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The object of research is the process of designing hardware
devices for sorting arrays of binary data using the methodology of
space-time graphs.

The main task that is solved in the work is the development and
research of multi-cycle operating devices for sorting binary data in
order to choose the optimal structure with predetermined technical
characteristics for solving the sorting problem. As an example, the
development of different types of structures of multi-cycle operating
sorting devices by the method of «even-odd» permutation is shown
and their system characteristics are determined.

New structures of multi-cycle operating devices have been de-
signed for a given sorting algorithm, and analytical expressions for
calculating equipment costs and their performance have been given.
A comparative analysis of the hardware and time complexity of the
developed structures of devices for sorting binary numbers of various
types with known implementations of algorithmic and pipeline op-
erating devices was carried out. As a result, the proposed structures,
when sorting large arrays of binary data (N>128), have an order of
magnitude less hardware complexity due to sequential execution
of the same type of operations. The time complexity of multi-cycle
operating devices of combined and sequential types with large values
of input data is 2.3 and 3.4 times less than that of known pipeline
operating devices.

A feature of the research results is the possibility of finding the
optimal ratio between the hardware and time characteristics of the
resulting structures of sorting devices. Owing to this, the designer
will be able to choose the necessary type of device for the implemen-
tation of the corresponding task with optimal system characteristics.

The field of application of the designed sorting devices is the
tasks of digital processing of signals and images. The practical use of

the developed sorting devices can be carried out in the form of their
synthesis on software integrated logic circuits.

Keywords: <even-odd» permutation method, multi-cycle ope-
rating device, space-time graph, flow graph, algorithm, synthesis,
functional operator, sorting device, binary data, simulation.
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Rule interpolation-based methods are used when the rule base
is sparse. This frequently being the case, as information relevant to
real-world problems is not usually comprehensive. At the same time,
relevant information is often characterized by both fuzziness and
partial reliability. To deal with such kind of information, the concept
of Z-number was introduced by Zadeh. This paper is devoted to an
extension of the general interpolation method for fuzzy rules to the
case of if-then rules with Z-number-valued antecedents and conse-
quents. The proposed approach relies on the determination of the
distance between the current observation vector and vectors of rules
antecedents. By determining the distance between the current vec-
tor and the antecedents of the rules, decisions can be made based on
the nearest antecedents. In this context, rule antecedents are vectors
that represent certain conditions. The resulting output is computed
as a weighted sum of rules consequents. Weighting factors are used to
account for the importance of each rule in the interpolation. Weights
of interpolations are found on the basis of mentioned distance values.
The results of this study are aimed at developing an approach to de-
cision-making in terms of Z-valued information. The method is cha-
racterized by relatively low computational complexith. Regarding the
application of the proposed approach, the job satisfaction evaluation
problem is considered. Consequently, the obtained results confirm
the efficiency of the proposed approach. The proposed method can be
a useful tool for decision-making in various applications, especially
where high computational complexity is unacceptable or impractical.

Keywords: Z-number, fuzzy number, partial reliability, if-then
rules, interpolation, distance, weights.
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The object of research is decision support systems. The subject of
research is the decision-making process in management problems us-
ing the fish school (FSH) algorithm, an advanced genetic algorithm
and evolving artificial neural networks.

A solution search method using an improved FSH algorithm
is proposed. The study is based on the FSH algorithm for finding
a solution on the object state. For training FSH, evolving artificial
neural networks are used. The method has the following sequence
of actions:

— input of initial data;

— processing of initial data taking into account the degree of
uncertainty;

— checking the fitness function of the solution found;

— procedure of feeding fish agents (FA);

— instinctive-collective FA swimming;

— calculation of the center of school gravity;

— collective voluntary FA swimming;

— changing the FA swimming parameters;

— training of FA knowledge bases.

The originality of the proposed method lies in the arrange-
ment of FA taking into account the uncertainty of the initial data,
improved global and local search procedures taking into account
the degree of noise of data about the state of the analysis object.
The peculiarity of the proposed method is the use of an improved
FA training procedure. The training procedure consists in learning
the synaptic weights of the artificial neural network, the type and
parameters of the membership function, the architecture of indivi-
dual elements and the architecture of the artificial neural network
as a whole. The use of the method makes it possible to increase the
efficiency of data processing at the level of 18-25 % due to the use
of additional improved procedures. The proposed method should be
used to solve the problems of evaluating complex and dynamic pro-
cesses in the interest of solving national security problems.

Keywords: multi-agent systems, decision support systems, com-
plex processes, fish school algorithm.
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In this paper, the object of the research is the implementation of
artificial neural networks (ANN) on FPGA. The problem to be solved
is the construction of a mathematical model used to determine the com-
pliance of FPGA computing resources with the requirements of neural
networks, depending on their type, structure, and size. The number
of its LUT (Look-up table — the basic FPGA structure that performs
logical operations) is considered as a computing resource of the FPGA.

The search for the required mathematical model was carried out
using experimental measurements of the required number of LUTs
for the implementation on the FPGA of the following types of ANNs:

— MLP (Multilayer Perceptron);

— LSTM (Long Short-Term Memory);

— CNN (Convolutional Neural Network);

— SNN (Spiking Neural Network);

— GAN (Generative Adversarial Network).

Experimental studies were carried out on the FPGA model
HAPS-80 S52, during which the required number of LUTs was

measured depending on the number of layers and the number of
neurons on each layer for the above types of ANNs. As a result of
the research, specific types of functions depending on the required
number of LUTs on the type, number of layers, and neurons for the
most commonly used types of ANNs in practice were determined.

A feature of the results obtained is the fact that with a sufficient-
ly high accuracy, it was possible to determine the analytical form of
the functions that describe the dependence of the required number
of LUT FPGA for the implementation of various ANNs on it. Ac-
cording to calculations, GAN uses 17 times less LUT compared to
CNN. And SNN and MLP use 80 and 14 times less LUT compared to
LSTM. The results obtained can be used for practical purposes when
it is necessary to make a choice of any FPGA for the implementation
of an ANN of a certain type and structure on it.

Keywords: FPGA, MLP, LSTM, CNN, SNN, GAN.
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Determining the best model for the neural network architecture
and how to optimize the architecture with the metaheuristic Protis
Approach is a subject of the study. A comprehensive investigation
and utilization of metaheuristic methods are necessary. These me-
thods aim to solve problems and adapt from the lifestyle of the
amoeba protis. In this study, the proposed method modifies the life
cycle of the amoeba, which consists of four phases: prophase, meta-
phase, anaphase, and telophase. These four phases are modified in
the neural network architecture to optimize the appropriate number
of hidden layers and produce an efficient architecture model. The
results show that the protis approach optimized the neural network
architecture, especially in generating hidden layers to improve the
neural network model. Distinctive features of the results obtained
are that the average range of degenerate neurons in the hidden layer
is 0 to 35 neurons in each layer. The standard number of neurons
makes it possible to solve the problem of determining the best model
on the neural network architecture. The protis algorithm embedded
in the protis recurrent neural network for categorical data measure-
ments produces an average RMSE value, representing the difference
between actual measurements and predictions, equal to 0.066.

Consequently, the developed model surpasses the current classi-
cal neural network model in terms of performance. Regarding accura-
cy, the protis algorithm embedded in the neural network for catego-
rical and time series data achieves an average precision of 0.952 and
arecall of 0.950. The protis convolutional neural network achieves an
accuracy of 95.9 %. Therefore, from the three tested datasets, the pro-
tis convolutional neural network exhibits the highest accuracy value.

Keywords: neural network, artificial intelligence, hidden layer
optimization, deep neural network.
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Currently, data traffic is growing rapidly, and ensuring optimal

network performance and effective data flow management have
become the most important tasks. In this context, the quality of net-
work service plays a crucial role in achieving these goals.

This article suggests an approach to solving the problem of effi-

cient service in ISDN. Namely, optimization of resource distribution
between channel switching and packet switching subnets in ISDN to
calculate optimal quality of service characteristics.

In the process of ISDN design analysis, an optimization problem

is compiled, where the evaluation of the packet-switched subnet
service is used as an objective function, and the evaluation of the

circuit-switched subnet service is used as one of the constraints for



this task. To calculate the main characteristics of a packet-switched
subnet, the subnet is considered as a service system with a delay.

During the study, the methods of optimal movement of the
generalized channel boundary between the subnets of channel
switching and packet switching were identified, depending on the
data parameters and the state of the integrated network, which made
it possible to develop an optimal mathematical model of optimal
control of the generalized boundary. To calculate the bandwidth for
channel switching and packet switching subnets, an algorithm has
been compiled to implement the resulting model and a program in
C++ has been compiled.

The study of the generalized boundary and the dynamic redistri-
bution of bandwidth between subnets represents a new approach to
network optimization.

The results are based on the use of the classical Erlang formula
for systems with service failures and on load distribution plans,
which makes it possible to effectively manage the maintenance pro-
cess in the network.

Keywords: circuit switching, packet switching, mathematical
model, service quality function, bandwidth, Lagrange method.
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Adaptive neuro-fuzzy inference system (ANFIS) it is a type of
neural network that combines the strengths of both fuzzy logic and
artificial neural networks. ANFIS is particularly useful in stock trad-
ing because it can handle uncertainty and imprecision in the data,
which is common in stock market data. In stock trading, ANFIS can
be used for a variety of purposes, such as predicting stock prices,
identifying profitable trades, and detecting stock market trends. One
of the key advantages of using ANFIS for stock trading is that it can
handle both linear and non-linear relationships in the data. This is
particularly useful in the stock market, where the relationships be-
tween different variables are often complex and non-linear. ANFIS
can also be updated and retrained as new data becomes available,
which allows it to adapt to changing market conditions. Therefore,
the main hypothesis of this work is to understand whether it is pos-
sible to predict the dynamics of prices for stocks of companies in the
electric vehicle (EV) sector using technical analysis indicators. The
purpose of this work is to create a model for predicting the prices of
companies in the EV sector. The technical analysis indicators were
processed by several machine learning models. Linear models gener-
ally perform worse than more advanced techniques. Decision trees,
whether fine or coarse, tend to yield poorer performance results in
terms of RMSE, MSE and MAE. After conducting a data analysis,
the ANFIS and Bayesian regularization back propagation Neural
Network (BR-BPNN) models were seen to be the most effective.
The ANFIS was trained for 2000 epochs which yielded a minimum
RMSE of 5.90926.

Keywords: stock price forecasting, correlation of technical
indicators, neural network, adaptive neuro-fuzzy inference system,
electric vehicle sector.

References

1. Ma, Y,, Mao, R, Lin, Q., Wu, P, Cambria, E. (2023). Multi-source
aggregated classification for stock price movement prediction.
Information Fusion, 91, 515-528. doi: https://doi.org/10.1016/
j-inffus.2022.10.025

10.

11.

12.

13.

14.

15.

16.

17.

. Xu, G. (2022). Deep Learning and Machine Learning Are Being Used

to Forecast the Stock Market. Smart Innovation, Systems and Techno-
logies, 597—605. doi: https://doi.org/10.1007 /978-981-19-2768-3 58

. Al-Nefaie, A. H., Aldhyani, T. H. H. (2022). Predicting Close Price in

Emerging Saudi Stock Exchange: Time Series Models. Electronics,
11 (21), 3443. doi: https://doi.org/10.3390/electronics11213443

. Chen, Q., Robert, C.-Y. (2022). Graph-Based Learning for Stock

Movement Prediction with Textual and Relational Data. The Jour-
nal of Financial Data Science, 4 (4), 152—166. doi: https://doi.org/
10.3905/jfds.2022.1.104

. Shao, B., Li, M., Zhao, Y., Bian, G. (2019). Nickel Price Forecast

Based on the LSTM Neural Network Optimized by the Improved
PSO Algorithm. Mathematical Problems in Engineering, 2019,
1-15. doi: https://doi.org/10.1155/2019,/1934796

. Gorna, A., Wieruszewski, M., Szabelska-Beresewicz, A., Stanula, Z.,

Adamowicz, K. (2022). Biomass Price Prediction Based on the Exam-
ple of Poland. Forests, 13 (12), 2179. doi: https://doi.org/10.3390/
13122179

. Sabri, M. S., Khalid, N., Azam, A. H. M., Sarmidi, T. (2022). Im-

pact Analysis of the External Shocks on the Prices of Malaysian
Crude Palm Oil: Evidence from a Structural Vector Autoregressive
Model. Mathematics, 10 (23), 4599. doi: https://doi.org/10.3390/
math10234599

. Javid, I, Ghazali, R., Syed, 1., Zulqarnain, M., Husaini, N. A. (2022).

Study on the Pakistan stock market using a new stock crisis predic-
tion method. PLOS ONE, 17 (10), e0275022. doi: https://doi.org/
10.1371 /journal.pone.0275022

. Zhang, Q., Zhang, P, Zhou, F. (2022). Intraday and interday features

in the high-frequency data: Pre- and post-Crisis evidence in Chi-
na’s stock market. Expert Systems with Applications, 209, 118321.
doi: https://doi.org/10.1016/j.eswa.2022.118321

Cheng, C.-H., Tsai, M.-C., Chang, C. (2022). A Time Series Model
Based on Deep Learning and Integrated Indicator Selection Method
for Forecasting Stock Prices and Evaluating Trading Profits. Sys-
tems, 10 (6), 243. doi: https://doi.org/10.3390 /systems10060243
Jiménez-Preciado, A. L., Venegas-Martinez, F, Ramirez-Garcia, A.
(2022). Stock Portfolio Optimization with Competitive Advantages
(MOAT): A Machine Learning Approach. Mathematics, 10 (23),
4449. doi: https://doi.org/10.3390 /math10234449

Duan, Z., Chen, C., Cheng, D., Liang, Y., Qian, W. (2022). Optimal
Action Space Search. Proceedings of the 31st ACM International
Conference on Information & Knowledge Management. doi: https://
doi.org/10.1145/3511808.3557412

Thavaneswaran, A., Liang, Y., Das, S., Thulasiram, R. K., Bhanush-
ali, J. (2022). Intelligent Probabilistic Forecasts of VIX and its
Volatility using Machine Learning Methods. 2022 IEEE Symposium
on Computational Intelligence for Financial Engineering and Econo-
mics (CIFEr). doi: https://doi.org/10.1109/cifer52523.2022.9776069
Zhu, Z., Liu, Z., Jin, G., Zhang, Z., Chen, L., Zhou, J., Zhou, J. (2021).
MixSeq: Connecting Macroscopic Time Series Forecasting with
Microscopic Time Series Data. Advances in Neural Information
Processing Systems, 34, 12904—12916.

Zhao, A., Gao, J., Guan, H. (2020). Forecasting Model for Stock
Market Based on Probabilistic Linguistic Logical Relationship and
Distance Measurement. Symmetry, 12 (6), 954. doi: https://doi.org/
10.3390/sym12060954

Almeida, R. L. de, Neves, R. F (2022). Stock market prediction
and portfolio composition using a hybrid approach combined with
self-adaptive evolutionary algorithm. Expert Systems with Applica-
tions, 204, 117478. doi: https://doi.org/10.1016/j.eswa.2022.117478
Kumar, G., Singh, U. P, Jain, S. (2021). Hybrid evolutionary intelli-
gent system and hybrid time series econometric model for stock price
forecasting. International Journal of Intelligent Systems, 36 (9),
4902-4935. doi: https://doi.org/10.1002/int.22495



20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

. Musaev, A., Grigoriev, D. (2021). Analyzing, Modeling, and Utilizing
Observation Series Correlation in Capital Markets. Computation,
9 (8), 88. doi: https://doi.org/10.3390/computation9080088

. Khan, A. H., Cao, X., Katsikis, V. N., Stanimirovic, P, Brajevic, L,
Li, S. et al. (2020). Optimal Portfolio Management for Engineering

Problems Using Nonconvex Cardinality Constraint: A Computing
Perspective. IEEE Access, 8, 57437-57450. doi: https://doi.org/
10.1109/access.2020.2982195

Lin, Y, Lin, Z., Liao, Y., Li, Y., Xu, J., Yan, Y. (2022). Forecasting the
realized volatility of stock price index: A hybrid model integrating
CEEMDAN and LSTM. Expert Systems with Applications, 206,
117736. doi: https://doi.org/10.1016/j.eswa.2022.117736

Liu, X., Guo, J., Wang, H., Zhang, E. (2022). Prediction of stock market
index based on ISSA-BP neural network. Expert Systems with Appli-
cations, 204, 117604. doi: https://doi.org/10.1016 /j.eswa.2022.117604
Aldhyani, T. H. H., Alzahrani, A. (2022). Framework for Predicting
and Modeling Stock Market Prices Based on Deep Learning Algo-
rithms. Electronics, 11 (19), 3149. doi: https://doi.org/10.3390/
electronics11193149

Kumar, G, Jain, S., Singh, U. P. (2020). Stock Market Forecasting
Using Computational Intelligence: A Survey. Archives of Compu-
tational Methods in Engineering, 28 (3), 1069-1101. doi: https://
doi.org/10.1007 /s11831-020-09413-5

Devianto, D., Permathasari, P, Yollanda, M., Wirahadi Ahmad, A.
(2020). The Model of Artificial Neural Network and Nonparametric
MARS Regression for Indonesian Composite Index. IOP Confe-
rence Series: Materials Science and Engineering, 846 (1), 012007.
doi: https://doi.org/10.1088,/1757-899x/846,/1,/012007

Pyo, S., Lee, J., Cha, M., Jang, H. (2017). Predictability of machine
learning techniques to forecast the trends of market index prices: Hy-
pothesis testing for the Korean stock markets. PLOS ONE, 12 (11),
€0188107. doi: https://doi.org/10.1371 /journal.pone.0188107
Verma, P, Dumka, A., Bhardwaj, A., Ashok, A., Kestwal, M. C., Ku-
mar, P. (2021). A Statistical Analysis of Impact of COVID19 on the
Global Economy and Stock Index Returns. SN Computer Science,
2 (1). doi: https://doi.org/10.1007 /s42979-020-00410-w

Ampomah, E. K, Nyame, G., Qin, Z., Addo, P. C,, Gyamfi, E. O.,
Gyan, M. (2021). Stock Market Prediction with Gaussian Naive
Bayes Machine Learning Algorithm. Informatica, 45 (2). doi: https://
doi.org/10.31449 /inf.v45i2.3407

Ma, Y., Han, R., Wang, W. (2021). Portfolio optimization with return
prediction using deep learning and machine learning. Expert Sys-
tems with Applications, 165, 113973. doi: https://doi.org/10.1016/

j.eswa.2020.113973

Kamal, S., Sharma, S., Kumar, V., Alshazly, H., Hussein, H. S., Mar-
tinetz, T. (2022). Trading Stocks Based on Financial News Using
Attention Mechanism. Mathematics, 10 (12), 2001. doi: https://
doi.org/10.3390/math10122001

Chen, Y., Wy, J., Bu, H. (2018). Stock Market Embedding and
Prediction: A Deep Learning Method. 2018 15th International Con-
ference on Service Systems and Service Management (ICSSSM).
doi: https://doi.org/10.1109 /icsssm.2018.8464968

Guarnieri, M. (2012). Looking back to electric cars. 2012 Third
IEEE HISTory of ELectro-Technology CONference (HISTELCON).
doi: https://doi.org/10.1109/histelcon.2012.6487583

Chou, J.-S., Nguyen, N.-M., Chang, C.-P. (2022). Intelligent candle-
stick forecast system for financial time-series analysis using metaheuris-
tics-optimized multi-output machine learning. Applied Soft Comput-
ing, 130, 109642. doi: https://doi.org/10.1016 /j.asoc.2022.109642
Ferdaus, M. M., Chakrabortty, R. K., Ryan, M. J. (2022). Multiobjec-
tive Automated Type-2 Parsimonious Learning Machine to Forecast
Time-Varying Stock Indices Online. IEEE Transactions on Systems,
Man, and Cybernetics: Systems, 52 (5), 2874-2887. doi: https://
doi.org/10.1109 /tsmc.2021.3061389

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Kamara, A. F, Chen, E., Pan, Z. (2022). An ensemble of a boosted
hybrid of deep learning models and technical analysis for forecast-
ing stock prices. Information Sciences, 594, 1-19. doi: https://
doi.org/10.1016/j.ins.2022.02.015

Altarawneh, G. A., Hassanat, A. B., Tarawneh, A. S., Abadleh, A,,
Alrashidi, M., Alghamdi, M. (2022). Stock Price Forecasting for Jor-
dan Insurance Companies Amid the COVID-19 Pandemic Utilizing
Off-the-Shelf Technical Analysis Methods. Economies, 10 (2), 43.
doi: https://doi.org/10.3390 /economies10020043

Christy Jackson, J., Prassanna, J., Abdul Quadir, Md., Sivakumar, V.
(2021). WITHDRAWN: Stock market analysis and prediction using
time series analysis. Materials Today: Proceedings. doi: https://
doi.org/10.1016/j.matpr.2020.11.364

Lee, M.-C.,, Chang, J.-W., Yeh, S.-C., Chia, T-L., Liao, J.-S.,
Chen, X.-M. (2022). Applying attention-based BiLSTM and tech-
nical indicators in the design and performance analysis of stock
trading strategies. Neural Computing and Applications, 34 (16),
13267-13279. doi: https://doi.org/10.1007 /s00521-021-06828-4
Banik, S., Sharma, N., Mangla, M., Mohanty, S. N., Shitharth, S.
(2022). LSTM based decision support system for swing trading in
stock market. Knowledge-Based Systems, 239, 107994. doi: https://
doi.org/10.1016/j.knosys.2021.107994

Srivastava, P. R., Zuopeng (Justin) Zhang, Eachempati, P. (2021).
Deep Neural Network and Time Series Approach for Finance Sys-
tems. Journal of Organizational and End User Computing, 33 (5),
204-226. doi: https://doi.org/10.4018 /joeuc.20210901.0a10

Salkar, T, Shinde, A., Tamhankar, N., Bhagat, N. (2021). Algorithmic
Trading using Technical Indicators. 2021 International Conference on
Communication Information and Computing Technology (ICCICT).
doi: https://doi.org/10.1109 /iccict50803.2021.9510135

Uma, K. S, Naidu, S. (2021). Prediction of Intraday Trend Reversal
in Stock Market Index Through Machine Learning Algorithms.
Image Processing and Capsule Networks, 331-341. doi: https://
doi.org/10.1007,/978-3-030-51859-2_30

Sharipbay, A., Barlybayev, A., Sabyrov, T. (2016). Measure the Usa-
bility of Graphical User Interface. Advances in Intelligent Systems
and Computing, 1037-1045. doi: https://doi.org/10.1007/978-3-
319-31232-3 98

Omarbekova, A., Sharipbay, A., Barlybaev, A. (2017). Generation
of Test Questions from RDF Files Using PYTHON and SPARQL.
Journal of Physics: Conference Series, 806, 012009. doi: https://
doi.org/10.1088/1742-6596,/806,/1,/012009

Abdygalievich, A. S., Barlybayev, A., Amanzholovich, K. B. (2019).
Quality Evaluation Fuzzy Method of Automated Control Systems
on the LMS Example. IEEE Access, 7, 138000—138010. doi: https://
doi.org/10.1109/access.2019.2943000

Abdymanapov, S. A., Muratbekov, M., Altynbek, S., Barlybayev, A.
(2021). Fuzzy Expert System of Information Security Risk Assess-
ment on the Example of Analysis Learning Management Systems.
IEEE Access, 9, 156556—156565. doi: https://doi.org/10.1109/
access.2021.3129488

DOI: 10.15587,/1729-4061.2023.286244

THE DEVELOPMENT OF A MATHEMATICAL
MODEL OF PROFESSIONAL TRAINING OF
AVIATION PERSONNEL PARTICIPATED IN
ENSURING FLIGHT SAFETY (p. 88-94)

Nadezhda Dolzhenko
Academy of Civil Aviation, Almaty, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0002-7339-4907

The object of the study is the system of training aviation specialists.

The problem solved in the research is to increase the efficiency of



decision making in the tasks of professional training of pilots while
ensuring a given reliability, regardless of the hierarchy of the system
of evaluation indicators. The subject of the research is the process of
assessing the qualities of civil aviation pilots using fuzzy cognitive
maps. The hypothesis of the research is to increase the number of
indicators for assessing the quality of training of civil aviation pilots,
with restrictions on the efficiency and reliability of decision making.
The list of factors that influence the professional training of aviation
personnel involved in ensuring flight safety is given.

A mathematical model of professional training of aviation per-
sonnel involved in ensuring flight safety has been developed. This
mathematical model differs from the previously known results:

— the possibility of forming a generalized indicator of assessment
and selection of decisions on the basis of changing sets of partial
indicators, taking into account the complex multi-level structure of
assessment of aviation personnel;

— the ability to aggregate heterogeneous indicators (both quan-
titative and qualitative) to assess and select solutions that differ in
measurement scales and value ranges;

— taking into account compatibility and different values of par-
tial indicators in the generalized assessment of decisions;

— flexible adjustment (adaptation) of evaluation models when
adding (removing) indicators and changing their parameters (com-
patibility and significance of indicators).

According to the results of the analysis of the effectiveness of the
proposed model, it can be seen that the proposed assessment model takes
into account 30 % more assessment indicators than standardized ones.

Keywords: fuzzy cognitive models, aviation personnel, civil avi-
ation, flight safety, aviation.
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PO3POBKA PISHOTUITHUX OIEPAIIIAHUAX MPUCTPOIB COPTYBAHHS JIBINKOBUX JTAHHX (c. 6-18)

B. M. Ipura, B. C. /I3yun3a, C. I. Meapuuuyk, 1. 3. Maunynsk, A. 1. Tepaeupkuii, M. B. [leiiyakiBcbkuii

OO6’eKTOM JIOCTI/IZKEHHS € TIPOIIEC TIPOEKTYBAHHS allapaTHUX MPUCTPOIB COPTYBAHHS MACHBIB IBIHKOBUX JAHKUX 3 BUKOPUCTAHHSIM METO-
JOJIOTIT TIPOCTOPOBO-YacoBuX Tpadis. OCHOBHOW MPOGIEMOIO, SIKa BUPIIIYETHCS B POOOTI, € PO3POOJIEHHS Ta HOCIIIKEHHST HaraTOTaKTOBUX
orepariiiHiX MPUCTPOIB COPTYBAHHS ABIIIKOBUX JaHUX 3 METOIO BUOGODY ONTHMAJTILHOI CTPYKTYPH 3 HAMEPE/ 3alaHUMI TEXHIYHUME XapaK-
TEPUCTUKAMU JIJIsT BUPINIEHHS 3a1a4i COPTYBaHHs. SIK NPUKJIa/, MOKa3aHO PO3POOKY PISHOTHITHUX CTPYKTYP GAraTOTAKTOBUX OIEpPAIliiHIX
MIPUCTPOIB COPTYBAHHS METOIOM «IIaPHO-HEIIaPHOi» MepecTaHOBKY Ta BU3HAYEHO IX CUCTEMHI XapaKTePUCTHKH.

Po3po6JieHOo HOBI CTPYKTYPH GaraTOTAKTOBUX OTEPAIiiiHUX IPUCTPOIB, IS 33IAHOTO AJITOPUTMY COPTYBAHHSI T2 HABE/IEHO aHAJIITUYHI BUPA3H
JUIST PO3PAXyHKY 3aTpaT 00JIa[HaAH s Ta X mBHAKO/II. [IpoBeieHo MOPiBHIBHIIA aHasli3 anapaTHOI Ta 4acoBOI CKJIQHOCTI PO3POOJIEHUX CTPYK-
TYP MPUCTPOIB COPTYBAHHS JIBIHKOBUX YMCEs PI3HUX THUIIB 3 BIZIOMUMHU peaslizallisiMyu aJITOPUTMIYHUX Ta KOHBEEPHUX OllepalliiHuX IIPUCTPOIB.
B pesyzsrari sanpornonosani cTpyKTypH ITpH COPTYBaHHI BeIMKIX MaCHBIB /IBIHKOBIX fannx (N>128) MaioTh Ha TOPSIOK MEHIITY arapaTHy CKIajl-
HICTD 32 PAXyHOK MOCJIIZIOBHOTO BUKOHAHHSI OAHOTUITHUX orepalliil. Yacosa ckiianicTh 6araToTakToBUX ONepaliiiHuX MPUCTPOiB KOMOIHOBAHOTO
1 HOCJTIZTOBHOTO TUIIB P BEJIMKUX 3HAUEHHSX BXIJHUX JaHKX € B 2,3 1 3,4 pa3n MEHIIO HiX Y BI/IOMUX KOHBEEPHUX OIEPAIiiTHUX TIPUCTPOSIX.

Oco6IMBICTIO OTPIMAHIX PE3YIIBTATIB AOCIIIKEHHS € MOKINBICTh 3HAXO/KEHHST ONTUMAIBHOTO CITiBBITHOIIEHHST MK allapaTHUMU Ta
YACOBMMHU XapPAaKTEPUCTUKAME OTPUMAHUX CTPYKTYP IPUCTPOIB COPTYBAHH. 3aBASKU [bOMY TIPOEKTYBAIbHIK 3MOKe BUOPATU HEOOXiAHUI
THUTI TIPUCTPOIO /IJIST Peasisaliii Bi[IOBIAHOI 3a/1a4i i3 ONTUMATBHUMHU CUCTEMHIMH XapaKTePUCTUKAMI.

Cdepolio sactocyBarHsi po3poOJeHUX IPUCTPOIB COPTYBaHHs € 3aaa4i udpoBoi 0O6poOKK curHaiiB i 306pakenb. [IpakTiyHe BUKOPU-
CTaHHs PO3POOJEHNX PUCTPOIB COPTYBAHHS MOKe OyTh 3iliCHEHEe y BUTISAI iX CHHTE3y Ha TPOTPAMOBHUX IHTETPATBHUX JIOTTYHUX CXEMaX.

Kii0uoBi ciioBa: MeToj1 «lapHO-HemapHoi» IepecTaHoBKH, HaraToTakKTOBUIT oTepaiiiHuil pUCTPiii, IPOCTOPOBO-YacoBuii rpad, MOTOKO-
BUiI rpad, alIropuT™, CHHTE3, (PYHKIIOHAIBHIII OllepaTop, NPUCTPiil COPTYBaHHs, JBIIIKOBI J1aHi, MOJIETIOBAHHS.
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PO3POBKA METO/IY 3ATAJIbHOI IHTEPIIOJIAIIIT /I Z-UNCJI0-3HAYHUX ITPABUJI AKIIO-TOI (c. 19-26)

Konul Jabbarova, Ulviyya Rzayeva, Aynur Jabbarova

Metoai Ha OCHOBI IHTEPIOJISIIT TIPABUJI BUKOPHCTOBYIOTBCS, KO Oaza TpaBuJl pospimkena. Yacto OyBae Tak, OCKIbKY iH(OPMAIis, 110
CTOCYETBCA TIPOOJIEM PEaibHOTO CBITY, 3a3BMYail He € BIUepIHoIo. IIpu 1boMy pesieBanTHa iH(hOpMAIlisg 4acTo XapaKTePU3y€EThCs K HEUITKICTIO, TaK
i vacTroBOIO 0cTOBipHicTIO. {7151 po60TH 3 TakoIo iHbopMartieio 3a/ie BBIiB TOHATTsT Z-urcia. L5 cTarTst mprcBsiiena PO3IIMPEHHIO 3aTaIbHOTO METO-
Iy THTEPIOJISAIIT IJIST HeUiTKUX TIPABUJT HA BUTIAJIOK MTPABUIT SIKITIO-TO/Ii 3 AHTETIe/ICHTAMU Ta HACJIITKAMU 31 3HAYEHHAMU Z-4YKCIa. 3arpoIIOHOBAHIIA
TI/IXi/l TPYHTYETHCST HA BU3HAYCHHI Bi/ICTaHI MIJK TOTOYHIM BEKTOPOM CIIOCTEPEKCHHS Ta BEKTOPAMH aHTCIe/ICHTIB IPaBIJI. BrusHavyaoun BificTaHb
MK TOTOYHIM BEKTOPOM 1 aHTeI[eIEHTAMIT TIPABIIT, MOKHA IPHIIMATH PIIIEHHsT Ha OCHOBI HAHOIIKINX aHTele/IeHTIB. Y 1IbOMY KOHTEKCTI aHTelle-
JIEHTH TIPABUJT — I1€ BEKTOPH, SIKi TIPEICTABIISIOT [eBHI yMOBI. OTPUMaHUii Pe3yJIETaT OOUNCITIOETHCS K 3BaKeHa CyMa HACIIKIB mpaBuil. Barosi
KoedillieHTH BUKOPUCTOBYIOTHCS /71T BPAXYBAHHS BAKJIMBOCTI KOKHOTO ITPABIJIA B IHTEPIIOJIANII Ha OCHOBI 3ra/I[aHNX 3HAYEHb BiJICTaHi 3HAIIEHO
Baru iHTEpPIOJIAIiN. Pegynsratit boro M0C/iKeH s CIIPSMOBaHi Ha PO3POOKY X0/ 10 IPUIAHSATTS PillieHb 3 TOUKK 30py Z-3HauHOI iHhopMallii.
MeTojt XapaKTepu3y€eThCs BIZIHOCHO HU3BKOIO 00YHCITIOBAIBHOIO TPYAOMICTKICTIO. [[JIst LIocTpaltii 3a1iporoHOBAHOTO MTIXOLY BUKOPHCTOBYIOTHCS
JIBa TIPUKJIAIN Ta 10AaTOK. CTOCOBHO 3aCTOCYBAHHSI 3aITPOTTOHOBAHOTO TH/IXO/Y PO3TJISIIAETHCS TPOGIeMa OIIHKI 3310BOJIEHOCTI poboToio. OTike,
OTPUMAHI PE3yJIBTATHU MATBEPIUKYIOTH eHEKTUBHICTH 3aIPOIIOHOBAHOTO MIZIXO/TY. 3AIPOIOHOBAHUIT METOZl MOJKE OYTU KOPUCHUM IHCTPYMEHTOM /ISt
TIPUIHSITTS Pillleb Y PISHUX T0ATKAX, OCOOIIBO TaM, Jie BICOKA 00YHC/IOBATbHA CKIIA/IHICTD € HEMPIHHATHOIO a00 HEMPaKTUYHOIO.

KmouoBi ciioBa: Z-4uciio, HediTKe Y1CJI0, YaCTKOBA HAIITHICTD, TIPABUJIA SKIIO-TO/i, iHTEPIIOJISILs, Bi/ICTaHDb, BATU.
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PO3POBKA METO/JIMKH IIOIIYKY PINIEHDb 3 BUKOPHCTAHHAM Y JOCKOHAJIEHOTO AJITOPUTMY
KOCSKIB PUB (c. 27-33)

Ageel Bahr Tarkhan, 0. B. )Kypascbkuii, A. B. lllumanskwuii, T. B. Ilxyrina, B. I1. yauuxk, L. I1. Kipic, O. JI. Haxanxo,
H. M. Ilporac, C. M. HepoHog, B. B. Heunnopyx

OO6’€KTOM IOCTIIPKEHHST € CUCTEMHU T ITPUMKH NPUITHATTS pitteHb. [IpeMeToM MOCTiUKEHHS € TTPOTIEC IPUIAHATTS PIlIeHHS B 3a1a9aX YIIPaB-
JHHHS 32 I0TTOMOTOI0 a/Iroput™y KocsikiB prb (KP), yiocKoOHAIEHOTO FeHETHYHOTO aJITOPUTY Ta ITYYHUX HEHPOHHNUX MEPEK, IO €BOTIOIIOHYIOTD.

3aIpPOIOHOBAHO METOAUKY IOIIYKY pillleHb 3 BUKOPHCTAHHAM yjocKoHajseHoro anroputmy KP. B ocHoBy nocuizzkenHst nokiazeHnit
asroput™ KP — puist oty Ky pinersst mozo crany o6’exry. st vapuants KP — BUKOPUCTOBYIOTHCS IITYYHI HEHPOHHI MEPEsKi, 10 eBOJIIOI[0-
HYIOTb. MeTo/lnKka Ma€ HACTYIIHY TIOCJIiIOBHICTD Jlii:

— BBEJICHHS BUXI/IHUX /IAHUX;

— 06p006JIeHHST BUXIIHUX IAHVX 3 YPAaXyBaHHSIM CTYIIEHIO HEBUSHAYEHOCT;

— nepeBipka OyHKIIT IPUJATHOCTI 3HAIIEHOTO pillleHHS;

— mipone/ypa rojtisii areutis pu6 (AP);

— IHCTUHKTHUBHO-KOJICKTUBHE IJ1aBaHHs AP;

— 06YNCIIEHHS IIEHTPY TSUKIHHS KOCSIKA;

— KOJIEKTHBHO-BOJIbOBE IIaBaHHA AP;



— 3MiHa mapaMeTpiB raBanus AP;

— HaByaHHs1 6a3 3HaHb AP.

OpuriHaibHiCTh 3aIPOIIOHOBAHOT METOIMKH TI0JIATAE Y Po3cTaBienHi AP 3 ypaXyBaHHsIM HEBH3HAYEHOCT] BUXI/[HUX JIAHUX, Y/IOCKOHAJIEHU-
MU [IPOTIE/Ly PAMU TI00AIBHOTO Ta JIOKAJIBHOTO OITYIIKY 3 YPAXyBaHHSAM CTYIIEHIO 3alllyMJIEHOCTI IAHUX TIPO cTaH 06’ekTy aHauizy. OcobausicTs

3arpOIIOHOBAHOT METOMKY TMOJISITAE B BUKOPUCTAHHI yIOCKOHATEHOT mporexypu Hapdanus AP. ITpormenypa HaByaHHS 1MOJISITaE B TOMY, 110

BiZIOyBaEThCS HABYAHHSI CUHAIITUYHUX Bar MITYYHOT HEHPOHHOT Mepeski, THITY Ta mapamMeTpiB (hyHKIIIT HAJIEKHOCTI, a TAKOK apXiTEKTypH OKpe-

MUX €JIEMEHTIB 1 apXiTeKTYpH IITYYHOI HeIPOHHOI Mepexi B 1ijioMy. BUKOpUCTaHHS METOMKH JI03BOJISIE IOCSATTH MiJIBUIICHHS ONIEPATUBHOCTI

06po6kn manux Ha piBui 18—-25 % 3a paxyHOK BUKOPUCTAHHS TOJATKOBHUX YIOCKOHAJIEHNX MPOIEAYP. 3aMPOMOHOBAHY METOANKY AOIIIBHO

BUKOPHUCTOBYBATU JIJIsI BUPIIICHHS 33/1a4 OLIHKY CKJIA/JIHUX Ta JUHAMIYHUX IIPOIECiB B iHTepecax BUPILICHH: 3aBJaHb HalliOHAJIbHOI 6e3IeKIL.
KiiouoBi cioBa: MyJIsTHareHTHi CHCTEMU, CUCTEMH THATPUMKH TPUIAHATTS PIllleHb, CKIaHI TPOIECH, aJITOPUTM KOCSKIB puo.
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PO3POBKA MOJIEJI BUSHAYEHHS HEOBXIZTHOTO OBYHCJIIOBAJIBHOTO PECYPCY ILJIIC JIJ151 PO3MIIIEHHS HA
HIN BATATOIIAPOBOi HEMIPOHHOI MEPEIKI (c. 34-45)

Bekbolat Medetov, Tansaule Serikov, Arai Tolegenova, Dauren Zhexebay, Asset Yskak, Timur Namazbayev, Nurtay Albanbay

V¥ poboti 06’eKTOM poCTiKeH ST € peasizaltist mTyynnx weiipornnux Mepex (IITHM) wa ITJITC. Bupinrysanoio 3azadeio € mobyoBa Ma-
TEeMaTUYHOI MOJIEJI, 1110 BUKOPUCTOBYETHCS IS BU3HAYEHHA BiANOBiAHOCTI 0OurcmoBaibiux pecypeis [IJIIC Bumoram HeHpOHHUX Mepesk
3aJIEKHO Bijl iX THILY, CTPYKTYPH Ta po3Mipy. ¥ skocti oGuncmoBanbaoro pecypey IIJIIC posrusiaetbest KisbkicTs ii TIT (Tabauis mouryky —
6aszoBa crpykrypa IIJIIC, o Bukonye joriuni onepaitii). ITouryk HeoOXiAHOT MaTeMaTHYHOI MOJIEI TIPOBOANBCS IIJISIXOM €KCIIEPUMEHTAb-
HUX BUMIpIOBaHb HeoOXiaHol kiabkocri TIT g peanizanii na IIJIIC nactynHux tTunis HTHM:

— BIIIII (GararomapoBuii mepIernTpon );

— JIKYII (noBra kopoTkovacHa rnam’sith);

— 3HM (3ropTkoBa HEIPOHHA MEpesKa);

— CHM (cmaiikoBa nHefipornna Mepeska);

— I'3M (reHepaTHBHO-3MarajbHa MEPEXa).

Excniepumentanbii gocuimpkenss nposoauincs wa IIJIIC moxeni HAPS-80 S52, B xozi sikux BUMipioBasiacst HeoOXigHa kinbkicts TTI
B 3QJI€5KHOCTI Bi/l KiJIbKOCTI 1IapiB Ta KiJIbKOCTI HEMPOHIB Ha KOXKHOMY 1api s BunieBkazaHux tunis IIIHM. B pesysbrari gocikeHHs
Oy BU3HaueHi KOHKPETHI T (hyHKIIIH 3a/eKHO Bia HeoOXinHOT KimbkocTi TTI 7151 THITY, KiJTBKOCTI IMapiB i HeHPOHIB 1711 HAlGiTbIT YacTo
BUKOPUCTOBYBaHUX Ha mpakTuti tumis [ITHM.

OcobMMBICTIO OTPUMAHNX PE3YJIBTATIB € Te, 110 3 IOCUTh BUCOKOIO TOYHICTIO BAAIOCS BUSHAUNTY aHAJITHYHIIT BU/L (DYHKILiH, 1110 OIICYIOTH
sasexHicTb HeoOXianoi kimpkocti TII TIJIIC s peasnizartii na niii pisanx HIIHM. 3riawo 3 pospaxyrkamu, [T3M BukopucroBye B 17 pasiB MeH-
ute TIT nopisusino 3 3HM. A CHM i BIIII Bukopucrosyiors B 80 i 14 pasis menue TII B nopisusnsi 3 JIKYUIL. Otpumani pesyssratin MOXYyTh
6yTH BUKOPHUCTaHI B TIPAKTHYHUX IIJISIX TIpH HeoOXiaHocTi Bubopy Oyab-sixkoi IIJIIC myst peasisarii Ha niit IIHM meBHOTO THITY 1 CTPYKTYpPHL.

Kimouosi caosa: I1JIIC, BIIII, /IKYII, 3HM, CHM, I'3M.
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HOBU MIJXI/ 10 PO3POBKH APXITEKTYPU HEMPOHHOI MEPEKI HA OCHOBI METAEBPUCTUYHOTO
IMIAXOAY ITPOTUCTA (c. 46-59)

Tengku Henny Febriana Harumy, Muhammad Zarlis, Maya Silvi Lydia, Syahril Efendi

[IpeaMeToM JOCTIIKEHHS € BUSHAYEHHs HAKPAI[ol MojiesIi apXiTeKTypH HeipOHHOI Mepeski Ta crocobiB onTuMisariii apxiTekTypu 3a 10-
[OMOI0I0 METAEBPUCTUYHOTO Mi/IXOY HPOTUCTA. IcHy€E HEOOXiAHICTb y BCeGIYHOMY /IOCII/UKEHH] | BUKOPHCTAHHI METAEBPUCTUYHIX METO/IB.
I1i MeToM CTIpsSIMOBATI Ha BUPIIIEHHS 3aBIalb Ta aIANTAIlIo 10 CMOCO0Y JKUTTSI MPOTHCTa aMedn. Y OCIIIKEHTHI 3alPOTIOHOBAHIIT METO/T MO-
JDIKYE KUTTEBUIT IIMKIT aMeOu, 110 CKIAJAEThest 3 YOTUPBOX (has: npodasu, Metadasu, anadaszu Ta tesodasu. i vorupu dasu moaudikosai
B apXiTeKTypi HEHPOHHOI Mepexki /IS ONTUMI3aIli BiZMOBIAHOT KiIBKOCTI TPUXOBAHMX IMIAPiB Ta CTBOPEHHS eeKTUBHOI MOJIesIi apXiTeKTypH.
PesyJibraTit OKa3yoTh, 110 MXi/ IPOTHCTA ONTUMI3YE apXiTeKTypy HEIPOHHOT Mepeski, 0COOIMBO TIPU CTBOPEHHI MPUXOBAHUX MAPIB /IS BIO-
CKOHAJIEHHsI MOJIeJTi HeHPOHHOT Mepeski. BiiMiHHOI0 0COOIMBICTIO OTPUMAHUX PE3YJIBTATIB € Te, 10 Cepe/Hiil Mianazon BUPO/UKEHIX HEHPOHIB
y TIPUXOBAHOMY Tapi cranoBuTh Bijt 0 10 35 HelipoHiB y KoskHOMY miapi. CTaHaapTHa KibKiCTh HEHPOHIB [03BOJISIE BUPIIIATH 33/[a9y BU3HAYEH-
Hs1 HAJIKpaIIol Mol apXiTeKTypr HEHPOHHOT MEPEsKi. AJITOPUTM MIPOTHCTA, BOYJIOBAHUIT Y PEKYPEHTHY HEIIPOHHY MEPEKY TIPOTHUCTA JIJIsT BUMi-
PIOBaHHS KaTeropialbHUX AaHNX, fa€ cepeane 3nadennss RMSE, mo npeacrasmse pisnnimo Mix dakrmaanvy Bumipamu Ta mpornoszamn 0,066.

Ortke, po3pobJieHa MoieJIb [IEPEBEPIITYE 3a MPOAYKTUBHICTIO ICHYI0YY KJIACHYHY MOJeJIb HellporHOT Mepeski. II[o cTocyeThest TOYHOCTI,
ITOPUTM MIPOTHCTA, BOYAOBAHUH Y HEHPOHHY MEPEXY JUIsl KaTeropiaJbHUX JAHUX Ta JaHUX YaCOBHUX Ps/iB, 3a0€31eUy€ CePEeIHIO TOUHICTh
0,952 ta mosroty 0,950. 3ropTrOBa HelipoHa Mepeka mpoTucTa 3abesneuye TouHicTh 95,9 %. TaknmM YHHOM, i3 TPHOX TTPOTECTOBAHNX HAGOPIB
JIaHMX 3rOPTKOBA HEIIPOHHA Mepeska IIPOTUCTA JEMOHCTPYE HallBUIlle 3HAUECHHS TOUHOCTI.

KiouoBi cioBa: HeiiporHa Mepeska, MITYYHUH IHTETEKT, ONTUMI3allist IPIXOBAHOTO HIapy, IIMOG0Ka HelipoHHa MepesKa.

DOI: 10.15587/1729-4061.2023.286376
PO3POBKA MATEMATAUYHOT MOJIEJII /I OIITHKH AKOCTI OBCJIYTOBYBAHHS MIJIMEPEKI
3 KOMYTANIEIO IMTAKETIB (c. 60-71)

Roza Mukasheva, Zhenisgul Rakhmetullina, Indira Uvaliyeva, Raushan Mukhamedova, Farida Amenova

B nannii yac tpadik AaHNX MIBUIKO 3pOCTAE, a 3a0e31eYeHHsI ONITUMATBHOT TPOYKTUBHOCTI Mepexi Ta eheKTUBHE YIIPaBJIiHHS TTOTOKAMU
JMaHKUX CTAIM HAWBaKIUBINIMMK 3aBAaHHAMM. Y 1IbOMY KOHTEKCTI SIKICTh MepeskeBOro oOCaAyroByBaH s Biflirpa€ BUPIIIAIbHY POJIb Y AOCST-



HeHHI 1UX Iijeil. Y 1iii craTTi NponoHy€eThes MiXia 10 BUpinieHHs mpobieMu epekTusHoro odcayrosysanisg B ISDN. A came, ontumisaitis
POBIIO/IY pecypciB Mix TiMepeskaMi 3 KOMYTAIli€10 KaHaliB i makeTHoi komyTaitieto B ISDN /11 po3paxyHKy ONTHMa/IbHUX XapaKTePHCTHK
SIKOCTI 00CITyTOBY BaHHSI.

¥ nporieci ananiszy npoexry ISDN ckiazaeTbest 3aBiaHHs onTHMi3altii, e oliHKa cayxKOu TmiaMepexki 3 KOMYTAI[i€10 [TaKeTiB BUKOPUCTO-
BYETBCSI B SIKOCTI 1IIb0BOI (DYHKILIT, @ OliHKa c/IyKOU MiZMepesKi 3 KOMYTAIEI0 KaHaXIB BUKOPUCTOBYETBCS B SIKOCTI OHOTO 3 0OMEKEHD
1t 11boro 3asaanmst. [1lo6 pospaxyBaTi OCHOBHI XapaKTEPUCTUKY ITMEPesKi 3 KOMYTaIli€Io TTaKeTiB, TiJMepeska PO3IJIsIIa€Thes sIK CepBicHa
cHcTeMa i3 3aTPUMKOIO.

VY xomi mocuijzkents Oy BU3HAYEHI METOIM ONTUMATBHOTO TIepeMillleH sl y3aralbHeHol MexKi Kanaily MisK IMiMepeskaMu KoMyTailii
KaHAJIB i makeTHOI KOMyTallii B 3a/1€KHOCTI Bijl TTapaMeTPiB IAaHUX i CTaHy IHTErpOBaHOT MePEsKi, 1110 03BOJIUIO PO3POOUTH ONTUMAIBHY Ma-
TEeMaTHYHy MOJIE/b ONITUMAJILHOTO YIPaBJIIHHS y3araabHEHOIO Meskelo. Jlist 06unCIeH st TIPOITYCKHOT 3[aTHOCTI /ISt TTAMEPEXK 3 KOMYTAIli€io
KaHaJIiB Ta maKeTiB OyB CKIaJieHuii aJITOPUTM JIJIs peastizaliii oTpuMaHoi Mojesi Ta cKoMIiiboBata porpama C++,

BuBuenns ysarasbHeHOI MesKi Ta IMHAMIYHOTO TI€PEPO3IO/IITY MPOMYCKHOI 37IaTHOCTI MiXK ITiZIMEpekKaMy € HOBHUM ITiJIXOIOM /IO OTITHMi-
3a1Mii Mepesxi.

PesyJsisraTu 3acHOBaHi Ha BUKOpUCTAHHI KacuaHol (hopmysin Epsranra uist cucreM 3 BiiMOBaMu B OOCJIYTOBYBaHHi 1 Ha TJIAHAX PO3HOJLITY
HaBaHTAKEHHS, 10 J03BOJISIE e(DEKTUBHO YIPABJISATH TIPOIECOM TEXHIYHOTO 00CTYTrOBYBaHHSI B MEPEXKi.

KiiouoBi ciioBa: KomyTallist KaHaJliB, lTaKeTHa KOMYyTallisl, MaTeMaTHYHa MOZIeb, PYHKILiSE AKOCTI 0OCAYTOBYBaHHS, CMyTa [POITYCKaHHS,
Metozx Jlarpamxka.

DOI: 10.15587/1729-4061.2023.281138
PO3POBKA HEMPO-HEYITKOT MOJIEJII JIJII MPOTHO3YBAHHSA AKIIII KOMIIAHIN EJTEKTPOMOBLJIBHOT
IMPOMHCJIOBOCTI (c. 72-87)

Alibek Barlybayev, Lena Zhetkenbay, Didar Karimov, Banu Yergesh

ApanrtuBna Heliponeditka cucrema BucHoBky (ANFIS) — e Tun HelipoHHOI Mepeski, sika ToeAHy€E B o0l CHIIbHI CTOPOHU SIK HEYiTKOT
JIOTIKH, TaK 1 mTydnux Heiiponnnx mepesk. ANFIS € 0co6miBo kopucHuM y 6ipsKoBili TOPTiBII, OCKIIBKH BiH MOKe CIIPABJIATHCS 3 HEBU3HAYe-
HICTIO Ta HETOYHICTIO IAHNX, 1110 YACTO 3YCTPIYAETHCS B TaHUX (HOHIOBOrO puHKY. ¥ Gipskosiii Toprisai ANFIS MojkHa BUKOPHCTOBYBATH ISt
PIBHOMAHITHUX THiJIeH, HAPUKIIA/] JIJIsT TPOTHO3YBAHHS [[iH Ha aKI[il, BUsBJICHHS TIPUOYTKOBUX YOI i BUSIBJIEHHST TEHAEHIII (DOHIO0BOTO PUHKY.
Ogpnielo 3 kmovyoBux nepesar Bukopucranisa ANFIS st 6ipkoBoi Toprisii € Te, 110 Bil Moke 00poOIsATY AK JHINHI, TaK | HeliHiiHI 3B A3K1
B ganux. Ile 0co6mBO KOpHCHO Ha (HOHIOBOMY PHHKY, /i€ 3B'SI3KI MK PI3HIMI 3MIHHIMI 4acTo cKkiaHi Ta Heminiitai. ANFIS takoxk MoxHa
OHOBJIIOBATHU Ta MEPeHaBYATH B Mipy MOSBH HOBUX J[AHUX, IO /I03BOJISAE Q/ANTYBATHCS 10 MiHJIMBUX YMOB PHHKY. TOoMy OCHOBHA TirnoTesa
1iei pobOTH MOJISATaE B TOMY, 100 3PO3yMITH, UM MOKHA CITPOTHO3YBATH MHAMIKY IiH Ha aKIii KOMIaHiil B cektopi exekrpomodinis (EV) 3a
JOTIOMOTOIO 1HANKATOPIB TEXHIYHOTO aHasi3y. MeTolo 11iel po6OTH € CTBOPEHHST MOJIEJ JIJIs TPOTHO3YBAHHS IIiH KOMITaHiil y CEKTOPI e1eKTPo-
MOO6LIIB. [HAUKATOPH TEXHIYHOTO aHasi3y Oyiu 06pobJIeH KiIbKOMa MOZIE/IIMU MAIIMHHOTO HaByaHHs. JIiHiiiHI Moeni 3a3Buyaiil mparooTh
ripure, iz Giabin nmpocynyTi Metoan. [epesa pinietn, Oy/b TO TOUHI 4u TPyOi, MAIOTH TEHACHILIO AABaTH TipIIi Pe3yabraTi MPOAYKTHBHOCTI
3 Touku 30py RMSE, MSE ta MAE. Iliciis nposegenns ananisy aanux mMozgeni ANFIS i BR-BPNN Gyiu BusHani HaiieeKTUBHIIIUMU.
ANFIS 6ysio nasueno npotsirom 2000 erox, 1o gano minimansauiit RMSE 5,90926.

KurouoBi ciioBa: mporHo3yBaHHs KypCy aKiliil, KOpeJisiilisi TEXHIYHIX iHANKATOPIB, HElPOHHA Mepeska, alallTuBHA HEHPOHEYiTKa CHCTEMA
JIOTIYHOTO BUCHOBKY, CEKTOD €IeKTPOMOOIIIB.
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PO3POBKA MATEMATHUYHOT MOJIEJII ITPOMECIAHOI HIZITOTOBKU ABIATIITHOTO IIEPCOHAJY V 3ABE3ITEYEHHI
BE3IIEKHU IIOJIbOTIB (c. 88-94)

Nadezhda Dolzhenko

OG6’ e€KTOM JIOCIIIIKEHHS € cUcTeMa MiITOTOBKY aBialliiiHuX crerfiaaicTiB. 3aBaatns, ske BUPIIIYETbCS B OCIIZKEHH ], OJIATa€ B MiABU-
TmeHHi eheKTHBHOCT] MPUIHATTS piltens y 3azadax mpodeciiiHol maroToBKy MIoTiB pn 3abe3medeHH] 3a1aH0l HAIHHOCTI He3aJIeXKHO Bit
iepapxii cicTeMu OIIHOYHUX TTOKA3HUKIB. [IpermMeToM ToCisKeH s € TIPOTIecC OIiHIOBAHHST STKOCTEH MiJIOTiB UBLILHOI aBiallii 3a 10TTOMOT010
HEYITKUX KOTHITUBHUX KapT. [inores3a A0C/IiUKeHHs HoJsrae y 301IbIIeHH] KIIbKOCTI TTOKa3HUKIB OIIHKM SKOCTI MJATOTOBKY IiJIOTIB 1~
BIJIBHOT aBiailii 3 0OMeKEHHSIME II[0/I0 OMEPATHBHOCTI Ta JIOCTOBIPHOCTI MPUITHATTs pitnenb. HaBegeno mepesik GpakTtopis, 10 BIUIMBAIOTH Ha
npodeciiiny miAroroBKy aBialiiiHOro HepcoHaILY, 3AIy4eHOro 10 3a0esneueHtst Oe31eKn HOILOTIB.

Po3pobiieno MateMaTHdHy Mojiesib mpodeciiiHoi miAroToBKy aBialliiinoro nepconaty, sikuii 6epe ydacts y 3abesnedenni Ge3neku mosbo-
tiB. [l MaremaTuyHa Mojieb BiIPi3HSAETLCS Bijl paHillie BiJIOMUX Pe3yJIbTaTiB:

— MOJKJIMBICTIO (DOPMYBAHHS y3araJbHEHOTO MOKA3HUKA OI[iHKK Ta BUOOPY PillleHb HA OCHOBI 3MiHHUX HaOOPIB YACTKOBHMX MMOKA3HUKIB
3 ypaxyBaHHsIM CKJIaJHOT GaratopiBHEBOI CTPYKTYPH OI[HKK aBialliiiHoro mepconay;

— BIATHICTIO arperyBary PisHOPI/IHI MOKa3HUKM (SIK KiJIbKICHI, TaK i AKiCHI) /UIst OIIHKY Ta BUGOPY PillleHb, 110 BiPI3HAIOTHCS IIKATAMU
BUMIPIOBaHHS Ta Jlialla30HaMI 3HA4€Hb;

— BpaxyBaHHSIM CYMiCHOCTI Ta Pi3HUX 3HAYE€Hb YACTKOBUX ITOKA3HUKIB B y3arajbHeHiil OIliHIli pillleHb;

— THYYKHMM HAJAIITYBaHHAN (a/a1ITaris) Mojiesieil OIiHIOBAHHSI IIPH JI0JIaBaHHi (BUJIyUeHHI ) TIOKa3HUKIB Ta 3MiHi iX mapaMeTpiB (cymic-
HOCTI Ta 3HAYYIOCT TIOKA3HUKIB).

3a pesyJbratamu aHami3y eheKTUBHOCTI 3aIPOMOHOBAHOT MOJIENI BU/IHO, 10 3allPOTIOHOBAHA MOJIE/Ib OIIHKK BpaxoBye Ha 30 % Oisbiine
TTOKA3HUKIB OIIHKH, Hi)K CTAHIAPTU30BAHI.

Ki0uoBi cioBa: HeuiTKi KOrHITUBHI Moz, aBianiiinuii nepconal, uBiJabHa aBiallis, Ge3leka MoJIbOTiB, aBiallis.



