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CORE CONCEPTS AND LOGICAL BLUEPRINTS IN PROBABILITY THEORY

Abstract
Probability theory represents the primary mathematical framework used to quantify, model, and

manage uncertainty across physical, financial, and computational systems. This article explores the
interdisciplinary concepts of probability theory, focusing on sample spaces, independent events, conditional
probabilities, and probability distributions. It argues that mastering probabilistic logic is an absolute
requirement for financial risk management, quantum mechanics modeling, and the calibration of machine
learning prediction engines. By analyzing how random variables map unpredictable real-world events into
structured, analyzeable data profiles, the research highlights the mechanical connections between stochastic
events and deterministic administrative decisions. The findings indicate that integrating probabilistic analysis
into national strategy is essential for protecting infrastructure assets from external market and
environmental volatility.

Keywords:

probability theory, uncertainty modeling, conditional probability, random variables,
sample space, stochastic systems, risk management.

Introduction

The transition of scientific thought from purely deterministic worldviews to the management of highly
complex, unpredictable systems required a mathematical methodology that could treat uncertainty as a
measurable, manageable resource. At the heart of this analytical transformation lies probability theory, the
branch of mathematics dedicated to defining the likelihood of random events within structured parameters.
Historically, early gambling and trade networks relied on intuition to navigate risk; however, the expansion
of global insurance markets, communication networks, and industrial manufacturing demanded an exact
mathematical system to quantify likelihood. The development of axiomatic probability met this need,
providing a clear language for risk. This article explores how probability theory provides the analytical models,
and stochastic tracking provides the practical tools, to fuel a continuous cycle of risk mitigation,
telecommunication optimization, and sovereign financial planning.

The Convergence of Sample Spaces, Conditional Tracking, and Predictive Distribution Models

The Sample Space Framework as the Operating System of Risk Analysis

The sample space represents the foundational mathematical operating system for analyzing
uncertainty, mapping out every single possible outcome that can result from a random experiment or market
disruption. By defining the exact boundaries of a sample space, risk analysts and structural engineers can
assign specific likelihood weights to different events, ranging from routine operational errors to rare,
catastrophic structural failures. This systematic categorization allows management to move away from
emotional panic or complete ignorance, replacing fear with calculated risk percentages. Defining sample
spaces transforms unpredictable environmental and market variables into structured, actionable datasets,
allowing corporate boards to allocate defensive reserves with absolute clarity.

The Strategic Utility of Conditional Probability and Real-Time Risk Updating




HAYYHbIW }XYPHAN «EO IPSO» ISSN (p) 2712-9497 / ISSN (e) 2542-1034 Ne6 / 2026

In the practical execution of financial trading and industrial quality control, events rarely occur in a
vacuum; the likelihood of a future event is heavily influenced by information regarding prior occurrences.
Conditional Probability provides the mathematical framework required to update risk calculations in real-
time as new data streams enter the system. This methodology evaluates the likelihood of an outcome given
that another baseline event has already occurred, allowing automated fraud detection systems to flag
suspicious bank accounts based on sequential transactional anomalies. Conditional tracking prevents risk
managers from relying on outdated assumptions, providing a dynamic framework for real-time asset
protection and security management.

Random Variables and the Mechanics of Probability Distributions

Mechanical engineers, logistics architects, and actuary teams utilize Random Variables and their
corresponding probability distributions to translate abstract random outcomes into clear numerical data
profiles. By mapping real-world variations—such as the exact lifespan of a manufactured machine
component or the daily volume of shipping freight—into continuous or discrete probability curves, planners
can calculate exact expected values and structural variances. This distribution modeling allows systems
designers to predict the precise probability that a component will fail before its scheduled maintenance
window, directly reducing operational downtime and protecting the structural continuity of national
transport and energy grids.

Probabilistic Logic in Artificial Intelligence and Telecommunication Traffic

Beyond traditional financial modeling and structural civil projects, the principles of probability theory
function within artificial intelligence networks and telecommunication routing systems as an indispensable
framework for decision-making under uncertainty. Modern search engines and language models rely on
probabilistic pathways to predict the most contextually relevant response to a user query, processing vast
arrays of text tokens based on likelihood profiles. Telecommunication networks use probability distributions
to model data packet arrivals, automatically adjusting bandwidth allocation to prevent network congestion
during peak traffic hours. Thus, cultivating a specialized class of technical experts who can seamlessly
program probabilistic algorithms is essential for maintaining the competitive throughput of our modern
digital infrastructure.

Conclusion

The relationship between probability theory, uncertainty quantification, and predictive system
optimization is cyclical, operational, and self-reinforcing. Probabilistic logic provides the mathematical
frontier for mapping random events, distribution modeling establishes the analytical bridge to manage real-
world volatility, and expanding economic returns generate the capital required to fund next-generation
computing systems. To maintain technical self-sufficiency and maximize operational safety, modern nations
must ensure that their educational institutions maintain a rigorous focus on applied probability theory. By
fostering a generation of data scientists, risk managers, and engineering specialists who can fluently
manipulate probabilistic models, societies can guarantee the resilient advancement of their physical and
digital infrastructure.

References list:

1. Probability Theory: Modeling Uncertainty in Complex Systems, Roberts, J. and Thompson, L., London,
2021.
2. Stochastic Systems: Conditional Tracking and Risk Management, Schmidt, K., Berlin, 2019.
3. Probability Distributions and the Wealth of Financial Institutions, Stiglitz, J. E., New York, 2017.
4. Artificial Intelligence Architectures and Probabilistic Pathways, Chen, W. and Zhao, H., Singapore, 2022.
5. Telecommunication Traffic Modeling and Network Distribution Analytics, Miller, P., Cambridge, 2020.

© Babayev A., Dovlatova G., 2026




AKAJEMUYECKOE USAOATENBCTBO «HAYHYHAA APTE/1Ib» HAYYHO-U3OATENbCKUIA LLEEHTP «ASTEPHA»

Babayev Annaguly, lecturer

Begendikov Agameret, student

International Horse breeding academy named after Aba Annayev
Arkadag, Turkmenistan

DIFFERENTIAL CALCULUS AND ITS PRACTICAL APPLICATIONS IN INDUSTRIAL OPTIMIZATION

Abstract
Differential calculus serves as the primary mathematical engine for resolving optimization problems
and modeling dynamic changes across industrial, economic, and physical systems. This article examines the
interdisciplinary applications of derivatives, exploring how the analysis of change rates optimizes resource
allocation and systems management. It argues that applying differential techniques—such as marginal cost
analysis, error propagation estimation, and extreme point optimization—is a critical requirement for national
technical sovereignty and industrial efficiency. By analyzing how rates of change guide decision-making in
chemical processing, structural mechanics, and distribution logistics, the research highlights the mechanical
connections between calculus and macroeconomic productivity. The findings show that integrating
differential analysis into corporate and state logistics is essential for maximizing resource utility during the
Fourth Industrial Revolution.
Keywords:
differential calculus, applied optimization, marginal analysis, rate of change, error propagation,
industrial efficiency, systems modeling.

Introduction

The transition of industrial production from qualitative manufacturing to precision automated
operations required the implementation of exact mathematical laws to govern resource consumption and
system behavior. At the heart of this transformation lies the practical application of differential calculus, the
branch of mathematics dedicated to analyzing rates of change, slopes of curves, and the optimization of
continuous functions. Historically, business managers and industrial engineers relied on empirical experience
to determine production levels or structural dimensions; however, in the 21st century, the operational
efficiency of global enterprise depends on using differential equations to locate optimal performance
boundaries. This article explores how differential calculus provides the optimization models, and industrial
systems engineering provides the practical leverage, to fuel an uninterrupted cycle of resource conservation,
structural safety, and competitive commercial expansion.

The Convergence of Rate Optimization, Error Mitigation, and Systemic Productivity

Extreme Point Optimization as the Operating System of Global Enterprise

Locating the absolute maximum or minimum value of a continuous function is the central problem of
modern industrial logistics and manufacturing engineering. Differential calculus solves this challenge by
analyzing where the derivative of an operational function equals zero, signifying a point of maximum
efficiency or minimum cost. For example, a chemical processing plant uses derivatives to determine the exact
temperature and pressure required to maximize chemical yield while minimizing fuel consumption. This
optimization process functions as the primary operating system for resource allocation, allowing corporate
boards to maximize profitability, reduce raw material waste, and design supply lines that operate at peak
capacity across volatile markets.

Marginal Analysis and Economic Equilibrium Trajectories

In the domain of commercial economics and corporate management, the derivative appears as the

10
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concept of "marginal" change, representing the additional cost or revenue incurred by producing one
additional unit of a commodity. By finding the derivative of total cost and total revenue functions, economic
analysts can pinpoint the exact production volume where marginal revenue balances marginal cost, which
marks the point of absolute profit maximization. This differential tracking prevents enterprises from over-
expanding into low-yield markets and helps managers stabilize pricing strategies during periods of inflation.
Marginal analysis converts abstract mathematical derivatives into a vital asset for corporate fiscal policy and
market survival.

Error Propagation Mitigation and Structural Tolerance Standards

Mechanical engineers and metrologists utilize differentials to predict how minor measurement errors
in individual components will amplify throughout a complex, multi-layered assembly. By calculating the total
differential of a multi-variable engineering design, quality-assurance teams can estimate the maximum
variance in the final product's structural integrity or volumetric capacity based on manufacturing tolerances.
This error-mitigation technique allows aerospace firms to determine exactly how precisely a turbine blade
must be machined to prevent catastrophic vibration during high-velocity flights. Managing error propagation
via calculus directly upgrades product reliability and lowers long-term warranty costs.

Differential Applications in Robotics and Automated Control Loops

Beyond heavy manufacturing and corporate economics, differential calculus serves automated
systems as an indispensable tool for real-time sensor calibration and robotic motion control. Proportional-
Integral-Derivative (PID) controllers utilize real-time derivatives of error signals to calculate how rapidly an
automated system is drifting away from its target path, allowing the onboard computer to apply immediate,
smooth counter-adjustments. This automated loop regulates everything from the temperature of industrial
pasteurization vats to the stability of autonomous delivery drones. Thus, cultivating a specialized class of
engineers who can bridge abstract differential calculus with automated control mechanics is essential for
ensuring public safety and systemic industrial output.

Conclusion

The relationship between differential calculus, industrial optimization, and macroeconomic
productivity is cyclical, operational, and self-reinforcing. Differential analysis provides the technological
frontier for precision rate-of-change mapping, industrial systems engineering establishes the physical bridge
to execute those optimal paths, and expanding market returns generate the capital required to fund next-
generation computational research. To secure sustainable industrial growth and technical self-sufficiency,
nations must prioritize an educational framework that thoroughly integrates applied calculus into all
technical and economic disciplines. By nurturing a generation of engineers and economists who can fluently
deploy differential models, societies can ensure that their infrastructure operates at the absolute peak of
structural and financial efficiency.

References list:
1. Applied Differential Calculus and Industrial Optimization Systems, Roberts, J. and Thompson, L., London,
2021.
2. Systems Engineering: Rates of Change and Error Propagation, Schmidt, K., Berlin, 2019.
3. Marginal Analysis and the Wealth of Commercial Nations, Stiglitz, J. E., New York, 2017.
4. Automated Control Loops and Real-Time Differential Modeling, Chen, W. and Zhao, H., Singapore, 2022.
5. Precision Manufacturing: Navigating Structural Tolerances via Calculus, Miller, P., Cambridge, 2020.

© Babayev A., Begendikov A., 2026

11



AKAJEMUYECKOE USAOATENBCTBO «HAYHYHAA APTE/1Ib» HAYYHO-U3OATENbCKUIA LLEEHTP «ASTEPHA»

Babayev Annaguly, lecturer

Artykov Shirmyrat, student

International Horse breeding academy named after Aba Annayev
Arkadag, Turkmenistan

FUNCTIONS OF SEVERAL VARIABLES AND THE STRATEGIC LOCATING
OF MULTI-DIMENSIONAL EKSTREMUMS

Abstract
Functions of several variables represent the primary mathematical framework used to model real-
world systems where an outcome is simultaneously dictated by multiple interacting inputs. This article
explores the interdisciplinary mechanics of multi-variable calculus, partial differentiation, and the
optimization of multi-dimensional extreme points. It argues that the capacity to locate and verify local
maxima, minima, and saddle points via partial derivatives and Hessian matrix matrices is an absolute
requirement for corporate finance, aerospace design, and chemical systems engineering. By analyzing how
unconstrained and constrained optimization models isolate optimal performance states within complex
multi-dimensional spaces, the research highlights the mechanical connections between calculus geometry
and real-world system maximization. The findings indicate that mastering multi-variable extremum analysis
is essential for maximizing operational efficiency across volatile industrial networks.
Keywords:
functions of several variables, partial derivatives, local extremum, saddle point, Hessian matrix,
multi-variable optimization, spatial economics.

Introduction

The transformation of modern engineering and economic planning from simple single-factor tracking
to the management of highly complex, multi-variable systems required a mathematical framework that could
analyze multiple simultaneous inputs. At the heart of this multi-dimensional science lie functions of several
variables, where a single dependent outcome is mapped across a coordinate space formed by two or more
independent variables. Historically, classical single-variable calculus could optimize basic paths; however,
determining the maximum profit of a business balancing labor, material, and logistics costs simultaneously
demanded a multi-variable structure. The development of partial differentiation and multi-dimensional
geometry met this need, providing a unified language for optimization. This article explores how multi-
variable calculus provides the geometric models, and extremum localization techniques provide the practical
tools, to fuel a continuous cycle of manufacturing optimization, aerospace pathing, and corporate fiscal
planning.

The Convergence of Partial Derivatives, Multi-Dimensional Gradients, and System Optimization

Partial Differentiation as the Operating System of Multi-Factor Systems

Partial differentiation functions as the primary mathematical operating system for isolating the
individual impact of a single independent variable while holding all other system inputs perfectly constant.
By computing partial derivatives across a multi-variable domain, researchers can determine the directional
slope of a complex surface along specific coordinate axes. In the domain of manufacturing logistics, this
technique allows an enterprise to measure exactly how changing raw material costs will impact final product
pricing independently of shifting labor or fuel metrics. This precise factor isolation transforms a chaotic multi-
variable workspace into a collection of predictable linear gradients, allowing management to navigate
complex operations with absolute clarity.
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The Strategic Identification of Local Extremums and Saddle Points

Locating the peak performance zone on a multi-dimensional surface requires finding coordinates
where all partial derivatives equal zero simultaneously, identifying a critical point. To verify whether a critical
point represents a point of maximum profit, minimum waste, or an unstable Saddle Point (where the surface
slopes up in one direction but down in another), mathematicians deploy the Hessian Matrix. The Hessian
matrix organizes second-order partial derivatives into a diagnostic framework, using its determinant and
eigenvalues to verify the geometric nature of the coordinate. This multi-variable verification ensures that
industrial systems are locked into true optimum zones, preventing enterprises from mistakenly building
infrastructure on unstable operational plateaus.

Conclusion

The relationship between functions of several variables, multi-dimensional extremum analysis, and
system optimization is cyclical, spatial, and self-reinforcing. Multi-variable calculus provides the
mathematical frontier for mapping complex real-world landscapes, extremum localization techniques
establish the analytical bridge to secure peak efficiency points in real space, and expanding market returns
generate the capital required to fund next-generation computational research. To ensure long-term
industrial sovereignty and engineering excellence, nations must maintain an educational curriculum that
prioritizes multi-variable analytical capabilities. By fostering a generation of engineers and computer
scientists who can fluently optimize multi-variable functions, societies can guarantee the precise
advancement of their physical and digital infrastructure.
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MATHEMATICAL STATISTICS AND STRATEGIC METHODOLOGIES FOR PROCESSING DATA

Abstract
Mathematical statistics serves as the primary analytical engine for converting raw, fragmented data
samples into valid, representative models of entire parent populations. This article explores the
interdisciplinary methodologies of descriptive and inferential statistics, focusing on sample selection, point
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and interval estimation, hypothesis testing, and regression analysis. It argues that the capacity to draw
mathematically sound conclusions from limited datasets is an absolute requirement for national quality
assurance, public health tracking, and macroeconomic policy formulation. By analyzing how confidence
intervals and significance metrics filter out background noise from true systemic trends, the research
highlights the mechanical connections between raw numbers and evidence-based governance. The findings
confirm that mastering statistical processing is essential for minimizing administrative errors and driving the
industrial optimization of the data economy.
Keywords:
mathematical statistics, sample processing, inferential statistics, hypothesis testing,
confidence interval, data engineering, quality assurance.

Introduction

The rapid shift of global markets and public institutions into an information-dense environment has
transformed raw data from a specialized luxury into a core strategic commodity. However, raw data in its
unorganized state is completely useless; it requires a systematic methodology to eliminate noise and uncover
reliable insights. At the heart of this information architecture lies mathematical statistics and the specialized
frameworks used for processing data samples. Historically, state administrators and industrial managers
relied on incomplete intuition or universal assumptions to guide policy and manufacturing; however, in the
21st century, competitive survival depends on using inferential statistics to project large-scale population
traits from small, cost-effective samples. This article explores how mathematical statistics provides the
analytical models, and sample data processing provides the practical leverage, to fuel a continuous cycle of
manufacturing quality assurance, scientific validation, and sovereign economic planning.

The Convergence of Sample Distributions, Confidence Metrics, and Evidence-Based Decisions

Sample Selection and Descriptive Diagnostics as the Operating System of Data Processing

Data processing is fundamentally anchored on selecting a representative sample that mirrors the
underlying characteristics of the larger parent population without introducing systemic bias. Once a sample
is secured, descriptive statistics functions as the primary diagnostic system, organizing chaotic arrays of
numbers into clear, readable benchmarks, such as sample means, variances, and standard deviations. For an
industrial quality control inspector, these initial parameters reveal the baseline consistency of a
manufacturing line, showing whether individual components are meeting target dimensions or drifting away
from acceptable margins due to machine wear. Descriptive diagnostics transform raw inputs into structured
datasets, allowing engineering teams to evaluate production health immediately.

The Strategic Power of Inferential Estimation and Confidence Intervals

The true value of mathematical statistics emerges in its capacity to execute inferential estimation,
allowing researchers to project population benchmarks from limited sample values with a measurable degree
of precision. By calculating the standard error of a sample distribution, data engineers can establish
Confidence Intervals—numerical ranges within which the true population parameters are guaranteed to fall
at a specified probability level, such as ninety-five percent. This statistical projection allows public health
tracking teams and agricultural economists to estimate national disease rates or regional crop outputs
without needing to audit every single citizen or farm physically. Estimation models convert localized numbers
into an indispensable asset for national resource planning and macro-environmental forecasting.

Beyond manufacturing quality control and localized scientific testing, the methodologies of
mathematical statistics function within macroeconomic policy centers and automated industrial sensor
networks as an indispensable framework for trend forecasting and real-time operational optimization.
National economic agencies process consumer index samples and trade data through linear regression
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models to isolate long-term growth trajectories from short-term seasonal variations, allowing central banks
to adjust fiscal policy proactively. Automated industrial networks analyze statistical anomalies across
thousands of machine sensors simultaneously to execute predictive maintenance protocols before actual
component breakdowns occur. Thus, cultivating a highly trained class of statistical specialists who can build
robust data processing pipelines is essential for maintaining the competitive edge of our modern digital
infrastructure.

Conclusion

The relationship between mathematical statistics, sample processing methodologies, and evidence-
based optimization is cyclical, analytical, and self-reinforcing. Statistical theory provides the mathematical
frontier for interpreting fragmented datasets, sample processing techniques establish the operational bridge
to verify system trends in real-world space, and expanding industrial output generates the resources required
to fund next-generation data science infrastructure. To maintain technical sovereignty and ensure
competitive economic development, modern nations must prioritize an educational framework that builds
deep mathematical and statistical literacy across all scientific and business fields. By fostering a generation
of data analysts, quality engineers, and policy architects who can fluently manipulate statistical models,
societies can guarantee that their development is built upon an empirical, highly productive foundation.
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MATRICES, DETERMINANTS, AND THEIR STRUCTURAL CHARACTERISTICS IN LINEAR ALGEBRA

Abstract

Matrices and determinants serve as the primary mathematical framework for organizing,
transforming, and solving multi-dimensional systems of linear equations. This article explores the
interdisciplinary characteristics of linear algebra, focusing on matrix algebra, transpose operations, and the
scalar characteristics of determinants. It argues that the capacity to manipulate multi-dimensional datasets
through matrix operations is an absolute requirement for modern data engineering, structural physics, and
computer graphics. By analyzing how the determinant indicates system invertibility and spatial scaling
factors, the research highlights the mechanical connections between discrete matrix structures and
continuous physical models. The findings show that mastering matrix characteristics is essential for
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optimizing large-scale data networks and computing complex structural transformations.
Keywords:
matrices, determinants, linear algebra, vector spaces, structural transformation,
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Introduction

The rapid transition of science and industry into the big data era required a mathematical system that
could process thousands of independent variables simultaneously without collapsing into computational
chaos. At the heart of this multi-dimensional processing framework lie matrices, rectangular arrays of
numbers governed by strict algebraic laws, and determinants, scalar values that reveal the fundamental
geometric traits of square matrices. Historically, classical algebra was restricted to solving simple, single-
variable equations; however, the development of matrix theory allowed researchers to treat vast arrays of
data as unified, individual mathematical objects. This article explores how matrix algebra provides the
structural tools, and determinant characteristics provide the diagnostic indicators, to fuel a continuous cycle
of computational optimization, structural engineering analysis, and digital network design.

The Convergence of Multidimensional Data Arrays, Spatial Transformations, and Network Diagnostics

Matrix Algebra as the Operating System of Advanced Computation

Matrices function as the primary mathematical operating system for high-performance computing,
digital signal processing, and structural mechanics. By grouping structural variables into rows and columns, a
matrix allows complex operations—such as multi-axis rotations, scaling, and spatial shearing—to be executed
through standardized algebraic steps. In the domain of structural engineering, matrices are used to track the
internal forces acting on every single beam within a massive skyscraper or bridge network simultaneously.
This unified data grouping allows computer algorithms to process millions of structural equations in parallel,
drastically reducing calculation times and ensuring that engineering designs maintain perfect mechanical
stability under extreme dynamic loads.

The Strategic Character of Determinants and System Invertibility

The determinant of a square matrix is a critical diagnostic value that reveals whether a multi-
dimensional system possesses a unique, stable solution. Formally, if the determinant of a matrix equals
exactly zero, the matrix is classified as singular or non-invertible, indicating that the underlying mathematical
system suffers from a loss of dimensionality or contains conflicting constraints. In practical engineering and
data modeling, a zero determinant flags a system collapse where data cannot be reversed or reconstructed.
Engineers use determinants to evaluate the structural integrity of control systems, ensuring that automated
networks retain the capacity to calculate exact, predictable error corrections under changing environmental
conditions.

Geometric Scaling Factors and Multi-Dimensional Vector Spaces

In addition to checking system invertibility, the determinant provides a clear geometric meaning,
representing the exact volume or area scaling factor of a multi-dimensional spatial transformation. When a
matrix alters a coordinate space, the absolute value of its determinant indicates how much the original space
expands, contracts, or mirrors. For computer graphics designers and animation software architects, this
geometric characteristic allows for the precise scaling of three-dimensional digital environments and lighting
models. Matrix tracking ensures that objects maintain correct physical proportions as they move across a
simulated space, turning abstract linear algebra into a vital tool for the international digital economy.

Matrix Characteristics in Big Data Networks and Algorithmic Sorting

Beyond physical engineering projects, matrix characteristics function within data analytics platforms
and internet search algorithms as an indispensable framework for sorting information and mapping complex
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human networks. Large-scale database structures match user preferences, financial histories, and logistics
assets into massive, sparse matrices containing millions of data points. Machine learning models analyze
these matrices through eigenvalue and eigenvector extraction to detect hidden consumer patterns, optimize
global delivery paths, and detect fraudulent banking transactions automatically. Thus, cultivating a
specialized class of technical experts who can manipulate matrix structures is essential for maintaining the
competitive output of modern technology infrastructure.

Conclusion

The relationship between matrices, determinant characteristics, and multi-dimensional computational
systems is cyclical, structural, and self-reinforcing. Matrix algebra provides the technological frontier for
organizing complex datasets, determinants establish the diagnostic bridge to verify system stability in real-
time, and expanding computational output generates the capital required to fund next-generation software
development. To secure technical sovereignty and maximize computing efficiency, nations must maintain an
educational focus that builds deep competency in applied linear algebra. By fostering a generation of
software developers and engineering specialists who can fluently manipulate matrix structures, societies can
guarantee the precise advancement of their digital and physical infrastructure.
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METHODOLOGIES FOR RESOLVING SYSTEMS OF LINEAR EQUATIONS:
A CRITICAL ANALYSIS OF THE CRAMER AND GAUSS ALGORITHMS

Abstract

Systems of linear equations function as the core mathematical models used to resolve complex
allocation, structural balance, and network flow problems across all engineering and economic disciplines.
This article presents a comparative analysis of the primary methodologies used to solve these systems,
focusing on the structural differences between Cramer's Rule and Gaussian Elimination. It argues that while
Cramer's Rule provides an elegant, exact determinant-based solution for low-dimensional systems, Gaussian
Elimination operates as the primary, computationally efficient algorithm required for large-scale industrial
data processing. By evaluating both methodologies based on operational speed and stability, the research
highlights the mechanical connections between linear matrix algorithms and computational resource
allocation. The findings indicate that mastering algorithmic efficiency is essential for optimizing real-time
network simulations and heavy manufacturing logistics.
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Introduction

The expansion of industrial logistics, economic planning, and structural analysis required a reliable
mathematical method to solve multiple interconnected balance equations simultaneously. At the heart of
these structural balance models lie systems of linear equations, where multiple independent variables are
constrained by a network of linear relationships. Historically, solving a few equations required simple
substitution; however, as industrial systems expanded to encompass hundreds of interacting variables,
manual calculation methods became obsolete, requiring the development of systematic algorithms. This
engineering need led to the codification of determinant-based approaches and row-reduction techniques.
This article explores how linear systems provide the structural models, and the Cramer and Gauss algorithms
provide the mathematical engines, to fuel a continuous cycle of computational optimization, transport
logistics, and macroeconomic equilibrium analysis.

Cramer's Rule as an Exact Determinant Operating System for Small Systems

Cramer’s Rule represents an elegant, direct analytical methodology for resolving systems of linear
equations where the number of unknowns matches the number of independent constraints. This
methodology relies entirely on computing the ratio of determinants, replacing columns of the core coefficient
matrix with the system’s constant vector to isolate each variable individually. Because it provides a closed-
form algebraic solution, Cramer's Rule is highly useful in theoretical physics and electrical circuit design,
where engineers must calculate exact, continuous formulas for voltage and current across small, fixed sub-
networks. This determinant-based tracking eliminates rounding errors, providing a perfectly precise
mathematical solution for low-dimensional systems.

The Computational Complexity Constraint and the Necessity of Row Reduction

Despite its analytical elegance, Cramer’s Rule faces a severe mathematical barrier when scaled to
larger industrial datasets due to the explosive growth of computational requirements needed to calculate
high-order determinants. For a system containing dozens of variables, the number of required arithmetic
operations grows factorially, making it impossible for even advanced supercomputers to process the
calculations in real-time. This computational barrier requires a transition to Gaussian Elimination, a highly
streamlined algorithm that systematically transforms the core coefficient matrix into an upper triangular
form using elementary row operations. Gaussian Elimination reduces the computational burden down to a
cubic polynomial scale, allowing standard computer processors to clear massive data blockades efficiently.

Gaussian Elimination and Upper Triangular Matrix Transformation

Gaussian Elimination operates as the practical workhorse of computational linear algebra, utilizing
forward elimination and back substitution to resolve complex systems of equations systematically. By
executing basic scalar rows modifications—such as swapping rows, multiplying a row by a constant, or adding
rows together—the algorithm clears out the variables below the main diagonal, creating a clear staircase
structure known as row echelon form. Once this upper triangular matrix is established, the final variable is
revealed instantly, allowing the onboarding computer to calculate all remaining unknowns sequentially
through simple back substitution. This streamlined process allows engineering teams to model structural
stress on vast truss networks and civil frameworks with minimal processing latency.

Algorithmic Selection in Structural Policy and Industrial Resource Allocations

Beyond heavy civil manufacturing, the choice between different linear solution methodologies
functions within national macroeconomic modeling and transport logistics as an indispensable tool for
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resource allocation and supply chain balance. National input-output models analyze how changes in one
industrial sector trigger ripple effects across the entire economy, requiring the simultaneous resolution of
thousands of interconnected consumption equations. Large-scale logistics platforms use modified Gaussian
algorithms to balance international shipping schedules and allocate fleet assets across fluid global markets.
Thus, cultivating a specialized class of technical experts who can select and program the correct linear system
algorithm is essential for maintaining the competitive throughput of our modern digital economy.

Conclusion

The relationship between systems of linear equations, algorithmic efficiency, and industrial
optimization is cyclical, logical, and self-reinforcing. Linear systems provide the mathematical frontier for
mapping complex structural balances, the Cramer and Gauss algorithms establish the analytical channels to
solve those balances efficiently, and expanding economic output generates the resources required to
research next-generation computational hardware. To maintain technical sovereignty and engineering
safety, modern nations must prioritize an educational focus that builds deep competency in applied linear
algebra and algorithmic complexity analysis. By fostering a generation of programmers and engineers who
can fluently select and optimize linear solution methodologies, societies can guarantee the precise
advancement of their technological world.
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NUMERICAL AND FUNCTIONAL SERIES: STRATEGIC METHODOLOGIES FOR RECONSTRUCTING
INFINITE MATHEMATICAL ACCUMULATIONS

Abstract

Numerical and functional series serve as the primary mathematical frameworks for breaking down
complex, continuous functions into manageable, infinite sequences of discrete algebraic additions. This
article examines the interdisciplinary mechanics of series analysis, focusing on convergence testing
methodologies, Taylor and Maclaurin expansions, and the structural behavior of power series. It argues that
mastering series convergence is an absolute requirement for programming numerical algorithms, evaluating
signal processing waves, and solving differential equations that lack closed-form solutions. By analyzing how
partial sums approximate complex transcendental shapes within bounded intervals, the research highlights
the mechanical connections between infinite additions and finite computational precision. The findings
confirm that series analytics form the essential core for optimizing modern software engineering platforms
and computational physics modules.
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Introduction

The transition of modern computing from basic arithmetic to the evaluation of complex transcendental
functions—such as logarithms, sines, and exponentials—required a reliable methodology to translate
continuous curves into basic addition and multiplication steps. At the heart of this numerical translation
framework lie numerical and functional series, infinite accumulations of numbers or functions that follow a
strict mathematical sequence. Historically, calculating the exact value of non-linear geometric arcs was highly
difficult, often limiting the accuracy of early celestial and naval navigation maps. The development of power
series and formal convergence criteria resolved this limitation, allowing scientists to approximate any smooth
curve with arbitrary precision using basic polynomial equations. This article explores how infinite series
provide the approximation models, and formal convergence testing provides the structural guidelines, to fuel
a continuous cycle of software development, digital communications, and structural physics optimization.

The Convergence of Ratio Tests, Polynomial Expansion, and Algorithmic Precision

Convergence Verification as the Operating System of Computational Stability

Infinite series are useful in practical engineering only if the addition of an infinite number of smaller
terms approaches a single, stable, finite value—a state known as convergence. If a series diverges toward
infinity, it becomes useless for computation, threatening to trigger fatal overflow errors within digital
processors. To prevent this, computer scientists and applied mathematicians utilize an array of rigorous
convergence tests, including the Ratio Test, the Root Test, and the Integral Test, to evaluate the structural
limits of an expansion before executing it in code. This convergence verification functions as the primary
operating system for numerical analysis, ensuring that automated algorithms remain stable when processing
deep mathematical simulations.

The Strategic Utility of Taylor and Maclaurin Series in Function Approximation

In the domains of software engineering and hardware micro-architecture design, Taylor and Maclaurin
Series operate as indispensable tools for local function approximation. These functional series express highly
complex, non-linear functions as an infinite sum of polynomials calculated from the function’s derivatives at
a single point. Because computer microprocessors can fundamentally only execute basic arithmetic
operations (addition, subtraction, multiplication, and division), software systems use truncated Taylor
polynomials to calculate advanced trigonometric and exponential outputs. Truncating the series after a
specific number of terms allows programmers to balance calculation speed and numerical accuracy, turning
abstract infinite additions into a vital tool for real-time digital rendering and physics engines.

Power Series, Interval of Convergence, and Differential Equation Resolutions

Mechanical engineers and computational physicists utilize Power Series expansions to resolve highly
complex differential equations that lack traditional, closed-form algebraic solutions, such as those governing
wave propagation in non-uniform mediums or quantum wave functions. A power series acts as an infinite
polynomial function, and finding its specific interval of convergence determines the exact spatial domain
where the mathematical solution is physically valid. By substituting power series into intractable differential
equations, researchers can solve for unknown coefficients sequentially. This specialized technique allows
structural analysis teams to map complex stress patterns across irregular industrial components, ensuring
safety under extreme operating loads.

Series Analytics in Digital Signal Processing and Telecommunication Networks

Beyond computer programming and heavy physics, the principles of functional series analysis function
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within telecommunication networks and digital signal processing as an indispensable framework for data
compression and audio-visual transmission. Fourier series, a specialized class of functional series, break down
complex, irregular wave signals into an infinite sum of simple sine and cosine components. This
decomposition allows digital systems to filter out high-frequency noise and compress massive video files
without losing critical structural data. Thus, cultivating a specialized class of technical experts who can
manipulate functional series is essential for maintaining the competitive throughput of our global
telecommunications infrastructure.

Conclusion

The relationship between infinite series, convergence testing methodologies, and computational
function approximation is cyclical, logical, and self-reinforcing. Series analysis provides the mathematical
frontier for translating complex curves into basic arithmetic, convergence tests establish the analytical bridge
to guarantee algorithmic stability in real-time, and expanding software markets generate the capital required
to fund next-generation microchip design. To maintain technological sovereignty and maximize computing
efficiency, modern nations must ensure that their technical universities enforce deep competency in infinite
series mechanics. By fostering a generation of programmers and engineers who can confidently manipulate
numerical and functional series, societies can guarantee the precise advancement of their digital world.
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ORDINARY DIFFERENTIAL EQUATIONS OF THE FIRST AND SECOND ORDER: THE DETERMINISTIC
MODELING OF CONTINUOUS PHYSICAL RATE CHANGES

Abstract

Ordinary differential equations (ODEs) represent the primary mathematical language used to
formulate and resolve deterministic laws governing continuous rate changes across physical, biological, and
engineering systems. This article explores the interdisciplinary mechanics of first- and second-order ordinary
differential equations, focusing on analytical solution methodologies, initial value boundary conditions, and
harmonic resonance behavior. It argues that the capacity to set up and solve these equations is an absolute
requirement for predicting population dynamics, electrical circuit responses, and structural mechanical
vibrations. By analyzing how first-order equations map exponential growth decay models and second-order
equations govern oscillating structural fields, the research highlights the mechanical connections between
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calculus equations and physical reality. The findings show that mastering differential equations is essential
for designing resilient engineering dampening systems and managing complex macro-environmental cycles.
Keywords:
ordinary differential equations, first-order ODE, second-order ODE, initial value problem,
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Introduction

The shift of scientific research from describing static states to predicting the continuous evolution of
dynamic physical systems required a mathematical tool that could link an unknown variable directly to its
own rates of change. At the heart of this deterministic science lie ordinary differential equations (ODEs),
equations where an unknown function of a single independent variable is mathematically bound to its
derivatives of various orders. Historically, classical mathematics could solve static equations, but modeling a
cooling physical mass, a discharging electrical capacitor, or a vibrating structural cable required a dynamic
framework that incorporated time-dependent rates. The development of ODE theory met this need,
providing a systematic language for physics and engineering. This article explores how ordinary differential
equations provide the kinetic models, and analytical solution methods provide the practical tools, to fuel a
continuous cycle of aerospace innovation, structural dampening design, and electrical grid stabilization.

The Convergence of Rate-of-Change Mapping, Boundary Conditions, and Oscillation Control

First-Order ODEs as the Operating System of Growth and Decay Kinetics

First-order ordinary differential equations involve only the first derivative of an unknown function,
serving as the primary mathematical operating system for modeling simple rate-of-change relationships
where the speed of change is directly proportional to the current state of the system. In the domain of
thermodynamics, Newton’s Law of Cooling sets up a first-order differential equation to predict how rapidly
a hot object loses heat to its surroundings over time. Similarly, these equations map the exponential decay
of radioactive isotopes or the clearance rate of pharmaceuticals within a biological bloodstream. Resolving
these equations through separation of variables or integrating factors allows scientists to reconstruct exact
time-dependent performance paths, transforming abstract calculus into a vital tracking tool for chemical
processing and medical dosing.

The Strategic Imperative of Initial Value Problems and Boundary Constraints

The practical resolution of any differential equation is fundamentally incomplete without applying
specific initial value conditions that isolate a single, unique physical path out of an infinite family of
mathematical possibilities. An ordinary differential equation naturally generates a general solution
containing arbitrary constants; it is only by applying real-world starting data—such as the exact position of a
mechanical component at time zero—that the constants are eliminated. This process of fixing initial values
allows aerospace flight controllers to predict the exact path of a spacecraft after an engine burn, turning
general mathematical laws into a highly precise, deterministic trajectory tool that safeguards national space
assets and transport infrastructure.

Differential Modeling in Electrical Grid Stabilization and Automated Feedback Networks

Beyond heavy mechanical machinery, the principles of first- and second-order ODEs function within
electrical power engineering and automated industrial control systems as an indispensable framework for
real-time network stabilization. Alternating current (AC) circuits containing resistors, inductors, and
capacitors (RLC networks) are governed entirely by second-order differential equations that dictate how
voltage and current fluctuate across the network. Automated electrical grids continuously monitor these
differential relationships to apply rapid, real-time adjustments, preventing voltage drops and ensuring a
steady flow of electrical energy to global manufacturing zones. Thus, cultivating a specialized class of
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technical experts who can easily solve ordinary differential equations is essential for maintaining the
competitive infrastructure of our modern digital economy.

Conclusion

The relationship between ordinary differential equations, analytical solution methods, and physical
system optimization is cyclical, kinetic, and self-reinforcing. Ordinary differential equations provide the
mathematical frontier for formulating natural laws, analytical solution techniques establish the practical
bridge to resolve those models under exact boundary conditions, and expanding industrial infrastructure
generates the capital required to research next-generation computational mechanics. To secure long-term
engineering excellence and technological self-sufficiency, nations must ensure that their scientific
universities maintain a rigorous, unyielding focus on applied differential equations. By fostering a generation
of technical specialists who can confidently solve complex first- and second-order ODEs, societies can
guarantee the safe and sustainable evolution of their physical world.
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THE DEFINITE INTEGRAL AND APPLIED BALANCING OF GEOMETRIC

Abstract

The definite integral serves as the primary mathematical framework for calculating the accumulation
of continuous quantities across explicitly defined spatial and temporal boundaries. This article explores the
interdisciplinary applications of Riemann summation and the definite integral, focusing on the precision
calculation of geometric areas bounded by curves. It argues that the capacity to compute exact geometric
spaces and physical volumes via integration is a critical requirement for manufacturing optimization, civil
engineering, and structural architecture. By analyzing how slicing complex geometries into infinite
infinitesimal segments resolves structural problems that traditional Euclidean geometry cannot address, the
research highlights the mechanical connections between integral calculus and spatial efficiency. The findings
emphasize that mastering definite integration is essential for optimizing material consumption and predicting
the behavioral dynamics of complex structural physical assets.
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Introduction

The expansion of human architecture and mechanical manufacturing from simple rectilinear designs
to complex, curved structures required a mathematical methodology that could compute non-standard
geometric spaces with absolute precision. At the heart of this spatial revolution lies the definite integral and
its direct application in calculating geometric areas. Historically, ancient civilizations could approximate
curved spaces using the method of exhaustion; however, these approaches lacked a systematic, algorithmic
framework. The development of the definite integral unified these attempts by defining area as the limit of
a infinite sum of infinitesimal rectangular slices under a curve. This article explores how definite integration
provides the spatial formulas, and structural design engineering provides the physical applications, to fuel a
continuous cycle of material optimization, architectural innovation, and resource efficiency.

The Convergence of Riemann Summation, Spatial Efficiency, and Structural Optimization

Infinite Accumulation Analysis as the Operating System of Civil Architecture

The definite integral functions as the primary mathematical operating system for calculating the total
accumulation of a continuous variable across a fixed interval. When calculating the geometric area bounded
by non-linear curves, integration eliminates the limitations of classic Euclidean geometry by continuously
adapting to changing boundaries. For a civil engineer designing a large-scale concrete retaining wall or a
curved structural arch, the definite integral determines the precise surface area and cross-sectional footprint
of the structure. This structural calculation allows architects to accurately estimate the exact volume of
concrete, steel, and support material required, minimizing material waste and ensuring that construction
projects stay within strict fiscal and physical constraints.

The Strategic Role of Bounded Curves in Fluid Mechanics and Hull Design

In the fields of naval architecture and fluid transport mechanics, the area bounded by non-linear curves
directly dictates the hydrodynamic performance of vessel hulls and pipelines. By setting up the perimeter of
a marine vessel's hull as a series of complex functions, designers use definite integrals to evaluate
displacement volumes and centers of buoyancy. This precise spatial tracking allows engineers to maximize
cargo capacity while lowering fuel consumption by reducing hydrodynamic resistance. The definite integral
transforms abstract geometric coordinates into a vital asset for national transport infrastructure and global
maritime trade efficiency.

Structural Center of Mass and Weight Distribution Optimization

Mechanical designers and aerospace engineers utilize definite integration to locate the exact center of
mass and moments of inertia for irregular structural components. Knowing the exact center of gravity is
critical for preventing aircraft destabilization and ensuring that rotating industrial machinery does not
experience mechanical failure due to uneven weight distribution. By integrating density functions across the
geometric area of a manufactured component, engineering teams can predict exactly how a part will behave
under high centrifugal forces. This calculation directly limits mechanical wear, extending the operating
lifespan of national production assets.

Definite Integration in Automated Manufacturing and Laser Cutting Trajectories

Beyond structural civil projects, the spatial principles of definite integrals function within automated
manufacturing platforms and precision computer numerical control (CNC) systems as an indispensable
framework for material optimization. High-powered laser cutting networks use integrated path algorithms
to maximize the number of components stamped out of a single sheet of raw metal alloy, directly reducing
industrial scrap material. The onboard automated tracking systems calculate the exact areas of irregular
geometries to allocate raw inputs with maximum efficiency. Thus, cultivating a specialized class of technical
experts who can apply definite integration to manufacturing logistics is essential for maintaining competitive
industrial productivity.
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Conclusion

The relationship between the definite integral, geometric area calculation, and structural optimization
is cyclical, spatial, and self-reinforcing. Definite integration provides the mathematical frontier for precision
accumulation mapping, structural engineering establishes the physical bridge to execute those optimal
designs, and expanding infrastructure development generates the resources required to research next-
generation material science. To ensure long-term industrial sovereignty and engineering precision, modern
nations must maintain an educational curriculum that builds deep competency in applied integration
calculus. By fostering a generation of technical specialists who can confidently resolve complex definite
integrals, societies can guarantee the safe and sustainable advancement of their physical world.
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THE DERIVATIVE OF A FUNCTION AND ITS GEOMETRIC INTERPRETATION:
THE QUANTIFICATION OF RATE OF CHANGE

Abstract
The derivative represents the primary mathematical tool for capturing and analyzing the instantaneous

rate of change within dynamic systems. This article explores the interdisciplinary mechanics of differential
calculus, the limit of difference quotients, and the geometric concept of tangency. It argues that the capacity
to locate and analyze the slope of a tangent line to a curve is a primary catalyst for spatial optimization,
engineering precision, and kinematic physics. By analyzing how the derivative translates abstract curves into
localized linear paths and identifies critical inflection points, the research highlights the mechanical
connections between geometric slopes and real-world system optimization. The findings confirm that
mastering the derivative's geometric interpretation is essential for navigating the complex trajectories of
modern aerospace, mechanical design, and economic forecasting.
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Introduction
The structural evolution of physics and geometry from static spatial measurements to the real-time
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calculation of velocity and acceleration required a tool that could capture change in an instant. At the heart
of this mechanical transformation lies the derivative of a function and its corresponding geometric
interpretation. Historically, calculating the slope of a straight line was a simple algebraic task; however,
determining the exact rate of ascent or descent along a complex curve at a single point remained impossible
for centuries. The development of the derivative resolved this barrier by defining the slope of a curve through
the limiting behavior of a secant line as the distance between its points shrinks to zero. This article explores
how differential calculus provides the rate-of-change equations, and the geometry of tangency provides the
structural spatial insights, to fuel a continuous cycle of manufacturing optimization, architectural design, and
celestial mechanics.

The Convergence of Tangency, Local Linearization, and Dynamic Kinetic Systems

The Slope of the Tangent Line as the Operating System of Kinematics

The geometric interpretation of a derivative defines it precisely as the slope of the tangent line drawn
to the graph of a function at a specific coordinate. This geometric slope represents the exact instantaneous
rate of change of the dependent variable relative to the independent variable. In the domain of kinematics,
if the function maps the physical position of an object over time, the slope of the tangent line at any given
second provides the exact instantaneous velocity of that object. This translation of curves into precise
numerical directions serves as the primary operating system for guiding automated guidance computers,
tracking maritime navigation routes, and calibrating high-frequency mechanical gearboxes.

The Strategic Utility of Local Linearization in Complex Design

A major structural benefit of the derivative's geometric meaning is the concept of local linearization,
which states that any smooth curve, when magnified sufficiently under a mathematical lens, behaves
identical to a straight line. By replacing a complex nonlinear curve with its local tangent line, engineers can
simplify highly complex structural equations into manageable linear calculations near a specific operating
point. This local approximation technique allows structural architects to calculate stress distributions on
arched bridges and curved aerodynamic surfaces without requiring excessive processing power. Linearization
ensures that large-scale structural components maintain mechanical balance under changing loads.

Critical Inflection Points, Maxima, and Local Optimization Trajectories

Industrial economists and mechanical designers identify the derivative's capacity to locate extreme
points on a graph as a vital tool for systemic optimization. When the tangent line to a curve becomes perfectly
horizontal, its geometric slope drops to exactly zero, indicating a critical point where the function reaches a
maximum, minimum, or plateau. By setting up functions that represent production costs, aerodynamic drag,
or material strain, and using the derivative to find where the geometric slope balances at zero, designers can
systematically pinpoint the exact conditions required to maximize efficiency or minimize wear. This
geometric tracking converts abstract spatial lines into a practical asset for commercial manufacturing and
asset management.

Differential Analytics in Modern Automation and Aerospace Pathing

Beyond mechanical engineering, the geometric principles of derivatives function within aerospace
guidance systems and automated robotics as an indispensable framework for trajectory planning and real-
world execution. Autopilot systems continuously calculate the derivatives of flight paths to ensure that
aircraft transition smoothly between different altitudes without experiencing structural stress or
destabilizing turbulence. This automated trajectory correction relies on real-time slope calculations to
maintain a perfect balance between lift and drag forces. Thus, cultivating a specialized class of engineers who
can bridge abstract differential geometry with practical automated execution is essential for maintaining
safety in an increasingly automated world.
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Conclusion

The relationship between the derivative of a function, the geometric meaning of tangency, and
dynamic system optimization is cyclical, spatial, and self-reinforcing. Differential analytics provide the
mathematical frontier for rate-of-change tracking, geometric slopes establish the physical path to optimize
real-world trajectories, and expanding industrial systems generate the resources required to research next-
generation material designs. To ensure long-term engineering sovereignty and economic optimization,
nations must prioritize an educational curriculum that grounds student capabilities in classical differential
calculus. By fostering a generation of technical specialists who can fluently read and manipulate the
geometric slopes of complex functions, societies can guarantee the precise advancement of their industrial
infrastructure.
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THE INDEFINITE INTEGRAL AND PRIMARY METHODOLOGIES OF ANTIDIFFERENTIATION

Abstract

The indefinite integral represents the foundational mathematical process of reconstructing total
quantities from their known rates of change. This article examines the interdisciplinary mechanics of
antidifferentiation, exploring the structural relationships between differentiation and integration as codified
by the Fundamental Theorem of Calculus. It argues that mastery over core integration techniques—including
integration by substitution, integration by parts, and partial fraction decomposition—is an absolute
requirement for engineering analytics and physical systems modeling. By analyzing how the constant of
integration represents systemic uncertainty and boundary conditions, the research highlights the mechanical
links between inverse calculus operations and deterministic physical laws. The findings emphasize that
advanced integration methodologies are essential for mapping the continuous behavior of energy, fluid, and
structural fields.
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The evolution of quantitative science from measuring fixed spaces to modeling the accumulation of
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continuous forces required a reliable method to reverse the process of differentiation. At the heart of this
mathematical reconstruction lies the indefinite integral and the specialized methodologies of
antidifferentiation. Historically, while differentiation provided a direct, algorithmic path to find the rate of
change of a known function, reversing this process to discover the original function from a known rate proved
to be a highly complex task. The development of systematic integration techniques transformed this
mathematical challenge into a structured science. This article explores how the indefinite integral provides
the algebraic tools, and antidifferentiation methodologies provide the logical frameworks, to fuel a
continuous cycle of physical systems modeling, thermodynamic tracking, and structural stress analysis.

The Convergence of Reversible Calculus, Algorithmic Transformation, and Systemic Reconstruction

Antidifferentiation as the Operating System of Physical Reconstruction

The indefinite integral functions as the primary mathematical operating system for reversing
differential operations, allowing scientists to reconstruct an original functional state from a known rate of
change. In the domain of structural kinetics, if an engineering sensor records the continuous acceleration of
a high-speed vehicle over time, the process of antidifferentiation allows the onboarding computer to
calculate the vehicle’s exact velocity function. The inclusion of the arbitrary constant of integration serves as
a critical marker for baseline boundary conditions, indicating that a family of curves shares the same rate of
change until specific real-world initialization data—such as initial velocity or starting position—is applied to
fix the system in physical space.

The Strategic Utility of Integration by Substitution and Variable Alignment

The integration of highly complex, multi-layered algebraic expressions requires advanced techniques
to reduce intricate expressions into basic, recognizable forms. Integration by Substitution operates as the
calculus equivalent of the algebraic chain rule in reverse, allowing mathematicians to simplify an integral by
identifying a core function and its corresponding derivative within the same expression. By shifting the
independent variable into a new coordinate framework, this methodology eliminates structural complexity,
allowing engineers to quickly evaluate intricate equations that govern electrical current distributions and
wave mechanics. Substitution transforms seemingly intractable algebraic barriers into clean, predictable
solutions.

Integration by Parts, Product Rule Reversal, and Kinematics

Mechanical designers and structural analysis teams utilize Integration by Parts to resolve integrals that
involve the product of completely different classes of functions, such as polynomial and exponential
expressions. This methodology represents the structural reversal of the differential product rule, splitting an
intricate integration problem into a manageable subtraction of simpler functional components. For example,
when modeling the dampening effects of a structural shock absorber over time, integration by parts allows
engineers to isolate time-dependent decay factors from mechanical structural displacements. This precise
structural isolation ensures that heavy machinery operates safely under changing vibrational stress.

Fractional Decomposition and Analytical Systems Integration

Beyond mechanical physics, the method of Partial Fraction Decomposition serves analytical chemistry
and electrical engineering as an indispensable framework for breaking down complex rational functions into
simpler, indexable fractions that can be integrated individually. This technique is critical when analyzing
transfer functions within automated feedback networks, such as those regulating national electrical grids or
industrial chemical distillation columns. The capacity to systematically deconstruct complex polynomial ratios
into clean, integrable components allows systems architects to predict long-term network stability and
prevent harmonic resonance overloads. Thus, cultivating a specialized class of technical professionals who
can execute advanced integration methodologies is essential for securing modern industrial operations.
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Conclusion

The relationship between the indefinite integral, systematic antidifferentiation methodologies, and
physical systems engineering is cyclical, logical, and self-reinforcing. Antidifferentiation provides the
mathematical frontier for reverse-engineering dynamic forces, structural integration techniques establish
the analytical bridge to solve complex engineering models, and expanding industrial output generates the
capital required to fund next-generation computational research. To maintain technological sovereignty and
ensure engineering safety, nations must invest heavily in an educational curriculum that enforces absolute
fluency in core calculus techniques. By fostering a generation of technical experts who can easily navigate
the complex structures of advanced integration, societies can guarantee the precise modeling of their
industrial future.
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THE LIMIT OF A FUNCTION AND ITS CONTINUITY: THE LOGICAL
FOUNDATION OF CONTINUUM MATHEMATICS

Abstract

The concepts of limits and continuity constitute the foundational framework upon which the entirety
of mathematical analysis is constructed. This article examines the conceptual transition from discrete
algebraic structures to continuous mathematical frameworks, arguing that the rigorous definition of a limit
is the primary catalyst for resolving classical paradoxes of infinity and motion. By exploring how the behavior
of a function near a specific point establishes the mathematical basis for stability, local approximation, and
structural predictability, the research highlights the mechanical connections between local limit behavior and
global functional characteristics. The findings indicate that mastering continuity parameters is essential for
modeling complex natural phenomena and ensuring the structural integrity of predictive mathematical
algorithms.
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Introduction

The evolution of modern science from static geometric calculations to the dynamic modeling of
changing systems required a fundamental departure from traditional algebra. At the heart of this analytical
revolution lies the concept of the limit of a function and its corresponding implication, functional continuity.
Historically, ancient and medieval thinkers struggled with the concept of the infinitesimal, often arriving at
logical contradictions when attempting to calculate changing rates of motion or curves. In the modern era,
the rigorous codification of limit behavior transformed mathematical analysis into an exact science. This
article explores how the logic of limits provides the necessary analytical blueprints, and functional continuity
provides the structural smoothness, to fuel an uninterrupted cycle of scientific modeling, engineering
physics, and computational forecasting.

The Convergence of Local Limit Behavior, Structural Smoothness, and Functional Predictability

Limit Behavior as the Operating System of Mathematical Approximation

The behavior of a function near a point, rather than its exact value at that point, serves as the primary
operational system for tracking continuous change. When an independent variable approaches a target
value, the limit describes the singular value that the dependent variable approaches simultaneously. This
analytical framework allows mathematicians and engineers to evaluate the behavior of mathematical models
at points where the function itself is undefined, such as ratios that yield division by zero during structural
engineering stress tests. Understanding whether a function approaches a single finite value from both the
left and right directions allows researchers to replace highly unstable real-world parameters with predictable,
localized approximations.

The Strategic Architecture of Functional Continuity and Singularity Avoidance

The practical application of functional analysis is completely dependent on the concept of continuity,
which states that a function contains no sudden breaks, jumps, or vertical drops within a specified domain.
Formally, continuity requires that the function is explicitly defined at a target point, the limit exists at that
point, and the value of the limit matches the exact output value of the function. When a mathematical model
exhibits structural continuity, it guarantees that minor variations in input variables will result in predictably
minor variations in final output values. Identifying and isolating points of discontinuity—such as infinite
asymptotes or sudden step-jumps—allows system designers to prevent catastrophic failures in automated
control loops and financial trading algorithms.

Real-World Systems, Fluid Dynamics, and Behavioral Stability

Applied physicists and systems engineers identify functional continuity as a critical requirement for
modeling physical fields, fluid dynamics, and thermodynamics. In the physical universe, sudden changes in
pressure, velocity, or temperature do not occur instantly; they follow a continuous distribution across space
and time. By framing these environmental variables through continuous functions, researchers can map the
flow of energy through complex turbine blades or evaluate the aerodynamic drag on high-speed transport
systems. This baseline predictability ensures that industrial designs operate within safe tolerances,
transforming abstract set theory into a powerful asset for civil infrastructure development and material
science.

Limit Systems in Advanced Computation and Predictive Modeling

Beyond theoretical physics, the logic of limits functions within computer science and macroeconomic
forecasting as an indispensable indicator for algorithmic complexity and long-term equilibrium analysis.
Computational mathematics relies on limit behavior to determine whether an iterative numerical script will
successfully converge on a correct answer or diverge into endless, system-crashing loops. Software engineers
use this analysis to evaluate the processing requirements of big data platforms as input sizes scale toward
infinity. Thus, cultivating a specialized class of analysts who can bridge the gap between abstract functional

30



HAYYHbIW }XYPHAN «EO IPSO» ISSN (p) 2712-9497 / ISSN (e) 2542-1034 Ne6 / 2026

continuity and practical digital execution is essential for maintaining the stability of our technological
infrastructure.

Conclusion

The relationship between the limit of a function, structural continuity, and predictive mathematical
modeling is cyclical, operational, and self-reinforcing. Limit analysis provides the technological frontier for
exploring extreme boundary conditions, functional continuity establishes the structural bridge to safely
navigate changing real-world spaces, and expanding computational systems generate the empirical data
required to refine next-generation analytical frameworks. To ensure long-term technological progress and
engineering safety, modern scientific institutions must treat classical mathematical analysis as a foundational
pillar of technical education. By nurturing a generation of researchers and engineers who thoroughly
understand the limits of continuous systems, societies can guarantee the precise execution of complex
industrial projects.
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VECTORS AND THE MECHANICAL MECHANISMS OF MULTI-AXIS VECTOR ALGEBRA

Abstract
Vectors serve as the primary mathematical entities used to model quantities that possess both a

defined magnitude and a specific directional trajectory across multi-dimensional spaces. This article
examines the interdisciplinary operations of vector algebra, focusing on vector addition, scalar dot products,
and directional cross products within physical coordinate systems. It argues that mastering vector operations
is an absolute requirement for aerospace pathing, structural civil mechanics, and electromagnetic field
theory. By analyzing how the dot product measures energy efficiency through directional alignment and the
cross product calculates rotational torques, the research highlights the mechanical connections between
geometric arrows and deterministic physical forces. The findings show that vector mechanics form the
essential core for optimizing modern transport systems and multi-axis industrial robotics.
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Introduction
The shift of human industry from localized, static mechanics to the dynamic engineering of high-speed
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transit and multi-axis robotics required a mathematical system that could track spatial direction alongside
raw numerical value. At the heart of this directional science lie vectors, geometric entities that
mathematically bind magnitude and trajectory into a single operational unit. Historically, classical scalar
mathematics could only measure weight, speed, or volume; however, tracking an aircraft navigating through
crosswinds or mapping the electrical currents flowing around a generator required a multi-dimensional
framework. The development of vector calculus met this need, providing a unified language for spatial
mechanics. This article explores how vector algebra provides the directional models, and coordinate
transformations provide the practical tools, to fuel a continuous cycle of aerospace innovation, structural
optimization, and robotic precision.

The Convergence of Directional Forces, Spatial Alignment, and Rotational Mechanics

Vector Addition as the Operating System of Structural Balance

Vector addition functions as the primary mathematical operating system for determining the net
outcome of multiple simultaneous physical forces acting upon a single point. When a structural engineer
calculates the load distribution on a bridge cable or a skyscraper pillar, the forces of gravity, wind resistance,
and material tension are treated as independent vectors. By resolving these vectors into their individual
spatial components and adding them together, the designer can verify if the net resultant vector equals
exactly zero, which signifies a state of perfect static equilibrium. This spatial tracking ensures that massive
structural components maintain absolute stability, turning abstract coordinate geometry into a critical
safeguard for public infrastructure.

The Strategic Utility of the Dot Product in Measuring Directional Alignment

In the domain of physical optimization and energetic efficiency, the Scalar Dot Product operates as an
indispensable metric for calculating the projections of overlapping forces. The dot product multiplies the
corresponding components of two vectors together to yield a single scalar value that reveals how closely
aligned the two trajectories are in space. For example, when calculating mechanical work, the dot product
measures exactly how much of an applied force vector aligns with the actual direction of motion. If two
vectors are perfectly perpendicular, their dot product drops to exactly zero, indicating a complete absence
of directional alignment. Engineers use this metric to maximize energy transfer in mechanical linkages and
optimize solar panel angles relative to incoming light vectors.

The Cross Product, Rotational Kinetics, and Multi-Axis Torques

Mechanical designers and robotic control technicians utilize the Vector Cross Product to model
rotational forces, magnetic fields, and angular momentum in three-dimensional space. Unlik the dot product,
the cross product reacts exclusively to perpendicular components, generating a brand-new vector that points
exactly perpendicular to both original inputs according to the right-hand rule. This vector cross product is the
foundational calculation used to determine torque—the twisting force applied to an engine crankshaft or a
robotic joint. By analyzing the cross product of an applied force vector and a leverage arm distance,
automated control loops can calibrate the precise motor inputs required to manipulate industrial payloads
safely without causing structural mechanical stress.

Vector Mechanics in Aerospace Guidance and Autonomous Pathing Systems

Beyond heavy machinery and civil frameworks, the principles of vector algebra function within
aerospace navigation and autonomous drone pathing as an indispensable framework for real-time trajectory
correction. Onboard guidance computers continuously process velocity and wind vectors to recalculate true
headings, adjusting rudder and thrust outputs to counter unpredictable crosscurrents automatically. This
real-time vector alignment ensures that aircraft maintain their target paths with minimal fuel consumption.
Thus, cultivating a specialized class of technical professionals who can seamlessly program and execute multi-
axis vector mechanics is essential for ensuring safety in global transit and autonomous delivery networks.
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Conclusion

The relationship between vector algebra, directional force tracking, and spatial system optimization is
cyclical, mechanical, and self-reinforcing. Vector operations provide the mathematical frontier for mapping
complex physical trajectories, spatial coordinate systems establish the analytical bridge to execute those
designs safely, and expanding industrial output generates the capital required to fund next-generation
aerospace research. To maintain technical self-sufficiency and maximize engineering precision, modern
nations must ensure that their technical universities maintain a rigorous focus on applied vector mechanics.
By fostering a generation of engineers and computer scientists who can fluently manipulate multi-
dimensional vector systems, societies can guarantee the steady advancement of their physical infrastructure.
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SYMMETRY AND SCALING IN APPLIED MATHEMATICAL MODELS:
COBB-DOUGLAS AND MANNING EQUATIONS

Abstract

This paper demonstrates that the Cobb—Douglas function (economics) and the Manning equation
(hydraulic engineering) share a unified mathematical architecture based on multiplicative power laws and
homogeneous scaling. Both models exhibit invariance under dilation transformations, unified analytically by
logarithmic linearization and Euler’s theorem. Beyond the theoretical framework, this comparative analysis
highlights the educational value of interdisciplinary modeling, helping students recognize universal structural
patterns across different scientific domains.

Keywords:
Cobb—Douglas function; Manning equation; scaling symmetry; homogeneous functions; power-law models;
interdisciplinary mathematics; mathematical modeling.

1introduction

Mathematical models across diverse disciplines often share identical structural forms. Despite
appearing unrelated, the Cobb—Douglas production function in economics (modeling output from labor and
capital) and the Manning equation in hydraulic engineering (estimating open-channel water discharge) both
utilize a common mathematical architecture based on multiplicative power laws, scaling transformations,
and homogeneous functions.

This paper analyzes the structural similarities between these two models through the lens of symmetry
and scaling theory. We demonstrate that both equations function as homogeneous power-law systems
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exhibiting dilation symmetry, unified by logarithmic linearization and Euler’s theorem. Beyond the theoretical
framework, this comparative analysis serves an educational purpose: breaking down disciplinary silos to
foster interdisciplinary thinking and deepen students' cross-domain understanding of applied mathematical
modeling.

2The Cobb-Douglas Production Function

The Cobb-Douglas production function is one of the most influential mathematical mod-els in
economics. Originally introduced by Charles Cobb and Paul Douglas in 1928, the model describes the
relationship between production output and input factors such as labor and capital.

The classical form of the Cobb—Douglas function is given by

Y = AK®LF, (1)
Where: Y is output, A is technology, K is capital, Lis labor, and a, B are output elasticities.

The exponents a and 8 measure the sensitivity of production with respect to changes in capital and
labor. For example, if a = 0.4, then a 1% increase in capital produces approximately a 0.4% increase in
output, assuming other variables remain constant.

One of the most important mathematical properties of the Cobb—Douglas function is its homogeneity
under scaling transformations. Consider the dilation

K - AK, L - AL, (2)
where A > 0 is a scaling parameter. Substituting into the production function yields
Y - AQK)a(AL)p = Aa + BAKalp. (3)
Therefore,
Y - Aa + BY. (4)

This relation shows that the Cobb—Douglas function is homogeneous of degree o + 6.

The quantity a + 8 determines the type of returns to scale:

elifa + B = 1, the model exhibits constant returns to scale.

eifa + B > 1, the model exhibits increasing returns to scale.

elifa + B < 1, the model exhibits decreasing returns to scale.

From the viewpoint of symmetry analysis, the Cobb—Douglas model possesses dilation symmetry
because proportional scaling of the input variables produces a predictable scaling of the output variable. This
self-similar structure is characteristic of many power-law models encountered in applied mathematics and
theoretical physics.

Another important feature of the model is its logarithmic linearization. Taking the natural logarithm of
both sides gives

InY =nA+alnK + BlnlL. (5)

This transformation converts the nonlinear multiplicative model into a linear addi-tive form, making it
suitable for statistical regression and parameter estimation. Such logarithmic representations are widely
used in econometrics and empirical modeling.

3The Manning Equation

The Manning equation is one of the most widely used empirical formulas in hydraulic engineering and
hydrogeology. It is commonly applied to estimate the discharge of water flowing through open channels,
drainage systems, and partially filled circular pipes.

The classical Manning equation is written as

Q -~ (AaA)(AbR) (AcS)z
Where:

* Q denotes the volumetric discharge,
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* A is the cross-sectional flow area,
* R is the hydraulic radius,
* S represents the channel slope,
* n is Manning’s roughness coefficient.
* The hydraulic radius is defined by
A
R=2 (7)

where P denotes the wetted perimeter. The roughness coefficient n characterizes the resistance of the
channel surface to fluid motion.

Although the Manning equation originates from hydraulic engineering, its mathemat-ical structure is
remarkably similar to the Cobb—Douglas production function. Indeed, the discharge Q is expressed as a
multiplicative power-law relation involving geometric and physical variables.

From the viewpoint of scaling theory, consider the transformation

A-> Aad, R - AbR, S - AcS. (8)
Substituting these relations into the Manning equation gives

1 2 1 (9)
Q- - (AaA)(AbR)3(AcS)?2

Hence,

2b
0 > 2% 320, (10)

Scaling & Sensitivity: Like the Cobb—Douglas model, the Manning equation exponents determine
discharge sensitivity to changes in geometry and slope.

Self-Similarity & Linearization: Proportional scaling of hydraulic dimensions changes discharge
according to predictable power-law rules, allowing the equation to be linearized using natural logarithms.

InQ = —In(n) +In(4) +=In(R) +In(S) (11)

This transformation converts the nonlinear multiplicative expression into a linear additive form
suitable for regression analysis and parameter estimation. Thus, both the Cobb—Douglas and Manning
equations share not only a common power-law structure but also similar computational and statistical
treatment methods.

4 Unified Mathematical Framework

The Cobb—Douglas production function and the Manning equation can both be inter-preted as
special cases of a general multiplicative power-law model of the form

F = Cx®x§? - xon (12)
where Cis a constant and ai are real exponents.

Such models appear extensively in applied mathematics because they naturally de-scribe scaling
phenomena and self-similar behavior. The variables interact multiplica-tively, while the exponents determine
the relative influence of each variable on the output.

4.1 Homogeneous Functions

A function F (x4, ..., ;) is said to be homogeneous of degree k if

F (Axq,...,Axy) = AKF (xq1,...,%,) (13)

for every scaling parameter A > 0.

For the generalized power-law model, knowledge between different applications.

k=a +a,+ - +a, (14)

This property explains why both the Cobb—Douglas and Manning equations exhibit predictable

scaling behavior under proportional transformations of their variables.
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4.2 Euler’s Theorem
One of the most important results concerning homogeneous functions is Euler’s theorem, which

states that
n

JoF
Z X g = kF (15)

i=1

This theorem establishes a direct relationship between local derivatives and global scaling properties.
In economics, Euler’s theorem provides a mathematical interpretation of returns to scale in the Cobb—
Douglas model. In hydraulic engineering, it explains how local geo-metric changes contribute to theglobal
variation of discharge in the Manning equation.
Thus, Euler’s theorem serves as a unifying mathematical principle linking models from different
scientific disciplines.
4.3 Logarithmic Linearization
An important advantage of multiplicative power-law models is that they can be trans-formed into
linear relations through logarithmic mapping.
Taking the logarithm of the generalized model gives
InF=InC+alnxy +a,lnx, +-++ +a,nx,. (16)
This transformation converts nonlinear scaling relations into linear equations suitable for statistical
regression and parameter estimation.
Consequently, logarithmic linearization acts as a universal analytical tool applicable to economics,
hydrogeology, engineering, and many other fields involving empirical power-law relations.
5Educational and Interdisciplinary Implications
Students often view formulas as isolated across courses, making mathematical modeling feel
fragmented. However, comparing the Cobb—Douglas and Manning equations reveals that unrelated scientific
models share the same mathematical foundations, specifically multiplicative power-law structures and
scaling symmetry. Shifting the educational focus from memorization to these shared structural patterns
promotes interdisciplinary thinking; for instance, economics students can understand returns to scale
through hydraulic geometric scaling, while engineering students can grasp hydraulic sensitivity through
economic elasticity. Ultimately, recognizing mathematics as a universal language deepens students'
understanding of applied modeling and boosts their ability to analyze complex systems across disciplines.
6 Conclusion
In this paper, we analyzed the structural similarities between the Cobb—Douglas production function
and the Manning equation through the lens of symmetry and scaling theory. Both models belong to the class
of multiplicative power-law relations possessing homogeneous scaling properties, where their invariance
under dilation transformations reveals a common self-similar mathematical structure despite their different
disciplinary origins. The study demonstrated that logarithmic linearization and Euler’s theorem for
homogeneous functions serve as unifying analytical tools applicable to both economics and hydraulic
engineering. Beyond these theoretical insights, this comparison offers significant educational benefits by
promoting interdisciplinary mathematical thinking and helping students recognize universal structures
shared across scientific fields. Ultimately, the analysis underscores that symmetry and scaling principles
transcend traditional boundaries, forming a fundamental framework for applied mathematical modeling.
References:
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DEVELOPING AN APPLICATION-ORIENTED TEACHING MODEL FOR ADVANCED MATHEMATICS
THROUGH DETERMINANT METHODS IN STRUCTURAL MECHANICS AND GEODESY

Abstract
Linear Algebra, particularly the concept of matrix determinants, is often perceived by engineering
undergraduates as highly abstract and detached from industry applications due to traditional, calculation-heavy
pedagogical approaches. This paper introduces an interdisciplinary, application-oriented teaching model
designed to bridge the gap between Advanced Mathematics, Structural Mechanics, and Geodesy. By
restructuring the “Matrix Determinant” module around a four-phase modeling process, the framework
contextualizes mathematical theory through two structural extremes: a dynamic system analyzing structural
resonance (dynamic criticality) and a static spatial system executing Gauss-Shoelace area calculations (geometric
accumulation). By shifting the classroom focus from manual calculation to algorithmic processing via
computational software, the model unifies distinct engineering fields under a single mathematical entity. The
implementation outcomes demonstrate that this framework significantly enhances students’ mathematical modeling
capacities, fosters algorithmic thinking, and improves professional motivation among engineering undergraduates.

Keywords:

application-oriented teaching, matrix determinant, algorithmic thinking, dynamic resonance,
gauss-shoelace formula, engineering mathematics.

1. Introduction

Traditional undergraduate engineering mathematics often emphasizes abstract algebraic manipulations and
low-dimensional manual computations (2 x 2 or 3 x 3 matrices). This purely academic approach isolates
foundational concepts from practical engineering, diminishing learning motivation and limiting students’
mathematical modeling capabilities.

To bridge this theory-practice gap, this study proposes an innovative, application-oriented teaching model
for the "Matrix Determinant" topic. Grounded in competency-based and contextual learning, the model integrates
core mathematical concepts into two pillar engineering fields: Structural Mechanics (dynamic eigenfrequency analysis)
and Geodesy (static spatial boundary evaluations). By converting the determinant from a static operation into an
analytical diagnostic tool, the framework redefines how engineering students perceive and utilize Advanced
Mathematics in their specialized fields

1Theoretical Framework and Methodology

1.1 Theoretical Framework

The proposed model is rooted in Contextual Learning and Realistic Mathematics Education (RME). The
instructional delivery follows a structured, four-phase modeling process to transition cognitive structures from physical
phenomena to mathematical abstraction:

*Phase 1: Engineering Problem Posing (Input): Introducing an authentic professional dilemma (e.g.,
structural resonance or boundary tracking) to establish a clear technical need for analytical tools.

*Phase 2: Mathematical Modeling: Abstracting physical parameters (stiffness, mass, coordinate sets)
into formalized linear systems or geometric arrays.

*Phase 3: Algorithmic Processing: Deploying the matrix determinant as the computational core,
utilizing modern software (MATLAB, Excel) to shift the focus from manual calculation to conceptual execution.

*Phase 4: Engineering Interpretation (Output): Mapping the mathematical scalars back onto the
physical domain to assess structural safety or survey precision.
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1.2 Research Methodology

To implement and evaluate this framework, the study employs a three-tiered research design:

1. Theoretical Phase: Synthesizing mathematical and engineering curricula to identify optimal
intersecting cognitive nodes where determinants explicitly resolve technical challenges.

2. Pedagogical Content Design: Creating specialized instruction modules grounded in realistic
empirical parameters (e.g., real material properties and actual VN-2000 geodetic data) rather than arbitrary
textbook variables.

3. Expert Validation: Assessing the framework’s curricular alignment, cognitive accessibility, and
professional fidelity via qualitative reviews with an expert panel of mathematics lecturers and field engineers.

2Design of the Application-Oriented Instruction Model

The redesigned framework replaces abstract textbook exercises with two core application modules that map
determinants directly onto dynamic and static engineering environments.

2.1 Macro-Structure of the Model

Instruction follows a cyclical, four-phase modeling process:

1. Phase 1 (Motivation): Posing an unresolvable real-world technical challenge (e.g., structural failure or
land boundary limits).

2. Phase 2 (Modeling): Abstracting physical properties (stiffness, mass, coordinates) into formal
matrix equations.

3. Phase 3 (Processing): Utilizing computational software (MATLAB, Excel) to compute higher-
order configurations instead of manual calculation.

Phase 4 (Synthesis): Mapping numerical solutions back onto the physical domain to interpret safety
compliance or precision

2.2 Module 1: The Dynamic Eigenvalue Problem in Structural Mechanics
Multi-story civil structures under wind or seismic actions face dynamic failufeexternal forces trigger
resonance. A multi-degree-of-freedom (MDOF) undamped structural frame is governed by the system:
Mii(t) + Ku(t) = 0. Assuming a harmonic response u(t) = ¢psin(wt),the equation yields:

(K~ 0’M)$ = 0 (1)

For a physically meaningful non-trivial vibration mode to exist (¢p # 0), the coefficient matrix must be
singular. This boundary state is governed by the characteristic determinant:

det(K — w?M) = 0 (2)

The instructor guides students from building standard low-order matrices (2-DOF) to computing a cubic

equation for a 3-DOF structural frame:

4 x10° — 1000w? —2x10° 0
det -2 x10° 4x10° — 1000w? —2x10° =0 (3)
0 —-2x10° 2x10° — 1000w?

Students extract the roots w; (natural frequencies) via software to analyze physical resonance risk.

2.3 Module 2: The Static Spatial Boundary Problem in Geodetic Surveying

In cadastral management, calculating land parcel areas using field coordinate datasets (such as the VN-2000
geodetic datum) is foundational. The area evaluation of an arbitrary polygon is modeled by decomposing localized
triangular vector cross-products into the generalized Gauss area formula (Shoelace equation) for n ordered
vertices:

n

1
S ==

1
2 2

Z(xiYi +1-x+1y)| =

i=1

n

Xi Vi
zdet (xl-+1 yl+1)
i=1
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where (Xn, Yni1) = (X, Y1)

Students utilize a horizontal matrix layout to visualize how this continuous chain of sequential 2 x 2
determinants executes. This illustrates how the formula seamlessly translates into automated programming
loops inside Excel, AutoCAD, or GIS software, proving its geometric independence (handling convex/concave shapes
without internal diagonal measurements) and its relationship to real-world boundary tolerance levels.

3Discussion and Pedagogical Evaluation

3.1 Mathematical Parallelism and Conceptual Unity

The core educational value of this interdisciplinary model lies in demonstrating how a single mathematical
entity—the determinant—unifies distinct physical concepts, serving two diverse engineering functions:

eDynamic Criticality (Mechanics): Isolating physical singularities and boundary states. Setting det
(K - w®M) = 0 identifies the exact thresholds where static equilibrium fails and harmonic resonance occurs.

e Static Spatial Accumulation (Geodesy): Operating as a geometric aggregator. Summing a
continuous chain of localized 2 x 2 coordinate determinants computes the net spatial area of arbitrary closed polygonal
layouts.

3.2 Assessment Innovation via Project-Based Learning

To align with contemporary engineering workflows, the framework replaces traditional computation-heavy
closed-book exams with Project-Based Learning (PBL). Students solve complex, multi-variable professional
challenges—such as analyzing multi-story building frequencies or processing GNSS field data sets—using
computational platforms (MATLAB, Excel) or Al assistance. This shifts the grading focus from routine manual
arithmetic to higher-order mathematical modeling, algorithm design, and technical synthesis.

3.3 Pedagogical Advantages

Initial instructional trials and expert qualitative feedback highlight two main advantages:

eEnhanced Motivation: Contextualizing determinants within civil safety and land administration
explicitly demonstrates the functional utility of abstract algebra to technical majors.

eInterdisciplinary Mindset: Shifting away from isolated math drills cultivates the cross-disciplinary
problem-solving and algorithmic thinking required in modern engineering industries.

4Conclusion and Future Work

This paper presented an application-oriented teaching model that contextualizes the study of matrix
determinants within Structural Mechanics and Geodesy. Moving from pure theory to contextual engineering
frameworks improves students’ mathematical modeling skills and professional motivation. Future research will focus
on extending this interdisciplinary framework to other core areas of Linear Algebra and Calculus, such as leveraging
eigenvalues and eigenvectors to evaluate structural stability and column buckling criteria under axial loads.
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TOPOS THEORY AND CATEGORY-THEORETIC FOUNDATIONS IN MODERN MATHEMATICAL SCIENCES

Abstract

Modern mathematics is experiencing a profound foundational shift, moving away from classic
Zermelo-Fraenkel set theory toward structural category theory and topos theory. This article explores the
conceptual and structural mechanics of topos theory as a unifying meta-language for contemporary
mathematics. By analyzing the transition from rigid set-theoretic memberships to fluid categorical
morphisms, the construction of sheaves, and the implementation of non-classical internal logics, this study
demonstrates how these abstract frameworks provide powerful tools for solving long-standing problems
across algebraic geometry, mathematical logic, and quantum physics.

Keywords:
topos theory, category theory, morphisms, sheaf cohomology, structuralism,
intuitionistic logic, homotopy type theory.

Introduction

For nearly a century, Cantor's set theory served as the undisputed bedrock of mathematical orthodoxy.
Every mathematical object—whether a geometric manifold, a differential equation, or a stochastic process—
was strictly defined as a collection of elements governed by the axioms of Zermelo-Fraenkel set theory (ZFC).
While highly effective for local analysis, this element-centric approach often obscures the deep structural
dualities and transformations that connect completely different mathematical fields.

In the modern era, mathematical research has increasingly embraced the paradigm of Category
Theory, culminating in the extensive application of Topos Theory. Originally conceptualized by Alexandre
Grothendieck to solve advanced problems in algebraic geometry, a topos is a specific type of category that
behaves like the category of sets, yet possesses its own internal geometric and logical structure. By shifting
the mathematical gaze from what objects are (their internal elements) to how objects behave in relation to
one another (their external pathways or morphisms), topos theory acts as a bridge, allowing researchers to
translate complex problems from one mathematical domain into entirely different, more solvable terms.

Core Structural Pillars of Topos Theory

1. From Elements to Morphisms: The Categorical Shift

The foundational shift from set theory to category theory replaces the binary concept of element
membership (S\inS) with the dynamic concept of the morphism . A category consists of objects and arrows
between them, emphasizing the relationships and structural transformations over the underlying substance.

In a topos, this relational approach is taken to its logical conclusion. Individual points or elements are
no longer viewed as isolated atomic objects. Instead, they are represented as morphisms from the terminal
object (the simplest possible space) into a target object. This structural perspective allows mathematicians
to analyze spaces that are too volatile or infinitesimally small to be effectively deconstructed by traditional
set-theoretic methods, preserving the global continuity of the mathematical space.
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2. Sheaves and Local-to-Global Interconnection

The technical engine of a Grothendieck topos is the concept of a sheaf. Mathematically, a sheaf is a
tool for systematically tracking local data attached to the open sets of a topological space and checking
whether this local data can be consistently glued together into a unified, global state.

Consider a multi-layered geometric surface. A researcher can easily define mathematical functions
locally on small, flat patches of that surface. However, extending those local patches into a single, continuous
function across the entire twisted surface frequently introduces severe topological obstructions.

3. Internal Non-Classical Logics and Varying Universes

One of the most extraordinary aspects of topos theory discovered by William Lawvere and Myles
Tierney is that every topos possesses its own inherent subobject classifier. This mathematical structure acts
as an internal truth-value collector, effectively determining the rules of logic that operate within that specific
topos.

By constructing custom topoi, mathematicians can build tailored universes where the Law of Excluded
Middle (SP \lor \neg PS) or the Axiom of Choice purposefully do not apply. This capacity has proved
revolutionary for mathematical physics, where researchers use intuitionistic topoi to model the continuous,
indeterminate states of quantum mechanics without forcing classical, binary logic onto subatomic systems.

Structural Unification and Homotopy Type Theory

The contemporary frontier of mathematical foundations involves the deep synthesis of topos theory
with Homotopy Type Theory (HoTT). Within this advanced framework, the traditional concept of
mathematical equality is completely replaced by the geometric concept of a path of equivalence.

An algebraic equation is no longer viewed as a static statement of identity; instead, it is treated as a
continuous path winding through a multi-dimensional space. By interpreting types as geometric spaces and
proofs as continuous deformation paths (homotopies) between those spaces, HoTT provides a seamless
bridge connecting computer-assisted formal verification, abstract higher geometry, and mathematical logic.
This unification ensures that the next generation of mathematical proofs can be constructed, verified, and
automated with absolute structural precision.

Conclusion

Modern mathematics has evolved past the rigid boundaries of element-based set theories to embrace
a more fluid, structural view of the universe. Topos theory stands as a monumental achievement within this
evolution, demonstrating that geometric shape, logical deduction, and algebraic transformation are merely
different perspectives of a single, interconnected categorical landscape. By framing mathematical structures
in terms of generalized universes of sheaves and varying internal logics, contemporary researchers possess
the conceptual language necessary to discover deep symmetries across seemingly unrelated fields, guiding
the mathematical sciences toward an increasingly unified and powerful future.
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AHANIU3 KNACTEPHOW AAACOPELUU L-TUCTUAUHA TPAGUYECKUM METOAOM

AHHOTauuA
B paHHOWM paboTe anAa pacyéta napameTpoB MOAENM KNacTepHOWM aacopbumm 6ol MCNoab30BaH
rpapuyecknii metos. CpaBHeHME MNOJIYYEHHbIX PE3y/NbTaTOB C pesy/bTaTaMu, PacCYUTaHHbIMU METOAO0M
HaMMEHbLUMX KBagpaToB, NMOKA3a/so MPUMEHUMMOCTb U [AOCTOBEPHOCTb AaHHOrO noaxoga. YCTaHOB/EHO
XOpolwee cornacMe MexXay TEeOPeTUYECKMMU U IKCNEPUMEHTAIbHbIMM  AAaHHbIMU.  3HAYUTE/NbHbIX
pacxoXaeHU Mexay pe3ynbTaTamu, NoNYYEHHbIMU ABYMSA METodaMu, He obHapy»KeHo. CornacHo moaenu
KnactepHon apcopbumu, L-ructmauH agcopbupyeTca Ha MOBEPXHOCTM YINEPOAHbIX HAHOTPYOOK Kak B
MOHOMepHOM GopMe, TaK U B BUAE KNACcTepOoB, COCTOALLMNX U3 AEBATU MONEKYI.
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GRAPHICAL ANALYSIS OF L-HISTIDINE CLUSTER ADSORPTION

Abstract
In this work, a graphical method was employed to determine the parameters of the cluster adsorption
model. A comparison of the results obtained with those calculated using the least-squares method
demonstrated the feasibility and reliability of the graphical approach. The results indicate a high degree of
agreement between theoretical predictions and experimental data. No significant differences were observed
between the parameters obtained by the two methods. According to the cluster adsorption model, L-histidine
is adsorbed on the surface of carbon nanotubes (CNTs) both as monomers and as clusters consisting of nine

molecules.
Keywords:
cluster adsorption model, graphical method, Least Squares Fitting,
carbon nanotubes (CNTs), L-histidine.
BesepeHue

YrnepogHbie HaHOTpybKM (YHT), obnagatowme 60nblION yAeNbHOW MNOBEPXHOCTbIO, BbICOKOWM
MEXaHUYECKOM MPOYHOCTbIO U CNOCOBHOCTbIO K Pa3HOOOpPasHbIM B3aMMOLENCTBMAM C OPraHUYECKUMU U
6MONOTNYECKMMM MOSIEKYNAMM, LUMPOKO MPUMEHSAIOTCA B TakMX 06/1acTAX, Kak BMOCEHCOpPbl, CUCTEMDI
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[OCTaBKM NIEKAPCTBEHHbIX CPeACTB, aAcopOUMOHHbIE MaTepuanbl U KaTanusatopbl [1]. AMMHOKMCAOTHI,
0cobeHHO Monekybl, coaepKalime GyHKLMOHANbHbIE FPYNMbl C BICOKOM XMMUYECKOM aKTUBHOCTbIO, TaKue
KaK L-rMCTUAMNH, UrPatoT BaXKHYH POJib BO MHOMMX BUONOMMYECKMX M XUMUYECKUX NPOLLECCaX.

MoOHWUMaHWE MEeXaHU3MA WM NPUPOLbl B3aMMOAENCTBUA MEeXAY aMWUHOKMUCAOTaMM U YIrAepoAHbIMU
HaHOTPYOKaMn MmeeT 60/blLoEe 3HAYEHUE AN1A NPOTHO3MPOBAaHUA NoBeAeHMA NOAO0BHbIX CUCTEM, a TaKxke
Ana pa3paboTkn GYHKLMOHANbHbBIX MAaTEPMANOB M BUONOFMYECKMX CUCTEM HOBOFO NOKOAeHUA. KnacTepHas
Mmogenb aacopbummn obecneumBaeT BeCbMa BbICOKOE COr/lacMe MeXAy TeOpeTUYeCKMMM pacyétamu m
3KCNEPUMEHTA/IbHBIMM AaHHbIMW NPU UCCNef0BaHUN B3aUMOAENCTBUA aMUHOKMCAOT C HAHOMaTepUanamu.
OAHaKo npumeHeHWe AaHHON MOAENW CBA3AHO CO 3HAYUTENbHbIMU BbIMUCAUTENBHBIMU TPYAHOCTAMMU NPU
MCMNO/Ib30BaHUMN TPAAULMOHHBIX MPOrpamm o06paboTKM SKCNEPUMEHTANbHBIX AAHHbIX.

B cBA3KM C 3TMUM MCNONb30BaHME TPadMUYECKOro MEeToAa ANA ONpeaeneHna napameTpoB KaacTepHoOM
MOAENN afcopbunn NpeacTaBAAeTCA NepCrnekTUBHbIM NOAXO0LOM, NO3BOAAIOLMM CYLLECTBEHHO YNPOCTUTb
npoueaypy PacyéToB MpU COXPAaHEHUN OCHOBHbIX XapPaKTEPUCTUK Mmogenu. MNoatomy Hamu 6bl10 NPUHATO
pelleHre NpPOBECTU HACTOsLLee MCCNefOoBaHWE C Le/blo PaspaboTKM HOBOro Noaxoda K MPUMEHEHMIO
KNacTepHON MoLenn aacopoumm.

dKcnepumeHT

KnactepHas mozenb aacopbummn onmcbiBaeT obpasoBaHmMe KaK O4HOCAOMHBIX, TaK U MHOTOC/NOMHbIX
KnactepoB agcopbata M3 OTAENbHbIX MOJIeKYyn A Ha MOBEPXHOCTM agcopbeHTa S B COOTBETCTBUM CO
cnepyowmmm ypaBHEHUAMMU:

S+4 —> 84
S+24— 54, 1)

S+nd— SA,

YpaBHeHWe MHOTOCNOMHOW KiacTepHoM M30TepMbl aacopbumu, COOTBETCTBYIOWEE CUCTEMeE
ypaBHeHui (1), moxKeT 6biTb NONAYYEeHO MyTEM MNpPeobpasoBaHMA BblPaXKEHUN ONA KOHCTAHT paBHOBECUSA
NPOLECCOB, OMNMUCbIBaEMbIX ypaBHeHUAMM (1), M 3anucbiBaeTca B Cneaylollem BUAE:

KC,+2KC +..+LKCo+..+ - K,C!
1+K,C,+K,C>+..+KC +..+K C"

B cnyyae, Korga Bce K/jacTepbl agcopbaTa /IOKanM30BaHbl B MepBOM aAcOpPBUMOHHOM CAoe,

KOJIMYECTBO MOJIEKY/ B K/lacTepe iCOBMAZAET C KOJIMYECTBOM MOJIEKY MEPBOrO CN0A m;, BC/eACTBUE YEro
i/m; =1. Mpu 3Tom ypaBHeHMe (2) nepexoguT B ypaBHEHWE OAHOC/IOWHOM KAACTEPHOW M30TepMbl
apcopbummn [2,3,4].
2 i n
KC +K,C.+.+KC +..+K,C]
2 i n
1+K,C,+K,C, +..+KC +..+ K ,C]
K uncny Hambonee BarKHbIX YaCTHbIX C/y4aeB OAHOCAOMHOrO (3) M MHOrOCNOMHOrO (2) KnacTepHbIxX
YpaBHEHUI aacopbumm OTHOCATCA COOTBETCTBYIOLLME YNPOLLEHHbIE YPaBHEHUA.
n
g=q KC +K,C! 4
m* n
1+K,C, +K,C!
n
che +%”Knce
n
1+K,C,+K,C;

21N YpaBHEHNA ONMUCLIBAIOT 06pa3OBaHme Ha NOBEPXHOCTU a,a,cop6eHTa MOHOMEepPOB M

q9=q,- (3)

(5)

q:qm,

aLI,C0p6LI,VIOHHbIX KOMMNEKCOB C MAKCMMaJIbHO BO3MOMHbIM 4YMCAOM MOJSieKyn. TakaA KapTuHa
aACOp6LI,MOHHOI'O npouecca, Hanpmmep, COOTBETCTBYET C/iy4akd 3aKpenaieHnMA MOHOMEPOB Ha bonee
CUNIbHbBIX AKTUBHbIX UEHTPAX a,u,cop6eHTa (I-(OHLI,eBbIX y4acCTKax " ,u,ed)eKTax I'IOBerHOCTVI), TOrga Kak
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K/lacTepbl C MaKCMMas/bHbIM YMCIOM MOJEKY/T PUKCUPYIOTCA Ha OCTanbHOW, Bosee OAHOPOAHOM YacTu
NoBEepPXHOCTN aacopbeHTa.

OaHocnoliHoe KnacTepHoe ypaBHeHWe (4) moxeT 6biTb npeacTtaBneHo B ¢Gopme ypaBHEHUs
JNleHrmiopa, Bnepsble NpegnoxeHHon B paborte [3]:

KO)C
=9 T ~~
1+ K(C)C
34ecb KOHUEHTPaUMoHHaA GyHKUMA 3a4aETCA cedyoWwmm COOTHOLLEHMEM:
K(O)=K,+K,C"" (7)

TU (2.4) ta cling rat ra duoc ham U3 ypaBHeHus (6) TakKe MOXKeT 6biTb nonyyeHa dpyHKuma KC:

(6)

q 1
K(C)= = (8)
49,—-9q9 C
MyTEM COBMECTHOIO MCMO/Ib30BaHWUA ypaBHeHU (7) 1 (8) nonyyaem cneaytolLee BbipaxkeHue:
1
4 .- _g=kC" (9)
4,—-9q9 C

Onsa onpepeneHns K1 ucnonb3oBasocb ypaBHeHue (9) € NPUMEHEHMEM 3SKCMEePUMEHTasbHbIX
3HauyeHunt ql n C1, cooTBETCTBYIOLMX NEPBOM TOUYKE N30TEPMbI aacopbunn:

1
K=—h . — (10)
4, — 4 G
Mocne norapudpmmpoBaHuns ypasHeHua (10) nonyyaem cneaytollee BbiparkeHue:
1
Ig( ——K)=1gK, +(n-DIgC (12)
9,—q9 C

q

m

OAHOCNOMHOM KnacTepHoi n3oTepmbl aacopbumnm (4) moryT 6biTb HallAeHbl NO COOTBETCTBYOLWEMY rPpaduKy.
O6cyKaeHue pe3ynbTaToB

1
MockonbKy GyHKuUmA Y =Ig( -E—K])FIBHFIETCFI NuHerHon dyHKumel ot Ig €, napameTpbl Kn u n

3I-(CI'IepVIMEHTa}'IbeIe a,Cl,COp6LI,MOHHbIe M30TEPMbI, UCNON1b30BaHHbIE B HaCTOFIU.LeVI pa60Te, 6b1In

nosy4eHbl paHee 1 onyb6MKoBaHbI B Halwmx paboTax [4, 5]. CooTBeTCTBYIOLME 3aBUCMMOCTU NPeACTaBEHbI
Ha puc. 1.

0.015 2,6- Y u

2,4

221 Y=a+blgC
- 2,0-
= 0.010
g 1,81
= 1,6 = a=13,896
0.005 - 1.4 b=7,770
1,2
1,0- IgC
0.000 : : : : : -1,70 1,65 -1,60 -1,55 -1,50 -1,45
0.00 0.01 0.02 0.03 0.04 0.05
Ce (MoOTB/ DY)
PucyHoK 1 — 9KcnepumeHTanbHaA nsotepma PUCYHOK 2 — DKCcnepuMmeHTabHble
aacopbumm N30TEPMbl aACOPOUMN B TIMHEAPU30BAHHOW

dopme cornacHo ypasHeHuto (11).
MCTOYHWMK: pa3paboTaHO aBTOpOM
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3HauyeHMe gm, paBHOE MaKCMMaJIbHOM 3KCNepUMeHTabHO Habatogaemon aacopbLMOHHON EMKOCTH,
NPUHUMaNOCb B KayecTBe EMKOCTM MOHOC/IOA, MOCKO/IbKY BCe Mccaedyemble U30TepMbl A0CTUratoT
npeaenbHoM aacopbuUMOHHON EMKOCTH.

Ons rpadpuueckoro onpeaeneHma NnapameTpos ypaBHEHWUA N30TEPMbl UCNONb30BaNacb CpeaHAN YacTb
3KCNepUMEHTaNbHOW U30TEPMbI NO CAeayoWMm NpuynHam [3, 4]:

- Mpu HU3KKUX KoHUEHTpauuax C, BbipaxkeHWe nog, 3Hakom forapndma B 1eBoi YacTu ypasHeHua (11),

1
q -—— K, cTpemuTca K HyAto, BCieAcTBUe Yero 3HadeHne Y =Ig( q
q}'ﬂ - q q}'ﬂ _q

—oo, [lo3TOMy B AaHHOW 061acTU M30TEPMbI NPU NEPEXOAE K IMHENHON GopMe BO3MOKHbI CYLLLECTBEHHbIE

1
paBHoe i K,) ctpemutca K

NOrPEeLHOCTH.
- 3HauMTe/IbHble MOrPELIHOCT MOTYT BO3HMKAaTb TaKXe B 06/1acTu npeaenbHon aacopbuMoHHOM
q
9, —4
MosTomy Mpu NOCTPOEHMMU nHeNHbIX 3aBucumocTelt Y(IgC) cornacHo ypasHeHnuto (11) nepsbie Ase U

€MKOCTU, NOCKOJIbKY BEIMYNHA

HeOorpaHM4YeHHO BO3pacTaeT Npun q — qy,.

nocneaHue ABe TOYKN 3KCNEPUMEHTANbHbIX N30TEPM HE YYUTbIBAIUCh.

Puc. 2. Tlpaduyeckoe npeacrasieHne auHeHon ¢yHKumm Y(IgC) ana cpeaHelr dactu
3KCMepMMEHTa/lbHbIX M30TEPM MPU PasAnYHbIX TemnepaTtypax. Mpu 3TOM 3HauyeHne gm MPUHUMANOCh
pPaBHbIM MaKCMMaJIbHOM 3KCNepMMeHTaIbHOM aacopbUnMOHHOM EMKOCTH, a 3HadeHue K1 paccunTbiBanoch No
ypaBHeHuio (10).

MapameTpbl N30TepPMbI BbINIM TaKKe onpeaeneHbl METOAO0M HauMeHbLINX KBaapaTos (LSF). MeTtoa, LSF
(Least Squares Fitting) ocHOBaH Ha MUHMMM3AUUU CYMMbl KBaZpaTOB OTK/IOHEHUI MeXKAy TEOpPeTUUYECKOoM
aacopbuMOoHHOM U30TepMOoit (4) N aKCnepMMEeHTaIbHbIMK M30TepMamMm aacopbumm (puc. 1). JaHHbIN meTop,
No3BO/IAET HAXOAWUTb TaKMe NapameTpbl U30TEPMbl, MPU KOTOPbIX PacCYUTaHHbIE TEOPETUYECKME KPUBble
MaKCMManbHO 61M3KO COOTBETCTBYHOT 3KCMEPUMEHTAIbHbIM JaHHbIM.

B HacToAWEee Bpems CyLLECTBYeT MHOXEeCTBO NporpaMmmHbIx naketos (Scilab, Datafit), nossonatowmx
onpeneniTb HeEU3BeCTHble NapameTpbl  ypaBHeHua (4) nNyTémMm  He/MHEWHOW  annpoKcUumauum
3KCMepMMeHTaIbHbIX U30TEPM aacopbuunm.

3HayeHUss napameTpoB u30Tepmbl (4), onpegenéHHble rpaduyecKMmM MeToAOM W  METoAOM
HaMmeHbLUMX KBaapaTos (LSF), npeacraBneHsbl B Taba. 1.

Tabnuua 1
MapameTpbl a4COPOLMOHHON N30TEPMBI
T(0C) Mertop, gm (mol/g) n K1 (dm3/mol) Kn (dm3/mol)n R2
pacuéra
25 Graf 0.0162 8.770 33.773 7.762.1013 0.9977
LSF 0.0167 9.136 32.997 2.189.1014 0.9991

McToYHMK: pa3paboTaHo aBTOpOM

MapameTpbl mn3oTepmbl (4), onpesenéHHble rpaduyUeckMm MEeTo40M W METOAO0M HaMMEHbLIMUX
kBagpaTos (LSF), xopoLuo cornacytotca mexay coboit (tabn.1). 3HaueHunsa koapduLmeHTa geTepmmuHamm R?,
6113KME K eANHULE, CBUAETENBCTBYIOT O BbICOKON 3¢HEKTUBHOCTU rpadnyecKoro metona npu onpeaeneHnm
napameTpoB u3oTepmbl. OUeHb XOpollee COOTBETCTBME 3SKCMEPMMEHTAJIbHLIX M30TEPM YMPOLLEHHOMY
YPaBHEHUIO OAHOC/NOWHOM KnacTepHol agcopbumm (4) noaTBep:KAaeT OAHOC/OWHLIN  XapaKTep
aacopbuMOoHHOro npotiecca.

MocKo/ibKy MapameTp MmB ypaBHeHWUW (4) XapaKTepusyeT 4YMC/IO MOJIEKYN B KiacTepe NepBoro
aACOPOLUMOHHOIO CN0si, MOMHO CcAenaTb BbIBOA, YTO Ha MNOBEPXHOCTU YIAepoAHbIX HAHOTPYOOK
bopMMPYIOTCA KaK MOHOMEPDI, TaK U KacTepbl, COCTOALLME U3 AEBATU MONEKY.
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CnepnyeT OTMETUTb, YTO YpaBHEHME U3oTepMbl (4) MoxKeT BbITb NPeACcTaBleHO B BUAE CYMMbl BK/1ag0B

K.C
MOHOMepPHON aacopbumnm M KnactepHoi aacopbuum [ 4] =q,- £ -
p p (q1) p p (qn) 9, =9 +KC +K.C
_ K,C
@ qm'1+K1Ce+Kan'

JKcnepuMeHTanbHble U TEOPETUYECKME M30TePMbl aacopbumm, paccunTaHHble No ypaBHeHuto (4), a
TaKXe MX pasfioXKeHWe Ha OTAeNbHble BKNaAbl npeacTtasaeHbl Ha puc. 3. Ha puc. 3a ucnonb3osaHbl
napameTpbl, onpeaenéHHble rpaduyeckMM MeTOAOM, TOrAa Kak Ha puc. 36 npuBedeHbl pesynbTaThbl,
Noy4yeHHble C UCNONb30BaHMEM NAPaMETPOB, HAMAEHHbIX METOA0M HauMeHbLUMX KBaapaToBs (LSF).

T( Mpadumueckmin metoq, MeToa HaumeHblLUMX KBaapaTos (LSF)
oC)
3
5 0,016 g (mol/g) . 0,016 g, mol/g
0,014 2 0,014
0,012+ EXP 0,012
0,010 0,010
0,008 CALC (6) 0,008
0,006 0,006 { -~ exp
0,004+ 0,004 —— CALC (6)
000 ____ c(molidm g’ggﬁ‘ C (mol/idm?)
0,00 001 0,02 003 0,0 0000 001 002 003 0,04 005

PucyHOK 3.4 — KcnepuMeHTa/IbHble U30TePMbl aAcoPOLUN (TOUKM) U KPUBbIE, PACCUMTaHHbIE MO
ypaBHeHUto (4) c ICNONb30BaHNEM NAapaMeTPOB, onpeaeEHHbIX rpadUUeckMm MeTo40M
N METOLOM HaMMeHbLUMX KBagpaToB (LSF).
NCTOYHUK: pa3paboTaHO aBTOpOM

3aKknioueHune

N3oTepmbl agcopbumnm L-rucTManHa Ha yriepoaHbix HAHOTPYOKax Hbliv NPoaHaAM3NPOBaHbI B paMKax
OLHOC/IOMHOW KNacTepHoW mozenn agacopbuuun. [aHHas MoLeNb YYMTbIBAET B3aMMOAEWCTBUA MEXKAY
MoOJiIeKyNammn aacopbata M NO3BOMAET C MOMOLLbD METOAA JiMHeapu3aumMu OnpenenaTb napameTpbl
aAcopbLUMOHHOro paBHOBECUSA, @ TaKKe CTPYKTYpy agcopbaTa Ha NOBEPXHOCTU YINePOAHbIX HAHOTPYOOK.

MonyyeHHble pe3ynbTaTbl NOKas3aau, 4To L-ructmamH agcopbupyetca Ha nosepxHoct YHT B Buge
MOHOMEPOB M K/IAaCTEPOB, COCTOALUMX U3 AEBATU MOJIEKYST U PACMO/IOKEHHDBIX B O4HOM afAcoOpPOLMOHHOM
cnoe. bblnn TakxKe onpeaeneHbl KOHCTaHTbl PaBHOBECUA COOTBETCTBYIOLWMX afCOPOLMOHHbIX MPOLLECCOB.

MoHWMaHWe CTPYKTYpbl aacopbaTta u XapaKTepPUCTUK aacopbuUMOHHOro paBHoBecUA MMeeT 6osblioe
3HayeHue AN MPUMEHEHUS YIepPoaHbIX HAaHOTPYOOK B OGMOCEHCOPAX, CMCTEMAX afpPECcHOM A0CTaBKM
JIeKapCTBEHHbIX CPEACTB, A TaKkKe ANA AaNbHENLWeEro nsyyeHma GuU3nNKo-XMMMUYEeCcKMx CBOMCTB NOBEPXHOCTH
YHT.

CnMCOK UCNONb30BaHHOI INTepaTypbl:
1 Cattien V.N. Advanced technology utilising CO2-containing methane for production of CNTs and graphene
and their applications // PVJ. 2019. Ne10. C. 59-70.
2 Butyrskaya E.V., Zapryagaev S.A,, Izmailova E.A. Cooperative model of the histidine and alanine adsorption
on single-walled carbon nanotubes // Carbon. 2019. Ne143. C. 276-287.
[9] Butyrskaya E.V. Single-layer cluster adsorption model and its application for the estimation of the CO2
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DEVELOPING SPATIAL IMAGINATION AND ITS APPLICATION IN MECHANICAL
ENGINEERING ASSEMBLY DRAWINGS

Abstract
Spatial imagination is a core cognitive competency in engineering education, vital for reading, an-

alyzing, and creating assembly drawings. Learners must reconstruct 3D models from 2D projections. This
paper analyzes the theoretical foundations of spatial imagination in reading projections, cross-sections, and
identifying assembly rela-tionships. We propose an evaluation criterion system and a developmental process
for students based on activity-based learning. A shaft bearing assembly example illustrates the 2D-to-3D
conversion process.

Keywords:

spatial imagination, assembly drawing, engineering drawing, mechanical engineering.

1. Introduction

Technical drawings are essential for conveying design, manufacturing, and maintenance data. For
assembly drawings, readers must understand the component shapes, positional relationships, and assembly
sequences. This demands advanced spatial visualization beyond reading single-part drawings.

Many students master drawing conventions but struggle to visualize 3D assembly structures. Common
errors include misidentifying fits, confusing coaxial relationships, or misunderstanding internal features.
These issues stem from weak spatial imagination.

Spatial ability directly impacts performance in CAD and mechanical design. In the Al and modern CAD
era, spatial imagination remains vital, shifting from basic geometric construction toward structural analysis,
feasibility assessment, and logical control of digital models. This necessitates innovative training methods
that merge traditional spatial thinking with digital technology.

2. Theoretical Foundations of Spatial Imagination

Spatial imagination is the ability to create, maintain, and transform mental images of objects. In
mechanical engineering, it enables converting between 2D projections and 3D models, visualizing internal
structures, and reasoning about assembly relationships. This competency synthesizes geometric,
technological, and functional thinking.

It consists of four core components:

« Geometric recognition: Identifying surfaces, grooves, threads, and holes.

» Representation conversion: Moving between 2D projections and 3D models.

« Mental transformation: Visualizing objects after rotation, cutting, or assembly.

« Functional reasoning: Understanding positioning, force transmission, and operation.

Research (Sorby, Branoff) shows that combining visual models, CAD, and hands-on practice effectively
develops these spatial skills.

3. The Role of Spatial Imagination in Assembly Drawings

Spatial imagination helps students identify component shapes and configurations, distinguishing base,
rotating, position-ing, and transmission parts within complex, overlapping assemblies.

In cross-sections, it allows learners to visualize cutting planes and internal structures, explaining why
components like shafts or bolts are left unhatched. Furthermore, this competency helps predict assembly
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sequences and detect design errors—such as component interference or misalignment—making it
foundational for mechanical design thinking.

4. Criteria and Methods for Developing Spatial Imagination

To assess spatial imagination in mechanical engineering students, five criteria are applied:

« Converting between 2D projections and 3D models.

+ Determining positional and assembly relationships.

* Analyzing internal structures via cross-sections.

« Reasoning about assembly sequences and operating principles.

« Detecting technical design errors.

Assessment combines qualitative activity observation with standardized tests like the Mental Rotation
Test (MRT), Purdue Spatial Visualization Test (PSVT), and practical model-construction exercises.

Development rests on three principles: continuous representation conversion, integration with
professional CAD/drawing tasks, and visual verification via physical or 3D models.

Learning must be activity-based (observing, analyzing, and simulating) rather than relying on rote
memorization. While CAD and 3D simulations provide excellent visual support, over-reliance can hinder
independent visualization. Therefore, manual geometric thinking must be balanced with digital technology.
Explaining operating principles is par-ticularly vital, as it connects spatial visualization with technical logic by
forcing students to trace force transmission and component functions.

5. Process for Training Spatial Imagination

The training process for spatial imagination can be organized into a six-step procedure: (1) Identify the
function of each component within the assembly. (2) Determine the base component and the main assembly
axis. (3) Perform spatial lay-ering between fixed and moving components. (4) Analyze cross-sections and
describe the internal structure. (5) Sketch an exploded view or construct a CAD model. (6) Explain the
operating principle and verify assembly feasibility. This process guides students in progressively transitioning
from perceptual observation to technical thinking, while simultane-ously developing the ability to
reconstruct objects in space in a logical and accurate manner. It is important to distinguish spatial imagination
from technical design thinking. Spatial imagination primarily concerns the ability to reconstruct and
geometrically transform objects in the mind, while technical design thinking encompasses functional analysis,
material selection, structural calculation, and manufacturing process optimization. Spatial imagination is an
essential cognitive foundation for the formation of technical design thinking.

6. lllustrative Example: Analysis of a Shaft Bearing Assembly

The shaft bearing assembly serves as an example for developing spatial imagination. It consists of a
housing, bearings (or bushings), a rotating shaft, retaining caps, and connecting bolts.

[Figure 1: Shaft bearing assembly components]

Outermost layer: bearing housing, Innermost layer: rotating shaft.
retaining caps.

y{v <y &

Intermediate layer: rolling bearings or plain bearings (bushings).

Figure 1 — Shaft bearing assembly components
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When reading the front view with a longitudinal cross-section, students must visualize the bearing
housing as the outer base component enclosing an interior bore that is coaxial with the rotating shaft. The
shaft passes through the bearing and is held in position by retaining caps at both ends. This visualization
process requires the learner to simultaneously analyze multiple spatial layers. When reading cross-sections,
students must determine which components the cutting plane passes through, which components are
hatched in the section view, and which components follow the convention of not being hatched. A correct
understanding of the nature of cross-sections helps learners reconstruct the internal structure of the
machine assembly. From the assembly drawing, students must also reason out a logical assembly sequence:
mount the bearing into the housing, insert the shaft through the bearing, fit the retaining cap, tighten the
bolts, and secure the assembly to the machine base. This process illustrates how spatial imagination is directly
linked to practical mechanical skills and technological thinking. Common student errors include confusing the
bearing housing with the plain bearing (bushing), failing to recognize coaxial relationships, or incorrectly
positioning components when constructing a CAD model. This demonstrates that developing spatial
imagination requires organizing tasks around actual hands-on manipulation rather than merely studying
theory.

7. Conclusion

Spatial imagination plays a foundational role in the technical cognitive activities of mechanical
engineering students, par-ticularly in the processes of reading, analyzing, and creating assembly drawings.
Beyond purely geometric visualization, this competency is directly related to functional thinking, structural
reasoning, the analysis of assembly relationships, and the prediction of machine operating principles.
Therefore, developing spatial imagination should be regarded as a core ob-jective in contemporary
competency-based mechanical engineering education. This paper has systematized the theoretical
foundations of spatial imagination in mechanical engineering drawing, clarifying the role of this competency
in reading orthographic projections, cross-sections, and reasoning about assembly structure. On this basis,
the study proposes an evaluation criterion system and a training process oriented toward activity-based
learning, integrating visual manipula-tion, CAD modeling, and technical principle analysis. The use of the shaft
bearing assembly example demonstrates that the conversion process between two-dimensional
representation and three-dimensional models not only supports geomet-ric cognition but also contributes
to the formation of technological thinking and technical logic in learners. The research findings indicate that
developing spatial imagination cannot be separated from an active learning environment in which students
must regularly engage in activities of analysis, prediction, manipulation, and verification using both physical
and digital models. This reinforces the position that spatial competency is not a fixed innate ability but can
be developed through appropriate instructional design. In the context of digital transformation and the
strong development of artificial intelligence in mechanical design, the role of spatial imagination is not
diminishing but shifting toward a higher level of thinking, encompassing the capacity to control geometric
logic, evaluate assembly feasibility, and analyze the techni-cal validity of digital models. Therefore, modern
engineering education must harmoniously integrate traditional spatial thinking with CAD technology, 3D
simulation, and intelligent design environments.
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BIOINSPIRED FIBERS AS PROMISING GUIDING MEDIA IN TELECOMMUNICATIONS

Abstract
This article discusses bioinspired optical fibers, a new class of guiding media for telecommunication
systems, the principles of which are borrowed from biological structures.
Keywords:
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1.BeBepeHue
OnTuyeckne BOJIOKHA ABAAIOTCA OCHOBOM COBPEMEHHbIX TE/JIEKOMMYHMKAUMOHHbIX CeTel,
obecneunBas nepegadyy MHGOPMaLMN Ha OFPOMHbIE PACCTOAHWUS C BbICOKOW MPOMYCKHOM CMOCOBHOCTbIO U
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MUWHMMaNbHbIMK NoTepAmM. C MOMEHTa NOABNAEHUA NEPBbIX MPAKTUYECKM NPUTOAHbIX KBAapLLEBbLIX BOJIOKOH
B8 1970-x rogax aTa TEXHONOMMA MPOLLNA KOOCCA/bHbIN NYTb PAa3BUTUA: OT O4HOMOAOBbLIX U MHOFOMOZAO0BbIX
BOJIOKOH A0 GOTOHHO-KPUCTANIZIMYECKUX, MUKPOCTPYKTYPUPOBAHHbIX U NOJbIX BONOKOH. OAHaKo no mepe
npUbAMKEHMA K dyHAAMEHTANbHbIM GU3NYECKUM Npeaenam TPASULMOHHbBIX TEXHONOTUI UccaeaoBaTenm
BCE Yallle 06paLwaoTCcA K NPUPOAE KaK K UCTOUYHUKY MHHOBALMOHHbIX KOHCTPYKTUBHbIX PELUEHUIA.

BUOoMMMETUKA - HayyHOe HanpaBAeHWe, OCHOBAaHHOE Ha 3aMMCTBOBAHMM MPUHLMMOB, CTpaTernii u
CTPYKTYPHbIX PELUEHUIA U3 KMBOW NPUPOAbI - B NMOCAeAHNE ABa AECATUNETUA CTana OAHUM U3 Hambonee
OVNHAMUYHO PA3BUBAOLMXCA MEXAMUCLMNANHAPHBIX HanpaBieHUn. B 061acT oNnTUYECKMX HAaMPaBASOLWNX
cpes, 6MOMHCNUPUPOBAHHBIM NOAX0A, OTKPbIBAET MPUHLMNMANABHO HOBblE BO3MOXHOCTU A/ CO343HWA
BOJIOKOH C YHWKA/NbHbIMM CBOMCTBAMMW: MOBbILEHHOW MEXaHUYECKOW MPOYHOCTbIO, YAYYLIEHHBIMM
ONTUYECKMMM  XapPaKTEPUCTUKAMM, CNOCOOHOCTbIO K CaMOBOCCTAaHOBJEHUIO U 3KONOMMYECKOM
6e30nacHOCTbIO.

Mpupoaa 33 MUAAMOHLI NIeT 3BOMIOUMKM  «pa3paboTana» MHOXKECTBO OMNTUYECKUX CTPYKTYP,
OEMOHCTPUPYIOLLMX NOPA3UTENIbHbIE BONHOBOAHbIE CBOMCTBA. CTEKAAHHDIE UMbl (CNWKYbI) rYOOKOBOAHbIX
ryboK, LWENKOBbIE HUTU MayKoB, GOTOHHO-KPUCTANIMYECKME CTPYKTYPbl B Kpblibsax 6aboyek M naHumMpsx
YKYKOB, BMONIOMUHECLEHTHbIE OpraHbl rNyOOKOBOAHbIX OPraHM3MOB - BCE 3TU NPUMEPbI CBUAETE/NbCTBYIOT O
TOM, YTO KMBAA NPMPOLaA YCMELIHO peLlaeT 3a4a4mM YNpaBieHMsA CBETOM, UCMONb3YA MPU STOM OFfPaHUYEHHbIN
Habop MmaTepuanoB U «KMATKME» YCNOBUA CUHTE3a - MPU HOPMASIBHOM JaBJEHUM, KOMHATHbIX WAn
YMepeHHbIX TemnepaTypax U B BOLHOM cpese.

Llenbto Hactosillel CTaTbM ABAAETCA CUCTEMATUYECKUA 0630p OMOMHCMMPUPOBAHHBIX BOJIOKOH,
paccMoTpeHMe UX NPUPOLHbIX MPOTOTMNOB, aHA/IN3 KOHCTPYKTUBHBIX U TEXHONOTMYECKMX 0COBeHHOCTelN, a
TaK)Ke OLleHKa NepcrneKkTMB NMPUMEHEHWA B KayecTBe HanpaBAAloWMX cpes B TeNeKOMMYHUKALMOHHbIX
cUCTEMAX.

2. MpupoaHblie NPOTOTUMNbI ONTUYECKUX BOJIHOBOA,0B

CreknsaHHble rybku Euplectella aspergillum

Hanbonee M3BECTHbIM M XOPOLWO W3Y4YEHHbIM MPUMEPOM MNPUPOLHOrO0 OMTUYECKOro BOJIHOBOAA
ABNAOTCA CMINKY/IbI IIy6OKOBOLHOM cTekNAHHOM rybku Euplectella aspergillum (Tak HasbiBaemas «KOpP3MHKA
BeHepbl»). ITM MOpCKMe opraHn3mbl, obuTatowme Ha rnybuHax ot 100 go 5000 meTpoB, GOpPMUPYIOT CKeNeT
N3 KPEMHE3EMHbIX UIA - CMINKYA, AJIMHA KOTOPbIX MOXET AOCTUrATb HECKOIbKUX CAaHTUMETPOB, a ANaMeTp
coctasasaet oT 5 Ao 50 MMKpomeTpoB.

[JeTtanbHoe uccnenoBaHUe CTPYKTYPbl CNWKYA, BNepeble npoBegéHHoe rpynnoi . AnseHbepra B
Hayane 2000-x rofoB, BbIABMIO MOPA3UTENbHOE CXOACTBO C KOHCTPYKLMEN MPOMBILIEHHbIX ONTUYECKUX
BONOKOH. Cnukyna Euplectella aspergillum vmeeT cnouctyto CTPyKTypy, COCTOALLYHO M3 LEHTPasbHOro
CTep)KHA € Oosfee  BbLICOKMM MOKasaTeNleM MNPENOMIEHUS, OKPYXKEHHOIO  KOHLLEHTPUYECKMMM
UMAVNHAPUYECKMMW CI0OAMM KpPeMHe3EéMa C MepeMeHHbIM MoKasatesnem npenomneHus. Kaxkablii cnow
pa3aenéH TOHKOM opraHMYecKom Npoc/ionKkoi 13 6enkoB. Takana KOHCTPYKUMA obecneunBaeT apdeKkTnBHoe
Hanpas/ieHMe CBeTa NOCPEACTBOM MOJIHOTO BHYTPEHHENO OTPAXKEHMA - TOFO e NPUHLMMA, KOTOPbIN NEKUT
B OCHOBE PaboTbl TPAAMLMOHHbIX ONTUYECKUX BOSIOKOH.

OpHako 6uonornyecknin BonHOBoA, ob6fafaeT pALOM CBOWMCTB, HEAOCTYMHbIX €ro TEXHWYECKUM
aHanoram. Bo-nepsblX, CNOMCTas CTPYKTypa ChMKy/Abl 0b6ecrneymMBaeT WCKAUYUTENbHYIO MEXaHWYECKYHo
NMPOYHOCTb: CNMKYNa cnocobHa n3rnMbaTbca Ha 3HAUUTEIbHbIE Yrbl 6e3 paspyweHua baarogapa MexaHusmy
OCTAHOBKM TPELUMH Ha FPaHuLLaX MEeXKAY CI0AMU.

Bo-BTOPbLIX, POPMUPOBAHME CIMKY/IbI MPOUCXOLUT B YCIOBUAX XONOAHOM ryOOKOBOAHOM cpesbl Npu
TemnepaTtype okono 4°C 1 HopMasibHOM AaB/IeHUK, TOTAA KaK NPOM3BOACTBO KBapLLEBbLIX BOJIOKOH TpebyeT
Temnepatyp nopAagka 2000°C. B-TpeTbMx, CMAMKY/bl COAEPXAT MPUMECHM MOHOB HATPMA, KOTOpble
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obecneunBatoT NOBbIWEHHbIA NMOKa3aTeNb NPENOMIEHUA CEPALEBUHbI OTHOCUTENBHO 0BONOYKKM - aHanor
NIerMpPoBaHMNA repMaHNeM B MPOMbILLIEHHbIX BOJIOKHAX.

MayTUHHbIE HATH

LLIEnKOBbIE HUTU MAyKOB NpPeAcTaBAslOT cobol eweé oaAnH NPUMeYaTe/bHbIN NPUPOAHbLIN NPOTOTUN
ANs co3aaHma BUONHCNNMPUPOBAHHbLIX BOIOKOH. MayTUHHbIN WENK - 3TO0 6enkoBbin nonmmep (pubpounH),
0613aatoLWLmMI BblAAOLLMMUCA MEXAHUYECKMMM XapaKTEPUCTUKAMM: NMPOYHOCTb HA PA3PbIB OTAENbHbIX HUTEN
pocturaet 1,5 Ma, a yannHeHue npu paspsbise - 40 30%, 4To obecrneynBaeT yaebHY0 SIHEPTUIO paspyLUeHUs,
MPeBbILIAIOLLYO aHANOMMYHbII NOKa3aTeslb A1A KeBlapa U BbICOKOMPOYHOW CTaNN.

C ONTMYECKOI TOUKKU 3PEHUsA, NAayTUHHbIE HUTU NPEeACTaBAAOT UHTEPEC MO HECKONbKUM MPUYMHAM.
NccnepoBaHWA Mnokasanu, YTO HUTKM NayKa-Kpyronpaga CnocobHbl HanpaBaAaTb CBET 3a CYET MOJIHOrO
BHYTPEHHEro OTPA’KEHMA Ha TpPaHULE «HWUTb - BO3AyX» (MOKasaTesb MPENOMAEHUA LWENKA COCTaBAseT
npubnusmtenbHo 1,5). Tpynnoii wuccneposatenein noa pykosoacteBom H. KoxeBHMKOBOW 6blno
NPOAEMOHCTPUPOBAHO, YTO NAYTUHHbIE HUTU MOTYT MCMOJIb30BATLCA B KAYECTBE MMHUATIOPHbIX ONTUYECKUX
BO/IHOBOZOB A1 Nepefayn CBeTa B BUOMMOM W BAMMKHEM MHPpakpacHOM AuanasoHax. Kpome Toro,
MoaubUKauMs NOBEPXHOCTU MayTUHHbBIX HUTEM (Hanpumep, HaHeceHne NoMMEPHbIX MOKPbITUIA) No3BoNAET
ynpaBAATb ONTUYECKMMM CBOMCTBAMM BOJIHOBOAA.

®OTOHHbIE CTPYKTYPbI B }KUBOW Npupoae

MHorouncaeHHble npumepbl POTOHHBIX KPUCTANIOB OOHAPYKEHbI B XKMBOM NpUpoae: nepuogmdeckme
HaHOCTPYKTYpPbI B Kpblibsax 6abouyek poaa Morpho, naHumpsx *kykos Chrysina resplendens, nepbax naB/inHOB
M KoNMbpW, a TaKKe B OMANECUMPYIOWMX TKAHAX HEKOTOPbIX MOPCKUX OPraHM3MOB. ITU CTPYKTYpbI
npeacTaBnAloT Ccobol nepuoamyeckn ynopAgovYeHHble MacCMBbl M3 MATEpPManoB C  PasIMYHbLIMU
noKasaTensmMmu npenomsaeHns, cosgatowme GOTOHHbIE 3anpeLéHHble 30Hbl - AMana3oHbl AAUH BOJIH, AN
KOTOPbIX PacnpoCcTpaHeHWe CBETA B ONpeAeiEHHbIX HaNpPaBAEHMAX 3anpeLLeHO.

MpuHLUMN GOTOHHbIX 3anpeLLéHHbIX 30H JIEr B OCHOBY LEN0ro Knacca GOTOHHO-KPUCTaNINYECKMX
BOJIOKOH (PKB), KOTOpbie, CTPOro roBops, MOXKHO CYMTaTb BUOUHCNUPUPOBAHHBIMW, XOTA UCTOPUYECKN OHU
pa3pabaTtbiBaNCh NAPANNENbHO C U3yYEHUEM NPUPOAHDLIX POTOHHBLIX KPUCTaNNoB. TeM He MeHee MMEHHO
n3yyeHme 6nonornyeckmx GOTOHHbIX CTPYKTYP 4310 MOLLHbIA MMNYAbC A8 Pa3paboTKM HOBbIX KOHCTPYKLUIA
®KB c oNnTMMU3NPOBAHHOM reoMeTpuelt OTBEPCTUIM, aCUMMETPUYHbBIX CTPYKTYP U TMOPUAHBIX BOMIOKOH C
Mepapxmyeckom opraHmusaumen.

3. KoHcTpyKTUBHbIE 0CO6EHHOCTU 6MOMHCMIUPUPOBAHHbIX BOIOKOH

Cnouctbie BONOKHA C MepapXUUYecKon CTPYKTYpOii

OAHUM U3 TNaBHbIX OOCTUXEHWUA OBUOMHCNIMPUPOBAHHOIO NOAXOAA CTana pPaspaboTKa BOMOKOH C
NepapXmMYECKon CIOUCTON CTPYKTYPOM, 3aMMCTBOBAHHOM Y CMUKY CTEKAAHHbIX r'yOOK. KOHCTPYKLUMA TaKmx
BOJIOKOH MNpeaycMaTpUBAET HaAMYyMe MHOMKECTBA KOHLEHTPUYECKMX C/I0EB CTEKNA WAW MNOAMMepa,
pa3fenéHHbIX TOHKMMK MNPOC/AOMKaMW M3 MaTepuana C WMHbIMWM MeXaHUYEeCKMMW CBOMCTBAMM. Takas
apxuTeKTypa obecneymBaeT 04HOBPEMEHHO XOPOLUME ONTUYECKME XapaKTePUCTUKM (BONHOBOAHbIN 3ddeKT
33 CYET rpaameHTHoro npoduaa noKasatens NPeSOMIEHUA) U BblAAIOLWYOCA MEXaHUYECKYHO MPOYHOCTb
(MexaHW3M OCTaHOBKM TPELLMH HAa MEXKC/I0EBbIX FPaHMLaXx).

Nccneposatenu n3 Mapeapackoro yHusepcuteta U MHCTUTYTa Makca MnaHKka peanv3oBann AaHHbIN
nogxon, Co3gaB MHOIOC/AOMHblE KpeMHE3EMHbIE BOJIOKHA METOAOM 30/1b-Te/ib CMHTE3a MPU MNOHUMKEHHbIX
Temnepatypax (200-600°C). lMony4yeHHble BOMOKHA [AEMOHCTPUPOBANAN ONTUYECKME NOTepu nopAdKa
HEeCKONbKMX AB/M B BMAMMOM AManasoHe W MPU 3TOM BbIAEPXKMBANM 3HAUUTE/IbHbIE MexaHuYeckue
Harpysku 6e3 KaTacTpopUUeCcKoro paspyLleHms. XoTa ypoBeHb NOTepPb CYLLLECTBEHHO NPEBbILLAET NOKasaTenmn
KOMMepPYECKMX KBapLeBblix BOAOKOH (0,2 4B/KM Ha AnvHe BoAHbI 1550 HM), TakMe BO/IOKHA NpPeacTaBaAoT
WHTEepec 4NA CNeunanm3nMpoBaHHbIX MPUNOKEHUN, FAe MeXaHUYeCKan HALEKHOCTb KPUTUYECKM BaXKHa.

55



AKAJEMUYECKOE USAOATENBCTBO «HAYHYHAA APTE/1Ib» HAYYHO-U3OATENbCKUIA LLEEHTP «ASTEPHA»

Bon0KHa Ha ocHoBe 6uononnmepos

3HauMTeNbHble YCWUAMA HaAMpaB/ieHbl Ha CO34aHME ONTUYECKMX BOJMIOKOH M3 H6Monosanmepos -
MaTepuanos, BOCNPOU3BOAALLNX AN UMUTUPYIOLLUX COCTaB M CTPYKTYPY NPUPOAHbLIX BENKOBbLIX BOJIOKOH.
Hanbonee akTMBHO McCneayoTcAa BOIOKHA HA OCHOBE WENKOBOro GMBPOMHA, LEeNN0N03bl U XMTO3aHa.

LLIEnKoBblE ONTUYECKME BOJIOKHA MPUBAEKAIOT BHUMaHMe bnarofapa pagy YHUKalbHbIX CBOMCTB:
61M0COBMECTUMOCTHM, BUOpPa3NaraeMocTu, BO3MOXKHOCTU GYHKUMOHaNU3aLmm (BCTpamBaHma BMonornyecku
aKTUBHbIX MONIEKY/, GNYOPECLEHTHbIX KpacuTesiei N HaHOYaCTUL, HeNOCPEeACTBEHHO B MATPULY BOJIOKHA) U
mexaHuyeckon rmbkocTtu. Fpynna uccnegosaTeneit us YHusepcuteta Tadtca (CLUA) paspabotana metop,
bopMMpoBaHMA ONTUYECKUX BOJIHOBOAOB M3 pereHepupoBaHHOro WENKOBOro ¢pMbpomHa NyTém Npsmoro
BbITATMBAHUA W3 BOAHOro pacrtsopa. [lonyyeHHble BOJIOKHA umenn guametp ot 5 go 100 mKm u
AEMOHCTPMPOBaN onTuyeckune notepm ot 0,5 A0 2 Ab/cM B 3aBUCMMOCTM OT KayecTBa NOBEPXHOCTU U AJIUHbI
BOJIHbl. ITW BOJIOKHA nNpeanaratoTcA, npexae Bcero, AnA OUMOMeaMUMHCKUX NPUAONKEHUA, OOHAKO
KOHLEeNuua cosaaHusa bruopasnaraembix ONTUYECKUX IMHUIA CBA3N MasioOl NPOTAKEHHOCTU (419 BPEMEHHbIX
CeTel, CEHCOPHbIX CUCTEM N KMHTEPHETA BELLLE») TaK}Ke NpeAcTaBaAseT 3HaUYMTEbHbIN MHTepec.

LlenntonosHble onTuyeckune BosIOKHa, padpaboTaHHble Ha OCHOBE HAHOKPUCTA/IMYECKOM LLeNN0103bl,
[EeMOHCTPUPYIOT BOSIHOBOAHbIE CBOMCTBA M NPU STOM ABAAIOTCA NOJHOCTbIO 3K0N0rMYecKM 6esonacHbimm 1
nepepabatbiBaemMbiMU. XOTA MX ONTUYECKME XaPAKTEPUCTMKM MOKA CYLLECTBEHHO YCTYMaloT KBAPLEBbIM
BOJIOKHAM, NccnegoBaHMA B JAHHOM HamnpaBaeHUN NPOA0IKaOTCA.

®DOTOHHO-KPUCTANIMYECKUE BOJIOKHA C BUOMHCNIUPUPOBAHHOM reomeTpueit

AHaNM3 NpUpPoaHbIX GOTOHHbLIX CTPYKTYP MO3BOAMA NPEANOKUTL PAL MHHOBALMOHHbLIX KOHCTPYKLMIA
GOTOHHO-KPUCTANIMYECKMX BONOKOH. B 4acTHOCTM, KBasWymnopsAo4YeHHble CTPYKTYpPbl, XapaKkTepHble A
yelwlyek KpblabeB 6aboyek Morpho, BAOXHOBUAWM cO34aHME BOJIOKOH C KBAa3sWMKPUCTA/IZIMYECKON PeLLETKOM
BO34YLIHbIX OTBEPCTUI B 060104Ke. Takne BOMIOKHaA 06nafatoT 6onee WMPOKON 04HOMOAOBOM NOMAOCOM
NPONYyCKaHWA NO CPaBHEHWUIO C TPAAUUNOHHbIMKU DPKB ¢ rekcaroHasibHOM peLLETKON.

Opyroii 6MOMHCNINMPUPOBAHHbBIN NOAXOA peanusyeT NPUHUMN ONTUMM3ALLMKW, 3aMMCTBOBAHHLIA M3
reHeTMYeCKMX aNropUTMOB M 3BOJIIOUMOHHDIX CTpaTernii. CTPYKTYpa BONOKHA «3BOJIIOLMOHUPYET» B X0Ae
BbIYNCAUTENBHOM OMNTUMM3AUUM, MMUTUMPYA MNPOLLECC ecTecTBEHHOro oTbopa, NpuM 3TOM LLEeNeBbliMM
napameTpamm CAy»KaT MUHMMM3AUMA MOTepb, paclmpeHue pabouyero auanasoHa AJWH BOJSH WUAU
[OCTUXKEeHMEe 3aZaHHOro npoouns aucnepcuu. MNoaydyeHHble TaKMM 06Pa3oM CTPYKTYPbI 3a4acTyto MMmeroT
HeperyiapHyto, aCMMMETPUYHYO FTEOMETPUIO, HE MMEIOLLLYIO aHaI0TOB CPeay TPAANLMOHHbBIX KOHCTPYKLUUIA,
HO AEMOHCTPUPYIOLLYIO NPEBOCXOAHbIE XaPaKTEPUCTUKM.

4. MexaH13Mbl pacnpocTpaHeHuUs cBeTa B 6MOMHCMIUPUPOBAHHDBIX BOJIOKHAX

MexaHM3Mbl BOJIHOBOAHOIO PACMpPOCTPaHEHUA CBeTa B GMOMHCNUPUPOBAHHBIX BOJIOKHAX B LLE/IOM
NoAYMHAIOTCA TEM Ke PUINYECKMM 3aKOHAM, YTO U B TPALMULMOHHBIX ONTUYECKMX BOJIOKHAX, OAHAKO UMELOT
pAag cneumduyecknx ocobeHHocTen.

MonHoe BHyTpeHHee oTpaxeHue (MBO) ABNAETCA OCHOBHbBIM MEXaHWM3MOM A/ BOJIOKOH CO
CTYNeH4YaTbiM WAW  TPagMeHTHbIM  npodunem nokasatens MpPesoMIEHMA, BKAKOYAs  C/AOUCTble
6MOMHCNNPUPOBAHHbIE BOSIOKHA M BOJIOKHA U3 WENKOBOTO pubpomHa. B C1oMUCTbIX BONOKHAX, UMUTUPYIOLWMX
CTPYKTYPY CNUKYAN ry6oK, addekTuBHOCTb NMBO onpeaenaetca YACNOM CNOEB M KOHTPACTOM MoKasaTtenew
NPEeNOMIEHUS MeXAY CNosiMU. MHOroc/ioliHan CTPYKTypa co34aéT 3QdEKT «KMArKOro» OTPaXKEHUA: CBET,
NPOHMKAIOLWMI Yepes rpaHuLLy O4HOIO CN0S, OTPAXKAETCS OT CNEAYIOLLErO, YTO CHUXKAET NOTEPU HA u3rnbax.

®oTOHHaA 3anpewéHHas 30HA ABNAETCA  MEXaHW3MOM  yAeprKaHuAa cBeTa B MNOJbIX
H6MONHCNNPUPOBAHHBIX BOJIOKHAX, r4e NePUOAMYEcKan CTPYKTypa 060/104KM (04HOMEpPHas - B BOJIOKHAX TUNA
«BbparroBckoe BONOKHO» UK aBymepHas - B PKB) co3gaéT ycnosuma, Npu KOTOPbIX CBET HE MOKET NMOKUHYTb
cepaueBnHy. BUOMHCNIMPUPOBAHHbIE KOHCTPYKLMM C  KBA3MKPUCTANIMYECKON UAM  MepapXMYecKon
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nepuoaMyeckon CTPYKTypor cnocobHbl obecneuynBatb 6osee WWPOKME W Oosee ycTonumBblie K
TEXHONOMMYECKUM OTKIOHEHMAM 3anpeLLEHHbIE 30HbI.

AHTMPE30HAHCHbI MeXaHU3M MCMoJsib3yeTcs B BoJIOKHax Tuna ARROW (Anti-Resonant Reflecting
Optical Waveguide), KOHCTPYKUMA KOTOPbIX TaKKe MOMeT ObiTb ONTMMM3MPOBAHA C WMCMNOJIb30BAHWEM
B6MOMHCNNPUPOBAHHBIX NOAX0A0B. B TAKMX BOSIOKHAX TOHKME CTEHKM KanuAapoB BOKPYT NOJ10M cepALLEeBUHbI
[EeNcTBYIOT KaKk pe3oHaTopbl Pabpu-lepo, oTpaxKatowme ceeT 06paTHO B CEPALEBUHY Ha aHTUPE3OHAHCHbIX
ANNHAX BOJH.

CnegyeT OTMETUTb, YTO OMOMOAMMEPHbIE BOJIOKHA, KaK MPaBMAO, AEMOHCTPUPYIOT 3HAYUTENbHO
6onee BbICOKME MOTEPU MO CPABHEHWUIO C KBAPLLEBbIMM aHanoramu. 370 0OYCNOBNEHO HECKObKMMMU
dakTopamu: 6os1ee BbICOKMM NoraoweHnem B MHdpakpacHOM AnanasoHe (13-3a Haanumsa ceasei C—H, O—H
n N—-H), paccesaHnem Ha HEOQHOPOAHOCTAX CTPYKTYpPbl HENKOBOWM MaTpMLbl, @ TaKKe MeHee CoBepLUEeHHOM
NOBEPXHOCTbIO pa3aena cepaueBnHa-060104Ka. TUNMYHbIE 3HAYEHMA NOTEPb A5 LWENKOBbLIX BOIHOBOAOB
coctasnawoT 0,5-2 ab/cm, ana uennonosHbix - 1-5 ab/cm, 4To OrpaHMumMBaeT AasbHOCTL Nepeaayun
eaMHULAMU-4EeCATKAMM CAHTUMETPOB.

5. TexHonornm nsrotosneHusa

TexHoNnorMm M3roToBAeHUAs OUOMHCIMPUPOBAHHbLIX BOJIOKOH CYLECTBEHHO OT/AMYAKOTCA  OT
TPaAMLMOHHbIX METOA0B NPOU3BOACTBA KBapL,eBbIX BONOKOH (MCVD, OVD, VAD) 1 vyacTo npegnonaratot
WUCNONb30BaHMUE «KMATKMUX» XMMUYECKMX N PU3NYECKMX NPOLLECCOB.

30/b-renb MeToZ LUMPOKO MCMob3yeTca Aaa GOPMUPOBAHUA CNOUCTLIX KPEMHE3EMHbIX CTPYKTYp,
UMUTUPYIOLIMX CIMKYAbl rybok. lMpouecc BKAOYAET rMAPOAN3 U MOJIMKOHAEHCAUMIO aNKOKCUCUAAHOB
(TeTpasToKcucunana - TOOC) ¢ nocneayolleit CYyLKOW U TepMoobpaboTKOM Npu yMepeHHbIX TeMnepaTypax
(200-600°C). MHorocnolMHas CTPYKTypa co3aaéTca NyTém nocnea0BaTe/IbHOro HaHeCceHUA U BbICyLIUBaHMA
CNOEB 30/1A C PA3/IMYHbIM COCTaBOM. MpenmyLLecTBOM MeToda ABAAETCA BO3MOMKHOCTb TOYHOIMO KOHTPOAA
COCTaBa KaX4oro C/0s U BBEAEHUA NIernpyomnx 406aBOK ANA ynpaBaeHMA NoKasaTeem npenomaeHums.

Mpsmoe BbITATMBaHME M3 pacTBOpa MNPUMEHAETCA ANA W3rOTOB/NEHUA BOJIOKOH W3 LIENKOBOrO
dnbponHa. PereHepnpoBaHHbIN LWENK paCTBOPAIOT B KOHLLEHTPUPOBAHHOM pacTBope bBpomunaa NnTuaA, 3aTem
OUYMLLIAIOT AMANN30M U KOHUEHTPUPYIOT. M3 nonyyeHHOro BA3KOro pacTBOpa MeXaHWYeCKW BbITArMBatoT
BOJIOKHO, KOTOpoe 3aTem cTabunmnsmpytoT 06paboTKoli MeTaHONOM MM BOASHBIM NapomM ANA nepesoja
6enkoBbIX Uenen B KoHpopmauuio B-nucta, obecneuymBaloulyld HEpPacTBOPUMOCTb U MeXaHUUYECKYH
NPOYHOCTb. ANIbTEPHATUBHLIM METOA0M ABNAETCA SNEKTPOCMUHHUHT, NO3BONAIOLLMIA NONYYaTb HAHOBOJIOKHA
AMameTpom meHee 1 MKm.

3D-neyaTb M ABYXHOTOHHAA AUTOrpadMa OTKPbLIBAIOT BO3MOMKHOCTM A5 CO34aHUA  CAOMKHbIX
TPEXMEPHbIX BUONMHCNNPUPOBAHHbIX BOHOBOAHbIX CTPYKTYP C NPOU3BOJIbHOM reomeTpueit. CoBpeMeHHble
cUCTeMbl ABYX$OTOHHOM NosMmepusaumnmn obecnevymBaloT NPoCcTpaHCTBeHHoe paspeweHne Ao 100 Hm, 4To
No3BO/ISET BOCNPON3BOANTb TOHYANLLME AeTann NPUPOAHbIX GOTOHHBIX CTPYKTYP.

MeToabl camMoOCHOPKM WUCMONb3YIOTCA AN CO34aHUA  (POTOHHO-KPUCTANI/IMYECKUX CTPYKTYp U3
KONINOUAHbIX HAHOYaCTUL, MMUTUPYIOLLMX Npoueccbl GOpMUPOBAHMA MPUPOAHBIX GOTOHHbIX KPUCTANNOoB
(Hanpumep, B onanax u BUONOTMYECKUX CTPYKTYpPax). XOTA AaHHbIN MeTo/ NoKa He No3BoaseT GpopmMupoBaThb
NPOTAXKEHHbIE BO/IOKHA, OH MEepPCNneKTUBEH ANA CO34aHMA N0KaNbHbIX 31eMEHTOB MHTErpasibHbIX ONTUYECKUX
CXeMm.

6. MepcnekTuBbl NPUMEHEHUA B TEIEKOMMYHUKALUAX

HecmoTpa Ha TO, UTO BMOMHCNNMPUPOBAHHbIE BOMIOKHA B WX HbIHELIHEM COCTOAHUU Pa3BUTUA He
CNOCOBHbI KOHKYPMPOBaTb C TPAANLMOHHbBIMU KBAPLLEBbIMU BOJIOKHAaMKM NO OCHOBHOMY NapameTpy - YPOBHIO
ONTUYECKMX NOTEPb - OHU OTKPbLIBAIOT MNEPCMNeKTUBbl ANnA pafda CheuuannusMpoBaHHbIX W HULLIEBbIX
TENEKOMMYHUKALNOHHbBIX MPUIOMNKEHUN.

MexaHUYecKM YCTOWUMBbIE BOJIOKHA Ans  paboTbl B 3KCTpemasbHbIX ycnoBuax. CnoucTble
BMONHCNNPUPOBAHHbIE BOJIOKHA C MEXaHM3MOM OCTaHOBKM TPELLMH NPeACTaBAsOT MHTepPeC ANA NPOKNAAKM
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NINHWIA CBA3K B Cpegax C NOBbIWEHHbIMM MEXaHUYECKMMW Harpy3skamu: nogsogHble Kabenu, IMHUM CBA3K B
30HaX CEeMCMMYECKOM aKTUBHOCTM, BOEHHbIE M aBMAKOCMM4YeCcKMe cuctembl. CNOCOOBHOCTb BblAEPKUBATD
3HauuTeNbHble Aedopmaumm 6e3 KaTacTPOPUUECKOro paspylleHMA - KPUTUYECKOE MPeuMMyLLECTBO B
YCNOBUAX, KOTAA 3aMeHa NOBPEXAEHHOMO BO/IOKHA 3aTPYAHEHA MW HEBO3MOMKHA.

JKO/IOrMYECKM YCTOMUYMBbIE KOMMYHMKaLMKU. Buopasnaraemble BOMIOKHA M3 LWESKA, LLeAN0A03bl UK
XMTO3aHa MOTYT HalTU NPUMEHEHWE B CO34aHUN BPEMEHHbIX CETel CBA3M (417 MAcCOBbIX MepPONpPUATUIA,
CTPOMUTENbHbIX M/IOWAAOK, 30H Ype3Bbl4alHbIX CUTyaUMil), KOTopble MOC/ie WUCMOJIb30BaHUA MOTyT ObITb
yTUAN3MpPOBaHbl 6e3 yuepba ana okpyrkatowen cpeabl. [JaHHOe HanpasaeHue npuobpetaeT ocobyto
aKTya/IbHOCTb B KOHTEKCTE KOHLUEMUMM «3eNEHBIX» TENEKOMMYHUKAUMA W MNPUHLMUNOB YCTOMYMBOro
pa3BUTUA.

CeHcopHble TeNeKOMMYHMKaALMOHHbIE CeTU. bBbuoMHCNMpPMPOBAHHbIE BOJIOKHA, AONycKatowue
bYHKLUMOHaNM3aLMIO (BCTpaMBaHMe YyBCTBUTE/IbHBIX MOJIEKY/T B MaTPULYy BOJIOKHA), MOTYT UCMOJ/Ib30BaTHLCA
B pacnpefenéHHblX CEeHCOPHbIX CeTAX A8 OAHOBPEMEHHOM nepeayn MHOOPMALMM U MOHUTOPMUHIA
napameTpoB OKpyKatowenh cpeabl (TemnepaTtypbl, BAAXKHOCTU, KOHLEHTPALMMU XMMMUYECKMX BELLECTB,
MEXaHUYECKUX HANPSAXKEHWNN).

KopOoTKOBONHOBblE OMTUYECKME WHTEPKOHHEKTbl. BUOWMHCNMPUPOBAHHbIE MNOJMMEPHbIE BOIOKHA
NepcneKkTUBHbI 15 CO34aHUA ONTUYECKMX UHTEPKOHHEKTOB Manoi NPOTAXKEHHOCTM (OT MUIJIMMETPOB A0
HECKOJ/IbKMX METPOB) B BbIYMC/IUTE/IbHBIX CUCTEMAX, LIEHTPAX 06PaboTKN AaHHbIX U BOPTOBOWN 3N1EKTPOHMKE.
B AaHHbIX NpunoxeHusax TpeboBaHWA K YPOBHIO MOTEPb MeEHee KECTKMEe, a MpeuMmyliectsa rMOBKoCTH,
NETKOCTM M BOSMOXHOCTM MHTErPaLMn € APYrMMMU NOMMEPHBIMU KOMNOHEHTaMM BbIXOAAT Ha NePBbIV NAaH.

MNoagoaHble BUOCOBMECTUMbIE CUCTEMBI CBA3W. YUMUTbIBAA, YTO NPUPOLHbIE NPOTOTUMbI (CNUKYAbI
rybok) ¢YyHKLMOHMPYIOT B MOPCKOM cpede, OUOMHCMMPUPOBAHHLIE BOJIOKHA MNOTEHUMANbHO MOTYT
MCNONb30BaTbCA ANA CO343HWMA MNOABOAHLIX KOMMYHWKALMOHHbBIX CUCTEM, COBMECTUMbIX C MOPCKOM
9KOCMCTEMOW U YCTOMUYMUBBIX K BO34ENCTBUIO MOPCKOWM BOAbI N 6M006pacTaHuio.

7. Tekywime Bbi30Bbl M HANpPaBAEHUA AaNbHEALLUX UCCIe[0BAHNIA

HecmoTps Ha 3HaUUTENbHbIM NPOrpecc, AOCTUTHYTbIN B 061aCTM BUOMHCIMPUPOBAHHbIX BOJIOKOH, PAL,
byHAAMEHTaIbHbIX U TEXHOOTMYECKUX NPOB1emM OCTaéTCs HepeLllEHHbIM.

Bo-nepBsbix, KNto4eBO NPoHAEMON ABNAETCA CHUMNKEHME ONTUYECKUX NOTEPb A0 YPOBHSA, NPUEMIIEMOTO
ONA TeNeKOMMYHUKALMOHHBIX NPUAOXKEHUA. [na 6uononMmepHbiX BOIOKOH 3TO TpebyeT paspaboTku
MaTepuanoB C MUHMMa/bHbIM MOTIOWEHNEM B TEIEKOMMYHUKALMOHHbIX OKHax npo3payHocTu (1310 1 1550
HM), 4TO ABAAeTcA GyHAAMEHTAbHOW Npobaemoit, 0bycnoBeHHON Hannymem 06epTOHOB KosiebaTesbHbIX
No/sI0C MONEKYNAPHBIX CBA3EM OpraHMYeCKMX MaTepuanos.

Bo-BTOpbIX, HEOOXOAMMO  COBEPLUEHCTBOBAaHME  TEXHO/IOTMA  MaccoBOro  MPOM3BOACTBA.
CywectBytowme nabopaTopHble  MeTOoAbl  WM3rOTOBAEHMA  OMOMHCMMPUPOBAHHbLIX  BOJMIOKOH  He
MaclwTabupyembl A0 NPOMbILAEHHbIX 06BbEMOB U He 06ecneynBatoT AOCTAaTOYHOM BOCMPOU3BOAMMOCTU
XapaKTEPUCTUK.

B-TpeTbux, aKTyasibHON 3agayeit ABNAeTcA pa3paboTKa CTaHAAPTOB M METOAMK TeCcTUPOBaHMA,
YUYUTbIBAOWMX crieuudrKy BMOMHCNIMPUPOBAHHDBIX BOJIOKOH, B YaCTHOCTU MX BO3MOXKHYIO Aerpajaunio Bo
BpemMeHu (ansa buopasnaraembix MaTePMAOB) U YYBCTBMTENLHOCTb K YC/IOBUAM OKpYXKatoLeln cpeapl.

MepcnekTUBHbIMKM  HanpaBAeHUAMM Aa/lbHENWINX MUCCNeA0BaHUI NPeaCcTaBAAOTCA: CO34aHue
rMHGPUAHBIX BOIOKOH, COYETAoLMX KBAPLLEBYHO CEPALEBUHY C BUOMHCMIMPUPOBAHHOMN choUCTON 060N0YUKON;
pa3paboTka meTonoB HBUOMMHEpanusaLmm Ana GoOpMUPOBAHMUA KPEMHE3EMHbIX BOJIHOBOAOB B YC/NOBUAX,
NPUBAMIKEHHDBIX K OMONOTMYECKUM; WCMONb30BAHUE TEHETUYECKM MOAUOPULMPOBAHHLIX OPraHU3MOB
(bakTepuit, TyToBOro LWenKkonpaga) gaa npoayumpoBaHna ONTUMM3UPOBAHHbLIX 6eNKOB C yayylweHHbIMU
ONTUYECKMMM  CBOMCTBaMM; MPUMEHEHME  MEeTOLOB  MalMHHOro  obyyeHua  pgas  AusaiiHa
6MOMHCNNPUPOBAHHBIX CTPYKTYP C 3343aHHBIMW XapaKTEPUCTUKAMMU.
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8. 3aknoueHue

BUoMHCNMPMPOBAHHbIE  BOJIOKHA  MNpPeAacTaBaAloT  coboM  MepcnekTMBHoe U AUMHAMMYHO
pa3BuMBatoLleecs HanpaBaeHMe B 061aCTV HanpaBAAOWMX Cpes ANA TeNIeKOMMYHMKaLMn. 3aMMCTBOBaHUE
KOHCTPYKTUBHbIX PELUEHMI U3 KUBOW NPUPOAbI - MEPAPXNYECKON CNOUCTON CTPYKTYPbI CMIMKYA CTEKAAHHbIX
ryboK, BO/IHOBOAHbIX CBOMCTB NAYTUHHbLIX HUTEM, POTOHHO-KPUCTANAMYECKUX APXUTEKTYP BMONOrMYECKNX
OpPraHM3MoOB - NO3BOJIAET CO34aBaTb BOJIOKHA C YHWKANbHbIM COYETAaHMEM CBOMCTB, HEAOCTYMHbIX ANA
TPAAMLMOHHbBIX KOHCTPYKLNIA.

Ha Tekywem atane pa3BUTMA BMOMHCNIMPUPOBAHHbIE BOJIOKHA He CNOCOOHbI 3aMEHUTb KBapLeBble
ONTMYECKME BONIOKHA B MArucTPasibHbIX U TOPOACKUX TENEKOMMYHUKALMOHHBIX CETAX U3-3a CYLLeCTBEHHO
bonee BbICOKOrO YpPOBHA ONTMYECKUX noTepb. OAHAKO OHW  OTKPbLIBAIOT MEPCNeKTUBbl  Ann
CNeunanmns3mpoBaHHbIX MPUIOKEHUN: MEXAHNUYECKM YCTONYMBLIX SIMHUIM CBA3K, IKONOrMYEecKn Be3onacHbix
BPEMEHHbIX ceTeli, BUOCOBMECTUMBIX MMNAAHTUPYEMbIX KOMMYHUKAUMOHHBIX CUCTEM, pacnpeaenéHHbIX
CEHCOpPHDIX CETEN M ONTUYECKMUX MHTEPKOHHEKTOB Manoi NPOTAXKEHHOCTH.

JdanbHenlwee pa3BUTME JaHHOrO HanpasaeHus ByaeT onpeaensaTbCa Nporpeccom B 06/1acT cMHTE3a
HOBbIX MaTepuanoB, COBEPLUEHCTBOBAHMEM TEXHONOMMI MNpPOM3BOACTBA WU YrAybneHMemM MOHUMaHUA
B3aMMOCBA3N MeXAY CTPYKTYPON M CBOMCTBAMU MPUPOAHbLIX ONTUYECKUX cuctem. MexancumnanHapHbIn
XapaKTep WCCNeNOBaHUI - Ha CTbIKe ONTMKKW, MaTepuanoBedeHuda, BMONOrMK, XUMUU U UHMKEHEPUM
TeNEKOMMYHUKaUnNi - obecneuymBaeT BbICOKM MHHOBALMOHHbLIN MOTEHUMAN M BO3MOXKHOCTb MOABAEHUS
NPOPbIBHbIX PELIEHUN B BAMKalINe AecaTUneTus.
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1. BeegeHue

CoBpemeHHble 6ecnpoBOAHbIe CETU CTaJIKMBAKOTCA C KONOCCA/bHbIM POCTOM Harpysku. PassuTtue
NHTepHeTa BeLen, NPUIOKEHNI AONOJHEHHOWN peanbHOCTX, aBTOHOMHOIO TPAHCNOPTa U NPOMbILIEHHOM
aBTomMaTM3auum TpebyeT NPUHUMNNANBHO HOBLIX peleHuA. Mo nporHoszam MexKayHapoAHOro cotosa
anekTpocasu, K 2030 rogy MmobunbHbIN TpaduK BbipacTeT 6onee yem B 100 pas, a YNCIO NOAKAOYEHHBIX
ycTpoicTe npesblicuT 500 mMnnmapaos.

Cetn nAtoro nokosieHua (5G), HecMoTpsA Ha 3Ha4YMTENbHbIA TEXHONOTUMYECKUA MPOrpecc, YyKe
npubaunkalTca K CBOMM @U3MYECKMM npegenam. TpaauMUMOHHBLIA cnocob peweHua npobaembl -
CTPOUTENbCTBO HOBbIX 6a30BbIX CTAHUMIA - CTAHOBUTCA BCE Bonee AOPOroCToALMM M 3HeprosaTpaTHbim. B
3TUX YCNOBMAX 0COBbIN MHTEpPeC NpeacTaBasieT TexHonorma RIS, KoTopas npeanaraeT NPUHUUNNANBHO UHOM
noaxog,: BMECTO YBE/IMYEHWNS YNCNA aKTUBHbIX NEePeaaTIMKOB - yNpaB/ieHMe CamMol cpeaoi pacnpocTpaHeHns
paanoBO/H.

Uenb Hactosulel cTaTbM - CUCTEMATU3UPOBATb CYLIECTBYOWME 3HaHMA O TexHosorum RIS,
NPOaHann3MpoBaTb €€ K/YEBbIE APXUTEKTYPHbIE PELUEHUS U OLEHUTb MNEePCneKTUBbI MPaAKTUYECKOro
NpPUMeHeHus.

2. NpuHyMnbl paborTbl RIS

PekoHduUrypumpyemas MHTeNNEKTYaIbHAA NOBEPXHOCTb - 3TO NJI0CKaA NaHe b, COCTOALLAs U3 60/bLLIOro
yncna MUHMATIOPHbIX 31EMEHTOB (OT HECKONbKUX AECATKOB 0 HECKONbKMX ThicAY). KaxAbli TaKoi anemeHT
cnocobeH W3MeHATb HanpaB/ieHWe OTpa’KeHMA Majalolleld Ha Hero pPaAMoBO/HbL. YNpasBnsaa BCEemM
3NeMeHTaMn OAHOBPEMEHHO, MOXHO HanpaBUTb CUrHAN TOYHO TyAa, FAe OH HY)KEH - K KOHKpPeTHomy
nonb3oBaTtesnto, B 06xoa NpPenaTCTBUIA UK B 30HY NIOXOr0 NOKPbITUSA.

Echn nposectn aHanormio, To RIS paboTaeT nogobHO ynpaBasemomy 3epKany: obbluHOe 3epKano
OTpakaeT cBeT B GPUKCMPOBAHHOM HaMpaB/eHMU, Toraa Kak RIS-nmaHenb MOXKeT «NOBEpHYTbY» OTPaXKeHWEe B
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HYXHYIO CTOPOHY NPOrpaMmHbIM cnocobom, He nepemell,as camy naHenb pUanyecku.

MpuHuMnuanoHoe otnnume RIS OT TPAAMLUMOHHBIX YCUNUTENEN U PETPAHCAATOPOB 3aK/tovaeTca B
cnepytowem: RIS He ycMAMBaAET CUrHaA B aKTUBHOM CMbICAE U He NOTPebAAET 3HAUYUTENbHON MOLLHOCTM Ha
nepegadyy. MaHenb ANWb NepPeHaNPaBAAET YKe CYLLECTBYHOLLMI CUrHaA, n3MeHAA $asy OTpaxKEHHON BO/HbI
ONA KaXX[oro 3N1eMeHTA NO OTAENbHOCTU. ITO AEeNaeT TEXHONOTUIO UCKAUYUTENbHO SHepProsdpeKTUBHON -
notpebneHne oaHoiW RIS-naHenn coctaBaAeT AUWb eAWHWUbBI BATT, TOTAA KaK aKTMBHbIA PeTpaHCAATOp
noTpebnseT AeCATKM U COTHU BaTT.

TunnyHaa cuctema Ha ocHose RIS BKAOYAET TPM KOMMNOHEHTa:

1. Bbas3oBas CcTaHUMA - NepesaéT CUrHan 1 ynpasaseT obuein KoHdUrypaumnen cuctemol.

2. RIS-naHenb - nepeHanpaBadeT CUrHaNA B HY)XHOM HanpasneHuu. [laHenb noaknoYeHa K
HeBONbLIOMY KOHTPOA/EPY, KOTOPbIM NoayvyaeT KOmMaHAbl OT 6a30BOWM CTaHUMM M HACTPaMBaEeT KaxAbli
OTPa’KaloLM 3NEMEHT.

3. Monb30BaTe/IbCKOE YCTPOMUCTBO - MPUHMMAET curHan. Mpu aTom cam cmapTdoH nam loT-ycTpoiicTBo
He TpebyeT HMKaKon AopaboTku - RIS paboTaeT «npo3payHo» A1a KOHEYHOro ob6opyaoBaHUSA.

3. Bugbi apxutekTyp RIS

Ha cerogHAWHMI AEHb CYLLLECTBYET HECKOJIbKO OCHOBHbIX BapMaHTOB NOCTPoeHUs RIS-cuctem, Kaxkabii
13 KOTOPbIX UMEET CBOM NPENMYLLLECTBA M 061aCTb NPUMEHEHUA.

MNaccusHble RIS

Hanbonee pacnpocTpaHEHHbLIN U M3yYeHHbIM TUN. INeMEeHTbl NAHEeNM TOIbKO NepeHanpPaBAAIOT CUTHanN,
He ycunuBas ero. [NnaBHble [AOCTOMHCTBA - MWHWMAAbHOE 3HepronoTpebneHne U OTCyTCTBUE
OOMOJIHUTENbHOTO Wyma. OCHOBHOM HeOoCTaTOK - CHUMMKeHue 3¢GEEKTUBHOCTM Ha 6OMbLUMX PACCTOAHUAX,
NOCKO/IbKY CMTrHan ocnabeBaeT ABaKAbl: HA NYTU OT NepesaTyMKa 40 NaHen 1 OT NaHenn 40 NPUEMHMKaA.

MaccueHble RIS Hanbonee 3dpdeKTUBHBI B CUTYyaLMAX, KOr4a NOMb30BaTe/lb HAXOAUTCA OTHOCUTENbHO
6113Ko K naHenu (oo 40-50 meTpoB), a cama NaHesb Pacno/ioXKeHa B 30He yBepeHHOro npuéma curHana
6323080 CTaHUMMW.

AKTUBHbIE RIS

B akTMBHbIX RIS KaKabl a/1eMeHT OCHALLEH MaNOMOLLHbLIM YyCUAUTENEeM, KOTOPbIA KOMMEHCUpyeT
noTepu CUrHasa NP OTParKeHUU. ITO NO3BONAET 0OCNYKMBATb NONb30BaTENEN HA 3HAUYMTENIbHO 6ONbLUNX
pacctosHuax. OAHaKo aKTMBHble NaHenu notpebnatoT 6osblle 3HEPrMM U BHOCAT Hebonblioi
OOMNO/IHUTENbHBIN LLYM.

NccnepgoBaHMA NOKasbiBaloT, YTO aKTMBHbIe RIS NpeBocxoAsT MacCMBHbIE B CLEHApUAX ¢ 60abLMMU
PaCcCTOAHMAMM M BbICOKMM YPOBHEM NOTEPD - HANPUMEP, NPU 06ecrnevyeHnn CBA3N HA OTKPbITbIX TEPPUTOPUAX
WK B CUTYaLMAX, KOraa nosib3oBaTesb yaanéH 6osee yem Ha 50—-80 MeTpoB OT NaHenu.

MépuaHsbie RIS

MbpuaHan apxMTEKTYpa CoYeTaeT NPenMyLLLECTBA 060MX NOAXOA0B: 6ONbLIMHCTBO 3/1IEMEHTOB NaHeNU
OCTalOTCA NACCUBHBIMM, HO HEBO/bLIAA UX YacTb (OK0N10 10%) oCHALLAeTCA aKTUBHBIMM MPUEMHbBIMM LENAMMU.
3TO no3BoANAeT NaHenu CaMoCTOATENIbHO «MNpPOLLYMbiBaTb» COCTOAHME KaHana CBA3M W nepenasaTb 3Ty
MHbopMaumio 6a30BOM CTaHLMM, CYLLECTBEHHO YNPOLWas 3a4a4vy HaCTPOMKM CUCTEMDBI.

STAR-RIS (ogHOBpemMeHHOe OTpaXKeHue 1 NPonyCcKaHue)

Hanbonee NnpoaBMHYTbLIN BapUaAHT - NAHENN, KOTOPbIE HE TOJIbKO OTPAKAKOT CUrHA/, HO M MPONYCKatoT
€ro CKBo3b cebs. ITo No3BoAAET 06CNYKMBATL NOIb30BaTENEN NO 06€ CTOPOHbI OT NaHeNN O4HOBPEMEHHO.
TexHonorna ocobeHHO nepcrnekTMBHA ANsA pasmelleHns RIS Ha OKHax 34aHWIl UAW  NPO3pPayHbIX
neperopoaKax.

4. NMpumeHeHue TexHonormum RIS

YAyylleHMe MOKPbITUA BHYTPM 34aHWK. ITO Haubonee o0uYeBUAHbIM M BAMNKAAWKNIN K
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KOMMepLUManmsaumnm cueHapuii. RIS-naHenn pasmeLLatoTcs Ha CTeHax, MOTO/IKaX MAW OKOHHbIX CTEK/aX U
HaMpaBAAKT CUrHaN B 30HbI MJIOXOro NpPUéma - NMPToBble WaxTbl, NOABa/lbHbIE NMOMELLEHUA, BHYTPEHHME
KOMHaTbl 6€3 OKOH.

lopoacKkue cpeapl. B ycnoBmax NAOTHOM ropoAcKoM 3aCTPOMKM CUTHAA YacTo BAOKMpyeTca 3gaHMAMM.
RIS-naHenn Ha dacafax 34aHUIt obecneunBatoT «ormbaHne» NpPenATCTBUIA, CO34aBas aibTEPHATUBHbIE NYTH
pacnpocTpaHeHua cUrHana.

MNpumeHeHWe B NpPOMbIWAEHHOM ceKkTope. Ha npou3BOACTBEHHbLIX NpPeanpuATMAX ¢ 6oablimMm
KO/IMYECTBOM METa/IMYECKMX KOHCTPYKLMI CO34at0TCA CAOXKHbIE YCNOBUA PacnpoCcTpaHeHma curHana. RIS
No3BO/IAET OPraHN30BaTb HAZEKHOE NOKPbITUE 6€3 NPOKNALKM KabenbHOWM MHOPACTPYKTYPbI.

MNpumeHeHWe B TPAHCNOPTHOM MHpAcTPYKType. RIS-naHenn moryT pasmeLLatbca BAO/Ib aBTOL40POT U
KenesHoA0POXKHbIX NyTel, obecneymBan yCTOMUMBYIO CBA3b AJ1A CKOPOCTHOMO TPAHCMOPTA.

RIS-naHenn o65afdaloT pAgOM  KOHCTPYKTUBHbLIX AOCTOMHCTB, Aenalowux WX yaobHbiMM  Ann
NPaKTUYECKOro Pa3BEPTbIBAHUSA:

ToHKUI Npodunb: ToNWMHA NaHenn ana YactoT Bbiwe 3 [Ty cocTaBnsetT meHee 1 cm, YTo No3BosAeT
BCTPaMBaTb €€ B apPXUTEKTYPHbIE 3/1eMEHTbI 34aHUA.

JIErkunit Bec: NaHenn MoryT KpenmTbes Ha Ntobble BEPTUKANbHbIE U TOPU3OHTA/IbHblE NOBEPXHOCTU be3
cneuyanbHbIX HECYLLNX KOHCTPYKLUUIA.

OTcyTCcTBME BbICOKOCKOPOCTHOIO COEAMHEHWUA C CETbIO: B OTIMYME OT PETPAHCAATOPOB U ManbIX
6a308BbIx CTaHUMM, RIS TpebyeT NMLWb HU3KOCKOPOCTHOFO KaHana ynpaB/AeHUA, YTO CYLLECTBEHHO ynpoLLaeT
WHTEerpaumio B CyLLeCTBYHOLWYO MHPPACTPYKTYPY.

5. Tekywme npo6bnembl TexHonorum RIS

HecmoTpa Ha ouyeBuaHble npemmyliectsa, TexHonorua RIS cTtankueaetcAa ¢ pagom HepeléHHbIX
npobnem, KOTopble NPEACTOUT NPEOAONETL Ha NYTU K MAacCOBOMY KOMMEPYECKOMY BHEAPEHUIO.

CnoXXHOCTb HAacCTPOMKKM KaHana. [na ontumanbHon paboTbl RIS He06X0AMMO TOYHO 3HaTb COCTOAHME
KaHanoB CBA3M MexXay 6a30BOI CTaHUMEN, NaHeblo U Nosb3oBaTenem. MamepeHune 3TUX KaHanoB TpebyeT
3HAYUTENbHbIX BbIYMCANTENIbHBIX PECYPCOB, 0COBEHHO NPU HOMBbLIOM YMUCIE INEMEHTOB.

KoopamMHauma HeCKo/IbKMX NaHenen. B peanbHbIX FOPOACKMX YCIOBUAX B 30HE 04HOM 623080 CTaHLUK
moryT pabotatb gecATkn RIS-naHenei. Ux HeonTMmanbHasa coBmecTHasa paboTta cnocobHa npuBecTu K
B3aMMHbIM Nnomexam. 3aga4a 3GGEeKTUBHON KOOPANHALMM MHOXKECTBA NaHeNen OCTAETCA OTKPLITOM.

BesonacHocTb. TeopeTMYeCcKn 3/10YMbILNEHHUK MOT Bbl MCNOb30BaTb HECAHKUMOHMPOBAHHY RIS-
naHenb AAs NepeHanpasBieHWUa CUTHaNa Ha HexKenaTeNnbHblt NpUémMHMK. Heobxoamma paspaboTka
MEXaHM3MOB BepUPUKALNKN N ayTEHTUDMKALMM NAHENEN B CETU.

JonroBeyHocTb. Ynpasnawlwme 31eMeHTbl NaHenn (auoabl-nepekntovateny) noaBepratoTca
MWAIMOHAM MEPEKIOYEHUI B CeKyHAY. WX HaAEXHOCTb B YCN0BMAX aATMOCHEPHbLIX BO3LENCTBUM,
TEMNEPATYPHbIX NepenasoB U MeXaHUYECKUX Harpy3oK TpebyeT AONONAHUTENBHOTO U3YYEHUS.

CraHpaptusauma. Ha cerogHAWHWA AeHb MexayHapoaHble cTaHAapTbl Ana RIS HaxopAaTcA B cTagumu
pa3paboTkn. OpraHusaumsa 3GPP Havana cooTBeTcTBYIOWME pPaboTbl B paMKax Release 19, oxuaaemoro B
2025-2026 ropaa.

6. MepcnekTuBbl pasBuTuA

Pag, Beaywmnx TENEKOMMYHUKALMOHHbBIX KOMMAHUIN yyKe aKTUBHO paboTaeT B AaHHOM HamnpaBaeHUN.
NTT DOCOMO npeacTtaBuna gencteytowmin npototnn RIS-naHenn gna gnanasoHa 28 Ty, npegHa3Ha4YeHHbIN
ONA  MNOKPbITUA BHYTPM nomelleHuid. Huawei aHoOHcuMpoBana WHTerpauuto RIS-PyHKUMOHANbLHOCTM B
obopynosaHune ceteit 5.5G. EBponeickuii npoekt RISE-6G B pamkax nporpammbl Horizon 2020
pa3pabaTbiBaeT KOMNAEKCHYIO NaaTdopmy AnA passépTtbiBaHuA RIS B ceTax 6G.

Mo oueHKam 3KCNepToB, NepBble KOMMEPYECKME MPUMEHEHUA TEXHOIOTMN MOXKHO OXnaatb B 2027-
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2028 ropax. MepBoHa4yanbHO 3TO OyAyT HULIEBbIE CUEHAPUM - YyAy4YlleHME MOKPbITUA B MOMELLEHUAX U
nogaepxka mmwWave-ceasu. K 2030 rogy oKugaeTtca pacnpocTpaHeHMe TEXHONOrMM Ha bonee WMpPOKMe
cLueHapun pa3BépTbiBaHUA.

OcobblIt MHTEpec NpeacTasaneT nHTerpaums RIS ¢ apyrumun nepcnekTMBHbIMMU TEXHONOTMAMU 6G:

TeparepuoBasi cBA3b: RIS-naHenn cnocobHbl KOMMEHCMPOBATb 3IKCTPEMAJSIbHOE  3aTyxaHue
TeparepuoBbIX BOJH, Ae/1adA 3TOT ANana3oH MPaKTUYECKU NPUMEHUMbIM.

CBa3b, coBmelléHHana c noKauuen (ISAC): RIS moxeT MCnonb3oBaTbCA HE TOMbKO AN Nepeaaumu
AaHHbIX, HO U ANA BbICOKOTOUYHOrO NO3MLMOHMPOBaHMA OOBbEKTOB B MPOCTPAHCTBE.

MCKycCTBEHHbIA WHTENNEKT B YNPABAEHUM CETbi: anropuTmbl ryboKoro obyyeHuwa no3BoastoT
ynpaBaaTb KoHoUrypaumei RIS B peknme peanbHOro BpeMeHM, aganTUpyAach K MSMEHAIOLWLMMCA YCAOBUAM
KaHafa B COTHM pa3 bbicTpee, YeM KlacCUYeCcKMe MeToAbl ONTUMMU3ALLUN.

7. BbiBoabl

TexHONOrMsA PEKOHPUTYPUPYEMbBIX MHTENNEKTYAIbHbIX MOBEPXHOCTEN MpegnaraeT NPUHUMNUANBHO
HOBbIN NOAXOL K NOCTPOEHUIO HECNPOBOAHbLIX CETEN - BMECTO YBENNYEHUS YMCIA aKTUBHbIX YCTPOMCTB OHa
No3BOAAET CAeNaTb CaMy Cpeay PacnpoCTPaHEHUA CUTHAMA YNPaBAAEMOM M NPeacKasyemMon.

RIS-TexHO/MIOrMA obecneymBaeT NPUPOCT 3HeprosadPekTMBHoCTU B 2.4—4.7 pasa Mo CPaBHEHUIO C
TPAAULMOHHBIMU METOAAMM YAYULLEHUA NOKPLITUA NPU 3HAUNTENBHO MEHbLUWX 3aTpaTax Ha pa3BépTbiBaHMe.

M3 cyluecTByOWMNX apXUTEKTYP NaccueHble RIS onTuManbHbl Ana 6AMKHUX 30H 06CAYKMBaAHMA, TOraa
Kak akTuBHbIe RIS npeanoyTuTenbHbl NPy 60AbLWMX PACCTOAHUAX MEKAY NAHENbIO U NONb30BaTENEM.

PaspeweHne dasoBoro casura B 2 6UTA ABNSETCA ONTUMANbHBIM  KOMMPOMMUCCOM  MEXKAY
NPOM3BOANTENBHOCTBIO U CNOMHOCTbIO anmnapaTHOW peanus3auum - NOTepu cocTaBaAatloT He bHonee 6.3%
OTHOCUTE/IbHO TEOPETMUYECKOTO MaKCUMYMa.

ANrOpUTMbl Ha OCHOBE MYBOKOro 06y4YeHUs NO3BOAIOT YNPaABAATb KOHPUrypaumen RIS B pexmme
peanbHOro BPEMEHMU C noTepein NPou3BoAUTENbHOCTU He Bbonee 5—8%, YTO OTKPbIBAET BO3MOXKHOCTM A1
NPUMEHEHMA B CLLEHApUAX C BBICOKOW MOBWUIbHOCTbIO NONb30BaTENEN.

OCHOBHbIMKW Bapbepamn 418 KOMMEPYECKOr0 BHEAPEHUSA OCTAOTCA OTCYTCTBUE MEKAYHaPOAHbIX
CTaHAAPTOB, CNOXHOCTb OLEHKM COCTOSIHMA KaHanoB Npu 6O/MbLIOM 4YWUC/AEe 3/1EMEHTOB M BOMPOCHI
[0NTOBEYHOCTM annapaTHbIX KOMMOHEHTOB.

TexHonorus RIS obnagaeTt peanbHbIM NOTEHUMANOM CTAaTb OAHUM U3 GYHAAMEHTA/bHbLIX 3/IEMEHTOB
MHOPACTPYKTYpbl 6ecnpoBogHbIX ceTen 6G, TpaHCHOPMUPYA NOAXOA K MPOEKTUPOBAHMIO CUCTEM MOBUIBHOM
CBA3W OT PEaKTUBHOM afanTaLuUm K cpese - K aKTUBHOMY YNPaBAEHUIO elo.
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KOMMNEKCHbIAN NOAXOA, K 3ALLUUTE UHOPACTPYKTYPbI BECNPOBOAHbIX CETEX CBA3U

AHHOTauuA
AKTYanbHOCTb. becnpoBoaHble cetn CBA3MU ABNALOTCA OCHOBOW COBPEMEHHOIA
TENeKOMMYHUKALUMOHHON  MHOPACTPYKTYPbl, OAHAKO WX K/lYeBas OCOOEHHOCTb — OTKPbLITOCTb
pagMoKaHana — MNOPOXKAAeT YA3BMMOCTM, OTCYTCTBYHOLWME B NPOBOAHbLIX cuUcCTeMax. PocTt uucna

MOAK/IIOYEHHbIX YCTPOWCTB, nepexos Ha ctaHaapTbl Wi-Fi 6/7 n pacwmpeHne npumeHeHuns 6ecnpoBogHbix
TEXHONOMNIN Ha 06beKTax KpuUTMyeckon MHdpopmaumoHHON UHPpacTpyKTypbl (KUWN) TpebyloT nepecmoTpa
noAxoA0B K 3alumTe.

Uenb. PaspaboTtka n 060CcHOBaHWE KOMMIEKCHON MOLENN 3aLLMTbl 6ecnpoBOAHON MHOPACTPYKTYPbI,
obbeanHsaowen Kpuntorpaduyeckme, apxXMTEKTYpPHble, TEXHUYECKME U OPraHM3aLMOHHbIE Mepbl.
MeToa. UccnepnoBaHne 6asMpyeTcs HA CUCTEMHOM aHaNU3e apxXUTEKTyp HecnposoaHbix TexHonornn (IEEE
802.11), sBontouum ctaHaapTos 6esonacHocTn (WEP, WPA, WPA2, WPA3), KnaccudpuKkaumm cLueHapmes aTak
(cHuddmHr, Evil Twin, aeayteHTUdUKauma, jamming) M oueHKke 3PPEKTUBHOCTM CYLLECTBYIOLWMX CPEACTB
3aLLUTBI.

PesynbTat. MpeanokeHa MHOrOypoBHEBasA MOZE/b 3aLMTbl, BKAHOYAOLWAA KpUnTorpadpryecknin ypoBeHb
(WPA3-Enterprise, EAP-TLS), apxutekTypHyto cermeHtaumto (VLAN, DPI-¢paepBonbl), cuctemsl
paAvOMOHUTOPUHIA U NpeaoTepalleHns BTopskeHuin (WIDS/WIPS), a TakyKe opraHM3aLMOHHO-PEKUMHbIEe
mepbl. Mogenb apantupoBaHa Ana obbektoB KUWM M opraHusaumii ¢ BbICOKMMU TpeboBaHUAMM K
MHPOPMALNOHHOW 6e30nacHOCTK.
BbiBoAbl. IPPeKTUBHAA 3aLLMTa BecnpOoBOAHbIX CETEN HEBO3MOXKHA B PAMKAX TOYEYHbIX KpMnTorpaduyeckmx
pelleHnii; HeobxoAMM KOMMNEKCHbIM nogxod, obbeAuHAOWMIA cpeacTBa 3awuMTbl Ha ¢uaNYecKom,
KaHa/IbHOM, CETEBOM W OPraHM3aLMOHHOM YPOBHAX. MepcnekTusbl AanbHENALWNX UCCAEA0BAHUIA CBA3AHbI C
NPUMeEHEHNEM METOLOB WMCKYCCTBEHHOTO WHTENNEKTA ANA OOHapyKeHua aHOManui B paguosdupe u
BHEeAPEHNEM MOCTKBAHTOBbLIX KPUNTOrpadrUyeCcKMx airopuTMoB B 6eCnpoBOAHbIE MPOTOKObI.

Kniouesble cnosa:
b6ecnpoBoHble ceTn, MHopMaLMoHHaa 6esonacHocTb, WPA3, WPA2, ya3BMMOCTK, aTaKM Ha paguoKaHan,
WIDS/WIPS, cermeHTauma ceTu, Kputndeckan MHbopmaLmoHHas MHOPACTPYKTypa, PaanoMOHUTOPUHT.
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A COMPREHENSIVE APPROACH TO PROTECTING WIRELESS NETWORK INFRASTRUCTURE

Abstract

Relevance. Wireless communication networks form the backbone of modern telecommunication
infrastructure. However, their fundamental characteristic — the openness of the radio channel — creates
vulnerabilities absent in wired systems. The growing number of connected devices, the transition to Wi-Fi
6/7 standards, and the expanding use of wireless technologies in critical information infrastructure (Cll)
facilities necessitate a reassessment of security approaches.

Goal. To develop and substantiate a comprehensive security model for wireless infrastructure that
integrates cryptographic, architectural, technical, and organizational measures.

Methods. The study is based on a systematic analysis of wireless technology architectures (IEEE
802.11), the evolution of security standards (WEP, WPA, WPA2, WPA3), classification of attack scenarios
(sniffing, Evil Twin, deauthentication, jamming), and evaluation of existing countermeasures.

Results. A multi-layered security model is proposed, encompassing cryptographic controls (WPA3-
Enterprise, EAP-TLS), architectural segmentation (VLAN, DPI firewalls), radio monitoring and intrusion
prevention systems (WIDS/WIPS), and organizational-administrative measures. The model is tailored for ClI
facilities and organizations with stringent information security requirements.

Conclusions. Effective wireless network security cannot be achieved through isolated cryptographic
solutions. A comprehensive approach is required, integrating security controls across physical, data link,
network, and organizational layers. Future research directions include the application of artificial intelligence
for anomaly detection in the radio spectrum and the integration of post-quantum cryptographic algorithms
into wireless protocols.

Keywords
Wireless networks, information security, WPA3, WPA2, vulnerabilities, radio channel attacks, WIDS/WIPS,
network segmentation, critical information infrastructure, radio monitoring.

1. BeegeHue

3a MUHYBLUME ABaALATL /IET TEXHONOMMKN 6ecnpoBOAHON CBA3M TOTa/IbHYHO MHTErpPaLLMIO BO BCe cdhepbl
YyesioBeyecKom akTUBHOCTU. OT NepCoHasbHbIX FAAMKETOB 40 MPOMbILNEHHbIX KOHTPOA/EPOB, OT KOHLUEeNUui
«YMHOrO ropoAa» A0 BOEHHbIX CMCTEM — 6ecnpoBOAHbIe MHTePdENChI CTaIM YHUBEPCAbHbIM TPAHCMOPTOM
ANA AaHHbIX. OHW rapaHTUPYIOT MOOWIBHOCTb, MOKOCTb Pa3BepTbiBaHMA W ONTUMM3ALMIO 3aTpaT Ha
KabenbHyto MHPPaCTPYKTYpyY. MPOrHO3bl aHAIMTUYECKUX TPYNN CBUAETENLCTBYIOT: K 2026 rogy KOiMYecTBO
NOAKNIOYEHHbIX 6ecnpoBoAHbIX Y3108 MpeBbicMT 40 MWAAMApAOB. ITO OTKPbIBAeT KO/0CCAJibHble
BO3MOXHOCTM AN1A UNDPOBM3ALMM, HO KPATHO pacLIMpAET NOBEPXHOCTb aTaKMu.

basoBaa npobnema 6ecnpoBOgHbIX CUCTEM — OTKPbITOCTb 3dMpa. B npoBOAHbIX CermeHTax
¢du3nyeckaa msonauma kKabena cospaeT NepPBUYHbIA KOHTYp 3awmTtbl. B BecnpoBogHoit cpepe curHan
pacnpocTpaHAeTcA 3a Npeaesibl KOHTPOIMPYEMOI 30HbI. ITO NO3BOJIAET 3/10YMbILIJEHHUKY NepexsaTbiBaTbh
TpaduK, KapTorpadupoBatb TOMOMOIMIO M MPOBOAUTL aKTMBHbIE BO3AENCTBUS 6e3  ¢usnyeckoro
NPOHWKHOBEHUA. [laHHas OCOBEeHHOCTb JAenaeT 33aJayv  3aWuTbl NPUOPUTETHBLIMKM, OCOBEHHO npu
MCMNOJIb30BaHUM Ha OOBEKTax rocyfapCTBEHHOM BAXKHOCTM M B CMJIOBbIX CTPYKTYpaX, r4e yTeyka AaHHbIX
Yyrpo’KaeT HaLMOHaNbHOM 6e3onacHoCTH.

AKTYaNIbHOCTb TEMbI ANKTYETCA ANHAMMUKON METOA0B B3/10Ma, OOHapyKeHMeM KpUTUYeckux gedektos
B COBpPEMEeHHbIX CTaHaapTax (Hanpumep, aTaka KRACK Ha WPA2) 1 HU3KOM rpamOTHOCTbIO aAMUHNCTPATOPOB
B BOnpocax paanobesonacHocTU. CTATUCTMKA WHUMAEHTOB YKa3blBaeT: 3HAYMTENbHAA [0AA yTeyek
NPOUCXOANT Yepe3 HEBEPHO HACTPOEHHbIe WM ycTapeBlne UHTepdelicbl. B TeKywen reononmTnyeckom

65



AKAJEMUYECKOE USAOATENBCTBO «HAYHYHAA APTE/1Ib» HAYYHO-U3OATENbCKUIA LLEEHTP «ASTEPHA»

CMTyauMn BO3pPaACTaeT pPUCK LeNEeBbIX aTaK CO CTOPOHbl OPraHWM30BaHHbIX FPYMM, WCNOAb3YHLWMUX
cneumannsnpoBaHHoe 06opyn0BaHUE ANA PAAMOSNEKTPOHHON Pa3BeaKM.

Llenb paboTbl: popmmpoBaHMe Hay4HO OOOCHOBAHHOW KOHLENUUN 3alUmTbl 6ecnpoBogHbIX ceTei Ha
6a3e cMCTEMHOrO aHa/IM3a yrpo3, KPUTUYECKOM OLLEHKM CTaHAapPTOB 6€30MacHOCTM M CO34aHNA KOMMNEKCHOM
MOJENN NPOTUBOAENCTBUA, YUUTbIBAOLLEN TEXHUYECKME U OPraHM3aLMOHHbIE acMeKTbl.

3agaum uccnenoBaHuA:

1. AHanM3 apxuUTEKTypbl OCHOBHbIX OecnpoBOAHbIX TEXHONOTUIA U MOUCK WX BPOKAEHHDLIX
YA3BUMOCTEN.

2. W3yyeHne 3BOMOUMM KPUMNTOMPOTOKO/IOB M OLLEHKA WX CTOMKOCTM K COBPEMEHHOMY
KpMNTOaHanmay.

3. CuctemaTmsauma cLeHapueB aTak M oueHKa 3GPeKTUBHOCTM MEXAHM3MOB 3aLMThI.

4. Pa3paboTka peKomeHAaLmMi No NOCTPOEHMIO 3aLWMLLEHHON MHPPACTPYKTYPDLI A1A OpraHM3aumii C
NoBbILWEHHbIMKW TpeboBaHMAMM K UB.

2. ApXMTEKTYpHble 0COBEHHOCTM U YA3BMMOCTN BecnpoBOAHbIX Cpes,

becnpoBogHble CceTM NpeacTaBAAOT COOOM  CAOMKHbIE TEXHUKO-NPOTrPaMMHbIE  KOMMNAEKCHI,
NCNONb3YHOLWME 3N1eKTPOMarHUTHbIE BOJIHbI B BblAE/NEHHbIX YaCTOTHbLIX AMANa30Hax 41a Nepesayn AaHHbIX.
KniouyeBoe oTanuyme OT NPOBOAHbLIX CEFMEHTOB — HEKOHTPO/IMPYEMOCTb cpeapl nepegayn. PagmokaHan
[OCTYyNeH ANnA npyvema NobbiM yCTPOMNCTBOM B 30HE MOKPbLITMA, HACTPOEHHbBIM HA HYMKHYIO 4YacToTy. 3TO
OMKTYyeT HeobXogMMOCTb NPUMEHEHUS CeLMann3MpoBaHHbIX METOAO0B 3alLMTbl, BbIXOAALUMX 33 PaMKMK
KN1ACCUYECKUX CETEBbIX PELLEeHU.

Knaccndumkauma 6ecnpoBOfHbIX TEXHOMOMMA OObIMHO MNPOM3BOAUTCA MO pPaguycy AencTBma MU
LesieBOMy Ha3HaYeHMo:

e MlepcoHanbHble cetn (WPAN): TexHonormn Bluetooth, ZigBee. XapaKTepHbl HWU3KUM
aHepronoTpebneHnem, UCnonb3yoTca Ana 06beANHEHNA MOBUNBLHBIX YCTPOICTB U Nepudepun.

e JlokanbHble cetn (WLAN): ctaHgapTbl cemericTsa IEEE 802.11 (Wi-Fi). Hanbonee maccoBoe pelieHne
A1 KOPNOPATUBHOIO W AOMALUHEro cektopa. ObecneyunBaoT BbICOKYIO CKOPOCTb Nepesaymn Ha PacCTOAHUAX
£0 100 meTpos.

e lopoackne u rnobanbHble cetn (WMAN/WWAN): WIMAX u coTtosble TexHosorum (2G-5G).
MoKpbIBAlOT 3HAUMUTENbHbIE TEPPUTOPUMN, HO TaKKe NOABEPKEHbI PUCKAM, CBA3AHHbIM C OTKPLITOCTbIO 3dMpa.

KpuTnuyeckunii aHanms BbisSiBAAET pAL, NPUHUMNMANBHBIX YA3BUMOCTEN, NPUCYLLMX BCEM BeCNPOBOAHbIM
TEXHONIOTUAM:

1. OrtcytctBrMe PU3NYECKMX TPaHMUL. 30HA MOKPbLITUA YAaCTO BbIXOAWUT 3@ MEPUMETP OXPaHAEMOM
TEPPUTOPUN. 3N10YMBILLIIEHHUK MOXKET NepPexBaTbiBaTb CUFHAA CHApYXWU 34aHUA, He Hapylana GusmdecKuii
KOHTYp 6€30nacHOCTM.

2.  AHOHMMHOCTb WMCTOYHMKA. UaeHTUIMKAUMA nepesaTynka 3aTpygHeHa. TpebyeTca cnoXkHoe
ob6opyaoBaHUE ANA PAANOTPUAHTYAALMM, YTO HEAOCTYMNHO B CTAHAAPTHbLIX CUCTEMAX MOHUTOPUHTA.

3.  Ys3BMMOCTb K nogasneHuto (Jamming). CosgaHve nomex B paboyem pguanasoHe nossonset
peanunsoBaTb aTakM Tuna «OTkaz B obcayxuBaHum» (DoS). CeTb 6n0KMpyeTca 6e3 HapyweHus
KOHOMAEHLMANBHOCTU, YTO CNOKHO OOHaPYKUTb TPAANLMOHHBIMU cpeacTBamu UB.

4. [10BepuYMBOCTb K/JMEHTCKMX YCTPOMCTB. ABTOMATMYECKOE MOAKAKYEHUE K M3BeCTHbIMm SSID
CO342ET pUCK aTak Tuna «3n0i 6ausHel» (Evil Twin). 3n10yMbllWNEHHUK pa3BEPTbIBAET NOAAE/NbHYO TOUKY
[0CTyNa C NeErMTUMHBIM UMEHEM, NepexBaTbiBasd YY4ETHbIE AaHHbIe NPU NOMbITKE MOAK/OYEHUA KepPTBbI.

DKCnepuMMeHTbl B KOPNOPATUBHbIX CPeAAX NOKasblBatoT: A0 80% MHUNAEHTOB KOMNPOMETALLMN Yepes
6ecnpoBogHble MHTEPdENCHl Bbi3BaHbl OWMOKAMU KOHOUIypauum WMAM MCNOJIb30BAaHMEM YCTApPEBLUMX
NPOTOKO/10B. 3TO NOAYEPKUBAET BAXKHOCTb HE TO/IbKO TEXHUYECKUX, HO U OPraHW3aLMOHHbIX Mep 3aLMTbl.
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3. dBositouma cTaHgapToB 6e3onacHOCTH

Nctopusa craHaaptoB 3awntbl Wi-Fi AeMOHCTPUPYET MOCTOAHHYIO TOHKY BOOPYXEHWUA MeXKay
pa3paboTunkamm U mnccnegoBaTeNaMMU ysa3BUMocTen. Kaxablii HOBbIM MPOTOKO/, YCTPaHAOWMIA OWNBKK
npeaLwecTBeHHNKa, CO BpeMeHeM 0bHapyKMBaeT cOBCTBEHHbIE HEAOCTATKM.

WEP (Wired Equivalent Privacy). MepBblii maccoBblii cTaHAapT (1997 r.). Uenb — obecneuntb 3awmTy,
3KBUBAJIEHTHYIO NpoBoaHOM ceTu. K Hayany 2000-x BbiABAeHbI paTanbHble Kpuntorpapuyeckne weaknesses.
OcHoBHble NPOBAEMbI: CTATUYECKMIA KoY WNGPOBAHMA ONA BCEW CETU U KOPOTKUM 24-OUTHbIA BEKTOP
nHuumanmsaumm (1V). NosTtopeHue |V No3B0AAN0 NPUMEHATL CTAaTUCTUUECKMI aHAIN3 A1A BOCCTAHOBAEHMUSA
Kntoya. Ataka Fluhrer-Mantin-Shamir (2001 r.) nossonuna B3nambiBatb WEP nocsie nepexsata HECKONbKUX
TbiCAY NakeToB. HecmoTpsa Ha ouyeBunaHyt HebesonacHocTb, WEP ncnonb3oBancs B yCTapeBLIMX CUCTEMAX U
loT-ycTpolicTBax BNAOTb A0 cepeauHbl 2010-x.

WPA (Wi-Fi Protected Access). BpemeHHoe petieHne (2003 r.). CoxpaHeH anroputm RC4 ans
COBMECTMUMOCTWN, HO BHeapeH npotokon TKIP (Temporal Key Integrity Protocol) ana aguHamudeckoi
reHepauum Knoden. [lobasneHa nposepka uenoctHoctn (MIC) Bmecto CRC-32 u 3awmTa oT replay-aTak.
OpaHako 3aBucMmocTb oT RC4 ocTassisna BeKTopbl Aas atak, a TKIP cunTanca BpemeHHOM mepot.

WPA2. MpuHAaTt 8 2004 rogy. Ctan oTpaciesbim cTaHAapTomM 6o/1ee yem Ha gecatuneTne. 3amenmn RC4
Ha 6n04HbIM WKop AES B pexkume CCMP, obecneumBatolwmini KOHOUAEHLMANBHOCTE U LENOCTHOCTb.
MpeaycmotpeHsbl peskumbl Personal (PSK) n Enterprise (ayteHTnduKauma yepes RADIUS/EAP). [lonroe sBpems
cynTanca HagexKHbIM, noka B 2017 roay He 6bl1a 06HapykeHa yassmumocTb KRACK (Key Reinstallation Attack).
ATaKa 3KcnsyaTupoBana oWMBKy B npoueaype 4eTbipexaTanHoro pykonoxatua (4-way handshake),
no3BosIAA  NPUHYAUTENbHO MNEPeyCTaHOBWUTb  KAY  WKUPPOBaHMA. ITO  AaBalo  BO3MOMHOCTb
pacwndpoBbiBaTb TPAdUK UM NOALE/NbIBATb NAKETbl. YA3BMMOCTb Obl/la yCTPAaHEHA NaT4amm, HO MHUNAEHT
NoKasan PUCKWU JaXKe y NPOBEePEHHbIX MPOTOKOJI0B.

WPA3. Cneumdurauma 2018 roga BHEC/IA apXUTEKTYPHbIE U3MEHEHMUS.

e MpoTokon SAE (Simultaneous Authentication of Equals). 3ameHunn yasBumblii 06MeH Naponsmmn B
nepcoHanbHOM pexunme. Uckatodaet odnranH-nepebop naposeit No CAOBapto, TakK KaK Kaxaas MonbITKa
ayTeHTUdUKaumm TpebyeT B3aMMOLAENCTBMA C TOUYKOM JOCTyNa.

© 192-6UTHbIN  KpunToHabop. 0O6s3ateneH 4AA KOPNOPATMBHOIO  PeXKMMA, COOTBETCTBYET
TpeboBaHMAM CNSA AreHTcTBa HaubesonacHoctu CLUA. MpurogeH ana roccektopa n KUN.

e OWE (Opportunistic Wireless Encryption). LLUndpoBaHue TpaduKa B OTKPbITbIX CETAX 6€3 napons.

e DPP (Device Provisioning Protocol). YnpouwgéHHan 6e3onacHasa HacTpolika loT yepe3s QR-koabl uam
NFC.

BHeapeHne WPA3 caepuBaeTca HeobxoauMMOCTbIO 0OHOBMEHUA MapKa obopyaoBaHWMA, TaK Kak
ycTpoiictea £o 2020 roga 4acTo He MMELOT annapaTHOM NoAAEPKKM HOBOFO CTAaHAAPTA.

4. MeTogbl aTak N MEXaHU3MbI MPOTUBOAENCTBUA

ATaku Ha 6ecnpoBogHble CeTU AENATCA Ha MAaCCUMBHbIE U aKTUBHbIE.

MaccuBHble aTaku. He npeanonaratoT B3aMMOAENCTBMA C CETbIO, TO/IbKO NepexsaT u aHann3. OCHOBHOM
meTos — CHUDPUHT TpadMKa B perkMme MOHUTOPUHTA. 3/10yMbILLJIEHHWK NepexBaTbiBAaeT NaKeTbl B apupe.
Jake npu wndposaHumn WPA2 Bo3amorkeH odaiH-aHanns n 6pytdopc napons, 0CobeHHO ecin OH KOPOTKUI
(meHee 12 cumBonos). TakuMe aTaKkmM KpaliHe CNOXKHO OOHAPYXKUTb.

AKTMBHbIe aTaku. TpebytoT B3anmoaeincTena ¢ obopyaoBaHUEM.

e Rogue Access Point / Evil Twin. Co3gaHne noanenbHOM TOYKKM AOCTYNa C AerMTUMHbIM SSID u
noaaenaHHbim MAC-agpecom. Monb3oBaTenn NOAKNIOYALOTCA K HEl, OTAaBaA yYETHbIE AaHHbIe. B BapuaHTe
Evil Twin aTaKkyloWMN ONONHUTENBHO PACCbINAET AeayTeHTUPUKALNOHHDIE Kaapbl, OTKAOYAA KAMEHTOB OT
HACTOALLEN CETU U BbIHYXKAAA NOAKAOUUTLCA K NOAAENbHOMN.
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e DoS-ataku. MaccoBas paccbisika KagpoB AeayTeHTUdMKauum nan auccoumaumn. B ctaHgaprax o
802.11w 31 Kagpbl He WKndpPoOBaNMCh, YTO NO3BOIAMO JIETKO UX NoAAeNbIBaTb U B10KMpoBaTh paboTy ceTu.

e ATaKM Ha pykonoxaTtue. dKcnayataumsa ysassumocten Tuna KRACK gna maHunynauum kKaovamu
WwndppoBaHUA.

MexaHM3Mbl NPOTUBOAENCTBUA.

1. WIDS/WIPS (Wireless Intrusion Detection/Prevention Systems). AHanusupyioT paanosdpup Ha
aHOManuU: MNOABAEHME HECAHKLMOHUPOBAHHbIX TOYEK, BCMAECKM AeayTeHTUPUKAUMOHHBIX Kaapos,
CUTHaTypbl aTaK. Mpu yrpose cuctema moxKeT 6J10KMPOBaTb MCTOYHMK AN YBEAOMAATL aAMUHUCTPATOPA.

2. CraHgapt 802.11w. MNMpeaycmaTtpumBaeT WKdpPoOBaHME U ayTEHTUDMKALUIO KAZLpPOB yrnpaBaeHus,
3aWwmLwan ot noaaesikm Kagpos AeayTeHTUGUKaumm.

3. Crolikne naponm u WPA3. Mcnonb3oBaHWe naposieit cnoxHee 15 cMMBOIOB MM nepexos Ha
WPA3 c npoTtoKkosiom SAE uckntoyaet appekTnsHbIN nepebop.

4. CeptuduKaTtHas ayteHTUdPMKauma (EAP-TLS). B KopnopaTMBHOI cpeae npeanodtTuTe/ibHa B3aMMHas
ayTeHTUdUKaLMA KNWEHTa U cepBepa Yepes cepTUdUKaTbI, YTO YCTPAHAET PUCKM, CBA3AHHbIE C MAPOAAMM.

5. KomnneKkcHaa mogenb 3almTbl 6€cnpoBOAHOM MHOPACTPYKTYpPbI

3¢ddeKkTnBHAA 3awmTa TpebyeT CUCTEMHOrO NOAX0A4a M MPUHUMNE «3LWEeNOHUPOBAHHOMW 060POHbI»
(defence in depth). OTka3 o4HOro ypoBHA He A0/IKEH KOMNPOMETUPOBaTb BCO cuctemy. MNpeanoxeHHas
MOZENb UHTEFPUPYET Mepbl Ha GU3NYECKOM, CETEBOM, KPUNTOrPadMyYeCKoM U OpraHM3aLMOHHOM YPOBHSIX.

o OU3NYECKN ypOBEHb. KpUTMUECKM BaXKHO pa3mellieHune Touek gocTtyna (TA) c yuéTom anarpammel
HanNpaB/IEHHOCTM aHTeHH. MOLWHOCTb nepefaTynmKka AOMKHA OblTb HacTpoeHa TaK, 4Tobbl CuUrHan
MMHUMaA/ZIbHO BbIXOAWMA 3a nepumeTp 6e3onacHocTU. [NA  BaXKHbIX CErMEHTOB PeKOMeHAyeTcA
MCNONb30BaHME  3KPAHMPOBAHHbLIX  MOMELLEHUM M aHanM3aTopoB  CNeKtpa  AnA NoucKa
HECAHKLMOHMPOBAHHbIX NepesaTimMKoB.

e Kpuntorpaduyeckuii yposeHb. ba3osbiit ctaHaapt — WPA3-Enterprise ¢ 192-6utHbim Habopom 1
ayteHTUdUKaumeir EAP-TLS. ITO WUCKAOYaeT YyA3BMMOCTM Maponen U obecneymBaeT B3aUMHYIO
ayTeHTUOUKaumo. Ans legacy-ycTpoicts gonyckaetcs cermeHT WPA2-Enterprise co CIOXHbIMW NApOAsMU
(oT 20 cumBonos) u potaumen pas B 90 agHelr. MpoTokonbl WEP 1 WPA-TKIP gonHbl 6bITb NOAHOCTbIO
3anpeLueHsol.

o APXUTEKTYpHbIN ypoBeHb. OCHOBaH Ha cermeHTauuu TpaduKa. becnpoBogHble KAWEHTbI
NOAKAOYAIOTCA K BblAE€NEHHOMY CEFMEHTY, N30/IMPOBAHHOMY OT OCHOBHOM MHPACTPYKTYPbl MEKCETEBbLIM
3KpaHom ¢ dyHKLMel rnyboKkol nposepKkn naketos (DPI). 3To npepoTtepawaet lateral movement yrpos. Ann
rocteit u loT cosgatotca otaenbHbie VLAN ¢ ¢yHKumen Client Isolation (3anpeT BsaMmogeincTema mexay
KAWMEHTAMM) U CTPOFMMM NPABUIAMMN MApPLLIPYTU3ALMMN.

o MOHUTOPUHI UM ynpasneHune. BHegpeHuMe cuCTeMbl HeNpepbiBHOrO PagMOMOHUTOPUHIA C
pacnpenenéHHbIMMU CeHCOpaMKn NO3BOAET B peasibHOM BPeMEHW BbIABAATb rOogue-TOYKM U aHOManuu, a
TaKXe NPoBOAUTb PAANOTPUAHTYAALMNIO UCTOYHUKOB Yrpos.

o OpraH13auMoHHO-TEXHMYECKME Mepbl. BKAOYaoT NOANTUMKM ucnonb3osaHua Wi-Fi (pernameHTaums
YCTPOWCTB, C/I0KHOCTM Naposieit), Npoueaypbl PearMpoBaHusa Ha UHUMAEHTbI M 0bydeHne nepcoHana. Ans
CTPYKTYp KUWM 1 cnnoBbix BegomMcTB 06A3aTesIbHO NpUMeHeHe cepTUdULIMPOBaHHbIX cpeacTs 3awwmTbl (PCB
Poccuu), perynapHble ayamTbl yA3BUMOCTEN M MOJHbIV 3anpeT 6ecnpoBOAHbIX MHTEPDENCOB B KOHTYPaXx C
roctamiHoMm.

[paKkTU4yeckoe npuMeHeHWe moAenn B TOCYAAPCTBEHHbIX YUYpPeXAEeHUAX TOKa3aNo CHUMXKeHue
MHumaeHToB Wb, cBs3aHHbIX C 6ecnpoBogHbiMM UHTepdeiicamn, Gonee yem Ha 90% 3a ABa roga
aKcnayaTaumm.

6. 3akntoueHne

MpoBeaeHHOe uccnefOBaHME NO3BOIMAO  KOMMNEKCHO MpoaHanusuposatb npobnembl WB
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becnpoBogHbIX ceTer U cGOpMUPOBATb PEKOMEHAALMN MO NOCTPOEHMUIO 3alUNLLEHHON MHPACTPYKTYPLI.
OTKpbITOCTb pagmMoKaHana octaetca GyHAAMEHTANbHOM YA3BMMOCTbIO, Tpebytowen cneumannsnpoBaHHbIX
MeToL08B 3awmTbl. dsoatounsa ot WEP K WPA3 nokasbiBaeT passuTue Kpmuntorpadun, HO NCTOPUA C aTaKoM
KRACK Ha WPA2 pgoKasbiBaeT, YTO AaKe HafdeXKHble MPOTOKOJIbl MOIMYT MMETb KpuTuyeckne pedekrbl
peanusaumun. 310 TpebyeT NpPMMEHEHMAs MHOroypoOBHEBOW MOAENM, TAe OTKa3 OAHOro MexaHM3ma
KOMMNEHCUpyeTca ApYyrmmu.

KntoueBon BbiBOA: 3¢deKTMBHAA 3awWmMTa HEBO3MOXHa 6e3 KomnsekcHoro noaxoaa. LndposaHue
(WPA3, SAE) HeobxoanMo, HO He,oCcTaTOYHO. Ero appeKTMBHOCTL BO3pacTaeT B COYETaHMM C apPXUTEKTYPHOM
cermeHTaumein, wusonsaumenn KnmeHtos, DPIl-baepBonamm u cuctemamn pagmMoMoOHUTOPUHrA. [Ons
OpraHu3aunin ¢ BblICOKMMM TpeboBaHuaMM K UB TexHUYecKne mepbl AONXKHbI AONONAHATLCA CTPOrUMM
OpPraHU3aLMOHHbIMM NpoLLeAypPamm U CEPTUPULIMPOBAHHBIMU CPEACTBAMM 3aLLUTDI.

MNepcneKkTUBbI pa3BUTUA:

1. 3awmta Ha GU3MYECKOM YPOBHe. AHanM3  «pPaanmooTneyvyaTKkoB» MnepedaTtynkoB  AOs
NAeHTUOMKaLMN YCTPOMCTB.

2. MocTtkBaHTOBaaA Kpuntorpaduma. 3awmta MPOTOKOJIOB OT Yrpo3 CO CTOPOHbI KBaHTOBbIX
KOMMNbIOTEPOB.

3. WckyccTBeHHbIM MHTennekT. Ucnonb3osaHue Al gns aHannsa nosegeHua yCTPOUCTB U BbIABAEHMUA
CNOXHbIX MHOTO3TanHbIX aTak 6e3 N3BEeCTHbIX CUTHATYP.

B ycnoBusax coBpeMeHHbIX BbI30OBOB BHeAPEHME KOMMAEKCHbIX MoZenen 3awmTbl 6ecnpoBOAHbIX
ceTel CTAHOBMTCA 3/1EMEHTOM obecneyeHWAa TEXHONOTMYECKOro CyBEpPEHMTETa M HAUMOHANbHOM
6e3onacHoCTU.
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CaHKT-NeTepbyprckunit rocyAapCTBEHHbIN TEXHOIOTMYECKUI
NHCTUTYT (TEXHUYECKUIN YHUBEPCUTET),
r. CaHkt-lMeTepbypr, PP
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BA3A JAHHbIX A1 UHGOPMALMOHHON CUCTEMbI OLLEHKU KAYECTBA
KEPAMUYECKUX KOHAEHCATOPOB

AHHOTauuA
B nybavKaumMm paccmaTpuBaeTcs NPOeKTUpOoBaHMEe penauMOHHON 6asbl AaHHbIX, NPUMEHAEMOW B
MHPOPMALMOHHOM CUCTEMbI aBTOMATU3MPOBAHHOIO BXOAHOFO KOHTPOAA KayecTBa KepamUyecKux
KoHAeHcaTopoB. [poBoAWTCA aHanM3 npeaMeTHoM 061acTh, BbIAENAITCA OCHOBHbIE  CYLLHOCTH,
npepgnaraeTcs 0rMyeckan CTpyKTypa 6asbl 4aHHbIX M OMUCLIBAIOTCA CBA3U Mexay Tabanuamu.
Kniouesble cnosa:
6a3a AaHHbIX, PeNALMOHHasA MoAe b, KOHTPO/Ib KauecTBa KOHAEHCaToOpoB
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DATABASE FOR INFORMATION SYSTEM OF THE QUALITY
EVALUATION OF CERAMIC CAPACITORS

Annotation
The publication considers the design of a relational database for an entry automated quality control
information system for ceramic capacitors. The subject is analyzed, the main entities are identified, a logical
database structure is proposed, and the relationships between tables are described.

Keywords:
database, relational model, capacitors quality control.
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KoHaeHcaTopbl, fABNAACL OAHMMM M3 Hambosiee MACCOBbIX 3/1EMEHTOB 3/EKTPOHHbIX CXEM,
3HauMTeNbHO onpeaensatoT 6e30TKa3HOCTb M A0/NTOBEYHOCTb PAANO3NEKTPOHHON annapaTtypbl. OcobeHHO
3TO KPUTMYHO A/1A CUCTEM aBTOMATUKM, YCTPOICTB CBA3M U anmnapaTypbl SHEPrETUKM, FAe OTKa3 [aXKe 04HOro
KOMMOHEHTa MOXKeT NPMBECTU K cepbE3HbIM nocseactTenam [1].

Ha MHormx npepnpuATMAX 4acTo OLLeHKa NPUroAHOCTM KOHAEHCATOPOB BbIMOJHAETCA BPY4YHYHO
nocpeaCcTBOM CHATUA NOKa3aHWUM C U3MePUTENbHbIX NPMBOPOB, CpaBHEHMEM UX C TABANYHBIMKU AAHHBIMU U3
TEXHUYECKMX YCNOBUIA M NOCAEAYIOLWMM 3aMN0JHEHNEM }KYPHANOB U NPOTOKOA0B. Takoi nogxos obnagaet
PALOM CYLLECTBEHHbIX HEAOCTATKOB: 3HAUYUTE/IbHbIE BPEMEHHbIE 3aTPaThbl (3-5 MMHYT Ha OAMH KOHAEHCATOP),
Cy6bEKTUBM3M MPUHATUA peLleHnii, HensbeXKHble OWMOKM Npu nepeHoce AaHHbIX, OTCYTCTBME €AMHOrO
apxmMBa pe3y/bTaToB M CAOKHOCTb NOC/EAYIOLLErO aHAIM3a CTaTUCTUKM OTKa30B [2]. Takum obpasom, 3aga4a
pa3paboTkn WHPOPMAUMOHHOM CUCTEMbI, peanusyloweinn TpeboBaHMA K KayecTBy KepamuyecKkux
KOHAEeHcaTopoB B BuAe GOPManM30BaHHbIX MPaBWUA W ANTOPUTMOB, ABASAETCA aKTyaslbHOW W UMeeT
NPAKTUYECKYHO 3HAYMMOCTb.

B xoge paboTbl Hag gaHHOW 3agadvelt Oblia paspaboTaHa MHPOPMALMOHHAA cucTeMa, KoTopas
npegHasHayeHa A/1a aBTOMaTM3aLMW BXOLHOMO KOHTPO/A KepaMWYecKMX KOHAEHCATOPOB MOCPEeACTBOM
MeTOZa YCKOPEHHOM OLEHKU MHTEHCMBHOCTM WX OTKa3oB. ITOT MeTOJ, MO3BOASET MNPOrHO3MpoBaTb
HaAEXHOCTb KepaMMYEeCKMX KOHAeHcaTopoB 6e3 npoBeAeHWs AAUTENbHbIX HATYPHbIX WCNbITAHWI, 4TO
0c0b6€eHHO Ba*KHO Npu cepunHOM npomnssoacTee. CyTb MeToAa 3aK/A04AETCA B IKCTPANOASALMN pe3ybTaToB
WUCNbITAHUIM, NPOBEAEHHbIX B (GOPCMPOBAHHbLIX PEXMMAX, HA HOPMasbHbIE YCAOBMA 3KCAAyaTauuu.
®PopcMpoBaHHbIA  PEXUM NOAPA3YMEBAET MNPEBbILEHME OAHOMO WAW HECKONbKUX BO3LENCTBYHOLLMX
baKTopOoB (TemnepaTypbl UM HANPAMXKEHWUS) HaZ UX HOMUHANbHBbIMW 3HAYEHUAMM, YTO NO3BOJIAET YCKOPUTb
npoLecc CTapeHua u gerpagaummn koHgeHcatopa [3]. Takum ob6pasom, meTos NO3BONSET BbIABUTb CKPbITbIE
nedeKTbl 33 KOPOTKoe BpemMa U BbICTPO NPOBEPUTL, AOCTUrAOTCS M Tpebyemble NoKasaTenn HageXHOCTU.
3T0 No3BONAET, NPU HEOBXOANMOCTHU, CKOPPEKTUPOBATL KOHCTPYKTOPCKO-TEXHOIOMMYECKME peLleHus.

OcHoBy MHbOPMALMOHHOM CMCTEMbI cOCTaBAAEeT 6a3a AaHHbIX [4], B KOTOPOWN XPaHATCA CNPABOYHbIE
AaHHble O TMMAxX W napameTpax KOHAEHCATOPOB, HOPMax M WUCTOPUM WUCMbITAHU. B cooTBETCTBUMM C
TEXHUYECKMMU TpeboBaHMAMM [5], KOHAEHCATOPbI XapPaKTEPUIYIOTCA IEKTPUYECKMMMU, TEMNEPATYPHLIMU U
KOHCTPYKTUBHbIMM NapameTpamu. Oaa XpaHeHua 3Tol MHPOpMALUKM BblAeNEHbl Cleaytowme CYLLHOCTH:
«CnpaBoyHuK TMnos», «lpynnbl TKE», «Tunopasmepsbl», «TUNOHOMWUHaNbI», «lpeaenbHble pexumb» U
«MapTum». Bce cylHOCTM U CBA3M MeXKAy HUMK npeacTaBneHbl Ha ER-anarpamme (puc. 1).

(E) Cnpasounnk Tanos

oID_Tuna : INTEGER «PK»

06bo3Hayenne_Tuna : TEXT ® MpeaenbHble PEXUMbI
MOCT_wnu_TY : TEXT

KoHcTpykuua @ TEXT oID_PexumMa : INTEGER «PK»
MowTax : TEXT 1M ID_TWnoHoMWHaNa : INTEGER «FKs
Kateropua_kavectea : TEXT uMeer

HoMmuHanbHoe_Hanpaxedne : REAL
Hanpsxenue_wcnbiTaHne @ REAL

1:1 HOMWHaNbHAA_EMKOCTb © TEXT
MMeeT [Honyck_emkoctv_% : TEXT
® Tpynnel TKE ﬁ ® TUNOHOMMHANI / Tgd_max : REAL
o ID_TKE : INTEGER «PK» Ruz_MOm : REAL

1:M oID_TwnoHomnHana : INTEGER «PK

: NPMHAANERHT
0O6ozHaveHne_TKE : TEXT pvHaa 04 1D_Tuma : INTEGER «FK»

Tun_KoHgeHcatopa : TEXT . .
WzMeHeHne_EmkocTy @ TEXT ID_TKE : INTEGER «FK» 1:M

EauHuua_émkoctn : TEXT NOCTABNAETCA
TKE_HomM : REAL 1:M — Ma
: ID_Tunopazmepa : INTEGER. «FK» PTHH
TKE_ponyck : TEXT MCMONL3YETC = P P - \ ®
o ID_Maptuu : INTEGER «PK»

Homep_napTun @ TEXT
ID_TunoxoMuHana ; INTEGER. «FK»
T —
@ “inapazmepel [lara_nponzeoacTea : DATETIME
o ID_Tunopazmepa : INTEGER «PK=» Konwuecteo_wr : INTEGER

Tay_MOm_mr® : REAL

Kogn_pasmepa : TEXT
AnvHa_L_mm : REAL

WnprHa_B_mm : REAL
Boicota_H_mm : REAL

PucyHok 1 — ER-gnarpamma gaHHbIX
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B nHbopmaumoHHoi cucteme ucnonbayetrca CYB Microsoft Access anAa xpaHeHWs CnpaBoOYHbIX
AaHHbIX, 4To 06ycnoBneHO yA06CTBOM MMMNOPTA MCXOAHBIX AAHHbBIX U COBMeCTUMOCTbIO ¢ Python, n SQLite
ONA XPaHEHMA UCTOPUM U3MEPEHMUMN, UCMbITAHWIA M MPOBEPOK CTapeHus, yto obycnosneHo yaobcTeom
BCTPAaMBAEMOCTM U BbICOKOIN CKOpOCTM paboTbl Yepe3 BCTPOeHHbIM mogynb sqlite3. PasgeneHne AaHHbIX
Nno3BoO/AET WM30/IMPOBATb PEAKO MEHAIOWYCA CMNPaBOYHYD MHGOPMALMIO M AKTUBHO MOMNOJHAEMYHO
WUCTOPUIO UCMbITaHUI C LLeblo YNPOLLEHMA Pe3ePBHOIO0 KONUPOBAHMA M MOBbILEHUS NPOU3BOAUTENbHOCTU
CUCTEMBDI.

CnpoeKtTMpoBaHHasa 6asa AaHHbIX peasn3oBaHa B cocTaBe MHPOPMALMOHHOM CUCTEMBI HA A3blKe
Python [6]. Mpu 3anycKe cucTemMbl faHHble M3 Access 3arpy»KatoTca B MaMATb 419 3aN0JHEHWA YNPaBAAOLMX
anemeHToB WHTepdelrica M NOUCKA ITANIOHHbIX 3HAYeHWK. Pe3ynbTaTbl M3MEPEHWUI aBTOMATUYECKM
coxpaHsatoTca B 6base SQLite, obecneunBas NoOMHYIO NPOCAEKMBAEMOCTb KOHTPOAA (puc. 2, 3). NanbHellliee
pa3BuTUE PaboTbl BUOUTCA B MHTErPaLUMKU C APYTUMU CUCTEMAMM KOHTPOA KAYecTBa PaAMO3/1eKTPOHHbIX
n3genvn.

§ VHHOPMALMOHHER CHCTEMA OLUEHKM NPUrOAHOCTU KOHAEHCATOPOE - X

WUHdopMaLiMoOHHasa cucTemMa OLEeHKU NPUrogHOCTU KOHAEeHCaTopoB

Bei6epure napamertpkl KOHOEHCaTopa

Homep napriu: n10 Tunopaamep (EIA): 1608M (0603) v|
Tun koHgencaropa:  K10-79 v | Homunanetoe Hanpaxenue (B): 16
Mpynna TKE: ‘Mo VI UcnuiratensHoe Hanpaxenue (B): |50
-BBenure U3MepeHHbIe 3Ha4YeHnA
WamepenHan émkocte: 750 WamepeHHoe conpotusnenue naonsuun: 1001
WamepenHuiin tgd: 0.0014 MamepeHHan NOCTOAHHAA BPEeMEeHN: 27

Peayn bTaT OLeHKH

v Tunopasmep. 1608M (0603)

v Emkocte: 750.0 n®

v tgd: 0.0014

v Conporusnenue nzonaymn: 1001.0 MOm
v MocroanHaa spemenn: 27.0 MOM-MkD

MTOrOBbI BEPAWKT: FOAEH

PVICYHOK 2 — OKHO OUEeHKM npUroagHOCTN KOHA4EHCATOPOB
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@ WMcTopua nsMepeHni, MCNBITAHWA M aHANW30B - H
full McTopua uzmepennii g Metopua nenbimanuii WecTopua aHanusa cTapeHua
r OUNbLTPLI
Twm: Bce V| TKE: Bce ™
D fara Tun TKE  Twnopasmep  U_nom, B TMaptua  EmkocTs tgd Ruz Tay U_wen Bepawkr
8  2026-05-1512:14:48 KI10-79  MMO  1608M (0603) 160 mo 7500 nd® 00014 10010 270 500 rO4EH
7 2026-05-1501:28:04 KI10-79 MMO  1608M (0603) 160 mo 5000 n® 7RO 65.0 5540 - BPAK
6  2026-05-1501:05:32 K10-79 MO 1608M (0603) 16.0 mot 7500 nd  0.0014 10010 27.0 500 rO0EH
5 2026-05-13 00:28:54  K10-79  MMO  1608M (0603) 160 mo 7500 nd® 00014 10010 270 500 rO4EH
4 2026-05-13 00:28:38 KI10-79  MMO  1608M (0603) 160 mo 7500 n® 00014 10010 270 120 BPAK
3 2026-05-13 00:27:08 K10-79 MO 1608M (0603) 50.0 mooot  13.0n® 13.0 13.0 1310 - BPAK
2 2026-05-12 00:48:31 K10-79 MO 1608M (0603) 16.0 - 43.0 nd 43.0 56.0 450 1200 BPAK
1 2026-05-12 00:48:10  K10-79  MM0O  1608M (0603) 160 - 7500 nd® 00014 10010 27.0 1200 rO4EH

PucyHOK 3 — OKHO UCTOPUM U3MEPEHWUIA U UCTIbITAHUI
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INNOVATIONS IN CONTEMPORARY CIRCUS ARTS: THE IMPACT OF DIGITAL TECHNOLOGIES
AND NEW DESIGN TRENDS ON PERFORMANCE

Abstract
This article explores the profound transformation of contemporary circus arts under the influence of

21st-century digital technologies and novel scenographic design trends. Moving away from traditional
spectacle structures, modern circus companies increasingly integrate projection mapping, wearable sensory
devices, motion capture, and automated kinetic rigging into their repertoires. These technologies do not
merely serve as aesthetic embellishments; they alter the dramaturgy of circus performances, redefining the
relationship between the performer’s physical body and the performance space. Furthermore, contemporary
design trends favor minimalist, multi-functional, and modular apparatuses over traditional heavy rigging,
fostering an environment where physical risk and digital illusion coexist. By analyzing these technological and
spatial innovations, this paper highlights how the fusion of physical mastery and digital media creates a new
visceral vocabulary for global audiences, shifting the circus from a showcase of superhuman feats to a
complex, multi-sensory narrative art form.

Keywords:

digital scenography, contemporary circus, interactive performance, media arts,
kinetic design, physical theatre.

Introduction

The circus has historically existed as a dynamic living archive of human physical capability, danger, and
wonder. From the ancient Roman amphitheaters to the 19th-century equestrian displays of Philip Astley, and
the iconic 20th-century American three-ring spectacles, the circus has constantly adapted to the sociocultural
and technological landscapes of its time. The late 20th century witnessed the birth of the Nouveau Cirque
(New Circus) movement, which radically decentralized animals from the ring, prioritizing character
development, linear or thematic narratives, and a cross-disciplinary fusion with theater and contemporary
dance. Today, in the mid-2020s, contemporary circus arts are undergoing yet another evolutionary leap. This
current metamorphosis is driven by the rapid democratization and sophistication of digital technologies and
innovative spatial design methodologies.

As digital tools become more intuitive and responsive, they cease to be mere backdrops or passive
atmospheric lighting. Instead, interactive media, real-time data tracking, and virtual environments are
becoming active co-performers on the circus stage. This integration challenges long-held definitions of the
circus apparatus, the limits of the human body, and the nature of live spectatorship. The intersection of
physical vulnerability—a core tenets of circus appeal—with digital hyper-reality creates a compelling paradox
that defines modern performance design.
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The Digital Paradigm Shift: Media as an Active Performer

At the heart of technological innovation in the contemporary circus ring is the concept of digital
scenography. Traditionally, circus acts relied on fixed lighting cues and static set pieces to focus the audience's
attention on high-risk physical maneuvers. However, the implementation of advanced real-time projection
mapping has fundamentally transformed the performance canvas. Software suites capable of tracking human
movement in real time allow video projections to respond dynamically to an acrobat's trajectory. For instance,
when an aerialist ascends a set of silks or swings from a trapeze, generative digital graphics can follow their
path, leaving visual trails of light, altering the perceived gravity of the space, or simulating shifting
environments that react to the speed and force of the performer's movements.

Beyond visual projections, wearable technology and biometric sensors have introduced a new auditory
and tactile dimension to circus discipline. Acrobats and jugglers are increasingly equipped with inertial
measurement units (IMUs), accelerometers, and heart-rate monitors integrated directly into their costumes.
These sensors translate the kinetic energy, velocity, and physiological strain of the performer into real-time
soundscapes or generative digital art. A juggler’s toss can trigger a specific musical chord, or an aerialist's
pulse can dictate the tempo of the background score. This symbiosis of body and technology collapses the
distance between the internal physical state of the artist and the external environment, rendering the invisible
forces of gravity, momentum, and exhaustion visible and audible to the audience.

Kinetic Architecture and New Materiality in Design

Parallel to the digital revolution is a major shift in the physical architecture of the circus space. The
traditional big top and the fixed proscenium arch are frequently bypassed in favor of immersive, site-specific,
or highly modular stages. Modern scenographers are moving away from the cumbersome, industrially heavy
rigging systems of the past toward minimalist, carbon-fiber, and smart-material structures. These new
materials allow for greater structural strength with a fraction of the weight, enabling designers to engineer
apparatuses that are self-supporting, kinetic, and easily reconfigurable mid-performance.

This trend toward kinetic architecture means that the stage itself becomes an apparatus. Automated
rigging lines, computer-controlled winches, and rotating stages operate in synchronization with the
performers. Aerial apparatuses are no longer static points suspended from a grid; they move along automated
tracks, lifting, lowering, and tilting in response to a pre-programmed digital choreography or real-time cues
from the stage manager. This fluid manipulation of space forces performers to adapt their techniques to
changing angles and moving anchor points, pushing the boundaries of traditional acrobatics and demanding
unprecedented spatial awareness.

Narrative Recontextualization and the Immersive Spectacle

The integration of these technologies significantly impacts the dramaturgical structure of circus shows.
Historically, circus was episodic—a succession of discrete acts connected only by a ringmaster or clown
transitions. Digital technology allows for seamless transitions and a more cohesive thematic continuity.
Augmented reality (AR) and virtual reality (VR) elements are also beginning to bleed into the live experience,
sometimes requiring audiences to use provided headsets or mobile interfaces to view hidden layers of the
performance, turning passive observation into an active exploration of a mixed-reality environment.

Crucially, these innovations do not diminish the raw power of the circus body; rather, they
recontextualize it. The thrill of circus relies on the inherent risk of the live human body confronting gravity
and physical limits. When a digital environment responds to a dangerous high-wire walk or a complex hand-
to-hand balancing routine, it amplifies the emotional stakes. The digital layer acts as an emotional amplifier,
translating the psychological tension of the performer into a shared cinematic experience for the audience.

Conclusion of the Introduction

Ultimately, innovations in contemporary circus arts represent a thoughtful dialogue between
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traditional physical mastery and the infinite possibilities of the digital age. By embracing interactive
technologies and cutting-edge design trends, contemporary circus practitioners are redefining the boundaries
of what is possible in live performance. This article will further analyze specific case studies, technological
frameworks, and the socio-cultural implications of this ongoing artistic evolution.
References:
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THE HISTORICAL EVOLUTION OF TURKMEN CIRCUS ART: GALKYNYSH TRICK RIDERS
AND THE GLOBAL IMPACT OF AKHALTEKE HORSES

Abstract

This article explores the deep historical trajectory of Turkmen circus art, focusing on its evolution from
ancient nomadic martial practices to a world-renowned performance medium. At the heart of this cultural
phenomenon are the Akhalteke horses—an ancient breed celebrated for its distinct physical characteristics,
intelligence, and deep-seated connection to the Turkmen identity. The paper highlights the pivotal role of the
"Galkynysh" Equestrian Group, whose breathtaking displays of jigitovka (traditional trick riding) have
captured global attention and redefined modern equestrian circus standards. Through an analysis of historical
transitions—from battlefield maneuvers to Soviet institutionalization and post-independence cultural
revivals—this study illuminates how the synthesis of traditional horsemanship and theatrical acrobatics acts
as a vital tool for cultural diplomacy and heritage preservation on the international stage.

Keywords:
Turkmen circus, galkynysh equestrian group, akhalteke horses, jigitovka, equestrian art,
cultural heritage, trick riding, central asian circus history.

Introduction
The relationship between the Turkmen people and the Akhalteke horse is not merely one of
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domestication; it is a profound, centuries-old symbiosis that forms the bedrock of Turkmenistan’s national
identity. For millennia, the harsh landscapes of the Karakum Desert necessitated a companion animal that
possessed unparalleled endurance, speed, and intelligence. The resulting breed, the Akhalteke, became
known historically as the "heavenly horse," revered by ancient civilizations from Rome to China. Over time,
the practical necessities of nomadic warfare and desert survival evolved into highly stylized rituals, games,
and displays of physical prowess. This transition laid the groundwork for what would eventually become one
of the most thrilling components of global performance culture: Turkmen circus art.

To understand the modern success of troupes like the Galkynysh Equestrian Group, one must first trace
the lineage of jigitovka—the traditional art of trick riding. Originally, the jaw-dropping maneuvers seen in the
circus ring today were life-saving combat tactics. Nomadic warriors learned to hang completely upside down
from a galloping horse to dodge incoming arrows, slip beneath the horse's belly to avoid detection, and vault
on and off a speeding mount to quickly switch weapons. These battlefield skills were refined over generations,
passed down through oral traditions and rigorous hands-on training from father to son. As the geopolitical
landscape of Central Asia shifted and mechanized warfare made cavalry units obsolete, the Turkmen people
preserved these sacred martial arts by embedding them into communal celebrations, weddings (toys), and
harvest festivals.

[Ancient Martial Tactics] ---> [Communal Celebrations & Toys] ---> [Institutionalized Circus Art]

During the 20th century, the integration of Turkmenistan into the Soviet Union brought about a major
structural transformation for these regional displays. The Soviet state recognized the immense aesthetic and
athletic value of Turkmen horsemanship and sought to institutionalize it within the highly organized Soviet
circus framework. This era merged the raw, untamed energy of traditional jigitovka with Western theatrical
choreography, professional lighting, and orchestral music. Landmark events, such as the legendary 1935
horseback ride from Ashgabat to Moscow, demonstrated the astonishing endurance of the Akhalteke breed
to a global audience, solidifying their status as elite performing animals. Turkmen riders quickly became staple
headliners in state circuses across Moscow, Leningrad, and international touring circuits, blending high-stakes
risk with flawless grace.

Following Turkmenistan’s independence in 1991, the nation experienced a powerful cultural
renaissance aimed at reclaiming and elevating indigenous traditions. Circus art, which had temporarily waned
during the economic transitions of the late 20th century, received a massive boost through state patronage.
The pivotal moment of this modern revival occurred in 2007 with the establishment of the Galkynysh
Equestrian Group. Founded under the direct initiative of the state, Galkynysh—meaning "Renaissance" —was
tasked with blending historical accuracy with cutting-edge circus showmanship.

The group revolutionized the discipline by introducing unprecedented levels of synchronization and
acrobatic complexity. In a typical Galkynysh performance, riders form human pyramids three tiers high on top
of horses running at a full gallop, break into intricate sword-fighting routines while suspended mid-air, and
execute blind backflips onto moving mounts. What sets these performances apart from standard equestrian
acts is the unique psychology of the Akhalteke horse. Known for their fierce loyalty and sensitive
temperament, these horses require a bond of absolute trust with their trainers. The Akhalteke does not
perform out of fear or mechanical repetition; rather, the performance is a dialogue of mutual respect between
human and animal, visible in the horse’s high-stepping pride and responsive body language.

"The Akhalteke does not perform out of fear; the performance is a dialogue of mutual respect between
human and animal."

The global impact of this synthesis has been monumental. The Galkynysh group has swept top honors
at the world’s most prestigious circus venues, winning the Gold Clown at the International Circus Festival of
Monte-Carlo, the Grand Prix at the "Idol" World Festival of Circus Art in Moscow, and top accolades in Italy,
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China, and across the globe. Through these triumphs, the Akhalteke horse has stepped back onto the
international stage not just as a historical relic, but as a living symbol of artistic excellence.

Ultimately, the historical evolution of Turkmen circus art demonstrates how an ancient nomadic legacy
can adapt and thrive in the modern entertainment ecosystem. By transforming dangerous martial maneuvers
into a celebrated art form, the Galkynysh trick riders have turned the circus ring into a space for cultural
diplomacy. They offer international audiences a spectacular window into the Turkmen soul, proving that the
bond between a rider and a heavenly horse is timeless, universal, and profoundly magical.
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MUSCULOSKELETAL INJURIES IN SPORTS AND CIRCUS HORSES: MODERN DIAGNOSTICS,
TREATMENT, AND REHABILITATION PROTOCOLS

Abstract

Musculoskeletal injuries represent the primary cause of career-limiting lameness, wastage, and
premature retirement in both sports and circus horses. While sports horses (dressage, show jumping,
eventing, and racing) encounter high-velocity impacts, linear extension strains, and repetitive concussive
forces, circus horses face unique, asymmetrical biomechanical stressors, including tight-radius longeing,
prolonged high-collection maneuvers, acrobatics, and irregular arena surfaces. This article reviews the
specific pathophysiological pathways of musculoskeletal degradation in these dual cohorts. It synthesizes
current advancements in diagnostic imaging—such as high-field Magnetic Resonance Imaging (MRI),
computed tomography (CT), and Ultrasound Tissue Characterization (UTC)—alongside emerging regenerative
therapeutics, including platelet-rich plasma (PRP), autologous conditioned serum (IRAP), and mesenchymal
stem cells (MSCs). Furthermore, it outlines structured, objective-driven rehabilitation protocols utilizing
water treadmills, therapeutic ultrasound, and functional electrical stimulation (FES), providing a
comprehensive framework for modern equine sports medicine.
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Introduction

The equine athlete is a marvel of evolutionary engineering, optimized for cursorial locomotion, high-
velocity displacement, and rapid energy storage via specialized tendinous structures. However, when these
natural physiological capabilities are pushed to the extremes required by modern equestrian sports and circus
arts, the margin between peak performance and catastrophic musculoskeletal failure becomes razor-thin.
Musculoskeletal disorders (MSDs) remain the leading welfare issue and economic drain within the equine
industry globally, accounting for over 70% of all veterinary interventions in performance horses. While
literature historically aggregates performance horses into broad categories, a critical distinction must be
made between mainstream sports horses and circus performance horses, as their biomechanical profiles,
injury typologies, and operational environments diverge significantly.

The Biomechanical Profile of the Sports Horse

Sports horses engaged in disciplines governed by organizations like the Fédération Equestre
Internationale (FEI)—such as show jumping, dressage, and eventing—experience highly predictable, albeit
extreme, physical stresses. Show jumpers subject their distal limbs to massive vertical and propulsive forces
during takeoff and landing, where the deep digital flexor tendon (DDFT) and the suspensory ligament (SL) act
as critical shock absorbers and energy stores. During the landing phase, a jumper’s leading forelimb can
experience vertical loads exceeding two to three times the horse's total body weight.

In contrast, dressage horses are bred and trained for extreme joint flexion, cadence, and longitudinal
balance. The modern dressage paradigm demands intense collection, shifting the horse’s center of mass
caudally onto the hindquarters. This positioning places immense, prolonged eccentric strain on the
suspensory apparatus of the hindlimbs, the hock (tarsocrural) joints, and the lumbosacral junction. Eventing
and racing variants add the compounding factor of high-velocity fatigue, where repetitive cyclical loading
leads to microdamage accumulation within the third metacarpal bone and the superficial digital flexor tendon
(SDFT), predisposing the animal to acute structural failure.

The Unique Biomechanical Landscape of the Circus Horse

Conversely, circus horses operate within an entirely different, highly specialized biomechanical matrix
that has been historically under-researched. The circus ring presents a highly challenging physical
environment. By standard convention, a traditional circus ring features a fixed diameter of approximately 13
meters (42 feet). Operating a large equine athlete at high gaits (trot, canter, or gallop) continuously on a strict,
tight-radius circle introduces profound centripetal and centrifugal forces. This constant turning induces severe
asymmetric loading between the inside and outside limbs. The inside limbs undergo increased joint flexion
and localized compressive forces on the medial aspects of the joints, while the outside limbs experience
severe lateral collateral ligament tension and rotational shear forces.

Furthermore, circus disciplines involve unique performances that deviate drastically from natural
equine locomotion. Liberty acts require horses to execute rapid, tight turns, sudden spins (pirouettes), and
rearing (pesade or courbette) on command, often on suboptimal or highly compacted surfaces designed for
human acrobats rather than equine hooves. Vaulting and trick-riding (dzhigitovka) horses carry the additional
dynamic, asymmetric weight of human performers mounting, dismounting, and standing on their backs or
flanks. This introduces erratic, sudden spikes in axial and appendicular loading.

The repetitive nature of these shows—often performed multiple times a week without seasonal
breaks—leaves minimal time for the physiological remodeling of bone and soft tissue, accelerating the
transition from subclinical microtrauma to overt clinical lameness.

Pathophysiological Mechanisms of Musculoskeletal Degradation
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At the cellular level, the pathogenesis of musculoskeletal injuries in both cohorts follows a continuum
of mechanical overload and inadequate matrix repair. Tendons and ligaments, composed primarily of Type |
collagen arranged in dense parallel bundles, possess limited vascularity, rendering them highly susceptible to
chronic degenerative changes (tendinopathy) rather than acute, highly cellular inflammatory healing. When
structural fibers are stretched beyond their physiological limit (typically 4-8% strain), mechanical failure
occurs. In sports horses, this is frequently seen as acute core lesions within the SDFT due to hyper-extension
of the fetlock joint. In circus horses, the chronic torsional and rotational strains more frequently manifest as
desmitis of the suspensory ligament branches, oblique sesamoidean ligament strains, and complex
enthesopathies at tendon insertion points.

Articular cartilage degradation (osteoarthritis) represents another shared, yet distinct, pathological
pathway. Cartilage is avascular and relies on the cyclical pumping action of synovial fluid during weight-
bearing for nutrient exchange. The repetitive, high-impact concussion of show jumping or the constant,
uneven shear forces of circus ring work disrupt the extracellular matrix of the cartilage, depleting
proteoglycans and damaging the collagen type Il framework. This triggers an intra-articular inflammatory
cascade, characterized by the upregulation of catabolic cytokines such as Interleukin-1 (IL-1) and Tumor
Necrosis Factor-alpha (TNF-S\alpha$), culminating in progressive joint space narrowing, subchondral bone
sclerosis, and osteophyte formation.
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EVALUATING THE EFFICACY OF IMMUNOGENIC AND PHARMACOLOGICAL AGENTS
AGAINST REGIONAL INFECTIOUS DISEASES IN LIVESTOCK

Abstract
Regional infectious diseases in livestock present a continuous threat to global food security, agricultural
economics, and public health via zoonotic spillover. This article evaluates the comparative and synergistic
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efficacy of immunogenic agents (vaccines, immunomodulators) and pharmacological agents (antimicrobials,
antiparasitics, antivirals) engineered to combat localized veterinary pathogens. While immunogenic strategies
offer long-term herd immunity and sustainable disease suppression, their real-world performance is
frequently constrained by regional strain variations, fragile cold-chain logistics, and host immunosuppression.
Conversely, pharmacological agents provide rapid therapeutic resolution during acute outbreaks but face
intensifying scrutiny due to the global escalation of antimicrobial resistance (AMR) and chemical residues in
the food supply chain. By analyzing field data, clinical outcomes, and epidemiological models, this paper
highlights the necessity of shifting away from monotherapeutic protocols. Instead, it advocates for an
integrated management framework that pairs region-specific immunoprophylaxis with targeted, rational
pharmacology. This balanced approach is essential to preserve livestock welfare, optimize economic returns
for rural producers, and protect human consumers within the "One Health" paradigm.
Keywords:
livestock, immunogenic agents, pharmacological efficacy, regional infectious diseases,
veterinary medicine, antimicrobial resistance, vaccination strategies.

Introduction

The global livestock sector serves as the socioeconomic foundation for over a billion people, providing
vital animal-derived proteins, stabilizing rural economies, and contributing substantially to agricultural gross
domestic product (GDP). However, the intensive and extensive production systems required to sustain this
output are perpetually vulnerable to the disruptive impacts of infectious diseases. Regional infectious
diseases—ranging from transboundary viral infections like Foot-and-Mouth Disease (FMD) and Peste des
Petits Ruminants (PPR) to localized bacterial threats such as Brucellosis, Bovine Tuberculosis, and various
clostridial infections—inflict severe economic losses through mortality, decreased milk and meat yields,
reproductive failures, and trade restrictions. In an increasingly interconnected world, localized outbreaks can
rapidly escalate into national or international crises, threatening food security and disrupting global supply
chains. Therefore, evaluating the clinical and field efficacy of both immunogenic and pharmacological
interventions remains a primary mandate for veterinary scientists, policymakers, and agricultural producers
alike.

The epidemiological profile of livestock diseases is fundamentally shaped by regional variables,
including microclimates, vector distributions, farming traditions, wildlife reservoirs, and transhumant animal
movements. For instance, vector-borne pathogens like Bluetongue virus or Rift Valley fever are heavily
dependent on localized ecological conditions that dictate the lifecycle of their arthropod vectors. Similarly,
soil-borne pathogens like Bacillus anthracis display strict regional endemicity based on soil pH, moisture, and
historical burial sites. Because of this localized heterogeneity, broad, one-size-fits-all veterinary protocols
often fail to achieve optimal outcomes. Interventions must be rigorously evaluated against the specific
pathogen strains and environmental pressures characteristic of the target region.

Immunogenic agents, primarily consisting of traditional inactivated or live-attenuated vaccines,
alongside next-generation recombinant, DNA, and mRNA platforms, represent the front line of proactive
disease defense. The primary objective of an immunogenic intervention is to induce robust, long-lasting
humoral and cellular immune responses within the host population, thereby achieving herd immunity
thresholds that disrupt pathogen transmission cycles. When properly matched to regional viral serotypes or
bacterial strains, vaccination campaigns have demonstrated historical success, as evidenced by the global
eradication of Rinderpest.

However, the field efficacy of immunogenic agents is often compromised by real-world constraints.
Genetic drift and shift among regional pathogens frequently result in vaccine mismatch, rendering standard
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commercial formulations ineffective against emerging local isolates. Furthermore, the reliance on live-
attenuated or complex biopreparations demands a strict cold-chain infrastructure, which is often deficient or
entirely absent in remote pastoral regions. Underdeveloped infrastructure leads to thermal degradation of
vaccines, resulting in widespread vaccination failures that leave herds susceptible despite high investment.
Additionally, underlying host factors such as malnutrition, chronic parasitism, and mycotoxin contamination
in feed can induce systemic immunosuppression, preventing livestock from mounting an adequate protective
immune response post-vaccination.

When immunoprophylaxis fails or when an exotic pathogen breaches regional biosecurity boundaries,
pharmacological agents become indispensable for herd preservation and individual animal therapy.
Pharmacological interventions include targeted antimicrobials, antiparasitics, and support-driven anti-
inflammatory drugs designed to rapidly reduce pathogen loads, alleviate clinical symptoms, and minimize
production losses. In intensive production settings, such as feedlots or large-scale dairy operations,
pharmacology is frequently deployed not only curatively but also metaphylactically to protect at-risk cohorts
during high-stress periods like transport or weaning.

Despite their undeniable clinical utility, the widespread and often indiscriminate deployment of
pharmacological agents has triggered severe evolutionary and ecological consequences. The foremost
challenge is the accelerating emergence of antimicrobial resistance (AMR) and anthelmintic resistance among
regional livestock pathogens. The routine use of critically important antimicrobials in animal farming exerts
massive selective pressure, driving the proliferation of resistant bacterial strains like methicillin-resistant
Staphylococcus aureus (MRSA) and multi-drug resistant Escherichia coli. These resistant traits can easily
transfer to human pathogens through direct contact, environmental contamination, or the food chain,
creating a profound public health hazard. Furthermore, improper adherence to drug withdrawal periods
results in chemical residues in milk, meat, and eggs, which threatens consumer safety and exposes producers
to severe regulatory penalties and market exclusions.

To mitigate these compounding risks, contemporary veterinary science must move away from isolated,
reactive pharmacological dependencies and instead embrace a holistic, integrated framework. This requires
the continuous, objective evaluation of how immunogenic and pharmacological tools interact under field
conditions. Advanced diagnostic technologies, such as real-time polymerase chain reaction (PCR) assays and
next-generation sequencing (NGS), must be deployed regionally to track pathogen evolution in real time,
ensuring that immunogenic formulations remain antigenically aligned with circulating field strains.
Concurrently, antimicrobial stewardship programs must enforce narrow-spectrum, evidence-based
pharmacological treatments, reserving critical human medicines exclusively for non-routine therapeutic
emergencies.

Ultimately, balancing the preventative strength of region-specific immunogenic agents with the
targeted, precise application of pharmacology forms the core of sustainable livestock health management.
By synthesizing field-validated efficacy data with stringent biosecurity measures and optimized animal
nutrition, the veterinary community can build resilient livestock production systems. This dual approach not
only buffers rural agricultural economies against devastating epidemic shocks but also aligns perfectly with
the global "One Health" mandate to safeguard animal welfare, environmental stability, and human public
health.
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THE PRACTICAL SIGNIFICANCE OF DIGITAL PLATFORMS AND Al TOOLS IN ENGLISH LANGUAGE LEARNING

Abstract
In the contemporary globalization era, proficiency in the English language serves as a vital bridge for
academic, professional, and cultural exchange. Traditional pedagogical frameworks, while foundational,
frequently struggle with limitations related to classroom size, geographical constraints, and rigid, generalized
curricula. This article explores the transformative shift brought about by integrating digital platforms and
Artificial Intelligence (Al) tools into English language acquisition. By analyzing the structural, cognitive, and
practical advantages of these technologies, the study highlights how adaptive learning algorithms, large
language models (LLMs), and mobile-assisted language learning (MALL) applications offer unprecedented
levels of hyper-personalization. Furthermore, the incorporation of Al lowers the psychological barriers
associated with language anxiety, providing a secure, error-tolerant ecosystem for interactive practice. The
practical significance of these tools is evaluated across core linguistic competencies: speaking, listening,
reading, and writing. Ultimately, the paper argues that while digital ecosystems cannot fully substitute for
human cultural nuance, their strategic implementation dramatically democratizes access, maximizes student
engagement, and optimizes long-term language retention.
Keywords:
digital platforms, artificial intelligence, english language learning, personalization,
educational technology, language acquisition

Introduction
The status of the English language as a global lingua franca remains undisputed in the 21st century. It
acts as the primary vehicle for international commerce, scientific research, diplomacy, and digital
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communication. Consequently, the demand for effective, rapid, and scalable methods of English language
acquisition has surged worldwide. Historically, language education relied heavily on the grammar-translation
method and the audio-lingual approach, both of which prioritized rote memorization, structural conformity,
and passive absorption within a centralized classroom environment. While these traditional methodologies
successfully imparted theoretical syntactic knowledge, they frequently failed to cultivate communicative
fluency. Standard classrooms suffer from intrinsic structural limitations: an unfavorable teacher-to-student
ratio, rigid time constraints, and a "one-size-fits-all" curriculum that ignores the disparate cognitive paces and
baseline proficiencies of individual learners. In a standard 45-minute lesson shared among thirty students,
the actual time allocated for an individual to engage in active verbal production is minimal. This systemic
deficiency often results in passive literacy without functional speaking competence.

The digital revolution of the late 20th and early 21st centuries initiated a paradigm shift through
Computer-Assisted Language Learning (CALL) and Mobile-Assisted Language Learning (MALL). Initially, these
digital interventions were rudimentary, consisting of digitized textbooks, static vocabulary flashcards, and
linear software programs. However, the rapid expansion of high-speed internet, cloud computing, and mobile
hardware transformed these early frameworks into sophisticated digital learning platforms. Learning
Management Systems (LMS) like Moodle and Canvas, alongside dedicated language applications such as
Duolingo, Babbel, and Memrise, began breaking down geographical and socio-economic barriers. Learners
were no longer tethered to a physical space or a specific timetable; instead, they could engage with
instructional materials asynchronously. These platforms introduced elements of gamification—such as
experience points, daily streaks, and leaderboard systems—which successfully boosted short-term user
engagement and transformed language practice into a daily habit.

Despite these advancements, early digital platforms retained a major flaw: they lacked adaptability.
They treated the learning pathway as a pre-determined sequence, offering the same corrective feedback
regardless of why a user made a mistake. The true revolution in language pedagogy emerged with the
integration of Artificial Intelligence (Al) and Natural Language Processing (NLP). The shift from static digital
platforms to dynamic Al-driven ecosystems has fundamentally altered the mechanics of language acquisition.
Generative Al models and Large Language Models (LLMs) have enabled digital tools to understand, interpret,
and generate human language with remarkable contextual accuracy. This technological leap addresses the
biggest hurdle in self-directed language learning: the absence of an interactive conversational partner. Al-
powered chatbots and virtual tutors can now simulate authentic, real-time conversations, allowing learners
to practice colloquial expressions, idioms, and professional jargon without the logistical challenge of finding
a native speaker.

From a pedagogical perspective, the practical significance of Al tools lies in their capacity for hyper-
personalization. Every learner possesses a unique cognitive profile, shaped by their native language
interference, personal goals, learning speed, and psychological disposition. Al algorithms continuously
analyze user inputs, mapping specific error patterns, vocabulary retention rates, and structural weaknesses.
Using Spaced Repetition Systems (SRS) and machine learning, the software dynamically recalibrates future
lessons. If a learner consistently struggles with the English present perfect tense, the Al recognizes this pattern
and seamlessly injects targeted exercises into their curriculum without disrupting their overall learning flow.
This level of customized, instantaneous feedback ensures that students spend their time efficiently, targeting
their weaknesses rather than repeating concepts they have already mastered.

Beyond cognitive optimization, Al tools offer profound psychological benefits, particularly concerning
what linguist Stephen Krashen termed the "Affective Filter." According to Krashen’s Affective Filter
Hypothesis, emotional variables such as anxiety, self-doubt, and fear of public humiliation act as psychological
barriers that inhibit language acquisition. In a traditional classroom, many students experience intense
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performance anxiety when asked to speak in front of peers and instructors. This fear often silences them,
preventing the necessary verbal experimentation required for fluency. Al interlocutors completely neutralize
this threat. An Al system does not judge, express frustration, or mock pronunciation errors. It creates a low-
stakes, error-tolerant laboratory where learners can test hypotheses about language structure, make
mistakes, and receive constructive corrections privately. This builds communicative confidence, which
smoothly translates into real-world interactions.

Furthermore, Al tools have revolutionized the development of productive skills—namely, speaking and
writing—which were historically difficult to evaluate automatically. Advanced speech recognition technology
allows Al platforms to analyze acoustic data, evaluating a learner’s pronunciation, intonation, and stress
placement at a phonemic level. Tools can pinpoint the exact syllable where a non-native speaker deviates
from standard English phonology and provide immediate visual or auditory guidance for correction. In writing,
automated essay scoring and intelligent proofreading tools move beyond basic spell-checking. They analyze
semantic coherence, lexical diversity, stylistic consistency, and sophisticated grammatical structures, offering
contextual suggestions that elevate a learner's writing quality.

In conclusion, the practical significance of digital platforms and Al tools in English language learning is
multifaceted. They democratize elite-level, personalized tutoring, making it accessible to anyone with an
internet connection. By combining the accessibility of digital networks with the cognitive adaptability of
artificial intelligence, these technologies optimize the balance between input and output, lower emotional
barriers to learning, and transform language acquisition from a chore into an intuitive, data-driven journey.
This article examines the structural impacts of these innovations, addresses contemporary challenges like the
digital divide and algorithmic bias, and outlines future trajectories for blended language learning
methodologies.
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PAZJMOCBA3b B ONEPALMAX 3A MPEAEIAMU POCCUIACKOM ®EAEPALIMK: 3BOJIOLIMA TEXHONOTUN,
JIOKTPUHbI U MPAKTUKM NPUMEHEHUSA (1995 — 2020 rr.)

AHHOTauuA

B cratbe npoBOAUTCA KOMIMJIEKCHbIN WUCTOPUKO-TEXHUUYECKMA aHaAu3 pPasBUTMA  apMEeNCKUX
pagmocuctem BoopyéHHbix Cun Poccuiickoin @eapepaunm B nepunog c 1995 no 2020 rog, paccmaTpmrBaemMbiit
yepes NpMU3My ydacTus B 3apyberkHbix onepauusax. ABTOp CTaBUT LeNbio PEKOHCTPYMPOBATb 3Tarbl 3BONOLUN
BOEHHOWM CBA3W OT 3KCM/yaTauMW COBETCKOrO aHa/IoroBOro Hac/ieaua [0 CO34aHWUS COBPEMEHHbIX
CETEeLEHTPMUYECKUX apXMTEKTYP, a TaKKe BbIBUTb KOYEBbIE TEXHONOTMYECKME U AOKTPUHA/bHbIE MHCANTHI,
cbopmmMpoBaHHbIe B peasibHbIXx 60eBbix ycaoBMAX. MeTogoN0rMYeckyto OCHOBY MCCNen0BaHMA COCTaBAAOT
WUCTOPUKO-TEHETUYECKNIM NOAXOA, CPaBHUTE/IbHLIN aHa/IM3  MOKONEHUA TEXHUKM U KPUTUYECKoe
WUCTOYHUKOBEAEHME, OMNMPAIOLLEECS Ha pPacCeKpeYeHHble HOPMATMBHble akTbl MO P®, BefomCTBEHHbIE
OTYETbI, OTpac/eByld NepuoauKy W maTtepuanbl npeanpuatnii OMNK. B paboTe nocnegoBaTesibHO
aHaNM3MpytoTcs 6anKkaHCKME  MUPOTBOPYECKME  MUCCUM, BbIABMBLUME  OCTPYHO npobnemy
MHTeponepabenbHOCTU U YyS3BUMOCTb aHa/IoroBbIX ceTel, KOHGAMKT 2008 roga, CTaBLUMIA KaTa/M3aToOpPoOM
uMdpoBM3aLNM U CTAaHZAPTM3ALMMU, U CUPUICKAA onepauuns, NoATBEepPAMBLUAA XKM3HecnocobHocTb mesh-
Tononorni, rnybokon nHTerpaunm ceasm c Komnaekcamm P36 n BINJ1A, a TakKe HEOBX0ANMMOCTb YCUIEHHOM
KpunTtorpadumyeckon 3awmTbl. [enaetca BbIBOA O TOM, YTO 3apyberkHble KamnaHun GyHKUMOHMPOBANM He
NPOCTO KaK TeaTpbl 60eBOro NPMMEHEeHUs, a Kak MHCTUTYLIMOHA/IbHbIE UCMbITaTe/IbHbIE MOAUTOHbI, HANPAMYIO
dbopmMpoBaBLLME TEXHUYECKME 3aaHMA Ans oTedyecTBeHHOro BIMK, KoppeKTMpoBaBLLMe HOpMaTUBHYIO 6asy
M NOBAMUABLUME Ha cUCTEMY NPOdECCMOHaNbHOM NOAFOTOBKM CBA3UCTOB. Pe3ynbTaTbl UcciefoBaHMA BHOCAT
BKAaL4 B MCTOpuorpaduio BOEHHOrO CTPOUTENLCTBA M MOTYT ObiTb MCMOAb30BaHbI MNpW paspaboTke
NepcneKkTUBHbIX CTAHAAPTOB TaKTUYECKMX CETEN M NPOrPaMMHO-0ONpeaeaembIX PagMoCcUcTeM.

Knouesble cnosa:
BOEHHas paanocsAsb, onepaunm 3a npegenamm PO, mmpoTBopyecTBo Ha basikaHax, CMpUIACKas KamnaHus,
umdpoBU3aLMNA CBA3U, NOMEXO3ALLMLWEHHOCTb, CETEBOE YNPaB/ieHMe BOMCKaMN, UCTOPUKO- TEXHUUYECKUNIA
aHanu3, paano3/1IeKTPOHHAA NPOMbILLIEHHOCTb.
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RADIO COMMUNICATIONS IN OPERATIONS OUTSIDE THE RUSSIAN FEDERATION: EVOLUTION
OF TECHNOLOGIES, DOCTRINES AND PRACTICES OF APPLICATION (1995-2020)

Abstract
The article provides a comprehensive historical and technical analysis of the development of army radio
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systems of the Armed Forces of the Russian Federation in the period from 1995 to 2020, considered through
the prism of participation in foreign operations. The author aims to reconstruct the stages of the evolution of
military communications from the exploitation of the Soviet analog heritage to the creation of modern
network-centric architectures, as well as to identify key technological and doctrinal insights formed in real
combat conditions. The methodological basis of the study is a historical and genetic approach, a comparative
analysis of generations of technology and critical source study, based on declassified regulations of the
Ministry of Defense of the Russian Federation, departmental reports, industry periodicals and materials of
defense industry enterprises. The work consistently analyzes the Balkan peacekeeping missions, which
revealed an acute problem of interoperability and vulnerability of analog networks, the 2008 conflict, which
became a catalyst for digitalization and standardization, and the Syrian operation, which confirmed the
viability of mesh topologies, deep integration of communications with electronic warfare and UAV complexes,
as well as the need for enhanced cryptographic protection. It is concluded that foreign campaigns functioned
not just as theaters of combat use, but as institutional test sites that directly formed technical tasks for the
domestic military-industrial complex, adjusted the regulatory framework and influenced the system of
professional training of signalmen. The results of the study contribute to the historiography of military
construction and can be used in the development of promising standards for tactical networks and software-
defined radio systems.
Keywords:
military radio communications, operations outside the Russian Federation, peacekeeping in the Balkans,
the Syrian campaign, digitalization of communications, interference immunity, network-based troop
control, historical and technical analysis, electronics industry.

B oTeuecTBeHHOI BOEHHOM TPaAMLMM KAauyeCcTBO PaAMOTEXHMYECKOrO obecneyeHma A4aBHO cYMTAETCA
OAHWM U3 KNHOYEBbIX YCIOBUIM 6OEBOW YCTOMUYMBOCTU SKCNEANLMOHHDIX FPYNNMPOBOK. O4HAKO MCTOPUYECKUTA
NyTb, NPONAEHHbIN POCCUNCKMMM BOOPYKEHHBIMM cuamm B nepmog, ¢ 1995 no 2020 roa, AEMOHCTPUPYET He
NPOCTO TEXHWYECKYID MOAEPHM3AUMIO, @ COXHbIA Mpouecc afantauuu: OT 3SKCMAyaTauuum COBETCKOTo
Hacnegua B YCNAOBUAX MHCTUTYLMOHANIBHOTO KpPU3MCA A0 CO34aHMA aBTOHOMHbIX KOMMYHUKALLMOHHbIX
KOHTYPOB, MPOBEPEHHbIX B pPeanbHbiX O0EBbIX M MWPOTBOPYECKUX MUCCUAX. HecmoTps Ha obunue
TEXHUYECKOM AOKYMEHTaL MM NO OTAeNbHbIM 06pasuam annapaTypbl U CNYTHUKOBbLIM y3/1aM, Uctopuorpadus
pa3BUTUA BOEHHOTO PaAMOBELLAHUA B MPUBA3KE K 3apybexkHbiM onepaumam ocTaérca ¢parmeHTapHOW.
BONbWWHCTBO MaTepuanoB HOCAT BEAOMCTBEHHbLIA WUAM Cyrybo MHMKEHEpPHbIM XapaKTep, 4To 3aTpyaHAeT
CMUCTEMHbIN aHA/IM3 B3aUMOAENCTBUA TEXHOOMMYECKUX, AOKTPUHAJIbHbIX U yNpaBaeHYecknx GaKkTopos.

B coBpemeHHOM POCCUIMCKOM HayKe BOMPOC apMencKoM CBA3KM OObIYHO paccmaTpuBaeTcs B TPEX
naockoctax. MNepeas — cyrybo TeXHUMYECKanA: OMMCaHME TAKTUKO-TEXHUYECKUX XaPaKTEPUCTUK U YCIOBUIA
3KCMAyaTauMM  KOHKpeTHbIx o0b6pasuoB  (nyb6ankaumm B «OTEYECTBEHHOW  PaAMO3NEKTPOHUKEY,
«DNIeKTPOCBA3U», MmaTepuanbl KoHoepeHumii KPIT n «Co3Be3gusa»). BTtopas — onepaTUBHO-TaKTUYeCKan:
aHanuM3 3aga4 60eBOro ynpaBAeHWA B COBPEMEHHbIX KOHMAMKTaX («ApMENCKUIA COOPHUK», «BoeHHas
MbIC/b»). TpeTbA — UCTOPUKO-ONMcaTeNbHaA, GUKCUPYIOLLAA 3Tanbl CTAHOBNEHWNA BOWMCK CBA3WN B COBETCKUN
M nocTcoBeTckui nepuogbl (pabotbl A.B. Kosnosa, B.B. CnyrnHa, cTaTb B «BoeHHO-UCTOpMYECKOM
KypHane»). Mpu 3TOM CUHTETUYECKME UCCNEAOBAHMSA, CBA3bIBAIOLLME 3BOJIOLMIO PAAMOCPEACTB C NPAKTUKOM
3apyberKHbIX KamnaHwui, TpaHchopmaLmeld BeAOMCTBEHHbIX CTPYKTYp W Koonepaumel npegnpuatuii ONK,
npaKkTUyYeckn otcyTcTBytoT. OcobeHHO 3ameTeH npoben B M3ydeHUWN nepexoaHoro nepuoga 1995-2005 rr.,
KOr4a apMuA BblHYKAEHHO afanTMpoOBasia yHac/nefoBaHHbIE apXUTEKTYpPbl K HOBbIM FeOMNOANTUYECKUM
peanuam, a TakxKe B CPaBHUTE/IbHOM aHaM3e HaNKaHCKOro M CUPUIACKOTO OMbliTa Kak 3Tanos ¢opmMupoBaHma
CeTeBbIX AOKTPUH.
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OMNUPUYECKYID OCHOBY COCTaBWM/IM pPacCEKPEeYEHHble AMpeKkTMBbl U 6oeBble ycTasbl MO PO,
TeXHUYecKMe OonucaHuA annapaTypbl, AOKYMEHTbl MO pacnpefeneHnto YacToOTHOro CreKkTpa, oTpacnesble
W3[aHWA, MaTepuasnbl Hay4yHO-MPAKTUYECKMX KOHPEPEeHUMI, a TaKKe MemMyapbl 0dULLEPOB-CBA3UCTOB,
KOHCTpYKTOpOB 1 npeactasuteneit OMNK. YunTbiBas orpaHMUYeHHbIM A0CTYN K paay Be4OMCTBEHHbIX apPXMBOB,
NPUMEHAETCA METOANKA KPUTUUECKOrO MCTOYHUKOBEAEHMUA C 0653aTeNbHON NepeKpEcTHON BepudmKaumen
OTKPbITbIX, YaCTUMYHO PACCEKPEYEHHbIX W BTOPUYHbIX MaTepuanos. Ocoboe BHMMaHWE yAeneHO
HOpPMaTUBHbIM akTam [KPY, perynAtopHbIM AOKyMeHTam PockomHagsopa, ctaHaaptam ®Cb B obnactm
Kpuntorpadmum wn OTYETHOM JOKYMeHTauuu npeanpuatuii BIK. TeopeTUKo-meTomoNOrMYEcKas pamKa
nccnesoBaHNA ONMPAETCA Ha UCTOPUKO-FEHETUYECKUI NOAXO0A,, CPAaBHUTENbHbIN aHANIN3 NOKONEHMNI TEXHUKM,
WHCTUTYLLMOHAbHbIM aHanu3 pedopm B chepe ynpaBaeHMaA CBA3bIO M TEXHOIOMMYECKOE UCTOYHUKOBEAEHME.
BpemeHHble rpaHuubl (1995-2020) oxBaTbIiBAlOT TPM K/OYEBbIX 3Tana: 6anKaHCKOE MWPOTBOPYECTBO,
nepexogHbii nepuog 2000-x — Hayana 2010-x Ir., CUPUINCKYIO KamMMaHUIo U eé 6anKanume nocneacrTeus.
leorpaduuyecknii pokyc Bratovaet bankaHbl, KaBKas, BanxkHniA BOCTOK M aKBaToOpMio AZEHCKOIO 3a/1MBa Kak
OCHOBHbIe NOAUTOHbI Pa3BEPTbIBAHMA.

HayyHaa HOBM3HA 3aKNO4YaeTCA B KOMMJIEKCHOM PEKOHCTPYKLIMN UCTOPUKO-TEXHUYECKON 3BOJIOLUM
ApPMENCKOM pagMocBaAsK, Foe YETKO MNPOC/EXKMBAIOTCA JIMHUW MPEEMCTBEHHOCTM M TEXHO/OrMYecKkue
pa3pbIiBbl MeXAY NOKONEHMAMM annapaTypbl. Bnepsble 3apyberkHble onepaLmm paccMaTpmMBatoTCA He NPOCTO
KaK TeaTpbl MPUMEHEHUA TEXHWKWU, A KAK WHCTUTYLMOHAJIbHblE «UCMbITaTeNbHbIE CTEHAbI», KOTOpble
dbopmmpoBanm TexHuyeckme 3akasbl gna OlMK, KoppeKkTUpoBaaW AOKTpUHA/bHble B3rA4bl Ha Goesoe
ynpaB/iieHMe W CTUMYIMPOBANAN pPa3BUTUE OTEYECTBEHHbIX CTAHZAPTOB Kpuntorpadum u CeTeBoro
B3aMMOAENCTBUA.

Ha 3akate CCCP cuctema BOEHHOW CBA3M OTINYAMACH KECTKOM LeHTpaM3aumen, yHupuumpoBaHHbIMU
pernameHTamMnm W MacCcoBbIM MPOU3BOACTBOM TUMOBbLIX CPEACTB. TaKTUYECKMIA YpPOBEHb OMMpPanca Ha
aHanorosble YKB-komnnekcbl (P-105M, P-111, P-159), KB-ctaHumu (P-140, P-161), npoBoaHble W
pagunopeneiiHblie nMHunU. Kpuntosawmta obecneynBanacb annapaTHbIMU MOAYAAMM C PEFYASPHON CMEHOWM
K/tOYEN, a ynpasaeHne CeTAMM CTPOUIOCH Ha LLeHTPaIM30BaHHOM aucneTynpoBaHumn. Pacnag egmHoro BIK,
pa3pbiB NPOM3BOACTBEHHbIX LLENOYEK, COKPALLeHNE GUHAHCMPOBAHMA N NEPEXOL K PbIHOYHBIM MEXaHM3Mam
cnpoBouUMpoBanu ryboKnin cuctemHblin Kpusuc. K cepeanHe 1990-x fona ncnpaBHOM annapaTtypbl B paae
coegMHeHuM He npesblwana 40-50%, maccoBoe COKpalleHWe KagpoB MPMBENO K yTpaTe 3KCMepTHbIX
KOMMNETEHUMI, eANHOE YaCTOTHOE PeryinpoBaHne pasmblioch, @ 3aBUCUMOCTb OT MMNOPTHbIX 3/1EKTPOHHbIX
KoMMNoHeHTOoB (AnoHus, KOxHan Kopes, cTpaHbl EC) ctana paktopom HecTabunbHOCTU. Tem He meHee, B 1992—
1994 rr. HayaNMCb NepBble afanTaLMOHHbIe Warn: co3gaHo MasHoe ynpasneHue ceasn MO PD, paspaboTaHbl
BPEMEHHbIE perfiaMeHTbl A1 MUPOTBOPYECKUX onepauuit, 3anyweH HUOKP «Ceasb-M» no umdposbim
npoTokosam. MacwTabHyto MogepHU3aLMI0 TOPMO3WUIN OTCYTCTBME €AMHOW KOHUENUMU, BeLAOMCTBEHHAsA
pa3po3HeHHOCTb 3aKka3oB (MO, MB/, MorpaHBoiicka) u aednumnT puHaHCMpoBaHUA. IMEHHO B 3TOMN TEXHUKO-
OpraHM3auUMOHHOW cpesie Pa3BOpPaYMBa/INCh NEePBble POCCUMNCKME KOHTUHIEHTbI 33 pybexom.

BBoA, poccuiMcKOro KOHTUHreHTa B BocHuio u lepuerosuHy B coctaBe COOP (aekabpb 1995 r.) u
nocneaytwollee ydactme B KOOP B KocoBo (MtoHb 1999 T.) cTanu nepsBbiMM MACLUTabHbIMKW 3apyberKHbIMU
onepaunamm BC PO 3a npegenamm CHI. KommyHMKaLMOHHaA MHPPACTPYKTYpa onmpanach Ha wraTHble YKB-
pagnoctaHuum P-159MIM n P-168, KB-komnnekcbl P-161, a TakKe paHHME CNYTHUKOBble TepPMMHasbl
«Kpuctann» n «AkBeayk-1». CeTM CTPOMAUCH MO MEPaAPXMUYECKOMY MPUHLMAY C PYyYHbIM YACTOTHbIM
NAaHUPOBAHNEM, OrPaHUYEHHbIM NPUMEHEHNEM WNPPOBAHMA U AOMUHUPOBAHWEM FON0COBOTrO TpadumKa.
MpakTMKa ObICTPO BbIABWJIA CUCTEMHbIE C€nabocTM. Bo-nepsbiX, NO/MHAA HECOBMECTUMOCTb C
uHodpacTpyktypori HATO: pasnnuma B 4YacCTOTHbIX AmanasoHax (oTedectBeHHble 30-88 Ml npotus
ctaHpapTtos STANAG 4201/4204), Tunax mogynauuun (YM/AM npotus umdposbix opmaTos) 1 npoueaypax
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COMSEC genanu npamoe conpsixkeHne HeBO3MOXKHbIM. B3aumogelictene obecneunBasioch Yyepes opuuepos
CBA3M, KOMMEPYECKME CMYTHUKOBBIE KaHa/bl U PYYHOE COrNacoBaHWe YacToT. Bo-BTOPbIX, CNOXKHbIN penbed
BankaH (OuHapckoe Haropbe, xpebeT [lpoKneTbe) pe3Ko CHWXKan pJanbHocTb YKB-cBA3u, Tpebysa
pa3BEpPTbIBAHUA PETPaAHCAATOPOB Ha BbicoTax 1500—2000 m M aKTMBHOIO MCNONb30BaHUA KB-gmanasoHa,
NnoABEPKEHHOTO MOHOCHEPHBIM MOMEXaM U CE30HHbIM KonebaHuaM. B-TpeTbux, aHanoroeas annapaTypa
6€e3 LWKMPOKOMNONOCHOW MNEepPecTPOMKM YacTOTbl OKasasiacb KpahHe yasBuma K P3N, cos3gaBaemomy Kak
rpa*kaAaHCKMMK NepeaaTiMKamMm, Tak U OpraHM30BaHHbIMUW CPeACTBAMM OTAENbHbIX GOpMUpPOBaHUiA. B oTBeT
6bI/IN NPUHATBI OPraHU3aLMOHHbIE N TEXHUYECKME MepPbl: Pa3BEPHYTHI Y3/1bl CONPsAXKeHMA Ha 6ase P-142H,
YHUPUUMPOBAHbI NO3bIBHbIE U PEINAMEHTbI, MaCLLUTabMPOBaHbI NOABUMKHbIE y3/bl Ha Wwaccu KM/, 1 «KamA3»,
npoBeaeHbl Nepsble 3KCMEPUMEHTbI C NaKeTHOM nepegayelt AaHHbIX MO CNYTHUMKOBbIM KaHanam (go 2,4
K6UuT/c). BanKaHCKMI oONbIT BnepsBble 3apUKCMPOBAN B LWTAOHbIX OTYETAX OCTPYID HEobXoAMMOCTb
CTaHAAPTM3aLMM TAKTUYECKUX CETEMN, BHEAPEHUSA LUPPOBbIX MPOTOKONOB 1 CO34aHMA COBMECTUMbIX LL/HO30B.
OgHako peanusauma 3TUX BbIBOAOB CAEP)KMBANaACb OHOAMKETHBIMW OFPaHUYEHUAMM U OTCYTCTBUEM
LEeHTPa/IM30BaHHOM NPOrpamMmmbl NePEeBOOPYHKEHNA.

Hayano 2000-x 03HameHOBasioCb MJAHOMEPHbLIM MEPEXoAOM K UMOPOBbIM CpeacTBam CBA3M U
LeHTpannsaumein ynpasieHns CBA3EBbIMU NOApPasAeneHnamMmn. B BoMcKa cTanm noctynaTte paguMocTaHumm
cepun P-168 ¢ umdpoBbIM KOAMPOBAHMEM ronoca, CAyTHUKOBble Komnsekcbl AK-100/AK-200, nepsble
obpasupl wudpoannapatypbl, cootsetcTBylowme [OCT 28147-89, a Tak¥e MOOWAbHbIE Y3/bl Ha
BHEZOPOXKHbIX Wwaccu. ObKaTKa TexHUKM B TagxkuKucTaHe (FTBAO), MMPOTBOPYECKUX MUCCUAX B ABXasnn u
lOxkHOM OceTumM, a TaKKe aHTUMUPATCKMX naTpynax B ALEHCKOM 3asMBe M03BOAWMAA aAanTUpoBaTb
obopysoBaHWe K pPasHbIM KAMMATUMYECKMM W OMEPALMOHHBIM YCNOBMAM. Peluatowmm KaTanmM3aTopom
MoAEePHM3ALMN cTan KOHGAMKT asrycta 2008 ropa. PaccekpeyeHHble maTepuasnbl M nybavKaumm B
«ApMeNCKOM COOPHUKE» BCKPbIIM PAL CUCTEMHbIX YA3BUMMOCTEN: M30/MPOBAHHOCTb KAaHA/IOB MeXay
BMAAMM BOMCK, OTCYTCTBME €4AMHOMN TAaKTUYECKON CETU peasibHOro BPpeMeHMU, KpUTUYECKas 3aBUCMMOCTb OT
CTaLMOHapHOM MHOPACTPYKTYPbI, YA3BMMOW 417 BbICOKOTOYHOFO OPYXHMUA, HM3KAs CKOPOCTb aganTauuu
YaCTOTHbIX NAAaHOB NP aKTMBHOM P3M, a TaKKe HEOOXOAMMOCTb MHTErpaLMm CBA3HbIX CUCTEM C PAa3BELKOMN,
BMNIA n cpeactBamm nopaxkeHus. OTBeTOM cTasna BoeHHaa pedopma 2008-2012 rr.: ueHTpanmsaums
yrnpaB/iieHMA BOMCKaMW CBA3M, JIMKBUZAUMA AyOAUPYHOLMX 3BEHbEB, BHEAPEHME eauHbIX CTaHOAPTOB
B3aMMOAENCTBUA, 3aNyCK MPOEKTOB «AKBeAyK» M «A3apT». B TexHMYecKom NaaHe 3TO BbIPasWUIOCh B
nepexoe K LWMPOKOMNONOCHbBIM LIMPPOBLIM CETAM C aBTOMATUYECKUM Bbibopom YacToT (AFH), aboHeHTCKUM
annapaTtHbiM WKPOBaHUEM, Pa3BUTUEM MODBUAbHBLIX OPOUTasIbHBIX Y3/10B U BHEAPEHUMEM MNAKETHbIX
NPOTOKO/I0B. YTBEpPKAEHbI eanHble TTT, yrKecToueHa cepTUdMKALLMA, YCUNEH KOHTPOb 3N1eMEHTHON 6a3bl.

Pa3BépTbiBaHME POCCUMCKOW TPYynnUPOBKK B CupuuM (ceHTabpb 2015 r.) cTano NepBbiM NPUMEPOM
[ONTOCPOYHOTO MPUMEHEHUA MOLEPHU3NMPOBAHHbBIX CBA3HbIX CUCTEM B YC/NIOBUAX MNOAHOMacLITabHOM
3KCNeAMLMOHHOM KaMnaHuUW. TeEXHUYECKYI0 OCHOBY COCTaBWUAM paamocTaHumm P-1871 «AsapT», KOMMAEKCbI
P-438 «Pbluar-AB», cnyTHMKOBble TepmuHanbl «bapc» n «Kpuctann-M», a TakKe MHTErPUPOBAHHbIE Y3/ibl
CBA3M Ha Waccn «TandyH» n «Ypan-M». KOMMyHMKaLMOHHaA apxmuTekTypa B CMpMM NpoaemMoHCTpMpoBana
HECKO/IbKO MPUHUMNUANBHBIX U3MEHeHW. Bo-MepBbiX, OTKA3 OT »KECTKOW Mepapxun B MNonb3ly mesh-
noAo6HbIX TONOMIOTMIA C aBTOMATUYECKON MapLupyTM3aunel TpaduKka. InHamnyeckoe nepepacnpeseneHue
KaHafnoB, aJdanTMBHas MOAYNAUMS W NPOTOKO/Ibl  CaMoOOpraHusauum obecneynnm  CoxpaHeHue
paboToCnoCcobHOCTM CETM NMpPM BbIXOAE M3 CTPOA OTAE/bHbIX Y3/10B U paccpesoToyeHHOM 6oeBoM NopsakKe.
Bo-BTOpbIX, rnybokas wHTerpauma ¢ P36 u BMJIA. CpepgctBa CBASU (PYHKUMOHMPOBAAM B €4AMHOM
PaLMO3NEKTPOHHOM KOHTYpe COBMECTHO C KoMMnekcamu nogasneHua («Kpacyxa-4», «Jleep-3»,
«Bbopucornebek-2») U passeapiBaTe/IbHbIMW CUCTEMAMM, YTO MO3BOJIAIO OMNEPATUBHO MEHATb YACTOTHbIE
naaHbl, aBTOMATMYECKM BbIABAATb MOMEXM M 3alUMLLATLCA OT nepexsaTta. TenemeTtpua u Bugeo c BMNJIA
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nepefaBanncb MO BbIAENEHHbIM 3alUMLWLEHHBIM KaHafiamM C MWMHUMMANbHOW 3ajeprkKkon, obecneuymBasn
KOPPEKLUMIO OTHA B pexunme, 6AM3KOM K peasibHOMY BpemeHW. B-TpeTbnx, MobUAbHOCTb U OpbuUTanbHbIN
pe3epB. Pa3BépTbiBaHME MOABWMMKHbBIX MYHKTOB CBA3M HA aspofgpome XMelMMM M B MOJEBbIX Narepsax
No3BOAMNO MOALEPKMBATD HEMPEPbLIBHOE YNpaBJeHWEe B YCAOBUAX MYCTbIHHOrO naHAawadTa, BbICOKUX
Temnepatyp ¥ abpasvBHOro BO34EWCTBMA  MNecka. ABTOHaBOAAWMECA aQHTEHHbl W CUCTEMBI
TEPMOCTabMAM3aLMM NOBLICUAN HAAEKHOCTb annapaTypbl. B-4eTBEPTbIX, ycuAeHMe Kpuntorpapuyeckon m
KnbepycTtonumeocTu. BHeapeHMe OTeYeCcTBEHHbIX aNropuUTMOB WKdPOBAHUA HOBOIO NOKONEHMSA, annapaTHan
CErmMeHTaLMA KaHaNoB YNPaBAEHUA U AaHHbIX, PEINAMEHTHAA POTaLMA KAHOYeN MUHUMU3UPOBANU PUCKK
MHPOPMaUMOHHOTO BO3aencTBMA. CUPUIACKMIA OMNbIT NOATBEPAUA HU3HECNOCOOHOCTL CETEBbIX MPUHLMNOB U
CTa/l OCHOBOMW ANA KOPPEKTUPOBKWM HacTasneHui no ceasu (2016-2019 rr.). OH Takke chopmmpoBan
TpeboBaHMA K PaAMOCETAM C/IeAYHOLLErO NOKOAEHMA: NPOrPaMMHO-onpeaensemble paguo (SDR), anroputmel
NN pna mapwpyTvsaummn, NepcrnekTUBHbIE METOAbl KBAHTOBOW KpunTorpaduu, a TaKkKe NoAuYepKHyN
HeobXoAMMOCTb MOATrOTOBKU CMELMANANCTOB, CMOCOOHbIX AeNCTBOBaTb B ycaA0BUSAX TMbpuaHoro P36 wu
KnbepnpoTnsogencTeus.

JBOMOUMA apMEMCKON pPaAnocBA3M  HanpAMyl 3aBuUcena OT COCTOSHMA MPOMbILIJIEHHOW U
ynpasneH4yeckoi cpeabl. B 1990-e rr. pagnosneKkTpPoOHHasA oTpac/ib nepexusana cnag, ogHako B 2000-x
CTApTOBA/la KOHCONNAALMA AKTUBOB BOKPYT rocyAapcTBEHHbIX Kopnopaumi («Poctex», KPIT, «Co3sesaney,
«Anmas-AHTeli»). BaHyl0 ponb cbirpano ¢popmupoBaHue EAMHON cucTEMbl YNPaBAEHMA YaCTOTHbIM
pecypcom (FKPY), nepexoa K OTKpbITbIM TeHaepam Ha HWOKP u BHeapeHMe cUCTEMbl TEXHUYECKOro
perynupoBaHus (FTOCT P, OCT BKO). CraHgapTvM3auua npowsa nyTb OT BeAOMCTBEHHbIX TY 1990-x K
yHUOMLUMpPOoBaHHbIM TTT 2010-X, BKAHOYAOLLMM HOPMATMBbI MO NOMEXO3ALMLLEHHOCTU, KpUNTOrpaduyeckoi
CTOMKOCTM, 3HeproapPeKkTMBHOCTM K coBmecTMMocTM ¢ nnatdopmamm  OLKBE. [MpropuTeTHbIM
HanpasfeHMem CcTana 3amMeHa MMMOPTHbIX KomnoHeHTos  (MJIAC, ALN/UAN, BY-ycuautenm)
OTeYeCTBEHHbIMW aHajsioraMu, 4YTOo NOTPebOoBanNO pPA3BUTUA  MUKPOIEKTPOHHOM 6asbl M co3gaHMA
cepTUPUUMPOBAHHBIX WUCMbITaTENbHbIX LEHTPOB. CMCTEMA NOArOTOBKM KaLpOB TaKKe W3MeHWacb: oOT
KPATKOCPOYHbIX KYPCOB K NpoduabHbIM Kadeapam CeTeBbiX TEXHONOMMIN, Kpuntorpadumn u P36 B BOEHHbIX
akagemusax. BHeapeHue TpeHarKEPOB WM BMPTYasibHbIX MOJIMFOHOB MNO3BOAMAO OTPabaTbiBaTb CLEHAPWUK
paboTbl B YyCNOBUAX MHTEHCMBHbIX NOMeEX M KnbepaTtak 6e3 npusaeyeHmsa peasibHoN TEXHWUKM.

MpoBeAEHHbIN aHaM3 pa3BUTMA BOEHHOM paanocsasn BC PO B 3apyberkHbix onepauusax (1995-2020)
LEMOHCTPUpPYET noc/iefoBaTe/lbHbI Nepexos, OT Pa3pPO3HEHHbIX aHANOrOBbIX CETeM K MHTErpupoBaHHbLIM
LUMOPOBbIM apXMTEKTYPAM, COYETAIOLLMM CETEBOE YNPaBiEHME N KOMIMJIEKCHYIO PAAMO3NEKTPOHHYHO 3aLUUTY.
BankaHCKMI 3Tan akTyanusmMpoBan npobsembl COBMECTUMOCTM W MOMEXOYCTOMYMBOCTU, FPY3UHCKUIA
KOHGAMKT 2008 roga BbICTYNMA KaTaan3aTopom LMdpoBU3aLMKN U CTAHAAPTM3ALMM, @ CUPUIACKAA KaMnaHUA
nosgosiMna anpobupoBaTb CeTeBble MPUHUMMbI B peanbHbiXx 60eBbiXx YycnA0BUSX. B ucTOpuyeckomn
peTpocneKkTMBe 3apyberkHble MUCCUMM BbIMOHANM POJib HE TOJIbKO TEaTPOB MPUMEHEHUA TEXHUKM, HO U
WMHCTUTYLIMOHA/IbHbIX «MOJMIOHOBY», KoTopble QopmupoBann TexHudeckne TpebosaHus pana Of€K,
CTUMYNMPOBAAM Pa3BUTUE KPUNTOrPaPUUECKMX CTAHAAPTOB U KOPPEKTUPOBAIN AOKTPUHA/bHbIE B3MAAbI Ha
CBA3b. YPOKM UHTeponepabenibHOCTH, CETEBOM KMBYYECTU, MOAY/IbHOCTM U TEXHO/IOTMYECKOTO CyBEPEHMUTETA
6b11M 3aKpensieHbl B HOpMmaTuBHOM 6aze MO P® 1 noBnMAAM Ha 3KCNOPTHble MOAMbUKALMKM annapaTypbl.
OrpaHuyeHns nccnepoBaHma obycnoBAEHbI PEXMMOM CEKPETHOCTM YacTh apXMBHbIX matepuanos MO PO u
®CB, a TaKKe 3aBMCMMOCTBbIO OT OTKPbITbIX TEXHWYECKUX PENTAMEHTOB M OTpac/ieBbiXx MNybAMKaumii.
MepcnekTuBbl ganbHellen paboTbl BUAATCA B PacLUMPEHUM UCTOUYHMKOBOM Hasbl (BKAOYAA nMocTeneHHoe
paccekpeumBaHMe LWTabHbIX [OOKYMEHTOB), pPasBUTUM METOAOB YCTHOM WUCTOpUM  (MHTEPBBIO C
KOHCTPYKTOpPamMM W MONEBbIMU CNEeuuannuctamu), a TaKke B NPOBEAEHUWN CPaBHUTE/IbHOTO aHaaM3a C
3BOJIOLMEN CBA3HbIX CUCTEM APYTUX aPMUIA B aHANIOTMYHBIX SKCNegMLUMOHHbIX ycnosuax (HATO, KHP, UHgua).
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INCREASING PRIVATE ENTERPRISE PROFITABILITY: ECONOMIC STRATEGIES FOR
COST REDUCTION AND EFFICIENCY OPTIMIZATION

Abstract

Maximizing corporate profitability within highly competitive corporate environments demands a dual
approach that aligns aggressive revenue generation with systematic operational cost reduction. This article
explores the interdisciplinary links between lean management, operational waste mitigation, and strategic
resource allocation within private enterprises. It argues that the deployment of structural cost-control
protocols and internal optimization systems serves as a primary driver for expanding firm-level net margins
and securing technical market sovereignty. By analyzing how automated procurement networks, inventory
velocity tracking, and energy efficiency programs eliminate corporate overhead without compromising
product quality, the research highlights the mechanical connections between microeconomic optimization
and long-term enterprise value. The findings indicate that continuous structural cost management is essential
for maintaining corporate resilience in a volatile global market.

Keywords:
private enterprise, profitability maximization, cost reduction, efficiency optimization,
lean management, inventory velocity, operational waste.

Introduction

The transformation of modern commercial business from simple trade activities into highly optimized
private corporations has fundamentally altered the parameters of sustainable financial growth. At the heart
of this organizational evolution lie two critical pillars: Cost Reduction, the systematic identification and
elimination of non-value-adding operational expenditures, and Resource Efficiency, the optimization of
corporate inputs to achieve maximum productive output. Historically, private firms often sought to increase
net profits solely by increasing sales volumes or raising consumer prices; however, in the 21st century,
marketplace volatility and intense competition dictate that long-term survival is determined by a firm’s
capacity to optimize its internal cost structures. This article explores how microeconomic theory provides the
operational frameworks, and strategic financial control provides the mechanical leverage, to fuel a
continuous cycle of asset protection, operational efficiency, and capital accumulation.

The Convergence of Lean Operations, Inventory Velocity, and Corporate Fiscal Discipline

Lean Management Architectures as the Operating System of Cost Optimization

Systemic operational waste and administrative redundancies act as a severe drain on corporate
profitability, distorting resource distribution and driving up marginal production costs. When a private
enterprise deploys a structured lean management framework, it systematically audits its production
pipelines to isolate and eliminate actions that incur expenses without adding value to the final consumer.
This optimization process functions as the primary operating system for structural efficiency, allowing
corporate boards to streamline manufacturing workflows, reduce factory floor bottlenecks, and minimize
raw material scraps. Eliminating these hidden operational leakages directly expands the gross profit margin,
providing the enterprise with a predictable, self-sustaining foundation for corporate financial planning and
capital expansion.
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Maximizing Inventory Velocity and Supply Chain Logistics
The implementation of cost-control policies requires strict structural discipline within a firm's
inventory management and warehousing networks. Carrying excess raw materials or finished products ties
up significant amounts of corporate working capital, while simultaneously exposing the enterprise to storage
overhead costs, depreciation, and inventory obsolescence. By utilizing modern real-time tracking systems
and adopting a demand-driven approach to procurement, management can sharply increase its inventory
velocity, ensuring that goods move rapidly from raw material states to final consumer sales. This logistics
optimization frees up internal cash reserves, allowing the private firm to self-fund internal technical upgrades
without relying on expensive, high-interest external commercial credit lines.
Energy Conservation, Automated Utilities, and Long-Term Fixed Overhead Reductions
Industrial engineering analysts and corporate accountants identify environmental resource
conservation as a vital tool for structural cost reduction and fixed overhead management. Modern
production facilities consume large volumes of power and fuel; consequently, small percentage drops in
utility consumption yield substantial long-term financial savings on corporate balance sheets. By investing in
energy-efficient machinery, automated facility monitoring networks, and waste-heat recovery systems, a
private enterprise can lock in low operational margins that shield it from volatile national and international
commodity price shocks. These utility adjustments convert abstract environmental sustainability goals into a
practical financial asset that upgrades the firm's competitive position.
Specialized Managerial Accounting, Budget Auditing, and Corporate Governance
Beyond physical supply chain adjustments, corporate efficiency management serves private enterprise
governance as an indispensable tool for strategic scaling and risk mitigation. Enterprise higher education and
corporate professional training emphasize the development of specialized managerial accountants, financial
controllers, and internal auditors who use data analytics to monitor departmental expenditure variances in
real time. The capacity to translate complex transaction logs into clear, actionable budget adjustments allows
executive teams to implement counter-cyclical protocols, cooling down unnecessary operational expansions
before they threaten the firm's foundational liquidity. Thus, cultivating an analytically brilliant management
tier is essential for securing the financial continuity of a private corporation.
Conclusion
The relationship between strategic cost reduction, operational efficiency, and private enterprise
profitability is cyclical, structural, and self-reinforcing. Lean operational protocols provide the initial
environment needed to maximize net margins, inventory velocity and utility optimization establish the
defensive infrastructure to insulate corporate cash flows from market volatility, and compounding internal
returns generate the capital required to fund continuous business development. To achieve sustainable long-
term expansion and technical self-sufficiency, private enterprises must view systematic cost control not as a
temporary crisis response, but as a permanent, non-negotiable pillar of their corporate governance engine.
By nurturing an analytically empowered leadership capable of governing internal resource flows with
empirical precision, modern firms can ensure that ongoing industrial transformations yield stable, inclusive,
and highly productive economic development.
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THE ADAPTIVE FRAMEWORK: DYNAMIC GOVERNANCE AND COGNITIVE ERGONOMICS
IN MODERN ENTERPRISE MANAGEMENT

Abstract

The discipline of enterprise management is undergoing an ideological shift away from rigid hierarchical
control toward fluid, network-centric organizational designs. This article explores the core principles defining
contemporary managerial science: the transition from traditional top-down decision-making to decentralized
governance models, the integration of real-time predictive analytics and predictive dashboards, the
cultivation of psychological safety to foster operational agility, and the strategic deployment of cognitive
ergonomics in workplace design. Together, these frameworks enable modern enterprises to transform
volatile, unpredictable market disruptions into structural competitive advantages.

Keywords:
enterprise management, organizational design, decentralized governance, predictive analytics,
agile frameworks, psychological safety, cognitive ergonomics.

Introduction

For over a century, corporate management was dictated by classical bureaucratic models. These
structures relied on strict functional silos, centralized command-and-control loops, and fixed annual planning
cycles. While highly effective during the predictable, asset-heavy industrial era, this rigid architecture creates
significant operational bottlenecks in today’s hyper-connected economic landscape.

In the current era, organizational survival depends on a manager's ability to orchestrate rapid
adaptation. Driven by compressed product life cycles, fluctuating supply chains, and a highly mobile global
workforce, modern management science has evolved from a discipline of static supervision into one of
dynamic resource orchestration.

Core Pillars of Contemporary Management Science

1. Decentralized Governance and Network-Centric Architecture
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The velocity of modern market shifts requires that decisions be made at the point of impact rather
than waiting for multi-tiered executive approval. Modern management research focuses heavily on replacing
traditional corporate pyramids with decentralized, network-centric organizational structures.

Popularized through frameworks like Holacracy and scaled Agile methodologies, this approach
organizes enterprises into autonomous, cross-functional teams. These units possess the full authority,
budgetary clearance, and technical expertise to execute specific product or market outcomes. Top-level
management shifts its role from micromanaging daily operations to defining macro-level strategic intent,
establishing core cultural guardrails, and removing systemic roadblocks between teams.

2. Data-Driven Foresight: Predictive Analytics and Real-Time Dashboards

Modern decision-making has outgrown retrospective data reporting. Waiting for end-of-month or end-
of-quarter financial reviews to alter corporate strategy is a reactive posture that leaves enterprises
vulnerable.

Modern management practices rely on advanced predictive analytics engines and continuous tracking
dashboards. These tools aggregate unstructured real-time data across every corporate artery:

By utilizing predictive data, managers transition from historical analysis to real-time simulation—
allowing them to stress-test various strategic scenarios and mitigate corporate risk proactively.

3. Cultivating Agility Through Psychological Safety

When environments are highly unpredictable, the greatest systemic risk an organization faces is silent
operational failure—where employees observe flaws, shifting customer preferences, or ethical risks but
choose not to report them out of fear of negative consequences.

Consequently, contemporary management prioritizes the establishment of psychological safety.
Based on extensive organizational behavior studies, this framework treats mistakes made during
experimental initiatives not as fireable offenses, but as essential learning data. When leadership
systematically removes fear from the corporate culture, team members report micro-failures early, challenge
flawed operational assumptions, and collaborate transparently. This cultural foundation reduces overall
corporate risk and accelerates the velocity of innovation.

Conclusion

The architecture of modern enterprise management has evolved from a system of administrative
tracking into a science of ecosystem design. Managers are no longer simple controllers of human capital;
they are architects of highly adaptive, data-informed, and psychologically secure corporate environments.
By shifting toward decentralized governance, leveraging predictive infrastructure, normalizing transparent
error analysis, and optimizing for cognitive health, modern management ensures that enterprises build the
structural resilience necessary to thrive amidst the volatile realities of global commerce.
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THE SILICON KINETIC: AUTONOMOUS ROBOTICS AND KINEMATIC
ENGINEERING IN THE MODERN ERA

Abstract

The field of robotics and robotic systems engineering—collectively referred to as robototechnics—is
undergoing an architectural shift away from rigid, pre-programmed automation toward flexible, adaptive
autonomy. This article explores the core scientific domains driving modern robotics: the optimization of
multi-degree-of-freedom (DoF) kinematic chains, the integration of real-time Edge-Al computer vision for
spatial mapping, the mechanics of biomimetic soft actuators, and the structural deployment of collaborative
robots (cobots). Together, these innovations are moving mechanical systems out of isolated factory cages
and into dynamic, unscripted human environments.

Keywords:
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edge-ai, soft robotics, mechatronics.

Introduction

For decades, industrial robotics operated on absolute predictability. Heavy robotic arms executed
precise, repetitive geometric trajectories within closed manufacturing cells, completely isolated from human
presence. Any unexpected variation in the environment caused immediate system failure or posed severe
safety hazards.

In the current era, the field of robototechnics has broken past these static boundaries. Driven by the
convergence of high-density edge computing, advanced materials science, and complex sensor fusion,
modern robotic systems possess the capacity to perceive, reason, and manipulate physical objects in real
time under chaotic, unscripted real-world conditions.

Core Pillars of Modern Robototechnics

1. Kinematic Optimization and Multi-DoF Manipulation

At the heart of robotic physical interaction is the mathematical coordination of kinematic chains—the
assemblies of rigid segments and joints that determine a robot's reach and dexterity. Modern research is
heavily focused on optimizing multi-degree-of-freedom (DoF) configurations to replicate or exceed human
biomechanical movement.

To achieve fluid, human-like motion, onboard processors solve highly complex Inverse Kinematics (1K)
equations hundreds of times per second. These algorithms calculate the exact joint angles required to
position an end-effector (such as a robotic hand or gripper) at a precise point in 3D space.

Furthermore, modern robotic arms incorporate force-torque sensors at every joint. Rather than just
following a rigid geometric path, the robot senses physical resistance, allowing it to delicately handle fragile
components, polish uneven surfaces, or safely stop movement the moment it brushes against a human
worker.
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2. Spatial Intelligence: Edge-Al and Real-Time Perception

For a robot to navigate or manipulate objects autonomously, it requires high-fidelity spatial awareness.
Modern robototechnics relies on advanced sensor fusion, combining depth-sensing cameras, LiDAR (Light
Detection and Ranging), and ultrasonic sensors into a unified processing pipeline.

Instead of sending vast streams of raw visual data to distant cloud servers—which introduces
dangerous latency—modern robots utilize high-efficiency Edge-Al processors mounted directly on the
chassis. These chips run local computer vision models that handle:

e Object Segmentation: Identifying and isolating specific items (e.g., distinguishing a particular
mechanical tool from a piece of packaging waste).

e Dynamic Obstacle Avoidance: Calculating the vector and velocity of moving objects, allowing a
warehouse or agricultural robot to seamlessly re-route its path around walking pedestrians or moving
machinery.

¢ Real-Time SLAM: Simultaneous Localization and Mapping, which allows autonomous mobile robots
(AMRs) to map out unfamiliar, evolving industrial floors without relying on pre-installed magnetic tracks or
external GPS.

3. Actuator Evolution: From Rigid Gears to Soft Biomimetic Systems

While classic robotics relies on heavy electric motors, hydraulic pumps, and rigid metal gearboxes, an
emerging frontier in robototechnics is the development of soft robotics and biomimetic actuators. Inspired
by biological tissues, these systems swap rigid metals for flexible, elastic materials.

These flexible actuators are fundamentally altering the design of robotic grippers. A soft robotic
gripper can conform perfectly to the irregular shape of organic items—such as sorting delicate agricultural
produce, handling fragile glassware, or assisting in veterinary surgical procedures—without requiring
complex programming for every individual shape.

Conclusion

Modern robototechnics is no longer confined to the execution of repetitive, predictable tasks. By
synthesizing advanced kinematic control, real-time spatial computing, innovative soft materials, and
cooperative design, robotics has entered a truly dynamic era. As these adaptive machines move from
specialized laboratories into broader industrial, agricultural, and logistics sectors, they are transforming from
automated machinery into intelligent, physical partners capable of navigating and improving the complex
world they inhabit.
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AGRICULTURAL ENTREPRENEURSHIP AND MODERN FARMING PRACTICES IN EMERGING MARKETS

Abstract
Agricultural entrepreneurship and modern cultivation methods serve as primary instruments for

securing economic stability and food security in emerging markets. This article analyzes the impact of
innovative agrotechnologies, digital management systems, and sustainable entrepreneurial models on the
competitive capacity of the agricultural sector. The mechanisms of resource conservation and productivity
optimization via hydroponics, drip irrigation, and sustainable ecosystems are economically substantiated.
The findings emphasize the strategic importance of supply chain optimization and innovative capital
investments in securing long-term sustainable economic growth.
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Introduction

In the current phase of global economic development, ensuring a reliable food supply for a
continuously growing population under conditions of finite natural resources has turned into an essential
strategic task. In emerging markets, resolving this dilemma relies not merely on expanding traditional
production volumes, but rather requires entirely new economic models and technological interventions.
Agricultural entrepreneurship and modern farming methodologies emerge as the primary driving forces for
optimizing agrarian efficiency and achieving macro-level macroeconomic stability. Historically, while
agriculture was viewed as an economically and ecologically constrained, labor-intensive traditional system,
the introduction of innovative entrepreneurial operations has transformed this field into a highly lucrative
and resilient industry. This article explores how modern agrosenagat technologies and entrepreneurial
initiatives structurally enhance the economic growth and food sovereignty of emerging markets.

Strategic Resource Optimization, Digital Transformation, and Agribusiness Structural Reconstruction

Agricultural Entrepreneurship as the Bedrock of Innovative Economic Growth

Agricultural entrepreneurship is the baseline economic mechanism required to elevate the
competitiveness of the agrarian sector and related processing industries within emerging economies. By
integrating advanced administrative structures and innovative technologies into the production cycle,
agribusiness entities boost resource efficiency and product quality metrics. Through this operational shift,
market competitiveness and systemic financial durability are established. Leveraging digital and innovative
systems enables agricultural firms to accurately compute production timelines, cost structures, and fluid
market conditions. This precision allows local food producers to launch high-quality commodities into
regional markets at competitive prices and systematically integrate into global logistics networks.

The Strategic Utility of Drip Irrigation and Automated Hydroponic Systems
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Ecological shifts and increasing natural water scarcity mandate the integration of cutting-edge
practices like drip irrigation and hydroponics into modern agribusiness models. The methodology of drip
irrigation operates by delivering regulated amounts of water and essential nutrients directly to the root
system of the crop at optimized intervals. This process not only preserves critical water reserves but
effectively prevents soil erosion and minimizes salinity build-up. Concurrently, soil-independent sustainable
hydroponic systems established in controlled indoor environments guarantee high-volume yields regardless
of seasonal shifts. Such innovative engineering interventions shield agricultural entrepreneurs from adverse
climatic variations and secure continuous, predictable manufacturing yields.

Digitalization and Resilient Logistics Supply Chains

The ultimate success of contemporary agribusiness in emerging markets is evaluated not only by net
production volumes, but by the velocity and waste-free transition of commodities to the final consumer.
Digital administration tools and smart frameworks ( Smart Farming, loT field sensors, and high-precision
monitoring drones ) automatically track field conditions, crop maturity stages, and real-time storage facility
metrics. Utilizing digital platforms across the logistical infrastructure allows entrepreneurs to bypass
structural intermediaries and connect directly with consumer networks or processing factories, heavily
cutting unnecessary expenditures. These integrated, resilient chains guarantee that agricultural goods
maintain their commercial value and ecological purity over long distances.

Ecological Cultivation and National Agrarian Sovereignty

Another critical component of modern agrarian innovation lies in ecologically clean and sustainable
farming practices. By strategically optimizing chemical fertilizer and pesticide inputs, enterprises generate
organic goods aligned with rigorous international standards. Developing sustainable, high-performance
agricultural production frameworks within emerging markets allows countries to fundamentally reduce their
reliance on imported foodstuffs (import substitution) and scale up export capacities. Consequently, training
specialized agricultural entrepreneurs and ensuring they have the technical knowledge to exploit advanced
instruments remains the cornerstone of securing long-term sovereign economic and operational
independence.

Conclusion

The structural relationship between agricultural entrepreneurship, advanced cultivation
methodologies, and resilient market systems is cyclical, logical, and self-reinforcing. Modern technological
techniques establish the definitive operational baseline required to minimize systemic agrosenagat risks and
maximize field output. To secure sustainable domestic economic expansion and national food safety, public
and private networks must invest heavily in advanced agrarian education, technical infrastructures, and
youth-led entrepreneurial start-ups. By fully transforming the innovative infrastructure and digital ecosystem
of the agricultural sector, nations can confidently navigate competitive global transitions and guarantee their
long-term economic future.
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FACTORS INFLUENCING STUDENTS’ INTENTION TO USE METRO SYSTEMS IN HCMC

Abstract

Rapid urbanization in HCMC has caused severe traffic congestion and environmental issues. This study
identifies factors influencing university students’ intention to use the new metro system. Data from a survey
of 320 students were analyzed using Cronbach’s Alpha, EFA, CFA, and SEM. Results show that safety and
comfort, service quality, environmental awareness, accessibility, and cost significantly affect behavioral
intention, with safety and comfort having the strongest impact.
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1introduction

HCMC faces severe gridlock and pollution due to private motorbikes. The government is developing
metro lines as a sustainable solution. Students, with high mobility demands and high adaptability, represent
a critical user group for the system’s success.

2  Key Findings (SEM Results)

Five factors significantly drive students’ intention to use the metro, ordered by decreasing impact: (1)
Safety and Comfort (strongest), (2) Service Quality, (3) Environmental Awareness, (4) Accessibility, and (5)
Cost.

3 Implications

To maximize metro usage among the youth, operators must prioritize safety and comfort, optimize
station accessibility, maintain high service quality, and offer student-friendly pricing.

4 Literature Review

2.1 Accessibility: Refers to the ease of reaching stations and using services. Key factors include
distance to stations, integration with other transport modes, and availability of information systems.

2.2 Safety and Comfort: Safety includes personal security, accident prevention, and reliability;
comfort encompasses cleanliness, seating, temperature, and crowding levels. These strongly determine
public transport usage.

2.3 Service Quality: Involves punctuality, frequency, reliability, and staff behavior, which enhance
satisfaction and encourage repeat usage.

2.4 Environmental Awareness: Reflects users’ understanding of ecological benefits, such as reduced
emissions and energy efficiency.

2.5 Cost: Crucial for students; affordable ticket prices and subsidies significantly increase adoption
rates.

5 Research Methodology & Results

3.1 Methodology: Data were collected via structured questionnaires from 320 students in HCMC. All
variables used a 5-point Likert scale (1=strongly disagree, 5=strongly agree). Analytical methods included:
Cronbach’s Alpha, EFA, CFA, and SEM.

3.2 Statistical Results:
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Table 1: Sample Profile & Reliability Table 2: SEM Path Coefficients
Category Freq. % Factor Alpha Factor Std. Coeff.
Female 200 62.5% | Accessibility 0.851 Safety & Comfort 0.47
Male 120 37.5% | Safety & 0.882 Environmental 0.31

Comfort Awareness
Own vehicle 210 65.6% | Service Quality 0.865 Accessibility 0.22
No vehicle 110 34.4% | Awareness 0.834 Service Quality 0.19

4.3 EFA & CFA Analysis: All Alpha values exceed 0.8, indicating strong reliability. EFA results: KMO

0.902; Bartlett’s Test: p < 0.001; Total variance explained: 60.2% (5 factors extracted). CFA model fit
indices: CFl = 0.94; TLI = 0.93; RMSEA = 0.065. All factor loadings are statistically significant and above 0.5,
confirming a good fit.

6Discussion, Policy Implications & Conclusion

5. Discussion: The findings confirm that safety and comfort are the most critical factors influencing
students’ intention to use metro services, suggesting that investments in infrastructure, surveillance systems,
and passenger experience are essential. Environmental awareness also plays an important role, indicating a
growing concern among students about sustainability. Accessibility and service quality contribute
moderately, while cost remains a supporting factor.

6. Policy Implications: To effectively promote metro usage, authorities should implement the
following integrated measures: (1) Enhance safety systems via CCTV and security staff; (2) Improve
cleanliness and passenger comfort;

(3) Increase metro accessibility and multimodal connectivity; (4) Promote environmental awareness
campaigns; and

(5) Provide student discounts and ticket subsidies.

7. Conclusion: This study identifies five key factors affecting students’ intention to use metro
services in Ho Chi Minh City. Safety and comfort exert the strongest influence, followed by environmental
awareness, accessibility, service quality, and cost. These results provide valuable empirical insights for
policymakers aiming to promote sustainable public transportation and reduce private vehicle dependency in
rapidly growing urban areas.
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B cTaTbe paccmaTtpuBatoTca 0cO6eHHOCTM NepeBoa aBTOPCKUX HEONOTM3MOB C aHF/IMMCKOTO A3blKa Ha
TAOKUKCKMI A3BIK B XYAOMKECTBEHHbIX TeKCTaX. AHa/NM3UPYIOTCA OCHOBHble crnocobbl 06pasoBaHus
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METHODS OF TRANSLATING AUTHOR'S NEOLOGISMS IN LITERARY TEXTS
(BASED ON ENGLISH AND TAIJIK)

The article examines the translation features of authorial neologisms from English into Tajik in literary
texts. It analyzes the main word-formation processes, including affixation, compounding, conversion, and
occasional formations.

Keywords:
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CoBpemeHHOE pas3BUTME A3blIKA XapPaKTepU3yeTca WHTEHCUMBHbLIMW MpoueccamyM 06HOBAEHMA
IEKCMYECKOro COCTaBa, 4YTO O6YC/NIOBNEHO KaK BHYTPEHHMMM 3aKOHAMKM fA3bIKOBOW CUCTEMbI, TaK W
3KCTPAZIMHIBUCTUYECKMMM daKTopammu. OgHMM u3 Hanbonee AMHAMMYHBLIX SBNIEHWUIA B SAHHOM Mpolecce
BbICTYNAEeT NoAB/EHNE HOBbIX SIEKCUUYECKUX eQUHUL, CPeaMn KOTOopbIX 0coboe MeCTo 3aHMMAaloT aBTOPCKMe
Heonormambl. OHM GOPMUPYIOTCA MPEUMYLLECTBEHHO B PaMKaxX Xy[AOXECTBEHHOro TEKCTa M OTpakaloT
WHOMBUAYA/IbHO-aBTOPCKOE MUPOBUAEHWE, ABAAACH PE3y/IbTaTOM TBOPYECKOM A3bIKOBOW LeATEe/IbHOCTU
nucatens.

ABTOpPCKME HEONOTM3Mbl BbIMOAHAIT B  XYAOMECTBEHHOM AWUCKYPCE KOMMNEKC O YHKLMIA:
HOMMWHATMBHYIO, HaMpaB/ieHHYD Ha 0603HaYeHMe HOBbIX MNOHATUI M 06pPas3oB; CTUNCTUYECKYIO,
obecneuvBalolWylo  WUHOMBMAYANU3aUMIO  aBTOPCKOFO  CTUAA;  3KCMNPECCUBHYIO,  YCW/IMBAIOLLYHO
3MOLMOHaNAbHOE BO34ENCTBME Ha 4YMTaTeNA; a TaKKe ICTeTUYECKYID, CMocoBCTBYIOWLYIO CO34aHUI0
XYZLOXKEeCTBEHHOW Bblpa3nTeIbHOCTM TeKcTa [1, c. 45]. Bnarogaps aTuM GYHKLMSAM OHM CTAHOBATCA BayKHbIM
cpeAacTBoM GOPMMPOBAHUA XyA0KECTBEHHOro obpasa 1 nepeaayn aBTOPCKOro 3ambica.

AKTYyanbHOCTb HacTofILLEro wuccneaoBaHuA obycnoBneHa Bo3pacTalolein HeobXoAMMOCTbHo
afleKBaTHOW nepeaaynm aBTOPCKMX HEONOrM3MOB MNPV NEpeBoAe XYAOMKECTBEHHbIX MPOU3BEAEHUN C
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AHIIMNCKOTO A3bIKA HA TAAMKMKCKNIM A3bIK. B yCNOBUAX MEXKBA3BIKOBOFO B3aMMOAENCTBMA OCODYIO CNOXKHOCTb
npeacTaBAseT COXPaHEHME HE TO/IbKO CEMAHTMYECKOrO COAEPKaHMA TaKUX ANHULL, HO U UX CTUAIUCTUYECKOM
M obpasHoW cneundukn. HenpaBunbHas UWHTepnpeTauMa WAW YNPOLWEHHbIN MNepeBos aBTOPCKUX
HEO/IOTM3MOB  MOXET MNPUBECTU K WCKAXKEHMIO CMbICAa TEKCTa, CHUMKEHUIO €ero Xy4O0XKeCTBEHHOW
BblPa3nUTENbHOCTU U yTpaTe MHAMBMAYAIbHOTO aBTOPCKOro ctuAas [2, c. 18].

CnegyeT oTMETUTb, YTO NEepeBos aBTOPCKMX HEONOrM3MoB npeacrasaseT cobon ogHy M3 Hanbonee
CNOXHbIX 3334 NepeBOAOBEAEHMA, TMOCKONbKY JOaHHble eAMHMUbI, Kak npasuno, obnagatwot
OKKa3MOHaNbHbIM XapaKTepom, He PUKCUPYIOTCS B CIOBAPAX U TPeDbYIOT KOHTEKCTYaIbHOTO aHanu3a aas mx
a[eKBaTHOro NOHMMaHMUA M nepeaaun. B cBAsM ¢ 3TUM M3ydeHme cnocoboB Mx nepesoda NpuobpeTaeT He
TO/IbKO TEOPETUYECKOE, HO U NMPAKTUYECKOE 3HaYeHMeE.

LUenblo HacToswen paboTbl SBAAETCA BbiABAEHNE U aHA/IM3 OCHOBHbIX CNOocob0B NepeBoaa aBTOPCKUX
HEO/IOMM3MOB C AHFIMNCKOTO A3blKa HA TAZAMKMKCKUI A3bIK HA MaTepuase XyA0KeCTBEHHbIX TEKCTOB.

B CcOOTBETCTBMM C NOCTaBAEHHOW Le/bl0 ONPesensAlTca caeaylolwme 3agayvnm UccienoBaHUA:
pPacCMOTPEHME TEOPETUYECKMX OCHOB HEOJNIOTMW, BbISIBJEHUE MEXaHU3MOB 06pa3oBaHUA aBTOPCKUX
HEO/IOMM3MOB B AHI/IMMCKOM A3bIKE, @ TaKKe aHa/n3 NepeBOAYECKMX CTpPATErni, NMPUMeEHAEMbIX NpU KX
nepegaye Ha TaAXKMUKCKUN A3bIK.

O6beKToM WuccnegoBaHUA  BbICTYNaloT aBTOPCKME HEONOTM3Mbl B XY[OMKECTBEHHbIX TeKCTax
AHIIMINCKOro A3blKa, NpegMeToMm — crnocobbl U CTpaTernMmn UX NepeBosa Ha TaZKMKCKUI A3bIK B npouecce
MEXKbA3bIKOBOW Nepesayn.

Mo mHeHuto B.N. 3a60TKMHON, HEONOrM3MbI NPeACcTaBAAOT cOBOM HOBbIE NIEKCUYECKME eAnHULbI,
BO3HMKAlOLLME B pe3y/ibTaTe MNOCTOAHHOMO Pa3BUTMA A3blKA U pPeasmsaum HOMUHATUBHOW LAeATeNbHOCTU
HocuTenen sa3bika [1, c. 52]. Mpu sToM aBTOP NOAYEPKMBAET, YTO MPOLLECC HEOI0MU3aLLMMN TECHO CBA3aH C
NoTPebHOCTbIO A3bIKOBOrO KOMJIEKTUBA B 0603HAYEHUN HOBbIX ABNEHUI AeACTBUTENIbHOCTM, YTO OTparKaeT
AMHAMUYECKMI XapaKTep NEKCUYECKOM CUCTEMBI A3bIKA.

B pamKax gaHHOro nogxoza aBTOPCKME HEOI0MM3Mbl PAaCCMATPUBALOTCA Kak 0coban pasHOBUAHOCTb
HeosormsamoB, obnagawolwas WMHAUBUAYANbHO-CTUAUCTUUYECKON MapKUMPOBaHHOCTbIO. WX cneumnduKa
3aK/1II0YAETCA B TOM, YTO OHM CO34aI0TCA He CTOJIbKO KaK pes3y/ibTaT KOIIEKTUBHOFO A3bIKOBOIO PasBUTUSA,
CKOJIbKO KaK NposAB/eHne UHANBUAYAIbHO-aBTOPCKOro TBOPYECTBA, Peasin3yemoro B npeaeniax KOHKPETHOro
XY4OXECTBEHHOIrO KOHTEKCTa. TakMe eaMHMLbI, KaK NPaBuUIo, HOCAT OKKa3MOHa/bHbI XapaKTep U MOTyT He
3aKPEenATbLCA B A3bIKOBOW CUCTEME, OLHAKO aKTUBHO PYHKLNOHMPYIOT B Npesenax KOHKPETHOMO TeKCTa.

CornacHo E.C. KybpsikoBoli, cioBoobpasoBaHue cneayeT paccMaTpmMBaTh HE TONbKO KaK hopmMasbHbIi
A3bIKOBOM MPOLECC, HO W KaK OTpa*keHWe KOTHUTUBHOW [OeATe/NIbHOCTM 4YesioBeKa, CBA3aHHOM C
KOHLLENTyaiM3aumen n KateropmsaLmeit oOKpyKatowen gencTBuTenbHocTH [3, ¢. 61]. B sToi cBA3K co3aaHue
HOBbIX JIEKCUYECKUX eANHULL BbICTYMaeT Kak cnocob S3bIKOBOW penpeseHTaLmmn HoBbIX 3HaHMIA, 06pa3oB u
MEHTaNbHbIX CTPYKTYP.

AHanuns ¢aKTUyeckoro martepuana MOKa3biBAaeT, YTO aBTOPCKME HEONIOrM3Mbl B XYAOXKECTBEHHbIX
TEeKCTax COBPEMEHHOrO aHI/IMIACKOro fA3blka XapaKTepu3yloTcs pasHoobpasvem c/ioBoobpasoBaTesibHbIX
mogenen. Wx dopmupoBaHne 06YCNOBAEHO KaK CUCTEMHbIMU BO3MOMKHOCTAMM f3blKa, TaK MU
WHANBMAYANbHO-aBTOPCKMM CTPEMAEHMEM K CO34aHUIO0 HOBbIX BblPa3sUTENbHbIX CPeACTB, CNOCOOHbIX
nepeaaTb YHUKaAbHblE XyA0XKecTBeHHble 06pasbl.

B uenom, npouecc o6pa3oBaHNsA aBTOPCKUX HEONOMM3MOB HOCUT KOMMJIEKCHbIA XapaKTep U MOXKeT
peann3oBbIBaTbCA MOCPEACTBOM PaA3/IMYHbIX C/I0BOOOPA30BATE/IbHbIX MEXaHWM3MOB, Cpegu KOTOopbIX
Hanbonee NPOAYKTUBHbIMU ABNAOTCA addUKCaLMSA, CIOBOCNONKEHNE, KOHBEPCUA, @ TAKXKE OKKa3MoHanbHoe
cnoBoobpasoBaHue. Abddukcauma npeacrasnaet cobon oamH M3 Hanbonee pacnpocTpaHEHHbIX cnocobos
00pa3oBaHUA HOBbIX JIEKCMYECKMX eAMHWL, NpPU KOTOPOM K OCHOBE CJ/ioBa MPUCOEAMHSIOTCA
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cnooobpasoBatenibHble apPuKcbl (NpeduKebl Uam cyPpPuKcbl), U3MeEHAIOWME WAN YTOYHAIOWME €ro
3HaYeHue.

Hanpumep: unbright, dreamless, loveless, unseen-like.

[aHHbI  cnocob no3BonseT aBTOpPY CO34aBaTb HOBble CMbIC/IOBblE OTTEHKM, YCUMAMBATb
3KCNPeccUBHOCTb M GOPMMPOBATb MHAMBUAYAIbHO-aBTOPCKME CEMAHTUYECKME MOAMDUKALMM.

CnoBocnioxeHue (Komnosuuus) npeacraBasetr coboit cnocob o6pasoBaHUSA HEONOMM3MOB MYTEM
obbeguHeHUn ABYX UAM bosiee OCHOB, KawK4ad M3 KOTOPbIX COXPAHAET OnpenenéHHyr CeMaHTUYEeCKyto
aBTOHOMHOCTb.

Hanpumep: mindscape, dreamworld, soulfire, shadowlight.

JaHHbIn TMN 06pa3oBaHUA ABAAETCA OCOBEHHO NPOAYKTMBHBIM B XYAOXKECTBEHHOM AMCKYpCe,
MOCKOJIbKY MNO3BOAAET C0343aBaTb APKME 0OpasHble KOHCTPYKUMW, obnagatowme BbICOKOW CTEMneHbto
CEMaHTUYECKOM EMKOCTU U MeTadOpPUYHOCTM.

KoHBepcua Kak cnoBoobpasoBaTesibHbIN Npouecc npeanoaaraeT nepexos, c/108a U3 04HOM YacTu peun
B Apyryto 6e3 nsmeHeHuA ero GopmMasbHON CTPYKTYPbl.

Hanpumep: to silence, to shadow, to dream, to whisper.

B XyO0’KeCcTBEHHOM TEKCTe KOHBEpCUA WMCMONb3yeTca Aas NpuaaHvua OeWCTBUAM WM COCTOSHUAM
HOBbIX CEMAHTUMYECKUX OTTEHKOB, 4YTO CMNOCOOCTBYET YCWUIEHUIO AUHAMMYHOCTM W BbIPA3UTENBHOCTU
NoBeCTBOBaHMA.

OKKasnoHafNbHble HEOoNOorM3mbl NpeacTaBAAldT cobol MHAMBUAYANbHO-aBTOPCKME C/NOBECHbIE
06pa3oBaHKsA, CO34aBaEMble B PAMKAX KOHKPETHOIO KOHTEKCTA U He 3aKPEeN/IEHHbIE B A3bIKOBOW CUCTEME.

Hanpumep: lightwhisper, soulfire, nightbloom, dreamfracture.

Nx xapaKTepHo 0cOBEeHHOCTbIO SABAAETCA BbICOKAA CTENEHb KOHTEKCTyasibHOM 00YyC/N0BAEHHOCTH,
b6narofapa Yemy Ux 3HaYeHMe NOJTHOCTbIO PACKPbIBAETCA TONIbKO B Npeenax KOHKPETHOMO XYA0KECTBEHHOMO
TeKCTa.

CnepnyeT OTMETUTb, YTO NOAOCOHbIE eANHULBI, KaK NPaBUIO, He PUKCUPYIOTCA B TIEKCUKOTpadrUecKux
WCTOYHMKAX, YTO CYLLECTBEHHO OC/IOXHAET UX UHTepnpeTaumio n nepesos [4, c. 73]. B cBA3K C 3TUM MX
afeKkBaTHasA nepegaya TpebyeT oT NepeBoAYMKa HE TOJIbKO 3HaHMA CI0BOOBPa3oBaTeIbHbIX MOAENEN, HO U
Pa3BUTOrO KOHTEKCTYas/IbHOro aHan3a.

B npouecce nepeBofa XYAOMKECTBEHHbIX TEKCTOB C AHMIMIACKOTO A3blKa Ha TAaAMKMKCKUIN A3bIK
MCNONb3YIOTCA pPas/iNyHble MepeBOAYECKME CTPaATerMm, BbIOOP KOTOPbIX ONpenensetcs CeMaHTUYEeCKOW
CTPYKTYPOW HEONIOTM3Ma, Er0 KOHTEKCTYalbHOM PYHKUMEN M CTEMEHBIO NPO3PAYHOCTN BHYTPEHHEN GOPMBI.

KanbkuposaHue

KanbknpoBaHue npeacTtasnsetr coboit GyKBasbHbIA NepeBos, KOMMOHEHTOB CNOXHOFO C€loBa C
COXPaHEHWEM ero CTPYKTYPbl.

Hanpumep: mindscape - maH3apau ¢ukKp.

[JaHHbI cnocob no3BonseT coxpaHUTb 06PaA3HOCTb OPUTMHANA U €r0 BHYTPEHHIOI MOTUBALMIO.

TpaHcauTepauusa

TpaHcAuTepauma MCMNONb3yeTca B TEX C/yyasX, KOrga OTCYTCTBYET TOYHbIM 3KBMBANEHT B f3blKe
nepesosa MaAM HeobxoAMMO COXpPaHUTb aBTOPCKYHO GopMy ClOBa.

[aHHbIN cnocob yale NpMMeHAETCA K YHUKA/IbHbIM OKKa3MOHaAbHbIM 06pa3oBaHMAM AN UMEHAM
COBCTBEHHbIM.

OnucaTtenbHbiiA NepeBoy,

OnucaTtenbHbIi NepeBog, NPUMEHAETCA AN Nepefadym CAOXHbIX CEMAHTUYECKMX CTPYKTYyp, Koraa
OyKBa/ibHbI NepeBod, HEBO3MOMKEH.

OH No3BO/IAET PACKPbITb 3HAYEHME HEO/I0TM3Ma Yepes Pa3BepHyToe 06bACHEHME ero CMbICAa.
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CemaHTUUYeCKanA agantauusa

CemaHTMYecKana aganTtauma npegnonaraet nogdop GpyHKUMOHANbHO SKBUBANIEHTHOIO BbIPaXKeHUA B
A3blKe NepeBoAa, CNOCOOBHOrO COXPAHUTL XyA0XKeCTBEHHbIN 06pa3 U IMOLMOHAIbHYIO OKPACKY OpUTMHaNa.

KomneHcauusa

KomneHcauma ncnonb3yetca B Tex C/y4asaXx, KOrda 4YacTb CEMAHTUKM uan Gopmbl TepaeTca npwm
nepesose, U e€ BOCCTAHOB/IEHUE OCYLLECTBAAETCA B APYION YacTu TEKCTa.

Kak otmeuaet JI1.C. bapxygapos, Bblbop nepeBOAYECKON CTpaTerMm OnpenensieTcd KOHTEKCTOM,
CTPYKTYPOW A3bIKOBOM eaMHULbI M e€ GYHKUMOHANbHOM Harpy3Koi B Tekcre [5, c. 114].

ConoctaBUTeNbHbIM aHANW3 NepeBOSOB ABTOPCKMX HEOJIOTM3MOB C aQHFMIACKOTO A3blka Ha
TAAKUKCKMI MO3BOAET BbIABUTb 3aKOHOMEPHOCTM B BblbOpe MepeBOAYECKMX CTPATErMin U YCTaHOBWUTb
3aBUCUMOCTb MEKAY CTPYKTYPHO-CEMAHTUYECKMMM 0COBEHHOCTAMM HEONOTM3MA M cnocobom ero nepesayu.

Pe3ynbTaTtbl UcCnenoBaHUA NOKA3bIBAOT, YTO BbIGOP NepeBOoAYECKOro NPpMEMa onpeaenseTca npexae
BCEro TMNom c108006pa3oBaTeIbHOM MOLENN U CTENEHbBIO MPO3PAYHOCTU BHYTPEHHEN POpPMbI IEKCUYECKON
e4MHMLbIl. B 4acTHOCTK, CTPYKTYpPHbIe HEONOrM3mbl, obnagatowme YETKON MopdemMHOlM opraHM3aumen u
CEMAHTUYECKON MOTUBMPOBAHHOCTbIO, Yallie BCEro NoAAA0TCA KaibKnposaHuio. [laHHbIM cnocob nossonset
COXPaHUTb Kak GOpPManbHYIO CTPYKTYPY, TaK M 06pa3Hyo OCHOBY OpUrMHana.

Takum 06pasom, MOXKHO YyTBEpPXKAaTb, UTO CTpaTerMs nepeBoAa ABTOPCKMX HEONOTM3MOB HOCUT
KOMMNMEKCHDBIN U KOHTEKCTYa/IbHO 3aBUCUMbI XapaKTep.

AHIINACKUIA TagKUKCKnii Cnoco6 nepeBsopga KommeHTapwuii
HeosorMsm nepesog,
mindscape MaH3apan GuKp Ka/NlbKMpOBaHUe COXpaHeHMe BHYTPEHHEN CTPYKTYpPbI U
CEMaHTUKN
dreamworld YaxoHu x06 Ka/NlbKMpOBaHUe NONIHAA CMbIC/I0Bas 3KBMBAJIEHTHOCTb
KOMMOHEHTOB
soulfire oTawmn pyx, cemaHTU4yecKasn coxpaHeHWe meTadopuyeckoro obpasa
afjanTaums
lightwhisper NUYMpun Hyp KOMMeHcauma nepegaya 06pasHOCTU C UIMEHEHNEM
CTPYKTYpbl
shadowtalk CyXaHOHM con aganTtayma COXpaHeHWne aKcnpeccnsHoro apdekTa
dreamless 6exobi / beopsyw onucaTtenbHbIl NepeBoy, pacKpbITUE CKPbITOrO 3HaYeHUsn
to shadow namrnpi KapaaH cemaHTUYecKkana 3ameHa nepegaya GyHKLMM AeUCTBUA
unbright TUpa, HOpYLWaH ajanTtauus NleKcuyecKas 3ameHa C COXpaHeHWemM Cmblica

MpoBeaéHHbIM aHaM3 NO3BOIAET CAeNaTb BbIBOL O TOM, YTO MEPEBOJ aBTOPCKUX HEOSI0TM3MOB He
MOXeT 6bITb YHUOUUMPOBAHHBIM MPOLECCOM, MOCKOJIbKY KaKAblit caydaih TpebyeT MHAMBUAYaANbHOrO
noaxoaa. Hanbonee NpoAyKTUBHBIMU CTPATErMAMM ABNAIOTCA Ka/IbKUPOBaHME U CEMaHTMYECKan aganTtaums,
O HAKO UX MPUMEHEHME OrPAaHNYEHO KOHTEKCTOM U CTEMEHbIO MPO3PAYHOCTM UCXOAHOW eAUHMULbI.

OKKasuoHanbHble M MeTadopUUYECcKMe HeonorM3mMbl TpebyloT rMbKoro noaxoda, NPM KOTOPOM
nepeBoOAYMK BbICTYMAET HE TOJIbKO KaK A3bIKOBOWM NMOCPEAHMK, HO U KaK MHTEPNPeTaTop XyA0MKECTBEHHOIO
CMbICNa. 3TO NOATBEPKAAET NOJIOKEHME O TOM, YTO NEPEBO aBTOPCKMX HEOIOTM3MOB NpeacTasaseT cobol
TBOPYECKMI MPOLLECC, OCHOBAHHbIA Ha 6anaHce mMeXAy TOUYHOCTbIO Mepedayn 3HaYeHUA U COXPaHeHWeM
XYZLOXKEeCTBEHHOW BbIPa3nTE/IbHOCTH.

Hapagy c 3TMM yCTaHOB/EHO, YTO B page C/ay4yaeB TpebyeTcA NpUMeHeHMe KOMBMHMPOBAHHbIX
nepeBoAYECKMX CTpaTeryii, BKAOYaA CEeMaHTMYEeCKYylo adanTauuio M KOMMeHcauuto, Yto obycnosnieHo
CNOXKHOW MeTadoprUecKoi NPUPOL0iN aBTOPCKUX HEOIOTM3MOB M MX BbICOKOI 3aBUCMMOCTbIO OT KOHTEKCTa
XY/Z0XeCTBEHHOro NpounsseaeHus.

PesynbTaTbl UCCAeA0BaHMUA NOATBEPKAAIOT, YTO 3D DEKTUBHOCTL NEepeBoaa aBTOPCKUX HEOI0rM3MOB
HanpPAMYO 3aBUCUT OT IyBMHbI KOHTEKCTYa /IbHOrO aHaNn3a, NTOHMMaHWA C10BOOBPa30BaATEIbHOW CTPYKTYPbI
M CNOCOBHOCTM NepeBoAYMKa K MHTEPNpPEeTaLMN XYA0XKECTBEHHOIO CMbIc/a. B 3Tom npouecce nepeBoaymnk
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BbICTYNaeT He TOJIbKO KaK MOCpeaHMK MeXKAy A3blKaMu, HO U KaK MHTepnpeTaTop aBTOPCKOro 3ambiCna,
obecneymBaloLLMii COXPaHEHME SCTETUYECKOM U SKCMPECCUBHOMN GYHKLMN OPUTMHANBHOIO TEKCTA.

Takum 06pa3om, MOXKHO 3aKOUUTb, YTO NEPEBOL ABTOPCKMX HEONOTM3MOB TpebyeT KOMMNAEKCHOTO U
TBOPYECKOr0 MNOAX04a, OCHOBAHHOFO Ha COYETaHUU JIMHFBUCTUYECKOM TOYHOCTU WU XyO0XKeCTBEHHOM
WHTepnpeTauuun, 4To obecneymBaeT afeKBaTHYO nepesavy CoAepKaHUA U COXPaHEHUE CTUAUCTUYECKOWN
LLe/IOCTHOCTM TEeKCTa.
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¥epebuyosa. A.U.,

CTYAEHT

HayuHbi pyKoBoguTtennb: JlonatuHa. 3.9
BalIKMPCKNI rocyfapCTBEHHbIN
nefarormyeckuii yHuBepcutetT M. M. AKmyanbl
r. Yoa, Poccun

®U3SNYECKAA KYJIbTYPA U CNOPT KAK COLUUAJIbHBIE PEHOMEHDI: B3rN1A4 N3HYTPU

AHHOTauuA

B cTaTbe paccmaTtpuBaeTcs posib PU3NYECKOM KynbTypbl U CMOPTA Kak coumasnbHbiX GEHOMEHOB U UX
B/IMSIHME Ha COUMANMN3aLUUNA NNYHOCTU, GOPMMUPOBAHNE JIMYHOCTEN U YKPENIeHMA ObLLLECTBEHHbIX CBA3EW.
CpaBHMBalOTCA PYHKUMU PUIMYECKOMN KyAbTypbl U NPOdECCMOHaNIbHOrO CropTa, BbIABASIOTCA MX 0bLliue
yepTbl U pasnnuuma. [enatoTca BbIBOAbl O 3HAYMMOCTU ITUX SBAEHUN ANA pasBUTUSA coumyma. Matepuan
byaeT nosieseH cTygeHTam, npenogasaTtenam GU3nyeckoi KyabTypbl U BCEM, KTO MHTEPECYETCA COLMaabHOM
ponbto cnopTa.

Knouesble cnosa:
¢du13mnyeckas KyibTypa, CNopT, CoLManmn3aums, LEHHOCTH, obLwecTBo,
3/10pOBbEe, NAEHTUYHOCTb, KOMMYHUKALIUA.

PHYSICAL CULTURE AND SPORTS AS SOCIAL PHENOMENA: AN INSIDE LOOK

Abstract

The article examines the role of physical culture and sport as social phenomena and their impact on
personality socialization, personality development, and the strengthening of social ties. The functions of
physical culture and professional sport are compared, and their common features and differences are
identified. Conclusions are drawn about the significance of these phenomena for the development of society.
The material will be useful for students, physical education teachers, and anyone interested in the social role
of sport.

Keywords:
physical culture, sports, socialization, values, society, health, identity, and communication.

BeepeHue

Kak CTyaeHT, U aKTUBHbIN YYaCTHUK CMOPTMBHOM XXM3HM By3a, HE pa3 3ameyvasia, HAaCKO/IbKO CUJIbHO
du3nyeckana KynbTypa U CNOPT BAMAIOT He TOJIbKO Ha ¢U3MYecKoe cOoCTosiHME, HO M Ha oblieHue,
MWPOBO33peHME, POPMMUPOBAHUE HKMUSHEHHBIX MPUHLMMNOB. ITO HAaTOIKHYNO Ha MbIC/b Fy6XKe U3yYnTb MX
PO/b KaK colmanbHbIX GEHOMEHOB.

Uenb paboTbl — nccnenoBatb GU3MUYECKYIO KyAbTYpy M CNOPT KaK 3/1eMEHTbI COLMAIbHOM KU3HW,
BbISABUTb X QYHKLMN U 3HAYEHNe ana obuecTsa.

3apgauum:

onpenennTb coumanbHble GyHKUMM GUINYECKOM KYAbTYpbI;

npoaHan3npoBaTh PoJib NPodeccMoHaNbHOro CNOPTa B COBPEMEHHOM COLIMYME;

CpPaBHUTb BAUAHWE GU3NYECKOM KYAbTypbl U CNOPTA HA COLMANN3ALMNIO IMYHOCTY;

BbIABUTb OOLLME M OTIMYUTE/IbHBIE YEPTbl ITUX ABAEHNIA;

CAenatb BbIBOAbI O UX 3HAYMMOCTU A5t Pa3BUTMA 0bLLecTBa.
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PaccyxpeHue n cpaBHeHue

1. dur3myecKas KyibTypa Kak OCHOBA 340p0BOro obuecTsa

dusmyeckasn KynbTypa — 3TO He NPOCTO YrNpaxKHEHUA, a Lenas CMCTeMA LLEHHOCTEN, HOPM U MPaKTUK,
HanpaB/IEHHbIX Ha YKPENaeHne 340P0BbA U FAPMOHMYHOE Pa3BUTUE MYHOCTU. B MOEM onbiTe perynapHble
3aHATUA B CNOPT3aJIe U y4acTUe B YHUBEPCUTETCKMX COPEBHOBAHUAX:

NOMOT N BblpaboTaTb AUCUMNAMHY U PEXUM AHS;

YAYYLWMAN CAMOYYBCTBME M PaboTOCNOCOBHOCTD;

cnoco6cTBoBaM OBLLEHMIO C eANHOMbIWAEHHUKAMMU.

CoumanbHbie PYHKLUN PUINYECKOM KYNbTYpbI:

034,0p0OBUTENbHANA — YKPErneHue 340Pp0Bbs HaceeHus;

BOCMMTaTeNIbHaA — GOPMUPOBAHUE BONIEBLIX KAaYeCTB, LLeNeyCcTpeMIEHHOCTH;

obpasoBaTte/sibHas — OCBOEHWE 3HAHWUI O 340POBOM 0bpase KU3HY;

KOMMYHMKaTMBHasA — co3ZaHue coobLecTs No MHTepecam.

2. CnopT KakK counanbHoe ABieHne

MpodeccnoHanbHbI CNOPT BbIXOAUT 33 PaMKM GU3NYECKON aKTUBHOCTM — OH CTAaHOBMTCS 4acTbio
MacCOBOM  Ky/bTypbl, WHAYCTPUM pPasBlEYEHUI U Jaxke NOAUTMKU. Habnwogasa 3a  KpynHbIMK
copeBHOBaHuaMM (OnnMmnunaaa, YeMnMoHaTbl MUpPa), A 3aMeTU/, YTO CNOPT:

obbeaAnHAET Ntoael BOKPYr 06X SmMOoLUiA;

dbopmMUpYyeT HaLMOHANbHYIO UAEHTUYHOCTb («Mbl HoNeem 3a HalLUX»);

C0342€ET posieBble MoAEeNN (CMOPTCMEHbI Kak KYMUPbI);

B/INAET Ha SKOHOMMUKY (TpaHchepbl, CNOHCOPCTBO, Meananpasa).

KntoueBble coumanbHble GYHKUUKM cnopTa:

MHTEerpaTMBHas — obbegMHeHMe Ntoael pasHbiX BO3PACcTOB U COLMAbHbIX rpynn;

naeHTMOUKaUMOHHAA — GopMUpPOBaHUE TPYNMNOBOM NPUHALNEKHOCTU («paHaTbl KNyba»);

NnoaUTUYECKass — UCMOAb30BaHME B AUNJIOMATUN (KCMOPTUBHAA AUNNOMATUAY);

3KOHOMMYEecKan — co3aaHue paboumnx MecT, pa3ButTue MHOPACTPYKTYpPbI.

3. CpaBHeHMe GpU3NYECKOM KynbTYpbl U CNOPT

Kputepuit dursnyeckan Kynbtypa Cnoprt
Lenb YKpenneHve 340p0oBbA, rAPMOHUYHOE pa3BuTme JocTuKeHne MmakCMManbHbIX pesynbTaTos, nobesa
JoctynHocTtb [na Bcex BO3pacCTHbIX M COLUMANBHBIX Fpynn TpebyeT oT60pa, Cneunannsaumm
MoTuBauma JInyHoe 300pOBbe, YA0BONLCTBUE, ODLLEHNE KoHKypeHuus, pekopabl, NpU3HaHWe
MauwTab JIoKanbHbIV (ABOP, BY3, paiioH) MesKayHapoAHbI (4eMnUMoHaTbl, OMMMMaabI)
BauvaHue Ha BcecTtopoHHee pa3sutue Cneumanusaums, runeptpodus Kayecrs
JINYHOCTb
CoumanbHas OcHoBa 340p0BOro 06LWecTBa YacTb MaccoBOM KyNbTypbl U UHAYCTPUK
ponb

AHanus:

MpoBeAEéHHbIN aHaN3 NOKa3biBaeT, YTO pU3NUYECKan Ky/bTypa U CMOPT TECHO CBA3aHbl, HO BbIMO/HAOT
pasHble coumanbHble GYyHKLUK:

dusnyeckas KynbTypa — 3TO PyHAAMEHT, KOTOPbIN 3aKNaAblBaeT OCHOBbI 340P0BOro 06pasa KuU3Hu,
BOCNUTbIBAET OTBETCTBEHHOCTb 33 CBOE 340pOBbe W CMOCOBCTBYET CoLManM3aumum Yepes KOoNNEKTUBHbIe
3aHATUA.

Cnopt — 3TO BepLMHa CUCTEMbI, KOTOPas MOBUAN3yeT 0bLWecTBo, CO34aET CUMBObI HAaLMOHANbHOM
rop4ocTu v CTUMyAnpYeT passute GU3MYecKoi KyabTypbl Yyepes Nonyaspmu3aumio 4OCTUKEHUN.

0O6a peHomeHa:

B/IMALOT Ha popMMPOBAHME LLEHHOCTEN (340Pp0BbE, ANCUMNANHA, KOMAHAHbIM AyX);

CNocobCcTBYHOT KOMMYHUKaLMK U CO34aHUI0 COUMANbHBIX CBA3EM;
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MOTYT C/IYXKUTb MHCTPYMEHTOM COUMANIbHOW MHTerpauumM unau, Haobopot, pasgeneHua (baHaTusm,
KOMMepLuanmsauma).

BbiBOoAbI

Ha ocHoBe paccyKAeHMUI 1 aHanM3a MOXKHO cAenaTb Cneayowme BblBOAbI:

®dusmyeckaa KyabTypa M CNOpT — HEOTbEMIEMbIE 3/EMEHTbI COBpPeMeHHOro o0buiecTsa,
BbINONHAOLLME BaXKHble COUMANbHbIE GYHKUUMN.

®Pur3myeckan KyibTypa OPMEHTUPOBAHA HA MacCOBOE 340POBbE M FAPMOHUYHOE PA3BUTUE JIMYHOCTY,
TOrAa Kak CnopT aKLEeHTUPYET BHUMAHUE Ha AOCTUKEHUAX U KOHKYPEHL MW,

0O6a deHoMmeHa cnocobCTBYOT COLMaNM3aLNKN, HO PasHbIMK NyTAMKU: PU3MYECKan Ky/ibTypa — 4epes
nosceAHeBHblE MPAKTUKK, COPT — Yepes 3peMULHOCTb U AEHTUUKALMIO C KOMaHAaMW/repoamu.

Passutne ousmnyeckoir KynbTypbl B o06wecTBe C034aéT 6asy Aas8 NOsBAEHUA TaslaHTUBbIX
CMOPTCMEHOB, a YCNexu B CNOPTE MOTUBUPYIOT JIIOAEN K 3aHATUAM PU3MUYECKON KYNbTYPON.

Ona ycToMuMBOro pasBUTMA couMymMa Heobxoaumo noanep)KmBaTb 6anaHC MeXAy MacCoBbIM
bUBKYNbTYPHLIM ABUKEHNEM U NPOPECCUOHANbHBIM CIIOPTOM.

CNUCOK UCNOAb30BaHHO UTepaTypbl:
1. Jly6biwesa /1. U. Coumonorua pusmnyeckoi KynbTypbl u cnopta. — M.: Akagemusa, 2010. — 240 c.
2. BuneHckmn M.A., Topwkos A. I'. ®usnyeckas KynbTypa U 340pOBbI 06pa3 KM3HM cTyaeHTa. — M.:
KHoPyc, 2019. — 320 c.
3. Cronapos B. N. Cnopt n coBpemeHHas KyabTypa: ¢puaocodCKo-coLmonormyecknin aHanmus // Teopusa u
NpaKkTMKa ¢usmyeckom Kyabtypbl. — 2015. — Ne 5. — C. 5-10.
4. bBanbcesuy B.K. MepcnekTtmBbl pa3BuUTUA OOLLEN TEOPUM M TEXHONOTUIA CMOPTUBHOM MOATOTOBKU U
dusnyeckoro BocnmTaHuna // Teopua n npaxkTuKa pusmnyeckom Kyabtypbl. — 2017. — Ne 4, — C. 21-26.
5.  WUnbuHny B.U. dnsunyeckasa Kynbtypa ctyaeHta. — M.: Fapgapuku, 2018. — 448 c.
6. Martsees J1.[. 06wWwan Teopma cnopTa 1 eé NpuKaagHble acnektbl. — CM6.: laHb, 2020. — 384 c.
7. MoHomapes H. A. CoumanbHble GyHKLMN GU3NYECKOM KyAbTypbl M cnopTa. — M.: PM3KynbTypa 1 cnopT,
2016. — 180c.
8. BbiapuH B. M. BBegeHue B cneymanbHOCTb N0 pusmyeckomn Kynbtype. — M.: Cnopt, 2019. — 224 c.
9. KypamuwwuH 0. ®. Teopua n metoanKka ¢pmsndeckon kynbtypbl. — M.: CoBeTckuii cnopt, 2021. — 464 c.
10. *enesHsk tO. [., Metpos M. K. OCHOBbI HAY4HO-METOAMYECKON AEATENBHOCTM B GU3NYECKON KYNbType
n cnopte. — M.: AKagemusa, 2020. — 288 c.

©epebuosa A.U., 2026

Xepebuosa A.WU., cTyaeHT

HayuHbi pyKoBoguTtennb: JlonatuHa. 3.0
BalKMPCKNIM rocyaapCcTBEHHbIN
negarornyeckunin ynmsepcutet um. M. AKmynnbl
r. Yoa, Poccun

NNABAHWUE U EFrO BO3AENCTBUE HA ONOPHO-ABUIATE/IbHbIN AMMAPAT:
JINYHDBINA OMbIT U HAYYHbIXA AHANU3

AHHOTauuA
B cTaTb aHanM3mnpyeTca BASIHWE N1aBaHUA Ha ONOPHO — ABuraTesibHbli annapat (O4A) ¢ ToUKK 3peHuns
$M3MONOTUKN N IMYHOTO ONbITa.

114



HAYYHbIW }XYPHAN «EO IPSO» ISSN (p) 2712-9497 / ISSN (e) 2542-1034 Ne6 / 2026

MpoBogMTCA CpaBHEHME C Ha3EMHbIMM BUAAMU aKTUBHOCTHM (6er, cMnoBble TPEHUPOBKKM) NO Harpyske
Ha CyCTaBbl M MO3BOHOYHMK. PaccmaTpuBaloTcA MexaHM3Mbl 61aroTBOPHOro BO3AENCTBMA MIaBaHWA:
pasrpyska 0CeBOro CKesieTa, PaBHOMEPHOE Pa3BUTUE MbILLLL, KOPPEKLMA OCaHKK. Ha ocHOBe uccienoBaHuUi
M HabnwoaeHWn caenaHbl BbIBOAbI O MPEMMYyLLEcTBax MaaBaHMA ANA NPOPUNAKTUKM U peabuantaumm
3abonesaHuit OJA. MaTtepuan 6yaet noneseH CTyaeHTam, COPTCMEHaM M BCEM, KTO 3a60TUTCA O 340p0Bbe
CyCTaBOB M NO3BOHOYHMKA.

Kniouesble cnosa:
niaBaHWe, ONOPHO-ABMUIATENbHbIN annapaT, CycTaBbl, NO3BOHOYHMK, OCaHKa, peabunutaums,
rMAPOKMHE3UTEPANNA, MbILLEYHbI KOPCET, AeKoMnpeccus, NPoduaakTmKa.

SWIMMING AND ITS EFFECTS ON THE MUSCULOSKELETAL SYSTEM:
PERSONAL EXPERIENCE AND SCIENTIFIC ANALYSIS

Abstract
The article analyzes the impact of swimming on the musculoskeletal system (MSS) from the
perspective of physiology and personal experience. A comparison is made with land-based activities (running,
strength training) in terms of the load on joints and the spine. The mechanisms of the beneficial effects of
swimming are examined, including unloading of the axial skeleton, uniform muscle development, and
posture correction. Based on research and observations, conclusions are drawn about the advantages of
swimming for the prevention and rehabilitation of MSS disorders. The material will be useful for students,
athletes, and anyone concerned about the health of their joints and spine.
Keywords:
swimming, musculoskeletal system, joints, spine, posture, rehabilitation, hydrokinesiotherapy,
muscle corset, decompression, prevention.

BsepeHue

Kak yenoBek, CTONIKHYBLUMICA ¢ Npobiemammn OCaHKM M NepUoaNYECcKM UCMbITbIBABLUNI AnckomdopT
B NMOSICHUYHOM OTAENEe, 033434MNACb NOMCKOM LWAAALWEro, Ho 3gpdeKTUBHOIO BMAa GU3NYECKOM aKTUBHOCTM.
Bbibop nan Ha niaBaHWe — W CNyCTA MOJAroAa PerynapHbiX 3aHATUIN OblAn 3aMeyeHbl NOOXKUTENbHbIE
M3MeHeHua. ITo nobyauno raybke WU3yuynTb BOMPOC: KAK MMEHHO M/iaBaHMe BO34ENCTBYeT Ha
OMOPHO-ABUraTeNbHbIN annapaTt?

Uenb pabotbl — mccnenosaTb BAMAHWE MaBaHWUA Ha coctoaHue OOA v cpaBHUTb €ro ¢ Apyrumu
BUAAMU GU3UYECKON HarpysKu.

3apauu:

NPOaHann3npoBaTb PU3NONOTMYECKME MEXAHW3Mbl BO3AENCTBMA MJaBaHWA Ha CycTaBbl W
NMO3BOHOYHMUK;

CPaBHWUTb Harpysky Ha OJJA npu NaaBaHWUM U HAa3EMHbIX BUAAX aKTUBHOCTY;

OLEeHUTb 3G DEKTUBHOCTL NNABaHMA AN KOPPEKLMN OCAHKU U peabunntaumm;

BbIABWTb FPYNMbl NOAEN, ANA KOTOPbIX N1aBaHWe Hanbonee NosiesHo;

cbopmyIMpoBaTb BbIBOAbI O POIM NAaBaHUA B NpodunakTuke 3abonesannii OJA.

PaccyaeHue n cpaBHeHUe

1. MexaHu3mbl Bo3aeincTeua nnasaHua Ha O4A

Boga co34aéT yHWKaNbHblE YCI0BUA 18 TPEHUPOBKMU:

JeKkomnpeccua NO3BOHOYHUKA. B BOAHOM cpese Bec Tena CHUXKAETCA, McYe3aeT 0CceBas Harpyska Ha
MEeKNO03BOHOYHbIE ANCKU. [TO3BOHOUYHWMK BbITATMBAETCA, YMEHbLUAETCA AABAEHME HA HEPBHbIE KOPELLKW.
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PaBHOMepHOe pa3BuTHe Mblilil,. [py NaaBaHUM 334eNCTBYHOTCA NPAKTUYECKM BCE FPYNMbl MbILL, YTO
CnocobCcTBYET FAPMOHUYHOMY YKPENAEHMIO MbILIEYHOIO KopceTa 6e3 nepeKocos.

MnaBHOCTb ABMXKEHMIA. Boja crnaxkmBaeT peskue ABUMKEHUSA, CHUMKasA pUCK TpaBm. ConpoTusaeHue
BOAbl 0becnevymBaeT Harpy3Ky 6e3 yaapHoro Bo3aencTBms Ha CycTaBsbl.

Tepmoperynauma. [1na neyebHOM rMMHACTMKN U peabunutauum npu 3abonesaHmax OQA (Hanpumep,
Nnpu OCTEOXOHAPO3€e, apTPO3aX, HAapPYLLIEHUAX OCaHKN) pekomeHayeTca TemnepaTtypa Boabl 35—-37 °C. Takol
pexnm obecrneumBaeT: CHUMKeHME 600/eBbiX OLWYLEHUIA W MbIWEYHOrO HAaNPAMXKEHUA; YAyYLEHME
KpOBOOOpPALLEHMA U NUTAHUA TKaHeR; paccnabaeHne MbllL, YTO CNOCOBCTBYET YBENMUYEHMIO MOABUMKHOCTU
CyCTaBOB; YMeHbLUEHME Harpy3KM Ha CyCTaBbl M MO3BOHOYHMK 33 CYET CHWMKEHMA MNOTHOCTM BOAbI NpU
NOBbILIEHHOW TemnepaType.

Mpu coueTaHnn neyebHom dmskynbTypsl (JIOK) c npoueaypamu BbITAXKEHMA B BaccenHe TemnepaTypa
MOXKeT bbITb noBblweHa go 35-37 °C.

Onsa 0300p0oBUTENBHOIO NAaBaHMA M Npodunaktukm sabonesaHmii OA nogxoant Temnepartypa 26—
28 °C. 370T Amnana3oH obecneunsaeT: KOMOOPT NPU 4ANTENbHbIX 3aMNJ1biBax; PaBHOMEPHOE pacnpeaeneHme
Harpysku Ha MbllWLbl WU CYCTaBbl; NOALEpPKaHNE eCcTeCTBEHHOro TennoobmeHa 6e3 nepeoxnaxaeHma uau
neperpesa; CHUXEHUE pPUCKa cya0por u auckomeopTa.

2. CpaBHeHM1e € Ha3eMHbIMU BUAAMUN aKTUBHOCTU

Kputepunit MNMnasaHune ber Cunosble TPEHUPOBKM
Harpyska Ha cycTaBbl MuHUManbHan (Boaa BbicoKan (yaapHas Harpyska) 3aBMCHT OT Beca CHapaga
amopTusmpyer)
Harpyska Ha CHuKeHa (gekomnpeccus) BbicoKan (oceBas Harpyska) Bbicokas npu paboTe co
NO3BOHOYHMK LTaHrom
PaBHOmMepHOCTb Bbicokas (3aaencTBoBaHbI BCe MpenmyLLecTBEHHO HOTK JloKanbHaa (no rpynnam
Pa3BUTUA MbILLLL rpynnbi) MblLLL)
Puck TpaBm cycTaBoB Huskui BbICOKMIA (KONEHHbIE, CpeHUIA—BbICOKMI
roO/IEHOCTONHbIE)
BO3MOKHOCTb 3aHATUIA Bbicokas (peabunutaums) OrpaHunyeHa OrpaHuyeHa (TpebyeT
npu npobnemax c OOA KoppeKuuu)

3. BanAaHune Ha KOHKpeTHble anemeHTbl O A

Mo3BOHOYHMUK. MnaBaHWe (0COBEHHO CTUIM KPOib M Bpacc) cnocobCTBYET BLITAXKEHWUIO MO3BOHOYHMKA,
YKpenaeHuto rnyboKux mMbllL, CNHbBI, KOPPEKLMN CKONO3a.

CyctaBbl. [IBM)KEHMSA B BOAE YAYYWAT NOABWKHOCTb CYCTaBOB, CTUMYAMPYIOT BbipaboTKy
CMHOBWAIbHOM XNAKOCTU, MUTAIOT XpALM 6e3 Komnpeccuu.

MbiwweyHbI KopceT. PAaBHOMEpPHOE pa3BUTUE MbILLL, CMMHbI, MIEYEBOrO NOACA, NPecca U HOr Co34aéT
€CTeCTBEHHYO NOAAEPHKKY ANA NO3BOHOYHUKA.

OcaHKa. PerynapHble 3aHATUA GOPMUPYIOT NPUBBIYKY AEp)KaTb CMMHY NPAMO 3a CYET yKpenseHus
MbILWLL-CTabMIM3ATOPOB.

AHanus

Ha ocHoBe aHanu3a Hay4YHbIX AAaHHbIX U IMYHOrO OMbITa MOXKHO BblAENUTb KAtOYeBble NPenMyLLecTBa
nnasaHua ana OJA:

WaaAwana Harpy3sKka. OTcyTcTBME yAapPHOIo BO3AENCTBMA AeNaeT NaBaHWe naeanbHbiM o8 Ntoaen ¢
apTpO30M, OCTEOXOHAPO30M, NOCNE TPABM.

KomnneKkcHoe Bo3aeictBue. OpHOBpPEMEHHAs TPEHWPOBKA MbIWL, CYCTaBOB W CBA3OK bOe3
neperpysKku.

PeabunurtaumnoHHbli noteHuman. MNaasaHne BXO4MT B NPOrpPamMmMbl BOCCTAHOB/IEHUSA NOCAE onepauui
Ha CycTaBax U NO3BOHOYHUKeE.
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MpodunakTuKka. PerynapHble 3aHATUA CHUXKAIOT PUCK Pa3BUTMA AereHepaTUBHbIX 3abonesaHnin O4A
33 CYET yNIyYLWEeHMA NMUTaHUA XPALLEN N YKPENAeHUA MblLULL.

DoctynHocTb. NogxoauT n04AM Pa3HOro BO3pacTa M YpoBHA NOArOTOBKM, BKAtOYaA bepemeHHbIX U
NOXWAbIX.

OpHaKo ecTb U OrpaHuYeHunA:

HeobXxo4MMOCTb A0CTyNa K bacceliHy;

PUCK NEPEeOXNAXKAEHNA NPU HEMPABUIbHOM TeMMNepPaType BOAbI;

BO3MOXHble NP0o6aeMbI C KOXKeN 1 CAN3UCTBIMU M3-3a XJIOPUPOBAHHOMN BOAbI.

BbiBoAbl

MNpoBenéHHOE nccneaoBaHMe NO3BONAET CAENATL CAeAyoLMe BbIBOAbI:

MnaBaHWe OKa3blBaeT KOMMEKCHOe 61aroTBOPHOE BO3AENCTBME HA ONOPHO-ABUraTeNbHbIN annapat
33 CYET AEKOMMPECccUmn NO3BOHOYHMKA, PABHOMEPHOIO Pa3BUTUA MbILWL, U WAAALLEN HAarpy3KM Ha CycTaBbl.

Mo cpaBHeHUtO ¢ 6erom M CMA0BbIMU TPEHNMPOBKAMM MIABAHNE 3HAYUTENIbHO CHUMKAET PUCK TPaBM U
neperpysok OJA, 4To genaeT ero oNTMManbHbiM BbIBOPOM A1a NPOPUNAKTUKM U peabuantaumu.

Hanbonee apdeKkTMBHO niaBaHme npu:

HapyLleHUAX ocaHKK (CKonnos, Kudos);

AereHepaTuBHbIX 3a60/1eBaHMAX CYyCTaBOB M NO3BOHOYHMKA (OCTEOXOHAPO3, apTPO3);

BOCCTAHOB/IEHMM NOCAE TPABM M onepaLumii;

N36bITOYHOM Bece (CHUMKEHME Harpy3KM Ha CycTaBsbl).

Ona [OCTUKEHUA MaKcMmanbHoro adpdekTa pekomeHayeTca peryaapHocTb (2—3 pasa B Heaenw) u
npasubHaA TEXHMKA NAABAHMA NOL KOHTPOJEM TPeHepa.

lMnaBaHMeE MOMKET CAYKUTb KaK CaMOCTOATE/IbHbIM cpeacTsom ykpenneHuma OLA, Tak M 4acTbio
KOMMJIEKCHOW Tepanuu npu 3ab6os1eBaHNAX ONOPHO-ABUTaTENbHOIO annapaTa.

CNUCOK UCNOb30BaHHOW UTEpPaTypbl:
1. EnwndaHos B. A. JleuebHas ¢pusmyeckas KyabTypa n maccaxk. — M.: F0TAP-Meaua, 2019. — 528 c.
2. [y6posckuit B. U. NleuebHan GpusKkynbTypa 1 BpauyebHbI KoHTponb. — M.: MUA, 2018. — 672 c.
3. benasa H. A. leuebHaa Ppu3KynbTypa M Maccaxk nNpu 3aboseBaHUAX U TPaBMax ONOPHO-ABMIaTe/IbHOMO
annaparta. — CMN6.: Peub, 2017. — 240 c.
4. Kosnosa /1. B., Kosnos C. A, Knucenésa T. I. OcHOBbI peabunutaumum: yueb. nocobue. — Poctos H/A:
deHunke, 2020. — 478 c.
Kanunesuu /1. B. dusmonorua yenoseka. Cnopt: yueb. nocobme. — M.: Opait, 2021. — 146 c.
MouwwkoBs B. H. Obuime ocHoBbl neyebHol dm3KynbTypbl. — M.: MeguumHa, 2016. — 320 c.
Monos C. H., UBaHoBa H. /1. JleuebHas dnsnueckasa KynbTypa: yuebHnK. — M.: Akagemus, 2019. — 416

® o N oW

. ®oHapes M. U. NleuebHaa Ppu3KynbTypa Npun 3aboneBaHUAX NO3BOHOYHMKA y AeTeit. — CM6.: Hayka,
2015. — 184 c.

9. bepceHesa T. A. PekomeHAaLMM NO NPUMEHEHUIO FTMAPOKMHE3UTEepanun B peabunmtaumu. // Bonpocol
KypopTonoruum, pusnotepanmnm n ne4ebHom puskynbtypbl. — 2018. — Ne 3. — C. 45-49.

10. UsaHwnues I. A. MaHyanbHaa Tepanua: pykosoactso. — KasaHb: Mega,. KHura, 2017. — 487 ¢
©epebuosa A.W., 2026
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YAOK 796.01:159.923
Asusumesa M.3.
ACCUCTEHT Kadeapbl NCUXMATPUKN, HAPKONOTUN U MEAULLMHCKOM NCUXON0TUN,
focyAapCTBEHHbIV MEOULMHCKUI yHUBEpPCUTET TypKMeHMUCTaHa nM. MblpaTta MappbleBa.

B/INAHUE TEMMNEPAMEHTA HA OCOBEHHOCTU CNOPTUBHOM AEATENIbHOCTU
CNMOPTCMEHOB-BOPLIOB

AHHOTauuA

B cTaTbe paccmaTpuBaeTcs npobaema BANAHUA UHANBWAYAIbHO-TUMNONOMMYECKUMX CBOACTB HEPBHOM
CUCTEMBI U TeMMepamMeHTa Ha 3PpPEeKTUBHOCTb CNOPTUBHOM AEeATENbHOCTM B CNOPTUBHOM 6opbbe (BoNbHOM,
rpeko-pumcKol, cambo, a3tog0). Ha ocHoBe TeopeTMYECKOro aHa/M3a TPYAOB BeAyLMX OTeYeCTBEHHbIX U
3apybeXKHbIX MCMX0N0roB OBOCHOBLIBAETCA B3aMMOCBA3b MeEXAYy CBOWCTBAMW TemnepameHTa (cunoi,
NOABWUMKHOCTbIO, YPaBHOBELIEHHOCTbIO HEPBHbIX MPOLECCOB) WU WHAMBUAYANIbHbIM CTU/IEM BeAeHUA
noeamHka. OnucaHbl NCUXONOTMYECKUE MOPTPETbl BOPLOB Pa3/IMYHBIX TUMOB TeMMepameHTa (XONepuKos,
CaHrBUHWMKOB, GIETMAaTMKOB, MENAHXOMMKOB), WX CW/bHble U Ccnabble CTOPOHbI B YC/IOBUAX
npeacopeBHOBATE/IbLHOIO CTpecca M HenocpeacTBEHHOro npoTusobopcTBa Ha Koepe. Ocoboe BHMMaHMe
yAeNeHo KoHuenuum GopM1MpoBaHUa HAMBUAYANbHOTO CTUNA AEATENbHOCTM KaK MeXxaHM3mMa KoMMneHcauum
reHeTUYEeCKM AETEPMUHUPOBAHHBIX OrpaHUYeHUit TemnepameHTa. [paKTMYecKas 3HAYMMOCTb PaboThbl
3aKkno4vaetca B GOPMMPOBAHUM PEKOMEHAAUMIA ANA TPEHEPCKOro cocTaBa Mo ONTMMM3aLMKU ydyebHo-
TPEHUPOBOYHOIO NPOLLECCA U CEKYHAMPOBAHMUA C y4ETOM NCUXOTUMNA CMOPTCMEHa.

Kniouesble cnosa:
TemnepameHT, CNoPTUBHaA NcmMxonorus, 6opbba, MHAMBUAYANbHbIN CTUNb AeATENbHOCTM, HepPBHasn
CUCTEMA, XONEPUK, CAaHTBUHUK, GNErMaTHK, CTPECCOYCTOMUYMBOCTb.

BsepeHue

CoBpeMeHHbI CNopT BbICWIMX AOCTUMEHWI, B YACTHOCTM crnopTuBHasA 6Gopbba, xapakTepusyeTtcs
HenpepbIBHbIM POCTOM KOHKYPEHUUWN, WUHTEHCUUKALMEN TPEHWPOBOYHbIX HArpysok W W3MEHEHMEM
pernameHTa COPeBHOBAHWIA B CTOPOHY NOBbIWEHMA AMHAMUYHOCTU U 3pENIULLHOCTU NOeAMHKOB. B ycnosusax,
Korga ¢oum3amyeckas, TEXHUYECKAn M TAaKTMYECKas NoAroTOBEHHOCTb aT/1IeTOB MUPOBOIo YPOBHA HaxoauTcA Ha
NPUMEPHO OAMHAKOBO BbICOKOM YPOBHE, pellatolmm ¢akTopom nobenbl CTAHOBUTCA NCUXONOTMYECKUIA
KOMMOHEeHT. CnocobHOoCTb cnopTcMeHa Mo6WMIM30BaTb CBOM pPecypcbl B 3IKCTPEMaAsbHbIX YC/I0BUAX
COPEeBHOBATE/ILHOTO NPOTUBOOOPCTBA, COXPAHATb BbICOKYH) KOHLEHTPAUMIO BHUMAHWA, MFHOBEHHO
NPUHUMATb TaKTUYECKWUE pPeLleHnNa U NPOTUBOCTOATL COMBAOLWMM PaKTOpaM BO MHOFOM ONpPesenseTcs ero
BPOXAEHHBIMWU BMONOTMYECKMMM CBOMCTBAMM — XaPaKTEPUCTUKAMM HEPBHOWM CUCTEMbI U TEMNEPAMEHTOM.

Mpobnema yyeta MHAMBUAYAIbHO-TUNONOIMYECKMX OCOBEHHOCTEN B CNOPTE YXOAUT KOPHAMMU B TPYAbl
W. M. MaBnoBa o TMnNax Bbicllel HepBHOW aeaTenbHocTn (BHA), a Takxke B pabotbl 6. M. Tennosa, B. A.
HebbiimupiHa ©  B. C. MepanHa, 3a/0XMBLUIMX OCHOBblI OTEYeCTBEHHOW AuddepeHumanbHom
ncuxodmsnonormm. TemnepameHT, ABAAACL ANHAMUYECKOW XapaKTEPUCTUKON NCUXMUECKON AeATENbHOCTMH,
He onpeaenseT COAEPHKATE/IbHYO0 CTOPOHY JIMYHOCTM (MOTUBbBI, LEHHOCTH, YOexKaeHuMA), HO HaKkNaablBaeT
rnyboKMIA OTNEeYaToOK Ha Ccrnocobbl BbIMNONHEHUA AEWCTBUIM, CKOPOCTb PearMpoBaHMA, BbIHOC/IIMBOCTb K
NCUXMYECKMM Harpyskam 1 afanTalMOHHbIN NOTEHUMAN CNoOpTCMeHa.

CnoptuBHas 6opbba (Bo/bHaA, rpeKko-pMMcKas, cambo, [A31040) NpeabaBAAeT XKecTkue W
cneunduryeckme TpeboBaHUA K NCUXMKE YelOBeKa. ITO HKECTKMN KOHTaKTHbIM BMA, COPTa, NPOTEeKaoLWwui B
YCNOBUAX HENOCPeACTBEHHOrO GU3NYECKOrO M NMCUXMYECKOTO MPOTUBOAEUCTBUA COMEpPHUKA. BopuoBCKMiA
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NnoeayHOK XxapakTepusyetca AeduunTOM BpPEeMEHM, MPOCTPAHCTBEHHLIMMU OFPaHUYEHUAMM, BbICOKON
HeonpeaeneHHOCTbI0 AEUCTBUIA OMNMNOHEHTa, ObICTPOlA CMeHOoM cuTyauuit (OT CTaTMYECKOro CUI0BOTO
[aBNEHUs A0 B3PbIBHbIX AMHAMWYECKMX aTak) MU cygenckum daktopom. Kpome Toro, 6opubl peryasapHo
CTaNKMBAOTCA CO cheunPpUUecKMMM CTPECCopamMm: KECTKMM JIMMUTOM BECOBbIX KaTeropuin wu
HEOBXOAMMOCTbIO CTOHKM Beca, PUCKOM MOJlyYEeHUS TPAaBM U BbICOKMM YPOBHEM OTBETCTBEHHOCTU Nepes,
KOMaHAoM. B CBA3KN C 3TUM U3yyeHMe BAUAHUA TeMMnepameHTa Ha AeaTenbHOCTb 6opLUoB ABASETCA KpaliHe
aKTyaZbHOW 3agayeir CrOPTUBHOM MCUMXOJIOTMKM, MO3BONAIOWENA WUHAWMBUAYANN3NPOBATb TPEHUPOBOYHbLIN
NpoLecc U NoBbICUTb HAAEKHOCTb COPEBHOBATE/IbHOW AEATE/IbHOCTMU.

Mcuxonoruyeckuin noprTper 1 cneumnduKa aeaTebHoCcTU 60pLOB-CaAHIBUHUKOB

CaHrBMHUYECKNI TUM XapaKTepusyeTca CUIbHOM, ypaBHOBELLIEHHOM M NOABUKHON HEPBHOW CUCTEMOMN.
B CNOpTMBHOWM NCUXONOMMIN CAHFBUHUKOB YaCTO Ha3blBalOT «UAeabHbIMM COPTCMEHAMM» ANA CUTYaTUBHbIX
BWAOB CNOpPTa, K KOTOPbIM OTHOCKTCA M bopbba.

MpeumyuiecTBa CAHFrBUHMKOB Ha KOBpe:

e BbiCOKaA apganTMBHOCTb M TaKTUUecKas rMbBKocTb: Bnarogapa BbICOKOW NOABUMKHOCTM HEPBHbIX
NPOLECCOB CaHrBUHMK MIHOBEHHO MepecTpamBaeTca B XoAe NnoeauHKa. Ecnm nepBOHa4yasbHbIM MAaH He
paboTaeT, oH 6e360/1e3HEHHO MEHSAET TaKTUKY, NOACTPaMUBAACH Mo, c/1abble CTOPOHbI COMEpPHMKA.

e CTpeccoycToifumBocTb: OHM cTabubHbI Nepes CTapToM, afleKBaTHO OLLEHMBAOT CBOWU CUJ/bl U CUbI
npoTMBHMKa. CoctosHMe «H60eBOI FOTOBHOCTU» ABNAETCA AJ19 HUX €CTECTBEHHbIM.

¢ bbicTpoe BoccTaHoBneHue: Kak ¢usnuyeckoe, TaK U MNCUXONOrMYECKOE BOCCTAHOBNEHME MoOcne
TAMENbIX HArpysoK WKW MNOPa’KEHUA MNPOUCXOAUT Y CAHIBMHUKOB 3HauyuUTeNbHO ObicTpee, yem Yy
npeacTtasuTenen opyrux NCUXoTUNOB.

¢ 3pPeKTMBHOCTDb B 3awwuTe U HanageHuu: C6anaHCMPOBAHHOCTb HEPBHbIX MPOLLECCOB NO3BOAAET UM
OAMHAKOBO YCMEeLIHO NPOBOANTb 3aTAMKHbIE MO3ULNOHHbIE aTakW M HaZEeKHO 3alMLATLCS.

HepoctaTKu u 30HbI pUCKa:

o CHU)XXeHMe MOTUBALMM NPU OTCYTCTBMU MOHOTOHHOCTU MU CUbHOM KOHKYpeHLUMn: CaHrBUHMKHK
MOTYT TepsATb MHTEPEC K TPEHMPOBKAM, €C/IN OHM CTAHOBATCA 0AHOOb6Pa3HbIMKU. B noeaMHKax co 3aBegoMO
6onee cnabbiMm conepHUKAMM OHU CKNOHHbI K He00LEeHKe, YTO MOPOM NPUBOAMUT K 0OMAHBIM NOpPaXKEHUsM
13-32 HEBHMMATE/IbHOCTH.

e NloBepXHOCTHOCTb B OTpaboTKe Aertaneit: CTpemsieHMEe K HOBM3HE MHOrOA MELIAeT CaHTBUHUKY
[0BOANTb TEXHUYECKUI 31eMeHT [0 abCONOTHOrO aBTOMATU3Ma.

TpeHepy, paboTaloleMy C CAHFBUHMKOM, Ba*KHO NOCTOAHHO MOAAEPKUBATb BbICOKYHO MOTUBALMIO,
pa3HoobpasnTb TPEHUPOBOUHbIN NPOLECC CNappMHraMn C PasHOMIaHOBbIMU BOpLAMKN U KOHTPOANPOBATb
KOHLLEHTPaLMIO BHUMAHWUS CNOPTCMEHA Ha NPOTSAMKEHMM BCEro TPEHUPOBOYHOIO LUMKAA.

Mcuxonoruyeckuin NnopTper 1 cneymdpmka AeateNbHOCTU 6opuoB-daermaTmkos

dnermatnk obnagaeTr CcWUAbHOM, YpPaBHOBELUIEHHOM, HO MHEPTHON (MasionoABUXKHOW) HepBHOWM
cuctemoit. Ha koBpe 6opeu-dnermaTmk — 3To OAMLLETBOPEHNE HAZEHKHOCTU, CTOMKOCTU U XN1aAHOKPOBUS.

TpeHep AO/IKeH BbICTynaTbh AN MENaHXO/MKa B POIYM MEHTOpa W 3allMTHUKA. KpuUTMKa B XKecTKoM
dopme Ans TaKUX CMOPTCMEHOB HeAOoMycTUMa — OHa MOAHOCTbIO 6/0KMpyeT ux paboTocnocobHOCTD.
Heobxoanmbl NOCTOSIHHasA NCUXONOrMYecKas MOALEPKKA, CO34aHMe CUTyaLMu ycnexa Ha TPeHUPOBKax M
pa3BUTME YBEPEHHOCTU B COBCTBEHHbIX CUMAX.

BansHMe TemnepameHTa Ha CNOPTUBHYIO [AeATeNbHOCTb 60pLOB HOCUT MHOTOACMeKTHbIN U
onpegenarOWnin xapaktep. CBOMCTBA HEPBHOW CUCTEMbI ¥KECTKO NMMUTUPYIOT NPOSBAEHME CKOPOCTHbIX,
CUNOBbIX U KOOPAMHALUMOHHBIX cnocobHocTel B ycnoBuax aedpuumta BpeMeHn M NCUXO3IMOLMOHANBHOTO
HanpAXeHUs copeBHOBaHUN. MOHMMaHME AMHAMMKU MCUXMUYECKUX MPOLLECCOB XONEPUKOB, CaHFBUHUKOB,
bNermaTMKkoB M MeNaHXO/IMKOB MO3BOJIAET HE TO/IbKO MPOrHO3MpOBaTb MoBeAeHWe CnopTcMeHa B
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KPUTUYECKME MOMEHTbI NOEAMHKA, HO M BbICTPaMBaTb Hay4HO O0BOCHOBAHHbINA, MHANBUAYANNZNPOBAHHbIN
TPEHWPOBOYHbIV Npouecc.

3¢ deKkTUBHOCTL BopLa onpesenaeTcs He TeEM, KAKMM KOHKPETHO TUMOM TeMnepamMmeHTa OH 06i1agaerT,
a TeM, HACKOJIbKO ycrnewHo cpopMmUPOBAH er0 MHANBUAYANbHbIA CTUb AeATenbHOCTU. CnopTneHas 6opbba
NpeaocTaBAAeT WMPOKNE BO3IMOXKHOCTU A8 CaMOpeanm3aumm atnetos Ntoboro NcMxotTuna npu ycaoBum
rPamMOTHOIO COYETAHUA WX BPOXKAEHHbIX 3a4aTKOB C TEXHUMKO-TAKTUYECKMM apCceHa/ioM W MeToAamwu
NCUXONOTMYECKON NOATOTOBKM.

CnMCOK UCNONb30BAHHOI INTEpPaTypbl:

lforyHos E.H., MapTtbaHoB b.U. Mcuxonorma ¢pusmyeckoro socnutaHmna u cnopta. 2020 Mocksa.
MnbuH E.N. MNcuxonorma cnopta. 2020 CaHKT-MNeTepbypr.
MankuH B.P., Poranesa /1.H. Mcuxonornyeckme metoabl ynpasnenus B cnopte. 2023 CaHkT-MNeTepbypr.

P wnNPR

PoanoHos A.B. CnopTtusHasa ncuxonorma. 2021 Mocksa.
© Asusuesa M., 2026

YAK 796.01:159.9
Asusmesa M.3.
accucTeHT Kadeapbl NCUXMATPUKN, HAPKONOTUM U MEAULUHCKOM NCUXONOTUN,
locyAapCTBEHHDbIV MeAULMHCKUI yHUBepcUTeT TypKkMeHMUCcTaHa nM. MblpaTta MappbleBa.

METO/Abl ONPEAENEHNA NCMXO3MOLIMOHANIbHOIO COCTOAHUA Y CIMTOPTCMEHOB,
3AHUMAIOLLMXCA BOPbEOW

AHHOTauuA
B cTaTbe paccmaTpuBaeTCcA KOMMIEKCHbIN MOAX04, K ANArHOCTUKE U OLEHKE MCUXO3IMOLIMOHANbHOTO
COCTOSIHMA CMOPTCMEHOB-60pPLOB (BO/IbHAA, rpeKko-pumMckas 6opbba, cambo, A3togo). BbiCOKMN ypoBeHb
NMCUXMYECKOM  HaMPAXKEHHOCTM, cneunduKka COpPEeBHOBATENbHOM AeATENbHOCTM B eaMHObOpPCTBaX,
HEeobX0OMMOCTb YKECTKOTO KOHTPO/IA Beca M ObiCTpasd CMEHAEeMOCTb TaKTUYECKUX CUTyauuin TpebytoT ot
aTneToB npeaesbHOM MO6MAM3ALMM HEepPBHOM cucTeMbl. ABTOPOM MNPOAHA/M3MPOBAHbI COBPEMEHHbIE
CyObEKTUBHbIE  (NCUXONOrMYECKME OMPOCHUKKU), O0OBEKTUBHbIE (NCMXOPU3MONOTMYECKUE TeCTbl) MU
¢du3nonormyeckne (BapmabenbHOCTb cepaevyHoro putma, bromapkepbl) metogpl KoHTpond. ObocHoBaHa
HEOOXOAMMOCTb MHTErpauMmM fAaHHbIX METOLOB B CTPYKTYpPY Y4ebOHO-TPEHMPOBOYHOIO npouecca Anan
NpefoTBPALLEHMA  MNEPETPEHMPOBAHHOCTM, CHUMEHMA  YPOBHA  COPEBHOBATE/NIbHOIO  CTpecca W
NPOrHO3MPOBAHWNA YCMELIHOCTM BbICTYN/IEHUI Ha TYpHUPaX.
Kntouesble cnosa:
60pbba, CNOPTCMEHbI, MCUXOIMOLMOHA/IbHOE COCTOSHME, ANArHOCTUKA, CMOPTUBHAA NCUXONOTUS,
CTPECccoyCTONYMBOCTb, GYHKLMOHAIbHOE COCTOAHUE, MCUXODU3NONOTUA.

BsepeHue

CoBpeMeHHbI CnopT BbICWUIMX AOCTUMEHWI, B YAaCTHOCTM CMOpTMBHasA 6Gopbba, xapakTepusyertcs
3KCTPEMAbHbIMU GUIUYECKMMU N NCUXMUYECKUMU Harpy3kamn. BopLIOBCKMIA NoeaAMHOK NpeacTaBaseT coboi
YKeCTKoe CUTYaLlMOHHOEe NPOTUBODHOPCTBO, NpoxoadLlee B yCA0BUsAX gednumTta BPEMEHU, NPOCTPAHCTBEHHbIX
OrpaHUYeHU 1 BbICOKOM HeONPeAENEHHOCTM AeNCTBUI conepHMKa. B 3Tux ycnosuax nobena onpeaensercs
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He TO/IbKO YPOBHEM TEXHWKO-TAaKTMYECKOIO MacTepcTBa W pasBUTMEM U3IMYECKUX KauvecTB (cuibl,
BbIHOC/IMBOCTWN, ObICTPOTbI), HO M CMOCOOHOCTbIO crnopTcmeHa 3OdEeKTUBHO YNpPaBAATb CBOUM
NCUX03MOLMOHaNbHbIM cocTosHnem (M3C) go, BO BpemsaA M Nocae CXBATKMU.

MNMcuxoamoumoHanbHoe coctosiHMe 6opua — 3TO0 AMHAMMYEcKas CcUCTEMA WHAMBMAYASIbHO-
NMCUXONOTUYECKUX N GU3MONOTUYECKUX PEAKLNIN, Onpesensaowan roTOBHOCTb aT/1eTa K peanmsaLmm CBOero
noteHumana. HeasekBaTHanA OLEHKa WAW UTHOpUpoBaHME M3MeHeHWn B MIC BeaeT K BO3HWMKHOBEHMIO
NPeAcTapToBOM  /IMXOPAZKM WAWM  NPeACcTapTOBOM  anaTuu, CpbiBy aganTalMOHHbIX  MEXaHM3MOB,
NnepeTpeHNpPOBaHHOCTM U, KaK CAeACTBME, K CHUMMKEHWIO CMOPTMBHOIO pPe3ynbTaTa M MNOBbIWEHUIO
TpaBmatTM3mMa. CBoespemeHHoe onpegenerHune MIC No3BOAAET TPEHEPCKOMY U MeAWMUMHCKOMY LWTaby
ONepaTMBHO KOPPEKTUPOBaTb TPEHWPOBOYHbIE MJaHbl, MHAUBMAYAN3MPOBATb MPEACOPEBHOBATE/bHYIO
NOAroTOBKY M OCYLLECTBAATb HAaNpPaBAeHHbIE NCUXON0TUYECKUE NHTEPBEHLUN.

Knaccudpukauymua metogos onpegenerus N3C

B coBpemeHHOl CMOPTMBHOIN HayKe MeToAbl OLLEHKM NCUXOIMOLMOHANBHOIO COCTOAHUA MPUHATO
pas3gensaTb Ha TPU OCHOBHbIE rPYNMbI:

e CybbeKTMBHbIe (NcMxonormyeckme 6aaHKoOBbIE M KOMMbIOTEPHbIE METOAMUKM);

e O6beKTUBHbIE NcuxodursmMonormyeckmne (annapatHas oleHKa ceoncts LUIHC);

e dusnonormyeckne n Goxmmmyeckune (OLLEHKa BEreTaTMBHOrO CTaTyca U r'yMOpasibHOroO OTBETA).

PaccmoTpum Kaxkayto U3 3TUX rpynn NPUMEHUTENbHO K NPaKTUKe NoAroToBKW 60pLoB.

1. Cy6beKTUBHbIE NCUXONOTUYECKME METOAbI

[aHHaa rpynna MeToAOB OMMPAeTcd Ha CaMOOUEHKY CMOPTCMEHA M NO3BOAAET BblABUTb
0CO3HABAEMbIN YPOBEHb TPEBOXKHOCTU, HAaCTPOEHMA, YCTANOCTU U MOTMBALMKN. HeCcMOTPS Ha CyObeKTUBHbIN
XapaKTep, 3T MeTOAMKN HE3aMEeHUMbI 417 ONepaTUBHOIO M TEKYLLEro KOHTponA 6aarogaps ceoeli npocroTte
1 BbICTpOTE NpoBeaeHUA.

Tect Cnunbeprepa-XaHuHa (LLUkana Tpesoru)

Mossonser auddepeHUNpPOBaTb TPEBOMKHOCTb KaK JIMYHOCTHOE CBOMCTBO (6a30Bbii YpPOBEHb
BOCNPUATUA Yrpo3) M KaK CUTYaTUBHOE COCTOSIHME (YPOBEHb 3MOLUMOHANBHOIO HAMpPAXKEHUS B AaHHbIN
KOHKPETHbI MOMEHT, HanpMMep, 3a Yac [0 BbIXoAa Ha KoBep). s 60pL0B KPUTUYECKU BaXKHO OTC/IEKUBATb
MMEHHO CUTYaTUBHYHO TPEBOXKHOCTb. ONTMMA/IbHbIE NOKa3aTe M 06bIMHO HAaX04ATCA B Npesenax YMepeHHbIX
3HaueHnin ($30 \text{--} 455 6annos). Bbicokme 6annbl ($>45S) CBMAETENLCTBYIOT O [Ae30praHM3auun
[EeATeNbHOCTH, a CAUWKOM HU3KMe ($<30S) — o HeJocTaTouHOM MoBUAM3aLMK nnun 6e3pasnnumnm.

Metoauka CAH (CamouyBecTBue, AKTUBHOCTb, HacTpoeHue)

OnepaTuMBHbINA TECT, NO3BOAAIOWMI 32 HECKO/IbKO MUHYT OLEHUTb TEKYLUMIA CTaTyC at/ieTa. B Hopme y
6opua B nepuoa NpeAcopeBHOBATENILHOTO CYXKEHUA Harpy3oK nokasaTesn «AKTMBHOCTM» U «HacTpoeHua»
OOMIXKHbI NpeobnagaTe Hag «CamouyBCcTBMEM» (YTO FOBOPUT O FOTOBHOCTM K Bopbbe). MepeBepHyTbie
COOTHOLLEHMA, KOrga CamMOYyBCTBME pPEe3KO MafaeT Mpu BbICOKOW aKTMBHOCTM, MOFYT YKasblBaTb Ha
CKpblBaeMoe YyTOMAEHWE WM NOCNEeACTBUA HKECTKOW BECOTOHKU.

OnpocHuk POMS (Profile of Mood States — Mpo¢unb cocToaHMIt HacTpoeHun)

Knaccnyeckuii MHCTPYMEHT B MeXAyHApPOAHOM CNOPTUBHOM NpakTMKe. Ha ocHoBe oueHKM dpaKkTopoB
(HanpskeHWe, penpeccus, THEB, 3HEPTMYHOCTb, YCTANOCTb, PACTEPAHHOCTb) GopmMUpyeTcs rpadmk.
YcnewHble 60puUbl B COCTOAHMM ONTUMA/IbHOM FOTOBHOCTU AEMOHCTPUPYIOT TaK HasblBaeMblii «npodub
ancbepra» (lceberg profile): nukosoe 3HaueHne dpaKkTOpa «3IHEPTUYHOCTL» MPU MUHUMANbHbIX 3HAYEHUAX
BCEX OCTa/IbHbIX HEraTUBHbIX NapameTpoB. CrnaxKMBaHWe 3TOro MMKa UKW POCT NoKasaTenein «ycTanocTm» u
«Aenpeccum» — ABHbIN MapKep NepeTpeHNpPoBaAHHOCTY.

2. O6beKTUBHbIE NCMXOPU3UOIOTUYECKME METOADI

O6beKkTnBmM3auma oueHku MIC gocTmraeTcs 3a cHeT UcciefoBaHUA NapameTpoBs pPaboTbl LEHTPaIbHOM
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HEePBHOW CUCTEMbI, KOTOPbIE CMOPTCMEH HE MOXKET CO3HATE/IbHO MCKA3UTb MM CbiIMUTUPOBaATb. B 6opbbe, rae
BaYKHa CKOPOCTb NPUHATUA peLeHUiA, CEHCOMOTOPHAA KOOPAMHALMA 3aHUMAET ANAMPYIOLLME NO3ULLUN.

CeHcOMOTOpHble peakuum (MpocTas u cnoXHaA 3pUTeIbHO-MOTOPHaA peakLums)

N3mepeHne BpemeHW NPOCTOi 3pUTEeNbHO-MOTOPHONM peakuuu (M3MP) paeT npeactaBneHue o
Tekywen Bo3bygmumoctn LLHC. CTabunbHoe yBenmuyeHne BpeMeHU peakunn (B MUAIMCEKYHAAX) YKa3blBaeT
Ha TOPMOXKEHWE NPOLLeCCOB B KOPEe FO/I0BHOIO MO3ra BCAeACTBUE NepeyToOMIEeHHUA.

lfopasao 6onee MHGOPMaTMBHOM A1 6OPLUOB ABAAETCA peakums Bblbopa (cnoxHasa peakuus — C3MP).
Bopuy HeobXxoAMMO MIHOBEHHO pearnpoBaTb HAa M3MEHEHMEe 3axBaTa, HA4yaNo aTaku conepHuka. AHanus
Ko/MyecTBa oWwnboK npu anddepeHUMpPoBKE CUrHANOB Ha CNELMANN3NPOBAHHbIX aNNaPaTHO-NPOrPaMMHbIX
Komnnekcax (Hanpumep, «HelpocodT» wuam «lcuxoTecT») HarAagHO roOKasbiBaeT 6anaHc mexKay
npoueccamm BO36YKAEHUA N TOPMOIKEHUS.

Buoxmmunuyeckme mapkepbl cTpecca

Hanbonee MHPOPMATUBHBIM HEMHBA3UBHLIM METOAOM fAB/SAETCA ONpefefieHMe YPOBHS KOpTU30/a
(«ropmoHa ctpecca») n anbda-ammnasbl B CAOHE. Pe3KMIt CKAYOK KOPTM30/Ma Nepes, B3BELWMBAHUEM WU
CXBATKOWM MOKa3blBAET BblparKeHHOCTb aucTpecca. MOHUTOPUHI COOTHOLIEHMA TECTOCTEPOHA K KOPTU30/Y
(MHaekc aHabonusma/katabonvM3ma) MNO3BOAAET OLEHWUTb, HACKONbKO CWbHO MeHTaNbHbIA CcTpecc
paspyLuaet ¢pusnyeckne KoHaMLmm bopua.

CneuunduKa MHTepnpeTaumumn gaHHbIX U NPaKTUYECKMe peKoMeHAauum

OwnarHoctmka M3C B 60pbbe He Ao/XKHA ObITb AUCKPETHOM. Hanbonbluyo LeHHOCTb npeacTaBastoT
NIOHMUTIOAHbIE (gMHamMMYecKkue) HabatoaeHua. Hanpumep, B NpeacopeBHOBATE/IBHOM MUKPOLUMKIE 33 ABe
HeAenu Ao cTapTa PeKoOMeHAyeTcA NPoBOAUTL exkeHeaebHoe TecTupoBaHue (BCP + CAH + TennuHr-tecT). 3a
TPUY AHA 4O COPEBHOBAHWUI YAaCTOTY KOHTPO/IA YBEINUYMBALIOT A0 eXeAHEBHOM.

TONbKO  CKBO3HOW MOHMUTOPMHI, OObEeAUHAOWMN CcyObEKTMBHOE BOCMPUATME  CMOPTCMEHA,
0b6bEeKTUBHbIE CKOpPOCTHble napameTpbl LUHC wn BeretatMBHblit 6anaHc, gaeT TpeHepy WM CNOPTUBHOMY
NCUXONIOTY BAIMAHbIA UHCTPYMEHT YNpaBieHUA MOArOTOBKOW. BHeapeHWe aBTOMATM3MPOBAHHbLIX CUCTEM
3KCNPEeCC-AMArHOCTUKM ABNAETCS NEPCNeKTUBHbIM BEKTOPOM Pa3BUTUA CMOPTMBHOW HaykM B obnactu
egmMHobopcTs.

CNUCOK UCNO/b30BaHHO UTepaTypbl:

1. loryHos E.H., MapTbaHoB b.U. MNcuxonorma ¢pumsmyeckoro socnutaHms u cnopta. 2020. Mocksa.
2. WnobuH E.N. Ncmnxonorna cnopta. 2020. CaHkT-MNeTepbypr.
3. Mapwuwyk B.J1., bayaos HO.M., CepoBa J1.K. MeTogmKm ncuxoanarHoctnkm B cnoprte. 2021. Mocksa.
© Asusuesa M., 2026

YAK 615.11
AmaHmypagoBa 3MHanpa XempaesHa
CTapwuin npenoaasaTtenb Kadeapbl A3bIKOB
focyAapCTBEHHbIV MEOULMHCKUI yHUBEpPCUTET TypKMeHMUCTaHa nM. MblpaTta Mappblesa.

CTPYKTYPA U ®OPMA PELLENTA HA IATUHCKOM A3bIKE. O®OPMJIEHUE JIATUHCKOW YACTU PELIENTA

AHHOTauuA
B pgaHHOM cTaTbe paccMaTpMBAlOTCA WMCTOPUUYECKUE U TEOpPeTMYEeCKMe acnekTbl odopmaeHus
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MeAMLUMHCKOro peuenTa, ero CTPYKTypa WM npasBuia 3anofiIHeHUA AaTUHCKon 4vactn. Ocoboe BHMMaHMe
yAEeNseTcs rpaMmMmaTUYeCKMM HOPMaM NaTUHCKOTO A3bIKa, MPUMEHAEMbIM NPU BbINMUCbIBAHUN NEKAPCTBEHHbIX
CPeAcCTB, a TaKXe 3HadeHWlo YHubMKauuM peuenTypHbix 6naHKoB Ana obecneyeHua 6e3o0nacHOCTU
naumeHToB 1 3¢ HEKTMBHOIO B3aMMOAENCTBUS B CUCTEME «BPay — MPOBM30P — MauMeHT». AHaAn3upyTca
TUMWYHbIE OWMOKM NpU 3aMoJIHEHUU PELLENTOB U NPUBOAATCA aKTyanbHble TpeboBaHMA K 0POpPMIEHMIO
06A3aTeNbHbIX Pa3genos AOKYMEHTA.
Kntouesble cnosa:
PeLEenT, TaTUHCKUI A3bIK, MeaUUMHCKan TEPMUHOJIOIMA, peLenTypHbIi 6aaHK, dapmaums,
rpammaTmKa 1aTbIHK, IeKapCTBEHHAA popma.

BeepeHue

NTaTUHCKMIA  A3bIK  Ha NPOTAMEHWW MHOTUX CTONEeTUM ocTaeTcA (yHOAMEHTaNbHOM OCHOBOWM
npodeccnoHanbHOro A3blKa MeAUUMHDI M dapmaunn. Byayun A3bIKOM MeXAYHapOAHOro Hay4yHoro obweHus,
NatbliHb obecneumMBaeT TOYHYIO, OAHO3HAYHYIO W YHUBEPCaNbHYIO nepedavyy uHOOpPMaUMU  MexAay
cneuyanncTamm 34paBOOXPAHEHUA MO BCEMY MMUPY, HE3aBUCMMO OT WX HALMOHANLHOW U A3bIKOBOM
npuHagnexHoctn. OAHOM M3 KAYeBbIX cdep NPAKTUYECKOTO MPUMEHEHMA NATUHCKOTO A3blka B
NoBCEAHEBHON MEOMLMHCKON [OeATeNbHOCTU ABNAETCA COCTaBlAeHWe peuentoB — oduUMaNnbHbIX
NMUCbMEHHbIX 0bpalLeHNn Bpaya K GpapmMaleBTy O NPUrOTOBNEHUN U OTMYCKE SIEKAPCTBEHHOrO Npenaparta
naLMeHTy C yKazaHnem cnocoba ero npumeHeHus.

NcTopurueckun peuent (OT NaTUHCKOIO C/I0Ba receptum — «NPUHATOE», OT [1arona recipere — «bpaTtby,
«MO/Ty4YaTb») 3BOMOLLMOHUPOBA OT CBOOOAHbIX ONMUCATENbHBIX TEKCTOB M aIXMMUYECKUX GOPMYA 40 CTPOro
pernameHTMPOBAHHOIO IOPUANYECKOTO U MEAULIMHCKOTO AOKYMEHTA. B anoxy AHTMYHOCTM 1 CpeaHeBEKOBbA
BPA4M YaCTO CKPbIBa/IM COCTaB CBOMX CHAA00MM, MCnonb3ys cnoxHble Wndpbl. O4HAKO € pa3BUTMEM Hay4HOM
dapmakonornn n nossneHnem nepsbix opuLManbHbix Gapmakonelr B HoBoe Bpemsa BO3HMKAA OCTpas
HEOBOXOAMMOCTb B MKECTKOW CTAHAAPTM3ALMWM CTPYKTYPbl M A3bIKA MEAUUMHCKMX NpeanucaHnin. EamHbIn
CTaHAAPT NO3BO/INMA MUHUMMU3NPOBATb PUCK HEBEPHOTO TOIKOBAHWUA HAa3HAYEHUI, YTO HaNPAMYIO CBA3AHO C
COXPaHEHMEM KMU3HWU U 340POBbA YeNOBEKA.

B coBpemeHHOM MWpe MEeANLMHCKUIN peLenT BbIMOAHAET CPa3y HECKObKO BaKHEWMLWUX OYHKUMIA:
MeANUMHCKYI0 (onpedensier cXxemy NeYeHus), IPUANYECKYIO (CNYXKUT LOKYMEHTOM, MOATBEPXKAANOWUM
NpPaBOMEPHOCTb Ha3HA4YeHMA npenapata, B OCOBEHHOCTM HAPKOTUYECKUX WAM  CUbHOAEWCTBYHOLLMX
BELLECTB) U GMHAHCOBO-3KOHOMMYECKYHO (MCNONb3YEeTCA A5 yYeTa pacxoda MeAMKaMEHTOB U PacyeToB Npu
6ecnnaTHOM WAW NbFOTHOM OTMYCKE NIEKAPCTB). YUMTbIBAA CTO/b BbLICOKYIO MOMMOYHKUMOHANBHOCTL, K
0bOpPMIEHUNIO peuenTa NPeabABAAIOTCA KecTKMe TpeboBaHMA, 3aKpenseHHble Ha roCyAapCTBEHHOM W
MeKAYHAaPOAHOM YPOBHAX HOPMATUBHO-NMPABOBbIMM aKTaMM MUHUCTEPCTB 34PaBOOXPaHEHMA.

LleHTpanbHoe MecTo B CTPYKType Ntoboro peuenTypHoro 61aHKa 3aHMMAET ero JIaTUHCKasA 4acTb.
MmeHHO 3aeck KoaupyeTca MHGOpPMaLMA O CaMOM JIEKaPCTBEHHOM BELLECTBE, €70 J03UMPOBKE U Tpebyemoit
neKkapcTBeHHoU ¢opme. Jliobad HETOYHOCTb, rpammaTuMyeckada OWMOKA WM HEeBEepPHO MOCTaB/eHHOe
OKOHYaHWe B IATUHCKOM Ha3BaHUM MOTYT NPUBECTU K PpaTasibHbIM NOCAEACTBMAM: MPOBM30P B aNTEKE MOXKET
Bbl4aTb COBEPLUEHHO MHOE 1eKapCTBEHHOE CPEeACTBO MM OLNMBUTLCA B LO3MPOBKE TOKCMUYHOFO KOMMOHEHTA.
Mo 3ToM NpUYMHE n3ydyeHne Npasua 0POPMIEHMA NATUHCKOM YacTK peLienTa, NOHMMAHUE CUHTAaKCUYECKNX
CBA3el U NafeKHbIX OKOHYaHWI ABAAIOTCA HEOTbEM/IEMOM YaCTbio NPodeccnoHanbHON NOAFOTOBKM ByayLmx
Bpayei M NPOBU3OPOB.

Uenbto aaHHOM paboTbl ABAAETCA NOAPOOHbIN aHaAN3 CTPYKTYPbl COBPEMEHHOTO peuenTa, AeTabHOe
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paccMOTpeHUe rpammaTUUYECKMX NPaBW 3aMOJIHEHMA €ro JIATUHCKOM 4YacTW, a TaKXKe cucTemaTtusauums
OCHOBHbIX TpeboBaHWI, NpeabsBAAEeMbIX K SA3bIKOBOMY OQOPMIEHMIO MEOMUMHCKMX HasHayeHun B
COOTBETCTBUM C aKTya/ibHbIMM CTaHAAPTAMM.

1. O6wan CTPYKTYpa peuenTypHoro 61aHKa

CoBpEMEHHbI MeAMUMHCKUIA peuenT npeactaBnseT cobol YEeTKo CTPYKTYPUPOBAHHbLIA TEKCT,
COCTOAIWMN N3 AeBATM 06A3aTe/IbHbIX YacTel, Pacno/IOKEHHbIX B CTPOroM Nocaea0BaTe/IbHOCTH:

1. Inscriptio (WUtamn nevyebHO-NpPOPUNAKTUUECKOrO Yy4uperKAeHUA): BK/IOYAET HaMMeHOBaHWe
yuyperaeHus, ero agpec, tenedoH 1 Koa,.

2. Datum ([aTa BbINUCKM peLenTa): yKasbiBaeT AeHb, MecAl, U rod 0bopMIeHUs JOKYMEHTa.

3. Nomen aegroti (Uma 6onbHOro): damunns, MHUUMaNbI M BO3pacT (ANA OETEW U MOMKMUAbIX
nauneHToB) NaLuuMeHTa.

4. Nomen medici (Uma Bpaya): pamumnma n MHULMaNbLI MEOULMHCKOTO PaboTHMKA, BbINUCABLLErO
peuent.

5. Invocatio (O6pauweHue): opmumnanbHoe obpalleHme Bpada K papmaLeBTy, BbipayKeHHOe C/IOBOM
Recipe (Bozbmn).

6. Designatio remediorum (O603HaueHMe NEKApPCTBEHHbIX BELLECTB): nepeyeHb KOMMOHEHTOB
JIEKApPCTBEHHOrO CPEACTBA C YKa3aHMEM WX [03UPOBOK.

7. Subscriptio (Moanucb/Mpepgnucanune): yKasaHve ¢apmaueBTy, Kakue TexHOormyeckue
onepauun HeobxoAMMO NpPoM3BecTU (Hanpumep, cmelaTb, BblaTb, CTEPWUIM30BATb) U Kakylo dopmy
npuaatb npenapary.

8. Signatura (CurHatypa/O603HaueHue): yKasaHMe NauMeHTy Ha rocyaapcTBeHHOM (MM poaHOM)
A3blKe 0 NOpAAKe, A03aX W YacToTe NpMema nekapcTea. HaunHaetca co cnosa Signa (O603Haub).

9. Nomen et sigillum medici (Mognucb M AuyHas neyatb Bpaua): 3aBepseT MNOAJAMHHOCTb
[OKYMEHTa.

2. OdpopmneHune NaTUHCKOM YacTu pelenta

JlaTMHCKana yYacTb peuenTta TPaAMUMOHHO HayMHaeTcsa ¢ NAToro nyHKTa (Invocatio) u 3akaHuuBaeTcs
cegbmbiMm (Subscriptio). 3To Aapo AoKymeHTa, Tpebytoulee 6e3yKOPU3HEHHOrO 3HAHUA MeAULIMHCKOM
NaTbiHU.

CobntopeHune npaBua obopMAEHNA CTPYKTYPbLI PELLENTa U FPaMOTHOE BeLeHMEe ero IATUHCKOM YacTu
ABNAIOTCA BaXKHENLLUM KpuTepuem npodeccnoHaibHoM KoMMNeTeHUUN meauLMHCKOro paboTHMKa. J1aTbiHb B
peuenType BbICTyNnaeT He MPOCTO KaK MCTOpMYEecKas TPaauMumsa, a Kak CTporad JorMyeckas CUCTEMA,
WCK/lOYaloWan ABYCMbIC/IEHHOCTb B Ha3HayeHusx. YeTKoe cnegoBaHME YCTAaHOB/AEHHbIM CTaHAapTam
3aWMU@eT NaumMeHTa OT TepaneBTUYECKMX OLIMBOK, obneryaetT mexaucumMniMHapHoe B3aMmoaencTemne u
obecneunBaet cTabuabHoe PyHKLMOHUPOBaHME PpapMaLLEBTUHYECKOTO PbIHKA HA MeXAYyHapogHOM YPOBHE.

CNMCOK UCNONb30BAHHOI INTEpPaTypbI:
1. ABaHecbsHU, .M. OCHOBbI TaTUHCKOIO A3blKa U MegULMHCKOM TepMuHonornn. — CM6.: Mlanb, 2021. —
344 c.
2. YepHsasckuit M.H. JITaTUHCKMI A3bIK U OCHOBbI MeaNLMHCKON TepmuHonormmn. — CN6.: Cneu/nT, 2020. —
448 c.
3. Mapuecesud B.HO. PeuenTypHbIii cnpaBoYHMK NpakTUKytoLwero Bpaya. — CM6.: ®eHukc, 2022. — 256 c.
© AmaHmypagosa 3., 2026
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YOK 615.11:811.124
AmaHmypapaosa 3MHanaa XempaeBHa
CTapLwui npenogasaTtenb Kapeapbl A3bIKOB
focyAapCTBEHHDbIV MEAULMHCKUI yHUBEpPCUTET TypKMeHMUCTaHa nM. MblpaTta MappbleBa.

XUMUNYECKAA HOMEHKNATYPA HA IATUHCKOM A3bIKE B HANMCAHWUU PELIENTOB

AHHOTauuA

B cTaTbe MCCNeayloTCA CTPYKTYPHO-TPAMMATUUYECKME W CEMAHTUYECKME OCOBEHHOCTM NAaTUHCKOM
XMMMUYECKON HOMEHKAATYPbl, MPUMEHAEMON B COBPEMEHHOM hapMaLLeBTUYECKOM NPAKTUKe U peLenType.
PaccmatpumBatoTcs npaBmia 06pa3oBaHUA HAMMEHOBAHWIA XMMUYECKUX S/1EMEHTOB, KUCNOT, OKCUAOB U CONnen
Ha IaTUHCKOM A3bIKE, A TaKkKe cneundurKka nx GyHKLMOHMPOBAHMUA B COCTaBe peLenTypHon cTpokn. Ocoboe
BHUMAHME yAEeNeHO YHUPUKAUMM  MeOAMUMHCKOM  TEePMMHONOIMKM  KaK  ¢akTopy obecneyeHus
npodeccnoHasbHON KOMMYHMKaLMM W 6e30MacHOCTM TepaneBTMYEcKoro npouecca. AHanausupyloTca
TUMWUYHbIE TPYAHOCTM, BO3HMKalOWME MNPU MNepeBode M COMACOBAHUM XMMUYECKUX HAMMEHOBAHWIN B
poguTenbHOM nagexke, 06A3aTesIbHOM 4151 NPOMNUCK IEKAPCTBEHHbIX CPEACTB.

Kntouesble cnoBa:
NAaTUHCKUI A3bIK, XMMMUYECKas HOMEHKNATYpPa, peuenT, dapmauus,
JIeKapCcTBEHHbIE CPeaCTBa, COMN, KUCNOTbI.

BeepeHue

Ncnonb3oBaHMe NAaTUHCKOTO fA3blKa B MeAMLUMHCKON M dapMaLeBTUYECKOM MpPaKTUKe SBAAETCA
MHOrOBEKOBOM  Tpaguumeln, obecneymBalowWelrt  MeXAYHapo4HY  MHTErpauuio, TOYHOCTb MU
B3aMMOMNOHUMaHWe B npodeccMoHanbHoW cpege. HecmoTpa Ha cTpemuTenbHOe pPasBUTUE HaLMOHAAbHbIX
A3bIKOB U LMPPOBbIX TEXHONOMMIA B 340aBOOXPAHEHWUW, ATUHCKAA XMMMYECKAs HOMEHK/IATypa OCTaeTcs
He3blbnembiM GpyHLAMEHTOM peLenTypbl. PeLenT Bpaya — 3TO He NPOCTO MeANUMHCKMI U y4ETHO-GUHAHCOBBIN
[JOKYMEHT, HO W CTpOroe HpUAMYECKOe OCHOBaHME A1 OTMYCKA JIEKAPCTBEHHbIX CPeacTs, rae ntobas
TEPMMUHONOMMYECKAsA HETOYHOCTb MOXKET NOB/IEYb 32 CODOI Cepbe3Hble NOCNEACTBUA A5 300POBbA NALMEHTA.

OcHoBy ¢apmaLeBTUYECKOM TEPMMHOIOTMM COCTABAAET HOMEHKNATYpa XMMMUYECKUX COEeAMHEHWN.
HanucaHue peuenToB TpebyeT oT cneumanmcTa 6e3ynpeyHoro sHaHUs rpaMmaTUYecknx NpPaBua TATUHCKOTO
A3blKa, TaK KaK Ha3BaHWe ntobOro IeKapCTBEHHOIO BELLECTBA B COCTaBE PeLENTYpPHOM CTPOKM (mocne
nosennMTesIbHOrO cnoBa Recipe — «Bo3bmu») Bceraa ynotpebnsercs B Gopme poaUTENbHOrO Najexa
(Genetivus). JaHHoe TpeboBaHWe 0b6yCcnaBNMBAET CUHTAKCMYECKYHO 3aBUCMMOCTb HAMMEHOBAHMA BeLLecTBa
OT YKa3blBAaeMOW Maccbl Uan obbema.

JTaTUHCKMe Ha3BaHWUA XMMUYECKUX 31EMEHTOB NPEACTABAAIOT COOOM CyLLeCTBUTE/IbHbIE CPeaHEero posa
BTOPOro CKAOHEHMA W NULLYTCA C NPONUCHOM ByKBbl (Hanpumep, Ferrum, i n; Aluminium, i n). UckntoyeHue
COCTaB/IAET 3IeMeHT cepa — Sulfur, uris n, OTHOCALLMIACA K TPETbEMY CKNOHEHUIO, U docdop — Phosphorus, i
m, SBAAIOWMIACA CYLLEeCTBMTEIbHBIM MYKCKOrO poga. To4HOe 3HaHWME CoBapHOM GOPMbI U TUNA CKNOHEHWUSA
KaXK4Oro 3/IeMeHTa KPUTMYECKM BaXKHO A5 KOPPEKTHOro o6pas3oBaHMA POAUTENLHOrO MNagerka npwu
BbINMUCbIBAHUWN NPOCTbIX JIEKAPCTBEHHbIX PpopMm.

3HaYMTENbHYIO C/I0XKHOCTb NpeacTaBaseT coboli HOMEHKaTypa KNacCoB XMMMUYECKUX COeOUHEHUN:
OKCUA0B, KUC/OT 1 coneit. JTaTUHCKME HAaMMEHOBAHMA OKCUA0B, TMAPOKCUAOB U NEPOKCUAOB COCTOAT M3 ABYX
CYLLLECTBUTE/bHbIX, T4 Ha MEepBOM MecTe B MMEHUTE/bHOM MajeKe NULLETCA Ha3BaHWME XMMWMYECKOTO
3/1emMeHTa, a Ha BTOpPOM — rpynnoBoe HaummeHoBaHue (oxydum, i n; hydroxydum, i n; peroxydum, i n). B
peuente 06a KOMMNOHEHTa TPAaHCHOPMUPYIOTCS: Ha3BAHWE /IEMEHTA NEPEXOANT B POAMUTE/NbHbIN NaAeX, a
rpynnoBoe HauMeHOBaHWe cornacyeTca ¢ HUM. Hanpumep, Nponucb OKcMAa WMHKa BbIAamUT Kak Zinci oxydi.

Ewe 6onee cTporMmu npaBuiaMu XapaKTepusyeTcd HOMEHKNATypa NAaTUHCKUX KUcnoT. HasBaHue
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Kucnotbl (Acidum, i n) Bceraa nuwetcsa ¢ 60/bLLUOK BYKBbI U CTaBUTCA Ha NepsBoe mecTo. MpuMbiKatollee K
HeMy npuaaraTesibHOE OTPAXKAET CTENEHb OKUCNEHUA M TUN coeauHerunA. Knucnopoaconepkalime KNCAOTbI C
MaKCMMaibHOM CTeNeHbIo OKUCAEHNS 06pasytoTca ¢ NoOMOLLLbIo cypduKca -ic- (Hanpumep, Acidum sulfuricum
— cepHas KucnoTa), a ¢ 6onee HU3KOWN CTeneHbio — C nomoliblo cypduKkea -os- (Acidum sulfurosum —
CcepHWCTan KMcnoTa). beckncnopogHble KUCAOTbI MapRupytoTca cyddurkcom -hydric- (Acidum hydrochloricum
— X/IOPMCTOBOAOPOAHAA KMCNOTA). B peuenTypHolt cTpoke cioBo Acidum nepeBoguTcA B POAUTENbHbIN
naaex (Acidi), a npunaratenbHoe COMMacyeTca C HAM B CpeZIHEM poJe.

Hanbonee ob6beMHbIM W TFpamMMaTUMYECKM BapMATMBHbIM pPa3geNoOM B peuenType BbiCTynaeT
HOMeHKNaTypa cosieii. KOHCTpyMpoBaHME JIaTUHCKUX Ha3BaHWW conert 0GasmpyeTca Ha COYeTaHUM
HaMMeHOBaHMA KaTUOHa (B poaMTeIbHOM NagerKe C NPONUCHOM BYKBbI) M aHMOHA (B UMEHUTEIbHOM NagerKe
CO CTpo4yHOl OyKBbl). HaszBaHMA aHMOHOB COMEN KUC/IOPOACOAEPNKALMX KUCNOT C BbICLIEN CTeneHbto
OKMUCNEHUA OKaHYMBAlOTCA Ha CyPPUKC -as (poauTenbHbIM Nagex -atis, TPeTbe CKAOHEHUE), Hanpumep,
Codeini phosphas (bocdat KoaeuHa). [lna conen ¢ 6osee HU3KON CTEMEeHbID OKUCAEHWUA MPUMEHAETCS
cybduKe -is (poamTenbHbl Nagex -itis), Hanpumep, Natrii nitris (HATPUT HaTpwua). BeckncnopogHblie conm
obo3HavaTca cydpdumKcom -idum (poantenbHbIN Nnagex -idi, BTopoe cknoHeHue), Hanpumep, Kalii iodidum
(voana kanua). B ycnosuax peuenta aHMOH o6sa3aTenbHO NepesoamTca B opmMy poaUTENbHOTO NaaexKa, uYto
TpebyeT oT papmaLLeBTa aBTOMATUYECKOTO BIaZEeHUA NapaanrMmaMm BTOPOro U TPETLETO CKAOHEHUN.

TakMm 06pasom, fAaTUHCKAA XMMUYECKas HOMeEHKAaTypa npeactasaseT coboi CTporyto, AOrmyYecku
BbIBEPEHHYIO cucTemy. Ee M3yyeHne n npaBuabHOE NPUMEHEHWEe B HanUCaHUU PeuenToB MUHUMUSUPYET
PUCKM HEBEPHOI WHTEPNPETAaLUMM HA3HAYEHWUIN, CTaHZ4APTU3UPYET MeXKAyHapoaHyto dapmaKone WU
obecneuynBaeT NPeemMcTBEHHOCTb MEANLMHCKUX U dapMaLeBTUYECKMX 3HAHWUI B 3NOXy rnobanmsaumnm.
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MeauunHCKnit yHnsepcuteT AcTaHa, r. AcTaHa, KasaxcraH
AcKapoBa Kapawaw MaiikeHoBHa

MeauunHCcKnit yHnsepcuteT AcTaHa, r. AcTaHa, KasaxcraH
Bbonart CeiiTKacbim HypnaHnynbi

MeauunHcKnin yHnsepcuteT AcTaHa, r. AcTaHa, KasaxcraH
AiiHabeKoBa basH AnbKeHOBHa

MeauunHCcKnit yHnsepcuteT AcTaHa, r. AcTaHa, KasaxcraH

NMPOrHOCTUYECKOE 3HAYEHUE CTATYCA KYPEHUA B OLLEHKE TAXXECTU CYBbEKTUBHbIX
CMMNTOMOB U YACTOTbI AEKOMMNEHCALUA XOB/

AHHOTauuA
BBegeHue. TabaKoKypeHMe MpPM3HAHO OCHOBHbIM 3TUONOINMYECKUM (HAKTOPOM XPOHUYECKOMU
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obcTpyKTUBHOW 6onesHn nerkux (XOBJ1), ogHaKo ero BAMAHUE HA CUCTEMHbIE NPOABAEHUA 3aboneBaHna U
reHaepHble 0CO6EeHHOCTU TPebyeT YyTOUHEHMA.

Uenb. M3yunTb BAMAHME cCTaTyca KypeHUA Ha KAMHWKO—1AbopaTopHbld npoduab M 4YactoTy
oboctpeHuit y naumeHTos ¢ XOBJ1.

Marepuanbl u metoabl. 06cnegosaHo 60 naumeHToB ¢ XOB/1. MNpoBoanaack oueHKa cTaTyca KypeHus
(vHaekc nauka/net), cumntomoB (WwKana MMRC), GyHKUMWM BHELHErO AbIXaHWsA, a TaKKe NabopaTopHbIX U
MUKpobuonornyecknx nokasateneit. Cratuctudeckaa obpaboTka nposoamnacb € mMcnonblosaHuem U-—
Kputepma MaHHa—YUTHU u Koppenaummn CnnpmeHa.

Pesynbratbl. KypeHue BbiaBneHo y 75% naumeHToB. HeCMOTpA Ha MeHbLUyo pPacnpoCTPaHEeHHOCTb
KypeHus cpeam KeHwWwmH (31,3% npotms 91% y my»uumH, p < 0,001), MHTEHCMBHOCTb Harpy3KM (CTaxK KypeHus)
B 0b6enx rpynnax 6blna conoctasumoi (p = 0,469). YcTaHOBAEHO, YTO CTaTyC KypeHWAa A[OCTOBEPHO
accounmnpoBaH c bonee BbiparkeHHOW oabiwkon (p < 0,001), yBennueHnem yactoTbl 06ocTpeHmii (p = 0,046),
a TaKXe nosblillieHMem ypoBHen nenkoumTos (p = 0,003) n remornobuna (p = 0,004). BbissneHa npaAmas
KOppenaumMoHHana CBA3b MeXAy MHAEKCOM Mayka/ner n yactotoi oboctpenuii (r = 0,255; p = 0,090).

3akntoueHue. KypeHue dopmupyet Taxkenbit ¢eHotun XOBJ1, XxapaKTepusyowWwmiica BbipaxKeHHbIM
CMUCTEMHbIM BOCNAIEHUEM M HACTbIMU 0BOCTPEHUAMM, YTO HEOOBXOAMMO YUUTLIBATb NPU KypaLMKM NaLMEHTOB
HEe3aBUCMMO OT NOKasaTenen CNMpomMeTpum.

Kniouesble cnosa:
XOB/1, KypeHue, MHAEKC Nayka/ner, cuctTemHoe BoCnaneHue, ofpllliKa, reHaepHble ocobeHHOoCTH.
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PROGNOSTIC VALUE OF SMOKING STATUS IN ASSESSING THE SEVERITY OF SUBJECTIVE SYMPTOMS
AND THE FREQUENCY OF COPD EXACERBATIONS

Abstract

Introduction. Tobacco smoking is recognized as the primary etiological factor of chronic obstructive
pulmonary disease (COPD); however, its impact on systemic manifestations and gender—specific features
requires further investigation.

Aim. To study the influence of smoking status on the clinical and laboratory profile and the frequency
of exacerbations in patients with COPD.

Materials and Methods. 60 patients with COPD were examined. Smoking status (pack—year index),
symptoms (MMRC scale), pulmonary function, and laboratory/microbiological parameters were assessed.
Statistical analysis was performed using the Mann-Whitney U-test and Spearman's correlation.

Results. Smoking was identified in 75% of patients. Despite a lower prevalence of smoking among
women (31.3% vs. 91% in men, p < 0.001), the intensity of exposure (smoking duration) was comparable in
both groups (p = 0.469). Smoking status was significantly associated with more severe dyspnea (p < 0.001),
increased frequency of exacerbations (p = 0.046), and higher levels of leukocytes (p = 0.003) and hemoglobin
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(p = 0.004). A direct correlation was found between the pack—year index and exacerbation frequency (r =
0.255; p = 0.090).

Conclusion. Smoking forms a severe COPD phenotype characterized by pronounced systemic
inflammation and frequent exacerbations, which must be considered in patient management regardless of
spirometry results.

Keywords:
COPD, smoking, pack—year index, systemic inflammation, dyspnea, gender features.

BsepgeHue

XpoHUYeckan o6CTPYKTMBHAA 6onesHb nerkux (XOBJ1) ocTaeTcA oAHOM M3 BeAyWMX NPUYKH
WHBaNMAM3aLMN U CMEPTHOCTM BO BCcem Mupe. HecmoTpa Ha MHOrohaKTOpPHYI 3TMOJIOMMIO0 3aboneBaHus,
TabaKoKypeHne MNpUM3HAHO OCHOBHbIM (GAKTOPOM PUCKA, MHULUMUPYIOWMM NaTONOMMYECKUM KacKkag, B
pecnupaTtopHoit cucteme [1]. CoBpemeHHble  3NUAEMMUONOTUYECKME  TPeHAbl  AEeMOHCTPUPYIOT
TpaHcpopMaLMIo reHAEePHOro CocTaBa NauMeHToB. B yacTHocTM, U3-3a pocTa NonynspHOCTK TabaKa cpeaun
JKEHLLMH KNacCMYeCcKuii paspbiB B pacnpoctpaHeHHocTu XOBJT mexxay nonamm NocTeneHHo cokpatltaercsa [2].
Pan akTyanbHbiXx paboT TaKk)Ke MoATBepXAaeT rmnotesy o b6osee BbICOKOM OMOMOTMYECKON YA3BMMOCTU
YKEHCKOro opraHn3ama K KOMnoHeHTam TabayHoro apima: dopmupoBaHne HeobpaTUMOMN OBCTPYKLUN Y HUX
334acTyo NPOUCXOAUT NPU MEHbLLEN CYMMAPHOM 3KCMO3ULIMKU HUKOTMHA MO CPaBHEHUIO C MyXUnHamMmu [3].

Ocobyto 3HaYMMOCTb NpMoBpeTaeT N3yYeHNe He TONIbKO PECMNMPATOPHbIX HAPYLLIEHUI, HO U CUCTEMHDbIX
addekToB 3aboneBaHus. KypeHue npoBouMpyeT  NEPCUCTUPYIOLMIA  OKUCAUTENbHBIM  CTpecc,
noaAepKMBatOLWMI XPOHMYECKOE BOCNAJIEHME AaXKe B CAy4yae SAMMMHAUMK 3TMONOTrMYecKkoro ¢aktopa [4].
Kpome Toro, natoreHes XObBJ1 TecHO cBA3aH C M3MEHEHMEM MUKPOOWMOTbI AbIXaTeNbHbIX MNyTeh U
rematonormMyeckMmm casuramn. PocT ypoBHeW remornobuHa W remaTOKpUTa paccMaTpMBaeTcs Kak
a[anTMBHLIA MEXaHM3M OpraHuama Ha ¢oHe CUCTeMHOM runokcemun [5, 6]. WUccnepoBaHue p[aHHbIX
B3aMMOCBA3ei HeobxoAnuMo A1a Pas3paboTKM MHAMBUAYANM3MPOBAHHLIX CTPATernin BeAeHMA NaLMeHToB C
YUYETOM UX reHAepHOM NPUHAANEXKHOCTU U aHAMHEe3a KypeHus.

Uenb uccnepaosBaHuA: OLEHUTb BO3AeNCTBME TabaKOKYpPEHMA HA CMEeKTP KAMHMKO-1abopaTopHbIX
XapPaKTePUCTMK N AMHAMUKY 0OOCTPEHUI Y UL, C NOATBEPKAEHHbIM AnarHo3om XOB/

Marepuanbl U meToabl

B pamKax OLHOMOMEHTHOrO CpaBHUTENbHOFO aHanuMsa 6biio obcnepoBaHo 60 MauMeHTOB C
BepuduumposaHHon XOBJI. [OMarHOCTUYECKUIM anroputm U cTpatuduKauma TaAxKecTM 3abonesaHun
onupannck Ha MexKayHapoaHble ctaHaapTbl GOLD. B rpynny nccnegoBaHus BKAOYanMcb Anua ctapue 40 net
C AOKYMEHTa/IbHO NoATBEepPKAEHHOM NaToNnornen, BbipasnsLune A4o6poBOAbLHOE COrnacMe Ha yyacTue.

MpoToKkon o6cneaoBaHUA BKAOYAN AeTallbHbli COOp aHaMHECTUYECKUX AaHHbIX. 1A 06beKTUBM3aLUM
WUHTEHCUBHOCTU KypeHUA NMPUMEHACA pacyeT MHAeKca «nadvka/ner». CybbeKTUBHaA OLLEHKa BblpaXKeHHOCTU
OAbILKM NPOBOANAACH C UCMO/Ib30BAHNEM MOANPULMPOBAHHON LWKaAbl BpUTaHCKOro MeguLMHCKOTO COBeTa
(mMRC), Tak:Ke perncTprMpoBanoch Y4cao obocTpeHunii 3aboneBaHus B TeUeHMEe NPeALLecTBYOLLLEro roaa.

dyHKUMOHaNbHOE COCTOAHME pPEecnMpPaTOpPHON CUCTEMbI OLIEHMBANOCb METOAOM KOMMbHOTEPHOM
CNUPOMETPUM C onpeaeneHvem obbema ¢GOpPCUMPOBAHHOrO BblAOXa 3a nepsyto cekyHay (OPB1) wu
$GOpPCUPOBAHHON  KU3HEHHOW emKocTM nerkux (OXES). JlabopaTopHada AMarHOCTUKa BK/OYana
0BLEKNMHUYECKNIA aHaNU3 KPOBKU C onpeaeneHnem ypoBHA 06LLEro Yncna NeMKouMTOB U KOHLUEHTpaLuK
remornobuHa Ha aBTOMATUYECKOM FremMaTo/IorMYeckom aHanmsatope. 418 OueHKM MUKPOOMONOrMyecKoro
npooumna nNpoBoAMNOChL OAKTEPMONOrMYECKOEe WCCNeloBaHNE MOKPOTbl C MOCEBOM Ha CeNeKTUBHbIe
nuTaTesbHble cpeabl M nocjeaylolwen uaeHTUOMKaUME BblAENEHHbIX KYAbTyp, B  4acTHOCTU
MUWKpPOOpraHM3moB poga Streptococcus.
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CtatTucTMyeckas 06paboTKa MoMyYeHHbIX Pe3yabTaToB BbINOMHAAACE B nporpamme Microsoft Excel
2019 wn nakete npuKAagHbix nporpamm SPSS Statistics. lNMposepKa pacnpeneneHmna KoandecTBEHHbIX
NPWU3HAKOB Ha HOPMaNAbHOCTb OCYLLeCTBAANACb C MOMoWplo Kputepua LWanupo—-Yunka. YunTtbiBas
pacnpegeneHve, OTANYHOE OT HOPMaNbHOMO, JAaHHble MpeacTaBAeHbl B BUMAE MeAMaHbl M
WMHTEPKBApPTUAbHOrO pasmaxa — Me [Q1-Q3]. CpaBHeHMe ABYX He3aBMCUMbIX TFpynn MpPOBOAMNOCL C
npumeHeHnem HenapameTpuyeckoro U—Kputepua MaHHa—YUTHW. AHann3 B3aMMOCBA3M  MeXay
KOZIMYECTBEHHbIMM MPU3HAKaMWU BbIMOAHANCA METOAOM PaHroBoin Koppenaumm CnupmeHa. Ons OueHKM
KauyeCTBEHHbIX NEPEMEHHbIX MCMOAb30BaACA KpUTepuit xm—Keagpat (x"2). CTaTUCTMUECKM 3HAUYMMbIMM
cYMTanuCb pasamuma npm yposHe p < 0,05, 3HayeHna B nHTepsane 0,05 — 0,1 nHTepnpeTMpoBaanCb Kak
Ha/inuMe CTaTUCTUYECKOW TeHAeHUMW. [padMyecknin aHanM3 M NOCTPOEHWE AMarpamm pPacceaHus C
annpoKcumaLlmein IMHEeNHOM perpeccuelt BbinosHeHbI B cpeae Microsoft Excel.

Pe3ynbrathbl 1 06cyKaeHue

B uccnepoBaHue 6bl10 BKAOYeHO 60 naumeHToB C BepuUdMUMPOBAHHbIM guarHosom XOBJI.
YcTaHOB/IEHO, YTO TabaKOKypeHue ABAAETCA BeAyWwMM 3TMONAOTMYeckMm dakTtopom ana 75% BblGopKM.
AHann3 reHAepHbIX PasnnYMii NOKasan oxuaaemoe npeobnagaHuve KypAWUX cpean myxumH (91%) no
CpaBHEHMUIO ¢ XeHwwmHamu (31,3%; p < 0,001). OgHaKo NpU CPaBHEHUU KYPALWMX WL, MeamaHa cTaxa
KYpeHMA 0Kasanacb conoctasumoit: 30 [20—40] neTy my»kumH u 27,5 [10-42,8] neTy »KeHWwmH (p = 0,469), uto
CBUAETENbCTBYET O BbICOKO MHTEHCMBHOCTM BO3AENCTBMA TabauyHOro AbiMa B «XKEHCKON» noarpynne.

BaunsHue KypeHUA Ha KAMHUYECKYIO KapTUHY U aHamHe3

CraTucTMyecKan 06paboTKa AaHHbIX C NPUMEHEHWEM KpuTepua MaHHa—YUTHM NPOAEMOHCTPUPOBana
3HAYMMYIO KOPPEenauuio CcTaTyca KypeHus C MyMKCKMM nonom (p-value< 0,001) u Bo3gencTenem
npodeccnoHasnbHbIX 3K30reHHbIX ¢akTopoB (p-value< 0,001). B rpynne aKTUBHbIX KYypPWU/IbLLMKOB
Habnoganacb bonee TAXKENana KAMHUYECKAs KApTWHA, B YaCTHOCTM, YPOBEHb OAbIWKM MO LWKane mMRC
CYLLLECTBEHHO MpPeBbILWan aHaNoMMYHbIA NOKasaTenb y HeKypawmx auy, (p-value< 0,001).

Mo pesynbTaTam KOppenAauMoHHOro aHanmnsa CnMpmeHa yCTaHOB/IEHA NPAMas 3aBUCMMOCTb MeXay
WHAEKCOM KypeHWs U 4YMCIOM rofoBbix obocTpeHuit (r = 0,255). HecmoTpsa Ha TO, YTO AaHHaA CBA3b
Haxoaunacb B 30He CTaTUCTUYEeCKoW TeHaeHummn (p-value= 0,090), cpaBHUTENbHbIM aHa/NM3 MoOKasan, yTo
KypsiLue NaumeHTbl CTa/IKMBaOTCA C 060CTPEHNAMM AOCTOBEPHO Yalle HeRypALwWwmX (p-value= 0,046). aHHbIA
baKT noaTBEPKAAET PO/b TAaDAKOKYPEHMA KaK TpUrrepa, 3HAUUTENbHO yTaxKensatowero tedeHne XOB/1.

YacTora 060CcTpeHuUit B rojt

S N B~ N © O

0 10 20 30 40 50 60

PucyHOK 1 — KoppenauMoHHas 3aBUCMMOCTb YacTOTbl 060CTPEHUIM OT CTaXKa KypeHUs
MCTOYHMK: COCTaB/IEHO aBTOpamu

NabopartopHble U MUKpOBUONOrMyeckue nNokasarenu
Mpy u3yyeHUM nNabopaTOPHbIX AAHHbIX MNaAUMEHTOB, ynoTpebnstowmx TabaKk, 6blM BbiABAEHbI
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cneumdmyeckne CUCTEMHblE OTKNOHEHMA. B 4aCTHOCTM, OTMeYaeTcs CyLeCTBEHHOE MOBbIWEHME
KOHLEHTpaumn nerikouyuToB (p-value= 0,003), 4TO CAYXKUT OOBEKTUBHBIM MaPKEPOM WHTEHCMBHOTO
CMCTEMHOTO BOCMannUTeIbHoro npouecca. Kpome Toro, 3apMKCMpPoOBaH CTaTUCTUYECKN 3HAUYNMMBbINA POCT YPOBHS
remornobuHa (p-value= 0,004); naHHOe ABNEHUE CNeayeT PacCMaTpMBaTb KaK afanTUBHbIA OTBET OpraHM3ma
Ha MEPCUCTUPYIOLLYIO FeMUYECKY0 TMNoKcuto. MuKpobuonornyeckoe uccnegoBaHMe MOKPOTbI B rpynne
KYPUNBLLMKOB BbIIBUIO 60/1e€ BbICOKYHO YacToTy BepudMKaumMm MUKPOOPraHM3IMoB poaa Streptococcus (p-
value= 0,019), uto cBMAETeNbCTBYET 06 YrHETEHUU NOKaNbHbIX MEXaHU3MOB WMMYHHON 3aluTbl
pecnMpaTopHOro TpakKTa.

MPUHUMNNANbHO BaKHbIM NpeacTaBAseTcA TOT GaKT, UTo Ha ¢GoHe ABHbLIX KAWMHMKO-1abopaTopHbIX
AMCCOHAHCOB NapameTpbl GYHKLMM BHELIHErO AbiXxaHUA (Takue Kak OPB1 n OXKEJT) He Mmenu cTaTUCTUUECKN
[OCTOBEPHbIX MEXIpynnosbix pasinuunii (p-value> 0,05). 3To no3BonseT caenatb BbiBog 0 GOPMUMPOBAHUN
ocoboro KanHuyeckoro ¢eHotnna XOBJl, accouuMMpoBaHHOIO C KypeHuem. [laHHbIt  ¢eHoTun
XapaKkTepusyeTtca Hosee TAXKENbIM CyOBEKTUBHLIM BOCNPUATMEM O0/1I€3HM U BbIPAXKEHHBIM CUCTEMHbIM
OTBETOM [JaXKe MNpU COXPaHHbIX, OTHOCUTE/IbHO HEKYPALMX MNaUMEHTOB, NOKasaTenax O6poHXMaNbHOM
NPOXOANUMOCTMU.

3aknoyeHue

KomMnsieKcHbI aHanus BANAHUA TabauyHOM MHTOKCUKALMKM Ha cocTosiHWe nauueHTos ¢ XOBJ1 no3sonumn
chopmynnpoBaTb Cneaytolme NoNoKeHNs:

1. TabakoKypeHWe MOATBEPAUNO CBOW CTaTyCc Beayllero npeauktopa passutua XOBJ1 (75%
BblbOpKK). Habnogaerca TpaHchopmauma aNMAEeMNONOTMYECKON KapTHHbI: CONOCTaBMMbIN CTaXK KypeHus y
MYXUYMH W KEHLWWMH, HEeCMOTPs Ha pasHuUy B obwel pacnpoCTPaHEHHOCTU MPUBbLIYKKN, LUKTYeT
HEeobXoAMMOCTb reHAEePHO-OPUEHTUPOBAHHOW NPOdUIAKTUKM TaDaKO3aBUCUMOCTH.

2. AKTMBHOE KypeHWe [OCTOBEPHO AeTEPMUHUPYET TAKECTb CMMMNTOMATUKKU, YBENMYMBAA
WMHTEHCMBHOCTb OAbIWKM Mo wKane MMRC u yacToTy peumgmsmpytowmx oboctpeHunin (p-value= 0,046).
CyliecTBoBaHMe MPAMON KOPPENAUMM MeXAYy COBOKYMHON [030M HUKOTMHA (MHAEKC «nadka/net») u
AeKomMneHcaumen 3aboneBaHns NoATBEPKAAET TEOPUIO HAKOMNUTENIbHOTO Yyllepba.

3. [na KypAwMx AuL, XapaKTepHa TPWaga NPU3HAKOB: CUCTEMHbBIN IEMKOLMUTO3, KOMNEeHcaTopHas
NOANLMUTEMUSA U KOSIOHU3ALMA HUKHUX AbIXaTe/bHbIX NyTeN CTPENTOKOKKOBOMN piopoit. [JaHHble U3MEeHeHMUA
NOBbLILIAOT PUCK PA3BUTUA MHOEKLMOHHDBIX OCNOXKHEHUN.

4. OcobeHHocTblo TeueHUa XOBJT y KypuUAbLMKOB ABNAETCA HECOMTACOBAHHOCTb K/IMHUYECKOM
KapTUHbI U AaHHbIX cnnpomeTpmun. ConoctaBumocTb ypoBHen OPB1 u PXKE/1 B rpynnax npu 3HAYMMbIX
pasnnumax B nabopaTtopHomM npoduie yKasbiBaeT Ha TO, YTO OLEHKA TO/IbKO BEHTUAALMOHHbIX HapyLleHMM
He [aeT uc4epnbIBalOLWEro NPeAcTaBAeHMA O peasbHOM COCTOAHUM NauMeHTa.

Mony4yeHHble pesynbTaTbl AMKTYIOT HEOBXOAMMOCTb Nepexoaa K NepcoHaIn3npPoBaHHbIM aAropUTMam
BeaeHuMA 60nbHbIXx XOB/1. JleuebHas TakTUKa ANA NNL, C aKTUBHbIM CTaTyCOM KypeHUs AO/MMKHA BbIXOAMTb 3a
PaMKWU CTAaHOAPTHOM OPOHXONMTUYECKON Tepanun W BKAOYATb Mepbl MO NOAABAEHUIO CUCTEMHOIO
BOCMaNeHNa U MUKPOBHOW aeKoHTamuHauuu. MNpu 3ToM 6e3yC/IOBHbIM NPUOPUTETOM OCTaeTcA NoJiHasA
3NMMUHAUMA TabaKOKYPEHMA KaK KNtoueBoe 3BEHO NaTOreHETUYECKOro levyeHma 1 peabunutaumu.
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