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This paper examines the problem of estimating the distance between devices in wireless
networks based on RSSI metric, using BLE as an example. The aim of the study is to devel-
op and validate an effective distance estimation method using mathematical filtering models
and machine learning. A comparative analysis of various approaches to solving the problem
is conducted, including Kalman filter, LSTM networks, polynomial regression, and random
forest method. Experimental studies using real-world data showed that a combined model
with Kalman prefiltering and random forest demonstrates accuracy with a root-mean-square
error (RMS) of less than 0.5 m. The practical significance of this study lies in the potential
application of the developed method for creating effective positioning systems in enclosed
spaces.
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A method for distributed security monitoring of Diameter signaling networks in LTE has
been developed. The aim of this work is to enhance the information security of operational
LTE networks by detecting attacks on Diameter signaling using a hierarchical master-slave
architecture and intelligent anomaly analysis. To achieve this aim, the following objectives
have been accomplished: the selection of a hierarchical monitoring architecture with two-
level feature extraction has been justified; cascade and ensemble detection models have
been developed; an experimental evaluation of detection effectiveness for five types of Di-
ameter attacks has been conducted. The relevance of this task is driven by the insufficient
protection provided by existing mechanisms (signaling firewalls) in LTE networks, as well
as the fundamental inability of centralized monitoring approaches to detect the compromise
of internal network nodes. Without comparing the behavior of a node against the median
values of its zone, a compromised node is shown to be indistinguishable from a normal one.
A two-level feature extraction system is proposed — 35 observable features at slave node
level and 21 control unit features with zone-based contextualization at master level. Based
on a simulation model of 17 nodes (86,400 records), meta-ensemble achieves F1 = 0,9934
with FPR = 0,0001; cascade detector provides 99,4 % compromise detection. An ablation
study confirmed that removing hierarchical architecture features reduces compromise detec-
tion from 98,5 % to 2,2 %. A direct comparison of supervised and unsupervised models in
terms of compromise detection accuracy is not considered valid due to the use of fundamen-
tally different algorithms with different input data characteristics.
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AND COMPUTER NETWORKS

|I. YU. KASHIRIN|. EXTRACTING FACTS FROM POLITICAL ARTICLES BASED ON GENUS-
SPECIES UNIFICATION OF CONCEPTS

Keywords: unification theory, fact extraction, natural language analysis, hierarchical num-
bers, universal algebras, DistilBERT language models, artificial intelligence.

This paper examines a new method for extracting factual information from political articles
published in English-language electronic media. The novel approach involves representing
complex facts using feature structures containing not only role-based elements but also hi-
erarchical indices. The indices reflect generic, causal, and meronymic relationships across a
set of vocabulary concepts in the article text. Algebraic operations on feature structures en-
able the analysis and synthesis of formal descriptions of facts.

The experimental part of the material is based on the use of the Python programming lan-
guage toolkit v.3 (Anaconda 3), LLM DistilBERT, the mIYubert v.3.7 software package,
and the IntellectualParsing.ipynb v.2.0 pattern matching toolkit. The completed series of
experiments allows us to qualify the new method for unifying feature structures as the basis
for a technology that is equal in efficiency to currently available international analogues and
surpasses them in computational complexity.

The aim of this paper is to describe a new method for extracting factual data from electronic
information resources. The method is based on a new algorithm for unifying feature struc-
tures.
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Software-defined networks (SDN) are currently one of the most promising technologies for
building modern computer networks. Centralized network management enables efficient
management of network flows and optimized use of network resources. One of the key
tasks of SDN management is network segmentation, which improves network traffic pro-
cessing efficiency and reduces data trans-mission latency. Objective: This paper considers
the problem of segmenting software-defined network structures using a genetic algorithm.
The proposed method enables the formation of network segments taking into account the in-
ternal connectivity of nodes and the data transmission latency within segments. A F func-
tion is used that takes into account the internal connectivity coefficient of segments and the
average weighted transmission latency within a segment. Experimental studies demonstrate
that using a genetic algorithm for network segmentation improves the structural connectivi-
ty of segments and reduces data transmission latency within network segments.
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K. I. NIKISHIN, I.V.AKIFYEV. FORMALIZATION OF DATA TRANSMISSION IN REAL-
TIME DISTRIBUTED COMPUTING SYSTEMS
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Distributed computing systems (DCS) allow you to combine the resources of multiple com-
puting and network devices, while ensuring high performance and scalability of systems.
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The key tasks of DCS research and design are the organization of data transmission, process
synchronization and re-source management, which is achieved through special computing
and network algorithms and protocols. At the same time, the requirements for modern
switches include mobility, flexibility, scalability, and dynamic resource management in
DCS. In distributed systems, switches must provide high data transfer speeds, minimal de-
lays, data loss, and reliable data transmission to changing DCS network conditions. A spe-
cial interest is a transmission of data in DCS networks by unmanned aerial vehicles
(UAVs). The article discusses the organization of DCS network in UAV, describes the
types of data transmission in UAV taking into account time constraints. The aim of study is
to formalize real-time data transmission in distributed computing systems using logical and
algebraic statements. The tasks of the study are to describe data transmission, formulate
problems in DCS networks, and formalize data transmission to DCS. The article describes
the formalization of data transmission problem in DCS networks based on the algorithm for
early diagnosis of data loss in real time with timeout control. Moore's digital automata were
designed using logical and algebraic statements, and later statements were used in models
based on the mathematical apparatus of colored temporal hierarchical Petri nets.
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OF SOFTWARE LIFECYCLE PROCESSES

Keywords: software project, software lifecycle, project workflow, algorithmic process, al-
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rithmic process reliability optimization.

The problem of developing algorithmic and software formalization of the procedure to cer-
tify maturity levels of software lifecycle processes, setting control points and selecting their
multiplicity in work processes of a software project, presented in the form of algorithmic
processes formalized by matrix reliability models, is considered. The aim of the work is to
develop models and algorithmic support for automating the tasks of the procedure for certi-
fying maturity levels of software project processes, optimizing the arrangement of control
operations of project processes at specified values of reliability characteristics and the cost
of performing algorithmic processes. The algorithmic process in this paper is a sequence of
working operators with specified reliability and cost characteristics. The operations of cal-
culating reliability indicators are performed in a mathematical form for the case of multidi-
mensional error accounting concept. The optimal arrangement of controls is a vector of con-
trol multiplicities, with the introduction of which the set values for the reliability of soft-
ware project algorithmic processes are achieved.
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SYNTHESIS OF GENERALIZED METRIC FOR PAIRWISE COMPARISONS OF INTELLECTUAL
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Keywords: metaheuristic approach, similarity metrics, particle swarm optimization, source
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The process of effective professional team formation requires taking into account many fac-
tors: from the competencies of participants to their style of work and the compatibility of
approaches they use to solving problems. The aim of the work is the development of a me-



Becmnux PIPTY. 2026. Ne 96-1 / Vestnik of RSREU. 2026. No 96-1 241

taheuristic approach to forming a generalized criterion for pairwise comparisons of intellec-
tual property products, which allows, by optimizing the weights of metrics used together, to
minimize the discrepancy between automatically obtained assessment and expert assess-
ment of pairwise similarities of scientific articles or software code. A comparison of four
optimization algorithms, such as genetic algorithm, particle swarm optimization algorithm,
differential evolution algorithm, and nuclear reaction optimization algorithm, was conduct-
ed based on their ability to find near-optimal solutions. For scientific articles, weight coeffi-
cients were optimized for cosine similarities between: vectors which components correspond
to the frequency of occurrence of words in texts (Term Frequency-Inverse Document Fre-
quency, TF-IDF); contextual vector-based text representations formed by BERT (Bidirection-
al Encoder Representations from Trans-formers); vector-based text representations based on
the Continuous Bag of Words (CBOW) model, which is part of the Word2Vec architecture.
For source code, weight coefficients were optimized for structural metrics, such as the num-
ber of lines of code, cyclomatic complexity, the number of functions, token-based metrics,
and frequency histograms of syntax tree node types. During the conducted computational ex-
periment, we found out that the generalized metric with weighting coefficients configured by
particle swarm optimization algorithm improves the correlation with expert assessments by
28,61 % for scientific articles (r = 0,8013) and by 20,11 % for code (r = 0,7604) when com-
pared to the best results obtained from individual metrics used separately. The proposed ap-
proach can be applied to solving such practical problems as the automated creation of teams
of specialists, the selection of reviewers for scientific papers or software source code; the cre-
ation of student groups, and can be adapted for the analysis of other types of structured data,
such as technical documentation or patents.
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A.M. GOSTIN, S.V. SHOSHNIKOV. COMPARATIVE ANALYSIS OF SEMANTIC SEARCH
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Four semantic search methods for recommendation systems are experimentally compared
on a collection of 2000 TMDB movie descriptions: TF-IDF, pre-trained SBERT, fine-tuned
BERT with Triplet Loss, and a hybrid combining neural and lexical signals. First, the effect
of training set size (100 to 2000 items) on fine-tuned BERT quality is investigated. The re-
lationship turns out to be nonlinear: the main gains in Recall@]1 (54 %) and MAP (25,7 %)
only materialize at 2000 training samples, while smaller sets produce marginal improve-
ments. At best configuration, fine-tuned BERT outperforms TF-IDF by a factor of 1,5 in
MRR (0,284 vs. 0,188). Pre-trained SBERT without any domain adaptation surpasses TF-
IDF by 8,5 % in MRR. An unexpected finding concerns the hybrid method: de-spite com-
bining three signals, it scores below standalone SBERT on Recall@10, suggesting that na-
ive weight selection can degrade rather than improve retrieval quality. The obtained results
can be used in the design of recommendation systems where the quality of semantic search
over text descriptions determines the final relevance of recommendations. A software sys-
tem called SemanticBench with a graphical interface has been developed for conducting the
experiments and visualizing the results.
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N. A. DEMIDOV. SOLUTION TO THE PROBLEM OF ONE-CLASS CLASSIFICATION IN VAR-
TABLE-SIZE DESIGN SPACE USING SETS OF REGULAR EXPRESSIONS

Keywords: mixed optimization problem, variable-size design space, dimensional variable,
genetic algorithm, One Class SVM algorithm, Gray code, dataset, regular expression.

This article explores an approach to solving a mixed optimization problem in variable-size
design space using the example of tuning the parameters of one-class SVM classifier for
classifying datasets of regular expressions. The proposed approach enables switching be-
tween parameter spaces of different dimensions during the implementation of genetic algo-
rithm by introducing an additional gene encoding a dimensional variable into a chromo-
some. The dimensional variable enables switching between optimized parameter spaces dur-
ing optimization process and distinguishes chromosome genes into active and passive ones.
The approach utilizes Gray code to encode parameters of different types in chromosome
genes. Experimental results obtained using the example of tuning the parameters of one-class
SVM classifiers for datasets of regular expressions confirm the effectiveness of the proposed
approach. A genetic algorithm, in which an additional gene encoding a dimensional variable
is introduced into a chromosome, provides a simultaneous search for the values of optimized
parameters in spaces of different dimensions and allows one to obtain high values of classifi-
cation quality metrics, in particular, high values of F1-score metric on regular expressions be-
longing to «novelty» class in the problem of one-class classification.
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F. I. BASHKIN, S. V. SKVORTSOV. ANALYSIS OF DECODING STRATEGIES FOR LARGE
LANGUAGE MODEL RESPONSES IN MATHEMATICAL CONSULTING PROBLEMS WITH
LIMITED COMPUTATIONAL RESOURCES

Keywords: large language models (LLM), decoding strategies, text quality metrics, auton-
omous systems, neural networks, educational technologies, machine learning.

The problem of improving the quality of text generation by large language models in the
conditions of limited computational resources is considered. The aim of the work is to de-
velop and evaluate the efficiency of iterative quality control system implementing a set of
decoding strategies. Due to high computational complexity of directly obtaining optimal re-
sponses, an architecture that integrates direct decoding, iterative improvement with neural
network evaluation, document-oriented decoding, and a combined approach is proposed. To
aggregate quality metrics, a mathematical apparatus including BLEU, ROUGE, cosine simi-
larity, and perplexity is used. An experimental study of the influence of various strategies
on the quality of generated responses is carried out. The authors show that the proposed sys-
tem provides a significant increase in accuracy and completeness of responses during au-
tonomous operation on local resources, demonstrating an advantage due to the possibility of
additional training on specialized corpora and maintaining data confidentiality, which is
promising for deployment in secure educational environments.
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YU. L. LEOHIN, A. A. SYROEZHKO. METHOD FOR DEFECT LOCALIZATION AT SYSTEM
LEVEL USING LLM

Keywords: bug localization, semantic source code analysis, large language models, abstract
syntax tree, text vector representations, density-based clustering, text summarization, code
segmentation, clustering metrics.

This paper formulates defect localization problem as a search for relevant semantic systems
within a source code, shifting the focus from individual files or code snippets to higher-
level structural units. The study proposes a method to address this problem using Large
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Language Models (LLMs). The proposed approach is based on clustering vector representa-
tions of source code and comprises the following stages: AST-based code segmentation and
vectorization, dimensionality reduction (UMAP) combined with clustering (HDBSCAN),
and vector search. The interpretability of the resulting systems is also examined. An inte-
grated metric is developed to evaluate the quality of proposed clustering technique, along
with parameters for its optimization. The results of numerical experiments are presented,
demonstrating the effectiveness of the method for the problem stated.
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D. A. PEREPELKIN, A. N. SAPRYKIN, A. A. TIKHONOYV. IMPROVING THE EFFICIENCY OF
NEURAL NETWORK TRAINING PROCESS BASED ON GENETIC ALGORITHM MULTI-

THREADED IMPLEMENTATION
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The problem of optimizing the training process in neural networks (NN) is considered. The
aim of the work is to develop and evaluate the performance of a high-performance algo-
rithm for finding an optimal set of weights for a neural network aimed at solving a specific
type of problem. Due to high computational complexity of neural network training task,
multithreaded implementation of a genetic algorithm is proposed, focused on the efficient
use of computational resources of multiprocessor systems. Comparative testing with back
propagation algorithm was conducted on neural networks of various scales and orientations.
The article shows that the proposed multithreaded modification of genetic algorithm pro-
vides a significant reduction in training time and high stability of optimization process.
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This paper examines the architecture of intelligent video surveillance system, the development
of which is driven by growing security needs. The aim of the paper is to justify the choice of al-
gorithmic framework for the system, which enables the detection of people in surveillance
zones, tracking their movements, and reconstructing facial images in real time. A comparative
analysis of computer vision neural networks, tracking algorithms, and image reconstruction al-
gorithms is performed for various lighting conditions and input data quality. The impact of de-
tection model specialization and reconstruction methods on recognition accuracy, frame pro-
cessing time, and occlusion tolerance for daytime and nighttime operation is demonstrated.
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The article is devoted to the development and testing of the architecture for the integration
of natural language processing (NLP) technologies and predictive machine learning models
for analyzing the trucking market in organizational systems of digital platforms. The rele-
vance of the research is due to the fact that the modern freight transportation market is char-
acterized by a significant amount of unstructured data (dialogues, correspondence, voice
messages) containing valuable information about demand, routes and prices that are not

S. V. SKVORTSOYV, N. A. SOKOLOV. DEVELOPMENT AND RESEARCH OF SOFTWARE FOR
INTELLIGENT REAL-TIME VIDEO ANALYTICS SYSTEM

D. V. BOKAREYV. INTEGRATION OF NLP TECHNOLOGIES AND PREDICTIVE MODELS FOR
CARGO TRANSPORTATION MARKET ANALYSIS IN ORGANIZATIONAL SYSTEMS
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taken into account by traditional analytical tools based mainly on registers of completed
transactions. This limits the accuracy of forecasting and the effectiveness of management
decisions. The aim of the work is to develop and experimentally test an end-to-end architec-
ture combining the NLP module for extracting transaction attributes with the XGBoost pre-
dictive model for analyzing price dynamics and demand. Among the tasks: the formation of
a corpus of dialogues, the further training of the RUBERT model for extracting entities, the
construction of a feature space, the training and validation of a predictive model, as well as
the assessment of the management effects of implementation. The empirical base was
formed by dialogues of the digital platform. The accuracy of NER extraction reached
F1=0,887. The forecast model demonstrated a MAPE of 5,04 % for urban transportation (1
day horizon). The inclusion of NLP data reduced the forecast error by 1,34 percentage
points and increased R2 to 0,90. The implementation of the system provided management
effects: a 1,1 percentage point increase in conversion. It is concluded that the integration of
NLP and predictive analytics forms a new competitive advantage of platforms based on the
transformation of unstructured communications into a management forecasting tool.
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V. V. DROZHDIN. TRAINING AND SELF-LEARNING IN SELF-ORGANIZING INFORMATION
SYSTEM
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This article examines the problem of high-level learning and self-organization of adaptive in-
formation systems (AdIS) containing a formalized model of subject area in the form of a con-
ceptual model. Currently, a conceptual model is used only at system design stage and signifi-
cantly less frequently (in sufficiently developed systems) for solving data processing prob-
lems. Moreover, the adaptation of all information systems to changes in subject area, user re-
quirements, and internal organization is always performed by the developers or system ad-
ministrator (support group). However, the presence of a conceptual model in AdIS allows us-
ers to create and maintain information systems adequate to changing subject area through
high-level learning, while self-learning and self-organization will ensure high efficiency and
reliable operation of the system over a long period. The aim of this work is to analyze and
propose mechanisms for high-level learning and self-learning of AdIS, which will allow the
development of information systems based on the principles of self-organization. Serious the-
oretical foundations for constructing AdIS with flexible structure and developing self-learning
and self-organization mechanisms are singled out: general systems theory, cybernetics, syner-
getics, and logic. The proposed mechanisms of high-level learning through the creation and
modification by users of a conceptual model of subject area, self-organization of the system
based on recording and elimination of exceptions, identification of functional dependencies
and generic relationships in database, identification of hidden dependencies and generation of
new concepts contribute to long-term effective functioning of ADIS in variable subject area.
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M. M. BLAGIREYV, E.N. MIFTAKHOV. MATHEMATICAL MODELING AND NUMERICAL
STABILITY ANALYSIS OF CONSENSUS PROTOCOL IN DECENTRALIZED MULTI-AGENT
SYSTEMS
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This paper presents a mathematical model of a decentralized multi-agent system designed to
analyze consensus-reaching algorithms under the conditions of local information exchange
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between agents. An approach is proposed for describing agent dynamics based on a contin-
uous state model, communication network topology, and trust coefficients characterizing
the reliability of transmitted information. For steady-state operation, a linear consensus pro-
tocol is proposed and an analysis of its asymptotic stability is carried out. To verify the re-
sults obtained, a simulation software package that implements numerical integration of
agents’ state equations has been developed. During computational experiments, various op-
erating modes of the system and the influence of key perturbation factors were investigated.
The simulation results showed that, under ideal conditions, the system converges to consen-
sus monotonically; if permissible integration step is exceeded, it loses stability; and in the
presence of delays, it retains convergence but exhibits slowing of transient process and the
emergence of damped oscillations. The results obtained confirm the applicability of the de-
veloped model for analyzing the stability of decentralized multi-agent systems and justify
the need to develop adaptive control protocols that take into account the quality of commu-
nication channels.
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The author's methodology of restoring monthly values of quantitative feature based on its
quarterly data is presented. The sequential stages of methodology are described using the
example of seismic events flow analysis in Greater Caucasus system and adjacent territories
for the period of 2003-2023. The procedure for estimating monthly values of a feature based
on its initial quarterly data and their further transformation into real values is described. A
criterion for the typologization of monthly seismic events is proposed and the results of
comparing the calculated values of a feature with its actual values are presented. The con-
clusion about the effectiveness of the methodology is made.
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A linear regression construction method that minimizes maximum absolute approximation
error for a fixed number of observations with zero error has been developed. The task is re-
duced to linear Boolean programming: Boolean variables are introduced to indicate exact
matches, and non-negative variables to represent errors. The equivalence of original and
transformed problems is proved. A small penalty has been added for the sum of error mod-
ules, eliminating ambiguity of solutions and guaranteeing a set number of zero errors. The
method was applied to Severstal's data for 2009-2021. The authors show that an increase in
the number of zero errors naturally increases the maximum error, and the sum of error
modules does not change monotonously. The proposed approach allows you to flexibly
manage regression model properties.
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THE EFFICIENCY OF INTELLIGENT DIGITAL TWIN MODELS BASED ON ADDITIVE FEA-
TURE ATTRIBUTION
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The article examines the problem of explainability of machine learning models used in in-
telligent digital twins (IDTs). An analytical review of methods for enhancing the explaina-
bility of machine learning models used in IDTs is provided in the context of explainability-
accuracy dilemma. A new combined method for increasing the local explainability of fea-
tures in a training dataset is proposed, based on the use of additive attribution of features to-
gether with the assessment of predictive effective-ness of features on entire dataset. Using
the example of a neural network model for a digital twin of a credit manager, a numerical
experiment was conducted, which reflected the compliance of practical results with theoret-
ical principles. Specifically, the selection of features for training the model from the per-
spective of enhancing its explainability is shown to be proved suboptimal in terms of its
predictive effectiveness and, therefore, requires further verification. The novelty of the
work lies in the development of a methodology for combined use of additive attribution of
features together with the assessment of their predictive ability, which makes it possible to
solve the problem of explainability in the context of «explainability-accuracy» trade-off.
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A. A. TEPLOV. METHODOLOGY AND ALGORITHMS FOR SOLVING THE INVERSE PROB-
LEM IN MODELING FRACTAL STRUCTURE GROWTH
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The paper considers a methodology for solving the inverse problem in modeling the growth
of fractal structures with recovery of growth parameters from experimental data. A mathe-
matical apparatus for recovering iterative parameters of growth process based on logistic
regression and binary search algorithms is proposed. An algorithm for searching temporal
parameters with computational complexity O(log2N) x O(log2K) has been developed. Nu-
merical experiments confirming the accuracy of parameter recovery have been conducted.
The results of modeling with analysis of error functional and iterative approximation are
presented. The methodology is applicable for designing fractal structures with specified
characteristics in software for computing systems.

DOI: 10.21667/1995-4565-2026-96-1-231-237 ...eouiiiiriiiiiiieeieeeese et 231



