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The object of this study is the task scheduling process in heteroge-
neous distributed information systems. The scientific task addressed
relates to the low efficiency of resource management, especially
under conditions of dynamic workload and significant uncertainty,
which are typical for distributed information systems. An intelligent
task scheduling method has been devised for heterogeneous distrib-
uted information systems, which effectively combines DAG (Directed
Acyclic Graph) and GERT (Graphical Evaluation and Review Tech-
nique) models with advanced artificial intelligence algorithms. The
proposed method employs a Graph Attention Network (GAT) to
account for probabilistic dependences between tasks and Proximal
Policy Optimization (PPO) for dynamic control of task distribution
within the system. Furthermore, a Bayesian method is used to op-
timize the assignment of tasks to computing nodes. The use of the
proposed method reduced the average task execution time from 51.5
to 35.2 seconds, and the standard deviation of the load between nodes
from 0.47 to 0.22.

These results are explained by the flexibility of the models to unfore-
seen changes and the ability to self-learn based on accumulated data. A
feature of the method is the combination of classical graph models with
probabilistic estimation and adaptive AI mechanisms, which made it
possible not only to take into account the dynamics of the environment
but also to ensure accurate response to changes in resource availability.
By using GERT graphs, the algorithm forms alternative planning paths in
case of failures or unforeseen delays, and machine learning components
provide self-correction of decisions. The method is oriented towards ap-
plication in cloud and IoT infrastructures, in which scalability, planning
accuracy, and resilience to changes are critical.

Keywords: distributed computing systems, graph models, re-
source planning, intelligent management systems.
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The object of this study is the process of receiving multidimen-
sional signals formed on the basis of high-order phase-difference
modulation of the data transmission system.

The development of mobile networks of the next generations is
accompanied by increased requirements for the speed, reliability, and
noise immunity of information transmission. Existing modulation
methods provide an increase in the speed of information transmis-
sion by reducing noise immunity and increasing the spectral width
of the signal. The general unsolved problem is the lack of an effective
method for forming a multidimensional signal of the nth multiplicity
and receiving it based on high-order phase-difference modulation,
capable of improving the efficiency of these parameters.

The work proposes a method that makes it possible to form a
three-dimensional multi-position signal 3D AFM-32, which uses
three independent parameters — amplitude, phase, and time. A fea-
ture of the result is that noise immunity is ensured without increasing
the spectral width of the signal, but due to three-dimensional format-
ting, which increases the distance between signal points by 50%.

A coherent reception algorithm has been developed that pro-
vides accurate signal recovery even in the presence of phase or
frequency disturbances. It is shown that the reception efficiency is
achieved at an averaging interval of not less than M = 20, at which
the system demonstrates an error probability at the level of SER=10"%
at Eb/Ny = 17.4 dB. This makes it possible to obtain an energy gain of
2-3 dB compared to QAM-32 and classical AFM.

The proposed approach is invariant to phase shifts due to the first
and second order phase differences, which eliminates ambiguities
during reception. 3D AFM-32 demonstrated higher noise immunity
compared to QAM-16/32 and AFM-16/32 under the same conditions.
The results could be used in 5G/6G networks, in particular in adap-
tive OFDM systems, autonomous transport, and telemetry.

Keywords: phase difference modulation, 32-position, 3D AFM-32,
multidimensional, OFDM, noise immunity, coherent algorithm, en-
ergy efficiency, 5G/6G.
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The object of this research is artificial immune systems. The prob-
lem addressed in the study is improving the responsiveness of cyberat-
tack detection in information systems while ensuring a predetermined
level of convergence, regardless of the number of destabilizing factors.
The subject of the research is the cyberattack detection process.

A cyberattack detection method for information systems based on
artificial intelligence technologies is proposed. The originality of the
method lies in the use of additional enhanced procedures that allow:

- initializing the initial population of swarm agents and verifying
information system parameters using an improved bat algorithm,
which minimizes the error of entering incorrect data concerning the
operational information system of military forces;

- performing initial identification of attacks specific to the given
information system using a decision tree;

- adapting to the type and duration of cyberattacks through
multi-level adaptation of the artificial immune system;

- conducting initial selection of antibodies for each swarm of the
artificial immune system using an improved genetic algorithm;

- training general-swarm antibodies using elite-swarm antibod-
ies, thereby enabling deep learning;

- replacing unfit individuals for search through antibody popula-
tion renewal;

- performing simultaneous solution search in multiple directions;

- calculating the required amount of computational resources
in cases where available resources are insufficient for the necessary
calculations.

An example application of the proposed method was conducted
for cyberattack detection in an operational military force group.
The results demonstrated an average increase in detection accuracy
by 16 %, an average improvement in responsiveness by 12 %, and a
high result convergence level of 95.23 %.

Keywords: cyberattacks, decision tree, genetic algorithm, desta-
bilizing factors, military force grouping.
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This article investigates fraud detection in financial transaction
networks using machine learning and graph-based typologies. The
object of the study is financial transaction data, analyzed to improve
the accuracy and efficiency of identifying fraudulent activities. The
problem addressed is the limited generalizability and low recall of
traditional fraud detection models in complex, real-world settings.

To address this, a hybrid framework was developed that integrates
Random Forests, neural networks, and graph-based typology indica-
tors. Seven laundering typologies were extracted from a transaction
graph - fan-in, fan-out, scatter-gather, gather-scatter, cycle, bipartite,
and stacked bipartite — and used as additional features for classifica-
tion. SMOTE was applied to correct class imbalance during training.

Experimental results show that adding typology features signifi-
cantly improves model performance. The best results were obtained




with Random Forest: 98.5% accuracy, 79.1% precision, 56.3% recall,
and an Fl1-score of 65.7%. Adding typology-based flags raised re-
call by 9-11 percentage points compared to models without them.
Graph patterns like fan-in and fan-out were detected in 3.5-5.1%
of transactions, while more complex structures such as cycle and
scatter-gather appeared less frequently but correlated more strongly
with known fraud.

Unsupervised methods also showed promise: an autoencoder
captured 60% of fraud cases among the top 2% anomalous transac-
tions, while K-means identified 55% of fraud within flagged clusters.
These methods proved useful for identifying emerging fraud types not
yet labeled in training data.

The model is suitable for integration into financial security sys-
tems with minimal input requirements - account IDs, timestamps,
and transaction amounts - alongside basic graph analytics. Its ro-
bustness across datasets suggests strong applicability across diverse
financial institutions.

Keywords: financial fraud, transaction patterns, machine learning,
graph analysis, typology detection, classification, anomaly detection.

References

1. 2024 National Money Laundering Risk Assessment (2024). U.S. Depart-
ment of the Treasury. Available at: https://home.treasury.gov/system/
files/136/2024-National-Money-Laundering-Risk-Assessment.pdf

2. Jarugula, S. (2025). The Evolution of Fraud Detection: A Comprehen-
sive Analysis of Al-Powered Solutions in Financial Security. Interna-
tional Journal of Scientific Research in Computer Science, Engineer-
ing and Information Technology, 11 (2), 919-926. https://doi.org/
10.32628/cseit25112430

3. Ali, A, Abd Razak, S., Othman, S. H., Eisa, T. A. E., Al-Dhaqm, A.,
Nasser, M. et al. (2022). Financial Fraud Detection Based on Machine
Learning: A Systematic Literature Review. Applied Sciences, 12 (19),
9637. https://doi.org/10.3390/app12199637

4. Baisholan, N., Dietz, J. E., Gnatyuk, S., Turdalyuly, M., Matson, E. T.,
Baisholanova, K. (2025). FraudX AI: An Interpretable Machine
Learning Framework for Credit Card Fraud Detection on Imbalanced
Datasets. Computers, 14 (4), 120. https://doi.org/10.3390/comput-
ers14040120

5. Li, X., Liu, S., Li, Z., Han, X., Shi, C., Hooi, B. et al. (2020). Flow-
Scope: Spotting Money Laundering Based on Graphs. Proceedings of
the AAAI Conference on Artificial Intelligence, 34 (04), 4731-4738.
https://doi.org/10.1609/aaai.v34i04.5906

6. Blanusa, J., Cravero Baraja, M., Anghel, A., von Niederhdusern, L.,
Altman, E., Pozidis, H., Atasu, K. (2024). Graph Feature Preprocessor:
Real-time Subgraph-based Feature Extraction for Financial Crime
Detection. Proceedings of the 5th ACM International Conference on
Al in Finance, 222-230. https://doi.org/10.1145/3677052.3698674

7. Timmler, M., Quick, R. (2025). How to detect fraud in an audit: a
systematic review of experimental literature. Management Review
Quarterly. https://doi.org/10.1007/s11301-024-00480-7

8. Dumitrescu, B., Baltoiu, A., Budulan, S. (2022). Anomaly Detection
in Graphs of Bank Transactions for Anti Money Laundering Ap-
plications. IEEE Access, 10, 47699-47714. https://doi.org/10.1109/
access.2022.3170467

9. Karim, Md. R., Hermsen, F., Chala, S. A., De Perthuis, P., Man-
dal, A. (2024). Scalable Semi-Supervised Graph Learning Tech-
niques for Anti Money Laundering. IEEE Access, 12, 50012-50029.
https://doi.org/10.1109/access.2024.3383784

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Karim, R., Hermsen, F., Chala, S., de Perthuis, P., Mandal, A. (2023).
Catch me if you can: Semi-supervised graph learning for spotting
money laundering. arXiv. https://doi.org/10.48550/arXiv.2302.11880
Islam, M. Z., Islam, M. S., Das, B. C., Reza, S. A., Bhowmik, P. K.,
Bishnu, K. K. et al. (2025). Machine Learning-Based Detection and
Analysis of Suspicious Activities in Bitcoin Wallet Transactions in
the USA. Journal of Ecohumanism, 4 (1). https://doi.org/10.62754/
joe.v4il.6214

Rahman, A., Debnath, P., Ahmed, A., Dalim, H. M., Karmakar, M.,
Sumon, F. I., Khan, A. (2024). Machine learning and network analysis
for financial crime detection: Mapping and identifying illicit transac-
tion patterns in global black money transactions. Gulf Journal of
Advance Business Research, 2 (6), 250-272. https://doi.org/10.51594/
gjabr.v2i6.49

Rahman, M. K., Dalim, H. M., Reza, S. A., Ahmed, A., Zee-
shan, M. A. F,, Jui, A. H., Nayeem, M. B. (2025). Assessing the Effec-
tiveness of Machine Learning Models in Predicting Stock Price Move-
ments During Energy Crisis: Insights from Shell’s Market Dynamics.
Journal of Business and Management Studies, 7 (1), 44-61. https://
doi.org/10.32996/jbms.2025.7.1.4

Rahouti, M., Xiong, K., Ghani, N. (2018). Bitcoin Concepts, Threats,
and Machine-Learning Security Solutions. IEEE Access, 6, 67189-
67205. https://doi.org/10.1109/access.2018.2874539

Podgorelec, B., Turkanovi¢, M., Karakati¢, S. (2019). A Machine
Learning-Based Method for Automated Blockchain Transaction Sign-
ing Including Personalized Anomaly Detection. Sensors, 20 (1), 147.
https://doi.org/10.3390/s20010147

Pham, H.-G. T., Pham, Q.-V., Pham, A. T., Nguyen, C. T. (2020). Joint
Task Offloading and Resource Management in NOMA-Based MEC
Systems: A Swarm Intelligence Approach. IEEE Access, 8, 190463-
190474. https://doi.org/10.1109/access.2020.3031614

Ali, A. H., Hagag, A. A. (2024). An enhanced Al-based model for
financial fraud detection. International Journal of ADVANCED AND
APPLIED SCIENCES, 11 (10), 114-121. https://doi.org/10.21833/
ijaas.2024.10.013

Pan, E. (2024). Machine Learning in Financial Transaction Fraud
Detection and Prevention. Transactions on Economics, Busi-
ness and Management Research, 5, 243-249. https://doi.org/
10.62051/16r3aal0

Zhang, Q., Wang, Y., Cheng, J., Yan, H., Shi, K. (2023). Improved
filtering of interval type-2 fuzzy systems over Gilbert-Elliott chan-
nels. Information Sciences, 627, 132-146. https://doi.org/10.1016/
j-ins.2023.01.053

Tarjo, T., Anggono, A., Sakti, E. (2021). Detecting Indications of
Financial Statement Fraud: a Hexagon Fraud Theory Approach. AK-
RUAL: Jurnal Akuntansi, 13 (1), 119-131. https://doi.org/10.26740/
jaj.vl3nl.p119-131

Policy on Anti-Fraud, Corruption, Money Laundering and Terrorism
Financing, and Domiciliation of BSTDB Counterparties. Available at:
https://www.bstdb.org/Antifraud_policy.pdf

Xia, Z., Saha, S. C. (2025). FinGraphFL: Financial Graph-Based Feder-
ated Learning for Enhanced Credit Card Fraud Detection. Mathemat-
ics, 13 (9), 1396. https://doi.org/10.3390/math13091396

Duman, E., Ozcelik, M. H. (2011). Detecting credit card fraud by ge-
netic algorithm and scatter search. Expert Systems with Applications,
38 (10), 13057-13063. https://doi.org/10.1016/j.eswa.2011.04.110
Ren, Y., Zhu, H., Zhang, J., Dai, P., Bo, L. (2021). EnsemFDet: An En-
semble Approach to Fraud Detection based on Bipartite Graph. 2021



25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

IEEE 37th International Conference on Data Engineering (ICDE).
https://doi.org/10.1109/icde51399.2021.00197

Wojcik, F. (2024). An Analysis of Novel Money Laundering Data
Using Heterogeneous Graph Isomorphism Networks. FinCEN Files
Case Study. Econometrics, 28 (2), 32-49. https://doi.org/10.15611/
eada.2024.2.03

Cherif, A., Badhib, A., Ammar, H., Alshehri, S., Kalkatawi, M., Imine, A.
(2023). Credit card fraud detection in the era of disruptive technologies:
A systematic review. Journal of King Saud University - Computer
and Information Sciences, 35 (1), 145-174. https://doi.org/10.1016/
jjksuci.2022.11.008

Charizanos, G., Demirhan, H., igen, D. (2024). An online fuzzy
fraud detection framework for credit card transactions. Expert
Systems with Applications, 252, 124127. https://doi.org/10.1016/
j-eswa.2024.124127

Xiang, S., Zhu, M., Cheng, D,, Li, E., Zhao, R., Ouyang, Y., Chen, L.,
Zheng, Y. (2023). Semi-supervised Credit Card Fraud Detection via
Attribute-Driven Graph Representation. Proceedings of the AAAI
Conference on Artificial Intelligence, 37 (12), 14557-14565. https://
doi.org/10.1609/aaai.v37i12.26702

Bolshibayeva, A. K., Uskenbayeva, R. K., Kuandykov, A. A., Rakhmetu-
layeva, S. B., Astaubayeva, G. N. (2021). Development of Business Pro-
cess Design Methods. Journal of Theoretical and Applied Information
Technology, 99 (10), 2344-2358. Available at: https://www.jatit.org/
volumes/Vol99N010/14Vol99No10.pdf

Mohammed, H. N., Malami, N. S., Thomas, S., Aiyelabegan, F. A.,
Imam, F. A., Ginsau, H. H. (2022). Machine Learning Approach
to Anti-Money Laundering: A Review. 2022 IEEE Nigeria 4th In-
ternational Conference on Disruptive Technologies for Sustain-
able Development (NIGERCON), 1-5. https://doi.org/10.1109/
nigercon54645.2022.9803072

Soltani, R., Nguyen, U. T., Yang, Y., Faghani, M., Yagoub, A., An, A.
(2016). A new algorithm for money laundering detection based on
structural similarity. 2016 IEEE 7th Annual Ubiquitous Computing,
Electronics & Mobile Communication Conference (UEMCON), 1-7.
https://doi.org/10.1109/uemcon.2016.7777919

Martinez-Sénchez, J. F., Cruz-Garcia, S., Venegas-Martinez, F.
(2020). Money laundering control in Mexico. Journal of Mon-
ey Laundering Control, 23 (2), 427-439. https://doi.org/10.1108/
jmlc-10-2019-0083

Altman, E. (2019). IBM Transactions for Anti Money Laundering
(AML). Available at: https://www.kaggle.com/datasets/ealtman2019/
ibm-transactions-for-anti-money-laundering-aml

Labanca, D., Primerano, L., Markland-Montgomery, M., Polino, M.,
Carminati, M., Zanero, S. (2022). Amaretto: An Active Learn-
ing Framework for Money Laundering Detection. IEEE Access,
10, 41720-41739. https://doi.org/10.1109/access.2022.3167699
Rocha-Salazar, J.-J., Segovia-Vargas, M.-J., Camacho-Mifiano, M. M.
(2021). Money laundering and terrorism financing detection us-
ing neural networks and an abnormality indicator. Expert Sys-
tems with Applications, 169, 114470. https://doi.org/10.1016/j.
eswa.2020.114470

Gaviyau, W., Sibindi, A. B. (2023). Global Anti-Money Laundering and
Combating Terrorism Financing Regulatory Framework: A Critique.
Journal of Risk and Financial Management, 16 (7), 313. https://doi.org/
10.3390/jrfm16070313

Alkhalili, M., Qutqut, M. H., Almasalha, F. (2021). Investigation of
Applying Machine Learning for Watch-List Filtering in Anti-Money

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Laundering. IEEE Access, 9, 18481-18496. https://doi.org/10.1109/
access.2021.3052313

Duisebekova, K. S., Kozhamzharova, D. K., Rakhmetulayeva, S. B.,
Umarov, F. A., Aitimov, M. Zh. (2020). Development of an informa-
tion-analytical system for the analysis and monitoring of climatic and
ecological changes in the environment. Procedia Computer Science,
170, 578-583. https://doi.org/10.1016/j.procs.2020.03.128

Yang, G., Liu, X., Li, B. (2023). Anti-money laundering supervision
by intelligent algorithm. Computers & Security, 132, 103344. https://
doi.org/10.1016/j.cose.2023.103344

Lokanan, M. E. (2023). Predicting money laundering sanctions using
machine learning algorithms and artificial neural networks. Ap-
plied Economics Letters, 31 (12), 1112-1118. https://doi.org/10.1080/
13504851.2023.2176435

Rakhmetulayeva, S., Kulbayeva, A. (2022). Building Disease Pre-
diction Model Using Machine Learning Algorithms on Electronic
Health Records’ Logs. Proceedings of the 7th International Con-
ference on Digital Technologies in Education, Science and In-
dustry (DTESI 2022). Available at: https://ceur-ws.org/Vol-3382/
Paper19.pdf

Zhang, Y., Trubey, P. (2018). Machine Learning and Sampling
Scheme: An Empirical Study of Money Laundering Detec-
tion. Computational Economics, 54 (3), 1043-1063. https://doi.
0rg/10.1007/s10614-018-9864-z

Chen, Z., Soliman, W. M., Nazir, A., Shorfuzzaman, M. (2021).
Variational Autoencoders and Wasserstein Generative Adversarial
Networks for Improving the Anti-Money Laundering Process. IEEE
Access, 9, 83762-83785. https://doi.org/10.1109/access.2021.3086359
Domashova, J., Mikhailina, N. (2021). Usage of machine learn-
ing methods for early detection of money laundering schemes.
Procedia Computer Science, 190, 184-192. https://doi.org/10.1016/
j-procs.2021.06.033

Konyrbaev, N., Nikitenko, Y., Shtanko, V., Lakhno, V., Baishem-
irov, Z., Ibadulla, S. et al. (2024). Evaluation and optimization
of the naive bayes algorithm for intrusion detection systems us-
ing the USB-IDS-1 dataset. Eastern-European Journal of Enter-
prise Technologies, 6 (2 (132)), 74-82. https://doi.org/10.15587/
1729-4061.2024.317471

Aloeyv, R., Berdyshev, A., Akbarova, A., Baishemirov, Z. (2021). De-
velopment of an algorithm for calculating stable solutions of the
Saint-Venant equation using an upwind implicit difference scheme.
Eastern-European Journal of Enterprise Technologies, 4 (4 (112)),
47-56. https://doi.org/10.15587/1729-4061.2021.239148

Urmashey, B., Buribayev, Z., Amirgaliyeva, Z., Ataniyazova, A., Zhas-
suzak, M., Turegali, A. (2021). Development of a weed detection system
using machine learning and neural network algorithms. Eastern-Eu-
ropean Journal of Enterprise Technologies, 6 (2 (114)). https://doi.org/
10.15587/1729-4061.2021.246706

Bolshibayeva, A., Rakhmetulayeva, S., Ukibassov, B., Zhanabekov, Z.
(2024). Advancing real-time echocardiographic diagnosis with a
hybrid deep learning model. Eastern-European Journal of Enter-
prise Technologies, 6 (9 (132)), 60-70. https://doi.org/10.15587/
1729-4061.2024.314845

Kulbayeva, A. K., Rakhmetulayeva, S. B., Bolshibayeva, A. K., Yas-
ar, A.-U.-H. (2024). Data Processing Methods for Financing Terrorism:
The Role of Microsoft Power BI in Money Laundering Detection.
Procedia Computer Science, 238, 528-535. https://doi.org/10.1016/
j-procs.2024.06.056



DOI: 10.15587/1729-4061.2025.332271

DEVELOPMENT OF A METHOD OF PSYCHOLOGICAL
IMPACT ON TARGET AUDIENCES OF GAMERS USING
MODERN INFORMATION TECHNOLOGIES (p. 55-64)

Serhii Yevseiev

National Technical University “Kharkiv Polytechnic Institute”,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0003-1647-6444

Stanislav Milevskyi

National Technical University “Kharkiv polytechnic institute”,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0001-5087-7036

Yurii Pribyliev
National Defence University of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0003-1941-3561

Yevhen Melenti
National Academy of the Security Service of Ukraine, Kyiv, Ukraine
ORCID https://orcid.org/0000-0003-2955-2469

Andriy Nalivayko
National Defence University of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-0675-9603

Serhii Bazarnyi
National Defence University of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0001-9545-1960

Oleksandr Morozov
National Defence University of Ukraine , Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-1352-1783

Iryna Kazak

National Technical University of Ukraine «Igor Sikorsky Kyiv
Polytechnic Institute», Kyiv, Ukraine

ORCID: https://orcid.org/0000-0001-9450-8312

Alla Hrebeniuk
National Academy of the Security Service of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-8703-3432

Oksana Ivashchenko

National Technical University “Kharkiv Polytechnic Institute”,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0003-3636-3914

The object of research is the process of psychological influence
on the target audience of gamers using information technologies.
The problem of the lack of effective methods for assessing and
correcting the psychophysiological state of players was solved. The
proposed method of psychological influence on the target audience
of gamers provides for the study of aspects of the use of interactive
platforms in psychological operations and educational platforms
based on gaming technologies. The features of the proposed method
and the results obtained consist in taking into account the types of
the target audience and influencing this audience by appropriate
methods through the information content of a computer game. The
method, which is based on the developed stochastic model, allows
predicting the behavior of users of information technology — a com-
puter game. The results of the study show that for the effective use
of information technologies to increase the effect of psychological
influence, it is necessary to adapt the information content to the
peculiarities of perception of different types of gamers target audi-
ence. The proposed method provides in the dynamics of creating
the prerequisites for the formation of a method of psychological

influence on target audiences of gamers using modern information
technologies. The developed method should be implemented in the
following conditions for the use of information technologies: orga-
nizational (orientation on the desired audience); technical (require-
ments for computer equipment, software, etc.); social (introduction
to game scenarios of the distribution of the game environment
and game characters to different categories of social groups). The
predicted psychological effects when using a computer game have
been formed: emotional impact; increased motivation; formation of
critical thinking; technical recommendations.

Keywords: information technology, psychological impact, com-
puter game, performance evaluation, target audience.
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The contemporary cryptographic field is marked by efforts to
enhance traditional methods through the integration of novel math-
ematical concepts. This fusion seeks to address the shortcomings
of classical cryptography, tackle emerging security challenges, and
devise more sophisticated data protection systems. Among these in-
novations is the application of finite automata, or CryptoAutomata,
used as encoders and decoders. The object of this research is the use
of finite automata, specifically CryptoAutomata, in cryptographic
systems. The study addresses the problem of vulnerabilities in classi-
cal cryptographic methods, which include susceptibility to emerging
cryptanalytic attacks and inefficiencies in computational overhead.

The essence of the obtained results lies in demonstrating the
practical implementation and cryptographic advantages of reversible
finite automata, including surjective and Mealy automata, integrated
into encryption systems. Due to the inherent properties of these
automata, such as reversibility, composability, and computational ef-
ficiency, the authors were able to increase the security of encryption,
significantly complicating cryptanalysis attempts. These results are
primarily explained by the compositional approach, which involves
combining multiple finite automata to form complex encryption
structures. Rigorous statistical evaluations were carried out, includ-
ing NPCR and UACI, which yielded NPCR values ranging between
99.56% to 99.61% and UACI values around 33%, affirming strong
resistance to differential attacks. Additionally, noise resilience was
confirmed through PSNR evaluations, achieving values above 35 dB
even under significant noise conditions, thereby validating robustness
in practical scenarios. Furthermore, the cryptographic strength was
substantiated by NIST statistical randomness tests.

Keywords: finite automata, mealy automata, cryptography with
finite automata, automata composition, statistical cryptanalysis.
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The object of this study is the process of forming a minimally
sufficient set of reference images for use in correlation-extreme

navigation systems when changing the navigation parameters of
unmanned aerial vehicles. The paper reports the results related to
solving the task to form a set of reference images taking into account
changes in the navigation parameters of high-speed unmanned aer-
ial vehicles and their impact on the information features of images.
The effect of changing the viewing angles and altitude on the forma-
tion of segmented images by energy characteristics has been stud-
ied. The discrete steps for navigation parameters were established,
at which the correlation between image fragments is maintained at
the level of 0.9. These values are from 90 to 120 meters in height and
from 15° to 25° in angular parameters. The effect of the structure of
segmented images on the selection of the reference object has been
studied. It is shown that the feature of the selection of the reference
object in the segmented image is the value of the fractal dimension
2.998...2.999.

The study was conducted in the MATLAB software environment
using the source image selected from Google Earth Pro. The applica-
tion of the selected sequence of constructing fragments of reference
images has made it possible to identify objects that have the best
characteristics in terms of signal-to-noise ratio and structure with
increasing discreteness of navigation parameters. The method differs
from known ones in using the image structure as information features
along with the brightness and contrast of objects. This would reduce
the number of fragments of reference images while maintaining the
accuracy indicator. The results could be implemented in secondary
processing systems of correlation-extreme navigation systems used on
high-speed unmanned aerial vehicles.

Keywords: reference images, navigation parameters, discrete in
viewing angles and altitudes, information features, decision function.
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The object of this study is the process of searching for a plane that
crashed by using search tools. The main hypothesis of the study as-
sumes that the use of a uniformly optimal search strategy in a discrete
search zone taking into account the Blackwell-Black-Kadan relation
could minimize the average time for detecting a plane that crashed.
An optimal Bayesian rule has been formulated, which involves de-
termining the maximum value of the likelihood ratio in the current
discrete search sector and comparing it with the threshold. A class of
uniformly optimal search strategies has been introduced. A method of
discrete search for a plane that crashed has been improved, according
to which, unlike in the known analogs:

- the a priori probability of finding the search object in the search
sector is taken into account;

- the probability that the search object will be detected when
viewing the search sector is calculated;

- the Blackwell-Black-Kadan relations are determined;

— the obtained Blackwell-Black-Kadan values are ranked, and the
sequence of the search sectors is examined in accordance with the
obtained ranking of the Blackwell-Black-Kadan ratio values.

The average time to detect the search object was estimated. It has
been established that when optimizing the search for a plane that
crashed, the average search time for the search object is reduced by 12%.

The limitation of the study is a simplified representation of the
search area, which is given by a regular discrete grid without taking
into account complex terrain or prohibited areas. In addition, external

factors such as weather conditions, wind, etc., which may affect the
speed and route of the search vehicle, are not taken into account.
The disadvantage of the improved method is its application only
for the case of a discrete structure search area.
Keywords: Blackwell-Black-Kadan relation, discrete search,
search object, search and rescue operation, uniformly optimal search
strategy.

References

1. Flightradar24 registered a record number of planes in the air (2023).
Mezha. Available at: https://mezha.media/en/2023/05/29/flightra-
dar24-recorded-a-record-number-of-planes-in-the-air/

2. Katastrofy viiskovykh litakiv u nezalezhniy Ukraini: khronika
naibilshykh vtrat (2020). Novynarnia. Available at: https://novynar-
nia.com/2020/09/30/vijsko-aviakatastrofy/

3. List Of Aircraft Losses During The Russian Invasion Of Ukraine
(2022). Oryx. Available at: https://www.oryxspioenkop.com/2022/03/
list-of-aircraft-losses-during-2022.html

4. Echols, C. (2022). Recent string of deadly military crashes is no
accident. Available at: https://responsiblestatecraft.org/2022/06/10/
recent-string-of-deadly-military-crashes-is-no-accident/

5. Parashchak, O., Kramer, N. (2025). Deadliest Aircraft Crashes and
‘Worst Aviation Accident Statistics (1925-2025). Beinsure. Available at:
https://beinsure.com/aircraft-crashes/

6. Factual information safety investigation for MH370. Available at:
https://www.mot.gov.my/my/Laporan%20MH%20370/Factual%20In-
formation%20Safety%20Investigation%20For%20MH370.pdf

7. French judges drop charges against Air France over 2009 Rio-
Paris crash. France 24. Available at: https://www.france24.com/
en/20190905-france-judges-charge-air-france-2009-A330-rio-paris-
crash-af447-airbus

8. Barabash, O. V., Dakhno, N. B., Shevchenko, H. V., Majsak, T. V.
(2017). Dynamic models of decision support systems for control-
ling UAV by two-step variational-gradient method. 2017 IEEE 4th
International Conference Actual Problems of Unmanned Aerial
Vehicles Developments (APUAVD), 108-111. https://doi.org/10.1109/
apuavd.2017.8308787

9. Barabash, O., Kyrianov, A. (2023). Development of control laws of un-
manned aerial vehicles for performing group flight at the straight-line
horizontal flight stage. Advanced Information Systems, 7 (4), 13-20.
https://doi.org/10.20998/2522-9052.2023.4.02

10. Bany Abdelnabi, A. A., Rabadi, G. (2024). Human Detection From
Unmanned Aerial Vehicles’ Images for Search and Rescue Missions:
A State-of-the-Art Review. IEEE Access, 12, 152009-152035. https://
doi.org/10.1109/access.2024.3479988

11. Quero, C. O., Martinez-Carranza, J. (2025). Unmanned aerial systems
in search and rescue: A global perspective on current challenges and
future applications. International Journal of Disaster Risk Reduction,
118, 105199. https://doi.org/10.1016/j.ijdrr.2025.105199

12. Sambolek, S., Ivasic-Kos, M. (2021). Automatic Person Detection in
Search and Rescue Operations Using Deep CNN Detectors. IEEE Ac-
cess, 9, 37905-37922. https://doi.org/10.1109/access.2021.3063681

13. Yang, L., Zhang, X., Li, Z., Li, L., Shi, Y. (2025). A LODBO algorithm
for multi-UAV search and rescue path planning in disaster areas. Chi-
nese Journal of Aeronautics, 38 (2), 103301. https://doi.org/10.1016/
j.Cja.2024.11.011

14. Guo, Y, Song, Y., Li, J., Ou, I, Xing, L., Zhang, Y. (2024). A Tabu-Based

Bees Algorithm for Unmanned Aerial Vehicles in Maritime Search




20.

21.

22.

23.

24.

and Rescue Path Planning. Intelligent Engineering Optimisation
with the Bees Algorithm, 353-365. https://doi.org/10.1007/978-3-031-
64936-3_18

. Goncalves, L., Damas, B. (2022). Automatic detection of rescue

targets in maritime search and rescue missions using UAVs. 2022
International Conference on Unmanned Aircraft Systems (ICUAS),
1638-1643. https://doi.org/10.1109/icuas54217.2022.9836137

. Zhang, H., Sun, J., Yang, B., Shi, Y., Li, Z. (2020). Optimal search

and rescue route design using an improved ant colony optimiza-
tion. Information Technology And Control, 49 (3), 438-447. https://
doi.org/10.5755/j01.itc.49.3.25295

. Cho, S. W, Park, H. J., Lee, H., Shim, D. H., Kim, S.-Y. (2021). Cover-

age path planning for multiple unmanned aerial vehicles in maritime
search and rescue operations. Computers & Industrial Engineering,
161, 107612. https://doi.org/10.1016/j.cie.2021.107612

. Dinnbier, N. M., Thueux, Y., Savvaris, A., Tsourdos, A. (2017). Target

detection using Gaussian mixture models and fourier transforms
for UAV maritime search and rescue. 2017 International Confer-
ence on Unmanned Aircraft Systems (ICUAS), 1418-1424. https://
doi.org/10.1109/icuas.2017.7991312

. Rejeb, A., Rejeb, K., Simske, S., Treiblmaier, H. (2021). Humanitar-

ian Drones: A Review and Research Agenda. Internet of Things,
16, 100434. https://doi.org/10.1016/j.i0t.2021.100434

Laghari, A. A., Jumani, A. K., Laghari, R. A., Nawaz, H. (2023). Un-
manned aerial vehicles: A review. Cognitive Robotics, 3, 8-22. https://
doi.org/10.1016/j.cogr.2022.12.004

Khudov, H. (2020). The Bayes Rule of Decision Making in Joint Op-
timization of Search and Detection of Objects in Technical Systems.
International Journal of Emerging Trends in Engineering Research,
8 (1), 7-12. https://doi.org/10.30534/ijeter/2020/02812020

Khudov, H., Mynko, P., Ikhsanov, S., Diakonov, O., Kovalenko, O.,
Solomonenko, Y. et al. (2021). Development a method for deter-
mining the coordinates of air objects by radars with the additional
use of multilateration technology. Eastern-European Journal of
Enterprise Technologies, 5 (9 (113)), 6-16. https://doi.org/10.15587/
1729-4061.2021.242935

Khudov, H., Makoveichuk, O., Kostyria, O., Butko, I, Poliakov, A.,
Kozhushko, Y. et al. (2024). Devising a method for determining
the coordinates of an unmanned aerial vechicle via a network of
portable spectrum analyzers. Eastern-European Journal of Enter-
prise Technologies, 6 (9 (132)), 97-107. https://doi.org/10.15587/
1729-4061.2024.318551

Bellman Equation. Available at: https://www.geeksforgeeks.org/
bellman-equation/

DOI: 10.15587/1729-4061.2025.330922

DEVISING A NUMERICAL METHOD FOR ESTIMATING
THE POSITIONING ACCURACY OF AIRCRAFT BY AN
INFORMATION- COMMUNICATION NETWORK OF
OPTOELECTRONIC STATIONS (p. 101-120)

Andriy Tevyashev

Kharkiv National University of Radio Electronics,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0001-5261-9874

Oleksii Haluza
National Technical University «Kharkiv Polytechnic Institute»,
Kharkiv, Ukraine

Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0003-3809-149X

Dmytro Kostaryev

Kharkiv National University of Radio Electronics,
Kharkiv, Ukraine

ORCID: https://orcid.org/0009-0006-7528-031X

Anton Paramonov

Kharkiv National University of Radio Electronics,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0002-2124-064X

Nataliia Sizova

O.M. Beketov National University of Urban Economy in Kharkiv,

Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0002-0103-1939

The object of this study is the accuracy of aircraft positioning
for open and covert video surveillance by an infocommunication
network of optical-electronic stations along the trajectories of their
movement. The task addressed is numerical assessment of the accu-
racy of aircraft positioning in airspace. It is proposed to use a convex
polyhedron as a universal assessment of the accuracy of aircraft
positioning, in which, with a given probability, the aircraft is located.
It is shown that the lower estimate of this probability depends on the
a priori information on the statistical properties of the errors in the
estimates of the coordinates of the aircraft location, and the scattering
ellipsoid, which is currently the main form of assessing the accuracy
of aircraft positioning in airspace, is a special case and is always lo-
cated inside a convex polyhedron.

The results reported here include the following:

- simulation models of open and covert video surveillance by
an infocommunication network of optoelectronic stations along the
trajectories of aircraft movement;

- anumerical method for estimating the uncertainty region in the
form of a convex polyhedron, in which, with a given probability, the
aircraft is located;

-dependence of change in the shapes and boundaries of the
convex polyhedron on the errors of video surveillance and the mu-
tual spatial location of the aircraft and the network of optoelectronic
stations;

- software implementation of methods for constructing and visu-
alizing the shapes and boundaries of uncertainty regions in the form
of convex polyhedrons and scattering ellipsoids.

It is shown that the aircraft is inside the convex polyhedron with
the probability P > 0.8889 for any distribution, P > 0.9506 for a sym-
metric one and P >0.9973 for a normal distribution.

Keywords: optoelectronic station, infocommunication network,
aircraft, convex polyhedron, scattering ellipsoid.

References

1. Bensky, A. (2016). Wireless Positioning Technologies and Applica-
tions. Artech House, 424.

2. Lazzari, F., Buffi, A., Nepa, P., Lazzari, S. (2017). Numerical Investi-
gation of an UWB Localization Technique for Unmanned Aerial Ve-
hicles in Outdoor Scenarios. IEEE Sensors Journal, 17 (9), 2896-2903.
https://doi.org/10.1109/jsen.2017.2684817

3. Semenyuk, V., Kurmashev, 1., Lupidi, A., Alyoshin, D., Kurma-
sheva, L., Cantelli-Forti, A. (2025). Advances in UAV detection:
integrating multi-sensor systems and AI for enhanced accuracy and
efficiency. International Journal of Critical Infrastructure Protection,
49, 100744. https://doi.org/10.1016/j.ijcip.2025.100744

4. Saadaoui, F. Z., Cheggaga, N., Djabri, N. E. H. (2023). Multi-sensory sys-
tem for UAVs detection using Bayesian inference. Applied Intelligence,
53 (24), 29818-29844. https://doi.org/10.1007/s10489-023-05027-z



. Stuckey, H., Escamilla, L., Garcia Carrillo, L. R., Tang, W. (2024).
Real-Time Optical Localization and Tracking of UAV Using Ellipse
Detection. IEEE Embedded Systems Letters, 16 (1), 1-4. https://
doi.org/10.1109/1es.2023.3234871

. Stuckey, H., Al-Radaideh, A., Escamilla, L., Sun, L., Carrillo, L. G.,
Tang, W. (2021). An Optical Spatial Localization System for Track-

ing Unmanned Aerial Vehicles Using a Single Dynamic Vision
Sensor. 2021 IEEE/RSJ International Conference on Intelligent
Robots and Systems (IROS), 3093-3100. https://doi.org/10.1109/
iros51168.2021.9636665

. Golyak, I. S., Anfimov, D. R., Golyak, I. S., Morozov, A. N., Taba-

lina, A. S., Fufurin, 1. L. (2020). Methods for real-time optical
location and tracking of unmanned aerial vehicles using digital
neural networks. Automatic Target Recognition XXX, 50. https://
doi.org/10.1117/12.2573209

. Nam, S. Y., Joshi, G. P. (2017). Unmanned aerial vehicle local-

ization using distributed sensors. International Journal of Dis-
tributed Sensor Networks, 13 (9), 155014771773292. https://
doi.org/10.1177/1550147717732920

. Hu, F,, Wu, G. (2020). Distributed Error Correction of EKF Algo-

rithm in Multi-Sensor Fusion Localization Model. IEEE Access, 8,
93211-93218. https://doi.org/10.1109/access.2020.2995170

. Sorbelli, F. B., Pinotti, C. M., Silvestri, S., Das, S. K. (2022). Measure-

ment Errors in Range-Based Localization Algorithms for UAVs: Anal-
ysis and Experimentation. IEEE Transactions on Mobile Computing,
21 (4), 1291-1304. https://doi.org/10.1109/tmc.2020.3020584

. Vitiello, F., Causa, F., Opromolla, R., Fasano, G. (2024). Radar/visual

fusion with fuse-before-track strategy for low altitude non-coopera-
tive sense and avoid. Aerospace Science and Technology, 146, 108946.
https://doi.org/10.1016/].ast.2024.108946

. Bala, A., Mugqaibel, A. H., Igbal, N., Masood, M., Oliva, D., Abdul-

lahi, M. (2025). Machine learning for drone detection from images: A
review of techniques and challenges. Neurocomputing, 635, 129823.
https://doi.org/10.1016/j.neucom.2025.129823

. Yan, X,, Fu, T, Lin, H., Xuan, F., Huang, Y., Cao, Y. et al. (2023).

UAV Detection and Tracking in Urban Environments Using Passive
Sensors: A Survey. Applied Sciences, 13 (20), 11320. https://doi.
org/10.3390/app132011320

. Svanstrom, F., Englund, C., Alonso-Fernandez, F. (2021). Re-

al-Time Drone Detection and Tracking With Visible, Thermal
and Acoustic Sensors. 2020 25th International Conference on
Pattern Recognition (ICPR), 7265-7272. https://doi.org/10.1109/
icpr48806.2021.9413241

15.

16.

17.

18.

19.

20.

21,

22.

23.

24.

25.

Tevyashev, A., Zemlyaniy, O., Shostko, I., Kostaryev, D., Paramonov, A.
(2024). Devising an analytical method for estimating aircraft position-
ing accuracy by an infocommunication network of optoelectronic
stations. Eastern-European Journal of Enterprise Technologies, 5 (9
(131)), 36-48. https://doi.org/10.15587/1729-4061.2024.312762
Zekavat, S. A. (Reza), Buehrer, R. M. (Eds.) (2011). Handbook of Posi-
tion Location. Wiley. https://doi.org/10.1002/9781118104750
Khudov, H., Berezhnyi, A., Oleksenko, O., Maliuha, V., Balyk, I., Herda,
M., Sobora, A. et al. (2023). Increasing of the accuracy of determining
the coordinates of an aerial object in the two-position network of small-
sized radars. Eastern-European Journal of Enterprise Technologies,
5 (9 (125)), 6-13. https://doi.org/10.15587/1729-4061.2023.289623
Zheng, Q., Chen, J, Yang, R., Shan, Z. (2017). Research on airborne
infrared location technology based on orthogonal multi-station angle
measurement method. Infrared Physics & Technology, 86, 202-206.
https://doi.org/10.1016/j.infrared.2017.08.019

Putyatin, V. G., Dodonov, A. G. (2017). Ob odnoy zadache vysokotoch-
nyh traektornyh izmereniy opticheskimi sredstvami. Reiestratsiya,
zberihannia i obrobka danykh, 19 (2), 36-54. Available at: http://nbuv.
gov.ua/UJRN/rzod_2017_19_2_6

Dodonov, A. G., Putyatin, V. G. (2017). Nazemnye opticheskie, op-
tiko-elektronnye i lazerno-televizionnye sredstva traektornyh izme-
reniy. Matematychni mashyny i systemy, 4, 30-56. Available at: http://
dspace.nbuv.gov.ua/bitstream/handle/123456789/131985/02-Dodonov.
pdf?sequence=1

Tevjashev, A., Zemlyaniy, O., Shostko, I., Paramonov, A. (2024). Math-
ematical Models and Methods of Observation and High-Precision As-
sessment of the Trajectories Parameters of Aircraft Movement in the
Infocommunication Network of Optoelectronic Stations. 2nd Inter-
national Congress of Electrical and Computer Engineering, 295-309.
https://doi.org/10.1007/978-3-031-52760-9_21

Shostko, I., Tevyashev, A., Zemlyaniy, O., Tsibulnikov, D. (2023).
Designing and testing a prototype of optical-electronic station for
detecting and tracking moving objects in the air. Eastern-European
Journal of Enterprise Technologies, 6 (5 (126)), 36-42. https://doi.
0rg/10.15587/1729-4061.2023.295101

Hofmann-Wellenhof, B., Lichtenegger, H., Collins, J. (2001). Global
Positioning System. Springer Vienna. https://doi.org/10.1007/978-3-
7091-6199-9

Hahn, G. J., Shapiro, S. S. (1994). Statistical models in engineering.
Wiley, 376.

Precise Simulation. GEOMLib version 1.0. GitHub. Available at:
https://github.com/precise-simulation/geomlib/releases/tag/1.0



DOI: 10.15587/1729-4061.2025.329263
PO3POBKA IHTEJIEKTYAJIBHOTO METO/Y IUIAHYBAHHS 3AJIAY YV TETEPOTEHHHX PO3IOJLIEHUX
THOOPMAIIMTHUX CUCTEMAX (c. 6-18)

C. O. €Exranuues, O. B. JleyneHnko, B. B. /laBu10B

OG6’eKTOM JIOCIIi/PKEHHS € TIPOIeC IIaHYBaHH:A 3a/la4 y TeTepOreHHUX po3rnoziieHnx iHdopMariilinux cucremax. PospobsieHnii MeToy BUKO-
pucroBye Graph Attention Network (GAT) /11 BpaxyBaHHsI IMOBIpHIiCHI 3aIe)KHOCTI Mk 3afauamu Ta Proximal Policy Optimization (PPO) mst
JIMHAMIYHOTO KepyBaHHsI PO3IIOJLIOM 33/1a4 y crcteMi. HaykoBa mpo6siema Imossirae y HU3bKii eheKTHBHOCTI yIpaBJIliHHS pecypcaMu, 0COGJIMBO B
YMOBaX IMHAMIYHOTO HABAaHTKEHHS Ta 3HAUHOI HEBU3HAYEHOCT], 1[0 XapaKTepHO JYIsl pO3IIofiIeHrX iHdopMaliiiHux cucreM. Pozpo6iieHo iHTe-
JIEKTyaJIbHUI MeTOZ ITaHyBaHH 3a/iad y TeTepOreHHUX PO3Io/iieHnX iHdopMaliiiHIX crcTeMax, iKuii eheKTUBHO roefiHye rpacdosi Mozesti DAG
(Directed Acyclic Graph) i GERT (Graphical Evaluation and Review Technique) 3 riepe/joBrMuM aroputMamu IITY4HOTO iHTeIeKTY. Kpim TOro, BUKO-
pHCTOBYeThCsI MeToZ, Baiieca Jy1st onTrMizarii mpru3HaYeHHs 33/1a4 004YHIC/TIOBAIBHUM By3/IaM. BUKOPHCTAHHS 3aIIPOIIOHOBAHOTO METO/LY ZI03BOJIFIIO
3MEHIINTH cepeJHiil Yac BUKOHAHHA 3a7a4 3 51.5 70 35.2 ceKyHAHU, a CTaHapTHe BiXWieHHs HaBaHTKEHHs MDK By3aaMu — 3 0.47 10 0.22. Taxi
Ppe3y/IbTaTy MOSICHIOIOTHCS THYUKICTIO Mofiesiell 1o Herlepej6adyBaHNX 3MiH i MOXKJIMBICTIO CAMOHABUAHHS HAa OCHOBI HAKOITMUeHUX JaHUX. Ocobuiu-
BICTIO METO/Iy € ITO€THAHHS KJIACMYHUX rpad)OBUX MOjiesiel i3 IMOBipHICHOIO OLIiHKOIO Ta /JAlITHBHUMU MeXaH{3MaMH LITYyIHOT'O iHTeJIEKTY, 110 J10-
3BOJIMJIO He JIMIIIE BpaxXyBaTH JJUHAMIKY Cepe/JOBHIIIA, a i 3a6e3M1eYNTH TOYHe pearyBaHH: Ha 3MiHY JIOCTYITHOCTI pecypciB. 3aB/sIKM BUKOPHCTAHHIO
GERT-rpacis asiroput™ (hopMye asibTepHaTUBHI IIUISIXY IIAHYBAHHS Y BUITA/IKy 3001B 060 Herlepei0adyeHrX 3aTPUMOK, @ KOMIIOHEHTH MaIllMHHOTO
HaBuYaHHs 3a6e3I1eYyl0Th CAMOKOPEKIIio pillleHb. MeToz, OpieHTOBaHMI! Ha 3aCcTOCyBaHHsA B XMapHUX Ta loT-iHdpacTpykTypax, e KPUTUUHUMU €
MacIITab0BaHiCTh, TOYHICTh IJIAHYBAHHS Ta CTIMKICTD 10 3MiH.

KurrouoBi croBa: posmozisieHi 069MCIIoBaIbHI cCrcTeMH, rpadoBi MOZiesTi, pecypcHe ITaHyBaHHS, iHTeJIeKTyaIbHi CCTEMH YIIPaBIiHHS.
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PO3POBKA METOAY IIPUMMAHHS BATATOBUMIPHOI'O CUTHAJLY 3 BUKOPHCTAHHAM
P®A30PI3HHUIIEBOI MOIV/IAIII BUCOKHMX IIOPAZIKIB Y MOBLJIbHUX MEPAYKAX HACTYITHUX IIOKOJIIHb
(c.19-32)

H. B. T'anaran, JI. H. Bepkmas, O. B. [Ipo6uk, A. O. MakapeHKo, B. O. 3aBanibKuii

OG6’€KTOM [JIOCJIi/KEHHSI BUCTYIIA€ MIPOIieC MPUIMaHHS 6araTOBUMIpHUX CUTHaJIiB, c(hOPMOBAHHMX HA OCHOBI (ha30pi3HUIIEBOI MOAYIIALT
BHMCOKHX TIOPAZKIB CUCTEMHU Iepejjadi JaHuX.

PO3BUTOK MOGIJIBHUX MepeykaX HaCTYITHUX ITOKOJIiHb CyITPOBOPKYETHCS MiABUIEHUMH BUMOTaMU JI0 IIBU/IKOCTI, HaZiifHOCTI Ta 3aBajoc-
TifikocTi repesaBaHHs iHdopmanii. IcHyrodi MeToAN MOAy/IALi 3a6e3MeuyroTh 3pOCTaHHS MIBUKOCTI Iepe/jaBaHH: iH(hopMarii 3a paxyHOK
3HIDKEHHS 3aBaJJOCTiHKOCTI i 361/IbIIeHHS CIIeKTPaIbHOI INMPUHY CUTHAJTY. 3arajlbHa HeBUpillleHa ITpo6sieMa IoJIArae y BifICyTHOCTI e(heKTHB-
HOro MeToy (opMyBaHHs 6araTOBUMipHOI0 CUrHAJIy N-1 KpaTHOCTI Ta MpUiMaHHS Ha OCHOBI (ha30pi3HUIEBOT MOAYIIAL{T BUCOKUX HOPSI/KIB,
3/1aTHUX MiABUIATH e(eKTUBHICTh LIUX ITapaMeTpiB.

VY po6oTi 3aIpONIOHOBAHO METOJ, KU /[03BOJIsI€ (DOPMYBATH TPUBUMIPHUI 6araTono3nniiiHnii curaan 3D AOM-32, mo BUKOPHCTOBYE
TPU He3JIeXKHI ITapaMeTpy — aMILITyAy, a3y Ta yac. OCo6IMBICTIO OTPUMAHOTO Pe3yJIbTaTy € Te, 110 CTIHKICTh /10 3aBa/| 3a6e3medyeThest 6e3
361IbIIEHHS CIIEKTPAJIbHOT IIMPUHU CUTHAJTY, a 3aBASIKU TPUBUMipHOMY (hOpMaTyBaHHIO, siKe 361/IbIIIye Bi/ICTAHb MDK CUTHAJIBHUMH TOYKaMHU
Ha 50%. Po3po61eHo aJropuT™M KOrepeHTHOTo IpUiMaHHs, 110 3a6e3euye ToOUHe BiIHOBJIEHHS CUI'HATy HaBiTh 3a HasiBHOCTI (ha3oBUX abo
YaCTOTHHX 306ypeHb. [IokazaHo, mo edeKTUBHICTh MPUIIMaHHS J0CATAETHCS MIPH iHTepBasli ycepeJHEHHs He MeHIIe HibkK M = 20, 3a sKOTo
cHcTeMa IeMOHCTPYe HMOBIpHiCTb oMuiky Ha piBHi SER=10-8 nipu Eb/Nj = 17.4 aB. 1le f103B0JIsi€e OTPUMATH €HEPreTUYHUN BUrpail 2-3 B
y nopiBHsAHHI 3 QAM-32 Ta kjacn4yHoo APM. 3anponoHoBaHU MifXi/l iHBapiaHTHUIA 10 Pa30BUX 3CYBiB 3aB/AKU PisHUIAM (a3 mepuIoro
Ta JIPyroro MOPsAZAKIB, 1[0 yCyBae HEOJHO3HAYHOCTI NMpu npuitMaHHi. 3D AOM-32 mposieMOHCTpyBajia BUILY 3aBafloCTiiKicTh MOPiBHAHO 3
QAM-16/32 Ta AOM-16/32 pu OAHAKOBUX YMOBaX. Pe3ysibTaTii MOXXYTh 6yTH BUKOPHCTaHi B Mepexkax 5G/6G, 30kpeMa B afanTuBHUX OFDM-
CHCTeMax, aBTOHOMHOMY TPAaHCIIOPTi Ta TeJieMeTpii.

KirrouoBi cioBa: (azopizHuieBa Momy s, 32-no3uniitauii, 3D A®M-32, 6araroBumipHuii, OFDM, 3aBazocTiiiKicTh, KOrepeHTHHI
AJITOPUTM, eHepreTUyHa eeKTUBHICTb, 5G/6G.
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PO3POBKA METO/IY BUABJIEHHA KIBEPATAK HA IHOOPMAIIIMHI CHCTEMH HA OCHOBI TEXHOJIOTTH
IITYYHOI'O IHTEJIEKTY (c. 33-39)

C. P. Ogaig, I. T. Markux, O. B. Ogapymenko, C. O. Kamikesuy, A. B. IIlumanpkwuii, I. A. Iltexosa, A. I. I'pumyz, C. M. IleTpyk,
O. II. IllantonHikoBa, B. B. Ctpuryn

O6’eKTOM OCTiHKEHHS € IITY4H] iMyHHI crctemu. IIpo6sieMa, sika BUPILIYeTHCS B AOCIi/HKEHHI, — ITiJBUIIIEHHS OIIepaTUBHOCT] BUSIBJIEH-
H Kibeparak B iH(OpMaliffHUX cHCTeMax ITpY 3a0e3IIedeHHi 3a/jaHol 36KHOCTI He3aIeXKHO Bifi KiTbKOCTI ZiecTabirisyrounx dakropis. ITpes-



METOM JIOCJIi/DKEHHS € MPOLIeC BUSBJIEHHS KibepaTak. 3allpOIIOHOBAHO METO[| BUSIBJIEHHS KiGepaTak Ha iH(opMalliiiHi cucreMu Ha OCHOBi
TEXHOJIOTiH ITy4HOro iHTeekTy. OpUriHaJIbHICTh METO/Y IOJIATaE Y BUKOPHUCTAHH] J0AIATKOBUX yAOCKOHAJIEHUX NIPOLIeAYP, SIKi J03BOJISIOT:

— IOCSATTH BHCTaBJIEHHS IIOYATKOBOI MOIJIALl areHTiB 3rpai kom6iHOBaHOro 37ilicHIOBaTH Bepu(ikaliito mapaMeTpiB iHgopmariiiinoi
CHCTEMH 3a JIONIOMOT0 y/IOCKOHAJIEHOTO aJITOPUTMY 3rpai KaXkaHiB. 3a3HadeHe /[03BoJIsIe MiHiMi3yBaTH MTOXUOKY BBEZEHHS He KOPEKTHUX Jia-
HUX JIJIs1 pOOOTH JJAaHUX ITPO CTaH iH(GOpPMAIiifHOI CHCTEeMH OITepaTUBHOTO YTPYIIOBAHHS BiliChK (CHUIT);

- BUKOHATH TEPBUHHY ifieHTH(iKallilo aTak, fKi MpUTaMaHHi 3a3HauveHiil iHpopMmariiiHiii cucremi 3a gornomororo kinacudikaiiiinoro
JiepeBa;

- 3AIMCHUTH aIaNTaLlifo ITifi TUIT Ta TPUBAJIICTh KibepaTaky 3a paXyHOK 6araTopiBHEeBOI afianTallii ITyqHOI iMyHHOI CHCTeMHU;

— IIPOBECTU NMEePBMHHUM BifiGip aHTUTI 0 KOXKHOTO 3 POIB IUTYYHOI iMyHHOI CHCTEMH 3a /IOIIOMOTOI0 YAOCKOHAJIEHOTO T€HEeTHIHOTO
AJITOPUTMY;

- 371iliCHIOBATH HABYaHHS aHTHUTIJI 3araJIbHOTO POI0 AaHTUTIIAMHU €JIITHOTO PO0, YUM 3a6e3IeUy€eThCsT MOXKJIMBICTh INTMOOKOTO HABYaHHS;

- TIPOBOAMTH 3aMiHy HEMTPUJATHUX JJIs MOMIYKY OCi0 32 paXyHOK OHOBJIEHHSI TIOIYJIAI{l aHTHUTIJ;

— 3AiliCHIOBATH OJHOYACHUI MOIIYK PillleHHs B Pi3HUX HAIIPSIMKaX;

- po3paxyBaTH HEOOXi/IHY KiIBKICTh 0GUHCIIIOBAIBHUX PECYPCIB, IKUX HEOOXiIHO 3aTy4UTH Y pa3i HEMO)KJIMBOCTI IIPOBE/IeHHS PO3PaxyH-
KiB HasiBHUMU O0YMCTFOBaIbBHUMHU PECYPCaMU.

ITpoBesieHMiT MPUKJIAJ, BUKOPUCTAHHS 3aIPOIIOHOBAHOIO METOAY Ha INPHUKJIaJi BHABJIEHHS KibepaTak B ONepaTHBHOMY YTpyNOBaHHI
BilICBK (CHUT), SIKMIT TTOKa3aB IiJBUIEHHS TOYHOCT] B CepeJHbOMY Ha 16%, IiZIBUIIIEHHS OIIEPATUBHOCTI B cepelHbOMY Ha 12%, mpu 3a6esIe-
yeHHi BUCOKOI 30 KHOCTI OTpPUMaHUX pe3y/IbTaTiB Ha piBHi 95.23%.

Kurrouosgi croBa: xibep araku, kiacudikarjiiiHe 7epeBo, FeHETUYHHUI aJIrOPUTM, ZiecTabiTi3yroui hakTopH, yrpyroBaHHs BilichK (CHJI).
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BU3HAYEHHSA OCOBJIMBOCTEM THIIOJIOITI HA OCHOBI I'PA®IB JIJI1 MOAEJEN MAIIIUHHOT'O
HABYAHHSA Y BUSABJIEHHI ®IHAHCOBOI'O IIIAXPAMICTBA (c. 40-54)

Sabina Rakhmetulayeva, Aliya Kulbayeva, Aigerim Bolshibayeva, Vassiliy Serbin

JloctifiKyeThesl BUSIBJIEHHST LIaxpaiicTBa B Mepe)kax (piHaHCOBUX TpaH3aKIIil 3a JOIIOMOrOI0 MAalIMHHOIO HaBYaHHS Ta rpadOBUX TUIIO-
Jiorifi. O6’eKTOM JOCIIi/KEHHS € AaHi mpo (iHaHCOBi TpaH3aKIii, MpoaHaIi30BaHi AJIs MiABUIEHHS TOYHOCTI Ta €()eKTUBHOCTI BUSIBJICHHS
LIaxpayceKoi AisapHOCTI. IIpo6aeMa, 110 pO3IJIAAETHCS, MOJATAaE B 0OMEXKEHil y3araJpbHIOBAHOCTI Ta HU3BKiil YaCTOTI BiKIMKaHHS TPagu-
LiifHUX Mogiesiell BUSIBJIEHHS IIaxpaiicTBa B CKJIAJHUX PeabHUX YMOBax.

Ji1st BUpilIeHHs 1iel mpo6yieMy Gy/10 po3po6JieHO riGpUHy CTPYKTYpY, siKa iHTerpye BUIa/IKOBi Jlick, HeitpoHHi Mepesxi Ta rpadoBi TH-
rtostoriuHi ingukaTopu. CiM TUIIONOTIH BiAMUBAHHS Gy/I0 BUJIyueHO 3 Ipada TpaH3aKIiii — BissloBe po3ciloBaHHs, BisIOBE PO3IIMPEHHS, PO3-
citoBaTbHO-36ipHUI, 36ipHO-PO3CiI0BATBHUN, IUKIIYHUIH, [JBOYACTKOBHUI Ta CKJIJIEHHI BOYACTKOBUI — | BUKOPUCTAHO SIK JO/IaTKOBI O3HAKHU
s xiacudikanii. SMOTE 6ys10 3aCTOCOBAHO IS BUIIPABJICHHS JMCOAIAHCY KJIACIB ITiff 4ac HaBYaHHSI.

ExcriepuMeHTa/IbHI pe3yJIbTaTy MIOKa3yIoTh, 1110 JOAaBaHHS THUIIOJIOTTYHUX 03HAK 3HAYHO ITOKpallye IPOAYKTUBHICTb Mogesi. Hatikpai
pe3ysbTaTy Oy/Id OTpUMaHi BUKOPUCTOBYIOYHM BUITQAKOBUM JIic: aKkypaTHICTb 98,5%, TOUHICTD 79,1%, yacToTa BiJKINKaHHS 56,3% Ta MTOKAa3HUK
F1 65,7%. lopaBaHHsA IIPaIopliB Ha OCHOBI TUIIOJIOTI] IiIBUIIMJIO YaCTOTY BifKJIMKaHHSA Ha 9-11 BiICOTKOBUX ITyHKTiB ITOPiBHSHO 3 MOZEJIs-
Mu 6e3 HUX. ['padoBi 11a610HY, TaKi SK BisIoBe PO3MIMPEHHS Ta PO3CisTHHSA, Oy/IM BUSBIIEH y 3,5-5,1% TpaH3aKIiil, TOAL K CKJIa/HIIIi CTPyK-
TYpH, TaKi K HUKJIIYHI Ta po3citoBasbHO-36ipHI, 3>SBJISUINCS iille, ajie CUIIbHIIe KOPeJIoBAIN 3 BiJOMUM LIaXpaiiCTBOM.

MeTozau 6e3 HaVISILy TAKOXK ITOKA3aay 6araToobilsIIodi pe3y/IbTaTh: aBTOKO/Iep BUSIBUB 60% BUIQ/IKIB IIaxpaiicTBa cepes 2% HANIIONIN-
PeHilIMX aHOMAJIbHUX TPaH3aKLil, ToAi Ak K-cepeHi BUABUIN 55% L1axpaiicTBa B MeXax MO3HAYeHUX kjactepis. i MeToqu BUSBUINCSA
KOPUCHMMMU /1JI51 BUSIBJIEHHS] HOBUX THUIIIB IIAXPaiiCTBa, sAKi LIje He II03Ha4YeHi B HABYaJIbHUX JJaHUX.

Mogenb miixoAuTh AJ1s iHTerpallii B cucreMu (iHaHCOBOI 6e3eKy 3 MiHiMaIbHMMM BUMOTaMU JI0 BXiIHUX JJaHUX — ileHTndikatopu pa-
XYHKIB, IO3HaYKU 9acy Ta CyMU TPAH3aKI[ili — mopsy 3 6a30B0I0 rpad)OBOI0 aHAMITUKOIO. [i CTIlKICTh /10 pi3sHMX HAGOPIB JAHKUX CBIUUTD TIPO
LIMPOKY 3aCTOCOBHICTh Y pi3HUX (piHAHCOBUX yCTAaHOBAX.

KorrouoBi ciioBa: (iHaHCOBe MaxpalicTBO, IAGJIOHU TPaH3AKIIiil, MAIIMHHE HABYAHHS, IpadOBUil aHATII3, BUSBJIEHHS TUITOJIOTI, KJIaCH-
(ikarisi, BUsIBJIEHHSI aHOMaJIil.
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PO3POBKA METOAY IICUXO0JIOTTYHOI'O BILUIMBY HA IIUIbOBI AVANTOPIi TEMIMEPIB I3
3ACTOCYBAHHAM CYYACHUX IHPOPMAIIMHUX TEXHOJIOTTH (c. 55-64)

C. II. €Bcees, C. B. MineBcskuii, 0. B. IIpi6mies, €. O. Meienri, A. /I. Haausatiko, C. B. Bazapuwuii, O. O. Mopo3os, I. O Ka3ak,
A. B. I'peGeHIok, O. B. IBaniieHKO

OG6’€eKT JJOCIi/IKEHHS — ITPOILieC IICUX0JIOT YHOro BIUIMBY Ha IiIbOBY ayJJUTOPiIo reiiMepiBs i3 BUKOpHCTaHHAM iHQOpMAaIiTHUX TeXHOJIOTii.
BupinryBasiace mpo6sieMa BiICYTHOCTI /Ii€BUX METOZIB IO OI[iHIOBAHHS Ta KOPUTYBaHHS IICHUX0(i3i00TiTHOTrO CTaHy rpaBIiB. 3amporio-
HOBAaHMI MeTOJ IICHXOJIOTIYHOTO BIIMBY Ha IILIBOBI ayAuTOpii reiiMepin 3abesredye IPOBEAEHHS JOCIIPKEHHS aCIEeKTiB BUKOPUCTaHHS
iHTepaKTUBHUX TIAT(OPM Yy ICUXOJIOTiYHMX OIepallifx Ta OCBIiTHIX miaTdopm, AKi 3acHOBaHi Ha irpoBHX TexHOJIOTiAX. Oco6IMBOCTI 3a-
IIPOIIOHOBAHOI'O METOAY Ta OTPUMAaHIi Pe3yJbTaTH II0JIAraloTh Y BPaxXyBaHHI TUIIB LiIbOBOI ayAUTOPIii Ta BIVIMBOM Ha LIIO ayJUTOpPiIO Bij-
TIOBiIHUMY MeToAaMH depe3 iHGOopMaIiifHIiI KOHTEHT KOMIT IOTePHOI rpyu. MeToz, sIKnii 6a3yeThcst Ha po3poOJIeHill CTOXaCTUYHIN Mogiesi,



JI03BOJISIE TIPOTHO3YBATH IIOBE/iHKY KOPUCTYBa4iB iH(OpMaLiiiHOI TeXHOJIOTii — KOMIT'IOTepHOI I'pu. Pe3ysbraTu JOCIi/KeHHS CBilYaTh, 1[0
J1s1 epeKTUBHOTO BUKOPUCTAHHS iH(POPMAIiiiHUX TEXHOJIOTIH /I HiABUILEHHS e(eKTy IICUXO0JIOTiYHOr0 BIUIMBY HeoOXiZjHa aJjanTaris iH-
¢opmariiiHoro KOHTEHTY [0 0COGIUBOCTEl CIPUMHATTS Pi3HUX TUIIB IIIbOBOI ayAUTOPii refiMepiB. 3aIIpOIIOHOBAHUI MeTOZ 3a6e3Ieuye y
JIMHAMIIIi CTBOPEeHHs IepefyMoBH (pOpMyBaHHS METO/Y IICUXOJIOTi9HOTO BILIMBY Ha IIiJIbOBi ayAUTOpIi refiMepiB i3 3aCTOCYBaHHAM CyJacHUX
iHdopmamiitHIX TexHosIOoTii. PO3po6IeH T MeTOA OIIIBHO BIIPOB/PKYBATH Ha HACTYIIHI YMOBHM BUKOPHCTaHHS iH(pOPMAIilfHUX TEXHOIO-
riii: opranizaniitni (opieHTanis Ha nMoTPi6HY ayAUTOPiI0); TEXHIYHI (BUMOTU 0 KOMIDIOTEPHOI TEXHIKH, TPOrPAMHOro 3a6e3Ie4eHHs TOIIO);
coriasbHi (BHECEHHS 110 irpoBHX cLieHapiiB po3moziny irpoBoi cepeint Ta irpoBUX IEPCOHAXKIB /10 pi3HUX Kareropiit conianbHux rpym). Chop-
MOBaHi ITPOTHO30BaHi IICUX0JIOT YHi e(heKTH ITPU BUKOPUCTAHHI KOMIT IOTePHOI I'PH: eMOIIiifHU#1 BILINB; MiIBUIIEHHS MOTHBAIlii; popMyBaH-
HsI KPUTUYHOTO MUCJIEHHS; TEXHIUHI peKoMeH/alii.

Kimrouogi coBa: iHpopMaIiiitHi TexHoJIOTi1, ICUXO0JIOTiYHUIA BIIJIMB, KOMIT'IOTEPHA I'Pa, OI[iHIOBAHHA €(heKTUBHOCTI, I1i/IbOBa ayJUTOpis.
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BU3HAYEHHA EPEKTHBHOCTI SACTOCYBAHHA KIHINIEBX ABTOMATIB ¥ IIMN®PYBAHHI TA
JEINNU®PYBAHHI (c. 65-78)

Zhanat Saukhanova, Altynbek Sharipbay, Gulmira Shakhmetova, Alibek Barlybayev, Sayat Raykul, Altay Khassenov

CydacHa kpunrorpadiyia ratysb Bifj3HaueHa 3yCULISMU BIOCKOHAIUTU TPaJULIiMHI METOAU LUISIXOM iHTerpauii HOBUX MaTeMaTUYHUX
KoHUemnuiil. Ile cripsMoBaHe Ha yCyHEHHsI HeJJOJIKiB KacH4HOI KpurnTorpadii, BUpillleHHs HOBUX IpoGsieM Ge3NeKH Ta po3poOKy OibIi
CKJIAZIHUX CHCTeM 3aXUCTy JaHux. Cepe[; IIUX iHHOBAIiil — 3aCTOCYBaHHS KiHIIEBHX aBTOMaTiB, a60 CryptoAutomata, siki BUKOPHCTOBYIOTHCSI
SIK KOZIepH Ta Jiekoziepu. O6>EKTOM I[bOT0 JJOCJIi/[KEHHS € BUKOPUCTaHHS CKiHYeHHUX aBTOMATiB, 30KpeMa KpUIITOABTOMATIB, Y KpUmTorpadiy-
HUX cucreMax. JloCIi/pKeHHsT po3Is/iae po6eMy Bpa3IMBOCTEN y KJIACUYHUX KpUNTOrpadiuHUX MeTofax, sIKi BKJIFOYA0Th CXUIBHICTD J10
HOBUX KPUIITOAHATITUYHUX aTak Ta Hee(peKTUBHICTh 0GYMCII0BAIBHUX BUTPAT.

CyTb OTpUMAaHUX PE3y/IbTAaTiB IOJISTAE B JI€MOHCTpallii MpaKTUYIHOI peasizanii Ta KpunTorpagiuHux nepeBar 060pOTHUX CKiHYEHHUX
aBTOMATIB, BKJIIOUAIOYH CIOP>€KTHBHI aBTOMATH Ta aBTOMaTy Misi, iHTerpoBaHi B crcTeMu MHGPyBaHHSA. 3aB/SKN BJACTHBUM IIM aBTOMa-
TaM BJIACTUBOCTSIM, TAKUM SIK 000POTHICTh, KOMIIOHYEMICTh Ta 0GYMCIIIOBAaIbHA e(DEKTHUBHICTD, BAAIOCs IiIBUIIUTH Oe3IeKy IH(pyBaHHs,
3HAYHO YCKJIaJHUBIIN CIIPOOW KpuIToaHati3y. L{i pe3ysbTaTy MOsSCHIOIOTHCS, IEPII 32 BCe, KOMIO3UILIMHUM Mi/IX0/10M, SIKHil Tepefoavae
00>€lHAHHST KUIBKOX CKIHUEHHMX aBTOMATIB JiIsi (DOPMYyBaHHSI CKJIAJHUX CTPYKTYp IMGpyBaHHS. Bynu MpoBefieHi peTesbHi CTaTUCTUYHI
oninky, BKarodarod NPCR ta UACI, sxi gamu 3HadeHHs: NPCR y zgianasoni Bifg 99,56% /10 99,61% Ta 3HadeHHs UACI 6s13bK0 33%, 10 Tij-
TBEp/KY€E CUJIBHY CTIHKiCTh 10 AudepeHnianbHuX atak. KpiM Toro, crifikicTe /0 mymy Gysa migTBeppKeHa 3a JOIIOMOrol OoIiHOK PSNR,
JIOCATHYBIIIN 3HaUeHb ITOHAZ, 35 1B HaBiTh 32 yMOB 3HAYHOTO IIIyMy, 1[0 MiATBEPAXKYe HaJiliHICTh Y MpaKTUYHUX crieHapiax. Kpim Toro, kpur-
Torpadiuny cTilikicTh 6yJ10 IiATBEP/PKEHO CTATUCTUYHUMHE TeCcTaMy BUagkoBocTi NIST.

KUrrouoBi ciroBa: CKiHUeHHI aBTOMATH, aBTOMATU MiJIi, KpUITOrpadis 3 KiHI[eBUMH aBTOMAaTaMU, KOMIIO3UIIisT aBTOMATIB, CTATUCTHYHMI
KPUIITOAHATI3.
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PO3POBKA METOAY ®OPMYBAHHA ETAJIOHHUX 30BPAYKEHD [JIAd SABE3IIEYEHHSA BHUCOKOTOYHOI
HABII‘AI_[I'I' BE3IIVIOTHUX JIITAJIBHHUX AITAPATIB ITPHA 3MIHI TEOMETPNYHHNX YMOB BI3YBAHHA
(c. 79-92)

0. M. CortHikoB, P. I. CuaopeHnko, C. B. 3akipos, C. A. Muxkycs, C. O. Biacos, O. B. IlIkBapcekuii, 0. B. CamcoHOB, A. B. IleTik,
A. 0. Heuayc, O. M. PikyHoB

O6’eKTOM IOCJIiZPKEHHS € TpoLieC (pOpMyBaHHS MiHIMAJIBHO JOCTATHBOI CYKYIHOCTi €TaJIOHHUX 300pa)keHb JJIsI 3aCTOCYBaHHSI B Kope-
JISI{HHO-eKCTpeMaJbHUX CUCTeMax HaBiramii mpu 3MiHi HaBiramiiiHUX mapaMeTpiB 6e3MiJIOTHHX JIITAJIBHUX artapariB. Y CTaTTi MpeAcTaBIeH]
pe3y/IBTaTH PO3B>I3aHHS NMPOGIEeMHU (pOPMYBAHHS CYKYITHOCTI €TaJIOHHHMX 300pa’keHb 3 ypaXyBaHHSIM 3MiHM HaBiramiifHUX IapameTpiB BH-
COKOIIBU/KICHUX Ge3IJIOTHUX JITAJbHUX arapaTiB Ta IX BIUIMBY Ha iH@opMauiiiHi o3HaKM 300paskeHb. JJOCIIPKEHO BILIMB 3MiHU KYTiB
Bi3yBaHHs Ta BUCOTH Ha ()OpMyBaHHs CETMEHTOBaHUX 300pa)keHb 3a €eHEPreTUYHUMH XapaKTepPUCTUKaMU. BCTaHOBIEHO KPOKH JIUCKPET 3a
HaBiraI[iiilHUMU ITapamMeTpamu, IIPH SKUX 30epiraeThcst KOpesIsLisi MK ¢pparMeHTaMu 300pa)keHb Ha piBHi 0.9. L1i 3HaYeHHS CKJIaLaf0Th Bif| 90
710 120 MeTpiB 3a BUCOTOO Ta Bif 15° 10 25° 32 KyTOBUMU ITapaMeTpaMu. JloCIipKeHO BIUIMB CTPYKTYPH CErMEHTOBAHUX 300pa’keHb Ha BU/i-
JIEHHSI 06>€KTa PUB>sI3KK. [I0Ka3aHO, 1[0 03HAKOIO BU/IIJIEHHs 00>€KTA IIPUB>SI3KM Ha CErMEHTOBaHOMY 300payKeHHI € 3HaYeHHs ()PaKTaIbHOI
po3mipHocTi 2,998...2,999. JloctifiykeHHsT IPOBOAUIIOCS B IIporpaMHoMy cepefioBullli MATLAB 3 BUKOPUCTaHHSIM BUXiJJHOTO 300payKeHHs,
Bu6paHoro 3 Google Earth Pro. BuxkoprucraHHs BUGpaHOI MOCTiZOBHOCTI TTOOY0BU ()parMeHTIB €TaJIOHHUX 300pakeHb J[03BOJINII0 BUSBUTH
00>€KTH, SIKi MaIOTh HAHKpaIlli XapaKTePUCTHUKU 3a CIIiBBi/[HOIIEHHSIM CUTHAJI/IIYM Ta CTPYKTYPOIO 3i 3pOCTAHHSAM JMCKPETHOCTI HaBirarjiii-
HUX IapameTpiB. MeTof BiIpi3HAETHCA Bifi BiZlOMMX BUKOPMCTaHHAM B SIKOCTi iH(opMaliiiHuX 03HAK MOpsA/ 3 ACKPaBiCTIO Ta KOHTPACTOM
00’eKTiB CTPYKTYpH 300pakeHHs. L]e 03BOJINTh 3MEHIINUTH KiJbKICTh ()parMeHTIB €TaJIOHHUX 300pakeHb P 30eperkeHH] OKa3HUKa TOY-
HocTi. OTpuMaHi pe3yJIbTaTH MOXKYTh OyTH BIIPOB/PKEHI B CHCTeMaX BTOPMHHOI 00pOOKY KOPEJISLiiTHO-eKCTpeMaIbHUX CUCTEM HaBirariil, o
BHUKOPHCTOBYIOTHCSI HA BUCOKOIIBU/IKICHUX GE3IIIOTHUX JITaIPHUX ariaparax.

KurrouoBi ciioBa: eTaloHHi 300paXkeHHs], HaBiramiliHi mapaMeTpu, JUCKpeTH 3a KyTaMU Bi3yBaHHs Ta BUCOTOIO, iH(popMaliiiHi o3Haky,
BUpillla/IbHA PYHKILis.
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PO3POBKA METOAY AUCKPETHOTO ITIOIIYKY ITIOBITPAHOI'O CYIHA, AKE 3A3HAJIO JINXA, I3
BHKOPHICTAHHSM BIJHOINEHHA BJIEKYEJIA-BJIEKA-KAZTAHA (p. 93-100)

I. B. Xynos, 1. 0. I'pigacos, 1. B. Py6aH, O. M. MakoBeiiuyk, I. M. Byrko, B. I. Xyzaos, 0. M. €ixicos, B. I. Masrora, M. O. fIioBera,
P.T. Xynos

OG6’€eKT AOCTiPKEHHS — IPOIieC TOLIYKY MOBITPSHOTO Cy[Ha, sIKe 3a3HaJI0 JIMXa MOIIYKOBUMMU 3acob6amu. OCHOBHA TiloTe3a J0CTiKeHHS
TIOJIATAa€ B TOMY, 110 BUKOPUCTAHHS PiBHOMiPHO-ONTUMAJIBHOI CTpaTerii MOIIyKy B AUCKPETHIll 30Hi MOIIYKy 3 ypaXyBaHHSIM BiJHOLIEHHS
Bnexyena-Bieka-Kagana 03B0IMTh MiHiMi3yBaTH cepeiHiil yac BUABJIEHHS MOBITPSHOTO Cy/lHA, sKe 3a3Haso jnxa. ChopMyIbOBaHO ONTH-
MaJibHe GaeciBCbKe ITPABUIIO, sIKE TIOJISITAE Y BU3HAYEHHI MAaKCUMa/IbHOTO 3HAYEeHHS] Bi/[HOIIEHHS IIPaBJOIOAiGHOCT] Y TOTOYHOMY JAUCKpEeT-
HOMY CEKTOPi IOLIyKy Ta HOro IMOpiBHSAHHS 3 ITOPOroM. BBeieHO Kj1ac piBHOMiPHO-ONITUMAa/IBHUX CTPATeTiil MOUIyKy. Y[OCKOHAJIEHO METO]
JIMCKPETHOTO TOIIYKY IOBITPSHOTO Cy/JiHa, IKE 3a3HAJIO0 JINXa, B AKOMY Ha Bi/[MiHYy Bifl BiZJOMMX:

- BpaxoBaHa arpiopHa iMOBipHICTb 3HAXO/KEHHS 00’ €KTY IOIIYKYy B CEKTOP] MOIIYKY;

— PO3PAXOBYEThCS IMOBIPHICTB TOTO, 1110 06’€KT ITOLIYKY Oy/ie BUSBJICHHI IIPY Mepervisi/ii CEKTOPy IMOLIYKY;

- BU3HAuYalThCA BiiHOLIeHH Biekyesna-bieka-KagaHna;

- IIPOBOJIUTBCS] PAHXKyBaHHS OTPUMAaHUX BeJIMYMH Biiekyesa-Bbieka-KazjaHa, a mociijoBHicTb 06cTe)keHHs CEKTOPIB MOIIYKYy ITPOBOJUTE-
cs 'y BiJJIIOBIZIHOCTI i3 OTpMMaHMM paHXXyBaHHAM BeJIMYUH BifiHOLEHb Biiekyesa-Bieka-Kajana.

ITpoBe/ieHO OLIiHIOBaHHS Cepe/HbOr0 Yacy /10 BUSIBJIEHHs 00’€KTa MOIIyKy. BcTaHOB/IEHO, UTO ITPU ONTUMI3aIlii MOIIyKy MOBITPSAHOTO CY/-
Ha, sIKe 3a3HaJIO0 JIMXa, Cepe/IHil yac NouryKy 06eKTy MOIIyKy 3MEHUIYeThCsl Ha 12%.

OG6MeKeHHSM JI0CTTiPKEHHSI € CIIPOLIeHe YsBJIEHHs I1PO PaiioH IOIIyKyY, KU IIpeCTaBIeHU Pery/IsspHO0 JUCKPETHOIO CiTKOIO 6e3 ypa-
XyBaHHS CKJIQ/HOTO pesibedpy a60 3a60poHeHMX 30H. KpiM Toro, He BpaXoBaHO 30BHIIlIHI (haKTOpH, Taki sIK IOTOAHI YMOBH, BiTep, TOLIO, SKi
MOXYTb BIUIMBATH Ha IIBUAKICTb Ta MapIIPYT PyXy 3aco0y TOIIYKY.

HezoikaMu y/[0CKOHAJIEHOTO METOZly € MOro 3aCTOCyBaHHs JIMIIE /Il BUIIaJKy 06J1aCTi MOIIYKY AUCKPETHOI CTPYKTYpH.

Kirouoni cioBa: BiHomeHHs: Biekyesna-Bieka-Kagana, [MCKpeTHUI MONIyK, 06’€KT TIOLIYKY, TTOLIYKOBO-pATYBaJIbHA Ollepallisi, piBHO-
MipHO-ONITUMAaJIbHA CTPATETIs IOLIyKY.
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PO3POBKA YHMCEJIBHOI'O METOAY OOIHIOBAHHS TOYHOCTI IIOSUIIIOHYBAHHA JIITAJIbHHUX
ATIAPATIB IHOOKOMYHIKAIIITHOK MEPEXEIO OIITUKO-EJIEKTPOHHUX CTAHIIIH (c. 101-120)

A. [I. TeBsamues, O. A. I'axysa, I. B. Kocrapes, A. K. ITapamonos, H. [I. CizoBa

OG’eKT OCITiZPKEHHS — TOYHICTh TO3UI[iOHYBaHHS JIITaJIbHUX allapartiB Il BiIKPUTOTO Ta IIPUXOBAHOTIO BifieocriocTepe)keHHs iHPOKOMy-
HiKalliliHOI0 MepeXkero ONTUKO-eJIeKTPOHHUX CTaHIIiH 3a TpaekTopiAMHM X pyxy. BupimryeTbcs mpo6ieMa YMceIbHOTO OLiHIOBAaHHS TOYHOCTI
TO3MLiIOHYBAaHHS JIiTAJIbHUX allapaTiB y MOBITPAHOMY IIPOCTOPI. 3aIIPOIIOHOBAHO SIK YHiBepCaIbHY OLIIHKY TOYHOCTI ITO3MIi0OHyBaHH JIiTajlb-
HMX aIlapariB BUKOPUCTOBYBATH OIYKJIUM, y SIKOMY, i3 3a/JaHOI0 iIMOBipHICTIO, 3HAXOUTHCS JIITAJIbHUI arapart. [Toka3zaHo, 110 HIDKHA OL[iHKa
i€l IMOBIpHOCTI 3aJIeXKUTH Bifi anpiopHoi iH(opMalii PO CTaTUCTHUYHI BIaCTUBOCTI IOMMJIOK OIIIHOK KOOP/AAMHAT PO3TAIIyBAHHS JIiTAJIbHUX
arapariB, a eJIiIcoif po3ciloBaHHs, KU, Ha TeTepilliHiii yac, € OCHOBHOIO (hOPMOIO OI[iHIOBAHHSA TOYHOCTI IO3M11il0BaHHA JIiTaIbHUX anapa-
TiB Yy HOBITPSTHOMY IIPOCTOPi, € OKPEMUM BUITaJKOM i 3aBXKAM I1epeOyBae BcepeiNHi OIyKI0ro 6araTorpaHHuKa.

OTpuMaHi pe3y/IbTaTH:

- imiTaniitHi Mozesi BiAKPHUTOrO Ta IPUXOBAHOIO BiJjeOCIIOCTEpe)KeHHS iH(DOKOMYHIKaIilTHOI0O Mepe)kel0 ONTHKO-eJIeKTPOHHMX CTaHIIN
3a TPAEKTOPISIMU PyXy JITaJILHUX allapaTiB;

— YUCeJIbHUN MeTOJ OI[iHIOBAaHHSI 00JIaCTi HEBU3HAUEHOCT] Y BUIVISAL OIYKJIOT0 6araTorpaHHUKA, B SIKOMY, 13 3a/laHOI0 HIMOBipHicTIO, 3Ha-
XOZIUTBCS JIiTaJIbHUI anapar;

- 3IeXHICT 3MiHM (OPM Ta MEXK OITYKJIOro 6araTorpaHHMKA Bifl IIOXUOOK Bi/[eOCIIOCTEPE)KEHHS Ta B3aEMHOT'O IIPOCTOPOBOTO PO3TAIIIY-
BaHH# JIiTaJIbHOTO anapaTy i Mepe)ki ONTUKO-eJIeKTPOHHUX CTaHIIii;

- IIporpaMHa peaJisaliis MeTo/iB o6yl0BM Ta Bizyastizanii ¢hopM i Mex obsacTeit HeBU3HAYEHOCT] y BUIVIA/Ii OMyKJINX 6araTorpaHHUKIB
Ta eJIICOI/iB pO3CitOBaHHS.

TlokazaHo, 110 JIiTaJIbHUI armapar repebyBae Bcepe/JiHi OIyKIoro 6araTorpaHHUKa 3 iMOBipHICTIO P > 0,8889 /7151 Gy/ib-sIKOTO PO3IIOALTY,
P >0,9506 g1 cuMeTpu4HOro i P > 0,9973 111 HOpMaJIbHOIO PO3IIOALTY.

KU1ro4oBi c10Ba: ONITUKO-eJIEKTPOHHA CTaHIIis, iH(oKOMYyHiKaliiiHa Meperka, JiTajbHi armapaTy, ONMyKJIWi 6araTorpaHHUK, eJirncois pos-
CiloBaHHs.



