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The object of research is the process of determining the coordi-
nates of aerial objects by a small-sized radars. The main hypothesis
of the study assumes that combining two small-sized radars into a
network could improve the accuracy of determining the coordinates
of aerial objects.

It was established that when determining the coordinates of an
aerial object by a small-sized radars, the accuracy of determining the
range is much better than the accuracy of determining the angular
coordinate. To eliminate this shortcoming, a two-position network
of small-sized radars and their error ellipses was considered. It is

proposed to use the range-finding method in each small-sized radar

of the two-position network.

A method for determining the coordinates of aerial objects in
a two-position network of small-sized radars has been improved,
which, unlike known ones:

— enables a synchronous survey of the airspace by small-sized
radars;

— measures the range to the aerial object by two small-sized radars;

— determines the coordinates of the aerial object by the joint
processing of radar information from two small-sized radars.

The accuracy of determining the coordinates of aerial objects in
a two-position network of small-sized radars was evaluated. The ex-
perimental evaluation was carried out by means of simulation using
the method of Monte Carlo statistical tests. Working areas of the
two-position network of small-sized radars were calculated. It was
established that the two-position network of small-radars works
only in the area formed by the intersections of the viewing areas of
small-sized radars during their autonomous operation.

Keywords: small-sized radar, coordinate determination accu-
racy, two-position network, error ellipse.
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A method of correlation-interferometric direction finding has
been improved, which effectively solves the problem of radio direc-
tion finding of radio emission sources under conditions of exposure
to one or two masking interference. The problem was solved using
the selection of an unmasked fragment of the spatial spectrum
of the signal and the reconstruction of the missing samples of its
signal group. As a result of the synthesis of the proposed method,
estimates of signal samples were obtained as exact solutions to
the proposed energy balance equations. The resulting solutions
provide a significant increase in the signal-to-interference ratio
and, accordingly, direction-finding accuracy without increasing
the number of reception channels of the antenna array. As a result
of the simulation, the dependences of the standard deviation of
the bearing estimate on the signal-to-noise ratio in the presence of
interference were built. Under the influence of one or two mask-
ing interferences and a signal-to-interference ratio of 0 dB, the
use of the known direction-finding method without interference
selection produces an anomalously large direction-finding error
of more than 0.42 degrees, which is practically independent of the
signal-to-noise ratio. The direction-finding method with selec-
tion of spectral signal samples masked by interference reduces the
direction-finding error to 0.22 degrees when exposed to one inter-
ference and to 0.3 degrees when exposed to two interferences. This
is due to the presence of power losses of the usable signal during
the selection of its samples masked by interference. The proposed
method of direction finding with reconstruction of signal samples
provides a significant gain in accuracy by 3-30 times compared to
the method of selection of masked samples in the range of changes
in the signal-to-noise ratio (-20.5) dB. The direction-finding er-
ror of the proposed method decreases with increasing signal /noise
according to a hyperbolic dependence. It is advisable to use the
proposed direction-finding method when masking no more than
two samples of the signal group.

Keywords: error variance, direction finding accuracy, signal
spectrum reconstruction, analytical signal reconstruction.
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Currently, it is more efficient to use LEO small spacecraft as
radio control points to determine the compliance of the radiation



parameters of electronic means with the relevant norms and condi-
tions of permits for the use of the radio frequency spectrum. Such
satellite radio monitoring systems make it possible to determine the
parameters of signals and the location of radio-electronic means over
a large area with a diverse terrain, which will increase the efficiency
of radio monitoring systems. When performing such tasks, one of the
most important parameters is the detection and isolation of a useful
signal against the background of noise and interference. For such
purposes, it is effective to use Kalman filters. It was found that the
Kalman filter can detect and isolate useful signals against the back-
ground of noise and interference with very high accuracy. However,
when solving such problems, problems arise related to the stability
of the method to the choice of the initial state of the filter and the
inevitable distortion of the frequency of the desired signal due to
the presence of the Doppler effect. In the course of this study, it was
found that the similarity coefficient depends on the noise level, but
it does not actually depend on frequency distortion.

It was also found that when the SNR ratio is greater than 0 dB,
the radio signal at the input of the on-board measuring receiver will
be received with a reliability of more than 90 %. Therefore, it can be
concluded that the signal detection method for satellite radio moni-
toring based on the use of the Kalman filter is resistant to possible
frequency distortions of the desired signal due to the Doppler effect
and does not affect the correctness and speed of decisions made.

Keywords: Kalman filter, geolocation, Doppler measurements,
low earth orbit satellite, radio monitoring.
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The research focuses on designing and implementing a system
for managing incoming server traffic using the Simple Network Man-
agement Protocol (SNMP). The essence of the method is to provide
a real-time monitoring system that empowers network managers to
oversee all network activities efficiently. The key difference of the de-
veloped system lies in using the SNMP protocol to monitor and con-
trol the network without needing a third-party tool. The proposed
approach addresses administrators’ common network challenges,
including inefficient bandwidth utilization and complex network
resource monitoring. Upon implementation, the system gathered es-
sential network equipment information from the Management Infor-
mation Base (MIB). The research results indicate that the SNMP-



based network management system prevents network devices from

reaching their allotted bandwidth limits. The system notably reduces
CPU utilization from 28 % to 8 % and decreases bandwidth usage
from 1.7 MiB/s to 260 bytes/s. Additionally, the system’s alerting
capability enhances the network’s resilience against incoming traf-
fic anomalies that may otherwise interrupt server operations. An
example of using the proposed system to manage incoming server
traffic in small networks. It has several practical uses in managing
and maintaining network infrastructure in different fields. Also, it
enables real-time monitoring of network devices, resource manage-
ment, fault detection, and performance optimization. The system
can be used in small organizations to monitor network performance,
track faults, and manage network resources efficiently. In addition,
SNMP-based network monitoring systems can find applications in
almost any field where networked devices and infrastructure require
monitoring, management, and optimization.

Keywords: SNMP, Real-time monitoring and management sys-
tem, MIB, Traffic server management.
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The object of the current research is the process of routing data
packets in a telecommunications network. It was established that
the state and parameters of data transmission channels and routers
could have a negative impact and need to be taken into account in
the process of modeling the routing of data packets in telecommuni-
cation networks.

A model of simulated dynamic modeling of data packet routing
in telecommunication networks has been devised and proposed. The
suggested model makes it possible to establish quantitative values of
the delay time of processing data packets during their routing along
a separate segment of the telecommunications network, taking into
account the state and parameters of the data transmission channel
and routers.

It has been established that the achievement of the minimum
delay time of data packets during routing is achieved by choosing the
path of their transmission under the condition of minimum transmis-
sion time by communication lines and the capabilities of routers in
terms of their accumulation and service speed. At the same time, the
reduction of packet transmission delay time relative to the average

for the time network segment can reach from 21 to 38 percent. It is
shown that the main factor affecting the value of the delay time is the
speed of data processing along the selected path of packet transmis-
sion. The number of routing nodes in a separate data transmission
path can affect the delay time only if the parameters of the routers
are equal compared to others that are included in alternative routes.

The model of simulated dynamic modeling of data packet rout-
ing reported in this work, unlike the existing ones, takes into account
the state and parameters of data transmission channels and routers.
It can be used in practical improvement of existing and development
of new multi-service telecommunication communication networks.

Keywords: multi-service telecommunication network, simula-
tion dynamic modeling, data packet transmission delay time.
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The object of the study is a multi-loop security system of infor-
mation interactions in socio-cyberphysical systems. The dynamic
nature of physical environments inherently challenges the ability
of socio-cyber-physical systems to perform adequate control actions
for physical assets in many contexts. However, adaptation and evolu-
tion actions must be evaluated before implementation in the control
system to ensure fault tolerance while minimizing risks. Therefore,
the design of socio-cyber-physical systems must ensure not only reli-
able autonomy, but also operational fault tolerance and safety. The
proposed approach is based on the integration of targeted (mixed)
threats based on the synthesis of technical cyber threats with social
engineering methods. This approach allows forming a dynamic secu-
rity model based on the analysis of the interaction of various agents
in socio-cyberphysical systems, which makes it possible to increase
the level of counteraction to targeted (mixed) cyber threats.

The results of modeling are based on the proposed classification
of threats using social engineering methods, which allows cyberat-
tackers to ensure the probability of implementing targeted threats up
to 95-98 %. The proposed classification of threats based on social en-
gineering methods will allow forming an additional parameter for the
objectivity of target threats, taking into account their integration and
synergy. At the same time, the presented model will make it possible
to timely provide knowledge about the possibility of implementing a
targeted attack and timely take preventive countermeasures. This ap-
proach will improve the set of protection measures, as well as promptly
create an increase in the level of resistance of the company’s personnel
(organization, enterprise, etc.) to threats of social engineering.

Keywords: socio-cyber-physical system, security model of infor-
mation interactions, social engineering, targeted attacks.
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Distributed Denial of Service (DDoS) attacks is a problem
in computer networks. DDoS attacks pose a significant threat
to internet networks as they cause congestion and disrupt the
optimal functioning of servers. Detecting the source of these at-
tacks is essential for effective protection. Therefore, in this study,
we propose a hybrid strategy that combines Suricata, an intru-
sion detection system (IDS), with pfSense, a firewall, to address
DDoS attacks. Suricata, the IDS, can identify the destination
of the attack, which allows pfSense, the Firewall, to block the
attack by dropping packets sent by the attacker. As a result, by
leveraging this combined approach, we have observed significant
improvements in the quality of service (QoS). The results of
our study indicate a 1.08 % increase in throughput value, from
1881.97 bytes to 902.44 bytes, demonstrating improved effi-
ciency in data transmission. Additionally, we observed a 57.32 %
increase in the average total number of packets sent, from 1382
packets to 3238 packets, indicating better network performance.
Furthermore, the proposed strategy significantly reduced delay
and jitter values. The delay value decreased by 88.78 %, from
90.76 ms to 10.18 ms, and the jitter value decreased by 88.99 %,
from 181.85 ms to 20.03 ms. These improvements signify a notable
reduction in latency and packet timing variations, leading to a
smoother network experience. Another crucial aspect we evalu-
ated was the CPU utilization. The proposed strategy resulted in
a substantial decrease in CPU utilization by 81.23 %, from 78.3 %
to 14.7 %. The combination of pfSense and Suricata has proven
to be a successful approach, providing robust protection against
DDoS attacks, including those utilizing IPv6. This research can
be implemented as a solution on a campus ad-hoc network with
limited computers.

Keywords: CPU utilization, DDoS attacks, Jitter, pfSense, Su-
ricata, DDoS, IDS, IPv6.
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This paper investigates the application of convolutional neu-
ral networks (CNNs), particularly the UNet model architecture,
to improve the accuracy of breast cancer tumor segmentation
in ultrasound images. Accurate identification of breast cancer
is essential for effective patient treatment. However, ultrasound
images, often contain noise and artifacts, which can complicate
the task of tumor segmentation. Therefore, to highlight the most
robust architecture, modifications were made to the original set,
including the addition of noise and fuzziness. In this study, a com-
parative study of five different variants of UNet models (UNet,
Attention UNet, UNet++, Dense Inception UNet and Residual
UNet) was conducted on a diverse set of ultrasound images with
different breast tumors. Using consistent training methods and
techniques of augmentation and adding noise to the data, an
improvement in segmentation accuracy was highlighted when
using the Dense Inception UNet architecture. The results have
potential practical applications in the field of medical diagnosis
and can assist medical professionals in automatic tumor segmen-
tation in breast cancer ultrasound images. This study highlights
the improvement of segmentation accuracy by introducing dense
induction into the UNet architecture. Importantly, the Dice coef-
ficient, a key segmentation metric, improved markedly, increasing
from 0.973 to 0.976 after data augmentation. The results of the
study offer promise to the medical community by offering a more
accurate and reliable approach to segmenting breast cancer le-
sions on ultrasound images. The findings can be implemented in
clinical practice to assist radiologists in early cancer diagnosis.

Keywords: breast cancer, ultrasound imaging, deep learning,
UNet, image segmentation, augmentation.
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Deep learning algorithms, especially Convolution Neural Net-
works (CNN), have been rapidly developed due to their flexibility
and scalability to be adopted in several fields for modeling real-world
applications like object detection, image classification, etc. How-
ever, their high accuracy incurs intensive computations. Therefore,
it is crucial to carefully choose a suitable computer platform and



implementation methodology for CNN network architectures while
achieving increased efficiency. Parallel architectures are prevalent in
CNN implementation. Herein, we present a new Single Instruction
Multi Data (SIMD) parallel implementation of the proposed CNN
to speed up the execution process and make it suitable to deploy on
low-cost, low-power consumption platforms. The proposed imple-
mentation produces an improved model of deep CNN executable on
a cost-efficient platform and portability to work autonomously with
multi-core processing units while maintaining working accuracy.
Raspberry Pi 3 B is a low-power target device for implementing our
model. The proposed approach is characterized by high diagnostic
accuracy of up to 96.35 % while incurring power consumption of
3.65 Watts, achieving power reduction between 19.17 % and 68.45 %
compared to the prior work. Meanwhile, it has a fine inference time
for the selected platform. The outstanding results of this study
reflect the success of employing parallel architectures to utilize the
quad courses of the ARM processor on the target platform. The
presented model can be an efficient medical assistant to provide
automated detection and diagnosis for myopia ocular disease. Thus,
it can be a promising healthcare toolkit that reduces the effort of
the medical staff and increases the quality of the provided medical
services for myopia patients.

Keywords: CNN, multi-core, cost-effective, platform, prediction,
myopia, ocular, ODIR, AloT, SIMD.
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NIABUIIEHHI TOYHOCTI BUSHAUYEHHSI KOOPIMHAT HOBITPSIHOTO OBF’EKTY B JIBOIO3UIIINHIN
MEPEJKI MAJIOTABAPUTHUX PAIIOJIOKAIIIMHNUX CTAHIIINA (c. 6-13)

I. B. Xynos, A. O. Bepesxnuii, O. O. Onexcenko, B. I'. Mamora, 1. B. Baauk, M. L. Tepaa, A. I. Co6opa, €. O. Bpinus,
B. I1. Yenypuwii, B. B. I'pinina

OG6’'€KTOM JOC/IIIPKEHHS € TPOLEeC BUBHAYCHHST KOOPAMHAT TTOBITPAHUX 00’ €KTIB MaIorabapuTHOIO pajiosokaliiinowo craniieo. OcHOBHA
rirnoTesa JOCAI/KEHHS TOJSATAaE B TOMY, 1110 00’€IHAHHS JBOX MAJIOTa0apUTHUX PAiONOKAIIHHIX CTAHIIH Y MEPEKY J03BOJUTD T ABUIIIUTH
TOUHICTh BU3HAYEHHS KOOPIMHAT TOBITPSHUX 00'€KTIB.

Beranosiieno, 1o Mpu BUSHAYEHHI KOOPAMHAT TOBITPSIHOTO 00’€KTy MasiorabapiTHOIO PaiioJOKaiifHOIO CTaHI[€I0 TOUHICTh BUSHAYEHHST
JMAJIBHOCTI 3HAYHO Kpallle, Hi’K TOYHICTh BU3HAYEHHST KyTOBOI KoopawHATH. [lJ1s1 HiBETIOBAaHHS 1IbOTO HEJOJIKY PO3TJISTHYTO ABOMO3UILTHA
Mepeska ManorabapuTHUX PajIioOKAIiiHUX CTAHIIN Ta X esincu MOXUOOK. 3ampOIIOHOBAHO B KOXKHIN MasorabaparHiil pagiosokaiiiitiit
CTaHIIii ABOMO3WIIIITHOT MepeKi BHKOPUCTOBYBATH ATEKOMiPHUN METO/I.

VIOCKOHAICHO METOJl BU3HAYEHHS KOOPAMHAT TOBITPSAHUX O0'GKTIB B ABOMO3MIINHIN Mepeski MasorabapuTHUX PaioJOKAIiiHIX
CTaHIIiif, B TKOMY, Ha BiJIMiHY BiJl BiIOMUX:

— 3a6€3Mevy€eThCST CHHXPOHHUIT OTJISI/L OBITPSIHOTO TIPOCTOPY MAJIOTaGapUTHUMH PATiOIOKAIITHIMHI CTaHIISIMI;

— [IPOBOJIUTHCSI BUMIPIOBAHHS JIaJIbHOCTI /10 TTOBITPSIHOTO 06’61{1‘y JIBOMa MaJIorabapUTHUMU PaioJOKAiTHUMM CTaHIT M

— KOOPAMHATH MOBITPSIHOTO 00'€KTY BUBHAYAIOTHCS MIJISIXOM CYMicHOI 06poOKH pajtiosokaiiinoi indopmartii Big ABOX MaIorabapuTHIX
PaioJIOKAIINHUX CTAHILIA.

[TpoBeieHO OIIHIOBAHHA TOYHOCTI BU3HAYEHHS KOOPAMHAT MHOBITPSAHUX OO’€KTIB B ABONO3MWIINAHII Mepexi ManmorabapuTHUX
paiosokaliitHux craniiil. EkcrieprMeHTasbHe OMiHIOBAHHS IPOBEAEHO IIISTXOM MOJIETIOBAHHS METOZIOM CTATHCTHYHUX BUIPOOYBanb MomHTe-
KapJsio. Pospaxosani po6oui 30HN JABOMO3UIIAHOT Mepeski MamorabapuTHUX paiiooKalliiiHuX craHiliil. BeranosieHo, 1mo ABonosuiiiina
Mepeska MaJoraGapuTHUX PaIioOKAIHIX CTaHIIN Mpartoe Juire B 06JacTi, 10 yTBOPEHa MepeTHHAMI 30H OTJISITY ManorabapuTHHUX
pazionoKaIiitHUX CTaHIL TPy IX aBTOHOMHIT POGOTI.

KiouoBi caioBa: Masorabaputha paiosoKaiiiiiHa cTamilist, TOUHICTh BUBHAYEHHST KOOP/MHAT, ABOTIO3UIIHA MEPesKa, eJIIc MOXUOOK.
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MIZIBUIEHHA TOYHOCTI MUM®POBOTO CIIEKTPAJIBHOIO METO/IY KOPEJIALIIIHO-
IHTEP®EPOMETPUYHOTI'O ITEJIEHTYBAHHA 3 PEKOHCTPYKIIEIO IPOCTOPOBOI'O AHAJIITYHOTI'O
CHUTHAJIY TP OBPOBIII HETIOBHOT'O CITIEKTPA CUTHAJLY (c. 14-23)

Nurzhigit Smailov, Vitaliy Tsyporenko, Akezhan Sabibolda, Valentyn Tsyporenko, Assem Kabdoldina, Maigul Zhekambayeva,
Ainur Kuttybayeva, Aldabergen Bektilevov, Abdurazak Kassimov, Askar Abdykadyrov

Y0ckoHaIEHO MEeTO/ KOpeJIsALiiiHO-iHTephepOMeTPUYHOTO TIeJICHIYBaHH, SIKHiT e()eKTUBHO BUPIIIy€E 3aBJAaHHS Pajliole/eHIyBaHHI
JKepes PalioBUMPOMIHIOBAHHST JI/IST YMOB BILTUBY OfHi€l ab0 JBOX MACKYIOUMX MEPENTKO/. 3aBAAHHS BUPINIEHO 3 BHKOPUCTAHHIM
ceJieKIlii He3aMacKOBaHOroO (parMeHTa IPOCTOPOBOTO CIIEKTPY CHTHAJNY Ta PEKOHCTPYIOBAHHSI BiJICYTHIX Bi/UIKIB HOro CHrHaJbHOI
rpynu. B pesysbrari cuHTe3y 3amporoHOBAHOTO METOLY OTPUMAHO OIIHKHU BiJJTIKiB CHTHANIY SIK TOYHI PIilEHHs 3aIPONOHOBAHUX
piBHsIHB eHepreTndHoro Ganancy. OrpuMani pirenHst 3a6e3Me4yIOTh CYyTTEBE 301IbINEHHST BIZIHOMEHHsT CUTHAJ/TIEPENIKO/Ia Ta TOYHOCTI
nesieHryBanisa 6e3 30iLAbIIEHHS KiJIbKOCTI KaHaiB NPUIOMY penriTKH aHTeHu. B pesy/braTi MOAETIOBaHHS OTPUMAHO 3aJIeKHICTD
CepeiHboro KBaAPaTUIHOrO BIIXMJICHHS OI[IHKH MeJICHTY BiJl BIZIHOIIEHHS CUTHAJ/IIYM 3a HasBHOCTI nepeniko. [Ipu aii ogniel abo aBox
MaCKyOUUX MEePEeIrKo/ Ta BifHoueHHi curnan/mepemkoaa 0 1B 3acToCyBaHHS BiZIOMOTO METOY IEJEHTYBaHHs (€3 CeJeKIl MepenKo.
(hopmye aHOMATIBHO BEJUKY TTOXUOKY TejeHryBants Oiibiie 0,42 rpaaycu, sika NPaKTHYHO He 3aJeKUTh Bil BIAHOMEHHS CUIHA/IIyM.
Mertoz mesIeHryBaHHS 3 CEJIEKIHE0 3aMacKOBAHUX TIEPEITKO/l CHEKTPAIBHUX BiUIKIB CUTHAIY 3MEHINYE MOXUOKY TEJIEeHTYBAHHS 10
0,22 rpaayca npu aii onniei nepemkoyn ta go 0,3 rpagyca npu aii aBox nepekos. Ile 1oB’s13aH0 3 HasIBHICTIO BTPAT IIOTY’KHOCTI KOPUCHOTO
CHTHAIY IIPU CeTeKIlii 1oro 3aMacKoBaHMX MePelTKo[aMy Bi/I/IiKiB. 3alpONOHOBAHNIT METO/[ IeJIEHTYBAHHS 3 PEKOHCTPYIOBAHHSAM CUTHAIb-
HUX BijTIiKiB 3a603n0qye cyTTeBUi Burpait 3a Tounictio y 3—30 pasiB y HOpiBHSHHI 3 METOIOM CeJIeKITi 3aMacKOBaHUX BI/ITIKIB y AianasoHi
3MiHU BigHoOMIeH s curnas/nepenikoaa (-20;5) ab. Tloxubka nejeHryBaHHs 3apoIOHOBAHOIO METOAY 31 301IbIIEHHIM CUTHAJ/TIepeniKo-
J1a 3MEHIIYETHCS 32 TIepOOTITHOIO 3AIEKHICTIO. 3aPOIIOHOBAHMIT METO/I TIeJIEHTYBAHHS IOI[IIFHO BHKOPHCTOBYBATH IPH MACKYBaHHI He
Oisbllle 1BOX Bi/ITIKIB CUTHATIBHOT IPYIIN.

Kiarouosi cioBa: mucrepciss mOXHOKH, TOUYHICTH TEJTE€HTYBAHHS, BIIHOBIEHHS CIIEKTPA CHTHATY, PEKOHCTPYIOBAHHS aHATiTHYHOTO

CUTHAJLY.
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BU3HAYEHHS 3AKOHOMIPHOCTEIT METO/1Y BUSIBJIEHHSI CUTHAJIY 3A JJOIIOMOIOIO ®LIbTPY
KAJIMAHA (c. 26-34)

Bekbolat Medetov, Aigul Kulakayeva, Ainur Zhetpisbayeva, Nurtai Albanbay, Tair Kabduali

Humni 6isbin eeKTUBHUM € BUKOPUCTAHHA MaluX KocMmivnux arapatis LEO K yHKTIB pagioKOHTPOJIIO /ISl BA3HAYEHHS BiANOBIAHOCTI
TapaMeTpiB BUTIPOMIHIOBAHHSI PalioeeKTPOHHUX 3ac00iB BiIMOBIIHIM HOPMaM Ta YMOBaM /I03BOJIIB Ha BUKOPHCTAHHS Pajlio4acTOTHOTO
crektpy. Taki cucTeMu CyIyTHUKOBOTO PaJiOMOHITOPUHTY J03BOJIAIOTh BU3HAYATU ITapaMeTPU CUTHAJIIB 1 pO3TAllyBaHHS Pai0eJIeKTPOHHUX
3aco0iB Ha BEJIMKIN TepUTOpii 3 pisHOMAHITHIM PebedoM, 10 TABUIIUTE eHeKTUBHICTD CHCTEM PaJioMOHITOPUHTY. [Ipy BUKOHAHHI TaKHX
3aB/JaHb OAHUM 3 HABaKJIMBININIX NMapaMeTPiB € BUABICHHS 1 BU/I/ICHHS KOPUCHOTO CUTHATY Ha (oHi 1rymiB i mepentkof. Jlmsa Takux mimeit
edextuBHO BukopucrosyBaru ¢insrpu Kanmana. Byso Beranosisieno, mo ¢insrp Kasmana mMoske 3 jiy’ke BUCOKOIO TOYHICTIO BUSIBJIATU Ta
i30J10BaTH KOPHCHI curHasn Ha (powi mymis i neperkoz. O HaK MIPU BUPIIIEHHI TAKUX 3aBaib BUAHUKAIOTH TPOOJIEMHU, TIOB's3aHi 31 CTiiiKicTIO
METO/LY /10 BUOOPY TIOYATKOBOTO CTaHy (DiJbrpa i HEeMUHYUYHM CIIOTBOPEHHSIM YAaCTOTU KOPUCHOTO CUTHAIY uepe3 HasiBHICTH eekty Jloriepa.
¥ xozi 11p0T0 foCaiKe s 6YI0 BUSIBJIEHO, 110 KOeDIlliEHT MoAiGHOCTI 3aJIeKUTh Bijl PiBHS 1IyMY, ajie (paKTHYHO He 3aJesKUTh Bi/Jl YaCTOTHUX
CIIOTBOPEHb.

TakosK BCTaHOBJIEHO, 1110 ipu KoeditienTi SNR 6isbine 0 16 pagiocuraasn Ha BXoai 60pTOBOro BUMIPIOBAIBHOTO IpuiiMada Oy1e mprilMaTucst
3 moctosipHicTio 6imbie 90 %. OT:ke, MOKHA 3pOOUTH BICHOBOK, 1110 METO/I BISIBJIEHHS CUTHATY CYIMYTHHKOBOTO PA/[iOMOHITOPUHTY Ha OCHOBI
BuKopucTanus ¢inprpa Kaamana € cTiiikiuM 10 MOXKJIMBUX YaCTOTHUX CIIOTBOPEHb KOPUCHOTO CUTHAIY 3a paxyHOK edekty lomepa i we
BIINBAE HA TPABUJIBHICTD i MIBUAKICTD IPUNHSTTS PillleHb.

Kiouosi caoBa: ¢insrp Kamvana, reosokaitist, 1011epiBCchki BAMIPIOBaHHsI, CYITyTHUK Ha HABKOJO3EMHIl 0pOiTi, pa/ioMOHITOPHHT.
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IMPOEKTYBAHHSA TA BIIPOBA/IVKEHHS CUCTEMI KEPYBAHHS MEPESKEBIIM TPA®DIKOM Y PEAJIBHOMY
YACI 3A BUKOPUCTAHHSAM ITIPOTOKOJIY SNMP (c. 35-44)

Ahmed Hazim Alhilali, Ali Al Farawn, Ahmed Yaseen Mjhool

JTocTipKeH ST 30CePeKeH0 Ha PO3POOIli Ta BIIPOBA/KEHHI CHCTEMHU KePyBaHHSI BXiTHUM TpadikoMm cepsepa 3a JOTOMOTOI0 MPOCTOTO
npoTokoiry KepyBatHs Mepexeio (SNMP). CyTb MeToy osisirae B Tomy, 1106 3a6e3neYnTu CCTEMY MOHITOPUHTY B PEAIbHOMY 4Yaci, siKa 1ae
3MOTy MeHe/KepaM Mepeski eeKTHBHO KOHTPOJIOBATH BCIO MEPEKEBY JisibHiCTh. KirioyoBa BiAMIHHICTD pO3poOJIEHOT CHCTEMHU MOJISATAE Y
BUKOpPHUCTAHHI IPOTOKOTYy SNMP /1711 MOHITOPHHTY Ta KepyBaHHs Mepekero 6e3 HeoOXiHOCTI CTOPOHHBOTO IHCTPYMEHTY. 3aIpOIOHOBAHMI
MiXi BUpIiLIy€ 3arajibii MepeskeBi pobaeMu aMiHiCcTpaTopiB, BKIOYAI0YN HeeeKTUBHE BUKOPUCTAHHS TPOITYCKHOI 3aTHOCTI Ta CKJIaJHII
MOHITOPUHT MepesKeBHX pecypciB. ITicst BIpoBa/pKeHHs cucteMa 30upasia BakJINBY iH(bOPMAILiio 1po MepekeBe 0braiHan s 3 iHhopMartiiinoi
6asu kepyBaHHs. Pe3ysibraTu I0CJIPKEHHST BKa3yOTh HA Te, 10 CHCTEMa KePYBaHHsI Mepeskeio Ha ocHoBi SNMP He 103B0JISIE MepeKeBUM
TIPHCTPOSIM JI0CSTAaTH 0OMeKEHb MPOITYCKHOI 37aTHOCTi. CHeTeMa MOMITHO 3HIKYE BUKOPHCTAHIS TIporiecopa 3 28 % 1o 8 % i 3MeHIIye BuF
KOPUCTAaHHs TIPOIYCKHOI 3aatHocTi 3 1,7 Mib /¢ 1o 260 Gaiit/c. KpiM TOro, MOKJIMBICTD MOTIEPEIKEHHSI CUCTEMU MiBUIILYE CTIHKICTh MepexKi
10 aHoMaJliil BXigHOro Tpadiky, sAKi iHakime MOXKyTh mepepBaTi poboTy cepsepa. [IpuKiaj BUKOPUCTAHHS 3aPOIOHOBAHOI CHCTEMHU /ISt
YIPABJIiHHS BXiIHUM CepBEPHUM TPa(dikoM B HEBEJIMKHMX Mepeskax. BiH Mae KisbKka MPakTHYHUX 3aCTOCYBaHb B YIPABJIHHI Ta MiTPUMIL
MepexeBoi iHdpacTpyKTypu B piduux chepax. Kpim Toro, Bin a€ 3MOTy 3/iliCHIOBATH MOHITOPUHT MEPEKEBUX IPUCTPOIB Yy PEaIbHOMY 4Yaci,
KepyBaTH pPecypcaMy, BUSABIATH HOMUJIKI Ta OITUMI3yBaTH NPOAYKTUBHICTh. CHCTeMy MOKHA BUKOPHUCTOBYBATH B HEBEJMKNX OPraHi3allisax
1T MOHITOPUHTY TIPOJYKTHUBHOCTI MepesKi, BiJICTEKEHHsT HeCIIpaBHOCTEN i eheKTHBHOTO KepyBaHHs MepekeBuME pecypcamu. Kpim toro,
CUCTEMH MEPEsKeBOro MOHiTOpuHTY Ha ocHoBi SNMP MoKyTh 3HaliTH 3acTocyBarHs Maiizke B Oyab-sAKill cdepi, 1e MepeskeBi IPUCTPOI Ta
indpacTpykTypa HoTpeGyioTh MOHITOPUHTY, KEPYBAHHS Ta OTTHMI3aIlil.

Kmouyosi croBa: SNMP, cucrema MOHITOPHHTY Ta yIpas/iHHs B peasbHoMy yaci, MIB, kepyBanhs cepsepom Tpadiky.
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PO3POBKA IMITAIIIITHOI IMHAMIYHOI MOJIEJII MAPIIIPY TU3AIIII ITAKETIB JIAHUX HA ®PATMEHTI
TEJTEKOMYHIKAIIITHOT MEPEJKI (c. 45-52)

O. JI. TypoBchkwii, A. I'. 3axap:keBchkmii, A. O. Makapenko, JI. II. /lakoBa

OG6’'eKTOM JIOCIIIIKEHHS € POIEC MapIIPYTH3allil aKeTiB JaHuX B TeJEKOMYyHiKalliiiHiii Mepexi. BetanoBiieHo, 1o cTan Ta nmapameTpu
KaHaJiB Tepeiadi MaHNX i MapIIPyTH3aTOPiB MOXKYTh YHHUTH HETATUBHUIT BIUIHB Ta MOTPEOYIOTh BPAXyBAHHS B IMPOIECI MOJETIOBAHHS
MapUIPyTHU3allii NaKeTiB JaHNX B TeJIeKOMYHIiKalliiiHi Mepesxi.

PospobJiena Ta 3alporoHoBata Mo/e/b IMITalliiiHoOro JMHAMIYHOTO MOJIETIOBAHHS MapPIIPYTH3AIlil aKeTiB JaHUX B TeJIeKOMYHIKaIiiHi
MepesKi. 3armpooHOBaHa MOJIENb I03BOJISIE BCTAHOBUTH KiJIbKICHI 3HAUEHHST Yacy 3aTPUMKK 0OPOOKM MAKETIB JaHUX B XO/I1 X MapuIpy TH3aIlii
110 oKpeMoMy (hparMeHTi TeJleKOMYHiKalliiiHi Mepeski 3 BpaXyBaHHAM CTaHy Ta ITapaMeTpiB KaHay lepe/adi IaHuX Ta MapIIpyTU3aToPiB.



BeranosiieHo, 10 0CSITHEHHST MiHIMAJIBHOTO Yacy 3aTPUMKU MAKETIB JaHUX B XOJi MaplIpyTH3allii M0CATAETHCS BUGOPOM MIISIXY X
riepeiavi mpu yMOBi MiHIMAJIBHOTO Yacy Teperadi JiHissMu 3B’s13Ky Ta MOMKJIMBOCTSIMU MapIIPYTU3ATOPIB IO 10 iX HAKOMUYEHHS Ta MIBUIKOCTI
obeayroByBaHHs. [Ipn 1bOMY, 3MEHIIIEHHSI Yacy 3aTPUMKH Hepe/iadi MakeTiB BiIHOCHO CEePeIHbOro TI0 (hparMenTy Mepeski yacy MosKe A0CSTaTh
Bix 21 no 38 Bigcorkis. [TokaszaHo, O OCHOBHUM (AaKTOPOM, 1[0 BIUIMBAE HA 3HAYECHHS YACy 3aTPUMKU € INMBHUAKICTH 0OPOOKU [IaHUX 110
obpanomy HUIsxy nepegadi nmakeris. KigbkicTb ByssiiB MapuipyTusaiiii B cKJIaAi OKPEMOro IUIsIXy Hepeiadi AaHuX MOjKe BIUIMHYTH Ha yac
3aTPUMKH TiJIbKU TTPU YMOBI PIBHOCTI TTapaMeTpiB MapIIpyTH3aTOPIB B MOPIBHAHHI /[0 IHIINX, AKi BKIIOUEHI B aIbTePHATUBHI MAapIIPYTH.

Tlopana B po6oTi MOJE/Ib IMITAIIITHOrO ANHAMIYHOIO MOJIEIOBAHHA MapPIIPYTU3AIlil MaKeTiB JaHKuX, Ha BIAMIHY Bijl iCHYIOUNX, BpPAaXOBY€E
CTaH Ta TMapaMeTph KaHaJTiB Tlepefiadi AaHiX Ta MaplipyTH3aTopiB. Boma Moske 6yTu BUKOpHCTaHa TIPU TPAKTHYHOMY YIOCKOHATEHHI
ICHYIOUHMX Ta PO3POOIL HOBUX MYJIBTUCEPBICHUX TEJEKOMYHIKAI[IITHIX MEPEK 3B'I3KY.

KimouoBi cioBa: MyJsbTHCepBicHA TeJeKOMYHIKalliifHa Mepe)ka, iMiTalliiine AMHAMiYHe MOJETIOBAHHSI, Yac 3aTPUMKH Iepeaadi

TAKEeTiB JIaHUX.
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CTBOPEHHS BATATOKOHTYPHOI CUCTEMM BE3IEKU IHDOPMAIIIITHUX B3AEMO/IIN ¥V
COINIOKUBEP®I3NYHUX CUCTEMAX (c. 53-74)

C. II. €Bcees, O. B. Miznos, H. B. [Ixxeniok, M. 0. Toakauos, T. M. Boiitko, M. II. IIpurapa, H. I. Bopomaii, O. 1. llInak,
A. @. Boaxkos, O. B. Jlesik

OG6’ekTOM HOCTIIFKEHH ST € 6araTOKOHTYpHas cucTeMa GesIekn ingopMaliiHinx B3acMoiii y coniokiGepdisnunmx cucremax. Jlunamivanmii
XapakTep (hi3sUYHUX CEePEIOBHUII 32 CBOEIO TIPUPO/IOIO CTABUTD TIijl CYMHIB 3/IaTHICTh COIIOKIOGEp(hI3NIHNX CHCTEM BUKOHYBATH aJIeKBaTHI [Iii 3
VIIPaBJIiHHA KepPOBAaHUMU (DiSMYHUMU aKTHBAMU Y HaraTbox KoHTekcrax. OpHak /il 3 afanTalii Ta eBosIolii HOBUHHI 6ym OI[iHEH] /10 IXHBOI
peasizaitii B cucteMi yrnpasiinms s 3abe3nedenns BiAMOBOCTIHKOCTI mpu MiniMizanil pusukis. OTiKe, TIPOEKTYBaHHS COIOKiOGepdizmuHmx
CHCTEM TIOBMHHO 3abe3liedyBaTy He TLIbKU Ha/iiiHy aBTOHOMHICTD, a ii eKcruryartauiiiny BifMoBocTiiiKicTh Ta Gesreky. 3anporoHoBaHui
MXIA TPYHTYETHCS Ha KOMILIEKCYBaHHI I[IIbOBUX (3MIllIaHKX) 3arPO3 Ha OCHOBI CHHTE3y TEXHIUHKMX Kibepsarpos i3 MeTogamMu coliaabHOl
irskenepii. Takuil miaxin 3abesnedye MOKIUBICTH ¢HOPMYBATH IMHAMIUHY MOJIE/Ib Oe3MeKH Ha OCHOBI aHAJI3y B3a€MOJIii PI3HUX areHTiB y
cotiokibepdisnuHNX cucTemMax, 1o A03BOJISE MABUIUTH PIBEHb MPOTUIT IIIHOBUM (3MilIaHNM ) KiGep3arposam.

Hagezeni pesyibrati MOJIeTIOBAaHHS TPYHTYIOTHCST Ha 3aMTPOTIOHOBaHI I Kacudikariii 3arpo3 MeTO/IiB COIialbHOI iHKeHepil, 110 103BOJISIE
KibepaaoBMUCHUKAM 3a0e31ednT HMOBIPHICTh peasizaitii 1iiboBUX 3arpo3 a0 95-98 %. 3anponoHosaHa kaacudikailisi 3arpo3 Ha OCHOBI
METO/IIB COIIaIbHOT IHAKeHEePIT 103BOMUTL ¢hOPMYBATH A0AATKOBHI MapaMeTp 00’ €KTUBHOCTI IiIJIbOBUX 3arPO3 3 ypaxXyBaHHAM IXHbOTO KOMII-
JieKcyBaHHs Ta cuHeprii. [Ipu 1boMy TpecTaBIeHa MOIETb T03BOIUTD CBOEYACHO 3a0€3MEUNTN 3HAHHS PO MOKJIUBICTD 31 HCHEHHS IiIBO-
BOI aTaky Ta CBOEYACHO BXKUTHU IIPEBEHTUBHUX 3aX0/iB NPOTU/il. Takuil mifxis 103BOIUTD MOKPAIIUTY KOMILTIEKC 3aXO0/iB 3aXUCTY, & TAKOXK
cBoevyacHo chopMyBaTH MiIBUIIEHHS PiBHS MPOTH/Ii1 IePCOHATY KOMIIaHii (Opranisartii, miAmprueMCTBA TOIO ) 3arpo3aM COIaIbHOT iHKeHepii.

Ko4osi cioBa: coriokiGepdisnana cucrema, Moaenb Gesnekn iHhopMaIiiiHuX B3aeMOIiii, collianbHa iHKeHepis, MiJIbOBI aTaku.
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PO3POBKA IBPU/IHOI CUCTEMU BUSABJEHHSA BTOPTHEHB HA OCHOBI METO/IY SURICATA 3 PFSENSE
JJIs1 SHAYHOTI'O 3SHUKEHHS DDOS-ATAK HA IPV6-MEPEXKI (c. 75-84)

Supriyanto Praptodiyono, Teguh Firmansyah, Muhamad Haerul Anwar, Cakra Adipura Wicaksana, Anggoro Suryo Pramudyo,
Ali Al-Allawee

Posmnozisieni ataku tuiy «Bigmosa B o6ciyropysanii» (DDoS) e npobiemoio y Komir'iotepux Mepeskax. DDoS-araku cTaHoBJISTh cep-
03Hy 3arpo3y ISl iHTEpHET-MePesK, OCKIIbKA BOHM BUKJIMKAIOTH MEPEBAHTAKEHHS 1 MOPYIIYIOTh ONTUMasbHe (DYHKIIOHYBAHHS CepBepiB.
BusiBiieHHs JiKepesia IIUX aTak MAa€ BaKJIMBE 3HAYECHHS /Uit e(heKTHUBHOTO 3axucTy. ToMy B IAaHOMY JOCJI/KEHH] 3amPOIOHOBAHO TiOpUIHY
cTpareriio, 1o TOEAHYE B cobi cuctemy BusiBienns sroprierb (IDS) Suricata 3 6panamayepom pfSense st Goporsbu 3 DDoS-atakamu. Cuc-
tema IDS Suricata 3maTHa BU3HAYNTH Miclie IPU3HAYEHHS aTaKH, 110 103B0JIste Opanamayepy pfSense 610KyBaTH aTaky, BIIKNAI0UN [TAKETH,
HaJlic/Tati 3JIOBMUCHUKOM. B pesysibrati, BHKOPUCTOBYIOUM JaHUi KOMOIHOBaHWIA THi/IXij1, criocTepiraiy 3HavYHe MOJIIIeHHS STKOCTi 00CIyro-
ByBans (QoS). PedysbraTii JaHOTO JAOCIIKEHHST TIOKA3yI0Th 30ibIenHs nponyckioi sgatnocti ra 1,08 %, 3 1881,97 Gaiit o 902,44 Gaiir,
110 CBIIUUTD 11PO TiABUIIEeHHS e(heKTUBHOCTI nepenayi gannx. Takoxk crocrepiraiu 301bIIEHHS CePEAHbOT 3aralbHOI KiIBKOCTI BiNPaBIeHUX
naxetiB Ha 57,32 %, 3 1382 o 3238 naxeris, 10 BKadye Ha HiABUIIEHHS TTPOAYKTHBHOCTI Mepeski. Kpim Toro, 3anpornonosana crpareris J10-
3BOJINJIA 3HAYHO 3HU3UTU 3HAYCHHSI 3aTPUMKH Ta [UKUTTEPaA. SHAUCHHS 3aTPUMKHN 3MenTmiocs Ha 88,78 %, 3 90,76 mc o 10,18 mc, a 3naveHus
mkurrepa — Ha 88,99 %, 3 181,85 mc 110 20,03 mc. [lani nostiniens cBigyaTh mpo nMoMiTHe CKOPOUYEHHS 3aTPUMOK i Bapiaiii yacy nepezaui na-
KETiB, 110 TPU3BOAUTS 710 G111 T1aBHOT poboTH Mepeski. Ille oiHIM BaKJIMBUM acTieKToOM, sikuii OyB oriinennii, 6yJo 3apantaxenns [T, 3a-
MPOIOHOBAHA CTpaTeTis MPU3BeJa 0 3HaYHOTo 3HMKeH s 3apantaxenns 1T na 81,23 %, 3 78,3 % 1o 14,7 %. Kombinauis pfSense i Suricata
BUSIBUJIACST YCTIIITHUM THAXOIOM, 1110 3abesteuye Haaiitnuii saxuct Big DDoS-artak, y Tomy uncsi 3 Bukopuctansim [Pv6. Jlane pocimpkenms
MoOsKe OyTH peasizoBaHO B SIKOCTI PIillleHHs y KAMITYCHIN crreniaabHiil Mepeski 3 00MeKeHOI0 KIIbKICTIO KOMII'TOTepiB.

Kumouosi caosa: sapanraxenns [I1, DDoS-araku, mxurrtep, pfSense, Suricata, DDoS, IDS, IPv6.
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MOPIBHSIJIBHA OL[THKA MOJIEJEA HA OCHOBI UNET I3 HIJICUJIEHHSIM IIYMY JIJIsI CETMEHTALIT PAKY
MOJIOYHOI 3AJ1031 HA YJIBTPA3BYKOBUX 30BPAKEHHSIX (c. 85-97)

Mukasheva Assel, Koishiyeva Dina, Suimenbayeva Zhanna, Rakhmetulayeva Sabina, Bolshibayeva Aigerim, Sadikova Gulnar

VY wiii cTaTTi JOCITIKYETHCS 3aCTOCYBAHHST 3rOPTKOBUX HelipoHHUX Mepesk (3HM), 3okpema apxitexktypu mozesi UNet, 111 migBuineH s
TOYHOCTI cerMeHTarii MyXJuHu paKy MOJOYHOI 3a/1031 Ha YJIBTPasByKoOBUX 300paskeHHsx. TouHa imeHTH(IKAIlis paKy MOJOYHOI 3a1031
€ BKJIMBOIO I e(heKTUBHOTO JiKyBaHHsa naifiedra. OQHAK yIBTPa3BYKOBI 300pasKEHHS YacTO MICTATH HIyMH Ta apTedakTH, 1m0 MOKE
YCKJIQIHUTH 3aBAaHHA cerMeHTalii myxaunu. Tomy, mo6 mifKpecauTn HalbGiibil HagiilHy apXiTeKTypy, A0 OpUTiHATILHOTO Habopy OyJo
BHECEHO 3MiHH, 30KPeMa JTOIAHO IIYM i HEUITKICTh. Y [bOMY ZOCII/KeHH] Y10 POBEEHO TTOPiBHSIIbHE AOCIIIPKEHHS IT'SITH PISHIX BapiaHTiB
mozeseit UNet (UNet, Attention UNet, UNet++, Dense Inception UNet i Residual UNet) Ha pisHOMaHITHUX YJIBTPa3ByKOBUX 300PasKEHHSIX
PI3HUX ITyXJIMH MOJIOYHOI 3a/1031. BUKOPHCTOBYIOYM MOCIIZI0OBHI METO/IN HABYAHHS Ta MPUHOMH PO3MIMPEHHS Ta J0laBaHHs IMIyMy /10 IaHHX,
6yJI0 MKPECIEHO MOKpPalleHHs TOYHOCTI cerMeHTallii npu BUKopuctanti apxitekrypu Dense Inception UNet. PesysibraTun MatoTh IOTEHILHiHE
MPAKTUYHE 3aCTOCYBAHHS B Tajy3i MEIMYHOI JIarHOCTUKM Ta MOXYTH JOHOMOITH MEIAMYHUM IIpalliBHUKAM Yy aBTOMATHYHiil cerMeHTaii
MyXJUHA HA YJIBTPA3BYKOBUX 300PasKeHHIX PaKy MOJOYHOI 3am03u. Ile AoCaiuKeHts MmiKpecaioe MiABUIEH T TOYHOCTI CerMeHTartii
LIJIIXOM BIIPOB/UKEHH 1iiabHOI inaykuii B apxiTektypy UNet. Baxxiuso, mo koedinient /laiica, K11040Buil 10OKa3HUK CerMeHTallii, HOMiTHO
nokparusest, 36iabmuBnmch i3 0,973 no 0,976 micist ponoBHeHHsT AaHUX. PesysibraTii JOCHIDKEHHS € MepcleKTUBHUMU IS MEeMIHOT
CITJTBHOTH, TPOIIOHY YN OLIBI TOYHWH | Ha/IHUH TTiXi/ 10 cerMeHTanii ypakeHb PaKy MOJIOYHOI 3271031 Ha YJIBTPa3BYKOBUX 300PasKCHHSIX.
OtpuMani pe3yasraTii MOKYTh OyTH BUKOPHCTaHI B KIIHIYHIH IpakTHIli, 106 AOTIOMOTTH pajiioJoraM y paHHill giarHocTuIl paxy.

KiiouoBi ciioBa: pak MOJIOYHOI 3471031, YJIBTPa3ByKOBe 300paker s, rimboke Hapyantst, UNet, cermeHTallist 300paskeHHsl, 301/IbIIECHHSI.
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SIMD IMPLEMENTATION OF DEEP CNNS FOR MYOPIA DETECTION ON A SINGLE-BOARD COMPUTER SYSTEM
(c.98-108)

Mamoon A Al Jbaar, Shefa A. Dawwd

AnropuTMu I60KOT0 HABYAHH, 0c0OIMBO 3ropTKoBi HeliponHi Mepeski (CNN), HaOyIIi MIBUAKOTO PO3BUTKY 3aB/SIKH CBOIII THYYIKOCTI
Ta MacuITaboBaHOCTI JUJisi BUKOPUCTAHHS B IEKITBKOX OGJIACTSIX JIJIsI MOJIEJTIOBAHHST PeaIbHIX 3aCTOCYBaHb, TAKUX SIK BUSIBJIEHHS 00 €KTIB,
kaacudikais 306paskenn Tomo. OfHaK IX BUCOKA TOYHICTb BUMAra€ iHTeHCUBHUX 00UnC/IeHb. ToMy HaI3BBUYANHO BasKJINBO PETEILHO 0OMpa-
TH Bi/IIIOBiIHY KOMITIOTEpHY M1aTHOPMY Ta METOIOJIOTIO pearizaiii Mmepeskesux apxitektyp CNN i3 3abesieueHHAM MiABUIIECHOT eheKTUB-
nocri. Y peasnizanii CNN nepeBakaioTh napasesbHi apxiTektypu. B ganomy pocizkeri npeacrasieHo HOBY MapajeibHy peasisaiiio Single
Instruction Multi Data (SIMD) sanponionoBaroi CNN 3 METOI0 NIPHCKOPUTH MPOIEC BUKOHAHHS Ta 3pOOUTH 1i MIPUAATHOO AJTsT PO3TOPTAHHS
Ha HeJIOPOTHX I1aThopMax 3 HU3bKUM €HEepProCIIOKUBAHHSM. 3alPOIIOHOBAHA Peaslisallis J03BOJISIE OTPUMATH B/IOCKOHAJIEHY MOJIENb TJIH-
60koi CNN uist peastizartii Ha ekonomiuno edekTrBHiil mraTdopmi i 3abesnedye MOPTATUBHICTD JJIsl aBTOHOMHOI poOOTH 3 HaraTosiiepHUMU
nporecopaMu 11pu 36epekerHi TouHocTi pobotu. Jlist peasizaiii Hamoi Mozesi BUKOPUCTOBYBABCS MAJIONOTYKHUN I[LIbOBUIT TIPUCTPIi
Raspberry Pi 3 B. 3amporonoBanuii mi/xigx XapaKTepH3y€eThesi BUCOKOIO TOYHICTIO fiarHocTiku 10 96,35 % npu eHeprocmousanti 3,65 Br,
JOCSTAI0YN 3HUKEHHST eHeprociokuBants Ha 19,17-68,45 % 1mopiBHSHO 3 TIONEPeHbOI0 poOOTO0. Y TOH e vac, BiH 3abe3nedye rapHuii yac
BUCHOBKY /st 06paHoi mardopmu. BugaThi pesyibraTu 1aHOTO JOCTIUKEHHsT BITOOPAKAOTh YCIIiX 3aCTOCYBAHHS TAPAJIETbHUX apXiTEKTYD
VIS BUKOPHMCTAHHST 4OTHPHOX siziep mpoitecopa ARM Ha 1isboBiii matdopmi. Ilpeacrasaena Moaenb Moxke O6yTH eheKTUBHIM MEIUYHIM
MOMIYHUKOM /IJIs1 aBTOMATU30BAHOTO BUSIBJICHHS Ta J1arHOCTUKHU KOPOTKO30pOCTi ouell. Takum 4MHOM, Iie MOXKe CTaTH HEepCIeKTUBHUM Me-
JTYHUM IHCTPYMEHTAPI€M, 10 JI03BOJISE 3MEHIIUTH 3YCUJIS MEANYHOTO IIEPCOHAIY Ta MiABUIIUTH SKICTh HAJAHUX MEJIUYHIX HOCJIYT /IS
TIAIIIEHTIB 3 KOPOTKO30PICTIO.

Kmouosi ciaosa: CNN, Garatosiiepauii, eKOHOMIYHO edeKTuBHUIi, maardhopMa, IPOrHO3yBaHHs, KOPOTKO30picTh, ounmii, ODIR,
AloT, SIMD.



