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This study focuses on the reconstruction of missing GPS trajecto-
ry data. The principal issue relates to restoring geospatial coordinates
in the absence of large volumes of labeled data and under conditions
where conventional spatial-temporal models demonstrate limited
generalization capabilities.

This paper proposes a large language model-based approach to
address the reconstruction task without requiring prior training on
specialized datasets. To reduce dependence on domain-specific fea-
tures, the focus was on optimizing data preprocessing and construct-
ing effective prompts. Three coordinate representations have been
explored: original degree-based values (using the VPAIR dataset), the
Earth-Centered, Earth-Fixed (ECEF) system, and ECEF coordinates
shifted relative to the starting point of the trajectory.

Experimental results show that using centered ECEF coordi-
nates reduces the mean absolute error (MAE) by 51-59% for both
latitude and longitude compared to other representations. Conver-
sion to the ECEF system also demonstrates selective advantages in
latitude reconstruction. To mitigate the instability of autoregressive
prediction, a multi-iteration reconstruction strategy with result
aggregation has been implemented. The open-source model LLa-
MA 3.2 achieved the highest accuracy (MAE: 36.57 for latitude and
52.14 for longitude), outperforming both other open models and the
commercial GPT-4o.

The proposed approach can be considered a viable post-process-
ing tool, particularly in missions involving unmanned aerial vehicles
or other mobile platforms where part of the GPS data has been lost
during acquisition.

Keywords: large language models, missing values, neural net-
works, imputation, prompt tuning.
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This study’s object is the organization of distributed data process-
ing in cloud environments using serverless computing.

The evolution of serverless computing has led to a change in ap-
proaches to building the architecture of applications deployed in the
cloud. The ability to abstract from infrastructure management while
achieving cost-effectiveness is becoming a significant task requiring
new tools. One such tool is a new framework that makes it possible to
scale computing resources depending on the workload dynamically,
store the state of the computing process using DynamoDB, and pro-
vide real-time progress tracking.

A serverless application for the distributed generation of PDF
documents has been developed and deployed to test the proposed
framework. The real load was emulated using Locust; files con-
taining 1,025,132 records were fed to the application input. The
results of the experiments showed that the application started
to work 25.8% faster, the throughput increased by 21.3%, and the
number of cold starts decreased by 3% compared to conventional
scaling.

Additionally, the main areas of further research on developing
and improving the designed framework have been identified. This
study provides possibilities for predictive automatic scaling using
semi-Markov process models in a serverless environment.

Unlike traditional reactive approaches, the proposed approach
predicts changes in advance and proactively scales parts of the appli-
cation, which makes it possible to reduce delays and avoid cold starts.
The framework could be used to develop serverless applications for
distributed data processing using message queues and the ability to
monitor the processing in real time.

Keywords: serverless architecture, predictive autoscaling, cloud
computing, distributed data processing.
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This study’s object is adaptive compression of general-form bi-
nary sequences based on binary binomial numbers.

The task addressed is to enable high compression speed of bi-
nary information based on binomial numbers under the condition
of uncertainty in the characteristics of the binary sequences being
compressed.

One of the factors that reduce the efficiency of binomial compres-
sion is uncontrolled transitions of the number of unit combinations to
the region of inefficient use, the worst compression ratios.

In this regard, the work applies an adaptive approach to binomial
compression, based on the choice of an encoding technique depend-
ing on the number of units of the processed sequence.

This approach yields the following result: a several-fold reduction
in the amount of time spent processing binary combinations that are
not compressible. Consequently, this leads to an increase in the aver-
age speed of binomial compression with a small, up to three to five
percent, decrease in the compression ratio.

The adaptive compression process model includes the stages of
comparing the calculated numbers of binary units with the compres-
sion conditions and selecting the coding technique based on binary
binomial numbers. If the current value of the number of units goes
beyond the compression conditions, the calculation of the number
of units is stopped, and the processed sequence remains unchanged.
This eliminates unnecessary time costs when the compression ratio
becomes less than unity.

In practice, the adaptive approach to compression based on
binary binomial numbers is effective in the case when the binary
sequences being compressed have uncertain characteristics, and their
preliminary evaluation is impossible or difficult.

Keywords: adaptive compression, binomial numbers, coding
selection, binomial-vector method, compression time.
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The object of this study is the process of classifying illicit Bit-
coin transactions in blockchain datasets. The problem addressed in
this work is the difficulty of detecting suspicious activity in cryp-
tocurrency networks due to the high dimensionality of transaction
data and the lack of semantic labels, which limits the effectiveness
of conventional manual feature engineering. The proposed method
combines domain-specific indicators of illicit behavior with a Genetic
Algorithm-driven selection mechanism that dynamically evolves
informative feature subsets. The developed framework was imple-
mented and evaluated on the Elliptic and Elliptic++ datasets using
random forest. The results obtained demonstrate that the GA-based
method significantly increases model performance: the best-perform-
ing configuration achieved an F1-score of 84.3%, a precision of 99.4%,
and a recall of 73.1%. Compared to baseline approaches on the same
dataset, this method provides relative improvements of 0.9% in F1-
score, 0.3% in precision, and 1.2% in recall. The effectiveness of the
proposed solution is explained by its ability to detect hidden patterns
in transactional data with many potential attributes without resorting
to manual heuristics, as well as an optimized setting of Genetic Algo-
rithm parameters. A distinctive feature of this method is the combi-
nation of heuristic search with domain-informed feature categories,
which improves classification accuracy and reduces model complex-
ity. The obtained results can be applied in practical scenarios such
forensic analysis of cryptocurrency transactions. However, successful
implementation requires access to historical transaction records and
sufficient computing resources to process large, feature-rich datasets.

Keywords: bitcoin, illicit transactions, machine learning, genetic
algorithms, cryptocurrency forensics.
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This research focuses on enhancing the security of decentralized
quantum key distribution (QKD) networks, where the absence of
a central authority creates significant challenges such as malicious



node infiltration, undetected key leakage, and unauthorized re-entry

of revoked participants. Traditional authentication and trust models
are insufficient for fully distributed QKD topologies, which remain
highly vulnerable to insider threats and persistent compromise.
To address these risks, let’s propose a layered security framework
composed of three integrated components: Challenge-Response Au-
thentication (CRA), Dynamic Trust Scoring (DTS), and Blockchain-
Based Access Control (BBAC). CRA verifies node legitimacy through
randomized quantum-state interactions, significantly reducing im-
personation and quantum replay attacks. DTS implements real-time
trust evaluation using anomaly detection to dynamically downgrade
compromised nodes based on their behavioral deviations. BBAC
maintains an immutable and tamper-proof trust ledger to block
revoked nodes from re-entering under falsified identities and resists
Sybil attacks using post-quantum cryptographic primitives. Simula-
tion results confirm that the system improves detection rates of covert
threats, ensures authentication latency under 10 ms, and reduces
re-entry success to zero. The proposed architecture ensures long-term
scalability and resilience, making it applicable to critical domains
such as finance, national infrastructure, and military communication.
This work contributes a novel, verifiable, and scalable solution to one
of the most pressing open problems in distributed quantum networks.

Keywords: QKD, superposition, decentralization, blockchain,
authentication, cybersecurity, trust-scoring, sybil-resistance, insider,
replay.
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The object of research is the application of multimedia technolo-
gies to support literacy learning in the Kazakh language through in-
teractive tools based on the integration of IoT and Web technologies.
The problem addressed is the lack of effective, interactive tools for
learning correct spelling and pronunciation in the Kazakh language
adaptable to different user roles and levels. This study focuses on the
development of a multimedia, interactive educational system aimed
at enhancing literacy and promoting active language acquisition. To
design aimed system in hardware side an ESP8266 microcontroller
was used. 74HC165 shift registers, pull-up resistors are also installed
on each button to ensure signal stability. A server side software solu-
tion built on the Laravel framework. Communication between the
microcontroller and the server is established using the WebSocket
protocol, a secure connection between the hardware device and the
server is provided through the MAC address. The server runs in
a Docker container using the Nginx and supports user roles such
administrator, teacher, and student. The results obtained include a
working prototype of learning system that allows users to complete
tasks in five interactive modes. The results show that the integration
of real-time hardware input with a flexible server-side architecture
improves user engagement and learning personalization. The fea-
tures of the solution are its real-time two-way communication via
Websocket, role-based access, modular design in Docker, and support
for Kazakh language content. The solution is intended at supporting
educational institutions, kindergartens, and remote learning environ-

ments for learning letters and words, advancing digital education
practices, and improving adaptable methods and technologies for the
development of IoT based educational tools.

Keywords: interactive system, multimedia, ESP8266, Websocket,
Laravel framework, IoT, language learning.
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This paper considers the process of segmenting an optoelectronic
image acquired from an unmanned aerial vehicle based on the artificial
bee colony algorithm. The principal hypothesis of this study assumes
that the use of the artificial bee colony algorithm for segmenting an
optoelectronic image acquired from an unmanned aerial vehicle could
reduce segmentation errors of the first and second kinds.

A method for segmenting an optoelectronic image acquired
from an unmanned aerial vehicle based on the artificial bee colony
algorithm has been improved, which, unlike known ones, involves
the following:

- initialization of the population of scout bees;

- calculation of the objective function;

- determining the best and promising positions;

- calculation of the optimal value of the segmentation threshold;

- image division into segments;

- checking the stopping criterion;

- bee migration;

- acquisition of a segmented image.

Experimental studies have been conducted on the segmentation
of an optoelectronic image acquired from an unmanned aerial vehicle
using a method based on the artificial bee colony algorithm. The
visual quality of the segmented image makes it possible to conclude
that segmentation using the artificial bee colony method is possible.
Comparative analysis of segmented images (improved and known
methods) indicates a clearer separation of the object of interest (car)
using the method based on the artificial bee colony algorithm. The
results of calculating segmentation errors of the first and second kind
indicate a reduction in segmentation errors of the first kind by 9% and
errors of the second kind by 7% when segmenting an optoelectronic
image using the method based on the artificial bee colony algorithm.

Keywords: segmentation, optoelectronic imagery, artificial bee
colony algorithm, unmanned aerial vehicle.
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The object of this study is the municipal solid waste management
system within a modern urban environment, where rapid urbaniza-
tion and population growth pose significant challenges to ecological
sustainability. The key problem addressed is the inefficiency of waste
collection due to overflowing containers, poor route planning, and
suboptimal resource allocation. To tackle these issues, an intelligent
waste monitoring system has been developed that integrates Inter-
net of Things (IoT) technologies, computer vision, data analytics,
and a Regional Geographic Information System (RGIS). The system
includes a computer vision model that analyzes images of waste
containers to determine their fill level. Fine-tuning the model on
locally collected image data, reflecting regional characteristics such
as lighting, container types, and weather conditions, significantly
improved detection accuracy and adaptability. Route optimization for
waste collection is implemented using a mathematical formulation
of the Traveling Salesman Problem (TSP), solved via Mixed Integer
Linear Programming (MILP), which helped reduce fuel consumption,
travel time, and staff workload. Integration with RGIS and GPS enables
dynamic routing and real-time geospatial visualization of operational
data. The proposed system forms a closed-loop control cycle that links
automated detection, spatial analysis, and decision-making. Experi-
mental results demonstrate high efficiency, adaptability to regional
conditions, and scalability, confirming the system’s practical applicabil-
ity to other urban areas. In the future, the system may be expanded to
include environmental monitoring modules such as air quality, noise,
and soil conditions and predictive modeling of waste generation, there-
by supporting the sustainable development of smart city infrastructure.

Keywords: monitoring system, waste management, geographic
information system, routing, container, detection.
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The object of the study is the accuracy of diabetic retinopathy di-
agnosis based on retinal images. This study investigates convolutional
neural network (CNN) models for the automatic detection of diabetic
retinopathy (DR) from retinal images. The main problem lies in the
insufficient effectiveness of basic CNN models in recognizing DR
stages on fundus images. The core problem addressed is the suboptimal
performance of baseline CNNs in identifying DR stages from medical
imagery. To solve this, two CNN architectures were thoroughly evalu-
ated: a baseline model and an enhanced model integrating advanced
preprocessing techniques such as image resizing (256 X256 and
512 x 512), the image normalization, and data augmentation methods.
The enhanced model outperformed the original, achieving a validation
accuracy of 91% compared to 88% for the baseline, and demonstrating
reduced loss during both training and validation. This improvement is
attributed to the optimized input image quality and increased variability
in the training set, which enhanced the model’s ability to generalize and
avoid overfitting. A distinctive feature of the results lies in the synergy be-
tween preprocessing and CNN architecture, which enabled significantly
improved classification performance even under hardware constraints.
These limitations suggest that further gains are possible with extended
computational resources and access to larger datasets. The practical ap-
plicability of the findings is evident in the potential deployment of such
models in clinical screening systems to support early and accurate DR
diagnosis. The models were trained on a proprietary dataset of expert-
labeled, high-resolution retinal images, similar in format to EyePACS
and APTOS, though not publicly available due to ethical considerations.

Keywords: diabetic retinopathy, fundus images, image prepro-
cessing, contrast enhancement, data augmentation.
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BIAHOBJIEHHA BTPAYEHUX JAHHWX IVIOBAJIBHOI'O IIOSHUIIIOHYBAHHA 3A JOIIOMOTI'OIO BEJTMKHNX
MOBHUX MOJIEJIEM BE3 IIEPEHABUYAHHA (c. 6-18)

P. I. Lieuko, O. O. BopoBuii, K. B. Emenp, 0. B. ITum6an

OG6’eKTOM JIOCTI/PKEHHS € BiZiHOBIeHHs BTpauyeHUX GPS-gaHux tpaexTopiit pyxy. IIpo6siema rosisirae y 3a6e3nedeHHi peKOHCTPYKILil reo-
TIPOCTOPOBUX KOOPAMHAT 32 BiJICYyTHOCT] BEJINKUX 0OCATIB PO3MiueHHX JJaHUX i B yMOBaX, KOJIX TPAJHIiiTHi IIPOCTOPOBO-4acOBi MOAEJI leMOH-
CTPYIOTh OOME)KEHY y3araJbHIOBaHICTh. Y I[bOMY AOCTi/PKEHHI 3aIIPOIIOHOBAHO ITi/IXifi HA OCHOBI BEJIMKMX MOBHHX MO/IeJI€H /IS PO3B’I3aHHS
33/ja4i peKOHCTPYKIil 6e3 HeoOXi[IHOCTI IOoIepejHPOr0 HaBYAHHS Ha CIeIiali30BaHHUX JaraceTaX. 3 METOI0 IOJOJIaHHS 3aJIeKHOCTI Bif
crienudixy mpeaMeTHOI 06s1acTi 30cepe/PKeHo yBary Ha ONTHUMI3alii nonepesHb0l 00pOOKH JAHUX Ta 1MOOY/0Bi eeKTUBHUX 3anUTiB. Bysno
JIOCTIi/KEHO TpY BapiaHTH Ipe/ICTaBJIeHHS KOOPIWHAT: BUXi/IHI 3HaUeHHs B rpagycax (Ha ocHOBIi faTaceTy VPAIR), cucrema Earth-Centered,
Earth-Fixed (ECEF), ECEF-xoopanHaTH, 3MillleHi BifIHOCHO IT0YaTKOBOI TOYKHM TPAEKTOpil. Pe3ypraTi eKCIIepIMEeHTIiB 3aCBi[4IIN, 1[0 BU-
KopuCTaHHS 1ieHTpoBaHUX ECEF-KOOpAMHAT ZI03BOJISIE 3HU3UTH CEPEAHI0 aGCOIOTHY ITOMMJIKY Ha 51-59% $IK I IIMPOTH, TaK i OBrOTH
MOPiBHSIHO 3 iHIIMMU BapiaHTamu. IleperBopenHs B cucteMy ECEF Tako JleMOHCTpye BUGIpKOBI IepeBary py BifiHOBJIEHH] mupoTy. Jst
3MeHIIIeHHs] HeCTa01IbHOCTI aBTOPErpecuBHOrO IMepezibaueHHs Oy/I0 peaTi3oBaHO ITiXiJ 6araTopa3oBoi iTepaTMBHOI PeKOHCTPYKIIIi 3 arpe-
TyBaHHSM. BCcTaHOBJIEHO, 10 BiKkpuTa Moziesib LLaMA 3.2 neMoHCTpye Haiikparly TouHicts (MAE: 36,57 11 mupoTH i 52,14 11 JOBroTH),
repeBepllylouu sIK iHmi Bifkputi Mogei, Tak i komepuiliny GPT-40. 3anporioHOBaHU MifXif| AOLIBHO PO3IIAAATU SIK {HCTPyMEHT IicJIs-
06pOo6KH, 30KpeMa B KOHTEKCTi MicCiii i3 BUKOPUCTAaHHAM Ge3MIOTHUX JITAIbHUX allapaTiB 4y iHIIMX MOOIIBHUX IUIATGOPM, KOJH YacTHHA
JlaHUX Oy/1a BTpaveHa IIif gac 360py.

KurrouoBi croBa: BeTMKi MOBHI MogiesTi, BTpadeHi fAaHi, HelipoHHI Mepexxi, iMmyTariis, prompt tuning.
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PO3POBKA ®PEIMIMBOPKY JIJIs1 BE3CEPBEPHOI PO3IIOJIUIEHOI OBPOBKHU JAHHX 3 BUKOPUCTAHHSAM
YEPT (c. 19-25)

0. O. Kupuuesnko, C. E. Ocranos, O. JI. Kupu4yeHko

OG6’eKTOM JOCITi/[PKeHHS € OpraHi3allis po3noiseHoi 06poOKM JaHUX Yy XMAapHUX CEepeJOBHUINAX 3 BUKOPHUCTAHHAM Oe3CepBepHUX
o6urcyieHb. PO3BUTOK Ge3cepBepHUX 00YMCICHb CIIPUYNHUB 3MiHY ITi/IXOZiB 0 OOYJ0BU apXiTEKTypH JOAATKIB, IKi pO3rOPTAIOTHCS Y
xMapi. MOXXJIMBICTb abCcTparyBaThCs BiJj yIpaBliHHS iHGOPACTPYKTYPOIO JOCATAIOUHN IIPU IbOMY €KOHOMIYHOI e(heKTUBHOCTI cTae Haj-
3BUYAHHO BKJIMBOIO IIPOGJIEMOIO, SIKA ITOTpebye CTBOPEHHS HOBUX {HCTpyMeHTiB. OZHUM i3 TaKUX {HCTPYMEHTIB € HOBUI (peiiMBOpK,
SIKME [103BOJISI€ JUHAMIYHO MacIITaGyBaTH OGYMCIIIOBAIbHI PECypcH B 3aJIeKHOCTI Bifi po604Oro HaBaHTa)XeHHs, 36epiratu CTaH mpo-
mecy o64rcyieHb 3a Jornomoroo DynamoDB Ta 3a6e3nedye BificTe)XXeHHS IIPOTpecy B PeXKUMi pPeasbHOTro 4Yacy. [IJIsi TeCTyBaHHS 3aI1Ipo-
IIOHOBaHOTro (pefiMBOPKY CTBOPEHO Ta PO3TOPHYTO Ge3cepBepHUIl AOAATOK Il po3noAiseHoi reHepanii PDF pgoxkymeHTiB. EMyssnis
peayibHOrO HaBaHTaXXeHHs BifjOyBajacsl 3a JormoMoroio Locust, Ha BXif AomaTKy mofgaBasucs daiinu, siki mictuan 1025132 3anucamu.
Pe3ynpTaTh €KCIIEpUMEHTIB IIOKa3aJIy, 0 AOAATOK CTaB IIPAIlOBaTU Ha 25,8% MBHU/LIE, IPOITyCKHA 3[aTHICTh 3pocJa Ha 21,3%, a KiJb-
KiCTh XOJIOZHUX 3aITyCKiB 3MEHIIMJIACS [0 3% y IMOPiBHSAHHI 3 KJITACHYHUM MaclITabyBaHHSIM. [J0JaTKOBO BU3HAYEHO OCHOBHI HaIIPSIMKHU
TIO/JJIBIINX ZIOC/II/PKEHb 1[0I0 PO3BUTKY Ta BIOCKOHAJIEHHS PO3p0o06JseHOro (peiiMBOpKy. Lle fociifPkeHHs IIPeCTaBIse€ MOXKIUBOCTI
MIPOTrHO3HOTO ABTOMATUYHOTO MacIITabyBaHHS 3 BUKOPUCTAHHIM MOJeJieii HalliBMapKOBChKUX IIPOIECiB y 6e3cepBEPHOMY CepeJOBHIILi.
Ha BifMiHY Biff TpaguLiifHUX peaKTUBHUX ITi[XOAiB, 3aIIPOIIOHOBAHU MiAXi/ 3a3/a1eriap neped6adae 3MiHHU Ta IPOAKTUBHO MacIITabye
YaCTHHU 3aCTOCYHKY, 1[I0 ZI03BOJISI€ 3MEHIIUTH 3aTPUMKH Ta YHUKHYTHU XOJIOZHUX 3aIycKiB. PpeliMBOPK MOKe OyTH BUKOPUCTAHUI SIK
OCHOBA /11 pO3POOKH Ge3cepBEPHUX JOAATKIB JIJIsl PO3IIO/[iieHOT 06POOKH JaHUX 3 BUKOPUCTAHHSIM Yepr ITOBiZIOMJIEHb Ta MOXKJIUBICTIO
MOHITOPHHTY IpoIiecy 06po6KU B peaTbHOMY Yaci.

Kurrouogi cyroBa: GescepBepHa apXiTeKTypa, TPOrHOCTUYHE aBTOMAaTUYHE MacuITaGyBaHHS, XMapHi 064NCIeHHs, PO3Mo/jiieHa 06pobKa
JIaHUX.
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MIABUINEHHS MIBUAKOCTI BIHOMIAJIBHOT'O CTUCHEHHSA HA OCHOBI ABIMKOBHUX BIHOMIAJIBHHUX
YHCEJI (c. 26-33)

I. A. Kynuk, M. C. IlleBueHko, B. B. I'punenko, M. O. I'epmec

O6’eKTOM JIOCJIiZPKEHHS € aZlaliTUBHE CTUCHEHHS ABIKOBUX ITOCJIiZIOBHOCTE! 3araJbHOI0 BU/Y Ha OCHOBI JBIiKOBHMX GiHOMiabHUX
YHCe.

ITpo6eMa, 1110 BUPILIyeThCs, — 3a6e3MedeHHs BUCOKOI IIBU/IKOCTI CTUCHEHHS /1BilikoBoi iHdopMaIiii Ha ocHOBi 6iHOMiaTbHUX YKCes 3a
YMOBU HEBU3HAYEHOCT] XapaKTePUCTHK /IBiFIKOBUX ITOCTI{JOBHOCTE, 1[0 CTUCKAIOTHCS.



OpHUM 3 (haKTOPIB, 110 3HIDKYIOTH e()eKTHBHICTh 6iHOMiaJIbHOTO CTUCHEHHS, € HEKOHTPOJIbOBAHI ITepexo/iy KiIbKOCTEl OfMHUIb KOMOi-
Halliii 10 06;1acTi Hee()eKTUBHOTO BUKOPUCTaHHA, HAHTipIIMX KoedillieHTiB CTUCHEHHS.

V¥ 3B’3Ky 3 IJUM B poOOTi 3aCTOCOBAaHUH alallTUBHUI MifXif 10 6iHOMiaIbHOIO CTHCHEHHS], 3aCHOBaHUI Ha BUOOpPi CIIOCOOY KOZyBaHHS
3QJIEXKHO Biff YMCIIa OAMHUIb 0OPOOGIIIOBAHOT TTOCTI/IOBHOCTI.

JlaHuii miaxiz 3a6e3mnedye HACTYITHUI pe3ysIbTaT: y KiJlbKa pa3iB CKOPOYEHHsI 06CATY YaCOBUX BUTPAT ITpU 06po01Ii BiiTKOBHX KOMOGiHAIIiH,
10 HE CTHCKAIOThCS. SIK HACJ/IOK, Iie TIPU3BOJUTD /10 301JIbIICHHS CepeiHbOI MIBUKOCTI 6iHOMiaJbHOrO CTUCHEHHS IIPU HEBEJIHUKOMY, J10
TPbOX-II'ATH Bi/ICOTKIB, 3HIKEHHI CTyIeHs CTUCHEHHS.

Jlo MozieTi TpoIiecy afanTHBHOTO CTUCHEHHS BKJIIOYEHI eTaly IMOPiBHSHHSA OGYMCJIEHHUX KiJbKOCTeil [BIHKOBUX OAMHUIB 3 yMOBAMU
CTHCHEHHSI Ta BUOOPY TeXHIKM KOJyBaHHS Ha OCHOBI /IBIfKOBMX GiHOMiaJIbHHUX 4HMCeJI. SIKIIO ITOTOYHE 3HAYEHHS YMCJIA OfHUIIb BUXOAUTH
32 MEXM YMOB CTHCHEHHSI, TO 00YMCJIEHHSI KUIBKOCTI OAMHUIIh IIPUITUHSETHCS, 3 00pOOJIIOBaHA ITOCTIZIOBHICTD 3a/IMIITAEThCS 6e3 3MiH. Tum
CaMMM YCyBalOThCsl HEBUTIPAB/jaHi BUTPATH Yacy, KO KoedillieHT CTUCHEHHSI CTae MEHIIIe 3a OMHUIIO.

Ha mpaxTuIii afanTUBHUN MiAXiZ A0 CTUCHEHHs Ha OCHOBI ABiIfKOBUX GiHOMiaTbHHX Ynces € eeKTUBHUM y BUIA/KY, KOJIHU JBiITKOBI
TTOCTiZIOBHOCTI, 1[0 CTUCKAIOTHCSI, MAIOTh HEBU3HAYCH] XapaKTePUCTHKY, a IX IIOIepeiHe OL[iHIOBAHHS € HEMOXUINBUM a00 YCKJIaJHEHUM.

KurrouoBi coBa: ajaniTHBHE CTHCHEHHS, GiHOMiasIbHI Ynciia, BUGip KOAyBaHHs, 6iHOMiaJIbHO-BEKTOPHHIT METO/I, Yac CTUCHEHHS.
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IIOKPAIIEHE BUABJIEHHSA HEJETAJIBHHUX TPAH3AKIIIN 3 BITCOIN 3A JOIIOMOTI'OIO BIZIBOPY O3HAK
HA OCHOBI TEHETHUYHOTI'O AJITOPUTMY (c. 34-42)

Medet Shaizat, Shynar Mussiraliyeva

OG’eKTOM LIbOTO ZIOCJI/PKEHHS € Ipolec kracudikalil He3aKOHHMX TpaH3akLiil Bitcoin y Ha6opax gaHux Gs0k4eliny. IIpo6sema, siKy
PO3IVITHYTO Y Iiiii po6OTi, MoJIsrae y CKJIaJIHOCTi BUABJIEHHS Ii/[03pi/Ioi aKTUBHOCT] y KPUNITOBAJIIOTHUX MepeXax depes BUCOKY PO3MIipHICTh
JIaHUX TPaH3aKIIii i BiZICyTHICTh CeMaHTUYHUX MITOK, III0 00MeXXye e()eKTUBHICTh TPAAULIiITHUX METO/IiB PyYHOI'O CTBOPEHHS 03HAK. 3aIIpOIIo-
HOBaHMI METOJI TIOE/JHYE TaTy3€eBi iHAMKATOPY HesleraTbHOI OBEiHKM 3 MeXaHi3MOM BHOOPY 03HAK Ha OCHOBI A, IKMi1 AHaMIYHO hopmye
indopmaryBHI niAMHOXKMHYU 03HaK. Po3pobiieHa crucrema Gysa peasiisoBaHa Ta oljiHeHa Ha Habopax jgaHux Elliptic i Elliptic++ i3 Buxopuc-
TaHHAM MOJIeJIi BUIIAJIKOBOTO JIicy. OTpUMaHi pe3y/bTaTh JEMOHCTPYIOTh, 1[0 METOJ, Ha OCHOBI I'A CyTTEBO MiJIBUIIYE IPOSYKTHMBHICTE MOZEJIi:
Halikpaia koHoirypariis focsria F1-mipu 84,3%, TouHocTi 99,4% i moBHOTU 73,1%. Y TIOPiBHSIHHI 3 6a30BUMU MiIX0AaMH Ha TUX CAaMHX Ha6o0-
pax IaHUX, Iieif MeToz 3abe3Ieuye BiffHOCHe ToKpatieHHs Ha 0,9% 3a F1-mipoto, Ha 0,3% 3a TOYHICTIO Ta Ha 1,2% 3a TOBHOTOI. EpeKTHBHICTD
3aITPOIIOHOBAHOrO PillIeHHs MOSICHIOETHCS FI0T0 3AaTHICTIO BUSBJISATH IIPUXOBaHI 3aKOHOMIPHOCTI y JaHUX TpaH3aKLiil 6e3 3aJe)KHOCTI Bif
PYYHUX €BPUCTUK, a TAKOXK 3aBZAKH ONTUMIi30BaHUM mapameTpaM I'A. BiiMiHHOIO pHCO0 LIbOTO METOLY € MOE€JHAHHS €BPUCTUYHOIO IIOIIY-
Ky 3 KaTeropisiMy 03HaK, BU3HAYEHUX Ha OCHOBI IIpeMeTHOI 06JIacTi, 10 MiABHUIYE TOUHICTh KIacH(iKamii Ta 3HIKYE CKIQJHICTh MOAEJI.
OTpuMaHi pe3y/IbTaTH MOXKYThb OYTH 3aCTOCOBaHi Ha IIPAKTHIIi, HAIPUKJIAJ, IS (POPEH3MIHOTO aHAJIi3y KPUITTOBATIOTHHUX TPAH3aKIii. OgHaK
ycrinrHa iMIuieMeHTaniss BUMarae JOCTyILy /10 iCTOPHYHUX 3aIIUCiB TpaH3aKI[iH i #OCTaTHIX 06UNCIIOBATIBHUX PECYPCiB 11 00POOKY BEIMKUX,
HaCHUYEHUX 03HAKaMH HaOOopiB JAHUX.

KorrouoBi cioBa: bitcoin, HeslerayibHi TpaH3aKIlii, MAlTMHHE HABYAHHS, FTeHETUYH] aJIFOPUTMHU, KPUIITOBAIIOTHA (DOpeH3UKa.
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IIPOEKTYBAHHSA ITPOTOKOJIY QKD, CTIMKOI'O 10 BHYTPIIIHIX ATAK ¥V IIOBHICTIO HNIAK/JIIOYEHUX
JENEHTPAJII30OBAHUX MEPEXKAX (c. 43-50)

Yenlik Begimbayeva, Temirlan Zhaxalykov, Amir Akhtanov, Ruslan Pashkevich, Olga Ussatova, Mukaddas Arshidinova

Ile fgociifpkeHHsI 30Ccepe/PKEHO Ha MiABHUINEHHI Oe3leKu AeleHTpaTi30BaHUX MepeX KBaHTOBOro posmoginy kirouiB (KPK), e
Bi/ICYTHICTb I[eHTPaJIbHOTO OpraHy BJIaJ CTBOPIOE 3HAYHI MPOOGJIeMH, TaKi K MIPOHUKHEHHS 3JI0BMUCHUX BY3J7iB, HEIIOMITHUH BUTIK
KJTIOYiB Ta HeCaHKIiOHOBaHUI TOBTOPHUI BXi/l BIIKJIMKaHUX y4acHUKIB. Tpaguniiini mozesi aBTeHTHdiKanii Ta 0BipK HefocTaTHI A1
TIOBHICTIO po3nofiseHnx Tomnosoriii KPK, aki 3ainmaioTbes Ayke BpasJMBUMU /[0 BHYTPIIIHIX 3arpo3 Ta MOCTiHHUX KOMIIpOMeTAIiii.
[Ilo6 BUpPIiMIUTH Iii pU3UKHU, 3aITPOITIOHOBAHO GaraTOpiBHEBY CTPYKTYpY 6€3IeKH, 1[0 CKJIa/Ja€ThCA 3 TPhOX iHTEIPOBAHUX KOMITOHEHTIB:
aBTeHTUdiKaLlisg BUKINK-BiAMOBiAL (ABB), AuHamiuHa orminka fgosipu (JIO/) Ta KOHTPOJIB AOCTYITy Ha OCHOBI Gokueiiny (K1OB). ABB
repeBipsie JIETITUMHICTD By3J1a 3a /JOTIOMOTOI0 PAaH/I0OMi30BaHUX KBAaHTOBO-CTAHOBHUX B3a€MOZi#l, 3HAYHO 3MEHIIYIOUM aTaKu yOCOOJIeH-
Hs Ta KBAaHTOBOTO NoBTOopeHHd. /O] peasisye OLiHKY /JOBipM B PeXMMi peajbHOTO Yyacy, BAKOPHMCTOBYIOUM BUABJIEHHS aHOMaJIil, Aj1s
JMHaMI{YHOTr0 3HM)KeHHS PiBHSI CKOMIIPOMETOBAHMX BY3JIiB Ha OCHOBI IXHiX ImoBeAiHKOBUX BigxuieHb. KIOB mifTpuMye He3aMiHHUM Ta
3aXUIIEeHHU BiJj HECAHKI[IOHOBAHOTI'O JIOCTYITy PEECTp AOBipH, 06 6I0KyBaTH IIOBTOPHUM BXi/ BiJKJIMKaHUX BY3JiB Mif danbcudikona-
HUMU iJleHTU(}IiKaTOpaMH Ta IPOTUCTOATH aTakaM Sybil 3 BUKOPHUCTaHHSAM ITOCTKBAHTOBUX KPUNTOrpadivyHMX NPUMITHBIB. PesynmpraTi
MO/IeJTIOBAaHHS MiZATBEP/KYIOTh, 1[0 CHUCTEeMa ITOKpallye piBeHb BUSBJIEHHS IIPUXOBAHUX 3arpo3, 3a6e3Ieuye 3aTPUMKY aBTeHTH(iKallil
MeH1Ie 10 Mc Ta 3BOJUTH YCIILIHICTh TIOBTOPHOT'O BXOAY 10 HYJIsl. 3aIIPOIIOHOBaHA apXiTeKTypa 3abe3Iieduye JOBIOCTPOKOBY MacIITaboBa-
HICTB Ta CTIHKiCTh, [0 pOGUTH i1 32CTOCOBHOIO B TAKUX KPUTHIHUX 00J1aCTSX, SIK (piHaHCH, HaI[ioHAIbHA iH(PaCTPyKTypa Ta BifiCbKOBHU
3B’s130K. 1Is1 po60Ta IIPOIIOHYye HOBE, IIepeBipeHe Ta MacITaGoBaHe PillleHHs OfHiel 3 HaaKTyaJIbHIIINX BiJKPUTUX ITPOGJIEM Yy PO3IOAi-
JIEHUX KBAaHTOBUX Mepexax.

KorouoBi caoBa: KPK, cynepno3uliis, fereHTpaizalis, 610k4eiis, apTeHTHiKa1lis, kibepbesmneka, oiHka A0oBipy, sybil-cTifikicTs, iH-
cafliziep, BiATBOpeHHs.
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PO3POBKA CUCTEMH HIABUIIEHHA PIBHA TPAMOTHOCTI HA OCHOBI TEXHOJIOI'TH IHTEPHETY
PEYEM TA BEB-TEXHOJIOTTH: IHTET'PAIIIA ESP8266 TA LARAVEL (c. 51-60)

Zhandos Dosbayev, Amandyk Tuleshov, Arshidin Osmanov, Bibigul Sadykova, Nurzhigit Smailov, Akezhan Sabibolda

O6>€KTOM JIOCJTi/PKEHHSI € 3aCTOCYBAaHHS MYJIBTHUMEIiHUX TEeXHOJIOTIH /Il MiATPUMKHN HaBYaHHSI IPaMOTi Ka3aXChbKOIO MOBOIO 3a JI0-
TIOMOTOI0 iHTePaKTUBHUX iHCTPYMEHTIB, 3aCHOBAaHMX Ha iHTerpamnii IHTepHeTy peueil Ta BeG-TexHOsOriH. IIpo6sema, IO PO3IIAAEThCS,
TI0JISATAE B BiJICyTHOCTI e(peKTHBHUX, iHTepaKTUBHUX iHCTPYMEHTIB J/IsI BUBUEHHS ITPAaBUJIBHOTO ITPABOIIVCY Ta BUMOBU Ka3aXChKOI MOBOIO,
a/IalITOBAaHMX /10 Pi3HUX posieil Ta piBHIB KopucTyBadiB. Lle JoCIIiPKeHHS 30cepeiKeHo Ha po3poOLi MyIbTUMeZiitHOI, iHTepakTHBHOI OCBIT-
HBOI CUCTEMH, CIIPSMOBAHOI Ha ITiZIBUILEHHS I'PAMOTHOCTI Ta CIIPUAHHS aKTUBHOMY BUBYEHHIO MOBH. /IJIs IIPOEKTYBAaHHS 1[iJIbOBOI CUCTEMU
Ha amapaTHiil cTOpoHi 6y/10 BUKOPHUCTAaHO MiKpoKoHTposiep ESP8266. Ha koxkHill KHOTIII TaKo)X BCTaHOBJIeHi perictpu 3cyBy 74HC165, mif-
TATYIOUi pe3uCTOpH JIs 3a6e3IeueHHs CTabiIbHOCTI curHaity. [IporpaMHe pillleHHsI Ha CTOpPOHi cepBepa obyzoBaHo Ha (hpeiiMBopKy Laravel.
3B’A30K Mi>K MiKpPOKOHTPOJIEPOM Ta CEPBEPOM BCTAHOBJIFOETHCS 3a JOIIOMOTroI0 IpoTokoay WebSocket, 6esneune 3’ejHaHHSA MK arlapaTHUM
TIPUCTPOEM Ta cepBepoM 3abe3reuyeThcs uepes MAC-aapecy. CepBep npaiitoe B koHTeitHepi Docker 3 BukopucranHam Nginx Ta migrpumye Ta-
Ki posi KopucTyBadiB, K aIMiHiCTpaTOp, BUKJIa/Iad Ta CTyZAeHT. OTprMaHi pe3y/IbTaTi BKJIIOYAI0Th POOOUHET IIPOTOTUIT HABIAIBHOI CHCTEMH,
sIKa JI03BOJISIE KOPUCTYBauaM BUKOHYBaTH 3aBJaHHS y IDSATU IHTEPAKTUBHUX PeXXHMaxX. Pe3ynbTaTu IOKa3yloThb, L0 iHTerpalis amapaTHOro
BBeJIeHHSI IaHUX Y PEKUMIi peajlbHOro Yacy 3 THyYKOIO0 CEPBEPHOIO apXiTeKTypOIO IIOKpalllye 3alydeHHsI KOPUCTYBadiB Ta IIepcoHali3allito Ha-
BYaHHs. OCOGJIMBOCTSIMU pillleHHsI € JBOCTOPOHHII 3B>I130K y peXXKuMi peasbHOro yacy yepes Websocket, ocTynn Ha 0CHOBI posieii, Mogy/IbHa
KOHCTPyKList B Docker Ta miATprMKa KOHTEHTY Ka3aXChKOIO MOBOIO. PillleHHsI TpuU3HavYeHe /IS MiTPUMKH OCBITHIX 3aKJIa/IiB, IUTSIIUX CaJKiB
Ta CepeJOBUIN AMCTAHIIHOrO HABYaHHS /ISl BUBUEHHS JIiTep Ta CJIiB, PO3BUTKY ITPAKTUK IHU(POBOI OCBITH Ta BAOCKOHAJICHHS aalITUBHUX
METO/iB i TEXHOJIOTi# 2151 PO3POOKH OCBITHIX iHCTPYMEHTIB Ha OCHOBI IHTEpHeTy peueil.

KurrouoBi cioBa: iHTepakTUBHA cucTeMa, MyabTUMefia, ESP8266, Websocket, ppeiimBopk Laravel, IaTepHeT pedeil, BUBYEHHS MOBU.
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PO3POBKA METOJY CETMEHTYBAHHSA OIITUKO-EJJEKTPOHHOTI'O 30BPAYKEHHS 3 BE3IIJIOTHOTO
JIITAJIBHOTO ATIAPATA HA OCHOBI AJITOPUTMY IITYYHOI BIYKOJINHOT KOJIOHIT (c. 61-69)

I. B. Xynos, B. I. Xynos, O. M. MakoBeituyk, C. II. fIpomr, I. A. XipkHAK, B. B. BapBapos, I. M. Bytko, P. I. XyzoB, IO. 1. IlleBsKOB,
A. B. Ipxa

OG6’eKTOM JIOCITiZPKEHHSI € TIPOIieC CerMEHTYBaHHsI ONTUKO-eJIeKTPOHHOTO 300pakeHHsI 3 GE3IJIOTHOTO JITaJbHOrO amapaTy Ha OCHOBI
AJITOPUTMY IITYYHOI 6/PKOTMHOI KosI0Hil. OCHOBHA TiroTesa JOC/IiKeHHs MOoJIATaJa B TOMY, 1[0 BUKOPUCTAHHS aJITOPUTMY IITYIHOI 6/pKO-
JIMHOT KOJIOHIT /7151 CErMEeHTYBaHHS OITHKO-EJIEKTPOHHOT'O 300payKeHHS 3 Ge3ITLIOTHOTO JITAJIBHOTO anapaTy /{03BOJINTh 3MEHIINUTH ITOMUJIKA
CerMeHTYBaHHs TIEpIIOro Ta J[Pyroro poy.

VI0CKOHAZIEHO METOJi CEeTMEHTYBAaHHS OITHKO-eJIeKTPOHHOTO 300pakeHHs 3 6e3ITiJIOTHOTO JIiTaJbHOTO arapaTy Ha OCHOBi aJrOpUTMY
IITY9HOI G/KOIMHOI KOJIOHII, KW, Ha BiMiHY Biz BiloMux, repeg6adae:

- imimiaizamis momy ALl po3BigyBaTbHIX OIKI;

— 064MCIIeHHS 1[ib0BOT (DYHKILIT;

— BU3HAUEHHs HAMKpal[yX Ta IePCHeKTUBHUX MO3UILil;

- 064MCIIeHHS] ONITUMAJIBHOTO 3HAYE€HHS IIOPOTY CerMEHTYBaHHS;

- PO3/iIeHHsT 300payKeHHS Ha CETMEHTH;

— [IepeBipKy KPUTEPIt0 3yIIMHKU;

- Mmirpariiro 6/pxi;

— OTPUMaHHS CETMEHTOBAHOTO 300pa’KeHHSI.

IIpoBezieHi eKCIlepUMeHTaIbHI JOCTi/PKEHHS I[OI0 CEIMEHTYBaHHS ONTHUKO-eJIEKTPOHHOIO 300payKeHHsS 3 Ge3IiJIOTHOrO JIiTaJbHOTO
arapary MeTo/[OM Ha OCHOBi aJIFOPUTMY IUTY4HOI G/PKOJIMHOI KOJIOHIT. BisyaysbHa SIKICTh CErMEHTOBAHOTO 300paKEHHS! J03BOJISIE 3POOUTH
BHCHOBOK IIPO MOXKJIUBICTB ITPOBE/IEHHSA CEIMEHTYBaHHs METOJJOM Ha OCHOBI IITY4HOI 6/KOJIMHOI KOJIOHii. [TopiBHANBHIIT aHaJIi3 cerMeHTo-
BaHUX 300pakeHb (YAOCKOHAJIEHUH Ta BiIOMUIT METO/M) CBIAYUTH MPO GilbII YiTke BUAIIEHHS 06’eKTy iHTepecy (aBTOMOGi/Ib) METO/IOM Ha
OCHOBI QJITOPUTMY IUTYYHOI G/[KOJIMHOI KOJIOHII. Pe3y/ibTaTil po3paxyHKy IOMIJIOK CErMEHTYBaHHS IIEPIIOTO Ta PYroro pPoAy CBi4aTh IIpo
3MEHUIEHHs TIOMUJIOK CETMEHTYBaHHsI IIEPILIOro poAy Ha 9% Ta MOMUJIOK JIPyroro pofly Ha 7% TpH CETMEHTYBaHHi ONTUKO-eJIEKTPOHHOTO 30-
6pa’keHHsI METO/IOM Ha OCHOBi aJITOPUTMY INTY4YHOI 6/PKOTMHOI KOJIOHiI.

KUrro4oBi c10Ba: cCerMeHTYBaHHS, OIITUKO-eJIeKTPOHHE 300p)KeHHsI, a/ITOPUTM IUTYYHOI 6/KOTMHOI KOJIOHIT, 6e3MMiIOTHIIA TiTaTbHII arapar.
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IMPOEKTYBAHHSA TA OIIIHIOBAHHSA IHTEJIEKTYAJIbHOI CUCTEMU MOHITOPUHTY BIIXOAIB HA
OCHOBI IHTETPAIIIf PETTOHAJILHOI I'IC /IJII PO3YMHUX MICT (c. 70-78)

Symbat Nurgaliyeva, Muratali Amangali, Zhuldyz Basheyeva, Nurzhamal Kashkimbayeva, Daniyar Amantayev

OG6’eKTOM JIOCTIi/KEHHS € CHCTeMa YIIPaBIiHHS TOOYTOBUMH BiZIX0[JaM{ B YMOBAX Cy4acHOT'0 YpOaHi30BaHOTO CepeJOBUILA, /i€ 3pOCTaroya
KIJIBKICTP HaceJIeHHs Ta TeMITH ypOaHi3allil CTBOPIOIOTh HOBi BUKJIMKH JUIsI €KOJIOTiYHOI cTifikocTi MicT. KirrouoBa rpo6siemMa IoJsirae B He-



e(eKTUBHOMY 300pi CMITTS, 1[0 ITPOSIBJIIETHCS. B YACTUX BUITAJIKaX ITEPEIIOBHEHHS KOHTeiTHepiB, HepaljioHaJIbHOMY BUKOPHCTaHHI pecypciB
Ta HeJJOCKOHAJIOMY IIJIaHYBaHHI MapLIPYyTiB BUBE3€HHs BiIXOZAIB. ¥ BiAIIOBib Ha 1[I BUKJIMKU 3aIIPOIIOHOBAHO iHTEIEKTyaIbHy CUCTEMY MOHI-
TOPUHTY, sIKa TIOeHYe TexHotorii [HTepHeTy peueit (10T), KOMIT'FOTEPHOTO 30Dy, aHATITUKY JJAHUX Ta PerioHaIbHOI reoiHhopMariiiHoi cucTe-
mu (PI'IC). CucreMa BKJIIOYAE MOZIETh KOMIT FOTEPHOTO 30pY, 110 3/[ifICHIOE aHaIi3 300paykKeHb CMITTEBUX KOHTEITHePiB IS BU3HAUEHHS PiBHS
ix 3artoBHeHHs. [IpoBe/ieHe [JOHAaBYaHHS MOJieJli Ha JIOKAJIbHUX AAHUX 3 yPaxyBaHHSIM 0COOJIMBOCTeil perioHy (OCBiT/IeHHS, THUIT KOHTEHHEDIB,
TIOro/{Hi YMOBHM) ZI03BOJIMJIO Ti/IBUIIMTH TOYHICTh BUsIBJIeHHsS. ONTHUMi3allist MapIIpyTiB BUBE3€HHs BiIXO/iB 3/[iiCHIOETHCS 3a JZOIIOMOTIOI0
MaTeMaTH4YHOI Moziesti 3a/1aui KoMiBosKepa, peastizoBaHol uepe3 MeTos Mixed Integer Linear Programming (MILP), 1110 12710 3MOT'y CKOPOTUTH
BUTPATH ITaJIBHOTO, YaC ITIepeBe3eHHs Ta HaBaHTa)KeHHs Ha repcoHasl. InTerparis 3 PI'IC ta GPS 3a6e3nedye AMHAMiYHY MapLIpyTH3allito Ta
IIPOCTOPOBY Bisdyastizamito iHdopmarii B pealbHOMY 4aci. 3armponoHoBaHa cucTeMa (hopMye 3aMKHEHU I[UKJI YIIPaBIiHHS, KU ITOEHYE B
co06i aBTOMaTH30BaHe BUSBJIEHHS, aHAJII3 CUTYyallil Ta IPUIHATTS pillleHb. Pe3y/IbTaTH eKCIIepUMEHTAIbHOTO BIIPOBA/KEHHS [IeMOHCTPYIOTh
BHCOKY e(eKTHUBHICTb, a/JallTUBHICTb JI0 JIOKaJIbHUX YMOB, MacIITa60BaHiCTh Ta MPAKTUYHY 3HAYyLIiCTh 3aIIPOIIOHOBAHOTO DillleHHS I
iHIINX MICBKHX TEPUTOPIiii. Y MepCrieKTHBi cucreMa MoXke GyTH pO3LIMpPeHa ISt MOHITOPUHTY CTaHy JOBKULIS (TOBITPS, IIyM, IPYHT) i IIpo-
THO3YBaHHS 0OCATIB yTBOPEHHS Bi/[XO/[iB, [0 POOUTSH 11 KOPUCHUM iHCTPYMEHTOM JIJIsI CTAJIOTO PO3BUTKY MiCBhKOI iH(pacTpyKTypH.

Korro4oBi cjoBa: cucreMa MOHITOPHHTY, YIIpaB/IiHHS Biixogamu, reoindopMaliiiina cucteMa, MapuIpyTH3allis, KOHTeliHep, BUSBJICHHS,
JIOTiCTHKA.
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PO3POBKA IIIAXOAY A0 IMIABUINEHHSA SKOCTI 30BPAYKEHD JIJIA JIATHOCTUKHU JIABETUYHOI
PETHUHOIIATII (c. 79-88)

Saya Sapakova, Nurmaganbet Yesmukhamedov, Askar Sapakov

OG6’eKTOM /IOCTTi/PKEHHS € TOYHICTb [[iarHOCTUKU /1iaGeTUYHOI peTHHOMATIi 3a 300paXKeHHAMMU CIiTKiBKU. Y I[bOMY AOCTiPKeHHi po3IJis-
JTAFOTHCST MOJIEJTi 3rOPTKOBUX HeipoHHUX Mepexk (CNN) /7151 aBTOMaTUYHOTO BUSIBJIEHHST [iiabeTnuHOi perrHomnarii ([IP) 3a 300pajkeHHIMU
ciTkiBkr. OCHOBHA ITpoGJIeMa TIOJISITAE B HEAOCTaTHIH epekTrBHOCTI 6a30BUX Mozesieii CNN mpu posmizHaBaHHI cTaiii [P Ha MeAMYHUX 30-
OGpa’keHHSIX OYHOTO ZiHA. 3 MeTolo i1 BupilieHHs Gys1o orjiHeHo /iBi apxiTekTypyr CNN: 6a30By MOZIesIb Ta BIOCKOHAJIEHY MO/IeJIb, sIKa BKJIIOYasIa
Cy4JacHi MeToziM ToTiepe/IHb0I 06POOKH JJaHUX, 30KpeMa 3MiHy po3Mipy (256 X 256 i 512 X 512), HopMmaJtizaliito, a TAKOXK 3aCTOCYBaHHS TEXHIK
ayrMeHTallii, TAKUX sIK [IOBOPOTH, 3CYBH, A3epKaJbHE BiZloOpa’keHHsI Ta 3MiHa SICKPABOCTi IS Mi/{BUIIIeHHST BapiaTUBHOCTI HABYAJIBHOT'O Ha-
60py. BockoHaseHa MoziesTb IToKa3asia BUIILy TOUHICTB (91% rpoTu 88% y 6a30BOI) Ta MEHIII BTPATH SIK HA €TaIli HABYAHHS, TaK i Basrigarii. ITo-
KpAIl[eHHs pe3y/IbTaTiB ITOSICHIOETHCS ITi/IBUIIEHOIO SIKICTIO BXiZTHUX AAHUX Ta GLIBIINM Pi3HOMAHITTSIM TPEHYBAJIBHOTO HAGODY, 10 CIPHUSIIO
Kpall[OMy y3araJbHEeHHIO Ta 3HIDKEHHIO IlepeoOyueHHs . BiZIMiHHOI0 pHCOI0 OTPUMAHUX PE3YJIbTaTiB € CHHEPTrist MK IOIIepeiHbOI0 06POOKOI0
Ta apXiTeKTypolo Mepexi, sika 3abe3rmedunsia 3HaYHE MOKpPAIeHHsI TOYHOCTI Kiacu@ikariii HaBiTh B yMOBaX O0OMEXEHUX O0OYHCTIOBAILHUX
pecypcis. Lle CBiAYUTH PO MEPCIIEKTUBHICTD MTOAAJBIINX AOCTI/PKEHb 3 BUKOPUCTAHHAM OLTHIINX HAGOPIB JAHUX i PO3MMPEHUX PECYpCiB.
TIpakTH4YHA 3HAUYIIiCTh PE3YJ/ILTATIB MOJIATA€ B MOXKJIMBOCTI 3aCTOCYBAHHS TAKUX MOZeJIell y KIiHIYHUX cUCTeMax JJIsl PAHHBOTO Ta TOUHOT'O
BusiBeHHs JIP. Mogzesi Gy HaTpeHOBaHi Ha IIPUBATHOMY HAGOPi BUCOKOSIKICHUX 300pa)KeHb OYHOTO J{HA 3 €KCIIEPTHOI PO3MITKOIO, MOAi-
6HOMY 3a CTpyKTyporto o EyePACS Ta APTOS, ajie He ZOCTYITHOMY ITy6JIiTHO 3 eTUYHUX MipKyBaHb.

KurrouoBi croBa: fjiabeTHdHa PEeTUHOIIATISA, 300paykeHHs CiTKiBKH, 06po6Ka 300paXkeHb, ITOKPAIeHHS KOHTPACTY, ayTMEHTaIlis JaHUX.



