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EQUINE BIOLOGY AND ECOTOURISM ENTERPRISE

Abstract
The intersection of equine biology, advanced animal physiology, and sustainable ecotourism
entrepreneurship represents a burgeoning yet underexplored frontier in modern commercial enterprise and
specialized education. As global interest in eco-friendly travel and ethical animal interaction expands, traditional
livestock management must evolve to embrace service-oriented business models that prioritize animal welfare,
biomechanical health, and immersive cultural experiences. This comprehensive article explores the biological
principles governing equine locomotion, anatomy, and behavioral psychology, and demonstrates how these
scientific insights form the operational foundation for lucrative, ethical equestrian tourism ventures. By
integrating rigorous biological knowledge with strategic enterprise management, entrepreneurs can design high-
value recreational programs, therapeutic riding centers, and heritage-focused trekking expeditions. The
proposed framework highlights how sustainable equine tourism fosters regional economic resilience, protects
cultural heritage, and establishes a blueprint for responsible, nature-based commercial development worldwide.
Keywords:
equine biology, ecotourism, entrepreneurship, animal physiology, sustainable development,
equestrian tourism, behavioral psychology.

Introduction

The contemporary tourism and agricultural sectors operate within an increasingly complex, highly
competitive, and environmentally conscious global marketplace that demands a radical re-evaluation of how
animal-based enterprises are conceptualized and managed. Historically, equine management focused primarily
on utilitarian agricultural labor, livestock breeding for physical production, or basic transport, frequently
overlooking the vast commercial potential of experiential tourism, equine sports recreation, and animal-assisted
wellness programs. However, achieving sustainable economic growth in the twenty-first century requires
modern entrepreneurs to understand that the true value of the horse lies not in commaodification, but in its living
biological mechanics, its deep historical symbiosis with human culture, and its unique capacity to facilitate
therapeutic and recreational engagement. Consequently, bridging the gap between equine biological science
and entrepreneurial ecotourism design is essential for creating viable, ethical business ventures. This
comprehensive article examines how a thorough understanding of equine anatomy, physiological endurance,
and behavioral science enables entrepreneurs to build thriving, sustainable ecotourism enterprises that honor
animal welfare while capturing lucrative global tourism markets.

Main Part

The successful establishment of an equine ecotourism enterprise begins with a rigorous application of
equine biology, specifically regarding biomechanics, musculoskeletal health, and physiological endurance
management. Unlike mechanical tourism assets, horses are living biological systems whose operational capacity
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depends entirely on optimal hoof balance, spinal alignment, cardiovascular conditioning, and nutritional science.
Entrepreneurs in the sustainable tourism sector must design trekking routes, riding schedules, and workload
capacities that align directly with the natural physiological limits of the animal, preventing fatigue-related injuries
and ensuring long-term vitality. By incorporating advanced veterinary monitoring, ergonomic saddle design
based on equine scapular and vertebral anatomy, and scientific dietary programming, business owners can
maintain elite herd health while delivering a smooth, safe, and deeply satisfying riding experience for
international tourists seeking authentic outdoor adventures.

Furthermore, leveraging equine behavioral psychology and ethology is vital for curating engaging, safe,
and educational ecotourism experiences that resonate with modern consumers. Modern travelers are
increasingly drawn to ethical, humane animal interactions, seeking a deeper connection with nature rather than
passive entertainment. Equine businesses can capitalize on this demand by offering specialized educational
workshops on horse communication, herd dynamics, and natural horsemanship, transforming routine trail rides
into immersive learning expeditions. Entrepreneurs who train their staff in positive reinforcement techniques
and stress-free handling create relaxed, cooperative equine partners that project calmness and reliability to
visitors. This focus on behavioral science not only enhances animal welfare and reduces liability risks but also
elevates the enterprise into a premium, high-value ecotourism brand capable of attracting discerning travelers
from around the globe.

In addition to biological and behavioral management, the financial sustainability of an equine ecotourism
venture relies heavily on strategic diversification, digital marketing integration, and community-centric value-
chain partnerships. Successful equine entrepreneurs rarely depend on trail riding alone; instead, they integrate
multi-faceted revenue streams such as cultural heritage storytelling, equestrian photography workshops,
wellness retreats featuring equine-assisted mindfulness, and localized artisanal product sales. By utilizing digital
e-commerce platforms, global booking channels, and targeted social media storytelling, businesses can market
their unique ecological and cultural offerings directly to international adventure tourists. Moreover,
collaborating with regional craft artisans, local homestays, and national park authorities allows ecotourism
operators to build robust collaborative networks that distribute economic benefits throughout the entire rural
community, ensuring long-term regional stability and environmental stewardship.

Conclusion

The convergence of equine biological science, behavioral psychology, and sustainable ecotourism
entrepreneurship offers a transformative pathway for developing ethical, highly profitable, and culturally
enriching commercial enterprises. By grounding business operations in a profound respect for animal physiology
and welfare, entrepreneurs can build resilient ventures that successfully meet the rising global demand for
authentic, nature-based, and responsible travel experiences. This multidimensional approach successfully
dissolves the traditional boundaries between commercial exploitation and ethical animal husbandry,
demonstrating that prioritizing biological health and ecological balance is the ultimate driver of long-term
business success.

Ultimately, realizing the full potential of this integrated economic model requires coordinated vision from
tourism developers, agricultural policymakers, and equine specialists. Future industry initiatives must prioritize
specialized training programs in equine enterprise management, establish rigorous welfare standards for
adventure tourism livestock, and foster international partnerships that promote sustainable heritage travel.
Through these strategic advancements, the equestrian tourism sector can unlock unprecedented economic
opportunities while preserving the majestic biological and cultural legacy of the horse for generations to come.
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EQUINE BIOMECHANICS AND ECOTOURISM ENTERPRISE: FOSTERING SUSTAINABLE COMMERCIAL
VENTURES THROUGH ADVANCED ANIMAL SCIENCE AND CULTURAL HERITAGE

Abstract
The intersection of equine biology, advanced animal physiology, and sustainable ecotourism
entrepreneurship represents a burgeoning yet underexplored frontier in modern commercial enterprise and
specialized education. As global interest in eco-friendly travel and ethical animal interaction expands, traditional
livestock management must evolve to embrace service-oriented business models that prioritize animal welfare,
biomechanical health, and immersive cultural experiences. This comprehensive article explores the biological
principles governing equine locomotion, anatomy, and behavioral psychology, and demonstrates how these
scientific insights form the operational foundation for lucrative, ethical equestrian tourism ventures. By
integrating rigorous biological knowledge with strategic enterprise management, entrepreneurs can design high-
value recreational programs, therapeutic riding centers, and heritage-focused trekking expeditions. The
proposed framework highlights how sustainable equine tourism fosters regional economic resilience, protects
cultural heritage, and establishes a blueprint for responsible, nature-based commercial development worldwide.
Keywords:
equine biology, ecotourism, entrepreneurship, animal physiology, sustainable development,
equestrian tourism, behavioral psychology.

Introduction

The contemporary tourism and agricultural sectors operate within an increasingly complex, highly
competitive, and environmentally conscious global marketplace that demands a radical re-evaluation of how
animal-based enterprises are conceptualized and managed. Historically, equine management focused primarily
on utilitarian agricultural labor, livestock breeding for physical production, or basic transport, frequently
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overlooking the vast commercial potential of experiential tourism, equine sports recreation, and animal-assisted
wellness programs. However, achieving sustainable economic growth in the twenty-first century requires
modern entrepreneurs to understand that the true value of the horse lies not in commaodification, but in its living
biological mechanics, its deep historical symbiosis with human culture, and its unique capacity to facilitate
therapeutic and recreational engagement. Consequently, bridging the gap between equine biological science
and entrepreneurial ecotourism design is essential for creating viable, ethical business ventures. This
comprehensive article examines how a thorough understanding of equine anatomy, physiological endurance,
and behavioral science enables entrepreneurs to build thriving, sustainable ecotourism enterprises that honor
animal welfare while capturing lucrative global tourism markets.

Main Part

The successful establishment of an equine ecotourism enterprise begins with a rigorous application of
equine biology, specifically regarding biomechanics, musculoskeletal health, and physiological endurance
management. Unlike mechanical tourism assets, horses are living biological systems whose operational capacity
depends entirely on optimal hoof balance, spinal alignment, cardiovascular conditioning, and nutritional science.
Entrepreneurs in the sustainable tourism sector must design trekking routes, riding schedules, and workload
capacities that align directly with the natural physiological limits of the animal, preventing fatigue-related injuries
and ensuring long-term vitality. By incorporating advanced veterinary monitoring, ergonomic saddle design
based on equine scapular and vertebral anatomy, and scientific dietary programming, business owners can
maintain elite herd health while delivering a smooth, safe, and deeply satisfying riding experience for
international tourists seeking authentic outdoor adventures.

Furthermore, leveraging equine behavioral psychology and ethology is vital for curating engaging, safe,
and educational ecotourism experiences that resonate with modern consumers. Modern travelers are
increasingly drawn to ethical, humane animal interactions, seeking a deeper connection with nature rather than
passive entertainment. Equine businesses can capitalize on this demand by offering specialized educational
workshops on horse communication, herd dynamics, and natural horsemanship, transforming routine trail rides
into immersive learning expeditions. Entrepreneurs who train their staff in positive reinforcement techniques
and stress-free handling create relaxed, cooperative equine partners that project calmness and reliability to
visitors. This focus on behavioral science not only enhances animal welfare and reduces liability risks but also
elevates the enterprise into a premium, high-value ecotourism brand capable of attracting discerning travelers
from around the globe.

In addition to biological and behavioral management, the financial sustainability of an equine ecotourism
venture relies heavily on strategic diversification, digital marketing integration, and community-centric value-
chain partnerships. Successful equine entrepreneurs rarely depend on trail riding alone; instead, they integrate
multi-faceted revenue streams such as cultural heritage storytelling, equestrian photography workshops,
wellness retreats featuring equine-assisted mindfulness, and localized artisanal product sales. By utilizing digital
e-commerce platforms, global booking channels, and targeted social media storytelling, businesses can market
their unique ecological and cultural offerings directly to international adventure tourists. Moreover,
collaborating with regional craft artisans, local homestays, and national park authorities allows ecotourism
operators to build robust collaborative networks that distribute economic benefits throughout the entire rural
community, ensuring long-term regional stability and environmental stewardship.

Conclusion

The convergence of equine biological science, behavioral psychology, and sustainable ecotourism
entrepreneurship offers a transformative pathway for developing ethical, highly profitable, and culturally
enriching commercial enterprises. By grounding business operations in a profound respect for animal physiology
and welfare, entrepreneurs can build resilient ventures that successfully meet the rising global demand for
authentic, nature-based, and responsible travel experiences. This multidimensional approach successfully
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dissolves the traditional boundaries between commercial exploitation and ethical animal husbandry,
demonstrating that prioritizing biological health and ecological balance is the ultimate driver of long-term
business success.

Ultimately, realizing the full potential of this integrated economic model requires coordinated vision from
tourism developers, agricultural policymakers, and equine specialists. Future industry initiatives must prioritize
specialized training programs in equine enterprise management, establish rigorous welfare standards for
adventure tourism livestock, and foster international partnerships that promote sustainable heritage travel.
Through these strategic advancements, the equestrian tourism sector can unlock unprecedented economic
opportunities while preserving the majestic biological and cultural legacy of the horse for generations to come.
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ADVANCEMENTS, INFRASTRUCTURE, AND THE FUTURE OF GLOBAL TELECOMMUNICATIONS

Abstract

This article explores the foundational architecture, technological evolution, and future trajectory of global
telecommunication systems. As the primary enabler of the modern information society, telecommunications
bridge geographical divides, drive worldwide economic integration, and support real-time data exchange across
all sectors of human activity. The study investigates the transition from legacy analog systems to high-capacity
optical fiber networks, advanced wireless mobile architectures, and intelligent software-defined management
frameworks. By analyzing intercontinental submarine cables, 5G cellular rollouts, and Al-driven network
automation, the research highlights how robust telecommunication infrastructure empowers contemporary
digital societies. Ultimately, the paper demonstrates that continuous innovation in communication engineering
is vital for fostering global connectivity, economic resilience, and societal progress.

Keywords:
telecommunications, digital infrastructure, optical networks, wireless communications,
global connectivity, network architecture.

Introduction

The rapid development of telecommunications stands as one of the most profound technological
achievements in human history, fundamentally reshaping how societies exchange information, conduct business,
and interact across vast distances. From the inception of electrical telegraphy and telephony to the establishment
of complex global digital networks, telecommunications have consistently acted as the primary catalyst for
modernization and cultural exchange. In the twenty-first century, reliable and high-speed communication
infrastructure is no longer viewed merely as a commercial utility; rather, it is recognized as a vital strategic asset
that dictates national competitiveness, educational access, and administrative efficiency on a global scale.

Understanding the modern telecommunication landscape requires an examination of the intricate
convergence between physical transmission media, digital switching technologies, and advanced software
protocols. As consumer and enterprise demands for bandwidth experience exponential growth driven by cloud
computing, high-definition video streaming, and the Internet of Things, telecommunication networks must
handle unprecedented data volumes with minimal latency and maximum reliability. This continuous pressure to
scale and optimize has driven engineers and researchers to pioneer innovative transmission techniques,
architectural paradigms, and automated management frameworks that ensure the uninterrupted flow of global
information.

Main Part

At the core of global telecommunication infrastructure lies the extensive physical network of terrestrial
and submarine optical fiber cables that span continents and ocean floors. Optical fiber technology has
revolutionized long-distance data transmission by utilizing pulses of light to carry vast quantities of information
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over thousands of kilometers with negligible signal attenuation and extreme speed. Submarine cables, resting
on ocean beds, serve as the critical intercontinental arteries of the internet, interconnecting regional networks
and ensuring that global financial markets, international enterprises, and individual users remain linked in real
time. Coupled with high-capacity terrestrial backbones equipped with dense wavelength-division multiplexing
systems, these optical networks provide the robust physical foundation upon which all modern digital services
depend.

Complementing fixed-line optical infrastructure is the dynamic evolution of wireless and mobile
communication networks, which have expanded connectivity to billions of mobile devices worldwide. The
transition through successive generations of cellular technology—from early analog voice systems to digital 4G
LTE and advanced 5G architectures—has redefined human mobility and digital accessibility. Modern 5G networks
deliver ultra-reliable, low-latency connectivity that supports not only high-speed personal internet usage, but
also critical industrial applications such as remote robotic surgery, autonomous vehicle coordination, and smart
city sensor grids. Furthermore, the integration of satellite communication constellations into the global
telecommunication matrix ensures that remote, rural, and maritime regions previously devoid of terrestrial
infrastructure can finally access high-speed broadband services.

In addition to physical and wireless hardware, the operational efficiency of modern telecommunication
networks relies heavily on advanced software architectures, virtualization, and intelligent management tools.
Traditional hardware-bound routing and switching devices are rapidly being replaced by software-defined
networking and network function virtualization, which decouple network control logic from physical transmission
equipment. This paradigm shift enables network operators to provision bandwidth dynamically, automate traffic
routing, and execute rapid security updates across distributed cloud environments without manual intervention.
By harnessing artificial intelligence and machine learning algorithms for predictive maintenance and automated
anomaly detection, contemporary telecommunication systems can self-heal, adapt to shifting traffic patterns,
and maintain exceptional service quality under extreme operational loads.

Conclusion

In conclusion, telecommunications represent the indispensable neural network of modern global
civilization, seamlessly integrating diverse economies, cultures, and technologies into a unified digital ecosystem.
Through continuous advancements in optical fiber transmission, wireless cellular mobility, satellite deployment,
and software-driven network management, the telecommunication sector has successfully met the escalating
data demands of a hyper-connected world. These infrastructural triumphs have not only enhanced personal
communication and business productivity but have also laid the groundwork for sustainable economic growth
and global innovation.

Looking forward, the future of telecommunications will be defined by the transition toward emerging 6G
standards, deeper artificial intelligence integration, and the expansion of ubiquitous quantum-secure
communication channels. As network architects tackle the challenges of hyper-scale data management and
environmental sustainability, the commitment to robust, secure, and accessible connectivity will remain
paramount. Ultimately, the ongoing evolution of telecommunications will continue to expand human potential,
bridging distances and shaping a smarter, more interconnected future for all of humanity.
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INFRASTRUCTURE INNOVATION, INTELLIGENT ROUTING, AND THE EVOLUTION
OF GLOBAL TELECOMMUNICATION NETWORKS

Abstract

This article examines the advanced structural engineering, technological breakthroughs, and prospective
developmental trajectories that define contemporary global telecommunication systems. As worldwide data
consumption surges to unprecedented levels driven by cloud computing, artificial intelligence, and ubiquitous
connected devices, telecommunication infrastructure must undergo continuous, high-speed adaptation. This
study investigates the integration of high-capacity terrestrial and submarine optical fiber backbones, advanced
wireless cellular generations, and software-defined network management frameworks capable of optimizing
multi-terabit traffic flows. By analyzing automated network orchestration, spectral efficiency enhancements, and
international data transit corridors, the research highlights how robust telecommunication engineering
underpins global economic stability and societal advancement. Ultimately, the paper demonstrates that ongoing
innovations in communication networks are critical for achieving seamless worldwide connectivity and long-term
digital resilience.
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Introduction

The evolution of telecommunications stands as a foundational pillar of modern civilization, dictating the
pace of global commerce, knowledge dissemination, and international cooperation. From the earliest
breakthroughs in electrical signaling to today's multi-terabit digital transmission highways, the
telecommunications sector has consistently expanded human capability by shrinking geographical distances and
enabling instantaneous communication. In the contemporary technological landscape, high-speed
communication networks transcend basic utilitarian value, functioning as critical national assets that determine
economic competitiveness, educational equity, and administrative efficiency across both developed and
developing regions.

Managing the exponential growth of digital traffic requires an intricate synthesis of solid-state physics,
advanced signal processing, and sophisticated software orchestration. As enterprise operations, government
administration, and personal interactions migrate increasingly to digital platforms, telecommunication networks
must maintain uncompromising standards of reliability, security, and low latency. This continuous pressure to
optimize network capacity and minimize operational bottlenecks drives researchers and engineers to pioneer
innovative transmission methodologies, architectural transformations, and intelligent management frameworks
that secure the uninterrupted flow of global information across complex multi-vendor environments.

Main Part
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At the foundation of modern telecommunication networks lies the vast, high-capacity physical
infrastructure composed of terrestrial optical fibers and submarine cables spanning ocean basins. Optical fiber
technology has revolutionized long-distance data transmission by utilizing modulated light pulses to carry
massive volumes of information over thousands of kilometers with minimal signal attenuation and exceptional
propagation speed. Submarine cable systems serve as the critical intercontinental arteries of the internet,
interconnecting regional networks and ensuring that international financial markets, multinational enterprises,
and individual users remain linked in real time. Supported by dense wavelength-division multiplexing systems,
these high-bandwidth optical backbones provide the essential physical capacity required to sustain the modern
digital economy.

Complementing fixed-line optical backbones is the dynamic advancement of wireless and mobile cellular
networks, which have successfully extended broadband connectivity to billions of users globally. The transition
through successive cellular generations—from early analog voice standards to digital 4G LTE and cutting-edge
5G architectures—has fundamentally transformed mobile computing and digital accessibility. Modern 5G and
emerging mobile technologies deliver ultra-reliable, low-latency connectivity capable of supporting not only
high-speed consumer internet usage, but also mission-critical industrial applications such as remote robotic
surgery, autonomous vehicle coordination, and smart city sensor grids. Furthermore, the integration of low-
Earth-orbit satellite constellations into the broader telecommunication matrix ensures that remote, rural, and
maritime regions previously devoid of terrestrial infrastructure can finally access reliable broadband services.

In addition to physical transmission media and wireless hardware, the operational efficiency of
contemporary telecommunication systems relies heavily on advanced software architectures, virtualization, and
intelligent management tools. Traditional hardware-bound routing and switching nodes are systematically being
replaced by software-defined networking and network function virtualization, which decouple network control
logic from physical transmission equipment. This architectural paradigm shift enables network operators to
provision bandwidth dynamically, automate traffic engineering, and execute rapid security updates across
distributed cloud environments without manual intervention. By harnessing artificial intelligence and machine
learning algorithms for predictive maintenance and automated anomaly detection, modern telecommunication
networks can self-heal, adapt to shifting traffic patterns, and maintain exceptional service quality under extreme
operational loads.

Conclusion

In conclusion, telecommunications represent the indispensable neural network of modern global
civilization, seamlessly integrating diverse economies, cultures, and technologies into a unified digital ecosystem.
Through continuous advancements in optical fiber transmission, wireless cellular mobility, satellite deployment,
and software-driven network management, the telecommunication sector has successfully met the escalating
data demands of a hyper-connected world. These infrastructural triumphs have not only enhanced personal
communication and business productivity but have also laid the groundwork for sustainable economic growth
and global innovation.

Looking forward, the future of telecommunications will be defined by the transition toward emerging
standards, deeper artificial intelligence integration, and the expansion of ubiquitous quantum-secure
communication channels. As network architects tackle the challenges of hyper-scale data management and
environmental sustainability, the commitment to robust, secure, and accessible connectivity will remain
paramount. Ultimately, the ongoing evolution of telecommunications will continue to expand human potential,
bridging distances and shaping a smarter, more interconnected future for all of humanity.
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RESEARCH ON HYDROGEN PRODUCTION USING WIND ENERGY

Abstract
Interest in combining wind energy with hydrogen production has grown due to the rising demand for

sustainable energy. This study explores electrolysis-based wind-hydrogen systems with an emphasis on system
stability, energy conversion efficiency, and integration of renewable energy. To control wind power variability,
the suggested hybrid energy system integrates hydrogen storage technologies, electrolyzers, and wind turbines.
All things considered, wind-hydrogen systems offer a viable way to advance clean energy and sustainable energy
development.
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The depletion of fossil fuels, growing energy demand, and environmental concerns have made the shift to
sustainable energy systems a global priority. Wind energy is regarded as a promising renewable energy source
because to its accessibility, scalability, and minimal environmental impact [2, 3].

However, wind energy's sporadic nature results in variations in power production, which restricts grid
integration and supply dependability. By using electrolysis to transform excess electrical energy into chemical
energy, hydrogen-based energy storage offers a workable alternative [1]. This strategy promotes sustainable
energy development and increases energy conversion efficiency [4].

Wind turbines, power converters, electrolyzers, hydrogen storage units, and fuel cells are all integrated
into wind-hydrogen systems. Electrolysis, which produces hydrogen, is powered by electricity generated from
wind energy. After that, the hydrogen is stored and, when needed, transformed back into energy using fuel cells.
Under fluctuating renewable energy conditions, this arrangement enhances system stability and permits flexible
energy storage [5].

Energy reconversion, energy management, compression and storage, hydrogen production, and wind
energy conversion are the primary subsystems. Figure 1 shows the total configuration. In accordance with
generation and demand situations, the energy management system optimizes power distribution among the
grid, electrolyzer, and storage units [6].
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Figure 1 — Structural configuration of wind—hydrogen hybrid energy system

System modeling, analytical evaluation, and comparative performance assessment are used in the study.
Aerodynamic efficiency, turbine rated capacity, and wind speed distribution are used to model wind energy
output [2].

Figure 2 shows how electrical energy is converted into hydrogen and oxygen throughout the hydrogen
generation process using water electrolysis. The ratio of useable electrical output to total wind energy input is
used to assess the overall system efficiency.

Figure 2 — Functional scheme of hydrogen production via water electrolysis

While hydrogen offers an efficient energy storage option for long-term energy management, wind energy's
erratic nature can lead to system instability. There are three primary energy conversion phases in the hybrid
system:

1. Kinetic = Electrical (conversion of wind turbines)
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2. Chemical - Electrical (Electrolysis)

3. Chemical = Electrical (functioning of fuel cells)

Figure 3 shows the entire energy cycle, including the creation, storage, and reconversion of hydrogen as
well as the conversion of wind energy into electricity. This integrated energy conversion pathway lessens the
effects of wind intermittency and increases flexibility [1].

Figure 3 — Energy conversion flow in wind-based hydrogen systems

Systems for storing hydrogen are essential parts of wind-hydrogen hybrid energy systems. During times
when wind is scarce, they make sure that extra energy is stored for later use (Figure 4).

Depending on the needs of the system, hydrogen can be kept as liquid hydrogen, compressed gas, or metal
hydrides. Fuel cells produce clean energy with no direct carbon emissions by using electrochemical reactions to
transform stored hydrogen into electrical energy (Figure 5).

Advanced energy management techniques that maximize power distribution across generation, storage,
and consumption units are necessary for the effective operation of wind-hydrogen systems (Figure 6).

Figure 4 — Hydrogen storage and distribution subsystem
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Figure 5 — Fuel cell-based electricity generation process

Figure 6 — Integrated energy management control architecture

Conclusion
The findings show that energy conversion efficiency, system stability, and sustainability are all enhanced
when wind energy is combined with hydrogen generation. Hydrogen production from extra wind power offers a
practical way to store energy for a long time and provide a steady source of energy in a variety of situations.
The suggested wind-hydrogen hybrid system improves dependability, lowers energy losses, and promotes
decarbonization of the energy sector. Thus, wind-hydrogen systems present a viable strategy for future
intelligent energy networks and sustainable energy development.
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INFRASTRUCTURE, PROTOCOLS, AND THE NEXT GENERATION OF TELECOMMUNICATION ENGINEERING

Abstract

This article examines the structural architecture, technological innovations, and prospective development
vectors of global telecommunication systems. As modern society experiences an unprecedented escalation in
data consumption driven by cloud computing, artificial intelligence, and high-density loT deployments, the
underlying telecommunication infrastructure must evolve continuously. This study investigates the integration
of high-capacity optical fiber backbones, advanced wireless cellular generations, and software-defined network
paradigms designed to handle hyper-scale traffic demands. By analyzing data transmission protocols, network
virtualization techniques, and international connectivity corridors, the research highlights how robust
telecommunication engineering underpins global economic stability and societal advancement. Ultimately, the
paper demonstrates that ongoing advancements in communication networks are critical for achieving seamless
worldwide connectivity and digital resilience.

Keywords:
telecommunications, optical transmission, wireless networks, network engineering,
digital infrastructure, global connectivity.

Introduction
The evolution of telecommunications stands as a foundational pillar of modern civilization, dictating the

24


https://aeterna-ufa.ru/events/in

ISSN 2410-6070 MeKAyHapOoAHbIA Hay4YHbIN XKypHan « MHHOBALMOHHAA HayKa» Ne 9-2 / 2026

pace of global commerce, knowledge dissemination, and international cooperation. From the earliest
breakthroughs in electrical signaling to today's multi-terabit digital transmission highways, the
telecommunications sector has consistently expanded human capability by shrinking geographical distances and
enabling instantaneous communication. In the contemporary technological landscape, high-speed
communication networks transcend basic utilitarian value, functioning as critical national assets that determine
economic competitiveness, educational equity, and administrative efficiency across both developed and
developing regions.

Managing the exponential growth of digital traffic requires an intricate synthesis of solid-state physics,
advanced signal processing, and sophisticated software orchestration. As enterprise operations, government
administration, and personal interactions migrate increasingly to digital platforms, telecommunication networks
must maintain uncompromising standards of reliability, security, and low latency. This continuous pressure to
optimize network capacity and minimize operational bottlenecks drives researchers and engineers to pioneer
innovative transmission methodologies, architectural transformations, and intelligent management frameworks
that secure the uninterrupted flow of global information across complex multi-vendor environments.

Main Part

At the foundation of modern telecommunication networks lies the vast, high-capacity physical
infrastructure composed of terrestrial optical fibers and submarine cables spanning ocean basins. Optical fiber
technology has revolutionized long-distance data transmission by utilizing modulated light pulses to carry
massive volumes of information over thousands of kilometers with minimal signal attenuation and exceptional
propagation speed. Submarine cable systems serve as the critical intercontinental arteries of the internet,
interconnecting regional networks and ensuring that international financial markets, multinational enterprises,
and individual users remain linked in real time. Supported by dense wavelength-division multiplexing systems,
these high-bandwidth optical backbones provide the essential physical capacity required to sustain the modern
digital economy.

Complementing fixed-line optical backbones is the dynamic advancement of wireless and mobile cellular
networks, which have successfully extended broadband connectivity to billions of users globally. The transition
through successive cellular generations—from early analog voice standards to digital 4G LTE and cutting-edge
5G architectures—has fundamentally transformed mobile computing and digital accessibility. Modern 5G and
emerging mobile technologies deliver ultra-reliable, low-latency connectivity capable of supporting not only
high-speed consumer internet usage, but also mission-critical industrial applications such as remote robotic
surgery, autonomous vehicle coordination, and smart city sensor grids. Furthermore, the integration of low-
Earth-orbit satellite constellations into the broader telecommunication matrix ensures that remote, rural, and
maritime regions previously devoid of terrestrial infrastructure can finally access reliable broadband services.

In addition to physical transmission media and wireless hardware, the operational efficiency of
contemporary telecommunication systems relies heavily on advanced software architectures, virtualization, and
intelligent management tools. Traditional hardware-bound routing and switching nodes are systematically being
replaced by software-defined networking and network function virtualization, which decouple network control
logic from physical transmission equipment. This architectural paradigm shift enables network operators to
provision bandwidth dynamically, automate traffic engineering, and execute rapid security updates across
distributed cloud environments without manual intervention. By harnessing artificial intelligence and machine
learning algorithms for predictive maintenance and automated anomaly detection, modern telecommunication
networks can self-heal, adapt to shifting traffic patterns, and maintain exceptional service quality under extreme
operational loads.

Conclusion

In conclusion, telecommunications represent the indispensable neural network of modern global
civilization, seamlessly integrating diverse economies, cultures, and technologies into a unified digital ecosystem.
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Through continuous advancements in optical fiber transmission, wireless cellular mobility, satellite deployment,
and software-driven network management, the telecommunication sector has successfully met the escalating
data demands of a hyper-connected world. These infrastructural triumphs have not only enhanced personal
communication and business productivity but have also laid the groundwork for sustainable economic growth
and global innovation.

Looking forward, the future of telecommunications will be defined by the transition toward emerging 6G
standards, deeper artificial intelligence integration, and the expansion of ubiquitous quantum-secure
communication channels. As network architects tackle the challenges of hyper-scale data management and
environmental sustainability, the commitment to robust, secure, and accessible connectivity will remain
paramount. Ultimately, the ongoing evolution of telecommunications will continue to expand human potential,
bridging distances and shaping a smarter, more interconnected future for all of humanity.
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THE GLOBAL WEB: EVOLUTION, ARCHITECTURE, AND FUTURE HORIZONS
OF MODERN TELECOMMUNICATION NETWORKS

Abstract

This article examines the historical evolution, technological architecture, and future trajectory of global
telecommunication systems. As the foundational backbone of the modern information society,
telecommunications bridge geographic divides, drive economic globalization, and enable seamless
communication across every sphere of human activity. This study investigates the transition from legacy analog
systems to high-capacity optical fiber networks, advanced wireless cellular architectures, and software-defined
network management. By analyzing global connectivity projects, the integration of cloud computing, and next-
generation transmission protocols, the research highlights how telecommunication infrastructure empowers
contemporary digital economies. Ultimately, the paper demonstrates that continuous innovation in
telecommunications remains essential for fostering worldwide connectivity, societal progress, and technological
resilience.
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Introduction

The rapid development of telecommunications stands as one of the most profound technological
achievements in human history, fundamentally altering how societies exchange information, conduct business,
and interact across vast distances. From the inception of electrical telegraphy and telephony to the establishment
of complex global digital networks, telecommunications have consistently acted as the primary catalyst for
modernization and cultural exchange. In the twenty-first century, reliable and high-speed communication
infrastructure is no longer viewed merely as a commercial utility; rather, it is recognized as a vital strategic asset
that dictates national competitiveness, educational access, and administrative efficiency on a global scale.

Understanding the modern telecommunication landscape requires an examination of the intricate
convergence between physical transmission media, digital switching technologies, and advanced software
protocols. As consumer and enterprise demands for bandwidth experience exponential growth driven by cloud
computing, video streaming, and the Internet of Things, telecommunication networks must handle
unprecedented data volumes with minimal latency and maximum reliability. This continuous pressure to scale
and optimize has driven engineers and researchers to pioneer innovative transmission techniques, architectural
paradigms, and automated management frameworks that ensure the uninterrupted flow of global information.

Main Part

At the core of global telecommunication infrastructure lies the extensive physical network of terrestrial
and submarine optical fiber cables that span continents and ocean floors. Optical fiber technology has
revolutionized long-distance data transmission by utilizing pulses of light to carry vast quantities of information
over thousands of kilometers with negligible signal attenuation and extreme speed. Submarine cables, resting
on ocean beds, serve as the critical intercontinental arteries of the internet, interconnecting regional networks
and ensuring that global financial markets, international enterprises, and individual users remain linked in real
time. Coupled with high-capacity terrestrial backbones equipped with dense wavelength-division multiplexing
systems, these optical networks provide the robust physical foundation upon which all modern digital services
depend.

Complementing fixed-line optical infrastructure is the dynamic evolution of wireless and mobile
communication networks, which have expanded connectivity to billions of mobile devices worldwide. The
transition through successive generations of cellular technology—from early analog voice systems to digital 4G
LTE and advanced 5G architectures—has redefined human mobility and digital accessibility. Modern 5G networks
deliver ultra-reliable, low-latency connectivity that supports not only high-speed personal internet usage, but
also critical industrial applications such as remote robotic surgery, autonomous vehicle coordination, and smart
city sensor grids. Furthermore, the integration of satellite communication mega-constellations into the global
telecommunication matrix ensures that remote, rural, and maritime regions previously devoid of terrestrial
infrastructure can finally access high-speed broadband services.

In addition to physical and wireless hardware, the operational efficiency of modern telecommunication
networks relies heavily on advanced software architectures, virtualization, and intelligent management tools.
Traditional hardware-bound routing and switching devices are rapidly being replaced by software-defined
networking and network function virtualization, which decouple network control logic from physical transmission
equipment. This paradigm shift enables network operators to provision bandwidth dynamically, automate traffic
routing, and execute rapid security updates across distributed cloud environments without manual intervention.
By harnessing artificial intelligence and machine learning algorithms for predictive maintenance and automated
anomaly detection, contemporary telecommunication systems can self-heal, adapt to shifting traffic patterns,
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and maintain exceptional service quality under extreme operational loads.

Conclusion

In conclusion, telecommunications represent the indispensable neural network of modern global
civilization, seamlessly integrating diverse economies, cultures, and technologies into a unified digital ecosystem.
Through continuous advancements in optical fiber transmission, wireless cellular mobility, satellite deployment,
and software-driven network management, the telecommunication sector has successfully met the escalating
data demands of a hyper-connected world. These infrastructural triumphs have not only enhanced personal
communication and business productivity but have also laid the groundwork for sustainable economic growth
and global innovation.

Looking forward, the future of telecommunications will be defined by the transition toward emerging 6G
standards, deeper artificial intelligence integration, and the expansion of ubiquitous quantum-secure
communication channels. As network architects tackle the challenges of hyper-scale data management and
environmental sustainability, the commitment to robust, secure, and accessible connectivity will remain
paramount. Ultimately, the ongoing evolution of telecommunications will continue to expand human potential,
bridging distances and shaping a smarter, more interconnected future for all of humanity.
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AHTPOMOrEHHOE BO3AENCTBUE U SKOTEOXUMMUA
AHHOTauuA

B cTatbe paccmaTpuBaloTCA TeopeTUYeCKMe U MPAKTUYECKUE aCMeKTbl 3KOreOXMMUM KaK HayKu,
Mayqarou.l,eﬁ TEXHOTE€HHYH MUTPaUN0 XUMNYECKUX I1IEMEHTOB U COQAMHEHMﬁ B 6M0c¢epe.
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KnoueBble cnosa:
3KOreoXxmmms, aHTPOMNOreHHoe BO3A4eNCTBME, TEXHOIEeHes, reoxmmmnyeckmne bapbepsbl,
TAMKENble MeTa/l/lbl, MOHUTOPUHT OKpY:KatoLwen cpeasbi.

CoBpeMeHHbI 3Tan pasBMTUA 4YeNOBeYecTBa XapaKTepusyeTca becnpeuefeHTHbIMM NO MacwTabam
QHTPOMOreHHbIMM HAarpy3Kamm Ha NPUPOAHYI0 cpesy. TeXHOreHes cTal MOLHENLWNUM reoNorM4ecknm GakTopom,
NpPeBOCXOAAWMM MO CKOPOCTU MHOIME ecTEeCTBEHHble MPOLLEeCcCbl MUIpaLMM M KOHLEHTPAUMU XMMUYECKUX
3N1€MEHTOB. B 3TUX YCNOBUAX K/HOYEBYIO PO/Ib UTPAET IKOTEOXMMMUA — HAy4YHOEe HanpaB/ieHWe, HaxoasAleecs Ha
CTbIKE 3KO/IOTMM, TEOXMMUM U TE0SIOTMM, KOTOPOE U3y4YaeT U3MEHEHMA XMMWMYECKOro coctasa reocdep nog,
BAMAHMEM 4YeNOBEKA, A TaKXKe OLEHMBAET 3KONOTMYECKME NOCAeACTBUA 3TUX WUIMEHEHUNA ANA  KUBbIX
OpPraHM3MoOB M 4enoseKa. AHTponoreHHaa TpaHchopmauma OGuochepbl HOCUT KOMMAEKCHbIA XapakTep.
OCHOBHbIMW UCTOYHUKAMM NOCTYNAEHMA 3arPA3HAIOLLMX BELLECTB B OKPYKAIOLLYIO Cpeay ABAAIOTCA:

1. MpOMBbIWNEHHOCTE W 3HEpreTMKa: BbIOPOCbI TEMAOBbIX 3/EKTPOCTAHUMMN, METANNYPIUYECKUX WU
XMMUYECKUX NPeanpuATUA, CONPOBOKAAOWMECS NOCTynaeHnem B aTmochepy 1 ruapocdepy AMoKcuaa cepbl,
OKCM,0B a30Ta, COEANHEHUI YINepoaa U TAXKE bIX METANOB.

2. TopHOA06bIBAOWMI KOMMIEKC: pPa3paboTKa MEeCTOPOXKAEHMI NONE3HbIX UCKOMNAaeMblX, 0bpa3oBaHue
OrpoMHbIX 06bEMOB OTBANOB, XBOCTOB 06OralleHUs U KapbepHbIX BOJ, COAEPKALUMX TOKCUYHbIE 3/1IEMEHTbI
(cBMHeL, UMHK, KagMWi, MbILWbAK, PTYTb).

3. Ce/lbCKOE XO03ANCTBO: HEKOHTPOJIMPYEMOE TMNPUMEHEHWE MUHEPANbHbIX YA0OpeHuli (HUTPATOB,
docdaTtos) 1 necTMLMAOB, NPUBOASALLEE K AErpasiaLMv NOYBEHHOTO NMOKPOBA M 3BTPOdUKALMM BOLOEMOB.

4. YpbaHusauma: TpaHCNOPTHble BbIOPOCbI, KOMMYHA/IbHO-ObITOBbIE CTOKM WM HAKOMAEHWE TBEPAbIX
KOMMYHa/IbHbIX OTXO0A0B, GOPMUPYIOWMX JIOKA/IbHbIE, HO BbICOKOTOKCUMYHbIE FEOXMMMUYECKME aHOMaNWU B
ropoaax.

Monagasa B NpUpPOAHbIE Cpefbl, TEXHOreHHble MOTOKM BELLECTB MPETEepPrneBaloT C/OXHble (U3MKO-
XMMMYecKkne npeobpasoBaHua. B oTanuMe OT ecTecTBEHHbIX FrEOXMMMUYECKUX LMKAOB, aHTPOMNOreHHble NOTOKM
yacto 06/71a43at0T BbICOKOW KOHLEHTpauMenh M arpeccMBHoOCTblo. [loBeAgHWE XUMMWMYECKUX 3/1€MEHTOB B
3KOCMCTEMAX 3aBUCMT OT aHAWAPTHO-TEOXMMMYECKUX YCIOBUIM: KUCAOTHO-LeNo4YHoro 6anaHca (pH),
OKMC/IUTEIbHO-BOCCTAaHOBUTENIbHOTO noTeHuMana (Eh), emKocTM KaTMOHHOrO obmeHa MO4YB WM MPUCYTCTBUA
opraHmMyeckoro BellectBa. Ha reoxmmuyeckux 6apbepax (6MOreoXmMmMMYEcKUX, COPOUMOHHBIX, T1EeeBbIX)
NPOUCXOANT OCAXKAEHME W KOHLLEHTPUPOBAHWE MOANOTaHTOB. OCOOY0 ONACHOCTb MPEACTaBAAIOT TAXKe/ble
MeTa/l/ibl, KOTOpPble He MoABEPraloTcA buoaerpagaumm, a akKyMyampyoTca B TPOoPUUECKMX LenAx, Bbi3blBas
XPOHUYECKMe ToKcMYecKkne adpdeKTbl y PaCTEHUIN, HKMBOTHbIX U YeIOBEKa.

[Na OUuEHKM CTEMEHW aHTPOMOreHHOro BO3AENCTBUA HA NaHAWAdTbI NPUMEHSAIOTCA COBPEMEHHbIE METOAbI
9KOreoXMMMYEeCKoro aHaansa:

1) AMTOXUMMYECKMIA MOHUTOPWUHI: ONpoboBaHUE NOYB, AOHHbIX OT/IOXKEHUI U FOPHbIX NOPOA C LeNbto
BbIAB/IEHNS TEXHOT€HHbIX aHOMaINiA;

2) rMApPOreoXMMMYECKUIA KOHTPO/b: aHaNM3 MPUPOAHbIX BOA, Ha COAepXKaHWe MUKPOIIEMEHTOB W
OpraHMYeCKMX 3arpasHUTENEN;

3) 6WOMHAMKAUMA: MUCMOIb30BaHME PACTEHUIA-AKKYMYNIATOPOB A/1A OLEHKM YPOBHA 3arpA3HeHus
TepputTopui;

4) KapTorpaduMpoBaHME: MNOCTPOEHME  KApT  IKONOIMYECKOrO  PUCKa C  MCNO/b30BaHMEM
reouHdopmaLmMoHHbIX cuctem (TUC-TexHoNOrUNN).

AHTpOnNoOreHHoe BO34ENCTBME HA reOXMMUYECKUE LMKAblI Bruochepbl AOCTUINO KPUTUYECKMX MaclwTabos,
Tpebylowmx He3ameaUTeNbHOrO  BHEAPEHWA  MPUHUMMNOB  YCTOMYMBOTrO  PasBUTUA U XKECTKOro
9KOreOXMMMYECKOTO KOHTPOAs. Pa3paboTKa HaAyyHbIX OCHOB MPOrHO3MPOBAHWUA TEXHOTEHHbIX W3MEHEeHWU
No3BO/IAET He TONIbKO GUKCUPOBATb TEKyLLee 3arpsisHEHWE, HO U NPeaOoTBPaLLATb SKOAOrMYEeCcKMe KaTacTpodbl,
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obecneuynBas cCoxpaHeHMe 340P0BbA SKOCUCTEM U Ye/I0BEKa.
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FEOXUMUA TEXHOCPHEPbLI: SAKOHOMEPHOCTU TPAHC®OPMALINN
N MUTPALIMU BELLLECTBEHHOTIO COCTABA BEUOC®EPDI

AHHOTauuA
CTaTba nocBAiLlEHa M3y4YeHUto TexHocdepbl Kak cneumduyeckoro reoXmMmMMYeckoro M reosormyeckoro
NPOCTPAHCTBa, BO3HUKLIEro B pe3ynbTaTe npeobpas3oBaHMA Ouochepbl XO38MUCTBEHHOM AeATeNbHOCTbIO
Yyenoseka.
Kntouesble cnosa:
reoxmmma TeXHOCd)epr, TexHoreHes, TeXxHoreHHble reoXxMmmm4yeckme aHomaamu,
TEXHOTEeHHbIE MNOTOKW PACcCeAaHUs, TAXe ble MeTaNbl.

C pa3BuTMEM Hay4YHO-TEXHMYECKOro Mporpecca U MHAYCTPUAAN3aumMM MacluTabbl U3bATUA NPUPOLHOIO
Cbipbsi MU 06beMbl 06pa3oBaHMA NPOM3BOACTBEHHbIX OTXOA0B NPUHAAM rNobanbHbI Xapaktep. Yenoseyectso
NpPeBpaTUIOCh B OMPeaensiowyo reOXMMUYECKYIO CUY, NOL BAUSHUEM KOTOPOW GOPMUPYETCA KauyecTBEHHO
HoBas 060/104Ka 3emMnn — TexHochepa. B pamKax IKOreoxmummm M reoXMMUMK OKpYy»KatoLLei cpeapl TexHocdepa
paccmMaTpMBaeTCa KaK AMHaMM4YecKas CUCTeMa, F4e eCcTeCTBEeHHble MPOLEecCbl MUIpauuK, KOHUEHTpauuMu u
paccesHUs XMMWUYECKMX 3/IEMEHTOB 3aMeLLaloTcA WM CYLLECTBEHHO MOAUPUUMPYIOTCA TEXHOTEHHbIMMU
dakTopamu. LieHTpaNbHbIM MNOHATUEM FEOXMMWUW TexHoCdepbl ABAAETCA TeXHOreHes — COBOKYMHOCTb
reOXMMMUYECKUX U Te0I0rMYECKMX NPOLLECCOB, BbI3BaHHbIX MPON3BOACTBEHHOMN N MHOM AEATENIbHOCTbIO YeN0oBeKa.
B oT/MumMe OT NPUPOAHBIX FTEOXMMUYECKUX LIMKNOB, XapaKTepM3YHOLLMXCA BbICOKOM CTEMEHbH 3aMKHYTOCTU U
cbanaHCMPOBaAHHOCTU, TEXHOTEHHbIM KPYroBOpPOT 3/1eMEHTOB OT/IMYAETCA:

1. Pa3sOMKHYTOCTbiO: M3B/IEYEHHble W3 Heap XMMUYECKME 3/1eMeHTbl B 6O0/bLIMHCTBE CBOEM He
BO3BPALLAOTCA B UCXOAHbIE GOPMbI M COCTOAHUA, @ PACCENBAIOTCA B OKpY:KaloLwwel cpese; 2. BbICOKOW CKOPOCTbIO
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M  MHTEHCUBHOCTbIO: TEXHOreHHble MOTOKM BELLECTB MEPEMELLAOTCA CO CKOPOCTAMM, Ha MOPALKM
NpeBbIWAOWUMM CKOPOCTU EeCTeCTBEHHOWM 3P03UM, BbIBETPMBAHUA M OCagKoHakonneHus; 3. lNoasneHnem
CUHTETUYECKUX coeduHeHnl: B bnochepy nocTynaroT MUAMOHBI KCEHOBMOTUKOB — BELLECTB, HE MMEIOLLNX
NPUPOAHbIX aHaNoros (MNAacTUKK, NecTUUMAbl, CUHTETUYECKME NONNMEPDI).

MNonagas B NOYBY, NOBEPXHOCTHbIE U NOA3EMHbIE BOApIl, @ TaKKe B aTMocdepy, TEXHOreHHbIe BbIOPOChI U
oTXoAbl POPMUPYIOT TEXHOTEHHbIE TEOXMMMYECKME aHOMANUM N OPEOosbl pacceaHMa. KntoveByto poab B MX
NPOCTPAHCTBEHHOM pacnpegeneHUn NrpatoT NaHALWAPTHO-reOXMMMYECKME YCNOBUA:

a) KMC/NIOTHO-LLENOYHbIE W OKUC/IUTENIbHO-BOCCTAHOBUTE/IbHbBIE YC/IOBUA: ONpenensaioT NonBUMKHOCTb
TAMENbIX MeTannos (Takux Kak Pb, Cd, Zn, Cu, Hg). B kKucnoi cpeae noasu»KHOCTb HO/bLIMHCTBA METan/oB
BO3pacTaeT, YTo YBe/IMYMBAET UX MUTPALIMOHHYIO CNOCOBHOCTb U BUOAOCTYNHOCTL; 6) reoxummnyeckme bapbepbl:
MexaHMYeckne, PpUINKO-XMMUYECKMEe U Buoreoxmmmuyeckme 6apbepbl CMOCOBCTBYIOT PE3KOMY CHUMNKEHUIO
WHTEHCUBHOCTU MUTPALMM U NOKAIbHOM KOHLLEHTPaLMM NONNOTAaHTOB.

Ocobylo onacHocTb  NPeACTaBAAOT  TEXHOreHHble  aHOManuuM B ypbaHM3MpPOBAHHbLIX U
FTOPHOMPOMBbILWJIEHHbIX TEPPUTOPUAX, TAE aAKKYMYAALUMA TOKCUMYHbIX 3/IEMEHTOB MNPUBOAUT K Aerpagaumnu
NOYBEHHO-PACTUTE/NIBHOTO MOKPOBA M CO34aHMI0 PUCKOB A/1A 340p0BbA HaceneHua. IPPeKTUBHbIN KOHTPOb
cocToAHMA  TexHocdepbl TpebyeT NPUMEHEHMA  KOMMJEKCHbIX  3KO/0r0-reOXMMMUYECKUX  METO/0B:
1) cpaBHUTENbHO-TEOXMMUYECKUIA aHa/n3: COMOCTaB/ieHMe (AKTUYECKUX KOHUEHTPAUUIA 3N1EMEHTOB C
GOHOBLIMU  PErMOHA/IbHbIMM  3HAYEHUAMW U NPeAesibHO AO0MNYCTUMbIMU  KOHUEHTpaUMsmuU. 2) pacyer
CYMMapPHOro NoKasaTtena 3arpA3HEHUs: MHTErpasibHaa OueHKa NoJn31eMeHTHOrO 3arpA3HEHMA NOYB M AOHHbIX
oTnoKeHui; 3) KaptorpaduposaHme u M’MC-moaenmpoBaHMe: NPOCTPAHCTBEHHAA BM3YaAn3aLMA TEXHOreHHbIX
0peonoB A4 NPOrHO3MPOBAHUSA IKONOTO-FreEOXMMUYECKUX CUTYALMIA.

YnpaB/iieHMe TEXHOreHHbIMWU TEOXMMWUYECKMMM MOTOKaMK, MMHUMM3aLMA 06pasoBaHUA OTXOA0B,
CO34aHNe 3aMKHYTbIX TEXHO/IOFMYECKUX LIMKNOB 1 30 PEKTUBHAA PEKYNbTUBALMA HAPYLUEHHbIX 3eMe/b ABAAIOTCA
06A3aTeNbHbIMM YCNOBUAMMU CHUMKEHUS TEXHOrEHHOM Harpysku Ha NpUMPOAHYIO Cpeay M nepexona K 3KoJoro-
OpPMEHTUPOBAHHOMY NPUPOLONO/Ib30BAHUIO. YENOBEKA.

CNUCOK UCNOb30BaHHOM UTEpPaTypbl:

1. AnekceeHKo B. A., AnekceeHko A. B. leoxumus naHgwadTa 1 oKpyKatowana cpega. — M.: IEHAH[, 2014. —
368 c.
2. Kacumos H. C. 3Kkoreoxumma naHgwadtos. — M.: UM CopokumHa E. A., 2013. — 208 c.

© AraHunAsoBa A., basapos H., bereHuyanues T., BereHgos b., 2026

YK 62
Akmammepos X.,
KaHamnaaT GU3nKo-maTeMaTUYECKMUX HAYK, CTapLIMii NpenoaaBaTtenb,
Oxxymaesa O., npenogasaTtens,
ConbleBa A., npenogasaTtesb,
bartbipoBa A. npenogasaTteib,
TYPKMEHCKMI roCcyAapCTBEHHbIN YHUBEPCUTET MMEHM MaxTyMKyau,
Awwxabag, TypKMeHUCTaH

3BO/OLMA 3BE3A U 3BE3AHbIN HYKNEOCUHTE3

AHHOTauuA
B cTaTbe npoBeAeH KOMMJIEKCHbIM aHa/NN3  KU3HEHHOIo LUMKNA 3BE34, Pas/INYHbIX Macc W
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COMPOBOXAAMOLWMX UX NPOLLECCOB 3BE34HOI0 HYKEOCUHTE3A.
KnioueBble cnosa:
3Be34HanA 3BONOUMA, HYKNEOCMHTES, FNaBHAA NOCAeA0BaTENbHOCTb, CNO-LMKA,
S-MPOLECC, r-NPOLECC, BCMbIWKN CBEPXHOBbIX.

3aragKa NpomncxoXaeHUs XMMMUYECcKUX anemMeHToB Bo BceneHHol ABnseTca ogHoW ns pyHAaMeHTabHbIX
npobaem coBpeMeHHOMN acTPODM3MKN U KOCMONOTUK. 33 UCKIOYEHMEM NeryanLunx 3oTonos (Bogopoaa, renus
W CNefloBbIX KONMYECTB INTHA), 06pa30BaBLLMXCA B NepBble MUHYTbI Mocae Bonbloro B3pbiBa B Xo4e NepBUYHONO
HYK/IeOCMHTE3a, NPaKTUYeCcKM Bcs Tabanua MeHaeneesa — OT yriepoaa M KUC/I0poAa A0 ypaHa — BO3HWKNG B
pesynbTaTe TEPMOSAEPHbIX U AAEPHO-PUINYECKUX PeaKL M BHYTPU 3BE3 L U NPU UX KAaTacTPODMUECKUX B3PbIBAX.
3BE34bl NpeacTaBAAlOT CobOM ecTecTBEHHble AAepPHble PEeaKTOPbl, B KOTOPbIX PaBUTALMOHHOE CXaTue
YPaBHOBELUMBAETCA BHYTPEHHUM ra3oBbIM U PagMaLMOHHbIM AaBAEHUEM, CO34aBaeMbIM BblAensAtoLWenca npu
HYK/IEOCMHTE3E SHEPTrUEN.

DBOJIIOUMOHHBIA NyTb 3Be34bl B MNEPBYID O4Yepedb Onpeaensaercd ee Haya/lbHOM Mmaccon u
MEeTaNIMYHOCTbIO: 1) npoTo3Bé3abl M [NaBHas MocC/iedoBaTe/NIbHOCTb:  3apoXKaasacb B pesysbraTte
rPaBUTaLMOHHON HEYCTOMUYMBOCTU XOJIOAHbIX MONEKYSAPHbIX 06/1aK0B, NPOTO3BE34a CXKMMAEeTcs A0 Tex nop,
noka Temnepatypa B ee sape He pgocturHetr ~ 107 K. Mpu 3ToM TemnepaType 3anycKaloTcs nepsble
TepMoaZepHble peakuun npespalleHus Bogopoda B rennin. B 3sésgax ¢ maccon M 1,5 MO (Hanpumep,
ConHue) npeobnasaeT NPOTOH-MPOTOHHbIN LienoYeyHbli LMKA (p-p uenb). B 6onee maccusHbIx 38é3aax (M = 1,5
MO) c 60/1ee BbICOKOI TeMnepaTypoii ffipa OCHOBHbIM UCTOYHUKOM 3Heprumn ctaHosutca CNO-uukn (yrnepogHo-
a30THO-KMCNOPOAHbIN), TAe Aapa yrnepoaa, a3oTa U KMCN0POAa BbICTYNAKOT KaTannsaTopamu. 2) ropeHne renms
n a-npouecc: MNocne vcyepnaHusa Bogoposa B AApe 3Be3da cxoguT ¢ [naBHOM nocneposBaTenibHOCTU. Agpo
C’KMMaeTcA, HarpeBascb 4o ~108 K, 4To MHUUMMPYET TPOMHYIO renneBylo peakuuio: Tpu agpa renus (4He)
CMHTe3upytoT sgpo yrnepoaa (12C). Mpu nocnegosaTenbHOM 3axBaTe a-4acTul, GOpMUPYIOTCS AApPa KMCNopoaa
160, HeoHa (20Ne) n marHua (24Mg).

[na 38é34 manoi n cpeaHeli maccol (M S8MO) ropeHre 3aKaHUMBAETCA Ha CTaauK reauns Uan yrnepoaa-
Kucnopoaa; cbpocmB BHeELWHIO 060/104Ky (N1aHeTapHaa TYMaHHOCTb), OHM MPEBPALLAIOTCA B BbIPOXKAEHHbIE
6enble Kapauku. 3Bé3abl ¢ maccot M = 8MO cnocobHbl NpeonoseBaTb HOBble Ky/NOHOBCKME bHapbepbl,
nocnenoBatenibHO ckuraa yrnepog (~6-108 K), HeoH, kucnopog (~ 1,5 109 K) n Kpemuuin (~3:109 K). B
pesynbTaTe BHYTPU MacCUMBHOM 38e3bl GOPMUPYETCA «IYKOBMUUHAA» CIONCTAA CTPYKTYPA C Kene30-HUKeNeBbIM
Aapom B ueHTpe. MOKOMbKY AAPO U3 3/1eMeHTOB rpynnbl Kenesa (56Fe, 56Ni) 06n1agaeT mMaKcMMaibHOM
3Heprvei CBA3N HA HYKNOH, AajfbHenlwmne TepmMosAepPHbIe peakuun 3K30TePMUYECKOro CMHTe3a CTaHOBATCA
HEeBO3MOXHO. CepoBOA0pPOAa.

DNeMeHTbI TAXKeNee Kenesa He MoryT 06pas3oBaTbCs B X04e 0OblYHbIX TEPMOALEPHbIX PeaKLuMii CuHTe3a ¢
BblaeneHnem sHeprun. Mx obpasoBaHmne NponcxoguT NyTem nocsen0BaTe/IbHOro 3axBaTa HEMTPOHOB aTOMHbIMMU

u_n
S

agpamu: 1. “s”-npouecc (slow/meaneHHbli HEMTPOHHbIN 3axBaT): MpoTeKaeT B rMraHTax U acCMMNTOTUYECKOM
BeTBM rmraHToB (AGB-3B&34ax) Npu OTHOCMTENIbHO HU3KUX NMJIOTHOCTAX HEMTPOHHOIO NoToKa. CKOPOCTb 3axBaTa
HEWTPOHa AAPOM MeHblle CKOPOCTM ero nocaegylowero B-pacnaga. TakMM NyTem CUHTE3UPYETCA OKOJO

o"_n
r

NONOBUHbI 3/M1IEMEHTOB TAXenee enesa (cTpoHuun, 6Gapwii, CBUHeu). 2. -npouecc (rapid/6bicTpbin
HEWTPOHHBbIV 3axBaT): TpebyeT 3KCTPeMasibHbIX MJOTHOCTEW HEWTPOHHOrO MOTOKAa, MPU KOTOPbIX CKOPOCTb
3axBaTa HEWTPOHOB 3HAUYUTE/IbHO MPEBbILWAET CKOPOCTb B-pacnaga. ITOT NPOLLEeCC NPOUCXOAUT NPWU B3pbiBaxX
CBepXHOBbIX € Kosinancom aapa (Core-Collapse Supernovae) 1 ciMaHMAX HEUTPOHHbIX 3BE34, (KM1oHOBbIE). B “r”-
npouecce obpasyoTca TAXeNelhlwmre 371eMeHTbl, BKAYaA 30/0TO, MAATUHY, TOpUA U ypaH. 3. B3pbiBHOM
HYKneocuHTes u “p”-npouecc: MpouncxoauT Npm NPOXOXKAEHUM yAapHOMN BO/HbI Yepe3 060/104KKN B3pblBatoLLENCA
CBEPXHOBOM, NPMBOAA K CMHTE3y 064eNeHHbIX HEUTPOHaMK M30TONOB (p-aaep) nytem ¢oToAUCUHTErpaLLMn U

3axBaTa NMNPOTOHOB.
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3Be34HbIi HYKNeoCMHTEe3 npeacTaBaseT cobol GpyHAaMeHTaNbHbIA MeXaHU3M KOCMMYECKOWN 3BOJIOLMUK
maTtepun. C KaxKabiMm NoKoneHnem 3B€3a (0T cBob6OAHbIX OT MeTannos 38é3a Hacenenusa Il 4o coBpemeHHbIX
3BE34 HaceneHun 1) merkspesgHan cpeaa oborawaetcs TAXeNbIMU 3N1eMeHTamMM, BbiOpOLEHHbIMU 3BE34HbIM
BETPOM W B3PblIBAMM CBEPXHOBbIX. ITOT HEMPEPbIBHbIA LMKA XUMMUYECKON 3BOAOLMM [anaKTUKM co3pan
Heobxoanmble ycnoBua ansa GopMUPOBaHNA TBEPAbIX NAAHETHbIX Te/1 U BOSHUKHOBEHUSA }KU3HMU.

CNUCOK UCNO0/Ib30BaHHOW NIUTEpPaTypbl:
1. 3acos A. B., NMocTHoB K. A. O6wasn actpodusmnka. — PpsasumHo: Bek 2, 2011. — 576 c.

© Akmammegos X., [xkymaesa O., ConbleBa A., batbipoBa A., 2026

YOK 67.05

AmuHes B.®D.

MArmcTpaHT 2 Kypca YIHTY,

r.Yoa, PO

HayuHbii pyKoBogutenb: PaxmatynnuH B.P.,
OOLEHT, K.T.H., YTHTY,

r.Yoa, PO

NPUMEHEHUE NOABOAHbIX CUCTEM YNPABJIEHUA NPU 3AKAHYUBAHUU U
PEMOHTE CKBAXWH C NZ1IABYYUX BYPOBbIX YCTAHOBOK

AHHOTauuA
PaCCMOTpeHbI OorpaHn4yeHnA NnpumeHeHnAa CUCTemM ynpasaeHnAa Npu 3akaHYnMBaHUN U peMOHTEe CKBa*UH C
noABOAHbBIM PACNONOKEHNEM YCTbSA C NAaBY4YNX BYPOBbIX YCTAHOBOK. [poaHanM3MpoBaHbl COCTOAHNE MOPCKOTO
bypeHuna B Poccum, coctaB MMPOBOTO pbiHKa cepauca cuctem IWOCS 1 ypoBeHb TEXHONOMMYECKOM 3aBUCUMOCTMU.
CodopmynmpoBaHbl KONMYECTBEHHbIE TpeboBaHMA K oTeyecTBEHHOM cucteme IWOCS.
Kntouesble cnosa:
IWOCS, noaBoHOe 3aKaHUYMBAHWE CKBAXKMH, KOJIOHHA ANA CNYCKa, WaHrokabenb, nonynorpy>kHas 6yposas
YyCTaHOBKa, bapbepHas ¢unocodpusa, MMNopTo3amMeLleHme.

BsepeHue

3anacbl apKTMUECKOro Wwenbdpa Poccmm oueHnsaoTea B 17 mapa T Hedt 1 85 TpaH m3 rasa npu gone mops
4—-6 % B no6bIYe HedTN M 5-6 % B A0ObIYE rasa M 3aBUCMMOCTU Mo 060PYL0BaAHMIO A1 MOPCKON A0ObIYM OKONO
80 % [5]. Mopckaa p[oKTpuHa Poccuitickon Pegepaumm CBA3bIBAeT WCTOWEHME 3aMacoB Ha cywe ¢
nepeopueHTaLmen pa3seskn U Aobblum Ha wenbd [4], 4To NpeanonaraeT 3akaHYNBAHME CKBAXKUH C NOABOAHbLIM
YCTbeM ¢ 6ypoBbIX CYyA0B M NOAYNOTrpyKHbIX BYpoBbIX ycTaHOBOK (danee — MNMNBY).

TexHONorMyeckom OCHOBOM TaKUX oOnepauui ABAAETCA CUCTEMA YMNPaBAEHMA MOHTAXKHbIMU U
peMOHTHbIMM paboTamu (Intervention and Workover Control System, IWOCS) — BpemeHHaa cuctema
rMAPaBANYECKOTO UKW 3NEKTPOrNAPABANYECKOrO YNPaBieHUA NoaBOAHOMW GOHTAHHOM apMaTypoWn, NogBOAHOM
WCNbITaTeNIbHOM GOHTAHHOW apmMaTypoii M KnanmaHamMu KOMIOHHbI AnA cnycka. OT e€ XapaKTepuUCTUK 3aBUCUT
BbIMNOJIHEHWE NMOC/IeA0BaTE/IbHOCTEN TEXHOIOTMYECKOro ocTaHoBa ([anee — TO), aBapuiiHoro octaHosa (Janee
— AO) v aBapuitHoro 6bicTporo otcoeanHeHua (Janee — ABO), Hopmupyembix cTaHaapTamu NORSOK D-010, ISO
13628-7 n APIRP 17G [7, 12, 13].

Uenb paboTbl — cuctemaTmnsauma npobaematmkn npumeHeHus cuctem IWOCS Ha poccuiickom wenbde m
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bopmynmnpoBaHue TpeboBaHMIA K OTEYECTBEHHOM cUCTEME KaK 0ObeKTy mmnoptosamelleHma. Mcnonb3oBaHsl

aHanM3 HOPMATUBHO-TEXHMYECKUX [AOKYMEHTOB W OTKPbITbIX AaHHbIX MpoussBoauTeneir, ob6paboTKa

OOKYMEHTaLMN AeACTBYIOLLEro NPOEKTa M NAaTEHTHbIN aHanuns 3a 1990-2025 rr. (bonee 60 AOKYMEHTOB).
IWOCS Kak 06beKT ynpaBseHusa Nnpy NoABOA4HOM 3aKaHYMBAHUU

B TmnoBoi KoHourypauum IWOCS BKAtOYaeT HaABOAHbIN 610K ynpaBaeHus, rMapaBaNYeckyto CUI0BYHO
YCTaHOBKY, KATyLUKM CO LWAAHTOKabenamm u KoNoHHY Ana cnycka. LUnaHrokabenb ANMHOM OT COTEH A0 ThbicAY
METPOB He ABNAETCA WMAeasbHbIM MNPOBOLHWKOM [AaBAEHUA: TMAPAB/ANYECKOE COMPOTMBAEHUE, O0OBEMHOE
pacwMpeHne WAaHra 1 06bEM NPMBOAOB ONpesenatoT GaKTMYECKOoe BpeMsA NepeBosa KAanaHos.

Bropas ocobeHHocTb — cBA3b IWOCS ¢ 6apbepHoin dunocodpueinn. KnanaHbl KOMOHHbI ANA CMycKa
pasgenaTca Ha GYHKUMOHA/bHbIE U NepPBUYHbIE aBapUiHble Bapbepbl, PEcypc KOTOpbIX pesepBupyeTca A
aBapunHbIX cueHapues [13]. Mpu coBmeleHUN GYHKLUMIM pasHbIX KAanaHOB B OAHOM yNpaB/AlOLWEn AMHUK
LWITaTHOE MCMbITaHWE CNOCOBHO HenpeaHaMepPEeHHO M3MEHATb COCTOSHWE aBAaPMMHONO KNanaHa, YTo HapylaeT
nepapxuio bapbepos.

CocTofiHMe MOPCKOro 6ypeHuns ¢ NaBy4Ynx YCTaHOBOK B Poccum

EAMHCTBEHHBIM MPOMBICIOM CTPaHbl, 06YCTPOEHHbIM NOABOAHbIM A00bIYHBIM KOMMNAEKCOM, ABAAETCA
KMpMHCKOEe rasoKoHAeHcaTHOe MecTopoXKaeHue npoekta «CaxanuH-3»: K aekabpio 2024 r. HaKonseHHas
nobblua coctasuna 10 mapa m3 rasa [3]. OcHoBHaA 4acTb Wenb¢poBOM A06LIM NPUXOAUTCA HAa MNPOEKTHI
«CaxanunH-1» n «CaxanuH-2», peannusoBaHHble Ha MHOCTPaHHOM 060pYyA0BaHNK, AOCTYM K KOTOPOMY OrpaHUYeH
[4]. MapK ycTaHOBOK, MPUroAHbIX A5 PaboT ¢ NoABoAHbIM ycTbeM, BK/todaeT MNMBY «[lMonspHan 3Be3ga» U
«CeBepHoe cusaHue» npoekta Moss Maritime CS50 Mk Il ¢ rny6uHoi mopsa 70-500 m u rnybuHoi bypeHua no
7500 m [2].

OrpaHMyYeHns MMeT CUCTEMHbIN XapakTep: ¢ 2014 r. n ocobeHHo nocne 2022 r. AeMACTBYIOT 3anpeTbl Ha
nepeaady TEXHOMOMMI M NOCTaBKy 060pyL0BaHNA AN MOPCKOM reoioropasseaku u wenbdosoi fobbiun [4, 6];
cpegHuM Bo3pacT cyaoB reodusmnueckoro ¢nota npesbiwaet 35 net npy umnoprtosasmcumoctn no 1100
nosuumam [6]. Mo gaHHbIM KoHUepHa «Anmas-AHTeli», nogsogHoe A06blMHOE 060pyAOBaHWE YKa3aHHOMO
K/1acca BbIMyCKaOT TPM KOMMNaHUKM B MUpe, BCe nog topucankumen CLLA [1].

MupoBoit pbIHOK cepBUCHbIX ycayr IWOCS
Yenyru n o6opygosaHune IWOCS npefocTaBnsoTca orpaHMYEHHbIM YMCIOM KOMMaHuit (Tabaumua 1).

Tabnnuya 1
OcHoBHble nocTaBWMKN obopygoBaHua n ycayr IWOCS
KomnaHus CrpaHa Yuactue B cermeHte IWOCS
Oceaneering International CLUA Cepsuc v apeHga IWOCS [11]
Baker Hughes CLLIA ApeHaHbi napk IWOCS [8]
TechnipFMC BenvkobputaHua IWOCS B cucteme focTyna K cKBaxkuHe [9]
Proserv BennkobpuTtaHua MHTerpuposaHHbie IWOCS 1 SWOCS [10]
SLB, Aker Solutions CLWA, Hopserus YnpasneHue 3aKkaHYNBAHNEM M KONOHHOM ANA CNyCKa
HCS Control Systems, Hitec Products | BennkobputaHus, M3rotosneHne IWOCS no 3akasy
Hopseruna

McToYHMK: pa3paboTaHo aBTOpOM

OteuvectBeHHble npoussoanTenn cuctem IWOCS B OTKPbITbIX UCTOYHWMKAX HE BblABNEHbI. [aTeHTHbIN
aHanu3 3a 1990-2025 rr. gaéT TOT e pe3ynbTaT: 3aaBUTENAMM MO CUCTEMaAM YNpaBAeHMA 3aKaHYMBaHWEM
CKBa*KMH M KONOHHAMW gns cnycka BbicTynatoT Baker Hughes, Schlumberger, Halliburton, FMC Technologies,
TechnipFMC, Vetco Gray, Expro, Aker Solutions; 4OKYMeHTbl POCCUNCKUX 3asiBUTENEN B BbIBOPKE OTCYTCTBYIOT. B
CMEXHOM CEermeHTe MMMOpPTO3aMellleHMe HayaTo: KOHUEpPHOM «AMas-AHTeN» W3roToB/eHbl KOMMIEKTbI
NnoABOAHbIX KOIOHHbIX FOJIOBOK U GOHTaHHOM apmaTypbl 06 bEMom Bonee 25 mapa pyb. co CPOKOM 3aBepLUeHMA
[o 2026 r. [1], Torga Kak cuCTeMbl ynpaBieHWA 3aKaHYMBAHMEM UM PEMOHTOM CKBaXMHbl B peannlyembix
nporpammax npeacrasieHbl cnabee.
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Tpe6oBaHuA K oTeyecTBeHHOI cucteme IWOCS
Mo pesynbTatam 06pPabOTKM [AaHHbIX M3 OTKPbITbIX MCTOYHWMKOB CHOPMUPOBAHbI KOMYECTBEHHbIE
OPUEHTUPbI AN1A OTEYECTBEHHOW Pa3paboTku (Tabamua 2).

Tabnuua 2
Llenesble TexHnyeckme napameTpbl cnctembl IWOCS
MNapametp 3Ha4yeHue
Pabouee gaBneHue cMCTEMbI yNPaBAEHUA 690 6ap (10 000 psi)
McnblTaTeNbHOE faBNEHME NUHUI 1035 6ap (15 000 psi)
BHYTpPEHHWUI AMameTp MHUU LWNaHroKabens 6,5 mm (1/4")
PacuétHana anvHa wnaHrokabena 550-1500 m
CpefHuii pacxog, B paboyem ananasoHe 6,9 n/MuH
YcTaHOB/IEHHAA MOLHOCTb M'MAPABANYECKON CTAaHUMKN yNpaBaeHUA 75-100 kBT
Bpems cpabaTbiBaHUA KnanaHa no AMHUK He 6onee 9,1 c
CymmapHoe Bpema nocnegosatenbHoctet AO u ABO 64cun97c

NcToYHMK: pa3paboTaHo aBTOpOM

JononHutenbHo TpebyroTcA HE3aBUCUMMOCTb YNPABAAIOLMX KOHTYPOB PYHKLMOHANbHBIX U aBapUAHbIX
K/1anaHoB, pe3epBHble INHUMN LWIaHToKabena, nporpaMmmHan peaamnsauuns nocnegosatenbHoctert TO, AO n ABO
C NPUOPUTETOM aBaAPUIMHBIX GYHKLUIN, COBMECTUMOCTb C NOABOAHOM apMaTypOM pPasnYHbIX U3rOTOBUTENEN U
BUHTEpPU3auma 06opya0BaHNA A5 YCIOBUIA aPKTUYECKOTo U Aa/1bHEBOCTOYHOTO LWenbda.

3aKnioueHune

1. MepeopueHTauma [obbluM Ha wenbd npu gone mopa 4-6 % TpebyeT mMaccoBOro NPUMeHeHUA
TEXHO/IOTWIA NOABOAHOrO 3aKaHumBaHuMA U cuctem IWOCS, Toraa Kak pOCCMMACKas MNpakTUKa OrpaHu4YeHa
€MHCTBEHHbIM NMPOMbICIOM C NOABOAHBIM A0ObIYHBIM KOMMIEKCOM.

2. MupoBoit cermeHT IWOCS chopmmnpoBaH orpaHMUYEHHbIM YMCAOM KoMnaHuii CLUA, BennKkobputaHum u
HopBernn; oTeyecTBeHHble MNPOU3BOAUTE/IM U MATEHTHbIE [JOKYMEHTbl POCCUWCKUX 3aaBUTENEen B
NpPoaHaNM3nMpPOBaHHbIX BbIBOPKaX OTCYTCTBYHOT, UTO 0H6pasyeT KPUTUYECKYIO TEXHOIOTMYECKYHO 3aBUCUMOCTb.

3. OnpeaeneHbl OPUEHTMPbI ANA OTeYecTBEHHOW pa3paboTku: pabouyee pasneHne 690 6ap,
ucnbiTatenbHoe 1035 6ap, Bpema cpabaTbiBaHWA KnanaHa He 6onee 9,1 ¢, cymmapHoe Bpems aBapUMHbIX
nocneposartenbHocTel 64 1 97 ¢, MOLWHOCTb M’MAPaABANYECKON CTaHUUK ynpasneHns 75—100 KBT. TpeboBaHuA
NPUMEHUMbI KaK WMCXOAHble AaHHble TEXHWMYECKOro 3aZaHuWsa WM NpPU MOLEPHM3AUMM CXeM YnpaBieHuUsA
KOJOHHaMW ANA CnycKa.
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OLLEHKM B/IMAHUA CXEMbI TMAPAB/IMYECKOIO YNPAB/IEHUA KONOHHOM 1A CMTYCKA HA
COB/MOAEHVE BAPLEPHOW ®MU/10CO®UU MO NORSOK D-010 U ISO 13628-7

AHHOTauuA

MpeanoxxeHa MeTOAMKA OLLEHKU BAUAHUA CXEMbl TMAPABAMYECKOTO YNPABAEHMA K1anaHAaMM KONIOHHbI A1
cnycka Ha cobnogeHne bapbepHolt ¢unocodpum no NATU MNoOKasaTeNAM: HE3aBUCMMOCTb KOHTYpPOB, NyTH
HenpegHamepeHHoro cpabaTbiBaHWMA aBapPUMHONO KnamaHa, KAacC MCMbITaTeNbHOrO KfAanaHa, u4ucno
[ONONHUTENIbHLIX NPOBEPOK, cobatoaeHne BpeMEH aBapuiiHbIX nocnegoBaTenbHocTel. MNMpu anpobauuun Ha
cXeme ynpaBaeHMA BEPXHUM LUAPHMPHBbIM M CTPAaBAMBAOLWMM KnanaHaMM MHAEKC cooTBeTCTBMA coctasmn 0,2
ans ucxogHom n 1,0 Ana moaepHU3NPOBAHHOM CXEMBbI.

KnioueBble cnosa:
b6apbepHan dunocodus, KonoHHa ana cnycka, IWOCS, cxema ruapaBANYECcKOro ynpasaeHus,
NORSOK D-010, ISO 13628-7, uenoCTHOCTb CKBA*KUHbI.

BseaeHue
3aKaHuYMBaAHME U PEMOHT CKBA*KMH C NOABOAHBLIM PAaCNONOKEHMEM YCTbA BbINOJHAIOTCA NPU HAAUYUN He
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MeHee ABYyX HEe3aBMCUMMbIX WCMbITaHHbIX 6apbepoB MeXay MNAacTOM W OKpYrKalolWen cpenoi, npuyém
e4MHWYHbIN OTKa3 anemeHTa bapbepa nam owmnbKa onepaTopa He AOJIXKHbI NPUBOAUTL K NOTEPE KOHTPOA Hag,
CKBa*KMHOW [6]. TpeboBaHMA K CMCTEMaM KOJOHHbI A8 CNYCKa U K NOCnef0BaTe/NbHOCTAM TEXHOJIOTMYECKOro
ocTaHoBa (Janee — TO), aBapuitHoro octaHoBa (danee — AO) n aBapuiiHoro bbicTporo otcoeguHeHua (danee —
ABO) yctaHoBneHbl ctaHaapTamu I1SO 13628-7 n API RP 17G [3, 5], B Poccuitckoit depepaumn — beaepanbHbimm
Hopmamu M npasunamu [1l]. AKTyanbHOCTb oOnpeaenseTca nepeopueHTaumern AobbluM Ha wenbd npu
3aBMCMMOCTM No 060pyA0BaHNIO ANA MOPCKOM A06bluM oKoso 80 % [2].

MepeyncneHHble 4OKYMEHTbI HOPMMUPYIOT COCTAB, YMC/I0 U UCMbITYEMOCTb 6apbepHbIX 31eMEHTOB, O4HAKO
He cogep:KaT $opManmM30BaHHbIX TPEOOBAHUIN K TOMONOTUN TMAPABANYECKMX KOHTYPOB BPEMEHHOMN CUCTEMBI
ynpaB/ieHMA 3aKaHYMBAHMEM N PEMOHTOM CKBaXKMHbI, Yepes KoTopble 3TK 6apbepbl NpuBoaAATcA B Aelictame [4].
B pe3ysibTaTe cxema ynpaBaeHus, NPy KOTOPOW JIMHUKN OTKPLITUA U 3aKPbITUA Pa3HbIX MO Ha3HAYEHMIO KNanaHoB
COBMelLEeHbl, $OpMaNbHO He MPOTUBOPEUNT HOPMATMBHbLIM [OKYMEHTaM, HO (aKTUYECKM UCKIoYaeT
He3aBUCMMOE ynpaBneHne ¢YHKUMOHANbHLIM W aBapuiiHbIM - KnanaHamu. OueHKa Takolh cuTyauuu
BbINOJIHAETCA, KaK NPaBU/Io, KAYECTBEHHO U He A0MNYCKaeT CONMOCTaB/IeHNS BAPUAHTOB CXEM MeXK Ay COBOM.

Uenb paboTbl — pa3paboTka METOAMKN OLEHKM BAUSHUA CXEMbI TMAPABIMYECKOrO YyNpaB/eHUs KianaHamm
KOJIOHHbI AN Chycka Ha cobnogeHne 6apbepHoit dunocodpuun, NpuUrogHon ANs CPABHEHUSA MPOEKTHbIX
BapuaHTOB. 3ajauun: onpeaeneHMe coCTaBa NMoKasaTesieil OUEHKW, YCTaHOBJIEHME MPaBWUI UX BbIYUC/IEHUS U
anpobaums METOAMKU Ha CXEME YNPaB/eHUA BEPXHUM LIAPHUPHbLIM KJanaHOM M CTPaB/IMBAIOLWMM KnanaHoM
KOJIOHHbI 18 CMyCKa.

0630p cyLecTByOLWMX NOAXOA0B

NORSOK D-010 onpegensieT 6apbepHyto 060/104Ky Yepes nepeyeHb 3/1eMEHTOB U TpeboBaHUA K KX
MCMbITaHWIO U He3aBucumocTu [6]; 1ISO 13628-7 u API RP 17G HOpMUPYIOT COCTaB CUCTEM KOJIOHHbI A5 CMYCKa U
nocsef0BaTe/IbHOCTU OCTaHOBA M OTCOEAMHEHMSA, BKIOYAsA KOHTPO/Ib BpeMEHM OTK/MKa [3, 5]. OueHKa 0TKa3oB
3/1eMEHTOB BbINO/IHAETCA METOAO0M aHa/M3a BUAOB M Noc/eacTBuii oTKasoB (FMEA) 1 noctpoeHMem maTpuubl
NPUYNHHO-CNEACTBEHHbIX CBA3EN.

YKasaHHble NoAX0Abl OPUEHTUPOBAHbI Ha OTKA3 OTAE/IbHOMO 31eMEHTA U Ha NOATBEPXKAEHWNE BbINONHEHUS
byHKUMKU. CBOMCTBO HE3aBUCMMOCTM KOHTYPOB YNpaBAeHWsA, MpPM KOTOPOM LITAaTHasa onepauma C
bYHKUMOHANbHBIM KNanaHoOM He U3MeHAET COCTOSIHWE aBapuMIHOIO KnanaHa, B ABHOM BUAE HE HOPMUPYETCS U
B MEpPeYnCcNeHHbIX MeTodaX He OLEeHMBaeTca KoaudyecTBeHHo. [aHHbii npoben onpegenseT cofepikaHue
npegnaraemoint MeToANKMU.

MeTtoponorus

MeToaMKa NPUMEHSETCA K CXeMe YNpaB/ieHUsi, NPeACTaB/NeHHON MaTpuLen «IUHUA ynpaBieHusa —
GYHKLUMA KnanmaHa», M BK/AOYaeT 3Tanbl: KnaccMduKaumsa KaanaHoB MO HasHayeHuo (dyHKUMOHabHble U
aBapuitHble Bapbepbl); NOCTPOEHME MATPULbI; BbIABEHWE IMHWUIN, 0b6CnyXKMBatOWMxX 6onee ogHOM GyHKUMK;
BblYMCIEHME NOKa3aTeNel n MHAEKCa COOTBETCTBUSA; CONOCTaB/eHMe BapuMaHToB cxemM (Tabanua 1).

Tabnuua 1
MokasaTtenu OLLEHKHM CXeMbl TMApaB/IMYECKOro ynpassieHnA
MNMoka3sarenb CopepraHue 3HayeHue
1-8ce;
ni He3aBMCMMOCTb KOHTYPOB [ona kKnanaHoB ¢ 060C061EHHBIMU IMHUAMMU 0,5 —yacrtb;
0 — Het
n2 MNyTn HenpegHamepeHHOro YMCNo NMHUIA, NO KOTOPbLIM LUTAaTHaA onepauma 1-—Her;
cpabaTtbiBaHUA MU3MeHAET COCTOSHME aBapUIMHOTO KaanaHa 0—ecTb
n3 Knacc ucnbitatensHoro Knacc knanaHa, npMMeHAEeMOro Npu WTaTHbIX 1 — pYHKUMOHANBHbIN;
KnanaHa MCNbITaHUAX 0 — aBapUiHbIN
Yncno NnpoBepoK, MOPOXKAAEMbIX LUTATHOM 1—Her;
na JononHutenbHble NPOBEPKHU P . P POXA
onepauuen 0—ecTb
N CooteTcTBue BpeméH TO, AO u ABO 1-npa;
ns CobnopeHne BpeMéH . P A
NoATBEPKAEHHBIM 3HAYEHUAM 0 —Het

MCTOYHMK: pa3paboTaHO aBTOPOM
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NHaekc cooTBeTcTBUA BapbepHoi dmnnocodmmn BblUUCASETCA KaK cpeaHee apudmeTUnyeckoe 3HavyeHui
NATWU MNokasatenem u nNpuHUMmaeT 3HadyeHuAa oT 0 go 1. PaBHble BecoBble KO3pPULMEHTbI MOKasaTenen u
TPEXYPOBHEBAA LWKana NPUHATbI aBTOPOM KaK AoNyLEeHWe: HOPpMaTUBHbIE JOKYMEHTbI BECOB HEe YCTaHAB/IMBAtOT.
NHAaeKc aBnseTcs NopaAKOBOM OLEHKOM U He npeacTaBaseT cobol BEPOATHOCTHYIO Mepy OTKasa.

Pe3ynbTrathl anpobauuu

Anpobauus BbINOJIHEHA HA CXemMe YNpPaB/ieHMA HUMKHEM KOJIOHHOW Ansa Cchnycka nNoABOAHOro
3aKaH4YMBaHMA. B ncxogHoi cxeme NMMHUA 2 06CNyKMBaeT GYHKUMM «3aKpbITUE BEPXHErO WAPHMPHOIO KaanaHa
/ OTKpbITWE CTPaBAMBAIOWErO KAanaHa», IMHUA 3 — GYHKUMM «OTKPbITME BEPXHEro WapHWPHOTO KnanaHa /
6/10KMPOBKa  3aWENKM / 3aKpbiTMe CTPAB/AMBAIOWEro KjaanaHa». MoAepHWU3MPOBaHHbLIA  BapuaHT
npeaycmaTpusaet ase 06ocobaeHHble AMHMM ynpasaeHna VOV npu coxpaHeEHUN MEXAHUYECKO KOMMOHOBKW.
Pe3ynbTaThbl NpMBeAeHbl B Tabauue 2.

Tabnuua 2
Pe3ynbTaTbl OLEHKN CXem ynpasB/ieHUA KOJIOHHOW NS CMycKa
MNokasarenb UcxopHana cxema MopgepHu3npoBaHHan cxema
1 (060c0o61eHHbIE NMHMM CTPABAMBAOLLETO
ni 0 (MMHUKM coBMeLLLEHDI) ( P W
KnanaHa)
n2 0 (aBa nyTu: AvHUM 2 1 3) 1 (nyTv oTcyTCTBY!IOT)
0 (NpMMeHATCA WapPOoBbIi KNanaH U HUKHWUA . .
n3 1 (npuMeHsAeTCA BEPXHUI LLAPHWUPHBINA KNanaH)

LIaPHMPHBIN KNanaH)
0 (McnbiTaHWe CTPaBAMBAOLLETO KanaHa nocne
Kaxkaou onepaumm)

na 1 (aononHUTeNbHbIE NPOBEPKN He TpebytoTca)

1 (64 n 97 c; cpabaTbiBaHME CTPaBAMBAOLLETO
KnanaHa 9,11 9,0 ¢)
MNHAaeKc cooTBeTCcTBUA 0,2 1,0

MCTOYHMK: pa3paboTaHo aBTOpOM

ns 1(64 197 )

3HayeHnA nokasatena M5 NpUHATbI NO pe3yabTaTaM MMAPaBAMYECKOro Pacdéta M AaHHbIM UCNbITAHUN
WHTErpUpPoOBaHHOM CUCTEMbI: BPeMs cpabaTbiBaHWA CTPABAMBAIOLWLErO KAanaHa cocTasaseT 9,1 ¢ npu oTKPbITUM U
9,0 ¢ Npu 3aKpbITUM, CyMMapHble BpemeHa nocsiegosatesnbHocTeir AO n ABO — 64 1 97 ¢ COOTBETCTBEHHO;
MOZAEPHM3AUMA 3TUX 3HAYEHUWN HE U3MEHAET, MOCKOJIbKY AMaMeTp U AAMHA YNPaBAAIOWMX JIMHUKM, a TaKXKe
cnocob ynpaBieHns COXPaHeHbI.

O6cyxaeHue

Pasnnune nHaeKcoB 0byCc10BAEHO TOMOIOTMEN KOHTYPOB YNPaBaeHMA NPU HEM3MEHHbIX MeXaHWUYeCcKon
KOMMOHOBKE M COCTaBe KNaMaHOB, YTO NOATBEPKAAET POJib CXEMbl YNPaBAEHMA KaK CaMOCTOATENIbHOrO GpaKTopa
cobntopeHns 6apbepHon punocodPpun, He yYnTbIBAEMOTO NPU NO3IEMEHTHOM NPOBEpPKe 6apbepos.

OrpaHnyeHnsa metToamkm. NoKasaTenm MMetoT NopAAKOBbIN XapaKTep, BecoBble KO3PPULMEHTbI NPUHATBI
paBHbIMMK, UYTO ABAAETCA AonyweHnem. MeToauKa He y4YUTbIBaeT /IOKa/ibHble PUCKU, BHOCUMbIE YBEe/IMYEeHUEM
yncna rMAPaBANYECKUX JIMHWUI: YTEUKM, 3arpsA3HEHNE N OWMOKN MOHTAXKA; UX OLLeHKa BbINOJHAETCA OTAE/bHO
metogom FMEA. T[okasaTtenb [13 onpegenserca no $aKTMYECKOM 3KCM/yaTaUMOHHOM MNpaKTUKe, A8
OOKYMEHTUPOBAHMA KOTOPOM TpebyeTcs CTaTUCTMKA MCMbITaHWA; NpU €€ OTCYTCTBMM 3HAYeHMe NoKasaTtens
yCTaHaBAMBAETCA 3KCNepTHO. MoATBeEpKAEHNE METOAMKN HA 06bEKTaxX APYTNX KOHOUTYPALMIA HE BbINOIHANAC.

3aKknoyeHue

1. JelicTByloWwMe HOPMaTUBHbIE AOKYMEHTbl HOPMMPYKOT COCTaB U UCMbITYeMOCTb 6apbepoB, HO He
YyCTaHaB/IMBAlOT TPebOBaHUIA K HE3aBUCMMOCTM KOHTYPOB FMAPABANYECKOro ynpaB/ieHWsA, BCAeaCTBME 4Yero
CXema ynpasneHuss MoxeT ¢GOopMasbHO COOTBETCTBOBATb TPeboBaHMSM U OAHOBPEMEHHO WCKAOYaTb
He3aBUCUMOE UCNONb30BaHME GPYHKLUMOHAIbHOIO M aBapPUIMHOIO KNanaHoB.

2. NpeanoxeHa MeToAnKa OLLEHKM, BKAOYatoWas NaTb NoKasaTesiel N MHAEKC COOTBETCTBMA BapbepHOi
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¢dunocodumn, nos3sonAOLLAA CONOCTABAATb NPOEKTHbIE BAPUAHTbl CXEM YNPaBAEHMA NPU HEU3MEHHOM COCTaBe
obopynosaHus.

3. Anpobaumsa Ha cxeme yrnpaBieHMA BEPXHUM LLAPHUPHbIM K/1lanaHOM M CTPaBAMBAIOLWMM K1anaHoOM gana
mHaekc 0,2 ans ncxoagHom cxembl U 1,0 ana cxembl ¢ 060CO6NEHHBIMN TMHUAMMW YIIPABAEHUA CTPABANBAOWMM
K/NanaHOM Npu HEM3MEHHbIX BpemeHax nocnegosatenbHocTet AO n ABO, paBHbIx 64 1 97 c.

4. MeToAMKa NPMMEHMMA NPU 0O60CHOBAHUN MOAEPHM3ALLUM CXEM YNPABAEHMA KOJOHHOW A/1A CnycKa U
npu ¢opmmnposaHmm TpeboBaHMIM TEXHUYECKOTO 3343aHMA HA OTEYECTBEHHYIO CUCTEMY 3aKaHUMBAHUA U PEMOHTA
CKBaXXMHbl. MOpPAAKOBLIM XapaKTep LWKajbl M pPaBHble Beca MOKasaTesfel OrpaHMYMBAlOT NPUMEHEHUe
pe3ynbTaToB 3a4a4aMmM CPaBHEHWS BAPUAHTOB.
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Washington: API, 2014. 148 p.
4. |Intervention Workover Control Systems (IWOCS) [3nexkTpoHHbIn pecypc] // Oceaneering. URL:
https://www.oceaneering.com/workover-control-systems/iwocs/ (aata o6pauwenusn: 03.09.2026).
5.150 13628-7:2005. Petroleum and natural gas industries — Design and operation of subsea production systems
— Part 7: Completion/workover riser systems. Geneva: ISO, 2005. 196 p.
6. NORSOK D-010. Well integrity in drilling and well operations. Rev. 5. Oslo: Standards Norway, 2021. 232 p.
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NPUMEHEHUE LWOPOBbIX ABOMHUKOB A/11 ONTUMU3ALMUU O,0BbIYU, MPOTHO3UPOBAHWUA U3HOCA
OBOPYZJOBAHUA U NPEQOTBPALLEHWA ABAPUIA B HEGTEFA3OBOW
¥ TOPHOL,0EbIBAIOLLEN NPOMbILUNIEHHOCTU

AHHOTauuA
CraTbA nocBAWEHA WCCNeAOBaHUIO MNEPCNEKTMB M MPAKTUYECKOro OnbiTa BHEAPEHUA TEXHONOrnu
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UMPPOBLIX 4BOMHNKOB B NPOLECCH Pa3BeAKM, Pa3paboTKM MECTOPOXKAEHUI U SKCNyaTaLLMM TEXHOIOTMYECKOTO
060pyaoBaHUA A06bIBalOLLETO KOMMN/IEKCA.
Kniouesble cnosa:
umdpoBoit 4BONHUK, Digital Twin, onTmmsauma Aob6bIYK, NPEANKTUBHOE 0OCNYKUBAHME,
NHTepHeT Beweit (loT), npeaoTBpalleHne aBapui.

CoBpeMeHHbIA 3Tan pa3BuTUA HedTerasoBoi M ropHoaobbIBaloOLWLEl OTpacnen XxapaKtepusyercs
nepexogoM K OCBOEHMUIO C/IOXKHOMOCTPOEHHbIX, N1yOOKO3aferalWwmx M WUCTOWEHHbIX 3amnacos, YTo
COMPOBOXKAAETCA POCTOM KaNWUTaNbHbIX 3aTPaT M PUCKOB BO3HMKHOBEHMA aBapUMHbIX cUTyauuii. B ycnosumax
BbICOKOW HECTabUABHOCTU MUPOBbIX PbIHKOB YI/1EBOA0POA0B M TBEPALIX NONE3HbIX MCKONAEMbIX TPAANLMOHHbIE
MeTOo/bl YpaB/ieHMA NPOU3BOACTBOM YCTYNatOT MecTo KoHuenuumn «MHaycTpus 4.0». LLeHTpanbHbIM 31eMEHTOM
undposoi TpaHchopmaumm A06bIBAOWMX MNPEANPUATUIA CTAHOBUTCA CO3A4aHWe UMOPOBbIX ABOMHUKOB —
MHOTOKOMMNOHEHTHbIX BUPTYa/IbHbIX aHAI0roB GU3NYECKMX 0O BEKTOB, GYHKLIMOHMPYIOLWMX B PEXKUME PeasibHOro
BPEMEHMU.

UndpoBoii ABOMHUK MECTOPOXKAEHMA nNpeacTaBaseT cobolt MHTerpauuvio ABYX K/AOYEBbIX YPOBHEW:
1.Lindposoi ABOMHKUK NnacTa (noaszemHolt cuctemsl): O6beamHaeT 3D-reonornyeckyto, rmapoaMHaMUYEcKyo 1
reoMexaHW4YecKyo moaenn. B otinume ot cTaTMYecKMxX NPOEKTHbIX Modenen, umdpoBoi ABOMHUK HENPEPBIBHO
aKTya/IM3MpyeTcs Ha OCHOBE JAaHHbIX MPOMbICNIOBO-Te0PU3INYECKUX WUCCNEeAO0BaHWUA, MAPOANHAMMUYECKOTO
KapoTaka U TeKyLMX NoKasaTeiell paboTbl CKBaXKWUH (aebuT, nnactosoe 1 3aboliHoe aasneHue); 2. Lindposon
ABOWHUK MNPOMbICNOBON UHPPACTPYKTYpPbl (HazeMHOM cucTembl): BKAlOYaeT maTemaTUyecKkMe MOoJenu
CKBaXXMHHOro obopyaoBaHUA (3/1eKTPOLLEHTPOo6EKHbIX HacocoB — 3SLIH, LWTaHToBbIX CKBaXMHHbIX HAcOCOB),
KYCTOBbIX M/OWAA0K, WieindoB, 3aMepPHbIX YCTAHOBOK UM CUCTEM MNOArOoTOBKa HedTM M rasa. MHTerpaums
nog3emHOn M Ha3eMHOW 4YacTel B eAMHYI TMAPABANMYECKYID U TePMOAMHAMUYECKYID MOJAENb MNo3BosAeT
PaccYMTbIBATb COT/IAaCOBaHHbIE PEXMMbl PaboTbl CUCTEMbI «MIacT — CKBa*kMHa — cbop — MoAroToBKay.
Mcnonb3oBaHue uUMPOBbLIX ABOWHWKOB MO3BOJIAET pewunTb GyHAAMeHTaNbHyo 3aJadyy rMAPOAMHAMUKUA U
MPOMBIC/IOBOIO UHMKMHMPUHIE — MaKCUMMU3aUMIO TeKyLen Ao6blun U KosdduLmMeHTa nssnedeHus Hedtun/rasa
(KMH/KUT) npu MUHUMaNbHbIX 3HEPreTMYecknx 3aTpaTax: a) ynpasjeHue 3aBOAHEHWEM U BbITECHEHWEM:
Mogenb paccumTbiBaeT ONTUMANbHOE pacnpeaesieHMe 3aKauky Bogbl UM rasa No HarHeTaTe/IbHbIM CKBaXKMHaM
ONA NpefoTBpaleHns npexaeBpemMeHHOro NpopbiBa NAacToBbIX BOA W BbipaBHMBaHUA GPOHTA BbITECHEHUS;
6) aBTOMaTMYEeCKMIA BbIGOP TEXHONOTMYECKUX PEXMMOB: ANTOPUTMbl MalMHHOTO 0byyeHMA Ha OcHOBe
BMPTYabHOM MOAe/ M NoABMPatoT ONTMMa/IbHbIE WITYL,EPHbIE PEXUMbI M YacTOTY BpalleHUs NPUBOAOB HAacOCOB,
obecneunBas paboTy CKBaXKMH B 30He MakcuManbHoro KM 6e3 pucka KaBUTaLUmM UAN CONEOTNONKEHNA.

OTKas rnybuHHO-HacocHoro obopynoBaHMA UAM pasrepmeTusauma TPybonpoBoAOB CONPOBOXKAAOTCA
ONTENbHBIMM MPOCTOAMM M KON0CCaIbHbIMU GUHAHCOBLIMW YBbITKamu. LindpoBon 4BOMHMK TEXHONOMMYECKOTO
obopyfoBaHMA  peanusyeT  CcTpaTernio  nNpegukTMBHOro  obcnyskuBanua  (Predictive  Maintenance):
1. MOHUTOPUHT OUINKO-XMMUYECKUX MNapamMeTpoB; 2. AHanu3 aHOMaAUM W AerpajauMoHHbIX MoAenewn;
3. PaHHee obHapyKeHue aedekTos; 4. NpeaoTBpaLleHne aBapUnHbIX CUTYaL Mt U obecneyveHne sK010rMYeckom
6e3sonacHocTy.

3a cyeT HenpepbIBHOTO MOAENNPOBAHUA HECTALMOHAPHbIX MMAPOAMHAMUYECKMX NPOLLECCOB LUudpoBble
ABOMHUKKM  BbICTYNAKOT NaBHbIM  MHCTPYMEHTOM MNPOTUBOABAPWUHOM 3awmTbl: 1) nporHosvposaHue
rasoHedTeBogonponsneHunit (THBM); 2) KOHTPOAb LLENOCTHOCTU TPYHONPOBOLHOIO TPAHCMNOpPTa.

UndpoBble ABOVHWKM NPeACcTaBAAOT COOOM  CUHEpPreTUMYecKUn WHCTPYMEeHT, obbeauHAoWwmn
byHAaMeHTaIbHble 3aKOHbI GU3UKK, TMAPOANHAMUKN U COBPEMEHHbIE METOAbI PaboTbl ¢ 60AbWIMMK AaHHBIMU
(Big Data). BHeapeHWe 3TON TexHONOTMWM MNO3BOASET AO0ObLIBAOLMM KOMMAHWAM MOBbLICUTL OXBAT M1AcTOB
BblPabOTKOM, CHN3UTb OMepaLMOoHHble pacxoabl Ha 06cnyKMBaHWe 060pyA0BaHUA Ha 15-25% 1 npakTUYecKu
MONHOCTBbIO MCKAOUMTL KaTacTpodumueckme asapuu. [lanbHeliee pa3BUTUE HaNpaB/ieHUsA CBA3aHO C
WHTerpaumen UMdpPoBbIX ABOMHUKOB C 6ECMUNOTHBIMM KOMMIEKCAMM YyNpaBieHUsas U poboTU3MPOBaHHbIMM
NpPoOMbICIAMMU.
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CNMCOK UCNONb30BAHHOI INTEpPaTypbl:
1. F'puropoes B.A., Omutpmes C.B. ABTomaTtusauma n umdposmsaums npoueccos fobblun HedpT M rasa. — M.:
Heapa, 2021. — 340 c.
2. Tao F., Zhang M., Nee A. Y. C. Digital Twin Driven Smart Manufacturing. — London: Academic Press, 2019. —
256 p.
© Araes 0., lNaiirbicbizoBa k., Opasosa ., AMaHrenguesa A., 2026

YAK 62
AwbipoB M., cTyaeHT,
Mawapwvnos T., cTyaeHT,
Xatamos M., cTygeHT,
Makcagos A., CTyaeHT,
HayuHblit pykoBoguTenb: ATapyKaes A., NpenosasaTesb,
MeKayHapoaHbIN yHUBEpcUTET HEedTU M raza umeHun Arwbirenam Kakaesa,
Awxabag, TypKMeHUCTaH

FTEOMH®OPMALIMOHHbIE CUCTEMbI U AHANIU3 AIAHHBIX B 9KO10rMKU U TEOXMMUN: COBPEMEHHbIN
noagxoa K nPOCTPAHCTBEHHOMY MOAE/IUPOBAHUIO

AHHOTauuA
CTaTba MOCBAWEHA WMHTErpauumn reonHoopmaumoHHbix cuctem (TMC), meTogoB NPOCTPAHCTBEHHOIO
aHa/M3a M COBPEMEHHbIM TEXHO/IOTMAM HayKM O AaHHbIX (Data Science) B KOHTEKCTe peLleHUs 3K00ro-
reoXmmMmMyeckunx 3agau.
KnioueBble cnosa:
reovHdopmaLmoHHble cuctembl (TUC), NPOCTPAHCTBEHHbIN aHaANN3, TEOXMMUA NaHAWadTOB, SIKOTEOXMMMUS,
reocTaTUCTMKA, KPUTUHT, NMPOCTPAHCTBEHHbIE AaHHble, KapTorpadmpoBaHme, TEXHOTEHHOE 3arpA3HEHME.

CoBpeMeHHble 3KOI0rMYECKME N FEOXMMMYECKME NCCeA0BaHMA ONEepPUPYIOT KO0CCaNbHbIMM 06bemMmamm
NPOCTPAHCTBEHHO-KOOPANHUPOBAHHOW  MHPopmaumn. OueHKa  COCTOSHUA  3KOCUCTEM,  MOHWUTOPWHT
TEXHOreHHOro 3arpsA3HeHWs Moys, BOA M aTMoCdepbl, a TaKXKe MNOUCKOBAA reoxmumua TPebytoT He npocTo
KO/IMYECTBEHHOTO aHanM3a Npob, HO M TOYHOTO MOHUMAHWMA NPOCTPAHCTBEHHO-BPEMEHHbIX 3aKOHOMEPHOCTEN
pacnpefeneHna XMMMYECKUX 3N1eMEHTOB. B cBA3K ¢ 3TUM reomHbopmaLMoHHble cuctembl (TMC) npespaTuance
M3 MPOCTOr0 WHCTPYMEHTA BM3Yya/aM3auMM M KapTorpadupoBaHMA B MOLLHYIO aHA/IMTUYECKYIO cpeay,
no3gosAWY 06beANHATb reTeporeHHble AaHHble U MOAEMPOBATL C/IOXHblE MPUPOLAHO-TEXHOTEHHbIe
npoLeccsl.

NHTerpaumsa TUC-TEXHONOTMIN M MHCTPYMEHTOB MNPOCTPAHCTBEHHOrO aHa/sM3a [AaHHbIX MNO3BOAAET
3¢ deKTMBHO pellaTb KOMNAEKC GyHAAMEHTANbHbIX U NPUKNAAHbIX 3a8a4: 1. Ba3oBoe CTPYKTypupoBaHWe U
XpaHeHMe paHHbiXx Co3ZaHWe NpPOCTPaAHCTBEHHbIX 6a3 AaHHbIXx (Spatial Databases) nossonsetr XpaHUTb
pe3ynbTaTbl Nosneesoro onpobosaHuA, nabopatopHbix aHanuszos (ICP-MS, XRF), AaHHbIX AMCTaHLMOHHOTIO
3oHAMpoBaHua 3emau (433) u umdposbix mogeneir penbedpa (LLMP) B eaAnHON KOOpAUHATHOWM CUCTEME;
2. MpocTpaHCTBEHHAA MHTEPMNONALMA U reoCTaTUCTMKA MOCKONbKY onpoboBaHue NPUPOAHLIX cpes, Bceraa HocuT
OMCKPETHBIN (TOYeYHbI) XapaKTep, BOCCO34aHMe HENpPepPbIBHbIX reOXMMUYECKUX Nonei TpebyeT npumeHeHus
WMHTEPNOAAUMOHHBIX a/ITOPUTMOB: a) MeToZ 0bpaTHbIx paccToaHui (IDW): addeKTMBeH ana sKCnpecc-oLeHKH
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NIOKaNbHbIX U3MEHEHUI; 6) OpANHAPHBIN U MHONKATOPHbIA KPUTUHI: MEeToAbl FeOCTaTUCTUKM, YYUTbIBAtOLWME
NPOCTPAHCTBEHHYIO aBTOKOPPEeNAunto Yepes GyHKLMIO BapMOrpaMmMbl, YTO NO3BOIAET HE TONIbKO CTPOUTL KapTbl
KOHLEHTPALMIA, HO U OLEHNBATb HEONpPEeAEeNeHHOCTb (NOrPeLwHOCTb) NPOrHo3a; 3. BblABNEeHNE TEXHOTEHHbIX U
NPUPOAHbLIX aHOMannn CoBmeLLeHNE reOXMMUNYECKUX CNI0EB C AaHHbIMUM MO penbedy, rmaporpadun, BETpoBomy
PEXUMY M WUCTOMHMKAM Bbl6poCcOB no3BosdeT AuddepeHuMpoBaTb MPUPOLHBINA TEOXMMUYECKUI GOH U
TEXHOFEHHbIEe Opeosibl  pacceAHua. Mcnonb3oBaHME MNPOCTPAHCTBEHHbIX OBEPJIEMHbIX Onepauui  wu
MYNbTUCNEKTPANbHbIX MHAEKCOB AaeT BO3MOMKHOCTb OTC/AEXKMBATb AMHAMMKY Aerpajaumun pacTuTesibHOro
NOKPOBA NOA BIMAHMEM TOKCUYHbIX BbIOPOCOB; 4.  OLEHKa 3KONOMMYECKMX PUCKOB M 30HMPOBAHUE HA OCHOBE
NPOCTPaAHCTBEHHONO pacyeTa MHTErpasibHbIX NoKasaTenewn (HanpMmep, CyMMapHOro NoKasaTte s 3arpAsHeHus Zc)
B8 [WNC ocywecTBnfeTcA aBTOMaTUYECKOe 30HMPOBAHWE TEPPUTOPUIN MO  YPOBHKO  IKOJOFMYECKOIO
Heb1aronony4ns, 4To KPUTUYECKN BaXKHO ANA FPafOCTPOUTENBHOIO NAAHUPOBAHNA U PEKYIbTUBALUM 3EMEND.

CoBpeMeHHbIM TpeHAOM ABAAeTcA UHTerpauma M’C c anropytMmaMmm MaliMHHOIO 06ydeHus. MNprumeHeHne
reonpocCTPaHCTBEHHOrO aHanM3a COBMECTHO ¢ anroputmamm Random Forest, Gradient Boosting u
WUCKYCCTBEHHbIMW HENPOHHbIMW CETAMW MO3BOJIAET MPOrHO3MPOBATb MWUIPALMUIO MOANOTAHTOB C YYEeTOM
MHOXeCTBa HEKOPPENNPOBAHHbIX GPAaKTOPOB, YTO 3HAYNTE/ILHO NOBbLIWAET TOYHOCTb 3KON0T0-reEOXMMMUYECKOTO
MOZEeNNpOBaHuA.

leoMHbOPMaLMOHHbIE CUCTEMBI MU METOAbl aHaNN3a MPOCTPAHCTBEHHbIX AAHHbIX NpeacTaBAAloT cobown
Hepa3pbIBHbIA KOMMJIEKC, ONpesenAlWwnili COBPEMEHHbIA YPOBEHb 3KOTEOXMMMUYECKUX WUCCefO0BaHUM.
MNpumeHenne T[UC nepeBOgUT 3IKONOrO-rEOXMMUYECKMIA MOHUTOPUHT C OMNMCATENIbHOrO YPOBHA Ha
NPOrHOCTUYECKKNI, obecneynmBas HayyHyto 6a3y p[na NpefoTBPALLEHUMA 3IKOJIOFTMYECKMX KaTacTpod U
obecneyeHns yCTOMYMBOro pasBUTUA PETMOHOB.

Cnu1COK UCNONb30BaAHHOI INTEpaTypbl:
1. Kacumos H.C., Bnacos [].B. dkoreoxnmusa naHawadpToB n maTemaTUYeCKMe MeToAbl aHaAn3a AaHHbIX. — M.:
NN CopokmHa E.4., 2018. — 192 c.
2. bepnsant A.M. KapTorpadua n F’MC. — M.: Acnekr MNpecc, 2002. — 285 c.
© Awbipos M., Mawapunos T., Xatamos M., Makcagos A., 2026
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NMPUMEHEHUE METOA0B HAYKU O AAHHbIX B TEOXMMWWN: COBPEMEHHOE COCTOAHME,
AJITOPUTMbI U NEPCNEKTUBHbIE HANMPABJIEHUA

AHHOTauuA
B cTaTbe paccmaTpuMBaloTCA K/lo4YeBble acrneKTbl MHTerpauMmM mMeTofoB HayKM o AaHHbIX (Data Science),
MaLnHHoro obyyeHusa (Machine Learning) U MCKYCCTBEHHOIO MHTENNEKTA B FEOXMMUYECKUE UCCNEA0BAHUSA.
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KnoueBble cnosa:
reoxmmms, HayKa o AaHHbIx, Data Science, mawnHHoe obyyeHne, MHOFOMEpPHbIN aHanus,
reoxMmmyecKkme aHoMaanu, Knaccupumkaums.

CoBpeMeHHas reoxXMmmA NeperKMBAET CTPEMUTE/IbHBIN Nepexos, OT TPAANUMOHHbBIX MeToA0B 06paboTKu
nabopaTopHbIX aHanM30B K  KoHuenuuu Data-Driven Science (Hayku, ynpaBnsemol LaHHbIMM).
BbicokonpoussogutenbHble aHanutuyeckme metodbl (ICP-MS, XRF, SIMS) reHepupytloT ruraHTCcKue obbembl
MHGOPMALUMM O MHOrO3N1EMEHTHOM COCTABE TFOPHbIX NOPOZA, NOYB, AOHHbLIX OTNOMEHWI, MOBEPXHOCTHBIX M
nogsemHblx BoA. dPdeKTUBHAA MHTEpPRpeTauma TaKMX MaCCMBOB [aHHbIX HEBO3MOXHa 6e3 npusneyeHuA
MaTeMaTM4ecKoro annapata HaykM O AAHHbIX, aTOPUTMOB MALIMHHOFO OOYYEHMA U WUHTENNEKTYasNbHOrO
aHanu3a aaHHbIX (Data Mining). OcHoBHble HanpaBaeHua NnpumeHeHua Data Science B reoxvmmu:

1. O6paboTka M HOPMMPOBAHWE MHOTOMEPHbIX FEOXMMMUYECKMX AaHHbIX [eOXMMUYEecKMe p[aHHble
npeacTaBnatoT cobol TaK HasblBaeMble KOMMO3MLMOHHble faHHble (Compositional Data), rge cymmbl
KOHLEHTPaLUMi KOMNOHEHTOB orpaHunyeHbl 100% (nam 106 r/T). MpumeHeHMe TPaAULMOHHON CTaTUCTUKKN 6e3
npeaBapuTenbHbIX Npeobpa3oBaHni (Hanpumep, NorapudMUUYEcKMX OTHOLIEHMUI LLEHTPUPOBAHHbIX AAHHbIX —
CLR/ALR) npmBOANT K NOXKHBIM Koppenauuam. MeToabl HayKM O AaHHbIX NpeanaraloT crneumanmsnpoBaHHble
anroputmbl npeaobpaboTku, nossonsowme n36aBUTbCA OT «3ddeKTa 3aKkpbITon cymmbl»; 2. CHUKeHue
pasMepHOCTM U BU3yanusauma. s BblSBNEHUN CKPbITbIX TPEHAOB B MHOTOMEPHbIX MaccMBax (BKAOYAOLWMX OT
30 no 60 anemeHTOB ANA TbicAY NPO6) NPUMEHAIOTCA METO/bl CHUMEHUA pa3mepHocTU: a) MeToq rnaBHbIX
KomnoHeHT (PCA): BblgenseT accouyaumm XMMUYECKMX 3/IEMEHTOB, OTpaxawwue cneumduyeckume
neTporeHeTUYeCcKne UAn pyaoobpasytowme npoueccol. 6) HennnHelHble metogpbl (t-SNE, UMAP): addeKkTmBHO
BMU3YaNM3MPYIOT KAAcTepbl FeOXMMUYECKUX daumii U BbIAENAIOT NOKaAbHble HeogHOPOAHOCTU. 3. BblaeneHue
reOXMMMUYECKMX aHOMAIMIN U NOUCKOBaA reoxmmusa OgHa U3 Ba)KHEMLWUX 33434 Npu NOMCKE MECTOPOXKAEHWUM
NnonesHblX WMCKOMaemMblix — pasgeneHne QPOHOBbIX KOHUEHTPAUMIA WM MOMCKOBbIX aHOMANWn. ANrOpUTMBbI
obyyeHus ¢ yuntenem u 6e3 yumtens (Supervised and Unsupervised Learning) 4eMOHCTPUPYIOT NPEBOCXOAHbIE
pesynbTatbl: @) Random Forest (CnyyaitHbili nec) n Gradient Boosting (XGBoost): ucnonb3ytoTca gas NocTpoeHus
KapT NepCcnekTUBHOCTM OPYAEHEHMA Ha OCHOBE KOMIMJIEKCHbBIX reOXMMUYECKMX NpM3HaKkos; 6) Isolation Forest u
OpHoknaccoBbii SVM  (One-Class SVM): npumeHstoTcA ANA aBTOMaTMYECKOTrO OOHapy»KeHUs peakux u
HETUMUYHbIX FEOXMMUYECKUX aHOMAJIMI B YCIOBUAX OTCYTCTBUA NpeLBapuUTeibHOM pasmeTku. 4. leocTaTUCTMKaA
M NPOCTPAHCTBEHHOE MoOAenvMpoBaHWe WHTerpaumsa NPOCTPAHCTBEHHbIX AaHHbIX € aJIfOPUTMamM
NMPOCTPAHCTBEHHOrO KpuruMHra, Gaussian Process Regression M HeWpPOHHbIMM CETAMM MO3BOAAET CTPOUTH
TpexmepHble reOXMMUYECKME MOAENN PYAHbIX TEN U 30H TEXHOFEHHOIO 3arpA3HEHMA C BbICOKOM TOYHOCTLIHO.

HecmoTpa Ha BbICOKMI noTeHuman, npumeHeHne meTtonos Data Science B reoxvmuu cTankmBaeTca C
pAgomM cneumdUUecknUx TPYAHOCTEN: a) Ha/MuMe LeH3YyPUPOBaHHbIX AAHHbIX (KOHLEHTpaLMK HUXKe npenena
obHapy:KeHna npubopos); 6) NPOCTPaHCTBEHHasA aBTOKOPpPENAUMS W HepaBHOMEPHOCTb OnpoboBaHUs;
B) Heo6x0a4MMOCTb reosiormyeckomn n GU3nNKO-XMMMUYECKOM BaIMAALMMU NONYYaEMbIX MALLUMHHbIX MOAENEN.

BHegpeHMe MmeTOOOB HayKM O JOaHHbIX B TFEOXMMMIO CYLLEeCTBEHHO pacWupAeT BO3MOXKHOCTU
WHTepNpeTaLmMm reoXMMUYEeCcKUX MoJsiei, MOBbIWAET TOYHOCTb MPOrHO3MPOBAHMA MNONE3HbIX MCKOMAaeMbIX M
YCKOPSAET pelleHne 3K0N0ro-reOXMMMUYecKknx 3agad. JanbHenwee pa3sutMe AaHHOTO HanpasBAeHUA CBA3AHO C
WHTerpaumen GU3MKo-XMMUYECKUX TEPMOAMHAMUYECKUX MOAeNel U rNyboKkoro obyyeHus.

CnMCOK UCNONb30BaHHOI INTepaTypbl:
1. CamcoHos T.E. MpocTpaHCTBEHHOE MOAENNPOBaHUE U reocTaTUCTUKa. — M.: N3patenbctBo MOCKOBCKOro
yHuBepcuteTta, 2021. — 280 c.
2. AsBuc Ox. C. CTaTUCTMUECKUIN aHaNN3 JlaHHbIX B reonorum (B 2-x KHurax). — M.: Heapa, 1990. — 744 c.
© babaesa 3., Yapbles A., Yapbles L., lasHues A., 2026
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METOAUKA OBECNEYEHUA CBA3U PU3SUKU U UHKEHEPUU HA OCHOBE STEM-NMOAXO4A
MNP OBYYEHUU TEOPUU METANN-NONYNPOBOAHUKOBbLIX CTPYKTYP

AHHOTauuA
B cTaTtbe paccmaTpuBaeTca MeTOAMKa npenofaBaHuA TeMbl METa//I-MOJIYyNPOBOAHUKOBBIX CTPYKTYP Ha
ocHoBe STEM-nogxoga, 06beAMHAIOWEro eCTeCTBEHHbIE HayKW, COBPEMEHHbIE TEXHONOTUU, UHMKEHEPUIO U
MaTEMATUKY.
Kntouesble cnosa:
STEM-noaxoa, MeTann-noaynpoBoAHMKOBbIE CTPYKTYpPbI, 6apbep LLUOTTKM, OMUYECKNI KOHTAKT,
dU3MKa NONYNPOBOAHUKOB, UHKEHEPHOE.

CoBpeMeHHasa  MWKPO3/IEKTPOHMKA  Pa3BMBAETCA  CTPEMUTENIbHBIMM  TeMnamu, UM NOAroTOBKa
cneunannctoB B 3Tol obnact TpebyeT OOHOBAEHHbIX METOLOJIOFMYECKUX peweHuin. [onroe Bpems
byHOoameHTanbHas GU3MKA U UHXKEHepHOe Aeno npenogasBanncb 060C06NEHHO: Ha 3aHATMAX MO ¢usmKe
CTYAEHTbl M3y4YanM KOHLLENTyasbHble 3aKOHbl MOBEAEHUSA 3/IEKTPOHOB M 3HEpPreTUYecKue AuarpaMmbl, a Ha
CneumanbHbIX MHXEHEPHbIX AMCUMNAMHAX — TroTOBble cxemMbl M Mpubopbl. B pesynbTaTe HauuMHaloWMm
cneumannctam 6biBaeT TpyAHO €BA3aTb ¢yHAAMEHTasibHble fABAEHMA B MaTepuanax C peasbHbiM
GYHKUMOHMPOBAHMEM MUKPOCXEM M TPAH3UCTOPOB.

[na pewenuns stoit npobnembl npumeHsaetca STEM-noaxos, KOTOPbIA MHTErpuUpyeT HayKy, TEXHONOMUN,
WHXXEHEPUI0 M MaTeMaTUKy B eAuHbIiM npouecc obydeHus. Tema «MeTann-nosynpoBOAHUKOBbIE CTPYKTYPbI»
naeanbHO NOAXOAMT AR AEMOHCTPALMM 3TOM CBS3M, MOCKO/IbKY CBOMCTBA KOHTaKTa MeXay MEeTas/ioMm U
NosyNnpPOBOAHUKOM NIeXKaT B OCHOBE PaboTbl NPaKTUYECKM BCEX COBPEMEHHbIX MOAYNPOBOAHMKOBbLIX NPMbOPOB.

B ocHOBe B3aMmogencTBMA MeTanna W MNOAYNPOBOLHMKA fexaT [Ba OCHOBHbIX TWUMA KOHTaKTa,
BbINOJIHAOLWMX MPUHLMMMANBHO Pa3Hble 334a4M B 3/1IEKTPOHUKE:

Boinpamnstowmii KOHTaKT (6apbep LLOTTKM): NponycKaeT 3/IeKTPUYECKUI TOK NPENMYLLLECTBEHHO B O4HOM
HanpaB/JIEHWUM U UCNOJ/Ib3YETCA B CO34aHMUM BbICTPOAENCTBYIOWMX AMOLAOB U TPAH3UCTOPOB.

OmMYecKMIii KOHTaKT: obecneuymBatoT 6ecnpensTCTBEHHbIM NPOXOA, TOKA B 0OOMX HanpasBiaeHUAX C
MWHUMa/IbHbIM CONPOTUB/IEHWEM, CBA3bIBAsA BHYTPEHHWE 3N1EMEHTbI MMKPOCXEMbI C BHELLHUMMW BbIBOAAMMU.

B pamKkax STEM-noaxofa UsyyeHue sTUxX CTPYKTYp AE/UTCS Ha YETbIPe B3aMMOCBA3aHHbIX HAaMNPaBAeHMUA:

EctecTBeHHble Hayku (Pu3mKa): MoHMMaHWe ¢yHAAMEHTaNbHbIX MPOLLECCOB — KaK pasnyatoTca
SHepreTMyeckMe YPOBHW 3/EKTPOHOB B MeTanse M MOAYNPOBOAHMKE, KaK NPU WX COeAMHEHUW BO3HUKaeT
BHYTPEHHEE 3/IeKTPUYECKOE MOoJie U KaK 0bpaslyeTca MoTeHLManbHbld 6apbep, NPenATCTBYOLWMA ABUKEHUIO
3apAgos.

TexHonorum: NsyyeHne metonoB NPOM3BOACTBA — KAaK HAHOCATCA TOHKME META/ZIMYECKMe NEHKM Ha
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KpeMHMeBble NNACTUHbI, KaK OYMLLAETCA MNOBEPXHOCTb MNOJIYNPOBOAHMKA OT OKCMAOB M KaK TepmMuyecKas
06paboTKa MeHAET CTPYKTYPY KOHTaKTa.

NHxkeHepus: MNpoekTupoBaHue Npubopos — nogbop KOMOBUHAUUIM MaTepnaioB NoA KOHKPETHbIE 3a4auM,
pacyeT HaZeXHOCTU 3/IEMEHTOB, OPraHM3aLMA OXAXKAEHUA M 3aLLMTa OT S/IEKTPUYECKOro nNpobos.

MaTemaTtnKa: KonmyecTBEHHbIN aHanM3 — rpaduyeckoe MOCTPOEHWE BOJSIbT-aMMNEPHbIX M €MKOCTHbIX
XapaKTepPUCTMK, anMmpoKCMMaLMa MONYYEHHbIX AaHHbIX W pacyeT K/YeBblX MapameTpoB npubopa no
9KCMEepPUMEHTANbHbLIM TOYKAM.

MeTtoauKka STEM-0b6yyeHUs CTPOUTCA B BUAE HEMPEPbIBHOM LIEMOYKU: OT TEOPUU K MOAE/IMPOBAHMUIO,
3aTeM K peanbHOMY 3KCNEepPUMEHTY U WHXeHepHomy BbiBogy. 1. BupTyanbHoe mogenvpoBaHue;
2. NabopaTtopHoe nccnegoBaHue; 3. UHKeHepHO-aHannTMYeckaa obpaboTka.

Mcnonb3osaHne STEM-nogxoga npu UsydeHUn MeTani-nonynpoBOLAHUKOBbLIX CTPYKTYP AdeT OlyTuMmble
npemmywiectea: 1) ¢dopmupoBaHMe  LENOCTHOrO  MblWAeHUs;  2)  NpakTUyYeckas  MNoAroTOBKa;
3) mexaucuunInHapHble HaBblKW: 3aKpennsatoTca yMeHuss paboTaTb C COBPEMEHHbIM U3MEPUTENbHbIM
obopynoBaHWEM, aHAIUTUYECKUM COPTOM U MeToAUKaMM 06paboTKN AaHHbIX.

MeToanKa npenogaBaHMA TEOPUU METANN-NOAYNPOBOAHMKOBLIX CTPYKTYpP Ha ocHose STEM-nopgxoaa
No3BOJISAET yCNEeWHOo 06beAMHUTb PUINKY U MHKEHePUIO B 0BpasoBaTesibHOM npouecce. Mepexos oT NacCUBHOrO
M3YyYEeHMA TeOopeTMYECKMX 3aKOHOB K CKBO3HOMY LMKNY «MOLEAVNPOBAHME — 3SKCMNEPUMEHT — aHaau3 —
NPOEKTUPOBaHNE» 0becneunmBaeT BbICOKYHO TFOTOBHOCTb  BbIMYCKHMKOB K  MCCNeAoBaTeNbCKOM U
NpPOU3BOACTBEHHOWN AEATENbHOCTU B cHepe 3/1IeKTPOHHOM NPOMbILLIIEHHOCTU.

CNUCOK UCNob30BaHHOW NUTEpPaTypbl:

1. Nebenes A. A. ®13nKa NoNyNnpoBOAHUKOBBIX CTPYKTYp M npubopos. — CMN6.: Usgatenbcteo J19TU, 2016. —

224 c.

2. BukynuH U. M., Ctadees B. N. P13nka nonynpoBoaHNKOBbLIX Npubopos. — M.: Pagmo u cesasb, 1990. — 264 c.
© bereHgkoBa I, IbinbigxKoBa A., Opasrenbamnes C., blbagynnaesa A., 2026
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KACKAAHAA CUCTEMA YOEPXKAHUA KTMEHTOB: NPOrHO3 OTTOKA, MHOITOBAPUAHTHOE UPLIFT-
MOLENUPOBAHUE U BIOAXETHO-OTPAHUYEHHbIN BbIEOP CTUMY/IUPYIOLLEA MEXAHUKN

AHHOTauuA

AKTyanbHOCTb. MaccoBble CKUAKN B KAMMAHUAX yAEPKAHNA PA3PYLLAOT MAPKY: U3LEPKKN HECYT U TE, KTO
BepHycA bbl 6e3 cTumyna. Lienb — BbIOMPATb KaXKAOMY KAMEHTY MEXAHWUKY C Hanbosbluel YnCToW oTaauel.
MeToA: KacKaf «MPOrHo3 OTTOKa — MHOroBapuaHTHbINM uplift — 3agaya o paHLe»; conocTasneHbl 16 OLEeHLLMKOB
addekTa, BKAOUan HelpoceTeBble. Pe3ynbTaT: Ha 600 TbiC. KIMEHTOB Kackad AAET +7,3 % mapu npoTtms +5,2 %
Yy OAHOMEXaHUYHOM NoAnTUKK U +0,5 % y TapreTMHra No pucKy. BbiBog: BbIOOP MeXaHUKM BaxKHee TOYHOCTM
NporHo3a oTToKa.

Kniouesble cnosa:
uplift-moagennpoBaHue, OTTOK KAMEHTOB, YCNOBHbIM cpeaHnit addeKT Bo3AeNCTBUSA, HEMpOoCceTeBasA OLLEHKaA
addeKTa, ONTMMU3aLMA MapKETUHIOBOIO BloaKeTa, 3aa4a O paHue, odpalH-OLEHKA NONTUK.
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Evdokimov M. A.
Head of Data Science, Insight Al,
Moscow, Russia

A CASCADE CUSTOMER RETENTION SYSTEM: CHURN PREDICTION, MULTI-TREATMENT UPLIFT MODELING
AND BUDGET-CONSTRAINED INCENTIVE ASSIGNMENT

Abstract

Relevance. Blanket discounts in retention campaigns destroy margin: the cost is borne by customers who
would have returned anyway. Purpose: to select for every customer the incentive with the highest net return.
Method: a cascade of churn scoring, multi-treatment uplift modeling and budget allocation stated as a knapsack
problem; sixteen effect estimators are compared, neural architectures included. Result: on 600k customers the
cascade yields +7.3 % of baseline margin against +5.2 % for a single-treatment uplift policy and +0.5 % for risk-
based targeting. Conclusion: choosing the right incentive matters more than the accuracy of the churn model.

Keywords:
uplift modeling, customer churn, conditional average treatment effect, neural effect estimation,
marketing budget optimization, knapsack problem, off-policy evaluation.

1. BeepeHue

YaeprKaHue KAMEHTOB OCTaéTca 0AHOW M3 HEMHOIMX 0bs1acTelt NpUKAaAHOMN aHAINTUKK, TAe TOYHOCTb
npeAcKkasaHMa N AeHEXHbIA Pe3ynbTaT PacxoasaTca cuctematmdeckn. OTpacieBaa NpakTUKa CNOXKUAACb BOKPYT
NpPOCTOM CXeMbl: 06yuYnTb KnaccndumKaTop OTTOKA, 0TOOPaTh BEPXHUE AELMAN NO PUCKY U PA30CAaTb UM CKUAKY.
Cxema BbIFNALUT JIOTUYHOM, IeTKO 0ObACHAETCA OM3HEecy M Mo4vTW BCeraa MoKasblBaeT POCT yAep!kaHuA B
oTobpaHHOM cermeHTe. OHAaKO POCT yAEPKaHUA M POCT NPUBBLIANM — pasHble BE/NMUYUHbBI, U BTOPaA MOXKET
nagaTb, MOKa nepsas pacTer.

MpuunHa B CTPYKType nsgep:ek. CKUAKY NOAyYaeT Kaxabli KMEHT, KOTOPbI BEPHYJICA C MPOMOKOLOM,
BK/IlOYas TeX, KTO BepHyca 6bl U 6e3 Hero. MpMpocCT e BO3BPaTOB CO34aET NNLWb YacTb ayantopun. Ecnmn gons
TeX, KOoro CTUMyn AencTBuTenbHO nepeybeaun, mana, KamnaHus onjadvMBaeT NOBeAeHWE, KOTopoe M TaK
coctoanock 6bl. IGPEKT yCUAMBAETCA TEM, YTO BEPXHUE AEeUMAN PUCKA 3aMNOJIHEHbI KAMEHTaMW, KOTOPbIX
YyAEpPKaTb YrKe Henb3A: pacxod Ha HUX MaKCMManeH, a OT3bIBYMBOCTb MMHUMAbHA. 3. AcKap3a NoKas3ana Ha
NONEBbIX 3KCMEPUMEHTAX, YTO TapreTUHr Mo PUCKY OTTOKA CUCTEMATMYECKU NPOMUrpPbIBaeT TAPreTUHry no
0T3bIBYUMBOCTU [1, c. 82]; A. lemmeHc 1 C. T'ynTa NpULLAIM K TOMY e BbIBOAY 419 334341 MAaKCUMMU3ALLMUKN NpUbbian
[21, c. 957].

Bropas, meHee obcyxxpgaemana npobnema — BbIOOP CaMOM MEXaHWKK. Y COBPEMEHHOro puteiinepa mx
06bIYHO OT NATU A0 NATHAaALUATK: push-yBegomneHune, 6OHYCHble Banbl, yMepeHHas CKMAKA, ryboKaa ckuakKa,
noJapoK K 3aKasy, becnnaTHaa AocCTaBKa, nepcoHanbHasa noabopka. OHM Pas/MYaloTCA He TONbKO CUAO0M
BO3AENCTBUA, HO U CTPYKTYPON U3ZEpXKeK: OAHWU CTOAT OO0 YeKa, Apyrne — OUKCUPOBAHHYIO BEINYMHY.
Nutepatypa no uplift-mogennpoBaHuio B nogasnsiollem 6osbluMHCTBE pPaboT paccmaTpuBaeT OAHO
BO3JeNCTBME U BUHAPHBIV OTKAKK [12, c. 5; 7, c. 20], ocTaBnaAsA BbIBOP MeXaHUKM 33 Npeaenamu Moaenu.

MeTogMyecknin annapaTt OUEHKM MHKpeMeHTasibHoro a¢deKta passut xopowo. CneunanmsmpoBaHHble
[epeBba C paclwenneHnem no pasHoOCTU OTKAUMKOB npeanoskeHbl H. Pagknuddom m M. Cyppu [26, c. 11] u
0606u1eHbI M. enakosckum u C. Apoliesnyem Ha Caydait HECKOIbKMX Bo3aelcTeuii [28, c. 310]. MapannenbHasn
JIMHUA — NPUYMHHbIE Nleca C YeCTHbIM pacliensieHmem BblbopKku [2, c. 7355; 34, c. 1230] u nx 0606weéHHan
dopmynumposKa [3, c. 1152]. Ana MHOroBapnaHTHOM NOCTAaHOBKU NPeAsioKeHbl Kak pacluMpeHnsa aepeBbes [36,
c. 590], Tak M cxembl C ONTMMM3aAUMUEN m3aepKeK [37, c. 424]; NpOMbIWIEHHbIE peleHnsa C BaXKeTHbIM
OrpaHUYeHMem onucaHbl AN 33434 AMHAMUYECKMX npomoakumuii [11, c. 488]. MonyyeHbl M TeopeTnyeckue

46


https://aeterna-ufa.ru/events/in

ISSN 2410-6070 MeKAyHapOoAHbIA Hay4YHbIN XKypHan « MHHOBALMOHHAA HayKa» Ne 9-2 / 2026

rapaHTumn obobLuatowen cnocobHoctu uplift-moaenen [4, c. 57]. TnyboKne nateHTHble MOAEMN NMPUMEHAIOTCA K
oueHke adpdeKkTa NPU HaAMYUKM CKPbLITbIX CMellmBaroWwmx dakTopos [22, c. 6448]. Co CTOPOHbI 3a4a4M OTTOKA
HaKon/jeHa ob6lWMpHasa MTepaTypa Mo TOYHOCTU MporHosa [23, c. 205] U no NpubbLIIEOPUEHTUPOBAHHBLIM
Kputepuam otbopa [33, c. 213]. Hactosawan paboTa OT/M4yaeTca Tem, YTO COeAMHAET 3TU JIMHUWU B OAOHY
NPOMU3BOACTBEHHYIO CXeMy W CpaBHMBAET MNOAXO4bl NO AEHEXKHOMY KPUTEPUIO, a He Mo MeTpUKam
PaHXNPOBAHUSA.

HacToswasa pabota o6beaMHSET TpM YPOBHA PELUEHMA B OAHY CUCTEMY W MPOBEPSET BKAaZ KarKaoro.
OueHMBAOTCA: PUCK OTTOKA, YC/IOBHbI 3P IEKT Karkaol MexaHUKKN U pacnpeneneHme orpaHM4eHHoro broaxketa
MeXaOy KAMEeHTaMW U MexaHUKamu. BKnag paboTbl cocTouT B cneaytowem. Bo-nepBbix, 3a4a4a HasHayYeHUs
cbopmynmpoBaHa Kak MHOroBbIGOpHan 3a4a4a O paHUe, KpUTEPUEM KOTOPOWM CAYKUT YMCTasA MHKPEMEHTaNbHanN
MapKa, a He YNCNOo yAepPKaHHbIX KNMEeHTOB. Bo-BTOPbIX, BbIBEAEHO M YUCIEHHO MOATBEPKAEHO YC/IOBUE, NPU
KOTOPOM MEXaHWKa C NPOoNopLMOHaNbHbIMU U3AEPKKAMU YCTYNaeT MeXaHUKe ¢ PUKCUPOBAHHbIMMK, U MOKa3aHo,
YTO BbIBOP rNYyOBUHbI CKUAKM U BbIBOP TUNA MEXAHUKM NOAYMHAIKTCA Pa3HbIM NpaBuaam. B-TpeTbux, nposeaeHo
CpaBHEHMeE LWeCTHAALUATM OLEHLLMKOB YCN0BHOIO 3¢deKTa — OT IMHENHbIX MOAENEN A0 apXUTEKTYP C 06LWMM
npeacTaBfeHMeM M 3HKoAepa MCTOPUKM COObITUI Ha MexaHM3Me BHMMAHUA — MO0 eAMHOMY AeHEXHOMY
KPUTEPWUIO, @ HE TOJIbKO MO CTaTUCTUYECKUM METPUKAM.

2. NocTtaHoBKa 3aaaumn

MycTb KaxkAoMy K/IMEHTY COMNOCTaBAEH BEKTOP Npu3HaKoB X € Rp 1M Ha3Ha4yaeTcA pOBHO 0A4Ha MexaHMKa
n3 mHoxectBa A={0, 1, ..., K}, rae 0 — otcytctBue Bo3sgenctauna. OTKAnK Y € {0, 1} paBeH eanHULE, ECIN KNEHT
coBepLUna XoTA bbl 04HY NOKYMKY B ropn3oHTe H nocne KamnaHuu. B pamKax mogenv noTeHunanbHbIX MCX0408
KaxkgoMy KAUeHTy oTBedyaeT Habop Y(0), ..., Y(K), 3 KoTopbix Habntogaetcs poBHO oauH [14, c. 11]. YcnoBHbIi
cpeaHuit appeKT MexXaHMKKN a paBeH

ta(x) = E[Y(a) - Y(0) [ X =x], pa(x) = pO(x) + ta(x), (1)
a basoBas BepOATHOCTb Bo3BpaTa b6e3 BosgeicTeus pasHa pO(x) = E[Y(0) | X = x]; puck oTToKa ectb 1 — pO(x).
NaoeHTuomumpyemocTts obecneymBaeTca CTaHAAPTHbIMU gonyweHuamu [27, c. 43]: ycTOMYMBOCTbIO €4MHUYHOTO
BO34ENCTBMA, YCIOBHOM HE3AaBUCMMOCTBIO U NepPeKpbITUEM:

(Y(0), .., Y(K)) LA | X, O<ea(x)<1 pnascexa EA, (2)
roe ea(x) =P(A=a | X=Xx) — BepoATHOCTb Ha3HaYeHUA MEeXaHUKN. B paH4OMU3MPOBAHHOM NUIOTE OHA U3BECTHA
Mo MOCTPOEHUIO; Ha HabnoAaTeNbHbIX AAHHbIX €€ MPUXOAUTCA OLEHMBATb, U KayecTBO OLEHKU CTaHOBMUTCA
WUCTOYHMKOM cMeLleHus (pasgen 6.10).

JKOHOMMKA 3aJa4M OMNUCbIBAETCA TpemMs BeandMHamu. LleHHocTb yaepaHua V(x) — BanoBaa maprKa,
KOTOPYIO K/IMEHT NPUHECET B ropnsoHTe H, ecnu BepHETCA:

V(x) = h(x) - m(x) - r(x), (3)
roe h(x) — oKuMAaemoe YnCNo 3aKa3oB, M(X) — cpeaHUit Yek, r(X) — MapKUHANbHOCTb KOP3MHbI. M34epiKKu
MEXaHMKN CKNaAblBalOTCA M3 CTOMMOCTM KOMMYHMKaumu fa, KoTopas pacxoayetcs Ha Bcex aapecatos, U
nepemeHHol Yactu ka(x), KoTopasa pacxoayercs TONbKO NPU OTKIMKE:

ca(x) = pa(x) - ka(x) + fa, cO(x) = 0. (4)

KnioueBada acMMMeTpua MOCTAHOBKWU 3aKaoyeHa MMeHHO B dopmyne (4): nepemeHHble U3AEPKKU
YMHOKaloTCA Ha MOJIHYIO BEPOATHOCTb OTK/AMKA pa(x), a He Ha eé npupocT ta(x). CKNAKY nonyvyaeTr KaxKabli
BEPHYBLUMCA K/IUEHT, B TOM YMC/IE TOT, KTO BEPHYJICA Obl 1 6e3 Heé. YncTaa MHKpeMEHTaIbHAnA MapKa MEXaHUKK
paBHa

Aa(x) = ta(x) - V(x) - ca(x). (5)

Myctb B — 6logsKeT KamnaHMM B pacyéTe Ha Bcto 6asy, zia € {0, 1} — MHAMKATOP HAa3HAYEHUA KAUEHTY i

MeXaHMKK a. 3aAa4a HazHaYeHuUA NpMHUMaET BMA MHOTroBbI6OpHOM 3aaaum o paHue [17, c. 317]:
max ZiZa zia Aa(xi) npw ZiXa zia ca(xi) < B, Sa zia = 1. (6)
Jta PopmynMpoBKa OT/IMYAET Npeasiaraemyto MOCTAaHOBKY OT MPWBbLIYHOWM 33afavyn pPaHKMPOBAHWUSA:
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ONTUMMBUPYETCA HE YUCNO yAEepKaHHbIX KAMEHTOB M He cymmapHbii uplift, a aeHexHbI pesynbTaT npu
OrpaHUYeHHOM OroarKeTe, MPUYEM KaXKOOMY K/AMEHTY BbIOMpaeTcA POBHO OAMH BapuaHT m3 K + 1
B3aMMOMUCKIOYAIOLLMX.

3. MeTop

Cuctema coCTOUT M3 TPEX MOAE/IbHbIX C/IOEB U CBA3bIBAIOLLENO MX 3KOHOMMYecKoro ciof. Obuwiaa cxema
npuseeneHa Ha pucyHke 1.

b akeTHoe orpaHuyerHue B (nona DasoBol BanoBon Map»<u)

Cnon 0 Cnonl Cnon 2 Cnon 3
HaHHble PUCK OTTOKa Uplift-mopenu HasHayeHue
TPaH3aKUWM, KanubposaHHaA T,(x) No Kaxaon 3ajada o paHue,
WncTopma cobbiTui, Polx) MEXaHUKE MHOMMWUTENL A,
S 0 . EE— Y '
paHAoOMW3NPO- BbIOOP MEeXaHWKK

UeHHOECTh N3NEePMKK C4(x)

BaHHLIN NKUNOT .
yoepaHua Vix)

nx)e A

\ s . 4 \ J \ 4

4 |

06paTHaA CBA3L: AONA IKCMEPUMEHTaNLHOro Tpathka £ — nepeobyyeHune cnoée 1-2

PucyHoK 1 — ApxmTeKTypa KacKaZHOM cUCTEMbI yaepKaHuA

3.1. Cnoit 1: pUCK OTTOKA U LLEHHOCTb YAEep}KaHuA

MepBblit cnoli oueHuBaeT PO(X) MO KOHTPONLHOW TPynne U CAYXKUT ABYM LeNsm: OH AaéT 6a30Byt0
BEPOATHOCTb BO3BpaTa, BxoaAwyto B dopmyny (4) uepes pa(x), U NPUOPUTUIMPYET CErMEHTbl ANA
coAeprKaTeNbHOro aHanusa. MpUHUMNMANABHO, YTO OT 3TOro CnoA TpebyeTca KannbpoBaHHOCTb, @ HE TO/bKO
pasgenawolian CcrnocobHocTb: BefMuMHa pa(Xx) BXOAMUT B OUEHKY MU3AEP’KeK My/bTUMIMKATUBHO, U
CUCTEMATUYECKUI CABUT BEPOATHOCTU MEPEHOCUTCA B OOAMKET KamMmnaHMM OAUH K oaHomy. Mo3ToMy Cbipoit
BbIXOJ, MOAENM NPOMYCKAEeTCA Yepe3 M3O0TOHMYECKYID pPerpeccuto, OOYYEeHHYl0 Ha OT/IONEHHOW YacTu
KOHTpPOIbHOM rpynnbl [35, c. 696].

UeHHocTb yaepkaHusa V(x) Bblumncnaetca no dopmyne (3) ns Habnwogaemoit uctopum m He Tpebyer
oTAEeNbHOM MoZenu NpuymnHHoro BbiBoaa: h(x), m(x) u r(x) — obbluHbIe perpeccuoHHbIe BENNYUHbI, @ FOPU3OHT
H 3azaércs 6usHecom. ITO 0CO3HAHHOE ynpolleHue: paboTa cocpesoToYeHa Ha MHKPEMEHTA/IbHOM YacTu, a He
Ha NPOrHO3e MOMKM3HEHHOW LLeHHOCTW, AN KOTOPOTroO CYLLECTBYIOT CAMOCTOSITE/IbHblE BEPOATHOCTHbIE MOAENU
[10, c. 276].

3.2. Cnoii 2: mHOroBapuaHTHasA OLLEHKA YCNO0BHOro 3dp¢eKra

BTopoit cnoli oueHnBaeT ta(x) oTaenbHO ANnA Kaxgon 3 K mexaHuK. B paboTte conoctasfieHbl YeTbipe
CEMENCTBA OLEHLLMKOB; UX MOJIHbIA NepeveHb 1 pe3ybTaTbl NpMBEAEHbI B pasaene 5.

MeTa-06y4yaTenn CTpoAT OUEHKY 3ddeKTa U3 BcnomoraTesibHbix moaenen ncxoga pa(x) = E[Y | X=x, A=
al. S-learner oby4yaeT ogHY MoAeNb C MEXaHMKOM B KAYeCTBe Npu3HaKa, T-learner — no moaenu Ha Kaxkayto pyky,
X-learner coBmellaeT MMNyTUpPOBaHHble 3P deKTbl Ha 06pPaboTaHHbIX M KOHTPOJIbHbLIX HabatoaeHunax [20, c. 4158].
DR-learner onupaeTca Ha ABaxAbl YCTOMUMBbLIA NCEBAOOTKAUK, KOTOPbLIA PErPEcCUPYETCA HA NPU3HAKMK:

a = pa(x) - n0(x) + 1{A = a}(Y - pa(x)) / ea(x) - 1{A = O}Y - u0(x)) / e0(x), (7)

R-learner ncnonb3yeT ocTaToyHylo NapameTpusaumio PobuHcoHa: npu m(x) = E[Y | X = x] oueHKa apdekTa
nony4aetcs MMHUMKU3aUmen [25, c. 302]

S[(Y-m(x)) - (1{A = a} - ea(x)) - Ta(x) ]>. (8)

BcnomoraTenbHble mogenu B (7) n (8) ctpoatca ¢ Kpocc-pUTTUHIOM, YTOBbI UCKNOUUTL NepeobyyeHune Ha
cobcTBeHHbIX ocTaTKax [6, c. C5].

MpeobpasoBaHWe OTKAMKA NepeBoAMUT 3a4a4vy NPUUYMHHOIO BbiBOAA B 0ObIYHYO perpeccuio. Oas napbl
«KOHTPONb — MeXaHWKa a» Npu fose obpaboTaHHbIX pa = ea / (ea + e0) n MHaMKaTope T LeneBas NnepemeHHas
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Y*=Y-(T-pa)/(pa(1-pa)) (9)
HecmelEHHO oLeHnBaeT ta(x) B ycioBHOM cpeaHem. MNoaxoa npusnexkaTeneH Tem, 4to nosepx Hero paboraer

Noboi perpeccop, HO NAATOM CAYKUT BbICOKAn ANUCNEPCUA NCEBAOOTKANKA.

HeWpoceTeBble apxUTeKTypbl UCnob3ytoT obuwee npeacrasneHme O(x) n oTAENbHYIO BbIXOAHYIO rONOBY
Ha Kakaylo mexaHuKy. ba3oBbin BapnaHT — TARNet, B KoTopom obLwwmit cTBoa oby4yaeTca Ha Bceit BbIDOPKe, a
ronoBa MexaHWKM OOHOBAAETCS TONbKO Ha eé HabnwoaeHuax [29, c. 3079). DragonNet pobasnser K
npeacTaB/eHUIO FO/I0BY MPOMNEHCUTU M TapreTMPOBaHHYIO Peryasapusaumnto, CABUratoLLyo NPorHo3 B CTOPOHY,
ONTMMaNbHYIO ANA oueHKn 3ddekTa, a He ANA npeackasaHua oTkauka [30, c. 2510]. CFRNet wrtpadyet
pacxoXKAeHWEe pacnpeseneHnii NpeacTaBaeHus mexay rpynnamm, 4obmsanch nx cbanaHcmpoBaHHocTU. Obuas
bYHKLMA NOTEPb UMEET BUA,

L=LBCE+a-Lnpon+6-Lmape+y - IPM(® |A=a, ®|A=0), (10)
rae oTAe/bHble c/laraeMble BK/HOYAOTCS B 3aBUCMMOCTM OT apXUTEKTYPbI.

JHKoAEep MCTOPUKN COBLITUIA OTKa3bliBAaETCA OT BUTPUHbI arperatos U paboTaeT ¢ NocneaoBaTe/IbHOCTbIO
nocaefHUX 3akasoB Hanpamyto. Kaxaoe cobbiTe onucbiBaeTcs AaBHOCTbIO, CYMMOM, NMPU3HAKOM CKUAKK U
KaTeropuen; nocne nNpoeKkuMm B MNPOCTPAHCTBO PasMepHOCTU d U C/AOMKEHUA C MO3ULMOHHLIM BEKTOPOM
nocnenoBaTesIbHOCTb NPoXoAuT 610K camoBHUMaHUA [32, c. 6000]

Att = softmax(QK"/vd + M) - V, ®nocn =3t at zt, (11)
rae M — macka 3anosiHuTenein, a o Noay4aeTca BHMMaHMEM Mo BpemeHu. MonyyeHHoe npeacTaBieHue
KOHKaTeEHUPYETCS € TabANYHBIM U NOLAETCA B TY K€ MHOIOr0/I0BYHO KOHCTPYKUMIO. APXMTEKTYpA 3aMMCTBOBAHaA
M3 PEeKOMeHAATEeNIbHbIX CUCTEM, A€ CaMOBHMMAHWE Hag MUCTOpUen B3aMMOAENCTBUIA AABHO BbITECHW/O
arperarthbl [15, c. 199]; B 3agaye uplift oHa NnpumeHAeTcA 3aMeTHO pexke.

3.3. JKOHOMMUYECKUi1 cnol u ychosue BbiI6opa MeXaHUKKU

JKOHOMMUYECKUI CNOI NepeBoAMUT BEPOATHOCTHbIE OLEHKM B AeHbrv no ¢opmyne (5). 3a4ecb BO3HUKaAET
cofleprKaTeNbHbIi pe3ynbTaT, 06 bACHAIOWMIA CTPYKTYPY NONYYaeMbIX PeLleHnit.

PaccmoTpum gBe MexaHMKM: a C NPONOPLMOHANbHbIMU YeKY nsaepxKkamu ka(x) = ya m(x) (ckugka rnybuHbl
va) n b ¢ pukcnposaHHbiMK nsgepkkamm kb(x) = kb (noaapok, ToBap No cumBonnyeckoit LeHe). Mpu paBHOM
CTOMMOCTN KOMMYHMKaUuK 1 V(x) no dopmyne (3) pasHOCTb YUCTbIX MapK paBHa

Aa - Ab = m(x) - [(ta - Tb) h(x) r(x) — pa ya] + pb kb. (12)

Ecnn BblpaxkeHWe B KBaApaTHbIX CKOOKax OTpuuaTesIbHO, TO eCTb MPUPOCT OTKAMKA Ha NpenenbHyto
eAMHNLY YeKa He OKynaeT rybuHy CKUOKM, MexXxaHWKa CO CKMAKOW BbiroAHee NofapKa TO/bKO ANA KAUEHTOB C
YEKOM HUKE KPUTUYECKOTO:

m*(x) = pb kb / [pa ya - (ta - tb) h(x) r(x)]. (13)

[na napbl MexaHMK € MPONOPUMOHANbHBIMU U3LEPKKaMK Pa3HOM rnybuHbl (CKMaKa 10 % npoTuB CKUAKM
30 %) MHOXKUTeNb M(X) BbIHOCUTCA 33 CKOBKM LLeIMKOM, U 3HAK Pa3HOCTU OT pa3mepa YeKa He 3aBUCUT BOBCe:
BbI6OP ryOUHBI CKUAKM ONpeaenaeTcs OTHOWEHUEM NPUPALLEHNS YYBCTBUTENBHOCTU K NPUPALLEHUIO FYOUHbI,
a He UeHHOCTbIo KaneHTa. OTcloga NpPakTUYEeCKU BbIBOA: BOMPOCHI «CKMAKA MAM nogapok» n «10 % munm 30 %»
MMEIOT PasHyto Npupoay, M 06beanHATb UX B OANH CKOP HeNb3A. YMcneHHaa NpoBepKa yTBePKAeHUA npuBeaeHa
B pa3gene 6.5.

3.4. Cnoii 3: HasHauyeHue Npu 610 AKETHOM OrpaHUUYEHUU

3apayva (6) NP-TpyaHa B obwem Buae, HO eé narpaH}»eBa pefakcauus pacrnagaeTca Ha N He3aBUCUMbIX
3afay Bblbopa. JlarpaHxuaH umeet sug L(z, A) = X zia[Aa(xi) — A ca(xi)] + AB, oTKyga npaBuno HasHayeHusn
3anmcbiBaeTCA NOKOMMOHEHTHO:

a*(x; A) =arg maxa €A [ta(x) V(x) - (1+A) ca(x) ]. (14)

MHoxunTenb A = 0 MmeeT NpPo3payHbliA CMbICA TEHEBOM LeHbl btoarkeTa: npu A = 0 Ha3HavaeTcs ntoban
MeXaHMKa C MNONOXKUTENbHOW YMCTOM MapXKoK, Npu pocte A OTCeMBalOTCA CHayasna A0pOrMe MexaHUKKU C
ymepeHHbIM 3dpdeKTom, 3aTem gelwésble. CyMMapHbIe U3AEPHKKM MOHOTOHHO HE BO3PACTatoT No A, noatomy A*
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HaxoguTca bucekumeln us ycnosua X ca*(x;A)(xi) = B. PelueHne narpaHxeBoit penakcalumm oTiM4aeTcsa oT TOYHOro
He 6onee Yem Ha CTOMMOCTb OAHOIO Ha3HAYeHMA Ha KIMEHTA, YTO NpPU pasmepe H6asbl B COTHM TbICAY 3anmceit
npeHebpeKMmo.

4. laHHble U NPOTOKON IKCNEepPUMEHTA

4.1. FeHepaTop AAHHbIX

OugeHKa cuctembl TpebyeT AOCTYyMNa K NOTEHLUMA/bHBIM UCXO4aM NP BCEX MEXaHUKaX 04HOBPEMEHHO, Yero
HM OAMH NPOU3BOACTBEHHbIN KYPHaN He COAEPHKUT, @ OTKPbITble Habopbl ans uplift-moaenvpoBaHus cogep:KaT
OAHO U ABa Bo3aencTaus [8, c. 2; 13]. Mo3Tomy 3KCNEePUMEHT BbINO/IHEH HA NOJYCUHTETUYECKOM FreHepaTope,
BOCMPOU3BOAALLEM CTPYKTYPY PO3HMYHOM 6asbl: YeTblpe SIaTEHTHbIX CErMEHTA (/10A/IbHbIE, YyBCTBUTE/IbHbIE K
LeHe, OXOTHMKW 3a CKMAKaMW, MoTepsHHble), ABeHaguaTb HabaogaemblXx MPU3HAKOB MOBEAEHUS U ABHO
334aHHble NOTeHUMaNbHbIe MUCXOAbl MO LECTU MexaHWKam. Takoi BblboOp MO3BOAAET M3MEPUTb Pa3pbiB A0
ONTMMYMa, HEAOCTMXKUMbIN Ha peanbHbIX AaHHbIX, U NEPEHECTU Ha NPAKTUKY CAeayeT COOTHOLWIEHUA Mmexay
NOANTUKAMM, a He abCONIOTHbIE 3HAYEHMA.

JononHutenbHo reHepatop GopmMmUpyeT NCTOPUIO NOCAeAHUX 16 3aKa30B KaXKA40ro KANEHTA C A43aBHOCTLIO,
CYMMOM, NPU3HAaKOM CKMAKM M KaTeropuein. B nctoputo 3anoxeHa cCKpbiTad nNepemMeHHasa — KOHLUeHTpauma
CKMAOYHbIX MOKYNOK B HEAABHEM Nepuoae, — KOTopas BIMAET Ha OT3bIBUMBOCTb K CKMAOUYHBIM MEXaHUKaM, HO
He BOCCTAHaB/AMBAETCA W3 arperaToB BPOAE LAO/IM 3aKa3oB CO CKMAKON. ITO cAenaHo HaMepeHHOo, 4Tobbl
npoBepuTb, M3BAEKAET /M MNOCNeAO0BATE/NbHOCTHAA MOAE/Nb CUrHaA, HedoCTYyMHblIA BUTPUHE MNPU3HAKOB;
BbIMIPbIL TAKOM MOLENN CNEeAYET YATATb KaK BEPXHIOKD OLEHKY.

O6bEm BbIGOPKM — 600 Tbic. KAMeHTOB. BbasoBas [0ns OTTOKA B rOpu3oHTe cocTasnser 48,9 %,
Habnogaeman oons Bo3BpaToB — 56,7 %. MexaHMKa Ha3zHa4YaeTca c/ydaliHo: KOHTPob nosyyaeT 30 % 6asbl,
KaXaasA n3 natTm mexaHuk — no 14 %.

4.2. MexaHUKU CTUMYIMPOBaHUA

Habop mexaHWK 1 CTPYKTypa UX M3aepKeK npuBeaeHbl B Tabauue 1. Bce geHeXKHble BEe/IMUUHbI BbiparKeHbl
B 4,0/1A9X CpefHero Yeka no 6ase, pesynbTaTbl KAMMNAHUI — B NPOLLEHTAaX 6a30B0OM BaIOBOM MapKK; abCcoNtoTHbIE
3HAYEHUA He NPUBOAATCA, MOCKOJIbKY He HecyT AOMOJIHUTENbHOW WMHPOPMALMM M He NEepPeHOCATCA MeXKay

KOMMNaHNAMM.
Tabnnuya 1
MexaHWKM CTUMYNIMPOBAHUA U CTPYKTYPA UX N3LepKeK
Kop, MexaHuKa MepemeHHble U3aepKu KommyHukaums Dons 6as3bl, rae
onTUMmanbHa, %
a0 KOHTPOAb — — 45,3
al push-yBegomneHune 0,48 % cpenHero yeka (M3aepPKKM 0,02 % 11,3
pasaparkeHus)
a2 60HyCHble 6annbl 7,4 % cpeaHero yeka (HomuHan 10,5 %, 0,02 % 6,5
cnucaHve 70 %)
a3 cknaka 10 % 10 % cBoero yeka, He 6onee 20 % cpefHero 0,02 % 21,4
a4 cknaka 30 % 30 % cBoero Yeka, He bonee 48 % cpeaHero 0,02 % 7,7
a5 NnoJapokK K 3aKkasy 19,2 % cpepHero Yyeka (cebecToMmocTb) 0,02 % 7,8

MocnegHunit ctonbew, NoayYyeH NoACTaHOBKOM UCTUHHbBIX Aa(X) M NOKA3bIBAET, YTO HU OA4HA MeXaHMKa He
OOMUHUPYET: Kaxkaas ONTMMasbHa Ha cofeprKaTesibHOM aonie 6asbl, @ MOYTM NOSIOBUHE KNMEHTOB HE NOAXOAUT
HU OAHa.

4.3. MIpOTOKON N METPUKU

BbibopKa pasaeneHa Ha Tpu Henepecekatowmeca Yactu: 240 Tbic. 3anuceit ana obyyeHus, 60 Tbic. ans
oTbopa moaenun n HacTporku rmnepnapametpos, 300 TbiC. A1 UTOFOBOW OLEHKWU. HM 0aHa MeTpuUKa UTOroBow
Tabanubl He yyacTeoBasa B Bbibope mogenu.

KauectBo oueHKn adpdeKkta mamepsaeTca Tpema metpukamu. PEHE — KopeHb M3 cpeaHero KBagpaTa
OTK/IOHEHWSA OLEHKN OT UCTUHHOTO 3ddeKTa, AOCTYNHbIN TONBKO Ha CUHTETUKE. HOPMUPOBAHHDbIA KO3IbOULMEHT
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Qini — nnowaab mexay Kpueoi Qini M cnyyYallHbIM PaHMKMPOBaHMEM, AeNEHHAA Ha Ty e naowagb npwu
WAEeaNbHOM PaHXMPOBaHWUN; METPUKA BbIYMCAAETCA NO HabAO4aEMbIM AAaHHBIM M TPUMEHMMA B NPOM3BOACTBE
[26, c. 9]. lona BepHO BbIOPAHHON MEXaHUKM — corfacue C opakyaom. MNTOrosblii KpUTEpUA — LEHHOCTb
NONUTUKM: CPeAHAA YNCTaA MHKPEMEHTaIbHasA Map»Ka B NpoueHTax 6a3oBoi BanoBOM Mapu 6asbl.

5. CpaBHMBaemblie mogenu

Pasgen oTBeyvaeT Ha BOMPOC, KakMe anropuTMbl UMEET CMbICA CTaBUTb B KaXKabli cnoi. ConoctaBneHune
npoBeAeHO B eAMHbIX YCNOBUAX: OfHA U Ta e BblOOPKA, O4HA M Ta e BUTPUHA NPU3HAKOB, OAMH U TOT e
3KOHOMMWYECKMIA CNoN.

5.1.Cnoii 1

OnA OueHKM pucKka OTTOKa COMNOCTaBNeHbl YeTblpe anropuTma: JOrMCTUYEeCKasa perpeccma  co
CTaHAapTM3auMeinn NPU3HAKOB, CAy4YaHbid nec [5, c. 7], rpagMeHTHbIA OYCTUHI Ha ructorpammax [16] u
MHOTOCNOMHBIN NepuenTpoH C ABYMA CKpbITbIMM cnoAaMu. OTAENbHO W3MepeH BKAaL W30TOHWYECKOM
KaZIMbpoBKMU.

5.2. Cnoii 2

ConocTaBnieHbl WeCcTHaALaTb OLLEHLLUKOB YC/IOBHOTO 3ddeKTa, CrpynnMpoOBaHHbIX B YeTblpe cemMencTBa.
MNepBoe — meTa-obyuyatenu: S-, T-, X-, DR- n R-learner. Ytobbl oTAENUTL BKNag cxeMbl 0By4eHUsA OT BKNaAa
6a3o0B0ro anroputma, T-learner NOCTPOEH Ha YeTbIPEX Pa3HbIX 6A30BbIX MOAENAX — NOTUCTUYECKON perpeccum,
CNy4aHOM nece, rpagueHTHOM BYCTUHre M NepuenTpoHe. BTopoe cemelicTBo — npeobpasoBaHue OTKAMKA MO
dopmyne (9) ¢ nMHeMHON moAenblo, CNyYyalHbIM lecOM W BYCTMHTOM noBepx. TpeTbe — HeMpoceTesble
apxutekTypbl: TARNet, DragonNet n CFRNet, a Takke sHKoAep UCTOpUM CObbITUIA Ha CAaMOBHUMAHUK. YeTBEpTOE
— aHCcamb1b TPEX NyYLWMX NO BaANAALMM OLLEHOK, YCPEAHEHHbIX MOC/AE CTaHAAPTU3aLMM.

HelpoceTeBble  MoAenn  peanv3oBaHbl  Hanpsmyio, 6e3  ucnosb3oBaHuA  GpeliMBOPKOB
anddepeHUMPOBAHNA; KOPPEKTHOCTb TPAAVNEHTOB MNOATBEPKAEHA uYMCAEeHHbIM auddepeHUnpoBaHMeMm ¢
MaKCMManbHOW OTHOCUTENbHOW owmnbKoli nopsaka 10-6. O6wmit cTBON — ABa CKpbITbIX cnos (128 n 64
HeWlpoHa) C BbINPAMIIEHHOW IMHENHOW aKTUBaLMEN, r0o/10Ba MEXaHUKU — OAMH CKPbITbIN CN0M U3 32 HEIPOHOB.
JHKOZEpP MUCTOPUM MUCMOJIb3YET NMPOCTPAHCTBO pasmepHocTU 24, oaMH 610K CAMOBHUMAHMA U BHUMaHME Npu
arpernpoBaHuun no spemeHun. ObyyeHne — anroputmom Adam [18] c warom 2,5:10-3, pasmepom naketa 4096
(2048 pns sHKOAEpa) M perynapusaumelt Becos 10-5. f’mnepnapametpsbl a, B 1y B popmyne (10) BbiCTaBNEHDLI B
eamHuuy 6es gononHuTenbHoro noabopa, YTobbl cpaBHEHME OCTaBaNOCh CONOCTAaBMMbIM MO 06 bEMY HACTPOMKMU.

6. Pe3ynbratbl

6.1. Cnoit 1: puCK OTTOKA

Pesynbtatbl npueegeHbl B Tabauue 2. Pasgensawowas CrnocobHOCTb Y BCeX YeTbIPEX anropuTmos
NnpaKkTUYecKkn oanHakoBa: pasbpoc AUC yknagbiBaeTcs B 3,1 TbiCAYHbIX. Pa3nnumna npossaatoTcs B Kaanbposke:
Y NOTUCTUYECKOW perpeccum oxnaaemas onbKa KanmbpoBKKM NOYTU BABOE Bbille, YEM Y APEBECHbIX METOLOB.

Tabnnuya 2
Mogaenu cnos 1 (oueHKa pUcKa OTTOKa)

Mogaenb AUC PR-AUC Brier ECE Log-loss Bpems, ¢
Jlormctnyeckan perpeccua 0,8709 0,8634 0,1447 0,0230 0,4450 <1
Cny4yaiHbIv nec 0,8712 0,8644 0,1433 0,0124 0,4412 15,0
[pagMeHTHbIN BYyCTUHT 0,8732 0,8672 0,1420 0,0119 0,4364 1,5
MHOrocnoMHbIN NepLenTpoH 0,8740 0,8681 0,1415 0,0149 0,4360 2,3

Nyuweri no AUC okasanacb HelpoceTeBana mogesnb (0,8740), oHa U ucnonb3oBaHa ganee. M3oToHn4eckasn
KaMbpoBKa CHUMXKAET oxuaaemyto ownbry ¢ 0,0149 go 0,0081, To ecTb Ha 45 %, NOYTM He MEHAS OLEHKY
Bpaltepa. [na paHxKMpoBaHMA 3TO 6e3pasnMuyHo, 4S8 MNoACTaHOBKM B dopmyny (4) — HeT: cmelieHue
BEPOATHOCTU OTK/MKA MEPEHOCUTCA B MPOrHO3 Gtoa)keTa nponopunoHanbHo. KanmbposoyHaa aunarpamma u
CpaBHeHWe moaenel NpuBeaeHbl Ha PUCYHKe 2.
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a) KanMbpoBoYyHas AnarpamMma 6) Mmomenu cnos 1
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PucyHok 2 — KannbposKa (a) n cpaBHeHue anroputmos csios 1 (6)

6.2. PUCK OTTOKA He paBeH OT3bIBYNBOCTU

PucyHOK 3 comnocTaBaAeT NPOrHO3HbIA PUCK OTTOKA C UCTUHHbBIM MPUPOCTOM YAEPNKaHWUA MO AELUAAM.
KapTMHa o06bacHAeT, noyemy KjaaccuMuyeckas cxema [JaéT cnabblii  AeHeXHbl pe3ynbTaT. Makcumym
OT3bIBYUMBOCTU NPUXOAUTCA HA CpPeaHMEe Aeuunnn; B AecATOM Aeunne, Kyaa obblYHO M HamnpasaeHa KamnaHus
yaep:aHua, 3GdeKT Bcex MexaHUK 3aMeTHO HUXKE — 3TUX K/IMEHTOB YKe HeNb3A BepHyTb. Y push-ysegomneHus
apPeKT oTpuuateneH ana 62 % 6asbl: AUIWHAA KOMMYHMKALMA YCKOPAET yXO4 TeX, KTO U Tak 6bln 61M30K K
peleHnto. oA KANEHTOB, AN KOTOPbIX HU OA4HA U3 NATM MeXaHWUK He OKynaeTcs, coctaBnset 45 %.

1.0
40 -+ I push XN nomapox & e ®
B ckunoka 10 % @ puck oTToKa (nMpaBasi oCcb x . @
c B2 cknaka 30 % : L 0.8
c 30 A X X C
- Lot o
= =
= B & % o8 B
g et .
% 20 1 . =
Q : =
g o
. % § ﬁ PR R
é_ 10 1 ’: B 1 g
2 SN g
g ﬁ§ - 0.2
0 XN\
T T T T T T T T T T 00

1 2 3 4 5 6 7 8 9 10
Aeunb Nno NporHO3HOMY PUCKY OTTOKa

PucyHOK 3 — MpupoCT yaepKaHUA No MexaHMKam M PUCK OTTOKa No AeUnnsam

6.3. KauecTBo OL,eHKM YyCNoBHOro a¢ppeKkTa

CBOAHble pe3ynbTaTbl LECTHAALATV OLEHLIMKOB NpMUBEAEHbI B Tabauue 3, ynopagouyeHHoON No UTOrosBomy
AeHerHoMy KpuTeputo. Ctonbeu, «Qini (Ban.)» — eguMHCTBEHHAsA METPUKA, MO KOTOPOM NpousBoauMacA oT6op;
OCTa/ibHble BblYMCAEHbI Ha OT/NIOXKEHHOW BbIOOPKE.
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Tabnnua 3
CpaBHEeHMe OLEHLLMKOB YCN0BHOTO 3¢ deKTa BO3AencTemA
OueHLWmK PEHE Qini (Ban.) | Qini(Tecr) BepHbix Mapxa, % Bpems, ¢
MeXaHMUK, %

AHCamb/1b TPEX NyYLLIMX 0,0545 0,873 0,863 67,4 7,69 —
JHKoAep uctopumn cobbiTuii (self-attention) 0,0578 0,856 0,827 68,0 7,65 236
T-learner, nornctuuyeckas perpeccun 0,0623 0,841 0,839 65,7 7,63 <1
S-learner, rpagneHTHbIN BYCTUHT 0,0596 0,813 0,832 68,2 7,59 21
X-learner, rpagueHTHbIN 6YCTUHT 0,0601 0,798 0,809 61,0 7,24 17
CFRNet, 6anaHc npeacraBieHuit 0,0678 0,770 0,803 64,7 7,23 40
T-learner, nepuentpoH 0,0746 0,721 0,809 55,9 7,17 18
T-learner, cnyyaliHbii nec 0,0726 0,644 0,711 58,4 7,02 65
T-learner, rpagMeHTHbIN 6YCTUHT 0,0749 0,685 0,757 58,4 6,94 18
'TARNet, mHororosnoBas ceTb 0,0692 0,700 0,754 59,3 6,85 37
R-learner, kKpocc-pUTTUHT 0,0635 0,766 0,762 56,4 6,85 15
DR-learner, kpocc-pUTTUHT 0,0640 0,728 0,774 54,2 6,75 17
DragonNet 0,0712 0,678 0,761 57,1 6,75 39
Mpeobpa3oBaHHbIN OTKAWK, IMHEWHasA 0,0791 0,730 0,737 53,7 6,38 <1
MoaeNb

Mpeobpa3oBaHHbIN OTKAUK, BYCTUHT 0,0793 0,634 0,680 44,1 4,88 4
Mpeobpa3oBaHHbIN OTKAWK, CAydaliHbIl nec| 0,0876 0,661 0,641 42,4 4,76 165

M3 Tabnunubl cneaytoT YeTbipe HabatoaeHusa. Mepsoe: pa3bpoc AeHEKHOro pesynbTaTa MeXay AyHLWum u
XYALWMM OLLeHLWMKOM cocTasnsaeT 1,62 pasa npu pasbpoce PEHE anwb B 1,61 pasa — cTaTUCTUYECKAA TOYHOCTb
nepeBoAMUTCA B AeHbIM HeAUHeNHo. BTopoe: cemeitcTBo Npeobpa3oBaHMA OTKIMKA YCTYNAaeT BCEM OCTa/IbHbIM,
YTO COrNAcyeTcs C U3BECTHOM NPo6aeMO gUCNepcumn NCeBAOOTKANKA; MPUMeYaTE/IbHO, YTO IMHEHAA MOAeNb
nosepx npeobpasoBaHMA OKa3bIBAETCA Jiyylle feca U ByCcTMHra — CU/bHbIA perpeccop NoAcTpauMBaeTca nog,
wym. TpeTbe: aHKoAEp UCTOPUM CODLITUIA — NYYLIMI OAMHOYHDBIN OLLEHLUMK, OH CHUXKaeT PEHE oTHocuTenbHO
Nydwein TabnmyHo mozenn Ha 23 % no cpaBHeHWto ¢ T-learner Ha OycTUHre. 3To nNpamoe cneacTsue
33/I0’KEHHOMW B FeHepaTop CKPbITOM NepemeHHOlM M O4HOBPEMEHHO YyKasaHMe Ha TO, r4e UCKaTb BbIMIPbIW B
NpPou3BOACTBE: B UCTOPUM CODOLITUI, @ HE B AOMNOJIHATE/NIbHOM HACTpoMKe TabauyHoin mogpenun. YetsépToe:
MPOCTble CXEMbI Aep¥KaTcA HEOXMAAHHO Xopowo — T-learner Ha SIOrMCTUYECKON pPerpeccum BXOAMT B TPOWKY
JIYYLLINX, NOCKOJIbKY NOBEPXHOCTb 3bdeKTa B NOrUT-LLKane 6a13Ka K aAANTUBHON, @ IMHENHAA MOAENb He TPaTUT
cTeneHu csoboabl Ha WyMm.

OT60p No BanMAaUUKM BblIbPan aHCAMbB/1b TPEX NYULINX OLLEHOK; OH e OKasaaca Jy4LUMM W Ha TecTe, 4To
noaTBepKaaeT MPUrogHOCTb HOPMMPOBAHHOIO Qini Kak NPOM3BOACTBEHHOrO KpuTepua oTbopa npu
HepoctynHocTn PEHE. Kpumeble Qini 1A ABYX CKUAOYHbBIX MEXAHUK NPUBEAEHbI HA PUCYHKeE 4.

c a) ckugka 10 % 6) ckuaka 30 %
c
3

- 5 -
§ 2.5
%
& 210 4
5 ;
§ 1.5 3
o by ——aHcambb
E- 1.0 - < = T-learner (6ycTuHr) 2
= i TARNet
o f' 3HKOAEep nctopuu
I 057 i == Mpeobp. OTKAUK (NHENH.) 17
g !"" -------- waeanbHoe 7
5 0.0 cnyyaiHoe oF

T T T T T T T T
g 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
nons 6a3bl no ybuiBaHUO T4(X) nons 6asbl no ybuiBaHUIO T4(X)

PucyHok 4 — Kpusble Qini ana ckngkn 10 % (a) u ckmakm 30 % (6)
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Ona rnybokoi cknaku (NaHenb 6) Bce OUEHLWUKM UAYT NOYTU BNIOTHYIO K MAEaNbHOMY PaHXUPOBaHMIO:
addeKT BennKk 1 xopowo otaenaetca. [na ymepeHHon CKMAKM (naHenb a) pasbpoc 3ameTeH. MpakTuyeckui
CMbIC/1 B TOM, YTO MMEHHO cnabble MexaHWKWU TPebyloT KauyeCTBEHHOM MOAENM, a CUJIbHbIE Pa3NNYMMbl U
rpybbiMm meTogamm — MpU 3TOM, KaK MOKa3aHo Aafiee, OCHOBHAA 3KOHOMMSA AOCTMIaeTcs Kak pas Ha cnabbix 1
AelWEBbIX MexaHMKax. PUCYHOK 5 cBoguT 06a KpuTepus BMecTe 1 NoKasbIBaeT, YTo ynopsagodeHue no PEHE u no
AeHbram coBnagaeT AnLb YaCTUYHO.

a) TOYHOCTb OLIEHKM 3dheKTa 6) pesynbTaT B AleHbrax 6assbl

aHcambnb -

3HKOo4Eep nctopun -

T-learner (nor. perp.) 1

|
|
S-learner (bycTWHI) I = I

X-learner (6ycTuHr) - | |

CFRNet 4

T-learner (nepuenTpoH) -

T-learner (nec) 4 1 |

T-learner (6ycTuHr) - 1 - |

TARNet -—_—_ —_—_-
R-learner - { — I
DR-learner - I — I
DragonNet === S I
§ I I R
npeobp. oTKAUK (rmkeiiH.) Ezg ;;E
. a30BaHWe OTKJ/IUKa

O
npeobp. oTKAUK (nec) - ==== gTeBue
aHcambnb
T I T T 1 |l 1 1 T 1
0.08 0.06 0.04 0.02 0.00 O 2 4 6 8
PEHE (MeHbLlle — ny4wie) LIEHHOCTb NONNTUKKU, % Ba3oBo Mapxu

PucyHoK 5 — OueHwmKn adpdeKkTa: TO4HOCTb (a) U AeHEXHbIN pe3ynbTar (6)

6.4. CpaBHeHMe NONUTUK Ha3HaAYeHus
OcHOBHOWM pe3ynbTaT paboTbl NpeacTasneH B Tabnuue 4. brogXKeT BO BCEX NOJIMTUKAX, I4e OH 334aéTcs,
paBeH 4 % 6a30BOW Ba/IOBON MapKM.

Tabnuua 4
CpaBHeHme NONNTUK Ha3Ha4YeHUA NpU paBHOM 6FOA)KeTe
Monutuka OxBart, % | bropxet, % | A yaepkaHus, Yucraa mapxa, % [95 % AU] ROI
n. n.

MN0. be3 Bo3aencTBUA 0,0 0,00 0,00 0,00 —
MN1. Cknaka 30 % Bce 6ase 100,0 35,94 15,65 -18,23 [-18,38; -18,09] -0,51
M2. Push Bceit 6ase 100,0 0,45 0,31 -0,77 -1,72
M3. Ton-30 % no pucky oTToKa + 30,0 4,14 4,63 0,45 [0,41; 0,49] 0,11
ckmaka 30 %
M4. Ton-30 % no pucky OTTOKa + 30,0 1,08 2,41 1,24 [1,21; 1,26] 1,15
ckngka 10 %
M5. Uplift, oaHa mexaHuKa (cknaka 10 53,8 4,00 7,24 5,21 [5,17; 5,26] 1,30
%)
6. Kackag 6e3 yuéTta nsgepxex 83,4 23,34 16,82 -2,84 -0,12
MN7. Kackag (npeanaraembii) 49,1 4,00 7,17 7,27 [7,19; 7,35] 1,82
M8. Opakyn npu Tom e broaKete 47,5 4,00 8,41 8,67 [8,61; 8,75] 2,17
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CnnowHaa cknaka 30 % nosbiwaeT A0AH0 yAepKaHHbIX HA 15,7 NpOUEHTHbIX NYHKTA, YTO CTaTUCTUYECKU
3HAYMMO, U NPU 3TOM YHOCUT 18,2 % 6a30B0OI Map:Ku. ITo NpsAMoe cieaCTBUe acumMmeTpum (4): CKUAKY noay4yaioT
BCe BEPHYyBLUMECA, @ NPUPOCT BO3BPATOB AAET INLLIb MEHbLUNHCTBO.

Knaccmyeckas nponsBoacTBeHHas cxema — oTobpaTb BepxHUe 30 % no PUCKY M BbiCAaTb UM CKUAKY —
OKa3bIBAaETCA Ha FPaHN OKYNaemocTu: Npu NoYTn Tom e broaxkete oHa AaéT 0,45 % npotme 7,27 % y Kackaga.
3ameHa rnyboKom CKUAKU Ha YMEPEHHYIO yy4llaeT pe3ynbTaT NoyTu BTPOe, HO OCTaéTcsa Aaneko nosaan: cama
JIOrMKa oTbopa No pMCKy OTNPABASET CTUMY/bl KAMEHTAM U3 NOCNEAHUX AeUWIEN, TA€e, KaK MOKa3aHO Ha PUCYHKe
3, addeKT yrKe ucues.

Monutnka N6 — Kackag, makcummnsupytowmii ta(x)V(x) 6e3 yuéta nsgepikek, — 3aCnyKMBaeT oTAe/IbHOro
BHUMaHMA. OHa AaéT HaMbOoNbLIMIN NPUPOCT YAEPHKAHUA Cpeam BCeX PacCMOTPeHHbIX (16,82 n. n., 6o/blue, Yem
Yy OpaKyna) v npu 3TOM OTPULATENbHYI0 MApPKY -2,84 %. ITO KOHTPNPUMEP K PacnpoCTPaHEHHOM MNpaKTUKe
OUEHMBATb CUCTEMY YAEPHKAHMA MO YNCY CNACEHHDLIX KMEHTOB.

ConoctasneHue M5 u N7 mM3onmpyeT BKAaA UMEHHO MHOroBapuaHTHocTU. O6e MOoSUTUKU MUCMONb3YIOT
OAHY W Ty e uplift-mogens M oauH n TOT Ke OLOAKET; pasmMyune ToNbKO B Tom, 4To M5 pacnonaraet
eMHCTBEHHOW MexaHMKoW, a M7 BbibupaeT 13 natu. NMpupocT map:Ku coctasnseT 2,05 NPOLEHTHOrO NyHKTa nNpwm
CTaHAapTHOW owmnbKe 0,02, To ecTb 39 % oTHOCcUTENbHO M5. MpUMeyaTeNbHO, YTO YMUCIO YAEPHKAHHBIX KNMEHTOB
npu 3TOM NoyTH He meHsetca (7,24 npotus 7,17 n. n.): Kackag, yaepXunBaeT He 60o/blue KANEHTOB, a APYrUxX —
bonee UeHHbIX U 6onee aéweso. Kackag gocturaet 84 % oT pe3ynbTaTa OpaKy/a, TO ecTb OCTaBLUMIACA pe3epBs
yaydlieHua mogenen cocrasnner 16,2 %.

6.5. CTpyKTypa NnpUHUMaeMbIX pelleHunit

PucyHOK 6a noKasblBaeT, Kak KacKkag pacnpeaensaet MexaHMKuM No aeumnam pucka oTtoka. KaptuHa pesko
pacxoamMTca C OTPacneBoOlM MPaAKTUKOW. B mepBbix AeUMNAX CUCTEMA MOYTM HUKOFO He TPOraeT, B CpepHuXx
HasHayaeT noJIHbIKW Habop MexaHMK, a B MNOCAEAHMX CHOBAa COKpawaeT BO34ENCTBME, OCTaBasAA
NPenMyLLLECTBEHHO AelléBble BapuaHTbl. MaHenb 6 NoKasbiBaeT pacnpeaeneHne npubbiaun: NPakTUYECKN BECb
pes3yabTaT CO34aETCA CPESHMMM AELUMNAMM, TOTAa KaK AecATbl AeLnb, Ha KOTOPbI 0BbIYHO M HanpasaeHa
KaMMNaHWA yaepKaHWA, MPUHOCUT OKONO HYAA.

100 a) cocTaB Ha3Ha4YeHHbIX MexaHuK 6) Bknag peuunnen B pesynbTaT
%
= 801 ;il 15.0 - 7
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[ o 7 |
g 60 22 §10.0- Eagﬁﬁqga
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™ , NEn |
NANZ 2%,
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1 2 3 4 56 7 8 9 10 1 2 3 4 56 7 8 9 10
Oelnsib pPUCKa OTTOKa Oelnsib pPUCKa OTTOKa

[ He BO3peCcTBOBaTh =55 60HyCHble bannbl B ckupka 30 %
[ZA4 push B ckuaka 10 % HE nopapok

PucyHok 6 — CocTaB HazHaYeHHbIX MexaHuWK (a) n BKnag aeunnei pucka (6)
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NToroBsbIn coctaB KamnaHum TakoB: 50,9 % 6a3bl He noayyatoT Huyero, 19,7 % — push, 7,0 % — 6annsl,
13,3 % — ckuaky 10 %, 4,3 % — ckmaky 30 % u 4,8 % — nogapok. PacnpeaeneHue 6oaxKeta yCTPOEHO MHaue,
yem pacnpegeneHue aapecaTos: Ha NoAaPOK yxoauT 28 % AeHer Npu Ao/1e aipecaToB MeHee AeCcATON YacTu, a
push npu gone agpecatoB NOYTH B NATYO YacTb 6a3bl noTpebnneT 2,2 % 6roarKeTa. TeHeBas LeHa 6loarKkeTa paBHa
A* = 0,425, TO ecTb Kaxaas eAnHMLIA OrpaHUUYEHNSs 06X0ANUTCA NPUMEPHO B 43 COTbIX YNYLLEHHOW MapXu.

YncneHHan npoBepKa yTBepXAeHUA pasgena 3.3 AaéT cneayrowee. Cpegm KANMEHTOB, KOTOPbIM OPaKy/
Ha3HayaeT CKUAKY, 73 % AO0CTAaTOYHO YMEPEHHOW rybuHbl U anwb 27 % TpebytoT rnyboKkon, npuyém sTo
COOTHOLLEHWE MO AEUNNAM YeKa NPaKTUYECKM He MeHAeTcA. HanpoTue, cpeam KNMEHTOB, BbibMpatowmx mexay
rnyboKom CKUAKOM M NOAaPKOM, 014 NoJAapKa PacTET C POCTOM YeKa MOHOTOHHO. 9TO B TOYHOCTU COOTBETCTBYET
dopmynam (12) m (13): BbIBOp rAYOMHBLI CKMAOKM HE 3aBUCUT OT pa3mepa uYeka, a Bblbop mexay
NPOMNOPLMOHANBHON N PUKCUPOBAHHON MEXAHUKOM 3aBUCUT OT HEIO KPUTUYECKU.

6.6. 3aBucMMOCTb OT 6l0aXKeTa

PucyHOK 7 noKasblBaeT pesynbTaT MNOAUTUK Kak OyHKUMIO bOlogskeTa. KpuBaa Kackaga MOHOTOHHO
BO3pPACTaeT M BbIXOAUT Ha MJIATO: MPWU CHATUU OrPaHUYEHUA CUCTEMA CaMa NepecTaéT TPaTUTb, MOCKOJIbKY
OaNbHENWMEe Ha3HAaYeHNA MMEIOT OTPULATENIbHYIO YMCTYIO MapiKy. KpmBble TapreTuHra no pucky BeayT cebs
MHaye — OHW AO0CTUTAOT MaKCUMyMa MpU MaioM BlofKeTe 1 3aTem ybbIBaloT, X045 B OTPULATENbHYO 061aCTb.

10.0 A T

YyUCTasa UHKpeMeHTallbHasa Mapxa, %

B e
B [ Opaky”n
-7.5 4 —o— Kackag (npeanaraemMbli)
paboyas Touyka —=®- Uplift, ckuaka 10 %
~10.0 - B=4% == Ton no oTToKy, ckuaka 10.%
Ton no oTTOKY, ckuaka 30 %
T T T T T
0 5 10 15 20 25 30

BloXKeT CTUMYIMPOBaHUs, % 6a30Bol BasloBOW MapXu

PucyHoK 7 — Yuctaa mapKa NONMTUK B 3aBUCUMOCTM OT BrogkeTa

MpaKTUYEeCKN BaXKEH FOPU3OHTANbHbIN cpe3 rpadmKa. PesynbTaTa, KOTOPbIN OAHOMEXAaHMYHAA NOAUTUKA
noKasbiBaeT npu brogxkeTte 4 %, Kackag gocturaet npu 1,52 %, To ectb npu 6oakeTe B 2,6 pa3a meHbluem. B
TePMWUHAX NNaHNUPOBAHUA 3TO 03HAYaeT, YTO MHOrOBaPMaHTHOCTb KOHBEPTUpPYeTCA IMB0 B NPUPOCT MapKu Npu
TOM e broarKeTe, 1M6O B COKpalleHWe BloayKeTa NPU TOM e pesy/bTaTe.

6.7. MposepKa opNaiAH-OLLEHKN NOAUTUK

B npon3BoAcTBe UCTUHHAA LLEHHOCTb MOJAUTUKU HEeAOCTYMHa, U pelleHne O 3anycke NpuHMMaeTca no
odnaH-oueHKe Ha AaHHbIX Npeablayuwero nunota [19, c. 142]. NMomMmoO OLEHKU C obpaTHbIMKM Becamu
NPUMeHseTca eé CaMOHOPMMUPOBAHHbIN BapuaHT, CHUMKatowmii gucnepcuio [31, ¢. 3234]. ABaxabl ycTonumBas
OLLEHKA LLEHHOCTU NOJIUTUKM TT CTPOUTCA KaK

VDR(r) = (1/n) 3 [ int(x)(x) + L{A = (x)} (R - A(x)) / eA(x) ], (15)
roe R — peannsoBaHHbI 3KOHOMUYECKUIA pe3ynbTaT HabaogeHua, a ma(x) — ero moaenbHblid NporHos [9, c.
1099]. Tabnumua 5 conocraBaseT TPU oUEHLLMKA C UCTUHHbBIM 3HAYEHMEM.
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Tabnuua 5
OdnaiH-oLeHKa LEeHHOCTM NOAUTUK (B NpoueHTax 6a30BOIN MapKK)
Nonutuka IPS SNIPS DR UctuHa SE (IPS) SE (DR)
MN0. be3 Bo3aeicTBUA 99,63 99,86 100,07 100,17 0,57 0,33
MN1. Cknaka 30 % scem 82,44 81,89 81,79 81,94 0,73 0,33
N3. Ton-30 % + cknaka 30 % 100,11 100,09 100,55 100,62 0,58 0,33
M5. Uplift, oaHa mexaHuKa 104,96 105,08 105,35 105,38 0,63 0,36
MN7. Kackag, 106,88 107,09 107,27 107,43 0,66 0,36

Bce Tpu OUEHLWIMKA COCTOATENbHbI, HO Pa3/IMYAIOTCA TOYHOCTbIO: CTAHAAPTHAA oOWMOKa ABaXAabl
YCTOMYMBOM OLLEHKM MPUMEPHO BABOE MEHbLLE, YeM Y OLeHKN C 0B6paTHbIMK BecaMu. [nA Kackaaa OTK/IOHEHUe
DR-0ouEeHKM OT UCTUHbLI cocTaBnsieT 0,16 n. n. npu cTaHgapTHOM owmnbKke 0,36 — B Npeaenax ogHOM OLWMNOKK.
MpaKTUYeCcKnii BbIBOA: pelleHne O 3anycke KaMnaHuM MOXKHO NpuHMMaTb no DR-oueHKe, HO BbIBOPKAa NWUAOTa
[ONKHA OblTb A0CTaTOYHOM, 4TOObl [OOBEpPUTE/NbHbLIA WHTEPBas He MepeKkpbiBan pasHULY mexay
CpaBHWBaeMbIMKW NOAUTUKamM. ConocTaBneHNe NPUBEAEHO HA PUCYHKe 8.

110 A
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100

95 4

90

85 1

80 1

LLEHHOCTb NONINTUKWN, % Ba3oBoi Map>XXu

6es cknaka 30 % T0M-30 % uplift, Kackag
BO34eNCTBUA BCEM +30% O0[lHa MexaHuKa

PucyHoK 8 — OdpnaiiH-OLEeHKN NPOTUB UCTUHHOM LLEHHOCTM NOANTUK

6.8. TpeboBaHUA K 06BEMY NunoOTa
Tabnvua 6 NokasbiBaeT, Kak AerpagvpyeT CUCTEMA MpPU COKPALLEHUU PaHLOMWM3MPOBAHHOIO NWUIOTA.
MpuBeaeHbl ycpeAHEHHbIE NO ABYM NOBTOPaM 3HaYEHUS.

Tabnuua 6
3aBUCUMOCTb pe3ynbtaTta oT 0bbéma PaHAOMN3NPOBAHHOIO NMU10TA
[ona nunota, % KnueHToB B 06yueHun Ha oaHYy mexaHuKy PEHE Mapika, %
5 11992 1678 0,1959 4,21
10 23951 3353 0,1681 4,35
25 59897 8385 0,1153 4,80
50 119810 16773 0,0839 6,14
100 240000 33600 0,0749 6,54

3aBMCMMOCTb BbIpaXKeHa Pe3Ko: NMpU COKpaALLEHUM NWUIOTA BYETBEPO pe3ynbTaT NagaeT NPUMEPHO Ha
YyeTBepTb, a NPM COKpallleHMM B ABaAuUaTb pas — bHonee yem BABoe. MNOPAAOK BEAUUMHbBI, HUMXKE KOTOPOTO
MHOroBapMaHTHasA CXema TepaeT CMbIC/, — HECKO/IbKO TbicAY HabAlogeHUl Ha MexaHMKy. ITo npsmoe
OrpaHMYeHMEe Ha YMCNO OAHOBPEMEHHO TEeCTUPYEMbIX MexXaHWK: pacluMpeHue Habopa Tpebyer
NPOMNOPLMOHANBHOIO POCTa 3KCNepPUMEHTabHOro TpaduKa.

6.9. BKnap, otaenbHbIX KOMNOHEHTOB

Tabnnua 7 NoKasblBaeT, YTO TEPAETCA MPU OTKAOYEHUMN KaXKA0ro 3/1eMeHTa CUCTEMBI.
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Tabnuua 7
BKnag, KOMMNOHEHTOB CUCTEMBI
KoHdurypauusa Yucraa mapka, % Motepsa, n. n.
MonHaa cnctema 7,27 —
bes 6rogyKeTHoro cnon -2,84 10,11
bes y4éTta LeHHOCTU KNneHTa 4,52 2,75
OaHa mexaHWKa BMeCTO NATH 5,21 2,05

Hanbonbwmin BKNaL AaET 3KOHOMWYECKMIA CNOM: OTKA3 OT Yy4yéTa M3AEPrKEeK YBOAWUT pes3y/abTaT B
oTpuLaTenbHyto 061acTb. BTopoi no BeanYMHe — MHOrOBApPWMAHTHOCTb. TPeTUit — Yy4YET LLEHHOCTU KNMEeHTa:
paHKnpoBaHue no ymctomy uplift 6e3 ymHoxkeHuns Ha V(x) TepaeT 2,75 NpoLEHTHOIO NyHKTa.

6.10. YcTOiAUMBOCTb K HECIy4YaMHOMY Ha3Ha4YeHUto

PaHAOMM3MPOBaAHHbIN NUAOT — UAEaNbHbIN, HO He BCeraa AOCTYMNHbIMA MCTOUYHMK AaHHbIX. BocnpounssenéH
BTOPOM CUEHapUi: Ta Ke MNonynauma, HO MexaHMKa Ha3HaAYaeTCA UCTOPUYECKOM 3BPUCTUKOM MApPKETUHTa,
3aBMCALLEN OT PUCKa OTTOKA U CKAIOHHOCTU K CKMAKam. CpegHUn PUCK OTTOKA B KOHTPOJIbHOM rpynne cocTaBaseT
0,20 npotme 0,68 B rpynne rnyboKkom CKMAKM — CUbHOE cMmelleHue. MNepekpbiTue CoXpaHeHO, MPOMEHCUTH
oLeHUBaeTca BYCTUHIOM €O cpeaHen abcontoTHoM owmnbkon 0,0162.

Tabnuua 8
YcTonumsocCTb OUEHLWHNKOB K HECﬂyHaﬁHOMy Ha3HA4YeHN0 MexXaHUK
OueHLWMK PEHE (A) PEHE (B) CmeLwyeHue (B) Mapa (A), % Mapa (B), %
T-learner, rpageHTHbIN BYCTUHT 0,0749 0,0928 -0,0295 6,94 6,70
S-learner, rpagneHTHbIN BYCTUHT 0,0596 0,0769 -0,0353 7,59 6,93
X-learner, rpaguMeHTHbIN 6YCTUHT 0,0601 0,0748 -0,0282 7,24 6,94
DR-learner, kpocc-pUTTUHT 0,0640 0,0803 -0,0275 6,75 6,49
DragonNet 0,0712 0,0781 0,0033 6,75 6,69

MpumeyaHue: A — paHAOMMU3NPOBAHHbIN NUAOT, B — HabntogaTenbHble faHHbIE.

KapTnHa meHseTca KauyecTBeHHO. OLEHLLMKN, UTHOPUPYIOWME NPONEeHCUTH, TepatoT bosblue Bcex: y S-
learner cmeuweHne oueHKM 3¢ddeKTa okasbiBaeTcs Hambonbwum no moaynto. Apxutektypa DragonNet, B
KOTOPOW ronoBa MPOMEHCUTU BCTPoeHa B obuiee npeacTaBneHue, AaéT cmelleHne 0,0033 — Ha nopagok
MeHblUe, Yem y Nt0b0oro TabAMYHOro OLEHLLMKA, YTO NOATBEPKAAET 3aABEHHOE CBOMCTBO apXMTEKTYpbl. Mo
OEHEXHOMY KpUTepUIo Nydlimm ctaHosutca X-learner. OTciopa pekomeHAaums: BbIGOp oueHLWIMKA cheayeT
Aenatb He no nybaMKauuam, a No BaAnaaLmm B TOM pexnme cbopa gaHHbIX, KOTOPbIN peasibHO UCNOAb3YeTCs, U
npW OTCYTCTBMWM MOJIHOLLEHHOW pPaHAOMM3auUMM OTAaBaTb MNpPeAnoyvTeHMe MeTohaM, SIBHO WCMOJIb3YHOLMM
NPONEHCUTU.

7. O6cykaeHune 1 orpaHuYeHus

MonyyeHHble pe3ynbTaTbl MO3BOAAIOT YNOPAAOYMTb BKAAZ OTAE/bHbIX KOMMOHEHTOB CUCTEMBI.
Hanbonbwunin npupoct Aaét nepexosg oT oTbopa No puCKy K oT6opy No MHKpemeHTasibHOMy 3ddeKTy ¢
OEHEXHbIM KpuTepuem. Cneaylolmii No BeMYMHE BKNAL — MHOIOBAPMAHTHOCTb. TOYHOCTb camoit uplift-
MOJENN OKa3blBAETCA HaMMeHee YyBCTBUTENbHbIM (GAKTOPOM: LUECTHAALATb OLLEHLLMKOB YKNaAblBAlOTCA B
AManasoH, MeHbLUNI, YeM Pa3pbiB MeXAY KackagoM M 0AHOMEXaHUYHOW NOAUTUKON. YNpaBaeHUYeCcKuiA BbIBOS,
NPAMOW — YCUIMA pa3yMHee BK/1aAblBaTb B pacluMpeHme Habopa MeXaHUK U KOPPEKTHYHO NOCTAHOBKY Kputepwms,
a He B 4OBOAKY MoAenn. UCKntoueHne coCcTaBNAET MCTOYHUK AaHHbIX: Mepexos oT arperaTtoB K UCTOPUM COBbITUI
Aan 601bWNIA BbIMIPbILW, Yem Nt0HaA CMeHa anropuTMa NoBeEpPX TOM e BUTPUHDI.

PaboTa umeeT pag orpaHnYeHnin. Bo-nepsbix, SIKCNEPUMEHT BbINOJHEH Ha NOJAYCUHTETUYECKUX AaHHbIX.
Takow BblIbOp HeobxoAUM ANA U3MEPEHUs Pa3pbiBa 4O OPaKy/aa, HO OH O3HAYAET, YTO YMUCAEHHblE 3HAYEHUA
OTPaKaloT MapameTpbl FeHepPaTopa, a He KOHKPETHOro BU3Heca; NepeHoCcUTb CneayeT COOTHOLIEHUA MeXAY
NONUTUKAMU W CTPYKTYpY peweHui. [peMmyliectso nocnenoBaTeNbHOCTHOW MOAEAN AOMOAHUTEIbHO
06YyCN0BNEHO TEM, UTO CKPbITAA NepemMeHHan 3a/10’KeHa B reHepaTop CO3HATENbHO, U Ha PeasibHbIX AaHHbIX eé
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cnefyeT cuuMTaTb BEpPXHEW OLEeHKOM. lNpoBepKa BO3MOMKHA TONbKO 4Yepe3 KOHTPOAMPYEMbIA SKCNEPUMEHT:
OTKpbITble 6eHumapku [8; 13] cogep:kaT OAHY WMAU ABE MEXaHWMKM M ANA MHOTOBApPMaHTHOM MOCTAaHOBKM
HEA0CTaTOUHbI.

Bo-BTOpbIX, AonyuieHMe 06 OTCyTCTBMM WMHTEpdEpPEeHUMN B MAPKETUHIOBLIX KaMMAaHWAX BblINOAHAETCA
NPUBNMKEHHO: KAMEeHTbl 0OOMEHMBAOTCA NPOMOKOAAMM, @ 0by4yeHHanA Ha NPOLWbIX KamnaHuax 6asa meHseT
nosegeHue. B-TpeTbWUX, TFOPU3OHT OLLEHKM OrpPaHUYeH OAHOW KaMMaHWeW, Toraa KaK CcucTematTuyeckoe
noowpeHne CKUAKaMn GopMUpPYET MPUBBLIYKY U CHUXKAET ByAyLLYI0 TOTOBHOCTb NAATUTb; KOPPEKTHbLIN YYET 3TOrO
TpebyeT nepexosa K MHOFOLAroBoM NOCTAaHOBKE. B-4eTBEPTbIX, NpeAnoiaraeTca CTauMOHapPHOCTb: NPU CMeHe
aCCOPTUMEHTA MM Ce30Ha OLEHKM 3¢pdeKTa ycTapeBatoT, MOSTOMY 4YacTb TpaduKa € AOMKHA NOCTOAHHO
OCTaBaTbCA PaHAOMM3NPOBAHHOMW — 3TO OA4HOBPEMEHHO YC/0BWME MNepeobyyeHna mogeneit U CTpaxoBKa OT
BbIPOMKAEHMA NOSUTUKMN.

OTaenbHOro YNoMMHAHWMA 3aC/yKMBAET BOMPOC CNpaBeAnMBOCTU. ONTUMM3aLMA MO YMCTON Mapike
CUCTEMATUYECKM HAMPABAAET NydlIMEe NPeSNOKEHUA KANEHTAM C BbICOKON LEHHOCTbIO, YTO NPU ANUTEIbHON
3KCM/lyaTauMM MOMKET BOCMPUHMMATLCA KaK AUCKPMMMHALMA. TPaKTUYECKMIT KOMAPOMMUCC — BBECTU HUMKHIO
rpaHMLy OXBaTa NO CErMEHTAM KaK AOMNO/IHUTEIbHOE OrpaHnyeHme B 3aga4e (6); narpaHKeBa cxema AonycKaeT
3T0 6€3 U3MEHEHMUA CTPYKTYPbI PELIEHUS.

8. 3akntoueHue

MpeanoxeHa M 3KCNePUMEHTANIbHO MPOBEPEHA KACKaAHAA CUCTEMA YAEPMKAHUA KAMEHTOB, B KOTOPOW
NPOrHo3 OTTOKA, MHOIOBAPWAHTHAA OLEHKA MHKpeMeHTanbHoro 3¢deKtTa M pacnpeseneHne orpaHUYEHHOro
bloakeTa 06beANHEHbI eAUHbIM AeHEeXHbiM KpuTepuem. Ha BbibopKke 600 Tbic. KIMEHTOB cucTeMa Aaét 7,3 %
6a30B0oW BasI0BON Mapku NpoTme 5,2 % y ogHomexaHndHon uplift-nonntukm, 0,4 % y KnaccMYecKkoro TapreTMHra
Nno PUCKY 1 -18,2 % y cnioWHOM CKUAKK, AocTuraa 84 % oT pe3ysibTaTa OpaKy/a.

ConocTaB/ieHMe LWeCTHaAUATU OLLEHLWMKOB YC/oBHOTrO 3ddeKTa Mnokasano, 4to Bbl6Op apxXMTEKTYpbI
B/IMAET HA AEHEXHbIN pe3ynbTaT ciabee, YeM NOCTAHOBKA KPUTEPUA U YNCIO AOCTYMHbIX MEXAHMK, HO Nepexos,
OT arpernpoBaHHbIX NPU3HAKOB K UCTOPUU COBBLITUA C MEXaHM3MOM BHMMAHUA 4AET 3aMEeTHbIN BbIMIPbIW B
TOYHOCTM OUEHKU. BbiBegeHHOEe ycnoBue BbIOOpPa MexKAy NPONOPLMOHANbHBIMU U GUKCMPOBAHHBIMKU MO
N3LeprKKaM MeXaHMKaMW OODBACHAET CTPYKTYPY MOJly4aemMbIX HA3HAYeHUM W MOATBEPMKAEHO UMC/IEHHO.
JanbHenwan paboTta npegnonaraet NepeHoOc cxeMbl Ha MHOTOLIAroBY MOCTAHOBKY C HakonseHnem 3ddeKTa
NPWBbLIKAHMA 1 NPOBEPKY Ha KOHTPOMPYEMOM 3KCNEPUMEHTE NPOM3BOACTBEHHOIO MacLTaba.
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AHANN3 3ODEKTUBHOCTU BYPEHUA C UCNOJ/Ib3OBAHUEM [OBYX-
U TPEXKO/NIOHHbIX KOHCTPYKLUIA CKBAXUH

AHHOTauuA

B cTaTbe paccmoTpeHa aKTyaslbHOCTb BHeAPeHMA ABYXKOAOHHbIX (2KK) M TpéxkonoHHbIx (3KK)
KOHCTPYKLMI CKBA*KMH B bypeHuu. NMpuseaeHbl onpeaeneHma 2KK n 3KK, noKasaHbl X cxembl U CPaBHUTENbHAsA
Tabnmua napametpoB peanmsaumu. MoKaszaHO, YTO ABYXKOJIOHHbIE KOHCTPYKUMW MPUMEHAIOTCA B MPOCTbIX
reonorvyeckmx ycnosusax, a 3KK — B cnoXHbix. UX ncnonb3oBaHWe COKpaLLaeT CPOKU CTPoUTeNbCTBa Ha 25-30%
33 CYET MCKNOYEHUA MPOMEXKYTOUHbIX KOMOHH. CaenaH BbiBOA, O BOCTPEOOBAHHOCTM TaKMX KOHCTPYKLUWMA B
COBPEMEHHOI BypoBOI NpaKTUKe.

KnioueBble cnosa:
ropuM3oHTasbHOE BypeHue, ABYXKONOHHAA KOHCTPYKLMA CKBAXKUHbI, TPEXKONIOHHAA KOHCTPYKLUMA CKBAXKMHbI,
2KK, 3KK, npomerKyTo4yHasa KONOHHA, CTPOUTENBCTBO CKBAXKMH.

AKTMBHOE Pa3BUTME FOPU3OHTANIbLHOrO BypeHUA CKBaXXWMH B HedTerasoBol OTpacaM Havanocb ¢ 1930-x
rogos. M Ha cerogHaALWHWIA AeHb HanpasBieHWe ropu3oHTaNbHOro bypeHms —3TO OAHO M3 CaMblX BOCTPeb0BaHHbIX
TeXHo/Nornin B HedpTErasoBo NPOMbILIEHHOCTU. AHAaN3 NPUMEHUMOCTU CyLLLEeCTBYIOWMX cnocoboB bypeHus
rOPU30OHTaNIbHbIX CKBAaXKMH CBOAMTCA K UX TEXHUKO-IKOHOMWMYECKOW OLEHKE MPU CTPOUTENbCTBE CKBAXKMH A0
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L,e/1IeBOTO M/1acTa, a TaKKe COKPALLEHNIO PUCKOB M YAELIEBNEHUIO CKBAXKMHOM KOHCTPYKLMMU B LLESIOM.

B paHHON paboTe paccmatpuBaeTcA aHanus 3pPeKTUBHOCTM OypeHMA C BHeApPeHUEeM TeXHOAormMu
CTPOUTENbCTBA CKBAXKMH NO TMNAM ABYXKOIOHHbIX (2KK) 1 TpéxkonoHHbIX (3KK) KoHCTpyKLMNA.

TpagMUMOHHbBIN 3Tan CTPOUTENbLCTBA FOPMU3OHTA/IbHOM CKBaXKMHbI BK/OYAET YeTbipe WUAW NATb 3Tamnos,
TaKMe, KaK: Hanpas/ieHWe, KOHAYKTOpP, TEXHUYECKAs KOJIOHHA, JKCNAYyaTalMOHHAA KOJMIOHHA W XBOCTOBUK.
MNocnenoBaTeIbHOCTb CMYCKa U LLEeMEHTUPOBAHMA Kaxaoro penca ob6caaHbIX KOJIOHH NO3BOMAIOT N30MPOBAThb
CNOXHble M HeycToMuYMBble NANacTbl, NpeaoTBpallAs NepeToKM. Takasd MHOFOKOMIOHHAnA KOHCTPYKLUMA
obecneunBaeT HaJEKHOCTb CTEHKM CKBaXMHbl, B TOM 4MC/ie B MeCTax nepexoga OT BEPTUKAJbHOIo y4vacTKa
bypeHua K Habopy YrnoBbiXx MapameTpoB Ha MNPOTAXKEHHOM TFOPWU3OHTA/IbHOM Y4YacTKe CKBaXWHbl. Ho B
COBPEMEHHbIX YCNOBUAX LEHOO0O6Pa3oBaHWA, MHOFOKO/IOHHAA KOHCTPYKUMSA CyLLEeCTBEHHO YBeAUYMBaET
KanuTasibHble 3aTPaTbl U CPOKW HA CTPOUTENBbCTBO CKBAaXKMWH, B CBA3M € H0/blIMM 06beMoM BypeHua, KpenneHus
M LEeMEHTUPOBAHMA KarKAOro M3 yyacTKoB 06cagHblXx KONOHH. CyllecTBYIOLWME BbICOKME TEXHUYECKUE U
3KOHOMMYECKMNE U3AEPHKKM BbIHYKAAOT KOMMNAaHUN-HEeANPONOAb30BaTENMN U CEPBUCHBIE KOMMNAHUM NPOBOAUTD
NMOUCK anbTepHaTUBHbIX bosiee ONTUMU3NPOBAHHbIX pelleHui [1].

O4HUM M3 ychewHbIX HanpasB/leHUN CTano BHeApPeHWe ABYXKONOHHbIX U TPEXKONOHHbLIX KOHCTPYKUMMN
CKBa*KuMHbl. [lepexol Ha HOBble MNPOM3BOACTBEHHbIE peleHUa 06yc/NoBNAEH CTPEM/IEHMEM CHUMKATb
METANIOEMKOCTb NPUMEHAEMOro 060pYyA0BaHUA, COKPALLEHMEM CPOKOB CTPOUTENbCTBO CKBAXWH, M B
banbHeENLWeM ONTUMN3NPOBAHUEM KannUTasbHbIX 3aTpaT. AKTUBHOE BHeApPeHWE AaHHbIX BUAOB KOHCTPYKUUI B
HedTerazosol oTpacim Hadanocb B 2010-2020 rogax, AOCTUIHYB CBOEro NMUKa Mcnosb3osaHusa ¢ 2017 no 2020
roa, ocobeHHO noamevaeTcs B palioHax 3anagHoit Cubupwu [2,3].

KoHcTpykuma 2KK npeacTtaBnseT coboi ABYXKONIOHHYIO KOHCTPYKLMIO CKBaXKMHbI, KOTOpasa COCTOUT U3
ABYX obcafHbix Tpyb, vallle BCEro BCTPEYaeTca c/ieaylowas KoHpuUrypauusa — HanpasieHue/KOHOYKTop
9KCN/IyaTaLMOHHAA KOJIOHHA C XBOCTOBMKOM. B TO e Bpemsa, KOHCTpyKumA 3KK —3To TPEXKONOHHAA KOHCTPYKLUMA
CKBa’KMHbI, KOTOPas BK/AOYAET HanpasaeHUe (MK KOHAYKTOP), TEXHUYECKYIO M SKCNAYaTaLUNOHHYIO KOMOHHbI.

Ha pucyHke 1 HarnagHo npepoctaBineHbl KOHCTPYKUMM ckBaXnH 2KK un 3KK, oTanume KoTopbIx
3aK/1II0YAETCA B KOJIMYECTBE CMYCKAaeMbIX B CKBaXMHYy 006CagHbIX TPYO A1a yKpenaeHus eé CTeHOK U M30aaLum
nnacTos.

PucyHoK 1 — KoHCTpyKUMK ABYXKONOHHbIX (2KK) 1 TPEXKoNOHHbIX (3KK) cKBaXKKH

CpaBHUTENIbHAA XapaKTEPUCTMKA NAapamMeTpPOB CTPOUTENBCTBA CKBAXKMH C MCMOb30BAHNEM KOHCTPYKLUMIA
2KK n 3KK npuseaeHa B Tabnuue 1. JaHHble napameTpbl MNO3BOAKT NPOU3BECTU OLLEHKY TEXHOIOIMMYECKMX
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rpaHnL, UCnos1b30BaHUA obneryeHHbIx KOHCprKLI,Mlz npun HarmnagHom CpaBHEHUU C TPaAUUUOHHBbIM MATU
KOJZIOHHbIM ,u,m3a17|Ho:v\ CKBa*WHbI.

Tabnunua 1
MapameTpbl peanmsaumnmn KoHCTpyKkumii 2KK n 3KK
MapameTpbl KoHctpyKuma 2KK KoHctpyKuma 3KK
peanusauum
O6nacTb 1 ycnosus MpuMmeHseTCA B yCN0BUAX BYpEHUA HOBbIX U MpUMeHAEeTCA B C/IOXKHbIX F€0/I0MMYECKUX YCOBUSAX, C

NpUMeHeHuUs TPaAULMOHHbBIX MECTOPOXAEHWUI Ha HEOONbLUNX 30Hamu 06BaNoB M NOT/NOLLEHMUN, HA CPeaHMX U
rnybuHax c npeacKasyembiMn ropHo- 60nbLUKNX TNyBMHAX, B NJACTax C aHOMaJIbHO BbICOKMM
reosIorMYecKMMM YCA0BUAMM — CTabUNbHblIE nnactoBbim AasneHnem (ABMA), a Takke npu
OT/I0XKEeHNA 6e3 pe3KMx Nepenasos AaBAeHNs, NPOBOAKE CKBAXKMH C 60/IbLIMM OTXOA0M OT
NOTNOWEHNI U NPOABNEHNNA. BEPTUKaNu.

He npMmeHseTca B 30HaX C HEYCTOMYMBLIMU
nopogamu (aprunanTbl, conu).

BbICOKasA CKOPOCTb NPOBOAKM, HO TpebyeTca

BblcOKan CKOPOCTb NPOBOAKM, MeHbLLee AOMONHUTENbHOE BPEMA Ha CMYCK NPOMEXYTOYHOWM
CKopocTb 1 KOZIMYECTBO CMYCKO-NOAbEMHbIX onepaumii (CMO), | (TeXHWYecKow) KONOHHbI, HEO6X0AMMO
TPYAO0EMKOCTb WCKOYEH Lenbli LKA BypeHuns nog, AONONHUTENBbHOE BpeMsA Ha LiemeHTuposaHue n O3LL.
CTPOUTENBLCTBA NPOMEXKYTOUYHYIO KOJIOHHY, COKpaLleHne BpemeHu | TaKKe HeobXoAMMbl HYacTble MPOMbIBKM U MPOPaboTKM
0¥KMIaHWA 3aTBepAEBaHMA LemeHTa (0O3L). CTBO/1A M3-33 C/IOKHbIX YCNOBUNA.

Bpems cTpouTenbCcTBa CKBaXKMHbI COKpaLaeTca Ha 20-30% 3a CYET UCKAKOYEHMA onepaLMii No Cnycky U
LLeMEHTUPOBAHMIO HEKOTOPbIX 3/1IEMEHTOB KOJIOHHbI, @ TaK}KE COKPALLEHNA BPEeMeHWN Ha cOOpKy v pa3bopky
KOMMOHOBKM HM3a BYpPUIbHOW KOMIOHHBI.

CpOoKM CTponTeNbCTBa

Mo pesynbTaTaM CPaBHUTENbHOrO aHanm3a (cornacHo Tabauue 1) MOXKHO cAenaTb BbIBOA O TOM, YTO
[OBYXKONOHHAA WM TPEXKONOHHAA KOHCTPYKLMU CKBaXKMH MO3BOJIAKOT CYL,ECTBEHHO ONTMMM3MPOBATb 3Tambl
CTPOUTENbCTBA CKBAXXMHbI, MPOU3BECTU CHUXKEHMe cebecTommocTn OypeHMa M MMET CnocobHOCTb
WUCNONb30BaHUA B  PA3/INYHbIX TOPHO-TEO/IOFTMYECKUX  yCnoBMAX. B cpaBHEHUMM ¢ TpaAWUMOHHOM
MHOTOCEKLMOHHON CXEMOM CTPOMUTENIbCTBA CKBAXKMHbI, 3HAYUTENbHO BAIMAIOT Ha CHUMKEHME 3aTpaT BPEMEHM Ha
NPOXOAKY, OCOBEHHO aKTyaslbHO MPW BbICOKOW CTOMMOCTU CYTOYHOIO COAEpKaHusA OGYpoOBOro Kommnjiekca u
WHXXEeHepPHOro coctaBa. TakMum 06pa3om, UCMOIb30BaHNE STUX KOHCTPYKLMIA HAaNPAMYIO CBA3AHHO C K/OYEBbIMU
baKTOpamm KanUTaNbHbIX BAIOKEHUM NPU CTPOUTENBCTBE CKBAXKUH.

Kpome TOro, UCKAOYEHME MPOMENKYTOUHBIX (TEXHMYECKUX) 06CaHbIX KONOHH CHUMKAET METaNI0EMKOCTb
Ha 15-20% no cpaBHEHWIO C TPagUMLMOHHON MHOTFOKOJIOHHOM KOMMOHOBKOM. Take paccmaTpuBaemble
KOHCTPYKLMX MO3BOAAIOT MCMONb30BaTb A0/I0Ta MEHbLIEro AMameTpa, TEM CaMblM CHUXKaa (akTop M3HOoca
6ypoBoro o6opyA0BaHMSA, YTO TaKKE MOXKET NOBMUATb Ha CHUXKEHNE METAINOEMKOCTM KOHCTPYKLUA [4].

Bcé vawe KpynHble HedTerasoBble KOpNopauuu AenATcA MNONOXKUTE/IbHbIM OMbITOM WCNO/b30BaHMUA
[OBYXKONOHHBIX M TPEXKONOHHBIX KOHCTPYKUMI, MNOATBEP)KAAA pPe3ynbTaTbl YUCAEHHBIMU 3HAYEHUAMM,
BbIBEAEHHbIMW CTAaTUCTUKAMM W COOTHOLUEHUAMM, MOAYYEHHBIMW HA MpakTMKe. CornacHo npoduabHLIM
aHAZIMTUYECKMM U3LAHNAM, NPUMEHEHME KOHCTPYKUMKM 2KK NO3B0OIMIO COKPATUTb OBLLMIA LMK CTPOUTENbCTBA.
OnAa KOHKPETHOM CKBaXKMHbl AaHHbIA MOKasaTenb cokpatuaca ¢ 22,94 po 9,83 cyToK, YTO B MPOLEHTHOM
COOTHOLWEeHUK cocTaBuT —42,8%. MOMUMO Bbile YKa3aHHOTO NOKa3aTes1sa, 0OTMEeYEeHO NOBbILEHNE MEXaHUYECKOM
CKOPOCTM MPOXOAKW. Ha ceKumn ¢ gonotom guametpom 220,7 Mm npu BypeHUN CKBaKWMHbI ABYXKOJOHHOM
KOHCTPYKLMM CKOPOCTb NPOXOAKM COCTaBmAa 73,6 m/4, UTo, B CpaBHEHUM C NOKasaTeaaMM NPU UCNOAb30BaHUK
TPAAMLMOHHOM KOHCTPYKLMK 3HaUMTeIbHO 6obLue [5].

MNpumeHeHne ABYX- WAM  TPEXKONOHHbIX KOMMOHOBOK CTasl0  WHHOBALMOHHbIM  pELUEHMEM,
BOCTPebOBaHHbLIM B COBPEMEHHOM BYpOBOM NpaKTUKe.

CNMCOK UCNONb30BAHHOI INTEpPaTypbI:

1. Conosbés A.fl. [poeKTMpoBaHME CKBaXUH: y4ebHoe nocobue. — Yda: N3a-so YIHTY, 2020. — 166 c. — ISBN
978-5-7831-2075-6.
2. bBakupos [./1., datraxos M.M., MNaTtpywes A.A., LUnpures A.K. CoBepLueHCTBOBaHME TEXHOAOMMIN B 06/1aCTy
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KOHCTPYKTUBHbIE PELLEHMA TOPLLOBbIX KOHTAKTHbIX FPA®UTOBbIX YM/IOTHEHWUA
ONA TA30TYPBUHHbBIX ABUTATENEN

AHHOTauuA
PaccmoTpeHbl BapmaHTbl KOHCTPYKTUBHOMO UCMOJIHEHWUA TOPLOBbIX KOHTAKTHbIX FPadUTOBbIX YNAOTHEHUI
MaCNAHbIX NOJIOCTEN ra30TyPOMHHBIX ABUraTeNeN B LiesX MOBbILWEHUA UX pecypca 3a CYET CHUMKEHUS CTeneHu
M3Hoca rpadumToBbIX Kosed,
Kntouesble cnosa:
TOPUOBOE KOHTaKTHOEe rpadMTOBOE YNAOTHEHMNE, LUIAPUKONOALWNMHUK, Mac/AHAA U BO3A4YLIHAA NONOCTU, MapKu
rpaduTta, nepenas AaB/ieHMA Ha YNIOTHEHUM, Napa TPEHUS, ra3oTypPObUHHbIN ABUraTeNb.

BesepgeHue

3ameHa NabUPUHTHBIX YNJIOTHEHMI KOHTAKTHbIMU rPadUTOBLIMU YNJIOTHEHUAMM CBA3AHA C }KeNaHUem Ha
NopAAoK YAYYLWNTb FEPMETUYHOCTb MACAAHOM MOJIOCTU, YMEHbLUMUTL TeMnJ0NepeHoc OT NOAOrPeToOro BO3Ayxa
HagAyBa B Mac/o, 3aWMTUB TaKMm 06pa3om macssHble NOA0CTU OT Neperpesa U NpeaoTBPaTUB OKUCNEHME U
BbIrOpaHMe Macna, U YMeHbLUUTb pacxos Bo3ayxa HaaayBa, OTOMpaemoro 13 UMKkAa asuratens. B HacToswee
BPEMS M3 BCEX TUMOB KOHTAKTHbIX YMN/JOTHEHWI BpalLaOWUXCA BasioB TOPLLOBble KOHTAKTHblE YMNIOTHEHMUA

64


https://aeterna-ufa.ru/events/in

ISSN 2410-6070 MeKAyHapOoAHbIA Hay4YHbIN XKypHan « MHHOBALMOHHAA HayKa» Ne 9-2 / 2026

061343at0T MMHMMaNbHOM NPONYCKHOM CNOCOBHOCTbLIO U B ra3oTypbuHHbIX gsuratenax (IMO) asnarorca Hambonee

HArpy»XeHHbIMMU MO JIMHENHOM CKOPOCTU YNAOTHAEMbIX MOBEPXHOCTEN U TEPMOAMHAMMUYECKMM MapameTpam
OKpyKatowmx cped. MosTomy HageKHOCTb PaboTbl YNNOTHUTENbHbLIX YCTPOMCTB 3a4acTylo onpenenser u
HaZEeXHOCTb ra3oTypOUHHOIo ABUraTeNs B LLE/IOM.

Ha HageHOoCTb M pecypc paboTbl TOPLLOBOIO KOHTaKTHOrO ynaoTHeHus (TKY) (MnuM Ha ero repmeTMUYHOCTb

M M3HOCOCTOMKOCTb) BAMAIOT cheagytowme dakTopbl: dopmMa M LLIEPOXOBATOCTb MOBEPXHOCTEM KOHTaKTa,
HEPaBHOMEPHOCTb YAEeNbHOW HArpy3KM MO MAOLLAAM KOHTAKTA, @ CAMOEe [IaBHOE - YPOBEHb HarpyKeHHOCTU
YNAOTHEHUA KaK NPOn3BeaeHNE YAeNbHOMO AaBAeHNA Ha PA3HOCTb CKOPOCTEM KOHTAaKTUPYIOLWMX NOBEPXHOCTEN.

Y «po3BykoBbIx» [T B KOHCTPYKUMAX rpaduTOBble YNJAOTHEHWUA BbINOJHEHbI M3 }KAPOCTOMKOro
yrnerpaputa mapkm ATI. ITOT maTepuan pabotocnocobeH Npu TemnepaTypax B 30HE KOHTAKTA TPYLLMXCA
nosepxHocTel go 300°C. Y T ans cBepx3BYyKOBbIX CaMO/ETOB, rae paboune TemnepaTypbl B YNAOTHEHUAX
moryt gocturate 400°C, rpadumToBble ynAOTHEHMA WM3rOTaBAMBAOT M3 nuporpaduta mapku MNIN. OTBeTHble
netann (KoHTpTena) nsrotasnueatoT u3 ctanert 38XMHIOA nnmn 13X11H2B2M® ¢ a30TMpPOBaHMEM KOHTAKTHbIX

noBepxHOCTel Ha rybuHy He meHee 0,1 mm. A y Hanbonee TenNOHaNPAMKEHHbIX TPYLLMXCA Nap Ha HUX HAHOCAT
XpomomonunbaeHoBble NoKpbITMA [1].
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PucyHoOK 1 — KOHCTPYKLMA TOPLLOBOrO KOHTAaKTHOrO YN/I0OTHEHUA

Ha pucyHke 1 nokasaHa KOHCTPYKLMA TOPLOBOTO KOHTAKTHOrO YMJIOTHEHWS, KOTOPOE COCTOMUT W3
BpaLLatowencs BTyAKN 1 (KOHTPTENO), rpadUTOBOTO KO/bLA 2, PE3UHOBLIX YNIOTHUTENIbHBIX KoJlew, 3, NPYKuH 4,

WTMTOB 5, KPbILKKM ONOpPbI 6.

B TKY oceBas cwuna, CKNAAbIBAIOLLAACA M3 YCUAWUIA OCEBbIX MPYXUH M Nepenaga JAaB/leHUH Ha
HEBPALLAIOLLMXCA 3/IeMEHTaX, MPUNKMMAET aKCMaNbHO NOABUMKHOE YMAOTHUTE/NbHOE rPadUTOBOE KOMbLO KO
BTY/IKe. [1py 3TOM ycuame OT 0CeBbIX NPYXKUH MOCTOAHHO Ha BCeX peXxmnmax paboTbl [T M HACTPOEHO Ha PerKMM
MWHWUMaNbHbIX NepenagoB AaBJeHUs, NO3TOMY Ha HOMbLWINX Nepenasax AAaBAeHUA NPOUCXOANT MOBbIWEHHbIN
W3HOC TPadUTOBOrO YMNNOTHEHMA. Takum 06pasom, repMeTMYHOCTb YMJIOTHEHUS B OCHOBHOM 3aBWUCUT OT

HaaeXHOCTU pa6OTbI napbl TpeHuA. MNpun 3Tom, Kak NPaBMNO, OXNaXKaeHUe BTYNKU OCyLecTBaAeTcA I'IpOKa‘-IKOﬁ

macna.

Cnepyet OTMETUTb, YTO A1A TOro, YTO6bI 334aTb PAaBHOMEPHOE yCUMe NPUKaTUA rPadUTOBbIX CEKLMI K
TOPUY NPUMKUMHON BTY/KU, TPEBYETCA MHOMECTBO NPYMKMH C OAMHAKOBbIMM }KECTKOCHbIMMW XapaKTepUCTUKaM.

KpOMe TOro, AaHHOe yn/ioTHeHUE, BBNAOY HanNn4nAa HOBerHOCTeﬁ, Ha KOTOPbIX peannsyeTca nepenag AaB1eHUA
B TY UK NHYHO CTOPOHY, OrpaHNYe€HO NO MaKCMMaJibHOMY nepenagy AaBHEHMﬁ.
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HoBble KOHCTPYKTUBHbIE PeLleHUA TOPLOBbIX KOHTAKTHbIX YNJIOTHEHUHA

[na NckNoueHMA HeJOCTAaTKOB U3BECTHOTO YNIOTHEHMA Pa3paboTaHbl HECKONBbKO KOHCTPYKUu TKY.

Ha pucyHkax 2 u 3 TKY coaep KuT yCTaHOB/IEHHbIN Ha Bany 1 KONbLEBON 3NEMEHT 2 € YNAOTHUTENbHbIMMU
Pe3nMHOBLIMW KO/bLAMM 3, Ha HAPYKHOM NOBEPXHOCTU KOTOPOro BbIMOJIHEH PaAWManbHO COPUEHTUPOBAHHDIN
6ypT 4, NPUMKMMHYIO BTY/AKY 5, YCTAHOBNEHHYID Ha KONbLEBOM 3/1eMeHTe 2 C BO3MOXXHOCTb OCEBOFMO
nepemelLeHnsa, B KOTOPOW YCTaHOBAEHO rpaduTOBOE KOMbLO 6, KOHTaKTUpylolwee ¢ Kopnycom 7
LIAPMKOMNOALWMMHMKA 8, TaKkKe YCTaHOBNEHHOIO HAa Bany 1 poTopa, Npuyem mMexay NPUKUMHON BTYIKOM 5 n
6ypTom 4 KO/MbUEBOIO 3/EMEHTA PaCMoNIOKEHO MNPYKMHHOE KObLO 9 C NOnepevyHbiM paspesom,
KOHTaKTMpYyloLee C HAMM TOPLOBbIMU MOBEPXHOCTAMMU, MPU 3TOM KOHTaAKTUPYHOLLME TOPLIOBble NMOBEPXHOCTU
NPWXKUMHOM BTYJIKM 5 M MPYKMHHOTO KO/bLA@ 9 C MonepevyHbiM Paspe3oM BbINOJIHEHbI KOHUYECKMMU. B
OKPY»XHOM Hanpas/ieHWe yKa3aHHble 3/1eMeHTbl 3aPpUKCcMpoBaHbl WTUHTOM. TaKKe Ha Baany poTopa YyCTaHOBAEHbI
peryanpoBo4vHoe Koabuo 10 u BTynka 11, npuvyem nepsoe YCTAaHOB/IEHO MeXAy BHYTPEHHWMM Kosnbuom 12
LWApPUKOMOAWMMHMKA 8 W  KONbLEBbIM 3n1emeHTOM 2. B perynMpoBovyHOm Kosbue 10 BbINOJAHEHBI
macnonoasogAalme KaHanbl 13, No KOTopbIM Macio Nog AeNCTBUEM LEeHTPOBEeXHbIX CUA NocTynaeT us Bana 1
poTopa Ha cTeky Kopnyca 7. Co CTOpPOHbl BHELIHeN MOBEPXHOCTM KOJbLEBOro 3/eMeHTa 2 U BHYTPEHHMUX
NOBEPXHOCTEN MPUNKMMHOM BTYAKM 5 M NPYKMHHOTO KOMbLA 9 C NomnepeyHbIM pPa3pe3omM B HUX BbIMOJIHEHDI
pagunanbHble rAyxue oTBepcTvA, obpasylolume eguHyo LMAWHOPUYECKYIO MOIOCTb, B KOTOPOWM YCTaHOB/EH
wTtndT 14. OceBoe NOJIOKEHNE POTOPA OTHOCUTE/IBHO LIAPMKONOALNIMHMKA onpeaenseTca BTyskon 11 [2].

S
U
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PucyHOK 2 — TOpLOBOE KOHTAKTHOE YN/0THEHNE

Mpy yBEAMYEHUM YACTOTbl BpalLEHWA PoTOpa MoA AEWCTBMEM LLEHTPOBEXKHbIX CWA, yBeanYMBaertca
Harpyska Ha NPWXUMHYIO BTY/KY, B KOTOPOM YCTaHOBAEHO rpaduUTOBOE KOAbLO, NPYKMUHHLIM KOAbLOM C
nonepeyYHbIM Paspe3om No KOHNMYECKMM NOBEPXHOCTAM. [pn 3TOM pagmanbHas Harpy3Ka NPyKUHHOIO KoAbLa C
nonepeyHbiM paspesom byaeT paBHOMEPHO GOPMMPOBATL YyCUAME NpUNKaTUA rpaduTOBOro Kosbla. Ha
NOHUMEHHbIX PEXMMAX CHUMKAETCA LEeHTPobeXkHana Harpyska Ha NPUMKMMHYIO BTY/KY WM, COOTBETCTBEHHO, Ha
rpaduTOBOE KOMbLO, YTO CHUXAET TPEHME U NOBbILAET CPOK CAYKBbl U pecypc ynaoTHeHUs B ueaom. OTcyTcTBme
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OCEBbIX MNPYXMH (Kak Ha puc. 1) ynpowaeT KOHCTPYKUMIO YMNOTHEHMS, a HaAuuMe paamasbHoro
COpPUEHTUPOBaHHOro 6ypTa N03BOIAET YNNOTHEHUIO paboTaTb Npu Ntobbix Nepenasax AaBaeHUN.

PucyHOK 3 — TOpL,OBOE KOHTAKTHOE YNJ0THEHNE

Cneaylouiee yNnnoTHEHME, KOHCTPYKLMA KOTOPOTO CHUMKAET CTeNeHb M3Hoca rpadmToBoro Konbua TKY 1 He
3aBMCUT OT Nepenaga Ha Hem AaBfeHuid NPeaCcTaBNeHO Ha PUCYHKax 4 n 5. YNNoTHEHWE COAepKUT BTYAKY 1,
YCTaHOB/IEHHYIO Ha Basy 2 1 3adpUKCUPOBAHHYIO B OCEBOM U OKPYKHOM HanpaBAeHWUW, A0NONHUTENbHYIO BTY/IKY
3, KEeCTKO COegUHEHHYIO CO CTaTOPOM 4, rpadUTOBOE KO/bLO 5, YyCTaHOBNEHHOE B LONOIHUTENbHOW BTY/IKE 3 U
KOHTaKTMpYlOLLEEe OAHMM M3 CBOMX TOPLIOB B €€ PaJvasibHON CTEHKOW, OCEBYHO MPYMKUHY 6. Mpuyem Ha yyacTke
Hapy*KHOW NOBEPXHOCTM rPadUTOBOrO KO/bLA 5, KOHTAKTUPYIOLWEN C BHYTPEHHEN NOBEPXHOCTLIO AONOAHUTENBHOM
BTY/IKM 3, BbIMOJIHEHA KO/IbL,EBAsA KAaHABKA , B KOTOPOM YCTaHOB/IEHO YNNOTHUTENbHOE KOoAbLO 7 [3].

PucyHoK 4 — TopuoBOe KOHTAKTHOE YNAOTHEHUE
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PucyHoK 5 — TopuoBoe KOHTaKTHOe YyNAOTHEHUe

TaK)Ke ynAOTHEHWE COAEPHKUT AOMNONHUTENbHOE rpaduToBOE KOMLLO 8, YCTaHOB/AEHHOEe Ha bypTe 9,
BbINO/IHEHHOM HA Hapy»XHOW MOBEPXHOCTM BTYAKWU 1, U KOHTaKTUpylouee ¢ rpaduUToBbIX KOAbLOM 5 no umx
6An3NeKaLMM TOPLAM, NPUYEM Ha YYaCTKe Hapy»KHOW NOBEpPXHOCTM BypTa 9 BbiNO/IHEHA KO/IbLLEBas KaHaBKa, B
KOTOPOW YCTaHOB/IEHO YN/OTHUTENbHOE KO/ibLo 10. TKY mmeeT aonosnHuTenbHbin 6ypT 11, BbINONHEHHbIA Ha
HapYXHOM NOBEPXHOCTM BTY/KMN 1, KONbLEBOM 31eMeHT 12, BbINONHEHHbIN 3aU,eNo ¢ AONOAHUTENbHBIM BypTOMm
12 M KOHTaKTUPYIOWMIA Y4aCTKOM CBOEM BHYTPEHHEN MNOBEPXHOCTU C YYACTKOM HapyXHOW MNOBEPXHOCTU
[0NONHUTENbHOTO rpadMTOBOrO KosbLa 8. lonosHUTeNbHbI BypT 11 1 KoAbLEeBOM 31eMeHT 12 pasmeLleHbl co
CTOPOHbI Mac/iAHOM nonoct 13 (pakTUYeckn B Hew).

MexXay AONONHUTENbHbIM FPadUTOBbIM KOAbLOM 8 W gonosHuTenbHbim 6yptom 11 obpasosaHa
KO/bL,EeBas NoNA0CTb 14, B KOTOPOW YCTAaHOB/IEHA YNOMAHYTan oceBan (Hanpumep, TapesbyaTas uam S-obpasHas)
npy**uHa 6. MNMpun aTom rpaduToBOE KOMLLO 5 3aPMKCMPOBAHO OT NPOBOPOTA OTHOCUTENbHO AONOJHUTENBHOW
BTY/NIKM 3 nocpeacTsom WTnMdToB 15, a BHYTPEeHHUE AnameTpbl rpadmUToOBOro KosbLa 5, AONOIHUTENBHOMO KOJbLA
8, a TaKKe YyNnoMsAHYTOM pafnanbHON CTEHKU OOMNONHUTENbHOW BTY/IKM 3 PacnosioXeHbl Ha O4AHOM YPOBHE, C
0bpasoBaHMEM OCEBOrO KOJ/IbLLEBOrO 33a30Pa, C OA4HOM CTOPOHbI COOBLEHHOrO C BO3AYLWHOM NoaocTbio 16, a ¢
OpYroi — orpaHnYeHHoro Topuom bypra 9.

Kpome TOro, Bo BTy/IKke 1 BbINOAHEHbI Mac/ioNoOABOAALME KaHabl 17, B AONONAHUTENbHOM rpaduUToOBOM
Konble 8 — oTBepcTMA 18, coobuwatowme MacasHy0 NoaocTb 13 ¢ Ko/ibLEeBOW NONOCTbiO 14 M HarHeTatowei
Mac/10 NoABOAALLEN MArUCTPaNbiO COOTBETCTBEHHO.

Mpun paboTe Ha ManbIX PEXMUMAX YCUAME NPUNKATMA [AOMOAHUTENbHOTO rpaduTOBOro KosblLa 8 K
rpadMTOBOMY KOJbLLY 5 ONpeaenaeTca oceBoi NpyKnHon 6. Mpu yBeanyeHnn 4acToTbl BpaLLleHMA poTopa 3a cHeT
yBe/IMYeHMA AaB/ieHMA Macia B KObLEBOM NoaocTu 14 3a cyeT LeHTPOOEeXKHbIX CUA CO34aeTcs AOMNOJHUTENbHOE
OCEBOE BO34EWNCTBME, KOTOPOE AABMT Ha AOMNOJHUTE/bHOEe rpadMToBOE KObLO 8. TemM cambiM CO3AaeTcs
HY)XHOE OceBOe MoarKaThe A0NOJIHUTENbHOTO rpadMTOBOro KonbLa 8, obecneumnsatowee paboTy ynaoTHEHMS.
OtBepctus 19 B 4ONONHUTENIBHOM rPadUTOBOM KosbLe 8 NpeaHasHavyeHbl AN copacbiBaHUA U3/IMLLKOM Macna
M 0O6HOB/IEHMA ero Ko/bLeBoW Nonoctu 14 ¢ oceBOM NPYKMHOM, a TaKXKe A1a AONOJHUTENbHOTO OXNaXKAEHUS
YANOTHEHMUSA.

[aHHOoe yn/ioTHEHME He 3aBUCUT OT Nepenasa AaBAeHWI, 33 CYET TOro, YTO AaB/ieHUE BO34yXa B OCEBOM
HanpaB/ieHMM BO34,ENCTBYET TOJIbKO Ha AOMNO/IHUTENbHYIO BTY/IKY 3 cTaTopa 4 1 Ha 6ypT 9.

TaKune TeXHUYECKME PELLEeHNA MOXKHO peasin3oBaTb A5 YNAOTHEHMUA MaCAAHbIX MON0CTEN ra30TYPOUHHbIX
ABuratenem.
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CnuMCOK UCNONb30BAHHOMI INTEepaTypbl:
1. TpaHos A.E. OcobeHHOCTM KOHCTPYKLMM Y3108 U CUCTEM aBMALMOHHbBIX ABUraTeNe U SHEPreTUYECKUX. -
Camapa, usg. Cray, 2011. crp. 118.
2. NateHT N22525378. TopLeBoOe ynaoTHEHWNE POTOpa TypOOMaLLUHbI.
3. NateHT N22634510. TopLEeBOE KOHTAKTHOE YN/JIOTHEHME POTOPA TYPOOMALLMNHDI.
© Epwnues [.10., Kukotb H.B., KysbMmnu M.B., 2026

YAK 62
Ucmaunos C.,
CrypeHr,
Unxamos WU.,
CrypeHr,
CeiiutHasapos XK.,
CryaeHT,
Mbixbies N.,
CryaeHT,
HayuHbiit pyKoBogutennb: N'ypbaHosa O.
MNpenopgasaTtens,
MeKayHapoaHbIN yHUBEpCUTET HEedTU M raza umeHun Arwbirenam Kakaesa,
Awxabag, TypKMeHUCTaH

COBPEMEHHbDIE METOAbl U TEXHONNOIMMU KOMMNJIEKCHOIO NPOrHO3NPOBAHUA
M MOUCKA MECTOPOXAEHWI NONE3HbIX UCKONAEMbIX

AHHOTauuA
B cTaTbe npuBeAeH cUCTEMaTMYeCKUii 0630p COBPEMEHHbIX METOAOB MPOrHO3MPOBaAHMA U MOMCKa
MECTOPOXAEHWUIN TBEPAbIX MOSIE3HbIX MCKONAeMbIX (pyA4bl) M yrnesogoponos (HedpTun v rasa).
Kniouesble cnosa:
MouCcKoBasA reoxmumus, ceicmopasseaka 3D/4D, 6acceitHoBOe MOAENMPOBaHME, MalMHHOE 0ByyeHune, pyaHble
MEeCTOPOXAEHUS, Yr1eBOLOPOAbI, NPOrHO3MPOBaHUE PeCcYpPCoB, reoMHGOPMaLMOHHbIE CUCTEMDI.

NcToweHne nerko oTKkpbIBaeMblX U NPUMNOBEPXHOCTHLIX MECTOPOMKAEHWNIN MNOIE3HbIX MCKOMAEMbIX CTaBUT
nepes reonoropasBefoyvyHOlN OTPAC/blO 3afadvy Nepexoga K MOMCKAM «CAemnbix», rayboKo3anerawowmx u
HeTPaAMLMOHHBIX 3a/1e3Kell KaK TBepAbIX NoJsie3HbiX MCKonaembix (py4), Tak 1 yrnesogopoaos (HedTu 1 rasa).
TpagMUMOHHbIE SMMNUPUYECKME NOAXOAbl K reosioropasBedKe YCTYNaloT MECTO BbICOKOTEXHONOTMYHbLIM
MeTOo/1aM, OCHOBAHHbIM Ha AeTaZlbHOM U3y4YeHUN PUINKO-XUMUYECKUX YC/TIOBUI CTPYKTYPO- U pyA006pa3oBaHus,
bGNONA0ANHAMUMKN M MPOCTPAHCTBEHHONO aHasM3a reofaHHbix. MoBbIlWEHMe TOYHOCTU MPOrHO3MpPOBaHMUA
TpebyeT KOMNAEKCHOIo coYeTaHUA reoPUsnYecKknx, reOXMMMUUYECKUX U LMPPOBbIX aHATUTUUYECKUX METO/OB.

lreodusnyeckme nccnenoBaHma ocTaloTcs GyHAAMEHTAIbHOM OCHOBOM ANA N0KaAN3aLMmM NepCcneKkTUBHbIX
CTPYKTYP M NOAFOTOBKM MOMCKOBbIX 06BbEKTOB Nog bypeHue.

B o6nactv noncka HedTU 1 rasa: onpeaenatoLLyo Poab UrPaeT pa3BuTmne cericmopasseakmn ¢opmarta 3D u
4D (neprMoanYecKUini MOHUTOPUHT pa3paboTku 3aneskeit). MpuMmeHeHMe TEXHONOTUIA NOTHOBONIHOBOW MHBEPCUN
(Full Waveform Inversion — FWI) n aHannsa AVO (Amplitude Versus Offset) nossonser c Bbicokon getannsaumen
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BOCCTAHAB/IMBATb CKOPOCTHbIE MOAE/IN CPEAbI, BbIAENATL IMTONOMMUYECKME SKPAHbI, MPAMbIE MPU3HAKM HaANYusA
yrnesogopoznos (DHI) 1 oTcnexunsaTtb AMHAMUKY HACbIWEHWUA N1aCTOB-KOJIIEKTOPOB.

B ob6nactm noucka pyaHbIX  MECTOPOXAEHWN: Haumbonbluyto 3PPEeKTUBHOCTb  MOKa3biBalOT
asporeoPmusnyeckMe CbEMKM C  BbICOKMM  paspelieHMem  (rpaBupasBegKa,  MarHUTOpasBeaKa,
MarHutoTennypuyeckoe soHauposaHme — MT3). BbisiBneHne rnybUHHOIO CTPOEHUA PYAOKOHTPONMPYIOLLINX
pPasNoOMOB W 30H FMAPOTEPMASIbHO-METAaCOMATUUYECKMX M3MEHEHUN OCYLLECTBASETCA 33 CYET MPUMEHEHUs
METO/0B Bbl3BaHHOM nonapusaunn (BM) n anekTpopasBeaku B ctaHoBaeHUM nona (3CB).

leoxMmmyeckne MeToabl OPUEHTUPOBAHDLI HAa O6HAPYKeHWe NePBUYHbIX M BTOPUYHbBIX OPEOJIOB paccesHmA
3/1eMEHTOB-MHAMKATOPOB U CAef0B MUrpauum Gaonaos.

- FeoxMmma yrneBoAopoaHbIX CUCTEM: COBPEMEHHbIM MOUCK HedTM U rasa onupaerca Ha BacceiHoBoe
moaenuposaHue (Petroleum System Modeling), couetawllee naneoreorpadpuyeckme, TepmMUYECKUE U
rMapoAMHaMUYEcKMe PEKOHCTPYKUUK. MUKPOCEMCMUYECKMIA U MMUKPOrasoBbliA MOHUTOPUHI (M3MepeHue
KOHLEHTPaUM meTaHa, romonoros C2-C5, M30TOMHOro COCTaBa yr/iepo/a) No3BOJIAET BbIABAATb BEPTUKANbHYIO
MUKPOUHOUNBTPALMIO Fa30B Hag, 3aN1EXblO.

- PyaHan reoxmmuma: BHeApeHME BbICOKOTOUYHbIX cekTpomeTpuiyeckmx metonos (ICP-MS, XRF, SIMS) aaet
BO3MOXHOCTb (UKCMPOBATb CBEPXHU3KME KOHLEHTPAUMU pPeaKUX W PacCeAHHbIX 31eMeHTOoB. WM3ydyeHue
TMNomMmopdM3mMa MUHEPaNoB-MHANKATOPOB, M3oTonHoro coctasa (S,0,C,Pb) U MUKPODAIOUAHBIX BKAKOYEHUI
No3BONSAET TOYHO ONpeaenaTb ¢GUIMKO-XMMUYECKME MNapPaMeTpPbl PYAOOT/NOKEHUA W BEKTOP MUrpauum
rMApPOTEPMAbHbIX PAacTBOPOB.

CoBpeMeHHbIt  3Tan  reonoropasBefoyHblx paboT xapaKTepusyeTcs UHTerpaumenn raybuHHoro
reodM3nYecKoro 30HAMPOBAHMA, BbICOKOYYBCTBUTE/IBHOMO TEOXMMMUYECKOrO0 aHanmM3a U undposoro
NPOCTPAHCTBEHHO-BPEMEHHOIO MOZAEeNMPoBaHMUA. CUCTEMHOE KOMMJIEKCHOE MCMO/Ib30BaHWE 3TUX METOA0B
CHU)KAEeT CTOMMOCTb OTKPbITWUIA, COKpALWAeT Cyxuve CKBaXMHbl M obecneynmBaeT YCTOMYMBOE BOCMNOSHEHWE
MUWHEepPaIbHO-CbipbeBOM 6a3bl BbICOKO/IMKBUAHbBIX NOAE3HbIX UCKOMNAEMBbIX.

CNUCOK UCNOb30BaHHOM UTEpPaTypbl:

1. FaBpunos B. M. MoncKkKn 1 pa3BesKa MeCTOPOXKAEHNN HedTn U rasa. — M.: Hegpa, 2012. - 367 c.
2. KaxkgaH A.B. NMonckM 1 passBeska MeCTOPOXKAEHUN NONE3HbIX MCKOMaeMblX. HaydHble OCHOBbI MOMCKOB M
pa3seaKu. - M.: KHura no TpebosaHuto, 2012. — 318 c.

© WUcmaunnos C., Unxamos U., CeltntHazapos K., Mbixbles /1., 2026

YAK 621.438; 629.735
Nebepes O.B.
KaHanaaT TeXHUYECKUX HayK
MAO «OK-CatypH»
r. PbibuHck, PP

MPOEKTMPOBAHUE CUNTOBbLIX CXEM POTOPOB ABUALIMOHHDLIX I'TA C UCNOJ1Ib3OBAHUEM AOCTUXKEHUA
BANNAHCA CUN, BOSHUKAIOLLIUX NMPU PABOTE ABUTATENA

AHHOTauuA
B paHHOM cTaTbe npepasaraetca Noaxod K MPOeKTUPOBAHMIO KOHCTPYKTUBHO-CU/IOBOM CXeMbl poTopa
aBuMaumnoHHoro M, no3BoAAOWMIA cObanaHCUPOBaTb HANPAXKEHUA B AE€Ta/iM, BO3HMKAIOLWMNE B CU/IOBOM CXxeme
poTopa co3aaBas UM CUJIbl MPOTUBOAENCTBUSA 33 CYET LLEHTPOOEKHbIX CUJ, TEM/IOBbIX NEepPeMELLLEHNIA U TaK ganee
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Kntouesble cnosa:
cunoBas cxema, potop T, 6anaHc cua, cuna NpPoTMBOAENCTBUA.

B HacToAlee BpemMaA NPoLECcC NPOEKTUPOBaHUA POTOPOB aBMALMOHHBIX ABUraTeneil NpovM3BoAUTCA Ha
OCHOBE MMeIoLLLerocs OnbiTa MpeablaylimMx TMOKONEeHUN, a TaK¥e C WUCNo/Ab30BaHUMEM COBPEMEHHbIX
MHDOPMaLMOHHbBIX CUCTEM U MPOrPaMMHBIX MPOAYKTOB, CNOCOBHbIX BbICTPO NPON3BECTU pacyeT Ha MPOYHOCTb U
TEenN0BOe COCTOAHWE Bcex AeTaneit. lNpuUHATbIe Ha 3TOM 3Tane TexHWYeckue pelleHusa onpegensaotT 70%
CTOMMOCTM BCero npoekTta [1]. 3a yacTylo, [aneko He BcCeraa pesy/ibTaTbl TaKMX PacYéToB MCMOJIb3yloTCA
pauMoHanbHbiM 06pa3om. OBbIYHO, pacyeT HOCUT MPOBEPOYHbIA XapaKTep — COOTBETCTBYET KOHCTPYKUMA
HOPMaM NPOYHOCTU UM HeT? HeobX0AMMO He OCTaHaBAMBATLCA Ha AOCTUTHYTOM.

B npouecce paboTbl ABMUraTenss BO3HUKAET MHOXECTBO CU/, AeUCTBYIOLIMX Ha AeTann poTopa TaKue KaK:
LEeHTpobeXKHble CWUAbl, Ta3oBble CWUAbl, CWUAbl OT Pa3HOCTU AABAEHU B MONOCTAX, CUAbl OT TEMOBbIX
nepemelleHmin. Kaxaaa u3 3TUX CMA MMEeT CBOK MNpUpoay BO3HUKHOBEHUA U BEKTOP HanpasneHusa. lNog,
NPUPOAON CUJIbl MOHUMAETCA NPUYMHA €€ BO3HUKHOBEHWMS U MPUHLMN €€ BO3PaCcTaHUA MM ybbiBaHUA Npu
MU3MEHEHUN pexkumos paboTbl asuratena. CosaaHMe afieKBaTHOW peakunn Ha AeliCTByiolmMe CUbl ABaaeTcA
04HOM U3 GYHKLMIA KOHCTPYKLMM poTopa. Ha pucyHKe 1 noKasaH Nnpumep CUCTEMbI CU, MPUNOXKEHHDbIX K CTYNeHU
JIONaToYHOM MalwmHbI. 1 - aspogMHammMyecKas cuia oT ra3oBoOro NoToKa, 2 — LLeHTPobeXKHan cuna, NPUIoKeHHas
K nonaTtke, 3 — cMna packpbiTMA 3amKa, 4 — ueHTpobexkHaa cuna, NPUIOXKEHHas K ronose Aucka, 5 — cuna,
BO3HMKalOLWLAA OT PasHMUbl AaB/IEHUN Mneped W 3a CTyneHblo, 6 — LeHTpobeXKHaa cuna, AelcTByloWas Ha
NPOCTABKN MeXAY AUCKaMK, 7— peaKkLmn ANCKOB NpeablayLlein, HacToAWEN 1 cneaytowei CTyneHu.

PucyHoK 1 — Cxema NpUAOMKEHNA CUA K CTYMNEHM I0NaTOYHOM MaLLKHbI

KpaTKo onuwem nocnenoBaTe/ibHOCTb Pa3paboTKM KOHCTPYKTUBHOM cxembl poTopa ITA. B pesynbrate
OCHOBHbIX TEPMOTra3ogMHAMUYECKMX PAaCYETOB CTAHOBATCA U3BECTHBIMW OCHOBHbIE rabapuTbl NPOTOYHOM YacTu
I'TA v BCe BbllenepeyncieHHble cubl. Mcxoga s onpegenéHHOM NPOTOYHOM YacTK, paspabaTtbiBaeTca 2D 3ckus
poTopa. Ha 3cKM3 HaHecém HanpaB/ieHUs CMA, BO3HMKAKOLWMX B npouecce paboTbl ABMIaTeNs U BbINOJHAEM
NPOYHOCTHble pac4éTbl B 1D nocTaHOBKe. 3TO OnpeAenmT OCHOBHbIE Harpy3Ku1, AeUCTBYIOLLME Ha AeTaM poTopa.
Kpome Toro, potop Bceraa B3auMoAEeNCTBYET C APYIMMU AeTANAMMN ABUraTenn. ITO yCNoBMe BeYET 33 coboi ero
onpefenéHHyt0 KOHCTPYKTUBHYIO CXeMY, 3aBUCALLYHD, OT YCA0BMIA cOBUpPAEemMOCTH, aapoaMHAMMNYECKOM YacTm
ABUraTensa — NPoOXo4HbIMU NAOLWALAMMU MPOTOYHOM YacTu (4TO onpeaenseT AMaMeTpbl PACMNONOKEHMA IOMNATOK)
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W NpefocTaBAeHHbIX rabapuTHbIX pa3mepos. [ocne yTOYHEHMA 3CKM3a NPUCTYNAaem K TEM0BbIM pacyeTam.
HaknagblBaem TenoBble YCAOBMA Ha NPOYHOCTHYHO CXEMY M YBUAWMM, KaK B3aMMOLENCTBYIOT AETaM POTOpPa.
Mpumep pacyeTa HarpyXeHHOro COCTOAHMA AeTasel PoTopa KOMMpeccopa € NPUMEHEHWEM MPOrPaMMHOrO
npoaykta ANSYS npeacrtaBneH Ha pucyHke 2. Bce Bbile nepeync/ieHHble pacyeTbl B YC/JA0BMA HAAMUMA
COBPEMEHHbIX MPOrPaMMHbIX MPOAYKTOB IETKO BbINOJHUMbI.

PucyHoK 2 — Harpy»KeHHOe COCTOsiHME AeTasnel poTopa Komnpeccopa

JanbHelllee NPOEKTMPOBAHMA POTOPOB, KaK NPaBWIO, HAMpaB/leHO Ha ycuaeHue cnabbix mecT
KOHCTPYKLUKN, Hanpumep, € WCNOJb30BaHMEM MHOFOKPUTEPUANbHOM onTumM3auun [2]. I9To He Bcerga
paLMoHaNbHO.

O6paTnmca K U3BECTHLIM IOFMYHBIM NPUEMam: BbinonHMB oTBepcTME B 0604€ Bpallatoweroca ANCcKa, Mbl
06A3aTeNbHO cAenaem TaKoe Ke Ha MPOTMBOMOJIONKHON CTOPOHE MM HAaBECUM Ha AWCK MAaccCy Bblpe3aHHOro
maTepuana pagom C oTBepcTuem, YTobbl He HapywuTb BanaHCMPOBKY. Xopowo ecnun BCE Tak HarnagHo. Ho,
6bIBaET, YTO 3HAUYUTENbHbIE CUJIbl, BO3HMKalOWMe Npu paboTe aBuraTens He Tak ABHbI. Mocie pacyéTa MoXKeT
6bITb TaK, YTO CU/IOBAA CXeMa Hey[auHa M He NPOoAEepPKUTCA BECb HEOHX04MMbIN pecypc.

MNoaxopn, npeanaraemolii B AaHHOM CTaTbe, COCTOUT B TOM, YTOObI NpaBuabHO cbanaHCMpPOBaATb yCuaus,
BO3HMKAlOLLME B CMAOBOM CXeme poTopa YMEHbLIad MX WMAM CO34aBasd MM CUAYy NPOTUBOAENCTBUA 3a cyeT
LeHTPOobEKHbIX CUJI, TEM/IOBbIX NepemMeLLLEeHNI U TaK ganee. Bo MHOrMx cny4vasx aTo a¢pdeKTuBHO. Takon noaxos,
K NPOEKTUPOBAHMIO ABNSETCS NOTMUYECKMM NPOSOIKEHNEM KNAacCUYECKOoro noaxoaa. Mpu sTom OH He noaMeHsAeT
MHOTOKPUTEPUNAIbHYIO ONTUMM3ALLMIO Y3/10B poTopa T, Tak Kak ONTUMM3aLMA NPUMEHSETCA K y*Ke BbIbpaHHOM
KOHCTPYKTUBHO-CM/IOBOM CXeMe W pellaeT CBOM 33a4ayYn B OrpaHMYEHHOM MHTepBasie WU3MEHEeHMA
KOHCTPYKTUBHbIX NapameTpos.

Monpobyem dopmanusoBatb npeasiaraembli  NOAXOA K  MPOeKTMpoBaHuio. Heobxoaumas
nocnenoBaTeNbHOCTb AEACTBUIN BUAMTCA TaK:

1. MpaBuabHO ONpeaennTb UCTOYHUK «BPELHOMW» CUIbI.

2. OnpenennTb KaKUMM KOHCTPYKTUBHbBIMW 3/1€MEHTAMW BOCMPUHUMAETCA HArpy3Ka OT 3TOM CUAbI.

3. CHU3UTb Harpysky 3a CYET BO3MOMKHOIMO YMEHbLUEHWA AENCTBYIOWEN CUAbl 3a CYET CaeayroLLmx
AeNCcTBUit:

® YMEHbLIEHNA MACCbl Harpy»Karwolmx AeTafel KOHCTPYKUWUW, HAXOAAWMXCA Ha MaKCMMalbHOM
yAaneHun oT ocu BpaLLeHus (B cyyae LLeHTPOBEXKHbIX cun),

® yMEHbLUEHNA NJOLWAAM AeTaNel, HaXOALMXCA B MOIOCTAX C BbICOKMM LaBAEHUEM, COXPaHAS 06LLyto
NMHEBMATUYECKYHO CXeMY, BAUAIOLLYIO Ha OCEBYHO CUAY, BOCMIPUHUMAEMYHO LIAPUKOMNOALWMMHUKAMM,

® yYMEHbLUEHWA Nae4ya NpPUIaraemoi Cuabl BBEAEHUMEM KOHYCHbIX 3/1EMEHTOB KOHCTPYKLMU U OCEBOW
COBWMKKOW CUIOBbLIX 3/1EMEHTOB AeTasnel (CMeLLleHMe NONOTHA AMCKA NOA LEHTP TAXKECTU I0NATKK),

® MOMCKA ONTMMAZIbHOTO ANAaMETPANIbHOTO PACNONOXKEHUA BONTOBLIX COeAMHEHWN.

4. KOHCTPYKTUBHbIM NYTEM CO34aTb CUY, NPOTUBOLENCTBYIOLLYIO UMEIOLLIMMCS «BPEAHBIMY CUAAM:
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® MYyTEM NOCTAHOBKM NPOTUBOBECOB,

* nog60poM MaTepmasnoB ¢ HeEObXoANMMOM pasHULEN B KOIDPULIMEHTE TENIOBOTO PacLLUMPEHUS,

® CO3Z,aHNEeM CUI0BbIX PAa3BA3OK B HYXXHOM HanpaBAeHUN.

PaccMmoTpum NpeasiorKeHHble AeNCTBUA Ha NpUMepax.

TunuyHaa cxema poTopa aBMauMoHHoro I'M Kak npasuK/io COCTOUT M3 nepeaHen uandbl, Habopa ANCKOB C
nepsoi Mo NocnegHow cTyneHb U 3agHel uandbl. C Lenblo CHUMKEHUS oceBoro rabaputa u, Kak cieacrsue,
MaccCbl ABUraTena, CoOBepLIatoTCA NOMbITKM 334BMHYTb OMOPbI BHYTPb POTOPA, NOPOXKAAA HABECHbIE CTYMeHM,
KOTOpble MOTYT pacrnonaraTbCa Kak cnepeau, Tak U c3aam Komnpeccopa. [JaHHbI NyTb BeAET K onpeaenEéHHbIM
npobnaemam C CUIOBOM CXEMOM KOHKPETHOro potopa. [puMmep HaBeCHOM CTyneHW poTopa Komnpeccopa
npeacTaB/eH Ha PUCYHKe 3.

PucyHoK 3 — HaBecHas cTyneHb poTopa Komnpeccopa

B cBA3M C HaNMuMem HaBeCHbIX CTyneHel, onopHble Landbl poTopa KPenaTca B CTbike mexay 1-i u 2-i
CTYNEHbIO UAN MeXKaY 2-1 U 3-I4 CTYNeHblo KoMmnpeccopa. TaKxe BO3MOMXKHO CNPOeKTUPoBaTh ¢paHel, B cocTaBe
OMcKa 2-i (KaK MNoKa3aHO Ha pUCyHKe 3) uau 3-i cTyneHu. Takaa cxema, ANA BO3MOMKHOCTU COHOPKM,
nogpasymesaeT 601TOBOM CTbIK Ha AMUCKE 2-4 UK 3-I1 CTYNEeHU COOTBETCTBEHHO NPW 3TOM BO3HUKaOT Npobiembl
C NPOYHOCTbIO AMCKa (YKasaH CTPeskoin Ha pucyHKe 3), KOTOPbIN NpUHUMaeET Ha ceba Harpysky oT 60nToB U
U3MMBHBbIX CUA Npuneraowmx enaHues. Takke HeobXO0AMMO yunTbIBaTb Apyrine GaKTopbl NMPOEKTUPOBaHMS,
TakMe KaKk: oceBas cuia (co3gaBaemas Pa3HOCTbIO AaB/eHMIA B MOMOCTAX W a3pOAUHAMMUYECKUX CuA,
OEeWCTBYIOWMX Ha /IonaTku), cobrMpaemocTb, YNAOTHUTE/bHbIE 3/1IeMEHTbl MeXay CTyneHsmu. B pesynbraTte
ocnabneHHbI 60NTOBbIMW OTBEPCTUAMM AUCK U3TMBAETCA B CTOPOHY NPUIOXKEHNA Pe3ybTUPYIOLLEN CUbl. EMy
HY}Ha MAM 6onblIan MECTKOCTb, YTO MPUBEAET K YBE/AMYEHWIO MacCbl AMCKa, WAM AOMOMAHMTENbHaA cuna,
KoTopaa byaeT NpoTMBOAENCTBOBATb Pe3ynbTUpYyoWen cune, narnbarowen guck. Kak nokasbiBaeT npaKkTuka
COBPEMEHHOro NPoeKTUPOBaHUA AeTanel ¢ ucnosb3osaHuem 3D pacyéToBs, Bcerga Haxoamutcsa cnocob co3gatb
HY}HYIO cuay. B gaHHOM cnydae nogobpaH matepuan uandbl C BbICOKMM KO3OULMEHTOM TEnnoBOro
paclIMpeHns 1 BbINOJHEHO BbICOKOE MO paanycy pacnooskeHue 60NTOBOro CTbiKa. B pe3ynbTaTte co3gaHa cuna
ToNKawWwasa ¢naHel, AMCKa BBEPX M3rMbaeT AMCK B NPOTMBOMOOMHYIO CTOPOHY. Harpysku BbipaBHMBAOTCH,
HapalwmBaTh TONLMHY AUCKA HET HEOBXO0AMMOCTH.

PaccmoTpum elé oauH npumep M3 NPaKTUKUM MNPOEKTUPOBAHMA AMCKOB —W3BECTHYIO U BbICOKO
TEXHOJIOTUYHYIO KOHCTPYKLUMIO AMCKA C KOJIbLLEBbIM Ma30M TUMA «NaCTOYKUH XBOCT». KOHCTpyKumA yaobHa B
M3roToBaeHnn. Bce NoBepXHOCTU BbIMOMHAIOTCA TOYEHUEM TOKapHbIM NYyTEM. KaK MpasBuio, B TaKUX cayvasx
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flonaTtka MMeeT PasBUTYIO MOJIKY, GOPMUPYIOLLYIO BTYAKY MPOTOYHOW 4YacTW, YTO HensbeKHO MPUBOAMT K
MoBbIlWEHHOM Mmacce fonaTku. LleHTpobexkHana cuna, NbiTaaCb BbITAWMUTL AIONATKY M3 Nasa AMCKa, cTapaeTca
PacKpbITb «06BATUA Naszar.

YT06bl YCUAUTL «06BATMA Nasa», Hago A06aBUTb HA MAaKCMMalbHOM AMAMETPE AUCKA AOMNONHUTENbHYIO
Maccy maTepuana, KoTopaa He CHU3WUT HamnpAMKeHUa B Yrosikax nasa, a NPoCTO YBEe/IMUYUT 3anac ero NpPoYHOCTU.
Mpuuém, B npouecce yBeNnMYeHUs CKOPOCTU BpalLeHMA POTOopa, CMAA PACKpbiBalowas Ma3 pacTéT, a 3anac
NPOYHOCTM MNa3a OCTAETCA MpPe)KHUM, NAC HapaleHHaa macca Bcé 6osblue napasuTUpyeT, co3aaBas
[OOMONHUTENbHYIO HAarpy3Ky Ha NOMIOTHO AMCKa. B gaHHOM caydae HanpalinBaeTca CAeay oMl NOTMYecKnin xoa,
Pa3 na3s pacKpbIBAaeTcA C POCTOM LeHTPOBEXKHbIX CU/1, TO HeOBXO4MMO OPraHM30BaTb YC/IOBUA, MPU KOTOPbIX
BO3HWMKHYT CWU/Ibl, CTPEMSALLMECA ero 3aKpbiTb. Maccy MeHbLIe YeM NJaHMPOBANN UCNONL30BaTb A8 YCUAeHUA
«0bBbATUIN» Nas3a AUCKa NpeBpallaem B HeboblLMe NPOTUBOBECHI MO CTOPOHAM AUCKA U B pe3ynbTaTte: C POCTOM
CKOPOCTM BpalleHMs, LeHTpobeXKHasa cuna TAHET NPOTUBOBECHI OT LLEHTPa AMCKA M na3s nogobHO HOMXKHMLAM
CTPEMUTCA 3aKpbITbcA. COOTBETCTBYHOWAA MOAMDUKALMA KOHCTPYKUMM NPeACTaBNeHa Ha PUCYHKe 4.

SAAA

Bbino Crano
PucyHok 4 — MeponpuaTtue, cnocobcTaytoLee NpoTMBOAENCTBUIO PACKPbITUA Nasa LEeHTPobeXHbIMU cunamm

Hapgo oTmeTuTb, 4TO pPasMecTMB MPOTMBOBECHI GUKCMPOBAHHOM MAcCCbl, MNOAy4aemM OTBETHbIN 3hdEKT
KOTOPbIW, TAK}Ke KaK 1 BpeoHOCHas CMAa, PacTéT No mepe yBe/IMYEeHMA CKOPOCTM BPaLLEHUA POTOpPa, a 3HAUUT
Ha Bcex perknmax pabotbl MM nas HagEKHO 3aKpbIT.

BbiBoAapbl:

1. NMpeanoxxeH NOAXOA K MPOEKTUPOBAHNIO KOHCTPYKTUBHO-CMUJIOBOM CXeMbl pOTOpa aBMaumoHHoro IN'MA c
nucnonb3oBaHMem 6anaHCUPOBKM YCUAUKA, BO3HUKAOWMX B CUAOBOM CXEME 3a CYET CcOo34aHua CuA
NpoTUBOAENCTBUA (LEHTPOBEKHbBIX CUJI, TENIOBLIX MepPeMELLEHUIA U TaK danee).

2. HeobxoamMmo cMcTemaTnsnpoBaTb TUMOBbIE CUTYALMKN NPU NPOEKTUPOBAHNUM KOHCTPYKTUBHO-CUIOBOM
CXeMbl POTOpPa Ha CTagMM KOMMNOHOBKM, A0NYCKaloLMe NpeanoXKeHHbI noaxoa.

3. He BO BCex cayyasx AaHHbIM Noaxon MOXKeT OblTb NPUMEHEH, O4HAKO TaMm, rge 3TO BO3MOXKHO, OH
MOKET CYLLEeCTBEHHO NOMOYb B AOCTUKEHMM ONTUMAIbHOM KOHCTPYKLMW, UMEIOLLLE Masbli BEC U AOCTAaTOUYHbIN
YPOBEHb NPOYHOCTH.

Cnu1COK UCNONb30BaAHHOMN INTEepaTypbl:
1. CanoxHukos A.HO. Kpmnsowees U.A., 3penos B.A., MNMpogaHos M.A,, Loit A.HO., MupoHos A.C. NMpumeHeHune
CUCTEMbI NOAAEPHKKN NPUHATUA peLleHnit ANA BbIBOpa KOHCTPYKTUBHO-CUIOBOW CxeMbl aBuaumoHHoro ' Ha
aTane 3CKM3HOro NPoeKTUpoBaHuA: BecTHUK YITATY, 2010.— T. 14.— Ne4 (39).— C.11-20.
2. CanbHuKOB, A.B. KOHCTPYKTMBHO-NPOYHOCTHAA MHOTOKpUTEPUAbHAA ONTUMM3ALMS Y310B paboumnx Konec
ITA: ABMaLMOHHO-KOCMUYECKaA TeXHMKA M TexHonorua, 2013. — Ne9 (106). — C. 101-109.
© Nebepes 0.B., 2026

74


https://aeterna-ufa.ru/events/in

ISSN 2410-6070 MeKAyHapOoAHbIA Hay4YHbIN XKypHan « MHHOBALMOHHAA HayKa» Ne 9-2 / 2026

YAK 62
Myxammeposa b.,
Crapwuit npenogasaTtens,
baiipamoBa A.,
Crapwwin npenoaasaTenb,
Hypnbies b.,
MNpenoaasarens,
Ararenbgues A.,
CrygeHr,
HayuHbii pyKoBoguTtenb: Opasgypabies [.
KI'MH, ctapwuit npenoaaBatens,
MexkayHapoaHbIN yHUBepcuTeT HedTH 1 raza umenm Arwbirenam Kakaesa,
Awxabag, TypKMeHUCTaH

PA3BUTUE UCCNEAOBAHWUIA C NPUMEHEHUEM U30TOMHbIX METOAOB 419 ONPEAENEHUA BO3PACTA
NOA3EMHbIX BOA, NYTEWX X MUTPALUN U UCTOYHUKOB NUTAHUA

AHHOTauuA
CtaTbA MocCBALLEHA 3BOJOLUUM U COBPEMEHHOMY COCTOAHUIO U3OTOMHO-TUAPOre0/IOTMYECKNUX METOA0B
NUCCNefOoBaHUI, NPUMEHAEMbIX AN1A peweHua ¢GyHAAMEHTaNbHbIX W MPUKAA4HbIX 3343y NoA3emMHOoM
rnapocodepsbl.
Kntouesble cnosa:
M30TOMHas MMAPOreonorusa, CTabuabHble N30TOMNbI, PAANOAKTUBHbIE M30TOMbI,
0ATMpOBaHMe NOA3EMHbIX BOA, TPUTUI, paguoyrnepoa,

OnpepeneHuve reHesuca, ycioBUA GOPMMPOBAHUA, BO3pacTa U AMHAMMUKM MOA3EMHbIX BOJ ABASETCA
KNloYeBOM 3agayelt ruaporeonormun. TpaaMLuMOHHbIE TMAPOAMHAMUYECKME U TMAPOXMMUYECKUE METOAbI YacTo
CTa/NIKMBAIOTCA C HEONpPeAeneHHOCTbI0 MPM aHa/iM3e CAOXKHOMOCTPOEHHbIX BOAOHOCHbIX CUCTEM, 30H C
3aCTOMHbIM PEXMMOM GUABTPALMUM U TNyHOKO3aNeratoLWwmx ropnsoHTax. Mcnosab3oBaHme NPUPOAHON M30TOMHOWN
METKM — MONEKYN BOAbl M PACTBOPEHHbIX BELLECTB, COAEPKAWMX Pas/MYHble M30TOMbl 3/1EMEHTOB, —
NO3BO/IN/IO NEPENTU OT KOCBEHHbIX TMMOTE3 K NPAMOMY TPAaCCUMPOBAHMIO NPOLLECCOB BOAHO-0OMEHHOIO LMKAA.
CTabunbHble U3oTonbl Bogopoaa (aevitepuid, 2H unmn D) u Kucnopoga (180) BXoAAT B COCTAB CaMOi MONEKYIbI
BoAbl (H20), yTo AenaeT nx naeanbHbIMU KOHCEPBATUBHLIMM Tpaccepamu. FNobanbHan AMHUA METEOPHbBIX BOA,
(FMB): CooTHoweHue 62H 1 6180 B aTMochepHbIX 0Cafikax NOAYNHAETCA IMHENHOWM 3aBUCMMOCTUN, ONUCaHHOWM
I. FTapmoHom (62H=8x5180+10). OTKNOHeHUA aKTUYecKMx Npob noasemHbix Bog oT [JIMB nossonsioT
AMarHOCTMPOBaTb  OU3NKO-XMMMUYECKME MPOLLECCbl: MCMapuUTeNbHOE KOHLEHTPUPOBAaHWE, BbICOTHblE U
TemnepaTypHble 3QPeKTbl NpyM MUTAHWM, UCMAPEHME B 30HE aspauuu WU UCMNapuTesbHOe W30TOoMHoe
bpaKUMOHNPOBaHNE B 3aMKHYTbIX HacceiHax. MAeHTUGUKALMA MCTOYHMKOB MWUTaHWA: M30TOMHble moAanucu
aTMOCdEepHbIX 0CaAKOB MEHAITCA B 3aBUCMMOCTM OT Ce30Ha, LUIMPOTbI, abCONOTHON BbICOTbI MECTHOCTU U
YOANeHHOCTM OT OKeaHa. JTO MO3BOJIAET C BbICOKOW TOYHOCTbIO oOnpesensTb 06/1acTM U BbICOTHblE
TMNCOMETPUYECKMe  YPOBHM  MHOUABTPALMOHHOrO  MWUTAHMA  BOAOHOCHbLIX TFOPUM3OHTOB, a  TaKXke
anddepeHLMpoBaTb NOA3EMHBIN CTOK, COOPMMPOBAHHbIN 33 CYET CMELLEHWNA C MOBEPXHOCTHbIMU BOAOTOKaMU
WY PEYHbIMU BOAAMMU.

[aTtnposaHue (onpeaeneHme «Bo3pacrta» UAM BpeMeHU npebbiBaHMA BOAbl B U30/1MPOBaHHOM COCTOAHUK
oT aTmocdepbl) 6asnpyeTca Ha 3aKOHe PaANOaKTMBHOIO pacnaga U UCMOAb30BaHUKN PAANOAKTUBHBIX HYKANAOB
C pasnMyHbIMK nepuogammn nonypacnaga (T1/2): 1. Monoable Boabl (4o 50-70 net): Tputuir (3H, T1/2=12,32
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roga): Mcnonbsyetrca AnA OOHaApyXKEHWUA KTEXHOFEHHbLIX» WAWN COBPEMEHHbIX MHOUALTPALMOHHbLIX BOJ,
ob6oralieHHbIX TPUTUEM B pe3y/ibTaTe TepMOAAEPHbIX UCMbITaHU cepeamHbl XX Beka. CooTHoweHne 3H/3He:
Mo3BoASAET C TOUHOCTbIO 40 1-2 NeT onNpeaenaTb cpegHee BpemMa TPaH3UTa BOAbl B 30HE aKTUBHOIO BOJ006MeHa.
2. Boapl cpeaHero Bo3pacra (ot coteH Ao 40 000 net): Pagmoyrnepog (14C, T1/2=5730 net): Onpeaenaetca no
pacTBopeHHOMY HeopraHuyeckomy yrnepogy (DIC). Mo3sonfeT AaTvpoBaTb BOAbl FYOOKUMX apTe3naHCKUX
6acceHOB M PEKOHCTPYMPOBATL MaJEOKAMMATUYECKME YCAOBUA UHPUABTPALMM B NO3AHEM NAENCTOLEHE U
ronoueHe. TpebyeT KOPPEKLUMN C Y4ETOM M30TOMHOFO cocTaBa cTabunbHoro yraeposa (13C) n3-3a pacTBopeHus
KapboHaTHbIX nopog. 3. [peBHue u ynbTpagpeBHue Boabl (oT 50 Tbic. go 1-1,5 maH net): Xnop-36 (36CI,
T1/2=301000 net) u KpuntoH-81 (81Kr, T1/2=229000 net): MHHOBaLMOHHbIE 61aropoAHOra3oBble METOAbl
(ATOM — Atom Trap Trace Analysis) npumeHstoTca gnsa gatmpoBaHua r1y6oKo3aseralowmx paccoos,
NnnacToBblX BOZ He(dTerasoBblX MECTOPOXKAEHUA U M30JAMPOBAHHBLIX APEBHUX BOAOHOCHbBIX KOMMJEKCOB.
M30ToNHbIA aHanM3 MNO3BONAET YCTAHABAMBATb CMELIEHWE BOZ M3 PasHbIX MMAPOAMHAMUYECKUX STAXKEWN.
M3oTonbl cTpoHuusa (87Sr/86Sr) u cepbl (34S) B cynbdatax BbICTYNAOT YHUKANbHbIMW MHAMKATOPaMU
BbILLENAYMBAHUA BMELLLAIOLWLMX MUHEPANbHbBIX MATPUL, YKa3biBaa KOHKPETHbIE INTOJIOTUYECKUE TOJILLM, Yepes
KoTopble npoxoauna punstpaums.

KomnnekcHoe Mcnosib3oBaHMe CTabWAbHbIX U PAaAMOAKTUBHbBIX M30TOMOB NPeAOCTaBAAET OOBbEKTUBHbIE
AaHHble O CKOPOCTM BO30OHOB/MIEHUA PECYPCOB MOA3EMHbIX BOA, MYTAX UX IMYOUHHOrO NepeToKka U BpeMeHwU
M30/1AUMN  OT MOBEPXHOCTHbIX BO3AENCTBMIA. ITO oObecrnevyMBaeT HaLEXKHYD OCHOBY A/AA MOCTPOEHUA
KaZIMOPOBaAHHbIX MAPOre0NOrMYECKMX Mogenein u paspaboTKM AOAFOCPOYHLIX MNPOrpamMm YCTOMYMBOTO
BOA,0MO/Ib30BAHUA.

CNUCOK UCNob30BaHHOM NUTEpPaTypbl:

1. Cook P.G., Herczeg A.L. Environmental Isotopes in Hydrology.— Boston: Kluwer Academic Publishers, 2000.—377 p.
© MyxammepoBa b., Baitpamosa A., Hypnables b., Ararenbaues A., 2026

YAK 62
Hypnbies b.,
MNpenopasaTtens,
Abaynnaes 4.,
CryaeHr,
Aramepos A.,
CtygeHT,
AmaHmbipagosa .,
CryaeHr,
HayuHbit pykoBoauTenb: Xannoies M.
Crapwwuit npenogasaTenb,
MexayHapoaHbii YyHUBepcUTEeT HedpTH 1 rasa umeHu Arwbirenan Kakaesa,
Auixabag, TypKMeHUCTaH

AHTPOMNOTEHHOE BO3AENCTBUE U TMAPOrEONIOMMYECKUE PUCKU: MEXAHU3MDbI
TPAHC®OPMALUN NOA3EMHOW MTMAPOCHEPLI U METOAbI OLEHKU

AHHOTauuA
B ctatbe paccmaTpuBaloTCA  TeOpPeTMYeckMe W NPUKAaZHble  achnekTbl  TpaHchopmaumu
rMAPOreo/I0rMYeCcKmX YCA0BUIM NOL BANAHUEM MHTEHCUDUKALMM XO3AMCTBEHHOM AeATENbHOCTM YEN0BEKa.
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KnoueBble cnosa:
r'MApPoreoaorms, aHTPoONoreHHoe BO3AeNCTBME, TMAPOreonorM4yeckme pucku,
noa3emHble BOAbl, UCTOLWEHNE BOAOHOCHbIX FTOPU3OHTOB.

MNoasemHas rugpocdepa ABAAETCA BaKHENLWMM KOMNOHEHTOM OKpYrKatowwen cpeabl, obecneynsatowmm
YCTOMUYMBOCTb SKOCUCTEM U CHABKEHWE HaceneHMA U MPOMBILLUNEHHOCTU KaYeCTBEHHOM NpecHoM Bogoit. OaHako
B XX—XXI Bekax B ycnoBuax rnobanbHon ypbaHM3aummn, pocta NPOMbILWIEHHOTO NPOU3BOACTBA, MacwTabHoro
HeApPOonoNb30BaHNA U MHTEHCUPUKALMM CENbCKOFO XO3AMCTBA NOA3EMHbIE BOAbl M BMELLAIOLWME UX NOPOAbI
noasepratotca  becnpeueneHTHOM  QHTPOMOreHHOM  Harpyske. M3meHeHMe  TMApPOAMHAMMYECKOTO,
rTMAPOreOXMMMNYECKOTO UM  TeMNepaTypHOro pPeKMMOB MNOA3EMHbIX BOZA MNPUBOAUT K BO3HWUKHOBEHMIO
cneumduUeckUx rMaporecsIorMYeckMx PUCKOB, YrPOXKatoWMX 6e30NacHOM 3KCM/IyaTauun  UHMKEHEPHbIX
COOPYKEHUM, YCTONUMBOCTM NaHALWAPTOB U 340PpOBbI0 HaceneHuA. TpaHcpopmaLma nogsemHon ruapocodepsl
NPOUCXOANT NOA, BAUAHUEM ABYX OCHOBHbIX rpynn GaKTOpPOB: rMAPOANHAMUYECKUX N TMAPOTEOXUMUNYECKMX.

1. TexHoreHHas wcToWalOWAa nNepekayka M BOA03abOp: a) CHUMKEHME YypPOBHEN MOA3EMHbIX BOA;
WHTEHCMBHAA 3KCMJyaTaumsa nNoA3eMHbIX BOA, 415 NMUTbEBOrO W CE/IbCKOXO3AMCTBEHHOINO BOAOCHAGKEHUSA
npueoaMT K (GOPMMPOBAHMIO OBOLWIMPHBIX PErMoHaNbHbIX AENPECCMOHHbIX BOPOHOK; 6) ApeHa)k npu
ropHogobbiBatolWmx paboTax: BOAOMOHMMKEHME Ha Kapbepax M LWaxTax HapywaeT ecTecTBeHHble MyTu
dnnbTpauum, Bbi3biBaA OCyLleHWe NpUAeraoWwmnx BOLOHOCHbIX TOPU3OHTOB U U3MEHEHWE YCIOBUIN B3aMMOCBA3N
NOBEPXHOCTHbIX W Mog3emHbix Bog; 2. MoatonneHne ypbaHM3MPOBAHHbLIX WU MPOMbILUIEHHBIX TEPPUTOPUNA:
YTEUKN 13 BOLOHECYLLUMX KOMMYHUKALMIN, Cpe3Ka eCcTeCTBEHHOIO CTOKa NpU CTpoUTeNbCTBE, achanbTMpoBaHme
TEPPUTOPUIN N HaApYLIEHWE eCTeCTBEHHOIO WMCMapeHua MNPUBOAAT K MOAbEMY YPOBHSA FPYHTOBbLIX BOA. ITO
BbI3blBaeT 3a/10Mbl PyHAAMEHTa/IbHbIX KOHCTPYKLMIA, 3a6013a4MBAHNE N KOPPO3UIO NOA3EMHbIX KOMMYHUKALNI;
3. TexHOreHHoe 3arpAa3HeHne nogsemHbix Boa: MoctynaeHne uabTpaTa C NOAMTOHOB TBEPAbIX KOMMYHANbHbIX
OTXOA08B, XBOCTOXPAHUNULL, ¥MBOTHOBOAYECKMUX KOMMAEKCOB, a TaKXe MPOMbIWNEHHbIX CTOKOB NPUBOAUT K
HAKOMN/IEHNIO B BOLOHOCHbIX FOPU3OHTAX TAMKEbIX METANNoB, HePTENPOAYKTOB, HUTPATOB M OPraHMYECKUX
KCeHOOMOTUKOB; 4. HTPY3MA CONOHOBATbLIX M MOPCKMX BOA,: B npnbpeskHbIXx 30HaX HEKOHTPOAMpPyeMasa OTKaYKa
NPEeCHbIX MOA3EMHbIX BOZ NPUBOAUT K HapyLLUEHUIO TMAPOANHAMUYECKOTO PaBHOBECUA U BHEAPEHNIO MOPCKUX
BOJ, B BOAOHOCHbIE FOPU3OHTbI.

Ona cHUXKeHna n npeaoTBpaLLeHnA rMaporeoIorMYecKUX PUCKOB NPUMEHAETCA KOMMEKC COBPEMEHHbIX
HayKoeMKux meTogoB: 1. YucneHHoe rupporeosornyeckoe mogaenvposaHue: cosgaHue 3D-mogenein
dunbTPaUUKM 1 NepeHoca coneit/3arpAsHuTeNen No3BoMAET PacCUNTLIBATb ANHAMMUKY AEMNPECCUOHHbIX BOPOHOK
N TPAeKTOPUN MUTPALIUKN NOANIOTAHTOB; 2. FOCYyAaPCTBEHHDBIN U 0OBEKTHbIV FMAPOre010rMYeCcKkMii MOHUTOPUHT:
cMcTemaTuyeckoe HabatogeHMe 3a YpoBHEM, TEMNEPATYPON U XMMUYECKMM COCTAaBOM NOA3EMHbIX BOA, Ha base
cetTn Hab o AaTeNbHBIX CKBAXKUH; 3. Ncnonb3oBaHne meToA0B AUCTAHUMOHHOINO 30HAUPOBAHUA 3emau:
pagapHaa MHTepdepomeTpua No3BoNAET PUKCMPOBaATb BEPTUKA/bHblIE CMELLEHMA 3EMHOW MOBEPXHOCTU C
MWAIMMETPOBOI TOYHOCTbIO, ONpPesenas 30Hbl 0cefaHUA FPYHTOB Haj, AeNPECCUOHHBIMU BOPOHKAMMU.

AHTpONoOreHHoe BO3AEWCTBME Ha NOA3EeMHY ruapocoepy npeBpaTMAOCL B OAMH U3  T1ABHbIX
aKonornyecknx ¢aktopos rn10banbHOrO M perMoHanbHoro macwraba. ObecnevyeHne rMAPOreosIOrMYecKon
b6esonacHocTM TpebyeT nepexoga OT MACCMBHOW J/IMKBMZAUMWM MOCNEACTBUA aBaPWUMHbBIX CUTyauuin K
NPeBEeHTUBHOMY YMNpPaBAEHUIO MOA3EMHbIMW BOAHbIMW pecypcamu, 6asupylowemyca Ha YUCAEHHOM
MOAENMPOBAHUU, CTPOrOM HOPMMUPOBAHMM BOAOOTOHOPA M 3alLMTE 30H CAHUTAPHOM OXpPaHbl BOA03a60POB.

CNMCOK UCNONb30BAHHOI INTEpPaTypbl:

1. Taes A.A., HectepeHkKo H0.M. Fuaporeosiorna n oxpaHa noa3emMHblx Bog,. — EkaTepuHbypr: Ypo PAH, 2012, —
382c.
2. WecTtakos B.M., MNo3aHskoB S.IN. [e03KONOMMYECKNIA MOHUTOPUHT NoA3emMHblx Boa. — M.: M3paTtenbcTBo
MocKkoBcKoro yHuBepcuteTa, 2003. — 256 c.

© Hypnoles b., A6aynnaes 1., Aramenos A., AMaHMblpagoBa ., 2026
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YAK 62
Hypnbies b.,
MNpenopasarens,
AHHacaxepoBaT.,
CryaeHT,
Awbipos 4.,
CrygeHr,
barbi6eKoBa O.,
CrygeHr,
HayuHbit pykoBoguTennb: N'ypgosa I,
Crapwwuit npenogasaTenb,
MexkayHapoaHbIN yHUBepcuTeT HedTH 1 raza umenm Arwbirenam Kakaesa,
Awxabag, TypKMeHUCTaH

BNUAHUE NOA3EMHOIO BOAO3AB0PA HA NOKAJ/IbHbIE 9KOCUCTEMDI
U AUHAMMUKY PACNPOCTPAHEHUA 3ATPASHUTENEN

AHHOTauuA
B cTaTbe NpoaHaM3nMpoBaHbl IKOIOTMYECKME U TMAPOreoiorMyeckme nocieacTBna MHTEHCMBHOIO oTbopa
nog3emHbIX BOA, 415 MUTbEBOTO, MPOMBILLNEHHOTO U Ce/IbCKOX03AMCTBEHHOIO BOAOCHAbKeHMS.
Kniouesble cnosa:
noAasemMHbln BoA03abop, AenpeccuoHHan BOPOHKa, TMAporeonorua, Murpaumsa
3arpAsHUTENEN, IKOSIOTUYECKUI PUCK.

Mop3eMHble BOAbI ABAIOTCA BaXKHENLWMM pecypcom, obecneymBatowmm cTpaTermieckmnin 3anac NMTbeBom
BOZAbl U yCTOMYMBOCTb BUocdepHbIX npoueccoB. OAgHAKO aKcnayaTauusa NoA3eMHbIX BOLOHOCHbIX FOPU30OHTOB
BCeraa CoMpoBOMAaeTcA rMAPOAUHAMUYECKMM BO3MYLLEHNEM cpedbl. MHTEHCUBHBIN U HEKOHTPO/IMPYEMbIi
BOA03abop C TeyeHMEemM BPEMEHWU MPUBOAUT K TYOOKMM NOKaNbHbIM U PErmoHasbHbIM 3KOJOrMYECKUM
TpaHcoopmauusam. C OAHOW CTOPOHbI, NafeHMEe YPOBHA TPYHTOBbLIX BOA MNPAMO BAMSET Ha Ha3eMHble
pacTuTenbHble cooblwecTBa U FMAPOSOrMYECKUIA PEXMM MNOBEPXHOCTHbIX BoAgoemoB. C ApPYroi CTOPOHBI,
U3MEHEHWE TPagMeHTOB OAaBNEHUIA W CKOpOCTEN GUAbTPaALUMKM KapAMHa/NbHO MEHSET BEKTOpP WM CKOPOCTb
nepeHoca XMMUYECKNX 3arpsA3HUTENEN, Bbi3biBasi BTOPOCTENEHHbIE 3KO0r0-TMAPOreo/IorM4yeckne PUCKu.

dopmnpoBaHMe BOPOHKM NpocefaHUA BOKPYr BOA03aBOPHbIX CKBAXMH CHUWMKaeT ypoBeHb 3aneraHus
3epKana rpyHTOBbIX BOA,. B 3aBMCMMOCTM OT rNy6UHbI 3aN1eraHnA U BeIMYNHbI MOHUXKEHWA 3TO OKa3bIBaET Pa3HOM
cTeneHu BoO3aeicTBMe Ha BuoueHo3bl: a) gerpagauma ¢peaToPpUToB U IECHbIX MacCcuBa: PacTUTENbHOCTb, Ybs
KOpHeBaA cucTema HemnocpeAcTBEeHHO CBA3aHa C KanuAIAPHON KaMMOM rpyHTOBbIX BOJ, UCMbITbIBAET OCTPbIN
BOAHbIN CTpecc. 3TO BeAeT K 3acCbIXaHWI0 AepeBbeB, CHUMKEHUIO BUONPOAYKTMBHOCTU U MOCTENEHHOM CMeHe
dpeaToduTHbIX coobuiecTs Ha KcepoduTHble; 6) aerpagauma BoaHO-6010THbIX yroanin: Boaosabop 86113m
6010T, 03ep M ManbiX PeK HapyLllaeT pas3rpy3ky NOA3EMHbIX BOZ, UTPAIOLINX KAIOYEBYIO PO/b B UX MUTAHMU.
OcyuweHune TopdAHUKOB U 3a60104EHHbIX TEPPUTOPUI NPUBOANUT K MUHEPANMU3aLLMN OPraHNYECcKoro BeLecTBsa,
rmbenn rHe3goBuiA NTUL, M yTpaTe BMonornyeckoro pasHoobpasua; B) UCTOLLEHWE MOBEPXHOCTHOrO CTOKa: B
YCNOBUAX TECHOW FMAPaBAMYECKON CBA3M MeXKAy MNOA3EMHbIMM U NOBEPXHOCTHbIMU BOAAMU WHTEHCUBHbIN
BOA03ab0p M3 NepBOro oT NOBEPXHOCTU FOPU3OHTbI NepexBaThiBaeT NOA3EMHbIA CTOK B PEKU MW Bbi3biBaeT
UHOUNBLTPALMIO PeYHbIX BOJ, B BOAOHOCHbIN FOPU3OHT, YTO NPMBOAUT K MENEeBOAYy W MepecbiXaHUo Masbix
BO/ZIOTOKOB B MEKEHHbIN nepuoa,

dyHKUMOHMpPOBaAHME BOAO3abOPHOro y3fa C€o343eT MOLWHbIA  TMAPOAMHAMUYECKUIA  ApeHa,
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3aCTaBAAOWMIA NOA3EMHbIN NOTOK YCTPEMATLCA K LEHTPY KanTayka. ITO KapAWHaNAbHO MEHAET TpaeKTopuu
nepeHoca pacTBOpeHHbIX BewecTs: 1. MoaTArMBaHME MOBEPXHOCTHbLIX U UHOWUABTPALMOHHbLIX 3arpA3HEHUN;
2. MepeTeKaHne U3 CMEeXHbIX BOAOHOCHbIX ropM30HTOB; 3. CONOHOBOAHAA MHTPY3UA.

Onsa coxpaHeHUs yCTOMYMBOCTU IOKA/IbHbIX 3KOCUCTEM U NPeaoTBPaLLEHUA 3arpa3HeHMsa BoA03abopos
Tpebyetcs peanusaums KOMM/JIEKCAa  OpPraHM3auMOHHO-TEXHUYECKUX  peLleHUit: 1)  uyncneHHoe
rmapogMHaMmyeckoe W  MUrpauMoHHOE MogenunpoBaHue: PacueT npegenbHO AonycTUMbIX  Aebutos
BOA03ab0OpPOB C YY4ETOM 3KOJIOTMYECKOrO CTOKAa M TMAPOAMHAMMYECKOW 3aluTbl OT NOATArMBAHWUS OPEO0/OB
3arpAsHeHuns; 2) cosgaHne 30H CaHMTApPHOW OxpaHbl; 3) opraHM3auus rMAPOreosIorMYeckoro MOHUTOPUHTA;
4) NCKYCCTBEHHOE BOCMO/IHEHMWE 3aMacoB NOA3EMHbIX BOA,

Moa3seMHblli Bogo3abop Henb3si paccMaTpMBaTb Kak M30IMPOBAHHbIN MHKEHEPHO-TEXHMYECKUI NpoLLecc.
N3BneyeHMe noa3emMHbIX BOJ, OKasbiBaeT CUCTEMHOE TpaHchopmupylollee BO3AEMUCTBME Ha OKPYMKatowyto
cpeny, 3aTparvBalowee KaK HaseMHble OuoLeHOo3bl, TakK M noglemHyi rugpocdepy. ObecneuyeHue
3KoJiornyeckoit 6e3onacHoOCT BOAOCHAOMXKEHNS BO3SMOMKHO TOJIbKO NpuU nepexone K Hay4Ho o60CHOBaHHOMY
peryanmpoBaHuio  BogooTbopa, oOnNupamwlemycd Ha  AeTalbHbli  y4eT  NPOCTPAHCTBEHHOM  CBA3M
rMAPOreoIOrMYEeCcKmX N 3KONOTNYECKMX MPOLECCOB.

CNUCOK UCNob30BaHHOM UTEpPaTypbl:

1. Tonbabepr B. M., 3Bepes B. 1. lMaporeonornyeckme oCHOBbl OXPaHbl NOA3EMHbIX BOA, OT 3arpsA3HeHusa. — M.:
Heppa, 1984. — 262 c.
2. MnoTHUKOB H. U. TexHoreHHble U3MEHEHUS TMAPOreonorMyeckmnx ycnosnin. — M.: Hegpa, 1989. — 268 c..

© Hypnbles b., AHHacaxegoBa T., Awbipos /., barbibekosa O., 2026
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Hypnbies b.,
MNpenopasatens,
A6apbipacynosa B.,
CryaeHr,
AmaHrynbies H.,
CryaeHr,
AmaHrbinbiaxos B.,
CryaeHrT,
HayuHbIi pyKoBoguTtenb: Martbimos P.
MNpenogasaTtens,
MexKayHapoaHbIN yHUBepcuTeT HedTW M raza umeHun Arwbirenam Kakaesa,
Auixabag, TypKMeHUCTaH

CO30AHUE BUPTYA/IbHbIX MOLENENA BOAOHOCHbIX TOPU3OHTOB
ONA TECTUPOBAHUA CLLEHAPUEB YINPABJIEHUA PECYPCAMM

AHHOTauuA
B cTaTbe paccmaTtpmBaloTca TEOPETUYECKUE, METOL0N0TMYECKME U NPUKNAAHbIE aCMeKTbl MOCTPOEHUA U
npMMeHeHnsa reoduabTPaALMOHHbBIX U TEOMUTPALMOHHbBIX BUPTYaibHbIX MOAesiel BOAOHOCHbIX FOPU3OHTOB KaK

COBpPeEMEHHOI0 MHCTPYMEHTA PaUMOHA/IbHOIO UCMNOJ1Ib30BaHNA U OXPaHbl NOA3€MHbIX BOA.
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KnoueBble cnosa:
r’MAPOreonorMyeckoe MoaeIMpoBaHue, BUPTyasbHble MOAENMN, BOAOHOCHbIM FTOPU30OHT,
ynpas/ieHne Nog3eMHbIMK BOgamu, reopuabTpaums.

MoasemHble BOAbl NPeAcTaBAAOT CcOOOM BaXKHEWLYH COCTaBHYH 4YacTb MNPECHOBOAHbLIX Pecypcos
naaHeTbl, obecneyeHne ycTonuymBoro u 6e3onacHOro 0CBOEHUA KOTOPbIX TPebyeT NpMMEHEHUA BbICOKOTOUYHbIX
NPOTrHOCTUYECKUX MHCTPYMEHTOB. CNOXHOCTb re0/1I0rMYeckoro CTPOEHNA, NPOCTPAHCTBEHHAA HEO4HOPOAHOCTb
GUNBbTPALMOHHbBIX NAapaMeTPOB BMELLAOLLMX NOPOA, U AUHAMUYECKUIA XapaKTep TEXHOTEHHOM HArpy3Ku genatoT
TPAgMLUMOHHbIE AHANUTUYECKME pacyeTbl HeAoCTaTOMHO 3PGEKTUBHLBIMU MNPU  PELIEHUM [AOTOCPOYHbIX
pernoHasbHbIX 3aga4. B aTUX ycnoBuAx BUPTYyanbHOE MOgeIMPOBaHME NOA3EMHbIX BOAHbIX CUCTEM CTaHOBUTCA
rNaBHbIM MEXaHM3MOM aHaM3a AaHHbIX, MPOrHO3MPOBAHMA U NPUHATUA YNPABAEHYECKUX PELLEHNN.

Co3spaHue undpoBoro ABOMHUKA BOLOHOCHOFO FOPM3OHTA BK/IOYAET MOC/AeL0BATENbHOE BbINOJHEHME
KOMMJIEKCa HAy4YHO-UCCNen0BaTENbCKUX U BblUMCAUTENbHBIX 3TanoB: 1. KoHuentyanmsaumsa u cbop AaHHbIX:
OcyuwiecTBnaerca MHTErpauma reosiorMYecknx, rMaporeosiormyecknx, reodusmyecknx u ruapoxXmMmMmMyecKknx
DAHHbIX. POpMUpPyeTCA KOHLENTyaIbHaA MOAENb, ONPeaenaoLLan NPOCTPAHCTBEHHYO reOMETPUIO NAACTOB, UX
bGUNbTPaAUMOHHbIE CBOWMCTBA, YCI0BMA Ha rpaHuuax GWUAbTPALMOHHOTO MOTOKA, @ TaKXKe OCHOBHble CTaTby
BoAHoro 6anaHca; 2. CxemaTuM3aums WM NPOCTPAHCTBEHHAA AWCKpeTu3auwma: [MpocTpaHcTBeHHas obsacTb
pa3bmBaeTca Ha CETOUHYHO CTPYKTYPY C MCNONb30BaHMEM CMELMANM3MPOBAHHOMO NPOorpaMmMHoro obecneyeHus.
3apatoTcA NPOCTPAHCTBEHHbIE MaccuBbl KOadpduumeHToB GUNbTPaLUKM, BOAOOTAAYN, TPABUTALMOHHOM EMKOCTU
N reoMeTpUYecKUX napameTpos naactos; 3. KanmbposKka moaenn u peweHue obpaTHbiX 3agay: Kanmbposka
NPOBOAMUTCA MYTEM COMOCTaBAEHMA CMOAENNPOBAHHbIX YPOBHEN M HAaNoOpPoOB MOA3EMHbIX BOA C HaTyPHbIMM
AaHHbIMM MHOTONIETHUX HabnoaeHUI. KoppeKkTUpOoBKa NapamMeTpPOB OCYLLECTBAAETCA METOAOM MUHUMMU3ALLUK
HeyBA3OK C MPUMEHEHMEM aJIFOPUTMOB aBTOMaTUYecKol Kanubposku; 4. OueHKa HeonpeaeseHHOCTU
NPOrHo30B: AHA/NU3MPYETCA YYBCTBUTENbHOCTb MOALENN K U3MEHEHWUIO TPaHWYHbIX YCAOBUIA M NapameTpoB
HEeo4HOPOAHOCTM NOPOA, YTO NO3BONAET OLEHUTb BEPOATHOCTHbIE MHTEPBA/bl MPOrHOCTUYECKMX PACcYeTOB.

CodopmmpoBaHHaa U OTKaNMOPOBAHHAA BUPTYasibHAA MOLENb CAYKWUT NOJAMIOHOM ANA NpOBeAeHUA
KOMMbIOTEPHbIX 3KCMEPUMEHTOB M TECTUPOBAHUS Pa3NUYHBLIX CLLEHApPMEB BOAOMNO/Ib30BaHUA: a) CLeHapuu
ONTUMM3aALMM  NPOCTPAHCTBEHHO-BPEMEHHOTO peXMMa BOA0OTOOpa: Mogenb NO3BOAAET PaCCUUTATb
ONTMManbHOEe pasmelLLeHMe CKBaXWMH W pacnpegeneHne pnebutos, npegoTBpallatowme obpasoBaHue
KPUTUYECKUX [AENPECCUOHHbIX BOPOHOK M MUHUMMM3UPYIOLWME MOCaAKM 3€MHOM NOBEPXHOCTU; 6) cueHapuu
pearMpoBaHMA Ha KAMMATMYECKME W3MEHEHMA; B) CUEHApPUKM 3alMTbl OT 3arpA3SHEHUA W UHTPY3UU:
[eoMUTpaUMOHHbIE MOZENM MNO3BOAAT MOLENMPOBATb MNEPEHOCbl MOJUIIOTAHTOB OT  MOTEHUMA/bHbIX
WMCTOYHMKOB 3arpasHeHns W paspabatbiBaTb NpPEeBEeHTUBHblE Mepbl A1 MNPeAOoTBPALLEHMA NOATArMBAHUS
HEKOHAMLUMOHHbIX BOA, K NMUTbeBbIM BOZ03abopam; A) CUEHapuM MCKYCCTBEHHOrO BOCMOJIHEHMSA 3aMnacos:
PaccuntbiBaeTcs 3PpPEKTUBHOCTb 3aKayKM MOBEPXHOCTHOFO CTOKA WM OYMLLEHHbIX BOA, B BOAOHOCHblE
ropu3oHTbI B NepMOoAbl NAaBOAKOB A1 CO34aHMA Pe3epBHbIX 3aNacoB HA MEXEHHbIN nepuoa,

BupTyanbHoe moaennpoBaHne BOAOHOCHbIX TOPM3OHTOB NePeBOAUT yNpaBaeHUe pecypcamMmmn NoA3EMHbIX
BOZ, C SMMUPUYECKOrOo YPOBHA Ha Hay4yHO OBOCHOBaHHbLIA M MPOrHOCTUYECKU. Mcnonb3oBaHWE YMCNEHHbIX
Mmogeneil  no3BoAAET 3apaHee OUEeHMBaTb  MOCNEACTBUA  3KONOTO-TMAPOreosIorMYecKUX  peLleHui,
npefoTBpaWaTb WUCTOLWEHME W 3arpasHeHMe MNog3eMHon rugpocdepbl U obecneynsBaTtb LOJTOCPOYHYIO
6€e30MacHOCTb BOAOCHAOKEHMUA.

CNMCOK UCNONb30BAHHOI INTEpPaTypbI:

1. lykHep /1., WecTtakos B. M. MogenunposaHue reopunbtpaummn. — M.: Heapa, 1986. — 296 c.
2. laeB A. ., HectepeHko HO. M. Fuaporeonorns n oxpaHa nogsemHbix Boa. — EkatepuHbypr: YpO PAH, 2012.
—382c.

© Hypnbles b., Ababipacynosa B., AmaHrynbieB H., AMaHrblibliaxxoBs B., 2026
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YAK 62
Hypnbies b.,
MNpenopasarens,
AbableB A.,
CryaeHT,
Arambipagos B.,
CrygeHr,
AKmammepos A.,
CrygeHr,
HayuHbii pyKoBogutenn: Mommapgos A.
KI'MH, ctapwuit npenoaaBatens,
MexkayHapoaHbIN yHUBepcuTeT HedTH 1 raza umenm Arwbirenam Kakaesa,
Awxabag, TypKMeHUCTaH

METOAbl ONTUMN3ALUN BOOO3ABOPA, COKPALLIEHUA NOTEPb NPU TPAHCMOPTUPOBKE
W BHEAPEHUA BOAOCBEPETAIOLLNX TEXHONOTUIA B NPOMbILLNEHHOCTH

AHHOTauuA
B cratbe npuBeAeH  KOMMJEKCHbIM  aHa/M3  COBPEMEHHbIX  MHXXEHEePHO-TEXHONOTMYECKMX,
OPraHM3aLUNOHHbIX U UMPPOBbLIX PELUEHWUI, HAaNPaBAEHHbIX Ha MOBbIWEHME PALUOHAIbHOCTU UCMONb30BaAHUA
BOAHbIX PECYPCOB B NPOMbILLIEHHOM CEKTOpE.
Kntouesble cnosa:
onTMMmM3auma Bogo3abopa, BogocbepexkeHune, NnoTepu Bogbl,
060pPOTHO-BOAOCHAbXKaOLWME CUCTEMBI, 3aMKHYTbIA BOAHbIN LUK,

B ycnosuax Bo3pactawowero gedpuuuta NpecHo BOAbl U YKECTOUYEHMA 3SKOIOrMYECKMX CTaHAAPTOB
K/OYEBOM 334a4el NPOMBILLIEHHOTO CEKTOpA CTAHOBMUTCA PaLMOHANbHOE MCNONb30BaHME U OXpaHa BOAHbIX
pecypcoB. [MpOMbIWAEHHbIE NPeanpuATUA  ABAAIOTCA OOHUMWM M3  KPYMNHEMWMX noTpebuTtenen BoApl,
pacxonyemol Ha TEeXHOJIOrMYecKMe Hy»Kabl: oxnaxaeHwe obopynoBaHMA, FMAPOTPAHCNOPT, NPUroTOB/EHME
pacTBOPOB M MNPOMbIBKY MPOAYKUMKW. HepaumoHanbHbli BOA03abOpP, BbLICOKME HEYUYTEHHble MoTepu B
BOAOMNPOBOAHbIX CETAX M COPOC OYULLLEHHBIX AN HEAO0O0UYNLLEHHbIX CTOKOB NPMBOAAT KaK K UCTOLLLEHMIO MECTHbIX
WMCTOYHMKOB BOAOCHAOMKEHMA, TaK U K HeonpasBLaHHOMY POCTY 3KCM/yaTaLMOHHbIX 3aTpaT. B cBA3M € 3TMm
pa3paboTka M BHeApeHME HAy4HO OBOCHOBAHHbLIX METOAOB ONTMMM3aLMM BOAOMNO/b30BaHMA NpuobpeTaeT
KpUTUYecKoe 3HaudeHue. MepBbiM 3Tanom 3PPeKTUBHOrO BOAOMEHEAKMEHTA ABAAETCA MOAEPHU3ALMA U
onTMmMU3aLma paboTbl BOA033aOOPHbIX COOPYKEHWI: 1) peryiMpoBaHne pexmmoB u3bATUA: [lepexon oT
HEMPEepbIBHOIO MaKCMManbHOTO BoA03abopa K afanTUBHOMY YMNPaBNEHUIO C YYETOM CE30HHbIX M CYTOYHbIX
KonebaHUM ypoBHA NOBEPXHOCTHBLIX U MOA3EMHbIX BOA,; 2) aBTOMaTM3auus Bogo3abopHbix y310B: OcHaweHue
HaACOCHbIX CTaHUMI 4acTOTHO-peryaMpyembiMmn npusogamu (YPM) uM patuMkamum pasneHua/pacxoga, uto
No3BO/IAET NOAAEPKMBATb ONTUMA/IbHBIN MMAPABANYECKUI PEXUM N UCKNHOUNUTL NEPepPacxos SHEPrMn 1 BoAbl;
3) CHMKEHWE 3KOIOrMYecKoro yluepba: YCTaHOBKA COBPEMEHHbIX PbIBO3ALMUTHBIX U COPOYAEPHKUBAIOLLMX
YCTPOWCTB Ha NMOBEPXHOCTHbIX BOA03abopax, a TaKkKe CTporoe cobat0aeHne A0NYCTUMbIX NMOHUMKEHUI YPOBHA
noasemHblx BOZL BO M3bexaHMe UCTOLEHWUA BOLOHOCHbIX FOPM3OHTOB. lMoTepyn BOAbl B MArnCTpanbHbIX M
BHYTPUMNIOLLAZA0UHBIX CETAX MPOMbIWAEHHbIX NPEeANPUATUIA MOTYT AOCTUMATb CyLLEeCcTBEHHbIX 06beMoB M3-3a
M3Hoca TpybonpoBoAOB, KOPPO3UU U TMAPOYAAPOB. AN MUHUMMU3ALMM TPAHCNOPTHBIX MOTEPb NPUMEHSAIOTCA:
1. AmarHocTMKa M MOWUCK CKPbITbIX yTeuek; 2. Muapasanyeckoe U undposoe moaenmposaHue (Digital Twins);
3. lpumeHeHMe KOPPO3MOHHOCTOMKUX MaATeEPUanoB U  CcaHWpoBaHWe. Haumbonee cCyLeCTBEHHbIN
Bofocbeperatowmnini 3pdeKT focTUraeTcs NyTem NOSHOM NEPECTPOMKU CTPYKTYPbl BHYTPUNPOU3BOACTBEHHOMO
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BogonoTpebneHus: a) nepexosd Ha 060pPOTHOE M NOBTOPHO-NOC/eA0BaTEe/IbHOE BOAOCHAbKeHMe: OpraHusauus
3aMKHYTbIX LIMKNOB OXNaxaeHua (C MCMoNb30BaHWEM TPaMpPeH U annapaTtoB BO3AYLIHOIO OXNa*KAeHWSA)
No3BOJIAET COKPATUTb CBEXWI Boao3abop; 6) rnybokaa oumcTka n obecconmsaHMe CTOUYHbIX BoA: BHeapeHue
MEeMOpPaHHbIX TEXHONOIMN U MEeTOA0B peareHTHOM 06paboTKM AaeT BO3MOMKHOCTb BO3BpPaAlLaTb OYMLLEHHblE
TEXHONOIMMYeCcKMe CTOKM 06paTHO B MPOM3BOACTBEHHbIN NpoOLecc; B) MOAEpPHM3aALMA TEXHONOTMMYECKUX
npoueccoB: 3ameHa BOASHOTO OX/Na)KAEHMA Ha Ccyxoe (BO3AYLWHOE), MCMNONb30BaHME CyXMX Cnocobos
TPAHCNOPTMPOBKM OTXOA0B, Nepexos Ha 6e3BogHble UM MaNOBOAHbIE XMMUKO-TEXHOIOTMYECKUE onepaLLmnu.
CuctemHoe pelleHne 3aAa4M BoAocbeperkeHMA Ha NPOMbILLIEHHbIX NPeaAnpUATUAX TpebyeT coyeTaHus
WUHXEHEPHO-TEXHUYECKMX MEPONPUATUIA Ha 3Tane BOA03abopa, MOCTOAHHOIO KOHTPOAA TFepPMEeTUUYHOCTU
TPaAHCMOPTUPYHOLWMX KOMMYHUKALMA U T1yBOKOM TEXHO/IOFMYECKON MOAEePHU3aUUM Npon3BoacTBa. BHegpeHue
3aMKHYTbIX CUCTEM BOA0060pOTa U UMPPOBas ONTUMMU3ALUA TMAPABANYECKMX PEXMMOB MO3BOAOT HE TONbKO
CBECTU K MWHMMYMY 3abop cBexel BoAbl M MOSHOCTbIO UCKIOYUTb HEraTMBHOE BO3AENCTBME Ha BOAHblEe
3KOCUCTEMbI, HO U NOBbLICUTb SKOHOMUYECKYIO YCTOMYMBOCTb NPEeANPUATUIA B LlO/ITOCPOYHON NepcneKkTmBe.

CnuMCOK UCNONb30BaHHOI INTEpaTypbl:
1. Akosnes S. B., MNpo3opos W. B. MpomblwneHHoe BogocHabKeHue 1 BogooTeseaeHne. — M.: Ctpoiusgar, 1990.
— 624 c.
2. Ghenghesh P., Brik M. Industrial Water Reuse and Water Footprint Reduction Technologies. — Berlin: Springer,
2021. — 245 p.
© Hypnbies b., AbgpleB A., Arambipagos B., Akmammezgos A., 2026
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CyneiAimaHrynbies A.,
Crapwwuit npenoaaBsaTenb,
Kowwunuesa A.,
MNpenopgasaTtens,
MeXayHapoaHbIA yHUBepcUTeT HedTU 1 raza umeHun Arwbirenam Kakaesa,
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Taumyxammepos b.,
MNpenopasatens,
Araes B.,
MNpenogasaTtens,
NHCTUTYT VIHXKeHEePHO-TEXHUYECKMUX U TPAHCMOPTHbIX KOMMYHUKaLUUA,
Awxabag, TYpKMeHUCTaH
HayuHbiit pyKoBoguTtennb: NMupHusasosa b.,
Crapwwin npenoaaBsaTenb,
MexKayHapoaHbIN yHUBepcuTeT HedTW M raza umeHun Arwbirenam Kakaesa,
Auwixabag, TypKMeHUCTaH

NPOBNEMbI MHTETPALIUU PASHOPOAHbIX UT-CUCTEM: BOMNPOCbI CTAHOAPTUSALUN,
APXUTEKTYPHbIX NOAXOA0B N OBECNEYEHNA 3ALLUTbI AAHHbIX

AHHOTauuA
B cTtaTbe npoBeAeH KOMMAEKCHbIM aHanm3 npobsem, BO3HMKAOWMX NPU 0ObeANHEHUN TeTepOoreHHbIX
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MHGOPMaUMOHHBIX cucTem (UT-cuctem) B eanHbIN MHGOPMALMOHHO-TEXHONOTUYECKUA KOHTYP COBPEMEHHbIX
npeanpuATUN.
Kntouesble cnosa:
nHTerpauma UT-cuctem, reTeporeHHble CUCTEMBI, MHTEPOMNEepPabebHOCTb, CTaHAAPTM3aLMA, 3aLMTa SAHHDIX.

CoBpeMeHHbIA  KopnopaTtueHbii  UT-naHawadT 60AbLIMHCTBA KPYyNHOMACWTabHbIX NpeanpuaTuis
bopMMpoBaNCcA 3BONIOLMOHHBIM NMYTEM HA MPOTAXKEHUM AecATUNETUI. KaK cneacteume, oH npeactaBaseT coboit
KOMMJIEKC TeTeporeHHbiX (pa3HOpPOAHbIX) MPUKAALHbIX CUCTeM: pelweHuit Knacca ERP, CRM, MES, WMS,
3NEeKTPOHHOIO AOKYMEHTOOOO0POTa, a TaKKe CNeunanm3mpoBaHHbIX TEXHOIOFTMYECKMX nporpamm W legacy-
NPUNOXKEHUN. YcKopeHne umdpoBoit TpaHchopmaumm 6usHeca M HeobXoAMMOCTb NPUHATUA pPEeLueHui B
peXKMme peasnbHOro BpeMeHM TPebYOT NOCTPOEHMA CKBO3HbIX BU3HEC-NPOLLECCOB, 06beANHAIOLLNX AaHHblE U3
Pas/INYHbIX MUCTOYHWMKOB. OAHaKO 0bObeAMHEHME Pa3PO3HEHHbIX KOMMOHEHTOB B LE/NIOCTHYHO 3KOCUCTEMY
HaTa/IKMBaeTCA Ha cepbe3Hble Hapbepbl, CBA3aHHbIE CO C/IOXHOCTbIO COBMECTUMOCTU, OTCYTCTBUEM €AMHbIX
CTaHAapTOB 06MeEHa M BO3paCTaloLWMMU pUCKaMm MHOOPMaLMOHHOM Be3onacHoCTH.

OCHOBHOM MPUYMHON CNOMKHOCTU WMHTErPALMOHHBIX NMPOEKTOB ABASETCA CUCTEMHAA HECOBMECTMMOCTb
KOMMOHEHTOB Ha pa3/INYHbIX YPOBHAX: 1. ApXMTEKTYpHaA pa3HOPOAHOCTb: CoYeTaHMe MOHO/IUTHbBIX YCTapeBLUMX
cuctem (legacy) ¢ coBpemeHHbIMW MUKPOCEPBUCHBIMWU M 06N1aYHBIMK peLLUeHUsMU. YCTapeBLUNE CUCTEMbI HAaCcTO
He 061afaloT NPorpaMmHbIMn UHTepdelicamu (API) n TpebyroT NpUMeHeHUa cneunduyecknx aganTepos uUam
NPSAMOM MHTErpaumm Ha yposHe 6a3 AaHHbIX; 2. CEMaHTUYECKaA M CUHTAKCUMYEeCKas HEO4HOPOAHOCTb AAHHbIX:
PasnunyHble CTPYKTYPbI, TUMbI U CNPABOYHUKM AaHHbIX. OTCYTCTBME eANHbIX KOPNOPaTUBHbIX MOAeNeN AaHHbIX
(Enterprise Data Model) np1BoguT K Ay61MPOBaHUIO, PACCUHXPOHM3ALMKN U CHUMKEHUIO KaYecTBa aHa/IMTUYECKOM
MHpopmaumu; 3. Pasnnume NPoOTOKONOB U mogenei B3aumoaencTema: CodetaHne CUHXPOHHbIX (HTTP/HTTPS,
gRPC) n acuHxpoHHbIX (AMQP, JMS, MQTT) mexaHU3MOB nepeaayn coobLeHU, YTO YCOXKHSAET CKBO3HOM
MOHUTOPUHT N OTCAEKMBAHME TPAH3aKUUA.

Ona npeogoneHns reTeporeHHOCTU KAKYEeBYH POJib UrpaeT YHUPUKaALMA U BHeLpeHMe eamHbIX
CTAHZAPTOB B3aMMOZEMCTBMA: a) MHTErpauMs Ha OCHOBe CTaHAApTM3upoBaHHbIX APl; 6) cepBuCHO-
OpueHTMpoBaHHas apxuTekTypa (SOA) n ESB; B) CObbITMIMHO-OpMEHTUMPOBaHHasA apxuTeKkTypa (EDA).

Mpouecc MHTerpaumMm CywecTBEHHO paclimMpAeT BeKTop aTak Ha WT-uHbpacTpyKTypy: noAsBaeHue
[ONONHUTENIbHBIX MHTErPaLMOHHbIX KaHa/loB M TOYEK A0CTyna co3AaeT HOBble YA3BMMOCTM A1 NepexBaTta,
NogMeHbl  [aHHbIX  WAM  HECAHKUMOHWpOBAHHOro  goctyna. OCHOBHble  acnekTbl  obecrneyeHus
Knbepbe3onacHOCTU MHTErpaLMoHHbIX pelleHnit: 1. besonacHocTb nepegayn AaHHbix (Data in Transit);
2. Ynpaenenue pgoctynom u degepaTvHaa ayTeHTMdUKaums; 3. 3awmTa APl U wntosbl 6esonacHoctn (API
Gateways); 4. AyauT U KOHTPO/b LENOCTHOCTM: HenpepbiBHOE IOTMPOBaHUE MHTErPaLMOHHbIX TPaH3aKLUuMi ¢
nepegayei cobbiTnin B SIEM-cuctembl Ans onepaTMBHOro ob6HapyKeHUa aHOMAIUIA U HapYLLUEHWI pernameHToB
nHdopmaLMoHHON 6e3onacHoCTHU.

NHTerpauma pasHopoaHbix UT-cuctem npeacrasnset coboii KOMNAEKCHYHO HayYHO-TEXHMYECKYHO 33434y,
ycnelwHoe pelleHne KoTopoi HEBO3MOXKHO 6€e3 CMCTeMaTMYeCcKoro NoaxoAa K CTaHAapTM3aLMKU NPOrpPaMMHbIX
WHTepdecoB, BbICTPaUBaHUA TMOKON WMHTErPaLMOHHOW apXUTEKTYPbl M CTPOroro cobatofeHus NpUHUMNOB
3WeNOHMPOBAHHOM 3alUNUTbl AaHHbIX. POpPMMPOBAHNE €O4MHOM0 CTaHAAPTU3MPOBAHHOTO MHPOPMALIMOHHOTO
NPOCTPAHCTBA NO3BONAET NPEANPUATUAM He TO/IbKO NOBbICUTL 3PPEKTUBHOCTL ONEPALMOHHBIX MPOLLECCOB, HO U
chopmmpoBaTb HAAEKHbIN GYHAAMEHT AN 6e30NacHOro BHeAPEHUSA HOBbIX LMPPOBbIX CEPBUCOB. Nepexoaa.

CNMCOK UCNONb30BAHHOI INTEpPaTypbl:

1. TetenbmuH B. B., Azes B. A. 3awmTa oKpyatoLueli cpeapl B HedTerazosom komnnekce. — M.: CAMHC-TIPECC,
2019. —352c.
2. Nanngyc A.J1., Tonybesa WN.A., Hardpapos @.I. lasoxmmuma. YyebHoe nocobue. — M.: U3paTenbcTBo
«UeHTp/InTHedTela3», 2020. — 448 c.

© CyneimaHrynbleB A., Kowunnnesa A., Taumyxammenos b., Araes B., 2026
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CPABHUTE/IbHbIX AHA/IU3 KOMBUHATOPHO-TEOMETPUYECKUX U TPAOULIMOHHbIX
METOA0B ANATHOCTUKU CNTOKHbIX TEXHUYECKMX CUCTEM

AHHOTauuA

B craTtbe npeacTaBneH CPaBHUTE/NbHbIM aHaAM3  METOAOB JIOKaAM3auuM  HeucnpaBHOCTEM B
MHOTOKOMMOHEHTHbIX KMHepdU3MUECKMX CUCTEMAX TPAHCMNOPTHbIX cpeacTB. OLeHMBAlOTCA TPU MAapagUrmbl:
KNaCcCUMYECKU NnocnenoBaTebHbI onpoc, YyncTble data-driven mogenun Ha 6ase rnyboKnx HEMPOHHBIX CeTeN U
rMMBpUAHBbIN MEeTOoA, MUCMOMb3YIOLWNIA CTPYKTYPbl KOHEYHbIX FTEOMETPUIN B KayecTBe npenpoLleccopa. [JoKasaHo,
YTO MNPUMEHEHME LMKAUYECKMX MaTpUL, MHUMAEHTHOCTM KOHeYHbIX nnockocten [anya obecneunsaer
ONTUMANbHbIN 6aNaHC MeXAYy BbIYUCAUTENbHON CAOMXKHOCTbIO, OObeMom MOTPebasemMolr NamATn U
[,0CTOBEPHOCTbLIO IOKaNU3aunmn aedpekTos.

KnioueBble cnosa:
TEeXHMYEeCcKan ANArHoCTMKa, KOHeYHas reomeTpus, NIOCKOCTb [anya, HEMPOHHbIE CeTU, MaTpuLa
WMHUMAEHTHOCTM, BbIYUCIUTENbHASA CIOXKHOCTb, MPeAUKTUBHAA aHa/INTUKA.
BsepeHue

ObecneyeHune GpyHKLMOHANbHON 6€30NacHOCTM (B COOTBETCTBUM CO cTaHAapToMm ISO 26262) coBpemeHHbIX
TPAHCNOPTHbIX CPeAcTB TpebyeT BHeAPEHUS BbICOKOCKOPOCTHbIX a/irOPUTMOB BCTPOEHHOro KoHTpons (BITE).
YBe/NIMYEHME 4UMC/IA CEHCOPHbLIX Y3/10B MPUBOAWUT K 3IKCMOHEHUMANbHOMY POCTY NPOCTPAHCTBA COCTOSHWUIA
cuctembl. CylliecTBylolime MeToAbl TEXHUYECKOro AMarHoCTUPOBaHWA [2], onupalowmecAa Ha 3KcrnepTHble
npasuna WAW NocnenoBaTesibHbIA MOAIMHE, He CNOCOOHbI obecneynTb NOKaAZIM3aLMI0 OTKA30B B YKECTKOM
peasbHOM BpeMeHU. ANbTePHATMBHbIA MNOAXOA, OCHOBAHHbIM Ha NY6OKOM MaWMHHOM o6ydyeHun [3],
XapaKTepusyeTca U3ObITOYHON BbIYUCAUTENIbHOM CIOKHOCTBIO U 3PPEKTOM KYEpPHOro ALLMKAY, YTO 3aTpyaHAeT
ero ceptudpmMKaumio [As KPUTUYHBbIX Yy3/10B. Hactoswaa cTaTbs MOCBSLLEHA CPaBHUTE/IbHOMY aHanusy
NnpeaioXeHHOro paHee rMOpPMAHOrO MeTofa, CUHTE3UPOBAHHONO Ha 6a3e KOHEYHbIX TeoOMETPUN, C
TPAANUMNOHHBIMW aNTOPUTMUYECKUMMU PELLEHUAMM.

AHanusupyemble AMArHOCTUYECKUE Napagurmbl

[Ona nposeaeHua Banngaunmn 3PPeKTMBHOCTM anropuTmmyeckoro obecnevyeHuns 6bliv BblaeseHbl TPU
6a30BbIx N0AX0Aa:

1. NocnepoBaTenbHbIA 3BPUCTUYECKMI aHanu3: Knaccuyeckuii noaxon, npu KoTopom 6opToBow
KOHTPO/IEP NOOYEPESHO OMNPALUMBAET 3/IEMEHTbI CUCTEMbI Ha OCHOBE rpada 0TKa3oB. CKOPOCTb JIOKANM3aLMUK
JIMHEHO 3aBMCUT OT Yncna anemeHTos N.

2. HelipoceteBoe MogaennpoBaHue: AHa/AM3 CbipbiX BEKTOPOB TEJEMETPUM C  WUCMOb30BAHUEM
MHorocnokHbix nepcentpoHoB (MLP) u cBepTouHbix ceTeir (1D-CNN) [4]. MeToa BbIABAAET CAOMKHbIE
HeNMHeNHble 3aBUCMMOCTM, OLHAKO CK/AOHEH K NepeobyvyeHuto M TpebyeT 3HAUUTENbHbIX BblYMCAUTENbHBIX
MOLLIHOCTEMN.

3. KombuHaTopHO-reomeTpuyeckuii metoa: Mpeanaraemoli Noaxoh, B KOTOPOM CEHCOPHasA CeTb
“30MOpdHa KOHEYHOI NPOEKTUBHOW NaockocTH Fanya S, ; [1]. B KauecTse annapaTHOro ¢puabTPa NPUMEHSAETCA
UMKAMYecKas matpuua nHunaeHtHoctn 2(q) [1]. MeTtog ncnonbsyeT dyHAAMEHTANbHYO aKCMOMY O TOM, YTO
Nobble ABe pas/iMYHbIE NPAMbIE UMEIOT CTPOTo OA4HY ObLLYIO TOUKY nepeceveHus [1], 4To NO3BONAET MIHOBEHHO
NIOKann30BaTb COOMHbIN AaTYMK IOTMYECKOM onepauuen.
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OueHKa NPOCTPAHCTBEHHO-BPEMEHHO C/IOXKHOCTU

KntoueBbiM  KpuTepuem MNPUMEHUMOCTM anroputma B 60opToBbIX cucTemax (IBY) sasnsetca
pecypcoemKocCTb.

MpocTpaHcTBEHHAA cNoKHOCTb (Memory Complexity) ana xpaHeHus rpada COCTOAHUIN NPU KNACCUUYECKOM
nogxope coctrasnsetr O(N log N). YucTtble HelipoceTeBble MoZenu TPebyloT XpaHEHUA MUAJIMOHOB BECOBbIX
KoadpdpuumeHTos matpul, W, uto ouenmsaetca kak O(N?) u TpebyeT npUMeHEHMA TEH30PHbIX NPOLECCOPOB
(NPU). B KOMBUHATOPHO-TEOMETPUYECKOM NOAXOAE MATPULLA MHUMOEHTHOCTU MPUBOAUTCA K LIUKAUYECKOMY
suay 2(q) [1], noaTomy B 3HEepProHe3aBUCMMOW MAMATU KOHTPOJ/Iepa LOCTAaTOMHO COXPaHWUTbL JNWb OOMH
6a30BbIii XapakTepucTuyecknin Bektop [1]. 3To pagukanbHo cHUXKaeT TpebosaHusa K namatn go O (N).

BpemeHHas cnoxHocTtb (Time Complexity) npu noucke oTKkasaBlero afieMeHTa B rMbpuaHOM meTtoge
cocrasnset crporo O(1). AuarHoctmyeckne BeKTOPbl GOPMUPYIOTCA CABUIOBLIM PErUCTPOM C JIMHENHOM
obpaTtHoM cBA3bto (LFSR), a noKanmsauma BblMCAAETCA aNNapaTHO 3a OAMH TaKT MUKPOMpPOL,Eeccopa.

Pe3ynbTaTbl CPaBHUTE/ILHOFO aHaNM3a

Ons BepudurKaLmm TeopeTUYecKmx BbIKNagoK bbin10 NpoBeseHO MMUTALMOHHOE MOAENNPOBAHME OTKA30B
CEHCOpPHOI ceTn, coctosulel M3 993 y310B (4TO COOTBETCTBYET KOHEYHOM NnaockocTn nopsaka q = 31 [1]).
OueHKa npoussogunack Ha nnatpopme c apxmutektTypolr ARM Cortex-M4 (TUNUYHBI MUKPOKOHTPOANEP ANS
aBTOMOOUIbHOW MPOMBILLNEHHOCTH).

Tabnuua 1
CpaBHUTENbHbIN aHaIN3 METOA0B JIOKaAN3aLUMKM OTKa30B (pasamepHocTb ceTn N=993)
KoUTE DM OLEHKM NMocneposatenbHbiii onpoc (FTA) | HelipoceteBaa mogens | KombuHaTopHO-reomeTpuueckuii
puteph oly 2] (1D-CNN) [4] metoa Sy 4
BbluncamtenbHaa cnoxHoOCTb
O(N) 0(N?) 0(1)
noucka
MpocTpaHcTBEHHaA ~ 24 KB > ME <1KB
CNOXKHOCTb
Bpems nokanusaumm gedekrta 45.0 mc 112.5 mc 0.08 mc
YCTONYMBOCTD K LIyMam Huskas Bbicokasa JleTepMUHUpPOBAHHaA

Kak BngHo 13 Tabauubl 1, reomeTpuyeckuii NoAxon NPeBOCXOAUT TPAAULMOHHbIE METOAbI HA HECKOJIbKO
NnopaAKOB MO CKOPOCTU UCNOMHEHMSA, NPeAocTaBAAA Npy 3Tom 100% nHTepnpeTupyemocTb (B oTanumne ot UHC),
4YTO Heobxoaumo ana cepTUdUKaALLMKN CUCTEM NO YpoBHIO 6esonacHocTh ASIL-D. UHTerpauma reomeTpuyeckoro
dnNbTpa € NIerKOBECHOW HEMPOHHOW CETb0 Ha NOCAeAYOWMX 3Tanax peLaeT 33434y NPOrHo3MpoBaHMA OTKA30B
(Prognostics and Health Management, PHM) [5] 6e3 neperpy3ku WWHbI AaHHbIX.

3aknoueHue

MpoBefeHHbI CPaBHUTE/NbHbIN aHaNM3 A0KA3blBaeT BbICOKYH 3PPEKTUBHOCTb NMPUMEHEHUA CTPYKTYP
KOHEYHbIX FEOMETPUIN B 3afayvyax TEXHUYECKOro AMArHOCTMPOBaHMA. MCNoib30BaHUE LMKAMYECKMX MATPUL,
WHLUMAEHTHOCTM KOHEYHbIX NaocKkocTel lanya no3BonAeT AOCTUYb KOHCTAaHTHOMO BPEMEHMU JIOKasn3auuu
pedektos O(1) NpM MMHMMaNbHOM annapaTHOW W36bITOYHOCTU. BbiCTynas B KauyecTBe aHa/IUTUYECKOro
npenpoueccopa, KOHeYHble FeOMETPUM HUBENMPYIOT HEeAOCTaTKU TPAAMLMOHHBIX rpadoBbIX U HelpoceTeBbIxX
mogenen, Gopmmpya oNTUMasbHbLIA anropUTMUYECKUIA GyHAAMEHT 1A CUCTEM NPEAUKTUBHON AMArHOCTUKM
TPAHCMOPTHbIX CPEACTB C/IeAYIOLLErO NOKONEHMUS.

CNMCOK UCNONb30BAHHOI INTEpPaTypbl:

1. Kaptecn @. BBegeHue B KOHeyHble reomeTpuu: Mep. ¢ aHra. — M.: Hayka. [naBHas pegakums ¢usmko-
maTemaTtmyeckon nutepatypsbl, 1980. — 320 c.

2. Isermann R. Fault-Diagnosis Systems: An Introduction from Fault Detection to Fault Tolerance. — Springer
Berlin, Heidelberg, 2006. — 475 p.

3. Zhao R,, Yan R., Chen Z., Mao K., Wang P., Gao R. X. Deep learning and its applications to machine health
monitoring // IEEE Transactions on Instrumentation and Measurement. 2019. Vol. 68. No. 4. P. 1526-1546.
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4. LeiY., etal. Applications of machine learning to machine fault diagnosis: A review and roadmap // Mechanical
Systems and Signal Processing. 2020. Vol. 138. Article 106587.

5. Colbourn C. J. Combinatorial Aspects of Fault Diagnosis in Systems // Journal of Combinatorial Optimization.
2015. Vol. 29. P. 605-621.
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LMPKY/IAPHAA SKOHOMMKA B HEGTEFA3OBOW MPOMBbILLNIEHHOCTH

AHHOTauuA
B cratbe npoBegeH KOMMEKCHbIM aHanuM3 TpaHchopmaLuUn TPAAULMOHHON SNIMHEMHON Moapenu
HedTerasoBoro CEKTopa B 3aMKHYTYI0 MOAENb LMPKYASAPHON SKOHOMMUKM.
Kniouesble cnosa:
LUMPKYNAPHAA SKOHOMMKA, 3aMKHYTbIN LMK/, HedTerazoBasa NpoOMbILLIEHHOCTb,
yTUAN3aumMA oTXo40B, BypoBoOI LWaam.

Ha coBpemeHHOM 3Tane pasBUTME MWPOBON 3SHEPreTUKM WU [0ObIBalOWMX OTpacielt NpoucxoamuTt B
YCNOBUAX KECTKMX IKOJIOTMYECKUX OrpaHMYEHUN, PocTa TPebOBaHWIN K YrnepoaHOM HenTpanbHOCTU U
peannsaunmn NPMHLMNOB yCToMumMBoro passnutua (ESG). Uctopuueckun HedTerasosblit CEKTOP GYHKLMOHMPOBAS B
paMKax K1acCuYeckom IMHenHoM skoHommnyeckon mogenu (Take — Make — Dispose / «B3ate — NepepaboTath
— BbIbpocuTb»), NP KOTOPOI 0bpasytowmMecs B NpoLecce fo6bIYN U TPAHCMOPTUPOBKM NOBOYHbIE NPOAYKTLI U
TEXHOreHHble OTXOAbl B 3HAYUTENbHOM CTEMEHM OTUYKAANUCb M3 MPOU3BOACTBEHHOrO UMKAA, NpUBOAA K
Harpyske Ha aKocucTembl. BHeapeHMe KOHUEeNUMU LMPKYAAPHOW SKOHOMUMKM (Reduce — Reuse — Recycle —
Recover / «CokpalueHne — [loBTopHOe ucnosnb3osaHue — [lepepabotka — Pekynepauus») nossonset
KapAMHaNbHO MepecMmoTpeTb MPUHLMIMbI PeCcYpconosib3oBaHMA B HedTerasoBom Komnnekce. LIMpKynsapHocTb
nogpasymeBaeT MMHMMM3aLMIO 06Pa30BaHMA OTXOL0B, MAaKCMMAJIbHOE BO3BPALLEHMNE LIeHHbIX KOMMOHEHTOB B
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NPOMU3BOACTBEHHbI 060POT U TPaHCHOPMMPOBAHME HEFATUBHBIX SKONOTUYECKUX GAKTOPOB B AOMNONHUTE/IbHbIE
3KOHOMMUYECKME ANBULEHAbI.

MpumeHeHWe NPUHUMNOB 3KOHOMWMKM 3aMKHYTOrO LIMKAA OXBaTbiBaeT Kak ancTpum (Upstream —
pa3BeaKa u gobbiua), Tak u gayHcTpum (Downstream — nepepaboTka n cObIT) CerMeHTbI.

MonyTHbI HedTaHoM ra3 (MHF) u yrnepogHbii meHeakmeHT (CCUS). 1) mMMHMMM3aLMA daKenbHOro
ckuraHmsa: lMepexog oT cxkuranma MHI K ero KBanMPUUMPOBAHHOMY KaCKagHOMY Mcnosib3oBaHuto. TMHI
BbICTYMaeT LEHHbIM CblpbeM AN rasoxumun (BblaeneHve LLDY, npom3BoacTBO NMOAMMEPOB, METaHONA) U
Masioll sHepreTMkn (KombUHMPOBaHHaA BbipaboTKa aneKkTpuyecTsa M Tensaa Ha [TIC/TMIC). 2) TexHoNAOMMM
YyN1aBIMBaHUSA, UCMONb30BaHUA M XpaHeHuAa yrnepoga (CCUS): YnaesnuBaHue amokcuaa yrnepoga (CO2) us
AbIMoBbIX ra3oB HM3 u npombicnoBbix OOBEKTOB C NOCAeAyOWEN 3aKauyKoW B MNAACT A1A MOBbIWEHUA
HedTeoTgaum (EOR) wnmM [oNroBpeMeHHOro reosIorMYecKoro 3axOPOHEHWs B WCTOLWEHHbIX MaacTax MU
BOZOHOCHbIX TOPU30OHTaX.

PeuMKAMHT M MNOBTOPHOE WCMOJIb30BaHWE TEXHO/IOTMYECKMX BoA. 1) 3aMKHyTble CUCTEMbI
BogoobecneyeHusn: JobbiBaemas COBMECTHO ¢ HedTblo NAAacToBas M NOMYTHO-MOCTynatowas Bo4a NpoxoauT
CUCTEMbI MHOTOCTYNEHYATOM OUYUCTKM (FPaBUTALMOHHOE OTCTauBaHWE, MembpaHHan ¢uabTpauma, paotaumsa) u
MOBTOPHO 3aKayMBaeTcA B MPOAYKTUBHbIE TFOPU3OHTbI A/ NOAAEpKaHMA nnactoBoro aasnenus (MMN4).
2) ouMCTKa M NOBTOPHOE UCMOJIb30BaHUE BYPOBbIX MPOMbIBOYHBIX *KUAKOCTEN: NpUMeEHEHNe pereHepaLnoHHbIX
cucTtem pasgenerHua ¢as nNo3BoSAET HEOAHOKPATHO BO3BpPaALLATb PACTBOPbl Ha YrneBOAOPOAHOM U BOAHOWM
OCHOBe B npouecc 6ypeHna HOBbIX CKBAXKMH.

MepepaboTka bypoBbIX OTXO40B BO BTOPUYHOE CTPOUTENIbHOE Cbipbe 1) KoHBepcua BypoBbIX LIJIAaMOB:
Ob6pasytowmeca npu NPOXoAKe CKBaXKMH BblIOypeHHasa nopofa W LWaambl MOABEPralOTCA TEePMUYECKON
AecopbLumm, OTMbIBKE UM XMMMUYECKOMY TBEPAEHMUIO (KancyMPoBaHMIO) C UCMONb30BaHUEM BAXKYLLMX A06aBOK
(nopTnaHauemeHT, 3013, MMHEpPasibHbIE KOMMAEKCbI). 2) NPOU3BOACTBO TEXHOTPYHTOB: MMO/lyYeHHbIE MHEPTHbIE
mMmaTepuanbl (TEXHOTPYHTbI) 3GEKTUBHO BOBNEKAIOTCA B CMEXKHbIE MPOLECChbl — OTCbIMKY KYCTOBbIX NAOLWAAOK,
COOpYKEeHME aBTOMOOUAbHbIX 4OPOr NPOMbIL/IEHHOrO Ha3HAYeHUss U PEKYNbTUBALMIO HAPYLUEHHbIX 3eMENb,
WCKNt04YaA He0BX0AMMOCTb 3aKyMKU U BbIEMKM NPUPOAHOIO KapbepPHOro necka.

Mepexoa K 3aMKHYTbIM NPOU3BOACTBEHHbBIM LIMKAAM, BKAOYAOWMM 3bdeKTMBHOE ncnonb3osaHue MHT,
OUMUCTKY TEXHOOTMYECKUX BOA, nepepaboTKy BypoBbIX OTXO4OB WU NMOBTOPHOE BOB/IEYEHME KOHCTPYKLIMOHHbIX
MaTepunanos, 4AaeT BOSMOKHOCTb HepTerasoBblM NpeanpuATUAM CHU3UTb cebecToMmocTb 806blum, obecneunTb
BbICOKMI ypPOBEHb 3KOMOrMYEecKol 6e30MacHOCTM U 3a/0XUTb  HaZeXHbld  GyHAAMEHT YCTOMYMBOIO
bYHKLMOHNPOBAHUSA B 3MOXY SHEPreTMYECKoro nepexoaa.

CNUCOK UCNOb30BaHHOM UTEpPaTypbl:

1. TeTenbmuH B.B., A3es B.A. 3awuTa OKpyKatoLLeit cpeabl B HedgTerasoBom Komnnekce. — M.: CAMHC-NPECC,
2019. —352c.
2. Nanugyc A.1., Tonybesa W.A., ardpapos @.I. lasoxmmua. YyebHoe nocobue. — M.: U3pgatenbcTso
«UeHTp/InTHedTela3», 2020. — 448 c.

© Xypabiesa P., TypkmeHoBa 3., Kakabaes M., M6parmumosa M., 2026
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DIGITAL PEDOMETER TRACKING AND AUTOMATED PHYSIOLOGICAL
MONITORING SYSTEMS FOR AKHAL-TEKE HORSES

Abstract

This article explores the integration of digital pedometers and automated physiological monitoring
systems tailored specifically for the Akhal-Teke horse, an ancient breed renowned for its endurance, speed, and
distinct physiological traits. As precision livestock farming advances, wearable biometric sensors offer real-time
tracking of movement, heart rate, respiration, and body temperature. This paper evaluates the implementation
of automated monitoring solutions to optimize training regimes, improve animal welfare, and enable early
detection of health anomalies in Akhal-Teke horses.
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Introduction The Akhal-Teke horse, originating from the harsh desert environments of Turkmenistan, is
globally celebrated for its exceptional endurance, agility, and signature metallic coat sheen. Historically
selectively bred for long-distance travel across demanding terrains with minimal water, the breed possesses
distinct physiological adaptations. These include specialized thermoregulation mechanisms, efficient
cardiovascular recovery, and a sensitive metabolic profile. In modern equine sport, particularly in endurance
riding and dressage, maintaining peak athletic performance while safeguarding equine welfare requires precise,
continuous health monitoring. Traditional evaluation methods—relying heavily on subjective visual observation
and intermittent manual physiological checks—often fail to detect early subclinical stress, micro-lameness, or
subtle metabolic distress.

The rapid rise of Precision Livestock Farming (PLF) and Internet of Things (loT) technologies has
revolutionized equine management. Central to this technological shift is the application of digital pedometers,
multi-axis accelerometers, and automated physiological monitoring devices. Digital pedometers and inertial
measurement units (IMUs) attached to the limbs or tack provide quantitative, high-frequency motion tracking.
They measure gait dynamics, stride frequency, symmetry, and daily activity counts. For Akhal-Teke horses, whose
movement is characterized by smooth, elastic strides suited for desert trotting, tracking gait symmetry allows
trainers to detect asymmetrical weight-bearing long before overt lameness becomes clinically observable.

Simultaneously, automated physiological monitoring systems monitor vital signs in real time. Continuous
photoplethysmography (PPG) and subcutaneous or telemetry-based ECG sensors capture heart rate (HR) and
heart rate variability (HRV), offering deep insights into autonomic nervous system responses, fatigue, and
psychological stress. Integrated thermal sensors and respiratory bands measure core or surface body
temperature and breathing frequency during high-intensity exertion. When combined with GPS tracking and
ambient environment sensors, these automated networks correlate environmental stressors—such as extreme
heat or humidity—with physiological strain.
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Implementing integrated digital monitoring networks in Akhal-Teke stables establishes a objective
baseline for individual animals. Machine learning algorithms analyzing streams of pedometric and biometric data
can generate predictive alerts for conditions like dehydration, heat stress, systemic fatigue, or incipient
musculoskeletal injury. Ultimately, the synthesis of digital pedometer tracking and automated physiological
monitoring bridges traditional equine husbandry with modern data-driven veterinary science, preserving the
health, performance, and longevity of the Akhal-Teke breed.
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THE INTEGRATION OF EXPERIENTIAL PEDAGOGY, BUSINESS INCUBATION, AND ENTREPRENEURIAL
MINDSETS IN CONTEMPORARY ACADEMIC CURRICULA

Abstract
The rapid acceleration of the global economy and the increasing complexity of international industrial

markets necessitate a fundamental transformation in educational philosophy, urging a decisive shift from
traditional passive instruction toward an integrated model of pedagogical innovation and entrepreneurial
empowerment. This comprehensive article explores the theoretical foundations, structural frameworks, and
practical classroom methodologies necessary to embed commercial acumen, risk management principles, and
innovative problem-solving directly into academic curricula across diverse educational levels. By redefining
educational institutions as dynamic incubators for real-world enterprise, modern pedagogy equips students with
the critical thinking, financial literacy, and visionary leadership capabilities required to transition from
conventional learners to proactive business founders. The proposed academic framework demonstrates how
strategic curricular modernization actively fosters economic resilience, enhances practical skill acquisition, and
drives sustainable, long-term prosperity in contemporary societies worldwide.
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Introduction
The contemporary professional landscape operates within an exceptionally complex, highly competitive,
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and technologically driven global marketplace that stands in sharp contrast to the traditional methods historically
taught in schools and universities. For decades, formal education remained strictly focused on theoretical
knowledge transmission and specialized disciplinary mastery, frequently neglecting the vital commercial,
financial, and strategic competencies essential for navigating modern market fluctuations and entrepreneurial
ventures. However, achieving sustainable economic development in the twenty-first century requires graduates
to act as proactive innovators capable of managing intricate business operations, leveraging digital e-commerce
channels, and identifying lucrative commercial niches. Consequently, modern pedagogical science must enact a
paradigm shift by systematically fusing educational theory with enterprise creation. This vital integration equips
learners with the economic literacy, adaptability, and forward-thinking leadership capabilities necessary to
transform academic knowledge into scalable, highly innovative business ventures that stimulate vibrant regional
and global economic growth.

Main Part

The successful realization of an entrepreneurial curriculum demands a comprehensive redesign of the
educational environment, replacing passive lecture-based instruction with immersive, project-based enterprise
creation and experiential learning methodologies. In this modernized framework, educators function as mentors
and facilitators of innovation who guide students through the complete lifecycle of a commercial venture—from
initial market viability assessments and sustainable resource allocation to detailed financial forecasting and
strategic risk management under volatile market conditions. Learners are actively encouraged to evaluate their
local and digital ecosystems for untapped commercial opportunities, such as tech startups, consultancy services,
value-added product design, or community-driven enterprise initiatives, and construct rigorous, actionable
business plans around their findings. By treating academic training grounds as active micro-incubators of
enterprise, educational institutions cultivate proactive problem-solving abilities, shifting the student mindset
from dependent job seekers to independent, innovative business leaders.

Furthermore, the accelerated digitalization of the global economy necessitates that contemporary
pedagogical strategies fully embrace technological entrepreneurship and data-driven management practices.
Modern commercial enterprises rely heavily on digital transformation tools, automated financial tracking
systems, data analytics, and direct-to-consumer digital marketing platforms to optimize operations and maximize
market reach. Integrating these advanced technological tools into academic curricula enables students to master
digital supply chain management, advanced consumer behavior analytics, and digital brand positioning. Learners
engage directly with modern e-commerce ecosystems, discovering how to leverage online platforms to reach
international audiences, reduce operational overhead costs, and enhance overall organizational efficiency
through smart software applications. This technological fluency ensures that professional education remains
profoundly relevant, attractive to tech-savvy younger generations, and tightly synchronized with the demands
of a high-tech global market.

In addition to economic and technological proficiencies, embedding entrepreneurship into educational
pedagogy profoundly impacts community leadership, social responsibility, and cooperative economic
development. Modern business education emphasizes collective enterprise, ethical leadership, and regional
value-chain integration, teaching students how to build robust collaborative networks that elevate entire
communities rather than isolated individual ventures. When young professionals are trained to foster
community-centric innovations, such as social entrepreneurship models, shared business incubators, and
sustainable resource-conservation frameworks, they actively combat economic stagnation and generate
diversified, high-value local employment opportunities. This holistic educational approach ensures that academic
institutions serve as powerful, transformative engines for both personal economic empowerment and long-term
regional sustainability.

Conclusion

The convergence of pedagogical science, entrepreneurial training, and modern curriculum design offers
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an indispensable pathway for addressing the intricate economic and social challenges confronting contemporary
societies. By systematically embedding business management principles, digital technology literacy, and market-
oriented strategies into educational frameworks, institutions can cultivate a new generation of resilient,
economically proactive, and innovative leaders. This multidimensional approach successfully dissolves the
historical boundaries between academic theory and commercial execution, ensuring that professional training
remains deeply relevant, adaptable, and fully responsive to the fluctuating demands of the global marketplace.

Ultimately, realizing the full potential of this integrated educational model requires coordinated, long-term
commitment from institutional leaders, policymakers, and curriculum developers. Future initiatives must
prioritize the expansion of practical business incubators, the continuous professional development of educators
in modern economic methodologies, and the strengthening of cooperative partnerships between academic
institutions and commercial enterprises. Through these strategic advancements, educational communities can
unlock the boundless potential of students, empowering them to pioneer prosperous, innovative, and
sustainable futures for generations to come.
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APPLICATION OF VIRTUAL REALITY (VR) SIMULATORS IN TRAINING
EQUINE SPECIALISTS AND RIDING INSTRUCTORS

Abstract
This article explores the integration and methodological benefits of Virtual Reality (VR) simulators in
modern equestrian education and instructor training. The application of VR technologies offers immersive,
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hazard-free environment for developing biomechanical awareness, posture control, crisis management, and
horse anatomy visualization. The study highlights how simulated environments accelerate skill acquisition,
reduce physical risk to both riders and horses, and provide standardized assessment metrics for training equine
specialists. Future directions for VR integration in equine science and sports pedagogy are also discussed.
Keywords:
virtual reality, equine training, equestrian education, riding simulator,
specialist instruction, digital pedagogy, biomechanics.

Introduction The traditional paradigm of training equine specialists, riding instructors, and equestrian
athletes relies heavily on direct, hands-on experience with live animals. While practical interaction remains
indispensable to developing fine intuition, animal empathy, and tactile sensitivity, it presents inherent
challenges. Primary among these are safety risks, variability in horse temperament, ethical considerations
regarding animal welfare, and the difficulty of capturing real-time objective data during complex maneuvers. The
integration of Virtual Reality (VR) technology and advanced motion-simulation platforms into equestrian
education marks a transformative shift in addressing these limitations, bridging the gap between theoretical
knowledge and practical mastery.

Virtual reality simulators create a controlled, highly immersive, and repeatable environment where
trainees can practice critical riding skills without exposure to real-world dangers. For beginner riders and novice
instructors, mastering correct biomechanical posture, rein pressure, and balance is essential. VR platforms
equipped with haptic feedback systems allow students to feel synthetic rein tension and seat responses, teaching
them to refine their micro-movements before mounting a live horse. This precise feedback loop accelerates
muscular memory and cognitive processing of movement dynamics. Furthermore, VR environments enable
riding instructors to observe, record, and evaluate student mechanics from multiple angles in real time, offering
objective data points such as force distribution, center of gravity shift, and symmetry that are nearly impossible
to measure visually on a moving horse.

Beyond basic riding mechanics, VR technology serves as an advanced educational tool for veterinary and
equine science specialists. Immersive three-dimensional modeling allows students to step inside a virtual
representation of equine anatomy. Trainees can visualize real-time skeletal movement, muscular contraction,
and cardiovascular stresses during various gaits—such as walk, trot, and canter. This visual transparency
enhances the learning process for diagnosis, lameness detection, and biomechanical optimization.

In the context of instructor training, VR provides unique scenario-based learning opportunities. Instructors
must be prepared to manage emergencies, such as a horse bolting, rearing, or panicking in a crowded arena.
Simulating these high-stress situations in a virtual space enables trainees to build psychological resilience and
refine rapid decision-making protocols without endangering human or animal lives. Consequently, VR simulators
act not as a replacement for live equine interaction, but as a crucial bridge that elevates safety, standardizes
assessment, and enhances overall instructional quality in equestrian education.
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APPLICATION OF GEOGRAPHIC INFORMATION SYSTEMS (GIS)
AND BIG DATA IN ENVIRONMENTAL MONITORING

Abstract
This article explores the modern integration of Geographic Information Systems (GIS) and Big Data
technologies within environmental monitoring framework systems. The combination of spatial analysis with
massive high-velocity data streams provides unprecedented opportunities for tracking ecological changes,
assessing anthropogenic impacts, and modeling dynamic natural processes. We examine the core
methodologies, architectural patterns, and analytical capabilities that enable automated, near-real-time
environmental assessment. Key applications, including air quality tracking, deforestation monitoring, marine
ecosystem management, and climate change forecasting, demonstrate the transformative role of these
combined technologies. Furthermore, the paper addresses current implementation challenges such as data
heterogeneity, storage optimization, and spatial uncertainty, while outlining future perspectives driven by
artificial intelligence and edge computing.
Keywords:
geographic information systems, big data, environmental monitoring, spatial analysis,
remote sensing, satellite data, ecological modeling.

Introduction

Environmental monitoring has undergone a fundamental paradigm shift over the past two decades.
Traditional ecological assessment relied heavily on sparse ground-based observational networks, manual
sampling protocols, and localized spatial analysis. While these methods provided high accuracy for isolated
measurements, they lacked the spatial continuity and temporal frequency necessary to understand global
environmental dynamic processes. The simultaneous advancement of modern Geographic Information Systems
(GIS) and Big Data infrastructure has effectively solved these spatial and temporal limitations, creating a powerful
framework for continuous Earth observation.

GIS provides the fundamental spatial framework for organizing, visualizing, and analyzing geographically
referenced information. Simultaneously, Big Data tools supply the infrastructure needed to process vast volumes
of unstructured and structured geospatial information gathered from satellites, Internet of Things (loT) sensors,
mobile devices, and atmospheric radars. Together, these technologies transition environmental science from
reactive observation to predictive, near-real-time ecosystem management.

Key Data Sources and Technological Convergence

Modern environmental monitoring relies on a dense ecosystem of data sources generating heterogeneous
spatial datasets at high velocity:

¢ Satellite Remote Sensing: High-resolution constellations (such as Sentinel, Landsat, and commercial
satellite arrays) deliver continuous multispectral and hyperspectral images of the Earth's surface. These sensor
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networks produce petabytes of imagery daily, detailing vegetation health, surface temperature, atmospheric gas
compositions, and sea surface topography.

e loT and In-Situ Sensor Networks: Ground-based station networks continuously report localized
environmental metrics, including air quality indices (PM, 5, PM;,, NO,), soil moisture contents, water salinity,
and acoustic biodiversity indicators.

¢ Mobile Sensing and Crowdsourced Data: Spatial data gathered from mobile phones, drone flights, and
community science initiatives fill critical resolution gaps in densely populated urban microclimates and remote
natural habitats.

The convergence of Geographic Information Systems and Big Data technologies represents a major leap
forward in environmental science and resource management. By transforming vast streams of raw, unstructured
spatial observations into actionable intelligence, these integrated systems empower scientists, policy makers,
and conservationists to address critical environmental issues. As artificial intelligence and computational
infrastructure continue to mature, the precision, scale, and predictive accuracy of planetary-scale environmental

monitoring will play a central role in protecting global ecosystems.
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MACHINE LEARNING ALGORITHMS FOR FORECASTING ENVIRONMENTAL
CHANGES AND CLIMATE RISK ASSESSMENT

Abstract
Climate change poses one of the most severe threats to human society, biodiversity, and global economic
stability. Accurate forecasting of environmental transformations and climate-related risks is essential for
formulating timely mitigation and adaptation strategies. Traditional deterministic climate models, while robust,
often face computational bottlenecks and spatial resolution limitations when simulating high-dimensional non-
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linear Earth systems. This article explores the application of machine learning (ML) algorithms—spanning
supervised learning, deep learning, ensemble techniques, and spatial temporal networks—in predicting
environmental trends and assessing localized climate risks. We examine model architectures such as Long Short-
Term Memory (LSTM) networks for time-series meteorological prediction, Convolutional Neural Networks
(CNNs) for remote sensing processing, and Random Forests for ecological hazard mapping. Furthermore, we
discuss key challenges, including data heterogeneity, explainability, and integration with traditional atmospheric
physics models, highlighting future directions for hybrid Earth-system Al models.
Keywords:
machine learning, climate change, risk assessment, environmental forecasting, deep learning,
remote sensing, spatial-temporal modeling.

Introduction

The planetary system is undergoing rapid and unprecedented transformations driven by climate change.
Intensifying global temperatures, shifting hydrological regimes, rising sea levels, and an increased frequency of
extreme weather events present existential challenges to food security, urban infrastructure, and ecosystem
integrity. Managing these impacts requires precise, timely, and high-resolution environmental predictions.
Historically, climate forecasting has relied on numerical climate models, such as General Circulation Models
(GCMs) and Earth System Models (ESMs), which utilize fundamental physical equations governing
thermodynamics, fluid dynamics, and atmospheric chemistry. Although these physics-based models remain
indispensable for multi-decadal global projections, they require substantial computational resources and
frequently struggle with fine-scale, highly localized dynamic assessments.

To bridge this operational gap, data-driven approaches—specifically machine learning (ML)—have
emerged as indispensable tools in modern climate science. Machine learning algorithms excel at capturing
complex, non-linear relationships across massive, heterogeneous datasets without requiring explicit
mathematical descriptions of every underlying physical mechanism. The explosion of Earth observation data,
captured via high-resolution satellite imagery, loT-enabled environmental sensor networks, and historical
climate reanalysis datasets, provides an ideal ecosystem for training sophisticated computational models. By
identifying subtle patterns within multi-dimensional Earth data, machine learning enhances predictive precision,
accelerates processing speeds, and improves local risk mapping.

In conclusion, machine learning algorithms represent a powerful component in the climate risk assessment
toolkit. While they do not replace fundamental earth-system physics, their integration into operational
forecasting systems improves prediction speed, spatial resolution, and risk identification capabilities. As hybrid
physics-informed neural networks mature, the synthesis of data science and Earth sciences will play a central
role in strengthening global resilience against environmental hazards.
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THE CONVERGENCE OF SPATIAL COMPUTING, OPTICAL MOTION TRACKING, AUTOMATED AUDIO CONTROL,
AND PROJECTION MAPPING IN CONTEMPORARY CIRCUS ARTS TO CREATE
ADAPTIVE, REAL-TIME STAGE ENVIRONMENTS

Abstract

Contemporary circus arts are undergoing a technological paradigm shift driven by the integration of digital
light shows, real-time optical motion capture (MoCap), and automated sound control systems. Traditional circus
performances relied heavily on static, pre-programmed visual and auditory cues executed manually by technical
crews. Modern productions utilize integrated spatial tracking networks that link an artist’s physical telemetry
directly to stage architecture, dynamic projection mapping, and spatialized 3D audio engines. This article explores
the architectural and technological framework of these synchronized systems, analyzing how dynamic tracking
protocols (e.g., BlackTrax, OSC, DMX/Art-Net) process human kinetic motion to trigger instantaneous visual and
acoustic responses. Furthermore, it evaluates the impact of real-time responsiveness on performer safety during
high-risk acrobatic routines, the dramatic enhancement of audience immersion, and the technical challenges of
latency reduction in ultra-fast stage environments. By examining the synthesis of digital arts and kinetic
expression, this study highlights how automated show control systems redefine the boundary between live
physical performance and interactive multimedia environments.

Keywords:
digital light shows, motion capture, automated sound control, circus tech, spatial audio, show control,
real-time projection mapping, interactive stage, telemetry tracking.

Introduction

The modern circus has evolved from a traditional showcase of physical strength, animal training, and
stationary theatrical lighting into a high-technology, multisensory discipline where human kinesiology interacts
directly with real-time digital software. Historically, the visual and acoustic dynamics of a circus act were strictly
deterministic. Lighting designers pre-programmed sequential light cues, sound engineers triggered static audio
tracks manually, and performers were obligated to adapt their physical timing to rigid technical sequences.
However, high-velocity aerial routines, dynamic acrobatic throws, and improvised clowning naturally exhibit
micro-variations in speed, trajectory, and execution. When live human timing deviates from pre-rendered
automation, the disconnect between visual graphics, sound effects, and physical movement disrupts theatrical
immersion.

To bridge this gap, modern circus productions incorporate a triadic technology framework consisting of
digital light projection mapping, high-speed optical motion capture, and spatially automated sound processing
engines. At the core of this convergence is optical motion capture (MoCap)—a system utilizing retro-reflective
active markers or markerless computer vision arrays installed around the circus arena. These camera rigs stream
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real-time spatial coordinate data (Sx, y, zS) of aerialists and acrobats to media servers at sub-millisecond
latencies.

Instead of relying on a human spotlight operator to manually track a performer soaring across a 15-meter
arena, automated tracking protocols convert spatial coordinates into DMX/Art-Net commands. Dynamic robotic
spotlights auto-follow acrobats with mathematical precision, maintaining optimal illumination without blinding
the artist during critical, high-risk maneuvers. Concurrently, high-lumen laser projectors use these exact spatial
vectors to map dynamic visual graphics directly onto moving bodies, apparatuses (such as aerial silks or Cyr
wheels), or the arena floor. The visual scenery actively reacts to the performer’s physical momentum, expanding,
morphing, or shattering upon impact.

Simultaneously, spatial audio systems utilize this motion data via Open Sound Control (OSC) protocols.
Traditional stereo soundscapes are replaced with object-based 3D audio architectures. As an artist swings on a
trapeze or vaults through the air, their sound footprint—whether an synthesized acoustic voice, a live instrument
layer, or a physical effect—moves dynamically through an array of surround loudspeakers. Automated mixing
software adjusts volume, pitch shift, spatial pan, and reverberation in direct proportion to the artist's velocity
and height.

This synergy fundamentally shifts the performance dynamic: technology no longer dictates the pace of the
act; instead, the acrobat’s body becomes the master controller for the entire digital environment. Understanding
the design, system integration, and operational safety of these interconnected technologies is essential for
modern stage directors, media engineers, and scenographers shaping the future of live spatial entertainment.
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DIRECTIONS FOR THE DEVELOPMENT OF DIGITAL INNOVATIONS IN AGRICULTURE ON THE OCCASION
OF THE GLORIOUS 35TH ANNIVERSARY OF INDEPENDENCE

Abstract
As Turkmenistan marks the glorious 35th anniversary of its Independence, the national economy continues
to undergo significant modernizations driven by high technology and digitalization. Agriculture remains a key
pillar of national food security, socio-economic resilience, and rural sustainability. This article explores strategic
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directions for integrating digital innovations into the agricultural sector. It highlights advanced technologies such
as precision farming, Artificial Intelligence (Al), Internet of Things (loT) sensors, automated irrigation systems,
and satellite remote sensing. By detailing the role of digital transformation in optimizing crop yields, conserving
water resources, and improving resource efficiency, this work outlines a roadmap for achieving sustainable
agrarian development aligned with state initiatives and modern technological standards.

Keywords:
digital agriculture, precision farming, internet of things, remote sensing, smart irrigation,
agricultural economics, sustainable development.

Introduction The landmark occasion of the glorious 35th anniversary of Independence serves as an
opportune moment to reflect on key structural transformations and outline futuristic strategies for the national
economy. Over the past three and a half decades, the agrarian sector has served as a foundational driver of
national self-sufficiency, public welfare, and rural prosperity. In the contemporary era, the global agricultural
landscape faces a dual challenge: fulfilling growing food demands while navigating resource constraints, climate
variability, and soil degradation. To address these multi-faceted challenges, the integration of digital innovations
into farm management and agricultural supply chains has transitioned from an advantageous option to an
absolute imperative.

Digitalization in agriculture, often referred to as Smart Agriculture or Agriculture 4.0, represents the
synthesis of traditional agronomy with cutting-edge information and communication technologies. The
deployment of the Internet of Things (loT) allows for real-time monitoring of microclimates, soil moisture levels,
and nutrient dynamics. Wireless sensor networks embedded across fields stream actionable data directly to
farmers and agricultural managers, enabling precise decision-making that optimizes fertilizer usage and
minimizes waste. Concurrently, satellite remote sensing and Unmanned Aerial Vehicles (UAVs) provide macro-
level spatial intelligence, detecting crop stress, pest infestations, and vegetation indices (such as NDVI) long
before visible symptoms appear to the naked eye.

Water resource management constitutes another vital frontier for digital innovation, particularly in arid
and semi-arid zones. Smart irrigation systems, guided by telemetry and automated control valves, adjust water
delivery according to dynamic evapotranspiration rates and soil profile requirements. This precision reduces
water losses significantly and prevents soil salinity buildup, safeguarding the long-term fertility of irrigated lands.
Furthermore, the application of Artificial Intelligence and Machine Learning algorithms on farm data supports
predictive modeling, assisting producers in optimizing harvesting schedules, yield forecasting, and market
distribution strategies.

The success of digital agricultural innovation relies not only on technology deployment but also on building
robust infrastructure, institutional frameworks, and human capital. Expanding high-speed rural connectivity,
developing localized agricultural software, and offering targeted training programs for farmers are critical steps
to foster digital literacy across the agrarian workforce. As the nation celebrates 35 years of sovereignty,
accelerating digital adoption in agriculture will strengthen national food security, drive ecological sustainability,
and position the agrarian sector as a competitive engine of the modern digital economy.
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35TH ANNIVERSARY OF INDEPENDENCE: THE ROLE OF THE DIGITAL SYSTEM
IN AUTOMATING INDUSTRIAL SECTORS

Abstract

This article examines the transformative impact of digital systems and automation technologies across
modern industrial sectors, highlighting their strategic significance in celebrating the 35th anniversary of national
independence. By integrating advanced digital frameworks—such as the Industrial Internet of Things (lloT),
artificial intelligence, and real-time supervisory control systems—nations establish robust, self-reliant economic
foundations. The paper explores the key mechanisms driving the digital transition in manufacturing, energy, and
resource management, analyzing how end-to-end automation optimizes operational efficiency, reduces resource
losses, and fosters sustainable economic growth. Furthermore, the role of national state programs in developing
digital infrastructure is discussed, illustrating how technological sovereignty serves as a primary pillar for
modernizing core industrial assets and enhancing long-term global competitiveness.

Keywords:
digital economy, industrial automation, technological independence, industrial internet of things,
smart manufacturing, process control systems, digital transformation.

Introduction

The celebration of the 35th anniversary of state independence serves as a momentous milestone to
evaluate structural economic achievements, industrial maturity, and national technological self-reliance. Over
the past three and a half decades, the global economic paradigm has undergone a fundamental shift from
traditional, resource-heavy manufacturing models toward dynamic, data-driven digital economies. In this
modern era, true sovereignty is no longer measured solely by territorial integrity or physical resource
endowments; it is equally defined by technological independence and the capability to implement advanced
digital systems across vital infrastructure. As countries mark thirty-five years of independent development, the
digital transformation of core industrial sectors—including energy, heavy manufacturing, processing, and public
utilities—stands out as both a primary driver of sustainable growth and a baseline prerequisite for national
security.

The automation of industrial sectors represents far more than a simple upgrade of physical machinery or
the introduction of computerized interfaces. It constitutes a comprehensive digital overhaul that links physical
operations directly with intelligent software frameworks. At the heart of this evolution is the transition from
localized, isolated control systems to fully integrated digital ecosystems powered by the Industrial Internet of
Things (1loT), cloud analytics, edge computing, and artificial intelligence algorithms. By embedding smart sensor
networks and automated actuators deep within industrial workflows, enterprises gain real-time visibility into
complex operational parameters. This granular level of oversight allows facilities to transition from reactive
maintenance models to predictive maintenance protocols, thereby preventing catastrophic equipment failures,
drastically reducing unplanned downtime, and extending the operational lifecycle of critical assets.

Furthermore, digital automation acts as a powerful catalyst for resource optimization and environmental
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sustainability—two goals that are increasingly vital for modern industrial strategy. Advanced supervisory control
and data acquisition (SCADA) systems, combined with distributed control architectures, permit precise
monitoring of raw material usage, energy consumption, and emissions levels. In heavy industries such as
metallurgy, chemical processing, and oil refining, automating thermal regimes and chemical reactions reduces
input waste and guarantees consistent product quality. Beyond individual shop floors, digital supply chain
management platform match production vyields directly to market demands in real time, preventing
overproduction and logistical bottlenecks. Thus, digital systems serve a dual function: they safeguard domestic
market stability while sharpening the competitive edge of national exports on the international stage.

As nations reflect on 35 years of independent governance, the systematic digitalization of industry
underscores the vital interplay between state policy and technological execution. National digital transformation
strategies provide the necessary legal frameworks, telecommunications infrastructure, and educational
initiatives to nurture a specialized workforce skilled in robotics, data science, and cybersecurity. Building
domestic expertise in industrial automation ensures that critical control systems remain resilient against external
cyber threats and geopolitical disruptions. Ultimately, the progressive integration of digital systems into the
industrial framework represents a lasting legacy of the independence era—transforming legacy production
facilities into flexible, highly efficient, and modern economic engines equipped to handle the demands of the
twenty-first century.

References:

1. Andrews, M. V. (2018). Industrial Automation and Digital Transformation Strategies. London: Academic Press.
2. Belov, S. A., & Petrov, K. 1. (2020). Digital Systems in Modern Agriculture and Industry. Sankt-Peterburg: Nauka
Press.
3. Chen, H., & Zhang, L. (2021). Smart Manufacturing: Industrial Internet of Things and SCADA Applications. New
York: Springer.

© Yazyyev K., Akmyradova A., 2026

101


https://aeterna-ufa.ru/events/in

ISSN 2410-6070 MeKAyHapOoAHbIA Hay4YHbIN XKypHan « MHHOBALMOHHAA HayKa» Ne 9-2 / 2026

102


https://aeterna-ufa.ru/events/in

ISSN 2410-6070 MeKAyHapOoAHbIA Hay4YHbIN XKypHan « MHHOBALMOHHAA HayKa» Ne 9-2 / 2026

UDC 336
Fanumsadosa J1.P.
K. W. H., AOLEHT, 3aBeaylowmin Kapeapon BCEMUPHOTO Ky/IbTYPHOIO Hacneams
NHCTUTYTa MeXKAYHAPOAHbIX OTHOLIEHWI, NCTOPUM U BOCTOKOBEAEHMA
KasaHckoro ¢eaepanbHoro yHusepcutera, r. KazaHb PO
Kunbkees P.P.
AcnupaHT 1 Kypca
HanpassieHusa Teopus 1 UCTopuA KyabTypbl, ckyccTs K(M)PY, r. KazaHb PO
OBuMHHMKOBA A.WU.
CTYLEHT MarMcTpaTypbl HanpaBAeHUA MeXAYHapoaHbI Typusm, . KasaHb PO

OT BYMAXHOIO NYTEBOAUTENA K LUUOPOBU3ALIUN: 3BOJTIOLUA CNMTOCOBOB NEPEAAYU
UCTOPUYECKOM NUHOOPMAL MU TYPUCTAM B XX—XXI BEKAX

AHHOTauuA

TYpPUCTCKUIA NyTEBOAMTE b — 3TO HE NPOCTO CMPABOYHUK, @ KNHOYEBOM 3/IEMEHT TYPUCTUYECKON MHAYCTPUN
M OAHOBPEMEHHO YacTb HalWel MeyaTHoM KyabTypbl. Mo cyTW, 3TO 0CObbLIA CNoco6 KOMMYHMKaUUW: Yepes
nyTeBoAUTE b TEPPUTOPUA «paccKasbiBaeT» o cebe, a yMTaTe b NONyYaeT OPUEHTUPbI 15 3HAKOMCTBA C HOBbIM
mectom. Eciv nocmoTtpeTb Ha nyTeBOAMTENb C MCTOPUYECKOM TOYKM 3pEeHusi, OH Bcerga Obin rNaBHbIM
WUCTOYHMKOM WHpOpMaumMmM Ans nyTelwecTBeHHWKa. CerogHa ero posb He UucYesna, HOo 3aMeTHO
TpaHchopMMpOBanach: Tenepb OH AO/IKEH COOTBETCTBOBATb 6osee rMOKMM M pa3HOOOpasHbIM 3anpocam
ayauTopuu. NyTeLwecTBEHHUKM ULLYT He NPOCTO CMMCOK AO0CTONPMMEYaTEe/IbHOCTEN, @ peLleHMs Noa, CBou 3a4a4m
— OT ObICTPbIX NOACKA30K A0 FYHOOKMX KYNbTYPHbIX KOHTEKCTOB. MHOroobpasme noaxoaoB K KnaccudpuKkaumm
nyTeBoAMTENEN NO3BOIAET TOYHEE NOABUPATb HYMKHbIM MHCTPYMEHT Nog, KOHKPETHYIO 3a4a4y. MHTepecHo, YTo
OAVH U TOT e NyTeBOAUTE/Ib MOKET BbIMOIHATL CPa3y HECKOJIbKO PO/IEl - U 3TO AeNaeT ero yHMBEPCaNbHbIM
npoaykTom. OH cnocobeH 6biTb MOAENbIO TEPPUTOPUN, CMPABOYHMKOM OBBEKTOB, HABUTAaTOPOM, NPOAYKTOM
TYypUHAYCTpUK. aHpoBble 0COBEHHOCTM MYTEBOAUTENA TOXKE BaKHbl: CTU/b, CTPYKTYpa, TOH Nodauu u gaxe
odopmMieHne BAUAIOT Ha TO, HACKOIbKO YAOHOHO M NMPUATHO UM NOb30BaTbCA. B 0AHMUX CNydasx yMecTHa cyxas
CnpaBKa, B ApPYrMX — APKME UCTOPMU U NIMYHble peKoMeHZauun. B nepcnektuse msyyeHue nyteBogmutenei
OTKPbIBAaeT MHOI0 HaMnpaB/eHN ANA NCCNefoBaHWUA: Kak MeHAeTCs BOCNpuATUE MHPOPMAaLMKM B 3aBUCUMOCTH OT
dopmaTa, Kak undpoBble TEXHONOTUN BAUAIOT HA CTPYKTYPY M COAEPrKaHME, KaK COXPaHWUTb BanaHc mexay
y£06CTBOM U rNYy6UHON. ITO He TONIbKO BONPOC NpodeccMoHaibHOM TYPUCTCKOM AMTEPaTypbl, HO U OTParkeHume
TOTrO, Kak Mbl BOOBLLE Yy4MMCA Y3HaBaTb HOBble MecTa U CTPOUTb MapLLpPYTbl B COBPEMEHHOM MUPE.
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FROM A PAPER GUIDEBOOK TO DIGITALISATION: THE EVOLUTION OF WAYS OF TRANSMITTING HISTORICAL
INFORMATION TO TOURISTS IN THE 20TH-21ST CENTURIES

Annotation
A tourist guidebook is not merely a reference book but a key element of the tourism industry and, at the
same time, part of our print culture. Essentially, it is a special mode of communication: through a guidebook, a
territory "narrates" itself, while the reader receives guidelines for exploring a new place. Viewed from a historical
perspective, the guidebook has always been the primary source of information for a traveller. Today its role has
not disappeared but has noticeably transformed: it must now meet more flexible and diverse demands of the
audience. Travellers seek not just a list of attractions but solutions tailored to their needs — from quick tips to
deep cultural contexts. The diversity of approaches to classifying guidebooks makes it possible to select the right
tool for a specific task more precisely. Interestingly, one and the same guidebook can perform several roles at
once — and this makes it a universal product. It is capable of being a model of a territory, a reference of objects,
a navigator, and a product of the tourism industry. The genre characteristics of a guidebook are also important:
the style, structure, tone of presentation, and even design influence how convenient and pleasant it is to use. In
some cases, a dry reference is appropriate; in others, vivid stories and personal recommendations. In
perspective, the study of guidebooks opens up many directions for research: how the perception of information
changes depending on the format, how digital technologies affect structure and content, and how to maintain a
balance between convenience and depth. This is not only a matter of professional tourism literature but also a
reflection of how we generally learn to discover new places and build routes in the modern world.
Keywords:
guidebook, history, tourist, digital technologies, mobile applications, audio guides.

C camblIx paHHMX 3TAaNOB UCTOPUM TYPU3MA, ELLE C aHTUYHbIX BPEMEH, Y KaXKA0ro nyTewecTBeHHWKa bbina
BarKHasA NOTPEBHOCTb - UMETb NOA, PYKOW HYXKHbIe CBeAeHUs. Peub Lia He TOIbKO O AaHHbIX NMPO MeCTa, KoTopble
NAaHUPOBANOCh NOCETUTb, HO M O MPAKTUYECKUX AeTanAx NnpebbliBaHMA Tam, a elé - 0 YEM-TO, YTO MOXKHO YBE3TU
c cobolt Kak BOCNOMMHaHMeE 0 noe3aKke. MMeHHO 3TM 3aNpockl U Aann CTapT LENOW MHAYCTPUM: CTaNN NOABAATLCA
nyTeBOAUTENN, CMPABOYHMKM, KapTbl U aT/1acbl - CaMble PasHble MO CTU/IID, COAEPKAHUIO U HAa3HAYEHMIO.

McTopuma cTaHOBAEHUA 3TOM OTPaCc/aM NO-CBOEMY HE MeHee yBAeKaTebHa, YeM 06Lasa NCTOpPUA Typmusma u
rocTenpumMmcTBa. ACCOPTUMEHT NyTeBOAMUTEIEN CO BpeEMEHEM CTaHOBWU/CA BCE Boraye: NOABUAUCH M3LaHMA oNA
MaCcCOBOTO TypUCTa U AJ/1A Y3KMX KaTeropuii NyTelecTBEHHMKOB, A1 Pa3HbIX BUAOB TYPU3Ma, AJ18 rocTen oTenei,
TemaTUYeCcKne U ropoacKMe rmabl, My3eiHble CNPaBOYHUKK. BCMOMHMM M KynbToBbIN «KpacHbli rug Micheliny
ONA UeHWUTeNel BbICOKON KyxHU. MyTeBoaMTENM ObIBAlOT CamMbiMMU PasHbIMU: O6BEMHBIMU U NAKOHUYHBIMMU,
KPaco4YHO 0OPMIEHHBIMM MW MOYTU NOJHOCTBLIO TEKCTOBLIMU C PEAKMMU YEPHO-BENbIMU UANIOCTPALUAMMN —
OT MUHUATIOPHbIX KAPMAHHbIX KHUMKEK A0 U34aHWIA, HAaNOMUWHAIOLWMX BCEO6EMIOLLYIO SHUMKAONEAMIO.

CerogHs, B 3Moxy UMPPOBbLIX TEXHOOMMIA U OHNANH-CEPBUCOB, 3aKOHOMEPHO BO3HMKAIOT BOMPOCHI:
OCTAlOTCA /M TaKMe CMPaBOYHMKM BOCTPeBOBaHHbIMMK, €CTb /IN Y HUX CBOSI ayaUTOPWA, NOYeMy OAHU U3gatenu
yCrnewHo pa3BMBaloTCA, a Apyrue yxo4aT ¢ pbiHKa? Chdepa MHGOpMaLMOHHO-CNPaBoYHOro obecneyeHuns Typusma
M TOCTENPUMMCTBA CeMyac — 3TO KPYMHbIM CaMOCTOSTE/IbHbIM CErMeHT OTPac/M CO CBOMMW MpaBUiIamMu,
MEXaHM3MaMM KOHKYPEHUMMN, NOTUCTUKOM U opueHTUpamu. Ytobbl apdekTnBHO paboTaTb B 3TOM 06nacTy,
Ba*KHO NOHUMATb, Kak OHa GOPMMPOBaANach, Kakne nctopuyeckme GakTopbl Ha Heé NoBAUANMN.

B popeBo/tOLMOHHON Poccuy nyTeBOAUTENM NPeacTaBnAanM cobol neyaTHble U34aHWUA, B KOTOPbIX
NpaKTUYecKkan MHPOPMALMSA OPraHMYHO COYETaNACh C NMO3HABATE/IbHbIM KOHTEHTOM. UX Ha3Banu «beaexkep» B
yecTb cosgatens nytesogutena. OHWM 6blAM  CO34aHbl  Le/feHanpaBleHHO Aaa TpaHcaauun o6pasos
NPOCTPAHCTBA, OTBEYA/l Ha 3aMPOCbl HOBOrO NOTPebuTensa TepputTopun. Naea nytesogutens boiaa cKONMpPoBaHa
y 3anaga, Ho No 6AM3KMM KaHOHAM PYCCKOW KyNbTypbl. B Lenom nyteBoguTeN M U3HavanbHO 6bliv CO34aHbI
4TO6bI ONMUCBIBATL TYPUCTUUYECKOE MPOCTPAHCTBO, KOTOPble 6b110 CHOPMUPOBAHHBIM KYAbTYPOI ANA HOBbIX Macc
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[0CYyroBoi NpakTUKU. O4HAKO PYCCKOro TypucTa Bbl10 CNOXKHO yBAEYb TAKUMU AUKOBUHAMM, U aBTOPbI TaKMX
«beneKkepok» YacTo NPMAYMbIBAIM CBOU UCTOPUMN UM YOUPAAnN U3 BEPHOIO TEKCTA, YTO, NO UX MHEHMUIO, byaeT
HEe MHTEPECHO UX YnTaTento. J1lobol LEeHOM YBAEKANN HAaUYMHAOLWEro TypuUCcTa.

B Hauyane XX Beka Hayanum NPOUCXOAUTb U3MEHEHUA B NYTEBOAMTENAX: COKPALLAANCL NPUYKpPaALIEeHHbIe
TEKCTbl U 06penn KpaTHOCTb M LefeHanpaBAeHHOCTb Ha YesloBeKa PYCCKOM KynbTypbl M npasocnasus. [1] B
LEeNIOM NyTeLeCcTBEHHUKM MOFIN NOJIYYUTb CBEAEHMA O TOM A€ HaXxoAAaTCA 0OBbEKTbI, MapLLpyT, MHPOPMALMIO O
FOCTUHULAX U APYroh HeobxoamMmon MHbopMaumen ana Noesaku, OAHOBPEMEHHO 3HAKOMACH C UCTOPUEN U
[OCTONPUMEYATENBHOCTAMM FOPOAA M B LLENOM N'YMAHUTapHYO MHPopMaumio o mecTe npebbiBaHuA.

XapaKTepHbIM NPUMMEpPOM TaKoro usgaHua asndetca «Bca MockBa Ha nagoHke» (puc.l) 1857 roga
«KapMaHHaa KHUXKKaA, CAyXawaa nyTeBOACTBOM W cnpaBkamu Ana ntob6o3HaTeNbHblX, OCOBEHHO anA
npuesKatowmx B ctoamuy». NoasneHne TakMx KOMMNAKTHbIX U34aHUIA FTOBOPUT O Pa3BUTUM NPeacTaBieHUA O
nyTeBoAMTENE KAK O MPAKTUYECKOM CMYTHUKE MyTelwecTBEHHMKA. B TakMx KHUXKKaAx Obl1o GyKBasbHO BCe: OT
nHbopMauumM o0 AocTonpumMmedaTelbHOCTU N pecTopaHax, 40 MHPOopMaLMK rae HaMTM MacKapaZHble KOCTIOMbI.
(2,3]

PucyHok 1 —«Bcsi MockBa Ha nagoHke» 1857 roaa [3]

Mo3xke nossnsetca «lMyTeBoauMTenb nNo MockBe C ee [APEeBHUMM U COBPEMEHHbIMU
A0CTONPUMEYATENIbHOCTAMM N OKpecTHocTAMMY» 1905, B KOTOPOM B OTIMUYMK OT NPeablAyLLEro U3gaHna umeet
unnocTpupoBanune. [4] B uenom nocsieaylowme M3LaHUA YBEANYMAU KOMMYECTBO KapTorpaduyeckoro w
WANIOCTPALMOHHOro MaTepuana. BaxkHo OTMETUTb, YTO B AOPEBO/IIOLMOHHbIN Nepnoa UcTopuyeckme ceeaeHus
TYpPUCTY NepenaBanucb B 3x popmax: TEKCT, KapTbl U U306parkeHua. MyTeBoguTenb He 6bin Npocto Habopom
HeWTpanbHOro nepeyHs ¢pakToB. O6BEKTbI M3BUPANUCL U3AAHUSAMU B 3aBUCUMOCTU OT Liean M3gaHusa. Noatomy
NyTeBOANTENb BbINO/HAA CNPABOYHYIO, NO3HABATE/IbHYIO U KY/IbTYPHO NPOCBETUTENLCKYIO AEATENbHOCTb. [ocne
pPeBONOLUMN TYPU3M NPeTepnesn MHOMXKECTBO M3MeHeHUA. Ecan cpaBHMBATL AOPEBOIOLUMOHHbBIA U COBETCKOWM
TYPWU3M, HO MOKHO 3aMeTUTb pasHuLy B LA. [lo peBositoummn 6biam 6oratble U CpegHuii Knacc, nocse pesosioLmum
NoABU/ICA MacCOBbIM Typusm. [yTeBoaUTENU YXKe U3 UHAMBUCTYANbHOCTM NepewnnM Ha 6osee LWMPOKYIo
ayauTtopuio.

K nokasaTenbHOMY NpUMepy MOMKHO OTHecTM «CrnpaBOYHMK-NYTEBOAMTENb OTNYCKHMKA: Bosra, Kpbim,
KaBKka3» 1933 rofa cnpaBoYHMK COAEPHKUT MHGOPMALMIO O TPEX NOMNYAAPHbIX TYPUCTUUECKUX HanpaBAeHUAX: No
Bonre, Kpbimy u Kaskasy. Co4yeTaHWe CNpaBOYHOM W NyTEBOAUTENLHON WMHbOPMaUMU AEMOHCTPUpPYET
NPaKTUYECKYIO HanpaBAEHHOCTb M3aaHuA. [5]

Bo BTOpoOi1 NnosioBMHe XX BeKa COBETCKan iMTepaTypa Noay4unna ganbHeiwee pa3sutue. B nytesogutensx
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Mcnosb3oBanancb ¢otorpadmm, KapTbl, CXEMbl MapLUPYTOB M KpaTKME MUCTOpUYEecKMe cnpasBku. OgHUM U3
NPUMepPOB Takux NyTesoantenen agasaetca «Mos poanHa- CCCP». OH cogepKuT 4 rnaBHbIx pasgena: «lamaTHble
NeHnHckme mecta», «OpaeHa PoauHbl Ha 3HameHax KoMcomona», « OTYM3HbI BEpHble CbiHbI», «[1o ropogam
namaTHMKam». Takne nyTeBogMTENN NOMOFaM OPraHM3aTOPaM LUKO/IbHbIX U CTYAEHYECKMX NOE3A0K U CAYXKUAN
nocobuem ans npenogasatesien U 3KCKYPCOBOAOB. [6]

B coBeTCKMI Nepuos Npom3oLen Nepexos U3 onncateNlbHom mogenu K 6onee CTPyKTYPHOM, B KOTOPOW
NCTOPUYECKME CBEAEHUSA BKAOYANUCH B ONPeaeNEHHbIA MapLUpyT M TEM CaMbIM NPeanarann NnoceTuTb TYpUCTam.
Bbibop 06beKTOB U POPMYIMPOBKA XapaKTEPUCTUK 3aBUCEIN OT KOHTEKCTa anoxu. Moatomy nytesoauTenu B
COBETCKOE BpeMsa bbliv He NPOCTO CPeACTBOM TYPUCTUUECKON HaBUraLUM, HO U MexaHU3MOM GopmMUpoBaHKA
onpeaeneHHoro npeacTaBaeHna 06 NCTOPUYECKOM NPOCTPAHCTBE CTPaHbI.

OCHOBHOWM NpPUHUMM, YTO Y AOPEBOJIIOLMOHHOIO M COBETCKOFO MyTeBOAMTENA B CAeAylOWeM: TYpUCT
rnosly4aeT 3apaHee NOAroTOB/EHHY MHPOPMALMIO B NEYATHOM BUAE M CaMOCTOATENIbHO NocellaeT 06beKT. A
TEHAEHUMA MW3MEHEHWUA NyTeBOAMTENA BbIMNAAUT TaK: BO-NEPBbIX: pacWMpuaacb ayautopua TYPUCTKOM
NNTepaTypbl, T.€. OT UHAMBUAYANbHOCTU U CAMOCTOATENBHOCTU K MACCOBOCTM U OnpeaeneHHOMY MapLupyTy. Bo-
BTOPbIX, yBEANYEHME KOJIMYECTBA BM3Yya/IbHbIX MAaTEPUANOB, OT PUCYHKOB, CXeM U MapLupyTos, Ao dotorpaduin n
KapT. B-TpeTbux, McTopuyeckana MHPopmaLma, cTana TecHee CBA3aHa C opraHM3aumen TYpUCTMYeCKoro MapLpyTa
KaKk npumep: «MamaATHble JIeHUHCKMe mecTa».

BaKHbIM 3Tan pas3BuTUA NyTeBoAMTENeN CBA3AH C M3MeHeHMemM WHGOOPMALMOHHONO MPOCTPAHCTBA M
3BOJIIOLMM Nepefayn CBEAEHWIN. ITOT MNepuog XapaKTepusyeTcA nepexogom OT NeyaTHOro matepuana K
umdposoit cpege. OcobeHHOo ¢ pacnpocTpaHeHnem cmapTpoHos B 2010-x. CHayana NosBUANCL SNEKTPOHHbIE
BEPCUK, KOTOpble MOHa4any MpocTo KonuMpoBaan OymarkHble, HO MOTOM OOPOC/AM MNOWUCKOM, CCbIIKaMM,
obHoBNsiEeMbIMM AaHHbIMW. [anblle yxe oTgesnbHble GOpmaTbl: MOOW/bHbIE MPUAOKEHUA U ayAnOrUAbl
(izi., TRAVEL, rmgbl npu my3esnx), MHTepaKTUBHbIE KapTbl, a B MocaeaHue rofbl UCTOPUYECKME MOAKACTbl MPo
KOHKpEeTHble ropoAa W MNaMATHUKW. TypucT nepecTan 3aBUMCETb OT OAHOM KHUIMK. Tenepb OH cobupaer
MHOOPMALUMIO HA XOAY, M3 HECKOJIbKMX MCTOYHMKOB, M 4acTo nNpsAmo y obbekTa goctaeT TenedoH, 4Tobbl
YTOYHWUTb, YTO NEepes HUM.

Ho nomeHAncA He TONbKO HOCUTEIb NOMEHANACh CaMa NoZava. MNeyaTHbIV TEKCT NpeanonaraeT YTeHne m
onpefeneHHyl0 AUCTaHUMIO MeXAy aBTOPOM M yuTaTenem. Ayamo, U OCOOEHHO MOoAKAcT, 3Ty AMCTaHLMIO
COKpaLLLaeT: UCTOPMIO PACCKa3bIBAKOT rOJIOCOM, C MHTOHAUMeER, MHOr4a B dopmaTe pasroBopa ABYX BEAYLLMX UK
KOPOTKOro ctoxeta. Caywatb TaKoe MHOMMM MPOLLE U MHTEPECHEee, YEM BbIYMTLIBATb CyXyHO Cnpasky. o cyTu
NPOM30LLEN CABUM OT YTEHWUSA K C/IYLLAHMIO, U MHE OH KaeTcs O4HOM M3 CaMbiX NOKa3aTesibHbIX YEPT BCEN 3TOW
3BOJIIOLMU -UCTOPMA NPEBPATUAACL B TO, YTO PACCKA3bIBAOT, @ HE TOJIbKO B TO, YTO HaneyaTaHo.

Mpy 3TOM CTapblit ByMaXKHbIM NyTeBOAMTENb NO-NPeXKHeMYy BepyT B A0pory XoTs 6bl NOTOMY, YTO PUCK
BHE3aMHOMO OTK/IOYEHUA MUTAHUA UCKAIOYEH U He TpebyeT cBA3W, a elle CTaHOBUTCA MPUATHBbIM NAMATHLIM
cyBeHupom. Lindposblie ke popmaTtbl Aann TO, YEFO Y KHUMM He Oblno: 06HOBNAEHME AaHHbIX, NEePCOHA/bHble
MapLLpPYTbl, BbIOOP A3blKa, pasHyto r1ybuHY pacckasa, MHTEPAKTUBHOCTb. TO eCTb peyb He NpPo 3ameHy 04HOro
APYr1Mm, a Npo TO, YTO BCA CUCTEMa Nepesaym UCTopUYeckon MHGopMaL MM CTana CAOXKHEE U LIMpE.

3aKknoueHue

Ecnmn 0606WnTb, pasBuTHE L0 Yepes HaKoMIeHNe BO3MOXKHOCTel. MyTeBoaMTeNb OTBEYAN 33 CTPYKTYPY
W MNOSHOTY, NPU/IOXKEHUEe [,06aBUAO MOBUALHOCTb U OBHOBNAEMOCTb, NOAKACT CAENAN CTaBKy HAa IMOLMIO U
paccKkas. BmecTe € 3TMM M3MEHM/ICA U CaM TYPUCT, OH CTaNl CAaMOCTOATE/IbHEE, CaM PeLUlaeT, rae, Kak U CKObKO
WUCTOPUYECKUX CBEAEHUN eMy MoAyYnTb. M 3TO BNOAHE NIOMMYHBLIN UTOT UMGPOBU3ALLMKM, KOTOPAsA 3aTPOHyANa
TYPM3M POBHO TaK e, KaK 1 apyrne chepbl KyAbTypbl. IBOMOLUA POCCUACKMUX NYyTEBOAUTENEN NOKA3bIBAET, YTO
n3MeHeHne cnocoboB nepesayn UCTOpUYECKON MHOOPMALMKM NPOUCXOAUT NOCTeneHHOo. Mpu 3Tom passutue
nyTeBOAMTENA HENb3A PACCMATPUBATL WCKAOUYUTENBHO KaK WM3MEHEeHWEe ero MaTepuasibHoro HocuTens.

OaHoBpemMeHHo TpaHchopmMMpoBanach cama MoAe b B3aUMOAENCTBUA TYPUCTa C UCTOPUYECKON MHPOPMaLMEN:
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OT YTEHMA OMUCaHUA OOBEKTA K BOCMPUATUIO B COCTaBe TYPUCTUYECKOrO MapLlipyTa M B KOHLE KOHLOB K
UMEPCUBHOM UMDPOBM3ALUN.
CnN1coK Ucnonb3oBaHHOW ANTepPaTypbl:

1.M. WN. PyumHckaa nyTteBoauTeNb Kak GeHOMeH MaccoBOW KyabTypbl https://cyberleninka.ru/article/n/i-i-
rutsinskaya-putevoditel-kak-fenomen-massovoy-kultury/viewer
2. cTopuun BeLLei: YTO MOMKHO HalTK B KapMaHHbIX nyTesoauTenax no Mockse XIX n XX sekos / HosocTu ropoaa
/ Caitt Mocksbl https://www.mos.ru/news/item/42958073/
3. Bca MocKBa Ha 1ago'HKb (KapMaHHas KHUXKa) — 1857 https://djvu.online/file/q1vVdTOfHYfXI
4. NyTeBoanTenb Nno MocKBe C ee APEeBHUMMU U COBPEMEHHbBIMW LOCTONPUMEYATENIBHOCTAMU M OKPECTHOCTAMM
(1905)
[000199_ 000009 _003729923]https://rusneb.ru/catalog/000199_000009_003729923/?ysclid=mud4w5qqytm13
4366593
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marasumHe MarasuH CCCP B Opne Ha YBM Ha AHaekc MapkeTe https://market.yandex.ru/card/vladimir-galchits-
moya-rodina-sssr-kniga-sssr-istoricheskaya-literatura/6158948424?do-
waremd5=IQpdvegrs22c3KsmC3_bzA&ysclid=mu6qdiya697262339
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GLORIOUS 35TH ANNIVERSARY OF INDEPENDENCE: PRINCIPLES OF NATIONAL
STATEHOOD AND ACHIEVEMENTS

Abstract

This article examines the core principles of national statehood, political stability, and socio-economic
achievements of modern Turkmenistan as it approaches the milestone of its 35th anniversary of independence.
The study analyzes the historical trajectory of national sovereignty, highlighting the dynamic interplay between
deep-rooted traditions and modern political institutions. Special emphasis is placed on the legal and
philosophical foundations of the nation's permanent neutrality status, economic diversification strategies, large-
scale infrastructure projects, and the implementation of futuristic urban development projects such as Arkadag
City. The paper concludes that Turkmenistan’s model of statehood successfully balances national heritage with
innovative international cooperation, securing its place as a stable, prosperous actor on the global stage.

Keywords:
Turkmenistan, independence, national statehood, permanent neutrality, socio-economic
development, arkadag city, foreign policy, sovereignty
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Introduction

The celebration of the 35th anniversary of independence marks a defining historical epoch for
Turkmenistan, symbolizing the maturation of its national statehood, socio-economic self-reliance, and
international prestige. Since acquiring sovereignty, Turkmenistan has navigated a transformative path from a
resource-dependent post-Soviet territory to a modern, self-sustaining nation-state governed by the principles of
stability, peace, and sustainable development. The historical imperative of independence provided the nation
with an unprecedented opportunity to revive its rich heritage, institutionalize traditional Turkmen governance
values, and construct a socio-political architecture tailored specifically to the needs and aspirations of its people.
Central to this evolutionary journey has been the strategic establishment of robust constitutional foundations,
continuous institutional modernization, and a unwavering commitment to human-centric state policies.

At the heart of Turkmenistan’s sovereign identity lies its constitutional commitment to permanent
neutrality, a status recognized and reaffirmed by multiple United Nations General Assembly resolutions. This
unique diplomatic paradigm has served not merely as a foreign policy tool, but as a foundational pillar of national
statehood. It has enabled Turkmenistan to maintain constructive, balanced relations with global powers, foster
regional stability across Central Asia, and position itself as an international hub for peaceful dialogue and
mediation. Domestically, the philosophy of "The State is for Human Being!" has guided public investments toward
public health, advanced education, social welfare, and comprehensive digital transformation, ensuring that the
fruits of national sovereignty directly enhance the quality of life for all citizens.

Economically, the past three and a half decades have witnessed a dramatic structural reallocation of the
national economy. Moving beyond raw material extraction, Turkmenistan has strategically invested in high-value
processing industries, petrochemical production, power generation, and advanced transport-logistics networks.
Major infrastructure undertakings—such as international transit corridors, modern seaports, and cross-border
energy pipelines—have transformed the nation into a vital crossroad of Eurasian connectivity. Simultaneously,
urban construction and regional development programs have redefined the socio-spatial landscape of the
country, epitomized by the creation of Arkadag City, a smart, ecologically sustainable urban center that
demonstrates the integration of digital technology, green architecture, and national identity.

Looking forward, the 35th anniversary of independence serves both as a moment of national pride and an
analytical vantage point to assess the future trajectory of Turkmen statehood. As global geopolitical and
economic dynamics continue to shift, Turkmenistan’s proven principles of sovereign neutrality, economic
resilience, and historical continuity provide a resilient framework for future progress. Understanding this journey
requires an examination of the legal-institutional mechanics, economic achievements, and international
initiatives that collectively define modern Turkmen statehood on its glorious milestone.
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DEVELOPMENT OF THE DIGITAL ECONOMY IN INDEPENDENT TURKMENISTAN
AND ITS ROLE IN PUBLIC ADMINISTRATION

Abstract

This article examines the strategic implementation of the digital economy in independent Turkmenistan
and its transformative impact on the public administration sector. Driven by national development agendas such
as the "Concept for the Development of the Digital Economy in Turkmenistan for 2019-2025," the country is
systematically modernizing its governance infrastructure, industrial sectors, and public services. The study
explores key components of state-led digitalization, including the integration of electronic government (e-
government) portals, electronic document management systems (EDMS), and secure cloud infrastructure.
Furthermore, it highlights the administrative efficiency, transparency, and data-driven decision-making achieved
through digital platforms. By transitioning from traditional bureaucratic models to agile, ICT-based frameworks,
Turkmenistan enhances its administrative capacity while facilitating sustainable socio-economic growth and
regional integration.

Keywords:
digital economy, public administration, turkmenistan, e-government, electronic document management,
information and communication technology, governance modernization.

Introduction

In the modern era, the rapid evolution of Information and Communication Technologies (ICT) has
fundamentally reshaped global economic structures and administrative frameworks. For sovereign states aiming
to enhance their national competitiveness, the transition toward a digital economy is no longer merely an option,
but a strategic necessity. In independent Turkmenistan, the systematic adoption of digital technologies serves as
a foundational pillar of comprehensive national modernization. Recognized as a critical catalyst for sustainable
socio-economic development, the digital economy plays a transformative role in streamlining public
administration, improving business environments, and optimizing public service delivery across all administrative
tiers.

The political and legal foundations of Turkmenistan's digital transformation are anchored in long-term
state programs, most notably the "Concept for the Development of the Digital Economy in Turkmenistan for
2019-2025." This strategy outlines a phased blueprint designed to modernize industrial infrastructure, foster
innovation, reduce administrative overhead, and bridge the digital divide between urban and regional areas. A
major objective within this framework is the complete modernization of public administration. Traditional
bureaucratic systems, characterized by paper-heavy procedures and prolonged processing cycles, are
systematically being replaced by integrated electronic government (e-government) architectures, secure cloud
storage facilities, and automated administrative workflows.

The integration of digital platforms into public administration has yielded structural advantages across
state institutions. Central to this evolution is the implementation of unified Electronic Document Management
Systems (EDMS), which standardize inter-departmental communication, accelerate decision-making, and
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significantly enhance operational transparency. State agencies now utilize centralized data centers to process
public requests, manage regulatory registers, and collect statistical indicators in real time. Moreover, digital tools
have transformed the interface between citizens and the state. Through centralized state service portals, citizens
and commercial entities can access administrative permissions, tax filings, licensing services, and civic records
digitally, reducing bureaucratic friction and operational costs.

Financially and industrially, digitalization underpins the optimization of Turkmenistan's core economic
sectors, including energy, agriculture, logistics, and banking. Modern public administration leverages digital
analytics to monitor state-funded projects, regulate trade flows, and manage national resource allocation with
higher precision. Cybersecurity and data sovereignty also form a critical component of Turkmenistan’s digital
agenda, ensuring that public databases and municipal infrastructure remain resilient against external
vulnerabilities. As the nation advances its digital footprint, the synthesis of digital economic strategies with public
administrative reform continues to strengthen institutional efficiency, reinforce national sovereignty, and
position Turkmenistan as an active participant in the regional digital landscape.
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INNOVATING PEDAGOGICAL FRAMEWORKS FOR ENTREPRENEURIAL LEADERSHIP
AND ENTERPRISE DEVELOPMENT

Abstract

The rapid transformation of the global economic landscape and the increasing volatility of modern
commercial markets necessitate a fundamental structural overhaul of educational systems, urging a decisive shift
from conventional passive instruction toward dynamic models of pedagogical innovation and entrepreneurial
empowerment. This comprehensive article explores the theoretical foundations, institutional frameworks, and
practical classroom methodologies required to seamlessly embed business acumen, risk-mitigation strategies,
and innovative problem-solving directly into academic curricula across diverse educational disciplines. By
redesigning traditional learning environments to function as active incubators for real-world commercial
enterprises, modern educators equip students with the critical thinking, financial literacy, and visionary
leadership capabilities necessary to transition from conventional job seekers to proactive business founders. The
proposed academic framework demonstrates how strategic curricular modernization actively fosters regional
economic resilience, enhances practical skill acquisition, and drives sustainable, long-term prosperity in
contemporary societies worldwide.
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Introduction

The contemporary professional and economic landscape operates within an exceptionally complex, highly
competitive, and technologically driven global marketplace that stands in sharp contrast to the traditional
methods historically taught in schools and universities. For decades, formal education remained strictly focused
on theoretical knowledge transmission and specialized disciplinary mastery, frequently neglecting the vital
commercial, financial, and strategic competencies essential for navigating modern market fluctuations and
entrepreneurial ventures. However, achieving sustainable economic development in the twenty-first century
requires graduates to act as proactive innovators capable of managing intricate business operations, leveraging
digital e-commerce channels, and identifying lucrative commercial niches. Consequently, modern pedagogical
science must enact a paradigm shift by systematically fusing educational theory with enterprise creation. This
vital integration equips learners with the economic literacy, adaptability, and forward-thinking leadership
capabilities necessary to transform academic knowledge into scalable, highly innovative business ventures that
stimulate vibrant regional and global economic growth.

Main Part

The successful realization of an entrepreneurial curriculum demands a comprehensive redesign of the
educational environment, replacing passive lecture-based instruction with immersive, project-based enterprise
creation and experiential learning methodologies. In this modernized framework, educators function as mentors
and facilitators of innovation who guide students through the complete lifecycle of a commercial venture—from
initial market viability assessments and sustainable resource allocation to detailed financial forecasting and
strategic risk management under volatile market conditions. Learners are actively encouraged to evaluate their
local and digital ecosystems for untapped commercial opportunities, such as tech startups, consultancy services,
value-added product design, or community-driven enterprise initiatives, and construct rigorous, actionable
business plans around their findings. By treating academic training grounds as active micro-incubators of
enterprise, educational institutions cultivate proactive problem-solving abilities, shifting the student mindset
from dependent job seekers to independent, innovative business leaders.

Furthermore, the accelerated digitalization of the global economy necessitates that contemporary
pedagogical strategies fully embrace technological entrepreneurship and data-driven management practices.
Modern commercial enterprises rely heavily on digital transformation tools, automated financial tracking
systems, data analytics, and direct-to-consumer digital marketing platforms to optimize operations and maximize
market reach. Integrating these advanced technological tools into academic curricula enables students to master
digital supply chain management, advanced consumer behavior analytics, and digital brand positioning. Learners
engage directly with modern e-commerce ecosystems, discovering how to leverage online platforms to reach
international audiences, reduce operational overhead costs, and enhance overall organizational efficiency
through smart software applications. This technological fluency ensures that professional education remains
profoundly relevant, attractive to tech-savvy younger generations, and tightly synchronized with the demands
of a high-tech global market.

In addition to economic and technological proficiencies, embedding entrepreneurship into educational
pedagogy profoundly impacts community leadership, social responsibility, and cooperative economic
development. Modern business education emphasizes collective enterprise, ethical leadership, and regional
value-chain integration, teaching students how to build robust collaborative networks that elevate entire
communities rather than isolated individual ventures. When young professionals are trained to foster
community-centric innovations, such as social entrepreneurship models, shared business incubators, and
sustainable resource-conservation frameworks, they actively combat economic stagnation and generate
diversified, high-value local employment opportunities. This holistic educational approach ensures that academic
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institutions serve as powerful, transformative engines for both personal economic empowerment and long-term
regional sustainability.

Conclusion

The convergence of pedagogical science, entrepreneurial training, and modern curriculum design offers
an indispensable pathway for addressing the intricate economic and social challenges confronting contemporary
societies. By systematically embedding business management principles, digital technology literacy, and market-
oriented strategies into educational frameworks, institutions can cultivate a new generation of resilient,
economically proactive, and innovative leaders. This multidimensional approach successfully dissolves the
historical boundaries between academic theory and commercial execution, ensuring that professional training
remains deeply relevant, adaptable, and fully responsive to the fluctuating demands of the global marketplace.

Ultimately, realizing the full potential of this integrated economic model requires coordinated, long-term
commitment from institutional leaders, policymakers, and curriculum developers. Future initiatives must
prioritize the expansion of practical business incubators, the continuous professional development of educators
in modern economic methodologies, and the strengthening of cooperative partnerships between academic
institutions and commercial enterprises. Through these strategic advancements, educational communities can
unlock the boundless potential of students, empowering them to pioneer prosperous, innovative, and
sustainable futures for generations to come.
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BIO-EQUESTRIAN ENTERPRISE: BRIDGING EQUINE PHYSIOLOGY,
ANIMAL WELFARE, AND SUSTAINABLE HERITAGE TOURISM

Abstract
The harmonious convergence of equine biological science, physiological welfare, and sustainable
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ecotourism entrepreneurship constitutes a groundbreaking framework for modern outdoor recreation and
regional development. As the global travel sector experiences an unprecedented surge in demand for ethical,
nature-based, and ecologically conscious experiences, traditional animal management models must transition
toward service-oriented structures anchored in rigorous veterinary science. This comprehensive article explores
the intricate physiological, biomechanical, and ethological principles that govern equine health and behavior,
establishing them as the non-negotiable operational foundation for successful equestrian tourism ventures. By
aligning commercial trekking, educational riding programs, and heritage tourism initiatives with the precise
biological limits and emotional needs of the horse, entrepreneurs can cultivate high-value, socially responsible
commercial enterprises. The proposed academic framework demonstrates how integrating advanced biological
insights with innovative ecotourism business models optimizes animal welfare, satisfies modern consumer
expectations for authentic adventure, and fosters robust, long-term economic resilience across rural
communities worldwide.
Keywords:
equine biology, ecotourism enterprise, animal physiology, sustainable development,
equestrian tourism, behavioral welfare, biomechanics.

Introduction

The contemporary tourism and agricultural sectors operate within an increasingly complex, highly
competitive, and environmentally conscious global marketplace that demands a radical re-evaluation of how
animal-based enterprises are conceptualized, structured, and managed. Historically, equine management
focused primarily on utilitarian agricultural labor, livestock breeding for physical production, or basic transport,
frequently overlooking the vast commercial potential of experiential tourism, equine sports recreation, and
animal-assisted wellness programs. However, achieving sustainable economic growth in the twenty-first century
requires modern entrepreneurs to understand that the true value of the horse lies not in commaodification, but
in its living biological mechanics, its deep historical symbiosis with human culture, and its unique capacity to
facilitate therapeutic and recreational engagement. Consequently, bridging the gap between equine biological
science and entrepreneurial ecotourism design is essential for creating viable, ethical business ventures. This
comprehensive article examines how a thorough understanding of equine anatomy, physiological endurance,
and behavioral science enables entrepreneurs to build thriving, sustainable ecotourism enterprises that honor
animal welfare while capturing lucrative global tourism markets.

Main Part

The successful establishment of a modern equine ecotourism enterprise requires a meticulous, science-
based approach to equine biomechanics, musculoskeletal health, and physiological endurance management.
Unlike mechanical tourism assets or inanimate recreational equipment, horses are living biological organisms
whose operational capacity and longevity depend entirely on optimal hoof balance, proper spinal alighment,
cardiovascular conditioning, and precise nutritional programming. Entrepreneurs operating within the
sustainable tourism sector must design trekking routes, daily riding schedules, and individual workload capacities
that align directly with the natural physiological limits of the animal, thereby preventing fatigue-related injuries
and ensuring lifelong vitality. By incorporating advanced veterinary monitoring tools, ergonomic saddle designs
tailored to equine scapular and vertebral anatomy, and scientific dietary management, business owners can
maintain elite herd health while delivering a smooth, safe, and deeply satisfying riding experience for
international tourists seeking authentic outdoor adventures.

Furthermore, integrating equine behavioral psychology and ethology into commercial operations is vital
for curating engaging, safe, and educational ecotourism experiences that resonate with modern consumers.
Today's travelers are increasingly drawn to ethical, humane animal interactions, seeking a genuine connection
with nature and living creatures rather than passive, industrialized entertainment. Equine tourism businesses
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can capitalize on this profound consumer shift by offering specialized educational workshops on horse
communication, herd dynamics, and natural horsemanship, effectively transforming routine trail rides into
immersive learning expeditions. Entrepreneurs who train their staff in positive reinforcement techniques, low-
stress handling, and behavioral observation create relaxed, cooperative equine partners that project calmness
and reliability to visitors. This proactive focus on behavioral science not only enhances animal welfare and
reduces operational liability risks, but also elevates the enterprise into a premium, high-value ecotourism brand
capable of attracting discerning travelers from around the globe.

In addition to biological and behavioral management, the long-term financial stability of an equine
ecotourism venture relies heavily on strategic service diversification, digital marketing integration, and
community-centric value-chain partnerships. Successful equine entrepreneurs rarely depend on trail riding
alone; instead, they integrate multi-faceted revenue streams such as cultural heritage storytelling, equestrian
photography workshops, wellness retreats featuring equine-assisted mindfulness, and localized artisanal product
sales. By utilizing digital e-commerce platforms, global booking channels, and targeted social media storytelling,
businesses can market their unique ecological and cultural offerings directly to international adventure tourists.
Moreover, collaborating with regional craft artisans, local homestays, and national park authorities allows
ecotourism operators to build robust collaborative networks that distribute economic benefits throughout the
entire rural community, ensuring long-term regional stability and environmental stewardship.

Conclusion

The convergence of equine biological science, behavioral psychology, and sustainable ecotourism
entrepreneurship offers a transformative pathway for developing ethical, highly profitable, and culturally
enriching commercial enterprises. By grounding business operations in a profound respect for animal physiology
and welfare, entrepreneurs can build resilient ventures that successfully meet the rising global demand for
authentic, nature-based, and responsible travel experiences. This multidimensional approach successfully
dissolves the traditional boundaries between commercial exploitation and ethical animal husbandry,
demonstrating that prioritizing biological health and ecological balance is the ultimate driver of long-term
business success.

Ultimately, realizing the full potential of this integrated economic model requires coordinated vision from
tourism developers, agricultural policymakers, and equine specialists. Future industry initiatives must prioritize
specialized training programs in equine enterprise management, establish rigorous welfare standards for
adventure tourism livestock, and foster international partnerships that promote sustainable heritage travel.
Through these strategic advancements, the equestrian tourism sector can unlock unprecedented economic
opportunities while preserving the majestic biological and cultural legacy of the horse for generations to come.
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Abstract
The modern interface between equine biological science and sustainable ecotourism entrepreneurship
presents a transformative paradigm for developing ethical, nature-based commercial ventures. As global tourism
shifts away from exploitative models toward conscious, eco-friendly exploration, traditional animal management
must evolve to incorporate rigorous insights from equine physiology, biomechanics, and behavioral psychology.
This article examines the fundamental biological parameters governing equine health, locomotion, and stress
mitigation, demonstrating how these scientific criteria form the operational core of successful equestrian
tourism enterprises. By aligning commercial trekking and educational recreational programs with the natural
physiological limits and psychological welfare of the animal, entrepreneurs can cultivate high-value, socially
responsible businesses. The proposed framework highlights how integrating advanced veterinary science with
innovative ecotourism models enhances animal welfare, satisfies growing consumer demand for authentic
outdoor experiences, and stimulates long-term regional economic resilience.
Keywords:
equine biology, ecotourism, enterprise management, animal physiology, sustainable development,
equestrian recreation, behavioral welfare.

Introduction

The contemporary tourism and agricultural sectors operate within an increasingly complex, highly
competitive, and environmentally conscious global marketplace that demands a radical re-evaluation of how
animal-based enterprises are conceptualized and managed. Historically, equine management focused primarily
on utilitarian agricultural labor, livestock breeding for physical production, or basic transport, frequently
overlooking the vast commercial potential of experiential tourism, equine sports recreation, and animal-assisted
wellness programs. However, achieving sustainable economic growth in the twenty-first century requires
modern entrepreneurs to understand that the true value of the horse lies not in commaodification, but in its living
biological mechanics, its deep historical symbiosis with human culture, and its unique capacity to facilitate
therapeutic and recreational engagement. Consequently, bridging the gap between equine biological science
and entrepreneurial ecotourism design is essential for creating viable, ethical business ventures. This
comprehensive article examines how a thorough understanding of equine anatomy, physiological endurance,
and behavioral science enables entrepreneurs to build thriving, sustainable ecotourism enterprises that honor
animal welfare while capturing lucrative global tourism markets.

Main Part

The successful establishment of an equine ecotourism enterprise begins with a rigorous application of
equine biology, specifically regarding biomechanics, musculoskeletal health, and physiological endurance
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management. Unlike mechanical tourism assets, horses are living biological systems whose operational capacity
depends entirely on optimal hoof balance, spinal alignment, cardiovascular conditioning, and nutritional science.
Entrepreneurs in the sustainable tourism sector must design trekking routes, riding schedules, and workload
capacities that align directly with the natural physiological limits of the animal, preventing fatigue-related injuries
and ensuring long-term vitality. By incorporating advanced veterinary monitoring, ergonomic saddle design
based on equine scapular and vertebral anatomy, and scientific dietary programming, business owners can
maintain elite herd health while delivering a smooth, safe, and deeply satisfying riding experience for
international tourists seeking authentic outdoor adventures.

Furthermore, leveraging equine behavioral psychology and ethology is vital for curating engaging, safe,
and educational ecotourism experiences that resonate with modern consumers. Modern travelers are
increasingly drawn to ethical, humane animal interactions, seeking a deeper connection with nature rather than
passive entertainment. Equine businesses can capitalize on this demand by offering specialized educational
workshops on horse communication, herd dynamics, and natural horsemanship, transforming routine trail rides
into immersive learning expeditions. Entrepreneurs who train their staff in positive reinforcement techniques
and stress-free handling create relaxed, cooperative equine partners that project calmness and reliability to
visitors. This focus on behavioral science not only enhances animal welfare and reduces liability risks but also
elevates the enterprise into a premium, high-value ecotourism brand capable of attracting discerning travelers
from around the globe.

In addition to biological and behavioral management, the financial sustainability of an equine ecotourism
venture relies heavily on strategic diversification, digital marketing integration, and community-centric value-
chain partnerships. Successful equine entrepreneurs rarely depend on trail riding alone; instead, they integrate
multi-faceted revenue streams such as cultural heritage storytelling, equestrian photography workshops,
wellness retreats featuring equine-assisted mindfulness, and localized artisanal product sales. By utilizing digital
e-commerce platforms, global booking channels, and targeted social media storytelling, businesses can market
their unique ecological and cultural offerings directly to international adventure tourists. Moreover,
collaborating with regional craft artisans, local homestays, and national park authorities allows ecotourism
operators to build robust collaborative networks that distribute economic benefits throughout the entire rural
community, ensuring long-term regional stability and environmental stewardship.

Conclusion

The convergence of equine biological science, behavioral psychology, and sustainable ecotourism
entrepreneurship offers a transformative pathway for developing ethical, highly profitable, and culturally
enriching commercial enterprises. By grounding business operations in a profound respect for animal physiology
and welfare, entrepreneurs can build resilient ventures that successfully meet the rising global demand for
authentic, nature-based, and responsible travel experiences. This multidimensional approach successfully
dissolves the traditional boundaries between commercial exploitation and ethical animal husbandry,
demonstrating that prioritizing biological health and ecological balance is the ultimate driver of long-term
business success.

Ultimately, realizing the full potential of this integrated economic model requires coordinated vision from
tourism developers, agricultural policymakers, and equine specialists. Future industry initiatives must prioritize
specialized training programs in equine enterprise management, establish rigorous welfare standards for
adventure tourism livestock, and foster international partnerships that promote sustainable heritage travel.
Through these strategic advancements, the equestrian tourism sector can unlock unprecedented economic
opportunities while preserving the majestic biological and cultural legacy of the horse for generations to come.
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Abstract
The modern interface between equine biological science and sustainable ecotourism entrepreneurship
presents a transformative paradigm for developing ethical, nature-based commercial ventures. As global tourism
shifts away from exploitative models toward conscious, eco-friendly exploration, traditional animal management
must evolve to incorporate rigorous insights from equine physiology, biomechanics, and behavioral psychology.
This article examines the fundamental biological parameters governing equine health, locomotion, and stress
mitigation, demonstrating how these scientific criteria form the operational core of successful equestrian
tourism enterprises. By aligning commercial trekking and educational recreational programs with the natural
physiological limits and psychological welfare of the animal, entrepreneurs can cultivate high-value, socially
responsible businesses. The proposed framework highlights how integrating advanced veterinary science with
innovative ecotourism models enhances animal welfare, satisfies growing consumer demand for authentic
outdoor experiences, and stimulates long-term regional economic resilience.
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Introduction

The contemporary tourism and agricultural sectors operate within an increasingly complex, highly
competitive, and environmentally conscious global marketplace that demands a radical re-evaluation of how
animal-based enterprises are conceptualized and managed. Historically, equine management focused primarily
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on utilitarian agricultural labor, livestock breeding for physical production, or basic transport, frequently
overlooking the vast commercial potential of experiential tourism, equine sports recreation, and animal-assisted
wellness programs. However, achieving sustainable economic growth in the twenty-first century requires
modern entrepreneurs to understand that the true value of the horse lies not in commaodification, but in its living
biological mechanics, its deep historical symbiosis with human culture, and its unique capacity to facilitate
therapeutic and recreational engagement. Consequently, bridging the gap between equine biological science
and entrepreneurial ecotourism design is essential for creating viable, ethical business ventures. This
comprehensive article examines how a thorough understanding of equine anatomy, physiological endurance,
and behavioral science enables entrepreneurs to build thriving, sustainable ecotourism enterprises that honor
animal welfare while capturing lucrative global tourism markets.

Main Part

The successful establishment of an equine ecotourism enterprise begins with a rigorous application of
equine biology, specifically regarding biomechanics, musculoskeletal health, and physiological endurance
management. Unlike mechanical tourism assets, horses are living biological systems whose operational capacity
depends entirely on optimal hoof balance, spinal alignment, cardiovascular conditioning, and nutritional science.
Entrepreneurs in the sustainable tourism sector must design trekking routes, riding schedules, and workload
capacities that align directly with the natural physiological limits of the animal, preventing fatigue-related injuries
and ensuring long-term vitality. By incorporating advanced veterinary monitoring, ergonomic saddle design
based on equine scapular and vertebral anatomy, and scientific dietary programming, business owners can
maintain elite herd health while delivering a smooth, safe, and deeply satisfying riding experience for
international tourists seeking authentic outdoor adventures.

Furthermore, leveraging equine behavioral psychology and ethology is vital for curating engaging, safe,
and educational ecotourism experiences that resonate with modern consumers. Modern travelers are
increasingly drawn to ethical, humane animal interactions, seeking a deeper connection with nature rather than
passive entertainment. Equine businesses can capitalize on this demand by offering specialized educational
workshops on horse communication, herd dynamics, and natural horsemanship, transforming routine trail rides
into immersive learning expeditions. Entrepreneurs who train their staff in positive reinforcement techniques
and stress-free handling create relaxed, cooperative equine partners that project calmness and reliability to
visitors. This focus on behavioral science not only enhances animal welfare and reduces liability risks but also
elevates the enterprise into a premium, high-value ecotourism brand capable of attracting discerning travelers
from around the globe.

In addition to biological and behavioral management, the financial sustainability of an equine ecotourism
venture relies heavily on strategic diversification, digital marketing integration, and community-centric value-
chain partnerships. Successful equine entrepreneurs rarely depend on trail riding alone; instead, they integrate
multi-faceted revenue streams such as cultural heritage storytelling, equestrian photography workshops,
wellness retreats featuring equine-assisted mindfulness, and localized artisanal product sales. By utilizing digital
e-commerce platforms, global booking channels, and targeted social media storytelling, businesses can market
their unique ecological and cultural offerings directly to international adventure tourists. Moreover,
collaborating with regional craft artisans, local homestays, and national park authorities allows ecotourism
operators to build robust collaborative networks that distribute economic benefits throughout the entire rural
community, ensuring long-term regional stability and environmental stewardship.

Conclusion

The convergence of equine biological science, behavioral psychology, and sustainable ecotourism
entrepreneurship offers a transformative pathway for developing ethical, highly profitable, and culturally
enriching commercial enterprises. By grounding business operations in a profound respect for animal physiology
and welfare, entrepreneurs can build resilient ventures that successfully meet the rising global demand for
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authentic, nature-based, and responsible travel experiences. This multidimensional approach successfully
dissolves the traditional boundaries between commercial exploitation and ethical animal husbandry,
demonstrating that prioritizing biological health and ecological balance is the ultimate driver of long-term
business success.

Ultimately, realizing the full potential of this integrated economic model requires coordinated vision from
tourism developers, agricultural policymakers, and equine specialists. Future industry initiatives must prioritize
specialized training programs in equine enterprise management, establish rigorous welfare standards for
adventure tourism livestock, and foster international partnerships that promote sustainable heritage travel.
Through these strategic advancements, the equestrian tourism sector can unlock unprecedented economic
opportunities while preserving the majestic biological and cultural legacy of the horse for generations to come.
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PEDAGOGICAL INNOVATIONS, ENTERPRISE INCUBATION, AND THE INTEGRATION OF ENTREPRENEURIAL
THINKING IN MODERN ACADEMIC ECOSYSTEMS

Abstract

The continuous acceleration of the global economy, combined with the structural volatility of modern
industrial markets, necessitates a fundamental paradigm shift in contemporary educational philosophy, urging a
decisive transition from traditional passive instruction toward an integrated model of pedagogical innovation
and entrepreneurial empowerment. This comprehensive article explores the theoretical foundations,
institutional frameworks, and practical classroom methodologies required to seamlessly embed commercial
acumen, risk-mitigation strategies, and innovative problem-solving directly into academic curricula across
diverse educational disciplines. By redesigning traditional learning environments to function as active incubators
for real-world commercial enterprises, modern educators equip students with the critical thinking, financial
literacy, and visionary leadership capabilities necessary to transition from conventional job seekers to proactive
business founders. The proposed academic framework demonstrates how strategic curricular modernization
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actively fosters regional economic resilience, enhances practical skill acquisition, and drives sustainable, long-
term prosperity in contemporary societies worldwide.
Keywords:
pedagogy, entrepreneurship education, educational innovation, commercial acumen,
curriculum development, business management, economic resilience.

Introduction

The contemporary professional and economic landscape operates within an exceptionally complex, highly
competitive, and technologically driven global marketplace that stands in sharp contrast to the traditional
methods historically taught in schools and universities. For decades, formal education remained strictly focused
on theoretical knowledge transmission and specialized disciplinary mastery, frequently neglecting the vital
commercial, financial, and strategic competencies essential for navigating modern market fluctuations and
entrepreneurial ventures. However, achieving sustainable economic development in the twenty-first century
requires graduates to act as proactive innovators capable of managing intricate business operations, leveraging
digital e-commerce channels, and identifying lucrative commercial niches. Consequently, modern pedagogical
science must enact a paradigm shift by systematically fusing educational theory with enterprise creation. This
vital integration equips learners with the economic literacy, adaptability, and forward-thinking leadership
capabilities necessary to transform academic knowledge into scalable, highly innovative business ventures that
stimulate vibrant regional and global economic growth.

Main Part

The successful realization of an entrepreneurial curriculum demands a comprehensive redesign of the
educational environment, replacing passive lecture-based instruction with immersive, project-based enterprise
creation and experiential learning methodologies. In this modernized framework, educators function as mentors
and facilitators of innovation who guide students through the complete lifecycle of a commercial venture—from
initial market viability assessments and sustainable resource allocation to detailed financial forecasting and
strategic risk management under volatile market conditions. Learners are actively encouraged to evaluate their
local and digital ecosystems for untapped commercial opportunities, such as tech startups, consultancy services,
value-added product design, or community-driven enterprise initiatives, and construct rigorous, actionable
business plans around their findings. By treating academic training grounds as active micro-incubators of
enterprise, educational institutions cultivate proactive problem-solving abilities, shifting the student mindset
from dependent job seekers to independent, innovative business leaders.

Furthermore, the accelerated digitalization of the global economy necessitates that contemporary
pedagogical strategies fully embrace technological entrepreneurship and data-driven management practices.
Modern commercial enterprises rely heavily on digital transformation tools, automated financial tracking
systems, data analytics, and direct-to-consumer digital marketing platforms to optimize operations and maximize
market reach. Integrating these advanced technological tools into academic curricula enables students to master
digital supply chain management, advanced consumer behavior analytics, and digital brand positioning. Learners
engage directly with modern e-commerce ecosystems, discovering how to leverage online platforms to reach
international audiences, reduce operational overhead costs, and enhance overall organizational efficiency
through smart software applications. This technological fluency ensures that professional education remains
profoundly relevant, attractive to tech-savvy younger generations, and tightly synchronized with the demands
of a high-tech global market.

In addition to economic and technological proficiencies, embedding entrepreneurship into educational
pedagogy profoundly impacts community leadership, social responsibility, and cooperative economic
development. Modern business education emphasizes collective enterprise, ethical leadership, and regional
value-chain integration, teaching students how to build robust collaborative networks that elevate entire
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communities rather than isolated individual ventures. When young professionals are trained to foster
community-centric innovations, such as social entrepreneurship models, shared business incubators, and
sustainable resource-conservation frameworks, they actively combat economic stagnation and generate
diversified, high-value local employment opportunities. This holistic educational approach ensures that academic
institutions serve as powerful, transformative engines for both personal economic empowerment and long-term
regional sustainability.

Conclusion

The convergence of pedagogical science, entrepreneurial training, and modern curriculum design offers
an indispensable pathway for addressing the intricate economic and social challenges confronting contemporary
societies. By systematically embedding business management principles, digital technology literacy, and market-
oriented strategies into educational frameworks, institutions can cultivate a new generation of resilient,
economically proactive, and innovative leaders. This multidimensional approach successfully dissolves the
historical boundaries between academic theory and commercial execution, ensuring that professional training
remains deeply relevant, adaptable, and fully responsive to the fluctuating demands of the global marketplace.

Ultimately, realizing the full potential of this integrated economic model requires coordinated, long-term
commitment from institutional leaders, policymakers, and curriculum developers. Future initiatives must
prioritize the expansion of practical business incubators, the continuous professional development of educators
in modern economic methodologies, and the strengthening of cooperative partnerships between academic
institutions and commercial enterprises. Through these strategic advancements, educational communities can
unlock the boundless potential of students, empowering them to pioneer prosperous, innovative, and
sustainable futures for generations to come.
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BHUMaHWA — AMHAMMKa TOProBAW, BANAHMUE BHELIHUX OrPaHNUYEHUI U BHYTPEHHNE MEXAaHMU3MbI ABYCTOPOHHEro
Aunanora. [NaBHbIM aKUeHT cpenaH Ha TpaHchopmaumm GopmanbHOro NAPTHEPCTBA B YCTOMYMBBINA
CcTpaTernyeckuit anbsaHc. Mpu aTom noa4YepKMBaeTca ABOAKaA NPMPoAa OTHOLWEHUN: yraybieHmne cBA3en TeCHO
nepensieTeHo ¢ ANCNPONoPUUAMU U PUCKAMU YA3BUMOCTU OAHOMN U3 CTOPOH.

Kntouesble cnosa:
PoccnincKo-KMTaMCKME OTHOLWEHUSA, CTPATErMYECKNIA anbaHC, ABYCTOPOHHMI TOBAapoob0opOT, sHEpreTUYecKoe
COTPYAHMYECTBO, KMOBOPOT Ha BocToK», «lMoAC U NyTb», pacyeTbl B HALMOHANbHbIX BastOTaX, BTOPUYHbIE
CaHKUMU, MerKDaHKOBCKME N1aTeXM, CbipbeBOMN 3KCMOPT.

HaumHan ¢ 2022 roga ABYCTOPOHHWI amanor Mockebl M [eKMHa BOLWIEN B KAYeCTBEHHO WHYK ¢asy
pa3BuTUA. MacwTabHble caHKuMy 3anaga npotme PP M oaHOBPEMEHHO HapacTalowee MNPOTUBOCTOSHME
BawnHrroHa u MNekrMHa KapAnHANbHO NEPECTPOUAN MEXAYHAPOAHbIM KOHTEKCT. B ¢BA3KM € 3TUM AaHHaa paboTa
cocpenoToyeHa Ha onpeaeneHnn MarncTpasibHbIX HAaNpPaBAEHUI U cneundruyecKknx YepT POCCUIACKO-KMTANCKOTO
B3aMMOLENCTBUA B HOBON MMPOBOI peanbHOCTH.

3KcnepTbl PCM/, onuncbIBatOT TEKYLLYHO MOAENb CBA3EN KOHLLENTOM «MParmaTUYHbIA CMMBKMO3», B OCHOBE
KOTOPOTrO NIEXKMUT NJIOTHAA YBA3KA SKOHOMUYECKUX N MOAUTUYECKMX MHTEPECOB, NOAKPENIEHHaA connKeHnem B
coumnorynbTypHoi chepe. K 2025 rogy atoT popmaTt nepepoc pamKku YMCTO MPAKTUYECKOro COTPYAHUYECTBa,
0dOPMMBLLUCH B YCTOMUYMBbLIN U TNYBOKNI cTpaTernyeckuii cotos [1].

[NaBHbIM MapKepoOM AMHAMUKM ABYCTOPOHHEro AWasnora BbICTynaeT B3aMMHbII ToBapoobmeH. B 2023
rogy CTpaHbl NEPEBbINOJHUAN NAAHOBbIE OPUEHTUPDI, 3adPUKCMpoBaB 0O6bEM TOProBan Ha ypoBHe 240 mapa
ponnapoB. Tem He meHee K 2024 rogy AMHAMMKa 3aMeTHO oxfagunack: npubasue Bcero 1,9%, UTOrosbil
nokasaTenb coctasun 244,8 mapg ponnapos. OCHOBHOMW NPWUYMHOM 3TOM Nay3bl CTAa/AM CNOMHOCTU C
nposegeHnem mMeK6aHKOBCKMX NAaTexXen U3-3a onaceHnit puHaHcosbIx CTpyKTyp KHP nonactb nog BTopuYHble
caHkumu 3anaga [2].

CyLLecTBEHHbIM CTUMY/IOM AN CONMMKEHMA CTaN NOCNeA0BaTe/IbHbIA OTKa3 OT aMepPMKaHCKON BastoTbl:
YAENbHbIN BEC HaLMOHAMbHbIX AEHEXHbIX eAMHUL, — Pybaa M toaHA — B CTPYKType B3aMMHbIX NaaTexen
nepewarHyn otmetky B 90%. MIHOCTpaHHbIe CNeLManncTbl PaccCMaTpmMBalOT 3Ty PUHAHCOBYIO NEPECTPOMKY Kak
KNIOYEeBOM [ApaliBep TOProBO-3KOHOMMYECKOW MHTerpaumm, cnocobHblii B CPeAHECPOYHOM TFOPU3OHTE
obecneunTb JONONHUTENbHBIM NOAbEM TOBapoobopoTa Ha 15-20% [3].

ba30BoOi ONOPON MEXKrocyAapCTBEHHbIX CBA3EN MO-NPEXKHEMY BbICTYNAET CbipbeBOMN ceKTop. Mo utoram
2023 roaa KuTaickaa ctopoHa 3akynuna 107 maH TOHH HedTu M3 PD, HapacTMB MMMOPT Ha 4eTBepTb (+24%
oTHocuTenbHo 2022 roga). MapannenbHO B3/NETENM OTIPY3KU METANNYPrUYecKor NPOAYKLMMU: 3IKCMOPT
anloMUHKA yBenmuunca 6onee yem Bagoe (B 2,1 pasa), a MeTaaI0B NJAATUHOBOM rpynnbl — Ha 66%. Taknum
06pa3om, CaHKUMOHHble Bapbepbl HE N30IMPOBANN PbIHKK, @, HANPOTUB, CTUMYIMPOBanK elle Bonee TecHoe
TOProBoe cpalumBaHue ABYyX CTpaH [4].

3HaunTenbHbIM NAacT  MccnefoBaHUA  MOCBAWEH  PUHAHCOBO-UHBECTULMOHHBIM — MHCTPYMEHTaM
B3aMMOAENCTBMA. B HayuHbIXx Nyb6aMKaumax ¢GUKCUMpYeTcAa CMeLLEeHMEe aKLEHTOB: OT Y3KOCbIpbeBOM MOAenu
CTOPOHbI MepexogAT K MHOFOMJIaHOBOMY COTPYZAHWYECTBY, OXBATblBAIOLLEMY arpoOnpPOMbILUAEHHbIA CEKTOp,
BbICOKME TEXHONMOMMU U LMOPOBYIO MHAYCTPUIO. BmecTe ¢ Tem M3-3a BHELWHUX GUHAHCOBbIX OrpaHUYeHWUi
AMHaMWKa B3auMHoM Toprosan B 2024 rogy npocena go 1,9%. MHCTUTYUMOHaNnbHON OMNOPOIA COBMECTHbIX
NPOEKTOB NP 3TOM ocTatoTca HoBbI 6aHK pa3BuTMa BPUKC 1 PoCcCMMCKO-KUTACKNIA MHBECTPOHA, C KanmuTaiom
B 4 mnpg gonnapos [5].

CamocToATeNbHbIM BEKTOPOM aHanu3a BbICTYMaeT COMpAMKeHWe poccuiickoi ctpaTermmn «losBopoTa Ha
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BocToK» ¢ rnobanbHOM KuUTaMckon MHULMaTMBOM «losic n nyTb». MNpocTpaHcTBo LleHTpanbHOM A3nuK B 3TOM
KOHTEKCTE PACcCMATPUBAETCA KaK K/AOYEBOW PErMOH, rAe OA4HOBPEMEHHO MEpPensieTaloTcA U KOHKYPUPYIOT
WMHTEpEeCbl ABYX Aep¥KaB. B uenom skcnepTbl NOAYEPKMBAOT NPOYHbIN GYHAAMEHT U CTPATErMYECKYLO TIYyOUHY
COl03a: 3TO He CMNOHTaHHasA PeakuMA Ha KPU3UC, a NPoAyMaHHAA [AOATOCPOYHas afanTauua K MUPOBOWM
HecTabunbHocTH [6].

B TO »Ke Bpema cneumanuctbl NpeaynpexaatoT O COXPaHAOLWEMCA CTPYKTYpHOM ancbanaHce. Ha gonto
KHP yxe npuxoautcs okono 41% Bcero BBO3MMOro B Poccuto MmnopTa, 4To GopMUPYET PUCKU KPUTUYECKOM
yA3BMMOCTU. [eKMH AelcTBYyeT C NO3ULMI nparmatMama u nsberaet cBA3bIBaTb ceb6A NONHOLEHHBIMW BOEHHO-
nonautTUYeckMMM obasatenbctBamu. [aa  HeNTpanusaumm 3STOM  F€03KOHOMMYECKOW 3aBuUCMMOCTU PO
HeobxoaMMo onepaTUBHO PacMpPATb reorpaduio sKcnopTa IHepPreTUYecKnx pecypcos [7].

B nepuog c 2022 no 2025 roa MexKrocyaapCTBeHHbI coto3 MockBbl 1 [TeKMHa A0oKa3an CBOHO BbICOKYIO
YCTOMUYMBOCTb K BHELWHUM LWIOKaM. CaHKLMOHHble 6apbepbl pakTUYECKM NOATONKHYAN CTOPOHbI K YCKOPEHHOM
WHTerpaumm, 4to Apye BCEro NPoABUIOCH B CbIPbEBOM CEKTOPE M OTKase OT A0/1apa BO B3aUMHbIX pacyeTtax. B
TO }Ke BpeMA aNbAHC CTa/IKMBAETCA CO C/IOKHbIMU BbI30BaMM: COXPaAHAETCA ANCNPONOPUMA NOTEHLMANO0B, pacTeT
YyA3BMMOCTb OT pbiHKA KHP, a Hag, dMHaHCOBbIM CEKTOPOM BMUCUT Yrpo3a BTOPUYHbIX OFpaHUYeHMi. NepcneKkTuBbl
3TUX OTHOLWEHWN 6yayT 3aBMCETb OT CMOCOBGHOCTM 0benx aep)kaB COBMeLWATb Kypc Ha cbaukeHue ¢
OTCTauBaHWEM COBCTBEHHbIX HALMOHA/bHbIX MPUOPUTETOB.
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YOK 332.143:353
Ycrioros H0.A.
OOKTOP TEXHUYECKUX HAYK,
MouéTHbIM Npodeccop
4OY BO “Cubupckan akagemma puHaHcos n 6aHKoBCKOro gena”,
r. HoBocnbupck, PO

MATEMATHUYECKUE OCHOBbI METO40/10rM ONTUMAJIbHOIO ONLINE KBAHTOBOIO AAANTUBHOIO
YNPAB/IEHUA COUUA/IbHO-9KOHOMWYECKUMU B3AUMOLEMACTBUAMM (CIB) HA TEPPUTOPUN. YACTb
15: METO/Z, HAPALLIUBAHMA BO3MOHOCTEN COLMAIbHO-9KOHOMWYECKOIO PA3BUTUA CYBBEKTOB

C3B HA TEPPUTOPWUU B XOAE OPT YNPAB/IEHUA NOACUCTEMOWM C3P, 3A CHET ONTUMMU3ALIUMK
B3AUMOZAEMACTBUIN CNOEB ONTUMAJIbHbIX NPEOEPA3OBAHUI B AT/IOMEPALMN Ay 5 HA OCHOBE
PE3Y/IbTATOB OPT MPEOGPA3OBAHWUI B AT/IOMEPALIUMU Ay,

AHHOTauuA

B cTaTbe NPOAONKEHO M3N0XKEHME MATEMATUYECKMX OCHOB pa3pabaTbiBaemoit aBTopom MeTtogonorum
ONTMMaNbHOro online KBaHTOBOro aANTUBHOIO YNPABAEHMA COLMAIbHO-3KOHOMUYECKMMM B3aMMOLENCTBUAMM
(C3B) Ha Tepputopun [1-14] (manee — MeTtomonorun) B 4YacTu NpeacTaBAEHUA MeToha HapalmBaHusA
BO3MOHOCTEN COLMAabHO-3KOHOMMYECKOro pPa3suTmaA cybbekTos CIB Ha TeppuTopumM B Xxoae opt ynpaBieHus
nogcuctemoinnt CIPy 3a cuét onTMmmnsaumm B3aMmMoaencTBmnii CNoés onTMManbHbix NpeobpasosaHuin V17-V20 B
Arnomepauumn  onTMMasbHbIX nNpeobpasosBaHuli (fanee — Arnomepaummn) Ays Ha OCHOBe pesy/bTaToB opt
npeobpasoBaHuii B Arnomepaumu Ay,g; ONpefeneHua BaKHbIX CUCTEMHbIX XapaKTepUCTUK npoueaypbl
BbIpabOTKM oONTUManbHbIX peweHnin B noacucteme CIPy, OCHOBaHHbLIX Ha MCNO/b30BaHMM PE3y/bTATOB
ONTUMasbHbIX NpeobpasoBaHuin B Arnomepaummn Ay,q (B TOM uncne onpeseneHne: onTUMaNbHON 3HAYMMOCTU
M ONTMMasIbHOrO BK/JaZa KaxAoro c/nos ONTMManbHbiX npeobpasosaHuit V17-V19 B Arnomepauuu Ay, B
HapawuBaHWe Bo3moKHocTel CIP Ha TeppPUTOPUM, JOCTUTHYTOrO ONTUMANbHOIO YPOBHA BO3MOXKHOCTeln CIP B
YKa3aHHbIX CN0siX ONTUMa/bHbIX NpeobpasoBaHuii B Arnomepaumm Ays B noacucteme CIPy). MocnegosatensHo
packpbIT GyHKLMOHAN HoBOM Arnomepauun Ay,q. NPy U3N0XKEHUN MaTEMATUYECKMX OCHOB Npessiaraemoro B
CTaTbe MEeTOAa COXPaHeHa W pasBUTa YHWKaNbHAA cucTema 0bOO3HauyeHWi, npuHaTas B [1-14], WKMpOKO
MCnonb3yoTcA paspaboTaHHble aBTOPOM UTEpaLMOHHbIE ONTUMM3ALMOHHbIE NpoLeaypbl. M3naraemoe B cTaTbe
ABNAETCA eCTeCTBEHHbIM MpoAo/KeHMeM onybankosaHHoro B [1-14]. MeTtogonorns u eé pasBuTUE B
npeacTaBNeHHOM METOAE — YHUBEPCA/IbHbI, UX MOXKHO UCNOb30BaTh Npu opt ynpasaeHnn npoueccamm CIB Ha
noboi TeppmuUTOPUN, OHU OPUEHTUPOBAHbI HA MPUMEHEHWE COBPEMEHHbIX U MEePCMNEKTUBHbLIX SOCTUXKEHUN B
061acTM LMPPOBBLIX TEXHONOTNIN U UCKYCCTBEHHOrO MHTE/NIEKTa, MOTYT ObiTb MOJME3HbI OpraHam nyb6aAnYHOM
B/IACTM, acnUpaHTam, OOKTOPAHTAM, CheuMannctam, uccaeayrowmm npobaembl onTUManbHoro online
YyNpaBAeHMA KU3HEeAEATE/IbHOCTbIO HA TEPPUTOPUM.

Kntouesble cnosa:

MeTtononorusa, metoa, napagurma, NpuM3HaAKoBOE MPOCTPAHCTBO, MATEMATUYECKME OCHOBbI, CUCTEMA
0603HaYeHN, MHAMBMAYANbHbIN War opt ynpaBaeHUsA B Kaxgom cnoe opt npeobpasosaHuii. OnmumasnsHoe
couuanbHo-3KoOHoMu4eckoe B3ammopgelicteue (C3B, C3By), passutme (C3P, CIPy), mevictemne (C34, CI/y),
ynpasneHue C3P, CIPy, pacnpeneneHune n npumeHeHme sBoamorxkHoctet CIP, CIP,,. OnmumaneHasA coyuansHo-
sKkoHomuyeckaa 3apada (C33,C3A3y), ctpaternyeckas uenb CIP (CLy,). OnmumaneHsie nokaumm C3B, CIBy,
ucnonuutenun €34, C3/1,, Becosble KoabduLMeHTbI. ArnomepaL MM ONTUMM3aLMOHHbBIX NpoLLeayp, ONTUMaabHasA
3HAYMMOCTb CNOEB ONTUMa/IbHbIX NPeobpasoBaHMi, ONTUMA/bHbIN BKNAA B HAapalMBaHWe BO3MOXHocTel CIP
WM OOCTUTHYTbIM ONTUMa/IbHbIA YPOBEHb BO3MOXKHOCTe CIP B CnoAx ONTUMANbHbIX MNpeobpasoBaHUin B
nogcucteme  C3Py,. MHozoyposHesocmbs,  MHO20CAOUHOCMbL U MHO20()aAKMOPHOCMbL  K8AHMOB020
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OMMUMQ/IbHO20 YNpassaeHUs 8cemu CAOMHelUWUMU CoyuanbHO-3KOHOMUYEeCKUMU 83aumoolelicmeusmu Ha
meppumopuu 8 paspabameigaemoli asmopom Memodoso2uu onmumMansHo20 online KeaHMo8020
aoanmueHo20 yrnpassaeHus coyuanbHO-3IKOHOMUYecKUMuU e3aumoodelicmausamu (CIB) Ha meppumopuu.

Memod onmumusayuu e3aumodelicmeuli cn0ée onmumanbHbiX npeobpaszoeaHuii V17-V20 e
Aanomepayuu Ays Ha ocHose pe3ynbmamos opt npeobpaszosaHuii 8 Aenomepayuu Ay,q U onpedeneHus Ha
UX OCHOBE 8AX(HbIX CUCMEMHbIX XapaKmepucmukK npoyedypol 8bIpadb60MKU ONMUMAsbHbIX YNpasneHYecKux
peweHutii 6 nodcucmeme CIPy

MpU U3N0MKEHUM MATEMATUYECKMX OCHOB MPEANaraeMoro B CTaTbeé MeToAa COXPaHeHa M passuTa
YHUKanbHaa cuctema o603HauveHWi, npuHATas B [1-14], WKMPOKO MCNoNb3yloTcA paspaboTaHHble aBTOPOM
WTEePaLMOHHbIE ONTUMU3ALWOHHbIE NPOLEAYPbI, B KOTOPbIX NPUMEHSAIOTCA Cieaylowmne 0603HaueHus: d ), dE‘.) "
@y, Gy - ONTMManbHble BecoBble KoapduumeHTsI (.) Npyu opt pacnpeaeneHnm u opt 0bveanHeHnn nocne 1-i u
2-il UTepaumnn £(y1 U E()2 B CNIOE ONTUMa/bHbIX NPeobpa3oBaHuii (.) COOTBETCTBEHHO; 17(’3, 17(’_‘)* " V("_‘), V(f)" -
onTMMasbHble KBOTbl (YypoBHM) Bo3moxHocTel (.) CIPy, npu opt pacnpeseneHnn n opt ob6beanHeHUM Npu £y 4
W £()z COOTBETCTBEHHO; @() - ONTUMaNbHble BECOBble KOIPULMEHTbI & ) 1 176** - ONTUMaSIbHblE YPOBHM
Bo3morkHocTen CIPy, 17(‘3* nocsae AONOJHUTENbHOM ONTUMM3ALMMU C UCMOSIb30BAHNEM HOBbIX SAHHbIX.

N3naraemoe HWKe ABAAETCA NPOAO/KEHMEM onybankoBaHHoro B [1-14]. [OnA CBA3KM C HOBbIM
MaTepMasioM HaNMoOMHUM: Ha Kaxkaom ware opt ynpasneHusa CIPy, ocylwectsaseTcs Lenoyka onTMMM3aLLMOHHbIX
npoueayp (sbipaxkeHus (1)-(5)), B xoae KOTopbIX:

— B A2siomepayuu onmumu3ayuoHHsIx npoyedyp Ay, PeanunsyoLlmx oNnTMMasnbHble NpeobpasoBaHnA B CNOAX
V1-V4, V34, V39, V44, cpegn mHoxectBa cTpaTernyeckux ueneii (Cly,) CIP, f = 1,F ocywecmensemcs
onmumasbHbili  MHOMecmeeHHblll  8blbop  —  onpedeasemcs  oNMUMAsAbHOe  [MOOMHOM(ecmeo
Cll, C3Py f* =1,F* F* CF; (1)
— 8 Aesiomepayuu onmumMu3ayuoHHbIX npoyedyp Ay, PeanusyoLmx oNnTMManbHble NpeobpasoBaHNaA B CNOAX
V5-V8, V35, V40, V45, cpeay MHOXECTBa COLManibHO-IKOHOMMYecKMX 3agad (C33y) [ = m no AOCTUXEHUIO
ontTumanbHo BbibpaHHoit ClI, CIPy f* ocywecmendemca onmumasnbHbili MHOMecmeeHHbIl 8bibop —
onpedenaemca onmumanbHoe nodmHoxecmeso C33,, 1* = m f*=1F", Ly C Lgs; (2)
— 8 AesiomMepayuu onMuMU3ayUOHHbIX npoyedyp Ay, peanvsyrowmx onTuMasnbHble

npeobpasosaHuA B cnosx V9-V12, V36, V41, V46, cpean mHoxectsa nokaumii CIB, n = LTf*l*, B KOTOpPbIX
pewaeTcs onTUmanbHO BbibpaHHaa CI33y, [* no onTumanbHo BbibpaHHow CIl, CIPy, f*, ocywecmeansemca
onmumansHbil MHoMXecmeeHHbIl 8bibop — onpedesndemca onmumansHoe NoOMHoxcecmao nokauunit CIBy,
n=1LNo, f*=1LF, I"=1,L;, Nfojo © Npwps; (3)

—8 Aenomepauuu ormMmumu3ayuUuoHHbIX npouedyp AV4_, peannsyrounx ontMmasbHble I'Ip606pa3OBaHWr'l B CnoAx

V13-V16, V37, V42, V47, cpeau MHOXKeCTBa COLMaNbHO-3KOHOMMYeckux aencteuin (CI,) m =1, Mgspsps
peanusylowmnx B ONTUManbHO BbibpaHHo! nokauum CIB, n* peweHue onTumanbHo BbibpaHHoi €33y [* no
ontumanbHo BblbpaHHoin Clly C3Py f*, ocywecmensemca onmumansHelli MHOMecmeeHHbIl 8b160p —

onpedensemcs onmumaneHoe noomHoxecmso CI3[, m* =1, M}‘*l*n*, ff=1F% I*=1, L}*, n*=1, N;*l*'
*

Mf*l*n* g Mf*l*n*' (4)

— 8 AeslomMmepayuu onMuUMU3ayUOHHbIX Npoyedyp Ay s, peanmsyowmx onTMmanbHble NPeobpa3oBaHUA B CNOAX

V17-V20, V38, V43, V48, cpean mHoxectsa ucnonnutenen CI/y i = 1, [p+j+p+mp+ , CNOCOBHBIX OCYLLECTBUTD

onTumanbHo BbibpaHHoe C3/l;, m* B onTumanbHo BbibpaHHoW nokauum CIB, n* npu peweHun onTumansHO

BblbpaHHoi C33, [* no ontumanbHo BblbpanHoi Cl, CI3Py f*, ocywecmensemca onmumaneHeili

MHOX(ecmeeHHbI sblbop —  onpedensemcs onmumasibHoe MoOMHoMecmeo nucnosHuTenemn
ko4 7* * __ * __ * * __ * * _ 4 agx

Caﬂvl - 1, If*l*n*m* ,f - 1,F*,l - 1,Lf*, n = 1,Nf*l*,m - 1'Mf*l*n*'

[;*l*n*m* Q If*l*n*m*' (5)
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B Arnomepauum onTMMM3aUMOHHbIX npoueayp Ay,1 B C10AX ONTUManbHbIX nNpeobpasosaHuin V201-
V245 (opmynbl (6) — (207)) nocneposatesibHO M NOCAOMHO B online pexMme B napaaurme u npusHaKoBOM
npoctpaHctee MeTogonormm [1-14] M npeacTaBNeHHOrO B CTaTbe METOAA OCYLLECTBASETCA ONTMMM3auumA
B3aMMOAENCTBUIA mexXay cnoamm V17-V19 B Arnomepauum Ays, B XO4e KOTOPOM Ha OCHOBE [AaHHbIX,

7 %%

chOPMMPOBaAHHBIX B CMOAX ONTUMANbHbIX NpeobpasosaHnit V90 — Vogrwapm(Kyoo, Evoo2) M V43 -
V:’;f*l*n*m*i[Af*l*n*m*(szB'SV43.2 )], ff=1F, *= 1’L}*’ n=1 N};k*l*'m* = 1’Mf**l*n*'i =

1, If*l*n*m* onpenenarTCa BaXKHble CUCTEMHbIE XaPaKTEPUCTUKA CNOEB ONTUMabHbIX NpeobpasoBaHnin V17-

V19 B Arnomepaumnu Ay s: 0mmumanbsHele 3HAYUMOCMU &5 59, (Ky229, Ey2292), T = 17,19 kaucdoeo cnoa V17, V18

u V19 Ha mHoxecmae caoée V17-V19; onmumansHelli cymmapHblli 8xknad AV;;gzn[Af*l*n*m*(lem, €V187.2)]
cnoés V17-V19 e HapawusaHue 8o3moxcHocmeli CIP 8 Aenomepayuu Ays 6 nodcucmeme CIPy;
0nMUMansHele yposHu 8o3moxcHocmel CIP V;;S_ﬂ[/lf*l*n*m*(kvzzg,evzzglz)], m=17,19 kawdozo cnos

kK

Viz, V18 wu V19; onmumaneHeil 8eC  Gpzartntmir(Kv2za €vzzaz) U onmumaneHas  keoma

7 %%

saor rnrmeir | Ar v nm* (Kv240, €/240.2)| B OMTUManbHO BbIGpaHHON 1"~ ol nokaunn CIBy, (n = 1,Nf..) r-zo

— o e )
¢akmopa (r = RVf*l*n*m*If*z*n*m*) no onTumanbHo BbibpaHHou CL, CIPy f* (f* = 1, F*) npu peweHum i -bim
ncnonHutenem (i =1, [psprpey+) ONTMManbHO  BbI6paHHOM [* -OM  COUMANbHO-3KOHOMMYECKON  3afaun

T * x _ T
(=1, L. ) npu BbINOAHEHUW onTUManbHO BblbpaHHoro m*-ro C3/[, (m* = 1,Mf*l*n*) 8 rnomoke

o {7 k%
cnocobHocmeli  If+*pey+  YYACMHUKO8 QYKUUOHOB Vasrrnrm il rnm (Rvaz, €vaz2 )] Hapawusame
eosmoxHocmu CIPy, Ha meppumopuu; opt npednoxceHue V;ZSf*l*n*m*i[/lf*l*n*m* (kyaas, €vaas2)]  i-20
y4acmHUKa ayKyuoHo8 o e2o crnocobHocmu Hapacmumes soamoxcHocmu C3Py npu ux evideneHuu emy 8 xode
opt K8aHMOB020 pacnpedesieHUA 8 C/I0e ONIMUMAsbHbIX Mpeobpazosaruli V20:

v Wk

o1 1 nmr(kv201, €v201.1) = G017 1 nmr(kv201 — 1, €y201.2), (6)
17 * ~

Vaorrrnmer(kvaot, €v201.1)=%201f 1'n*m*r (Kv201, Ev201.1)"

[7 %%

Voo 1 nm* (kvoo, €v90.2), (7)

- va*l*n*m*l
V201f*l*n*m*2(kV201v €V201.1)=Zr=1

*l* * * -«
fmm [a201f*l*n*m*r(kV201'€V201.1) :

V;Olf*l*n*m*r(kVZOL €v201.1) (8)
‘Y;oﬁ*l*n*m*r(kvzop €v201.2)= [@201 7 1'n*m*r (kv201, Ev201.1) *

V;01f*l*n*m*r(kV201v 5V201.1)]/V201f*l*n*m*2 (kv201, €v201.1)s (9)
17z*(j)‘1f*z*n*m*r(kvzop €v201.2) = &;01f*l*n*m*r(kV201' €7201.2)"
V‘;gf*l*n*m* (kvo0, €v90.2)s (10)
Qa027 1 n m*r (Ky202, €v202.1) = 2025 ' mr(kv202 — 1, €v202.2) (11)
V;Ozf*l*n*m*l(kVZOZ’ SV202_1)=ZI:Z crm e [&zozf*l*n*m*r(knoz:5V202.1) : V;Slf*l*n*m*r(kVZOLgVZOl.Z)]I
(12)

&;Ozf*l*n*m*r(kVZOZ' SVZOZ.Z)=[&202f*l*n*m*r(kV202' €1202.1)

V;(;klf*l*n*m*r(kVZOI' 5V201.2)]/V;02f*l*n*m*2 (kv202, €v202.1)s (13)
A;Szf*l*n*m* (ky202, £V202,2)=Zf\=,§ Sritentme [&;ozﬁl*n*m*r(kvzoz' €v202.2) V;glf*l*n*m*r(kVZOL 5V201.2)]:
(14)

@203 1*n*m* (Kv203, Ev203.1) = &;03f*l*n*m*(kV203 — 1, €y2032), (15)
V;OSf*l*n*E(kVZOSJ €V203.1)=ZN,I£11=*111* [&ZOSf*l*n*m* (kv203 €v203.1) Vz*ng*z*n*m* (kvzo2, szoz.z)]: (16)

&;O3f*l*n*m*(kV203' €v203.2)= [&203f*l*n*m*(kV203: £203.1) *
{7 %%

2027 1'n*m* (Kv202, SVZOZ.Z)]/V;O3f*l*n*E (kv203) €v203.1) » (17)
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7 p——

Ak

. _oM; .
V;53f*l*n*(kV203vSV203.2)_2 m*=1 [a203f*l*n*m* (kv203) €v203.2) Vz*ng*l*n*m* (kv202 €v202.2)))

(18)

Az0ar1n* (Ky204 Ev204.1) = &;04f*l*n*(kV204 — 1, &y204.2),
Ny
. NP .
V2*04f*l*2(kV204' €1204.1)=0 n*=1[a204f*l*n*(kV204v8V204.1) : V;53f*l*n*(kvzo3'€V203.2)]'
&;O4f*l*n*(kV204' €v204.2)= [&204f*l*n* (kv204) Ev204.1) *
’ V;g3f*l*n*(kV203l £V203.2)]/V2*04f*l*£(kV204v Ev204.1) »
N

*
f*l*
n

V;;4f*l*(kV204' £y2042)=2 *=1 a;04f*l*n*(kV204' Ev204.2) ° V2*(>;3f*l*n*(kV203’£V203.2)]l

~ - Ak
A205F*1* (ky205: €v205.1) = a205f*l*(kV205 — 1, €y205.2),

Lo
. N -
V2*05f*2(kV205' €y205.1)=2 l*=1[a205f*l* (kv205 €v205.1) * V;S4f*l* (kv204r 51/204.2)]:
&;osﬁl*(kvzosl €1205.2)= [&205f*l*(kV205' €y205.1) °

Vg&f*t* (kv204, SV204.2)]/V2*05f*2(kV205v €y205.1) »

I72*(3‘5)”(’(1/205; 5V205.2)=21L£1[&;05f*1*(kvzos: €v205.2) ‘7;54f*l*(kV204' £V204.2)]'
&zosf*(kvzos: £y206.1) = a’;oef*(kvzw — 1, &y206.2),
V3065 (ky206: 5V206.1)=2}::=1 Q2065 (ky206) €v206.1) V;SSf*(kvzos'fvzos.z)]'
&;06)” (kv206 €v206.2)= [a’zosf*(kvzoe: £y206.1) *

’ I72*(>)*5f*(kV205: szos.z)]/v;osz(kvzoe' £1206.1))
[72*66(kV206'5V206.2)=Zj€:=1[&;06f*(kV206J Ev206.2) ° 17;85f* (kvzos'gvzos.z)],

&207f*l*n*m* (kv207, €v207.1) = &;07f*l*n*m*(kV207 — 1, &p207.2),
M** * ook
(7 _ VO P 7
V2*07f*l*n*£(kV207J€V207.1)_Z m=1 [a207f*l*n*m*(kV207: £y207.1) * Vggf*z*n*m*(kwo'5V90.2)]'
&;07f*l*n*m*(kV207' &v207.2)= [&207f*l*n*m*(kV207' €207.1) *
) VJJf*z*n*m* (kvoo, SV9O.2)]/V2*07f*l*n*);‘(kV207' €207.1) »
M** * %
n

. M
V2*57f*l*n* (ky207, €v207.2)=2 mr=

ok

1 [a207f*l*n*m* (kv207, €v207.2) VJSf*rn*m* (kvoo, €v90.2)]s
74 k =qa, k 1
szosf*l*n*( V208 Ev208.1) = azogf*l*n*( v208 — 1, €v208.2),

Ny
%% N [ 5
V2*08f*l*2(kV208"SV208.1)—Z n*:1[“208f*l*n*(kV208'£V208.1) : V;g7f*l*n*(kvzo7,81/207.2)]’

&;08f*l*n*(kV208v €1208.2)= [&ZOSf*l*n* (kv208) €v208.1) *
’ V;g7f*l*n*(kV207' 8V207.2)]/V2*08f*1*2 (kv208 €v208.1) »
N

*
U T4
n

V;sz*l*(kVZOS:€V208.2)=Z x=1 a;08f*l*n*(kV208'SV208.2)' V;S7f*l*n*(kV207:EV207.2)]:

A - Ak
A2097*1* (kv209) €v209.1) = azogf*l*(kVZO‘) — 1, &y2002),

L'«
. A .
Vo055 (kv200, €v200.1)=2 l*=1[a209f*l*(kV209: €v200.1) * Vaoss 1 (kvaoss Ev2082) )

&;09f*l*(kV209' €1209.2)= [&209f*l*(kV209: €y209.1) *

~

k%

Vaosseir (kvaos) 5V208.2)]/‘72*o9f*z (kv209) €v200.1) »
‘7;89f* (kv209, 5V209.2)=Zf£1[&;o9f*1* (kv209, €v209.2) * ‘72*38)‘*1* (kv208s €V208.2)]:
2107 (ky210, €V2101) = &zlof*(kvzw — 1, €y2102),
V3105 (kv210, €V210.1)=Z?:=1 2107 (ky210, €v2101) * V;S9f* (kv209, €v200.2)],
&;10f*(kV210: €12102)= [&210,‘*(’(1/210, €1210.1)

’ I72*(>)k9f*(kvzo9; SV209.2)]/V2*102 (kv210) €v210.1)
V310(ky210, 5V210.2)=21€:=1[&;10f*(kV210' €v210.2) v;ggf*(kvzow £V209.2)]:

v — Wk
a211f*l*n*m*ir(kV211'£V211.1) = a211f*l*n*m*ir(kV211 —1,&2112),

(19)

(20)

(21)

(22)
(23)

(24)

(25)

(26)
(27)
(28)

(29)
(30)
(31)

(32)

(33)

(34)
(35)

(36)

(37)

(38)
(39)

(40)

(a1)
(42)
(43)
(44)

(45)
(46)
(47)
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V2*11f*l*n*m*ir Uf*l*n*m*(kvzn' &vz111)] =

= dy11 . nrmrir (Kv2110 Ev211.1 )'Vfgf*z*n*m*i[/lf*l*n*m* (kvaz &vaza)), (48)
Voriprnmeiz|[Aprnm (kv2i €v2114 )]=Zf\=,fl*n*m*lf*l*n*m* [@2117 1 nmeir (Kv211, €v2111) -
: I72*11f*l*n*m*ir [Ar 1 nem*(kv211, €va11.1)]] (49)
&;11f*l*n*m*ir(kvz11: ev211.2) = Q211 nmrir (Kva11, Eva111) -
: I72*11f*l*n*m*ir [Ar+rnm* (Kv211, Eva11a )]]/V211f*l*n*m*i): [/lf*l*n*m*(kV211’ &y211.1 )]: (50)
17z*ﬂf*l*n*m*ir [Af*l*n*m* (kv211 €v211.2)]=
=&y prmemerkvain €r2112)  Vaaprneme i A vnrm: (Kvas, €vaz1)], (51)
&lef*l*n*m*ir(kVnZ'£V212.1) = &;12f*l*n*m*ir(kV212 —1,&y21222), (52)

RVf*l*n*m*If* Fn*m*

V2*12f*l*n*m*i£ [Af*l*n*m* (kv212s 8V212.1)]=Zr=1 " [&lef*l*n*m*ir(kvzur &y212.1) *

Variprnme i [ rnems (Rvai €vz112 1] (53)
Ak _ ~
aZlZf*l*n*m*ir(kVZIZ'£V212.2)‘ [a212f*l*n*m*ir(kV212' Ey212.1)
Vz*;lf*l*n*m*ir [Arernem* (Kv211, €vai1.2 )]]/Vz*lzf*l*n*m*if (A rneme (kv212, Ev212.1)], (54)
RVf*l*n*m*I Kk Kok
o _ £rl ~
VZ*IZf*l*n*m*i[Af*l*n*m*(kV212r5V212.2)]_Zr=1 m [a;12f*l*n*m*ir(kV212'5V212.2) ’
Vot meir A rneme (Rviw €v2112)11 (55)
A1z rnmi(kvzis €v213.1) = Q13 rnemeilkvais — 1 €v213.2), (56)
~ Ierprprm*
V213f*l*n*m*):[/1f*l*n*m*(kV213'5V213.1)]=Zi=1 a213f*l*n*m*i(kV213'5V213.1) :
Vatapvnm il Arrnrm (Rv212) €v212.2)1] (57)
Ak —- ~
a213f*l*n*m*i(kV213: &v213.2)=[0213f 1 n*m i (Kv213, €v213.1) -
V;;Zf*l*n*m*i[/lf*l*n*m* (kV212' €V212.2)]]/V2*13f*l*n*m*2[Af*l*n*m*(kV213' 51/213.1)]’ (58)
~ I pxqx %%
_yir 5
V;;3f*l*n*m* [Ar v me (ky212, 8V212-2)]_Zi=1 " a;13f*l*n*m*i(kV213'£V213.2) :
VZ*IZf*l*n*m*i[Af*l*n*m*(kV212fgVZlZ.Z)]]v (59)
@21af rnem* (Ky214 Ev2141) = &;14f*l*n*m*(kV214 — 1, &y2142), (60)
A p Kk Mg Kk
214f*l*n*2[ f*l*n*m*( V214 Ev214.1) |72 mr=1 [a214f*l*n*m*( V214 Ev214.1) ©
V2*;3f*l*n*m* [)lf*l*n*m* (kv212s 8V212.2)]]: (61)
Ak — ~
a214f*l*n*m*(kV214' &v214.2)= (@214 1 m* (Kv214 Ev214.1) -
) V2*;3f*l*n*m* [+ nem (kv212, 5V212.2)]]/V;14f*l*n*2[Af*l*n*m* (kva14 &v212.1)], (62)
~ Mspeps
Vz*ik4f*l*n* [Af*l*n*m*(kVZM' €v214.2)]=X Jl:q [a;14f*l*n*m* (kv214, Ev2142)
V;iksf*l*n*m* [Ar 1 nrm* (kv212, Ev212.2)]], (63)
Qr1spn (kv2is, €v215.1) = @155+ n (kya1s — 1 Evans.2), (64)

~ I N
V2*15f*l*2[Af*l*n*m*(kVZIS'8V215.1)]:Z fl*:l[a215f*l*n*(kvz15:51/215.1) : Vz*ik4.f*l*n*[Af*l*n*m*(kV214'£V214-.2)]]'
(65)

&ZISf*l*n*(kVZEJ €y215.2)= [&215f*l*n* (ky21s: €v215.1) *

: 172*;4}‘*1*71* [ rnem (kv214s 5V214.2)]]/V;15f*l*2 [Ar*rnm* (kv21s, Ev215.1)], (66)
A s Newpr ¢y -

V215f*l* [Af*l*n*m* (kV215: 5v215_2)]22 r{*=1[a215f*l*n*(kvz15:£V215.2) ' V214f*l*n* [Af*l*n*m* (kvz14; €V214.2)]];
(67)

@z16771 (kva16 Evaie.1) = Baa6p 17 (kvaie — 1 €v216.2), (68)

*

I72*16,‘*2Mf"l*n*m* (kv216 Ev216.1) =2 1521[&216#1* (ky216) Ev216.1) ]72*;5f*l* (A1 nm* (kv21s, £V215.2)]]: (69)
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&;16f*1*(kvz16; €v216.2)= [07216;‘*1* (kv216 Ev216.1) *

vz*fsﬁl* (A1 nm (ky21s, €V215.2)]]/‘72*16f*2[Af*l*n*m* (kv216 Ev216.1)] (70)
[7;;6]‘* [Af*l*n*m*(kV2161 £V216.2)]=21L£1[&;16f*1*(kV216» €216.2) * v;fsf*l* [Af*l*n*m* (kv21s, €V215.2)]]' (71)
@z177 (kva17,8v217.1) = Qo170 (kv217 — 1, €v217.2), (72)
I72*172 [Af*l*n*m* (kv217, £V217.1)]=Z}::=1 &217f*(kV217' Ey217.1) ]7;;6f* [Af*l*n*m* (kv216 Ev216.2)11 (73)
&;17f*(kV217' Ey217.2)= [&217f*(kvz17: &y217.1) *

: 172*;6f* A1 nm* (Kv216s ev2162)11/ Vo175 [Ar+rnrm* (Kv217, Eva17.4)), (74)

V31 (A1 nem* (ky217, £V217.2)]=Z?:=1[&;17f* (kv217, €v217.2) - V\;;éf* (A rneme (kva1e £V216.2)]]! (75)

@218 rnmei(kyais Evaisa) = &;18f*l*n*m*i(kV218 — 1, &y2182), (76)

vngf*l*n*m*z[/lf*l*n*m*(kV218' £V218.1)]=Z?:1l*n*m* d218f*l*n*m*i(kV218' €y218.1)

Vi rrneme il tnom: (Ryas, €vaz 211, (77)

&;18f*l*n*m*i(kV218J ev218.2)=[@218f ' mi (kv21s, Eva1s.1)

Vi rrnemeilAr vnem: (Ryas, €vas 211/ Vorgp v neme s (A vnem: (K218, 218,01, (78)

v;;Sf*l*n*m* [Af*l*n*m* (kv21s 8V218.2)]=Z§I:1l*n*m* &zlsf*l*n*m*i(kVme€V218.2) :

Visrernemeildr vnem: (kvaz, €vaz.2)]], (79)

@197 1'n*m* (kv219, Ev219.1) = &;19f*l*n*m*(k1/219 — 1, &p2192), (80)
.

I72*19f*l*n*)rMf*l*n*m* (kv219, €v2 19.1)]=2M£ZT [07219f*l*n*m* (kv219, €v219.1) *

v;;Sf*l*n*m* [+ rneme (kv21gs 8V218.2)]]' (81)

&;19f*l*n*m*(kV219J €v219.2)= [@219f 1*n*m* (kv219, Ev210.1)

: V;;Sf’*l*n*m* A1 nm* (ky21gs €V218.2)]]/‘7;19f*l*n*2[Af*l*n*m* (kv219 €v219.4)], (82)

172*;9/‘*1*71* [/1f*l*n*m*kV219' Ey2 19.2]=2Mmil=*111* [&;19f*l*n*m* (kv219, €v2192) -

Vz*f8f*l*n*m* [Ar*rnm* (ky218, Ev218.2)]], (83)

@220 1'n* (Ky2200 Ev2z0.1) = &;Zof*l*n*(kVZZO —1,&y2202), (84)

~ N;*l*

VZ*ZOf*l*Z[/lf*l*n*m*(kVZZO'€V220.1)]:Z n*zl[@zzof*l*n*(kvzzo'51/220.1) : Vz*ik9f*l*n*[Af*l*n*m*kV219,5V219,2]];
(85)
&ZZOf*l*n*(kVZZOJ €v2202)= [@220f*1n* (kv 220, Ev220.1) -

) 17;;9,‘*1*11* [)lf*l*n*m* ky219, ‘SV219.2]]/‘72*20f*l*2 [Af*l*n*m* (kv220, €v2201)], (86)

Nis s
V7 _ i A~ 5
Vz*ikof*l* [Af*l*n*m*(kVZZO'5V220.2)]‘Z n*=1[a;20f*l*n*(kV220' €v2202) Vz*ik9f*l*n* [Af*l*n*m*kV219r €V219.2]]’ (87)

Q22171 (kv221, €v221.1) = &;21f*l*(kV221 — 1, &y2212), (88)

V;21f*2[/1f*l*n*m* (kv221, Evaz1.1) =2 lj:zl[asz*l* (kv221,v221.1) * ]7;;0,‘*1* [Af*l*n*m* (ky220, 5V220.2)]]: (89)

&;Zlf*l*(kVZZL €v221.2)= [Q221571° (kv221, €v221.1) *

ng*of*l*[/lf*l*n*m* (ky220, 5V220.2)]]/V;21f*2[/lf*l*n*m* (ky221, €v221.1)] (90)
I72*;1}” [ rnem(kyaz1, 8V221.2)]:fo;1[&;21f*l*(kV221J €y221.2) ‘72*2*0]‘*1* (A1 nrme (kv220, €V220.2)]]' (91)
Qz22f* (Kya22, €v222.1) = Qappp+(kvazz — 1, €v222.2), (92)
V;ZZZ'[Af*l*n*m*(kVZZZJ €V222.1)]=Z}::=1 &zzzf*(kmzz: &y222.1) ‘72*;1]” [Af*l*n*m* (ky221, €v221.2)1] (93)
C?zzzf*(kvzzz» Ev222.2)= [&222f*(kV222: Ev222.1)

: I72*51,‘* A1 nm+ (ky221, ev221.2)11/ V225 [Ar* 1 nm* (Kv222, Evaz2.1)], (94)
I72*;2 [Af*l*n*m* (kv222) SVZZZ.Z)]=2?:=1[&;22f* (kv222,€v222.2) * V;;ﬁ* [Af*l*n*m* (kv221 £V221.2)]]' (95)
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V2*23f*l*n*m*i2 [Af*l*n*m* (ky223) €v223.1)] =
RVf*l*n*m*I Kk Kok
i ~ «
r=1 . [a;01f*l*n*m*r(kV201: €v201.2) Vg{lf*l*n*m*ir[/lf*l*n*m* (ky211, €v211.2)]1), (96)

A k%

a223f*l*n*m*ir(kV223r €y2232) = [&;01f*l*n*m*r(kV201; €y201.2) °
) Vz*;lf*l*n*m*ir [t nrm* (Kva11, €vai12 )]]/V2*23f*l*n*m*i2 (A rnem* (Ky223, €v2231)), (97)
RVf*l*n*m*If*l* *o

V2>§3f*l*n*m*i[Af*l*n*m*(kV223' €y223.2 )]=Zr=1 m [&;;3f*l*n*m*ir (kv223, €v223.2 ) '

Vot rnmeir A rnem (Rv211, €v211.2)1]- (98)
Qzzar v nemi(kvaza €v224.1) = Qppaprnrmeilkvaza — 1, €v224.2), (99)
~ I pxqx % %
_yir 5~
V2*24f*l*n*m*2[/1f*l*n*m*(kV224' £V224.1)]_Zi:1 . “224f*l*n*m*i(kV224'€V224-1) )
V;;3f*l*n*m*i[Af*l*n*m*(kV223' ev2232)]] (100)
Ak -T2
a224f*l*n*m*i(kV224l ‘SV224.2)‘[a224f*l*n*m*i(kV224r €y224.1) *
Vz*;3f*l*n*m*i [Af*l*n*m* (kV223' €y223.2 )]]/V2*24f*l*n*m*2 [Af*l*n*m* (kV224r €V224-.1)]r (101)
I pxqx %%
0 _vir ~
Vosarrnm [Aprnm (kvaza €222 158,00 " ™ [@2ap+10nmei Kvazar €v2242) -
V;;y,f*l*n*m*i[lf*z*n*m* (kv223 €v223.2 )]], (102)
Qzasf1'nrm (Kvazs, €v22s.1) = Qaasp 1 nem*(Kvazs — 1, €v2zs.2), (103)
~ Mf*-*l*n* ~
VZZSf*l*n*E[Af*l*n*m* (kva2s: Evazs.a)]=2 mr=1 [a225f*l*n*m*(kV225'5V225.1) :
V2*;4f*l*n*m* [Af*l*n*m* (kv224s 8V224.2)]]' (104)
Ak — ~
aZZSf*l*n*m*(kVZZSr5V225.2)_ [a225f*l*n*m*(kV225'5V225.1) :
“Vosaprnm A rwm (Rvaza €V224.2)]]/V2*25f*l*n*2[Af*l*n*m* (kv22s Evazs.1)] (105)
~ Mpspeps
VZ*;Sf*l*n* [Af*l*n*m* (kv22s) €vazs.2) =X m*zrll [a;25f*l*n*m*(kV225'£V225.2) )
V2*;4f*l*n*m* A1 nem* (kv2zar Ev224.2)]], (106)
Qra6f1'n* (kv226 €v226.1) = @z6f+1n* (Kyvaze — 1, Eva26.2), (107)
Ny
i

17z*zsf*l*):[)Lf*l*n*m*(kvzzs:~’3V226.1)] % n*=1[&226f*l*n*(kv226: &y2261) V;SSf*l*n*[Af*l*n*m*(kV225'EVZZS.Z)]]'
(108)
&;ZGf*l*n*(kVZZGv €v226.2)= [A226f 1'n* (Kv226) Ev226.1) -
- Vossrern (A rnem: (Rvazs: €225 211/ Voge o1 s [Ap 1nem (kv 2260 €v226 1)1, (109)
N;*l*

Ak

17z*zsf*z* [Af*l*n*m*(kvzzsjszzs.z)]=z n*=1 a226f*l*n*(kV226:5V226.2) : V;;Sf*l*n* [Af*l*n*m*(kVZZSI£V225.2)]]:
(110)

Qra7 51 (ky227, Eva27.1) = Aap7pr+(kyazs — 1, €v227.2), (111)
5 * Ly« A~ 75 k%

V227f*2[/1f*l*n*m* (kv227, €vaz7.1) =2 l£=1[a227f*l*(kV227: €y227.1) szef*l* [Af*l*n*m* (kv2z26s £V226.2)]]l (112)

&;27f*l*(kV227: €v227.2)= [&227f*l*(kV227: Ey227.1)

‘7;;6f*1* (A1 nem* (kv2ze, €V226.2)]]/V;27f*2[Af*l*n*m* (ky227,€v227.1)] (113)
172*;7}” (A< nem* (ky227, 5V227.2)]=21L£1[&;27f*1*(kV227» €v227.2) * ‘72*2*6]‘*1* (A1 nem* (kv226) €V226.2)]]v (114)
Qz28f* (Kyazs, €va28.1) = Aaogp(kvazs — 1, €v2282), (115)
V3ags [Ar1n*m* (ky228, €V228.1)]=Z}::=1 Q2285 (Ky228, €v228.1) ]72*;7]” [Arrnrm* (ky227, €v227.2)]], (116)
a';zsf*(kvzzs' €v228.2)= [A228f* (Kv228) Ev228.1) *

: ‘72*2*7]” (A1 nm (Ky227, eva27.2)11/ Vaaes [Ar1nrm* (kv 228, Ev228.0)], (117)
V2*;8 [Af*l*n*m*kVZZSJ €V228.2]=2?:=1[07;23f* (ky228, Ev2282) V;;7f* [Af*l*n*m* (ky227, £V227.2)]]' (118)
AV;30.17(kv2z0, €v220.1) = Vios (kvzoe €v206.2)] = Vato(kvzio €v2102)]s (119)
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A‘?;;9.18[Af*l*n*m* (ky229, €v229.1 )] = I’/\z*ik7 [Af*l*n*m* (ky217, €v2172)] — I72#3%2 [Af*l*n*m* (ky222,8v2222)],  (120)

A‘?;;9.19[Af*l*n*m* (ky229, €v229.1 )] = Vik;s [Af*l*n*m* (ky228 €v2282)] — 17;;7[/1f*l*n*m* (ky217,&v2172)],  (121)

@220 (ky229, €v220.1 ):sz*fta.n [Af*l*n*m* (kv229, €v229.1 )]/27119:17 sz*z*g.n [Af*l*n*m* (kv220, €v220.1 )]]: (122)
A‘?;§9Zn [Af*l*n*m* (ky229, €v229.1 )]:27119:17 @229 (Ky220,€v220.1 ) * AV;;‘).H [Af*l*n*m* (ky229, €291 )]' (123)
@3207(kv229, €v220.2 )=[@220 7 (Ky229, Ev220.1 ) - AV;;an [Af*l*n*m* (kv229, €v229.1 )]]/

AV33o5m[Ar v nrm: (Ry229, €v220.1 )]s (124)

sz*fg):n [Af*l*n*m* (kv220, €v220.2 )] = 2711:9=17 @329 (Kv229, €v2202) sz*z*g.n [Af*l*n*m* (kv220, €v220.1 )]: (125)

A;;;.N[/lf*l*n*m* (ky229, €v2292 )] = @32917(kv229, €v2202) sz*;;m [Af*l*n*m*(kvzzgr €y229.2 )] +

v;fo(kvzw' &v210.2))) (126)
Az*;;.m [)lf*l*n*m* (ky229, €v229.2 )] = @32918(kv229,€v2202) AV;ESZn[Af*l*n*m* (ky229 Ev229.2 )] +

V332 (A1 nem* (kv2z2, €v222.2)] (127)
A;;;.19[Af*l*n*m* (ky229: €v229.2 )] = 032919(Kv229,Ev2202)

AVS5ssn [Af*l*n*m* (ky229, Ev229.2 )] + V515 [Ar*rnm= (Kv217, Eva17.2)], (128)
dz307* (K230, €v230.1) = Fa307(Kvazo — 1 €v2302 ), (129)
[72*30)” [Af*l*n*m* (kv230 5V23o.1)]=d230f* (ky 2300 €v230.1) Vo517 [Af*l*n*m* (ky1g7, €v187.2)], (130)
V230x [Af*l*n*m* (k230 5V230.1)]=2}€:=1[6Y230f*(kvz30» £y230.1) ° ‘72*30f* [Af*l*n*m* (kv230, £V230.1)]]r (131)
&;30f*(kV230: €1230.2)= [&2301‘* (kv230 €v230.1) *

172*301‘* [Af*l*n*m* (ky230s SV230.1)]]/VZ302 [Af*l*n*m* (ky230s 51/230.1)]' (132)
Vg;o,‘* [Af*l*n*m* (kv230, 5V23o.2)]=‘7‘;30f*(kvzso' €1230.2)"

Vszoa7|Arnem (kv22e, €v2202)], (133)
dazfr (kvast €vasin) = Aoz (kyass — 1 Evasiz ), (134)
V;?)lf*l* [)lf*l*n*m* (kv231, €vasia)]= &231]‘*1* (kv231s £V231.1)'V2*;0f* [Af*l*n*m* (ky230, 51/230.2)]: (135)

- L' .
V231f*):[lf*l*n*m*(kvz31'5V231.1)]=Zlf=1[a231f*1*(kvzsp€V231.1)' Vasip [Arrneme (Rvast, €vazr)]], (136)

&;31f*l*(kV231' 5V231.2):[5f231f*z* (kv2s1 €vazia) -

: VgSlf*l*[Af*l*n*m* (ky231s 5V231.1)]]/Vz31f*>:Mf*l*n*m* (kv231, €v231.1)]), (137)
V2*§1f*z* [Af*l*n*m* (ky231, 5V231.2)]=67;31f*1*(kvzsl: £V231.2)"7;;0f* [Af*l*n*m* (kv230, 5V230.2)]» (138)
da32f17n* (Ky232, €vasaa) = &;SZf*l*n*(kV232 —1,&y2322), (139)
V2*32f*l*n* [Af*l*n*m* (k232 5V232.1)]=67232f*l*n* (k232 5V232.1)'[72*;1f*l* [Af*l*n*m* (ka3 £V231.2)]: (140)
17'23.2}‘*1*):[)Lf*l*n*m*(kV232: €V232.1)]=Z:{:;[&232f*l*n* (ky232, &v232.1) V2*32f*l*n* [Af*l*n*m*(kVZSZv £V232.1)]1
(141)

&;32f*l*n*(kV232v €y232.2)= [d232f*l*n* (kv232, €vaszaa) -

: I72*32}‘*1*11* [Af*l*n*m* (ky232, 5V232.1)]]/V232f*1*):[/lf*l*n*m* (ky232, 51/232.1)]: (142)
V;’;Zf*l*n* [Af*l*n*m* (ky232, SVZSZ.Z)]=a;32f*l*n*(kV232' £V232.2)'I7;;1f*l* [Af*l*n*m* (kv231 £V231.2)]1 (143)
dazzprnme (kvass, €v2331) = Aoz inrme (kv2zs — 1, €v2332), (144)
V;ggf*z*n*m*(kvzm; €V233.1)=é233f*l*n*m* (k233 5V233.1)"7;;2f*l*n* [lf*l*n*m* (kv232, EV232.2)]: (145)
Vaszrrn s (kyass, €V233.1)=ZZ£*=1?* [@2337 1 n*m* (Kv233, €v233.1) ]72*33f*l*n*m*(kV233'EV233.1)]' (146)

&;33f*l*n*m*(kV233' €y233.2)= [a233f*l*n*m*(kV233: €y233.1) *
Vazzprnrm (Kvass, 5V233.1)]/V233f*l*n*): (kv233) €v233.1), (147)
7 %%

V233f*1*n*m* [Af*l*n*m* (k233 5V233.2)]:d;33f*l*n*m*(kV233: £V233.2)'V2*;2f*l*n* [Af*l*n*m*(kV232: £V232.2)]. (148)

Gozaprnmr(kvasa €v23a1) = Epzaprnrmer(Kvaza — 1 &v23a2), (149)
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V;34f*l*n*m*r(kvz34; SV234.1)=d234f*l*n*m*r (kv234) £V234.1)'V;;3f*l*n*m* [Af*l*n*m* (kv233, £V233.2)]' (150)
V234f*l*n*m*2(kV234' 5V234.1)=Zf1fl*n*m*lf*l*n*m* [F23ar 1 nmer (Ky23a, Evazan) -

V2*34f*l*n*m*r(kV234' €v234.1), (151)
5';34f*l*n*m*r(kvz34' €y234.1)= [&234f*l*n*m*r(kV234: €y234.1) *

V2*34f*l*n*m*r(kV234' ev2341)1/Vazap nom s (kvaza €v2321), (152)
d2355° (ky23s, €v23s1) = &;35f*(kV235 —1,&y2352), (153)
I72*35,‘* [Af*l*n*m* (kv23s, SV235.1)]=d235f* (ky23s, €v235.1) V3518 [Af*l*n*m* (ky229, €v2202)], (154)
Vysss [Af*l*n*m* (kv23s, €V235.1)]=Z?:=1[&235f*(kvzss' €y235.1) ° ‘72*35f* [Af*l*n*m* (ky23s, €v23s.1)]], (155)
&;35f*(kV235' €y235.2)= [&235f* (k235 €v235.1) *

I72*35,‘* [Af*l*n*m* (ky23s, €v235.1)]1/Vazss [Af*l*n*m* (ky23s, €v235.1)], (156)
[72*;5)” [Af*l*n*m* (ky23s, 5V235.2)]=d;35f*(kvz35» €v235.2)"

Az*iks.ls [)lf*l*n*m* (kv220, €v2202 )]; (157)
das6f°1* (kvase €vaze1) = dazep++(kvaze — 1 Evasez ) (158)
[72*36f*l* (A1 nm*(kv23er €v236.1) 1= azep s (Kvase 5V236.1)'V2*§5f* [ 1nm* (ky23s, €v235.2)], (159)

. Lps -
Vaoserez[Ar-1sn*m* (kv23e) SV236.1)]=Zl*f=1[aZB6f*l*(kV236J€V236.1)' Vaser i [Arrnrm* (Kvaze €v236.1)]],  (160)

&;36f*l*(kV236J 5V236.2)=[5’236f*l* (ky236 Ev236.1) °

: ‘72*36/‘*1* (A1 nrm* (k236 8V236.1)]]/V236f*2[Af*l*n*m* (kv236) €v236.1) ], (161)
17;;6,:*1* [Af*l*n*m* (kva3e) ‘9V236.2)]=0V‘;36f*1*(kvzsé' €V236.2)"7;;5f* [Af*l*n*m* (kv23s, €V235.2)]; (162)
Aaz7f 1 (kvas7, €v237.1) = dpz7pe it (kvaaz — 1 Evaszz ), (163)
I72*37,‘*1*n* [)lf*l*n*m* (ky237, 3V237.1)]:&237f*l*n* (ky237, £V237.1)'I72*;6f*l* [Af*l*n*m* (ky236 £V236.2)]: (164)

- Npwpe .
V237f*l*):[)lf*l*n*m* (k237 3V237.1)]:anzl[a237f*l*n* (kv237, €v237.4) * V237f*l*n* [Af*l*n*m* (kv2s7 €V237.1)]:
(165)

&;37f*l*n*(kV237J €v237.2)= [A23771n* (Kv237, €v237.1) -

: I72*37,‘*1*11* [A¢+1nem* (kv2s7, €v237.011/ Vazzp s [ A 1neme (kvzz, €v237.4) ], (166)
V2*§7f*l*n* [Af*l*n*m* (ky237, SV237.2)]=&;37f*l*n*(kV237J €V237.2)'V;;6f*l* [Af*l*n*m* (ky236, £V236.2)]r (167)

dazsrrnrm* (kvass €vazs1) = Gasgrrnm: (Kvazs — 1 &v23s2), (168)
V2*38f*l*n*m*(kV238J €y238.1)=A238f* I"n*m* (kv23s, 5V238.1)"7;;7f*l*n* [Af*l*n*m* (kv237, €V237.2)]: (169)
Vass i s (Kyazs, SV238.1)=Z:ILCZ;"* [d238f 1 n*m* (Ky238) EV238.1) ]72*38]‘"*1*n*m*(kV238'€V238.1)]' (170)
az;38f*l*n*r(kV238: €y2382)= [&238f*l*n*m* (kv238 €v238.1) *

V;SSf*l*n*m* (kv23s, €v238.1)1/Vazsr in*s (kv23ss €v238.1) (171)
V;éksf*z*n*m* [2f 1 nem (kv 238, €V238.2)]=a;38f*l*n*r(kV238' £V238.2)'V;;7f*l*n* [Ar 1 nem: (kvazz, €v2372)], (172)
dazof1n m*i(kv2so €v230.1) = Ga3g 1 n m*ilkvaze — 1, €v2302), (173)
V;39f*l*n*m*i(kV239' €V239.1)=é239f*l*n*m*i(kV239' 5V239.1)"7;§3f*1*n*m* [lf*l*n*m* (kv23s, EV238.2)]: (174)

V239f*l*n*m*2(kyz39, €V239,1)=Z§f1l*n*m*[&239f*l*n*m*i(kvzs9: €y239.1) * [72*39f*l*n*m*i(kV239r €v239.1) ), (175)

&;39f*l*n*m*i(kV239' €v2392)= [&239f*l*n*m*i(kvz39: £y239.1)

Vasof iintmei(kvzzo, €v2391)1/Vazor tnm s (K239, €/239.1) (176)
7 %%

V239f*l*n*m*i [Af*l*n*m* (kv239, 5V239.2)]:d;39f*l*n*m*i(kV239: £V239.2)'V2*;8f*l*n*m* [Af*l*n*m* (kv23s, €V238.2)].
(177)

Aaa0f rnm ir (Kvaa0, €v240.1) = Caa0p v nm ir(Kvaao — 1, €vas02 ), (178)
Vo n m*ir(Kv240 €v2401)=F240 £ 'nrme ir (Kv 240, €v240.1) Vazof 1'n mei [Af*l*n*m* (ky239, €v2392)], (179)
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-~ RVf*l*n*m*If*l*n*m* o
Vasor rnm iz (kv2a0, £V240.1)=Zr=1 [a240f*l*n*m*ir (kv240 €v240.1) *

V2*40f*z*n*m*ir (kv240, €v2a0.1)], (180)
&;40f*l*n*m*ir(kV240' €v240.2)= [E2a0f 1 n*m*ir (Kv240, €v240.1) -

I72*40f*l*n*m*ir (kv240, €v2401)1/ Vaaor t'nom iz (kv240, €v240.1)» (181)
VZ*ZOf*l*n*m*ir [Af*l*n*m* (kV240' £V240.2)]=&;40f*l*n*m*ir(kV240' €V240.2)'I72*;9f*l*n*m*i [Af*l*n*m* (kV239: £V239.2)]:
(182)

d2415° (ky2a1, €v2411) = &;41f*(kV241 — 1, &y2412), (183)
V2*41f* [Af*l*n*m* (kv2a1s 5V241.1)]:d241f* (ky241, €V241.1)'I72*2*3.19 [Af*l*n*m* (ky229, €v229.2 )]' (184)
I7241): [Af*l*n*m* (kv2a1s SV241.1)]=Z?:=1[&241)€*(kV241' Ey241.1) ° ]72*41}‘* [Af*l*n*m* (kv2a1, 8V24-1.1)]]; (185)
&;41f*(kV241' €v241.2)= [&241f* (kv241,€v241.1) -

I72*41,‘* [Af*l*n*m* (ky241, 8V241.1)]]/I7241£ [llf*l*n*m* (ky241, €V241.1)]r (186)
I72*;1)‘* [Af*l*n*m* (kv241, SV241.2)]=d;41f*(kV241J €v241.2)"

Vs35.10[ A 1mem* (kv229, €v2202)), (187)
Oaazf 1" (kv2a2, €vaa2.1) = Faappri(kyaaz — 1, €v2422), (188)
I72*42,‘*1* [)lf*l*n*m* (Ky242, Evaaz.1)]= 07242f*l* (kv2a2, €V242.1)'V511f* [Af*l*n*m* (ky241, €V24-1.2)]; (189)

. L' “
Vosopes[ A 1rnem* (kv2a2, 5V242.1)]=Zl[=1[a242f*1* (kv2a2,€v2421) * Vosop - [Apinm (Kvzaz, €v2a2.1)]], (190)

&;421‘*1* (kv242, €v242.2)=[A2a251* (kv2az2) €v2a2.1) *

: ‘72*42,‘*1* (A1 nrm* (K242, 5V242.1)]]/I7242f*2[Af*l*n*m* (kv242) €v242.1)], (191)
V;:zf*l* [Af*l*n*m* (kv242) 5V242.2)]=07;42f*1*(kV242' €V242.2)"7;Zlf* [Af*l*n*m* (kv2a1s 51/241.2)]; (192)
(a3 rn* (Ky2a3, Evaaza) = &;43f*l*n*(kV243 —1,&y2432), (193)
V2*4-3f*l*n* [Af*l*n*m* (kv243, 5V243.1)]=67243f*l*n* (kv243, 5V243.1)'V;Z2f*1* [Af*l*n*m* (kv2a2s £V24-2.2)]: (194)
17243,‘*1*2 [Af*l*n*m* (ky243, SV243.1)]=Z:{:; [F2437 10 (Ky 243, €v243.4) - [72*43f*l*n* [Af*l*n*m* (ky2a3, 5V243.1)]:
(195)

&;43f*l*n*(kV237v €v237.2)= [Q2a3r 1rn (Ky243, €v2431) -

: V2*43f*l*n* [Af*l*n*m*(kvz43; SV243.1)]]/V243f*l*2 [Af*l*n*m* (ky243, £V24-3.1)]' (196)
V;:?)f*l*n* [)lf*l*n*m* (k237 8V237.2)]:&;43f*l*n*(kV237v 51/237.2)‘17;:2)“*1* [Af*l*n*m* (ky242, 51/242.2)]: (197)
Aaaarrnm (kv2as €v2441) = Gpaapinrm(kv2as — 1, €v2442), (198)
172*44f*1*n*m*(kvz44; €v2441)=02aaf ' m* (Ky 244, €V244.1)']7;23f*l*n* [Af*l*n*m* (ky237, €v2372)], (199)
V244f*l*n*2(kV244J €V244.1)=ZZ£*=1?* [&244f*l*n*m*(kvz44: &v2441) V;44f*l*n*m*(kV244' Ey2441))) (200)

&;44f*l*n*r(kV244J €v244.2)= [Q2aar 1 nom* (kv2aar €vaaas) -

V;44f*l*n*m* (kv2a4, €241/ Voaarvnt s (K244, €v242.1), (201)
V;:‘l-f*l*n*m* [Af*l*n*m* (kv244 €V24-4-.2)]=a;4—4f*l*n*r(kV24-4-' €V244.2)'V;Z3f*l*n* [Af*l*n*m* (ky237, £V237.2)]1 (202)
Aaasprnmei(Kvaas €v245.1) = Foasprrnrmeilkvaas — 1 &v2452), (203)
V2*4.5f*l*n*m*i(kV245' €V245.1)=é245f*l*n*m*i (kv2as, 8V245.1)'V;Z4f*l*n*m* [Af*l*n*m* (ky2440 51/244.2)]; (204)

V245f*l*n*m*2(kV245:€V245.1)=Z?:1l*n " [@aasprnmei(kvas) €v245.1) * Vasspimmei(Kvaas) €vaasa)],  (205)
&;45f*l*n*m*i(kV245: €y245.2)= [éz45f*l*n*m*i(kvz45: Ey245.1) *

Vsusrrnrmei(kvaas €v2451)1/ Vaasp rnme s (kv2as, €v245.1), (206)
V;ZSf*l*n*m*i [Af*l*n*m* (kv2as, SV245.2)]=d;45f*l*n*m*i(kV245; EV24-5.2)'V;Z4f*l*n*m* [Af*l*n*m* (kvzaa €V244.z)]-
(207)
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3aKknoyeHue

MNpuBeaeHHble B CTAaTbe MATEMATUYECKME OCHOBblI MPE3EHTYEMOro MeToAa SBAAIOTCA JIOTMYECKUM
NPOAO/IKEHMEM NpPeaCcTaBAeHHbIX B cTaTbAX [1-14] maTemaTUYeCcKUX OCHOB ONTUMAbHOrO yNpaBaeHUs BCEMU
npoLeccammn coumanbHO-3KOHOMMYECKOTO Pa3BUTUA Ha TEPPUTOPUM U Pa3BMBAIOT paspabaTbiBaemyto aBTOPOM
MeTogonormto onTMManbHoro online KBaHTOBOro aganTWUBHOro ynpasaeHna COB Ha Tepputopum B 4YacTu
pa3paboTKN U U3/I0XKEHUA MeToAa:

— onmumu3ayuu e3zaumodelicmsull cs10é8 onmumMansHeix npeobpaszosarHuli V17-V20 e Aznomepayuu
onmumasibHbix npeobpasosaHull Ay s Ha ocHoge pe3yabmamos opt npeobpazosaHuli 8 aznomepayuu Ay, 1;

— onpeodesaneHus onMmumasnbHoU 3HAYUMOCMU, ONMMUMAAbHO20 8KAA0d U 00CMU2HYMo20 ornMmuMasabHO20
yposHA eo3moxHocmeli CIP 8 YKA3aHHbLIX C/A0AX ONMUMAnbHeIx rnpeobpasosaHuli 8 Aznomepayuu Ays e
nodcucmeme C3Py, Ha ocHose pe3ynsmamos opt npeobpazosaruli 8 Aenniomepayuu Ay, .

lMocnedosamensHO pPACKpbIM (YHKYUOHAA HOoBoU Aezsomepayuu  OnmuMU3aUYUOHHbLIX npoyedyp
Ay, (cnou  onmumansHeix  npeobpaszosaruli  V201-V245). Tpu  W3N0XKEHUM MATEeMATUYECKUX OCHOB
NpeAcTaB/IEHHOTO B CTaTbe METOAa COXPAHEHA U pa3eumad yHUKAsbHAA cucmema o6o3HaveHull, eduHas e [1-14].

lMpedcmaeneHHble 8 [1-14] u 8 HacmoAweli cmamse Mamemamu4eckKue OCHOB8bl pazpabamesieaemoli
asmopom Memodosozuu ekao4arom 411 ca10é8 pasnu4yHbIX ONMUMAsbHbIX MPeobpa3o8aHuli, OMUCAHHbLIX 8
2046 830UMOCBA3AHHbLIX MAMEMAMUYECKUX BbIPaXeHUAX, U cocmasnasom eOuHYlo MamemamuyecKyro
naamagopmy 014 Ucced08aHUSA 8Ce20 KOMII/EKCA 80MPOCO8 ONIMUMAsbHOR20 ynpasaeHus C3B Ha meppumopuu
8 napaduzme U MPU3HAKOBOM rnpocmpaHcmee Memodosaozuu, OpUeHMUpPO8AHHOU HA npumeHeHue
COBPEMEHHbIX U epcrieKmusHbix 0ocmuxceHuli 8 obaacmu uugpossix mexHosno2ull U UCKYCCMBeHHO20
UHMesnnekma.

Pa3BuTME M U3NOMKEHME MATEMATUYECKUX OCHOB aBTopckoi MeTtogonormm opt ynpasneHus CIB Ha
TeppuTopun ByayT Npoao KeHbl B NOCAEAYHOLMX CTaTbAX LMKAA.

CNUCOK UCNOIb30BaHHOW NIUTEpPaTypbl:

1. YctioroB H0.A. MatemaTuMyeckme OCHOBbI METOA0/I0TMU ONTUMaAJIbHOro online KBaHTOBOro aAanTUMBHOIO
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YOK 811.161.1'243:378.147
lF'ynbieBa K.
Myxammepos C.
CTYOEHT
TYPKMEHCKOIO CelbCKOX03AMCTBEHHOIO yHMBepcuTeTa Mmenu C. A. Husasosa.
KawaHosa .
npenogasaresb
Meparornyeckoro cpegHe-nPoPeccUoHaNbHOIO YYnAnLLa
umeHun bepammyxamena AHHaeBa ropoaa ApKagar.

PA3BUTUE METOAMKU NPENOAABAHUA PYCCKOIO A3bIKA KAK MHOCTPAHHOIO B KOHTEKCTE
COBPEMEHHOW OBPA30BATE/IbHOW CUCTEMbI

AHHOTauuA

CtaTbA nNOCBAWLEHA aHa/M3y aKTyaJibHbIX HanpaBiAeHWUN W TeHOEHUMA B pPasBUTUM  METOAMKM
npenofaBaHMA PYCCKOro f3blka KaK WMHOCTpaHHoro (PKWU) B ycnoBuax coBpemeHHOM o06pasoBaTesibHOM
napaguMrmbl. PaccmaTtpuBaeTcAa TpaHchopmauma TPAAMUMOHHBIX JIMHIBOAWAAKTUYECKMX NOAXOA0B NOA,
BAMAHMEM UMPPOBU3ALMMK, TYMaHUTapU3auMK U rnobanmsaumm obpasosaTenbHOro npocTpaHctea. Ocoboe
BHMMaHUE yOenaetca WHTerpaumMm rmbpuaHbiX W AUCTAaHUMOHHbIX ¢dopm  0Oy4YeHusa, WUCNob30BaAHULD
MYNbTUMEOMIHBIX  TEXHONOTUIM, @  TaKXKe  peanmsauuu KOMMYHWKaTUBHO-4EATE/IbHOCTHOIO U
JIMHIBOKY/IbTYPONOIMYECKOro Nnoaxoaos. B pabote 060cHOBbIBaETCA HEOHXOAMMOCTb aAaNTALUN METOANYECKUX
CUCTEM K MEHAOWMMCA NOTPEOHOCTAM U MHAMBUAYANBHO-NCUXONOMMYECKMM OCODEHHOCTAM COBPEMEHHbIX
MHOCTPAHHbIX y4aLLMXCA.

KnioueBble cnosa:
PYCCKMI A3bIK KaK MHOCTPAHHbIN, MEeTOAMKA NpenogaBaHuns, IMHIBOANAAKTUKA, udpoBM3auma obpasoBaHus,
KOMMYHMKaATUBHbI NOAXOL, IMHTBOKYNbTYPONOrNSA, AUCTaHUMOHHOE 0byyeHue.

BeegeHne CoBpemMeHHasa cucTeMa 06pa30BaHMA MepeXKMBaeT 3Tan rAybokolk TpaHchopmauuu,
BbI3BaHHOM AMHAMWYHBLIM Pa3BUTUEM WMHPOPMALMOHHO-KOMMYHMKALMOHHBIX TEXHOOTUIA, U3MEHeHuem
XapaKTepa MeXKy/NbTYpHOro B3aMMOZAENCTBMA U NEPEOCMbIC/IEHUEM KOYEBLIX 33434 JIMHIBOAMAAKTMKN. B
3TOM KOHTEKCTe METOAMKA MPenofaBaHMsA PYCCKOro A3blKa Kak MHocTpaHHoro (PKU) BbicTynaeT Kak rmbkas,
NMOCTOAHHO Pa3BUBAIOLLAACA ANCLMNAMHA, pearnpyoLwan Ha rnobanbHble BbI3OBbl U HOBble 06pa3oBaTesibHbIe
CTaHAapPTbl. PYCCKMN A3bIK NPOAO/KAET COXPaHATb CTaTyC OAHOFO M3 Ba*KHEMLIMX A3bIKOB MEXAYHAaPOAHOro
O6LLEeHMA, HAYKM W KyabTypbl, 4TO 0OYyCcnoBAMBAET CTabW/bHLIA MHTEpPEC K €ero M3y4YeHUt0 CO CTOPOHbI
MHOCTPaHHbIX yYaLLMXCcA NO BCeMy MUPY.

TpaauuMoHHaA mMeToamMKa npenoaaBaHua PKU, chpopmumpoBaBLluasca BO BTOpPOM MNosoBUHE XX Beka M
6a31poBaBLIAACA Ha NPOYHOM FPAMMATUKO-NEPEBOAHOM M CO3HATE/IbHO-NPAKTUYECKOM GyHAAMEHTaX, CerogHsA
aKTMBHO 060ralLaeTca HOBbIMM KOHUENUMAMM. KAoYEBBIM BEKTOPOM Pa3BUTUA CTAHOBUTCA CMELLEHME aKLEeHTa
C MPOCTOro YCBOEHMUS S3bIKOBOM CUCTEMbBI (FPAaMMATUYECKUX NPaBWJ, IEKCUYECKUX eauHUL, U GOHETUYECKUX
HOpM) Ha ¢opmMMpOBaHME KOMMNEKCHOW WHOA3LIYHOW KOMMYHMKATUBHOW KomneTeHuun. CoBpeMeHHbIi
WHOCTPaHHbIA CTYAEHT AO/IKEH He TO/IbKO MPaBW/bHO KOHCTPYMpPOBaTb BbICKa3blBaHUA, HO U 3PEKTUBHO
pewaTb MPaKTUYECKME KOMMYHWKATUMBHbIE 334a4M B Pas/iMYHbIX chepax ObOLLeCTBEHHOM, aKageMMYecKon u
NPo¢deccoHaIbHOM KUSHM.

3aMeTHYIO po/ib B COBPEMEHHOW IMHIBOANAAKTUYECKOM Mapagurme UrpaeT IMHIBOKYbTYPOIOrMYECKUI
noaxoA, npeanonaralowpnii HepaspbiBHYIO CBA3b M3y4YeHWA A3blKa C OCBOEHWEM HALMOHANBbHOMN KynbTypbl,
TPAaAWNLNIA, LLEHHOCTHbIX OPUEHTUPOB M NpPeELLefEeHTHbIX TEKCTOB CTPaHbl M3y4aemoro Asblka. PopmuposaHue
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MEKKY/IbTYPHON KOMMETEHLMM MO3BOAAET yYalLMMCA NPeononeBaTb KynbTypHble 6apbepbl, NpeaoTBpallaTh
KOMMYHMKaTUBHble COOM M afeKBaTHO MHTEPNPETUPOBATb HeBepbanbHOe 1 BepbaibHOE NOBeAEHNE HOCUTENEN
A3blKa.

OTpenbHbiM  GaKTOpoMm, ONpeaesvBLLUMM  BEKTOPbl  PasBUTUA  METOAMKWM, CTana MacwTtabHan
umdposmlauma obpasoBaTenbHOM cpeabl. BHeapeHWe 3SNEKTPOHHbLIX JIMHIBOAWAAKTUYMECKUX PECYpPCoB,
obyyarowmx nnatpopm, MOOBUNBbHBIX MPUNOKEHUNA, UHTENNEKTYANIbHBIX TPEHAXKEPOB M CPEACTB BMPTYaslbHOM
pPeanbHOCTU KapAMHANbHO W3MEHWIO apXMTEKTYpy ydebHoro npouecca. MbpuaHoe M AUCTAHLMOHHOE
0byyeHne 13 3KCnepumeHTanbHbIX GOPMATOB MPEBPATUAUCL B CTaHAAPTHYHO MPAKTUKY, YTO noTpeboBano oT
npenogasatenen PKU pa3paboTKM HOBbIX METOAMYECKMX MaTepuasnoB, MNepecMmoTpa NPUHLMNOB KOHTPOASA
3HAHMIM U CO34aHNA NHTEPAKTUBHbLIX KOHTEHTOB, MOAAEPKMBAIOLLMX BbICOKYIO MOTUBALMIO YHALLLMXCA.

Taknum obpasom, pasBuTME METOAMKM npenogaBaHus PKU B coBpemeHHOM 06pa3oBaTe/ibHON cucteme
npeactaBnser coboill cUHepreTMYeCcKUin MpoLecc, B KOTOPOM K/acCUYeCcKMe aKageMuyeckue Tpaauumm
rapMOHUYHO COYETAIOTCA C MHHOBAUMOHHLIMMW LMPPOBLIMU MHCTPYMEHTAMU U FNYOOKMM TFYMAHUTAPHbIM
coaepKaHuem.

CNMCOK UCNONb30BaHHOI INTEpaTypbl:

1. Asumos, d.T., LLyKknH, A. H. CoBpeMeHHbIN CN1oBapb METOANYECKUX TEPMUHOB M NOHATUIM (TeopUA N NPaKTMKa
0byueHus a3bikam). 2020, CaHkT-MeTepbypr.
2. Naccos, E. N. OCHOBbl KOMMYHUKATUBHOMN TEOPUMN N TEXHONOTMKN MHOA3bIYHOTO 0b6pasoBaHms. 2021, MockKsa.
3. MockoBkuH, L.B., LlamoHuHa, J1.B. MeTogmMka oby4eHMa PYCCKOMY fA3blKYy Kak MHOCTPaHHOMY: yyebHoe
nocobwue. 2022, CaHkT-lMeTepbypr.

© lynbiea K., Myxammegos C., KawaHoBa l'., 2026

YAK 811.111
Crapues C.C.
CryaeHT 1 kypca PTY MUP3A
r. Mocksa, P®
HayuHbIi pyKoBoguTtenb: Kpaseuy, O. C.
ACCUCTEHT Kadeapbl MHOCTPaHHbIX A3blIkoB PTY MUPIA
r.Mocksa, P®

OT LOL A0 CNEHTA NOKOJNIEHUA Z: KAK UHTEPHET CO30AET HOBbIA AHT/TUACKUA A3bIK

AHHOTauuA

B ctaTbe paccmaTpuBaeTca BAMAHWE WMHTEpHeTa WM COLMaNbHbIX CeTel Ha pPa3BUTUE COBPEMEHHOrO
aHrnumickoro fAsbika. Llenb mccnepoBaHMa — BbIABUTb 0COBEHHOCTM GOPMMPOBAHMA U PACHPOCTPAHEHUS
MHTepHeT-cneHra. Ha npumepe LOL, rizz, brain rot, rage bait, skibidi u six-seven aHann3upytoTcs HoBble 3HaYeHUA
1 cnocobbl 06pasoBaHmA nekcnkn. CaenaH BbIBOA O TOM, YTO LMbpPOBan cpesia YCKOPAET A3bIKOBblE U3MEHEHUSA
W pacnpocTpaHeHWe HOBbIX BbIPaXKeHN.

KnioueBble cnosa:

aHMNIMIACKMIA A3bIK, UHTEPHET-CAEHT, coumanbHble ceTn, Gen Z, Gen Alpha, HeonorM3mbl, A3bIKOBbIE USMEHEHUA.

AHIIMNCKNI A3bIK HUKOrAa He ctoan Ha mecte. OAHW C10Ba MOCTEMNEHHO BbIXOAAT M3 ynoTpebaeHus,
Apyrue nossnawTca 6narogapa TEXHONOTUAM, Ky/lbType U 06bl4HOW KM3HM. Ho B mocneaHue aecatunetvs
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M3MeHEeHMe A3bIKA CTaso 0cO6eHHO 3aMeTHbIM U3-3a UHTepHeTa. CeroaHa HoBasA ¢pasa MOXKET NOABUTLCA B
HebosblwoWn oHNanH-rpynne, nonactb B TikTok nan YouTube, a Yepe3 HECKONIbKO Heaenb e€ yXKe UCNOob3yoT
04U U3 pasHbix cTpaH. MHe KarKeTcA MHTepeCcHbIM UMEHHO 3TO: MIHTepHeT He NPocTo AAET Ham HOBble TEMbI
[ONA Pa3roBopa — OH HaMpAMYIO BAMAET Ha TO, KaK Mbl pa3roBapmBaem.

Ecnn BCMOMHUTb PaHHUIA MHTEPHET-C/IEHT, BCE HAYMHANOCh [OBOILHO NPOCTO. [10Nb30BaTENAM XOTENOCH
nucatb bbicTpee, NO3TOMY NOABUANUCH COKpalleHMna Bpoge LOL (laughing out loud), BRB (be right back) u OMG
(oh my God). Celtyac oHM y¥Ke He KaxyTca 4eM-To HeobbluHbIM. LOL, Hanpumep, NIerko BCTPETUTb HE TOJIbKO B
CTapbixX YaTax, HO 1 B 0ObIYHOM Nepenuncke. ITO XOPOLLMIN Npumep Toro, Kak ¢opma, co3gaHHasa paau yaobcTea,
MOMET MNePEeXnTb MNepBOHaYaNbHblM GopmaT 06LLEHMA M CTaTb YacTblo NOBCEAHEBHOIO HepopMasbHOro
aHFNMIACKOTO.

Xopowwuit npumep — rizz. 1o cnoso 0603HaYaeT CTUb, 06aAHME UK CNOCOOHOCTb NPUBAEKATb YEI0BEKA.
B 2023 rogy Oxford Languages Bbibpan rizz cnosom roga [4]. Cam Oxford oTmeyan, 4To TaKue cNoBa, KOTOpble
CHayYana XMBYT BHYTPWU ONpeaenéHHbIX MHTePHET-COObLLEeCTB, TeNepb MOFYT 33 HEAENN UAN MeCAUbl BbIMTU B
MaccoByto pedb. M 31O, noxanyn, O4HO M3 rNaBHbIX OTAIMYUIN COBPEMEHHOIO A3bIKOBOFO NpoLecca: paHblue
nofobHoe pacnpocTpaHeHWe 3aHMMaN0 3HAUUTENbHO 6O/blLE BPEMEHM.

Cneayowmn MHTEpPeCHbIN npumep — brain rot. B 2024 roagy Oxford Languages Bbi6pan 3To BbipaskeHue
CNOBOM rofa nocne nyb/JnYHOro ronoCoBaHWA, B KOTOPOM MpPUHAAM ydacTue b6onee 37 000 yenosek [3]. B
LWMPOKOM CMmbicne brain rot cBA3bIBAOT C Ype3aMepHbIM noTpebaeHnem npoctoro, beccoaepaTenbHOro Uam
NOBTOPSAIOLLEroca OHAANH-KOHTEHTA. MHe 34ecb 0CO6EHHO MHTEPECHO HE CaMO CN0BO, @ TO, YTO OHO OMWUCLIBAET
uesoe noseaeHue, ceasaHHoe ¢ umdposoii cpenoit. Monyyaerca, MHTePHET He NPOCTO CO34aET HOBble HAa3BaHMA
ONA Belen — OH MOMOraeT aHMIMMCKOMY A3bIKY Ha3blBaTb HOBble MPWBbLIYKM U [aXKe HOBble Ky/bTypHble
npobnembl.

B 2025 roay aTy TeHAEHLMIO NPOAO/IXKMAO BblpaxkeHue rage bait. Oxford Languages Bbibpan ero ciosom
roga v onpefenser ero Kak KOHTEHT, CneunasbHO CO34aHHbIN ANs TOro, YTobbl BbI3BaTb Pa3fparkeHne uam
BO3MYLLEHNE M TEM CaMbIM MOAYYMTb OOsiblie MPOCMOTPOB MAM BoBaeYéHHocTu [5]. Mo aaHHbim Oxford
Languages, 3a npeaplaywme 12 mecsaues ynotpebaeHne 3Toro BblpaxKeHUs BbIpoC/ao BTpoe. 3aecb ocobeHHO
XOpOLO BUAHO, KaK A3bIK pearnpyet Ha U3MeHeHUAa B LMGOPOBOM KyabType: CHavyana NoABAAETCA HOBbIA TUN
nosefeHua B UHTepHeTe, a 3aTem 4J/1 HEro NoABAsieTcA YyA006H0e 1 KOPOTKOe Ha3BaHMe.

Ewé 3abaBHee cuMTyaumsa BbIrIaguT co cneHrom Gen Alpha. OgHMM M3 camblix 3aMETHbIX MPUMEPOB CTan
67, nnu six-seven. Dictionary.com Ha3Ban 67 ceoum cnosom roga B 2025 roay [1]. Camoe Heobbl4HOE B 3TOM
BbIPaXEHWUN TO, YTO Y HEro HeT 04HOro CTabuibHOro 3HadeHus. OHo cBA3aHo ¢ necHelt “Doot Doot (6 7)” panepa
Skrilla, BUpyCHbIMW BUAEO M AaNbHEALLMM PAacnpPOCTPAHEHMEM Cpeam WKOAbHUKOB. MoapobHO nponcxoxaeHne
N ynotpebneHne 3TOro BbIpaXKeHMA TaKKe pasbupaetr Merriam-Webster [2]. MHorga six-seven ucnonb3yetcs
NOYTU NPOCTO PAAM LIYTKM MM KaK 3HAK TOTO, YTO Ye/IOBEK NMOHMMAET OnpeaenéHHy0 MHTEPHET-KyAbTypy. A
MEHA 3TO OAMH M3 CaMbIX UHTEPECHbIX MPUMEPOB: CIOBO MOXKET ObiTb NONYAAPHLIM AaxKe Toraa, Koraa ero
3HAYeHWe HaMepPEeHHO OCTAETCA Pa3MbITbIM.

Moxoxyto ponb urpaet skibidi. OHo To)Ke cTano 4YacTblo abcypAHOro MHTEPHET-IOMOpa M 4acTo
ncnosib3yetcs 6e3 Kakoro-nMbo KOHKpPEeTHoro cmbicia. Merriam-Webster npusoauT ero Kak npumep Gen Alpha
slang 1 onucbiBaeT Kak nonsense Internet term [2]. Ha nepBbiii B3rnag KaxkeTca, YTo TakMe c/10Ba BoobLLEe He
OOJ/IKHbl  CYMTATbCA YacTblo A3blka. HO MMeHHO 3pecb WMHTepHeT nokasbiBaeT ewé oaHy ocobeHHOCTb
COBPEMEHHOM KOMMYHMKaLMKN. MHOrAa YenoBeKy BaXKHO He CTONIbKO nepeaaTb TOUYHYH MHPOPMALMIO, CKONbKO
MOKa3aTb, YTO OH «B TEME» U Y3HAET ONpeaeNEHHbIN MEM UM KYNbTYPHbIA Kog,. B Takom cayyae cnoBo paboTaet
MOYTM KaK COUMANbHbIN CUTHAN.

KoHeuHo, 3TO He 03HayaeT, YTo CTaHAAPTHbIM aHIMACKMI ucye3aeT. CKkopee, y ntogen noasasetca 6o/blue
A3bIKOBbIX peXXnUmoB. C Apy3bAMM MOXKHO HanucaTb “no cap” nam “that’s so cringe”, a B yHUBEPCUTETCKOM 3cCe
MCNo/Ib30BaTb ropa3ao bosee HelTpanbHYO NeKCUKY. [osTomy npobiema He B camom cneHre. Ha molit B3rnag,
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BaHEe YMeTb MOHMMaTb KOHTEKCT U NepeKkoYaTbCca MexKay CTuaammn. Ecim yenoBeK 3HaeT MHOrO C/IEHFOBbIX
CNOB, HO HE NMOHUMAET, I4e UX He/b3s UCNONb30BaTb, €r0 AHIINNCKUIA BPAL I MOXHO Ha3BaTb AENCTBUTENbHO
rTMBKUM.

NHTEpHET MHTEpPeceH ewWeé M Tem, YTO OH YCKOpsAeT obbluHble npoueccbl cnoBoobpasoBaHuA. HoBble
3HAYEHWA BO3HMKALOT Yy CTapbIX C/I0B, HECKO/IbKO C/I0B COEAMHAIOTCA B O4HO BblpaXKeHWe, a nonyaspHasa ¢pasa
HaYMHAET MUCMO/Ib30BaTbCA KaK CYLLECTBUTENbHOE UK rnaron. Hanpumep, rage bait coctouT M3 AByX AaBHO
CYLLECTBYIOLLMX CNOB — rage 1 bait, Ho BMecTe OHM NoAYy4YnUIM HOBOE 3HAYEHWE, CBI3AHHOE MMEHHO C UndpoBONn
KOMMYHMKaumel. To eCTb MHTEPHET-C/IEHT HEe CO3[3ETCA U3 HMYErO: OH MCMOJIb3YET NPUBbLIYHbIE MEXAaHMU3MbI
AHIIMIMCKOrO A3bIKa, NPOCTO AeNaeT UX HAMHOro bbiCTpee M 3aMeTHee.

EcTb 1 gpyras npuvynHa Takon ckopocTu. onb3oBaTesniM MOCTOAHHO KOMUPYIOT MOMy/spHbIE C/0Ba,
MEHAIT UX U NPUAYMbIBAIOT HOBblE BapUaHTbl. Mem MOXKeT M3MEHUTb NepBOHAYaAbHbIA CMbIC/ BblParKeHus, a
aNropuTM coumManbHoOM ceTn cnocobeH 3a KOPOTKOE BPeMs MOKasaTb OAHY M Ty e ppa3y orpoMHOMY KOJIMYECTBY
nogen. NMosToMy KU3HEHHbIV UWKA CNOBa MHOTAA BbIFAAMT MOYTU Kak Lenoyka: nosBAeHWe, BUMPYCHOEe
pacnpocTpaHeHune, U3MeHeHMe 3HavyeHuA U 1Mbo ncyesHoseHne, M6 3akpenaeHne B A3bike. O4HM BblparKeHUA
3a6bIBalOTCA Yepes3 HECKOIbKO MecALEeB, a Apyr1e ocTalTca Haaoro.

Takum obpasom, nyTb oT LOL K rizz, brain rot, rage bait u six-seven nokasbiBaeT, HACKO/IbKO TECHO CEroAHsn
CBsi3aHbl A3bIK U LMPPOBan KyabTypa. MHTEPHET He «KNOPTUT» aHT/IMACKUIA U He NpeBpaLlaeT ero B HAbop MemoB.
OH co30a€T HOBYIO Cpeay, B KOTOPOW A3blKOBble M3MEHEHMA NPOUCXOAAT BbiCcTpee, a HOBblE CNOBAa MOTYT 3a
O4YeHb KOPOTKOE BPEMS CTaTb MEKAYHAPOAHbIMU. JIMYHO MHE KaKeTcs, 4To HabagaTh 3a 3STMM NPOLLECcCOM
WMHTepecHee, YeM MPOCTO Y4YNUTb HOBbIE C/IOBA MO C/IOBAPHO: MO HUM MOXKHO NOHATb, YEM KMBET 06LLECTBO U KaKkue
WU3MEHEHUA NPOUCXOAAT B €r0 Ky/IbType.

K ceHTabpto 2026 roga y»Ke MOMKHO CKa3aTb, YTO MHTEPHET-C/IEHT — 3TO He MPOCTO BPEMEHHbI Habop
WYTOK. HeKoTopble BblparkeHMa AeNCTBUTENbHO MCYE3AI0T NOYTU CPasy, HO ApyrMe NpoxoaaT 6onee SAUHHbIN
nyTb: OT Mema W MepenuckM Ao cnoBaper M 0b6bl4HOM peun. U, ckopee Bcero, 3Ta TeHAeHuus 6yaet
npoaosixKatbea. Noka ntoaun byayT co3gaBatb HOBbIE LIMGPOBbIE COOOLLECTBA, AHFTMNCKUI A3bIK By AeT MeHATbCA
BMECTE C HUMMU.

CNUCOK UCNOb30BaHHOMW UTepaTypbl:

1. Dictionary.com. Dictionary.com’s 2025 Word of the Year Is... — URL: https://www.dictionary.com/
articles/word-of-the-year-2025 (gata obpauieHua: 14.09.2026).

2. Merriam-Webster. Skibidi, Mog & More: Gen Alpha Slang. — URL: https://www.merriam-
webster.com/wordplay/gen-alpha-slang-in-the-dictionary/mog (gata o6pauierua: 14.09.2026).
3. Oxford University Press. ‘Brain rot” named Oxford Word of the Year 2024. — URL:

https://corp.oup.com/news/brain-rot-named-oxford-word-of-the-year-2024/ (pata obpauteHus: 14.09.2026).

4. Oxford University Press. Rizz crowned Oxford Word of the Year 2023. — URL: https://corp.oup.com/news/rizz-
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THE ROLE OF PHYSICAL EDUCATION AND MASS SPORTS IN SHAPING A HEALTHY LIFESTYLE AMONG YOUTH

Abstract

This article examines the critical impact of physical education and mass sports on the formation of a
healthy lifestyle among modern youth. It highlights how systematic physical activity serves not only as a
mechanism for physical health enhancement, cardiovascular resilience, and metabolic balance, but also as a
fundamental tool for psychological well-being, stress mitigation, and social integration. The paper analyzes the
pedagogical and sociological aspects of mass sports involvement, identifying current challenges such as screen-
induced sedentary behavior and digital fatigue. Recommendations are provided for modernizing educational
curricula, leveraging digital fitness technology, and fostering accessible community infrastructure to cultivate
sustainable health-oriented habits among the younger generation.

Keywords:
physical education, mass sports, healthy lifestyle, youth health, physical activity,
sports sociology, health preservation, youth development.

Introduction

In the contemporary era of rapid technological advancement, urbanization, and widespread digitalization,
the dynamic of everyday life for young people has undergone a profound transformation. While digital progress
offers unprecedented access to information, global communication, and automated conveniences, it has
simultaneously given rise to a systemic issue: a drastic reduction in daily physical exertion. The global shift toward
screen-dominated study, work, and recreational environments has led to an increasingly sedentary lifestyle
among adolescents and young adults. This physical inactivity—often termed hypodynamia—presents a major
public health challenge, directly contributing to early-onset metabolic disorders, cardiovascular decline,
musculoskeletal imbalances, and heightened levels of chronic psychological stress.

In this modern context, physical education and mass sports emerge not merely as recreational pursuits or
optional extracurricular activities, but as crucial structural pillars in the holistic development and preservation of
youth health. Physical education within academic institutions establishes the foundational motor skills,
physiological discipline, and health literacy required for long-term well-being. However, institutional physical
education alone is insufficient if it remains isolated from broader lifestyle habits. Mass sports—defined as
accessible, non-professional sports activities open to all segments of the population—bridge this gap by
embedding physical motion into the socio-cultural fabric of daily life.

The strategic role of mass sports lies in its inclusivity and community-building potential. Unlike elite high-
performance athletics, which focus on selective physical talent, extreme physiological limits, and competitive
victory, mass sports emphasize broad participation, personal progress, physical literacy, and psychological
rejuvenation. When young people engage in local running clubs, team sports, fitness communities, or outdoor
recreational activities, they internalize health as a social value rather than a clinical obligation. Mass sports create
environments where peer interaction, constructive competition, and shared goals foster strong character traits,
emotional stability, self-regulation, and resilience against destructive social behaviors, including substance abuse

144


https://aeterna-ufa.ru/events/in

ISSN 2410-6070 MeKAyHapOoAHbIA Hay4YHbIN XKypHan « MHHOBALMOHHAA HayKa» Ne 9-2 / 2026

and behavioral addictions.

Ultimately, shaping a healthy lifestyle among the youth requires a cohesive, modern paradigm that
integrates structured physical education programs with vibrant, accessible mass sports infrastructure. By
modernizing physical education curricula to align with youth interests, leveraging gamified digital tools, and
developing inclusive municipal sports spaces, society can cultivate an enduring culture of health preservation—
ensuring that the young generation matures into physically capable, mentally resilient, and socially active adults.
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THE ROLE OF NATIONAL TRADITIONS AND MODERN ENHANCEMENT METHODS
IN THE LABOR EDUCATION OF YOUTH

Abstract

This article examines the synthesis of traditional national heritage and contemporary pedagogical
technologies in the labor education of young people. Labor education serves as a fundamental pillar for fostering
social responsibility, personal maturity, and economic adaptability among youth. By analyzing cultural traditions
alongside modern interactive, digital, and competency-based enhancement methods, this study highlights how
traditional values (such as respect for manual work, community cooperation, and mastery of craftsmanship) can
be harmonized with modern educational tools (such as project-based learning, digital simulations, and career
guidance technologies). The findings demonstrate that integrating national traditions with modern practices
boosts youth engagement, preserves cultural identity, and prepares the younger generation for the demands of
the contemporary labor market.

Keywords:
labor education, youth development, national traditions, pedagogical technology, vocational guidance,
cultural heritage, modern educational methods

Introduction
Labor education stands as a vital dimension of holistic personal development and social integration. In an
era characterized by rapid technological advancement, globalization, and shifting socioeconomic paradigms, the
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process of preparing young people for meaningful work extends beyond the mere acquisition of professional
skills. It encompasses the cultivation of a conscientious attitude toward labor, strong moral values, work ethics,
adaptability, and social responsibility. Historically, the foundation of labor education was rooted in national
traditions, family structures, and community practices. Every culture has developed unique mechanisms for
transmitting work habits, respect for physical and intellectual labor, and craft mastery from one generation to
the next. Cultural values such as communal assistance, respect for the tools of production, craftsmanship, and
environmental stewardship served as the informal curriculum through which youth transitioned into functional,
contributing members of society.

However, the rapid digital transformation of the global economy and the emergence of new occupational
fields present significant challenges to traditional labor education models. Contemporary youth often face a
disconnect between traditional work ethics and the fast-paced, tech-driven expectations of the modern job
market. Standard academic methods alone are frequently insufficient to cultivate active labor initiative, problem-
solving capabilities, and long-term career orientation. To bridge this gap, modern educational science
emphasizes enhancement methods—including interactive learning, digital simulations, project-based activities,
competency-focused frameworks, and workplace mentorship programs.

The central problem lies in preventing two critical extremes: relying exclusively on outdated traditional
methods that fail to resonate with digitally native youth, or completely discarding traditional heritage in favor of
technocratic approaches that lack moral and cultural grounding. A balanced educational framework must
recognize that national traditions provide the ethical foundation and identity, while modern methods offer the
relevant tools, efficiency, and market alignment needed today.

The primary objective of this article is to analyze how national traditions and modern enhancement
methods can be systematically integrated to optimize the labor education of youth. By examining traditional
values—such as community cooperation, family-based apprenticeship, and respect for natural resources—
alongside modern pedagogical tools—such as Gamification, STEM/STEAM labor projects, and career
simulators—this paper articulates a hybrid framework for youth labor training that honors cultural roots while
addressing future economic demands.
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3D VISUALIZATION AND COMPUTER MODELING TECHNIQUES IN MODERN ANATOMICAL EDUCATION

Abstract
This article examines the transformative role of 3D visualization and computer modeling techniques in
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contemporary medical education, focusing specifically on anatomical studies. Modern technological advances
have shifted the paradigm from traditional cadaveric dissection and two-dimensional atlas illustrations toward
dynamic, interactive digital modeling. By integrating virtual reality (VR), augmented reality (AR), and patient-
specific computed tomography (CT) or magnetic resonance imaging (MRI) reconstructions, educators can offer
immersive volumetric spatial perspectives that enhance student comprehension. This review details the primary
methodologies of digital anatomical modeling, evaluates pedagogical efficacy, addresses present limitations such
as software accessibility and high deployment costs, and discusses future prospects in artificial intelligence-
driven personalized medical training.
Keywords:
3D visualization, computer modeling, anatomical education, virtual reality, digital anatomy, medical training.

Introduction

Anatomy serves as the foundational pillar of medical education, providing future physicians, surgeons, and
healthcare professionals with the structural knowledge required for diagnostic clinical reasoning and therapeutic
intervention. For centuries, traditional anatomical instruction has relied primarily on cadaveric dissection,
prosected specimens, and physical models, supplemented by two-dimensional illustrations in textbooks and
print atlases. While cadaveric dissection remains a historic gold standard for understanding tissue tactile feel and
spatial relationships, it faces increasing challenges in modern curricula. Educational institutions globally
encounter significant hurdles, including high procurement and maintenance costs, ethical considerations, strict
organ preservation protocols, and reduced laboratory hours allocated to anatomical disciplines in shortened
preclinical curricula.

To address these spatial learning constraints, recent advances in computer science and digital graphics
have introduced sophisticated 3D visualization and computer modeling techniques into the classroom. Digital
anatomy tools leverage volumetric rendering algorithms, interactive software, and advanced hardware—such as
high-definition touch interfaces, head-mounted displays, and stereoscopic projection systems. By converting
two-dimensional cross-sectional imaging data derived from computed tomography (CT) and magnetic resonance
imaging (MRI) into high-fidelity three-dimensional surface meshes, computer models allow learners to
manipulate, rotate, dissect, and reconstruct complex anatomical structures in a virtual space.

The pedagogical rationale for integrating 3D digital modeling lies in the enhancement of spatial orientation
and conceptual comprehension. Human anatomy is intrinsically three-dimensional, dense, and interrelated;
classic 2D representations force students to perform mental transformations to synthesize flat images into
volumetric structures. This mental rotation task imposes a high cognitive load, particularly on novice learners.
Computer modeling mitigates this burden by allowing real-time interaction, layer-by-layer virtual dissection, and
dynamic visualization of physiological processes, such as vascular hemodynamics or musculoskeletal mechanics.

Furthermore, digital anatomy tools facilitate self-directed, repeatable learning environments. Unlike
fragile biological specimens, virtual models suffer no degradation, allowing students unlimited attempts to
explore intricate anatomical regions, such as the cranial base, pelvic floor, or inner ear structures. Advanced
modalities, including Augmented Reality (AR) and Virtual Reality (VR), take this a step further by offering
immersive environments where multi-user interaction and spatial immersion deepen engagement and memory
retention.

Despite these advantages, computer-based anatomical education is not intended to eliminate classical
teaching methods entirely, but rather to complement them in a hybrid educational framework. While digital
models excel at presenting clear spatial relationships, color-coded vascular trees, and idealized structural
variations, they often lack the authentic tactile feedback (haptics) and natural biological variations inherent to
human cadavers. Consequently, current medical pedagogical research emphasizes integrating virtual modeling
with physical prosections to create balanced, technologically enriched curricula. Understanding the technical
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foundations, pedagogical efficacy, and practical implementation strategies of these modern computer modeling
techniques is vital for shaping the next generation of medical education.
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PEDAGOGICAL STRATEGIES FOR INTEGRATING BUSINESS INNOVATION
AND ENTERPRISE EDUCATION IN MODERN ACADEME

Abstract
The continuous acceleration of the global economy and the increasing complexity of modern industrial

markets require a fundamental transformation in educational philosophy, urging a decisive shift from traditional
passive instruction toward an integrated model of pedagogical innovation and entrepreneurial empowerment.
This comprehensive article explores the theoretical foundations, structural frameworks, and practical classroom
methodologies necessary to embed commercial acumen, risk management principles, and innovative problem-
solving directly into academic curricula across diverse educational levels. By redefining educational institutions
as dynamic incubators for real-world enterprise, modern pedagogy equips students with the critical thinking,
financial literacy, and visionary leadership capabilities required to transition from conventional learners to
proactive business founders. The proposed academic framework demonstrates how strategic curricular
modernization actively fosters economic resilience, enhances practical skill acquisition, and drives sustainable,
long-term prosperity in contemporary societies worldwide.
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Introduction

The contemporary professional landscape operates within an exceptionally complex, highly competitive,
and technologically driven global marketplace that stands in sharp contrast to the traditional methods historically
taught in schools and universities. For decades, formal education remained strictly focused on theoretical
knowledge transmission and specialized disciplinary mastery, frequently neglecting the vital commercial,
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financial, and strategic competencies essential for navigating modern market fluctuations and entrepreneurial
ventures. However, achieving sustainable economic development in the twenty-first century requires graduates
to act as proactive innovators capable of managing intricate business operations, leveraging digital e-commerce
channels, and identifying lucrative commercial niches. Consequently, modern pedagogical science must enact a
paradigm shift by systematically fusing educational theory with enterprise creation. This vital integration equips
learners with the economic literacy, adaptability, and forward-thinking leadership capabilities necessary to
transform academic knowledge into scalable, highly innovative business ventures that stimulate vibrant regional
and global economic growth.

Main Part

The successful realization of an entrepreneurial curriculum demands a comprehensive redesign of the
educational environment, replacing passive lecture-based instruction with immersive, project-based enterprise
creation and experiential learning methodologies. In this modernized framework, educators function as mentors
and facilitators of innovation who guide students through the complete lifecycle of a commercial venture—from
initial market viability assessments and sustainable resource allocation to detailed financial forecasting and
strategic risk management under volatile market conditions. Learners are actively encouraged to evaluate their
local and digital ecosystems for untapped commercial opportunities, such as tech startups, consultancy services,
value-added product design, or community-driven enterprise initiatives, and construct rigorous, actionable
business plans around their findings. By treating academic training grounds as active micro-incubators of
enterprise, educational institutions cultivate proactive problem-solving abilities, shifting the student mindset
from dependent job seekers to independent, innovative business leaders.

Furthermore, the accelerated digitalization of the global economy necessitates that contemporary
pedagogical strategies fully embrace technological entrepreneurship and data-driven management practices.
Modern commercial enterprises rely heavily on digital transformation tools, automated financial tracking
systems, data analytics, and direct-to-consumer digital marketing platforms to optimize operations and maximize
market reach. Integrating these advanced technological tools into academic curricula enables students to master
digital supply chain management, advanced consumer behavior analytics, and digital brand positioning. Learners
engage directly with modern e-commerce ecosystems, discovering how to leverage online platforms to reach
international audiences, reduce operational overhead costs, and enhance overall organizational efficiency
through smart software applications. This technological fluency ensures that professional education remains
profoundly relevant, attractive to tech-savvy younger generations, and tightly synchronized with the demands
of a high-tech global market.

In addition to economic and technological proficiencies, embedding entrepreneurship into educational
pedagogy profoundly impacts community leadership, social responsibility, and cooperative economic
development. Modern business education emphasizes collective enterprise, ethical leadership, and regional
value-chain integration, teaching students how to build robust collaborative networks that elevate entire
communities rather than isolated individual ventures. When young professionals are trained to foster
community-centric innovations, such as social entrepreneurship models, shared business incubators, and
sustainable resource-conservation frameworks, they actively combat economic stagnation and generate
diversified, high-value local employment opportunities. This holistic educational approach ensures that academic
institutions serve as powerful, transformative engines for both personal economic empowerment and long-term
regional sustainability.

Conclusion

The convergence of pedagogical science, entrepreneurial training, and modern curriculum design offers
an indispensable pathway for addressing the intricate economic and social challenges confronting contemporary
societies. By systematically embedding business management principles, digital technology literacy, and market-
oriented strategies into educational frameworks, institutions can cultivate a new generation of resilient,
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economically proactive, and innovative leaders. This multidimensional approach successfully dissolves the
historical boundaries between academic theory and commercial execution, ensuring that professional training
remains deeply relevant, adaptable, and fully responsive to the fluctuating demands of the global marketplace.

Ultimately, realizing the full potential of this integrated educational model requires coordinated, long-term
commitment from institutional leaders, policymakers, and curriculum developers. Future initiatives must
prioritize the expansion of practical business incubators, the continuous professional development of educators
in modern economic methodologies, and the strengthening of cooperative partnerships between academic
institutions and commercial enterprises. Through these strategic advancements, educational communities can
unlock the boundless potential of students, empowering them to pioneer prosperous, innovative, and
sustainable futures for generations to come.
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TRANSFORMING EDUCATIONAL PARADIGMS: FOSTERING ENTREPRENEURIAL COMPETENCIES
AND COMMERCIAL ACUMEN IN MODERN ACADEMIC CURRICULA

Abstract
The rapidly shifting global economy and the increasing complexities of the modern marketplace require a
fundamental evolution in contemporary educational systems, urging a decisive transition from traditional
instructional paradigms toward an integrated model of pedagogical innovation and entrepreneurial
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empowerment. This comprehensive article explores the theoretical foundations, structural methodologies, and
practical instructional strategies necessary to embed business acumen, risk-management principles, and market-
driven problem-solving directly into academic curricula across diverse disciplines. By redefining educational
institutions as dynamic incubators for commercial enterprise, modern pedagogy equips students with the critical
thinking, financial literacy, and visionary leadership capabilities required to transition from conventional learners
to proactive business founders. The proposed educational framework demonstrates how strategic curricular
modernization actively fosters economic resilience, enhances practical skill acquisition, and drives sustainable,
long-term prosperity in contemporary societies worldwide.

Keywords:
pedagogy, entrepreneurship, educational innovation, business management,
commercial acumen, curriculum development, economic resilience.

Introduction

The contemporary professional landscape operates within an exceptionally complex, highly competitive,
and technologically driven global marketplace that stands in sharp contrast to the traditional methods historically
taught in schools and universities. For decades, formal education remained strictly focused on theoretical
knowledge transmission and specialized disciplinary mastery, frequently neglecting the vital commercial,
financial, and strategic competencies essential for navigating modern market fluctuations and entrepreneurial
ventures. However, achieving sustainable economic development in the twenty-first century requires graduates
to act as proactive innovators capable of managing intricate business operations, leveraging digital e-commerce
channels, and identifying lucrative commercial niches. Consequently, modern pedagogical science must enact a
paradigm shift by systematically fusing educational theory with enterprise creation. This vital integration equips
learners with the economic literacy, adaptability, and forward-thinking leadership capabilities necessary to
transform academic knowledge into scalable, highly innovative business ventures that stimulate vibrant regional
and global economic growth.

Main Part

The successful realization of an entrepreneurial curriculum demands a comprehensive redesign of the
educational environment, replacing passive lecture-based instruction with immersive, project-based enterprise
creation and experiential learning methodologies. In this modernized framework, educators function as mentors
and facilitators of innovation who guide students through the complete lifecycle of a commercial venture—from
initial market viability assessments and sustainable resource allocation to detailed financial forecasting and
strategic risk management under volatile market conditions. Learners are actively encouraged to evaluate their
local and digital ecosystems for untapped commercial opportunities, such as tech startups, consultancy services,
value-added product design, or community-driven enterprise initiatives, and construct rigorous, actionable
business plans around their findings. By treating academic training grounds as active micro-incubators of
enterprise, educational institutions cultivate proactive problem-solving abilities, shifting the student mindset
from dependent job seekers to independent, innovative business leaders.

Furthermore, the accelerated digitalization of the global economy necessitates that contemporary
pedagogical strategies fully embrace technological entrepreneurship and data-driven management practices.
Modern commercial enterprises rely heavily on digital transformation tools, automated financial tracking
systems, data analytics, and direct-to-consumer digital marketing platforms to optimize operations and maximize
market reach. Integrating these advanced technological tools into academic curricula enables students to master
digital supply chain management, advanced consumer behavior analytics, and digital brand positioning. Learners
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engage directly with modern e-commerce ecosystems, discovering how to leverage online platforms to reach
international audiences, reduce operational overhead costs, and enhance overall organizational efficiency
through smart software applications. This technological fluency ensures that professional education remains
profoundly relevant, attractive to tech-savvy younger generations, and tightly synchronized with the demands
of a high-tech global market.

In addition to economic and technological proficiencies, embedding entrepreneurship into educational
pedagogy profoundly impacts community leadership, social responsibility, and cooperative economic
development. Modern business education emphasizes collective enterprise, ethical leadership, and regional
value-chain integration, teaching students how to build robust collaborative networks that elevate entire
communities rather than isolated individual ventures. When young professionals are trained to foster
community-centric innovations, such as social entrepreneurship models, shared business incubators, and
sustainable resource-conservation frameworks, they actively combat economic stagnation and generate
diversified, high-value local employment opportunities. This holistic educational approach ensures that academic
institutions serve as powerful, transformative engines for both personal economic empowerment and long-term
regional sustainability.

Conclusion

The convergence of pedagogical science, entrepreneurial training, and modern curriculum design offers
an indispensable pathway for addressing the intricate economic and social challenges confronting contemporary
societies. By systematically embedding business management principles, digital technology literacy, and market-
oriented strategies into educational frameworks, institutions can cultivate a new generation of resilient,
economically proactive, and innovative leaders. This multidimensional approach successfully dissolves the
historical boundaries between academic theory and commercial execution, ensuring that professional training
remains deeply relevant, adaptable, and fully responsive to the fluctuating demands of the global marketplace.

Ultimately, realizing the full potential of this integrated educational model requires coordinated, long-term
commitment from institutional leaders, policymakers, and curriculum developers. Future initiatives must
prioritize the expansion of practical business incubators, the continuous professional development of educators
in modern economic methodologies, and the strengthening of cooperative partnerships between academic
institutions and commercial enterprises. Through these strategic advancements, educational communities can
unlock the boundless potential of students, empowering them to pioneer prosperous, innovative, and
sustainable futures for generations to come.
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GLORIOUS 35TH ANNIVERSARY OF INDEPENDENCE: IMPLEMENTATION AND EFFICIENCY OF DIGITAL
TECHNOLOGIES IN THE EDUCATION SYSTEM

Abstract
This article explores the transformative journey of the national education system on the occasion of the
glorious 35th anniversary of Independence. It focuses on the strategic implementation, practical integration, and
overall efficiency of modern digital technologies across primary, secondary, and higher education frameworks.
Over three and a half decades of sovereign development, modernizing human capital through advanced digital
infrastructure, e-learning platforms, multimedia resources, and artificial intelligence tools has become a
paramount priority. The paper analyzes key indicators of technological integration, assesses the pedagogical
efficiency of interactive learning environments, and highlights the broader socio-economic impact of digital
literacy on national progress.
Keywords:
digital technologies, education system, 35th anniversary of independence, e-learning, efficiency, educational
technology, digital literacy, pedagogical innovation, information communication technologies (ict).

Introduction

The landmark occasion of the glorious 35th anniversary of Independence serves as a momentous
milestone to reflect upon the comprehensive state-building achievements, strategic socio-economic
transformations, and systemic modernization efforts that have reshaped the nation. Among the fundamental
pillars driving long-term sovereign progress, the national education system stands as the core engine for
cultivating human capital, fostering intellectual potential, and ensuring competitive development in an
increasingly interconnected global economy. Over the past thirty-five years, education has evolved from
traditional, textbook-centric models into a dynamic, tech-driven, and forward-looking ecosystem tailored to
meet the demands of the 21st century.

At the heart of this comprehensive educational transformation lies the deliberate and widespread
implementation of digital technologies. In the early years of independence, initial efforts focused primarily on
establishing fundamental infrastructure—equipping educational institutions with basic computer hardware,
establishing initial internet connectivity, and introducing fundamental computer science curricula. Today, the
scope of educational digitalization extends far beyond basic hardware acquisition. The current paradigm
incorporates high-speed fiber-optic network coverage, cloud-based learning management systems (LMS),
interactive whiteboards, high-definition digital laboratories, distance education platforms, and modern artificial
intelligence tools designed to personalize learning trajectories.

The efficiency of digital technology in education manifests across multiple dimensions. From a pedagogical
perspective, digital platforms enable a shift from passive information intake to active, student-centered learning.
Multimedia visual tools, virtual reality (VR) simulations, and interactive software make abstract scientific
concepts tangible, thereby enhancing student engagement, retention rates, and critical thinking capabilities.
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From an administrative and structural standpoint, digital integration streamlines institutional operations,
automates assessment processes, ensures transparent monitoring of student performance, and provides equal
access to high-quality instructional materials regardless of geographical location, effectively bridging the urban-
rural educational divide.

Furthermore, the strategic adoption of digital tools aligns directly with national development strategies
aimed at transitioning toward a knowledge-based digital economy. By embedding digital literacy into early
schooling and higher education programs, the education system directly prepares a new generation of skilled
specialists, software developers, engineers, and digital entrepreneurs who possess the requisite skill sets to lead
national industries.

Celebrating 35 years of independent development offers a vital opportunity to quantitatively and
qualitatively assess the return on investment in digital education. The continuous alignment of national curricula
with international digital standards demonstrates that state-level investments in educational technology yield
substantial long-term returns. As the educational landscape continues to embrace emerging innovations—such
as adaptive Al tutoring systems, big data analytics for learning outcomes, and global open-access research
databases—the ongoing digital evolution ensures that the national education system remains resilient, flexible,
and prepared to handle global intellectual challenges in the decades ahead.
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HPABCTBEHHOE OTHOLLEHMUE K OBLLLEECTBEHHO NOJIE3HOMY TPYAY
Y MNIAAWNX LWWKOJIbHUKOB: OT TEOPUU K NMPAKTUKE

AHHOTauuA

B ctaTbe paccmatpuBaetca npobnema GpopMUPOBAHUA HPABCTBEHHOIO OTHOLLEHUSA K O6LLECTBEHHO
nose3HoOMy Tpyay Y AeTeil Mnajluero WKoIbHOro Bo3pacTta. PackpbiBaeTca posib y4MTENA HAYa IbHbIX K1acCcoB B
opraHusaumm sTon paboTbl, a He TO/MIbKO poauTenei, Kak B Npeablaylimx uccnegoBaHusax. OnpegeneHsbl
KPpUTEPUN U YPOBHU CHOPMMPOBAHHOCTM OTHOLWEHMA K Tpyay. [MOKasaHa cBA3b TPYAOBOro BOCMUTAHUA C
pPa3sBUTMEM 3MOLMOHANbHO-BONEBOMN chepbl U «A-KOHUENUUU» MAaALWero WKo/AbHMKA. OnmMcaHbl MeToapl
AMArHOCTMKM M NPaAKTUYECKME MPMeMbl, KOTOpPble Neaaror MOXKeT MCMO/b30BaTb HA YPOKaX U BO BHEYPOUHOM
peatenbHoctn. CaenaH BbIBOA O HeEOOXOAMMOCTM CUCTEMHOM CamMoCTosTeNlbHOW paboTbl yunTena no

bOpPMMPOBAHUIO HPABCTBEHHbIX MOTMBOB TPYAa.
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Kntouesble cnosa:
HpaBcTBEHHOE OTHOLLEHME K TPYAyY, OOLLECTBEHHO NOJIE3HbIN TPyA, MAaALMe WKONbHUKM, TPYA0BOE
BOCMMUTaHME, YUMTESb HAYa IbHbIX K/1aCCOB, SMOLMOHANbHO-BOIEBanA chepa, «A-KoHLenumna,
OVArHoCTUKa, NegarorMyeckoe pykosoaCcTBo, MOTUBALMA TpyAa.

depepanbHbIl rocyaapcTBEeHHbIM 06pa3oBaTesibHbIN CTaHAAPT Havya/ibHOro obLero obpasoBaHus TpebyeT
BOCMWUTAHUA LLEHHOCTHOTO OTHOWEHMA K Tpydy, YBaXeHusa K ogam Tpyda. OAHAKO y YacTu maagwux
LWKO/NIbHUKOB TPY4, BOCMPUHMMAETCS KaK MOBMHHOCTb WM cnocob nonyunTb Harpady. PoauTenu nnaTar 3a
BbIMbITYIO NMocyay Wan obeLLaloT UrpyLLKy 3a OLeHKY. PebeHOK He nosy4aeT HPaBCTBEHHOrO OMbITa, a yyuTcA
TOpProBaThbCA.

B nuTepatype npobnema paspabotaHa nogpobHo. MuHKabuposa v MMy OTMEYaloT, YTO B MAagLiem
WKONbHOM BO3pacTe 3aK/afblBalOTCA OCHOBbI TPYAO/O6MA, CaMOCTOATENbHOCTM M OTBeTCcTBeHHocTM [1].
PelleTHIOK NoAYepKMBAET BAMAHME 06LLLECTBEHHO NOE3HOM AEATENIbHOCTM Ha XapaKTep pebeHKa 1 posib ceMbu
[2]. CapmyTamMHOBa npeasiaraeT KpUTepuu TPYAO0BOM BOCMMTAHHOCTM M ypoBHM [3]. Yypekosa u LUTorpuHa
AenatoT akKUEeHT Ha npoceelleHun pogutenent [4]. LUymain packpbiBaeT Bo3pacTHbIe 0COBEHHOCTU U CBA3b TPYAa
C 9MOLMOHaNbHO-BOIEBOW Cdhepoit n «A-KoHuenumen» [5]. Ho oTKpbIT Bonpoc o paboTe camMoro yumtensa no
$GOPMUPOBAHUIO BHYTPEHHMX HPABCTBEHHbIX MOTMBOB, @ HE TO/IbKO O MPOCBELLLEHUN poauTeneit. B cTaTbe akLEeHT
Ha camocTosTeIbHOM paboTte neaarora.

CapMyTAMHOBA BblAENAET KPUTEPUU: OCO3HAHHOCTb, YCTOMYMBOCTb, CAMOCTOATE/IbHOCTb, aKTUBHOCTbL [3].
OCO3HaHHOCTb — MOHWMAHWE CMbICIA U NOAb3bl PaboTbl. YCTOMUMBOCTL — MOJIOXKUTENBHOE OTHOLIEHME He
3aBUCUT OT HacTpoeHusa. CaMoCcToATeIbHOCTb — BbIMOJIHEHWE 3a4aHUI 6€3 KOHTPOA. AKTUBHOCTb — MUHULMATUBA
M NOMOLLb.

YPOBHU: HU3KUI — CUTYaTUBHbIN MHTEpec, OBLLeCTBEHHAA 3HAYMMOCTb He oco3HaeTca. CpeaHuin —
NoNoXKMUTENbHOE OTHOWEHME 63 MHULMATUBbI. BbICOKUIA — ycTOMYMBasA NOTPebHOCTb, MHULMATMBA, MOHMMaHMKE
LEHHOCTU Tpy4a ANA APYruX.

[unarHocTtvka npocTa: HabaaeHWe Ha ypoKax TEXHOJIOTUM, AeKypcTBe, YOopKe, KONNEKTUBHbIX Aenax.
becegbl, aHanM3 MNPOAYKTOB AOeATEeNbHOCTW, MWrpoBOoe aHKeTupoBaHue. Hanpumep, BbIGOpP: MNOMOYb
61bMoTEKapIO, NONUTL LBETbI AW NOUrPaTb. BaxkHO 06bAcHeHMe BbIGOPa, B HEM NPOABAAETCA MOTHUB.

CapmyTauHOBA NOAYEPKMUBAET, YTO CUTYaLUU TPYAO06MA AOMKHBI ObITb NeAarorMyeck opraHM3oBaHbl
[3]. Wymait ykasbiBaeT, YTO MNAALWMNIM WKONBHUK eLe He YNpaBaseT NaMATbio U BHUMAHMEM, OHU Pa3BMBatOTCA
C MOTUBALMEN U OTBETCTBEHHOCTLIO [5]. Tpya A0NKEH BbITb NOCUIbHBIM Y SMOLMOHANIbHO NPUBAEKATEIbHbIM.

CBsA3b C 3MOLMOHANbHO-BOMIEBOM cdhepon o4yeBuAHa. Ycnex B nose3HoM paboTe Bbi3biBaeT
NONIOXKMUTENbHbIE 3MOUMM, YKpenasaeT yBepeHHOCTb W  «fA-KoHuenuuio». Llymali oTmeyaeT MmexaHM3MbI
CaMoperynsaumm, CaMoOLEHKU, CaMOKOHTPOASA M camoyBaxkeHua [5]. Tpya TpeHupyeT ux: pebeHOK yumuTtcs
[0BOAUTL N0 A0 KOHLA, NPeoaoieBaTb yCTanoCTb.

MpaKTuKa TpebyeT cuctemHol paboTbl. MNepBoe HanpasaeHue — obcyKaeHMe MOTMBOB: A1 KOO Aelaem,
KaKylo No/b3y NpuHeceT. Bropoe — cuTyauun Bbibopa: NOMOLb MAAALWKM, YXO4, 33 pacTeHuAMKU, obopmaeHme
cTeHAa. PebeHOoK CTaHOBUTCA CyObeKTOM, @ He ucnosHutenem. LLymaii noguyepKknBaeT posib aHan3a, CUHTES3a,
0606weHus [5]. TpeTbe — KonnekTuBHble dopmbl. MUHKabMpoBa 1 MNanny oTmeyatoT meTog npoekTa [1]. MpoekT
obbeauHsAeT paeTei, pacnpegensetr 0653aHHOCTM, YuYnTeNb — MOMOLLHMK. PeleTHIOK yKasbiBaeT Ha
KONNEKTUBHbIV XapakTep Tpyaa [2]. YeTBepToe — pedaeKkcus nocsie paboTbl: YTO NOAYYMAOCH, YTO BbINO TPYAHO,
YTO M3MeHUTb. MaToe — B3aMmogaelicteme ¢ pogutensamu. Yypekosa v LLITorpuHa noKasbiBatoT, YTo 6e3 cembm
3bPEeKTUBHOCTb CHUXaeTcA [4]. Ho yunTenb npeanaraeT KOHKpPeTHble GOPMbl: COBMECTHbIE aKLMK, NogapKu
BeTepaHam, cbop Kopma. BaxkHO, 4TobbI poguTeNn BUAENN MPUMEP YYUTENS.

TpyAHOCTb He B OpraHM3aLuuu, a B USMEHEHUM MOTUBALMU. [leT NPUBLIKAN K BHELLHEN oueHKe. Hy»KHo
CMeLLaTb aKLLeHT Ha CaMOOLLeHKY. [IHeBHUK TPYAOBbIX AeN, rae pebeHOK 0TMeYaeT, YTo caenan v NodyBcTBoBan.

155


https://aeterna-ufa.ru/events/in

ISSN 2410-6070 MeKAyHapOoAHbIA Hay4YHbIN XKypHan « MHHOBALMOHHAA HayKa» Ne 9-2 / 2026

lnaBHoe — 3ameyaTb U3MeHEHUs B cebe.

®dopmmMpoBaHMe HPABCTBEHHOIO OTHOLIEHWA K OOLWECTBEHHO MNoje3HOMY Tpyay TpebyeT cuMcTeMHOMN
paboTbl yunTENA: ANArHOCTUKA, NPAKTUYECKAA AEATENbHOCTb, pedieKcus, B3anmoaencTeme ¢ cemben. Kputepum
OCO3HAHHOCTU, YCTOMYMBOCTIN, CAMOCTOATENBHOCTU U aKTUBHOCTM MO3BONAIOT OTCNEKMBATb AMHAMMKY. CBA3b C
3MOUMOHaNbHO-BOJIEBOM cdepoit n «A-KoHuenumen» aenaet 3Ty paboTy HeobxoaumoN. 3agadva yuuTena —
€034aTb YC/I0BUS, B KOTOPbIX TPYL, CTAHET He 06A3aHHOCTLIO, @ BO3MOXHOCTbIO MPOABUTL CEOS M MOMOYb APYTUM.
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MUTPbI-3AHATNA NO ®OPMUPOBAHNIO POHEMATUYECKOIO C/TYXA Y OLLKO/IbHUKOB

AHHOTauuA

B cTtaTbe paccmaTtpuBaeTca npobnema popmupoBaHMa GOHEMATUYECKOro Cayxa y AeTel AOLWKOIbHOro
BO3pacTa. PackpblBaeTcA 3HayeHMe UrpoBbIX METOLOB B Pa3BUTMM CNOCOOHOCTU pPas3nnyaTb peyeBble 3BYKM,
onpeaensTb UX HaM4YMe M NOoc/ea0BaTe/IbHOCTb B c/ioBe. [peacTaBieHa cuCTemMa UrpP-3aHATUI, HanpPaBAEHHbIX
Ha nocnegoBaTtesibHoe dopmupoBaHMe (GOHEMATUYECKOro BOCMPUATUA, aHaAM3a M cuHTe3a. OnpegeneHsbl
negarornyeckume ycnosma apheKTMBHOro MCNO/Ib30BAHUA UTPOBbLIX MPMEMOB B lI0roneanyeckoi paboTe.

Kntouesble cnosa:
dboHemaTUyecknin cnyx, poHemaTMyecKoe BOCNpUATUE, LOLKONbHUKN, PEYEBbIE 3BYKY,
3BYKOBOW aHanus, noroneau4yeckas pabora, Urpbl-3aHATUS.

MonHoOUEeHHOe peyeBOe pas3BUTME ABAAETCA  BaXKHEMLWMM  YC/IOBMEM  YCMELWHOro obuweHus,
nosHaBaTeNbHON AEeATENbHOCTU M AanbHelwero obyyeHua pebeHka. OAHMM M3 3HAYMMbIX KOMMOHEHTOB
peyeBoro pasBMTUA BbICTyNaeT cGopMMPOBAHHOCTbL GOHEMATUYECKOTO ClyXa — CMOCOBHOCTU BOCMPUHUMATL U
pas3/iMyaTb 3BYKW Peym, onpesenaTb UX CXOACTBO U pasnnyme, BblaensaTb oTAe/bHble GOHEMbI B COCTaBe C/10Ba.
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HepocTtaTouHas chopMmMPOBaHHOCTb GOHEMATUUYECKOTO C/lyXa MOMKET MPOABAATLCA B CMeleHUU 6AN3KUX no
3BYYaHWUIO 3BYKOB, 3aTPYAHEHUAX NPU onpeaeneHnn Haanuma U MecTa 3ByKa B C/10Be, HapyLIeHMUAX 3BYKOBOIO
aHanM3a U CcuHTe3a. DPPeKTUBHbIM pelleHMeM SBAAETCA WCMONb30BaHWE Wrp-3aHATUIA, B KOTOPbIX
KOpPEeKUMOHHasA 3afiadya co4yeTaeTca C WrpoBoi moTusauuelr. dopmupoBaHMe ¢HOHEMaTUUYECKOro cayxa
OCYLLECTBAAETCA NocTeneHHo. LlenecoobpasHo NpuAaepKUBaTbCA NPUHUMNE «OT MPOCTOr0 K CAOXHOMY»: OT
pa3BUTUA 0BLLETO CYXOBOrO BHUMAHUA — K Pa3/IMYeHUIo peyeBbiX 3BYKOB, a 3aTeM K 0CO3HaHHOMY 3BYKOBOMY
aHanusy cnosa.

Ha nepBom 3Tane Heo6xoAMMO pa3BMBaTb C/AYXOBOE BHMMaHME U YMEHMEe CoCPpeaoTouMBaThbCA Ha
3BYKOBOM cuUrHane. B urpe «YTo 3BYy4MT?» neaaror npegnaraer pebeHKy onpeaennTb UCTOYHUK 3BYKa: 3BOH
KONOKO/NbYMKa, CTYK KapaHgalua, wenecT bymaru, nepenvsaHuve BoAbl. PebeHOK A0/KeH BHMMATENbHO
nocaywartb M Ha3BaTb yc/blllaHHoe. B urpe «TUXo — rpomMKo» pebeHOK yuuTcsa pasnnyatb CUAY 3ByYaHMs.
Meparor NPOM3HOCUT 3BYK WMAW CNOBO C Pa3HOM FPOMKOCTbIO, a AOLIKOJbHUK pearmpyet COOTBETCTBYIOLWUM
OBUXXEHNEM UM KaPTOUKON.

CnepyoLwwmin 3Tan CBA3aH € pa3/IM4eHMEM peyeBbix 3BYKOB. B urpe «lMoimai 3ByKk» pebeHKy npegnaraerca
X/IOMHYTb B 1a40LWW, KOFAa OH YCAbIWWUT onpeaeneHHbl 3ByK. Hanpumep, negaror npousHocut: [c], [w], [c], [3],
[c]. PebeHOK ponKeH pearnpoBaTb TONbKO Ha 3afaHHblA 3BYK. [OCTeneHHO 3ajaHWe YCOMKHAETCA: 3BYK
BKJIIOYAETCA B C/IOTU, C/I0BA U KOPOTKMe $pasbl. Hanpumep: ca — wa — co — wy — cbl. PebeHoK onpeaenser, B
KaKux cnorax ycnbllwan 3agaHHblii 3ByK. bosbloe 3HayeHne MmeeT pasfiMyeHre CoroB u cios, 6aM3KMX no
3ByYaHMto. s aToro ucnonbsyetca urpa «OaMHaKOBO MAK No-pasHomy?». MNeaaror NPOM3HOCUT Napbl C/IOTOB:
ca — ca, ca — Wa, wa — ca. PebeHOK onpeaenser, 0o4MHAKOBO WU/IM NO-PasHOMY OHM 3By4aT.

CneayrolmMm HanpasieHUeM ABNAETCA BblaeseHue 3a4aHHOro 3ByKa B cnose. B urpe «EcTb M 3BYK?»
nefaror HasblBaeT pAf C/0B, a pebeHOoK onpeaenseT, BCTPEYaeTca /M B HUX 3a4aHHbIN 3BYK. Hanpumep, npu
3aKpensieHMn 3ByKa [c]: COK, AOM, COBa, MallMHa, Hoc. [Tocsie ocBOeHUA 3Toro AencTeuns pebeHky npeanaraetca
onpeaennTb NO3ULMIO 3BYKa: Hayano, cepeguHa MAM KOHel, cnoBa. Hanpumep: Hayano — COK, COBa, CbIp;
cepeaMHa — JiMCa, KOca, BECbl; KOHel, — HOC, fiec, aHaHac. Ansa obserdyeHnn BbINONHEHUS 3aZaHUA MOMKHO
MCNO/1b30BaTb NPeAMETHbIe KaPTUHKU. PebeHOoK BbibMpaeT n3obparkeHns, B Ha3BaHUAX KOTOPbIX €CTb HYMKHbIN
3BYK, @ 3aTeM pacnosiaraet Ux No COOTBETCTBYHOLLMM CXeMaM.

Hanbonee cnoxHbiM 3Tanom saBaseTcd GopMUpPOBaHME HABbIKOB 3BYKOBOIO aHa/M3a U CUHTe3a. B urpe
«3BYKOBble AOMUKN» pebeHOoK onpeaenseT KOMYecTBO 3BYKOB B C/IOBE M 0603HaYaeT Kaxkabli 3BYK OTAE/bHOW
¢duwKoi. Hanpumep, coBo AOM NpeacTaBAAETCa TpemMs nocneaosatenbHbiMu duikamu: [a] — [o] — [m].

B urpe «HasoBwm cocenei» AOWKONbHUK onpeaenaeT NepBbli U NOCAeAHUI 3BYKKN cnoBa. Hanpumep: mak
— nepBbil 3BYK [M], nocneaHnit [K]. MHTepecHbIm npuemom asaseTca urpa «lMNoesa». Kaxkabii BaroH o6o03Havaet
0AuH 3BYK. MNeaaror HasblBaeT C/10B0, @ pebeHOK A0MKEH «MOCENUTbY KaXKabli 3BYK B OTAENbHbIN BaroH. Ecam
CNI0BO paK COCTOMUT U3 TPeX 3BYKOB, pebeHOK BbiKNaabiBaeT TPU QULLKM.

UrpoBble 3agaHnA MOTYT NOCTEMNEHHO YCNOXKHATbCA. Mocne aHaM3a NPOCTbIX C/1I0B pebeHoK NnepexoauT K
cnoBam ¢ 60/1bLLINM KOIMYECTBOM 3BYKOB, a 3aTEM BbINOIHAET 3aaHUA HAa CaMOCTOATE/IbHOE COCTaB/IeHNe CNOoB
U3 NpeaIoKeHHbIX 3BYKOB.

Urpbl-3aHATUA ABAAIOTCA AOCTYMHbIM U MPaKTUKO-OPUEHTUPOBAHHLIM CcpeacTBoM GOopMMpOBaHUA
dboHemaTnueckoro cayxa. Mx Mcnosb3osBaHMe MO3BOMAET CAeNaTb KOPPEKUMOHHY paboTy 3mMOLMOHaNbHO
npusaeKaTeIbHOM, NocNeA0BaTeIbHOM U COOTBETCTBYIOLLEN BO3PACTHbIM 0COBEHHOCTAM AOLWKO/IbHUKOB.

CnMCOK UCNONb30BaHHOI INTepaTypbl:
1. Mykosa H.C., MacTiokoBa E.M., ®ununuesa T.b6. Nloroneaus. NMpeogoneHne obuwero HegopPasBUTUS pPeun y
OOLWKONbHMKOB. — EKaTepuHbypr: AP, 1998.
2. CenusepcTtoB B. . Urpbl B noronegmyeckoit pabote ¢ getomn. — M. : MpocseleHune, 1974,
3. TkayeHko T.A. Pa3Butne doHemaTU4ECKOro BOCNPUATUA: anbbom AowKoAbHUKa. — M. : THOM n [, 2005.
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4. TrauyeHko T.A. Koppekuua GOHETUYECKMX HapyleHuin y geteit. MoarotoBUTenbHbIA 3Tan: nocobue ans
noronega. — M.: THOM, 2005.
5. ®ununyesa T.b., YnpKnHa I. B. YcTpaHeHMe obLiero Hegopas3BUTUA Peun y AeTel AOLWKObHOro Bo3pacra:
npakTuyeckoe nocobue. — M.: Alipuc-npecc, 2008. — 224 c.
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YAK 376.37
KynnHuyeHko K.C.
yuutenb-noronen, OIBY «PeabunnTtauMoHHbIV LEHTP 414 AeTeN U NOAPOCTKOB C OrPaHUYEHHbIMU
BO3MOXHOCTAMM 340p0BbA M. B.3. TeTmaHCKoro»
Benropoackoro palioHa bearopoacKkoi obnactu,
c. Becénasa NlonaHb, PO

METOAbI U NPUEMbI KOPPEKLLMOHHOM PABOTDI
YYUTENA-NOTONEAA C 3AUKAIOLUMMCA PEBEHKOM

AHHOTauuA

B cTaTbe pacKpbITbl MeToAbl U NPUEMbI KOPPEKLMOHHOM paboTbl yunTens-noronega C 3anmKarowmmeca
pebéHkom. OnmcaHbl OCHOBHbIE HanpaBaeHUA PaboTbl: OT OpPraHU3aLMN OXPAHUTENBHOTO PEYEBOTO PEXKMMA A0
pa3BUTMA NaaHupyoLen GyHKLMK peun. MogpobHO paccMoTpeHbl KOHKPETHble NPUEMbI — pesiakCalMOHHbIe
ynpaxKHeHuA, noroneguyeckas puTMuKa, ¢GopmupoBaHMe guadparmanbHOro  AblXxaHWA, [OJIOCOBble
ynpaxKHeHMsA, CUHXPOHU3ALMSA peun ¢ gBuKeHnamu. OTaenbHoe BHUMAHUE yAeNeHO B3aUMOLENCTBUIO yunTensa-
noronefa ¢ poaMTeNs MU U CO3LaHMIO NOAAEPKMBALOLLEN peyeBoit cpeabl B cembe. MaTtepuan byaet noneseH
noronegam, aedekronoram, NcMxosoram u poguTenam AeTer ¢ HapyweHUAMM TEMMNO-PUTMUYECKON CTOPOHDI
peun.

Kniouesble cnosa:
3aMKaHUe, oroneams, KOppeKLMoHHaa paboTa, MeToabl M NPUEMbBI yunTens-noronesa,
3auKawoLlwmiica pebEHOK.

3aMKaHWe — 04HO M3 CaMbIX C/I0XKHbIX PEUYEBbIX HAapyLWeHWI, U paboTaTb C HUM UHTEPECHO, HO HEMPOCTO.
OHO 3aTparuBaeT He TO/IbKO peyb, HO M 3MOLMOHaNbHY0 chepy, MOTOPUKY, AblXaHUE, JMYHOCTb pebéHKa.
Mo3TOMY M NOAXOA, HYYKEH KOMMNJIEKCHBIN. B 3TOM CTaTbe ONMcaHbl OCHOBHbIE HAaNpaBAeHUs, MPUEMBI U 3Tarbl, U3
KOTOPbIX CK/1aAblBAETCA KOPPEKLMOHHAA paboTa yuntena-noroneaa.

Onupascb Ha aHaAM3 CyWecCTBYIOWMX METOAMK, MOXKHO BbIAEIWUTb C/leaylolme HanpaBAeHus
noroneaunyeckon paboTbl ¢ 3anKatoWmMmnca aetbmu: CosaaHne OXpaHUTENbHOMO PeYeBOro pexnma. Perynaumsa
3MOLMOHAbHOrO U MbILLIEYHOTO COCTOAHMA. Pa3BUTHE MOTOPHbIX GYHKLMIA (06LLei, TOHKOM, apTUKYAALMOHHOM).
dopmupoBaHue peyeBoro AbixaHus. PaboTa Hag, NAaBHOCTBIO pPeun U MHTOHauMel. PasBuTue naaHupytoLLei
bYHKUMKM peun (nocTeneHHoe yCNoXKHeHWe pedeBbix Gopm). BocnutaHMe AMYHOCTM 3auKatoleroca pebEnka.

OxpaHumenoHblii peyesoli pexcum

370 oTnpaBHaA TouYKa. OXpPaHUTENbHbLIV PEXUM NPeanoiaraeT OpraHN3aumMIo KMU3HU PebEHKA TaK, YTobbI
CBECTU ero peyb K MUHUMYMy — CO34aTb YCAOBMA AN 3aTyXaHUA HenpaBU/bHOW peyeBoi NPUBLIYKA U
NOAroTOBUTb HEPBHYHO CUCTEMY K GOPMMPOBAHUIO HOBOFO HaBbIKa.

B 3TOT nepuog, npeanaratoTcA Urpbl C MUHUMMANbHOM MOTPEOHOCTbIO FOBOPWUTL: PUCOBAHME, JEMKA,
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annanKaLma, KOHCTpynpoBaHue. PeyeBoe obLeHUe JOMKHO ObiTb 31eMeHTapHbIM Mo dopme — CONpAKEHHbIE
n OTpa)-KéHHbIe BbICKa3blBaHWA, OAHOC/IOBHbIE OTBETbI. ﬂ,ﬂVITEﬂbHOCTb pexunma orpaHn4yeHunA pedn, Kak npasunio,
OXBaTblBaeT HeAesNto-MOATOPbl C Hayana paboTbl. B ocTpbix cayyasx (3aMkaHWe nocne ucrnyra) MOXKeT ObiTb
PEKOMEHA0BAH KOPOTKUIN PEXUM MONYAHUA — 4—6 AHEN, C NoCcneayoWwmnmM Nepexoaom Ha LWENOTHY peyb. [1]

MNMocTeneHHO pevyeBas aKTUBHOCTb PebEHKA YBENMUMBAETCA, HO LWAAAWMIK pexum cobniogaetca Ha
NPOTAXKEHUN BCETO NOATOTOBUTENBHOTO 3Tana.

Peaynayus aMOYUOHAIbHO20 U MbIWEYHO20 COCMOSAHUSA

3anKaHue peako 06xoamnTca 6€3 MbIEeYHOrO HaMNPAXKEHUS — OHO NPOABMAETCA B LWIee, NJe4eBOM nosce,
apTUKYAAUMOHHOM annaparte. ObyyeHune HaBblKam penaKkcaumm HauMHAETCA C yNparKHEHWIN, KOTOpble NO3BONSIOT
pebEHKY NOYYBCTBOBATb PAa3HULYY MEXAY HanpsAXKeHUEM U pacciabneHnem.

Mpole BCero owyTUTb HANpPAXeHUe B pyKax M HOrax, N03TOMy AeTAM npegjiaraerca cHayana CUAbHO U
KPaTKOBPEMEHHO CXaTb KUCTU B Ky/laK, Hanpsayb Mblllbl HOM, BCEro Ty/0OBUWIA — a 3aTemM pacc/iabuTsb.
YnparKHeHUA AaloTca B Cnedylolein NocnefoBaTeNbHOCTU: ANA MbiWL, PyK —> HOF —> TY/10BULLA —> BEPXHEro
Nae4YeBoro nosica u Weu = apTUKYAALMOHHOTO annapara.

KoHKpeTHble NpMMepbl PeflakCaluMOHHbIX YNParKHEHWI, KOTOPbIE A UCMO/b3YHO Ha 3aHATUAX: «Kyaauku».
PebEHOK CXMMaeT nasnblbl B KyNak, AEPKUT HECKO/IbKO CEKYHA, 3aTeM MeA/IEHHO PacKpbIBAaeT M CNOKOMHO
KNaZET PYKM Ha KoneHu. «Cocynbka». PeOEHOK TAHETCS BBEPX HA HOCOYKaxX, Hanpsrasa BCE TeNo, — a Mo CUrHay
«COJIHUE B30MAET, rBo3ab ynagéT» pacc/iabnaerca u onyckaeT pyku. «Opex». CxKaTb 3ybbl M rybbl, Hanpayb
YeNtCcT — 3aTeM paccnabutb, NMPUOTKPLITL POT.

TaK»Ke A5t CHATUS MbILLEYHOTO M SMOLMOHAJIbHOTO HanpAXeHUsa NPUMEHSETCs s1020r1eduqecKuli maccaxc
— paccnabnsowmin MM aKTUBMIMPYIOLLMIA, B 3aBMCMMOCTM OT TOHYCa MbILLL, pe4eBoro annapara.

Pazsumue momopHbix ¢pyHKyuli

3To Hanpas/ieHWe BKAtoYaeT paboTy Hag obuien, TOHKOM M apTUKYASLLMOHHOM MOTOPWUKOM, a TaKKe
pPasBUTME TEMMO-PUTMUYECKUX XAPAKTEPUCTUK  ABUMKEHMWIA. Obuwas mMmoTOpMKa pasBMBaeTcs uYepes
obleyKpenaaowWwme ynpaxxHeH1a (NoBOpOTbI, HaKNOHbI, Npuceaanuns), 6er, Urpbl C MAYOM, NaBaHUe, KaTaHUe
Ha Besiocunese U T. 4. PasButme YyBCTBa PUTMA JOCTUIAETCA Yepes s10201e0UYECKyro pUMMUKY — HEOBX0AMMYIO
COCTaBASAOLLYIO KOMMIEKCHOTO BO3AENCTBMA NPU 3aUKAHUM. DTO MOXKET ObiTb: OTX/IONbIBAaHUE PUTMA CJIOB U
NPeANoXKeHUI C OAHOBPEMEHHbIM NPOU3HECEHWEM (KaxKabli yaap NagoHU NPUXOAMTCA Ha [MacHbI 3BYK);
LWArMCTMKa Nog, CYET — pebEHOK MapLUMPYET, CUHXPOHU3NPYSA LWar C NPOU3HECEHWEM C/IOFOB; AUPUKMPOBAHKNE
— NAaBHOE ABUXEHUE PYKWN Ha KaxKaoe coBo. [2]

PopmuposaHue pe4yeso20 ObiXaHUsA

HapyweHne peyeBoro AbixaHUA 3aHMMAET 3HAYMTE/IbHOE MECTO B CMMNTOMATMKE 3aMKaHMA, NO3TOMY
paboTa B 3TOM HanpaBneHMM obA3aTenbHa. 3a4a4m Moayna: NoCTaHOBKa AnadparmanbHoro (HUxHepébepHoro)
AbIXaHuA; yaanHeHne GOHaLMOHHOIO U GU3MOIOrMUYECKOrO BblAOXa; MOCTAHOBKA rosioca Ha AuMadparmasnbHyto
onopy. [ocTtaHoBKa AuadparmanbHOro AbIXaHUS HAYMHAETCA B MOJIOKEHUM NéXa, Ha ¢GOHE MbIEeYHOoro
paccnabnenus. Mo mepe 0cBOEHUA HaBblKa PpebEHOK NepexoaAnT B NOJIOKEHME CUASA, 3aTEM CTOS.

Urposblie ynpaxHeHus: «3adyii caeyy» — pebEHOK MedIeHHO U TUXO AYET Ha NOM0CKy Bymaru, geprka eé
Ha paccTosiHuu okono 10 cm oT ry6. «/lonHyaa wuHa» — AeTV Pa3BoAAT PYKU, n3obparkana Kpyr, Ha Bblaoxe
NPOU3HOCAT NPOJIOHIMPOBAHO 3BYK [WW-w-wWw]. «Bbl0OX MO0 CYEM» — MOCTENEHHbIN BblAOX C NOACYETOM A0 3,
3atem 4o 5.

TaK)Ke Mcnosb3yeTca AplxaTenbHan rumHacTMka A.H. CTpenbHMKOBOW.

Paboma Hao 2010com, NAABHOCMbIO peyu U UHMoHauyuel

3To cepAaueBWHa soroneamnyeckon pabotbl — TO, paan 4Yero BbICTPOEHblI BCe Mpeablaylime 3Tanbl.
[ofl0coBble yMNpa)KHEHUA BbICTPOEHbI B CTPOroi nocnegoBaTenbHOCTU. CHayasna oTpabaTtbiBaeTca MArkas
rosnoconogadya — TeXHMKa, CNOCOOCTBYIOWAA CHATUIO HaNpPAXEHMA B MbIWLAX FON0COBLIX CKNAZOK. 3aTtem
pebEHOK yumMTCA NPOU3HOCUTL M MPONEBaTb M30/IMPOBAHHbIE [MTACHbIE Ha NAAaBHOM BblAOXe, Aasiee — rpynnbl
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TNACHbIX C NOAKNIOYEHMEM Pa3HbIX MHTOHALMIA. [loTOM — cNoBa, YyA0OHbIe ANA NPOU3HOLWEHMA (HauMHaoLWwmeca
Ha YAapHbIN FNacHbIA: OCEHb, YTKa, OKHA), 1 HaKoHel, ¢ppa3bl pa3HO ANnnHbI. PaboTa c pe3oHaTopamu nomoraet
CHU3UTb HANPAXKEHWE rON0COBOrO annapara.

MnaBHOCTb peun oTpabaTtbiBaeTcA Ha MOCTEMNEHHO YCAOXHAOWEMCA MaTepuane: [MpousHeceHue
OTAENbHbIX IMacHbIX 3ByKOB. CoYeTaHUsA rMacHbIX (ABYX, TPEX, YeTbIpéx, nNATK). CNoroBblie COYETAHMUA COMACHbIX C
rnacHbimu. MNMpousHeceHune ¢pa3 u3 ogHoro cnosa. KopoTkue ¢pasbl. AanHHbIE $pasbl C NOrMYECKOW Nnay3oi.
MepeckKasbl TEKCTOB, COCTAB/IEHNE BOMPOCOB, CAMOCTONATE/IbHbIE PACcCKasbl.

PaboTa Hag MHTOHALMEN BKAOYAET Pa3BUTME TEMMOBLIX, PUTMUYECKUX N MENOANYECKUX XapPaKTEPUCTUK:
yepegoBaHWE MOBbLIWEHUA W MOHMXKEHMA Tronoca, OTPaboTKy BOMPOCUTENbHOW, YTBEPAUTENbHON U
BOCKAMLATENbHON MHTOHALMM, UCMO/Ib30BAHME IOTMYECKUX YAAPEHUI U CMbICNOBbIX Nay3. [3]

Paseumue naaHupyowjeli pyHKYUU peyu: nosmarnHoe ycnoxHeHue

370, NOXKaNyM, KNHOYEBAA NOTUKA BCEN KOppeKLUMU. Peub pebEHKA BOCNUTbIBAETCA OT NPOCTEMLNX GOPM K
CaMOCTOATE/IbHOMY BbICKa3blBaHMIO. BblaensatoT BUAbl peun B NOpsAKe HapacTaloLwen C0XKHOCTH.

ConpaxEéHHasa peyb — NporoeapmBaHMe coBa UAK $pasbl OA4HOBPEMEHHO C loronesom. B atom pexxnme
CYOOPOXKHble 3aNWHKM 0bOblMHO He Habawpgatotca. OTpaboTka NpPoxoguT B MIPOBOM  CUTyauun C
HEMocpeacTBEHHbIM NpeabABAeHMEM Ha3biBaeMblx NpeametoB. OTparkéHHas peyb — NOBTOPEHWE BCaes 3a
noroneaom. B 3ToT nepuon BBOAMTCA OTPa)KEHHOE NOBTOpPEHUEe HeboNblUMX CTUXOTBOPEeHUN (2—4 cTpodbl).
OTBeTbl Ha BOMPOCbI MO 3HAKOMOW KApTUHKE — BOMNPOC GOPMyANpPYeTCa TaK, YTobObl PebEHOK MOF MOoYTH
OTpaxKEHHO NOBTOPUTb ero B oTeeTe. CamocToATEIbHOE ONMCAaHME 3HAKOMbIX KaPTUHOK — PebEHOK cam CTpouUT
¢pasy. MNepeckas npocaywaHHOro He6oONbLIOrO TEKCTa — MEepPexoAHbli 3Tan K CNOHTAHHON peyn. CroHTaHHanA
peyb — pacckas Nno He3HAaKOMbIM KapTMHKam, becesa. HopmanbHas peub — Beceabl, Npocbbbl, 06LWEHME B
noBcegHEeBHbIX cuTyaumax. Kaxkabiii Bu4 peum otpabatbiBaeTca B pasHbIX YCI0BUAX: B NOJIOKEHUU CUASA, CTOS, B
OBUXKEHWUN; OT TUXOM PEYUN K FPOMKOM; OT CNOKOMHBbIX 3aHATUI K SMOLMOHabHbIM. [4]

Uzpoeas u meampanu3o8aHHAA deamenbHOCMb KaK (hopmMa KoppeKyuu

Urpa — ectecTBeHHan cpena ana pebéHka, n MMeHHO Yepes Heé noroneg, pelwaeTt 60AbWNHCTBO 3a4au.
PaspaboTtaHa cuctemy urp aas NpeososieHna 3aMKaHuA y AeTeN Pa3sHOro BO3pacTa: ANAAKTUYECKME UTPbl, UMpbl
C NeHnem, NoABMXKHble, Urpbl-apamaTtusaumu, Teopyeckmne. W.I. Boirogckas, EJ1. NennnHrep v J1.1. YcneHcKaA
NPeaIoXnan CUCTeMy UrpoBbIX NPUEMOB ANA NPOBEAEHUA PENAKCALMOHHbIX YNParKHEHUA B COOTBETCTBUMU C
3Tanamm sioroneanYecKkoro Bo3aencTemA. B nrpax passmMBatoTca He TOIbKO peyeBble, HO U HepeyeBble NPOLECChI,
OETU OCBaMBAOT COLMA/bHbLIA ONbIT MEXANYHOCTHLIX OTHOLEHUI, NPOUCXOOUT KOPPEKUMS OTKNOHEHWA B
noseaeHuUn 1 GopMUpPOBaHMU ANYHOCTU. [5]

TexHu4yecKkue cpedcmea KoppeKkyuu

CoBpeMeHHble TEXHOIOMMM TOXe MOTYT nomoyb. K npumepy, annapat «MOHOAOM» BKAOYAET HECKO/IbKO
bYHKUMIA: 3BYKO3arnyleHMe COOCTBEHHOM peun «benbim Wwymom» (Npuém, M3BECTHbIN ewg co BpeméH
JemocdeHa), 3ByKOoycuNeHNE, METPOHOM ANA PUTMUYECKON CTUMYIALIMM PEUM, PEXMUM «3IXO» — 3a[eprKKa
peyeBoOro cUrHasa, KoTopas 3ameannaeT peyb U yay4dllaeT eé NPoCcoaMYEcKyo CTOPOHY.

Paboma c pooumenamu

Hu opgHa meToguKka He cpaboTaeT, ecinm AOMa BCE OCTaHETCA Kak 6bli1o. Jlorones KOHCynAbTUpyeT
poautenen, obbACHAET: HEOOXOAMMOCTb COBNIOAEHNA WAAALLETO PEYEBOrO PEXUMA; KaK TOBOPUTb MeaJIeHHee
W CNoKoWHee, Nogasan pebEéHKy Nnpumep NNaBHOM peyu; «NpPaBuao TPEX CeKyHa» — naysa nocne ¢ppasbl pebEHka
nepesg OTBETOM B3POC/Or0; He [0roBapvBaTb 3a PebEHKa, He GUKCMPOBATb BHMMaHME Ha 3anuHKax; Kak
BbINO/IHATL AOMALUHWE 3a4aHNA — PerynapHas npakTMKa A4OMa pe3Ko nosblwaeT 3GGEeKTUBHOCTb PaboThbl.

Takum obpasom, paboTta yumTtena-noronesa npu KOPPEKLMM 3anKaHMA NpeacTaBaaeT coboi BbICTPOEHHYO
CMCTEMY, B KOTOPOW Kaxkgoe HanpasneHue paboTaer Ha obwuii pesynbtaT. PE6EHOK yumTCca YyBCTBOBATb CBOE
Teno, ynpasBasATb AbIXaHWEM, C/bILATb PUTM PeYn, rOBOPUTb MNABHO U YBEPEHHO — W MOCTEMNEHHO 3TU HABbIKK
NepeHocATCA B WU3Hb. YCNEWHOCTb 3aBUCUT OT TEPMEHUA, CUCTEMATUYHOCTM U TEMNOro, NOAAEPIKMBAIOLLETO
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OTHOLUEHUA — K PeBEHKY, K ero CEMbe M K CaMOMy NPOLLECCY U3MEHEHWI.
Cnu1CcOK UCNONb30BaHHOM IUTepaTypbl:

1. Benskosa /.M., AbsKkoBa E.A. 3ankaHue. YyebHoe nocobue ana CTyAeHTOB NejarormMyeckmx MHCTUTYTOB MO
cneunanoHocTtn «floronegma» — M.: B. Cekaues, 1998. - 304 c.
2. Busenb T.I. KoppeKuua 3ankaHms y gaeteit / T.I. Busenb. — M.: ACT: Actpenb; Bnagumup: BKT, 2009. — 222 c.
3. MeHblumKkosa C.B. Koppekuus 3ankanua y aetenn / C.B. Cukopckuit.-KasaHb.: /linaHa. - 112 c.
4. Mosaposa UN.A KoppeKuua 3aukaHua B urpax n TpeHnHrax / U.A. Mosaposa. — M.: ACT: Actpens, 2010. — 222 c.
5. Cukopckuit U.A. 3aukanme / N.A. Cukopckuin.-M.: ACT: Actpenb, 2008.-191 c. PybuHwTeitH, C.J1. Pa3suTue
CBA3HOM peun / XpecTtomaTtus no Teopum U MeTOoAMKe PasBUTMA peyn AeTei AOLWKoAbHOro BospacTa. / Cocr.
M.M. AnekceeBa, B.WU. AwunHa // M.: U3paTenbckunin ueHTp «Akagemuma», 1999. — 560 c.

© KynuHueHko K.C., 2026

YAK 37
NeswuHa K.U.
MY3bIKaJIbHbIW PyKOBOAUTENb
MBOY «HavanbHas WwkKona - getcknn cag Ne 55»
NawwuHa H.B.
Bocnutartenb
MBOY «HavanbHas wkKona - getckuin cag Ne 55»
r. benropog, PO

B/IMAHUE MY3bIKU HA PEMEBOE PA3BUTUE AOLLKOJ/IbHUKOB

AHHOTauuA
CtaTb uccnegyeT BAMAHWME My3blKM  Ha peyeBoe Pas3BUTME  [OLWIKONbHWMKOB, aHaNM3Mpya
du3mMonornyeckne, MNCUXosorMYeckMe U neaarorMyeckme acnekTbl 3TOM  B3aMMOCBA3W. My3blKasibHas
AKTUBHOCTb, BK/IIOYAA NeHWe, NPOCAYLUIMBAHNE MY3bIKU, PUTMUYECKME YNPArKHEHMA U UTPY HA UHCTPYMEHTAX,
CNocobCTBYET Pa3BUTUIO POHEMATUYECKOTO CyXa, 060ralleHUIo C/IOBAaPHOrO 3anaca, Yy4LeHUo apTUKYNAaLmnm,
GOPMMPOBAHMIO TEMNO-PUTMUYECKON CTPYKTYPbI PEYM U PA3BUTUIO CBA3HOM MOHO/IOrMYECKoM peun. PasnnyHele
GOpMbl My3blKaZIbHOW AeATeNbHOCTU WUrPatoT KAKYEBYHO PO/Jb B KOMMJIEKCHOM PEYEBOM Pa3BUTUKN OeTei
[LOLWKO/IbHOTO BO3pacTa.
Kniouesble cnosa:
peyeBoe pas3BuTUe, AeTU JOLWKOABbHOIO BO3pacTa, My3blKasibHasA AeATENIbHOCTb, IOTOPUTMUKA,
boHeMaTMyecKmnit Cnyx, Mesikas MOTOPMKa, MeHNE, My3blKa/IbHO-PUTMUYECKUE YNIPAXKHEHUA.

BesepgeHue

JOoWKONbHbIN BO3PaCcT — 3TO ONTUMa/bHbIMA Nepuos, ANA Pa3BUTUA Peyn, TaK Kak B 3TO BpeMA peyeBble
byHKUMM Hanbonee nnactmyHbl. CBOEBPEMEHHOE OBMAAEHUE PEUbIO BAXKHO A8 NOJHOLLEHHOIO JIMYHOCTHOMO
pa3BuTUSA. B ycnoBmaAX pocTa Yncna aeTel ¢ peyeBbiMU OTKIOHEHUAMM MOUCK 3 DEKTUBHBIX METOAO0B PEYEBOIO
pPa3BUTUA CTAHOBUTCA aKTyasbHbIM. My3blKa, KaK 3MOUMOHANbHBIN BUA, WCKYCCTBA, MOXET CTUMY/MPOBaTb
peyeBoe pasBUTME, OCODEHHO Yepe3 WHTOHAUMIO, AWMHAMMKY, TeMN W PUTM, 4YTO NOATBEPXKAAETCA
nccnegoBaHUAMMU U paboTamm B. M. BextepeBa. My3blKa/ibHble BNeyaTAeHuUs B paHHEM BO3pacTe CONOCTaBUMbI
Nno 3HAaYMMOCTU C peYeBoi cpeaon.
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Llenb faHHOW CTaTbM 3aKNOYAETCA B CUCTEMATM3ALLMM TEOPETUYECKUX U NPAKTUYECKMX aCNEKTOB BANAHMUA
My3bIKa/IbHON AeATENbHOCTU Ha peyeBOe pasBUTUE AeTell AOLWKOAbHOro BO3PacTa, a TaKXKe B BbIABAEHUMU
Hanbonee adeKTUBHbIX NOAXOA0B K AaHHON paboTe.

dusmonornyeckme n NCUXoNorn4YecKne 0OCHOBbI B3aMMOCBA3N MY3bIKU U peun

My3blKasibHOE M peyeBOe pasBUTME ONMPAOTCA Ha obume HerpodusMoaormyeckme MexaHU3MbI.
CnyxoBOIt aHa/IM3aTOP MrpaeT KAoYeEBYHO pPosib B 060MX Npoueccax, a My3blKasbHbl Ciyx GOpMUPYET OCHOBY
ANna pedyeBoro BocnpuAtUa. Menkasa MOTOPMKa, CBA3AaHHAA C KOOPANHALMEN ABUKEHUI NaNbLEB, CTUMYyAUPYET
pa3BUTME pPeYEBbLIX LLEHTPOB B MO3re. PUTMUYECKME ABMMKEHMA NafbLaMM YAyYLIAOT B3aMMOLENCTBUE MEXKAY
NOBHBIMU Y BUCOYHBIMMU AONSMM, YTO CNOCOBCTBYET raPMOHUYHOMY PA3BUTUIO peyun. MysbiKa, BO34ENCTBYA Ha
amoumn, obneryaeT ycBoeHMe peyeBoro maTepuana u genaet obyyeHme npuBaeKaTeNbHbIM ANA SETEN.

Buabl My3blKanbHOW AeATEeNbHOCTU U UX BAUAHUE HA peyb

MeHwue

MeHne ABNAETCA OCHOBHBIM BMAOM My3blKa/bHOW AEATENIbHOCTM, KOTOPbIN TECHO CBA3aH C Pa3BUTMEM
peun. H. I. YepHbIWEBCKNIA CUYMTAN MNEHUE «BbICIIMM, COBEPLUEHHEMLIMM WCKYCCTBOM» M OTMEYan ero
byHOaMEHTaNbHYO POJib, CPABHUMYIO C PYHKLMEN peyn.

MeHne cnocobcTBYET pelleHuUIo paaa peyeBbliX 3aga4:

1. CoBeplueHCTBOBAHME FO/IOCOBOFO annapaTta: BOKa/bHAA AeATE/IbHOCTb Y/yYLIAeT KA4YecTBO peuw,
cnocobcTBys OPMUMPOBAHMIO MPABUBHOTO 3BYKOOOPA30BaHMA U MHTOHALMOHHOM BblPa3nTeIbHOCTH.

2. PassBuTue AMKLMWU U apPTUKYAALMK: NeHMe TpebyeT KOOPANHMPOBAHHOM PaboTbl apPTUKYAALMOHHbIX
opraHos, 4To crnocobcTByeT BbipaboTKe YETKOrO M ACHOrO npousHoweHus. [leHne Ha cnorM nomoraet
aBTOMATM3MPOBATb 3BYKU 1 3aKPENUTb NPaBu/IbHOE 3BYKONPOU3HOLLIEHME.

3. dopmupoBaHWE PeYEBOro AbIXaHWA: BOKAJIbHbIE YNPaXKHEHMWA, BKAOYAtOWME NPONEeBaHME FAaCHbIX
3BYKOB, OTKPbITbIX C/NIOroB W ¢pa3s Ha BblAOXe, Pa3BMBAOT CWY, MPOLAOMKUTENBHOCTb M HamnpaBAEHHOCTb
BO3AYLIHOW CTPYM.

4. PaclumpeHue cnoBapHOro 3anaca: B npouecce 3HAKOMCTBA C MECHEW AeTW aHanusupytoT eé
HaCTPOEHWE, cogep)KaHMe, 4YTO CTUMYAMPYEeT WCMOJIb30OBAHME HOBOW JNEKCMKM W  PasBUMTME HABbLIKOB
$GOpMyNIMPOBaHNA BbICKA3bIBAHUN.

5. ®dopmupoBaHMe CBA3HON MOHOJIOTMYECKON Peyn: HaBblK CONbHOFO NEHWs ABASETCA OCHOBOWM AnA
Pa3BUTUA MOHONOIMMYECKOW peyn, a 3anoMMHAHWE TEKCTOB MeceH CnocobcTeyeT GOPMUPOBAHUIO YMEHUSA
COCTaBnATb Gpasbl U NPeaioOKeHUA.

MeHune Takke 3PpPeKTUBHO 4N1A KOPPEKLUN PeYEBbIX HEAOCTATKOB, TAKMX KaK HEBHATHOE MNPOU3HOLLEHUE
M NpPOrnatbiBaHWE OKOHYaHUI cnoB. My3sblKanbHO-n0roneamMyeckne pudmoBKKM, npeacrasastowme cobo
KOPOTKME CTUXM C YETKOM PUTMUYECKOWN CTPYKTYPOMN, CNOCOBCTBYIOT Pa3BUTUIO POHEMATUYECKOTO BOCMPUATUA
6narofapa NCNob30BaHMIO CN10B, PA3INYAIOLLMXCA HECKONBKUMU pOoHEMaMU.

CnywaHue mysbiku

My3blka pa3BuBaeT 3MOLMOHANbHYIO 4YYBCTBUTENLHOCTb M C/AYXOBOE BOCNPUATME, BAMAA HaA
3MOLMOHANbHOE COCTOAHME Yepes NacCUBHOE N aKTMBHOE BocnpuATue. NaccmBHoOe BOCNPUATUE MY3bIKM B Urpax
y/lydLllaeT HacTPOEHWE, @ aKTUBHOE 0b6CyKaeHMe 060ralLaeT IMOLMOHAbHbIN MHTENNEKT U peyb. My3blKa/ibHO-
PUTMUYECKUE OBUMKEHWUA PA3BMBAIOT PeYb, SMOLUMN U KOFTHUTUBHbIE CNOCODOHOCTM, YAydllas KOOPAUHALMIO U
YyBCTBO pPUTMa. MaNbuMKOBas TMMHACTMKA MNOA My3blKYy COBEPLUEHCTBYET MPOM3HOLIEHUE U PEYEBOMN CAYX,
NOATBEPKAAA CBA3b MEXAY MEIKOM MOTOPUKOM U peyblo.

Urpa Ha My3blKaNbHbIX UHCTPYMEHTaX

Nrpa Ha AeTCKMX My3bIKa/IbHbIX MHCTPYMEHTAX CNOCOBCTBYET Pa3BUTUIO MEIKOW U KPYMHON MOTOPUKM,
4YyBCTBa pUTMa, POPMUPOBAHUIO PUTMU3UPOBAHHOM peun.

Kaxkablii TMN MHCTPYMEHTa peluaeT cneyuduyeckme 3agaun:
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NHCcTpyMmeHT PasBuBaemble GyHKLUN Mpumepbl  ynpaxKHeHUN

Konokonbumnk PasnunueHne 3BykoB, ¢oHemaTuyeckuin | AnddepeHumaumna rpoMKMX U TUXUX
cAyx 3BYKOB

[lepeBAHHbIE NTOXKKK PuTmunuyeckana CTpyKTypa peun, menkaa | OTCTyKMBaHME pUTMa, MpPOXNOMblBaHME
MOTOpPUKA cnoros

[Jypouka, dnelita, CBUCTYbKa PeueBoe AbixaHWe, cuia BblgOXa [nvTtenbHoe 1 nnaBHOe U3BieyeHne 3ByKa

bapabaH PuTmunueckan cTpykTypa peun, ciyxosoe BocnpounssegeHue PUTMUYECKMX
BHMMaHWe PUCYHKOB

MeTannopoH doHemaTUYecKoe BOCPUATUE, CIOTOBOM OnpepeneHne mecTa 3B8yKa B CN0Be
aHanus3

Co3paHMe  LWWYMOBbIX  OpPKECTpOB  MNpeaoCTaBAfAeT  AeTAM  BO3MOXHOCTb  ANA  NMPOABJEHUA
CaMOCTOATENIbHOCTN, aKTUBHOCTU WM KPEaTMBHOCTW, a TaKKe crnocobcTByeT NpeofoneHUto 3aCTEHUYMBOCTU U
CKOBAHHOCTU, YTO KOCBEHHO CTUMY/IMPYET PEYEBYHO aKTUBHOCTb.

JloroputmmKa Kak KOMMJIEKCHbI MeToA, pe4yeBoro pa3BuTus

JloropuTmmMKa 3aHMMAaET BaXKHOE MECTO B CUCTEME KOPPEKLUMOHHOW paboTbl M npeacTaBnset coboi
CUCTEMY YMPAXKHEHWUIN, 3a4aHUA N UTP, UHTETPUPYIOWMX MY3bIKY, ABUXKEHME U peyb. E€ uenb — peleHune
KOPPEKLMOHHbIX, 06pa3oBaTe/IbHbIX M 0340POBUTENbHbIX 334aY.

OcHoBonoaratoWwmin NPUHLUN IOFOPUTMUYECKUX 3aHATUI 3aKNIOYAETCA B B3aMMOCBA3N pPeyn, My3blkU U
OBWXKEHUA, Tae My3blka BbICTYNaeT B POJM OpraHusyloulero snemeHta. OHa peryampyet Temn U Xapaktep
OBUXEHWI, cnocobCTBYET PA3BUTUIO MENOLMUKO-UMHTOHALNOHHbBIX XapaKTEPUCTUK r010Ca U KOOPANHALLMW NEeHUs,
peyYn n ABUNKEHUN.

Cuctema n0ropuTMmUYECcKoii paboTtbl BKAKOUAET ABa KAOYEBbIX HanpaBAeHUsA:

1. Bo3gelicTBME Ha peyveBble NPOLLECChl, TAKME KaK apTUKYAALMA, NPoU3HoWeHNe, GU3M0I0rMYECKOE U
$GOHAUMOHHOE AbIXaHWe, paclMPEHME JIEKCMYECKOro 3anaca W pa3BuUTUe HaBblkoB GOPMYNMPOBAHMA U
LEeKlaMmauum.

2. BosgeictBMe Ha HepeyeBble NPOLLECChI, BKAOYasA pa3BMTUE 0bLWein n MenKo MOTOPUKKU, BHUMAHMUS,
namaTn, KOOPAMHALUU U SMOLMOHANIbHO-BONEBON cdepbl.

ﬂOFOpMTMW-IeCKVIe 3aHATUA BKNKOYAKOT aPTUKYIAUUOHHYIO TMMHACTUKRY, d)OHonep,qucxme ynpaxHeHua,
pacneBKn, My3blKalbHO-PUTMUYECKUE YNPaKHEHNA U KOMMYHUKATUBHbIE UTPbI. 3Tn 3aHATUA nposBoaATCA AnA
KoppeKunn doHeTnKko-poHemaTmyeckoro n obuiero HegopassuTUs pedun. MccnegoBaHma NoATBEPKAAOT UX
3¢ PEKTMBHOCTb: NpPOrpamma My3blKanbHOM AeaTenbHocTn ana 44 peten 2-4 net yayywnna pevyeBoe passuTme
Ha 30-50%, yBennuymaa cloBapHbI 3anac U BbIPasUTENbHOCTb peyn. JIoropuTMMKA NOMOraeT AeTAM Pa3BUBaATb
CBA3HYIO M MHTOHAUMOHHO 6oraTyto peysb.

Ponb B3anmogpeiictBua cneumanmcTos

9¢pdeKTMBHOCTb pPeYEeBOro pPasBMTMA AOLKOAbHMKOB BO3pPacTaeT NpM COTPyAHUYeCTBe noronega w
My3blKa/IbHOro pykoBoauTens. Jloronen auvarHoctupyeTt npobnembl M Co34aeT METOAMKM, a My3blKa/ibHbii
pyKoBOAMUTENb MPUMEHAET My3blKaJibHble W MWIPOBble TEXHUKM ANAA MX peanusaumm. ITo cnocobereyeT
YNYULLEHMIO TEMMOPUTMUYECKUX XapaKTEPUCTUK WU KavecTBa peun. BocnutaTenn BKAOYAIOT My3blKajibHble
3/1eMeHTbl B NOBCEAHEBHYIO AEATENbHOCTb AEeTel, TakKMe KaK NeHMe M Manb4YMKoBble Urpbl. MHTEerpaTuBHbIN
NoAxof K pe4yeBon 1 My3blkasibHOM paboTe cooTBeTcTBYeT cTaHaapTam ®roC gowkonbHoro o6pasosaHums.

My3biKa OKa3blBaeT MHOFOrpaHHoe 1 rnybokoe BO3AeNCTBUE Ha peyeBoe pPa3BUTUE AeTell AOLKOIbHOro
BO3pacTa Yepes HECKO/IbKO B3aMMOCBA3aHHbIX MEXaHW3MOB:

o Pazgute HOHEMATUYECKOro M  My3blKaZIbHOTO CAyxa, ABAAKOLWMXCA OCHOBOW MNpPaBMIbHOIMO
3BYKOMPOM3HOLIEHMA.

o dopmunpoBaHME APTUKYIALMOHHOIO annapata M PevyeBoro AbiXxaHMA NOCPEeACTBOM MEHUS U UTPbl Ha
LYX0BbIX MHCTPYMEHTAX.

e PaszBuTME 4yBCTBA pUTMa WM Temna, HeobxoAMMbIX ANA NJAAaBHOM WU BbIPAa3sUTENIbHOM peun, yepes
MY3blKa/IbHO-PUTMUYECKNE OBUKEHUA.
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® AKTMBaLMA peyeBblX LLEHTPOB MO3ra Yepe3 pa3BUTME MENKOM MOTOPUKU NanbLLEB PYK.

e OboralLeHMe CNOBapHOroO 3anaca M pasBUTUE CBA3SHON peun yepes Hecedpl 0O My3blKe, pasyymBaHue
neceH 1 peyesble Urpbl.

o Co3gaHNe MONOMKUTENBHOFO 3MOLUMOHANABHOIO POHA, CNOCO6CTBYIOWErO MOBbLILEHUIO MOTUBALMK U
3¢ PEeKTMBHOCTM 0BYYEHMUS.

CuctemaTMyeckoe UM LeNeHanpaBNeHHOe MpOoBeAeHME My3blKafbHbIX 3aHATUMA B AOLWKOJ/bHbIX
yupexXgeHuax cnocobcTByeT rapMmoHMYHOMY Pa3BUTMIO pebeHKa Kak B 061acTh «Xya0KeCcTBEHHO-3CTETUYECKOTo
pa3BUTUA», TaK U B 061acTn «PeyeBoro passutua». MHTerpaumsa MysbiKasbHbIX U pPeYEBbIX 3aHATUN, 0COHBEHHO
Yyepes JIOTOPUTMUKY, EMOHCTPUPYET MaKCUMManbHY0 3GGEKTUBHOCTL B Pa3BUTUM pPeyeBbIX HAaBbIKOB U MOXKET
pPaccMaTpUBaTLCA KaK NepcrneKkTUBHOE CpencTBo NPOoOUAAKTUKM U KOPPEKLMU peyeBbiX HapyleHun y aeten
[OLWKO/IbHOTO BO3pacTa.

CnMCOK UCNONb30BaHHOM IUTepaTypbl:
Acadbes b. B. My3bikanbHasa ¢opma Kak npouecc. — J1.: Mysbika, 1971. — 376 c.
Bextepes B. M. O6beKTUBHasA ncuxonorua. — M.: Hayka, 1991. — 480 c.
BetnyrmHa H. A. My3bikanbHOe pasBuTue pebéHka. — M.: MpoceelteHmne, 1968. — 415 c.
Bbirotckuit /1. C. MNcuxonorusa nckyccrsa. — M.: Uckycctso, 1986. — 573 c.

vk wNE

lorobepugse A. T., JepKyHckas B. A. Teopusa U MeToAMKa My3blKasibHOIO BOCMUTAHWUA AeTEN AOLWKOIbHOMO
Bo3pacTta. — M.: Akagemus, 2013. — 256 c.

6. HenesHosa E., enesHos C. Pa3smBatowwme mysbikaabHble UTPbl U NANbYNKOBAA TMMHACTMKA ANA
AowkKonbHMKoB. — M.: Kapanys, 2007. — 48 c.

© NeswwuHa K.W., MawwnHa H.B., 2026

YAK 37
Manaxosa B.B.,
y4YuTesib Haua/IbHbIX K/1accoB
MOY «OkTtabpbckaa COLL Benropoackoro okpyra benropoackoin obnactu
nmenu leposa Poccuu H0.A. Hymaka»

OT NPABUJIA K OTKPbITUIO: UHTENNIEKTYA/ZIbHOE PA3BUTUE MNIAJLLINX
LLUKOJ/IbHUKOB HA YPOKAX PYCCKOIO A3bIKA

AHHOTauuA

YpOK pyccKoro A3blka B HayaNbHOM LUKO/IE 4acTO acCcoUMMPyeTcs C MUCbMOM, pasbopom CnoB U
3ayumBaHMem npasun. OAHAKO 33 KaXAblM ynparkHEHWEM CKPbIBAaeTCS BO3MOMKHOCTb HayuuTb pebEéHKa
MbicinMTb. Korga WKONbHUK onpefenseT 4acTb peun, noabupaer NpoOBEPOYHOE C/0BO UAU OBbACHAET
NOCTAHOBKY 3HaKa MpenuHaHuA, OH BbINOJIHAET He mMexaHudyeckoe gelicteue. OH HabnwogaeT, CpaBHMBaET,
Aenaet NpeanosioXKeHne, NPoBepaeT ero n GopmynpyeT pesynbrart.

MmeHHO B TaKOW AOeATeNbHOCTM MNOCTENEHHO CKAAAblBAETCA MHTENNEeKTyasbHasA CaMOCTOATE/IbHOCTb
yYyeHUKa. Peb6EHOK HauMHAeT NOHMMATb, YTO MpPABU/bHbLIA OTBET HENb3sl BCEraa MONYYUTb yragblBaHWEM.
Heobxoammo pa3obpaTtbca B yC/10BUM, BbIBpaTh NOAXOAALLMIK cnocob v ybeauTbcsa B ero NpaBUIbHOCTY.

MosToMy YPOK PYCCKOro A3blKa caedyeT pacCMaTpuMBaTb He TONbKO KaK cpeactBO popmupoBaHuUA
rPamMOTHOCTM. ITO TaKXKe MPOCTPAHCTBO ANA PA3BUTUA BHUMAHMWA, NamMsTW, JIOTUKK, PeYM U CnocoBHOCTU K
CaMOCTOATENBbHOMY MOUCKY.
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KnoueBble cnosa:
PYCCKWUI A3bIK, MNaALWWI LKOJ/IbHUK, MblLU/IEHWE, A3bIKOBaA 3a/a4a, C/10Ba.

Mouyemy pyccKuii A3blK CNOCO6CTBYET Pa3BUTUIO MblLLIEHUA

A3bIKOBOM MaTepuan oTandaercsa 60/1bWnM pasHoobpasnem. OLHO U TO Ke CI0BO MOXKHO PaccMaTpPUBaTb
C TOUYKM 3PEHUA 3HAYEHUA, COCTaBa, MPOM3HOLIEHNA, HANUCAHUA U POAN B NPeasioXKeHUU. brarogapa sTomy y
MA1agLLIEero WKOIbHWKA NOABASETCA BOSMOXHOCTb YYMUTbCA BUAETb NPEAMET C Pa3HbIX CTOPOH.

Hanpumep, cnoBo «neTeTb» MOXHO MCMO/Ib30BaTb 418 pelleHns HEeCKObKUX 3a4au4:

® OnpenennTb ero 3HayeHue;

® nofobpatb 04HOKOPEHHbIE CN0Ba;

® U3MEHUTb NO BPEMEHU;

® COCTaBUTb C HUM NPEAOKEHME;

® HANTW B C/I0BE Be3yAapHYH rMacHyto;

© 3aMEHUTb ero 6M3KNUM MO CMbIC/TY C/IOBOM.

Kaxgan HoBas 3agava TpebyeT MHoro cnocoba paccy:kaeHus. Pe6EHOK HauMHaeT NOHMMATb, YTO 3HAHMA
He CYLLLEeCTBYIOT M30/IMPOBAHHO: OHW CBA3aHbI MeXAy cO60l U MOTYT MCMONb30BaTLCA B PA3HbIX CUTYyaLMAX.

BaKHbIM pe3y/sbTaTOM CTAHOBWUTCA He TOJIbKO 3arOMMHAHWE KOHKPETHOro NpaBWia, HO W PasBUTUE
YMEHMA NepeHOCUTb M3BECTHbIN cnocob AelicTBUA Ha HOBbIN maTepuan.

OT 3aNOMMHaHMUA K OCMbIC/IEHUIO

Ha npaKTuke mnagwme WKOAbHUKN HEPEAKO 3aMOMUHALOT NPaBMA0, HO 3aTPYAHAIOTCA OOBACHUTb, KaK ero
NPUMEHUTb. ITO NPOUCXOAUT B TOM C/lydae, ecin 3HaHWe YCBaUBaEeTCs OTAENbHO OT AenCTBuUA.

Hanpumep, y4eHUK MOKET NpaBuU/iIbHO BOCNPOU3BECTM NpaBuao o 6e3yaapHON rnacHoOM, HO OWNOUTLCA B
cnoBe «MOpPCKoMn». YTobbl M3berkaTb NogobHOro ¢popmanbHOro 3anoMUHaAHKA, NOIE3HO BbICTPanBaTb paboTy B
HECKOJIbKO 3TanoB.:

1. PaccmoTpeTb coBO.

HaliTn mecTo 3aTpyaHeHus.

OnpeaennTb, MOXHO I USMEHUTb C/IOBO.
MoaobpaTb poACTBEHHOE C/I0BO.
CpaBHUTb NPOU3HOLWIEHME U HaNMCaHKe.

o Uk wnN

O6bsACHUTDL BbIBpaHHYO ByKBY.

TaKoli nopAaoK NpeBpallaeT NPaBuAO B MOHATHbLIN anroputm. Y pebéHka ¢popmMmupyeTtca He caydaiHan
[0rafKa, a 0CO3HaHHbIN cnocob NPoBEpPKU.

Kpome Toro, WKoOIbHUKY HE0bX0AUMO Npes/araTb C/10Ba, B KOTOPbIX MPUBbIYHLIN cNocob He cpabaTbiBaeT.
Hanpumep, nocne paboTbl C NpoBepsAeMbIMM TNacHbIMU MOXHO 06cyauTb cnoBa «cobaka», «Bopobeit»,
«ManuHa». ITo NO3BOJIAET MOKa3aTb, YTO pasHble opdorpaMmsl TPEOYIOT pasHbIx cNocoboB AercTBUA.

f3blKoBanA 3aAayva Kak Hebosbloe ucciepoBaHue

MHTepec K npeameTy Bo3pacTaeT, Koraa pebéHKy npeasaratoT He NPOCTO BbIMOAHUTL yNparKHeHue, a
pa3obpatbcA B BOMNpoce. B aTom ciiyyae yuebHas 3agaua npuobpeTaeT UcCea0BaTeIbCKUI XapaKTep.

Hanpvmep, MOXKHO 3anucatb Ha LOCKe C/I0Ba:

ropa, ropHblii, 3aropeTb, rope.

3aTem 3a4aTb BOMPOCHI:

® Bce /i1 c/10Ba CBA3aHbl Mexay coboit?

® Kakune cnoBa MOXKHO Ha3BaTb POACTBEHHbIMKN?

o [loyemy BHellHee CXOACTBO ellé He A0Ka3blBaeT 06WHOCTL?

® Kak NnpoBepuTb CBOE NpeanonoKeHune?

LLIKONbHUKK OBHapPYKMBAOT, YTO OAMHAKOBAA YacTb C/10Ba He BCeraa 03HayaeT OAMHAKOBOE 3HaYeHMue.
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YT106bl YCTaHOBUTb POACTBO CNOB, HY}KHO YYMUTbIBATb HE TO/IbKO UX HAaNMMCaHWE, HO U CMbIC/I.

MoaobHble 3a43aHMA PA3BMBAOT OCTOPOXKHOCTb B PACCyKAEHMAX. PEBOEHOK yunTCA He AenaTb BbIBOA MO
OZHOMY MPU3HAKY, @ NPOBEPATb Er0 C PAa3HbIX CTOPOH.

Pa3BuTue NOruKm yepes rpaMmaTuKy

lpaMMaTUYECKUA MmaTepuan NpeaocTaBfeT WUPOKUE BO3MOMKHOCTM AN GOPMMUPOBAHMA IOTMYECKUX
onepauuit. Mpu N3ydeHUM YacTel peymn yyalmeca MoryT He TO/IbKO onpeaensTb C/10BO, HO U O6BACHATb, NoYemy
OHO OTHOCUTCA K onNpeaenéHHon rpynne.

Hanpumep, cnosa «6bICTpbIi», «bexKaTb», «CKOPOCTb» CBA3aHbl 06LLeN TEMATUKOW, HO OTHOCATCA K
pasHbIM YacTAM peyn. Mx pasnmume MOXKHO YCTaHOBUTL MO BONPOCAM, 3HAYEHMIO U POIN B NPEASIOKEHUN.

MonesHo npeanaratb 3afiaHuUA, B KOTOPbIX OAMH W TOT e KOPeHb NpeacTaB/eH C/I0BAMM PasHbIX YacTen
peuun:

CBET, CBET/IbIN, CBETUTD;

PafoCTb, PAAOCTHbIN, PAAOBATLCS.

Yyawmeca moryt onpeaenunTs:

® 4yTO 0OBEANHAET 3TU C/I0B3;

® 4eMm OHM pPas3NYatoTCA;

® KaKylo MbIC/lb NO3BOAET BbIPA3UTb KaXKA0€ U3 HUX;

® MOYXHO /1M 33aMEHUTb OAHO C/IOBO APYTUM B NPEASIONKEHNN.

Takas paboTa nomoraeT yBUAETb CBA3b MeXAY 3HAaYEHUEM CNOBA M ero rpaMmaTnyeckomn Gopmon.

HeobbluHble 3a4aHMA ANA Pa3BUTUA CAMOCTOATENbHOCTU

YT106bI Y4EHMK NPUBbLIK PaCcCyKAaTb, 334aHNA LOIKHbI OTIMYATLCA OT O4HOTUIMHOM NOC/ef0BaTe/IbHOCTH
yrnparKHeHUI. Ha ypoKax MOXKHO MUCMNO/1b30BaTb CAeAytolme BapnaHTbl.

«UcnpaBb 06bACHEHUE»

Yuutenb npegnaraet He roTOBOE NMPaBU/IO, @ OLUIMBOYHOE PACCyKAEeHNE YUEHMKaA:

B cnoBe «1eCHUK» KOPEHb «JIECHY», MOTOMY YTO 3TU BYKBbI CTOAT PAAOM.

[eTn fonXKHbI onpegennTb, B 4ém owmnbKka, U cdopmMynnpoBaTb NpaBUbHOE 06bACHEHWE. DTO 3afaHue
pa3BMBaET CNOCOOHOCTb aHANIM3MPOBATL HE TONIbKO Pe3yabTaT, HO U X0, PACcCyKAeHUs.

«3apaii ycnosue»

YyalumMmcs JatoTcs C/I0Ba «MOPE», K MOPCKOM», «MOPAK». HYy}KHO camocToATeNbHO NpUAaymMaTh 3a4aHue,
KOTOPOE MOKHO BbINOJIHUTb C STUM MATEPMAZIOM: BblAEANTb OBOLLYIO YacTb, ONpeaennTb POACTBEHHbIE C/IOBa,
COCTaBUTb NPEASIONKEHUA UM HAUTU Opdorpammy.

Takoi noaxon meHsaeT nosuuuio pebéHka. OH CTaHOBMTCA HE TOJIbKO WCMOJIHUTENEM, HO M aBTOPOM
y4ebHol 3aaun.

«Hangu aBa peweHuna»

MOXHO NpPenNoKnUTb NPeaNoKeHME:

B caay pacnycTmamcb UBeThbl.

Yyalmecs f0MKHbI USMEHUTb €ro ABYMS CNOCcobamm, COXPaHMB OBLLMIA CMbICA:

® 33MEHUTb O4HO C/IOBO CUHOHUMOM;

® U3MEHUTb NOPAJOK C/OB;

e no6aBuTbL OnNpeaeneHue;

e caenaTb NpeasiorKeHne BONPoOCUTENIbHbBIM.

Jetn ybexaatoTca, 4To OAHY U TY Ke MbIC/b MOXHO BbIPa3uUTb MO-pa3sHOMY. 3TO pa3BMBaET rMOKOCTb
MbILLJIEHUA N peYeBoe YyBCTBO.

«CnoBo nopg HabnwageHnem»

Yunutenb BbibUpPaET 0AHO CNOBO, HaNnpuUMep «KaU». LLIKONbHUKN AOMKHbI ONpenenTb, Kakne 3HayeHus
OHO MOXET UMETb, COCTAaBUTb PasHble NPeaoKeHUA U 0OBACHUTb, KAK KOHTEKCT BIMAET HA CMbIC/I.
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Bo3morKHbIe Npumepbl:

® K/1104 OT ABepy;

® POAHUKOBbBIN KtOY;

® K/1I0Y K 3ajauve.

Takoe 3agaHune CBA3bIBAET U3yYEHMNE IEKCUKM C Pa3BUTUEM CMbIC/IOBOTO aHa/m3a.

PaboTa c TEKCTOM KaK CpeACcTBO UHTEINIeKTYaIbHOTO Pa3BUTUA

TeKCT Ha ypOKe PYCCKOro A3blka He AO/IKEeH WMCNO0/b30BaTbCA TOJIbKO KaK MaTepuan gaa mnoucka
opoorpamm. OH cnocobeH cTaTb OCHOBOWM A5 NMOSIHOLLEHHOTO PAcCyKAeHumA.

Mocne yteHWA HEBONbLIOTO TEKCTA MOXKHO NPEASIOKUTb YYEHUKAM ONpPeae/InTb:

® 0 YEM rOBOPMUTCA B TEKCTE;

® KaKoe npegnoXeHue ABNAETCA [1aBHbIM;

® KaKkue CNoBa MOMOraloT NOHATb HACTPOEHUE aBTOPA;

® loyeMy repoi nocTynua onpeaenéHHoim obpasom;

® KaKKne 3aro/IoBKM NOAXOAAT K TEKCTY;

® 4TO M3MEHUTCSA, eciv YBpaTb 04HO N3 NPeaNoXKeHNA.

OcobeHHO nonesHbl 3a4aHNA Ha BOCCTAHOB/IEHWE HAPYLWEHHOM NOCNeA0BATENIBHOCTU. YUALMMCA MOXKHO
NPesNoXnTb HECKOJIbKO NpPesioXeHUN, pPacnooXeHHbIX B HenpasuibHOM nopAagKke. OHW  OOMKHBI
BOCCTAaHOBWUTb TEKCT M 06BACHUTb, MOYeMy BbIBpas i MMEHHO TaKyto NOCAef0BaTeNbHOCTD.

B npouecce 3Toi paboTbl popmupyeTca NOHMMaHME CBASHOCTU pedn. LLIKONbHUK HauMHaeT 3amedaTb, YTo
npesioXeHNa B TEKCTe CBA3aHbl He CAy4yalHO: KarKAoe nocsefylollee BbiCKasbiBaHME NPOAO/KAET UM
YTOYHAET NpeablAyLLYH0 MbIC/b.

MucbmeHHasa peub U NIAaHUPOBaHUE

CoctaBneHue cOBCTBEHHOTO TeKcTa TpebyeT OT pebEHKa npenBapuTeNbHOrO MNAaHMpoBaHuA. [axe
HebO0NbLIOW PacCcKa3s HEBO3MOXKHO CO34aTb, EC/IM LWKOJIbHUK HE NPeACTaBASAET, C Yero OH HAYHET, 0 YEM coobLUT
[aNblle N Yem 3aBepLUNT BbiCKa3blBaHME.

Mepen HanucaHMem TEKCTa MOXKHO NPeSNoXUTb AETAM 3aN0AHUTb NPOCTYHO CXEMY:

® KTO WJIM YTO SIBAIAETCA IN1aBHbIM OOBbEKTOM;

e rae NpoucxoamT AeNCTBUIE;

® 4TO NPOM3OLLJIO CHAYaNa;

® KaKoe cobbITME CTa/I0 raBHbIM;

® yem BCE 3aKOHYMNOCH.

Mocne cocTaBneHns TEKCTA yYaLLMecsa NPOBEPAIOT er0 NO BOMNPOCAM:

® [1OHATHO N, 0 YEM roBopuTCA?

® Bce i1 NnpeanoxeHUA cBA3aHbl mexay coboin?

e HeT i1 noBTOpPOB?

® [logxoAnT v 3aroNI0BOK?

© MOXHO I 3aMeHUTb Kakoe-Mbo cioBo 6osiee TOYHbIM?

Takasa npoBepKa BOCNUTbIBAET NPMBbLIYKY BO3BPALLATLCA K COBCTBEHHOM paboTe U coBEPLUEHCTBOBaTbL eé.
3TO BaKHbI/ HABbIK, KOTOPbIN HEOBXOAMM HE TONIbKO HA YPOKAx PYCCKOro A3blka, HO M BO BCEM AasibHelluein
y4yebHoI gesTenbHOCTH.

Ponb ownbKu B 06yueHnm

OwmnbKy MnaLero WKONbHUKA He BCerga cieyeT BOCNPUHUMATL TO/IbKO KakK OTPULATENBbHbIN pe3ynbTar.
MHorpa oHa NoKasblBaeT, KakMm cnocobom pebEHOK paccyaan.

Ecnum yyeHMK NULLET «NECOK» Yepes «1», BOSMOMKHO, OH He MOHS/, KaKoe CN0BO ABASETCA NPOBEPOYHbIM.
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Echn oH 06beanHAET cnoBa «nec» U «NecTHUUA» B OAHY Fpynny, BepoATHO, OH OPUEHTUPYETCA TO/IbKO Ha
BHEWHee cxoAcTBo. Ecnnm pebEHOK He MOXKeT onpenenntb [NaBHYKO MbICAb TEKCTa, 3TO MOMKeT
cBnaeTenbCrtBoBaTb HEe O HEBHMMaATE/IbHOCTU, @ O HEYMEHUU BbIAENATb rN1aBHOeE.

MoaTomy nonesHo o6CyKAaTb HE TOJIbKO UCMPAB/IEHHbIN BAPUAHT, HO U NPUYNHY OLLUMBKM:

® Ha Kakom 3Tane BO3HMK/O 3aTpyAHeHME?

o KaKkoe feicTBmMe 0Ka3anocb HEBEPHbIM?

® Kak MOXHO 6b110 cebs npoBepuUTs?

o KakoW BbIBOA, HYXKHO caenaTb Ha byayulee?

Takol noaxoa nocTteneHHo GOPMUPYET Y LKOJIbHUKA BHYTPEHHUIN KOHTPOIb. OH HAaYMHAET NPOBEPATb He
TO/IbKO HanucaHHoOe C/10BO, HO M NPaBU/IbHOCTb BbIOpaHHOro cnocoba pelleHus.

HabnogeHuna U3 neparoryeckon NPaKTUKU

Pabota c pa3BMBalOWMMM 33[aHUAMK MOKasbiBaeT, YTO AeTM MO0-pa3sHOMY pearnpyloT Ha
WMHTeNNeKTyaNbHble TpyaHOCTU. OaHM yyalmecs BbICTpo NpeanaratoT OTBET, HO He BCcerga MoryT ero o60CcHoBaTb.
Opyrne ponro HabnwAalOT U COMHEBAlOTCs, 3aTO AatoT 6osiee ToyHoe obbAcHeHue. TpeTbu HyXKAaloTca B
[0NONHUTENIbHOM NOACKA3Ke MM B 06pasLLe paccyKaeHus.

MNoaTomy oamMHakoBas GOPMYAMPOBKA 3aJaHUA He BCerda ABAAETCS OAMHAKOBO AOCTYMHOM AnA Bcex
yyeHuKoB. OgHomy pebEHKy AOoCTaTOYHO BoOMpoca, Apyromy Tpebyetcs Tabnuua, cXxema WM HECKObKO
npUMepoB.

3 PeKTUBHLIM MOXKET BbITb MOCTENEHHOE CHATUE MOMOLLN:

Yuntenb NoKasbiBaeT cNocob paccyKaeHus;

[eTn noBTOPAIOT ero BmecTe;

Yyuaumecs BbINONHAIOT NOX0OXKee AeNCTBUE B Napax;
3aTem peLuatoT aHa/IorMYHYI0 33434y CaMOCTOATE/IbHO;

vk W

B KoHLe npeanaratoT cobCTBEHHbI NpUMeEp.

Tak dopmupyeTcs nepexos OT COBMECTHOIO AEMUCTBUA K CAMOCTOATE/IbHOMY.

3aknoyeHue

UHTennekTyanbHoe passBuTMe MAAALWMX LUKOJbHUMKOB HA YPOKax PYCCKOro A3blKa MPOUCXOAMUT npexae
BCEro Torga, Koraa peb&HoK BK/OUYEH B aKTUBHYIO MbICINTENbHYIO paboTy. MpocToe BocnpousBeaeHWe npasmna
[AET OrpaHWYeHHbIn pesynbTaT. [0pas3fo BaXKHeEe HayuYuTb LWKOJbHMKA HabaogaTb 33 A3bIKOM, 33a4aBaTb
BOMPOCHI, NPOBEPATL NPEANOIOKEHUA U OO BACHATL NOYYEHHbIN BbIBOA,

Pa3BuBatoWMIA YPOK PYCCKOrO A3blKa CTPOUTCA BOKPYr AENCTBMA YYEHWKA: OH CPaBHMBAET C/I0Ba,
YCTaHaB/AMBAET WX CBA3b, UCMPaBAAET OWMOKKM, uUcciesyeT TEKCT, CO34aéT COOCTBEHHble BbICKa3biBaHMA W
oL.eHMBAET pe3ybTaT. [pn 3ToM A3bIKOBOM MaTepuaa CTAHOBUTCA HE CAMOLLENbIO, @ cpeacTBoM GOPMMPOBaHUA
6onee 06WUX UHTENNEKTYAIbHbIX YMEHUN.

OcHoBHas 3ajaya y4uTena 3aK/AvyaeTca B TOM, YTObbl MOCTEMEHHO MepeBecTM yYeHWKa OT MOo3ULUK
WUCNONHUTENA K no3uumm uccneposatens. CHavana pebEHOK pgenctByeT no obpasyy, 3aTtem MCnonb3yer
NojCKasKy, a CO BpemMeHeM CaMOoCTOATeIbHO BbibupaeT cnocob pelueHusa. IMeHHO 3TOT nepexoa U ABAseTcs
OOHVM M3 BaKHEMLLMX NOKa3aTesiel MHTeNNEKTYaIbHOrO POCTa MAAALWEro WKOAbHMKA.

CNUCOK UCNOb30BaHHOW NUTepPaTypbl:
Bbirotckuit /1. C. MblwneHue 1 peyb.
Oasbigos B. B. Npobnaembl pa3BuBatoLLLEro obyyeHus.
3nbKoHuH [. B. MNcuxonorns obyyeHna maagLiero WKobHUKa.
JlbBOB M. P. MeToaunKa npenogasBaHMA PyCCKOro A3blKa B HAYa/IbHbIX KAaccax.

ik whN e

JleoHTbes A. H. leatenbHocTb. Co3HaHue. JINYHOCTD.
© Manaxosa B.B., 2026
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YAK 373.2
Monosa K.C.
Bocnutateno MAZOY Ne 6
r. Apmasup, PO

MIrPOBAA TEPAMNMUA C MECKOM B AEATE/IbHOCTU BOCMUTATENA

AHHOTauuA
B cTatbe paccmaTpuBaeTca NOTEHUMaNn MCMNONb30BaHMA KUHETUMYECKOro necka B AeATe/IbHOCTH
BocnuTatena. B HacTosAwen cTaTbe aBTOPOM PACKPbIBAEeTCA aKTyanbHOCTb JOaHHOM Tepanum Ha 6ase
OOLKO/IbHOrO 06pPa30BaTe/IbHOIO yuYpeXKAEHUA A1 CEHCOPHOIO Pa3BUTUA, CHATUA TPEBOXKHOCTU Yy AeTEN.
Kntouesble cnosa:
neco4yHasa Tepanus, apT-Tepanma, CEHCOPHOE Pa3BUTUE, MeSIKaa MOTOPUKA, AOLKOIbHbIN BO3PacT.

«KuHemuyveckuli necok» — 3T0 TepaneBTUYECKan TeEXHMKA, OCHOBaHHAA Ha UTPe C NeCKOM N MaNeHbKMMMU
durypkamu. MpeKpacHaa BO3MOXKHOCTb A5 pebeHKa, ero camoBbIparKeHUs, NPOCTOM Cnocob Hay4yMUTb Masbllwa
BblpaykaTb YyBCTBA, SMOLMUUN U NEPEXNUBAHUS.

UcTopua urposBoi Tepanum c NeCKOM 3apoXKaaeTca B NepBoi nonosmHe XX BeKa M cBA3aHa C UMeHamu
3HamMeHUTbIX ncuxonoros, Kapaa MNyctasa KOHra u Maprapet JloBeHdenba,

Bnepsble TepaneBTUYECKU 3PEKT MUrpbl C NMECKOM Obial BbiABJAEH LIBEALAPCKUM TMCUXOJIOTOM W
dunocodpom KOHrom, oH yTBEpPKAAN, UTO NPOLECC UIPbl B MECOK BbICBOOOXKAAET «3006/10KUPOBAHHYHO IHEP2UION.
Oetckuin ncuxumatp Maprapet JloBeHdenba, CTasna OCHOBOMOJIOXKHUKOM MeToZa necoYyHon tepanmm. B 1950-x
rogax LWBeNLLAapCKUA IOHTMAHCKNI aHanuTuk Jopa Kandd, bbina BooxHoBneHHas paboTamu JloseHdenba U
pa3paboTana Noaxon K Neco4Hol Tepanuun n B Nocneaytolem BbiNycTuna KHUry «llecoyHas mepanus».

C Tex nop necoyHas Tepanus nprMobpesa NonyaAapHOCTb BO BCEM MUPE, OHa 06beanHAEeT NpeacTaBuTenei
BCeX Hay4HbIX NOAXOA0B U Pa3/INYHbIX CMEXHbIX NMOMOrarowmnx CﬂeLl,Ma]'IbHOCTeﬁ. CerO,CI,HFI ee NPUMEeHAKT He
TONIbKO B paboTe ¢ 4€TbMMU, HO U CO B3POC/biMU. MeToz NecoUYHON apT-Tepanmnm MOXKeT NPOBOAUTCA HE TO/IbKO B
NCUXOIOTMYECKOM NPaAKTUKE, HO TaKKe NoAXoAMT Ans paboTbl C A4eTbMU AOLWKO/IbHOMO BO3pacTa, OCHOBaHHas Ha
urpe Cc NneCKoOmMm 1 MmasieHbKMmMm d)MprKaMVI.

MpaBuna coBpemeHHoro mupa M ProC OO nNoATONKHYAM K MOMCKY HOBATOPCKUX, WHTEPECHbIX,
pa3BMBalOLMNX METOAO0B M TEXHOIOMMIA B paboTe ¢ AeTbMM OT 3 40 7 NeT, CO34al0LMX BCECTOPOHHee 0byyeHue,
X KOMPOPTHOE BPEMANPENPOBOXKAEHNE B CTEHAX AETCKOro CaZla U COXPaHAILWMX NCUXUYECKoe 340pOBbe
noboro mansbiwa.

MecoyHan apT-Tepanus B AOLWKOJbHOM yUYpeXKaeHUM NPOXoAnUT B crneumanbHO 060pyA0BaHHOM KOMHaATe,
r4e pacrnosioXKeHa NecoyHmLa n Habop MMHMATIOPHbLIX NPeaMeTOB GUTYPOK (HazeMHbIe U IeTatowme }KUBOTHbIE,
obuTaTeNN )KNUBOTHOIO MUPA, AepPEBbA U APYrMe pacTeHUs, TPAHCMOPTHbIE cpeacTBa M TA.. Meaaroru cobntoaatoT
Bce TpeboBaHMA W YCNOBMA OpPraHM3auMuM OeATeNbHOCTU C KMHETUYECKMM NecKom. Mcnonb3yemblt necok
HeobXxoAMMO NPOMbIBaTb M MPOKBAPLLOBbLIBaTb. ITO A€/1al0T He peXe 0AHOro pasa B mecsal,. M 06HOBAAIOT Necok
B NECOYHMLLE OAMH pa3 B rof. Necok AonKeH UMeTb cepTUdULMKaLMIo.

Kasanocb 6bl pebeHOK CTPOUT 4YTO-TO M3 MNecka, HO B TOXKEe Bpems Pa3BUBAET MEJIKYIO MOTOPUKY,
YyBCTBEHHOE BOCNPUATME U KPeaTUBHOCTb, KMHETUUYECKUI NecoK HeobblYHbIA MaTepuan Ans TBOPYECKUX U,
y4ebHOoro 1 no3HaBaTe/IbHOro nNpoLeccos. MecoyHyo Tepanuio peKoMeHAayoT AeTAM yxXe ¢ 2—3 neT. C 6onblumnm
Y4,0BOJIbCTBMEM AETU UTPALOT B NMECOK: YEPTAT IMHUM, CO34aI0T 3aMKN U FOpoAa, POIOT AMKU U T.4., 3TO OAUH U3
BaXXHbIX (aKTOpoB B pPasBMTUM CNOCOBHOCTENM, OCHOBHOE CPeACTBO MO3HaHMA W  B3aMMOAENCTBUA C
OKpY»KatoWwmm MUpom. B paboTe MOKHO MCNO/b30BaTb KaK NPOXAaHbIi Tak U TeNAbIA Necok. MArkuii n npuUaTHO
XO/I0AALLNI NECOK CAMMAETCA B PyKaX, KaK NpPaBu/IO ero UCMO/b3yHT C TMNepakTUBbIMU, pa3aparkUTeNbHbIMK
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[EeTKaMK, OH MOMOraeT CKOHLLEHTPMPOBATbCA, OX/1aXKAasa U paccnabnssa ux. A Tennbit 6onblue ncnonbsyetca B
KayecTBE CEHCOPHOro CTUMYNATOPA. 3aMKHYTble, 6eCNOKOMHbIE AETKM XOPOLIO pearnpytoT Ha Tensblil Necok.
OHu cTaHoBATCA 6onee paccnabneHHble, eCTECTBEHHbBIMM.

OCHOBHble LLlesIn Tepanuu, KOTOPble MOXKET CTaBUTb BOCMMTaTe b NpK paboTe ¢ Neckom, 37o:

—MOMOLLb B COLUMANbHOM adanTaumn. Pe6EHOK yuntca paboTaTb B KOMaHAE, yBaXKaTb MHEHUWE APYIUX;

—pasBUTME BHUMAHMA W COCPEAOTOYMEHHOCTM, WrPbl C Neckom TpebyeT oT pebEHKa ymeHue
CKOHLEHTPUPOBATLCA Ha OAHON PUrypKe nnan obbeKTe;

—pasBuUTME TBOPUECKMX cnocobHocTell. Pe6EHOK pa3sunBaeT BOObparkeHUe u paHTasuio;

—pasBUTME MENIKOM MOTOPUKU. Urpa c meckom 1 purypkamm pasBuBaeT TaKTU/IbHbIE OLLYLLEHUS;

—pasBUTME CBA3HOW peyu;

—dopmmnpoBaHNe 31EMEHTAPHbIX MaTeMaTUYECKUX MNPEeACTaBAEHUA O MHOMECTBe, Yucne, BesnyunHe,
dopme, NpocTpaHCTBe.

MeToanKoW NpoBefeHNA MO NECOYHOM Tepanuu, MoryT bbiTb:

—WUrpbl, TakMe Kak «3HaKomMcmeo ¢ neckom», «llpamku», wurpbl-3abasbl «Omkonali cropnpus», «4Ymo
CrpAMaHo ?».

—pucoBaHMe NECKOM — NPOCYLUEHHbIM U NPOCEAHHbIN NECOK HabMpaeM B AA0LWKY U pUCyeM MO rOTOBOMY
KOHTYPY KapTUHKY.

—paccKasbliBaHWe CKA30K — JeNUM FrepoeB UM PUCYEM Ha MecKe MasovKOM CKasKy M COMpPOBOXKAAEM
paccKkasom.

CerogHA necoyHas Tepanus yXe 3apekomeHaoBasa cebsa Kak 3ddEeKTUBHbLIM NPAKTUYECKUIA MeTos B
rncuxoTtepanuu, negarornke. KMHeTUYECKMI NECOK AaeT HeorpaHMYEeHHble BO3MOXKHOCTM AN paboTbl neaarora,
YTO AaeT WaHC HamM BHECTU CBOM HEMOBTOPMMbINM BK/IaZ B PAacnpoCTPaHEHME U OCMbICIEHNE 3TOrO YyAeCcHOro
meToAa.

CNMUCOK UCNONb30BaHHOI INTEpaTypbl:

1. AHgpeeHKOT.A. Wcnonb3oBaHWe KMHETUYECKOro Mecka B paboTte c AowkKonbHMKamu -Cn6.:000
«U3OATE/IbCTBO «AETCBO-MPECC», 2025.128c.
2. Mapuenna 3eiy, MNuwem 1 pucyem Ha necke.HacTosbHas necovHUUA:[afannpoBaHHbIN NepeBos C aHra.]-
M.:NHT, 2010. 94 c.
3. CanoxHukosa O.b., E.B.fapHoOBa Wrpbl ¢ neckom ana obyyeHua nepeckasy getein 5-7 net. Metoanyeckme
pekomeHgaummn.-M.:TL, Chepa, 2017.64 c.

© Nonosa K.C,, 2026
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YAK 616.523: 618.1
KorenbHukos B.B., bantep P.b., UBaHoBa T.B.
®BroY BO Camapckuii rocyaapcTBeHHbI MeAULMHCKNI YHUBEPCUTET,
r. Camapa, Poccua

3HAYEHUE KTIMHNKO-AHATOMUYECKUX XAPAKTEPUCTUK Y NAUMEHTOK C 3IHAOMETPMOUAHbIMU
KUCTAMU ANYHUKOB B AHAMHESE A/19 NEPCOHA/IN3UPOBAHHOWM TEPAMUWU YKA3AHHOM NATO10TUK

BsegeHue

JHAOMETPUOUAHbIE KUCTbl AWYHUKOB ABAAIOTCA KAMHWYECKM 3HauyMmon GOpPMOMN reHUTaNbHOro
3HAOMETPNO03a, aCCOLMMPOBAHHOM C XPOHMYECKOM Ta30BOM BO/bI0, CHUMKEHMEM KayecTBa KU3HU, becnaoanem
N PUCKOM peumansmpoBaHuns. PopmmpoBaHMe SHAOMETPUOM COMPOBONKAAETCH XPOHUUECKMM acenTUYECKUM
BOCNANEHNEM, OKCUAATMBHbBIM CTPECCOM, HAPYLUEHWEM MUKPOUMPKYAALMU U CTPYKTYPHO-OYHKUMOHAbHBIMM
N3MEHEHNAMM KOPKOBOTO C/1051 AMYHUKA, CMOCOOHBIMM CHUMXKATb OBapMasbHbIi pe3eps eLe 40 Havyana ieyeHus.
PenpoayKTMBHble HapyweHUA MNpU 3HOOMETPUO3E WMMET MHOTopaKTOPHbIM XapaKkTep W CBA3AHbl C
nospexaeHmem GONNMKYAAPHOrO annapata, W3MeHeHuAMU OoNAMKynoreHesa M KayecTBa OOLMTOB,
HapyLweHMeM aHaTOMUM OPraHOB Masioro Tasa M PeLLenTUBHOCTU SHAOMETPUS.

JlanapocKkonuyeckas UMCTIKTOMMA OCTAeTCcA pPacipPOCTPAHEHHbIM METOLOM JIeYEeHUs 3HLAOMETPUOM,
OZHaKO BblAENEHME Kamncy/bl KACTbl U FeMOCTa3 MOryT COMPOBOKAATbCA YAa/leHMeM 340P0BOM 0BapuasibHOM
TKaHW, TEPMUYECKMM NOBPEXAEHNEM U MOCAEAYIOWMM CHUMKEHNEM YPOBHA aHTUMIOIIEPOBA FOPMOHA U1 Ynucna
aHTPanbHbIX GONANKYNOB. PUCK ATPOreHHOro ymeHblEeHWA OBAPMANbHOTO pe3epBa OCOBEHHO BbICOK MpU
ABYCTOPOHHUX KWMUCTaX, MNOBTOPHbLIX oMnepaunax, KpynHbIX o6pasoBavax M UCXOAHO OrpaHN4YeHHOM
donnukynapHom nyne. JononHuTtenbHo npobnemoirt sBAAETCA peunams 3HOOMETPUOMbI, CMOCOB6HbIN
NPMBECTN K NOBTOPHOMY BMELLATENbCTBY U AajibHeWLWel noTtepe GYHKLMOHMPYIOLLEN TKAHN ANYHUKA.

B cBA3M C 3TMM BO3pacTaeT WHTEpeC K OPraHOCOXPaHANLWMM TexHoAorMaAm, BKAoYaa Y3U-
KOHTPONMPYEMYIO  MYHKUMOHHYIO 3TaHOJIOBYIO  CK/IepoTepanuio, MNO3BOAAIOWY BO34EWCTBOBaTbL Ha
BHYTPEHHIOO MOBEPXHOCTb KUCTbl 63 XMPYpruyeckoro MccevyeHus ee Kancynbl. Bmecte ¢ Tem pesynbTaThbl
CKNepoTepanuu 3aBUCAT OT KpuTepues oTHopa NaLMEHTOK, Pa3MepoB 1 CTPOEHMNA 06pa30BaHUsA, KOHLEHTPaLMUM
M MPOAO/KUTENBHOCTU 3KCMO3ULUMWU 3TaHOMa; MNPUMEHeHWe MmeToda TpebyeT HaZeXHOro WCKAYeHus
ONyX0/NEeBOr0 MpoLecca WM y4yeTa pPUCKa peunamsa. Boibop Meay UMCTIKTOMMEN, CKaepoTepanuen,
MegNnKaMeHTO3HbIM J1edyeHnem, AOAUNHaMUYeCKUM Ha6mop,eHmeM M BCNOMOraTe/ZibHbIMU penpoayKTUBHbIMUA
TEXHO/IOTUAMU O0NKEH YYNTbIBATb BO3PACT XKEeHLWMWHbI, BblIPpa*XeHHOCTb CMMNTOMOB, PenpoayKTUBHbIE NNaHbI,
COCTOsIHME OBApMaNbHOIO pe3epBa, /I0KaAM3aLMI0 SHAOMETPUOM M MpealecTByowme onepaumn. Moatomy
OLeHKA MCXOAHbIX KAMHUKO-aHAMHECTUYECKUX XapaKTEPUCTUK Heobxoauma ANA KOPPEKTHOrO CpaBHEHWS
neyebHbIX rpynn 1 pa3paboTKM NepcoHaN3NPOBaHHOM OPraHOCOXPAHAIOLLEN TaKTUKK

Lienb uccnepoBaHuUA: NpoaHaAN3NMPOBATb COMATUYECKYHO MATOIOTMIO U KIMHUYECKYHO KapTUHY NauMeHTOK
C 3HAOMETPUOUAHBIMU KUCTAaMM AUYHUKOB B aHAMHe3€e B 3aBUCMMOCTM OT MeTOAa JIeYeHus.

Mo AaHHbIM NEPBUYHOM MEAMUMHCKON OOKYMEHTALMM OLEHMBAAM BO3PACT, MHAEKC Maccbl Tena,
COUMANbHbIN CTaTyCc, OCOBEHHOCTM MEHCTPYasNbHOW M PEenpoayKTUBHOM YHKUMKM, Hanuume Oecnnogus,
COMYTCTBYIOLLME TMHEKO/IOFMYECKME U cOMaTMIEeCKMe 3ab0neBaHuA, a TaKKe XMPYpruyeckme BMeLlaTebCcTea B
aHamHese. WCTOYHMKamMM MHOOPMALMU CAYKUAN ambynaTopHble KapTbl, UCTOPUM OONE3HWU, MPOTOKO/bI
onepauui, pesynbTaTbl YAbTPA3BYKOBbIX M 1abOPATOPHbLIX UCCef0BAHNN.

CratucTnyeckyto 06paboTKy AaHHbIX MNPOBOAWMM C WUCMO/b30OBAaHMEM METOL0B ONWUCATENBHOW MU
CPaBHUTE/IbHOW CTAaTUCTUKWU. HopManbHOCTb pacnpefeneHns KOJIMYECTBEHHbIX MPU3HAKOB OLLEHUBaAU C
nomouibto Kputepua LWanupo-Yunka. [ns MexKrpynnoBoro CpaBHEHUA KOJIMYECTBEHHbIX MOKasaTenei
NpPUMeHANN Kputepuin Kpackena-Yonauca c nocnegytowmm nonapHbIM aHaiM30M NpU HEOBXOAMMOCTH,
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KaTeropuasnbHbIX MPU3HAKOB — KpuTepuin x2 MupcoHa wan TouHbIN Kputepuii duwepa. KonnyecrseHHble
OaHHble NpeacTaBiAeHbl Kak MeAuaHa U MeXKBapTuabHbIM MHTepBan Me [Ql; Q3], KaTeropuanbHble — Kak
abcontoTHoe umcno n gona n (%). Pasnmums cumTanm cTaTUCTUYECKU 3HaYMMbIMK Npy p<0,05.

KAnHuyeckne nposiBNeHUA 3HOAOMETPUO3a TaKke Oblinm  cxodHbiMU. MeamaHa WHTEHCUBHOCTHM
AMCMeEHOPeN No BM3yasbHO-aHANOroBOM LWKane coctasuna 6,0 [5,0; 7,0] 6anna B rpynne ckaepotepanuu, 5,0
[4,0; 7,0] 6anna B rpynne unctaktomun un 5,0 [4,2; 7,0] 6anna B rpynne KoHcepBaTUBHOro nedyeHus (p=0,657).
MHTEHCMBHOCTb XPOHWUYECKol TasoBol 6onu coctasnana 4,0 [3,0; 5,0] 6anna Bo Bcex rpynnax (p=0,968);
Pa3NIMUKiA MO BblPaXKEHHOCTM ANCNapeyHUN He ycTaHoBAeHO. AnnTenbHOCTb becnaoans Haxoamnach B npeaenax
20-21 mecsaua (p=0,933), a 6epemeHHOCTb B TeYeHUE BAMKANLWKMX ABYX NeT naaHuposanu 41,5, 44,0 n 50,0%
naumeHToK cooTBeTcTBeHHo (p=0,701) (Tabn. 1).

Tabnunua 1
OCHOBHbIe aHTPOMOMETPUYECKUE U PENPOAYKTUBHbIE XapaKTEPUCTUKN NALNEHTOK
Baseline anthropometric and reproductive characteristics of the patients
B B KoHcepBaTusHoe
MNMokasaTtenb CKkneportepanusa, n=82 Liucrtaktomusa, n=84 nevenve, n=34 P
Bospacr, net 30,0 [25,2; 35,8] 32,0[27,0; 38,0] 31,0 [28,0; 38,0] 0,117
UMT, Kr/m? 24,8 [21,8; 28,9] 26,5 [22,5; 29,1] 27,0 [21,3; 28,4] 0,318
Bo3pact meHapxe, net 13,0[12,0; 14,0] 13,0 [12,0; 14,0] 12,0 [11,0; 14,0] 0,679
Ancmeropes, BALL, 6,0 [5,0; 7,0] 5,0 [4,0; 7,0] 5,0 [4,2; 7,0] 0,657
6annbl
XpOHVI‘-IeCKaﬂ Ta30BaA
4 ; 4 ; 4 ;
6071, BALL, 6an/bi 0[3,0;5,0] ,03,0;5,0] ,013,0;5,0] 0,968
Anurencroctb 21,0 [16,0; 25,8] 20,0 [15,0; 25,2] 20,5 [16,0; 25,8] 0,933
becnnoaua, mec
MnaHnpoBaHue
b6epemeHHOCTU B 34 (41,5) 37 (44,0) 17 (50,0) 0,701
TeyeHue 2 nieT, n (%)

MNpumeyaHune. KonnyecTBeHHble gaHHble NpeacTasneHbl Kak Me [Q1; Q3]. UMT — uHAEeKC macchl Tena;
BALL — BuM3yanbHO-aHanorosas WKana.

BbiBoA,. TakMM 06pa3om, Npu BbIbOpe MeToAa 1eYeHNA IHAOMETPUONAHBIX KUCT Y HKEHLWMH HEOBX0AMMO
YUYMTbIBaTb KAMHUYECKME NMPOABNEHUA SHAOMETPMO3a B aHaMHe3e, KOMOPObMAHbIN $OH, BO3PacCT, pasmepbl U
JIOKANIM3auMI0 KUCTbI, COCTOAHWE OBapuasibHOro pesepsa.

YcTaHOBNEHWE OTHOCUTENBbHOTO BKAaga 3TUX ¢akTopoB TpebyeT AanbHenwero MHOro$paKTOpPHOro
aHanM3a M MOXKeT CTaTb OCHOBOM AudPepeHUMPOBAHHOrO anropuTmMa JeyeHMa 3SHAOMETPUOMAHDLIX KUCT
ANYHUKOB.

CNMCOK UCNONb30BAHHOI INTEpPaTypbl:

1. F'epacumos A.M., ManbiwkmHa A.U., KyaurnHa M.B., KpacunbHukosa A.K., Monymuckos .M., Abagynnaesa
N.X.,, dapgeesa E.B., [AsonHoBa W.HO. YactoTa BCTpPEYaeMOCTM W CTPYKTYpa HapPYKHOIo reHUTaNbHOro
SHAOMETPMO3a Yy TOCMNUTAAM3UPOBAHHbLIX 60MbHbIX. [MHekonorma. 2021; 23(2): 184-189. DOI:
10.26442/20795696.2021.2.200783.

2. MNpoHuHa B.A., YepHyxa [.E., dunatosa E.l, CononoBa A.E. OcobeHHOCTM 60neBOro cuHApPOMa npu
pas3nNyHbIX GOPMAX HapPyKHOFO reHUTaZIbHOrO 3HAOMETPMO3a: NoMnepevyHoe UccnefoBaHWe. AKYLIEPCTBO U
rmHexkonorusa. 2024; 3: 80—88. DOI: 10.18565/aig.2023.280.

3. Abutoea M.3., Opa3os M.P., XamowunHa M.B., Bonkosa C.B., AptotuH A.I., AemunHa O.A. SIHAOMETPUO3
AWYHUKOB — MPOrHO3MPOBAHWE PEeLMANBOB: COBPEMEHHAA Napaaurma. AKyLwepcTBO U TMHEKONOIMA: HOBOCTH,
MHeHMs, 0byyenne. 2020; 8(3): 115-120. DOI: 10.24411/2303-9698-2020-13019.

4. Opasos M.P., XamowwuHa M.b., AbutoBa M.3., Bonkosa C.B., AptotnH A.I., AemnHa O.A. becnnogue,
acCOUMMPOBAHHOE C 3HAOMETPUO30OM AUYHWKOB: COBPEMEHHbIW B3rnAg Ha npobnemy. MmHekonorua. 2020;
22(5): 44-49. DOI: 10.26442/20795696.2020.5.200405.
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5. Muxanesa /1.M., ConomaTunHa A.A., XoBaHckan T.H., Yabuesa /1.6., IpauyeBa H.A., Yurpaun /1.B., Muxanes C.A.
MopdodyHKUMOHANbHOE COCTOAHME 3SHAOMETPUA U €ro PeuenTUBHOCTb Yy MAUMEHTOK C 3HAOMETPMO30M
ANYHMKOB. NMpobaembl penpoaykumn. 2020; 26(3): 68—75. DOI: 10.17116/repro20202603168.
6. bexkeHapb B.®., KysbmuHa H.C., KanyrmHa A.C., Wesntokosa T.M., Makcumosa T.A., Epmakosa H.B.,
Kyuepsasbix H0.A. BanaHue xmpyprmyeckoro nevyeHnsa aHAOMETPUOM AUYHUKOB Ha COCTOAHME OBapUaibHOrO
pe3epBay NauMeHToK ¢ becnnoanem. dpdpekTuBHan dapmakotepanus. 2022; 18(24): 6-11. DOI: 10.33978/2307-
3586-2022-18-24-6-11.
7. Oy6buHckaa E.AO., Macnapos A.C., ytos A.A., Opasos M.P., CotoHoB M.A. lNporHo3npoBaHMe U3IMeHEHUI
OBapManbHOro pesepsBa Mocae UUCTIKTOMUM MPU SHAOMETPUOMAX C MOMOLLbIO 6ANNbHOM ANATHOCTUYECKON
WKanbl. BecTHMK  PoccuiiCKOM  akagemumm  MeguuMHCKMX — Hayk.  2022;  77(1): 5-12. URL:
https://cyberleninka.ru/article/n/prognozirovanie-izmeneniy-ovarialnogo-rezerva-posle-tsistektomii-pri-
endometriomah-s-pomoschyu-ballnoy-diagnosticheskoy-shkaly.
8. KayanuHa T.C., boratoBa M.E., 3uHoBbeB A.H., 3uHoBbeBa M.C. Mopdonornyeckme n MONEKYNAPHO-
6uonornyeckune GakTopbl PUCKa peLmanBa SHAOMETPUOUAHBIX KUCT AMYHUKOB NOCNE XMPYPTUYECKOro Ie4eHus.
eHckoe 3a0poBbe U penpoaykuma. 2020; 3(46). URL: https://journalgynecology.ru/statyi/morfologicheskie-i-
molekuljarno-biologicheskie-faktory-riska-recidiva-jendometrioidnyh-kist-jaichnikov-posle-hirurgicheskogo-
lechenija/.
9. Netposckaa A.B., CmupHoBa O.A., Kosnos [1.B. MoneKkynapHble MeXaHM3Mbl peumansBnpoBaHmnA
3HAOMETPUOUAHBIX KMUCT ANYHUKOB. MeauumnHcKaa ummyHonorua. 2022; 24(3): 521-530. DOI: 10.15789/1563-
0625-MMO-2478.
10.Aasbiaos A.U., Tanposa M.b., Laxnamosa M.H. AcnupauunoHHas (cKneposupytowasn) Tepanma sHA0OMETPUOM
AWYHMKOB: BO3MOXHOCTU, NMEPCMEeKTMBbI, OTAANIEHHblE pe3ynbTaTbl. Bonpocbl r'MHEKONOrnn, akywepcrsa M
nepuHatonormun. 2018; 17(1): 13-21. DOI: 10.20953/1726-1678-2018-1-13-21.

© KotenbHukos B.B., bantep P.B., MBaHoBa T.B., 2026
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HISTORICAL DEVELOPMENT PATH AND MODERN FACETS OF TURKMEN NATIONAL MUSICAL ART

Abstract

This article explores the historical development path and contemporary transformations of Turkmen
national musical art. Rooted in ancient nomadic culture, rituals, and epic storytelling, Turkmen music has
preserved its unique acoustic character through iconic instruments such as the dutar, gyjak, and gopuz. The study
analyzes the historical progression from folk traditions and the oral transmission of bagshy art to the systematic
synthesis of traditional melodies with Western classical forms during the 20th and 21st centuries. Furthermore,
it examines modern facets of Turkmen music, highlighting contemporary preservation strategies, institutional
education, stage performance adaptations, and the integration of digital technology in musical production. The
findings emphasize that while Turkmen musical art actively adapts to modern global trends, it remains deeply
rooted in its authentic philosophy, spiritual identity, and cultural heritage.

Keywords:
turkmen national music, bagshy art, dutar, gyjak, folk music history, oral tradition, modern musical
composition, turkmenistan cultural heritage.

Introduction

The musical art of Turkmenistan represents one of the most distinctive and culturally rich branches of
Central Asian heritage. Developed over centuries across vast desert landscapes, ancient oasis centers, and
historical trade arteries, Turkmen musical expression is fundamentally tied to the worldview, spiritual
philosophy, and everyday life of its people. Historically, music was not merely a form of aesthetic entertainment;
it served as a vital repository of collective memory, oral history, ethical codes, and philosophical contemplation.
The harsh environment and nomadic lifestyle shaped a unique acoustic landscape characterized by intimate vocal
expressions, highly nuanced instrumental timbres, and complex rhythmic structures.

At the heart of the traditional musical framework lies the art of the bagshy—the master epic singer and
storyteller. The bagshy holds a sacred status within traditional society, acting as a narrator of heroic dessans
(epics), preservationist of classical poetry, and mediator of community identity. Accompanied primarily by the
two-stringed long-necked lute, the dutar, the bagshy developed a sophisticated performance technique that
relies heavily on oral transmission (halypa-shagirt or teacher-disciple system). This system ensured the precise
transfer of intricate modal structures, ornamentation techniques, and emotional resonance across generations
without reliance on formal notation. The repertoire spans from solemn historical narratives to expressive lyrical
songs, reflecting the deep poetry of prominent figures such as Magtymguly Pyragy, Kemine, and Mollanepes.

Throughout the 20th century, the landscape of Turkmen national music underwent significant structural
transformations. The introduction of Western classical music education, formal notation systems, and
professional institutions led to an unprecedented synthesis of traditional folk music with orchestral, operatic,
and chamber forms. Turkmen composers successfully translated traditional modal systems (mukam) into large-
scale symphonic works, creating a dual system where traditional oral art forms flourished alongside academic
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classical compositions. Instruments like the gyjak (spike fiddle) and dutar were adapted for ensemble and
orchestral settings, expanding their expressive possibilities while retaining their essential sonic signatures.

In the contemporary era, the musical art of Turkmenistan manifests through various dynamic facets.
Modern Turkmenistan prioritizes the safeguarding of its musical identity through state-supported cultural
policies, higher art education institutions, and international recognition, including UNESCO inscriptions of
traditional crafts and performance arts. Simultaneously, modern musicians and composers are exploring new
genres, blending national melodic motives with jazz, pop, and electronic production. This ongoing evolution
highlights a resilient cultural balance: preserving the sacred purity of ancient mukam traditions while actively
engaging with modern global music practices.
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APPLICATION OF MODERN TRAINING METHODS AND INNOVATIVE TECHNOLOGIES
IN PHYSICAL EDUCATION CLASSES

Abstract

This article examines the integration of modern training methodologies and innovative digital technologies
in contemporary physical education (PE). It highlights the transition from traditional, standardized physical
culture lessons to personalized, interactive, and tech-driven frameworks. The study analyzes the application of
wearable fitness trackers, mobile applications, video analysis systems, and gamified learning platforms alongside
modern pedagogical approaches such as high-intensity interval training (HIT), functional training, and
differentiated instruction. The findings indicate that integrating technological tools with progressive training
methods significantly enhances student motivation, optimizes physical performance, allows real-time
physiological tracking, and fosters a lifelong commitment to physical health and well-being.

Keywords:
modern training methods, innovative technologies, physical education, pedagogical innovation, wearable
technology, gamification, physical fitness, health monitoring.
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Introduction

The paradigm of modern physical education is undergoing a fundamental transformation driven by rapid
technological advancements and evolving pedagogical research. Historically, traditional physical education
curricula centered predominantly on standardized motor skills, rigid athletic testing, and mass-instruction
models. While these traditional frameworks established basic physical capabilities, they frequently struggled to
sustain long-term student engagement, accommodate diverse fitness levels, or foster intrinsic motivation toward
healthy lifestyle habits. In the 2020s, the primary objective of physical education has expanded beyond mere
physical exertion; it now encompasses the development of physical literacy, health self-awareness, and
personalized fitness trajectories tailored to the unique physical capabilities and health profiles of individual
students.

To achieve these modern objectives, physical educators are increasingly adopting innovative training
methodologies combined with cutting-edge digital technologies. Modern training methods—such as High-
Intensity Interval Training (HIIT), functional fitness programming, cross-training, and differentiated instruction—
have replaced uniform exercise regimes. These methodologies allow educators to optimize class time, maximize
movement density, and adapt intensity according to individual physiological responses. High-intensity interval
training, for example, offers significant cardiovascular and metabolic adaptations within short timeframes,
making it exceptionally suited for standard academic schedules. Simultaneously, functional training emphasizes
multi-joint movement patterns that enhance posture, core stability, and overall physical functionality, directly
benefiting students' daily lives and physical resilience.

Complementing these pedagogical shifts is the rapid integration of innovative digital technologies into the
gymnasium environment. Wearable technology, including heart rate monitors, smartwatches, and pedometers,
provides immediate objective feedback on cardiovascular strain, caloric expenditure, and activity levels. This
guantitative feedback transitions physical education from subjective performance evaluation to data-informed
health monitoring, empowering students to understand their own physiological boundaries and progress.
Furthermore, video analysis tools and motion-capture software enable educators and students to conduct
immediate biomechanical assessments, improving exercise execution, preventing sport-related injuries, and
refining athletic techniques in real time.

Additionally, interactive technologies such as gamified fitness platforms, virtual reality (VR) simulations,
and mobile health applications have redefined student engagement. Gamification introduces interactive
challenges, virtual rewards, and goal-tracking features that appeal directly to digital-native learners,
transforming routine physical tasks into engaging, interactive experiences. Modern mobile applications facilitate
remote physical tracking and hybrid learning formats, enabling students to log activities outside traditional
school hours and maintain continuous fitness routines.

Ultimately, the synergy between modern training methods and innovative technologies creates a dynamic,
inclusive, and student-centered educational environment. By shifting the focus from uniform performance
metrics to personal growth, health literacy, and technological self-monitoring, modern physical education equips
students with the necessary tools, skills, and motivation to sustain a healthy, physically active lifestyle throughout
their lives.
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REFLECTION OF HISTORICAL AND MODERN THEMES IN THE NATIONAL SCHOOL OF PAINTING

Abstract

This article examines the evolution of the national school of painting, highlighting the seamless integration
of rich historical heritage with contemporary artistic expressions. It explores how traditional motifs, cultural
identity, national myths, and historical milestones are reinterpreted through modern stylistic techniques, color
palettes, and philosophical perspectives. By analyzing key thematic directions, the paper demonstrates the role
of fine arts in preserving national memory while actively engaging with contemporary global artistic trends and
societal changes.

Keywords:

national painting, fine arts, historical motifs, modern themes, artistic identity, visual culture, Turkmen painting.

Introduction

The formation and maturation of a national school of painting represent a dynamic dialogue between past
heritage and contemporary reality. Fine arts serve as a vital medium through which a society interprets its
historical trajectory, cultural memory, and aesthetic values. Within the national school of painting, this artistic
continuity is particularly pronounced, as painters consistently draw inspiration from deep-rooted historical
traditions, epic lore, classical literature, and indigenous visual heritage—such as rug weaving, national ornament,
and architectural monuments—while simultaneously addressing the pressing themes and social dynamics of the
modern era.

Historically, the national school of painting developed an expressive visual vocabulary characterized by
vivid color palettes, monumental compositions, and profound philosophical symbolism. Early masters laid the
groundwork by documenting pastoral landscapes, historical heroes, classic literature, and traditional daily life.
These works established a foundational canon that celebrated national identity, folk traditions, and the
harmonious relationship between humanity and nature. The historical theme in national painting has never been
a static recollection of the past; rather, it functions as a spiritual pillar, providing historical memory, national
pride, and ethical orientation across generations.

In the contemporary context, modern painters face the creative challenge of reinterpreting this rich
heritage through the lens of twentieth- and twenty-first-century artistic innovations. Contemporary masters
retain the symbolic weight of historical motifs—such as nomadic heritage, silk road crossroads, classic poetry,
and ancient architecture—while introducing non-traditional compositional structures, abstract forms, modern
impressionism, and personal introspective narratives. Modern themes in the national school extend to urban
transformation, peaceful development, ecological awareness, and the personal experiences of individuals
navigating a rapidly globalizing world.

Furthermore, the synthesis of historical and modern themes creates a unique visual synergy where ancient
metaphors inform contemporary social and cultural commentary. The ongoing evolution of the national school
demonstrates that cultural traditions are not mere relics of the past, but living artistic forces capable of renewal
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and innovation. By bridging national historical memory with international modern art trends, contemporary
painters ensure the vitality and global relevance of their visual art school, positioning it as both a guardian of
heritage and a contributor to global visual culture.
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AMNOHCKAA KYXHA

AHHOTauuA

NcTopuryeckn HaxoaAach Nog BAMAHUEM KUTAUCKOM KYXHU, ANOHCKAA KyXHA B COBPEMEHHYHO 3MOXY TaKKe
OTKpbl/lacb A/1A BAMAHMA 3anagHoOW KyxHW. Baloga, BAOXHOBAEHHble 3apybekHolM efol — B 4acTHOCTH,
KUTAaMCKON — TaKMe KaK pameH M réasa, a TakXkKe Chnarettu, Kappu v rambyprepsbl, 6blan aganTMpoBaHbl K
ANOHCKMM BKyCam U UHrpeamMeHTam. TpagMUMOHHO SiNOHLUbI M3beranm msaca ns-3a NpuBepKReHHoOCTM byaamsmy,
HO C moaepHuzaumeint AnoHum B 1880-x rogax MsAcHble 6711043, TaKMe KaK TOHKauy W AKUHWMKY, CTaau
pacnpocTpaHeHbl. C Tex NOp ANOHCKasA KyxHA, 0COBEHHO cylwun U pameH, npuobpena NonyAapHOCTb BO BCEM
Mmupe.

Kntouesble cnosa:
AMNOHCKAA KyXHA, TPAANLMM, PUC, CaKe, CaLMMM.

ANOHCKan KyxHs, 611043 KOTOPOW YacTO NOAAOTCA B CbIPOM BUAE WU JIULLb CNErKa NPUrOTOBAEHHBIMM,
CNaBUTCA CBOMMM TOHKMMM U U3bICKAHHBIMK BKYCaMW. BO3MOXKHO, CambiM U3BECTHbIM 611040M B MUPE ABAAIOTCA
CYWUIM — NPUroTOB/IEHHbIN, 3aMpPaB/eHHbIN YKCYCOM PWUC, NOAABAEMbIN C Pas/NIMYHbIMU OBOLLAMM, CALUMMM
(cbIpbIMKM MOpPENPOAYKTAMM) U ANLAMM B KaUeCTBe rapHUpa, NPUAAIOLWMMU eMY Pas/IMyHble GOPMbI; KPOME TOTO,
CallMMM YacTO NOAJAOT OTAeNbHO. TaKKe MOonyaspHbl B AMOHMM M 33 ee npegenamum Temnypa, 06bluHO
npeacrasasowan coboit nNopuMm MOpPEenpoAyKTOB M OBOLLEN, OBMaKHyTble B KAAP W3 PUCOBON MYKM,
06’KapeHHble BO GpuTIOpe M NOLaBaeMble C NPONAPEHHBIM PUCOM (YACTO C COEBbIM COYCOM), A TaK}Ke pas/iMyHble
6nt04a 13 Tody (coeBoro TBOpora); Tody MOXKET NoAaBaTbCA OTAENbHO MAW B TakMX 6104aX, KaK MUCO-cyn
(npuroToBNeHHbIN U3 pepmMeHTUPOBaHHbIX coeBbix 60608B).

Cpeau ppyrux npumeyvatenbHbix 6104 — CYKMAKM U ero pasHOBUAHOCTb Waby-waby (B oboux ciyyasx
MACO M Apyr1e NHIpeaneHTbl FOTOBATCA B HeryboKoM KacTpio/ie MPAMO 3a CTO/IOM), @ TaKKe pas3/inyHble BUAbI
nanwwu, BkAto4Yan coba (M3 rpedHeBoi MyKM, 4acTo NOAAETCA X0I04HOM) U yAOH (M3 NweHUUbl, 06bIYHO NogaeTca
nocne 6bICTPoOI 06XKapKKU Ha ropaYem rpuse nam B ropayem bynboHe). PameH, cynoobpasHoe 611040 U3 nanuu
KUTaMCKOro MPOMUCXOXKAEHUSA, ABNAETCA OCHOBHbIM 611040M AMNOHCKOro ¢acTdyaa M XOpoLIO U3BECTEH BO BCEM
mMmupe. beHTo — 31O NopumoHHoe 611040, WMPOKO PacnpPoOCTpaHeHHOe B Pas/iMuHbIX BapuaHTax. OHUrMpn —
NOBCEMECTHO pacnpocTpaHeHHoe B ANoHMM 611040 M NONYyAsSPHas 3aKyCKa, NpeacTaBAAoWwan coboi Wwapuk nam
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KOHYC M3 pUCa, 4acTo C HAYMHKOW M 3aBepHYTan B HOPM (MOPCKMe BOAOPOCAH).

ANOHKWA cnaBuTCA CBOMM 3eNEHbIM Yaem, 60MblIAA YAaCTb KOTOPOro BbIPALLMBAETCA Ha CKAOHAX ropbl
®yn3m B npedekType Cnalyoka Man B6AM3N HUX. 3eNEHBIN MNOPOLLKOBLIM Yaikh MaTya B nocsiefHue rofbl CTan
ocobeHHO nonynapeH Ha 3anage 6narofapa CBOMM MOJIE3HbBIM CBOWMCTBAM M pa3HOOOpasHbIM cnocobam
ynoTtpebneHus, BkatoYaa Kope, MOpPOrKeEHOE N KOoKTennun. Boga ns AnoHckmx Anbn, cpopmupoBaHHas B popme
Kanaum oxanA, cTana OCHOBOWM ANS HblHE 3HAMEHWUTOro TOpTa «Kanas AOXKAA», U300peTéHHOro B npedekType
fimaHacu, Hepaneko oT ropbl Pyasu, B 2014 roay; 3TOT HEXHbIN KeneobpasHblid AecepT, NPoAaBaemMblii Kak
«BOJa, KOTOPYIO MOKHO ecTb», CTa/l MMPOBOM ceHcaumei. Cake, afikOro/ibHbIA HAaNUTOK, NPUIOTOB/IEHHbIN U3
bepMeHTUPOBAHHOIO PUCA, TaKKe 0cobeHHO accoummpyeTcsa ¢ ANoHUeN, rae ero obbIYHO NOAAOT NOAOrPETLIM
B ManeHbkux ¢apdopoBbix YalwKax. NMpomnssoacTBo nmMeBa B ANOHMM Havanocbk B cepeamHe 1870-x rogos, u
HECKO/IbKO MapOK CTa/IM U3BECTHbI BO BCeEM Mupe. ANOHUA TaKKe NPON3BOAUT MHOXKECTBO KPEMKMX a/IKOTONbHbIX
HaMNWTKOB, B YaCTHOCTU, BUCKW.

Puc aBnaeTca OCHOBHbIM NPOAYKTOM AMOHCKOM KyxHW. MNweHnua 1 coa NoABUANCL BCKOPe nocne puca. Bee
TPM NPOAYKTa CErofHA ABAAIOTCA OCHOBHbIMW NPOAYKTaMM ANOHCKOM KyXHWU. B KOHUe neproaa KodyH 1 Havane
nepuoga Acyka byaamsm ctan oduumManbHON pennrmeit ctpaHol. MNostomy ynotpebaeHne maca M pbibbl 66110
3anpeleHo. B 675 roay H.3. umnepatop TaHMy 3anpeTun ynotpebnaeHne B NuuLy nowagei, cobak, obesbsaH u
Kyp. B VIII 1 IX BEKax MHOIrMe umnepaTopbl NPOAO/IKaAN 3anpeLLaTb yoMNCcTBO MHOMMX BUAOB KMBOTHbIX. OgHAKO
B HEKOTOPbIX PalioHax MACO NPOAO/XKANM ynotTpebnate B nuwy. B Karocume npousetano cBMHOBOACTBO, A B
Oymu cyuiectBoBana KynbTypa ynotpebneHus rosaguHbl. Kpome Toro, B permoHe CyBa cywecTBoBan puUTyan
KEPTBONPMHOLIEHNA OJIEHEM B PaMKax CUHTOUCTCKMX o0b6pspos. KosnuyecTBo peryanpyembix BUMAOB MAca
3HAYUTENIbBHO YBE/IMUYMIOCH, YTO MPUBENO K 3anpeTy BCEX MJIEKOMUTAIOWMX, KPOME KUTOB, KOTopble Oblan
OTHeCeHbl K KaTeropuu pbibbl. B nepnos Acyka B AnoHuUto 6blnn 3aBe3eHbl Nanoukn ansa egpl. MNepBoHayYanbHO
MMM NO/Ib30Basacb TO/IbKO 3HaTb. OCTanbHOE HaceneHne UCMNOb30BaI0 UX PYKAMM, NOCKO/bKY nocyaa bbina
[,0BOJIbHO J,OPOroM.

B 1854 rogay AnoHMA Havana 3aKAKYaTb HOBble TOProBble COrNAWEHMA C 3anagHbiMKU CTPaAHaAMM.
KoHuenumaA Bawoky (ANOHCKoM KyxHK) bblia BBeAeHa B ANoHMM nocne neperosopos ¢ CoeguHeHHbIMK LLUTaTamun
o Toprosom gorosope. Korga umnepatop Maiasm npuwen K nactv B 1868 roay B pamkax PectaBpaumm Mangam,
NPaBUTENbCTBO Hayano NepeHMmMaTb 3anagHble 00bl4au, BKAOYAA MCNONb30BaHME MPOLYKTOB KUMBOTHOMO
NPOMUCXoXAeHMA B nuwe. B 1872 rogy HOBbIM NpaBuTeNb YCTPOWUA HOBOFOAHWI NUP, NPU3BAHHbLIA NPUBAEYb
BHMMaHMe 3anafHoro mupa u cTpaH. Ha nupy nogasanu 61043, oTparkatowme eBponencKyto KyxHto. Bnepsble
3a TbICAYY NET NIOAAM Pa3peLnan ynoTpebnatb MAco Ha Nyb6MKe, M HaceNneHune B LLeIOM Havyaslo BKAOYATb MACO
B CBOW pPerynsipHblii PaLmoH.

ANOHCKAnA KyxHA OCHOBaHA Ha COMETaHUM OCHOBHOIO NPOAYKTa — NPOMapeHHOro 6ea0ro puca Uam roxaHa
— C OAHWUM WM HECKONIbKMMU OKag3y, «OCHOBHbIMWY» WM «rapHUPHbIMK» 6aogamu. K atomy moxket
NnoAaBaTbCA MPO3PaYHbIA UAM MUCO-CYN U LyKEMOHO (coneHbs). TePMUH UTUA3I0-CAHCAW, KOAWMH Cyn, Tpu
rapHuMpa») obo3Ha4yaeT cocTaB TUNMYHOrO 611043, HO MMEET KOPHU B KNACCUYECKOM KyXHE KalCIKM, XOHA33H U
FOCEKY. ITOT TEPMMH TaKXkKe MCNosb3yeTca ANA onucaHua nepsoro 6/at04a, NOLaBAaeMOro B COBPEMEHHOW
CTaHOAPTHOM KYXHE KaMCaKW.

NCTOKM ANOHCKOM KyXHW «OAMH CYN, TPU FapHUpa» BOCXOAAT K CTUAIO NMUTaHUA, Ha3biBaemomy Utnasto-
MUccait («oanH cyn, oaHo 6nt040»), Bocxogawemy K MNatn Beankum [3eHckum xpamam nepuoga Kamakypa
(Kamakypa loasaHn) Xll Beka, 1 pa3BuBLIEMYCA KaK popma nprMema NuLLM, nogvepKkusaoLwan bepexansoctb U
npocToTy.

Puc nogaetcs B OTAENbHOM ManeHbKOM MUCKe (TABaH), a Kax4oe OCHOBHOe 671040 MomellaeTcs Ha
OTAENbHYIO MaNeHbKYo Tapesky (capa) uam MUCKy (xaTu) Ana MHAMBUAYaAbHOM Nopumn. ITO AenaeTcs Aaxke B
AMNOHCKMX JOMAX. ITO KOHTPACTUPYET C 3anagHbiM CTUAEM AOMALWHMX 06en08, rae Kaxabiit 6epet nopuum us
6onblwmx 6atoa, cToAwmx B LeHTpe obefeHHOro ctona. TpaAUUMOHHO B AMOHCKOM CTU/e He [O0MnycKaeTca
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CONpUKOCHOBeHMe 604 ¢ pasHbIMX BKYCaMM Ha OAHOW Tapesike, NO3TOMY Pas/iMYHbIM b6atogam OTBOAATCA
OTAeNbHble TAapPesnKW, KaK YXKe YNOMMHANOCb, WIWN OHU pPasfenatnTca, Hanpumep, AncTbamu. MNomeleHue
OCHOBHbIX 611104 Ha pUC, TEM CaMbIM «3arpasHAA» ero, TakKe He o4obpsaeTca TPaANLMOHHBIM STUKETOM.

XoTs Tpaguuma He KnacTb Apyrue NpoayKTbl Ha PUC, OHA 3apOANIach B KNACCUUYECKON KUTAMCKOM KyXHe,
0cObeHHO nocne npPUHATUSA OyAAMMCKMX YalHbIX LEPEeMOHMIA, OHa CcTana Hawubosiee MONyAsPHON U
pacnpocTpaHeHHol B nepuog Kamakypa v nocsie Hero, Hanpumep, B Kacaku. XoTa coBpeMeHHas KUTanckas
KYXHA OTKasanacb OT 3TOM MPaAKTUKK, AMNOHCKAA KyxHA eé coxpaHwuna. UckntoueHnem aBaaeTcs nonynspHbIn
[oH6ypwK, B KOTOpom J06aBKM NOAAOTCA HEMNOCPEACTBEHHO HA pUC.

CNUCOK UCNO0/Ib30BaHHOW NIUTEpPaTypbl:

1. Kaiicait JiicaH 3ameTKn 6e3bimAHHOro crapua / Mep. ¢ an. u kKom. H. MBaHeHKo // MacTtepa uckyccts 06
nckyccree. M., T. 1. 1965., C. 139-142.
2. HucuKkasa CykaHoby. NMpeaucnosue m MNocnecnosue K COOPHUKY «ANOHUA B KapTuUHax» / Mep. ¢ an. n Kom. H.
MBaHeHKo // MacTtepa mnckyccts 06 uckyccrse. M., T. 1. 1965., C. 121-132.
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FEHEPATUBHbINA AU3ANH U PACKPO INCTOBOIO MATEPUAJIA: CHUXKAET
TN ANMTOPUTM OTXOA bl ®AHEPbDI

AHHOTauuA

PaccmatpmBaetca BOMPOC O TOM, CHUMAOT JIM  aJifOPUTMbl  FEeHEpaTUMBHOIO Au3aiiHa W
aBTOMaTM3MPOBAHHOIO pPacKpos [0Jl0 OTXo40B Npu obpaboTke nuctoBoW daHepbl. CUCTEeMaTU3NPOBAHbI
NOCTaHOBKU 3aJaun ABYMEPHOrO PacKpos, MPUEMbI anMPOKCMMAUMM KOHTYPOB W 3BOJIIOLUMOHHbIE CXEMbI
noucka. MNMpoaHannM3npoBaHbl YCIOBUSA COXPAHEHMSA BbIUTPbIWA anroputma B uexe. Cpeam HUX — aHM30Tponus
WMNOHA, WMPUHA pe3a, MapWpPYT UHCTPYMEHTA U pa3mep napTuun. MNpeano’keHa CTOMMOCTHAA PaMKa OLLEHKM
pesynbTaTa.

Kntouesble cnosa:
reHepaTMBHbIN AN3alH, PAaCKPOI NMCTOBOro maTepuana, dpaHepa, MUHUMMU3ALMA OTXOA0B, FEHETUYECKUI
aNropuTM, KapTa packpos, KoapPpULMeHT UCNONb30BAHNA MaTepmana

Savelieva A.A.
Interior and furniture designer, Academy of Art University (AAU), San Francisco, California, USA

GENERATIVE DESIGN AND SHEET MATERIAL NESTING: DOES THE ALGORITHM REDUCE PLYWOOD WASTE

Abstract

The paper examines whether generative design and automated nesting algorithms actually reduce waste
in plywood sheet processing. Formulations of the two-dimensional cutting stock problem, outer approximation
techniques for curvilinear contours and evolutionary search schemes are systematised. The conditions under
which algorithmic gains survive in a real workshop are analysed: veneer anisotropy, kerf width, tool routing,
batch size. It is shown that the effect of nesting optimisation is not reducible to geometry and depends on
organisational constraints. A framework for evaluating results through cost-based rather than purely area-based
indicators is proposed. Directions for further empirical verification are outlined.

Keywords:
generative design, sheet material nesting, plywood, waste minimisation,
genetic algorithm, cutting map, material utilisation ratio.

BesepgeHue

daHepa ocCTaéTca OAHMM M3 CambiX BOCTPEBOBaHHbIX KOHCTPYKLUMOHHbIX JIMCTOBbLIX MaTepuanos B
mebenlbHOM NPOU3BOACTBE, MASIOCEPUAHOM MALLUMHOCTPOEHWUM, CYAOCTPOEHUM, U3TOTOBIEHMM Tapbl, OCHACTKM
M BbICTaBOYHbIX KOHCTPYKUMIA. EE cTOMMOCTb 3a NocaeaHue roabl CTasna 3aMeTHOM cTaTbén cebecTtoMmocTy, a
reomeTpus AeTasell, BbIpe3aeMblX U3 INCTA, YCAOXKHMUAACh: ppe3epoBaHMe Ha cTaHKax ¢ YIMY n nasepHasn pesKa
CHAIN NpeXXHUEe TEXHOIOTMYECKNE OrpaHNYEeHMA Ha NPAMOIMHENHOCTb KpoA. O4HOBPEMEHHO pacLuMpuaca Kpyr
UMPPOBLIX MHCTPYMEHTOB, obellatowmx aBTomaTudeckn chopmupoBatb M dopmy AeTanun, U cxemy eé
pasmelleHma Ha ncte. COBOKYMHOCTb TAaKMX MHCTPYMEHTOB NPUHATO Ha3blBaTb reHEPATUBHbIM AM3aHOM, XOTS
33 TEPMWHOM CKpbIBAlOTCA O4YeHb pasHble MO MNpupoge npoueaypbl — OT MapameTpuyeckoro nepebopa
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BAPWMaHTOB KOHCTPYKLMN A0 3BONOLMOHHbBIX a/ITOPUTMOB YNaKOBKM.

MpaKTuyecknin nHTepec GOPMyMPYETCA MNPOCTO: CHUXKAET JIM aNrOPUTM OTXOAbl paHepbl U HACKONIbKO
YCTOMYMB 3TOT BbIUTPbILW. Bonpoc He puTopuyeckmii. ObelaHmA NOCTaBLLMKOB NPOrPaMMHbIX peleHui 06bIYHO
ONUPAOTCA Ha NAOWAAHbIE METPUKU — KOIPOULMEHT MCNOMAb30BAHMA MaTepuana gas OTAENbHOW KapTbl
pacKkpos, — TOr4a KaK 3KOHOMMWKA LEexa CKIaAblBaeTcA U3 CTOMMOCTM JINCTa, BPEMEHW pPe3Ku, WU3Hoca
WHCTPYMEHTa, TPYA03aTpaT Ha COPTUPOBKY OCTAaTKOB M MOTEPb, CBA3AHHbLIX C Gpakom no gedeKTam LWnoHa.
Anroputm, darowmin GopmanbHO MAOTHYIO YNAKOBKY, MOMET YBEAWYUTb OJIMHY TPAEKTOPUW pesa, 4YMcio
BpPE3aHUI U KOIMYECTBO MEJIKUX HEUKBUAHbIX 0Ope3KoB, KOTOpble HUKOTAA He BEPHYTCA B MPOM3BOACTBO.
NHbIMW cnOBaMM, SKOHOMMA NNOLWAAN U SKOHOMUA AEHEr COBMAAAOT HE aBTOMATUYECKW.

3apgaya HactoAwen paboTbl — KPUTUYECKM PacCMOTPETb MEXaHW3M, MNOCPeACTBOM KOTOPOro
airopuTtmmyeckme metoabl BANAKOT Ha BbIXOA4, roAHOIO U3 JINCTa ('baHepr, M 0603HaUYUTb rpaHnLUbl NPUMEHUMOCTU
COOTBETCTBYHOLLMX OLEHOK. ocnenoBaTeNbHOCTb M310XKEHMA TaKOBA: CHa4vana pasbupaeTca matematTnyeckas
NMOCTaHOBKaA ABYMEPHOr0 Packpos M NPMPOAa BbIYMCANTENBHOW TPYAHOCTM 3a4a4K, 3aTeM — CBOMCTBA daHepbl
Kak obbeKTa packpos M cnocobbl onucaHma GUrypHbIX KOHTYPOB, fajsiee — BOMPOC KOPPEKTHOrO M3MepeHua
addeKTa, BKAOYAA MHTEMPALMIO PACKPOA C MapLIpyTU3aLMen MHCTPYMEHTA M CTOMMOCTHbIE NoKasaTtenu. PaboTa
HOCUT 0630PHO-aHANUTUYECKUI XapaKTep M onMpaeTca Ha onybAMKOBaHHbIE Pe3ynbTaTbl NO ONTUMM3ALUK
pacKpoAa, aBTOMATU3aAUUKM MPOEKTUPOBAHUA KAPT U MNPUMEHEHUIO T[eHEepPaTUBHbIX WHCTPYMEHTOB B
NMPOMU3BOACTBEHHbIX LLEMNOYKAX; COOCTBEHHbLIX 3KCMEPUMEHTANIbHLIX M3MEPEHWN aBTOP He MNPUBOAMT, 4TO
OroBapMBaAETCA CO3HATEe/IbHO, MOCKOJ/IbKY MOAMEHa aHa/M3a HenpoBepAEeMbIMW MPOLEHTAMU SKOHOMUU —
TUMNUYHBbIN aedeKT Ny6AnKaUMIA Ha 3Ty TEMY.

3aAaua ABYMEpPHOro pacKpos: NOCTAHOBKA, BbIYMCANTENbHAA CAOXKHOCTb U 3BOJIIOLMOHHDIN NOUCK

PopManbHO PacKpon NMCTOBOrO MaTepuana OTHOCMTCA K Kaccy 3aZay ynakoBKK: TpebyeTca pasmecTuTb
3a4aHHbIA HAabop NJIOCKMX 3aroTOBOK Ha NPAMOYFOJIbHbIX JIMCTaX GUKCUPOBAHHbLIX rabaputoB 6e3 B3aMMHbIX
rnepeceyeHnit M 6e€3 BbIXOAA 33 FPaHULBI, MUHUMMUIUPYS YUCNO JINCTOB MO0 CyMMapHyt niaowanb
HEMcnonb3oBaHHOM YacTu. K orpaHuMyeHnam f06aBAAIOTCA TEXHONOMMYECKME YCA0BUA: MUHUMANbHBIA 3a30p
MeXAy KOHTYpaMW, pPaBHbIA LUMPUHE pe3a C NpUNyckom, 0b6A3aTeNibHble KpaeBble OTCTYMbl, 3anpeT Ha
onpeaenéHHble OpueHTauMu aetanu, TpeboBaHWe MMAbOTUHHOCTM PEe30B A4S 4acTM obopypoBaHua. [axke
NPAMOYrosibHaAa BepCUA 3a4au4n C TMNIbOTUHHbIMU OFrPaHUYEHUAMU NMPUHAANEKUT K1aCcCy NP-cno»xHbix r|p06neN\
OVCKPETHOM ONTMMM3aLMK, @ GUTYPHbIA PACKPOM OKa3blBaeTCA eLé TAXKenee n3-3a HeobxoAMMOCTU NPOBEPATL
rnepeceyeHme MPOM3BOJIbHbIX KOHTYPOB MPW HEMPEPbIBHOM MHOMKECTBE AOMNYCTUMBbIX MOJIOXKEHUA U YII0B
noBopoTa. TOYHOE pelleHne NPAKTUYECKUX IK3EMNIAPOB HEAOCTUKMMO 33 NPUEMIEMOE BPEMA.

OTctofa BbITEKAET rocnoAcTBO NPUBAMIKEHHBbIX cxeM. Hanbonee npospayHbii noaxon — JNMHenHoe U
LEeNoYNCNEHHOE MPOrpamMMMpPOBaHME MO 3apaHee CreHepMpPOBAHHOMY MHOMECTBY AOMYCTUMbIX CXEM
pasMelLeHmnA: Kaxaan cxema 334aéT Habop aeTanel, yKnaAblBaeMblX Ha OAMH JINCT, @ MOAeNb BblbMpaerT,
CKOJIbKO JIUCTOB PACKPOMUTb NO KaXKAOW cxeme, YTOObl MOKPbITb 3aKa3 U MUHUMMU3MPOBATb OTXOAbl. [0a06HbIE
MOAENN MMHMMM3ALMM OTXO[0B Npu 0b6paboTKe SUCTOBbIX MaTepPManoB M MWUIOMATEPUANIOB OMUCAHbI C
pa3bopom NPaKTUYECKUX AaCMEeKTOB peanunsalum B NPOU3BOACTBEHHbIX ycnosuax [3]. [JocTOMHCTBO meToaa —
WUHTEPMNPETUPYEMOCTb U COBMECTUMOCTb C MJaHMPOBAHMEM: pe3y/ibTaT Cpasy MNpeBpallaeTca B 3afaHWe Ha
cMeHy. OrpaHUYeHMe CTOJIb e O4YEBUAHO: KAYeCTBO peLleHun npegonpeaeneHo 60ratctBOM CXOAHOTo Habopa
cxem, a Ana GUrypHbIx AeTanen ux reHepaLma cama nNpeBpaLLaeTca B OTAENbHYIO TPYAHYHO 3a4ayvy.

BTopoe cemeincTBO METOL0B — METAIBPUCTUKM, CPEAM KOTOPbIX AOMUHUPYIOT reHETUYECKME aZIFOPUTMbI.
Xpomocoma KoampyeT MnopagoK YKAagKu AeTanein M ux AONyCTUMble OpPWEHTaLMK, OEKOoAep pasmellaet
3aroTOBKM KaAHOWM Npoueaypon TMNa «KHUXKHAA NeBas No3uuma», a GyHKUMA NpucnocobaeHHOCTU oLeHMBaeT
MAOTHOCTb MOAYYEHHOM KapTbl. KOMOMHMPOBAHHbIN NOAXOA K peLleHM0 ONTUMN3aLMOHHOM 334a4M PacKpos Ha
OCHOBE MEeTOA0B reHEeTUYECKOro NMOUCKa, C ABHOWM GOPMYNUPOBKOM NOCTAaHOBKM M OrPaHMYEHMI 33434M PacKpos
INCTOBOrO MaTtepuana, NpeacTasieH B UTepaType MO 3BOOLMOHHBIM BbluucneHnam [4]. KombuHuposaHue
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34,eCb NPUHLMNNANBHO: YACTbIN FreHEeTUYECKUIA NOUCK Me/IEHHO A0BOAUT pelleHne 40 JIOKaIbHOTO ONTUMYMa,
NO3TOMY €ro AONOJIHAIOT /I0OKa/bHbIMU YAyYLlIaoWMMK npoueaypamm — cABUramu getanei, NoBopoTamu,
0obMeHOM no3MUMAMM, MOBTOPHOM YKNaAKoW B obpasoBaBlMecA NoAocTU. [MpaKTUMKa MNOKasblBaeT, 4To
rMbpuaHble  Cxembl  AAlOT  YCTOMUMBBLIA  NPUPOCT  MNOTHOCTM NO  CPAaBHEHWUID C  OAMHOYHLIMMU
AeTepMUHNPOBAHHbIMU NMPaBU1aMn.

CyLLecTBEHHO, YTO NMPOMbILWIEHHbIE MPUNOKEHMSA 0BbIYHO HE BbIBUPAOT MeXAy AETePMUHUPOBAHHOM
3BPUCTMKOMN N 3BO/IOLMOHHBIM MOUCKOM, a coAeprKaT oba mexaHu3ma. Tak, B ONUCAHHON YHKLMOHANbHOM
MOZEeNM NPOU3BOACTBA NPOAYKLMM, pacKpauBaemMoli U3 JIMCTOBOrO MaTepuasna, NPUioKeHue aBToMaTmsaumm
NPOEKTUPOBAHUA KapT peanusyer U [eTePMUHUPOBAHHbLIE A/NITOPUTMbI, U 3BOJIIOLMOHHBLIN reHeTUYEeCKUit
aNropuTMm packpos [8]. J/lorMka NoHATHA: AeTepMUHUPOBaHHbIE NPaBunia paboTatoT HbICTPO M NPeACKa3yemo, YTo
BA*KHO MNPV ONePaTUBHON KOPPEKTUPOBKE 334aHMA, @ FEHETUYECKUI aIfOPUTM BKItOYAETCA TaM, r4e ecTb Bpems
Ha MOWCK M BbICOKa LEeHa maTepuana. YTo HEMaNOBaXKHO, CaMO Ha/MuMe ABYX PEKMMOB OENaeT CPpaBHEHUe
«aNropuTM NPOTMB Ye/I0BEKA» HEKOPPEKTHbIM 6e3 yKasaHuA pexkuma v 6loaxKeTta BbluncaeHnin. OnTummusaumn
pPauMOHa/bHbBIX aNTOPUTMOB PACKPOS PacCMaTpPUBAETC WM KAaK OCHOBHOE HAMpaB/iEHUWE CHUMKEHWA
MaTepuabHbIX NOTEPb B NOTMKe H6eperkIMBOro NponsBoACTBa Ha MalLMHOCTPOUTENbHBIX NpeanpuaTuax [6].

daHepa KaK 06bEKT packpos: aHM3oTponusA, AedeKTbl LWWNOHA U anNpoKcumMaumna GUrypHbIX KOHTYPOB

daHepa OT/IMYAETCsA OT CTa/IbHOTO JINCTA UM NIACTUKA TEM, YTO OHa He M30TponHa. HanpassieHne BONOKOH
Hapy:KHOTO LUNOHA 3343ET NPEUMYLLECTBEHHYIO OpUEHTaumio Aaa AeTanel, paboTalowmx Ha w3rmb, wu
NMPOM3BOJIbHbIN NOBOPOT 3aroTOBKM, CTOJb YAOOHbIV A1 aNTOPUTMA YNAaKOBKM, YaCcTO HeZ0MYCTUM MO YC/IOBUAM
MPOYHOCTM WM BHelHero Buaa. Karkgoe [OMNOAHUTENbHOE OrpaHMYEeHME Ha OPUMEHTALMIO COKpaliaeT
NPOCTPAHCTBO MOMCKA U, YTO KPUTUYHO, CHUMKAET TEOPETUYECKMI Npesen NAOTHOCTU yKnaaku. OntummsaTop,
KOTOPOMY paspeLleHbl MOBOPOTbI Ha /1t060M yroJi, MOKaXKeT Ha TECTOBOM Habope pesynbTaT 3aMeTHO JiyyLle, Yem
TOT e ONTMMM3ATOP C OMKCcaumel ABYX OpPUEHTauMil, — HO BTOPOM pe3y/bTaT U eCTb MPOU3BOACTBEHHO
ocywecTBnmbli. CpaBHEHME anropmuTMoB 6e3 yKasaHMA paspeléHHOro MHOXEeCTBa NOBOPOTOB /IMLLEHO CMbICAA.

Btopas ocobeHHOCTb — AedeKTHOCTb MosoTHa. COpTHOCTb daHepbl AOMYCKAEeT Cy4YKM, BCTaBKM,
pasolwelimecs y4acTKM LUMOHA, JIOKa/ibHble PacCNOEHUs; JINCT HEOAHOPOAEH MO KayecTBy MOBEPXHOCTU.
Knaccuueckme mogenn packpos MpeanonaralT OAHOPOAHbLIA JINCT, MO3TOMY OBGHapy)KeHHbIn aedeKkT
npespaLaetca AMbo B 6pak rotoBoi AeTanu, MO0 B BbIHYXKAEHHYIO PYYHYIO KOPPEKTUPOBKY KapTbl. YUET
aedektoB TpebyeT Mx NpenBapuTesIbHOW JIOKAN3aUMM M BBEAEHUS 3aMpeTHbIX 30H, TO ecTb nepexoaa oT
NPAMOYrobHOM 061acTM K 061acTU C Bbipe3amu. ITO YCAOMKHAET reoMeTprUecKkne NpoBepPKK, 3aTo NepeHoCcUT
YacTb peLleHnit U3 Liexa B pacyéT. MNpumeyaTenbHO, YTO MMEHHO 34eCb aBTOMATU3AUMA AAET HAaMBONbLWINIA, HO
TpyAHee BCEro M3MepsieMblii BbIUIPbILL: COKPALLAETCA HE CTOJIbKO FEOMETPUYECKUI OTXO4, CKOJIbKO CKPbITble
noTepu oT 6paka U NOBTOPHOrO PaCKPOS.

TpeTbAa rpynna BONPOCOB CBA3aHa C ONMMCaHWMEM CaMMUX KOHTYPOB. KpuBOIMHENHbIE AeTann, XapaKTepHble
AN1A TeHepaTUBHOIO AM3aliHa, HeyAo6HbI 419 NPAMbIX NPOBEPOK NepecevyeHunin, NO3TOMY UCMO/b3yeTCA BHELLHASA
annpokcMmauma  ABYMEpPHbIX  ¢uryp. [pocTeiwniA  BapMaHT —  MNPAMOYrOAbHAA  annpoKcUmMaums
OTPaHUYMBAIOLLMM MPAMOYIOJIbHUKOM: OHA MpeAesbHO 6bICTpa, COBMECTMMA C TMIbOTUHHBLIMU CXEMAMKU U
NOJIHOCTbIO UTHOPMPYET BOFHYTOCTM, U3-3a YEro B OTXOA, YXOAAT 30HbI, KyAa GU3NYECKM MOXKHO BNOKMUTb Me/IKue
AeTtann. Metog, NpAMOYro/ibHOM annpoKCcMmaLLmm ¢ pa3bopom ero JOCTOMHCTB M HEAOCTATKOB, a TAKMKE a/If0PUTM
BHELWHEN annpoKcMmaummn ¢uryp MeToAoMm KacaTeslbHbiX onucaHbl B paboTe nNo ontumusaummn GurypHoro
packpos [2]. Mepexoa K MHOroyro/bHbiM 060104Kam 1 rogorpadam GyHKUUM NAOTHOMO pasmelleHMA NoBblaeT
NAOTHOCTb YK/AaAKM 3@ CYET POCTa BbIMMCAUTENbHBIX 3aTpPaT.

MIMeHHO Ha CTbIKe annpoKCUMaLLMK U OrpaHnYeHuli No OpUEHTALMKN CTAHOBUTCA BUAHO, FAe reHepaTUBHbIN
An3aitH cnocobeH paboTaTb He Kak ONTMMM3ATOP YNAaKOBKW, a Kak MPOeKTUpoBWMK. Ecam dopma aetanun He
3a4aHa KECTKO, a MNOopOoXAaeTca MnapaMeTpuyecku npu 3adaHHblX (GYHKUMOHANbHbIX TpeboBaHMAX, TO
ONTUMM3NPOBATb MOXKHO COBMECTHO W reOMETPUIO U3L4ENNA, U ero pasmelleHMe Ha JINCTe: CKPYIIUTb KOHTYP
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TaK, 4tobbl cocegHue pAeTanu BKNaAblBaAUCL APYr B Apyra, pa3buTb KPyMHbIM 3/1eMeHT Ha CermMeHTbl,
YKNaaplBatlowWwMecs B OCTaTOK, BBECTU TEXHONOTMMYECKME NepemMblYKn. CTOUT OTMETUTb, YTO TAaKON COBMECTHbIN
noaxon MeHseT caMy METPUKY: CPaBHMBAIOTCA YXKe He KapTbl PacKpoa OAHOrO M Toro e Habopa aeTanel, a
aNbTEPHATMBHbIE KOHCTPYKTMBHbIE pelieHns. CPaBHUMOCTb Pe3ynbTaToB MpuM 3TOM obecrneymBaeTca TONbKO
duKcaumein GyHKLMOHaNbHbIX TPebOBaHUI K U3aenuto.

U3mepeHune adpdeKTa: ot KoapduLuMeHTa NUCNO/Ib30BAHUA SINCTA K CTOMMOCTHBIM U UHTErPUPOBAHHbIM
Kputepuam

CtaHAapTHaA mMeTpuMKa — KO3adOUUMEHT NCMOMb30BAHUA MaTepmana, OTHOLEHWE CYMMapHOM naoLwaau
AeTanen K nAowagm M3pacxoLoBaHHbIX AncToB. MeTpuka yaobHa n obmaHumMBa. OHa ypaBHMBAET KPYMHbI
NPAMOYFrO/IbHbIM OCTATOK, KOTOPbLIA BEPHETCA B MPOM3BOACTBO KaK Ae/n10BOM 0Ope3oK, M CeTb Y3KMX MosocC
WMPUHON HECKONIbKO MUAIUMETPOB, TOAHbIX TO/NbKO B yTWAb. OHa He Yy4YUTbIBaeT LWWWPUHY pes3a: npu
bpesepoBaHNN daHepbl MHCTPYMEHTOM AMAMETPOM LEeCTb-BOCEMb MWMAIMMETPOB CyMMAapHaa naowasb
MmaTepurana, NpeBpaLLEHHOrO B CTPYKKY, PAacTET NPOMNOPLMOHAIbHO AJIMHE TPAEKTOPUM, NOITOMY NJOTHAA KapTa
C U3BU/IUCTbIMU pPe3aMM MOXKET NPourpbiBaTb Hosiee paspexeHHo. OHa UTHOPUPYET M TPyA03aTpaThbl Ha pasbop
nopaoHa ¢ obpeskamu. KoppeKkTHan oueHKa TpebyeT pas3genbHOro yyérta HeMKBUAHOMO OTX0A4a, AEN0BOro
OCTaTKa M NoTepb Ha pes.

JlornyHbld Wwar — nepexos, K CTOMMOCTHbIM KpuTepuam. ABTOMATU3MPOBAHHOE MPOEKTUPOBaHUE
pecypcocbeperatoLLero packpos c MCMONb30BaHNEM pecypc-CTOMMOCTHOTO nokasaTens,
NpoAEeMOHCTPUPOBAHHOE Ha npumepe aeTtann «MaHenb GOKOBMHBLI» BMecCTe € 3Tanamu GopmMMpoBaHMA
BbIXOZHbIX ZOKYMEHTOB «KAapPT PAaCKPOA MaTePUaANOB», UANKOCTPUPYET Takoh noaxos, [7]. CBEpPTKA pasHOPOAHbIX
noTepb B AEHEXKHYIO eAMHULY MO3BOMSET CONOCTABAATb BAPMAHTbLI, PA3/IMYalOLLMEC He TOIbKO MIOTHOCTbIO
YKNagKM, HO U PacxofoM BPEMEHM CTaHKa, U CTPYKTypoil octatkoB. OroBopKka obsA3aTenbHa: pesynbtaT
CTAaHOBWUTCA YYBCTBUTENIEH K LeHaMm, a NpU UX U3MEHEHUW ONTMMasIbHAA KapTa mMmeHsaeTcs. CnenoBaTesibHO,
CTOMMOCTHAA ONTMMM3aLMA TpebyeT perynspHol nepekasMbpoBKN MUCXOLHbIX NAPAMETPOB, WHAYe OHa
KOHCepBUPYET YCTapeBLUNE COOTHOLLEHMUS.

EWwé ogHa MMHMA YTOYHEHUA — MHTErpaLLma packpos C MapLUpyTU3aLMEN PeXYLLEero MHCTPYMeHTa. 3ajaya
INRP ob6beauHseT ABYMEPHbIN PAcKpol AncTa Ha GUrypHble 3aroTOBKM M OMNTUMAJIbHYIO MapLupyTM3aLmio
WMHCTPYMEHTA MaLUMH INCTOBOM pe3Kku ¢ YIMY; nccnenyetca BOSMOKHOCTb NOCTPOEHMA TOYHbIX UM 3PPEKTUBHDBIX
NPUBNMKEHHBIX aNTOPUTMOB O1A NMPAKTUYECKUX 3K3emnaapoB [5]. MNocTaHOBKa OTparkaeT peanbHOCTb: KapTa
pacKkpos onpeaenseT MHOXKECTBO AONYCTUMbIX TPAEKTOPUA, @ CTOMMOCTb PE3KM 3aBUCUT OT YMC/Ia BPE3aHWUN,
XOJIOCTbIX MepemelleHnii n nopagKka obxoga KOHTypoB. PasgenbHas onTMumuM3aumsa AByX nNogsafady naér
JIOKa/IbHO XOpOLUWe, HO COBMECTHO HEONTUMA/IbHble pewleHua. na daHepbl STO 0CO6EHHO OLLYTUMO, MOCKOJIbKY
Bpe3aHue ¢ppesbl CONPOBOKAAETCA PUCKOM CKONOB 0O6IMLOBOYHOIO LUNOHA M TPebyeT akKypaTHbIX 3aX0408, TO
€CTb JOMNOJIHUTENbHOIO BPEMEHM U MaTepuaaa Ha NoAX0Abl.

HakoHeu, 3¢ deKT 3aBUCUT OT OPraHU3aLMOHHOTO KOHTYPA, B KOTOPbIM BCTPOEH anropuTm. OnbIT CKBO3HOW
WHTErpaLmMmM WHCTPYMEHTOB FeHEepPaTUBHOrO WCKYCCTBEHHOrO WHTEN/IeKTa — TeHepaTUBHOINO AW3aiHa,
aBTOMATM3MPOBAHHOIO PACKPOA, WHTENNEKTYa/IbHOFO KOHTPOAA KayecTBa, CMHTE3a KOHTEeHTa — B
NPOWU3BOACTBEHHO-COLITOBOM LMK/ KnacTepa NOKAa3blBAeT, YTO ONepaLMoHHble M SKOHOMUYECKME MOKasaTem
MEHSAIOTCS COBMECTHO, @ He W30/IMPOBAHHO MO OTAe/bHOW onepauun [1]. MpuknagHon BbiBoA AN paHepbl
NPAMOW: BbIMIPbILW ONTUMMU3ATOPA PEaAIN3YETCA TONbKO NPU YKPYNHEHUM NapTUIA, AUCUMNAMHUPOBAHHOM YYETe
OCTaTKOB, YCTOMYMBOM COOTBETCTBUU MexXAay LMbPOBOM mMoaenbio U pakTUieckumm rabaputamm amcrta. Ecam
OEeTann packpamBaloTCa MeJKUMU CEPUAMM MO Mepe NMOCTYNIEHUA 3aKa30B, NJI0THAA YNAKOBKA HEAOCTUKMMA
NPUHUMNNANBHO — He M3-3a cNabocCTu anropmMTma, a M3-3a CTPYKTYpbl cnpoca. ATOPUTM CHUMKAEeT OTXOAbl;
MacLuTab CHUXKeHMA 3343ET NPOM3BOACTBO.

3aknioueHune

OTBEeT Ha BbIHECEHHbI/ B 3aro/10BOK BONPOC YTBEPAUTENEH, HO YCAOBEH. ANrOPUTMUYECKME MeToabl —
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LEeNoYNCNEHHbIE MOAeNn Bblbopa cxem, MOpUAHbIE TFeHeTUYecKMe npoLeaypbl, aKKypaTHaa BHeLHAA
aNMNPOKCUMALLUA KPUBOJIMHENHDBIX KOHTYPOB — CMCTEMATUYECKM AatoT Bosiee NAOTHble KapTbl Packpoa daHepbl,
Yem pyyHas KOMMOHOBKA, U AEeNaloT 3TO BOCNPOM3BOAMMO, 6€3 3aBUCMMOCTM OT KBasIMOUKaLMM KOHKPETHOTO
TexHonora. O4HaKo BeIMYMHA BbIUTPbILIA ONPEAENSAETC He CTO/IbKO KauecTBOM MOWCKA, CKOMIbKO 334aHHbIMMU
OrPaHUYEHMAMU: pPA3PELEHHBIMW MOBOPOTAaMU AeTanell OTHOCUTENIbHO HanpaBAeHWA BOJIOKOH LUMOHA,
TpeboBaHMEM MMAIbOTUHHOCTU PE30B, LUMPUHOM pesa, pa3sMepom NapTUM U NpaBuaaMm obpaLLeHuns C 4eN0BbIMU
OCTaTKaMMU. YrKecToueHme Nob0oro 13 sTMx yCA0BUN COKPALLAET AOCTUNKMMBIN Npeaen NA0THOCTU, U KOPPEKTHOE
CpaBHEHMWeE peLleHMn BO3MOXKHO /INLLb MPU X NOSHOM dUKcaumu.

OTctopga  BbITeKAlOT TpeboOBaHMA K OUeHKe pesynbTaTa. KosdpduuMeHT Ucnonb3oBaHUA AucTa
HeAO0CTaTO4YEH: OH He Pa3finyaeT MKBUAHBIN U HENUKBUAHDBIMA OTXO4, U HE YYMTbIBAET NOTEPU Ha TPAEKTOPUIO
pesKku, MO3TOMy ero cnegyeT AOMNOAHATb CTOMMOCTHbIMM MOKa3aTeNAMM U COBMECTHbIM PaCcCMOTPEHMEM
PacKpos U MapLUpyTU3aLUMKN MHCTPYMEHTA. [eHepaTMBHbIM An3aliH NpoABaseT HanboNbWKNI NOTEHLMAN TaMm, Tae
dopma getanm He PUKCUPOBAHA M MOXKET NOACTPAMBATLCA MO FEOMETPUID JICTA, HO TAaKON PEXUM MeHAeT
npegmeT cpaBHeHMA U TpebyeT ABHOrO onMcaHua GyHKUMOHaNbHbIX TpeboBaHMi K n3genuto. NMpruoputeTHbIM
HanpaB/ieHMeM AajnbHenweln paboTbl NPeaCcTaBAAETCA KOHTPOMPYEMbIN NPOU3BOACTBEHHbIM IKCMEPUMEHT Ha
daHepe ¢ pasgenbHbIM YY4ETOM TPEX KOMMOHEHT MOTEPb — HENUKBUAHOTO OTX0A3, AE/I0BOr0 OCTATKa M
MaTepuana, ylwezaLero B pe3, — npu pasHblX pasmepax napTmm 1 pexxmmax onTuMmmnsaummn. 6es Takon amnmpukm
3aABAAEeMble MPOLLEHTbl SKOHOMMWM OCTAlOTCA OUEHKaMW NPOrpaMMHOro obecrneyvyeHus, a He CBOMCTBaAMM
npousBoACTBa.
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YAK: 159.9:792.8
MauyHeBa T. A,,
COLMANbHbIN Neaaror
KostyH 10. U.,
neaaror-opraHu3arTop
OlBY «PeabunntauMoHHbIM LEeHTP ANA AeTel U NOAPOCTKOB
C OrpaHNYEHHbIMW BO3MOMXKHOCTAMM UMeHM B.3. FfeTmaHCcKoro»

OXMUBLUME UCTOPUUN: MUKCUNALUA KAK NYTb K TBOPYECTBY U PEABU/IUTALIUKU ANA OETEN C OB3

AHHOTauuA

B ctaTbe paccmaTpmBaeTcAa MUKCUAALMA KaK OOCTYNHAA TEXHMKA NOKAApPOBOM aHMMaUWMKM, B KOTOPOWM
«OXKMBalOT» camn nogun. NoKasaHbl eé BO3MOXKHOCTU B peabunutaumm geteit ¢ OB3: pasBuTME MOTOPUKK,
KOTHUTUBHbIX QYHKLWNIM, KOMMYHUKALMKN, BOOOPaXKeHMa U yBepeHHOCTN B cebe. OnucaHbl 3Tanbl CO34aHUA U
NpaKkTUYecKkne acnekTbl BHeApeHUA. MnKcMnAauma npeactassieHa Kak 3QPpeKTUBHbIN MHCTPYMEHT TBOPYECKOro
CaMOBbIpaXeHMA U coumanbHoM agantaumm getei ¢ OB3.

Kniouesble cnosa:
nuKkeunauus, aetm ¢ OB3, peabunutayma, TBOPYECTBO, aHMMALMA, MOTOPMKA,
KOMMYHUKaLMA, CAMOOLEHKa, apT-TePanma, UHKIO3UA.

BsepgeHue

TBOpPYECKME MPAKTUKM BCE Yallle UCNO/b3YIOTCA B peabunutaumm geteir ¢ OB3: OHM pa3BMBaAOT HaBbIKY,
[,3t0T BOSMOMKHOCTb Bblpa3nTb ceba 1 nodyBcTBOBaTh ycnex. O4Ha U3 TaKUX NPaKTUK — NUKCUAALMA: NOKALpOoBas
aHMMaLMA, B KOTOPOMN «OKMBAKOT» He MpeameTbl, a camu Nogu. AKTEPbl 3aMMpaloT B NO3ax, 3aTem
nepemeLLaroTca M CHOBA 3aCTbIBAtOT; MPU BOCMPOM3BEAEHUMN KaApPOB BO3HMKAET UAO3UA ABUKEHMA. [lnAa aeTel
¢ OB3 nuKcnnAumMA CTaHOBUTCA MHCTPYMEHTOM TBOPYECKOFO CaMOBbIPaXKeHUA U peabunutaumu.

Kak paboTaet nukcunauus

Mpouecc NOXoX Ha Urpy B «3aMepAKM», HO C KAMEPOI U CLLeHapueMm:

1. Npes u cueHapuit. Bcé HauMHaeTca ¢ UCTOPUN: YTO PacCKasaTb, Kakne amoumm nepenaTto.

2. MoaroToBKa. BbibupatoTca akTEpbI, NOKALMA, PEKBU3ZUT.

3. Cbémka. AKTEp npuHMMaeT nosy, ¢oTorpad AefaeT CHUMOK. 3aTeM aKTEP MeHAET NONOXKEeHNe — U
CHOBA Kagp. BaxkHbl N1aBHOCTb U NOCNEA0BATENbHOCTb.

4. MoHTax. PoTorpadum cobupatoTca B BUAEOPAS C onpesenéHHON ANNTENBHOCTBIO KaapoB.

5. OobasneHue 38yKa. My3biKa, 38yKOBble 3G dEKTbI M 03BYYKa 3aBEPLUAOT POJIUK.

MUKcHNALUNA KaK MHCTPYMEHT peabunutauum

Mukcnnaums nogxoaunt gna aetei ¢ OB3 6iarogaps CBOMM BO3MOMKHOCTAM:

e Pa3BuTHME MOTOPUKKU M KoopauHaumu. CbEMKa TpebyeT TOYHOrO BbINOSIHEHUA KOMaHA, 3aMUpaHuA B
nosax, Hebo/blMX NepemMelLeHNI. ITO TPEHMUPYET MOTOPUKY, YaydLLUaeT KOOPAMHALMIO U NPOCTPAHCTBEHHOE
BocnpuATme.

e CTUMYNALMA KOTHUTUBHBbIX QYHKUMIA. Co3aaHMe cueHapuA, NAaHMpoBaHME, 3anoMWHAHME Mo3
334EeNCTBYIOT BHUMaHME, MaMATb, IOFTMYECKOE MblLUeHME.

e Pa3BuTHE KOMMYHMKaLMK. PaboTa B KOMaHAe, obCcyKaeHne ugen, pacnpeaeneHne posiei passusaioT
obleHne, ymeHuMe CAyLaTb U HaX0AUTb KOMMPOMMUCChI.

o [oBblWweHNe camooLeHKKU. Co3aaHne cobCTBEHHOTO POIMKa AAPWUT YyBCTBO YCMEXa M 3HAYMMOCTH.

® DMOLMOHANbHaA pa3pAgKa. MUKCMAALMA NO3BONAET BbiPa3nTb IMOLUN U NepexunBaHmA B besonacHom
TBOPYECKOI popme.
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o [lpeogoneHne CTpaxoB. B nrpe mn TBOpYECcTBe AETU MOCTENEHHO NPEOAO0/IEBAIOT CTECHUTE/IbHOCTb U
HeyBepPeHHOCTb.

e PasBuTHe BoobpaxkeHUs. [leTn moryT npeBpaLaTbCcs B 1I0ObIX repoes, Co34aBaTb MUPbI U MPUAYMbIBATb
CHOXKEeTbl.

MpaKTuueckne acnekTbl BHeApPEHUA

[nA ycnewHoro BHeApPeHUA MUKCUAALMN BAXKHO YUNTbIBATD:

e ApanTaumio npouecca. 3agauM  OO/KHbI  COOTBETCTBOBATb BO3MOMHOCTAM  KarKAoro pebéHka:
YNPOLLEHME CIOXKETa, YBEMYEHME BPEMEHW, AONONHUTENbHAA NOALEPKKA.

e Mopaepxunsatowyto cpeay. Atmocpepa gosepua U 6e30MaCHOCTU, TepnesunsBble U BHUMATE/IbHblE
negaroru.

¢ BoBneueHune poautenei. Mx yqactme nosbliwaeT 3PpPeKTUBHOCTb peabununtaymm.

e [1oCTynHble TEXHONOMMWU. [JOCTAaTOMHO CMAapPTPOHA UM MNAHLWETA C NPUNOKEHMAMM ANA NOKALPOBOM
CbEMKM N MOHTaXa.

o VIHTerpaumio ¢ 4pyrumu sBugamm tepanun. NMUKCMnaumna coyetaeTca ¢ apT-Tepannei, UrpoBom Tepanmen,
noroneamven n NncuxoTepanmen.

Mpumepbl NnpuMmeHeHuA

e Co3aHMe KOPOTKUX aHMMAUMOHHbIX GUABMOB. [JeTU OXMMUBAAKOT CKasKM, MNPUAYMbIBAIOT UCTOPUU O
ApYyK6e N NPUKAYEHMUAX.

e Busyanumsaums amoumit. Yepes aBUMKEHUA U MUMUKY LETU y4aTCcA BblpaxKaTb PafoCTb, FPYCTb, CTPAX,
yAuBAEHME.

e Pa3BNTME COUMANbHbIX HABbIKOB. PasbirpbiBaHME CLEHOK W3 MOBCEAHEBHOM KW3HM MNOMOraeT
oTpabaTbiBaTb COLMaANbHbIE CUTYALLUMN.

o /3yyeHune HoBbIX TeM. MUKCHNALMNS genaet obydeHne HarA4HbIM M 3aNOMUHAIOLMMCA.

3aKknoueHue

MUKcMNAUMA — He NPOCTO TEXHUKA aHUMALMW, @ MOLLHbIN MHCTPYMEHT, OTKPbIBAIOLLMI HOBbIE TOPU3OHTbI
onsa petert ¢ OB3. OHa NOMOraeT PacKpbiTb TBOPYECKUI MOTEHLMAJ, Pa3BMTb BarKHble HaBblKM U 0bpecTu
yBEPEHHOCTb. OXUBLWINE UCTOPUU, CO3A4aHHbIE HOHbIMM TBOPLLAMM, CTAHOBATCA CBUAETENbCTBOM WX CWUAbl U
6e3rpaHUYHbIX BO3MOXKHOCTEM, Aenana MNUKCUAALMIO MOUCTUHE BOJWEDOHbIM NYyTEM K peabunutaumm wm
CaMOMO3HaHMIo.

© MauHesa T. A., KosTyH 0. U., 2026
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YAK 36
Wbixmammepos A.,
CryaeHrT,
OBe3bepauesa /1.,
CryaeHT,
Mbipagosa A.,
CrygeHr,
Mommaes M.,
CrygeHr,
HayuHbiit pyKoBoguTtenb: babaes O.
MNpenogasaTtens,
MexkayHapoaHbIN yHUBepcuTeT HedTH 1 raza umenm Arwbirenam Kakaesa,
Awxabag, TypKMeHUCTaH

35 JIET CYBEPEHUTETA TYPKMEHUCTAHA: 3NOXA CO3UAAHUA U YCTPEMNEHHOCTU B BYYLLEE

AHHOTauuA
B cTaTbe paccmaTpuBalOTCA MCTOPUYECKUE, NOIMTUKO-NPABOBbLIE U COLMANbHO-9KOHOMMYECKME aCNEeKTbI
CTAaHOB/IEHMA U YKPENIEHMA HE3aBUCMMOCTM TYPKMEHUCTAHA 3a 35-n1eTHMIN Nepros CyBepPeHHOr0 pasBuTumsS.
Kntouesble cnosa:
TYPKMEHUCTAH, rocyaapcTBEHHAA HE3aBUCUMMOCTb, CYBEPEHUTET,
KoHcTuTtyums TypKMEHUCTaHa, rocyaapCcTBEHHOE YCTPOMCTBO.

ObpeTeHMe HEe3aBMCMMOCTU CTAsI0 MEPEeIOMHbIM MOMEHTOM B cyAbbe TYPKMEHCKOro Hapoa, OTKPbIB
HOBYIO BeXy B €ro MHOIOBEKOBON WMCTOPWUW. ITOT LWar CTaj eCcTeCTBEHHbIM MPOABJEHUMEM BOAU NHOAEN K
camoonpezeneHunto, 6epexxHOMY COXPaHEHUIO Ky/IbTYPHbIX UCTOKOB M MOCTPOEeHUIO Byayuiero ¢ onopoi Ha
COOCTBEHHbIE MCTOpUYECKME Tpaavumn. BeBoaHas 4Yactb KoHcTuTyumm TypKMeHWUCTaHa noAYepKUBaET:
NpoBO3r/alleHne CyBepeHNTETA ONMPAETCA Ha HEOTbEM/IEMOE NPaBO HapOAa CaMOCTOATE/IbHO BEPLUNTDL CyAbby
PoanHbI M BepHOCTb 3aBeTam npeaKos. [JaHHasa dopmyna oTparkaeT rnyboKoe ncTopmyeckoe 3HaveHue cobbiTus,
BOMOTMBLUErO MHOrOBEKOBYIO MeYTy Hapoga o cBobose M HeE3aBUCMMOM Pa3BUTUMN.

UcTtopuueckuin pybexk 6ol npongeH 26 oktabpa 1991 ropa, Korga Ha BceHapogHom pedepeHayme
rpaxgaHe eaMHOAYLLIHO BbICKA3a/IMCb 3@ HE3aBUCUMBIN NYTb. Y3Ke Ha cneaytoLwmii AeHb, 27 okTAbpA, BepxoBHbIi
CoBeT yTBEpPAMAN pe3ynbTaTbl FONOCOBAaHMA W NPUHAN KOHCTUTYLMOHHbIM 3akKoH «O rocyaapcTBeHHOM
HE3aBMCUMOCTM M OCHOBAX FOCYAapPCTBEHHOrO YCTPONCTBA TYPKMEHUCTAHa». ITOT LOKYMEHT Aan odpuumanbHbIN
CTapT CTAHOBJIEHWIO COBPEMEHHOIO0  AEMOKPATUYECKOro  rocyaapcrteBa. Bo3poxaeHwe  cyBepeHHOM
rocy4apCTBEHHOCTM CTaN0 FAPMOHMYHBIM MPOAO/XKEHMEM BoraTelwero Hacneamsa NPeaKoB, Ha NPOTAXKEHUN
BEKOB CTPEMMBLUMXCA K CO34aHUIO KPEMKOro W He3aBUCMMOro rocyaapctea. PyHAAMeHTOM cyBepeHuTeTa
BbICTYMNAOT HE TOJIbKO MHCTUTYLMOHA/IbHbIE PELUEHUS, HO M AyXOBHble LEHHOCTU, Ky/bTypa, HaLMOHa/bHble
TPAaAMUMM W CaMOCO3HaHMe, nepeaaBaBLIMECs M3 TMOKOJEHMA B MoKoseHMe. 3a npoweglwme 35 net
TypKmeHucTaH npeogonen 60nbWON NyTb NO YKPENAEHWUIO FOCYAAPCTBEHHOMO YCTPOMCTBA. Bblin 3an0KeHbl
MPOYHbIE MOJIMTUKO-NPABOBbIE OCHOBbLI, MPOBeAEHbl T1yboKMe pedopmbl BO BCEX K/loyeBbix cdepax
06LLLECTBEHHOM U3HK. [IPUOPUTETHOE BHMMAHME YAENANOCH NIaHOMEPHOMY OOHOBAEHMIO 3aKOHOAATE/IbHOM
6a3bl, cOBEPLUIEHCTBOBAHMIO FOCYAAPCTBEHHbIX MHCTUTYTOB M Pa3BUTUIO rpaXKAaHCKOro obuecTsa.

KntoueBbim gpaiiBepoM MOAEPHM3AUNN CTaNN KOHCTUTYLUMOHHbIE Npeobpa3oBaHms, ONTUMU3NPOBABLUNE
CUCTEMY TFOCYAAPCTBEHHOrO ynpasneHus. B pamKax 3Tux pedopm Oblav YETKO pasrpaHMyeHbl U YTOYHEHDI
OYHKUMM  BbICWUMX BNACTHbIX CTPYKTYP, YCOBEPLUEHCTBOBAHbl MEXaHM3Mbl WX B3aMMOAEMNCTBMA, a TaKXKe
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onpeaeneHbl OPUEHTUPbI ANA PA3BUTUA OPraHOB MECTHOro camoynpasneHus. CyBepeHUTET Aan MOLLHbIN
UMNYNbC ANA peannsaumm Maclitabupyembix [ONTOCPOYHbIX CcTpaTernit. Cpeau rAaBHbIX HAUMOHAAbHbIX
NPUOPUTETOB — YKPEN/JIEeHUEe 3SHEepPreTMYeckom W NpPoAOBO/IbCTBEHHOW HE3aBUCMMOCTM, KOMMAEKCHas
MOZEepHM3aLMA SKOHOMUYECKOM MOAENN, BCECTOPOHHEE Pa3BUTME MPOMbIL/IEHHOCTU, 06Pa30BaHNUS, HAYKKU U
coumancHom coepol.

Ha mupoBoli apeHe 3a roabl HE3aBMCMMOCTM CTpPaHa 3aMETHO YKPenuia CBOW MeXKAyHapoAHbIn
aBTopuTeT. TYPKMEHMCTaH BbICTPOWA PAa3BETB/IEHHYIO CETb ANMNIOMATUYECKMX OTHOLIEHWNIM, aKTUBHO pa3BMBaET
MHOTOBEKTOPHOE COTPYAHMYECTBO C ApyrMmu rocydapctBamu, OpraHumsaumen O6beauMHEHHbIX Hauunii u
KPYMHbIMU MeXAYyHapoAHbIMU 06beanHEeHMAMN. B3BeLeHHbI BHELWHUN Kypc, 6asnpylomMncs Ha NpuHLMNnax
Mupontobus, paBHOMNPaBMUA U KOHCTPYKTMBHONO AManora, CTan rapaHTUEn BbICOKOrO YyBaXKeHWs K CTpaHe B
coobuiectse Haumit. CerogHA HE3aBUCMMOCTb TYPKMEHWUCTAHa — 3TO HE TOJ/IbKO CBALLEHHOE UCTOPUYECKOoe
OOCTOAHUE, HO U HageXHadA onopa 4NA HenpepbiBHOro AsunXKeHna snepéa. OHa CMMBOAM3UpPYET NPaBO HApPoaa
6bITb XO39MHOM CBOEW CyAbbbl, COXPAaHATb HaLMOHaNbHbIM KO U YBEPEHHO CTPOUTL BaarononyyHoe byayluee.

35-neTHAs UcTopua CyBepeHHOro TypKMeHWCTaHa — 3TO XPOHWKA FPaHAMO3HbIX CBEPLUEHMIA, BbICOKMX
OOCTUNKEHUN U TNYOOKOW OTBETCTBEHHOCTU 3a NOCNeAyloWMe NOKoeHUA. 9To becueHHoe Hacneagme obbeanHseT
06LWEecTBO M BAOXHOB/AET HAPOA Ha HOBble MacliTabHble nobeabi.

CNUCOK UCNob30BaHHOW UTepPaTypbl:

1. www.tlrkmenistan.gov.tm
2. www.economy.gov.tm
© Weixmammenos A., Osesbepamnesa /1., Mbipagosa A., Mommaes M., 2026
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YAK 32
Mamepos XK.,
JoueHT, KaHAMAAT TEXHUYECKMX HayK
AmaHpaypablieB Y.,
npenoaasatessn,
AHHambIpagoBa A.,
npenogasaTenb,
NHCTUTYT UHXXEeHEepPHO-TEXHMYECKUX U TPAHCNOPTHbLIX KOMMYHUKaUMIA TypKMEHUCTaHa

KHWUIA NPE3UAEHTA HEUTPAIbHOIO TYPKMEHUCTAHA O/IMLIETBOPAET NPUHLUMNbI MUPHOTO
COCYLLECTBOBAHUA U BJIATONOJTYSUE HAPOAOB BO BCEM MUPE

B cTpaterMm noOAUTMYECKOrO, COLUMAZbHO-3KOHOMMYECKOTO W  KYNbTYPHO-TYMaHUTApPHOrO pPassBuTUA
TypKmeHWcTaHa YBarkaemblii Npe3naeHT ycnewHo npoBoguT NOUTUKY MO YKPENAeHUo MUpa, COTPYAHUYECTBO
Ha OCHOBE B3aMMHOIO A0BEPUA U ApYXKObI MeXay Hapogamu Bcero mupa. Liean n 3agaum ctpatermm passutus
HeliTpanbHoro TypKMeHUCTaHa 060CHOBAHHO OTPAXKeHbl B MPUHATbIX Nporpammax [1, 2].

Mpe3snaeHT TypkmeHuctaHa Cepaap bepabimyxameZoB KOHCTAaTUPYeT, YyTo: “B HOBYIO WCTOPUYECKYIO
3N0XYy, ONMPAACh Ha TPAAMLMM U BOraTblii ONbIT HALWEro HapoAa, HAKOMAEHHbIN 33 TbiCAYENETUS, Mbl TPOBOAMM
NOJIMTUKY, COOTBETCTBYIOLLYIO r1ob6anbHbIM Lenam mupa, 6esonacHoctM u 6narononyumns” (“HelTpanbHbIl
TypkmeHucTan”, Ne342 (31378), 27.12.2025r.).

Hesasucnmblit M HeliTpanbHbii TYpKMEHWUCTaH Kak akTMBHbIM YieH OOH nocnenoBaTenbHO BbICTYMAET C
rno6anbHO 3HAYMMbIMU MHULMATMBAMM MO aKTyasibHbIM MPO6AEMam COBPEMEHHOCTMU.

leHepanbHaa Accambnes OOH npuHsana 6onee 30 (33 [0 HacTOAWEro BPEMEHM) PE30OLUIA,
npeanoxeHHblx TYpKMEHUCTAaHOM M HampaB/leHHbIX Ha NpoaBuKeHua dunocodun mupa M aosepus, B
pesynbTate — AOCTUXKeHua Llenel yctonumsoro passutua (“HenTpanbHbiit TypkmeHuctaH”, Nel196 (31579),
11.08.2026r. 1c.).

KHura [3] rnaBbl rocyaapctea ABAAETCA COBPEMEHHbBIM PYKOBOACTBOM K 6osee WMPOKOMY MOHMMAHUIO
Ba*KHOCTM NPaBOBOro CTaTyca HelTpanuTteTa, 6asnpyowerocs Ha ryMaHUCTUYECKUX NPUHLMNAX TYPKMEHCKOTO
Hapoaa. B Hem oTmevaeTca: “MNocTOAHHbBIN HENTPANUTET ABASETCA Bbiclet Gopmon HenTpanautetTa u obnagaer
3HAUUTENIbHBIM MOTEHUMAZIOM ANA YKPenaeHus mupa M 6e30nacHoCcTM Bo Bcem mupe. Heltpanutet
TypKMeHWCTaHa, MO NPOUCXOXKAEHUIO — “NPU3HaHHbIA”, N0 dopme — “NOCTOAHHBIN”, N0 cyTU — “NO3UTUBHLINK”,
npeacTasaseT coboit mexayHapoLHO-NPaBOBOM CTaTyc, e4MHOMACHO NPU3HAHHLIA Camoli NpeacTaBUTENbHOM
rnobanbHOM CcTPyKTypoit — OpraHusaumeint Ob6beguHeHHbIX HauuMuM U 3aKpenseHHbli ee UCTOPUYECKOn
Pesontoumeii. B cBOeil OCHOBE OH COXPaHAET BbICOKME MOPASIbHO-TYMaHUCTUYECKME YCTOM, KOTopble
TYPKMEHCKUI HApo Ha MNPOTAXKEHUW TbICAYENeTUI BO3BbIWANA KaK COBCTBEHHbIN AyXOBHbIA NPUHUMN W
OpPUEHTUP: MUpontobMe, B3aMMHOE yBayKeHue, r'ymaHusm. HelTpanuteT — 3To BbiCclasa dopmMa yBarKEHUA K
4YeN0BEKY, 3TO COBEpLUEHHbI 06pa3eL, Npn3HaHUA ero ceoboabl, TBOPYECTBA, padyma, CNOCOBHOCTEN U HABbLIKOB.
HeliTpanuteT — 3T0 Bepa B NPaBo YenoBeKa Ha CBOOOAHYIO M3Hb. MICTOPUYECKUIA CMbICNT UAEWN HEWTPanuTeTa
BblpaKaeT CTPeM/IEHNE BCEro Ye/I0BEYECTBA XKWUTb B YC/OBUAX MUpPaA, CBOOOAHOrO OT BOMH, KOHOMKTOB U
NPOTUBOCTOAHMN, A TaKXKe HeXKeNaHWe BCTyNaTb B TaKMe NPOTUBOCTOAHUA. HenaHue KnTb B MUpPE CyLLECTBYET C
MOMEHTA NOABAEHUNS Ye/loBEeKa U BCeraa bb1/10 HEOTbeMIEMOM YacTbio ero npupoabl” [4].

Mmelowasn uUCTOpuYeckasa BaXHOCTb A1 COBPEMEHHOrO Mupa KHura [pesmgeHTta Ceppap
Bepapimyxamegosa “HeltpanuteT TypKMeEHWUCTaHa — CBET/bIN MyTb MUpa U doBepusa” M3ZaHa Ha Tpex —
TYPKMEHCKOM, PYCCKOM WM aHF/IMACKOM A3blKax COCTOMT U3 AEeBATM r/1aB. B Hem rnaea TYpKMEHCKOro rocyapcrsaa
BblABUIAET LLEHHbIE NAEN, KOHCTAaTUPYA HEOLLEHNMMAs BAaXKHOCTb HEUTPANUTeTa Ana obecneveHuns 6aarononyymsa
YeNoBeYeCTBa B HbIHELWHUX CAOXKHbIX FN06aNbHbIX YCAOBUAX, NO3UTUBHONO PELLUEHWUS aKTyasbHbIX BOMPOCOB,
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YKpenaeHua foBepus u ApyxObl Mexay CTpaHamu M Hapodamu. B KHUre rnasbl TYPKMEHCKOFO rocyaapcrea
nocnef0BaTe/IbHO OTPAXKEHbI BOMPOCHI O HEMTPANUTETE U MUPOBO33PEHUA TYPKMEHCKOFO Hapoaa, B3rnaAbl Ha
NUCTOPUYECKME KOPHWU HEeNTpanuTeTa, cTpaTermyeckomy cotpygHuuectsy ¢ OOH, a Take o mupe 1 gosepusa
MeXAy Hapo4amu B COBPEMEHHOM MUpe.

B rnasax “lMonutuKa OTKpbITbIX Agepeit TypkmeHucTaHa” u “XXI Bek: reononuMtuyeckaa w
reosKoHomuuyeckasa crtpaterna TypKMeHWUCTaHa” u3faraetca codeTaHMe HaLMOHaNbHbIX MHTEPECOB CTPaHbl B
MeXAYHapooHOM MNPOCTPAHCTBE C NPUHUMNAMK Bceobliero mupa, pobpococencTsa, B3aMMOBLIFOLHOMO
COTPYAHMYECTBO C Liesito obecneyeHma YCTOMYMBOro pas3Bntms Yenosevyeckom UMBUAM3ALUN.

B rnaBe “Mup — ocHOBa TYPKMEHCKOW uuBUAn3aLmmn”’ otmedaetca: “/lagutb, MUPUTBCSA, XKUTb B COrNacum
— 3TO CYTb U CoAeprKaHne JobpbIX NOXKeNaHU, MOINTB, KOTOPbIE KaXKAbIM TYPKMEH BO3HOCUT HE TO/IbKO ANA
ceba uaM cBoero Hapoza, HO M Ana Bcex Aaen mupa”. B npoussegeHMn aHanusmpyetca ocoboe 3HayeHue
[0BepuAa B OCTUKEHUM TypKMeHUCTaHoM Llenei yctoiunsoro passuTma.

B 3ak/itouMTeNbHBIE TNaBa KHUMM Bowau pesontounm OOH o noctoaHHOM HelTpanuTeTe TYpKMEHUCTaHa,
NUCTOPUYECKME AOKYMEHTbI, MPUHATbIE B MeAYHAPOAHbIA o4 MMpa M OOBEPUA, @ TAKMKe BbICTYMNIeHUA
yBarkaemoro lNpe3naeHTa Ha pa3IMYHbIX CAMMUTAX U KOHpepPEHLNAX.

B Hesasucumom u HenTpanbHOM TYypKMEHWUCTAHE M B MHOMMX 3apybeXkHbIX CTpaHaX COCTOANCH
npeseHTaummn KHuru MpesungeHta Cepaap bepabimyxamenosa “HentpanuteT TypKMEHUCTaHa — CBET/IbIM MyTb
MUpa u gosepua”. B HMX, B YAaCTHOCTM NOAYEPKMBANUCD, YTO KHUIA, C/IOBHO HE3blbeMbIi MOCT, coeguHAeT
NPOLUSIOe U HacTosLee, HecA B cebe Maen Mnpa, rYMaHM3ma M eAUHCTBA, CTO/Ib aKTya/ibHble B COBPEMEHHOM
mupe.

B uenom, MOXKHO 3aKAUUTb, YTO KHUra MpesnaeHTa TypkmeHUcTaHa “HeltpanuteT TypKMeHUCTaHa —
CBET/IbIM MYTb MMpPa U A0Bepua” oTpaykaeT CBET/bIM MyTb MMPa U AOBEPUA O YE/I0BEYECTBa U ABASIOWLNM
6ecueHHbIM TPYAOM A1A HbIHEWHUX U ByayLmnX NOKONEHWNN BCEFO MUpa.
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THE ROLE OF TRADITIONAL MUSICAL INSTRUMENTS AND FOLKLORE HERITAGE
IN EDUCATING THE YOUNGER GENERATION

Abstract
This article explores the pedagogical significance of traditional musical instruments and folklore heritage
in the holistic development and education of the younger generation. In an era marked by rapid globalization,
digital saturation, and cultural homogenization, native musical traditions serve as vital anchors of cultural
identity, historical memory, and ethical values. The study analyzes how direct engagement with folk instruments,
traditional melodies, epic storytelling, and performative rituals fosters cognitive development, emotional
intelligence, social cohesion, and national self-awareness in children and youth. Furthermore, it highlights
contemporary methodologies for integrating folk arts into modern educational curricula, bridging historical
traditions with modern technological and pedagogical frameworks to ensure the preservation and continuous
evolution of intangible cultural heritage.
Keywords
traditional musical instruments, folklore heritage, youth education, cultural identity,
pedagogical musicology, intangible cultural heritage, moral education.

Introduction

The educational landscape of the twenty-first century faces unprecedented challenges driven by global
interconnectedness, rapid technological advancement, and a shifting socio-cultural environment. While digital
connectivity offers limitless access to information, it frequently contributes to the fragmentation of local cultural
traditions and a decline in young people's engagement with their native heritage. In this context, the preservation
and transmission of intangible cultural heritage—specifically traditional musical instruments and oral folklore—
emerge not merely as nostalgic acts of historical preservation, but as essential pedagogical instruments for
humanistic and aesthetic education. Traditional music and folklore represent the distilled wisdom, philosophical
outlook, aesthetic values, and emotional memory of a culture, serving as a continuous link between past
generations and future citizens.

Folk musical instruments carry profound symbolic, historical, and acoustic weight. Unlike standardized
modern electronic sound generators, traditional instruments—crafted from natural, locally sourced materials
such as specific woods, hides, horn, and metals—connect players directly to their geographic environment and
ancestral ingenuity. Learning to play a traditional instrument requires a unique synthesis of physical dexterity,
auditory sensitivity, and cultural understanding. The tactile experience of handling hand-crafted instruments,
combined with learning modal scales, rhythmic structures, and microtonal nuances unique to specific ethnic
groups, broadens a young learner's acoustic perception and cognitive adaptability. Through this active musical
practice, children develop fine motor skills, spatial reasoning, self-discipline, and deep listening skills that extend
far beyond musical proficiency.

Moreover, oral folklore—encompassing epic poetry, folk songs, mythic legends, proverbs, and ceremonial
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dances—functions as an informal yet powerful system of moral and civic education. Folk narratives historically
served as primary vehicles for imparting social norms, ethical boundaries, courage, empathy, and respect for
nature and elders. When combined with traditional music, these narratives acquire heightened emotional
resonance. The rhythm and melody of a folk song act as memory anchors, embedding complex cultural narratives
and ethical lessons into the performer's consciousness. Integrating folklore into early childhood and secondary
education fosters a strong sense of national self-awareness and personal identity, providing young people with
an authentic sense of belonging in a rapidly changing world.

Ultimately, educating the younger generation through traditional instruments and folklore heritage equips
them with cultural literacy and emotional resilience. Far from promoting isolationism, a firm grounding in one's
own cultural roots provides the psychological stability and creative confidence required to engage respectfully
and constructively with diverse global cultures. Nurturing a deep appreciation for native artistic roots ensures
that the younger generation approaches global citizenship not as passive consumers of mass culture, but as
articulate bearers of a rich, living heritage.
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KYNIbTYPHbI KOA B TEATPA/IbHOM UCKYCCTBE KAK MEXAHMU3M
®OPMUPOBAHUA KONNTEKTUBHOW UAEHTUYHOCTHU

AHHOTauuA
B cTatbe paccmaTpuBaeTcA TeaTpasibHOE MNPOCTPaAHCTBO KaK cpeda aKTyaamsauuMum M TpaHCAAuMM
KY/IbTYPHOrO KoZa, BbicTynatowero ¢pyHaameHTasibHbiIM OCHOBAHWEM KONTIEKTUBHOW MAEeHTUYHOCTU. Ha ocHoBe
MeXONCUMNAMHAPHOTO MOAX0A4a AHANM3UPYIOTCA MEXaHU3Mbl KOAMPOBAHMA U AEKOAMPOBAHUA CMbIC/IOB B
TeaTpanbHOWN NpakTMKe. Ocoboe BHMMAHWE yaenseTcs cnocobHOCTM TeaTpa KOHCTPYMPOBaTb, BOCNPOM3BOAUTD
M KPUTUYECKM MEePeoCMbIC/INBATb LLEHHOCTHO-CMbICI0BbIE AOMWHAHTbLI, GopmMUpyloLMe YyBCTBO OBLLHOCTU U
KY/IbTYPHOM NpeemMCcTBEHHOCTW.
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KY/IbTYPHbIM KO, KONNEeKTUBHAsA MAEHTUYHOCTb, TeaTpasibHOE NPOCTPAHCTBO,

LUeHHOCTHO-CMbIC/10Bble AOMUHAHTbI.
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CULTURAL CODE IN THEATRICAL ART AS A MECHANISM FOR THE FORMATION OF COLLECTIVE IDENTITY

Abstract

The article considers the theater space as an environment of actualization and translation of cultural code,
which acts as the fundamental basis of collective identity. On the basis of an interdisciplinary approach, the
mechanisms of encoding and decoding meanings in theatrical practice are analyzed. Particular attention is paid
to the theater's ability to construct, reproduce and critically rethink value-semantic dominants that form a sense
of community and cultural continuity.

Key words:
cultural code, collective identity, theatrical space, value-semantic dominants.

MNpobnemaTtMka Ky/nbTypHOro KoAa M ero poav B (GOPMUPOBAHUM KONNEKTUBHOW WAEHTUYHOCTU
NPUHAANENKUT K YNCY Hanboiee akTya ibHbIX HanpaBAeHU COBPEMEHHOI0 N'YMaHMTapHOro 3HaHMA. B ycnosuax
rno6anmsaumm, KyabTypHON rmbpmuamsaumnmn M nomcka HoBbIX GopM connpapHocT obpalleHne K rnybuHHbIM
OCHOBaHMAM, obecneymBarOWMm eaNHCTBO U NMPEEeMCTBEHHOCTb KY/IbTYPHOMN Tpaanumm, npuobpeTtaet ocobyto
3HaYMMOCTb. TeaTp, KaK «Hanbosee nybNYHOE U3 UCKYCCTBY, NPeacTaBAseT coboi YHUKANbHYIO NAOLWAAKY, rae
KY/AbTYPHbIA KOZ He MpOCTO pPEenpeseHTUpyeTcd, HO W aKTUBHO KOHCTPYyMpYyeTcA, TpaHCAMpyeTca U
NepeocMbIC/IMBAETCA B XMBOM AMASiOre CUEHbl U 3puTenbHOro 3ana. Llenb aaHHoW paboTbl 3akao4vaeTcs B
BbISIBIEHUN MEXaHW3MOB, NOCPEACTBOM KOTOPbIX TeaTpasibHOE MPOCTPAHCTBO y4yacTByeT B GOPMUPOBAHUN U
BOCMPOM3BOACTBE KY/IbTYPHOIO KOAA KaK 3/1eMeHTa KOJINEKTUBHOM MAEHTUYHOCTH.

MoHATUE «KYNbTYPHbIN KOA» MMEET Pa3BEPHYTYIO UCTOPUIO B F'YMaHWTApHOM Mbicin. PepanHaHg, ge
Cocclop 0AWH 13 OCHOBaTeNen CTPYKTYPHOW IMHIBUCTUKM U CEMUOTUYECKOTO NoAX0Aa BBeN B 06Mxo4 NoHATUE
«KOZa», T.e. NOHMMaHME A3blKa KaK CUCTEMbl 3HAKOB M NPABU X COOTHECEHUSA. B oTeyecTBEHHON TpaaAnUMM 3Ta
NNHUA bblna npogoskeHa HO.M. JloTMaHOM, KOTOpPbIM onpegenan KynbTypHbIA KOZ KaK «COBOKYMHOCTb
3HAKOBbIX CUCTEM, 0BECMEeYMNBAIOLLUX XPAaHEHWE M Nepeaady 3HaUYMMON MHDOPMALIMK BHYTPU KONEKTUBaA» [3, C.
132]. UHbIMmn cnoBamu, y JIoTMaHa KyAbTypPHbI Kog, — 3TO He NpOCTo Habop TpaguLumin, 3 MEXAHU3M, KOTOPbIM
No3BO/IAET O6LLECTBY «YMTaTb» CBOKO KY/bTYpY.

B coBpemeHHbIX nccnenoBaHMAX KyAbTYPHbI KOA TPaKTyeTCA Kak cMcTema 3HaKoB, CUMBOJ10B, CMbIC/I0B U
LLeHHOCTHbIX OpUeHTaLMi, KoTopas obecneymBaeT BO3SMOMKHOCTb B3aMMOMOHMMAHUA MEXAY Y/IeHaMKU OLHOM
KY/IbTYPHOM OBLHOCTM M OT/IMYAETCA YCTOMYMBOCTbIO, HO NPU 3TOM cnocobHa K TpaHcdopmaLmMm noa BANSHUEM
COLMOKYNbTYPHbIX U3MEHEHUA.

KonnekTMBHan MAEHTUYHOCTb, B CBOO oyepesab, NPeAcTaéT KaK pesynbTaT npouecca naeHTudunkaumm, B
X0[e KOTOPOro MHANBMUAbI OCO3HAIOT CBOK NPUHAANEKHOCTb K ONpefieNéHHOM rpynne, pa3aenssa eé LeHHoOCTH,
HOPMbl M NpeacTaBieHUA 0 Mupe. TeopeTudeckum pyHAaMeEHTOM ANA aHaM3a CBA3WU Ky/JbTypPHOro Koga u
WAEHTUYHOCTU BbICTYMAEeT guanornyeckana kKoHuenuua M.M. BaxTWHa, COrnacHo KOTOPOM CamoBblpakeHue
NposBAsEeTCA Yepes aHaU3 Hacaeaus, TPaANLMIA, BHELLIHUX GaKTOPOB 1 NOYTU Bceraa BHYTpeHHe HeOAHOPOAHa:
HeceT B cebe crnop, NepeoLeHKy, MPOHUIO, COF/lacue U Hecoriacue oaHoBpeMeHHo. [1, c. 85-87].

3TOT noaxoA MO3BO/AET PacCMaTpMBaTb TeaTpasbHOE MPOU3BEAEHME KaK «CBEPHYTYIO B CMbIC/IOBblE
KOHCTPYKTbl peasibHOCTb», KOTOpaa pa3BopaumMBaeTca 3puTenem Ha OCHOBE ero Ky/abTypHOro onbita, popmupys
Tem cambim obuiee none cmbicnoB. TeaTp, Takum obpasom, CTaHOBUTCA TOW NAOLWAAKOM, rae npolsoe,
HacTosiwee u byayliee KybTypbl BCTYNAtOT B ANAJIOF, YKPENAsas KONNEKTUBHYIO NOEHTUYHOCTb.
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TeaTpanbHOE NPOCTPAHCTBO MpencTaBasaeT CoOON CAOMKHYHD CEMMOTUYECKYHO CUCTEMY, B KOTOPOW
KY/IbTYPHbIA KOZ HAaXxoAMT MHOXECTBEHHOE BblpaxeHue. 3TO M A3blK APamaTyprum, U CUCTEMA CLEHMYECKUX
KOLOB (MM3aHCUEeHa, NAacTMKa, My3blKa, CBET), M AKTEPCKaa WUrpa, U apxuUTEKTypa 3puTenbHoro 3ana. Kak
cnpasegiMBo  oTmevaeT  uccnegosatens KM, BosrpmBueBa, TeaTpasbHOe  MNPOCTPAHCTBO  Kak
KY/IbTYPONIOrMYECKNt dpeHoMeH 06nafaeT CNocobHOCTbIO MOAENNPOBATb pPeasibHOCTb, NpeBpallas eé B
3HAKOBYIO CUCTEMY 3MOXM, PETMOHA, Hapoaa [2, c. 62—63]. B 3Tom cmbic/ie TeaTp ABAAETCA He NPOCTO 3ePKaom,
HO aKTMBHbIM MHTEPNPETAaTOPOM KY/IbTYPHbIX CMbIC/IOB.

Ocobyto posib B TPAHCAALMKN KYAbTYPHOFO KOZa UrpaeT A3blK CNEKTaKAA. BbiIbop KOHKPETHOro A3bIKOBOTO
pPerucTpa, MHTOHALMOHHOIO PUCYHKA, PUTMUYECKOTO CTPOA pPeyun HeCcéT B cebe MOLLHbIN MAEHTUPUKALMOHHDBIN
3apAa. AKUEHT, AMaNeKTHble 0COBeHHOCTU, MaHepa NPOU3HECEHNA KNACCUYECKOTo TEKCTa — BCE 3TO CTAHOBMUTCA
MapKepamun NPUHAANEKHOCTU K ONPeaenEéHHOM KYNbTYPHOM TPaanLUMN.

TeaTp BO34eNcTByeT Ha npouecc GOPMUPOBAHUA KOJJIEKTUBHOW WAEHTUYHOCTU 4Yepe3 HECKObKO
B3aMMOCBA3AHHbIX MeXaHM3MOB. MepBbli — MexaHM3M cakpanunsaummn. ictopuyeckn Teatp Bbla TECHO CBA3AH C
PUTYanom, 1 3Ta CBA3b He yTpayeHa 40 cux nop. ObpalleHme K KNacCMYeCcKUM CroxKeTam U MUPOAOrnMYecKum
obpasam B COBPEMEHHOM pexuccype, BOCCO3gaHWe aTmocdepbl «TeaTpa-xpama» CnocobCTBYeT CO34aHUI0
«COBMECTHOTIO CaKpaJIbHOro NPOLLUJIOrO», KOTOPOE CTAHOBUTCA TOYKON ONOPbI ANA KONNEKTUBHOM NOEHTUYHOCTY.
CaKpanbHble CMbIC/bl, TPAHCAUPYEMbIE CO CLEHbI, HAAENATCA HPAaBCTBEHHbIM COBEPLUEHCTBOM M CTaHOBATCA
06BEKTOM MNOYUTAHMA U CMAOYEHUS.

BTopon mexaHnam — guanornyeckuii. TeaTpasbHOe AeNCTBME Pa3BOPaAYMBAETCA B MPOCTPAHCTBE «34eChb
M ceivac», YTo MPUHLMNUANABHO OTAMYAET ero OT APYrMX UCKYCCTB. 3pUTeNb CTAHOBUTCA COYYACTHUKOM: ero
NPOLU/BIA ONbIT, LLEHHOCTU U OXKMUAAHWA BCTYMAIOT B ANAJIOT C TEM, YTO MPOUCXOLMT Ha cueHe. B atom ananore
pPOXKAAeTCA HOBOE MOHMMAHME, @ KOJIJIEKTUBHAA MAEHTUYHOCTb HE MPOCTO MAaCCMBHO BOCMPOU3BOAMTCA, HO U
npobaemaTmusmpyeTcs, yTouHaeTca, obpeTaeT HOBble CMbIC/I0BbIE FPaHMU.

TpeTuii mexaHU3sM — aKCMOMOrMYECKUI (LLeHHOCTHO-OpPUEHTUpPYLOWMA). TeaTp ABASETCA MHCTUTYTOM,
YCTaHaB/AMBAOLLMM STUYECKME KPUTEPUN N MOpPASbHbIE HOPMbI A/1A 0b6LecTBa. Ha NpoTsaXKeHMn cBoel nctopun
OTEYEeCTBEHHbIN TeaTp BbINOJAHAA WUMEHHO 3Ty OyHKUMIo, dopmynmpya M npeanarasd 3puUTeNto CUCTEMbI
LEeHHOCTEeN, MOAENN MOBEeAEHUA W HPABCTBEHHble OpPUEHTMpPbl. [laxke B YC/NOBUAX KOMMEpPLUMAAM3aLum
COBPEMEHHOrO TeaTpa ero akCMoI0MMYecKan Posib COXPaHseTca, XoTa U npnobpeTtaeT HoBble POpPMbI.

MpoBeaEHHbIM aHaIM3 NO3BOAAET 3aK/OYUTb, YTO KyNbTYPHbIN KOZ nNpeacTaBnaseT coboi gMHaMU4Hyto,
NCTOPUYECKMU 0B6YC0BAEHHYIO, HO YCTOMYMBYHO CUCTEMY CMbIC/IOB U LLEHHOCTEN, KOTopas HaxoauT appeKkTUBHOE
BOM/IOWEHNE B TeaTpasibHOM MpOCTpaHcTBe. TeaTp, ABAAACL CEMMOTUYECKOM cpeaon, codyeTatowen B cebe
3CTETUYECKYIO, aKCUONOTMYECKYIO N COLMOKYIBbTYPHYIO GYHKUUKM, BbICTYNAET OAHMM M3 KIOYEBbIX MHCTUTYTOB
TPAHCAALMM KYAbTYPHOTo Kofda M GOPMMPOBAHMA KONNEKTUBHOW WAEHTUYHOCTM. B yCcnoBuAX cOBpemeHHOM
KYNbTYPHOW HeCcTabunbHOCTU ero posb KaK KUHCTPYMEHTA Ky/NbTYPHOW MOAUTUKM» U XPaHUTENA [AYXOBHbIX
LEeHHOCTel BO3pacTaer.

MmeHHO TeaTp cnocobeH obbeaMHATb Hapog Ha OCHOBE OBLMX CMbIC/IOB, TPAHCAMPYS YCTOMYUBbIE
naTTepHbl HAUWMOHANbHOM KYNbTYpPbl U afanTUPYA UX K MEHAIOLLMMCA COLIMAIbHBbIM pPeanuam, B TOM Yncie 3a
npegenamMmm UCTOPUYECKON POAMHBI, TAe OH BbIMNOMHAET MUCCUI0 COXPAHEHWA POCCUIMCKOFO Ky/bTYPHOrO
Hacneawms.

CNMCOK UCNONb30BAHHOI INTEpPaTypbl:
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2. BosrpusueBa, K.W. TeaTpanbHOe NpOCTPaHCTBO: KyabTyposioruyeckuint acnekt / K. W. Bosrpusuesa //
N3BecTnAa YpanbCKoro rocyaapcreeHHoro yHusepcuteTa. Cepua 2: N'ymaHuTapHble Hayku. — 2005. — Ne 35, - C.
57-63.
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   А  V 20  


   А  V 4  


    С Э Р  V  


   А  V 17 −  А  V 19


   А  V 1 −  А  V 3  


    С Э Р  V  


   А  V 11 −  А  V 15  


   А  V 1 −  А  V 5  


    С Э Р  V  


    С Э Р  W


    С Э Р  H


    С Э Р  V


    С Э Р  W


    С Э Р  H


    С Э Р  V


   А  V 1 −  А  V 5 ,    А  H 1 −  А  H 6 ,       А  W 1 −  А  W 6


    С Э Р  V +     С Э Р  H +     С Э Р  W


    С Э Р  H +     С Э Р  W


    С Э Р  V +


    С Э Р  V  [ 2 ] +     С Э Р  H  [ 3 ] +     С Э Р  W [ 4 ]


    


    С Э Р  H


   А  V 21  


   А  V 21 .


    С Э Р  V  


   А  V 5  


 


   А  V 21


   А  V 5  


  →


      V ˇ  244   f ∗   l ∗   n ∗   m ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 244 ,     𝜀  V 244 . 2 ) ] .


    k  V 245 ,     𝜀  V 245 . 2 )


      𝛼 ˇ  245   f ∗   l ∗   n ∗   m ∗ i ∗


      V ˇ  245   f ∗   l ∗   n ∗   m ∗ i  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 245 ,     𝜀  V 245 . 2 ) ]


  [     𝛼 ˇ  245   f ∗   l ∗   n ∗   m ∗ i  (   k  V 245 ,     𝜀  V 245 . 1 ) ·         V ˇ  245   f ∗   l ∗   n ∗   m ∗ i ∗ (   k  V 245 ,     𝜀  V 245 . 1 ) ]      V ˇ  245   f ∗   l ∗   n ∗   m ∗ 𝛴 (   k  V 245 ,     𝜀  V 245 . 1 ) ,


    k  V 245 ,     𝜀  V 245 . 2 )


      𝛼 ˇ  245   f ∗   l ∗   n ∗   m ∗ i ∗


    ∑  i = 1    I      f ∗   l ∗ n ∗   m ∗  [     𝛼 ˇ  245   f ∗   l ∗   n ∗   m ∗ i  (   k  V 245 ,     𝜀  V 245 . 1 ) ·       V ˇ  245   f ∗   l ∗   n ∗   m ∗ i ∗ (   k  V 245 ,     𝜀  V 245 . 1 ) ] ,      


      V ˇ  245   f ∗   l ∗   n ∗   m ∗ 𝛴 (   k  V 245 ,     𝜀  V 245 . 1 )


      V ˇ  244   f ∗   l ∗   n ∗   m ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 244 ,     𝜀  V 244 . 2 ) ] ,


      𝛼 ˇ  245   f ∗   l ∗   n ∗   m ∗ i  (   k  V 245 ,     𝜀  V 245 . 1 )


    k  V 245 ,     𝜀  V 245 . 1 )


      V ˇ  245   f ∗   l ∗   n ∗   m ∗ i ∗


    k  V 245 − 1 ,     𝜀  V 245 . 2   ) ,


      𝛼 ˇ  245   f ∗   l ∗   n ∗   m ∗ i  (   k  V 245 ,     𝜀  V 245 . 1 ) =     𝛼 ˇ  245   f ∗   l ∗   n ∗   m ∗ i ∗


      V ˇ  243   f ∗   l ∗   n ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 237 ,     𝜀  V 237 . 2 ) ] ,


    k  V 244 ,     𝜀  V 244 . 2 )


      𝛼 ˇ  244   f ∗   l ∗   n ∗ r ∗


      V ˇ  244   f ∗   l ∗   n ∗   m ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 244 ,     𝜀  V 244 . 2 ) ]


  [     𝛼 ˇ  244   f ∗   l ∗   n ∗   m ∗  (   k  V 244 ,     𝜀  V 244 . 1 ) ·         V ˇ  244   f ∗   l ∗   n ∗   m ∗ ∗ (   k  V 244 ,     𝜀  V 244 . 1 ) ]      V ˇ  244   f ∗   l ∗   n ∗ 𝛴 (   k  V 244 ,     𝜀  V 244 . 1 ) ,


    k  V 244 ,     𝜀  V 244 . 2 )


      𝛼 ˇ  244   f ∗   l ∗   n ∗ r ∗


    ∑    m ∗ = 1    M      f ∗   l ∗ n ∗ ∗  [     𝛼 ˇ  244   f ∗   l ∗   n ∗   m ∗  (   k  V 244 ,     𝜀  V 244 . 1 ) ·       V ˇ  244   f ∗   l ∗   n ∗   m ∗ ∗ (   k  V 244 ,     𝜀  V 244 . 1 ) ] ,      


      V ˇ  244   f ∗   l ∗   n ∗ 𝛴 (   k  V 244 ,     𝜀  V 244 . 1 )


      V ˇ  243   f ∗   l ∗   n ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 237 ,     𝜀  V 237 . 2 ) ] ,


      𝛼 ˇ  244   f ∗   l ∗   n ∗   m ∗  (   k  V 244 ,     𝜀  V 244 . 1 )


    k  V 244 ,     𝜀  V 244 . 1 )


      V ˇ  244   f ∗   l ∗   n ∗   m ∗ ∗


    k  V 244 − 1 ,     𝜀  V 244 . 2   ) ,


      𝛼 ˇ  244   f ∗   l ∗   n ∗   m ∗  (   k  V 244 ,     𝜀  V 244 . 1 ) =     𝛼 ˇ  244   f ∗   l ∗   n ∗   m ∗ ∗


      V ˇ  242   f ∗   l ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 242 ,     𝜀  V 242 . 2 ) ] ,


    k  V 237 ,     𝜀  V 237 . 2 )


      𝛼 ˇ  243   f ∗   l ∗   n ∗ ∗


      V ˇ  243   f ∗   l ∗   n ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 237 ,     𝜀  V 237 . 2 ) ]


  [     𝛼 ˇ  243   f ∗   l ∗   n ∗  (   k  V 243 ,     𝜀  V 243 . 1 ) ·   ·       V ˇ  243   f ∗   l ∗   n ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 243 ,     𝜀  V 243 . 1 ) ] ]      V ˇ  243   f ∗   l ∗ 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 243 ,     𝜀  V 243 . 1 ) ] ,


    k  V 237 ,     𝜀  V 237 . 2 )


      𝛼 ˇ  243   f ∗   l ∗   n ∗ ∗


    ∑    n ∗ = 1    N    f ∗   l ∗ ∗  [     𝛼 ˇ  243   f ∗   l ∗   n ∗  (   k  V 243 ,     𝜀  V 243 . 1 ) ·     V ˇ  243   f ∗   l ∗   n ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 243 ,     𝜀  V 243 . 1 ) ] ,      


      V ˇ  243   f ∗   l ∗ 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 243 ,     𝜀  V 243 . 1 ) ]


      V ˇ  242   f ∗   l ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 242 ,     𝜀  V 242 . 2 ) ] ,


      𝛼 ˇ  243   f ∗   l ∗   n ∗  (   k  V 243 ,     𝜀  V 243 . 1 )


      V ˇ  243   f ∗   l ∗   n ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 243 ,     𝜀  V 243 . 1 ) ]


    k  V 243 − 1 ,     𝜀  V 243 . 2   ) ,


      𝛼 ˇ  243   f ∗   l ∗   n ∗  (   k  V 243 ,     𝜀  V 243 . 1 ) =     𝛼 ˇ  243   f ∗   l ∗   n ∗ ∗


      V ˇ  241   f ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 241 ,     𝜀  V 241 . 2 ) ] ,


    k  V 242 ,     𝜀  V 242 . 2 )


      𝛼 ˇ  242   f ∗   l ∗ ∗


      V ˇ  242   f ∗   l ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 242 ,     𝜀  V 242 . 2 ) ]


  [     𝛼 ˇ  242   f ∗   l ∗  (   k  V 242 ,     𝜀  V 242 . 1 ) ·     ·       V ˇ    242 f ∗   l ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗ (   k  V 242 ,     𝜀  V 242 . 1 ) ] ]      V ˇ  242   f ∗ 𝛴 [   𝜆    f ∗   l ∗   n ∗   m ∗ (   k  V 242 ,     𝜀  V 242 . 1 ) ] ,


    k  V 242 ,     𝜀  V 242 . 2 )


      𝛼 ˇ  242   f ∗   l ∗ ∗


    ∑    l ∗ = 1    L    f ∗ ∗  [     𝛼 ˇ  242   f ∗   l ∗  (   k  V 242 ,     𝜀  V 242 . 1 ) ·       V ˇ    242 f ∗   l ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗ (   k  V 242 ,     𝜀  V 242 . 1 ) ] ] ,    


    k  V 242 ,     𝜀  V 242 . 1 ) ]


      V ˇ  242   f ∗ 𝛴 [   𝜆    f ∗   l ∗   n ∗   m ∗


      V ˇ  241   f ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 241 ,     𝜀  V 241 . 2 ) ] ,


        𝛼 ˇ  242   f ∗   l ∗  (   k  V 242 ,     𝜀  V 242 . 1 )


    k  V 242 ,     𝜀  V 242 . 1 ) ]


      V ˇ    242 f ∗   l ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗


    k  V 242 − 1 ,     𝜀  V 242 . 2   ) ,


      𝛼 ˇ  242   f ∗   l ∗  (   k  V 242 ,     𝜀  V 242 . 1 ) =     𝛼 ˇ  242   f ∗   l ∗ ∗


      V ^  229 . 19  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] ,


    k  V 241 ,     𝜀  V 241 . 2 )


      𝛼 ˇ  241   f ∗ ∗


      V ˇ  241   f ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 241 ,     𝜀  V 241 . 2 ) ]


  [     𝛼 ˇ  241   f ∗  (   k  V 241 ,     𝜀  V 241 . 1 ) ·       V ˇ  241   f ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 241 ,     𝜀  V 241 . 1 ) ] ]      V ˇ  241 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 241 ,     𝜀  V 241 . 1 ) ] ,


    k  V 241 ,     𝜀  V 241 . 2 )


      𝛼 ˇ  241   f ∗ ∗


    ∑    f ∗ = 1    F ∗  [     𝛼 ˇ  241   f ∗  (   k  V 241 ,     𝜀  V 241 . 1 ) ·     V ˇ  241   f ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 241 ,     𝜀  V 241 . 1 ) ] ] ,    


      V ˇ  241 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 241 ,     𝜀  V 241 . 1 ) ]


      V ^  229 . 19  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] ,


      𝛼 ˇ  241   f ∗  (   k  V 241 ,     𝜀  V 241 . 1 )


      V ˇ  241   f ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 241 ,     𝜀  V 241 . 1 ) ]


    k  V 241 − 1 ,     𝜀  V 241 . 2   ) ,


      𝛼 ˇ  241   f ∗  (   k  V 241 ,     𝜀  V 241 . 1 ) =     𝛼 ˇ  241   f ∗ ∗


      V ˇ  239   f ∗   l ∗   n ∗   m ∗ i  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 239 ,     𝜀  V 239 . 2 ) ] ,


    k  V 240 ,     𝜀  V 240 . 2 )


      𝛼 ˇ  240   f ∗   l ∗   n ∗   m ∗ i r ∗


      V ˇ  240   f ∗   l ∗   n ∗   m ∗ i r  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 240 ,     𝜀  V 240 . 2 ) ]


  [     𝛼 ˇ  240   f ∗   l ∗   n ∗   m ∗ i r  (   k  V 240 ,     𝜀  V 240 . 1 ) ·         V ˇ  240   f ∗   l ∗   n ∗   m ∗ i r ∗ (   k  V 240 ,     𝜀  V 240 . 1 ) ]      V ˇ  240   f ∗   l ∗   n ∗   m ∗ i 𝛴 (   k  V 240 ,     𝜀  V 240 . 1 ) ,


    k  V 240 ,     𝜀  V 240 . 2 )


      𝛼 ˇ  240   f ∗   l ∗   n ∗   m ∗ i r ∗


    ∑  r = 1    R  V     f ∗   l ∗ n ∗   m ∗   I      f ∗   l ∗ n ∗   m ∗  [     𝛼 ˇ  240   f ∗   l ∗   n ∗   m ∗ i r  (   k  V 240 ,     𝜀  V 240 . 1 ) ·       V ˇ  240   f ∗   l ∗   n ∗   m ∗ i r ∗ (   k  V 240 ,     𝜀  V 240 . 1 ) ] ,      


      V ˇ  240   f ∗   l ∗   n ∗   m ∗ i 𝛴 (   k  V 240 ,     𝜀  V 240 . 1 )


      V ˇ  239   f ∗   l ∗   n ∗   m ∗ i  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 239 ,     𝜀  V 239 . 2 ) ] ,


      𝛼 ˇ  240   f ∗   l ∗   n ∗   m ∗ i r  (   k  V 240 ,     𝜀  V 240 . 1 )


    k  V 240 ,     𝜀  V 240 . 1 )


      V ˇ  240   f ∗   l ∗   n ∗   m ∗ i r ∗


    k  V 240 − 1 ,     𝜀  V 240 . 2   ) ,


      𝛼 ˇ  240   f ∗   l ∗   n ∗   m ∗ i r  (   k  V 240 ,     𝜀  V 240 . 1 ) =     𝛼 ˇ  240   f ∗   l ∗   n ∗   m ∗ i r ∗


      V ˇ  238   f ∗   l ∗   n ∗   m ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 238 ,     𝜀  V 238 . 2 ) ] ,


    k  V 239 ,     𝜀  V 239 . 2 )


      𝛼 ˇ  239   f ∗   l ∗   n ∗   m ∗ i ∗


      V ˇ  239   f ∗   l ∗   n ∗   m ∗ i  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 239 ,     𝜀  V 239 . 2 ) ]


  [     𝛼 ˇ  239   f ∗   l ∗   n ∗   m ∗ i  (   k  V 239 ,     𝜀  V 239 . 1 ) ·         V ˇ  239   f ∗   l ∗   n ∗   m ∗ i ∗ (   k  V 239 ,     𝜀  V 239 . 1 ) ]      V ˇ  239   f ∗   l ∗   n ∗   m ∗ 𝛴 (   k  V 239 ,     𝜀  V 239 . 1 ) ,


    k  V 239 ,     𝜀  V 239 . 2 )


      𝛼 ˇ  239   f ∗   l ∗   n ∗   m ∗ i ∗


    ∑  i = 1    I      f ∗   l ∗ n ∗   m ∗  [     𝛼 ˇ  239   f ∗   l ∗   n ∗   m ∗ i  (   k  V 239 ,     𝜀  V 239 . 1 ) ·       V ˇ  239   f ∗   l ∗   n ∗   m ∗ i ∗ (   k  V 239 ,     𝜀  V 239 . 1 ) ] ,      


      V ˇ  239   f ∗   l ∗   n ∗   m ∗ 𝛴 (   k  V 239 ,     𝜀  V 239 . 1 )


      V ˇ  238   f ∗   l ∗   n ∗   m ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 238 ,     𝜀  V 238 . 2 ) ] ,


      𝛼 ˇ  239   f ∗   l ∗   n ∗   m ∗ i  (   k  V 239 ,     𝜀  V 239 . 1 )


    k  V 239 ,     𝜀  V 239 . 1 )


      V ˇ  239   f ∗   l ∗   n ∗   m ∗ i ∗


    k  V 239 − 1 ,     𝜀  V 239 . 2   ) ,


      𝛼 ˇ  239   f ∗   l ∗   n ∗   m ∗ i  (   k  V 239 ,     𝜀  V 239 . 1 ) =     𝛼 ˇ  239   f ∗   l ∗   n ∗   m ∗ i ∗


      V ˇ  237   f ∗   l ∗   n ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 237 ,     𝜀  V 237 . 2 ) ] ,


    k  V 238 ,     𝜀  V 238 . 2 )


      𝛼 ˇ  238   f ∗   l ∗   n ∗ r ∗


      V ˇ  238   f ∗   l ∗   n ∗   m ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 238 ,     𝜀  V 238 . 2 ) ]


  [     𝛼 ˇ  238   f ∗   l ∗   n ∗   m ∗  (   k  V 238 ,     𝜀  V 238 . 1 ) ·         V ˇ  238   f ∗   l ∗   n ∗   m ∗ ∗ (   k  V 238 ,     𝜀  V 238 . 1 ) ]      V ˇ  238   f ∗   l ∗   n ∗ 𝛴 (   k  V 238 ,     𝜀  V 238 . 1 ) ,


    k  V 238 ,     𝜀  V 238 . 2 )


      𝛼 ˇ  238   f ∗   l ∗   n ∗ r ∗


    ∑    m ∗ = 1    M      f ∗   l ∗ n ∗ ∗  [     𝛼 ˇ  238   f ∗   l ∗   n ∗   m ∗  (   k  V 238 ,     𝜀  V 238 . 1 ) ·       V ˇ  238   f ∗   l ∗   n ∗   m ∗ ∗ (   k  V 238 ,     𝜀  V 238 . 1 ) ] ,      


      V ˇ  238   f ∗   l ∗   n ∗ 𝛴 (   k  V 238 ,     𝜀  V 238 . 1 )


      V ˇ  237   f ∗   l ∗   n ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 237 ,     𝜀  V 237 . 2 ) ] ,


      𝛼 ˇ  238   f ∗   l ∗   n ∗   m ∗  (   k  V 238 ,     𝜀  V 238 . 1 )


    k  V 238 ,     𝜀  V 238 . 1 )


      V ˇ  238   f ∗   l ∗   n ∗   m ∗ ∗


    k  V 238 − 1 ,     𝜀  V 238 . 2   ) ,


      𝛼 ˇ  238   f ∗   l ∗   n ∗   m ∗  (   k  V 238 ,     𝜀  V 238 . 1 ) =     𝛼 ˇ  238   f ∗   l ∗   n ∗   m ∗ ∗


      V ˇ  236   f ∗   l ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 236 ,     𝜀  V 236 . 2 ) ] ,


    k  V 237 ,     𝜀  V 237 . 2 )


      𝛼 ˇ  237   f ∗   l ∗   n ∗ ∗


      V ˇ  237   f ∗   l ∗   n ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 237 ,     𝜀  V 237 . 2 ) ]


  [     𝛼 ˇ  237   f ∗   l ∗   n ∗  (   k  V 237 ,     𝜀  V 237 . 1 ) ·   ·       V ˇ  237   f ∗   l ∗   n ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 237 ,     𝜀  V 237 . 1 ) ] ]      V ˇ  237   f ∗   l ∗ 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 237 ,     𝜀  V 237 . 1 ) ] ,


    k  V 237 ,     𝜀  V 237 . 2 )


      𝛼 ˇ  237   f ∗   l ∗   n ∗ ∗


    ∑    n ∗ = 1    N    f ∗   l ∗ ∗  [     𝛼 ˇ  237   f ∗   l ∗   n ∗  (   k  V 237 ,     𝜀  V 237 . 1 ) ·     V ˇ  237   f ∗   l ∗   n ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 237 ,     𝜀  V 237 . 1 ) ] ,      


      V ˇ  237   f ∗   l ∗ 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 237 ,     𝜀  V 237 . 1 ) ]


      V ˇ  236   f ∗   l ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 236 ,     𝜀  V 236 . 2 ) ] ,


      𝛼 ˇ  237   f ∗   l ∗   n ∗  (   k  V 237 ,     𝜀  V 237 . 1 )


      V ˇ  237   f ∗   l ∗   n ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 237 ,     𝜀  V 237 . 1 ) ]


    k  V 237 − 1 ,     𝜀  V 237 . 2   ) ,


      𝛼 ˇ  237   f ∗   l ∗   n ∗  (   k  V 237 ,     𝜀  V 237 . 1 ) =     𝛼 ˇ  237   f ∗   l ∗   n ∗ ∗


      V ˇ  235   f ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 235 ,     𝜀  V 235 . 2 ) ] ,


    k  V 236 ,     𝜀  V 236 . 2 )


      𝛼 ˇ  236   f ∗   l ∗ ∗


      V ˇ  236   f ∗   l ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 236 ,     𝜀  V 236 . 2 ) ]


  [     𝛼 ˇ  236   f ∗   l ∗  (   k  V 236 ,     𝜀  V 236 . 1 ) ·     ·       V ˇ    236 f ∗   l ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗ (   k  V 236 ,     𝜀  V 236 . 1 ) ] ]      V ˇ  236   f ∗ 𝛴 [   𝜆    f ∗   l ∗   n ∗   m ∗ (   k  V 236 ,     𝜀  V 236 . 1 ) ] ,


    k  V 236 ,     𝜀  V 236 . 2 )


      𝛼 ˇ  236   f ∗   l ∗ ∗


    ∑    l ∗ = 1    L    f ∗ ∗  [     𝛼 ˇ  236   f ∗   l ∗  (   k  V 236 ,     𝜀  V 236 . 1 ) ·       V ˇ    236 f ∗   l ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗ (   k  V 236 ,     𝜀  V 236 . 1 ) ] ] ,    


    k  V 236 ,     𝜀  V 236 . 1 ) ]


      V ˇ  236   f ∗ 𝛴 [   𝜆    f ∗   l ∗   n ∗   m ∗


      V ˇ  235   f ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 235 ,     𝜀  V 235 . 2 ) ] ,


        𝛼 ˇ  236   f ∗   l ∗  (   k  V 236 ,     𝜀  V 236 . 1 )


    k  V 236 ,     𝜀  V 236 . 1 ) ]


      V ˇ    236 f ∗   l ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗


    k  V 236 − 1 ,     𝜀  V 236 . 2   ) ,


      𝛼 ˇ  236   f ∗   l ∗  (   k  V 236 ,     𝜀  V 236 . 1 ) =     𝛼 ˇ  236   f ∗   l ∗ ∗


      V ^  229 . 18  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] ,


    k  V 235 ,     𝜀  V 235 . 2 )


      𝛼 ˇ  235   f ∗ ∗


      V ˇ  235   f ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 235 ,     𝜀  V 235 . 2 ) ]


  [     𝛼 ˇ  235   f ∗  (   k  V 235 ,     𝜀  V 235 . 1 ) ·       V ˇ  235   f ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 235 ,     𝜀  V 235 . 1 ) ] ]      V ˇ  235 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 235 ,     𝜀  V 235 . 1 ) ] ,


    k  V 235 ,     𝜀  V 235 . 2 )


      𝛼 ˇ  235   f ∗ ∗


    ∑    f ∗ = 1    F ∗  [     𝛼 ˇ  235   f ∗  (   k  V 235 ,     𝜀  V 235 . 1 ) ·     V ˇ  235   f ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 235 ,     𝜀  V 235 . 1 ) ] ] ,    


      V ˇ  235 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 235 ,     𝜀  V 235 . 1 ) ]


      V ^  229 . 18  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] ,


      𝛼 ˇ  235   f ∗  (   k  V 235 ,     𝜀  V 235 . 1 )


      V ˇ  235   f ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 235 ,     𝜀  V 235 . 1 ) ]


    k  V 235 − 1 ,     𝜀  V 235 . 2   ) ,


      𝛼 ˇ  235   f ∗  (   k  V 235 ,     𝜀  V 235 . 1 ) =     𝛼 ˇ  235   f ∗ ∗


  [     𝛼 ˇ  234   f ∗   l ∗   n ∗   m ∗ r  (   k  V 234 ,     𝜀  V 234 . 1 ) ·         V ˇ  234   f ∗   l ∗   n ∗   m ∗ r ∗ (   k  V 234 ,     𝜀  V 234 . 1 ) ]      V ˇ  234   f ∗   l ∗   n ∗   m ∗ 𝛴 (   k  V 234 ,     𝜀  V 234 . 1 ) ,


    k  V 234 ,     𝜀  V 234 . 1 )


      𝛼 ˇ  234   f ∗   l ∗   n ∗   m ∗ r ∗


    ∑  r = 1    R  V     f ∗   l ∗ n ∗   m ∗   I      f ∗   l ∗ n ∗   m ∗  [     𝛼 ˇ  234   f ∗   l ∗   n ∗   m ∗ r  (   k  V 234 ,     𝜀  V 234 . 1 ) ·       V ˇ  234   f ∗   l ∗   n ∗   m ∗ r ∗ (   k  V 234 ,     𝜀  V 234 . 1 ) ,      


      V ˇ  234   f ∗   l ∗   n ∗   m ∗ 𝛴 (   k  V 234 ,     𝜀  V 234 . 1 )


      V ˇ  233   f ∗   l ∗   n ∗   m ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 233 ,     𝜀  V 233 . 2 ) ] ,


      𝛼 ˇ  234   f ∗   l ∗   n ∗   m ∗ r  (   k  V 234 ,     𝜀  V 234 . 1 )


    k  V 234 ,     𝜀  V 234 . 1 )


      V ˇ  234   f ∗   l ∗   n ∗   m ∗ r ∗


    k  V 234 − 1 ,     𝜀  V 234 . 2   ) ,


      𝛼 ˇ  234   f ∗   l ∗   n ∗   m ∗ r  (   k  V 234 ,     𝜀  V 234 . 1 ) =     𝛼 ˇ  234   f ∗   l ∗   n ∗   m ∗ r ∗


      V ˇ  232   f ∗   l ∗   n ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 232 ,     𝜀  V 232 . 2 ) ] ,


    k  V 233 ,     𝜀  V 233 . 2 )


      𝛼 ˇ  233   f ∗   l ∗   n ∗   m ∗ ∗


      V ˇ  233   f ∗   l ∗   n ∗   m ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 233 ,     𝜀  V 233 . 2 ) ]


  [     𝛼 ˇ  233   f ∗   l ∗   n ∗   m ∗  (   k  V 233 ,     𝜀  V 233 . 1 ) ·         V ˇ  233   f ∗   l ∗   n ∗   m ∗ ∗ (   k  V 233 ,     𝜀  V 233 . 1 ) ]      V ˇ  233   f ∗   l ∗   n ∗ 𝛴 (   k  V 233 ,     𝜀  V 233 . 1 ) ,


    k  V 233 ,     𝜀  V 233 . 2 )


      𝛼 ˇ  233   f ∗   l ∗   n ∗   m ∗ ∗


    ∑    m ∗ = 1    M      f ∗   l ∗ n ∗ ∗  [     𝛼 ˇ  233   f ∗   l ∗   n ∗   m ∗  (   k  V 233 ,     𝜀  V 233 . 1 ) ·       V ˇ  233   f ∗   l ∗   n ∗   m ∗ ∗ (   k  V 233 ,     𝜀  V 233 . 1 ) ] ,      


      V ˇ  233   f ∗   l ∗   n ∗ 𝛴 (   k  V 233 ,     𝜀  V 233 . 1 )


      V ˇ  232   f ∗   l ∗   n ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 232 ,     𝜀  V 232 . 2 ) ] ,


      𝛼 ˇ  233   f ∗   l ∗   n ∗   m ∗  (   k  V 233 ,     𝜀  V 233 . 1 )


    k  V 233 ,     𝜀  V 233 . 1 )


      V ˇ  233   f ∗   l ∗   n ∗   m ∗ ∗


    k  V 233 − 1 ,     𝜀  V 233 . 2   ) ,


      𝛼 ˇ  233   f ∗   l ∗   n ∗   m ∗  (   k  V 233 ,     𝜀  V 233 . 1 ) =     𝛼 ˇ  233   f ∗   l ∗   n ∗   m ∗ ∗


      V ˇ  231   f ∗   l ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 231 ,     𝜀  V 231 . 2 ) ] ,


    k  V 232 ,     𝜀  V 232 . 2 )


      𝛼 ˇ  232   f ∗   l ∗   n ∗ ∗


      V ˇ  232   f ∗   l ∗   n ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 232 ,     𝜀  V 232 . 2 ) ]


  [     𝛼 ˇ  232   f ∗   l ∗   n ∗  (   k  V 232 ,     𝜀  V 232 . 1 ) ·   ·       V ˇ  232   f ∗   l ∗   n ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 232 ,     𝜀  V 232 . 1 ) ] ]      V ˇ  232   f ∗   l ∗ 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 232 ,     𝜀  V 232 . 1 ) ] ,


    k  V 232 ,     𝜀  V 232 . 2 )


      𝛼 ˇ  232   f ∗   l ∗   n ∗ ∗


    ∑    n ∗ = 1    N    f ∗   l ∗ ∗  [     𝛼 ˇ  232   f ∗   l ∗   n ∗  (   k  V 232 ,     𝜀  V 232 . 1 ) ·     V ˇ  232   f ∗   l ∗   n ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 232 ,     𝜀  V 232 . 1 ) ] ,      


      V ˇ  232   f ∗   l ∗ 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 232 ,     𝜀  V 232 . 1 ) ]


      V ˇ  231   f ∗   l ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 231 ,     𝜀  V 231 . 2 ) ] ,


      𝛼 ˇ  232   f ∗   l ∗   n ∗  (   k  V 232 ,     𝜀  V 232 . 1 )


      V ˇ  232   f ∗   l ∗   n ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 232 ,     𝜀  V 232 . 1 ) ]


    k  V 232 − 1 ,     𝜀  V 232 . 2   ) ,


      𝛼 ˇ  232   f ∗   l ∗   n ∗  (   k  V 232 ,     𝜀  V 232 . 1 ) =     𝛼 ˇ  232   f ∗   l ∗   n ∗ ∗


      V ˇ  230   f ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 230 ,     𝜀  V 230 . 2 ) ] ,


    k  V 231 ,     𝜀  V 231 . 2 )


      𝛼 ˇ  231   f ∗   l ∗ ∗


      V ˇ  231   f ∗   l ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 231 ,     𝜀  V 231 . 2 ) ]


  [     𝛼 ˇ  231   f ∗   l ∗  (   k  V 231 ,     𝜀  V 231 . 1 ) ·     ·       V ˇ    231 f ∗   l ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗ (   k  V 231 ,     𝜀  V 231 . 1 ) ] ]      V ˇ  231   f ∗ 𝛴 [   𝜆    f ∗   l ∗   n ∗   m ∗ (   k  V 231 ,     𝜀  V 231 . 1 ) ] ,


    k  V 231 ,     𝜀  V 231 . 2 )


      𝛼 ˇ  231   f ∗   l ∗ ∗


    ∑    l ∗ = 1    L    f ∗ ∗  [     𝛼 ˇ  231   f ∗   l ∗  (   k  V 231 ,     𝜀  V 231 . 1 ) ·       V ˇ    231 f ∗   l ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗ (   k  V 231 ,     𝜀  V 231 . 1 ) ] ] ,    


    k  V 231 ,     𝜀  V 231 . 1 ) ]


      V ˇ  231   f ∗ 𝛴 [   𝜆    f ∗   l ∗   n ∗   m ∗


      V ˇ  230   f ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 230 ,     𝜀  V 230 . 2 ) ] ,


        𝛼 ˇ  231   f ∗   l ∗  (   k  V 231 ,     𝜀  V 231 . 1 )


    k  V 231 ,     𝜀  V 231 . 1 ) ]


      V ˇ    231 f ∗   l ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗


    k  V 231 − 1 ,     𝜀  V 231 . 2   ) ,


      𝛼 ˇ  231   f ∗   l ∗  (   k  V 231 ,     𝜀  V 231 . 1 ) =     𝛼 ˇ  231   f ∗   l ∗ ∗


      V ^  229 . 17  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] ,


    k  V 230 ,     𝜀  V 230 . 2 )


      𝛼 ˇ  230   f ∗ ∗


      V ˇ  230   f ∗  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 230 ,     𝜀  V 230 . 2 ) ]


  [     𝛼 ˇ  230   f ∗  (   k  V 230 ,     𝜀  V 230 . 1 ) ·       V ˇ  230   f ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 230 ,     𝜀  V 230 . 1 ) ] ]      V ˇ  230 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 230 ,     𝜀  V 230 . 1 ) ] ,


    k  V 230 ,     𝜀  V 230 . 2 )


      𝛼 ˇ  230   f ∗ ∗


    ∑    f ∗ = 1    F ∗  [     𝛼 ˇ  230   f ∗  (   k  V 230 ,     𝜀  V 230 . 1 ) ·     V ˇ  230   f ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 230 ,     𝜀  V 230 . 1 ) ] ] ,    


      V ˇ  230 𝛴  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 230 ,     𝜀  V 230 . 1 ) ]


      V ^  229 . 17  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 187 ,     𝜀  V 187 . 2   ) ] ,


      𝛼 ˇ  230   f ∗  (   k  V 230 ,     𝜀  V 230 . 1 )


      V ˇ  230   f ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 230 ,     𝜀  V 230 . 1 ) ]


    k  V 230 − 1 ,     𝜀  V 230 . 2   ) ,


      𝛼 ˇ  230   f ∗  (   k  V 230 ,     𝜀  V 230 . 1 ) =     𝛼 ˇ  230   f ∗ ∗


  ∆     V ^  229 𝛴 𝜋  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] +     V ^ 217  ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 217 ,     𝜀  V 217 . 2 ) ] ,


      V ^  229 . 19  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] =       𝛼 ^  229 . 19 ∗ (   k  V 229 ,     𝜀  V 229 . 2   ) ·


      V ^  229 . 18  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] =       𝛼 ^  229 . 18 ∗ (   k  V 229 ,     𝜀  V 229 . 2   ) · ∆     V ^  229 𝛴 𝜋  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] +     V ^ 222  ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 222 ,     𝜀  V 222 . 2 ) ] ,


      V ^ 210  ∗ ∗ (   k  V 210 ,     𝜀  V 210 . 2 ) ] ,


    k  V 229 ,     𝜀  V 229 . 2   ) · ∆     V ^  229 𝛴 𝜋  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] +


      V ^  229 . 17  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] =       𝛼 ^  229 . 17 ∗


  ∆     V ^  229 𝛴 𝜋  ∗ ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 2   ) ] =   ∑  𝜋 = 17 19      𝛼 ^  229 . 𝜋 ∗ (   k  V 229 ,     𝜀  V 229 . 2   ) · ∆     V ^  229 . 𝜋  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 1   ) ] ,  


      𝛼 ^  229 . 𝜋  (   k  V 229 ,     𝜀  V 229 . 1   ) · ∆     V ^  229 . 𝜋  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 1   ) ] ] / ∆     V ^  229 𝛴 𝜋  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 1   ) ]


    k  V 229 ,     𝜀  V 229 . 2   )


      𝛼 ^  229 . 𝜋 ∗


    ∑  𝜋 = 17 19      𝛼 ^  229 . 𝜋  (   k  V 229 ,     𝜀  V 229 . 1   ) · ∆     V ^  229 . 𝜋  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 1   ) ] ,  


  ∆     V ^  229 𝛴 𝜋  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 1   ) ]


  ∆     V ^  229 . 𝜋  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 1   ) ] /   ∑  𝜋 = 17 19  ∆     V ^  229 . 𝜋  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 1   ) ] ] ,  


      𝛼 ^  229 . 𝜋  (   k  V 229 ,     𝜀  V 229 . 1   )


  ∆     V ^  229 . 19  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 1   ) ] =     V ^ 228  ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 228 ,     𝜀  V 228 . 2 ) ] −     V ^ 217  ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 217 ,     𝜀  V 217 . 2 ) ] ,


  ∆     V ^  229 . 18  ∗ ∗  [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 229 ,     𝜀  V 229 . 1   ) ] =     V ^ 217  ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 217 ,     𝜀  V 217 . 2 ) ] −     V ^ 222  ∗ ∗ [   𝜆    f ∗   l ∗   n ∗   m ∗  (   k  V 222 ,     𝜀  V 222 . 2 ) ] ,


  ∆     V ^  229 . 17  ∗ ∗  (   k  V 229 ,     𝜀  V 229 . 1   ) =     V ^ 206  ∗ ∗ (   k  V 206 ,     𝜀  V 206 . 2 ) ] −     V ^ 210  ∗ ∗ (   k  V 210 ,     𝜀  V 210 . 2 ) ] ,


    ∑    f ∗ = 1    F ∗   [     𝛼 ^  228   f ∗ ∗  (   k  V 228 ,     𝜀  V 228 . 2 ) ·     V ^  227   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 227 ,     𝜀  V 227 . 2 ) ] ] ,    


      V ^ 228  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗   k  V 228 ,     𝜀  V 228 . 2 ]


  ·         V ^  227   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 227 ,     𝜀  V 227 . 2 ) ] ]      V ^  228 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 228 ,     𝜀  V 228 . 1 ) ] ,


  [     𝛼 ^  228   f ∗  (   k  V 228 ,     𝜀  V 228 . 1 ) ·


      𝛼 ^  228   f ∗ ∗  (   k  V 228 ,     𝜀  V 228 . 2 )


    ∑    f ∗ = 1    F ∗      𝛼 ^  228   f ∗  (   k  V 228 ,     𝜀  V 228 . 1 ) ·     V ^  227   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 227 ,     𝜀  V 227 . 2 ) ] ] ,    


      V ^  228 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 228 ,     𝜀  V 228 . 1 ) ]


    k  V 228 − 1 ,     𝜀  V 228 . 2 )


        𝛼 ^  228   f ∗ ∗


      𝛼 ^  228   f ∗  (   k  V 228 ,     𝜀  V 228 . 1 )  


    ∑    l ∗ = 1    L    f ∗ ∗   [     𝛼 ^  227   f ∗   l ∗ ∗ (   k  V 227 ,     𝜀  V 227 . 2 ) ·     V ^  226   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 226 ,     𝜀  V 226 . 2 ) ] ] ,    


      V ^  227   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 227 ,     𝜀  V 227 . 2 ) ]


  ·           V ^  226   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 226 ,     𝜀  V 226 . 2 ) ] ]      V ^  227   f ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 227 ,     𝜀  V 227 . 1 ) ]   ,


  [     𝛼 ^  227   f ∗   l ∗  (   k  V 227 ,     𝜀  V 227 . 1 ) ·


    k  V 227 ,     𝜀  V 227 . 2 )


      𝛼 ^  227   f ∗   l ∗ ∗


    ∑      l ∗ = 1    L    f ∗ ∗   [     𝛼 ^  227   f ∗   l ∗  (   k  V 227 ,     𝜀  V 227 . 1 ) ·       V ^  226   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 226 ,     𝜀  V 226 . 2 ) ] ] ,    


      V ^  227   f ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 227 ,     𝜀  V 227 . 1 ) ]


    k  V 227 − 1 ,     𝜀  V 227 . 2 )


        𝛼 ^  227   f ∗   l ∗ ∗


      𝛼 ^  227   f ∗   l ∗  (   k  V 227 ,     𝜀  V 227 . 1 )  


    ∑        n ∗ = 1    N    f ∗   l ∗ ∗   [     𝛼 ^  226   f ∗   l ∗   n ∗ ∗ (   k  V 226 ,     𝜀  V 226 . 2 ) ·       V ^  225   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 225 ,     𝜀  V 225 . 2 ) ] ] ,    


      V ^  226   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 226 ,     𝜀  V 226 . 2 ) ]


  ·         V ^  225   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 225 ,     𝜀  V 225 . 2 ) ] ]      V ^  226   f ∗   l ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 226 ,     𝜀  V 226 . 1 ) ] ,


  [     𝛼 ^  226   f ∗   l ∗   n ∗  (   k  V 226 ,     𝜀  V 226 . 1 ) ·


    k  V 226 ,     𝜀  V 226 . 2 )


      𝛼 ^  226   f ∗   l ∗   n ∗ ∗


    ∑          n ∗ = 1    N    f ∗   l ∗ ∗   [     𝛼 ^  226   f ∗   l ∗   n ∗  (   k  V 226 ,     𝜀  V 226 . 1 )   ·       V ^  225   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 225 ,     𝜀  V 225 . 2 ) ] ] ,    


      V ^  226   f ∗   l ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 226 ,     𝜀  V 226 . 1 ) ]


    k  V 226 − 1 ,     𝜀  V 226 . 2 )


        𝛼 ^  226   f ∗   l ∗   n ∗ ∗


      𝛼 ^  226   f ∗   l ∗   n ∗  (   k  V 226 ,     𝜀  V 226 . 1 )  


    ∑        m ∗ = 1    M      f ∗   l ∗ n ∗ ∗  [     𝛼 ^  225   f ∗   l ∗   n ∗   m ∗ ∗ (   k  V 225 ,     𝜀  V 225 . 2 ) ·       V ^  224     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 224 ,     𝜀  V 224 . 2 ) ] ] ,    


      V ^  225   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 225 ,     𝜀  V 225 . 2 ) ]


  ·         V ^  224     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 224 ,     𝜀  V 224 . 2 ) ] ]      V ^  225   f ∗   l ∗   n ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 225 ,     𝜀  V 225 . 1 ) ]   ,


  [     𝛼 ^  225   f ∗   l ∗   n ∗   m ∗  (   k  V 225 ,     𝜀  V 225 . 1 ) ·


    k  V 225 ,     𝜀  V 225 . 2 )


      𝛼 ^  225   f ∗   l ∗   n ∗   m ∗ ∗


    ∑        m ∗ = 1    M      f ∗   l ∗ n ∗ ∗   [     𝛼 ^  225   f ∗   l ∗   n ∗   m ∗  (   k  V 225 ,     𝜀  V 225 . 1 ) ·     V ^  224     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 224 ,     𝜀  V 224 . 2 ) ] ] ,    


      V ^  225   f ∗   l ∗   n ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 225 ,     𝜀  V 225 . 1 ) ]


    k  V 225 − 1 ,     𝜀  V 225 . 2 )


        𝛼 ^  225   f ∗   l ∗   n ∗   m ∗ ∗


      𝛼 ^  225   f ∗   l ∗   n ∗   m ∗  (   k  V 225 ,     𝜀  V 225 . 1 )  


    ∑  i = 1    I      f ∗   l ∗ n ∗   m ∗   [     𝛼 ^  224     f ∗   l ∗ n ∗   m ∗ i ∗ (   k  V 224 ,     𝜀  V 224 . 2 ) ·     V ^  223     f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 223 ,     𝜀  V 223 . 2   ) ] ] ,    


      V ^  224     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 224 ,     𝜀  V 224 . 2 ) ]


  [     𝛼 ^  224     f ∗   l ∗ n ∗   m ∗ i  (   k  V 224 ,     𝜀  V 224 . 1 ) ·         V ^  223     f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 223 ,     𝜀  V 223 . 2   ) ] ]      V ^  224     f ∗   l ∗ n ∗   m ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 224 ,     𝜀  V 224 . 1 ) ] ,


    k  V 224 ,     𝜀  V 224 . 2 )


      𝛼 ^  224     f ∗   l ∗ n ∗   m ∗ i ∗


    ∑  i = 1    I      f ∗   l ∗ n ∗   m ∗      𝛼 ^  224     f ∗   l ∗ n ∗   m ∗ i  (   k  V 224 ,     𝜀  V 224 . 1 ) ·       V ^  223     f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 223 ,     𝜀  V 223 . 2   ) ] ] ,    


      V ^  224     f ∗   l ∗ n ∗   m ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 224 ,     𝜀  V 224 . 1 ) ]


    k  V 224 − 1 ,     𝜀  V 224 . 2 )


        𝛼 ^  224     f ∗   l ∗ n ∗   m ∗ i ∗


      𝛼 ^  224     f ∗   l ∗ n ∗   m ∗ i  (   k  V 224 ,     𝜀  V 224 . 1 )  


    ·     V ˇ  211     f ∗   l ∗ n ∗   m ∗ i r  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗ (   k  V 211 ,     𝜀  V 211 . 2   ) ] ]


    ∑  r = 1    R  V     f ∗   l ∗ n ∗   m ∗   I      f ∗   l ∗ n ∗   m ∗  [     𝛼 ^  223     f ∗   l ∗ n ∗   m ∗ i r  ∗ ∗ (   k  V 223 ,     𝜀  V 223 . 2   ) ·


      V ^  223     f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 223 ,     𝜀  V 223 . 2   ) ]


    ·     V ˇ  211     f ∗   l ∗ n ∗   m ∗ i r  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗ (   k  V 211 ,     𝜀  V 211 . 2   ) ] ]      V ^  223     f ∗   l ∗ n ∗   m ∗ i 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 223 ,     𝜀  V 223 . 1   ) ] ,


  [     𝛼 ˇ  201   f ∗   l ∗   n ∗   m ∗ r ∗ (   k  V 201 ,     𝜀  V 201 . 2 ) ·


    k  V 223 ,     𝜀  V 223 . 2   )  


      𝛼 ^  223     f ∗   l ∗ n ∗   m ∗ i r  ∗ ∗


    ∑  r = 1    R  V     f ∗   l ∗ n ∗   m ∗   I      f ∗   l ∗ n ∗   m ∗  [     𝛼 ˇ  201   f ∗   l ∗   n ∗   m ∗ r ∗ (   k  V 201 ,     𝜀  V 201 . 2 ) ·             V ˇ  211     f ∗   l ∗ n ∗   m ∗ i r  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗ (   k  V 211 ,     𝜀  V 211 . 2   ) ] ] ,    


      V ^  223     f ∗   l ∗ n ∗   m ∗ i 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 223 ,     𝜀  V 223 . 1   ) ]


    ∑    f ∗ = 1    F ∗   [     𝛼 ^  222   f ∗ ∗  (   k  V 222 ,     𝜀  V 222 . 2 ) ·     V ^  221   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 221 ,     𝜀  V 221 . 2 ) ] ] ,    


      V ^ 222  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 222 ,     𝜀  V 222 . 2 ) ]


  ·         V ^  221   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 221 ,     𝜀  V 221 . 2 ) ] ]      V ^  222 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 222 ,     𝜀  V 222 . 1 ) ] ,


  [     𝛼 ^  222   f ∗  (   k  V 222 ,     𝜀  V 222 . 1 ) ·


      𝛼 ^  222   f ∗ ∗  (   k  V 222 ,     𝜀  V 222 . 2 )


    ∑    f ∗ = 1    F ∗      𝛼 ^  222   f ∗  (   k  V 222 ,     𝜀  V 222 . 1 ) ·       V ^  221   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 221 ,     𝜀  V 221 . 2 ) ] ] ,    


      V ^  222 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 222 ,     𝜀  V 222 . 1 ) ]


    k  V 222 − 1 ,     𝜀  V 222 . 2 )


        𝛼 ^  222   f ∗ ∗


      𝛼 ^  222   f ∗  (   k  V 222 ,     𝜀  V 222 . 1 )  


    ∑    l ∗ = 1    L    f ∗ ∗   [     𝛼 ^  221   f ∗   l ∗ ∗ (   k  V 221 ,     𝜀  V 221 . 2 ) ·     V ^  220   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 220 ,     𝜀  V 220 . 2 ) ] ] ,    


      V ^  221   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 221 ,     𝜀  V 221 . 2 ) ]


  ·           V ^  220   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 220 ,     𝜀  V 220 . 2 ) ] ]      V ^  221   f ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 221 ,     𝜀  V 221 . 1 ) ]   ,


  [     𝛼 ^  221   f ∗   l ∗  (   k  V 221 ,     𝜀  V 221 . 1 ) ·


    k  V 221 ,     𝜀  V 221 . 2 )


      𝛼 ^  221   f ∗   l ∗ ∗


    ∑      l ∗ = 1    L    f ∗ ∗   [     𝛼 ^  221   f ∗   l ∗  (   k  V 221 ,     𝜀  V 221 . 1 ) ·       V ^  220   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 220 ,     𝜀  V 220 . 2 ) ] ] ,    


      V ^  221   f ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 221 ,     𝜀  V 221 . 1 ) ]


    k  V 221 − 1 ,     𝜀  V 221 . 2 )


        𝛼 ^  221   f ∗   l ∗ ∗


      𝛼 ^  221   f ∗   l ∗  (   k  V 221 ,     𝜀  V 221 . 1 )  


    ∑        n ∗ = 1    N    f ∗   l ∗ ∗   [     𝛼 ^  220   f ∗   l ∗   n ∗ ∗ (   k  V 220 ,     𝜀  V 220 . 2 ) ·       V ^  219   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗   k  V 219 ,     𝜀  V 219 . 2 ] ] ,    


      V ^  220   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 220 ,     𝜀  V 220 . 2 ) ]


  ·         V ^  219   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗   k  V 219 ,     𝜀  V 219 . 2 ] ]      V ^  220   f ∗   l ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 220 ,     𝜀  V 220 . 1 ) ] ,


  [     𝛼 ^  220   f ∗   l ∗   n ∗  (   k  V 220 ,     𝜀  V 220 . 1 ) ·


    k  V 220 ,     𝜀  V 220 . 2 )


      𝛼 ^  220   f ∗   l ∗   n ∗ ∗


    ∑          n ∗ = 1    N    f ∗   l ∗ ∗   [     𝛼 ^  220   f ∗   l ∗   n ∗  (   k  V 220 ,     𝜀  V 220 . 1 )   ·       V ^  219   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗   k  V 219 ,     𝜀  V 219 . 2 ] ] ,    


      V ^  220   f ∗   l ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 220 ,     𝜀  V 220 . 1 ) ]


    k  V 220 − 1 ,     𝜀  V 220 . 2 )


        𝛼 ^  220   f ∗   l ∗   n ∗ ∗


      𝛼 ^  220   f ∗   l ∗   n ∗  (   k  V 220 ,     𝜀  V 220 . 1 )  


    ∑        m ∗ = 1    M      f ∗   l ∗ n ∗ ∗  [     𝛼 ^  219   f ∗   l ∗   n ∗   m ∗ ∗ (   k  V 219 ,     𝜀  V 219 . 2 ) ·       V ^  218     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 218 ,     𝜀  V 218 . 2 ) ] ] ,    


      V ^  219   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗   k  V 219 ,     𝜀  V 219 . 2 ]


  ·         V ^  218     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 218 ,     𝜀  V 218 . 2 ) ] ]      V ^  219   f ∗   l ∗   n ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 219 ,     𝜀  V 219 . 1 ) ]   ,


  [     𝛼 ^  219   f ∗   l ∗   n ∗   m ∗  (   k  V 219 ,     𝜀  V 219 . 1 ) ·


    k  V 219 ,     𝜀  V 219 . 2 )


      𝛼 ^  219   f ∗   l ∗   n ∗   m ∗ ∗


    ∑        m ∗ = 1    M      f ∗   l ∗ n ∗ ∗   [     𝛼 ^  219   f ∗   l ∗   n ∗   m ∗  (   k  V 219 ,     𝜀  V 219 . 1 ) ·     V ^  218     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 218 ,     𝜀  V 218 . 2 ) ] ] ,    


      V ^  219   f ∗   l ∗   n ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 219 ,     𝜀  V 219 . 1 ) ]


    k  V 219 − 1 ,     𝜀  V 219 . 2 )


        𝛼 ^  219   f ∗   l ∗   n ∗   m ∗ ∗


      𝛼 ^  219   f ∗   l ∗   n ∗   m ∗  (   k  V 219 ,     𝜀  V 219 . 1 )  


    ∑  i = 1    I      f ∗   l ∗ n ∗   m ∗   [     𝛼 ^  218     f ∗   l ∗ n ∗   m ∗ i ∗ (   k  V 218 ,     𝜀  V 218 . 2 ) ·     V ^  43     f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 43 ,     𝜀  V 43 . 2 ) ] ] ,    


      V ^  218     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 218 ,     𝜀  V 218 . 2 ) ]


  [     𝛼 ^  218     f ∗   l ∗ n ∗   m ∗ i  (   k  V 218 ,     𝜀  V 218 . 1 ) ·         V ^  43     f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 43 ,     𝜀  V 43 . 2 ) ] ]      V ^  218     f ∗   l ∗ n ∗   m ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 218 ,     𝜀  V 218 . 1 ) ] ,


    k  V 218 ,     𝜀  V 218 . 2 )


      𝛼 ^  218     f ∗   l ∗ n ∗   m ∗ i ∗


    ∑  i = 1    I      f ∗   l ∗ n ∗   m ∗      𝛼 ^  218     f ∗   l ∗ n ∗   m ∗ i  (   k  V 218 ,     𝜀  V 218 . 1 ) ·       V ^  43     f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 43 ,     𝜀  V 43 . 2 ) ] ] ,    


      V ^  218     f ∗   l ∗ n ∗   m ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 218 ,     𝜀  V 218 . 1 ) ]


    k  V 218 − 1 ,     𝜀  V 218 . 2 )


        𝛼 ^  218     f ∗   l ∗ n ∗   m ∗ i ∗


      𝛼 ^  218     f ∗   l ∗ n ∗   m ∗ i  (   k  V 218 ,     𝜀  V 218 . 1 )  


    ∑    f ∗ = 1    F ∗   [     𝛼 ^  217   f ∗ ∗  (   k  V 217 ,     𝜀  V 217 . 2 ) ·     V ^  216   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 216 ,     𝜀  V 216 . 2 ) ] ] ,    


      V ^ 217  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 217 ,     𝜀  V 217 . 2 ) ]


  ·         V ^  216   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 216 ,     𝜀  V 216 . 2 ) ] ]      V ^  217 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 217 ,     𝜀  V 217 . 1 ) ] ,


  [     𝛼 ^  217   f ∗  (   k  V 217 ,     𝜀  V 217 . 1 ) ·


      𝛼 ^  217   f ∗ ∗  (   k  V 217 ,     𝜀  V 217 . 2 )


    ∑    f ∗ = 1    F ∗      𝛼 ^  217   f ∗  (   k  V 217 ,     𝜀  V 217 . 1 ) ·       V ^  216   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 216 ,     𝜀  V 216 . 2 ) ] ] ,    


      V ^  217 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 217 ,     𝜀  V 217 . 1 ) ]


    k  V 217 − 1 ,     𝜀  V 217 . 2 )


        𝛼 ^  217   f ∗ ∗


      𝛼 ^  217   f ∗  (   k  V 217 ,     𝜀  V 217 . 1 )  


    ∑    l ∗ = 1    L    f ∗ ∗   [     𝛼 ^  216   f ∗   l ∗ ∗ (   k  V 216 ,     𝜀  V 216 . 2 ) ·     V ^  215   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 215 ,     𝜀  V 215 . 2 ) ] ] ,    


      V ^  216   f ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 216 ,     𝜀  V 216 . 2 ) ]


  ·           V ^  215   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 215 ,     𝜀  V 215 . 2 ) ] ]      V ^  216   f ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 216 ,     𝜀  V 216 . 1 ) ]   ,


  [     𝛼 ^  216   f ∗   l ∗  (   k  V 216 ,     𝜀  V 216 . 1 ) ·


    k  V 216 ,     𝜀  V 216 . 2 )


      𝛼 ^  216   f ∗   l ∗ ∗


    ∑      l ∗ = 1    L    f ∗ ∗   [     𝛼 ^  216   f ∗   l ∗  (   k  V 216 ,     𝜀  V 216 . 1 ) ·       V ^  215   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 215 ,     𝜀  V 215 . 2 ) ] ] ,    


      V ^  216   f ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 216 ,     𝜀  V 216 . 1 ) ]


    k  V 216 − 1 ,     𝜀  V 216 . 2 )


        𝛼 ^  216   f ∗   l ∗ ∗


      𝛼 ^  216   f ∗   l ∗  (   k  V 216 ,     𝜀  V 216 . 1 )  


    ∑        n ∗ = 1    N    f ∗   l ∗ ∗   [     𝛼 ^  215   f ∗   l ∗   n ∗ ∗ (   k  V 215 ,     𝜀  V 215 . 2 ) ·       V ^  214   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 214 ,     𝜀  V 214 . 2 ) ] ] ,    


      V ^  215   f ∗   l ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 215 ,     𝜀  V 215 . 2 ) ]


  ·         V ^  214   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 214 ,     𝜀  V 214 . 2 ) ] ]      V ^  215   f ∗   l ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 215 ,     𝜀  V 215 . 1 ) ] ,


  [     𝛼 ^  215   f ∗   l ∗   n ∗  (   k  V 215 ,     𝜀  V 215 . 1 ) ·


    k  V 215 ,     𝜀  V 215 . 2 )


      𝛼 ^  215   f ∗   l ∗   n ∗ ∗


    ∑          n ∗ = 1    N    f ∗   l ∗ ∗   [     𝛼 ^  215   f ∗   l ∗   n ∗  (   k  V 215 ,     𝜀  V 215 . 1 )   ·       V ^  214   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 214 ,     𝜀  V 214 . 2 ) ] ] ,    


      V ^  215   f ∗   l ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 215 ,     𝜀  V 215 . 1 ) ]


    k  V 215 − 1 ,     𝜀  V 215 . 2 )


        𝛼 ^  215   f ∗   l ∗   n ∗ ∗


      𝛼 ^  215   f ∗   l ∗   n ∗  (   k  V 215 ,     𝜀  V 215 . 1 )  


    ∑        m ∗ = 1    M      f ∗   l ∗ n ∗ ∗  [     𝛼 ^  214   f ∗   l ∗   n ∗   m ∗ ∗ (   k  V 214 ,     𝜀  V 214 . 2 ) ·       V ^  213     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 212 ,     𝜀  V 212 . 2 ) ] ] ,    


      V ^  214   f ∗   l ∗   n ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 214 ,     𝜀  V 214 . 2 ) ]


  ·         V ^  213     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 212 ,     𝜀  V 212 . 2 ) ] ]      V ^  214   f ∗   l ∗   n ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 214 ,     𝜀  V 214 . 1 ) ]   ,


  [     𝛼 ^  214   f ∗   l ∗   n ∗   m ∗  (   k  V 214 ,     𝜀  V 214 . 1 ) ·


    k  V 214 ,     𝜀  V 214 . 2 )


      𝛼 ^  214   f ∗   l ∗   n ∗   m ∗ ∗


    ∑        m ∗ = 1    M      f ∗   l ∗ n ∗ ∗   [     𝛼 ^  214   f ∗   l ∗   n ∗   m ∗  (   k  V 214 ,     𝜀  V 214 . 1 ) ·     V ^  213     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 212 ,     𝜀  V 212 . 2 ) ] ] ,    


      V ^  214   f ∗   l ∗   n ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 214 ,     𝜀  V 214 . 1 ) ]


    k  V 214 − 1 ,     𝜀  V 214 . 2 )


        𝛼 ^  214   f ∗   l ∗   n ∗   m ∗ ∗


      𝛼 ^  214   f ∗   l ∗   n ∗   m ∗  (   k  V 214 ,     𝜀  V 214 . 1 )  


    ∑  i = 1    I      f ∗   l ∗ n ∗   m ∗   [     𝛼 ^  213     f ∗   l ∗ n ∗   m ∗ i ∗ (   k  V 213 ,     𝜀  V 213 . 2 ) ·     V ^  212     f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 212 ,     𝜀  V 212 . 2 ) ] ] ,    


      V ^  213     f ∗   l ∗ n ∗   m ∗  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 212 ,     𝜀  V 212 . 2 ) ]


  [     𝛼 ^  213     f ∗   l ∗ n ∗   m ∗ i  (   k  V 213 ,     𝜀  V 213 . 1 ) ·         V ^  212     f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 212 ,     𝜀  V 212 . 2 ) ] ]      V ^  213     f ∗   l ∗ n ∗   m ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 213 ,     𝜀  V 213 . 1 ) ] ,


    k  V 213 ,     𝜀  V 213 . 2 )


      𝛼 ^  213     f ∗   l ∗ n ∗   m ∗ i ∗


    ∑  i = 1    I      f ∗   l ∗ n ∗   m ∗      𝛼 ^  213     f ∗   l ∗ n ∗   m ∗ i  (   k  V 213 ,     𝜀  V 213 . 1 ) ·       V ^  212     f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 212 ,     𝜀  V 212 . 2 ) ] ] ,    


      V ^  213     f ∗   l ∗ n ∗   m ∗ 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 213 ,     𝜀  V 213 . 1 ) ]


    k  V 213 − 1 ,     𝜀  V 213 . 2 )


        𝛼 ^  213     f ∗   l ∗ n ∗   m ∗ i ∗


      𝛼 ^  213     f ∗   l ∗ n ∗   m ∗ i  (   k  V 213 ,     𝜀  V 213 . 1 )  


    ∑  r = 1    R  V     f ∗   l ∗ n ∗   m ∗   I      f ∗   l ∗ n ∗   m ∗  [     𝛼 ^  212     f ∗   l ∗ n ∗   m ∗ i r ∗ (   k  V 212 ,     𝜀  V 212 . 2 ) ·       V ˇ  211     f ∗   l ∗ n ∗   m ∗ i r  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗ (   k  V 211 ,     𝜀  V 211 . 2   ) ] ] ,    


      V ^  212     f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 212 ,     𝜀  V 212 . 2 ) ]


          V ˇ  211     f ∗   l ∗ n ∗   m ∗ i r  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗ (   k  V 211 ,     𝜀  V 211 . 2   ) ] ]      V ^  212     f ∗   l ∗ n ∗   m ∗ i 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 212 ,     𝜀  V 212 . 1 ) ] ,


  [     𝛼 ^  212     f ∗   l ∗ n ∗   m ∗ i r  (   k  V 212 ,     𝜀  V 212 . 1 ) ·


    k  V 212 ,     𝜀  V 212 . 2 )


      𝛼 ^  212     f ∗   l ∗ n ∗   m ∗ i r ∗


    ∑  r = 1    R  V     f ∗   l ∗ n ∗   m ∗   I      f ∗   l ∗ n ∗   m ∗   [     𝛼 ^  212     f ∗   l ∗ n ∗   m ∗ i r  (   k  V 212 ,     𝜀  V 212 . 1 ) ·     V ˇ  211     f ∗   l ∗ n ∗   m ∗ i r  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗ (   k  V 211 ,     𝜀  V 211 . 2   ) ] ] ,    


      V ^  212     f ∗   l ∗ n ∗   m ∗ i 𝛴 ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 212 ,     𝜀  V 212 . 1 ) ]


    k  V 212 − 1 ,     𝜀  V 212 . 2 )


        𝛼 ^  212     f ∗   l ∗ n ∗   m ∗ i r ∗


      𝛼 ^  212     f ∗   l ∗ n ∗   m ∗ i r  (   k  V 212 ,     𝜀  V 212 . 1 )  


    k  V 211 ,     𝜀  V 211 . 2   ) ·     V ^      43 f ∗   l ∗ n ∗   m ∗ i  ∗ ∗  [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 43 ,     𝜀  V 43 . 1 ) ] ,


        𝛼 ˇ  211     f ∗   l ∗ n ∗   m ∗ i r ∗


      V ˇ  211     f ∗   l ∗ n ∗   m ∗ i r  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗ (   k  V 211 ,     𝜀  V 211 . 2   ) ]


    ·       V ˇ  211     f ∗   l ∗ n ∗   m ∗ i r ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗ (   k  V 211 ,     𝜀  V 211 . 1   ) ] ]      V ˇ  211     f ∗   l ∗ n ∗   m ∗ i 𝛴  [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 211 ,     𝜀  V 211 . 1   ) ] ,


  [     𝛼 ˇ  211     f ∗   l ∗ n ∗   m ∗ i r  (   k  V 211 ,     𝜀  V 211 . 1   ) ·


    k  V 211 ,     𝜀  V 211 . 2   )  


      𝛼 ˇ  211     f ∗   l ∗ n ∗   m ∗ i r ∗


    k  V 211 ,     𝜀  V 211 . 1   ) ] ] ,


  ·     V ˇ  211     f ∗   l ∗ n ∗   m ∗ i r ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗


    ∑  r = 1    R  V     f ∗   l ∗ n ∗   m ∗   I      f ∗   l ∗ n ∗   m ∗  [     𝛼 ˇ  211     f ∗   l ∗ n ∗   m ∗ i r  (   k  V 211 ,     𝜀  V 211 . 1   ) ·


      V ˇ  211     f ∗   l ∗ n ∗   m ∗ i 𝛴  [   𝜆      f ∗   l ∗ n ∗   m ∗  (   k  V 211 ,     𝜀  V 211 . 1   ) ]


      V ^      43 f ∗   l ∗ n ∗   m ∗ i  ∗ ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗ (   k  V 43 ,     𝜀  V 43 . 1 ) ] ,


      𝛼 ˇ  211     f ∗   l ∗ n ∗   m ∗ i r  (   k  V 211 ,     𝜀  V 211 . 1   )


   


    k  V 211 ,     𝜀  V 211 . 1   ) ]  


      V ˇ  211     f ∗   l ∗ n ∗   m ∗ i r ∗ [   𝜆      f ∗   l ∗ n ∗   m ∗


    k  V 211 − 1 ,     𝜀  V 211 . 2   ) ,


      𝛼 ˇ  211     f ∗   l ∗ n ∗   m ∗ i r  (   k  V 211 ,     𝜀  V 211 . 1   ) =     𝛼 ˇ  211     f ∗   l ∗ n ∗   m ∗ i r ∗


    ∑    f ∗ = 1    F ∗   [     𝛼 ^  210   f ∗ ∗  (   k  V 210 ,     𝜀  V 210 . 2 ) ·     V ^  209   f ∗  ∗ ∗ (   k  V 209 ,     𝜀  V 209 . 2 ) ] ,    


      V ^ 210  ∗ ∗ (   k  V 210 ,     𝜀  V 210 . 2 )


  ·         V ^  209   f ∗  ∗ ∗ (   k  V 209 ,     𝜀  V 209 . 2 ) ]      V ^  210 𝛴 ∗  (   k  V 210 ,     𝜀  V 210 . 1 ) ,


  [     𝛼 ^  210   f ∗  (   k  V 210 ,     𝜀  V 210 . 1 ) ·


      𝛼 ^  210   f ∗ ∗  (   k  V 210 ,     𝜀  V 210 . 2 )


    ∑    f ∗ = 1    F ∗      𝛼 ^  210   f ∗  (   k  V 210 ,     𝜀  V 210 . 1 ) ·       V ^  209   f ∗  ∗ ∗ (   k  V 209 ,     𝜀  V 209 . 2 ) ] ,    


      V ^  210 𝛴 ∗  (   k  V 210 ,     𝜀  V 210 . 1 )


    k  V 210 − 1 ,     𝜀  V 210 . 2 )


        𝛼 ^  210   f ∗ ∗


      𝛼 ^  210   f ∗  (   k  V 210 ,     𝜀  V 210 . 1 )  


    ∑    l ∗ = 1    L    f ∗ ∗   [     𝛼 ^  209   f ∗   l ∗ ∗ (   k  V 209 ,     𝜀  V 209 . 2 ) ·         V ^  208   f ∗   l ∗  ∗ ∗ (   k  V 208 ,     𝜀  V 208 . 2 ) ] ,    


      V ^  209   f ∗  ∗ ∗ (   k  V 209 ,     𝜀  V 209 . 2 )


  ·           V ^  208   f ∗   l ∗  ∗ ∗ (   k  V 208 ,     𝜀  V 208 . 2 ) ]      V ^  209   f ∗ 𝛴 ∗  (   k  V 209 ,     𝜀  V 209 . 1 )   ,


  [     𝛼 ^  209   f ∗   l ∗  (   k  V 209 ,     𝜀  V 209 . 1 ) ·


    k  V 209 ,     𝜀  V 209 . 2 )


      𝛼 ^  209   f ∗   l ∗ ∗


    ∑      l ∗ = 1    L    f ∗ ∗   [     𝛼 ^  209   f ∗   l ∗  (   k  V 209 ,     𝜀  V 209 . 1 ) ·       V ^  208   f ∗   l ∗  ∗ ∗ (   k  V 208 ,     𝜀  V 208 . 2 ) ] ,    


      V ^  209   f ∗ 𝛴 ∗  (   k  V 209 ,     𝜀  V 209 . 1 )


    k  V 209 − 1 ,     𝜀  V 209 . 2 )


        𝛼 ^  209   f ∗   l ∗ ∗


      𝛼 ^  209   f ∗   l ∗  (   k  V 209 ,     𝜀  V 209 . 1 )  


    ∑        n ∗ = 1    N    f ∗   l ∗ ∗   [     𝛼 ^  208   f ∗   l ∗   n ∗ ∗ (   k  V 208 ,     𝜀  V 208 . 2 ) ·       V ^  207   f ∗   l ∗   n ∗  ∗ ∗ (   k  V 207 ,     𝜀  V 207 . 2 ) ] ,    


      V ^  208   f ∗   l ∗  ∗ ∗ (   k  V 208 ,     𝜀  V 208 . 2 )


  ·         V ^  207   f ∗   l ∗   n ∗  ∗ ∗ (   k  V 207 ,     𝜀  V 207 . 2 ) ]      V ^  208   f ∗   l ∗ 𝛴 ∗  (   k  V 208 ,     𝜀  V 208 . 1 )   ,


  [     𝛼 ^  208   f ∗   l ∗   n ∗  (   k  V 208 ,     𝜀  V 208 . 1 ) ·


    k  V 208 ,     𝜀  V 208 . 2 )


      𝛼 ^  208   f ∗   l ∗   n ∗ ∗


    ∑          n ∗ = 1    N    f ∗   l ∗ ∗   [     𝛼 ^  208   f ∗   l ∗   n ∗  (   k  V 208 ,     𝜀  V 208 . 1 )   ·       V ^  207   f ∗   l ∗   n ∗  ∗ ∗ (   k  V 207 ,     𝜀  V 207 . 2 ) ] ,    


      V ^  208   f ∗   l ∗ 𝛴 ∗  (   k  V 208 ,     𝜀  V 208 . 1 )


    k  V 208 − 1 ,     𝜀  V 208 . 2 )


        𝛼 ^  208   f ∗   l ∗   n ∗ ∗


      𝛼 ^  208   f ∗   l ∗   n ∗  (   k  V 208 ,     𝜀  V 208 . 1 )  


    ∑        m ∗ = 1    M      f ∗   l ∗ n ∗ ∗  [     𝛼 ^  207   f ∗   l ∗   n ∗   m ∗ ∗ (   k  V 207 ,     𝜀  V 207 . 2 ) ·       V ˇ  90   f ∗   l ∗   n ∗   m ∗  ∗ ∗  (   k  V 90 ,     𝜀  V 90 . 2 ) ] ,    


      V ^  207   f ∗   l ∗   n ∗  ∗ ∗ (   k  V 207 ,     𝜀  V 207 . 2 )


  ·         V ˇ  90   f ∗   l ∗   n ∗   m ∗  ∗ ∗  (   k  V 90 ,     𝜀  V 90 . 2 ) ]      V ^  207   f ∗   l ∗   n ∗ 𝛴 ∗  (   k  V 207 ,     𝜀  V 207 . 1 )   ,


  [     𝛼 ^  207   f ∗   l ∗   n ∗   m ∗  (   k  V 207 ,     𝜀  V 207 . 1 ) ·


    k  V 207 ,     𝜀  V 207 . 2 )


      𝛼 ^  207   f ∗   l ∗   n ∗   m ∗ ∗


    ∑        m ∗ = 1    M      f ∗   l ∗ n ∗ ∗   [     𝛼 ^  207   f ∗   l ∗   n ∗   m ∗  (   k  V 207 ,     𝜀  V 207 . 1 ) ·     V ˇ  90   f ∗   l ∗   n ∗   m ∗  ∗ ∗  (   k  V 90 ,     𝜀  V 90 . 2 ) ] ,    


      V ^  207   f ∗   l ∗   n ∗ 𝛴 ∗  (   k  V 207 ,     𝜀  V 207 . 1 )


    k  V 207 − 1 ,     𝜀  V 207 . 2 )


        𝛼 ^  207   f ∗   l ∗   n ∗   m ∗ ∗


      𝛼 ^  207   f ∗   l ∗   n ∗   m ∗  (   k  V 207 ,     𝜀  V 207 . 1 )  


    ∑    f ∗ = 1    F ∗   [     𝛼 ^  206   f ∗ ∗  (   k  V 206 ,     𝜀  V 206 . 2 ) ·     V ^  205   f ∗  ∗ ∗ (   k  V 205 ,     𝜀  V 205 . 2 ) ] ,    


      V ^ 206  ∗ ∗ (   k  V 206 ,     𝜀  V 206 . 2 )


  ·         V ^  205   f ∗  ∗ ∗ (   k  V 205 ,     𝜀  V 205 . 2 ) ]      V ^  206 𝛴 ∗  (   k  V 206 ,     𝜀  V 206 . 1 ) ,


  [     𝛼 ^  206   f ∗  (   k  V 206 ,     𝜀  V 206 . 1 ) ·


      𝛼 ^  206   f ∗ ∗  (   k  V 206 ,     𝜀  V 206 . 2 )


    ∑    f ∗ = 1    F ∗      𝛼 ^  206   f ∗  (   k  V 206 ,     𝜀  V 206 . 1 ) ·       V ^  205   f ∗  ∗ ∗ (   k  V 205 ,     𝜀  V 205 . 2 ) ] ,    


      V ^  206 𝛴 ∗  (   k  V 206 ,     𝜀  V 206 . 1 )


    k  V 206 − 1 ,     𝜀  V 206 . 2 )


        𝛼 ^  206   f ∗ ∗


      𝛼 ^  206   f ∗  (   k  V 206 ,     𝜀  V 206 . 1 )  


    ∑    l ∗ = 1    L    f ∗ ∗   [     𝛼 ^  205   f ∗   l ∗ ∗ (   k  V 205 ,     𝜀  V 205 . 2 ) ·       V ^  204   f ∗   l ∗  ∗ ∗ (   k  V 204 ,     𝜀  V 204 . 2 ) ] ,    


      V ^  205   f ∗  ∗ ∗ (   k  V 205 ,     𝜀  V 205 . 2 )


  ·           V ^  204   f ∗   l ∗  ∗ ∗ (   k  V 204 ,     𝜀  V 204 . 2 ) ]      V ^  205   f ∗ 𝛴 ∗  (   k  V 205 ,     𝜀  V 205 . 1 )   ,


  [     𝛼 ^  205   f ∗   l ∗  (   k  V 205 ,     𝜀  V 205 . 1 ) ·


    k  V 205 ,     𝜀  V 205 . 2 )


      𝛼 ^  205   f ∗   l ∗ ∗


    ∑      l ∗ = 1    L    f ∗ ∗   [     𝛼 ^  205   f ∗   l ∗  (   k  V 205 ,     𝜀  V 205 . 1 ) ·       V ^  204   f ∗   l ∗  ∗ ∗ (   k  V 204 ,     𝜀  V 204 . 2 ) ] ,    


      V ^  205   f ∗ 𝛴 ∗  (   k  V 205 ,     𝜀  V 205 . 1 )


    k  V 205 − 1 ,     𝜀  V 205 . 2 )


        𝛼 ^  205   f ∗   l ∗ ∗


      𝛼 ^  205   f ∗   l ∗  (   k  V 205 ,     𝜀  V 205 . 1 )  


    ∑        n ∗ = 1    N    f ∗   l ∗ ∗   [     𝛼 ^  204   f ∗   l ∗   n ∗ ∗ (   k  V 204 ,     𝜀  V 204 . 2 ) ·       V ^  203   f ∗   l ∗   n ∗  ∗ ∗ (   k  V 203 ,     𝜀  V 203 . 2 ) ] ,    


      V ^  204   f ∗   l ∗  ∗ ∗ (   k  V 204 ,     𝜀  V 204 . 2 )
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