO3MINIOBATH SIK TIEPCIIEKTUBHUI T/XI/ Ta HaKiiHMIT BUGIp y TaTysi BUNPABIECHHS TOMIJIOK.

Kmouosi cioBa: 3aBajiocTiiike KoxyBanns indopmailii, BUSBIEHHS TOMUJIOK, JOCKOHAJI IBINKOBI PEIIiTKI.
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PO3POBKA HOBOTI'O AJITOPUTMY HIN®PYBAHHA 305PAYKEHD, IO ITIEPENAIOTBCA YEPE3 CUCTEMU
BE3/IPOTOBUX CEHCOPHIX MEPEX (c. 54-60)

Sanaa Ahmed Kadhim, Ruwaida Mohammed Yas, Saad Abdual Azize Abdual Rahman, Sura Khalil Abd

Besaporosi cencopui mepeski (BCM) morerep crukasmicst 3 Gararbma TpodeMaMu Yepe3 iX BiZIKPUTICTh, MIMPOKOMACIITAOHICTD i
obOMesKeHiCTh pecypeiB, BKIOUYaioun Oe3rneky, eheKTUBHICTD i CHOKUBAHHS enepril. Y BICbKOBIH crcTeMi BakIMBO 3a6e3MeYUTH BUCOKHUI
piBeHb Ge3reKn st BAXKIMBUX JaHUX Yepe3 Oe3[POTOBY MEPEKY, siKa, K JIOBEIEHO, € HeHaMiHUM myOriuanM 38's13koM. JIJist BUpileHHs
BUIIE3a3HAYCHOT TPOOIEME  CJIijL 3aCTOCYBATH BUCOKHUH PiBeHb 0e3reKky 3 MiHIMAJIbHOIO CKJIAJHICTIO, mo6 BiAMOBIATH OOMEKEHUM
MOJKJIMBOCTSIM CHCTEMH Tepesiadi. Y IbOMY ZOKYMEHTI MpPeACTaBIeHO HOBUI aixropuTM mix HasBoo (SRS) ama mmdpyBanHusa nepepannx
BIlCHKOBUX 300pakeHb, 100 3aXUCTUTH iX Bij 3momy a6o 3imamy BCM. Anroputm SRS pospobienuil sik Jierkuid, MBUAKANA 1 Ge3rmedHuii,
Gepyur 110 yBaru oOMexKeHi MOKJIMBOCTI cucteMu Tepesiadi. Bin peasnizoBaHmii SIK KPUNTOCHCTEMA 3 BIIKPUTHM KIJIOYEM, CIEIIATbHO
pospobisieHa st mudpyBaHHs 300paskeHb. AJITOPUTM CKJIAJAETHCSA 3 ABOX 4YacTuH: mudpyBaHHsA Ta AeinrdpyBaHHs. 3anporoOHOBaHA
cHUCTEMa MIPOTIOHYE JIesIKI PIBHAHHS Ta 00YMCIICHHS, sIKi 3ACTOCOBYIOTHCSI 10 MPOCTUX i KOJOBAHUX 300pakeHb micist nepeaadi yepes BCM.
PesyspraTit TECTYBAaHHS iMITAIITHOT MOJIeJTi IEMOHCTPYIOTh e(DEKTHBHICTD CUCTEMU IIJISIXOM OIIHKW 3 BUKOPUCTAHHSM Pi3HUX TTOKA3HUKIB,
TAKUX SK CIIBBI/[HOIIEHHS CHUTHAJI/IIyM, CEPe/Hs KBaJ[paTUYHA MTOMUJIKA i IIKOBE CIIBBIJIHONICHHS CHTHAJ/IIYM. 3arajoM Y HOKYMEHTI
Npe/ICTaBaeHO HOBuUll anroputym mudpysatHs, SRS, creniaabHo po3podIeHUH i1 3aXUCTY BilICbKOBUX 300paKeHb, 110 IEPEAAOTHCS YePE3
6e31pOTOBI CEHCOPHI MEPEKi. AJITOPUTM CIIPSIMOBAHMI Ha 3abe3rieueHHs GajaHcy Misk 6e31eKolo, eeKTUBHICTIO Ta CIIOKUBAHHIM CHEprii,
BpaxoByi0ur o6MeskeHicTh pecypciB BCM. PesysbraTn Mozie/loBaHHST BKa3yloTh Ha MOKPAIIEHHS 3allpOTIOHoBanoi cuctemn Ha 13 %, 10 % i
55 % y koedilieHTi JOCTAaBKU MAKeTiB, MPOMYCKHIN 3/aTHOCTI Ta Koe(illieHT] Bi/IKUIAHHS, BIIIIOBIHO, 1 Ile TIOKA3YE, 10 3alPOIIOHOBAHUIT
MeToz1 SRS 361bIINB Yac BUKOHAHHsI Ha 67 %. TOPIBHIHO 3 aJITOPUTMOM Ha OCHOBI RSA.

KiouoBi cioBa: 6e31poToBa cencopia Mepeska, SRS asroputy mmdpyBantst 300paskeHHsT s BIHCHKOBOI CHCTEMH.

DOI: 10.15587/1729-4061.2023.286466
BUKOPHUCTAHHS SOFTWARE-DEFINED RADIO IIPUMAYIB JJI5I BUBHAYEHHSA KOOPIUHAT
MAJIOIIOMITHUX ITOBITPAHUX OB’E€EKTIB (c. 61-73)

I'. B. Xynos, O. B. Kocrsueus, O. B. KoBanenko, O. B. Macxenko, 10. C. CosomoHeHKO

OG6’€KTOM IOCTIIPKEHHS € MPOIeC BU3HAYCHHS KOOPAMHAT MAJOTIOMITHUX MOBITPAHNX 00'ekTiB. OCHOBHA TiNoTes3a A0CAIIKEHHS 0~
JIiTajia B TOMY, 110 CHUTHAJIM, 0 BUIPOMIHIOIOTBCS GOPTOBUME CHCTEMaM¥ MAJOMOMITHUX ISl PAioJOKAI[iTHUX CTAaHIIi MOBITPSHUX
00’€KTiB, MAIOTh OIJIBIILY TIOTYKHICTD, HisK BIAOUTHII Bijl OBITpstHOTo 06’eKkTy curHaiL. Ie, B CBOIO 4epry, 103BOJIUTD I ABUIIUTH BiHOIIEHHS
CUTHAJI/IIYM Ta, BIIITOBIIHO, TOUYHICTh BUSHAYEHHA KOOPAMHAT MaJOMOMITHUX HOBITPAHUX 00’ €KTiB. {11 NPUOMY TaKMX CUTHAJIB, 110 BU-
MPOMIHIOIOTHC GOPTOBUMHU CUCTEMAMH MAJIOTIOMITHUX MOBITPSHUX 00 €KTIB, 3aIPONOHOBAHO BuKopuctoBysatu Software-Defined Radio
TpuiiMadi.

Beranosiieno, 1o 0CHOBHUMM JikepesiaMu curHaiis s Software-Defined Radio npuiimauis € curnanm KoMaHAHOTO, T€JIEMETPUYHOTO,
1[1JIbOBOTO KaHaJIiB, KAHAJIIB PYYHOI'O YIIPABJIIHHS Ta CYIIyTHUKOBOI HaBiraitii. BctaHoBJieHO, 1110 /10/1aTKOBOIO PO3I1i3HABAJIBHOIO O3HAKOIO ITPU
BU3HAYCHHI KOOPJMHAT MAJIOTIOMITHUX MOBITPSHUX 00 €KTIB € YHIKATbHICTh IX CIIEKTPIB Ta CIIEKTPOTrpaM.

VIocKoHaIEHO METOJI BUBHAYCHHSI KOOPIMHAT MaJIONOMITHUX MOBITPsiHnX 00’eKTiB pu Bukopuctanni Software-Defined Radio npuiima-
4iB, SIKUH, HA BIAMIHY BiJl BitoMuX, nepeadavac:

— BUKOPUCTaHHA y sKocTi curHaiis st Software-Defined Radio npuiimauis curiasis 60pToBoro objagHaH s MaJOTIOMITHOTO TTOBITPS-
HOTO 00’€KTY;

— BUKOPUCTAHHS al[PIOPHIX 3HAYEHb KOOPIHAT MATOOMITHOTO TIOBITPSIHOTO 00’€KTY;

— TIPOBEJIEHHS I0JIATKOBOTO CIIEKTPATBHOTO AaHAII3Y CUTHATIB G0PTOBHUX CHCTEM MAJIOMOMITHOTO MOBITPSIHOTO 00’€KTY.

EKcriepiMeHTalIbHO BIU3HAYEH] CIIEKTPH Ta CIIEKTPOrPAMU CUTHAIIB GOPTOBHX CHCTEM TOBITPSIHUX 00'€KTIB DU BUKOPUCTAHH] HEHATIPAB-
JIEHOI Ta HampaBJeHOi aHTeH. [IPoBe/IeH] eKCIIepUMEHTaNbHI TOCTIUKEHHS TATBEP/UKYIOTh MOKIMBICTh BUKOopuctants Software-Defined
Radio mpuiitmava st mpritoMy cHTHAIIB GOPTOBOI amapaTypy MOBITPSTHIX 00'€KTIB Ta MiABMIIEHHS Bi/IHOMEHHST CHTHAI/TITYM.

[TpoBe/ieHo OIHIOBAHHSI TOYHOCTI BU3HAYEHHS KOOPANHAT TOBITPsHUX 00’€KTiB npu Bukopucranii Software-Defined Radio npuiimauis.
Beranosieno aMeHnienns noxuOKM BU3HAYEHHA MIOMUHHUX KoopauHat cucremoio Software-Defined Radio mpuiimauis y nopisusuni 3
TOYHICTIO BU3HAYEHHs KOOPJAMHAT pajiosokaiiitnoro crauuieio [1-19 MA B cepennbomy B 1,88-2,47 pasiB B 3aj1eKHOCTI Bijl JaJbHOCTI /10
MOBITPIHOTO 00’€KTY.

KiouoBi caoa: Masonomitauil nositpstanii 06’exr, Software-Defined Radio, nmpuiimay, Busnadentst KOOpMHAT, TOYHICTb.



