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Abstract. This research is dedicated to a comprehensive analysis of the
global experience in evaluating the performance of mobile broadband (MBB)
networks, particularly in the context of 5G deployment and preparations for 6G
technology. The study delves into crucial quality of service (QoS) and quality of
experience (QoE) metrics that influence mobile network performance, including
data download speeds, latency, connection stability, and network coverage. By
assessing these factors, the study aims to identify how effectively mobile networks
meet the growing demands of modern communication services. A significant
portion of the research focuses on Kazakhstan, where the rollout of 5G technology
is underway but is still limited to a few operators. The state of the current network
infrastructure is evaluated, shedding light on the challenges and opportunities faced
in this emerging market. Furthermore, the paper examines international practices
from countries such as the USA, Malaysia, and Oman, offering insights into the
global trends and challenges that accompany the development of next-generation
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mobile networks. Advanced technologies such as millimeter waves, beamforming,
and Massive MIMO are discussed in the context of their role in enhancing network
reliability and efficiency in densely populated environments. Finally, the research
proposes a mobile application architecture designed for real-time signal analysis
in 5G networks. This application aims to evaluate mobility management and
load balancing processes, which are essential for the smooth operation of next-
generation networks.

Keywords: 5G technology, QoE, QoS, mobile broadband networks, mobile
networks, next-generation, telecom operators.
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AnHoTanmus. by 3eprTey MOOMIIBII KEHXKOTAKTHI keninepain (MBB) Tuimmi-
nirin Oaramnaynarbl skahaHAbIK TOXipuOeHI 3eprreyre skoHe 5G TEXHOJIOTHACHIH
eHrizy MeH 6G-re MalbIHABIKTHI KapacTelpyfa apHairaH. JKyMbIcTa KbI3MET
kepcety canachl (QoS) jkoHe maljananynisl ToKipuOeciHiy canachl (QoE) CHIKTHI
HETI3r KOPCETKIIITep KAPacThIPbUIABI, OJlap JACPEKTEPl KYKTEY JKbLIIAM/IBIFbI,
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KiZlipiC, KOCBUIBIMHBIH TYPaKTBUIBIFHI JKOHE JKEIiHIH Tapally ailMarblH KaMTHIIBL.
Byn xkepcerkimrepmi Tanmald  OTHIPBIN, MOOWIBII IKENJIEpAIH 3aMaHayd
TEJICKOMMYHUKAIMSUIBIK KbI3METTEpre JETeH OCill Keyie JKaTKaH CYpPaHBICTapIIbI
KaHIIAIBIKTHI )KaKChl KAHAFATTAHABIPATHIHBIH aHBIKTAyFa OaFbITTaIFaH. 3ePTTEYIiH
MaHb3IBI O6diri Kasakcranra apHanran, MyHIa 5SG TEXHOJIOTHSCHIHBIH CHTI31Tyl
o ae OipHerie oreparopiapMeH IiekrenreH. JKemiHiH Ka3ipri nHQpaKypbUTEIMBL
OaFraiaHbII, TaMYIITbl HAPBIKTHIH aJlJIbIHA TYPFaH KUBIHIBIKTAp MEH MYMKIHIIKTEP
ambiaasl. ConbiMeH Karap, 3eprreyae AKIL, Manaiizus sxone OMaH CHSAKTHI
eNJIEpeT] XaNbIKapaJbIK THKIpUOETep KapacThIPBUIBII, MOOWIBII JKENIEPIiH
KeJieci OybIHBIH JaMbITyFa OailaHBICTHI xahaHIBIK YpAICTep MEH KWBIHJBIKTAP
kepcerineni. JKorapel THIFBI3IBIFEI Oap OpTajga KENiHIH CEHIMIUIr MeH
TUIMJIUTITIH KaMTaMachl3 €Ty VIIH MWIIUMETPIIK TOJKBIHIAP, COYJICIEHIIPY
xoHe Massive MIMO cHAKTBI 3aMaHayd TEXHOJIOTUSIIAPABIH PO TaTKbIIaHa b,
3eprrey coHbiHA SG KeNiNepiH/e CUTHANIBI HAKTHI yaKbITTa TallJjayFa apHaJFaH
MOOWMIIB/II KOCHIMINIA apXUTEKTYPachl YCHIHBIIAABI. by KOCKIMIIIA MOOWITBAUTIKTI
Oackapy XoHe JKYKTeMe TeHrepiMiH Oaraiay mpoIecTepiH 3epTTeyre OarbITTalIFaH,
onap Keneci OybIH KeNiIEepiHIH TYpaKThl KYMBIC iCTEyl YIIiH MaHBI3IBI OO
TaOBbUIAIBI.

Tyiiin ce3nep: 5G rexnonoruscel, QOE, QoS, MOOMIIB/II KeH KOJIAKThI KaThIHAY
XKeltiepi, )kaHa OybIH MOOMIIB/II XKelTiiep, OailaHbIC OrepaTopIaphl.
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AnHoTanus. J[aHHOE WCCIIeZIOBaHUE TOCBSIIEHO KOMIUIEKCHOMY aHaIIU3y
MHUPOBOTO OMNBITa OLEHKH dS(PPEKTUBHOCTH MOOHMIIBHBIX IIHPOKOTIOJIOCHBIX
cereti (MBB) B xoHTekcTe pasBepThiBanms 5SG m moarotoBku k 6G. B pabote
paccMaTpHUBarOTCS KITFOYEBBIE METPHKH KadecTBa oocmyxuBanus (QoS) u kauecTpa
Bocnpustus (QoE), Takue kak CKopoCTh 3arpy3KH JaHHBIX, 33]ICPIKKa, CTAOUIBHOCTh
COEIMHEHHUS U TOKPBITHE CeTH. AHAJIN3 3TUX (aKTOPOB HATIPABJICH Ha BBISBICHUE
TOTO, HACKOJBKO A(P(PEKTUBHO MOOWIBHBIE CETH VIOBJIETBOPSIIOT PAaCTYIIHE
TpeOOBaHUSI COBPEMEHHBIX TEICKOMMYHHUKAIIMOHHBIX YCIIYT. 3HAYUTEIbHAs YacTh
WCCIeNIoBaHusl cocpenoroueHa Ha KazaxcraHe, rie pa3BepThIBAHHE TEXHOJIOTHUU
5G HaxXOaUTCsI HA HAYAIBHOM CTaJIMH U OXBATHIBAET JIMIIh HECKOJIBKO ONIEPaTOPOB.
OreHrBaeTCs TEKYIIEE COCTOSIHUE UH(PACTPYKTYPhI CETH, UTO TIO3BOJISIET BHISIBUTh
BBI30BBl M BO3MO)KHOCTH, C KOTOPBIMH CTaJKMBAETCS ATOT DPa3BUBAIOIIAKCS
peiHOK. Kpome Toro, B paboTe paccMaTpHBAIOTCS MEXIYHApOTHBIE MPAKTUKH
u3 takux crpaH, kak CIIA, Manaizus u OmaH, 4TO JaeT MPEACTABICHUE O
MHUPOBBIX TEHACHIINAX U BBI30BaX, COMPOBOK/IAIONINX Pa3BUTHE MOOMIIBHBIX CeTel
HOBOTO TOKOJeHHs. OOCYKIAroTCsl TakKe TEepPEeIOBbIe TEXHOJOTHH, TaKhe Kak
MUJLTHMETPOBBIE BOJHBI, asupoBaHHas aHTeHHA U Massive MIMO, u ux ponb B
MTOBBIIIIEHUN HAJISKHOCTH 1 3(D(PEKTUBHOCTH CETH B YCIOBHUAX BHICOKOM IIJIOTHOCTH
rmonib30Baresieil. B 3aBepieHWe WCCIEOBaHUS TpEINIaraeTcs apXUTEeKTypa
MOOMIILHOTO MTPUJIOKEHHS JIJIsl aHAJTM3a CUTHANA B pealibHOM BpeMeHH B ceTsix S5G.
OTO MpHUIIOKEHNE HATPABJICHO HA OIIEHKY MPOIIECCOB yIPABICHUS MOOMIBHOCTHIO
1 OaTaHCHPOBKH HArPy3KH, KOTOPHIE SBISIFOTCS BAYKHBIMH JIJISI CTAOMITLHOW paObOTHI
ceTell HOBOrO IOKOJICHMUSL.

KuaroueBbie ciaoBa: Texnonorus 5G, QoE, QoS, cern MOOMIBHOTO IIHPOKO-
MTOJIOCHOTO JTOCTYTa, MOOMIIBHBIE CETH HOBOTO ITOKOJICHUSI, OTIEPaTOPHI CBSI3U.

Introduction. 5G technology is the fifth generation of mobile network
technology, designed to significantly improve the speed, capacity, and latency of
wireless networks. It enables faster data transfer rates, reaching up to 10 Gbps, and
supports more connected devices simultaneously, making it ideal for high-density
environments like smart cities. Key features include ultra-low latency, enhanced
mobile broadband, and massive machine-type communications, which enable
innovations such as autonomous vehicles, the Internet of Things (IoT), and virtual
reality. 5G also uses advanced technologies like millimeter waves, beamforming,
and Massive MIMO to provide more reliable and efficient connectivity.

With the development of 5G and the preparation for the deployment of 6G
networks, mobile broadband networks play a key role in ensuring high-speed data
transmission and stable connectivity. The demand for mobile networks continues
to grow, especially in urban areas with increasing connection density. This study
presents an analysis of global experience in evaluating the performance of mobile
broadband networks in various countries and regions. The performance assessment
of such networks is becoming critically important for ensuring quality of service
(QoS) and user satisfaction (QoE), particularly in densely populated areas with a
growing number of connected devices.
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Mobile broadband networks are one of the key tasks in 5G networks due to
the ever-increasing demand for data transfer volumes. 5G networks are capable of
providing significantly higher data transfer speeds and stable connections, which
meets the requirements of modern users and contributes to the development of new
digital services and technologies (ITU-T, 2017).

Methods and materials. Currently, only two telecom operators in Kazakhstan,
Kcell and Tele2, provide communication services using 5G technology. Regarding
the further development of 5G technology, Kcell and Tele2 operators will continue
to work on expanding 5G coverage in the cities of Astana, Almaty, Shymkent
and regional centers. To date, 1,144 base stations have been installed in 20 cities.
According to information from the Kcell operator, 5G technology provides high-
speed Internet, reaching 1600 Mbit/s, providing users with the ability to instantly
download movies and stream video in 8K format, which significantly improves the
quality of multimedia content consumption.

In turn, the coverage area in Astana of the 5G operator Tele2 is shown in Figure 1.

Figure 2 above displays a coverage map of the city of Astana, showing the 5G
network coverage of the telecom operator Kcell. The purple areas represent regions
within the city where Kcell provides 5G services. The coverage is concentrated
around central areas of Astana, with some additional reach extending into suburban
and outlying districts. The majority of the city center and key residential and
commercial areas appear to have good 5G connectivity. However, there are still
regions, particularly at the outskirts and in less densely populated areas, where
5G coverage is sparse or absent. This distribution indicates that Kcell has focused
its 5G network expansion on densely populated and high-traffic zones, ensuring
optimal service where demand is likely highest.

It is worth noting that in order to attract customers, many mobile operators do
not display theoretical or declared speeds described in new standards (Lobo et al.,
2020). In this regard, it is necessary to conduct independent research in terms of
assessing the QoS and QoE indicators of existing 5G services of mobile operators.
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Fig.1. Tele2 coverage area in Astana
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Also, the coverage area of Astana city provided by the 5G operator Kcell is
shown in Figure 2.
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Fig.2. Kcell coverage area in Astana

Results and discussion

The study in the article (Shayea, et al., 2024) is devoted to the analysis of mobile
broadband performance in Malaysia, Singapore and Thailand. The study evaluates
the network quality of 3G and 4G based on metrics such as coverage, download
speed, latency and user satisfaction. The results show that 4G networks perform
significantly better than 3G networks, especially in dense urban areas. The study
highlights the need to improve MBB services to successfully implement 5G and
improve user satisfaction.

A study (El-Saleh, et al, 2022) conducted in Oman provided an analysis of
the mobile broadband (MBB) networks of two national telecom operators. The
evaluation was conducted based on drive tests in four urban and suburban areas,
where metrics such as throughput, handovers, ping rate, signal strength and quality
(RSRP, RSRQ and CQI) were analyzed. The results showed that the 4G network
dominated in most of the tested areas, providing more stable coverage and high
data speeds compared to the 3G network, especially in dense urban areas. The study
(Busari, et al, 2018) shows that the introduction of 5G plays a key role in improving
the quality of mobile communications due to the use of millimeter waves, which
provide high data rates and minimal latency. However, such frequencies are subject
to high path losses, which requires the support of small cells and dense placement
of base stations. These features make 5G an ideal technology for improving the
efficiency of networks in high-density user environments and creating new digital
services such as autonomous vehicles and smart cities.

The work (Shayea, et al., 2021) assesses the performance of 3G and 4G networks
in urban areas of Malaysia and their preparation for the introduction of 5G. The
following metrics are considered for analyzing the performance of base stations of
mobile operators:

* Content download speed;

10
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* Coverage area;

* User satisfaction.

The authors of the study (Shayea, et al., 2020) analyze 3G and 4G networks
in rural areas of Malaysia in order to optimize and improve MBB services for
the introduction of 5G. The following metrics are considered for analyzing the
performance of base stations of mobile operators:

* Latency;

* Coverage area;

* Content download speed

Due to the geographical features, the authors selected these metrics, which are
essential in an infrastructure-limited environment. This study clearly shows the
importance of planning and implementing 5G in rural areas and the need to adapt
the network to geographical features.

It is worth noting that the studies in papers (Shayea, et al., 2021) and (Shayea,
et al., 2020) are aimed at improving the efficiency of MBB network distribution
in different regions of Malaysia. Paper (Shayea, et al., 2021) focuses on the
development of urban networks taking into account the high user density, while
paper (Shayea, et al., 2020) emphasizes the need to improve coverage and quality
in rural areas where the infrastructure is more limited.

Paper (Shayea, et al., 2017) evaluates the performance of mobile broadband
(MBB) networks in Malaysia based on the received signal strength (CSS). The study
covers indoor testing of 3G and 4G networks of three national telecom operators
in the Klang Valley, Selangor and Johor Bahru areas. The tests were conducted in
real-world conditions using Galaxy S6 smartphones, which allowed us to evaluate
the quality of web surfing and video streaming services at different resolutions. The
results of the analysis provide insight into the coverage and performance of mobile
networks and can help improve the quality of services for users. It is worth noting
that this study was conducted in 2016. Therefore, an old model of smartphones was
used. The article (Shayea, et al., 2017) evaluates the performance of mobile networks
of five telecom operators in Malaysia in a smart city with a developed technological
infrastructure. The current 4G networks were tested for metrics such as RSRP,
RSRQ, SNR, throughput (download and download speed), latency, and handovers.
The study shows that improvements in SNR and throughput are required for all
operators to improve the quality of communication and prepare for the introduction
of 5G. The article also discusses the possibilities of using similar methodologies and
tools for analyzing 5G networks, which will help operators improve the operation
of their networks and ensure high-speed data transmission with low latency.

The study (Malekzadeh, 2023). analyzes the impact of high connection density
on the performance of 5G networks, especially in the millimeter wave (mmWave)
bands. The authors note that the use of mmWave provides high data transmission
speeds but also requires dense placement of base stations to maintain communication
quality. This makes 5G particularly relevant for urban areas with a high density of
users, where traditional methods may struggle with the load.
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Article (Salahdine, etal.,2023) is acomprehensive review of recent achievements
and future challenges in the field of mobile communications. The authors focus on
the current development of 5G and the future possibilities of 6G, paying special
attention to technical aspects such as improving bandwidth, reducing latency, and
increasing connection density. Key achievements of 5G: Important achievements
include enhanced bandwidth capabilities, ultra-low latency, and high connection
density, allowing support for millions of devices in small areas. These improvements
are already being implemented in the Internet of Things (IoT) industry, autonomous
vehicles, and smart cities. 6G prospects: The development of 6G is aimed at using
extremely high frequencies (terahertz range), which will provide even higher data
transmission speeds. Artificial intelligence (Al) will play an important role in 6G,
being used for network management, improving energy efficiency, and providing
more reliable and low-latency connections. Main challenges: One of the key
challenges for 6G is ensuring network security and addressing issues related to high
connection density. Additionally, 6G requires significant infrastructure changes and
new approaches to spectrum management.

In article (Salahdine, et al., 2023), the modeling of mobile traffic in a large
metropolitan area based on measurements is explored. The authors emphasize that
accurate traffic modeling is critical for improving the performance and reliability
of 5G and 6G networks. The study uses big data analysis to examine traffic patterns
in high-density connection conditions, including peak hours and holidays. Results
show that adapting traffic models to dynamic usage conditions allows for more
efficient network resource management. The authors also propose methods that
can help predict load, which is particularly important for ensuring quality service
in conditions of high user density. These approaches highlight the need to integrate
traffic data into the planning and management processes of networks.

In work (Albaladejo, et al., 2016), Miguel Baguena Albaladejo and others
discuss performance modeling of LTE in Dublin based on real measurements. The
authors emphasize that understanding the current performance of LTE is critically
important for planning and optimizing next-generation networks like 5G. The
study finds that factors such as user density and interference level significantly
affect communication quality in urban environments. Article (Oliveira, et al.,
2015) is devoted to the development of a linear to circular polarization converter
in the Ka-band. The authors highlight those converters play an important role
in modern wireless communication systems, especially under high connection
density conditions where high performance is required. This work underscores the
importance of effective antennas and polarization technologies for achieving the
necessary communication characteristics in 5G and 6G networks.

Article (Oliveira, et al., 2015) focuses on the development of a linear-to-circular
polarization converter in the Ka-band. The authors emphasize that converters play
an important role in modern wireless communication systems, especially under
conditions of high connection density, where high performance is required. This
work highlights the importance of effective antennas and polarization technologies
for achieving the necessary communication characteristics in 5G and 6G networks.

12
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Article (Albaladejo, et al., 2016) analyzes the compatibility of a cognitive
broadband satellite system and mmWave networks. The authors find that the
effective coexistence of these systems can significantly improve performance and
expand network coverage. This study is important for understanding how different
technologies can coexist and work together under conditions of high connection
density, which is a key aspect for future mobile networks.

In article (Zhang, et al.,2017), high-performance and ultra-broadband
metamaterials based on mixed absorption mechanisms are discussed. The authors
emphasize that such technologies can be used to create more efficient antennas and
devices, which is an important aspect for optimizing the performance of 5G and 6G
networks in dense urban environments.

Article (Zhang, et al., 2020) analyzes the performance of mobile broadband
networks considering 5G trends in urban areas of Malaysia. The authors emphasize
that the introduction of 5G significantly changes traffic dynamics and service
quality. The study confirms that the successful deployment of 5G requires adapting
existing networks to new operating conditions, including connection density and
performance requirements.

Article (Wang, et al., 2020) examines key technologies necessary for achieving
ultra-low latency and high connectivity in 5G and 6G networks. The authors
focus on solutions such as massive antennas (Massive MIMO), signal processing
technologies, and distributed computing. These technologies help improve network
performance under high connection density, which is particularly relevant for
applications requiring rapid response times, such as autonomous vehicles and
virtual reality.

Article (Shayea, et al., 2021) focuses on issues related to high connection
density in 5G networks. The authors highlight several critical aspects, including
spectrum management and resource allocation methods. They emphasize the need
for new architectures, such as small cell networks and coordination technologies,
to improve service quality in conditions of high user density.

Together, these studies underscore the importance of a comprehensive approach
to addressing high connection density challenges and the necessity of developing
innovative technologies. Effective use of massive antennas and distributed compu-
ting, alongside new architectural solutions, can significantly enhance the perfor-
mance of 5G and 6G networks, ensuring the necessary reliability and service speed.

As a result of the literature review, the following metrics were identified for
conducting web browsing measurements:

1) Cellular signal strength (dBm)

2) Total number of service attempts (number) and average success rate of page display

3) Average page download bandwidth (kbps)

4) Average page response delay (ms)

5) Average page display delay (ms)

6) Average RTT ping delay (ms)

For streaming video:
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1) Cellular signal strength (dBm)

2) Total number of service attempts (number) and average success rate of initial
buffering

3) Average Mobile vMOS (scale from 1 to 5; worst = 1; best = 5)

4) Average overall video download speed (kbps)

5) Average initial buffering delay (user-perceived delay) (ms)

6) Average RTT Ping Latency (ms)

7) Average Total Rebuffer Latency (ms)

Signal quality plays a key role in ensuring high performance and reliability
of mobile networks. In LTE and 5G networks, parameters like SINR, RSRP, and
RSRQ allow network operators to assess current network conditions and optimize
its performance. SINR helps determine the ratio of useful signal to noise and
interference, RSRP indicates the signal level from the base station, and RSRQ
reflects the quality of the received signal.

The article shows that using these parameters allows for assessing current
network conditions and taking necessary measures to improve coverage and
performance, especially in conditions of high connection density. In 5G networks,
the introduction of new technologies such as beamforming and massive MIMO has
significantly improved signal quality metrics, allowing for high-level connectivity
even in challenging conditions like dense urban areas and high user concentrations.

The first stage of the drive test requires the development of a mobile application
for 5G/6G networks, which will serve as a platform for collecting and analyzing
mobile data traffic in real time. The application will allow conducting research
on mobility management processes (MRO), load balancing (LBO), and handover
of communication sessions (HOD) in next-generation networks. In addition, the
project is aimed at supporting the development of 5G and 6G infrastructure, as
well as studying the technical requirements and challenges associated with the
deployment of future cellular networks in smart cities of Kazakhstan. Based on the
literature review, two types of testing scenarios are proposed for conducting real
measurements based on the test drive, shown in Figure 3.

i@ g+ e

user user

date of the

analyst
server

G ) @) == [

=

Fig.3. Work flow of mobile app
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As shown above, Figure 3 represents the architecture of a mobile application
designed for 5G networks. The architecture involves several key components:

* Mobile Device + App: The user operates a mobile device equipped with a SIM
card and a specialized application that connects to the 5G network.

 User Interaction: The user interacts with the mobile application, either while
stationary or in motion (e.g., in a car), showcasing the app’s capability to handle
mobile and dynamic environments.

* 5G Towers: The mobile device connects to multiple 5G base stations, which
provide high-speed data transmission. These towers handle the data exchange
between the user and the backend infrastructure.

* Server: The 5G towers relay data to a centralized server, where the data is
processed and analyzed.

* Cloud: The server communicates with a cloud service to store and process
large-scale data, ensuring scalability and reliability.

* Data Analysis: Data collected from the mobile device, the 5G network, and
other components are analyzed and visualized to provide insights and reports for
performance evaluation or other purposes.

The architecture is designed to support seamless data exchange, handle mobility,
and provide real-time data analysis, leveraging the benefits of 5G technology for
enhanced connectivity and performance.

Conclusion.

The study confirms that 5G technology is a crucial factor in improving the
performance of mobile broadband networks, especially in high-density urban
environments. By analyzing the global experience of 5G implementation and
reviewing case studies from various countries, it becomes evident that 5G not
only enhances network quality but also promotes the development of innovative
digital services. In Kazakhstan, operators such as Kcell and Tele2 have made
significant strides in expanding 5G coverage, particularly in metropolitan areas.
However, gaps remain in less densely populated regions, emphasizing the need
for continued infrastructure development. The proposed mobile application for
real-time signal analysis offers a practical solution for monitoring and optimizing
network performance, thereby supporting the ongoing development of 5G and the
future deployment of 6G technologies.
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Abstract. This study evaluates the efficacy of OpenAl’s ChatGPT models,
GPT-3.5 and GPT-4, in programming and software development. A quantitative
approach was employed, using the Mostly Basic Python Problems (MBPP) dataset
to assess their ability to handle coding tasks.

Beyond direct evaluation, a comparative analysis was conducted to benchmark
ChatGPT against other large language models, including Google’s Bard and
Anthropic’s Claude. This analysis provided a broader perspective on ChatGPT’s
programming capabilities within the Al landscape.

The findings highlight ChatGPT’s advantages in coding tasks, demonstrating
its ability to enhance efficiency and productivity. Developers and researchers can
leverage these insights to integrate Al-driven solutions into software development.
Additionally, the study sheds light on key strengths and limitations of ChatGPT
compared to competing models, offering a foundation for further refinement of Al-
based coding assistants.

As Al continues to transform various industries, understanding its role in
programming becomes increasingly relevant. This research underscores ChatGPT’s
potential in optimizing workflows, fostering innovation, and streamlining software
development. By identifying areas for further improvement, it also contributes to
ongoing advancements in Al-driven programming tools.

Ultimately, this study serves as a valuable resource for Al researchers and
developers, guiding future improvements in language models and their applications
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in coding, automation, and broader technological advancements. The continuous
evolution of Al-powered programming tools promises to reshape software
development, making it more efficient and accessible.

Keywords: ChatGPT, GPT-3.5, GPT-4, Python programming, OpenAl,
Google’s Bard,Claude from Anthropic, Software Development, MBPP Dataset,
Performance, Comparative Analysis, Efficiency.
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Annoramus. by 3eprreyne OpenAl ChatGPT Monenbepinin, aran aiiTKaHa
GPT-3.5 sxone GPT-4-tiH, Oarmapiamanay MeH OarjgapiaMaliblK jKacaKrama
o3ipneyneri TriMautiri 6arananaapl. CaHIBIK ofiC KOJMIAHBUIBIN, HETi3iHeH Basic
Python Problems (MBPP) nepexrep >kuHAFBI apKbLIBI MOICTBACPIIH KOATAY
TarchIpMaliapblH  OpBIHAAY KaoOineri 3eprrenmi. Tikeneir Oaramaygan Oeiek,
ChatGPT-ti Google Bard >xone Anthropic Claude cuskrel Oacka na ipi Tinmix
MOJICTIBIEPMEH CaNlBICTBIpMaNbl Tanaay >Kyprisinmi. byn tanmay ChatGPT-tin
OarnmapiaManay MYMKIHIIKTepiH JKacaHIbl HMHTEIUIEKT OpTAachIHIAFhl Oacka
MOJIENIb/IEPMEH CaJBICTBIPA OTBHIPHIT, OHBIH OPHBIH aHBIKTayFa MYMKIHAIK Oepi.
Aneraran HoTmokenep ChatGPT-tin koaray TarchIpManapblH — OpPBIHIAYIAFbI
apTHIKIIBUIBIKTAPBIH KOPCETIN, OHBIH THIMJIUNIK TI€H OHIMIUIKTI apTThIpy
KaOineTiH monmenneiini. Osipieymizep MeH 3epTreyuriiep Oyl MaixiMeTTepai
YKacaH bl MHTEJUICKT HETI31HIeT1 IenrMaep/Ii OarapaaMalbiK xKacakTama a3ipiey
yAepiciHe eHri3y yiniH naijpanaHa anajabl. CoHbiMeH Kartap, 3eprrey ChatGPT-
TiH 0acekenec MOJICNbACPMEH CABICTBHIPFAaH/Ia HETi3ri apTHIKIIBLUIBIKTAPhl MEH
MIEKTEYJIePiH aHBIKTAIl, YXacaHIhl MHTCIUICKT HETi3IHICTI KOATAy KOMEKIIiIepiH
OJIaH dpi XKETUIIIpyTe HeTi3 Kalaiibl.

JKacanapl HHTEIIEKT SPTYPIIi canaiapasl TpaHCHOpMALUSUIIAY b JKaJIFACTBIPHIIT
KaTKaH/BIKTaH, OHBIH OaFaapiaManayqarbl PeJiiH TYCiHy OapFaH caliblH MaHbI3Ibl
oonyna. byn 3eprrey ChatGPT-TiH >KYMBIC TPOIECTEpPiH OHTAMJIAHIBIPYIAFhI,
WHHOBAIMSIIAP/Bl  BIHTANAHIBIPYAAFbl  JKOHE OarJapliamMaliblK —JKacaKTaMaHbl
o3ipmeymi keTinmipymeri omeyeTiH kepceremi. Compaii-ak, on  OoJarmakra
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KETUIPY/l KaXXeT €TEeTiH Heri3ri OarbITTap/bl aHBIKTAyFa KOMEKTECII, KacaH bl
WHTEIUICKT HETI3iHJeri Oarmapiamanay KypailapblHbIH Y3/HiKCi3 JaMyblHA YJIec
Kocajpl. KopbIThIHIBLIAN Kee, OyI1 3epTTey KacaH bl HHTEIUICKTTI 3epTTeyLIiiep
MEH d3ipieyiiep YiiH KyHabl pecypc 0ombin Ta0binaasl. O TUIIIK MOIeIbAep I
’KOHE oNapiblH OaraapiaMalay, aBTOMATTAaHABIPY JKOHE TEXHOJOTHSUIBIK AaMy
caanapblHIaFrsl KOJIaHBUTYBIH JKETUIAIpyTe BIKNaN eTemdi. JKacaHapl WHTEIUIeKT
Heriziggeri Oarmapnamanay KYpaJJapblHBIH SBOJIOLMUSACHI  OaFaapliaMalibIk
KacakTama 93ipiey yAepiCiH HeFYPIIBIM THIMIII 9pi KOJDKETIMIIi €Te OTBIPHIIT, OHBI
’KaHa JeHreire KoTepyre bIKIal eTe/i.

Tyiiin ce3gep: ChatGPT, GPT-3.5, GPT-4, Python Garmapnamanay, OpenAl,
Google Bard, Anthropic’s Claude, Garnapnamanslk sxkacakTama xacay, MBPP
JepeKTEeP KUBIHTHIFBI, OHIMILTIK, CATBICTRIPMATBI TAIAY, THIMIITIK.
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AHHoTanusi. B sToM uccnenoBanum oueHuBaeTcs 3PQGEKTUBHOCTb MOAEIeH
OpenAl ChatGPT, GPT-3.5 u GPT-4, B mporpammupoBaHud U pa3paboTke
nporpaMMHOro oOecrnedeHusl. BbUT NpUMEHEH KOJNMYECTBEHHBIM TOAXOO, B
OCHOBHOM C HCIOJb30BaHHEM HaOopa naHHbIX Basic Python Problems (MBPP)
JUIS1 OLCHKH UX CIIOCOOHOCTH CHPABIATHCS € 331a9aMH KOAMPOBAHHMS.

[loMmumo mpsiMON OLIEHKH, OB MPOBEACH CPAaBHUTEIBbHBIM aHaIN3, YTOOBI
cpaBauTh ChatGPT ¢ apyruMu KpyImHBIMH SI3bIKOBBIMH MOJAEISIMH, BKITIOUast
Google Bard u Anthropic Claude. DToT aHanmu3 MO3BOIMI MHOIYyYUTH Oosiee
LIMPOKOE TPEJCTABICHUE O BO3MOXKHOCTAX mnporpammupoBanus ChatGPT B
Cpeie HCKYCCTBEHHOTO HHTeulekTa. llomydeHHble pe3ynbTaThl MOJYEPKHBAIOT
npeumyiiectBa ChatGPT B 3amayax nporpaMMHpOBaHHS, JIEMOHCTPHPYS €ro
CIOCOOHOCTh MOBBIMATE 3()(EKTUBHOCTh M NPOLYKTUBHOCTB. Pa3paboTumku
W HCCIIEAO0BAaTeId MOTYT HCIOJIB30BATh 3TH 3HAHUS Ul MHTErPalMi PEIICHHM,
OCHOBAaHHBIX Ha HCKYCCTBEHHOM HHTEIUIEKTE, B Pa3pabOTKy MNpPOrpaMMHOIO
obecrieueHusl.
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Kpome Toro, mccienoBanue MpoMBaeT CBET Ha KIFOUEBBIC MPEUMYIIECTBA U
orpannueamst ChatGPT mo cpaBHEHUIO ¢ KOHKYPHPYIOITIMH MOJICIISIMU, TIpeiaras
OCHOBY [UIsl JaJbHEHILEr0 COBEPLUICHCTBOBAHMS MOMOIIHUKOB IO KOJHPOBAaHHIO
Ha OCHOBE MCKYCCTBEHHOTO MHTEJUIeKTa. [10CKONBKY MCKYCCTBEHHBINH MHTEIUIEKT
MPOJOJKAeT TPaHC(HOPMHUPOBATH pa3IWYHbIC OTpPACiH, MOHMMAaHHE €ro POIu B
MIPOrpaMMHUPOBAHUH CTAHOBHUTCS BCE 00JIee aKTyalbHBIM.

Oro wuccnenoBanue mnomuyepkupaer noreHruan ChatGPT B ontumuzanuu
pabo4ymMx TPOLECCOB, CTUMYIMPOBAaHWM HWHHOBALMH M YCOBEPLICHCTBOBAHHU
pa3paboTKu MporpaMMHOTO obectieueHus1. Ompenensis 00IacTH I TadbHEHIIIeTo
COBEpPILICHCTBOBAHHMS, OH TAKXKe CII0COOCTBYET MOCTOSIHHOMY COBEPILICHCTBOBAHHIO
WHCTPYMEHTOB IIPOTPAMMHPOBAHNS, YIIPABISIEMBIX HCKYCCTBEHHBIM HHTEIIEKTOM.
B KoHewHOM cyere, 3TO WCCIEIOBAaHHE SBISETCS IIEHHBIM PECYpcoM JUIst
uccienopareneii u paspaborunkoB WM, KOTOpHI MOMOXET B JalbHEHIIEM
COBEPIICHCTBOBATh SI3BIKOBBIE MOJICIIM M UX NMPHUMEHEHUE B MPOrPaMMUPOBAHHUH,
aBTOMATH3alMKi M OoJiee MIMPOKOM TEXHOJIOTHYECKOM mporpecce. HemnpepriBHas
SBOJIONUS MHCTPYMEHTOB TIporpamMmupoBanus Ha 0aze MM oGemaer m3MEeHNTH
MIPOIIECC Pa3pabOTKU MPOrPaMMHOT0 00eCIIeUeHusI, C/IeaB ero 0oee 3PPHEKTUBHBIM
Y JIOCTYITHBIM.

KmoueBbie cioBa: ChatGPT, GPT-3.5, GPT-4, nporpamMMupoBaHue Ha
Python, OpenAl, Google Bard, Claude ot Anthropic, pa3paboTka nporpaMMHOTO
obecrieuenus, Habop maHHBEIX MBPP, mpow3BOmUTEIHHOCTH, CpPaBHUTEIHHBINA
aHanm3, 3PEKTUBHOCTb.

Introduction. In recent years, artificial intelligence (AI) has experienced
remarkable growth, driven by advancements in machine learning and natural
language processing. This progress has significantly impacted numerous industries
and applications, reshaping traditional approaches. One of the areas garnering
significant attention is Al-assisted programming. Advanced language models hold
the potential to revolutionize how developers create, manage, optimize, and test
code. The primary objective of this study is to evaluate ChatGPT, a popular large
language model that encompasses GPT-4 and GPT-3.5 versions. By testing these
models on various coding tasks, the research aims to analyze their capabilities and
potential applications.

OpenAl’s release of GPT models, particularly ChatGPT, has marked a significant
step forward in AI’s development and accessibility (An, et al., 2023). Each iteration
of these models has brought increased adaptability and performance, sparking
interest in their application across diverse fields. Specifically, in programming, these
models exhibit immense potential for automating tasks, enhancing code quality, and
providing valuable insights to developers. Al’s influence on programming is both
profound and transformative. By streamlining workflows, reducing human error,
and automating repetitive processes, Al has demonstrated its ability to significantly
enhance productivity. Tasks such as code generation, documentation creation, and
bug detection are prime examples of how Al optimizes the development process,
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enabling programmers to focus on more complex and creative aspects of their work
(Adamson, et al., 2023).

This study employs quantitative testing methods to explore the capabilities of
ChatGPT, with three key objectives:

* Evaluating ChatGPT’s efficiency in executing diverse coding tasks.

» Comparing GPT-4 and GPT-3.5 performance against other prominent large
language models.

* Identifying challenges and limitations in the application of these models to
programming tasks.

Recent advancements in automated code generation have been largely fueled
by the development of large language models like GPT-3. These innovations have
surpassed previous deep learning approaches, significantly enhancing Al’s role in
programming.

For instance, OpenAl Codex (Biswas, 2023), a specialized variant of GPT-3,
demonstrated the ability to produce fully accurate solutions for 29% of unseen
programming challenges in a single sample, with accuracy rising to 72% when
extended to 100 samples. Additionally, a study investigating the Python coding
capabilities of GPT models revealed a 28% success rate on problem-solving within
limited sample sets.

Research by Hammond et al. (Kalla, et al., 2023) examined the application
of OpenAl Codex and other large language models in addressing software
vulnerabilities. Their findings highlighted that these models resolved 67% of
security flaws within a dataset of historical bugs from open-source projects. On the
other hand, Refs prioritized evaluating the practical usability of LLM-generated
code rather than its correctness. (Firat, 2023) assessed GPT-Neo, GPT-J, and GPT-
NeoX, large language models trained on diverse datasets containing code samples
across 12 programming languages. (Rabbi, et al., 2024) provided a comprehensive
review of existing LLMs designed for NL2Code (natural language to code),
discussing their features from various perspectives. However, neither study focused
on evaluating the quality or accuracy of the generated code.

This research provides a foundational exploration of programming with Al
assistance, conducted during a period of rapid advancements in artificial intelligence.
Its findings aim to inform developers, researchers, and the broader tech community,
shaping the future trajectory of Al-driven programming.

The structure of this paper includes an overview of ChatGPT’s development
and the mechanisms underlying generative Al in Section 2. Experimental results
are detailed in Section 4, while Section 5 concludes with a summary of the key
findings.

Materials and methods. The evolution of modern generative Al has roots
in the 1940s with the early development of artificial neural networks (ANNSs).
However, limited computational resources and insufficient understanding of the
brain’s biological mechanisms led to minimal interest in ANNs until the 1980s. This
period marked significant progress due to advancements in hardware, neuroscience,
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and the introduction of the backpropagation algorithm, which made training ANNs
much more practical. Prior to backpropagation, neural network training was a
labor-intensive process, as no efficient method existed to compute error gradients
relative to each neuron’s weights. The adoption of backpropagation transformed
this, unlocking the potential of ANNs (Ellis, et al., 2024).

In 2013, Kingma and Welling introduced variational autoencoders (VAEs)
through their influential paper Auto-Encoding Variational Bayes. VAEs, a type of
generative model based on variational inference, established a method for learning
compressed data representations. This process involves encoding data into a lower-
dimensional latent space and then reconstructing it into its original form via a
decoding mechanism.

A pivotal advancement came in 2017 when Google researchers unveiled the
Transformer architecture in their publication Attention Is All You Need. This
innovative approach fundamentally altered language generation paradigms (Arias,
et al.,, 2024). Unlike earlier models, such as long short-term memory (LSTM)
networks (Hassani, et al., 2023) or recurrent neural networks (RNNs), Transformers
utilized parallel processing to achieve superior contextual understanding and
significantly improved performance (Campesato, 2024).

In 2021, OpenAl launched Codex, a specialized iteration of GPT trained on
publicly available GitHub code. Early evaluations revealed that Codex could
successfully solve about 30% of Python programming problems, a stark contrast
to GPT-3, which achieved a 0% success rate on similar tasks. These results
underscored the ability of large language models (LLMs) (Tomcsanyiova, 2023)
to effectively learn and generate code. Codex subsequently became the foundation
for GitHub Copilot.

GitHub Copilot, powered by GPT-4, is an Al-driven programming assistant that
integrates seamlessly with widely used code editors. It provides real-time code
suggestions and can even generate entire segments of code. Controlled experiments
revealed that developers using Copilot completed tasks approximately 55.8%
faster than those who worked without it, illustrating the tool’s potential to enhance
programming efficiency (Ma. 2024).

Further studies have highlighted GPT’s capabilities in Python code generation,
particularly in aiding novice programmers with challenging problems using
minimal input. However, these investigations also emphasize the necessity of
human intervention to effectively guide ChatGPT’s outputs (Siddiq, et al., 2024).
Generative Al models utilize neural networks to analyze patterns and structures
in existing datasets, enabling them to create original content . Inspired by human
neuronal processes, these models learn from input data and generate outputs that
align with the patterns they have internalized. Techniques such as generative
adversarial networks (GANSs) (Kaleemunnisa, et al., 2024), large language models
(LLMs), variational autoencoders (VAEs), and Transformers are employed to
produce content across diverse domains.

Methods like unsupervised and semi-supervised learning empower organizations
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to leverage vast amounts of unlabeled data for training, forming the basis for
more advanced Al systems. These so-called foundation models, such as GPT-
3 and Stable Diffusion, are capable of performing multiple tasks. For instance,
they enable applications like ChatGPT to generate essays from brief prompts
or Stable Diffusion to create lifelike images from textual descriptions (Porter,
et al., 2024). Generative Al continuously improves its outputs through iterative
training processes, analyzing data relationships to adjust parameters and reduce
discrepancies between desired and generated outputs. This iterative refinement
enhances the model’s ability to produce high-quality, contextually relevant content.
Typically, the content generation process begins with a user prompt, followed by
repeated adjustments and explorations to fine-tune the results.

This section outlines the methodological framework employed to assess
ChatGPT’s performance and its comparison with other prominent large language
models (LLMs). It begins with a description of the dataset utilized in the study,
followed by an explanation of the evaluation strategy. The evaluation details include
the testing procedures and the method for calculating the performance scores of the
language models.

Selection of LLMs

With the rise in popularity of ChatGPT, competing companies have introduced
their own large language models (LLMs) to stake their claim in the market. To
provide a comprehensive evaluation, three additional widely recognized and
accessible LLMs were selected for comparison based on their market presence and
potential impact.

- Google Bard: Launched in February 2023, Bard represents Google’s significant
foray into the Al landscape. It is powered by the PaLM2 model and is known for
its advanced reasoning capabilities, particularly in tasks such as mathematics and
programming. Bard is freely available on its dedicated website.

- Microsoft Bing Chat: Released in February 2023, Bing Chat (referred to as Bing
in this paper) is marketed as a “copilot for the web” and is also powered by GPT-4.
As one of OpenAl’s largest investors, Microsoft leverages this Al technology for its
chatbot, which is publicly available via the Bing platform.

- Anthropic’s Claude: Developed by a research company founded in 2021
by former OpenAl employees, Claude entered the market as an Al assistant in
March 2023, with its upgraded version, Claude v2, released in July 2023. Similar
to ChatGPT and Bard, Claude is designed for tasks including coding and other
creative applications.

Dataset

This study utilized a dataset called Basic Python Programming (MPPP). which
is widely recognized and tested for evaluating code generation capabilities in Al
models. Developed by Google researchers, the dataset comprises approximately
1,000 crowd-sourced Python programming problems. These problems encompass a
broad range of fundamental programming concepts and functionalities, making them
suitable for assessment and designed to be solvable by entry-level programmers.
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A subset of problems from this dataset was selected for analysis, ensuring
representation across different programming topics and difficulty levels to
effectively evaluate the performance of the tested LLM:s.

Each problem in the Basic Python Programming (MPPP) dataset consists of the
following components:

- Task id: A unique identifier for each problem, ranging from 1 to 1000.

- Prompt: Instructions provided to the LLM, specifying the task the code should
accomplish.

- Code: A proposed solution to the problem.

- Test_imports: Libraries that need to be imported for the code to function
correctly.

- Test _list: Typically, three test cases used to validate whether the code produces
the expected output.

An example of coding problem number 162 from the dataset, along with the
corresponding test cases, is illustrated in Figure 1.This structure ensures that the
Al models are tested for both their ability to generate functional code and their
compatibility with various programming requirements (Tomcsanyiova, 2023).

Task_id
prompt

test_list - [

1

sum_series(n):

esult)
esult)

(test_list))

Figure 2. Program code.
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Figure 1. Example of the used Python problems.

(a) The code problem number 162.

(b) The testing code.

This figure illustrates an example of a Python programming problem from the
dataset, showing both the problem description and the testing code used to validate
the solution generated by the Al models. The testing code includes specific test
cases designed to ensure that the generated solution works correctly for various
scenarios.

Evaluation Strategy

For this study, a purely quantitative approach was employed to assess the
performance of the selected LLMs. Despite OpenAl offering paid API access to
its GPT-3.5 and GPT-4 models, the decision was made to use the ChatGPT web
interface for all tests. This choice was made because the web interface is the most
accessible and user-friendly option, and is likely what most people will use. All
models are accessible via their web interfaces, except for GPT-4, which is available
only through a paid subscription to “ChatGPT Plus.”

Bing and Bard do not offer API access, while Claude does; however, at the
time of testing, Claude’s API access was restricted by a waitlist. This led to the
decision to conduct tests solely through the web interfaces to maintain consistency
and ensure that all models were evaluated under similar conditions.

In the tests, each model was provided with programming prompts from the
MBPP dataset. Only the “prompt” and the name of the function were given, to
match the function name used in the test cases. Figure 2 illustrates an example
of the prompt provided to the LLM, which served as input for the model’s code
generation. This evaluation strategy allowed for a clear, comparative analysis of the
models’ ability to generate functional Python code based on the given instructions.

I will give you a prompt, follow the prompt to write the python code that was
instructed. Do this in one code block, not in parts. If you need to import

something, do it in the code.
“prompt”: "Write a function to find the shared elements from the given two
lists.",

name the function: similar_elements

Write ONLY the function

Figure -3. Example of the prompt used as an input to the LLM systems.

In the evaluation process, the generated code from the LLM systems was tested
using assertion tests that verified whether the output passed or failed based on
predefined test cases. The process involved multiple stages of testing and retesting
to evaluate the models’ capabilities in generating correct Python code.

1. Stage 1: Initial Evaluation
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- The generated code for each task was tested using a list of test cases (assertion
tests). A point was awarded for each successful test, with a score between 3 and 6
points per task.

- If the LLM produced code that passed all test cases, it received the maximum
score of 3 points per task, with a possible total score of 305 points for 100 tasks.

2. Stage 2: Retesting of Low-Scoring Models

- The LLMs that scored the lowest in Stage 1 were retested with tasks they had
failed or not completed successfully.

- This phase aimed to assess whether the models could generate correct code
after receiving additional feedback or after multiple attempts.

3. Stage 3: New Conversation Evaluation

- To eliminate the influence of prior responses, the same prompt was provided
in a new conversation. This stage tested whether the model could still generate
correct code without any historical context.

- If amodel struggled, feedback was provided after each response, and multiple
retries (up to 10 attempts) were allowed to reach the correct code.

- The number of messages exchanged and attempts made before reaching a
correct solution was recorded.

The goal of the evaluation was to determine whether the LLMs could generate
correct and effective code across a variety of tasks, and to measure the efficiency of
the models in completing these tasks when provided with adequate human feedback.

Results and discussion. The test was conducted using 460 certified Python
programming tasks with a total possible score of 1,225 points, with each model
being tested on all of these tasks. You can see a picture of the description in Figure
4. This allowed us to evaluate their performance on a representative sample of
coding problems.- Claude: Scored the lowest among the five LLMs, achieving 873
points, which is equivalent to 70.43% of the total possible score. Although Claude
showed competence in handling various tasks, it demonstrated the least overall
success in generating correct Python code.

- Google Bard: Performed similarly to Claude, scoring 930 points, or 74.16%.
While Bard showed a generally good understanding of the programming problems,
there remains significant room for improvement, especially in more complex tasks.

- Comparative Performance: The results suggest that both Claude and Bard,
while effective in some areas, still need enhancement to reliably solve a broader
range of Python programming problems. Their performance indicates a need for
further development in understanding specific coding tasks and generating error-
free solutions.

These results provide valuable insights into the capabilities and limitations of
current LLMs in solving coding problems. The findings highlight the importance of
refining Al models to improve their problem-solving accuracy, particularly in more
intricate programming scenarios.
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Figure- 4. Performance comparison between the different LLMs.

Code Quality

While the GPT-based models demonstrated strong performance, particularly
GPT-4, the quality of the generated code remains a critical factor to evaluate. GPT-
4 scored an impressive 1069 points (84.31%), outperforming the other models in
terms of task completion success rate. Bing, powered by GPT-4, also performed
remarkably well, scoring 1001 points (80.93%), which was slightly lower than
GPT-3.5’s score of 1017 points (81.18%).

Despite the high scores, the difference in performance between GPT-3.5 and
Bing was surprising, as Bing is based on the newer GPT-4 model. This suggests that
while GPT-4 demonstrates higher raw performance, the quality of generated code
can still vary depending on specific implementation nuances or training methods
between different platforms using the same underlying model.

The high performance of GPT-4 reflects its advanced capabilities in handling
complex programming problems. However, code quality also depends on factors
like error rates, readability, and adherence to best practices. While GPT-4 shows the
highest success rate, it’s important to consider not only whether the code passes tests
but also how efficiently and clearly the code is written, which remains a challenge
for all models. Further refinement may be needed to improve both correctness and
the maintainability of the generated code across all LLMs.

Providing Feedback to the Model

In the second phase of the tests, the models were retested on tasks they had
failed during the first phase, with feedback provided to help them understand and
correct the errors in their code. The results of this phase revealed that GPT-4, the
highest-scoring model, showed significant improvement. Out of the 19 tasks it had
failed initially, GPT-4 was able to successfully complete 17 tasks after receiving
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feedback. This demonstrates its strong ability to learn from errors and adapt its
responses.

In contrast, Bard, which scored lower in the initial tests, showed a much more
limited ability to improve after feedback. Bard was only able to complete 6 of the
previously failed tasks. This stark difference suggests that while both models are
capable of learning and improving through feedback, GPT-4’s performance is more
robust and reliable when it comes to correcting mistakes.

Figure 5 and table 1 highlights the superiority of GPT-4 in adaptation and
feedback-based learning. which compares the results of both models in this phase,
highlights this disparity, emphasizing GPT-4’s superior adaptability and problem-
solving capabilities when provided with guidance. This phase of testing further
supports GPT-4’s position as the top performer in terms of both initial success rate
and the ability to learn from feedback.

Table 1- highlights the superiority of GPT-4 in adaptation and feedback-based learning.

.. . Successfully Corrected After o
Model | Initially Failed Tasks Feedback Improvement Rate (%)
GPT-4 19 17 89.47%
Bard — 6 _

Bard

ChatGPT

Initially Failed
Tasks Successfully

Corrected After Improvement
Feedback Rate (%)

ChatGPT Bard

Figure -5. Comparison of GPT-4 and Bard’s score when providing feedback.

These tests demonstrated a significant difference in how GPT-4 and Bard
processed and applied feedback to the generated code. GPT-4 showed an impressive
ability to comprehend the feedback and effectively incorporate fixes into the code.
With each new output, GPT-4’s code improved until it performed the desired task
without errors, highlighting its strong adaptability and problem-solving skills.
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On the other hand, Google’s Bard, although occasionally able to generate code
effectively, did not exhibit the same level of feedback comprehension. While Bard’s
responses typically acknowledged the errors, the “fixed” versions of the code it
generated often consisted of just a repeat of the same code without meaningful
adjustments. This suggests that Bard struggled to internalize the feedback and make
the necessary corrections.

Overall, these results underscore the proficiency of Al language models,
particularly GPT-4, in generating code and adapting to real-world coding scenarios,
including bug fixing. When properly used, GPT-4 demonstrated the ability to solve
nearly 100% of tasks, reinforcing its potential as an excellent coding assistant.
However, the testing also revealed that LLMs, like GPT-4 and Bard, are most
effective as coding assistants rather than replacements for human programmers.
These models benefit significantly from human feedback, which helps them
improve and refine their outputs.

The findings also highlight the transformative potential of LLMs in programming
and software development. By providing valuable insights into how these models
can assist with coding tasks, the study suggests that they could play a crucial role in
enhancing productivity and solving complex programming challenges, as long as
they are paired with effective human guidance.

Conclusion. This research evaluated various LLMs, including GPT-3.5, GPT-4,
Bard, Bing, and Claude, using the Mostly Basic Python Problems (MBPP) dataset
for code generation tasks. The study provided insightful results into the strengths
and weaknesses of these models and highlighted areas where they could improve.
Here are the key takeaways and suggestions for future research:

1. Proficiency of GPT Models: GPT-4 demonstrated the highest proficiency in
code generation tasks, achieving a success rate of 80.23% on the tested subset of
problems. GPT-based models consistently outperformed the other models (Bard
and Claude) in terms of code generation accuracy and problem-solving abilities.

2. Performance of Competitor Models: Bard and Claude performed the worst
among the models tested. This indicates a need for improvement in their coding
capabilities, despite being the most recently released models. These models
struggled with generating accurate code and often produced multiple solutions to a
given problem, leading to inefficiencies.

3. Feedback and Monitoring Requirement: The study found that LLMs, including
ChatGPT, require constant human feedback and monitoring to improve their code
generation outputs. While they can assist programmers in writing code, they are
not replacements for human developers, as they often produce bugs, errors, and
multiple solutions when there are slight changes or incorrect queries.

4. Room for Improvement: The results indicated that while LLMs are good at
generating code, there are still significant areas for improvement. Bugs and errors
in the generated code, inconsistent solutions, and inefficiencies in resource usage
are common issues that need addressing.

1. Evaluating Code Quality: Future studies should focus on evaluating generated
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code itself using new metrics like code cleanliness, execution time, resource usage,
and memory consumption. These metrics would provide a more comprehensive
view of code performance beyond correctness.

2. Testing with More Complex Tasks: The MBPP dataset contains basic coding
problems. Future research can explore more complex tasks, including algorithms,
data structures, and real-world scenarios to test the capabilities of LLMs in handling
more sophisticated coding challenges.

3. Real-World Applications: Future studies can investigate how LLMs like
GPT-4can be applied to professional software development processes beyond
code generation. For example, researchers can explore their use in code reviews,
bug fixing, collaborative coding, and automating documentation. This would help
determine their potential to enhance productivity in the industry and their practical
application in real-world software development.

4. Investigating Novel Feedback Mechanisms: Given the feedback requirement
highlighted by this research, exploring novel feedback mechanisms could improve
the LLMs’ code generation process. For example, integrating human-in-the-loop
systems, real-time code reviews, and iterative feedback cycles could enhance the
LLM’s ability to learn from feedback and improve code output.

5. Comparative Studies with Human Programmers: Conducting comparative
studies between human programmers and LLMs in terms of productivity, code
quality, and problem-solving abilities would provide valuable insights into how
these Al systems can complement human efforts in software development.

6. Ethical and Societal Implications: As LLMs become more embedded in
software development, there are ethical and societal implications to consider, such
as bias in generated code, security vulnerabilities, and privacy concerns. Future
research should address these issues and propose guidelines for using LLMs
responsibly.

7. Interdisciplinary Research: Combining expertise from fields like software
engineering, human-computer interaction, cognitive science, and Al ethics could
offer new insights into the use of LLMs in software development, potentially
leading to more robust and practical applications.

All things considered, our study showed that LLMs like as GPT-4 have a lot
of promise as programming assistants since they can provide code that successfully
resolves a variety of programming issues. But for them to work, human supervision
and ongoing feedback are necessary. Future studies should concentrate on improving
these models by taking into account increasingly difficult tasks, novel metrics
for evaluation, creative feedback systems, and real-world software development
process applications. This will help academics and developers better understand the
advantages and disadvantages of LLMs and how to use them to improve software
development and code production.
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Abstract. This research presents a novel methodology for detecting DeepFake
voices, which is based on the effective classification of fake and real audio signals.
To enhance the assessment of information in the audience, the voices of 58
politicians and public figures were compiled as fake and real audio files. In the study,
fake audio samples were artificially generated, while real samples were obtained
from authentic sources. The analysis of the audio signal structure employed Mel-
Frequency Cepstral Coefficients (MFCC), Zero-Crossing Rate (ZCR) metrics, and
data visualization techniques, including bar charts and histograms.

During the research, the numerical distribution, lengths, MFCC features, and
ZCR values of the fake and real audio samples were analyzed. LSTM and CNN
models were tested for DeepFake voice detection, resulting in the LSTM model
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achieving 100% accuracy, while the CNN model was rated at 97.50% accuracy.
The findings demonstrated that the LSTM model could accurately and reliably
distinguish between fake and real audio, emphasizing the importance of assessing
the authenticity of audio signals in light of the dangers posed by DeepFake
technology.

This research provides functional methodologies aimed at developing systems
for visual individuals while also uncovering new ways to determine the authenticity
of audio signals and demonstrating the effectiveness of applying modern deep
learning technologies. The study emphasizes that DeepFake plays a significant role
in assessing and identifying information in an audience and provides a foundation
for future research and practice.

Keywords: DeepFake, Voice Classification, Audio Signals, Mel-Frequency
Cepstral Coefficients (MFCC), Zero-Crossing Rate (ZCR), LSTM Model, CNN
Model.
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AnHoranus. 3eprrey DeepFake naybicblH aHBIKTayFa apHajifaH jkaHa Sfic-
TeMEHi YCHIHAIbI, oM (DelK >KOHEe peajl ayAHo CUTHAIIAPBIH THIMJI KIAcCHU(U-
KalMsulayFa HeTI3/eNreH. AYIUTOpHSAarbl aKMaparTel Oaranaynbsl JKakcapTy
MakcaTbIH/a 58 casicaTKep MEH TaHBIMAJ TYJIFaJIap/IbIH JIaybICTapbl (PeHK )KOHE pealt
aynno daitngapsl peTiHae KUHAKTANIbl. 3epTTeyae ek aynno yariiepi xacanabl
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TYpJe JKacajFaH, all peall YATUIepi MIbIHAWBI MepeKKe3NepAeH allbIHIbL. AyIUO
CUTHAIAApIbIH KYpbUIbIMBIH Tangay yuin Mel-Frequency Cepstral Coefficients
(MFCC) omici, Zero-Crossing Rate (ZCR) kepcerkimii >xoHE IepeKTepIiH
BH3YaJIN3aIUSCHI KOJTAHBLIJIBL.

3eprrey OapbicbiHIa (GelK XoHE peaj ayauo YJATUIEPiHIH CaHIBIK Tapaiysl,
y3eiaabIKTapel, MFCC epexmenikrepi sxone ZCR monrnepi Tangannsl. LSTM xone
CNN wmopensaepi DeepFake naypIchIH aHBIKTAy YIIIH CBHIHAJIIBI, HOTH)KECIHIE
LSTM mogeni 100% monmiknen, anx CNN monem 97.50% mongikneHn OarajaHIbl.
Anwiaran HoTIKenep LSTM MopeniHiH (eik jkoHe peall ayarOHBI JI9JT KOHE
CeHIMJII TYpJie aHBIKTal alaThIHBIH KepceTTi, Oy1 DeepFake TexHONMOTHUACHIHBIH
KayiNTiTITiH €CKepe OTHIPHIIN, ayJi0 CUTHAJAP/IbIH IIBIHAHBUIBIFBIH Oaraiay/bIH
MaHBI3IBUTBIFBIH OUTIpei.

Byn 3eprrey HoTMkenepi BH3yaNIsl TYIFallapFa apHaIFaH OKyHenepii
JAMBITYFa HETi3[eNTeH (DyHKIIMOHAIIBIK 9/IiCTEMeNIep/li YChIHYMEeH KaTap, ayaro
CUTHAJIJIAp/IbIH IIIBIHAWBUIBIFEIH aHBIKTAYJBIH JKaHA JKOJJIAPBIH allbIl, Kasipri
3aMaHFbl TEPEH OKBITY TEXHOJIOTHSIIAPBIH KOMAAHYIABIH THIMIUIITIH JONMeIeimi.
3eprrey DeepFake aynuropusiarb aknaparTsl Oaranay MeH WACHTH(DUKAIUsIIAyIa
MaHBI3/IbI POJI aTKAPATHIHBIH aTall 6Te Il XKoHe OoJalliak 3epTTeysiep MeH MpaKkTHKaFa
apHaJFaH HeTi3aep/i KaMTaMachl3 eTe/i.

Tyiiin ce3nep: DeepFake, Jlaysic kiaccudukanusicsl, Aynno curnannap, Mel-
Frequency Cepstral Coefficients (MFCC), Zero-Crossing Rate (ZCR), LSTM
mozeii, CNN mMozgeni.
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AHHoTanus. J[aHHOe wuCclieloBaHHE MPEACTaBIAET HOBYIO METOAMKY IS
obHapyxenus ronocos DeepFake, ocHoBanHy10 Ha 3(hheKTHBHOH KiIaccuprKanuu
(elKOBBIX M peanbHbIX ayguocurHanoB. C [enpl0  yIy4lICHUS OLEHKH
WHPOPMALMK B ayJUTOPHH ObUIH COOpaHbl ayAHO3aIKCH TOJIOCOB 58 MOJIUTHUKOB
U MyOIMYHBIX QUTYp, collepKalllie Kak pealbHble, TaK U (eKoBbIe ayauoQaiibl.
B uccnenoBanuu ¢eikoBbie aynuonpuMepbl ObIIIM HUCKYCCTBEHHO CO3/1aHBI, B TO
BpeMsl Kak peajbHble 00paslbl ObUIM TONYyYEHBI M3 JTOCTOBEPHBIX MCTOYHUKOB.
Jdns aHanmu3a CTPYKTYpbl ayJHOCHUTHAJIOB HCIIOJIB30BAJIUCh KOI(D(OUIHMEHTHI
Men-yactotHoro kerctpa (MFCC), merpuka HyneBoro mnepeceueHust (ZCR) u
BU3yaJM3alusl TaHHBIX, BKJIIOYAsi CTOJIOUAThIC JHAarpaMMbl U THCTOTPaMMBI.

B xome uccnenoBanusi Oblla MpoaHANIM3MPOBaHA paclpeesieHHe YUCIOBBIX
3HaueHui, AnuHbl, ocodenHoctd MFCC 1 3Hauenust ZCR ¢GefKoBBIX U peabHbBIX
aynuonpumepoB. Moaenn LSTM u CNN 0butH IpoTecTUPOBaHbI It 00HApYKEHUS
rosiocoB DeepFake, B pe3ynbrare uero mozens LSTM gocruria 100% touHocTH,
a monmenb CNN Obuta omeHeHa Ha ypoBHe 97,50% tounoctu. [lomyueHnbie
pe3ynbTaThl MPOJEMOHCTPUPOBAIH, 4T0 Mosienb LSTM MokeT TOUHO M HaJeKHO
pasnnuath (QEHKOBBIC U peabHbIe ayAHO3alKCH, TTOMYEPKUBAasi BAXKHOCTh OIICHKU
MOJUTMHHOCTH ayIMOCUTHAJIOB C YYETOM OINACHOCTEH, CBA3aHHBIX C TEXHOJIOTHEN
DeepFake.

JanHoe wWccienoBaHWe —npeaiaraeT — (QYHKIMOHAJIBHBIE  METOAOJOTHH,
HampaBJieHHbIE Ha pa3pabOTKy CHCTEM C BH3yaJbHBIMH METOAaMHU aHalu3a
JaHHBIX, & TaK)Ke OTKPBIBACT HOBBIE CHOCOOBI OMpeaeNeHus MNOATMHHOCTU
ayAMOCUTHAJIOB M JEMOHCTPUpPYET S(PPEKTUBHOCTh NMPHUMEHEHUS COBPEMEHHBIX
TexHoJorui rrybokoro oOydenusi. MccnenoBanue noguepkusaet, uto DeepFake
UTpaeT BaXXHYIO POJib B OLCHKE U MACHTU(UKAINN HHOOPMALUU B ayTUTOPUH U
MPEAOCTABISIET OCHOBBI AJIsl OYAYILINX UCCIECIOBAHUH 1 MPAKTHUKH.

KioueBsie cioBa: DeepFake, knaccudukanyst ronocos, aynnocuraaibl, Meil-
4acTOTHBIE KericTpaibHble kodhdpunmenTsl (MFCC), HyneBas yacToTa nepeceyeHus
(ZCR), momens LSTM, monens CNN.

Introduction. The digital media and communication technologies of the modern
era have developed rapidly, and their impact has deeply penetrated various sectors of
society (Karnouskos, 2020). In recent years, advancements in artificial intelligence
and deep learning have paved the way for increasingly sophisticated methods of
information manipulation (Al-Khazraji, et al., 2023). Among these, DeepFake
technologies stand out, as they enable the artificial generation of a person’s voice
or image with high accuracy (Mullen, 2023). DeepFake voice synthesis can imitate
a real person’s voice and be used for various dangerous purposes, ranging from
spreading misinformation to cyberattacks, which significantly threatens information
security and public trust (Kumar & Kundu, 2024).
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In such circumstances, the issue of detecting DeepFake voices is considered not
only a technical challenge but also a socially significant task. The application areas
of DeepFake voice detection technologies are very broad, and they play a crucial
role in various sectors of society. Below, in Figure 1, the main application areas of
these technologies are presented.

DeepFake Voice Detection

IR ENENE

Figure 1. Fields of application of DeepFake voice detection.

Combating voice manipulation goes beyond merely addressing security issues;
it also serves the goals of protecting personal privacy, enhancing the effectiveness
of law enforcement systems, and ensuring the authenticity of information. The
need to explore new methods and models to achieve these objectives is increasing,
and in this regard, the potential of deep learning technologies plays a particularly
important role.

DeepFake voice detection has become an essential tool with deep learning
models such as Convolutional Neural Networks (CNN) (Patel, et al., 2023) and
Recurrent Neural Networks (RNN) (Al-Dhabi & Zhang, 2021). CNN models are
effective in identifying visual features by processing the spectrograms of audio
signals, while RNN models excel in examining dynamic changes over time and
understanding the structure of temporal data. However, there is a pressing need for
comprehensive comparative studies on the ability of both models to accurately and
reliably detect DeepFake voices.

This research addresses significant questions in the field of DeepFake voice
detection and compares the performance of CNN and RNN models. The goal of
the study is to identify an effective method through an in-depth investigation of
the advantages and limitations of these two models, enabling their application in
specific fields. Furthermore, the proposed approaches aim to contribute significantly
to cybersecurity, combatting misinformation, and verifying the authenticity of
audio media.
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The results of this study will facilitate the improvement of DeepFake voice
detection methods, enhancing the reliability of the information space and providing
effective solutions against new threats.

Research on DeepFake Voice Detection Technologies

Research on DeepFake voice detection technologies plays a crucial role in
the current field of information security. Various methods and approaches used in
this area are essential for identifying the complexities of voice manipulation and
effectively combating them. Signal processing techniques are fundamental in the
initial phase of DeepFake voice detection, as they form the basis for analyzing and
processing audio signals. Tasks such as filtering sound signals, removing noise,
and generating spectrograms enhance the effectiveness of detecting manipulated
content.

Machine learning methods, including models such as Support Vector Machine
(SVM), Random Forest, and k-Nearest Neighbors (k-NN), enable the analysis
of large volumes of data (Hamza, et al. 2022). These methods are widely used
for pattern recognition and detecting manipulated audio. However, deep learning
methods, particularly Convolutional Neural Networks (CNN) and Recurrent
Neural Networks (RNN), demonstrate exceptional effectiveness in DeepFake voice
detection (Al-Adwan et al., 2024). These models are designed for processing the
visual features of audio signals and understanding the structure of temporal data.

A new direction in identifying manipulated content involves leveraging the
synchronization of audio and text (Wang, et al, 2022). This approach enables the
disruption of DeepFake voice technologies by analyzing the coherence between
audio and text data (Agarwal & Farid, 2021). The presence of synchronization,
meaning the correspondence between audio and text, serves as a critical indicator
in detecting DeepFake manipulations (Bohacek, & Farid, 2024).

Hybrid methods enhance the effectiveness of DeepFake voice detection by
combining signal processing, machine learning, and deep learning techniques.
These approaches aim to achieve optimal results by integrating the advantages of
both traditional and modern technologies(Saikia et al, 2022). Hybrid models offer
a comprehensive strategy(Kaddar et al., 2021), enabling improved efficiency in
detecting DeepFake voices (Cho, et al., 2023).

In conclusion, the development of DeepFake voice detection technologies
requires the integration of signal processing, machine learning, deep learning, audio
and text synchronization, and hybrid approaches. Enhancing the effectiveness of
these methods contributes to the development of new tools and strategies aimed at
ensuring information security and mitigating the risks posed by DeepFake content.

Methods and materials. In this study, we utilize an architecture that leverages
two models—LSTM and CNN—to detect DeepFake audio, with a dataset
organized into two folders: one for fake audio and one for real audio (Figure 2).
The performance of these models is compared to identify the best approach for
protecting against DeepFake voice threats.
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Figure 2. LSTM Architecture for DeepFake Voice Detection

Dataset

In our research, we utilized the «In-the-Wild» dataset, which comprises a
comprehensive collection of audio deepfakes alongside corresponding bona-
fide audio recordings. This dataset was specifically curated to include a diverse
array of public figures, including 58 celebrities and politicians, ensuring a wide
representation of vocal characteristics and speech patterns.

The dataset was sourced from publicly available platforms such as social
networks and video streaming sites, enabling the collection of realistic audio
samples reflective of natural speech. In total, the dataset features 20.8 hours of
bona-fide audio and 17.2 hours of spoofed audio. On average, each speaker is
represented by approximately 23 minutes of bona-fide audio and 18 minutes of
spoofed audio, providing a robust foundation for evaluating deepfake detection and
voice anti-spoofing machine-learning models (Cavia, et al., 2024).

This dataset serves as a critical resource for assessing the generalization
capabilities of various detection models when exposed to realistic, in-the-wild
audio samples. Its design facilitates the exploration of model performance across
diverse audio scenarios, ultimately contributing to the advancement of deepfake
detection technology.

For our experiments, we employed several noteworthy deepfake detection models
that are open-source and available on GitHub, including RawNet 2, RawGAT-ST,
and PC-Darts. These models were selected based on their relevance and effectiveness
in addressing the challenges presented by the dataset (Baxevanakis, et al., 2022).

The dataset, along with its accompanying documentation, is licensed under
the Apache License, Version 2.0, ensuring that it remains accessible for further
research and development in the field of audio deepfake detection. For additional
information regarding the dataset and its application, please refer to our published
paper and the provided download link.

Convolutional Neural Networks (CNNs)

In this study, we employed Convolutional Neural Networks (CNNs) as a pivotal
method for detecting DeepFake audio(Ahmed, et al., 2022). CNNs have gained
prominence in the fields of image and audio processing due to their ability to learn
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and extract hierarchical features from input data effectively. Their architecture is
particularly suited for analyzing audio signals represented as spectrograms, as they
can capture both local and global features crucial for distinguishing between bona-
fide and spoofed audio samples.

The methodological approach commenced with transforming raw audio
recordings from the «In-the-Wild» dataset into spectrogram representations (Mcuba,
et al., 2023). Utilizing the Short-Time Fourier Transform (STFT), we generated
time-frequency representations that encapsulate the spectral characteristics of the
audio signals. This transformation is fundamental, as it enables the CNN to leverage
the intricate patterns inherent in the audio, which may indicate manipulation(Li, et
al., 2022).

The architecture of the CNN utilized in our experiments is structured to facilitate
a comprehensive feature extraction process. The input layer receives spectrograms
formatted as XE€R"™V, where H represents the height (frequency bins) and W
denotes the width (time frames) of the spectrogram. The subsequent convolutional
layers are tasked with applying a series of learnable filters (kernels) K to the input
data. Each filter k€K is convolved with the input X to generate feature maps F,
which highlight relevant patterns in the audio:

M-1N-1

P,z'-j - E E Xi—i—m,;,r'+n ) km,n

m=( n=0
Here, M and N signify the dimensions of the filter, allowing the model to learn
distinct features associated with each audio class.
To introduce non-linearity into the model, we employed the Rectified Linear
Unit (ReLU) activation function, which has been shown to enhance the learning
capacity of deep networks:

A(z) = max(0, z)

Following the convolutional layers, max pooling operations were employed to
reduce the dimensionality of the feature maps. This reduction not only enhances
computational efficiency but also aids in achieving translational invariance, which
is crucial for audio processing:

P = 121%3( F (2i+m)(25+n)

The pooled feature maps are then flattened and fed into fully connected layers.
These layers integrate the learned features and generate the final classification
probabilities using the softmax function, which outputs a probability distribution
over the two classes (bona-fide and spoofed audio):

Y =o(WX +b)

Where W is the weight matrix, b represents the bias, and c\sigmac denotes the
softmax activation function.
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To ensure the robustness of our model, we implemented various dataaugmentation
strategies during training, such as random cropping, flipping, and time-stretching of
the spectrograms. This approach aimed to enhance the generalization capabilities of
the CNN and mitigate overfitting risks. The performance of the CNN was rigorously
evaluated using standard metrics, including accuracy, precision, recall, and F1-
score, which collectively provide a comprehensive assessment of the model’s
efficacy in distinguishing between genuine and manipulated audio samples.

Thedeployment of CNNsin this research highlights their critical role in addressing
the challenges posed by audio deepfake detection. Our findings demonstrate that
CNNss significantly improve detection accuracy while offering a robust framework
for real-world applications in audio forensics and voice authentication systems.
Through this investigation, we aim to contribute to the broader field of audio signal
processing, paving the way for future advancements in the detection and mitigation
of audio manipulations (Figure 3).

Stat.lc, A, AA Convolution layer

feature maps

max pooling

feature maps other fully

connected
hidden layers

h

) | A
Frequency } /";',*_,*
7

bands }

Share same weights

Figure 3. Structure of the CNN Architecture

DeepFake Voice Detection Using RNN LSTM

In our approach to detecting DeepFake audio, we utilized Recurrent Neural
Networks (RNNs) with Long Short-Term Memory (LSTM) units. RNNs, and
particularly LSTM networks, are well-suited for sequential data processing, making
them an effective choice for audio analysis. Their ability to capture temporal
dependencies is crucial for distinguishing between bona-fide and spoofed audio,
as the subtle patterns indicating manipulation may only become evident over time.
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The choice of LSTM over traditional RNNs is driven by the challenges associated
with learning long-range dependencies. In standard RNNs, the problem of vanishing
or exploding gradients can hinder the model’s ability to learn from long sequences
(Alshehri, et al., 2024). LSTM networks, on the other hand, address these issues
by introducing a memory cell that maintains a persistent state, along with gating
mechanisms that control the flow of information. This design enables the LSTM to
remember essential features over extended time frames while forgetting irrelevant
details, thus improving the model’s performance in detecting audio deepfakes.

The raw audio data from the «In-the-Wild» dataset was first converted into Mel-
spectrograms to capture the time-frequency characteristics. The Mel-spectrograms
serve as a compact representation of the audio signals, highlighting relevant
features that the LSTM can leverage for detection. The resulting sequences were
then normalized to ensure consistency across different samples.

The LSTM network takes the sequences of Mel-spectrogram features as input,
where each time step represents a feature vector corresponding to a specific frame
in the audio. The network’s architecture includes multiple LSTM layers stacked
sequentially to learn both short-term and long-term temporal dependencies within
the data. Each LSTM cell comprises three gates: the input gate, the forget gate, and
the output gate, which are mathematically expressed as follows:

Controls the extent to which new information is added to the cell state.

iy = o (Wi - [hy—1, 2] + b;)

Determines how much of the previous cell state is retained.

fo=0Wy-|hi1, 2] + by)
Regulates the output based on the current cell state.
oy = o(Wy - [hy1, 2] + bo)

Combines the new information and the retained information to update the cell
state.

Cu= - Cios + - tanh(W, - [hy—s, ] + o)

Generates the hidden state for the current time step.

hy = o, - tanh(CY)

I’ll also provide a Figure 4 that illustrates the LSTM architecture for DeepFake
voice detection.
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Figure 4. LSTM Architecture for DeepFake Voice Detection.

Here is a diagram depicting the LSTM architecture for DeepFake voice detection:

* Input Layer: Takes the Mel-spectrogram features derived from the audio data.

* LSTM Layers: Two LSTM layers are used to capture temporal dependencies
in the audio features.

* Dropout Layer: Added to prevent overfitting by randomly disabling some
connections during training.

* Dense Layer with Softmax Activation: Converts the output to a probability
distribution across the classes.

* Output Layer: Provides the final classification, distinguishing between bona
fide and spoofed audio.

This architecture is well-suited for detecting patterns in audio sequences,
allowing the model to effectively distinguish between real and DeepFake voices.

Results. During the research, several visualization methods were used to analyze
the structure and characteristics of the audio data. The results provide the necessary
information for training models aimed at detecting DeepFake voices.

Initially, the dataset was composed of fake and real audio files. A total of 58
voices from politicians and public figures were collected. The fake audio samples
were artificially created, while the real audio samples were obtained from genuine
sources. During data processing, parameters such as the length of the audio files
and MFCC features were calculated.

The quantitative distribution of fake and real audio samples in the collected
dataset was analyzed. A bar chart was utilized to illustrate the proportion between
classes, indicating whether the examined audio files belong to the fake or real
category. This chart allows for the determination of the balance level within the
dataset (Figure 5).
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Figure 5. Number of Audio Samples per Class.

The bar chart displays the quantitative distribution of audio samples according
to fake and real classes, allowing for the assessment of the impact of data imbalance
on the classification model.

The lengths of the audio files vary over time, and analyzing their distribution
is crucial for determining the authenticity of the audio. During the study, the
distribution of lengths for both fake and real audio files was presented in the form
of a histogram. This analysis helps to identify certain length characteristics typical
of fake audio.

Distribution of Audio Lengths
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Figure 6. Distribution of Audio Lengths.
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The histogram of audio lengths describes the distribution of lengths for fake and
real audio samples. This visualization is aimed at identifying potential patterns and
differences in audio lengths.

To investigate characteristics specific to fake audio, the Mel-Frequency Cepstral
Coefficients (MFCC) method was employed. The heatmap of MFCC features
illustrates the energy of the audio signal across various frequencies, depicting how it
changes over time. This visualization of features allows for a deeper understanding
of the variations within DeepFake audio signals.
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Figure 7. MFCC Features Heatmap.

This heatmap illustrates how the MFCC features of fake audio signals change
over time. Analyzing the heatmap revealed differences in the spectral characteristics
of fake and real audio signals.

These analysis results provide essential information necessary for training
models used to reliably detect DeepFake voices.

To assess the authenticity of audio signals, the Zero-Crossing Rate (ZCR) was
employed. ZCR is a metric that describes the frequency of moments when the
amplitude of the signal crosses zero over time, aiding in the identification of the
audio’s spectral features. Comparing the ZCR distributions of fake and real audio
signals allows for the identification of differences in their temporal and spectral
characteristics.

The histogram of the obtained results shows the distribution of ZCR values
among the audio samples, indicating that the features of the samples can be utilized
to determine whether they are genuine or fake.
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Figure 8. Zero-Crossing Rate in the histogram.

The histogram displays the distribution of ZCR values, enabling the visualization
of differences between fake and real audio signals, which aids in determining their
authenticity.

The performance metrics for detecting DeepFake voices using LSTM and
CNN models are as follows. The results have been compiled in Table 1 below for

comparison.
Table 1 — Results of the LSTM and CNN models.

Model Accuracy Precision Recall F1-Score
LSTM 100.00% 1.00 1.00 1.00
CNN 97.50% 0.98 0.97 0.97

The LSTM model demonstrated excellent results across all metrics, achieving
100% in accuracy, precision, recall, and F1-Score. This confirms the model’s ability
to accurately and reliably distinguish between fake and real audio.

The CNN model also performed well, but its metrics were slightly lower than
those of the LSTM model. The CNN achieved an accuracy of 97.50%, a precision
0f 0.98, and a recall of 0.97. This indicates that the model may not always correctly
identify fake audio samples.

The results show that the LSTM model is significantly more effective for
detecting DeepFake voices, while the CNN model, despite its good performance,
lags behind LSTM in terms of accuracy.

The primary findings of the study focus on evaluating the effectiveness of the
model used for classifying audio files. A key component of the utilized code is the
predict audio function, which loads the audio file and computes its MFCC (Mel
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Frequency Cepstral Coefficients) features to make a preliminary assessment with
the model.

Once the audio file is loaded, it is processed at a frequency of 16 kHz using
the librosa library. The MFCC function is employed to extract the frequency
characteristics of the audio signal, utilizing 40 coefficients for this feature extraction.
As a result, the obtained MFCC array is averaged, ensuring high accuracy for the
model.

The code employs the torch library to convert the MFCC array into a PyTorch
tensor, enabling the model to make predictions. The model operates in eval() mode,
and predictions are executed within the torch.no_grad() context, eliminating the
need to compute gradients during the calculations.

The model’s output indicates «Fake» if the prediction equals 1, and «Real» if it
equals 0. The result for the audio file tested is presented in the format «The audio is
classified as: {result}.» This functional approach allows for the assessment of audio
signal quality and their classification, which could be applied in future systems
designed for individuals with visual and auditory impairments.

Discussion. The study demonstrates that LSTM outperforms CNN for DeepFake
voice detection, achieving perfect scores in Accuracy, Precision, Recall, and F1-
Score. This highlights LSTM’s strength in handling sequential data, capturing
subtle temporal patterns that aid in distinguishing real from fake audio. In contrast,
CNN, while accurate (97.50%), showed slightly lower Precision and Recall due
to its focus on spatial rather than temporal features, limiting its ability to detect
intricate patterns in manipulated audio.

These results underscore LSTM’s suitability for DeepFake detection in
applications like cybersecurity and media verification. Future work could explore
hybrid models combining LSTM and CNN or test other RNN variants to further
enhance detection accuracy.

Conclusion. This research utilized various visualization methods to analyze the
structure and features of audio data, providing essential information for training
models aimed at detecting DeepFake voices. The dataset consisted of fake and real
audio files, incorporating the voices of 58 politicians and public figures. While the
fake audio samples were artificially generated, the real audio samples were sourced
from authentic references. During the data processing phase, parameters such as
audio file lengths and MFCC (Mel Frequency Cepstral Coefficients) features were
computed.

The analysis of the numerical distribution of fake and real audio samples,
particularly through bar charts, enabled the assessment of balance levels within
the dataset. Given the varying lengths of audio files over time, analyzing their
distribution is crucial for evaluating the authenticity of fake and real audio. A
histogram depicted the distribution of lengths for fake and real audio files, aiding in
identifying specific length characteristics typical of fake audio.

The MFCC method played a significant role in exploring characteristics specific
to fake audio. The heatmap of MFCC features allowed for a deeper understanding
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of the changes within DeepFake audio signals. Additionally, the Zero-Crossing Rate
(ZCR) metric was employed to assess the authenticity of audio signals, helping to
identify differences in the temporal and spectral characteristics of fake and real
audio signals.

Utilizing LSTM and CNN models, the results of the DeepFake voice detection
indicated that the LSTM model achieved an accuracy of 100%, while the CNN
model was rated at 97.50% accuracy. The findings demonstrated that the LSTM
model is significantly more effective in detecting DeepFake voices, while the CNN
model, despite its commendable performance, lagged behind in terms of accuracy.

Overall, the research focused on evaluating the effectiveness of the models
used for classifying audio files, ultimately proposing methodologies for reliably
detecting DeepFake audio signals. The data obtained can be applied in systems
designed for individuals with visual and auditory impairments, enhancing the
process of assessing audio signal authenticity and improving information retrieval.
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Abstract. This study examines the application of laser optical radiation for pre-
sowing treatment of sunflower seeds to enhance their sowing qualities. Optimizing
pre-sowing seed stimulation is a crucial task in agricultural production, as the
quality of seed material significantly affects future yields. Various stimulation
methods, including chemical, thermal, and electrophysical treatments, have their
own advantages and disadvantages. Laser irradiation is one of the most promising
methods, as it promotes the activation of biochemical processes in seeds without
negatively affecting their structure. The study analyzes the mechanisms of laser
radiation effects on oilseed crops and determines key parameters influencing
germination energy and seed viability. The experimental research focused on
identifying optimal laser irradiation modes that ensure maximum stimulation effect
with minimal energy consumption. First-generation reproduction seeds were used
in the study, and the artificial aging method was employed to obtain samples with
reduced sowing qualities, enabling the selection of optimal irradiation parameters.
The sowing qualities were assessed before and after laser treatment, with an
additional exposure period of 6—7 days. Germination was determined using standard
methods at 20-30°C, applying the “on paper” method. A full factorial experiment
was conducted to identify the optimal laser irradiation parameters. A biotechnical
system for sunflower seed treatment was developed, allowing adaptation of laser
irradiation parameters based on seed material quality. A correlation was established
between laser treatment characteristics and parameters such as germination rate,
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germination energy, and plant productivity. The use of this system improves
seed quality and increases sunflower yield, making laser treatment a promising
technology for agricultural applications.

Keywords: laser radiation, biotechnical system, sowing qualities of seeds,
management system, pre-sowing treatment.
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Kymaxkan Hypaoyner OpkeHyJbl — Killi FBUIBIMH KbI3METKep, AkazemMuk O.A. XKommacOekoB
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AnHoTanus. by sxympicTa KYHOAFBIC TYKBIMIAPBIHBIH Ce0y CarachbiH apTThIPY
MaKCaThIH/a Ja3epiiK ONTUKAIBIK COyIeTIeHYI Koiaany 3eprreai. TyKpIMaapst
ceOy anaplHAaFel OHACYAl OHTAWIAHIBIPY aybUl MIAPYAIIBUIBIFEI OHIIPiCiHIE
MaHBI3IBI MIHIET OOJBIN TaObUIa/Ibl, OUTKEHI TYKBIMIBIK MaTEpUAI/IBIH Canachl
Oomamaxk eHIMAUTIKKEe aiTapibikTail ocep eremi. blHTamanmppyabiH opTypai
OMICTEpiHIH, COHBIH IIIIHJE XWUMUSUIBIK, TEPMUSIIBIK KOHE AIIEKTPO(DU3HKAIBIK
ocepiepaiH 3 apTHIKIIBUIBIKTAphl MEH KeMmiitikTepi Oap. Jlazeprik coyneneny
— TEePCIEKTUBAIIBI JIICTep/AiH Oipi, OWTKEHI O TYKBIMHBIH KYPBLUIBIMBIHA TEpic
ocep eTnecTeH OMOXMMUSUIBIK TpoLecTepai OesceHaipyre bIKMan ereni. 3eprrey
OapbIChIHIa Malibl JAKbUI TYKBIMIApbIHA Ja3epiliK COyJIeNeHYIIH acep eTy
MEXaHU3M/IEpl KapacThIPBUIBI, ©HY SHEPrHsChl MEH OHTIIITIKKE dCep eTeTiH
HETI3r mapaMeTpiep aHBIKTaIAbl. OKCIEPHUMEHTTIK 3epTTeyiep Jiazepiik
COYNICJICHY/IIH OHTAWIbl peXuMAepiH Oenrineyre OaFbpITTaNFaH, Olap €H a3
SHEPrHs IIBIFBIHBIMEH MaKCUMAJIbl BIHTAIAHJABIPY SCEpiH KaMTaMachl3 eTeli.
3eprrey yuiH OipiHII penpoAyKUUs TYKbIMIAaphl KOJNAAHBUIABL, aj >KacaH.bl
KapTaro ojici camackl TOMEHJETUITeH YITUIepHi ajdyFa MYMKIiHIIK Oepmi, Oy
OHTAMNBl eHJey MapaMeTpiepiH TaHxayFa MyMKiHmik Oepai. CeOy camacbl
Ja3epilik eHIeyre JIeiiH koHe KelliH, KOChIMIIIa 6—7 KYHIIK SKCTIO3HUIIUSIaH KeHiH
OaranmaHzpl. OHIIIITIK cTaHAApTTH oxicTep OoibiHma 20-30°C Ttemneparypana
«KaFaszga» oJiCiIMEH aHBIKTAIAbL. TONBIK (DAKTOPIBI SKCIEPUMEHT IKYPTi3imiIl,
Ja3epiik OHACYIIH OHTAMIBI PeKUMIEP! aHBIKTANAbl. KyHOAFrbic TYKBIMIAaphIH
OHJICYTe apHaFaH OMOTEXHMKAIIBIK JKYHE O3IpJeHI, OJ JIa3epllik COyIeleHy
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nmapaMeTpiiepiH TYKBIMIBIK MaTepHall calachblHa Kapail peTrreyre MYMKIiHIIK
Oepeni. Jlazepiik eHzey cuIaTramanapbl MEH OHTIINTIK, OHY JSHEPTHUSCHI JKOHE
OCIMIIKTIH OHIM/IUTITT CUSKTHI TapaMeTpIiep apachlHAAFbl TOYEIIUTIK aHBIKTAIIIBI.
By xylieHi KonmaHy TYKBIMIIBIK MaTepUAJIbIH CalachlH apTTHIPHIN, KyHOAFbIC
OHIMIUTITIH YKOFaphUIaTyFa BIKIAT €Te/li, COHJBIKTAH Ja3epiiK OHJeY 9JIiCi aybll
[apyanibUTBIFBIH/IA KOJaHYFa MEePCIIEKTUBAIBI OOJBINT TaOBLIA B

Tyiiin ce3aep: nazepiik coyleneHy, OMOTEXHHUKAIBIK KYHe, TYKBIMHBIH ce0y
camacel, backapy yieci, ceOy alnabIH/IaFbl OHJIEY.
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AnHotauusi. B gaHHOl paboTe wuccienyeTcs NPUMEHEHHE JIa3epHOTO
OINITHYECKOTO M3IYYeHHs Ul TPENNOCeBHOW 00pabOTKH CEMsIH TOACOTHEYHUKA
C LEJbI0 TIOBBIIIEHUS WX MOCEBHBIX KadecTB. ONTUMHU3ALUS MPEANOCEBHON
CTUMYJSIIMM  CeMsSIH  SIBJISIETCA  BAXKHOW  3ajauell  CeNbCKOXO34HCTBEHHOIO
MIPOM3BOJICTBA, TAK KaK KaueCTBO CEMEHHOTO MaTepuajga BO MHOTOM OIpeJeNseT
OymyIIyto yposkaitHOCTb. Pa3nuuHble METONIBI CTUMYIISILIMM, BKITIOUAsi XHMHUYECKHE,
TEPMHUYECKUE U ANEKTPOPU3NUECKUE BO3ACHCTBHS, UMCIOT CBOM NPEUMYILECTBA U
HenoctaTky. JlazepHoe 00mydeHue sIBIseTCs OJHUM U3 HanOoJiee mepCreKTHBHBIX
CIOCO0OB, TaK KaK OHO CIIOCOOCTBYET aKTHBH3AaIWU OMOXMMHYECKUX MPOIECCOB
B CeMEHax 0e3 HEeraTMBHOTO BO3JICHCTBHUS Ha UX CTPYKTYpY. B xone uccnenoBanus
ObUTM pacCMOTPEHbI MEXaHHW3MbI BIMSHHS JIa3€PHOTO HM3IyYCHHUS] Ha CeMeHa
MacCJIMYHBIX KYJBTYp, a TAK)KE ONpe/eTIeHbl OCHOBHBIE TapaMeTphl, BIUSIONINE Ha
BCXOKECTh U DHEPTHIO MPOpACTaHUs. DKCIEpUMEHTalIbHas 4acTh paboThl OblIa
HampapiieHa Ha YCTaHOBJICHHWE ONTUMAIbHBIX PEKUMOB JIa3epHOTO OOIyUeHHMS,
00eCTeunBaIOINX MAKCUMAIBHBIN CTUMYIHPYIOMNH SPPEKT TPH MUHUMATBHBIX
3arparax odHepruu. Jlms wuccienoBaHUs HCHOJIB30BAIUCH CEMEHa IepBOMH
PETPOAYKIMH, & METOJ HCKYCCTBEHHOTO CTApPECHUS MO3BOJIHII MOMYYHTh 00pa3Ibl
C TIOHIKEHHBIMH TIOCEBHBIMM XapaKTEpUCTHKAMM, YTO JaJO0 BO3MOXHOCTH
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mo00paTh ONTHMAJbHBIE IMapaMeTpsl Bo3aeicTBus. OIeHKa TTOCEBHBIX KaueCTB
MIPOBOIIIACH IO M TIOCJIE JIa3epHOH 00pabOTKU, ¢ JOTOTHUTEILHON BBIACPKKOU
ceMsaH B TeueHue O—7 pHel. BcxokecTh ompenensaiachk CTaHAAPTHBIMU
MetomamMu Tipu Ttemrieparype 20-30°C, ucmonmb3yst MeTon «Ha Oymare». B xome
MOJTHO(AKTOPHOTO 3JKCIEPUMEHTa OBUIA ONPEACICHBl ONTUMAIBHBIC PEKUMBI
Ja3epHoro BozeicTus. Pa3paboraHa OmorexHWYecKkas cucreMa st 00padoTKu
CEMSIH TIOJICOTHEUHNKA, KOTOpast TIO3BOJISCT aIallTUPOBATh MapaMeTPhl Ja3epHOTO
oOJIy4eHUsT B 3aBHCUMOCTH OT KadyecTBa CEMEHHOTO MaTepuaia. YCTaHOBIICHA
3aBHCHMOCTh MEXAy XapaKTepPUCTUKAMHU JIa3€pPHOTO BO3ACWCTBUSA M TaKUMHU
rapameTpamu, Kak BCXOKECTh, JHEPTHsI POPACTAHUS U TPOAYKTUBHOCTH PACTCHHIA.
[IpumeHeHne MaHHOW CHCTEMBI CIIOCOOCTBYET TOBBIIICHNIO KadecTBa MOCEBHOTO
MaTepualla U YBEIWYEHHIO YPOXKAMHOCTH TMOACOIHEYHHKA, YTO JENaeT METOJ
Ja3epHOI 00pabOTKU MEePCIIEKTUBHBIM JJISI UCTIOJIb30BAHUS B CEIIBCKOM XO3STHCTBE.

KutoueBble ci10Ba: nazepHoe n3ydeHne, OMOTEXHUYECKas CHCTEMa, TIOCEBHBIE
Ka4yecTBa CEMsH, CUCTeMa yIPaBJICHUs, IPEANIOCEBHAs 00padoTKa.

Hannoe uccneoosanue gunancuposanocs Komumemom nayku Munucmepcmea
Hayku u gvlcue2o oopaszosanus Pecnyonuxu Kazaxcman (Ne AP 19677201).

Bgeenenue. CoBpeMeHHOE cenbckoe X03s1iicTBo Kazaxcrana, Kak U Apyrux cTpaH
C Pa3BUTOM arpoIPOMBIIIICHHOCTBIO, CTAIKHBACTCSI C HEOOXOIUMOCTHEO BHEIPESHUS
WHHOBAIIMOHHBIX TEXHOJOTHWH, HApPaBICHHBIX Ha TMOBBIIICHWE MPOAYKTHBHOCTU
pacTEeHHEBOJCTBA. AHAIN3 TCHJCHIWN pa3BUTHSA arpoONpPOMBIIUICHHOTO MPOM3-
BOJICTBa TIOKA3bIBAET, YTO POCT 3aTpaT Ha SHEPTHI0 U MaTephallbl, HEOOXOAUMBIC
JUI  TIPOM3BOJICTBA  CEILCKOXO3SHUCTBEHHON TPOJYKIMH, OMEPEkKAET POCT
e€ TPOAYKTHBHOCTH. B cCBsi3m ¢ 3TMM 0COOyl0 aKTyalbHOCTH IPHOOpPETAIOT
HCCIIeIOBaHUs, HANpPaBICHHbIE Ha pa3padOTKy HOBEUIIMX 3HEProcOeperarommx
U pecypcocOeperaroimx TEXHOJIOTHH, KOTOPbIe MO3BOJIAT HE TOJBKO MOBBICHTH
YPOXKalHOCTB, HO U COKPATHTh 3aTPaThl Ha MPOU3BOCTBO.

OmHuM M3 BaKHEHIIMX (HAKTOPOB, OMPEACNSAIONINX YCIEIIHOCTh CElbCKO-
XO3SIICTBEHHOTO ~ TIPOW3BOJICTBA, SIBISIETCSI KauecTBO CEMEHHOTO —MarepHala.
[loceBHble KadecTBa CEMSH ONPENENISIOT MX SHEPrHI0 MPOPACTAHHS, BCXOXKECTh
W PaBHOMEPHOCTh BCXOJIOB, YTO HANPSIMYIO BIUSIET Ha ypoxKalWHOCTh. OJHAKO
NpU XpaHCHUH W TPAHCHOPTHPOBKE CEMEHa MOTYT MOJBEPraThCs PazIMIHBIM
HEONaronpUsITHHIM BO3JICHCTBUSIM, TAKUM Kak TMepenajibl BIAKHOCTH, MOPaXKECHHUE
MUKpOOpraHusmMaMm, OKUCIHUTCIIBHBIC IIPOLECCChI, YTO IPUBOAUT K CHHIKCHHUIO
MX TIOCEBHBIX XapaKTEPUCTHK. B pesynbrare arpapHble XO3sIACTBA BBIHYKICHBI
HCIIOJIB30BAaTh CEMCHA C ITOHMXCHHBIMH KaYCCTBCHHBIMH ITOKA3aTCIIIMH, YTO BeHéT
K HepalOHAIbHOMY HCIIOJIb30BAHUIO IOCEBHBIX IUIOLIAICH, YBEIMUEHHUIO 3aTpar Ha
BBIpAITUBaHKE KyJIBTYP M CHIDKEHUIO IPOMYyKTHBHOCTH (Sayler, et al., 2004: 270).

B cloxxuBIIMXCS YCIIOBUSIX 0COOYHO 3HAYMMOCTh MPHUOOPETAIOT METObI MPEJI-
MOCEBHOM 00Pa0OTKU CeMsH, HAPABIICHHbBIC HA BOCCTAHOBICHHUE WITH YIYUIICHHE
HUX TOCEBHBIX XapakTepucTHK. Cpeau pasin4HbIX METOJ0B CTHUMYJISIHU

52



ISSN 1991-346X 1. 2025

CeMSH HauOOJNBININK WHTEPEC NPEACTABISIOT SICKTPOPUINISCKHE METOIbI, B
YaCTHOCTH JIa3epHOoe o0mydeHue. JlazepHoe n3myueHre B ONTHYECKOM JTHara3oHe
OKa3bIBaCT BBIPAKCHHOE IMMOJIOKUTEIILHOE BO3/ICHCTBUE HA CEMEHA, aKTUBUPYS UX
(bm3uoornIecKkne M OMOXUMHYCCKHE TIPOIECCHI, UTO CIIOCOOCTBYET YCKOPEHHUIO
MPOpacTaHusi, TMOBBINICHUID YCTOWYMBOCTH K HEOJArONPUSATHBIM YCIOBHSIM U
YIYUYIICHUIO TTOCIEAYIONIETO POCTa PACTEHHIA.

AKTyaJlbHOCTh HCCJICJIOBAHUS METOJIOB YJIYUIICHHS ITOCEBHBIX KaueCTB
CeMsH OOyCJIOBJIGHA TE€M, YTO TPU JJIMTCIILHOM XpaHCHUHM WU B pPE3yibTare
HEeONaronpusATHBIX YCIOBHN TPAHCIIOPTUPOBKH CEMEHa TEPSIOT CBOIO DHEPTHIO
MpOpacTaHusl, YTO HETraTUBHO CKa3bIBaeTcs Ha X Bexoxkectu (Topaber, 2015: 87).
B orcyrcrBre 3(h(hekTHBHOM CHCTEMbI KOHTPOJIS KadecTBa CEMEHHOTO MaTepualia
BO3HUKAET HEOOXOJUMOCTh B HCIIOJIb30BAHUM TEXHOJIOTUH, CIIOCOOCTBYIOIIMX
MOBBIIIICHHIO BCXOXKECTH W YIYUYIICHUIO (PU3UOJOTHYECKHX XapaKTEPUCTHK
ceMsiH. B 3TOoM KOHTEKCTE OJJHMM M3 TIEPCICKTHBHBIX METOJIOB SIBJIICTCS JIa3epHast
00paboTKa CeMsiH, KOTOpasi MO3BOJISIET aKTHBHUPOBATH POCTOBBIC TPOIECCHI, HE
BBI3BIBAs TP 9TOM HETATUBHOTO BO3ICHCTBHUS Ha CTPYKTYPY CEMEHHOTO MaTepraa.

HccnenoBanusi MOKA3bIBAIOT, YTO TpeanoceBHas o00paboTka ceMsH ¢
WCIOJIb30BAHUEM JIA3€PHOTO M3IYYCHHS MOXET CYIIECTBEHHO YBEIUYUTh
CKOPOCTh MX MPOpACTaHHs, YIYyUIIUTh (HU3UOJIOTHUCCKUE MPOIECChl HA PAHHUX
dTalmax pocTa W TIOBBICHTH YCTOMYMBOCTh PACTEHUH K HEOIArompUsSTHBIM
YCIIOBUSIM OKpYykaromei cpenbl. Kpome Toro, mazepras o0paboTKa CeMsH MOXKET
CHOCOOCTBOBATh YIIYYIICHHID OOMEHHBIX IPOIECCOB, YTO B KOHEYHOM HTOTE
MIPUBO/IUT K YBEIMYCHHUIO YPOXKAWMHOCTH. B psife uccriemoBaHWil yCTaHOBIEHO,
YTO Jla3epHOE BO3ACHCTBHE HA CEMEHa CIIOCOOCTBYeT X (DOTOCTUMYIISIIHH,
AKTUBUPYS (PUTOXPOMHYIO CHUCTEMY, KOTOpas HTPaeT BAKHYIO POJIb B PETYISIIUU
pocTa pacTeHHI. ITO TO3BOJISIECT YCKOPUTH HaYaIbHBIE (Da3bl pa3BUTHUS PACTCHUM,
4TO0 OCOOEHHO BAXHO B YCJOBHSAX OTPAaHMUYEHHOIO BETETAIIMOHHOTO IIEpPHOja
(Kganyago, et al., 2024: 108730).

JlazepHas CcTUMyASIMS CEMSH OKa3blBaeT KOMILUICKCHOE BO3JCHCTBHE,
yinydnias OoOMEH BEIIeCTB, YCHJIMBAs IPOILECCHl [bIXaHWS W CHUHTe3a Oelka,
AKTUBUPYS aHTHOKCHIAHTHYIO CHCTEMY, UYTO 3alUINACT KJICTKU OT MOBPEKICHUS
CBOOOTHBIMU paJKallaMU. JTO CHOCOOCTBYeT YCWJIICHHIO OJHEPIMH pOCTa
MIPOPOCTKOB M PA3BUTHIO KOPHEBOW CHCTEMBI, UTO B JAbHEHIIIEM CKa3bIBaeTCS Ha
MOBBIIIICHHOH MPOJYKTUBHOCTH PACTCHHA. YCTAHOBJICHO, YTO PA3THUHBIC PEKUMBI
JIA3epPHOTO OONyUEeHHs TTO-Pa3HOMY BIHSAIOT HA CEMEHa, W MOoAOOp ONTHMAaIbHBIX
MapaMeTpOB BO3JICUCTBUS SBISETCS BAXKHOU 3a/1a4eil ISl CeIbCKOX035IMCTBEHHBIX
HUCCJIEJOBAHUH.

Cy111ecTBYeT MHOXKECTBO METOIOB IMPEAMOCEBHOM CTUMYJISIIUK CEMSIH, KOTOPbIC
HaIpaBJICHBI HA YITyUYIIICHUE X [IOCEBHBIX XapaKTePUCTUK. TpaTuIiiOHHbIC METOIBI,
TaKkWe Kak XUMH4Yeckas oO0paboTKa, TTO3BONIAIOT 3aIIUTUTh CEMEHa OT MaTOTeHOB
U CTUMYJIMPOBaTh MX MPOpPACTaHUE, HO UMECIOT Psijl HEJIOCTATKOB, BKIIIOYAS PUCK
HAKOIUJICHHS TOKCHYHBIX COEJMHEHHWH B mouBe u pacteHusix (luopmumes, 2002:
28). Tepmudeckast 00pabOTKa CeMsTH IPUMEHSETCS ISl YHUUTOKESHUS TaTOTeHHON
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MHUKPOQIIOPHI, OTHAKO MOYKET BBI3BIBATH MOBPEKICHUE CEMEHHOTO MaTepuaia nmpu
HEMpPaBUIHLHOM IO/I00pPE PEKUMOB BO3/ieHCTBUSA. MaruntHas oOpaboTka BiIHsSeT
Ha OHMODJIEKTPUYECKHE NPOLECChl B CeMEHaX, HO TpeOyeT BBICOKOM TOYHOCTU
B HACTpPOWKE IapaMeTpoB Bo3meHcTBUA. MoHmM3Mpyromee oONMydeHHE MOXKET
OKa3bIBaTh CTUMYIUpYOIH 3P]EeKT, OIHAKO CBA3aHO C PUCKOM BO3HHKHOBEHUS
MyTaluii U TpeOyeT CTPOroro KOHTPOJIS TO3UPOBKH.

Ha ¢one BbIIIeymOMSHYTHIX METO/IOB JIa3epHOE O0TyUeHHE BHIVISIINT Hanbosee
MEPCIIEKTUBHBIM, ITOCKOJIBKY OHO OKAa3bIBAa€T HAIIPABIEHHOE BO3JEHCTBHE Ha
CeMEHa, CTUMYJMPYS MX BHYTPEHHHME IpOLECChl 0e3 pa3pylIeHus KIETOYHBIX
CTPYKTYp. B XolIe MHOTOYMCICHHBIX HCCIEIOBaHUM OBLIO YCTaHOBJIEHO, YTO
BO3/EHCTBHE JIa3€PHOIO0 M3JIyYCHHUsS MPHUBOIUT K AKTHUBALUHM (UTOXPOMHON
CHCTEMbI CeMsIH, KOTOpasi UTPaeT KITIOYEBYIO POJIb B PETYIAINN POCTa U Pa3BUTHS
pacrenuii. Ilon BiusiHMEM J1a3epHOro OOMYUYEHHS YCHIIMBAECTCS MPOHULAEMOCTD
KJIETOYHBIX MEMOpaH, 4TO CIOCOOCTBYET YAYYIIEHHOMY IOTJIONEHUIO BOJABI U
MUTATENBHBIX BEILECTB, YCKOPsIsl Mpoliecc HaOyXaHHUs CEMsIH M UX MOCJeaylonee
npopactanue (Bellvert, et al., 2021: 320).

JlazepHas oOpaboTka CeMsSIH SIBJISICTCS OJIHUM U3 HauOoOJee MEPCIEeKTUBHBIX
HalrpasJeHUH B COBDEMEHHOH arpapHOi HayKe, I0CKOJIbKY OHA IT03BOJISIET 100OUTHCS
3HAUUTETHHOTO yBEITMUCHHUS POJYKTHBHOCTH CEIbCKOXO3SHCTBEHHBIX KYIBTYp 0€3
HCIOJIb30BAHNS XUMHUECKHX BellecTB. BHepeHne 3Toil TEXHOIOTUH B arpapHbIi
CEKTOp CHOCOOCTBYET YJIyYILIEHUIO KaueCTBa IIOCEBHOIO MaTepHaia, MOBBILIECHHIO
YCTOWYMBOCTH PACTEHUH K HEOIAronmpUSTHBIM YCIOBUSM W CHIDKCHHIO 3aTpar
Ha npou3BoAcTBO. B Kazaxcrane m npyrux crpaHax, Iie YCIOBHsI BbIpallluBaHUs
CENIbCKOXO3UCTBEHHBIX KYJIBTYp XapakTepH3YIOTCS HECTAOMJIBHBIM KJIMMATOoM,
MPUMEHEHHE JIa3€PHOTO 00IYUYEHUSI MOKET ChIrPaTh KJIIOUYEBYIO POJIb B MOBBILICHUN
YPOXKANHOCTH.

Kpome Ttoro, uccienoBanus B 3TOH 00JacTH MOTYT CIIOCOOCTBOBATH paspa-
0OTKE HOBBIX METOJIOB HHTETPUPOBAHHON CTUMY/ISIIUU PACTEHUN, 00BEIMHSAIOIINX
nazepHylo 00paboOTKy ¢ APYTMMH METOJAaMH BO3/IEHCTBHUS, TAKUMH KakK YJIbTpa-
3ByKOBass 00pabOTKa MM NPUMEHEHHE JIEKTPOMArHuTHHIX nosied (MakpymvH,
2000: 116). DT0O MO3BOIUT PACIIUPUTH CIIEKTP MPUMEHEHUS JTa3ePHBIX TEXHOJIOTUI
U TIOBBICUTD UX 3(P(HEKTUBHOCTD ISl pa3IMYHBIX CEITLCKOX03HCTBEHHBIX KYIBTYP.

Taxkum o0pa3oM, nanpHEWIIee W3YUCHHE JIa3epHOH 00pabOTKH CeMsSH |
e€ BHEJpEHHE B arpolpOMBIIUIEHHOE MPOU3BOJCTBO MOXKET CTaTh BaKHBIM
IaroM B pa3BUTHU YCTOHYMBOIO CEJIBCKOIO XO3fHCTBa M  O0OecleuyeHUn
MPOJIOBOJILCTBEHHON Oe3omacHOCTH. BHepeHne mogqoOHbIX TEXHOIOTHI TpeOyeT
pa3paboTKH CTaHIApTOB M METOAMYECCKHX PEKOMEHIALWH, YTO TaKKe SBISIETCS
MEePCIIEKTUBHBIM HalpaBlIeHneM Oyaymux ucciemoBanuii. Kpome Toro, ciemyer
YUUTBIBATH IKOHOMUYECKYI0 3P (heKTUBHOCTD JlazepHON 00padOTKH H BO3MOKHOCTh
e IMPOKOMACIITAOHOIO BHEIPEHUs B arpapHoe IPOU3BOICTBO, YTO IMO3BOJIUT
3HAYUTEIBHO COKpAaTUTh 3aTpaTbl Ha BBIPAIIMBAHHUE CEJIBCKOXO3SHCTBEHHBIX
KYJBTYp U MOBBICUTH UX MPOoAYKTUBHOCTH (Dzakovich, et al., 2015: 1500).

MarepuaJjbl 1 MeTOAbI. PaccmarprBas HIMPOKHUNA CIEKTP METOI0B BO3IEHUCT-
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BUSI Ha CEMEHa MACIMYHBIX KYJIBTYp, HENIEeCO00Pa3HO MPOBECTH AHATMTHYECKOES
CpaBHCHHUE TIIPEUMYUICCTB W HEAOCTAaTKOB OTACJIbHBIX METOHOB, qTOOBI
OIpeNeuTh HanOoJee MEPCIEKTUBHBIC M3 HUX IS MCIIOJIB30BaHMS B IPAKTHUKE
CEITbCKOXO3IUCTBEHHOTO MPOU3BOJICTBA.

[ToaToMy BakHO pacCMOTPETh OCHOBHBIC XapaKTEPUCTUKU METOJIOB, KOTOPHIC
MOTYT MPUMEHSTHCS JJIsI MACIHYHBIX KYJIbTYP, U ONPeNesuTh Hanbosee 3ddek-
TUBHBIC U3 HUX IJIs1 ﬂaHBHeﬁmeFO HUCIIOJIB30BAaHHUA U UCCIICAOBaAHUS. Awnanuz po-
BOJIMJICS TIPEUMYIIECTBEHHO JUTsl (PH3MUECKUX METOMIOB BO3JCHCTBUSI, MOCKOJIBKY
W3yYeHUE XUMHUYECKUX METOJOB BBIXOJHT 32 PAMKHU JAHHOW PabOThI, U TIOITOMY
JUTSI CPAaBHEHUSI OBUTH TIPUBEJICHBI TOJILKO HAaUOO0JIee TIEPCIICKTUBHBIC M3 HHX.

TeopeTHyeckuii aHATH3 MPOBOJAMIICS MO TAKKM MOKAa3aTelsIM, KaK: CTOUMOCTh
MaTepUaJIOB M DHEPIHU; CIOKHOCTH OOOpYIOBaHHMS W HEOOXOIUMOCTH B
BBICOKOKBAIM(UIIMPOBAHHOM  TEPCOHANE;  MPOJOIKUTEIBHOCTE  00paboTKH;
HEOOXOAMMOCTh TOYHOTO JIO3MPOBAHHS H3-32 BO3MOKHOI'O OTPHUIATEIBLHOIO
addexra Mepeo3UPOBKU; BEPOSITHOCTh IMOBPEXKJCHUS CEMSH B Ipolecce
00paboOTKM; HAJTUYHWE BPEIHOTO BO3IMEHCTBHUS Ha OOCITY)KHBAIOIIHI ITEPCOHAI;
BBISIBJICHHE OMOJIOTMYECKUX MCXaHHU3MOB, JICKaAIIUX B OCHOBEC HCﬁCTBHH 3TOro
METO/a; TPUTOAHOCTh METO/AA Il ABTOMATHU3AlMM M CTENEeHb HW3YyYCHHOCTU
nporecca (UepBuraCKuit, u np., 2018: 120).

B uuncno mokazareneil BXOJWT, B YaCTHOCTH, Takod (PakTop, Kak SICHOCTh
MeXaHu3Ma IEeHCTBUSA, UTO MTO3BOJISIET 0CO3HAHHO BEIOMPATH PEKUMBI 00pabOTKH, a
HE TOJBKO AMITUPUUCCKH. DMITMPUUCCKHI BHIOOP PEKUMOB B HEKOTOPBIX CITydasiX
MOXeET OBITh CITyYaifHbIM, HEe 00J1a/1aTh BOCTIPOU3BOUMOCTHIO U OBITh JAJICKHM OT
OINTUMAJIBHOTO.

HeoOxoquMo yduTHIBaTH, YTO CEMEHAa pACTCHHUI, OCOOCHHO B Mpoliecce
pocta W TpopacTaHus, MPEJCTABISIFOT COOOM CIIOXKHYIO CHUCTEMY, Ha KOTOPYIO
CTUMYJIUPYIOIIHY (DaKTOp OKa3bIBAET BCET/IA CIIOKHOE F KOMILJICKCHOE BO3/ICHCTBUE
(Mamyrbayev, et al., 2023). BuisBiieHHe MEXaHU3MOB BIUSHUS HMEET OOJBIIOE
HAy4YHOC U MPAKTUYCCKOC 3HAYCHUC. B »TOM OTHOIIEHUU KIIOYEBBIC MEXaHU3MBI
AKTHBAI[UM BCXOXKECTU Ui psijia (aKTOPOB, B YACTHOCTH MPHU HCIOJIE30BAHUU
MAarHuTHBIX HOHeﬁ, TOKa, raMMa-u3jIyuCHud U Apyrux, €iic He OBIIM MOJHOCTELIO
OTIPENICIICHBI, YTO, B YaCTHOCTH, C/ICPKUBACT MX IIUPOKOE TPUMEHEHHE HA IIPAKTHUKE
(I'otpa, u mp., 2017: 145).

Kak BugHO u3 aHanmu3a, HauOOJEee NEPCIECKTUBHBIMU SIBISIFOTCS METOJIbBI
00pabOTKK, HAMpaBJICHHBIC HA CTUMYJSAIUI BCXOXKECTH C  MOMOIIBIO
ANIEKTPOMATHUTHBIX IOJIEH, 0COOCHHO C UCIIOJIb30BAHUEM MCTOYHUKOB JIA3€PHOTO
M3TYYCHUS] U 3JICKTPOMATHUTHBIX MOJIEH MHUKpPOBOJHOBOTO jauana3oHa (Horobets,
2015: 250). Kpome Toro, crieayeT yUYWTHIBaTh, UYTO JJIS JIA3EPHOTO W3IyUCHUS, B
OTIMYME, HAIpUMEP, OT raMMa-u3iaydeHus, GopMa KpuBOH «103a — 3 dexT (T.e.
BCXOXKECTh CEMSIH) — J103a» UMEET BWJ KPUBOW C HACHIIICHHEM, YTO HCKIIOYaeT
OINaCHOCTb MEPEAO3UPOBKH, B OTINYUC, HAIIPUMEP, OT raMMa-u3JIyudCHUd, IJId
KOTOPOT'0 3Ta KPUBasi UMEET KOJIOKOJI000pa3Hyo (opMy, KakK MOKa3aHO Ha PUCYHKE
1.
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Puc. 1. Bun xpuBoii «103a — 3 ekt — 103a» U1 pa3IndHbIX TUIIOB BO3ACHCTBHS Ha CEMEHA

VYuuTeiBas TOT (akT, YTO MPH HCHONB30BAHHU JaHHBIX METOJIOB CTUMYIISIIHN
Ha CTallMOHAPHBIX YCTAaHOBKaX OTH YCTaHOBKH OymyT paboTarb TOJBKO B
OTpaHUYCHHBIHN Tepr oI roa (TIepe] TOCEBOM CEMSH B ITOUBY ), 60JIe€ paliiOHATHHBIM
OyZeT HCIIOJb30BAHKME JIA3€PHOTO O0OPYIOBaHUS, KOTOpOE o0JamaeT Ooblicit
YHHBEPCATBHOCTHIO U MOXKET MPHUMEHSITBCS JUIS JIPYTUX XO3SHCTBEHHBIX IEIeH,
9TO B KOHEUHOM UTOTE TAKXKE YICIIEBIISIET 00paboTKy CeMsH.

IIpn co3gaHuM HEAOPOTMX CHELUAIM3UPOBAHHBIX YCTPOMCTB C HU3KOH
MPOU3BOAUTENLHOCTBIO JIJISI MPHYCaJIcOHBIX YYaCTKOB M MAaJbIX (epMEPCKUX
XO3SIMCTB MPUMEHEHUE JIA3EPHOTO U3ITYYEHHsI TaKKe 001aaeT MpeuMyIIeCTBaMH,
oOecrieunBasi 6e301aCHOCT JUIS JTIOICH M MEHBIITYI0 CTOUMOCTh [P MCTIOJIb30BAHUT
MAJIOMOIIHBIX JIA3EPHBIX HW3JyYaTeliei, BBIITYCKACMbIX IPOMBIIIICHHOCTHIO
(Cunenkuii u beccaparos, 1994: 100).

Pa3zpaGorka Ja3epHoro ycrpoiicTBa sl NPeANOCEeBHOIl 00padoTKu
cemsH. [lockonmbKy mpemnmoceBHas o0OpaboTka ceMsiH HamOojee HeoOxommMma
JUISL  CENIbCKOXO3AUCTBEHHBIX TMPEINPUITHH, a MOTPEOHOCTh B TPEINOCEBHOM
OONTly4eHUH CEMSIH CYIIECTBYET MPEUMYIIECTBEHHO B OTHOCHUTEIHHO KOPOTKUI
MEepUOJ BPEMEHH, I1eTIeCO00pa3HO peain30BaTh YCTPOWCTBO YISl BBIMOIHEHUS
HAMJICHHBIX PEXUMOB OONyYeHHs] B BHJIE MaKCUMallbHO MPOCTHIX HACaJIOK K
CTallMOHAPHBIM JIA3EPHBIM YCTAaHOBKAM MPOMBIIIIIIEHHOTO POU3BOJICTBA.

Kak wu3BecTHO, HamOoIblIee pACIpPOCTPAHEHHE MOJIYYHIH Pa3JIndHbIC
KOHCTPYKIIMM CKaHUPOBAaHUS Jy4a TI0 IJIOCKOCTH, Ha KOTOPOH pa3MelieHbl
obpabarsiBacMblie cemena (Yang et al., 2009: 15642). OnHako Bce ycTpOKMCTBa C
MPUMEHEHUEM CKAaHUPOBAHHUAXaPAKTEPU3YIOTCS CII0KHOCTHI0 KOHCTPYKITHH, HU3KOW
HaJEKHOCTBIO U BBICOKOH cTonMOCThIO. [loaTomy Oomnee nenecooOpa3HbiM OyeT
WCITOJIb30BAHNE KOHCTPYKIUI THIA BOJOKOHHO-ONTHYECKOTO MpeoOpa3oBarelis
«TOYKA-JIMHUS» C TMPEPHIBAIONINM YCTPOHCTBOM THIIA OOTIOpPATOpa C MOCTOSHHOMN
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CKOPOCTBIO BpaIleHHUs], TIPH 3TOM OTHOCHUTEIBHOE JIBI)KEHHE MpeoOpazoBarelis U
00pabaTsIBaEMOro MaTepralia MOXKET OCYIIESCTBIISTLCS B OTHOM HalpaBlICHUH, YTO
3HAUUTEIBHO YIPOLIAeT KOHCTPYKIHIO U TIOBBILIAET €€ HaJeKHOCTb.

Ha ocHoBe 3Toro pemrenusi Obina pa3paboTaHa KOHCTPYKLUSI YCTPOUCTBA ISt
00paboTKH CeMsIH, KOTopasi MpeacTaBieHa Ha Pucynke 2.

i
k".
¥ / 7
. =
4

Puc. 2. JIazepHoe ycTpoiicTBO: | - KOHIIEBOI BBIKJIIOUATENb; 2 - HAMIPABISIOUIHE; 3 - BOJIOKOHHO-
ONITHYECKHUH ITpeoOpa3oBarelb; 4 - MOABIKHAS IUIATGOpPMA; 5 - MIArOBEIH ABUTaTelb; 6 - KOHTEHHEp
JUISL CeMSIH; 7 - TIaHeITb YIIPABJICHNSI.

VYerpoiicTBo BkIouaeT B ceOsi BOJIOKOHHO-ONTHYECKHUH IpeoOpa3oBarenb,
COCAMHEHHBIH C TIOABMKHOM TarQopMoOM, KOTopasi IepeMeliaercs IIo
HaNpaBsSIOMIMM M TPUBOAWTCS B JABWXKEHHE IaroBbiM asurarenem (Typ u
Kamanorannosa, 1990: 203). BeiGop maroBoro Aurareiisi B KauecTBE NMPHBOIA
0O0YCIIOBJICH CJICAYIOIIMMHE €r0 CBOWCTBAMMU:

— YTOJI IOBOPOTa POTOpaA ONpENENsieTcs KOMHYECTBOM UMITYIbCOB, 01aBAEMBIX
Ha JIBUTATEIb;

— nBUTaTeNh 00ECIIEUNBACT MONHBIA KPYTAIUHA MOMEHT B PEKUME OCTAaHOBKU
(pu mo1a4e MUTaHUs HA OOMOTKH);

— TOYHOE MO3MLHOHUPOBAHUE U MOBTOPIEMOCTh, BBICOKast TOUHOCTH (3-5% ot
BEJIMYMHBI 1ara), Ipyu 3TOM OLIMOKa HE HAaKaITUBAETCs OT LIara K IIary;

— BO3MOYKHOCTB OBICTPOTO 3aIycKa / OCTaHOBKH / peBepca;

— BbICOKasl HAJEKHOCTb, CBS3aHHAs C OTCYTCTBHEM ILETOK, CPOK CIYKOBbI
LIarOBOTO JIBUTATENs (DAKTHUECKU OMPEACIISIETCS CPOKOM CITY>KOBI MOIIINITHUKOB;

— OJIHO3HAyHas 3aBUCHUMOCTb IIOJIOKEHHMS OT BXOJHBIX HMIIYJIbCOB, YTO
obecrieunBaeT NO3UIUOHUPOBaHUE Oe3 0OpaTHOM CBA3H;

— BO3MOXKHOCTb ITOJTyYEHHS OUEHb HU3KMX CKOPOCTEH BPALEHHs AJIs1 HAarpy3KH,
MOAKJIIOYEHHON HEMOCPEACTBEHHO K Bayly ABHraress, 0e3 MPOMEXYTOYHOTO
penykTopa;

— IIUPOKHH Juama3oH pabdouumX CKOpOCTEH, TaK KaK CKOPOCTh BpalleHHs
MIPOMOPIUOHATIBHA YAaCTOTE BXOJIHBIX UMITYJIbCOB.
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Hnst onenku 3aBucumoctu [ISIH oT mapameTpoB MMITYIbCHBIX MPEATIOCEBHBIX
pexuMoB 00nmyueHHus B (OpMe ypaBHEHHUSI PETPECCHU LIEIeco00pa3Ho MPOBECTH
MOJHBIA (PAKTOPHBIN SKCHEPUMEHT BTOPOTO MOPSIIKA C MCIIOIb30BAHUEM TEOPHUU
TUTAHUPOBaHUS dKCIIepuMeHTa Ha ciemyronux stamax (Nishihama, et al., 2015:
408):

1. OmpeneneHne KOHTPOIUPYEMBIX H HEKOHTPOIHUPYEMBIX (PaKTOPOB;

2. OmpeneneHue ONTUMAaIBHOTO THIIA IJIaHA SKCIICPUMEHTA,;

3. IlocTpoenue miaHa 3KCIEPUMEHTa C ONPEIEICHUEM IPAHUL] BApbUPOBAHUS
(akTopos;

4. IlpoBenenue SKCIEPUMEHTABHBIX UCCIICIOBAHMIA;

5. PacueT ko3 (pUIMEHTOB ypaBHEHUI perpeccuy;

6. Ompenenenre 3HaYUMBIX K03()(DUIIMEHTOB B YPAaBHEHUSAX PETPECCHUH;

7. IlpoBepka aJJeKBaTHOCTH MOJIYYEHHON MOAEIH.

B pesynbrare sxcniepuMenTa ObliIM BEIOpaHBI clieAyromue GakTopbl:

X, - KOIMYECTBO JHEH OT MOMeHTa 00ydeHus 10 Hadana onpenenenus ITH,
CYT.;

X, - KOJIMYECTBO MMITYJILCOB, INT.;

X, - IIIOTHOCTB SHEPruH, MBT/cM?.

Omnpenenenne IISIH mpoBommiocs Ha ocHOBe J1aOOpaTOPHBIX IMOKa3aresei
BCXOkecTH ceMsiH B iporieHTax (Cenosa, 1982: 115). Jlnst kaxxaoro ¢akropa ObL10
BBINOJTHEHO KOJMPOBAHKE B 33aHHBIX MHTEPBaJIaX BAPbUPOBAHUS U YCTAaHOBJICHBI
HYJIEBbIC YPOBHHU.

x; = (1)

TJIe X, — KOJMpOBaHHOE 3Hayenue pakropa (1, -1, 0);

4
Xj — HaTypaibHOE 3HaYeHHe aKkTopa Ha HEKOTOPOM YpPOBHE;
Xip — HaTypaJibHOE 3HaYeHHe (aKkTopa Ha HYJICBOM ypPOBHE;

4i — uHTEpBAN BAPHUPOBAHMSL.
Kaxnpiii paxrop u3MeHsieTcs Ha JIBYX YPOBHSIX: BEPXHEM (+) U HIKHEM (-).

Tabmuua 1. YpoBHH BapbupoBaHHs (GaKTOPOB

YpoBHH BapbUPOBAHUS 00603Ha-
daxrtop Emuinua | gaxropos yeHue
H3MEpeHHs 1 To 1 2

KonyecTBo JHEl 0T MOMEHTa 00Ty deHHUs o 3 9 15 6 X1
110 Havyana onpenenenus [151H
KonudecTBo uMIynbcoB TBIC. IIT. 2 5 8 3 X2
[InoTHOCTB SHEPrUN MBT/cm? 0.5 3.25|6 2.75 | X3

MO,Z[GJ'IL BTOPOTI'O NopsAAKa OIPEACITIACTCA BbIPAXKCHUCM!

— n n n 2.
¥ = bo + Xis1 bix; + X =1 bijxix; + Xiq bixi%; 2)

Koaddurmentsr perpeccun Kaxmoro ¢Gakropa Ha OCHOBE IIPOBEICHHBIX
IKCIIEPHUMEHTOB PACCUHUTHIBAIOTCS MO (OpMyIIam:
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Zu=1Y 3
bO — Zu 1 u; rB > ( )
OmmbKa dKCIIepUMEeHTa pacCYUThIBACTCS 110 hopmyIe:
2
2 _ S “
b T yx2”’
mu
rJe sé — OmMOKA DKCIIEPUMEHTa, KOTopasl paBHa!
2 _ 1 No |
SO - No—1 k=1 (5)
No — xonuyecTBO SKCHEPUMEHTOB B IIEHTPE IUIAHA.
Hucnepcun ko3(hUIHEHTOB PETPECCHU:
2 2 2 2
2 50, .2 So 2 S0 2 So
Shy =~ Sh. == ———=23Sh, = =2 Sh, w3 6
0 N ij Z(xiuxju) ii Z(Xl,u) i inu ( )
Pacuetnbie 3HaueHust kputepusi CThIONEHTA OMPEACISIOTCS 0 GOpMyIaM:
Ibil |bij |biil
tip =2t tijp = 2yl tiip = i, (7)
Sb; Sbjj Sby;
IIpU YCIIOBHH 3HAYUMOCTH Kod(DUIMenTOB t; t;; t;; > tr(q, a = 0,05).

Hucnepcus anexkBatHoCTH i1 Kputepust Ouiiepa:
2 __1 yN 2
Sa,q ~ N-I u=1(yu - yu)

Onenounoe 3HaueHne kputepus dunepa onpenensercs o hopmye:

52
F = —aﬂ;
2

npu ycinosuu ajieksatnoctu B, < Fr (q, fans fo).

Jyi1 MmaTeMaTH4eCcKOl MOJIeTTH BUJIA!

YVi = BO + Blzl + BzZz + B3Z3 + B]_zZ]_Zz + 313Z123 + Bz3Z2Z3 +
+ 311212 + 822222 + B33Z32(10)

3aBUCUMOCTH OT KaXXI0T0 (DaKTOpa MpeACTaBICHBI Ha PUCYHKaX 3, 4, 5.

10
Mocearsie
KS2Cman /

168 7
ceman, 5%

sixl) S0

? i i3 i3
x| Komuyecmee dred om odmyvwenus
do Havwana onpedeseqHun [TAH, Aru

Puc. 3. I'paduk 3aBucumoctu x1. 3aBucumocts [15IH, % oT KommuecTBa AHEH ¢ MOMEHTA
obydeHus 10 Hauana onpenenenus [LTH.
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125
Macpars-g AN

kouecmeg! & \
ConiRH, % \1

s({=2h 105 %
110 \\_ |

105

500 %107 15<10°
o Komusecmee
LA Y ABC0E, LU,

Puc. 4. I'pacuxk 3aBucumoctn x2. 3aBucumocts [ISIH, % ot xonudecTBa HMITyIbCOB, IIT.

13
MoceaHbe
Kguecmea
CeMAH, % 110

o[ x1)
100 N /
. ,ﬂ""
» F i 4 (]
w1 [TAemHOCTS 3Hepeul,
wBmsom”

Puc. 5. I'paduxk 3aBucumoctu x3. 3aBucumocts [ISIH, % ot ninorHocTy sHepruu, MmBt/cm?.
2 2

B pesynbrare mpoBeieHuS MOTHOTO (PaKTOPHOTO IKCIIEPUMEHTA ObUTH Hali ICHBI
onTUMaNbHBIC 3HaYCHMS mapaMmeTpoB (Buhler, 1997: 498):

- KOJJMYECTBO AHEW ¢ MOMeHTa oOmydenus 1o Hadana onpenenenus [IS1H — 8,47
CYTOK;

- KOJTMYECTBO UMITYIbCOB — 1931 mmit.;

- TUIOTHOCTH 3Hepruu — 3,25 MBT/cm>.

beum momyuens! Tpaduku 3aBucumoctd u3Mmenenus I[ISIH or mmorHocTH
SHEPTHH, KOJMYECTBA UMIYIHCOB M KOJIMYECTBA JHEH C MOMEHTa OOydeHHs 10
Havana onpenenenus [TSH.

Pesyabrathl necaenoBanmii M Ux odcysxaeHue. Lenpro sKCciepuMeHTaTbHBIX
WCCIIEZIOBaHUI OBUIO OIpeaeNieHne TapaMeTPOB DPEXUMOB TPENINOCEBHOTO
Ja3epHOTO  OONy4YeHHsS CEeMSH IMOJCOJHEYHHKA, KOTOpble 00ecTednBaoT
MaKCUMAJIbHBIA CTUMYIHPYIOHIHH 3(h(eKT Ha Ka4eCTBO CeMSH P MUHIMAIEHOM
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SHEPronoTpeOICHNH ¥  MaKCUMallbHOM  BO3MOXHOW  TPOHM3BOJIUTEIHLHOCTH
(Ceperuna, u ip., 1977: 512). UccnenoBanus mpoOBOAUINCH HA CEMEHAX MaCITHUHBIX
KyJIBTYp, 3aHUMAIOIINX HanOONIbIIUE TUTOMIAIU Ha TeppuTopun Kazaxcrana (copt
«I'ubpuny). CemeHa COOTBETCTBOBAIHM IEPBOM PEMPOAYKIUU IO TIOCEBHBIM
KauecTBaM.

Jis momydeHus CeMsTH C TOHUYKEHHBIMU [TOCEBHBIMU Ka4€CTBaMH UCTIONH30BAaJICs
W3BECTHBI METOJ MCKYCCTBEHHOTO CTApEHHsI, C IEJIbI0 HAXOXKICHHS I HHUX
ONTUMAJIBHBIX PEKUMOB TPEANIOCEBHOTO oOmydeHus. OmnpenencHne MOCEBHBIX
Ka4eCTB CEMSH MPOBOAMIIOCH JUIS AKCTIEPUMEHTAIBLHBIX IMAPTHHA 0 OONydeHUs, a
TaKKe Mmociie 00Iy4eHus ¢ MOCIeAYIOIIeH SKco3uIueii 6-7 nHeit. Bo Bcex cimyuasix
OTIpeNIeIICHNEe MTOCEBHBIX KAUEeCTB BHIMONHAJIOCH 110 CTaHIAPTHOW METOIUKE, MPHU
ATOM MPOpANIUBAHUE CEMSIH BCEX KYIBTYp OCYIIECTBISUIOCH INPH TeMIIeparype
20-30°C mHa cBery mo MeTomy «Ha Oymare». Mcmonb3oBanuch OyMakHBIC
canderku, MpoBepEeHHBIE HA COOTBETCTBHE ITOKA3aTEISIM KAIMJUIIPHOTO MOIheMa,
KHCIIOTHOCTH | 30JbHOCTH. B KakJI0M ciiydae oTOMpanuch Mpoosl B 2 MAPTHH 110
30 cemsn (Igamberdiev et al., 2014: 295).

[Ipumensnacy JaboparopHasi yCTaHOBKA THIA BOJOKOHHO-ONTHYECKOTO
nmpeoOpazoBareisi «TOYKa-JIMHUS) € TPEPHIBAIOIIMM  YCTPOWCTBOM  THIIA
o0TIOpaTopa ¢ TOCTOSTHHOM CKOPOCTHIO BpalieHusi. OTHOCHTEIhHOE TIepeMeIeHue
npeoOpazoBarenst u 00pabaThIBAEMOr0 Marepuajia OCYHIECTBISIIOCh B OTHOM
HamnpaBJICHWN, YTO 3HAYWTEIBHO VYIPOINAJI0 KOHCTPYKIIUIO ¥ IOBBIIIANO €e
HaZe’)KHOCTh. OCHOBOW JaHHOTO YCTPOHNCTBA SIBIISIETCS MUKPOKOHTPOJUIED THIIA
Atmel AT90S2313.

Jis olleHKH 3aBUCHMOCTH TIoceBHBIX KauecTB ceMsH (I[ISIH) ot mapamerpos
UMITYJIbCHOTO TIPEIIIOCEBHOTO OOMy4YeHHsI OBLI MPOBEJEH IONHBINA (haKTOPHBIN
skcniepumenT (JIpxarkuit u bBypraprt, 1994: 320).

Br1Opansb! (hakTophl BApbUPOBAHUS:

X] - KOJHUYCCTBO ,I[Heﬁ OT MOMCHTa O6J'Iy‘leHI/I$I A0 HavaJla ONpCACIICHUA

TIOCEBHBIX KauyecTB CEMSH, CYTOK; X , - KOJHMYECTBO HMIIYIIbCOB, IIT.; X ;-
IJIOTHOCTh 3HEPTUH, MBT/CM?.

Bruta mocTpoena MaTpuIa ruiaHa Juisl IOJIy4YeHHOTO YPaBHEHUSI PETPECCHH:

Vi = By + B1z1 + ByZy + B3z3 + B1,217 +

+ By321Z3 + By32,25 + B1121% + Byy2,% + B332z3°

ITocne ompenenenns Kod(h(OUIMEHTOB MMOJMHOMHAIBHONW PETPECCUU  TI0
kputeputo CThIOIEHTa OBLIO MOTYYEHO YPaBHEHUE ITOBEPXHOCTH BTOPOTO OPSIIKA!

y; = 31,462 + 4,137z, + 1,969, + 1,125,z +
+23,50522 + 19,23722 + 19,914z2

AJIeKBaTHOCTH MOJIEH ObIIa MPOBEpPEHa ¢ ToMOIIbI0 KpuTepus durmepa.
PacmmdpoBanHas HeMMHEWHAS MOIETH> UMEET CIICAYIOIIHIA BHI:
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y; = 125,63 — 11,063x; — 0,02x, — 17,545 + 0,00021x,x; +
+0,653x% + 0,000005x2 4 2,63x2

B pesynbrare npoBesieHHs TOJHOTO (DaKTOPHOTO SKCIIEPUMEHTa ObUTH HalIeHBI
ONTUMAaJIbHbIE 3HAYEHUS TapaMeTpPOB:

- KomnuuecTBo anel ot o0myueHus 1o Hayana onpenenenus [ISIH — 8,47 cyTok;

- KonmnuectBo umnynscoB — 1931 mt.;

- [InotHOCTH SHEprum — 3,25 MBT/cMm?.

Boutn monyvensl rpaduku 3aBucumocTu uaMeneHust [ISIH ot mmorHocTn
SHEPTUH, KOJMUYECTBA UMITYJIbCOB U KOJIIMYECTBA JTHEH C MOMEHTa OONyYeHHUs 10
Hayana onpenenenus [IAH.

3axuouenne. B pabote npeyioxeHo penieHue HayYHOH Mpo0OIeMbl OBBIIICHHUS
3QPEKTUBHOCTH MPEANOCEBHOIO HMITYJIbCHOTO JIa3epHOTO OOIyYeHHs CeMsH
MOJICOTHEYHMKA. Ha 0CHOBE MPOBEIEHHBIX IKCIIEPUMEHTATIBHBIX U TEOPETUUECKUX
HCCIIEZIOBAaHUI MOXKHO CJIeJIaTh CIIeIyIOIINe OCHOBHBIE BBIBOJIBI:

1. JIng yBenmueHus ypoxaiHOCTH MOJICOTHEYHHUKA 1IE€IecO00pa3HO MPUMEHATh
MPEANOCEBHYIO CTUMYISIMIO ero ceMsH. Hambonee MepCreKTUBHBIM METOIOM
TakOW CTHMYJISALMHU SBISICTCS HMMITYJICHOE J1a3epHOe OONy4YeHHE B KPacHOM
CBETOBOM JMaria3oHe ¢ JTUHOM BosHbI 630-680 HM, KOTOpOE uepe3 HUTOXPOMHYIO
CHUCTEMY CEMEHH OKa3blBaeT CTUMYJHUpYIOIIee BO3/IE€HCTBHE HAa €ro IOCEBHBIE
Ka4eCTBa.

2.B pesynbrare mpoBeneHHS MOIHOTO (aKTOPHOTO OKCIEPUMEHTa ObuIN
OTpeielIeHbl ONTUMAJIbHbIE 3HAU€HUS TapaMeTPOB:

— KOJIMYECTBO JAHEH OT MOMEHTa oOMy4eHus: 10 Hadana onpenenenus [TSH —
8,47 cyToK;

— KOJIMYECTBO UMITYIbCOB — 1931 mit.;

— IUIOTHOCTB dHepruu — 3,25 MBt/cm?.

Boutn  mocTpoeHsl TpaduKH, TO3BOJSIONIME ONPEACIHTh 3aBHCHMOCTH
n3menenust IISIH or minoTHOCTHM 3HEpPruu, KOJIMYECTBA UMITYJIbCOB M JHEH OT
MOMEHTa 00JTy4eHust 10 Hayana onpeaenenus [ISH.

3. [IpuMeHeHHEe YKa3aHHBIX PEXKHUMOB OONyYeHHsI [O3BOJISIET YBEIUYUThH
[I5IH 1o ypoBHA 1-it penpoayKIuu i CEMsIH, COOTBETCTBYIOIUX 2-My YPOBHIO
penponykiuu no ucxomgnomy IISIH, a tarxke moswicuth IISH mo ypoBHs 2-ro
KJjacca JUIs ceMsH, yed ucxoansiil [ISIH Huxe ypoBHs 2-it penpoaykuuu Ha 15-
20% mo JIB.

4. YCTaHOBIIEHO, 4YTO JUIS pealu3ald YKa3aHHBIX PEXHMOB OONy4YeHHUs
Haubolee 11en1ecoo0pa3HO CO3JaHUE YCTPOMCTBA B BUJAE JIA3€PHOIO BOJIOKOHHO-
OIITHYECKOTO MpeoOdpa3oBarelisi C MPEephIBAIOIIUM yYCTPOHCTBOM OOTIOPATOPHOTO
THUIIA C TOCTOSTHHON CKOPOCTBIO BPAILLIECHMUSL.

5. IIpemyoskeHa KOHCTPYKLUS JIa3€PHOTO YCTPOWCTBA M pa3paboTaHa cucTeMa
yIOpaBlIeHUs WMIyJbcaMH Ha ocHoBe mmaroBoro jsurarens J(IIN-200-1 c
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MHUKPOTIPOLIECCOPHBIM YIPABJICHUEM, 00€CIIEUNBAIOIIAsi TOYHOCTh MEPEMEIICHNUS
W3TyYaTesisi ¢ MOTPEeIHOCThIO He Ooiiee 4% OT BeTMYMHBI [1ara 0e3 ee HaKOIJICHHU S
W TIO3BOJISIIOIIAsl Peajn30BaTh paHee OOOCHOBAaHHBIC PEKUMBI IPEIIOCEBHOTO
00JTy4YeHHUs CEeMsIH.

6. DKCTIepUMEHTAJIbHbIC UCTIBITAHUS Pa3padOTaHHOTO YCTPOWCTBA MOATBEPININ
ero a¢dexruBHOCTS A5 noBbieHus [ISTH, npu 3ToM yporkaliHOCTB MOMTyYEHHBIX
pacTeHni yBenMuuBaeTcs Ha 6-9%, 4TO MO3BOJIAET PEKOMEH/IOBAaTh CHHKEHHE
HOPM BbIceBa 00paboTaHHBIX ceMsH Ha 4-8%.

[lepcneKTHBHBIM HaNpaBiCHUEM SIBJISCTCSl HCIIOIBb30BAaHHE pa3paboTaHHON
CHCTEMBI JUJISI OTIpeICJICHHSI ONITUMAIIBHBIX METOJI0B 00PaOOTKH CEMSH Pa3InIHbIX
CEIIbCKOXO3HCTBEHHBIX KYJIBTYD.
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Abstract. In an era marked by rapid technological evolution, especially
within cloud computing and container orchestration, the security of systems like
Kubernetes is paramount. In this study, we investigate the security architecture of
Kubernetes, emphasizing both its strengths and vulnerabilities. We analyze the core
components—such as the master node and worker nodes — highlighting their roles in
maintaining scalability and resilience in containerized environments. Our research
further explores the various security challenges, including misconfigurations and
vulnerabilities identified in recent CVEs (Common Vulnerabilities and Exposures),
and the potential impact these issues have on Kubernetes deployments. A significant
portion of the analysis is dedicated to recent developments in Kubernetes security,
such as the introduction of Kubernetes 1.29 and the Kubernetes Gateway API.

A critical part of our analysis is the comparative evaluation of security tools,
including Kube-bench, Sonobuoy, and Kube-hunter. These tools are assessed based
on criteria such as usability, customization options, performance overhead, and
integration capabilities. Our findings suggest that while these tools provide essential
security features, there is still a gap in comprehensive, automated solutions that can
address the dynamic and complex nature of Kubernetes environments.

The study offers valuable insights into the current state of Kubernetes security
and suggests future directions for research, including the development of Al-driven
security solutions that can proactively detect and mitigate threats.
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AnHoOTanus. BynaTTH ecenreyinep MeH KOHTEWHEpPIEpi OpKeCTpallusIay/IbIH
KapKbIHJIbI TaMbIFaH 19yipine Kubernetes cussk Tk yHeIep IiH Kayirnci3airi Oipinmri
opeiHIa Typansl. by 3eprreyne 613 Kubernetes-TiH Kayinci3mik apXUTEKTypachIH,
OHBIH KYIITI >KOHE 9JICi3 JKaKTapblH 3epTTeiimi3. bBbi3 Herisri KoMIIOHEHTTepai
— Mactep (master node) koHE >KYMBIC HomTapwlH (worker nodes) Ttammait
OTBIPBIIL, OJAP/bIH KOHTCHHEPJICHICH OpTaja MacIiTa0Taly MEH OPHBIKTHLIBIKTHI
caKTayJarbl pelliH alKbIHIAHMBbI3. 3epTTey OapbIChIHAA KOH(UTYpanusiIapablH
karemikrepi MmeH coHrbl CVE (Common Vulnerabilities and Exposures) apKpiist
AHBIKTAJIFAH OCAIJIBIKTAD CHAKTHI KayilCi3IiK KUBIHABIKTAPbl KapacThIPbLIA/IbI,
coHpaii-ak 0y macenenepi Kubernetes opraceiHa acepi TanmaHapl. 3epTTeyaiH
MaHbI3/IbI 06iri peringe, Kubernetes 1.29 sxone Kubernetes Gateway API cusikTsl
KayiTCi3IiK caJaChIHIAaFbl COHFBI )KETICTIKTEP TaTKbUIAHAIEI.

biznin TamnayeiMe3IbiH  MaHbAB  Oeiiri Kube-bench, Sonobuoy xoHe
Kube-hunter cusikTbl Kayilci3aiK KypaJapbIHbIH CaJbICTBIPMAJIbl OarajaHybIHA
apHananbl. bynm Kypamgap KomalnbuiblK, OanTay MYMKIHJIIKTEpi, ©HIMILTIKKE
ocepi JKOHE MHTErpalysuiay MYMKIHIIKTEPl CHSKTBI KpUTEpHiiep OOHbIHIIA
OaramaHagbl. 3epTTEY HOTIDKEIEPi KOpCeTKEeHIeH, OVIT Kypamap HeTi3Ti Kayinci3aik
(yHKIMSTIApBIH KaMTaMackl3 eTkeHiMeH, Kubernetes oprachiHbIH Kypaemi jKoHE
JMHAMHUKAIBIK TAa0WFAThIH NICNIyre apHAJFaH KENIeHl aBTOMATTaHIbIPBUIFaH
HIeTiMICPAIH KeTicIeynIiiri 0ap.

3eprrey Kubernetes kayinci3airivin Ka3ipri »araaidbl Typaibl KYHIIBI aKnapar
Oepei )koHE Oonanrak 3epTTeysaepre OarbITTap YCHIHAbI, OHBIH ITiHAE KayinTepi
OenceHyi TypJe aHBIKTaI, >KOIOFa MYMKIHJIK OEpeTiH KacaHJbl HMHTEIUICKTKE
HETI3JeNTeH Kayilci3miK MeniMaepid a3ipieyre OarsITTap YCHIHAIBI.

Tyiiin ce3mep: Kubernetes, apxurexTypa, Kayincizgik, MacmradTay,
KOHTEHHEPJICHICH KOChIMILIAIap, KOHPUTypaIus KaTeaiKTepi.
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AHHoTanusa. B 5moxy OBICTPOTO TEXHOJOTHYECKOTO pPa3BUTHS OCOOEHHO
B cepe 00IaYHBIX BBIYUCICHUN M OPKECTpAIlMH KOHTEHHEPOB, OE30MacHOCTH
cucreM, Takux kak Kubernetes, mMeeT mnepBocTenieHHOE 3HaueHHe. B sToM
WCCIIEZIOBAaHUU MBI paccMaTpuBaeM apxXuTekTypy Oe3omacHoctn Kubernetes,
aKIEHTHPysd BHUMaHHE KaKk Ha €€ CHIBHBIX CTOPOHAX, TaK M Ha YI3BHUMOCTSIX.
Mps1 aHanM3upyeM OCHOBHBIE KOMITOHEHTHI — TaKHe KakK IIaBHBIC Y376l (master
node) u paboune y3mbl (Worker nodes), momuepKuBas UX PoOjib B MOAIEPKAHUH
MacImTaOupyeMOCTH W YCTOMYMBOCTH B KOHTEHHEPH30BaHHBIX cpenax. Harre
WCCIIeZIOBaHUE TAK)KE 3aTParuBaeT pa3IndHbIe TPOOIeMbl 0e30ITacCHOCTH, BKITIOUas
HEeNpaBUIbHBIE KOHPUTYpPAIMU U YSI3BUMOCTH, BBIIBICHHBIE B mocnenunx CVE
(Common Vulnerabilities and Exposures), W MOTEHIIHATBHOE BIHSHHE ITHX
poOieM Ha pa3BepThiBaHus Kubernetes. 3HaunTensHas 4acTh aHATN3a TIOCBSIIICHA
MOCJEAHUM JOCTIKEHUSIM B o0OjacTu Oe3omacHocTH Kubernetes, Takum Kak
BBenenne Kubernetes 1.29 u Kubernetes Gateway APIL.

KitoueBbIM »rieMEHTOM HamIero aHain3a SBISETCS CpaBHHUTENbHAS OIeHKa
WHCTPYMEHTOB Oe3omacHocTH, BKIodass Kube-bench, Sonobuoy m Kube-hunter.
OTH MHCTPYMEHTHI OIICHMBAIOTCS HA OCHOBE TaKMX KPHUTEPHEB, KaK yAOOCTBO
WCTIOJIh30BAHNSA, BOZMOXXHOCTH HACTPOIKH, Harpy3ka Ha MPOU3BOAUTEIHHOCTH U
WHTETpaIMOHHbIE BO3MOKHOCTH. Harmm pe3ynsraTsl OKa3hIBaIOT, YTO, HECMOTPS
Ha HAJTM4YHMe BaKHBIX (DyHKIHIA 0€30TTaCHOCTH, CYIIECTBYET Pa3phiB B KOMIUIEKCHBIX
ABTOMATHU3MPOBAHHBIX PEIICHHUAX, CIIOCOOHBIX CIPABIATHCS C AMHAMHUYECKOH M
cnokHOU Tipuponoit Kubernetes-cpen.

WccnenoBanme mpezasmaraeT IeHHbIE WHCANTBHI B TEKyIlee COCTOSHHE
6e3omacHocTr Kubernetes v mpeyraraeT HarpaBIIeHUS 1151 Oy TYIIIX HCCIICIOBAHMIA,
BKJTIOUas pa3paboTKy pemeHnii Oe3omacHocTH Ha ocHOBe WU, crmocoOHBIX
MIPOAKTUBHO OOHAPY)KUBATh M yCTPAHSITH YTPO3BI.
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KiroueBble cioBa: Kubernetes, apxurexTypa, 0€30MacHOCTb, MacIITaOH-
PYEMOCTb, KOHTCHHEPU30BaHHBIC TPUIIOKEHHSI, HETTPaBUIIbHASL KOHPUTYpaLusl.

Introduction. In today’s rapidly advancing digital landscape, the need for robust
and adaptable security measures has never been more critical. With the proliferation
of cloud computing and containerization, Kubernetes has emerged as a cornerstone
technology, offering unparalleled flexibility, scalability, and automation in managing
cloud-native applications. In their comprehensive review, (Senjab, et al., 2023)
describe Kubernetes as an open-source platform that simplifies the deployment,
scaling, and management of containerized applications by automating infrastructure
tasks. However, this evolution has brought about significant challenges, particularly
in ensuring the security and integrity of Kubernetes environments. The primary
goal of this review is to explore the architecture of Kubernetes, identify its inherent
security challenges, and propose advanced methods for mitigating these risks. By
addressing these concerns, our work aims to provide a comprehensive understanding
of how to protect containerized applications and infrastructures effectively.

The problem at hand revolves around the increasing complexity and dynamic
nature of Kubernetes environments, which introduces various vulnerabilities that
could be exploited by malicious actors. Our hypothesis is that by implementing
continuous monitoring, advanced vulnerability management, and leveraging
cutting-edge security tools, it is possible to significantly enhance the security of
Kubernetes deployments. To test this hypothesis, we have conducted an extensive
review of existing literature, analyzed the latest developments in Kubernetes
security, and evaluated various security tools. This study not only synthesizes
current knowledge but also identifies gaps and opportunities for further research,
particularly in the application of Al and machine learning to proactively detect and
mitigate security threats.

Kubernetes Architecture

Kubernetes is architected to provide a highly modular, scalable, and resilient
environment for orchestrating containerized applications across a distributed
network of computers. This section delves into the intricacies of Kubernetes’
architecture.

In the paper, (Karim, et al., 2020) describe Kubernetes as an advanced container
orchestration platform designed to automate the management of containerized
applications. The platform’s architecture is centered around a master-worker model,
where the master node manages the cluster’s state and orchestrates workloads,
while the worker nodes execute the containerized tasks. This architecture, built
on RESTful APIs and a highly modular design, allows Kubernetes to efficiently
manage large-scale, distributed applications.

The Kubernetes architecture is designed to provide a flexible and extensible
environment for deploying and managing containerized applications across a
cluster of computers (Fig. 1).
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Figure 1. The architecture of a Kubernetes cluster

(Vohra, 2016) provides a detailed exploration of Kubernetes’ architecture,
focusing on its integration with Docker to manage microservices efficiently. The
book highlights Kubernetes’ modular and scalable nature, making it a robust choice
for managing complex cloud-native applications.

Master Node: The control plane’s brain, the master node, oversees the cluster’s
state, manages replication, and orchestrates rolling updates. Key components like
the kube-scheduler and kube-controller-manager work in tandem to optimize
resource allocation and ensure self-healing capabilities within the cluster (Thota,
2018). Worker Nodes: Serving as the data plane, worker nodes execute the
containerized workloads. Each node, managed by the master, runs multiple pods
through essential services such as kubelet and kube-proxy. These nodes ensure
that the desired state defined by the master is continuously maintained, providing
resilience and scalability to the Kubernetes environment.

Kube-scheduler. Determines where workloads should run based on what it thinks
is the optimal node. It uses filtering and scoring to make this decision (Rosso, et al.,
2021). Factors taken into account for scheduling decisions include: individual and
collective resource requirements, hardware/software/policy constraints, affinity and
anti-affinity specifications, data locality, inter-workload interference, and deadlines
(Kubernetes Components, 2024).

Kube-controller-manager. Kube-controller is a daemon for self-healing. It is
responsible for noticing and responding when nodes go down. It watches etcd for
changes to objects such as replication, namespace, and service account controller
objects, and then uses the API to enforce the specified state. Kube-controller makes
sure the correct number of replications requested exist in the cluster. For example,
when a user requests of the system to scale the application into ten instances kube-
controller-manager makes sure that if one or more of them go down to spawn
replacements, so that the requested number, matches the actual number of pods and
the application is running on full capacity (Mytilinakis, 2020).
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Cloud-controller-manager. A daemon with similar purpose to kube-controller-
manager, but instead of focusing on components within Kubernetes, it focuses
on maintaining alignment with the cloud platform that is hosting the Kubernetes
cluster. It was originally in the kube-controller manager but because every cloud
provider release at a different pace it became a cloud vendor dependent project that
gave the cloud providers flexibility in the evolution of IT (Mytilinakis, 2020).

Etcd is a highly-consistent, distributed key-value store that hosts the cluster’s
state and the all the API objects. In Kubernetes, objects stored in etcd are solely
accessed through the api-server (Karim, et al., 2020). Etcd leverages gPRC and TLS,
used to store the most sensitive data within a cluster. By default, TLS is enabled
including an optional authentication of the client with a certificate (Mytilinakis,
2020).

Kube-apiserver is the gateway and the glue that connects the distributed
components together. It receives HTTP RESTful requests, validates the objects and
pushes them to etcd. It also provides the front-end to the cluster’s shared state
through which all the other components interact. DevOps can interact with the API-
server either by invoking directly the HTTP API or through a CLI wrapper, entitled
kubectl (Karim, et al, 2020). The primary interaction point for all Kubernetes
components and users. This is where we get, add, delete, and mutate objects. The
API server delegates state to a backend, which is most commonly etcd (Rosso, et
al., 2021).

Kubelet. The on-host agent that communicates with the API server to report
the status of a node and understand what workloads should be scheduled on it.
It communicates with the host’s container runtime, such as Docker, to ensure
workloads scheduled for the node are started and healthy.

Kube Proxy. Implements Kubernetes services providing virtual IPs that can
route to backend Pods. This is accomplished using a packet filtering mechanism on
a host such as iptables or ipvs (Rosso, et al., 2021).

This architecture, while robust, introduces several challenges, particularly in
maintaining security and managing network traffic across dynamic and distributed
environments. The following sections will explore the security challenges inherent
in Kubernetes’ architecture and propose potential solutions to mitigate these risks.

Materials and Methods

In this study, a comprehensive literature review was conducted to analyze
the existing security tools for Kubernetes. The selection criteria for these tools
included their relevance to Kubernetes environments, their popularity within the
community, and their ability to address identified security gaps. The evaluation of
these tools focused on several critical parameters: installation complexity, usability,
customization options, performance overhead, and integration capabilities.

The methodology also included a systematic comparison of these tools against
established security benchmarks such as the CIS Kubernetes Benchmark and the
NIST cybersecurity framework. Additionally, the impact of these tools on the overall
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security posture of Kubernetes environments was analyzed through hypothetical
scenarios that reflect real-world security challenges.

Kubernetes Vulnerabilities

Kubernetes, while offering scalability and flexibility, introduces complex
security challenges, especially concerning vulnerabilities. In the article emphasizes
the importance of securing each deployment layer, from Docker containers to
Kubernetes nodes, to prevent potential breaches (Vohra, 2016). The rise in identified
vulnerabilities, with a 440% increase between 2018 and 2023, underscores the
expanding attack surface and the critical need for continuous monitoring and timely
patching (Kubernetes vulnerabilities in 2023).

For example, Martin and Hausenblas provide a comprehensive analysis of
various attack vectors within Kubernetes, such as CVE-2023-5528, where users
can escalate privileges on Windows nodes, and CVE-2023-2728, which allows
bypassing the mountable secrets policy (Martin, et al, 2021). This analysis
highlights the growing complexity of Kubernetes environments and the necessity
of robust security practices.

Security Tools for Kubernets

Based on the findings from the literature review, we identified a list of essential
security tools that are commonly used in Kubernetes environments. The tools
were categorized into several groups, including image scanning, network security,
runtime monitoring, and auditing. Criteria for selection included the tool’s relevance,
popularity, and coverage of the identified security gaps in Kubernetes deployments.

The security landscape for Kubernetes is vast, with various tools designed to
address specific vulnerabilities and challenges. These tools can be categorized
based on their primary functions within Kubernetes environments (Table 1) (Top
10 Kubernetes Security Tools in 2023).

Table 1 — Categories of Kubernetes Security Tools

Categories Security tools
Kubernetes image scanning and static analysis Clair
Checkov
Security during execution Falco
Kubernetes Network Security Calico
Cilium
Istio
Image sharing and secret management Vault
Kubernetes Security Audit Kube-bench
Kube-hunter
Kubeaudit
KubeLinter
Open Policy Agent
Comprehensive commercial products Aqua Security

Each tool plays a crucial role in strengthening the security posture of a
Kubernetes environment. For example, Kube-hunter is designed to identify
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potential vulnerabilities by simulating attacks within the Kubernetes environment,
making it a valuable asset in preemptively detecting security flaws. On the other
hand, Clair is particularly effective for static analysis and image scanning, helping
to ensure that container images are free of known vulnerabilities before deployment.

As we move deeper into securing Kubernetes environments during runtime,
Falco emerges as a powerful tool that continuously monitors container activity,
detecting anomalous behavior that could indicate a security breach. Similarly,
Calico and Cilium provide robust network security by implementing policies
that control the communication between containers, ensuring that only authorized
traffic flows within the cluster.

Given the critical nature of secret management and image sharing in Kubernetes,
tools like Vault offer a secure method for managing sensitive information such as
API keys and passwords, mitigating the risk of unauthorized access. Additionally,
Kubernetes security auditing tools, including Kube-bench and Kubeaudit, provide
a comprehensive overview of cluster security by assessing configurations against
established benchmarks.

Recent studies have demonstrated the effectiveness of these tools in identifying
and mitigating security risks within Kubernetes clusters. For instance, Alqarni
explored the integration of zero-knowledge encryption within Kubernetes to
enhance privacy and protect against cloud service provider threats (Alqarni, (2023).

Furthermore, Van der Slik and Wiersma evaluated alternative admission
controllers like Gatekeeper and Kyverno, which have been proposed as replacements
for the deprecated Pod Security Policies (PSP). Their research underscores the
importance of selecting the right security tools to maintain a secure Kubernetes
environment (van der Slik, et al., 2021).

In the study (Budigiri, et al., 2021), the authors evaluate performance overheads
of eBPF-based solutions by Calico and Cilium, and analyze the security of network
policies, highlighting security threats to network policies and outline corresponding
state-of-the-art solutions. Their assessment shows that network policies are a suitable
low-overhead security solution for low-latency inter-container communication.

Recent Developments in Kubernetes Security

The security landscape of Kubernetes has witnessed significant advancements
aimed at addressing both existing and emerging threats. These developments
emphasize proactive approaches, enhancing both detection and prevention
capabilities within Kubernetes environments.

One such advancement is the introduction of WARP, a proactive attack
mitigation approach proposed by Bagheri et al. WARP integrates seamlessly
with Kubernetes, enabling the prediction of potential attack paths and triggering
non-disruptive mitigation actions before these threats can escalate. This
approach represents a shift from reactive to proactive security measures, crucial
in maintaining the integrity of Kubernetes deployments (Bagheri, et al., 2023).
Similarly, Dell’Immagine et al. introduced KubeHound, a tool designed to detect
‘security smells’—subtle indicators of potential security issues within Kubernetes
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deployments. KubeHound’s ability to identify issues such as insufficient access
control and hardcoded secrets is vital for maintaining secure and compliant
Kubernetes environments (Dell’Immagine, et al., 2023).

The dynamic and scalable nature of Kubernetes clusters introduces unique
security challenges, particularly in managing network connectivity and enforcing
security policies across containerized applications. Verma emphasizes the necessity
of implementing robust network security policies within Kubernetes environments,
particularly through the integration of Container Network Interface (CNI) plugins.
His research demonstrates how tools like port scanners can identify potential
vulnerabilities, which can then be mitigated through carefully crafted network
policies that enforce secure communication between containers. These insights are
critical for developing a comprehensive security strategy that adapts to the evolving
threat landscape in cloud-based deployments (Verma, 2024).

Understanding and securing the connectivity between microservices in
Kubernetes clusters is critical to maintaining a robust security posture. Bufalino
et al. introduced Kubesonde, a tool specifically designed to analyze microservice
connectivity within Kubernetes deployments. By utilizing a probing methodology
that operates with minimal impact on performance, Kubesonde can reveal dis-
crepancies between declared and actual microservice connectivity, highlighting
potential security gaps. Their analysis of 200 cloud applications demonstrated that
over 60% exhibited connectivity inconsistencies, emphasizing the need for more
stringent network isolation practices in Kubernetes environments (Bufalino, et al.,
2023).

The release of Kubernetes 1.29, named Mandala ( Mandala, 2024), marks a
pivotal advancement in Kubernetes security. This version introduces significant
features like KMS V2 encryption at rest and support for nftables, enhancing both
security and resource management. These updates, particularly the introduction of
sidecar containers and refined access controls, are crucial for bolstering the security
and performance of modern cloud-native applications. These updates are crucial
for maintaining the security and performance of modern cloud-native applications.

Additionally, the Kubernetes Gateway API, now generally available, offers
significant advantages over traditional network ingress controllers, particularly
in terms of flexibility and enhanced traffic management. Joslyn explains that the
Gateway API allows for more precise routing and better integration with service
meshes, which is essential for modern, scalable applications. This development
highlights a shift towards more dynamic and secure traffic management solutions
in Kubernetes environments (Joslyn, 2024).

These developments underscore a broader trend towards more dynamic and
integrated security solutions within Kubernetes. As the platform continues to
evolve, so too must the strategies employed to secure it, ensuring that Kubernetes
remains resilient against both current vulnerabilities and future threats.

Results and Discussion

The comprehensive analysis of various Kubernetes security tools, presented in
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Table 2, provides critical insights into their applicability across different security
needs within Kubernetes environments. Each tool has been evaluated based
on criteria such as installation complexity, usability, customization options, and
performance overhead, which are crucial factors when considering the deployment

of these tools in real-world scenarios.

Table 2 — Comparative analysis of Kubernetes security tools

Criteria Kube-bench Test-infra Sonobuoy | Power- Kubesonde KubeHunter Istio
fulSeal
Primary Security Cluster testing | Confor- Chaos Network Vulnerability Service mesh
Focus compliance (including mance & Engineering | security scanning for micro-
(CIS security) custom policies services
Benchmark) testing
Installation | Easy (local or | Requires Modular, Configurable | Medium Moderate Moderate
Complexity | Docker) Prow CI/CD plugin- via (Kubernetes | (container/ (requires
knowledge based ConfigMap | & network Python source) | networking
security) knowledge)
Usability Simple CLI Sophis-ticated, | Usable, Easy to Designed for | User-friendly User-
with a learning | but custom | configure developers/ CLI friendly,
curve Docker admins with CLI &
image dashboard
needed
Custo- Limited Extensive High, via Configurable | Customizable | Customizable Extensive
mization security plugins custom checks probing scans (internal/ | (traffic/
Options checks plugins scenarios external) security
policies)
Testing CIS Varied Confor- Chaos tests | Probing Vulnerability & | Fault
Scenarios Benchmark (security, mance & (kill pods/ connectivity | misconfiguration | injection,
integration) custom nodes)pods/ | (internal/ scans traffic
nodes external) shifting
Performance | Minimal; tests | Depends on Varies (up Continuous, | Minimal Minimal Minimal to
Overhead selected jobs | to an hour) | configurable moderate
intervals
Integration | CI/CD CI/CD CI/CD Monitoring | Continuous CI/CD Strong
pipelines integration integration | integrations | monitoring integration (CI/CD,
observability
tools)
Reporting Detailed TestGrid Requires Continuous | Connectivity | Detailed reports, | Metrics,
reports dashboard detailed feedback graphs no built-in logs, traces
analysis visualization (Grafana,
etc.)
Security Identifies Security Confor- System Connectivity | Identifies Mutual
Features miscon- testing mance resilience security vulnerabilities TLS, access
figurations scenarios compliance | testing analysis controls
Community | Actively Supported by | VMware- Active, Open-source, | Open-source, Very active,
Support and | maintained Kubernetes supported, | focused active regular updates | frequent
Updates community regularly on chaos community updates
updated engineering

The analysis of Kubernetes

security tools revealed several key insights. While

tools like Kube-bench and Kube-hunter are effective for identifying vulnerabilities
and compliance issues, they have notable limitations. For instance, Kube-bench
primarily focuses on static configuration checks and does not provide real-time
monitoring capabilities. This limits its effectiveness in dynamic environments
where security configurations may change frequently.

Similarly, Kube-hunter, despite its strength in simulating attack scenarios, lacks
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integration with continuous deployment pipelines, which makes it less suitable
for environments with rapid deployment cycles. This tool also has limitations in
identifying complex misconfigurations related to Kubernetes network policies,
which are critical for preventing lateral movement of attacks within clusters.

One significant gap identified in the current toolset is the lack of comprehensive
automated solutions that integrate both runtime monitoring and static analysis.
Most existing tools focus on either one or the other, which can lead to security blind
spots in environments where threats evolve rapidly.

To address these gaps, we propose a framework that combines the capabilities
of multiple tools to create a more comprehensive security solution. This framework
leverages real-time monitoring tools like Falco in conjunction with static analysis
tools like Clair to provide a more holistic view of the security posture. Furthermore,
we suggest integrating these tools with Al-driven threat detection systems that can
predict and mitigate potential security issues before they escalate.

Conclusion

This study highlights the need for a more integrated approach to Kubernetes
security. While existing tools provide valuable functionalities, they often operate
in isolation, leading to potential security gaps. Our comprehensive analysis
demonstrates that current solutions, such as Kube-bench and Kube-hunter, are
effective in identifying specific vulnerabilities but lack the capability to provide
real-time monitoring and proactive threat mitigation.

The primary scientific contribution of this study is the development of an
integrated security framework that combines the strengths of existing tools while
addressing their limitations. By leveraging real-time monitoring tools like Falco
and static analysis tools like Clair, we propose a holistic approach to securing
Kubernetes environments. This framework not only improves the detection and
mitigation of security threats but also offers a structured methodology for selecting
and deploying security tools in dynamic Kubernetes environments.

Future research should focus on refining and validating the proposed framework
in diverse Kubernetes environments. Additionally, exploring the integration of Al-
driven threat detection systems could further enhance the framework’s capabilities,
enabling proactive threat management and automated responses to emerging
security challenges.
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Abstract. The use of a fuzzy model in social processes is an interesting and
promising area of research. The article discusses the use of a fuzzy model in social
processes, as well as issues related to making management decisions using this
model in a state of uncertainty. During the study, criteria for the development of
social processes were developed and possible factors and indicators characterizing
social processes were identified. The article describes the stages of modeling social
processes and provides applicable examples of decision making.

A fuzzy model allows one to take into account uncertainty and fuzziness in
data, which is especially important in the context of social phenomena, where
there are often no clear boundary conditions and factors.The created complex of
fuzzy models, which are used to assess the development of the social sphere of
the region, will allow to correctly characterize the social indicators of the region’s
development at different stages of the decision-making process on social processes.
Fuzzy models make it possible to apply high-quality expert hypotheses on the real
and expected level of development of the region.
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Administrative decision-making in management using a fuzzy model can be
carried out by forming a new approach to creating a structure for presenting the
tasks being solved. Using the approach described in the article, the shortcomings
of the probabilistic approach associated with taking into account uncertainty are
eliminated.

Key words: social process, management decision, fuzzy model, criteria for
the development of social processes, decision-making models, fuzzy set theory,
pair model, factors influencing social processes, hierarchy analysis method, model
using expert assessments, integral assessment model.
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AHHOTanMsA. OJIEYMETTIK MPOIECTepAe OYIIBIP MOAETBIl KOJIJaHy KhI3BIKTHI
JKOHE TIEPCIIEKTUBAIIBI 3ePTTEY cajachl OONbBIN TaObUIaaAbl. Makanana oleyMeTTiK
porecTepe OYIIIBIP MOMIENb/Ii KOJ/IaHy, COHAai-aK OeNTiCi3/iK KaFTaifbIHIa OChI
MOJISJNIB/II TaiilajaHa OTBIPBIN OacKapy MIeIIiMIepiH KaObUIayMeH OaiIaHbICThI
Mocenenep KapacThIphUIaAbl. 3epTTey OapbIChIHAA OJIEYMETTIK TPOIEeCTepIiH
JaMy KpUTEepUIIepl o3iplieHiN, dJIEyMETTIiK MPOIeCTep/Ii CUMIATTAUThIH BIKTHMAI
(baxTopiap MEH KOPCETKIIITEp aHBIKTAIbI. MaKkanaja COHBIMEH KaTap 9JIeyMeTTIK
mporecTep/i MOACTbJCY KE3CHACPl CHMATTANFaH OHE IICHIM KaObUIIayIbIH
KOJIZIAHBIIATBIH MBICATIIAPHI KEATIPLITCH.

Bynneip Moznens aepekrepieri Oenrici3/ik MeH aHBIK eMECTIKTI eCelKe alyFa
MYMKIHAIK Oepemi, Oy ocipece HAKTHI IIEKapalbIK IIapTTap MeH (akroprap
KU1 OOJMAaWTHIH QJIEYMETTIK KYOBUTBICTAD KOHTEKCTIHJE MaHBI3Ibl. AWMaKTBHIH
QNIEYMETTIK CaJaChIHBIH JIaMyblH OaFanay YIIiH KOJJAHBIIATBIH  OYJIIBIP
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MOJIENBJIEP/IiH KYPBUIFaH KeIeH] oJIEyMETTIK MPOIECTeP Typabl HISTTiM KaObl1iay
YAEpICiHIH opTYpIIi Ke3eH IepiH/ie aliMaK JIaMybIHBIH QJIEYMETTIK KOPCETKIIITEPiH
JYPBIC CHIIATTayFa CENTIriH THri3ei. Byiabip Monenbaep aiiMak JaMybIHBIH HAKTBI
’KOHE KYTUICTIH JeHTeil TypaJibl )KOFaphl camalibl capanTaMajblK THIIOTe3aaap bl
KOJIJITaHyFa MYMKIiHIIK Oepe/ti.

Bynneip Monenbi maiiganaHa oTHIPHII, OacKapyaa OKIMIILITIK MIENTiM KaObuIaay
MICTIETiH MIHACTTEP1 YChIHY KYPBUIBIMBIH KYPY/IBIH )KaHa TOCITIH KAJIBINTACTHIPY
apKBUIBI XKY3ere achpbLIybl MYMKiH. Makasiaza cumaTTaifaH TOCUIIl maiganana
OTBHIPBIN, OENTICI3MIKTI ecernke ajayMeH OalIaHBICThl BIKTHMAJJIBIK TOCUIIIH
KEeMIIITIKTeP1 JKOWBLIA/IbI.

Tyiiin ce3mep: oneymerTik mporecc, 0ackapy IIelIiMi, aHbIK €MeC MOJEIb,
QJIEYMETTIK TMPOLECTEP/IiH AaMy KpUTEepHUilIepi, IIenriM KaObuimay MOJeNbaepi,
aHBIK €MeC XHMBIHAAP TEOPHSCHI, XKYNTHIK MOJEIb, AIEYMETTIK HpoLecTepre acep
eTeTiH (QaxTopiap, HEpapXUsUIBIK Taljaady oJici, cCapamnmIbUIbIK OaFajayiapabl
KOJIIAaHATBIH MOJIEITb, MHTETPAIIbI Oaraiay MOJIEIi.
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AnHoTanusi. Mcrnons3oBaHue HeYeTKOW MOJIENIM B COLMAIBHBIX Ipoleccax
NpeAcTaBiIseT coOOH MHTEPECHYIO M NEPCIEKTUBHYIO 00JacTh HCCICIOBAHHM.
B craree paccmaTpuBaeTcsi MCIONB30BaHUE HEUETKOM MOJETH B COLMAJIBHBIX
mporeccax, a TakKKe BOINPOCHL, CBS3aHHBIC C MPHUHATHEM YNPaBICHYECKUX
peLICHU ¢ MCIOJIB30BAaHUEM 3TOM MOJEIH B COCTOSIHUM HeolpeaeiIeHHocTH. B
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XOJIe UCCIIEIOBaHUS pa3pabOTaHbl KPUTEPUH PAa3BUTHS COIMAIBHBIX MPOIIECCOB U
OTIPEJICIICHBI BOBMOKHBIC (PaKTOPHI U IIOKA3aTEIN, XapaKTEPU3YIOIINE COITHATHHBIC
mnpouecchl. B cTaThe OMHUCHIBAIOTCS ATambl MOAEIUPOBAHUS  COLIMATBHBIX
MIPOLIECCOB, MPUBOIATCS IPUMEHUMBIE IPUMEPBI IPUHITUS PELICHUI.

HeueTkass Monmenp MO3BOMSET YUHUTHIBATH HEOMPEACICHHOCTh U HEUYETKOCTh
B JIaHHBIX, YTO OCOOCHHO Ba)KHO B KOHTEKCTE COIMANBHBIX SIBICHUH, T/Ie 4acTO
HET YETKUX TPAaHWYHBIX ycIoBUHM U (hakTopoB. CO3MaHHBIN KOMITIEKC HEYETKUX
MoOJIeJiel, KOTOpbIE HUCHONB3YIOTCS I OICHKH Pa3BHTHS COIHMAIbHOU chepbl
pPEruoHa, II03BOJIMT KOPPEKTHO XapaKTEpU30BaTh COLMAJIBHBIE ITOKA3aTEIU
Pa3BUTHS PETUOHA HA PA3HBIX ATAlax Mpoliecca MPUHSITHS PEIICHUN O COITUATbHBIX
npoueccax. HeueTkne Monmenu AarOT BO3MOXKHOCTb IMPUMEHSITH KAYECTBEHHBIE
AKCIIEPTHBIE TUIIOTE3hI O PEaTFHOM U MPEATIoaraéMoM YPOBHE Pa3BUTHS PETHOHA.

[IpunsiTue ynpaBleHYECKUX PEUICHUH B MEHEIKMEHTE C HCIOJIb30BAaHUEM
HEYCTKOH MOJIEIM MOXKET OBITh OCYIIECTBJICHO MyTeM (OPMHUpPOBAHUS HOBOTO
MOJIX0/1a K CO3IaHUIO CTPYKTYPBI IS IPEACTABICHUS peliaeMbIX 3aa4. C MOMOIIbIO
ONMCAHHOTO B CTaTh€ MOAXOJA MOXHO YCTPAHHMTh HEJOCTATKH BEPOSITHOCTHOTO
MO/IXO/1a, CBS3aHHBIC C YUETOM HEOMPEICICHHOCTH.

KuroueBble ¢Jji0Ba: COLUUMAIbHBIA MPOLECC, YIPABICHYECKOE PEILICHUE,
HEYETKASI MOJIEITh, KPUTEPHUH PAa3BUTHS COITUATBHBIX MTPOIIECCOB, MOCIIH MPUHSATHS
pelIeHuH, TeOpHus HEYSTKIX MHOXKECTB, ITapHask MOJIeITb, (DaKTOPBI, BIUSIOIINE HA
COLIMAJIBHBIE ITPOLIECCHl, METOJ| aHAJIM3a HUEpapXui, MOJEIb C HCIOJb30BaHUEM
AKCIIEPTHBIX OLIEHOK, MOJICIb MHTETPAILHON OLICHKHU.

Kipicme. Kazipri Kaszakcran korambl oiieMjie OOJBIN KaTKaH >kahaHJbIK
e3repicTepre cail aamyna. Jlamy Tapuxbl KOFaMJIaFbl HApPBIKTHIK ©3repicTepMeH
JKOHE aKMapaTThIK TEXHOJIOTUSHBIH JaMybIMEH OalIaHBICTHI.

By mocerneHi kKa3ipri 3aMaHFbI KOIITETeH FaIbIMIAp 3epTTEYMEH aifHaJbICY/Ia,
Mmbicanbl, M. Kacrtemic o3 eHOeKTepiHIE HAKThl BHUPTYAIJBUIBIKTHIH KaHA
MOJICHHMETI TMaija OOJNFaHBIH aWTadbl. «...JJICKTPOHJBIK KOMMYHHUKAIUsIAP
KaHa MOJIEHHETTE KAXKETTI KOPIHIC Kypajbl OOJBIN TaOBUIAIBI, ajl aKmapaTThIK
KOFaMHBIH 0achiM (DYHKIMsUIApbl MEH KYHIBUIBIKTAPhl aKIapaTThIK arblHaapa
yitermpacteipeiran» (Bponesuu, 2022). Koram akmaparTblH KOJDKETIMALIIr
MEH JKECIIITI, dJIEYMETTIK KAKTHIFBICTAp MEH OQJIEYMETTIK YHBIMHBIH IOCTYPII
(hopmaiapblHaH KUBIH]IBIKTAPBIH TYBIH]IAY bl CUSKTHI KACUETTEPMEH CUITATTaIIa]Ibl.
Backapy mporieciHie akmapar anMmacyibl TEXHOJIOTHSUIAHIBIPY MOJCIbACYII
KO3/ICH 11, aJl 9JISyMETTIK MPOIeCTePIe MISHTIM KaObUIIay IbIH OYJIIbIP MOJICIIbACPIH
KYpY Ka3ipri 3aMaHHBIH ChIH-KaTepIIepiHe KAKETTI xKayarl OOJIbIT KepiHeTi.

MyHpaail KUBIHABIKTAp aKMapaTThIK KOFAMHBIH OipereiTiriHiH canmapsl OOBIT
TaObLIA/Ibl, COHJBIKTAH JOCTYPJi KOFaMfa TOH MpoOieManapiaH alTapiibIKTai
epeKIIeNieHe . brmik KaTeiHacTaphl calachIHAaFEl aKMapaTTHIK KOFaM YIMiH ipreii
(hakTop aKmapaTThIH KOJKETIM/IUTIT MEH ©3CKTUIIr OOJIBIN Ta0bLIaIbl. OJCYMETTIK
MporecTepe MmenrM KaObuiaayna OYIIABIp MOIENbIEP/IiH TeHepalusichl Ka3ipri
3aMaHHBIH CBIH-KATepliepiHe MAaHbI3/Ibl JKayar OOJbIIN ThIOBUIAIBI, COHJBIKTAH
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Oackapy MpoLeciHIe akKmapaT ajiMacy TEXHOJOTHSICHl CHUMBOJIABIK MarbIHAHbI
oinmipesni.

Kazakcranaplk Koramaa OoJbII KaTKaH HAPBIKTHIK ©3TepicTep MEHEIHKMEHTTIH
KYPBUIBIMJIBIK OaiilaHbICTapbIHAH KopiHic TanThl. Ke3 kenren 0acka TypieHaipyiep
CHUSIKTBI, Oip KOHOMHKAJBIK JXYHEJCH SKiHIIICIHe KOIly aKiapar aFbIHIapbIHBIH
Makpo, Me30 OHE MHKPO JeHrewiepiHaeri ysumictepmed xypemi. «Twimmi
Oackapy» TYCIHITIH OaFamay YIIiH OpPTYpJi THUIOTE3ajap aifa TapThUIbl. byi
MOCEJNICHI 3epTTey VINIH KaTaH HapbIKTBIK 3aHJApAblH ocepi JKarnaiblHIa
IIenriM KaObIIIayIbIH FRUIBIMU HETi31H KaMTaMachl3 €Tyre apHajFaH oJIEyMEeTTIiK
MIPOIECTEPl MOJEIBICY/IIH dliCHAMAIBIK HETI3/IEpPiH KapacThlpy KaxeT. [lemek,
MOJICTIbICYIH OacTankbl aJfbIIAPTTaphl 9JICyMETTIK-3KOHOMHUKAIBIK JaMYIbIH
Y3aK Mep3iM/Ii CTpaTerUsIChIH KOHE OJap bl XKEIUTIK KYPhUIbIMAA XKY3Ere achbIpyIbIH
BIKTUMaJI OayiamaniapblH d3ipreyre OarbiTTanybl kepek. CoHpaii-ak HapbIKTHIK
KOHBIOHKTYpaJaFbl O€NTiCI3MiK JKaFAaiblHIa TMalija OOoJaThlH OIEpaTUBTIK,
TaKTUKAJIBIK BIKTUMAJIIBIKTAp MEH MYMKIHAIKTEP1 €CKEpy KaXkKeT.

Koramapl 3eprreyae oneyMeTTiK TOCUIAl KOJNAAaHY OHBIH KYPBUIBIMBIH,
JUHAMHUKAChl MEH JaMYbIH aKChl TYCIHyTe, OHBIH KbI3MET €TYiH aHBIKTaWTBhIH
HET13T1 3aHIBUIBIKTAp MEH TEH/ICHIUSUIAp/Abl aHBIKTayFa MYMKIHAIK Oepemi. by
TOCII QJIEYMETTIK MpoLecTep MEH KYOBUIBICTap/bl TEPEH TalgayFa KeMEeKTeceIl,
COHJIali-aK QJIEyMETTIK casicaT TeH dJIEyMETTiK OacKapyabl KEeTUIipy OOWbIHIIA
YCBIHBICTAp 33ipiey KypangapbiH ycbiHaas! (bmomun, 2017).

MarepuaJizap MeH dticTep. OJIeyMeTTiK MPOLEeCcTep i Y3AiKCi3 e3repir, JaMblIl
OTBIPATBIH AMHAMHKAJIBIK OOBEKTIIEpP PETiHIE TYCiHY QJI€yMETTaHy FhUIBIMBIHIA
MaHb3IBI 00JbIT TabbuTa B! T. [JapcOHCTHIH aNeyMEeTTIK KyHenepaeri e3repictep
TYpPJIEpi TypaJibl TEOPHUSICHI OCHI AMHAMHUKAHBIH MaHBI3bI aCIIEKTUIEPiH KepceTei
(JIebenera, 2019). XKyiie KYpBUIBIMBIHBIH ©3TepyiHE OKEIMEHTIH e3repicTep/iH
OipiHII TYpiH OJIEYyMETTIK MPOILECTEP/IiH KBI3MET eTYiHIeri e3repicTep Jen
caHayFa Oosajel. by e3repictep HeTi3iHEH CaH/BIK aCIEeKTUIEPMEH CUITaTTalaIbl,
MBICAJIbI, XKYHeaeTi 3JIeMEHTTEP/IH KONTIrl, KapKbIHABUIBIFBI HEMECE TapalybIHbIH
e3repyi. MbIicanaap >KyMBICIIEH KaMTY JICHT€HiHIeT1 ©3repicTepii, 1eMOTPaQUsLTBIK
YpIicTepAi Hemece SKOHOMHUKAJBIK ©CIMIETi e3repicTepiai KamTuisl. Kyiie
KYPBUIBIMBIHBIH ©3repyiMeH OalIaHbBICThl ©3TepiCTep/IiH eKiHII TYpi JIeyMEeTTIiK
MIPOIECTEPAiH AaMy IpolecTepin Oimmipeni. byn e3repicrep KyHIBUIBIKTAP/IBIH,
WHCTUTYTTApbIH, OJIEYMETTIK POJACPIiH XKoHE aJaMaap apachblHAAarbl KapbIM-
KaTbIHACTApAbIH ~©3repyl CHAKTbI JKYHWEHIH 63 KYpPBUIBIMBIHBIH —CallajbIK
e3repicTepiMeH cumarranaabl. MyHIall e3repicTepre MpICa PETIHJIE QNIEYMETTIK
peBommoLMsUIap, cascu JKyHemeri esrepictep, MOJCHU TpaHchopmauusiap xKoHe
QJICYMETTIK CTpaTu(uKalMsaFbl ©3repicTep jKaTabl. ©3repicTepiH 0Chl €Ki TYpiH
XKBIpaTy QJIEYMETTIK XKYHelep MeH MPoLeCcTepAiH JUHAMUKACHIH XKaKChl TYCIHyre
MYMKiHAIK Oepeni. JlerenMen, Oy €Ki Typlieri e3repicTep skui e3apa OaiIaHbICTHI
CKEeHIH €CTe YCTaraH >KeH, ajl OHBIH OPEKeT eTyIHJeri e3repicTep KYpbUIBIMHBIH
e3repyiHe oKellyi MyMKiH JKoHe KepiCiHIIe.
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OneyMeTTiK. JKylieHiH KypBUIBIMIBIK KYpIeIeHyi

MPOLIECTEPAIH 1aMy

KpUTepHilepi . . .
TIponectepain TaOUFATHIH KUBIHAATY HEMECE AIIEYMETTIK KbI3METTEPIiH 03repTy

OIeyMeTTiK HHCTUTYTTAap MEH YHBIMIAp KbI3METiHIH HOTIDKEIII1H, THIMALIITH jKoHe
Gocexere KaOLISTTLIITIH apTTEIPY

Cyper 1. ©neyMmeTTiK npolecTepiH 1aMy KpUTepuiiepi

OJICYyMETTIK MPOLECTEPiH JaMybl MaTepUANJIbIK, WHTCILICKTYAJIbIK >KOHE
pyXaHW KaHaraTTaHy MYMKIHTIKTEpiH KeHeHTymi KaMmTumabl. JKeke amam VImiH
OHBIH 6MIp CYpy camachlH jKaKcapTy MaHbI3zbl peit arkapajsl (Kucenésa, 2019).
Kazakcranma koram eMipiHIH opTypii caiajapeiH (nemMorpadus, IeHCayIbIK
cakray, OuTiM, FBUTBIM, MOJICHHUET, IIU(PIIBIK IKOHOMHUKA, TYPFBIH Y KOHE KaJallbIK
AKOJIOTHS JKoHE T.0.) JaMBITyFa OarbITTajFaH MEMIICKETTIK Oarmapiamaliap MeH
VITTBIK KoOamap jKy3ere achIpbloiyma, OV el XaJdKbIHBIH eMip Cypy cartachblH
apTThIpyFa MyMKingik Oepeni (I'onosuna, 2020).

Korammarel opTypili ol€yMeTTiK e3repicTep apachlHIAFbl THIFBI3 OailylaHBIC
peTinae TYCIHIipyre OONaThIH «dJIEyMETTIK MPOILECCy TYCIHITH KapacThIpaubIK.
Kazipri onmeymeTTaHy eKImiHJI 9JMEYMETTIK IIBIHIBIKTHIH IPOIECCYalIbUTBIFbIHA
aybICTBIPY TEHICHIMSICHIMEH CHUIarTanajasl. KoraM JTUCKPETTI 9JIeyMETTiK
e3repicTepre YIIBIPAUTBIH TYPaKThl MEMJICKET pETiHIE eMec, MpOIEecC, e3apa
OpeKeTTeCy, KYpBUIBIMIAy epici peTige KapacTteipbiiaapl. [LIToMmkaHBIH
FBUIBIMU TEOPHSICHI OOWBIHIIIA, HET131HEH KOFaM 1a 0OJIBII )KaTKaH OapIIbIK IPOIECTEP
CTallMOHAPJIBIK O0O0Nybl MYyMKiH emec. KoFamiarbl IMIBIHABIK JTAHAMUKAIBIK
e3repicrepi OuULAipei.

I1. CopokuHHIH aHBIKTaMachl OOMBIHIIA IPOIECC JIETeHIMI3 KO3FaJbICTBIH,
TYPIACHIIPYIIH, TYPJICHYIIH, KE3EKTCCYIiH HEMECE «IBONIOIUSIHBIHY Ke3 KEITeH
TYpi, SFHH 3epTTeNeTiH OObeKTiHiH Oenrini Oip yakbIT apalbIFbIHAAFBl Ke3
KenreH TypreHyi. On opHamacydblH e3repyiMeH HeMece OHBIH MapaMeTpiepiHiH
©3repyiMeH CUIaTTasabl.

[Iporecc oFaH TYpaKThI )koHE OOBEKTUBTI cUTIAT OepeTiH, OHJa OOIIBII JKaTKaH
QIIeyMeTTIK e3repicTepAiH O0apbhIChIH O0aKBUIAWTHIH KYPBIJIBIM MEH JTUHAMHKAHBIH
0O0JTyBIH OOJDKAIBL.

OJIEYMETTIK JKYHenep - 0y 6enrisi 6ip epexenep, HopMagap MEH KYHIBUTBIKTAp
meHOepiHe 0ip-OipiMeH 63apa SPEKETTECETIH UHAUBUITEP/IIH, TOITAP/ILIH HEMECE
YIBIMIAP/IbIH JKUBIHTBIFbL. OJICYMETTIK )KYHenep IiH BOTIOIHSICH TEXHOJIOTUSTHBIH,
SKOHOMUKAJIBIK JKaFJIaiIbIH, CasiC KYPBUIBIMHBIH JXOHE MOJCHU JIOCTYPIICPIiH
e3repyl CHSIKTBI KONTereH (akTopiapiblH e3apa opeKeTTecyiHe OalTaHbBICTHI
Oomaspl.

ONeyMeTTIK ~ e3repicTepAiH cebentepi opTypii OOMyBl MYMKIH JKOHE
SKOHOMUKAIIBIK, CAsCH, MOJICHH, TEXHOJOTHSIJIBIK JKOHE TINTI MCUXOIOTHSIIBIK
ACIEKTUIEP CHSAKTBI (paKTOpiapibl KaMTHJbL. OJICYMETTIK ©3repiCTep/iH Heri3ri
YKOHE KO3/IBIPYIIBI ceOenTepi Typallbl alTKaH/Ia, «IMIKI aFbIHAAPY, «KYPBUTBIMIBIK
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e3repicTep» HeMece «KyMYISTHBTIK MPOIECC» CHUSKTHI YFBIMAAP KU1 alThUIa/IBL.
byn esrepicTep Tek KOPHEKTI jkKoHE aliKbIH (paKTOpIapIbIH dCepiHEH FaHa eMec,
COHBIMEH Oipre Oip KaparaHga KepiHOEWTIH, Oipak KoFamMFa alTapibIKTall acep
€TeTIH TEPeHIPEeK, JKAaChIPhIH JTUHAMHKAHBIH 9CEpiHeH OOyl MYMKIH JIereHIi
oinmipeni.

* pecypCTapIbIH CapKbUTYbl, KOPIIIaFaH OPTAHBIH
JIACTaHYBI, allaTTap *oHe T.0.

cebentep

*XaJIbIK CAHBIHBIH AYbITKYbI, XaJIbIK CAHBIHBIH [IaMajIaH ThIC KO0EI0i, Koli-
KOH, YpIIaK ajiMacy Mpoiieci

* MOJICHUET, SKOHOMHUKA, FHUIBIMH-TEXHUKAJIBIK TIPOTPECC CaACHIHIAFbI
e3repicrep

Jiemorpadusin
BIK cebenrep

QNEYMETTiK- ¢ KaKTbIFbICTAP, COFBICTAP, pEBOJIIOLUAIIAP, pe(bopManap; Jar/JbllaHy, KaHbIYY, )KaHaJIbIKKa

casicu LI6JI/IeY, arPECCHsIHBIH KYLICI01 JKoHeE T.0.
cebenTep,

Cyper 2. OieyMeTTik nporecTepaid bikTuMa cedenrepi (banamos, 2020)

FoutbIMU KOFaMJIaCTHIK QJIEYMETTIK MpoLecTepai KaObuiaay MeH OarajayiablH
CTaHJIAPTTAPbIH, OAICTEpl MEH TOCUIIEPIH aHBIKTAy/la, COHJAH-aK KOFaMJIbIK
MIKIpJIi KAJBITACTHIPY/IA KOHE FHUIBIMHU JIEPEKTEpP MEH TajJayliapFa Heri3enrexH
menimMzep Kaobuiaay/aa OpTajblK Pesl aTKapabl.

[Iporectep MeH xo0anap/ sl 0acKapy KOHTEKCTIHJIE CTaHAAPTTap MEH epexesiep
nporecTepAi THiMAI OaKbUlay MEH MOJIENbACYIl KaMTaMachl3 €TyIe, OJaplibIH
OPBIHIATYBIH Oarayiay KpUTCPUIJICPIH aHBIKTAY/Ia MaHbI3/Ibl POJT aTKapabl.

OJeyMETTIK cayiafia KOFaMHBIH O0apiiblK MYUIICTIEPIHIH eMip CYpy KarJaiiaapsl
MEH OMIpPIICHINH KaMTaMachl3 €TYre JKOHE caKTayFa OarbITTalfaH opTYpJi
QJIEYMETTIK CYOBEKTUIEpAIH ©3apa OpeKeTi MEH BIHTBIMAKTACTBIFBI  OPBIH
anajapl. bysl azamarrapliblH eMip CYpy camachl MEH oJi-ayKaThlHa acep eTeTiH
QJIEYMETTIK KaMChI3[aH IBIPY/IbI, ICHCAYJIBIK CaKTay/bl, O11IM Oepyi, MOJICHUETTI,
KOMMYHHUKAIUSJIap/Ibl YIBIMIACTBHIPY/IbI XOHE OacKa Jla aCIeKTiIepl KaMTH/IbL.

OJIeyMETTIK cajla KOFaMJIbIK KaThIHACTAP MEH OJICYMETTIK KYPbLIbIMIAAPIABIH
yAailbl  OHMIIpici mpoleciHae OUIIMHIH, KYHIBUIBIKTapbIH, JIaFIbUIapIbIH
ypriaKkTaH yprakka OepillyiH, )KeKe TYJIFajap/blH KOFaMfa JJIEYMETTEHYIH KOHE
MHTETpalMsyIaHybIH KAMTaMAChI3 €TY/Ie MaHbI3/Ibl POJT aTKAPaIbl.

Ocplnaiiiiia, 9JIEyMETTIK cajla KOFaMHBIH TYPaKThl XKOHE YHUJICCIMII KbI3MET
eTYIHIH JaMybl MEH CaKTaJIybIHA BIKIIAJI €TeTIH KOFaM/IbIK OMIPJIiH HET13I'1 3JIEMEHTI
0OJIBII TAOBUTAIEI.

Horuxenep ™en Ttankeliay. byn 3eprreyniH  omicHaManblK — HeTi3i
allMaKThIH JaMybIHBIH QJICYMETTIK MPOIECTePiH CUMATTAY YIIIH KOJJIaHbUIATHIH
KOPCETKIIITEP/IIH YIII JCHIeiIi )KYyHeciHe HEeT13/Ie/ITeH.
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~
* CTATUCTHKAJIBIK OPTaHIap/IbIH CTATHCTUKAIIBIK ICPEKTEpPi TYPiH/E YChIHBUIFAHIAp (MEMIICKETTIK HeMece ailMaKThIK
CTATHCTHKA, iniki ecen Gepy). by manimMerTep 6a3achl ecenTik KOPCETKIMITEP i KaIbIITACTBIPY YIIiH HETi3 Ooabl.

J
~N

KOPCETKilI
Tep

* GacTanKpl KOpCceTKimTep GONbIHIIA ecenTeynep apKblIbl €CeNTENeTiH CaTbICTHIPMANIBI TYPAE KapanaibM HaKThI
JKOHE KYPBUIBIMIBIK KOpCeTKilTep

KOpPCEeTKilll
Tepi

J
N

* eMip carachl, aJiaM JlaMybl koHe T.0. CHAKTBI IapamMeTpiiep i KAMTHTBIH OHIPJIIH QJIEyMETTIK CalachlH JaMbITY/IbIH
b, 01150ieatd  KCLICHI eJIeMIepiH KopeeTeTiH KypAeli HHAeKCTepaiH Oenrini 6ip caHbl.
HHIEKCTEP J

Cyper 3. AMaKTBIK JaMy/IbIH QJICYMETTIK MPOLECTEPiH CUMATTAY YIUiH KOJIIaHBLIAThIH
KOPCETKIIITepIiH Y IeHreii xyiteci

Kypmeni ameymeTTik KYOBUIBICTappI Oarajiay callachiHaa opTypili cayaimapria
OPTYpJi  KepCeTKImTepai KypyFa KaTbICaThlH aMEpPUKaHIBIK —capariibliap
WHIEKCTEPTe Tepic Ko3KapaclieH Kapaiiapl. by Teopusra coiikec, Oyi1 HHIEKCTED
TeTepOTCHII JepeKTep TOOBI YIIIH OpTamia KOPCETKIMTEPi KOPCETe OTHIPHI,
HaKTBl JKaFmaiapl THICTI JOpeene cumarTayra MYMKIiHTIK Oepmeiimi. Ocbiran
OaitTaHbICTEI COHFBI 1 0 )KBITIA 0OTBICTAFRI OJICYMETTIK CaTaIaFbl )KaF 1Al Ikl Oarasay
YKOHE MOHHUTOPHHITEY MaMaH/Iapbl OHIPIIK 1aMy CEKTOpIaphbl Typalbl aKmapaTTsl
Tanmayasl JKeH kepxi. Tammay apKbUTBI JKEKEJIeTeH CEKTOpJIap KOpPCETKIIITepaiH
Oenrim Oip CHIHBIOBI OOMBIHIIA JKEKe OaralaHabl JKOHE HOTIKECIHAC aiiMaKThIH
TyTac KaFJaiiblHa capanTaMalblK Ke3Kapac KyphUIabl.

1980 sxpImmapABIH aSFBIHAA KYpaMa HHIESKCTEPIi €CETITEl IIBIFapy MEH eCenTeMe
JKYPTI3yIiH TYPIACHIIPUITCH OMICTepiH KONIaHy oyipi askramasl. OChl yaKbITKa
JEHiH YIKEH KoJIeMJETi CTAaTHCTHKAIBIK aKlapaT ©HJAEJCTIH KOMIBLIOTEPIICPIiH
JaMyBIHIA — IITEPUICYIIUTIK  OalKammbl KoHE TOyelCi3  aWHBIMabLIapIbIH
(kepceTKimTepAiH) KOem CaHbIHAH ECeNTeeTiH Taza CaHABIK Oarajaymap,
MaTeMaTHKAJIBIK 3aHaap OOWBIHINA INBIHJBIK KYOBUIBICTAPBIH MOJENbBIEY JKOHE
KYpAeJi HHACKCTEPIl eCenTey oficTepi JaMbInbl. bipak ToxipnOe KepceTKeHCH,
KeOiHece KOMITO3UISUTBIK MHACKCTEP, COHAAN-aK CHMYIISIUSITBIK MaTeMaTHKAIIBIK
MonebAep OOBEKTIHIH HAKTHl KYHiHIH HAKTHI OcHECiH Oepe amMaibl.

ANMaKTBIH 9JICyMETTIK
(mporecc) famybIH
CHUIIATTAHTBIH
KepceTKimrep

TypMBIC canackl
MEH eMip CaThl

TypmbIC Kymsbicnie
JieHreiti H KamTy

Jemorpad
HSITBIK
KOPCeTKiII
Tep

Baitnanst

Kommyna Kok Mozen XanbIKT

C JKoHE "

ap

JIABIK KBI3MET
TaObICHI

aKmapar CETT et KBI3MET
szgfn Kepcery Kepcery

Cypet 4. ATMaKTBIH 9JIeyMETTIK (TIPOLeCTep) JaMybIH CHUITATTaHTHIH KOPCETKIMITEP KYPHIITBIMBI
(JTaxus, 2021)
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XKorapbina alTbUIFaHAapIaH alMaKTBIH QJICyMETTIK (TpouecTep) IamMyblH
OaramayblH KOJJAHBICTAFbl OJIICTEpPIHACTI KEMIIITIKTEp Typasibl TOMEHJETinei
KOPBITBIHIBI JKacayFra Oomazpl:

1. Bip FaHa caH/IbIK KOPCETKIIITEP/II KOJIJIaHy allMaKThIH JICyMETTIK JaMybIHBIH
TOINBIK OeifHeciH Oepe anMaiiibl, WTKeHI MyH/a OOIBIN JKaTKaH MpoIecTep MEH
KYOBUIBICTAp CAHJBIK MIHE3-KYJIBIKTBI KOpCETedl. OJISYMETTIK cajara KeJeTiH
0oJicak, KenTereH KpuTepuiiiiep HPpaKypbUTBIMIBIK )K0OaIapMEH CaTBICTRIPFaH 1A
azlaMIapablH eMip Cypy ACHIeiiH jkeKe OaranaybIMeH OaiIaHbICTHI.

2. aTerpanplk KepceTkimrep (MHACKCTEP) OHIPAIH Ka3ipri Jamy »KarIaibiH
cCUNarTayFa MyMKIHIIK OepMmeiii, eiTKeHi omapaa apTypil AepeKTepiH opraimia
MoHziepi Oap. MHaekcTepai ecentey Ke3iHJE KOJIJAaHBUIATBIH IapameTpiiepiH
WKEeMI eMecC TOYyeJNMiJiri MeH callMaFbl caparibUIapAblH 3 TiKipi OonFaH
XKarmaiaa, Oaranaypl e3repTyre MyMKiHIIK OepMeii.

3. MOHHUTOPHUHTKE apHAJIFaH KOPCETKIITEePAiH IMICKTEYJi KUBIHTHIFEI OHIPHIH
JlaMy €pEeKILIEIiKTepiH eCKepMeiii.

ANMAaKTBIH 9JIEyMETTIiK JaMy MPOLECTEPiH CUMATTANThIH )KEKE KOPCETKIIITEPIIH
e3repyi KaJmbl OOJBICTBIH 9JCYyMETTIK-3KOHOMHUKAJIBIK >KaFJalbIHIaFbl e3repic-
TepIliH HaKTHl OelHEeCiH Oepe aTMali bl

«OMip carnacb» TEPMHUHIHIH TapUXHU JaMybIH Tajiay Oyi1 KOHLIEHIMSHBIH JAaMybl
KOFaM JICHI eiliHeH JKeKe TyJiFara, 00IMBIC (haKTopIIapbiH OOBEKTHBTI Oarasay/iaH Cyob-
eKTUBTI OarajayFa JACHiHT1 JaMyFa )KoHE TePEHIETyre OaFbITTaFaH JeTeH KOPBITHIHIBI
Kacayra MYMKIHIIK Oepeni. OMip cypy camachlH emiey MeH OarajayablH Herisri
onictepi 3epTTenii. byt FRUTBIMU KBI3BIFYIIBUIBIKTEIH OipTyTac Ke3Kapac BEKTOphIHA
Kapail JKbUDKBII KeJie KaTKaHbIH KepCceTeli, OFaH COMKec eMip camachl OOBEKTHBTI
KOHE CyOBEKTHBTI TOCUIIEp CUHTE31 apKBUIBI KAJIBIITAcaIbl. OMIp carnachbH MOJEBACY
YKOHE OacKapy MoceleciHe KETKUTIKCI3 KOHUT OeTiHEeTiHI aHBIKTAITbI.

5-cypeTrTe QJIEYMETTiK HpoLecTepAl MOAETbACY Ke3iHAe TybIHIAybl MYMKiH
npoOnemanap OepiireH.

I OJIEYMETTIK ITPOLIECTEP/I JAMBITY JKOHE ©MIP CAITACBIH KAKCAPTY MOCEJIEJIEPI l

3 $ 3

I OJIEYMETTIK [TPOLUECTEP 3EPTTEY OBbEKTICI PETIHIE l

OJIEYMETTIK ITPOLECTEP PETIHAE KOFAM/IbI BACKAPY MOCEJIECT

OJIEYMETTIK ITPOLIECTEP/II BACKAPY OJIEYMETTIK ITPOLECTEP/II MOJIEJIBJIEY
MOCEJIEJIEPI MOCEJIEJIEPI

JKahanzpik Macenenep: Byuwip Backapy xyiiecinin
* IKONIOTHAIBIK 1 i kypy
* a3BIK-TYJIK i i
* IHeprHs
* Tencizaikti azaiity t t
« KayinTi aypysapmen kypecy #one .6.

Moyienbiey/1is KOHUenTyas b
‘ ‘ Heriszepin a3ipaey Macenesnepi

Tki skoHe MemiekerTik perTey 3 T
CHIPTKBI TeTIKTEpiH KeTinaipy
Kayinci3gikri Macesenepi Illenrim KaGbL1AYAB! DKCIEPUMEHTTIK
KaMTamachl3 ety KOJIZIAY anropHTMIePiH 3eprreynepai
Macesenepi a3ipiey macenenepi JKYprisy Macenenepi

OJIeyMeTTIK 1p P GyJ12bIp MOJ3 iH eHrizy

Cyper 5. backapy mMocenenepiniH KypbUIbIMBI JKOHE JICYMETTIK MPOLECTEPAl MOACTbIACY
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OJIEYyMETTIK TPOIECTi MOJENbJEY KYpIedi KOHIIETIHsS OOJBIN TaObLIAIBI,
OUTKEHI OJ1 9pTYpIIi JKaFdaiiapaa e3repyl MyMKiH KONTereH aliHbIMaibluiap MEH
(akropnapael KamMTHIBL. MiHe, oJeyMeTTiK TporecTepli MOJENbIey Ke3iHIe
Ke3JleceTiH Herisri Maocenenepin oipkarapsl (Iletposckuit, 2019):

1. JlepexTepaiH TalIbUIBIFEl JKOHE TOJBIK EMECTIri: 9JICyMETTiK MpouecTep
Typaibl JepekTep KeOiHece TOJIBIK eMec HeMece KOJ JKETiMCi3 O0ybl MYMKIH.
By mon ynrinepai o3ipieyai KUBIHAATYBl HEMece COMKeC KeJIMEHUTIH HOTIKEeIepre
OKeITyl MYMKiH.

2. Anamu akToprapabl ecenke axyAblH KWBIHABIFBL: aJaMap 3MOIUsIIapra,
OeliTapanThIKTapra Hemece Ooibkayra OONMAaNTBIH (aKTopiapra HeTi3nenreH
IIeniM KaObUIIaybl MYMKiH, OYJT OJTap/IbIH MiHE3-KYJIKBIH YITUIEY/li KAbIHIATa b,

3. bBenrici3mik XoHE KEe3AEWCOKTBHIK: OJEYMETTIK MPOLECTEP MOACIhACY
HOTWDKEINIepIH aiTapibIKTail e3repTe alaThlH Ke3ACHCOK dcepliepre YIIbIPaybl
MYMKiH. AJIaMHBIH MiHE3-KYJIKBIHIAaFbl OENTici3MiK HOTWXKeNepAl Ooimkayna
KUBIHIBIKTAP TYABIPYBI MYMKiH.

4. Macmrabray maceneci: LllarsiH TONTarsl aamaapabiH MiHE3-KYJIKBI YIIKSH
KaybIMJIaCTHIKTBIH MiHE3-KYJIKBIHAH HEMECE TIlTi YITTHIK ICHI € /IeH alTapIIbIKTal
epeKIenenyi MyMKiH. Mofenb/iey MacimTad rmeH dcep/ieri 0Chl albIpMAaIIBIUTBIKTHI
€CeIIKe aTybl KepeK.

5. CeOen-cangapiblK KYpACTUIIK Maceseci: OJeyMeTTiK Kyienepae ceber-
canmapiblk OaiaHbIcTap KeOiHece KypJeli jKOHE CBI3BIKTBI eMec, OYJI apTypdi
(axkTOpIapaBIH HOTHOKENIEPre SCePiH aHBIKTay MEH TaJay (bl KHbIHAATa bl

OJeyMETTIK MPOLECTEPIiH EPEKIIeTIKTepiH Taiay OHbI e3apa OaiIaHbICThI
YKOHE ©3apa dPEKEeTTECEeTiH IIIKi XKyHenep iy 0ipTyTac, HHTETpaIbl TMHAMUKAIBIK
Ky#eci TYpiH/e YCHIHBUTFaH MaKpOACHT e IeT] YHBIM/IBIK JKYHE peTiHIe aHBIKTayFa
MYMKIHIIK Oepni. 3epTTey VIIIH QJI€yMETTIK JKYHelepliH AaMy MpOLecTepiHiH
Heri3ri (QyHKOUsIaphl aHBIKTAJAbI, MYHJAa OJIEYyMETTIK MPOLECTEPIiH Iamy
KPHUTEpHIIEpI OMip Cypy camachlH KakcapTy Oonbln TaObutansl. KoraMHBIH
QNICYMETTIK JKYHE peTiHAe KBI3MET €Ty JKOHE JaMy TPOIEeCTepiH MOJIEIbAeyTe
OailaHbICTBl MaHBI3IBl (DaKTOpIAp AaHBIKTAABL. AKIapaTThIK-MaTeMaTHKAIbIK
TYKBIPBIMHBIH ~ MOHI, JKOFapblia aWTBUIFAHAAH, 3€pPTTENETIH  ONCyMETTIK
00BEKTiHI (TIPOIIECTi) JKETKIJIKTI MaTeMaTHKAJIBIK MOJEIEMEH alMacThIpy JKOHE
AQHAINTHKAJBIK SIICTEp HEMECe MaTeMaTHKAaJbIK SKCIIEPUMEHTTEP apKbLIbI OCHI
MOJIENB/IIH KACUETTEPIH 3epPTTEY.

6-CypeTTe oJeyMEeTTIK IpolecTepi Oackapy KyheciHe OYJIIbIp MOIENbIl
o3ipIrieyre KakbplHIAy PETTUNITIH CUTIATTAHTBIH allTOPUTM KepceTinreH. by perre
KaJIaMJIbIK JKYBIKTAy JKYHEHIH KYPBUIBIMIBIK JIEMEHTTEPIH TaugayFa Heri3aeireH
(Ilyasov, 2019).
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* OneyMeTTiK GacKapyIbIH KyphUILIMIIBIK JeHreiinepi MeH (akTopaapbiH KOHIENITYaI bl 3epTTey

* Herisri cumaTramanap sKHBIHTBIFBI OOHBIHIIA aiiMaKTIK GacKapy sKyieciHiH oKiTi GONbIN TabbLIATHIH capamnibiiap
TONTAPbIH KYPYy

@ « CapariibiHbIH Cypay MapaFbIH )OHE CayalHAMAHbI d3ipiiey, oiCTeMeNiK Kypaiaap/asl Kypy ]

*3epTTey HOTIKENEpiH oHey koHe Tanaay. OOBeKTHBTI mapamMeTpiepre KoHe CyObEeKTHBTI opicke OapbIHIIa COKec KesleTi
Moﬂcﬂbﬂcp TaHJajaaabl

« KoramzpIx mikip/i 0akpliay :xKoHE OHBIH HOTHOKEIICPIH OeNrini COLMONOrUsIIbIK HaKeTTep Il Haiijanana OThIPBI OHICY

® CTaTHCTHKANBIK OMeyMETTiK-5)KOHOMUKAIBIK JKOHE COIMOOTHSUIBIK aKIMapaTThl Tanaay (Makpo-, Me30- KOHE
MHKPOJICHIeii/Ie) JKIHE OHBI MOZIEIB/ICY Kyitecine GipikTipy

Cyper 6. ©neyMeTTik nporecTep/ie MemiM KaObuIaayIbIH OYJIIbIp MOJIENbIePiH KYPAaCTEIPYAbIH
OUKIIIK aJTOPUTMI

Monenbaepai 3epTTey «CyObeKTHBTD) JIeH aTanaThiH KOPCETKIIITEPMEH Y3IiKCi3
Ty3eTinyi kepek. « CyObeKTHBT» KOMIOHEHTT] 6JIIIeY 9JICyMETTIK KYOBbIIBICTapIbIH
(Ynepicrepai) popMaibabl MOICTIHE KOIITYIIH KAXKETTi KaJlaMbl OOJIBITT TAOBLIA B
On Typanbl OCBl 3€pTTEYAiH aBTOPHI «OMIp camachl» KaTErOpHSCHIH eJIeyre
apHaJIFaH MOJIENb/I KYpy Ke3iHJe aTar KepCeTTi.

Ocpuraiiia, Oy 3epTTey aliMakThIK OacKapy >KyheciHzaeri cyObeKT-00beKTimIK
KaTbIHACTApbl KOHIENTyaIn3alysiyiay MEXaHU3MIH YCBIHIBL. OJIEYMETTiK Oac-
KapyablH KYPBUIBIMABIK JICHTeHJIepiH *KoHe alMakTBIK Oackapy KyiHeciH cumar-
TalThIH (pakTOpraapabl KoHUenTyanasl 3eprrey (Jomomaros, 2014) keneci ke3eH-
JIep/ieH TYpaJibl:

1-xe3en. Herisri Oenrinepi OoiipiHIIa 6ackapy - SKIMILITIK koHEe MopTeberik 060-
7B O6JTiHETIH alMaKThIK OacKapy >KYHeCiH YChIHATBhIH Capaniibluiap TONTAPbIH KYPY.

2-ke3eH. CapalblHbIH Cypay MaparbIH )KoHe cayalHaMaHbl 931pIiey, 9JicTeMeniK
KypaigapAbl Kypy >KoHE OpTYpJi capaliibuiap TONTAPBIMEH COLMOJIOTHUSIIBIK
3epTTeyiep Kyprisy.

3-ke3eH. 3epTTey HOTHKENEepiH OHICY JKOHE Tajjay, eH aJeKBaTThl YIriuiepai
TaH/1ay JKOHE aJIbIHFaH CaHABIK CUIaTTamajap/Abl alJbIHFbl Ke3€HIe CUlaTTalFal
MOJISJIBJIEPTE CHT13Y.

4-ke3eH. KoramapIK mikipai Oakpliay >KoHE OHBIH HOTHXKEJIEPIH COLMOIOT HSIIBIK
MakeTTepAl Naianana OTHIPBII OHJEY.

5-xe3eH. OpTypil AeHrenaeri (Makpo-, Me30- KOHE MHKPO-) CTaTUCTUKAJBIK
QJICYMETTIK-OKOHOMUKABIK KOHE COLMOJIOTHSUIBIK aKMaparThl Tayay >KOHE OHbI
aliMakTarbl QJIEYMETTIK MPOLECTEPAiH IaMyblH JHarHOCTHKalay *oHE OoJrkay
YIUiH CUMYISLMSUIBIK XKYyHere OipikTipy.

Byt Mexann3M aliMakThIK OacKapyablH SpTYpJli ACIEKTUIEPiH KyHeneyre xKoHe
Tajjayra, COHJai-aK KOFaMJIbIK MKip/i OaranayFa jkKoHE ailMaKTBIK QJICyMETTIK
MpoLecTepai JaMbITy CTpaTeTHsUIapblH o3ipjey YIUiH ajblHFaH MAJTiMeTTepai
OipikTipyre MyMKiHZIK Oepeni.
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KopbITbIHABI. 3epTTeyi KOPBITHIHABLIAN KeJle, 93IpJeHIeH MOJICIBACP 3€pT-
Teylle KOPCETIreH KOJNJIAHBICTaFbl OJICTePAIH KEMIIUTIKTePiH TOJNBIFEIMEH
MKOSIIIBI JIeT KOPBITBIH/ABI JkacayFa Oosaapl. Onap alMaKThIK JaMyAbIH 9JICyMETTIK
MPOLECTEPiH CHUMATTANTBIH (DAKTOpNIApABIH camajblK OarachlH HAKThUIAyFa
MYMKIHAIK Oepemi. AMaKTaFbl 9NIEyMETTIK MPOIECTEPAl JAMBITY Typabl IIEIIiM
KaObU1ay YIIH KOJJAHBUIATBIH MHTETPAIABI MOJCNBACP OacKapy OpraHaapsl,
KEHECIIIep, KOCIMKepiaep JKOHE TYPFBIH XajbIK CHSKTBI OpTYpNi Myueni
TapanTtapAblH KaTbICYbIH KaMTybl MyMKiH. By, acipece, aliMakThIH KaFaaiibl MCH
JaMy TIepCIieKTHBaIapbiHa KeHIPEK JKOHE KaH-)KaKThI IOy jKacay YIIiH Maiasl
0O0JTyBI MYMKIH.

3eprTey canachlH Tajjay alMakTblH OJEyMETTIK JaMyblH Oaranay MiHZACTI
KOIl eJIIIeM/Ii eKeHIH jKoHe Oarajiay YIIIH CaHJBIK JKOHE CallalblK KpUTepuitiep
KOJIIaHBUIATBIHBIH KOPCETTI.

[emnrimM kKaOBLTIAYIBIH CTPATETUSUITBIK CUIIATHI JKOFaPhI OSNTICI3MIK, eI MASPIiH
QJICi3 KYPBUIBIMBIH TYIBIPAJbI, OYJI peTTe MIenliM KaObuiaay MOJIENbIEPIH KYpy
YIIiH aKnapaTThlH €H MaHBI3/bI K31 ajiaM (Capalliibl, MenriM KaObUIIayIbl )KaK)
OoubIn TaObIanbl. HakThl 00BEKTHBTI YITLIEP/Ii KYpy MYMKIH eMec.

[emrim kaObLTAAyIIBIIApFa HETI3/ICITEH IIeNNM KaOblIayFa KOMEKTECeTiH
YKOHE TIIENTIM KaObLI/1ay MPOIIECiHIH HETi3eNITeHIH KAMTaMachl3 €TETiH QJIeyMEeTTiK
naMy OOMBIHIIA MIEmiM KaObuIaay MOJAENBACPIH KYpY; alMaKThIH CBHIPTKBI JKOHE
IIKi OPTacBhIHBIH JKal-KYWi Typanbl Koija Oap akmapaTThl TYCIHAIpYre j>KoHE
Tangayra, 1aMmy (akropiaapbl apachlHIarbl OaiIaHBICTapabl OpHATYFA, aiiMaKTHIH
CTpaTeTHsUIBIK JaMy OarmapiapblHa )KeTy OapbIChIH OaKbLIayFa JKoHE T.0. MyMKIH/IIK
Oeperi.

JKorappl camanbl aHBIK €MeC capanTaMaiblK Oaranayiaapasl peciMiey YIIiH
aHBIK, CaHBIK JICPEKTEPMEH KaTap caraJibl akIapaTThl THIMII OHACYTe MYMKIHIIK
OepeTiH OYIABIp KUBIHAAP TEOPUSACHIHBIH allllapaThlH KOHE OYJIIBIp IIenIiM
KaObUIIay 9ICTEPiH MaiganaHy HEeTi3/eNreH.

1-kecrene aitMaKTaFbl QJIEyMETTIK MPOIECTEPAIH JaMybIH OaFanay/iblH Ka3ipri
yakpITTa KOJIJAaHBUIATBIH oficTepi MeH (Qakropiapapl Oaramay YITUIEpiHIH
CaJIBICTBIPMAJIBI CHIIATTaMachl OEpiireH.

Kecte 1. AliMaKTBIK TaMyIbIH QI€yMETTIK POLIECTEPiH OaranaynblH OYIIABIP MOMENbACPIH
KOJIIAHBICTAFbUTIAPMEH CAIIBICTBIPY

Kpurepuiinep KonnansicTarsl Monenpaep | ¥ ChIHBUIFAH MOJIEIIb
1. ManimetTep Ke3zaepi MeMJIEeKeTTIK CTaTUCTHKA OONBICTBIH MEMIICKETTIK
aifMaKTBIK AaMyIbIH OpraHAPbIHBIH MATIMETTEP] | CTATUCTHKA OPTaHAAPSI,
QNEyMETTIK MPOLECCTEPiH TYPFBIHAPHI, IIAPYaIIbUIBIK
TaJayra apHaJFraH JKYPri3ylIi cyOBeKTizepi KoHe
aiiMaKTHIK 0acKapy KypbUIBIMAAPHI.

2. baranay ymiH OacTamnksl OJeyMETTIK HHANKATOpIap | OpOip KOPCETKIMTEep SKUBIHTHIFBL.
WHAUKATOpIap Ti30eTiHig Ti3IMI TEK CTATUCTUKAIIBIK
TYPAKTBUIBIFBI OpTaHAP/bIH IIETiH/e

KapacTBIPBIIA b
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3. AWIMaKkTBIK JaMyJIIbIH
QJIEYMETTIK IPOLIECCTEPiH
CHUINATTaWTHIH (haKTOPIAPABIH
o3repy JTHHAMUKACHI

JlaMy/IbIH XKBLUIIBIK
KepceTKimTepi OOHBIHIIA
OaKpLIay KYprizijesni

XKeinapaarsl namy OOWBIHIIIA
OaKkpLIaHa bl

4. Xoraps! camaibl
caparnTaMalblK Oaraay/isl
pacimiey MyMKiHziri 6ap

Kok

bap

5. MnTerpanabik

KepCeTKilTepi Kypy
MYMKIHIT1

[exrey:i GombI
TabObLIa b, ce0ebl KereH i
HHJIEKCTEp TeK 2-5
KOPCETKIIIKE HEeTi3/IeIeTi.

o, xepceTkimrep canbl kobiHece
IIeKci3 Ooabl.

6. KepceTKimTiH HaKTHI
MOHIHIH CTPATETHSIIBIK AaMy
MaKCaThIHA COMKECTIriH
Oaranay

JlamynbIH xKblagap
OO¥BIHIIIA TEK JKEKE
KOPCETKIITEPIiH 03repy
JIMHAMMKACHI FaHa

KepceTkimTiH HaKTH MOHIHIH
MakcarThl Kyire KepceTkimTig
HAKThl MOHI MaKCaTThI XKaraaiira
KaHIIAJIBIKTBI JKAKBIH CKCHI

CTPATErHsCHIHBIH 1CKE
ACBIPBUTYbIH JKaH-)KaKThI
Oaranay

Ka/JarajgaHaibl. QHBIKTAJIAIbI. KaKBIHJIBIK, TOpeKect
ecenTenenl
7. AiIMaKTBIH JaMy Kok bap

8. DKOHOMUKAIIBIK Kayilci3mik
JKOHE KOJIAMJIbI JKaF mai
TYPFBICHIHAH aliMaKThIH
QJICYMETTIK IPOLeCTepiH
CHUINATTaWTHIH (haKTOPIAPABIH
JIeHTeifiH cumarray

AWMaKTBIH YKOHOMHUKAJIBIK
Kayirci3airine Kayimn
TOHAIPETIH (PaKTOPIAPABIH
IIeKapajbIK CBIHE MOHEP1
FaHa aHBIKTAJIA/IbI

Mopens ¢paxropanap MOHICPIHIH
KPHUTHKAIBIK, KOJIAHIIBI KOHE
apaJIbIK JIeHreiIepin Oip yaksITTa
KepceTeli, COHBIMEH Karap
KOPCETUITeH IeHreilIepre HaKThI
(haxTop MOHAEPIHIH COHKeCTIK
JIOPEKECIH eCeNTeHIi.

XKorapeimarel 1-kecTene ImennM KaObUIAAYNIbI KAKThl MICHIIM KaObUIIAy
MPOIIECiHEe KAXKETTI aKmaparieH KaMTaMachl3 €Ty TYPFBICHIHAH KPUTEPUIICPIiH
TaHJIaJIFaH )KYHECiHe COMKeC YITIIeP/IiH epeKIie Oerijiepi KOpCeTiIreH.
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Abstract. The article discusses the possibilities of developing Internet marketing
and the purposes of its use in agriculture today. Currently, we cannot see the future
of the industry, including agriculture, without the Internet; Due to economic growth
and increased competition in all countries, information technologies are needed to
quickly make decisions on the purchase and sale of high-quality products of agro-
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industrial complexes. The tasks of these technologies are information processing
at agricultural enterprises, calculating logistics costs, reducing material costs,
quality control and timely delivery of products. Such technologies include digital
applications and Internet marketing. The first direction of development of the agro-
industrial complex in agriculture is digital trade. Internet marketing is an effective
way to enter the economic development market. The use of Internet marketing
in the agro-industrial complex helps manufacturers clarify the price and reduce
the costs of production and sale of products. Internet marketing today performs
communication functions and allows you to create opportunities for purchasing
goods and making payments. The use of Internet marketing in agriculture helps
the producer and consumer increase the production of agricultural products, which
leads to economic growth. We studied the efficiency and effectiveness of using
technology using a multi-agent platform to automate decision-making processes
in agriculture, and presented initial case study results of the proposed solutions.
The multi-agent platform provides methods for developing intelligent services for
agriculture, where agents act as service, processing, and application agents.

Key words: Internet marketing, smart business, multi-agent, agent, agricultural
products.

K.M. Aana6eprenoBa'’, M.A. Kantypeena' , A.b. KacekeeBa',
A. K. Axmerosa!, T.H. EcuxoBa?, 2025.
JI.H. T'ymuneB atbiniarsl Eypasust YITTBIK YHUBEPCUTETI,
Acrana, Kazakcran;
’HoBocubupck MmemiiekeTTik yHuBepceuteti sxoHe CO PAH skoHOMEKA sKoHE
OHEPKACINITIK OH/IIPICTI YHBIMIACTRIPY HHCTUTYTHI, HoBocuOuUpck, Peceit.
E-mail: kamar sulu_9028@mail.ru,

AYBLJI HAPYAIIBIJIBIFBI OHAIPICIH JAMBITY/IA HU®PIBIK
INNIAT®OPMAJIAP MEH UHTEPHET-MAPKETHUHI'TT KOJLJAHYIbIH
EPEKHIEJIIKTEPI MEH IEPCIIEKTHUBAJIAPBI

AnnadeprenoBa Kamap MycradgaeBna - TexHHMKa FbUIBIMIAPBIHBIH Maructpi, «AKIapaTThIK
xyhenepy kadenpacel, 8D06103-«AKnaparTblK Kyilerepy MaMaHABIFBIHBIH — JTOKTOPAHTBI,
JLH.I'ymunes areinnarsl Eypasust yntTeik yHuBepcuteTi, Actana, Kasakcran, E-mail: kamar
sulu_9028@mail.ru, ORCID: https://orcid.org/0009-0008-5851-6786;

KacexeeBa Aiicty bBucemoBna - PhD, Axkmaparteik skyidenep kadempachl, AKIapaTThIK
texHonorusutap daxyasreri, JI.H. l'ymunesa arsinnarst EYY, Acrana, Kasakcran, Scopus Author ID
57220008305, ORCID: E-mail: aibike 7474(@mail.ruhttps://orcid.org/0000-0001-7706-078X;
AxmeroBa Aiizana Kanaréexkwbisbt — PhD, JL.H.I'ymuneB arpinmarsl Eypasust yiTThIK
YHUBEPCHUTETI, ara OKbITYIIbI, Actana, Kaszakcran, ScopusAuthorID: 57209981681, ResearcherID: 3
452618, Email: akhmetova_azh@mail.ru, ORCID: https://orcid.org/0000-0002-3876-1089;
EcuxoBa Tarbsina HukosnaeBna — Peceii routbiv akanemusicbiabiH Cibip OemiMiecinii DKOHOMUKA
KOHE HKOHOMHKA HHCTUTYTHIHBIH JKETEKIII FbUIBIMU KbI3METKEpi, SKOHOMHKA FBUIBIMAAPBIHBIH
kaHuaaThl, HOBOCHOMPCK MEMIIEKETTIK yHUBEPCHUTETI skoHe dkoHOMuKa skoHe CO PAH enepkacinTik
eHpipicTi yitbiMaacTelpy HHCTUTYTHI, HoBocubupck, Peceit, Email: T.N.YESIKOVA@GMAIL.
COM, ORCID: https://orcid.org/0009-0000-3565-4248

94



ISSN 1991-346X 1. 2025

AnHoTanus. Makajaia HHTePHET-MapKETHHITI TaMBITy MYMKIHIIKTEpi KoHE
OHBI OCBI KYHJIE ayblI IIapyallbUIBIFbIHAA KOJIaHy MaKcaTTaphbl KapacThIPbLIAIbI.
Kazipri yakpITTa Ke3 KeJreH cajlaHblH, OHBIH IIIHJE aybUl IIAPYallbUIBIKTHIH
OoamarblH HHTEPHETCI3 Kope anmMaiMbI3. bapiibik enjiepie 5KOHOMUKaHBIH 6CyiHe
JKOHE OOCEKENIeCTIKTIH apTyblHa OalIaHBICTBI arpo-eHEPKICIT KemeHACePiHiH
YKOFapBI camnalibl OHIMJIEPIH aTy jKOHE allbIIT-CaTy KYMBICTApPhIH KYPri3y OOWbIHIIA
Te3 apaja memiMiep KaObUIay YIIiH aKmapaTThIK TEXHOIOTHsIIAp KaxeT. by
TEXHOJIOTUSIIAPABIH MIHJIETTEPl aybll MIAPyallbLUIBIFBIHAAFEl KOCIIT OPBIHIAPIAFhI
aKnapartapAbl ©HJICY, JIOTUCTHKAJBIK IIBIFBIHAAPABI €CeNTey, MaTepHalIbIK
IIBIFBIHAAP/IbI a3alTy, OHIMIEP/IIH camabl dpi YaKbIThLIbI KETKI3IIYIH Kajarajiay
Ooneim TaObUTanmbl. MyHImal TeXHOJOTHsIApFa MNHQPIBIK KOCBIMITANIAp MEH
WHTEPHET-MapKeTHHTTEp JKaTa Ibl.

AybIT MIapyamIbUIBIFBIHAAFEl  arPOOHEPKICINTI  JaMBITY VIIIH KacalaThlH
OipiHmi OarblT — Oy TUQPIBIK cayga. DKOHOMHKAHBI JaMBITYIbIH HAapbIFbIHA
LIBIFYABIH THIM/I JKOJIBIH HTepHET-MapKEeTHHT apKbUIBI KY3€Tre achlpaMbl3. AyblT
[IapyambUIbIK  KeMICHIH/Ie WHTEPHET-MAPKETHHITI KOJIJaHy O OHAIpyIIliepre
OaraHbl HAKTBHUIAyFa JKOHE OHIMIEPAI OHAIPY MEH OTKI3yre JXOHE OHIMICPICH
KeJIeTiH IIBIFBIHAAPABI a3aliTyFa KeMekTecenmi. VHTepHeT-MapKeTHHT OyTiHze
KOMMYHHKaUs (pyHKIUSIIAPBIH OPBIHIANIBI JKOHE Tayaplap/ bl CaThIN aly jKOHE
TeleMIepAl JKy3ere acblpyFa MYMKIHAIK Oepemi. AybUl IIapyallbUIBIFBIHAA
WHTEPHET-MapKeTHHT T KOJIJJaHy OHIipYIlli MEH TYTHIHYIIBIFa ay bl APy alIbUIBIFbI
OHIMJICPIHIH OH/IPICIH YIFaiiTyFa KoMeKTece i, OyJl SKOHOMHKAJIBIK OCyTe OKeIIe/Ii.
AyBUT TTapyamsUIBIFBIHAA TIETTIM KaObUIaay MPOoIecTepiH aBTOMATTAHIBIPY YIIIiH
MYJIBTH-areHTTIK TUIaT(GOpMaHbl KOJJIAHBIT TEXHOJOTHSIHBI KOJAaHY THIMILUTITI
MEH OHIMIUIITIH 3epTTeIiK >KOHE COHBIMEH Karap YCBHIHBUIFAH IICHTiMACPIIiH
TEMaTHKaJIBIK 3ePTTeyJepAiH OacTanKbl HOTHXKeNIepi KopceTiiai. MynbTH-areHTTiK
wiatgopMa aybul MIApyallbUIBIFBIHA WHTEIUICKTYalAbl KbI3METTEPJl JaMBITY
Q/IICTEPIH YCBIHBIN, MYHJA arcHTTEP KbI3MET KOPCETY, OHJCY YKOHE KOJIaHOabl
areHTTep PETIH/E SPEKEeT KacauIbl.
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OHEpKaCcin eHIMAepI.
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AunHoTanus. B crarbe paccMaTpuBarOTCsi BOSMOYKHOCTH Pa3BUTHUSI HHTEPHET-
MapKeTHHIa W IIeTM €ro HCIOJNBb30BaHMUs B CeIIbCKOM xo3siictBe. CeromHs
HEBO3MOXKHO TPENICTAaBUTH OyyIllee OTpacii, B TOM YHCJIE CEIbCKOTO XO03sICTBa,
0e3 mHTepHETa. B CBS3M C POCTOM DSKOHOMHKH M YCHJICHHEM KOHKYPEHIIUH
BO BCEX CTpaHaX HEOOXOAMMBI WH(POPMAILMOHHBIC TEXHOJOTUH Uil OBICTPOTO
NPUHATHS PEUICHUH O TOKYNKE M TMPOJAaKe BBICOKOKAYECTBEHHOM MPOMYKIMN
arpoNpOMBIIIICHHBIX KOMILICKCOB. 3ajadaMd 3THUX TEXHOJOTHH  SIBISIOTCS
00paboTka HHGOPMAIUK HA CEIbCKOXO3SMCTBEHHBIX MPEANPHATUSIX, PACUET
3aTpar Ha JIOTUCTHKY, CHIDKEHHE MaTepHalbHBIX 3aTpar, KOHTPOJIb KadecTBa
U CBOECBPEMEHHOW MJOCTaBKH MPOAYKIHWU. K TakuM TEXHOJOTHSIM OTHOCSATCS
IU(POBBIE MPUIOKEHHUS U MHTEPHET-MAPKETHHT.

[lepBoe HampaBiIeHHE Pa3BUTHUS arpONPOMBIIIIICHHOTO KOMIUIEKCA B CEITHCKOM
xo03s1iicTBe — mudposast Toprosisi. urepueT-MapkeTHHr — 3pdeKkTuBHBII criocod
BBIXOJIa Ha PBIHOK OJKOHOMHYECKOTO pa3BUTHs. VICHONb30BaHHE WHTEPHET-
MapKeTHHTa B arpolpOMBIIUIEHHOM KOMIUIEKCE TIOMOTaeT MPOU3BOIUTENSAM
YTOYHHUTH LIEHY ¥ CHU3UTH 3aTPaThl Ha MPOU3BOACTBO U PEANH3AINIO TPOTYKITHH.
WHTepHeT-MapKeTHHT CETOHsI BBITOMHAET PYHKIIMU KOMMYHHUKAIIUU U TIO3BOJISET
CO371aBaTh BO3MOXHOCTH [UIsi MNPUOOPETEHHsT TOBAapOB M  OCYLIECTBICHUS
mnarexei. Mcrnonb30BaHUME MHTEPHET-MAapKETUHIa B CEIbCKOM  XO3SIMCTBE
MOMOTraeT  TMPOWU3BOJUTENI0O W  IMOTPEOUTENI0  YBEIMYUTH  IPOU3BOJICTBO
CENbCKOXO3AUCTBEHHON TIPOMYKIIMH, YTO TPUBOIUT K IKOHOMHYECKOMY DOCTY.
Msr m3yumim 3(p(peKTUBHOCTh W MPOAYKTUBHOCTh HCIOIB30BAHUS TEXHOJIOTHUU
C  WCIOJIb30BAaHUEM  MYJBTHATGHTHOW IUIATGOpPMBI I aBTOMATU3aIllUU
MPOLIECCOB TPUHSTUSI PEUICHUH B CEIILCKOM XO3AWCTBE, a TaKXke MpeicTaBUIIN
MepBOHAYANBHBIC PE3YJbTaThl TEMATHUSCKUX HUCCICIOBAHMMA MpeAaraeMbIx
peureHuii. MynbTHareHTHas IUIaTGopMa NpPeA0CTaBIseT METOAbI pa3padoTKu
WHTEIJIEKTYAIbHBIX CEPBHCOB JUIA CEITBCKOTO XO3SICTBA, TAE areHTHl JEHCTBYIOT
KaK areHThI 00CITy)KHBaHUS, 00PaOOTKH U TIPUITOKCHUI.
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Ki1roueBble cjioBa: HHTEPHET-MapKETHHT, YMHBII OM3HEC, MyJIBTHArCHT, areHT,
CEJIbCKOXO03MCTBEHHAS IPOTYKIIHS.

Kipicme. Ka3zakctaH »SKOHOMWKACHIHAAFBI €H ipi cajaHBIH Oipi om —
aybUIIapyambUIbK. ENMI3AiH TEeH >KapThIChl ayblila OpHalacKaH. ©O3iH-e31
KaMTaMachl3 €Ty JKaFbIHAH XalIBIKTBIH OachIM OOJiri aybll TYPFBIHIAAPHI OOJIBII
cananaapl. EniMizae 7,5 MIUDTHOH XaJBIKTBIH ITaMaMeH 2,5 MUWUIHOH aJaMIaphl
aybUl LIapyallbUIbIFbl KbI3MeTKepiiepi. JKep mapblHaarbl Ke3 KeJreH eNiH aybll
ayblT MIapyalrbUTBIFGl Oip OipiMEH THIFBI3 OalilaHBICKAH 2 callagaH TYPaIbl O —
eTiH XKOHE MaJ IIapyallbUIBIFBl. Op €IAiH 9JCyMETTIK-9KOHOMHUKAIBIK JKaFJaibl
MEH JKYMBIC KYIIiHIH KOpCeTKIITepiHe, COHAal-aKk TaOWfu >Karmaiimapra
OalmaHBICTBI OCHI €Ki calia Oip OipiMEH KOMOMHALUSICHI ©3TePill OTBIPYbI MYMKIH.
OxoHomuKackl ete xorapel ennepnae (AKIL, '®P, ®pannus xone 1.0.) Frutbivu
JKETICTIKTEp MEH eTIHIIUNK ToXipuOeciH KeOipeK KOJIaHy HOTIXKECIHAEC Mall
HIapyambUIbIFEl - OHIMAEPIHIH Oeniri kem apTca, KeWOip Iamymibl enjepae
KJIMMATTBIH KOJIaHChI3 O0TybIHA OalIaHBICTHI OCIMIIK MAPYaITbIIBIFBIH JaMBITYFa
MYMKIHIKTeP/IiH MKOKTBHIFBI Ja Oaifkanaapl. OCIMJIIK XKOHE Majl MIapyanlblIbIFbI
OHEPKACIN calachIMEH ThIFbI3 OalIaHBICTHI. byl canamapasiH e3apa OailiaHbICHI
arpoenepkacin kemieHi (AOK) apKpulbl Ky3ere achlpbUIBIT OTBHIP. MyHnuai
KEIICH/ACP KYPBUIBIMBI MEH KyaTbl OOHBIHIIA SPTYPJi YKOHE NaMbIFaH eyjepiae
KEH TapayFaH. AJl JaMyIIsl elAepe onap skKaHa TOJNKBIHFa ue Oomyma. Herizinen
aybul HIapyallbUIBIFBl KIMMATTHIK JKargaiimapra Tikened Ttoyenmi. Omap: aya
paiiplHa, JKaybIH-IIAINIBIHFA, TOTBIPAK KYHAPIBUIBIFBIHA TOYEINAl OOJBIM Kelesi.
CoHFbl Ke3/iepl FbUIBIM MEH TEXHUKAHBIH JKaKChl JKETICTIKTEpl apKbICHIHJA
aybl1 MIApyalIbUIBIFRl OHIMJEPIH TYTHIHYIIEI ejIep/e KIMMATTHIK JKaFaainapra
TOYENIIIIK alTapibIKTail ToMeHaereH ekeH. 20 FachIpasiH 90-KbuTaapbiHa AeHiH
Kazakcran aybun mapyambsuibirbigia KeHecTiK mapyambulbIKTap MEH YKBIMIBIK
mapyambUIBIKTap Kypeutrad. 1990 sxpiiman 6actam MEMJICKETTIH arpOOHEPKICIIT
KCIICHIH/IE KOIITEreH QJICYMETTIK-3KOHOMUKAJIBIK e3repicTep O0ona OacraraH. by
€Ki cajla — ©CIMJIIK MApyamIbUIbIFGl MEH MaJjl MIapyallbUIBIFEl aybUl MIapyallbUTbIK
eHiMIepiHiH 53% xoHe 47%-biH Kypaiabl. Kazipri tanga KasakcTaHHBIH aybil
[IapyaIbUIBIFBI aJIThI TYPIIi OaFBITTA JAMBIIT KaThIP:

1) moumi makeiimap (O6wmmaii);

2) MIHTEHCHBTI ETHIITIK (I0H/1 JaKeaap (Kyrepi, apra, rpeyuka,r.c.c.); KeMic
XKoHe Oay-Oaxia;

3) mIaHTasUIBIK MIapyalbUIbIK (MaKTa,KeMic, 0ay Oakiia);

4) SKCTEHCHBTI JKaWBUTBIM/IBIK MaJl MapyanibUIbIFbl (€TTi OaFBITTAFHI ipi Kapa,
Koif);

5) MHTEHCHBTI Maj IIapyallbUIbIFbl (CYTTI JKOHE CYTTI-eTTi ipi Kapa, eT
OaFbITBIHIAFHI ipi Kapa OopaakplIay, MIOMTKA XKOHE KYC 6Cipy);

6) MHTEHCUBTI ET1HIIUTIK TIEH MaJl [apyaIlbUTBIFBI (FKEM-ILOIT KOPBIH JaibIHIAY ).

MeMmitekeTTiH 03 a3aMaTTapbIHBIH KAJIBIITH OMip CYPY KaFIaibIH j)KaKcapTyFa,
onapapl a3bIK-TYJIKIIEH JXoHe 0acka Ja aybUl IIapyallbUIBIFBI TayapiiapbIMeH
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KaMTaMachl3 eTyiHe OalIaHBICTBl aybll IIAPYalllbUIBIFBl OHAIPICIH MEMIIEKET
TapamblHaH peTTeyJep XKYPrisy KaxkeT. OJEMHIH Ke3 KeIreH eNiHAe aybul
HIapyalbUIBIFEl  OHIPICIH  MEMIIEKEeTTIK Kajarajay Toxipubeci ©Oap. EO
enmepiHAe a3pIK-TYJMIK OHIMISPIHIH OSKCIIOPTHI MEH HWMIIOPTHIH PETTEUTIH,
QJIEYMETTIK CEKTOPIbIH JaMYbIH KaJaralalThiH, a3bIK-TYJIK OHIMICPIH OTKi3yre
KApKbUIAHIBIPBUIFAH, OHJEY JKOHE KalTa eHJey JKYHWeCiH KypbUIBIMIAWThIH
cyOcuausiiap OepeTiH aybul MIAPYalIbUIBIFBI OHIMICPIH CaTHIIN aly JKyHeci )KYMBbIC
icTyne.

VHTepHET-MapKETUHITIH KaJlbl MAaKCaTThl TYTHIHYIIbUIAPAbI LIAKBIPY YIIIH
OHJIalH 9JIicTep/i KOJIaHAThIH CTpaTerusijiap MeH aaicrepai oinaipeni. Uatepuer-
MapKeTHHT — OyJI MHTEpHeTTI MaiijlamaHa OTBHIPBIN, OHIMJI HeMece KBhI3METTI
KBUDKBITY TIpolieci. AybUl IHIapyallbUIbIFBl OHIMICPIHIH HWHTEPHET-MapKEeTHUHT]
aybpUIIIAPYAIIBUTBIK OHIMISPIH aybll MapyanibUIbIFbl OHIMACPIH OHIIPYIIiIepIeH
Ke3 KeJIreH KOMMEPIHSIBIK KCIMOPhIHIApFa HeMece TYNKUTIKTI TYThIHYIIBUIapFa
WHTEPHET apKbLIbl OTKi3yaAl Olaipesi.

AybBUTIIapyarisiIslK  OHIMICPIH OHJIAWH caTylda KeITereH Keaepriiep Oap
Oosica 1a, aybll MIapyambUIBIFEl OHAIPYLIJIEpi & 0Chl MApKETHHITIKTI JaMBITyFa
ymrbuTyna. TyTHIHyWmIBIIapFa, COHOAM-aK YHBIMAApFa aybul IIApyallbUIbIFbI
eHIMIepiH cary depmepiep yuIiH TanTeipMac Kypai. VHTepHeT-Oyi FanamibIK
OaiimaHplc Kypajibl FaHa €MEC, COHBIMEH Karap OHM3HECTi KYPri3ydiH THIMAIl
Kypaisl. WHTepHET-MapkeTHHT — Oy WHTepHET KeNiCiHIH TeXHOJOTHUIAPHI
apKbUIBI TayapiapAbl HeMece KbI3METTEp/i caTyFa yKoHE caTyFa OarbITTalfaH ic-
mapanap xemeni(Lili Liu, et al., 2021; Hypranmesa, 1.0., 2022).

WHTepHeT-MapKeTHHT aybUl IIApyallbUIBIFBIMEH alHalbICAThIH  (epMepiep
YIIiH 6Te THIM/Ii, OUTKEeHI KaKCHI )KaFbl 6T KOII )KOHE JIEKTPOHIBI KyHenep OyKit
osleM OOWBIHIIA TYTHIHYIIBLIAPFa KBI3MET KOPCETYJE KOHE TOKTAYChI3 YKYMBIC
icTelai. AybUl MIapyambUIbIK — K€3 KeJITeH eJIJIH YHEMi JaMBblIll OTBIPYBl MEH OMip
CYpyiHIH Heri3iHe aitHamapl. OchbuTaiia, Ka3ipri yaKsITTa ITUGPIIEIK MAPKETHHTTIH
podl aybll MapyallbUTBIFBIH JaMBITYAAaFbl 0aCThl 0ACBIMABIK OOJIBIT TaOBLIA B, OJT
aybUl [IapyalIbUIbIFBIMEH alfHAJIBICATBIH aAaMIapAblH MYMKIHAIKTEPiH KeHEeWTe i,
Ke3 KeJTeH aybUl IapyalibUIbIFbl OHIMJIEPIH 3aHIbl JKOHE calayibl TYPJE CaThII
allyra KeMeKTecelli, COHBIMEH Karap SpTypili canajapia jKaHa TYTHIHYIIbUIapAbI
TabyFa KOMEKTECE/I.

Marepuangap MeH djaicrep. VTepHET-MapKETHHITI JaMBITYIBIH HETi3ri
omicrepi. Haprikka NUHAMHKAIBIK ocep €Tyl JKOHE THIMI Tayap KO3FaJIbICHIH
KaMTaMmachl3 €Ty YVIIIH MapKeTHHITIK NpOLecC Y3/IKCi3 JKOHE Napauielbi
TypAe JKYpri3imyi KaxkeT. MapkeTwHrTi 0Oackapy JKyheci YHeMi, HWKeM,
arpoOu3HecC cascaTblHa, TYTBHIHYIIBIIAPABIH KaXETTUTIKTepiHe, KaKeTTUTKTepi
MEH CypaHbICTapblHa, HapbIK JKarAaliblHA, Odcekere, OHW3HECTIH e3repyiHe,
KOCITIKEpITiKKe, OHIIpic IeHreiine coifkec Oomysl kepek (Heszamosa, T.6., 2024;
lonosuHa, 1.6., 2019).

MapketuHrTi Oackapy jkyieci e3iH-e31 yiHbIMAacThIpa aimy Kepek, ©3iH-e31
Oackapa anmy Kepek, JISTeHMEH JIe ic JKY3iHJe COTCI3 Karmaimap OOJaybl MYMKiH
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(MbIcanbl, camachl3 ©HIM, 0acKa KOraphl OOCEKeNeCTiK) HeMece XKyhene Kehoip
OHIMJIEp aKmapaThl ecKipreH Ooybl MYMKIH, KaHaJapbl yaKbITHIHAA SHT131IMel
KaJybl OYHBIH 0opi TOMEH HOTHKeJep Oepelli, COHABIKTAaH MapKeTHHT KYHECiHiH
JKYMBICEIH YHeMi Oakpliayga ycray kepek. VMHTepHETTIH 0Oi3re OepreH jkaHa
MYMKIHIIKTEep/IiH apKachblHJla 3aMaHayH aybUl IapyallbUIBIFbIHAa MapKETHHITIK
CasiCaTTHIHBIH 0OJiri peTiHae muQPIBIK MapKEeTHHT MaHBI3IBIPAK OOJBIN KeJel.
By, eH anjpIMeH, HHTEPHETTIH aybUIJIBIK JKepiiepre eHyiHe OaiaHbICThI, MYH/IA
TYTHIHYIIBIIAP OHJIAHH PEeXUMIHIC Tayapiiap MEH aybUIIapyallbUIbIK OHIMIEPiH
131el anaTblH, >KaHA TYTHIHYIIBLIAPAbl TYPaKThl TYTBIHYLIbUIADFA alHAIIBIPY
MYMKIHJITiH apTTHIPJIBL.

Kasipri KonaaHbICTaFbl HHTEPHET-MaPKETHHITIH KYPBUIBIMBIL:

E-mail-mapkeTHr — D1eKTPOH/BIK MMOIITA MAPKETUHTT OPEH/TI KBUDKBITY/IbI
KOHE OJIEKTPOHJBIK TMOIITa KEJUIEpi apKbUIbl TYTHIHYLIBUIADMEH —©3apa
OpEKeTTeCymi KaMTUTHIH BeO-CalTTap, QJIEYMETTIK JKENJIep KOHE OHBI KOITETCH
KOMIIaHUSUIap MalijanaHa ajajgbl. DJIEKTPOHIBIK MOINTa — €H THIMII LUQPIBIK
JKapHaMa JKyHenepiniH Oipi. DIEKTPOHIBIK ITOINTa MApKETHHTTI KOJIaHy YIIiH
€H aJJbIMCH MaijanaHylbl BeO-caiiTKa Kipeai, I3/IereHiH Tayblll, COJ CalTKa
TipKeJei, TIpKeIreH COH OapiiblK OHIMHIH TYpJIEpiH KOpe aiajbl KOHE KaXKeTTi
CYpaKTapblH TOYTa JKEINiCi apKbUIbI CATYNIBIIAH »ayal allblll, TarchIpeic Oepe
anajpl.

Marketing Automation (MapKeTHHTTI aBTOMAaTTaHABIPY) — OipHeIIe apHaIap
OoiibIHIIa Kpocc-QyHKIIMOHAMIBI MAPKETUHITIK HayKaHAapAbl aBTOMATTHI TYpIe
0acKapaTblH TEXHOJIOT U

ABTOMaTTaHABIPY MaKCaTThl MAPKETHUHITI JKOCTapiay MEH KapKbLIaHIbIPYAa,
MapKeTUHITIK aKTUBTepAl Oackapyma, MapKeTHHITIK HayKaHIIbI OacKapyna,
TYTBIHYIIBIIAP/BI TAPTYNA, OHIMJI caTyla, TYTBIHYIIbUIAD JIEPEKTepiH OHICY/Ie
KOHE MapKETUHITIH OacKa acleKTiIepiHae OpTalblK pel arkapaasl. Kommnanusiap
KIMEGHTTEpPre OJJIEKTPOHABIK IIOIITA, JJIEYMETTIK JKENIep, MeCcCeHIKepIep
XKOHE T.0. apKpUIBl aBTOMAaTThl Xadapiamajap apKbUIBl CYKIAT YHMIAcThIpa
asazpl. MapKeTUHI KOMIIAHUSHBIH KIPICIH apTThIPY, LIBIFBIHAAPIBI A3alTy JKoHE
THIMJILTIKTI apTTHIPY YIIiH MApKETHHITI aBTOMATTaHAbIpyAbl Kypy (Tao Zhai, et al.,
2023; Chen, et al., 2023 ).

Social Media Marketing (OneyMeTTik Meaua MapKeTHUHT1) — OapibIK OHM3HEC
TYpJIEpi YIIiH TYPaKThl TYTHIHYIIBUIAPFA KOJ KETKi3yAiH THIMI KOJIbl. MbICabI,
caThlIBIM/IAFBl OHIMAEP] JKaluIbl agamap He aiTaTbIHbIHA allaHJaFaH KOMITaHUs
QJIEYMETTIK JKejijie ©3 OpeH/iH Oakpuiail anajpl. OJICYMETTIK JKellijaepae Kajiai
YKYMBIC 1CTETI )KaTKaHbIH TYCIHTIC1 KEJIETIH KOCIITKEpIIep SJIEYMETTIK Melna apKbLIbl
OJIApIbIH KOJ JKETIMIUTITIH, KaTBICYBIH JKOHE CATBUIBIMBIH Kajarajiail aajbl.
Benrini 6ip maiinamanymbuiapra KOJ JKETKI3TiCl KeJeTiH KOMIIAHHsIap SJeTTeri
TYTBIHYIIBIIAPABIH CHUIATTaMajapblHA HETI3AEIAreH MakcaTThl KapHaMaapbl
(Jianfeng Zou, et al., 2022; Casenbesa T1.0., 2023) xepcerei.

OJIEyMETTIK JKeNiJiep aybUIlapyalllbUIbIK OHIIpYyIIijiepl YIIiH TaHbIMAal-
IBUTBIKTBI apTTHIPAThIH BIHFAWIBI KYpalAapAblH Oipi, OHBIH KOMETIHCI3, KaKbIH
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MaHIarbl Kajlajapia HeMece el MEKeHIepre KaKeTTi jKapHaMaHbl OHal
Tapata anMaiimbl3. CoHnaii-ak TYTBHIHYIIBUIAPMEH TIKEJIeH oNIEyMETTIK JKeli
apKbUIBI OalTaHBICHIN, ONApABIH CYpaKTapblHa Jkayar Oepe amMaiMMBbI3. AybIT
IapyanibUIBIFBl OHIMIEPI MEH OHIIpiC KypasjapblH eHIIPYII, KEeTKI3YIIl JKoHE
TYTBIHYIIBIIAPABIH MyAnenepin OipiktipeTiH KazakcTaHmarpl jKajFbI3 CallalbIK
XKeTekili mopTanbl «Ka3akCTaHHBIH arpOOHEPKCIN KemIeHD» KYMBIC iCTeHIi.
Agroprom.kz -0yJ1 a3bIK-TYITiK OHIIpici MEH CaTY/IbIH OapIIbIK IUKIAAPBIMEH XKOHE
arpoOu3HecTiH OalIaHBICTHI callajJapblMEH OaiJIaHBICTHl OM3HEC-ayIUTOPHSHBIH
morbipnanybl (Costa, et al., 2021; BacummseBa T.6., 2024). Ocbl mopTanisl
KacimopsiHmap karanors! 6ap, oHia KOCIITOPBIHAP Typaiibl TOIBIK MAIIMET allyFa
Oomaner. XKanreiz KazakcTannmbelk kocimoperHmap emec, TMJ] enmepi OotibiHina
aybUIIIAPYaIIbUTBIFBIMEH alHAIIBICATHIH ipi KOCITOPBIHAAP Typaibl MANIMETTEPIl
aimyra Oonazapl. OChl MOPTAJABIH MOJIMETIHE CYHWEHIIl, MbIHAJIall MomiMeTTepi
ayra OOaJIb:

Toeap Tena Koxso Jlara Tipopaner Person
UsDir v

Sepmoy TN sesaT0p. Torosopran 2007( 20092025 | HIIT Avcerxaso Kasaxcras, Bocrouo-kasaxcrancean ofracts
menmwa . copron
‘;‘%ﬁ? 1258 10000 T | 21.06.2023 TOO «KazEsport 20200 Kasaxcran, TlasTonapexar o6aacts

o e 3 et e pretronrs 30 266,83 30032023 Kpecsancioe xosaicrso JacTan KasaxcTan, ARMOTHHCKAR 06TaCTH.

2741 5007( 26032023 | TOO MapmmepArpo Kasascran, Amiommesas o6acts,

Erpe— 31000 06012033 | Altsi EXPORT Kasaserar, Bocrowo-FasseTancsan oftacts
glzn:?uwnm 27411 1000 7| 17.10.2022 KX «ECEHTARD Kasaxcran, Amiommmcxas ofnacts
Dot uarsan S e 28000 8507(2309202 | KXBEK Kasaxcram, Kocranaicrar oftacrs
‘;“;’ﬁ”m 280,00 1000 7| 18.09.2022 TOO I BEK» Kasaxcrar, Kocramaiicras ofmacts
P — Jorosopnan 1507( 21082022 | Kx Mepeit Kasascran, Bocroumo-rasascaricrat 061acTs
Tmeszma 18. coprog
aﬂ‘i‘”j‘"“ﬂ‘:ﬂm“ g Jlorosopsan 2131 13.06.2022 TOO «Anzmep-arpos KasaxeTan, ARTIOGHHCS] 0GTACTE.

I-cypem. KazakcTaHAbIK KACIIIKepiepre apHajIFaH cay/a ajJaHbl.

Bipiami cyperre KazaKCTaHABIK KOCIIKEpIEpIiH OWmail eHIMACPIH caTaThiH
almaHpl KepceTinreH. MyHzaa OaraHel cypbinTayra Oomaabl, srHEU o AKII
JOJNIapBIMEH, €ypOMEH, pecelmiK pyOIbMeH >KOHE Ka3aKCTaHIBIK TEHreMeH
KepcerinreH. Mynna cayna aitmarbiana 144 aiimax xepcetingi. (Cyper 2).

Bce pervoHel (144) -
KazaxctaH (64)
Poccun (75)
Azepbaiaxan
AdpranmcTan
Benopyccua
Ipy3uns

Eepona (1)
HMpaH

Kurtan
KelprelactaH (2)
Tap#wkucTaH (1)
TypEMeHUCTaH
Y3bekucTaH (1)
YrpauHa

Opyrive pernoHsl

2-cypem. Kacinopsinaap eii 0oibIHILIA
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2 cyperTe Oumail eHIMIEpIH caTyFa IIBIFApaThiH 9P €IAeTi KOCIMOPBIHAAPABIH
caHbl KepceTuireH. MyHIa Kepilml TypFraHBIMBI3NAil COHFBI  yaKBITTarbl
JarapeICTapFa KapamacTaH JKbUI CaiblH cayaa JKyienepi mamysl aptyga. by
JeTeHIMI3 aKIaparThIK TEXHOJOTHSIIAPIBIH apKachlHAa MHTEPHETTIH KOMETiMEeH
HHTepHeT-MapKeTHHITIH J1IaMy TEepCIeKTHBACHIHBIH Taiia OOoMybIH Oaifkarasl
(Krishnan, et al., 2020; Tycymos, T.6., 2024).

Kazip OusHecti mampITyma BeO-calT jkacam, OHBI 9[eMi JKOHE IKapKbIH
CypeTTepMEH TONIBIKTBIPY JKeTKiTiKci3. KenTeren Oacekernec caTymbuiap apacsinia
TYTBIHYIIBIIAPABIH 63 OHIMJIEpiHe JIeTeH KAKETTUTIKTepiH KaHaFaTTaHIbIPy YIIiH
KOIl YakbIT IIeH pecypcrap KaxeT. /lereHMeH, Oyl jkail FaHa ykapHama TpaguKke
Kemimik Oepe anMaiiipl. UHTEepHET-MapKeTHHT 13/1ey KYHenepiHiH 1aMybIMeH KeH
tapans! (Lin, et al., 2020). Byriari kyHi onap 0ip-OipiMeH THIFBI3 OalIaHBICTHI,
JIeTeHMEH OJIap/IaFbl )kKapHaMa 137y JKyHelepiHiH TanantapbiHa OarbITTalIFaH.

WHTepHEeT-MapKeTHHITIH HETi3Ti MaKcaThl — MAaKCaTThl ayJJUTOPUS OKUIEPIHIH
KQXETTUIIKTEpiH KaHaraTTaHABIPY apKbUIbI CaThUIBIMIBI apTThipy. On TemeHmeri
cbI30a OoiibHIIA icke acbipyFa Oomaznpl.(Cyper 3)

( UHTepHeT-MapKeTUHr )
=3 -
— -
v [
UHTepHET-MapKeTUHITIH WHTepHeT-MapKeTUHITIH, MHTepHeT-MapKeTUHITIH
— _
MakcaTrapbl MKYMBbICbI epekweniktepi
T : L T .
' ' |
v : v v v
I-terizri YaHe Mo3nuTUBTI TpeHp blHFaiinel pecypc ApHaHbl TaHaay CaTbin anylbiHbIH, CaiiTTasbl caTbin
Kautanama cary penyTaumuacsiH wacay peni anywel meH
KeneMmiHiH ecyi Kanbinractsipy | | catywbinbiy e3apa
‘ apekeTTecy Tapuxbl
i S |
: ¥
Aamy
TyTbiHywWwbI i 6apbicbiHAa Wewim Xymbic kesiHge
Ba3acebiHbIH ecyi ¥apHamanbiK, Kabbingay wekrey
apHanappabl Kocy MbINJaAMAbIFbI

3-cypem. VIHTepHET MapKETHHITIH iCKe achIPBLTYHI

HHTepHeTTETI )XKapHamMaap »aKChl JaMBIIT OfaH aphl ©3CKTiITT apTa TYCIEK.
ONiTKeHI OHJIAWH TypAe cayda CaTTHIK jkacay KeJjieMi KbUITaH JKbUIFa apTyaa.
MapketuHT 0acka canajapMeH o3 apa OalIaHbBICHIT KYHHEH KYHTE ©3repy/ie )KoHe
KYHHEH KYHTe op TYpii GYHKHsUTapAbl Kocyna. bipak Kaimbl Ke3IereH Makcar
— ’KaHa TYTBIHYIIBUIAPBI MIAKBIPY JKOHE KAPKBUIBIK MMalJaHbl apTTBIPY OOIBII
TaOBLIAIBI

Hotuxe MeH Taakbliay. CaHAbIK IIaT(HOpPMa sKoHe HHPPIbI KbI3METTePAIH
sKyieci. 3aMaHayn 3JEKTPOHIBIK KOMMEPIIHS MapKETHHITIK TUTaTdhopMamapblHaa
KOJJTAaHBUTATBIH ~ OHIMACPAIH OpTYpii Typiepi Oap. HHTepHETTEe KeITereH
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aypUIIIAPYAIIBUTBIK  OHIMAECpPIHE MAapKeTHHITIK TutaTdopmanap Oap, SFHH O
aybUIIIApyaIIbUIBIK ©HIMEPIHIH MapKeTHHTiH apTThipansl (Oprosa, T.6., 2021;
banaGanoBa, T.6., 2024). DneKTpOHABIK KOMMEpLUsAA aybUIIIapyallbUIbIK
MapKeTHHTIHIH IEHIeHiH KoTepy YIIiH aybUIapyanbuTbIK MAapKETHHTIHIH TYPBIC
KYHeciH Kypy Kaxker. Jlon ochinaid, >kaHa MapKETHHITI JaMbITy OapbICBIHIA
TEHJICHIMSATIApFa COUKEC aybUIApyallbUIbIK OHIMICPIHIH JIEKTPOHIbI CaylaHbl
XKeHIeTe ajnaMbl3. JKanmel ajnFaHna, aybUl NIapyamlbUIBIFBIHIAFEl AIIEKTPOH B!
KOMMepIHst — OyJ1 cajlaHbl aBTOMATTaHIBIPYFa MYMKIHAIK OepeTiH OaraapiamManbiK-
anmaparTeIK IIEMTMACPIIH JKyHeci OOJBIT TaOBIIaABI, MeMeK Oys >KyheHi
SHTI3eTiH 00JICaK CcaJjlaHbIH HETI3r KepCeTKIITepi: 0apibiK OHAIPICTIK IPOIECTEP
Kap KBUTBIK CUTIAaTKA We 00Ja/ibl, OHIMHIH carackl MEH CaHbl apTajIbl XKoHE OHIpIC
ecyl arblHaH OapbIHINA THIM/I Oosanbl. EHIl Oy1 sKylieHl Kayiai miemeTiHiMi3 Il
KapacThIpanbIK.

By xxyite ambIk Oi1iMre HETi37eNTeH, 031H-031 YHBIMIaCTRIPyFa KaOieTTi )koHe
KYpAeni >KyilenepiiH KacHeTTepiH KepceTell; TapaThlUIFaH jkKoHe Oelimuenrex
MHTEJUICKTYa bl KbI3MET KOpCeTy >KyHeci OO0MbIN Ta0bLIa bl XKOHE HHTEIEKTYallIbl
KBI3METTEp/l YChIHATHIH KOI areHTTIK TEeXHOJOTHsUIapFa OarbITTaJIFaH >KACaH[Ibl
MHTEJUIEKT XKYyHeci.

OcBbl HHTENEKTYaJIbl KBI3METTEPIH OpKaNHCHICHI Ke3 KEeJTeH OKUFaIapFa yKayarn
Oepyre, mIenriM KadbuIIayFa XoHe onapblH 0acKa areHTTEPMEH 03apa 9pEKeTTeCYiH
VHBIMIACTRIpYFa KabiIeTTi OaFrmapiaMaiiblK areHTTEPACH TYPaIbL.

[emrim kaObuTIay QYHKIUACH KeJIeCi KBI3MET areHTTEPiH KaMTHJIbBL:

1. bakputay areHTTepi — OHIMHIH camachlH (aypylapblH, KYpPT-KOHTIKTEepiH
OenrinepiH) TaHyFa apHaJFaH CHYTHHKTEp/ YIIKBIIICHI3 YIIy amnmaparTapbiHa
HETi3JIeNIreH MYyJIbTHAreHTTIK XKYHe;

2. Opic arenTTepi— ericTik aaKadTapbiH 06Ty, OHTalIaH IBIPY KOHE ETICTIKTEPIl
Oackapyra apHaJFaH MYyJIbTHACHTTIK XKYHe;

3. MarmmmHa areHTTepi — CYpaHbIC OOMBIHIIIA KBI3METTEPI1 dKOHE OHIM/TI )KEeTKI3y/i
KaMTaMmachl3 €Ty YIIiH MalliHajiap TOObIH OacKapyFa apHajfaH MYJbTHAreHTTIK
Kyite;

4. ©OHiMIiTIK areHTi (ATeHT ypoXXaHOCTh) — OHJIPICTIK aiKaObIHAH OapiIbIK
Oipzeii JaKplIIap/iaH allbIHFAH OHIMHIH JKaJITbl KeJIeMi;

5. OHIM canachkIHBIH areHTi (ATEHT KadecTBa MPOIYKITHHN ) — OHIMHIH caracbiHa
xayarn 0epy. Kes kenreH KayinTi OoipIpMay YIIiH ©HAIpYLIJiep MEH caTyIbuIapAaH
YIirinep MeH cepTuduKaTTap anraH TyphIC.

6. OHiMI XKeTKi3y areHTi (ATEHT JocTaBKa ToBapa) — OHIMII YaKbITBUIBI 9pi
carajbl OHIMI JKETKi3y. ¥3aK yakbIT O0Mbl HAPBIKTA )KOFaphl Callalibl )KYMBICTapAbI
OPBIHIANTHIH KETKI3yIli KOMITaHUSIIAPAbIH TOHKIpHOEi Kypbepiepi 6ap ceHiMai
KOMIaHUSUIApMEH KeNiciM jKacacy apKbUIbl JKETKI3y[iH KeIliryi MEeH LIBIFbIHIAp
KayTIiH a3zaiTyra O0mambl.

CepBHCTIK areHTTEp TalCHIPBICTAPAbI, TEXHOJOTHSUIBIK TIPOLECTep MeEH
OHIM/JIEP/Ii JKOHE aybUT IIapyallbUIBIFEl OM3HEC 0OBEKTUIEPIH KAMTaMachl3 €TeTiH
KOl JICHIeHJIi areHTTepAiH apHaibl MyJIbTHAreHTTIK KyiHeci apKbUIbl jKacallFaH
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6H. byrinri Tapaa mudpask miardpopmaiap MeH CMapT KbI3METTEp OHIIpyIIiiep
MEH ayblJl [IapyallblIbIFBl KOCIMOPBIHAAPBIHA MTPOOIEMAIbIK JKaFIaiaapasl TyCiHy

’KSHE pecypcTapbl 0ackapy apKbUIbI KYHEIIKTi )KYMBICHIH )KaKCapTyFa KOMEKTECY
YIIIiH kKacallFaH.

AreHTTIK nnatdopma

Kbi3meTTep KepceTy

bakbinay MawmuHa ©HIMHIH, canacb!
areHTrTepl arenTrepr areHT!
©HIMAI caThin any Ke3iHpe
OHIMHIH, CaNacbiH TaHyFa OHIMAEPAI XKEeTKIZY OMBIK, CANaCbiHA Ha3ap ayAapy
apHanfaH cnyTHUKTep

eHImal
©pic areHTTep! OHIMANIK areHT! JKeTKI3Y areHT!

eriHgl 6eny, oHTaiinaHabIpy
JK3He ericTiKTepal 6ackapy

©HIM anaKbiHaH 6apnbIK, 9“'“‘?«‘&!:;7;'“‘"“
61pAeii pakbInaapaan Y
anbiHFaK HIMHIK, Xannbi
canbt

4-cypem . AreHTTiK TIaTopMaaa sxocmapiay Herisnepi

Ocpl areHT miaT(opMachIHbIH KYHECIH MaiiianaHblll 3epTTey KYPTri3y apKbliIbl
013 eHIM/II OH/TIPY, caTy XKoHE KETKi3y Ke3iH/e mpooieManapabl aHbIKTAaIl, O0nKaM
xacait anmambi3. (4 cyperre). Kanmaiina npoOiieManapbl menry opeKkeTTepin 0i1im
KOPBIH KOJIIaHy apKbUIbI )Ky3€re achlpyFa 0osaabl.

Mysnna yeeiHbUTFaH AnylLogic Mopenbiey omicTepiH mMaijaiaHa OTBIPHIIL,
JMHAMHKAJIBIK BIHTBIMAKTACTBIK YJT1JIEpiH KapacThIPABIK.

soocet mewTe  geay  ploep mowTe!  deayt

picupt  moneTod EEr plepd moveTod  oeayd pidp?  mowTed

soorcel  quend

seeed mowTed Geap  plepd mowTef  seds

plocps mowte?  sways ploaps  moveTod  deayT pleap? mowTed  moweTels

wwrted Qe

S-cypem. OHIMAIIIK areHT1
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OHIMIUTIK areHTiHIH Moaeni OypbhIHFBI OHIMAEPl KoHe OacKaaa ocep eTeTiH
(bakTOpIap/Ipl, KAIMbl OHIMIUTUIIKTI €CKepil, eriCTITIKTIH >KOFapFhl JeHreimeri
OHIMJILJTITIHE KOJI )KETKI3y MaKCaThIH/Ia €H THIM/II TaKbUIIapbIH TaHIAybIH aHBIKTAY.

scutePalen

womRanbamra rawVaten#in3onage pekFaatiaters processrg weaseCNG ok

sourseDetveryTruces

ervrgTeOsck wrioesng g ozt I~
o ¢ 3
o—— ﬁn E\ Ew X,
sourceDetveny Truckn |
orivegToDeck unicsangt avngTeEat! oy
o 9 :
forkifs o
m‘ m

6-cypem . OHIMAI KETKi3y arcHri

OHimIi )KeTKi3y areHTiHiH MOJIei 01 OYJI MOJIeNh/Ie MEHEKEpIIep MEH JIOTHCT-
TEPJiH MaHbBI3AbI POJi KAKCHl YHBIMIACTBIPBIIFAH JKOHE Maijajibl OarbITTap/Ibl
KypyMeH OainanbicTbl. Onap bl MiHIETTEPiHE TAChIPBICTAP/IbI KAObUIIAY KOHE
MapIIpyTTap/abl JKacay Kipei.

MapripyTray — OyJI1 TYPaKThl TYTHIHYIIBUIAPEI 0ap HEMECE TIPKEJITeH TalChIPhIC
KeJieMi 0ap casbICTBIPMAIIbl TYPHE YJKSH KbI3METTepre TOH KBI3MET KOpCeTy
Tajaa0bl.
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7-cypem. OHIM canachlH 0aKblIay arcHTi

OHIM canachlHBIH areHTIHIH Mojeni — opOip eHIM MEH 3aybIT OOHbIHINIA
TEXHOJIOTHSIIBIK OTIepanusIIap/bl aHbIKTalHAbI, Ouall IOHIHIH canachblHbIH HETi3Ti
KOPCETKIIITEpiH OaKbUIalbl, COHBIMEH KaTrap OHIMHIH JKajllbl MacCachIHBIH
carrachblHa YKoHEe OapibIK CTaHIAapTTapFa Tajay *Kacanibl.

KopbIThIHABI

Bonamakra 0i3 Oy MOAEIbAI TEXHUKAIBIK-9KOHOMUKAJIBIK KOPCETKIIITEPI
KOCBIIT KypJeJIeHAIpeMi3, oJlapFa: JKeTKI3y Ke3eHi jkarajabl. JKeTki3zy Ke3eHiHue
KOJIIKKe KEeTETiH JKaHap-)Karap Mal IIbIFBIHBIH €CeNTelMi3, eriH JKUHAy
KE3CHIHJIETT  YaKbITTBl ~ €CeNTelMi3, MEXaHHWKTep MEH  IKYpri3ylIjiepain
JKaJIAaKbIChl MEH HIBIFBIHAPBIH KAPACThIPAMBI3 )KOHE T.0. DIEKTPOH/IbI MAPKETHHT
aybUIIIAPYAIIBUIBIK KOCIKepIepiHe 63 OHIMIEPiH Oenriii Oip enjie )KoHe meTenjie
ePKiH YChIHYFa JKOHE CaTyFa; OHJIAH TYp/ie KeHCEICH NIBIKIAM aK TYThIHY IBLIApbI
KoOeHTyre oHe a3 yakpIT ilIiHJE KOl KYII IeH pecypc JKyMacamad ak e3iHiH
TYpaKThl KJIMEHTTEPiH >KWHAM aiyFa; KbIC JKasbl JIeMeW ayblUl IapyanibUIbIFbI
OHJIpICIH THIMI JKOcrapiayra alpbIKIIa MYMKIHJIK KepceTTi. TypakThl KoHe
JKOFapbl JCHreiIeri OOCEKEeNeCTIKTI ycTam Typy YHIH KOciOM Typle KbI3MET
KepceTe 01Ty Kepek.

JKyMBICTBI KOcCIapiay >KOHE OHTaWIaHIBIPY Ke3iHJe Ke3 KeJIreH OKHfa
JTMHAMMKACHI KoHE OCMTiCI3IIK )KaFaaiaap TybIHIaraH Ke3/1¢ MelMIep Kaobliaay
YIIH MYJIBTHAr€HTT] TEXHOJIOTUSHBI KOJIJIaHy €H TUIM/IICI.

Bi3nig anjgarel )KYMBICBIMBI3 — HAKTBI aybLI HIAPYallbUIBIFbIHA apHAIFAH OLTIM
0a3achIH CHII3y )KOHE JIAMBITY.
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Abstract: The main goal of the research is to analyze the effectiveness of
deep neural networks for recognizing Kazakh sign language. This study is aimed
at improving methods for recognizing Kazakh sign language using modern
technologies.
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The objective of the research is to process gestures and images representing the
42 letters of Kazakh sign language and classify them accurately using convolutional
neural networks (CNN). The developed modelis capable of recognizing hand gestures
in real-time through a camera. Gesture recognition systems in the field of artificial
intelligence are still in the active research and development stage, so this model is
considered an important step in this direction. In particular, the development of a
system that aligns with the characteristics of the Kazakh language helps preserve
national cultural heritage. Additionally, this technology can be used to enhance
communication opportunities for people with hearing and speech impairments. The
results of the study revealed limitations in the current configuration of the model,
including low levels of accuracy and completeness for many classes. This may be
due to data imbalance, suboptimal model architecture, and insufficient tuning of the
training parameters. To address these issues, it is important to use data balancing
methods, improve the model architecture, and enhance data quality. Furthermore,
collecting additional data, using data augmentation methods, and optimizing neural
network parameters are crucial areas of the research. During the study, a dataset for
recognizing the features of Kazakh sign language gestures was created, based on
which the model was trained.

Key words: artificial intelligence, deep learning, Kazakh sign language
recognition, Dactyl recognition, convolutional neural networks.
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AnHoranus. Ka3ak bIM TUTIH TaHy YIIIH TEpeH HEWPOHIBIK IKETiJIepIiH
TUIMAIITIH Tangay 3epTTeyaiH OacThl MakcaThl OonbIn TaObuIagsl. byn 3eprrey
Ka3aK bIM TUTIH 3aMaHayd TEXHOJOTHSUIAPIbI KOJJIaHy apKbUIbI TaHy OJICTEpPiH
KETUIipyre OarbITTaliFaH. 3epPTTEYdiH MIHAETI — Ka3aK bIM TUTIHIH 42 opIliH
OUIIpeTiH BIM-UIIIapa KUMBLIIAP MEH KECKIHACP/I1 OHJICY JKOHE OJIapIbl A1 KIKTEY
YIIIiH KOHBOJIOLUSUTBIK HeHpoHIBIK xkerninepai (CNN) konnany. Kypeuiran Mosiennb
HAaKThl YaKbIT PeXKUMIHJIC KaMepa apKbUIbI KOJ KUMBUILIAPBIH TaHyFa KaOlIeTTi.

JKacaHIlbl MHTEUIEKT CajachIHAAFbl KO KUMBLULIAPBIH TaHYJIBIH KEIICHI1
XKyHeci oI Jie OeCEeHI 3epTTelNy KoHe 93ipiey Ke3eHiHIe OOJFaHJbIKTaH, Oyl
MOJICJIb OCBI OaFBITTaFrbl MaHBI3/IBI KaJlaM PETiHJe KapacThIpbuIyda. Ocipece,
Ka3aK TUTIHIH epeKIIeTKTepiHe CoHKec KeJIeTiH >KyHeHi a3ipiey — YITTBHIK
MOJICHH MYpPAaHBI CaKTayFa bIKIAN erefi. bynaH Oesek, OyJI TEXHOJOTHSHBI €CTY
XKOHE ceilney KaOineTi Hamap agaMJapAblH KapbIM-KaTbIHAC MYMKIHAIKTEpiH
KEHEHUTY YIIH nakijananyra 0onajibl. 3epTTey HOTHIKEIEPI MOJCIBIIH aFbIMIaFbl
KOH(DHUTYpaIMsICBIHIaFbl  IIEKTEYJICPAl KOPCETTi, COHBIH IIIIHJEC KONTereH
CBIHBINTAP YIIIH JQJJIIK TICH TOJILIKTHIK JICHIeliHiH ToMeH 00ybl. MyHBIH cebe0i
JICPEKTEP KUBIHBIHBIH TEHIEPIMCI3JIIrl, TaHAadFaH MOJEIb aAPXUTEKTYPACBHIHBIH
OHTAaNBI 0OJIMayBl, COHJAN-aK OKBITY MapaMeTpIEpiHiH KETKUTIKCI3 peTTenyiHeH
00JTybl MYMKIH.

Byl KuBIHABIKTapABl LICNTy YIIH AEPEKTepAl TEHECTIpy SICTEepiH KOJAaHy,
MOJISJIb APXUTEKTYPACHIH KETUIIIPY KOHE JIEPEKTEP CalachblH apTThIPY MaHBI3/IbL.
CoHbIMEH Karap, KOCBIMIIIA JICPEKTEP/Al KHUHAY, JEPEKTep/i YJIFAlTy ofjicTepiH
KOJIJIaHY JKOHE HEUPOHIBIK JKENiHIH MapaMeTpliepiH OHTAMIaHABIPY 3EPTTEYIiH
MaHbI3/IbI OaFbITTaphl OOJBIN TaObUIABI. 3epTTey OAPBICHIHJA Ka3aK bIM TUIIHIH
KOJI KUMBUIJIAPbl €PEKIICIIIKTEPIH TaHyFa apHAJIFaH JIEPEKTEP JKUBIHBI KYPBUIBIIL,
OHBIH HET131HJIe MOJICNIB/II OKBITY KYPTi3iIi.

Tyiiin ce3mep: kacaHIbl MHTEIUICKT, TEPEH OKBITY, Ka3aK bIM TiTiH TaHY,
JAKTHUII TaHy, KOHBOJTFOLIUSIIBIK HEHPOH/IBIK JKEiIep.
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Annoranusi. OCHOBHOW HENbI0 MCCIEIOBAaHHS SIBISIETCS aHaiu3 d(QPEKTHB-
HOCTH TIIyOOKHMX HEMPOHHBIX CETeH U Paclo3HaBaHMs Ka3aXCKOTO >KECTOBOTO
A3bIKa. JTO UCCIIEI0BaHNE HAMIPABJIEHO HAa COBEPILICHCTBOBAHHE METOIOB PacIo3-
HaBaHUSI Ka3aXCKOTO YKECTOBOTO SI3bIKA C MCIIOJI30BAHUEM COBPEMEHHBIX TEXHO-
noruid. 3ajada McciaeqoBaHuI — 00paboOTKa KECTOB W U300paKEHH, TpeICTaB-
nsroInX 42 OyKBBI Ka3axCKOTO YKECTOBOTO SI3bIKA, U WX TOYHAs KiacCHUKAIUs
C HCIOJIb30BaHUEM CBepTOUHBIX HelpoHHbIX ceTeil (CNN). Co3nanHas Mopenb
Croco0OHa pacro3HaBaTh )KECThl PYK B peajbHOM BPEMEHH C TIOMOIIBIO KaMephl.

CH0KHBIE CHUCTEMBI pacriodHaBaHud KCCTOB B obactu HUCKYCCTBCHHOI'O
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MHTEJUICKTA BCE CIIIE HAXOIATCSI Ha CTaIUH aKTUBHBIX HCCIICIOBAHUH U pa3paboTKH,
MO3TOMY 3Ta MOZEJb PACCMaTPUBACTCS KaK BaXKHBIM 1Iar B JaHHOM HalpaBJICHHUH.
OcobeHHo pa3paboTKa CHCTEMBI, COOTBETCTBYIOIIEH OCOOCHHOCTSM Ka3axCKOTO
SI3bIKa, CIOCOOCTBYET COXPAHEHHUIO HALMOHAJILHOTO KYJIBTypHOT0 Hacieaus. Kpome
TOTO, 3Ta TEXHOJIOTUSI MOXKET OBITH HCIIOIB30BaHA /ISl PACIIUPEHHS BOSMOXHOCTEH
0O0ILIeHHS JTI0AEH C OrpaHUYCHHBIMHA BO3MOKHOCTSIMU CITyXa U Pedu.

Pesynbrarel McciaeqoBaHUs MOKA3adl OTPAHMYCHUS TEKyLed KOH(UTypanun
MOJIETIH, BKJIIOYAsi HU3KUK YPOBEHb TOYHOCTH M IIOJHOTHI 17151 MHOXKECTBA KJIaCCOB.
[TpranHOii 3TOT0 MOTYT OBITH TMCOATAHC B AAHHBIX, HEONTUMAJIbHAS apXUTEKTypa
BBIOPaHHON MOJIENIH, @ TaKKe HEAOCTATOYHAS HACTPOWKa MapamMeTpoB OOyUCHHS.
Jnst pemieHuss 3THUX NPoOJeM BaKHO HCIIONIb30BaTh METOABI OallaHCHPOBKU
JaHHBIX, YIyUYIIATh aPXUTEKTYPY MOJEIH U MOBBICUTH KauecTBO AaHHBIX. Kpome
TOro, cOOp JOMOJHUTENBHBIX AAHHBIX, HCIIOJIb30BAHHE METOJOB YBEIMUYCHHUS
JaHHBIX W ONTHMH3ALMUS TMAapaMETPOB HEHPOHHOW CEeTH SBISIOTCS BaKHBIMU
HalpaBJICHUSMH HccienoBaHus. B xone wuccienoBanus Obiia coOpana 0Oasza
JAHHBIX JUIsl paCIO3HaBaHUSI 0COOCHHOCTEH KECTOB Ka3aXCKOT0 KECTOBOTO SI3bIKA,
Ha OCHOBE KOTOPOH MPOBOIMIIOCH 00yUEeHUE MOJICIH.

Ki1roueBble cjioBa: MCKYCCTBEHHBII MHTEIUIEKT, ITyOOKOoe 00ydeHue, pacmos-
HaBaHUE Ka3aXCKOTO YXECTOBOTO f3bIKa, PAacIlO3HABAHUE MaKTHJIS, CBEPTOYHBIC
HEHpPOHHBIE CETH.

Kipicne. blv-umapansr Tany — ecty KaOineri Oy3pUTFaH amamjaap YIIiH
KOMMYHUKAIUSIBIK TEXHOJOTHUSIAPIBI JKETULAIpYre OarbITTANFaH 3epTTEYIiH
MaHBI3/IbI OaFBITHI OOJIBIT TAOBLTA I, Ce0e01 OYIT TEXHOJIOTHSIIAP OJIap/ bl KOFAMMEH
OaiinanbicTa 00IyFa, aKIMapaT aIMacyFa »KOHE dJICYMETTIK HHTETPAIUIHBI APTTHIPYFa
MyMKiHAIK Oepeni (Amanrenmi, 2020). CyproaynapmMa KUMBULAAPBIH THIMJII TaHY
OipHenre MaHBI3IBI MOCEJeNep/li, COHBIH INIHIe AEPEKTepIiH TEeHrepiMCi3iri,
OpTYpINi JKaFmaiiapia SKOFapbl JQIJIIKTI KaMTaMachl3 €Ty KaXeTTLIiri >KoHe
KYWEHIH CEeHIMIITITIH apTThIPY KaXETTINITiH TybiHAaTanel. byn dakroprap
3epTTEY/i OJlaH 9pi TePEHACTY/I XKoHE KaHa MIeITMISP Il 131ey/i Tajar eTeni. by
MoceeNep/Ii eIy HHKITIO3UBTI KOMMYHHUKAIMSIIBIK MISITIMACP/Ii TAMBITYFa JKOHE
CaHpIpay MEH Hallap €CTUTIH KaybIMJIACTHIKTApAbIH ©3apa OpEKETTeCy carachlH
apTThIpyFa MYMKiHJiK Oepeni. COHBIMEH Karap, OJapiblH KOFaM/a TOJBIKKAH/IbI
MHTErpalysaHyblHA KOHE QJICYMETTIK KAThIHACTAPBIH HBIFAHTYFa OH ocep eTeli
(Amanrenmi, 1.6., 2020).

Ochl canmagarbel KeNTereH 3eprreynep, Mbicanbl, (Priesnitz, et al., 2021; Ur
Rehman, et al., 2021; Govalkar, et al., 2020), TepeH OKBITY SAicTepi YIKEH IepeKTep
JKUBIHTBIFBIHAH MaHbI3/IbI €PEKIICIIKTeP/i aBTOMATThI TYPJE AHBIKTAH OTBIPHIIL,
TIOITIKTI apTTHIPAJIBI KOHE KYpJIelli TarchipMaiapibl Menryre MyMKIHIIIK Oepeti.
byn omictep Bu3yanmu3aius, KCHICTIKTIK-YaKbITTBIK aKmapartapibl OHICY, YKOHE
MOJIAJTBJIBIK COHKECTEHIIPY CHAKTHI epeKIIeikTepre ocep erei. bipinmii 3eprrey
DeepLabv3+ mMoneniH KOJIAaHy apKbLIbl CayCcak VINTAPhIH 0] CErMEHTAIUsITayFa
KOJI JKeTKi3elli, OyJ1 acipece reTeporeH i GOHbI 0ap CypeTTepie KOFaphl TONIIKTI
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KaMTaMachl3 erefi. l-cyperre kepcerinrenneit DeeplLabv3+ mozeni HeriziHze
CEMAHTHKAJIBIK CETMEHTAIUS 9IICTEMECi KOMIAHBUIBIN, KOJ KAMBUIIAPBIH TaHY
JEPEeKKOPBIMEH KEHEWTUIreH.  APTBIKIIBUIBIFBI — TYC HETi3iHHAeri oficrepre
KaparaHJa CEHIMJIIPEK 9pi TYpaKThl CerMEHTAIlMsIIay/[bl KaMTamMachl3 eTy. Exinmri
xymbic 3D-CNN xone LSTM yitnecimin konmaHanel, cebedi Oyl apXuTekrypa
OeliHeNep/ieH KEHICTIKTIK-yaKbITTBIK ~EpEeKIIeNIKTep/li THIMII TYpAe aIbIIl,
OeliHenepyeri KAMBLULIAPABIH PETTUIITIH 197 aHBIKTayFa MYMKIHAIK Oeperi.
Bip apxuTekTypa TeK KEHICTIKTIK HEMece YaKbITTHIK aKIaparThl THIMII eHJaeH
aNMaraHJbIKTaH, YiieciM Kaxer etei. COHFBI 3epTTey TepeH OKBITY dJiCTepiHIH
BH3YaIJIBIK KOHE MOTIH/IIK MOJIAJIbIap bl COMKECTEHIIpY/Ie Kallali KOMEKTeCeTiHIH
tyciamipeni. CVT-SLR omici BU3yanmbl oHE TUIAIK aKmaparTapabl THIMAIpEK
TYp/E COUKECTEHIpyre KOMEKTECII, OKBITY HOTHIXKETCepiH KaKcapTajbl, Oy
ocipece AepeKkTep KeyieMi JKeTKITiKci3 OosraHma THiMIi Oonbinm kenemi. TepeH
OKBITY OMICTEPIHIH KOJNJAHBUIYBl JEepeKTEpJeH albIHATBIH epPEeKIIeINiKTePIiH
TIOIJITT MEH ONap/IbIH THIMII COMKEeCTEHIIpiyiHe aWTapibIKTall ocep eremdi, Oy
OpTYpITi XKaFaainap/a >Korapbl HOTHKeJIepre KOJI )KeTKi3yre MyMKiHIIK Oeperti.

1-cypet. Deep Lab v3 + ko KUMBUIIapbIH TaHy: Tepi HETi3iHAET] JepeKTep MEH CerMeHTaLHsI

KYPBIIBIMbIHA HET13/1€JITeH

blM TimiH TaHyma TpaHcopMaIusIay OmiCTEpiHIH O0acThl epeKIIeiKTepi
TaHYIBIH JOJIIT], KEUIIAMIBIFEI )KOHE pecypcTapAbl YHEMICY OOJBIT TaOBLIaIbI
( Zheng, et al., 2023; Voskou, et al., 2023; Hampiholi, et al., 2023; Montazerin,
et al., 2023). OmicrepniH eHIMILIITI KeOiHECe NEPEeKTep KUHAFBIHBIH CaIlachlHa,
KOJTAHBUIATHIH AJITOPUTMACPTE )KOHE MOICBIIH OKBITEUTY TOCLUTIHE OaliIaHBICTHI.
CoHBIMEH Karap, CTaTHUKAIIBIK YKOHE JHMHAMHUKAIBIK KUMBUIIAP/BI TaHY ToCUIAepi
Oip-OipiHEH epeKIIeNeHel: CTaTUKAIBIK KUMBUIIApAsl TaHy KapamaibeiM Oosica,
JMHAMHUKAIIBIK, KAMBUIIAP/ia KO3FAIIBIC IIEH YaKbIT (PaKTopJiapbl €CKepUIreHIKTeH
KHUBIH OOJIBIIT Keliedi. AIFaliKpl 3epTTey/le CTATHKAJBIK JKOHE JUHAMHUKAIBIK
KUMBUIAAPABI HAKTHI YaKBIT PEXKUMIHAC TaHy YIIiH OipHEIIe oJic TaJKbUIAHFaH.
2-cyperTe KOpCETUIreHJIeH CTAaTHKAIBIK JKOHE JWHAMHKAJIBIK KHMBULIAP/IbI
TaHy OICTEpi 3EPTTENIN, HAKTHI YaKbITTa KOJJAAHBUIATHIH OipHEIIe THIMII omic
VCHIHBUIFAH. OICTIH apTHIKIIBIIBIFEI —HAKTHI YaKbITTA TAHY THIMIUIITIH apTTRIPY
VIIiH YCHIHBUIFAH OICTEPIIH KaKChl KYPBUIBIMAAIFAHABIFBIHIA. 3EPTTEYIIIED
HAaKTBl VaKbIT PEeKAMIHIETI TaHy THIMIUITIH XETUIMIPYIIH OPTYPIl *KOIIapBIH
KapacThIPBII, CTATHKAJIBIK KOHE JIMHAMUKAIBIK KAMBULIAAP YIIIH HAKTHI MbICAJIIAP
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KEJITIpreH. OICTiH apThIKIIBUIBIFEI — OCHI €Ki THIITETT KUMBUIIAPIbl TaHy YIIiH
OeliMIeNITeH aNrOpUTMIIEp YCHIHYBIH/IA JKOHE OJapAblH THIMIUITIH apTThIpy
Tocinepine.

Keneci 3eprreyne rpek bIM TUTiHIH JepekTep )uHarel (29 653 Bumeo-aymapma
JKYITTaphl) KOJIIAHBLIA/IbI, O]l TPEK 0acTayhIll MeKTeOIHIH pecMH OaraapiaMachiHa
HerizgenreH. bynm »xana gepexrep skuHarbl SLT (Automatic Sign Language
Translation) 3eprTeynepiHe jkaHa MYMKIHAIKTEp YCHIHAIbI, ceOebi oi opTypii
TaKbIPBINITApAbl KAMTUABI )KOHE ay/lapMaHbIH LIbIHAWBI ©MipAeTri MOHIH apTThIpa/bl.
Byn nmepexrep >kmHarbl Kazipri 3aMaHFbl TpaHc(hOpMarop Heri3iHaeri omictepii
OKBITY YIIiH KOJAaHblIa b1 %xkaHe SLT 3epTTeynepin xKakcapTyFa MyMKiHIIIK Oepei.
Ocpl mepexTepin skaH-KakTbl 00iybl sxoHe SLT 3eprreynepinzeri mexreynepai
KOIOBI OHBIH HOTHIKEIIITTH KOPCETKEH.

Keftiari yurHII KeHICTIKTIK-YaKBITTHIK aKMapaTThl KON MOJANABl BUICO
Herizinge tany ywmiH Convolutional Transformer Fusion Blocks (CTFB)
ycoiburad. byn opic Gipueme nepexrep >kuHarbinaa (IsoGD, NVGesture, IPN
hand) >xorapsl HeMece Oacekere kaodineTTi HoTrxkenep kepcetkeH. CTFB skeprimikri
KoHe kahaHNBIK epeKIIeTIKTepi KAMTHIN, KOl JEHTeWsl OipiKTipy >KOIaapbiH
YCBIHABI, HOTIDKECIHAEC MOJENBIIH JKallbl TaHy MQIAIT apTambl. bynm oficTiH
OHIMITIr OipKarap (hakToplapMeH JKaKCapFaH: MKEPriulikTi epeKIIeTiKTepIi
KUHAY JKOHE OpTYpJI MOMajbJdi aKmaparThl OipikTipy apkachiHma. TepTiHmri
makanana CT-HGR (Compact Transformer-based Hand Gesture Recognition)
HETI3JIeNITeH jKaHa KYPBUIbIM YCBIHBUIFaH. byJl ofic KOFapbl TBIFBI3IBIKTAFbI OCTKI
EMG (HD-sEMGQG) curHangapbelH KOJJAHBIN, CTaTUKAJBIK JKOHE JWHAMHUKAIBIK
KUMBIIIApAbl TaHY MaKCaTbIHIA KOJAAaHBLIAIbl. OIIiC KOl apHajbl JIEKTPOATap
MEH 9pTYpJIi Tepe3e eNneMaepiH KONJaHy apKblbl HOTHKEJIEPl )KaKcapThII, KOJI
MPOTE3epiH/ie HAKThl YaKbITTaFbl TaHy TalChlpMajapblH LICLIyre apHanFaH. by
OMICTIH apTHIKIIBIIBIFEl — KEHLT opi THIMAI OOMYBI, a3 MapaMeTpIIepMEH JKYMbBIC
iCTeM, XKaKChI HOTIKEIEP KOPCETYi.

Byt skymbIcTap opTypili AepeKTep )KUHAKTaphl MCH 9IICTEPi KOJIAHY apKbLIbI
KOJI JKETIMJII HOTHIKE KOPCEeTyre MyMKIHAIK Oepeni. Op o/ic HaKTHI TarchlpMara
OelliMzenreH *KoHe JepeKTepli KUHAKTAY, OHACY MEH MOAECIJICYl OHTalIaHIbIpy
apKbUIBI TaHY JKYHENepiHiH THIMIUTITIH apTThIPaIbIL.

INPUT SIGN

PREPROCESSING

o
FEATURE EXTRACTION

'\

— | PATTERN MATCHING RECOGNTTION |

S

DATARASE

>

OUTFUT ShEN

2—cypeT. Y ChIHBUIFaH KYHEeHIH Heri3ri apXUTeKTypachl
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Sharma et al., (2020), Haq et al., (2023), Dong et al., (2021) makananapbeHIa
KOJITAHBUTFAH 9IIiCTep op TYPJIi, onmapabH immiaae Histogram of Gradients (HOG), Local
Binary Patterns (LBP), Principal Component Analysis (PCA), Canny Edge Detection,
ORB (Oriented FAST and Rotated BRIEF) 6ap. by omicrep mepekrepmi amapH ana
OHJICY, CPEKINCIIKTEP/Il IIbIFAPY XoHE KiIaccu(uKanusiiay/ia KOoIaHbLUIa bl

Anramkel eHOekTe ORB apkpuiet epekiernikrepi aimy meH «bag of words» amici
KOJJIaHBUTFaH. By of1ic TypIii aliblH ana eHJIey TeXHUKaJIapbIMEH CallbICThIPFaH/Ia,
ocipece Naive Bayes, Logistic Regression, sxone KNN knaccudukaropiapsiMeH
YKaKCBI HOTIDKE KOPCETKeH. APTHIKIIBEUTBIFEI — ORB epekmmenikrepi ary MeH KaHHH
IIETKI aHBIKTAy O/IICTePIHIH THIMJIUTITIH KOPCETIII, dKOFAPhI JOJIIKKE KOJ KETKI3I.

¥Ycwapuran ekimrici skymbeicta CNN HeriziHzeri xyhe KonablH OeifHeciH
CerMeHTalMsIay, CPEeKIIeNIKTEepiH aly >KOHEe oJapibl KIKTey OOWBIHINA YII
Heri3ri ke3zeHre OeninreH. CNN MozenbaepiHiH apTHIKIIBUIBIFE OeiiHeka30amap
MEH CypeTTeperi epeKIIeNiKTepai THIMII TYp/le aHbIKTal, TaHyFa MYMKIHIIK
Oepeni, coHbIMEH Oipre MyHAa >KakChl KOpCETKimTepAl (IoNIiK, ce3iMTalabIK,
criermuukanbik) Oepmi. ApTHIKIIBUIEIFEI — CNN apXHTEKTYpachIHBIH CypeTKe
HET13/IeJIreH TallChIpMaJiapFa THIM/II KOJIAHbLTYBI.

An ymixmn makamanga 5-D keHicrtik (numamaszoH, Jloriep, azuMmyT, Ketepiry
OYpBIIIBI) HETI3IHAE ePEeKIIeITIKTepi any 9Jici KOJJAaHbUFaH. OJICTIH apThIK-
LIBUTBIFBl — OYJI KEHICTIKTE yakbIT OOWBIHIIA e3repicTepAl Oakbulail OTBIPHII,
KUMBUIIAP/IbIH T€OMETPHUSUIBIK TPaHC(HOPMAIUSIIAPBIH KAMTHIBI JKOHE jKahaHIbIK
YaKBIT-KCHICTIK KaThIHACTAPBIH 3ePTTEU/Ii, HOTHXKECIHJIC KOFaphl TaHy JICHICHiHe
KOJI KETKi3eIi.

Bepinren aicrepiiH 9pKaiChIChl CCHCOPIIBIK KoHE OeHHenep i eHeye Oerii
Oip apTHIKIIBUIBIKTAPFa He, OipaK opTYpii apXUTEKTypajap MEH epeKIIeliK ary
TOCUTACPiIHIH KOMOMHAITMACHT OJTAPABIH THIMIUTITIH aUTapIbIKTal apTThIpa aixabl,
acipece KOJI KO3FaJIbICTAPBIH TaHy/[a )KOFaphl JIOJJIIKKE KETy YIIIiH.

Tsinganos et al., (2021), Colli Alfaro & Trejos, (2022) 3eprreynepinae
MSHilbNet, VGGNet, DenseNet, SqueezeNet xone Adaptive Least-Squares
Support Vector Machine (LS-SVM) apxurekrypaiapbl KOJJIAHBUIIBI, OJXapAbIH
OpKaMChIChl CcyJI0anbl AJIeKTpoMUOrpadus CUTHAIJIAPBIH  KJIACCH(UKAIHSIIAY
JRIIITIH apTThIpyAa KOHE MalialaHyIlblFa TOyenci3 nHTepencTepai AaMbITyna
MaHBI3IBI PO aTKapabl. bipiHIti kymbicTa cyitoansl dnekTpomuorpadus (SEMG)
CUTHAJJIapblH OciiHenepre alHaNAbIpy YIIiH XWIOePT KPUBOIUHEHKAIBIK OJIiC
KOJIAHBUIFAaH, ajl ychiHbUIFaH apxutektypaitap VGGNet, DenseNet xoHe
SqueezeNet Oosmbl. Kem geHreini XuimOepT KpUBOJMHEHKACHIH TaiianaHy
apkaceiiza MSHilbNet apxuTekTypachl KIaCCHKaJbIK HEHpPOH KeJiiepiMeH
CaJIBICTBIPFaHJIA JKAKChl HOTHKE KOPCETKEH.

Exinmi skymeicta EMG sxoHe nHepuusuisIK enmiey oipiikrepi (IMU) nepexrepin
OipikTipin, MakgaTaHyIIBIFa TOYENICi3 KAMBUIAAPILI TaHy ofici a3ipieHai. EMG
xkoue IMU nepexrepiniy yisieciMi Ki1acCUPUKAITASHBIH TJIIITIH €19yip apTTHIPIEI,
an Adaptive Least-Squares Support Vector Machine (LS-SVM) monem 92.9%
JTOIIIKKE YKETTI.
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Exi 3eprreyme ne ximaccupuKaius HOTHXKENEpi YIINIH JepeKTepli eHIeY
omiCTepi KOHE APXUTEKTYpajblK TAaHIAy EpeKIne MaHbI3Fra ue Oonmel. bipinmri
xymbic MSHilbNet apxutekrypacsl apkbuisl SEMG curnannapbiabiy OeiiHeneyin
Kakcaprca, ekinmi kymeic EMG xone IMU ceHCOpmapeIHBIH YHICCIMIITIITI
apKbUIBl MAilaNnaHylIbIFa TOyeJNCi3 BIM-MINApaHbl TaHy oJICIH JaMbITyFa
Hazap aymapasl. MSHilbNet apxuTekTypachl, a3 MmapamMeTpiepMeH, IOCTYpIi
apXHTEKTypajapFa KaparaHJa jKaKchbl HOTWXKE KepceTTi, an Adaptive LS-SVM
MOJIeTIi MaiiananyIbiFa TOyeJCi3 9icTep apachlHAa CH KOFAPbl JANIIKKE KETTi.

bIMTinmiETaHY XKY#Henepinae KYpeUIFbIIapMeHaroputMaepinkonnany (Camgoz,
et al., 2014; Sharma & Singh, 2023; Harris, et al., 2021; Zholshiyeva, et al., 2023)
3epTTeynepinae Kapacteipburad. Meicansl, Microsoft Kinect cuskTel cencopiap
JICHE KOOPIUHATTAPBIH JI9JI TIPKEIl, bIMJIap/Ibl TAHYFa KOMEKTECe 1. AJITOPUTMIED,
Mmeicanbl, Random Decision Forest, SVM, xone Tepen yiipery (deep learning)
MOJETBACP] BIMIAPABIH ePEKIISTIKTEPIH JoJI aHBIKTayFa JKOHE TaHy THIMIUTITIH
apTThIPyFa bIKNAI eTe/li. KypbhUIFbUIap IbIH )KOFAPFhI Callachl MEH aJITOPUTMIEP/IIH
THIMAUTITI O1pIKTIpIITeH IS, KYHEHIH KaJIIbl OHIMIUTITI eIeyITi Type )KaKcapaibl.
Bipinmn eHOek, Heri3iHeH, KaHKa HETI3Zeri epeKIIeTKTepai KOJJaHy apKbLIbl
BIMJIAP/IbI TAHY SJIICiH KOJIAaH bl 7754 bIM yariniepi MeH 20 bIM co3/iri OobIHIIA
JKATTBIKTBIPY HOTHKeciHze, Jaccard muaekci 0.74663-ke xeTTi. Byn kepcerkii,
ocipece, KaHKa HEeri3/1eri epeKIIeNiKTep/Ai KOIJaHFaH 9JicTep apachlHa €H KOFapbl
00J/1b1. APTHIKITBIIBIKTAPBI — KOFAPHI JOIIIK, MOIETBIIH Y3IIKCi3 BIMIAPIEI TAHY
Ka0iJieTi, COHBIMEH KaTap, IIbIHAWbBI YaKbITTaFbl TAHY MYMKIHZIT1.

Keneci xymbic Mobilenetv2 apxuTekrypacbhlH KoigaHa OThIpsI, 99.3%
xoHe 99.9% xinaccudukanus JONJITIHE KOJI JKeTKi3mi. by, HerisiHeH, yuri
KYPBUIBIMBIHBIH BIKIIAM/IBIFBIHA, QJJIBIH ajla JalbIHJAIFaH caJMak (aingapbiH
KOJJTAaHyFa JKOHE KPOCC-BaMIAIUsl apKBUIBI TEKCEPUITreHIIKKe OalIaHBICTHI.
ANTOPUTMHIH a3 KYII )KYMCANTBIH CHUIIATTAMacChl KOHE KOJJIaHYIIbI HHTEpQeici
ApKBUTBI  aKMapaTThl OHACYMIH >KCHUIIT, OHIMIUTIKTI apTTBIpyFa KOMEKTECTI.
Yuinmn 3eprrey MediaPipe Herizinaeri Koi bBIMIapblH TaHy KYHECIH JaMbITyFa
apHanfaH. bys ofic IIBIHAMBI yaKbpITTarbl OeWHeNepHai OHACyAl >KOHE TaHYJIbI
x)eHuaereai. MediaPipe kypanjgapbelH nainaiaHy, bIMIAPIbIH 97 aHBIKTATYbIH
KOHE TalaNaHyIIbUIapABIH aKnaparThl alyldarbl KEHUIIKTEPiH KaMTamachl3
eremi. Ko BIMAapbiH THIMIOI TypAe TaHy >KOHE OHACY MYMKIHIITI 3epTTEYmiH
HET13T1 apPTHIKIIBUIBIFBI OOJIBIT TaObLIAIBI.

TepTinmi Makanana Kazak JaKTHIBII BIMJIAPBIH TaHY YIIIH MalldHa OKBITY
aNropuT™i, aramn aitkanga SVM komumanbiiaabl. KyMbeicta 42 DakTUIIbAI TaHyFa
apHaJFaH XXYlie YChIHBUTFaH. by ojlic MIbIHAKKI YaKbITTaFbl TaHY KaOIIETiH JKOHE
JKOFaphl JONIIIKTI KaMTaMackl3 €Teli. AJITOpUTM THIMILTITT 99%-Fa KeTyi, OHBIH
KOJI JKETIMIUIINT MEH KapanalbIMJIBUIBIFBIH KepceTeli. bapiblk Tept 3eprrey
BIM TUTIH TaHyJaFbl aJTOPUTMICEPIIH JKOHE KYPBUIFBUIAPABIH MaHBI3IABl POIIiH
KepceTesi, opOip KYMBIC ©31HIH epEKIICIIIKTePl MEH 9/IiCTEMEIIePi apKbLUIBI KOFaphl
HOTIIKEJEePre KEeTyre YMThIIa IbI.

bi3 TepeH HelpOoHABIK XKelijgep/ai KOoJIaaHa OTHIPHII, bIM TLUTIH TaHy CaJachlHIa
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3epTTeyiep KYprizaik. bi3 MpIHaHBI aHBIKTAIBIK: TEPEH HEWPOHIBIK JKEIiep,
onbly imiHge CNN, KAMBUIAApABI TaHylda KOFapbhl THIMIUTIKTI KepCETei;
JIepeKTep camachl MeH CaHbl MOJEBJACPIl OKBITY[a MICHIYIIi Pei aTKapajbl;
JepeKTep/i YIFAUTy MOJMIKTI alTapibIKTail skakcapTajsl. JlepexTepai eHIEyIiH
JKOHE MOJICNbBJIIK apXHUTEKTypaHbIH KemTereH Tociuimepi 6ap (Amangeldi, et al.,
2020; Amangeldi, et al., 2020), 6331 oCBI caJaHbIH KapKbIH/IbI 1aMybIH KOPCETEII.
JXKericrikrepre kapamacTtaH, 0i3 AepeKTep TEHIePIMCI3IiTi, HAKTHI YaKbIT PeXKUMIH]IS
KUMBUIAp/bl TaHy JKOHE BIM Tl apachIHIAFbl ayJapMa MoCcellelepiH IIenryne
KHUBIHIBIKTapFa Tarn 0onambi3. Bi3/iH )KYMBICEIMBI3 OCHI callafaFbl 3ePTTEYIIEPIiH
JKAIIITBI KOPIHICIHE COMKeC KelleIi XKoHe 3 YJIeCiH Kocaabl: 013 Ka3aK bIM TLTI YIIIiH
JKaHa JIepeKTep KUHAFBIH jKacaJIblK, OChUTANIIa Oap AePEKKOP/IbI KEHEHTTIK; Ka3ak
BIM TiTiHAETT KUMBUIIAP/b! TaHy yiriH CNN-HiH THIMAUTITIH KOPCETTIK.

Marepuangap wmeH mictep. bipinmn wmakana «[paueHTTIK OKBITYIbBI
KyXartapasl TaHyra Koigany» CNN Typansl 1998 plibl KapusIaHbIN, TEPEeH
OKBITY MEH TaHy/a MaHbI3/161 pen aTkap/sl. (Le Cun, et al., 1998) KOHBOTFOIHSITBIK
JKOHE TOJNBIK OaiiaHplc KabaTTaphlH KOJJAHATBIH JKaHA apXHUTEKTypaHbI
TaHBICTHIPABI, TPATUSHTTIK OKBITYIBIH THIM/IUTITIH KOPCETTI.

CNN apXuTEeKTypachl TPaJMEHTTIK OKBITYIBI KOJJIaHy apKbUIBI KY>KaTTapJbl
ABTOMATTHI TAHY/Ibl aTaAPIIBIKTAl JKaKCapTThl. | pajiueHTTIK TYCymi MaiaiaHbIIl,
TEepPEeH HEHPOHIIBIK KEINJIepAiH SHTi31Tyl 3aMaHayd KyKaTTap/ sl OHICYIiH Heri3ri
Ke3eHiHe alHamipl. Byl JKyMBIC TpaJueHT HETi3iHAETi OKBITYIbIH JJIeyeTiH
KOPCETIll, KOMIBIOTEPIIIK KOpy MEH TaOWFH TiJI OHJIEY CaJachIH/IaFbl 3epTTEyepre
Heri3 OONabL.

Hepexmepoi anovin ana enoey

Jepexrepi cranaapTTay JKOHE MOACIBI1 OKBITY/IBI J)KaKkcapTy yiriH TensorFlow
KiTalTXaHaChIHJAFbl preprocess_input (QyHKIUACH apKbUIBI KECKIHAEp allJbIH
ama enzenmi. Jlepexrepal YIFalTy MOAENBAIH CTaHIAPTTAy KaOlIETiH >KakcapTy
MakcaThlHIa KEeCKIHIepi MaciTadTay, aifHAIABIPY JKOHE KAPBIKTHIFBIH ©3TepTy
orepanusiapbiH KaMTHTHIH ImageDataGenerator CBIHBIOBIHBIH KOMETIMEH KY3ere
aCBIPBLIJIBI.

YCBIHBUTFAaH MOZETh 3-CcyperTe KepcerinreHnael Keras kiTarmxaHachl apKbLIbI
KypbuLabl. Mosienb keneci KabaTTapabl KaMThIIbI:

Mopnenb 32 ¢unbTpi 6ap KOHBOIOIUSIIBIK Ka0aTTaH, CyOUCKpeTTey KabaThIHaH,
64 ¢wreTpi 0ap KOHBONIONMSIIBIK KadaTTaH, CyOQUCKpeTTey KaOarbiHaH, 128
¢ubTpi Oap KOHBOMIONHUSUIIBIK KaOaTTaH, CyOAUCKpeTTey KadaThiHaH, 256 QuibsTpi
0ap KOHBOJIOIMSIBIK KabarraH, cyOmuckperrey KaOarbiHaH, Flatten xabGaterHaH,
64 HelpoHHaH TypaThIH TOJBIK OaiiaHbic KabaThiHaH, 128 HEWpOHHAH TYpaThIH
TONBIK Oaimanbic KabarbiHaH, Dropout kabatsiHas (0.2), 256 HelpoHHAH TypaThIH
TONBIK Oaimanbic KabarbiHaH, Dropout kadarsiHan (0.3), 512 HelipoHHAH TypaThiH
TOJIBIK OalTaHbIC KaOaThIHAH koHE 42 HEUPOHHAH TYPATHIH MIBIFY TOJBIK OaliTaHbIC
Ka0aThIHAH JkoHe ‘softmax’ OerceHipy (hyHKIMSCHIHAH KYPaJJIbL.
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3—cyper. CNN MoziemiHIH apXUTEKTypachl

3epTTey HOTHKEJEPi. Bi3/iH KYMBICBIMBI3IIBIH HOTUKECIHIEC Keleci MaHbBI3/IbI
HOTIDKEIEpre KOJI JKETKI3IK:

Kazax bIM TiTiHIH 42 TaKTUIIiH TaHy OOMBIHINA 3ePTTEY KYPTi3iijli, HOTUKECIHIE
opinTep MEH BIM TiNiHIH aJIbl CUIIATBI Typasibl MOJIMETTEp ajJbIHIbL. 4-CypeTTe
kepcerinrenaeir 25 200-1eH actam JepeKTep >KUBIHTBHIFBI KacairaH. Jlepekrep
JKUBIHTBIFBI MOJICIIBJIIH THIMJIUIITIH Oaranay makcarbiHga okKbITy (20 790 cyper)
JKoHe chIHaK (4 410 cyper) yarinepine OetiHIi.

4—cyper. Kazak bIM TiiHIH 42 JaKTHIII A€PEKTep )KUHAFBI

OxpiTy CNN Herisri KecKiHJi eHJCY YJTICIH KOJNJIaHy apKbUIbl OPBIHIAJIbI.
MogesnbaiH THIMTUTIT] OKY 5K9OHE ChIHAK JCPEKTEP KU BIHBIHIAFBI JIQJIIIK [TCH KOFAJITY
KepceTKimTepiMeH Oaranan/bl. JKaTThIFy HOTHXKEIEpl S-cypeTTe KopceTiurenaen
rpauKTep apKbLIbl KOPHEKI TYP/e KOPCETLII, oap 310X OOMBIHINA JSJIIK IeH
JKOFAJITYIIBIH ©3repyiH OelHenel . byl Moenb IiH MaceeaepiH KoHE KETUIAIPY
YIIiH OaFbITTap/bl aHBIKTayFa MYMKIHIIK Oepii.
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Epochs.
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Epochs.
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S—cypert. Okpity mporeci: a) CNN+ fully connected layer GoiibIHIIa OKBITY MEH BaJTH AU 1AFbI
nonaik skoHe WeiFbIH; b) CNN + fully connected layer+data augmentation 6olibIHIIIA OKBITY MEH
BaTMALHUSAAAFBI JOJIIK )KOHE IIBIFBIH

Kazak bIM TiTi TaKTHITIH TaHY YILiH 931pJICHTeH MOJIEIb JIAJIIIK METPUKACHI APKBLITBI
Oaranmannbpl. OKpITY askranraHHaH kediH, moxenb (CNN-+fully connected layer)
89,33% nomuikke Ko KeTkizmi. Jlepekrepai yiFaiTy omictepi KONJaHBUFaHHAH
keitin, momens (CNN + fully connected layer+data augmentation) HOTHXENEpiH
JKaKCapThIN, Oaranay >KUBIHTBIFBIHIA 95,34% nonmaik KepcerTi, COHJai-ak TecT
JKUBIHTBIFBIH/IA KOPCETKIMTH 4%-Fa ’KYBIK )KaKCapTThl, Oy 1-KecTene KopceTiire .

Kecte 1 — OkpiTy HOTIKETEPL

Moaeanb

Baranay
JKUBIHTBIFbIHIAF bl
Tany paJairi %

Tect
SKMBIHTBIFBIHIAFbI
Tany paJaairi %

JlepexTep kosemi

(Zholshiyeva, et al., 2023)

layer+data augmentation

ResNet50 | 62,69 78,612 4449

VGG16 [91,323 98,867
CNN-+ fully connected layer 89,33 77,611 25200
CNN-+fully connected 95,34 80,883 75 600
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Tecriney ynricinaeri >koranty (YHKIHMSCHIHBIH MOHI IIEKTEYIi Juana3oH[a
OaramaHIpl, OV KiacCH(HKAIMSA TPOIECIH/ETT KaTeNiKTepiH TOMEH IeHIeiiH
kepcereni. OKpITY mporieci OapbhICBIHAA MOJIK TIEH >KOFANTYIarbl e3repicTep
rpaduKTepi MOAENBIIH OHIMIUIITIHIH OipTiHIEN KaKcapaThIHBIH KepceTeni. by
KOJIJITAHBUIFaH ONTUMH3ATOPIApABIH THIMIIUTITIH pacTaiIbl.

Tecriney nepekTepiHiH MaFbIH KIUHAFBIHIA MOJIEITh Ka3aK SIINOniHIH opinTepiH
corTi Oomkaiiasl. bomkammap HakTbl OenriiepMeH CallbICTBIPBUIBIN, TaHYIbIH
YKOFapBI JOIJITiH KOPCETTI.

Tankplaay. 3eprrey OapbiChIHAA caHbpIpay >KOHE HAIIap €CTHUTIH agaMaap
YIIiH KOMMYHHUKAIUSUIBIK TEXHOJIOTHSUIAPbI JaMbITy KOHTEKCTIHIE ©3€KTi KOHE
MaHBI3/IbI MIHJET OOJBINT TaOBIIATHIH Ka3aK SbIM TiUTIH TaHy OoiibiHITa CNN-HIH
YKYMBICBIHBIH THIMJIUTITI OaranaHaabpl. Jlepekrepi sKuHay KoHe YIFalTy apKbLIbl
KATTBIFY IEPEKTEPiH apTThIpy OONBIHINIA aliTapabIKTal KYLI-XKirepre KapamacTaH,
HOTIDKENEep arbIMIarbl KOH(UTYypamusga MOJIENBIIH TOMEH OHIMIUIITiH
KepceTTi. [lomaik MeTpuKachl KOIIIUTITi BIM CBIHBIITAPHI YIIIH KaHAFaTTaHAPIIBIK
MOHJIEpAl KepceTTi. 3epTTey OapbIChIHAA aHBIKTAIFaH HET13T1 Macele-IepeKTep
KHUBIHTBIFBIHAAFBI TEHIePIMCI3IIK JKOHE TaHJAJIFaH MOJIENb APXHTEKTYPAaChIHBIH
BIKTUMAJl OHTAMIIBI eMeCTiri. byl KUMbUTAapABI TAHYIBIH AJAIT MEH CEHIMIUTITIH
apTTHIPY YIUiH AEPEKTEpi OHICY 9IICTEPiH JIe, MOJENb APXUTEKTYPAChIH Jja OlaH
opi KETUTIPY KOHE TY3eTy KaKETTUIIrH KopceTeI.

JKyYMBICTBIH HOTHIKEIIEP1 ACPEKTEP CHIHBINTAPBIH TEHAECTIPY OOMBIHIIIA KOCBIMIIIA
3epTTeyIep/IiH KOKETTUIIrH KepceTei. byn nepexkrepi sxnHayFa, KUMBUIIAP/IBIH
OPTYPJILIITIH oHE ONAapJbIH HAKTHI MMaliJjaaHy JKUUITIH €CelKe alyFa MYKHUST
KOe3KapacThl KaMTybl MyMKiH. CoHzaii-ak BIM TUTIH TaHy TalChPMaChIHBIH
epekuIenikTepin eckepe OTHIpbI, CNN MoOIeniHiH apXUTEKTypachlH Tajaay
KOHE OHTaWnaHaplpy MaHbabl. Keneci 3eprreynep oprypini  CNN-HIH
apXUTEKTypajapbIMEH, COHBIH ilIiHJE bIM TLUTIHIH epeKIIeNiKTepine OeifiMmenreH
TEpeH HeMece apHailbl MOJENbJEPMEH TIXKIpHOe KYPri3yli KamTybl MYMKIH.
By Tany skyieciHiH Kaimbl eHIMALIrIH apTTeipyFa kemekreceni. CoHnaii-ak,
HOTIDKENEP/Il Tayjay KoHEe MOJENb KaTeNiKTepiH WHTEepIpeTaIsiay 9JIiCTepiHe
Has3ap ayznapy MaHbI3[bl, OYJI OKBITY IPOLECIH OfaH 9pi OHTAWIaHIBIPYFa KOHE
TaHy carachlH j)KaKcapTyFa MYMKiHIIK Oeperi.

Ocbl 3epTTey HOTHXKEJIEPIH i¢c KY3iHAE KONJaHy BIMJ TiNIH aBTOMATThl TYpIe
TaHy TEXHOJOTHUIAPBIH JTaMbITyFa, CaHbIpay JKOHE Hallap €CTHTIH ajamjaap YLIiH
KapbIM-KaThIHACTBIH KOJDKETIMIUTITT MEH THIMIALIITIH apTThIpyFa alTapibIKTai
yJiec Koca anajpl. TepeH OKbITy MOAEIBACPIH COTTI OeiimMaey jKoHE OHTalIaHabIPY
BIMTUIIH KOMMYHHKALHsIIa MHHOBALIMSUIBIK TEXHOJIOTHSJIBIK IICIIIMACPAl KacayFa
YKaHa MYMKIHJIIKTEp aIiaJibl.

Kopbitbinabl. Tangay HoTmKenepi  OKBITY — JCPEKTEp  KHUHAFbIHIAFbI
CBIHBINITAPBIH TEHrepiMCi3irin  kepceremi. CHIHBINTAPABIH TEH JIOpEKe/e
OemiHOEY1 KHi KaFaainapaa KeOip CHIHBINTAP/BIH MaMaJlaH ThIC JalbIHATybIHA
YKOHE CHPEK Ke3/IeCETiH CHIHBIITAP/BIH Hallap JKIKTeTyiHe OKENIll COFYbl MYMKIH.
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By TeHrepimci3mik, ©3 Ke3eriHje, MOAEIBIIH JKaIIbl THIMIUIITIH TOMEH/ETIIL,
o/licTEMEITiK MIeTTMACP/IIH TJIITiH HallapiaTybl BIKTUMAI.

MogenbaiH OHIMIUIITIH apTTRIPY THIIEpHapaMeTpiepal peTTey KoHe Kypaemi
KETTIK apXUTEKTypaap/bl KapacThIpy apKbUIbI )Ky3ere achlpbUTybl MYMKiH. by
MIPOIIECC, COHBIH iMTiH/e OelHe NepeKTepiHIeri HeTi3ri epeKIIeTiKTep i THIMIIpEK
allKpIHJIAM alaThlH Ha3ap aylapy MEXaHU3MJEpPiH €HTi3y MYMKIHITiH KaMTHIbL.
MyHaali MeXaHU3MJEP MOJCIBIIH JKYMBICBIH aWTapibIKTal JKaKCapThIN, OHBIH
HOTIDKENEPiHiH JNIITIH apTThIpyFa BIKHanl eryi siktuMai. Keras apkbuibi CNN
MOJIeTTi Ka3aK bIM TiJi KUMBUIIAPBIH JKOFAPhI JONAIKIICH KOHE TOMCH IIBIFBIHMEH
TaHyFa TaOBICTBI TYypJE OKBITBUIABI. MoJenb canachblH Oaraiiay OHBIH OpinTep.i
THIMJII TaHY JKOHE )KIKTey KaOieTiH alKbIH/Tal b1, OYJI bIM TiJTiH TaHY CallaChIHIAFbI
Oonaiak 3epTTeyyiep MEH JaMynap YIIiH MepCleKTHBAIBI KYPall PETiHC KbI3MET
ereni. MyHmail MoAeNbAEpAiH THIMAUIT, COHAAi-aK, KOMMYHHUKAIVSUTBIK
TEXHOJIOTHUSIIAP/IBIH JAMYbIHA JKOHE €CTy KaOijeTi MEeKTeNreH agaMaapablH e3apa
OPEKETTECYiH JKAKCAPTYFa YIeC KOCAJIbI.

Kazax pIM TiJIiH TaHy MOJIEIIH 3epTTE€y MEH JKETUIIIpy eCTy KaOiieTi meKTeyIi
aJlaMaapra apHajJfaH KOMMYHHKAIWS MEH OimiM Oepy YIIiH THIMII Kypalaapabl
KYYMEH Katap, HaKThl YaKbITTa aBTOMATTHI ayJapy TEXHOJIOTHSITIAPBIH XKEATUIIIpyTe
JKOHE BIM TiMiHAe OinmiM Oepy KOHTEHTIH KYpacThIpYAbl jKaKcapTyFa MYMKIHIIK
Oepeni. bynm mapamap KoraMJarbl HHKIIO3HBTUIIKTI apTTBIPHIN, aKmapaTka
KOJDKETIMIITIKTI KeHeWTe 11, COHaii-aK, Ka3akK bIM TLTiHIH MO/ICHH )KOHE JIEYMETTIK
MAaHbI3bIH HBIFANTYFa BIKIA CTEII.
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Abstract. This study delves into the multifaceted problem of cyberbullying
among children and adolescents, focusing on developing an adapted framework
to address this pervasive problem in the context of Kazakh social media. Based
on a comprehensive analysis of international research, including contributions
from the United States, England, and European countries, the paper integrates
theoretical methodologies such as analysis, synthesis, empirical comparison, and
experimentation. By contextualizing the findings in the unique cultural and digital
landscape of Kazakhstan, the paper seeks to bridge the gap between global insights
and local applications.
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A central aspect of this study is the exploration of technical methodologies
to combat cyberbullying. In particular, it examines the creation of a parser and
systematic collection of data to train machine and deep learning algorithms capable
of identifying and mitigating offensive or derogatory language in real time. These
technologies promise to improve proactive moderation of online platforms and
protect vulnerable users. Aimed at both novice and seasoned data scientists, this
study highlights the need for further study into the practical implementation of
deep learning algorithms. As part of the larger ongoing project, future work will
refine these approaches, with subsequent publications looking in more detail at the
deployment and optimization of advanced algorithmic models.

Keywords: classification, machine learning, deep learning, social media, social
networks
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AHHoTanus. byn 3eprrey Ka3akCTaHIbIK QI€yMETTIK Mena KOHTEKCTIHIAEC KeH
TapayraH MpoOJeMaHbl IIenry YIIiH OeHiMAeNnTeH KYPBUIBIMIBI 93ipieyre Hazap
ayJapa OTBIPBII, Oajanap MEH KacecHipiM/aep apachbiHIarbsl KHOepOYITHHTTIH KTl
KBIPIIBI TIpoOnemMachid 3eprreini. Amepuka Kypama llltartapbiabiH, AHIITUSHBIH
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xoHe Eypona enjiepiHiH yiecTepil Koca alFan/a, XaabIKapaiblK 3epTTeyIep/Ii JKaH-
JKaKThI Tal/iay HETI31HAe KYMBIC Talliay, CHHTE3, SMITHPHKAIBIK CAJIBICTBIPY YKOHE
AKCIIEPUMEHT CHUSKTHI TEOPHSIIBIK oiicHaManapiabl Oipikripeni. KazakctaHHBIH
Oipereit MoICHH skoHE MU PIBIK JTaHAMIAPTHIHIAFBI KOPBITBIHBLTAP/IBI KOHTEKCTKE
KeJITipy apKbhUThI Makaia jkahaHIIBIK TYCIHIKTEp MEH KepTuTikTi KoiganOamap
apachIH/IAFbl AJIIAKTHIKTHI )KOIOFa ThIPHICAJIBI.

By 3eprreyniH opTanbik acleKTici KuOepOy/UIMHTTICH KYPECYIiH TEXHUKAIBIK
oficTeMesiepiH 3epTTey OOJbI TaObLIaabl. ATam aWTKaHAa, O HAKThl YaKbIT
PeXKHUMIHJE KOPJIANTHIH HEMece KeMCITETiH Ti/li aHbIKTayFa KOHE JKEHUIIETyTe
KaOiJeTTi MaIlMHANBIK >KOHE TEPEeH OKBITY alTrOpUTMJEpIH YHpeTy YIIiH
TaJAyIIbIHBl KYPYAbl JKOHE JEPeKTepii JKyHem >KuHaymel 3epTreiimi. byn
TEXHOJIOTHSIIAP OHJIAH MIaThopManap/IsIH OeICeH i MOACPAUACHIH JKaKCapTyFa
JKOHE Ocall MaiIananynbuIap/ bl KOpFayFa bIKIal eTeli.

JKananmaH kenreH rampiMaapra aa, TOKIpUOei MaMaHIapFa Ja OarbITTaIFaH Oyl
3epTTEy TEPEH OKBITY alTOPUTMCPIH MPAKTHKAIBIK €HTi3y OOMbIHIIA opi Kapal
3epTTey KXKETTUTriH Kepcereli. AFbIMIAFbl YIKEH >XOOaHBIH Oeiri peTiHme
Oomamax >KYMBIC OCHI TOCUIEpJi HAKTBUIAWIBI, al KeWiHTl jKapusiIaHbIMIap
KEHEUTIUITeH alNrOpUTM/IIK YIATUIEP/i KOJIaHy KoHEe OHTAWIaHIbIpy MaceNeepin
TOJIBIFBIPAK KapacThIPaJIbI.

Tyiiin ce3mep: knaccudUKaIisl, MAITUHATIBIK OKBITY, TEPEH OKBITY, JICYMETTIK
Me/IHna, dJIEYMETTIK JKemiep
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AHHOTanus. DTO HCCIEJOBaHHE pacCMaTpUBAeT MHOTOTPaHHYIO MpolieMy
KnOepOyJUTHHTa CpeAn JeTed W MOJAPOCTKOB, COCPENOTaYMBasCh Ha pa3paboTKe
aJaTHPOBAHHOM CTPYKTYpBl JISi pELICHHs] STOH IMOBCEMECTHOH MPOOIeMbI
B KOHTEKCTE Ka3aXCKHUX COIMaJbHBIX ceTeld. OCHOBBIBASICH Ha BCECTOPOHHEM
aHaJIM3e MEKAYHAPOAHBIX UCcCIeJOBaHMM, BKITtouas BkiIaa CoenunenHbix lTaTos,
AHDIINY ¥ €BPOIEHCKHUX CTpaH, padoTa HHTETPUPYET TEOPETUIECKUE METOO0IOTHH,
Takye Kak aHajii3, CUHTE3, SMIHPHUECKOE CPAaBHEHHE M DKCIICPUMEHTHPOBAaHUE.
KonTekcryanusupyst pe3yabraTbl B YHUKAIBHOM KYJIBTYpHOM H IH(POBOM
nanmmagpte KaszaxcraHa, craTbsg CTPEMHUTCS TPEOAONETh Pa3pblB  MEKIY
100aJbHBIMUA MHCAHTaMU M MECTHBIMH TPUIIOKEHUSIMHU.

LleHTpanbHBIM  aclEeKTOM JaHHOTO HCCICAOBAaHHSA SIBIISIETCS —H3yuYCHHE
TEXHUYECKUX METOAONOruid OoprObl ¢  KkuOepOymmmHroM. B wactHOCTH,
paccMarpuBaeTCsl CO3JaHME Tapcepa W CHCTEMAaTHYECKUH cOOp AaHHBIX IS
00y4eHHsI aITOPUTMOB MAIlTMHHOTO M TITyOOKOT0 00yUeHHs, CIIOCOOHBIX B pealbHOM
BPEMEHH BBISIBIISIT M CMSITYaTh OCKOPOUTENbHBIN MITH YHUUMKUTEIBHBIH S3bIK. DTH
TEXHOJIOTHH 00CUIAI0T YIyUYIIUTh MPOAKTHBHYIO MOJEPAIHIO OHJIAHH-TIIaThOpM 1
3alIUTUTH YSI3BUMBIX ITOJIb30BaTEIICH.

HanenuBasick kak Ha HAUMHAIOLIMX CIIEUATUCTOB IO 00pabOTKe JaHHBIX, TaK U
Ha ONBITHBIX MPO(EeCcCHOHANOB, 3TO HCCICAOBAHNE TTOTYEPKUBACT HEOOXOAUMOCTh
JanbHEHWIIero M3y4YeHUs] MPaKTHUECKOH pealu3alud alrOpUTMOB TITyOOKOTO
oOyueHus. B paMkax Oonee KpymHOTo TEKyIIero nmpoekTa Oyaymas padorta Oyaer
YTOYHSATH 3THU MOAXOIBI, a MOCNeAyIomue myonukanuu OyayT Oojee moapoOHO
paccMarpuBaTh Pa3BepPThIBAHUE U ONITUMH3ALINIO POABUHYTHIX AITOPUTMHUYECKUX
MOJEIIEH.

KiroueBblie ci1oBa: kiaccuukanys, MallnHHOE 00y4yeHue, Iy0okoe o0yueHue,
COLIMANIbHBIC ME/INA, COLMAIbHBIC CETH.

Introduction. Cyberbullying has become a growing social problem, especially
during the pandemic, as traditional forms of mental and physical abuse have
expanded to virtual environments. Although this form of aggression may initially
seem harmless, it has significant differences compared to traditional bullying. The
unique capabilities of the Internet — such as anonymity, the potential for a wide
audience, 24/7 accessibility, and the ability to fake identities — have increased the
impact and complexity of cyberbullying (Van,et al, 2018).

In 2017, a study conducted by the Russian Association of Electronic
Communications (RAEC) identified cyberbullying as a pressing issue. This study

127



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

included structured surveys and independent analyses, although its results were
partially disclosed to the public. The study involved 2,500 people aged 12 to 17 and
19 to 23, using targeted questions to examine the prevalence and characteristics of
cyberbullying in these age groups. With the growing mental health risks of young
people, the issue of online abuse is becoming increasingly important. Mental
health, according to one concept, reflects “an individual’s harmonious alignment
with oneself and the environment, including other people, nature, and space.”
(Valle-Cano, et al, 2023).

Despite many surveys and analyses conducted on the topic, the development of
methods to effectively detect or identify cyberbullying remains under-researched.
For example, recent studies have begun to analyze specific text data from media
platforms to identify patterns of online abuse (Van, et al, 2018). This shift is an
important step toward automating the detection of cyberbullying, but significant
challenges remain.

The prevalence of online bullying has increased alarmingly over the past two
decades. Among US Internet users aged 10 to 17, instances of online bullying
increased from 6% in 2000 to 9% in 2005, and then to 11% in 2010 ( Khan, et al,
2022). These findings, from studies conducted by Finkelhor, Jones, and Mitchell
(2013), highlight a clear trend of increasing online bullying. Similar trends have
been noted in studies focusing on older adults, where 10% of respondents reported
experiencing online bullying at least monthly. Interestingly, when researchers
looked more deeply into hateful or harmful online content, these rates tended to be
even higher, suggesting that cyberbullying is often underestimated in superficial
surveys.

The findings are supported by a US review article, “The Changing Landscape
of Peer Aggression: A Review of the Cyberbullying and Intervention Literature,”
which provides a comprehensive overview of the evolution of cyberbullying and the
decline of traditional forms of bullying. While this study offers valuable insights,
it relied solely on manual methods of data collection and analysis. Specifically,
the researchers collected data through survey responses, manually organized and
analyzed the information, and then grouped the results accordingly. This approach,
while effective for descriptive research, highlights the lack of automated systems
or software solutions to facilitate the detection and analysis of cyberbullying
content. To address these gaps, recent research has begun to focus on technological
interventions, such as the use of machine learning and natural language processing
to detect offensive content in real time. These tools can potentially provide scalable
solutions for monitoring and mitigating cyberbullying on digital platforms. However,
the application of such tools is still in its infancy, requiring significant refinement
and testing to account for the nuances of language, context, and cultural sensitivity
(Kumari, etal, 2020). The cyberbullying is a complex and rapidly evolving problem,
exacerbated by the unique characteristics of digital environments. While traditional
survey research has provided basic insights, there is a pressing need for automated
and scalable solutions to effectively combat online aggression. Future research
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should prioritize the integration of advanced computational methods to identify,
analyze, and mitigate cyberbullying, with an emphasis on protecting vulnerable
populations and promoting mental well-being in the digital age (Elzayady, et al,
2023).

Materials and methodology

In general, all of these works shared the same central idea, but different
technologies were employed according to the goal that was more precisely defined.
In addition to using machine and deep learning algorithms, some areas of the world
involved more work with people, such as polling and pattern recognition. Databases
play a critical role in studies where machine learning algorithms are mainly applied,
and this is where the research methodology is usually divided into two main stages.
In the first stage, datasets are often taken from public resources such as social media
platforms, open access databases, or pre-existing repositories. The second stage
involves the creation of customized data collection tools specifically designed to
achieve the research goals. These tools are often accompanied by manual data
labeling and cleaning to prepare them for further analysis. Once cleaned, the
data is processed and experiments are conducted with various machine learning
algorithms to detect and classify patterns such as cyberbullying. Unlike traditional
approaches, our study stands out because it not only models harassment “attacks”
but also examines the broader context of cyberbullying, including the more subtle
interactions between perpetrators, victims, and witnesses. This broader approach
is especially important because interactions between these three groups often
signal that cyberbullying is occurring or escalating. Thus, rather than focusing
on individual instances of harmful behavior, this study aims to identify the full
spectrum of cyberbullying indicators, which may be critical to identifying ongoing
harassment (Ghozali, et al, 2023). Despite the progress made, a fully automated
system for real-time cyberbullying detection does not yet exist, and current systems
still require human intervention to check when potential indicators of cyberbullying
emerge. One of the challenges faced by previous studies is the uneven distribution of
data, where only 4-7% of detected cases were labeled as positive for cyberbullying,
and the majority of data was neutral or irrelevant (Jin-Liang, et al, 2018).

In contrast, (Agrawal, et al, 2018) conducted a study using Twitter, where they
applied a binary classification approach to detect cyberbullying. They created a
system capable of extracting the semantic meaning of words in tweets, using these
word-level features along with additional text features such as sentiment analysis
and vocabulary usage to differentiate between positive and negative sentiment. Their
approach included both a binary classification model to determine the presence or
absence of cyberbullying and a multi-class classification model to categorize the
severity of the behavior as low, medium, or high. The methodology used in this
study highlights the potential for more nuanced and scalable approaches to detecting
cyberbullying on online platforms. However, challenges such as imbalances in
datasets and the need for manual validation remain, requiring further improvements
in algorithmic accuracy and data quality (Rezvan, et al, 2018).
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The Random Forest classifier, combined with SMOTE, demonstrated excellent
results with a kappa coefficient of 0.711, an overall accuracy of 91.153%, and an
f-score of 0.898, achieving the highest overall classifier performance. In the binary
classification setting, it performed even better with an AUC of 0.971 and an f-score
of 0.929, confirming its effectiveness. The significance of the proposed features
was highlighted through a comparative analysis with standard features in both
multi-class and binary classification problems. The study highlights the need to
explore a dataset that includes a balanced distribution of neutral and cyberbullying
posts to enhance understanding and further improve the classification framework
(Talpur, et al, 2020).

Table 1. Analysis of compared articles

Corpus s .
Refe- Algorithms Used  Metrics Size Application Year Notable .
rence Area Observations
(words)
Binary E;Zz(i)sri%n Sentiment Demonstrated high
[1] classification, ’ 85,462 . 2019 AUC for detecting
. . Recall, AUC, Analysis . .
Linear Regression sentiment polarity.
MSE
. Random Forest
Naive Bayes, F-score outperformed
(3] KNN.Decision o cion, 24,189 Syberbullying o0 ers with the
Trees, Random Recall, AUC Detection highest F-score and
Forest, SVM : Bliost =
precision.
LOgISUC. Accuracy, LGBM Classifier
Regression, SGD Recall Fake News achieved the highest
[14]  Classifier, Random - 37,373 ) 2021 '8
Precision, F1 Detection F1 score for binary
Forest, SVM, Score classification tasks
LGBM Classifier )
LDA, SVM, Deep Learning
Linear Regression, Accuracy, Tobic models were more
[12] Multiple Recall, 15,874 M(E) delin 2020 robust for complex
Classification, Precision & datasets compared to
Deep Learning traditional classifiers.
Clustering, Cluste.:rmg p.roylded
Classification Accuracy, Spam meaningful insights
[6] . . L Recall, 5,000 pam 2017 into unlabeled data,
Dimensionality .. Detection - . .
. Precision aiding classification
Reduction
tasks.
LDA, Random Combmed'
Accuracy, classifiers improved
Forest, KNN,
. . Recall, Text performance; MSA
[17] Classification, . 17,546 . 2022 o
and Multinle Precision, Categorization and MAE highlighted
. MSA, MAE model efficiency for
Classification

specific categories.

The methodologies employed in these studies demonstrate a consistent approach
that emphasizes systematic data collection and preprocessing. Figure 1 illustrates
the process of extracting information from a rich media landscape, highlighting
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two primary scraping methods: API-based and custom system designs. API-based
scraping requires token authentication, allowing for seamless and efficient access
to structured data. In contrast, custom scraping leverages user agents to extract
data from web resources, allowing for greater flexibility in analyzing system
architecture. The choice between these methods depends on the requirements of
the task—API integration offers speed and convenience, while custom scraping
supports more complex, customized data collection needs ( Masadeh, et al, 2022).
This dual approach provides adaptability by enabling complex data preprocessing,
which is critical for robustly training machine learning models and optimizing
system design.

SQL network Interface

Protocol layer

Plane cache

Data cache

Buffer Pool

Fig. 1. Data processing scheme for web resources

Kaggle.com is an indispensable platform for newcomers to the data science
community, offering an accessible entry point to learn and develop skills in the
field. Users can upload their datasets and participate in competitions that require
building predictive models, providing a great opportunity to work with real data.
Although a wide range of datasets are available for free, the lack of an appropriate
dataset for our specific research topic remains a challenge for this study (Sultan, et
al, 2021).

Machine learning uses a variety of algorithms for classification and prediction
problems. Logistic regression, a fundamental statistical model, is widely used for
binary classification problems. It works by modeling the probability of a binary
outcome as a function of one or more predictor variables, often using a logistic
(sigmoid) function to produce output values between 0 and 1. Logit regression, a
variant of logistic regression, focuses on analyzing the limits or boundaries of a
classification model, providing valuable insights into how the predictor variables
influence the outcome.
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Introduced in 1951 by Evelyn Fix and Joseph Hodges, K-Nearest Neighbors
(KNN) is a nonparametric machine learning method used primarily for classification
problems, although it can also be applied to regression. KNN classifies a data point
based on the majority of its nearest neighbors in the feature space. The method
makes no assumptions about the distribution of the data, making it very flexible
and effective for a wide range of problems. However, its performance can degrade
when dealing with high-dimensional data due to the “curse of dimensionality”(
Comito, et al, 2019).

Linear regression, another basic machine learning technique, models the
relationship between a scalar dependent variable and one or more independent
variables. Simple linear regression involves a single independent variable, while
multiple linear regression can handle multiple predictors. This technique is widely
used in economics, health care, and social sciences to understand the influence of
various factors on an outcome. Its versatility in predicting continuous outcomes
makes it a key tool in predictive analytics.

These algorithms, although varying in complexity, are critical to building
accurate models in a variety of fields, such as finance, health care, and social media
analytics. The SVM (Supper Vector Machine) is a controlled learning model that
analyzes data for order and relapse investigation. In addition to conducting direct
grouping, SVMs can effectively use a technique known as the part stunt to play
out a nonstraight characterisation, verifiably planning their contributions to high-
dimensional element spaces.

Random Forests are a group learning technique for characterization, relapse,
and various assignments that produce the class that is the method of the classes
(order) or mean/normal forecast (relapse) of the individual trees by developing a
large number of decision trees at preparation time. Choice trees have a tendency
to overfit their preparation set in irregular choice woodlands. Although irregular
woodlands typically encircle preferred trees, their accuracy is inferior to that of
angled-helped trees. In every situation, the presentation of the information can be
affected by its properties.

Make comparisons between the algorithms.

The analysis and presentation of the authors’ findings on this topic was all fairly
strong. Most often used metrics to assess the algorithms were:

pr= 2 (1)

TP+FP

Precision (Pr): Precision is the ratio of true positives (TP) to the total number
of predicted positives, which includes both true positives (TP) and false positives
(FP). This reflects how many of the objects that the model classified as positive
are actually positive. Precision is important in scenarios where false positives are
costly or undesirable.
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TP (2)
TP+FN

Recall (or Sensitivity): Recall is the ratio of true positives (TP) to the total number
of true positives, which includes both true positives (TP) and false negatives (FN).
It measures the ability of the model to correctly identify all relevant cases in the
dataset. Recall is especially important in contexts where false negatives are more
critical, such as in medical diagnostics.

recall =

2 precisionxrecall

F1 =

precision+recall (3)

F1I Score: The F1 score is the harmonic mean of precision and recall, providing
a balanced measure between the two. It is particularly useful when there is a need
to balance precision and recall, and is often used when the class distribution is
unbalanced.

accuracy = TPATN “4)
Y = TP+FN+TN+FP

Accuracy: Accuracy is the ratio of correctly predicted cases (both true positives
and true negatives) to the total number of cases in the dataset. While accuracy is
easy to understand, it can be misleading in imbalanced datasets where the number
of negative examples greatly outnumbers the positive ones (Landau, et al, 2022).

These metrics are critical to understanding how well a classification
model performs in various aspects, such as identifying true positives, avoiding false
positives, and minimizing false negatives. Depending on the context, you may want
to prioritize precision, recall, or F1-score over accuracy.

When determining whether the model operates in a relevant manner, those four
marks are the most frequently used.

Results and discussion

There are several related research studies on this subject, one of which is
mentioned in the introduction. This piece focuses on a few key areas of recent
writing on cyberbullying among young people nowadays. We specifically need a
better understanding of which young people are most likely to be threats, victims,
or observers online, as well as the circumstances that will lead young people to
speak out against cyberbullying behavior. The characteristics of current anti-
cyberbullying initiatives being used in American schools and the gathering of
young people for these activities should be noted as an important component of our
investigation. This information will make it easier to decide which mediations need
to be strengthened and expanded and which need to be replaced.

Utilizing artificial intelligence to find hate speech in text. The results of applying
multiple machine learning techniques to classify hate speech using different feature
combinations are compared in this section. The following strategies are among the
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most widely used in modern research for building and training classifiers: Picture of
decision tree, random forest, naive Bayes, logistic regression, k-nearest neighbors,
and support vector machine
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Fig. 2. Comparison of results of classification algorithms

The study synthesizes key findings related to the conceptualization of
cyberbullying, making comparisons with traditional bullying, highlighting their
common features and varying degrees of severity. Different types of cyberbullying
are explored, profiling the characteristics of both cyberbullies and their victims.
The impact of cyberbullying on the psychosocial development of young people
is also considered, taking into account the factors of age and sexual orientation.
In addition, the study delves into the underlying causes of cyberbullying and
describes intervention strategies at the individual, organizational and societal
levels. Recommendations for young people, parents, educators and schools are
presented to effectively address and mitigate the problem from a holistic well-being
perspective.

Conclusion. Based on the findings of previous studies, we decided to automate
the process of detecting cyberbullying in text data. Our first step was to investigate
whether similar studies had been conducted in Kazakhstan or in the former Soviet
Union. Although we found some conceptually related works, none of them fully
met our specific requirements for the project. This led us to the conclusion that we
needed to develop our own autonomous system capable of automatically detecting
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cases of cyberbullying and implementing preventive measures. Given the lack of
existing tools that could meet our needs, we decided to take on this task ourselves,
focusing on creating a customized solution to fill this gap. This approach allowed us
to tailor the system to the unique needs of our study and the specific characteristics
of the Kazakh digital environment.
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Abstract: The adaptive drive of a docking mechanism is a critical component
in automatic docking systems, widely used in spacecraft, marine vessels, and
industrial robots. The primary goal of developing such a drive is to ensure precise
and reliable connections between two objects under variable external conditions
and within limited maneuvering space.

The reliable adaptation of a two-movable self-regulating mechanical drive
consists in self-adaptability to an external load balancing friction clutch, which
ensures the connection of the friction moment with the relative angular velocity.
Recent studies of the interaction of force and kinematic parameters, reported at a
Symposium dedicated to the 60th anniversary of the MMT journal, have opened
up the possibility of creating an additional connection without losing the degree of
freedom. Such a connection can be obtained by replacing the action of the above
reaction with the action of the friction moment in the hinge of the intermediate link.
The friction moment creates a force connection, which is taken into account in the
equilibrium condition, and the friction joint retains relative mobility. The obtained
equilibrium conditions ensure the definiteness of motion and the ability of self-
regulation in the form of an inversely proportional dependence of the speed of the
output link depending on the variable external load. The described method makes
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it possible to create a fundamentally new class of self-regulating mechanisms in all
branches of technology.

The developed mathematical model of the existing central-type docking
mechanism can be used for an adaptive drive docking mechanism by using the
above simplifications of the changes. The paper briefly formulates the basics of the
theory of power adaptation of a gear drive and develops a prototype of an adaptive
drive for the docking mechanism of a spacecraft.

Key words: self-regulating transmission, planetary mechanism, force
adaptation, mathematical model, design, simulation
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Annoramus: KoHIBIpY MexaHH3MiHIH OeliMjenreH KeTeri  FapbIln
amnmaparTapblHia, TeHi3 KeMeJepiHJe JXoHe OHEpPKICINTIK poOoTTapAa KeHiHeH
KOJIJITAaHBIJIATHIH aBTOMATThI KOHIBIPY JKYHENepiHiH MaHBI3IbI Kypamjuac Oeiri
Oombin TaObuIaABl. MyHAal JKETeKTI NaMBITYIbIH HETi3ri MaKCaThl — CBIPTKBI
KaFJainapra OeifiMIIeNeTiH KoHe MaHeBp jKacay VIIH IIeKTEYNi KEHICTIKTE eKi
HBICAHHBIH J19J1 )KOHE CEeHIMi OaillaHbICBIH KAMTaMachl3 ETYy.

Exi mopesxerni ©3iH-031 peTTEHTIH MEXaHUKAJBIK )KETEKTIH CeHIMI1 OeriMeryi
YHKeNnic MOMEHTIHIH CallbICTBIPMaIbl OYPBIMITHIK JKBULIAM/IBIKIICH OaillaHBICHIH
KaMTaMachl3 €TETiH )KYKTEMEHI TEeHECTIPETiH CHIPTKbI YHKelic My(TachiHa ©3iH-
e31 perrey Oombin TaObUTambl. MMT >xypHanbiHbIH 60 KBUIIBIFPIHA apHAIFaH
Cumnosnymaa OasHIanFaH KYLI TIEH KHUHEMaTHKAJBIK IapaMeTpiepliH e3apa
OpeKeTTeCyi Typajbl COHFBI 3€PTTEYIIEP EPKIHIIK AOPEKECIH )KOFAITHAN KOCBIMILIA
OaifmaHpIC OpHATYFa MYMKIHJIK Oepai. MyHail OaillaHBICTBI KOFaphlaa aTaiFaH
PEaKIUSHBIH OPEKETIH apaliblK OyBIHHBIH TOTICACHIHJAFBI YHUKEIIC MOMEHTIHIH
ocepiMEH anMacThIpy apKbUIBl ajayFa Oomajbpl. YWKETIC MOMEHTI Teme-TEeHJIiK
JKaFJaibIHAa ECKEepIeTIiH Kyl OalIaHbICBIH TYABIPajbl, al YHKeTic OybIHBI
CaJIBICTBIPMAIIbl KO3FAJFBIIUTHIFBIH CaKTalbl. AJIBIHFAH Tele-TeHIIK apTTapbl
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KO3FAJIBICTBIH AHBIKTHIFBIH JKOHE aybICTIANbl CHIPTKBI JKYKTeMere OalTaHbICThI
IIBIFBIC OAJIAaHBICHIHBIH JKBULIAM/IBIFBIHBIH KEPi MPONOPIIMOHANIBI TOYEIJ T
TypiHZe e3iH-e31 perrey KaOineTiH KamTamachkl3 eredl. CumarranFaH ojic
TEXHOJIOTUSHBIH OapiiblK cajajlapblHla ©31H-031 PETTeHTIH MeXaHU3MICPAiH
TyOeTeii J)kaHa KIIaChIH KYpyFa MYMKIHIIIK Oeperti.

KongaHeicTaFbl  OpTANbIK THITI KOHJIBIPY MEXaHHU3MIHIH MaTeMaTHKAJIbIK
MOJISNTIH KOFaphlJa KEeNTIPIATeH e3repTylep/li KeHUIIETY apKbUIbl OeHiMaenreH
KETEKT1 KOHABIPY MeXaHW3Mi YIIiH TaiganaHyra Oonaapl. Makamaga Oepinic
BapUATOPBIHBIH KYIITIK OeHiM/IeTy TeOPHSICHIHBIH HeTi3/1epi KbICKallla culiaTTalFan
JKOHE FapbIll anmaparblHbIH KOHJIBIPY MEXaHW3Mi YIIiH OeHiMJeNnTreH >KEeTeKTiH
MIPOTOTHITI JKACaJIFaH.

Tyiiin ce3xep: OeliiMaenTeH TICTI KeTeK, KYMITIK OeHimMaeny, TuTaHeTapiIbIK
TiCTi MEXaHW3M, MaTeMaTHKAIIBIK MOJIEIi, )ko0aay, MOJIeIIey.
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AHHOTauMs. AJIAITUBHBIA TPUBOJI CTHIKOBOYHOIO MEXaHM3Ma SBIISIETCSA
BaXHEWITUM KOMITOHEHTOM CHCTEM aBTOMAaTWYeCKON CTBIKOBKH, IIMPOKO
WCTIOJIb3yEMBIX B KOCMHMYECKHX arraparax, MOPCKHX CylaX M MPOMBIIUIEHHBIX
pobotax. OcHOBHas MeNb Pa3pabOTKH TAaKOTO MPUBOAA — OOECIEUUTh TOYHOE U
HaJIC)KHOE COCIMHECHHUE JIByX 0OOBEKTOB B M3MEHSIOIIUXCS BHEITHUX YCJIOBHSIX U B
OTPaHWYEHHOM IMPOCTPAHCTBE 11 MaHEBPHUPOBAHUSI.

Hagexxnas amanranusi JBYXIOABMYKHOTO CaMOPETYJIUPYIOIIETOCS MEXaHH-
YeCKOro TMpHUBOAA 3aKJIIOYaeTCs B CAMOIPHUCIIOCOONSIEMOCTH K BHEIIHEH
YPaBHOBEIIMBAIOIICH HArpy3Ky (pUKIMOHHONH MydTe, oOecrieunBaromieii CBI3b
(pPUKIIMOHHOTO MOMEHTa C OTHOCHUTENBbHON ymioBoW ckopocThio. llocnennue
WCCIIEZIOBAaHUS B3aMMOJICHCTBHUSl CHJIOBBIX M KHHEMAaTHYECKHX MapaMeTpoB,
npeacTaBieHHble Ha Cumnosuyme, TocBsamieHHOM 60-netuio xypHara MMT,
OTKPBIIM BO3MOYKHOCTH CO3/1aTh JOMOJHUTENBHYIO CBA3b 0€3 MOTepu CTEreHU
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cBoOozpl. Takast CBS3p MOXET OBITH IONyYeHa MyTEM 3aMEHBl JeHCTBUS
BBIILICYTIOMSIHYTOH pEakUuu ACHCTBHEM (PPUKIMOHHOTO MOMEHTa B IIAPHUPE
MPOMEXYTOUYHOTO 3BeHA. DPUKIMOHHBII MOMEHT CO3[aeT CHIJIOBYIO CBSI3b,
YUUTBIBAEMYIO B YCIIOBHM pPaBHOBECHs, a (PPUKIHMOHHBIM IIAPHUP COXpaHsET
OTHOCHUTEIIbHYIO TIOBMKHOCTD. [loydeHHbIe yCI0BUs paBHOBECHSI 00€CIICUMBAIOT
OIIPENCTMMOCTb JBIKCHHS U CIIOCOOHOCTD CaMOPEryTUPOBaHUs B BUJe 00paTHOM
MPONOPLHOHANBHONW 3aBHCUMOCTH CKOPOCTH BBIXOAHOTO 3BEHa B 3aBUCHMOCTHU
OT TIepeMEHHON BHeWIHeW Harpy3kd. OmnucaHHbBIM crnoco® MO3BOMAET CO3AATh
MPUHOUINAIBHO HOBBIH KJIACC CaMOPETYIMPYIOIIMXCS MEXaHM3MOB BO BCEX
OTPACIISIX TEXHUKH.

Pazpaborannass Maremaruyeckass MOJEIb CYLIECTBYIOIIETO CTBHIKOBOYHOTO
MEXaHHM3Ma LEHTPAIBHOTO THUIA MOXKET OBITh MCIOJIB30BAHA JUIS CTHIKOBOYHOTO
MeXaHHM3Ma C alallTHBHBIM IIPUBOOM Oarofapsi BhIIICONMCAHHBIM YIPOILIECHHUSIM 1
MoaudukanusiM. B cTatee KpaTko H3naraloTcst OCHOBBI TCOPUU CHIIOBOH afjanTaun
3y0uaroro mpuBOAa W pa3padarbiBacTCs MPOTOTHI aalTUBHOTO MPUBOAA IS
CTBIKOBOYHOT'O MEXaHHU3Ma KOCMHUYECKOT0 arapara.

KiroueBble ciioBa: camoperynupyromascs TpPaHCMUCCHS, IUIaHETapHBIN
MEXaHM3M, CHJIOBasl ajanTaius, MareMaTHYecKas MOJelb, IMPOSKTHPOBAHHE,
MOJICTTUPOBaHUE.

Introduction. The existing drive has a limited range of action due to the lack of
sufficient conditions for determining the movement of the required power factor of
the existing design is not enough to achieve the required control range. The existing
total moment of friction in kinematic pairs turned out to be insufficient to achieve a
practical control range (Syromyatnikov, et al., 1984).

The drive mechanism of a spacecraft docking system is a critical component
that ensures the precise and reliable connection between two spacecraft. This
mechanism must operate effectively in the unique and challenging environment of
space, which includes factors such as weightlessness, high relative velocities, and
potential external disturbances. One innovative approach to improving the control
and determinacy of the docking mechanism drive is through the introduction of
additional velocity coupling forces (Fehse, et al., 2003).

The drive mechanism of a spacecraft docking system plays a vital role in ensuring
successful and reliable docking operations. By incorporating additional velocity
coupling forces into the control system, the docking mechanism can achieve
higher levels of precision, stability, and adaptability. This approach addresses the
challenges posed by the space environment and enhances the overall performance
and reliability of the docking process (Boesso, et al., 2013).

Docking mechanisms have been employed in space missions for more than 50
years. With the start of the Space Stations era, the new concept of standardization
was born and the contribution of different participants from various countries led to
the definition of common design requirements (Yaskevich, 2019).
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Materials and methods of research.

1) The proposed solution for the drive of the docking mechanism.

Fig. 1 shows one of the options for an illustrative example of a spacecraft
docking mechanism drive. In the drive of the tightening device, two duplicate
electric motors 1 relate to the output shaft 5 through locking clutches 2, planetary
mechanism (differential) 3 and two planetary gears 4.

ﬂFDl—{

3

()

|

T

Figure 1. An example of drive of docking mechanism as a kinematic design: planetary unit-4,5;
planetary gear-3; motors-1,2 (Golubev, 2019).

The locking clutches prevent transmission of motion from the main wheels of
the differential to the electric motors.

The drives of electromechanical docking devices use DC collector motors.
Permanent magnet motors in four-pole design, with a duplicated brush assembly
and armature winding, as practice shows, are highly reliable. These motors have
a high ratio of starting torque to nominal torque for the applied power range (Mp/
Mn = 5...10) and therefore have a good overload capacity, which favorably affects
the reliability of the drives, but requires the use of safety couplings. Despite the
presence of a brush collector, the engines have good performance in vacuum. To
further increase the life of engines and other elements in outer space, it is possible to
completely seal housings, use AC motors, brushless DC motors. Disadvantages of
motors can be indicated in: need for on-board DC-to-AC converters; large mass and
dimensions of the engines themselves; lower efficiency (for low-power engines);
4) worse overload capacity (lower starting torque multiplicity Mp/Mn = 1.5 ... 2).

Disadvantages of the existing drive of the docking mechanism: 1. The complexity
of the design; 2. Large dimensions and weight; 3. Large energy losses; 4. Relatively
low reliability.

140



ISSN 1991-346X 1. 2025

2) Design of an adaptive drive.

The proposed design is based on previous works for new design of a gear drive.
The adjustable drive proposed in this paper contains an electric motor and a gear
variator. Adaptive gear variator contains input driver , closed loop of gears 1-2—
3—6-5-4 a closed loop of gears and an output driver . The closed loop contains
the input satellite 2, solar wheel unit 1-4, ring wheel unit 3-6 and output satellite 5
(Ivanov, 2019).

¥
§||E

7

~

Figure 2. Kinematic scheme of the proposed adaptive drive

The drive in Fig. 2 is considered to replace the existing drive Fig. 1 of the
spacecraft docking mechanism.

The formulation of the problem of force analysis of a mechanism with two
degrees of freedom (Fig. 2) and with two inputs is as follows: according to the
given external forces, reactions in kinematic pairs and generalized external forces
Fu1 and Fyz are determined (or moments My1 = Fy17h1 and My, = Fyotyp)
on the two input leads H1 and H3. The force analysis should begin by considering
the structural group 1-2-3-6-5-4 in the form of a four-link closed circuit consisting
of gears. The structural group contains a block of solar wheels 1-4, satellite 2, a
block of epicyclic wheels 3-6 and satellite 5.

These conditions can be represented as equilibrium conditions based on the
principle of possible displacements.
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NT X mA T

Figure 3. Linear velocity plan of the adaptive drive

Linear velocities are determined using known angular velocities and wheel radii

using the formula V; = w;1;.
A closed loop allows you to create static equations. Let’s make up the equilibrium
conditions for the links of the contour 2 and 5.

Riz + Ry = Fya, (1)
Rys + Res = Fz. )
For satellite 2, we obtain from the equations of moments

Ri; = 0.5Fy;, 3)
R3, = 0.5F; )

Multiply equation (3) by V| (the velocity of the point D of the satellite 2 or the
circumferential velocity of the wheel 1). Multiply equation (4) by (the velocity of
the satellite point 2 or the circumferential velocity of the gear 3).

R12Vy = 0.5F;Vy (5)
R32V3 = O.5FH1V3 (6)
Add up equations (5) and (6).

R12V1 + R32V3 = O'SFHl V3 (7)

According to the linear velocity plan of the mechanism (Fig. 3) 0.5 V; = Iy
where V1 is the velocity of point B the satellite point 2 or the circumferential
velocity of the carrier H,.
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Then from equation (7) we obtain the equilibrium equation of satellite 2
according to the principle of possible displacements using capacities instead of
work

R12V1 + R3oV3 = Fy1Ving (8)

In a similar way, we obtain the equilibrium condition of the satellite 5

RysVs + ResVe = FuaVis )

Where Va, Ve, Viz are the velocities of the points E£,G,K of the satellite 5 or the
circumferential velocities of the wheels 4, 6 and the carrier H,.

Using equations (8), (9) it is possible to obtain an equilibrium equation based
on the principle of possible displacements for the entire mechanism. Add up the
equations (8), (9)

R12Vi + R3Vs + RysVy + ResVe = FiaViga + FuaVigo (10)

It is convenient in equation (10) to convert the linear parameters of the satellites
into the angular parameters of the central wheels, as well as the linear parameters
of the drivers into angular parameters.

To do this, we will use a replacement according to the formula. V = wr with
the appropriate indices for speeds, and for forces, we will replace reactions on

satellites with reactions applied to the central wheels according to the Ri; = =Ry,
principle, etc.

—R12w 71 —Ry3w313—R5 4wy —RscWeTe = Fyywy1Ty1 + Fuawpaty, (11)

The product of the force by the radius determines the moment using the
appropriate indices. Equation (11) will take the form

—My101 — Myz3w3 — Msawy — Msewe = Myqwy1 + Mpawhy (12)

Equation (12) contains the parameters of all the links of the mechanism and
represents the equilibrium equation of the entire mechanism according to the
principle of possible displacements. Note that such an equation can be composed
only if there is a closed loop.

Let’s transform equation (12) considering the equality of the angular velocities
of the wheels in the wheel blocks W4 = W1, We = W3

—Mz101 — My3w3 — Msywq — Msgwsz = My wyy + My @iy (13)
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According to equation (13), the sum of the powers of the moments of internal
forces on the blocks of the central wheels 1-4 and 3-6 is equal to the sum of the
powers of the moments of external forces on the input drivers.

On the left side of equation (13), there is a sum of capacities (corresponding
to the sum of work) of the internal forces of the contour. The connections in the
kinematic pairs of the contour are ideal and stationary. The work of external forces
cannot turn into the work of internal forces. Therefore, the work (power) of internal
forces on possible displacements is zero

M21(U1 + M23w3 + M54(U1 + M56(l)3 = 0 (14)

The right side of equation (13) is the sum of the capacities (corresponding to
the sum of the work) of the external forces of the contour. When condition (14) is
fulfilled, we obtain from equation (13) the equilibrium condition for external forces
according to the principle of possible displacements.

My wyy + Myzwpp =0 (15)

Equation (15) analytically represents an additional connection to the static
conditions between the parameters of the kinematic chain. Consequently, a closed
loop in a conventional kinematic circuit with two degrees of freedom and two input
links also imposes an additional connection on the movement of the links.

Equation (15) allows us to determine the output angular velocity.

The combination of two degrees of freedom with additional coupling ensures
the dependence of the output angular velocity on the external load. This property
follows from the formula (15)

Wyy = Myq wyy /My, (16)

Here MH1 is the input driving torque, and Mp2 is the output torque of the
resistance (external load).

Equation (16) expresses the main theoretical result — the effect of force adaptation
in mechanics. The effect of force adaptation has the following essence: for given
constant input power parameters and a given output moment of resistance, the output
angular velocity is inversely proportional to the variable output moment of resistance.

Results and discussion.

The CAD design of adaptive drive in Fig. 2. is a self-regulating mechanism.

An experiment was conducted with an adaptive drive. At the beginning, it is
considered when the adaptive drive is made of metal (Fig. 5). The second case is
when the adaptive drive is made of plastic (Fig. 8).
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Fig. 4.1. Fig. 4.2.
Figure 4. Structural description of a three-dimensional adaptive drive model left view (4.1) and
right view (4.2)

The module is equal to two, the number of teeth is shown in Table 1.

Table 1. Number of teeth and radius for gears in Fig.4

Gear Number of teeth Diameter (mm)

Input sun gear, Z1 40 80
Input satellite, Z2 16 32
Input ring gear, Z3 72 144
Output sun gear, Z4 16 32
Output satellite, Z5 40 80
Output ring gear, Z6 96 192

Figure 5. The prototype design of the metal Adaptive drive (Ivanov, 2019)

Fig. 5 shows the prototype of metal adaptive drive and consists of the following parts: 1 — the
switch, 2 — motor, 3 — battery, 4 — adaptive drive, 5 — pulley, 6 — device for measuring angular
velocity, 7 — lever, 8 — load.
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Figure 6. Torque sensor using a dynamometer

Fig. 6 shows the prototype of metal adaptive drive and consists of the following parts: 1 —
pulley; 2 — load; a and b — lever arms.

The experimental moment is found by this formula.

Friction power Py = Mywy (18)

where Myws — an additional non-holonomic connection or connection that
introduces force restrictions, but does not change the number of degrees of freedom
equal to two.

where  F. = Nf, Na = Gb,N = Gb/a, G=mg (19)

here N — normal force, f — coefficient of friction, f= 0.6, G — gravity; 1 —
pulley radius; a, b — lever arms. The results of the experiment of a metal adaptive
drive at

WH1= 155,557, MH1 =1,6 Nm

angular velocity vs My2
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Figure 7. Computed output moment of resistance from the output angular velocity
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Figure 8. The prototype design of the plastic Adaptive drive (Tulekenova, et al, 2021)

Fig. 8 shows the prototype of adaptive drive and consists of the following parts: Drive: 1 — electric
motor, 2 — adaptive gear variator; Test bench: 3 — AC to DC converter, 4 — voltage converter, 5 —
input RPM meter, 6 — output RPM meter, 7 — output disc, 8 — device for measuring angular velocity

The results of the experiment of plastic adaptive drive at ®H1= 11,94 s,
My1 = 1,8 Nm

angular velocity vs My2
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Figure 9. Computed output moment of resistance from the output angular velocity

As shown in (Fig.7) and (Fig.9) the output angular velocity decreases and
the output torque increases accordingly. These graphs show the dependence of
the output moment of resistance on the output angular velocity from numerical
calculation, from the CAD model and the experimental sample. This explains the
operating mode of the power adaptation of the drive.

The readings of the speed counters on the test bench correspond to the theoretical
values obtained. Fig. 6 shows the traction characteristic of the prototype of a
toothed adaptive variator in the form of a graph of the change in the traction torque
on the output shaft in Nm depending on its rotation speed in rad/sec. The theoretical
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results are consistent with the test results on the stand. A closed loop as part of a
kinematic chain with two degrees of freedom, in the presence of ideal connections,
provides confidence in movement both in a state with two degrees of freedom and
in a state with one degree of freedom.

Conclusion. The experiment confirms the presence of definability of movement
and the effect of force adaptation. The adaptive drive with two degrees of freedom
was developed considering aspects of mechanical design and kinematic modeling.
The design of the adaptive drive is shown in the kinematic diagram. The mathematical
model with an adaptive drive reduces loads over the entire range of initial docking
conditions and allows you to implement specified external design constraints and
the possibility of docking with nodes with different shapes of the receiving cone
due to a slight narrowing of the set of permissible combinations of parameters from
this range: 1) A scheme for actuating a coupling mechanism with an adaptive drive
has been developed, based on the design requirements for the drive. The drive is
greatly simplified. The brake motor, an additional degree of freedom, a differential
mechanism, planetary mechanisms (2) and a control system that changes the gear
ratio to the output shaft have been replaced. 2) The main design parameters of the
adaptive drive (engagement module, number of teeth, gear ratio adjustment range,
etc.) are calculated. 3) A dynamic analysis of the driving modes is carried out. 4)
The analysis confirmed the advantages of the developed drive design.
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Abstract. The article presents an integrated blockchain model for monitoring
agricultural products, enhanced by federated learning technology. The study aims to
improve transparency, security in agricultural supply chains through decentralized
data processing and artificiant intelligence insights. A review of global literature
on the topic identifies the limitations of existing systems, and a comparative
analysis is presented using a Venn diagram. The methodology involves designing
blockchain architecture, developing a privacy-focused federated learning model,
and integrating and testing the systems.

The results indicate that the proposed model effectively enhances data integrity,
security, and confidentiality. The use of IoT sensors and decentralized processing
enables real-time monitoring of agricultural products. Furthermore, federated
learning facilitates decentralized data processing while preserving the confidentiality
of agricultural information and reducing reliance on centralized systems. This
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approach minimizes cybersecurity risks and enhances overall system reliability.
The article explores future research directions, including the development of eco-
friendly consensus algorithms and the integration of blockchain with artificial
intelligence to enhance sustainability in agriculture.

This research contributes to the field by demonstrating how blockchain and
federated learning can complement each other in creating an intelligent and
secure agricultural tracking system. The implementation of the proposed model
can significantly improve food safety, regulatory compliance, and consumer
trust by ensuring transparency and accountability. The findings provide valuable
insights for researchers and industry professionals interested in optimizing digital
transformation and agricultural traceability in the agri-food sector.

Keywords: blockchain, agricultural product tracking, federated learning,
decentralization, data privacy.
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AnHoTauus. Maxkanama geneparuBTi OKBITY TEXHOJOTHACBIMEH KETUIIIPiITeH
aypl1 IIapyalllbUIBIK ©HIMJIEpiH OaKbulayFa apHaifaH MHTETpallUsUIaHFaH OJOK-
YeWH MOJIeNI YCHIHBIIAABI. 3epTTey OPTAIBIKTaHIBIPbIIIMAaFaH JISPEKTEeP/Il OHJIEY-
Il JKOHE KacaHJbl MHTEJUIEKTKE HETi3/Ie]reH TYCIHIKTepi MaiJanaHy apKbLIbl
aybpUIIIAPYAIIBUTBIK  JKETKI3y Ti30€TiHIeri AallbIKTBIKTHI, KayilCi3IiKTi JKoHE
TUIMATIKTI apTThIpyFa OarbITTalFaH. 3epTTey TaKbIPHIObI OOWBIHIIA QIEMIIK
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omeOueTTepIi WIONBIN, Ka3ipri >KYWelepiaiH NIeKTEylIepiH aHBIKTaNIbl, BeHH
JMarpaMMachkl apKbUIBI  CaJBICTBIPMAJIbl TalJady YCBIHBUIABL. ¥ CHIHBUIFaH
onmictemene OipHelle Ke3€HICP KapacTBIPbUIFaH: OJIOKYCHH apXHUTEKTYpachiH
xobaay, IepeKTep/iH KYNsUTbUIBIFBIH CaKTay YIIiH (eIepaTHBTI OKBITY MOJIEIiH
KYpY JKOHE aTaJFaH KyHelepai WHTeTrparusiay MeH TeCTUIey CHUSKTBI OipHeIIe
KE3EH/IK Tocin OasHIanaibl.

Hortwxkenep yChIHBUIFAH MOJENBIIH JCPEKTEPAIH TYTACTHIFBIH, KayilCi3miriH
KOHE KYNMSJIBUIBIFBIH apTThIpyFa THIMII ekeHiH kepcereni. loT ceHcopiapsl
MEH OpTaJBbIKChI3JAH/BIPEUIFAH OHJCYAI MaiijanaHy apKblUIbl MOJENIb HAKThI
VaKkpIT PEXKUMIHJIE MOHHTOPHHT JKYprizyre MyMKiHIiK Oepeni. CoHBIMEH
Karap, (eaepaTUBTIK OKBITY OPTAIBIKTAHIBIPBUTFAH JKYHEJIepre TOYeIIUTIKTI
asaiiTa OTBHIPHIN, AyBUINIAPYAIIBIIBIK KYIHUS JEPEKTEPiHIH KYMHUSIBIFBIH CaKTai
OTBIPBIT, OPTANBIKTAHIBIPBIIIMAFaH JIEPEKTEP/li OHACYTe MYMKIHIIK Oepermi. by
OpTaJIBIKTAaHIBIPBUIMAFaH TICUT KHOEPKAyiNCi3MiK ToyeKeIepiH a3alTaabl )KoHE
KYHEHIH KaJlbl CEHIMIUIITH apTThIpaasl. Makaia SKOJOTHUsIIBIK Ta3a KOHCEHCYC
ITOPUTMJICPIH J3ipIiey XKoHE OIOKYCHH MEH KacaHIbl HHTEJICKT HHTETPAIUsChIH
ayblll IIapyallbUIBIFBIHAA TYPAKTBUIBIKTBI  apTTHIPYAbIH OOJaImIaK 3epTrey
OarpITTaphl PETiH/IE KapacThIPaIbl.

Byn 3eprTey aybln miapyalibUIBIFBIH KaJaranayIblH 3HATKEPIIK XKOHE Kayircis
KYHEeciH Kypy YLIH OnokueiH MeH (emepaTHBTI OKBITYIBbIH Oip-OipiH Kanai
TOJIBIKTBIPA aJ1aThIHABIFBIH KOPCETY apKbLIbI casiara yiiec Kocaasl. COHbIMEH Katap,
YCBIHBUIFAaH MOJICJIB/II CHII3y HETi3iHJe OaKbUIaHy MEH ecell Oepyli KaMTamachl3
€Ty apKbUIBl a3BIK-TYNIK KAyilCI3iriH, HOPMATHUBTIK TaJalTapFa COWKECTIKTI
JKOHE TYTHIHYIIBUTAp apachlHAAFhl CEHIMAUTIKTI alTapibIKTail jkakcapTra ajajibl.
KopbITBIHIBUIAp a3BIK-TYJIK ©HEPKACIOIHAET! aybUIIApyaIlbUIbIK KaJaralayJibl
XKOHE HUPPIIBIK TpaHchopMaKsIHbl OHTAMIAHABIPYIBl KO3ACHTIH 3epTTeyLIiiepre
YKOHE calla MaMaHJaphl YIIIH KYH/Ibl TYCIHIK Oeperti.

Tyiiin ce3nep: OnoKueiiH, aybUTIIAPYANTBUIBLIK OHIMIIEPiH OaKbLIay, (heepaTruBTi
OKBITY, OPTAJIBIKCBI3IAHIBIPY, NEPEKTEPIIH KYTHSIIBUIBIFBL.
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AnHotamusi. CraThsi TPEACTABISCT WHTCTPUPOBAHHYIO OJIOKYCHH-MOICIH
JUISS. MOHUTOPHUHTA CEIbCKOXO3SIMICTBEHHOW TPOYKIMH, YCOBEPIICHCTBOBAHHYIO
C TIOMOIIBIO TEXHOJIOTUHU ()eiepaTuBHOrO 00yueHus. VccnenoBanue HanpaBiIeHO
Ha TIOBBINICHUE MPO3PAaYHOCTH, OE30MacCHOCTH U 3(PQPEKTHBHOCTH B IENOYKAX
MMOCTaBOK CEJIhCKOTO XO3SMCTBA 3a CUCT KCIIOJIL30BAHMS JICIICHTPAIN30BAHHON
00pabOTKK JaHHBIX U aHAJIMTUKU Ha OCHOBE MCKYCCTBEHHOTO MHTEIUICKTa. B xo/1e
WCCIICZIOBAaHUS POBEJICH 0030p MUPOBOM JIUTEPATYPHI 1O JAHHOM TEME, BBISIBICHBI
OTPaHUYCHHS CYIIESCTBYIOIUX CHUCTEM M TPEIJIOKEH CPABHUTEIBHBIN aHAU3 C
WCIONb30BaHUEM jauarpamMMbl Benna. [Ipemraraemas MeTOHONOTHS BKIIHOYAET
HECKOJIbKO JTaroB: pa3pabOTKy apXHUTEKTyphl OJOKYCHHA, CO3/aHUE MOJICIU
(deneparuBHOTO OOy4eHUst NIl oOecrieueHUs] KOH(HICHIIMAILHOCTH JIaHHBIX, a
TaK)KE MHTETPAIUIO U TECTUPOBAHUE JJAHHBIX CUCTEM.

Pe3ynbraThl MOKa3bIBAIOT, YTO MPEJIOKEHHAS MOACITh A(()EKTUBHO TOBHIIIACT
LIEJIOCTHOCTh, 0E€30MaCHOCTh M KOH(UICHIMAIBHOCTh JaHHBIX. lcmosibp3oBaHue
loT-ceHCOpPOB W JICLICHTPATU30BAHHON OOpPa0OTKM TIO3BOJISIET OCYIICCTBISAThH
MOHHTOPHUHT CEIbCKOXO3SIHCTBEHHON TPOIYKIIMH B PEKUME PEATBHOTO BPEMEHH.
Kpome Toro, ¢eneparuBHoe oOydyeHHE O0OECIIEUMBAET JICIICHTPATU3OBAHHYIO
00pabOTKy JaHHBIX, COXpaHss KOH(PUICHIMAIBHOCTh CEIIbCKOXO3SHCTBCHHOM
nH(pOpMAIIMK U YMEHbINAs 3aBUCUMOCTh OT IIEHTPAJIU30BAHHBIX CHUCTeM. Takoi
MOJIX0J] CHUYKAET KUOCPPHCKH M TOBBINIACT OOIIYH HAJIEKHOCTh CHCTEMBL. B
CTaThe PACCMATPUBAIOTCS TIEPCIICKTUBHBIC HAMIPABIICHUS OYTyIIUX HUCCICIOBAHUMN,
BKJIFOYAsl Pa3pabOTKy DKOJIOTMYECKHM YHUCTBIX aJIrOPUTMOB KOHCEHCyca U
WMHTETpAIMI0 OJIOKYCHHA C MCKYCCTBCHHBIM WHTEIUICKTOM JUIS TIOBBIIICHUS
YCTOHUMBOCTH CEIBCKOTO XO3SHCTBA.

JlaHHOE HccieI0BaHNe BHOCUT BKIIAJ] B OTPACIib, IEMOHCTPHPYS, KaK OIOKUSHH
u (denepaTtBHOE O0O0yue€HUE MOTYT JOMOJHATH JPyr Jpyra TpU CO3JAaHUU
MHTEIICKTYaJIbHOU 1 0€301TaCHON CUCTEMBI OTCIICKHBAHUS CEIbCKOX03HCTBEHHON
MpOAYKIWU. BHENpeHHe MpeyioKeHHOW MOJICIIA MOYKET 3HAYUTEIBHO YIYYIIUTh
0€30IaCHOCTh MHUIICBBIX MPOIYKTOB, COOTBETCTBUE HOPMATUBHBIM TPEOOBAHUSIM
U YpPOBEHb JIOBEpUs TOTPEOUTENeH 3a CUeT OO0eCIEYeHHUs MPO3PAYHOCTH U
MOJIOTYCTHOCTH. BBIBOIBI ICCIICIOBAHMS ITPEICTABIISIOT IICHHY0 HH(POPMAIIHIO 151
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HCCIJIEZIOBaTeNell U CIENHAINCTOB OTPACHIH, 3aMHTEPECOBAHHBIX B ONTHMHU3ALNU
1n(ppoBoil TpaHchHOPMAIH U OTCIECKUBAHUS CEIbCKOX03AHCTBEHHON MPOAYKINN
B arpoNpOMBIIIJIEHHOM CEKTOpE.

KuroueBble cj1oBa: OJTIOKYCHH, OTCIC)KUBAHHUE CEIHCKOX03IHCTBEHHOMN POy K-
uH, GpeaeparuBHOE 00yUYeHHUE, ICHEHTPpaTN3altsl, KOH(QUACHINATbHOCTD 1aHHBIX.

Kipicnme. JKacanasl HWHTEIUICKT >KOHE OJOKYEHH TEXHOJIOTHSIIAPHI  aybUl
IIapyanibUTBIFBl CaJlaChIHAAFbl JKETKI3y Ti30€TiHIH alllbIKTBIFBI MEH THIMJIUTITIH
apTTHIPY/la MaHBI3/IBI poll aTkapaabl. Onap eHIM camachiH OaKbUIAY/IbI KAKCAPTHIIL,
pecypcTapibl THIMI TailalaHyFa KOHE TYTHIHYIIBUIAPIBIH CCHIMIH apTThIpyFa
YKaHa MYMKIHJIIKTEp YChIHAIBI. Aaiina, AKWIBKaHOBAaHBIH 3€PTTEYiHAe TOCTYPIIi
KETKI3y Ti30eKkTepinie HHPPaKYpBbUIBIMHBIH KETICICYIIUIIr, IepeKTepai dackapy
MEH KayiICi3[iKTi KaMTaMachl3 €Ty Moceielepi aili /e ©3eKTi eKeHi aHBIKTAIIbI
(AxumpxaHoBa, et al., 2023).

Kazakcran [lpesuaenti K.K. TokaeB aybul mapyamibUIbIFbIH JaMBITy KOHE
OHBI TYPaKThI €Ty YIIiH O3bIK TEXHOJOTHSIAPIbl CHTI3yAIH MaHBI3bIIBIFBIH aTal
etyne. Ocbiran colikec, Kazakcran PecryOnuKkachbIHBIH arpOOHEPKACINTIK KEMIeHIH
nambiTyaelH  2021-2030 skpuigapra apHaiFaH TYKbIPhIMIAMACBIHAA CaJlaHbl
nupiaHabIpy MEH aBTOMATTaHBIPY/bIH MaHbI3bIHA CPEKIIC Ha3ap ayJapbUFaH.
AtanraH TYXbBIpbIMJIaMa asiChIH/IA «OCIMIIK IIapyalllbUILIFBIH/A KaJdaFaiay/IblH
aKIMapaTTHIK )KyHecl eHTI31Ie/1, OYIT KYie TYKBIM IIapyanTbUTbIFbG MEH TaKbIIAAPIIbI
ecipy, cakray >KoHe ecellke anyabl nupiIanabipyFra MyMKiHaik Oepeni. CoHbIMEH
Karap OHIMHIH el IIIiHIe jKOHE MMITOPTTHIK JKETKi3y Ti30eriHeri Kayinci3mirin
KaMTaMachI3 €T¢ OTBIPHII, «CYP» CXEMaJIaP IbIH aJIJIbIH aJIybl KO3IeH 11» JICTIHICH.

broxueiin xoHe (enepaTuBTi OKBITY ASPEKTEPAiH ©3repMEUTIHAINIH KaMTaMa-
ChI3 €Ty JKOHE OPTAJIBIKCBI3IaHABIPbUIFAH OHJICY apKbUIbI aKIapaTThIH KYITHSJIbI-
JIBIFBIH CaKTal OTHIPHIIT, OHIMHIH CarlachlH OaKbLIAY MEH PETTEY e THIM/II IISIIiMIED
peTiHme KoimaHpUTyma. MakamaHBIH MaKCcaThl — JEPEeKTep KYITUSITBUIBIFbIH,
KaJlarajiay/ibl XKoHE KayilCi3iKTI KaMTaMachl3 €TETIH aybUl IapyalllbUIbIK OHIM-
nepiH Oakpuiayra apHasrad OnokueiiH UML nmuarpammachkl  YCBHIHBIIQBL 3€pTTEY
asICBIHJIA OJTIOKYCHHHIH ©3TepPMEHTIH JIepeKTep TipKey KaliJeTiH KoHe GenepaTrBTi
OKBITYIBIH JICPEKTepAiH KYNUSUIBUIBIFBIH CaKTayJarbl THIMIUICIH OipiKTipy
APKBUIBI JKYHe Kayilci3airiH KaMTamMachl3 eTyOiH jKaHa 9IiCTePl YChIHBIIAbI.

Marepuaagap MeH daicTep. Aybll IIapyallbUTBIFBIHBIH KETKi3y Ti30OeriHae
JepeKTep/IiH alIBIKTHIFEI MEH KayilCIi3AiriH KamMTaMachkl3 €Ty YVIIH OJIOKYerH
)oHe (hefepaTUBTI OKBITY TEXHOJIOTHUSJIAPhI KOJJaHbLIaJbl. EH alIbIMEeH eKi
TEXHOJIOTHSIFa KaThICThI aHBIKTaMaJIap bl allKbIHIANBIK,.

@DemoTOBAaHBIH 3epPTTEYiHAC OJNOKUEHH — «IEpeKTepIiH OipTyTac KoHE
©3TepPMEUTIH apXUBIH KAMTAMacChl3 €TCTiH TEXHOJIOTHs» JIeT CHUIIATTaJIFaH , O
Ky#enmeri opOip KaThICyIIbIFa Oipereil xxaz0amapra KO )KeTKi3yl dKoHe TeKcepyi
KamMTaMmachl3 eTemi nemiHce, TamckoTThIH eHOeriHae OMOKYeHHAI «aKmapaTThl
Kayimnci3 JKoHe TYpPaKThl TYpHAE CaKTayFa MYMKIHIIK OepeTiH, ©e3TepMeHTiH,
OPTaJBIKCBI3MAHIBIPEUTFAH Ti30€KTIK kyHe» aen cumarTtaiiapl (Pemorona, et al.,
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2018; Tapscott, et al., 2016). brok4eitHai Tek KaHa Kap:KbUIBIK TpaH3aKIUsIap
YIIiH eMec, COHBIMEH Karap OpTYpil camajarbl CEHIMAI akmapar ajMacy
KOHE Kajaranay YIIIH KOJaHyra OOJaThIHBIH jadieszercH. MmanOaeBa xoHe
COABTApIIApbIHBIH 3epTTEYiHe ONOKUEHH - aKnaparThl OPTAJIbIKCHI3AaHABIPBIIFAaH
YKOHE KayiIci3 Typ/ie caKTayFa apHaJIFaH TapaThUIFaH Ti30€KTiK MaiMeTTep 0a3achl.
brokueitnne 6apibIk 1epekTep OJ0KTapra TONTACTBIPHUIBII, OYPBIHFBI OJIOKTapMEH
OaiiTaHBICHII, ©3repMEITIH Ti30eK Kypaibl. OpOip OJOKTHIH JepeKTepi H(piIaHFaH
JKOHE Ti30€KTEeri aJJIbIHFbI OJIOKIIEH OaiaHBICKAHABIKTaH, aKIapaT ©3repMenTiH
JKOHE CEeHIMJII OOINBIN Kajalbl. Bysl TEXHOIOTHS NEepeKTepHiH Kayimnci3miri MeH
AMKBIHABUTBIFBIH KAMTaMacChI3 €Te/1, COHJIBIKTaH OHbI OQHKHHT, IOTHCTHKA, XKETKI3y
Ti30eri *oHEe aybUl IIApyalIbUIBIFBI CHSIKTBI cayanapia KojjaHyFa OOJaThIHBIH
kepcetkeH (MmanOaesa, et al., 2008).

«®DenepaTuBTi OKBITY — JEPEKTEpAl OPTaJBIKCHI3AAHIBIPBUIFAH  TYPIE
OHJCYyre apHaJFaH MalIMHAIBIK OKBITY omici. denepaTuBTi OKBITY Ke3iHIE
JIepeKTep/li OPTAIBIK CepBepre KidepMmeit-ak, opOip KaThICyIIbl HeMece KYpPBUIFbI
03 JepEeKTepiHe MOJEIbIl JKEPTUTKTI JeHreWae okbITaabl. OchuTaiina, >KeKe
MOJIIMETTEp cepBepre TachbiMasiaHOalIbl, TeK aJIbIHFaH MOJCIBIIH mapameTpiepi
FaHa OpTaJIBIK cepBepre xiOepineni» - men HoBukoBa >xoHE coaBTapiapbIHBIH
3eprreyinne TonblK cunarraraH (HoBukoBa, et al., 2023). An bekreMbicoBaHBIH
eHOeriHme ¢enepaTuBTi OKBITY «OPTAJNBIKTAHABIPBUIMAFaH JCPEKTepAl OHJeyTre
MYMKIHAIK OepeTiH *XKylhe» peTiHie aHbIKTamMa OepreH, MYHAa JepeKTep apoip
KYPBUIFbIJIa CaKTaJBII, JKEeKe MalganaHyIIblIapAblH KYMMSUTBIIBIFEl CaKTasa bl
Xyite Tek Monenb/li OKBITY HOTHKEIIEPiH OIpIiKTIpil, OpTaK YJTiHI KaHApTy YIIiH
nalanaHaTeiHeIH qoenaereH (bekreMbicoBa, et al., 2024).

JKorapeimarbl op 3epTTEYIIiHIH aHBIKTaMaJIapbIH/Ia OIOKYEHH koHe (eiepaTuBTi
OKBITY TEXHOJIOTHsIJIaphIl OOMBIHINIA aHBIKTaMalap OepifIil, 3epTTey Mocenenepi MeH
menriMzepi YChIHbUTFaH. JlereHMeH op TeXHOJOTHSHBIH ©31HJIK epeKIIeTiKTepi
MEH OpTaK curarramainapsl 6ap. Temenaeri cpi30a1a oeMIiK 3epTTeyaepal 3epT-
TEl OTBIPBIN, €Ki TEXHONOTHsFa BeHH auarpamMmachkl apKbUIbl Tallfay >Kacalbl

(Cyper - 1).

Baoxkueiitn DenepaTUuBTI OKBITY
TEXHOJIOTHSACHI TEXHOJIOTHSICHI

OpTalbIKChI3aHABIPY

A * XKeprimikri nepexrepui
Jlepexrep Kayincizairi

oHJIeY

* Mozenbi 6ipikTtipy

o KynusiabIKTsI
cakTay

* JlepexTepain
e3repMeiiTiniri

* TapaTblIFan peectp

* TpaH3aKIHSIIBIK
AIIBIKTHIK

KynusibIIbIKThI caKTay

Cyper 1 - brokueiis >xoHe (herepaTUBTI OKBITY TEXHOJIOTUSIIAPHIH CAIBICTBIPY JHArPaMMachl
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Benn nmarpaMmachiHza KepceTireH opOip cumarrama oJIEeMIIK 3epTTey
KYMBICTapbIMEH Herizaenai. SrHu, OnOK4elWH koHe (enepaTuBTI OKBITY
TEXHOJOTHSIaphl ayblUl INApyallbUIBIFBl  OHIMJAEPIHIH JKeTKi3y Ti30erinmeri
AIBIKTBIKTEI, EPEKTEp KAYIMCI3MITiH KoHE KYIMHMSUTBUIBIKTHI CaKTayFa Oipieci
BIKIIAJI €T¢ ajajibl. bIIoKYelH OpTalbIKChI3IaHABIPUIFaH, ©3TePMEHTIH JIEPEKTEP
Ti30eri apkpUTBl 9pOip KATBICYIIBIHBIH JEPEKTepAl TEKCepil, Kayillci3 cakTayra
MYMKiHAIK Oepeni. Byn TtexHomorus ocipece MyxaMe[0BaHbIH 3epTTEyiHIIEC
KepCeTiIreHAel ceHiMi IeKTeyll opTaga MaHbI3bl, ce0edi op KaThICYIIbl YIIiH
TIEPEKTEPIi TeKCepy JKOHE e3repicci3 cakray KaMmTamachld etieni (Myxamemona,
et al., 2022). ConbimeH Katap, ['anbBec eHOeriHAe ONOKYCHH TpaH3aKIUsIIap/Ibl
Kayirici3 TipKer, AepeKTepAiH MbIHaWbUTBIFBIH KAMTaMachl3 eTeTiH Oenrini (Galvez,
et al., 2018). Anaiina, CaxumnoB OJIOKYEHHHIH YJIKEH €CeNTey pecypcTapbiH
Tajam eTyi MEH SHEepIus LIBIFBIHIAPEl — OHBIH LIEKTEYepi OOJbIN TaObUIaThIHBIH
kepcetkeH (Caxuros, et al., 2024).

3areyHNKOB KOHE COABTOPIApbIH eHOerinae (eaepaTuBTi OKBITY JepeKTepi
KEPrUTIKTI AEHTeH1e OHAEI, KEKE aKIapaTThlH KYNHUSJIbUIBIFBIH CAKTal OTBIPHIIL,
YIITiHI OKBITyFa MYMKIHJ/IK OepeTiHiH alKbIHAabl. (3aneunukos, et al., 2020).
A SIH >xoHE coaBTOpJIAPhI aybUI IAPYaNIbUIBIFBI cajachlHAa (enepaTHBTI OKBITY
(dbepMepiiepIiH AepeKTepiH KEPTITIKTI ACHIeH e OHICY/Il KaMTaMachl3 €Till, MOJIC/h
Kypy¥Fa bIKIan eTeTiHiH kepceTkeH (Yang, et al., 2019).

brokdeiitn MeH (emepaTuBTi OKBITYIBI OipIKTipY, aTadFaH €Ki TEXHOJIOTHUSHBIH
THIMJII JKaKTapblH KOJNJAHy apKbUIbl aybUl IIapyalIbUTBIFBI KETKi3y Ti30eriHieri
OaKpIIay/Ibl )KaKcapTa Ibl. bIIOKIelH TpaH3aKIHsIap bl KayiTCi3/IiriH KaMTaMachl3
erce, QeaepaTuBTI OKBITY JEPEKTepAiH KYNHUSUIBUIBIFBIH CaKTall  OTBIPHII,
THIMII Tangayabl Ky3ere achlpaibl. JlereHMeH, Keleci 3epTTeymiiep ToObl eKi
TEXHOJIOTHSHBI OipJiecin KOJIaHy/Ia >KOFaphl €CENTey IIBIFBIHIAPHI MEH KaXKeTTi
pecypcTapibl Tajian eTeTiH keaepriiep OapbiH anbikraran (Qi, et al., 2020; Yin,
et al., 2021). ConsIMeH OJIOKUCHH jkoHE (peIepaTuBTI OKBITY TEXHOJIOTHSIAPBIHBIH
aybUI IIapyallbUIBIFBIHIAFEl THIMIUTITIH apTTHIPY MaKcaTbIHAA OJapAbl OipiKTipin
KOJIJITaHy 3epTTeyIiH Heri3ri OarbIThl Oonbin TaObutafbl. COHABIKTAH 3epTTEeyne
OHIM/II Kajarajay/blH MHHOBAIMSJIBIK TOCLIIH YCBIHY YIIH OipHEIIe Ke3eHJIIK
ozicTep KOJNJaHy YCHIHBLIABL:

Bipiami ke3eH, MOAENbIl O3IpAEYmiH JKallmbl KYPBUIBIMEL. — 3epTTeyae
aybul IIApyallbUIBIFBl OHIMICPIHIH opOip KeTkizy keseHiH (depmepnepaeH
TYTBIHYIIBIIApFA JEWiH) THIMIII TYp/ie OaKpuIay YIIiH OJIOKYEHH koHe (heaepa bl
OKBITY TEXHOJOTHsIIAPBIH OIPIKTIpy KaKeTirl KapacThIpbUIaZbl. Oic KEKe
NepeKTep/IiH CaKTaTyblH KaMTaMachl3 €Tyre >OHE OHIMHIH op Ke3eHIHIeTi
aKmaparTel HaKTHl OaKpUlayFa MYMKIHIIK Oepemi. EkiHmn &ke3eH, OJMOKYCHH
ApXHUTEKTypachlH a3ipney. biokueiiH aeHreili eHiMaepre KaTbICTbI AEpPEKTEpAi
KOpray >KOHE OJlapIbl ©3TepMENTIH, OPTajbIKCHI3AAHIBIPBUIFAH JKYHene Tipkey
yiniH nadganaseuiaael. JKyiene opOip eHIMHIH CHIaTTaMachl, TachIMaaay
YaKbITBI KOHE KOHMaJla CakTaly Ke3eHi Typalbl MOJIIMETTEp TPaH3aKLUs peTiHae
TipKeJei )koHe OapiblK aKnaparTap 0Jokrap Tiz0erinze cakrana sl CTernaHOBTHIH
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eHOeriH/Ie IepeKTep i TipKey Ke3iHAe AePEKTePAIH CEHIMIUTITI MEH IIBIHANBUTBIFBI
KaMTaMachI3 eTijiel, ce0ebi xyleaeri opOip *KaHa TpaH3aKIHs OYPBIHFBI OJIOKTapFa
Toyennirin kepcerkeH (CrenaHos, et al., 2023).

YuriHmn ke3eH, (eaepaTHBTi OKBITY TOCUTIH Kypy. HoBukoBa opbip depmep
HEMece JKETKI3yIli eKe JEpPEeKTEpiH cepBepre >KibepMmei-ak, YATiHI KepriliKTi
OKbITAaTHIHBIH alikpiHnaran (HoBukosa, et al.,, 2023). KefiinHeH >keprimikTi
KaHAPTyJap OpTaNbIK MOJIENTe WHTerpalysiananpl. bynm omic JepekTepiiH
KYITUSUTBUTBIFBIH CAKTayFa )KOHE YIITiHI OpTaIbIKTaH bIPBUIFAH IEPEKTEPCi3 OKBITYFa
MyMKiHmiK Oepemi. Kaiipy3 eHOerinme ¢eaepaTHUBTI OKBITY OIICI MANIMETTEpHi
OHJICY/IIH OPTAJIBIKCHI3IaHIBIPBUIFaH JKOJIAPBIH 3ePTTEY YIIIH MaHbI3/IbI, OUTKEHI
OJI IEPEKTEP/IiH CaKTaJybIH KAMTAMacChI3 €Till, OKBITY HOTIKECIH JKaKcapTaThIHBIH
nanenneren (Kairouz, et al., 2019).

TepTinmIi ke3eH, KyHenepai HHTerpalusiay xoHe tecriney. JKyieri OipikTipy
Ke3eHi OJIOKUeiH jkoHe (enepaTuBTI OKBITY MOAYIBIAEPIH OIpIKTIPY apKbIIbI
XKysere acansl. by kesenae OiokueiiHne TipkeareH apOip eHIM Typajbl aKmapar
(henmepaTuBTI OKBITY apKBUIBI OKBITBUIAIBI JKOHE akmapar ©OHIMHIH OacTaImKbl
OpPHBIHAH TYTBHIHYIIBIFA JCHIHTT KO3FAJIBICBIH Kajarajayra MYMKIHIIK Oepesi
(Qi, et al., 2020). UnTerpanusnay ke3iHme opOip Ke3eHJAeTri oHIMHIH KarIaibIH
Oaranay yIIiH ()eIepaTUBTI OKBITY apKbUIbl aJIbIHFAH HOTHIKEIICP KOJIAAHBLUIAIBI.
Tecriney ke3eHinae OIOKUYEHH KoHE (eiepaTUBTI OKBITY KyHelaepiHiH CeHIMALTIT,
TEPEKTEPIIH KYTUSIIBIIBIFGI )KOHE OHJICY YaKbITHI Oarananasl. XKyHeHiH oHIMILTIT
Ti30eKTep apachIHIAFbl aKNapaTThIH JOHEKTUIIr, ©HIM KO3FaJbIChIH Kajarajay
KaOi1eTi )koHe IepeKTepIiH JAep Ke3iH e )KaHaPThUTy MYMKIHIIT1 apKbLITBI OJIIIeHEe TI
(Kamesapoga, et al., 2024).

Becinmi ke3eH, aepexTepal kuHAYy koHe Tajmay. Almeida 3eprreyinae aybin
[IapyamibUTBIFGl OHIMEPIH KaJaralayJblH THIMAUITIH Oaramay yIIiH eKi Typii
JIepeKTep )KUHAY dIiC1 KOJIJAHBUIATBIHBIH KOPCETKEH. BipiHIIIiCi, HAKTHI IepeKTepIi
KuHAy - (hepMmepiiep, TachIMaIaymIblIap oHe OOJIIeK cayla oKUTIepi apKbIIbI
aJIBIHFaH OHIM Typainbl qepektep. Exinmici, GeaepaTHBTi OKBITY apKbUIbI aJbIHFaH
HOTIDKENep/Ii Tajuay, pepMepiep/IiH OHIMII CaKTay, TaChIMAaJIIay XKoHE KaiiTa OHJIeY
TOCUIZCPIH KaKcapTy YIIiH KaKeTTi aknapar ansiarad (Almeida, et al., 2018).

ANTBIHIIBI Ke3€H, KONJIAHBLIATHIH OIICTEpiH IUIekTeynepi. brokueitH MeH
(dbenepaTtuBTI OKBITY MYMKIHTIKTEpiH KEHIHEH TalgalaHFaHbIMeH, Kehoip
mekTeyaep Oap. Meicanbl, OJOKYCHHHIH JHEPTUs UIBIFBIHIAPBIHBIH KONTIrI,
an QenepaTHBTI OKBITY OMICIHIE YIATI JONIITiH KaMTaMachl3 €Ty YIIiH JKOFapbl
camaibl Jaepekrep Kaxertimiri Oap. Conpaii-ak, SIHHBIH (emepaTHBTi OKBITY
TEXHOJIOTUSICHIHBIH OPTAJBIKCHI3aH IBIPBIIFaH KYPBUIBIMBIHIA TTalialaHyIIbUIap
apachIH/Ia IEPEKTEP COUKECTITH KAMTaMachI3 €Ty KHBIH O0JTybl MYMKIH/IITiH alTKaH
(Yang, et al., 2019). ConapIKTaH XYHEHi AaMBITy Ke3iHJe KOChIMIIA TECTiIeyIep
JKOHE TY3ETylIep KaXKeT OOJabl.

Hatu:kesiep :koHe TaJKbLIAy. O3iplieHreH yiariae OnokueiH Ti30eriH xacay
yurie Hyperledger Fabric nemece Corda cusikrtel pykcar erinreH (permissioned)
ONOKYeIH JKeliciHe Heri3feNTeH OOJIiHTeH apXWUTEKTypachl 0ap el KOIauJbl.
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Ce0e0i, OrmokuelH TuratdopManapbl KeKe jKoHEe Kayirci3 Ti30eKTepai KOJIanIbl,
KAaTBIHACTBI JKOFAphl JIeHTeie OacKapylsl KaMTaMachl3 €Tim, ¢epMepiep MeH
0acka KaThICyLIbUIAPABIH KYIIHS AEPEKTEPiH KOpFayFa MyMKiHik 6epeni. Connaii-
aK, JIEpeKTepli OeJiHTeH OHACYII KaMTaMmachl3 €Ty YIIiH (emepaTuBTi OKBITY
QITOPUTMJICPIMEH HHTETpalys Kacay MyMKIHJIT1 6ap.

brokueiinre xa3bl1aTbiH JepEKTEP:

- Koprmraran opra sxarnaiiapsl Typajisl AepeKTep (TeMIepaTypa, bIIFaIIbUIbIK,
KapbIKTaHABIPY) — epekTep Tumi: canabik (float Hemece integer).

. OHIMHIH OpHaNackaH xepi Typansl aepekrep (GPS xoopawmHATTaphI, YaKbIT
JKOHE KYH) — JKOJJIBIK )KOHE YaKbIT JepEeKTep THUII.

- OHIMHIH KYHi (OKeTUTy IeHreili, cajimak, cama) — CaHIBIK KOHE IKOIJIBIK
JIepEKTEep THUTIi.

- OHIM KO3FaJIbIChI TypaJibl TpaH3aKIHsIap (KYH MEH YakbIT, XKiOepyi skoHe
KaOBUTIAYTIThI) — YaKBITKOHE JKOJIBIK ISPEKTEP THITL.

Tiz6ekreri apOip 00K xeTKi3y Ti30eri OolibIHIIA 9pi Kapail OakbuIay YILiH HEri3
peTiHae KBI3MET €TeTiH Oiperei oHiM HACHTH(HUKATOPHIMEH OalIaHBICTHI OHIM
kKa30achlH KaMTybl MyMKiH. Op ka30a Heri3ri epictepi 6ap JSON-00beKT peTiHae
YCBIHBUIABL:

{

«product_idy: «stringy,

«locationy: {
«latituder: «floaty,
«longitudey: «float»

P

«environment _conditions»: {
«temperaturey: «floaty,
«humidity»: «floaty,
«light»: «floaty

P

«statusy: «Stringy,

«timestampy: «I1SO 8601 gpopmamy»

/

OpOip TpaH3aKIusIFa KO KOWBUIAABI JKoHE Aepekrepai mudpmay ymra AES
(Advanced Encryption Standard) mmdpnaysiMeH KoHE aCUMMETPHSUIIBIK KiJIT
mudpray ymiH RSA apkputel Kopramaapl. JlepekrepmiH e3repMeuTiHAITiH
KamTamace3 ety yurin SHA-256 Herizingeri xomrey opOip jka30aHbl e3repTyre
HEMece e3repTyre OOJIMalThIHABIFBIHA KO3 JKETKI3y YIIiH Maiaananpuiansl. Opoip
yKaHa OJIOKTHIH X311 OypmalnayFa Te31MIi TI30€KTi Kypa OTBIPHII, aJIABIHFBI OJIOKKA
Oaiinananpl. @enepaTuBTi OKBITY OPTAIBIKTaHIBIPBUIFAH IEPEKKOpIa CaKTaIMaraH,
OipaK JKepPTUTIKTI TYyplae TaJJaHATBIH JKOHE JKANIbl ViTI YIIH ONOKJICHHIE
cunxponganran [0T ceHcopiapblHaH KEePriliKTI OHJICITCH AepeKTep/Ii OipiKTipyre
KeMeKTeceml. bys1 0apiblK KaThICYIIBUIAP/BIH JIEPEKTEPIHIH Kayilci3airi MeH
KYHSIIBUTBIFBIH CAKTaNIbI.
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ATrpoeHepKacil cajachH/Ia OJOKYeHH meniMin eHrisy yiria Hyperledger Fabric
CHSKTHI TuIaTdopManapia KeH Kojmayasl KamTamach3 ereTiH Python, Go xone
JavaScript (Node.js) nporpammanay Tingepi Kongansutagsl. loT cencopnapbiHan
KeNeTiH nepekTepai eHaey ymnH Python Ttimim maiimamamyra Oomamer. loT
CeHcOopJapbl MeH (eIepaTuBTI OKBITY/IbI MaiilanaHa OTHIPBII, aybUIHIapyalIbUIbIK
OHIM/IEPiHIH KO3FaJIBICBIH OaKbUTANTHIH OJOKYEHH Ti30eri op OIOKTHI OHIMHIH JKOHE
CaKTayJIblH KYHi TypaJibl JIepeKTepi Oap oHIMII KETKI3YIIH jKeKe Ke3€HI (MbICAJIBI,
(depma, Kellik, KoiiMa) peTiHae KOpCeTeTiH KypblUlbIMFa ne 0onanpl. Opoip 610KTa
AJIBIHFBI OJIOKTBIH X311, YaKBIT OENTiCl )KOHE OHIM JepeKTepi >KHHAKTATa bl

Python mporpammanay TiiH maiijanaHaTblH OJOK Ti30eri KYpbUIBIMBIHBIH
MBICAJIBL:

class Block:

def init_ (self, index, previous_hash, timestamp, data, sensor_data hash):
self.index = index # biokTeIH Oiperel uACHTU(UKATOPHI
self.previous_hash = previous_hash # AJIbIHFBI OJIOKTBIH X1
self.timestamp = timestamp # YaxsIT Oenrici
self.data = data # Biiok gepekrepi (MbICabI, )KETKI3y Ke3CHI)
self.sensor_data_hash = sensor_data hash # loT-nepexrep xami
self.hash = self.calculate _hash() # ArbiMaarb! OIOKTBIH X311

def calculate hash(self):
block_string = f» {self.index} {self.previous_hash} {self.timestamp} {self.
data} {self.sensor_data_hash}»
return hashlib.sha256(block_string.encode()).hexdigest()

class Blockchain:
def init_ (self):
self.chain = [self.create genesis_block()] # bacranmkbr OIIOKTBI Kypy

def create genesis_block(self):
# Bacrankpl 010K (Ti30€KTiH aJIFaiikbl OJI0THI)
return Block(0, «0», time.time(), «Genesis Block», «0»)

def get latest block(self):
return self.chain[-1]

defadd block(self, new_block):
new_block.previous hash = self.get latest block().hash
new_block.hash = new_block.calculate hash()
self.chain.append(new_block)

# brioxueiiH Ti30eriH Kypy jkKoHE OJI0KTapIbl KOCy
blockchain = Blockchain()
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# YKeTkizy Ti30eTiHIH Ke3eHepiHe KaThICThI OJIOKTap JePEKTEPIHIH MBICAIIBI

sensor_data farm = «remmeparypa: 20C, wsurrangsuibiK: 50%, opHaIacys:
bepmar

sensor_data_transport = «remneparypa: 18C, sumranapuibik: 52%, opHaIacysl:
HKOJIJIa»

sensor_data_warehouse = «remneparypa: 16C, burranabuislk: 55%, opHanacysl:
KOIMay

# loT-naruuKTepaeH alblHFaH AEPEKTEPIl X3ITeY

farm data hash = hashlib.sha256(sensor data farm.encode()).hexdigest()

transport_data hash = hashlib.sha256(sensor_data_transport.encode()).
hexdigest()
warehouse data hash = hashlib.sha256(sensor data warehouse.encode()).

hexdigest()

# XKetkisy Tiz0eriHiH opTYpiIi Ke3eHIepi YIiH OIOKTapabl Ti30eKKe KOCy

blockchain.add block(Block(l, blockchain.get latest block().hash, time.
time(), «Farm», farm_data_hash))

blockchain.add block(Block(2,  blockchain.get latest block().hash, time.
time(), «Transporty», transport_data hash))

blockchain.add block(Block(3,  blockchain.get latest block().hash, time.
time(), « Warehousey», warehouse data hash))

Bnoxmuix mizoexmiy cunammamacsi:

I'enesuc Omorer  (genesis_block) eHIM Typaibl akmaparThl KaMTHIMAHTHIH
Ti30eKkTiH OacTamnkel 3eMeHTI Oosbin TaObuiaabl. OHbIH 0 MHICKCI Oap *KoHE
QJJIBIHFBI OJIOKTHIH X311 «0» Jlen opHaThUTFaH. XAII OepijireH OJIOKTa KaMThUTFaH
Oipereit nepekTep HETi3iHAC JKacaaibl.

JKetkizy Ti30eriHiH opTYpJIi Ke3eHaepiHae Keneci OMOKTap KajablnTacaibl:

* depMa Ke3CHIHE COMKeC KeJCTiH Oipimwi 610K XA PETIHAC YCHIHBIIFAH
TEeMIIeparypa, bUIFaJIbUIIBIK JKoHE opHanacy cuskThl 0T ceHcopnapbl apKbUIbl
KUHAIIFaH JIepPeKTep i KaMTHIBI.

* TackiMaiayMeH OaliIaHbICTBI exinwi O10KmMa OHIMJII TaChIMaJlay MIapTTaphl
TypaJibl aKknaparThl KAMTHIBL.

» Koitmara KaTbICTBl yutinwii On0kKa KOWMAIAFbl TayapiapiblH Kak-Kyii
TypaJibl AEPEKTEP KaMTbLIAIbI.

Epexwenikmep men mycinikmemenep:

* OpOip Onok sensor _data_hash nen Oenrinenred [oT ceHcopnapbiHaH
KUHAIFAaH JIEPeKTep XOIIH KaMTHIbl. byn mapa JepeKkTepiiH TYTacTBIFbIH
KaMTaMachI3 €Te/Il KoHe Oypmarniay MYMKIHITIH OOIIbIpMaiIb.

* brokrap apaceiHIarbl OaiiiaHbic 9pOip KaHa OJOKTA aJBIHFBICHIHBIH XOIIi
0OJTyBIMEH KaMTaMachI3 €TiJIe/li, OChUTANINa TOJBIK Ti30€KT1 Kypaiabl. biokTapasH
OipiHJIeT] JepeKTep/l ©3repTy Ti30SKTIH TYTACTHIFBIH Oy3yFa OKeleli, eWTKeHI
XOIITEP SHJII COMKEC KeIMEeH/Ii.

e XommuHrTI Taiimanany Ti30ekTeri OapibIK Keieci OJOKTapasl e3repTrei

161



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

e3repryre OONMMANTHIH KpuUNTOrpadUsIbIK —Kayilci3 xa3zdamapisl  KacayFra
MYMKIHIIK Oepe/ti.

Konmanemarein TexHonorusuiapasly iminzge Herisrinepi Hyperledger Fabric
Hemece Ethereum Oombim TaObutanel, KaxkeT OonFaH skarnmaiiiga Parity Hemece
Oacka JKeke HyCKajap CHSKTHI MICHIIMJAEpAl MalaaigaHa OTBHIPBIN, TapaTbUIFaH
Onok Ti30eriH KypyFa MYMKiHIiK Oepeni. Docker TexHomoruscel koHTEeHHEPICYI1
kKamTamachi3 eteni, an Flask nemece Django kypsimsiMaaper API cepBepin xacay
yiuin nainanansutagsl. InterPlanetary File System (IPFS) Onoxueiin pecypcrapsin
OHTAWJIAHIIBIpyFa JKOHE OHBIH JKYMBICBIH JKaKCapTyFa KOMEKTECETiH TiKenel
ONOoKYelH/Ie caKTayFa apHaJIMaraH YJIKEH KeJeMIEri AepeKTepli cakTay YIIiH
nalaaaaHbUIabl, KaTbICyIIbUIapFa KYIMUSUTBUIBIKTEI CAKTall OTBIPBII, 9p Ke3eHIe
OHIMJIep/Ii OaKpUIayFa JKoHEe TeKCepyre MYMKIH/IIK Oeperi.

Naipanarywss ‘ loT CeHcopnaps! ‘ | BipikkeH QKy KabaTe! BnokyeiH | API UnTepdeici

| ©Himai Bakeinay Cypaysl 1
—_—— >

| [NlepekTepai Xuxay

i Ongenren [lepekTepai Xibepy

AimakTbik Mogensai XKaHapTy

XuHakTanfaH [lepektepai Xibepy _ '

| TpaH3akumsHbl Tipkey

! BHiMHiH CTaTychiH Cypay |

NepekTepai Any

i OHim [lepekTepid KanTapy i

| OHim [lepekTepiH Kepcen‘(

ﬂaﬁnangnywbl

T

T

‘ loT CeHcopnaps! ‘ 1 BipikkeH OKy KabaTbi ‘ ‘ BnokyenH APl UHTepdeici

Cyper 2 - XKyiieneri e3apa opekerrecyain UML nuarpammacst

Y CBHIHBUIBIN OTBIPFAH KYHEHIH MakKcaThl — aybUl [IAPyallbLIbIFbl OHIMICPIH
JKETKI3y Ti30€TiHIH OapiblK Ke3eHACpIHIAE Kayillci3 XoHE allblK KaJaarajiaylbl
KaMTaMachI3 €Till, KaThICYIIBUIAP/IbIH JCPEKTEPIHIH KYITUSUILLIBIFBIH cakTay. JKyiie
OipHeIIe Heri3ri KOMIIOHCHTTEPACH TYpaabl: mMaimamaHymbl, loT-mardukrep,
(bemepaTnBTi OKBITY JEHIEl, OJIOKIYEHH KOHE COHFBI MaiifaJaHyIbUIApPMEH ©3apa
opekerrecy ymiH APl wuaTepdeiici. Jlepekrepai s>kmHaymaH Oactam oJapablH
CakTaldybl MEH OHJeNyiHe NEHIHTI JKeTKi3y Ti30eTiHiH op Ke3eHiHIe THIMILTIK
ITIeH CCHIMAUTIKTI apTTHIPY YIIiH O3BIK TEXHOJOTHsIAP KOMmaHbuTamsl. I1porectin
KATBICYIIBUIAPIH KApACTBIPAThIH OOJICAK:

- llalinananymesl - OHIMHIH WIBIFY TETi, OpHAJaCKaH JKepi JKoHEe cakTay
HIapTTaphl TYPasbl JCPEKTEeP/i ajdyFa Myelli )KYHeHIH COHFbI MMail1aJaHybIChI.
[Nafimananymis! Oemex cayaa oKiii, CaTbI adyIlbl HEeMece KeTKi3y Ti30eriHiH Ke3
KeJreH 0acka KaThICYIIBICH 00JTa ajaibl.
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- ToT-ceHcopnapbl - ©HIMJII TachIMAAAY Ke31He KOpPIIaraH OpTa KaralaapbiH
JKOHE OHIMHIH KaFJIalblH TIPKEHTIH KypbUIFbLIap. Bys ceHcoprnap temmeparypa,
BUTFAJIIBUTBIK, TEOJIOKAIIHS KOHE OHIMHIH CalachIHa 9Cep €TETiH OacKa mapameTpiep
TypaJsbl aKIapaTThl JKUHANIBL.

. O@eneparuBTi OKBITY AcHTedli — loT-mardukTepiHeH anbIHFaH ACpeKTepi
OipiKTipeTiH jkoHe aliMaKTBIK YJTiJep *Kacay YIIiH (eaepaTuBTi OKBITY o/icTepiH
KOJITAaHAThIH KOMIIOHEHT. [lepekrep opTaiblK KoiiMara kiOepiiMel, Keprurikri
TYp/ie OHJICICTIHAIKTEH JePEKTePIiH KYTUSITBIIBIFBI CAKTANA b

- briiokueliH - 6HIMHIH KO3FaJbIChl MEH JKarJaiibilHa OalIaHBICTHI OapibIK
TpaH3aKIUsIap JKa3blIaTBIH TapaTbUIFAH pPeecTp. Op ’ka3zda e3repMeiTiH KoHe
KpHunrorpadus apKbUIbl KOPFaIFaH, OyJ1 KeTKi3y Ti30eriHiH OapIbIK KaTbICyIIbIIaphI
YIIiH JepeKTep/IiH allbIKTHIFBI MEH CEHIMIUTITIH KAMTaMachl3 €TeIi.

- API wunTepdelici — COHFBI NaiajaHylIbUIapFa ©HIM Typalibl aKiaparka
KOJI JKeTKI3y/li KaMTaMachl3 eTeTiH KoMITOHeHT. AP wHTepdeiici apKbUIbI ©HIMHIH
aFbIMJIAFBl KYHi, OpHAJACKaH Xepl OHE KO3FaIbIC TapuXbl Typajbl cypayiap
xKacayra Oonabl.

JKytiemeri e3apa OpeKeTTECTIK OHIMHIH aFBIMIAFBl KYHi MEH IKETKi3y
Ti30eriHaeri aiablHFbl Ke3eHAEp Typallbl aKmaparThl aily YIIiH MaijaiaHyibl
OHIMJII Kajaranay cypayblH jkiOepremHeH Oacramanbl. Cypay xyheHiH API
uHTEepdelici apKbUIbI KEJIN TyCe/i )KoHE HAaKThl YaKbITTa JEPEKTEp/l KHHAWTHIH
loT-cencopnapeiaa Gepineni. XKerkizy TizoeriHiH op ke3eHinne loT-cencopmapsl
KOpIIIaFaH OpTa MIapTTapbiH ( MBICAJIBI, OHIMHIH TEMIIEPATYPACHI, bUFAIIBUIBIFBI
YKOHE OpHAIAcKaH JKepiH) Tipkeiai. by gepekrep yHemi »KaHAPTHIIBII, KEPTiTiKT
KYpbUTFbIIapAa eHpeneni. KeWiH eHmenreH aepektep OipHeNIe AaTYMKTEPACH
KUHAJIFaH JepeKTep/i Mai/lanaHa OTBIPHIN, aifMaKThIK MOJEINBACp jKacay MKOHe
KaHAPTY MYMKIHIITIH OepeTiH (enepaTuBTI OKBITY JeHreliHe OarbITTaajbl,
Oy perTe depMmepiaep MEH KETKi3y Ti30eriHiH Oacka KaThICYIIBIIAPBIHBIH
JePEeKTePiHIH KYMUSUIBUIBIFBI cakTananpl. Ocbuiaiiina, Kyile opTajblK KoliMmara
TIEPEKTEPIi KiOepME, JKepTUTIKTI TYpie OHISITECHAIKTEH JKOFaPhI KYTTHSITBUTBIKTEI
KamTaMachi3 erefi. Ochbl IepeKTep HETi3iHIe alMaKThIK MOJICIIbICP JKaHAPTHLIBIIL,
OHIMHIH Carackl Typajbl JIePEKTEPAiH JIIIITiH apTThIpyFa MYMKIHIIK Oeperti.

AWMaKTBIK MOJICTh KaHAPTBUIFAHHAH KEHIH arperarTajiFaH JiepeKTep
Ornokueiinre >xiOepineni, sSIFHU 9pOip TpaH3akIMsA ©3repMEiTiH ka30a peTiHze
Tipkenemi. bIIOK4eiH ©OHIMHIH KO3FAJBICBIHBIH Op KE3€HI Typallbl aKmaparThl
caxTaipl, OYJ1 OHBI JKETKi3y Ti30eriHiH OapibIK KaThICyIIBUIAPBIHBIH TEKCEpyiHe
KOJDKETIMII  eTemi. OpOip TpaH3aKmus KpUNTOTpadusyIbIK XJII KOMETiMeH
JKa3bUIabl, OYJI JEpeKTepiH ©3repMeUTIHAIrH KaMTaMachl3 ereil. OHIMHIH
JKaFIaiibl MEH OpHATACKAH Kepi, COH/Iali-aK TachIMaliay Ke3eHACPiHIH op Ke3eHIH/1e
caxTay HIapTTapbIHBIH CAKTAYbl TYpaJibl aKmapar OypMasaHyaaH KOpFaJFaH )KoHe
OapibIK MYIENI TapanTap YIIiH KOJDKEeTIMA1 O0aabl.

[Talimananynrsl KaXkeT OOJFaH JKaFrdaiiia eHIMHIH aFbIMIaFbl KYHi Typabl
JIepeKTep/li ally cypayblH JkiOepe anajpl. byn cypay OnokueliHje cakrajaraH
aKmaparka KoJI JKeTKizyai KamTamachi3 eTeTiH APl uHTepdeiici apKbUThl OHIeTe .
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API unTepdeiici OmoxueiiHTe XYTiHII, OHIMHIH OpHAJacKaH JXepi, KyHi *KoHe
KO3FaJIbIC TapUXbl Typajbl JEPEKTEpJl ambll, oNapibl MalalaHyllbiFa KaiTta
Oepeni. Ochbl Ke3eHJe NaiJanaHyIIbl OHIMHIH TapuXbl MEH aFbIMJIIAFbl JKaFJaibl
Typallbl TOJBIK aKmapar ajambl, OV OFaH OHIMHIH camackl MEH KayimcCi3miri
CTaHIApPTTAPBIHBIH CAKTATybIHA KO3 JKETKi3yre MYMKIHIIK Oepe/ti.

Y chIHBUTFaH OITOKYEH MeH (hefiepaTrBTi OKBITY HETi31HJIEr1 JXKYiie JepeKTepIiy
MOJIIIPJIIrT MEH CCHIMIUIITIH JKOFapbl JCHIEHIE KaMmMTaMachi3 €TiM, JKETKi3y
Ti30€riHIH KaTBICYLIBUIAPBIHBIH ~KYMUSUIBUIBIFBIH - cakTaiinpl. TpaH3akuusiiap
MEH CaKTay IIapTTaphl Typajbl IEPEKTEp/Il caKTay YIIiH OJOKJYCHHII MmaimamaHy
KOHE OHIM Typalibl IepeKTepai kuHay yuiH loT-ceHcopnapblH KoiIaHy eHIMHIH
KO3FaJIbICBIH KaJiarajayra FaHa eMec, COHbIMEH Karap OHIM Typajbl akmaparka
JIeTeH CEHIMAUTIKTI apTThIpyFa MYMKiHAIK Oepeai. XKyiie aybll mapyanbulbIFbIHbIH
SKOJIOTHSUTBIK TYPAKTBUIBIFBIH APTTHIPYFa WHHOBAIUSUIBIK OJIICTEP YCHIHAJBI,
cebebi on camaHbl OakplIayAbl JKaKCapTyFa JKOHE JIepeKTepliH OypMmanaHyblHa
XKoo Oepmeiiai, Oy a3bIK-TYJIK HAPBIFbIHBIH >KahaHAaHYbl JKaFJaiblHIa epeKIe
MaHBI3JIbI.

JKyiieHi nambiTy OaFbIThIHIA OIpHEINE MaHBI3bl 3epTTEy OarbITTaphl Oap.
Bipinmrien, OMOK4YeH TEXHOJOTHSCHIH KACAHIbl MHTEIEKT D3JIEMEHTTEpiMEH
WHTETrpalysiay apKblUIbl OHIM calachblH aBTOMATTHI TYPJie OaKbUIay bl JKETUIIpyTe
Ooasel. Byst Tocin eHIMHIH camachlH OaKbLIayIbl JKbUTIAM/IATYFa )KOHE aKayIap/abl
aHBIKTayFa BIKMAd ereni. EkiHmnmeH, ¢enepaTuBTi OKBITY aJITOPUTMACPIH
KETUIAIPY apKbUIbl JKEPrilikTi eHAeY THIMIUIMIH apTThIpy MYMKiHAIr Oap.
CoHBIMEH KaTap, aybUl [ApyallbUIBIFBIHIAFEl SKOJOTHSIBIK TYPAKTHUIBIKTHI
apTTBIPY MaHbI3/bl OAFBIT OOJIBIN TaObLIaAbl. BIOKUCHH MEH (eepaTUBTI OKbITY
KYHeIepiH AKOJIIOTUSIIBIK THIM/II €Ty VIITiH )KaHa KOHCEHCYC allTOPUTMICPiH a3ipiey
Oomammax 3epTTeyinepain OarbIThl 00Ia anaabl. byt 9/1ic SKOMOTHSIIBIK pecypcTapabl
YHEMJeyTe KoHe eHIMIep/i KaJarauayaa SKOJIOTHSUIBIK Ta3a Ti30€KTi KaMTaMachl3
€TyTe KOMEKTECE]Ii.

KopbiThinabl. Makanaga aybul IIapyalibUIBIFBl  ©OHIMJEPIHIH — JKETKI3y
Ti30eriH Kajgaranay YIIiH OJOKYEHH koHe (eIepaTUBTI OKBITY TeXHOJIOTHSIIApbIH
OIpIKTIPETIH JaHAa WHHOBALMSJIBIK TOCUI YCBIHBULIBL OjeOueTTepre Tayaay
HETi3iHAe Oyl TEXHOJOTHSUIApABIH aybul HIapyallbUIBIFBIHAA ©HIM CalachlH
OakpUIaymbl, OEPEeKTep KAYIICI3MITiH KoHE JKYWEHIH AaNIbIKTBIFBIH KaKcapTyna
MaHBI3/IbI EKEHI KOPCETUII.

XKacamran >xyiemeri e3apa opekerrecymin UML amarpamMMachkl  apKbLTBI
JepEeKTep/liH ©3repMEeHTIHIrH, an ¢enepaTuBTi OKBITY apKbUIbl JIepPeKTep/iH
KYIUSUTBUTBIFBIH - KAMTaMachl3 eTefdi. byl Tocim kerkidy Ti3OeriHmeri opoip
OHIM KO3FaJbICBIH HAKThl YaKbpITTa OaKblUlayFa »>KOHE KAKETTI aKmaparThl
Kayilci3 cakrayra MyMKiHIIK Oepexni. Hotmxkecinnme depmepiiep MeH KeTkizy
Ti30€TiHIH KaTBICYIIBUTAPHI YITIH JKEKE MOJIMETTEp CaKTaJbIN, TYTHIHYIIBLIIAP
OHIMHIH camachkl MEH KayillCi3/Iiri Typaibl HaKThl MOJIMeT ana anajsl. bonamax
3epTTeyiep/ie KYHeHiH ayKbIMIbUIBIFBIH KEHEHTY KOHE IKOJIOTHSIIBIK THIMIUTITIH
apTTBIPy MAaKCaThlHIAa KOCBIMIIIA MYMKIHIIKTEp KapacThIpbUIaJbl.  AybLI
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[IAPYaNIbUIBIFBIHAFBI IEPEKTEP/IIH AlIBIKTBIFBIH, OHIM CAMaCchlH OaKbLIAY/IbI dKOHE
TYTBIHYIIBIIAP CCHIMIH HBIFAHTyFa jKaHa JKOJNJIAp YCHIHAIBI JKOHE a3bIK-TYJIK
KayiTCi3/IiriH KaMTaMachl3 €Ty MEH aybUl IIAPYallbUIBIFBIHBIH TYPAKTHI TaMybIHA
BIKIAJ €TEI.
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Abstract: The organization of students’ industrial practice during their studies
is a key element in preparing specialists, especially in the IT sector, which requires
a special approach. Universities usually collaborate with partner companies
to create joint solutions, which involves providing material and educational
resources, selecting qualified personnel, and exchanging experience. Despite
the well-established work of universities and their partners, there are still many
inconveniences and unresolved issues regarding coordination during industrial
practice, such as determining the placement of students, coordinating the parties
involved, and ensuring compliance with requirements, agreeing on criteria,
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preparing necessary documents, and reporting. The biggest issue, however, is the
lack of a unified digital automated platform, which forces all routine work to be
done manually and requires passing through numerous administrative steps and
approvals across different instances. The purpose of the paper is to investigate and
develop an innovative system aimed at introducing digital document management
and automating the process of organizing students’ industrial practice using modern
digital technologies. To enhance efficiency, contemporary technologies were applied,
and optimization algorithms and models were developed to improve coordination
and management of the process. The system being created meets high requirements
for fault tolerance, security, and integration with current IT technologies, which
contributes to improving the educational process and strengthening collaboration
with partner organizations.

Key words: digitalization, automation, quality improvement, QoS, application,
electronic document management.
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Annotauusi: CTyIeHTTepAiH OKy NpOLECiHAErl OHIIPICTIK ToKipHOeciH
YHBIMIACTBIPY — MaMaHAapAbl Jaspiay[blH HEri3ri 3JeMEHTTepiHiH Oipi OOk

169



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

Tabbutazapl, acipece 1T canackl epekie Ko3KapacThl Tajamn eTefi. OIeTTe, JKOFaphl
OKYy OpBIHIAphl CEpIKTeC KOMIIAHHMUIApMEH OiplieCKeH IIenrMiep kacay YIIiH
BIHTBIMAKTacaJlbl, OYJI MaTepUaJIbIK JKOHE OUiM Oepy pecypcTapblH YCHIHYIBI,
OUTIKTI MaMaHAapAbl ipIKTeydl KoHE TaXipuOe amMacynbl KamTuabl. JKorapbl
OKy OpBIHIAapbl MEH OJapIblH CEepiKTeCTepl apachIHAAFbl JKYHelli »XYMBICHIHA
KapamacTaH, OHMIIPICTIK TOKIpUOENIeH oTy Ke3iHJe KONTereH KOJANCBI3IBIKTap
MeH MIeTIIMEeTeH YHIIeCTipy Macelnenepi 6ap: OiiM axyIibpuiapFa Toxipruoe OpHBIH
Oenriney, TapanTapblH KeJiciMi, TalanTapblH COHKECTIT, KeJicy KpUuTepHuiiepi,
KOKETTI KYKaTTaplbl PociMjIey, €CeNTUTK JKOHE €H YJKeH Macelie — OipbIHFail
IU(PIBIK aBTOMATTAHABIPEUIFAaH KEHICTIKTIH OolMaybl. By GapibIk pyTHHAIBIK
KYMBICTBl KOJIMEH OpBIHIAyFa >OHE OPTYPIl WHCTAHUIMSUIApAAFbl KONTETeH
OKIMIITUTIK paciMIepieH oTyre MOXOYpIen .

OcBl KYMBICTBIH MakKcaThl — CTYACHTTEPIiH OHMIIPICTIK ToxipuOeciH
YHBIMIACTBIPY MPOLECIH HUQPIBIK KYXKAaT aliHAIBIMBIH CHTI3y JKOHE 3aMaHayH
U (PIIBIK TEXHOJIOTUSUIAP/ABI Maii1allaHy apKbUTbl aBTOMATTaHIbIPYFa OaFbITTaIFaH
WHHOBALIMSJIBIK OJKYHEHI 3epTTey JKoHe o3ipiey. THiMAUTIKTI apTThIpy YIIiH
3aMaHayd TEXHOJOTHSUIAp KOJJIAHBUIBIN, MPOLECTi YHiecTipy MeH Oackapyusl
’KakcapTyra OaFbITTalFaH OHTAWIAHIBIPY aJITOPUTMICPI MEH MOJIenbaepi
ozipreni. XKacanraH kyiie )KOFapbl CEHIMJIUTIK, KayilCi3IiK TalanTapbiHa COHKeC
Keneni JkoHe 3amaHayn [T-TexHoJOTWsulapMeH WHTerpauusiianyra KaOinerTi,
OyJ1 OKy MPOIIECiHIH THUIMIUIITIH apTThIpyFa )KOHE CepikTec YHBbIMIapMeH e3apa
OPEKETTECTIKTI KYIIEHTyTe BIKITAJ eTe/i.
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AnHoranus. OpraHu3anusi MPOU3BOJCTBEHHON MPAKTHKH CTYICHTOB B
mporiecce 00yUeHUS SIBISCTCS KITFOUEBBIM DJIEMEHTOM TTOITOTOBKH CIIEI[HATMCTOB,
ocobenno cdepa IT Tpedyer ocoObiii moaxoa. OOBIYHO By3bl COTPYIHUYAIOT C
KOMIaHUAMH-TTAPTHEPAMH JIJTS CO3/TaHHST COBMECTHBIX PEIICHHH, 4TO TPE/IONaraet
MPEOCTaBICHUE MAaTepPHAJbHBIX H  00pa30BaTeNbHBIX PECYpCOB, MOA00D
KBaTM(DUITUPOBAHHBEIX KAJAPOB M OOMEH OmbITOM. HecMOTpst Ha OTIAKEHHYIO
paboTy BY30B M MX MAapPTHEPOB, CYIICCTBYIOT OOJBIIOE KOMUYESCTBO HEYIO0OCTB U
HEPEIICHHBIX 337134 COTTTACOBAHUS TPH TPOXOXKACHU U TPOU3BOACTBEHHON TPAKTHUKH:
ompejieSicHe MecTa OOydYarolMMCs, COTIACOBAaHWE CTOPOH, COOTBETCTBHE
TpeOOBaHMIA, KPUTEPUH COTIIACOBAHUS, O(hOpMIIEHHE HEOOXOUMBIX TOKYMEHTOB,
OTYETHOCTh W camasi OoJblias mpodjieMa — OTCYTCTBHE €AMHOTO HHU(PPOBOTO
ABTOMATHU3UPOBAHHOTO MPOCTPAHCTBA, YTO BBIHYK/IACT BBIMTOJIHATE BCIO PYTHHHYTO
paboTy BPYUHYIO U TIPOXOTUTD YePe3 MHOTOUHCIICHHBIC 3 IMUHUCTPATHBHBIC ITAITBI
M COTJIACOBAHMS B PA3THMYHBIX HHCTAHIIHSX.

[enbio qaHHOM pabOTHI SIBISICTCS UCCIIEOBAHNE U pa3pabOTKa HHHOBAIIMOHHON
CHCTEMbI, HAMpaBICHHOW Ha BHEAPEHHE NU(PPOBOTO JOKYMEHTOOOOpOTa U
ABTOMATH3AIHIO TPOIECCa OPTaHU3AIMY TPOU3BOCTBCHHOW MPAKTHUKH CTYICHTOB
C WCTIONb30BAHUEM COBPEMEHHBIX MU(PPOBBIX TexHOMOTH. [Ipu peanusarum as
MOBBIIICHHUS 3(PPEKTUBHOCTH OBLTH MPUMEHEHBI COBPEMECHHBIC TEXHOJIOTHH, a
TaKKe pa3paboTaHbl ONTUMHU3AIMOHHBIC AJTOPUTMBI W MOJIEIH, HArpaBICHHBIC
Ha yIydlIeHHe KOOPAWHAIMHU U yrpasieHus mporieccoM. CozmaBaecmas cucTeMa
COOTBETCTBYET BBICOKMM TPEOOBAHHSIM OTKa30yCTOWYMBOCTH, OE30MACHOCTH W
HWHTETpAIMN ¢ aKTyalbHBIMU [T-TEXHOMOTHSIMU, YTO CIIOCOOCTBYET TMOBBIIICHUIO
3pPEeKTUBHOCTH  y4eOHOTO Tpollecca W YCHICHHIO B3aUMOJCHCTBHS C
OpraHu3aIuIMHU-TTapPTHEPAMHU.

KioueBblie cjioBa: 1mudpoBH3aIns, aBTOMATH3AINS, TOBBIIICHUE KAaueCTBa,
MPUIIOKEHHE, SIEKTPOHHBIH JOKYMEHTOO00POT, 6€30MaCHOCTS.

Introduction. The interaction between students and employers and the active
development of digital platforms for more efficient internship organization seems
quite natural. Rapidly growing solutions in this area offer broad opportunities. One
such direction today is the modernization and digitalization of business processes
in education, which must meet the requirements for security, scalability, and fault
tolerance of information systems, given the growing volume of information and
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big data. One area that has not yet been fully realized in business processes is the
digitalization of the student industrial practice process in various organizations,
particularly for specialized fields. Workplace training is a crucial foundation for
competency development during university studies, strengthening the connection
between theoretical knowledge and real-world practice at enterprises. However,
sometimes internships do not fully provide opportunities to develop practical
skills, and the tasks assigned to interns are only indirectly related to their future
profession, often involving routine, low-skilled operations. The success of an
internship depends on many factors, one of which is finding a potential internship
placement. Typically, universities provide students with a list of companies
where they can complete their industrial practice, or the students find a placement
independently. Both of these processes are done offline, taking up a lot of time
for all three parties involved. The need for an information system that provides
students with internship placement opportunities arises from the aforementioned
issues, as well as several technical factors: the ability to process structured and
unstructured big data, data protection, decision-making, document management,
and the cost of services (Balakayeva, et al, 2022). Universities are obligated
to take responsibility for organizing student internships in their own interest,
ensuring a model of partnership between the university, students, and employers.
The “connection of parties” through online platforms provides an opportunity for
communication and interaction between these parties starting from the early stages
of the internship, offering significant advantages. To enhance the efficiency of
digital interaction between students and employers, there are many foreign analogs.
There are a large number of such platforms, each with its own set of qualitative
characteristics, advantages, and limitations. These systems are widely used in many
countries, including the United States, European Union countries, and others. The
issues related to adjusting the actions of managers of industrial practice, organizing
internships, and communication platforms are discussed in (Daugherty, 2011). The
problems related to finding and completing industrial practice by students are more
broadly covered in (Alpert, et al, 2009).

Some of the most well-known platforms for student internships include
Handshake, Riipen, Parker Dewey, and Virtual Internships. However, these solutions
are not entirely suitable for domestic universities or have a number of drawbacks
or compatibility issues with our conditions and laws. Another important reason
for creating a custom platform is the internal labor market. For example, using
external platforms might negatively impact the retention of young professionals.
One such platform is Handshake, which is widely used in the United States to
connect students with potential employers. It offers extensive opportunities for
job and internship searches and is integrated with many university career services
(TechCrunch). The Riipen platform specializes in experiential learning by
integrating real-world projects into university courses. Employers post projects that
students can work on as part of their coursework, gaining practical experience while
studying (Faggiani, et al, 2018). Parker Dewey offers “micro-internships” — short-
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term, paid professional assignments that help students gain valuable experience
and build a work portfolio, while also allowing employers to complete specific
tasks (TechCrunch). Virtual Internships provides remote internships in various
fields and locations. It guarantees placement and offers flexible start dates and
internship durations, making it accessible to a wide range of students, regardless of
their location (Waddill, 2023). It is worth noting that in (Molodchik, et al, 2020),
it was determined that platforms specialized in specific industries or fields are the
most effective.

Despite the large number of internship platforms, there is still a shortage or even a
lack of domestic solutions with similar functionality that could provide convenience
for students, employers, and universities. Moreover, decentralized internship
search, limited data analysis capabilities, and inefficient interaction among process
participants remain key issues that could be addressed by implementing more
effective, intelligent solutions capable of automating and optimizing the internship
placement process. Such solutions could improve interaction between all participants
and provide students with the quality experience necessary for a successful start in
their profession. The absence of an electronic document management system may
mean that participants need to perform more administrative tasks manually, which
can slow down the process of signing and validating the necessary documents
between students, companies, and universities. Furthermore, most existing
internship organization solutions do not fully leverage modern technologies, such
as artificial intelligence and machine learning, to automate the internship selection
process and personalize recommendations for students, which we see as a potential
development for the platform.

A brief review of the literature. Researchers emphasize that digitalization
not only reduces time and administrative costs but also improves the organization
of educational activities. According to the work of (Balakayeva, et al, 2023),
automated systems allow for the optimization of tasks such as planning, reporting,
documentation, and workflow coordination. Learning management systems (LMS)
demonstrate high effectiveness in supporting students and instructors; however,
they have limitations in the context of internship organization, where a more
flexible approach to collaboration with external organizations is required.

Digital document management plays a central role in automating administrative
processes. Research shows that the implementation of electronic documents
significantly reduces processing time and costs, increases transparency, and
enables real-time tracking (Balakayeva, et al, 2023). In the context of organizing
internships, digital document management can ensure the efficient processing
of contracts, applications, reports, and other mandatory documents, minimizing
human error and the risk of information loss. Key technologies in this area include
electronic signatures, automated document routing systems, and cloud solutions for
data storage and access.

Platforms such as Handshake, Riipen, Parker Dewey, and Virtual Internships
have already established themselves as tools for organizing internships and practical
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programs for students. These platforms automate the processes of searching,
coordinating, and completing tasks, connecting students with employers and
providing them with hands-on experience. Research on the use of such platforms in
the educational environment shows their high demand among students, particularly
due to access to real-world tasks and the opportunity to work remotely. However,
each platform has its limitations. For example, Handshake and Parker Dewey focus
on short-term projects and primarily offer local opportunities, which limits their
applicability for students seeking international experience. In contrast, Virtual
Internships emphasizes remote work and offers a wide range of international
internships, making it more versatile, though less accessible to universities with
limited resources (Adler, et al, 2021).

The Beam.kz platform is focused on the domestic labor market of the Republic
of Kazakhstan and currently collaborates with over 80 universities and more than
5,000 companies in the country. The platform does not have publicly available
documentation online for viewing its document management system or workflows.
However, demo versions are provided to educational institutions or corporate
partners interested in the platform, allowing them to explore its integration
capabilities with universities and companies (beam.kz, 2024)

Table 1 - Comparison of existing production practice platforms

. Parker Virtual
Beam.kz Handshake | Riipen . JobTeaser
Dewey Internships
USA, Intern. Europe,
Location Kazakhstan Canada, USA, Canada | USA ational interna-
Europe tional
universit
y students, students, students,
students, students, students,
Users employers, teachers, employers,
graduates, L . employers employers S
- universities companies universities
companies
more than 80
universities . . . . . .
Partner- universities, | universities, L . universities,
. and 5,000 universities | companies .
ships L employers colleges companies
companies in
Kazakhstan
job search/ search for roject career
the main internships, . . project. short-term virtual
iy internships, work with . . . resources,
purpose resume writing, . projects internships .
. employment | companies vacancies
career planning
free access,
resume user-
benefits creation, access to work flexibility, access friendly
for career fairs, vacancies, experience in | payment for | to global interface,
students job listings, events projects projects internships career
digital career resources
resources
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the platform . . . submission | personal
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. variable payment for | for students | . *.
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Despite the large number of practice platforms, there is still a lack or even lack
of domestic solutions with similar functionality that could provide convenience
to students, employers and universities. In addition, the decentralized search for
internships, limited data analysis capabilities, and inefficient interaction of process
participants are the main problems that can be solved by implementing more
efficient, intelligent solutions that can automate and optimize the internship selection
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process, improving interaction between all participants and providing students
with the quality experience necessary for a successful start in the profession. Data
security is also an important task (Mambetov, et al, 2022).

Modern optimization algorithms and artificial intelligence technologies are
increasingly being used to improve efficiency. For example, (Uskinbaeva, et al,
2018) efficiently determine placement based on skills and qualifications, with the
ability to match various requirements. The study highlights the potential of machine
learning methods, which can be used to predict a student’s success at a particular
company based on their academic and personal data. Such approaches contribute
not only to the optimization of the process but also to increasing the satisfaction
levels of both students and employers.

Despite the advantages of digitalization, significant barriers remain on the path
to fully automating the internship organization process. One of the main issues is
the lack of a unified digital platform that would connect educational institutions,
companies, and students. In addition, many organizations face challenges in
integrating digital solutions into existing educational management systems. Other
critical aspects include data security and infrastructure reliability, especially in the
case of international internships (Ma, et al, 2022).

Modern research shows that automation and digitalization of practice
organization processes will develop along with the improvement of data processing
technologies, artificial intelligence and cloud solutions. It is expected that the
future of such systems will be associated with the creation of platforms capable of
adapting to the needs of each participant — university, company and student. The
introduction of a unified automated system for managing practices can significantly
reduce the administrative burden and improve the quality of training in practice.

Methods and materials. Based on the identified needs, the system architecture
was developed. The visual representation of the interaction between the main
participants is as follows (Figure 1):

HR Manager

COMPANY

platform

Figure 1. Presentation of the interaction “university - students - employers”
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In the context of Queueing Theory (QT), the platform is considered as a
request processing system. The platform must efficiently manage large volumes of
requests, provide students with the necessary information in real-time, and track
the status of documents, taking into account the system’s processing speed and
resource availability management (employers and universities). The model allows
for predicting waiting times, minimizing bottlenecks, and improving the quality
of service for all participants in the process. Since the processing time of requests
can vary due to differences in approval processes, the classic M/G/S model
is applied, where M represents the exponential distribution of the time between
request arrivals, G denotes the general distribution of service times, and S is the
number of servers. The average number of requests entering the system per unit of
time is defined as the request arrival rate, A, and p represents the service time for
requests. The load factor p is then defined as

A
S* u

p= (1)

where it shows how heavily the servers are loaded. If p > 1, it means that the
system is overloaded. The average number of requests in the system is defined as:

A
L=Lg+— 2)
u

where Lq is the number of requests in the queue waiting for service, and is
defined as:

N 2
P"(ﬁ) " 3)

b= G-Di-Gr-22

where P is the probability of an idle server. W is the average waiting time in the
system, which is expressed as follows:

wo L
=7 “)

For a system with multiple servers and a database, the architecture can be
represented with three main components: the client side, the server side, and the
database.

The users, who are the subjects interacting with the system in the document flow
space, are shown below in diagram (2-figure):
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Clend side
WebiMobde
apphcation)

HTTRPHTTPS

Server part
(AP, business logic)

Server 1 Server 2 by Server N

S0L AP S0L AP 0L AR

DataBase

Figure 2. Client-server

The client side is the interface that users interact with: students, teachers, and
companies. Users send requests to the server to submit applications, check the
status of documents, sign reports, and so on.

The server side (API, business logic) processes client requests, manages
application logic, processes data, and performs operations. It includes various
services for handling incoming data and interacting with multiple servers and the
database. The server side can be divided into multiple servers to distribute the load
and improve fault tolerance. These servers perform different functions, such as
processing applications, managing document flow, and logging. The server side
hosts several physical or virtual servers that distribute the load and process data
using a load balancer (Zhanuzakov, et al, 2024). The servers process requests from
the client and interact with the database through an APIL.

The database (DB) stores all system data: information about users, applications,
contracts, reports, and documents. The servers interact with the database via the
SQL API for reading and writing data (saving reports, signed documents, application
statuses). (Dayneko, et al, 2021). During the design, the experience of an educational
resource with modeling was also considered of no small importance (Gubsky, et
al, 2020). Systems design involves the determination of interdependent variables
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and the precedence ordering for the tasks of determining these variables involves
circuits. Circuits require planning decisions about how to iterate and where to use
estimates. Conventional planning techniques, such as critical path, do not deal with
these problems (Steward 1981).

The users who are entities and interact with the system within the document
management space are shown in the diagram below (Figure 3).

University /—»Student Company
Faculty ¥ ,—><>
latter of consant _.—/ s
Department VES

Yy
‘_u
Z

‘-L/ copy contract —;ﬂd?
Supe‘t]sor —— :I;;m,_— ves
7

Figure 3. Diagram of the interaction of subjects with documents

Based on the identified requirements, the system architecture was developed,
including several key modules:

1. User Registration and Authentication Module — ensures secure access for
students, teachers, and employers.

2. Document Management Module — automates the processes of creating,
processing, and storing documents, such as applications, reports, and contracts.

3. Internship Search and Recommendation Module — allows students to
casily find suitable vacancies and provides employers with tools to post internship
listings.

4. Reporting and Analytics Module — enables users to generate reports on
internship progress and track statistics on performance and satisfaction.
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d
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Figure 4. The modules of the system architecture

The interaction mechanism works as follows: the client side sends requests to
the server, which processes these requests using business logic. The server side
receives the request, analyzes it, and determines which operations need to be
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performed (such as retrieving data from the database, executing an optimization
algorithm, or sending a response back to the client). Servers handle operations in
parallel if multiple servers are used, ensuring the system’s fault tolerance. All data
is stored in the database, managed through the SQL API, where information about
users, documents, and applications is saved and updated. This architecture enables
efficient processing and storage of information on applications, documents, and
user interactions.

Results and Discussion. Based on the developed architecture and implemented
modules, the document management automation system for organizing student
internships has demonstrated significant improvements in document workflow
optimization. The system has automated the process of creating, approving, and
signing documents (such as contracts, diaries, and reports) between the university,
the company, and the student. The use of the document management module will
reduce the time required for document processing by 30-40%, also decreasing
the number of errors and delays typical of manual processing. Thus, the platform
will eliminate the need for in-person visits to various departments for document
submission and approval, increasing convenience for users.

The system also aims to enhance interaction between students and employers
through the internship search module, providing students with access to current
vacancies and optimizing the process of choosing an internship location.
Companies will be able to directly post their vacancies, receive responses from
interested students, and track the status of documents. This significantly speeds
up the internship matching process, enabling both parties to find each other more
quickly.

Analytics and Reporting: The implementation of the reporting and analytics
module has provided university administration and employers with the ability to
track statistics on internship completion, student performance, and satisfaction with
the program. This enables analysis of the effectiveness of partnerships and student
satisfaction. As a result, the analytics data helps improve the quality of internship
programs and allows for adjustments based on feedback.

Security and Fault Tolerance: The system was developed with security
requirements in mind, including an authentication and access control mechanism.
System testing demonstrated high fault tolerance: the architecture’s resilience
ensured uninterrupted operation even with a large number of users, increasing user
trust in the platform.

Limitations and Areas for Improvement: However, testing also revealed
some limitations. For instance, integration with existing university and company
information systems is needed to further streamline document workflows. Future
plans include adding features for more detailed tracking of student progress and a
module for evaluating their skills during the internship.

Overall, the implementation results confirm the effectiveness of the proposed
architecture, which not only simplifies document management but also improves
the quality of interaction between universities, students, and employers.
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Conclusion. The developed system for automating the student internship process
has proven effective in managing document workflows, optimizing interactions
between students, universities, and employers, and providing reliable analytics
and reporting. Process automation significantly reduces document processing time,
enhances convenience for students and companies, and improves the quality of
interaction among participants. The implementation of a secure architecture and
integration of modern technologies has helped create a flexible and fault-tolerant
platform ready for future expansion.

However, there are opportunities for further improvement: integration with
other information systems, expanded functionality for assessing students’ skills,
and enhanced mechanisms for tracking their progress. This work confirms that
automating the internship process with digital technologies not only simplifies
document management but also significantly enhances the quality of the educational
process and interactions with partner organizations.
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Abstract. Fires pose a significant environmental, social, and economic challenge
worldwide, particularly in regions with diverse ecosystems and dry climates. This
study aims to develop an advanced fire forecasting and extinguishing system tailored
to Kazakhstan’s unique environmental conditions. Leveraging machine learning
algorithms, the system enhances prediction accuracy, optimizes resource allocation,
and enables real-time fire detection to mitigate wildfire impacts. Historical fire
records, meteorological data were analyzed using Convolutional Neural Networks
(CNNs) and Recurrent Neural Networks (RNNs). Preprocessing techniques, such
as data augmentation and normalization, improved model performance. The CNN
model achieved a 92% prediction accuracy, surpassing the RNN model’s 89%,
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with an AUC score of 0.95 and 0.93, respectively, confirming their reliability in
distinguishing fire events.

A key innovation is the creation of deep learning models that identify fire
forecast in real time integrating Kazakhstan-specific data, including historical fire
records, to ensure accurate adaptation to diverse landscapes and climatic conditions.
These models provide actionable insights for community-focused fire management
strategies. The main innovation of the study is the creation of deep learning models
that identify fire foci during the NAC period.

The integration of advanced computational techniques with localized expertise
establishes a foundation for sustainable management in Kazakhstan. This system
enhances wildfire resilience and serves as a model for data-driven fire management
strategies globally. Future research will refine predictive models with additional
environmental data and explore novel algorithms to improve accuracy and
efficiency.

Keywords: machine learning, image recognition, fire forecasting, convolutional
Neural Networks (CNNs), recurrent neural networks (RNNs), deep learning
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AHHOTanus1. Opt OYKiI a1eMe, acipece apTypIli FIKOKYHenepi MeH KYpFak KiIv-
Marbl 0ap aliMakTapa MaHbI3/Ibl SKOJOTHSIIBIK, JICYMETTIK JKOHE SKOHOMUKAIIBIK
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mpobnemMaHbl  Tymelpaabl.  bynm  3eprrey KazakcrawHblH ~ Oipereid  TaOuFu
KaFJainapeiHa OeiiMIenreH epTTepAl Ooimkay MEH COHIIPYMIH JKeTUIIipuUIreH
KYWECiH a3ipieyre OarpITTaFad. MallMHAJIBIK OKBITY aJITOPUTMIEPIH Maiiianany
OopKaMIapAbIH  JOIIITIH apTTRIpyFa, pecypcTapibl Oenrydl OHTalIaHIbIpyFa
JKOHE OpTTi KeJleNl aHBIKTayFa MYMKIHJIIK Oepe/li, OChIIaiia ONapIblH KOWKBIH
ocepiH azaiTanbl. OPTTIH TapuxH AEPEKTEpPi, METEOPONOTHSIIBIK OaKblIayiap
KOHBOJFOIIMSITBIK HeHpOoHABIK keniep (CNN) koHe KaliTalaHaThIH HEHpPOHJIBIK
xeninep (RNN) apkputel Tanganael. Jlepexrepai YiIFalTy jKoHE KaJbIIIKa KeNTipy
CUSKTBI JIEPEKTepJli alIbIH aja eHACY oJICTepi MOICNbIACPIIH OHIMILUIIrH
xakcapTThl. CNN 92% monmikti kepcetTi, RNN-nen 89% nomikneH acwim TycTi,
ROC (AUC) KUCBIFBIHBIH aCTBIHAAFBI aiiMak colikecinme 0.95 sxone 0.93 Gomupbl,
OYJ1 ©pTTi aHBIKTayJaFbl MOJIENBIEP/IiH CEHIMIUTITIH pacTaiIbl.

3epTTeydiH HeTi3ri JKaHAIBIFBl OpPT OINAKTaphlH HAKThl YaKbIT KE3CHIHIE
AHBIKTAUTBIH TEPEH OKBITY MOJENbBIEPIH Kypy OONbIN Ta0bLIambl. bym Tocin
opTyp:i daHmmadTTap MEH KIMMATTHIK JKaFjaiiapra OediMIenyai KamTamachi3
eTelli, JKePTUTIKTI KaybIMIACTHIKTapFa OaFbITTAFaH OpPTTI OaKbUIAYIBIH THIMIIL
CTpaTeTUsIIapbIH KEeHIJICTE/II.

O3BIK ecemnTey TEXHOJOTHMSJIApPBIH JKEPrUTIKTI TIKIpHOEMEH HHTErpaLusiiay
Kazakcrannarsl opMaHIapsl TYPAKThl OacKapyablH HETi31H Kajdai bl O3ipIIeHTeH
KYHe OpTKe TO3IMILTIKTI apTTHIPBIN KaHa KOMNMali/Ibl, COHBIMEH KaTrap OYKiJ olieM
OOHBIHINIA JIEepeKTepre HETI3eNTeH OpTKe KapChl CTpaTerusIapbl o3ipieyre yIiri
Oomanel. bonammak 3eprreyinep KOCHIMINIA KOJIOTHSIIBIK JCpEKTep i MailjanaHa
OTBIPBII, MOACIBACPAL KETULIIPYAl JKOHE IOIIIK MMEeH THIMAUTIKTI apTThIpy YIIiH
YKaHa aJTOPUTMIIEPIi 3€PTTEY JKOCTAPIIaHbII OTHIP.

Tyiliin ce3mep: MamMHAIBIK OKBITY, KECKiHJII TaHy, OpTTepai Ooikay,
KOHBOJNFOIIMSITBIK - HeHpoHABIK skemiiep (CNNS), kalitamaHaTelH HEHPOHJIBIK
xeninep (RNNs), TepeH oKbITY
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AnHoTanus. Iloxapel NpPENCTAaBIAIOT 3HAYUTENBHYIO 3KOJOTHYECKYIO,
COLIMANIBHYIO M SKOHOMUYECKYI0 IPOOIIeMy 10 BCEMY MUPY, 0COOCHHO B PETHOHAX C
Pa3zHO00pPa3HBIMHU SKOCHCTEMaMH M 3aCyLIJIMBBIM KJIMMaToM. /lanHOe HccieoBaHmne
HampaBieHO Ha pa3paboTKy yCOBEPIICHCTBOBAHHOW CHCTEMbI MPOTHO3UPOBAHUS
U TYIIEHUS JIECHBIX MOXKAapOB, aJAaNTHPOBAHHON K YHHUKAJIBHBIM IPUPOJHBIM
ycnoBusim  Kazaxcrana. Mcmonp3oBaHue alropuTMOB MAIIMHHOTO OOy4YeHHs
MO3BOJISIET TOBBICUTH TOYHOCTH MPOTHO30B, ONTHMM3HPOBATh paclpeieleHne
pecypcoB M O0ECIeuuTh OlepaTHBHOE OOHApyKCHHE MOXKapoB, TEM CaMbIM
MUHUMM3UPYST MX pa3pylIUTENbHbIE MOCIEACTBUSA. VcTopuueckue aaHHBIE O
noXkapax, METeOpOJIOrHYeCKIe HAOMIOICHHS aHATM3HPOBAINCH C UCIIOIb30BAaHHEM
cBepTOUHbIX HelipoHHBIX ceTeil (CNN) u peKkyppeHTHBIX HelHpoHHBIX ceTeil (RNN).
Mertozp! TipenBapuTeNbHON 00pabOTKH JaHHBIX, TAKUE KaK YBEIUYCHUE JAHHBIX
U HOpMaju3alys, YIy4dIIWId Hpou3BoauTenbHoCcTh Mojened. CNN mnokasana
TouHOCTh 92%, mpes3oias RNN ¢ Tounoctbio 89%, mpu 3TOM MIIOIMIANb MO
kpuBoit ROC (AUC) coctaBuia 0.95 u 0.93 cooTBETCTBEHHO, YTO MOATBEPKAACT
HaJIe)KHOCTh MOJIeJIEN B OTNIPEJIeIeHNH TI0KapOB.

HoBu3zHoii nccnenoBanus SBJSIETCS CO3JaHUE MOJETEH MTyOOKOro oOydueHHs,
KOTOpBIE BBISIBIIOT OYard IOKapoB B pEaJbHOM BpEeMEHH. Takod Moaxon
oOecrieunBaeT ajanTaldio K pa3HOOOpa3HbIM NaHAmadTaM W KIMMaTHUYECKUM
yCIOBUSIM, CHOCOOCTBYS 3((eKTUBHBIM CTparerusM OOpsObI C IOXKapamH,
OPHEHTHPOBAaHHBIM Ha MECTHBIE COOOIIECTBA.

WHnTerpanys nepeaoBbIX BBIUUCINUTENBHBIX TEXHOIOIMH C MECTHBIM OIBITOM
3aKJIaJibIBa€T OCHOBY JJIsi YCTOMYMBOrO yrpaBieHus jecamu B Kaszaxcrane.
Pazpaborannas cucteMa He TOJIBKO IMOBBIIACT YCTOHYMBOCTH K MOXKapam, HO U
CIy’)KUT 00pasloM i pa3pabOTKU cTpaTerdii OOpbObI ¢ MOXKapaMu Ha OCHOBE
JaHHBIX BO BCEeM MHpe. B Oymymmx uccinenoBaHUsX TUIaHUPYETCS YCOBEp-
LIEHCTBOBATh MOJIEJIH C UCIIOJIb30BaHUEM JIOTTIOTHUTENIbHBIX 9KOJIOTMUECKUX JAHHBIX
U MCCIIEA0BATh HOBBIC aJITOPUTMBI ISl TIOBBILICHUS! TOYHOCTH U 3()(HEKTUBHOCTH.

KioueBble cioBa: MammHHOE OOydeHHE, paclo3HaBaHUE HW300paKECHHIA,
MIPOTHO3MPOBAHKE JIECHBIX MOXKapoB, cBepTouHble HelponHbele cetd (CNNS),
pexyppentHbie Heliponnblie ceTn (RNNs), rmybokoe oOyueHue.
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Introduction. Fires represent a critical environmental challenge globally, and
their impact extends far beyond the immediate areas affected. In the Republic of
Kazakhstan, where a lot of ed regions coexist with dry landscapes, the threat of
fires is growing exponentially. The increasing frequency and severity of these fires
underscore the urgent need for proactive measures to mitigate their destructive
effects. This research endeavors to develop an advanced fire forecasting and
extinguishing system that harnesses the power of machine learning algorithms to
enhance preparedness and response capabilities.

The relevance of this research is underscored by the multifaceted impacts
of fires, which go beyond geographical boundaries and societal sectors. In the
Republic of Kazakhstan, where diverse ecosystems ranging from dense to dry
steppe landscapes coexist, the threat posed by fires grows large, permeating through
various aspects of the nation’s socio-economic and environmental fabric. The
escalating frequency and severity of these fires in recent years have brought into
sharp focus the urgent need for proactive and innovative measures to mitigate their
devastating effects. Beyond the immediate loss of lives, property, and biodiversity,
fires cause far-reaching consequences on air quality, water resources, agricultural
productivity, and regional climate patterns. Moreover, the economic ramifications
of fires extend to disruptions in timber industries, loss of ecosystem services,
and heightened vulnerability of rural community’s dependent on resources for
livelihoods and sustenance. Against this backdrop, the imperative to develop robust
and technologically advanced fire management systems tailored to the specific
challenges and complexities of Kazakhstan’s landscapes cannot be overstated. This
research seeks to address this imperative by leveraging the transformative potential
of machine learning algorithms to enhance the nation’s preparedness, response, and
resilience in the face of fire emergencies.

Machine learning serves as the cornerstone of this project, offering unparalleled
capabilities in data analysis, pattern recognition, and predictive modeling. Machine
learning algorithms can identify intricate patterns and correlations that facilitate
accurate forecasting of fire occurrences by leveraging manually collected historical
fire data, satellite imagery, weather forecasts, and terrain information. Moreover,
these algorithms enable dynamic adaptation to evolving environmental conditions,
thereby enhancing the effectiveness of fire management strategies.

The primary objective of this research is to develop a comprehensive fire
management system tailored specifically to Kazakhstan’s unique environmental
and socio-economic context. This aims to integrate state-of-the-art technology with
local expertise to create a robust framework for mitigating the impact of fires. By
focusing on the specific challenges posed by Kazakhstan’s diverse landscapes and
climatic conditions, the research aims to address the shortcomings of existing fire
management practices and foster resilience against future fire incidents.

Objectives of the Research Work:

* To compile and analyze comprehensive datasets encompassing historical fire
records, meteorological data, relevant to Kazakhstan’s ed regions;
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* To develop and validate machine learning models capable of accurately
predicting the likelihood and spread of fires under varying environmental conditions;

* To design and implement a real-time monitoring and early detection system
capable of identifying potential fire hotspots and initiating timely intervention
measures;

* To optimize the allocation of firefighting resources, including personnel,
equipment, and aerial assets, based on the predicted fire risks and dynamic fire
behavior;

» To assess the efficacy and performance of the developed fire management
system through rigorous testing and validation, both in simulated scenarios and
real-world deployments.

This research contributes to the advancement of fire management science by
introducing novel approaches to prediction, early detection, and response leveraging
cutting-edge machine learning techniques. By addressing the specific challenges
posed by Kazakhstan’s diverse ecosystems and geographical features, the research
adds significant scientific value to the global body of knowledge on wildfire
management, paving the way for more effective and resilient fire management
strategies worldwide.

Literature review

The field of fire forecasting and extinguishing systems, particularly through the
use of machine learning algorithms, has garnered significant attention in recent
years. Researchers are increasingly exploring innovative approaches to mitigate the
devastating effects of wildfires. This review provides an overview of key scholarly
contributions that form the foundation and context for research in this area,
emphasizing the significant role machine learning plays in enhancing our ability to
predict and manage fires.

A comprehensive review by (Simon van Bellen, et al., 2020; Bergeron and
Flannigan, 1995), and (Fried, et al., 2024) delves into the effects of climate change
on fire frequency and severity. Their synthesis of global research efforts underscores
the complex interplay between changing climatic conditions, vegetation dynamics,
and fire behavior. The review highlights that rising temperatures, prolonged
droughts, and other climatic changes significantly increase the likelihood and
intensity of fires. Predictive models become crucial in this context, and the review
emphasizes the importance of integrating machine learning techniques to improve
the accuracy of these forecasts. These models help anticipate fire outbreaks more
effectively by analyzing patterns in climatic data and vegetation changes, which is
essential for proactive management and fire prevention strategies.

In the realm of machine learning applications for fire prediction, (Pham, et
al., 2020; Alkhatib, et al., 2023), and (Ahmad, et al., 2023) have made significant
contributions. They explore the application of advanced machine learning
techniques, including Convolutional Neural Networks (CNNs) and Recurrent
Neural Networks (RNNs), to predict fires. By analyzing satellite imagery and
environmental data, these models can forecast fire occurrences with remarkable
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precision. Their findings suggest a high correlation between meteorological
variables such as temperature, humidity, and wind speed, and the likelihood of fire
ignition and spread. This correlation underscores the importance of continuously
updating and refining predictive models with real-time data to ensure their reliability
and effectiveness in different environments.

Addressing the challenges of real-time decision-making in fire management,
(Abid, et. al., 2020; Arif, et al., 2021), and (Dampage, et al., 2022) discuss the
integration of machine learning algorithms into fire extinguishing systems. These
authors propose adaptive algorithms capable of dynamically adjusting firefighting
strategies based on evolving environmental conditions and fire behavior patterns.
This adaptive approach aims to optimize resource allocation and minimize response
time, thereby improving the effectiveness of fire suppression efforts. For instance,
the use of wireless sensor networks combined with machine learning algorithms
allows for the early detection of fires and rapid deployment of firefighting resources,
which is crucial for minimizing the damage caused by wildfires.

Focusing on localized fire forecasting and extinguishing systems, (Wunder, et al.,
2021) highlight the importance of developing tailored solutions for specific regions,
such as the Republic of Kazakhstan. They emphasize the need for incorporating
local data, such as land cover maps, vegetation indices, and historical fire records,
into machine learning models to enhance their predictive accuracy in Kazakhstan
ecosystems. This localized approach ensures that the unique environmental and
socio-economic factors of the region are considered, leading to more effective
fire management strategies. The inclusion of local data not only improves model
accuracy but also fosters greater community engagement and support for fire
management initiatives.

Additionally, (Sysoeva, 2023) and (Zhang, et al., 2023) present case studies
on the implementation of machine learning-based fire management systems
in regions with similar ecological characteristics to Kazakhstan. They discuss
lessons learned and best practices for adapting these systems to the Kazakhstani
context, including considerations for data availability, model transferability, and
stakeholder engagement. These case studies provide valuable insights into the
practical challenges and opportunities of deploying machine learning technologies
in diverse environmental settings, highlighting the importance of collaboration
between researchers, policymakers, and local communities.

The intersection of machine learning and fire management holds significant
promise for enhancing the resilience of ecosystems and communities in Kazakhstan.
By harnessing the power of data-driven approaches, researchers and practitioners
can develop more effective strategies for forecasting, detecting, and extinguishing
wildfires. This not only mitigates the socio-economic and environmental impacts
of these natural disasters but also promotes sustainable management practices. The
integration of advanced computational techniques with local environmental data
has the potential to revolutionize fire management practices, making them more
responsive and adaptive to changing conditions.
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The authors (Fried, et al., 2024) explore the use of advanced deep learning
methods in fire forecasting, with a particular focus on convolutional neural networks
(CNNs) and long short-term memory (LSTM) networks. Their study highlights how
these models can effectively process large datasets, including satellite imagery and
meteorological records, to improve the accuracy of fire occurrence predictions. The
research achieved a notable prediction accuracy of 91%, emphasizing the critical
role of machine learning in proactive wildfire management strategies.

In the study (Martinez, et al., 2024), the authors analyze the integration of
artificial intelligence (Al) tools with traditional fire risk assessment methods. The
study discusses how Al models, combined with historical fire data and vegetation
indices, can predict fire-prone areas with high precision. The authors (Martinez, et
al., 2024) emphasize the importance of real-time data processing for early detection
and highlight a hybrid Al framework that outperformed conventional statistical
models in fire forecasting by 15%.

(Liu et al., 2024) investigate the role of climate variables in fire dynamics,
employing a multi-modal approach that includes Generative Adversarial
Networks (GANSs) for synthetic data augmentation. Their research showcases how
incorporating synthetic data improves model robustness when addressing data gaps
in remote regions. Liu et al. achieved a prediction accuracy of 93%, with an AUC
score of 0.94, demonstrating the potential of GANs in refining fire forecasting
systems.

In summary, the reviewed literature underscores the critical role of machine
learning algorithms in fire forecasting and extinguishing systems. By leveraging
advanced computational techniques and incorporating local environmental data,
these systems can significantly enhance resilience to wildfires in the areas. The
ongoing research and development in this field hold the potential to transform fire
management practices, particularly in the context of the Republic of Kazakhstan,
and contribute to the global effort to mitigate the impact of wildfires on communities
and ecosystems.

Materials and methods

A fully automated, running machine learning model was developed for this study.
The dataset consists of meteorological and wildfire-related data from various regions
collected and compiled for fire forecasting and management purposes. Specifically,
it includes information on temperature, humidity, wind speed, precipitation, and
other relevant variables affecting fire occurrence and spread. In addition to these
digital data, a manually assembled and labeled dataset of 5,000 images of fires was
used from various sources to train the model.
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Figure 1 illustrates a sample image of a fire. The image dataset comprised high-
resolution JPG images, which were preprocessed to enhance the quality of the input
data. During the training of the model, it is used Python, Jupyter Notebook, and
Conda to manage the environment and dependencies.

To prepare the images for training, several preprocessing steps were employed:

Data Augmentation: Techniques such as rotation, scaling, and flipping were
applied to increase the diversity of the training data and improve the robustness of
the model.

Normalization: The pixel values of the images were normalized to a range of
0 to 1 to ensure consistency and improve the performance of the neural networks.

Firstly, the necessary libraries and images with their masks were imported. The
len() function was applied to the images and masks to confirm the number of image
and mask files found, respectively.

A custom data generator class was created in Python to load and preprocess
data in batches during the training of the deep learning models. The random crop
function was used to crop all images to a uniform size of 512x512 pixels, ensuring
consistency across the dataset.

The dataset preparation process ensured that the images were adequately
processed and ready for the training phase, enabling the machine learning models
to effectively learn from the data and improve their prediction accuracy.

CNN (Convolutional Neural Network) is a type of neural network specifically
designed to process data with spatial relationships, such as images. CNNs are
widely used in computer vision tasks (e.g., image classification, object detection,
facial recognition) and have applications in areas like natural language processing,
medical diagnostics, and autonomous vehicles.

The work principle of CNN can be explained step by step as follows:
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Input Image: The raw image data, typically with dimensions like 224x224 pixels
and 3 color channels (RGB).

Convolutional Layer: Applies multiple filters (kernels) to the input image to
create feature maps. Each filter detects specific features such as edges, textures, etc.

Activation Function.: Non-linear function applied to the feature maps. Commonly
used activation function is ReLU (Rectified Linear Unit).

Pooling Layer: Reduces the spatial dimensions (width and height) of the feature
maps while retaining the most important information. Max pooling is a common
technique that selects the maximum value from a region of the feature map.

Additional Convolutional and Pooling Layers: These layers are stacked to detect
more complex features and patterns.

Flatten Layer: Converts the 2D feature maps into a 1D vector to prepare it for
the fully connected layers.

Fully Connected Layer: Each neuron in this layer is connected to every neuron
in the previous layer. This layer combines the features to make predictions.

Activation Function: Another non-linear function like ReL U to introduce non-
linearity.

Fully Connected Layer: Another layer to further process the combined features.

Output Layer: Often uses the SoftMax activation function to produce
probabilities for each class in a classification task.

fc_3 fc_a
Fully-Connected Fully-Connected

Neural Network Neural Network
Conv_1 Conv_2 RelLU activation
Convolution Convolution

(5 x 5) kernel Max-Pooling (5 x 5) kernel Max-Pooling
valid padding (2x2) valid padding (2x2)

INPUT nlchannels nl channels n2 channels n2 channels \|| E

(28 x 28 x 1) (24 x24 x n1) (12 x 12 x n1) (8 x 8 xn2) (4x4xn2) \‘) OUTPUT

n3 units

Figure 1. Architecture of CNN model

Figure 1 illustrates the architecture of CNN model for image recognition tasks.

RNN Model

RNN (Recurrent Neural Network) is a type of neural network designed for
processing sequential data. Unlike traditional neural networks, RNNs have internal
memory, allowing them to maintain context across steps in a sequence. At each
step of a sequence, RNNs receive both the current input and a hidden state from
the previous step. This hidden state acts as memory, retaining information from
earlier inputs. However, standard RNNs can struggle with long sequences due to
the vanishing gradient problem, which makes it hard for the network to learn long-
term dependencies (Figure 2).
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Figure 2. Architecture of RNN model

Popular Variants of RNNs:

To address these challenges, advanced architectures have been developed:

LSTM (Long Short-Term Memory): Maintains long-term dependencies more
effectively using special gates to control the flow of information.

GRU (Gated Recurrent Unit): A simpler and faster variant of LSTM with
similar performance.

These RNN-based models have been widely used in applications such as
chatbots, voice assistants, stock prediction systems, and automated translations.

Results and discussion

The purpose of this research was to develop a sophisticated fire forecasting
and extinguishing system tailored to the unique environmental conditions of
Kazakhstan. Our findings demonstrate how machine learning can significantly
enhance the processes of predicting, detecting, and managing fires.

Data Preprocessing

Data preprocessing is a crucial step in preparing the dataset for training machine
learning models. In this project, preprocessing involved several steps to ensure
that the data was clean, normalized, and appropriately formatted for use with
Convolutional Neural Networks (CNNs) and Recurrent Neural Networks (RNNs).

Below is a detailed description of the data preprocessing steps used: pixel values
of the images were normalized to a range of 0 to 1. This was achieved by dividing
the pixel values by 255. Normalization helps in speeding up the convergence of
the model during training. The dataset was split into training, validation, and test
sets. Typically, 70% of the data was used for training, 20% for validation, and
10% for testing. This split ensured that the model could be evaluated on unseen
data to test its generalization ability. The categorical labels, such as fire presence
or absence, were encoded into numerical values using one-hot encoding or label
encoding techniques. This step was essential for the neural network to interpret the
target variables correctly. By systematically applying these preprocessing steps,
the dataset was transformed into a form suitable for training robust and accurate
machine learning models. This meticulous preprocessing ensured that the neural
networks could effectively learn from the data, leading to improved performance in
predicting and managing fires.

This discussion delves into key results, their practical implications, and future
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research directions. The accuracy and precision of our predictive models were
evaluated using standard performance metrics. The CNN model achieved an accuracy
rate of 92%, while the RNN model demonstrated a slightly lower accuracy of 89%.
Precision rates for both models were also high, with the CNN at 91% and the RNN
at 88%. These results indicate that our models are highly effective in predicting the
likelihood of fire occurrences under varying environmental conditions (Figure 3).
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Figure 3. Accuracy curves for train and test data

Receiver Operating Characteristic (ROC) Curves
The ROC curves for both models further illustrate their predictive capabilities.
The area under the ROC curve (AUC) was 0.95 for the CNN model and 0.93 for
the RNN model, demonstrating excellent discriminative ability between fire and

non-fire events (Figure 4).
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Figure 4. ROC Curves for CNN and RNN models
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These high AUC values confirm the robustness of our models in accurately
forecasting fires. The training process of both CNN and RNN models resulted in
remarkably low loss values (Figure 5), signifying the efficiency of the learning
algorithms in minimizing prediction errors.
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Figure 5. Loss values for CNN and RNN models

The optimization process effectively converged towards the global minima,
ensuring that the models could accurately capture the underlying patterns within
the dataset.

Infrared Filter Visualization:

The output images were enhanced with an infrared filter, providing visual
insights into the intensity of heat signatures associated with potential fires. The
application of the infrared filter facilitated the identification of hotspots and areas
of heightened fire risk within the imagery, aiding in early detection and proactive
fire management efforts.

Scale Representation

A scale was incorporated on the right side of the output images, ranging
from 0 to 0.30 with a step size of 0.05. This scale quantitatively represented
the intensity of infrared radiation captured in the images, with higher values
indicating regions of elevated temperature and potential fire activity (Figure 6).
The inclusion of the scale provided a reference for interpreting the heat signatures
displayed in the images, aiding in the assessment of fire risk levels across different
geographic areas. Both of these images were classified as strong fires, as model
recognized that it was made from far away and scale on the left and under of photo
indicates it well.
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Figure 6. Scale representation of images

Predictive Accuracy and Model Performance

The training and validation accuracy curves in the second image provide
compelling evidence of the robustness and reliability of our machine learning
models. The convergence of the validation accuracy at around 98% underscores
that the models have generalized well to unseen data (Figure 7). This high accuracy
indicates that the convolutional neural networks (CNNs) and recurrent neural
networks (RNNs) are highly effective in capturing complex patterns within the data
sets, comprising satellite imagery and meteorological information.

Accuracy Curves
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[/ A
. | A
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Figure 7. Accuracy curves of CNN model for train and test data

The behavior of these accuracy curves is significant as it suggests minimal
overfitting, where the model performs well not only on the training data but also
on validation data. This is a critical attribute for real-world deployment where the
model will encounter continuously changing environmental inputs. The correct
predictions seen during testing validate the hypothesis that machine learning
models, when properly tuned, can reliably forecast occurrences and spreads of fires.
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Real-Time Detection and Notification System

The visualization in the Figure 8 image illustrates the system’s effectiveness
in identifying active fire instances with labeled confidence scores. The confidence
levels are crucial for practical applications because they represent the algorithm’s
certainty in detecting fire and smoke. Interpreting these levels—ranging from 0.74
to 0.85—indicates a high confidence across multiple fire instances. This suggests
that the system is equipped to process and analyze complex visual data efficiently.

Figure 8. Identification of fire sources with ML models

The real-time nature of this detection system ensures prompt intervention. For
example, rapid identification of fire hotspots allows for immediate deployment
of firefighting resources, significantly reducing potential damage (Figure 8). This
capacity is particularly advantageous for mitigating extensive fire damage in
Kazakhstan’s diverse landscapes, where timely responses can save large areas of
and prevent loss of biodiversity.

Resource Allocation Optimization

Optimizing resource allocation is one of the primary contributions of this
research. The ability to predict high-risk areas accurately allows for the strategic
deployment of firefighting resources. This means that personnel, equipment, and
aerial assets can be targeted to areas predicted to be at the highest risk, rather than
distributed uniformly or reactively.

Conclusion

The integration of machine learning into fire management offers unprecedented
capabilities in data analysis, pattern recognition, and predictive modeling. By
leveraging historical fire data, satellite imagery, weather forecasts, and terrain
information, machine learning algorithms can identify intricate patterns and
correlations that facilitate accurate forecasting of fire occurrences. This predictive
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power is crucial in anticipating fire outbreaks, enabling proactive measures that can
significantly mitigate the devastating effects of wildfires.

One of the key contributions of this research is the development of localized
fire forecasting and extinguishing systems tailored to the unique environmental and
socio-economic context of Kazakhstan. By incorporating local data, such as land
cover maps, vegetation indices, and historical fire records, into machine learning
models, the predictive accuracy is enhanced, ensuring that the specific challenges of
Kazakhstan’s diverse landscapes and climatic conditions are adequately addressed.
This localized approach not only improves model accuracy but also fosters greater
community engagement and support for fire management initiatives.

The implementation of adaptive algorithms capable of dynamically adjusting
firefighting strategies based on evolving environmental conditions and fire
behavior patterns marks another significant advancement. This adaptive approach
optimizes resource allocation and minimizes response time, thereby improving the
effectiveness of fire suppression efforts. For instance, the integration of wireless
sensor networks with machine learning algorithms facilitates early detection of fires
and rapid deployment of firefighting resources, which is crucial for minimizing the
damage caused by wildfires.

Furthermore, the research highlights the importance of real-time decision-
making in fire management. By continuously updating and refining predictive
models with real-time data, the reliability and effectiveness of these models are
ensured across different environments. This real-time capability is vital for effective
fire management, enabling timely interventions that can prevent small fires from
escalating into large, uncontrollable wildfires.

The scientific novelty of this research lies in its tailored approach to Kazakhstan’s
unique environmental and socio-economic context. By addressing the specific
challenges posed by Kazakhstan’s diverse ecosystems and geographical features,
this research adds significant value to the global body of knowledge on wildfire
management. The insights gained from this study can inform the development of
more effective and resilient fire management strategies worldwide, contributing
to the broader effort to mitigate the impact of wildfires on communities and
ecosystems.

In conclusion, the integration of machine learning algorithms into fire forecasting
and extinguishing systems holds significant promise for enhancing the resilience of
ecosystems and communities in Kazakhstan. By harnessing the predictive power of
data-driven approaches, researchers and practitioners can develop more effective
strategies for forecasting, detecting, and extinguishing wildfires. This not only
mitigates the socio-economic and environmental impacts of these natural disasters
but also promotes sustainable management practices. The ongoing research and
development in this field have the potential to transform fire management practices,
making them more responsive and adaptive to changing conditions. Ultimately, this
work underscores the critical role of technology and innovation in addressing one
of the most pressing environmental challenges of our time.
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Abstract. When experts compile a reference set of fundus images, disagreements
may arise due to image ambiguity. Experience shows that even a single expert can
evaluate whether the same image indicates glaucoma differently at various times
(e.g., aweek or a month apart). Understandably, the opinions of different specialists
often diverge. Therefore, when building the knowledge base for an expert system,
it is necessary to include procedures that assess the consistency and reproducibility
of compiling such a reference set.

This paper proposes an approach to automated glaucoma diagnosis based on
an optical-electronic expert system that combines biomedical image processing
methods with elements of fuzzy logic. The proposed methodology enables prompt
analysis of data obtained during fundus examinations, thereby improving both the
accuracy of pathology detection and the efficiency of clinical decision-making.
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The study justifies the main mathematical models and algorithms, describes the
structure of the hardware-software complex, and presents the results of assessing
its diagnostic accuracy on a sample of patients. It was found that utilizing fuzzy
classification rules allows for an accuracy exceeding 97% when diagnosing
glaucoma at various stages.

During automated analysis of fundus images, the first step is to eliminate various
distorting factors, including noise, interference, and uneven illumination. Next, in
the description stage, the key characteristics of the object are computed on this basis,
the image is categorized accordingly. The crucial step in this process is the proper
extraction and assessment of features, as the final recognition outcome directly
depends on their selection and informativeness. Furthermore, two main groups of
factors affect the overall results: those related to the properties of the object itself
(fundus images can vary substantially) and those stemming from the conditions
under which the images are captured (sensor noise, non-uniform lighting, and other
artifacts).

Keywords: glaucoma, optical-electronic system, biomedical images, fuzzy
logic, expert system, diagnostics, ophthalmology.
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AnHotauus. Ke3 Ty0i KeCKiHIEpiHIH ATaJOHIBIK ipIKTEMECIH capamiibuiap
KaJIBITITACTRIpFaH Ke3me, OeiHeIep i €Ki VINTHIIBIFIHA OaIaHBICTHI KEicTIey-
IIUTIK JKaFmaiimapsl TybIHIAay MYMKiH. ToxipuOe kepceTkeHnel, TinTi Oip FaHa
caparmibl 9pTYpJli yakbITTa (anTa He ail OTKeH COH) Oip KeCKiHHIH IayKomara
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TUECUII eKeHIH Typiime Oaranaybl BIKTHUMaJl. OpUHE, 9pTYpii MaMaHIApAbIH A2
Ke3KapacTaphbl ui coiikec keameit xarapl. Ochl cebenTi capanTaMaibIK KYHEeHIH
OUTiM KOpBIH KacaraH Ke3[e STAJOHIBIK ipIKTEMEHI KYpacThIpy HOTHKeNEpiHiH
COMKECTIK TTeH KaHTaJaHBIMIBUILIFBIH Oarayiay pociMIepiH ajablH ajla KapacThIpy
KaXerT.

By xyMbicTa OMOMETUITMHAIBIK KECKIHAEP/I OHAEY SJiCTepi MEH TYMaHJbI
JIOTHKA DIIEMEHTTEPIH YIITACTHIPATHIH ONTHKAIBIK-IJICKTPOHIIBIK caparTamalbiK
KYHe Heri3iHie IvIayKOMaHbl aBTOMATTbl JUATHOCTHKAaJIayAblH Oip Tocimi yChI-
HBUTaNbl. Y CHIHBUIFAH OJicTeMe Ko3 TYOiH 3epTTey Ke3iHIe ajbIHATBIH JEPEeK-
TepAl IIYFBUT TalJayFa MYMKIHAIK Oepil, MaToJOTHsIHBI aHBIKTAy ASJIITIH KOHE
KIMHUKANBIK IIEeNiM KaOburaay THIMAUITIH apTThIpajbl. 3epTTey OapbIChIHIA
HEri3ri MaTeMaTHKAJIbIK MOJCIbJACP MEH aJIrOpuTMIEp JoieKTenin, Oarmap-
JaMaJbIK-aNnaparThlK KEMICHHIH KYPbUIBIMBI CHUIIATTalalbl, COHAANH-aK MalHeHT-
Tep ipiKTEeMECiHe dIICTEMEHIH JONAITiH Oaranay HOTIKeIepi kenripimeni. Typmi
caThlJarbl [JIayKOMaHbI JMarHOCTHKaJIay1a TYMaH 1Bl KIKTey epeKesepid maiaanany
97%-maH KOFaphl AITIKKE KOJ JKETKi3yre MYMKIiH/IIK OepeTiHi aHbIKTaJIIbI.

Ke3 Ty0i OeliHenepin aBToMaTTaHIbIPBUIFaH TYPE Tasaay OapbIChIHIA allIbIMEH
opTypai Oypmainaymiel acepiep (wIynap, KeAepriiep MeH >KapblKTaHIbIPYAarbl
Oipkeski eMecTik) sxoibutanel. ComaH KeiiH cumnartay Ke3eHiHIE OOBEKTIHIH
KaXXETTI CHIaTTaMayiapbl €CENTelNiN, Onapibl Tangady Heriinae OeliHe colikec
caHaTKa JKaTKBI3bUIAAbl. MyHIa €H MaHBI3IbI KaJgaM — OeNTiIepAl MyphIc O
aly JkoHe Oaranay, ©WTKEHI TaHyAbIH TYIKIUTIKTI HOTHXKeci coil Oenrinepliy
TaHJaJIyblHa JKOHE OJIapAbIH aKIapaTThIK KYHABUIBIFbIHA Tikesel Toyenni. byran
KOCa, KOPBITBIH/IBIFA €Ki HEr'i3ri TOI dcep eTeji: OipiHiIici — 00bEKTIHIH ©31HIIK
epekmenkTepi (ko3 TyOl keckinaepi Oip-OipiHeH efoyip e3relne OOIybl MYMKIH),
aJ eKIHMICI — KeCKiH ally >Karmaiiapbl (MaTYUKTIH NIYbI, KaPBIKTAHIBIPYIBIH
Oipkernki Oonmaysbl xoHe Oacka 1a apredakrinep).

Tyiiin ce3mep: TIaykoma, ONTHKAIBIK-3JICKTPOHIBIK XKYyie, ONOMETUITNHATIBIK
KECKiHEp, TYMaH bl IOTHKa, capanTaMallblK XKYHe, THarHOCTHKA, O)TaIbMOJIOTHSI.
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AnHoranus. [Ipu hopmMupoBaHHH SKCIIEPTAMU 3TAJOHHOW BBIOOPKH H300pa-
JKCHHH IVIa3HOTO JHA MOTYT BO3HHKAaTh IPOTHBOPEUMBHIC MOMEHTHI BBHUY
HEOJTHO3HAYHOCTH M300pakeHui. [IpakThka Mmokasajnga, 4TO Ja)Xe OJUH IKCIIEPT
B pa3HOe BpeMms (depe3 HeJeNro, MeCsI) MOXKET MO-pa3HOMY OIEHWBATh TPUHA/I-
JIEKHOCTh OJIHOTO W TOTO € W300pakeHWs K OOJEe3HW MIAyKOMbI HWIIA HET.
EcTtecTBeHHO, YTO M y pa3HBIX JKCHEPTOB YacTO BO3HUKAIOT pPa3HbIC MHEHUS
[0 TIOBOJy OTHECCHHS HM300pa)KCHHWU IIa3HOTO JHAa K Tiaykome. [loaromy mpu
(dhopmupoBaHuM 0a3bl 3HAHHI IKCIIEPTHON CUCTEMBI HEOOXOAMMO MPEILyCMOTPETh
MIPOIIETYPHI OIEHKH CXOIAUMOCTH M BOCIPOH3BOAMMOCTH PE3YALTATOB CO3MAHUS
ATaJIOHHOH BBIOOPKH.

B pabote npemiaraeTcst moaxo/1 K aBTOMaTU3UPOBAHHON TMATHOCTHUKE TITayKOMBI
Ha OCHOBE ONTUYECKO-3IEKTPOHHOM SKCIEPTHOM CUCTEMBbI, COBMEILAIOLIEH METOIbI
00pabOTKH OMOMEIUIIMHCKUX W300paKEHUI W 3JIEMEHThI HEUETKON JIOTHKHU.
[IpennokeHHass METOAMKA TMO3BOJISIET OMEPATHBHO aHAIM3UPOBATH JIaHHEIE,
ToJIy9aeMble TIprU OOCJIeIOBAHUHU TVIA3HOTO JIHA, TOBBIMIAS TOYHOCTH BBISBICHUS
MaToNIoTUH U 3P PEKTUBHOCT MPUHIATHSA KIMHIYECKNX pereHunit. B ncciaemoBannn
00OCHOBBIBAIOTCS  KJIFOYEBBIE  MareMarHyecKhe MOAENH M alTOPUTMBL,
OIKCHIBACTCS CTPYKTypa IPOrPaMMHO-ANIIapaTHOTO KOMIUIEKCA W TPUBOJSTCS
pe3ybTaThl OIICHKH TOYHOCTH METOJMKH Ha BbIOOpKe manueHToB. [lokazaHo, uTo
HCIOJIb30BAHNE HEUCTKHUX MPABUII KJIACCU(PHUKAIIMK TIO3BOJISIET JIOCTHYb TOYHOCTH
oonee 97% npu AMArHOCTUKE TIIAYKOMBI Pa3IMYHBIX CTAIHIM.

B mporecce aBromartm3anmm aHann3a W300pakeHUH ITIA3HOTO JIHA CHAvala
YCTPaHSIOT BCEBO3MOXKHBIC HCKaXKAIOMME (aKTOpbl: OT IIYMOB M IOMeEX
0 HEpOBHOCTEH OCBEUICHUS. 3aTeM Ha JTale ONUCAHUS PACCUUTHIBAIOTCA
OIPEJICIICHHBIC XapaKTePUCTHKH 00bEKTa, HA OCHOBAHUU KOTOPBIX BIOCICICTBUU
MPOUCXOJUT €ro OTHECEHHWE K OJHOW H3 Kareropuil. BaxuHedmum 3tanom
3[IeCh SIBISICTCSI UMEHHO BBIJICIICHUEC W OIEHKA TMPHU3HAKOB, TaK KaK KadeCTBO
KOHEYHOTO DPACIIO3HABaHMS HAMPSMYIO 3aBHCHUT OT WX TPaBWIBHOTO BBIOOpa U
nH(popMaTuBHOCTH. [Ipy 3TOM Ha WTOTOBBIA PE3YIBTAT BIUSIOT JBE OCHOBHBIE
rpymibl (haKTOPOB: BO-TIEPBBIX, CBOWCTBA CAMOTO 00BbeKTa (M300pakeHus I1a3HOTO
JTHA MOTYT CYIIECTBEHHO OTJIMYAThCS JIPYr OT JApyra), a BO-BTOPBIX, YCJIOBHUS
TIOJIYYCHHS] CHUMKOB (IIyMBI CEHCOPA, HEOMHOPOMAHOCTH OCBEIICHHS U IIPOYME
apTe(aKxThl).

KuroueBble cioBa: riaykoMa, ONTHYECKO-dJICKTPOHHAS CHUCTEMa, OWOMenu-
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IOUHCKHEC I/I306pa)KeHI/I$I, HCYCTKaAA JIOTUKA, SKCIICPTHAA CUCTEMA, NTUArHOCTHKA, 0(1)—
TaJIbMOJIOTH.

Hannoe uccneoosanue gunancuposanocy Komumemom nayxu Munucmepcmea
Hayku u gvlcue2o oopazosanus Pecnyonuxu Kazaxcman (No AP19675574).

BBenenue. Bmenenwe B 3aiady JMArHOCTUKU TJIAyKOMbI HMeEET OCOOYIO
aKTyaJbHOCTh, TOCKOJIBKY 3Ta MaTOJIOTUS ABISAETCS OJHOW M3 BEAYIIMX NMPUUUH
CJIIEIIOTHI M 3aMETHOIO CHIKEHHUs 3peHHus Bo BcéM Mupe. CBOEBpEeMEHHOE
oOHapy)XeHHE W OLIEHKa MPOrPecCHpPOBaHMs 3a00NeBaHHUS TPEOYIOT BBICOKOH
TOYHOCTH AUATHOCTHUKHU, 0COOCHHO IIPU aHAIN3€ U3MEHEHHH B CTPYKTYPax ITIa3HOTO
nHa. TpaauIMOHHO TOCTaHOBKA JHarHo3a OCHOBBIBaeTCS Ha KIMHUYECKOM
OCMOTpE, U3MEPEHUN BHYTPHUIJIA3HOTO JIABJICHUS, OLECHKE MOJS 3pCHUSI U APYTHX
odrampmonornueckux tectax. OqHako CyObeKTUBHBIN (PaKkTOp, a TAK)KE BBICOKHE
BpPEMEHHBIE 3aTpaTbl MOTYT CHIKaTh S(PQEKTUBHOCTh M HAAEKHOCTH TaKUX
MeTtomoB (Ali, et al., 2007).

B nocnennee Bpems CTpeMHUTENBHO Pa3BUBAETCS HalpaBJIeHHE aBTOMAaTHU3UPO-
BAaHHOT'0 aHAJIN3a 0MOMEIULIMHCKIX M300paskeHUH, YTO OTKPBIBACT BO3MOKHO CTH JI51
CHCTEM IOMOIIM Bpauy-o¢Tansmoory. CodeTanne ONTUYeCKOro U 3IEKTPOHHOTO
MoOAyJel cOopa TaHHBIX MO3BOJISIET MOMYYaTh BHICOKOKAUYECTBEHHBIE H300pasKeHNs
CeTYaTKW B PA3JIUYHBIX YCJIOBUSAX, 4 METOAbl KOMIIBIOTEPHOM 00paboOTKHM —
B ABTOMAaTHYECKOM peXHMe 00pabaTbiBaTh M aHAJIU3UPOBATH IOJYYCHHBIC
nanHble. Ilpn 3TOM KJIIOYEBBIM MOMEHTOM CTAHOBMTCSI IPAaBWJIbHAsI MHTErpaus
9KCIIEPTHOTO 3HAHUS W AJITOPUTMOB MAIIMHHON 00paboTKH, oOecrednBaromias
TOYHOE PacllO3HABAHHE MPU3HAKOB, XaPaKTEPHBIX ISl [T1ayKOMBI.

B pamkax naHHOW pabOTBI CTaBUTCS IeNb pPa3padOTaTh KOHIENTYaJIbHYIO
MO/JIeJIb ONTHUKO-JIEKTPOHHOM SKCIEPTHON CHCTEMBI JUIsl JUArHOCTUKH IVIayKOMBI
C MHCHOJBb30BAaHMEM METONOB KOMIIBIOTEPHOII 00padoTKH, a Tarkke H3Yy4uTh
(aKTOphl, BIUSIONME HA KOPPEKTHOCTh PAacllO3HABAHHMS CHUMKOB IJIa3HOTO JIHA.
Taxoli OxX0/ MO3BOJIUT CUCTEMATU3UPOBATh AJTOPUTMBI cOOpa, penodpadoTku
Y aHaJIM3a JaHHBIX, YUYNUTHIBas Kak 0COOEHHOCTH caMOro OOBEKTa HCCIIEOBAHUS
(mmasHoe JHO), TaK U BHEIIHUE YCIOBUS (YOPMHUPOBAHHS CHUMKOB (IIIyMbI JaTUYHKa,
HEOJIHOPOAHOCTH OCBELICHUS U 1P.).

O030p npeaMerHoil 00JacTH M aKTyajbHble HccaegoBaHus. B cBoeil
o030pHO#l crathe (Song, et al., 2021) paccMoTpesn pa3UYHbIC HCCIICIOBAHUS,
MTOCBSIIIIEHHBIE TTPUMEHEHHUIO TTyOOKOTO OOYYEeHHS Uil JUArHOCTHUKU TJIAYKOMBI.
JlaHHBIE MCCIIEI0OBATENH ONMCAIY IPEUMYIIECTBA U OTPAHUYCHHS UCTIONb30BAHNUS
METOJIOB MAaIIMHHOTO 00yYeHUsI I IMaTHOCTUKH IJIayKOMBI, 8 TaK)Ke 0003HAUYMIN
TIePCIICKTUBEI TATLHEHTITNX NCCICNOBAaHN B JAaHHOW 00IaCTH.

B pabote (Bolme, et al., 2021) Taxxe mpoBesin cucTeMaTnieckuii 0030p uccie-
JIOBaHWH, TIOCBSIIEHHBIX MPUMEHEHHUIO IITyOOKOTO OOydYeHUs Ui JUArHOCTHUKU
IJ1ayKOMBI. B paboTe aBTOpBI OTMETHIIH, YTO OOJBITHHCTBO UCCIIE0BAHUHN MOKA3bI-
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BAaIOT BBICOKYIO TOYHOCTh M UyBCTBHTEIHFHOCTH METOIOB MAIIMHHOTO OOydYeHHs
MPU JIMATHOCTUKE TTIAYKOMBI, HO TIPH 3TOM OTMETHIIH HEOOXOIMMOCTh IPOBEICHHUS
JOTIOJTHUTENBHBIX HCCIIeIOBaHUI B AaHHOW oOmactu. B uccnenosanun (Yaqoob,
et al., 2020) mpoBenmn 0030p IUTEpaTypbl MO TPHUMEHEHHIO HCKYyCCTBEHHOTO
WHTEJUIEKTa B O()TANIbMOJIOTHU B LIEJIOM, BKJIOYAs M JMArHOCTHKY IJIayKOMBI.
ABTOpBI TTOAYEPKHY/IH, YTO HCIOIB30BaHHE METOJOB MAIIMHHOTO OOydYeHHUS B
0(TaTEMONIOTHH MOXET YIYYIIUTh TOYHOCTH TUATHOCTHKH M OOJETr4UTh paboTy
Bpaveil, HO TaKKe OTMETUIIM HEOOXOIUMOCTh MPOBEACHHUS OOJIBIIOT0 KOIUYECTBA
UCCIIEIOBAHMM, YTOOBI onpenenuTsh 3(GpHEKTUBHOCTD U MEPCIIEKTHBEI TPUMEHEHHS
3THX METOJIOB.

B pa6ore (Medeiros, et al., 2021) paccMoTpenu MepCIeKTUBEI U OTpaHHYEHUS
MPUMEHEHUS! MCKYCCTBEHHOTO HHTEIUIEKTa B JHAlHOCTHKE IIAyKOMBL. bBbiIo
BBISIBJICHO, YTO CYIIECTBYIOT pA3JIMYHBIC IOJAXOIBl K TPHUMEHEHHIO METOJO0B
MAIIMHHOTO O0y4YeHHs B JUATHOCTUKE TIIAYKOMbBI, HO OTMETHIIH, YTO HEOOXOIUMO
MPOBOANUTH OOJbILE MCCIEIOBAHUN, YTOOBI HOHATH, KAKUM 00pa3oM 3TH METObI
MOTYT OBITh HCIIOJIB30BAHbI B KIIMHUYECKON MTPAKTHKE.

Bpa6ore (Thakur, etal.,2021) npoBesu cucTeMaTHueCKHii 0030p UCCICIOBAHUIT,
MOCBSILIEHHBIX PUMEHEHHIO METOI0B MAIIMHHOTO OOYYeHUs /sl AUArHOCTHKU
iaykoMbl. B paGore aBTOpbI OTMETHIIM, YTO METOABI MAITMHHOTO OOy4YeHHs
MOTYT OBITh 3((PEKTUBHBIM HHCTPYMEHTOM JIJIsl PAHHETO BBISIBICHUSI IVIAYKOMBI 1
OIIpENICJICHNs CTENICHN ee pa3BUTHs. Kpome TOro, OHM MOTYT MOMOYb B OIEHKE
3G PEKTUBHOCTH JICUCHHS ¥ TPOTHO3UPOBAHUH PE3YJIBTATOB.

B crarwe (Christopher, et al., 2021) paccmoTpeny mpruMeHeHHe UCKYCCTBEHHOTO
WHTEJUIEKTa B CKPUHHUHTE TIIayKOMbI. ABTOPBI OTMETHIIN, YTO METOJIbl MAITHHHOTO
o0Oy4eHHUs, OCHOBAaHHBIC Ha AaHAJIMW3E 3PUTEIBHBIX TMOJNEH M ONTHYECKOMN
Koxeoorpaduu, MOTYT IOMOYL B PaHHEH JMATHOCTHUKE TTIAyKOMbI U BBISBICHHN
MAIMEHTOB C BEICOKUM PHCKOM pa3BUTHS OOJIC3HU.

B pa6ore (Hu, et al., 2021) paccMoTpenu IpUMEHEHHE METOIOB TITyOOKOTO
oOydeHMs] Ui JEeTeKTUPOBAaHUS TIAyKOMbl Ha W300paXEHUSX OINTHYECKON
KOrepeHTHOH Tomorpa¢uu. Ha OCHOBe TIONYyYEHHBIX pE3YyJIbTaTOB OBLIO
00HapyKEHO, YTO MTYOOKOe 00yUSHHE MOXKET YITYUIIUTh TOYHOCTD JMArHOCTHKH U
MOMOYb B OOHAPYKEHUH HaYaJIbHBIX CTAIHH TIIayKOMBI.

B unccnenoanmnm (Li, et al., 2020) mpoBenu cucteMaTndecKuii 0030p U MeTa-
aHamM3 MCCJICNOBAaHMM, TOCBSAMICHHBIX aBTOMAaTH3MPOBAaHHOH JWArHOCTHUKE
IIAyKOMBI C HCIOJIb30BAaHWEM METOOB TIIIyOOKOoro oOydeHuss W (HOHITYyCHOU
¢dororpadun. Vccnenoarenu gaHHOH pabOTHl OTMETHIIN, YTO METOJIBI IITyOOKOTO
oOydeHHss MOTYT OBITh Ooyiee 3(PPEKTHBHBIMH, YEM TpPATUIIMOHHBIE METOJbI
JTUATHOCTHKH, B TOM YHCJIE B CIyJasX ¢ HU3KOH KBaM(UKAIIHEH Bpadei.

B crarbe (Asaoka, et al., 2020) oOcyaunu npuMEHEHHE Pa3IMYHBIX METOAOB
MaImuHHOTO OOy4YeHHs, BKJIIOYAs TJIyOOKoe OOydeHHWe, i1 JAHArHOCTHKH
W yhnpaBleHHss rIaykoMod. OHH OTMETHJIM, YTO MHOTHE HCCICAOBaHMUS
MOKa3bIBAIOT BBICOKYIO TOYHOCTH M YYBCTBUTEIBHOCTH METOJOB MAIIMHHOTO
00y4eHHUs B JMarHOCTHKE INIayKOMbl. OHAKO aBTOPBI OTMETHIM HEOOXOIMMOCTh
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OoJiee MIMPOKOTO HCHOJIB30BAaHHS ITUX METOAOB B KIMHWYECKOH INPAaKTHKE MU
HEOOXOIMMOCTb JaTbHEUIIIEr0 COBEPIICHCTBOBAHUS ITOPUTMOB, YTOOBI YITY4IIIHTh
WX TOYHOCTh M HAJAEKHOCTb. B 1eoM, aBTOpPBI CUMTAIOT, YTO HMCIHOJIb30BaHHE
HCKYCCTBEHHOTO HMHTEJUICKTa MOXET 3HAYUTENBHO YIyYIIUTh THATHOCTHUKY W
ynpaBlieHHE ITIayKOMOW M CTaTh IEHHBIM HHCTPYMEHTOM JIJIsl BpaueH 1 MalieHTOB.

MeTonoJiorusi 1 MaTeMaTH4ecKHe MOIeTH

®opmupoBanue 6a3pl 3HAHWHA M KJOYeBble MNpHU3HaKU. B pamkax
pa3paboTaHHOrO MOAXOAA K PACMO3HABAHWIO CHHMKOB TJIA3HOTO JTHA OIOPHOMN
TOYKOH BBICTYIIAeT OMBIT CIIEIHAINCTOB-O()TAIBMONIOTOB, Ha 0a3e KOTOPOTo
(dopmupyeTcst dKCTIepTHasl CHCTeMa JUls JUAarHOCTHKH IayKoMbl. B e€ ocHoBe
JEKHUT HTATOHHBIH HA0Op HUPPOBBIX HM300paKEHHH C COOTBETCTBYIOIINMHU
OIMCAHUSIMH, COXpaHIEMbIMU B 0a3e 3HaHM. CyIIeCTBEHHBIM DJIEMEHTOM TaKOH
CHCTEMBI SBISETCS AHAIUTHYECKUI MOIYNb, BKIIOYAIOIINA HAOOp IMpaBWi, MO
KOoTOpBIM TTpuHUMaeTcs pemrenue (Rotshtein,1998).

B xone mpoBenEHHBIX HMCCIIEIOBAHUN OBLIM BBIAENICHBI KIIIOUEBBIE (HaKTOPHI,
HETIOCPEJICTBEHHO BIMSIOIINE Ha KOPPEKTHOCTH pacrio3HaBaHus m300paxenuid. C
y4€TOM HCTOYHHMKA MPOMCXOKACHHSI UX MOXKHO TOJIPA3AeNIUTh HA TPH OCHOBHBIC
rpymrsl (puc. 1).

B omnwmceiBaeMol cucTeMe HHCTPYMEHTAlIbHBIC (AKTOPHl MOXKHO YCIOBHO
pasmenuTh Ha ABe Tpynmbl. K mepBoil OTHOCATCS Te, YTO BO3HHUKAIOT M3-32
(GU3UYECKNX MPOIECCOB BHYTPH MPHMEHSIEMOro 00OpYIOBaHUS: 3TO, HAPUMED,
myM (QoroceHcopa, UBETOBBIE HMCKaXCHUS KaMepbl, W3MEHEHUE SPKOCTH,
IA(PaKIOHHBIC SBICHUS B ONTHYECKOH YaCTH, a Takke HEOTHOPOIHOCTh
CHEKTPaJIbHBIX ~XapaKTePUCTUK HWCTOYHHKA CBETa B OQTaIbMOCKONE MU
HEpaBHOMEPHOCTh OCBEICHUS B Tpenenax o03opa kamepsl. Ko Bropoit rpymme
WHCTPYMEHTAIBHBIX (DAKTOPOB OTHOCSITCS BHEIIHHME YCIOBHUS OKCIUTyaTalluu
CHCTEMBI, CIOCOOHBIE BIUSATH Ha PE3YJbTaT H3MEPEHHI.

v v v
Baustronme
(akropsr
HNucrpyMeHTaIbHbBI Meroanueckue CyOBeKTHBHBIC
€ OIINOKU

I10JIB30BaTCIsL

PI/ICyHOK 1- (DaKTOpLI, OKa3BIBAOINKE Hanboiee CYLIECTBEHHOC BIIMAHUE HA TOYHOCTH PE3YIBTAaTOB

U3MEpeHuil

SIpkoe BHEINIHEEe OCBEIICHHE, Ha MPUMEpP COJHEYHBIC JIYYH, MOXKET CHH3UTh
KOHTPACTHOCTB MOJTy4aeMOro CHCTeMoi n3o0pakenusi. K Toif sxe rpyrie BHEIIHUX
(akTOpOB OTHOCHTCS M BUOpaLlKs paboueii MIOBEPXHOCTH, BHI3bIBAIOIIAS HCKAYKCHHS
MIpY JUTATENBHBIX BBIepKKax (Mamyrbayev, et al., 2024b).
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MeTtonndyeckumu (hakTopaMu BEICTYTIA0T MOJICITh U3MEPEHHU S K MATEMaTHIEeCKUE
METObl 00pabOTKH, 3aJ0KEHHBIC B MPOIPAMMHOM OOECIIEUCHHUU CHUCTEMBI, a
TaKXKe TPOIIECChI JUCKPETU3AIMH U KBAHTOBAHUS, TIPOUCXOIAIINE [P TTEPEBOIC
OTITHYECKOTO CUTHAJIa B ITU(GpoBO hopmar.

K ¢akropam, 3aBUCSIINM OT ONEparopa, OTHOCATCS BCE aCIEKThI HACTPOUKHU
odrampMockonia (BbIOOp OOBEKTHBA, TIOJIOKEHHE KOHJICHCOpa, PETyIHpOBKa
MOJICBOM M amepTypHOil TuadparMm, KOppeKTHpYoHe GUIBTPBI sl CBETOBOTO
MTOTOKA, TIOJIOXKEHU S POKYCa U T.]1. ), @ TAKIKE BBIOOP 00IaCTH HCCIICIOBAHUS M TOYHOS
MTO3UIIOHUPOBAHIE MCCIIENYeMOT0 yJacTKa B ToJie 3peHust kamepsl. Kpome Toro,
CYIIECTBEHHYIO POJIb MTPAeT WHTEPAKTHUBHBIA pPEXUM 0OpabOTKH: MapameTpsl,
3a/1aBacMble TIOJB30BATEIEM B XOJAE IMPOTPaAMMHOM 00pabOTKH M300paKeHMS,
MOTYT CYIIECTBEHHO TIOBJIHTH HA UTOTOBBIN Pe3yJbTaT.

B mpencraBnennoi paboTe mpemaraeTcs KOHIENTyaIbHast MOJIETh SKCIIEPTHOH
CUCTEMBI IS AUATHOCTUKH TIIayKOMBI, TIO3BOJISIONIAs CHU3UTh HEOJHO3HAYHOCTh
MIPH WHTEPIIPETANN U3y4aeMbIX OO0BEKTOB. PaccMOTpeHbl OCHOBHBIE (DAKTOPHI,
BIMSIONINE Ha KOPPEKTHOCTHh PACIIO3HABAHUS CIOKHBIX OOBEKTOB (CHHIMKOB
[7Ja3HOTO JHA), B paMKax OKCIIEPTHOH CHCTEMBI, IOCTPOEHHOW Ha MeTojax
KOMIIBIOTEPHON OPTaTBMOCKOITNH (CM. Ta0. 1).

Tabmuua 1 — ®opmupoBaHue 3KCIEPTHON 6a3bl IPU ANATHOCTUPOBAHUHU TJIAyKOME

Crenenn |Bmy- |[Ilome |Orno- |OrtHo- |OtHO- |IImo- |OGsvem |Ilmo- | O6Gbem | Cpenmsis | Ilmo-
TSDKECTH | TPHIN- |3pe- |IIeHHe |[IeHHe | MIeHHe |Iagb |JKCKa- |Imagb | Hefpo- | TONIIMHA | Iagb
Iaro- HE HUS | Auame- |IUIo- |oObeMa |9KcKa- | BallMM | HEUpoO- | peTH- | cios Tore-
JIOTHH - Ias- Tpa 9KC- | MaAM | 9KCKa- | BAaHU peTH- |Halb- | HEPBHBIX | PEUHO-
HOE KaBallUH | 9KCKa- | BallU Halb- |HOTO |BOJOKOH |TO ce-
JaBIie- K IUa- | BamuM | K 00b- HOTO | pEMHS |IIO Kparo | 9YeHHs
HIE, MeTpy | K IUIo- | eMy peMHs JIHCKa cItost
MM JI3H mamu | JI3H HepB-
pT.CT. J3H HBIX
BOJIO-
KOH 110
Kparo
JICKA
dl - 15-21 [60° 0,009— |0— 0-1,1 |0- 0- 1,097 -10,165 0,13 — 0,603
HOpMa 0,635 0,42 0,95 10,295 |[2,14 -0,7 (04 —-2,03
d2-1 1521 |50° (0,55- (03— [02-— 0,55-10,04—- 0,79 [0,12— |0,06— 0,26 —
craaus 0,8 0,62 2,6 1,77 10,52 2,04 0,53 0,34 1,26
1Ay KOMBI
d3-1I 31 450 10,5— 025-102-8 |0,7- |0,1- [0,32— |0,07—- {0,02— 0,1 -
cTanust -35° 10,92 0,82 2,04 10,74 2,04 0,49 0,22 1,11
IJ1ayKOMBI
d4-111 (33 <35° 10,65—- 04— |1,0- 0,82-10,15- |0,217-0,025 |-0,12— [-0,6 —
craaus 1,0 0,97 35 2,47 1,35 2,09 - 0,26 1,5
rayKoMa 0,262

JUIs  IMarHOCTUKHM IJIayKOMbl B JIaHHOW pa0oTe uCHoib3yeTcss Habop
MPU3HAKOB, KOTOPBI ONpeaessieTcsi Ha OCHOBE M300paKeHWil IIa3HOrO JHA, a
TaKkxKe OPTaTbMOJIOTHIECKAX M3MEPEHUH (Tabiuia NMpu3HaKOB MOXKET BKIIOYAaTh
BHYTPHUITIA3HOE JaBJACHHE, TIOJIE€ 3PEHUS, TEOMETPHUYECKHE COOTHOIICHHUS
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ONTUYECKOTO JUCKA W IKCKABAIlWH, IJIOMAJb U 00BEM SKCKABAIUH, TTapaMeTpPhI
HEHpPOPETHHAIBLHOTO TOsICKa U T.11.). Kaskplii mpu3HaK XI—X11 MOKET OLIEHUBATHCS
B KOJMUYECTBEHHBIX HUAIla30HAX, COOTBETCTBYIONIUX HOPMAILHOMY COCTOSHHIO
WJIM TOW JTMOO WHOW CTaJINU TIIayKOMBI.

PaccuuraeM creneHp TSHKECTH ITATONOTHM:

s d
w1 Ceyxgg) = pf(xy) - 1B (xp) - p(xz) - M (xy) - M (x5) - uH(xe) - uM(xy) -
1BC(xg) - uHC(xo) - pC(x10) - pE(x11) V UHC(x1) - B (x2) - uHC(x3) - pHC(x,y) - M (x5) - pHC(xe) -
HHC(x7) - 1B (xg) - 1C(Xo) - HBC(x10) - 1B (x11) V uHC(xy) - pB(xp) - uC(x3) - uC(xy) - pf(x5) -
1C(xg) - uC(x7) - uB(xg) - 1B (x0) ~MB(X102{-(uB)(Xu) v pfC(xy) - 1B (xg) - uBC(x3) - pC(xy) -
uwXs) -
1E(xe) - uHC(x7) - pB(xg) - uB(x9) - 1B (x10) - 1B (x11)
mad 2
#dz (x1%x11) = MH(X1) '#C(Xz) ‘MC(XS) ‘#HC(XzL) ‘MH(XS) : MHC(XG) : MH(X7) :
1 (xg) - uHC(x9) - uC(x10) - UM (x11) V HC(x1) - uC(x2) - HBC(x3) - uC(xy) - pM (x5) - 1C(x6) -
pHC(x7) - pBC(xg) - uC(Xo) - HC(x10) - HE(x11) V uHC(xy) - pC(x2) - uBC(x3) - pBC(xy) - uM(x5) -
1B (x6) - uE(x7) - uB(Xg) - BC(xo) - MBC(x10) - 1BC(x11) V uHC(xy) - pC(x5) - uBC(x3) - uBC(xy) -

HH(XS) :
1B (x6) - uC(x7) - B (xg) - 1BC(xq) - uB(X10) - UBC(x11)
s d s
1 (1) = pB(xg) - uf(xp) - pC(x3) - uHe(xy) - pH(xs) - 1 (xe) - uf(x7) -

pH(xg) - uHC(xo) - pHC(x10) - uHMC(xq1) V B (xp) - C(x,) - uBC(x3) - pC(x4) - uMC(x5) - uC(xe) -
pHC(x7) - 1 (xg) - uC(xo) - uC(xq0) - HE(x11) V 1B (xq) - uO(x2) - uB(x3) - uPC(x,) - uHC(xs) -
UBC(x6) - uC(x7) - uC(xg) - 1BC(x0) - MBC(XI%)C'(MB)C(XH) V uB(xq) - uC(xz) - 1B (x3) - uBC(xy) -
H " Xs) -
UBC(x6) - uBC(x7) - uBC(xg) - uBC(xo) - uBC(x40) - 1BC(x11) V
#B(Xl) '#C(Xz) '#B(Xs) 'I—lBC(X4) : I—lHC(Xs) .
1BC(xe) - uBC(x7) - B (xg) - uBC(xo) - tBC(x10) - 1B (x11)
mist d 4
p (eyxq1) = pB(xq) - M (xp) - uB(x3) - uC(xy) - uf(xs) - uHC(xg) - 1 (x7) -
pH(xg) - uH(x9) - uM(x10) - M (x11) V B (x1) - M (x5) - uB(x3) - uBC(xy) - pHC(x5) - uC(x6) -
pHC(x7) - e (xg) - (%) - uHC(x10) - HC(x11) V UB(xq) - M (x3) - 1B (x3) - uB(x4) - uC(xs) -
UBC(x6) - uC(x7) - uC(xg) - HC(x9) - 1 (x10) - uC(X11) V
#B(X1) '#H(Xz) '#B(X3) '#B(X4) ‘#BC(XS) :
UB(xe) - 1BC(x7) - uBC(xg) - pC(x9) - B (x10) - uBC(x11) V
#B(Xl) ‘#H(Xz) : #B(Xs) ‘#B(X4) '#B(Xs) :
UB(xe) - 1B (x7) - uB(xg) - 1C(x9) - 1BC(x10) - UB¢(x11)

O1eHKa METPOTOTHYECKUX MOKa3aTeseil. B OonpIIMHCTBE OMOMEINIIMHCKAX
HCCIIeI0OBAaHUH 3a MPUEMJIEMbII YPOBEHb BEPOSTHOCTH 0€30IMO0YHOTO MPOrHO3a
OOBIYHO NpHHUMAIOT 95%. DTO O3Ha4aeT, YTO B I'€HEPAJIbHOM COBOKYITHOCTH
7071 BO3MOXKHBIX OTKJIOHEHHH OT BBISIBIICHHBIX 3aKOHOMEPHOCTEH HE NMPEBBICUT
5%. OpHako B CHUTyalMsX, CBA3aHHBIX C BBICOKHUMH PHUCKaMM (HCIIOJIb30BAHHUE
TOKCHYHBIX ~IPENaparoB, BAaKLMH, OIEpPAaTUBHbIC BMEIIATEIbCTBA), KOIZAa
MOTCHLIUANBHBIC OCJIOKHEHHUST MOTYT OBbITh KpalHEe CepbE3HBIMH, MPUMEHSIOT
Oonee crporuit mopor B 99,7%: B TakoM cilydae BEPOSTHOCTb PACXOXKICHHUH C
YCTaHOBJIEHHBIMH 3aKOHOMEPHOCTSIMH HE JIOJKHA MTPEBBICUTH 1%.
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Kaxxnomy BEIOpaHHOMY YpOBHIO BeposiTHOCTH (P) COOTBETCTBYET OnpeieiéHHOe
KpUTepHaIbHOE 3HAUEHUE t, KOTOPOE 3aBUCUT OT 00hEMa BEIOOPKH. Tak, eciu n>30,
to nipu P=99,7% t=3, a npu P=95,5% t=2. Ecnu xxe n<30, TO Hy’)kHO€ 3HaUeHHUE t
oTpenersieTcs Mo CreualbHbIM Tabmuiam (1o qaaaeM H.A. TImoxuHCKoro).

Juis otieHKH OMMOKH Perpe3eHTaTHBHOCTH (Mp) U pacuéra JOBEPUTEIHHBIX
TpaHUI] OTHOCHUTEIBHOTO IIOKa3aTelsi TeHepajdbHOH COBOKymHOCTH (Pren)
HCTIOIh30BAIIUCH PE3YIIBTATHI KaK BpaueOHOH quarHocTuku (odrampmorora), Tak u
MoJTy4eHHbIE TIPU paboTe IKCIEpTHOM 0a3bl. B uccnenoBanme Bomwy 42 maryenra
C Pa3IMYHBIMU CTAIUAMHM [JIAyKOMBI B Bo3pacTe oT 50 1o 65 ner.

Tabmuma 2 — CpaBHUTENBHBIN aHAIN3 PE3YyNBTAaTOB, MOTYyYSHHBIX PA3THIHBIMU My TIMH

Jlnarno3 Bpada-orambmornora Jlyarso3 moyy4eH ¢ MOMOIIBIO SKCIIEPTHOM 6a3bl

Koxn-Bo 6ompHBIX | CTagnn Kon-Bo Kon-Bo | Craguu Kom-Bo 60mbHBIX
12y KOMBI OOJIBHBIX B % | OOTBHBIX | ITTAyKOMBI B %

18 1 43 17 1 40

6 11 14 5 1T 12

18 111 43 20 111 48

Omnpenenenne OmMMOKKA PENPe3eHTaTUBHOCTH OTHOCUTEIBHOTO MOKa3aTessl 1o
JMarHo3y Bpada-oQTaibMoIora;

__ [43x (100-43)
1B — 42

14x(100-14)
42

= 7,64%,

Mmyg = = 5,35%,

43x(100-43)

" = 7,64%.

Mmsg =

T

Omnpenenenrie OmMMOKNA PErpe3eHTaTHBHOCTH OTHOCUTEIBHOTO TIOKa3aTesIsl 1Mo
JMAarHo3y MOIYYEHHOMY C ITOMOIIBIO SKCIIEPTHOM 0a3bl:

40x(100—40)

mlC = ’T == 7,56%,
my, = ’12)((14020—12) — 5,01%’
Ma, = ’4-8)((100—48) — 7,71%.

42

Brluucinenre OBEPUTENBHBIX TPaHUL] CPEIHEH BEJIMYUHBl TE€HEPAIBHON
COBOKyNHOCTH (P ) Ipon3BoAUTCs Ciieayommm 00pa3om:

- HEoOXOAMMO 3aJlaTh CTENEHb BEPOSTHOCTH Oe30MHMO0YHOr0 TMPOrHO3a
(P=95%);

- TIpU 3aJlaHHOW CTENEeHH BEpPOATHOCTH W uucie HabmroneHuit 6omnee 30,
BeJIMUYMHA KpuTepus t paBHa 2 (t = 2).

TormaP | =P +tm=43%+2x7,64=43%+15,28%

211



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

Torma P, =P _+tm=14%+2x 5,35 =14% + 10,70%

Torma P, =P _+tm=43%+2x 7,64 =43%+ 15,28%

TormaP =P  +tm=40%+2x7,56=40% =+ 15,12%
TormaP, =P  +tm=12%+2x5,01=12% +10,02%
Torma P, =P  +tm=48%+2x7,71=48% + 15,42%

[IpuHMMas BO BHUMaHHE pPE3yJabTaThl BBIYMCICHHUS JOBEPUTEIHHBIX T'PaHUI]
CpellHeH BENMYMHBI I'€HEPANbHOM COBOKYNMHOCTH (P ) MOXEM yCTaHOBHUTH C
BEPOSITHOCTHIO Oe3ommnOoyHoro nporuosa P = 95%, yro wactora oOHapyxeHHI
raykomsbl | ctaguu B Bozpacte 50-65 net Oynet HaxonuThes B ipeaenax ot 27,72%
no 58 ,28% cmyuaeB (muarHo3 Bpada-odrampmorora) u ot 24,88% mo 55,12%
(IMarHo3, TONYYEHHBIH C TIOMOIIBIO SKCIEpTHOW Oasbl). YacToTa BBISBICHUI
rmaykombl | 1 crammm B Bo3pacte 50-65 ner OyaeT HaXOMUTHCS B Mpeaeiax OT
3,30% mo 24,70% cirydaes (quarno3 Bpada-odraasmosnora) u ot 1,98% mo 22,02%
(IMarHo3, TMONyYeHHBIA 3a TOMOIIBIO SKCIEpTHOW 0asbl). YacToTa BBISBICHUI
rmaykombl [ 11 cramum B Bo3pacte 50-65 mer OymeT HaAXOMUTHCS B TpeiesiaXx OT
27,72% nmo 58,28% ciydaeB (muarHo3 Bpada-odranpmoniora) u ot 32,58% mo
63,42% (marHo3, Mory4eHHBIN 32 TIOMOIIBIO IKCIIEPTHOM 0a3kbl).

PexoMeHaannu mo peajin3amuu oNTHKO-IJIEKTPOHHON CHCTEMBbI /151 MOJTY-
YyeHUs1 U300pakeHus ceTyaTku rasa. Ha puc. 2 npeacTaBieHO cXeMaTHYEeCKOe
M300pakeHUe XOja JIy4Yed B KOHCTPYKIUHU (oTorpadudeckoro ohTaabMOCKOIa,
TIpeTHA3HAYEHHOTO IS (PUKCAIMK W300pa)KEHUS CETYATKH Iva3a, Ha puc. 3
MPEJICTaBIICHA ONTHKO-JICKTPOHHAS CHCTEMA ISl aHAIM3a O(TaTbMOJIOTHIECKIX
M300pakeHuH , Ha puc. 4 — IPECTABICHO N300paKEHNE CETUATKHU T1a3a YeJI0BeKa,
MOJTy4eHHOE B Pe3yJIbTaTe MCIOIb30BaHMs O(TaIbMOCKoIa (hOTOrpauuecKoro.

8 7 6 5

/\\/ 4
12
Pucynok 2 — Cxemarndeckoe n300pakeHIe Xo/a JTydel B KOHCTPYKINU TH(pPOBOTO

odTampMOCKoIa

212



ISSN 1991-346X 1. 2025

dotorpaduuecknit 0hTaIbMOCKOII, KOPITYC ONTHYECKON Hacaaku 4, B KOTOPOM
pacrojokeHa onTH4ecKas cucTema, cojuepxamias quadparmy 7, mepsoe 8, BTopoe
10 3epkasia u KoHAEHCOP 9. KpoMe Toro ycTpoiicTBO conep’uT Hu(poByIo Kamepy S,
OenbIii cBeTOMO 6, 00BEKTHB UG POBOH Kameps 11, Marpuiry nudpoBoit kKamepbl
12, a Taxke Ha puc. 6 MOKA3aHO PACHOJIOKEHHUE MIa3a | malueHTa, ero 3padka 2 u
XpycTanuka 3, npuueM a3 1 manuenTa, MMEIOLUHI 3padokK 2 U XpyCTaluK 3, CBsI3aH
C BBIXOZIOM BTOPOTO 3epkana 10, BXo1 KOTOPOTo CBs3aH C BXOAOM KOHIEHcopa 9 n
00beKTUBOM LU(POBOI Kamepsl. 11, BEIXOI KOTOPOH COSTUHEH C BXOAOM MaTpPHUIIbI
1 poBoit kKaMepsl 12, BBIXO KOHJIEHCOPa 9 CBSA3aH C MEPBBIM 3€pKajoM 8, BXOI
KOTOPOTO CBsI3aH ¢ AuadparMoit 7, COeJMHEHHOH ¢ BBIXOIOM 0eJ1oro cBeToanoza 6.

dororpaduyeckuii  odrampMockonm  paboTaeT  CIEAYIOMUM  00pa3oMm.
PaccestHubIll cBeT OT Oenoro cBetonmona 6 uepes auadparmy 7 ¢okycupyercs
C MOMOIIBI0 cUCTEeMBI 3epKal 8, 10 u xkoHaeHcopa 9, mpoxoas yepe3 3padok 2 u
xpyctanuk 3 miasza 1, ocemaer miazHoe AHO. ONTHYECKas CUCTEMa, COCTOsIIAs
n3 auadparmel 7, 3epkan 8 u 10 u koHIEeHCOpa 9, TOMEITeHa B KOPITYC ONTHYECKON
Hacaaku 4. M3o0pakeHue Ia3HOTO JHA MPOXOIUT Yepe3 ONTHUECKYIO CHCTEMY
ma3a | ¥ mapajuleNbHBIM JIy4OM IONafaeT Ha oObeKTHB HU(poBoil kamepsl 11,
cozepkamuiicss B mudpoBoil ¢oTtokamepe 5, rae (opmHupyeTcs yBeINYEHHOE
n300pakeHHe CceTdaTku Tiaza (puc. 3), oroOpakaeMoe ¢ MOMOIIBI IH(POBOH
Marpuubl 12 Ui JanpHEWIIero aHajiu3a, BpayoM. 3a cyeT BBeIEHHs Oenoro
CBETOIMO/A, 3€pKall, KOHJIEHCOpa, OOBEKTHBA W MaTpULBl HU(PPOBOH Kamepsl,
Obuta yBenuueHa (YHKUHMOHAIBHOCTH OQTAIBMOCKOIIA, YTO MO3BOJISIET Bpady
VAYYIIUTh AUaTHOCTHKY IJIa3HBIX OOJIE3HEH M BOCIIPOM3BOANTE HCTOPHIO OOJNE3HU
(MawmeipOaes, et al., 2024).

Pucynok 3 — ONTHKO-2JIEKTPOHHAS CHCTEMa JUIS aHAIN3a O TaTbMOJIIOTHIECKIX
M300paskeHHIA
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Pucynok 8 - 3o0paxeHune ceTyaTky rias3a

Pesyabrarbl U obcy:xnenue. s oneHku 3¢ ¢GeKTUBHOCTH pa3paboTaHHOMN
OIITHKO-3JIEKTPOHHOM CHCTEMBI ObLJI IPOBEAEH PSAJI SKCIIEPUMEHTOB, B XO1€ KOTOPBIX
CPaBHHUBAJIMCH Pe3YJIbTaThl AMATHOCTHUKHM, MOIy4YEHHbIE OT Bpada-oQTaabMOoIIora,
1 BBIBOJBI 3KCIEPTHON CHCTEMbI, OCHOBAHHOW Ha HEUYETKOM JIOTMKE M aHaJIn3e
n300paxeHui masHoro AHa. Huke npuBoAsTCSs KIIOYEBbIE UTOTH.

CpaBHeHue ¢ pe3yjabTaramu oranabmosiora. Ha nepBom srame uzydeHHs
oputa chopmupoBana rpymnmna u3 42 manueHToB (Bo3pact 50-65 ner) ¢ pa3HbBIMHU
cTagusiMu TiiaykoMsl. [1pu atom:

» JluarHo3 odranpbmoiora NpUHUMAJCS B Ka4eCTBE «KOHTPOJIBHOTrO» (Tpaau-
LUOHHBIN METON);

» JluarHo3 cucTeMbl ONpeNeIsICs AaBTOMAaTHUYECKH C  HCIIOJIb30BAHUEM
3TalOHHOHU 0a3bl N300paKeHUH 1 Habopa MPaBUII HEYETKOW KIaCCU(PUKALIUH.

O06001mEHHBIE Pe3yNIbTaThl CPABHUTEIILHOTO aHAIN3a IPUBEICHBI B TA0I. 2 (CM.
npeapLIye pasaensl). B cpennemM pacxoxieHHs MEXIy SKCHEpTHOH 0a3oil u
MHEHHEM Bpada ObUIM HE3HAUNTEJIbHBIMH. Tak, MPOLEHT MauueHToB ¢ | cragueit
[J1ayKOMBI, BBISIBIIEHHBIX CHCTEMOM, OTJIMYajcs OT IoKa3areis 1o odraibMosory
B nipenenax 3 % (40 % npotus 43 %). AHAIIOTHYHOE COOTHOIICHNE HAOIIOIAI0Ch
nu mis I, 11 cragmii. OmmOka penpe3eHTaTUBHOCTH IIPH YPOBHE JIOBEpHUS
95 % BappupoBanach B uHTepBasiax +10-15 %, 4ro THUMUYHO I MOJOOHBIX
KIIMHAYECKUX 00CIEe0BaHU C MaJIbIM 00bEMOM BBIOOPKH.

[lonmy4yeHHble NaHHbIE YKa3bIBAIOT HA TO, YTO AaBTOMATHU3MPOBAHHBIA METO.X
B LEJIOM HAAEKHO BOCIPOU3BOAMT IMAarHO3, COOTBETCTBYIOLIMH 3KCIIEPTHON
ouenke. IIpu 3ToM ocraércst onpenenéHHas BapHaTHUBHOCTb, CBA3aHHAs KakK C
WHAMBUAYAJIbHBIME OTIMYMSAMHU IALUEHTOB, TaK U C OCOOCHHOCTSMH CaMOH
cucTeMbl (HaCTPOHKa IOPOroB, BapHallly KaueCcTBa CHUMKOB U T. I1.). TeM He MeHee
PaCXOXKACHUSI HAXOAATCS B paMKax JIOITyCTUMBIX JOBEPUTEIbHBIX HHTEPBAJIOB.

OueHka TOYHOCTH KJIaccuuKalum Ha paciiupeHHoi BbIOopke. Ha Bropom
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aTare a1 Oonee MaciTaOHOM MpoBepku ObL1a 0TOOpaHa BEIOOpKa U3 126 yenoBek,
TaKkKe UMCIONIMX IOJJ03PCHNE Ha TIAyKOMY WIIM YK€ YCTaHOBJICHHBIA JIMArHO3.
VYdacTHHKaM MPOBOAMIIOCH KOMILJIEKCHOE 00CIieIoBaHue, BKIIOYABILEe H3MEPEHHE
BHYTPHIJIA3HOTO AABJICHUS, aHAJIN3 COCTOSIHUS IUCKA 3PUTEIBHOIO HEPBA, a TAKXKE
aBTOMAaTHYeCKyl0 00pabOTKy CHHUMKOB TJIA3HOTO JTHA C MOMOIIBIO MPEATIOKEHHON
cucremsl. [lo ntoram skcepumeHnTa:

* Cpennsisi TOUYHOCTH (accuracy) aBTOMATHUECKOW KIIACCU(DUKAIMKM CTaHi
rayKoMbl coctaBuia 97-98 %.

* UyBCTBUTEIHHOCTh TIPH BBIABICHUU paHHed cramuu (I) mocTurama okoio
94 %, 4TO O3BOJISIET CBOEBPEMEHHO OOHAPYKUBATh HauaIbHbBIC N3MECHEHHS.

* CrienupuIHOCTh, XapaKTEPU3YIOILAsi BEPHOE OIIPEACTICHNE «HE-ITIayKOMHBIX»
CITy4aeB win 0oJiee JIETKUX COCTOSHUM, TipeBbicuia 95 %.

Takum 00Opa3om, Ja’ke MPH CYIICCTBEHHOM YBEIMYCHHH YHCIA yYAaCTHUKOB
cucTeMa TPOJAOIDKMIA  JIEMOHCTPUPOBATH  BBICOKYIO — BOCIPOU3BOJIUMOCTb
pe3ynbratoB. OmuOKY Yalie BCEro BOSHUKAIM B CIy4asX HEIOCTaTOUYHO YETKOTO
WJIM 3aCBEYEHHOT0 CHUMKA, a TAKOKE [TPU KpaiiHe aTUIIYHOM (popMe TaTOJIOr MUECKUX
W3MEHEeHUH. B Takumx cuTyanmusx SKcIepTHas CHUCTEMa MOTJa BbIIaBaTh JIMOO
HEONpEeAEIEHHBIH pe3ynbraT, MO0 OImudaThcs Ha ONHY CTAaIUI0 3a00JIeBaHMS.
OnHaxo 1moJI00HbIE ClTyYan eIMHIUYHBI U HE OKa3bIBAIOT CTATUCTHYECKU 3HAYUMOTO
BJIMSIHUS HA UTOTOBBIE TIOKA3aTeIM TOYHOCTH.

AHann3 (GakTopoB, BIAHAIIIUX Ha pe3yabTar. He3HauuTenbHbIE Pacxox-
JICHUSl B pe3ylbraTax IWarHOCTUKH, MOJTYYEHHBIX Pa3HBIMU ITyTSMH, MOYKHO
0OBSCHUTH HECKOJIBKUMHU IPUUNHAMU:

1. KaguectBo wm3o0paxkenus. [Ipy HH3KOM KOHTPACTHOCTH WJIM HAIWYHN
apredaxroB (OIMKH, TEHHW, HEPaBHOMEpHAs SPKOCTbH) IMOBBIILACTCS BEPOSTHOCTD
HEKOPPEKTHOTO pacrio3HaBaHus POPMBI JIUCKA 3PUTEITHLHOTO HEPBA M DKCKABAIIHH.

2. IHnuBHlyanbHbIE OCOOCHHOCTH MAIMEHTOB. Y HEKOTOPBIX MCIHBITYEMbIX
AQHATOMHMYECKHE XapaKTEPUCTHKHM DNla3a MOTYT OTINYaTbCs OT CPEOHEro, 4TO
3aTpy/AHSCT UCTIOJIb30BAHNE YHUBEPCAIBHBIX TIOPOTOBBIX 3HAYCHUH.

3. TouHOCTH HACTPOHKHU CHUCTEMBI U YenoBedeckuil (akTop. OT KBanupukanuu
oreparopa (Tpu MPOBENEHHH ChEMKH U TICPBUYHON JUATHOCTHKH)  KOPPEKTHOTO
BbIOOpaA MapaMeTPOB MPOTrPaMMBbl MOXKET 3aBUCETh UTOTOBBII JHATHO3.

B TO xe Bpems cucTeMaTHuecKuil XapakTep IOJIY4YEeHHBIX PE3yJbTaroB HaéT
OCHOBAaHHUE YTBEPXIaTb, YTO JAa)Ke MPH HAJHMYUH TEPEUHCICHHBIX OrpaHUYCHUH
METOJMKA I10Ka3bIBACT BBICOKYIO HAJEKHOCTh M comIacyercss ¢ o(QTaibMo-
JIOTHYECKUM «30JI0TBIM CTaHAapToM». B mepcrekTuBe 1enecoo0pa3Ho Mpood-
KHUTh MCCIEAOBaHMS Ha emé Oosiee MMPOKOH 0a3e MalMeHTOB, YTOOBI OLECHHUTH
3¢ ($eKTUBHOCTh CHCTEMBl NpPHU pPeAKHuX (opMax TIIayKOMBl M TIOATBEPANUTH
BOCIIPOU3BOJMMOCTb PE3YJIBTATOB B PA3JIMUHBIX KIMHHYECKUX YCIOBHSIX.

3akuiouenue. B mpeacraBnenHoi paboTe pazpaboTaHa U 3KCIEPUMEHTAIBHO
NPOBEpEHA ONTHYECKO-AJICKTPOHHAS JKCHEpTHAs CHUCTEeMa JUIS BBIABICHUS W
KJ1accu(uKauy riiaykoMbel. OCHOBHBIE pe3yibTaThl: [IpeioxkeHbl MaTeMaTn4ecKue
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MOJISITH, TTO3BOJISIONINE KOJMYECTBEHHO OICHUBATh CTENICHb TSDKECTH ITaTOJOTHU
Ha OCHOBE HA0Opa NMPH3HAKOB (BHYTPHUINIA3HOE JAABICHUE, TIOJIC 3PCHUS, TCOMETPHS
JMCKa 3pUTEIbHOrO Hepsa U 11p.). CHopMHUpOBaHBI aNrOPUTMBI Ha 0a3e HEUETKOH
JIOTHIKH, THTETPUPOBAHHEIE C OJIOKOM 00paOOTKH I POBBIX N300paKEHHUH TITa3HOTO
nHa. Peann3oBaH MpOTOTHIT MPOrpaMMHO-ANIIApaTHOTO KOMIUIEKCA: OH BKJIFOYAET
ycTpoiicTBo cbopa (pyHmyc-kamepa Ui MOAU(DUIIUPOBAHHBIA O(TAIEMOCKOIN) H
MOJYJTb aHaNM3a n300pakeHuid. [IpoBenEH SKCIIEpUMEHT Ha BBIOOPKE IAI[MEHTOB
(126 denoBek), MOKa3aBIINi BBICOKYIO TOYHOCTH (10 97-98%) B Kiaccuduraum
cTaauii rmaykombl. TakuM o0pa3oM, MPUMEHEHUE OIMCAHHOW CHCTEMBI CIIOCOOHO
CYIIECTBEHHBIM O0Pa30M IOBBICUTH ONEPATUBHOCTh W TOYHOCTH JWArHOCTUKH B
o¢raneMonoruu. JlanpHeiiee COBEPIICHCTBOBAHUE MOKET COCTOSITH B PACITUPEHUN
Habopa aHaJM3UPYEMBIX IMapaMeTpoB M BHEAPECHHU JIOMOIHHTEIBHBIX METOIOB
MalIMHHOTO O0yYeHHs Ul aBTOMAaTHYECKOH KOPPEKIMH TPaBWII, 3aJIOKSHHBIX
IKCHEPTaMHU.
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Abstract: This publication discusses the integration and optimization of Docker
technology in modern information systems. The purpose of the study is to analyze
Docker implementation methods and identify effective practices to improve the
performance of containerized applications. The objectives of the research include
the study of approaches to the implementation of Docker, optimization of work
with containers, as well as analysis of real cases of successful application of
the technology in various industries. The research methodology is based on a
theoretical analysis of the existing literature. As a result, key approaches to Docker
integration were highlighted, as well as effective practices and tools for optimizing
it. The results achieved demonstrate that proper Docker integration significantly
improves the flexibility and performance of information systems, and the use of
modern tools and solutions allows you to minimize risks and increase the security of
containerized applications. The significance of this research lies in its contribution
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to the development of practical recommendations for organizations seeking
to optimize their development and operation processes, as well as in deepening
theoretical knowledge about containerization in the field of computer science.

Keywords: Docker, containerization, microservices, optimization, CI/CD,
orchestration, security, information systems.
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AnHotrammusa: byn wmakama 3amMaHayw akmaparTelK OkyHenepneri Docker
TEXHOJIOTUSCHIH ~ WHTETpalusiay MEH  OHTAWNaHABIPYABl  KapacThIPaJlbl.
3eprreynin makcaTtel — Docker eHrizy omictepiH Tangay >KoHE KOHTCHHEPICHI€H
KOJJIaHOANmap/plH, OHIMIUIITIH apTTHIPYABIH THIMII TOXKIPUOETEpiH aHBIKTAY.
3eprreynin minzperrepine Docker enrizy Tocinzmepin 3epTrey, KOHTEHHEpIEpMEH
JKYMBIC ICTEey[l OHTaWIaHIBIPY, COHIAN-aK TEXHOJOTHSIHBI op TYpIi caianapnaa
COTTI KOJJAHYABIH HAKTHl JKaFalijlapblH Tajjay Kipemi. 3epTTey ojicTemeci
Oap omeOMeTTepli TEOPHSUIBIK Tanjaayra Herizgenred. Hotmkecinge Docker
WHTETPAIUSCHIHBIH HETI3T1 ToCcUIAepi, COHIal-aK OHbI OHTAMIaHABIPYABIH THIM/II
Toxipubenepi MeH Kypammapbl Oemiami. Kom xerkisinren HoTmkenep Docker
JIYPBIC MHTETPAIHSCH aKIApaTTHIK KYHEeIepIiH NKeM/ILTIr MeH OHIM/IIIITH e1oyip
YKaKCapTaThIHBIH KOPCETe/l, al 3aMaHayd Kypaijap MEH WIeHIiMaepi KOJIaHy
TOyeKeIIep/Ii a3alTyFa JKOHE KOHTCHHEPIICHTEeH KOCBHIMIIAIAP/bIH KayilCi3IiTriH
apTTBIPyFa MYMKIHIIK Oepenmi. Byn 3epTTeymiH MaHBI3IBUIBIFBI OHBIH d3ipiey
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KOHE TMaiiajaHy NpOLECTepiH OHTAaWIaHAbIpYFa YMTBUIATBIH YHWbIMIAp YIIiH
MPAaKTUKAJIBIK YCBIHBICTApAbl AaMBITYFa, COHAal-aKk MH(POPMAaTHKa CalachIHIAFbl
KOHTEHHEpJey Typajbl TEOPHSUIBIK OUTIMII TEepeHIEeTyre KOCKaH yieci OOJbII
TaOBUIAIEI.

Tyiiin ce3nep: Docker, koHTeliHepiey, MUKpOcepBHCTEp, OHTalIanabIpy, Cl/
CD, opxkecTp, Kayincizaik, aknaparThIK xKyHenep.
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AHHOTanuss. B ganHoi mnyOnukanuuM — paccMaTpuBaeTCsl  MHTErpauus
n onTuMumzanus TexHosorun Docker B coBpeMEHHBIX HH(POPMALIMOHHBIX
cucremax. Llenp wuccienoBanus — aHanu3 MeTogoB BHexpenust Docker u
onpezneneHne 3PQPEKTUBHBIX MPAKTUK Ui TMOBBIMICHHUS MTPOU3BOAUTEILHOCTH
KOHTEHHEPU30BAHHBIX MPUIOKEHUN. 3ajaudl BKIIOYAIOT H3y4YCHHE IIOIXOH0B
BHezpenus: Docker, ontummzanuio paboTel ¢ KOHTEHHEPAMHU U aHAJIHU3 PEeabHbBIX
KEHCOB yCIIEIIHOTO TPUMEHEHUS TEXHOJIOTUH B PA3TMUHBIX OTpacsix. MeTononorus
WCCIICIOBAHUSI OCHOBBIBACTCS HA TEOPETUYECKOM aHAlW3€ CYIIECTBYIOLICH
JUTEPATypbl U TNPAKTHUYECKUX NpUMepax. B pesynbrare BbIJENCHBI KIIIOUEBBIC
noaxonsl K naTerpanuu Docker, a Takxe 3¢ hekTHBHBIE TPAKTUKH X HHCTPYMEHTBI
JUIL  ero  ONTUMH3alMu. Pe3ynbTartel  JIEMOHCTPUPYIOT, YTO IpaBHUJIbHAsS
uHTerpanys Docker 3HaYMTENbHO MOBBILIACT TMOKOCTh M MPOU3BOAMTEIBHOCTH
MH(POPMALIMOHHBIX CUCTEM, @ COBPEMEHHbIE HHCTPYMEHTBI U PELICHUS TOMOTaioT
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MHHUMH3UPOBAaTh PHUCKH M TOBBICHTH O€30MaCHOCTh KOHTEHHEPH30BaHHBIX
HpHHO)KeHPIﬁ. 3HAYNMOCTE HCCJICAOBAHUA 3aKITHOYACTCA B CO3AaHNU ITPAKTUYCCKUX
PEKOMEHAALUH 1JIsl OpraHu3alni, CTPEeMSLIMXCS YAYUIIUTD MPOLECCHl pa3paboTKu
M OKCILTyaTaIllH, a TAKKE B yTITyOJICHUH TEOPETHYESCKIX 3HAHUH 0 KOHTeHHEepH3aIin
B O6J'[aCTI/I KOMITIBIOTCPHBIX HAYK U €€ BHCAPCHUU B PCAJIbHBIX YCIIOBHUAX.

KuroueBsble ciioBa: Docker, koHTeliHepH3aIHsl, MUKPOCEPBHCHI, OITHMHU3ALIHS,
CI/CD, opkectparms, 6€30MacHOCTh, HHPOPMAIIMOHHBIC CHCTEMBI.

Beenenne. B ycnoBUSX CTPEMMTENIBHOIO pa3BUTHS HHGOPMALMOHHBIX
TEXHOJOTMH W yBEIWYCHHs OOBEMOB JaHHBIX, I(PPEKTUBHOE yMpaBlcHHE U
pa3BepTHIBAHWE IPWIOKECHUI CTAHOBUTCS KPUTHYECKH BaKHBIM. TexHoiorus
Docker, Omaromapsi cBoel CIIOCOOHOCTH K KOHTEHHEpH3alWH, TPEIOCTaBISIET
HOBBIE BO3MOKHOCTH ISl ONITUMHU3ALIUH MIPOIIECCOB Pa3paboTKU U pa3BepThIBAHMUS
MIPOrpaMMHOTO o0ecTiedeHHsI. AKTYyaJIbHOCTh TEMBI 3aKITI0UaETCs B HEOOXOTUMOCTH
unTerpanuu Docker B cymiecTByomye "HPOPMaMOHHbBIE CUCTEMBI 17151 TOBBIILICHHU S
UX MPOU3BOJUTEIBHOCTH, MAaCIITAOMPYEMOCTH ¥ THOKOCTH. B coBpemMeHHOM Mupe,
IJie BpeMs M pecypchl UMEIOT MEepBOCTENEHHOE 3HAa4YeHue, pa3paboTka METO/I0B
ONTUMM3ALUH UCIIOJIb30BaHUS KOHTEHHEPOB CTAHOBUTCS aKTyaJIbHOM 3a1aded st
OpraHu3aluii BCEX pa3MepOB.

enu n 3a1aum nccne0BaHus 3aKII0UA0TCS B aHAJIN3E CYIIECTBYIOINX METOI0B
uHTerpauu Docker m onTuMM3anuy ero MCIOJIb30BaHUS B MH(OPMALMOHHBIX
cucremax. B xone nccnenoBanus Obla MocTaBiIeHa 3a/1a4a MPOBEPUTH THUIIOTE3Y
0 TOM, YTO IpaBWIbHasi MHTErpalys ¥ ontuMu3auus Texnonaorun Docker moxer
3HAUUTEIBHO YAYYIIHTh 3)(HEKTHBHOCTD Pa0OTHI MPHIOKEHUH ¥ CHU3HUTh 3aTPAThI
Ha UX moanaepkky. OCHOBHOE BHMMAaHME YIACISUIOCH H3YUYCHHIO MPAKTHYECKUX
aCTIeKTOB BHEJPEHHWsS, BKIIOYAas TMOAXOABl K pa3BEPTHIBAHMIO, YIIPaBICHUE
pecypcamu u obecrieueHue 6ezomacHocTH. [IpoBeaeHHOE HCciieI0BaHNE BKITIOYAET
aHAJIM3 CYLIECTBYIOIIUX PEIICHUH, OLEHKY MX BIMSIHUS HAa MPOU3BOAUTEIHHOCTD
CUCTEM M Pa3pabOTKy PEKOMEHJAIMi 110 ONTHMH3AIMU HCIoNb3oBaHus Docker B
Pa3INYHBIX CLEHAPHSIX.

Texunomorust Docker ocHOBaHa Ha KOHIICMIIMKM KOHTEHHEPHU3aIllMH, KOTOpas
MO3BOJISIET M30JINPOBATh MPUJIOKEHUS U UX 3aBUCUMOCTHU B €MHbIE KOHTEHHEPHI.
Kaxnaplii KOHTEWHEp sBJSETCS JIETKOBECHOM, aBTOHOMHOW CpeloHd, 4To
o0ecreunBaeT BO3MOXKHOCTb OBICTPOTO pa3BepTHIBAHMS W MacIITaOUpOBAaHUS
npunoxeranid. OcHoBHBIe KoMmoHEeHTHI Docker Bkimtowaror Docker Engine, Docker
Images u Docker Compose, KOTopbie BMECTE ITO3BOJISIIOT CO3/1aBaTh, YIIPABIATh U
opkectpoBarh kKoHTelHeps! (boponun, 2019; Cmupnos, 2021).

[IpenmymectBa Docker 3akirodatoTcsi B BRICOKOW MOPTAaTUBHOCTH, JIETKOCTH
pasBepTHIBAaHMS M YMEHBIIEHHMH KOH(IUKTOB OKPYKEHHS, YTO YHpPOLIAeT
pa3paboTKy M TECTHpPOBaHHE TpIIOKeHHHA. KoHTeHHepsl MOTPEOIIIOT MEHBITES
pPECypCcOB O CpPaBHEHHUIO C BUPTYaJIbHBIMH MAaIllMHAMH, YTO JeJlaeT Ux Oojee
s pextuBabiMu (Demopos, 2023). OnHako, CYMIECTBYIOT U HEIOCTATKH, TaKWe
KaK CIIOKHOCTH B YIPABICHUM MHOTOKOHTCHHEPHBIMH HPWIOKEHUAMH U
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MOTCHLIUANbHBIC MPOOJIEMbI ¢ 0E30MaCHOCTBIO, 0OCOOEHHO B Cilyyae HEMPaBHILHO
HAaCTPOEHHBIX KOHTEWHEepoB. TakuMm oOpa3oMm, MOHWMaHHWE KaK MPEUMYINECTB,
Tak ¥ HegocTarkoB Docker KpUTHYECKH BasKHO JUISl YCHEITHOM WHTETPALlH 3TON
TEXHOJIOT'UU B HH(OPMALIMOHHBIE CHCTEMBI.

Marepuaasl u Metoabl muccienoBanusi. [lpum BHempenun Docker B
MH(POPMALIMOHHBIE CUCTEMbI MOYKHO BBIJICJINTh HECKOJIBKO KIIFOUYEBBIX IOAXOIOB,
KOTOpBIE CTOCOOCTBYIOT 3P (EeKTUBHON MHTETrpaIii U MAKCHUMH3AIINY TPEUMYIIECTB
KOHTEHHEepU3aluu.

[1epBbIM TOAXOAOM SIBIISICTCS MUKPOCEPBHUCHAS apXUTEKTYPa, KOTOpas pa3ouBaeT
NPUIOKEHNUsT Ha He3aBHCHUMBIE cepBHChl. Kaknplii cepBucC paspabarbiBaeTcs,
pa3BepTHIBACTCA M MacIITAOMPyeTCsl OTAENBHO, YTO YNPOLIAET YHpPABJICHUE U
MOBBIIIAET THOKOCTH cucTeMbl. Docker obecniednBaeT M3OISIMIO ATUX CEPBUCOB,
Mo3BoJIsii UM paboTarh B YHU(DUIIUPOBAHHBIX OKpyxkeHusx (bypenkos, 2022;
Ky3suenos, 2022).

BropelM BakHBIM [OAXOIOM SIBJISIETCSl HENpephIBHAS HMHTErpaunus U
HernpepoeiBHOE pazBepThiBanme (C1/CD). Ucnonb3oBanue Docker B CI/CD mo3Bossier
aBTOMATU3MPOBaTh TPOLECCHl TECTHUPOBAHHS M pa3BEPTHIBAHMS, MUHUMHU3UPYS
pHcKH omMOOK Npu OOHOBIEHMAX. TakoM 1MOAX0A MO3BOJSET KOMaHAaM OblcTpee
pearupoBaTh Ha U3MEHEHUs TpeOOBaHUI U BBITycKaTh HOBbICe (hyHKIuH. (MBaHOB,
et al., (2021)

TperbuM NOIXOAOM SABJSIETCS YIPaBIEHHE KOH(UIypanueld C I[IOMOILbIO
WHCTPYMEHTOB OpKECTpaly, Takux kak Kubernetes. DTH HHCTpYMEHTBI IOMOTalOT
YIPaBJIsiTh MHOTOKOHTEHHEPHBIMHU NPHIIOKEHUSIMH, 00€CIIeUnBasi aBTOMATU3AIHIO
pa3BepThIBaHMSI, MACIITAOUPOBAHMS 1 MOHUTOPHUHTA, YTO 3HAYUTEIHHO YIPOIIaeT
aJMUHUCTpUpoBaHue Oonbimx cucreM. (Jlesuna, 2020)

BaxxHpIM acmekToM SBISETCS OOECIedYeHre Oe30macHOCTH KOHTCHHEPOB.
BHuenpenne npakTuk 0€301MacHOr0 KOAUPOBAHUSL, PETYISIPHOE OOHOBIIEHHE 00pa30B
1 MCIIOJIb30BaHHUE CPEJICTB MOHUTOPUHTA I03BOJISIFOT MUHUMHU3UPOBATh y3BUMOCTH
1 00ecreynTh HaIe)KHOCTh CUCTEM. DTH MOJXOJbl COBMECTHO CO3/Ial0T MOIIHYIO
OCHOBY 111 uHTerpauuu Docker B coBpemeHHbIe MH(OPMALMOHHBIE CHCTEMBI,
TTO3BOJISISE OPTaHMU3ALMAM JOCTUTATh BHICOKOW NMPOM3BOAUTENBHOCTH M THOKOCTH B
ynpasieHUH npuioxeHusiMu. (Muxaitnos, 2020)

Wnterpanus Docker B MH(OpMAaLMOHHBIE CHUCTEMBI OCYLIECTBISIETCS
yepe3 pasziINyHbIe IOJIXOJbl, KOTOpPBIE IMO3BOJIAIOT ONTHMHU3MPOBATH MPOIECCHI
pa3paboTKi W pa3BepThIBaHUS NpHUIOKeHNH (pucyHok 1). OmHuM w3 Hamboiee
MIOTYJISIPHBIX METOMIOB SIBJIIETCS MCIIONB30BaHHE MUKPOCEPBUCHON apXHUTEKTYpPHI.
OTOT NOAXOH MO3BONSET pa3OMBaTh MNPUIOKEHHE Ha HE3aBUCHUMBIC CEPBHUCHI,
KKIBI W3 KOTOPBIX MOXET OBITh DPa3BEpHYT W MAacIITaOMPOBAaH OTAENBHO.
Docker ynpomiaer ympaBieHHE STHMHU CEpBHUCaMHu, oOecreduBas H3OJISALHUIO
n Jerkocth pasBepTeiBanus (Cepreea, 2022). [pyrmM BaXHBIM METOIOM
sBrsieTcst BHeapenue npaktuk CI/CD. DToT mojxoa aBTOMAaTU3UPYET MPOLECChI
TECTUPOBAHUSI M Pa3BEPTHIBAHMS, UTO CYILIECTBEHHO CHI)KAET BpeMsi, HE00X0nuMoe
JUIs BBITYCKa HOBBIX Bepcuil mpuiokeHus. Docker urpaer kirodeBylo pojib B
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ATOW METOMOJIOTHH, IO3BOJSS pa3padoTdmkaM OBICTPO co31aBaTh OOpasbl U
pa3BepThIBaTh HMX Ha pa3MuHBIX cpenax. [Ipumepbl ycHemHoi WHTerpanuu
Docker moxxHo HaOmromath B Takux koMmaHusx, kak Netflix u GitHub. Netflix
ucnonb3yer Docker i ynpasieHHs MUKPOCEPBHCAMHM, YTO IO3BOJISIET OBICTPO
alanTHPOBaThCI K M3MEHEHMSAM B TPEeOOBaHUSAX TONb30Baresieii u 3((HeKTHBHO
MacmTaOupoBaTh CBOIO MHPpacTpykTypy. GitHub npumenser koHTeiiHepu3anuio
UL ONTHMH3AalUH pabOThl CBOMX CEPBHCOB, 4YTO OOCCIIEUMBACT BBICOKYIO
JOCTYITHOCTh M HaJIeKHOCTh matgopMmel. (D’ Amato, et al., 2019). Otu npumepst
JIEMOHCTPHPYIOT, KakK MpaBWiIbHas WHTerpamus Docker MOXeT 3HauMTENBEHO
YIy4IIUTh (YHKIMOHAIBHOCTD M IPOU3BOAUTEILHOCTh HH(POPMAIIMOHHBIX CUCTEM.
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; e
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Deprdia [

Pucynoxk 1- Cxema apXuUTEKTYpbl KOHTCHHEPU3AHH

Pesyabrarel u o6cy:xaenue. Ontummsanus paboter ¢ Docker sBusieTcs
KITFOYEBBIM (haKTOPOM JIJIs TTOBBIIIEHUS IIPOU3BOAUTEIHHOCTH KOHTETHEPU30BAHHBIX
MIPIIIOKEHUN 1 o0eciedeHust X d3PPeKTUBHOTO yrpasieHus. OqHON 13 OCHOBHBIX
MPAKTHK SBJISETCS MCIIONB30BAaHHE MHOTOYPOBHEBBIX 0O0pazoB. DTOT IOIXOI
MO3BOJISIET Pa3AeNUTh Ipollecc CcOOpKM oOpa3a Ha HECKOJIBKO JTAalloB, YTO
COKpaIIaeT ero pa3Mep W yBeIMYHBaeT CKOPOCTh pa3BepThiBaHUs. (Zhang, et al.,
2019). Hanpumep, B Hayasie MOXKHO MCTIOB30BaTh 00JI€€ TSKEIbIe MHCTPYMEHTHI
UTsT COOPKHM TIPHIIOKEHUS, a Ha (DUHAIBHOM JTale — TOJIBKO HEOOXOIUMBIC
3aBHCHMOCTH, YTO CYIIIECTBEHHO YMEHBIIIAeT UTOTOBBINA pa3Mep oOpasa.

Crnenyer Taxke MUHIMH3UPOBATh KOJMYECTBO CiIoeB B 00pa3ze. Kaxmprii cioit
no0aBigeT K 00memMy o0beMy 00pa3a W YBEJTMUMBAET BPEMS €r0 Pa3BEePTHIBAHMS.
UTo0bI yMEHBIIUTH KOJTMYECTBO CIIOEB, MOXKHO 00BeTMHATH KoMaHb! B Dockerfile,
HanpuMep, UCTonb3yst KOHCTpyKIuu RUN s yCTaHOBKM HECKOJBKUX TAKeTOB
3a OIMH pa3. BaxHO mpaBUIbHO HACTPaMBaTh PECYPChl KOHTEHHEPOB. YCTaHOBKA
orpaHuueHuil Ha ucnoip3oBaHue CPU u mamMsT 1NO3BOJSET MNPEIOTBPATUTh
CUTYyaIlNH, KOTJa OJIMH KOHTEeWHEp MOTPeOIseT Bce pecypehl XOCTa.

DTO0 0COOEHHO KPUTHUYHO JUII MHOTOIOJIB30BATEIBCKIX M MHOT'OCEPBUCHBIX
MPWIOKCHUH, THe HEOOXOMUMO OO0ECIeUNTh CTAaOMIBHOCTH pabOTHl BCEX
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KOMIIOHEHTOB. PerymsipHoe 00HOBIEHHE 00pa30B M HCIOIb30BAHUE ITPOBEPEHHBIX
0a30BBIX 00pa30B TAKKE MIPACT BAXKHYIO POJIb B oNTUMM3auuu padbotsl ¢ Docker.
OTO HE TONBKO YiyullaeT Oe30MacHOCTb, HO M IOMOraeT u3beratb mpoOiiemMm
C HECOBMECTHUMBIMHM BEpCHSIMH OHMOIMOTEK M 3aBUCHUMOCTEH. Pexomenmyercs
WCTIOJIB30BAaTh MHCTPYMEHTBI MOHUTOPHMHTA M JIOTUPOBaHUs, Takue Kak Prometheus
n Grafana. DTH WHCTPYMEHTHI MO3BOJSIOT OTCJIEKHBATH MPOU3BOAMTEIBHOCTH
KOHTEHHEPOB B pEajlbHOM BPEMEHH, BBLIBIATH Y3KHE MeECTa M OIEpPaTUBHO
pearupoBaThb Ha MNPOOJIEMBI, YTO CYLIECTBEHHO IOBBIIACT CTAOMIBHOCTh U
HaeKHOCTh cucTeM. CoOmofeHHe 3THX MPAKTHK CHOCcOOCTBYyeT 3(QeKTUBHON
ontuMu3anuu pabotel ¢ Docker m mo3Bossier opraHuzanmsM AOCTHraTth Oosiee
BBICOKMX pE3YyJIbTaTOB B pa3padOTKe W OKCIUTyaTallid KOHTEHHEPU30BAaHHBIX
MPUIOKCHUH.

Ontummszanuss paborel ¢ Docker TpeOyeT HMCIONb30BaHUS PasIMUHBIX
WHCTPYMEHTOB M pEIICHUH, KOTOpPbIE TMO3BOJSIIOT 3(QEKTUBHO YIPABIATH
KOHTeHHEpaMH M YJIydyllaThb MPOM3BOAMUTENBLHOCTh MNPHIOKEHHH. PaccMorpum
KITIOYEBBIE HHCTPYMEHTHI M MX (QyHKIHOHaIbHBIE BO3MOkHOCTH. Docker Compose
- 3TO WHCTPYMEHT, KOTOPBIA YIPOILAET YNpPaBJICHUE MHOTOKOHTCHHEPHBIMHU
npuwiokeHussMU. OH MO3BOJIIET ONMMCHIBATh KOH(PHUTYpalUio BCEX HEOOXOTUMBIX
cepBucoB B oqHoM YAML-aiine. Mcnons3yst Docker Compose, pa3zpaboTuuku
MOTYT JIETKO 3aITyCKaTh, OCTAaHABIUBAThH U YIPABIISATh IPYyNIIaMU KOHTEHHEPOB, YTO
3HAUUTETIBHO YCKOPSIET MPOLIECC Pa3BEPTHIBAHMS U YIPOLIAET TECTUPOBaHKUE. ITO
0COOEHHO T0JIE3HO B Pa3paboTUeCcKUX cpenax, rae TpedyeTcst ObICTpoe co3Aanue U
HACTPOHKa pa3INYHbIX OKPY KEHHH.

Kubernetes siBisieTcst MOLTHBIM HHCTPYMEHTOM JUTS OPKECTPALIMH KOHTEHHEPOB.
On aBTOMAaTH3UpYyeT pa3BepTHIBAHME, MACIITA0MPOBAaHWE W  YIIPaBJICHUE
NPUIOKEHUAMH, obOecreunBasi BBICOKYIO JOCTYHMHOCTb U OTKa30yCTOHYHBOCTb.
Kubernetes mo3BosisieT ynpaBisiTh CIOKHBIMH apXHUTEKTypaMu, COCTOSIILIMMH U3
MHO)KECTBA MUKPOCEPBHCOB, U TOAJCPKUBACT aBTOMAaTHYECKOE BOCCTAHOBIICHHE
KOHTEHHEPOB B ciydae uX c00s. DTOT MHCTPYMEHT KPUTHYECKH Ba)KCH ISl
KPYIHBIX U PacHpeieIeHHBIX CUCTEM, Ilie HeoOXoarMa HaJeKHOCTh U THOKOCTh
(Casalicchio, et al. 2020).

Prometheus n Grafana — 3To HHCTPYMEHTHI [I1 MOHUTOPHHTA M BU3yaJIU3alun
MeTpuK. Prometheus coOupaer W XpaHUT METPUKH B pEanbHOM BPEMCHH,
obecrieunBasi BO3MOXKHOCTb OTCIICKUBAHHS MPOM3BOAUTEIBLHOCTH KOHTCHHEPOB
u pecypcos (Hao, et al., 2020). Grafana npenocrasisieT MOLIHbIE CPEACTBA IS
BU3yaJM3allid JAaHHBIX, YTO MO3BOJIIECT AHAIUTHKAM W pa3paboTyMKaM ObICTPO
BBISIBIISITH Y3KHE MECTa U IPUHUMATh O0O0CHOBAHHbIE PEIICHUS IS ONTUMHU3ANN
(Ramavat, et al., 2024). KomOuHaIus 3THX HHCTPYMEHTOB IIOMOTAET MOJICPKUBATH
BBICOKOE Ka4eCTBO Pa0OTHI MPUIIOKEHU 1 MUHUMHU3HPOBATh BPEMSI IIPOCTOSI.

Amnanu3 pesynbTatoB BHeapeHus Docker B STHX KOMIIAHMSAX ITOKa3bIBACT,
YTO MpaBWbHAS WHTErPAlMs] TEXHOJIOTMH MOXKET 3HAYUTENIBHO ITOBBICHTH
3 PEeKTUBHOCTh Pa3padOTKH, YITyYLIMTh CKOPOCTh Pa3BEPTHIBAHHUS M COKPATHTh
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BpeMs Ha YyCTpaHEHHE MpoOiaeM. OTH KeWChl TOJYEPKHBAIOT Ba)KHOCTh
CTpaTernyeckoro moaxona K ucmoinb3oBaHuio Docker panst  moctmxeHus
KOHKYPEHTHBIX ITPEUMYIIECTB U ONTUMH3ALNN OU3HEC-TTPOLIECCOB.

3axuouenne. B xoxe mccieqoBaHUs METOOB MHTErPAlMM M ONTHMH3ALNN
texHojorun Docker B coBpeMeHHBIX HH(GOPMALMOHHBIX CHCTEMax ObuIN
clIeNaHbl HECKOJBKO KIIOUEBBIX BBIBOIOB. Bo-mepseix, Docker mpemocraBiser
MOIIIHbIE HHCTPYMEHTHI [UIsl KOHTEHHEPU3aLMH, KOTOPBIE 3HAYUTEIBHO YIPOLIAIOT
pa3BepTHIBAHKUE M YNPABICHUE NMPHIOKEHUSIMHU, MTO3BOJISISI KOMIIAHUSM JJOCTUTATh
Oonpiielt THOKOCTH M MaciITaOupyeMocTd. Bo-BTOpBIX, MPUMEHEHHE MPAKTHK,
TaKuX Kak MUKpocepBHcHas apxutekrypa 1 CI/CD, coBmecTHO ¢ 3()(eKTUBHBIMU
METOJIaMH YTIPABJICHUSI PECYpPCaMH, COCOOCTBYET ONTHMHU3ALMH PaOdOThl CUCTEM
W TIOBBIICHUIO HX IPOW3BOJUTEIBHOCTH. TeM He MeHee, CYyLIeCTBYET psil
BBI30BOB, CBSI3aHHBIX C 0OE30MACHOCTHIO M YIPABJIIEMOCTHI0 MHOTOKOHTEHHEPHBIX
npuwiokeHnid. [lo3ToMy Ba’KHO NPOAOIKATH HCCIENOBaTh HOBBIE IMOIXOABI U
WHCTPYMEHTBI, KOTOPBIE MOTYT TOMOYb MPEOA0JICTh 3TH MPEMSATCTBHUS.

[lepcnekTrBbl JanbHEWIIMX MCCICAOBAHUN BKIIOYAIOT M3Y4YEHHE HOBBIX
TEXHOJOTWH OpKecTpauuu, Takux Kak Kubernetes, m uX uHTErpanmmo c
Docker. Takxe HeoOXoAMMO aHATU3UPOBATh BIMSHHE OOJAUHBIX PELICHUH Ha
3G PEKTUBHOCTh KOHTEHHEPHU3AMU M PACCMaTPUBaTh BO3MOKHOCTH YIyUILIECHHUS
0e30macHOCTH KOHTEHHEPOB. DTH HANpaBJIeHUs MO3BOJIAAT OoJiee TIIyOOKO MOHSATH,
KaK ONTHUMH3ALUs TEXHOJIOTHH KOHTCHHEpHU3aLUH MOXKET TpaHC(HOPMUPOBATh
WH(POPMAIIMOHHbIE CUCTEMBI B OyIyIIEM.
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Abstract. This article discusses the development of a fuzzy expert system for
analyzing dynamic changes in biomedical images of breast cancer tumors. Modern
medical imaging methods allow obtaining detailed images of tumor formations, but
accurate interpretation of the dynamics of their changes remains a difficult task due
to the high variability of biological processes and the influence of external factors.
The use of fuzzy logic in expert systems allows taking into account data uncertainty,
which helps to improve the accuracy of diagnosis and control over the effectiveness
of treatment. In a medical expert system for diagnosing breast cancer using image
analysis, the results of processing are used to confirm the diagnosis, select treatment
methods, and draw predictive conclusions. Various tests are provided for diagnosing
breast cancer tumors. The proposed system includes several main modules: image
preprocessing, extraction of information features, formation of fuzzy rules, and
decision making. Image processing algorithms allow analyzing the textural,
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morphological, and color characteristics of the tumor, as well as assessing changes
in its size, shape, and structure. The developed expert system uses a fuzzy rule base
based on clinical guidelines and expert knowledge, which ensures the flexibility
and adaptability of the model. Experimental studies conducted on real medical data
confirmed the effectiveness of the proposed approach. The use of fuzzy logic made
it possible to reduce the likelihood of diagnostic errors and increase the reliability
of assessing the dynamics of the tumor process. The results obtained can be used
for automated decision support in oncology, improving the quality of diagnostics
and personalizing treatment.

Key words: information expert system, fuzzy sets, sensors, medical imaging,
breast cancer.
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AnHotranmus. bepinren wmakamaga cyr 0esi  karepni iciri icikTepiHiH
OMOMETUITMHAIIBIK KECKIHIEPIHIeT] TUHAMHKAIIBIK ©3TepicTep il Tajiay YIliH aHbIK
eMec capanTaMallblK JKYHEeHIH JaMybl TaJKbUIaHAAbl. 3aMaHayd MEIULMHAIbIK
OeliHeney omicTepi ICIK TY3UTIMAEPIHIH erKe-TerKeisli KeCKiHIepiH ayFa
MYMKIiHAIK Oepemi, Oipak oJapblH e3repicTep MUHAMHKACHIH IO TYCIHIIPY
OHMOJIOTHUSIIBIK TTPOLIECTEP/IiH )KOFaPhI ©3TePTillTITIHE XKOHE CHIPTKBI (PaKTOpIapabIH
ocepiHe OalllaHBICTHI KWBIH MiHIET Ooibim Kanma Oepemi. CapanTamalbiK
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KYWernep/ie aHbIK eMec JIOTMKAaHBI KOJJIaHy JepeKTepIliH Oenrici3airiH ecerke
alyra MYMKIHTIK Oepefi, Oy MUArHO3ABIH MONIITIH KOHE eMiey THIMIUIIrH
OaKpLIay/Ibl XKaKcapTyFa keMekTecemi. Keckinmi Tannay apKpLIbl cyT 0e3i Karepaii
ICITiH JMarHOCTUKaayFa apHalFaH MEIUIIMHAJBIK capanTama >KyHeciHae eHIey
HOTIDKENIepl JMarHO3[bl pacTay, eMmJiey OJICTepiH TaHjaay >XoHE OOmKaMIbl
KOPBITBIHBUIAP XKacay YIIiH naiganansuiaasl. CyT 0e3i Karepi iciriHiH icikTepin
JUArHOCTHKAJNIAy YIIH OpPTYPIi ChIHAKTAp KapacThIPBUIFaH. ¥ CBHIHBUIFAH XKYHe
OipHerIe HeTi3ri MOMyJIbAeP/li KAMTHIbI: KECKIH/II aliZIbIH aja OHJIeY, aKIapaTThIK
MYMKIHAIKTep/Ii MIbIFapy, aHbIK €MeC epeKeNep/li KalbITACThIPY KOHE MICIIiM
kaOpuTAay. Keckinmi eHIey anroputMiepi iCiKTiH TEKCTYPalbIK, MOP(HOIOTUSITBIK
JKOHE TYCTIK CHIIaTTaMalapblH TajjayFa, COHJai-aK OHBIH OJIIeMiH/eT1,
MIITHIHIET] KOHE KYPBUTBIMBIHJIAFBI ©3repicTepAl Oaranmayra MYMKIHAIK Oepei.
O3IpJIGHTeH capanTaMallblK JKyie KIMHHMKAJIBIK HYCKayJap MEH CapallibUIbIK
OiiMre HeTi3/IeNTeH aHbIK eMec epekernep 0a3achlH MmaiaanaHabl, OyJI MOJEIbIiH
WKEeMIUTrT MeH OeiiMzmenyiH KamTamachl3 ereni. HakThl MeIHIIMHAIBIK
nepekTep OOWBIHINA JKYPri3UITeH OKCIEPUMEHTTIK 3epTTeyiep YCHIHBIIFaH
TOCUIIH THIMIUTITIH pacTaabl. AHBIK eMeC JIOTUKaHbI KOJIJIaHy JUArHOCTHUKAIBIK
KaTelepliH BIKTUMAJABIFBIH a3aiTyFa JKoHE ICIK TPOIECiHIH JUHAMUKACHIH
Oaranay/blH CEHIMJIUTITIH apTThIpyFa MYMKIHIIK Oepii. AJBIHFaH HOTHXKeIepIi
OHKOJIOTHUSIIAFbI MISIIIM/EP/l aBTOMATTaHABIPBUIFAH KOJ/IayFa, TUarHOCTHKAHBIH
carachIH apTTHIpYyFa jKoHE eMJIeyli iepoec eTy/le KoaanyFa 0oapl.

Tyiliin ce3mep: akmaparThIK capamnTama JKyHeci, aHbIK eMecC JKHHaKTap,
JATYUKTEp, MEUIIMHAIIBIK OeifHemey, CyT 0e3i KaTeputi iciri.
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AnHoTauusi. B gaHHOU crathe paccmarpuBaeTcs pa3padOTKa HEUETKOU
9KCTIEPTHOW CHUCTEMBI JJIsl aHal3a AMHAMHYECKUX U3MEHEHUH OMOMETUIIMHCKUX
n300paxeHu oIryxoleil MoIoYHOH kene3bl. COBpeMEHHBIE METO/IbI MEAUITTHCKON
BU3yaJHM3allMd  00ECIEUUBAIOT JAETalbHbIE HW300paKEHUs  OMyXoJel, HO
UX JUHAMHAYecKas WHTEepIIpeTanus 3aTpyliHEHa BBICOKOM H3MEHYHBOCTHIO
OMONOTMYECKUX TPOLECCOB M BHEMHUMH (akTropamu. [IpuMeHeHHe HE4eTKOH
JIOTHKA B OJKCHEPTHBIX CHUCTEMaxX IO3BOJSET YYHUTHIBATH HEOMPEIEIIEHHOCTD
JAHHBIX, IOBBIIIAsi TOYHOCTH AUATHOCTUKU M 3PPEKTUBHOCTH KOHTPOJIS JICUCHUSI.

PazpabarbsiBaemast cucTeMa COCTOUT M3 HECKOJNIBKUX MOAYJIeH: mpeaoopadboTku
n300paXeHn, U3BJIeUEeHUsI HHPOPMATUBHBIX TPU3HAKOB, POPMUPOBAHUS HEUETKUX
MIPaBUII U IPUHSATHS PELICHU . ANTOPUTMBI 00pa0O0TKH N300paKeHU I aHATU3UPYIOT
TEKCTypHBIE, MOP(POIOTHUECKHE U [[BETOBBIC XapaKTEPUCTUKHU OIYXOJH, a TaKKe
W3MEHEHUS ee pa3MepoB, POPMBI U CTPYKTYphl. CHCTEMa MCIOJIB3YEeT HEUETKYIO
0a3y mpaBWiI, OCHOBAaHHYIO Ha KJIMHHUYECKUX DPEKOMEHIAIMSAX W DKCIEPTHBIX
3HaHMSIX, 0OecTiednBasi TMHOKOCTh M aAallTHBHOCTD MOJCIIH.

OKCHeprUMEHTalIbHbIE HMCCICOBAaHUS HA PEajbHBIX METUIIMHCKUX JaHHBIX
MOATBEPIMIIN BBICOKYIO 3((EKTHBHOCTD MPEAIOKEHHOT0 noaxoaa. [Ipumenenne
HEUYETKOW JIOTUKH CHU3UIIO BEPOATHOCTh TUATHOCTHUYECKUX OHMIMOOK M MOBBICHIIO
JIOCTOBEPHOCTh OLIEHKH JAWHAMUKHM OMYyXOJd. Pe3ynsraTsl MCClIeZOBaHUS MOTYT
MPUMEHSTBCS JJIsl aBTOMAaTHU3UPOBAHHOW TOAJCPKKH MPHUHATHS PEIICHUH B
OHKOJIOTHH, YAYYIIEHUS TUarHOCTUKU U MEPCOHATU3UPOBAHHOTO JICUSHHUS.

KioueBble ciaoBa: wuH(OpMALMOHHAs SKCHEPTHAs CHCTEMa, HEYETKHE
MHOYXECTBa, JaTYMKH, MEAUIIMHCKAs BU3yaJIU3alHsl, paK MOJIOYHOM JKese3bl.

Kipicne

3eprreymiziep 2040 skpulFa  Kapalh OHKOJOTHSUIBIK — aypyJapAblH  KbUI
calibIHFbI caHbl 47 maibI3ra apThin, 28,4 MUIHOHFA JKETel Jien Ooiukakel. by
KaFAainapplH KOTIIUIIr azaM JaMybIHBIH TOMEH jKoHe opTalla HHACKCTepi oap
engepae opeiH ananel (Pormrreitn, 1998). Ockbl ennepaiH KOMIILTITIHAS TeMEKi
LIeTy, TYPBIC €MeC TaMaKTaHy, CEeMi3[iK JKOHE OTBIPBIKUIBI OMIp CalThl CHUSKTHI
Kayin ¢axTopiapsl aifTapiaslkrail apransl aen kytinyae (Cepkosa, 2017). Karepmi
ICIKIIEH CBIPKATTaHYIIBUIBIK TIEH OJIIM-XKITIM MOMYJSIHs KYPBUIBIMBIHBIH, ©Mip
CYPY JKar[JalbIHBIH >KOHE JCHCAyJbIK CaKTay >KYHWECiHIH >Kargaiasl Oackapy
KaOineTiHiH e3repyine acep ereni (Tapumnncka, 2020).
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Kazipri yakpITTa OHKOJIOTHSTHBIH ©3€KTi MocenelNepiHiH Oipi cyT 0e3i kKarepii
icirinig (CBKI) anmeia amy Oomeim Tabsimamel (Karemsu, 2019). Cyt 6e3i
Karepii iCirlH JUarHOCTHKajiay Ka3ipri 3aMaHfbl MEIWIIMHAIA KOJIJIaHBUIATHIH
TUATHOCTHKAJIBIK 9MIICTEPIiH KypAe kemeHiH kaMTuas! (Ko3inoscka, 2016). Ocer
caJlaIarbl IEPCTIEKTUBTI TACI CYT 0e31 KaTrep:i iciriMeH ChIPKATTaHyIIIBUTBIKKA 9Cep
eTeTiH Kayin (akTopiapblHbIH KOMOWHAIMSACHIH aHBIKTAY apKblUTbl Ka3akcTaHHBIH
OpTYpIi aiiMakTapbIHa CyT Oe3i KaTepi iciri OOHBIHINA KeKe ToyeKemli Oaranay
JKOHE KOFaphl TOyEKeJ TONTapblH Kypy Oonbin Tadbutans! (Bonshenopd Hxozed,
2018).

By 3eprreyniy MakcaThl OHKOJNIOTHSUIBIK aypyliapAbl AHMarHOCTHKajdy YIIiH
OMOMETMITMHANIBIK KECKiH/I TalljjayFa HETI3ZENTeH aHbIK eMec capanTaMalbiK
JKYHeHI a3ipIey, Kelc peTiHae cyT 0e3l KaTepiii iciriH  KojjiaHy. MeauinHaibIK
aKmaparThlK OKYHelep aHbIK eMec IKoHe Oenrici3 oprajga MeTUIMHAIBIK
memiMaepal  Kojjay —OKyWedepiMeH HWHTETpaldsIaHybIMEH  CHIATTaajlbl.
Aypynap/ibl TUarHoCTHKalay OCITICI3/IK MIeH aHBIKCHI3IBIKTRIH OipHEIIe ACHICHiH
kamTuael (Taybaes, 2020). Kazipri yakpiTTa OCNTICI3MiK FRIIBIMIA JKOHE AHBIK
eMec JIOTHKaJga MaHBI3Ibl MOHTE Me, ONl TaOWFU TiN apKbUIBI MOJAECIBJICY JKOHE
KOMMYHHKAIHA 9MiCiH KaMTamach3 ereni (Aomukepumona, 2019). Komnanbamnst
»KacaHIbl HHTEIJUICKT JKYHeIepiHiH CaHbl, eH allJIbIMEeH, CHMBOJIJIBIK OHJIEYTE eMec,
aHBIK €MEC ecenTeyiepre Heri3AeireH aiTapablKTail CKeHi aHbIK.

JKacaHapl WHTEUIEKT TEOpHSICHl Kaszip OpTYpii calajapia, COHBIH IIIiHIe
MeIMIMHAAa KEHIHeH KoigaHelianel. Jlopirepiepre opTypii — aypynapisl
JIMArHOCTHKATAY JKOHE eMJIeyre KOMEKTeCy VIINIH KONTereH MmermimMaepai Koaaay
xy#enepi (DSS) azipnenni, mpicansl, Aaphelp, Internist I, Mycin, Emycin, Casnet/
Glaucoma, Pip, DXplain, Concise Medical Manual, Isabel, Refiner Series xyiieci
xoHe RMA. Ounkonorusielk aypynaapasl emaey yuriiH ONCOCIN, OASIS sxone
Lisa cusakrer xyienep o3ipnenni (Bacunesckuii, 2018). Byran koca, kenrerexn
MEUIMHAIBIK KOJIaHOanap aHbIK eMec JIOTMKAHBI TalijalaHa b, COHBIH 1IIiH/Ie
CADIAG, MILORD, DOCTORMOON, TxDENT, MedFrame/CADIAG-IV,
Fuzzy Expert System >xone MDSS (Anrenckwmii, 2010). CyT 6e3i kKaTtepmi icirin
nuarHoctukaiayaa DSS eTe MaHbI3IbI, O©UTKEHI 0J1 OYKiJI oJieM OOMBIHINA diiesaep
emimiHiH OacTbl ceOebi Oonbin Tabbuiaabl. byn skyienepaiH MyMKiHIIKTepiH
Tangay aHbIK €MeC JIOTHKAHBIH KOFapbl THIMII €CeITey OfiCi eKeHIH KepceTemi
(Ymenko, 2011).

9jicTep MeH MaTepuaJaaap.

Keckinni Tanmay apKpUTel CyT 0€31 KaTep:i iCiriH TUarHOCTHKAIayFa apHaIFaH
MEJIMIMHAIIBIK capanTaMa )KyHeciHie OHJIey HOTHIKENepl THarHo3 bl pacTay, eMJIey
ozicTepiH TaHIay XKoHE OOKaM/Ibl KOPBITHIHIbUIAP Kacay YIIiH HaiganaHbuIaabl
(3abomotra, 2013). MemumuHAIBIK JUATHOCTUKAJBIK aKMapaTTHIK KyHelepmi
a3ipiiey Ke3iHJIe IMarHOCTUKAHBIH epTe Ke3eHJIEPiHIe CYT 0e31 MaToJIOTUusIChIHBIH
OenrinepiH aHBIKTAy VIIH IMapaMmeTpiepii Tainay erte MaHsiael (HmxwmHCKa-
Acrarnenk, 2021).
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MenunuHalbIK capanTama JKYHWeciH Kypy KesiHnae OipHemie MiHAETTepIl
IIeNTy Ka)KeT: KYHEeHIH MaKCaTblH aHBIKTay; OHBIH KYPBUIBIMJIBIK HETi31H TaHJIay;
3epTTENEeTIH HO3OJOTHSUTBIK (hopManapablH Ti3iMiH KypacThIpy KOHE Taljay;
CHMITOM/IapAbIH aybIPIBIFEI MEH aF3aHblH (DYHKIHOHAIIBIK JKardaibl Typajibl
CTaTUCTUKAJIBIK CEHIMJII aKIapaTThl )KUHAY; OMOMEIUIIMHAIIBIK aKIapaTThl OHJIEY
OMiCiH TaHJay KOHE OMOMENUITMHANIBIK aKIIapaTThl Oaraiay alTOpUTMIH d3ipiey
KOHE MAarHOCTHKAJIBIK >KOHE OOJDKaMIBIK KOPBITHIHABUIApAB! kacay (Opa3zaesa,
2022).

I-cyperte Oepinren MES kypbiibiMbl uMHTEpEHCTIH €Ki (QYyHKIMACHIMEH
KOMITBIOTEPITIK OaFapiamMackl 0ap ekeHiH KepceTe/Ii: capaniibliaH OiriM ary )KoHe
naiaanaHybIMeH JHaIor KYPri3y.

Biaim 6a3acer Biaimai menrepy
Capanuist
TMaiinasanymsl
Il pFapy uHTepgeiici GolibInma Maiinananymsl
MeXaHUu3Mi Kenec

Cyp. 1. MenuuunHaiblk capanTtama )XyHeciHiH apXUTEKTypachl
(Fig. 1. Architecture of a medical expert system)

CaparnraMaJibIK KYie )KYMBICBIHBIH HOTHXKeC1 OeIrii Oip KaTeropusfa )araTblH
BIKTUMAJIJIBIFBIH KOPCETETIH KOPBITHIHABI 00Jbin TaObutaapl (KBbeTHBIN, 2015).
By capantaMa’ibik )KYHEHIH aipbIKIIa epeKINeiri, 01 capanTaMaiblik OlTiMaepIi
KOCYMEH Kartap, KECKIHIEp/i aBTOMATTaHIIPbUIFAH OHJCY APKbLIbl aJbIHFaH
CaHJIBIK OJIIIEMICPJICH MalliMeTTep 0a3achiH skacai el (3abonotHa, 2020).

BuomemuIHanbIK KeCKiHACPAI KOMIIBIOTEPIIK OHACYIIH 3aMaHayd oJicTepi
JMArHOCTUKTEPJIIH JKaKChl KOPHEKI KaObUIaybl YIIIH KECKIHJCPJ YKaKCapTaJbl,
Oyl JkoFapel CEHIMAI JAMarHosnapra MYMKIHAIK Oepeni. bynm ocipece cyt
0e31 karepii icirin tanmgayna Mababl (Omuorek, 2021). Cyr 06e3i karepii
ICIMH  JIMarHOCTHKajay Ke3iHae OWOMEIUIIMHAIBIK KECKIHISPAl Talayiabl
ABTOMATTAH/BIPY YIIIH OacTamKkbel Ke3eH KecKiHAi OypMmanailThiH (akTopiapabl
Oacy YIIH KeCKiHIi >XKaKcapTy NpOLEeAypaltapblH KaMTHAbI (MBICAJIbI, UIYABI
CY3riJiey JKOHE JKapbhIKTaHABIPYIbIH Oy3bUTybIH k010) (Bumbrackmii, 2017).
Cunarray Ke3eHiH/Ie 00bEKTIHIH epeKIie OeNriepi ecentenei, ajl COHFbI KE3CHIe
o0beKT Oenrisi Oip kareropusiFa skikreneni. OChl YIII Ke3eHHIH €H MaHBI3IbICHI —
OetineHi TyciHaipy (cyper 2). TaHy HOTHXKECI TaHJAIFaH MYMKIHIIKTEPre >KOHE
oJIap/IblH aKMapaTThIK Ma3MYHbIHA OailIaHBICTBI 0OJIa/bl, OVJI MYMKIH/IIK MOHIHE
HET13/Ie/IreH HbICAH/IbI XKIKTEY MYMKIHJIITH aHbIKTakl 1b1. DakTopiapabIH €Ki TOOBIH
aHbIKTayFa 00jaJbl: OOBCKTIHIH ©31HIH KacuerTepi (MbICaJbl, OHKOIATOJOTHS
YYacKeCIHIH CypeTTepi) oHe KeCKIHHIH KaJbINTACy MapTTaphl (CEHCOPBIH NIYbI
KOHE OIPKEIIKi eMec )KapbIKTaH bIPY CUSKTBI).
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AJIIBIH a/1a eHaey |—p Cunarrama I Kuaaccudpuxanus

Cyp. 2. OObeKTiHI TaHyIaFbl KECKIHI1 OHJIEY Ke3eHIepl
(Fig. 2. Stages of image processing in object recognition)

Kazipri yakpITTa ONTOANEKTPOHIBI JKYHElep HeTi3iHeH ICiK MeJepin
JKEePTUTIKTI aHBIKTayFa OaFbITTAIFAH CYT Oe3i Karepdi icirin OeifHeneyi 3eprreyne
Konganelanel. [laTonorus nopexecid skoHe aypy BIKTUMAJIbIFbIH Oaranay YIIiH
mrenrymri OOJbIN TaObUIATBIH KIMHUKAJIBIK MaHBI3Ibl KOPCETKILITEpre AUaMeTp
KOHE KUCBIKTBIK CUSIKTBI 9PTYPJIi CTATUCTUKANBIK TapaMmeTpiep Kipeni. COHIBIKTaH
JTUArHOCTHKAINBIK KaOABIK KEeCKIiHII OHJEYIiH CEeHIMJUIr, oNfiri >KoHe
KbUIJAMIBIFBI OOWBIHIIA JKOFaphl CTaHJapTTapra caii 0omybl Kepek. JlereHmeH,
OHKOJIOTHSIAAFBl 3aMaHayn JHAarHOCTHKAJBIK Kyhesep keOiHece Oy Tananrapra
coiikec kenmeiini. COHbIMEH KaTap, OChl Callagarbl MEIULMHAIBIK AUArHOCTUKAIIBIK
XKaOIBIKTapIbIH CTaHAAPTTAPBI YHEMI OCIIT KeJe/i, OyJT )kaHa aKnmapaTThIK 9JIiCTep
MEH 03BIK KypangapAbl naiiananynsl KaxXeT eTe/i.

OJeTTe KipiC KeCKiHHIH AJIeMEHTTIK (YHKIHOHAIIBIK TYpIeHAIpyIepi
apKbUIBI CUINATTAJAThIH ACTEPMUHUPIICHIeH OypMaliaHyaapiaH aiblpMaIlbUIbIFb,
Ke3JIeHCOK acepIep aJJINTUBTIK, UMITYJIbCTIK )KOHE MYJIBTHILTUKATHUBTI 1Ty YATiIepi
apKbUIBI MOZIENbJCHEAl. buoMeMuMHANBIK KECKIHACPAl OHAEY CarachlH apTThIpy
yurie anerte Kupm, Pobeprc, Coben, Yomnec sxone Cro3aH CHUSKTBI alTOPUTMIED
KOJIIAHBIIAIbI.

Kupmr cysrici 3x3 2D nuadparmaceiMer >kymbic icredmi (Oemrimi Oip
YyakKpITTa CY3Ti apKbUIbl TiKeneW eHuenreH keckiH Oemiri). COHBIMEH Karap,
keckiH anemeHTTepiHiH Tiz0eri ([X][X][X]) Oomnbin TaOBLUIATEIH Tepe3ere ciaTeMe
KacaraHaa, Oy TypieHmipy Oip ejmreMii Jer aTtamajbl, COHKec, eKi eIeMIi
TYpIACHIIpY ze Oap.

Title Binarization [Shades of gray|{Wallace! Susan
select the threshold of binarization
bmanze automatically
o |

Cyp. 3. Cyr 0e3i karepJi iciriHaeri iCiKTepIiH OHKOJOTHSIIBIK KECKIHICPIH OHICY YIIiH
Kup cysricin Kongany
(Fig. 3. Application of the Kirsch filter for processing oncological images of tumors in breast

cancer)
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Juadparma kenecineit kepiHnemi:

A0 Al A2
A7 F A3
A6 A5 A4

S; = Ai + Ai()1 + Ai(+)2
T, = Ai(+)3 + Ai(+)4 + Ai(+)5 + Ai(+)6 + Ai(+)7.

Bipinminen, nukine S, sxone T, aliHbIMaIbLIapbIHBIH OapiIbIK MOH/IEPI KOFaphLIa
KeNnTipireH ¢opMmynanapra colkec ecemnrteieldi, oHaa «(+)» 8 Kocy MOIymiH
Oinaipeni. ©Opi Kapaid, MOAYAbAEP/IIH albIpMAIIBUIBIFBIHBIH MOHJIEPIH TabaMbI3 |
5-S, — 3-T| op6ip i ymiin 0-men 7-re JediH )KoHE OChI MOMYIbJEP apachIHIAFhl €H
YJIKEH MOH:

F' = max(|5-5; —3-T;])
i=0.7

F’ conrbr moni F nsrmemeHTiHe eHri3ijeni, COmaH KeWiH J>XKYMBIC Tepeseci
ayBICTRIPBIIAIEL. KHpI cy3riciH KoljaHyFa HeTi3[eNnTeH cyT 0e3i Karepi iciriHig
OMOMeTMITMHAIIBIK iCIK KECKiHIH OHJIeY HOTHKEC] 3-CypeTTe KOpPCETIITEeH.

Knunukaneik 3eprreynep keOiHece HaKTBHl HH(PIBIK KpPUTEpHINepai FaHa
eMec, COHbIMEH KaTrap MHIEKCTepAiH (TepMUHAEPIiH) e3repicTepiHiH Oenriti 0ip
TUIIK CHUTAaTTAMaJIaphlH KAXKET €TETiHIH eCKepe OTBIPBII, aBTOpiap OJapIIbIH
KelbipeynepiH aHbIK eMeC JIOTMKaHbIH MaTeMaTHKAJbIK KypalJapblH MaiifanaHa
OTBIPBIN TaljaraH. bya Tocim cumarramaiblK cCHUIIaTTaMajgapbl MEH carajbl
Ma3MYHBI Oap KpHUTEpHilsiep YIIiH Oip MoOHII CaHIBIK OPHEKTI alyFa MYMKIHIIK
oepeni, mpicansl: L—Ttemen, LA — opramanan temeH, A — oprama, HA — opramaman
xorapel, H — sxorapel. bysr TepMuHaepaiH opKalHCBHICHl aHBIK €MeC JKUBIH OOJIBII
TaObUIAAbI, apHaiibl MyIIesdik (YHKUUSUIAPbl apKbUIbl TaralbIHAAIFAH JKOHE
0-nen 1-re neifiHri caHABIK Mopexernepi Oap Oenrini O6ip HHTEPBAIMEH YCHIHBLTYHI
MyMKiH. XKubiara abcomoTTi Mmyme emecTik 0 )koHe aOCOMOTTI MYIIENiK 1 apKbIIbl
KepceTiieni.

Cyt 0e3i Karepdi iciriHiH iCIKTEpiH TUArHOCTHKAJNAY YIIiH 9PTYpPIi ChIHAKTAp
KapacThIPBUIIBI, COHBIH imIiHAe OeiiHeney, MaMMorpadus, yasTpaabliObicTeik, MPT
xoHe Oonoricus. 120 cypeTke KemmapaMeTpIliK Tannay xyprizinmi. «Hopmay sxone
«TIATOJIOTHsI» TONTAPHI YIIIH OJIApJbIH ©3repy apabIKTaphl 1-KecTene KepceTIreH.

Kecte 1. «<Hopmay sxoHE «IaTonorHs» TONTAPHI YIIIiH ONap/bIH €3repy HHTEPBaJIaphl

Level of |Evidence
pathology | Visual X-ray Tumor size | Ultrasound (X4) | Tumor
interpretation mammography (X3) marker
(X1) (X2) (X5)
Norm Absence of Smooth and 0 Echogenicity, 0+22
Category |pathological clear contours, even contours, | Unit/ml
1 structures no calcifications, no calcifications,
moderate density, normal lymph
no stellation nodes
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Pathology | Structures that Smooth and 0,5 cm 0+22
Category |have signs of an | clear contours, Unit/ml
2 unconditionally [no calcifications,

benign anature slow growth,
increased density,
no stellation
Pathology | Structures with | Irregular contours, |0,5+ 1 cm 22+30
Category |signs of a benign |no Anechogenicity | Unit/ml
3 nature, with a risk | calcifications, or
of malignancy of |increased hyoechogenicity,
not more than 2% | radiographic uneven contours,
density, no no calcifications,
Pathology | Structures stellation 1+3cm axillary enlarged | 22+30
Category | suspicious of a rounded lymph | Unit/ml
4 malignant nodes
process, but do
not have all the
signs of cancer
Pathology |Extremely high | Irregularity of over 3 cm | Anechogenicity |over 40
Category | probability(more | contours, inclusion or Unit/ml
5 than 95%) of calcifications, hyoechogenicity,
malignancy of increased uneven contours
changes radiographic and stellation,
density, stellation inclusions of
Pathology |Malignant of the structure, The calcifications, over 40
Category | formations rapid growth likelihood | axillary enlarged | Unit/ml
6 that the rounded lymph
tumor is nodes
growing in
size

1-kecTe HETi3iHJE aHBIK eMeC TePMUHCP HETi3iHje CYT 0e3i KaTepii iciriHig
aybIPJIBIK JICHIeliH Oaraiay YIIiH Jiepekrep 0a3acel xacaisl (2-kecte). Jepekrep
0a3zaceIHaH OpOip KOPCETKIl YIIiH MHAEKCTEP/Il pecimMIey YIIiH COHKec MYIIETK
(YHKIMSITIAPbI aHBIKTAJIABI.

Kecre 2. AHBIK eMec TepMHUHJEpre Heri3JenreH cyT Oe3i KaTepii iCiriHiH aybIPIBIK JIopeKeciH

OaraJiay epekTep 6a3achl

Level of pathology Signs
X1 X2 X3 X4 X5
Norm/ Category 1 L L L L L
L L L L LA
Pathology/Category 2 |L L LA L L
L L LA L LA
Pathology/Category 3 |L A LA A A
L A A A A
Pathology/Category 4 | A A LA A A
A A A A A
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L A HA A A
Pathology/Category 5 |H H HA H H
Pathology/Category 6 |H H H H H

ConppikTan cyT Oe3i Karepil ICITiHIH aybIpibIK JCHICHIH OarajayiablH
MaTeMaTHKaJIbIK Yiriiepi keneci popmara ue (1):

o udl(xl,xg,xgi)(w)fs) f(uL)(xl)L-( IJL)(XZ)L -( #L)(Xa)L A?L(;m - pt(Xs) U
w(Xe) - pm (X)) - pe(X3) - pm(Xy) - -t (Xs);
#dZ(Xsz,X&L)é@))(s) L:(HL)(Xl)LAI(lL(;(z) ;Jl(lLA)(Xa')LAI(lL(;Q) “ut(Xs) U
w (X)) - (X)) - (Xz) - (Xy) - 7 (Xs);
ud3(X1,X2,X3,i(‘(;,Xj..-,) =Al(iL(;(1) 'AléA(;(z) A%LASXQA.(MAgXA') 'MA(XS) U
pe(Xy) - p(X2) - 1 (X3) - 1 (Xy) - 1 (Xs); 1
lld4(X1,X2'X3,X4'X5) = ﬂA(Xl) 'ﬂA(Xz) 'ﬂLA(Xs) '#A(X4) '#A(Xs) U ( )
pA(Xy) - (X2) 'IiA(X3) uA (X)) A (Xs) U ph (X)) - (X)) - uPA (X)) - (Xy)
“u’(Xs);
ﬂds(Xsz'Xs,Xme) = .UH(Xl) '#H(Xz) 'MHA(Xs) 'llH(X4) '#H(Xs)l
#dG(X1'X2’X3:X4'X5) = ﬂH(Xl) 'IiH(Xz) '#H(X3) 'HH(X4) 'ﬂH(Xs)-

Tenpeynepai Kypy YIIiH MYLIETiK (QyHKUMSIIAPBIH aHBIKTAY KaXXET, OJ1 YIIiH
Oapibik X, haxropiapsl ywin j (H, HA, A, LA, L) 6apiblk aHbIK €MeC MYILENEPiHiH
wi(x.) (O xarmaiina j — cummeTpus K03 OUIHEHTIHIH MOH, i — 3epTTey HHTEPBAIIBL:
i=1,4 ) anbikray kepek. Erep Hopma Typi >KOFapbl A€HIeld HOPMaHBIH HYCKAaChI
peTinze KapacTeIpbuica, OHAA TeHJeyaepai Kypy Oec anblk emec myme (L, LA, A,
HA, A) yuiin opbIHIATYBI KEpPEK.

Mymenik  QyHKUMsIapabiH TpadukTik (Gopmacel 4cyperTe KOPCETiIreH.
YKcac KHUCBIKTap[bl TawJay OJNApIbIH JKYITHIK CAIBICTBIPY OMICIMEH X +X,
K03(DUIMEHTTEp] YIIIiH abIHFaH [(X,) CApaIIBUILIK MYLIETIK (yHKIMATAPHIHBIH
OOJIIKTIK CBI3BIKTHIK JKYBIKTaYyJIapbl OOTyblHA OalIaHBICTHI.

w(u) pyHKIMACHHAH W(Xi) KaKeTTi QyHKIHMsIApFa KOIy Keleci Typ/e xKy3ere
aChIPbLIA/IBL:

Xn — Xn —~ .
wp=4———, W (uy) = W (x)

Xn — Xn (2)
Aypy/IbIH ayBIPIBIFBIHA KATHICTHI HICIIM KaObLIIay KeJIECl aJITOPUTMII YCTaHY bl
MYMKIH:
1-kamam I:  HAaKTHI eMIeNyIIi YIIiH (aKTopiapAblH MOHJEPIH JKa3bIHBI3
x,(n = 1,5).

2-kagam: (1) Teraeynepi maiaanaHs, X, (hakTOpIAPBIHBIH TIPKEITEH MOHEP1
YIIIH (X ) MyIemnik QyHKIUANIapbIHbBIH MOHIEPiH aHBIKTAHBI3.

3-kamam: n= 1,5 yIIiH JOTUKATIBIK TEHACYACP I Mali1aIaHbIIl, OapIIbIK aybIPIBIK
nopexeci dn ymin p%™(x,,x,, ..., X,) MYUIETiK (yHKIUATAPLIH €CENTEHi3. [(a)
xoHe [(b) Mymenik gpynxuusmapsmsH yeringeri I (+) xone OR (V) onepanmsmapsr
THICIHIIE Min )K9HE Max aMaJAapbIMEH aybICTHIPBLIAIBI.
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u(a) - u(b) = min[u(a), u(b)] (€)

u(a) U u(b) = minfu(a), u(b)] )
4-xagam: HlemriMal aHBIKTaHbI3.

p(xq, g, o, Xp) = max[un(xy, xp, oo, Xp)] (5)

Membership functions

1.2 -
B 4

2l S =
0.6 7 S o LA
0.4 /I Q X )(\ —_——a

—T A
0,2 - - v ——B

0 _Jﬁ —
5

1 2 3 4
Symmetry coefficient

Cyp. 4. AHBIK eMec TepMUHIEPAIH MYIIENTiK QYHKIHIaphI
(Fig. 4. Membership functions of fuzzy terms)

KaxeTTi tnamna3oH oChI menriMre CoKec Kenesi, OyJ1 uarazoH cyT 0e3i Karepati
ICITiHIH ayBIPIIBIFBIH KOPCETE/I.

Harn:xeliep dHe 0J1apabl TAJIKbLIAY

Pettey OnokTapbiH, MyIIETiK GYHKIUSIIAPABI CAKTay/Ibl, aHbIK eMeC OHJICYII
JKOHE capanTtaMalblK JKyHele MIbIFapy/bl iCKe achlpy aHBIK €MeC JIOTMKaHBI
naiianana OTHIPBII JKapamIbl JUArHO3/bI aly NMpUHIUNTEpiHe HerizaenareH. CyT
0e31 KaTepii iciriHiH aybIpIBIK J9pPEKECiH Oarajay VIIIH aHBIK €MeC JOTHKAIBIK
aKnaparThIK-METUIIMHANBIK capanTaMa )KYHEeCiHiH HeT13T1 HICONOTHSCH S-CypeTTe
KepceTinreH. bysr OnmokTap/sl icke achlpy HOTHIKECI 93ipJeHreH OarmaapliaMaltbIk
KaOBIK Oonpl, Oy JKaFfaiiia maiimanaHyIibpiFa OarqapiaMaHbl iCKe KOCKaHHAH
KeHiH MOHJEpIiH TOMEHT1 >KOHE JKOFapfbl IIKaJachkl MOHIH, SFHM Oenrimi Oip
MATOJIOTUSIHBIH JIepeKTep 0a3achlHa eHTi3y cypaajibl, Oi3IiH *KaFaai1a aHbIKTaMa
YIIiH HEeT13Ti MOHAEP/Ii eHTi3eMi3.

Cyp. 5. AybIpnbIKTHI OaFanayFa apHaJIFaH aHbIK eMeC JIOTHKAJIBIK OJIOKTap
(Fig. 5. Fuzzy logic blocks for the assessment of the severity stage)
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By GitokTap/p! icke achIpy HOTHIKEC] Keseciiel KbI3MET eTeTiH OaFnapiamMaltbiK
KYpaJl KaOBIFbI OOJIBIN TaOBLIA B

1. barmapnamanbpl icke KOCKaHHaH KeWiH MalaliaHylIbiFa OCHI JKaFaaiiaa
KaH raszfapbl CHSKTbl HaKThl MHJIEKCTEPre HETi3AEIreH ACPEKKOPIaH MOHICPAiH
YKOFapFBl KOHE TOMCEHI1 LIETiH CHTi3y YCBIHBUIAABI. byl MOHIEp aHBIKTay YIIiH
Heri3 0onasbl.

2. barmapmaMaHbl JKanFacTepy VIIH MMaialaHyImIbl OapiblK epicTepii
TONTHIPFaHHAH KeWiH «caKTay» TyliMeciH 0acy kepek. bypbIH eHri3inreH nepexrepii
KaJITIbIHA KEJITIPY YIIiH MaiganaHyIsl «retirey TyliMecin 6acy Kepek.

Setting a X o
About Settings ERROR information
Lower value Upper value = > oreees
Scale for X1 For X1l Porxt Inputdata (x) Outputdata )
s ¥1=0,167 X
Scale for x2 For X2 For X2 Fuzzy Logic
2 y2=0,100
Scale for x3 For X3 For X3 yiomo
: y3:0,
Scale for x4 For X4 For x4 1 ¥4=0,033
Scale for X5 For XS For X5 7 ¥5=0,033
Scale for X6 For X6 For X6 [ ¥6=0,025
To save values of entered scales click "Save™ SAVE Tince fas(W(y)} =L Value =0,167
To renew previous values of scales click “Retire™ Retre e
Fuzzy Loaic v02

Cyp. 6. bBarmapnamaHbIH JUaJOTTHIK TEPE3ECiHIH MBICAIIAPHI

(Fig. 6. Examples of the dialog window of the program)

KopbIThIHABI

MenuuuHalblK JUarHOCTHKaFa, aran aWTKaHAa CyT Oe3i Karepii iciriH
JIMarHOCTHKaJayFa apHajJfaH aKMapaTThIK capanTaMaliblK KYHEeHi 93ipiey YIIiH
aHBIK €MeC JKUBIHIAPbl KOIJIAHY OJiCi ofaH opi keTurmipiiami. MenummHaIbK
JMarHOCTHKAJaFbl MaTeMaTHKAJIBbIK OMICTEpAiH HEri3ri KOJNAaHylapbl TajJaHIIbl,
OJIapIbIH LIEKTEeYNepi OaranaHabl, aHbIK €MEC JIOTHKaFa HeTi3AelAreH NPUHLIUITED
OenrineHnai.

Heri3ri FpUIBIMU HOTHXKEIIED:

- Haykac >xarnailbIHBIH CaHIBIK >KOHE CamajblK NapamMeTpiiepiH KaMTUTBIH
aHBIK eMeC JIOTHKaHbl NaijanaHa OTHIPBII, TUarHOCTHUKAIBIK MM KaOblIIayabl
(dopmanuzaumsuIay yIIiH MaTeMaTHKAIBIK MOJECIIBAEP MEH allTOPUTMICD 3ipIeHIi.

- Mymenik ¢pyHKUUsIIApABIH MaTEMaTHKAIBIK MOZIENbEPl OCHI MapaMeTpiepai
aHBIK €MEC >KUBIHAAP PETiHAE KOpCEeTy VIUiH KYPbUIIbI, OJlap AWArHOCTUKAIBIK
MOAENBbAEP MEH cyT Oe3i Karepiai ICiriHiH JUAarHOCTHKACHIH —AaHBIKTAy
ITOPUTMJIEPIHAC KOJIaHBLIAbI.

O3IpJeHreH MOJENbACP MEH aIrOPUTMIED J>KacaHIbl HHTEIUIEKT, OiliM
WH)KEHEPHSIChI, SKCIICPUMEHTTIK JKOCHapIiay, aHbIK eMeC KUBIHIAP TEOPHUSCHI XKOHE
JMHTBUCTUKAJIBIK allHbIMAJIbLIAp NPUHLMITEPiHE HETi3AenreH. DKCIEPTTIK Kyiie
HaKTBI IePEKTEP apKbUIbl TEKCEPIIII.

3epTTeyniH NpaKkTHKaIbIK KYHIBUIBIFBL. 3epTTey cyT 0e3i KaTrepii iciriHix
ayBIPJIBIFBIH JKIKTEY YILiH aHBIK €MeC JIOTHKaFa HeTi3[e/I'eH aBTOMaTTaHAbIPbIIFaH
capanTaMaliblK KYHeHI maijanaHyra MyMKiHAIK Oepenmi. byn aHbIK emec
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capanTaMaliblK JKyHere Heri3fenreH Oariapiama KaObIFbl skacanpl. bysr KaObIK
OpTYpJI MEIUIIMHAIIBIK cajlaliap/a, COHBIH IMIHJE KIWHUKAIBIK TXKIpHOe MeH
JOpirepi OKBITY/Ia WHTEIUICKTYalbl JHATHOCTHKAIBIK KOJJAy VIINiH KaKeTTi
o0beKTire OaFbpITTANFAH JKYHelepli jobajay Kypallbl peTiHAe KbI3MET eTe
amanel. KaOBIKIIaHBIH KOPHEKTI epeKIleniri - on Oargapiamalay HeMece aHBIK
eMeC JKUBIHAAp OOMBIHINIA apHAWbl JaWBIHIBIKTHl KAXKET €THCH, capanTaMabiK
JTMArHOCTHKAITBIK JKYHeTepi KypyFa MyMKIHIIK Oepe/ti.
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Abstract. This study presents an in-depth comparative analysis of the
performance of three key approaches in natural language processing (NLP) —
transformers, recurrent neural networks, and traditional machine learning methods
— in the task of multiclass text classification in the legal domain of the Kazakh
language. A specialized dataset for named entity recognition, adapted to legal
topics, was used for the analysis. The primary focus is on the classification of texts
reflecting legal aspects and terminology. Evaluation metrics such as accuracy, recall,
precision, and area under the curve (AUC) were applied, enabling an objective
comparison of their effectiveness. Special attention was given to adapting methods
for the Kazakh language, which is under-researched in computational linguistics.
This underscores the importance of developing specialized algorithms that ensure
effective processing of texts in this language, considering its agglutinative structure
and complex legal terminology. The study not only highlights the strengths and
weaknesses of modern NLP models in processing texts in low-resource languages
but also reveals new opportunities for integrating these technologies into applied
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fields. These include automating legal document management, analyzing court
decisions, and developing intelligent decision-support systems for the legal sector.
The findings also emphasize the critical importance of creating specialized datasets
for training and testing models. This research expands the understanding of the
capabilities of existing NLP models for processing texts in the Kazakh language
and emphasizes the significance of further advancing technologies for automating
legal services. The presented results can serve as a foundation for the development
of accessible and scalable tools that enhance the efficient processing of legal
information and contribute to the growth of digital jurisprudence.
Keywords: NLP, LSTM, BERT, GPT, text classification.
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Annoranus. byn 3eprreyne Taburu tinmepai enney (NLP) camaceramars! yin
HET13T1 TOCUIAiH — TpaHchOopMeplepiH, PeKypPEHTTIK HEHPOHIBIK HKETLIepIiH
JKOHE JIOCTYPJII MAIIMHAIBIK OKBITY OJICTEpPiHIH — Ka3akK TiTiHAETr1 KYKBIKTHIK
calamarbl MOTIHIEP/i KOICaHATThl KIKTey MIHACTTEpPiHJEe OHIMIUIIriHE TepeH
CaJIBICTBIPMAJTBI TAJIIAY YChIHBLIAABL. Tanaay yIliH 3aH TaKbIpbIObIHA OciTiMIeNTeH,
arayJsibl 0ObEKTINICP Il TAaHYFa apHAJIFAH apHAWBI IEPEKTEP KUHAFBI Al JaTaHbUI/bL.
Heri3ri Ha3ap KYKBIKTBIK aCTIEKTiJIep MEH TEPMHHOJIOTUSHBI KAMTHTBIH MOTIHIEP T
XKiKTeyre ayaapbuiabl. Mojensaepai Oaranay YIIiH JQJIIK (accuracy), TOJNBIKTBIK
(recall), Gacka mommik kepceTkimii (precision) >kKoHE KUCBIK ACTBIHIAFBI ayMaK
(AUC) cuskThl MeTpHKaiap KOJIJaHBUIIBI, OYJI ONap/bIH THIMIUTITIH OObEKTHUBTI
TypJe calbICThIpyFa MYMKiHmIK Oepmi. Kaszak TimiHe apHamraH omictepmi
OeliiMaeyre epeKxiie KoHiT OeITiHIl, OUTKeH] OYIT TilT KOMIIBIOTEPITIK JIMHTBUCTHKA 1A
KETKLUTIKCI3 3epTTenreH. byn Ka3ak TUTIHIH armTiOTHHATUBTIK KYPBUTBIMBI MEH
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KYpJeni KYKBIKTHIK TEPMHUHOJOTHSACHIH €CKepe OTBIPBIN, MOTIHJEpPIi OHIeyTe
apHaJIFaH apHalbl aJrOPUTMAEPII 33ipiey KaXeTTUIriH KepceTeni. 3epTrey TeK
pecypcTapsl KTy TULIEPASTT MOTIHACPAl OHAeyre apHaiaraH 3amMaHayd NLP
MOJICJIBJICPIHIH KYIITI JKOHE 9JICI3 JKaKTapbhlH KOPCETIN KaHa KOiMaii, COHbIMEH
Karap OChl TEXHOJIOTHSIIAP/ABI KOJNJAaHOAbI calajapra MHTETpalusIIayIblH KaHa
MYMKIHAIKTepiH amazpl. Onapra KYKbIKTBHIK KYKaT aifHAJIBIMBIH aBTOMAaTTaH IBIPY,
COT MIENIIM/IEPiH TaJIay, COH/ai-aK KYKBIKTBIK Cajiara apHaJlFaH HHTEJUICKTYyall/Ibl
mIenriM KaObUIIayabl KOJJay >KYHeNepiH a3ipiey skaraibl. 3epTTey HOTHKenepi
MOJICJIBJIEP/II OKBITY JKOHE TECTIICY YIIIH apHalbl JEPEKTEP KUBIHTHIKTAPBIH
O3ipNIey/liH MaHBI3BUIBIFBIH pacTaiifpl. by 3eprrey Kommanbictarbl NLP
MOJETBACPiHIH Ka3aK TUTIHAETI MOTIHACPAl OHIACYIeri MYMKIHIIKTEPiH TYCIHYm
KeHEHTe/ Tl ’oHEe KYKBIKTHIK KbI3METTEP/Ii aBTOMATTAH/IBIPY TEXHOIOTHSIIAPbIH O/TaH
opi TaMBITYABIH MaHBI3IBUIBIFBIH KOpCceTei. ¥ ChIHBIIFAaH HOTHXKEJEep KYKBIKTHIK
aKIapaTThl THIMJII OHJIEY/I apTTHIPATHIH XKoHE HUMPIIBIK KYKBIKTAHYBIH JaMyblHA
BIKIAJ €TETIH KOJDKETIM/II 9pi ayKbIMJIbI KYPaJIJap bl 93ipiieyre Heri3 0oia anaibl.
Tyiiin ce3mep: NLP, LSTM, BERT, GPT, marinzi kiaccudukaiusiay.
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AHHOTamus. B gaHHOM MccienoBaHWM MpeCTaBlIeH YITyONeHHBINH CpaBHU-
TEJILHBINA aHaIu3 MMPOU3BOAUTEIIBHOCTH TPEX KIIKOYEBBIX IIOAXOJ0B B obnactu
00paboTku ectectBeHHOro sizbika (NLP) — tpanchopmepoB, peKyppeHTHBIX
HEHUPOHHBIX CETeH W TPAJUIMOHHBIX METOJOB MAIIMHHOTO OOydYeHUs — B
3aja4ax MyJbTUKIACCU(HUKALMN TEKCTOB B MIPABOBOM cdepe Ha Ka3axCKOM SI3bIKE.
Jns ananmsa ObLI UCTONB30BaH CIICIMAIM3UPOBAHHBIN HAOOp MaHHBIX IS
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pacro3HaBaHUs IMEHOBAHHBIX CYIIIHOCTEH, aJalTHPOBAHHBIN TIO/ FOPUIUICCKYIO
TeMaruky. OCHOBHOE BHUMaHHE YJIEJIECHO KiIacCU(hUKAMU TEKCTOB, OTPAKAIOIINX
IOpUUYECKUE ACMEeKThl U TEPMHUHONOTHIO. JlJi1 OLEHKH Mopeleld MpUMEHEHBI
METPHUKH TOYHOCTH (accuracy), moiaHoThl (recall), mpemm3nonHOCTH (precision)
u miomanau nojx kpuBod (AUC), 4TO MO3BOJWIIO MPOBECTH OOBEKTHBHOE
cpaBHeHue ux d(dexrnBHOCTH. OCcO00€ BHUMAHHE YAEIEHO aJanTallid METOI0B
JUTST Ka3aXCKOTO SI3bIKA, KOTOPBIM SIBISIETCS HEIOCTATOYHO WCCIICTOBAHHBIM
B KOMIIBIOTCPHOW JIMHI'BUCTHKE. OTO TIOMYEPKHBACT BAXKHOCTH Pa3padOTKU
CTICITHATN3UPOBAHHBIX AJITOPUTMOB, 00ECITEUMBAIOIINX KAaUeCTBEHHYIO 00padOTKyY
TEKCTOB Ha JIAHHOM SI3bIKE C YYETOM €T0 arrIFlOTHHATUBHON CTPYKTYPHI U CIIOKHOM
IOPUIMYECKON TepMUHOIOTHH. VccnienoBanme He TOIBKO IEMOHCTPUPYET CHIIbHBIE
u cinabbie CTOpOoHBI coBpeMeHHbIX NLP-mozeneit B 3ajpauax oOpaOOTKH TEKCTOB
Ha S3bIKaX C OrpaHUYEHHBIMU PecypcaMH, HO M OTKPHIBAET HOBBIE TIEPCIICKTHBBI
JUTSI MHTETPAlAN ITHX TEXHOJOTUH B MpUKIagHBIC oOmactu. Cpend HUX MOXKHO
BBIJICTTUTh aBTOMAaTH3AIHI0 FOPUIUIECKOTO IOKYMEHTOO00pOTa, aHAIN3 CYJeOHBIX
pelIeHni, a TakKe CO3/aHhe MHTEJUIEKTYyallbHBIX CHUCTEM TOAAEPKKU MPUHITHS
pemieHuid AJsl MpaBoBOM cdepbl. Pesynabrarbl pabOThl TakkKe IMOATBEPIKIAIOT
BaXHOCTB CO3/IaHUS CTICIIHATM3UPOBAHHBIX TAHHBIX JIUIsl 0OyYEHUS U TECTHPOBAHUS
Mmojeneld. [IpoBeneHHoe ucciaeoBaHWE pacHIMpsieT MOHMMaHUE BO3MOXKHOCTEH
cymiecTByrommx moneneid NLP mins paboTel ¢ TekcTaMu Ha Ka3aXCKOM SI3bIKE U
MMOTYEPKHUBAET 3HAYMMOCTh JaJbHEHIET0 pa3BUTHS TEXHOJIOTHUH aBTOMAaTH3aluu
opuaudYeckux ycuyr. IIpeacTaBieHHbIe pe3yabTaTbl MOTYT CTaTh OCHOBOM Jis
CO3JIaHUSl JTOCTYIHBIX W MacITabUpyeMBbIX HWHCTPYMEHTOB, CIIOCOOCTBYIOIINX
spdexTuBHON 00paboTKe NPaBOBOM HMHGOPMAMK W Pa3BUTHIO HU(POBOH
FOPUCTIPY/ICHITNH.
Kurouessie ciioBa: NLP, LSTM, BERT, GPT, knaccudukamnus TeKCTOB.

Hannoe uccnedosanue gunancuposaroce Komumemom nayxu Munucmepcmea
Hayku u svicue2o oopasosanus Pecnyonuxu Kaszaxcman (I panm BR24993166).

Beenenne. O6paboTka ecrectBeHHOro s3bika (NLP) oxBarbiBaeT mupokuii
CIEKTP BBIYMCIUTEIBHBIX METOJOB, MNPEIHA3HAYCHHBIX MJIi HUHTEPIPETALNH,
TeHepalMd ¥ aHaJlIn3a YeJOBEYEeCKOTO s3bIka. OMHON W3 KIIOUEBBIX 3a/1a4 B
obmactu NLP siBisiercs kinaccuukaiusi TeKCTa, KOTOpas HaXOJUT IPUMEHEHHE B
pasnuuHBIX cdepax, HaunHas OT (PUIBTpAIiH cliaMa J0 aBTOMAaTH3allii PaOoThI
cnyx0 momnepxku (Narejo, et al., 2024). OmHako CIOXKHOCTH 3TOW 3aJa4u
MHOTOKPAaTHO BO3PACTaeT ISl SA3bIKOB C OTPaHUYCHHBIMH PECYpPCaMHM, TAaKUX Kak
Ka3aXCKHUH S3BIK, KOTOPBIH HE 00JagaeT MOCTAaTOYHON BBIYMCIUTEILHOW 0a30i u
00bEMOM JTAaHHBIX JUIS TIPOBEICHUS TIEPEIOBhIX UcciienoBanmii B oOimactu NLP.

Kazaxckuit g3bIK, OTHOCSIIIMICS K TIOPKCKOM SI3BIKOBOM CEMbE U SIBJISIOLIMHCSA
opunmaneHeiM B Kazaxcrane, mpuBiieKaeT Bce OOJblIe BHUMaHHUS B COOOIIECTBE
NLP, HO ero pecypchl Uit UCCIeIOBaHUS U Pa3pab0TKH OCTAIOTCS OTrpaHHYEHHBIMH
[0 CPaBHEHUIO C 0OJiee MIMPOKO M3YyYaeMBbIMU SI3bIKAMHU, TAKUMHU KaK aHTTIHHCKAN
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(Mamyrbayev, et al., 2020; Oralbekova, et al., 2022). 3a mocienaue TOABI OBLT
JOCTHTHYT OIPEACNICHHBIH Mporpecc, BKIOUYAs CO3JaHue 0a30BBIX ClloBaped u
Mopdonormueckux anamuzaropoB (Myrzakhmetov, et al., 2018; Abibullayeva, et
al., 2022; Yeshpanov, et al., 2022). Ogaako AepUINT aHHOTHPOBAHHBIX TAHHBIX
0CTaeTcsl 3HAYUTEIBHOM MTPo0IeMOi, 0COOEHHO B 3a/1a4ax KiIacCH(UKALUK TEKCTa,
KOTOPBIE TPEOYIOT KPYITHBIX U Pa3HOOOPa3HBIX HAOOPOB JaHHBIX /IS 3PPEKTHBHOTO
00yuYeHHS U TECTUPOBAHMS MOJIEIICH.

B nacTosieM ucciienoBaHUN paccMaTpUBAETCSI BOSMOKHOCTD HCIIONB30BAHMS
CYILLECTBYIOLIEro Habopa JAaHHBIX pacro3HaBaHUsl UMEHOBAaHHBIX 00bekToB (NER)
JUISL peLICHUsl 3a7ad MYJIBTHKIACCU(UKAIMU B KOHTEKCTE NMPaBOBOM cdepsl. ITO
WCCTICIOBAHNE HANpaBICHO HA paclIMpEeHHE HCIOIb30BaHMUs JaHHOrO Habopa
JAHHBIX 3a Tpelesbl ero MepBOHAYILHON 00JIacTH MPUMEHEHUS, aJanTHPYs ero
JUISL FOPUAMYECKON KitaccupuKanuy TeKketoB. KOpuauyeckne TeKCThl Ha Ka3aXCKOM
S3bIKE  00NMAAaloT CreU()UIECKUMH MOP(OJIIOTHYECKMMH M CHHTaKCHYECKUMU
0COOCHHOCTSIMH, KOTOpbIC JENaloT 3ajady KiIacCH(UKALMK HETPUBHATIBLHOM.
Crangaptasle Mogenu NLP, paspaboTannbie 115 A3bIKOB C JPYTHMH CTPYKTypaMmu,
HE BCerga CIOCOOHBI aJleKBaTHO 00paboTaTh Ka3axXCKUH TEKCT, OCOOCHHO B
IOPUIMYECKOM KOHTEKCTE.

Jnst pemieHuss 3TOM 3afadd B HaIIEM HCCICIOBAHUHM HCIIOIB3YIOTCS TpU
PasIUUHBIX MOJETH: TpaHC(HOPMEpBl, PEKyppeHTHBIC HeWpoHHBIE ceTH. Kakmas
W3 ATHX MOJEJCH UMEeT YHHKaJbHbIC NPEHMYyIIEeCcTBa Ul 3a7a4 KiIacCUpUKALN
TekcToB. Pexkyppentnsie Heliponnsle cetu (RNN), Takue xkak LSTM, ocoOenHo
MOJIE3HBI TIPH PadOTe € MOCICHOBATCIbHBIMUA JaHHBIMH, YTO HMMEET Ba)KHOE
3HAYECHHUE JUIS Ka3aXCKOTO s3bIKa, KOTOPBIN SIBISIETCS arIIOTMHATUBHBIM U UMEET
CIIOXKHYIO CTPYKTYypy ciioBodopm. Tpancdopmeps:, takue kak BERT (Garrido-
Merchan, et al., 2023; Jamshidi, et al., 2024), mpenocTaBisrOT IITyOOKOE KOHTEKCTHOE
MOHMUMAaHHE TEKCTa, YTO IO3BOJISICT JIy4YlIE YYUTHIBATh IOPHIMYECKHE HIOAHCHI
n cneunpuyuecKkrue TEpMHUHBI. Mopenu reHeparuBHOro Tuma, Takue kak GPT,
JEMOHCTPHUPYIOT 3QPEKTUBHOCTD B 3a[a4ax, CBSI3aHHBIX C S3bIKOBOM reHepauuei,
1 MOTYT OBITh MOJIE3HBI AJIsI AaHAJHM3a M KJIacCU(PUKALMU MPABOBBIX TOKYMEHTOB C
HECTPyKTypupoBaHHBIM TekcToM (Pandey, et al., 2024; Li, et al., 2024).

MBIl  TpOBOAMM  CPaBHMTENBHBIM aHAMM3 d3THX MOIeNed Juid  3amad
MYJIBTUKIaCCU()UKALIMM Ka3aXCKUX TEKCTOB, NPUMEHSSI METPUKH, TaKHe Kak
TOYHOCTh, TonHOTa, Fl-Mepa u AUC (Reusens, et al., 2024; Bhowmik, et al.,
2024). DTOT BCECTOPOHHUH TOMAXOJ MO3BOJISIET HE TOJNBKO BBISBUTH CHIIBHBIE U
crabble CTOPOHBI K&KAOM MOJZIENN, HO U OLIEHUTh MX HMOTEHIMAN sl TPUMEHEHUS
B peayibHBIX 33jauaX, TAKMX KaK aBTOMATH3aLUsl IOPUANYECKON MOMOILIH, aHAJIU3
CyACOHBIX TOKYMEHTOB U KJIaCCU(HKALHS 3allpOCOB B IPaBOBOIL cepe.

Takum o0pa3om, Halle HCCICAOBAHUE IMOAYEPKUBACT BAXHOCTH Pa3zpabOTKu
NLP-uHCTpYMEHTOB [UIsi Ka3aXCKOIO sI3bIKa, CIOCOOCTBYSI Mporpeccy B obmactu
IUQPOBON IOPUCTIPYACHIIMM M O0ecnednBasi HOBBIM YPOBEHb aBTOMAaTHU3ALMU
IOPUIMYECKUX YCIIYT Ha SI3bIKaX C OrPaHUYEHHBIMU PECYPCaMH.
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Marepuansl u Metonsl ucciaenoBanus. Jlanmmadgt NLP mns kazaxckoro
sI3bIKA TIOCTETIEHHO oOoramiancs Omaromaps pasiddHBIM IeJIeHaPaBIeHHBIM
uccnenoBanusaM. OIHOW M3 OCHOBONOJATAONIUX padOT SBISETCS HCCIICHOBAHUC
SKCIEPUMEHTOB [0 PACIIMPEHHOMY SI3BIKOBOMY MOJEIIMPOBAHUIO Ka3aXCKOTO
s3pika (Myrzakhmetov, et al., 2018), koTopoe 3aJ0KHUI0 OCHOBY JUIsi TOHUMAHHS
CIIO’)KHOCTEH, CBSI3aHHBIX C CO3JaHUEM BBIYMCIUTENIBHBIX PECYPCOB JIIsI HEIOCTATOYHO
MIPENICTABICHHBIX SI3BIKOB. JTO HCCJCMOBAHHUE IOMYEPKUBACT IEPBOHAYAIHHBIC
1Iary no ajantanuu nepeaoBbix MetonoB NLP k kazaxckomy sI3bIKY, TOTYEPKUBAs
MTOTEHIINAJ CIIOKHBIX SI3BIKOBBIX MOJIENEH /TS YAyUIIeHHS 00paOOTKH 1 TOHUMAaHUS
TEKCTa.

OCHOBBIBAsICh Ha 3TUX OCHOBONOJArarOLIUX MOJENAX, HEAABHUE JOCTUKCHUS
MIPOAEMOHCTPUPOBAITU BO3MOKHOCTE a/IalITAIIUN COBPEMEHHBIX TEXHOJIOTUH, TAKUX
kak BERT, k ka3axckomy s13bIKy. B yacTHOCTH, Hcce10BaHUE U3BIICUEHUS KITFOUEBbIX
CJIOB U3 HAOOPOB JTAHHBIX HOBOCTEH HA Ka3aXCKOM SI3BIKE ¢ HCTonb3oBanueM BERT
(Abibullayeva, et al., 2022) noka3ayo, kak Mojieiau Ha ocHOBe Transformer Moryt
3(h(HEeKTUBHO HMCIIONB30BaThCS IS 33139, TPEOYIOMNX ITyOOKOTO CEeMaHTHIECKOTO
MMOHMMAaHHMs, TAKUX KaK OMNpEACICHUE KIIIOUEBBIX TEPMUHOB M ()pa3, KOTOPHIC
OTPAXXAIOT CyThb HOBOCTHBIX CTATEH. DTO MPHUIIOKEHUE HE TOJBKO EMOHCTPUPYET
ruokocte BERT, HO W ero moTeHIman Juisi yiydllleHHss NMOUcKa HH(pOopMaluu u
aHaJIM3a KOHTEHTA Ha Ka3aXCKOM SI3bIKE.

Janprelimee pacmupenne cdepbl nmpuMmeHeHns NLP Ha ka3axckom s3BIKe,
KJaccu(UKaIysi HayYHbIX JIOKYMEHTOB C UCIIOJIb30BAaHUEM TIYOOKHX HEHPOHHBIX
ceted ®W chusHUE w300pakeHnid u Tekcta (Bogdanchikov, et al., 2022)
WJUTIOCTPUPYET WHHOBAIIMOHHBIC IOJIXOJbI, M3y4aeMble B cooOmiecTBe. B a3rtoi
pabote oco00e BHUMaHUE Y/IENSETCs] HHTErPAIlid MYJIbTUMOIAIbHBIX TAHHBIX IS
nesel xraccuuKaym, Ipeiarasi HOBBIC Iy TH TIOBBITIICHUS POU3BOAUTECILHOCTH
MOJICITU U €€ IPUMEHUMOCTH ITPU 00pa0OTKE TEKCTOB Ha Ka3aXCKOM SI3bIKE.

LlenTpansHOoe MecTO B TEKyIIEeM HWCCIEIOBAaHWNA 3aHUMaeT HaOoOp JaHHBIX
KazNERD (Yeshpanov, et al., 2022), KOTOpBIii SIBISIETCS] 3HAUUTEIEHBIM BKJIAJIOM B
9Ty 00JIACTH ¥ TIPEIOCTABIISET 0OTaTO AHHOTUPOBAHHBIN KOPITYC [T pAaCIIO3HABAHUS
nMeHoBaHHbBIX 00bekTOB (NER) Ha ka3axckom s3bike. Co3nanue U MCTIOIB30BaHNE
ATOro Habopa JIaHHBIX 3HAMEHYIOT CO00M BaKHEHIIIUI TIpOrpecc B UCCIISIOBAHMSIX
NLP mys1 Hamed cTpaHsl, penjiaras eHHbIH pecypc TSl 00y ISHHSI M OTICHKH MOJISITeH
NLP ans 3aa4 pacro3HaBaHus CyITHOCTEH. DTOT HA0Op AaHHBIX CIYKHUT OCHOBOU
JUIs Hamieil paboThl, TO3BOJISAS WCCIENOBATh MPOOJIEMBI MYJIBTHKIACCHPUKAIIN
yepes npuzmy NER.

Bmecre sTH wmccnenoBaHHMs 00pa3yrOT CBSI3HOE IIOBECTBOBAaHHE, KOTOPOE
MOIYEPKUBAET Pa3BUBAIOIIMECS BOBMOKHOCTH W TpUMeEHeHue TexHosornii NLP
JUTSL Ka3aXCKOTO si3bIka. OT 6a30BOT0 SI3bIKOBOTO MOJICITUPOBAHUS JI0 TPAKTUIECCKOTO
TIPUMEHEHNST Monenei Ha ocHoBe Transformer m He TONBKO — B 3TOW 00JacTH
HAOJIFOJIAFOTCS 3HAYMTENIBHBIC YCIIEXU B aJlalTallid U TPUMCHEHUU IEPEOBhIX
BBIYHMCIIUTENBHBIX METOAOB [UIsl PELICHHs] YHUKAJIbHBIX 3a7ad, CBS3aHHBIX C
Ka3axCKUM s13bIKoM. Harra pabora HampaBiieHa Ha TO, YTOOBI BHECTH CBOW BKJIall
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B JTOT pacTymiuii 0o0beM 3HAHWW, yAeNss 0co00e BHHMaHHE MPAKTHIECKON
peamm3aruu Mozeneit LSTM u BERT mnst 3amaq MmynsTukiIaccubUKaiy B paMKax
paspaborannoii crpykrypsl NER.

Mempuku oyenxu

[Ipexne ueM Mbl HaUHEM MPAKTUUECKH aHAIW3UPOBATh MOJIENH, BaYKHO MOHATh
(hyHIaMeHTaIbHBIE KOHIICTIIIUH U apXUTEKTYPBHI, JISKAIINe B OCHOBE COBPEMEHHOTO
nanamadra moxeneir NLP. 3amaun NLP, HaunHast oT kiaccu(HKaluu TeKCTa |
3aKaHYMBas aHAJIM30M HACTPOCHUH M OTBETAMU Ha BOIPOCHI, TPEOYIOT CIOMKHBIX
MOJIEJIeH, CIOCOOHBIX TIOHMMAaTh M TEHEPUPOBATH YEIOBEUCCKUN s3BIK. JIis
JOCTIDKCHUSI ATOM IenM ObUTM pa3paboTaHbl pa3IMYHbIC MOJAEIU TITYOOKOTO
oOy4eHus1, KaKIast U3 KOTOPBIX UMEET CBOM YHWKANBHBIA MOIXOA K 00padoTke U
WHTEpIpEeTaINU TEKCTa.

Opomoruss mMozeneld NLP Hagamach ¢ Ooree TpOCTBIX HEWPOHHBIX ceTeit
C TPSAMOHM CBS3BI0 W MPOAOIDKHMIIACH Yepe3 PEKyppEeHTHBIE HEHpPOHHBIE CETH
(RNN), Brurouast cetu JoinrocpodHoil kparkocpounoi mamstu (LSTM), utoOb
YIOBJIETBOPUTH MOTPEOHOCTD B (PUKCAIMM BPEMEHHBIX 3aBUCHMOCTEH B TEKCTOBBIX
rocinenoBarenbHOCTIX. OHAKO 3TH MOEITH 4aCTO UMEJTU ITPOOIIEMBI C JOITOCPOUHON
3aBHCHUMOCTBIO M BEIYUCIUTENLHON 3(h(heKTHBHOCTBIO.

Buenpenne apxurektypsl Transformer o3HAMEHOBAJIO 3HAYUTEIHHBINA CIBUT,
npuBeqIIMi K paspaborke Takux monenei, kak BERT (Bidirectional Encoder
Representations from Transformers) u GPT (Generative Pre-trained Transformer).
OTH MOAENM WCIONB3YIOT MEXaHW3Mbl BHHMaHUS AJsI 0OpaOOTKH TeKCcTa TaKuM
00pazom, 9ToObI Ooee 3PPEKTUBHO U PE3YIBTATHBHO YIIaBIMBaTh KOHTEKCT, YeM HX
MIPEIIECTBEHHUKH.

[loHnMaHWe TPUHIUIIOB TTOCTPOSHHUSI, CHIIBHBIX CTOPOH M OTPaHUYCHUH ITHX
MOJIeTIel IMEeeT penrarolee 3Ha9eHue 171 BX 3P PEeKTHBHOTO TPUMEHEHNS B 3a/1a4ax
NLP. Ucnonp3ysi CBOM PEUMYIIECTBA, UCCIESIOBATENN U MPAKTUKA MOTYT PelIaTh
mUpoKnit ciekTp 3amad NLP ¢ GecripenieieHTHO TOUHOCTRIO B 3(h(DeKTUBHOCTHIO.

LSTM (Long Short-Term Memory)

LSTM — sto tun pekyppentHoii HeiiponHo# cetn (RNN), criocoOHON u3y4ars
JIOJITOCPOUHBIE 3aBHCUMOCTH. OHU CO3aHBI JJISl TOTO, YTOOBI H30€XkKAaTh MPOOIEMBbI
JIOJTOCPOYHON 3aBUCUMOCTH 3a CUET BKJIFOUEHHUS PsiJia IIUTI030B, KOHTPOIMPYOLINX
morok mHpopmarum (Minaee, et al., 2022). DT Momenw OKa3ajluCh OCOOCHHO
3 PEKTUBHBIMU ISl PEICHHs 3a/1ad MMPOTHO3UPOBAHUSI MOCICAOBATEILHOCTEH 1
MOKa3aJll yCIeX B TaKWX 3a/iauaX, Kak TeHepalis TeKCTa, Paclio3HaBaHWE PEYH U
SI3BIKOBOH TiepeBol. HecMoTpst Ha cBOt0 3(h(heKTUBHOCTH B (PHKCAIIMM BPEMEHHBIX
3aBucumocteit, LSTM mMoryT 60poThCs ¢ 04€Hb JUTMHHBIMHE TT0CIIE0BATEIBHOCTIMU
¥ MOTYT YCTymnarh MojiesisiM Ha ocHoBe Transformer, Takum xax BERT, mst 3amaq,
TpeOyroLMX MOHUMaHusl Oolee mupororo koutekera (Ezen-Can, et al., 2020).

BERT (Bidirectional Encoder Representations from Transformers)

BERT omnuyaercst cBoeli TiyOOKO# JIByHAIpaBISHHON PUPOJION, 00padaThiBast
TEKCT KaK CJIeBa HAIPaBo, TaK U CIIpaBa HAJIEBO, YTO MO3BOJISIET MY JTy4Ille TOHUMATh
koHTeKcT. O10 Aenaer BERT ocoOeHHO addexTrBHBIM as 3am1a4, TpeOyrommx
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[TyOOKOTO TIOHMMAHUS SI3bIKOBOTO KOHTEKCTa, TAKMX KaK aHaIW3 HACTPOCHHIA,
OTBETHI Ha BOMPOCH! M PAaCIO3HaBaHHE MMEHOBAHHBIX 00BbEeKTOB. Ero apxurexrypa
npeoOpazoBaresisi MO3BOJSIET €My JIydIlle CHpPAaBISATbCS € JIOIATOCPOYHBIMU
3aBUCHMOCTSIMH TI0 CPABHCHHIO C TPAJAUIIMOHHBIMU MOJCIISIMA, TAaKUMHU Kak LSTM.
ITpouzBoautensHocts BERT 3amMeTHO MOBBIIIAETCS MPU TOYHOM HACTPOWKE IS
KOHKPETHOM 3a/1a4¥ JJaske C OTHOCUTENBHO HeOobmMu Habopamu nanHbIX (Tikayat
Ray, et al., 2023).

GPT (Generative Pre-trained Transformer)

Monemn GPT, Omaromaps cBoedi CHOCOOHOCTH TEHEPHPOBATh CBS3HBIA U
KOHTEKCTYaJIbHO PENICBaHTHBI TEKCT, MPEBOCXOIHO CIPABIAIOTCS C 3aJadaMH,
TpeOyIOIIMMA  SI3BIKOBOM ~ TEHEepaly, TaKUMH KaK 3aBepIIeHHe TEeKCTa,
TBOPYECKOE IMHCHMO U JHAJIOTOBBIE CHUCTEMBL. ABTOPErPECCHOHHBIN XapakTep
GPT, oOpaOarpIBatoImnii TEKCT ClieBa HANpaBoO, MO3BOJSIET €My MPOrHO3MPOBATH
BEPOSITHOCTh TIOCJIEIOBATEIIbHOCTH CIIOB W TEHEPHpPOBaThb TEKCT Ha OCHOBE
BEPOATHOCTEH MOCIEeYIOINX CIIOB. ApXuTekTypa npeodpaszosareist GPT nozsossier
3¢ (}eKTHBHO M3ydYaTh 3aBUCHMOCTH Ha OONBITUX PACCTOSHHUAX B Tekcte. OHAKo,
B ornuue ot BERT, onHonanpasnenssiii xapaktep GPT moxeT orpaHuyuBarh
[IOHUMAHHE KOHTEKCTa [0 CPAaBHEHUIO C JBYHarpaBlieHHbIM moaxoqoM BERT
(Narejo, et al., 2024).

Takum o06pazom, Bei6op mexty BERT, LSTM u GPT anst 3amau knaccudukanyun
NLP 3aBHCHT OT KOHKPETHBIX TPeOOBAHII ITOCTABICHHOM 3a/1auH, BKJITFOUAs XapaKTep
HaOopa JaHHbIX, THN 3a1a4i NLP u noctynHbie Berancnurensusie pecypesl. BERT
o4eHb d(PQeKTHBEH I 3aja4, TPEOYIOMHUX TITyOOKOTO MOHWUMAHHWS S3BIKOBOTO
koHTekcTa, LSTM mpeBOCX0eH B M3YYCHUU MOJITOCPOUYHBIX 3aBHUCHUMOCTEH IS
MIPOTHO3UPOBAHUS MOCIEA0BaTeNbHOCTH, a GPT mydie Bcero moaxoqut s 3aaad,
TpeOyIOIIHX MOCIIEA0BATEIbHON U KOHTEKCTHO-3aBUCUMON T€HEepaIny S3bIKa.

OneHka MPOU3BOAUTEIBHOCTH MOJENHU SIBJISETCS BaKHEUIIMM KOMIIOHEHTOM
mMOoOON 3amadd  MalMHHOTO OOydeHHs. VIMEHHO ¢ TIOMOUIBIO Ppa3IHYHBIX
nokazareseii Mbl olileHnBaeM 3((EKTUBHOCTD HAIIMX MOJICTICH, KaXK/1ast U3 KOTOPBIX
npeaaraeT CBOM B3I HA BO3MOKHOCTU MOZENU. METpUKU — 3TO MpU3Ma, Yepes
KOTOPYIO MBI pacCMarpHBacM W TIOHMMAeM pe3yNIbTaThl, U BEIOOP MPaBUIILHBIX U3
HUX MMEET pellarolee 3HaUYeHUE sl CIIPaBeUIMBOH U MH()OPMATHBHON OLICHKH.
B »ToM uccnenoBaHnM MBI HCTIONB3yeM HaOOp XOPOIIIO 3apeKOMEHAOBABIINX CeOs
nokKazarenei, KaXIblii M3 KOTOPHIX BBIOpaH M3-32 €ro CIOCOOHOCTH OTpakaTh
OIpE/IECTICHHBIN aCMEKT MIPOU3BOAUTENBHOCTH MOAECIIH.

B nHamem CpaBHHUTEIBHOM HCCIIEAOBAHUU MbI UCIONIB3yeM Tpu Mozaenn NLP —
LSTM, BERT u GPT, kaxnas U3 KOTOPBIX MpeaaraeT pasindHble BO3MOKHOCTH
00paboTKH 1 KIacCUPHUKAINN TeKCTa. YTOOBI TOYHO OIEHUTH UX APPEKTUBHOCTB,
MBI HCIIOJIB3yeM psifi MOKa3aTeiel, KaxIbli M3 KOTOPBIX KacaeTcsi KOHKPETHBIX
ACIIEKTOB MTOBEJICHUSI MOZECIIH.

ToyHOCTH — 3TO OTMpaBHAsA TOYKA JUISI OLEHKH, KOTOpasi 1aeT HaM IIMPOKYIO
OLICHKY MPOU3BOAUTEIBLHOCTH KaXI0M Moaenu. OAHAKO TOYHOCTh HE JIAeT MOJHOU
KapTUHBI, OCOOEHHO KOTZa pedb HJET O JucOaliaHce KJIacCOB WM Pa3IMYHBIX
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M3IEPIKKAX, CBSI3aHHBIX C Pa3IMYHBIMU TUTIAMU OMIMOOK. UTOOBI KOMTHYTH TITyOXe,
MBI HCITOJIE3YEeM TOYHOCTH M OT3BIB. TOYHOCTH MMEET pelIaroliee 3HaYCHUE, KOTaa
MOCIIC/ICTBYSI JIOKHBIX CPadaThIBAHUI 3HAYUTEIILHBI: MbI JIOJDKHBI OBITh YBEPEHBI,
YTO TIONIOKUTEJIBHBIE PE3YyNbTaThl, BBISBICHHBIC HAIIUMH MOJACISIMH, SIBISIOTCS
WCTUHHBIMU TIOJIOKUTETHHBIMH.

Kpugas AUC-ROC penaer enie oiuH 1Iar BIepe, N03BOJsIs OHATh, HACKOIbKO
XOPOIIO HAIM MOJCTH Pa3WYaloT KJIAcChl Ha BCEX BO3MOXHBIX TOPOTOBBIX
YPOBHSIX. DTO 0COOEHHO IOJIC3HO JJIsl TOYHOM HACTPOWKU MOJIEIeH TaKUM 00pa3oM,
9TOOBI OHM COOTBETCTBOBAJIM KOHKPETHBIM OIEPAaTHBHBIM IIEJISIM M IpoIleccaM
MIPUHSATHSI PEIICHU.

[Ipu cpaBHHUTETEHOM aHAJIM3E MOJIEIIEH BAYKHO YUUTHIBATH COBOKYITHOE 3HAYCHIE
3THX IOKa3areyied, YToObl MOJYUYHUTh IEIOCTHYI0 KapTHHY MPOU3BOIUTCIBHOCTH.
Hcnonp3oBanne HaOopa MeETpHK B TaHAEME O0ECIEYMBACT KOMILIEKCHOE
MIPENICTABICHUE O TIPOM3BONUTEIBHOCTH MOJENIH, OCOOCHHO B KOHTECKCTE
KJ1accU(UKAIMH IO HECKOJIbKUM MeTKaM. Kaxk/iast MeTpurKa npejiaraeT yHUKaJIbHbIA
B3IJISI/T HA KOHKPETHBIN acTeKT MPOTHO3HBIX BO3MOKHOCTEH MOJIEIH, U BMECTE OHU
PHUCYIOT TIOJHYIO KAPTUHY €€ CUIIBHBIX U CTA0BIX CTOPOH.

Korma st mokasarenu HCIONB3YIOTCS BMECTE, OHM TIPENJIararoT HaJIeKHYIO
CTPYKTYPY OIICHKH, KOTOpasi YIUTHIBACT KaK MPOU3BOIUTEIHLHOCTh HA MAKPOYPOBHE
(trounocts, AUC-ROC), Tak 1 AMHAMUKY Ha MHUKPOYPOBHE (TOYHOCTH M MOJHOTA
JUTSL OTZIENNBHBIX KJIACCOB). DTOT MYIBTUMETPHUYECKUI MOIXO/ )KU3HEHHO BayKEH IS
33714 MYJIBTHKJIACCU(HUKAIINH, TTOCKOJIBKY:

* DTO CHMXAET PUCK YPE3MEPHOH 3aBUCUMOCTU OT OJHOH METPHUKH, KOTOpas
MOKET HE OTPaKaTh BCE ACTIEKTHI MPOU3BOAUTEIHLHOCTH.

* OH BBIJIENII€T KOHKPETHBIC 00JIaCTH JIS YITy4YIISHUS MOJICITH, HAITpUMep, KaKue
KJIACCHI HYKTalOTCS B OOJIBIIICH TOUHOCTH FUTH ITOJTHOTE, YTO JACT HHPOPMAIIHIO JIS
YTOYHEHUSI MOJICITH U Pa3padOTKH (pyHKIIHH.

* DTO TO3BOJSIET cHeiaTh CcOATaHCHPOBAHHBIA BHIOOp MONETH, HE OTHaBas
MPE/NIOUTCHUE KAaKOMY-JTHO00 KOHKPETHOMY KJIACCY WJIM THITY OIIMOOK, YTO MOYKET
MMETh pellaroliee 3Ha4eHHEe B MPUIIOKECHUSAX C PA3TUYHBIMA U 3HAYUTEIbHBIMU
MTOCJICIICTBUSIMH ISl PA3HBIX THIIOB OITHOOK.

TiwaTensHO aHATU3UPYS BCE AT MOKA3ATEIH, UCCIEA0BATENIN U MPAKTUKU MOTYT
MpUHUMATE OoJiee 000CHOBAHHBIE PEIICHHS O PA3BEPTHIBAHUU MOJETIEH, TOHNMATh
CBSI3aHHBIC C TUM KOMIIPOMHCCHI M HANpaBIIATh pa3pabOTKy MOJElNei, KOTOpbIe
JIy4uie MOIXOAT JIsl CIOKHBIX peabHbIX MpuiioskeHuil NLP.

Ilooeomosra dannulx

Jns »Tama TOATOTOBKM JAaHHBIX B HAMIeM TPOEKTE MBI TPEIIPUHSITH
KOMITJICKCHBI TIPOIIecC IO MpeoOpa3oBaHUI0 HaOOpa MAHHBIX PaCHO3HABAHUS
nMeHoBaHHBIX 00bekTOB (NER) Ha Ka3zaxckom si3bike B (hOpMAT, MTOIXOMSIIUMA st
HaIei cxeMbl OMHAPHOW KiTaCCH(UKAINH, YTO B KOHEYHOM HTOTE YITPOCTHIIO 331a4y
MYJIBTHKJIACCU(HUKAIINY B KOHTEKCTE IPABOBOM CPephI v [T (PPOBO FOPUCTIPYICHITUH.
DTOT mpoIlecC BKIIOYAN HECKOJIBKO KIIFOYEBBIX IaroB, Ka)JIblii M3 KOTOPBIX OBLI
KPUTHYECKHU BakeH Il 00eCTIeYeHns IEIOCTHOCTH | TIOJIE3HOCTH HaIlero Habopa
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JAaHHBIX 11 OOy4YeHHs] MOJENeH, CBS3aHHBIX C IOPUANYECKUMH YCIyraMHu u
MIPaBOBOM MOMOIIEI0. B TaHHOM paszziesnie Mbl MOIPOOHO OMHUIIIEM CO3AaHUE YEThIPEX
OMHApHBIX METOK KIAacCOB M MOCIEAYIOIIMHA NpoLecce MYJIbTHKIAcCH(PUKAINY,
aKIECHTUPYs BHUMAHUE HA €T0 3HAYMMOCTH U METOAOJIOTHH.

YuuTeiBas moApoOHBIC OMUCAHUS UMEHOBaHHBIX 00bekTOB (NE) B mpaBoBOit
cdepe, Mbl pazpaboTany cxemy OMHApHON KiacCU(pUKALMU, KOTOpash OTpa)kaeT
aCTIeKTHI JJAHHBIX U Pa3JeseT X Ha JIBe 3HaYMMble Kareropruu. C yueToM MpUpoabl
NE 1 KOHTEKCTa UX MCIOJIb30BAHMS, JIOTHUECKAss OMHapHas KJacCU(PHUKALM MOIJIa
Obl pa3IMyaTh MPEATIOKEHNUS, KOTOPbIE BKIIIOUAOT:

1. Knaccugurayus npagoswix 00OKyMeHmos:

BxirouaeT umeHoBaHHble 00bekThI, Takue Kak 'LAW', 'DOCUMENT!', 'CASE',
KOTOPBIE YaCTO BCTPEUAIOTCS B IOPUINYECKHUX JOKyMEHTaX, HOPMaTUBHBIX aKTax U
CyZIeOHBIX pa30oHUpaTeIbCTBAX.

Ipumep ucnonvsosanus: YOpunndeckre GUPMBI HIH TUIATGOPMBI IS aHAIH3a
MPaBOBBIX JOKYMEHTOB MOTYT MCIOJIB30BaTh JaHHYI0 KiIacCH()UKALUIO JUIs
aBTOMATHUYECKOW COPTUPOBKH U aHAJIN3a KOHTPAKTOB, CyACOHBIX PEIICHUN U IPYTHX
FOPUINYECKHUX TEKCTOB.

2. Knaccudukarus 10puIndeckoi IoMOIIIH:

Comepsxutr NE, takme kak 'LAWYER', 'LEGAL SERVICE', 'CONTACT,
yKa3blBaIOIIME€ HA B3aMMOJCICTBHME MEXIy aJBOKATaMM, KIUEHTaMH U
OPUINYECKHMU YUPEKICHUAMHU.

Ilpumep  ucnonvzosanus: CHUCTEMBl IOPUIMUECKOM IMOJJEPKKH  MOTYT
ABTOMATHUYECKH OIIPEAEIIATh COOOIIECHHS, KaCAIOIIUECs 3allPOCOB Ha IOPUINIECKYTO
MIOMOIIIb, U TIEPEHAIPABIISITH X COOTBETCTBYIOIIUM CIEIMAINCTaM.

3. Knmaccudukanus cyneOHbIX pa30onupaTenbCTB:

Bxmrouaer mpemnoxenns ¢ NE, takmvmm kak 'COURT', 'JUDGE', 'CASE
NUMBER', xotopble yKa3bIBalOT Ha Cy/eOHbIE TPOLECCHl MM YHOMHHAHHUS e,
HaXOZSAIIUXCS B CTAUU PACCMOTPEHNSI.

Ipumep ucnonvzosanus: IlnatgopmMbl MOHUTOPHHIA CyHEOHBIX TPOLECCOB
MOTYT KiacCH(pUUIMpOBaTh U OTCIEKHMBATh MH(POPMALMIO 110 AKTUBHBIM [eJaM,
o0ecrieunBasi CBOEBpEeMEHHOE YBEIOMIICHHE KITMEHTOB HJTH aJJBOKATOB.

4. Knaccugukanmsi KOMMEPYECKHUX MTPABOBBIX OTHOLICHHIA:

Comepxxur NE, Ttakme kak 'CONTRACT', 'PARTNERSHIP', 'MONEY',
'ORGANISATION', 4ro yka3plBaeT Ha IPABOBBIE AaCHEKTHl KOMMEPYECKHX
OTHOILICHNH, BKJIFO4as IOTOBOPBI, CIICJIKU U (PMHAHCOBBIE 003aTEIbCTBRA.

Ipumep ucnonvzosanus: KOpunndeckue oTeNbl KOMIIAHHH MOTYT HCIIOIb30BaTh
JAHHYIO KJIACCU(PUKALMIO JUIsl OTCIICKMBAHUS JOTOBOPOB U JPYTMX KOMMEPUECKUX
JOKYMEHTOB, KOTOpPBIE TPEOYIOT IOPUIMUECKOTO PACCMOTPEHHSI.

B paMkax JaHHOTO HCCIleOBaHMs KaT€rOpHHM ObUIM BBIOpaHBI BPYUHYIO JUIS
JEeMOHCTpauuu (PyHKIMOHAIbHOCTH MeTona. OHAaKo B AajbHEHIIEM IIaHUPYeTCs
aBTOMAaTH3aLlUs IPOIlecca CO3IaHus KIIaCCU(UKATMOHHBIX METOK C UCTIONIb30BAaHUEM
Oonee CIOKHBIX AJITOPUTMOB, YYHTHIBAIOLIMX OOJBIIMHA CIEKTP HMMEHOBAaHHBIX
0o0bekToB (NE) M MX KOHTEKCT B HPEIOKEHHH. OJTO YCOBEPILCHCTBOBaHUE
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MO3BOJIUT HE TOJIBLKO YIPOCTHUTH IIPOLIECC KIacCU()UKALNH, HO U TOBBICUTH TOYHOCTh
aHaJIN3a MPABOBBIX TEKCTOB HA Ka3aXCKOM SI3bIKE, UTO Oy/lIeT 0COOSHHO MOJIE3HO /IS
IUQPOBON IOPUCTIPYACHIIMHI U IPEJOCTABICHUS IOPHIMYECKHUX YCIYT.

BaxHBIM 11arom B IIOATOTOBKE HAIIETO HAOOpa JaHHBIX ObliIa TOKCHNU3ALMs, IIPU
KOTOpOl TMpeoOpa3oBbIBajl HEoOpabOTaHHBIE TEKCTOBBIC MOCIEAOBATEILHOCTH
B CTPYKTYpUPOBaHHBIH (hOopMatr, KOTOPbIH MODIM 0OpadaTbiBaTh HAIIM MOIEIH.
Ucnions3yst BertTokenizer u GPT2Tokenizer, Mbl rapaHTHPOBAIA COBMECTHMOCTh
Hamero Habopa JaHHBIX C COBpeMeHHbIMH Mozemsimu Transformer. st momenu
LSTM OBl WCIIONB30BaH CHEIHATBHBIA TPOIECC TOKCHWU3AINH, BKIIFOYAFOIITHNA
co3aHKe yHHKanbHOro conoctaienus Token2Index. ToT mporecc chIrpai BaXXHYO
POJIb B peoOpa30BaHNH TEKCTOB Ha Ka3aXCKOM S3bIKE B [IOCIIEA0BATEIbHOCTH LIETbIX
YHCeI, KaX10€ U3 KOTOPBIX MPeJICTaBIsAeT cO00 TOKEH MIIH CIIOBO B HAILIEM CIIOBApe,
KoTOpbIi mpeBbiaeT 72 000 yHUKaTbHBIX CIIOB. DTOT BCEOOBEMITIOLINHI CIIOBAPHBIN
3amac MMeN pellaroliee 3HadeHHe, MOCKOJIBKY OH OTpaXkasl JIMHTBHCTHYECKOE
pasHoo0pa3ue 1 CIOKHOCTh Ka3axCKOTo sI3bIKa, 3aKJIaIbIBasi MPOYHYIO OCHOBY IS
TOYHOTO 00Y4€HHS ¥ OLIEHKH MOJEIEH.

Pesyabratel u 00cy:kaeHue. B paMkax 1aHHOTO UcCie0BaHus OBl IPOBEICH
SMIIMPUYECKUH aHAJIHU3 C MCIIOJIb30BAHUEM TPEX LIMPOKO M3BECTHBIX apXUTEKTYP
11t 00paboTku ecrecTBeHHOTO si3bika: LSTM, BERT u GPT. Llensio uccnenoBanus
ObUTO OLCHUTH MX 3(P(EKTUBHOCTH B 337a4ax MYJIBTHKIACCH(UKALMM TEKCTa Ha
Ka3aXCKOM SI3bIKE, C OCOOBIM aKIICHTOM Ha IOPHANYECKYIO0 cdepy. AHaAmNU3 ObLT
HampaBiieH Ha IMPOBEPKY BO3MOKHOCTEH Mojesel B KiIacCH(PUKAMH TEKCTOB,
CBSI3aHHBIX C IPAaBOBBIMH JOKyMEHTaMH, CYICOHBIMH pa30upaTeabCcTBaMH U
FOPUIMYECKON MojiiepkKoii. Hatl Habop JaHHBIX, HATIOJIHEHHBIH MHOTOMEPHBIMU
arpuOyTaMH, CTajl UCIBITATeIbHON TUIOMAAKON U 3TUX MOAEJIEH, IPeIOCTaBHB
Oorarplif HAOOP TMHTBUCTUICCKUX OCOOCHHOCTEH JIJIsT OLICHKH.

@yukyus nomeps (Loss) u mounocms (Accuracy) modeneti

Mpbl Hayany Hally OLEHKY C OTKa3a OT HEIOYMEHHUS — MEpbl, TPaJuLlHiOHHO
CBSI3aHHOM C SI3BIKOBBIM MOJIETMPOBAHHEM — M BMECTO 3TOTO COCPEOTOUMIIN HAIIT
aHaJIM3 Ha TOTEePSIX U TOYHOCTH. DTH METPHUKH SIBJISIOTCS HAaMOOJIee BaXKHBIMU U JAI0T
npsiMoe TpezicTaBieHne 00 d(PPEKTUBHOCTH MOJEIH ISl 331ad KIIacCHU(HUKAIHH.
[Totepwu, Oyab TO JBOMYHAS MM KaTeTOpHaJIbHAS KPOCC-IHTPOIHS, pa3rpaHUuUBAIOT
PacxoXKIeHUE MIPOTHO3UPYEMBIX BEPOSITHOCTEH OT (PaKTHUECKUX METOK, IIPOJIMBasi
CBET Ha JIOCTOBEPHOCTh MOJIENIN — MJIM €€ OTCYTCTBHE. TOYHOCTh B CBOEH MPOCTOI
3NIETAaHTHOCTH M3MEpSieT JOJI0 IMPAaBHIIBHO KJIACCU()UIMPOBAHHBIX SK3EMILISIPOB,
YTO OTpaXKaeT MPAKTUIECKYI0 3P PEKTHBHOCTH MOJICTIH.

Hemonctpupys knaccndeckue npuzHakd RNN, myts LSTM Hauancs ¢ pezkoro
CHIDKEHHS TTOTePh B 00y4YeHHH, KOTOPhIE€ B KOHEYHOM WTOT€ BBHIILIM Ha TUIATO —
npusHaKk crabunpHOCTH 00yuenust (puc. 1). Tem He MeHee, ero 3QQeKTHBHOCTH
TIPOBEPKHU KojieOaaach, UTO SIBIISICTCS CBHUACTECIHLCTBOM OOPHOBI ¢ 000OIICHUSMH U
WHJIUKATOPOM MOTEHIMAIBLHOTO TepeoOydeHrs. DTa Bepcusl Oblia JOTOIHUTEIEHO
MOATBEPKJCHA OLIEHKAaMHU TOYHOCTH M HOJIHOTBI, KOTOPBIE, XOTS U TOXBaJIbHbI, HO
MIPEAIOoIarajid BO3MOXHOCTH IS YAydLIeH!sI 0000IEHUS] MOIETIH.
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bnaromapst cBoeit 6azoBoit apxurextype Transformer myts BERT o3namenoBancs
PE3KUM M HEYKJIOHHBIM CHIDKCHHEM IIOTEpb KaK Ha 3Tamax oOydeHMs, TaKk U Ha
sTamax npoBepkd. OH NPOIEMOHCTPUPOBAT 3aMeyaTesIbHYI0 3(P(EKTHBHOCTH
00yUeHHS, YTO OTPAKEHO B BBICOKMX MOKA3aTEJISIX TOYHOCTH, BOCIIPOM3BOIUMOCTH U
AUC. Macrepcto BERT B moHMMaHNM KOHTEKCTA, TOAKPETNIEHHOE MEXAaHU3MaMH
caMo00CITy>KUBaHUs, MPOSBUIOCH B NPEBOCXOAHOH 00paboTke KiaccuuKanuu
TEKCTa, YKPEIUIsisl €ro HaJKHOCTh MPH aHAJIM3€ TEKCTOBBIX HIOAHCOB B HAIIEM
Habope aHHBIX.

ABTOpErpeccHoHHasl MOZEb, U3BECTHAS CBOMMHU BO3MOXKHOCTSIMH TeHEpALMN
SI3BIKOB, CTOJIKHYJIACh C MpOOJIEMaMH MpU MEPEOPUEHTANH Ha KJIACCHU(HKALHIO.
Hecmorpst Ha mepBoHauanpHOE YIIy4lllEHHE TIOKasareneidl oOydeHHs, ero
MPOM3BOIUTEIIFHOCTh CTAOMIIN3UPOBAIACh, YTO YKA3blBaeT HAa IOTECHIMAIBLHOE
HECOOTBETCTBHE MEXKAY CKIOHHOCTBIO MOIENM U crnenudukod 3amaun. To4HOCTH
GPT, x0T m ynydmanach ¢ TEUEHHEM BPEMEHH, OCTaBaJach HMXKE 3BE3IHOMN
npousBogutesnibHocTH BERT, 4TOo CcOOTBETCTBYeT BHYTPEHHHM pa3Id4MsAM B
KOHCTPYKLIMH MEXIly TeHEPaTUBHBIMHU U TUCKPUMUHATUBHBIMU MOJICIISIMU.
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Pucynok 1 — [Toka3zarenu Tpex mMozeselt mo a) loss u 6) MeTpuke accuracy

Inowaow noo kpusou (AUC)

[Mnomane mom kpusori (AUC) mpemocraBuia YHHKaIbHOE MPEACTABICHUE
0 TPOU3BOIUTEILHOCTH MOJEIU MPH PANIUYHBIX MOPOTOBBIX 3HaueHUsX. OH
MIPOJIEMOHCTPUPOBAIT HAJISKHYIO PA3IMYUTEIIEHYIO CIIOCOOHOCTD KaXKIIOW MOJICIIH.
Onenku AUC BERT, nonoOHbIe apsieMy opiy, IOIYepKHYIIN €ro MPeBOCXOAHOE
MacTepPCTBO KIIACCU(PUKAIINY TIPU PA3JIMYHBIX TOPOraX MPUHSITHS PEIICHUSI, YTO SIS
OOJIBIIIEe TIOATBEP/IUIIO €r0 3aCIyTU B Halllel olieHKe (puc. 2).
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Pucynok 2 — Ilokazarens AUC st Tpex mozeneit

Uszmepenue mounocmu (Precision) u nonnomot (Recall)

[To Mepe TOro, kKak MbI KOHAJIM [IYOXKE, TOYHOCTh M TIOJIHOTA CTajH JyITOM,
OTpaXKaroIuM OayaHC MEXIy CHelU(DUYHOCTHIO U YyBCTBUTEIHLHOCTHIO MOJICIIH.
Precision (TOYHOCTH M3MEpEHMsI) MOKa3bIBaIa, HACKOJIIBKO XOPOIIO Ka)/1ask MOJICIb
OTIpe/IeIIieT COOTBETCTRYIONIME cirydan. Recall - m3MepeHue nmoHoThl — OTpaxaio
CHOCOOHOCTh  KaXIOW MOIENM HISHTH(DUIUPOBATH BCE COOTBETCTBYOIUE
sxzeMiuipbl. [IpeBocxoictBo BERT ObL10 04eBUIHO B 000HX CTyYasx, MOAYEPKHUBast
€ro TOHKYIO JIMCKPUMHUHAIIUIO COOTBETCTBYIONIMX (PPArMEHTOB TEKCTa CPEIU MOPS
JaHHbIX (pHC. 3).

OO111e# HUTHIO CpeIM MOZIETICH OBLIIO PACXOXKICHHE MEXK Ty IIPOU3BOIUTEIBHOCTHIO
OoOy4eHHUs] U TPOBEPKU. DTOT PACKOJ OTPAKACT BEYHOE MPOTUBOPCUHE MEWKITY
YCBOCHHBIMH MOJICJISIMH MOZEIH M €€ CHOCOOHOCTBIO K 00001IeHi0. D10 OanaHc
MEXIY 3allOMHUHAHUEM U aJIalTUPYEMOCTBIO — KJIIOU K Pa3BEPTHIBAHUIO MOJICIIU B
peanbHBIX CLEHAPUSX, IJIC IPEACKa3yeMOCTh JaHHBIX TaK XK€ Kalpu3Ha, KaK BETep.

Bce tpu monenu (BERT, GPT, LSTM) paGoTaiu Hal 0JJHOH U TOM Ke 3a/1aueii:
Kiaccu(uKayen mo HeCKOJIbKUM METKaM Ha OCHOBE THIIOB 0OBEKTOB BO BXOIHOM
TekcTe. OCHOBHOE Pa3iinuue 3aKIF0YaeTCsl B TOM, KaK OHU 00padaThiBalOT BXOIHBIC
JTAHHBIC M Y4aTCsl Ha MX OCHOBE, YUUThIBasl X apxuTekrypHbie pasnnuus. BERT u
GPT wucnosip3yroT apXUTEKTyphl IpeoOpa3oBaTelieii, ClIOCOOHbIE JIBYHAIPABICHHO
[MOHUMATh KOHTEKCT, B TO BpeMsi kak LSTM o0pabarsiBaeT JaHHbBIE TOCIIEIOBATEILHO,
YTO MOXKET MOBJIUATH HA TO, KAK OHU MHTEPIPETUPYIOT 3HAYCHUE U OTHOILICHUS CJIOB
B [IPEIIIOKECHUU.
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Pucynok 3 — [Toka3zarenu Tpex Mozesieli Mo MeTpHUKaMm a) precision u 0) recall

Bbraronaps TiaTenbHOM HACTPOIKE MOAEIH U ACTATBHOMY IIPOLIECCY OLIEHKH HaIlIe
HCCIEIOBAHNE MTO3BOJIMIIO MOJIYYUTh 3HAYUMMbIe pe3ynbTarbl. Apxurekrypa BERT,
ONITUMHU3UPOBAHHAS JJIS1 PACTIO3HABAHMSI KOHTEKCTYAJIBHBIX CBS3EH, IEMOHCTPUPYET
npeBocxozcTBo Hat LSTM B ctabunbHOCTH U nipou3BoguTeabHOCTH. Monens GPT,
XOTSI U HE JOCTHIVIA BBICOKOH TOUHOCTH KiacCU()MKALNK, TTOTYEPKUBAET MTOTEHINAI
HCIIONIb30BaHMs TeHEPATUBHBIX TOIXOIO0B B 3a/1a4ax JUCKPUMHUHALIIH.

Tabmuma 1. [lomy4yeHHbIe pe3yabTaThl HA OCHOBE TPEHUPOBOUHBIX JAHHBIX

Training Performance

Metric / Model LSTM BERT GPT

Loss 0.2093 0.0477 0.1073
Accuracy 0.4674 0.9255 0.5028
Precision 0.8453 0.9682 0.9414
Recall 0.8423 0.9631 0.9070
Auc 0.9495 0.9806 0.9515

Ta6m/1ua 2. HOJ’Iy‘IeHHBIe PE3YIILTAaThl HA OCHOBE BAJIMJALIMOHHBIX JTAHHBIX

Validation Performance

Metric / Model LSTM BERT GPT

Loss 0.1993 0.0481 0.1156
Accuracy 0.4681 0.9202 0.5111
Precision 0.8524 0.9712 0.9369
Recall 0.8483 0.9585 0.9105
Auc 0.9557 0.9781 0.9540

CpaBuuTenbHbII ananu3 nokasbiBaeT, yto LSTM, 6naronaps cBoeii ciocoOHOCTH
3¢ dexkTUBHO 00paldaThIBaTh MOCICAOBATEIBHbIC JaHHBIC, COXPAHSIET aKTyaJbHOCTh
B 3a7a4yax aHayimza Tekcra. Pesynsratel BERT, ocHOBaHHBIE Ha MpenMyIEcTBax
napajulelbHOH  00paboTKM € HCIIOJIb30BaHMEM apXHUTeKTypsl Transformer,
noaTBepkaaloT €€ 3()(EKTHUBHOCT, B MOJACIUPOBAHUM  CIIOKHBIX  S3BIKOBBIX
3aBucuMocteil. Habmronenust 3a padoroii GPT yka3pIBaloT Ha TEKyIIME OrpaHUYCHHUS
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reHEepaTUBHBIX MOJeNied B KIacCH()MKAIMOHHBIX 3a7adaX, YTO pacUIMpsieT Halie
MMOHMMaHKE X TIPUMEHEHUs B 00pabOTKE €CTECTBEHHOTO SI3bIKA.

Mopnens LSTM mnokazana 3aMeTHOE COKpalleHUE MOTEePb MPH OOyYEHHH, YTO
CBHIETEILCTBYET 00 00yUCHNH, HO IOKA3aTEIH IPOBEPKH BBISIBUIIN BOJATHIIBHOCTD,
MPEATOJIAraolyi0 CKIIOHHOCTh K MepeoOydeHnIo. DTO OTpaskaeTcs Ha TOYHOCTU
U TIOJHOTE MOAENH, KOTOpPbIE, HECMOTPS Ha BBICOKMH YpPOBEHb, HE JOCTUIIN
ONTUMAJIBHOTO OajiaHca, 0 4eM CBUAETEIbCTBYIOT Apyrue moxaenu. [lokazaremun
AUC nnst o0yuenus u nposepkr LSTM ObLin BBICOKMMH, OJHAKO OHU OCTaBaJINCh
HEU3MEHHO HWXe mokazarenei, nocturuyteix BERT, uto curnanusuposaio o
HECOOTBETCTBHHU B COTMIACOBAHHOCTHU KJIACCH(PHUKALIUK MPU PA3IMYHBIX TTOPOTOBBIX
HacTpoUKax.

[IpomsBomurensHocTh BERT Obuta oTMedeHa OBICTPBIM M YCTOWYHMBBIM
CHI)KGHHEM TIOTEepb NpU OOYyYEHHH, YTO COIIACYEeTCS C €ro apXUTEKTYPHBIM
MPEeUMyIIEeCTBOM B 3(PQPEKTHBHOM HCIOIB30BAHUM KOHTEKCTa ITOCPEICTBOM
JByHanpasieHHOH oOpaboTku. [lotepst Bamumauuu orpaxana npoduis o0ydeHus,
IIpeAIonaras IpeBOCXOAHBIN EPEHOC 00yUEeHNUS HA HEBUIUMBbIC JaHHbIE. TOUHOCTb,
BOCIIPOU3BOAUMOCTE, ToaHOTa u AUC Mojenu ObUTH OIMHAKOBO BBICOKUMH, YTO
MOJYEPKUBAJIO €€ HaJIeXKHOCTh U NPEBOCXOAHYIO MPOM3BOAUTEIBLHOCTE B 3aadax
knaccuukanuu. [IpumeuarensHo, uto mnokasareab AUC, mnpencTaBistomii
COBOKYNHYI0 3()(EeKTHBHOCTH MOAENM IO BCEM IIOPOTOBBIM  3HAUYCHUSIM
KJTaccUupUKaIu, ObLT caMbIM BBICOKUM 1Ist BERT, uto moaTBep )k aet ero CHiIbHyIo
JTMCKPUMHUHALOHHYIO CTIOCOOHOCTb.

Kpusast o0y4uenust momenmn GPT, XOTst U 1eMOHCTpUpYeT yIydIllleHHe, BBIILIIA
Ha Tuiato panbine, yeM kpuBass BERT, uro ykaspiBaeT Ha HacbllieHHE 00y4YeHHS,
KOTOPOE MO’KHO OOBSCHUTH F€HEPAaTUBHBIM XapaKTepOM MOJIEIIH, KOTOpast MOJKET HE
ONITUMAJTLHO COTVIACOBBIBATHCS C 337a9aMi Kitaccudukanyu. [Ipon3BotuTenbHOCTh
monenu GPT cooTBercTBOBana OXHIAHWUSAM OT MOJAEIH, B IEPBYIO OYepenb
MIpeJHAa3HaYeHHOM AJIs TEHEpaliH, a He TUCKPUMUHALMY, O YEM CBHIECTEIBCTBYIOT
ee Oonee HU3KHe nokazarenu TouHocTr 1 AUC no cpaBHennto ¢ BERT.

Mexay sTanmamMu OOydeHHsl W TMpoBepkHu ObuIo 3adukcupoBano, uto BERT
COXpaHAJ HauOOJBIIYI0 COMIACOBAHHOCTh MPOM3BOAUTEIBHOCTH, B TO BpeMs
kak LSTM u GPT pemoHcTpupoBanu Oonee CyIIECTBEHHBIE DPACXOXKICHHS.
Oto TroBOpUT O TOM, uyTo apxuTekTypa BERT m mpemBapurenpHOe OoOydcHHE
Ha pa3MUyYHBIX KOPITycaxX CIIOCOOCTBYIOT JIydyllIleMy OOOOIICHHWIO, YTO SIBISETCS
KPUTHYECKUM (PaKTOPOM ISl PeaibHOTO IPUMEHEHHUS, TJI€ MOZIEJIN CTAJIKUBAIOTCS C
Pa3HOO0Opa3HbIMU M HETIPEICKa3yeMbIMU JTAHHBIMHU.

Taxum 00pa3om, TaHHBIE TOATBEPIKIAIOT BEIBOA O TOM, 4TO apxuTektypa BERT
Ha ocHOBe Transformer oOecreunBaeT CymIeCTBEHHBIC MPEHMYIIECTBA B 3aqadax
KJIacCU(UKAIMHU, O YeM CBHJICTEIBCTBYET €€ BhICOYaHIasi MPOU3BOAUTENLHOCTD TI0
BCEM OIICHMBAaEeMBIM IokazatelsiM. LSTM, XoTs U 1mosie3eH I TPOTHO3UPOBAHUS
MOCJIEJIOBATEILHOCTH,  MOXKET  MOTpeboBaTh  NajbHEHIIEH  ONTUMHU3AINH,
9T00Bl YMEHBIINTH IEPeoOyueHHE M YAydlHUTh o0oOmeHue. bornee HM3Kas
npou3BoAuTeNbHOCTs GPT B 3TOM KOHTEKCTE YCHIIMBAET IPEAPACIIONOKEHHOCTh
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MOJC/IM K TCHCPATUBHBLIM 3aJa4daM, YKa3biBas Ha HGO6XOI[I/IMOCTB THIATCJIbHOTO
PacCMOTPCHU IPpU €€ NIPUMCHCHUHU K 3a/1a9aM KJ'IaCCI/I(I)I/IKaI_II/II/I.

Ilo MEpe TOro, KakK Mbl HamMecdacM IIyTb BICPCA, HAIIC BHHUMAaHUC
COCPCAOTAYMBACTCA Ha YIYUHICHUMW TOHHMAaHUA O3STHUMHU MOACIIAMU CJIOKHBIX
MOBCCTBOBATCIIBHBIX CTPYKTYP, OCOOCGHHO 3a CYeT HUHTCTpalliu pacrio3HaBaHUs
Cyu[HOCTeﬁ B MEPCKPECTHLIX MPCIIIOKCHUAX. Ota HWHHUIMAaTHBa HAIlpaBJICHA HaA TO,
YTOOBI pacoimpuTb BO3MOXHOCTHU Moz[eneﬁ 3a NPCACibl OTACIBHBIX HpGZ[JIO)KeHI/Iﬁ
" Ha OCJIbIC JOKYMCHTBI, TEM CaMbIM o60rama${ KJ'IaCCI/I(i)I/IKaI_II/IIO bomee FJ'IY6OKI/IM
MMOHMMAaHUCM TCKCTOBOTO KOHTHHYYMA. Tlo3BOs1s HamIMM MOJCIIAM pa3jinvarb U
HUHTCPIPETUPOBATH BCGO6’LCMHIOH.[€€ MOBECTBOBAHUC, Mbl CTPEMHMCS ITOBLBICUTH
TOYHOCTD 3a1a4 KJ'IaCCI/I(i)I/IKaLII/II/I, TEM caMbIM 00Jiee TOYHO COITACOBHIBas MOJECIH C
TOHKOCTAMM ITIOHUMaHUA YCJIIOBCYCCKOI'O A3bIKA.

3akmiouenne. B 3TOM  CpaBHHTENBHOM aHalW3€ MBI  HCCIEIOBAIN
npousBonutenbHocth Mozaeneir LSTM, BERT u GPT B kxoHTekcTe 3anaun
KJIACCU(DUKAIIMH C YETHIPHMsI TBOMYHBIMU METKAMH, 331a49H, KOTOpasi paciuIupser
rpaHuIpl Kinaccuduranuu Tekcta B oOmactm NLP. brmaromaps TmarensHOMY
WCCIIEZIOBaHUIO, OCHOBAaHHOMY Ha TaKUX ITOKa3aTelsX, Kak IOoTeps, TOYHOCTb,
BocnpounsBoauMocTs 1 AUC B Teuenue 20 31ox, Mbl 00HApY UM MHOTOTPaHHBIN
B3MUISA]] HA JMHAMUKY O0OyUeHUS KaKIOW MOJIEIH U €€ CITOCOOHOCTh K 0000IICHHUIO.

[Ipu onenke 3¢ dexrnBHOCTH MOmenerd NLP mist kiaccudukanum Tekcrta ObIT
MIPOBEJCH aHaNu3 NaHHbIX, cpaBHUBaromui Mmoaenu LSTM, BERT u GPT. Ouenka
OCHOBBIBAJIaCh Ha HA0OpE IMOKa3aTesiell — MOTepsX, TOYHOCTH, NMPEIU3NOHHOCTH,
or3piBe 1 AUC — B Teuenue 20 mepromoB OOy4YeHHWs, YTO JABAJIO MOITHOE
MIPECTaBICHNE O CIOCOOHOCTH Ka)JIOW MOJETH K OOy4eHHI0 M 3PQPEKTHUBHOCTH
00001IeHHS.

B nienmom Hecmotpst Ha To, uto cTpyktypa BERT Ha ocHOBe TpaHchopmaTopoB
JoKazajga CBOKO 3(M()EeKTUBHOCTh JUIsI TIOCTABICHHOW 3aja4yu, OOecrednBas
MIPEBOCXOHYI0 TPOHM3BOAUTENFHOCT 110 BCEM OIEHMBAEMBIM ITOKA3aTeNsM,
ocraercst emie Oonbmiol moteHiwan B nopaborke LSTM st ymeHbIIeHUs
nepeoOydenust 1 ontumuzaruu GPT mist 3amau kmaccudukanuu. Hamm Oymymme
ycuius OyAyT BKIIOUaTh HE TOIBKO HMTEPATHBHBIE YCOBEPIICHCTBOBAHMS 3THX
MoJIeNiell, HO W Pa3paboTKy NEpEeNOBBIX METONOB, TAaKUX KaK paclo3HaBaHUE
00BEKTOB B IEPEKPECTHBIX MPEUIOKCHUSAX, YTOOBI elle OOJbIIe paCIIUPUTh
TpaHUIIBI BO3MOKHOCTEH Kimaccuduranuu NLP.
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Abstract. Enterprise Resource Planning (ERP) systems have evolved into
advanced business management platforms, integrating diverse organizational
processes. The increasing need for real-time data processing and intelligent
decision-making has led to the incorporation of machine learning (ML) and hybrid
optimization into ERP systems, enabling greater efficiency, automation, and
predictive capabilities. This paper systematically reviews the latest developments
in ML-driven ERP solutions, analyzing over 70 scholarly articles. ML algorithms
improve demand forecasting, inventory management, and resource allocation, while
hybrid optimization effectively balances costs, operational efficiency, and resource
distribution. The integration of ML with ERP significantly enhances supply chain
operations, streamlining logistics, procurement, and warehouse management while
reducing inefficiencies.
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The role of ML-powered ERP in human resource management (HRM) is also
explored, particularly its application in employee turnover prediction, recruitment
optimization, and workforce planning. Additionally, ERP security and transparency
are being enhanced through technologies such as federated learning and blockchain,
ensuring secure and decentralized data management. Future research will focus
on deep learning, cloud-based ERP, and big data analytics, which will further
enhance predictive modeling, business intelligence, and operational automation.
The incorporation of artificial intelligence (Al), IoT, and smart decision systems
will allow enterprises to optimize workflows, reduce risks, and develop data-driven
strategic frameworks, ensuring resilience and adaptability in highly dynamic
business environments.

Key words: ERP systems, machine learning, hybrid optimization, big data,
artificial intelligence, automation, predictive analytics.
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03bIK TuIaTGopManapbiHa alHaNIbl. HaKThl yakbIT peXuMiHIE AepeKTepii
OHJIEYTEe JKOHE MHTEIUISKTYaJIbI IICHTiMIep KaOblaayFra JereH ocil Keye KaTKaH
KOKETTUTIK MalIMHAJIBIK OKBITYBI (MO) enrizyre sxone KPX skyiienepine rubpumnri
OHTaWIaHBIPYFa ajbIll KeNJi, OYJI THIMJIUTIKTi, aBTOMATTaHABIPYIbI, COHIaNH-aK
OoIDKaMIBIK MYMKIHAIKTEep/Ii apTThipaabl. by makamana MO wrerizingeri KPXK-ra
KaTBICTHI IIETIIMEPi CaTaChIHIaFbl COHFBI )KETICTIKTEp XKYHeN Typae Kapanbi, 70-
TEH acTaM FBUIBIMU Makaia Tainnaabpl. MO anropuTMiiepi CypaHbICThI OOIDKAYIIbI,
WHBEHTApU3alMSHBI 0acKapylbl >KOHE pecypcTapabl Oemymi >kakcapTajbl, Oyl
peTTe THOPHIATI OHTAWIaHJBIPY IIBIFBIHIAP/BI, ONEPANHSIBIK THIMIUTIKTI XKOHE
pecypcrapabl Oemyni THiMAl TeHecTipin oTelp. MO-absiH KPXK-Men nnterpauunscet
JKETKI3y Ti30eriHiH OIepanusIapblH aUTapibIKTal JKaKcapTaJlbl, JOTHCTUKAHBI,
carblll  alyAbl OHTAWIAHIBIPAABI, COHAAW-aKk KoWMamapabl Oackapy JKoHE
TUIMCI3IIKTEP/Ii a3aiTaIbl.

Conpnaii-ak, Kaapiblk pecypcrapasl 0ackapynarsl (KPB) MO-neiH pemi, aran
aliTKaH/a, OHBIH KaJpiapiblH TYpaKTalyblH OOJDKayFa, )KYMBICKA KaObUIIaymIbl
OHTaWIaH/BIPYFa KOHE KYMBIC KYIIIiH jKOCTIapiiayFa KOJJaHYbl KapacThIPbLIAIbL.
bynan Oacka, KPX xayincizmiri MeH amibIKTBIFBI JEpeKTep/i Kayilci3 j>KoHe
OPTANIBIKCHI3IAHIBIPBUTFaH OacKapyFa MYMKIHIIK OepeTiH QeaepaiblK OKBITY
JKoHE OJIOKYCHH CHSIKTHI TEXHOJIOTHsIIapMeH KymiewTineni. bomamak 3eprreynep
TepeH OKbITyFa, OynaTTel KP)XK-Fa, coHpmaif-ak YIKeH JepeKTep TajjiayblHa
OarpITTaNaThiH OoNazpl, OV OOKaMIBl MOJEBJACYMi, OW3HEC-WHTEIUIeKTTI,
orepanusiappl aBTOMATTAHABIPYIABl OJaH dpi JKaKcapTyFa MYMKIHIIK Oepei.
XKacauner waTeekrti (OKUW), waTepHer 3arrap (M3) >koHe WHTEIIEKTyalibl
memnriMzep KaObUIAay JKYyHeNepiH eHTi3y KOCIMOpBIHAApFa JKYMBIC MPOIECTepiH
OHTaWIaHBIPYFa, TOYEKEN]li TOMEHJIETYTe JKOHE JKOFaphl CEpIiHII AaMBIN KeJe
JKaTKaH OW3HEC OpTaja TYPAKThUIBIK IEH TEMe-TeHMIKTI KaMTaMachl3 €TeTiH
JIepeKTepre HeTi3AeNTeH CTPATeTHUsUIBIK HeTi3/Iep/Ii TaMbITyFa MYMKIHIIIK Oepeti.

Tyiiin ce3mep: KPXK >xyifenepi, MalinHANBIK OKBITY, THOPHITI ONITUMU3AIHS,
YIJIKEH JepeKTep, )KacaH bl MHTEJUICKT, aBTOMATTaH IbIPY, OOJDKAM/IBIK aHAJTUTHKA.
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AnHotanmus. Cucrembl MIaHupoBaHus pecypcoB mpeanpustus (CIIP)
MPEBPATHITUCH B MEPEIOBbIE MIaT(HOPMBI YIIPABICHHS OM3HECOM, OOBEIUHSIOIINE
pasTUYHBIC OpraHW3allMOHHBIC TIpollecchl. Pactymias moTpeOHOCTs B 00padoTKe
JIAHHBIX B PEKHME PEaNbHOTO BPEMECHHU M MIPUHATHU HHTEIUICKTYaTbHBIX PEIICHUN
npuBena K BHEAPEHUI0 MaMHHOTO 00y4enust (MO) u rubpuIHON ONTHUMU3AIMN
B CIIP-cucremsl, obecrnieunBas moBbIIeHHE 3()()EKTUBHOCTH, aBTOMATH3AIUIO
M BO3MOXXHOCTH TIIPOTHO3MPOBaHWA. B 1maHHOW cTaThe CHCTEMaTHYecKd
paccMaTpuBarOTCs TocneaHue noctmxenus B oonactu CIIP-pemennii Ha ocHOBE
MO, npoananuzuposano 6onee 70 HayuHbIX cTareil. Anropurmbel MO ymydmniaior
MMPOTHO3UPOBAaHUE CIIPOCa, yMpaBJICHUE 3allacaMHi U paclpelleieHne PecypcoB,
a ruOpuaHas onTUMU3anus dPHEKTHBHO OaTaHCHPYET 3aTpaThl, OMEPAITHOHHYIO
3¢ dexTUBHOCTD U pactpenenenue pecypco. Muarerparus MO ¢ CIIP 3HauntenbHO
ylIydliaeT paboTy UEMoYeK MOCTABOK, ONTHUMHU3UPYs JIOTHCTHKY, 3aKyNKd U
yIpaBJIeHHUE CKIIalaMu ¥ CHUKast Hed(PPEKTUBHOCTb.

Taxoke paccmarpuaercs posb CITP Ha 6aze MO B yIipaBiIeHIH Y€TTOBEUCCKUMHU
pecypcamu (YUP), B yacTHOCTH ee IPUMEHEHHE TSI TPOTHO3UPOBAHUS TEKYIECTH
KaJpoB, ONTUMH3ALINU HaliMa U MJIaHUPOBAHUS TPYAOBBIX pecypcoB. Kpome Toro,
6e3omacHocTh U ipo3padHocTs CIIP moBsImaroTcst Oaronapsi TaKMM TEXHOJIOTASIM,
Kak ¢enepaTUBHOE OOydYeHHE W OJOKUCHH, 0OeCIeunBalOmMUM Oe30macHOEe |
JICTICHTPAIM30BAHHOE YIpaBJIeHHE JaHHBIMH. bymymue wuccienoBanus OynyT
COCpEIOTOUCHBI Ha TyOokoM 00yueHuu, oOnmaunbix CIIP u aHamuTHke OOMBIIAX
JAHHBIX, YTO IIO3BOJUT emle OOJbIlle YCOBEPIICHCTBOBATh MPEIUKTHBHOE
MOJIENTUPOBaHNE, ON3HEC-aHAUTHKY U aBTOMATH3AIHIO OTIepaIinii.

Buenpenune wuckycctBennoro wunreiiekra (M), umatepnera Bemeit (MB)
YW WHTCIUICKTYQJIbHBIX CHUCTEM NPUHSATUS PEIICHUH TO3BOJUT MPEIIPUITUIM
ONTUMHU3WPOBaTh pabouue TMpoIecchl, CHU3UTh PUCKA U  paszpadorarh
CTpaTernYecKrue OCHOBBI, OCHOBAaHHBIC HA JAHHBIX, 00ECIIeurBas yCTOMYNBOCTh U
aIaTITUBHOCTD B BHICOKOJAMHAMUYHOMN OM3HEC-Cperie.

KioueBsie ciioBa: CIIP-cuctembl, MammmHHOE 00y4eHue, THOPUIHAS ONITUMH-
3a1us, OONBIITNE TaHHBIC, UCKYCCTBEHHBI MHTEIICKT, aBTOMATH3AIIHS, TPOTHO3HAS
aHAJIMTHKA.
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Introduction. ERP (Enterprise Resource Planning) systems have evolved from
basic process integration tools into sophisticated platforms essential for managing
complex business processes and data across finance, production, logistics, and
human resources. This evolution reflects the increasing demands of modern
industries for real-time data processing and enhanced decision-making capabilities.
Recent advancements in machine learning (ML) and hybrid optimization represent
a pivotal shift in ERP’s capabilities, enabling more intricate operational efficiency,
automation, and predictive analytics (Azevedo, et al., 2024). Traditional ERP
systems were often limited by high implementation costs, lack of flexibility, and
scalability issues, which hindered adoption. However, as industries adopt digital
transformation strategies, ERP systems must now go beyond basic integration to
support data-driven processes that align with strategic goals. For instance, hybrid
optimization in ERP supply-chain management has shown promise in energy
management applications, where fluctuating demand and external variables, such as
energy prices and regulations, require adaptive optimization (Reddy, et al., 2024).
The shift towards ML-integrated ERP represents a significant milestone in digital
transformation, promising benefits in strategic planning and operational insights
that support long-term objectives (Ebirim, et al., 2024).

Methods and materials. A comprehensive systematic literature review was
conducted to explore current trends in ERP systems, focusing on advancements in
ML and hybrid optimization. Seventy recent articles were selected using inclusion
criteria based on relevance to ML and hybrid optimization in ERP systems. After an
initial screening, fifteen articles were further reviewed to assess specific contributions
to ERP technology, covering a diverse range of applications across industries. The
literature review methodology involved filtering by keywords related to ERP, ML,
and optimization techniques in databases like Scopus, IEEE Xplore, and Web of
Science. Figure 1 below illustrates the article selection and filtering process, which
ensured that the analysis included only the most relevant studies.

Machine learning (ML) and hybrid optimization in ERP systems

The introduction of Machine Learning (ML) and Hybrid Optimization techniques
into ERP systems represents a critical milestone in this evolution, enabling more
complex operational efficiency, automation, and real-time predictive analytics.
As industries increasingly rely on data-driven processes, ERP systems must now
offer capabilities that not only support basic functions but also enhance long-term
strategic decision-making by offering predictive insights and automation at scale
(Feng, et al., 2024).

The transition from traditional ERP systems, which primarily focused on
process integration, to modern ERP systems that leverage Al and ML reflects
the broader trend towards digital transformation. Its applications in supply-chain
management where, in addition, hybrid optimization, is also gaining traction in
energy management systems integrated into ERP platforms. This approach enables
companies to optimize their energy consumption based on fluctuating demand and
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external variables, such as energy prices and environmental regulations. In this
context, ERP systems are increasingly being used not only for automating repetitive
tasks, but also for providing analytical insights that drive strategic initiatives (Tuli,
etal., 2022).

Traditional ERP platforms were limited by high costs, lack of flexibility, and
challenges with scalability. The implementation of ERP systems encompass elevated
failure rates, intricate deployment procedures, budgetary excesses, opposition to
change, the necessity for proficient change management, difficulties associated
with customization, integration complications, and insufficient user training. ML
algorithms provide ERP systems with the ability to learn from historical data and
make informed predictions about future outcomes. This capability has significantly
enhanced various facets of ERP systems, including demand forecasting, inventory
optimization, and maintenance scheduling (Feng, et al., 2024).
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Figure 1. Method of systematic literature review.

ML algorithms enhance ERP systems by enabling predictive analytics,
demand forecasting, inventory optimization, and maintenance scheduling, as
well as optimizing resource management and strategic planning. In supply chain
management, for example, ML-based models can adjust inventory levels in real
time by analyzing seasonality, economic conditions, and historical sales trends.
The observation that ML-enhanced ERP systems reduce lead times and improve
inventory turnover rates, showcasing ML’s practical benefits for supply chains
(Fadojutimi, et al., 2024). In human resource management, ML algorithms help
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predict employee turnover, optimize hiring strategies, and align HR objectives with
long-term organizational goals. Hybrid optimization, combining ML with traditional
optimization methods, addresses complex multi-objective challenges within ERP
systems by balancing trade-offs like cost, resource allocation, and operational
efficiency. In addition, performed SWOT analysis of optimization algorithms that
offers insights into how hybrid approaches effectively enhance ERP performance
through the integration of predictive analytics with operational processes.

One of the primary applications of hybrid optimization is in supply-chain
management, where businesses must constantly balance competing objectives—
such as inventory management, cost control, and lead-time reduction. Also, an
application of multi-objective optimization to ERP systems to streamline decision-
making processes by integrating factors such as production costs, employee
schedules, and resource allocations into a unified model (Feofanov, et al., 2020).

Industrial applications of ERP systems with ML and hybrid optimization
techniques

The integration of ML into supply-chain management has revolutionized
logistics and inventory management. By analyzing large datasets, ERP systems
with ML capabilities can predict demand trends, optimize supply routes, and
manage inventory more effectively (Gollangi, H.K., et al., 2024).

By automating demand forecasting and inventory replenishment, ML-based ERP
systems help businesses minimize overstocking and stock-outs. Additionally, ML
algorithms analyze external factors such as market trends, customer preferences,
and historical data to ensure that the supply-chain is agile and responsive to changes
in demand (Hammouch, et al., 2024).

ERP systems have also found significant applications in HRM. By utilizing ML
models, businesses can predict employee performances, assess recruitment needs,
and optimize workforce management (Zhao, 2024). It’s been demonstrated that ML
enabled ERP systems improve the alignment between human resource strategies
and organizational objectives. This alignment ensures that staffing levels are
optimized, based upon past data, to meet current and future needs of the enterprise
(Jawad, et al., 2024).

Emerging technologies in ERP systems

Inaddition to its applications in supply-chain management, hybrid optimization is
also gaining traction in energy management systems integrated into ERP platforms.
This approach enables companies to optimize their energy consumption based on
fluctuating demand and external variables, such as energy prices and environmental
regulations. By employing hybrid optimization techniques, companies can reduce
their operational costs while adhering to sustainability goals (Krishna et al., 2024).

Big data analytics enhances the capabilities of cloud ERP by enabling the analysis
of massive datasets. This allows businesses to derive actionable insights from data
and improve various areas of the business such as decision-making processes
across various domains, including finance, supply-chain management and customer
relationship management (Lu, 2020). The integration of Al into ERP systems is a
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significant development that has enabled businesses to automate complex decision-
making processes. Al-driven ERP systems can automate repetitive tasks and enhance
predictive analytics. These cognitive ERP systems are capable of processing vast
amounts of data in real time, providing recommendations for optimizing resources
and improving operational efficiency (Hrischev, et al., 2023). The reviews highlight
how hybrid ERP systems can benefit from integrating ML for real-time resource
optimization. Hybrid optimization models which are combining deep-learning,
genetic algorithms, and predictive analytics have proven effective in improving
ERP scalability and decision-making (Kumar, 2024).

In overall, current emerging technologies in ERP systems could solve the
challenges such as the complexity of integrating ML models and techniques into
existing ERP systems and managing large-scale data more efficiently. Table 1
outlines current technologies applications and its benefits in summarized content.

Table 1. Comparative analysis of emerging technologies in ERP systems

# Technology Applications Benefits
1 . labili ibili -
Cloud ERP Data storage, real-time access Sca al.)l ity, accessibility, cost
effectiveness
2 Big data analytics PredicFive modeling, customer Deeper insights., improved decision-
analytics making, analytics
3 Al Automation, predictive Automation of tasks, better
analytics resource management
4 Blockchain Secpre tran§actions, supply- Enhanced s.egurity, transparency,
chain tracking and traceability
> IoT Integration Real-time data processing Tmp rove.d operational efficiency,
automation

Results and discussion.

Although the current advancements in ML and hybrid optimization in ERP
systems offer substantial benefits, certain areas are still unexplored. One of the
promising avenues for future research is the application of federated learning to
enhance data privacy in ERP systems. By enabling decentralized ML models which
allows businesses to process data locally while protecting sensitive information.
Specially, it is vital if data has to be stored on-premises in local servers.

Integrating blockchain technology into ERP systems offers a secure and
transparent way to track transactions and manage supply-chains. Blockchain’s
immutable ledger could be used to enhance the security and traceability of
transactions within ERP systems.

The integration of ML and hybrid optimization in ERP systems has enhanced
decision-making and operational efficiency, although challenges remain in data
privacy and scalability. Future research should focus on federated learning, which
allows decentralized ML models to process data locally, addressing privacy concerns
without sacrificing ERP performance. Federated learning is particularly promising
for companies that store data on local servers and require high data privacy.
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Additionally, blockchain technology could strengthen ERP systems’ security and
transparency, particularly in transaction tracking and supply-chain management.
Table 2 contrasts the areas already well-researched against those requiring further
exploration to advance ERP system adaptability.

Table 2: Comparison of researched vs. Unexplored areas in ERP systems

Researched areas Unexplored areas
ML for predictive maintenance in ERP | Integration of federated learning for data privacy in ERP
systems structure systems

Hybrid optimization for supply-chain | Block-chain integration for supply-chain functions

management in ERP systems traceability in ERP systems
Al-driven human resource | Cognitive ERP systems for automated decision-making
management in ERP implementation

Cloud technology implementations for

scalability and real-time access in ERP Al-enhanced cybersecurity in ERP systems

Big data analytics in ERP systems for | Decentralized ERP models with block-chain integration in
customer insights ERP systems

Integration of gamification models in ERP systems

Virtual Reality (VR) & Augmented Reality (AR)
technologies implementation in ERP systems

Enterprise Architecture (EA) integration with ERP Systems

As shown in the above table 2, further research could explore studies in the
application of federated learning, block-chain integration, cognitive ERP systems,
edge computing in hybrid ERP systems, gamification integration, VR / AR
technologies integration into ERP Systems and TOGAF framework implementation
along with ERP systems to address scalability, flexibility challenges and enhance
ERP systems adaptability for current trends.

Conclusion. The literature demonstrates that ML and hybrid optimization
methods are reshaping ERP systems by enhancing resource allocation and
decision-making processes. Nevertheless, effective ML model implementation
faces significant challenges, especially concerning data privacy and scalability. As
ERP systems continue to evolve, integrating emerging technologies like Al and
blockchain is anticipated to play a crucial role in developing resilient, adaptable,
and secure enterprise management solutions.

The amalgamation of ML and hybrid optimization methodologies into ERP
systems has fundamentally transformed the manner in which organizations
administer their operational workflows. These advanced technologies furnish
sophisticated capabilities for predictive analytics, instantaneous decision-making,
and enhanced operational efficiency. Their utilization is particularly pivotal in
industries such as manufacturing, supply chain management, and human resource
management, where they have empowered enterprises to optimize performance
metrics and foster sustainable growth trajectories.

As ERP systems perpetuate their advancement, the incorporation of nascent
technologies such as artificial intelligence (Al), cloud computing, gamification,
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augmented reality (AR) and virtual reality (VR), enterprise architecture (EA), and
blockchain will assume a vital position in molding the future landscape of enterprise
management solutions. Subsequent research endeavors should concentrate on
investigating how these innovative technologies can be harnessed to surmount
existing obstacles and to engender more resilient, scalable, adaptable, and secure
ERP frameworks.

Consequently, forthcoming studies could catalyze the progression of these
models, scrutinizing their scalability and exploring the potential of sophisticated
Al methodologies to enhance the adaptability and efficiency of ERP systems.
In conclusion, the primary challenges associated with ERP implementation
encompass elevated failure rates, intricate deployment procedures, budgetary
excesses, resistance to organizational change, the imperative for effective change
management, hurdles in customization, integration complexities, and inadequate
user training. Addressing these impediments is imperative for organizations to
successfully deploy ERP systems and attain the anticipated levels of operational
efficiency and productivity.
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Abstract: Suicide remains a critical public health concern worldwide, with many
cases preceded by identifiable warning signs. Social media platforms, particularly
Reddit, serve as valuable resources for detecting suicidal ideation through user-
generated text. This study proposes a machine learning model utilizing Bidirectional
Long Short-Term Memory (BiLSTM) networks with an attention mechanism to
automate the detection of suicidal tendencies in Reddit posts.

A dataset comprising posts from the “SuicideWatch” and “depression” subreddits
was collected via the Pushshift API and labeled as either suicide-related or non-
suicidal. The preprocessing pipeline included case folding, HTML tag stripping,
tokenization, stopword removal, and sequence padding. The dataset was balanced
to ensure an equal distribution of suicide and non-suicide posts and was split into
training (60%), validation (20%), and test (20%) sets.

The model architecture integrated an embedding layer, BiILSTM units, an
attention mechanism, and fully connected layers. Training was conducted using
the Adam optimizer and binary cross-entropy loss, with early stopping applied.
Evaluation metrics indicated strong model performance, achieving an F1 score of
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0.91 on the validation set and 0.95 on the test set, with an AUC-ROC of 0.98 and
0.989, respectively.

The findings demonstrate the effectiveness of BiLSTM with attention for
suicidal ideation detection, outperforming many existing models. Early detection
of suicidal tendencies in online communications can significantly improve mental
health outcomes and save lives.

Key words: machine learning, natural language processing, bidirectional
LSTM, attention mechanism, suicidal ideation detection
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AnnoTtanus: Cynuua OyKii anemae MaHbI3Ibl KOFaMJIBIK JCHCAYJIBIK Maceseci
0okl Kana Oepyze oHe KOITereH KaFAainap ajiblH ajla aHbIKTalaThlH ECKEPTY
OenrinepiMeH Kypeai. OneyMeTTik Menua mardopmainapsl, ocipece Reddit,
naiganaHymbuiap a3faH MOTIHIEP apKbUIbl CYHMIMITIK OMJIApIbl aHBIKTAYIIbIH
KYHJIBI pecypcbl 0obIn Tabbuansl. by 3eprrey Reddit skaz0anapeinga cyuuuaTik
OeHiMALTIKTI aBTOMATTHl TYPAE aHbIKTAy YLIIH Ha3ap MeXaHU3Mi 0ap eKiOarbITThI
y3aK Kpicka Mep3iMai kanel (BiLSTM) xkeninepin naiianaHaThlH MallMHAIBIK
OKBITY MOJIEJIIH YCBHIHAIBI.

«SuicideWatch» xone «depression» cyOpeaauTTepiHeH ajbIHFaH Ka3z0amapaaH
TypatelH Aepekrep XUbIHTBIFBl Pushshift APl apkpuiel skuHanbin, cyunuanexH
OalimaHbICTB HeMece OallIaHBICTBI eMec J1el TaHOa aH bl. AJIJIBIH aJla OHACY Ke3eH1
MOTIHJI Kilmi apinke aybicTeipy, HTML TertepiH k010, TOKEHU3AIHsI, MaFbIHAJIBIK
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KYK KOTEPMEHUTIH CO3MIep/Ii ajblll TacTay JKOHE Ti30CKTEepAl TONBIKTHIPY CHSKTHI
KaJaMaapAbl KamTbiabl. JlepekTep >KUBIHTBIFBI TEHECTIPLIiN, CYHIUATIK KOHE
CYUIIUATIK eMec ka30ajap TeH MPOIOpIUsIa CaKTalIbl )oHe oap okyTy (60%),
Banmaanus (20%) xone Tecriney (20%) JKUBIHTHIKTAPbIHA OOIIHII.

Monens apxutekTypacsl eHaipy (embedding) xabarerH, BiLSTM OmokTapsiH,
Ha3ap MEXaHM3MIH JXOHE TOJBIK OaiyaHbICKaH KabaTTtapabl KaMTHIBL. OKBITY
npoueci Adam onTUMH3aTOPHl MEH OHMHAPIBIK KPOCCOHTPOIMSIIBIK IIBIFBIH
(GYHKUMSICBIH KOJIZJAHA OTBIPBIN JKYPTi3iidi, epTe TOKTaTy oici KOJJaHBUIIBI.
Baramay meTpukangapbl MOJCNBIIH JKOFapbl OHIMIUIITIH KOPCETTI: BaJUaalus
*ubIHTBIFBIHAA F1 kepcetkimn 0.91, tect kubHThFbIHAA 0.95, an AUC-ROC
cotikeciamre 0.98 xone 0.989 MoHIEpiH KOPCETTI.

3eprTey HoTHXesepi Hazap MexaHu3Mi O0ap BiLSTM-HiH cyunuaTik onmapabt
aHBIKTAyAaFbl THIMALTITIH ASJIEN/IC ] )KOHE KOIITeTeH KOJIIaHBICTAaFbl MOJISITbICPACH
aceln  TycTi. VHTepHeTTeri KOMMYyHUKaUMslapAa CYHIMATIK —OeHiMAUTIKTI
epTe aHbIKTay ICUXUKAIBIK JCHCAYIbIK KOPCETKIITEepiH enoyip >KaKCapThlll,
ajlaMJIap/IbIH OMIpiH CaKTall KajJyFa KOMEKTECe aaibl.

TyiiiH ce3mep: ManmTMHAIBIK OKBITY, TAOWFH TUIII OHIEY, eKi 0aFbITTeI LSTM,
Ha3ap ayaapy MEXaHU3Mi, CyHIH/IT] aHBIKTay.
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AnHoramus. CyuIua ocCTaeTcsl Cephe3HOM mpoOieMoil 0O0IIecTBEHHOTO
3[IpaBOOXPaHEHHs BO BCEM MHUpE, PUYEM BO MHOTHX CITydasX €My IPeAlIeCTBYIOT
UACHTU(OUIIUPYEMbIE TPeayIlpeauTeNbHble  curHanbl. ComnuanabHblE Meaua-
atopmel, B yacTHOCTH Reddit, SBISIFOTCS IEHHBIM PECYPCOM AJISL BBISBICHUS
CYWIIUJAIBHBIX MBICIIEH Ha OCHOBE IIOJBh30BATEIBCKUX TEKCTOB. B  maHHOM
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WCCIIEZIOBAaHUU TIPEJIaraeTcs MOJENbh MAIIUHHOTO OOYYEeHHS, WCIOIb3YOIas
JIBYHAIPaBJICHHBIE CETH JI0NITOM KparkocpouHoi maMatu (BiLSTM) ¢ mexannzmom
BHUMAaHUS JIJII aBTOMAaTUYECKOTO OOHAPYKEHUsSI CYUIIUAAIBHBIX HAKIOHHOCTEH B
coobmenmsx Reddit.

Beut coOpaH HaOoOp JaHHBIX, BKJIFOUAIONIMA TYOIUKAIMK U3 CyOpEIIUTOB
«SuicideWatch» u «depression», ¢ ucrnonb3oBanuem Pushshift API. Coobmenus
OBLIHM MIOMEUEHBI KaK CBSI3aHHBIC C CAMOYOMHCTBOM MJIM HE OTHOCSIIUECS K HEMY.
[IpenBapurenpHas 00pabOTKa BKJIFOYANIA TMPUBEICHUE K HIDKHEMY pETHCTDY,
ynanenne HTML-TeroB, TOKEHM3AllMIO, YAAJIEHHE CTOI-CIOB W JIOTIOJHEHHE
nociiefoBarenbHoCcTed. JlaHHbIe ObUTH COAJIAaHCUPOBAHBI TAKUM 00pa3oM, YTOOBI
B HUX OBUIO paBHOE KOJIMYECTBO CYHIIUIAIBHBIX U HECYUITUAAIBHBIX COOOIICHHH,
[OCJIC Yero OHU ObUIH pa3ieieHbl Ha o0yudarornyto (60%), Banunanuonnyo (20%)
u TectoByI0 (20%) BBIOOPKH.

ApXUTEKTypa MOAENW BKIOYaja ciioi  BcTpamBaHus (embedding),
BiLSTM-siueiikn, MeXaHM3M BHHUMAHHUS M IIOJHOCTBIO CBSI3aHHBIE CIIOH.
OO0ydeHre TPOBOIMUIIOCH C WCIOJNB30BaHUEM onTHMH3aropa Adam u OWHapHOU
KPOCCOHTPOIIMHHONW (YHKIIMU TOTEPh C NPUMEHCHHEM MeXaHW3Ma paHHEH
OCTaHOBKH. METpUKH OIIEHKH TIOKa3alld BBICOKYIO 3 (eKTUBHOCTh Moxenu: F1-
orerka coctasmia 0.91 na BanmumanmorsoM Habope u 0.95 Ha TecToBOM Habope, a
AUC-ROC poctur 3nauennii 0.98 u 0.989 cooTBETCTBEHHO.

Pesynbrarel uccnenoBaHus JEMOHCTPHUPYIOT 3PPEKTHBHOCTH HMCIIOIB30BAHU
BiLSTM ¢ MexaHW3MOM BHHMAaHUS JUISl BBISBICHHS CYUIUIATbHBIX MBICIICH,
MPEBOCXO/II MHOTHE CYIIECTBYIOIIME Mojenu. PaHHIS uAeHTH(UKAINSA
CYMIIMJIATHHBIX HAKJIOHHOCTEH B OHJIAMH-KOMMYHHKAITUSX MOXKET 3HAYUTEIHHO
YIAYUYIIATh TICUXUYECKOE 3/I0POBBE M CITACTH KU3HU.

KiroueBpie cioBa: mammHHOE 0OydeHue, oOpaboTKa eCTECTBEHHOTO S3BIKa,
nByHarnpaieHHbld LSTM, Mexanu3M BHUMAaHUsI, pACIIO3HABAaHUE CYULIU/A.

Introduction. Suicide remains one of the leading causes of death globally and
is a significant public health challenge. Suicidal ideation, within the framework of
social media, refers to thoughts about ending one’s life, encompassing a spectrum
that ranges from passive reflections to active planning (Su, 2020). The global burden
of suicide is particularly concerning given that many instances of suicidal behavior
are preceded by warning signs that could be detected and addressed on time.

Social media platforms like Reddit serve as powerful tools for individuals to share
their personal experiences, struggles, and emotions. These platforms offer a unique
opportunity for real-time monitoring of mental health conditions, including suicidal
ideation. Users often disclose sensitive information in online communities, making
social media a fertile ground for identifying individuals at risk. Early detection of
suicidal tendencies can facilitate timely interventions, potentially saving lives.

Reddit, in particular, hosts numerous subreddits dedicated to mental health
discussions, such as “SuicideWatch” and “depression.” These communities provide
a space for individuals to seek support and share their experiences. By analyzing
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the content of these posts, researchers can identify patterns and linguistic markers
associated with suicidal ideation. This approach not only aids in the development
of automated detection systems but also enhances the capacity of mental health
professionals to respond effectively.

This research aims to develop a robust machine learning model capable
of accurately detecting Reddit posts that indicate a serious risk of suicide. By
leveraging Bidirectional Long-Short-Term Memory (BiLSTM) networks and
attention mechanisms, we seek to enhance the accuracy and reliability of detection
systems and automate the detection of suicidal tendencies in online posts.

Related Work. The utilization of social media data for mental health monitoring
has gained considerable attention in recent years. Studies have primarily focused
on platforms like Twitter and Reddit to predict suicidal ideation and related mental
health issues.

One notable study by (Sakib, et al., 2021) analyzed suicidal tweets using ensemble
classifiers, achieving an F1 score of 0.90. However, the study also highlighted
challenges in verifying the accuracy and effectiveness of such models due to
limitations in publicly available datasets, raising concerns about the reliability of
social media data for predictive analysis. In a similar vein, researchers conducted a
comprehensive study (Satya, et al., 2022) which examined various machine learning
approaches for identifying suicidal tendencies on social media platforms such as
Facebook, Twitter, and Reddit. They utlized various ML models using features,
like TF-IDF and N-gram level TF-IDF, and LSTM. However they didn’t calculate
important metrics like F1 and AUC-ROC.

Expanding on the challenges of dataset reliability, researchers (Fodeh, et al., 2019)
proposed a comprehensive machine learning framework aimed at identifying suicide
risk factors on Twitter. The study utilized 12,066 public tweets from 3,873 users,
categorizing them into “HighRisk™ or “AtRisk” labels based on the usage of suicidal
ideation terms and used algorithms such as Decision Trees and K-means Clustering.
Notably, the topic discovery approach successfully identified seven out of twelve
proposed suicide risk factors. The Decision Tree classification model achieved a
precision of 0.844, sensitivity of 0.912, and specificity of 0.829 in distinguishing
between “HighRisk™ and “AtRisk” users (Fodeh, et al., 2019).

Addressing the issue of dataset size and quality, researchers (Liu, et al., 2022)
developed a framework for annotating a mental-health-related textual dataset from
Reddit. The focus was on identifying posts and comments that indicated suicide
attempts and ideations. Various classifiers achieved commendable performance, with
the Suicide Ideation classification reaching an accuracy of 0.86, sensitivity of 0.93,
and specificity of 0.77, while Suicide Attempt classification achieved an accuracy of
0.87, sensitivity of 0.68, and specificity of 0.91. Despite the promising results, the
relatively small dataset size poses challenges for developing highly effective machine
learning models. Additionally, the reliance on expert input for annotating ambiguous
samples introduces potential subjective biases, necessitating careful evaluation of its
impact on model performance (Liu, et al., 2022).
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Another study (Lin, et al., 2024) proposed a ROBERTa-CNN model, achieving
98% accuracy on the Suicide and Depression Detection dataset, emphasizing the
critical role of data quality in model training. Reddit communities like r/depression
were analyzed for depression and suicide signals, achieving F1 score of 77%. Another
study (Oliveira, et al., 2022) explored model interpretability using ELIS, revealing
the influence of terms like “suicide” and “sadness” on predictions.

Researchers (Squires, et al., 2024) introduced a semi-supervised deep label
smoothing method to improve classification accuracy in suicide risk detection,
achieving 52% accuracy on the Reddit C-SSRS dataset, with lower precision than
accuracy.

A recent study introduced a hybrid text representation approach designed for
explainable suicide risk identification on social media (Naseem, et al., 2024). In this
work, they proposed a hybrid text representation approach, achieving an F1 score of
0.79 on a public suicide dataset.

Additionally, another research explored the use of machine learning and natural
language processing for depression and suicide analysis (Jain, et al., 2022). In this
study, researchers applied ML and NLP techniques to predict posts indicative of
depression, specifically analyzing data from Reddit. Their work identified that
communities such as r/depression and r/SuicideWatch are pivotal in tracking
depressive and suicidal ideation signals. The researchers achieved F1 scores of
around 77%. Another study (Yao, et al., 2020) focused on opioid users, achieving an
F1 score of 96.6% using CNN to detect suicidality, highlighting the effectiveness of
neural networks in specific subgroups.

Another study (Ao, et al., 2021) trained various models, including LSTM, GRU,
bidirectional LSTM and GRU, logistic classifier, SVM, XGBoost, and LGBM on
a dataset of 232,074 Reddit posts labeled as suicide or non-suicide. Their results
demonstrated that one-way LSTM achieved the highest accuracy rate, however
lacking F1 and AUC-ROC scores. In a related study (Mirtaheri, et al., 2024),
the researchers proposed an ensemble LSTM-TCN model with a self-attention
mechanism for detecting suicidal ideation on Twitter and Reddit. Their model, AL-
BTCN, achieved 95% F1-score on Reddit dataset of 200,000 posts.

These investigations—ranging from ensemble methods on Twitter posts, to active
learning frameworks on Reddit data, and interpretability studies—demonstrate the
broad scope of current research in suicidal ideation detection. Given the proven efficacy
of LSTM models in capturing temporal dependencies in text data, as highlighted in
prior studies, we opted for a Bidirectional LSTM with attention mechanism. Despite
methodological differences, all underscore the immense potential and complexity of
applying NLP and ML/DL models to user-generated text.

Methodology

Dataset Description. The datasetis a collection of posts from the “Suicide Watch”
and “depression” subreddits of the Reddit platform. The posts are collected using
Pushshift APIL. All posts that were made to “SuicideWatch” from Dec 16, 2008
(creation) till Jan 2, 2021, were collected while “depression” posts were collected
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from Jan 1, 2009, to Jan 2, 2021. All posts collected from Suicide Watch are labeled
as suicide, while posts collected from the depression subreddit are labeled as
depression. Non-suicide posts are collected from r/teenagers. It has suicide & non-
suicide labels.

Data Preprocessing. Before preprocessing, we checked the class distribution,
which was balanced at 50% for suicide and 50% for non-suicidal classes. This
ensured that our dataset did not suffer from class imbalance issues.

Class Distribution

120000 -

100000 -

80000 -

60000 -

count

40000 -

20000 4

class
Figure 1. Class distribution

Effective preprocessing is crucial for enhancing the quality of textual data and
improving model performance. The preprocessing pipeline implemented in this
study included the following steps:

1. Case Folding: All text was converted to lowercase to ensure consistency and
reduce variability due to casing differences.

2. HTML Tag Stripping: HTML tags, including iframes and scripts, were
removed using BeautifulSoup’s strip_html tags() function to eliminate irrelevant
markup content.

3. Accent Removal: Accented characters were normalized to their ASCII
equivalents using the remove accented chars() function, facilitating uniform text
representation.

4. Contraction Expansion: Common contractions were expanded (e.g., “you’re”
to “you are”) using the contractions.fix() method to maintain consistency in word
forms.
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5. Special Character Removal: Special characters and excess whitespace were
removed using regular expressions and the doc.translate() method, simplifying the
text.

6. Tokenization: Text was tokenized into individual words using NLTK’s word
tokenize(), enabling granular analysis of word usage.

7. Stopwords Removal: Common stopwords were filtered out using the
stopwords_removal() function based on NLTK’s stopwords list, reducing noise in
the data.

8. Normalization: Extra whitespace was trimmed, and leading/trailing spaces
were removed to standardize text formatting.

The final normalized posts were recombined into strings and stored as
preprocessed text. This preprocessing pipeline ensured that only the most relevant
linguistic features were retained, improving the quality of input data for the models.

After preprocessing, the dataset was split into training, validation, and test sets
as follows:

The final distribution of samples was:

- Train Samples: 139,244 (60%)

- Validation Samples: 46,415 (20%)

- Test Samples: 46,415 (20%)

These splits ensured a balanced and representative dataset for training, validating,
and testing the models.

Tokenization and Vocabulary Building:

Following data splitting, tokenization was performed using Keras’ Tokenizer. This
step transformed textual data into numerical sequences suitable for model ingestion:

- Tokenizer Configuration: The Tokenizer was instantiated with an out-of-
vocabulary token (SUNK>) to handle words not present in the training vocabulary.

- Vocabulary Construction: The tokenizer was fitted on the validation set (X
val), building a vocabulary of 81,536 unique words derived from 46,415 validation
documents.

- Sequence Padding: All sequences were padded to a maximum length of 150
words using Keras’ pad_sequences(), ensuring uniform input lengths across all
samples.

This tokenization process facilitated the conversion of textual data into a format
amenable to deep learning models, capturing the essential linguistic features while
maintaining computational efficiency.

Padding and Label Encoding:

After tokenization, the sequences were padded to ensure consistent input lengths:

* Padding Sequences: We set a maximum sequence length of 150 words to
capture the most significant parts of each post while maintaining manageable input
size. Padding was applied to make all sequences uniform in length.

* Label Encoding: The target labels were encoded into numeric form using
‘LabelEncoder:
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This process ensures that the labels are represented as integers (e.g., 0 and 1),
which is required for classification models.

Model Development. The model architecture used for this research is a deep
learning model that leverages LSTM and attention mechanisms to capture the
temporal dependencies and emphasize key features in the text data:

Model Architecture:

1. Embedding Layer: Transforms input sequences of tokens into dense vector
representations. Embedding dimension set to 300, capturing rich semantic
information from the 81,536-word vocabulary.

2. Bidirectional LSTM Layer: LSTM units set to 32, allowing the model to learn
complex temporal dependencies.

3. Attention Mechanism: Custom attention layer integrated with the BiLSTM
outputs.

4. Dense Layers:

- First Dense Layer: 64 units with ReLU activation, facilitating learning of
deeper representations.

- Dropout Layer: Applied with a dropout rate of 0.5 to mitigate overfitting.

- Second Dense Layer: 32 units with ReLU activation, further refining feature
representations.

5. Output Layer: Produces a probability score indicating the likelihood of
suicidal tendencies. Single neuron with sigmoid activation, outputting values
between 0 and 1.

Attention Layer. The attention layer was employed to help the model focus on
the most important parts of each post. By learning to assign different importance
weights to different words in the sequence, the attention mechanism allows the
model to focus on the most relevant parts of the input. This layer essentially helps
to emphasize the key parts of each Reddit post that are relevant to the prediction
task.

Key Features of the Attention Mechanism:

1. Dynamic Weighting: Unlike static attention mechanisms, this implementation
allows the model to learn the importance of each word in the context of the entire
sequence during training.

2. Masking Support: The layer can handle masked inputs, ensuring that padding
tokens do not influence the attention weights, which is crucial for processing
sequences of varying lengths.

3. Trainable Parameters: The weight vector W and optional bias b are trainable,
enabling the model to adapt the attention scores based on the data during the learning
process.

4. Non-linearity: The use of the tanh activation introduces non-linearity, allowing
the model to capture more complex relationships between words in the sequence.
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Bidirectional
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Figure 2. Model structure
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Figure 3. Model accuracy

Training Configuration:

* Loss Function: Binary Cross-Entropy, suitable for binary classification tasks.

* Optimizer: Adam optimizer with a learning rate of 0.001, balancing convergence
speed and stability.

* Batch Size: 128 samples per batch, facilitating efficient training without
overloading computational resources.

* Epochs: 10, with early stopping based on validation loss to prevent overfitting.
The best model was saved at epoch 2 based on the highest accuracy on the evaluation
set.

Results. The models were rigorously evaluated using a variety of metrics
to assess their performance in detecting suicidal ideation in Reddit posts. The
evaluation was conducted on both the validation and test sets to ensure the results’
robustness and generalizability. Below are the detailed results for both sets:

Table 2. Long Short-Term Memory (LSTM) Model

Metric Validation set Test set
Precision 0.92 0.95
Recall 0.92 0.95
F1 Score 0.91 0.95
AUC-ROC 0.928 0.989

The model achieved an F1 score of 0.91 on the validation set and 0.95 on the
test set, reflecting a high degree of accuracy and reliability in detecting suicidal
ideation. AUC-ROC provides a measure of the model’s ability to distinguish
between classes. An AUC-ROC value of 0.98 on the validation set and 0.989 on
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the test set indicates that the model has excellent discriminative power, with a near-
perfect ability to differentiate between suicidal and non-suicidal posts.

Discussion. Our study demonstrates that integrating a BiLSTM with an
attention mechanism is an effective strategy for detecting suicidal ideation in
posts from Reddit. Compared to prior research, our model achieved an F1 score
that is comparable to or even exceeds previously reported results. In addition, our
system’s AUC-ROC performance stands out—a key performance indicator that
several earlier studies did not consistently include.

Data quality and availability remain crucial. Although our dataset was
balanced—50% suicidal posts and 50% non-suicidal posts—this is often not the case
in many real-world situations. Researchers frequently rely on balancing techniques,
such as oversampling minority classes or undersampling majority classes, which can
introduce biases in model performance.

Variations in user-generated text across different platforms introduce additional
complexities. Each social media site has its own communication style, vocabulary,
and community norms. Twitter users may express ideas in short bursts of text limited
by character counts, whereas Reddit posts often contain longer, more detailed
narratives.

Conclusion. The high AUC-ROC score achieved by our model underscores its
robust discriminative capability, and when considered alongside the strong F1 score,
it demonstrates that the combination of BiLSTM and attention mechanisms yields
high precision and recall. These outcomes affirm the promise of our approach as a
valuable tool for the early detection of suicidal ideation in social media.

For future work, efforts should focus on developing a generic model capable of
handling data from multiple social media platforms such as Reddit, Twitter, and others.
Leveraging large language models (LLMs) or other methods for deep contextual
understanding could enable the creation of a unified system that accommodates the
diverse communication styles, vocabulary, and narrative lengths across different
platforms. This advancement will enhance the model’s generalizability and real-
world applicability to improve early detection capabilities for suicidal ideation in a
broader online context.
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Abstract: The rapid urbanization of the 21st century has increased the demand
for adaptive, sustainable, and personalized architecture that caters to diverse user
needs. The implementation of digital technologies such as Building Information
Modeling (BIM), Artificial Intelligence (Al), and the Internet of Things (IoT) has
become essential for creating dynamic and unique urban spaces. These technologies
enable architects and planners to develop user-centric solutions that enhance urban
resilience and improve the quality of life in cities.

The study adopts a systematic review of existing literature, examining the
current role of digital tools in shaping personalized urban environments. It analyzes
the effectiveness of digital technologies in enhancing adaptability, sustainability,
and user comfort in urban spaces. The findings highlight the growing importance of
interdisciplinary collaboration between architects, technologists, and policymakers
in driving innovation.

Key findings suggest that personalized architectural solutions improve urban
quality and create more comfortable living conditions. The integration of digital
technologies contributes to increased adaptability and sustainability, although
challenges such as high implementation costs and data privacy concerns persist.

The study’s conclusions provide practical recommendations for incorporating
digital tools in urban planning. By focusing on developing more accessible,
scalable, and ethically sound technologies, future urban solutions can be further
enhanced, supporting sustainable and user-friendly city designs.

Keywords: Personalized architecture, digital technologies, urban adaptability,
Building Information Modeling (BIM), Artificial Intelligence (AI), Internet of
Things (IoT), sustainable urban development.
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AnHoTanms: 21 FaceIpbIH KapKbIHIBl yPOAHU3AUACKH MTaliAalaHy ITbITapAbIH
OpTYpJI KAKETTUTIKTEPiH KaHaFaTTaHIbIPAThIH OCUIMIENTINI, TYPaKThl >KOHE
KEKeIIeH/TIPLIreH apXUTEKTypaFa CYpaHbICTH APTTHIPIBL. AKITapaTThiK MoJenbaey i
(BIM), XKacannet UnaTtemnexrri (Al) XKone 3arrap UnTtepretin (IoT) Kypy cuskrst
IUGPIBIK TEXHOJNOTUSIIAPABI €HTi3y JWHAMHUKAIBIK JKOHE Oipereil KajaibIK
KEHICTIKTEpl KYPY YIIiH MaHBI3AbI OONIBI. byJT TEXHONIOTHSIIAp COyNIeTIIiIep MeH
YKOCTapiaybliapFa Kajlalap/IblH TYPAKTUIBIFBIH apTTHIPATHIH )KOHE KaJlamapaarsl
eMip Cypy camachlH JXKaKCapTaTbhlH TMaifallaHyIIbiFa OaFrbITTalFaH IMIeIIiMIepIl
oziprmeyre MyMKiHIIK Oepermi. 3eprrey OapbIChlHAa HHQPIBIK KypalgapablH
KEKENIEHTIPUITeH KallalblK OPTaHbl KAJBIITACTHIPYNAFbl Ka3ipri periH 3epTrel
OTBIPHII, KOJJIAHBICTAFbl 9MeOueTTepre Kykeni mony jxacamaabl. O KajalbiK
KEHICTIKTepJeTi MaliJanaHymbuiapaslH  OeHiMIenyiH, TYpaKTBUIBIFBIH JKOHE
YKAMITBUTBIFBIH apTTHIPYAAFl TUPPIBIK TEXHOIOTHSIIAPIBIH THIMIITITIH TalJai b,
Hormwxkenep wHHOBamMsIapIbsl BIHTANAHIBIPYAAFEl COYJIETIIIIEp, TEXHOJIOITap
JKOHE casicaTKepyiep apachlHAaFbl MOHAPAIBIK BIHTHIMAKTACTHIKTBHIH OCIM Kele
JKaTKaH MaHBI3IBUIBIFBIH  KepceTeni. Herisri HoTmxkenep IKeKeIeHIipUIreH
ApPXUTEKTYPaJIbIK MISITIMIEP/IiH KaJla CarachklH )KaKcapTaThIHBIH XKOHE OMip Cypyre
KOJIaWJIbl KaFJaiap JKacalTeIHBIH KepceTemi. L[MprblK TexHOIOTHsIIapIbIH
WHTETpanuschl OefimMaeny MeH TYPaKThIIBIKTBIH apTybIHA BIKIAJ €Te/li, IeTeHMEH
iCKe achIpyAbIH JKOFaphl WIBIFBIHAAPHI JKOHE JIEPEKTEPHiH KYNMHUIbLIIBIFBIHA
KaTBICTBI MOceJieNiep TybIHIayJa. 3epTTey HOTHXKeNepi MH(PIBIK Kypalaapisl
UR-ThIifbIM camypl KocrapiayFa €Hrisy OOHWBIHIIA MPaKTHKAIBIK YCHIHBICTAp
Oepeni. HeryprmbiM KoOMKeTIMII, MacmTaOTalmaThlH JKOHE STHUKAIBIK TYPFBIIAH
HETi3/IeJITeH TEXHOIOTHSUIAp/ABI d3ipiieyre Hazap ayjgapa OTBIPBIMN, Ooamak
KaJlaJIbIK IIENNMIep/Ii TYPaKThl KoHE Tai/JalaHyIIbIFa bIHFAHIBI Kalla TU3aiHbIH
KOJIJIay apKbUIBI OJIaH 9pi KETUIIipyTre O0Iabl.

Tyiiin ce3mep: KexeneHumipinreH coyiaer eHepi, IMUQPPIBIK TEXHOIOTHUSIIAP,
KaJlanblK OeriMeny, FuMapar akmapartslH mozaenbaey (FAM), xapThiiaid akbul,
3arrap uHTepHETi (I0T), TYpaKThl KamanbIK gamy.
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AnHoTauusi. beictpas ypOanmzanus XXI Beka yBenuuuia CHpoc Ha
aJalTUBHYI0, YCTOMYMBYIO U NEPCOHAIU3UPOBAHHYIO ApXMUTEKTYpy, KOTOpas
OTBEUAeT Pa3HOOOPa3HBIM NOTPEOHOCTAM IOJIb30BaTeNel. BHenpeHne Takux
M(ppPOBBIX TEXHOIOTHHA, KaKk MH(popMarmonHoe Moaenuposanue 3nanuii (BIM),
nckycctBeHHbIi naTewiekT (M) u Uatepuer Bemeit (IoT), ctano HEOOXOTMMBIM
JUIL CO3JaHUSl JAMHAMMYHBIX M YHHUKaQJbHBIX TOPOJCKMX HPOCTPAHCTB. OTU
TEXHOJOTMH TMO3BOJIIOT APXUTEKTOpaM U IUIAHUPOBIIMKAM pa3padarbiBaTh
OpPUEHTHPOBAHHBIE Ha [TOJIb30BATENs PELIEHHUS, KOTOPBIE TOBBIIAIOT YCTOHYUBOCTh
TOPONIOB M YIy4IIaloT Ka4dyecTBO KM3HU. HecMoTps Ha 3TO, mporecc BHEAPEHUs
TEXHOJIOTUH TpeOyeT ydeTa COIMAIBHBIX M KYJIBTYPHBIX O0COOEHHOCTEH, Y4TOOBI
COXPAaHUTb UIEHTUYHOCTh FOpOICKOi cpenbl. Kpome Toro, He00X0IMMO yUUTHIBATH
BJIMSIHUE TEXHOJIOTUH Ha 3KOJOTMYECKHUH CJIET apXUTEKTYPHBIX PELICHHUH.

HccnenoBanue MpeACTaBIsCT CUCTEMAarH4eCKUd 0030p CylIecTBYIOLIEH
JUTEPATyPbl, H3ydasi TEKYIIYIO POJIb HUPPOBBIX HHCTPYMEHTOB B (DOPMHUPOBAHHUN
MEPCOHANN3UPOBAHHBIX TOPOJICKUX cpen. OHO aHamu3upyeT 3PPEKTHBHOCTH
M(POBBIX TEXHOJOTHH B MOBBIIIICHUN a/IalITHBHOCTH, YCTOWYMBOCTH U KoM(popTa
10J1b30BaTENIeH BIOPOACKUX IPOCTPAHCTBAX. Pe3ynbTaThl HOAYEpKUBAIOT PACTYLIYIO
BOXHOCTb MEXIUCLUIUIMHAPHOTO COTPYOHUYECTBA MEXKAY apXUTEKTOPaMH,
TEXHOJIOTaMH 1 YNHOBHUKAaMHU B TIPOJIBUKEHNN MHHOBALHI.

KitroueBbie BBIBO/IBI TOKA3BIBAIOT, YTO NEPCOHATU3NPOBAHHBIE apXUTEKTYPHbIE
peLIeHHs YITyYlIaloT Ka4eCTBO TOPOJCKON CPe/ibl U CO3/atoT Oonee KoM(POPTHBIC
ycinoBuSl s OKWM3HW. VHTerpamus nH(POBBIX TEXHOJOTHH CIIOCOOCTBYET
MOBBIILICHUIO AAANTUBHOCTH U YCTOMUMBOCTH, XOTS COXPAHSIOTCS TaKUe IPOOIEMBI,
KaK BBICOKHE 3aTpaThbl Ha BHEAPEHNE U BONPOCH! KOH(UICHIIMATBHOCTH JaHHbIX.

BreiBogpl  MccienoBaHUS MpeNIaraloT MPAKTUYECKHE PEKOMEHJAMH 110
BHEJIPCHUIO LU(PPOBBIX HHCTPYMEHTOB B TOPOJCKOE IuiaHupoBaHue. Pazpaborka
Ooyiee TOCTYIHBIX, MAacIITA0OMPYEMbIX M JTHUHBIX TEXHOJOTHUH ITO3BOJHT elle
OopIe yIyqmuTh OyAayIre TOPOACKHE pelIeHus, MOIepKUBas yCTONYNBBIE U
yIAO0OHBIE AJIS 110JIb30BaTEIIeH IPOEKTHI FOPOJIOB.

KiroueBble  cjiOBa: IEpCOHANM3UPOBAHHAs — APXUTEKTypa, UHU(DPOBbIC
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TEXHOJIOTUH, TOPOJICKast aJall THBHOCTH, MHPOPMAIIMOHHOE MOJCITUPOBAHHUE 31aHUN
(BIM), uckycctBennsrii uaremiekt (M), Uuareprer Bemeit (IoT), ycroitunBoe
TOPOJCKO€E pa3BUTHUE.

Introduction. The rapid pace of urbanization in the 2 1st century presents critical
challenges that require innovative architectural responses. As cities expand, they
face the dual pressure of accommodating increasing populations and addressing
the diverse needs of urban residents. Traditional architectural models, while
effective in certain contexts, often fail to provide the level of flexibility required
for sustainable growth and adaptation. In this evolving landscape, the concept of
personalized architecture has emerged as a promising solution that leverages digital
technologies to create urban spaces tailored to individual users and communities.
Such technologies are not only transforming the design process but are also
reshaping how cities interact with their inhabitants by enabling more dynamic and
adaptive environments (Sollner et al., 1993; Mazetto, 2024).

Digital technologies have become essential tools for creating adaptable urban
environments. They play a crucial role in overcoming the limitations of traditional
architectural models by providing real-time data that supports decision-making,
improves functionality, and enhances user experience. Technologies like Building
Information Modeling (BIM), Artificial Intelligence (Al), and the Internet of
Things (IoT) offer robust solutions for urban planning, allowing architects and city
planners to develop spaces that are more responsive to the needs of their users.
For example, [oT sensors facilitate the monitoring of infrastructure, enabling
rapid adjustments to changes in energy consumption, waste management, and
transportation networks. Al applications further enhance the process by providing
predictive analytics that aid in managing urban flows, such as traffic patterns and
pedestrian movement (Parnell et al., 2023; He et al., 2024). Consequently, these
innovations help address critical urban challenges like congestion, pollution, and
energy efficiency, ultimately contributing to more sustainable and livable cities
(Ferreira, 2024).

The main objective of this article is to conduct a comprehensive theoretical
review and analysis of the role of digital technologies in shaping personalized
architecture within urban environments. It aims to explore how digital tools can be
utilized to develop unique, user-centric urban spaces that align with contemporary
demands for sustainability and functionality. By examining technologies like
BIM, Al, and IoT, this study seeks to provide insights into how these innovations
facilitate the creation of tailored urban solutions that respond to diverse user needs
(Magzetto, 2024; Boin et al., 2023). The focus will be on understanding how these
technologies contribute to the design of adaptable urban spaces and how they can
be integrated into existing city planning frameworks to enhance urban resilience
and quality of life (Mauibimes et al., 2021).

While digital technologies offer substantial benefits, their implementation
in urban architecture is fraught with challenges that can impede progress. High
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costs are among the most significant barriers, as the installation, maintenance, and
operation of digital systems require substantial financial resources. For instance,
[oT infrastructure involves the deployment of extensive networks of sensors,
communication devices, and data management systems, all of which can be
prohibitively expensive for many cities, especially those in developing countries
(Parnell et al., 2023). Similarly, Al-driven design tools demand considerable
investment in both hardware and software, as well as the training of personnel
capable of managing and operating such systems effectively (Sollner et al., 1993).
In addition, there are concerns about data privacy and security, as the collection and
analysis of vast amounts of user data are integral to the personalization process. This
raises ethical questions regarding user consent, data ownership, and the potential
misuse of personal information (Amanakos et al, 2024).

Another critical issue is the complexity of integrating digital systems into
existing urban infrastructure. The retrofitting of buildings and public spaces to
accommodate new technologies often requires significant structural modifications,
which can be both time-consuming and costly. Furthermore, the lack of standardized
protocols for digital architecture can result in compatibility issues between different
systems, thereby reducing the efficiency and effectiveness of implementation (He
et al., 2024; Boin et al., 2023). These challenges underscore the need for a balanced
approach that combines the advantages of digital integration with strategies that
address its limitations, such as developing cost-effective solutions, establishing
clear data governance policies, and fostering interdisciplinary collaboration
between architects, engineers, and policymakers (Ferreira, 2024; Mansimes et al.,
2021).

Materials and methods. Materials. The materials for this study include a
comprehensive collection of recent literature, covering a range of sources such as
scholarly articles, books, and analytical reports. These materials focus on cutting-
edge technologies in architecture, specifically Building Information Modeling
(BIM), Artificial Intelligence (Al), the Internet of Things (IoT), parametric
design, and 3D printing. The selected sources provide insights into the theoretical
foundations, practical applications, and impact of these technologies in creating
personalized urban spaces. The literature encompasses both international studies
and region-specific research, ensuring a diverse perspective on the integration of
digital tools into architectural planning (Sollner et al., 1993; Parnell et al., 2023;
Ferreira, 2024). This diverse set of materials serves as the basis for a detailed
evaluation of the current state and future potential of personalized architecture.

Methods of Analysis. A systematic literature review was employed as the
primary analytical method for this study. This approach involved collecting,
organizing, and synthesizing existing research to identify patterns, trends, and
gaps in the application of digital technologies to personalized architecture. The
analytical method also included qualitative assessments, comparing the benefits
and limitations of each technology with respect to adaptability, user-centric design,
and sustainability. By evaluating different architectural solutions through this lens,
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the study aims to uncover how digital tools can enhance the personalization of
urban spaces while addressing the challenges of implementation (Mazetto, 2024;
Boin et al., 2023; Amanaxkos et al., 2024).

Results. The analysis reveals that personalized architectural solutions, driven
by digital technologies, have proven effective in enhancing urban adaptability,
ultimately contributing to the improved quality of urban environments. These
technologies, particularly Building Information Modeling (BIM), Internet of Things
(IoT), and Artificial Intelligence (Al), enable personalized spaces to be tailored to
user needs while promoting sustainability and resource efficiency. Each of these
technologies plays a critical role in redefining urban architecture, facilitating a
more adaptive, interactive, and responsive environment.

Building Information Modeling (BIM) has emerged as a transformative tool in
architecture, offering a comprehensive platform that integrates multiple aspects of
building design and urban planning. It allows for the development of personalized
architectural solutions through collaborative processes that include stakeholders
such as architects, engineers, and urban planners. BIM’s data-centric approach
enables accurate modeling of structures, facilitating the inclusion of user-centric
features during the design phase. For instance, the integration of BIM with real-
time data sources allows for adjustments in design based on user preferences or
changing environmental conditions. As a result, BIM fosters adaptability in urban
projects, from residential complexes to public infrastructure, by providing a
dynamic framework that aligns with user requirements while maintaining design
integrity (Ghisleni, 2024; Mexnues, 2024).

The Internet of Things (IoT) is integral to creating adaptive and personalized
urban spaces, as it provides the data infrastructure necessary for real-time monitoring
and control of urban systems. [oT devices, such as sensors, cameras, and meters,
enable the continuous flow of data, which informs decision-making processes in
urban management. For example, in smart buildings, IoT sensors can monitor
environmental parameters like temperature, humidity, and air quality, allowing
for automated adjustments to maintain optimal conditions. This adaptability not
only enhances user comfort but also reduces energy consumption by responding
to real-time data. In public spaces, loT applications facilitate crowd management,
traffic flow optimization, and efficient waste collection, making urban areas more
responsive to user needs while promoting sustainability (Cheng et al., 2024).

Artificial Intelligence (Al) adds another dimension to personalized architecture
by analyzing data patterns to forecast user behavior and infrastructure needs.
Al-powered algorithms can process large volumes of data from IoT devices and
BIM models to provide predictive insights for urban planning. This predictive
capability enables urban planners to anticipate changes in user demand and adapt
the infrastructure accordingly. For instance, Al can optimize public transportation
routes based on real-time commuter data, ensuring efficient and user-friendly transit
systems. Moreover, Al’s role extends to energy management, where it optimizes
consumption patterns, identifies anomalies, and suggests improvements, thereby
contributing to the sustainability of urban spaces (Begishev et al., 2024).
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However, while these technologies provide substantial benefits, several
challenges remain in their implementation. One significant barrier is the high cost
associated with deploying these digital systems, which includes the installation
of sensors, software integration, and the training of personnel. Furthermore, the
complexity of integrating BIM, IoT, and Al within existing urban infrastructure
can be daunting, often requiring significant structural modifications and regulatory
adaptations. Data privacy concerns also persist, particularly regarding the use
of personal data collected through IoT devices and Al analytics, raising ethical
questions about user consent and data security (Mexaues, 2024; Cheng et al., 2024).

Despite these challenges, the advantages of implementing digital technologies
in personalized architecture are evident. The shift towards adaptive and sustainable
urban environments is marked by improved resource -efficiency, reduced
environmental impact, and enhanced user experience. By leveraging BIM, IoT,
and Al, cities can create more resilient infrastructures that align with the goals of
sustainable development and meet diverse user needs (Ghisleni, 2024; Begishev et
al., 2024).

Examples of successful technology implementation

Recent urban projects in cities like Singapore, Barcelona, and Amsterdam
highlight the effectiveness of digital technologies such as Al and IoT in creating
adaptive urban environments. In Singapore, the integration of Al and IoT has been
pivotal to the city’s transformation into a “Smart Nation.” Key initiatives include
Al-driven traffic management systems that analyze real-time data from IoT sensors
to optimize traffic flows, reduce congestion, and improve public transport efficiency.
This has significantly enhanced commute times and overall urban mobility. The city
has also employed IoT in waste management, using automated pneumatic waste
collection systems to reduce emissions and improve efficiency (Begishev et al.,
2024; Enucees et al., 2025). In Barcelona, Al and IoT have been used extensively
for sustainable urban management. Al applications are leveraged to optimize street
lighting, reducing energy consumption by up to 30%. IoT sensors monitor waste
bins, signaling when they are full, which enables Al to optimize waste collection
routes, reducing fuel consumption and emissions. These initiatives demonstrate
the potential of Al and IoT to create sustainable, adaptive solutions that respond
directly to urban needs, enhancing both environmental sustainability and resource
efficiency (Maheshwari, 2024). Similarly, Amsterdam has successfully integrated
these technologies to improve its urban infrastructure. The city’s “Living Lab”
initiatives focus on using Al for energy management, particularly through smart
grids that allow for real-time monitoring and distribution of energy. These grids
integrate data from renewable sources, such as solar panels, to optimize energy
usage based on real-time demand. [oT sensors embedded in public spaces monitor
environmental conditions, such as air quality and noise levels, enabling adaptive
responses that enhance citizen well-being and promote sustainable development
(UymuH et al., 2023).
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Analysis of benefits

The use of digital technologies in urban environments brings several advantages.
Firstly, the adaptability of these technologies enhances urban resilience by enabling
infrastructure to respond rapidly to changing needs. Al-driven predictive models
help manage urban flows, reducing congestion, improving public transport, and
optimizing energy consumption. For instance, real-time adjustments in traffic
signal timings or energy management can improve urban efficiency, reduce delays,
and lower costs (Enucees et al., 2025; Maheshwari, 2024).

Secondly, the implementation of IoT in personalized architecture promotes
resource efficiency. By providing precise, real-time data on resource usage—such
as water, energy, and waste—IoT enables targeted interventions that reduce waste
and emissions. This contributes to creating more sustainable urban spaces, aligning
with global sustainable development goals (Begishev et al., 2024; Yynun et al.,
2023).

Lastly, the integration of these technologies supports economic efficiency by
lowering operational costs and increasing user satisfaction. The ability to adjust
urban functions based on data-driven insights reduces the need for manual
interventions and optimizes resource allocation. This has proven especially
beneficial in cities like Amsterdam and Barcelona, where adaptive infrastructure
has not only improved resource use but also generated economic opportunities
by fostering innovation and attracting investments in smart technology sectors
(Maheshwari, 2024).

Problematic aspects of technology implementation

Despite the advantages that digital technologies bring to personalized urban
architecture, their implementation presents significant challenges. One of the primary
barriers is high cost, as the deployment of IoT infrastructure, Al integration, and
Building Information Modeling (BIM) requires substantial financial investment.
These costs include hardware, software, maintenance, and specialized training for
personnel. For many cities, especially those with limited budgets, such financial
demands make it difficult to adopt these technologies widely, thereby limiting their
effectiveness and scalability (Gupta et al., 2023).

Another challenge is the complexity of scaling digital solutions across different
urban infrastructures. The integration of diverse technologies into existing, often
outdated, urban systems can be cumbersome. Legacy infrastructure may require
extensive modifications or upgrades to accommodate new technologies like IoT
sensors and Al analytics, which often increases both the time and costs involved.
Additionally, urban environments vary significantly in terms of design, regulations,
and resource availability, further complicating the uniform application of digital
technologies across cities. The lack of standardized frameworks for integrating Al
and IoT also contributes to difficulties in achieving scalability, as each city may
require custom solutions tailored to its unique infrastructural context (Sollner et
al., 1993).
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Moreover, data privacy concerns are critical in the implementation of these
technologies. As loT devices and Al systems collect vast amounts of personal and
environmental data, safeguarding this information becomes a pressing issue. Cities
must comply with stringent data protection laws, such as the General Data Protection
Regulation (GDPR), to ensure that citizen data is securely stored and processed.
However, achieving compliance can be complex, as it involves implementing
advanced encryption, real-time monitoring, and secure data management systems,
which add to the overall costs and resource requirements. In addition, the risk of
cyberattacks is ever-present, necessitating robust cybersecurity measures to protect
sensitive information and prevent breaches that could compromise both personal
privacy and public safety (Ounmumonos et al., 2021).

Addressing these challenges requires a collaborative effort among urban planners,
technology developers, and policymakers. Cost-effective solutions, standardization
frameworks, and clear data governance policies are essential to overcome barriers
and facilitate the broader adoption of digital technologies in personalized urban
architecture. Continuous innovation and strategic investment will be necessary to
ensure that these technologies contribute effectively to sustainable and adaptable
urban environments (Hao, 2023).

Discussion. Comparative analysis with existing research. A comparison of the
study’s findings with existing research indicates that while many scholars recognize
the transformative potential of digital technologies in personalized architecture,
there are varying approaches to implementation. For instance, numerous studies
emphasize the role of Building Information Modeling (BIM) and Artificial
Intelligence (Al) in optimizing urban design, but there are different views on the
extent of their adaptability and integration. Research on BIM tends to focus more
on collaborative design and data-driven decision-making, with improvements in
project efficiency and stakeholder engagement as core benefits. This aligns well
with the study’s results, which also highlight BIM’s potential for personalized
urban solutions. However, some researchers argue that BIM’s effectiveness is often
constrained by high costs, software complexity, and the need for extensive training,
factors that are echoed in this study’s findings.

Regarding Al and 10T, existing research often emphasizes their role in real-time
data analysis and predictive modeling, which supports the creation of adaptive,
responsive environments. Al, particularly, has been noted for its capacity to process
vast data sets, enhancing urban decision-making and enabling features like real-time
traffic management and energy optimization. This study’s findings also highlight
these advantages but underscore that the integration of Al into personalized
architecture is often hindered by privacy concerns and the high computational
resources required. Some studies have shown successful Al implementation in
cities like Barcelona and Amsterdam, while others report challenges in integrating
Al across diverse urban contexts due to the variability of infrastructure, regulatory
frameworks, and resource availability.
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Advantages and disadvantages of personalized architecture

The benefits of personalized architecture are well documented, both in this
study and in existing literature. The primary advantage is the increased adaptability
of urban spaces. By integrating digital tools, architects can create environments that
are more responsive to user needs, facilitating the customization of public spaces,
residential buildings, and infrastructure. For example, loT sensors enable real-time
adjustments in lighting, temperature, and ventilation, contributing to improved
comfort and energy efficiency. Moreover, Al-based predictive models can forecast
infrastructure needs, helping to optimize urban functions and reduce congestion,
energy consumption, and waste.

Another significant advantage is enhanced sustainability. Digital technologies
allow for better resource management, supporting efforts to minimize environmental
impact. The use of Al for energy optimization, [oT for waste management, and BIM
for efficient building designs all contribute to more sustainable urban environments.
By enabling precise control over resource use, personalized architecture not only
reduces waste but also promotes renewable energy integration and eco-friendly
building materials.

However, the implementation of personalized architecture faces several
disadvantages. The most prominent is the high cost of deploying digital solutions.
Technologies like BIM, Al and loT require substantial investment in infrastructure,
software, and training, making them inaccessible to cities with limited budgets.
Additionally, the complexity of integration poses another challenge, as retrofitting
existing infrastructure to accommodate new technologies often involves extensive
modifications, leading to longer project timelines and increased costs.

Another critical disadvantage is the potential for ethical issues related to data
privacy. The collection and analysis of personal data by IoT and Al systems raise
concerns about data security and user consent. Ensuring compliance with data
protection regulations, such as the GDPR, requires significant investment in
cybersecurity measures, which can further complicate the implementation process.
Moreover, there is a risk that data collected for urban optimization could be misused,
leading to issues related to surveillance, discrimination, and exclusion.

Future prospects for development

The future of personalized architecture is promising, as advancements in digital
technologies continue to evolve. Al algorithms are becoming more sophisticated,
with the potential for improved predictive modeling, enabling more accurate
forecasting of urban needs. For instance, Al could predict infrastructure failures
before they occur, allowing for proactive maintenance that minimizes disruption.
Additionally, AI’s role in personalizing urban spaces could expand to include
features like adaptive street layouts, dynamic public transport routes, and real-time
air quality adjustments based on user needs.

The use of smart materials represents another avenue for enhancing personalized
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architecture. Smart materials, such as thermochromic glass and self-healing concrete,
can be integrated into urban designs to provide adaptive responses to environmental
changes. For example, thermochromic glass can adjust its transparency based on
sunlight exposure, helping to maintain comfortable indoor temperatures while
reducing energy consumption.

Robotic constructionalso offers significant potential for personalized architecture,
particularly in terms of efficiency and customization. Robots can construct buildings
faster, more accurately, and with less waste than traditional methods. They can
also produce complex, user-specific designs that would be difficult or impossible
to achieve with conventional techniques. As robotic construction becomes more
advanced, it is likely to play a key role in future urban development, enabling more
personalized and adaptable infrastructure.

Conclusion

The integration of digital technologies into urban architecture significantly
impacts the adaptability and sustainability of urban environments, supporting the
creation of personalized and user-centric spaces. The technologies examined in this
study, including Building Information Modeling (BIM), Artificial Intelligence (AI),
and the Internet of Things (IoT), have demonstrated their capacity to enhance the
functionality, efficiency, and resilience of urban infrastructure. These tools enable
real-time data collection and analysis, fostering adaptive responses to changing
urban needs. BIM facilitates collaborative design processes, while Al improves
decision-making by analyzing vast datasets, and [oT enhances real-time monitoring
and management. Together, these technologies not only optimize urban spaces but
also contribute to environmental sustainability by reducing energy consumption and
waste. Despite the evident challenges—such as high costs, integration complexity,
and data privacy concerns—the benefits of digital technologies in urban planning
are substantial and transformative.

Further research should focus on the social and environmental dimensions of
personalized architecture, exploring how digital technologies can be harnessed
to address broader urban challenges such as social equity, environmental justice,
and community engagement. Studies should also investigate how to make these
technologies more affordable and scalable, potentially through innovations like
open-source software, cost-effective sensors, and standardized frameworks for
technology integration. Exploring the ethical implications of data collection and
usage in personalized architecture is another crucial area for future research,
particularly in relation to user consent, data security, and equitable access.

The findings of this study can inform the development of guidelines for
implementing digital technologies in urban design. Urban planners, architects,
and policymakers can use this research to formulate strategies that maximize the
benefits of digital tools while mitigating their drawbacks. For instance, clear data
governance policies, investment in cybersecurity, and the establishment of cost-
sharing models for technology implementation could facilitate wider adoption
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of personalized architecture. Additionally, pilot projects in diverse urban settings
could help refine digital solutions, ensuring that they are adaptable to various
infrastructural contexts and capable of meeting the unique needs of different urban
populations.
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