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The object of this study is an improved query expansion method
based on context-dependent text sentiment analysis in information
retrieval systems for working with databases. Using natural language
processing (NLP) methods, in particular contextual embeddings and
transformer architectures, this paper focuses on adaptively determin-
ing user intent within the submitted query. The study involves analyz-
ing and improving text processing mechanisms using subject-specific
filtering to increase the accuracy and relevance of search results.
The proposed method demonstrates an increase in the accuracy of
context-sensitive models by 6 % compared to baseline approaches.
The aggregate F1-measure indicator, which combines precision, com-
pleteness, and accuracy, reflects the relevance of the constructed mod-
els, showing an increase of 6-8 %. The difference between the least
and most effective methods is 16 % in accuracy and 17 % in relevance.
The proposed approach overcomes the limitations of static traditional
synonym and statistical methods by dynamically interpreting the rela-
tionship between tone, context, and domain specificity of content. Im-
proved semantic understanding allows for more accurate matching of
extended queries with user goals. This method could be effectively ap-
plied in practice in settings where information retrieval systems operate
within domain-specific databases. This applies to scenarios in which
user queries contain complex, emotionally colored language constructs
that require a deeper understanding of context and tone. However, its
implementation requires training on high-quality domain-specific da-
tasets with contextual labels that provide accurate adaptation.
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The object of this paper is the procedure of applying a forward-
propagation artificial neural network of surface learning for the
purpose of short-term forecasting one of the weather elements - the
temperature of the near-surface air layer. Known methods to forecast
weather elements, namely, hydrodynamic, physical-statistical, and
synoptic, have been successfully supplemented in recent years by
forecasting using artificial neural networks. It has become possible
to build large networks for a large amount of training data for deep
learning. However, the level of development of the theory of artificial
neural networks does not make it possible to build the required net-
work. Therefore, when solving applied tasks such as the one reported
in this paper, the developer has to build a forecasting system blindly
or based on some heuristic considerations, experimenting with neural
networks. At the same time, the path of network complexity often
does not lead to a qualitative improvement in forecasting results.
Therefore, during the research, the main problem to be solved was to
optimize the use of a simple neural network with a well-developed
training algorithm for the purpose of nowcasting meteorological
elements. The optimization criterion adopted was the surface air
temperature short-term forecast accuracy at different time intervals.
The parameters enabling the achievement of optimality are the pa-
rameters of the data that train the network and the parameters of the
network itself. By selecting these parameters, a high accuracy rate
for short-term forecasts of different timeliness has been achieved.
The accuracy of a three-hour forecast reaches 100 percent. The same
value is achieved for the forecast accuracy with a one-day lead time.
Predicting temperature values for three days has an accuracy rate
exceeding 90 percent.

Keywords: forward propagation artificial neural network, now-
casting of weather elements.
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An influencer is someone who has the ability to persuade a large
number of people to take specific actions, regardless of space or
time. The role of influencers, especially on social media platforms,
has grown significantly. One common feature utilized by businesses
today is follower grouping. However, this feature is limited to identi-
fying influencers based solely on mutual followership, highlighting
the need for a more advanced approach to influencer detection. This
study proposes a new method that integrates the Leiden coloring algo-
rithm with Degree centrality for influencer detection. This approach
employs network analysis to identify patterns and relationships
within large-scale datasets. First, the Leiden coloring algorithm parti-
tions the network into various communities, which are considered
potential influencer communities. Degree centrality then enhances



this process by identifying highly connected nodes, which are
indicative of influencers. The proposed method is validated using
crawled data from Twitter (X) with the keyword “Garudalndone-
sia”. The data collection process was carried out using Tweet Har-
vest, resulting in a dataset of 22,623 rows. The dataset was tested
across three scenarios: the first with 1,000 rows, the second with
2,000 rows, and the third with 5,000 rows. The proposed method
was compared with the Louvain coloring method, showing an
increase in the modularity value of the Leiden coloring algorithm
by 0.0240. This increase demonstrates the Leiden method’s abil-
ity to achieve more optimal network partitioning. Additionally,
the Leiden coloring algorithm reduced the processing time by
14.85 seconds compared to the Louvain method, highlighting its
faster performance. This is particularly important for applications
requiring quick results, especially in big data analysis. Lastly, the
Leiden algorithm reduced the number of communities by 1,149,
producing a simpler and more organized community structure,
which facilitates easier and more efficient analysis.

Keywords: influencer, graph, coloring, Louvain, Leiden, optimi-
zation, centrality, community, Garuda Indonesia.
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The object of this research is to focus on the Pro Growth
Constructive Interaction (PGCI) approach as a strategy to im-
prove lecturer performance. PGCI integrates multidimensional
interactions involving academic, social, technological, individual,
external and temporal dimensions to achieve optimal productiv-
ity and efficiency. In this research, there is a main problem to
be addressed, namely identifying and optimizing the factors that
influence lecturer performance by developing a comprehensive
model that is able to predict and improve performance through
multidimensional interactions. The research results obtained were
the dimension contribution showing the highest contribution to
lecturer performance (0.177062), followed by the technological
(0.174122), social (0.167044), external (0.165670), and individual
(0.163610) dimensions). In the results of the mathematical model
with the Lagrangian method optimized with a machine learning
algorithm distributing weights with a focus on external dimen-
sions (0.2650) and technology (0.2179), resulting in a performance
increase of 7.35%. This model is able to achieve an accuracy
of 92.4 % in predicting lecturer performance using a deep neural
network algorithm. In this research, there is a brief interpretation
of the research findings showing that the temporal and techno-

logical dimensions have an important role in determining lecturer
performance. By prioritizing these two dimensions, the optimized
model yields significant improvements. Characteristics obtained
from research, multidimensional analysis covering various aspects
of performance and high accuracy and measurable performance
improvements prove the reliability of the model. The results of this
research have significant practical applications in higher education
institutions.

Keywords: lecturer performance optimization, mathematical
model, deep neural network, accuracy, education.
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The object of this study is the approach to personality identifi-
cation based on handwritten text using machine learning methods.
Increasing the accuracy of personality identification and automating
feature extraction could make it possible to perform more accurate
analysis of handwritten text. A functional model has been built, and
an experimental study of the proposed approach was conducted. The
results of the study showed that the proposed approach increased
the overall accuracy of identification, compared to other studies, as
evidenced by the obtained accuracy values with the lowest indicator
of 94.84 % for Friendliness and the highest 99.48 % for Conscien-
tiousness. The accuracy indicator also improved compared to other
models, as evidenced by the average accuracy value, which increased
from 0.65 to 0.94. Such results were obtained through the use of the
“Vision Transformer” method, which makes it possible to remove the
need for feature extraction as a separate step, and the scale-invariant
feature transformation approach made it possible to extract relevant
image patches. An experimental validation was conducted using re-




trieval and classification approaches, which minimizes the variability
of the results. The use of the Big Five model and the CVL dataset
improves the accessibility of the study for comparison and reproduc-
ibility. In practice, handwriting analysis is widely used in forensics,
for personnel selection, as well as in other areas of activity. The results
increase the reliability of automated handwriting analysis systems in
the area of personality identification, which could help graphologists
and handwriting experts in their work both to assess personality traits
and to determine whether a certain handwritten text belongs to a
specific person.

Keywords: convolutional neural network, handwriting analysis,
functional model, vision transformer.
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The object of the study is the text classification and semantic
search tailored to the unique linguistic features of the Kazakh lan-
guage. The research addresses the challenge of improving the accu-
racy, relevance, and efficiency of semantic search.

This study focuses on improving semantic search for the Ka-
zakh language by analyzing computational models tailored to its
unique linguistic features, such as agglutinative morphology and
rich inflectional systems. The research compares traditional rule-
based approaches and advanced transformer architectures, including



fine-tuned models like RoOBERTa, for their ability to handle semantic
nuances, contextual relationships, and user intent. The results reveal
that fine-tuned transformer models achieved significant advance-
ments, with the RoOBERTa model attaining a Precision@10 of 89.4 %,
a Mean Reciprocal Rank (MRR) of 85.6 %, and an F1-Score of 88.0 %.
Additionally, the semantic search system developed in this study
demonstrated a precision of 88.4 %, recall of 87.6 %, and an F1-score
of 88.0 % on a domain-specific Kazakh dataset.

Key to these improvements were innovations in preprocess-
ing pipelines, including custom tokenization and lemmatization
tailored to Kazakh’s agglutinative morphology, and the integration
of contextual embeddings to resolve issues such as synonymy and
homonymy. Computational efficiency was enhanced through re-
source optimization techniques, enabling the deployment of these
advanced models in constrained environments. These findings un-
derscore the potential of tailored transformer models to bridge the
gap in semantic search capabilities for underrepresented languages
like Kazakh, advancing the inclusivity of natural language process-
ing technologies.

Keywords: semantic search, natural language processing,
Kazakh language, information retrieval systems.

References

1. Aitim, A. K., Satybaldiyeva, R. Zh., Wojcik, W. (2020). The construc-
tion of the Kazakh language thesauri in automatic word processing
system. Proceedings of the 6th International Conference on Engineer-
ing & MIS 2020, 1-4. https://doi.org/10.1145/3410352.3410789

2. Satybaldiyeva, R., Uskenbayeva, R., Moldagulova, A., Kalpeyeva, Z.,
Aitim, A. (2019). Features of Administrative and Management Pro-
cesses Modeling. Optimization of Complex Systems: Theory, Mod-
els, Algorithms and Applications, 842-849. https://doi.org/10.1007/
978-3-030-21803-4_84

3. Bora, J, Dehingia, S., Boruah, A., Chetia, A. A., Gogoi, D. (2023).
Real-time Assamese Sign Language Recognition using MediaPipe and
Deep Learning. Procedia Computer Science, 218, 1384-1393. https://
doi.org/10.1016/j.procs.2023.01.117

4. Bogdanchikov, A., Ayazbayev, D., Varlamis, 1. (2022). Classification
of Scientific Documents in the Kazakh Language Using Deep Neural
Networks and a Fusion of Images and Text. Big Data and Cognitive
Computing, 6 (4), 123. https://doi.org/10.3390/bdcc6040123

5. Turganbayeva, A., Tukeyev, U. (2020). The solution of the problem of
unknown words under neural machine translation of the Kazakh lan-
guage. Journal of Information and Telecommunication, 1-12. https://
doi.org/10.1080/24751839.2020.1838713

6. Patayon, U. B., Crisostomo, R. V. (2021). Automatic Identifica-
tion of Abaca Bunchy Top Disease using Deep Learning Models.
Procedia Computer Science, 179, 321-329. https://doi.org/10.1016/
j-procs.2021.01.012

7. Nugamanov, E., Panov, A. I. (2020). Hierarchical Temporal Mem-
ory with Reinforcement Learning. Procedia Computer Science,
169, 123-131. https://doi.org/10.1016/j.procs.2020.02.123

8. Wang, J., Chen, J., Guo, H. (2022). Research on Design Innovation
Method Based on Extenics Compound-Element. Procedia Computer
Science, 199, 977-983. https://doi.org/10.1016/j.procs.2022.01.123

9. Wang, C., Ye, Y., Ma, L., Li, D., Zhuang, L. (2023). Dual disentangle-
ment of user-item interaction for recommendation with causal
embedding. Information Processing & Management, 60 (5), 103456.
https://doi.org/10.1016/j.ipm.2023.103456

10. Haisa, G., Altenbek, G. (2022). Multi-Task Learning Model for Kazakh
Query Understanding. Sensors, 22 (24), 9810. https://doi.org/10.3390/
$22249810

11. Bandara, E., Liang, X., Foytik, P., Shetty, S., Hall, C., Bowden, D.
et al. (2021). A blockchain empowered and privacy preserving digital

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

contact tracing platform. Information Processing & Management,
58 (4), 102572. https://doi.org/10.1016/j.ipm.2021.102572

Omarova, G. S., Starovoitov, V. V., Aitkozha, Zh. Zh., Bekbolatov, S.,
Ostayeva, A. B., Nuridinov, O. (2022). Application of the Clahe Meth-
od Contrast Enhancement of X-Ray Images. International Journal of
Advanced Computer Science and Applications, 13(5). https://doi.org/
10.14569/ijacsa.2022.0130549

Yadav, H., Husain, S., Futrell, R. (2022). Assessing Corpus Evidence
for Formal and Psycholinguistic Constraints on Nonprojectivity.
Computational Linguistics, 48 (2), 375-401. https://doi.org/10.1162/
coli_a_00437

Sembina, G., Aitim, A., Shaizat, M. (2022). Machine Learning
Algorithms for Predicting and Preventive Diagnosis of Cardiovas-
cular Disease. 2022 International Conference on Smart Informa-
tion Systems and Technologies (SIST), 1-5. https://doi.org/10.1109/
5ist54437.2022.9945708

Kolesnikova, K., Mezentseva, O., Savielieva, O. (2019). Modeling of
Decision Making Strategies In Management of Steelmaking Pro-
cesses. 2019 IEEE International Conference on Advanced Trends
in Information Theory (ATIT), 455-460. https://doi.org/10.1109/
atit49449.2019.9030524

Nuralin, M., Daineko, Y., Aljawarneh, S., Tsoy, D., Ipalakova, M.
(2024). The real-time hand and object recognition for virtual inter-
action. Peer] Computer Science, 10, €2110. https://doi.org/10.7717/
peerj-cs.2110

Kadyrbek, N., Mansurova, M., Shomanov, A., Makharova, G. (2023).
The Development of a Kazakh Speech Recognition Model Using a
Convolutional Neural Network with Fixed Character Level Filters. Big
Data and Cognitive Computing, 7 (3), 132. https://doi.org/10.3390/
bdcc7030132

Aitim, A. (2024). Developing methods for automatic processing sys-
tems of Kazakh language. KazATC Bulletin, 133 (4), 254-265. https://
doi.org/10.52167/1609-1817-2024-133-4-254-265

Yu, L., Wang, Y., Zhou, L., Wu, J., Wang, Z. (2023). Residual neu-
ral network-assisted one-class classification algorithm for mela-
noma recognition with imbalanced data. Computational Intelligence,
39 (6), 1004-1021. https://doi.org/10.1111/coin.12578

Haisa, G., Altenbek, G. (2022). Deep Learning with Word Embed-
ding Improves Kazakh Named-Entity Recognition. Information,
13 (4), 180. https://doi.org/10.3390/info13040180

Aitim, A. K., Satybaldiyeva, R. Zh. (2024). A systematic review of
existing tools to automated processing systems for Kazakh language.
Bulletin Series of Physics & Mathematical Sciences, 87 (3). https://
doi.org/10.51889/2959-5894.2024.87.3.009

Kozhirbayev, Z., Islamgozhayev, T. (2023). Cascade Speech Trans-
lation for the Kazakh Language. Applied Sciences, 13 (15), 8900.
https://doi.org/10.3390/app13158900

Makhambetov, O., Makazhanov, A., Yessenbayev, Z., Matkarimov, B.,
Sabyrgaliyev, 1., Sharafudinov, A. (2012). Assembling the Kazakh
Language Corpus. In Proceedings of the 8th International Confer-
ence on Language Resources and Evaluation (LREC’12). https://
doi.org/10.13140/2.1.5127.4882

Zhenisbekovna, M. S., Aslanbekkyzy, B. M., Bolatkyzy, B. G. (2024).
Investigating long short-term memory approach for extremist mes-
sages detection in Kazakh language. Expert Systems, 42 (1). https://
doi.org/10.1111/exsy.13595

Kartbayev, A. (2015). Learning Word Alignment Models for Kazakh-
English Machine Translation. Integrated Uncertainty in Knowl-
edge Modelling and Decision Making, 326-335. https://doi.org/
10.1007/978-3-319-25135-6_31

Aitim, A., Abdulla, M. (2024). Data processing and analysing tech-
niques in UX research. Procedia Computer Science, 251, 591-596.
https://doi.org/10.1016/j.procs.2024.11.154




27. Mohyuddin, H., Moosavi, S. K. R., Zafar, M. H., Sanfilippo, F. (2023).
A comprehensive framework for hand gesture recognition using
hybrid-metaheuristic algorithms and deep learning models. Array,
19, 100317. https://doi.org/10.1016/j.array.2023.100317

DOI: 10.15587/1729-4061.2025.323757
ENHANCING 3D SCENE UNDERSTANDING VIA TEXT
ANNOTATIONS (p. 76-84)

Ruslan Partsey
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0003-3694-7506

Vladyslav Humennyy
Ukrainian Catholic University, Lviv, Ukraine
ORCID: https://orcid.org/0009-0000-6427-1529

Volodymyr Kuzma
Ukrainian Catholic University, Lviv, Ukraine
ORCID: https://orcid.org/0009-0004-9540-3693

Oleksandr Maksymets
Meta Platforms, Inc., Menlo Park, United States,
ORCID: https://orcid.org/0000-0003-3515-8839

Vasyl Teslyuk
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-5974-9310

The object of this study is the use of text annotations as a form of
3D scene representation. The paper investigates the task of integrat-
ing large-scale language models (LLMs) into complex 3D environ-
ments. Using the Embodied Question Answering task as an example,
we analyze different types of scene annotations and evaluate the
performance of LLMs on a subset of test episodes from the OpenEQA
dataset. The aim of the study was to evaluate the effectiveness of tex-
tual scene descriptions compared to visual data for solving EQA tasks.
The methodology implied estimating the optimal context length for
scene annotations, measuring the differences between free-form and
structured annotations, as well as analyzing the impact of model size
on performance, and comparing model results with the level of hu-
man comprehension of scene annotations. The results showed that
detailed descriptions that include a list of objects, clearly described
attributes, spatial relationships, and potential interactions improve
EQA performance, even outperforming the most advanced method
in OpenEQA - GPT-4V (57.6 % and 58.5 % for GPT-4 and LLaMA-2,
respectively, vs. 55.3 % for GPT-4V). The results can be explained by
the high level of detail that provides the model with contextually clear
and interpretable information about the scene. The optimal context
length for textual descriptions was estimated to be 1517 tokens.
Nevertheless, even the best textual representations do not reach the
level of perception and reasoning demonstrated by humans when pre-
sented with visual data (50 % for textual data vs. 86.8 % for video). The
results are important for the development of multimodal models for
Embodied Al tasks, including Robotics and Autonomous Navigation
Systems. They could also be used to improve user interaction with
three-dimensional spaces in the field of virtual or augmented reality.

Keywords: large language models, vision language models, mul-
timodal learning, spatial understanding.
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The object of this study is automatic control systems of the first,
second, and third orders. The principal task was to ensure the stability
of control systems while minimizing overshot and regulation time.

A combined method for determining the tuning parameters of
PI/PID controllers has been devised, which combines the s-plane
method and the generalized quadratic criterion.

The s-plane method is based on the Vieta theorem, which relates
the roots of the characteristic equation of a closed-loop control system
to its parameters. They are functions of the tuning parameters of PI/PID
controllers. By choosing the left roots of the characteristic equation of a
closed-loop system on the s-plane, the desired quality indicators of the
control system can be achieved. The roots of the equation are function-
ally related to the parameters of PI/PID controllers. From the system of
algebraic equations that follow from the Vieta theorem, the tuning pa-
rameters for PI/PID controllers are found as a solution to such a system.

At the second stage of solving the problem, the roots of the
characteristic equation are chosen so that the generalized quadratic
criterion is a function only of real part of one of the characteristic
equation’s roots. As a result, we obtain a one-dimensional minimiza-
tion problem, the local minimum of which was sought within a pre-
determined search interval. This interval was chosen on the condition
that the parameters for PI/PID controllers would be strictly positive.
The roots of the characteristic equation of the closed-loop system
would belong to the left half-plane of the s-plane. Such a choice of the
search interval guarantees the stability of the closed-loop automatic
control system.

It was found that compared to the s-plane method, the overshot
and regulation time were reduced by an average of 73.5 % and 66.5 %.
This could increase the speed of industrial controllers.

Keywords: control system, combined criterion, PI/PID control-
ler, tuning parameters, local minimum.
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PO3SIMIMPEHHA 3AIIMTIB HA OCHOBI AHAJII3Y KOHTEKCTHO-3AJIE2XKHOI'O HACTPOIO B BA3SAX TAHUX 3
OIIBTPALIIEXO 3A IOMEHOM (c. 6-17)

B. B. Menox, K. P. IloranioBa, M. B. HanmuBaiiuyk, A. I. luuka

O6’eKTOM JIOCJIPKEHHS € TIporecH iH(OpPMaIiifHOro MoIyKy y IpeZIMeTHO-OpieHTOBAaHUX 6a3ax [JaHUX, sIKi MOTPeCyIOTh aJJalITUBHOIO
TiAXOAY JIs PO3IIMPEHHS 3aITUTiB. 3aCTOCOBYIOYH METOAM 06pobKky npupoaHoi moBu (Natural Language Processing), 30kpeMa KOHTEKCTyaJIb-
Hi BOYJJOBYBaHHS Ta apXiTeKTypy TpaHchOpMepiB, JOCII/PKEHHS aKI[eHTYye YBary Ha a/JallTHBHOMY BU3HauYe€HHi HaMipy KOPUCTyBa4a B MeXKax
TofjaHoro 3anury. Lle nepezdadae aHai3 i 3aCTOCyBaHHS aITOPUTMIB 06POOKH TEKCTY 3 JOMEHHOIO (DibTpalfiero AIs miBULeHHST TOYHOCTI
Ta PeJIeBaHTHOCTI pe3yJIbTaTiB MOUIYKY. YIOCKOHAJIEHUI METO/ AeMOHCTPYE MiZIBUIIEHHS TOYHOCTI KOHTEKCTHO-UyTJIMBUX Mozeseld Ha 6 % y
TOpiBHAHHI 3 6a30BUMU MifIX0flaMu. ArperoBaHuii nokasHuk F1-mipu, sikuii 06’eZiHye TOUHICTb, IOBHOTY Ta BJIy4YHiCTb, Bio6paXae pese-
BAHTHICTh TTOOY/JOBAaHUX MOJIeJsIel, TIOKa3yIo4dH mpupict Ha 6-8 %. PisHHUIA MK HallMeHII i Hal6LIbII e(eKTUBHIMH METOAAMU CTAHOBUTH
16 % y TouHOCTi Ta 17 % y pesieBaHTHOCTI. BAOCKOHa/IEHUIT METO/ /10/1a€ OOMEXKeHHs CTAaTUYHUX TPA/UI[iHHNUX CHHOHIMIYHUX i cTaTHCTHY-
HHUX METOZIB, JUHAMIUYHO iHTEpIIPeTyI0UN B3a€EMO3B’SI30K MK TOHAIBHICTIO, KOHTEKCTOM i JOMEHHOIO crielindikoro KOHTeHTy. [lokpalieHe
CeMaHTHUYHE PO3YMIiHHS /I03BOJISIE TOYHIIIle Y3rO/PKYBaTH PO3IIMPEHi 3alIUTH 3 IJIIMU KopucTyBaya. Lle Moxke 6yTH e(heKTMBHO 3aCTOCOBA-
HUM Ha IPAKTHI B yMOBaX, KOJIU CUCTeMH iH(OPMALiHOTO IOIIYKY MPAIIOI0Th Y MeXaX JoMeHHO-crienindiuHmx 6a3 JaHux. Takox Moxe
CTOCYBATHUCS CIIEHAPIiB, y KUX 3aITUTH KOPUCTYBAYiB MiCTATh CKJIaJHi, eMOIilHO 3a6apBJIeHi MOBHI KOHCTPYKIIii, IO MOTPe6YIOTh IITUOIIOrO
PO3yMiHHS B3a€EMO3B’A3KiB i1 ToHa/JbHOCTI c/iB. OfiHaK peasizallis MeTo/y rnoTpedye HaBUYaHHS Ha BUCOKOSIKICHUX JOMEHHO-CIeIU(iuHNX
Habopax JaHUX i3 KOHTEKCTyaIbHUMH MiTKaMH, 1[0 MOIJIX 0 3a6e3redrid e(eKTUBHY Ta TOYHY aJamlTallio.

KUrro4oBi croBa: po3LIMpeHHs 3aIUTiB, 06p0oOKa IPUPOIHOI MOBH, TIOIIYK iH(OpMaIllii, ceMaHTUYHUIT aHai3, 6a31 JaHUX.
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PO3POBKA TEXHOJIOI'TI 3ACTOCYBAHHS IITYYHOI HEMPOHHOI MEPEXI ITPAMOTIO OMIUPEHHS /I
KOPOTKOCTPOKOBOT'O ITPOTHO3YBAHHA EJIEMEHTIB ITIOTOAM (c. 18-32)

B. B. Ilepenurin, I. O. BopoBchka, I. A. T'HaToBCBKa, A. B. Ceprienko, T. b. Tkau, H. 3. Illtedan

OG6’eKTOM JIOCJIi/PKEHHS € Tpolie/lypa 3aCTOCYBaHHA IITYyYHOI HEMPOHHOI Mepexi MpsAMOro MOMMPEHHs MOBEPXHEBOIO HaBYaHHSA /I
1IiJIefi KOPOTKOCTPOKOBOTO ITPOrHO3YBAHHS OIHOTO 3 €JIEMEHTIB IIOroJY — TeMIlepaTypy IIPU3€MHOI0 1apy HOoBiTps. BigoMi MeTogu MporHo-
3yBaHHs eJIeMEHTIB II0T0JH, a caMe, MipoguHaMidYHuN, (Pi3UKO-CTATUCTUYHUM i CUHONTUYHUN, OCTAHHIMU POKaMU YCIIIIHO JOIIOBHIOIOTHCS
TIPOTHO3YBAHHSAM 32 JIONIOMOTOI0 IITYYHUX HEHPOHHUX Mepex. 3>sIBUIAcs MOXJIUBICTh Oy yBaTH Mepexxi BeJIMKOTO PO3Mipy, ITiji BeTUKHIt
00CcAT HaBYAJIbHUX JIAHUX VIS IIMOOKOro HaBYaHHA. OJfHAK piBeHb PO3BUTKY TeOpil MITYYHUX HEHPOHHUX MEpeX He Ja€ 3MOTH OyayBaTH
noTpi6Hy Mepexxy. ToMy ITiji yac po3B>sI3aHHS IPUKJIAJHUX 33714, NOAIOGHUX /10 HaBeJIeHOI B CTAaTTi, PO3POGHUKY JOBOAUTHCS HAOCIIIT a60 Ha
OCHOBI SIKUXOCh €BPUCTHYHUX MipKyBaHb OyZyBaTH CHCTEMY IIPOTHO3yBAaHHS, €KCIIEPUMEHTYIOUN 3 HEHPOHHMMM MepexaMu. IIpu 1pomMy
LUIAX YCKJIaJHEHHA MepeXk HaifuacTile /10 SIKiCHOTO TOJIIIIeHHs Pe3y/IbTaTiB IPOrHO3yBaHHA He MPU3BOANUTE. ToMy Mifi 4ac JocCsipKkeHb
OCHOBHOIO PO3B>s13yBaHOI0 ITpo6IeMOor0 Oy/1a ONITUMIi3allisl 3aCTOCyBaHHS HeIfPOHHOI Mepexi 3 06pe BiAIparibOBAaHIM aJITOPUTMOM HaBYaHHS
JUTS T1ijIell KOPOTKOCTPOKOBOT'O ITPOTHO3YBAHHS METEOPOJIOTIYHIX eIeMeHTiB. Ik Kpurepiii onTuMmiszanii 6ys10 IpUITHATO BUIIPABOBYBaHICTh
KOPOTKOCTPOKOBHX ITPOTHO3iB 3HAYeHb TeMIIepaTypy MIPU3eMHOr0 LIapy MoBiTps pi3Hoi 3aB4acHOCTi. ITapameTpamuy, 110 3a6e3MeuyIoTh J0-
CSITHEHHST ONTUMAaJIbHOCTI, BUCTYIIAIOTh ITAPaMeTPH JAAHMUX, 10 HABYAIOTh MEPEeXy, i mapaMeTpu caMmoi Mepexi. 3a paXyHOK Z060py IHX Iapa-
METpIB JIOCATa€ThCA BUCOKA BUIIPABJOBYBaHICTh KOPOTKOCTPOKOBUX ITIPOTHO3iB pi3HOI 3aBYaCHOCTI. BUllpaBiaHiCTh IIPOrHO3Y Ha TPU FOAUHU
nocsirae 100 BificoTkiB. Takoro »k 3HaYeHHs 0CSATA€ BUIIPAB0BYBAHICTh IIPOTHO3Y i3 3aBYACHICTIO OAHY /100y. IIpOrHO3 3HaYeHb TeMIIepaTypu
Ha TPU JJ0O6M Mae BUIIPAB/IOBYBaHICTh TOHAJ, 90 Bi/ICOTKIB.

KurrouoBi coBa: mTydHa HeifpoHHa Meperka MPsMOTo TOIINPEHHsI, KOPOTKOCTPOKOBE ITPOTHO3yBaHHS €JIEMEHTIB ITOTO/H.
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VIOCKOHAJIEHHS AJITOPUTMY JIEUIEHA JIJIs1 BUSABJIEHHS IHOJIIOEHCEPIB (c. 33-42)

Handrizal, Poltak Sihombing, Erna Budhiarti Nababan, Mohammad Andri Budiman

IHdroeHcep - 1e TOMH, XTO Mae 3[JaTHICTh IIepeKOHATH BeJIMKY KiJIbKiCTh JIIofielt BYKUTH MeBHUX JIiii, He3aIe)KHO Bif micis Ta yacy. Poib
incroeHcepiB, 0c06MBO Ha MIAT(OPMAX COI[iaIbBHUX MEPEeX, 3HAYHO 3pocia. OJHUM 3 IOIINPEHNX iHCTPYMEHTIB, 1[0 BUKOPUCTOBYETHCS
6i3HECOM CHOTOJHI, € IPyITyBaHHs MiAANMMCHUKIB. OffHAK 1Lieli iHCTpyMeHT oOMeXxeHUil BUABIEHHAM iH(II0eHCepiB JIMIe HA OCHOBI B3a€MHOI
MATIMCKY, IO MiZKPecIIoe HeoOXiAHICTh GiJIbII Y[OCKOHAIEHOTO TiAX0/Y /10 BUSABICHHS iH(UII0eHCepiB. Y I[bOMY AOCTiPKEeHHI ITPOITOHYETHCS
HOBHII METOZ, 110 IIOE/IHYE aJropuT™ po3dapOyBaHHs JleiifieHa 3 LIEHTPaIbHICTIO 32 CTYIIEHeM JJIsT BUSIBJIEHHS iH(IroeHcepiB. Januil mij-
Xi/l BUKOPHCTOBYE MepeXXeBUI aHaJIi3 /I BU3HAUEHHs 3aKOHOMipHOCTel Ta B3aeMO3B>A3KiB Y BEJIMKHUX Habopax AaHuX. CIieplry aIroputM
poscdap6ysanns JlelifieHa MO/iIsTe MEpe)XXy Ha Pi3Hi CIIIJIBHOTH, IKi BBa)KAIOTHCS MTOTEHIIIMHUMM CITiJIBHOTaMU iHQuItoeHcepiB. IToTiM 1ieH-
TPaJIbHICTh 3a CTYIIEHEM IIiICUJIIOE Lieii IPOoIjeC 3a paxyHOK BU3HAUY€HHs TiCHO [TOB’13aHUX BY3JIiB, 1110 BKa3yIOTh Ha iH(II0eHCepiB. 3amporo-
HOBaHMI MeTof 6yB TIepeBipeHNI Ha OCHOBI JJaHUX, OTpuMaHuX 3 Twitter (X) 3 kro9oBUM c1oBoM «Garudalndonesia». ITporjec 360py faHNX
3ilicHIOBaBCS 3a JOIIOMOror0 iHCTpyMeHTy Tweet Harvest, y pe3ysibTaTi 4oro oTpuMaHo Ha6ip gaHuX o6csiroM 22,623 psaaxu. Habip jaHux 6yB



repeBipeHuii 3a TpboMa clieHapisMu: nepuuii 3 1000 pagkamu, Apyruii 3 2000 psaakamMu i Tpetiii 3 5000 pagkaMu. 3aIpOIIOHOBAaHUM METO]
TIOPiBHIOBABCS 3 METOZ[OM po3dapOyBaHHs JIyBeHa, 110 IT0Ka3asI0 301/IbIIEHHS 3HaYeHHSI MOAY/JILHOCT] aropuTtMy po3dapOyBaHHs JleiiieHa
Ha 0,0240. Ie 36i7bLIEHHS AEMOHCTPYE 3[aTHICTh MeToxy JleliieHa JOCATTH OLIBII ONTHMAIBHOTO IOty Mepexki. KpiM Toro, anroputm
po3dap6yBanHs JlefiieHa CKOPOTUB Yac 06poOku Ha 14,85 ceKyHAM IMOPIiBHIHO 3 MeTozioM JIyBeHa, 1[0 MifKpecsIioe foro 6ibll BUCOKY IIpo-
JYKTUBHICTB. Lle 0cOGIMBO BOXXJIMBO y BUIIAZIKAaX 3aCTOCYBaHHS, 1[0 BUMAraloTh MIBUAKUX PE3YJIbTAaTiB, 30KpeMa B aHAi3i BEJTMKUX 00CHTIB
JaHux. Bpeurri, anropurwm JlefiieHa J03BOJIUB CKOPOTUTH KiJIBKICTB CIIJIBHOT Ha 1149, CTBOPUBIIN GL/IBII ITPOCTY Ta OPraHi30BaHy CTPYKTYpYy
CITIZTBHOT, IO TTOJIETIIYE Ta MiABUILYE e(eKTUBHICTh aHAITi3Y.
Kurrouosi cioBa: iHduttoeHcep, rpad, posdapOysaHHs, JlyseH, JlefifieH, ONTUMI3allis, IeHTPaIbHICTh, CibHOTA, Garuda Indonesia.
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PO3BUTOK TPAHC®OPMAIIIT ITPOAYKTUBHOCTI BUKJIATAYA YEPE3 KOHCTPYKTUBHY B3AEMO/IIIO
PRO GROWTH CONSTRUCTIVE INTERACTION 3 BATATOBHUMIPHHM IIIAXOA0M TA MATEMATUYHHNMH
MOJE/JIIMHY HA OCHOBI MAIITIMHHOI'O HABYAHHHAI (c. 43-52)

Julfansyah Margolang, Yeni Absah, Sirojuzilam Hasyim, Parapat Gultom

O6'eKTOM JIOCTiZPKEHHS € 30Cepe/PKeHHS Ha Mi/Xo/i KOHCTPYKTHBHOI B3aeMozii Pro Growth Constructive Interaction (PGCI) sik cTparerii
TTOKpAI[eHHs ITPOAYKTUBHOCTI BUKiIaada. PGCI 06’e/iHye GaraToBUMipHi B3aeMOl, IIJ0 BKJIIOYAIOTh aKaJeMiuHi, COIliaibHi, TeXHOJIOTiYHi,
iHAMBiAyaIbHI, 30BHIIIHI Ta YaCOBi aCIIeKTH JJIs1 ZOCSITHEHHS ONTHMAJIBHOI IPOAYKTUBHOCTI Ta e(peKTUBHOCTI. Y I[bOMY JOCTi/PKEeHH] icHye
TOJIOBHA IIpo0GJIeMa, sIKy HeO0OXiIHO BUPILIIMTY, a caMe BUSIBJIEHHS Ta ONTUMIi3allist (haKToPiB, SIKi BIUTMBAIOTh HA IIPOAYKTUBHICTh BUKJIA/a4a,
LIJIIXOM PO3POOKY KOMIUIEKCHOT MOJIeJIi, SIKa 371aTHA Iepei0aunTH Ta OKPALUTH e(eKTUBHICTh uepe3 6araToBUMipHY B3aeMozifo. OTpuMaHi
Pe3y/IbTaTH JOCTiPKEHHS MOJISATaIN B TOMY, [0 HAMOIIBIINIT BHECOK Y TIPOAYKTHUBHICTh BUKJIA/lada MOKa3aB po3MipHMiT BHecok (0,177062),
rotimM TexHostoriunuii (0,174122), couianbuuii (0,167044), 3oBHinmHii (0,165670) Ta iHAMBigyansHMit (0,163610) BuMipu. OTpuMaHHS Ma-
TEMaTUYHOI MOJIeJIi 3a JOIIOMOTOK0 MeToAy JlarpaH>ka, ONITMMIi30BaHOTrO 3a JOIIOMOIOI0 aJI'OPUTMY MALIMHHOTO HAaBYaHHS, PO3IIOALLY Bar
3 aKI[EHTOM Ha 30BHiIIHI po3Mipu (0,2650) i TexHosorii (0,2179), mpu3BesIo A0 Mi/IBUIIEHHS IIPOAYKTUBHOCTI Ha 7,35 %. L]g Mojesb 34aTHA
JIOCATTH TOYHOCTI 92,4 % y IIPOTHO3YBAaHHI IMPOAYKTUBHOCTI BUKJIa/jada 3a AOIIOMOTOI0 aJrOpUTMY IVINO60KOI HeifipoHHOT Mepesxi. [TokaszaHo,
1110 YaCOBIi Ta TEXHOJIOTIYH] aCIIeKTH BiflirpaloTh BaYK/IMBY POJIb y BUBHAYEHHI IPOAYKTUBHOCTI BUKIaJa4da. 3aBJsIKU IPIOPUTETHOCTI IIUX JBOX
BUMIpiB ONTHMi30BaHa MOJie/Ib JIa€ 3HAUHi MOKpalljeHHsd. XapaKTepUCTUKY, OTPUMAaHi B pe3y/bTaTi JoC/IiKeHHd, 6araToBUMipHMI aHaIi3,
10 OXOILIIOE Pi3Hi aCIeKTH IMPOAYKTHUBHOCTI, 8 TAKOXK BUCOKA TOUHICTh i BUMIPHI IMOKpaleHHs IPOAYKTUBHOCTI MiZATBEPPKYIOTh HailiHICT
MozieJti. Pe3ynbTaTu 1IbOro JOC/Ii/KeHHSI MaloTh 3HauHe IIPAKTUYHE 3aCTOCYBaHH y BUIIUX HABYAJIbHUX 3aKIajaxX.

Korro4oBi ciroBa: onTuMizaniist po60TH BUKJIajadya, MaTeMaTHYHa MOJieJib, ININO0Ka HelfpoHHA Mepe)ka, TOUYHICTh, HaBUaHHS.
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PO3POBKA ITIAXOAY MJIA BUSHAYEHHA OCOBHCTOCTI HA OCHOBI PYKOIIMCHOTI'O TEKCTY 3A
JOIIOMOTI'OIO 30POBOT'O TPAHC®OPMEPA (c. 53-65)

M. B. lllymniok, B. O. Maprosunibkuii, H. M. Bosorosa, 0. O. PomaHeHKkoB, C. B. OcieBcbkuii, C. O. JIameHko, O. }0. HecmisH,
I. A. Hixichopos, B. M. Cyxoreruiuii, €. B. JIaImaeHKOB

O6’eKTOM JIOCTi/KeHHS € MiJXi BUBHaYeHHsI 0COOMCTOCTI Ha OCHOBI PyKOIIMCHOT'O TEKCTY 3a JOIIOMOT0I0 METO/iB MAIIMHHOI'O HaBYaHHS.
ITifBUIEHHS TOYHOCTi BU3HAUYEHHS 0COOMCTOCTI Ta aBTOMATH3allisl BUZJIEHHS 03HAK AACTh MOXUINBICTh BUKOHYBATH Oi/IbII TOUHUI aHAIi3
PYKOIIMCHOTO TEKCTy. Po3po6sieHO (PyHKIiOHAJIBHY MOJEJb Ta IIPOBEAEHO eKCIIepUMEeHTAJIbHE MOCIIPKEHHS 3alIPOIIOHOBAHOIO ITiIXOAY.
PesysibTaT JOCTIHKEHHS TIOKA3aJ/IH, 1110 3aIIPOIIOHOBAHMI Mi/IXiA 301IBIINB 3arajibHy TOYHICTH BU3HAYEHHS, Y IMOPIiBHAHHI 3 iHIIMMU /10-
CJI/PKEHHSIMU, IIPO 1[0 CBiZlYaTh OTPMMAaHi 3HAYEHHS TOYHOCT] 3 HAWHMKYMM ITOKa3HUKOM B 94.84 % JJ1s1 IPUBITHOCTI Ta HalBULUM 99.48 %
JUI CyMJIIHHOCTI. Tako»X IMOKa3HUK BJIYYHOCTI ITOKpAIIWBCHA Y IOPiBHAHHI 3 iHIIMMM MOZEJAMU, IIPO L0 CBiJYMTh 3HAYEHHS CepeJHbOI
BJIYYHOCTI, sIKe 3pocJIo 3i 3HaueHH: 0.65 710 0.94. Taki pesysmbraTul Gy OTPHUMaHi 3aBAsSKA BUKOPUCTAHHIO METOAY “30pOBHil TpaHChOpMep”,
SIKWY ZI03BOJIsIE IIPUOPATH HeoOXiJHICTh BU/IIJIEHHST 03HAK SIK OKPEMOT'0 KPOKY, a ITi/iXi/] MacitaGHO-iHBapiaHTHOTO 03HAKOBOT'O TIEPETBOPEHHS
JI03BOJIMB BUZINTU peJieBaHTHI MmaTdi 306pakeHb. Byma mpoBe/ieHa eKCcIlepyiMeHTaIbHa IepeBipka 3 BUKOPUCTAHHSM ITiZIXO/iB MOIIYKy Ta
xtacudikanii, mo MiHiMi3ye BapiaTHBHICTb pe3ysbraTiB. BukoprcranHs Mozeri «Besrka mwstipka» Ta CVL-Ha60py JaHUX ITOKPAIIye JOCTYII-
HICTb JOCJII/PKEHH JJIsl ITOPIBHAHHSA i BiATBOpIoBaHOCTI. Ha npakTulli aHasi3 1oyepKy IHUPOKO BUKOPUCTOBYEThCS B KPUMIHAIICTUIL, JJIs1
miAGOPY MepPCOHATy, a TAKOXK B iHIINX cdepax AisyibHOCTI. OTpUMaHi pe3y/IbTaT! Ii/[BUILYIOTh Ha/[ifHICT aBTOMATH30BaHIX CHCTEM aHAJII3Y
PYKOIIMCHOTO TEKCTY B 06J1acTi BU3HAYEHHsI 0COOMCTOCTI, 110 JI0MOMOKe rpacoJioraM Ta eKcriepraMm 3 IoYepKy Iiji yac X po6OTH SIK JJIs OLjiH-
KU OCOOHCTICHUX PUC, TaK i /1711 BU3HAUEHHS, YA HAJIKUTh IEBHUU PYKOITMCHUI TEKCT KOHKPETHIH 0C00i.

KUrro4oBi croBa: 3ropTKOBa HEHIPOHHA Meperka, aHaJli3 IIouepKy, PyHKIiOHAIbHA MOZEIb, 30POBHII TpaHC(hOpMeED.

DOI: 10.15587/1729-4061.2025.315954
IIOPIBHAHHA MOJEJIEM OBPOBKH KA3AXChKOI MOBH JIJI IIOKPAIIIEHH S PE3VJILTATIB
CEMAHTHYHOI'O IIOIIVKY (c. 66-75)

Aigerim Aitim, Ryskhan Satybaldiyeva

O6>eKTOM JIOCTi/PKeHHS € Kaacu@ikallis TeKCTIiB i CeMaHTUYHMIA MOLIYK 3 ypaXyBaHHAM YHiKaJIbHUX MOBHUX OCOOIMBOCTEH Ka3aXChKOI
MOBHU. JTOC/Ii/[XKEHHS CIIPAMOBaHe Ha ITi/[BUIIIEHHS TOUHOCTI, peJIeBaHTHOCT] Ta e()eKTUBHOCTi CEMAHTUYHOTO ITOLIYKY.



Ile pocuipkeHHs 30CcepePKeHO0 Ha BAOCKOHAJIEHHI CeMaHTUYHOIO IIOUIYKY I Ka3aXChKOI MOBM LUISIXOM aHaJIi3y OOYMCJIIOBAJIBHUX
MojiesIeld, aJJalTOBaHUX A0 11 yHIKaJIbHUX JIIHI'BICTUYHUX O0COOJIMBOCTEH, TAKUX SIK aITIOTUHATHBHA Mopdostorist Ta 6arati GJIeKTUBHI cuc-
TeMH. J{oCITi/pKeHHs! TIOPiBHIOE TPAJANIiMHI IMiZXOAN, 3aCHOBAHI Ha IPaBWJIAX, i BOCKOHAJIEHI apXiTeKTypy TpaHC(OPMATOpiB, BKIIOYAIOYN
TOYHO HaJaliToBaHi Mojiei, Taki ik RoBERTa, 10710 iX 3/aTHOCTi 06po6/IATH CEMaHTUYHI HIOAHCH, KOHTEKCTyasIbHi 3B’A3KU Ta HAMipU KO-
pucTyBa4a. Pe3ysibTaTH ITOKa3yIOTh, 110 TOYHO HAJIAIITOBAHI MOZAEI TpaHCHOPMaTOPiB AOCAIIN 3HAYHUX yCHixiB: Mofiesb ROBERTa focsria
Precision@10 89,4 %, cepenHboro B3aemHoro peittunry (CBP) 85,6 % i F1-Score 88,0 %. Kpim Toro, cucrema cCeMaHTHYHOT'O IIOIIYKY, PO3pO-
6yieHa B I[bOMY JIOCJTi/PKEHHI, TPOJIeMOHCTpyBaIa TOUHICTh 88,4 %, 3amamM siITOByBaHHS 87,6 % i F1-o1jiHKy 88,0 % Ha Ka3aXCTaHCHKOMY Habopi
JIAHUX JJIsT KOHKPETHOT 061aCTi.

KiroueM /10 UX yJOCKOHaJIEHb Oy/IM iHHOBaIlil B KOHBeepax IolepeAHb0ol 00pOOKH, BKJIIOUAIOUH CIIelliaIbHy TOKeHi3allilo Ta JeMMaTH-
3aI1i1o0, aJ]aIITOBAHY /IO AIVTFOTHHATUBHOI MOP(OJIOTii Ka3aXChKOI MOBH, A TAKOXK {HTETpaIlito KOHTEKCTHUX BOYZIOBYBaHb /IS BUPIIIIEHHS TAaKHX
1po6sieM, SIK CUHOHIMist Ta oMoHiMisi. EdexTrBHICTS 064MCIeHb Gy/1a Ii/[BUIeHa 3aBsSKMA METO/laM OINTHMI3alil pecypcis, 10 /[03BOJINIIO
pO3TOpTAaTH IIi TTepeZoBi MOZIEi B 0OOMEXXEHHUX cepeRoBHUIIax. 1]i BUCHOBKH ITiJKPECIIIOIOTH ITOTEHI[iasT afalTOBAaHIX Mojiesiel TpaHchopMaTo-
PiB /17151 IOZI0JIaHHS PO3PUBY B MOX/IMBOCTSIX CEMaHTHUYHOTIO MOLIYKY /Il HeJOCTaTHBO IIPe/ICTaBIeHUX MOB, TAKUX SIK Ka3aXChKa, 1[0 CIIpUsIE
IHKJTFO3MBHOCTI T€XHOJIOT1#1 06pO6KH IPHUPOLHOI MOBH.

KUrro4oBi coBa: ceMaHTUYHMIT ITOLTYK, 06po6Ka ITPUPOAHOI MOBH, Ka3aXxChka MOBA, iH(OpPMAI[ilfHO-ITONTYKOBi CHCTEMM.
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IMOKPAIIEHHSA PO3YMIHHS 3D-CIIEH 3A JOIIOMOI'OX0 TEKCTOBUX AHOTAIIIH (c. 76-84)

P. B. ITapgeii, B. T. ['ymenHwuii, B. B. Ky3ema, O. M. Makcumens, B. M. Tecarok

OG6’€KTOM JOCTIPKEHHS € BUKOPHUCTAHHS TEKCTOBHUX aHOTAIIIN /IS TIpeJicTaBIeHHs 3D-cijeH. Y po6oTi focstifpkeHo mpobaeMy iHTerparii
BeJIMKUX MOBHUX Mogesneil (BMM) B ckiaznni 3D-cepeposuina. Ha npuiutagi 3asaui Embodied Question Answering rnpoanasizoBaHo pi3Hi
THUIIM aHOTAI[il CI[eH Ta OI[iHEHO MPOAYKTUBHICTF BMM Ha miIMHOXXWUHI TeCTOBUX emi30fiB Habopy AaHux OpenEQA. MeToi0 AOCIiHKEeHHST
6ys10 OLiHUTH e(DeKTUBHICTh TEKCTOBUX OIUCIB CIIEH IOPiBHSHO 3 Bi3yaJIbHUMH JAaHUMHU JyIst BUpinleHHs 3a7a4 EQA. MeTtozoJiorist BKJItOYa-
Jla BU3HAYEHHSI ZIOBKMHU KOHTEKCTY JI/Is1 aHOTAIlili CIieH, BifMiHHOCTel MK aHOTAI[iIMU B IOBUIBbHIM Ta CTPYKTYpoBaHill (hopmax, a Takox
aHaJIi3 BIUIMBY pO3Mipy MojieJieil Ha pe3y/IbTaTy POOOTH i ITOPiBHSHHS Pe3y/IbTaTiB Mojiesieil 3 piBHEM PO3yMiHHS aHOTAIIil CIIeH JIFOJbMHU.

OTpuMaHi pe3y/ibTaTH MOKa3ay, 10 AETaJbHi OIMMCHU, SIKi BKIIOYAIOTh IEepesIiK 06’€KTiB, YiTKO XapaKTepU3yIOTh IXHi aTpuOyTH, IIpo-
CTOPOBi 3B’SI3KM Ta TOTEHI[ifiHi B3aeMozil, 3a6e3MedyroTh NepeBaru y BUKoHaHHI EQA, HaBiTh IepeBepIIyrodr HalicydacHIIInil MeTof y
OpenEQA - GPT-4V (57.6 % Ta 58.5 % puist GPT-4 Ta LLaMA-2 BiamoBigHo rpotu 55.3 % GPT-4V). Pe3y/ibraT IOSICHIOIOTHCS BUCOKHUM PiBHEM
neTasizanii, sika 3a6e3medye Moziesli KOHTEeKCTHO YiTKy Ta iHTepIipeToBaHy iH(opmariio mpo cieHy. ONTUMaIbHY JOBXUHY KOHTEKCTY AJIS
TEKCTOBUX OITMCiB BU3HAYEHO y po3Mipi 1517 TokeHiB. ITonpu 1ie, HaBiTh HaliKpallli TEKCTOBI IIpeACTaBICHHS He JOCATaIOTh PiBHA CIPUNHATTS
Ta MipKyBaHHS, sIKi JIEMOHCTPYE JIFOAIHA, KOJIX 1 Ha/laHO BizyasibHi faHi (50 % Ha TEKCTOBUX JJaHUX MPOTH 86.8 % Maro4H BiZieo). OTpuMaHi
pe3y/IbTaTi MArOTh 3HAYEHH /IS PO3BUTKY MYJIBTUMOAAIBHUX MOZiesel 1yt 3aja4 Brinenoro 111, 30kpeMa poGOTOTEXHIKM Ta aBTOHOMHUX
cucTeM Hairanii. BOHM Tako) MOXyTb GyTH 3aCTOCOBAHI /Il TOKPAIeHHs] B3aeMOJIii KOPUCTYBaviB 3 TPUBUMiPHUMU ITpoCTOpamMHu y cdepi
BipTyaJIbHOI UM [JOTIOBHEHOI PeaTbHOCTEMN.

KU1r040Bi c10Ba: BeJIMKi MOBHI MOZieJIi, MOBHO-Bi3yaJ/IbHi MoOfieJli, My/JIbTUMO/ja/IbHe HaBYaHHsI, PO3yMiHHS IIPOCTOPY.
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PO3POBKA KOMBIHOBAHOI'O METOAY HAJIAIITYBAHHSA ITAPAMETPIB ITI/II1J] PETYJIATOPIB JJIS1
HA®PTOTA30BUX OBF’EKTIB (c. 85-95)

M. L. Top6itiuyk, M. 3. BacmiieHuyk, 1. C. €xHak, A. I. JIaroiiga

OG6’eKTOM JJOCJIi/[PKEHHS € CUCTEMU aBTOMAaTUYHOTO KePyBaHHs IIE€PIIOTO, APYTOro i TPeThoro NopsAzakiB. OCHOBHO MPo6JIeMO}0, 1110 J10-
CITifpKyBaIack, 6ysI0 3a6e31ed4eHHs CTifIKOCTi CHCTeM KepyBaHHs ITPU MiHiMi3amii mepeperyIroBaHHs Ta 4acy perytoBaHHS.

Po3po6ieHo KOMGiHOBaHUIT MeTO/| BU3HAUeHHs IapamMeTpiB HajamryBaHHs I1I/ITIJT peryaaropis, KUl MOeAHye METOZ S-IJIOLMHU Ta
y3araJbHEHUH KBaJpaTUIHUM KpUTEPiil.

Mertoy S-IUIOIMHY 3aCHOBAaHUIT Ha TeopeMi Biera, sika 10B’3ye KOpeHi XapaKTepPUCTUUHOrO PiBHSHHS 3aMKHEHOI CUCTEMH KepyBaHH:
3 Horo mapamerpamu. BoHH, B CBOIO uepry, € GyHKIisiMu napamerpiB HanamTyBanHs I1I/TII/T perynsaropis. I1IisixoM BUGOpY J1iBUX KOPEHIB
XapaKTePUCTUYHOrO PiBHSHHS 3aMKHEHOI CCTEMH Ha S-TUIOIUHI MOXKHa I06UTHCh 6aXkaHUX ITOKa3HUKIB KOCTi CCTeMU KepyBaHHs1. KopeHi
piBHSIHHS PyHKI[iOHAIBHO 3B’A3aHi 3 mapamerpamu ITI/ITIJ] perysnsaropis. I3 cucremu anre6paidHUX piBHSIHB, sIKi BUTIKAIOTh i3 TepeMu Bieta,
3HAXOAATH NTapaMeTpy HaymamTyBaHHs I11/ITI] peryasTopiB sIK po3B’sI30K TaKOi CUCTEMHU.

Ha spyromy erami po3B’si3yBaHHs 3aJadi KOpeHi XapaKTepUCTUYHOIO PiBHSIHHS BHOUpAIOTh TaK, 106 y3araJbHeHHH KBaJpaTHYHUI
KpuTepiil 6yB QyHKIi€I0 TIIBKY Bif AifICHOT YaCTMHU OHOTO i3 KOpeHiB XapaKTepUCTUYHOrO PiBHSHHS. BHACTIJOK I[bOT0 OTPUMAJIU OFHO-
BHUMipHY 3a1aqy MiHiMi3amii, ToKaJTbHMI MiHIMyM SIKOI IIIyKaBCsl Ha 3a3/[aJIeTiZib BU3HAYeHOMY iHTepBali rounyKy. Lleft inTepBas Bubnpanu 3
yYMOBH, 1106 TapameTpy HajamryBanHs I1I/TTI/T peryasitopis Gy 6 CTPOro JOAATHUMM, @ KOPeHi XapaKTepUCTUYHOTO PiBHSHHS 3aMKHEHOT
CHCTeMH HaJsIe)XasIu 6 JTiBili HamiBIIOIMHI S-TTomKUHY. Takuit BU6ip iHTepBasly MOIIYKy TapaHTye CTilKiCTh 3aMKHEHOI CCTEMHU aBTOMaTHY-
HOTO KepyBaHHs.

BcraHOBJIEHO, 1110 Y TIOPiBHAHHI 3 METOJOM S-IUIOLIMHU ITepepery/IroBaHHs i yac pery/IoBaHHs 3MEHIIWINCh B CepeHbOMY Ha 73,5 % i 66,5 %.
1le 103BOJIUTH MiIBUIIUTH MIBUAKICT pOGOTH IIPOMUCIOBUX KOHTPOJIEPIB.

KirrouoBi cyroBa: crucreMa KepyBaHHsI, KOMOiHOBaHUN KpuTepiit, ITI/TII/I peryssiTop, napaMeTpy HaJIAIUTYBaHHS, IOKAJIbHUH MiHIMYyM.



