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THE SILENT ARCHITECT: THE CENTRALITY OF MATHEMATICS IN 2026 TECHNOLOGY

Abstract
As of March 2026, the boundary between "software engineering" and "applied mathematics" has

effectively dissolved. The Place of Mathematics in Technology has shifted from a supporting role to the
primary driver of innovation in generative Al, quantum computing, and spatial mesh networks. This article
explores how mathematical rigor—specifically in linear algebra, multivariable calculus, and discrete
structures—serves as the bedrock for 2026’s most advanced systems. We analyze the transition from
heuristic-based coding to formal mathematical verification, the rise of "Algorithmic Efficiency" as a global
sustainability metric, and how modern tech specialists are returning to first-principle mathematical logic to
solve the "Black Box" problem in artificial intelligence.

Keywords:

computational mathematics, neural architecture, quantum algorithms, formal verification, algorithmic
efficiency, cryptographic foundations, spatial computing, and stochastic modeling.

1. The Mathematical Engine of Generative Intelligence

In 2026, the success of large-scale Al models is no longer attributed to raw data volume alone, but to
the mathematical refinement of their latent spaces.

¢ High-Dimensional Geometry: Modern Al specialists utilize complex manifold learning to understand
how data is structured in thousands of dimensions. By applying topology to neural networks, developers in
2026 can visualize and prune redundant parameters, leading to "Lean Al."

e Optimization Theory: The transition from simple gradient descent to more sophisticated second-
order optimization methods has allowed for the training of models that are 100x more energy-efficient than
those of the early 2020s.

2. Quantum Computation and Discrete Structures

As quantum processors reach commerecial viability in early 2026, the "mathematical stack" has become
the defining factor in hardware performance.

e Linear Algebra at Scale: Quantum computing is, at its core, the manipulation of massive complex-
valued vectors. Technology firms are now recruiting "Quantum Mathematicians" who specialize in Hilbert
spaces to design error-correction codes that were previously theoretical.

e Post-Quantum Cryptography (PQC): With the threat of traditional encryption being broken, the tech
industry has shifted to lattice-based mathematics. These complex geometric structures provide the security
backbone for all 2026 financial transactions and decentralized ledgers.

3. Spatial Computing and the Calculus of Reality

The widespread adoption of Mixed Reality (MR) and autonomous "edge" robotics in 2026 has brought
classical geometry back to the forefront of consumer tech.
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e Computer Vision and Trigonometry: Real-time spatial mapping requires instantaneous calculations
of depth, light refraction, and coordinate transformations. Specialists in 2026 use quaternions—a 19th-
century mathematical discovery—to ensure smooth, lag-free rotation and movement in virtual
environments.

e Stochastic Modeling for Autonomy: Autonomous drones and vehicles now rely on sophisticated
Bayesian filters to navigate uncertain environments. The "math" is no longer just a script; it is a real-time
probability engine that allows machines to make "human-like" split-second decisions safely.

4. Sustainability Through Algorithmic Efficiency

In 2026, the environmental impact of technology is mitigated through "Mathematical
Greenwashing"—the use of elegant algorithms to reduce carbon footprints.

e Computational Complexity: By moving from SO(n”2)$ to SO(n \log n)$ efficiency in global routing
protocols, tech giants have reduced data center heat output by 15% this year.

e Formal Verification: To prevent costly and energy-consuming system crashes, 2026-era software is
"mathematically proven" before deployment. Using formal logic, engineers can guarantee that a system will
never enter an illegal state, eliminating the need for constant, energy-intensive debugging cycles.

Conclusion: The Return to the Source

The training of tech specialists in 2026 has come full circle. While the previous decade focused on
"learning to code," the current era prioritizes "learning the math." In 2026, coding is seen as the mechanical
act of translation, while mathematics is recognized as the actual language of creation. For the technologist
of tomorrow, the programming language is the tool, but the mathematical logic is the masterwork.

References:
MIT Technology Review (Jan 2026). Why the World’s Best Coders are actually Mathematicians.
IEEE Computational Science (2025). The Role of Topology in Neural Network Pruning.
Nature Physics (Feb 2026). Lattice-Based Cryptography: Securing the 2026 Digital Economy.
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MATHEMATICS AND LIFE: THE FORMULA FOR MAKING THE RIGHT DECISIONS
Abstract

As of early March 2026, the application of mathematical modeling has transcended the laboratory and
entered the realm of personal cognitive strategy. The modern individual no longer relies solely on "gut
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instinct" for high-stakes life choices; instead, the integration of probabilistic thinking and game theory has
revolutionized personal decision-making. This article explores the transition from emotional reactionary
choices to "Expected Value" optimization, the role of Bayesian updating in navigating 2026-era
misinformation, and how mathematical heuristics allow individuals to manage their most limited resource:
time. We analyze how 2026 behavioral economists and data scientists are co-creating "Life-Logic"
frameworks to bridge the gap between abstract probability and practical, daily application.
Keywords:
decision theory, bayesian updating, expected value (ev), heuristics, game theory, cognitive bias,
risk management, and optimal stopping.

1. The "Probabilistic Living" Model

In 2026, the volatility of the global economy and job market requires a "Probabilistic" approach to
personal planning. Future specialists no longer view life as a series of certainties, but as a distribution of
possible outcomes.

e Expected Value (EV) Calculation: Instead of chasing a single "perfect" outcome, individuals now
utilize EV to weigh the potential benefits of a choice against its probability of success. Whether choosing a
career path or an investment, the focus is on the long-term mathematical average rather than short-term
luck.

e Optimal Stopping (The 37% Rule): In 2026, time-management experts apply the secretary problem's
solution to dating, house hunting, and hiring. By spending the first 37% of a search period simply gathering
data and then selecting the next option that surpasses all previous candidates, individuals mathematically
maximize their chances of finding the best possible result.

2. Bayesian Updating and the "Mental Ledger"

The backbone of the 2026 cognitive ecosystem is the ability to adjust beliefs based on new evidence—
a process known as Bayesian Inference.

e Prior Probability vs. New Evidence: To combat "confirmation bias," modern decision-makers
maintain a mental ledger. When new information arrives—such as a shift in market trends or a change in
social dynamics—they use Bayes' Theorem to update the probability of their initial hypothesis being correct,
rather than ignoring the data.

Shutterstock

e The Credibility Filter: Specialists now maintain a "Digital Evidence Portfolio" that helps them assign
"weight" to different information sources, ensuring that their decision-making engine is fed with high-quality,
statistically significant data.

3. Game Theory in Social and Professional Dynamics

One of the most significant shifts in 2026 is the widespread understanding of "Cooperative vs.
Competitive" games in daily interactions.

e Win-Win Equilibrium: Many negotiation workshops now embed Nash Equilibrium concepts directly
into their training. A specialist in 2026 understands that the best individual outcome often comes from finding
the point where no player can benefit by changing their strategy alone, fostering sustainable professional
partnerships.

e The Infinite Game: Because 2026 careers are modular and long-lasting, individuals apply "Iterated
Prisoner’s Dilemma" logic—prioritizing reputation and cooperation over short-term gains, knowing that they
will interact with the same "players" across different sectors of their "Skill-Stack."

4. Quantifying the Intangible: Risk and Regret

In 2026, "Human-Centric Math" is used to provide objective proof of subjective values, helping to
minimize future regret.
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e Regret Minimization Framework: Using Al-driven simulations of their own values, individuals can now
quantify "opportunity cost." This allows them to see not just what they might gain from a decision, but what
they mathematically stand to lose by not acting.

o Asymmetric Risk Management: Modern life-strategy prioritizes "low-risk, high-reward" bets. By
applying the "Barbell Strategy"—keeping the majority of life assets safe while taking small, calculated
mathematical gambles on innovative projects—individuals ensure survival while remaining open to "Black
Swan" opportunities.

Conclusion: The End of Guesswork

Decision-making in 2026 is no longer a terminal event but a lifelong process of algorithmic refinement.
The use of mathematics has democratized access to high-level clarity, allowing individuals from all
backgrounds to navigate a complex world with the precision of a data scientist. For the individual of
tomorrow, emotion is the driver, but the mathematical formula is the steering wheel.

References:
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THE UNIVERSAL GRAMMAR: THE PROFOUND IMPACT OF MATHEMATICS ON HUMAN CULTURE

Abstract

As of March 2026, the perception of mathematics has shifted from a mere academic tool to being
recognized as the fundamental "universal grammar" of human civilization. This article explores how
mathematical thought has transitioned from ancient geometric philosophy to the backbone of modern digital
ethics and social structures. We examine the role of mathematical symmetry in global aesthetics, the
influence of algorithmic logic on contemporary governance, and how the "mathematization” of daily life has
redefined human interaction in a post-Al world. By analyzing the intersection of quantitative reasoning and
qualitative cultural expression, we illustrate that mathematics is not just a science, but a primary driver of
cultural evolution.
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Keywords:
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digital humanities, quantitative literacy, and mathematical philosophy.

1. The Aesthetic Blueprint: Symmetry and the Golden Ratio

In 2026, the revival of classical proportions in digital architecture and sustainable urban planning
highlights the enduring cultural power of mathematical constants. Mathematics provides the invisible
scaffolding for what humanity perceives as "beautiful."

e Geometric Harmony: From the Parthenon to the intricate tilings of the Alhambra, mathematical
symmetry has historically defined the peak of architectural achievement. In modern 2026 design, the
Fibonacci sequence and the Golden Ratio are used to create "Biophilic" spaces that reduce stress by
mimicking natural patterns.

e The Mathematics of Music: The cultural evolution of music—from Pythagorean tuning to today’s
generative Al compositions—relies on the physics of frequency and the calculus of wave forms. Culture
expresses emotion through intervals that are, at their core, precise mathematical ratios.

2. Algorithmic Governance and Social Order

Mathematics has moved from the ledger books of ancient merchants to the core of 2026 social
contracts. The way we organize society is increasingly a reflection of mathematical models.

e Game Theory in Diplomacy: Modern international relations in 2026 rely heavily on Game Theory to
predict and stabilize global resource distribution. Cultural "fairness" is now frequently defined by the
mathematical transparency of the algorithms that govern trade and law.

e The Ethics of Data: The cultural shift toward "Data Sovereignty" reflects a new human right: the right
to the mathematical privacy of one’s own life. Quantitative literacy has become a prerequisite for citizenship
in a world where data-driven narratives shape political reality.

3. Mathematics as a Bridge: Ethnomathematics and Global Identity

One of the most significant cultural realizations of the mid-2020s is that mathematics is not a Western
monopoly, but a global heritage.

e Ethnomathematics: This field has gained mainstream cultural traction in 2026, recognizing how
different cultures—from the fractal patterns of African village layouts to the complex knot-records (Quipus)
of the Incas—developed unique mathematical systems to solve local problems.

¢ Unity through Logic: In an era of cultural polarization, mathematics remains one of the few truly
"unambiguous languages." It provides a neutral ground where specialists from different linguistic and cultural
backgrounds can collaborate on global challenges like climate modeling and space exploration.

4. The Digital Renaissance: Quantifying the Human Experience

In 2026, the "Digital Humanities" use advanced statistics and topology to map the flow of ideas across
centuries, turning history into a measurable landscape.

¢ Predictive Historiography: By applying mathematical models to historical trends, cultural theorists
can now visualize how ideas spread through populations, treating cultural transmission like a biological or
mathematical contagion.

e The Codification of Intuition: As technical tasks are automated, the focus has shifted to "Ethical Al
Auditing," where human values are translated into mathematical constraints to ensure that technology
remains culturally aligned.

Conclusion: The Infinite Equation of Progress

In 2026, the impact of mathematics on human culture is no longer seen as a cold, calculating force, but
as the very lens through which we interpret reality. While a degree in mathematics provides the technical
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foundation, "Mathematical Literacy" has become the skyscraper of modern culture—allowing us to see
further, build higher, and understand the intricate connections between the natural world and the human
spirit. Mathematics is the bridge between the "what is" of science and the "what could be" of human
imagination.
References:
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2. Journal of Ethnomathematics (2025). Fractal Landscapes: Decolonizing the History of Geometry.
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FROM PYTHAGORAS TO AL-KHWARIZMI: THE GOLDEN PAGES OF MATHEMATICS

Abstract

As of March 2026, the global educational narrative has moved beyond a Eurocentric view of science to
celebrate the "Great Synthesis"—the era where Mediterranean logic met Eastern calculation. This article
examines the transformative arc from the geometric mysticism of Pythagoras to the algorithmic revolution
of Muhammad ibn Musa al-Khwarizmi. We explore how the Hellenistic focus on proof and the Islamic Golden
Age's focus on operational computation merged to create the bedrock of modern mathematics. By analyzing
the transition from the "Theorem-First" Greek model to the "Procedure-First" Islamic model, we illustrate
how these "golden pages" of history provided the fundamental scripts for the digital age we inhabit today.

Keywords:
Pythagoras, Al-Khwarizmi, Islamic Golden Age, Hellenistic Geometry, Algebra, Algorithmic History, House of
Wisdom, Geometric Proof, and Mathematical Synthesis.

1. The Greek Legacy: The Harmony of Numbers and Proof

In the centuries following Pythagoras (c. 570—495 BCE), mathematics was viewed as the ultimate
spiritual and physical truth, defined by rigid deductive logic.

e Pythagorean Harmony: Pythagoras revolutionized human thought by proposing that "all is number."
His work on right-angled triangles—expressed today as a2 + b2 = c2—wasn't just about measurement; it was
an attempt to find the underlying ratios of the cosmos.
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e The Axiomatic Method: This era established that for a mathematical statement to be true, it must be
proven from basic axioms. This "Proof-First" mentality ensured that mathematics remained the only science
with absolute, unchanging certainty, a standard that continues to guide 2026-era theoretical physics.

2. The House of Wisdom and the Algebra Revolution

While the West entered a period of relative stagnation, the intellectual center of gravity shifted to
Baghdad'’s Bayt al-Hikma (House of Wisdom) in the 9th century.

o Al-Khwarizmi’s Breakthrough: Muhammad ibn Musa al-Khwarizmi synthesized Greek geometry with
Indian decimal systems. His seminal work, Kitab al-Jabr, introduced the concept of "restoration" (al-jabr),
creating a systematic method to solve equations that didn't rely on drawing physical squares.

e The Birth of the Algorithm: By codifying step-by-step procedures for calculation, Al-Khwarizmi
effectively wrote the first "software" for the human brain. The very word "Algorithm" is a Latinized corruption
of his name, a tribute to his role in turning math into a scalable tool for technology.

3. The Bridge of Cultures: Translating Logic into Utility

The "Golden Pages" of mathematics are defined by their portability. Between the era of Pythagoras
and Al-Khwarizmi, mathematics evolved from a philosophical inquiry into a universal language of utility.

e Operational Geometry: Islamic mathematicians took the static theorems of Pythagoras and Euclid
and applied them to complex optics, spherical trigonometry for navigation, and intricate architectural
patterns.

e The Decimal Revolution: By adopting the Hindu numeral for zero and the positional value system, Al-
Khwarizmi made complex calculations—which were nearly impossible with Roman or Greek numerals—
accessible to merchants, engineers, and future computer scientists.

4. 2026 Perspective: From Scrolls to Silicon

In 2026, we recognize that the synergy between these two eras is what makes our modern world
possible.

e Coding the Ancient Way: Modern programming is the ultimate realization of Al-Khwarizmi’s vision: a
series of discrete, logical steps (algorithms) used to solve variables.

e Quantifying Complexity: The high-level abstractions used in 2026 Al modeling still rely on the
geometric proofs established in Ancient Greece. We use Greek logic to prove that our Islamic-style algorithms
are correct.

Conclusion: The Unified Script of Progress

The journey from Pythagoras to Al-Khwarizmi represents the most critical evolution in human history:
the movement from observing patterns to controlling them. For the specialist of 2026, the "Golden Pages"
are not just history—they are the current operating system. Pythagoras provided the logic, Al-Khwarizmi
provided the procedure, and together they built the skyscraper of human civilization.

References:
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THE ARCHITECTURE OF REASON: THE HISTORICAL DEVELOPMENT OF MATHEMATICAL SCIENCE

Abstract
As of March 2026, our understanding of mathematical history has been reshaped by advanced

computational archeology and the integration of diverse global narratives. The development of mathematical
science is no longer viewed as a linear Western progression, but as a multi-hub evolution of human logic.
This article explores the transition from empirical counting in ancient civilizations to the abstract axiomatic
systems that define the modern era. We analyze the pivotal roles of Mesopotamian arithmetic, the Islamic
Golden Age’s algebraic innovations, and the Enlightenment’s calculus revolution. Furthermore, we examine
how 2026-era digital humanities are uncovering the "hidden algorithms" of indigenous cultures, providing a
more inclusive timeline of how humanity learned to quantify the universe.

Keywords:

mathematical history, algorithmic origin, islamic golden age, calculus revolution, axiomatic systems,
ethnomathematics, computational archeology, and scientific evolution.

1. The Foundations: Empirical Arithmetic and Geometry

In the early stages of human civilization, mathematics was a pragmatic tool for survival, taxation, and
celestial observation.

e Mesopotamian and Egyptian Foundations: By 2000 BCE, the Babylonians had developed a
sophisticated sexagesimal (base-60) system, allowing for advanced astronomical predictions. Similarly,
Egyptian "rope-stretchers" utilized practical geometry for land surveying following Nile floods, laying the
groundwork for the Pythagorean theorem long before its formal Greek naming.

e The Shift to Proof: Ancient Greek mathematics marked a cultural pivot from "how" to "why." Thales
and Euclid introduced the concept of the formal proof, transforming mathematics from a collection of rules
into a deductive science. Euclid’s Elements remains the most influential textbook in history, establishing the
axiomatic method used in 2026 software verification.

2. The Global Synthesis: Algebra and the House of Wisdom

The medieval period was not a "dark age" for mathematics; rather, it was a time of intense cross-
cultural synthesis, primarily centered in the Middle East and India.

e The Indo-Arabic Numeral System: The introduction of "zero" and the decimal system by Indian
mathematicians like Brahmagupta revolutionized computation. This system was refined and transmitted to
the West via the Islamic Golden Age.

e The Birth of Algebra: In 9th-century Baghdad, Al-Khwarizmi authored Al-Kitab al-mukhtasar fi hisab
al-jabr wa’l-mugabala, from which the terms "Algebra" and "Algorithm" are derived. His work provided a
systematic way to solve linear and quadratic equations, decoupling math from specific geometric shapes and
moving it toward symbolic abstraction.
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3. The Calculus Revolution and the Age of Analysis

By the 17th century, the focus of mathematical science shifted from static quantities to the study of
change and motion, catalyzed by the scientific revolution.

e Newton and Leibniz: The simultaneous and independent invention of Calculus provided the
mathematical language for physics. This enabled the quantification of planetary motion and the fundamental
laws of mechanics.

e The Formalization of Infinity: The 19th and early 20th centuries saw mathematicians like Cantor and
Hilbert tackle the paradoxes of the infinite. This era birthed Set Theory and Mathematical Logic, which
directly led to the conceptualization of the Universal Turing Machine—the blueprint for all 2026 computing
technology.

4. The Modern Era: Discrete Structures and Computational Logic

In 2026, the historical narrative concludes with the "Mathematization of Everything," where discrete
mathematics and probability theory govern global digital infrastructures.

e Algorithmic Archeology: Using Al-driven analysis, 2026 historians are now identifying complex
mathematical structures in the Incan Quipus and African fractal architecture, proving that advanced
mathematical thinking existed outside of written text.

e The Unreasonable Effectiveness: As highlighted by 20th-century physicists, the "unreasonable
effectiveness of mathematics" in describing the physical world remains the central mystery of the science.
Today, this history continues to be written through quantum algorithms and multidimensional topology.

Conclusion: The Continuum of Human Logic

The historical development of mathematical science is a testament to the collective human intellect.
In 2026, we recognize that every modern algorithm carries the DNA of a Babylonian tablet, an Arabic
manuscript, and an Enlightenment formula. For the scientist of today, history is not a closed book but a
foundational layer; the degree is the summary of past discoveries, but the application of that history is the
bridge to future innovation.
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Mao TuHB3Hb, bopuceHko Bukropua UropesHa,

BaH Xya#, YxaH LluHAaHb

LI3sIHCYCKMiM OKEaHONOTMYECKUA YHUBEPCUTET T. JIaHbtOHbraH, KHP
HayuHbit pyKoBoguTennb: Mo BUHb,

LI3sIHCYCKMiM OKeaHONOrMYECKNN YHUBEPCUTET T. JIsHbioOHbraH, KHP

CTPATETMU MEXOYHAPOLHOIO NPOABUMXEHWUA PE3bEbI MO XPYCTA/IO AIYHXAN KAK OBbEKTA
HEMATEPWA/IbHOIO KY/IbTYPHOIO HAC/IEAWUA B 3MOXY LU®POBbIX TEXHONOMMM?

AHHOTauuA

B anoxy rnybokoro nepenneteHus rnobanmsaumm n undposmsaumm pesbba no xpycranto LyHxai,
6yay4n HemaTepuanbHbIM Ky/bTYPHbIM Hacieanem HauMOHaIbHOrO YPOBHSA, CTAHOBUTCA HE TO/IbKO BaXKHbIM
HOCMTENEeM ANA TPAHCAAUMM KUTANCKMX KYNbTYpPHbIX HappaTWMBOB, HO M K/KOYEBLIM MyTEM MOBbIWEHUS
B/IMAHUA KUTANCKOM Ky/AbTypbl B Mupe. B faHHOM cTaTbe aHa/AM3UPYeTca TEKyLee COCTOAHWE WU Bbl30BbI
MeXAYHapoAHOro npoasukeHuna pesbbbl No xpyctanto [yHxalh Kak HemaTepuanbHOro KyJ/bTypHOro
Hacneama. Ha sToli ocHoBe, paccmaTpuBaeTcs GopMUpPOBaHUE CTPATEMMI MEXKAYHAPOLHOM KOMMYHMKaLMUMK,
YCUAEHHbIX LMPPOBbIMW TEXHONOIMAMMK. MccnepsoBaHmMe NOKasbiBAeT, YTO pe3bba no xpyctanto [yHxal,
6narogapa cBOeMY YHUKANbHOMY XyA0XEeCTBEHHOMY CTUALD, 061a4aeT 3HaUMTEIbHbIMU NMPENMYLLECTBAMMU
AN MeXAYHapoaHOro pacnpoctpaHeHma. O4HaKo B Npouecce KOMMYHMKALLMKW OHA CTa/IKUBAETCA C TaKUMKU
BbI30BAaMM, KaK pas3pbiB B MNepegayve MacTepcTBa OT MOKOJIEHUS K MNOKOJEHMUIO, KY/bTYPHbIA AWUCKOHT,
04HOO6pa3Me KaHa/foB PacnpoOCTPAHEHMA U HeAoCTaTovHaa undposasa MHHoBaumA. Mcxoaa wu3 3Toro, B
CTaTbe NpeasiaraeTca NocTpoeHMe CTPATErMM MeXKAYHapPOAHON KOMMYHMKaLMU: KTEXHOMOMMM KaK Apainsep
— HappaTUBHbIE MHHOBALMW — MaTPUYHOE PacnpocTpaHeHue». ABTOPbI BbICTyNatoT 3a GopMMUpPOBaHME
«BuMpTyanbHOro neperKMBaHMA MECTa» C MOMOLLbIO KOPOTKMX BUAEO U APYFNX HOBbIX MegMa, UCNo/ib30BaHMe
«B3rnA4a CTOPOHHEro HabnogatenAa» M NPOCTPaHCTBEHHO-BPEMEHHOrO HappaTMBa A/1A OCyLLeCcTBAEHUA
KYNbTYPHOW nNepefayun, a TaKKe CoAelcTBME nepexody OT CTPATErMmM «BbIXOAA BOBHE» K CTpaTerum
«NPOHMKHOBEHMA BrIyOb» NOCPEACTBOM MHTErPALMMN KYAbTYpbl U Typuama u 6peHamHra. Takoi noaxos B
KOHEYHOM UTOre B KOHEYHOM UTOre NpuBeLeT K NepeoueHKe LLeHHOCTU pe3bbbl no xpycTanto JyHxai B
rno6anbHON KyNbTYPHOM cUCTEME.

Kniouesble cnosa:
pe3bba no xpycTanto [lyHxai; HemaTepuanbHOE Ky/bTyPHOE Haceane; MeXayHapoAHas KOMMYHMKaUNS;
uMdpoBM3aLMA KaK gpaliBep; CTpaTermm NpoaBUNKEHMA.

Mao Tingwen, Borisenko Viktoriya Igorevna, Wan Hui, Zheng Qingdan
Jiangsu Ocean University, Lianyungang, China
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STRATEGIES FOR THE INTERNATIONAL PROMOTION OF DONGHAI CRYSTAL CARVING AS INTANGIBLE
CULTURAL HERITAGE IN THE DIGITAL ERA

Abstract
In an era characterized by the profound intertwining of globalization and digitalization, Donghai crystal
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carving, recognized as a national-level intangible cultural heritage, serves not only as a significant vehicle for
conveying Chinese cultural narratives but also as a key pathway to enhancing the global influence of Chinese
culture. This paper aims to conduct an in-depth analysis of the current state and challenges facing the
international promotion of Donghai crystal carving as intangible cultural heritage. Based on this analysis, it
seeks to formulate international communication strategies enhanced by digital technologies. The research
indicates that Donghai crystal carving, owing to its unique artistic style, possesses considerable advantages
for international dissemination. However, in the process of communication, it encounters challenges such as
intergenerational gaps in the transmission of craftsmanship, cultural discount, uniformity of communication
channels, and insufficient digital innovation. In response, this paper proposes constructing an international
communication strategy framework centered on "technology as a driver — narrative innovation — matrix
dissemination." The authors advocate for shaping a "Virtual Sense of Place" through short videos and other
new media, employing the "gaze of the external observer" and spatiotemporal narratives to facilitate cultural
transmission. Furthermore, it suggests promoting the transition of Donghai crystal carving from a "going
global" strategy to a "penetrating deeply" strategy through the integration of culture and tourism and
branding efforts, ultimately leading to a reassessment of its value within the global cultural system.
Keywords:
Donghai crystal carving; intangible cultural heritage; international communication;
digitalization as a driver; promotion strategies

1. BeepeHue

HemaTepuanbHoe KynbTypHoe Hacnegme (HKH), Kak BaxkHaA cocTaBastowan 6orato TpaamumMoHHOM
KUTANCKON KyAbTypbl, CAYKUT MOCTOM, coeguHAlowmMmMm Kutaih ¢ gpyrumm CTpaHamMm M ClocoO6CTBYOWMM
B3aMMOMNOHUMaHUIO MexXay Hapogamu. B mae 2021 roga pesbba no xpyctanto ([yHxalickan) 6blna BKAOYEHA
locypapctBeHHbIM coBeTom KHP B NATbIN pacluMpeHHbl CNMCOK HEMATEPUAIbHOO Ky/bTYPHOrO Hacneams
HaLMOoHanbHOro ypoBHA, Homep B peectpe — VI-134. Yesg [yHxai, pacnoNO}KeEHHbIA Ha CeBEPO-BOCTOKE
nNpPoBuUHUMKM Li3sHcy, 6oraT MMHepasbHbIMU pecypcammn U U3BECTEH KaK «XpycTanbHasa ctonuua Kutaa», a B
2016 rogy nonyumn TuTyn «MupoBaa XpycTanbHas cronuua». OgHako B ycnosuaAx rnobanvsauumn u
WHAYCTPUaNM3aLuMmn nepefada M pa3BUTME MCKYCCTBA pe3bbbl No xpyctanto [lyHxai CcTankueatoTca C
CEepbe3HbIMM UCNbITaHUAMU. B ycnosusax umdpoBoit TpaHchopmauMm aKTyasbHOM HAy4yHOM 3amauyel
CTAHOBUTCA MCCNefoBaHWE MNyTel NPEOLOSIEHUA TaKUX HapbepoB MEKKY/AbTYPHOM KOMMYHMKALMK, Kak
KYNIbTYPHbIN OUCKOHT (CHUMKEHME MHTEpeca M3-3a He3HaHWMA KOHTEKCTa), 04HOHaNpaBAeHHOCTb HappaTuBa
(oTcyTcTBME AManora ¢ 3apybexHol ayanTopuein) u NOBEPXHOCTHAsA penpe3eHTauus KyabTypPHbIX CMbIC/IOB.
[aHHOoe uccnenoBaHWE HanpaB/ieHO HA MOUCK 3PPEKTUBHbIX CTpaTernmin NPOLBUMKEHUS TPAAMLMOHHOIO
MCKyccTBa pe3bbbl Mo xpycTanto M3 [lyHxasa Ha rnobasbHOM pPbIHKE C MCNO/b30BaHMEM UNPPOBbLIX
WHCTPYMEHTOB 1 naatdopm

B KuTalicKoW akagemuyeckol cpefe cPOpPMUMPOBANOCH [OCTAaTOYHO CUCTEMATU3MPOBAHHOE
HanpaB/feHMe WCCNeaoBaHWA, MOCBAWEHHbIX nepegade UM pacnpoctpaHeHuio HKH, B ocHoBHOM
CcoCpefloTOMEHHOE Ha MexaHuM3Max npeemcTBeHHocTM, SWOT-aHanuse, mopenax nepesoja W
KOMMYHMKALMOHHbIX CTpaTermsax. Yto Kacaetca pesbbbl no xpycTanio [yHxal, ee uMCTOpuYeckoe
NPOUCXOXKAEHNE U TEXHUYECKME XapPaKTePUCTUKM yrnybneHHo nccnepoBanuck yvyeHoimu [3]. OgHako nog
BAMAHUEM WHAOYCTPUANM3ALUN Pa3BUTME STOW BAXKHOM 4acTM HALMOHANbHOM Ky/AbTypbl CTaJIKMBAETCA C
PALOM cepbe3HbIX Bbl30BOB. HeKoTopble uccnenoBaHuna ¢ ucnonb3oBaHnem SWOT-aHanumsa npegnarator
TaKuMe Mepbl, KaK pacliMpeHne HOBbIX PbIHKOB U ycuneHune bpeHamHra [2]. B acnekTe KOMMYHWUKaLMK yYeHble
OTMEYAIOT, YTO MeXKAYHapoaHoe pacnpocTpaHeHne HKH yacTo cTankmMBaeTca ¢ A3bIKOBbIMU U KYNbTYPHbBIMM
bapbepamu, ogHoobpasnem KaHanoB obmeHa M ApPYrMMKM OCTPbIMK Npobiemamun, 4To TpebyeT NoCTpoeHun
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Hay4YHOM CUCTEMbI CTPATErMYeCcKon KOMMYHMKaLMK, Hanpumep, oNTUMU3aUUKN MoZe el nepeaaym C y4eTom
NATU acNeKTOB: CyObeKT, 06beKT, KaHan, KOHTEHT M 3dpdekT [4], nnn dbopmupoBaHmMa 0b6BACHUTENLHOM
MOZENUN «NPOCTPAHCTBO — NOTEHUMAN — CLEHa» ANA MHTEpNpeTauumn ero AMHammyeckoro npouecca [1]. 3tu
MccnesoBaHMA CAy»KaT NPOYHOM TeopeTUYeckoi 6a3on U aHaNUTUYECKOM NepcnekTUBON ANA AaHHOM CTaTby.
Onunpasncb Ha CyLWEeCTBYHOLLYIO NUTEPATYpPY, B 3TOM paboTe ByaeT NpoBeAeH aHaIN3 pecypcHOro noTeHumMana
W peasibHbIX BbI3OBOB MEKAYHAPOLHOIo NPoABUKEHUA pe3bbbl No XxpycTanto JyHxal, ¢ 0cobbiM aKLEHTOM
Ha M3y4YeHWEe WMHHOBALMOHHbIX MyTeld €ero MexAyHapoAHON KOMMYHWKaLMMK, YCUNEHHOM LMdpoBbIMU
TEXHOIOTUAMM.

2. PecypcHble npenmyLLLecTBa U peasbHble BbI30Bbl MEXKAYHAPOAHOro NpoaBuXKeHUA pe3bbbl No
xpyctanto [lyHxau

2.1 PecypcHble npenmyLL,ecTBa: rnyboKuii KynbTypHbii GyHOaMEHT U npomMblluieHHan 6a3a

McKyccTBo pe3bbbl Mo XxpycTanto [lyHxal, pacnpocTpaHeHHoe B OCHOBHOM B ye3sae [yHxal NpoBUHLUN
Li3saHcy, ncnonbsyeT 60oratbie BO3MOMKHOCTM NPUPOAHOTO XpycTansa. Mactepa NpMMeHAIOT TPaguLMOHHbIe
npuémbl pe3bbbl, OCHOBaHHble Ha MAKCMMaNbHOM PACKPbITUM eCTEeCTBEHHbIX CBOWCTB MaTepuana:
MCMNO/Ib30BaHME BHYTPEHHEN CTPYyKTypbl (PoHa) 4ONa  co3maHMA  MNEPCNeKTUBbI,  XYO0MKEeCTBEHHOoe
0b6bIrpbiBaHNE NPUPOAHbLIX LBETOBLIX MEPEXOA0B M COXPaHEHWE eCcTecTBEHHOM ¢Gopmbl camopoaKa. Ero
NUCTOPUS BOCXOAMT K MNaneonuty, a HaigeHHoe B 1970-x rogax CKpebso M3 XpyCTaNbHOM rasibku
CBMAETENbCTBYET O MPAKTUYECKON LLEeHHOCTM XPYCTansa Mpu M3roTOBAEHUU Opyaui Tpyaa B nNepBOObITHOM
obuwecTtBe. B xoae AnntenbHoro passutva pesbba no xpycranto [yHxalh cbopmmpoBasa HauMOHa bHbIN
TPaAMLUMOHHbIN CTUNb, COYETaloWMI B cebe «U3ALLECTBO tora U BENMYECTBEHHOCTb CeBepa», NPou3BeaeHun
oTAunyatotca 6oratctBom GOpPM U U3bICKAHHOCTbIO Y30p0B, 06/1a4aA BbICOKOM XyA0KECTBEHHOM LLIEHHOCTbIO.

Ha KynbTypHOM ypoBHe pe3bba no xpyctanto [yHxalh TeCHO nepenseTeHa c KyabTypamu byagusma,
6naronosenaTenbHbIX CUMBOJIOB M NO3TUYECKMMM 0Bpa3amu. Mpo3pavyHOCTb KPUCTaNNA NEPEKANKAETCA C
byaaNNCKUMM MaeanamMm «AyxXOBHOW MyCTOTbI» (OCBOBOMKAEHMA OT MNPUBA3AHHOCTEN) M «BHYTPEHHEro
cBeTa» (6ecnpenATCTBEHHOIO BUAEHMUA UCTUHDI), @ TaK}Ke YacTo CUMBOJIM3MPYET Takue 6iarve noxenaHms,
KaK Ntob0Bb, AONTONETUE U CHACTbE. ITU KYNbTYPHblE aTPUOYTbI NpeaocTaBAAloT boraTble CMMBOANYECKUE
pecypcbl oA ee MeXAyHapoAHOro pacnpocTpaHeHus, obseryas 3CTeTUYECKUIM pe30oHaHC y ayauTtopuun ¢
pPa3HbIM Ky/AbTypHbIM 63KrpayHaom. Ha npombiwneHHOM ypoBHe [lyHxait obnagaeTt 6oraTtbiMm 3anacamm
BbICOKOKAYeCTBEHHOIO XPYCTaifA, HaIMUMEM MACTEPOB, YMEIOLWMX C HUM PaboTaTb, M pa3BUTOM CETbIO CObITa,
YTO 3aK/1a4blBAET NPOYHYIO MaTepPMasibHYIO OCHOBY A5 BbIXOAA Ha MEXKAYHAPOAHbIA PbIHOK.

2.2 PeanbHble BbI30Bbl: KPU3UC NPEEMCTBEHHOCTU U KOMMYHUKALMOHHbIE 6apbepbl

HecmoTps Ha pecypcHble NMPEeMMYLLLECTBA, MeXAYHAapOoAHOe MPOoABUMMKEHME pe3bbbl MO XpPyCTasnto
[yHxali CTanKMBaeTCA C MHOXeCTBOM BbI30BOB. Bo-mepBblX, 3TO KagpoBasa npobnema M Kpusuc
npeemcTBEHHOCTU. B HacTosLlee BpemMsa OLLYLLAETCA OCTPAs HEXBaTKa TaNlaHTAMBbIX MacTepoB, 0COBEHHO
MOJI0AbIX, C BUPTYO3HOM TEXHUKOM pe3bbbl; rpynna Hocutenen Tpaguumm ctapeet. Ans ocBoeHUs 6a30Bbix
HaBbIKOB pe3bbbl 06bI4HO TpebyeTca oT 3 70 5 NeT, a 4N1A CTaHOBAEHMA CAMOCTOATE/IbHOIO MacTepa-pe3ymnKa
— 6onee 10 net HakonaeHWa onbiTa. JANTENbHbIA LMKA 0OYYEeHUs B COYETAHUM C OTHOCUTENBHO HU3KUM
06LLLEeCTBEHHbIM MPU3HaHKEM Npodeccun NPUBOAUT K CEPbEe3HOMY PaspbiBY B Nepesadye macrepcrsa. 310
HaNpPAMY OrpaHUYMBaET NPOU3BOLACTBO BbICOKOKAYECTBEHHOM, MHHOBALMOHHOW Ky/IbTYPHOW NPOAYKLUW,
0CNabnas BO3MOMKHOCTM MO CO343HMIO KOHTEHTA 418 MEXAYHApPOAHOW KOMMYHWKaLuMu. Bo-BTOpbIX, 3TO
ancbanaHc mexay KomMMmepLuuvanusaumen n XyOOoMKeCTBEHHOM LEeHHOCTbio. MNOTOKM AeleBoi MaccoBOM
nNpoAyKLMK, NPOU3BEAEHHON MEXaHNU3NPOBAHHBIM CNOCOBOM, BbITECHAIOT C PbIHKA U3A,eUA PyYHOM paboThl,
YTO CTaBUT MHOIMe HebGO/IbLLME MAacTEPCKME Ha FPaHb BbiXKMBaHUA. O60CTpsAeTCA KOHKYPEeHUMSA O4HOTUMHOM
NpoAyKLMK, OTCYTCTBYET COAEpKaTe/ibHOe Ky/bTypHOE HOBATOPCTBO, YTO 3aTPyAHSAET yAOB/EeTBOpeHue
AnBepcnPUUMPOBAHHBIX M KAYECTBEHHbIX AYXOBHbIX NOTPebHOCTEN MeXKAYHAPOAHOTO PbIHKA. B-TpeTbux, 310
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KOMMYHMKaLNOHHble 6apbepbl. C 04HOMN CTOPOHbI, pacnpocTpaHeHne nHpopmaumm ob Uckycctee pesbbbl No
Xpyctanto [lyHxalhi B OCHOBHOM ONUpaeTca Ha TpaguumoHHble CMW, a HoBble meama MCNONb3YOTCS
HeAO0CTaTOYHO, YTO OrpaHWYMBAET LUMPOTY M MHTEHCMBHOCTb ero nonynapusaumm. C Apyroi CTOPOHBI,
MeXayHapoaHaa KommyHuKauma HKH noBcemecTHO cTasikmBaeTcas ¢ eHOMEHOM KY/bTyPHOro AMCKOHTA:
pPa3NnMuKnA B KOHTEKCTe mexay Kutaem v 3apybekHbIMM CTpaHaMM CHUXKAOT 3G DEKTUBHOCTb KOMMYHUKaLLUM.
OpgHoHanpaBAeHHOCTb HappaT1Ba 3aTPYAHSET SMMNATUIO CO CTOPOHbI 3apyberKHOM ayamuTopumn. YNpoLwéHHas
penpeseHTauma KyabTYPHbIX CMbICIOB MPUBOAMT K TOomy, 4To cumsonbl HKH uvacto ynpowatoTtca [o
BU3Ya/NbHOM 3K30TUKM, a CyTb MacTepcTBa 1 ero ¢unnocodckoe HanosIHEHME OCTATCA CKPbITbIMU. OcobeHHO
BaXHO TO, YTO B 3MOXy UMPPOBM3aALMM HEAOCTAaTOYHOCTb UMOPOBLIX MHHOBaUUK B chepe pe3bbbl no
XpycTanto yHxali, Hanpumep, OTCYTCTBME ONbITa PaboTbl Ha 3pesbiX LNdPOBbIX NNaTPopmax n ogHoobpasne
Moenen co3gaHusa KOHTEHTA, ycyrybnsatoT KOMMYHUKAUNOHHbIE TpyaHOCTU. Kpome Toro, ocTpasa HexBaTKa
npodeccnoHasnbHbIX BbICOKOKBAaANDULMPOBAHHbLIX KaApoB, OCODEHHO chneunanncros, obnagarolmx
OAHOBPEMEHHO NMOHUMaHMeM cyTM HKH, cnocobHOCTAMM K MEMKKYIbTYPHON KOMMYHMKALMKU N HaBblKamu
npUMeHeHns UM POBbLIX TEXHONOTUIA, OrPaHNYMBAET INyOUHY U LUMPOTY PAacnpOCTPaHEHUS.

3. WHHOBAUMOHHbIE MNYTU MEXAYHAPOAHOW KOMMYHMKALMK, YyCUNeHHOW uudpoBbiMU
TEXHONOIrMAMM

Mepea NMUOM BblleyKa3aHHbIX BbI30BOB MeEXAYHApOAHOE MNPOABMUMKEHMEe pe3bbbl Mo XpycTanto
[yHxali [o/MKHO cnefoBaTb UMPPOBLIM TPEHAAM, WCNOJIb30BaTb MNepesoBble  KOMMYHWUKALMOHHbIE
KOHLENUUN 1 BbICTPanuBaTb MHOTOMEPHYIO, BCEOHBEMTIOLLYIO CUCTEMY PACMPOCTPAHEHUA.

3.1 PeKOHCTPYKLUA BU3yaZIbHOIO A3blKa: HAPPAaTUBHbIE MHHOBALIMU B KOPOTKUX BUAEO

KopoTKne BUAeo CTaHOBATCA CaMbiM MOLLHbIM HOBbIM MeAua oA pacnpocTpaHeHna KyabTypbl HKH.
Ons pe3bbbl no xpyctanto [lyHxal KpaliHe BaXKHO cPOpMMPOBATb BU3YasibHbIA A3bIK, COOTBETCTBYHOL MM
KOFHUTUBHbIM NPUBbIYKAM MeXAYHAaPOAHON ayaANTOPMM, 0COBEHHO MCMONb3YS YHMKaNbHbIE MPEMMYLLECTBA
UM POBBIX TEXHONOTMIA B BU3YyaIbHOM MpeacTaBAeHUN.

Bo-nepBbix, HEOBXOAMMO OTONTM OT TPALMLMOHHOINO MACLWITAabOHOro MOBECTBOBAaHMA WU NEepenTu K
HappaTUBY, OPMEHTUPOBAHHOMY HA MONOAEXb M MNOBCEAHEBHYI XM3Hb. [eMOHCTpPUPYA CcLeHapuu
NpUMeHeHna pe3bbbl NO XPyCTasto B COBPeMeHHOM Xu3Hu, HKH npeBpaltaeTca U3 «0bbekTa HabaoaeHna»
B «MpPOXMBaeMbIi 06pa3 KU3HM». TaKol HappaTUBHbLIA NOAX04 NO3BONAET COKPATUTb MCUXONOTMYECKYIO
OMCTaHUMIO C MeXAyHapoaHOW ayauTopuein n cnocobcreyeT GopmMMUpPoOBaHUIO B LMGPOBOM NPOCTPaAHCTBE
Y3HaBaeMOro «4yBCTBa MECTa», OTPaXKaloLLEro YHUKa/IbHYIO Ky/IbTYPHYIO aTMocoepy.

Bo-BTOpbIX, NCNONb3ysA TakMe UMdPOBblE TEXHOOMMU, KaK MUKPOOOBHEKTUB, 3amel/leHHas CbeMKa
(Taimnanc) n aHaToMMa MpoLECcCa, MOXKHO MPOBOAMTbL MWUKPO-aHa/M3 M MNO3TanHoe BOCMpou3BedeHue
TEXHUKM pe3bbbl N0 XPyCTanto, Nepexoan oT MPOCTON PUKCaLUM K }KMBOMY NOKasy. Hanpumep, ¢ nomoLbto
KPYMHbIX NAaHOB AEMOHCTPMPOBATb TOHKME U3MEHEHUA ABUMKEHUI pe3la B npouecce paboTbl, YyyaecHoe
NposiBNeHNE TEKCTYPbI XpYyCTans, NpeBpallan 3HaH1e, OCHOBAaHHOE Ha OMbITe U NepeaaBaemoe 13 PYK B PYKMU,
B BM3Yya/ibHble, OLLYTUMbIE U MOHATHbIE CUMBOJIbI. TaKOM BU3YaibHbIN A3bIK cnocobeH 3¢ PpeKTMBHO NOBLICUTb
YPOBEHb MOHUMAHUNA MeXAYHapPOAHOW ayAUTOPUE CNOXKHOCTU U HAYYHOCTM MacTepCcTBa, OKasbiBas 3pdeKT
rnybuHHOro BU3yasnbHOro yb6exaeHua. MpUMeHeHMe TexXHONOorMiA UMPPOBOro ABOWHWMKA M ryboKoro
0byyeHns moxkeT obecneunTb NOAAEPHKKY AN AMHAMMUYECKOTo MOAeNMPoBaHKUA TexHonornin HKH, nossonsan
[0CTUYb TOUHOM LUMdPOBOM penpeseHTauum U HacneaoBaHma HKH.

3.2 CtpaTerusa KynbTypHOI nepegaun: oT «BbiXxoga BOBHE» K «MPOHUKHOBEHUIO Bray6b»

KoHeyHas uenb MeXayHapoaHOM KOMMYHMKauMM — He OAHOCTOPOHHMI BbIXO4, BOBHe, a
NPOHMKHOBEHMeE Brnybb Yepes ANanor LMBUAN3ALINNA.

Bo-nepBbix, NpMBAEUYEHNE NHOCTPAHHbIX YYaCTHUKOB B Ka4eCTBe CBA3YIOLLEro 3BeHa A5 Ky/NbTypHOM
nepegaun. Yepes B3rnag, cTopoHHero Habnwopatens, NoJsiHbIA NOOONLITCTBA, MOMLITOK U OCMbIC/AEHUA,
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MOKHO YCTAHOBWUTb KaHa/i 3MMaTUU U 3GGEKTUBHO CHU3UTL KYAbTYPHbIA AMCKOHT. Hanpumep, MOXKHO
NPUrAaWaTe MeXAyHapoaHbix 610repoB gaa ydactma B onbiTe pe3bbbl MO XPYCTanto, 3anucbiBaTb WX
B3aMMOAENCTBME C MACTEPAMM-HOCUTENSAMM TPaauuMM, NpeBpawasd OOBbACHUTE/IbHbIA MOHONOT B
AMaNoroByo NAOLWAAKY, YTO NO3BOSET 3apyberkHOM ayauTopmn naeHtuduumnposaTb ceba yepes 6,1M3Koro
KYNbTYPHOrO nocpesHuKa.

Bo-BTOpbIX, B npouecce nepegayn Heobxoaumo rnyboOKO pacKpbiBaTb Takue oblievyenoseyeckue
LLeHHOCTH, 3a/10XKeHHbIe B pe3bbe Mo XpycTanto, Kak «4yX MacTepcTBa» M KrapMOHMSA YeN0BeEKA C NPUPOJO0IN».
3TV LEHHOCTM CNOCOBHbI NPeoaoNeBaTb KYbTypPHble 6apbepbl U YCTaHABANBATL NPOYHYH SMOLMOHA/IbHYIO
CBA3b M KYNbTYPHYIO 3MNATUIO Ha pedieKkcMBHOM ypoBHe. OQHOBPEMEHHO BaXXHO COYETaTb KyNbTypy
XpycTana ¢ MeXAyHapoAHbIMW MOAHbIMU TEHAEHUMAMM W KOHUEMUMAMM COBPEMEHHOro AuM3aiiHa,
cnocobcTBys ee  KpeaTMBHOM  TpaHChoOpmMauMm M MHHOBALMOHHOMY  PasBUTUIO,  yCWaMBaA
KOMMYHMKaLMOHHbIN NOTeHUnan.

3.3 MNocTpoeHMe KOMMYHMKAUMOHHOM MaTpuubl: agantauma K nnatrpopmam M oTpacneBas
MHTerpauus

Bo-nepBbix, HeobxogMmo Aenatb aKueHT Ha anddepeHuUMpoBaHHOM paboTe ¢ naaThopmamu.
Co3paHuMe aKKayHTOB Ha OCHOBHbIX 3apybexHbiX counanbHbix naaTtpopmax, Takmx Kak Facebook u TikTok, ¢
peanusaumein cermeHTUpPoBaHHOM cTpaTernn. Ha Facebook genatb ynop Ha ny6AMKaumio SMOUMOHANbHbIX
MMUKPO-AOKYMEHTabHbIX ¢nbMmoB, a Ha TikTok — Ha BbINycK nerkoro, 6bICTPOro KOHTEHTa B popmarte
KOPOTKMX BUAEO, aAanTUPYACh K SIOFTMKEe pacnpoCTPaHEHMA pasHblx naaTdopm. Mcnonb3oBaHMe anropuTmos
pPEKOMEHAALMIA, OCHOBAHHbIX Ha LMKNe «nybanKauma Buaeo — GUAbTPaLMA anroputMom — yaepiKaHue
KOHTEHTa — Cc60p AaHHbIX», NO3BOAAET TOYHO OXBATbIBATb LE/IEBYIO ayAUTOPUIO. ITa MHOronaaTGopmMeHHas,
anddepeHLMpoBaHHAA onepaLMOHHas CTpaTera ABAAETCA KNOYOM K 3PPeKTMBHOMY pacLUMPEHMIO OXBATA
pacnpocTtpaHeHuna HKH B ycnosuax umdposmusaumnm.

Bo-BTOpbIX, HEO6XO4MMO coyeTaTb pacnpocTpaHeHme nHoopmaumnmn o HKH ¢ passutmem KyabTypHOro
TYpU3Ma M KpPeaTUBHbIX MPOAYKTOB (Ky/NbTYpHbI MepyaHaain3nHr), cnocobcTBys NpeBpaLLeHNIo KYIbTYPHbIX
pecypcoB B 3KOHOMMYECKYD LeHHOCTb. COo3gaHMe BbICTAaBOYHbIX M MHTEPAKTUMBHBLIX LLEHTPOB Ky/bTypbl
pe3bbbl NO XpyCcTasnto, 3anycK TYPUCTUYECKMX MPOrpaMm C MacTep-Knaccamu no pesbbe, rae nocetntenu
MOryT J/MYHO nonpoboBaTb 06paboTaTb XPYCTasbHbIA  KaMeHb, MOBbIWAET BOBAEYEHHOCTb MU
y40BNETBOPEHHOCTb. MapannenbHo HeobxoamMmo GopMMpPoBaTb 061340 MEKAYHAPOAHBIM BANSHUEM
6peHs B chepe pe3bbbl No xpycTanto [lyHxald, pa3pabaTbiBaTb KpeaTUBHblE NPOAYKTbl, COOTBETCTBYIOLWME
MeXAYHapPOAHbIM 3CTETUYECKMM CTaHZAPTaM M cnpocy. MHHOBaLMK U CTpaTernm npoasuKeHns bpeHaa B
cbepe HKH nmeloT BakHOe 3HayeHue B 3noxy LMdpoBoro notpebneHuns, nomoras npueieyb BHUMaHMe
ayanTopum B yC0oBUAX MHOOPMALIMOHHOM NeperpysKku.

B-TpeTbux, Hana)kKMBaTb MEXAYHAPOAHOE COTPYAHWMYECTBO C BeAyWwMMWM  3apyberkHbiMU
OOKYMEHTAZIMCTaMKU U niaTdopMaMn A1A BbIXOAa Ha rnobanbHyto ayautopuio. AKTMBHO y4yacTBOBaTb B
Pas3/INYHbIX XYAOMKECTBEHHbIX BbICTAaBKAX U MepPOMNPUATUAX MO Ky/JbTYpHOMY OOMeHy ANA NOBblWeHUA
WN3BECTHOCTU W BIMAHUA pe3bbbl NO XpycTanto [yHxau.

4. 3aKknt04eHne U NepcneKTUBbI

Pe3bba no xpyctanto [lyHXaW, Kak KeMUy>KXMHA BblAaloWencs TPaguLMOHHON KUTAMCKOM KynbTypbl,
TpebyeT ANA CBOEro MEeXAYHAapOAHOro MPOABUMKEHMA CUCTEMHOIO MOAXOAa, CKOOPAMHMPOBAHHbIX
WHHOBALMI B TEXHONOTUAX, NNaTPopmax u cTpaternax. JaHHOe nccneaoBaHWe NOKasbIBAEeT, YTo pesbba no
XpycTtanto [yHxa o6nafaeT yHUKANbHbIMU XyAOXMKECTBEHHBIMW U KYAbTYPHbIMM MpPeuMyLLecTBamMmu And
MEXAYHapPOAHON KOMMYHMKAUMKM, HO CTaZIKMBAETCA € NPEensaTCTBUSAMM M3-3a KPU3MCA NPEEMCTBEHHOCTH,
yCTapeBLIMX METOAOB PACNpPOCTPaHEHNA U KYNbTYPHOro ANCKOHTA. Mcnonb3oBaHMe LMPPOBbIX TEXHOIOTUIA
ONA  PEKOHCTPYKLMU BU3YyanbHOro A3blKa, peanusauua CcTpaTerMii TOYHOTO KyNbTYPHOW nepesaun u
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NOCTPOEHME MHOTOMEPHON KOMMYHWUKALMOHHOMN MaTpuULbl ABAAOTCA 3QPEKTUBHBIMU NYTAMWU NOBbILLEHNSA
3 PEKTUBHOCTU ee MeXAYHAPOAHOIO PAacnpoCTpaHeHus.

3arnagbiBaa B byayliee, MexAyHapoAHOe NpoABUMMKeHMEe pe3bbbl Mo xpycTanto [yHxal [OMXKHO
NPOAO/IKATb YCUAMBATLCA B CEAYHOLMX HAaNpaBAEHUAX:

Bo-nepsblx, yraybneHne umdposoit TpaHchopmauum: cosgaHue umdpoBOro pecypcHoro 6aHkKa
pe3bbbl MO XPyCTato, Ucnonb3oBaHue TexHonoruii VR/AR 1 610KUeiH ans co3gaHns MMMepPCMBHOIO ONbITa
1 nnatdopm 3alLMTbl aBTOPCKMX NpaB. [loKa3aHO, YTO TEXHONOIUA BUPTyanbHOM peanbHocTu (VR) moxkeT
NCMNO/Ib30BaTbCA AN1A AOCTUNEHNA TYBOKOro MMMEPCMBHOIO pacnpocTpaHernma HKH;

Bo-BTOpbIX, yCW/eHME NOArOTOBKM KAApPOB: MOCTPOEHWE [ABOMHOM CUCTEMbI «MACTEP-YYEHUK +
akagemunyeckoe obpas3oBaHME» [NA MNOATOTOBKM CNELMANIUCTOB C MENKAYHAPOLHbIM BUAEHMEM W
CNOCOBHOCTAMM K MEXKYNbTYPHON KOMMYHUKALNUK, pelleHne Npobaembl pa3pbiBa B epesaye MacTepcTsa;

B-TpeTbux, pacwiMpeHne OoTpacieBON MHTerpaumu: rnybokoe codyeTaHWe pesbbbl MO XpycTanto C
COBPEMEHHbIMW WUHAYCTPUAMM, TaKMUMKU KaK Wrpbl, aHUMaLMA WU KUHO, AN pPas3paboOTKM KyAbTYpPHbIX
NPOAYKTOB € rN106anbHOM NPUBAEKATENIBHOCTbIO.

ToNbKO ONMPaACh Ha NHTENNEKTYaIbHYO NOAAEPKKY M CKOOPANHMPOBAHHOE ynpaBaeHue, pesbba no
XpycTanto [lyHxalh CMOMKET 3acuATb HOBbIMM KpacKkamMu Ha MWUPOBOM Ky/NbTypHOW apeHe u obecneyntb
rNyOGUHHYIO NOAAEPKKY KY/bTYPHOIrO HappaTMBa KUTAaMCKON MogePHMU3ALNN.
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FypbaHrengmueBa ApyKepeH, CTyaeHT

MexXayHapoaHbI YHUBEPCUTET HeDTU M rasa nmeHu Arwbirengm Kakaesa
Knunesa lN'ynbaxap, cTygeHT

MeXayHapoaHbIN yHUBEpPCUTET HedTU M rasa uMmeHu Arwbirengm Kakaesa
TypKMeHucTaH, r. Awxabag,

PAOUKA/IbHbIE LEMNHBIE MPOLLECCbI B OPTAHUYECKOM CUHTE3E

AHHOTauuA

B cTaTbe paccMaTpuBalOTCA paAuvKasibHble LEMNHble NPOUEeccbl KaK OAWH M3 KAO4YeBbIX
MHCTPYMEHTOB COBPEMEHHOrO OPraHMYeCcKoro CMHTe3a. B cTaTbe aHaNM3UPYHOTCA  MEXaHU3MbI
WHULMWPOBAHMA, pocTa M obOpbiBa LIEMM, a TaKXKe WX BAUAHME HaA CENEKTUBHOCTb U BbIXOL, LLENEBbIX
npoayktoB. Ocoboe BHUMaHWE yAenserca TepMOANHAMMYECKMM U KUHETUYEeCKUM  daKTopam,
onpeaensowmm yCToOMUNMBOCTb CBOBOAHbIX PaANKaNoB, BKAOYAA MHAYKTUBHbIA U Me30MepHbI 3¢ deKTbl. B
CTaTbe€ OCBELLAOTCA  KNAAaCCMYECKMe peakuuu  pPaauKaibHOro  3aMelleHua, MNPUCOeAMHEHUA ¢
NnoNMMeEpPU3aLMKM, a TaKKe COBpPeMeHHble MeToAbl (POTOXMMMYECKOM W KaTaNUTUYECKOW reHepauum
pagukanos. MoKasaHo, YTO Pa3BUTUE METOAOB MATKOW aKTUBALMK CBA3EN, B TOM YUC/IE C MPUMEHEHNEM
$OTOKaTaNM3a W NepexogHblX MEeTaNNoB, 3HAYMTENIbHO PACLIMPUAO CUHTETUYECKME BO3MOMKHOCTU
paguKanbHOW XMMWUKW. B cTaTbe TaKXkKe O0O0CyXKAaloTCA NPEMMYLLECTBA PaAMKa/ibHbIX MPOLECCOB MO
CPAaBHEHUID C MOHHbIMM MEXaHM3MaMM, BK/OYAA YCTOMYMBOCTb K OYHKUMOHANbHbIM rpynnam u
BO3MOXHOCTb MPOBEAEHUA peakumii B MATKMX ycnoBuax. OTMevaeTcs posb pPaZuKanbHbIX NPOLECCOB B
NPOMbILIAEHHOM CUHTE3€E, MPOU3BOACTBE NOSIMMEPOB U PpapmMaLLeBTUYECKUX COegMHEHWNI. [lenaeTca BbIBOA,
O BbICOKOW NEpPCNeKTUBHOCTM pPagMKaNbHbIX LUEMHbIX NPOLECCOB KaK YHMBEPCANbHOMO WHCTPYMEHTa
NOCTPOEHMA YIepoa-yrnepoaHbIX N YINepoa-reTepoaTOMHbIX CBA3EN.

Kniouesble cnosa:
cBobogHble pagMKanbl, LENHblE peakunmn, opraHMYeCcKUin CUHTE3, MHULUUMMPOBAHWE, POCT Lenu, 0bpbiB
Lenu, pagmMKkanbHoOe 3aMelleHne, paguKanbHoe npucoeanHeHne, GOTOKaTaNn3, NoAMMepU3aLma,
KMHETUKA peakuuii, TepmogMHaMmKa.

PaguKanbHble LenHble NPoLecchl 3aHMMAIOT BaXKHOE MECTO B OPraHUYeCcKon XMMUK 1 NPeacTaBaAatoT
coboit 3pPeKTUBHbIN METOZ, NOCTPOEHUA CNOXKHbLIX MOJIEKYAAPHbIX CTPYKTYp. WX passBuTMe cBA3aHO C
NOHUMaHWEM NPUPOAbI CBOBOAHbIX PAANKAN0B — YacTULL, COAEPKALLMX HECMAPEHHbIN 3NEKTPOH. B oTanune
OT MOHHbIX Peakumii, paauKanbHble NPOLLECChl HAacTO NPOTEKAIOT B MATKMX YCA0BUAX M OT/IMYAKOTCA BbICOKOM
OYHKUMOHANbHON  TONEPaHTHOCTb.  COBPEMEHHBIN  OpraHMYecKM CUMHTE3 aKTMBHO  WUCMOAb3yeT
pafMKanbHble MEXaHU3Mbl A8 GOPMUPOBAHUA YINEepPOa-YINepPOaHbIX U YrN1epoa-reTepoaTOMHbIX CBA3EN,
4TO AenaeT AaHHy 061acTb 0COBEHHO aKTyaNbHOM KaK ana GyHAAMEHTaNbHbIX UCCAef0BaHUI, Tak U Ana
NpUKNagHbIX 3a4au.

PaguKanbHble LenHble peakuMn ABAAKOTCA MHOTOCTagMMHbIMM MPOLLeCcCamu, MPOTEKAOWMMU C
Yy4YacTMeM aKTUBHbIX MPOMEXKYTOYHbIX YacTUL, — CBOBOAHbIX paanKanoB. OCHOBHOW OTIMYUTENIbHOM YEepPTO
3TUX NPOLLECCOB ABMAETCA HAa/MYME LLEMHOr0 MEXaHU3MA, NPU KOTOpom obBpasytolwmMiica Ha O4HON cTaguu
paguKan MHULMUpPYET nocaeaytoLine npespaLLeHns.

MepBas cTagmMA — WMHUUMMPOBAHWME — 3aKNOYaeTcA B 06pa3oBaHWMWM pPaamKanosB M3 CTabUAbHbIX
monekyn. UHUUMMpPOBaHME MOXKET MNPOUCXOLUTb NOL AEeNCTBMEM Tenna, CBeTa WU  XMMUYECKUX
MHMumnaTopos. Hanmbonee pacnpocTpaHEHHbIMU WHULMATOPaMM ABAAKOTCA OPraHUYecKMe nepokcuabl u
a30CoeIMHEHUNSA, TaKne Kak a3obucmsobytupoHuTtpun (AIBN). Mpu HarpeBaHuUM uamn obaydyeHuu cnabble
cBA3n 0—0 uam N—N romonnTmyeckun paspbliBatoTca, 06pasya ABa pagMKana. IHeprua paspbisa CBA3M UrpaeT

23



AKAJEMUYECKOE USAOATENBCTBO «HAYHYHAA APTE/1Ib»

KNOYeEBYHO POb B 3GGEKTUBHOCTU MHULIUMPOBAHUA.

BTopasa ctagus — pocT uenu (nponarauma) — BKAKOYAET NocsenoBaTe/bHble peakumMm paanKkanos C
Mmosekynamm cybctpata. B xoge 3TUx peaKkuuii 0b6pasytoTcA HOBble paguKasbl, cnOcobHble NPOAOANKaTb
uenHom npouecc. Knaccnyeckum npumepom ABAAETCA PaanKabHOE rafioreHnpoBaHme afkaHoB. Ha nepsoit
CTaAaMM aTOM raloreHa oTLLeNnaAeT aTOM BOLOPOLa OT a/IkaHa c 06pa3oBaHMEM aIKMIbHOTO paauKana. 3aTem
ANKWUNbHbIA pPagMKan pearpyetr € MOJIEKY/ION ranoreHa, GopmMupys MNPOAYKT 3aMELLEHMA M HOBbIN
rasioreHoBbIN paauKan. Takum obpasom obecneynmBaeTca Camonoaae P KUBAIOLLNIACA XapaKTep peakuum.

Cragma obpbiBa UENW MPOUCXOAUT MNPW B3aMMOAENCTBUM ABYX pPaAuKanoB ¢ obpasoBaHMem
CTabuNbHbIX MOJNEKYN. BO3MOMHbI fABa MeEXaHU3Ma: PEeKOMOMHAUMA M AWCIPONOPLUOHUPOBAHME.
PekombuHauma npmBoaMT K 0BpPa3oBaHUIO OAHOW MOAEKY/bl 33 CYET COeAMHEHMA ABYX PafMKanos, a
AMCNPONOPLMOHNMPOBAHME COMPOBOXKAAETCA NEPEHOCOM aTomMa Bogoposa. CKopocTb 0bpbiBa BAMAET Ha
CcpegHo AANHY Lenn n obLwuii BbIXo4 NPOAYKTa.

KnHeTnKa paguKanbHbIx peakumii onpegensetca 6anaHCoOM CKOPOCTEN MHULMMPOBAHMA, Mponaraumnm
1 06pbIBa. ECAn cKOpoCTb NponaraLMm 3HAYUTENbHO NPEBbILAET CKOPOCTb 06pPbIBaA, LeNb MOXKET BKOYATb
COTHM W TbICAYU LIMKAOB, YTO AenaeT npouecc 3¢ppeKTMBHbIM. KOHLEHTPALMA paanKanos B cucteme 06bI4HO
Ma/ia U Haxo4MTCA B KBAa3UCTAaLMOHAPHOM COCTOAHUM.

CyLwiecTBeHHOE 3Ha4YeHME MMEET YCTOMYMBOCTb PaaunKanos. OHa onpeaenaeTca CTPYKTYPON MONEKy bl
W pacnpegeneHnem sneKTPOHHOW NIOTHOCTU. TpeTUYHble paamKanbl 6osee cTabuabHbl MO CPABHEHUIO CO
BTOPUYHbBIMM U MepPBUYHbIMK Baarogapsa rmnepkoHbloraumn. ConpsakeHne ¢ apoMaTUYECKMMM CUCTEMAMM
TaKKe CTabunusmpyeTt paguKanbHble LEHTPbl. ITM GAKTOpPbl ONPEeAenstoT CeNeKTUBHOCTb peaKkuui,
Hanpumep, B caydyae OBPOMMPOBAHMA aANKAHOB, rae NpenmmyliecTBeHHO obpasytoTca 6onee cTabubHble
paguKanbHble NPOMENKYTOUHbIE YaCcTULbI.

PaguKanbHble peakunn NPUCOEANHEHUS LIMPOKO NPUMEHAINTCA AAA8 GYHKUMOHANM3ALMKU KPaTHbIX
ceasen. Mpumepom ABAAETCA aHTU-MApPKOBHMKOBCKOE npucoeanHeHne HBr K ankeHam B NpuUCyTCTBUM
NepoKCUAOoB. B oTiIMuMe OT MIOHHOrO MeXaHW3Ma, pPagmMKaabHbl NyTb NPUBOAUT K 06pa3oBaHMIO NPOAYKTa, B
KOTOPOM aToM bpoma MPUCOEAMHAETCS K MeHee 3amelLéHHOMY aTomy yraepoga. MexaHusm BKOYaeT
o0bpa3oBaHMe 6POMOBOrO paanKana U ero NPUCoeanHeHMe K ABOIMHOM cBA3M ¢ GopMMUpOBaHMEM Hanbonee
CTabMNbHOrO aNIKMABHOIO paaunKana.

Ocoboe MecTo 3aHMMalOT NPOLECChbl PaAMKaNbHOM MOAMMEpPM3AUUK. ITOT TUMN pPeakuuun LWKUPOKO
MUCNoNb3yeTca AaA MOJyYeHUA MOAMITUNAEHA, MNOAUMNPONUAEHa, MNOJNCTMPOAA W APYrMX MNOJMMEpPOB.
MHMUMMpPOBaHME OCYyLLEeCTBAAETCA TEPMUYECKM WM GOTOXMMMYECKM, a POCT LLeNM COMPOBOXKAAETCA
nocsefoBaTesIbHbIM  NPUCOEAMHEHNEM MOHOMEPHbLIX 3BEeHbeB. KOHTPO/Jb  MONEKYNAPHOM  macchbl
[OCTUraeTcA peryanpoBaHMEM KOHLEHTpauMM WHUUMATOpa WM TemnepaTtypbl. CoBpemMeHHble MeToapl
KOHTPONMPYEMOM pagMKanbHON nonnmepusauum (Hanpumep, ATRP u RAFT) no3BonsoT ynpasaATb
APXMTEKTYPOIN MAKPOMOIEKY .

B nocnenHue pecATMneTMs aKTMBHO pa3BMBAeTCA (OTOKATa/NIMTUYECKas reHepauma pagMKanos C
MCMNOJIb30BaHMEM BUAMMOTO cBeTa. POTOKATaIM3aTOPbI, BKAOYAA KOMMIEKCh! PYTEHUA U UPUANA, CNOCOBHbI
nepexoautb B BO3OYXAEHHOE COCTOAHME W MHULMMPOBATb NEPEHOC 3/MEKTPOHA, YTO NPUMBOAMUT K
06pa30BaHUIO PAAMKAIOB B MATKUX yCN0BUAX. TakMe Noaxodbl NO3BOAAT MUHUMM3INPOBATL NOBOYHbIE
peaKkunun 1 CHU3UTb SHEepPros3aTpaTbl.

lNpumeHeHne nepexoaHbIX METAN/IOB B PafMKasbHbIX MPOLLECCaxX PacWMUpPAeT CUHTeTUYecKue
BO3MOHOCTU. MeTannoKoOMNNEKCHbIE CUCTEMbI CMOCOOHBI 0becneunBaTb ceNeKTUBHYH akTMBaumio C—H u
C—X cBazeil. Bsaumogelicteme paAnKanoB C METAIZIMYECKMMU LLEHTPAaMM OTKPbIBaEeT NyTb K pOPMMUPOBaAHMLO
HOBbIX YrNepPoA-yrNepoAHbIX CBA3EN.

MpenmyLLecTBoM paauKanbHbIX NPOLLECCOB ABNAETCA UX TONEPAHTHOCTb K PYHKLMOHAIbHbIM Fpynnam
M BO3MOXHOCTb MPOTEKAHUA B HEWTPANbHbIX YCNOBMAX. ITO OCOOEHHO BAXKHO MPU CUHTE3E C/IOMKHbIX
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NPUPOAHbIX COEAMHEHUI U NEKAPCTBEHHbIX MpenapaToB. PaankanbHble meToabl MO3BONAKT M3berkaTb
CUNbHBIX KUCNOT UAM OCHOBAHWUI, XapaKTEPHbIX A1 MOHHbIX PeaKLMN.

HecmoTps Ha npeumyliectsa, paauKanbHble peakuun TpebytoT CTPOroro KOHTpoAnA. Bbicokas
peakLMOHHAA CNOCOBHOCTb MOXET NPUBOANUTbL K MNODBOYHbIM MpPEeBpaLEHUAM, MNOAMMEPU3ALUN UK
oKkucneHuto. Mcnonb3oBaHne MHIMOUTOPOB, /IOBYLIEK PagMKasoB W ONTMMM3aALMA YCNOBUMA peakumm
NO3BO/IAIOT NOBbLICUTb CENEKTUBHOCTb M BbIXOZ, LLENEBOIO NPOAYKTA.

3aknoueHue

PaguKanbHble UenHble MNpoueccbl UrpatoT PpyHAAMEHTaNbHYIO POJib B PasBUTUM OPraHMYECKoro
CUHTE3a W NPOAOJIKAOT AKTUBHO COBEPLUEHCTBOBATLCA BAarofapa BHEAPEHMIO HOBbIX METOA0B aKTUBALLUK
M KaTanmsa. Ux mexaHusm, BKAKOYAKOLWMA CTaAUM MHULMMPOBAHMA, pPocTa M obpbiBa Lenu, no3sonset
3pPEeKTUBHO YyNpPaBAATb PEaAKUMOHHOM CMOCOOHOCTbIO M CENIEKTUBHOCTbIO NpeBpaleHuin. AHanms
KMHETUYECKMX U TePMOAMHAMUNYECKMX PAaKTOPOB NOKasas, YTO YCTOMYMBOCTb NPOMENKYTOUHbIX PaAUKAN0B U
COOTHOLLEHME CKOPOCTEM 3/1IeMeHTapHbIX CTaanii onpeaenatot 3¢peKTMBHOCTb BCEro npouecca.

CoBpemeHHble  (OTOKATaIMTUYECKME W META/I/IOKOMMNEKCHbIE MeToAbl OTKPbIBAlOT  HOBblE
BO3MOHOCTU A1 MAFKOrO M 3KOJIOrMYecKM 6e30MacHOro CUHTe3a C/OMKHbIX MOAEKYA. PagukanbHble
peakLuMm eMOHCTPUPYIOT BbICOKYHO TONEPAHTHOCTb K GYHKLIMOHANBbHbBIM Fpynmnam, YTo AenaeT Mx 0CobeHHo
LEeHHbIMU NpW co34aHuMM dapmMaLeBTUYECKMX CYyBCTaHUMN, NPUPOLHbLIX COEAMHEHWN U MOJAMMEPHbIX
MaTepunanos.

MepcneKTnBbl Pa3BUTUA PagMKaNbHON XMMWK CBA3AHbI C PA3paboTKOM yrnpaBafAeMbIX U CEIEKTUBHbIX
MEeTOZ0B reHepauMn PaguKanoB, a TakKe C UHTerpauuen paguKkanbHbIX MEXaHU3MOB B MHOTOCTagMMHbIE
CUHTETMYECKME CcTpaTernn. JanbHelwme nccnenoBaHma B 061acTM KUHETUKU, MEXAHUCTUYECKUX aCNEKTOB U
KaTaNUTUYECKMX cucTem ByayT cnocobcTBOBATb PACLIMPEHMUIO MPAKTUYECKOTO NPUMEHEHUA PafMKaibHbIX
LenHbIX NPOLLECCOB U NOBbILEHUIO UX 3PEKTUBHOCTU B OPraHUYECKOM CUHTe3e.
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METANNTOPTAHUYECKUE COEAUHEHUA U UX KATAJIUTUYECKAA AKTUBHOCTb

AHHOTauuA
B cTaTbe paccmaTpmBaloTCA METANNIOPraHMYEeCcKMe COeMHEHUA KaK OAMH U3 K/IHOYEBbIX K/1acCOB
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COeAMHEHWIA COBPEMEHHON XMMUM U KaTann3a. B cTaTbe aHanM3MpyroTca 0COBEHHOCTU CTPOEHUA MeTanN—
YrNepoAHON CBA3M, 3/IEKTPOHHAA CTPYKTypa KOMIMJIEKCOB MepPexodHblX METa//IoB U WX BAUAHWE Ha
KaTa/IMTUYECKYIO aKTUBHOCTb. B cTaTbe NoApo6HO OCBELLAIOTCA MeXaHWM3Mbl FOMOreHHOro M reTeporeHHoro
KaTa/M3a C YyyacTMeM MeTaN/IopraHMYecknx COeAMHEHMI, BK/OYaA pPeakuuMum OKUCAUTENbHOMO
NPUCOeANHEHNA, BOCCTAHOBMTE/NIbHOMO 3/MMUHUMPOBAHUA, MUTPALMOHHON BCTaBKU M B-rmapuaHoro
3MMUHNPOBaHKUA. Ocoboe BHUMaHUE YAENAETCA NPOMbILLJIEHHO 3HAYMMbIM MPOLLECCaM — rMAPNUPOBaHNIO,
rmapodopPMUANPOBAHNIO, KPOCC-COYETAHUIO U MoaMMepusaumm onedpuHoB. B cTaTbe paccmaTpuBaloTca
KaTa/M3aTopbl Ha OCHOBE MafNaauA, HUKeNs, TUTaHa WM UMPKOHWA, a TaKXKe WX Poab B CUHTE3e
bapMaLLeBTUYECKMX COeAMHEHMIA U NMOAMMEPHbIX Matepuanos. OTmeyaeTca BAMAHME MPUPOAbl NMraHAaa,
KOOPAMHALUMOHHOTO OKPYXKEHUS U CTEMeHW OKUCAEHMA MeTajisla Ha aKTUBHOCTb U CENEeKTUBHOCTb
KaTa/IUTUYECKUX CUCTEM. B cTaTbe AenaeTca BbiBOA, O TOM, YTO PasBUTUE METa//IOPraHNYecKoro Kartaamsa
ABMAGTCA CTPaTErMyeckM BarKHbIM HanpaBaeHWem A4A Cco34aHnA 3OGEKTUBHbBIX, CENEKTUBHbIX U
3KO/1I0rMyeckn 6e3onacHbIX TEXHOAO0MMIA XMMNYECKOro CUHTE3a.

Kniouessble cnosa:

MeTafNopraHuYeckne coeamHeHnn; MmeTann—yrnepoaHan CBA3b; FOMOreHHbIN KaTasins; OKUCAUTENbHOE
npucoeanHeHne; BOCCTaHOBMTE/IbHOE 3/IMMUHUPOBaHUE; TMAPOGOPMUANPOBAHNE;
Kpocc-codeTaHue; NoAnmepmsaums onedpuHos.

MeTannopraHMyeckme CcoeauHeEHUss NPeacTaBaAaAloT Ccobol  KnacCc XMMUYECKUX COeAMHEHW,
cofieprKalLMX NPAMYIO CBA3b MEKAY aTOMOM MeTan/a U aTOMOM Yr1epoa opraHuyeckoro gpparmeHTa. 3tu
COeAHEHNA UrPaloT PyHAAMEHTA/NIbHYIO POJib B Pa3BUTUM KaTaUTUYECKUX METOA0B OpPraHMYecKkoro
cMHTe3a. bnarogaps cnocobHOCTM nNepexogHblX METANIOB  WM3MEHATb CTeNeHb OKUCAEHUSA U
KOOPAWHAUMOHHOE 4YUCNO, METaNIopraHUYeckue KOMMAEKCbl MPOSABAAIOT BbICOKYIO pPEaKUUOHHYIO
CNOCOBHOCTb U cenekTUBHOCTb. CoBpemMeHHas MNpPOMbIWAEHHaAs XMMWA BO MHOTOM OCHOBaHa Ha
KaTaZIMTUYECKUX MPOLECCaX C y4acTUEM METANIOPraHUYECKUX COEAMHEHUI, BKIOYAA CUHTE3 NOIMMEpPOB,
nony4yeHue anbaeruaios, CNMPTOB M GapMaLLEBTUUYECKUX CyBCTaHUMI. M3ydeHne ux CTPYKTYPbl U MEXaHU3MOB
[eNcTBUA ABNAETCA BaXKHOM 3a4auelt Kak GyHAAMEHTAIbHOM, TaK U NPUKAALHON XUMUN.

MeTannopraHMyeckme CoeauHEHMA XapaKTepu3yloTCs HaJMYMEeM KOBAaNEHTHOW CBA3M MeTann—
yrnepoj, Kotopas MOXeT ObiTb O-, T- UAM KpaTHOM no cBoel npupoge. MNPoOYHOCTb M peakuMoHHas
CNOCOBHOCTb 3TOM CBA3M 3aBUCAT OT MNPUPOALbI METANNAa, ero 3/EeKTPOHHOW KOHdUrypauum u Tuna
opraHuyeckoro nuraHga. Hanbonee akTMBHbIMM B KaTaZIMTUUYECKUX MNpOLECCaX ABAAKTCA KOMMJIEKChI
NnepexoaHbIX METaN/I0B, CNOCOBHbIE K UBMEHEHUIO CTEMEHU OKUC/IEHMA 1 06Pa30BaHNIO KOOPANHALMOHHbIX
coeaMHEHNN Pa3INYHOMN reoMeTpun.

DNeKTPOHHAanA CTPYKTYpa NepexoaHblX METa/I0B onpeaensetca 3anosaHeHnem d-opbutaneii. B pamkax
TEOPUM KPUCTAN/IMYECKOTO NOMA U TEOPUU MOJIEKYNAPHbIX opbutaneit obbacHAeTca cTabunusaums
onpeaenéHHbIX KOOpPAMHALMOHHbLIX KOHPUrypaunii. JInraHgbl UrpatoT KAOYEBYHO POJib B MOALY/IMPOBAHUM
3/1eKTPOHHOM NAOTHOCTM Ha meTanne. oHopHble dochUHOBbIE, KAPOOHMNbHbIE N LIMKNONEHTAAMEHU/IbHbIE
NraHapbl CNOCOBHbI CYLLECTBEHHO U3MEHATb PeaKLMOHHYI0 CNOCOBHOCTb KOMMNAEKCa.

KaTanutnyeckas akTMBHOCTb METaJIOPraHUYeCcKUX COeANHEHUI peanmsyeTca Yepes KaTaJiMTUYecKkunia
LUMKA, BK/AKOYAOWMNA HECKONIbKO 3/1eMeHTapHbIX CcTaaui. OAHOM M3 BaXHeWWwux CcTaguii sBnseTcs
OKUC/IUTENbHOE NpUCOeAMHEHME, MNPU  KOTOPOM METann yBe/MUMBAET CTeNeHb OKUC/AEeHMA MU
KOOPAWHAUMOHHOE YWUC/o, NpucoeguHas Mmonekyny cybctpata. [1poTMBOMNONOMHBLIM npouecc —
BOCCTaHOBUTE/IbHOE 3/IMMUHUPOBAHNE — COMNPOBOXAaeTcs obpa3oBaHMEM HOBOW KOBa/NEHTHOM CBA3U
MeXay NMMraHAaMu U CHUNKEHUEM CTEMEHU OKUC/IEHMA MeTansa. OTU ABe CTaauu NeKaT B 0CHOBE MHOTUX
peaKkunit Kpocc-coyeTaHus.
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Peakumn Kpocc-coveTaHUs, KaTanusmpyemole Nannagmem, WMPOKO MCNOb3YIOTCA ANnA 06pa3oBaHmA
yrnepoa-yrnepofHoix csasei. K HMm oTHocATcA peakumm Cysyku, Xeka u CoHorawupbl. OHM umetoT
OrpOMHOE 3HauyeHWe B CUHTe3e (APMALLEBTUYECKUX COEAUHEHUA U COMKHbBIX OPraHUYECKUX MOJIEKYI.
BblCOKaA ceNeKTMBHOCTb A0CTUIAETCA 3a CYET noabopa AMraHa0B U ONTUMM3ALUM YCA0BUIA PEAKLMUMN.

MmapodopmmanpoBaHMe ankeHOB — MPOMBIWAEHHO BaKHbIA MPOLLECC, KATaAU3Upyemblii
KOMMJIeKcaMmn KobanbTa M poaua. B xoae peakummn ankeH B3aMmopaenctsyet ¢ cuHTes-rasom (CO u H,) ¢
obpasoBaHMemM anbaerngoB. MexaHU3M BKAOYAET KOOPAMHAUMIO ajslkeHa K MeTanay, MUTPauMOHHYHO
BcTaBky CO 1 nocneaytouiee BOCCTAHOBUTEIbHOE 3/IMMUHMPOBAHUE. ITOT NPOLECC WMPOKO MUCNOb3yeTcA
ONA NONYYEeHUA CbipbA B NPOU3BOACTBE NAACTUPUKATOPOB M NOBEPXHOCTHO-AaKTUBHbIX BELLECTB.

MeTannopraHMyeckme KaTanmsaTopbl TaKKe UTrpatoT KAKOYEBYHO POab B NOAMMEPU3aLLMN onedUHOB.
KaTanunsatopbl Uwurnepa—HaTta M meTanoueHoBble KOMMIEKCbl TUTAHa M LMPKOHMA obecneymsatoT
nosyvyeHMe MNOAMITUAEHA W  NOAMMAPONWAEHA C  33[aHHON  cTepeoperynAapHocTbio.  KoHTposnb
NPOCTPAHCTBEHHOWM CTPYKTYpPbl NOAMMeEpPa AocturaeTca 6aarogapsa cneundryeckomy CTPOEHUIO aKTUBHOIO
LEeHTpa KaTanunsaTopa.

MapupoBaHne aNKeHOB U aJIKMHOB B MPUCYTCTBMM KOMMNAEKCOB NAfNagua, poama n HUKena asnaeTcs
BaXHbIM METOAO0M BOCCTAaHOB/IEHMA KpaTHbIX cBA3el. MeTann KoopauHUPYeT MOAEKyNy BoZopoAa M
cybcTpaT, obecneunsan nx coNMKeHNe M NepeHoC aToOMOoB BOAOPOAA. TN NPOLECCHI LLMPOKO NPUMEHSAIOTCA
B NPOM3BOACTBE NULLEBLIX XMPOB M GapMaL,eBTUYECKMX BELLECTB.

B nocnegHue roabl aKTMBHO pa3BMBAETCA HamnpasieHWe YycTonumBoro Katanusa. Cosgatotca
KaTannsaTopbl HAa OCHOBe 6onee AOCTYMHbIX METaN/I0B — Kesfes3a, KobanbTa U HUKeNa — CnocobHble
3aMeHUTb Aoporoctoswme b6naropogHble meTannbl. TakKe pa3pabaTbiBalOTCA reTeporeHHble CUCTEMBI,
coyeTatowme NPemMmyLLECTBA BbICOKON aKTUBHOCTU M yA06CTBA OTAE/IEHMA KaTannu3aTopa oT NpoayKTa.

daKTopbl, onpeaensaowme KaTaMTUYECKYIO aKTUBHOCTb, BK/IOYAIOT 3/IEKTPOHHbIE U CTepUYecKMe
CBOWCTBA /INFaHAOB, MNPUPOAY PACTBOPUTENA, TemMnepatypy W gaBneHue. TOHKAA HACTPOMKA 3ITUX
napameTpoB NO3BOJIAET 40OMBATLCA BbICOKOM CEIEKTUBHOCTM U MUHUMM3ALMM NOBOYHbIX peakumii.

HecmoTps Ha 3HauuTeNbHble YCNEXW, OCTAOTCA HepelwéHHble 3afayu, CBA3aHHblE C MOBbIWEHMEM
CTabMNbHOCTM KaTa/NM3aTOpPOB, MNPEAOTBPALLEHMEM MX [EAKTUBAUMM U  CHUMKEHMEM 3SKO0rMYEecKoi
Harpysku. MccnepoBaHna B 061aCTM MEXAHUCTUKU U CMEKTPOCKOMMYECKMX METOLOB aHa/nun3a MO3BOAAIOT
rny6:Ke NOHATb NPUPOAY aKTUBHbIX LLEHTPOB M ONTUMM3MPOBATb KaTaIMTUYECKME NPOLLECChI.

Takum 06pasom, MmeTan/iopraHMYEcKUe COeAMHEHUA ABAAIOTCA YHUBEPCA/NbHbIM MHCTPYMEHTOM
COBpPEMEHHON Xxumun, obecneumsas 3¢PPEKTUBHOE NPOTEKAHME MHOMKECTBA MPOMbIWJIEHHO 3HAYMMbIX
peakummn.

3aknioyeHue

MeTannopraHMyeckme coeguHEeHUs 3aHMMALOT LLEHTPalbHOE MECTO B COBPEMEHHOM KaTaIMTUYECKOW
Xvmumn 6narogapsa cnocobHocTM 06pa3oBbIBaTb aKTMBHbBIE KOMIMIEKCHI C Pa3HO06pasHbiMK cybcTpaTamu. Ux
YHWKaNbHble 3NEeKTPOHHble CBOWCTBA, BO3MOMHOCTb MW3MEHEHWA CTeneHW OKUCNEeHUA U TMOBKOCTb
KOOPAMHAUMOHHOM chepbl 0b6ecneymBaloT LWMPOKUA CNEKTP PeakuMin — OT Kpocc-covyeTaHua Ao
noaMmepmsaumn n rmapodopPMmUIMPoBaHUS.

AHaNM3 MexaHW3MOB KaTa/IMTUYECKMUX LIMKIOB MOKa3blBaeT, YTO K/HOYEBLIMMW CTAAUAMM ABAAIOTCA
OKUCAUTENIbHOE NPUCOEAMHEHUE, MWUIPALUMOHHAA BCTaBKa W BOCCTAaHOBUTE/IbHOE 3AMMWMHUPOBAHME.
YnpasneHve sTMMM CTaguAaMKU NOCPeACTBOM noabopa IMraHA0B U YCI0BUIA PeaKLMKM NO3BOAAET JOCTUMATb
BbICOKOW CENEKTUBHOCTU U 3GHEKTUBHOCTM NPOLLECCOB.

MpombIWAEHHOE 3HAYeHWe MEeTANIOPraHMYEecKoro KaTasm3a TPYAHO MNEPEOLEHMTb: OH NEXMUT B
OCHOBE MPOM3BOACTBA NOAMMEPOB, GapMaALLEBTUYECKMX COEAMHEHWNIN, arPOXMMMUKATOB U MHOXKECTBA 4pYrnx
NPOAYKTOB.
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MepcneKTnBbl Pa3BUTMA CBA3AHbI C CO34aHNMEM KAaTaM3aTOPOB HAa OCHOBE HEAOPOINX M SKONOTMYECKU
6e30nacHbIX METaN/oB, a TaKXe C pa3paboTKon yCTOMUMBBIX M 3HEeProddpdeKTUBHbIX TEXHONOTUN.
JanoHenwmne wccnepoBaHMAa B 061aCTM  CTPYKTYPbl M MeXaHM3Ma AEeWUCTBUA  METaNNopraHUYecKmx
Komnnekcos 6yayT cnocobcTBOBaTb COBEPLUIEHCTBOBAHUIO CYLLECTBYIOLUMX MPOLECCOB U OTKPLITUIO HOBbIX
HanpaB/iIeHUI KaTaIMTUYECKOTO CMHTE3a.
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THE VERTICAL HARVEST: HYDROPONICS, TIC, AND THE URBAN AGRIBUSINESS EVOLUTION

Abstract

As of March 2026, the traditional boundaries between rural production and urban consumption have
effectively dissolved. The emergence of Technology-integrated Cultivation (TiC)—combining hydroponics, Al-
driven climate control, and vertical spatial design—has revolutionized how global metropolises manage food
security. This article explores the transition from "Soil-Dependent" to "Environment-Controlled"
agribusiness, the role of closed-loop nutrient systems, and how modular urban farming allows specialists to
produce high-yield harvests in real-time. We analyze how 2026-era architectural firms and agritech
corporations are co-creating "Living Skyscrapers" to bridge the immediate gap between urban density and
agricultural necessity.

Keywords:
hydroponics, TiC (technology-integrated cultivation), urban agriculture, vertical farming, controlled
environment agriculture (CEA), circular agribusiness, loT sensing, and hyper-local food systems.

1. The "Closed-Loop" Hydroponic Model

In 2026, the scarcity of arable land and the carbon cost of long-haul logistics require a "Closed-Loop"
approach to cultivation. Future urban specialists no longer rely on unpredictable seasons; they build climate-
agnostic ecosystems within the city core.

e Substrate-Free Growth: Instead of soil, specialists utilize nutrient-rich aqueous solutions (Deep
Water Culture or Nutrient Film Technique). This allows for a 90% reduction in water usage, as the system
recirculates every drop not absorbed by the plant.

e Immediate Resource ROI: These systems allow for "stacking" crops vertically, increasing yield-per-
square-meter by up to 300%. This creates a continuous feedback loop between local urban demand and
immediate facility output.

2. TiC (Technology-integrated Cultivation) and the "Digital Farmhand"

Integration is the backbone of the 2026 urban agribusiness ecosystem. To combat the limitations of
urban space, institutions have turned to decentralized Al monitoring.

e Precision Light Recipes: TiC facilities utilize specific LED spectrums (primarily red and blue peaks)
tailored to the growth stage of the plant, maximizing photosynthesis while minimizing energy waste.

e The Growth Ledger: Specialists maintain a "Digital Growth Ledger" hosted on loT networks. When a
harvest is ready, distributors can instantly verify the nutrient density and purity (pesticide-free status) of the
produce, eliminating the need for manual quality checks.

3. Urban-Industrial Co-Creation

One of the most significant shifts in 2026 is the direct involvement of urban developers in the design
of "Agri-Tectural" infrastructure.

e Embedded Vertical Farms: Many new residential complexes now embed TiC systems directly into
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their gray-water recycling stacks. A future specialist in Urban Agriculture manages these systems as part of
the building's essential life-support utility.

o Agile Yield Systems: Because hydroponic cycles are shorter (typically 3—6 weeks for leafy greens),
urban farms can be updated every month to reflect changing dietary trends or emergency nutritional needs,
a feat impossible for traditional seasonal curricula.

4. "Eco-Logic" and the Modern Agronomist

In 2026, "Biological Engineering" skills are being codified into urban agribusiness to provide objective
proof of sustainable management uknown to previous generations.

e Quantifying Sustainability: Using Al-driven simulations, future specialists can now earn credentials in
"Hyper-Local Resource Balancing" or "Symbiotic Aquaponic Management."

e The Resilience Advantage: As traditional rural supply chains face climate-induced disruptions, these
verified urban-centric credentials have become the most valuable assets in a specialist's professional "stack."

Conclusion: The End of the "Rural-Only" Paradigm

The training of future agribusiness specialists in 2026 is no longer a terminal study of nature but a
lifelong process of managing technology-integrated ecosystems. Innovations in hydroponics and TiC have
democratized access to fresh produce, allowing individuals in food-scarce urban deserts to pivot into high-
tech production roles quickly. For the specialist of tomorrow, the city is the field, and the vertical stack of
micro-farms is the skyscraper of food security.
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"INTERNET OF FIELDS": AUTONOMOUS ECOSYSTEMS AND THE 2026 AGRICULTURAL RENAISSANCE

Abstract
As of March 2026, the global agricultural sector has undergone a fundamental shift from mechanized
farming to "Autonomous Ecosystem Management." The emergence of the Internet of Fields (loF)—a hyper-
connected network of soil sensors, atmospheric satellites, and biological Al—has revolutionized how the
world’s food supply is secured. This article explores the transition from "Broadcast Farming" to "Molecular
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Precision," the role of 5G-enabled swarm robotics, and how "Digital Twins" of entire farm regions allow for
real-time climate adaptation. We analyze how 2026-era agrotechnologists and local cooperatives are co-
creating "Smart-Soil Credentials" to bridge the gap between traditional land stewardship and high-tech food
manufacturing.
Keywords:
smart agriculture, internet of fields (loF), autonomous swarm robotics, molecular precision, digital twin
farming, regenerative agtech, 5G connectivity, and Al-driven agronomy.

1. The "Molecular Precision" Cultivation Model

In 2026, the scarcity of arable land and volatile weather requires a "Molecular" approach to farming.
Producers no longer treat entire fields as single units; they manage them square-centimeter by square-
centimeter.

e Individual Plant Care: Utilizing Al-vision drones and ground-based cobots (collaborative robots),
every single sprout is monitored. Nutrients and biological pest controls are applied via ultra-fine nozzles
directly to the plant that needs them, reducing chemical runoff by up to 85%.

e Real-Time Bio-Feedback: These systems create a "Just-in-Time" nutrition loop. Soil sensors detect a
nitrogen deficiency in a specific patch of corn and trigger an automated drone to deliver a precise dose within
minutes, preventing yield loss before visual symptoms appear.

2. Autonomous Swarms and the "Frictionless Farm"

Verification of labor and efficiency is the backbone of the 2026 agricultural economy. To combat labor
shortages, the industry has turned to decentralized robotic swarms.

e Coordinated Swarm Intelligence: Instead of one massive, expensive tractor, 2026-era farms deploy
dozens of small, solar-powered autonomous units. These swarms coordinate via 5G to plant, weed, and
harvest simultaneously, operating 24/7 without compacting the soil.

e The Equipment Passport: Every autonomous unit maintains a "Digital Service Ledger." When a farmer
leases a robotic swarm, they can instantly verify the units' efficiency rubrics and maintenance history via
blockchain, eliminating the need for manual inspections or downtime.

3. Regional "Digital Twins" and Predictive Yields

One of the most significant shifts in 2026 is the direct involvement of data scientists in the strategic
planning of regional food belts.

e The Virtual Harvest: Before a single seed is planted, farmers run thousands of simulations on a
"Digital Twin" of their farm. These models integrate 2026-era hyper-local weather forecasting and market
demand data to suggest the most profitable and resilient crop varieties.

o Agile Supply Chains: Because yields can now be predicted with 98% accuracy months in advance,
food processors and retailers can update their logistics chains in real-time, drastically reducing post-harvest
waste and stabilizing global food prices.

4. Codifying "Regenerative Credits" as a Power Skill

In 2026, ecological stewardship is being codified into financial micro-credentials to provide objective
proof of sustainable land management.

e Quantifying Soil Carbon: Using satellite-based LiDAR and ground-truth sensors, farmers can now earn
"Carbon Sequestration Badges." These verified credentials allow farmers to sell carbon credits on the global
market, turning "Eco-Health" into a primary revenue stream.

e The Tech-Steward Advantage: As traditional farming becomes increasingly automated, the human-
centric ability to interpret "Bio-Data" and manage "Ecological Assets" has become the most valuable asset in
a specialist's "stack."
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Conclusion: The End of the "Seasonal Gamble"

The management of global agriculture in 2026 is no longer a terminal event based on "hope and
weather" but a lifelong process of data-driven optimization. Smart Agriculture has democratized access to
high-level agronomy, allowing small-scale family farms to pivot into high-yield, sustainable production
systems. For the farmer of tomorrow, the land is the foundation, but the digital "Internet of Fields" is the
skyscraper of food security.
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THE "CARBON-POSITIVE" FRONTIER: REGENERATIVE AGTECH AND THE FUTURE OF SOIL CAPITAL

Abstract
As of March 2026, the global agricultural sector has moved beyond the "efficiency-at-all-costs" era,
transitioning into a value-based model focused on Regenerative AgTech. With the 2026 season officially
underway, the industry is no longer just producing calories; it is managing "Soil Capital." This article explores
the rise of Digital MRV (Measurement, Reporting, and Verification) platforms, the mainstream integration of
Biologicals, and the emergence of Agentic Al—intelligent systems that move from simple prediction to
independent decision-making in the field. We analyze how modern "Carbon-Linked Incentives" are bridging
the gap between environmental stewardship and farm-gate profitability.
Keywords:
regenerative agriculture, digital MRV, biologicals, agentic Al, soil capital, carbon-positive farming, climate
resilience, and bio-data integration.

1. The "Agentic Planning" Revolution

By early 2026, the industry has shifted from passive dashboards to Agentic Al. Unlike previous
predictive models, these systems act as autonomous partners that can simulate and execute entire season
plans based on natural language commands.

e Continuous Re-planning: In the face of 2026’s geopolitical shifts and microclimate volatility, Agentic
Al performs "Dynamic Scenario Simulations." If a sudden tariff or drought alert occurs, the agent
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automatically recommends the "next-best-action" for procurement and irrigation, minimizing human sorting
of data.

e Conversational Agronomy: Farmers now interact with their fields through voice-activated "Decision
Copilots." A producer can ask, "Which hybrid performed best on clay soil under these specific heat
conditions?" and receive a verified, data-backed recommendation instantly.

2. Biologicals and the "Residue-Light" Mandate

In 2026, Biologicals (biostimulants, biofertilizers, and biocontrols) have moved from niche products to
a core component of modern crop management.

e Mainstream Integration: Retailers in 2026 report that over 85% of distributors now include
biologicals in their standard nutrient programs. These products are integrated directly into digital agronomy
tools to optimize soil performance while reducing synthetic chemical loads.

e Targeted Bio-Application: Using drone-based imagery, farmers apply biological "residue-light"
treatments only to stressed zones, extending the life of the soil and meeting the strict environmental
regulations that became operational across the EMEA and Americas in 2025.

3. Digital MRV: Turning Soil into a Bankable Asset

The most significant financial shift in 2026 is the codification of Regenerative Credits through
automated Measurement, Reporting, and Verification (MRV).

¢ Scalable Verification: High-resolution satellite data and edge-computing soil nodes allow for the
auditable tracking of carbon sequestration. This turns regenerative practices into a "bankable asset," where
the farmer is paid not just for the crop, but for the carbon stored in the soil.

¢ Blended Finance Models: Financing in 2026 is often "carbon-linked." Lenders now offer lower interest
rates to farms that can provide verified MRV data showing improved biodiversity and soil health, making
high-tech adoption accessible even for mid-sized operations.

4. Human-in-the-Loop Automation

The 2026 model for robotics has settled on a "Human-in-the-Loop" philosophy. The goal is no longer
to replace the farmer, but to amplify their strategic capacity through modular automation.

o Task-Specific Robotics: Rather than one-size-fits-all machinery, 2026-era farms utilize modular bots
for specific tasks—such as UV-light pest control or autonomous fruit sorting—that integrate seamlessly into
the existing "Equipment Stack."

e The Digital Integrator: The role of the farm worker has evolved into a "Systems Manager." Their value
lies in their ability to oversee the connectivity and interoperability of disparate platforms, ensuring that
"Connected Intelligence" flows from the soil sensor to the market trade agreement.

Conclusion: From Yield-First to Resilience-First

Agriculture in 2026 is defined by the shift from maximizing output to building long-term resilience.
Through the fusion of Agentic Al, Biologicals, and Digital MRV, the "Seasonal Gamble" has been replaced by
a data-driven strategy of risk management. For the producer of 2026, success is measured by the health of
the "Soil Capital" and the strength of the "Digital Talent Passport" that manages it.
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THE "SYNERGISTIC SOIL" EPOCH: AGRI-PV AND THE 2026 ENERGY-FOOD NEXUS

Abstract

As of March 2026, the agricultural sector has moved beyond traditional monoculture toward a multi-
utility model known as Agrivoltaics (Agri-PV). This "Energy-Food Nexus" leverages the same land for both
high-yield crop production and solar energy generation. This article explores the transition from "Sun-
Compromised" to "Shade-Optimized" cultivation, the role of semi-transparent polymer panels, and how the
Microclimate Shield provided by overhead arrays protects sensitive crops from 2026’s extreme weather
volatility. We analyze how modern farm-to-grid integration is creating a new class of "Prosumer Farmers"—
producers who stabilize both the food supply and the local energy market.

Keywords:
agrivoltaics (AGRI-PV), energy-food nexus, shade-optimized farming, microclimate engineering, semi-
transparent solar, prosumer farmers, climate resilience, and land-use efficiency.

1. The "Dual-Harvest" Utility Model

In 2026, land is no longer just for crops; it is a high-performance energy asset. The Agri-PV model allows
farmers to harvest two distinct value streams from a single hectare.

e Photosynthetic Optimization: Instead of standard opaque panels, 2026-era arrays use semi-
transparent polymers that allow specific wavelengths of light—essential for photosynthesis—to pass through
to the crops below while capturing the rest for electricity.

e The Energy-Water Loop: The electricity generated on-site powers high-efficiency Smart Irrigation
systems. By using solar energy to pump and desalinate water locally, farms in 2026 are reaching "Net-Zero
Water" status, significantly lowering operational overhead.

2. The "Microclimate Shield" and Yield Stability

With the 2026 spring season seeing record-breaking heatwaves and erratic hail, the overhead solar
infrastructure has evolved into a vital Climate Defense System.

e Evapotranspiration Reduction: The partial shade cast by solar panels reduces soil temperature and
wind speed, lowering water loss by up to 30%. This "Cool-Roof Effect" is particularly beneficial for shade-
tolerant special crops like leafy greens, berries, and medicinal herbs.

¢ Physical Protection: Arrays are now designed with dynamic tracking systems that can tilt to a "hail-
deflection mode" during storms. This prevents the catastrophic crop destruction that plagued the early
2020s, acting as a physical shield against extreme atmospheric phenomena.

3. The Rise of the "Prosumer Farmer"

One of the most significant shifts in 2026 is the transformation of the farmer from a simple producer
to a Digital Energy Partner for local communities.

¢ Grid Stabilization Services: Using blockchain-verified energy ledgers, farms now sell excess electricity
directly to local "Smart Villages" during peak demand. This provides a steady, non-seasonal income stream
that buffers farmers against volatile crop market prices.

¢ Vehicle-to-Farm (V2F) Integration: 2026-era autonomous swarms and electric tractors charge
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directly from the field arrays. This creates a "Closed-Loop Energy Circuit," eliminating the need for fossil-fuel
logistics and reducing the farm's carbon footprint to near-zero.

4. Codifying "Land-Use Efficiency" (LUE)

In 2026, the Land-Use Efficiency (LUE) Score has replaced traditional yield-per-acre as the primary
metric for agricultural success.

e Synergy Metrics: High-performing 2026 farms achieve an LUE score of over 1.6, meaning the
combined value of energy and food from one hectare is 60% higher than if the two were produced separately.

e Sustainability-Linked Financing: Banks in 2026 now offer preferential "Green Bonds" to Agri-PV
operations. These financial products are tied to the farm's ability to demonstrate improved biodiversity and
soil health under the panels, as verified by Satellite-based LiDAR monitoring.

Conclusion: Beyond the Traditional Horizon

Agriculture in 2026 is defined by the rejection of trade-offs. The "Energy-Food Nexus" proves that we
no longer have to choose between feeding the planet and powering it. Through the fusion of semi-
transparent solar tech and shade-optimized agronomy, the modern farm has become a resilient, self-
sustaining ecosystem. For the farmer of 2026, the soil is the anchor, but the sky is the battery.
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THE GREEN SECURITY FRONTIER: SUSTAINABLE AGRICULTURE AND THE GLOBAL FOOD MANDATE

Abstract
As of March 2026, the global food system is undergoing a radical transformation driven by the
intersection of climate volatility and technological innovation. The transition toward "Sustainable
Agriculture" has moved from a niche ecological preference to a mandatory framework for global food
security. This article explores the shift from resource-intensive traditional farming to "Precision
Regeneration," the role of Al-driven soil health monitoring, and how closed-loop nutrient systems are
bridging the gap between rising caloric demand and environmental preservation. We analyze how 2026-era
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agritech startups and governmental bodies are co-creating "smart-sovereignty" models to ensure a resilient
food supply in an increasingly unpredictable climate.
Keywords:
sustainable agriculture, food security, precision farming, regenerative practices, agritech,
climate resilience, soil health, and circular bioeconomy.

1. The "Precision Regeneration" Model

In 2026, the era of "broad-spectrum" farming has ended. Future agricultural specialists utilize a "Just-
in-Time" approach to resource management, ensuring that every drop of water and milligram of nutrient is
accounted for.

e Variable Rate Technology (VRT): Instead of uniform field treatment, sensors analyze specific crop
needs in real-time. This allows for the localized application of organic inputs, drastically reducing runoff and
environmental degradation.

e Immediate Environmental ROI: These practices allow farms to enter the carbon credit market earlier,
"stacking" financial incentives on top of their crop yields. This creates a continuous feedback loop between
ecological health and financial viability.

2. Digital Soil Twin and "The Living Ledger"

Data is the backbone of the 2026 agricultural ecosystem. To combat land degradation, institutions
have turned to decentralized digital twins of the Earth's topsoil.

e Soil Health Verification: Using loT sensors and satellite imagery, 2026-era farmers maintain a "Digital
Soil Twin." When a producer claims "sustainable" status, distributors can instantly verify the carbon
sequestration levels and microbial density of the land, eliminating "greenwashing."

e The Food Passport: Much like a digital talent passport, food products now carry a "Sustainability
Traceability" tag that aggregates data from various sources—farms, processing plants, and logistics
providers—into a single, verifiable lifecycle portfolio for the consumer.

3. Circular Nutrient Co-Creation

One of the most significant shifts in 2026 is the direct involvement of urban centers in the nutrient
cycles of rural farms.

e Waste-to-Fertilizer Loops: Many cities now embed bio-refinery systems directly into their waste
management programs. A future specialist in Ag-Sustainability facilitates the transfer of recovered
phosphorus and nitrogen from urban waste back to rural fields.

e Agile Crop Selection: Because market demands and weather patterns in 2026 change rapidly,
specialists utilize predictive Al to pivot crop varieties every season (typically 3—6 months), a feat that ensures
food security even during unforeseen droughts or heatwaves.

4. Human-Centric "Agro-Ethics"

In 2026, "Soft Skills" such as community resource management are being codified into agricultural
certifications to ensure social equity in food distribution.

e Quantifying Social Impact: Using blockchain-based social audits, future ag-specialists can now earn
credentials in "Fair-Trade Algorithmic Auditing" or "Communal Water Rights Management."

e The Resilience Advantage: As automation takes over mechanical harvesting, these verified human-
centric management skills have become the most valuable assets in an agronomist's "stack," ensuring that
technology serves the community's caloric and social needs.

Conclusion: The End of Extractive Farming

The cultivation of food in 2026 is no longer a terminal harvest event but a lifelong process of ecosystem
stewardship. Sustainable agriculture has democratized access to resilient farming techniques, allowing
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diverse regions to achieve food sovereignty quickly. For the agricultural specialist of tomorrow, the land is
the foundation, but the stack of sustainable technologies is the skyscraper that ensures humanity's survival.
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THE PRECISION HARVEST: SMART AGRICULTURE AND THE RISE OF DIGITAL AG-SYSTEMS

Abstract
As of early March 2026, the global agricultural sector has moved beyond traditional labor-intensive

practices to embrace "Smart Agriculture"—a data-driven ecosystem powered by Al, 10T, and autonomous
systems. The emergence of Digital Ag-Systems has revolutionized how food is produced, monitored, and
distributed. This article explores the transition from "Intuition-Based" to "Data-First" farming, the role of 5G-
enabled sensor networks, and how digital twinning of crops allows farmers to optimize yields in real-time.
We analyze how 2026-era agrotechnology firms and rural cooperatives are co-creating "Digital Farm Profiles"
to bridge the gap between biological unpredictability and industrial precision.
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smart agriculture, precision farming, |OT sensors, agricultural ai, digital twins, autonomous machinery,
5G connectivity, and data-driven agronomy.

1. The "Real-Time" Agronomy Model

In 2026, the uncertainty of weather patterns and soil depletion requires a "Real-Time" approach to
cultivation. Modern specialists no longer rely on seasonal averages; they manage their fields through hyper-
local data points.

e Precision Application: Using multispectral drone imagery and soil sensors, farmers can now apply
water, fertilizers, and biopesticides only where they are needed. This "VRT" (Variable Rate Technology)
reduces chemical waste by up to 40% while maximizing plant health.

e Immediate Environmental ROI: These digital tools allow for the "stacking" of carbon credits as
farmers provide verifiable data on soil sequestration. This creates a financial feedback loop where ecological
health directly increases farm revenue.

2. The loT Backbone and the "Digital Twin" Farm
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Verification and monitoring are the backbones of the 2026 smart farming ecosystem. To ensure
resource efficiency, farms have turned to the "Digital Twin" concept.

e Virtual Crop Modeling: Every field in 2026 has a digital counterpart. 10T sensors feed data into Al
models that simulate "what-if" scenarios—such as a sudden heatwave or pest infestation—allowing farmers
to take preventive action before a single leaf is damaged.

e The Connected Farm Passport: Agricultural specialists now maintain a "Digital Farm Passport" that
aggregates data from autonomous tractors, weather stations, and soil probes into a single, verifiable
dashboard accessible via satellite link.

3. Human-Machine Co-Creation in the Field

One of the most significant shifts in 2026 is the direct involvement of Al in the strategic design of crop
rotations and resource allocation.

e Autonomous Swarm Robotics: Many farms now utilize swarms of small, solar-powered robots for
weeding and seeding. A future agricultural specialist no longer drives a tractor but manages a fleet of
autonomous units through a centralized digital interface.

e Agile Yield Management: Because digital systems can process market fluctuations in real-time,
farmers can update their harvesting schedules to match global demand, a feat that was impossible with
traditional, disconnected supply chains.

4. "Tech-Ag" Literacy and the New Specialist

In 2026, "Data Literacy" has been codified into agricultural training to provide objective proof of a
specialist's ability to navigate high-tech environments.

e Quantifying the Biological: Using Al-driven simulations, future agronomists can now earn
certifications in "Algorithmic Irrigation" or "Downtime Predictive Maintenance for Ag-Bots."

e Digital Advantage: As the global population nears 8.5 billion, these verified technical skills have
become the most valuable assets in a specialist's "stack," turning the farm from a plot of land into a high-
performance data center.

Conclusion: The End of the "Gamble" in Farming

The management of global food systems in 2026 is no longer a seasonal gamble but a lifelong process
of digital optimization. Smart Agriculture has democratized access to high-level agronomy, allowing small-
scale farmers to compete with industrial giants through the use of open-source data. For the specialist of
tomorrow, the soil is the foundation, but the digital technology stack is the skyscraper.
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A COMPARATIVE ANALYSIS OF IDIOMATIC STRUCTURES IN TURKMEN AND ENGLISH:
A SOCIOLINGUISTIC PERSPECTIVE

Abstract
This study presents a comparative ethnolinguistic analysis of idiomatic expressions in the Turkmen and
English languages, exploring the divergent socio- ecological determinants that shape figurative thought.
Utilizing a framework of cognitive metaphor theory, the research identifies two primary linguistic anchors:
the maritime —industrial history of the Anglosphere and the nomadic-pastoralist traditions of the Central Asia.
The analysis reveals that while both languages share universal semantic goals — such as the expression
of resilience, skepticism and social hierarchy — the lexical vehicles utilized are deeply rooted in regional
environmental realities.
Keywords:
linguistic relativity, ethnolinguistics, conceptual metaphor, idiomaticity,
comparative philology, Akhal-Teke horse

Introduction

The study of idiomaticity serves as a vital conduit for understanding the intersection of cognitive
linguistics and cultural anthropology. Idioms—fixed expressions whose meanings are not deducible from the
literal definitions of their constituent parts—act as "linguistic fossils" that preserve a nation’s historical,
geographical, and social evolution. This article examines the divergent conceptual metaphors found in the
Turkmen and English languages, highlighting how ecological environments shape idiomatic development.

1. Conceptual Framework: The Matrix of Cultural Imagery

Idioms are rarely arbitrary; they are grounded in conceptual metaphors. In English, these metaphors
often derive from the maritime industry, the legal system, and Shakespearean literature. Conversely,
Turkmen idiomatic structures are heavily influenced by the nomadic pastoralism of Central Asia and the
ethical codes of the "Turkmencilik" (Turkmen way of life).

2. Ecological Determinism in Idiom Formation

The physical environment dictates the lexicon available for figurative speech. This is evident when
comparing the "Water" and "Earth" motifs in both languages.

Turkmen Hydro-ldioms: In the arid climate of the Karakum Desert, water is synonymous with life and
continuity. The idiom "Suw akan yerinden akarmys" (Water will flow where it once flowed) functions as a
socio-biological observation of persistence and destiny.

English Nautical Idioms: As an island nation, English seafaring history has permeated common speech.
Expressions such as "to weather the storm" or "left high and dry" utilize maritime crises as metaphors for
general hardship.

3. Equestrianism vs. Industrialism

The horse occupies a central role in the Turkmen worldview, representing a bridge between the
domestic and the divine. This contrasts with English, where horse-related idioms often reflect class
stratification or military history.

Ata ¢ykan - yola ¢ykan. (He who mounts a horse, starts a journey.) To look a gift horse in the mouth.
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Denotes readiness vs. skepticism of value.
Gury agaja suw bermek. (To water a dry tree.) To flog a dead horse. Describes futility and wasted effort
through different agricultural lenses.

While both languages possess idioms for "impossibility," the imagery used highlights cultural
divergence:

Turkmen: "Dlye gus ganatyny yayanda" (When the camel-bird [ostrich] spreads its wings).

English: "When pigs fly."

Both achieve the same semantic goal but utilize local fauna to ground the absurdity. The Turkmen
choice reflects the fauna of the steppe and desert, whereas the English choice utilizes common domestic
livestock.

4. Syntactic and Morphological Analysis

A significant point of divergence between Turkmen and English idioms lies in their grammatical
structure.

Turkmen Agglutination: Turkmen idioms often utilize the language's agglutinative nature, where
suffixes can change the entire philosophical weight of a phrase. For example, the use of the conditional mood
(-sa/-se) in proverbs creates a "cause-and-effect" idiomatic structure that is rare in the more analytical, word-
order-dependent English.

English Phrasal Verbs: English idiomaticity is heavily reliant on phrasal verbs (e.g., to give up, to back
down). These are notoriously difficult for non-native speakers because the prepositional shift completely
alters the semantic value of the root verb.When visualizing the "Mental Lexicon" of both cultures, we can
categorize idioms into semantic domains. The following diagram illustrates how environmental factors act as
a filter for universal human experiences.

The "Akhal-Teke" as a Linguistic Anchor

In Turkmen linguistics, the horse is not merely a subject of idioms but a metaphorical anchor for human
virtue. While English uses the horse as a tool for work or a symbol of class, Turkmen idioms elevate the horse
to a familial or spiritual status. At - myrat. The horse is the goal (desire). Equates the possession of an Akhal-
Teke with the attainment of one's ultimate purpose. Irden tur-da atany gér, ataridan son - atyriy. Wake up,
see your father; after your father, see your horse. Establishes a rigid social hierarchy where the horse follows
only the patriarch in importance.

In contrast, English horse idioms are frequently utilitarian or adversarial:

“Don’t change horses midstream.” (Strategic utility)

“A one-horse town.” (Economic stagnation)

The data suggests that while English idioms have become increasingly abstract and urbanized following
the Industrial Revolution, Turkmen idioms remain vividly grounded in the physical landscape. This
preservation of imagery provides a unique opportunity for cognitive scientists to study how ancient lifestyle
patterns continue to dictate modern thought processes.

The comparative analysis of Turkmen and English idioms reveals that while human emotions—fear,
ambition, and loyalty—are universal, the linguistic vehicles used to express them are deeply localized. For
the translator or sociolinguist, understanding these idioms requires more than lexical knowledge; it requires
an immersion into the historical and environmental realities of the speakers.
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RENEWAL OF NATURE AND SPIRIT: THE CULTURAL PHENOMENON
OF THE INTERNATIONAL NOWRUZ FESTIVAL

Abstract
As of early March 2026, the International Nowruz Festival has evolved from a regional celebration into
a global emblem of ecological stewardship and social harmony. This article explores the transition of Nowruz
from a purely traditional ritual to a "Sustainability-First" cultural model, the role of the Vernal Equinox in
modern astronomical sciences, and how the ancient philosophy of renewal allows modern societies to
recalibrate their environmental impact in real-time. We analyze how 2026-era cultural institutions and
climate organizations are co-creating "Green Festivals" to bridge the gap between ancestral wisdom and the
immediate necessity for global environmental restoration.
Keywords:
Nowruz, vernal equinox, intangible cultural heritage, ecological renewal, sustainable festivals,
cultural diplomacy, solar calendars, and social cohesion.

1. The "Astronomical Calibration" Model

In 2026, the global shift toward alignment with natural cycles has brought the astronomical precision
of Nowruz to the forefront of cultural study.

e The Vernal Equinox Precision: Unlike calendars based on static dates, Nowruz begins at the exact
second the sun crosses the celestial equator. This "real-time" connection to the Earth's orbit serves as a
biological and astronomical reset for human activity.

e Scientific Legacy: The integration of the Omar Khayyam-designed Jalali calendar—noted for being
more accurate than the Gregorian system—provides a mathematical foundation for the festival, allowing
participants to synchronize their life goals with the actual start of the solar year.

2. Semeny and the "Bio-Algorithm" of Growth

The ritual of growing Semeny (wheat sprouts) is the backbone of the Nowruz ecosystem. In 2026, this
is viewed through the lens of biological transformation and food security.

e Enzymatic Vitality: The process of malting wheat without added sugars is a lesson in natural
chemistry. Specialists in 2026 view Semeny as a "Bio-Algorithm" —a step-by-step demonstration of dormant
energy turning into vital nutrients.

e The Green Ledger: Households now treat the cultivation of green sprouts as a "Carbon-Offsetting"
micro-action. When millions participate, the aggregate effect is a measurable temporary increase in local
urban oxygen levels and a symbolic commitment to biodiversity.

3. "Spiritual Spring Cleaning" and Social Stability

One of the most significant shifts in 2026 is the codification of "Khooneh Tekouni" (Spring Cleaning)
into a holistic mental health and community framework.

e Systemic Purification: Beyond physical cleaning, the 2026 festival emphasizes the "Digital and Social
Cleanse." Participants use the holiday to resolve long-standing community conflicts and "clear the ledger" of
interpersonal debt, creating a verified environment of social trust.

e Haft-Sin as a Value Stack: The traditional table setting of seven symbolic items is interpreted as a
"Value Stack"—each item (Health, Patience, Abundance, etc.) represents a specific competency-based goal

43



AKAJEMUYECKOE USAOATENBCTBO «HAYHYHAA APTE/1Ib»

for the coming year, providing an objective roadmap for subjective personal development.

4. Cultural-Eco Co-Creation

In 2026, "Soft Diplomacy" is being codified through Nowruz to provide proof of cross-cultural
cooperation in the face of climate change.

e Aggregated Reforestation: Many governments now embed industry-standard tree-planting
initiatives directly into the Nowruz festival. A citizen graduates the festival season having contributed to a
verified "Global Green Belt."

e Agile Traditions: Because Nowruz rituals are modular, they have been updated to reflect 2026-era
values, such as "Zero-Waste Haft-Sins" and "Eco-Friendly Fire Rituals," ensuring the festival remains relevant
without compromising the latest environmental regulatory standards.

Conclusion: The End of the "Stagnant" Year

The celebration of Nowruz in 2026 is no longer a terminal historical reenactment but a lifelong process
of renewal and Skill-Stacking. The festival has democratized access to ecological awareness, allowing
individuals from diverse backgrounds to pivot toward a sustainable lifestyle quickly. For the global citizen of
tomorrow, tradition is the foundation, but the renewed spirit of Nowruz is the skyscraper.
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REDUCED PEDAGOGY: A PERSPECTIVE ON THE PSYCHOLOGY AND PERSONALITY OF THE LEARNER

Abstract
As of early March 2026, the educational paradigm has shifted from "Content-Heavy" instruction to

"Reduced Pedagogy"—a framework that prioritizes the psychological profile and personality of the learner
over the volume of information delivered. By stripping away non-essential curriculum and focusing on the
cognitive load and emotional state of the student, educators are achieving higher retention and deeper
mastery. This article explores the transition from "Information-Saturation" to "Cognitive-Minimalism," the
role of Al-driven personality mapping in curriculum design, and how "Reduced Pedagogy" fosters intrinsic
motivation by aligning with the learner's unique psychological architecture. We analyze how 2026-era
pedagogical psychologists are co-creating "minimalist learning paths" to optimize the intersection between
personality traits and academic success.
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reduced pedagogy, learner psychology, cognitive load theory, personality-based learning, minimalist
education, neuro-education, differentiated instruction, and intrinsic motivation.

1. The "Cognitive Load" Efficiency Model

In 2026, the saturation of digital information requires a "Reduced" approach to teaching. Specialists
no longer overwhelm students with broad datasets; they focus on the "Core Essence" of subjects to respect
the brain's natural processing limits.

e Selective Curricular Reduction: Instead of covering entire textbooks, educators identify "High-
Leverage Concepts." By reducing the volume of content, the learner’s working memory is free to engage in
deep synthesis rather than shallow memorization.

e Optimal Retrieval Intervals: Reduced pedagogy utilizes psychological spacing effects. By delivering
less information but revisiting it at mathematically optimized intervals, learners achieve long-term mastery
with significantly less effort and stress.

2. Personality Mapping and "Trait-Aligned" Learning

Psychological verification is the backbone of the 2026 learner-centric ecosystem. To maximize
engagement, institutions have turned to psychometric-integrated learning platforms.

e The Learner’s Psychological Profile: In 2026, students undergo personality assessments (based on
models like the Big Five or MBTI-evolved frameworks). This data informs how a "Reduced" lesson is
delivered—an introvert may receive a high-reflection/low-interaction module, while an extrovert receives a
collaborative simulation.

e The Cognitive Passport: Learners now maintain a digital "Psychological Resume" that identifies their
learning style, stress triggers, and peak focus hours. This allows the pedagogy to be "reduced" to only what
is effective for that specific individual’s brain chemistry.

3. Psychology-Academia Co-Creation

One of the most significant shifts in 2026 is the direct involvement of neuro-psychologists in the design
of reduced curriculum modules.

46



HAYYHbIN }XYPHAN «A POSTERIORI» ISSN (p) 2712-9462 / ISSN (e) 2541-8068 Ne3 / 2026

e Emotional Scaffolding: Many universities now embed psychological support directly into the learning
software. If the system detects frustration (through bio-feedback or dwell-time analysis), the pedagogy
"reduces" further, offering a simplified mental anchor to stabilize the learner’s emotional state.

e Agile Personalization: Because personality traits can evolve, the "Reduced Pedagogy" model is
updated every semester. Feedback loops between the student's psychological growth and the curriculum
ensure that the learning remains "Just-Right" for their current stage of development.

4. Codifying "Self-Regulation" as a Power Skill

In 2026, the psychological ability to self-regulate is being codified into micro-credentials to provide
objective proof of a learner's readiness for high-stakes environments.

e Quantifying Metacognition: Using Al-monitored study sessions, students earn credentials in
"Metacognitive Focus" or "Resilience in Problem Solving." By reducing the academic pressure, the focus shifts
to how the personality handles the process of learning.

e The Personality Advantage: As technical tasks are automated, the ability to understand one’s own
personality and psychological needs has become the most valuable asset in a specialist’s "stack." Reduced
pedagogy provides the space for this self-discovery.

Conclusion: The End of "Industrialized" Instruction

The psychology of the learner in 2026 is no longer a secondary concern but the primary driver of
educational design. Reduced Pedagogy has democratized access to success by admitting that "less is more"
when the content is perfectly aligned with the personality of the student. For the learner of tomorrow, the
psychological profile is the foundation, and the reduced curriculum is the high-precision skyscraper.
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Abstract
As of March 2026, the rapid automation of technical skills has sparked a counter-movement in
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education known as the "Humanistic Pivot." Humanistic Pedagogy—a framework centered on the learner’s
self-actualization, dignity, and autonomy—has emerged as the essential antidote to algorithmic instruction.
This article explores the transition from "Mechanistic Schooling" to "Person-Centered Learning," the role of
Maslow-aligned support systems, and how fostering intrinsic motivation allows students to thrive in an
unpredictable digital era. We analyze how 2026-era educators and psychologists are co-creating "Empathy-
First" environments to bridge the gap between high-speed technological advancement and the fundamental
human need for connection and meaning.
Keywords:
humanistic pedagogy, person-centered learning, self-actualization, intrinsic motivation, holistic education,
learner autonomy, socio-emotional well-being, and human-centric skills.

1. The "Self-Actualization" Curricular Model

In 2026, the goal of education has shifted from creating "workers" to nurturing "whole persons."
Humanistic pedagogy prioritizes the psychological health and individual purpose of the learner.

e Choice-Driven Exploration: Instead of rigid, mandated syllabi, students engage in "Interest-Led Deep
Dives." By allowing learners to choose the context of their study, educators tap into the biological power of
intrinsic motivation, which has been shown to outperform extrinsic rewards in the 2026 cognitive economy.

e Holistic Development: The focus is on the "Triple-A" growth model: Affective (emotions), Aesthetic
(creativity), and Academic (intellect). This ensures that while students learn to code or calculate, they also
develop the emotional resilience to navigate the social disruptions of the late 2020s.

2. Autonomy and the "Democratic Classroom"

Empowerment is the backbone of the 2026 humanistic ecosystem. To combat the passivity of screen-
based learning, institutions have turned to decentralized classroom management.

¢ Student-Teacher Co-Governance: Digital classrooms in 2026 often utilize "Learning Contracts." These
are collaborative agreements where the student and teacher negotiate the goals, methods, and evaluation
rubrics of a module. This shifts the teacher’s role from a "Sage on the Stage" to a "Facilitator of Discovery."

e The Reflection Ledger: Rather than simple grade-point averages, students maintain a "Reflection
Portfolio." This verifiable record tracks the student's journey of self-discovery, documenting how their values
and perspectives have evolved through their academic experiences.

3. Human-Tech Symbiosis: Al as a Facilitator, Not a Master

One of the most significant shifts in 2026 is the use of Al to enhance human connection rather than
replace it.

e Empathy-Augmented Support: Educators use Al-driven "Well-being Sensors" to detect signs of
student isolation or frustration. However, the intervention is always human-to-human. The technology acts
as a signal for the teacher to provide the "Just-in-Time" emotional support that only a human mentor can
offer.

e Ethics of Care: Humanistic pedagogy in 2026 explicitly teaches the "Ethics of Care." As students use
powerful digital tools, they are guided by humanistic principles to ensure their work supports human dignity
and social justice, creating a moral framework for technical application.

4. Codifying "Being" Over "Doing"

In 2026, the ability to be a mindful, empathetic, and self-aware individual is being codified into
"Human-Centric Credentials."

e Quantifying Social Impact: Using collaborative, community-based projects, students earn credentials
in "Compassionate Leadership" or "Authentic Communication." These are not based on test scores but on
peer and mentor evaluations of the student's lived behavior.
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e The Human Advantage: As Al takes over the "doing" (calculating, coding, drafting), the humanistic
"being" (empathizing, judging, creating) has become the most valuable asset in the specialist's "stack." 2026-
era corporations now prioritize these "Humanistic Badges" in their global talent acquisition.

Conclusion: The End of the "Education Factory"

The training of future specialists in 2026 is no longer a terminal production line but a lifelong garden
of self-growth. Humanistic Pedagogy has democratized the right to a meaningful life, allowing individuals
from all backgrounds to define success on their own terms. For the specialist of tomorrow, the technical skill
is the tool, but the humanistic principle is the hand that guides it.
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THE MORAL COMPASS OF PEDAGOGY: TEACHER'S ETHICAL CULTURE AND ITS IMPACT ON STUDENTS

Abstract
As of March 2026, the educational focus has expanded from purely cognitive outcomes to the

systematic cultivation of "Ethical Culture." The emergence of teacher-led ethical modeling has revolutionized
how integrity and social responsibility are instilled in the next generation. This article explores the transition
from "Implicit Ethics" to "Explicit Moral Modeling," the role of ethical frameworks in the Al-augmented
classroom, and how a teacher's personal conduct serves as a non-verbal curriculum that shapes student
character. We analyze how 2026-era educational institutions are codifying ethical standards into professional
development to bridge the immediate gap between technical proficiency and moral discernment in an
increasingly complex global society.
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ethical culture, pedagogical ethics, moral modeling, character education, professional integrity, student
socialization, ethical Al use, and value-based leadership.
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1. The "Visible Integrity" Pedagogical Model

In 2026, the proliferation of digital misinformation requires a "Visible Integrity" approach to teaching.
Future educators no longer assume ethics are absorbed by accident; they build them into daily interactions.

¢ Explicit Moral Modeling: Instead of mere lectures on honesty, teachers demonstrate "Moral
Transparency" —sharing their own decision-making processes when faced with professional dilemmas. This
creates a "lived" curriculum where students observe the practical application of abstract values like justice
and equity.

e Character ROIl: This intentional modeling allows students to develop "Moral Muscle Memory,"
preparing them for the ethical complexities of the 2026 workforce. This creates a continuous feedback loop
where the teacher's high ethical standards directly correlate with lower rates of academic dishonesty and
higher peer cooperation.

2. Digital Ethics and the "Accountability Ledger"

Verification of professional conduct is the backbone of the 2026 ethical ecosystem. To ensure trust in
the age of Al, institutions have turned to transparent ethical standards and peer-verified conduct.

e Ethical Al Auditing in the Classroom: Teachers in 2026 are the primary auditors of ethical technology
use. By modeling the transparent use of Al tools—citing sources and disclosing Al assistance—they set the
"Digital Ethical Standard" that students are required to mirror in their own "Digital Talent Passports."

e The Trust Passport: Educators now maintain an "Ethical Standing Profile" within their professional
guilds. This profile aggregates peer reviews, student feedback on fairness, and verified participation in
"Applied Ethics" training, ensuring that a teacher’s moral authority is backed by consistent, observable action.

3. Institutional-Ethical Co-Creation

One of the most significant shifts in 2026 is the direct involvement of ethicists and community leaders
in the design of the "School Ethical Code."

e Embedded Ethical Standards: Many schools now embed "Values-Based Indicators" directly into their
assessment rubrics. A future teacher in 2026 is evaluated not just on test scores, but on their ability to
cultivate a "Culture of Care"—a measurable metric of how safe, respected, and fairly treated students feel
within the learning environment.

e Agile Ethical Frameworks: Because societal challenges evolve (e.g., climate ethics, data privacy),
these codes are updated every six months. This allows teachers to lead "Just-in-Time" discussions on current
moral crises, bridging the gap between historical philosophy and contemporary reality.

4. Codifying "Soft Ethics" into Power Skills

In 2026, "Empathy," "Fairness," and "Intellectual Honesty" are being codified into micro-credentials to
provide objective proof of a teacher's impact on student personality.

e Quantifying the Intangible Impact: Using Al-driven sentiment analysis of classroom discourse,
institutions can now measure the "Ethical Resonance" of a teacher. Students graduating from high-ethics
environments demonstrate higher levels of "Pro-Social Behavior" in their subsequent careers.

e The Human-Centric Advantage: As technical teaching tasks are increasingly automated, the teacher's
role as an "Ethical Beacon" has become their most valuable asset. The "Ethical Stack" of a teacher—their
verified history of fairness and integrity—is the primary driver of institutional prestige.

Conclusion: The End of "Value-Neutral" Education

The role of the educator in 2026 is no longer a terminal delivery of facts but a lifelong demonstration
of Ethical Culture. Moral modeling has democratized the pursuit of character, allowing students from diverse
backgrounds to adopt high-integrity behaviors through observation and practice. For the specialist of
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tomorrow, the teacher's knowledge is the foundation, but the teacher's ethical culture is the skyscraper.
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PEDAGOGICAL STRATEGIES FOR WORKING WITH STUDENTS

Abstract
As of March 2026, the educational landscape has shifted from standardized benchmarks to hyper-
personalized development for high-potential learners. The emergence of specialized pedagogical strategies
for gifted children—moving beyond simple acceleration toward depth and complexity—has revolutionized
how talent is cultivated in the digital age. This article explores the transition from "Grade-Level" to "Ability-
Level" instruction, the role of Al-assisted curriculum compacting, and how socio-emotional scaffolding
prevents the "gifted burnout" common in previous eras. We analyze how 2026-era schools are utilizing
modular enrichment to bridge the gap between innate high cognitive ability and the specialized professional
application required by modern industry.
Keywords:
gifted education, curriculum compacting, differentiated instruction, socio-emotional scaffolding,
talent development, enrichment triad, high cognitive ability, and personalized learning.

1. The "Curriculum Compacting" Model

In 2026, the pace of learning for gifted students requires a "Curriculum Compacting" approach. Future
specialists no longer waste time on redundant material; they identify pre-mastered concepts to make room
for high-level exploration.

e Streamlined Learning: Educators use diagnostic assessments to "compact" standard curricula,
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removing up to 50% of repetitive practice. This allows gifted learners to move directly into advanced "Skill-
Stacking" modules tailored to their rapid processing speed.

e Depth and Complexity: Instead of giving gifted students more work, teachers provide deeper work.
Using frameworks like the "Enrichment Triad," students engage in real-world investigations—such as "Al
Ethics Modeling" or "Biomedical Innovation"—that mirror professional complexity.

2. Cognitive Acceleration and the "Digital Mentor"

Technology is the backbone of the 2026 gifted ecosystem. To combat the limits of a single classroom's
resources, institutions have turned to Al-curated mentorship networks.

e Adaptive Acceleration: Digital platforms now utilize real-time cognitive mapping. When a gifted child
demonstrates mastery in mathematical logic, the system automatically unlocks "Nano-Degrees" in Quantum
Computing or Advanced Algorithmic Design, regardless of the student’s physical age.

e The Global Talent Bridge: Gifted specialists now maintain a "Digital Talent Portfolio" that connects
them with world-class mentors. Through secure 5G-enabled VR hubs, a 12-year-old with an aptitude for
astrophysics can collaborate with researchers in real-time, "stacking" verifiable project experience.

3. Socio-Emotional Scaffolding and Asynchrony

One of the most significant shifts in 2026 is the recognition of "Asynchronous Development" —where
a child's intellectual ability far exceeds their emotional or physical maturity.

e Holistic Resilience: Schools now embed industry-standard ElI (Emotional Intelligence) training
specifically for gifted learners. This prevents the isolation and anxiety often associated with "giftedness,"
teaching students how to manage high expectations and perfectionist tendencies.

e Peer-Grouping Modules: Because gifted children often feel alienated from chronological peers, 2026
pedagogy utilizes "Interest-Based Grouping." Students are grouped by cognitive passion rather than birth
year, creating a more stable social environment for collaborative "Power Skill" development.

4. Cross-Disciplinary "STEAM" Integration

In 2026, "Hybridity" is the hallmark of gifted education. Strategies focus on the intersection of diverse
fields to challenge the multi-potentiality of the learner.

e Problem-Based Synthesis: Gifted specialists are tasked with "Wicked Problems"—complex, open-
ended challenges like "Designing Sustainable Martian Colonies." This requires the integration of engineering,
sociology, and ethics into a single project.

e Verified Creativity: Using Al-driven divergent thinking metrics, educators can now provide objective
proof of a student's "Creative Fluency." These verified credentials show recruiters that the learner is not just
high-1Q, but a high-level innovator capable of lateral thinking.

Conclusion: The End of "Boredom-First" Schooling

The training of gifted specialists in 2026 is no longer a terminal event in a standard classroom but a
lifelong process of intellectual expansion. Pedagogical strategies for giftedness have democratized access to
extreme challenge, allowing brilliant minds from any background to pivot into high-impact sectors early. For
the gifted child of tomorrow, the standard curriculum is the floor, but the personalized pedagogical stack is
the sky.
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PEDAGOGY: THE SCHOOL AND FAMILY PARTNERSHIP REVOLUTION

Abstract
As of early March 2026, the educational success of a student is no longer attributed solely to the
institutional classroom. The emergence of Family Pedagogy—a systematic approach to the partnership
between the household and the school—has revolutionized the 21st-century learning environment. This
article explores the transition from "Closed-Door Education" to "Open-Ecosystem Learning," the role of
Digital Parent-Teacher Interfaces, and how co-created educational strategies allow families to reinforce
academic concepts in real-time. We analyze how 2026-era schools and families are co-designing "at-home
curricula" to bridge the immediate gap between theoretical school lessons and practical domestic
application.
Keywords:
family pedagogy, school-family partnership, collaborative education, home-school synergy, digital parent
portals, co-curriculum design, holistic student development, and parenting education.

1. The "Open-Ecosystem" Learning Model

In 2026, the complexity of modern society requires a "Just-in-Time" approach to communication
between educators and guardians. Future students no longer exist in two separate worlds; they thrive in an
integrated learning environment.

e Synchronized Curriculum: Instead of isolated homework, families receive "Pedagogical Briefs" that
explain the why and how of a lesson. This allows parents to provide relevant real-world examples during daily
interactions, such as applying math concepts during grocery shopping.

e Immediate Feedback Loops: Digital interfaces allow parents to report on a child's emotional or
cognitive state at home, enabling teachers to adjust the "Pedagogical Load" the next morning. This creates a
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continuous feedback loop that prioritizes the child's well-being.

2. Digital Transparency and the "Educational Ledger"

Verification is the backbone of the 2026 partnership ecosystem. To combat the "information gap"
between school and home, institutions have turned to shared digital ledgers.

e Shared Progress Dashboards: Parent-teacher portals in 2026 are no longer just for grades; they are
live dashboards of a student's "Skill-Stack." When a child earns a micro-credential at school, parents can
instantly see the rubric and the specific skills earned, allowing them to celebrate and reinforce the
achievement at home.

e The Family Learning Passport: Families now maintain a "Digital Family Ledger" that tracks
collaborative projects—such as science experiments conducted at home—validating them as part of the
student's official educational record.

3. Industry-Home Co-Creation

One of the most significant shifts in 2026 is the direct involvement of parents in the design of elective
modules and specialist training.

e Parental Expertise Integration: Schools now leverage the professional skills of the parent body. A
parent who is a specialist in Cybersecurity might co-create a micro-credential module with the school,
creating a "Specialist-Family Bridge" that benefits the entire student cohort.

e Agile Home Curricula: Because family dynamics change, these partnerships are updated every term.
Schools offer "Parental Masterclasses" (4—8 weeks) to teach guardians how to use the latest Al educational
tools, ensuring the home environment stays technically aligned with the classroom.

4. Codifying "Soft Skills" through Domestic Pedagogy

In 2026, "Relationship Management" and "Emotional Intelligence" (EQ) are being codified into
domestic tasks to provide objective proof of a child's character development.

¢ Quantifying Social Resilience: Using school-provided frameworks, parents can now verify a child's
ability in "Conflict Resolution at Home" or "Ethical Decision Making." These are uploaded to the student's
"Power Skills" stack.

e Human-Centric Advantage: As technical tasks become automated, the human-to-human interaction
fostered by strong family pedagogy has become the most valuable asset in a student's "stack," ensuring they
graduate with high social and emotional maturity.

Conclusion: The End of the "Teacher-Only" Paradigm

The education of a child in 2026 is no longer a terminal event occurring within school hours but a
lifelong process of School-Family Synergy. Family Pedagogy has democratized the role of the educator,
allowing parents from all backgrounds to pivot into active learning facilitators. For the student of tomorrow,
the school is the foundation, but the collaborative partnership with the family is the skyscraper.
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DIGITAL PEDAGOGY: THE EDUCATIONAL ENVIRONMENT OF THE 21ST CENTURY

Abstract
As of March 2026, the classroom is no longer defined by physical walls but by the seamless integration

of digital ecosystems and human cognition. The emergence of Digital Pedagogy—the study and practice of
teaching and learning with digital technologies—has revolutionized the 21st-century educational
environment. This article explores the transition from "Static Instruction" to "Adaptive Learning," the role of
Al-driven personalized curricula, and how immersive technologies like Virtual Reality (VR) create experiential
learning hubs. We analyze how 2026-era educators are shifting from "Information Providers" to "Learning
Architects" to bridge the gap between traditional rote memorization and the high-level critical thinking
required in a digital-first economy.

Keywords:
digital pedagogy, edtech, adaptive learning, artificial intelligence in education (AIED), learning architecture,

virtual reality (VR) classroom, data-driven instruction, and hybrid learning environments.

1. The "Adaptive Learning" Architecture

In 2026, the "one-size-fits-all" model of education has been replaced by adaptive systems that respond
to the unique cognitive pace of each student.

¢ Al-Personalized Pathways: Instead of synchronized lecturing, digital platforms use machine learning
algorithms to adjust the difficulty and style of content in real-time. If a student struggles with a mathematical
concept, the system automatically pivots to a visual or gamified explanation.

e Real-Time Analytics: Educators now use dashboards that provide an "Emotional and Cognitive
Heatmap" of the classroom. These analytics allow teachers to intervene precisely when a student’s
engagement drops, creating a proactive rather than reactive support system.

2. Immersive Environments and Experiential Learning

One of the most significant pedagogical shifts in 2026 is the use of Extended Reality (XR) to turn
abstract theory into tangible experience.

e Virtual Presence: Digital pedagogy utilizes VR and Augmented Reality (AR) to transport students to
historical sites, the microscopic world of cellular biology, or even distant planetary surfaces. This "Presence-
Based Learning" increases retention rates by engaging sensory memory.

e Digital Twins in Education: Schools now utilize digital twins of complex systems (like engines or cities).
Students can manipulate these models in a risk-free virtual environment, "stacking" practical experience
before ever touching physical equipment.

3. The Role of the "Learning Architect"

The shift to digital pedagogy has fundamentally redefined the professional identity of the educator in
2026.
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e Curation Over Delivery: Since information is ubiquitous, the 21st-century teacher focuses on the
curation of high-quality digital resources. They design the journey of learning rather than just delivering the
destination of facts.

¢ Collaborative Digital Spaces: Pedagogy now emphasizes "Connectivism," where learning happens
through social networks and digital collaboration tools. Students are taught to navigate "Transmedia
Navigation"—the ability to follow stories and information across different digital platforms.

4. Codifying Digital Citizenship and Ethics

In 2026, "Algorithmic Literacy" is being codified into the core curriculum to ensure students can thrive
safely in an Al-saturated world.

e Ethical Al Auditing: Students earn micro-credentials in identifying deepfakes and understanding bias
in Al algorithms. This transforms digital pedagogy from a technical training exercise into a moral and civic
one.

e The Human-Centric Advantage: As technical execution is increasingly handled by Al, digital pedagogy
prioritizes the "Human Edge"—creativity, empathy, and ethical reasoning—which are the most valuable
assets in a specialist's professional "stack."

Conclusion: The End of Passive Learning

The educational environment of 2026 is no longer a terminal location but a persistent, digital layer of
reality. Digital pedagogy has democratized access to high-level learning, allowing individuals to learn "Just-
in-Time" rather than "Just-in-Case." For the student of tomorrow, the digital platform is the foundation, but
the pedagogical framework is the skyscraper that reaches toward global competence.
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YK 611.617
bepanxaHoBa AmaHTAY bepaneBHa
Crapwuit npenogasatenb Kadeapbl K AHATOMUM YenoBeKa, Tonorpadpuyeckort aHaToMmm U
onepaTUBHOM XMpyprumn», FocyaapCTBEHHbIN MeAULMHCKMIA YHMBEPCUTET TYPKMEHMUCTAHA
nmeHun MbipaTta MappbieBa
TypkmeHucTaH, Awxabag

TONOrPA®O-AHATOMWYECKUE OCOBEHHOCTU COCYAUCTO-HEPBHbIX OBPA3OBAHWIA NEPEQHEN
BPIOLLUHOW CTEHKU U UX 3HAYEHWE B ONEPATUBHOW XUPYPTUU

AHHOTauuA

B cratbe paccmatpuBatoTcs  Tonorpado-aHaToMMueckne  0COBEHHOCTM  COCYAMUCTO-HEPBHbIX
o06pasoBaHuUii NnepegHelt BPIOWHOM CTEHKM U UX KIMHUYECKOE 3HAaYEeHME B NPAKTUKE ONepaTUBHOM XNPYPruu.
Ocoboe BHMUMaHWE YyAeNaeTca PacrnofIOKEHUIO apTEPMasbHbIX, BEHO3HbIX M HEPBHbIX CTPYKTYP, WX
aHAaTOMMYECKMM BapMaHTaM M B3aMMOOTHOLUEHUAM C MbILEYHO-aNoOHEBPOTUYECKUMU CNOAMU NepesHen
OpIOLWHONM CTEHKU. AHaNU3MPYIOTCA AaHHbIE aHATOMUYECKUX U KIMHUYECKMX UCCef0BaHNiM, NO3BOsAOWMeE
YTOYHUTb 0COBEHHOCTN X043 COCYA0B M HEPBOB B PAa3/IMYHbIX aHATOMMYECKMX 30HaX, YTO MUMEET BaXKHOe
3HaYyeHWe Npu BbINOJHEHUU XMPYPTUYECKUX BMELLATE/IbCTB, TaKMX KaK repHUONIacTMKa, 1anapoTomus m
JlanapocKonuyeckme onepawmu.

Kniouesble cnoBa:
Tonorpadpuyeckas aHaToMmus, nepeaHan 6pIoLWHasA CTeHKa, COCYyAUCTO-HePBHbIe 0bpa3oBaHus,
apTepuM 1 BeHbl BPIOLHOM CTEHKU.

MepenHsa OptowHas CTeHKa npeactaBnser cobol CnoxHoe aHaTomuyeckoe ob6pasoBaHue,
BK/IlOYAlOLLLEE HECKO/NIbKO C/I0eB TKaHel, KoTopble obecneynmsBaloT 3allMTy BHYTPEHHUX OpPraHos,
noaaep:KaHne BHYTPUOPIOWHOrO [aBleHMA U ydacTMe B Pas/MYHbIX (OU3MONOTMYECKMX MpoLeccax
opraHusma. Ocoboe 3HayeHMe B CTPOEHWM nepefHel OpPIOWHOM CTEHKM MMEKT COCYAUCTO-HEpPBHble
obpasoBaHua, obecneymBalowme KPOBOCHABKEHWE W  WMHHEPBALMIO MbILEYHO-aNMOHEBPOTUUYECKOTO
Komnekca. MsyyeHune Tonorpadpuyecknx B3aMmMoOTHOLEHNI COCYA0B U HEPBOB MMeeT 6o/blioe 3HaYeHMe
ONA KNMHUYECKON MeAMUMHbI, NpPeXae BCero Aas OnepaTMBHOW XUPYpPrun. B ycnoBuAX XMPYpPruydeckmx
BMELLATENbCTB HA OpraHax 6pIOWHOM NOMOCTU XUPYPT CTa/IKUBAETCA C HEOHXOAMMOCTbIO TOUHOTO 3HAHMA
pacnonoXKeHUA aHaTOMMYECKMX CTPYKTYP, TaK Kak Aaxe He3HauuTe/bHOe OTK/JOHEHWE OT aHaTOMMYECKM
060CHOBAHHbIX IMHWIA JOCTYMNa MOXKET NPUBECTU K NOBPEXAEHUIO COCYA0B U HEPBOB, YTO COMPOBOXKAAETCA
KpPOBOTEYEHMEM, HapyLUEHUEM NHHEPBALMM TKAHEW U Pa3BUTUEM NOCAEONEPALMOHHbIX OCIOXKHEHWA.

PasBunTHE COBPEMEHHOI XMUPYPruu, BKAOYAA Ma/lOMHBA3MBHbIE METOAbl ONEpPaTUBHOMO JieYeHus,
YCUAINNIO UHTEPEeC K AeTasibHOMY M3y4YeHuto Tonorpadpuyeckon aHaTOMUW nepepHenr GPIOLWHON CTEHKMU.
HecmoTps Ha 3HauMTeIbHOE KO/IMYECTBO UCCie0BaHMIM B 061aCTU aHaTOMMM YeioBeKa, MHOTME BOMPOChI,
Kacatolwmeca BapuabenbHOCTU COCYAMCTO-HEPBHbIX CTPYKTYP M WX B3aMMOOTHOLIEHUIM C MblWEYHbIMU
CNOSIMM, NPOAO/IKAIOT OCTABATLCA NPEAMETOM Hay4yHOro aHaAunsa.

Martepuanbl U meToabl UCCIe0BaHUA

HacTosAuwee uccnegoBaHWe OCHOBAHO Ha aHaAM3e AaHHbIX aHAaTOMMYECKMX U MOPGOA0rMYecKux
paboT, NOCBALLEHHbIX M3YYEHUIO COCYAUCTO-HEPBHbIX 06pPa3oBaHUI nepegHei BpOWHOM CTeHKU. B xoae
paboTbl HbIIM UCNONBb30BaHbI MATEPUasbl HayUYHbIX My6MKaLMIA MO aHAaTOMMM YenoBeKa, Tonorpadpuyeckoin
aHaTOMMU W OMEepaTUBHOM XMPYPIMW, A TaKMKe [AaHHble KAMHUYECKMX HabalogeHuin, oTparkatolme
0COB6EHHOCTM Pacno/ioXKeHNs COCYA0B WU HEPBOB B Pa3/IMYHbIX aHAaTOMUYECKUX 30HaX nepeaHeit 6plolHoM
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CTeHKM. MeToA0/I0rMYecKkyio OCHOBY WCC/Nef0BaHUA COCTaBWJ/I CPABHUTE/IbHO-aHAaTOMMUYECKUI aHanius,
HanpaB/IEHHbIN Ha BbISIBIEHWE 3aKOHOMEPHOCTEN PACMOIONKEHUSA COCYAUCTO-HEPBHBIX CTPYKTYP M MX
bYHKLMOHANBbHOIO 3HaUYEHWA B XMPYPrMyecKoi NpaKkTuke.

Pe3synbTatbl M 06CcyKAaeHMe

MepeaHAsa 6plOWHAsA CTEHKa COCTOUT M3 KOXW, MOLKOMHOW KAEeT4YaTKM, MOBEPXHOCTHOW dacuumy,
MbILIEYHbIX C/I0EB WM aAMOHEBPOTMYECKMX CTPYKTYP. BarKHEMMMKM 3nemeHTaMu ee KPOBOCHabKeHus
ABNAIOTCA BEPXHME U HUMKHME HagupeBHble apTepun, a TaKKe mexKpebepHble M MOSCHMYHbIE COCYApbl,
dopmupytoMe pPasBETB/IEHHYID CeTb aHACTOMO30B. BepxHAa HaguypeBHasa apTepua  ABAseTcs
NPOAO/IKEHNEM BHYTPEHHEW rPYAHOM apTepPUN U NPOXOAMUT B TOJILLE NPSAMOI MbILILLbI }KMBOTa, obecneymnBas
KPOBOCHabKeHMe BEPXHWUX OTAEN0B nepegHeirt BPIOWHOW CTeHKU. HUKHAA HapgupeBHas apTepua Geper
Hayasio OT HApPYXHOWN MOAB3AOLHON apTepun M HanpaBfseTcA BBepx, 0bpasya aHACTOMO3 C BepxHel
HadupeBHOM apTepueit. [laHHbIM aHAaCTOMO3 MMeEeT BaXKHOe 3HayeHne Ans NoanepKaHna KoanatepasbHoOro
KpoBoobpalleHns B 061aCTh BPIOLWLHON CTEHKN.

BeHO3HbIN OTTOK OCYLLECTBAAETCA Yepe3 O4HOMMEHHbIE BEHbI, KOTOPble CONPOBOXAAOT apTepUn U
BNaZaloT B CUCTEMY BHYTPEHHEN rpyaHON 1 HapyKHOW NoAB3a0LWHOW BeH. Ocobblii MHTepec npeacTaBaseT
CeTb MOBEPXHOCTHbIX BEH NepeaHei BPIOWHOM CTEHKM, yyacTBytowas B GOPMMPOBAHMM NOPTOKABaA/bHbIX
aHactomo30B. [lpM NATO/IOrMYECKMX COCTOAHMUAX, COMPOBOMKAAMOWMXCA HapyweHWem MopTasbHOro
KpoBOObpaLleHWs, AaHHanA BEHO3HAas CETb MOXET 3HAaYUTE/IbHO PACLUMPATLCA, YTO MMEeT AMarHocTMyecKoe
W KIMHUYECKoe 3HaYeHue.

MHHepBauma nepeaHelt OpPIOWHON CTEHKM OCYWECTBAAETCA NepegHUMM  BETBAMM  HUMKHUX
MmeKpebepHbIX HEPBOB, NOAB3A0WHO-NOAYPEBHbLIM M MOAB3A0LWHO-NAaX0BbiIM HepBaMWU. HepBHble CTBONbI
NPOXO4AT MeXAY BHYTPEHHEN KOCOM M MonepeyHor MbILULAMK KMBOTA, HAaNpPaBAAACb K MNPAMOM MbllLe
KMBOTa M obecneuymBas ABWUraTe/IbHYI0 W UyBCTBUTE/IbHYIO MHHEpPBaUMIO TKaHel. Tonorpaduyeckune
0COBEHHOCTM MPOXONKAEHWUA HEPBOB WMMEIOT BaXKHOE 3HayeHMe MpPU  BbINOJHEHUU XUPYPTrUYECKUX
BMeELUATe/IbCTB, TaK KaK WX MOBPEKAEHME MOMKET MPUBECTU K HApPYLWEHMUIO YYBCTBUTE/bHOCTU KOXKMW,
pasBUTUIO MocneonepaumoHHoro 60neBoro cMHApoMa M ocnabneHuio MbIWEYHOro KapKaca 6prolHoi
CTEHKMW.

Ocoboe 3HaueHne B XMPYPruyeckom NpakTnuke nmeet 061acTb NaTepasbHOro Kpasa NPsMOi MbilLbl
YKMBOTa, rae NPoXoasaT OCHOBHbIE COCYAMCTO-HEPBHbIE CTPYKTYpbl. MpU BbIMOAHEHUX NAaNapoOTOMUU UK
lanapoCKONMUYECKUX BMELIATEIbCTB XMPYPT AOJIKEH YYUTbIBAaTb 0COBEHHOCTU PACNONOKEHUS STUX CTPYKTYP
A4 NPeaoTBPaLLEHNA UX NOBPeEXAeHMA. B nocneaHue rofbl 3HaUUTEIbHOE BHUMAHWE YAENAETCA U3YYEHUIO
TaK HasblBaeMblx 6e30MacHbIX 30H NepeaHen BPIOLLIHON CTEHKK, B Npeaenax KOTOpbIX PUCK TPaBMaTU3aLLMM
COCYZl0B U HEPBOB MUHUMANEH.

AHaTomMuyecKas BapnabenbHOCTb COCYAMCTO-HEPBHbIX 006pa3oBaHW nepepHelrt GPIOWHON CTEHKM
ABNAETCA Ba*KHbIM (AKTOPOM, KOTOPbIM HEobXOAMMO YuMTbiBaTb MPW MAAHUPOBAHUM XMPYPTUYECKUX
BMELLATE/IbCTB. B pas/IMyHbIX UCCNEA0BaHUAX OTMEYAETCA Pa3/IMYHasA CTEMEHb BbIPAaXKEHHOCTU aHAaCTOMO30B,
0COBEeHHOCTM X04a COCYZAOB W BO3MOMHblE OTKAOHEHWA B PACMONOMKEHUU HEPBHbIX CTBO/OB. [aHHble
0COBEHHOCTM MOTYT CYLECTBEHHO BAMATb Ha BbIGOP XMPYPrMUECKOro A0CTyna W TeXHWUKY BbINOSHEHUA
onepaumu.

CoBpemeHHble MeToAbl BM3ya/iM3aLumM, BKIKOYAA Y/bTPA3BYKOBOE MCC/IeA0BAaHME, KOMMbIOTEPHYIO
TOMOTPaduio U MarHUTHO-PE30HAHCHYIO TOMOrpaduio, NO3BOAAIOT Hoslee TOYHO OLEHWUTb aHAaTOMUYECKUE
0COBEHHOCTM COCYANCTO-HEPBHbIX CTPYKTYP Y KOHKPETHOro nauuyeHTa. Micnosb3oBaHWe JaHHbIX METOA0B B
npeaonepauMoHHOM MAAaHMPOBAHUN CNOCOBCTBYET CHUMMKEHWMIO PUCKA OC/NOMHEHMI W NOBbLILWEHWUIO
3bPEKTUBHOCTM XUPYPTUHYECKOTO eYeHMA.

[ononHutenbHoe 3HayeHWe wu3ydyeHue Tonorpado-aHaTOMUYECKMX OCOBEHHOCTe COCyAMCTO-
HepBHbIX 00pa3oBaHUIt nepegHeit OPOWHON CTEHKM NpuobpeTaeT B YCNOBUAX PA3BUTUS COBPEMEHHbIX
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TEXHONOMNIA XMPYPIrUYECKOTO IEYEHMA, BKAKOYAA NaNapPOCKONMYECKME U poBOT-aCcCUCTUPOBAHHbIE ONepaLLUu.
MWHUMaNbHO MHBa3MBHbIE METOAbl TPEDYHOT BbICOKOMW TOYHOCTU MAHUNYNALUA U TNYOOKOro NOHMMaHUA
NPOCTPAHCTBEHHOTO PACNOIOKEHUS aHAaTOMUYECKUX CTPYKTYP, MOCKOJIbKY OrpaHUYEHHbIA OnepauyoHHbIM
[OCTYN 3HAYMTE/IbHO MOBbIWAET PUCK MOBPEXKAEHMA COCYAOB W HEPBHbIX 31eMeHToB. B 3Tol cBA3mM
CMCTEMATU3ALUMA AaHAaTOMUYECKUX AaHHbIX U UX BHeAPEHWE B 06pasoBaTesibHbIA MpoLecc MeauLUHCKUX
BY30B M CUCTEMY NOCAEAMNIOMHON MOAIOTOBKU XMPYProB cnocobcteyeT GopMMPOBAHUID KIMHUYECKOTO
MbIWJEHNA W MOBbIWEHUIO YPOBHA NpPodeccMoHaNbHOM NOAFOTOBKM CRELMannucToB. PaclimpeHue
MOP}ONOrMYEecKMX UCCAeA0BaHU M UCMNO/Ib30BAHME  COBPEMEHHbIX MEeTOA0B  aHAaTOMUYECKOWM
BM3yanM3aunmn nossoastoT bonee AeTaNbHO M3yyYaTb MHAMBUAYANbHbIE OCOBEHHOCTU CTPOEHUA nepeaHen
OpPIOWHOM CTEHKW, UYTO OTKPbIBAaET NepcrnekTMBbl AiA pa3paboTku bonee 6e3onacHbix U 3dDEKTUBHBIX
XMPYPIrUYECKUX TEXHONOTUIA.
3aknoueHue
Tonorpago-aHaToMUyeckme ocobeHHOCTU COCYANCTO-HEPBHbIX 0Opa3oBaHUi NepeaHelr OPIOLWHON CTEHKM
umetoT 6osbllioe 3HaYeHWEe ANA onepaTUBHOW XMpypruu. [eTanbHoe 3HaHME aHaTOMUWU apTepUanbHbIX,
BEHO3HbIX W HEPBHbIX CTPYKTYpP MO3BOJIAET XUPYPry NpaBUAbHO BbIGBMPATb XMPYPrUYeckuin [ocTyn,
MUWUHMMMU3UPOBATL PUCK NOBPEXKAEHUA HKUSHEHHO BaXKHbIX aHATOMUYECKMX 06pa3oBaHNi 1 NpeaynperaaTb
pPa3BUTUE  MHTPAOMEPAUMOHHbLIX W NOCAEOMNEPALNOHHBIX  OC/AOMKHEHUA. Y4YeT  aHaTOMMUYECKOM
BapnabenbHOCTM COCYANCTO-HEPBHbIX CTPYKTYP CNocobCTBYET NOBbIWEHMIO 6€30MaCHOCTU XMPYPrUYECcKnX
BMELLATe/IbCTB M COBEPLLUEHCTBOBAHUIO METOA0B OMNepPaTMBHOIO ieyeHma 3aboseBaHMn OpraHoB BptoLHOM
nonoctu. flanbHenwme nccneaosaHus B 061actv TonorpadmMyeckon aHaToMumM nepeaHen 6PIOLWHON CTEHKK
MMEIOT Ba)KHOE 3HAYEHME AR Pa3BUTUA KNMHUYECKON MeaMUMHbI U NOBbILEHUA KayecTBa XMPYpPruyeckom
NOMOLLN.
CNUCOK UCNOb30BaHHOW UTEpPaTypbl:

1. CanuH M.P., bpbikcnHa 3.I. AHaTomuA Yenoseka. B 2 1. T. 1. Mocksa: [90TAP-Megua; 2019.
2. CanuH M.P., Hukutiok [.6. AHaTomua yenoseka. Mockea: [POTAP-Megua; 2018.
3. CuHenbHukos P.L., CuHenbHukos A.P., CuHenbHUKos A.A. ATnac aHaTtomunu Yyenoseka. B 4 1. Mocksa:
HoBasa BosHa; 2016.
4. Standring S. Gray’s Anatomy: The Anatomical Basis of Clinical Practice. 42nd ed. London: Elsevier; 2021.
5. Moore K.L., Dalley A.F., Agur A.M.R. Clinically Oriented Anatomy. 8th ed. Philadelphia: Wolters Kluwer;
2018.
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F'yaparynnaes Keman Hypbiesuu
3aBeayowuii Kadeapol KOXHbIX BeHepuieckux 6onesHeln
rocyfapcTBEHHOrO MeAMULIMHCKOIO YyHUBEPCUTETA
TypKMeHucTaHa umeHn MbipaTa MappbleBa
r. Alwxabag, TypKMeHUCTaH

COBPEMEHHbIE ACMEKTbI STUONATOrNEHE3A, ANATHOCTUKU U TEPAMUU OYATOBOW AJTIONELUU

AHHOTauuA
OuaroBas anoneuus (OA) — 3To XpOHMYECKOe ayTOMMMYyHHoe 3abosieBaHMe, XapakTepusytoweecs
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Hepy6LOBbIM BbiMaZeHMEM BOIOC. B gaHHOM paboTe paccmaTpmBaloTCA COBPEMEHHbIE NPeacTaBNeHMA O
MeXaHM3Max NoTepU KUMMYHHOI MNPUBUAEIMMY BOSMIOCAHOIO GOANMKYNA, KnacCUOUKAUMA KAMHUYECKUX
dopm 1 aHanns apPEKTUBHOCTM TapreTHoOM Tepanuu.
Kniouesble cnosa:
ayTOMMMYyHHOe 3aboneBaHue, UMMYHHas NpuBUAErMA BoAOCAHOTro Gonaunkyna, T-kneTouHas
MHPUNbTPALMA, UUTOKMHOBBLIN NPOodUb.

BeepeHue

OuvaroBas asnoneums NOpaxaeT OKOJIO 2% HAceNeHUs B TEYEeHWe KM3HU. HecmoTpsa Ha TO 4To
3aboneBaHMe He HeceT MNPAMOW yrpo3bl (U3MYECKOMY 340POBblO, OHO OKa3blBaeT KOJOCCaNbHOE
NCUXONOTNMYECKOE AaBAEHME Ha NALMEHTOB, YaCcTo NPMBOAA K AENPECCUBHbBIM PACCTPOMCTBAM M COLMANBHOM
Aesogantaumu.

3Tnonorna n natoreHes

OcHOBHOWM KoOHUugenuuel passutua OA ABNSETCA AyTOMMMYHHAA arpeccus, HanpasieHHas Ha
BONOCAHbIE PONNMKYAbI B Ppase aHareHa.

e UMMyHHas npusuaerns: B Hopme BONOCAHON GONMKYA 3aLMLLEH OT aTak UMMYHHOM cucTemsl. Mpu
OA npoucxoauT Koananc 3Tok 3aWmThbl.

e LinToknHoBbIN Kackag: Knouesyto ponb urpatoT $IFN-\gamma$ (MHTepdepoH-ramma) n $IL-15$.
OHu akTuBmpytoT curHanoHbit Nyt JAK-STAT, uto npueoguT K atake CD8+ T-numdoumnToB Ha NyKOBULY
BOJI0Ca.

e [eHeTHKa: BbifiBaeHa CBA3b C FreHaMM [1aBHOTO KOMMNJIEKca rmctocoemectumocTtu (HLA), B yacTHocTH
$HLA-DRBIS.

KnnHuyeckas knaccnduraums

BblAenstoT HeCKo/IbKo 0CHOBHbIX Gpopm OA B 3aBMCMMOCTM OT NIOLWAAN NOPaXKEHUA:

dopma OnucaHune
JloKkanbHasA OAMH NN HECKOJIbKO YETKO OYepYeHHbIX 04aros.
Od¢masuc BbinazeHwe BOIOC B BUAE NEHTbI MO KPato BOJIOCUCTOM YaCTU roN10BbI (3aTbINOK, BUCKK).
CybToTtanbHasn Motepsa 6onee 50% BonoC Ha ronose.
ToTtanbHas MonHasa noTepa BONOC Ha CKasbne.
YHuBepcanbHas YTpaTa BOIOC Ha BCeM Tee (BK/ItoYas 6POBU, PECHULLbI U NYLIKOBbIE BOOCHI).
AnarHoctuka

CoBpeMeHHbIN «30/10TON CTaHAAPT» ANArHOCTUKM BKKOYAET:

1. KnuHuyecknii ocmoTp: MouncK «BonoC B popme BOCKIMLLATENbHOTO 3HaKa» (NaTOrHOMOHWUYHbIN
npusHak).

2. Tpuxockonusa: Busyanunsaums }Kentbix U YePHbIX TOYEK, KaJaBEPU3NPOBAHHbIX BOJIOC.

3. JlabopaTtopHble uccnenoBaHuA:  [poBepka  ¢GYHKLUMM  WMTOBUMAHOM  Kenedbl  (4acTas
KOMOPBUAHOCTBL) U UCKIOUEHWE AeULUTHBIX COCTOAHUIA (BUTaMKH D, deppuTuH).

CoBpeMeHHble MeToAbl IeYeHuUs

Tepanus OA B nocnegHue roabl npetepnena PeBoOLMOHHbIE U3MEHEHWA.

e [NtoKoKopTMKocTepouabl (FKC): MecTHoe npuUMeHeHMe WAM  BHYTPMOYaroBble  WHBEKLUK
(TPMamumHoNIOHa aLeTOHMA) OCTatoTCA NEPBON IMHMEN NPU Nerkmx popmax.

o JAK-nHrnbutopsi: (Hanpumep, 6apnuntHnb, TodauntMHmMG). ITO NPOPLIB B IEUEHUUN TAMKENbIX GOPM
(ToTanbHOM W yHUBepcanbHOM). OHWM OGAOKUPYIOT BHYTPUKNETOUYHbIE CUTHAAbI, Bbi3blBalOLME aTaKy Ha
donnukyn.

e KOHTaKTHaa MmmyHoTepanua: Mcnonb3sosaHue andeHmnumknonponeHoHa (APLN) gns cospanma
«OTBNEKAIOLLLErO» aNlNIePrnyeckoro AepmaTuTa.
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3akntoyeHune

MporHo3 npwu o4aroBoW anoneuun octaetcs BapuabenbHbiM. OAHAKO MNepexos OT CUCTEMHbIX
MMMYHOCYNPECCOPOB K CENEKTUBHLIM MoneKynam (JAK-MHrmbutopam) oTKpbIBaeT HOBblE BO3MOXHOCTU ANA
NauneHToOB, KOTOpble paHee CYMTaAUCb HeusneuymmbiMu. [anbHenlwne uccnefoBaHUA A0MKHbI ObiTb
COCPesoTO4EHbI Ha NOAAEPKAHMM PEMUCCUM NOCSE OTMEHbI NMPEeNapaTos.

CnUCOK UCNONb30BAHHOI INTEpaTypbl:
1. Messenger, A. G., et al. (2024). British Association of Dermatologists' guidelines for the management of
alopecia areata.
2. King, B., et al. (2022). Efficacy and Safety of Baricitinib in Patients with Severe Alopecia Areata. NEJM.
3. King, B., et al. (2022). Efficacy and Safety of Baricitinib in Patients with Severe Alopecia Areata. New
England Journal of Medicine. (PyHaameHTanbHOE MccnesoBaHWE, 3a/10XKMBLLEE OCHOBY NpumeHeHusa JAK-
WUHTMBUTOPOB).
4. Meah, N., et al. (2024). Global Consensus on the Management of Alopecia Areata. International Journal
of Dermatology. (CBeXuiA KOHCEHCYC NO NPOTOKONAAM IeYEHMUA).
5. Strazzulla, L.C., et al. (2018/Updated 2025). Alopecia areata: Disease characteristics, clinical evaluation,
and new perspectives on pathogenesis. Journal of the American Academy of Dermatology (JAAD).
6. Hordinsky, M. (2025). Advances in hair growth markers and the hair follicle immune system. Experimental
Dermatology.
7. depepanbHble KIMHMYECKME peKomMeHgaumn. MHesgHaa anoneums. (AkTyanbHas Bepcusa 2024-2025 rr.).
Poccuitckoe obuiecTBo gepmaTtoBeHeponoros U kocmetonoros (POLBK).
8. bakynes, A1, u ap. (2024). OnbIT NPUMEHEHUA TapreTHOW Tepanuu Npu TaXenblXx popmax rHesgHom
anoneuunn. BeCTHUK AepMaToNIOrMM U BEHEPOIOTUMU.
9. Tagxkuropoesa, A.l. (2023). KnauHuuyeckas Tpuxonorua. (HactonbHaa KHWra Ans  MNOHUMaHUA
anddepeHLManbHOM AMArHOCTURM).

Orlyapatynnaes K.H., 2026

YAK 615
MyxammeTaypabieBa Aiinap CepgapoBHa
Mpenopasatenb Kadeapbl 06LLEN XMPYpPrum
locypapcTteeHHOro MeguumMHCKoro yHusepcuTeTa TypkmeHucTaHa umeHy MbipaTta lNappblieBa
TypKmeHucTaH r. Aluxabag,

FTEMOTPAHC®Y3NN: COBPEMEHHbIE NPMHUUNbI, NTOKA3AHUA U BE3SONACHOCTb NPOBEAEHUA

AHHOTauuA

FemoTpaHchy3na ABAAETCA OAHUM U3 BaXKHENLLMX METOLO0B COBPEMEHHOMN KNMHUYECKON MeaULLUHDI,
LUMPOKO NPUMEHAEMbIM B XMPYPrumn, Tepannm, peaHMmaToI0rMm, remaTosormm n akywepcree. MepenvsaHume
KPOBW M €€ KOMMOHEHTOB NO3BOJIAET KOMMEHCUPOBATb KPOBOMOTEPHD, BOCCTAHOBUTbL TPAHCMOPT KMC0POAa,
HOpPManM30BaTb FEMOCTa3 U MNOAAEPKUBATb MKUIHEHHO BaXKHble ¢GYHKUMWM oOpraHMama. HecmoTpsa Ha
3HAYUTENbHbIN Nporpecc TpaHcPy3noaorum, npoueaypa OCTaétcs NOTEHUMAIbHO PUCKOBAHHOM U TpebyeT
cTpororo cobntoaeHnsa MoKasaHWi, npaBua COBMECTMMOCTM WU CTaHAapToB 6GesonacHocTM. B cratbe
paccMaTpUBAOTCA UCTOPUYECKME acnekTbl pPa3BUTUA remoTpaHcdysun, PU3NMONOrMYEecKMe OCHOBSI,
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K}'IaCCVId)VIKaLI,VIﬂ KOMMNOHEHTOB KPOBW, MOKa3aHMA U NPOTUBOMNOKAa3aHUA, MeToAbl NOArTOTOBKU ILI,OHO[:)CKOl\/'I
KPOBM, OCNOXHEHMA U X NPOPUNAKTUKA, A TaKKE COBPEMEHHbIe HanpaBaeHUA Pa3BUTMA TPaHCPY3MOHHOM
Tepanun. Ocoboe BHMMaHWE yaenAaeTca MMMYHOJIOTMYECKMM peakuusm M NMpUMHUMNAM pPaLMOHasIbHOMo
MCNONb30BaHMA KOMMOHEHTOB KpoBW. COBPEMEHHbIM noaxon npeanonaraeT WMHAUMBMAYANN3ALMIO
TpaHcdy3NMOHHOM Tepannun n MUHUMMN3aLMI0 HEOBOCHOBAHHbIX NEPEeANUBaHUN.
KntoueBble cnosa:
remoTpaHcdy3nsa, JOHOPCKaAn KPOBb, KOMMNOHEHTbI KPOBU, TPAHCHY3MON0IMA, COBMECTUMOCTb KPOBMY,
OCNOXXHeHUA nepennBaHnA, remoctas, MMMYHOJ1I0TM4YeCKkmne peakumun.

Muhammetdurdyyeva Aylar Serdarovna

Senior Lecturer of the Department of General Surgery
Myrat Garryev State Medical University of Turkmenistan
Ashgabat, Turkmenistan

HEMOTRANSFUSION: MODERN PRINCIPLES, INDICATIONS AND SAFETY OF BLOOD TRANSFUSION

Abstract
Hemotransfusion is one of the most important procedures in modern clinical medicine widely used in

surgery, therapy, intensive care, hematology, and obstetrics. Blood and blood component transfusion
compensates blood loss, restores oxygen transport, normalizes hemostasis, and supports vital body functions.
Despite technological progress, transfusion remains a potentially risky procedure requiring strict adherence
to indications and safety standards. This article reviews historical development, physiological basis, blood
components classification, indications, contraindications, complications, and modern trends in transfusion
medicine.

Keywords:

hemotransfusion, blood transfusion, blood components, transfusiology, compatibility,
transfusion reactions, hemostasis.

UcTopua pa3ButmA remoTpaHcdysnit

UcTtopma remoTtpaHcdysnm HaumHaetca ¢ XVII Beka, Korga 6blav npeanpuHATbl Nepsble NOMbITKKU
nepesnMBaHNA KPOBU MEXKAY MKMBOTHBIMM M YENNOBEKOM. PaHHWE 3KCNepMMeHTbl CONPOBOXKAANNCH BbICOKOWM
CMEPTHOCTbIO BC/AEACTBME OTCYTCTBMA 3HAHMA O Trpynnax KPOBM M MMMYHOIOTUYECKUX peaKLmAaX.
MepenomMHbIM MOMEHTOM CTaNo OTKPbITUE cucTembl rpynn Kposm ABO Kapnom SlaHawTeiHepom B 1900 roay,
YTO MO3BO/IMNO 3HAYUTENIBHO CHU3UTb PUCK OCNOXKHEeHWUI. [o3aHee 6blla OTKPbITa pesyc-cUcTema,
CbIrpaBLLanA KAYeBYO pPosb B obecnevyeHnmn 6e3onacHOCTU NepenmBaHuii.

Bo Bpems MWpOBbIX BOMH TpaHchy3MONOrMa NoAyYMna CTPeMUTeNIbHOE pasBUTMe OGnarogaps
HEOBX0AMMOCTM IeYEeHUsI MACCMBHBIX KPOBOMNOTEPb. bblnn pa3paboTaHbl MeToAbl KOHCEPBUPOBAHMA KPOBY,
C034aHbl nepBble BaHKM KPOBU U BHEAPEHbI aHTUKOArynsHTbl. B cepeguHe XX Beka Hayanca nepexop, ot
nepenvMBaHUA LENbHON KPOBM K KOMMOHEHTHOW Tepanuu, YTO CTasI0 BaXKHbIM 3TAaNOM PaLMOHANIbHOMO
MCNo/1Ib30BaHUA JOHOPCKOro maTepuana.

CoBpemeHHaa TpaHCchY3MONOrMA  OCHOBLIBAETCA HA  HAY4YHbIX MPUHLMNAX  MMMYHOIOUMK,
MOIEKYNAPHOM BMONOTUN N KAMHUYECKOW MefuLMHbl. BHeapeHWe aBTOMATU3MPOBAHHOIMO TECTMPOBAHWA,
BMPYCHOM WHAKTMBALMMU W CTPOrOro AOHOPCKOrO KOHTPO/AA 3HAuyuMTe/NbHO MOBbICMAO 6e30nacHOCTb
npoueaypbl. CerogHAa remoTpaHcdysma pPacCMaTPMBAETCA He KaK CTaHAAPTHAA MAHUNYNAUMA, A Kak
WHANBMAYANN3NPOBAHHOE MEAMUMHCKOE BMELLATeNbCTBO, Tpebylouee OLLEHKM PUCKA WM NOAb3bl ANA
KaXao0ro naumneHTa.

63



AKAJEMUYECKOE USAOATENBCTBO «HAYHYHAA APTE/1Ib»

dusnonornyeckmne ocHoBbl remoTpaHcdysnm

OCHOBHOM UEeNblo remoTpaHchy3nn ABASETCA BOCCTAaHOB/IEHME TrOMeocTa3a oOpraHusma npu
HapyweHUM O0OBEMA UUPKYAUPYIOLLEA KPOBM WAM €€ PYHKUMOHANbHbIX cBOMCTB. KpoBb BbINO/HAET
TPaAHCMOPTHYIO, AbIXaTe/IbHYI0, 3aLLUTHYIO U PEryATOPHYO GYHKLMKM, MO3TOMY €€ NOTepsa MU Ka4yeCTBEHHbIe
M3MEHEHMUA NPUBOAAT K TAMKE/IbIM CUCTEMHbIM HaPYLUEHUAM.

dpuTtpoumnTbl obecneumsaloT nepeHoc Kucnopoda 6narogaps remornobuHy. Mpu aHemuax wuau
KPOBOMOTEPE CHUMKAETCA OKCUreHauua TKaHel, pa3BMBAETCA T[UMOKCUA, 4TO TpebyeT nepennBaHus
apuTpouMTapHOM Macchbl. Mnasma coaepuTt 6eskn, ¢akTopbl CBEPTLIBAHMA U MMMYHOTNOOYANHDI,
HeobxoaMmble Ana nogaeprkaHMa OHKOTUYECKOTO AaB/eHUA U remocTasa. TpomboumTbl UTPatoT K/OYEBYHO
PO/1b B OCTaHOBKE KPOBOTEYEHUN.

FemoTpaHchy3ma BAUAET Ha CepaeYHO-COCYANCTYIO CUCTEMY, MUKPOLIMPKYAALMIO U 0OMEH BELLLECTB.
BoccTtaHoBneHWe 06bEMaA KpoBM yaydlaeT nepdy3unto opraHOB U NpeaoTBpallaeT pa3sutme woka. OgHaKko
ypesmepHoe nepennBaHne MOXKET Bbl3BaTb Neperpysky o6bEMoOM 1 cepaeyHyr He40CTaTOYHOCTb.

CoBpemMeHHble MpeAcTaBNEHUA NOAYEPKUBAOT HeobXoAMMOCTb LesieHanpaB/iieHHOW Tepanuu
KOHKPETHbIMM KOMMOHEHTAaMM KPOBU, a HE Lie/IbHOM KPOBbIO. ITO CHUMKAET MMMYHONOTMYECKYIO HarpysKy u
YMEHbLUAeT PUCK OC/IOXKHEHUN. Pu3nonormyeckoe ob60cHoBaHUE TpaHChy3MM Bceraa AOJIKHO y4uUTbIBaTb
COCTOAHME NAaUMEHTa, YPOBEHb remornobuHa, NnoKasaTenm Koaryiaumm n KNMHUYeCKMe CUMNTOMbI FTMMOKCUM.

KOMMOHEHTbI KPOBU U UX XapaKTepUCTUKa

CoBpemeHHas remoTpaHcdysmns 6asmpyerca Ha KOMMOHEHTHOM Tepanuu, Npu KOTOPOM NauueHT
Nnoay4yaeT TONbKO He0bXoAMMbIe 31eMeHTbl KpoBU. OCHOBHbIMW KOMMOHEHTAMM SIBAAIOTCA 3PUTPOLUTAPHAA
Macca, CBeXXe3aMopOoXKeHHas Naasma, TPoMBoUUTaPHbIN KOHUEHTPAT U KpuonpeyumnuTar.

dpuTpounTapHas mMacca NPUMEHAETCA AN KOPPEKUMM aHEMUI U BOCCTAaHOBNEHUA KUCNOPOAHOM
éMKOCTM KpoBu. OHa COAepUT MUHUMANbHOE KOJIMYECTBO MNA3Mbl, YTO CHUMNKAET PUCK aniepruyeckux
peakumit. CBexxesamMopoKeHHas niasma ucnonbsyetca npu gaeduumnTe GakTopoB CBEPTbIBAHMA, MAaCCUBHbIX
KPOBOTEYEHMUAX U KoarynonaTusx.

TpomboOUUTAPHbIA KOHUEHTPAT MNoKasaH npuM TPOMOOUUTOMNEHMU U  HapyweHUax GyHKUUK
TpomboumToB. Kpuonpeumnurtat b6orat pubpuHoreHom n daktopom VIII 1M npumeHseTca nNpu TAXKENbIX
HapyLLeHMAX remocTasa.

PasgeneHne KpoBM Ha KOMMOHEHTbI N03BOsIAET 3GPEKTUBHO MCMNONb30BaTb AOHOPCKUIA MaTepuan:
OflHa AOHAUMA MOXKET MOMOYb HECKO/IbKMM MaumeHTam. Kpome Toro, CHUMKaeTcs BEPOATHOCTb MMMYHHbIX
OCNOXHEHWUI U Neperpyskn opraHnM3ma JUWHUMMU 3NeMeHTaMU. XpaHeHME KOMMNOHEHTOB OCYLLECTBAAETCA
npu CTPOro onpeaenéHHbIX TeMNepaTypPHbIX PEKMMAX, YTo obecrneymBaeT nx GyHKLUMOHANbHYIO COXPaHHOCTb.

MoKasaHuMA 1 NPOTUBONOKa3aHUA K remoTpaHcdy3um

MNMoKa3aHMA K NepesiInBaHMIO KPOBM ONpeaenstoTcs KAMHUYECKMM COCTOAHMEM MaLMEHTa, @ He TONbKO
nabopatopHbIMK MoKasaTenaMmn. OCHOBHbIMW MOKA3aHUAMM SBAAKOTCA OCTPasA KpoBomnoTepsa, TAXEnas
aHeMMA, MacCUBHbIE XMPYPTrMYECKME BMELIATENbCTBA, FEMOPPArMYecknin WOK N HapyLeHUs CBepTbiBaHUS
KpOBM.

MpW CHUXKEHMUN YPOBHSA FEMOTrN06MHA HUMXKE KPUTUYECKUX 3HAYEHU I HapyLLaeTca A40CTaBKa KMCN0poaa
TKaHAM, 4YTO TpebyeT TpaHchy3mm apuTpoumToB. M1a3ma HaszHavaeTca Npu KoaryaonaTusx, 3abonesaHuaAx
neyYeHn n CMHAPOME ANCCEMUHUPOBAHHOIO BHYTPUCOCYAMUCTOrO CBEPTbIBaHMA. TPOMOOLMTLI NepenmBatoTcs
NpW PUCKe CNOHTaHHbIX KPOBOTEYEHUIA.

ABCONIOTHBIX MPOTUBOMOKA3aHUIM MPAKTUYECKU HE CYLLECTBYET, MOCKObKY B KPUTUUYECKUX CUTYaLMAX
nepesMBaHMe MOXKET CNacTu KuMsHb. OQHAKO OTHOCUTE/IbHbIE MPOTMBOMOKA3aHMA BKAKOYAIOT CepAeYHYIo
HeA0CTaTOYHOCTb, afiepruyeckmne 3aboeBaHUA U BbICOKUN PUCK MMMYHHbIX PeaKkLUi.
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YOK 617.735
TaraHoBa Aiia)xaman KapbipoBHa
KaHamaaT MeaMUMHCKUX HAYK, accMCTeHT Kadeapbl «[1asHbix 6onesHen»,
FocyfapcTBEHHbIV MeANUMHCKUIA YHUBEPCUTET TYPKMEHUCTaHA
nmeHn Mbipata lNappoblesa
TypKmeHucTaH, Awxabag,

MOP®OMETPUYECKUE MAPAMETPbI AUCKA 3PUTE/IbHOIO HEPBA (A43H) U C/1041 HEPBHbIX BO/IOKOH
CETYATKM (CHBC) NPU IOHOLLUECKOM FMAYKOME

AHHOTauuA
B ctaTbe paccmaTtpuBatoTcs mMopdOMEeTpUYECKME MapameTpbl AWCKA 3pUTENIbHOTO HepBa WU C/10A
HepPBHbIX BOJIOKOH CETYaTKU Yy NaLMEHTOB C OHOLWIECKOW rnaykomoii. Ocoboe BHMMaHME yaensieTca aHannsy
CTPYKTYPHbIX M3MEHEHWUIN 3PUTENIbHOrO HEPBA, BO3HMKAOWMX B pe3yabTaTe MNOBbILWEHNA BHYTPUINA3HOIO
OAaBNeHNA U NPOrpeccuMpytollero NoBpeXAeHUA HepBHbIX BOJIOKOH ceTyaTKW. [peacTaBieHbl AaHHble O
3HAYEHUU KOJINYECTBEHHOM OLEHKM MNapamMeTpPoB AMCKA 3PUTENbHONO HepBa, BKAOYAA naowagb,
COOTHOLUEHME 3KCKaBaLUUM K AUCKY M TOALWMHY CNOA HEPBHbIX BOJIOKOH CETYATKM, KOTOpble ABAAOTCA

Ba*XHbIMN ANATHOCTUYECKMMU KPUTEPUAMU I'ﬂa\/KOMaTO3HOI‘;1 ONTUYECKO HeVIpOﬂaTMM.

Kniouesble cnosa:
IOHOLLIECKaA F1ayKoma, ANCK 3pUTENbHOMO HEPBA, C/IOM HEPBHbIX BOJIOKOH CETYATKM,

MopbOMETPUYECKME NapPaMETPbI.

KOHowecKan rnaykoma OTHOCUTCA K Trpynne XpPOHUYECKUX 3abonesaHuni OpraHa 3peHun,
CoOnpoBOXAaWUXCA noBblILLEHNEM BHYTPUINAa3HOIo AaBAE€HUMA U nNporpeccnpyroulmm nospexgeHnem
3pUTENBHOIO Heps.a. 3aboneBaHue XapaKTepunlyetca paHHMM Ha4da/ZioM, HeEpPeaAKO MMeeT HaCneaCTBeEHHYIO
npegpacnoioxKeHHOCTb U MOXET NpuBoAUTb K 3HAYUTE/IbHOMY CHWXKEHUIKO 3PUTENIbHbIX dDYHKLLMﬁ npu
OTCYyTCTBUMU CBOGBpEMEHHOﬁ OWNArHOCTUKM U nedvyeHuna. OgHUM un3 Hambonee BaXKHbIX I'IpOFIBl'IEHMﬁ

rN1ayKomMaTO3HOro npouecca ABAAETCA pa3BMTUE rayKOMaTO3HOW ONTMYECKOM HelponaTuu, Npu KOTOPOM
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NPOUCXOAUT nNnocTteneHHaA rmbenb HepPBHbIX BOJIOKOH CeT4aTKU WU CTPYKTypHble WU3IMeHeHUA [AOUCKa
3pUTENbHOrO HEPBA.

[OVCK 3puTenbHOro Hepsa npeactaBaseT coboit 06aacTb BbIXOLa AKCOHOB TAHMIMO3HbLIX KAETOK
CeT4yaTKU u3 rnasHoro A610Ka. CTPYKTypHble U3MEHEHUS AaHHOM 061acTu ABAAIOTCA OAHMM M3 OCHOBHbIX
MopPdONOrMyeckMx MNPU3HAKOB TF1ayKoMbl. [py MOBLILWEHMM BHYTPUIAA3HOFO AaBAEHWUA MNPOUCXOANUT
aedbopmauma peeTyaTor NAacTUHKK, pacluMpeHne 3KCKaBaLuum AUCKa 3pUTENbHOIO HEpPBa U YMEHbLUeHue
TO/IWMHbI CNOSA HEPBHbIX BOJIOKOH CETYATKU. ITU U3MEHEHWA MOFYT BO3HWKATb 3a40Nr0 A0 NOABNEHUA
BblpaxKeHHbIX QYHKUMOHAbHbIX HAPYLIEHWI 3PEHUSA, YTO AENAET UX BAaXKHbIM AMATHOCTUYECKUM KpUTEPUEM
pPaHHMX cTaguii 3abonesaHus.

Pa3BuTME COBpPEMEHHbIX MeTOA0B O¢Ta/IbMONOIMYECKOM AUAFTHOCTUKU 3HAYUTENbHO pPaclnpuio
BO3MOXHOCTU UCCAefoBaHUA MOPGOMETPUYECKUX MapamMeTpPoB CTPYKTYp rnasa. Ocoboe 3HayeHue B
N3YYEHUN AUCKA 3PUTENBHOIrO HEPBA U C/10A HEPBHbIX BOJIOKOH CETYATKM MMEET ONTUYECKAA KorepeHTHasn
ToMorpadma, No3BONAOWAA NOAYYaTb BbICOKOTOUYHbIE MOCNONHbIE M30OPAXKEHUA CETYATKM U MPOBOAUTD
KOJIMYECTBEHHbIN aHann3 mMopdOIOrMYeckMX U3MeHeHU. Mcnonb3oBaHWe AaHHOFO MeToAa No3BOSAET
BbIABMATb PAaHHWE NPU3HAKM [1TayKOMATO3HOMO NMOBPEKAEHUA U OCYLLECTBAATL AMHAMMYECKOE HabatoaeHne
33 COCTOAHWEM 3PUTENBHOTO HEPBA.

Martepuanbl U meToabl UCCNe[0BaHUA

NccnepnoBaHMe OCHOBAHO Ha aHanu3e KAMHUYECKUX AaHHbIX MAUMEHTOB C FOHOLIECKOM r1ayKomow, a
TaK)Ke Ha M3YYEHUM COBPEMEHHbIX Hay4yHbIX MyO6AMKauui, NOCBALWEHHbIX MOPGOMETPMUUYECKOMY aHaAn3y
OMCKA 3pUTENbHOTO HEPBA WM CNOS HEPBHbIX BOJIOKOH CETYATKM. B xoae umccnenoBaHMs NpoBOAUAOCH
KomnnekcHoe odTa/IbMOIOrMyeckoe ob6cne0BaHMe NALMEHTOB, BK/OYAOLWeEe U3MepPeHNe BHYTPUTIA3HOMO
AaBfieHuns, BoMUMKpocKkonuio, opTasibMOCKOMUIO U MHCTPYMEHTANIbHblE METOAbl BU3yannsauum CTPYKTyp
3aZlHero cermeHTa rnasa.

Ocoboe BHMMaHMe yaenanock oLeHKe MoppoMeTpUYECKMX NapamMeTpoB ANCKA 3PUTENbHONO HEPBA,
BK/ItOYas ero naowaab, Gopmy, pasmepbl IKCKaBaLLMKM U COOTHOLLEHWE 3KCKaBaUMK K aUcky. MNapannenbHo
NPOBOAUNOCL UCCeA0BaHUE TOLMHbI CNOS HEPBHbIX BOJSIOKOH CETYATKWU, KOTOPAs SBAAETCA BaXKHbIM
noKasaTesleM COCTOAHUS aKCOHOB FAaHI/IMO3HbIX KNETOK CETYaTKU. MoNyYeHHble AaHHbIe aHAIM3NPOBAJIUCDH C
L,e/1bto BbISIBAIEHUA XapaKTEPHbIX MU3MEHEHWI, CBA3AHHbIX C Pa3BUTUEM [TayKOMATO3HOMo Npouecca.

Pe3ynbTtathbl M 06CyKaeHUe

MpoBeaeHHble UCCNeL0BaHUA NOKA3aAM, YTO Y NALMEHTOB C HOHOLIECKOW r1aykomol HabntoaatoTcs
BblpaxeHHble MOpdOMETPUYECKME U3MEHEHMA [WUCKA 3puTeNbHOro Hepsa. OaHMm un3 Haubonee
XapaKTepHbIX MPU3HAKOB 3aboseBaHUA ABAAETCA YBE/IMYEHWE SKCKABaLMW OMCKA 3PUTEIbHOTO HepBa,
KOTOpOE COMNPOBOXAAETCA YMEHbLIEHUEM TOJILMHBbI HEMPOPETUHANBHOTO MNOSCKA. [laHHble U3MEHeHMUs
CBA3aHbl C NPOrpeccupyoLei noTepent HePBHbIX BOJIOKOH CETYATKM U MOBPEXAEHNEM CTPYKTYP 3pPUTENbHOTO
HepB.a.

MopdomeTpryecKmii aHaNn3 TaKKe BbIABWU YMeEHbLUEHME TONLLMHbI C/I0A HEPBHbIX BOJIOKOH CETYaTKK,
0COBEHHO B BEPXHUX W HUMKHUX OTAEeNaX CEeTYaTKU. ITU M3MEHEHWMA COOTBETCTBYHOT XapaKTepHOMY
pacnpefeneHunio NOBPEXAEHUA MPU FNayKOMATO3HOM ONTUYECKOW HelponaTuM. YMeHbLUeHME TO/LMHbI
CN0A HEPBHbIX BOJIOKOH CETYATKM MONKET HabnoaaTbCA Ha pPaHHUX CcTaguAax 3abosneBaHusA, Koraa
bYHKUMOHaNbHbIE U3MEHEHMA 3PEHUS elle He BblpakeHbl, YTO AenaeT AAHHbIM MoKasaTenb BaKHbIM
ANArHOCTUYECKMM KpUTEPUEM.

N3meHeHMA mopdomeTpuyecknx NapameTpoB AUCKA 3pUTENIbHOMO HEPBA TECHO CBA3aHbI C YPOBHEM

BHYTPUINAa3HOINo AasseHnAa U npoaoIKUTENIbHOCTbIO 3aboneBaHus. Mpu gaMTenbHOM TeYeHUU FAayKoMbl
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oTMeYaeTcAa p,aanei/'lLuee yBeqinyeHmne sKCKaBaunn ANCKa U UCTOHYeHNE CNoA HEPBHbLIX BOJIOKOH CETYATKW,
YTO COMPOBOXKAAETCA NOCTENEHHbIM YXYALEHUEM 3PUTENbHBIX GYHKUMIA. B cBA3M ¢ 3TMM 0coboe 3HayeHue
npuobpeTaeT perynapHoe HabaaeHWe 3a COCTOAHUEM AaHHbIX CTPYKTYP C UCM0/1b30BaHMEM COBPEMEHHbIX
MEeTOA0B BM3ya/in3aLnu.

OnTnyeckaa KorepeHTHas Tomorpaduma No3BoNsAET NPOBOANTb BbICOKOTOYHOE U3MEPEHUE TOJILLMHDI
C/10A HePBHbIX BOJZIOKOH CETYATKN N OUEHUBATb N\opd)onormqecr(me n3meHeHnAa ANCKa 3puTeNbHOro Hepsa.
MNpuMeHeHWe AAHHOIO MeToZa 3HAYMTE/IbHO NOBbIWAET TOYHOCTb ANArHOCTUKM HOHOLLECKOWM FayKOMbl U
NO3BOJIAET BbIABAATL AaXe MUHUMaAAbHbIE CTPYKTYpPHble M3MeHeHusi. Kpome Toro, AaHHbIA MeToA
obecneynmBaeT BO3MOMKHOCTb AMHAMMYECKOro HabalogeHMa 3a naunmeHTamu U oueHKU 3dPeKTUBHOCTU
NPOBOANMOTO NeYeHus.

JononHutenbHoe uM3ydeHne MopPOMETPUYECKUX NAPAMETPOB AWMCKA 3PUTENbHOFO HepBa M CoA
HEPBHbIX BOJIOKOH CETYAaTKU WMMEEeT BaXXHOE 3HayeHWe [A/1A COBEPLIEHCTBOBAHMA METOA0B paHHeN
OMArHOCTMKM TNAyKOMbl Y MaUMEHTOB MONOAOro Bo3pacTa. Mcnonb3oBaHME COBPEMEHHbIX TEXHOJIOTUM
BM3yaan3auum NO3BOJIAET BbIABIATD MUHMMAJ/IbHbIE CTPYKTYPHbIE U3MEHEHUS B TKAHAX 3PUTE/IbHOIO HEPBA,
KOTOpble MOTYT MpeALlecTBOBaTb PA3BUTUIO KAWMHUYECKM BbIParKEHHbIX GYHKUMOHANAbHbLIX HapyLeHUN.
MopdomeTpuyeckmii aHann3 [aeT BO3MOXKHOCTb OOBEKTMBHO OLLEHMBATb CTEMEHb MPOrpeccupoBaHuUA
rNayKkoMaTO3HOro npouecca M NoBbIWAET TOYHOCTb KAMHMYECKOTO MOHUTOPUHra 3abonesaHns. B ycnosuax
ONMTENBbHOMO TeYEHMA FOHOLLECKOM rMayKoMbl PerynspHoe nccaegoBaHne AaHHbIX NapamMeTpoB No3BonsAeT
CBOEBPEMEHHO KOPPEKTUPOBaTb /leYebHYI0 TaKTMKY W CHUXKATb PUCK HeobpaTMmoro noBpexKAeHuA
3pUTENbHOro aHaNM3aTopa, YTO MMEET BaXKHOE 3HaUYeHWe A1 COXPAHEeHUA 3pUTENbHbIX QYHKUUIA U KavecTBa
XN3HU NaLNEeHTOB.

3aKknoueHue

MopdomeTpuyeckme napameTpbl AUCKA 3PUTENbHOINO HEpPBa W C/I0A HEPBHbIX BOJIOKOH CETYATKM
WUTpatoT BaXKHYO PO/b B AMArHOCTUKE U MOHUTOPUHIE FOHOLLECKOW r1ayKOMbl. MI3MeHEeHUA AaHHbIX CTPYKTYP
OTpPaXKaloT PasBUTUE [1TaYKOMATO3HOW OMNTMYECKOM HeMponatum M MOTyT BbIABAATbCA Ha PaHHUX CTagMAX
3aboneBaHmAa. WMcnonb3oBaHWe COBPEMEHHbIX METOA0B BM3yasM3auMW, B YACTHOCTU ONTUYECKOM
KOrepeHTHOM Tomorpaduu, No3BOSAET NPOBOAUTb TOUHYH KOJMYECTBEHHYLD OLLEHKY MOpPdOa0rnyeckux
M3MEHEHMIN U CBOEBPEMEHHO BbIIBAATb NPMU3HAKM NPOrpeccMpoBaHnUs rNayKkombl. PaHHAS gMarHoctuka um
perynapHoe HabnoaeHMe 33 COCTOSSHUEM AWMCKA 3pUTENIbHOMO HEPBa M C/1I0A HEPBHbIX BOJIOKOH CETYATKU
MMetoT 6o/blIoe 3HaYeHME AN COXPaHEHUA 3pUTesbHbIX GYHKLMA U NOBbIWeHUA 3PPEeKTUBHOCTU leyeHunsn
NaLMeHTOB C lOHOLLIECKOW rayKoMou.

CNMCOK UCNONb30BaHHOI INTepaTypbl:

1. Schuman J.S., Puliafito C.A., Fujimoto J.G. Optical Coherence Tomography of Ocular Diseases. 3rd ed.
Thorofare: SLACK Incorporated; 2013.
2. Huang D., Swanson E.A., Lin C.P. et al. Optical coherence tomography. Science. 1991;254(5035):1178—
1181.
3. Weinreb R.N., Aung T., Medeiros F.A. The pathophysiology and treatment of glaucoma. JAMA.
2014;311(18):1901-1911.
4. Leung C.K., Ye C., Weinreb R.N. et al. Retinal nerve fiber layer imaging with spectral-domain optical
coherence tomography. Ophthalmology. 2010;117(2):267-274.
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YK 617.735
TaraHoBa Aiigxaman KagbipoBHa
KaHauaaT meauumMHCKUX HayK, accucTeHT Kadeapsbl «MnasHbix 6on1e3Hen», focyAapCTBEHHbIN
MeANLMHCKNI yHMBEpCUTET TypKMeHUCTaHa nMeHn MeolpaTa lNappbleBa
TypkmeHucTaH, Awxabag

ONTUYECKASA KOTEPEHTHASl TOMOIPA®UA Y BOJIbHbIX C FOHOLLECKOMN
rMAYKOMOM B COYETAHUU C MUONUEN

AHHOTauuA

B cTaTbe paccmaTpuBalOTCA BO3MOMKHOCTU MPUMEHEHMA ONTUYECKOM KorepeHTHon Tomorpaduu B
AMarHOCTUKE CTPYKTYPHbIX WM3MEHEHWI 3pUTENbHOrO HepBa W CeTYaTKM Yy NaLMEHTOB C HOHOLIECKOW
rnaykomom, covetatoueiica ¢ mmonunein. Ocoboe BHMMaHWE yAeNnseTcs OLUEHKe TOJIWMHbI CNoA HEepPBHbIX
BOJIOKOH CETYaTKN, MapaMeTPOoB AMCKa 3pUTENbHOIO HEPBA M MaKy/IAPHOM 061acTK, YTO NO3BONSET BbIABAATb
paHHME NPW3HaKM [NaYKOMATO3HOro MOBPEXAEHUA 3PUTENbHOrO aHanu3aTopa. AHaiM3 COBPEMEHHbIX
KNINHUYECKUX AaHHbIX NOKa3biBaeT, YTO coYeTaHune FOHOLLIeCKOM rNaykKombl 1 MNONMUN MOXKeT CyLlecTBeHHO
U3MEHATb MOPPONOTrMYECKME XapPaKTEPUCTUKM rNa3HOro AHA, YC/IOXKHAS ANAarHOCTUKY 3aboneBaHusa u Tpebys
NPUMEHEHNSA BbICOKOTOUYHbIX METOI0B BMU3yan3aLun.

Kniouesble cnosa:
ONTUYECKan KorepeHTHan Tomorpadusa, OHOLWECKan r1aykoma, Muonus,
CNOVi HEPBHbIX BOJIOKOH CETYaTKM, AUCK 3pUTENbHOTO HEepPBa.

lOHOLWeCKan rnaykoma OTHOCMTCA K rpynne XpoHUYeCcKMX nporpeccupylowmx 3abonesaHunin opraHa
3PeHNA, XapPaKTePU3YIOLWNXCA MOoBblWWEHNEM BHYTPUINNA3HONO AaB/IEHUA U PaA3BUTUEM XaPaKTEPHbIX
M3MeHeHWN B 061aCTU 3pUTENIbHOIO HepBa U CeTYaTKM. [laHHoe 3aboneBaHWe OT/IMYaeTcs 6onee paHHUM
Haya/oM W HepeaKko MMeeT HaC/NeACTBEHHYI npupoay, 4To AenaeT npobnemy ero cBoeBpemeHHOM
ANArHOCTMKM 0COBEHHO aKTyasibHOM. BaykHyt0 poab B Pa3BUTUM [1AYKOMATO3HOW ONTMYECKOW HelponaTtum
UrpaeT HapylleHWe OTTOKa BHYTPMIAIA3HOM KUAKOCTU, NPUBOAALLEE K MOBPEXAEHMUIO HEPBHbIX BOJOKOH
CETYaTKM M NOCTENEHHOMY CHUMKEHMIO 3PUTENbHBIX GYHKLNNA.

B nocnegHve [ecATUNETMA OTMEYaeTcs POCT PaACipPOCTPAHEHHOCTM MUOMUWU Cpeay MOJ0A0r0
HaceneHusa. MuonuAa COMPOBOXKAAETCA YAJMHEHMEM nNepeaHe3agHeil ocM r1asa W M3MEHeHuem
aHAaTOMMYECKUX CTPYKTYP 3aAHEro cermeHTa rnasHoro A610Ka. 3T USMEHEHWUA MOTYT CYLLECTBEHHO BAUATb
Ha COCTOSIHME [MCKA 3PUTE/IbHOrO HepBa, MaKy/lApPHOM 06/1acTM U CNoA HEPBHbIX BOJIOKOH CETYATKM.
CoueTaHMe IOHOLLECKOM r1ayKoMbl M MMOMMM NPEACTaBAAET CODOI Cepbe3Hyo ANarHoCTUYECKyo npobiemy,
NOCKO/IbKY MOPdONOrnYeckme U3MeHEeHNA NpY MUONUN MOTYT MACKMpPOBaTb MAN MMUTUPOBATbL MPU3HAKK
rN1ayKOMaTO3HOr0 MOpaXKeHus.

CoBpemeHHaa 0TaNbMOIOTUA aKTUBHO MCMONb3YeT BbICOKOTOYHblE METOAbl BM3yanusauuu aAns
OLEHKM COCTOAHUA CTPYKTYpP rnasa. OgHum ns Hanbonee MHGOPMATUBHbBIX METOAOB ABAAETCA ONTUYECKasn
KorepeHTHasa Tomorpadwusa, NO3BOAAIOLWAA MOJy4aTb BbICOKOPA3peLllatolMe MU3006pakeHUna CeTyaTku U
3pUTENbHOrO HepBa. [aHHbIA MeTo4 OCHOBaH Ha MpuHUMNe WHTepdepeHUMM CBETOBbIX BOAH MU
obecneymBaeT BOSMOKHOCTb NOC/NIOMHOrO aHaNM3a TKaHel rnasa. Mcnonb3oBaHMe ONTUYECKOWM KOrepeHTHOM
TOMOTPaduUM 3HAYUTESIbHO PACLLUMPUAO BO3MOMKHOCTM AMArHOCTMKM T[NAayKOMbl M Apyrux 3abonesaHuii
ceTyaTKu.

Martepuanbl U meToabl UCCAE[0BaHUA

NccnefoBaHWe OCHOBAHO Ha aHanM3e KAMHWYECKUX AaHHbIX NMaUMEHTOB C OHOLIECKOM r1ayKomow,
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COYETaOWENCA C MUOMUEN, A TaKKe Ha M3YYEHUM HayudHbIX NyO6AMKAUMA, MOCBALWEHHbIX NMPUMEHEHUIO
ONTUYECKOM KOrepeHTHOM Tomorpaduun B optanbmonornn. MNpu obcnesoBaHNMM NaLMEHTOB NPOBOAMIACH
KOMMJIEKCHasA AMArHOCTMKa, BKAtOYAOWas o¢pTaibMONOIMYECKUA OCMOTP, M3MEPEHUE BHYTPUIIA3HOMO
[ABNEHUSA, OLEHKY COCTOAHUA 3PUTENbHOMO HEPBA U CETYATKM C MCMONb30BaHWEM COBPEMEHHbIX METOL0B
BM3YyaNM3aLnn.

OnTuyeckasa KorepeHTHaa Tomorpadusa NpMMeHANACh S5 OLLEHKM TOLWMHDBI CNOS HEPBHBIX BOJIOKOH
CceTyaTKM, NapamMeTpoB AMCKA 3PUTESIbHOrO HEpBa M COCTOAHMA MaKynaApHoit obnactu. lMonyyeHHble
N306pakeHMA aHaANN3MPOBAZINCL C LENbI BbIABNEHUA XapaKTepHbIX MOPGONOTMYECKUX U3MEHEHWN,
CBA3AHHbIX C Pa3BUTMEM TNayKOMaTo3HOro npouecca. Ocoboe BHMUMaHUE yAenanocb COMNOCTaBAEHWUIO
NONYYEHHbIX AAHHbIX C KAIMHUYECKMMM NPOSABAEHNAMMN 3a00NEBAHNA U CTENEHDBIO BbIPAXKEHHOCTU MUOMUN.

Pe3ynbTatbl U 06CyKaeHMe

Pe3synbTaTbl NpoBefeHHbIX UCCNef0BAHNA CBUAETENLCTBYHOT O TOM, YTO Y NALMEHTOB C FOHOLLECKOW
rN1ayKoMow, codeTatowencs ¢ mmonuen, HabaogatoTcs BblpaKeHHbIe CTPYKTYPHblE U3MEHEHMA B 06aacTm
OMCKA 3pUTENIbHOrO HepBa WM CNOSA HEPBHbIX BOMOKOH ceTyaTKu. [pu MCnonb30BaHWWM ONTUYECKOW
KOrepeHTHOW Tomorpadmm OTMEYaeTCA YyMEHbLUEHME TOJLMHbI CA0A HEPBHbIX BOJNIOKOH CETYATKM, 4TO
ABNAETCA OAHUM M3 PAHHUX NPU3HAKOB M1aYKOMATO3HOIrO NOpaXKeHUs 3puTeNbHOro aHanmM3aTopa. [JaHHble
M3MEHEHMA Yalle BCEro BbIABAAIOTCA B BEPXHUX WU HUMNKHUX KBagpaHTax CETYaTKM, YTO COOTBETCTBYET
XapaKTepHOMY pacnpeaeneHunio MOBPEXAEHNA NPU rnayKome.

Muonua oOKasblBaeT CylWecTBEHHOe BAWAHWME Ha MOPGONOTUYECKME XAPaKTEPUCTUKU 3aaHEero
CermeHTa rnasa. Y nauMeHToB C BbICOKOW CTENeHb0 MMOMMU HabAodaeTca yBenYeHne pasmepoB ANCKa
3pUTENbHOIO HepBa, U3MeHeHMe ero GOpmMbl M MOABAEHME NEPUNANUANAPHON aTpodUn. TN U3IMEHEHMUS
MOTYT 3aTPYAHATb MHTEpnpeTaLmio pe3y/bTaToB MccaefoBaHua U TpebytoT 6onee TWATeNbHOro aHaAusa
NoNly4eHHbIX AAHHbIX. B TakMX CAy4asax ONTUYECKas KorepeHTHas Tomorpadus nossonset 6onee TOYHO
OLeHUTb COCTOAAHWE CNO0A HEPBHbIX BOJIOKOH CETYATKU U BbIABUTb MPU3HAKM F1TayKOMATO3HOTO MOBPEXAEHUA.

NccnenoBaHWA NOKasbiBakOT, UTO NPU COYETAHWKU FNAayKOMbl U MMONKMK Npoucxoaut 6onee bGbicTpoe
nporpeccnpoBaHme CTPYKTYPHbIX U3MEHEHWUI B 061aCTM 3pUTENBHOIO HEPBA. ITO CBA3AHO C 0COBEHHOCTAMM
CTPOEHMA MMUOMMUYECKOTO FN1a3a, B KOTOPOM MPOUCXOANT PACTAXKEHNE TKAHEN U U3SMEHEHME MEXaHUYECKMX
CBOWCTB CKnepbl. B pe3synbTate nosbllleHHOE BHYTPUIrAa3HOEe AaB/ieHWe OKa3biBaeT 6osiee BblparKeHHoe
BO3/,€eMCTBME Ha CTPYKTYPbl 3pUTEIbHOTO HEPBA.

Ba)KHbIM  NpPenMMyLLeCTBOM ONTUYECKON KOrepeHTHOM Tomorpadum ABAAETCA BO3MOMKHOCTb
ANHAMUYeCcKoro HabstoAeHMA 33 COCTOAHWEM 3PUTE/IbHOTO HEpPBA W ceTyaTKW. PerynspHoe nposepeHue
nccnen0BaHUM NO3BOJIAET BbIABAATL AaXKe HE3HAUUTE/IbHbIE U3MEHEHMA TOLWMHbI CNOS HEPBHbIX BOJIOKOH
CETYATKM U CBOEBPEMEHHO KOPPEKTUPOBaTb /Sie4ebHY0 TaKTMKY. ITO OCOBEHHO BaXKHO ANA MaLMeHTOB
MOJI0Z0r0 BO3PACTa, Y KOTOPbIX 3a00/1€BaHNE MOKET MPOrpeccMpoBaTh Ha NPOTAXKEHUN MHOTUX /ET.

Mony4yeHHble AaHHble MOATBEPNKAAIOT, YTO BHEAPEHME COBPEMEHHbIX METOLOB BW3yasn3auuu B
KNMHUYECKYIO NPAKTUKY CYLLECTBEHHO PacLIMpAET BO3SMOXHOCTM PaHHEN AMArHOCTUKM F1ayKOMATO3HOM
ONTMYECKOM HelponaTMM, 0COHBEHHO Y MALMEHTOB C COMYTCTBYIOWEN MmUonuein. OnNTuYeckaa KorepeHTHas
TOoMorpadua No3BOMAET BbIABAATL OAXKE MWHUMAJIbHbIE CTPYKTYPHblIE U3MEHEHUA B CNOSX CETYATKU M
061acTV OMCKA 3pUTENIBHOMO HEPBa, YTO MUMEET NPUHUUNNANbHOE 3HaYeHUe AN CBOEBPEMEHHONO Havana
NleYeHUs M NpeaynpexneHus  NporpeccMpoBaHMa  3aboseBaHus. B ycnoBMAX — yBe/IMYEHMUSA
pPacnpocTpaHeHHOCTU MWUOMUU CPeaM MONOAOMO HAce/NeHUs NPUMEHEHME AAaHHOro MeTofa CTAaHOBWUTCS
0COBEHHO aKTyanbHbIM, MOCKONbKY COYETaHMe MMOMUU U TNayKombl TpebyeT 6osee TWATENbHOMO W
ONNTENbHOrO HabAloAEeHMA 33 COCTOSIHUEM 3pUTE/IbHbIX  GYHKUMA. Mcnosb3oBaHWE BbICOKOTOYHbIX
AMArHOCTUYECKMX TEXHONOMMI cnocobcTByeT NoBbieHUo 3G PeKTUBHOCTM 0HTaIbMOSIOFMYECKON MOMOLLA U
Y/IyULWEHMIO NPOrHO3a COXPAHEHMA 3PEHNA Y NALMEHTOB C AAaHHOM NaTONOTUEN.
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3aknioueHune

OnTnyeckas KorepeHTHas Tomorpadua ABNSETCA BbICOKOMHPOPMATUBHBIM METOAO0M AMArHOCTUKM
CTPYKTYPHbIX M3MEHEHUN CeTYaTKU W 3PUTENbHOr0O HepBa Y NAUMEHTOB C HOHOLIECKOWM [1ayKOMOW,
coyeTatowenca ¢ muonuein. McnonbloBaHne AaHHOrO MeToZa MO3BO/AET BbIABASATb PaHHWE MNPU3HAKM
rNayKOMaTO3HOro MnopaKeHusa, OLUEHMBATb CTeneHb BbIPaXKEHHOCTU MOPQOIOTMYECKMX WU3MEHEHUA U
OCYLLECTB/ATb ANHAMUYECKoe HabntogeHue 3a TedyeHuem 3abonesaHus. CoyeTaHMe rnaykombl U MUOMUN
TpebyeT 0co60ro BHUMAHMA CO CTOPOHbI 0PTa/IbMOIOTOB, MOCKO/IbKY CTPYKTYPHbIE USMEHEHMUA MPU MUONUMU
MOTYT 3aTPyAHATb AWMArHOCTUKY T[/1ayKoOMbl M BAMATb Ha pes3ynbTaTbl obcnedoBaHusA. [MpumeHeHue
ONTUYECKOM KorepeHTHon Tomorpadum cnocobCTBYeT NOBbIWEHUIO TOYHOCTU AMArHOCTMKKU, ONTUMM3ALNK
NeyebHOM TaKTUKM M yAy4ylleHUI0 MNpPOrHosa Ans NauMeHToB C AaHHOM naTonornen. [anbHenwwmne
uccnenoBaHMa B 06/1aCTM MPUMEHEHUA COBPEMEHHbIX MEeTOA0B BWM3yann3auum MNO3BOAAT YrIyouUTb
npeacTaB/ieHMA O NaToreHese rnayKkombl M NOBbICUTb 3PPEKTUBHOCTL ANATHOCTUKM U ieyeHMA 3aboneBaHni
opraHa 3peHus.
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NATONOMNMYECKAA ®U3NO0N0ITMA KPOBU NPU 3ABOJIEBAHUAX NEYEHU

AHHOTauuA

B cTaTtbe paccmMoTpeHbl OCHOBHble OMOXMMWYECKMEe TOoKasaTenn KpPoBW, WCMNOb3yemble AAA
OMArHOCTMKKN 3aboneBaHuit nevyeHn. MNoKasaHo 3HaYeHne pepmeHToB, BUAnpybMHa, 6eKoB U ANNULHOTO
npoouns nNpu oueHKe QYHKUMOHANbHOIO CcOCTOofHMA opraHa. OnmMcaHbl M3MeEHEeHMA MeTabonnyecknx
npoueccoB nNpu renatutax, LUUPPO3E, XKUPOBOM renato3e M TOKCUMUYECKMX MOPANKEHUAX MNEYEHMU.
MpeacTaBneHbl COBpeMeHHbIe nNoaxoAbl K 1abopaTopHOM AMAarHOCTUKE, OCHOBaHHble HAa BUOXMMUYECKUX
mapKepax. OTMeYeHo, YTo CBOEBPEMEHHOE OnpeaeneHne sTUX Nnokasatesien No3BoaseT NPOBOAUTb PAHHIOK
[MArHOCTMKY, KOHTPO/IMPOBaTb TeyeHne 601e3HM M OLEeHUBaTb 3PPEKTUBHOCTb TEPANUM.
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Khanova Gulsenem Gurbanmuhammedovna
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Turkmenistan, Ashgabat
PATHOLOGICAL PHYSIOLOGY OF BLOOD IN LIVER DISEASES

Abstract
The article discusses the main biochemical blood parameters used for the diagnosis of liver diseases.
The importance of enzymes, bilirubin, proteins, and lipid profile in assessing liver function is described.
Metabolic changes in hepatitis, cirrhosis, fatty hepatosis, and toxic liver damage are outlined. Modern
approaches to laboratory diagnostics based on biochemical markers are presented. It is emphasized that
timely determination of these indicators enables early diagnosis, monitoring of disease progression, and
assessment of treatment effectiveness.
Keywords:
blood biochemistry, liver diseases, enzymes, bilirubin, transaminases, diagnosis.

MeyeHb UrpaeT LEHTPaNbHYIO POJib B 0OMeHe BELLECTB, BbINOHAA H6osiee NATUCOT BUOXMMUYECKUX
byHKRUMA. Mpyn eé 3aboneBaHUMAX HAPYLIAKOTCA NpoLeccbl AETOKCMKaLMK, CUHTe3a 6enKkos, KMUPOB M
YrN1eBOAOB, YTO OTPAXKAETCS HA COCTaBe KPOBWU. BMoxmmuueckue mccnenoBaHMa NO3BOAAIOT 06 BEKTUBHO
OLeHUTb COCTOAHME MEYEHUN U CTemneHb NoBpeXAeHUs eé KneTok. Hanbonee MHPopmMaTUBHbIMMK cuMUTatOTCA
nokasaTtenu aktusHocTM depmenToB (ANT, ACT, ITT, wenoyHan docdartasa), KOHUEHTpPauma bunmpybuHa,
6enkoB M AMNMAoB. AHANM3 3TUX MaApPameTpoB Heobxoaum AN AMArHOCTUKM renaTuToB, LMPPO30B,
TOKCUYECKUX U MeTaboIMYecKMx nopaxkeHnn. N3meHeHUA BUOXMMUMYECKMX MapKEPOB OTPAXKAOT TAMXKECTb
NaTo/I0MMYECKOro NPOLLECCa U C/TYXKAT OPUEHTUPOM ANA noabopa nedyeHns. Takum obpasom, bBroxmmmuyeckoe
nccnefoBaHUE KPOBM ABASETCA HEOTbEMAEMOM YaCTbHO KAMHUYECKON AMArHOCTUKM 3a60/1€BaHMIN NeYEHM.

Ponb ne4éHOUHbIX GepMeHTOB B ANarHOCTUKe

dPepmeHTaTUBHAA aKTUBHOCTb KPOBU — OAMH M3 Hanbosiee YyBCTBUTE/IbHbIX MOKa3aTes1el NoparkeHusa
neyeHn. AnaHmHamuHoTpaHcdepasa (A/IT) m acnaptatamuHoTpaHcdepasa (ACT) — BHYTPUKNETOYHbIE
bepmeHTbl, KOTopble NPU NOBPEXAEHUN MeMDOPaH renaToLMTOB NONAaAal0T B KPOBOTOK. MoBbILWEHWE YPOBHSA
AT NnpenmyLLEeCTBEHHO YKa3bIBaeT Ha LLUTONUTUYECKME NpoLecchl B neveHu, a ACT MoXKeT TaK»Ke BO3pacTaTtb
npv natosoruu cepgua. NammarnytamuntpaHcnentngasa (TT) n wenoyHas ¢ocdartasa (LLD) oTpaxkator
COCTOSIHME ¥KeNyeBblBOAAWMX NYTEN U XonecTas. Mx nosbileHne HabAo4aETCA NPU MEXaHUYECKON KeNTyXe,
XONaHrUTE W OMNyXoNeBbIX MopaxeHuax. KomnnekcHas oueHKa aKTMBHOCTM depmeHTOB no3sonseT
anbdepeHUMpPOoBaTb PasNyHble TUMbI NOBPEXAEHUA MEYEHU U YTOUYHATb JIOKANM3AUMIO NATONOMMYECKOro
npovecca.

BunnpybuH 1 ero guarHocTMyeckoe 3HayeHue

BunnpybuH — KOHeYHbIN NPOAYKT pacnaga reMoriiobmMHa, meTabomM3m KOTOPOro NoJIHOCTbO 3aBUCUT
OT (QYHKUMOHANbHON aKTUBHOCTM MNeyeHU. BbigensoT Tpu dpakumm 6GunnmpybuHa: ob6bWwuie, npsmol
(cBA3aHHbLIN) K Henpsamoit (cBoboaHbIN). MoBbilweHWe 06LLero 6UNNpPybnHa CBMAETENbCTBYET O HapYyLIEHUN
MPOLLECCOB KOHBIOraUMKM U 3KCKpeuun. Mpu NapeHXMMaTo3HOM KenTyxe nosbiwatoTca obe ppakuymm, a npu
reMo/IMTUYECKOM — NPEMMYLLECTBEHHO HENpPsiMon BuanpybuH. BbicoKne 3HayeHUa npamoro 6uanpybumHa
XapaKTepHbl A1 MeXaHUYeCKON OOCTPYKLMU KendHbix nyten. OnpeaeneHve 6unvpybuHa B AMHaMUKe
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no3BonseT cyauTb 06 3PPEeKTUBHOCTU JIeYEHUA U BOCCTAaHOB/IEHUN PYHKUMIA nevyeHU. Takum obpasom,
6unnpybuH ABnAeTcA BaXHbIM BMOXMMUYECKUM MapKepPOM, OTpPaKaoLWmMm COCTOSIHUE
KenyeobpasoBaTe/IbHON N AETOKCMKALMOHHON PYHKLMIN NeYeHN.

benKoBbIN COCTAaB KPOBM U €r0 U3MEHEHMUA

MNeyeHb SABASETCA OCHOBHbIM OPraHOM CUHTe3a 6eNKoB NAasmbl KPOBW, BKAOYAs anbbymUHbI,
rnobynuHbl U QakTopbl CBEPTbIBaHMA. [pu 3aboneBaHUAX MeyeHW Habnwgaetcs rmnoanbbyMmmHemms,
CHUKeHMe oblero 6eska U HapyLeHWe COOTHOLEeHUsA B6enkoBbIx dpakLumii. I3To 06YCNOBAEHO HapyLEHUEM
CUHTETUYECKOM PYHKLMKN renaTounToB. YPOBEHb anbbyMMHa CAYXKUT BaXKHbIM MOKA3aTeNeM XPOHUYECKUX
3a60s1€BaHNIN NeyeHW, OCOBEHHO NpW UMpPpPO3e, FAe OH 3HAauYUMTeNbHO CHUXKaetcA. OAQHOBPEMEHHO
yBe/IMYMBAETCA KOHLUEHTpauua y-rnobyinHoOB BCieaCcTBME KOMMEHCAaTOPHOM aKTUBHOCTM MMMYHHOW
cuctembl. OueHKa 6eN1KOBOro CreKkTpa KpoBM NO3BONSAET onpeaennTb CTaanio U TAXKECTb NaTONOMMUYECKoro
npouecca, a TakKe NPoOrHo3nMpoBaTb Ucxom 3abonesaHums.

JIunuaHbii 06MeH Npy NAaTONOMUM NEYEHM

HapyweHune nunmuaHoro obmeHa ABNAETCA XapaKTEPHbIM NPU3HAKOM MHOIMMX 3a601eBaHMI NeYeHu.
lenaToLMTbl y4acCTBYIOT B CUHTE3E, OKUCAEHUM U TPaHCNopTe AMnnaos. MNpu renatnuTe n LMpPpPoO3e oTMeYaeTcs
NOBbILEHMNE YPOBHA TPUIMNULEPUAOB W XONECTEPUHA, @ TaKKe CHUMKEHWEe JIMMNOMPOTEUAOB BbICOKOM
NAOTHOCTU. [pM XKMPOBOM renatose B MEYEHW HAKAMJAMBAKOTCA HEWTPanbHble XUpPbl, YTO BeAET K
ONCTPOPUUECKMM U3MEHEHMAM U CHUMKEHUIO e€ PyHKUMN. Buoxmmmyeckoe mccnegoBaHue ANNUAHOIO
npodMna MNOMOraeT BbIABUTb pPaHHME MPU3HAKM METaboNMYECKUX HapPyLWeEHUA WU  OUEHUTb PUCK
nporpeccMpoBaHnsa 60ne3HU. PerynapHblii KOHTPOAb ANNUAHOTO OOMEHa ABNAETCA Ba*KHbIM 3/IEMEHTOM
HabAtogeHMA 33 NAUMEHTAMM C XPOHUYECKMMM 3a00N1eBaHMAMM NEYEHMU.

YrneBsogHbln n GeppUTUHOBLI 0BMEH.

MNeyeHb peryinpyeT ypoBEHb rNOKO3bl B KPOBM 33 CHET NPOLLECCOB [/IMKOreHO/113a U [IIOKOHEOreHesa.
MpM nopaxeHun renaTtoumMToB 3TU MEXAHW3Mbl HAPYLUAKOTCA, YTO MOXKET MPUBECTU K TFUMNOTIUKEMUM.
BUOXMMMYECKNI KOHTPONb YPOBHA [/IIOKO3bl W [/IMKOTEHOB MMEEeT AMArHOCTMYEeCKoe 3HauvyeHue npu
XPOHWYECKMX renaTuTax U umpposax. TakKe BarKHbIM NOKasaTenem ABAAeTCsA ypoBeHb pepputuHa — 6enka,
OoTpakatowero 3anacbl Kenesa. Ero nosbiweHWe HabnogaeTcas NpyU remMmoxpomaTose M aJKoronbHbIX
nopaskeHmax neyeHn. OUEHKa Yr/IeBOAHOrO M XefesHoro obmeHa nomoraetr onpeaenntb CcTeneHb
MeTaboNMYeCKMX HapYLIEeHU U YyTOYHUTb GOpPMY NaToNOrMM, 0COBEHHO NMPU BTOPUYHbIX METabonyeckmx
renaTosax.

CoBpemeHHble nabopaTopHblie MeToAbl ANArHOCTUKM

CoBpemeHHble nabopaTopHble TEXHONOMMM MO3BOJAIOT 3HAUYMTE/IbHO MNOBbLICUTb TOYHOCTb OLEHKM
BMOXMMUYECKMX MNOKasaTenen Kposu. LLUMPOKO NpuMMeHATCA  aBTOMaTUYeCcKMe  aHanAM3aTopbl,
UMMYHObEPMEHTHbIE N GOTOMETPUYECKME METOAbI, KOTOPble 0becneynBatoT BbICOKY BOCMPOU3BOAMMOCTb
pe3ynbraTtoB. Mcnonb3oBaHMe naHesnein nedyéHouHbix TectoB (ALT, AST, ALP, GGT, 6unnpybuH, anbbymuH,
obwmin 6enoK) AaéT KOMMNEKCHoe npeacTaBleHMe O COCTOSIHMM MnedvyeHu. B nocnefHue roAbl akTMBHO
NPUMEHSIOTCA MapKepbl pubposa — rmanypoHoBas Kucnota, npokoanareH lll, a2-makpornobynmH. OHu
No3BOJIAIOT OLLEHUTb CTeneHb NOBPEXAEHMA MNapeHxumbl 6e3 WMHBa3UBHbLIX Npoueayp. Broxmmwuueckue
nccnefoBaHMA OCTAOTCA OCHOBOWM KIMHUYECKOM ANArHOCTUKM, COYETAACh C MHCTPYMEHTAIbHbIMUM METOAaMMU,
TakMmm Kak Y3 n anactorpadus.

3akntoveHue

BMOXMMUUECKME MOKasaTe/I KPOBU ABAAIOTCA K/IHOYEBbIM  MHCTPYMEHTOM B AMAarHOCTUKE W
MOHUTOPUHre 3aboneBaHnin neyeHn. UameHeHna GpepmeHTaTUBHOM aKTUBHOCTM, 6EKOBOro, AMNULHOIO U
yrnesogHoro obmeHa oTpakatoT cTeneHb HapyweHusa GyHKLMIA opraHa M nomoratT guddepeHLmMpoBaThb
dopmbl natosornn. CBoeBpemMeHHOe onpegeneHne OUOXMMMYECKMX MapKepoB MO3BONSAET BbIABAATb
3a60n1€BaHNA Ha pPaHHUX CTaaMAX, KOPPEKTMPOBaTb /ledYeHMe W oueHuBaTb ero 3¢PeKTUBHOCTb.
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CoBeplLueHCTBOBaHWE N1abOPATOPHbIX TEXHOIOTUIA AenaeT BUOXMMUYECKYIO AMArHOCTUKY BCE Bonee TOYHOM
W 0OCTYNHOM, YTO NOBbILWAET KaYeCcTBO MeANLMHCKON MOMOLLM NaLMeHTaM C NaTONOTUAMM NEYEHMN.
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