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Analysis and development of algorithm and method for object recognition

Relevance of the work: In the modern era, the volume of visual data produced
daily across various domains—ranging from security surveillance to healthcare
imaging and human—computer interaction—has grown exponentially. This
proliferation of images and videos creates an urgent need for intelligent systems
capable of accurately identifying and interpreting visual information. Object
recognition, a fundamental component of computer vision, underpins many such
technologies by enabling automated perception and decision-making similar to the
human visual system. Reliable object recognition is critical for developing
applications such as facial authentication, gesture-based interfaces, and intelligent
monitoring systems that require precise, real-time analysis of visual scenes.
Despite significant progress achieved through deep learning, modern recognition
systems remain heavily dependent on large, diverse, and well-annotated datasets.
In practice, however, obtaining extensive labeled data is often infeasible due to
privacy concerns, annotation costs, and limited sample diversity—particularly in
specialized domains such as biometrics and gesture recognition. Models trained
under these constraints typically suffer from overfitting, poor generalization, and
instability when deployed in real-world environments. Furthermore, the reliance of
contemporary architectures on high-performance computational hardware limits
their accessibility for embedded or low-resource applications.

These challenges highlight the scientific and practical importance of developing
algorithms that can operate efficiently with limited data and modest computational
resources. Research in this area supports the broader goal of sustainable artificial
intelligence by promoting models that are interpretable, lightweight, and adaptable
to constrained environments. Creating such methods not only advances the
theoretical understanding of machine perception but also facilitates their
implementation in real-life systems that must perform reliably despite restricted
datasets and computational limitations.

Aim of the research work: To develop an algorithm and method for face and hand
gesture recognition efficiently capable of achieving high accuracy under limited
dataset conditions.



Objectives of the research work:

1. To employ limited datasets frequently utilized in research endeavors.

2. To develop a lightweight and efficient recognition approach for face and hand
gesture identification that ensures high accuracy and computational efficiency
in data-constrained environments.

Research methods: The research was conducted using a combination of analytical
and experimental methods. The analytical component involved the examination of
existing approaches to object, face, and hand gesture recognition under limited data
conditions, as well as the identification of factors affecting recognition accuracy
and generalization. The experimental component focused on developing and
evaluating a lightweight recognition algorithm based on PCA, Modified Triplet
Similarity Loss, and Projection. For the experimental evaluation, two limited
datasets were employed: the ORL face dataset and the HandReader gesture dataset,
both commonly used in academic research for small-scale recognition studies.
PCA was applied to reduce the dimensionality of input features and eliminate
redundant information, while the Modified Triplet Similarity Loss function was
used to improve feature discrimination and clustering in the embedding space.
Finally, a projection-based classification stage was implemented to enhance
recognition stability under limited-data conditions.

Scientific Novelty: The scientific novelty of this research lies in the development
of a lightweight object recognition algorithm and method that integrate PCA, a
Modified Triplet Similarity Loss, and a Projection-based classification stage to
ensure accurate performance under limited dataset conditions for face and hand
gesture recognition.

Scientific, Practical, and Theoretical Significance of the Study: The theoretical
significance of this research lies in the development of a hybrid methodological
framework that integrates PCA, a Modified Triplet Similarity Loss, and
Projection-based classification into a unified recognition system. This combination
expands the theoretical understanding of how dimensionality reduction, metric
learning, and projection principles can be jointly optimized to improve recognition
accuracy under limited dataset conditions. The study contributes to the theoretical
foundations of machine learning by demonstrating how loss function modification
and feature-space projection can enhance the discriminative capability of
embeddings in data-scarce environments. Moreover, it enriches the methodological
tools available to researchers by proposing a lightweight, interpretable recognition
architecture that balances performance, computational efficiency, and
generalization, an aspect often overlooked in existing deep learning frameworks.

The practical significance of the work is reflected in its direct applicability to face
and hand gesture recognition tasks where data availability is constrained. The
proposed algorithm can be effectively implemented in systems requiring reliable



recognition with minimal computational resources, such as embedded platforms,
human—computer interaction interfaces, and security applications. Its use of the
ORL and HandReader datasets demonstrates adaptability to small-scale, real-world
scenarios, confirming its potential for integration into low-resource recognition
systems. The method’s lightweight structure ensures ease of deployment and
accessibility, offering practical value for organizations and researchers operating
under data or hardware limitations. Overall, the research supports the broader goal
of developing efficient and sustainable recognition technologies suitable for
diverse and data-constrained environments.

Scientific Hypotheses, Main Findings, and Significance of Results: The central
hypothesis of the dissertation is that high-accuracy object recognition under limited
data conditions can be achieved by integrating dimensionality reduction, adaptive
metric learning, and projection-based feature regularization within a single
lightweight framework. This hypothesis was confirmed both analytically and
experimentally using the ORL and HandReader datasets, demonstrating that
accurate and stable recognition does not depend solely on large-scale data or deep
architectures but rather on the optimized interaction of feature extraction and
similarity learning components.

The key findings submitted for defense include:

1. The development of the PCA-TP (Principal Component Analysis — Triplet
Projection) algorithm and method, which combine linear dimensionality
reduction with a modified metric-learning approach for efficient and
interpretable object recognition.

2. The introduction of a Modified Triplet Similarity Algorithm, which integrates
cosine similarity, an adaptive angular margin, and projection consistency
regularization. This unified loss formulation enhances the discriminative
structure of embeddings, balances intra-class compactness with inter-class
separation, and ensures stable convergence during training.

3. The experimental validation of the proposed method and algorithm, showing
recognition accuracies of 90-100% on the ORL and HandReader datasets,
while maintaining low computational complexity and a reduced number of
parameters.

The scientific novelty of the research lies in the creation of a unified and
lightweight recognition algorithm and method that merge PCA-based
dimensionality reduction with a modified triplet similarity algorithm—integrating
cosine similarity, adaptive margin adjustment, and projection consistency into a
single optimization framework. This approach provides a new methodological
perspective on metric learning for data-scarce environments by combining
geometric regularization and linear feature projection.



The significance of the results is reflected in both theoretical and practical
contributions. Theoretically, the research advances understanding of how angular
similarity and projection-based regularization enhance learning stability and
discrimination under limited data. Practically, the proposed algorithm and method
can be effectively implemented in resource-constrained or embedded systems for
applications such as biometric authentication, gesture-based control, and intelligent
monitoring.

Publications and Author’s Contribution: The results of this dissertation were
published in a series of scientific papers that collectively reflect the progressive
development of the author’s research on object, face, and gesture recognition under
limited-data conditions. Each study contributed to the formulation of the proposed
PCA-TP algorithm and the overall methodological framework of this dissertation.
The paper “Sign Language Dactyl Recognition Based on Machine Learning
Algorithms” (Eastern-European Journal of Enterprise Technologies, 2021, Vol. 4,
Issue 2, pp. 58-72) presented a system for recognizing Kazakh dactylic sign
language using machine learning methods. In this research, several
algorithms—Random Forest, Support Vector Machine, and Extreme Gradient
Boosting—were applied to a dataset of 5,000 images per gesture, achieving
classification accuracies of 98.86%, 98.68%, and 98.54%, respectively. The study
demonstrated the potential of classical machine learning techniques for
high-accuracy sign language recognition. The author contributed to algorithmic
development, coding, and evaluation of classifiers, and later adapted the
methodological approach of this study to the experimental framework of the
dissertation.

The article “2D Face Recognition Using PCA and Triplet Similarity
Embedding” (Bulletin of Electrical Engineering and Informatics, 2023, Vol. 12,
Issue 1, pp. 580-586) introduced the PCA-TP algorithm that integrates
dimensionality reduction and triplet-based metric learning with a projection
classifier. The author developed the entire conceptual design, preprocessing, and
experimentation independently. The algorithm achieved up to 98.75% recognition
accuracy on the ORL dataset with an 80/20 train-test split and demonstrated stable
performance across lower ratios. This study forms the main experimental
foundation of the dissertation, serving as the basis for the final PCA—TP model
combining PCA, Modified Triplet Similarity Loss, and Projection-based
classification.

The work “PCA and Projection-Based Hand Gesture Recognition” (Journal of
Theoretical and Applied Information Technology, 2021, Vol. 99, Issue 15, pp.
3801-3811) focused on vision-based gesture recognition using the HandReader
dataset. The author proposed, implemented, and experimentally validated a method
combining PCA for feature reduction, triplet embedding for discriminative feature
learning, and projection-based classification. Despite allocating only 20% of the



data for training and 80% for testing, the algorithm achieved up to 95% accuracy,
significantly outperforming traditional methods such as KNN and MSRC. The
entire research concept, algorithmic development, and analysis were conducted by
the author, and its methodology was later extended to the dissertation’s PCA—TP
framework.

The conference paper “An Enhanced Face Recognition Method for Lighting
Problem” (15th International Conference on Electronics, Computer and
Computation, ICECCO 2019, pp. 1-4) investigated preprocessing techniques to
improve face recognition accuracy under illumination variations. The combination
of Histogram Equalization and Adaptive Single Scale Retinex (ASSR) increased
the recognition rate from 10% (without preprocessing) to 90% when both
techniques were applied. The author contributed to the implementation of PCA and
experimental evaluation. The results of this work were used in the dissertation’s
preprocessing methodology for face recognition tasks.

The earlier study “Gesture Recognition Based on Sparse Reconstruction” (14th
International Conference on Electronics, Computer and Computation, ICECCO
2018, pp. 206-212) examined the use of the MSRC algorithm for gesture
recognition and compared it with KNN and Random Forest classifiers. The
experiments—fully designed and implemented by the author—showed that MSRC
achieved superior recognition rates (up to 97.5%) and faster execution time on the
HandReader dataset. The results from this study directly influenced the
dissertation’s focus on combining sparse representation and projection-based
learning for small datasets.

The publication “Comparative Analysis of Recognition Algorithms for Hand
Gestures on the Basis of Various Representations of Images” (Herald of the
Kazakh-British Technical University, 2019, Vol. 16, Issue 1, pp. 50-54) provided
an extensive comparison of KNN, Logistic Regression, and Decision Tree
classifiers using raw pixel and histogram-based features. The experiments, carried
out entirely by the author, showed that the Logit classifier with raw pixel input
achieved 98% recognition accuracy but required higher computation time. This
work supported the dissertation’s conclusion that feature representation
significantly affects performance under limited-data conditions and motivated the
later use of PCA for compact feature encoding.

In the study “Information Technology for Sign Language Alphabet Units
Modeling and Recognition” (Bulletin of KazNITU, 2020, Vol. 5, pp. 364-371), a
cross-platform gesture modeling and recognition technology was developed using
virtual hand models and standardized protocols such as YAML and PostgreSQL for
gesture databases. The system supported multi-language gesture sets and
demonstrated the feasibility of cross-platform recognition architectures. The author
contributed to the CNN-based recognition component and system design.

The article “Comparative Analysis of Face Recognition Algorithms in the
Problem of Visual Identification” (Suleyman Demirel University Bulletin:



Natural and Technical Sciences, 2021, Vol. 54, Issue 1, pp. 61-67) analyzed
classical algorithms such as EigenFace and Gabor filters for visual identification
systems. The author supervised the project, guiding master’s students in
developing the research methodology, data preparation, and implementation.
Although this study was not directly used in the dissertation experiments, its
comparative results helped contextualize classical approaches in relation to the
PCA-TP algorithm.

Finally, the work “Methods for Handling Frames of Hand Gesture
Recognition” (Suleyman Demirel University Bulletin: Natural and Technical
Sciences, 2021, Vol. 54, Issue 1, pp. 45-51) explored preprocessing methods for
static gesture images extracted from video streams, including smoothing,
binarization, rotation, and background modification based on the skin color model.
The author supervised and reviewed the experimental process, ensuring
methodological rigor. The techniques presented in this paper informed the
preprocessing procedures applied to the datasets used in the dissertation’s
experiments.

Volume and Structure of the Dissertation: The dissertation consists of 94 pages
and is organized into several chapters that comprehensively cover both the
theoretical foundation and the experimental validation of the research. It begins
with an Introduction, followed by an extensive Literature Review exploring the
history, relevance, and challenges of pattern recognition, with a specific focus on
limited datasets and modern techniques such as data augmentation, GANSs, transfer
learning, and few-shot learning. The Research Methodology chapter details the
datasets used (including the HandReader and ORL datasets), the algorithms
applied (PCA, modified triplet loss, projection), and the design of the proposed
PCA-TP algorithm. The Experiment and Results chapter presents a series of hand
gesture and facial recognition experiments, including data preprocessing, classifier
evaluations, and comparative analysis of various methods.

The dissertation includes 156 bibliographic references, establishing a strong
scientific and academic basis for the work. To enhance clarity and provide visual
insight into complex processes, 31 diagrams and 18 tables are presented
throughout the text. This structured approach ensures a logical and comprehensive
presentation of the research, which focuses on developing an effective object
recognition algorithm under limited data conditions, with the novel contribution
being the PCA—TP method.
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«6D070400 — EcenTey TeXHHMKACHI KHe 0arIapaaMajiblK KAMTAMAChI3 €Ty
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AMTHMOB ACXAT KABUJOJIJIAEBUY
O0bexTiIepAl TaHy AJITOPUTMI MEH JIICIH TaJIAay MXKIHe J3ipiaey

KymbicThiH 63ekTimiri: Kasipri Tanma optypai canmamapaa — Kayinci3mik
XKyHenepiHeH OacTanm MeIuIlMHAarbl OCHEe NMUAarHOCTHKAa MEH aJaM—KOMIIBIOTED
e3apa dpeKeTTeCyiHe JeHiH — BU3yalJIbl JIEPEKTEP KOJeMi SKCTIOHCHIIUAIIBI TYPAE
aptein  keneni. KyH callblH albIHATBIH CypeTTep MeH OeiHenep/iH KeOeroi
BU3yaJ/Ibl aKMapaTThl JI9J JKOHE JKeled Taljail alaTblH WHTEIUIEKTYaJl bl
Kyuenepai Kaxer eremi. Kommbprotepinik KepymiH HETi3ri Kypamaac 0esriri 0ok
TaObUTaTBIH OOBEKTIHI TaHy TEXHOJIOTHSICHI MalllMHAJIApFa ajlaM Ke31He YKcac
TYpJ€ KOpIlIaraH OpTaHbl TAHYFa JKOHE IIEIIM KaOblUIayFa MYMKIHIIK Oepe/.
byrinri TaHna oOBEKTUIEpAl TaHy TEXHOJIOTHSCHI O€TTI MACHTHU(UKALMIAY, KOJI
KUMBUIIAPBIH TaHy *oHe OeliHeOakbliay CHSIKThI HAaKThl KOJJaHOAbl cajajapia
MaHBI3IbI POJT aTKAPabl.

Anaiiia Ka3ipri TepeH OKBITY 9JIICTEPl YJIKEH, dPTYPIl )KOHE MYKHUAT TaHOATaHFaH
JIEPEKTEP JKUBIHTHIFbIHA TOYyesAl. MyHIal IepeKTep/l KUHAy KoIl Karanaa keke
MOIMETTEPIIH KYMUSUIBUIBIFBIHA, CapanTaMaliblK aHHOTAIMSHBIH KYpAETiTirine
JKOHE JICPEeKTEp/AiH IIEKTEyNiriHe OalaaHbICTBI MYMKIH OoJMai  sKarajpbl.
Hotmxecinne momenbaep WIarblH JCPEKTEPMEH OKBITBUIFAHAA, apTHIK YHpPEHY
(overfitting) MeH aanbUIayIbIH TOMEHIIT OaiiKanaabl, al )KOFapbl OHIM/I1 €CENTEY
pecypcTapbiHa TOYCJJIUIIK OJIApAbl  KIPIKTIPUITEH HEMece TOMEH KyaTThl
Kyhenepae KOJAAaHyabl KUbIHAATaIbl.

CoHpIKTAaH IIEKTEYJl JepeKTep JKaFdallblHAa THIMAL KYMBIC  ICTEHTIH,
TYCIHIKTEMEJl KOHE €CEeNTey >KaFblHaH JKEHUT alrOpUTMIIEpAl >Kacay — Kasipri
YKACaH/Ibl MHTEJUICKTTIH MaHbI3[Abl FHUIBIMU OarbIThl OOJBIN TaObLIaAbl. MyHal
3epTTeyNiep TEOPHUSUIBIK TYPFbIIAH  MAIIMHAIBIK KOPYAiH JaMyblHa, ai
MPAKTUKAIBIK TYPFBIIaH — IIEKTEYJIl pecypcTrap >KarJalblHIAa CEHIMII >KYMBIC
ICTEUTIH TaHy JKyHelepiH KYpyFa bIKIaJ eTell.

3eprTey KyMbICHIHBIH Makcarbl: lllexTeym nepexrep karJalblHAA >KOFaphI
JOJIIKIICH KYMBIC ICTEHTIH O€T >KOHE KOJ KMMBUIIAPBIH TaHyFa apHajFaH THIM/II
aJTOPUTM MEH QJIICTI d31pJey.



3epTTey MaKcaTrTapsbi:
1. FeuteiMu 3epTTeynepae Kui KONIaHBUIATHIH MIaFbIH IEPEKTEP KUBIHTHIKTAPBIH
naiijanany.

2. JlepexTepaiH MIEKTEyNl KOJEMIHJE >KOFaphbl JAJIK MEH ecenTey THIMIUIITIH
KaMTaMachl3 €TETIH JKEHIUJT TaHy JJIICIH J31pIey.

3eprrey omictepi: 3epTTey JKYMBICHl AHAIUTHUKAJIBIK >KOHE SKCIEPUMEHTTIK
QAICTEpAIH YiJieciMl apKbUIbl OPBIHAANIbI. AHATUTUKAIBIK 06K OOBEKTUIeP/,
OeT MeH KOoJ KUMbULAAPBIH TaHYIbIH Ka3ipri TOCUIAEPIH TajlAdy >KOHE OJapJiblH
HIEKTEYNl  JepeKTep >KardallblHIarbl TUIMAUNNH  Oaranmayra OarbITTalbl.
DKCIEPUMEHTTIK 0ok PCA (aerisri KOMIIOHEHTTEPI1 Tanaay),
monudukarusiaanran Triplet Similarity Loss koHe NpoeKIUsFa HETi3AelreH
KiaccuduKaus OMICTepiH OIPIKTIPETIH KaHAa >KEHUT aJIrOpUTMIl 93Ipjey MeEH
Oaranayra apHaniel. 3eprrey OapbicbiHaa ORL Oer-onmeT nepexrep >KUbIHTBIFBI
»oHe HandReader Ko KuMbLIIApBI )KUBIHTHIFBI KOMTaHbUIAE. PCA emmeMIiTiKTi
a3aiiTy JKOHE  AaKMapaTThlK KaWTalaHylbl KOKW  VIIIH  TaiJdalaHbUIIbL;
monupukanusiianran triplet loss GpyHkmsichl OenriepiH TMCKPUMHHATABTUIITIH
apTThIpyFa OaFBITTANIBI; COHFBI KE3CH/IE MPOESKIIMsIFAa HET131eNTeH Kiiaccuukarop
TaHy TYPaKTBUIBIFBIH KAMTAMACKI3 €TTi.

3eprreynin FBLIBIMHU KaHAJIBIFbI: 3epTTe€y  HOTUXKECIHJE PCA,
monudukarusiaanran Triplet Similarity Loss koHe NpoeKIUsFa HETi3AeNreH
KJ1acCU(UKAIUSIHBI OIPIKTIPETIH, IIaFbIH JIEPEKTEP JKaFIalbIH/a KOFAphl JOJIIKTI
KaMTaMachl3 €TeTIH KeH1J1 00BEKTIHI TaHy aITOPUTMI1 MEH 9JIiCi d31pJeHII.

3epTTeyliH FHUIBIMH, MNPAKTHKAJIBIK KOHE TEOPHUSUIBIK MAHBI3AbLIBIFBI:
TeopusuiblK TYpFbIIaH OYJI JKYMBIC OJIIEMJIUTIKTI a3ailTy, METPUKAJIBIK OKBITY
KOHE TPOEKIMS KaruaaTTapblH OIpIKTIpETIH >kKaHa THOPUATI TaHy TOCUIIH
YChIHAABI. MyHAall WHTerpamus IIeKTEeYJi IEpeKTep JKaraaiblHIa TaHYIbIH
JTOJAITIH apTThIpyFa MYMKIHAIK Oepesll KOHE METPUKAIBIK OKBITY TEOPHSICHIH
nambITaapl. [IpakTUKANBIK TYPFBIIAH YCHIHBUIFAH OJIIC a3 €CEeNTey pecypcTapbliH
KQKET €TETIH, JAePEKTep KoJieMi HMIEKTEYIl KOoIAaHOabl Kyhenepe — KIpiKTipuireH
KYPBUIFbLIAp/a, KAyICI3/IK JKOHE aJaM—KOMITBIOTep MHTepQEHCTEpiHae — THIM/II
KOJJIaHbUIa  ajafbl.  3epTTey  HOTWXKeNepl  HAKThl  IIAaFblH  JIEPEKTEp
YKUBIHTBIKTAPBIHA TEKCEPUTIM, 9MICTIH KOFaphl JOJAIIT MEH €CenTey THIMJILUIIT
TONETACH/I.

FouibiMu 0os15kaM, Heri3ri HITHIKesIep KOHe 0J1apAblH MaHbI3bI: JKYMBICTBIH
HET13T1 TUIOTE3aChl — KOFAPhI AQJIJIIKTEr1 TAHY/bI MIEKTEYI1 AEPEKTEP JKaFrJalbIHa
OJIIIEMIUTIKTI a3aiTy, afanTUBTI METPUKAIBIK OKBITY KOHE MPOCKIHUSUIIBIK PETTEY
KaruanapbiH O1pIKTIpeTiH OIpTyTac KYPBUIBIM apKbUIbI )KY3€Te achlpyFa 00IaIbl.
byn Gomkam TEOpUSIIBIK JKOHE TKIPUOENIK TYPFbIIAH JANENCHIN, YChIHBIIFaH
PCA-TP anroputrminig ORL xone HandReader sxubinThIKTaphiHma 90-100%
JQJJIIKKE KOJI KETKI13€TIHI KOPCETII1.



Koprayra yCbIHBLIATBIH HETI3r1 HOTHIKeJIep:

1. PCA-TP anroputmi MeH oAici 93IpJ€HAl — OJ OJIUEMIUIIKTI a3alTy MEH
MoaudUKaIUsIaHFaH METPUKANBIK OKBITYAbl ~ OIPIKTIPIN, THIMAI KOHE
TYCIHIKTEMEJI TaHYbl KAMTAMaChI3 €TE/II.

2. KOCHHYCTBIK YKCACTHIK, aJanTHUBTI OYPBIITHIK IIEK JXKOHE MPOCSKIIMSUIBIK
TYPaKTBUIBIKTBI ~ OlpikTipeTiH  Moaudukanusuianran  Triplet  Similarity
aJATOPUTMI €HI 131111,

3. ¥cwmabUtFaH oaic Toxipubenik Typae nonenaeHal — ORL >xone HandReader
KUBIHTBIKTapbIHAAa 90-100% momaikke KETII, ecenTey KYpACHIUINri TeMeH
€KEH1 aHBIKTaJIJIbI.

3eprTeyniH FRUTBIME KaHAMBIFBI PCA Heri3iHAer: eNmeMIUTIKTI a3alTy omiciH
monupukanusanran triplet similarity anroputmiMen OipiKTIpeTiH, OipbIHFal opi
KEHUT TaHy aJTOPUTMI MEH 9JIICTEeMECIH d31pJiey/ie KaThIp. by o/1icTe KOCHHYCTBIK
YKCACTBIK, aJalTHUBTI IIEKTI MOHJI PETTEY KOHE MPOEKIUSIIBIK TYPAKTBUIBIK Oip
OHTAWJAHIBIPY KYpPBUIBIMBIHA OIpikTipiireH. MyHaall Tocl a3  JepekTep
JKarTalbIHAAFbl METPUKAIIBIK OKBITYFA JKaHa dJIICHaMAaIIBIK Ke3Kapac Oepeni, ce6edi
0J1 TEOMETPUSIIBIK PETTEY MEH ChI3BIKTBIK OCNTijep/l NpOoeKIUsIayabl O1pIKTIpE.
3epTTey HOTHXKEJIEPIHIH MaHbI3bLIBIFbl TEOPHUSUIBIK JKOHE MPAKTUKAIBIK TYPFbIIaH
KepiHic Tabanbl. TeOpUsIIBIK TYPFbIIA KYMBIC IIEKTEYNl JEPEKTEp *KaraalblHAa
OYPBIIITHIK YKCACTBIK MEH MPOEKUUSIIBIK PETTEY OKY MPOLECIHIH TYPaKTHUIBIFbIH
KOHE OCNTUIepAiH  aXbIPATYIIbUIBIK KaOUIEeTIH apTTHIPAThIHBIH  JTOJICIIICH/II.
[IpakTUKanbIK TYPFbIIAaH YCHIHBUIFAH AalTOPUTM MEH oNic OMOMETPHSIIBIK
ayTeHTU(UKAIMS, KO KUMBUIIAPbIH TaHy >KOHE WHTEJUICKTYyaslJbl MOHUTOPUHT
CUSKTBl KOJIlaHOamapja pecypchl IIEKTEYJIl HeMece KIpIKTIPUITeH >Kyhenepre
TUIM/II TYPJE €HT1311y1 MYMKIH.

KapusinanpiMaap xoHe aBTOPAbIH YJjeci: byn nuccepTalusHblH HOTHXKENEpI
MICKTEYJIl JIEPEKTep JKaFrfaiiblHIa HBICAaHAApPAbI, OeT OelHeNIepiH >KOHE KOJ
KUMbBUIIAPbIH TaHy OOMBIHILA 3epTTEYJIEPAIH KE3EH-KE3EHIMEH JaMybIH KOPCETETIH
Oipkarap FBHUIBIMH Makajanapja >KapusiiaHibl. OpOip KapHsUIAaHBIM YCHIHBIIFaH
PCA-TP airoputMi MEH OCHl JUCCEPTALMSHBIH >KaJIIbl 9IICTEMENIK HEri31H
KaJIBIITACThIPYFa 63 YJIECIH KOCTHI.

“Sign Language Dactyl Recognition Based on Machine Learning Algorithms”
(Eastern-European Journal of Enterprise Technologies, 2021, Vol. 4, Issue 2, pp.
58—72) arTel Makaiama MalIMHAMEH OKBITY OJICTEpIH MaimanaHy apKbLIbl Ka3ak
JAKTWIBA1 bIM TUTl OENriiepiH TaHy >Kykeci ychHbULABL by 3eprreyne Random
Forest, Support Vector Machine, xone Extreme Gradient Boosting anropurmaepi
op kumburFa 5000 KecKiHHEH TYpaTblH JepeKTep KUBIHTHIFbIHA KOJIAHBUIIBI.
Hotmwxkecinge coiikecinme 98.86%, 98.68%, xoHe 98.54% mommikke KO
KETKI3UIAL. by 3epTrey >KOFapbl JONAIKTI BIM TUIIH TaHyJa KJIACCUKAJIBIK
MAaITHHAJIBIK OKBITY 9IICTEPIHIH QJIEYETIH KOPCETTi. ABTOP aITOPUTMIEP/l d31pIIey,



Oarmapnamaiay >koHe Oarajay TMpOIECTEpiHE YJIeC KOCThI, COHJaH-aK OCHI
KYMBICTBIH OJIICTEMENIIK TOCUIAEPIH IUCCEPTALMSHBIH ToKIpUOeniKk Oeirine
oerimmesnl.

“2D Face Recognition Using PCA and Triplet Similarity Embedding” (Bulletin
of Electrical Engineering and Informatics, 2023, Vol. 12, Issue 1, pp. 580-586)
MaKaJlaChbIHAA OJIIIEM/UIIKTI a3aiiTy MeH triplet Heri3iHaeri MeTpUKaJIbIK OKBITY/IbI
OIPIKTIPETIH KOHE MPOEKUMSUIBIK KiIacCU(pUKATOPMEH TONBIKThIpbUIFaH PCA-TP
aJIrOPUTMI YCHIHBULABL. 3€pTTEY HMICACHI, alblH aja eHJAEY *oHE TIXKIpuoenep
TOJILIFBIMEH aBTOPJIBIH TapambIMHAH OpbIHAANAsL. AnroputM ORL  nepexrep
*KubIHTBIFbIHIAA 80/20 yiipery/Tectiney KarbiHachiHAa 98.75% nonmikke XKeTTi
KOHE TOMEHI1 KaTblHAacTapAa Ja TYpPaKThUIBIK KepceTTi. byn 3eprrey
JMCCEepTalMSIHBIH Heri3ri Toxipubenik OaszackiH Kypan, PCA, Modified Triplet
Similarity Loss, xoHe Projection-based classification OipiKTIpiJIT€H COHFBI
PCA-TP mopenin KanbITacThIpyFa HET13 OO IbI.

“PCA and Projection-Based Hand Gesture Recognition” (Journal of
Theoretical and Applied Information Technology, 2021, Vol. 99, Issue 15, pp.
3801-3811) enberi HandReader nepexTep >KUBIHTBIFBIH MMalIalaHbIN, KOpY
HET131HeT] KON KUMBULAAphIH TaHyFa apHaniasl. ABTop PCA apkeuiel Oenrinepai
azaiity, triplet embedding apkpuibl TUCKPUMHHATHUBTI OeNruiepial YHUpeHy MKoHe
projection Heri3iHAeri KiaccU(UKAIUSHbI OIPIKTIPETIH SIICTI YCHIHABI, XKY3€re
achIpIbl XKoHE TIXipuOenik Typae nanenaeni. Jdepexrepnain tex 20%-b1 yiiperyre,
an 80%-b1 Tectiieyre OesiHce ae, anroput™ 95% nommikke xetirn, KNN >xoHe
MSRC opicTepiHeH achill TYCTI. 3€pTT€y HJIEACHl MEH TalJlay >KYMbBICTaphI
TOJIBIKTall aBTOp TapamblHAH >KYPTi3uIin, Oy oMic KeWiH auccepTaiusaarbl
PCA-TP menbepine eHriziimi.

“An Enhanced Face Recognition Method for Lighting Problem” (15th
International Conference on Electronics, Computer and Computation, ICECCO
2019, pp. 1-4) xoHbEpeHIUIBIK MaKaIaChIH/A KAPBIKTAHABIPY JKaFJaiIapbIHbIH
dCEepiH a3aTy apKbUIbI OeT OCHENepiH TaHy MSJAITIH apTTHIPY SICTEPl 3epPTTEI/Ii.
Histogram Equalization »xone Adaptive Single Scale Retinex (ASSR) omictepin
OipikTipy HoTmxkeciHae manaik 10%-man (anabiH ana enzeyci3d) 90%-ra neitin
aprtel. ABTop PCA eHrizy jkoHe ToXIpUOENiK ChIHAKTapAbl OpBIHIAyFa YIec
KOCTBI. byJ1 )KYMBICTBIH HOTHIKEJIEpl JUCCepTalusiAarbl OeT OCHENepiH aJlJIbIH aja
OHJICY 9JIICIHE SHTI3UI/I].

“Gesture Recognition Based on Sparse Reconstruction” (14th International
Conference on Electronics, Computer and Computation, ICECCO 2018, pp.
206-212) arThl epTepekTeri 3eprTeyle Kol KUMbLUIIAphlH TaHy yiriH MSRC
anropuT™MiH  maipamany koHe oHel KNN < wmen  Random  Forest
KJ1acCU(UKATOPJIAPBIMEH CaJIBICTBIPY KapacThIPbULIBI. bapniblk Toxipubenep mMeH
AJITOPUTMIIK 1CKE achIpy TOJBIKTA aBTOp TapamblHAH OPBIHAANIBI. AJBIHFAH
Hotmwxkenep HandReader nepexrep >kubHTBIFBIHAA 97.5% nommik TeH KbUIAaM
OpPBIHJAIIY YaKbITBIH KepceTTi. byil JKymMbIC AuccepTanusiarbl a3 JepeKTep
KargaiiplHga sparse representation MeH projection-based learning Ttocimaepin
OipiKTipy OarbIThIHA TiKeJIeH BIKIAJ eTTi.



“Comparative Analysis of Recognition Algorithms for Hand Gestures on the
Basis of Various Representations of Images” (Herald of the Kazakh-British
Technical University, 2019, Vol. 16, Issue 1, pp. 50-54) makanaceiama KNN,
Logistic Regression, sxone Decision Tree anroputmaepi raw pixel xone histogram
Oenrizepi HETi3iHAE CaNbICTHIPBULABL. bapiblk Toxipubenep MeH Tajinaylap.bl
aBTOp Xyprizai. Logit knaccudukaropsl raw pixel enrizynepimen 98% monjikke
KeTin, OlpaK ecenTey yakbIThl y3aK OoJiFaHbl aHbIKTa bl by 3eprTey nepexrepai
YChIHY TOCUIHIH THUIMIUIINIHE ocepiH ponennen, keiinri PCA  Heri3iHzeri
OenruiepAl bIKIIaM/1ay HeIiMiHEe TYPTKI OOJIbI.

“Information Technology for Sign Language Alphabet Units Modeling and
Recognition” (Bulletin of KazNITU, 2020, Vol. 5, pp. 364-371) 3eprreyinae
YAML xone PostgreSQL cTrangapTTanfad nNpoTOKOIAAPbl apKbLIbl BUPTYaJAbl KOJI
MOJICJIIHE  HETI3NIEJITeH Kpocc-Tiar@opMaiblK  bIM — MOJCTACY KOHE TaHy
TEXHOJIOTHSCH o3ipieHai. JKylie KOeNnTuUIll BIM >KUBIHTBIKTAPBIH KOJIAIbl KOHE
KpOCC-TUTaTGOPMAaIIBIK apXUTEKTypajapablH TUIMIUIITIH kepcerTi. ABTop CNN
HETI31HJIeT1 TaHy KOMIIOHEHTIH >KOHE >KYHENiK XKoOamayasl 93ipieyre KaThICTHI.
“Comparative Analysis of Face Recognition Algorithms in the Problem of
Visual Identification” (Suleyman Demirel University Bulletin: Natural and
Technical Sciences, 2021, Vol. 54, Issue 1, pp. 61-67) makanaceinna EigenFace
xoHe (Gabor (ubTprepi CHAKTHI KIACCHUKAJBIK aQJITOPUTMAEP BU3Yyasbl
unaeHTuGuKanus Kyhenepingae TaaaaHabl. ABTOp Oyl »KOOAHBI KETEKIIUTK ETIIl,
MarucTpaHTTapra 3epTTeYy OAICTEMECIH KAaJbINTACThIPYy, ACPEKTEepAl AailbiHAay
KOHE TOXKIPUOENIK 1CKe acklpy OoilbIHIIA HYCKayablK Oepiai. byn xkymbIc
JIUCCEPTALMSHBIH TOKIPUOEIIK O6JliriHe TiKeJleld eHr131IMEereHIMeH, KJIACCUKAIBIK
onicrep MmeH PCA—TP anropuT™MiHiH canbICThIpMalibl KOHTEKCIH KaJIbIITACTHIPYyFa
MYMKIHIIK Oep/i.

ConbiHga, “Methods for Handling Frames of Hand Gesture Recognition”
(Suleyman Demirel University Bulletin: Natural and Technical Sciences, 2021,
Vol. 54, Issue 1, pp. 45-51) makanaceiHAa OeiiHe arbIHAApJAH aJIbIHFaH
CTaTHKAJBIK KOJ KUMBUIIAPBIHBIH KECKIHACPIH OHACY OHICTepl — TETICTEY,
OuHapu3anus, alHaIABIPY *oHE (OHIBI TEepl TYCl MOJENIHE HETi3AeN TY3eTy —
KapacThIpbULIbl. ABTOpP TOXIpUOENIK NpoUecTep/l FhUIBIMHU TYPFBIJIaH KaJaraarl,
HOTWKEJIEP/IIH 9IICTEMENIK AQJIIITIH KaMTaMachl3 €TTl. by )KyMbIcTa cunarTaifrad
QJJIBIH ajia OHJCY 9/iCTepl NUCCepTAUAIAFbl IEPEKTEDP KUBIHTHIKTAPHIH TalbIHIAY
MPOIIECIH/IE KOJIaHBLIIbI.

OchbI TOFBI3 JKapUSTIAHBIM OIPTYTAC FHUIBIMU OAFBITTBIH JIOWEKT1 JaMybIH KOPCETIII,
coHpiHaa ycbiHbUIFaH PCA-TP anroputmi MEH OHBIH OJICTEMENIK HETi31H
KaJIBINTACThIPABL. ABTOPIABIH  YJiecl FBUIBIMH 3€pTTEY IUKIBIHBIH OapiIbiK
KE3€HJIEPIH — HJIESIHBI KaJBINTACTBIPY, AITOPUTMIL d31pJey, TOKIPUOEIIK TeKCcepy
KOHE HOTWDKENEpl JKapusijay — KaMThIN, MIEKTEYll JepeKTep >KaraaibiHaa
TUIM/II, TYCIHIKTI OHE BIKIIAM TaHY KYHECIH KypyFa OKeJ/Ii.

JuccepranusiibiH KeJieMi MeH KypbLIbIMbI: Jlucceprauust 94 GeTTeH Typanbl
KOHE 3EPTTEYAIH TEOPHSUIBIK HET13/Iepl MEH TOKIPUOEITIK HOTHKEIIEPIH KaH->KaKThl
KaMTUTBIH OipHemie GenmimaepaeH KypanraH. XKymsic Kipicnenen Oacrtansim, api



Kapail onebu miony OesiMiHIE YIATUIEpAl TaHy CaJlaChIHBIH TapUXbl, ©3EKTLIIr1
JKOHE HEri3ri Macenenepl TainjaHaabl. byn OeniMlie MIEKTEyNl JEpeKTep
JKarJdalbIHAAFBl 3epTTEY oJicTepiHe, COHBIH imriHAe data augmentation, GANSs,
transfer learning, sxoHe few-shot learning CUSKTBI 3aMaHayH TOCILIAECpPre €peKiie
Hazap ayaapbUIFaH. 3epTTey oijicTeMeci OeJiMiHAE KOJJIAHBUIFaH JEpeKTep
#*ubHTBIKTapbl (HandReader xone ORL), maitmanansuiran anroputmaep (PCA,
modified triplet loss, projection) >xone ycwiHbIFaH PCA-TP anropurminig
KYPBUIBIMBI ~ €TOKEH-TEIKEHJII  CHUTIaTTalFaH. OKCIEPUMEHT JKOHE HOTIDKEIEep
OemiMiHIE KON KUMBUIIAPBIH JKOoHE Oer OelHenepiH TaHyFa apHaJFaH
TOXKIpUOenep, NepeKTep/ll aJlJIbIH aja eHJeY, KiaccuduraTopiaapsl Oaranay >KoHE
OPTYPJL OMICTEP/IIH CalbICTBIPMaJIbl Tanaaybl KenrtipuireH. Juccepranusma 156
OoubmrorpadusIbIK JACPEKKO3 IMaiIaJaHbUIFaH, OYJI JKYMBICTBIH FBUIBIMH KOHE
aKaJIEeMUSUUIBIK HET131HIH MBIKTBUIBIFBIH Jonenaeiai. CoHbIMEH KaTtap, Kypaeni
mporecTepal KepHeKl Typae OciiHeney ymmiH MOTiH OoibiHa 31 chi3ba koHe 18
KeCTe eHTi3UmreH. MyHaalt KYpBUIBIMIBIK TOCLT 3€PTTEY MaTepPUaIbIH KUCHIHJIBI
YKOHE TOJIBIK TYPJE YChIHYFa MYMKIHIK Oepei. JluccepTanusHblH HET13T1 MaKcaThl
— TIEKTEYIN JEePEKTep JKaraalblHIa THUIMIII KYMBIC ICTECHTIH HBICAHIAPABI TaHY
aQITOPUTMIH d3ipjey, an oOHbIH Heri3ri FeulbiMu  yieci PCA-TP onicimen
YCBHIHBUJIFaH.
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AMTHMOB ACXAT KABHUJIOJIJIAEBUY
AHaJIu3 1 pa3padoTKa aJIrOpuTMa M METOa PACIIO3HABAHUS 00bEKTOB

AKTYaJIbHOCTH HcCCJe0BaHUs: B COBpeMEHHYIO 310Xy 00beM BH3yaJbHBIX
JaHHBIX, €XEIHEBHO CO3JAaBa€MbIX B pPa3JIMYHbIX OOJACTAX OT CHCTEM
BUJICOHAOTIONECHHS JO MEULIMHCKON BU3yaIM3alluy U B3aUMOZEICTBUS YEJIOBEKA C
KOMITBIOTEPOM CTPEMUTEIBHO BO3pacTaeT. JTOT MOTOK HM300paXeHUN U BUIECO
(GopMHUpPYET OCTPYI0 HEOOXOAUMOCTh B MHTEJUICKTYaIbHBIX CUCTEMAaX, CIOCOOHBIX
TOYHO  paclo3HaBaTb W  HMHTEPIPETHUPOBATh  BHU3YalbHYIO  HH(MOpMALHIO.
Pacnio3naBanme  00BEKTOB,  SBISSACH  (DyHJAAMEHTAIBHOW  COCTaBISIONIEH
KOMITBIOTEPHOTO ~ 3pEHMs, JIKUT B  OCHOBE MHOXECTBA  TEXHOJOTHUH,
o0ecleynBaroIUX  aBTOMAaTHYECKOE BOCIHPUSATHE W MPUHATHE  PELICHUH,
AQHAJOTMYHBIX  YEJIOBEYECKOMY  3pUTENbHOMY  BochpustTuro.  Hanmexnoe
pacno3HaBaHHE€ OOBEKTOB WIPAET KIKOYEBYIO poOJib B pa3padOTKe TaKUX
NPUWIOKEHUM, KaK CUCTEMbl ayTEeHTH(PHUKALMU IO JUIly, HUHTephEeHChl Ha OCHOBE
KECTOB U WHTEIJICKTyaJlbHbIE CHUCTEMBbl MOHUTOPHHTA, TPEOYIOIIUE TOYHOTO
aHaJM3a BU3YyaJbHBIX CIEH B peajlbHOM BPEMEHHU.

Hecmorpss Ha 3HaYMTENBbHBIA TPOTPECcC, JAOCTHUTHYTBHIM Oiarogaps MeTo/aM
IyOOKOro 0Oy4deHHs, COBPEMEHHBIE CHCTEMbl pPAClO3HABAaHUSA MO-IPEKHEMY
CWJIBHO 3aBHUCST OT OOJBIINUX, Pa3HOOOPA3HBIX W TIIATEILHO AHHOTHPOBAHHBIX
HAaOOpoB MaHHbIX. Ha mnpakTuke MoiMydeHUEe TaKUX OOLIMPHBIX pPa3MEYEHHBIX
JAHHBIX YacTO 3aTPyAHEHO M3-3a TPeOOBaHU KOH(HIEHIHMATBLHOCTH, BBICOKOH
CTOMMOCTH pa3METKU U OTPaHMUYEHHOTOo pa3HOOOpa3usi BHIOOPOK OCOOEHHO B
CHEeUaIN3UPOBAHHBIX 00JIACTAX, TAKMX KaK OMOMETpHUS U pacliO3HABAHUE JKECTOB.
Monenu, oOydeHHbIE B YCIOBHUSX AePUIUMTA JaHHBIX, KaK MPAaBWIO, CTPAAAIOT OT
nepeoOydyeHusi, HU3KOW 0000Mmarmed CrnoCOOHOCTH W HECTaOWIBHOCTH TpHU
IPUMEHEHUU B pealibHbIX ycioBHsX. Kpome TOro, 3aBHCUMOCTH COBPEMEHHBIX
ApPXUTEKTYp OT BBICOKONPOU3BOJUTEILHOTO BBIYMCIUTEIBHOTO 000PYI0BaHMS
OrpaHUYMBAET HMX NPUMEHEHUE B BCTPAUBAEMBIX U PECYPCHO-OIPAHUYEHHBIX
CHUCTEMAX.

Otu  npobiemMbl TOAYEPKUBAIOT HAyYHYH0 M [PAKTUYECKYI0 3HAYUMOCTD
pa3pabOTKM  AJITOPUTMOB, CIOCOOHBIX 3(PPEKTUBHO (PYHKIIMOHHPOBATH MPH
OTPaHUYECHHBIX JIAHHBIX U YMEPEHHBIX BBIUUCIUTENbHBIX pecypcax. MccienoBanus



B JAHHOM HAIpaBJIC€HUU CIHOCOOCTBYIOT pealu3aluu Oojiee MIUPOKON IeTu
YCTOMYUBOTO Pa3BUTHUSI UCKYCCTBEHHOIO MHTEIUIEKTA, IPEANONArarollero Co3qaHue
UHTEPIPETUPYEMBIX, JETKUX M aJanTupyeMbix Moxened. PazpaboTka Takux
METOJJOB HE TOJIbKO YIIyOIseT TEOPETUYECKOEe TIMOHMMAaHWE MAITUHHOTO
BOCIIPUSITHSI, HO U 00€CIeYrMBaeT BO3MOXXHOCTh UX MPAKTUUECKOW peanu3aluu B
CUCTEMaX, KOTOpbIE JOJKHBI paboTaTh HANEKHO Jake MPU OrPAHUYEHHBIX
00beMax JaHHBIX U BEIYUCIUTEIbHBIX MOUTHOCTEH.

Leab wucciaenoBarejbckoil padoTbl: Paspaborare anroput™M ©u - METOJ
pacro3HaBaHMsl JIUMIl M JKECTOB PYyK, CIHOCOOHBIN 3¢h(dEKTUBHO 00OecreynBaTh
BBICOKYIO TOYHOCTh B YCJIOBHUSIX OIPAaHMUYEHHBIX HA00POB JAHHBIX.

3agaum ucciaenoBarebCKoM padoThbl:

1. Mcmonp30oBaTh OrpaHUYCHHBIC HAOOPHI TAHHBIX, HANOOJIEE YACTO IPUMEHSIEMBIC
B Hay4YHBIX UCCIICIOBAHUSIX.

2. PazpabGorats nerkuit U 3¢GHEKTUBHBIN MOAXO0 K PACTIO3HABAHUIO JIUIT U KECTOB
PYK,  OOCCICUYMBAIONIUN  BBICOKYIO  TOYHOCTh W BBIYUCIIHTEIIBHYIO
3¢ (HEKTUBHOCTH B YCIOBUAX OTPAHUYCHHBIX TAHHBIX.

MeTtonbsl ucciaenoBanmsi: lcciemoBaHWe BBINIOJHEHO C  HCIIOJIb30BaHUEM
COYETAHUS aHATTUTUYCCKUX U IKCTIEPUMEHTAIHHBIX METOIOB.

AHanuTHyeckas dYacTh BKIIOYala 0030p CYIIECTBYIONIMX MOAXOJOB K
pacro3HaBaHUIO 0OBEKTOB, JIUI] U )KECTOB PYK B YCIOBUSAX OIPaHUYCHHOTO 00beMa
JAHHBIX, a TakKXkKe ompeseneHne (HAKTOpOB, BIUAIONIMX HA TOYHOCTh U
0000111a10111YI0 CLIOCOOHOCTH MOJIeIel paciio3HaBaHUs. DKCIIEpUMEHTaIbHAs YacTh
Oblla HampaBlieHa Ha pa3paboOTKy ¥ OILEHKY JIETKOBECHOTO aJITOpUTMa
pacno3HaBanus, ocHoBaHHoro Ha PCA, Modified Triplet Similarity Loss u
Projection. Jlist 9KcriepuMEHTAIBHON OIIEHKH MCIOIB30BAHCH JBa OTPAaHUYCHHBIX
Habopa paHHbiX: ORL (mms pacmosnaBanms Jymn) u  HandReader (ms
pacro3HaBaHUs KECTOB PYK), KOTOPBIC IMIUPOKO MPUMEHSIOTCS B aKaJeMHUYECKUX
UCCJICIOBAHUSAX  MaJlOMAcIITaOHBIX 3a7ad  pacno3HaBanus. Mertoq PCA
IPUMEHSICS ISl CHIDKEHUS Pa3sMEPHOCTH BXOMHBIX IMPU3HAKOB M YCTPAHCHUS
n30bITOuHOM MH(popManuu, B To Bpems kak pyHkius Modified Triplet Similarity
Loss wucmonb3oBaniach Jjsi TOBBIMICHUS JTUCKPUMHHATUBHOCTH TIPU3HAKOB U
yAy4dIIEHUsT WX  KJIAacTepU3allMkM B MPOCTpaHCTBe  SMOeaauaroB. Ha
3aKJIIOYUTENTFHOM dTane Oblila pealin30BaHa Kiaccu(UKaIus Ha OCHOBE MTPOEKITUH,
YTO TIO3BOJIJIO TOBBICUTH  yCTOWYMBOCTH PACMO3HABAHUS B  yCIIOBUSAX
OTPaHUYEHHBIX JTaHHBIX.

Hayunas HoBu3Ha: HayuHass HOBHM3Ha MCCIIEIOBaHUS 3aKJIKOYAETCs B pa3paboTKe
JIETKOBECHOTO aJTOpUTMa M METO/a pacro3HaBaHMsI OOBEKTOB, OOBEIMHSIOLIETO



PCA, Modified Triplet Similarity Loss u Projection-based classification B eaunyto
CUCTEMY, O00ECTICUMBAIOINIYI0O BBICOKYI0 TOYHOCTH pPa0OTHl TPH OTPAaHUYCHHBIX
HaOOpax JaHHBIX B 33aJlauax pacro3HABAHMSI JTUI] M JKECTOB PYK.

Hayuynasi, nmpakTuyeckas H TeopeTHYeCKasi 3HAYHMOCTb MCCJIeI0BAHMS:
TeopeTnueckass 3HAYUMOCTh palOTHI 3aKIIOYACTCS B CO3[JAHUUM TUOPUIHOU
METOJIOJIOTUYECKON CTPYKTYyphl, KoTopasi oObenuuser PCA, Modified Triplet
Similarity Loss wu Projection-based classification B emunyio cucremy
pacrno3HaBaHMs. Takoe COUETaHUE PACIIUPSIET TEOPETHUECKOe MMOHUMAaHUE
COBMECTHON OINTUMHU3ALMN METONOB CHWXCHHUS Pa3MEPHOCTH, METPHUYECKOTO
00y4YeHHUs U MPOEKIIMOHHOTO MOJIXO0/a VISl MOBBIIICHUS] TOYHOCTH PACTIO3HABAHMUS
OpU OTPaHMYEHHBIX JaHHBIX. McciaemoBaHHe BHOCHT BKIJIAJ B TEOPETUUYECKUE
OCHOBBI MAITMHHOTO OOYYeHHUs, AEMOHCTPUPYS, Kak Momuduxanus GyHKIHIH
OTepb U MPOEKLHUs B MPOCTPAHCTBE NMPU3HAKOB YCUJIMBAIOT AUCKPUMUHATHBHbBIC
CBOMCTBa SMOEIIMHIOB B YCJIOBHUSIX HEJOCTaTka MaHHbIX. Kpome Toro, pabota
oboraiiaer METOJOJIOTMUECKUN HHCTPYMEHTAapUil HCCleqoBareniel, mpeanaras
JIETKOBECHYIO U MHTEPIPETUPYEMYIO apXUTEKTYpy pacro3HaBaHUs, COUETAIOIIYIO
POU3BOJUTENBHOCTb, BBIUUCIUTENbHYIO A((EKTUBHOCTh U CHOCOOHOCTh K
000OLIEHNI0 — acCIeKT, 4YacTO HUIHOPUPYEMBbI B COBPEMEHHBIX IITyOMHHBIX
mozensax. [IpakTudeckass 3HAYMMOCTh HWCCIIEJOBAHMUS TPOSIBISETCS B  €r0
IPUMEHUMOCTH K 3aJa4yaM pacro3HaBaHUs JIUII U KECTOB PYK MPU OTPAaHUYECHHOM
KOJTMYECTBE JaHHBIX. [IpenyioKeHHBIN anropuTM MOXeT OBITh 3()PEKTUBHO
peann3oBaH B CHCTEMaX, TPEOYIOMIMX BBICOKOW TOYHOCTH MPU MHHHMAIbHBIX
BBIYHMCIIUTEIBHBIX PECYpCaX — TAKUX KaK BCTPOCHHBIE yCTPOMCTBA, MHTEP(DEHCHI
B3aMMOJCHCTBHA YEJIOBEKA C KOMIIBIOTEPOM M CHCTEMBI 0€30IaCHOCTH.
Ucnons3oBanue ©HabopoB nmanHeix ORL wu HandReader mnoareepxknaer
OPUMEHUMOCTh TPEUIOKEHHOTO MMOJAX0/a Ui MaJOMAacHITa0HBIX U pPEasbHBIX
CIICHapWeB, IEMOHCTPUPYS €r0 MOTEHIMAT MHTETPALlMd B PECYPCOOTPAHUYCHHBIC
CHUCTEMBbI paclio3HaBaHMs. JlerkoBecHass CTpPyKTypa MeToia oOecreyuBaeT
IPOCTOTY BHEAPEHUS U NOCTYIHOCTh, YTO MPEICTABISET MPAKTHUECKYIO LIEHHOCTh
JUIsl OpraHu3alii W uccienoBareneld, padoTaMMX B YCIOBHUSX OrpaHUYEHUN
JAHHBIX WIN allapaTHbIX pecypcoB. TakuMm oOpa3oM, NpoBEIEHHOE UCCIIEI0BaHUE
crnocoOCTByeT peanu3aluu oOwmed wneam — pa3padoTrke 3(PQEKTHUBHBIX MU
YCTOWYUBBIX TEXHOJOTUH paclo3HaBaHUs, MPUTOAHBIX JUIsI Pa3sHOOOPA3HBIX WU
OTpaHUYEHHBIX 110 JAHHBIM CpE/l.

Hayunble runore3bl, OCHOBHbIE¢ Pe3yJIbTAThl U UX 3HAYMMOCThb: [[eHTpanbHas
TUIIOTE3a JUCCEpPTAllMd  3aKIO4aeTcs B TOM, 4YTO BBICOKAas TOYHOCTH
pacnio3HaBaHusi OOBEKTOB MPU OTPAHUYEHHBIX JTAHHBIX MOXET OBITh JOCTUTHYTa
MOCPEACTBOM HHTETPALlUM CHUKEHHUSI Pa3MEPHOCTH, aJaliTUBHOTO METPUYECKOTO
00y4eHUsI U pEeryJsapu3alii MPU3HAKOB HA OCHOBE MPOCKIUU B €IUHYIO JIETKYIO
ApXUTEKTYPY.



Ora runore3a Obl1a MOATBEPXK/ICHA KaK aHATUTUYECKH, TaK U SKCIIEPUMEHTAIIBHO C

ucnonp3oBanreM HabopoB gaHHeiXx ORL u HandReader, urto mnoxazaio:

CTaOMJIBHOE ¥ TOYHOE PACMO3HABAHME BO3MOXKHO HE TOJIBKO MPHU OONBIINX JAaHHBIX

U DIyOWHHBIX apXWUTEKTypaxX, HO W MpPH ONTUMAJIbHOM B3aHUMOACHCTBUU 3TaIloB

M3BJICUCHUS TIPU3HAKOB U OOYYECHHUS CXOCTBA.

KiroueBble M0/10:KeHUs1, BBIHOCUMbIE HA 3alUTY:

1. Pazpaborka PCA-TP (Principal Component Analysis — Triplet Projection)
ITOPUTMA W METO/a, OOBEAMHSIONIETO JIMHEHHOE CHUKEHHE Pa3MEPHOCTH C
MOIU(DHUIIMPOBAHHBEIM METPUYECKHM oOydeHueMm g 3(PQPEKTUBHOTO W
MHTEPIIPETUPYEMOTO PACIIO3HABAHMS OOBEKTOB.

2. Beenenue Modified Triplet Similarity Algorithm, wunTerpupyromero
KOCHHYCHO€ CXOJICTBO, aJalTHBHBIA YIJIOBOW 3a30p M PETYIIpU3ALHUIO
MPOSKIIMOHHOW  COTIaCOBAaHHOCTH, UYTO YCHIMBAaeT JUCKPUMHUHATHBHYIO
CTPYKTYpY SMOEIIMHIOB, OallaHCUPYEeT BHYTPUKIACCOBYIO KOMIIAKTHOCTb U
MEKKJIACCOBOE pa3ziefieHue, a TakKe 0OECIeunBaeT YCTOMUMBYIO CXOAMMOCTD
oOydeHwUs.

3. DKcnepuMeHTallbHas TMPOBEpKa MPEAJIOKEHHOTO METOa U alropuTMa,
MoKa3aBIasi TOYHOCTh pacno3HaBaHust 90—100% na nHabopax nanHbix ORL u
HandReader npu HU3KOM BBIYMCIUTEIHLHON CIIO)KHOCTA 1 MUHUMAJILHOM YHCTIE
napaMeTpoB.

Hayunass HOBM3HA WUCCIENOBaHUS 3aKIIOYaeTCS B CO3JAAHUM EAUHOTO W
JISTKOBECHOTO aJITOpUTMAa M METO/Aa pacmo3HaBaHus, oObeaunsitomero PCA u
MonuduupoBaHHbId triplet similarity algorithm, Bkitodaromuii cosine similarity,
adaptive  margin  adjustment w  projection consistency B  EIUHYIO
ONTHMH3AlMOHHYI0  CTPYKTypy.  Takod  momxom  ¢opMHUpPyeT  HOBOE
METOJIOJIOTUYECKOE HAMpPaBICHHE B METPUYECKOM OOY4YeHHH A 3ajad C
OTPaHWYCHHBIMH JAHHBIMH, COYETas TEOMETPHUCCKYIO PpETYIIpHU3alUi0 |
JWHEHHOE TPOEKIIMOHHOE 0TOOpakeHNe.

3HAYUMOCTh PE3YJIBTAaTOB TMPOSIBISIETCS. KaK B TEOPETHYECKOM, TaK H B
npakTHYeckoM acrekTaX. C TeopeTWYeCKOM TOYKM 3pEHHs, HCCICIOBaHHE
yoIyonisieT TOHHMMaHHE TOro, KakK YIJIOBO€ CXOACTBO U  MPOEKIUOHHAsS
peryisipu3anus TOBBIMAIT YCTOWYUBOCTh W JUCKPUMHHATUBHOCTH OOY4YEHHUS B
YCIOBUSIX Majoro oObema HaHHBIX. C MPaKTHYECKOW CTOPOHBI, MPEATIOKCHHBIN
aITOPUTM U METOJ MOTYT 3(P(HEKTUBHO MPUMEHSTHCS B PECYpPCOOTPAHMUEHHBIX
WM BCTPOCHHBIX CHCTEMaX, TaKMX KaK OWoOMeTpuYecKkas ayTeHTH(HKaIus,
pacro3HaBaHHUE KECTOB U MHTEIUICKTYaIbHBIII MOHUTOPHHT.

IMyonukanumu u BKjIag apropa: Pe3ynbrarsl JaHHOM AuccepTalyy OMyOIMKOBaHbI
B CEPUU HAYYHBIX CTaTEH, KOTOPbIE B COBOKYITHOCTH OTPAXKAIOT MOCIEA0BATEIbHOE
pa3BUTHE MOETO HCCIENOBaHMsA B O0JACTM pacno3HaBaHUA OOBEKTOB, JHUIl U
KECTOB B YCJIOBHSX OTPAaHWYEHHBIX NaHHBIX. Kaxkmas W3 mpenctaBIeHHBIX padboT



BHecla BKJaa B QopmupoBanue mnpenioxeHHoro anroputMa PCA-TP u obmieit
METO/I0JIOTUYECKON CTPYKTYPbI JUCCEPTALIUH.

“Sign Language Dactyl Recognition Based on Machine Learning Algorithms”
(Eastern-European Journal of Enterprise Technologies, 2021, Vol. 4, Issue 2, pp.
58-72) mpencraBuia CUCTEMY pacloO3HaBaHMS Ka3aXCKOTO JAKTHUIBHOTO SI3BIKA C
UCIOJIb30BAaHUEM METOJI0OB MAIIMHHOTO o0y4yeHusi. B wuccienoBanuu ObutH
npuMenensl anroputMbl Random Forest, Support Vector Machine u Extreme
Gradient Boosting k Ha6opy naHHbix u3 5000 M300pakeHU Ha KaXKIbIH JKECT.
Jlocturayra  TouHOCTh  Kiaccubpukaruu  98.86%, 98.68% wu  98.54%
COOTBETCTBEHHO. PaboTra TmpoaeMOHCTpHUpoOBajia TMOTEHIMAN KJIACCHUUYECKUX
aJITOPUTMOB MAITMHHOTO OOYyYEHHMsI IS BBICOKOTOUHOI'O PACIIO3HABAHUS JKECTOB.
Bxiian aBropa 3akirodancs B OKa3aHHMM METOJWYECKOM M TEXHUYECKOW IMOMOIIH
pu pa3paboTKe aJrOPUTMOB, MPOrPAMMHUPOBAHUU U OIICHKE KJIAaCCU(PUKATOPOB, a
TaK)Xe B KOHCYJIBTUPOBAHUH aBTOPOB MO BOMPOCAM IaNTAIIMH METOI0JIOTHYECKOTO
MOJIX0/a JAaHHOTO MCCJIEA0OBAHUS K SKCIEPUMEHTAIBHOM YacTH IUCCEPTAIUH.

“2D Face Recognition Using PCA and Triplet Similarity Embedding” (Bulletin
of Electrical Engineering and Informatics, 2023, Vol. 12, Issue 1, pp. 580-586)
npencrasuia anroput™ PCA—TP, oObenuHsIOUMil yMEHbIIEHHUE PAa3MEPHOCTH U
TPUIUIETHOE METPUYECKOEe OOy4YeHHE C TMPOCKIUOHHBIM KIACCU(DUKATOPOM.
Konnenuus, npenBaputenbHas o0pabOTKa M SKCHEPUMEHTHI OBLIM IOJTHOCTHIO
pa3paboTaHbl U pean30BaHbl aBTOPOM. AJITOPUTM JAOCTUT TOYHOCTH 110 98.75% Ha
HaObope nmanHbix ORL mpu cootHomennu oOydenuss u tectupoBanus 80/20 u
MPOJIEMOHCTPUPOBAT YCTOMUYUBOCTh MPU MEHBIIUX BBIOOPKAX. DTO UCCIIEIOBAHUE
CTaJO0 OCHOBHOHM JKCIEpUMEHTAIbHOW 0a30i auccepTaliu, MOCITYKUB OCHOBOM
st okonuatenbHor mojenmn PCA-TP, obovenunsromeir PCA, Modified Triplet
Similarity Loss u Projection-based classification.

“PCA and Projection-Based Hand Gesture Recognition” (Journal of Theoretical
and Applied Information Technology, 2021, Vol. 99, Issue 15, pp. 3801-3811)
Oblla TOCBSIIEHa PACIO3HABAHUIO HKECTOB HAa OCHOBE HW300paKEHUU C
UCIIoNnb30BaHKeM HaOopa pgaHHbIX HandReader. ABTopom ObLI mpeioxkeH,
peanu30BaH U IKCIIEPUMEHTAILHO MOATBEPkKACH MeToi, coueraronuit PCA nns
COKpAIlleHUs] TPHU3HAKOB, TPHUIUIETHOE BCTPAMBaHUE IJs1 JUCKPUMUHATHBHOTO
o0yueHHs U MPOEKUHMOHHYIO Kiaccuukauuto. IIpu ucnons3oBanun Bcero 20%
JTaHHBIX Uit oOyueHus u 80% sl TECTUPOBAHMS AJITOPUTM JOCTUT TOUHOCTHU /10
95%, 3HauuTenbHO TpeBbICUB pe3ynbrarbl  MeTogqoB KNN u  MSRC.
HccnenoBartenbckasi KOHIEMIMS W aHAJIU3 TIOJHOCTBIO BBHITIOJIHEHBI MHOM, a
IPEJIOKEHHAsT METOJ0JIOTUsT ObUTa BIOCIEJACTBUM HWHTEIPUPOBAHA B PaMKH
anroputma PCA-TP.

“An Enhanced Face Recognition Method for Lighting Problem” (15th
International Conference on Electronics, Computer and Computation,
ICECCO 2019, pp. 1-4) paccMmarpuBaiia METOJbI MpeABAPUTEILHON 00pabOTKU
U300paKEHUN IS TOBBIIMICHUS TOYHOCTH PACMO3HABAHUS JIUI[ MPU U3MEHEHHUH



ycinoBuii ocBemeHusi. KomoOunarus Histogram Equalization u Adaptive Single
Scale Retinex (ASSR) nmo3Bosnuia moBbICUTh TOUHOCTH pacno3HaBanus ¢ 10% (6e3
oOpabotku) a0 90%. Bxian aBropa 3axitodanics Bo BHeapenun PCA wu
IMPOBEJICHUN  DKCIIEPUMEHTAJIBHBIX  TECTOB.  PesymbTarsl  3TOM  paboOTHI
UCTIONB30BAIMCh TIPU pa3pabOTKe METOMOJIOTHH TPEABAPUTEILHON 00padOTKH
JAHHBIX I 3a/1a4 PacliO3HABaHUS JIUII B TUCCEPTAIUU.

“Gesture Recognition Based on Sparse Reconstruction” (14th International
Conference on Electronics, Computer and Computation, ICECCO 2018, pp.
206-212) wuccnenoBana npumeHeHue anroputMa MSRC nmna pacno3HaBaHus
xecToB U ero cpaBHeHue c kiaccupukaropamu KNN u Random Forest. Bce
AKCIIEPUMEHTHl M pealu3alusi ajJrOpUTMOB ObUIM TOJHOCTHIO BBIMOJTHEHBI
aBTopoM. Pesynprarel mnokasanu, yro MSRC oOecneunBaeT 0osiee BBICOKYIO
TOYHOCTh pacno3HaBanus (10 97.5%) U MEHBIIYIO BBIYUCIUTEIBHYIO CIOXKHOCTD
Ha Habope nanubix HandReader. /lanHO€ uccienoBaHue HaNPSMYIO MOBIUSAIO Ha
BBIOOpD HampaBJICHHs] JUCCEPTAllMM — OOBEAMHEHHE METOIOB PA3PEKEHHOIO
IPEJICTABICHUS U TPOCKIIMOHHOTO OOYUYEeHHSI MPU OTPAHUYEHHBIX JaHHBIX.
“Comparative Analysis of Recognition Algorithms for Hand Gestures on the
Basis of Various Representations of Images” (Herald of the Kazakh-British
Technical University, 2019, Vol. 16, Issue 1, pp. 50-54) mnpencrasuia
cpaBHuTeNbHBIA aHanu3 anroputMoB KNN, Logistic Regression u Decision Tree
IpY UCIOJB30BAHUM NPHU3HAKOB Ha OCHOBe raw pixel m rucrorpamm. Bce
OKCIIEPUMEHTBI M aHalu3 ObUTM TpoBeneHbl aBTopoM. Kiaccuduxarop Logit c
npu3zHakamu raw pixel mokazan touHocTh 98%, HO TpeOoBan OoJbllie BpeMEHHU
BbIuKciieHuid. Pabota moaTBepauia BIUsSHUE CIIOC00a MpeACcTaBiICHUs JaHHBIX HA
IPOU3BOIUTEIBHOCTD ANTOPUTMOB U TMOCITYXHJIA CTUMYJIOM IS TOCIEAYIOIIETO
ucnoib3oBanust PCA 11 KOMIaKTHOTO KOJUPOBAHUS MPU3HAKOB.

“Information Technology for Sign Language Alphabet Units Modeling and
Recognition” (Bulletin of KazNITU, 2020, Vol. 5, pp. 364-371) npencrasuna
KpOCCIUIaT(OPMEHHYIO TEXHOJIOTHIO MOJICTUPOBAHMSI M PACIIO3HABAHUS >KECTOB,
OCHOBAaHHYI0 Ha BHUPTYaJIbHBIX MONEISAX PYyKA U CTAHIAPTU3UPOBAHHBIX
nporokosiax YAML wu PostgreSQL nns 6a3  gaHHbix  kecTtoB. CuHcTtema
NOJJICp>KMBalia  MYJBTUS3BIYHBIE HAOOpPHI KECTOB W  MPOJIEMOHCTpPUpPOBaAia
3 PeKTUBHOCTH KpocCIIaTPOPMEHHBIX apXUTEKTyp. Bkiang aBTropa BKIiIOUal
pa3paboTKy KOMIIOHEHTa pacro3HaBanust Ha ocHoBe CNN u ydactue B CHCTEMHOM
MPOCKTUPOBAHUM.

“Comparative Analysis of Face Recognition Algorithms in the Problem of
Visual Identification” (Suleyman Demirel University Bulletin: Natural and
Technical Sciences, 2021, Vol. 54, Issue 1, pp. 61-67) mpoananu3upoBasa
KJIJacCMYeCKHe anroput™mbl, Takue kak EigenFace m Gabor ¢guubTpsl, aig 3amad
BU3YyaJIbHOW  WAEHTU(UKANMK. ABTOp PYKOBOAWJI  IPOEKTOM,, IOMOTas
MarucTpantam (HOpMHUPOBaTH METOMOJOTHIO HCCIIEIOBAHUS, MOATOTABINBATh
JAHHBIE M PEaJM30BBIBATh IKCIIEPUMEHTHI. XOTS pe3yJbTaThl JaHHOW pabOThl He



UCTOJIb30BAINCh HANpPSIMYI0 B JHMCCEpPTAllMM, OHHU MO3BOJWIU C(HOPMUPOBATH
CPABHUTENbHBIA KOHTEKCT MEXJy KIaCCHYECKUMU METOaMH U aJIrOPUTMOM
PCA-TP.

Hakonen, “Methods for Handling Frames of Hand Gesture Recognition”
(Suleyman Demirel University Bulletin: Natural and Technical Sciences, 2021,
Vol. 54, Issue 1, pp. 45-51) paccmarpuBana MeTonbl OOpabOTKH CTAaTUYECKHUX
U300paKEHUN KECTOB, M3BJIECUYEHHBIX W3 BUICOIOTOKOB, BKJIIOYAs CIVIA)KHBAHUE,
OMHapuU3aIIo, MOBOPOT U U3MEHEHHE (DOHA HA OCHOBE MOJIEIIN LIBETa KOXKU. ABTOP
OCYILIECTBIISJI HAyYHOE PYKOBOACTBO M KOHTPOJIb 33 JKCIEPUMEHTAIbHBIMU
npoueaypaMmu, obecrneunBas METOOJIOTMYECKYI0 TOYHOCTh. IlpencTaBieHHble B
paboTre MeTombl MpeABApUTENHHONM 00pabOTKM OBUIM  HCHOIB30BaHBI  IMPHU
NOJTrOTOBKE JIAHHBIX JIJIs1 SKCIIEPUMEHTOB B IUCCEPTALIUH.

OTU JeBATh MNyOJUKAalUUWA OTpaXaroT MOCJIEI0BaTeIbHOE PpPa3BUTUE HAYYHOTO
HaIlpaBJICHUs, 3aBEPIIMBLIEECS CO3/IaHheM TpeiioxkeHHoro anroputma PCA—TP u
€ro METOAO0JOrn4Yeckoil 0a3pl. Bkiag aBTOpa OXBaThIBAET MOJHBINA IIUKI HAYYHOTO
UCCIIeIOBaHUs — OT pa3paboTKu UAEHM U alropurMa A0 MPOBEIACHUS
IKCIIEPUMEHTOB M MYyOJUKAllMU pe3yJbTaToB, YTO MPHUBEIO K CO3AAHUIO
3¢ HEeKTUBHON, MHTEPNPETUPYEMONl M KOMIIAKTHOM CHCTEMBbI pPACIO3HABaHUS B
YCIIOBHSIX OTPAaHUYEHHBIX JAHHBIX.

O0bem um cTpykTypa auccepramum: [{ucceprauus cocrout u3 94 crpaHull u
BKJIFOYAET HECKOJIBKO pa3/iesioB, KOTOPbIE BCECTOPOHHE OXBATHIBAIOT Kak
TEOPETUYECKUE OCHOBBI, TaK U JKCHEPUMEHTAIbHYIO IMPOBEPKY MNPOBEAEHHOTO
uccienoBanus. Pabora HaunHaeTcs ¢ BBEACHUS, 32 KOTOPBIM CIIEAYET OOIIUPHBIM
0030p JUTEPATYphl, TAE PACCMATPUBAIOTCS HCTOPHUSA, AKTYaJbHOCTh U OCHOBHBIE
npoOeMbl pacro3HaBaHUsi 00pa3oB, C OCOOBIM BHHUMAaHHUEM K YCJIOBHUSAM
OTPaHUYCHHBIX HAOOPOB JAHHBIX U COBPEMEHHBIM TOJXO/IaM, TakuM Kak data
augmentation, GANSs, transfer learning u few-shot learning. B pasnene
METOJIOJIOTUH UCCIEAOBAHUS TTOJPOOHO OMHUCAHBI UCIIOJIb3yeMble HA0OPHI TaHHBIX
(Bkmrowass HandReader w  ORL), mnpumenénnpie amroputmbel (PCA,
monupunmpoBanHas  ¢ynkuus  triplet  loss, projection) u  cTpyKTypa
npemioxenHoro anroputmMa PCA—TP. B pa3nmenie SKCHEpUMEHTHI U PE3YNIbTAThI
IPEJICTaBIIEHA CEpUsl SKCIEPUMEHTOB IO PACIIO3HABAHUIO )KECTOB U JIUL, BKIHOYAS
npelBapuTeIbHyl0  O00pabOTKy  JaHHBIX, OLEHKY  KJIacCU(UKATOpOB U
CPaBHUTENbHBIA aHAIW3 pPa3IM4HbIX MeToaoB. Jluccepramus conepxur 156
Ooubnuorpauyeckux HMCTOYHUKOB, YTO MOATBEPKIAET MPOYHYIO HAYUHYIO H
aKaJeMHUYECKyl0 OCHOBY pa0oThl. /[l MOBBILIEHUS HASIAHOCTH M Oojee
[TyOOKOrO MOHMMAHMSI CJIOKHBIX MPOLECCOB B TEKCTE NpHUBEAEHBI 31 quarpamMma u
18 Tabmuu. Takasg CTpyKTypHas oOpraHu3anus O0O0eCIeuuBaeT JOTHYHOE U
MOCJIEZIOBAaTEeNIbHOE H3JIOKEHUE MaTepuaja, COCPEIOTOYEHHOI0 Ha pa3padoTke
3G (HEKTUBHOTO aNropuTMa paclo3HaBaHHUS OOBEKTOB B YCIIOBUAX OTPaHUYECHHBIX



JAHHBIX, OCHOBHBIM HAay4YHBIM BKJIAJIOM KOTOPOTO SIBJIAETCS MPEITI0KEHHBIA METO.
PCA-TP.
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