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THE CO-EVOLUTION OF PHYSICS AND MATHEMATICS: A HISTORICAL SYNTHESIS 

 

Abstract 

The historical development of physics and mathematics is a narrative of profound intellectual 

symbiosis. Mathematics provides the formal language and logical structure, while physics offers the empirical 

challenges and physical intuition that drive mathematical innovation. From the geometric optics of antiquity 

to the non-Euclidean manifolds of general relativity, these two disciplines have evolved not in isolation, but 

as a unified effort to decode the laws of the universe. This article examines the critical epochs of this co-

evolution, highlighting how mathematical breakthroughs like Calculus, Group Theory, and Differential 

Geometry became the "industrial tools" for physical discovery. Understanding this relationship is essential 

for navigating modern frontiers such as quantum field theory and string theory, where the boundary between 

physical reality and mathematical abstraction becomes increasingly blurred. 

Keywords:  

theoretical physics, mathematical physics, calculus, classical mechanics, electromagnetism, general 

relativity, quantum mechanics, symmetry, differential equations. 

 

The Fundamental Pillars of Mathematical Physics 

The integration of math and physics has moved through three primary stages, each increasing the level 

of abstraction required to describe the natural world. 

Core Historical Milestones: 

¶ The Geometric Era (Antiquity to the Renaissance): Early physics was synonymous with geometry. 

!ǊŎƘƛƳŜŘŜǎ ǳǎŜŘ ƭŜǾŜǊǎ ŀƴŘ ōǳƻȅŀƴŎȅ ǘƻ ŀǇǇƭȅ ƎŜƻƳŜǘǊƛŎ ǇǊƛƴŎƛǇƭŜǎ ǘƻ ǇƘȅǎƛŎŀƭ ǿŜƛƎƘǘǎΣ ǿƘƛƭŜ YŜǇƭŜǊΩǎ ƭŀǿǎ 

of planetary motion were expressed through the geometry of ellipses.1 

¶ The Analytical Revolution (17thς18th Century): The birth of Calculus by Newton and Leibniz allowed 

ǇƘȅǎƛŎǎ ǘƻ ƳƻǾŜ ŦǊƻƳ ǎǘŀǘƛŎ ŘŜǎŎǊƛǇǘƛƻƴǎ ǘƻ ǘƘŜ ǎǘǳŘȅ ƻŦ ŎƘŀƴƎŜΦ bŜǿǘƻƴΩǎ {ŜŎƻƴŘ [ŀǿ όнϷC Ґ ƳŀϷύ ƛǎ 

fundamentally a differential equation, establishing math as the predictive engine of physics.3 

¶ The Field and Symmetry Era (19thςнлǘƘ /ŜƴǘǳǊȅύΥ aŀȄǿŜƭƭΩǎ Ŝǉǳŀǘƛƻƴǎ ǳƴƛŦƛŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ŀƴŘ 

magnetism through vector calculus.4 Later, the discovery of Symmetry (Group Theory) revealed that the laws 

of physics are dictated by underlying mathematical invariants.5 

Key Directions in Co-Development 

The strategic focus of this historical development is the "unreasonable effectiveness" of mathematics 

in predicting physical phenomena that have not yet been observed. 

Direction 1: The Calculus of Motion and Classical Mechanics 

The development of analytical mechanics transformed physics from a series of observations into a 

rigorous domestic system of equations: 

¶ Upstream Efficiency (Variational Principles): Mathematicians like Euler and Lagrange developed the 

Principle of Least Action. This allowed physicists to describe the path of a particle not just by forces, but by 
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finding the path that "minimizes" a mathematical quantity called Action. 

¶ Downstream Integration (Engineering): These mathematical frameworks allowed for the industrial 

revolution, providing the tools to calculate the stress on bridges, the efficiency of steam engines, and the 

trajectories of projectiles. 

Direction 2: Geometry as Physical Reality 

In the 20th century, physics moved from happening inside a mathematical space to being defined by 

the geometry of that space: 

¶ Non-Euclidean Geometry and Gravity: Albert Einstein realized that gravity was not a force in the 

Newtonian sense, but a curvature of space-time.6 He utilized Riemannian Geometryτa field developed by 

mathematicians decades earlierτto formulate General Relativity.7 

¶ The Quantum Transition (Functional Analysis): Quantum mechanics required a move to Hilbert 

Spaces and linear operators.8 This shift proved that at the subatomic level, physical "objects" are better 

described as mathematical wavefunctions subject to the laws of probability and complex analysis.9 This 

remains the central policy challenge for modern physicists: unifying the smooth geometry of gravity with the 

discrete logic of quantum math. 

Conclusion 

The history of physics and mathematics is a testament to the power of human abstraction. The pace 

of this co-development dictates the growth of our technological capacityτfrom the engines of the 19th 

century to the semiconductors and quantum computers of today. For future scientists, the key direction must 

be a dual strategy: mastering the classical analytical tools that govern our macroscopic world, while 

simultaneously pushing into the foundationally abstract mathematics required to solve the mysteries of dark 

energy and quantum gravity. Mastering this synthesis is the true measure of progress in the physical sciences. 
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ASIAN MATHEMATICS: THE ANCIENT FOUNDATIONS OF GLOBAL LOGIC 

 

Abstract 

The history of Asian mathematics represents a sophisticated and diverse intellectual heritage that laid 

the essential foundations for modern arithmetic, algebra, and trigonometry. Spanning the civilizations of 

Mesopotamia, India, China, and the Islamic Golden Age, Asian mathematicians developed the decimal 

system, the concept of zero, and advanced algebraic algorithms centuries before their adoption in the West. 

This article examines the strategic contributions of these regions, highlighting how Asian mathematical 

thought transitioned from practical administrative tools to abstract theoretical frameworks. Understanding 

this history is critical for recognizing the non-Western origins of the global scientific revolution and the 

persistent influence of Asian logic on contemporary computational science. 

Keywords:  

asian mathematics, hindu-arabic numerals, zero (0), chinese remainder theorem, islamic golden age,  

vedic mathematics, algorism, trigonometry, mathematical history. 

 

The Fundamental Pillars of Asian Mathematical Innovation 

Asian mathematics was characterized by a distinct emphasis on algorithmic procedures and 

computational efficiency, driven by astronomical observation, trade, and architectural demands.1 

Core Regional Contributions: 

¶ India: The Birth of the Decimal System and Zero: Indian mathematicians (such as Aryabhata and 

Brahmagupta) revolutionized human thought by treating zero (0) as a number with its own properties and 

perfecting the place-value decimal system. This provided the necessary framework for all modern calculation. 

¶ China: Algorithmic Rigor and Linear Algebra: Ancient Chinese texts like The Nine Chapters on the 

Mathematical Art introduced methods for solving systems of linear equations (similar to Gaussian 

elimination) and the Chinese Remainder Theorem, which remains vital in modern cryptography.2 

¶ The Islamic World: The Synthesis of Algebra: Scholars in the House of Wisdom in Baghdad synthesized 

Greek geometry with Indian arithmetic.3 Al-YƘǿŀǊƛȊƳƛΩǎ ǿƻǊƪ ƻƴ Ϧŀƭ-jabr" (Algebra) transformed the field 

into a systematic science of equations.4 

¶ Mesopotamia: Sexagesimal Logic: The Babylonians utilized a base-60 system, which continues to 

govern our measurement of time (seconds/minutes) and angles (degrees).5 

Key Directions in Asian Mathematical Methodology 

The strategic focus of Asian mathematics was the development of robust "upstream" theories that 

enabled practical "downstream" applications in commerce and science. 

Direction 1: Advancing Numerical Logic and Zero 

The formalization of the Hindu-Arabic numeral system was the most significant "technology transfer" 

in intellectual history: 

¶ Computational Efficiency: The introduction of the decimal place-value system allowed for the 

processing of large numbers with minimal input, directly influencing the growth of global trade and 

astronomical accuracy.6 
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¶ The Concept of Sunya (Void): Defining zero not just as a placeholder but as a value allowed for the 

development of negative numbers and the eventual birth of Calculus. 

o 9ȄŀƳǇƭŜΥ .ǊŀƘƳŀƎǳǇǘŀΩǎ ǊǳƭŜǎ ŦƻǊ ƻǇŜǊŀǘƛƴƎ ǿƛǘƘ ϦŦƻǊǘǳƴŜǎϦ όǇƻǎƛǘƛǾŜ ƴǳƳōŜǊǎύ ŀƴŘ ϦŘŜōǘǎϦ 

(negative numbers) in the 7th century.7 

Direction 2: Geometric and Trigonometric Integration 

Asian civilizations were the first to move beyond simple geometry into the complex study of triangles 

and spheres, which was essential for navigation and religious architecture: 

¶ The Expansion of Trigonometry: Indian and Islamic mathematicians developed the sine (sin), cosine 

(cos), and tangent (tan) functions to map the heavens. This "trigonometric technology" was the precursor to 

modern GPS and satellite logic. 

¶ Infinite Series: Centuries before European scholars, the Kerala School of Astronomy and Mathematics 

in India (14th century) discovered infinite series for pi and trigonometric functions, touching the boundaries 

of modern analysis.9 

Conclusion. The history of Asian mathematics is not a localized curiosity but the structural backbone 

of modern science. Its pace of innovation dictated the accuracy of global calendars, the efficiency of 

international banking, and the capacity for early engineering. For modern educators and historians, 

recognizing these contributions is a necessary step toward a decolonized and accurate understanding of 

human progress. The dual strategy of Asian mathematiciansτcombining deep philosophical abstraction with 

highly efficient algorithmsτremains the gold standard for effective mathematical practice in the 21st 

century. 
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¶ ˽͎͙ͪͦͤͦͫͭ;͔ͫ͊͟Ύ ͙ͫ͊͡Υ ˹͊ ͔͋͊͘ ͔͔ͭͦͪͣ ͫͭͪͦΎͭͫΎ ͔͙ͣͦ͒͡Σ ͫͨͦͫͦ͋ͤ·͔ ͔ͨͪ͒ͫ͊͘͟·͍͊ͭΈ ͫͦ͋·͙ͭΎ ͍ 

ͫͦ͗ͤ͡·ͻ ͙͔ͫͫͭͣ͊ͻ όͦͭ ͍͙͔͙͒͗ͤΎ ͔ͨ͊ͤͭ͡ ͒ͦ ͙͔͔͙ͣͤͤ͘Ύ ͙ͣ͊ͭ͊͟͡ύΦ 

˴͡Ό;͔͍·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͙ /ƘŀƭƭŜƴƎŜ-ͦͤ͘· 

˿͔͎͙ͭͪ͊ͭ;͔͙͚ͫ͟ ͺͦͯͫ͟ ͤ͊ ͙ͯ͘;͔͙͙ͤ ͔͔ͭͦͪͣ ͔ͤ ͙ͫͭ͊ͭ;͔ͤΤ ͦͤ Ή͍ͦ͡Όͼ͙͙͔ͦͤͪͯͭ ͦͭ ͎ͤ͊͡Ύ͚͒ͤͦ 

͎͔͔͙͙ͦͣͭͪ ͟ ͍͔ͫͪͻͫͦ͗ͤ͡·ͣ ͊͋ͫͭͪ͊ͭͤ͟·ͣ ͫͭͪͯͭͯͪ͊ͣ͟Φ 

˹͍͔͙͔͊ͨͪ͊ͤ͡ мΥ ˴͙͊ͫͫ͡;͔͙͔ͫ͟ ͔͔ͭͦͪͣ· ͊͟͟ ͙͋͊ͫ͘ ͙͔͔͙͙ͤ͗ͤͪ 

͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͔͔ͭͦͪͣ· ͔͍͙͒ͪͤͦͫͭ ͙ Ήͨͦͻ͙ ˤ͔͙ͦͪͦ͗͒ͤ͘Ύ ͒ͦ ͙ͫͻ ͨͦͪ ͔͔ͦͨͪ͒͡ΎΌͭ 

͔ͦͨͪ͊ͼ͙ͦͤͤͯΌ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Υ 

¶ ˥͔͔͙ͦͣͭͪ;͔ͫ͊͟Ύ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ό͔͔́ͦͪͣ͊ ˽͙ͺ͎͊ͦͪ͊ ͙ ͙͔ͨͦ͒ͦ͋ύΥ ˻͍ͫͤͦ͊ ͙͎͔͙͙ͭͪͦͤͦͣͭͪΣ ͔͋͘ 

͚ͦͭͦͪͦ͟ ͔͍ͤͦͣͦ͗ͤ͘· ͎͔͔͙ͦ͒͘ΎΣ ͍͙͎ͤ͊͊ͼ͙Ύ ͙ ͍͔͔͔ͫͦͪͣͤͤͦ о5-͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Φ 

¶ ˢ͙͙ͤ͊ͭ͡;͔ͫ͊͟Ύ ͣͦ΅ͤͦͫͭΈ ό˻͍ͫͤͦͤ͊Ύ ͔͔ͭͦͪͣ͊ ͙͊ͤ͊͊͘͡ύΥ ˿͍Ύ͘·͍͔͊ͭ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͔ͤͦ ͙ 

͙͔͎ͤͭͪ͊͡Έ͔ͤͦ ͙ͫ;͙͔͙ͫͤ͡ΎΦ ̏ͭͦ ζ͍͙͎͔͒͊ͭ͡Έη ͺ͙͙͙͘͟Σ ͍ͨͦͦ͘͡ΎΌ΅͙͚ ͍·;͙ͫ͡ΎͭΈ ͨͦ͡΅͙͊͒Σ ͦ͋Ά͔ͣ· ͙ 

͔͙͙ͭͪ͊ͭͦͪ͟ ͍͙͔͙͒͗ͤΎ ͔ͭ͡Φ 

˹͍͔͙͔͊ͨͪ͊ͤ͡ нΥ ˹͍͙͎͊͊ͼ͙Ύ ͍ ͼ͙ͺ͍͚ͪͦͦ ͙ ͎͙ͦ͡;͔͚ͫͦ͟ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ 

˥ͦ͋͊͡͡Έͤ·͚ ͔͔ͨͪͻͦ͒ ͟ ͋ͦ͡Έ΄͙ͣ ͒͊ͤͤ·ͣ ͙ ͍͍͊ͤͭͦ͟·ͣ ͍·;͙͔͙ͫͤ͡Ύͣ ͙͔͒ͭͯͭ͟ ͍ͤͦ·͔ ͙͙͔ͨͪͦͪͭͭ· 

͍ ͙ͯ͘;͔͙͙ͤ ͔͔ͭͦͪͣΥ 

¶ ˮ͍͔͙ͤͫͭͼ͙͙ ͍ ͙͔͔͋ͪ͋ͦͨ͊ͫͤͦͫͭ͘͟Έ ό˻͍ͫͤͦͤ͊Ύ ͔͔ͭͦͪͣ͊ ͙͊ͪͺ͔͙͙ͣͭ͟ύΥ ͍͔͔͙͔̂ͭͪ͗͒ͤ ͦ ͭͦͣΣ ;ͭͦ 

͔͊͗͒ͦ͟ ;͙ͫͦ͡ ͔͙͍͔͒ͤͫͭͤͤ·ͣ ͦ͋ͪ͊ͦͣ͘ ͎͔ͪ͊͊͊ͭͫ͘͡Ύ ͤ͊ ͨͪͦͫͭ·͔ ͙͔͙ͣͤͦ͗ͭ͡Σ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͍ͨͪͦͭͦͦͦ͟͡ ΄͙ͺ͍͙ͪͦ͊ͤΎ όw{!ύΦ 

¶ ˶͎͙ͦ;͔ͫ͊͟Ύ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͙ ˮˮ ό͔͔́ͦͪͣ· ˥͖͔͒͡Ύ ͦ ͔͔ͤͨͦͤͦͭ͡ύΥ ͙̏ͭ ͔͔ͭͦͪͣ· ͔͔ͦͨͪ͒͡ΎΌͭ 

͔͔ͨͪ͒͡· ͎ͭͦͦΣ ;ͭͦ ͔ͣͦ͗ͭ ͋·ͭΈ ͒ͦ͊͊ͤͦ͘͟ ͍ ͪ͊ͣ͊͟ͻ ͺͦͪͣ͊͡Έͤ·ͻ ͙͔ͫͫͭͣΣ ;ͭͦ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ 

͙ͪ͊ͪ͊͋ͦͭ͘͟ ͊ͪͻ͙͔ͭͭͯͪ͟· ͙ͫ͡Έ͎ͤͦͦ ˮˮ ͙ ͙͙ͨͦͤͣ͊ͤΎ ͎͙ͪ͊ͤͼ ͎͙͙͊ͦͪͭͣ͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΦ 
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˭͊͟͡Ό;͔͙͔ͤ 

˸͔͙͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔͔ͭͦͪͣ· τ Ήͭͦ ͋ͦ͡Έ΄͔Σ ;͔ͣ ͯ;͔͋ͤ·͔ ͊͒͊͘;͙Τ Ήͭͦ ͙͔ͤͫͭͪͯͣͤͭ· ͎ͦ͋͊͡͡Έ͎ͤͦͦ 

͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͎ͤͦͦ ͪ·;͎͊͊Φ ˮͻ ͙͔ͤ͊ͤ͘ ͙ ͙͔͔͙͔ͨͪͣͤͤ ͙͒ͭͯ͟Όͭ ͔ͭͣͨ· ͙͍ͤͤͦ͊ͼ͙͚Σ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ 

ͼ͙ͺ͍ͪͦ·ͻ ͪ·͍ͤͦ͟ ͙ ͫͨͦͫͦ͋ͤͦͫͭΈ ;͔͍͔ͦ͡;͔͍ͫͭ͊ ͔ͪ΄͊ͭΈ ͎ͦ͋͊͡͡Έͤ·͔ ͊͒͊͘;͙Φ ˨͡Ύ ͙͔͍͒ͪͦ͡ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ 

͙ ͙ͤ͊ͯ͟ ͟͡Ό;͔͍·ͣ ͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡ ͒ͦ͗ͤ͊͡ ͫͭ͊ͭΈ ͍͚͒ͦͤ͊Ύ ͔͎͙ͫͭͪ͊ͭΎΥ ͎͔͙͍͔͊ͪͫͫͤͦ ͍͔͙͔ͦͫͦͤ 

͍͔͔͎ͨͪͦͪͤͤͦͦ ζ͔͔͙ͭͦͪͭ;͔͎ͫͦͦ͟ ͙͍͔ͤͤͭ͊ͪΎη ͨͪͦ΄͎ͦͦ͡ ͍ ͫͦ;͔͙͙ͭ͊ͤ ͫͦ ͔ͫͣ͡·ͣ ͙ͨͦͫͦͣ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ 

͒͡Ύ ͎͙͔ͨͦͭ͘ ͋ͯ͒ͯ΅͔͎ͦΦ ͔͙͔̂ͣͤ ͔͙͍ͦͨͪͪͦ͊ͭΈ ͔͔͙ͭͦͪͣ͊ͣ τ ͙͙͔ͫͭͤͤͦ ͔͙ͣͪͦ͡ ͔ͭͻ͎͙ͤͦͦ͡;͔͎ͫͦͦ͟ 

͍͔͔͙͔ͫͯͪͤͭͭ͊ ͍ ··L ͍͔͔͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ͍͙̏͒͟͡Φ όͦ͟Φ олл ͎Φ ͒ͦ ͤΦΉΦύΦ ˹͊;͊͊͡Φ ό˴͙͊ͫͫ͡;͔͙͚ͫ͟ ͭͪͯ͒ ͨͦ ͎͔͔͙͙ͦͣͭͪύΦ 

2. ˿ͭΌ͊ͪͭΣ ˮΦ όнлмрύΦ ˤ͔͙͡;͚͊΄͙͔ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͊͒͊͘;͙Φ ˢ͡Έ͙ͨͤ͊ ͤͦͤ-ͺ͙͟΄ͤΦ 

3. ͙̆͊ͪ͒Σ ˥Φ ̆Φ όмфплύΦ ˢ͎͙ͨͦͦ͡Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟Φ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ˴͔͙͎ͣ͋ͪ͒͗ͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊Φ 

4. ˿͙͎ͤͻΣ ˿Φ όмффтύΦ ˤ͔͙͊͟͡Ύ ͔͔ͭͦͪͣ͊ ͔̅ͪͣ͊Φ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ IŀǊǇŜǊ/ƻƭƭƛƴǎΦ 

5. ˴ͯͪ͊ͤͭΣ ˾ΦΣ ˾͙ͦ͋͋ͤͫΣ ˥Φ όнллмύΦ ̉ͭͦ ͔ͭ͊ͦ͟ ͔͙ͣ͊ͭͣ͊ͭ͊͟Κ ˸̇˹˸˻Φ 

ϭ ̆͊ͤ͊͡·͔͍ ˢΦΣ ˢ͔͙͔͍ͣ͊ͤ͋ͪ͒͊ ˿., 2025 
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˾ͦ͘·͔͍͊ ́Φ 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ˢ΄ͻ͎͊͋͊͒ͫͦͦ͟ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ΄ͦ͟͡· ͙͔͙ͣͤ ˮΦ ˥͙͊ͤ͒Σ 

 ͎ Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

̋˩˶˻̉˹̍˩ ˸˩́ˢ˶˶̍ ˤ ˸˩˨ˮ̇ˮ˹˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͙͊ͤ͊͘͡ ͙͔͔͙ͨͪͣͤͤΎ ΅͔ͦ͡;ͤ·ͻ ͔͍ͣͭ͊ͦ͡͡ ό͙͙͚ͭ͡Σ ͙͚ͤ͊ͭͪΣ ͙͚͊͟͡Σ ͙͙͚ͪͯ͋͒Σ 

ͼ͔͙͚͘ύ ͍ ͔͙ͣ͒ͼ͙͔ͤΣ ͙ͻ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͙ͪͦ͡ ͙ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫ͟ͻ ͍͚͍ͫͦͫͭ͊ͻΦ ˾͔͊ͫͫͣͦͭͪͤ· ͔ͣͻ͙͊ͤͣ͘· 

͔͚͍͙͒ͫͭΎΣ ͔͔͍͙ͭͪ͊ͨͭ;͔ͫ͊͟Ύ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ ͙ͭͦͫ͟;ͤͦͫͭΈ ͔͙͔͙͚ͫͦ͒ͤͤ ΅͔ͦ͡;ͤ·ͻ ͔͍ͣͭ͊ͦ͡͡Φ 

˽ͦͯ͡;͔ͤͤ·͔ ͒͊ͤͤ·͔ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ ͔͔͙͍͙ͨͪͫͨͭͤͦͫͭ͟ ͙ͻ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍ ͔͡;͔͙͙ͤ 

͙ͨͫͻ͔͍͎͙ͦͤͪͦͦ͡;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΣ ͤ͊ͪͯ΄͔͙͚ͤ Ή͔͙͎ͭͪͦͭͤͦͦ͟͡͡ ͋͊͊ͤͫ͊͡ ͙ ͔ͤͦͭͦͪ͟·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͙͔ͫͫͭͣ·Φ 

˴͡Ό;͔͍·͔ ͫ ͍ͦ͊͡: 

΅͔ͦ͡;ͤ·͔ ͔ͣͭ͊͡͡·Σ ͙͙͚ͭ͡Σ ͙͚͊͟͡Σ ͙͚ͤ͊ͭͪΣ ͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΣ ͔͔͍͙ͭͪ͊ͨͭ;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤΦ 

 

ˤ͍͔͔͙͔͒ͤΦ ͔̋ͦ͡;ͤ·͔ ͔ͣͭ͊͡͡· τ Ήͭͦ Ή͔͔ͣͤͭ͡· ͔͍͚ͨͪͦ ͎ͪͯͨͨ· ͔͙͙ͨͪͦ͒;͔͚ͫͦ͟ ͙ͭ͊͋͡ͼ·Σ 

͍͟͡Ό;͊Ό΅͙͔ ͙͙͚ͭ͡ όLiύΣ ͙͚ͤ͊ͭͪ όNaύΣ ͙͚͊͟͡ όKύΣ ͙͙͚ͪͯ͋͒ όRbύΣ ͼ͔͙͚͘ όCsύ ͙ ͺͪ͊ͤͼ͙͚ όFrύΦ ˻͙ͤ 

ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎ ͍·͚ͫͦͦ͟ ͻ͙͙ͣ;͔͚ͫͦ͟ ͙͍͊ͭͤͦͫͭ͟ΈΌΣ ͙͚ͤͦ͘͟ ͨͦͭͤͦͫͭ͡ΈΌΣ ͚ͣ͊ͦ͡ Ή͔͎͙͔͚ͤͪ ͙͙ͦͤ͊͘ͼ͙͙ ͙ 

ͫͨͦͫͦ͋ͤͦͫͭΈΌ ͍ͦ͋ͪ͊ͦ͘·͍͊ͭΈ ͔͎͍͙ͦͪ͊ͫͭͦͪͣ͟͡·͔ ͔͙͔͙ͫͦ͒ͤͤΎ ͫ ͎͎͔͙͊ͦͤ͊ͣ͡ ͙ ͎͙͙͒ͪͯͣ ͔͔͙ͤͣͭ͊͊ͣ͡͡Φ ͙̏ͭ 

͍͚͍ͫͦͫͭ͊ ͔͒͊͡Όͭ ͙ͻ ͟͡Ό;͔͍·͙ͣ Ή͔͔͙ͣͤͭ͊ͣ͡ ͔ͤ ͭͦ͡Έͦ͟ ͍ ͻ͙͙͙ͣΣ ͤͦ ͙  ͍ ͙͎͙͙͋ͦͦ͡ ͙ ͔͙ͣ͒ͼ͙͔ͤΦ 

ˤ ͎͙͔ͦͪ͊ͤͣ͘ ;͔͍͔ͦ͊͟͡ ΅͔ͦ͡;ͤ·͔ ͔ͣͭ͊͡͡· ͍·ͨͦͤ͡ΎΌͭ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͔ ͺͯͤ͟ͼ͙͙Φ ˴͙͚͊͡ ͙ 

͙͚ͤ͊ͭͪ ͔͎͙ͪͯͪͯ͡Όͭ ͍ͦ͒ͤͦ-Ή͔͙ͭͪͦͭͤ͟͡͡·͚ ͋͊͊ͤͫ͡Σ ͯ;͍͊ͫͭͯΌͭ ͍ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͤͦͪͣ͊͡Έ͎ͤͦͦ ͔ͨͦͭͤͼ͙͊͊͡ 

͔ͣͣ͋ͪ͊ͤ ͔ͭͦ͟͟͡ ͙ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͍͔͔͙͔ͨͪͦ͒ͤ ͔͍ͤͪͤ·ͻ ͙ͣͨͯ͡Έ͍ͫͦΦ ˮͻ ͙͒ͫ͋͊͊ͤͫ͡ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ 

͔ͫͪΈ͔ͤ͘·ͣ ͤ͊ͪͯ΄͔͙ͤΎͣ ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͙ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Σ ͍͟͡Ό;͊Ύ ͙͙͙͊ͪͭͣΣ ͎͙ͨͦ- ͙ 

͎͙͔͙͔͙ͨͪͤ͊ͭͪͣΌΣ ͣ·΄͔;ͤ·͔ ͫͨ͊ͣ͘· ͙ ͎͙ͫͯ͒ͦͪͦ ώмΣ нϐΦ 

˶͙͙͚ͭΣ ͻͦͭΎ ͙ ͍͔ͫͭͪ;͔͊ͭͫΎ ͍ ͎͙͔ͦͪ͊ͤͣ͘ ͍ ͣ͊͡·ͻ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙ΎͻΣ ͔ͦ͋͊͒͊ͭ͡ ͍·͔ͪ͊͗ͤͤ·͙ͣ 

͙ͨͫͻͦͭͪͦͨͤ·͙ͣ ͍͚͍͙ͫͦͫͭ͊ͣΦ ˿͔͙͔͙ͦ͒ͤͤΎ ͙͙ͭ͡Ύ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͙ͨͫͻ͙͙͙͊ͭͪ ͊͟͟ ͙͙ͫͭ͊͋͊ͭͦͪ͘͡ 

͔͙ͤ͊ͫͭͪͦͤΎ ͙ͨͪ ͙͋ͨͦ͡Ύͪͤ·ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ͻΣ ͙ͫͤ͗͊Ύ ;͊ͫͭͦͭͯ ͙ͣ͊ͤ͊͊͟͡Έͤ·ͻ ͙ ͔͔͙͍͒ͨͪͫͫͤ·ͻ Ή͙͍ͨͦ͒ͦ͘Φ 

˸͔ͻ͙͊ͤͣ͘· ͔͎ͦ ͔͚͍͙͒ͫͭΎ ͍ͫΎ͊ͤ͘· ͫ ͣͦ͒ͯ͡Ύͼ͙͔͚ ͔͚͙͔͍ͤͪͦͭͪ͊ͤͫͣͭͭͪͦΣ ͔͎ͪͯ͡Ύͼ͙͔͚ ͍͙͔ͤͯͭͪͭͦ͟͡;ͤ·ͻ 

͙͎͍ͫͤ͊ͦ͡ ͙ ͍͙͡Ύ͙͔ͤͣ ͤ͊ Ή͔͙ͫͨͪͫͫ͟Ό ͎͔͍ͤͦΣ ͯ;͍͊ͫͭͯΌ΅͙ͻ ͍ ͔͚͙ͤͪͦͨ͊ͫͭ͡;͙ͤͦͫͭ ώоϐΦ 

˾͙͙͚ͯ͋͒ ͙ ͼ͔͙͚͘ ͙ͯ͘;͊ΌͭͫΎ ͍ ͍ͦͫͤͦͤͦͣ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡ΈͤͦΦ ˾͙͙͚ͯ͋͒ ͔ͫͨͦͫͦ͋ͤ ;͙͊ͫͭ;ͤͦ 

͔͊ͣ͘΅͊ͭΈ ͙͚͊͟͡ ͍ ͔ͭ͊͟͟͡ͻΣ ͦ͊͘͟·͍͊Ύ ͙͙ͫͭͣͯͪͯ͡Ό΅͔͔ ͔͚͍͙͔͒ͫͭ ͤ͊ ͔͍ͤͪͤͯΌ ͙͔ͫͫͭͣͯΣ ͎ͭͦ͒͊ ͊͟͟ ͼ͔͙͚͘ 

͙͔͔ͫͫ͒ͯͭͫ͡Ύ ͊͟͟ ͔ͨͦͭͤͼ͙͊͡Έͤ·͚ ͙͍ͨͪͦͭͦͦͨͯͻ͔͍ͦ͡·͚ ͎͔͊ͤͭ ͙ ͔͍ͫͪ͒ͫͭͦ ͒͡Ύ ͔ͦͪͪ͟͟ͼ͙͙ ͔ͤͦͭͦͪ͟·ͻ 

ͤ͊ͪͯ΄͔͙͚ͤ ͔ͦ͋ͣͤ͊Φ ˹͔ͫͣͦͭͪΎ ͤ͊ ͎͙ͦͪ͊ͤ;͔͔ͤͤͦ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤΣ ͙ͻ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙͚ͫ͟ 

͔ͨͦͭͤͼ͙͊͡ ͍·͘·͍͔͊ͭ ͙͔͔ͤͭͪͫ ͯ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ ώпΣ рϐΦ 

͔̋ͦ͡;ͤ·͔ ͔ͣͭ͊͡͡· ΄͙ͪͦͦ͟ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͔͙ͣ͒ͼ͙͔ͤ ͙ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Υ ͦͭ ͔ͦͪͪ͟͟ͼ͙͙ 

Ή͔͙͎ͭͪͦͭͤͦͦ͟͡͡ ͋͊͊ͤͫ͊͡ ͒ͦ ͔͙͙ͭͪ͊ͨ ͙ͨͫͻ͔͍͎͙ͦͤͪͦͦ͡;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˮͻ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔ͫ͊͟Ύ 

͙͍͊ͭͤͦͫͭ͟Έ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͻ͙͙ͣ;͔͚ͫͦ͟ ͙͚ͨͪͪͦ͒ͦ Ή͔͔͍ͣͤͭͦ͡Σ ͤͦ ͙ ͺ͚ͦͪͣͦ ͔͙͔͙ͫͦ͒ͤͤΎΣ 

ͫͨͦͫͦ͋ͦͣ ͍͍͔͔͙͒ͤΎΣ ͙͋ͦ͒ͦͫͭͯͨͤͦͫͭΈΌ ͙ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͔͚Φ 

͔̇͡Έ ͚͒͊ͤͤͦ ͪ͊͋ͦͭ· τ ͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͭ͘Έ ͫͯ΅͔͍ͫͭͯΌ΅͙͔ ͒͊ͤͤ·͔ ͦ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔ͫͦͣ͟ 

͙͔͔͙͙ͨͪͣͤͤ ΅͔ͦ͡;ͤ·ͻ ͔͍ͣͭ͊ͦ͡͡Σ ͙ͻ ͔ͣͻ͙͊ͤͣ͊͘ͻ ͔͚͍͙͒ͫͭΎ ͙ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Σ ͊ ͔ͭ͊͗͟ ͔͔͙ͦͨͪ͒ͭ͡Έ 

͔͔͙͍ͨͪͫͨͭ͟· ͙ͻ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͙͔͔͙ͨͪͣͤͤΎ ͍ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ 

˸͔͙͊ͭͪ͊͡· ͙ ͔ͣͭͦ͒· 

˨͡Ύ ͙͊ͤ͊͊͘͡ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͙͔ͭͪ͊ͭͯͪͤ͡·͔ ͒͊ͤͤ·͔Σ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙͔ͫ͟ ͍ͫͨͪ͊ͦ;͙͙ͤ͟ ͙ 
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͔ͪͯ͘͡Έͭ͊ͭ· Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ˻͍͔ͫͤͦͤͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύͦͫ͡ΈΥ 

1. ˻͔͔͔͙ͨͪ͒ͤ͡Ό ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͔͙͔͙͚ͫͦ͒ͤͤ ΅͔ͦ͡;ͤ·ͻ ͔͍ͣͭ͊ͦ͡͡ ͍ ͎͙ͦͪ͊ͤͣ͊͘ͻ 

;͔͍͔ͦ͊͟͡ ͙ ͙͍͗ͦͭͤ·ͻΤ 

2. ˮͯ͘;͔͙ͤΌ ͔ͣͻ͙͍͊ͤͣͦ͘ ͙ͻ ͔͚͍͙͒ͫͭΎ ͤ͊ ͔͍ͤͪͤͯΌΣ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭͯΌ ͙ ͣ·΄͔;ͤͯΌ 

͙͔ͫͫͭͣ·Τ 

3. ˢ͙ͤ͊ͯ͘͡ ͺ͙͔͙͙͊ͪͣ͊ͦͤͭ͟͟͟ ͙ ͔ͨͦͭͤͼ͙͊͡Έ͚ͤͦ ͙ͭͦͫ͟;͙ͤͦͫͭΦ 

˨͡Ύ ͙ͦ͟͡;͔͍͔͎ͫͭͤͤͦͦ ͙͊ͤ͊͊͘͡ ͙͙ͭ͡ΎΣ ͙͊͟͡Ύ ͙ ͙ͤ͊ͭͪΎ ͙͔ͨͪͣͤΎ͙ͫ͡Έ ͔ͣͭͦ͒· ͊ͭͦͣͤͦ-

͊͋ͫͦͪ͋ͼ͙͚ͦͤͤͦ ͔͙͙ͫͨͭͪͦͫͦͨ͟͟ όAASύ ͙ ͙͚ͦͤͤͦ ͻ͎ͪͦͣ͊ͭͦͪ͊ͺ͙͙Φ 

˾͔ͯ͘͡Έͭ͊ͭ· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

1. ˶͙͙͚ͭ: 

o ˮͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍ ͺ͔ͦͪͣ ͊ͪ͋ͦͤ͊ͭ͊͟ ͙͙͡ ͼ͙ͭͪ͊ͭ͊Φ 

o ˿͙͔ͤ͗͊ͭ ;͊ͫͭͦͭͯ ͙ͣ͊ͤ͊͊͟͡Έͤ·ͻ Ή͙͍ͨͦ͒ͦ͘ ͙ ͙͙͙͔ͫͭ͊͋ͪͯͭ͘͡ ͔͙͔ͤ͊ͫͭͪͦͤ ͙ͨͪ ͙͋ͨͦ͡Ύͪͤ·ͻ 

͚͍ͪ͊ͫͫͭͪͦͫͭ͊ͻΦ 

o ˻͙ͨͭͣ͊͡Έͤ͊Ύ ͔͔͍͙ͭͪ͊ͨͭ;͔ͫ͊͟Ύ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ ͍ ͍͙ͪͦ͟ ς 0,6ςмΣн ͣͣͦ͡Έκ͡Φ 

o ˽͙ͪ ͔͍ͨͪ·΄͔͙͙ͤ ͒ͦ͘· ͤ͊͋͡Ό͒͊ΌͭͫΎ ͙ͭͦͫ͟;͔͙͔ͫ͟ Ήͺͺ͔ͭ͟·Υ ͔ͭͪͣͦͪΣ ͭͦ΄ͤͦͭ͊Σ ͤ͊ͪͯ΄͔͙ͤΎ 

͔͔ͫͪ͒;͎ͤͦͦ ͙ͪͭͣ͊ ώнϐΦ 

2. ˴͙͚͊͡: 

o ˻͍͚ͫͤͦͤͦ ͍͙͔ͤͯͭͪͭͦ͟͡;ͤ·͚ ͙͊ͭͦͤ͟Σ ͔͎͙͔ͪͯͪͯͭ͡ ͍ͦ͒ͤͦ-Ή͔͙ͭͪͦͭͤ͟͡͡·͚ ͋͊͊ͤͫ͡Φ 

o ˽͙͔ͪͣͤΎ͔ͭͫΎ ͙ͨͪ ͎͙͙͔͙͙ͨͦ͊ͣ͟͡Σ ͙͙͊ͪͭͣΎͻ ͙ ͣ·΄͔;͚ͤͦ ͙ͫ͊͋ͦͫͭ͡Φ 

o ˽͙͔ͪͣͤΎΌͭͫΎ ͔ͨͪͨ͊ͪ͊ͭ· KCl, K-gluconate, K-citrate. 

3. ˹͙͚͊ͭͪ: 

o ˤ͔͊͗ͤ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙ͦͫͣͦͭ;͔͎ͫͦͦ͟ ͍͔͙͒͊ͤ͡Ύ ͙ ͔͍ͤͪͤͦ-ͣ·΄͔;͚ͤͦ ͍͙͙ͨͪͦͦ͒ͣͦͫͭΦ 

o ˮͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍ ͺ͔ͦͪͣ NaCl, NaHCOї ͒͡Ύ ͔ͦͪͪ͟͟ͼ͙͙ ͎͙͙͔͙͙ͨͦͤ͊ͭͪͣ ͙ ͔͙ͣͭ͊͋ͦ͡;͔͎ͫͦͦ͟ 

͊ͼ͙͒ͦ͊͘Φ 

4. ˾͙͙͚ͯ͋͒ ͙ ͼ͔͙͚͘: 

o ˽͙͔ͪͣͤΎΌͭͫΎ ͎͙ͦͪ͊ͤ;͔ͤͤͦΣ ͍ ͍ͦͫͤͦͤͦͣ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡ΈͤͦΣ ͒͡Ύ ͙ͫͭͣͯ͡Ύͼ͙͙ ͔͍͚ͤͪͤͦ 

͙͔ͫͫͭͣ· ͙ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͍ ͎͙͙ͦͤͦͦ͟͡Φ 

o ͔́ͪ͋ͯΌͭ ͎͎ͫͭͪͦͦͦ ͦͤͭͪͦ͟͡Ύ ͙͘-͊͘ ͍·͚ͫͦͦ͟ ͙ͭͦͫ͟;͙ͤͦͫͭ ͙ͨͪ ͔͔͙͍͔ͨͪ͒ͦͪͦ͘͟ ώпΣ рϐΦ 

5. ͙͎͙́ͦͫͦͦ͟͟͡;͔͙͔ͫ͟ ͔͊ͫͨͭ͟·: 

o ˤ͔ͫ ΅͔ͦ͡;ͤ·͔ ͔ͣͭ͊͡͡· ͔ͭͪ͋ͯΌͭ ͎͎ͫͭͪͦͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊Φ 

o ˶͙͙͚ͭ ͙ ͙͙͚ͪͯ͋͒ ͙͔ͣΌͭ ͙͚ͯ͘͟ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͚ͫ͟ ͙͔ͤ͒ͫ͟Τ ͙͚͊͟͡ ͙ ͙͚ͤ͊ͭͪ ς ͍·ͫͦͯ͟Ό 

͔ͨͦͭͤͼ͙͊͡ΈͤͯΌ ͙ͭͦͫ͟;ͤͦͫͭΈ ͙ͨͪ ͍͙͍͔ͤͯͭͪͤͤͦͣ ͍͍͔͔͙͙͒ͤΦ 

˭͊͟͡Ό;͔͙͔ͤ 

͔̋ͦ͡;ͤ·͔ ͔ͣͭ͊͡͡· ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͻ ͺͯͤ͟ͼ͙͚ 

͎͙ͦͪ͊ͤͣ͊͘ ;͔͍͔ͦ͊͟͡ ͙ ͦ͋͊͒͊͡Όͭ ΄͙͙ͪͦͣ͟ ͔ͫͨͭͪͦͣ͟ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫ͟ͻ ͍͚͍ͫͦͫͭΦ ˶͙͙͚ͭΣ ͙͚ͤ͊ͭͪ ͙ 

͙͚͊͟͡ Ύ͍͡ΎΌͭͫΎ ͍ͦͫͤͦͤ·͙ͣ Ή͔͔͙ͣͤͭ͊ͣ͡Σ ͦͭͦͪ͟·͔ ͙͍͊ͭͤͦ͟ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Σ ͎ͭͦ͒͊ 

͊͟͟ ͙͙͚ͪͯ͋͒ ͙ ͼ͔͙͚͘ ͦͫͭ͊ΌͭͫΎ ͔͔͙͍ͨͪͫͨͭͤ͟·͙ͣ ͦ͋Ά͔͙ͭ͊ͣ͟ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ΅͔ͦ͡;ͤ·͔ ͔ͣͭ͊͡͡· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͍͊͗ͤ·͚ ͊ͫͫ͟͡ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ 

Ή͔͔͍ͣͤͭͦ͡ ͫ ΄͙͚ͪͦͦ͟ ͦ͋͊ͫͭ͡ΈΌ ͙͔͔͙ͨͪͣͤͤΎ ͍ ͔͙ͣ͒ͼ͙͔ͤΦ ˻͙ͤ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͒͡Ύ ͔ͦͪͪ͟͟ͼ͙͙ 

Ή͔͙͎ͭͪͦͭͤͦͦ͟͡͡ ͋͊͊ͤͫ͊͡Σ ͤͦ ͙ ͍ ͊͟;͔͍͔ͫͭ ͙ͨͫͻͦͭͪͦͨͤ·ͻΣ ͙͊ͪ͒ͦͭͪͦͨͤ͟·ͻ ͙ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·ͻ 

͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭΦ ˨͊͡Έ͔͚ͤ΄͙͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͍͟͡Ό;͊Ύ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͙ ͙͙͒ͦͤ͟͡;͔͙͔ͫ͟ 

͙ͫͨ·͙ͭ͊ͤΎΣ ͎ͣͦͯͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͪ͊ͫ΄͙͙ͪͭΈ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙ͻ ͙͔͔͙ͨͪͣͤͤΎΣ ͯͯ͡;΄͙ͭΈ ͔ͣͭͦ͒· 

͙͙͎ͣͦͤͭͦͪͤ͊ ͙ ͍ͨͦ·͙ͫͭΈ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍ ͔͙͙ͭͪ͊ͨ ͙ͪ͊͘͡;ͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˣ͔ͪ͒·ͣͯͻ͔͍͊ͣ͒ͦ ˥Φ ˶Φ ˣ͙ͦͻ͙͙ͣΎ ͙ ͺ͎͙͊ͪͣ͊ͦͦ͟͡Ύ Ή͔͔͍ͣͤͭͦ͡Φ ς ˢΦΥ ͔́ͯͪͣͤͫ͊͟͟Ύ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ 

͙͔͒͊ͭ͘͡Έͫ͊͟Ύ ͫͯ͗͋͊͡Σ нлмуΦ 
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2. ˣ͍͊ͪ͊ͤͦ ˢΦˮΦΣ ͍̊͊ͭͪͦ͊ ˶Φ˹Φ ͎͙̅͊ͪͣ͊ͦͦ͟͡Ύ ͔͎͙ͤͦͪ͊ͤ;͔͙ͫ͟ͻ ͔͙͔͙͚ͫͦ͒ͤͤΦ ς ˸ ΦΥ ˥˻̏́ˢ˾-˸͔͙͒͊Σ нлнмΦ 

3. ˩͔͍ͪͣͦ͊͊͡ ˩Φ˻ΦΣ ˽ͦͤ͘Ύ͍͙͚ͦͫ͟͟ ˤΦ˸Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͦͤͭͪͦ͟͡Ύ ͔͙ͫͦ͒ͪ͗͊ͤΎ ΅͔ͦ͡;ͤ·ͻ 

͔͍ͣͭ͊ͦ͡͡ ͍ ͎͙͔ͦͪ͊ͤͣ͘ κκ ˬͯͪͤ͊͡ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ·Σ нлнлΦ Ѕс 

4. Smith R., Lithium and other alkali metals in medicine. ς New York: Springer, 2019. 

5. Johnson L., Clinical applications of alkali metal ions. ς London: Academic Press, 2022. 

ϭ ˾ͦ͘·͔͍͊ ́ΦΣ нлнр 

 

 

 

 

̉͊ͪ·͔͍͊ ˸Φ ˻Φ, 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͙͙͋ͦͭ͊ͤ͟ 

͔͎́ͯͪͣͤͫͦͦ͟͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ ͔͙ͣͤ ˸͊ͻ͙ͭͯͣͯ͟͡Σ  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

ˢ͍ͣͯͪ͊͒ͦ͟ ˢΦ 

͊ͤ͒͟Φ ͙͋ͦ͡Φ ͤ͊ͯ͟Σ ͒ͦͭͦͪ͊ͤͭ͟ 

ˮ͙ͤͫͭͭͯͭ͊ ͦ͋΅͔͚ ͙ ͙͚ͨͪ͊͒ͤͦ͟͡ ͙͎͙͙͋ͦͦ͡ 

ˮ͔͔ͤ͗ͤͪͤͦ-͔ͭͻ͎͙ͤͦͦ͡;͔͎ͫͦͦ͟ ͙͍͔͙͔͔͙ͯͤͪͫͭͭ͊́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˻͎ͯ͘ͻ͊ͤ͊Σ 

 ͎ Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˥͎͔ͯͪ͋͊ͤ͡Έ͙͔͍͒͊ ˥Φ ˥Φ 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ˢ΄ͻ͎͊͋͊͒ͫͦͦ͟ ͔͔͎ͫͪ͒ͤͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ΄ͦ͟͡· ͙͔͙ͣͤ ˮΦ ˥͙͊ͤ͒Σ 

 ͎ Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

ˣˮ˻̆ˮ˸ˮ̉˩˿˴ˮ˯ ˿˻˿́ˢˤ ˿̂̆˻˥˻ ̏˴˿́˾ˢ˴́ˢ ̉ˢˣ˾˩̇ˢ ˭ˢ˴ˢ˿˽ˮ˯˿˴˻˥˻  

(THYMUS TRANSCASPICUS KLOK) 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͙͊ͤ͊͘͡ ͙͋ͦͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊ ͫͯͻ͎ͦͦ Ήͫͭͪ͊ͭ͊͟͟ ;͔͊͋ͪͼ͊ ͙͚͎͊͊ͫͨͫͦͦ͘͟͟ 

ό¢ƘȅƳǳǎ ǘǊŀƴǎŎŀǎǇƛŎǳǎ YƭƻƪΦύΣ ͙ͨͪͦͪ͊ͫͭ͊͘Ό΅͔͎ͦ ͤ͊ ͔͙͙͙ͭͪͪͭͦͪ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Φ ˻͔͔͔ͨͪ͒ͤ͡· ͍ͦͫͤͦͤ·͔ 

͎ͪͯͨͨ· ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭΥ ͺ͍͙͊ͦͤͦ͒͡·Σ ͺ͔ͤͦ͡Έͤ·͔ ͙ͫͦͭ͟͡·Σ Ήͺ͙ͪͤ·͔ ͣ͊ͫ͊͡Σ 

͙͒ͯ͋͡Έͤ·͔ ͍͔΅͔͍ͫͭ͊ ͙ ͔͔ͣͦͤͦͭͪͨͤ·Φ ˽ͦͯ͡;͔ͤͤ·͔ ͒͊ͤͤ·͔ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ ͍·ͫͦͦͣ͟ ͔ͨͦͭͤͼ͙͔͊͡ 

;͔͊͋ͪͼ͊ ͙͚͎͊͊ͫͨͫͦͦ͘͟͟ ͊͟͟ ͫ·ͪΈΎ ͒͡Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͚ͫͦ͟Σ ͙ͨ΅͔͍͚ͦ ͙ ͔͙ͦͫͣͭ͟;͔͙͚ͫ͟ 

ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ͎͋͊ͦ͒͊ͪ͡Ύ ͍·͔͚ͪ͊͗ͤͤͦ ͙͙͚͊ͤͭͦͫ͒͊ͤͭͤͦ͟ ͙ ͙͍͙͚ͨͪͦͭͦͣͪͦ͋ͤͦ͟ ͙͍͙͊ͭͤͦͫͭ͟Φ 

˴͡Ό;͔͍·͔ ͫ ͍ͦ͊͡: 

ͫͯͻ͚ͦ Ήͫͭͪ͊ͭ͟͟Σ ;͔͊͋ͪͼ ͙͚͙͚͊͊ͫͨͫ͘͟͟Σ ͙͋ͦͻ͙͙ͣ;͔͙͚ͫ͟ ͍ͫͦͫͭ͊Σ Ή͔͔ͣͤͭͤ͡·͚ ͙͊ͤ͊͘͡Σ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙ΎΦ 

 

ˤ͍͔͔͙͔͒ͤΦ ˾ͦ͒ Thymus ͍͟͡Ό;͔͊ͭ ͔͔͋ͦ͡ олл ͍͙͍͒ͦΣ ͎͙͔ͣͤͦ ͙͘ ͦͭͦͪ͟·ͻ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ 

͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͔͙ͣ͒ͼ͙͔ͤ ͙ ͙ͨ΅͔͍͚ͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Φ ͔̉͊͋ͪͼ ͙͚͙͚͊͊ͫͨͫ͘͟͟ όThymus transcaspicus 

Klok.) ς ͎͔͙͚ͣͤͦͦͭͤ͡ ͙ͨͦͯͯͫͭ͊ͪͤ͟͡;͔͟ ͍·͚ͫͦͭͦ нл-ол ͫͣΦ ˶͙ͫͭΈΎ ͔͙͔ͣ͟͡Σ ͙͖ͯ͒ͤͤͤ͡·͔Σ Ύ͚ͼ͔͍͙͚͒ͤͦ 

ͺͦͪͣ·Σ ͍͔͙̇ͭ͟ ͍͔ͫͭͦ͡-͍ͪͦͦ͘·͔ ͙͙͡ ͍ͪͦͦ͊ͭ͘·͔Σ ;͊΅͔ ͍͔͎ͫͦ ͎ͪ͊ͫͨͦ͊͊͡ΌͭͫΎ ͍ ͙ͦ͟͡;͔͍͔ͫͭ о-с ΄ͭͯ͟ ͍ 

ͨ͊ͯ͘ͻ͊ͻ ͙ͫͭ͡Έ͔͍ ό͙ͪͫͯͤͦ͟ύΦ ˿͔͔ͣͤ͊ ͔͙͔ͣ͟͡Σ ͣ͊ͫͫ͊ мллл ͔ͫͣΎͤ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͦͦͦ͟͡ лΣн ͎Φ ˽͔͍ͦͫͤ·͔ ͊͟;͔͍ͫͭ͊ 

ͫͦͻͪ͊ͤΎΌͭͫΎ ͍ ͔ͭ;͔͙͔ͤ н-о ͔ͭ͡ ώмϐΦ 

˽͙͔ͪͦͪ͊ͫͭ͊ͭ͘ ͍ ͔͎͙ͪͦͤ͊ͻ ͎̑ͦ-˭͎͊ͨ͊͒ͤͦͦ ˴͔͎ͦͨͭ͒͊͊ ͙ ͔̇ͤͭͪ͊͡Έ͎ͤͦͦ ˴͔͎ͦͨͭ͒͊͊ ώмΤ п; 6].  



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

23 

 
˾͙ͫͯͤͦ͟ ς ̉ ͔͊͋ͪͼ ͙͚͙͚͊͊ͫͨͫ͘͟͟ (Thymus transcaspicus Klok.). 15.06.2025. 

̂΅͔͡Έ͔ ˢͤͤ͊ͻ͊ͤ όͺͦͭͦ ˢΦ !͍ͣͯͪ͊͒ͦ͊͟) 

 

͔̉͊͋ͪͼ ͙͚͙͚͊͊ͫͨͫ͘͟͟ ς ͦ͒ͤͦ ͙͘ ͙͔ͨͪͣͤΎ͔ͣ·ͻ ͍ ͺ͊ͪͣ͊ͼ͔͍͙͔ͭ͟Σ ͚ͤ͊ͪͦ͒ͤͦ ͙ ͤ͊ͯ;͚ͤͦ ͔͙ͣ͒ͼ͙͔ͤ 

͎͋͊ͦ͒͊ͪ͡Ύ ͍͙ͫͦͣ ͙͔͙͊ͤͭͫͨͭ;͔͙ͫͣ͟Σ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·ͣΣ ͦͭͻ͙͍͊ͪ͊͟Ό΅͙ͣ ͙ ͙͙ͫͨ͊ͣͦͭ͘͡;͔͙ͫͣ͟ 

͍͚͍ͫͦͫͭ͊ͣΦ ͔̉͊͋ͪͼ ͙͚͙͚͊͊ͫͨͫ͘͟͟ ͔ͦ͋͊͒͊ͭ͡ ͍·͔ͪ͊͗ͤͤ·͙ͣ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙͙ͫͣ͟ ͍͚͍͙ͫͦͫͭ͊ͣΣ ;ͭͦ 

͍͙͍͔ͦ͋ͯͫͦ͊ͭ͡͡ ͙͔͔ͤͭͪͫ ͟ ͔͎ͦ ͙ͯ͘;͔͙ͤΌ ͙ ͙͔͔͙ͨͪͣͤͤΌ ͍ ͺ͊ͪͣ͊ͼ͔͍͙͔ͭ͟Φ  

͔̇͡Έ ͚͒͊ͤͤͦ ͪ͊͋ͦͭ· ς ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͍ͫͦͫͭ͊ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭ ͫͯͻ͎ͦͦ Ήͫͭͪ͊ͭ͊͟͟ 

;͔͊͋ͪͼ͊ ͙͚͎͊͊ͫͨͫͦͦ͘͟͟Φ  

˸͔͙͊ͭͪ͊͡· ͙ ͔ͣͭͦ͒·Φ ˿͋ͦͪ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͫ·ͪΈΎ ͋·͡ ͍͔͔ͨͪͦ͒ͤ ͍ ͔ͣͫͭ͊ͻ ͔͔͍͔͎ͫͭͫͭͤͤͦͦ 

͙͙ͨͪͦͪ͊ͫͭ͊ͤ͘Ύ ͍ ͙͒ͦͤ͊͡ͻ ˭͙͊͟͡ ͍ ͎̑ͦ-˭͊ͨ͊͒ͤͦͣ ˴͔͎͔ͦͨͭ͒͊ ͙ ͍ ͔̇ͤͭͪ͊͡Έͤͦͣ ˴͔͎͔ͦͨͭ͒͊ ͍ ͙͒ͦͤ͊͡ͻ ̆·͘ 

͍ ͙Ό͔͡ нлнп ͎ͦ͒͊Φ ˾͙͔͊ͫͭͭ͡Έ͔ͤͦ ͫ·ͪΈ͔ ͫͯ΄͙͙͡ ͙ͨͪ ͚ͦͣͤ͊ͭͤͦ͟ ͔͔͔ͭͣͨͪ͊ͭͯͪ ͙ ͙͔ͣ͘͡Έ;͙͊͡ ͒ͦ ͺͪ͊͟ͼ͙͚ 

͙͔͒͊ͣͭͪͦͣ м ͣͣ͟Φ 

˾͔ͯ͘͡Έͭ͊ͭ· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ   

ˢ͙ͤ͊͘͡ ͍͙ͨͪͦͦ͒ͫ͡Ύ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͔͎͔ͪͤͭͤ͊-ͺ͔ͯͦͪͫ͡ͼ͔͎ͤͭͤͦͦ ͔͔ͫͨͭͪͦͣͭͪ͊͟ tŀƴŀƭȅǘƛŎŀƭ 

Epsilon X-wŀȅΦ ˨͡Ύ ͙ͫͨ·͙͚ͭ͊ͤ ͍͘Ύ͙͡ млΣлн ͎ ͫͯͻ͎ͦͦ Ήͫͭͪ͊ͭ͊͟͟Φ ˻͔͋ͪ͊͘ͼ ͍͔͎͙ͨͦ͒ͪ͡ ͔͙ͦͦͤ͘͡Ό ͍ ͣͯͺ͔͡Έ͚ͤͦ 

͔ͨ;͙ ͙ͨͪ ͔͔͔ͭͣͨͪ͊ͭͯͪ пллϲ / ͍ ͔ͭ;͔͙͔ͤ ол ͙ͣͤͯͭΦ ˸͊ͫͫ͊ ͍ͦͫͭ͊΄͔͎ͦͫΎ ͙͔ͣͤͪ͊͡Έ͎ͤͦͦ ͦͫͭ͊ͭ͊͟ ͍͙ͫͦͫͭ͊͊͡ 

рΣл ͎Φ  

ˤ ͻ͔ͦ͒ ͙͊ͤ͊͊͘͡ ͋·͙͡ ͍·Ύ͍͔ͤ͡· нл ͙ͪ͊͘͡;ͤ·ͻ Ή͔͔͍ͣͤͭͦ͡Φ ˹͙͔͔͊͋ͦ͡ ͍·͔ͫͦͦ͟ ͔͙͔ͫͦ͒ͪ͗͊ͤ 

ͤ͊͋͡Ό͒͊ͦͫ͡Έ ͯ ͔͙͔͙͚ͫͦ͒ͤͤ ͙͊͟͡Ύ όYнhύ - мрΣпсу ҈Σ ͊͟͡Έͼ͙Ύ ό/ŀhύ - мнΣтсм ҈Σ ͔ͫͪ· ό{hоύ - 12,143 %, 

͎͙ͣ͊ͤΎ όaƎhύ ς мΣсфс ҈Σ ͺͦͫͺͦͪ͊ όtнhрύ ς мΣлоо ҈Σ ͙ ͔͙ͪͣͤ͟Ύ ό{ƛhύ ς 0,216 %. ˹ ͙͊͡;͙͔ Ή͙ͭͻ ͙͔͗ͤͤͤͦ͘ 

͍͊͗ͤ·ͻ ͣ͊ͪͦ͟- ͙ ͙ͣͪͦ͟Ή͔͔͍ͣͤͭͦ͡Σ ͯ;͍͊ͫͭͯΌ΅͙ͻ ͍ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔ͫͫ͊ͻ ͎͙ͦͪ͊ͤͣ͊͘Σ 

͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͔ͨͦͭͤͼ͙͊͡Έͤͦ ͍·͚ͫͦͦ͟ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͚ͫͦ͟ ͼ͔͙ͤͤͦͫͭ Ήͫͭͪ͊ͭ͊͟͟ ;͔͊͋ͪͼ͊ 

͙͚͎͊͊ͫͨͫͦͦ͘͟͟Φ 

͊ύ ˻ ͔͔͔͙͔ͨͪ͒ͤ͡ ͺ͍͙͍͊ͦͤͦ͒ͦ͡ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͻ͙ͦͪ͒͊͡ ͊͡Ό͙͙ͣͤΎ: 

1,0 ͎  ͫͯͻ͎ͦͦ Ήͫͭͪ͊ͭ͊͟͟ ;͔͊͋ͪͼ͊ ͙͚͎͊͊ͫͨͫͦͦ͘͟͟ ͙ͨ͟ΎͭΎͭ ͫ нл ͣ͡ ͍ͦ͒· ͍ ͔ͭ;͔͙͔ͤ р ͙ͣͤͯͭΣ ͔͊ͭͣ͘ 

ͦͻ͊͗͒͊͡Όͭ ͙ ͺ͙͡ΈͭͪͯΌͭ ;͔͔ͪ͘ ͋ͯͣ͊͗ͤ·͚ ͺ͙͡Έͭͪ. ˴  рΣл ͣ͡ ͺ͙͡Έͭͪ͊ͭ͊ ͙͍ͨͪ͋͊͡ΎΌͭ оΣл ͣ͡ р ҈ ͍ͪ͊ͫͭͦͪ͊ 

ͻ͙ͦͪ͒͊͡ ͊͡Ό͙͙ͣͤΎ ͍ 70 %-ͤͦͣ Ή͔ͭ͊ͤͦ͡Φ ˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͙͔͙͍͎ͤͭͤͫͤͦͦ ͔͎͗ͭͦͦ͡ ͦͪ͊͟΄͙͍͙͊ͤΎ ͯ͊͘͟·͍͔͊ͭ 

ͤ͊ ͙͍͙͔ͨͪͫͯͭͫͭ ͺ͍͙͍͊ͦͤͦ͒ͦ͡Φ 

͋ύ ˻͔͔͔͙͔ͨͪ͒ͤ͡ ͙͍ͭ͊ͤͤͦ ό͙͔͒ͦͨͦͤͭ͡͡Έͤ͊Ύ ͔ͪ͊͟ͼ͙Ύ ͤ͊ ͙ͨͦ͒ͤͤͦͫͭ͡Έύ: 

1,0 ͎  ͫͯͻ͎ͦͦ Ήͫͭͪ͊ͭ͊͟͟ ;͔͊͋ͪͼ͊ ͙͚͎͊͊ͫͨͫͦͦ͘͟͟ ͙ͨ͟ΎͭΎͭ ͫ нл ͣ͡ ͍ͦ͒· ͍ ͔ͭ;͔͙͔ͤ р ͙ͣͤͯͭΣ ͔͊ͭͣ͘ 

ͦͻ͊͗͒͊͡Όͭ ͙ ͺ͙͡ΈͭͪͯΌͭΦ ˴ оΣл ͣ͡ ͺ͙͡Έͭͪ͊ͭ͊ ͍͒ͦ͋͊͡ΎΌͭ мΣл ͣ͡ ͻͦͪͦ͡ͺͦͪͣ͊Σ ͔͊ͭͣ͘ мΣл ͣ͡ ͚ͯͫͯͫͤͦ͟ 

͙ͫͦͭ͟͡·Σ ͔ͨͦͫ͡ ;͔͎ͦ ͦͫͭͦͪͦ͗ͤͦ ͨͦ ͔͔ͫͭͤ͟ ͙͙ͨͪͦ͋ͪ͟ ͙͙͍ͨͪ͊͡Όͭ мΣл ͣ͡ ͔͚ͫͪͤͦ ͙ͫͦͭ͟͡·Φ ˽ͦΎ͍͔͙͔ͤ͡ 
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͔ͭͣͤͦ-͔͔͎ͤͦͦ͘͡ ͦͪ͊͟΄͙͍͙͊ͤΎ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͙ͤ͊͡;͙͙ ͙͒ͯ͋͡Έͤ·ͻ ͍͔΅͔͍ͫͭΦ  

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͤ͊ ͙ͤ͊͡;͙͔ ͙͍͊͊ͦ͒ͦ͟͡͡ ς ͔ͪ͊͟ͼ͙Ύ ͫ ͔͙͍ͪ͊ͭͦͣ͟ ˨͎͔ͪ͊ͤ͒ͦͪͺ͊Φ мΣл ͎ͪ͊ͣͣ ͫͯͻ͎ͦͦ 

Ήͫͭͪ͊ͭ͊͟͟ ;͔͊͋ͪͼ͊ ͙͚͎͊͊ͫͨͫͦͦ͘͟͟ ͋·ͦ͡ ͔ͨͦͣ΅͔ͤͦ ͍ ͦ͋ͯ͟͡ ͦ͋Ά͖ͣͦͣ млл ͣ͡Σ ͔͊ͭͣ͘ ͍͔͒ͦ͋͊ͤͦ͡ нрΣл ͣ͡ 

1 %-͎ͤͦͦ ͍ͪ͊ͫͭͦͪ͊ HClΦ ˿͔ͣͫΈ ͙ͨ͟Ύ͙͙ͭ͡ ͍ ͍ͦ͒Ύ͚ͤͦ ͔͋͊ͤ ͍ ͔ͭ;͔͙͔ͤ р ͙ͣͤͯͭΦ ˽͔ͦͫ͡ ͦͻ͔͙͊͗͒ͤ͡Ύ ͍ͪ͊ͫͭͦͪ 

͋·͡ ͺ͙͡Έ͍ͭͪͦ͊ͤ ;͔͔ͪ͘ ͋ͯͣ͊͗ͤ·͚ ͺ͙͡ΈͭͪΦ мΣл ͣ͡ ͺ͙͡Έͭͪ͊ͭ͊ ͋·ͦ͡ ͔ͨͦͣ΅͔ͤͦ ͍ ͙ͨͪͦ͋ͪͯ͟ ͙ ͍͔͒ͦ͋͊ͤ͡ 

͔͙͍ͪ͊ͭ͟ ˨͎͔ͪ͊ͤ͒ͦͪͺ͊Φ ˩͙ͫ͡ ͍ ͍͔ͪ͊ͫͭͦͪ ͙͍ͨͪͫͯͭͫͭͯΌͭ ͙͊͊ͦ͒͟͡͡·Σ ͔͒ͦ͗ͤ͡ ͍ͦ͋ͪ͊ͦ͊ͭ͘ΈͫΎ ͙͙ͪͨ͟;ͤͦ-

ͪ͊ͫͤ͟·͚ ͦͫ͊͒ͦ͟Φ ˤ ͤ͊΄͔ͣ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͦͫ͊͒ͦ͟ ͔ͤ ͍ͦ͋ͪ͊ͦ͊ͫ͘͡ΎΦ 

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͤ͊ ͙ͤ͊͡;͙͔ ͺ͍͙͍͊ͦͤͦ͒ͦ͡Φ ˨͡Ύ ͙͊ͤ͊͊͘͡ ͤ͊ ͺ͍͙͍͊ͦͤͦ͒ͦ͡ ͋·͙͡ ͍͔͔ͨͪͦ͒ͤ· ͍͒͊ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ ˹͊ ͔͍ͨͪͦͣ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͙͎͍͔ͨͪͦͭͦͤ͡ ͍ͪ͊ͫͭͦͪ ͦ͋ͪ͊͘ͼ͊Σ ͦͭͦͪ͟·͚ ͋·͡ ͔ͨͦͣ΅͖ͤ ͍ 

͙ͨͪͦ͋ͪͯ͟Σ ͔ͨͦͫ͡ ;͔͎ͦ ͍͔͒ͦ͋͊ͤ͡· ͔ͤͫͦ͟͡Έͦ͟ ͔͊ͨ͟͡Έ ͍ͪ͊ͫͭͦͪ͊ NaOHΦ ˤ ͙͔ͨͪͦ͋ͪ͟ ͍ͦ͋ͪ͊ͦ͊ͫ͘͡Ύ 

͙͔͙͍ͤͭͤͫͤͦ ͖͗ͭ͡·͚ ͼ͍͔ͭΦ ˽͔ͦͫ͡ ͍͔͙͒ͦ͋͊ͤ͡Ύ ͙ͫͦͭ͟͡· ͍ͪ͊ͫͭͦͪ ͔ͦ͋ͫͼ͍͔͙ͭͫ͡ΎΣ ;ͭͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͙ͤ͊͡;͙͔ 

ͺ͍͙͍͊ͦͤͦ͒ͦ͡Φ  

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͤ͊ ͙͍ͫ͊ͨͦͤͤͦΦ м ͣ͡ Ήͫͭͪ͊ͭ͊͟͟ ͋·ͦ͡ ͔ͨͦͣ΅͔ͤͦ ͍ ͙ͨͪͦ͋ͪͯ͟ ͙ ͍͔ͪ͊͋͊ͤͦ͘͡ нл ͣ͡ 

͙͙͙͍͚͒ͫͭͪͦ͊ͤͤͦ͡͡ ͍ͦ͒·Φ ˤ ͔ͭ;͔͙͔ͤ мр ͙ͣͤͯͭ ͍ ͙͔ͨͪͦ͋ͪ͟ ͤ͊͋͡Ό͒͊ͦͫ͡Έ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͔ͨͤ·Φ ˽͔ͤ͊Σ 

͍͍ͦ͋ͪ͊ͦ͊͘΄͊ΎͫΎ ͤ͊ ͍͔ͪͻ͔͚ͤ ;͙͊ͫͭ ͍ͪ͊ͫͭͦͪ͊Σ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ ͙ͤ͊͡;͙͔ ͙͍ͫ͊ͨͦͤͤͦΦ 

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔͙͍ͫͭͪͦ͒ͦΦ м ͎ͣ Ήͫͭͪ͊ͭ͊͟͟ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡ ͋·ͦ͡ ͍͔ͪ͊ͫͭͦͪͤͦ ͍ мл ͣ͡ 

ͻͦͪͦ͡ͺͦͪͣ͊ ͍ ͙͔ͨͪͦ͋ͪ͟Σ ͔͊ͭͣ͘ ͦͫͭͦͪͦ͗ͤͦ ͍͔͒ͦ͋͊ͤͦ͡ ͦͤ͟ͼ͔͙͍͔ͤͭͪͪͦ͊ͤͤͦ ͔͔ͫͪͤͦ ͙͔ͫͦͭͤͦ͟͡ ͍ ͭͦͣ ͔͗ 

ͦ͋Ά͖͔ͣΦ ˤ ͙͔ͨͪͦ͋ͪ͟ ͍͔ͪͻͤΎΎ ;͊ͫͭΈ ͍ͪ͊ͫͭͦͪ͊ ͙͔ͨͪͦ͋ͪ͊͡ ͪ͊ͫͤ͟·͚ ͼ͍͔ͭΣ ͙ ͔͗ͭͦ͡-͔͔ͤ͊͘͡Ύ ͺ͔ͯͦͪͫ͡ͼ͔ͤͼ͙Ύ 

͋·͊͡ ͦ ͔͋ͤ͊ͪͯ͗ͤ͊ ͍ ͙ͦ͋͊ͫͭ͡ ͔͚ͫͪͤͦ ͙ͫͦͭ͟͡·Σ ;ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ ͙ͤ͊͡;͙͔ ͔͙͍ͫͭͪͦ͒ͦΦ  

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙͍ͭ͊ͤͤͦΦ о ͣ͡ Ήͫͭͪ͊ͭ͊͟͟ ͋·ͦ͡ ͔ͨͦͣ΅͔ͤͦ ͍ ͙ͨͪͦ͋ͪͯ͟ ͙ ͔ͫͣ΄͊ͤͦ ͫ ͻͦͪͦ͡ͺͦͪͣͦͣΦ 

˭͔͊ͭͣ ͍͔͒ͦ͋͊ͤͦ͡ м ͣ͡ ͎ͯͫͯͫͤͦͦ͟ ͎͙͙͊ͤ͒ͪ͒͊Φ ˤ ͦͤ͟ͼ͔Σ ͦͫͭͦͪͦ͗ͤͦ ͍͔͒ͦ͋͊ͤͦ͡ м ͣ͡ ͦͤ͟ͼ͔͙͍͚ͤͭͪͪͦ͊ͤͤͦ 

͔͚ͫͪͤͦ ͙ͫͦͭ͟͡· ͍͒ͦ͡Έ ͔͙ͫͭͤ͟ ͙͙ͨͪͦ͋ͪ͟Φ ˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͔͖͎ͤͦͦ͘͡ ͼ͍͔ͭ͊ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͙ͤ͊͡;͙͔ ͙͍ͭ͊ͤͤͦΦ  

ˤ ͻ͔ͦ͒ Ήͫͭͪ͊͟͟ͼ͙͙ ͫͯͻ͎ͦͦ Ήͫͭͪ͊ͭ͊͟͟ ;͔͊͋ͪͼ͊ ͙͚͎͊͊ͫͨͫͦͦ͘͟͟ ͍·ͻͦ͒ ͍͙ͫͦͫͭ͊͡ ͦͭ муΣо҈ ͒ͦ нрΣр҈Φ 

˿͔͙͔ͦ͒ͪ͗͊ͤ ͙͍͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭ ͍ ͫͯͻͦͣ Ή͔ͫͭͪ͊ͭ͟͟ ͍͊ͪΈ͙͍ͪͦ͊ͦ͡ ͦͭ т҈ ͒ͦ мр҈Φ ˴͎ͦ͒͊ ͺ͍͙͊ͦͤͦ͒͡· ͋·͙͡ 

͔͔͍͔͔ͨͪ͒ͤ· ͍ ͙ͪͯͭͤΣ ͙ͻ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͙͎͒ͦͫͭͦ͡ оΣнф҈Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˣ͔ͪ͒·ͣͯͻ͔͍͊ͣ͒ͦ ˥Φ ˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͙ͪ͊ͫͭͤΎ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Σ ͭΦ I. ς s Φ: ́ ͔ͯͪͣͤͫ͊͟͟Ύ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ 

͙͔͒͊ͭ͘͡Έͫ͊͟Ύ ͫͯ͗͋͊͡Σ нлмлΦ 

нΦ ˣ͍͊ͪ͊ͤͦ ˢΦˮΦΣ ͍̊͊ͭͪͦ͊ ˶Φ˹Φ ͎͙̅͊ͪͣ͊ͦͤͦ͘͟Ύ ͫ ͍͙ͦͫͤͦ͊ͣ ͙͋ͦͻ͙͙͙ͣ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͙͚ͪ͊ͫͭͤΦ ς ˸Φ: 

˥˻̏́ˢ˾-˸͔͙͒͊Σ нлнлΦ 

оΦ ˩͔͍ͪͣͦ͊͊͡ ˩Φ˻ΦΣ ˽ͦͤ͘Ύ͍͙͚ͦͫ͟͟ ˤΦ˸Φ ˾͊ͪ͊͋ͦͭ͊͘͟ ͍͚ͤͦͦ ͨͪͦͣ·΄͔͚ͤͤͦ͡ ͔ͭͻ͎͙͙ͤͦͦ͡ ͫͯͻ͙ͻ 

͙͔ͪ͊ͫͭͭ͡Έͤ·ͻ Ή͍ͫͭͪ͊ͭͦ͟͟ // ˿͍͔͔ͦͪͣͤͤ·͔ ͔͙͔ͤ͊ͯͦͣ͟͟ ͔ͭͻ͎͙͙ͤͦͦ͡Σ нллпΦ Ѕс  

ϭ ̉͊ͪ·͔͍͊ ˸Φ ˻ΦΣ ˢ͍ͣͯͪ͊͒ͦ͟ ˢΦΣ ˥͎͔ͯͪ͋͊ͤ͡Έ͙͔͍͒͊ ˥Φ ˥ΦΣ 2025 

  



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

25 

 

 
  



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

26 

͔͍̏ͫͤͦ ̆Φ, 

͔ͫͭͯ͒ͤͭ ˢ΄ͻ͎͊͋͊͒ͫͦͦ͟ ͔͔͎ͫͪ͒ͤͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ΄ͦ͟͡· ͙͔͙ͣͤ ˮΦ ˥͙͊ͤ͒Σ  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

ˢ͔͍ͭ͊͊ ˨͗Φ 

͔ͫͭͯ͒ͤͭ ˢ΄ͻ͎͊͋͊͒ͫͦͦ͟ ͔͔͎ͫͪ͒ͤͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ΄ͦ͟͡· ͙͔͙ͣͤ ˮΦ ˥͙͊ͤ͒Σ 

 ͎ Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˿ͦͨ·͔͍ ˨͗Φ 

˨ͦͼ͔ͤͭ ͊͟ͺ͔͒ͪ· ͔͙ͣ͒ͦ͟-͙͎͙͋ͦͦ͡;͔͎ͫͦͦ͟ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͫͨͦͪͭ͊  

͔͎́ͯͪͣͤͫͦͦ͟͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͙ͤͫͭͭͯͭ͊ ͺ͙͙͘;͔͚ͫͦ͟ ͯ͟͡Έͭͯͪ· ͙ ͫͨͦͪͭ͊Σ  

͙͊ͤ͒͒͊ͭ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Σ 

 ͎ Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͔͔͙ͨͪͣͤͤΎ ͤ͊ͭͯͪ͊͡Έ͎ͤͦͦ ͫͦ͊͟ ͎ͪ͊ͤ͊ͭ͊ ͙ͨͪ 

͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊ όˮˣ˿ύΦ ˽͙͍͔͔ͪ͒ͤ· ͒͊ͤͤ·͔ ͦ ͙͋ͦͻ͙͙ͣ;͔ͫͦͣ͟ ͍͔ͫͦͫͭ͊ ͎͍͎ͪ͊ͤ͊ͭͦͦͦ ͫͦ͊͟Σ 

͍͟͡Ό;͊Ύ ͙ͨͦ͡ͺ͔ͤͦ͡·Σ ͺ͍͙͊ͦͤͦ͒͡·Σ ͊ͤͭͦͼ͙͊ͤ·Σ ͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͙ͫͦͭ͟͡· ͙ ͙ͣͪͦ͟Ή͔͔ͣͤͭ͡·Φ 

˽͙͙͍ͪͦ͊ͤ͊ͪͦ͊ͤͦ͘͡ ͍͙͡Ύ͙͔ͤ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭ ͎ͪ͊ͤ͊ͭ͊ ͤ͊ ͨͪͦͼ͔ͫͫ· ͔͎͔͔͊ͭͪͦͤ͊͘Σ 

͙͙͔ͦͫͭ͟͡͡Έ͎ͤͦͦ ͔ͫͭͪͫͫ͊ ͙ Ή͔͙ͤ͒ͦͭ͊͡͡Έ͚ͤͦ ͙͒ͫͺͯͤ͟ͼ͙͙Σ Ύ͍͡ΎΌ΅͙ͻͫΎ ͟͡Ό;͔͍·͙ͣ ͔ͣͻ͙͙͊ͤͣ͊ͣ͘ 

͍͙͙ͪ͊ͭ͘Ύ ˮˣ˿Φ ˽ͦͯ͡;͔ͤͤ·͔ ͒͊ͤͤ·͔ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ ͼ͔͔͙ͫͦͦ͋ͪ͊ͤͦͫͭ͘͡ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͎͍͎ͪ͊ͤ͊ͭͦͦͦ 

ͫͦ͊͟ ͍ ͊͟;͔͍͔ͫͭ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έ͎ͤͦͦ ͔͍ͫͪ͒ͫͭ͊ ͍ ͔͚ͦͣͨͫͤͦ͟͟͡ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͙ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙ ͨ͊ͼ͙͔͍ͤͭͦ ͫ 

͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͋ͦͤ͘͡ΈΌ ͔ͫͪ͒ͼ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͎͍ͪ͊ͤ͊ͭͦ·͚ ͫͦ͟Σ ͙΄͔͙ͣ;͔ͫ͊͟Ύ ͔͋ͦͤ͘͡Έ ͔ͫͪ͒ͼ͊Σ ͙͙͊ͤͭͦͫ͒͊ͤͭ͟·Σ ͺ͍͙͊ͦͤͦ͒͡·Σ  

͔͔͊ͭͪͦͫͪͦ͘͟͡Σ ͙͔͔͊ͪ͒ͦͨͪͦͭͭͦͪͤͦ͟͟ ͔͚͍͙͔͒ͫͭΦ 

 

ˤ͍͔͔͙͔͒ͤΦ ˮ΄͔͙ͣ;͔ͫ͊͟Ύ ͔͋ͦͤ͘͡Έ ͔ͫͪ͒ͼ͊ ͖ͦͫͭ͊ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͙ͨͪ;͙ͤ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡ ͙ 

͔͙ͫͣͪͭͤͦͫͭ ͍ͦ ͍͖ͫͣ ͙͔ͣͪΦ ˻͍͚ͫͤͦͦ ͎͔͔ͨ͊ͭͦͤ͊͘ ˮˣ˿ Ύ͍͡Ύ͔ͭͫΎ ͔͔͙͊ͭͪͦͫͪͦͭ͟͡;͔͔ͫͦ͟ ͔͙͔ͨͦͪ͊͗ͤ 

ͦͪͦͤ͊ͪͤ͟·ͻ ͔͙͚͊ͪͭͪΣ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͔͔ͫΎ ͤ͊ͪͯ΄͔͙͔ͤͣ ͎ͦͪͦͤ͊ͪͤͦͦ͟ ͍ͪͦͦͭͦ͊͟͟ ͙ ͍͙͙͔ͪ͊ͭͣ͘ 

ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͎͙͙͙ͨͦͫ͟ ͙ͣͦ͊ͪ͒͊͟Φ ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͎ͦ͒· ͔ͦͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙ͨͦͫͯ͟ ͙ͨͪͪͦ͒ͤ·ͻ 

͔͍ͫͪ͒ͫͭΣ ͦ͋͊͒͊͡Ό΅͙ͻ ͙͙͊ͤͭͦͫ͒͊ͤͭͤ͟·ͣ ͙ ͙͔͊ͪ͒ͦͨͪͦͭͭͦͪͤ͟͟·ͣ ͔͚͍͙͔͒ͫͭͣΦ 

˥ͪ͊ͤ͊ͭ όPunica granatum L.) τ ͍͔ͨͦ͒ͦͦ͡ ͔͙͔ͪ͊ͫͭͤΣ ΄͙ͪͦͦ͟ ͖͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦ ͍ ͫͭͪ͊ͤ͊ͻ ˿͔͔͚ͪ͒ͤ 

ˢ͙͙͘Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͍ ͔͙͔́ͯͪͣͤͫͭ͊ͤ͟Φ ˿ͦ͟ ͎ͪ͊ͤ͊ͭ͊ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍ ͚ͤ͊ͪͦ͒ͤͦ ͔͙ͣ͒ͼ͙͔ͤ ͙ 

͙ͦͭ͡;͔͊ͭͫΎ ͍·͙ͫͦͣ͟ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭΣ ͦ͊͘͟·͍͊Ό΅͙ͻ ͎͙͋͊ͦͨͪ͡Ύ͔ͭͤͦ 

͍͙͡Ύ͙͔ͤ ͤ͊ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭͯΌ ͙͔ͫͫͭͣͯΦ 

͔̇͡Έ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

ˮͯ͘;͙ͭΈ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͔͔͙ͨͪͣͤͤΎ ͫͦ͊͟ ͎ͪ͊ͤ͊ͭ͊ ͙ ͦͼ͔͙ͤͭΈ ͔͎ͦ ͔ͨͦͭͤͼ͙͊͡ΈͤͯΌ ͪͦ͡Έ ͍ 

ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͙ ͔͚ͦͣͨͫͤͦ͟͟͡ ͔͙͙ͭͪ͊ͨ ͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊Φ 

˸͔͙͊ͭͪ͊͡· ͙ ͔ͣͭͦ͒· 

˻͋Ά͔ͭͦͣ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ Ύ͍͡Ύͫ͡Ύ ͤ͊ͭͯͪ͊͡Έͤ·͚ ͫͦ͟ ͎ͪ͊ͤ͊ͭ͊Σ ͨͦͯ͡;͔ͤͤ·͚ ͔ͣͭͦ͒ͦͣ ͻ͎ͦͦ͒ͤͦͦ͡ 

͙ͦͭ͗ͣ͊ ͙͘ ͔ͪ͘͡·ͻ ͍ͨͦ͒ͦ͡Φ ˢ͙ͤ͊͘͡ ͙͋ͦͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊ ͍͙ͨͪͦͦ͒ͫ͡Ύ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͫͭ͊ͤ͒͊ͪͭͤ·ͻ 

ͻ͙͙ͣ;͔͙ͫ͟ͻ ͙ ͊͟;͔͍͔ͫͭͤͤ·ͻ ͔ͪ͊͟ͼ͙͚ ͤ͊ ͍ͦͫͤͦͤ·͔ ͎ͪͯͨͨ· ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭΦ ͔́͊͗͟ ͋·͡ 

͍·͔ͨͦͤͤ͡ ͙͊ͤ͊͘͡ ͙͔ͭͪ͊ͭͯͪͤ͡·ͻ ͒͊ͤͤ·ͻΣ ͍ͨͦͫΎ΅͖ͤͤ·ͻ ͙͙ͤ͟͡;͔ͫͦͣͯ͟ ͙͔͔͙ͨͪͣͤͤΌ ͎͍͎ͪ͊ͤ͊ͭͦͦͦ ͫͦ͊͟ 

͙ͨͪ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΦ 
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˾͔ͯ͘͡Έͭ͊ͭ· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

ˣ͙ͦͻ͙͙ͣ;͔͙͚ͫ͟ ͍ͫͦͫͭ͊ ͫͦ͊͟ ͎ͪ͊ͤ͊ͭ͊ 

ˤ ͻ͔ͦ͒ ͙͊ͤ͊͊͘͡ ͍͔ͯͫͭ͊ͤͦͤͦ͡Σ ;ͭͦ ͫͦ͟ ͎ͪ͊ͤ͊ͭ͊ ͔͙ͫͦ͒ͪ͗ͭ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͙ͦ͟͡;͔͍ͫͭͦ ͙ͨͦ͡ͺ͔ͤͦ͡Έͤ·ͻ 

͔͙͔͙͚ͫͦ͒ͤͤΣ ͍͟͡Ό;͊Ύ ͺ͍͙͊ͦͤͦ͒͡· ͙ ͊ͤͭͦͼ͙͊ͤ·Σ ͊ ͔ͭ͊͗͟ ͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͙ͫͦͭ͟͡· ό͙ͣͦͤͤͯ͡ΌΣ 

Ύ͋ͦ͡;ͤͯΌύΣ ͍͙͙ͭ͊ͣͤ· ό˿Σ ͎ͪͯͨͨ· ˤύ ͙ ͙ͣͪͦ͟Ή͔͔ͣͤͭ͡· ό͙͚͊͟͡Σ ͎͙͚ͣ͊ͤΣ ͔͔͗ͦ͘͡ύΦ 

˹͙͔͔͊͋ͦ͡ ͍·͔͚ͪ͊͗ͤͤͦ Ύ͍͡Ύ͔ͭͫΎ ͙͙͊ͤͭͦͫ͒͊ͤͭͤ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͫͦ͊͟ ͎ͪ͊ͤ͊ͭ͊Σ ͍͔ͦ͋ͯͫͦͤͤ͊͡͡Ύ 

͍·͙ͫͦͣ͟ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ ͙ͨͦ͡ͺ͔͍ͤͦͦ͡Σ ͫͨͦͫͦ͋ͤ·ͻ ͔͚͙͍ͤͭͪ͊ͦ͊ͭ͘͡Έ ͍ͫͦ͋ͦ͒ͤ·͔ ͙ͪ͊͒͊͟͡· ͙ ͙ͫͤ͗͊ͭΈ 

͙͔͙͍ͤͭͤͫͤͦͫͭΈ ͔͔͙͎ͨͪͫͤͦͦ͟ ͙͔͙ͦͫͤ͟͡Ύ ͙͙͍ͨ͒ͦ͡Φ 

ˤ͙͡Ύ͙͔ͤ ͤ͊ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭͯΌ ͙͔ͫͫͭͣͯ 

˾͔͎ͯ͡Ύ͔ͪͤͦ ͔͔͙͔ͯͨͦͭͪ͋ͤ͡ ͎͍͎ͪ͊ͤ͊ͭͦͦͦ ͫͦ͊͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭΥ 

¶ ͙͔͙ͫͤ͗ͤΌ ͍ͯͪͦͤΎ ͦ͋΅͔͎ͦ ͻ͔͔͙ͦͫͭͪͤ͊͡ ͙ ͙͔͙͍ͨͦͨͪͦͭͤͦ͡ ͙͚ͤͦ͘͟ ͙ͨͦͭͤͦͫͭ͡Τ 

¶ ͯͯ͡;΄͔͙ͤΌ ͺͯͤ͟ͼ͙͙ Ή͔͙ͤ͒ͦͭ͡Ύ ͍ͫͦͫͯ͒ͦΤ 

¶ ͔ͯͣͤΈ΄͔͙ͤΌ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͍ ͙͚ͫͦͫͯ͒ͫͭͦ ͔͔ͫͭͤ͟Τ 

¶ ͙͔͙ͫͤ͗ͤΌ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ 

͙̏ͭ Ήͺͺ͔ͭ͟· ͙͔ͣΌͭ ͔ͦͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙ͨͪ ͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊Σ ͭ͊͟ ͊͟͟ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ 

͔͔͙͊ͣ͒ͤ͘͡Ό ͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΎ ͔͔͊ͭͪͦͫͪͦ͊͘͟͡ ͙ ͯͯ͡;΄͔͙ͤΌ ͎ͦͪͦͤ͊ͪͤͦͦ͟ ͍ͪͦͦͦ͋ͪ͊͟΅͔͙ͤΎΦ 

˻͔͙ͫͦ͋ͤͤͦͫͭ ͙͔͔͙ͨͪͣͤͤΎ ͙ͨͪ ͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊ 

˽͙͔͔͙͔ͪͣͤͤ ͫͦ͊͟ ͎ͪ͊ͤ͊ͭ͊ ͙ͨͪ ͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊ ͙͔͔ͣͭ ͪΎ͒ ͔͔͚ͦͫͦ͋ͤͤͦͫͭΣ ͍ͫΎ͊ͤͤ͘·ͻ 

ͫ ͔͎ͦ ͙͋ͦͻ͙͙ͣ;͔͙ͫͣ͟ ͍ͫͦͫͭ͊ͦͣ ͙ ͔ͣͻ͙͙͊ͤͣ͊ͣ͘ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭͯΌ ͙͔ͫͫͭͣͯΦ 

ˣ͙͎͙ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͔ ͍͔΅͔͍ͫͭ͊ ͎͍͎ͪ͊ͤ͊ͭͦͦͦ ͫͦ͊͟Σ ͔͔ͨͪ͗͒ ͍͔͎ͫͦ ͙ͨͦ͡ͺ͔ͤͦ͡·Σ ͺ͍͙͊ͦͤͦ͒͡· ͙ 

͊ͤͭͦͼ͙͊ͤ·Σ ͦ͊͘͟·͍͊Όͭ ͍·͔͔ͪ͊͗ͤͤͦ ͙͙͔͊ͤͭͦͫ͒͊ͤͭͤͦ͟ ͙ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͔͚͍͙͔͒ͫͭΣ ;ͭͦ ͙͔͔ͣͭ 

͙ͨͪͤͼ͙͙ͨ͊͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ ͍ ͎͔͔͔ͨ͊ͭͦͤ͘ ˮˣ˿Φ 

˻͙͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͙͔ͨͦͦ͗ͭ͡͡Έ͎ͤͦͦ ͍͙͡Ύ͙ͤΎ ͫͦ͊͟ ͎ͪ͊ͤ͊ͭ͊ Ύ͍͡Ύ͔ͭͫΎ ͙͔͙͔ͫͤ͗ͤ 

ͨͪͦͼ͔͍ͫͫͦ ͔͔͙͎ͨͪͫͤͦͦ͟ ͙͔͙ͦͫͤ͟͡Ύ ͙͙͍ͨ͒ͦ͡ ͙ ͔͙͔ͭͦͪͣͦ͗ͤ ͙͔͙ͦͫͤ͟͡Ύ ͙͔͙͍ͨͦͨͪͦͭͤͦ͡ ͙͚ͤͦ͘͟ 

͙ͨͦͭͤͦͫͭ͡Φ ̏ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͔͙͊ͣ͒ͤ͘͡Ό ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙ ͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΎ ͔͔͙͊ͭͪͦͫͪͦͭ͟͡;͔͙ͫ͟ͻ 

͋͡Ύ΄͔͟ ͍ ͦͪͦͤ͊ͪͤ͟·ͻ ͔͙͊ͪͭͪΎͻΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͯͯ͡;΄͔͙ͤΌ ͎ͦͪͦͤ͊ͪͤͦͦ͟ ͍ͪͦͦͭͦ͊͟͟ ͙ ͙͔͙ͫͤ͗ͤΌ ͙ͪͫ͊͟ 

͙΄͔͙ͣ;͔͙ͫ͟ͻ Ή͙͍ͨͦ͒ͦ͘Φ 

ˤ͚͊͗ͤͦ ͔ͦͫͦ͋ͤͤͦͫͭΈΌ ͙͔͔͙ͨͪͣͤͤΎ ͎͍͎ͪ͊ͤ͊ͭͦͦͦ ͫͦ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͔͎ͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ 

ͫͦͫͭͦΎ͙͔ͤ Ή͔͙ͤ͒ͦͭ͡Ύ ͍ͫͦͫͯ͒ͦΦ ˾͔͎ͯ͡Ύ͔ͪͤͦ ͔͔͔ͯͣͪͤͤͦ ͔͔͙͔ͯͨͦͭͪ͋ͤ͡ ͫͦ͊͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍ͨͦ·΄͔͙ͤΌ 

͙͙͋ͦ͒ͦͫͭͯͨͤͦͫͭ ͙ͦͫ͒͊͟ ͊ͦͭ͊͘Σ ͯͯ͡;΄͔͙ͤΌ ͙͚ͫͦͫͯ͒ͫͭͦ Ή͙͊ͫͭ͡;͙ͤͦͫͭ ͙ ͙͔͙ͫͤ͗ͤΌ ͙͎ͫͦͫͯ͒ͫͭͦͦ 

͙͍͔͙ͫͦͨͪͦͭͤ͡ΎΦ ˨͊ͤͤ·͚ Ήͺͺ͔ͭ͟ ͔ͦͫͦ͋ͤͤͦ ͤ͊͘;͙ͣ ͒͡Ύ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͺ͚ͦͪͣͦ ͙΄͔͙ͣ;͔͚ͫͦ͟ 

͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊ ͙ ͍ͫͦͨͯͭͫͭͯΌ΅͔͚ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͔͙͔͚ͨͪͭͤ͘Φ 

˾͔͔͔ͦͣͤ͒ͯͣ͊͟Ύ ͨͪͦͺ͙͙͊ͭ͟͡;͔ͫ͊͟Ύ ͙ ͔͡;͔͋ͤͦ-ͨͪͦͺ͙͙͊ͭ͟͡;͔ͫ͊͟Ύ ͙͍͒ͦͪͦ͊͘͟ ͍ͫͦͫͭ͊͡Ύ͔ͭ мллς200 

ͣ͡ ͤ͊ͭͯͪ͊͡Έ͎ͤͦͦ ͫͦ͊͟ ͎ͪ͊ͤ͊ͭ͊ ͍ ͙ͫͯͭ͟Σ ͔ͨͪ͒ͨͦ;͙͔ͭͭ͡Έͤͦ ͔ͨͦͫ͡ ͙͖ͨͪͣ͊ ͙ͨ΅͙Φ ˽͙͔ͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ͯͪͫ͊͟ 

͔ͣͦ͗ͭ ͍͊ͪΈ͙͍ͪͦ͊ͭΈ ͦͭ о ͒ͦ у ͔͔ͤ͒͡Έ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙͙ͣ ͔͔ͨͪͪ·͍͙͊ͣΦ ˨͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͙ͫͭ͊͋͡Έ͎ͤͦͦ 

Ήͺͺ͔ͭ͊͟ ͼ͔͔ͫͦͦ͋ͪ͊ͤͦ͘͡ ͍͔ͯͪͫͦͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͨͦ͒ ͤ͊͋͡Ό͔͙͔͒ͤͣ ͔ͫͨͼ͙͙͊ͫͭ͊͡Φ 

˿͔͔͒ͯͭ͡ ͯ;͙ͭ·͍͊ͭΈ ͙͙͍͙ͤ͒͒ͯ͊͡ΈͤͯΌ ͔͔͙ͨͪͤͦͫͣͦͫͭΈ ͨͪͦ͒ͯͭ͊͟Φ ̂ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͍ͨͦ·΄͔͚ͤͤͦ 

͙ͫͦͭͤͦͫͭ͟͡ΈΌ ͔͗ͯ͒ͦ͡;͎ͤͦͦ ͫͦ͊͟Σ ͎͙͊ͫͭͪͭͦͣ ͙͙͡ Ύ͍͔͚ͤͤͦ͘ ͔͋ͦͤ͘͡ΈΌ ͙͔͔͙͔ͨͪͣͤͤ ͦͤ͟ͼ͔͙͍͎ͤͭͪͪͦ͊ͤͤͦͦ 

͎͍͎ͪ͊ͤ͊ͭͦͦͦ ͫͦ͊͟ ͔ͣͦ͗ͭ ͍·͘·͍͊ͭΈ ͔͙͔ͪ͊͒ͪ͊͗ͤ͘ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͔͗ͯ͒͊͟͡Φ ˤ ͙ͭ͊͟ͻ ͫͯ͡;͊Ύͻ 

͔͔͔ͪͦͣͤ͒ͯͭͫ͟Ύ ͍͔͙͔ͪ͊͋͊ͤ͘͡ ͫͦ͊͟ ͍͚ͦ͒ͦ ͙͙͡ ͙͔͙͔ͫͤ͗ͤ ͫͯͭͦ;͚ͤͦ ͒ͦ͘·Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͫͦ͟ ͎ͪ͊ͤ͊ͭ͊ ͔͔ͫ͒ͯͭ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͊͟͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ͙ͨ΅͔͍͚ͦ ͨͪͦ͒ͯͭ͟Σ 

ͫͨͦͫͦ͋ͤ·͚ ͒ͦͨͦͤ͡ΎͭΈ ͫͭ͊ͤ͒͊ͪͭͤͯΌ ͔͙͔ͣ͒͊ͣͤͭͦͤͯ͘͟Ό ͔͙ͭͪ͊ͨΌ ͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊Φ ˩͎ͦ 

͙͔͔͙͔ͨͪͣͤͤ ͙͔͔ͤ͊͋ͦ͡ Ήͺͺ͔͙͍ͭͤͦ͟ ͍ ͪ͊ͣ͊͟ͻ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊Σ ͍͟͡Ό;͊Ό΅͔͎ͦ ͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ 

͙͙͔ͨͭ͊ͤΣ ͦͤͭͪͦ͟͡Έ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟ ͙ ͫͦ͋͡Ό͔͙͔͒ͤ ͔͔ͪͦͣͤ͒͊͟ͼ͙͚ ͔͡;͊΅͔͎ͦ ͍ͪ͊;͊Φ 
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˭͊͟͡Ό;͔͙͔ͤ 

˽͍͔͖ͪͦ͒ͤͤ·͚ ͙͊ͤ͊͘͡ ͙͋ͦͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͍͚͍ͫͦͫͭ ͫͦ͊͟ ͎ͪ͊ͤ͊ͭ͊ 

͍ͨͦͦ͘͡Ύ͔ͭ ͔ͫ͒͊ͭ͡Έ ͍·͍ͦ͒ ͦ ͔͎ͦ ͍·͚ͫͦͦ͟ ͔͙ͣ͒ͦ͟-͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͤ͊͘;͙͙ͣͦͫͭ ͙ͨͪ ͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ 

͔ͫͪ͒ͼ͊Φ ˹͙͊͡;͙͔ ͍ ͎͍ͪ͊ͤ͊ͭͦͦͣ ͔ͫͦ͟ ͋ͦ͡Έ΄͎ͦͦ ͙ͦ͟͡;͔͍ͫͭ͊ ͙ͨͦ͡ͺ͔ͤͦ͡Έͤ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΣ ͺ͍͙͍͊ͦͤͦ͒ͦ͡ 

͙ ͊ͤͭͦͼ͙͍͊ͤͦ ͍͙͍͔ͦ͋ͯͫ͊͊ͭ͡͡ ͍·͔͔ͪ͊͗ͤͤͦ ͙͙͔͊ͤͭͦͫ͒͊ͤͭͤͦ͟ ͔͚͍͙͔͒ͫͭΣ ͍͔͔ͤ͊ͨͪ͊ͤͤͦ͡ ͤ͊ ͙͔͙͔ͫͤ͗ͤ 

͙͔͙͍͙ͤͭͤͫͤͦͫͭ ͙͙͔ͦͫͭ͟͡͡Έ͎ͤͦͦ ͔ͫͭͪͫͫ͊ τ ͎ͦ͒ͤͦͦ ͙͘ ͟͡Ό;͔͍·ͻ ͺ͍͊ͭͦͪͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͔͊ͭͪͦͫͪͦ͊͘͟͡ ͙ 

͙΄͔͙͙ͣ ͙ͣͦ͊ͪ͒͊͟Φ 

˾͔͎ͯ͡Ύ͔ͪͤͦ ͔͔͙͔ͯͨͦͭͪ͋ͤ͡ ͤ͊ͭͯͪ͊͡Έ͎ͤͦͦ ͫͦ͊͟ ͎ͪ͊ͤ͊ͭ͊ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͯͯ͡;΄͔͙ͤΌ ͙͙͎ͨ͒ͤͦͦ͡ 

͔ͦ͋ͣͤ͊Σ ͙͔͙ͫͤ͗ͤΌ ͍ͯͪͦͤΎ ͦ͋΅͔͎ͦ ͻ͔͔͙ͦͫͭͪͤ͊͡ ͙ ͙͔͙͍ͨͦͨͪͦͭͤͦ͡ ͙͚ͤͦ͘͟ ͙ͨͦͭͤͦͫͭ͡Σ ͊ ͔ͭ͊͗͟ 

͍ͨͦ·΄͔͙ͤΌ ͙͙͚͊ͤͭͦͫ͒͊ͤͭͤͦ͟ ͊͘΅͙ͭ· ͎͙ͦͪ͊ͤͣ͊͘Φ ̂ͯ͡;΄͔͙͔ͤ ͺͯͤ͟ͼ͙͙ Ή͔͙ͤ͒ͦͭ͡Ύ ͍ͫͦͫͯ͒ͦ ͙ ͙͔͙͔ͫͤ͗ͤ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͍ ͙͚ͫͦͫͯ͒ͫͭͦ ͔͔ͫͭͤ͟ ͫͦ͒͊͘Όͭ ͎͙͋͊ͦͨͪ͡Ύͭͤ·͔ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͙ͤͦͪͣ͊͊͘͡ͼ͙͙ 

͎ͦͪͦͤ͊ͪͤͦͦ͟ ͍ͪͦͦͦ͋ͪ͊͟΅͔͙ͤΎ ͙ ͔ͯͣͤΈ΄͔͙ͤΎ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡ ͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊Φ 

˻͔ͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͙͊͟͡Ύ ͙ ͎͙ͣ͊ͤΎ ͍ ͎͍ͪ͊ͤ͊ͭͦͦͣ ͔ͫͦ͟Σ ͦͭͦͪ͟·͔ ͙͎ͪ͊Όͭ ͍͊͗ͤͯΌ 

ͪͦ͡Έ ͍ ͔͎ͪͯ͡Ύͼ͙͙ ͔͔ͫͪ͒;͎ͤͦͦ ͙ͪͭͣ͊ ͙ ͙͔ͫͦͪ͊ͭͭ͟͡Έ͚ͤͦ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͙ͣͦ͊ͪ͒͊͟Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͎͍ͪ͊ͤ͊ͭͦ·͚ ͫͦ͟ ͔ͤ ͭͦ͡Έͦ͟ ͊͟͟ ͙ͫͭͦ;͙ͤ͟ ͙͙͍͊ͤͭͦͫ͒͊ͤͭͦ͟Σ ͤͦ ͙ ͊͟͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ 

͙ͨ΅͔͍͚ͦ ͨͪͦ͒ͯͭ͟ ͫ ͣΎ͎͙ͣ͟ ͙͔͊ͪ͒ͦͨͪͦͭͭͦͪͤ͟͟·ͣ Ήͺͺ͔ͭͦͣ͟Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͫͦ͟ ͎ͪ͊ͤ͊ͭ͊ ͔ͣͦ͗ͭ ͋·ͭΈ ͔͔͍ͪͦͣͤ͒ͦ͊ͤ͟ ͍ ͊͟;͔͍͔ͫͭ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έ͎ͤͦͦ ͔͍ͫͪ͒ͫͭ͊ ͍ 

͍͔ͫͦͫͭ͊ ͔͚ͦͣͨͫͤͦ͟͟͡ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͋ͦͤ͘͡ΈΌ ͔ͫͪ͒ͼ͊Φ 

˻͒ͤ͊ͦ͟ ͔͎ͦ ͙͔͔͙͔ͨͪͣͤͤ ͒ͦ͗ͤͦ͡ ͯ;͙ͭ·͍͊ͭΈ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͨ͊ͼ͙͔ͤͭ͊Σ ͙ͤ͊͡;͙͔ 

͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͔͗ͯ͒ͦ͡;ͤͦ-͙͟΄͔;͎ͤͦͦ ͭͪ͊ͭ͊͟ ͙ ͎ͫͭͪͦͦ ͒ͦͨͦͤ͡ΎͭΈΣ ͊ ͔ͤ ͔͊ͣͤ͘ΎͭΈ ͙͋͊ͫͤͯ͘Ό 

͔͙͔ͣ͒͊ͣͤͭͦͤͯ͘͟Ό ͔͙ͭͪ͊ͨΌΦ ˨͊͡Έ͔͚ͤ΄͙͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ͨͦͦ͘͡Ύͭ ͔͔͋ͦ͡ ͭͦ;ͤͦ 

͔͔͙ͦͨͪ͒ͭ͡Έ ͙ͦͨͭͣ͊͡Έͤ·͔ ͙͍͙͒ͦͪͦ͘͟ ͙ ͙͔͒ͭ͡͡ΈͤͦͫͭΈ ͙͔͔͙ͨͪͣͤͤΎ ͎͍͎ͪ͊ͤ͊ͭͦͦͦ ͫͦ͊͟ ͙ͨͪ ͙ͪ͊͘͡;ͤ·ͻ 

ͺͦͪͣ͊ͻ ͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˣ͔ͪ͒·ͣͯͻ͔͍͊ͣ͒ͦ ˥Φ ˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͙ͪ͊ͫͭͤΎ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Φ ς ˢ΄ͻ͊͋͊͒Υ ͔́ͯͪͣͤͫ͊͟͟Ύ 

͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͙͔͒͊ͭ͘͡Έͫ͊͟Ύ ͫͯ͗͋͊͡Σ нлмлΦ 

2. ˴͙͍ͯͦ͟͡ ˢΦˢΦΣ ˿͙͍ͣͪͤͦ͊ ˹ΦˤΦ ˿͔͔ͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΥ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ ͙ ͔͡;͔͙͔ͤΦ ς ˸ΦΥ 

˸͔͙͒ͼ͙ͤ͊Σ нлмфΦ 

3. Aviram M., Rosenblat M. Pomegranate juice consumption for cardiovascular health // Nutrition Reviews, 

2012. 

ϭ ͔͍̏ͫͤͦ ̆ΦΣ ˢ͔͍ͭ͊͊ ˨͗ΦΣ ˿ͦͨ·͔͍ ˨͗ΦΣ нлнр 
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THE ESSENTIAL ROLE OF SCIENCE AND KNOWLEDGE IN PRODUCTION AND INDUSTRY 

 

Abstract 

The application of Science (Ylym) and specialized Knowledge (Bilim) is the single most critical factor 

ŘŜǘŜǊƳƛƴƛƴƎ ǎǳŎŎŜǎǎΣ ŜŦŦƛŎƛŜƴŎȅΣ ŀƴŘ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ƛƴ ƳƻŘŜǊƴ tǊƻŘǳŎǘƛƻƴ ŀƴŘ LƴŘǳǎǘǊȅ όmƴǸƳœƛƭƛƪύΦ ¢Ƙƛǎ 

article explores the vital significance of scientifically informed knowledge, arguing that it moves industrial 

processes beyond traditional craft and intuition toward systematic innovation. We examine how Research 

and Development (R&D), the adoption of new scientific principles (e.g., materials science, automation), and 

the constant upskilling of the workforce are essential for increasing productivity, ensuring quality control, 

and driving long-term economic prosperity across all industrial sectors. 

 

Keywords:  

science, knowledge, production, industry, research and development (R&D), innovation, productivity, 

quality control, automation, scientific literacy. 

 

1. Science as the Engine of Industrial Innovation 

In the contemporary global economy, competitive advantage is almost always rooted in the successful 

application of scientific knowledge, transforming raw materials and labor into high-value products and 

services. 

¶ Fundamental R&D: Science provides the foundational knowledge that fuels industrial progress. 

Research and Development (R&D) is the institutionalized mechanism for translating scientific principles (e.g., 

discoveries in polymer chemistry, solid-state physics) into practical industrial processes. R&D spending is 

directly correlated with a nation's ability to create entirely new product categories, thus gaining a market 

lead. 

¶ Technological Advancement: Every major industrial leapτfrom the steam engine (thermodynamics) 

to the microchip (semiconductor physics) and advanced pharmaceuticals (biochemistry)τis a direct result of 

applied scientific knowledge. Industry relies on science to understand, create, and manipulate materials and 

energy far beyond what is possible through trial-and-error methods. 
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2. Knowledge and Productivity in Manufacturing 

The integration of advanced knowledge into the production lifecycle is what distinguishes a modern, 

highly productive industry from a traditional one. 

¶ Process Optimization and Efficiency: Scientific principles, particularly those derived from Industrial 

Engineering and Operations Research, are used to meticulously design manufacturing workflows. Knowledge 

of statistical process control, lean manufacturing, and supply chain dynamics allows companies to minimize 

waste, reduce production time, and lower costs. For example, understanding thermodynamics helps optimize 

furnace temperatures, while knowledge of fluid dynamics improves pump efficiency. These scientifically 

grounded optimizations are crucial for increasing total factor productivity. 

¶ Quality Control and Standardization: Ensuring high and consistent product quality is impossible 

without rigorous scientific methods. Knowledge of metrology (the science of measurement), statistical 

analysis, and materials science allows industries to establish precise tolerance limits, identify defects early, 

and adhere to international quality standards. This level of precision, unattainable through intuition, is 

necessary for complex products like aircraft components, medical devices, and high-performance electronics. 

3. The Significance of Human Capital and Continuous Learning 

The most valuable resource in a knowledge-driven economy is the skilled workforce capable of 

applying and advancing scientific knowledge. 

¶ Scientific Literacy and Upskilling: Modern industrial systemsτespecially those involving automation, 

robotics, and advanced IT infrastructureτrequire workers with high levels of scientific and technical literacy. 

Workers must be able to understand algorithms, interpret diagnostic data, and maintain complex machinery. 

Continuous education and training (upskilling) in relevant scientific fields (e.g., data science for logistics, 

mechatronics for robotics) are not just beneficial; they are mandatory for industrial longevity. 

¶ Problem-Solving and Adaptability: A workforce educated in scientific methodology is better equipped 

to diagnose and solve novel problems that inevitably arise in complex production environments. Rather than 

relying on rigid procedures, scientifically trained employees can hypothesize, test, and implement creative 

solutions, making the organization highly adaptive to technological shifts and market changes. 

4. Conclusion 

The application of Science and Knowledge is the definitive factor separating efficient, globally 

competitive industry from obsolescence. From the fundamental research that sparks innovation to the 

statistical knowledge that ensures product quality, every layer of modern production relies on scientific 

principles. Nations and industries that prioritize investment in R&D, continuous technical education, and the 

systematic integration of scientific methodology into their operational design will continue to drive global 

progress and secure economic leadership. 
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SCIENCE EDUCATION AND THE ENGINE OF INNOVATION 

 

Abstract 

Science Education is the critical precursor to national Innovation. A robust education system that 

emphasizes scientific inquiry, critical thinking, and applied knowledge is essential for cultivating the next 

generation of researchers, engineers, and entrepreneurs. This article explores the symbiotic relationship 

between science education and innovation, detailing how modern pedagogical approachesτmoving from 

passive learning to problem-based, interdisciplinary modelsτdirectly foster the creativity and technical 

competency required to drive technological advancement, economic competitiveness, and solutions to 

complex global challenges. 

 

Keywords:  

science education, innovation, research and development (R&D), stem education, inquiry-based learning, 

entrepreneurship, technological advancement, creativity, problem-solving. 

 

1. The Direct Link: Education as an Investment in Innovation 

Innovation is defined as the process of translating new ideas or inventions into practical applications 

that create value. The quality and reach of a nation's science education system are the most reliable 

predictors of its long-term innovative capacity. 

¶ Human Capital: Scientific and technological progress is fundamentally reliant on highly skilled human 

capital. Education in science, technology, engineering, and mathematics (STEM) ensures a continuous supply 

of individuals capable of conducting fundamental research, developing complex engineering solutions, and 

adapting to rapid technological change. 

¶ The Pipeline to R&D: The entire innovation pipeline, from basic scientific discovery to 

commercialization, begins in the classroom. Strong science education encourages students to pursue 

advanced studies and careers in Research and Development (R&D), which is the primary driver of new 

patents, startups, and economic growth. 

2. Pedagogy that Cultivates Innovators 

Traditional, rote-based science teaching is insufficient for fostering innovation. Modern pedagogy 

must actively train students to think like inventors and researchers. 

¶ Inquiry-Based Learning (IBL): IBL focuses on challenging students with open-ended problems or 
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phenomena, forcing them to formulate hypotheses, design experiments, analyze data, and troubleshoot. 

This mirrors the real-world process of research and instills the essential attributes of intellectual curiosity and 

resilienceτthe ability to learn from failure. 

¶ Problem-Based and Project-Based Learning (PBL): These methods situate learning within the context 

of authentic, complex challenges (e.g., designing a clean water filter or creating an energy-efficient dwelling). 

By requiring students to work in interdisciplinary teams to find practical solutions, PBL develops systems 

thinking and applied creativity, bridging the gap between theoretical science and practical engineering. 

3. Integrating Scientific and Entrepreneurial Skills 

Innovation is not only about invention; it is also about bringing that invention to the market. Science 

education must integrate a sense of practical application and commercial viability. 

¶ Interdisciplinary Skills: Effective innovation often occurs at the intersection of disciplines. Science 

education must be integrated with mathematics, engineering, and even business concepts to teach students 

how scientific feasibility, engineering design, and economic viability interact. 

¶ Prototyping and Design Thinking: Introducing students to concepts like prototyping and design 

thinking (a systematic process for solving problems focused on user needs) allows them to immediately 

translate scientific knowledge into tangible, functional products or solutions, preparing them for 

entrepreneurial roles. 

4. Societal Impact and Addressing Global Challenges 

Science education and innovation are crucial tools for national competitiveness and global 

stewardship. 

¶ Economic Competitiveness: Nations with high scientific literacy and robust R&D environments 

consistently lead global economic indicators. Their ability to generate high-value, knowledge-intensive 

products and services protects their economies from reliance on commodity exports and low-cost labor. 

¶ Sustainable Innovation: Global challenges, such as climate change, energy transition, and public 

health security, can only be addressed through scientific and technological innovation. Science education 

ensures the next generation possesses the technical grounding to develop solutions, whether through new 

materials, sustainable energy systems, or advanced medical diagnostics. A society that understands science 

is better equipped to embrace these necessary innovations. 

5. Conclusion 

Science education is the catalyst for national innovation and progress. By consciously adopting inquiry-

based, interdisciplinary, and practical pedagogical models, educational systems can move beyond simple 

instruction to actively cultivate the skills of creativity, critical problem-solving, and technical synthesis. 

Investing in high-quality science education is therefore the most fundamental strategic investment a nation 

can make to secure its future competitiveness and its capacity to contribute to global well-being. 
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̂˨˴ ллпΦтΥснмΦоф 

˨ͯͪ͒·͔͍ ́Ύ;ͣ·ͪ͊ͭ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡ΈΣ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ Ή͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

ˣ͔͙͔͍ͪ͒ͣ͒ͦ ˸ͯͻ͔͊ͣͣ͒ 

˿͔ͭͯ͒ͤͭΣ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ Ή͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͚͎̆ͯ͒͊ͯ͡·͔͍͊ ˹Ύ͙͘͟ 

˿͔ͭͯ͒ͤͭ͊͟Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ Ή͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

˨͎͔͙͔͍͗ͯͣ͊͒͊͡ ͔͚̊͒͊ 

˿͔ͭͯ͒ͤͭ͊͟Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ Ή͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͎Φ ˸͊ͪ·Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

ˮ˹̅˻˴˻˸˸̂˹ˮ˴ˢ̇ˮ˻˹˹̍˩ ́˩̆˹˻˶˻˥ˮˮΥ ˿˻ˤ˾˩˸˩˹˹˻˩  

˿˻˿́˻̒˹ˮ˩ ˮ ˽˩˾˿˽˩˴́ˮˤ̍ ˾ˢ˭ˤˮ́ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙ͤͺ͙ͦͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͊͟͟ ͟͡Ό;͔͍͚ͦ ͺ͊ͭͦͪ͟ ͼ͙ͺ͍͚ͪͦͦ 

ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͦ͋΅͔͍ͫͭ͊ ͙ Ή͙͙ͦͤͦͣ͟͟Φ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͫͯ΅ͤͦͫͭΈ ͙ ͫͭͪͯͭͯͪ͊͟ ͙ͤͺ͙ͦͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·ͻ 

͔ͭͻ͎͙͚ͤͦͦ͡Σ ͍ͦͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͙ͻ ͍͙͙ͪ͊ͭ͘ΎΣ ͊ ͔ͭ͊͗͟ ͍͙͡Ύ͙͔ͤ ͤ͊ ͫͦͼ͙͊͡Έͤͦ-Ήͦͤͦ͟ ͙ͣ;͔͙͔ͫ͟ 

͙͔ͫͫͭͣ·Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͍͔͔ͫͦͪͣͤͤ·ͣ ͔͔ͭͤ͒ͤͼ͙ΎͣΣ ͍͟͡Ό;͊Ύ ͍͔͎͔ͦͤͪͤ͟ͼ͙Ό 
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INFOCOMMUNICATION TECHNOLOGIES: CURRENT STATE AND DEVELOPMENT PROSPECTS 

 

Abstract 

This article examines infocommunication technologies as a key factor in the digital transformation of 

society and the economy. It analyzes the nature and structure of infocommunication technologies, their main 

development trends, and their impact on socioeconomic systems. Particular attention is paid to current 

trends, including the convergence of telecommunications and information technology, the development of 

next-generation networks, cloud services, and intelligent control systems. 

Keywords 
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 communication networks, information systems, digital economy. 

 

ˤ͍͔͔͙͔͒ͤ 
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͍͔͙ͤ͊ͨͪ͊ͤ͡ΎͣΦ ˻͙͒ͤͣ ͙͘ ͙ͤͻ Ύ͍͡Ύ͔ͭͫΎ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙Ύ ͔͔͍͚ͫͭͦ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟·Σ ͍ͫΎ͊ͤͤ͊͘Ύ ͫ 

͍͔͔͙͔ͤ͒ͪͤͣ ͔͔͚ͫͭ ͍͎ͤͦͦͦ ͔͙ͨͦͦͤ͟͡ΎΦ ˤ·ͫͦͦͫͦͪͦͫͭͤ͟͟·͔ ͔͙ͫͭ ͍ͫΎ͙͘ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͔͔ͨͪ͒͊;ͯ ͋ͦ͡Έ΄͙ͻ 

ͦ͋Ά͖͍ͣͦ ͒͊ͤͤ·ͻ ͫ ͙͙ͣͤͣ͊͡Έͤ·͙ͣ ͔͙͊͒ͪ͗͊ͣ͘͟Σ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ ͍͙͔ͯͫͦͣ͡ ͒͡Ύ 

ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͍͔͔ͫͦͪͣͤͤ·ͻ ͼ͙ͺ͍ͪͦ·ͻ ͔͍͙͍ͫͪͫͦΦ 

ˤ͊͗ͤ·ͣ ͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡ Ύ͍͡Ύ͔ͭͫΎ ͍͙͙͔ͪ͊ͭ͘ ͦ͋͊͡;ͤ·ͻ ͙ ͔͔͖ͪ͊ͫͨͪ͒ͤͤ͡·ͻ ͍·;͙͔͙͚ͫͤ͡Φ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͦ͋͊͡;ͤ·ͻ ͨ͊ͭ͡ͺͦͪͣ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘Έ ͊ͭͪ͊ͭ͘· ͤ͊ ˮ́-͙ͤͺͪ͊ͫͭͪͯͭͯͪͯ͟Σ 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

36 

͍ͨͦ·͙ͫͭΈ ͣ͊ͫ΄͙͔ͭ͊͋ͪͯͣͦͫͭΈ ͙ ͒ͦͫͭͯͨͤͦͫͭΈ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔͍ͪͫͯͪͫͦΦ ˤ ͫͦ;͔͙͙ͭ͊ͤ ͫ 

͙ͤͺ͙ͦͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·͙ͣ ͔ͭͻ͎͙ͤͦͦ͡Ύ͙ͣ ͦ͋͊͡;ͤ·͔ ͔͍͙ͫͪͫ· ͺ͙ͦͪͣͪͯΌͭ ͍ͦͫͤͦͯ ͒͡Ύ ͼ͙ͺ͍ͪͦ·ͻ 

Ή͙͔ͦͫͫͭͣ͟Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˮͤͺ͙ͦͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ Ύ͍͡ΎΌͭͫΎ ͟͡Ό;͔͍·ͣ Ή͔͔ͣͤͭͦͣ͡ ͍͔͔͚ͫͦͪͣͤͤͦ ͼ͙ͺ͍͚ͪͦͦ 

͔ͫͪ͒· ͙ ͍͔͚͊͗ͤ΄͙ͣ ͺ͊ͭͦͪͦͣ͟ ͍͙͙ͪ͊ͭ͘Ύ Ή͙͙ͦͤͦͣ͟͟ ͙ ͦ͋΅͔͍ͫͭ͊Φ ˮͻ Ή͍ͦ͡Όͼ͙Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͔ͭͣͨ· 

ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙͙Σ ͍͔ͯͪͦͤΈ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͙͍͙͊ͭͤͦͫͭ͟ ͙ ͔ͦͤͯͪͤͭͦͫͨͦͫͦ͋ͤͦͫͭ͟͟Έ ͎͍ͦͫͯ͒͊ͪͫͭ ͙ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͚Φ 
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мΦ ˮͤͺͦͪͣ͊ͼ͙ͦͤͤ·͔ ͙ ͙ͤͺ͙ͦͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ ͼ͙ͺ͍͚ͪͦͦ Ή͙͔ͦͤͦͣ͟͟Φ ς ˸ΦΥ ˹͊ͯ;͔ͤͦ 
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̂˨˴ ллпΦломΦпн 

˾͎͍ͦͦ ˢ͔ͫ͊ͤ͒ͪ͟͡ ̑ͪΈ͔͍͙; 

˨ͦͼ͔ͤͭ 

˿͊ͤͭ͟-˽͔͔͎͙͚ͭͪ͋ͯͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔ͭͻ͎͙ͤͦͦ͡;͔͙͚ͫ͟ 

͙͙ͤͫͭͭͯͭ ό͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭύΣ 

͎Φ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΣ ˾̅ 

˴͍ͦͫͦ͊ͨͦ͡ ˥͙͎͙͚ͪͦͪ ˢ͔͔͍͙ͤ͒ͪ; 

˿͔ͭͯ͒ͤͭ п-ͯͪͫ͊͟ 

˿͊ͤͭ͟-˽͔͔͎͙͚ͭͪ͋ͯͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔ͭͻ͎͙ͤͦͦ͡;͔͙͚ͫ͟ 

͙͙ͤͫͭͭͯͭ ό͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭύΣ 

͎Φ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΣ ˾̅ 

 

ˢ˶˥˻˾ˮ́˸ ˾˩˯˴ˢ˿́ˮ˹˥ˢ ˨˶̒ ˤ̍ˣ˻˾ˢ о5Ȥ˻ ˣ̌˩˴́˻ˤ,  

˽˻˿́˾˻˩˹˹̍̆ ˮ  ˭˿ ̅˩˾ ˮ  ̇ ˮ˶ˮ˹˨˾˻ˤ, ˹  s˿ ̇˩˹˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 
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RAY CASTING ALGORITHM FOR PICKING OF 3D-OBJECTS BUILT FROM  

SPHERES AND CYLINDERS ON A SCENE 

 

Annotation 

The article discusses about an implementation of the picking mechanism applied for three-dimensional 

object using ray-casting for interactive three-dimensional applications. Applications use the algorithm of back 

projections of cursor coordinates into world space using matrix transformations and searching of ray 

intersections with basic three-dimensional primitives same as spheres and cylinders. 

Keywords: 

ray-casting, three-dimensional geometry, object picking,  

back projection, ray intersection. 

 

ˤ ͙ͪ͊͘͡;ͤ·ͻ ͙͔͙͍ͤͭͪ͊ͭͤ͟·ͻ ͖ͭͪͻ͔ͣͪͤ·ͻ ͙͔͙ͨͪͦ͗ͤ͡ΎͻΣ ͦͭ ͙͔ͫͫͭͣ ͍͙͙͍͎͊ͭͦͣ͊ͭͪͦ͊ͤͤͦͦ͘ 

͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ ό˿ˢ˽˾ύ ͒ͦ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͙͎ͪΣ ͔͔ͭͪ͋ͯͭͫΎ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍·͋ͦͪ͊ ͖ͭͪͻ͔ͣͪͤ·ͻ ͦ͋Ά͔͍ͭͦ͟ 

ͤ͊ ͫͼ͔͔ͤΦ ͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ͊Ύ ͔ͨͪͦ͋ͣ͊͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͨͦ͡Έ͍͔ͦ͊ͭ͘͡Ύ ͫͦ ͫͼ͔͚ͤͦ ͍ ͖ͭͪͻ͔ͣͪͤͦͣ 

͍͔ͨͪͦͫͭͪ͊ͤͫͭ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͔͍͔͍͙͙ͤͫͦͦͭͭͫͭ ͍ͨͪͦͫͭͪ͊ͤͫͭΥ ͨͦ͡Έ͍͔ͦ͊ͭ͘͡Έ ͍ͯͨͪ͊͡Ύ͔ͭ ͍͔͒ͯͣͪͤ·ͣ 

͚͍ͯͫͭͪͦͫͭͦͣ ͍͍ͦ͒͊ όͣ·΄ΈΌύ ͤ͊ ͨͦͫͦͣ͟͡ Ή͔ͪ͊ͤ͟Σ ͍ ͭͦ ͍͔ͪͣΎ ͊͟͟ ͦ͋Ά͔ͭ͟· ͫͯ΅͔͍ͫͭͯΌͭ ͍ ͖ͭͪͻ͔ͣͪͤͦͣ 

͍͔ͨͪͦͫͭͪ͊ͤͫͭ ώмϐΦ ˴ͦͣͨΈΌ͔ͭͪͯ ͔ͤͦ;͔͍͙͒ͤͦΣ ͯ͊͘͟·͍͔͊ͭ ͙͡ ͯͪͫͦͪ͟ ͤ͊ ͙͚͋͗͊͡΄͙͚ ͦ͋Ά͔ͭ͟Σ ͤ͊ ͭͦͭΣ ;ͭͦ ͊͘ 

͙ͤͣΣ ͙͙͡ ͍ ͨͯͫͭͦͭͯ ͤ͊ ͔͔͋ͫͦͤ͟;ͤͦͣ ͔͙͙ͯ͒͊ͤ͡Φ ˭͊͒͊;͊ ͔͎ͦͪͪͭͤͦͦ͟͟ ͍͔͙ͫͦͨͦͫͭ͊ͤ͡Ύ н5-͙ͦͦͪ͒ͤ͊ͭ͟ 

ͯͪͫͦͪ͊͟ ͫ о5-͎͔͔͙͔͚ͦͣͭͪ ͫͼ͔ͤ· Ύ͍͡Ύ͔ͭͫΎ ͔͙͍͙ͤͭͪ͊͡Έ͚ͤͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͔͚ͨͪͦ͋ͣͦ͡Σ ͔ͪ΄͔͙͔ͤ 

͚ͦͭͦͪͦ͟ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͡Ό͚͋ͦ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͔͙͍͚ͤͭͪ͊ͭͤͦ͟ ͎ͪ͊ͺ͙͙͟Φ ˹͙͔͔͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͣ ͙ 

Ήͺͺ͔͙͍ͭͤ͟·ͣ ͔ͣͭͦ͒ͦͣ ͔ͪ΄͔͙ͤΎ ͚͒͊ͤͤͦ ͔ͨͪͦ͋ͣ͡· Ύ͍͡Ύ͔ͭͫΎ ͔͚͙͎ͪ͊ͫͭͤ͟ όray casting). 

˿ͯͭΈ ͨͦ͒ͻͦ͒͊ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͭͦͣΣ ;ͭͦ͋· ͔͍ͨͪͦ͋ͪ͊ͦ͊ͭ͘Έ ͍͔͒ͯͣͪͤ·͔ ͙ͦͦͪ͒ͤ͊ͭ͟· ͯͪͫͦͪ͊͟ ͤ͊ 

Ή͔ͪ͊ͤ͟ ͍ ͖ͭͪͻ͔ͣͪͤ·͚ ͯ͡;Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͚ ͦͭ ͔͊ͣͪ͟· ͍͎ͯ͋͡Έ ͫͼ͔ͤ· ώнϐΦ ˭͔͊ͭͣ Ήͭͦͭ ͯ͡; ͍͔͙ͨͪͦͪͭΈ ͤ͊ 

͔͔͔ͨͪͫ;͔͙͔ͤ ͫ ͎͔͔͙ͦͣͭͪ;͔͙͙ͫͣ͟ ͦ͋Ά͔͙ͭ͊ͣ͟Φ ˻͋Ά͔ͭ͟Σ ͫ ͦͭͦͪ͟·ͣ ͯ͡; ͔͔͔͔ͨͪͫ͊ͭͫ͟Ύ ͔͍ͨͪ·ͣΣ ͫ;͙͔ͭ͊ͭͫΎ 

͍·͋ͪ͊ͤͤ·ͣΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͨͦ͡Έ͍͔ͦ͊ͭ͘͡Ό ͍͙ͨͪͦͦ͒ͭΈ ͒͊͡Έ͔͚ͤ΄͙͔ ͙ͣ͊ͤͨͯ͡Ύͼ͙͙ ͫ ͙ͤͣΣ ͙͔ͭ͊͟ ͊͟͟ 

͔͔͔ͨͪͣ΅͔͙͔ͤΣ ͍ͪ͊΅͔͙͔ͤΣ ͍·͍ͦ͘ ͔͎ͦͤͭͫͭͤͦͦ͟͟ ͔ͣͤΌΦ 

ˢ͎͙ͦͪͭͣ͡ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍͔͒ͯͣͪͤ·ͻ ͙ͦͦͪ͒ͤ͊ͭ͟ ͯͪͫͦͪ͊͟ ͍ ͖ͭͪͻ͔ͣͪͤ·͚ ͯ͡;Σ ͤ͊͘·͍͔͊ͣ·͚ 

ͦ͋ͪ͊ͭͤ·ͣ ͔ͨͪͦͼ͙͍͙͔ͪͦ͊ͤͣ ώоϐΣ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͤ͊ ͙͔ͪͫͯͤ͟ мΦ ˻ͤ ͔͙͔ͪ͊ͯͭ͘͡ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ 

͙ͣ͊ͭͪ;ͤ·ͻ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘Σ ͔͔͍ͨͪͦ͒Ύ΅͙ͻ ͭͦ;ͯ͟ ͫ ͎ͨͦͫͦͦ͟͡ Ήͪ͊ͤ͊͟ ͍ ͍͔ͭͦͪ͟ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍ ͎ͦ͋͊͡͡Έͤͦͣ 

͍͔ͨͪͦͫͭͪ͊ͤͫͭ ͫͼ͔ͤ·Φ ˹͊ ͔͍ͨͪͦͣ ΄͎͔͊ ͎͙͊ͦͪͭͣ͡ ͙͍͙ͨͪͦͦ͒ͭ͘ ͙ͯͤͺ͙͊͟ͼ͙Ό ͍ͻͦ͒ͤ·ͻ ͒͊ͤͤ·ͻ ͖ͨͯͭͣ 

͔͔͍ͨͪͦ͒͊ ͙͔ͨͫ͟͡Έͤ·ͻ ͙ͦͦͪ͒ͤ͊ͭ͟ Ήͪ͊ͤ͊͟ ͍ ͙͍ͤͦͪͣ͊ͦ͊ͤͤ͘͡·͔ ͙ͦͦͪ͒ͤ͊ͭ͟· ͚͍ͯͫͭͪͦͫͭ͊ όb5/ύ ώпϐΦ 

˽ͦͫͦ͟͡Έͯ͟ ͔ͪ͊ͪ͘΄͔͙͔ͤ Ή͍ͪ͊ͤͦ͟ ͍͊ͪΈ͙͔ͪͯͭͫΎ ͤ͊ ͪ͊ͤ͘·ͻ ͚͍ͯͫͭͪͦͫͭ͊ͻΣ ͊͋ͫͦ͡Όͭͤ·͔ ͤ͊͘;͔͙ͤΎ ͍ ͙͔ͨͫ͟͡Ύͻ 

͙͍ͨͪͦ͒ΎͭͫΎ ͟ ͙͒͊ͨ͊ͦͤͯ͘ ͦͭ όςмύ ͒ͦ όҌмύΣ ͎͔͒ ͼ͔ͤͭͪ Ήͪ͊ͤ͊͟ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͙ͦͦͪ͒ͤ͊ͭ͊ͣ͟ όлΣлύΦ ̏ͭͦ 

͍ͨͦͦ͘͡Ύ͔ͭ ͎͙͊ͦͪͭͣͯ͡ ͺͯͤ͟ͼ͙͙͍ͦͤͪͦ͊ͭΈ ͔ͦͪͪͭͤͦ͟͟ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͔ͪ͊ͣͪ͊͘ Ήͪ͊ͤ͊͟Φ ˽ͦͯ͡;͔ͤͤ·͔ 

͙ͦͦͪ͒ͤ͊ͭ͟· ͺ͙ͦͪͣͪͯΌͭ ;͔ͭ·͖ͪͻ͔ͣͪͤ·͚ ͍͔ͭͦͪ͟ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ͔ͦͭͫ;͔͙ͤΎ όClip SpaceύΣ ͦͭͦͪ͟·͚ ͔͊ͭͣ͘ 

͔ͯͣͤͦ͗͊ͭͫΎ ͤ͊ ͦ͋ͪ͊ͭͤͯΌ ͙ͣ͊ͭͪͼͯ ͔ͨͪͦ͟ͼ͙͙Φ ̏ͭ͊ ͔ͦͨͪ͊ͼ͙Ύ ͙͍͔͙͔ͤͪͭͪͯͭ ͔͔͙͍ͨͪͫͨͭͤ͟·͔ ͙͔͙ͫ͊͗ͤ͟ΎΣ 

͍͍͙͍ͦͫͫͭ͊ͤ͊͊͡Ύ ͎͍ͯͦ͡·͔ ͫͦͦͭͤͦ΄͔͙ͤΎ ͯ͡;͊ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͍͙ͪͭͯ͊͡Έ͚ͤͦ ͔͊ͣͪ͟·Σ ͔͔͍ͨͪͦ͒Ύ ͒͊ͤͤ·͔ ͍ ͭ͊͟ 

ͤ͊͘·͍͔͔͊ͣͦ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͎͊͊͘͡ ό9ȅŜ {ǇŀŎŜύΦ 

˻͔ͫͦ͋ͤͤͦͫͭΈΌ ͔ͫ͒ͯ͡Ό΅͔͎ͦ ΄͎͊͊ Ύ͍͡Ύ͔ͭͫΎ ͪ͊͋ͦͭ͊ ͫ ͦ͒ͤͦͪͦ͒ͤ·͙ͣ ͙͙ͦͦͪ͒ͤ͊ͭ͊ͣ͟Σ ͎͔͒ ;͔͍͔ͭͪͭ͊Ύ 

͔ͦͣͨͦͤͤͭ͟ ͍͔ͭͦͪ͊͟ ͙͙͔ͨͪͤͯ͒ͭ͡Έͤͦ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭͫ͡Ύ ͍ ͤͦ͡ΈΦ ˤ ͙͔͔ͫͫͭͣ ͦ͒ͤͦͪͦ͒ͤ·ͻ ͙ͦͦͪ͒ͤ͊ͭ͟ Ήͭͦ 

͔͚͍͙͔͒ͫͭ ͙͔͔͙͔ͤͭͪͨͪͭͪͯͭ ͔ͪͯ͘͡Έͭ͊ͭ ͊͟͟ ͍͔ͭͦͪ͟ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΣ ͊ ͔ͤ ͊͟͟ ͭͦ;ͯ͟ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΣ ;ͭͦ 

͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ͔͎ͦͪͪͭͤͦͦ͟͟ ͔͙ͨͦͫͭͪͦͤΎ ͯ͡;͊ ώрϐΦ ˨͔͔͊͡Σ ͒͡Ύ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ ͦ͋Ά͔͙ͭ͊ͣ͟ 

ͫͼ͔ͤ·Σ ͯ͡; ͔͔͍͙ͨͪͦ͒ͭͫΎ ͙͘ ͦ͊͟͡͡Έ͚ͤͦ ͙͔ͫͫͭͣ· ͙ͦͦͪ͒ͤ͊ͭ͟ ͔͊ͣͪ͟· ͍ ͎ͦ͋͊͡͡ΈͤͯΌΣ ͙͙͡ ͙͍ͣͪͦͯΌ ͙͔ͫͫͭͣͯ 

͙ͦͦͪ͒ͤ͊ͭ͟ ό²ƻǊƭŘ {ǇŀŎŜύΦ ̏ͭͦ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͔͙͔ͯͣͤͦ͗ͤͣ ͍͔ͭͦͪ͊͟ ͤ͊ ͦ͋ͪ͊ͭͤͯΌ ͙ͣ͊ͭͪͼͯ ͖ͭͪͻ͔͎ͣͪͤͦͦ 

͍͙͒͊Σ ͦͭͦͪ͊͟Ύ ͔͙͔ͦͣͨͤͫͪͯͭ͟ ͔ͭͯ͟΅͔͔ ͔͙͔ͨͦͦ͗ͤ͡ ͙ ͍ͨͦͦͪͦͭ ͔͊ͣͪ͟·Φ ˭͍͔͊ͪ΄͔͊ͭͫΎ ͎͙͊ͦͪͭͣ͡ 

͙ͤͦͪͣ͊͊͘͡ͼ͙͔͚ ς ͙͍͔͔͙͔ͨͪ͒ͤͣ ͙͒ͤ͡· ͍͔ͭͦͪ͊͟ ͟ ͔͙͙͒ͤͼ͔Σ ;ͭͦ ͔͒͊ͭ ͙ͯͤͺ͙ͼ͙͍͔ͪͦ͊ͤͤͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ 
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͒͡Ύ ͔ͨͦͫ͒ͯ͡Ό΅͙ͻ ͪ͊ͫ;͖͍ͭͦ ͔͔͔ͨͪͫ;͔͙͚ͤ ͫ ͎͙͙͒ͪͯͣ ͖ͭͪͻ͔ͣͪͤ·͙ͣ ͦ͋Ά͔͙ͭ͊ͣ͟ ͫͼ͔ͤ·Φ 

 
˾͙ͫͯͤͦ͟ м ς s ͎͙ͦͪͭͣ͡ ͎ͦ͋ͪ͊ͭͤͦͦ ͔ͨͪͦͼ͙͍͙ͪͦ͊ͤΎ όͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͯ͡;͊ύ 

 

ˢ͎͙ͦͪͭͣ͡ ͔͔͔ͨͪͫ;͔͙ͤΎ ͯ͡;͊ ͫͦ ͫͺ͔͚ͪͦ ώсϐ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͤ͊ ͙͔ͪͫͯͤ͟ нΦ ˻ͤ ͤ͊;͙͔ͤ͊ͭͫΎ ͫ ͍͔͙ͨͪͦͪ͟ 

͍͙͎͊ͣͤͦͦ͘ ͔͙ͪ͊ͫͨͦͦ͗ͤ͡Ύ ͔͊ͣͪ͟· ͙ ͖ͭͪͻ͔͎ͣͪͤͦͦ ͦ͋Ά͔ͭ͊͟ ͤ͊ ͫͼ͔͔ͤΦ ˩͙ͫ͡ ͤ͊;͊ͦ͡ ͯ͡;͊ ͤ͊ͻ͙ͦ͒ͭͫΎ ͍͙ͤͯͭͪ 

ͫͺ͔ͪ·Σ ͙ͨͦͫ͟ ͔͔͔ͨͪͫ;͔͙ͤΎ ͔ͨͪͪ͊͟΅͔͊ͭͫΎΦ ˤ ͙͍ͨͪͦͭͤͦͣ ͫͯ͡;͔͊ ͍·;͙ͫ͡Ύ͔ͭͫΎ ͍͔ͭͦͪ͟ ͦͭ ͤ͊;͊͊͡ ͯ͡;͊ ͒ͦ 

ͼ͔ͤͭͪ͊ ͫͺ͔ͪ· ͙ ͔͎ͦ ͔ͨͪͦ͟ͼ͙Ύ ͤ͊ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͯ͡;͊Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͚͙ͤ͊ͭ ͙͚͋͗͊͡΄ͯΌ ͟ ͼ͔ͤͭͪͯ ͫͺ͔ͪ· 

ͭͦ;ͯ͟ ͤ͊ ͨͪΎ͚ͣͦΣ ͨͦ ͚ͦͭͦͪͦ͟ ͙͖͒ͭ ͯ͡;Φ ˩͙ͫ͡ Ήͭ͊ ͔ͨͪͦ͟ͼ͙Ύ ͦ͊͘͟·͍͔͊ͭͫΎ ͙ͦͭͪͼ͔͊ͭ͡Έ͚ͤͦΣ ͎ͭͦ͒͊ ͫͺ͔ͪ͊ 

ͤ͊ͻ͙ͦ͒ͭͫΎ ͙ͨͦ͊͒͘ ͔͊ͣͪ͟·Σ ͙ ͍͔ͨͪͦͪ͊͟ ͍͔͊ͪ͘΄͔͊ͭͫΎΦ ˨͔͔͊͡ ͎͙͊ͦͪͭͣ͡ ͤ͊ͻ͙ͦ͒ͭ ͍͊͒ͪ͊ͭ͟ 

͔͔͙ͨͪͨͤ͒ͯ͟͡Ύ͎ͪͤͦͦ ͪ͊ͫͫͭͦΎ͙ͤΎ ͦͭ ͼ͔ͤͭͪ͊ ͫͺ͔ͪ· ͒ͦ ͯ͡;͊Φ ˩͙ͫ͡ Ήͭͦ ͤ͊͘;͔͙͔ͤ ͔͍ͨͪ·΄͔͊ͭ ͍͊͒ͪ͊ͭ͟ 
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ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ· ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ;͔͔ͪ͘ ͍͔ͭͦͪͤ͟·͔ ͙͍͔͔͙ͨͪͦ͒ͤ͘Ύ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͯ͡;͊ ͙ ͙ͦͫ ͼ͙͙ͤ͒ͪ͊͡Φ ˩͙ͫ͡ 

͙͙͙͒ͫͪͣͤ͊ͤͭ͟ ͍͔͙ͯͪ͊ͤͤΎ ͔͙ͤͦͭͪͼ͔͔͊ͭͤ͡Σ ͭͦ ͨͦͯ͡;͔ͤͤ·͔ ͙ͦͪͤ͟ ͍͔ͨͪͦͪΎΌͭͫΎ ͤ͊ ͙͔ͨͪͤ͊͒͗ͤͦͫͭ͡Έ ͟ 

͎͙ͦͪ͊ͤ;͔ͤͤͦͣͯ ͔ͦͭͪͯ͘͟ ͍·ͫͦͭ· ͔ͣ͗͒ͯ ͍͙ͦͫͤͦ͊ͤΎ͙ͣ ͼ͙͙ͤ͒ͪ͊͡Φ ˤ ͍͔͊ͪ͘΄͔͙͔ͤ ͙͘ ͍͔ͫͻ ͔ͤ͊ͦͨͤͤ͟͡·ͻ 
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͎͔͔͙ͦͣͭͪ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒Σ ͎ͭͦ͒͊ ͊͟͟ ͒͡Ύ ͼ͙͙ͤ͒ͪ͊͡ Ήͺͺ͔͙͍ͭͤ͟·ͣ ͨͦ͊͊͘͟͡ ͔ͫ͋Ύ ͙͙͊ͤ͊ͭ͡;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒Φ 

˽͙͙͙͍ͪͣͭ· ͙ͭͨ͊ ͫͺ͔ͪ͊ ͙ ͼ͙͙ͤ͒ͪ͡ ͙͎ͪ͊Όͭ ͍͚͒ͦͤͯΌ ͪͦ͡ΈΥ ͙ͦͤ ͍·ͫͭͯͨ͊Όͭ ͙ ͊͟͟ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤ·͔ 

Ή͔͔ͣͤͭ͡· ͫͼ͔ͤ·Σ ͙ ͊͟͟ ͍ͦͫͤͦ͊ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͎͙ͦͪ͊ͤ;͙͍͊Ό΅͙ͻ ͔͚ͦ͋͊ͫͭ͡ όBounding Areasύ ͙ͨͪ ͔ͪ͊͋ͦͭ ͫͦ 

͔͔͋ͦ͡ ͫͦ͗ͤ͡·͙ͣ ͔ͣͦ͒͡Ύ͙ͣ ώуϐΦ ˻͙͙ͨͭͣ͊͘ͼ͙Ύ Ή͙ͭͻ ͍͋͊ͦ͘·ͻ ͍·;͙͔͙͚ͫͤ͡ ͤ͊ͨͪΎͣͯΌ ͍͙͡Ύ͔ͭ ͤ͊ ͊͟;͔͍ͫͭͦ 

͙͔ͤͭͪͺ͔͚ͫ͊ ͙ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ͤ͊ ͫͼ͔͔ͤΦ 
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Rogov Alexander Yuryevich, 

Litovchenko Alina Sergeevna 

Saint-Petersburg State Institute of Technology,  

Saint-Petersburg, Russia 

 

IMPLEMENTATION OF A TRAFFIC SIGN RECOGNITION ALGORITHM USING 

 THE CANNY DETECTOR AND CONVOLUTIONAL NEURAL NETWORKS 

 

Annotation 

The paper discusses the development of a traffic sign recognition system based on computer vision 

and machine learning methods. An implementation of an algorithm combining the Canny edge detector for 

localization and a Convolutional Neural Network (CNN) for object classification is presented. A recognition 

accuracy of 95% was achieved on the GTSRB test dataset. An analysis of errors occurring during the 

processing of real high-resolution images was conducted. The use of more complex architectures (YOLO) and 

improved data preprocessing methods is proposed to enhance the system. 

Keywords 

traffic sign recognition, computer vision, GTSRB, CNN, convolutional  

neural network, Canny detector, TensorFlow, deep learning. 
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˴ͪͯͨͤ·͔ ͍͙͊ͭͦͣͦ͋͡Έͤ·͔ ͙͙ͦͣͨ͊ͤ͟Σ ͙͔ͭ͊͟ ͊͟͟ aŜǊŎŜŘŜǎΣ hǇŜƭΣ ±ƻƭǾƻΣ ¢ŜǎƭŀΣ ͙ͪ͊ͪ͊͋ͦͭ͊͘͡ 

͍͔ͫͦ͋ͫͭͤͤ·͔ ͙͔ͫͫͭͣ· ͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ ͍ͤ͊ͦ͘͟ ͎͒ͦͪͦ͗ͤͦͦ ͍͙͔͙͒͗ͤΎ ό{ǇŜŜŘ [ƛƳƛǘ !ǎǎƛǎǘΣ hǇŜƭ 9ȅŜΣ wƻŀŘ 

{ƛƎƴ LƴŦƻǊƳŀǘƛƻƴ ͙ ¢Ŝǎƭŀ !ǳǘƻǇƛƭƻǘ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦύΦ ˴͊͗͒͊Ύ ͙͘ Ή͙ͭͻ ͙͔ͫͫͭͣ ͔ͪ͊ͫͨͦͤ͊ͭ͘ ͒ͦͪͦ͗ͤ·͔ ͙ͤ͊͘͟ 

ͫ ͒ͦͫͭ͊ͭͦ;ͤͦ ͍·͚ͫͦͦ͟Σ ͤͦ ͔ͤ млл҈ ͭͦ;ͤͦͫͭΈΌ ͙ ͍ͫͨͪ͊͡Ύ͔ͭͫΎ ͫ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤͣ͘ ͔ͤ ͭͦ͡Έͦ͟ ͍ͤ͊ͦ͘͟Σ 

͔͎͙ͪͯͪͯ͡Ό΅͙ͻ ͚ͫͦͪͦͫͭͤͦ͟ ͔͙ͪ͗ͣ ͍͙͔͙͒͗ͤΎΣ ͤͦ ͙ ͨͪͦ;͙ͻ ͔͊ͨͪ͘΅͊Ό΅͙ͻ ͍ͤ͊ͦ͘͟ ό͔ͪͦͣ͟ {ǇŜŜŘ [ƛƳƛǘ 

!ǎǎƛǎǘŀƴǘύΦ ̆ͦͭΎ ͙͔ͫͫͭͣ· ͨͦͣͦ΅͙ ͍͙͔ͦ͒ͭ͡Ό ͙͒ͦ͊͊͘͟͡ ͍ͫͦΌ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΣ ͙ͻ ͭͦ;ͤͦͫͭΈ ͔ͨ͊͒͊ͭ ͍ 

ͫͦ͗ͤ͡·ͻ ͍͙ͯͫͦ͡ΎͻΣ ;ͭͦ ͎͙ͦͪ͊ͤ;͙͍͔͊ͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙ͻ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘ΎΦ  

ˮͫͻͦ͒Ύ ͙͘ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͔ͪ΄͔͙ͤΎ Ή͚ͭͦ ͔ͨͪͦ͋ͣ͡·Σ ͼ͔͡ΈΌ ͚͒͊ͤͤͦ ͪ͊͋ͦͭ· ͋·͊͡ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͙ 

͎ͨͪͦͪ͊ͣͣͤ͊Ύ ͔͙ͪ͊͊͘͡ͼ͙Ύ ͎͙͊ͦͪͭͣ͊͡ ͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ ͒ͦͪͦ͗ͤ·ͻ ͍ͤ͊ͦ͘͟Σ ;ͭͦ ͔͍ͨͦ͒ͪ͊ͯͣ͊ͦ͘͡ ͔ͪ΄͔͙͔ͤ 

͊͒͊͘; ͨͦ ͍·͋ͦͪͯ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͔ͣͭͦ͒͊ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͦ͋Ά͔͍ͭͦ͟ ͤ͊ ͙͔͙͙ͦ͋ͪ͊͗ͤ͘ ͙ ͙ͻ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙Φ 

˶͙ͦ͊͊͘͟͡ͼ͙Ύ ͍ ͦͣͨ͟ΈΌ͔ͭͪͤͦͣ ͔͙͙ͪͤ͘ ς Ήͭͦ ͨͪͦͼ͔ͫͫ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͔͔͙ͣͫͭͦͨͦͦ͗ͤ͡Ύ ͦ͋Ά͔͍ͭͦ͟ ͤ͊ 

͙͔͙ͦ͋ͪ͊͗ͤ͘ΎͻΦ ̏ͭ͊ ͊͒͊͘;͊ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͔ͤ ͭͦ͡Έͦ͟ ͙ͨͦͫ͟ ͦ͋Ά͔͍ͭͦ͟Σ ͤͦ ͙ ͙͔ͯ͊͊ͤ͘͟ ͙ͻ ͭͦ;ͤ·ͻ 
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͙ͦͦͪ͒ͤ͊ͭ͟ ͍ ͍͙͔͒ ͎͙ͦͪ͊ͤ;͙͍͊Ό΅͙ͻ ͪ͊ͣͦ͟ ώмϐΦ ˭͙ͤ͊͟ ͎͒ͦͪͦ͗ͤͦͦ ͍͙͔͙͒͗ͤΎ ͙͔ͣΌͭ ͎ͣͤͦͦ 

͙ͦͭ͡;͙͔ͭ͡Έͤ·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· ͍·͔͒͡ΎͭΈͫΎ ͙͘ ͦͪͯ͗͊͟Ό΅͔͚ ͔͙ͣͫͭͤͦͫͭ ͙ ͋·ͭΈ 

͔͊ͣͭͤ͘·͙ͣ ͒͡Ύ ͍͙͔͔͚ͦ͒ͭ͡Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͨͦ Ή͙ͭͣ ͔ͦͫͦ͋ͤͤͦͫͭΎͣ ͣͦ͗ͤͦ ͙͍ͦ͊ͦ͊ͭ͘͟͡͡Έ ͤ͊͘͟ ͤ͊ 

͙͔͙͙ͦ͋ͪ͊͗ͤ͘Φ ˿ͯ΅͔͍ͫͭͯΌͭ ͎͙͊ͦͪͭͣ͡·Σ ͪ͊ͫͨͦͤ͊͘Ό΅͙͔ ͤ͊͘͟ ͨͦ ͼ͍͔ͭͯ όͪ͊ͫͤ͊͟ΎΣ ͙ͫͤΎΎΣ ͔͗ͭ͊͡ΎύΣ ͊ ͔ͭ͊͗͟ 

ͨͦ ͺ͔ͦͪͣ ό͎ͪͯ͊͟͡ΎΣ ͍͊͒ͪ͊ͭͤ͊͟ΎύΦ 

˴ ͔͙ͫͦ͗͊ͤ͡ΌΣ ͍ͦ ͍͔ͪͣΎ ͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ ͤ͊͊͘͟ ͤ͊ ͙͔͙͙ͦ͋ͪ͊͗ͤ͘ ͎ͣͦͯͭ ͍͔͙ͫͭͪͭͭΈͫΎ ͔ͤͦͭͦͪ͟·͔ 

͙ͫͦ͗ͤͦͫͭ͡Φ ͔̂ͫͨ΄͚ͤͦ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͎ͣͦͯͭ ͔ͨͦͣ΄͊ͭΈΥ 

¶ ͤ ͙͔ͦ͘͟ ͔ͪ͊ͪ͘΄͔͙͔ͤ ͙ͫͻ͎ͦ͒ͤͦͦ ͙͔͙ͦ͋ͪ͊͗ͤ͘ΎΤ 

¶ ͘ ͤ͊͟Σ ;͙͊ͫͭ;ͤͦ ͊ͪ͘͟·ͭ·͚ ͎͙͙͒ͪͯͣ ͔͔͙ͨͪ͒ͣͭ͊ͣΤ 

¶ ͤ ͔ͯ͒͊;ͤ·͚ ͪ͊ͯͪͫ͟Σ ͙ͨͪ ͦͭͦͪͦͣ͟ ͤ͊͘͟ ͫͤΎͭ ͨͦ͒ ͎ͯͦͣ͡Σ ͙ͫ͊͗͊͟Ό΅͙͚ ͔͎ͦ ͺͦͪͣͯ ͤ͊ ͙͔͙͙ͦ͋ͪ͊͗ͤ͘Τ 

¶ ͙ ͔͙ͫ͊͗ͤ͟Ύ ͼ͍͔ͭ͊ ͤ͊͊͘͟ ͙͘-͊͘ ͍·ͼ͍͔͙ͭ͊ͤΎ ͙͙͡ ͍͔ͦͫ΅͔͙ͤΎΦ 

ˮͫͻͦ͒Ύ ͙͘ Ή͎ͭͦͦΣ ͙ͫͭͦͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͙͔ͭ͊͟ ͎͙͊ͦͪͭͣ͡·Σ ͦͭͦͪ͟·͔ ͍ͫͦ͒Ύͭ ͟ ͙͙ͣͤͣͯͣͯ ͍͙͡Ύ͙͔ͤ 

ͨͦ͒ͦ͋ͤ·ͻ ͔ͨͦͣͻ ͤ͊ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘Φ 

˨͎͚ͪͯͦ ͍͔͚͊͗ͤ΄͔͚ ͊͒͊͘;͔͚ ͍ ͙ͦ͋͊ͫͭ͡ ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ ͔͙ͪͤ͘Ύ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ 

͙͔͙͚ͦ͋ͪ͊͗ͤ͘Φ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͍ ͦͣͨ͟ΈΌ͔ͭͪͤͦͣ ͔͙͙ͪͤ͘ ς Ήͭͦ ͙͍͔͙͔ͨͪͫͦͤ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ό 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͔͙ͣͭ͟ ͙͘ ͺ͙͙͍͎ͫͪͦ͊ͤͤͦͦ͟ ͤ͊͋ͦͪ͊ ͍͊ͫͫͦ͟͡ ͤ͊ ͍͔ͦͫͤͦ ͙͊ͤ͊͊͘͡ ͔͎ͦ ͟͡Ό;͔͍·ͻ 

ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ [2]. 

˽͔ͪ͒ͦ͋ͪ͊͋ͦͭ͊͟ ͒͊ͤͤ·ͻ ς Ήͭͦ Ήͭ͊ͨ ͍ ͨͪͦͼ͔͔ͫͫ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘Σ ͦͭͦͪ͟·͚ ͍͟͡Ό;͔͊ͭ 

͙ͪ͊͘͡;ͤ·͔ ͙ͣ͊ͤͨͯ͡Ύͼ͙͙ ͫ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ͙ͣ ͔͔ͨͪ͒ ͙ͻ ͔͔ͨͪ͒͊;͔͚ ͍ ͔ͣͦ͒͡Έ ͒͡Ύ ͦ͋ͯ;͔͙ͤΎΦ ˻ͤ͊ 

͔ͤͦ͋ͻ͙ͦ͒ͣ͊ ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͒͊ͤͤ·ͻ ͙ ͍ͨͦ·΄͔͙ͤΎ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙Φ ˹͙͔͔͊͋ͦ͡ ΄͙ͪͦͦ͟ ͙ͫͨͦ͡Έ͔ͯͣ͘·͔ ͔ͣͭͦ͒· ͔͙ͨͪ͒ͦ͋ͪ͊͋ͦͭ͟Υ ͙͍͔͔͙͔ͨͪ͒ͤ ͟ ͔͙͒ͤͦͣͯ 

͔ͪ͊ͣͪͯ͘Σ ͙ͤͦͪͣ͊͊͘͡ͼ͙ΎΣ ͎͔͊ͯͣͤͭ͊ͼ͙Ύ ͒͊ͤͤ·ͻΣ ͍͔͙͔ͨͦ͒͊ͤ͡ ΄͍ͯͣͦ ͙ ͼ͔͙͍͙͔ͤͭͪͪͦ͊ͤΦ  

ˮ͍͔͘͡;͔͙͔ͤ ͙͍ͨͪͤ͊ͦ͘͟ ς Ήͭͦ Ήͭ͊ͨΣ ͍͟͡Ό;͊Ό΅͙͚ ͍ ͔ͫ͋Ύ ͔͍͙͔ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ͙ͫͻͦ͒ͤ·ͻ ͒͊ͤͤ·ͻ ͍ 

͔ͤͦͭͦͪ͟·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͒͡Ύ ͔ͨͦͫ͒ͯ͡Ό΅͔͎ͦ ͙͊ͤ͊͊͘͡ ͒͊ͤͤ·ͻΦ 

˨͊ͤͤ·͚ Ήͭ͊ͨ ͎͔ͨͦͣͦ͊ͭ ͍·͔͙͒ͭ͡Έ ͭͦ͡Έͦ͟ ͔ͭ ͙͙ͨͪͤ͊͘͟Σ ͦͭͦͪ͟·͔ Ύ͍͡ΎΌͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ͨͦ͒ͻͦ͒Ύ΅͙͙ͣ ͒͡Ύ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙Φ ˤ ͊͟;͔͍͔ͫͭ ͙͍ͨͪͤ͊ͦ͘͟ ͎ͣͦͯͭ ͍·ͫͭͯͨ͊ͭΈ ͎͙ͪ͊ͤͼ·Σ ͦͤͭͯͪ͟·Σ ͔ͭͫͭͯͪ͟·Σ ͺͦͪͣ· ͙͙͡ ͼ͍͔ͭ͊Φ  

ˤ·͋ͦͪ ͦ͋ͯ;͊Ό΅͙ͻ ͦ͋ͪ͊͘ͼ͍ͦ ς Ήͭͦ Ήͭ͊ͨΣ ͍͙͡ΎΌ΅͙͚ ͤ͊ ͊͟;͔͍ͫͭͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙Φ ˻͋ͯ;͊Ό΅͙͔ 

ͦ͋ͪ͊͘ͼ· ͒ͦ͗ͤ͡· ͔͍ͨͪ͒ͫͭ͊͡ΎͭΈ ͍͔ͫ ͍·͔͒͡Ύ͔ͣ·͔ ͊ͫͫ͟͡·Σ ͊ ͔ͭ͊͗͟ ͋·ͭΈ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͙ͣΣ ͙͔ͤ͊ͨͪͣͪΣ 

͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͒ͦ͗ͤ͡· ͙͔ͣͭΈ ͪ͊ͤ͘·͔ ͎ͯ͡· ͦ͋ͦͪ͊͘ ͙͙͡ ͍͔ͦͫ΅͔͙͔ͤΦ ˴͙ͦ͡;͔͍ͫͭͦ ͦ͋ͪ͊͘ͼ͍ͦ ͒͡Ύ ͦ͋ͯ;͔͙ͤΎ 

͔͙ͣͦ͒͡ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͒ͦͫͭ͊ͭͦ;ͤͦ ͋ͦ͡Έ΄͙ͣΣ ͭΦ͟Φ ͙ͫ͡΄ͦͣ͟ ͔ͣ͊ͦ͡ ͙ͦ͟͡;͔͍ͫͭͦ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͭͦͣͯΣ ;ͭͦ 

͔ͣͦ͒͡Έ ͔͋ͯ͒ͭ ͔ͤ͒ͦͦ͋ͯ;͔ͤ͊ ͙͙͡ ͔͔ͨͪͦ͋ͯ;͔ͤ͊Φ  

˽͙͔͔͙͔ͪͣͤͤ ͎͙͍͊ͦͪͭͣͦ͡ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ς Ήͭͦ Ήͭ͊ͨ ͦ͋ͯ;͔͙ͤΎ ͍·͎͋ͪ͊ͤͤͦͦ ͎͙͊ͦͪͭͣ͊͡Σ ͦͼ͔ͤ͊͟ 

ͭͦ;͙ͤͦͫͭΣ ͍͙͊͒͊͡ͼ͙Ύ ͙ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͎͙͊ͦͪͭͣ͊͡ ͒͡Ύ ͔͙ͪ͊ͣͭ͘͟ ͍ͤͦ·ͻ ͒͊ͤͤ·ͻΦ 

ˣ·ͦ͡ ͙ͨͪͤΎͭͦ ͔ͪ΄͔͙͔ͤ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͔͔͒ͭͭͦͪ͟ ͎͙ͪ͊ͤͼ ˴Ή͙ͤͤ ͒͡Ύ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͤ͊͊͘͟ ͤ͊ 

͙͔͙͙ͦ͋ͪ͊͗ͤ͘Σ ͭΦ͟Φ ͦͤ ͔͔ͤͫͦ͗ͤ͡ ͍ ͔͙ͪ͊͊͘͡ͼ͙͙Σ ͤͦ ͙ͨͪ Ήͭͦͣ ͒ͦͫͭ͊ͭͦ;ͤͦ ͔ͤͨͦ͡ͻͦ ͍ͫͨͪ͊͡Ύ͔ͭͫΎ ͫ 

͔͔͔͙͔ͦͨͪ͒ͤͣ͡ ͍ͦͤͭͯͪͦ͟Φ ˨͡Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͙ͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ ͍͔ͫͪͭͦ;ͤ·͔ ͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭΦ 

˨͡Ύ ͔͙ͪ͊͊͘͡ͼ͙͙ ͊͒͊͘;͙ ͋·͡ ͍·͋ͪ͊ͤ Ύ͘·͟ ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎ Python ώоϐΦ ˤ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͦͤ 

͍͔ͫΈͣ͊ ͨͦͨͯ͡Ύ͔ͪͤ ͍ ͙ͦ͋͊ͫͭ͡ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͙ ͙͔͔ͣͭ ͔͍ͣͤͦ͗ͫͭͦ ͙͙͔͋͋ͦͭ͟͡Σ ͯ͒ͦ͋ͤ·ͻ ͒͡Ύ 

ͤ͊ͯ;ͤ·ͻ ͍·;͙͔͙͚ͫͤ͡ ͙ ͙͊ͤ͊͊͘͡ ͒͊ͤͤ·ͻΣ ͙͔ͤ͊ͨͪͣͪΣ NumPy ͙͙͡ MatplotlibΦ ˤ ͔͔ͨͪͦͭ͟ ͋·͙͡ 

͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͔ͫ͒ͯ͡Ό΅͙͔ ͙͙͔͙͋͋ͦͭ͟͡Υ TensorFlow, Keras, OpenCV, Scikit-learn, NumPy, Matplotlib ͙  os. 

˨͡Ύ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͍ͤ͊ͦ͘͟ ͎͒ͦͪͦ͗ͤͦͦ ͍͙͔͙͒͗ͤΎ ͍͔ͣͫͭͦ ͙͙͔͋͋ͦͭ͡;͎ͤͦͦ ͔͔͒ͭͭͦͪ͊͟ ͎͙ͪ͊ͤͼ ˴Ή͙ͤͤ 

͋·͊͡ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͊͘ ͍͔ͫͦ͋ͫͭͤͤ͊Ύ ͔͙ͪ͊͊͘͡ͼ͙Ύ ͫ ͨͦͣͦ΅ΈΌ ͙͙͔͋͋ͦͭ͟͡ cvн ͙ NumPy. 

˨͡Ύ ͔ͪ΄͔͙ͤΎ ͊͒͊͘;͙ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͙ͫͨͦ͡Έ͍ͦ͊͊ͫ͘͡Έ ͍͔ͫͪͭͦ;ͤ͊Ύ ͔͚ͤͪͦͤͤ͊Ύ ͔ͫͭΈΣ ͔͙͍ͪ͊ͦ͊ͤͤ͊͘͡Ύ 

ͫ ͨͦͣͦ΅ΈΌ ͙͙͔͙͋͋ͦͭ͟͡ TensorFlowΦ ˹͊ ͍ͻͦ͒ ͔͙ͣͦ͒͡ ͔ͨͦ͒͊ͭͫΎ ͙͍ͣ͊ͫͫ ͔͍͙͔ͨͪ͒͊ͪͭ͡Έͤͦ ͦ͋ͪ͊͋ͦͭ͊ͤͤ·ͻ 

͙ͣ͊ͭͪͼ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ ͔ͪ͊ͣͪͤͦͫͭ͘ΈΌ ол ͤ͊ ол ͤ͊ оΦ ˨͡Ύ ͎͊͗͒ͦͦ͟ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͔ͣͦ͒͡Έ ͍͍ͦͪ͊͘΅͔͊ͭ 
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͙͍ͣ͊ͫͫ ͍͔ͪͦΎ͔͚ͭͤͦͫͭ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ ͟ ͔͔͔ͦͨͪ͒ͤͤͦͣͯ͡ ͊ͫͫͯ͟͡Σ ͦͭͦͪ͟·͚ ͔͙ͫͦ͒ͪ͗ͭ по ͤ͊͘;͔͙ͤΎΣ ;ͭͦ 

͍ͪ͊ͤΎ͔ͭͫΎ ;͙ͫͯ͡ ͙ͯͤ͊͟͡Έͤ·ͻ ͍͊ͫͫͦ͟͡ ͍ ͔ͤ͊͋ͦͪ ͒͊ͤͤ·ͻΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͔ͫͪͭͦ;͚ͤͦ ͔͚͚ͤͪͦͤͤͦ ͔͙ͫͭ 

͙ͫ͡Έͤͦ ͯͨͪͦ΅͔͊ͭ ͔ͨͪ͒ͦ͋ͪ͊͋ͦͭͯ͟ ͒͊ͤͤ·ͻΣ ͦͭͦͪ͊͟Ύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙ͤͦͪͣ͊͊͘͡ͼ͙͙ ͙ͣ͊ͭͪͼ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ 

͙ ͙͍͔͔͙͙ͨͪ͒ͤ ͙ͻ ͟ ͚ͤͯ͗ͤͦ ͔͙ͪ͊ͣͪͤͦͫͭ͘Φ ˨͡Ύ ͎͙͊ͪͯ͘͘͟ ͙ ͙͔͔͙ͣͤͤ͘Ύ ͔͙ͪ͊ͣͪͤͦͫͭ͘ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ 

͙ͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ ͍͔ͫͭͪͦͤͤ·͔ ͔ͣͭͦ͒· ͙͙͔͙͋͋ͦͭ͟͡ OpenCVΣ ͒͡Ύ ͙ͤͦͪͣ͊͊͘͡ͼ͙͙ ͙ͣ͊ͭͪͼ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ 

͙ͫͨͦ͡Έ͍ͦ͊ͫ͘͡Ύ NumPy. 

˨͡Ύ ͦ͋ͯ;͔͙ͤΎ ͔͙ͣͦ͒͡ ͋·͡ ͍·͋ͪ͊ͤ ͤ͊͋ͦͪ ͒͊ͤͤ·ͻ D¢{w. όDŜǊƳŀƴ ¢ǊŀŦŦƛŎ {ƛƎƴ wŜŎƻƎƴƛǘƛƻƴ 

.ŜƴŎƘƳŀǊƪύ ώпϐΣ ͔ͫͦ͒ͪ͗͊΅͙͚ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ по ͍͙͍͒ͦ ͒ͦͪͦ͗ͤ·ͻ ͍ͤ͊ͦ͘͟ ˥͔͙͙ͪͣ͊ͤ όͦ͋ͪ͊͘ͼ· ͔ͤͦͭͦͪ͟·ͻ 

͔͊ͨͪ͘΅͊Ό΅͙ͻΣ ͔͔ͨͪ͒ͯͨͪ͗͒͊Ό΅͙ͻ ͙ ͔͙ͨͪ͒ͨͫ·͍͊Ό΅͙ͻ ͍ͤ͊ͦ͘͟Σ ͊ ͔ͭ͊͗͟ ͍ͤ͊ͦ͘͟ ͙͙͔ͨͪͦͪͭͭ͊ύΦ ˭͙ͤ͊͟ 

͎͒ͦͪͦ͗ͤͦͦ ͍͙͔͙͒͗ͤΎ ͍ ˥͔͙͙ͪͣ͊ͤ ͍ͦ ͎ͣͤͦͦͣ ͍ͫͦͨ͊͒͊Όͭ ͫͦ ͙ͤ͊͊ͣ͘͟ ͍ ˾͙͙ͦͫͫ ώрϐΦ 

˻͋ͯ;͔͙͔ͤ ͦͫͯ΅͔͍ͫͭ͡Ύͦͫ͡Έ ͫ ͨͦͣͦ΅ΈΌ ͍͔ͫͭͪͦͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ¢ŜƴǎƻǊCƭƻǿ ͙ ͍͙ͨͪͦͦ͒ͦͫ͡Έ ͍ ͍͒͊ 

Ήͭ͊ͨ͊Φ ˤ ͊͟;͔͍͔ͫͭ ͺͯͤ͟ͼ͙͙ ͔ͨͦͭͪΈ ͙ͫͨͦ͡Έ͍ͦ͊͊ͫ͘͡Έ ͔͔ͪ͊ͪ͗ͤͤ͊͘Ύ ͔͎͙͊ͭͦͪ͊͟͡Έͤ͊Ύ ͔͔͔ͨͪͪͫͭͤ͊͟Ύ 

Ή͙ͤͭͪͦͨΎΦ ˾͔ͯ͘͡Έͭ͊ͭ ͪ͊͋ͦͭ· ͦ͋ͯ;͔͚ͤͤͦ ͔͙ͣͦ͒͡ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͤ͊ ͙ͪͫͯͤ͊͟ͻ м ͙ нΦ 

 
˾͙ͫͯͤͦ͟ м ς ˾ ͔ͯ͘͡Έͭ͊ͭ ͪ͊͋ͦͭ· ͎͙͊ͦͪͭͣ͊͡ ͒͡Ύ ͤ͊͊͘͟ ζ˥͍͊ͤ͊͡Ύ ͎͒ͦͪͦ͊η 

 

 
˾͙ͫͯͤͦ͟ н ς ˾ ͔ͯ͘͡Έͭ͊ͭ ͪ͊͋ͦͭ· ͎͙͊ͦͪͭͣ͊͡ ͒͡Ύ ͤ͊͊͘͟ ζ˻͎͙ͪ͊ͤ;͔͙͔ͤ ͙ͣ͊ͫͣ͊͟͡Έ͚ͤͦ ͙ͫͦͪͦͫͭ͟ όрл ͣ͟κ;ύη 

 

˹͔ͫͣͦͭͪΎ ͤ͊ ͍·ͫͦͯ͟Ό ͭͦ;ͤͦͫͭΈ όͦͦͦ͟͡ фр҈ύ ͤ͊ ͔͍ͭͫͭͦͦͣ ͔ͤ͊͋ͦͪ ͒͊ͤͤ·ͻΣ ͔ͣͦ͒͡Έ ͍͔ͫͪͭͦ;͚ͤͦ 

͔͚͚ͤͪͦͤͤͦ ͔͙ͫͭ ͨͦ͊͘͟·͍͔͊ͭ ͙͔͙͔ͫͤ͗ͤ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͤ͊ ͔ͪ͊͡Έͤ·ͻ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύͻ ͒ͦͪͦ͗ͤ·ͻ ͍ͤ͊ͦ͘͟Σ 

;ͭͦ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͙ͪ͊͘͡;͙Ύ͙ͣ ͍ ͔ͪ͊ͪ͘΄͔͙͙ͤ ͙ ͙ͨͦ͘ͼ͙͙͍͙͙ͦͤͪͦ͊ͤ ͦ͋Ά͔͍ͭͦ͟Σ ͊ ͔ͭ͊͗͟ ͍ͦͣͦ͗ͤ͘·ͣ 

͔͔ͨͪͦ͋ͯ;͔͙͔ͤͣΦ ˻͍ͫͤͦͤ͊Ύ ͔ͨͪͦ͋ͣ͊͡ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͭͦͣΣ ;ͭͦ ͙ͨͪ ͙͙ͫ͗͊ͭ ͺ͎ͦͭͦͪ͊ͺ͙͚ ͍·͎ͫͦͦͦ͟ 
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͔ͪ͊ͪ͘΄͔͙ͤΎ ͒ͦ ͺͦͪͣ͊ͭ͊ олȄол ͙͔͔͚ͨͫ͟͡ ͤ͊͘͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͔͙ͤͪ͊͘͡;͙ͣ·ͣΦ ˨͡Ύ ͯͯ͡;΄͔͙ͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 

͙͔ͨ͊ͤͪͯͭͫ͡Ύ ͙͋ͦ͡ ͦ͋ͯ;͊ͭΈ ͔ͣͦ͒͡Έ ͤ͊ ͔ͪ͊͡Έͤ·ͻ ͒͊ͤͤ·ͻΣ ͙͋ͦ͡ ͔͍͙͔ͨͪ͒͊ͪͭ͡Έͤͦ ͍·͔ͪ͊ͭ͘Έ ͙ 

ͣ͊ͫ΄͙͍ͭ͊͋ͪͦ͊ͭΈ ͦ͋͊ͫͭ͡Έ ͫͦ ͤ͊ͦͣ͘͟Φ ˨͙͔ͦͨͦͤͭ͡͡Έͤͦ ͊͟;͔͍ͫͭͦ ͪ͊͋ͦͭ· ͎͙͊ͦͪͭͣ͊͡ ͔ͫͭͪ͊͒͊ͭ ͙͘-͊͘ 

͔͚ͫͦ͗ͤͦͫͭ͡ ͫ ͙͍͔ͯͤͪͫ͊͡Έ͚ͤͦ ͚͚ͤ͊ͫͭͪͦͦ͟ ͺ͙͡Έ͍ͭͪͦ ͒͡Ύ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͦ͋Ά͔͍ͭͦ͟ ͍ ͍͙ͯͫͦ͡Ύͻ ΄ͯͣ͊Σ ;ͭͦ 

ͣͦ͗ͤͦ ͔ͪ΄͙ͭΈ ͍͔͔͙͔ͤ͒ͪͤͣ ͔͔͋ͦ͡ ͍͔ͫͦͪ΄͔ͤͤ·ͻ ͊ͪͻ͙͔ͭͭͯͪ͟Σ ͙ͭ͊͟ͻ ͊͟͟ ¸h[h ώсϐΣ ͍ͨͦͦ͘͡ΎΌ΅͙ͻ 

Ήͺͺ͔͙͍ͭͤͦ͟ ͙͍ͦ͋ͤ͊ͪͯ͗͊ͭΈ ͙ ͙͊ͫͫ͟͡ͺ͙ͼ͙͍ͪͦ͊ͭΈ ͙ͤ͊͘͟ ͔͒͊͗ ͍ ͍͙͔͔͒ͦͨͦͭͦ͟ ͙ ͙ͨͪ ͙ͪ͊͘͡;ͤ·ͻ ͎ͨͦͦ͒ͤ·ͻ 

͍͙ͯͫͦ͡ΎͻΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. England J. R., Cheng P. M. Artificial intelligence for medical image analysis: a guide for authors and 

reviewers //American journal of roentgenology. ς 2019. ς ́ . 212. ς ЅΦ оΦ- ˿ . 513-519. 

2. Sen P. C., Hajra M., Ghosh M. Supervised classification algorithms in machine learning: A survey and 

review //Emerging Technology in Modelling and Graphics: Proceedings of IEM Graph 2018. ς Springer 

Singapore, 2020.- ˿ . 99-111. 

3. ˶Ό͍͙͋͊ͤͦ; ˣΦ ˽͚ͪͦͫͭͦ tȅǘƘƻƴΦ ˿͍͔͔ͦͪͣͤͤ·͚ ͙ͫͭ͡Έ ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎΦ н-͔ ͙͒͘Φ κ ˣ͙͡͡ 

˶Ό͍͙͋͊ͤͦ;Τ ͔ͨͪΦ ͫ ͎͊ͤ͡Φ ˩Φ ˭͊ͤͦ͋͊͘Φ ς ˿ ˽͋ΦΥ ˽͙͔ͭͪΣ нлнпΦ- рфн ͫΦ 

4. German Traffic Sign Benchmarks [͔̏ͭͪͦͤͤ͟͡·͚ ͪ ͔ͫͯͪͫ]. URL: https://benchmark.ini.rub.de/ gtsrb_ 

ŘŀǘŀǎŜǘΦƘǘƳƭ ό͒͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎΥ млΦмнΦнлнрύΦ 

5. ˿͔͍ͭͦͪͦ͗Σ ˿Φ ˢΦ ͙̂ͤͺ͙͊͟ͼ͙Ύ ͒ͦͪͦ͗ͤ·ͻ ͍ͤ͊ͦ͘͟Σ ͙͔ͨͪͣͤΎ͔ͣ·ͻ ͍ ͫͭͪ͊ͤ͊ͻ-ͯ;͙͊ͫͭͤͼ͊ͻ ˴͍͔ͦͤͤͼ͙͙ ͦ 

͒ͦͪͦ͗ͤ·ͻ ͤ͊͊͘͟ͻ ͙ ͙͎ͫͤ͊͊͡ͻ мфсу ͎ͦ͒͊ κ ˿Φ ˢΦ ˿͔͍ͭͦͪͦ͗Σ ˤΦ ̑Φ ˶͎͙͍ͦͤͦΣ ˨Φ ˢΦ ˥͍ͦͪ͋ͯͤͦ κκ ˣ͔ͦͨ͊ͫͤͦͫͭ͘Έ 

͎͒ͦͪͦ͗ͤͦͦ ͍͙͔͙͒͗ͤΎΦ ς 2020. ς Ѕ мфΦ - ˿ Φ мфф-207. 

6. ͙͙̅͡;͙ͤ͟Σ ˿Φ ˢΦ ˿͍͔͙͔ͪ͊ͤͤ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͎͙͍͊ͦͪͭͣͦ͡ ¸h[hǾр ͙ ¸h[hǾу ͒͡Ύ ͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͔͍ͫͪ͒ͫͭ 

͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͊͘΅͙ͭ· ;͔͍͔ͦ͊͟͡ κ ˿Φ ˢΦ ͙͙̅͡;͙ͤ͟Σ ˿Φ ˤΦ ˤ͎͙ͦͦ͒ͤ͡ κκ ˮ͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͔ ͙͔ͫͫͭͣ· ͍ 

͙͍͍͔ͨͪͦͦ͒ͫͭ͘Φ ς 2023. ς ́ Φ нмΣ Ѕ оΦ- ˿ Φ мнпς131. 

ϭ ˾͎͍ͦͦ ˢΦ̑ΦΣ ˶͙͍ͭͦ;͔ͤͦ͟ ˢΦ˿ΦΣ нлнр 

 

 

 

 

̂˨ ˴327                   

˿͍͊ͨ͊ͪͦ͊ ˨͗Φ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ 

ˣ͚͊ͫ͊ͻ͔͍ͭͦ͊ ˥Φ 

˿͔ͭͯ͒ͤͭ͊͟ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭ ͺ͙͍ͤ͊ͤͫͦ  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

̇ˮ̅˾˻ˤˢ̒ ́˾ˢ˹˿̅˻˾˸ˢ̇ˮ̒ ˣˢ˹˴˻ˤ˿˴˻˥˻ ˿˩˴́˻˾ˢ ˮ ˤ˶ˮ̒˹ˮ˩ ̅ˮ˹ˢ˹˿˻ˤ̍̆ ́˩̆˹˻˶˻˥ˮ˯  

˹ˢ ̂˿́˻˯̉ˮˤ˻˿́̎ ˹ˢ̇ˮ˻˹ˢ˶̎˹˻˯ ̏˴˻˹˻˸ˮ˴ˮ  

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˨͊ͤͤ͊Ύ ͪ͊͋ͦͭ͊ ͍ͨͦͫΎ΅͔ͤ͊ ͙͊ͤ͊ͯ͘͡ ͨͪͦͼ͔͍ͫͫͦ ͎͚ͯ͋ͦͦ͟͡ ͙͔͎ͤͭͪ͊ͼ͙͙ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ 

͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͙ͭͪ͊͒ͼ͙ͦͤͤͯΌ ͍͋͊ͤͦͫͯ͟͟Ό ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͙ ͦͼ͔͔ͤ͟ ͙ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡ ͒͡Ύ 

ͣ͊ͪͦ͟Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙ͫͭ͊͋͡Έ͙ͤͦͫͭΦ ˤ ͔͔ͭͫͭ͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔͔ͨͪͻͦ͒ ͦͭ ͙͊ͫͫ͟͡;͔͙ͫ͟ͻ ͔͔͚ͣͦ͒͡ 

͙͍͙ͦ͋ͫͯ͗͊ͤ͡Ύ ͟ Ή͙͔ͦͫͫͭͣ͊ͣ͟Σ ͍ͦͫͤͦ͊ͤͤ·ͣ ͤ͊ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻΣ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ 

͙͔͔ͤͭͭ͊͟͡͡ ͙ ͦ͋͊͡;ͤ·ͻ ͍·;͙͔͙͚ͫͤ͡Φ ˢ͍ͭͦͪ ͙͔͔ͫͫ͒ͯͭ͡Σ ͙͊ͣ͟͟ ͦ͋ͪ͊ͦͣ͘ ͍͙͙͔ͪ͊ͭ͘ ͺ͙͍ͤ͊ͤͫͦ·ͻ 
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͔ͭͻ͎͙͚ͤͦͦ͡ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍ͨͦ·΄͔͙ͤΌ ͙͒ͦͫͭͯͨͤͦͫͭ ͍͙͋͊ͤͦͫ͟͟ͻ ͎ͯͫͯ͡Σ ͙͔͙ͫͤ͗ͤΌ ͔ͦͨͪ͊ͼ͙ͦͤͤ·ͻ 

͙͔͔͒ͪ͗͘͟ ͙ ͔͙ͯͫͦͪͤ͟Ό ͦ͋ͦͪ͊;͙͍͔͙͊ͣͦͫͭ ͙͊ͨͭ͊͊͟͡ ͍ ͣ͊ͫ΄ͭ͊͋͊ͻ ͍͔͚ͫ ͫͭͪ͊ͤ·Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ 

͔ͯ͒͡Ύ͔ͭͫΎ ͙ͪͫ͊ͣ͟ ͙͔͔͙͋ͪ͋ͦͨ͊ͫͤͦͫͭ͘͟ ͙ ͍ͤͦ·ͣ ͍·͍ͦ͊ͣ͘ ͒͡Ύ ͔͎ͪͯ͡Ύ͍ͭͦͪͦΣ ͍͙ͦͤ͊͘͟Ό΅͙ͣ ͍ ͍͙ͯͫͦ͡Ύͻ 

͎ͦ͋͊͡͡Έ͚ͤͦ ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙͙ ͺ͙͍ͤ͊ͤͫͦ·ͻ ͪ·͍ͤͦ͟Φ ͔͔͙́ͦͪͭ;͔ͫ͊͟Ύ ͤ͊͘;͙ͣͦͫͭΈ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͊͘͟͡Ό;͔͊ͭͫΎ 

͍ ͍͙͙ͦ͋ͦͫͤͦ͊ͤ ͨͪΎ͚ͣͦ ͔ͦͪͪ͟͡Ύͼ͙͙ ͔ͣ͗͒ͯ ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͔ͪͦͫͭ͘͡ΈΌ ͍͎͋͊ͤͦͫͦͦ͟͟ ͔ͫͭͦͪ͊͟ ͙ 

ͫͨͦͫͦ͋ͤͦͫͭΈΌ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ Ή͙͙ͦͤͦͣ͟͟ ͙͍ͨͪͦͭͦͫͭͦΎͭΈ ͍͔ͤ΄͙ͤͣ ΄ͦ͊ͣ͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

Ή͙ͦͤͦͣ͊͟͟Σ ͍͔͋͊ͤͦͫͦ͟͟ ͔͒ͦ͡Σ ͙͍ͤͤͦ͊ͼ͙͙Σ ͼ͙ͺ͍ͪͦ͊Ύ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙ΎΣ ͺ͙͍ͤ͊ͤͫͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ 

ͣ͊ͪͦ͟Ή͙ͦͤͦͣ͟;͔ͫ͊͟Ύ ͚ͯͫͭͦ;͙͍ͦͫͭΈΣ ͍͋͊ͤͦͫ͊͟͟Ύ ͙͔ͫͫͭͣ͊Σ ͙͔͙͙͋ͪͪͫ͟͟Σ ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙ΎΦ 

 

͙̇ͺ͍ͪͦ͊Ύ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ͍͎͋͊ͤͦͫͦͦ͟͟ ͔ͫͭͦͪ͊͟ ͫͭ͊͊͡ ͣͦ΅ͤ·ͣ ͙͊ͭ͊͊ͭͦͪͦͣ͘͟͡ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ 

͙͔͔͙͚ͣͤͤ͘Σ ͔͔ͨͪͦͫͣ·͙͍ͫ͊͡Ό΅͙ͣ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͍͔͙ͯͨͪ͊ͤ͡Ό ͙͊ͨͭ͊ͦͣ͟͡Φ ˿͍͔͔ͦͪͣͤͤ·͔ 

͙͋͊ͤ͟ ͔͍ͨͪͪ͊΅͊ΌͭͫΎ ͙͘ ͨͪͦͫͭ·ͻ ͔͙͍ͨͦͫͪ͒ͤͦ͟ ͍ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·͔ ͨ͊ͭ͡ͺͦͪͣ·Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ 

͎͍͔͔ͣͤͦͤͤͦ ͍͔͔͙͔ͨͪͦ͒ͤ ͭͪ͊ͤ͊͘͟ͼ͙͚ ͍ ͔͙͔ͪ͗ͣ ͔ͪ͊͡Έ͎ͤͦͦ ͍͔͔͙ͪͣͤΦ ˤ͔͔͙͔ͤ͒ͪͤ ͙͍ͤͤͦ͊ͼ͙͚ ͍ͨͦͦ͘͡Ύ͔ͭ 

ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͫͦͪ͊ͭͭ͟Έ ͙͒ͫͭ͊ͤͼ͙Ό ͔ͣ͗͒ͯ ͺ͙͍ͤ͊ͤͫͦ·͙ͣ ͙͙͙ͤͫͭͭͯͭ͊ͣ ͙ ͔ͦͤ͟;ͤ·͙ͣ ͔͙͔ͨͦͭͪ͋ͭ͡Ύ͙ͣΣ 

͍ͨͦ·΄͊Ύ ͦ͋΅ͯΌ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͪ·ͤͦ;ͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Φ ͚̂ͫͭͦ;͙͍ͦͫͭΈ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ Ή͙͙ͦͤͦͣ͟͟ 

͔͔ͭͨͪΈ ͤ͊ͨͪΎͣͯΌ ͍͙͙͊ͫͭ͘ ͦͭ ͎ͭͦͦΣ ͤ͊ͫͦ͟͡Έͦ͟ ͎͙͋ͦ͟ ͍͋͊ͤͦͫ͊͟͟Ύ ͙͔ͫͫͭͣ͊ ͙͔͊͒͊ͨͭͪͯͭͫΎ ͟ ͍·͍ͦ͊ͣ͘ 

ͼ͙ͺ͍͚ͪͦͦ Ήͨͦͻ͙Φ ͔́ͻ͎͙ͤͦͦ͡;͔͙͚ͫ͟ ͎͔ͨͪͦͪͫͫ ͔ͫͦ͒͊ͭ͘ ͋͊ͯ͘ ͒͡Ύ ͎͒ͦͦͫͪͦ͡;͎ͤͦͦ ͪͦͫͭ͊ ;͔͔ͪ͘ ͙͙ͦͨͭͣ͊͘ͼ͙Ό 

͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͺ͙͍ͤ͊ͤͫͦ·ͻ ͔͍ͪͫͯͪͫͦΦ 

˻͙͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͺ͍͊ͭͦͪͦ͟ ͍͙͡Ύ͙ͤΎ ͺ͙͍ͤ͊ͤͫͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͙ͪ͊͒͊͟͡Έ͔ͤͦ ͙͔͙͔ͫͤ͗ͤ 

͔ͦͨͪ͊ͼ͙ͦͤͤ·ͻ ͙͔͔͒ͪ͗͘͟ ͺ͙͍ͤ͊ͤͫͦ·ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͚Φ ˢ͍͙ͭͦͣ͊ͭ͊͘ͼ͙Ύ ͙ͪͯͭͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͫ ͨͦͣͦ΅ΈΌ 

͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͋͊ͤ͊ͣ͟ ͔͔͔͔ͨͪͪ͊ͫͨͪ͒͡ΎͭΈ ͋Ό͔͒͗ͭ· ͍ ͨͦ͡Έͯ͘ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͍ͤͦ·ͻ 

͍ͨͪͦ͒ͯͭͦ͟Φ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͔͙ͯͫͤ͡Ό ͔ͦͤͯͪͤ͟͟ͼ͙͙ ͤ͊ ͪ·͔ͤ͟Σ ;ͭͦ ͍ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦ ͍·͎ͦ͒ͤͦ ͒͡Ύ 

͙͔͋ͤͫ͊͘ ͙ ͪΎ͍͒ͦ·ͻ ͎ͪ͊͗͒͊ͤ ͎͋͊ͦ͒͊ͪ͡Ύ ͙͔͙ͫͤ͗ͤΌ ͙͙ͫͭͦͣͦͫͭ ͔͊ͣͤ͘·ͻ ͔͍ͫͪ͒ͫͭΦ ˿Ή͔ͦͤͦͣͤͤ͟͡·͔ 

͔ͪͫͯͪͫ· ͍ͤ͊ͨͪ͊͡ΎΌͭͫΎ ͤ͊ ͣ͊ͫ΄͙͍͙͔ͭ͊͋ͪͦ͊ͤ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͔͍ͨͪͦͭͦ͟Σ ͙͙ͫͭͣͯͪͯ͡Ύ ͙͍ͤͤͦ͊ͼ͙ͦͤͤͯΌ 

͙͍͊ͭͤͦͫͭ͟Έ ͍ ͔ͫͣ͗ͤ·ͻ ͦͭͪ͊ͫ͡ΎͻΦ ͙̏ͦͤͦͣ͊͟͟ ͨͦͯ͡;͔͊ͭ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͚ ͙ͣͨͯ͡Έͫ ͊͘ ͫ;͔ͭ ͔͙ͯͫͦͪͤ͟Ύ ͍͔ͫͻ 

ͺ͙͍ͤ͊ͤͫͦ·ͻ ͼ͙͍ͦ͟͡Φ 

˾͍͙͙͔͊ͭ͘ ͺ͙͍ͤ͊ͤͫͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͪͦͫͭͯ ͺ͙͍͚ͤ͊ͤͫͦͦ ͙ͤ͟͡Ό͙͍͙ͤͦͫͭ͘Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ 

͒ͦͫͭͯͨ ͟ ͎ͯͫͯ͊ͣ͡ ͔͒͊͗ ͍ ͔ͯ͒͊ͤͤ͡·ͻ ͔͎͙ͪͦͤ͊ͻ ͫͭͪ͊ͤ·Φ ˨͙ͫͭ͊ͤͼ͙͔ͦͤͤͦ ͍͔͋͊ͤͦͫͦ͟͟ ͙͍͙͔ͦ͋ͫͯ͗͊ͤ͡ ;͔͔ͪ͘ 

͙ͣͦ͋͡Έͤ·͔ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͙͍͔͙͔ͤͪͯͭ͡ ͎͔͎ͦͪ͊ͺ͙;͔͙͔ͫ͟ ͋͊ͪΈ͔ͪ· ͙ ͙͔ͫͤ͗͊ͭ ͔ͨͦͭͪ͋ͤͦͫͭΈ ͍ ͔͙͙ͫͦ͒ͪ͗͊ͤ 

͎͒ͦͪͦͦͫͭͦΎ΅͔͚ ͔͙ͫͭ ͺ͙͙͘;͔͙ͫ͟ͻ ͔͔͙͚ͦͭ͒ͤ͡Φ ˽͍ͦ·΄͔͙͔ͤ ͙͒ͦͫͭͯͨͤͦͫͭ ͔͙͍ͪ͒ͭͦ͟ ͙ ͔ͨ͊ͭ͗ͤ͡·ͻ 

͙͔͍ͤͫͭͪͯͣͤͭͦ ͒͡Ύ ͎ͣ͊ͦͦ͡ ͙͔͋ͤͫ͊͘ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͪͦͫͭͯ ͔͙͙͔ͨͪ͒ͨͪͤͣ͊ͭ͡Έ͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟ ͙ ͙ͫͦ͒͊ͤ͘Ό 

͍ͤͦ·ͻ ͪ͊͋ͦ;͙ͻ ͔ͣͫͭΦ ˴͎ͦ͒͊ ͤ͊͘;͙͔ͭ͡Έͤ͊Ύ ;͊ͫͭΈ ͔͔͙ͤ͊ͫͤ͡Ύ ͍͍͔ͦ͡;͔ͤ͊ ͍ ͦͺ͙ͼ͙͊͡Έͤ·͚ ͺ͙͍ͤ͊ͤͫͦ·͚ 

ͦ͋ͦͪͦͭΣ ͨͪͦͪ͊͘;ͤͦͫͭΈ Ή͙͙ͦͤͦͣ͟͟ ͫͯ΅͔͍͔ͫͭͤͤͦ ͍͔ͦͪ͊ͫͭ͊ͭ͘Φ ̏ͭͦ ͔ͫͦ͒͊ͭ͘ ͎͙͋͊ͦͨͪ͡ΎͭͤͯΌ ͔ͫͪ͒ͯ ͒͡Ύ 

͙͍͔ͨͪ͡;͔͙ͤΎ ͍͔͙ͤͯͭͪͤͤͻ ͙ ͍͔ͤ΄͙ͤͻ ͙͍͔͙ͤͫͭͼ͙͚Φ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͭͻ͎͙͚ͤͦͦ͡ ͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻ ό.ƛƎ 5ŀǘŀύ ͍ͨͦͦ͘͡Ύ͔ͭ ͋͊ͤ͊ͣ͟ ͔͔͋ͦ͡ ͭͦ;ͤͦ ͦͼ͔͙͍ͤ͊ͭΈ 

͙͙ͪͫ͟ ͙ ͔͙ͪ͒ͭͦͫͨͦͫͦ͋ͤͦͫͭ͟Έ ͔͊ͣ͘΅͙͍ͦ͟Φ ͙́ͪ͊͒ͼ͙ͦͤͤ·͔ ͙͎͍ͫͦͪͤͦ͟·͔ ͔͙ͣͦ͒͡ ͒ͦͨͦͤ͡ΎΌͭͫΎ ͙͊ͤ͊ͦͣ͘͡ 

͍͔͔͙ͨͦ͒ͤΎ ͙͔͍ͤͭͦ͟͡Σ ;ͭͦ ͙͔ͫͤ͗͊ͭ ͍͔ͪͦΎͭͤͦͫͭΈ ͔͙ͤ͊ͦͨͤ͟͡Ύ ζͨͦ͡ͻ͙ͻη ͎͍͒ͦͦ͡ ͍ ͍͚͋͊ͤͦͫͦ͟͟ ͙͔͔ͫͫͭͣΦ 

ˣ͔͔ͦ͡ ͊͟;͔͍͔͔ͫͭͤͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͙͙ͪͫ͊ͣ͟ ͤ͊ ͙͍͔ͣͪͦͯͪͦͤ͟ ͤ͊ͨͪΎͣͯΌ ͙͔ͭͪ͊ͤͫͪͯͭͫ͡Ύ ͍ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ 

͍͔͚ͫ ͺ͙͍͚ͤ͊ͤͫͦͦ ͙͔ͫͫͭͣ· ͎͍ͦͫͯ͒͊ͪͫͭ͊Φ ˸͙͙͙ͤͣ͊͘ͼ͙Ύ ͙͔ͫͫͭͣͤ·ͻ ͔͍ͫ͋ͦ ͙ ͔͍ͤͦͨͪ͊͒͊ͤͤ·ͻ ͔ͨͦͭͪΈ 

͔ͯͪͨ͟͡Ύ͔ͭ ͍͔͙͔͒ͦͪ ͙͍͔͍ͤͫͭͦͪͦ ͙ ͔͔͙ͤ͊ͫͤ͡Ύ ͟ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͍͊͡Ό͔ͭ ͙ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣ ͙͙ͤͫͭͭͯͭ͊ͣΦ 

˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͺ͙͍ͤ͊ͤͫͦ·ͻ ͙͙͍ͪͫͦ͘͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͔͔͋ͦ͡ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͎͋͊ͦ͒͊ͪ͡Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό 

͎͚ͨͪͦͤͦͤͦ͘ ͙͙͙͊ͤ͊ͭ͟͡Φ 

ˤ͔͔͙͔ͤ͒ͪͤ ͔ͭͻ͎͙͙ͤͦͦ͡ ͔͔͔͎ͪ͊ͫͨͪ͒ͤͤͦͦ͡ ͔͔ͪͫͭͪ͊ ό͋ͦ͟͡;͔͚ͤύ ͦͭͪ͟·͍͔͊ͭ ͍ͤͦ·͔ ͎͙ͦͪͦͤͭ͘· ͒͡Ύ 

͔͔ͦ͋ͫͨ;͔͙ͤΎ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙ ͨͪͦͪ͊͘;͙ͤͦͫͭ ͎͙ͭͪ͊ͤͫͪ͊ͤ;ͤ·ͻ ͪ͊ͫ;͔͍ͭͦΦ ˿͙͔͙͔ͤ͗ͤ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ 
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ͼ͔͙͍ͤͭͪ͊ͦ͊ͤͤ͘͡·ͻ ͪ͊ͫ;͔ͭͤ·ͻ ͙͔ͫͫͭͣ ͍ͨͦ·΄͔͊ͭ ͍͊ͭͦͤͦͣͤͦͫͭΈ ͙ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ 

Ή͙͙ͦͤͦͣ͟͟ ͍ ͍͙ͯͫͦ͡Ύͻ ͎͔͙͙ͦͨͦͭ͡;͔͚ͫͦ͟ ͔͙ͤͫͭ͊͋͡Έ͙ͤͦͫͭΦ ˿ͣ͊ͪͭ-ͦͤͭͪ͊ͭ͟͟· ͍ͨͦͦ͘͡ΎΌͭ 

͍͙͙͍͊ͭͦͣ͊ͭͪͦ͊ͭ͘Έ ͙͔͙͔ͫͨͦͤͤ͡ ͦ͋Ύ͔͊ͭ͘͡Έ͍ͫͭΣ ͙ͫ͟͡Ό;͊Ύ ;͔͍͔ͦ͡;͔͙͚ͫ͟ ͺ͊ͭͦͪ͟ ͙ ͙ͫͤ͗͊Ύ ͍͔ͪͦΎͭͤͦͫͭΈ 

ͣͦ ΄͔͙ͤͤ;͔͍ͫͭ͊Φ ̏ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͨͪͦ΅͔͊ͭ ͍͔͔͙͔͒ͤ ͔͚ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ͎͍͙ͭͦͪͦ͡ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͙͔͎ͤͭͪ͊ͼ͙͙ ͫͭͪ͊ͤ· ͍ ͎ͦ͋͊͡͡Έͤ·͔ ͼ͔ͨͦ;͙͟ ͙ͫͦ͒͊ͤ͘Ύ ͙͙ͫͭͦͣͦͫͭΦ ͔́ͻ͎͙ͤͦͦ͡;͔ͫ͊͟Ύ ͔͍͙͙ͤ͊ͫͣͦͫͭ͘Έ 

͍͙ͫͭ͊ͤͦͭͫΎ ͍͊͗ͤ·ͣ ͔͊ͫͨͭͦͣ͟ ͤ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͍͔͔͙͔ͫͯͪͤͭͭ͊Φ 

͙̇ͺ͍͙ͪͦ͊͘ͼ͙Ύ ͍͎͋͊ͤͦͫͦͦ͟͟ ͔͒͊͡ ͔͙͔ͤ͋͗ͤͦ͘ ͍͔͔͒ͭ ͟ ͨͦΎ͍͔͙ͤ͡Ό ͍ͤͦ·ͻ ͍·͍͍ͦͦ͘Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ 

͙͔͔͋ͪ͋ͦͨ͊ͫͤͦͫͭ͘͟ΈΌ ͙ ͊͘΅͙͚ͭͦ ͔ͨͪͫͦͤ͊͡Έͤ·ͻ ͒͊ͤͤ·ͻΦ ͔͙͔̂ͫͦ͗ͤͤ͡ ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· 

͔͔ͭͪ͋ͯͭ ͦͭ ͍͋͊ͤͦ͟ ͨͦͫͭͦΎͤͤ·ͻ ͙͍͔͙ͤͫͭͼ͙͚ ͍ ͙͔ͫͫͭͣ· ͊͘΅͙ͭ· ͦͭ ͻ͔͙͊ͪͫ͟͟ͻ ͊ͭ͊͟ ͙ ͼ͙ͺ͍͎ͪͦͦͦ 

ͣͦ΄͔͙ͤͤ;͔͍ͫͭ͊Φ ͔̂ͫͨ΄ͤ͊Ύ ͋ͦͪΈ͋͊ ͫ ͙͔͎͙͋ͪͯͪͦ͊ͣ͘͟ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭ͟;͔͙ͫͣ͟ ͍͙͔ͯͫͦͣ͡ ͫͦͻ͔͙ͪ͊ͤͤΎ 

͙ͫͭ͊͋͡Έ͙ͤͦͫͭ ͺ͙͍͎ͤ͊ͤͫͦͦͦ ͪ·ͤ͊͟ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͙͙ͨ͊ͤ͟Φ ˥͍ͦͫͯ͒͊ͪͫͭͦ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ 

ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͚ͤͦ ͋͊͘·Σ ͦͭͦͪ͊͟Ύ ͒ͦ͗ͤ͊͡ ͊͘΅͙΅͊ͭΈ ͙͔͔ͤͭͪͫ· ͯ;͙͍͊ͫͭͤͦ͟ ͔͋͘ 
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͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͣ ͚ͯͫͭͦ;͙͍͔ͦ ͍͙͙͔ͪ͊ͭ͘Φ 

ˤ͙͡Ύ͙͔ͤ ͺ͙͔ͤͭͻ͊ ͤ͊ ͣ͊ͪͦ͟Ή͙ͦͤͦͣͯ͟͟ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͔ͭ͊͗͟ ;͔͔ͪ͘ ͙͔͔͙͔ͣͤͤ͘ ͔ͣͻ͙͍͊ͤͣͦ͘ 

͔͔͒ͤ͗ͤͦ-͔͙͚ͪ͒ͭͤͦ͟ ͙͙͙ͨͦͭ͟͡ ͼ͔ͤͭͪ͊͡Έͤ·ͻ ͍͋͊ͤͦ͟Φ ͙̇ͺ͍ͪͦ·͔ ͍͊͡Όͭ· ͼ͔ͤͭͪ͊͡Έͤ·ͻ ͍͋͊ͤͦ͟ ό/.5/ύ 

͎ͣͦͯͭ ͫͭ͊ͭΈ Ήͺͺ͔͙͍ͭͤ͟·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͦͤͭͪͦ͟͡Ύ ͔͔͚͒ͤ͗ͤͦ ͣ͊ͫͫ· ͙ ͔͚͊͒ͪͫͤͦ ͔͙ͨͦ͒͒ͪ͗͟ ͔͍ͫͭͦͪͦ͟ 

Ή͙͙ͦͤͦͣ͟͟Φ ˽ͪΎ͚ͣͦ ͒ͦͫͭͯͨ ͔͎ͪͯ͡Ύͭͦͪ͊ ͟ ͒͊ͤͤ·ͣ ͦ ͭͪ͊ͤ͊͘͟ͼ͙Ύͻ ͍ ͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤ ͍ͨͦͦ͘͡Ύ͔ͭ 

͍͙ͨͪͦͦ͒ͭΈ ͔͔͋ͦ͡ ͭͦ;ͤͯΌ ͙ ͔͙͍ͦͨͪ͊ͭͤͯΌ ͚ͤ͊ͫͭͪͦͯ͟ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͪ·;͎͍͊ͦΦ ̏ͭͦ ͫͦͪ͊͟΅͔͊ͭ ͍͔͔ͪͣͤͤ·͔ 

͎͙͊͡ ͔ͣ͗͒ͯ ͙ͨͪͤΎ͙͔ͭͣ ͔ͪ΄͔͙͚ͤ ͙ ͙ͻ ͺ͙͊ͭ͟;͔͙ͫͣ͟ ͍͙͡Ύ͙͔ͤͣ ͤ͊ ͍͔ͯͪͦͤΈ ͙ͤͺ͡Ύͼ͙͙ ͙ ͊ͤ͘Ύ͙ͭͦͫͭΦ 

ˮ͍ͤͤͦ͊ͼ͙͙ ͍ ͍͔͙͙ͯͨͪ͊ͤ͡ ͙͍͙͒ͤͦͫͭ͟͡ΈΌ ͍ͨͦ·΄͊Όͭ ͔͔ͨͪ͒ͫ͊ͯͣͦͫͭ͘͟Έ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͔ͫͪ͒·Φ 

͙͔̏ͦͫͫͭͣͤ͟·͚ ͨͦ͒ͻͦ͒Σ ͎ͦ͒͊͟ ͙͋͊ͤ͟ ͦ͋Ά͔͙͒ͤΎΌͭ ͍͎ͦͪͯ͟ ͔ͫ͋Ύ ͔ͤͺ͙͍ͤ͊ͤͫͦ·͔ ͔͍͙ͫͪͫ·Σ ͔ͫͦ͒͊ͭ͘ 

͍ͤͦ·͔ ͺͦͪͣ͊ͭ· ͔͔͙ͨͦͭͪ͋ͤ͡Ύ ͙ ͍͔͔͙͒ͤΎ ͙͔͋ͤͫ͊͘Φ ˴͙͔ͤͭ͡· ͨͦͯ͡;͊Όͭ ͒ͦͫͭͯͨ ͟ ͔ͦͣͨͫͯ͟͟͡ ͎ͯͫͯ͡ ͍ ͦ͒ͤͦͣ 

͙͔͙͙ͨͪͦ͗ͤ͡Σ ;ͭͦ ͍ͨͦ·΄͔͊ͭ ͦ͡Ύ͡ΈͤͦͫͭΈ ͙ ͙͙͔ͫͭͣͯͪͯͭ͡ ͍͔͙͚ͤͯͭͪͤͤ ͫͨͪͦͫΦ ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͍͋͊ͤͦ͟ ͫ 

͙͔͚ͪͭͦͣ͡Σ ͎͙͙͚ͦͫͭͦ͟͡ ͙ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͙ͣ ͎͙ͯͫͯ͊ͣ͡ ͔ͫͦ͒͊ͭ͘ ͙͔͎͔͙ͫͤͪͭ;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟ ͒͡Ύ ͍͔͚ͫ 

Ή͙͙ͦͤͦͣ͟͟Φ ͙͔́͊͟ ͎͔ͦͤͦͣͪ͊ͭ͟͡· ͫͨͦͫͦ͋ͤ· ͋·͔͔ͫͭͪ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ ͙͔͔͙ͣͤͤ͘Ύͣ ͪ·ͤͦ;͚ͤͦ 

ͦͤ͟ΆΌͤͭͯͪ͟· ͊͘ ͫ;͔ͭ ͙͍͔͙͒ͪͫͺ͙͊͟ͼ͙͙ ͒ͦͻ͍ͦ͒ͦΦ ˤ ͔ͦͤ͟;ͤͦͣ ͫ;͔͔ͭΣ Ήͭͦ ͍ͨͦ·΄͔͊ͭ ͦ͋΅ͯΌ 

͙͍ͫͦͨͪͦͭ͡Ύ͔ͣͦͫͭΈ Ή͙͙ͦͤͦͣ͟͟ ͍͔ͤ΄͙ͤͣ Ή͙ͦͤͦͣ͟;͔͙ͫͣ͟ ΄ͦ͊ͣ͟Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˤ ͊͘͟͡Ό;͔͙͔ͤ ͔͔ͫ͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͼ͙ͺ͍ͪͦ͊Ύ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ͍͎͋͊ͤͦͫͦͦ͟͟ ͔ͫͭͦͪ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͔ͤ 

ͨͪͦͫͭͦ ͔ͭͻ͙ͤ;͔͙ͫͣ͟ ͍͔͙͔ͦ͋ͤͦͤͣ͡Σ ͊ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͣ ͍͙͎ͫ͒ͦͣ ͍ ͊ͪͻ͙͔͔ͭͭͯͪ͟ Ή͙͙ͦͤͦͣ͟͟Φ ͙͔̅ͤͭͻ-

͔ͪ΄͔͙ͤΎ ͔͒͊͡Όͭ ͺ͙͍ͤ͊ͤͫͦͯΌ ͙͔ͫͫͭͣͯ ͔͔͋ͦ͡ ͎͙͚͋ͦ͟Σ ͨͪͦͪ͊͘;͚ͤͦ ͙ ͚ͯͫͭͦ;͙͍͚ͦ ͟ ͙͙ͪͫ͊ͣ͘͟Φ ˿ͭͪ͊ͤ·Σ 

͙͍͊ͭͤͦ͟ ͍͔ͤ͒ͪΎΌ΅͙͔ ͙͍ͤͤͦ͊ͼ͙͙ ͍ ͍͔͋͊ͤͦͫͦ͟͟ ͔͒ͦ͡Σ ͨͦͯ͡;͊Όͭ ͤ͊͘;͙͔ͭ͡Έͤ·͔ ͔ͦͤͯͪͤͭͤ͟͟·͔ 

͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͤ͊ ͎ͦ͋͊͡͡Έ͚ͤͦ ͔͔͊ͪͤΦ ˣͯ͒ͯ΅͔͔ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ Ή͙͙ͦͤͦͣ͟͟ ͔ͤͪ͊ͪ͘·͍ͤͦ ͍ͫΎ͊ͤͦ͘ ͫ 

͍͙͙͔ͪ͊ͭͣ͘ ͼ͙ͺ͍ͪͦ·ͻ ͺ͙͍ͤ͊ͤͫͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ ͙ͻ ͙͔͎ͤͭͪ͊ͼ͙͔͚ ͍ ͔ͪ͊͡Έͤ·͚ ͔ͫͭͦͪ͟Φ  

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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(10th ed.). McGraw-Hill Education. 

3. King, B. (2018). Bank 4.0: Banking everywhere, never at a bank. John Wiley & Sons. 
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Cavendish International. 

5. Casu, B., Girardone, C., & Molyneux, P. (2015). Introduction to banking (2nd ed.). Pearson. 
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PROFESSIONAL TRAINING OF TEACHERS IN AGRICULTURAL SECTOR 

 

Abstract 

The agricultural sector's rapid evolution, driven by technological advancements, climate change 

imperatives, and shifting global food demands, places unprecedented importance on the quality of 

agricultural education. This necessitates a robust and dynamic system for the pedagogical and professional 

training of agricultural teachers. Far from being traditional instructors, modern agricultural teachers must be 

versatile expertsτadept in both cutting-edge agricultural science and effective instructional methodologies. 

Their training must transcend basic subject knowledge to include proficiency in precision agriculture 

technologies, sustainable farming practices, agribusiness management, and digital literacy, coupled with 

strong pedagogical skills to engage diverse learners. This article explores the multifaceted demands on 

contemporary agricultural educators and outlines key strategic directions for their comprehensive training, 

emphasizing the crucial role of continuous professional development in equipping them to prepare the next 

generation of food system innovators and stewards. 

Keywords: 

g͊ricultural teacher training, pedagogical skills, professional development, precision agriculture, sustainable 

farming, extension education, curriculum development, agricultural technology,  

adult learning, experiential learning. 

 

The Evolving Role of the Agricultural Teacher 

The agricultural teacher is a pivotal figure in bridging the gap between scientific innovation and 

practical application within the farming community and the wider food system. Their role extends beyond 

the classroom to include mentoring students in supervised agricultural experiences (SAE) and leading 

community-based agricultural programs. 

Core Demands on Modern Agricultural Teachers: 

¶ Mastery of Current Agricultural Science: Teachers must possess up-to-date knowledge in areas like 

genetics, soil health, integrated pest management, hydroponics, animal welfare, and food safety. 

o Example: Understanding the principles of CRISPR gene editing in crop improvement or advanced 

diagnostics in veterinary science. 

¶ Proficiency in Agricultural Technology: They need to be competent in utilizing and teaching about 

GPS-guided machinery, drones for crop scouting, IoT sensors for environmental monitoring, and agricultural 

data analytics platforms. 

o  

Á Strong Pedagogical and Andragogical Skills: Beyond content, teachers must know how to teach 

effectively, employing diverse methods suited for various age groups and learning styles, including adult 

learners in extension settings. This involves experiential learning, problem-based learning, and project-based 

learning. 

o Example: Designing a hands-on project where students use soil test kits to analyze local garden 

plots and recommend nutrient management plans. 

¶ Agribusiness and Entrepreneurial Acumen: Teachers should be able to guide students in developing 
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farm business plans, market analysis, and value-added product development, reflecting the commercial 

realities of modern agriculture. 

¶ Leadership and Communication Skills: They serve as mentors and community leaders, requiring 

strong interpersonal skills to collaborate with farmers, industry professionals, and educational stakeholders. 

 Strategic Directions for Training Agricultural Teachers 

Effective training programs for agricultural teachers must be comprehensive, continuous, and 

responsive to the dynamic nature of the agricultural sector. 

Direction 1: Integrated Content and Pedagogical Preparation 

Teacher training programs must blend deep subject matter expertise with advanced instructional 

strategies from the outset. 

¶ Problem-Based Learning in Agriculture: Rather than just lecturing, training should immerse 

prospective teachers in real-world agricultural problems (e.g., managing a pest outbreak, optimizing fertilizer 

use with limited water). They then learn to apply both scientific knowledge and pedagogical techniques to 

solve and teach these problems. 

o Example: Student-teachers develop a curriculum unit on sustainable water use, including hands-on 

activities, field trips to farms with efficient irrigation, and a capstone project where students design their own 

water-saving solutions. 

¶ Technology Integration across the Curriculum: Training should provide extensive hands-on 

experience with emerging agricultural technologies, demonstrating how these tools can be incorporated into 

lessons. This includes workshops on operating drones, interpreting sensor data, and using agricultural 

software. 

Direction 2: Continuous Professional Development and Industry Immersion 

The rapid pace of change in agriculture necessitates ongoing learning and practical exposure for 

teachers. 

¶ Industry Externships and Apprenticeships: Mandating regular sabbaticals or short-term externships 

for teachers in modern farms, agribusinesses, or research institutions. This ensures they remain current with 

industry practices, technologies, and challenges. 

o Example: A high school agriculture teacher spending a summer working with an agricultural tech 

startup to learn about AI applications in crop monitoring. 

¶ Collaborative Networks and Peer Mentorship: Establishing robust regional and national networks for 

agricultural teachers to share best practices, curriculum resources, and access to new research. Mentorship 

programs pairing experienced teachers with new recruits can facilitate skill transfer and confidence building. 

¶ Specialized Certifications in Sustainability and Digital Agriculture: Offering advanced certification 

programs in areas like organic farming practices, carbon farming, precision ag certification, or food safety 

auditing. This allows teachers to specialize and bring niche expertise back to their classrooms and 

communities. 

 Conclusion 

The pedagogical and professional training of agricultural teachers is not merely an administrative task; 

it is an investment in the foundational strength of the future food system. By focusing on an integrated 

approach that combines cutting-edge agricultural science, advanced technological literacy, and sophisticated 

teaching methodologies, training programs can produce educators who are dynamic, inspiring, and highly 

effective. These well-trained teachers will be instrumental in cultivating a generation of informed citizens, 

skilled professionals, and innovative leaders prepared to tackle the complex challenges of sustainable 

agriculture and global food security in the 21st century. 
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AGRICULTURE AND EDUCATION: A SYNERGISTIC RELATIONSHIP 

 

Abstract 

The nexus between agriculture and education is fundamentally symbiotic, with each sector relying on 

the other for sustainability, innovation, and global food security. Education serves as the primary engine for 

developing the human capital necessary to address modern agricultural challenges, which include climate 

change, resource scarcity, and increasing global demand. This article analyzes the crucial areas where 

education intersects with agriculture, focusing on Agricultural Extension (AE), the role of vocational and 

higher education in technology transfer, and the promotion of sustainable practices. It emphasizes the 

economic returns on investment in specialized agricultural knowledge, the importance of digital literacy for 

precision farming, and the critical need to adapt educational curricula to current and future challenges in the 

agri-food system. 

Keywords:  

agriculture education, food security, agricultural extension, sustainable agriculture, vocational training, 

technology transfer, precision farming, climate change adaptation, rural development. 

 

1. Introduction 

Agriculture, the foundation of human civilization, is currently undergoing a rapid transformation driven 

by technological advancements (AgriTech) and urgent environmental pressures. This shift renders outdated, 

traditional farming methods insufficient. Education is the vital link that bridges the gap between scientific 

innovation developed in laboratories and its practical application in the field. A robust educational system, 

spanning primary schools to university research centers, is essential for creating a workforce capable of 

achieving high yields while simultaneously ensuring environmental stewardship and economic viability in the 

agricultural sector. 

2. The Role of Specialized Agricultural Education 

Specialized education forms the bedrock of modern, efficient farming, focusing on both foundational 

knowledge and cutting-edge research. 
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¶ Higher Education and Research: Universities and agricultural research institutes (e.g., land-grant 

institutions) are crucial for generating new knowledge in genetics, soil science, crop protection, and irrigation 

efficiency. They train the next generation of agronomists, food scientists, and policymakers. 

¶ Vocational Training and Skill Development: Vocational and technical schools ensure that practical 

skillsτsuch as operating and maintaining advanced machinery, implementing drip irrigation systems, or 

managing livestock healthτare transferred efficiently. This training is fundamental for increasing 

productivity and reducing operational waste at the farm level. 

¶ Economic Impact: Investment in specialized agricultural education consistently demonstrates a high 

economic return by improving farm efficiency, enabling faster adoption of profitable technologies, and 

enhancing overall national food system resilience. 

3. Agricultural Extension (AE) and Technology Transfer 

Agricultural Extension (AE) acts as the crucial educational bridge between research institutions and 

smallholder farmers, ensuring that knowledge is accessible and applicable. 

¶ Knowledge Dissemination: AE services translate complex scientific findings into practical advice and 

demonstrations (e.g., best practices for fertilizer application, pest management). Effective extension 

increases the rate of technology adoption and improves yield per unit of land. 

¶ Two-Way Learning: Modern AE emphasizes a participatory approach where extension workers learn 

from farmers' traditional knowledge and local challenges, creating a feedback loop that informs research 

agendas. 

¶ Digital Tools: The use of Information and Communication Technologies (ICT), such as mobile apps, 

remote sensing data, and digital field diagnostics, is rapidly transforming extension, making timely, context-

specific education available to farmers in remote areas, a key aspect of precision agriculture. 

4. Education for Sustainability and Climate Change 

As the climate crisis intensifies, education becomes the primary tool for promoting sustainable and 

climate-smart agricultural practices. 

¶ Curricular Adaptation: Educational curricula must be adapted to teach climate change adaptation 

and mitigation strategies, including drought-resistant cropping, water harvesting techniques, agroforestry, 

and the principles of conservation tillage. 

¶ Environmental Stewardship: Education fosters a mindset of environmental responsibility, teaching 

farmers about the detrimental long-term effects of excessive chemical use, soil degradation, and biodiversity 

loss. This supports the transition toward regenerative and ecological farming methods. 

¶ Integrated Pest Management (IPM): IPM training, a core educational component, reduces reliance 

on broad-spectrum pesticides by teaching farmers how to use biological controls and monitoring systems, 

which is safer for both the environment and the consumer. 

5. Challenges and Future Directions 

The education-agriculture synergy faces several challenges, notably the aging farmer population and 

the digital divide that limits access to AgriTech education in many rural areas. 

Future directions must include: 

¶ Interdisciplinary Education: Integrating agriculture with computer science, data analytics, and 

engineering (AgriTech education) to meet the demand for skills in automated and smart farming systems. 

¶ Lifelong Learning Models: Developing flexible, modular education and training programs that allow 

current farmers and rural entrepreneurs to continuously update their skills in response to market changes 

and new scientific discoveries. 

¶ Promoting Youth Engagement: Rebranding agriculture education to emphasize its technological 

sophistication and environmental importance to attract younger, digitally native generations into the sector. 
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6. Conclusion 

Education is not merely supportive of agriculture; it is intrinsic to its future success. From training 

scientists in university labs to teaching sustainable practices through extension services, knowledge transfer 

ensures that agricultural systems are productive, resilient, and environmentally sound. By strategically 

investing in diverse educational pathways and embracing digital literacy, societies can equip the agricultural 

workforce with the tools necessary to meet the immense challenges of global food security and climate 

change adaptation in the 21st century. 
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TRADITIONAL TEACHING METHODS 

 

Abstract 

Teaching methods are the strategies and techniques educators use to facilitate learning and foster 

student engagement. This article explores various teaching methods, including traditional, modern, and 

student-centered approaches, highlighting their effectiveness in different learning environments. It discusses 

lecture-based instruction, collaborative learning, inquiry-based methods, problem-solving techniques, and 

the integration of technology in teaching. The article emphasizes that selecting appropriate methods 

depends on educational objectives, subject matter, learner characteristics, and classroom context. Effective 

teaching methods enhance knowledge retention, critical thinking, creativity, and practical application of 

skills. 

Keywords: 

teaching methods; pedagogy; student-centered learning; collaborative learning;  

instructional strategies; technology in education. 

 

Introduction 

Teaching is a complex process that involves transferring knowledge, skills, and values from educators 
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to learners while stimulating curiosity, critical thinking, and problem-solving abilities. Teaching methods 

provide the framework and structure for this process, determining how information is presented, how 

students engage with content, and how learning outcomes are achieved. In modern education, the choice of 

teaching methods has evolved from teacher-centered, lecture-dominated approaches to more dynamic, 

student-centered strategies that prioritize active learning. Understanding the strengths and limitations of 

different teaching methods allows educators to create effective learning environments that meet diverse 

student needs and encourage lifelong learning. 

Traditional teaching methods are primarily teacher-centered and include lectures, demonstrations, 

and rote memorization. Lectures remain effective for delivering large amounts of information in a structured 

manner, particularly in higher education settings. Demonstrations are widely used in science, art, and 

vocational subjects to show processes and techniques in action. Rote memorization emphasizes repetition 

to strengthen knowledge retention, especially for foundational concepts. While these methods are efficient 

for knowledge transmission, they often limit student participation, creativity, and critical thinking. To address 

these limitations, traditional methods are frequently combined with interactive techniques that encourage 

engagement and discussion. 

Student-Centered Teaching Methods 

Student-centered teaching methods place learners at the core of the educational process, emphasizing 

active participation, collaboration, and self-directed learning. Approaches such as group discussions, project-

based learning, and peer teaching empower students to construct knowledge through experience and 

interaction. Inquiry-based learning encourages learners to ask questions, investigate problems, and develop 

solutions, fostering analytical skills and curiosity. Problem-solving methods involve presenting real-world 

scenarios, requiring students to apply theoretical knowledge to practical situations. These methods not only 

enhance understanding but also cultivate critical thinking, creativity, and decision-making abilities that are 

essential for success beyond the classroom. 

Collaborative and Cooperative Learning 

Collaborative learning emphasizes teamwork and shared responsibility for learning outcomes. Group 

activities, debates, and cooperative projects encourage students to communicate effectively, respect diverse 

perspectives, and develop interpersonal skills. This approach mirrors real-world environments where 

collaboration is vital, preparing students for professional and social contexts. Cooperative learning further 

structures group work by assigning specific roles and tasks, ensuring equitable participation and 

accountability. Research shows that collaborative methods increase engagement, retention, and motivation 

while promoting problem-solving and conflict-resolution skills. 

Use of Technology in Teaching Methods 

The integration of technology has transformed teaching methods by providing dynamic and interactive 

learning opportunities. Digital tools, such as learning management systems, multimedia presentations, 

virtual simulations, and educational apps, allow educators to present complex concepts in engaging ways. 

Online platforms facilitate blended and remote learning, enabling flexibility and access to diverse resources. 

Technology also supports formative assessment, personalized learning, and immediate feedback, enhancing 

both teaching and learning outcomes. However, effective use of technology requires training, careful 

planning, and consideration of student accessibility and engagement. 

Assessment and Adaptation of Teaching Methods 

Assessment is integral to evaluating the effectiveness of teaching methods. Formative assessments, 

including quizzes, reflections, and classroom discussions, provide immediate feedback on student 

understanding. Summative assessments, such as exams and projects, measure cumulative learning 

outcomes. By analyzing assessment results, educators can adapt teaching methods to address gaps, 
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accommodate diverse learning styles, and ensure that educational objectives are met. Continuous 

adaptation and reflection on instructional strategies enable teachers to improve pedagogy, maintain student 

interest, and foster lifelong learning. 

Conclusion 

Teaching methods are essential tools for facilitating learning and promoting student development. 

Traditional methods, student-centered approaches, collaborative learning, and technology-enhanced 

strategies each have unique benefits and applications. Effective educators combine multiple methods to 

match instructional goals, subject matter, and learner characteristics. By selecting appropriate teaching 

methods, fostering engagement, and adapting strategies based on assessment, teachers can create inclusive, 

stimulating, and productive learning environments. The ongoing evolution of educational methods 

underscores the importance of flexibility, innovation, and commitment to student-centered learning in 

modern pedagogy. 
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Abstract 

Science is a systematic enterprise that builds and organizes knowledge in the form of testable 

explanations and predictions about the universe. Its significance in education extends far beyond the 

memorization of facts, serving as a critical vehicle for cultivating intellectual curiosity, logical reasoning, and 

evidence-based decision-making. This article explores the essential role of scientific inquiry in modern 

educational systems, arguing that the integration of scientific methodologies not only prepares students for 

careers in research and technology but also equips all citizens with the critical thinking skills necessary to 

navigate a complex, data-driven world. 
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Science, as a body of knowledge, spans the natural world, from physics and chemistry to biology and 

earth sciences. However, its greatest contribution to education is its methodology. 

¶ Systematic Inquiry: Science teaches a structured way of knowing: the Scientific Method. This 

processτinvolving observation, hypothesis formation, experimentation, data analysis, and peer reviewτis 

an essential tool for separating verifiable fact from speculation. 

¶ Cultivating Intellectual Curiosity: Science education naturally fosters a sense of wonder and curiosity 

about the surrounding world. It encourages students to ask "why" and "how," motivating them to seek 

deeper understanding rather than accepting superficial answers. 

2. Science Education as a Tool for Critical Thinking 

The primary significance of teaching science lies in developing cognitive skills applicable to all aspects 

of life, not just scientific disciplines. 

¶ Evidence-Based Reasoning: Scientific training instills the necessity of evidence-based reasoning. 

Students learn to assess the quality of information, distinguish correlation from causation, and evaluate the 

rigor of supporting data before forming a conclusion. This skill is vital for media literacy and informed public 

discourse. 

¶ Problem-Solving and Logic: Solving scientific problemsτwhether calculating the trajectory of an 

object or determining the rate of a chemical reactionτrequires logical, step-by-step thinking. This structured 

approach to complex problem-solving builds analytical skills that are transferable to challenges in business, 

law, and everyday life. 

¶ Tolerating Uncertainty: Science teaches that knowledge is tentative and subject to revision based on 

new evidence. This fosters intellectual humility and the ability to tolerate ambiguity, recognizing that 

definitive answers are not always immediate or absolute. 

3. Modern Pedagogical Approaches in Science 

Effective science instruction emphasizes direct engagement with the scientific process, moving away 

from traditional lecture formats. 

¶ Inquiry-Based Learning (IBL): This is the most effective approach, where students learn science by 

doing science. They are presented with a phenomenon or a question and must design their own 

investigations, interpret their data, and communicate their findings. This methodology makes the learning 

process authentic and mirrors the work of professional scientists. 

¶ Integrated STEM Education: Modern curricula increasingly integrate Science, Technology, 

Engineering, and Mathematics (STEM). This approach highlights the real-world interconnectedness of these 

disciplines, showing students that scientific principles are the foundation for technological innovation and 

engineering design. 

¶ Laboratory and Experimental Work: Hands-on experimental validation is crucial for demonstrating 

the tangible reality of scientific laws. Laboratory work helps students develop technical skills, understand the 

concept of experimental error, and connect abstract theoretical concepts to physical outcomes. 

4. Significance for Society and the Economy 

A scientifically literate population is crucial for national prosperity and informed governance. 

¶ Technological Innovation: A robust foundation in science education directly supports the growth of 

research institutions and technology sectors, driving economic competitiveness and the capacity for 

innovation. 

¶ Informed Citizenship: Scientific literacy enables citizens to understand and engage constructively 

with major public policy issues such as climate change, public health crises, and technological ethics (e.g., AI 
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and genetics). A society that understands risk, probability, and evidence is better equipped to make 

democratic decisions. 

5. Conclusion 

The significance of Science in Education is paramount. By emphasizing the processes of inquiry, critical 

evaluation, and logical deduction, science education transcends mere factual instruction. It empowers 

individuals with a powerful methodology for knowing and analyzing the world. Investing in high-quality, 

inquiry-based science education is, therefore, an investment in a nation's capacity for innovation, problem-

solving, and informed, resilient citizenship. 
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͔͚ͭͪͯ͒ͦͣͦ͟ ͔ͦͨͪ͊ͼ͙͔͚Φ ˻ͪͦ΄͔͙͔ͤ ͙͎͔ͪ͊ͭ ͔ͪ΄͊Ό΅ͯΌ ͪͦ͡Έ ͍ ͨͦͯ͡;͔͙͙ͤ ͍·͎ͫͦͦͦ͟ ͙ ͊͟;͔͍͔͎ͫͭͤͤͦͦ 

ͯͪͦ͗͊Ύ ͍͙ͣͦͪͦ͟Φ ˸͍ͦͪͦ͟Έ ͦ;͔ͤΈ ;͍͍͙͔ͯͫͭͭ͡Έͤ͊ ͟ ͔ͤ͒ͦͫͭ͊ͭͯ͟ ͍͎͙͊͡Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͔͙ͨͪͦ͒ ͙ͨͪͦͪ͊ͫͭ͊ͤΎΣ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͍ͦͪͤͨͦ͒ͦ͟͡ ͙ ͙ͻ ͙͍͎͊ͭͤͦͦ͟ ͪͦͫͭ͊Φ ˤ ˢ˽˴ ΄͙ͪͦͦ͟ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͙͔ͫͫͭͣ· ͔͊ͨ͟͡Έ͎ͤͦͦ 

ͦͪͦ΄͔͙ͤΎ ͙͙͡ ͔͍͙͒ͦ͗͒͊ͤΎΦ ˴͔͊ͨ͡Έ͔ͤͦ ͦͪͦ΄͔͙͔ͤ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍·ͫͦͯ͟Ό Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 

͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍ͦ͒· ͙ ͍ͨͦͦ͘͡Ύ͔ͭ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ ͺ͔͙͎ͪͭ͊ͼ͙Ό ό͍͔͔͙͔ͤͫͤ ͔͙͚ͯ͒ͦ͋ͪͤ ͍͔͔ͣͫͭ ͫ ͙͍͚ͨͦͤͦ͡ 

͍͚ͦ͒ͦύΣ ;ͭͦ ͔͔͒͊ͭ͡ ͙͙͔ͨͭ͊ͤ ͔͔͋ͦ͡ ͭͦ;ͤ·ͣ ͙ ͒ͦͫͭͯͨͤ·ͣ ͒͡Ύ ͔͙͚ͪ͊ͫͭͤΦ ̂͋ͦͪ͊͟ ͍͙ͣͦͪͦ͟ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ 

ˢ˽˴ ͨͦͤͦͫͭ͡ΈΌ ͔ͣͻ͙͙͍͊ͤͪͦ͊ͤ͊͘ ͙ ͍͙ͨͪͦͦ͒ͭͫΎ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͙ͣ ͍ͣͦͪͦͤ͟·͙ͣ ͚͙ͦͣ͋͊ͤ͊ͣ͟Σ 

ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ ͍͋ͦͭͦͯ͒͊͡ΎΌ΅͙͙ͣΣ ͦͨ͊͟Ό΅͙͙ͣ ͙͙͡ ͙͡ͺ͔͎ͭͪͤͦͦ ͙ͭͨ͊Φ ˴͚ͦͣ͋͊ͤ· ͍ͦ͋ͦͪͯ͒ͦ͊ͤ· 

͙͔͙ͫͫͭͣ͊ͣΣ ͦͭͦͪ͟·͔ ͙͙͙͙ͣͤͣͪͯ͘Όͭ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͔͍ͦͪͤͨͦ͒ͦ͟͡Σ ;ͭͦ ͙͔͔ͣͭ ͔͍͔͔͔ͨͪͦͫͭͨͤͤͦ ͤ͊͘;͔͙͔ͤ 

͒͡Ύ ͙͔͒ͭ͡͡Έ͎ͤͦͦ ͻ͔͙ͪ͊ͤͤΎΦ ̂͋ͦͪ͊͟ ͍͙ͨͪͦͦ͒ͭͫΎ ͙ͨͪ ͔͙͙ͤ͊ͫͭͯͨͤ͡ ͔ͭͻ͙ͤ;͔͚ͫͦ͟ ͔͙ͫͨͦͫͭ͡Σ ͍ ͫͯͻͯΌ ͎ͨͦͦ͒ͯΦ 

˽͔ͦͫ͡ ͙ͯ͋ͦͪ͟ ͍ͣͦͪͦ͟Έ ͔͔͔ͤͣ͒ͤͤͦ͡ ͍ͦͭͨͪ͊͡Ύ͔ͭͫΎ ͤ͊ ͔ͨͦͫͯ͋ͦͪͦ͡;ͤͯΌ ͒ͦͪ͊͋ͦͭͯ͟ ς ͣ ͚ͦͯ͟Σ ͙͍ͫͦͪͭͪͦͯ͟Σ 

͙͍͊͋ͪͦͯ͟͟͡ ͙ ͦͻ͔͙͔͊͗͒ͤ͡Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ·͚Σ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·͚ ͨͦ͒ͻͦ͒ ͤ͊ ͍͔ͫͻ 

Ήͭ͊ͨ͊ͻ ͍·ͪ͊΅͙͍͙͊ͤΎ ς ͦͭ ͎͔͔͙͙ͤͭ͟ ͙ ͭͦ;͎ͤͦͦ ͍·͔͍ͫ͊ ͒ͦ ͔ͣͻ͙͙͍͚͊ͤͪͦ͊ͤͤͦ͘ ͙ͯ͋ͦͪ͟ ͙ ͻ͔͙ͪ͊ͤͤΎ ς 

Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͔ͯͫͨ΄͎ͤͦͦ ͍͎ͣͦͪͦͤͦͦ͟ ͙͔͋ͤͫ͊͘Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ                                               

1. ˢ͍͋ͪ͊ͣͦ ˢΦˮΦ ͙ ͒ͪΦ ̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͔͔͙ͨͪͣͤͤΎ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ·ͻ ͙͔ͫͫͭͣ ͊͘΅͙ͭ· ͔͙͚ͪ͊ͫͭͤ ͍ 

͔͍ͨͦͫ͊ͻ ͍͙ͣͦͪͦ͟ ͍͚ͫͭͦͦͦ͡ ͍ ͍͙ͯͫͦ͡Ύͻ ͔̇ͤͭͪ͊͡Έ͎ͤͦͦ ͔͎͙ͪͦͤ͊Φ ˢ͎ͪ͊ͪͤ·͚ ͍͔͙ͫͭͤ͟ ̂ͪ͊͊͡Φ нлннΦ Ѕ мл 

όннсύΦ ˿Φ пς14. 

2. ˩ͺ͙͍ͣͦ͊ ˩ΦˤΦΣ ˿͔͒·ͻ ˤΦˢΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͎͍͔ͨͦ͒ͦͭͦ͟ ͨͦ;͍· ͙ͨͪ ͙͔͙͍ͤͭͤͫͤͦͣ 

͍·ͪ͊΅͙͍͙͙͊ͤ ͍͙ͣͦͪͦ͟Φ ˻͍ͦ΅͔͍͍ͦ͒ͫͭͦ ͙ ͋͊ͻ;͔͍͍ͦ͒ͫͭͦΦ нлноΦ ́Φ оΣ Ѕ мΦ ˿Φ стς74. 

ϭ ˣ͔͍͊͋͊͊ ˨ΦΣ ˸͔͔͍ͪ͒ͦ ̊ΦΣ нлнр  
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                 x͍͊͊ͪͦ͘ ̊·ͻͣͯͪ͊ͭ 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 

˹͍͊͊ͪͦ͘ ˥͍ͯ͊ͤ; 

͔ͫͭͯ͒ͤͭ 

˻͔͔͍͒͊͟ ˣ͚͊ͪ͊ͣͣ·ͪ͊ͭ 

͔ͫͭͯ͒ͤͭ 

˾͔͚͙͔͍ͣ͋͊ ˮ͡Ύͫ 

cͭ ͔ͯ͒ͤͭ 

͔͙͚́ͯͪͣͤͫ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭΣ 

                                                     .͎˨͊΄͎ͦͯ͘Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

ˮ˿˽˻˶̎˭˻ˤˢ˹ˮ˩ ˿˻ˤ˾˩˸˩˹˹̍̆ ́˩̆˹˻˶˻˥ˮ˯ ˤ ˢ˥˾˻́˩̆˹ˮ˴˩ ̆˶˻˽̉ˢ́˹ˮ˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͎͔͊ͪͦͭͻ͙ͤ͊͟ ͻͦͨ͡;͙͊ͭͤ͊͟ ͔͔͔͍͔ͨͪͭͪͨ͊ͭ ͙ͪ͊͒͊͟͡Έͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ ͎͋͊ͦ͒͊ͪ͡Ύ 

͍͔͔͙ͤ͒ͪͤΌ ͔ͭͻ͎͙͚ͤͦͦ͡ ͭͦ;͎ͤͦͦ ͔͔͔͙ͣ͒͘͡͡ΎΣ ͙͔͋ͦͭͻ͎͙͚ͤͦͦ͡ ͙ ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙͙Φ ˽͙͔͔͙͔ͪͣͤͤ 

͍·͚ͫͦͦͯͪͦ͗͊ͤ͟·ͻΣ ͎͔͔͙ͤͭ;͔͙ͫ͟ ͙ͣͦ͒ͺ͙ͼ͙͍ͪͦ͊ͤͤ·ͻ ό˥˸ύ ͍ͫͦͪͭͦΣ ͚ͯͫͭͦ;͙͍·ͻ ͟ ͍͔͙͔ͪ͒ͭ͡Ύͣ ό.ǘ-ͻͦͨͦ͟͡) 

͙ ͎͔͙ͪ͋ͼ͙͒͊ͣΣ ͙͊ͪ͒ͤ͊͟͡Έͤͦ ͔ͣͤΎ͔ͭ ͙͔ͫͫͭͣ· ͊͘΅͙ͭ· ͔͙͚ͪ͊ͫͭͤ ͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͫͦͪͤΎ͙͊ͣ͟Φ ˤ͔͔͙͔ͤ͒ͪͤ 

͙͔ͫͫͭͣ ͙͙͎ͣͦͤͭͦͪͤ͊ ͔͚ͨͦ͡ ό͙͒ͫͭ͊ͤͼ͙͔ͦͤͤͦ ͙͍͙͔ͦͤ͒ͪͦ͊ͤ͘Σ ͒ͪͦͤ·Σ Dt{-͍͙͎ͤ͊͊ͼ͙Ύύ ͍ͨͦͦ͘͡Ύ͔ͭ 

͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘Έ ͍͔͔͙͔ͤͫͤ ͔͙͚ͯ͒ͦ͋ͪͤ ͙ ͦͪͦ΄͔͙͔ͤΣ ͙ͫͤ͗͊Ύ ͊ͭͪ͊ͭ͘· ͔͍ͪͫͯͪͫͦ ͙ ͙͙͙͙ͣͤͣͪͯ͘Ύ 

Ή͎͙ͦͦ͟͡;͔͙͚ͫ͟ ͯ΅͔ͪ͋Φ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͻ͡ ͦͨ;͙͊ͭͤ͟Σ ͭͦ;͔ͤͦ ͔͔͔͙͔ͣ͒͘͡͡Σ ͙͔͋ͦͭͻ͎͙͙ͤͦͦ͡Σ ˥˸-ͫͦͪͭ͊Σ ͙͒ͫͭ͊ͤͼ͙͔ͦͤͤͦ  

͙͍͙͔ͦͤ͒ͪͦ͊ͤ͘Σ ͔͊ͨ͟͡Έ͔ͤͦ ͦͪͦ΄͔͙͔ͤΦ 

 

˿͍͔͔͔ͦͪͣͤͤͦ ͙͍͔ͣͪͦͦ ͻ͍͍ͦͨͦͦ͒ͫͭͦ͟͡ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͍͚͒ͦͤ·ͣ ͍·͍ͦͦͣ͘Υ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ 

͍ͨͦ·΄͔͙ͤΎ ͚͙ͯͪͦ͗͊ͤͦͫͭ ͒͡Ύ ͍͔͍͔͙ͯ͒ͦͭͦͪͤ͡Ύ ͪ͊ͫͭͯ΅͔͎ͦ ͫͨͪͦͫ͊ ͙ ͔ͯ͗ͫͭͦ;͔͙͔ͤͣ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͟ 

Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͙ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔͍ͪͫͯͪͫͦΦ ˻͍͔ͭͭ ͤ͊ Ή͙ͭ ͍·͍ͦ͘· ͔͙͗ͭ͡ ͍ 

͙͍͊ͭͤͦͣ͟ ͍͔͔͙͙ͤ͒ͪͤ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻΣ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·ͻ ͔͍ͣͭͦ͒ͦΣ ͦͭͦͪ͟·͔ ͭͪ͊ͤͫͺ͙ͦͪͣͪͯΌͭ 

͙ͭͪ͊͒ͼ͙ͦͤͤͯΌ ͎͔͊ͪͦͭͻ͙ͤͯ͟ ͻͦͨ͡;͙͊ͭͤ͊͟Φ ͙̏ͭ ͔ͣͭͦ͒· ͦͻ͍͊ͭ·͍͊Όͭ ͍͔ͫΈ ͙͍͍͔ͨͪͦͦ͒ͫͭͤͤ͘·͚ ͼ͙͟͡ ς ͦͭ 

͎͔͔͙͙ͤͭ͟ ͔ͫͣΎͤ ͒ͦ ͫ͋ͦͪ͊ ͯͪͦ͗͊ΎΦ  

˾͔͙͊ͫͭͤΎ Ή͔͙ͫͨͪͫͫͪͯ͟Όͭ ͎͔ͤ· ͨͦ;͍͔͚ͤͤͦ ͔͙͙͋͊ͭͪ͟ Bacillus thuringiensis ό.ǘύΣ ͦͭͦͪ͟·͔ ͙ͦ͒ͪͯ͟Όͭ 

͔͙͋͟͡Σ ͙ͭͦͫ͟;ͤ·͔ ͒͡Ύ ͍ͦͫͤͦͤ·ͻ ;͔΄͔ͯͪ͟·͡·ͻ ͍͔͙͔͔͚ͪ͒ͭ͡ ͻͦͨ͡;͙͊ͭͤ͊͟ ό͙͔ͤ͊ͨͪͣͪΣ ͻ͍ͦͨͦ͊͟͡Ύ ͍ͫͦ͊͟ύΦ 

ˤ͔͔͙͔ͤ͒ͪͤ .ǘ-ͻͦͨ͊͟͡ ͍͙ͨͦͦͦ͘͡͡ ͙ͪ͊͒͊͟͡Έͤͦ ͙͙ͫͤͭ͘Έ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͙͔͙ͤͫͭ͟ͼ͙͍͒ͦΣ ;ͭͦ 

͙͍͔ͨͪͦ͡ ͟ ͯͯ͡;΄͔͙ͤΌ ͺ͙͙͚ͭͦͫ͊ͤͭ͊ͪͤͦ ͍͙ͦ͋ͫͭ͊ͤͦ͟Σ ͙͔͙ͫͤ͗ͤΌ ͊ͭͪ͊ͭ͘ ͤ͊ ͊͘΅͙ͭͯ ͔͙͚ͪ͊ͫͭͤ ͙ 

͙͙͙ͣͤͣ͊͘ͼ͙͙ ͍͔͎ͪ͒ͤͦͦ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͦͪͯ͗͊͟Ό΅ͯΌ ͔ͫͪ͒ͯ ͙ ͔ͤͼ͔͔͍͡·͔ ͎͙ͦͪ͊ͤͣ͘· όΉͤͭͦͣͦͺ͎͙͊ύΦ 

˿ͦͪͭ͊Σ ͚ͯͫͭͦ;͙͍·͔ ͟ ΄͙ͪͦͦͣͯ͟ ͔ͫͨͭͪͯ͟ ͎͔͙ͪ͋ͼ͙͍͒ͦ ό͙͔ͤ͊ͨͪͣͪΣ ͎͙͡ͺͦͫ͊ͭͯύΣ ͍ͨͦͦ͘͡ΎΌͭ Ήͺͺ͔͙͍ͭͤͦ͟ 

͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͫͦͪͤΎ͙͟ ͔ͨͦͫ͡ ͨͦΎ͍͔͙ͤ͡Ύ ͍ͫͻ͍ͦ͒ͦΣ ;ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͨͪͦ΅͔͊ͭ ͯͻͦ͒ ͊͘ ͔͍͙ͨͦͫ͊ͣΣ 

͙͔ͫͤ͗͊ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍ ͔ͣͻ͙͊ͤ;͔͚ͫͦ͟ ͔ͨͪͦͨͦ͟͡ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͫͦͻ͔͙ͪ͊ͤͤΌ ͨͦ;͍͔͚ͤͤͦ ͍͎͙͊͡ ͙ 

ͫͭͪͯͭͯͪ͟·Φ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ Ή͙ͭͻ ˥˸-͔ͭͻ͎͙͚ͤͦͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͔͎ͪ͊ͯͦ͟͡Έͤ·ͣ ͔͊ͣͤͣ͟ ͍͔͔͎ͫͦͪͣͤͤͦͦ 

ͻ͍͍ͦͨͦͦ͒ͫͭ͊͟͡Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͍·ͫͦͯ͟Ό ͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͯͪͦ͗͊ΎΦ ˤ͔͔͙͔ͤ͒ͪͤ ͭͦ;͎ͤͦͦ ͔͔͔͙ͣ͒͘͡͡Ύ όtǊŜŎƛǎƛƻƴ 

!ƎǊƛŎǳƭǘǳǊŜύ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔͚͙ͨͪͭ ͦͭ ͔͔͎ͯͫͪ͒ͤͤͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͔ͨͦͣ͡ ͟ ͙͒ͺͺ͔͔ͪͤͼ͙͍ͪͦ͊ͤͤͦͣͯΣ 

͍ͦͫͤͦ͊ͤͤͦͣͯ ͤ͊ ͔ͪ͊͡Έͤ·ͻ ͔ͨͦͭͪ͋ͤͦͫͭΎͻ ͔ͦͤͪͭͤ͟͟·ͻ ͯ;͍͊ͫͭͦ͟Φ ˽͙͔ͪͣͤΎΌͭͫΎ ͒͡Ύ ͍·ͫͦͦͭͦ͟;͎ͤͦͦ 

͍͔͙ͦ͗͒ͤΎ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͔ͭͻ͙͙ͤ͟Φ ̏ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙͙ͣͤͣ͊͡Έ͔ͤͦ ͔͔ͨͪͪ͟·͙͔ͭ ͙ͨͪ ͔͍͔ͨͦͫΣ 

͔ͦ͋ͪ͊͋ͦͭ͟ ͨͦ;͍· ͙ ͍͔͔͙͙ͤͫͤ ͻ͙͙͍ͣ͊ͭͦ͟Σ ;ͭͦ Ή͙ͦͤͦͣͭ͟ ͔ͪͫͯͪͫ· ͙ ͙͔ͫͤ͗͊ͭ ͔͙͔ͯͨͦͭͤͤ͡ ͨͦ;͍·Φ  
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 x ͔͙ͫͨͦͭͤ͡·͔ ͔͔ͭ͊ͭ͡͡Έͤ·͔ ͊ͨͨ͊ͪ͊ͭ· όˣ˽˶ˢύ ͙ ͙͍ͫͨͯͭͤͦ͟·͔ ͙͔ͫͫͭͣ· ͫ ͣͯ͡Έ͙͔ͭͫͨͭͪ͊͟͡Έͤ·͙ͣ 

͔͙͊ͣͪ͊ͣ͟ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͔͎ͪͯ͡Ύ͎ͪͤͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ ͔͍͍ͨͦͫͦΦ ˹͊ ͍͔ͦͫͤͦ ͨͦͯ͡;͔ͤͤ·ͻ ͒͊ͤͤ·ͻ 

ό͙͔ͤ͊ͨͪͣͪΣ b5±L-͙͔ͤ͒ͫ͊͟Σ ͦͭͦͪ͟·͚ ͔ͦͭͪ͊͗͊ͭ ͍͒ͦͪͦ͘Έ͔ ͙ ͨͦͭͤͦͫͭ͡Έ ͙͔ͪ͊ͫͭͭ͡Έ͙ͤͦͫͭύ ͫͦ͒͊͘ΌͭͫΎ ͊ͪͭ͟· 

͍͔͎͔ͭ͊ͼ͙͙Φ ͙̏ͭ ͊ͪͭ͟· ͍ͨͦͦ͘͡ΎΌͭ ͭͦ;ͤͦ ͔͔͙ͦͨͪ͒ͭ͡Έ ͔ͨͪͦ͋ͣͤ͡·͔ ͦͤ͘·Σ ͎͔͒ ͔͔ͭͪ͋ͯͭͫΎ 

͙͒ͺͺ͔͔ͪͤͼ͙͍͔ͪͦ͊ͤͤͦ ͍͔͔͙͔ͤͫͤ ͔͙͚ͯ͒ͦ͋ͪͤΣ ͔͙ͨͫͭͼ͙͍͒ͦ ͙͙͡ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͚ ͙͍ͨͦ͡Φ 

 ˹ ͍͙͎͊͊ͼ͙ͦͤͤ·͔ ͙͔ͫͫͭͣ· ͍ͨͦͦ͘͡ΎΌͭ ͍͙ͤͦͫͭΈ ͔͙ͯ͒ͦ͋ͪͤΎΣ ͔͔ͫͣͤ͊ ͙ ͔͍ͫͪ͒ͫͭ͊ ͊͘΅͙ͭ· ͔͙͚ͪ͊ͫͭͤ ͫ 

͔͔͔͚ͨͪͣͤͤͦ ͚ͤͦͪͣͦ ό±ŀǊƛŀōƭŜ wŀǘŜ ¢ŜŎƘƴƻƭƻƎȅΣ ±w¢ύΣ ;ͭͦ ͙͙͙͔ͦͨͭͣͪͯͭ͘ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͍ͪͫͯͪͫͦΣ 

͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͔͔ͨͪͪ͊ͫͻͦ͒ ͙ ͙͙͙͙͔ͣͤͣͪͯͭ͘ Ή͎͙ͦͦ͟͡;͔͔ͫͦ͟ ͎͊ͪ͘Ύ͔͙͔ͤͤ͘Φ ̆ͦͨ͡;͙͊ͭͤ͟ Ύ͍͡Ύ͔ͭͫΎ 

ͯ͟͡Έ͚ͭͯͪͦΣ ͔ͭͪ͋ͯΌ΅͔͚ ͤ͊͘;͙͔ͭ͡Έ͎ͤͦͦ ͙ͦ͟͡;͔͍ͫͭ͊ ͍ͦ͒·Φ ˽ͦΉͭͦͣͯ Ήͺͺ͔͙͍͔ͭͤͦ͟ ͍͔͙͔ͯͨͪ͊ͤ͡ ͦͪͦ΄͔͙͔ͤͣ 

ς Ήͭͦ ͟͡Ό;͔͍͚ͦ Ή͔͔ͣͤͭ͡ ͍͔͔͚ͫͦͪͣͤͤͦ ͎͔͊ͪͦͭͻ͙͙ͤ͟Φ ͙͔̊ͪͦͦ͟ ͍͔͔͙͔ͤ͒ͪͤ ͙͔ͫͫͭͣ ͔͊ͨ͟͡Έ͎ͤͦͦ ͦͪͦ΄͔͙ͤΎ 

͍ͨͦͦ͘͡Ύ͔ͭ ͍͒ͦͫͭ͊͡ΎͭΈ ͍ͦ͒ͯ ͙ ͙͔ͨͭ͊ͭ͡Έͤ·͔ ͍͔΅͔͍ͫͭ͊ όͺ͔͙͎ͪͭ͊ͼ͙Όύ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͍ ͔͙͔ͦͪͤͦ͋ͭ͊ͣͯ͟Ό 

ͦͤͯ͘ ͫ ͍·͚ͫͦͦ͟ ͭͦ;ͤͦͫͭΈΌΦ ̏ͭͦͭ ͔ͣͭͦ͒ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙͔ͫͤ͗͊ͭ ͔͙ͨͦͭͪ ͍ͦ͒· ͤ͊ ͙͔͙͔ͫͨ͊ͪͤ ͙ 

ͨͪͦͫ͊;͙͍͙͔͊ͤΣ ͍ͨͦ·΄͔͊ͭ ͍ͦ͒ͦΉͺͺ͔͙͍ͭͤͦͫͭ͟ΈΣ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͊ͨ͘͡·͍͙͔͊ͤ ͨͦ;͍· ͙ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ 

͍͙͙ͪ͊ͭ͘Ύ ͨͦ;͍͔͚ͤͤͦ ͙ͦͪ͟͟Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ ͎͔͊ͪͦͭͻ͙͔ͤ͟ ͻͦͨ͡;͙͊ͭͤ͊͟ 

͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔ͦͣͨͫͤͯ͟͟͡Ό ͙͔ͫͫͭͣͯΣ ͍͔ͤ͊ͨͪ͊ͤͤͯ͡Ό ͤ͊ ͍ͨͦ·΄͔͙͔ͤ ͚ͯͫͭͦ;͙͍͙ͦͫͭΣ ͙͔͙͔ͫͤ͗ͤ 

͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͪͯ;͎ͤͦͦ ͭͪͯ͒͊ ͙ ͙͙͙ͣͤͣ͊͘ͼ͙Ό Ή͎͙ͦͦ͟͡;͔͎ͫͦͦ͟ ͔ͫ͒͊͡Φ ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͎͔͔͙͙ͤͭ͟Σ 

͔ͣͻ͙͙͊ͭͪͦͤ͟ ͙ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͙͔ͫͫͭͣ ͍ͨͦͦ͘͡Ύ͔ͭ ͨͦͯ͡;͊ͭΈ ͔͔͋ͦ͡ ͍·͙͚ͫͦ͟Σ ͙ͫͭ͊͋͡Έͤ·͚ ͙ 

͊͟;͔͍͔ͫͭͤͤ·͚ ͚ͯͪͦ͗͊ ͙ͨͪ ͔͔͋ͦ͡ ͪ͊ͼ͙ͦͤ͊͡Έͤͦͣ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͙ͨͪͪͦ͒ͤ·ͻ ͙ ͺ͙͍ͤ͊ͤͫͦ·ͻ ͔͍ͪͫͯͪͫͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˥͍͊ͫ͊ͤͦ ˥Φ˹Φ ̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ˥˸-͔ͭͻ͎͙͚ͤͦͦ͡ ό.ǘ-ͻͦͨͦ͟͡ύ ͒͡Ύ ͙͔͎͙͍͚ͤͭͪͪͦ͊ͤͤͦ 

͊͘΅͙ͭ· ͻͦͨ͡;͙͊ͭͤ͊͟Φ ˭͊΅͙ͭ͊ ͙ ͙͊ͪ͊ͤͭͤ͟ ͔͙͚ͪ͊ͫͭͤΦ нлнмΦ Ѕ мΦ ˿Φ ммнς120. 

2. ˩ͺ͙͍ͣͦ͊ ˩ΦˤΦΣ ˿͔͒·ͻ ˤΦˢΦ ˴͔͊ͨ͡Έ͔ͤͦ ͦͪͦ΄͔͙͔ͤ ͙ ͺ͔͙͎ͪͭ͊ͼ͙Ύ ͍ ͎͔͊ͪͦͭͻ͙͔ͤ͟ ͍·͚ͫͦͦͯͪͦ͗͊ͤ͟·ͻ 

͍ͫͦͪͭͦ ͻͦͨ͡;͙͊ͭͤ͊͟Φ ˮ͍͔͙ͫͭ͘Ύ ͙͙́ͣͪΎ͔͍͚ͫͦ͘͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͔͙͙͊͊͒ͣ͟Φ нлннΦ Ѕ оΦ ˿Φ нрς34. 

                                ϭ x ͍͊͊ͪͦ͘ ̊., ˹ ͍͊͊ͪͦ͘ ˥., ˻ ͔͔͍͒͊͟ ˣ., ˾ ͔͚͙͔͍ͣ͋͊ ˮ., 2025 

 

 

 

                               

                                       ˣ͔͔͍ͣͭͦ͊͟ ˨͔͔͗ͤͤͭ 

 ͨ ͔͍͔ͪͨͦ͒͊͊ͭ͡Έ  

͔͙͚́ͯͪͣͤͫ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭΣ 

                                                     .͎˨͊΄͎ͦͯ͘Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

̏ͺͺ͔͙͍͔ͭͤͦ͟ ͍͔͙͔ͦ͊͒ͤ͡ ͎͙͚͙͊ͤͫͣ͟͡ Ύ͘·ͦͣ͟ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪ ͔͔ͭͪ͋ͯͭ ͙͔͔͙ͨͪͣͤͤΎ 

͔ͦͣͨͫͤ͟͟͡·ͻ ͙ ͙͍͊͒͊ͨͭͪͦ͊ͤͤ·ͻ ͔͙ͣͭͦ͒͟Σ ͯ;͙ͭ·͍͊Ό΅͙ͻ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͦ͋ͯ;͊Ό΅͔͎ͦͫΎ 

͙ ͔͎ͦ ͼ͔͙͡Φ ˤ·͋ͦͪ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͔ͣͭͦ͒͊ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͍͙͙ͪ͊ͭ͘Ύ ͍͔ͫͻ ;͔ͭ·͔ͪͻ 

͟͡Ό;͔͍·ͻ ͍ͤ͊·͍ͦ͟ ς ͎ ͍͔͙ͦͦͪͤΎΣ ͙͍͙͊ͯ͒ͪͦ͊ͤΎΣ ;͔͙ͭͤΎ ͙ ͙ͨͫΈͣ͊Σ ͊ ͔ͭ͊͗͟ ͤ͊ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͙͔͎͙͍ͤͭͪͪͦ͊ͭΈ 

͔͔͙ͭͦͪͭ;͔͙͔ͫ͟ ͙ͤ͊ͤ͘Ύ ͫ ͙ͨͪ͊ͭ͟;͔͙ͫͣ͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ Ύ͘·͊͟ ͍ ͔ͪ͊͡Έͤ·ͻ ͙͔͗ͤͤͤ͘·ͻ ͙ͫͭͯ͊ͼ͙ΎͻΦ  

 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͊ͤ ͎͙͚͙͚ͫ͟͡ Ύ͘·͟Σ ͔ͣͭͦ͒· ͦ͋ͯ;͔͙ͤΎΣ ͎͙ͪ͊ͣͣ͊ͭͦ͟-͔͔͍͚ͨͪͦ͒ͤͦ ͔ͣͭͦ͒Σ  

͙͔͙͍͔ͤͭͤͫͤͦ ͦ͋ͯ;͔͙͔ͤΣ ͎͔͙͔ͨͦͪͯ͗ͤ. 
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ˮͯ͘;͔͙͔ͤ ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟ ͍ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͫͭ͊ͦ͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͊͟͟ ͒͡Ύ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͪͦͫͭ͊Σ ͭ͊͟ ͙ ͒͡Ύ ͙͡;͎ͤͦͫͭͤͦͦ ͍͙͙ͪ͊ͭ͘ΎΦ ̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͨͪͦͼ͔ͫͫ͊ ͦ͋ͯ;͔͙ͤΎ 

ͤ͊ͨͪΎͣͯΌ ͍͙͙͊ͫͭ͘ ͦͭ ͍͙ͨͪ͊͡Έͤͦ ͍·͎͋ͪ͊ͤͤͦͦ ͙ ͙͔ͨͪͣͤΎ͔͎ͣͦͦ ͔ͣͭͦ͒͊Φ ˮ͙ͫͭͦͪ;͔͙ͫ͟ ͙ͫͦ͗ͦͫ͡͡Έ 

͔ͤ ͫͦ͟͡Έͦ͟ ͟͡Ό;͔͍·ͻ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫ͟ͻ ͨͦ͒ͻ͍ͦ͒ͦΣ ͊͗͒͟·͚ ͙͘ ͦͭͦͪ͟·ͻ ͙͔͔ͣͭ ͍͙ͫͦ ͙ͫ͡Έͤ·͔ ͙ ͫ͊͋͡·͔ 

ͫͭͦͪͦͤ·Φ ˽͙͙͔ͦͤͣ͊ͤ Ή͙ͭͻ ͔͍ͣͭͦ͒ͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͦ͋ͯ;͊Ό΅͙ͣͫΎ ͙ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύͣ ͙ͨͦͫͭͪͦͭΈ ͙͔͔ͤ͊͋ͦ͡ 

͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤ·͚ ͯ;͔͋ͤ·͚ ͨ͊ͤ͡Φ 

˻͙͒ͤ ͙͘ ͔͚ͫͭ͊ͪ΄͙ͻ ͙ ͙͔͔ͤ͊͋ͦ͡ ͺͦͪͣ͊͡Έͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ τ ˥͙ͪ͊ͣͣ͊ͭͦ͟-͔͔͍͚ͨͪͦ͒ͤͦ ͔ͣͭͦ͒ 

(Grammar-¢Ǌŀƴǎƭŀǘƛƻƴ aŜǘƘƻŘύΦ ˤ ͔͎ͦ ͍͔ͦͫͤͦ ͔͙͗ͭ͡ ͔͒ͭ͊͡Έ͔ͤͦ ͙ͯ͘;͔͙͔ͤ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͍͙ͨͪ͊͡ Ύ͘·͊͟ 

͙ ͍͒ͦͫͦͤ͡·͚ ͔͔͍ͨͪͦ͒ ͔͍ͭͫͭͦ͟ ͫ ͙͎ͤͦͫͭͪ͊ͤͤͦͦ Ύ͘·͊͟ ͤ͊ ͚ͪͦ͒ͤͦ ͙ ͦ͋ͪ͊ͭͤͦΦ ˥͍͊ͤ͊͡Ύ ͼ͔͡Έ Ή͎ͭͦͦ ͔ͣͭͦ͒͊ 

τ ͒͊ͭΈ ͦ͋ͯ;͊Ό΅͔ͣͯͫΎ ͎͔ͯ͋ͦͦ͟͡ ͙͙͔ͨͦͤͣ͊ͤ ͫͭͪͯͭͯͪ͟· Ύ͘·͊͟ ͙ ͫͨͦͫͦ͋ͤͦͫͭΈ ;͙ͭ͊ͭΈ ͙͊ͫͫ͟͡;͔ͫͯ͟Ό 

͙͔ͭͪ͊ͭͯͪͯ͡Φ ˽͔͙ͪͣͯ΅͔͍ͫͭͦͣ Ύ͍͡Ύ͔ͭͫΎ ͍͙͙͔ͪ͊ͭ͘ ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͔͚ͫͨͦͫͦ͋ͤͦͫͭ ͙ ͙ͦͭ͡;ͤ·ͻ ͍ͤ͊·͍ͦ͟ 

;͔͙ͭͤΎ ͙ ͙ͨͫΈͣ͊Φ ˻͒ͤ͊ͦ͟ ͔͎ͦ ͎͍͊ͤ͡·͚ ͔ͤ͒ͦͫͭ͊ͭͦ͟ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͊͋ͫͦ͡Όͭͤͦͣ ͔͔͔͔͙͙ͨͪͤ͋ͪ͗ͤ 

͍ͤ͊·͙͊ͣ͟ ͎͍͔͙ͦͦͪͤΎ ͙ ͙͍͙͊ͯ͒ͪͦ͊ͤΎ ό͍͙ͦͫͨͪΎ͙ͭΎ ͤ͊ ͫͯ͡ͻύΣ ;ͭͦ ͔͔͒͊ͭ͡ ͍·͙͍ͨͯͫͤͦ͟͟ ͔ͤͫͨͦͫͦ͋ͤ·͙ͣ ͟ 

͔ͪ͊͡Έ͚ͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ ̏ͭͦͭ ͔ͣͭͦ͒ ͔͎ͫͦ͒ͤΎ ͔ͪ͒ͦ͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͊͟͟ ͔͙͍͔͒ͤͫͭͤͤ·͚Σ ͤͦ ͔͎ͦ Ή͔͔ͣͤͭ͡· 

όͦ͋ΆΎ͔͙͔ͫͤͤ ͫͦ͗ͤ͡·ͻ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͫͭͪͯͭͯͪ͟ύ ͦ ͫͭ͊ΌͭͫΎ ͍ ͔͔͊ͪͫͤ͊͡ ͔͍͔͔͚ͨͪͨͦ͒͊͊ͭ͡Φ 

ˤ ͙͍͍͔ͨͪͦͭͦͫ ͎͙ͪ͊ͣͣ͊ͭͦ͟-͔͔͍ͨͪͦ͒ͤͦͣͯ ͔ͣͭͦ͒ͯΣ ͍ ͔͔͙͔ͫͪ͒ͤ ·· ͍͔͊͟ ͍͙ͦͤ͘͟ ˢ͙ͯ͒ͦ-͙͎͍ͤ͊͡͡Έͤ·͚ 

͔ͣͭͦ͒ ό!ǳŘƛƻ-[ƛƴƎǳŀƭ aŜǘƘƻŘΣ ![aύΣ ͔ͭ͊͗͟ ͙͍͔ͫͭͤ͘·͚ ͊͟͟ ͔͚͙͚͊ͪͣͫ͟ ͔ͣͭͦ͒Φ ˻ͤ ͍ͦͫͤͦ͊ͤ ͤ͊ 

͙͋ͻ͔͍͙͙͔ͦͪͣ͘ ͙ ͙ͨͪͤͼ͙͔ͨ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍ͤ͊·͍ͦ͟ ;͔͔ͪ͘ ͎͔ͣͤͦͦͪ͊ͭͤͦ͟ ͍͔͙͔ͨͦͭͦͪͤ ͙ ͊ͯ͘;͙͍͙͔͊ͤ 

͙͎͍͒͊ͦͦ͡ ͙ Ύ͘·͍ͦ͟·ͻ ͦ͋ͪ͊͘ͼ͍ͦ ό͔͍ͨ͊ͭͭͪͤͦύ ͒ͦ ͍͙͊ͭͦͣ͊ͭͣ͊͘Σ ͨͦ ͎͙͙͊ͤ͊ͦ͡ ͫ ͦ͋ͯ;͔͙͔ͤͣ ͪͦ͒ͤͦͣͯ Ύ͘·ͯ͟Φ 

ˢ͟ͼ͔ͤͭ ͔͔͒͊ͭͫ͡Ύ ͤ͊ ͙͍͙͙͊ͯ͒ͪͦ͊ͤ ͙ ͎͍͔͙͙ͦͦͪͤΦ ˥͍͊ͤ͡·͔ ͙͔ͤͫͭͪͯͣͤͭ· τ ͎ͣͤͦͦͪ͊ͭͤ͟·͔ ͍͔͔͙ͫͪͤ͡Ύ 

όŘǊƛƭƭǎύΣ ͙͙ͣͭ͊ͼ͙Ύ ͙ ͙͙ͣͤͣ͊͡Έ͔ͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͎ͪͦ͒ͤͦͦ Ύ͘·͊͟Φ ˸͔ͭͦ͒ Ήͺͺ͔͙͍͔ͭͤ͟ ͒͡Ύ ͋·͎ͫͭͪͦͦ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍͋͊ͦ͘·ͻ ͯͫͭͤ·ͻ ͍ͤ͊·͍ͦ͟ ͙ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͙ͨͪͦͤͦ͘΄͔͙ͤΎΦ ˻͒ͤ͊ͦ͟ ͦͤ ;͊ͫͭͦ ͙͙͔ͪͭͯͭͫ͟͟Ύ 

͊͘ ͭͦΣ ;ͭͦ ͦ͋ͯ;͊Ό΅͙͔ͫΎ ͔ͤ ͫͨͦͫͦ͋ͤ· ͎͔͔͙͍ͤͪͪͦ͊ͭΈ ͍͔ͫͦ͋ͫͭͤͤ·͔Σ ͍ͭͦͪ;͔͙͔ͫ͟ ͍·ͫ͊͘͟·͍͙͊ͤΎΣ ͊ ͭͦ͡Έͦ͟ 

͍ͨͦͭͦͪΎͭΈ ͊ͯ͘;͔ͤͤ·͔ ͺͪ͊͘·Φ 

˿͔͙ͪ͒ ͙͔͙͍ͤͭͤͫͤ·ͻ ͔͍ͣͭͦ͒ͦ ͍·͔͒͡Ύ͔ͭͫΎ ˸͔ͭͦ͒ ͎ͨͦͤͦͦ͡ ͺ͙͙͘;͔͎ͫͦͦ͟ ͔͎͙͍͙ͪ͊ͪͦ͊ͤΎ ό¢ƻǘŀƭ 

tƘȅǎƛŎŀƭ wŜǎǇƻƴǎŜΣ ¢twύΣ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·͚ ˨͔͚͗ͣͫͦͣ ˢ΄͔ͪͦͣΦ ˻ͤ ͍ͦͫͤͦ͊ͤ ͤ͊ ͙ͦͦͪ͒ͤ͊͟ͼ͙͙ ͔ͪ;͙ ͙ 

͍͙͔͙͒͗ͤΎΥ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͔͒͊ͭ ͦͣ͊ͤ͒͟· ͤ͊ ͙ͤͦͫͭͪ͊ͤͤͦͣ Ύ͘·͔͟Σ ͊ ͔ͫͭͯ͒ͤͭ· ͍·ͨͦͤ͡ΎΌͭ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͺ͙͙͘;͔͙͔ͫ͟ ͔͚͍͙͒ͫͭΎΦ  

˿͍͔͔ͦͪͣͤͤ·͔ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͔ͭ͊͗͟ ͍͟͡Ό;͊Όͭ ˿͔ͣ΄͔͊ͤͤͦ ͦ͋ͯ;͔͙͔ͤ ό.ƭŜƴŘŜŘ 

[ŜŀǊƴƛƴƎύΣ ͔ͦͭͦͪͦ͟ ͫͦ;͔͔ͭ͊ͭ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͙͊ͯ͒ͭͦͪͤ·͔ ͊ͤ͘Ύ͙ͭΎ ͫ ͚ͦͤ͊ͤ͡-͔͙ͪͫͯͪͫ͊ͣ ͙ ͼ͙ͺ͍ͪͦ·͙ͣ 

͙͔͙ͤͫͭͪͯͣͤͭ͊ͣΦ ˹͔ͦͭΆ͔͔͚ͣͣͦ͡ ;͊ͫͭΈΌ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͫͭ͊ͦ͡ ͙ ˽͎͔͙͔ͦͪͯ͗ͤ όLƳƳŜǊǎƛon), 

͔ͦͭͦͪͦ͟ ͔͍͔ͨͦ͒ͪ͊ͯͣ͊ͭ͘ ͙ͣ͊ͫͣ͊͟͡Έ͔ͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͯ͘;͔͎͊ͣͦͦ Ύ͘·͊͟ ͍ ͍͔͔͍͚ͨͦͫ͒ͤͤͦ ͙͙͗ͤ͘Σ ;ͭͦ 

͔ͦͫͦ͋ͤͤͦ Ήͺͺ͔͙͍ͭͤͦ͟ ͙ͨͪ ͤ͊ͻ͔͙͙ͦ͗͒ͤ ͍ Ύ͘·͍͚ͦͦ͟ ͔͔ͫͪ͒ ͙͙͡ ͙͙ͫͦ͒͊ͤ͘ ͍͚ͭ͊ͦͦ͟ ;͔͔ͪ͘ ͦ͋΅͔͙͔ͤΣ ͔͙ͣ͒͊ 

͙ ͍͔ͪ͊͘͡;͔͙ͤΎΦ 

˨͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͔ͯͫͨͻ͊ ͍ ͙ͯ͘;͔͙͙ͤ ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟ ͔ͤͦ͋ͻ͙ͦ͒ͣ ͙͍ͫ͋͊͊ͤͫͪͦ͊ͤͤ͡·͚ ͨͦ͒ͻͦ͒Φ 

˹͔͡Έ͘Ύ ͙͎͙͍ͤͦͪͪͦ͊ͭΈ ͙ͤ ͎͙ͪ͊ͣͣ͊ͭͯ͟ ό͒͡Ύ ͚ͫͭͪͯͭͯͪͤͦ͟ ͍͙ͨͪ͊͡Έ͙ͤͦͫͭύΣ ͙ͤ ͔͙ͫͯ͟͟͡ ό͒͡Ύ 

͔͔ͫͦ͒ͪ͗͊ͭ͡Έ͙ͤͦͫͭύΣ ͙ͤ ͙ͨͪ͊ͭͯ͟͟ ͎͍͔͙ͦͦͪͤΎ ό͒͡Ύ ͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ ͔͎͙͋ͦͫͭ͡ύΦ ˮͯ͘;͊Ό΅͔ͣͯ Ύ͘·͟ ͍ ͊͗ͤͦ 

͔͔͙ͦͨͪ͒ͭ͡Έ ͍͚ͫͦ ͙͙͒ͦͣͤͪͯΌ΅͙͚ ͙ͫͭ͡Έ ͦ͋ͯ;͔͙ͤΎ ό͍͙ͯ͊͘͡Έͤ·͚Σ ͙͊ͯ͒͊͡Έͤ·͚Σ ͙͔͔͙ͤͫͭͭ͟;͔͙͚ͫ͟ύ ͙ 

͍·͋ͪ͊ͭΈ ͔ͣͭͦ͒Σ ͦͭͦͪ͟·͚ ͙ͤ͊ͯ͡;΄͙ͣ ͦ͋ͪ͊ͦͣ͘ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͔͎ͦ ͔ͨͦͭͪ͋ͤͦͫͭΎͣΣ ͨͦͫͭͦΎͤͤͦ ͙͔͎͙ͤͭͪͪͯΎ 

͍ͤͦ·͚ ͔͙ͣ͊ͭͪ͊͡ ͍ ͙͍͊ͭͤͯ͟Ό ͙ͨͪ͊ͭͯ͟͟Φ ̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͦ͋ͯ;͔͙ͤΎ ͍ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͤ 

ͭͦ͡Έͦ͟ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͣ ͔ͣͭͦ͒ͦͣΣ ͤͦ ͙ ͔͎ͪͯ͡ΎͪͤͦͫͭΈΌ ͊ͤ͘Ύ͙͚ͭΣ ͍͔͔͚ͤͯͭͪͤͤ ͙͍ͣͦͭ͊ͼ͙͔͚ ͙ ͎͍ͦͭͦͤͦͫͭΈΌ ͟ 

͔͔͙ͨͪͦ͒ͦͤ͡Ό Ύ͘·͍͎ͦͦͦ͟ ͋͊ͪΈ͔ͪ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˢ͙͍ͣͦ͘ ˢΦ ͙ ͒ͪΦ ˿͍͙͔ͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͙͙͍͎ͦͣͣͯͤ͊ͭͤͦͦ͟͟ ͙ ͎͙ͪ͊ͣͣ͊ͭͦ͟-͔͔͍͎ͨͪͦ͒ͤͦͦ ͔͍ͣͭͦ͒ͦ 

ͦ͋ͯ;͔͙ͤΎ ͎͙͚͊ͤͫͦͣͯ͟͡ Ύ͘·ͯ͟Φ ˤͦͨͪͦͫ· ͙͎͍͙͙͙ͤͫͭ͟͡ ͙ ͔͙͙ͣͭͦ͒͟ ͔͍͙ͨͪͨͦ͒͊͊ͤΎΦ нлнпΦ ́Φ рΣ Ѕ нΦ ˿Φ прς

56. 
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2. ˥͍͊ͫ͊ͤͦ ˥Φ˹Φ ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͔ͫͣ΄͔͊ͤͤͦ ͦ͋ͯ;͔͙͔ͤ ͎͙͚͊ͤͫͦͣͯ͟͡ Ύ͘·ͯ͟Φ 

˻͍͔͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ ͦ͋΅͔͍ͫͭͦΦ нлнмΦ Ѕ мΦ ˿Φ ммнς120. 

3. Larsen-Freeman, D. Techniques and Principles in Language Teaching. Oxford University Press, 2017. 

4. Richards, J. C., & Rodgers, T. S. Approaches and Methods in Language Teaching. Cambridge University 

Press, 2014. 

                                                               ϭ ˣ͔͔͍ͣͭͦ͊͟ ˨͗ΦΣнлнр  

 

 

 

 

                                                                                     ˾͍ͯͫͭ͊ͣͦ ˿͔ͪ͒͊ͪ 

                                 ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ, 

͚͔͍̆͊ͭͦ͟ ˽͙ͪͣͯͻ͔͊ͣͣͭ, 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ,  

͔͙͚́ͯͪͣͤͫ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭΣ 

                                                     .͎˨͊΄͎ͦͯ͘Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

                                      

̂˨ˢ˶˩˹ˮ˩ ˭ˢ́ˤ˩˾˨˩ˤ̊˩˥˻ ˿˶˻̒ ˽˻̉ˤ̍ ˤ ˽˻˿˩ˤˢ̆ ˹˩˽˾˻˾˻˿̊˩˥˻ ̆˶˻˽̉ˢ́˹ˮ˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͨͦ;͍͔͚ͤͤͦ ͙ͦͪ͟͟Σ ͙͙͡ ͍͔͔͍͊ͭͪ͒͘΄͔͎ͦ ͫͦ͡Ύ ͨͦ;͍·Σ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ 

͔ͫͪΈ͔ͤ͘·ͻ ͎͔͊ͪͦͭͻ͙ͤ;͔͙ͫ͟ͻ ͔ͨͪͦ͋ͣ͡ ͙ͨͪ ͍͔ͦ͒͘͡·͍͙͙͊ͤ ͻͦͨ͡;͙͊ͭͤ͊͟Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͍͙ͯͫͦ͡Ύͻ 

ͦͪͦ΄͔͎͊ͣͦͦ ͔͔͔͙ͣ͒͘͡͡Ύ ͙ ͔ͨͦͫ͡ ͙ͦ͋͡Έͤ·ͻ ͍ͦͫ͊͒ͦ͟Σ ͍·ͨ͊͒͊Ό΅͙ͻ ͤ͊ ͔͎͙͟͡ͻ ͙͙͡ ͊ͨ͘͡·͍͊Ό΅͙ͻ ͨͦ;͍͊ͻΦ 

̏ͭͦͭ ͍͔ͭͪ͒·͚ ͚ͫͦ͡ ͔ͨͪͨΎ͍͔ͭͫͭͯͭ ͙ͨͪͦͪ͊ͫͭ͊ͤΌ ͍ͫͻ͍ͦ͒ͦΣ ͙͋ͦͪͯ͟͡Ύ ͒ͦͫͭͯͨ ͙ͫͦͪͦ͒͊͟͡ ͙ ͔ͣͻ͙͊ͤ;͔͙ͫ͟ 

͔ͨͪͨΎ͍ͭͫͭͯΎ ͍·ͻͦ͒ͯ ͔ͫͣΎ͔͚͒ͦ͡ ͤ͊ ͍͔ͨͦͪͻͤͦͫͭΈΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͤ͊͘;͙͔ͭ͡Έͤͦͣͯ ͙͔͙ͫͤ͗ͤΌ ͔͍͚ͨͦͦ͡ 

͍ͫͻ͔͙ͦ͗ͫͭ ͙ ͔͍͔͙ͤͪ͊ͤͦͣͪͤͦͫͭ ͔͍͍ͨͦͫͦΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͨͦ ;͍͔ͤͤ͊Ύ ͦͪ͊͟͟Σ ͻͦͨ͡;͙͊ͭͤ͟Σ ͍͔͔͍͊ͭͪ͒͘΄͙͚ ͫ ͚ͦ͡Σ ͍͙͔͋ͦͪͦͤͦ͊ͤΣ ͪͦͭ͊ͼ͙ͦͤͤ͊Ύ ͋ͦͪͦͤ͊Φ 

 

˽͔ͪͦ͋ͣ͊͡ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͨͦ;͍͔͚ͤͤͦ ͙ͦͪ͟͟Σ ͙͙͡ ͍͔͔͍͊ͭͪ͒͘΄͔͎ͦ ͍͔ͨͦͪͻ͎ͤͦͫͭͤͦͦ ͫͦ͡ΎΣ Ύ͍͡Ύ͔ͭͫΎ 

ͻ͙ͪͦͤ;͔͙ͫͣ͟ ͍·͍ͦͦͣ͘ ͒͡Ύ ͻ͍͍ͦͨͦͦ͒ͫͭ͊͟͡Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͔͎͙ͪͦͤ͊ͻ ͫ ͙͔͙͍ͤͭͤͫͤ·ͣ ͦͪͦ΄͔͊ͣ·ͣ 

͔͔͔͙͔ͣ͒ͣ͘͡͡ ͙ ͔͔͔ͨͪͣͤ;͙͍·ͣ ͙ͣ͊ͭͦͣ͟͡Φ ˽ͦ;͍͔ͤͤ͊Ύ ͦͪ͊͟͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͯͨͦͭͤͤͤ͡·͚ ͚ͫͦ͡ 

ͭͦ͡΅͙͚ͤͦ ͦͭ ͔ͤͫͦ͟͡Έ͙͟ͻ ͙͙͔͍ͣͣͭͪͦ͡͡ ͒ͦ ͔ͤͫͦ͟͡Έ͙͟ͻ ͙͔͍ͫ͊ͤͭͣͭͪͦΣ ͦͭͦͪ͟·͚ ͺ͙͔ͦͪͣͪͯͭͫΎ ͤ͊ 

͍͔ͨͦͪͻ͙ͤͦͫͭ ͨͦ;͍· ͔ͨͦͫ͡ ͙ͫ͡Έͤ·ͻ ͔͚͒ͦ͗͒ ͙͙͡ ͙ͦ͋͡Έͤ·ͻ ͙͍͍ͨͦͦ͡Σ ͎ͦ͒͊͟ ;͙͊ͫͭͼ· ͨͦ;͍· ό͔ͦͫͦ͋ͤͤͦ 

͔͙͔ͣͦ͒ͫͨͪͫͤ͟͡·͔ ς ͙͡ ͙ ͎͙ͤ͊͡ύ ͙͔͎͙͒ͫͨͪͪͯΌͭͫΎ ͙ ͔͊ͭͣ͘ ͋·ͫͭͪͦ ͍·ͫ·ͻ͊Όͭ ͙ ͼ͔͔͙ͣͤͭͪͯΌͭͫΎ ͨͦ͒ 

͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͔ͫͦͤ͡;͎ͤͦͦ ͍͔ͫͭ͊Φ ˹͊ ͻ͍ͦͨͦ͟͡·ͻ ͨͦ͡Ύͻ ͦͪ͊͟͟ ͔ͦ͋ͪ͊ͯͭͫ͘Ύ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭͦ ͙ ͙͔͙͍ͤͭͤͫͤͦ 

ͤ͊ ͔͎͙͟͡ͻ ͔ͫͯͨͫ;͊ͤ·ͻ ͙ ͎͙͙ͫͯͤͫͭ͡·ͻ ͨͦ;͍͊ͻΣ ͔͋͒ͤ·ͻ ͎͙ͦͪ͊ͤ;͔͙ͫͣ͟ ͍͔΅͔͍ͫͭͦͣΣ ͊ ͔ͭ͊͗͟ ͤ͊ ͔͊ͫͦͤͤ͘͡·ͻ 

͙͙͡ ͊ͨ͘͡·͍͊Ό΅͙ͻ ͨͦ;͍͊ͻΦ ˴͙͙ͪͭ;͔͙͚ͫ͟ ͔͙ͨͪͦ͒Σ ͎ͦ͒͊͟ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͙ͦͪ͟͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͙͔͔ͤ͊͋ͦ͡ 

ͦͨ͊ͫͤ·ͣΣ ͙ͨͪͻ͙ͦ͒ͭͫΎ ͤ͊ ͍͔ͪͣΎ ͔ͣ͗͒ͯ ͔͍ͨͦͫͦͣ ͔ͫͣΎͤ ͻͦͨ͡;͙͊ͭͤ͊͟ ͙ ͨͦͤ͡·ͣ ͨͦΎ͍͔͙͔ͤͣ͡ ͍ͫͻ͍ͦ͒ͦΦ 

̆ͦͨ͡;͙͊ͭͤ͟Σ ͊͟͟ ͙ ͎͙͔ͣͤͦ ͎͙͔͒ͪͯ ͯ͟͡Έͭͯͪ·Σ ͔ͦ͋͊͒͊ͭ͡ Ή͙͎͔ͨ͊͡Έͤ·ͣ ͙ͭͨͦͣ ͙ͨͪͦͪ͊ͫͭ͊ͤΎΣ ͙ͨͪ ͦͭͦͪͦͣ͟ 

͔ͫͣΎ͙͒ͦ͡ ͙ ͭͦ;͊͟ ͪͦͫͭ͊ ͍·ͤͦͫΎͭͫΎ ͤ͊ ͍͔ͨͦͪͻͤͦͫͭΈ ͨͦ;͍·Φ ˨͡Ύ ͔͔͙ͨͪͦ͒ͦͤ͡Ύ ͙͍͔͙ͫͦͨͪͦͭͤ͡Ύ ͨͦ;͍͔͚ͤͤͦ 

͙ͦͪ͟͟ ͊ͪͦ͒͘·΄ͯ ͔͔ͭͪ͋ͯͭͫΎ ͤ͊͘;͙͔ͭ͡Έͤ͊Ύ ͺ͙͙͘;͔ͫ͊͟Ύ ͙ͫ͊͡ ͙ Ή͔͎͙ͤͪΎΣ ;ͭͦ ;͊ͫͭͦ ͔͍ͨͪ·΄͔͊ͭ ͔͎ͦ 

͍͙ͦͣͦ͗ͤͦͫͭ͘Σ ͔ͦͫͦ͋ͤͤͦ ͔͙ͫ͡ ͦͪ͊͟͟ ͦ;͔ͤΈ ͭͦͫͭ͊͡Ύ ͙ ͨͦͭͤ͊͡ΎΦ ˩͙ͫ͡ ͨͪͦͪͦͫͭͦ͟ ͔ͤ ͔ͣͦ͗ͭ ͙ͨͪͦ͋ͭΈ 

͍͔͔͍͊ͭͪ͒͘΄͙͚ ͚ͫͦ͡Σ ͦͤ ͙͙͍ͫͪ͟͡Ύ͔ͭͫΎ ͨͦ͒ ͙ͤͣΣ ͍͔͔ͨͦͪ͗͒͊ͭͫΎ ͙͙͡ ͎͙͔ͨͦ͋͊ͭ ͙͘-͊͘ ͔ͤ͒ͦͫͭ͊ͭ͊͟ ͙ͫͦͪͦ͒͊͟͡ 

ό͊ͫͺ͙͙͙ͫ͟ύ ͙ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ͙͍͔͙ͫͦͨͪͦͭͤ͡ΎΦ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͤ͊͘;͙͔ͭ͡Έͤͦͣͯ ͙͔͙ͫͤ͗ͤΌ ͔͍͚ͨͦͦ͡ 

͍ͫͻ͔͙ͦ͗ͫͭΣ ͔͍͔͙ͤͪ͊ͤͦͣͪͤͦͫͭ ͍ͫͻ͍ͦ͒ͦΣ ͊ ͍ ͻͯ͒΄͔ͣ ͫͯ͡;͔͊ ς ͟ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͔͔͔͍ͨͪͫ͊Σ ;ͭͦ ͍͔͡;͔ͭ ͊͘ 

͚ͫͦ͋ͦ ͋ͦ͡Έ΄͙͔ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͔͙ͨͦͭͪΦ 
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˿͍͔͍͔͔͔ͦͪͣͤͤͦ ͙ ͍͙ͨͪ͊͡Έ͔ͤͦ ͔͙͔ͯ͒͊ͤ͡ ͨͦ;͍͔͚ͤͤͦ ͙ͦͪ͟͟ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͎͙͔͊ͪͦͨͪͣͦͣ ͒͡Ύ 

͔͙ͫͨ͊ͫͤΎ ͯͪͦ͗͊ΎΦ ˤ·͋ͦͪ ͔ͣͭͦ͒͊ ͍͙͙͊ͫͭ͘ ͦͭ ͙͙ͫͭ͊͒ ͍͙͙ͪ͊ͭ͘Ύ ͔͙ͪ͊ͫͭͤΎΣ ͭͦ͡΅͙ͤ· ͙ ͙ͨͦͭͤͦͫͭ͡ ͙ͦͪ͟͟Σ ͊ 

͔ͭ͊͗͟ ͦͭ ͙ͭͨ͊ ͨͦ;͍·Φ ˤ ͍͔͔ͫͦͪͣͤͤͦͣ ͔͔͔͙͙ͣ͒͘͡͡ ͙͔ͨͪͣͤΎΌͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͔ͣͻ͙͊ͤ;͔͙͔ͫ͟ ͙Σ 

͔͔ͪ͗Σ ͻ͙͙ͣ;͔͙͔ͫ͟ ͔ͣͭͦ͒·Φ 

˹͙͔͔͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͣ ͙ Ήͺͺ͔͙͍ͭͤ͟·ͣ Ύ͍͡Ύ͔ͭͫΎ ͔ͣͻ͙͊ͤ;͔͙͚ͫ͟ ͔ͣͭͦ͒ τ ͪ͊ͪͯ͘΄͔͙͔ͤ 

͙ͦͪ͟͟ ͫ ͨͦͣͦ΅ΈΌ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·ͻ ͙͚ͦͪͯ͒Φ 

˶͔͎͔ͦ͟ ͍͙͔͋ͦͪͦͤͦ͊ͤΥ ˽͍͙ͪͦͦ͒ͭͫΎ ͔͎͙͙ͣ͟͡ ͔ͫͭ;͊ͭ·͙ͣ ͙͙͡ ͍ͯ͋ͦ͘·͙ͣ ͙͋ͦͪͦͤ͊ͣΦ ̏ͭͦͭ ͔ͣͭͦ͒ 

͙͔͙ͨͪͣͤͣΣ ͎ͦ͒͊͟ ͦͪ͊͟͟ ͭͦ͡Έͦ͟ ͤ͊;͙͔ͤ͊ͭ ͍ͦ͋ͪ͊ͦ͘·͍͊ͭΈͫΎΣ ͤͦ ͒ͦ ͨͦΎ͍͔͙ͤ͡Ύ ͍ͣ͊ͫͫͦ·ͻ ͍ͫͻ͍ͦ͒ͦΦ ˤ͊͗ͤͦΣ 

;ͭͦ͋· ͍͙͔͋ͦͪͦͤͦ͊ͤ ͍͙ͨͪͦͦ͒ͦͫ͡Έ ͔͔ͨͦͨͪ͟ ͙͙͡ ͨͦ ͙͎͙͒͊ͦͤ͊͡ ͪΎ͍͒ͦ͟ ͙ͨͪ ͙͚ͤͦ͘͟ ͙ͫͦͪͦͫͭ͟ ͍͙͔͙͒͗ͤΎ 

͎͔͎͊ͪ͊ͭ͊Σ ;ͭͦ͋· ͍͔͙ͫͫͭ ͟ ͙͙ͣͤͣͯͣͯ ͍͙͍͙͔ͭͪ͊ͣͪͦ͊ͤ ͔ͯ͗ ͨͪͦ͟͡Ό͍ͤͯ΄͙ͻͫΎ ͍ͪͦͫͭͦ͟ ͙ ͙͔͋͗͊ͭ͘Έ 

͍·͔͎͙͍͙͒ͪ͊ͤΎ ͔ͫͣΎͤΦ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͪͦͭ͊ͼ͙ͦͤͤ·ͻ ό͙͎ͦ͡Έ;͊ͭ·ͻύ ͋ͦͪͦͤΥ ˾ͦͭ͊ͼ͙ͦͤͤ·͔ ͋ͦͪͦͤ·Σ ͙͙͡ ͣͦͭ·͎͙Σ 

ͦͫͤ͊΅͔ͤͤ·͔ ͯ͋͘ΈΎ͙ͣ ͙͙͡ ͙͎͙͊ͣ͡Σ ͫ;͙ͭ͊ΌͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ΅͊͒Ύ΅͙ͣ ͙ Ήͺͺ͔͙͍ͭͤ͟·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͒͡Ύ 

ͪ͊ͪͯ͘΄͔͙ͤΎ ͙ͦͪ͟͟ ͤ͊ ͙͙ͫͭ͊͒Σ ͙͚͋ͦ͘͟͡ ͟ ͨͦΎ͍͔͙ͤ͡Ό ͍ͫͻ͍ͦ͒ͦΦ ˮͻ ͦͤͫͭͪͯ͟͟ͼ͙Ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͨͪͦͭ·͊ͭ͟Έ ͙ 

͙͍ͪ͊͋͊ͭ͘Έ ͦͪͯ͟͟ ͤ͊ ͔͙͔ͣ͟͡ ͺ͎͔ͪ͊ͣͤͭ·Σ ͔ͤ ͤ͊ͤͦͫΎ ͤ͊͘;͙͔ͭ͡Έ͎ͤͦͦ ͯ΅͔ͪ͋͊ ͨͪͦͪͦͫͭ͊ͣ͟Φ      

ˤ͊͗ͤ·ͣ ͔͊ͫͨͭͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͙ͨͪ͊͡Έ͔ͤͦ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͔ͣͦͣͤͭ͊ ͒͡Ύ ͪ͊ͪͯ͘΄͔͙ͤΎ ͙ͦͪ͟͟Φ 

˻͙ͨͭͣ͊͡Έ͔ͤͦ ͍͔ͪͣΎ τ Ήͭͦ ͎ͦ͒͊͟ ͋ͦ͡Έ΄͙͍ͤͫͭͦ ͔ͫͣΎͤ ͤ͊͋ͯͻͦ͡ ͙ ͤ͊;͊ͦ͡ ͨͪͦͪ͊ͫͭ͊ͭΈΣ ͤͦ ͒ͦ ͎ͭͦͦΣ ͊͟͟ 

͙ͪͦͫͭ͟ ͙͎͙͒ͦͫͭ͡ ͚ͫ͊ͣͦ ͙ͦͪ͟͟Φ ˣ͍͙͔ͦͪͦͤͦ͊ͤ ͯ͡;΄͔ ͍͙ͨͪͦͦ͒ͭΈ ͍ ͺ͊ͯ͘ ͭ͊͟ ͤ͊͘·͍͔͚͊ͣͦ ζ͔͚͋ͦ͡ ͤ ͙ͭͦ;͙͟ηΣ 

͎ͦ͒͊͟ ͙ͨͪͦͪͦͫͭ͟ ͔΅͔ ͤ͊ͻͦ͒ΎͭͫΎ ͨͦ͒ ͊͘΅͙͚ͭͦ ͔͔͚ͫͣͤͤͦ ͦ͋ͦͦ͡;͙͟Φ 

ˤ ͊͘͟͡Ό;͔͙͔ͤΣ ͍͔͍͔͔͔ͫͦͪͣͤͤͦ ͙ ͔ͭͻ͙ͤ;͔͙ͫ͟ ͎͔ͪ͊ͣͦͭͤͦ ͪ͊ͪͯ͘΄͔͙͔ͤ ͨͦ;͍͔͚ͤͤͦ ͙ͦͪ͟͟ ͍ ͔͍ͨͦͫ͊ͻ 

͔ͤͨͪͦͪͦͫ΄͔͎ͦ ͻͦͨ͡;͙͊ͭͤ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͫ͊ͣ·ͻ ͔͙ͭͪͯ͒ͦͣ͟ͻΣ ͤͦ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͻ ͎͙͔͍͊ͪͦͨͪͣͦΦ 

˻ͤͦ ͔͔ͭͪ͋ͯͭ ͔͙͍͎ͦͨͪ͊ͭͤͦͦ ͔͎͙͍͙ͪ͊ͪͦ͊ͤΎ ͤ͊ ͎ͨͦͦ͒ͤ·͔ ͍͙ͯͫͦ͡Ύ ͙ ͭͦ;͎ͤͦͦ ͍·͋ͦͪ͊ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ 

͔͍ͫͪ͒ͫͭ͊Σ ;ͭͦ͋· ͔͔ͦ͋ͫͨ;͙ͭΈ ͒ͪͯ͗ͤ·͔ ͍ͫͻͦ͒· ͙ ͫͺ͙͍ͦͪͣͪͦ͊ͭΈ ͙͍͊ͨ͊ͤͪͦ͊ͤͤͯ͘͡Ό ͎ͯͫͭͦͭͯ ͫͭͦΎ͙ͤΎΣ ;ͭͦ 

Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͍·͎ͫͦͦͦ͟ ͯͪͦ͗͊Ύ ͙ ͔͔ͪͤͭ͊͋͡Έ͙ͤͦͫͭ ͻ͍͍ͦͨͦͦ͒ͫͭ͊͟͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˢ͍͋ͪ͊ͣͦ ˢΦˮΦ ͙ ͒ͪΦ ˤ͙͡Ύ͙͔ͤ ͨͦ;͍͔͚ͤͤͦ ͙ͦͪ͟͟ ͤ͊ ͔͍ͨͦͯ͡Ό ͍ͫͻ͔ͦ͗ͫͭΈ ͙ ͙͍ͨͪͦ͒ͯͭͤͦͫͭ͟Έ 

ͻͦͨ͡;͙͊ͭͤ͊͟Φ ˤ͔͙ͫͭͤ͟ ͎͚͊ͪ͊ͪͤͦ ͙ͤ͊ͯ͟Φ нлноΦ ́Φ оΣ Ѕ пΦ ˿Φ нрς34. 

2. ˥͍͊ͫ͊ͤͦ ˥Φ˹Φ ˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͙͔͍ͨͪͣͦ ͪ͊ͪͯ͘΄͔͙ͤΎ ͨͦ;͍͔͚ͤͤͦ ͙ͦͪ͟͟ ͍ ͔͍ͨͦͫ͊ͻ ͻͦͨ͡;͙͊ͭͤ͊͟ ͍ 

͍͙ͯͫͦ͡Ύͻ ͦͪͦ΄͔͙ͤΎΦ ˻ͪͦ΄͔͔͊ͣͦ ͔͔͔͙͔ͣ͒͘͡͡Φ нлнмΦ Ѕ мΦ ˿Φ рсς63. 

3. Smith J. P. The role of organic amendments in reducing soil crusting incidence in cotton fields. Soil Tillage 

Research. 2024. V. 240. 106038. 

                                                                          ϭ ˾͍ͯͫͭ͊ͣͦ ˿ΦΣ ͚͔͍̆͊ͭͦ͟ ˽., 2025 

 

 

 

 

                            ͍́ͦͣͣ͊ͤͦ͊ ˨͔͔͗ͤͤͭ, ͨ ͔͍͔ͪͨͦ͒͊͊ͭ͡Έ  

ˢ͙͡΄͔͍ͪͦ ˸ͯͪ͊ͭ, ͫ ͔ͭͯ͒ͤͭ 

ˢ͍͊ͣͦ͡͡ ˨͙͊ͤΎ͔ͪ͋͟, ͫ ͔ͭͯ͒ͤͭ 

˨͍͍ͦͪ͊ͤͦ ˫͒͊͡΄, ͫ ͔ͭͯ͒ͤͭ 

͔͙͚́ͯͪͣͤͫ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭΣ 

                                                     .͎˨͊΄͎ͦͯ͘Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˿˻ˤ˾˩˸˩˹˹̍˩ ˸˩́˻˨̍ ˤ˩́˩˾ˮ˹ˢ˾ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͍͔͔͙ͭͪͤ͊ͪͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊ ͔͔͙͍͔ͨͪ͗͊ͭ ͔͙ͨͪͦ͒ ͔͙͔ͫͭͪͣͭ͡Έ͚ͤͦ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙Σ 
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͙͍͊ͭͤͦ͟ ͙͔͎͙ͤͭͪͪͯΎ ͙͔͙͒ͦͫͭ͗ͤΎ ͎͚ͯͣ͊ͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Σ ͙͙͔͔͙͙͋ͦͤ͗ͤͪ ͙ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ ˤ 

͔͡;͔͙͙ͤ ͍͔ͫ ΄͙͔ͪ ͙͔ͨͪͣͤΎΌͭͫΎ ͙͙ͣͤͣ͊͡Έͤͦ ͙͍͙͍ͤ͊ͤ͘·͔ ͻ͙͎͙ͪͯͪ;͔͙͔ͫ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ όΉ͙ͤ͒ͦͫͦͨ͟ΎΣ 

͙͊ͨ͊ͪͦͫͦͨ͟͡ΎύΣ ͔͎͔͔͙͍ͪͤͪ͊ͭͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊ ό͍͍ͫͭͦͦ͡·͔ ͔͙ͭ͟͟͡Σ ͨ͊ͣ͊͘͡Σ ͎ͦ͋ͦ͊΅͔ͤͤ͊Ύ ͭͪͦͣ͋ͦͼ͙͙ͭ͊ͣύ ͙ 

͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͘͡·͔ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒·Φ ͙̇ͺ͍͙ͪͦ͊͘ͼ͙Ύ ͙ ͔͔͍͔͔͙͙ͭͭͪͤ͊ͪ͡Ύ ͪ͊ͫ΄͙ͪΎΌͭ 

͒ͦͫͭͯͨ ͟ ͍͙͊͟͡ͺ͙ͼ͙͍͚ͪͦ͊ͤͤͦ ͨͦͣͦ΅͙Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ Ήͺͺ͔͙͍ͭͤ͟·͚ ͙͙͎ͣͦͤͭͦͪͤ ͍͒ͦͪͦ͘ΈΎ ͙͍͗ͦͭͤ·ͻ ͙ 

͍ͨͦ·΄͔͙͔ͤ ͔ͪͯ͘͡Έ͙͍͙ͭ͊ͭͤͦͫͭ ͔͡;͔͙ͤΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͍͔ ͔͙͙ͭͪͤ͊ͪΎΣ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͭ ͔͔͔͙ͣ͒͡ͼ͙ͤ͊Σ ͔͎͔͔͙͍ͪͤͪ͊ͭͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ 

 ͣ ͔ͦͯ͟͡͡Ύͪͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Φ 

 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͍͔͔͙͙ͭͪͤ͊ͪΎ τ Ήͭͦ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ͊Ύ ͦ͋͊ͫͭ͡Έ ͔͙ͣ͒ͼ͙ͤ·Σ ͦͭͦͪ͊͟ΎΣ ͔ͫ͒ͯ͡Ύ 

͙ͨͪͤͼ͙ͨͯ ζ˩͙͔͒ͤͦ ͍͒ͦͪͦ͘Έ͔η όhƴŜ IŜŀƭǘƘύΣ ͔͙ͫͭͪͣͭͫΎ ͟ ͍ͨͦ·΄͔͙ͤΌ ͍ͫͭ͊ͤ͒͊ͪͭͦ ͙͎͙͙͒͊ͤͦͫͭ͟Σ 

ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙ ͔͡;͔͙ͤΎ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙͍͗ͦͭͤ·ͻΦ ˥ͯ͋ͦ͊͟͡Ύ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͫ ͤ͊ͯ;ͤ·͙ͣ ͙͔͙͒ͦͫͭ͗ͤΎ͙ͣ ͍ 

͙ͦ͋͊ͫͭ͡ ͙͎͙͙͋ͦͦ͡Σ ͻ͙͙͙ͣΣ ͺ͙͙͙͘͟ ͙ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍͙ͨͦͦ͊͘͡͡ ͍͔͔͙ͭͪͤ͊ͪ͊ͣ ͔͔͚͙ͨͪͭ ͦͭ 

Ή͙͙ͣͨͪ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͟ ͤ͊ͯ;ͤͦ ͍ͦ͋ͦͫͤͦ͊ͤͤ·ͣΣ ͍·ͫͦͦͭͦ͟;ͤ·ͣ ͨͪͦͭͦͦ͊ͣ͟͡ ͔͡;͔͙ͤΎΦ ˻͍͚ͫͤͦͤͦ 

ͨͪͦͪ·͍ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͍͔͔͙͙͙ͭͪͤ͊ͪ ͙͎͒ͦͫͭͤͯͭ ͍ ͙ͦ͋͊ͫͭ͡ ͙͎͙͒͊ͤͦͫͭ;͔͚ͫͦ͟ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙Φ ˸͔ͭͦ͒·Σ 

͔͔ͪ͊ͤ ͒ͦͫͭͯͨͤ·͔ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͍ ͎͚ͯͣ͊ͤͤͦ ͔͙ͣ͒ͼ͙͔ͤΣ ͔͔ͭͨͪΈ ͙ͫͭ͊͡ ͫͭ͊ͤ͒͊ͪͭͦͣ ͍ ͪͯͨͤ͟·ͻ 
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MANAGEMENT AND SUSTAINABILITY IN PRIVATE EDUCATIONAL ACADEMIES 

 

Abstract 

Financial management in private educational academies has transitioned from basic bookkeeping to a 

strategic pillar of institutional sustainability. Unlike public institutions, private academies operate within a 

dual-mandate framework: they must provide high-quality, competitive educational services while ensuring 

long-term fiscal solvency and growth. In a volatile economic landscape characterized by rising operational 

costs and shifting student demographics, the management of tuition revenue, endowment funds, and capital 

expenditures dictates an institution's capacity for innovation. This article examines the core components of 

modern educational finance and outlines key directions for achieving economic resilience. It emphasizes that 

effective financial management is the primary enabler of academic quality, providing the necessary capital 

for infrastructure, technology, and faculty excellence. 

Keywords:  

educational finance, revenue diversification, tuition management, capital expenditure (CAPEX), fiscal 

sustainability, endowment growth, cost-benefit analysis, private education, institutional resilience. 

 

The Fundamental Role of Fiscal Stewardship 

The financial management process in an academy serves as the structural foundation for all 

pedagogical activities. Without a robust fiscal strategy, even the most innovative curriculum cannot be 

sustained or scaled. 

Core Economic and Operational Impacts: 

¶ Operational Stability: Diligent cash flow management ensures that the academy can meet its primary 

obligationsτfaculty salaries, utility costs, and resource procurementτwithout interruption. 

¶ Investment in Innovation: Strategic budgeting creates "surplus pools" that can be reinvested into 

cutting-edge technology (e.g., AI labs, VR classrooms) and modern campus infrastructure. 

¶ Risk Mitigation: Developing financial reserves and insurance portfolios protects the academy against 

unforeseen crises, such as sudden enrollment drops or emergency facility repairs. 

¶ Competitive Pricing and Scholarship Capacity: Sophisticated financial modeling allows academies to 

balance tuition rates with robust financial aid programs, ensuring a diverse and talented student body while 

maintaining profitability. 

Key Strategic Directions for Financial Health 

Modern academy leaders must adopt a "business-academic" hybrid mindset to navigate the 

complexities of modern educational markets. 

Direction 1: Revenue Diversification and Portfolio Management 

Relying solely on tuition fees creates a high-risk financial profile. Sustainable academies are 

increasingly moving toward multi-stream revenue models: 

¶ Upstream Efficiency (Alternative Revenue Streams): Implementing "auxiliary services" such as 

summer camps, professional certification programs for adults, and the leasing of facility spaces during off-

peak hours. 
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¶ Downstream Integration (Endowment and Alumni Giving): Developing structured advancement 

offices to cultivate alumni relationships and philanthropic donations. These funds provide a "permanent" 

capital base that supports long-term projects and research. 

o Example: Establishing a "Legacy Fund" where a portion of annual surpluses is invested in low-risk 

portfolios to generate passive income for future scholarships. 

Direction 2: Navigating Cost Optimization and Digital Efficiency 

The push toward "Lean Management" in education focuses on reducing administrative overhead 

without compromising the student experience: 

¶ Investment in FinTech Integration: Utilizing automated billing, payroll, and procurement systems to 

reduce the "cost-per-transaction." This automation allows administrative staff to focus on higher-value tasks 

like strategic planning. 

¶ Energy and Facility Sustainability: Directing capital toward energy-efficient infrastructure (e.g., solar 

panels, smart HVAC systems). While these require high initial investment (CAPEX), they significantly lower 

long-term operating expenses (OPEX), contributing to both environmental and fiscal sustainability. 

o The Strategic Challenge: Managing the "ROI gap"τthe time it takes for a technological or 

infrastructural investment to pay off in terms of improved student outcomes or reduced costs. 

Conclusion 

Financial management in private academies is far more than an administrative function; it is the 

ultimate enabler of the academic mission. An institution's pace of development is directly proportional to its 

fiscal health and its ability to manage complex financial trade-offs. For academy directors, the key direction 

must be a dual strategy: aggressively optimizing operational efficiency through digital integration and cost 

control, while simultaneously investing in revenue-generating innovations that secure the academy's future. 

Mastering this financial balancing act is the true measure of a resilient and successful educational leader in 

the 21st century. 
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PERFORMANCE MANAGEMENT AND QUALITY ASSURANCE IN EDUCATIONAL ACADEMIES 

 

Abstract 

Performance management and Quality Assurance (QA) within educational academies represent the 
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critical intersection of administrative efficiency and pedagogical excellence. In an increasingly competitive 

global education market, the ability to systematically monitor, evaluate, and improve institutional 

performance is a key differentiator for success. This strategic focus extends beyond mere compliance with 

regulatory standards; it involves the creation of a continuous improvement culture that impacts faculty 

productivity, student satisfaction, and long-term institutional viability. This article examines the core 

frameworks of performance management and outlines key directions for implementing robust quality 

controls that ensure an academy remains resilient, accountable, and academically rigorous. 

Keywords:  

performance management, quality assurance (QA), key performance indicators (KPIs), academic auditing, 

faculty evaluation, institutional accountability, continuous improvement (PDCA), educational standards. 

 

The Fundamental Role of Performance Frameworks 

The implementation of performance management systems provides academies with a data-driven 

roadmap for achieving their mission. By establishing clear benchmarks, institutions can transition from 

anecdotal "feel-good" assessments to objective, evidence-based governance. 

Core Institutional and Academic Impacts: 

¶ Accountability and Transparency: Structured performance reviews hold all stakeholdersτfrom 

senior leadership to teaching staffτaccountable for specific, measurable goals, fostering trust among 

parents and regulators. 

¶ Targeted Professional Development: By identifying specific gaps in faculty performance through peer 

reviews and student feedback, academies can direct training resources toward the areas of greatest need. 

¶ Curriculum Optimization: Quality assurance cycles identify which programs are delivering high 

student achievement and which require redesign, ensuring the academy's offerings remain relevant to 

market needs. 

¶ Fiscal and Operational Efficiency: Performance data allows management to identify "bottlenecks" in 

administrative processes, reducing waste and allowing for the reallocation of funds toward core educational 

activities. 

Key Directions for Quality Management 

The strategic focus of academy management must move toward an integrated approach where quality 

is "built-in" rather than "checked-at-the-end." 

Direction 1: Implementing Multi-Dimensional Evaluation Systems 

Modern academies are moving away from single-source evaluations toward a "360-degree" view of 

performance: 

¶ Upstream Efficiency (Standardized KPIs): Establishing clear Key Performance Indicators (KPIs) that 

track not only grades but also student retention, faculty research output, and extracurricular engagement. 

¶ Downstream Integration (Peer and Student Feedback): Utilizing anonymized student evaluation of 

teaching (SET) combined with peer classroom observations to provide a holistic view of instructional quality. 

o Example: Implementing a "Balanced Scorecard" that weights student satisfaction equally with 

financial health and academic innovation. 

Direction 2: Navigating Accreditation and Global Standards 

As educational boundaries blur through online and hybrid learning, maintaining international 

standards is the primary policy challenge: 

¶ Investment in Internal Auditing: Creating dedicated QA departments within the academy to conduct 

regular "mock audits." This ensures the institution is always "accreditation-ready" and adheres to the highest 

global standards. 
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¶ Benchmarking and External Validation: Actively participating in national and international ranking 

systems and seeking ISO certifications for educational organizations. This provides an external "stamp of 

quality" that is vital for student recruitment and global partnerships. 

o Strategic Challenge: Balancing the pressure of "teaching to the test" (to satisfy KPIs) with the 

institutional mission of providing a deep, transformative education. 

Conclusion 

Performance management in educational academies is a dynamic policy instrument that transforms 

institutional vision into measurable reality. Its effective implementation dictates the stability of the 

ŀŎŀŘŜƳȅΩǎ ŦƛƴŀƴŎŜǎΣ ǘƘŜ ƳƻǊŀƭŜ ƻŦ ƛǘǎ ǎǘŀŦŦΣ ŀƴŘ ǘƘŜ ǇǊƻfessional readiness of its graduates. For academy 

leaders, the key direction must be a dual strategy: aggressively optimizing data collection and KPI tracking to 

ensure operational health, while simultaneously fostering an environment where quality is seen as a 

collective responsibility rather than a bureaucratic burden. Mastering this balance is the hallmark of a world-

class educational institution in the modern era. 
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STRATEGIC MANAGEMENT IN EDUCATIONAL ACADEMIES: NAVIGATING THE FUTURE OF LEARNING 

 

Abstract 

Management in educational academies has evolved from simple administrative oversight into a 

complex, multi-dimensional discipline essential for institutional survival and academic excellence. In an era 

of rapid digital transformation and shifting pedagogical paradigms, the strategic management of academies 

dictates not only fiscal stability but also the quality of student outcomes and institutional reputation. This 

article examines the multifaceted role of educational managementτencompassing academic leadership, 

financial stewardship, digital integration, and human capital development. It outlines key policy directions 

where effective management is critical for creating resilient, future-ready learning environments that can 

balance the trade-offs between rigorous academic standards and the logistical demands of a modern 

enterprise. 
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The Fundamental Role of Academic Management 

The management process in an academy, encompassing curriculum planning, staff recruitment, facility 

optimization, and student services, is the operational engine that allows the educational mission to succeed. 

Core Operational and Strategic Impacts: 

¶ Resource Optimization: Effective management ensures that financial and physical assets (e.g., 

laboratories, libraries, digital infrastructure) are utilized to their maximum potential to support student 

learning. 

¶ Faculty Retention and Development: High-level management prioritizes the "Human Capital" 

element, creating professional development pathways that reduce staff turnover and improve teaching 

quality. 

¶ Institutional Reputation: Strategic branding and quality assurance protocols (e.g., accreditation 

management) directly influence an academy's standing in the competitive educational market. 

¶ Student-Centric Outcomes: By streamlining administrative processes, management allows educators 

to focus on personalized learning, directly improving graduation rates and career placement. 

Key Management Challenges and Directions 

Modern educational leaders must navigate the tension between traditional academic values and the 

efficiency requirements of a 21st-century organization. 

Direction 1: Digital Transformation and Data-Driven Governance 

Academies are increasingly moving toward "Smart Management" systems to enhance decision-making 

and operational speed: 

¶ Upstream Efficiency (LMS and ERP Integration): Implementing integrated Enterprise Resource 

Planning (ERP) systems and Learning Management Systems (LMS) to automate scheduling, grading, and 

financial reporting. 

¶ Downstream Integration (Learning Analytics): Utilizing big data to track student performance in real-

time. This allows management to intervene early when a student is at risk, shifting from reactive to predictive 

support. 

Direction 2: Navigating Human Capital and Pedagogical Shifts 

The global move toward student-centered and hybrid learning presents the greatest long-term 

management challenge: 

¶ Investment in Faculty Reskilling: Directing institutional funds toward training staff in hybrid teaching 

methodologies and the ethical use of AI in the classroom. This ensures the workforce remains relevant and 

effective. 

¶ Agile Governance and Policy Clarity: Creating flexible administrative frameworks that allow the 

academy to pivot quickly to new educational trends (e.g., micro-credentials or project-based learning) while 

maintaining regulatory compliance. 

¶ Stakeholder Engagement: Developing robust communication channels between management, 

parents, students, and industry partners to ensure the curriculum remains aligned with market demands. 

Conclusion 

Management in educational academies is more than a bureaucratic necessity; it is a strategic 

instrument for societal progress. The quality of management dictates an institution's ability to innovate, its 

fiscal health, and ultimately, the success of its graduates. For academic leaders, the key direction must be a 
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dual strategy: aggressively optimizing internal operations through digital tools and data, while simultaneously 

investing in the foundational human relationships and pedagogical innovations that define a true community 

of learning. Mastering this balance is the true measure of effective educational leadership in the 21st century. 
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оΦ ˹͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍͙͊͟͡ͺ͙͊͟ͼ͙͙ ͯ;͙͔ͭ͡Ύ τ ͔ͯͫͨ΄͔ͤͦ ͍͔͔͙͔ͤ͒ͪͤ ͔ͭͻ͎͙͚ͤͦͦ͡ ͔͔ͭͪ͋ͯͭ 

͎͍͙ͨͦ͒ͦͭͦ͟ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύ ͙ ͔͙ͯͣͤΎ ͙͔͎͙͍ͤͭͪͪͦ͊ͭΈ ͚͍ͯͫͭͪͦͫͭ͊ ͍ ͙ͯͪͦ͟Φ 

пΦ ˨ͦͫͭͯͨͤͦͫͭΈ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎ τ ͔ͤ ͍͔ͫ ΄ͦ͟͡· ͙ ͔ͫͭͯ͒ͤͭ· ͙͔ͣΌͭ ͍ͪ͊ͤ·͚ ͒ͦͫͭͯͨ ͟ ͨ͊ͤ͡΄͔ͭ͊ͣ ͙ 

ͦͣͨ͟ΈΌ͔ͭͪ͊ͣΣ ;ͭͦ ͔ͫͦ͒͊ͭ͘ ͫͦͼ͙͊͡Έ͔ͤͦ ͔͍͔͍ͤͪ͊ͤͫͭͦΦ 

пΦ ˽͙ͪ͊ͭ͟;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ 

˽͙͍͊ͤͪͦ͊ͭ͡Έ ͙ͯͪͦ͟ ͫ ͯ;͔ͭͦͣ ͫͦ;͔͙ͭ͊ͤΎ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͙ ͼ͙ͺ͍ͪͦ·ͻ ͔͍ͣͭͦ͒ͦ ͦ͋ͯ;͔͙ͤΎΦ 

ˮͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͙͔͙͍ͤͭͪ͊ͭͤ͟·͔ ͙͊͒͊ͤ͘Ύ ͙ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ 

͙͍ͣͦͭ͊ͼ͙͙Φ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͯͣͤ·ͻ ͚͍ͯͫͭͪͦͫͭ τ ͨ͊ͤ͡΄͔͍ͭͦΣ ͦͣͨ͟ΈΌ͔͍ͭͪͦ ͙ ͙͔͙͍ͤͭͪ͊ͭͤ͟·ͻ ͒ͦͫͦ͟ τ 

ͦ͊͘͟·͍͔͊ͭ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͯ;͔͋ͤ·͚ ͨͪͦͼ͔ͫͫΦ ͙̏ͭ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ͨͦ·΄͊Όͭ ͍͍͔ͦ͡;͔ͤͤͦͫͭΈ 

ͯ;͊΅͙ͻͫΎΣ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͙͙͍͙͙ͤ͒͒ͯ͊͊͘͡ͼ͙͙ ͦ͋ͯ;͔͙ͤΎ ͙ ͍͙͍ͪ͊͊͘Όͭ ͼ͙ͺ͍ͪͦ·͔ ͍ͤ͊·͙͟Φ ˤ͔͔ͣͫͭ ͫ ͔ͭͣ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͯ;͙ͭ·͍͊ͭΈ ͍ͦͣͦ͗ͤ͘·͔ ͔͙ͤ͒ͦͫͭ͊ͭ͟ ͙ ͙͙ͪͫ͟Σ ͔͔ͦ͋ͫͨ;͙͍͊ͭΈ ͍ͪ͊ͤ·͚ ͒ͦͫͭͯͨ ͟ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΌ 

͙ ͍ͨͦ·΄͊ͭΈ ͍͙͊͟͡ͺ͙͊͟ͼ͙Ό ͔͎͎͍ͨ͒͊ͦͦΦ ˽͍͙ͪ͊͡Έͤ͊Ύ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͯͣͤ·ͻ ͚͍ͯͫͭͪͦͫͭ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͚ 

ͨͪͦͼ͔ͫͫ ͔͔͒͊ͭ͡ ͦ͋ͯ;͔͙͔ͤ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·ͣΣ ͙͔͔ͤͭͪͫͤ·ͣ ͙ ͍͔͔ͫͦͪͣͤͤ·ͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡· 

1. ˮ͍͍͊ͤͦ͊ ˹ΦΣ ζ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘ηΣ ˸͍ͦͫ͊͟Σ нлнлΦ 

2. ˽͔͍ͭͪͦ ˢΦΣ ζˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͔͙͍ͤͭͪ͊ͭͤ͟·ͻ ͒ͦͫͦ͟ ͙ ͨ͊ͤ͡΄͔͍ͭͦ ͍ ͯ;͔͋ͤͦͣ ͨͪͦͼ͔͔ͫͫηΣ ˿͊ͤͭ͟-

˽͔͔͎ͭͪ͋ͯͪΣ нлмфΦ 

3. ˻͚ͤ͊ͤ͡-͔ͪͫͯͪͫΥ ƘǘǘǇǎΥκκŜŘǘŜŎƘΦǊǳκŀǊǘƛŎƭŜǎκǎƳŀǊǘ-devices-in-education. 

ϭ ˹͔ͯͪ͋ͪ͒·͔͍ ˨., ˸ ͔͔͍ͪ͒ͦ ˢ., ̒ ͎͘·͡·͍͒͗ͦ ˥., ˮ ͍͊ͣ͊ͤͦ͡ ˥., 2025 
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MODERN METHODOLOGIES IN TEACHING THE TURKMEN LANGUAGE 

 

Abstract 

The instruction of the Turkmen language is currently undergoing a transformative phase, shifting from 

traditional grammar-translation methods toward communicative and technology-enhanced approaches. As 

an agglutinative language with unique phonetic requirements like vowel harmony, Turkmen presents specific 

challenges that modern methodologies aim to address through cognitive scaffolding and digital integration. 

This article explores the efficacy of immersive environments, the role of multimedia tools, and the transition 

toward the Common European Framework of Reference for Languages (CEFR) standards within the Turkmen 

context. By prioritizing functional fluency over rote memorization, these modern methods ensure that 

students can navigate both literary and everyday registers of the language effectively. 

Keywords: 

turkmen language, linguistic pedagogy, agglutination, communicative approach, vowel harmony, digital 

humanities, language immersion, CEFR standards, educational technology. 

 

Pedagogical Evolution: From Rote Memorization to Functional Fluency 

Traditional Turkmen instruction historically focused on the memorization of complex suffix chains and 

vowel harmony rules. Modern methods now prioritize the use of the language in authentic contexts. 

Factors Driving Methodological Change: 

¶ The Communicative Approach: Educators now focus on "task-based learning," where students use 

Turkmen to solve real-world problems rather than simply conjugating verbs. 

Example (Practical Application): Instead of a lecture on the locative case (-da/-de), students are given 

a map of Ashgabat and must explain their commute to school. This forces the automatic application of 

suffixes in a spatial context. 

¶ Cognitive Scaffolding for Agglutination: Because Turkmen builds meaning by stacking suffixes, 

modern teaching breaks these chains into digestible "semantic blocks." 

Technology and the Digital Classroom 

The integration of digital tools has revolutionized how students engage with the phonetic and 

orthographic nuances of Turkmen, particularly for non-native learners. 

Core Benefits to Language Acquisition: 

¶ Interactive Phonetics and Vowel Harmony: Digital platforms provide instant audio feedback, which 

is crucial for mastering the front and back vowel distinctions of Turkmen. 

Example (Multimedia): Language labs utilize software that visualizes sound waves, allowing students 

ǘƻ ŎƻƳǇŀǊŜ ǘƘŜƛǊ ǇǊƻƴǳƴŎƛŀǘƛƻƴ ƻŦ ŘƛǎǘƛƴŎǘ ¢ǳǊƪƳŜƴ ƭŜǘǘŜǊǎ ƭƛƪŜ ȌΣ ǀΣ ŀƴŘ Ǹ ǿƛǘƘ ƴŀǘƛǾŜ ǎǇŜŀƪŜǊ ǊŜŎƻǊŘƛƴƎǎΦ 

¶ Gamified Vocabulary Building: Mobile applications and online flashcard systems (like Quizlet or Anki) 

are utilized to reinforce the high frequency of word-building roots. 

¶ Corpus Linguistics in the Classroom: Advanced students now utilize the Turkmen National Corpus to 

observe how specific words are used in modern media versus classical literature. 

9ȄŀƳǇƭŜ ό/ƻƴǘŜȄǘǳŀƭ wŜǎŜŀǊŎƘύΥ ! ǎǘǳŘŜƴǘ Ŏŀƴ ǎŜŀǊŎƘ ŦƻǊ ǘƘŜ ǿƻǊŘ ǇŀǊŀƘŀǘœȅƭȅƪ όǇŜŀŎŜύ ǘƻ ǎŜŜ ƛǘǎ 

usage in news articles versus its metaphorical usage in the poetry of Magtymguly Pyragy, bridging the gap 

between historical and modern registers. 
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Standardization and Assessment 

To align with international norms, Turkmen language teaching is increasingly adopting standardized 

assessment models that focus on four key competencies: reading, writing, listening, and speaking. 

Standards and Impact: 

¶ CEFR Alignment: Curriculum development is moving toward level-based progression (A1 to C2). This 

allows for standardized testing that makes Turkmen proficiency quantifiable for international academic and 

diplomatic exchange. 

¶ Immersion and Cultural Integration: Modern methods incorporate "Cultural Capsules"τshort, 

intensive lessons on Turkmen traditions, music, and hospitalityτto ensure linguistic fluency is paired with 

cultural competence. 

Example (Cultural Context): A lesson on the imperative mood is taught through the context of a 

traditional Turkmen recipe (like dograma), where students follow and give instructions in a mock-kitchen 

environment. 

Conclusion 

The teaching of the Turkmen language has evolved from a static, rule-based discipline into a dynamic, 

learner-centered process. By leveraging digital tools to demystify agglutination and employing 

communicative tasks to foster real-world interaction, modern educators are preserving the linguistic heritage 

of Turkmenistan while making it accessible to a globalized generation. This methodological shift not only 

improves student retention but also ensures that the Turkmen language remains a vibrant and functional 

tool for communication in the 21st century. 
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THE ORIGIN OF TURKMEN VERBS IN THE PERSIAN LANGUAGE 

 

Abstract 

The Persian language has historically interacted with many Turkic languages due to prolonged cultural, 

political, and social contact across Central Asia, Iran, and neighboring regions. Among these interactions, the 

influence of Turkmenτa member of the Oghuz branch of Turkic languagesτoccupies a special place. This 

article examines the origins and integration of Turkmen verbs in the Persian language, focusing on historical 
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contact, linguistic mechanisms of borrowing, semantic adaptation, and grammatical transformation. By 

analyzing the pathways through which Turkmen verbal elements entered Persian, the study highlights the 

dynamic nature of language contact and the role of Turkmen-speaking communities in shaping regional 

linguistic landscapes. 

Keywords: 

 turkmen language, persian language, verb borrowing, language contact, TurkicςIranian interaction, 

historical linguistics, lexical influence. 

 

Introduction 

Language contact has long been a driving force behind linguistic change and development. In regions 

where Turkic and Iranian peoples coexisted for centuries, mutual linguistic influence became inevitable. 

Persian (Farsi), as one of the most influential Iranian languages, absorbed lexical and grammatical elements 

from neighboring languages, including Turkmen. While much scholarly attention has focused on Persian 

loanwords in Turkic languages, the influence in the opposite directionτespecially regarding verbsτhas 

received comparatively less attention. This article aims to explore the origins of Turkmen verbs in Persian 

and to demonstrate how historical interaction facilitated their adoption and adaptation. 

Historical Background of TurkmenςPersian Contact 

The interaction between Turkmen and Persian-speaking populations dates back to the early medieval 

period, particularly during the Seljuk era and subsequent Turkmen dynasties. Turkmen tribes migrated into 

regions of present-day Iran, Afghanistan, and Anatolia, establishing political dominance and cultural 

exchange. As Turkmen rulers, soldiers, and nomads interacted with Persian administrators, scholars, and 

urban populations, bilingualism became widespread. 

Persian served as the language of administration, literature, and diplomacy, while Turkmen functioned 

as a spoken language of daily life, military organization, and tribal communication. This sociolinguistic 

environment created favorable conditions for lexical borrowing. Verbs related to movement, warfare, animal 

husbandry, and daily activities were particularly prone to transfer, as they reflected Turkmen nomadic culture 

and practical life. 

Linguistic Mechanisms of Verb Borrowing 

Borrowing verbs between languages is generally more complex than borrowing nouns, as verbs are 

deeply embedded in grammatical systems. In the case of Turkmen verbs entering Persian, direct borrowing 

was relatively rare. Instead, verbal roots were often integrated through periphrastic constructions or 

converted into Persian verbal forms using auxiliary verbs such as kardan (to do), zadan (to strike), or shodan 

(to become). 

For example, Turkmen verbal stems expressing action or motion were adapted into Persian by 

attaching Persian auxiliaries, allowing them to conform to Persian syntax and morphology. Over time, these 

hybrid constructions became fully lexicalized and accepted as part of Persian usage. This process illustrates 

how Persian maintained its grammatical integrity while still absorbing Turkic verbal semantics. 

Semantic Fields and Functional Adaptation 

Turkmen-origin verbs in Persian are most commonly found in specific semantic domains. These include 

military activities, animal breeding, agriculture, craftsmanship, and social interaction. Many such verbs 

reflect Turkmen nomadic traditions, such as herding, migration, and combat techniques. Once borrowed, the 

meanings of these verbs often underwent semantic narrowing or expansion to fit Persian cultural contexts. 

In some cases, Turkmen verbs retained their original meanings, while in others they developed 
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metaphorical or abstract senses in Persian. This semantic adaptation demonstrates the flexibility of borrowed 

verbs and their ability to integrate into new linguistic environments while preserving traces of their origin. 

Phonological and Morphological Adaptation 

Phonological adaptation was a necessary step in the integration of Turkmen verbs into Persian. Sounds 

unfamiliar to Persian phonology were either modified or replaced with closer equivalents. Stress patterns 

and vowel harmony, characteristic of Turkmen, were lost during adaptation, aligning the borrowed forms 

with Persian phonetic norms. 

Morphologically, Turkmen verbal roots lost their original agglutinative suffixes and were reanalyzed 

within the Persian inflectional system. Persian tense, aspect, and mood markers replaced Turkmen suffixes, 

ensuring grammatical compatibility. As a result, these verbs became indistinguishable from native Persian 

verbs in everyday usage, except through historical and comparative linguistic analysis. 

Sociolinguistic Factors Influencing Borrowing 

The borrowing of Turkmen verbs into Persian was not merely a linguistic process but also a 

sociocultural one. The prestige of Turkmen military elites during certain historical periods facilitated the 

spread of Turkic vocabulary. At the same time, the everyday contact between Turkmen nomads and Persian-

speaking settlers promoted mutual linguistic exchange at the grassroots level. 

Bilingual speakers played a crucial role as intermediaries, unconsciously transferring linguistic 

elements between languages. Over generations, borrowed verbs lost their foreign status and became 

naturalized components of Persian speech, particularly in regional dialects influenced by Turkmen presence. 

Comparative Perspective and Linguistic Significance 

From a comparative linguistic perspective, the presence of Turkmen verbs in Persian highlights the 

reciprocal nature of TurkicςIranian language contact. While Persian exerted strong literary and administrative 

influence on Turkic languages, Turkmen contributed practical and colloquial elements to Persian. This mutual 

exchange enriched both linguistic traditions and reflects a shared cultural heritage. 

The study of Turkmen verbs in Persian also contributes to broader theories of language contact, 

demonstrating how grammatical constraints shape borrowing patterns and how verbs can be successfully 

integrated despite structural differences between languages. 

Conclusion 

The origin of Turkmen verbs in the Persian language is a result of centuries-long historical interaction, 

cultural exchange, and bilingual communication. Through processes of semantic adaptation, phonological 

modification, and morphological restructuring, Turkmen verbal elements became an integral part of Persian 

lexical resources. This phenomenon illustrates the dynamic and adaptive nature of language and underscores 

the importance of TurkmenςPersian contact in the linguistic history of the region. Further research into 

regional dialects and historical texts will deepen our understanding of this rich linguistic relationship. 
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˭͊ͺ͍͊ͪͦ͊ ˭͙͊ͪͪͤ͊ ˢ͎͋͒ͯ͊ͺ͍ͯͪͦͤ͊   

͙͚̆ͯ͒͗͊ͤ͒ͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔̂ͤͪͫͭͭ ͙͔͙ͣͤ ͔͙͊͊͒ͣ͊͟͟ ˣͦ͋ͦ͒͗ͦͤ͊ ˥͊ͺ͍ͯͪͦ͊ 

͎Φ̆ͯ͒͗͊ͤ͒Σ ͙͙́͊͒͗ͫͭ͊ͤ͟ 

 

˽˾˻ˣ˶˩˸̍ ˿ˮ˹́ˢ˴˿ˮ̉˩˿˴ˮ̆ ˥˩˾̂˹˨ˮˢ˶̎˹̍̆ ˴˻˹˿́˾̂˴̇ˮ˯ ˤ ˢ˹˥˶ˮ˯˿˴˻˸ ̒˭̍˴˩  

ˮ ˿˽˻˿˻ˣ̍ ˮ̆ ˤ̍˾ˢˬ˩˹ˮ̒ ˹ˢ ˾̂˿˿˴ˮ˯ ̒˭̍˴ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙͊ͤ͊ͯ͘͡ ͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ͻ ͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ 

͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͙ ͔ͨͪͦ͋ͣ͊ͣ͡ ͙ͻ ͔͍͎͊͒͊ͭͤͦͦ͟ ͔͔͍ͨͪͦ͒͊ ͤ͊ ͙͚ͪͯͫͫ͟ Ύ͘·͟Φ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙ͭͨ· 

͎͔͙ͪͯͤ͒ΎΥ ͎͎͊ͦ͡͡Έͤ·͔Σ ͊͒Ά͔͙͍ͭͤ͟·͔ ͙ ͙͍ͫͯ͋ͫͭ͊ͤͭͤ·͔ ͫͦ;͔͙ͭ͊ͤΎΣ ͊ ͔ͭ͊͗͟ ͙ͻ ͔ͨͪ͒ͦ͗ͤ͡·͔ ͙ 

͔͔͋ͫͨͪ͒ͦ͗ͤ͡·͔ ͍͙͊ͪ͊ͤͭ·Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͺͯͤ͟ͼ͙͙ ͎͔͙ͪͯͤ͒Ύ ͊͟͟ ͍͙͙͎͊ͫͣͦͦ͘ ;͔ͤ͊͡ ͍ 

͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎͻ ͙ ͔͎ͦ ͎͎͊ͦ͡͡Έͤͦ-͙͔ͣͤͤ·ͣ ͍͚͍ͫͦͫͭ͊ͣΦ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍·Ύ͍͡Ύ͔ͭ ͔͙ͫͣ͊ͤͭͦ͟-

͙͙ͫͤͭ͊ͫ͟;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͔͙ͪͯͤ͒ΎΣ ͔͎ͦ ͔ͭͣͨͦͪ͊͡Έͤͦ-͔͊ͫͨͭͯ͊͟͡Έͤ·͔ ͤ͊͘;͔͙ͤΎΣ ͍͙͙͊ͫͣͦͫͭ͘Έ 

͍·͋ͦͪ͊ ͔͎ͨͪ͒ͦ͊͡ ͦͭ ͙͍ͦͤͫͭͪͯͭͤ͟͟·ͻ ͍͚͍ͫͦͫͭ ͔͔͍͎ͫͭͪ͗ͤͦͦ ͍ͫͦ͊͡Σ ͊ ͔ͭ͊͗͟ ͙ͪ͊͘͡;͙Ύ ͙ ͫͻ͍ͦ͒ͫͭ͊ ͫ 

͙ͨͪ;͙͔͊ͫͭͣ ͔͍ͨͪ·ͣΦ ˽͙ͪ͊ͭ͟;͔ͫ͊͟Ύ ͤ͊͘;͙ͣͦͫͭΈ ͪ͊͋ͦͭ· ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙͙ ͍͙ͨͪ͊͡ 

͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͙ ͙ͻ ͔͔͙ͯͨͦͭͪ͋ͤ͡Ύ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟Σ ;ͭͦ ͔͎ͦ͋͡;͔͊ͭ 

͔͔͍ͨͪͦ͒ ͤ͊ ͙͚ͪͯͫͫ͟ Ύ͘·͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡ 

͎͔͙͚ͪͯͤ͒Σ ͎͔͙ͪͯͤ͒͊͡Έͤ·͔ ͦͤͫͭͪͯ͟͟ͼ͙͙Σ ͎͙͚͙͚͊ͤͫ͟͡ Ύ͘·͟Σ ͙͙ͫͤͭ͊ͫͫ͟Σ ͔͔͍ͨͪͦ͒Σ ͙ͨͪ;͙͔͊ͫͭΣ 

͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΣ ͔ͭͣͨͦͪ͊͡Έͤͦ-͔͊ͫͨͭͯ͊͟͡Έͤ·͔ ͤ͊͘;͔͙ͤΎ. 
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Abstract 

The article analyzes syntactic gerundial constructions in contemporary English and the challenges of 

translating them into Russian. Types of gerunds are considered: verbal, adjectival, and substantival 

constructions, including prepositional and non-prepositional variants. Special attention is paid to the function 

of the gerund as a dependent element within phrases and its verbal-nominal properties. The study highlights 

semantic and syntactic features of the gerund, its temporal-aspectual meanings, the dependence of 

preposition choice on the head word, as well as similarities and differences with the present participle. The 

practical significance lies in systematizing rules for forming gerundial constructions, facilitating accurate 

translation into Russian. 
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ˤ͍͔͔͙͔͒ͤ 

ˤ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͎͍͙͙͔ͤͫͭ͟͡ ͎͔͙͚ͪͯͤ͒ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͫͦ͗ͤ͊͡Ύ ͔͙ͤ͡;ͤ͊Ύ ͺͦͪͣ͊ ͎͎͊ͦ͊͡͡Σ 

ͫͦ;͔ͭ͊Ό΅͊Ύ ͍ ͔͔ͫ͋ ͎͎͊ͦ͡͡Έͤ·͔ ͙ ͙͔ͣͤͤ·͔ ͍͚͍ͫͦͫͭ͊Σ ;ͭͦ ͍͙͍͔ͦ͋ͯͫͦ͊ͭ͡͡ ͎͙͔ͣͤͦͦͦ͋ͪ͊͘ ͔͎ͦ 
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͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ͻ ͺͯͤ͟ͼ͙͚Φ ˻ͫͦ͋·͚ ͙͔͔ͤͭͪͫ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͍ͦͨͪͦͫ ͦ ͔ͫͭ͊ͭͯͫ ͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ 

͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡Σ ͙ͻ ͫͦͦͭͤͦ΄͔͙͙ͤ ͫ ͙ͨͪ͒͊ͭͦ;ͤ·͙ͣ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ͙ͣΣ ͙ͤͺ͙͙͙͍ͤͭͤ·͙ͣ ͦͤͫͭͪͯ͟͟ͼ͙Ύ͙ͣ ͙ 

͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ͙ͣΦ ˹͊ͫͭͦΎ΅͙͚ ͔ͭͫͭ͟ ͍ͨͦͫΎ΅͖ͤ ͙͊ͤ͊ͯ͘͡ ͙ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙͙ ͙͙ͭͨ;ͤ·ͻ ͫͯ͡;͔͍͊ 

͔͔͙ͯͨͦͭͪ͋ͤ͡Ύ ͎͔͙ͪͯͤ͒Ύ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟Σ ͍·Ύ͍͔͙ͤ͡Ό ͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ 

͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͙ ͯͭͦ;͔͙ͤͤΌ ͙ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ-͙͙ͫͤͭ͊ͫ͟;͔͚ͫͦ͟ ͙ͨͪͪͦ͒·Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͍ 

͍͔͙͙ͫͦͨͦͫͭ͊ͤ͡ ͫ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟Φ 

˻͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡· 

ˤ ͙͎͍͙͙ͤͫͭ͡;͔͙ͫ͟ͻ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͻ ͎͔͙͚ͪͯͤ͒ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͔͙ͤ͡;ͤ͊Ύ ͺͦͪͣ͊ ͎͎͊ͦ͊͡͡Σ 

ͫͦ;͔ͭ͊Ό΅͊Ύ ͎͎͊ͦ͡͡Έͤ·͔ ͙ ͙͔ͣͤͤ·͔ ͍͚͍ͫͦͫͭ͊Σ ;ͭͦ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͫͦ͗ͤͦͫͭ͡Έ ͔͎ͦ ͙͙ͫͤͭ͊ͫ͟;͔͎ͫͦͦ͟ ͫͭ͊ͭͯͫ͊Φ 

˿ͯ΅͔͍͔ͫͭͤͤ·͚ ͍͊͒͟͡ ͍ ͙ͯ͘;͔͙͔ͤ ͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͍͔ͤͫ ̆Φ ˽ͦͯͭͫͣ͊Σ ͍͍ͭͪ͊ͭͦ͊͟΄͙͚ ͙ͻ ͊͟͟ 

ͫͭͪͯͭͯͪ͟·Σ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ ͙͙͔͋͘͟͡ ͟ ͙ͨͪ͒͊ͭͦ;ͤ·ͣ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎͣΣ ͙ ͍ͫͦͨͦͫͭ͊͡Ύ͍΄͙͚ ͎͔͙͚ͪͯͤ͒ ͫ 

͙ͤͺ͙͙͙͍ͤͭͦͣΦ ˻͒ͤ͊ͦ͟ ͍ ͔͎ͦ ͪ͊͋ͦͭ͊ͻ ͍͔ͦͭͫͯͭͫͭͯͭ ͼ͔ͦͫͭͤ͊͡Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͫͦ;͔͙͚ͭ͊ͤΦ 

ˤ ͔ͦͭ;͔͍͔͚ͫͭͤͤͦ ͙͎͍͙͙͔ͤͫͭ͟͡ ͔ͨͪͦ͋ͣ͊͡ ͫͦͦͭͤͦ΄͔͙ͤΎ ͎͔͙ͪͯͤ͒Ύ ͙ ͙ͨͪ;͙͊ͫͭΎ L ͨͦͯ͡;͙͊͡ 

͔ͤͦ͒ͤͦͤ͊͘;͔ͤͦ ͍͔ͦͫ΅͔͙͔ͤΦ ˩Φ ˴͔͚͙͎ͪͤ͘Σ ˤΦ ̒Φ ˽͙ͦͭͤ͟͡ ͙ ˶Φ ˿Φ ˣ͊ͪͻ͍ͯ͒͊ͪͦ ͫͦͤͤ͟͡· ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ 

ͺͦͪͣ· ͤ͊ -ƛƴƎ ͊͟͟ ͔͙͒ͤͯΌ ͙͎͙ͨ͊ͪ͊͒ͣ͊ͭ;͔ͫͯ͟Ό ͺͦͪͣͯΣ ͙ͪ͊͘͡;͊Ό΅ͯΌͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͨͦ ͅ ͯͤ͟ͼ͙͙Φ 

ˣΦ ˢΦ ˮ͡Έ͙΄ ͔͒ͦͨͯͫ͊ͭ͟ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͊͟͟ ͦ͋Ά͔͙͖͎͒ͤͤͤͦͦΣ ͭ͊͟ ͙ ͔ͪ͊͒͘͡Έ͎ͤͦͦ ͙͙ͦͨͫ͊ͤΎ Ή͙ͭͻ ͺͦͪͣΦ ˤ ͭͦ 

͔͗ ͍͔ͪͣΎ ˢΦ ˮΦ ˿͙͙ͣͪͤͼ͙͚͟ ͙ ˣΦ ˿ͭͪΉ͎ͤ ͙͍ͤ͊ͫͭ͊͊Όͭ ͤ͊ ͙ͻ ͎͙ͪ͊ͪ͊ͤ͘;͔͙͙ͤ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ͻ 

͙ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ͻ ͙͔͙͔͍ͪͭͪ͟Φ 

ˤ ͼ͔ͦͣ͡ ͙͊ͤ͊͘͡ ͙͔ͭͪ͊ͭͯͪ͡· ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦΣ ͔ͤͫͣͦͭͪΎ ͤ͊ ͤ͊͘;͙͔ͭ͡Έͤ·͚ ͙͔͔ͤͭͪͫ ͟ ͔͔ͨͪͦ͋ͣ͡ 

͎͔͙ͪͯͤ͒ΎΣ ͍ͦͨͪͦͫ· ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙͙ ͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͙ ͯͭͦ;͔͙ͤͤΎ ͙ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ-

͙͙ͫͤͭ͊ͫ͟;͔͎ͫͦͦ͟ ͫͭ͊ͭͯͫ͊ ͦͫͭ͊ΌͭͫΎ ͙͙͒ͫͯͫͫͦͤͤ͟·͙ͣΣ ;ͭͦ ͙ ͍͙͍͔ͦ͋ͯͫͦ͊ͭ͡͡ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͒͊͡Έ͔͚ͤ΄͙ͻ 

͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͍ ͚͒͊ͤͤͦ ͙ͦ͋͊ͫͭ͡Φ 

XΦ ˽ͦͯͭͫͣ͊ ͫ;͙͔ͭ͊ͭΣ ;ͭͦ ͔͙ͤ͡;ͤ·͔ ͺͦͪͣ· ͫ ͙ͨͪͣ·͊͟Ό΅͙͙ͣ ͟ ͙ͤͣ ͍͙ͫͦ͊ͣ͡ ͍·ͨͦͤ͡ΎΌͭ ͍ 

͔͔͙͙ͨͪ͒ͦ͗ͤ͡ ͺͯͤ͟ͼ͙͙Σ ͫͻͦ͒ͤ·͔ ͫ ͺͯͤ͟ͼ͙Ύ͙ͣ ͙ͨͪ͒͊ͭͦ;ͤ·ͻ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡ όŎƭŀǳǎŜǎύΦ ˽͙ͪ͒͊ͭͦ;ͤ·͔ 

͎͔͙ͪͯͤ͒͊͡Έͤ·͔ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ όƎŜǊǳƴŘ ŎƭŀǳǎŜǎύ ˽ͦͯͭͫͣ͊ ͔ͨͦ͒ͪ͊͒͘͡Ύ͔ͭ ͤ͊ ͍͔͒ ͎ͪͯͨͨ· ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ 

͎ͭͦͦΣ ͍͔ͫͦͨ͊͒͊ͭ ͙͡ ͫͯ͋Ά͔ͭ͟ ͎͔͙ͪͯͤ͒Ύ ͫ ͔ͨͦ͒͗͊͡΅͙ͣ ͎͍͎͊ͤͦͦ͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ όƘŜŀŘ-ŎƭŀǳǎŜύΦ ˢ͙ͤ͊ͯ͘͡ 

͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͙ͨͪ͒͊ͭͦ;ͤ·ͻ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡ ͫ ͔͍ͤ·͔ͪ͊͗ͤͤ·ͣ ͫͯ͋Ά͔ͭͦͣ͟ ͍ͨͦͫΎ΅͔ͤ͊ ͋ͦ͡Έ΄͊Ύ ;͊ͫͭΈ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͊ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΣ ͍ ͦͭͦͪ͟·ͻ ͙ͤ͊͡;͔͍͔ͫͭͯͭ ͫͯ͋Ά͔ͭ͟ ͎͔͙ͪͯͤ͒ΎΣ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͊͟͟ 

͍͔͎ͫͦͦ ͪͦ͒͊ ͍͙ͪ͊ͤͦ͒ͤͦͫͭ͘Έ ͔͍ͨͪ·ͻ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤΦ ͔̇ͤͤͦͫͭΈ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ 

͋ͦ͡Έ΄͙ͣ ͺ͙͊ͭ͟;͔͙ͫͣ͟ ͔͙ͣ͊ͭͪ͊ͦͣ͡ ό͒͊ͤͤ͊Ύ ;͊ͫͭΈ ͪ͊͋ͦͭ· ͤ͊ͫ;͙ͭ·͍͔͊ͭ моо ͫͭͪΦύΣ ͤͦ ͙ ͎ͣͤͦͦͪ͊ͭͤ͟·͙ͣ 

ͨͦͨ·͙ͭ͊ͣ͟ ͍͊ͭͦͪ͊ ͦ͋ΆΎ͙ͫͤͭΈ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͤ͊͘;͔͙ͤΎ ͚ͭͦ ͙͙͡ ͙͚ͤͦ ͎͔͙ͪͯͤ͒͊͡Έ͚ͤͦ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͍ 

͍͔͙͙ͫͪ͊ͤͤ ͫ ͎͙͊ͤ͊ͦ͡;͚ͤͦ ͙ͤͺ͙͙͙͍͚ͤͭͤͦ ͦͤͫͭͪͯ͟͟ͼ͙͔͚Φ ˻͒ͤ͊ͦ͟ ͍ ͔ͪ͊͋ͦͭ ˽ͦͯͭͫͣ͊ ͔ͤ ͙͍͙ͨͪͦ͒ͭͫΎ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͫͦ;͔͙͚ͭ͊ͤ ͊͟͟ ͍ͭ͊ͦ͟·ͻΦ ˮ͔͙͔ͦ͗ͤ͘͡ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔͙ͣ͊ͭͪ͊͊͡Σ ͻͦͭΎ ͦͤͦ ͙ 

͔͒͊ͭͫΎ ͨͦ ͙ͨͪͤͼ͙ͨͯ ͍͙͙͙͊ͫͣͦͫͭ͘ ͎͔͙ͪͯͤ͒Ύ ͦͭ ͎ͭͦͦ ͙͙͡ ͙͎ͤͦͦ ͎͎͊ͦ͊͡͡Σ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦΣ 

͙͎͔ͨͪ͊͊ͭ͡͡Έ͎ͤͦͦΣ ͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͍ ͨͦͪΎ͔͒͟ ͔͍͙ͫ͒ͦ͊ͤ͡Ύ ͍͋ͯ͟ ͎͙͚͎͊ͤͫͦͦ͟͡ ͊͡ͺ͍͙͊ͭ͊ ώрϐΦ 

͔̇͡Έ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͙ ς ͦ ͙͙͔ͨͫ͊ͤ ͙ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙Ύ ͙͙ͭͨ;ͤ·ͻ ͙ ͻ͔͊ͪ͊ͭͪͤ͟·ͻ ͫͯ͡;͔͍͊ ͔͔͙ͯͨͦͭͪ͋ͤ͡Ύ 

͎͔͙ͪͯͤ͒Ύ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡Φ  

˴͊͟ ͨͦ͊͘͟·͍͊Όͭ ͤ͊͋͡Ό͔͙͒ͤΎΣ ͎͔͙͚ͪͯͤ͒Σ ͍͔͍͙͔ͫ͒ͫͭ͡ ͍͙ͫͦͻ ͎͎͊ͦ͡͡Έͤͦ-͙͔ͣͤͤ·ͻ ͍͚͍ͫͦͫͭΣ ͔ͣͦ͗ͭ 

͍ͦ͋ͪ͊ͦ͘·͍͊ͭΈ ͫͦ;͔͙ͭ͊ͤΎ ͍͒ͦΎ͎ͦͦ͟ ͪͦ͒͊Φ ˣͯ͒ͯ;͙ ͎͎͊ͦ͡͡Έ͚ͤͦ ͺ͚ͦͪͣͦ ͦͤ ͔ͣͦ͗ͭ ͙͙ͨͪͤͣ͊ͭΈ ͔͙͔͒ͦͨͦͤͤ͡ 

͙ ͔͔ͦͨͪ͒͡ΎͭΈͫΎ ͔ͤ͊ͪ;͙͔ͣΣ ͍·ͫͭͯͨ͊Ύ ͙ͭ͊ͣ͟ ͦ͋ͪ͊ͦͣ͘ ͔͔͍ͫͭͪ͗ͤ·ͣ ;͔ͤͦͣ͡ ͫͦ;͔͙ͭ͊ͤΎΦ ˻͒ͤ͊ͦ͟ 

͎͔͙ͪͯͤ͒͊͡Έͤ·͔ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͎ͭ͊ͦͦ͟ ͪͦ͒͊ ͨͦ ͫͯ΅͔͍ͫͭͯ Ύ͍͡ΎΌͭͫΎ ͍͙ͪ͊ͤͦ͒ͤͦͫͭ͘ΈΌ ͎͙͊ͤ͊ͦ͡;ͤ·ͻ 

͎͎͊ͦ͡͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚Φ ˿ ͎͚͒ͪͯͦ ͫͭͦͪͦͤ·Σ ͍͙͍ͦͤͤͯ͘͟ ͙͘ ͎͎ͦͭ͊ͦ͡͡Έ͎ͤͦͦ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦΣ ͎͔͙͚ͪͯͤ͒ 

ͫͦͻ͙ͪ͊ͤ͡ ͎͙͔ͣͤͦ ;͔ͪͭ· ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦΣ ͙͔ͭ͊͟Σ ͊͟͟ ͫͨͦͫͦ͋ͤͦͫͭΈ ͍ͯͨͪ͊͡ΎͭΈͫΎ ͔͎ͨͪ͒ͦͦͣ͡Σ 

͔͔ͦͨͪ͒͡ΎͭΈͫΎ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͣ ͍ ͙ͨͪͭΎ͔͗͊ͭ͡Έͤͦͣ ͔͔ͨ͊͒͗ ͙ ͙ͨͪͭΎ͔͗͊ͭ͡Έͤ·ͣ ͔͙͔͙͔ͣͫͭͦͣͤͣΦ 

ˮ͔ͣͤͤͦ ͙ͤ͊͡;͙͔ͣ ͙͔ͣͤͤ·ͻ ͍͚͍ͫͦͫͭ ͦ͋ΆΎͫͤΎ͔ͭͫΎ ͫͨͦͫͦ͋ͤͦͫͭΈ ͎͔͙ͪͯͤ͒Ύ ͍ͦ͋ͪ͊ͦ͘·͍͊ͭΈ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ 
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ͫ ͎͎͙͊ͦ͊ͣ͡͡Σ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·͙ͣ ͙ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͙ͣΣ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͙ͦͭ͡;ͤ·͔ ͦͭ ͍ͤ͊͊ͤͤ͘·ͻ ͍·΄͔Φ 

˻͙ͭ͡;͙͔ Ήͭͦ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͭͦͣΣ ;ͭͦ ͍ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎͻ ͙ͭͨ͊ ǘƻ ǊŜǇŜƴǘ ƳŀǊǊȅƛƴƎΣ ǘƘŜ ƛƳǇƻǎǎƛōƛƭƛǘȅ ƻŦ 

ŜǎŎŀǇƛƴƎΣ ŦŀƳƻǳǎ ŦƻǊ ōƛǘƛƴƎ ͎͔͙͚ͪͯͤ͒ ͍·͔ͫͭͯͨ͊ͭ ͍ ͊͟;͔͍͔ͫͭ ͍͙͙͎͊ͫͣͦͦ͘ ;͔ͤ͊͡ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͙ ͔ͦ͋ͪ͊ͯͭ͘ 

ͫͦ ͔͔͍ͫͭͪ͗ͤ·ͣ ͍ͫͦͦͣ͡ ͔͙͔͒ͤͦ ͼ͔͔ͦ͡Σ ͫͯ͗͊͡΅͔͔ ͫͦ͗ͤ͡·ͣ ͙͔͍͙͔ͣͤͦ͊ͤͣ Ύ͍͔͙ͤ͡ΎΦ  

˿ͦ͋ͪ͊ͤͤ·͚ ͙ͤ͊ͣ ͔͙ͣ͊ͭͪ͊͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͙͔ͣͤͤͦ ͍ ͍͔ͫͦͫͭ͊ ͫͦ;͔͙͚ͭ͊ͤ ͎͒͊ͤͤͦͦ ͙ͭͨ͊ ͎͔͙͚ͪͯͤ͒ 

ͤ͊ͻ͙ͦ͒ͭ ͔͔ͫ͋ ͙͔͔ͤ͊͋ͦ͡ ;͔͊ͫͭͦ ͙Σ ͍͙͙͒ͣͦΣ ͙͔͔ͤ͊͋ͦ͡ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͔ ͔͎ͦ ͙͔ͨͪͪͦ͒ ͙͔͔͙͔ͨͪͣͤͤΦ 

˽͔͔ͪ͗͒ ;͔ͣ ͙͎͊͊ͭ͘͡Έ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͫͦ;͔͙͚ͭ͊ͤΣ ͍ ͦͭͦͪ͟·ͻ ͎͔͙͚ͪͯͤ͒ ͍·͔ͫͭͯͨ͊ͭ ͍ ͊͟ ;͔͍͔ͫͭ ͍͙͙͎͊ͫͣͦͦ͘ 

;͔ͤ͊͡Σ ͤ͊͒ͦ ͯͭͦ;͙ͤͭΈ ͍ͦͨͪͦͫ ͦ ͭͦͣΣ ;͔ͣ Ύ͍͡ΎΌͭͫΎ ͒͊ͤͤ·͔ ͍·͔͙ͪ͊͗ͤΎ ͍ ͍͔ͫͦͫͭ͊ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͙ 

͙͔͙ͨͪͣͤͣ ͙͡ ͟ ͙ͤͣ ͔͙ͭͪͣͤ ζ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤηΦ ˩͙ͫ͡ ͙ͫͻ͙ͦ͒ͭΈ ͙͘ ͍͙ͨͪ͊͡Έ͎ͤͦͦΣ ͫ ͤ͊΄͔͚ ͭͦ;͙͟ ͔͙ͪͤ͘ΎΣ 

͙͙ͨͦͤͣ͊ͤΎ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͊͟͟ ͙͙͍͚ͤͦͣͤ͊ͭͤͦ ͔͙͙͒ͤͼ·Σ ͫͯ͗͊͡΅͔͚ ͤ͊ͪΎ͒ͯ ͫͦ ͍ͫͦͦͣ͡ ͙͔ͫͭͪͦͭ͡Έͤ·ͣ 

͔͙ͣ͊ͭͪ͊ͦͣ͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΣ ͔͔ͫ͒ͯͭ͡ ͙ͨͪͤ͊ͭ͘ΈΣ ;ͭͦ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤ τ Ήͭͦ ͙ͦ͒ͤ ;͔ͤ͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΦ 

˻͒ͤ͊ͦ͟ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͙͔ͭ͊͟ ͎͔͙ͪͯͤ͒͊͡Έͤ·͔ ͍·͔͙ͪ͊͗ͤΎΣ ͊͟͟Σ ͙͔ͤ͊ͨͪͣͪΣ ζƛƴǎƛǎǘ ƻƴ ƎƻƛƴƎη 

͙ ͍ ͔͙ͦͫͦ͋ͤͤͦͫͭ ζƛƴǎƛǎǘ ƻƴ Ƙƛǎ όƘƛƳύ ƎƻƛƴƎηΣ ͊͟͟ ͔͙͒ͤ·͚ ;͔ͤ͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͤ͊ͣ 

͙͔ͫͦͣͤͭ͡Έͤ·ͣΦ ˽ͪͦͪ͊͋ͦͭ͊ͤͤ·͚ ͔͙ͣ͊ͭͪ͊͡ ͔͔ͯ͋͗͒͊ͭ ͤ͊ͫ ͍ ͭͦͣΣ ;ͭͦ ͍ͦͨͪͦͫ ͦ ͍͙ͦͣͦ͗ͤͦͫͭ͘ 

͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͎͔͙ͪͯͤ͒͊͡Έ͚ͤͦ ͦͤͫͭͪͯ͟͟ͼ͙͙ ͊͟͟ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͔͒ͦ͗ͤ͡- ͔ͪ΄͊ͭΈͫΎ ͍ ͔͔͋ͦ͡ ΄͙ͪͦͦͣ͟ 

͔ͨ͊ͤ͡Σ Ύ͍͡ΎΎͫΈ ;͊ͫͭΈΌ ͔ͨͪͦ͋ͣ͡· ;͔͔͙ͤͤ͡Ύ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΦ ˽ͦΉͭͦͣͯ ͍ ͍͔͚ͫͦ ͔ͪ͊͋ͦͭ ͣ· ͍͔͙͍͔ͦ͒ͪ͗͊ͣͫ͘Ύ 

ͦͭ ͔͙ͭͪͣͤ͊ ζ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤηΦ ˸· ͔͔ͤ͊͒ͣͫΎΣ ;ͭͦ ͙͙͔ͦͨͫ͊ͤ ͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟ ͙ ͍͙ͨͪ͊͡ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ 

͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͙͙͡ ͫͦ;͔͙͚ͭ͊ͤΣ ͊͟͟ ͣ· ͔͋ͯ͒ͣ ͤ͊͘·͍͊ͭΈ ͙ͻΣ ͔ͣͦ͗ͭ ͔͚͍͍ͫͦ͒ͫͭͦ͊ͭΈ ͔ͪ΄͔͙ͤΌ 

ͨͪ ͔ͦ͋ͣ͡· ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͊͟͟ ͍ͭ͊ͦ͟·ͻΦ 

ˮͭ͊͟Σ ͨͦ͒ ͎͔͙ͪͯͤ͒͊͡Έͤ·ͣ ͫͦ;͔͙͔ͭ͊ͤͣ ͣ· ͙͔ͨͦͤͣ͊ͣ ͍·͔͙͔ͪ͊͗ͤΣ ͫͦͫͭͦΎ΅͔͔ ͙͘ ͎͎͊ͦ͊͡͡Σ 

͙͎͔ͨͪ͊͊ͭ͡͡Έ͎ͤͦͦ ͙͙͡ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ͫ ͍͙͊ͫ͘Ύ΅͙ͣ ͦͭ ͔͎ͤͦ ͎͔͙͔ͪͯͤ͒ͣΤ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦ ͣ· ͔͙͒ͣ͡ 

͙͔ͭ͊͟ ͫͦ;͔͙ͭ͊ͤΎ ͤ͊ ͙ͭͪ ͍ͦͫͤͦͤ·͔ ͎ͪͯͨͨ·Υ 

- ͎͎͊ͦ͡͡Έͤ·͔ 

to dislike climbing mountains, to insist on being invited, to taxher with being rude, 

- ͊͒Ά͔͙͍ͭͤ͟·͔ 

selfish about lending books, 

tired of repeating things, 

happy in being together,  

- ͙͍ͫͯ͋ͫͭ͊ͤͭͤ·͔ 

chance of becoming an actor, moment for parting, 

pleasure from listening. 

˨͡Ύ ͯͨͦͪΎ͒ͦ;͔͙ͤΎ ͙͙ͦͨͫ͊ͤΎ ͙ ͙͊ͤ͊͊͘͡ ͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͣ· ͍·͔͒͡Ύ͔ͣ ͔ͨͪ͒ͦ͗ͤ͡·͔ 

͙ ͔͔͋ͫͨͪ͒ͦ͗ͤ͡·͔ ͫͦ;͔͙ͭ͊ͤΎΦ ˴͊͟ ͨͦ͊͘͟·͍͔͊ͭ ͙͔͍ͫͫ͒ͦ͊ͤͤ͡·͚ ͙ͤ͊ͣ ͔͙ͣ͊ͭͪ͊͡Σ ͍ͨͦ͒͊͡ΎΌ΅͔͔ 

͋ͦ͡Έ΄͙͍ͤͫͭͦ ͫͦ;͔͙͚ͭ͊ͤ ͫ ͎͔͙͔ͪͯͤ͒ͣ ͔ͨͪ͒ͦ͗ͤ͡·͔Φ ˹ͦ ͔ͤ ͍ͫΎ͙͚͟ ͎͔͙͚ͪͯͤ͒ ͫ ͔͎ͨͪ͒ͦͦͣ͡Σ ͫͭͦΎ΅͙ͣ ͨ ͔͔ͪ͒ 

͙ͤͣΣ ͣͦ͗ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͊͟͟ ;͊ͫͭΈ ͎͔͙ͪͯͤ͒͊͡Έ͎ͤͦͦ ͫͦ;͔͙ͭ͊ͤΎΦ ˨͔ͦ͡ ͍ ͭͦͣΣ ;ͭͦ ͎͔͙ͪͯͤ͒͊͡Έ͔ͤͦ 

ͫͦ;͔͙͔ͭ͊ͤ ͔ͤ ͍͙͔ͦͤ͊ͭ͘͟Σ ͔͙ͫ͡ ͎͔͙͚ͪͯͤ͒Σ ͍͍͙ͦ͒ͣ·͚ ͔ͭͣ ͙͙͡ ͙ͤ·ͣ ͔͎ͨͪ͒ͦͦͣ͡Σ ͙ͦͭͤͦͫͭͫΎ ͔ͤ ͟ 

͔͔͔ͦͨͪ͒ͤͤͦͣͯ͡ ͍ͫͦͯ͡Σ ͊ ͦ͟ ͍͔ͫͣͯ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ό ͍ ͼ͔ͦͣ͡Σ ͍·ͫͭͯͨ͊Ύ ͊͟͟ ͋· ͙͙ͫͤͦͤͣͦͣ ͙ͨͪ;͎͊ͫͭͤͦͦ 

ͦ͋ͦͪͦͭ͊Φ ˤ ͭ͊ͦͣ͟ ͫͯ͡;͔͊ ͎͔͙ͪͯͤ͒͊͡Έͤ·͚ ͦ͋ͦͪͦͭ ͔ͨͦͣ΅͔͊ͭͫΎ ͍ ͤ͊;͔͊͡ ͙͙͡ ͍ ͦͤ͟ͼ͔ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΦ ̉͊΅ 

͔ ͎͙͒ͪͯͻ ͔͎͍ͨͪ͒ͦͦ͡ ͫ ͎͔͙͔ͪͯͤ͒ͣ ͍ ͺͯͤ͟ͼ͙͙ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊ ͔ͯͨͦͭͪ͋͡ΎΌͭͫΎ ͔͎͙ͨͪ͒ͦ͡Υ ōȅΣ ƛƴΣ ƛƴǎǘŜŀŘ ƻŦΣ 

ǿƛǘƘƻǳǘΣ ōŜŦƻǊŜΣ ŀŦǘŜǊΦ ˹͙͔͊ͨͪͣͪ: 

In tending his wounds, she healed her own (8, p. 329). 

Many saints get to Heaven after having a deal to repent of (9, p. 256). 

ˢ͍͔͙͒ͪ͋͊͡Έͤ·͔ ͎͔͙ͪͯͤ͒͊͡Έͤ·͔ ͫͦ;͔͙ͭ͊ͤΎ ͫ ͔͎ͨͪ͒ͦͦͣ͡ ζǿƛǘƘƻǳǘη ͙͙͋͘͟͡ ͨͦ ͤ͊͘;͔͙ͤΌ 

͔ͤͦͭͦͪ͟·ͣ ͙ͨͪ;͊ͫͭͤ·ͣ ͦ͋ͦͪͦͭ͊ͣ ͫ ͙ͦͭͪͼ͔͊ͭ͡Έ͚ͤͦ ;͙͊ͫͭͼ͔͚ ζƴƻǘηΦ 

The girl was in arm s without knowing it, against a whole order of things. (10, p. 74). 
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Alice returned the bow, not knowing whether to be frightened or amused (11, p. 285). 

ˢ͍͔͙͒ͪ͋͊͡Έͤ·͔ ͫͦ;͔͙ͭ͊ͤΎ ͍·΄͔͙͎ͦͨͫ͊ͤͤͦͦ ͦ͋ͪ͊͘ͼ͊ ͙ͤ͊ͣ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡ΈͫΎ ͔ͤ ͋ͯ͒ͯͭΦ 

˸͔͙͊ͭͪ͊͡ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͍ ͋ͦ͡Έ΄͙͍͔ͤͫͭ ͫͯ͡;͔͍͊ ͍·͋ͦͪ ͔͎ͨͪ͒ͦ͊͡ ͍͙͙͊ͫͭ͘ ͦͭ 

͙͍ͦͤͫͭͪͯͭͤ͟͟·ͻ ͍͚͍ͫͦͫͭ ͔͔͍͎ͫͭͪ͗ͤͦͦ ;͔ͤ͊͡ ͫͦ;͔͙ͭ͊ͤΎΦ ˽ͦ͒ ͙͍ͦͤͫͭͪͯͭͤ͟͟·͙ͣ ͍͚͍͙ͫͦͫͭ͊ͣ ͔͔͍͎ͫͭͪ͗ͤͦͦ 

;͔ͤ͊͡ ͙ͨͦͤͣ͊ΌͭͫΎ ͙͙ͫͭͦͪ;͔͙ͫ͟ ͙͍ͫͦ͗͡΄͙͔ͫΎ ͔͔ͭͤ͒ͤͼ͙͙ ͍ͫͦ͡Σ ͦͭͤͦͫΎ΅͙ͻͫΎ ͟ ͚ͭͦ ͙͙͡ ͙͚ͤͦ ;͙͊ͫͭ ͔ͪ;͙Σ 

͟ ͦ͋Ά͔͙͔͙͒ͤͤΌ ͫ ͎͔͙͔ͪͯͤ͒ͣ ͙ͨͪ ͨͦͣͦ΅͙ ͎ͭͦͦ ͙͙͡ ͙͎ͤͦͦ ͔͎ͨͪ͒ͦ͊͡Φ 

ˤ ͻ͔ͦ͒ ͍͔͔͎ͨͪͦ͒ͤͤͦͦ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έ͎ͤͦͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͋·͙͡ ͙͔͍ͫͫ͒ͦ͊ͤ͡· ͎͔͙ͪͯͤ͒͊͡Έͤ·͔ 

ͦͤͫͭͪͯ͟͟ͼ͙͙ ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟ ͙ ͙ͻ Ή͍͙͍͔͊ͤͭ͟͡· ͤ͊ ͪͯͫͫͦͣ͟ Ύ͘·͔͟Φ ˣ·͙͡ ͙ͯ͘;͔ͤ· ͔ͭͣͨͦͪ͊͡Έͤ·͔Σ 

͔͊ͫͨͭͯ͊͟͡Έͤ·͔Σ ͔͙ͫͣ͊ͤͭͦ͟-͙͙ͫͤͭ͊ͫ͟;͔͙͔ͫ͟Σ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͔͙ͪͯͤ͒Ύ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ 

͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͍ ͍͔͙͙ͫͪ͊ͤͤ ͙ͪͯͫͫͣ͟ Ύ͘·ͦͣ͟Φ 

ˢ͙ͤ͊͘͡ ͔ͭͣͨͦͪ͊͡Έͤͦ-͔͊ͫͨͭͯ͊͟͡Έ͚ͤͦ ͙͔ͫͫͭͣ· ͎͔͙ͪͯͤ͒Ύ ͨͦ͊͊͘͟͡Σ ;ͭͦ ͎͔͙͚ͪͯͤ͒ ͔ͤ ͙͔͔ͣͭ 

͍͔ͫͦ͋ͫͭͤͤ·ͻ ͙͔ͫͫͭͣͤ·ͻ ͍͔͔ͪͣͤͤ·ͻ ͙ ͔͊ͫͨͭͯ͊͟͡Έͤ·ͻ ͤ͊͘;͔͙͚ͤΦ ͔́ͣͨͦͪ͊͡Έͤͦ-͔͊ͫͨͭͯ͊͟͡Έͤ·͔ ͤ͊͘;͔͙ͤΎ 

͎͔͙ͪͯͤ͒Ύ ͪ͊ͫͨͦͤ͊͘ΌͭͫΎ ͍ ͔͙ͫͦ͟͟͡-͙͙ͫͤͭ͊ͫ͟;͔ͫͦͣ͟ ͔͔ͦͤͭͫͭ͟͟Φ  

˽͙ͪ;͙͔͊ͫͭ ͔͍͔ͨͪͦ ͙ ͎͔͙͚ͪͯͤ͒ ͙͔ͣΌͭ ͍͔ͫͦͪ΄͔ͤͤͦ ͙͙ͦͣͦͤͣ;ͤ·͔ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͺͦͪͣ·Φ 

͔́͊ͦ͟ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭͦ ͍͊ͫͭ͊͘͡Ύ͔ͭ ͎͙ͣͤͦͻ ͙͎͍͙͍ͤͫͭͦ͡ ͫ;͙ͭ͊ͭΈ ͙ͻ ͚ͦ͒ͤͦ ͺ͚ͦͪͣͦΣ ͙ͪ͊͘͡;͊Ό΅͔͚ͫΎ ͭͦ͡Έͦ͟ 

ͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͦΦ ͎́͊ͦͦ͟ ͔͙ͣͤͤΎΣ ͙͔ͤ͊ͨͪͣͪΣ ͙͔͙͍ͨͪ͒ͪ͗͊ΌͭͫΎ ˩Φ ˴͔͚͙͎ͪͤ͊͘Σ ˤΦ ̒Φ ˽͙ͦͭͤ͟͡Σ ˶Φ ˿Φ 

ˣ͊ͪͻ͍ͯ͒͊ͪͦΦ ˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ͙͎͙ͨ͊ͪ͊͒ͣ͊ͭ;͔͔ͫͦ͟ ͔͍ͭͦ͗͒ͫͭͦ Ή͙ͭͻ ͍͔͙͚ͪ͋͊͡ ͔͒͊ͭ ͔ͨͦͤͦ͡ ͍͙͔ͦͫͤͦ͊ͤ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͙ͻ ͊͟͟ ͔͙͒ͤͯΌ ͺͦͪͣͯΦ ˣΦ ˢΦ ˮ͡Έ͙΄Σ ͫ;͙ͭ͊Ύ Ήͭͦͭ ͍ͦͨͪͦͫ ͭͪͯ͒ͤͦ ͔ͪ͊ͪ͘΄͙ͣ·ͣΣ 

͔͎ͨͪ͒ͨͦ͊͊͡͡ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙ͦ͋ͦͻ ͍ͫͨͦͫͦ͋ͦ ͙͙ͦͨͫ͊ͤΎ Ή͙ͭͻ ͺͦͪͣΦ ˢΦ ˮΦ ˿͙͙ͣͪͤͼ͙͚͟ ͙ ˣΦ ˿ͭͪΉ͎ͤ 

͙ͪ͊͘͡;͊Όͭ ͎͔͙͚ͪͯͤ͒ ͙ ͙ͨͪ;͙͔͊ͫͭ ͔͍͔ͨͪͦ ώнΣ оΣ пΣтϐΦ 

˿͍͔͙͔ͦͨͦͫͭ͊ͤ͡ ͍ ͙ͨͦ͘ͼ͙͙ ͔͙͙͍͎ͨͪͨͦͭͤͦͦ͘ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͔ͤ ͦͻ͍͊ͭ·͍͔͊ͭ ͍͔͎ͫͦ ͔͙ͫ͟͡;͔͎ͫͦͦ͟ 

͍ͫͦͫͭ͊͊ ͎͎͍͊ͦͦ͡͡ ͙ ͍ͪΎ͒ ͙͡ ͔ͣͦ͗ͭ ͔ͣ΄͊ͭΈ ͦ͋Ά͔͙͔͙͒ͤͤΌ -ing-ͺͦͪͣ·Φ ˤ͔͔ͣͫͭ ͫ ͔ͭͣ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎΣ ;ͭͦ 

͍ͨͪ͊ ˶Φ˿Φ ˣ͊ͪͻ͍ͯ͒͊ͪͦΣ ͫ;͙ͭ͊Ό΅͙͚Σ ;ͭͦ ͫͦͻ͔͙͔ͪ͊ͤͤ ͔͙͍ͭͪͣͤͦ ζ͎͔͙͚ͪͯͤ͒η ͙ ζ͙ͨͪ;͙͔͊ͫͭη ͍͔ͨͦͤ͡ 

͙͒ͦͨͯͫͭͣͦΤ Ή͙ͭ ͔͙ͭͪͣͤ· ͯ͒ͦ͋ͤ· ͎͋͊ͦ͒͊ͪ͡Ύ ͍͔͚ͫͦ ͙ͦͣͨ͊ͭͤͦͫͭ͟͟Φ ˮ ͎͔͙͚ͪͯͤ͒Σ ͙ ͙ͨͪ;͙͔͊ͫͭ ͎ͣͦͯͭ 

͍ͻ͙ͦ͒ͭΈ ͍ ͫͦ͗ͤ͡·͔ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͙ ͎ͭͦ͒͊ ͙ͻ ͙͔ͣͤͤ·͔ ͍͚͍ͫͦͫͭ͊ ͦ͊͘͟·͍͊ΌͭͫΎ ͍͔͒ͯ΅͙͙ͣΣ ͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ 

Ή͙ͭ Ύ͍͡ΎΌͭͫΎ ͫͦ͗ͤ͡·͙ͣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͙ͣ ͙͙͡ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·͙ͣΥ hay-making, sightseeing, 

daydreaming τ ͫ ͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔Τ heartbreaking, nerveracking, well-wish-ing τ ͨ ͙͎͔ͪ͊͊ͭ͡͡Έͤ·͔ ώмΣ срϐΦ  

˥͔͙͚ͪͯͤ͒ ͔ͫͨͦͫͦ͋ͤ ͍͔ͫͦͪ΄͔ͤͤͦ ͚͙ͦͭͦͭ ͦͭ ͎͎͊ͦ͡͡Έ͚ͤͦ ͙͔ͫͫͭͣ· ͙ ͔͍͙ͨͪͪ͊ͭͭΈͫΎ ͍ ;͙͔ͫͭͦ 

ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͔ͤͦΦ ˽͔͔ͦ͊͊ͭͣ͘͟͡ Ή͎ͭͦͦ Ύ͍͡Ύ͔ͭͫΎ ͍͔ͪͦΎͭͤͦͫͭΈ ͍͔͙͒ͦ͋͊ͤ͡Ύ ͺ͔͙͙ͫ͟͡ ͔͍͔͎ͣͤͦ͗ͫͭͤͤͦͦ 

;͙ͫ͊͡Υ building-sΦ ͔͙͙̅ͫ͟͡ ͍ ͎͙͚͊ͤͫͦͣ͟͡ ͔ͤ ͙͍ͤ͊ͫ͊͊͡ΌͭͫΎΣ ͙ -ing ͨ ͔͍ͪͪ͊΅͔͊ͭͫΎ ͍ ͍͍͔ͫͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έͤ·͚ 

ͺͦͪͣ͊ͤͭΥ I am in a strong position to know of her d iͦngs [6]. 

 ˿ ͔͔͒ͯͭ͡ ͙ͨͪͤ͊ͭ͘ΈΣ ;ͭͦ ͨͦ ͍͙ͫͦͣ ͙͔ͣͤͤ·ͣ ͍͚͍ͫͦͫͭ͊ͣ ͙ͨͪ;͙͔͊ͫͭ ͙ ͎͔͙͚ͪͯͤ͒ ͙ͪ͊͘͡;͊ΌͭͫΎ ͍ ͙ͫͯ͡ 

͙ͪ͊͘͡;ͤ·ͻ ͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ͻ ͙ͨͦ͘ͼ͙͚Σ ͦͭͦͪ͟·͔ ͙ͦͤ ͙͊ͤͣ͊͘Όͭ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡Τ ͨͦ ͍͙ͫͦͣ ͎͎͊ͦ͡͡Έͤ·ͣ 

͍͚͍ͫͦͫͭ͊ͣ ͙ͦͤ ͔ͤ ͙ͪ͊͘͡;͊ΌͭͫΎΦ ˩͙͒ͤ͊Ύ ͙ͨͦ͘ͼ͙ΎΣ ͎͔͒ ͙ͦͤ ͙͍͍͔ͨͪͦͭͦͨͦͫͭ͊ͤ͡·Σ Ήͭͦ ͙ͨͦ͘ͼ͙Ύ 

͔͙͙͍͎ͨͪͨͦͭͤͦͦ͘ ͔͔͔͙ͦͨͪ͒ͤ͡ΎΤ ͍ Ή͚ͭͦ ͙ͨͦ͘ͼ͙͙ ͔͙ͫͣ͊ͤͭ;͔͔ͫͦ͟ ͙ͪ͊͘͡;͙͔ ͔͙͍͔ͨͪͦͫ͗͊ͭͫ͡Ύ ;͔ͭͦ͟Φ 

˽͙͎͊ͪ͊͒ͣ· ͙ͨͪ;͙͊ͫͭΎ ͔͍͎ͨͪͦͦ ͙ ͎͔͙ͪͯͤ͒Ύ ͔ͤ ͙͔ͣΌͭ ͺͦͪͣ͊͡Έͤ·ͻ ͙ͪ͊͘͡;͙͚Φ ˽͔͍ͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͨͦΉͭͦͣͯΣ 

;ͭͦ ͎͔͙͚ͪͯͤ͒ ͙ ͙ͨͪ;͙͔͊ͫͭ τ ;͙ͫͭͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ͫͨͦͫͦ͋ ͙ͪ͊͘͡;͔͙ͤΎ ͍͙͍͊ͪ͊ͤͭͦ ͚ͦ͒ͤͦ ͙ ͚ͭͦ ͔͗ 

ͺͦͪͣ· ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙͔͊ͤͣ͊ͣ͘·ͻ ͙͙ͣ ͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ͻ ͙ͨͦ͘ͼ͙͚Φ  

˥͍͊ͤ͡·͚ ͍ͫͦ͊ͪͤ͡·͚ ͺͦͤ͒ ς ◓▬ ͨͦ ͤΎ͙͔ͭ ͔ͦͤͪͭͤͦ͟͟π͙ ͙ͫͭͦͪ;͔͔ͫͦ͟Σ ◓▬ ͯͫ ͚ͭͦ;͙͍͊ΎΣ ͤͦ 

͙͙ͫͭͦͪ;͔͙ͫ͟ ͍͙͍ͪ͊͊͘Ό΅͊ΎͫΎ ͔͟͡▫͟ πͦͫ ͔͙ͣ͊ͤͭ;͔ͫ͊͟Ύ ͙ ͍͍͔ͫͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έͤ͊Ύ ͋͊͊͘ ͦ͋΅͔͎ͦ ͍͎ͫͦ͊ͪͤͦͦ͡ 

͍ͫͦͫͭ͊͊ ͎͒͊ͤͤͦͦ Ύ͘·͊͟ ͍ ͔͎ͦ ͙͙ͫͭͦͪ;͔ͫͦͣ͟ ͍͙͔͙͙͒͗ͤΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͨͪͻ͙ͦ͒ͣ ͟ ͍·͍ͦ͒ͯΣ ;ͭͦ 

▬╖ͦ ͍͚ͤͦ ͍ͫͦ͊ͪͤ͡·͚ ͺͦͤ͒ ͍͙͡Ύ͔ͭ ͤ͊ ͫͨͦͫͦ͋· ͙ ͺͦͪͣ· ͎ͦ͋ͦ͊΅͔͙ͤΎ ͦ͋΅͔͎ͦ ͍͎ͫͦ͊ͪͤͦͦ͡ ͍ͫͦͫͭ͊͊ Ύ͘·͊͟Σ 

͔͔ͦͨͪ͒͡Ύ͔ͭ ͍ͤͯͭ♂▐╖͙͔ͤ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͔͎ͦ ͙͙ͫͭͦͪ;͔ͫ͟▬☿▬ ͦͅ ͙͍͙ͪͣͪͦ͊ͤΎ ŦŜǊŜƴǘƛŀǘƛƻƴΣ ŘƛŦŦƛŎǳƭǘȅΣ ǎǳŦŦƛȄΣ 

wǳǎǎƛŀƴΦ  

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͎͔͙͚ͪͯͤ͒ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͔ͦ͋͊͒͊ͭ͡ ͍͚͍͔͚͒ͦͫͭͤͤͦ ͎͎͊ͦ͡͡Έͤͦ-͙͔͚ͣͤͤͦ 
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͙͚ͨͪͪͦ͒ͦΣ ;ͭͦ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͎ͦ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡Φ ˹͙͔͔͊͋ͦ͡ 

ͻ͔͊ͪ͊ͭͪͤ͟·ͣ Ύ͍͡Ύ͔ͭͫΎ ͔͔͙͔ͯͨͦͭͪ͋ͤ͡ ͎͔͙ͪͯͤ͒Ύ ͍ ͍͔ͫͦͫͭ͊ ͫͦ;͔͙͚ͭ͊ͤ ͫ ͎͎͙͊ͦ͊ͣ͡͡Σ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·͙ͣ ͙ 

ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͙ͣΦ ˣͦ͡Έ΄͙͍ͤͫͭͦ ͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ Ύ͍͡ΎΌͭͫΎ ͔ͨͪ͒ͦ͗ͤ͡·͙ͣΣ ͙ͨͪ Ήͭͦͣ 

͍·͋ͦͪ ͔͎ͨͪ͒ͦ͊͡ ͍͙͙͊ͫͭ͘ ͦͭ ͔͔͍͎ͫͭͪ͗ͤͦͦ ͍ͫͦ͊͡Φ ˥͔͙͚ͪͯͤ͒ ͔ͤ ͙͔͔ͣͭ ͍͔ͫͦ͋ͫͭͤͤ·ͻ ͍͔͔ͪͣͤͤͦ-͍͙͍͒ͦ·ͻ 

ͤ͊͘;͔͙͚ͤΣ ͦͭͦͪ͟·͔ ͍·Ύ͍͡ΎΌͭͫΎ ͭͦ͡Έͦ͟ ͍ ͔͔ͦͤͭͫͭ͟͟Φ ˾͎͙͊ͪ͊ͤ͘;͔͙͔ͤ ͎͔͙ͪͯͤ͒Ύ ͙ ͙ͨͪ;͙͊ͫͭΎ L ͙ͤͦͫͭ 

͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ ˽͔ͪͦ͋ͣ͊͡ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͙ ͙͙ͫͤͭ͊ͫ͟;͔͎ͫͦͦ͟ ͫͭ͊ͭͯͫ͊ 

͎͔͙ͪͯͤ͒͊͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͖ͦͫͭ͊ͭͫΎ ͙͙͚͒ͫͯͫͫͦͤͤͦ͟ ͙ ͔͔ͭͪ͋ͯͭ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͙ͯ͘;͔͙ͤΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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ˮ͎͙͍͋ͪ͊ͣͦ͊ ˾͊ͤͦ ˢ͋͒ͯ΄͍ͯͯͪͦͤ͊͟ 

͙͚̆ͯ͒͗͊ͤ͒ͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔̂ͤͪͫͭͭ ͙͔͙ͣͤ ͔͙͊͊͒ͣ͊͟͟ ˣͦ͋ͦ͒͗ͦͤ͊ ˥͊ͺ͍ͯͪͦ͊  

͎Φ ̆ͯ͒͗͊ͤ͒Σ ͙͙́͊͒͗ͫͭ͊ͤ͟  

 

˻ ˹˩˴˻́˻˾̍̆ ˻˿˻ˣ˩˹˹˻˿́̒̆ ˿ˮ˹́ˢ˴˿ˮ̉˩˿˴ˮ̆ ˻́˹˻̊˩˹ˮ˯ ˥˶ˢ˥˻˶̎˹̍̆ 

 ˿ ˶˻ˤ˻˿˻̉˩́ˢ˹ˮ˯ ˢ˹˥˶ˮ˯˿˴˻˥˻ ̒˭̍˴ˢ  

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͍ͦͦͫͦ͡;͔͙͔ͭ͊ͤ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͫͤͭ͊ͫ͟;͔͚ͫͦ͟ ͔͙͙͒ͤͼ͔͚Σ ͦ͋Ά͔͙͒ͤΎΌ΅͔͚ ͎͍͔͊ͤͦ͡ ͙ ͍͙͙͔͊ͫͣͦ͘ ͍ͫͦ͊͡ 

͙ ͍·ͨͦͤ͡ΎΌ΅͔͚ ͙ͤͦͣͤ͊ͼ͙ͦͤͤͯΌ ͺͯͤ͟ͼ͙ΌΦ ˤ ͪͯͫͫͦͣ͟ ͙ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͊͟ͻ ͦͤͦ ͙ͫͭͪͦͭͫΎ ͤ͊ 

ͨͦ͒;͙͙͔ͤͭ͡Έ͚ͤͦ ͍ͫΎ͙͘Σ ͙ͨͪ Ήͭͦͣ ͍ ͎͙͚͊ͤͫͦͣ͟͡ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͙͊ͫͫ͟͡ͺ͙ͼ͙͔ͪͯͭͫΎ ͨͦ ͙ͭͨͯ ͎͍͎͊ͤͦͦ͡ 

͍ͫͦ͊͡Φ ˤ·͔͒͡ΎΌͭͫΎ ͍ͫͦ͋ͦ͒ͤ·͔ ͙ ͔͍ͤͫͦ͋ͦ͒ͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΣ ͊ ͔ͭ͊͗͟ ͍ͦͫͤͦͤ·͔ ͙͙ͫͤͭ͊ͫ͟;͔͙͔ͫ͟ 

ͦͭͤͦ΄͔͙ͤΎΥ ͙͙͍͊ͭͪ͋ͯͭͤ·͔Σ ͦ͋Ά͔ͭͤ͟·͔Σ ͫͯ͋Ά͔ͭͤ͟·͔Σ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍͔ͫͭͤͤ·͔ ͙ ͔͙͍ͦͣͨͭͤ͟͡·͔Φ ˢ͙ͤ͊͘͡ 

ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͫͭͪͯͭͯͪ͊͟ ͙ ͔͙ͫͣ͊ͤͭ͊͟ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͍·͔͙͔ͪ͊͗ͤ ͦͭͤͦ΄͔͙͚ͤ ͔ͣ͗͒ͯ 

͔͔͙ͨͪ͒ͣͭ͊ͣΣ ͙͙ͨͪͤ͊͊ͣ͘͟ ͙ ͔͚͍͙͒ͫͭΎ͙ͣΦ ˿͍͙͔ͪ͊ͤͭ͡Έ͔ͤͦ ͙ͯ͘;͔͙͔ͤ ͙ͪͯͫͫ͟ͻ ͙ ͎͙͚͙͊ͤͫ͟͡ͻ 

͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͙ͻ ͫͻ͍ͦ͒ͫͭͦ ͍ ͺͯͤ͟ͼ͙͙ ͙ ͙ͪ͊͘͡;͙͔ ͍ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤΣ ͙͙ͫͤͭ͊ͫͫ͟Σ ͎͍͔͊ͤͦ͡ ͍ͫͦͦ͡Σ ͍͙͙͔͊ͫͣͦ͘ ͍ͫͦͦ͡Σ  

͙ͭͨ· ͦͭͤͦ΄͔͙͚ͤΣ ͙͚ͪͯͫͫ͟ Ύ͘·͟Σ ͎͙͚͙͚͊ͤͫ͟͡ Ύ͘·͟Φ 
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ON SOME FEATURES OF SYNTACTIC RELATIONS IN ENGLISH VERBAL PHRASES 

 

Abstract 

A phrase is a syntactic unit that combines a head word and a dependent word and performs a 

nominative function. In both Russian and English, it is built on a subordinate relationship, while in English it 

is additionally classified according to the type of the head word. Phrases can be free or fixed, and the main 

syntactic relations include attributive, object, subject, adverbial, and completive relations. The analysis shows 

that the structure and semantics of phrases ensure the expression of relationships between objects, 

attributes, and actions. A comparative study of Russian and English phrases demonstrates their similarity in 

function and differences in classification. 

Keywords: 

phrase, syntax, head word, dependent word, types of relations, russian language, english language. 

 

ˤ͍͔͔͙͔͒ͤ 

˿͍ͦͦͫͦ͡;͔͙͔ͭ͊ͤ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͔͙͙͒ͤͼ Ύ͘·͊͟Σ ͙͎ͪ͊Ό΅͔͚ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙͙ͫͤͭ͊ͫ͟;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟· ͙ ͍·͔͙͙ͪ͊͗ͤ ͫͣ·͍ͫͦ͡·ͻ ͦͭͤͦ΄͔͙͚ͤ ͔ͣ͗͒ͯ ͍͙ͫͦ͊ͣ͡Φ ˻ͤͦ 

͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔͙͔͙͔ͫͦ͒ͤͤ ͍͒ͯͻ ͙͙͡ ͔͔͋ͦ͡ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έͤ·ͻ ͍ͫͦ͡ ͤ͊ ͍͔ͦͫͤͦ ͨͦ͒;͙͙͔ͤͭ͡Έ͚ͤͦ 

͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ ͍ͫΎ͙͘Σ ͍ͨͦͦ͘͡ΎΌ΅͔͔ ͯͭͦ;ͤΎͭΈ ͙ ͔͙͙͍ͦͤͪͭͪͦ͊ͭ͘͟͟Έ ͔͔ͨͪ͒ͣͭ·Σ ͙͙ͨͪͤ͊͘͟ ͙ ͔͚͍͙͒ͫͭΎΦ 

ˮͯ͘;͔͙͔ͤ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͎͔ͯ͋͗͡ ͨͦͤΎͭΈ ͔ͣͻ͙͊ͤͣ͘· ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ Ύ͘·͊͟Σ 

͍͙͍͊ͣͦͫ͘Ύ͘Έ ͙͙ͫͤͭ͊ͫͫ͊͟ ͙ ͔͙͙ͫͣ͊ͤͭ͟Σ ͊ ͔ͭ͊͗͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͙ͨͦͫͭͪͦͤΎ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡ ͍ ͙ͪ͊͘͡;ͤ·ͻ 

Ύ͘·͊͟ͻΦ 

ˤ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ όǇƘǊŀǎŜǎύ ͍·ͨͦͤ͡ΎΌͭ ͎͙͊ͤ͊ͦ͡;ͤͯΌ ͺͯͤ͟ͼ͙ΌΣ ͤͦ 

͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭͫΎ ͨͦ ͙ͭͨͯ ͎͍͎͊ͤͦͦ͡ ͍ͫͦ͊͡ όͫͯ΅͔͍͙͔ͫͭͭ͡Έ͔ͤͦΣ ͎͎͊ͦ͡͡Σ ͙͎͔ͨͪ͊͊ͭ͡͡Έ͔ͤͦΣ 

͔ͤ͊ͪ;͙͔Σ ͔͎ͨͪ͒ͦ͡ύΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͭͦ;͔͔ͤ ͙ͦͨͫ·͍͊ͭΈ ͙ͻ ͫͭͪͯͭͯͪͯ͟ ͙ ͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͙ͪͦ͡ ͯ;͙͍͊ͫͭͤͦ͟ 

͔͚͍͙͒ͫͭΎΦ ˿͍͙͔ͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͙ͪͯͫͫ͟ͻ ͙ ͎͙͚͙͊ͤͫ͟͡ͻ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͍·Ύ͍͡Ύ͔ͭ ͊͟͟ ͦ͋΅͙͔ 

͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟Σ ͭ͊͟ ͙ Ύ͘·͍ͦ͟·͔ ͙ͪ͊͘͡;͙ΎΣ ;ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͒͡Ύ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͙ ͙ͯ͘;͔͙ͤΎ 

͙ͤͦͫͭͪ͊ͤͤ·ͻ Ύ͘·͍ͦ͟Σ ͍͙͊ͭͦͣ͊ͭ;͔͚ͫͦ͟ ͙ͦ͋ͪ͊͋ͦͭ͟ ͔ͭͫͭ͊͟ ͙ ͙͚ͨͪ͊͒ͤͦ͟͡ ͙͎͍͙͙͙ͤͫͭ͟͡Φ 

͔̇͡ΈΌ ͤ͊ͫͭͦΎ΅͔͎ͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙Ύ ͙͚ͤ͊ͤ͘ ͦ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎͻΣ 

͍·Ύ͍͔͙͔ͤ͡ ͙ͻ ͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ͻ ͙ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭΣ ͊ ͔ͭ͊͗͟ ͙͊ͤ͊͘͡ ͍ͦͫͤͦͤ·ͻ ͙͍ͭͨͦ 

ͦͭͤͦ΄͔͙͚ͤ ͔ͣ͗͒ͯ ͎͍͊ͤ͡·ͣ ͙ ͍͙͙͊ͫͣ͘·ͣ ͍ͫͦͦͣ͡Φ ˭͊͒͊;͙ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͟͡Ό;͊ΌͭΥ ͙͊ͤ͊͘͡ 

ͨͦͤΎ͙͚͎ͭͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ ͙ ͔͔͔͙͚ͦͨͪ͒ͤ͡ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͍ ͚ͪͯͫͫͦ͟ ͙ ͎͙͚͚͊ͤͫͦ͟͡ ͙͎͍͙͙͔ͤͫͭ͟͡Τ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ό ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͨͦ ͙ͭͨͯ ͎͍͎͊ͤͦͦ͡ ͍ͫͦ͊͡ ͙ ͻ͔͊ͪ͊ͭͪͯ͟ ͨͦ͒;͙͙͔ͤͭ͡Έ͚ͤͦ ͍ͫΎ͙͘Τ 

͔͙͔ͪ͊ͫͫͣͦͭͪͤ ͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ͻ ͦͭͤͦ΄͔͙͚ͤ ͍ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎͻΥ ͙͙͍͊ͭͪ͋ͯͭͤ·ͻΣ ͦ͋Ά͔ͭͤ͟·ͻΣ ͫͯ͋Ά͔ͭͤ͟·ͻΣ 

ͦ͋ͫͭͦΎ͔ͭ͡Έ͍͔ͫͭͤͤ·ͻ ͙ ͔͙͍ͦͣͨͭͤ͟͡·ͻΤ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͙ͪͦ͡ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͍ ͔͙͙ͨͦͫͭͪͦͤ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡ 

͙ ͍·͔͙͙ͪ͊͗ͤ ͫͣ·͍ͫͦ͡·ͻ ͦͭͤͦ΄͔͙͚ͤ ͔ͣ͗͒ͯ ͍͙ͫͦ͊ͣ͡Φ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͔ͭͣΣ ;ͭͦ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤ Ύ͍͡Ύ͔ͭͫΎ ͍͔͚͊͗ͤ΄͔͚ 

͔͙͙͒ͤͼ͔͚ ͔ͤ ͭͦ͡Έͦ͟ ͒͡Ύ ͙͙ͫͤͭ͊ͫ͟;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡ ͔ͭͫͭ͊͟Σ ͤͦ ͙ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͔͙ͫ͟͡;͔͚ͫͦ͟ ͔͙͙ͫͣ͊ͤͭ͟Σ 

͍͙͊ͭͦͣ͊ͭ;͔͚ͫͦ͟ ͙ͦ͋ͪ͊͋ͦͭ͟ ͔͔͍͔͎ͫͭͫͭͤͤͦͦ Ύ͘·͊͟ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍ͤ͊·͍ͦ͟ ͎͎ͪ͊ͣͦͭͤͦͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 

Ύ͘·͊͟ ͍ ͔ͪ;͙ ͙ ͙ͨͫΈ͔ͣΦ 

˻͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡·Φ ˽͔ͪͦ͋ͣ͊͡ ͙ͯ͘;͔͙ͤΎ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͍ ͙͎͍͙͙͔ͤͫͭ͟͡ ͙͔͔ͣͭ ͎͒ͦͯ͡Ό ͙͙ͫͭͦͪΌ ͙ 

͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͫ ͙ͪ͊͘͡;ͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦΣ ͍͟͡Ό;͊Ύ ͙͙ͫͤͭ͊ͫ͟;͔͙͚ͫ͟Σ ͔͙ͫͣ͊ͤͭ;͔͙͚ͫ͟ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚Φ 
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˻͙͒ͤͣ ͙͘ ͍͎ͦͫͤͦͦͨͦ͊͊͡Ό΅͙ͻ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ ͍ ͚ͪͯͫͫͦ͟ ͙͎͍͙͙͔ͤͫͭ͟͡ Ύ͍͡Ύ͔ͭͫΎ ˢΦˮΦ ˿͙͙ͣͪͤͼ͙͚͟Σ 

ͦͭͦͪ͟·͚ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤ ͊͟͟ ͙͙ͫͤͭ͊ͫ͟;͔ͫͯ͟Ό ͫͭͪͯͭͯͪͯ͟Σ ͫͦͫͭͦΎ΅ͯΌ ͙͘ ͎͍͎͊ͤͦͦ͡ ͍ͫͦ͊͡ 

όΎ͒ͪ͊ύ ͙ ͍͙͙͎͊ͫͣͦͦ͘ ͍ͫͦ͊͡Φ ˿͎ͦ͊ͫͤͦ͡ ͔͎ͦ ͔͙ͣͤͤΌΣ ͎͍͔͊ͤͦ͡ ͍ͫͦͦ͡ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͙ 

͔͙ͫ͟͡;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͍͔͎ͫͦ ͫͦ;͔͙ͭ͊ͤΎΣ ͊ ͍͙͙͔͊ͫͣͦ͘ ͎͔ͫͦ͊ͫͯͭͫ͡ΎΣ ͍ͯͨͪ͊͡Ύ͔ͭͫΎ ͙͙͡ ͙ͨͪͣ·͔͊ͭ͟ ͟ ͔ͤͣͯΣ 

ͺ͙ͦͪͣͪͯΎ ͚ͯͫͭͦ;͙͍ͯΌ ͨͦ͒;͙͙͔ͤͭ͡ΈͤͯΌ ͍ͫΎ͘ΈΦ ˿͙͙ͣͪͤͼ͙͚͟ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟Σ ;ͭͦ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤ ͔ͤ 

ͭͦ͡Έͦ͟ ͔͙ͫͦ͒ͤΎ͔ͭ ͍ͫͦ͊͡Σ ͤͦ ͙ ͍·ͨͦͤ͡Ύ͔ͭ ͫͣ·͍ͫͦͯ͡Ό ͺͯͤ͟ͼ͙ΌΣ ͦͭͪ͊͗͊Ύ ͦͭͤͦ΄͔͙ͤΎ ͔ͣ͗͒ͯ 

͔͔͙ͨͪ͒ͣͭ͊ͣΣ ͙͙ͨͪͤ͊͊ͣ͘͟ ͙ ͔͚͍͙͒ͫͭΎ͙ͣ ώпΣ тнΣ тсϐΦ 

ˤ ͎͊ͤͦ͡Ύ͘·;͚ͤͦ ͙͎͍͙͙͔ͤͫͭ͟͡ ͤ͊͘;͙͔ͭ͡Έͤ·͚ ͍͊͒͟͡ ͍͔ͤͫ ̉Φ ͙̅ͣͦͪ͡͡Σ ͦͭͦͪ͟·͚ ͊͟ͼ͔͙͔ͤͭͪͯͭ 

͍͙͙͔ͤͣ͊ͤ ͤ͊ ͔͙͔ͫͣ͊ͤͭ͟ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͙ ͪͦ͡Ύͻ ͯ;͙͍͊ͫͭͤͦ͟ ͔͚͍͙͒ͫͭΎΦ ˻ͤ ͍͔͔ͯͭͪ͗͒͊ͭΣ ;ͭͦ ͤ͊͘;͔͙ͤΎ 

͍ͫͦ͡ ͍ ͍ͫͦͦͫͦ͡;͔͙͙ͭ͊ͤ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͺ͚ͦͪͣͦΣ ͤͦ ͙ ͙ͻ ͔͙ͫͣ͊ͤͭ;͔͚ͫͦ͟ ͺͯͤ͟ͼ͙͔͚Φ ˹͙͔͊ͨͪͣͪΣ 

͍ ͎͎͊ͦ͡͡Έͤ·ͻ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎͻ ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟ ͊͗͒͊͟Ύ ;͊ͫͭΈ ͍·ͨͦͤ͡Ύ͔ͭ ͔͔͖ͦͨͪ͒ͤͤͯ͡Ό ͪͦ͡ΈΣ ͊ 

͍͙͙͊ͫͣ͘·͙ͣ ͎ͣͦͯͭ ͋·ͭΈ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔Σ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·͔ ͙ ͙ͤͺ͙͙͙͍ͤͭ· ώрΣ ммсϐΦ ͚́͊ͦ͟ ͨͦ͒ͻͦ͒ 

͍ͨͦͦ͘͡Ύ͔ͭ ͔͔͋ͦ͡ ͎ͯ͋ͦͦ͟͡ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ ͫͣ·͍ͫͦ͡·͔ ͦͭͤͦ΄͔͙ͤΎ ͙ ͙ͻ ͍͙͡Ύ͙͔ͤ ͤ͊ ͫͭͪͯͭͯͪͯ͟ 

͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͎ͣͦͯͭ ͋·ͭΈ ͙͊ͫͫ͟͡ͺ͙ͼ͙͍ͪͦ͊ͤ· ͨͦ 

͙ͪ͊͘͡;ͤ·ͣ ͙ͨͪͤ͊͊ͣ͘͟Φ  

˿͍͙͔ͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͎͙͚͙͊ͤͫ͟͡ͻ ͙ ͙ͪͯͫͫ͟ͻ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦΣ ͔ͤͫͣͦͭͪΎ ͤ͊ 

͙ͪ͊͘͡;͙Ύ ͍ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ͊ͻΣ ͦ͋͊ Ύ͘·͊͟ ͙ͫͨͦ͡Έͯ͘Όͭ ͨͦ͒;͙͙͔ͤͭ͡ΈͤͯΌ ͍ͫΎ͘Έ ͒͡Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 

͍ͫͦ͡ ͍ ͙͙ͫͤͭ͊ͫ͟;͔͙͔ͫ͟ ͔͙͙͒ͤͼ·Φ ˢ͎͙͚ͤͫ͊͟͡Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͨͦ ͙ͭͨͯ ͎͍͎͊ͤͦͦ͡ ͍ͫͦ͊͡ όͫͯ΅͔͍͙͔ͫͭͭ͡Έ͔ͤͦΣ 

͎͎͊ͦ͡͡Σ ͙͎͔ͨͪ͊͊ͭ͡͡Έ͔ͤͦΣ ͔ͤ͊ͪ;͙͔Σ ͔͎ͨͪ͒ͦ͡ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔͋ͦ͡ ͭͦ;ͤͦ ͙ͦͨͫ·͍͊ͭΈ ͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͙ͪͦ͡ 

ͯ;͙͍͊ͫͭͤͦ͟ ͔͚͍͙͒ͫͭΎ ͙ ͙ͻ ͙͙ͫͤͭ͊ͫ͟;͔͙͔ͫ͟ ͺͯͤ͟ͼ͙͙Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͦ͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡· ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔ͦͣͨͫͤ͟͟͡·͚ ͨͦ͒ͻͦ͒ ͟ ͙ͯ͘;͔͙ͤΌ 

͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤΥ ͙͔ͪͯͫͫ͟ ͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ ͊͟ͼ͔͙ͤͭͪͯΌͭ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͙͙ͫͤͭ͊ͫ͟;͔͚ͫͦ͟ ͔ͫͭͪͯͭͯͪ͟ ͙ 

ͨͦ͒;͙͔͙͙ͤͤΣ ͎͊ͤͦ͡Ύ͘·;ͤ·͔ ς ͤ͊ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ͻ ͪͦ͡Ύͻ ͙ ͺͯͤ͟ͼ͙Ύͻ ͯ;͙͍͊ͫͭͤͦ͟ ͔͚͍͙͒ͫͭΎΦ ̏ͭͦ ͔ͫͦ͒͊ͭ͘ 

ͨͪͦ;ͤͯΌ ͍ͦͫͤͦͯ ͒͡Ύ ͔ͨͦͫ͒ͯ͡Ό΅͔͎ͦ ͙͊ͤ͊͊͘͡ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͙ ͙ͻ ͍͔͙ͫͦͨͦͫͭ͊ͤ͡Ύ ͫ 

͙͙ͪͯͫͫͣ͟ ͎͙͊ͤ͊ͦ͊ͣ͡Φ 

˿͍ͦͦͫͦ͡;͔͙͔ͭ͊ͤ ς Ήͭͦ ͙͙ͫͤͭ͊ͫ͟;͔ͫ͊͟Ύ ͦͤͫͭͪͯ͟͟ͼ͙ΎΣ ͦͭͦͪ͊͟Ύ ͔ͦ͋ͪ͊ͯͭͫ͘Ύ ͔͙͔͙͔ͫͦ͒ͤͤͣ ͍͒ͯͻ ͙͙͡ 

͔͔͋ͦ͡ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έͤ·ͻ ͍ͫͦ͡ ͤ͊ ͍͔ͦͫͤͦ ͨͦ͒;͙͙͔ͤͭ͡Έ͚ͤͦ ͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ ͍ͫΎ͙͘Φ ˿͍ͦͦͫͦ͡;͔͙͔ͭ͊ͤ 

ͯ;͍͔͊ͫͭͯͭ ͍ ͔͙͙ͨͦͫͭͪͦͤ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͙ ͍·;͔ͤ͡Ύ͔ͭͫΎ ͙͘ ͔͎ͤͦΦ ˿͍ͦͦͫͦ͡;͔͙͔ͭ͊ͤ ͙ͦͭ͡;͔͊ͭͫΎ ͦͭ 

͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͔ͫ͒ͯ͡Ό΅͙ͣ ͦ͋ͪ͊ͦͣ͘Υ ͊ύ ˽͔͔͙͔ͪ͒ͦ͗ͤ͡ ͍·ͨͦͤ͡Ύ͔ͭ ͙͙͍ͦͣͣͯͤ͊ͭͤͯ͟͟Ό ͺͯͤ͟ͼ͙ΌΣ ͊ 

͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤ ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͔͍ͫͪ͒ͫͭͦͣ ͦ͋΅͔͙ͤΎΣ ͦͤͦ ͙ͫͯ͗ͭ͡ ͔͍ͫͪ͒ͫͭͦͣ ͤ͊͘·͍͙͊ͤΎΣ ͙ͤͦͣͤ͊ͼ͙͙Φ 

˥͍͔͊ͤͦ͡ ͍ͫͦͦ͡ ͍ ͍ͫͦͦͫͦ͡;͔͙͙ͭ͊ͤ ͦ͋ͦͤ͊͘;͔͊ͭ ͔͔ͨͪ͒ͣͭΣ Ύ͍͔͙͔ͤ͡ ͙͙͡ ͨͪͦͼ͔ͫͫΤ ͍͙͙͔͊ͫͣͦ͘ ͍ͫͦͦ͡ ͦ͋·;ͤͦ 

ͯͭͦ;ͤΎ͔ͭ ͙ ͔͙͙͔ͦͤͪͭͪͯͭ͘͟͟ ͔͎ͦΦ ͋ύ ˿͍ͦͦͫͦ͡;͔͙͔ͭ͊ͤ ͔ͤ ͙͔͔ͣͭ ͔͙͙͍͙ͨͪ͒͊ͭͤͦͫͭ͟ ͙ ͙ͤͭͦͤ͊ͼ͙͚ͦͤͤͦ 

ͦͺ͔͙ͦͪͣͤͤͦͫͭ͡Σ ͊͟͟ ͔͔͙͔ͨͪ͒ͦ͗ͤ͡Φ ˨͍͊ ͔͙ͨͦͫ͒ͤ͡ͻ ͍͚͍ͫͦͫͭ͊ ͙ͫ͋͗͊͡Όͭ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤ ͫͦ ͍ͫͦͦͣ͡Φ 

˿͍ͦͦͫͦ͡;͔͙͔ͭ͊ͤΣ ͊͟͟ ͙ ͍ͫͦͦ͡Σ Ύ͍͡Ύ͔ͭͫΎ ͙͔͍͙͔ͤ͊ͣͤͦ͊ͤͣ ͔͔͍ͨͪ͒ͣͭͦ ͙ Ύ͍͔͙͚ͤ͡Σ ͤͦ Ήͭͦ ͔ͫͦ͗ͤͦ͡ 

͙͔͍͙͔ͤ͊ͣͤͦ͊ͤΦ 

˻͒ͤ͊ͦ͟ ͔ͤ ͡Ό͋·͔ ͍͒͊ ͍ͫͦ͊͡Σ ͫͭͦΎ΅͙͔ ͪΎ͒ͦͣ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡ ͙͙͡ ͍͘Ύͭ·͔ ͙͘ ͎ͦ͒ͤͦͦ ͔ͦͤͭͫͭ͊͟͟Σ 

ͣͦ͗ͤͦ ͍ͤ͊͊ͭ͘Έ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤͣΦ ˹͔ Ύ͍͡Ύ͔ͭͫΎ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤͣΥ ͎͙ͪ͊ͣͣ͊ͭ;͔ͫ͊͟Ύ ͍ͦͫͤͦ͊ 

͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΣ ͔ͫͦ͗ͤͦ͡ ͋ͯ͒ͯ΅͔͔ ͍͔ͪͣΎ ͎͎͊ͦ͊͡͡Σ ͙͔ͦͨͫ͊ͭ͡Έͤ·͔ ͺͦͪͣ· ͍͔͙͔ͨͦͭ͡͡Έ͎ͤͦͦ ͔͙ͤ͊ͦͤͤ͟͡Ύ 

͎͎͊ͦ͊͡͡Σ ͙͙͊ͤ͊ͭ͡;͔͙͔ͫ͟ ͺͦͪͣ· ͔͔͔͚ͫͭͨͤ ͍͔͙ͫͪ͊ͤͤΎ ͙͖ͣͤ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·ͻ ͙ ͔ͤ͊ͪ;͙͚Σ ͫͦ;͔͙͔ͭ͊ͤ 

͔ͫͯ͗͋ͤ͡·ͻ ;͔͚͊ͫͭ ͔ͪ;͙ ͫͦ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έͤ·͙ͣΦ ˿ͦΌ͘·Σ ͔͎͙ͨͪ͒ͦ͡Σ ;͙͊ͫͭͼ·Σ ͫͭͦΎ΅͙͔ ͪΎ͒ͦͣ ͫ ͎͎͙͊ͦ͊ͣ͡͡Σ 

͔͙͔͙ͣͫͭͦͣͤΎ͙ͣΣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͙ͣ ͙ ͭΦ ͒ΦΣ ͻͦͭΎ ͙ ͍ͫΎ͊ͤ͘· ͫ ͙͙ͤͣ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟Σ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͔ͤ 

͍ͫͦͫͭ͊͡ΎΌͭΦ 

ˤ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ όǇƘǊŀǎŜύ ͔ͭ͊͗͟ Ύ͍͡ΎΌͭͫΎ ͦ͋Ά͔͙͔͙͒ͤͤΎ͙ͣ ͍͒ͯͻ ͙͙͡ ͔͔͋ͦ͡ 

͍ͫͦ͡ ͤ͊ ͍͔ͦͫͤͦ ͙͙ͫͤͭ͊ͫ͟;͔͚ͫͦ͟ ͍͙͙͙͊ͫͣͦͫͭ͘Σ ͤͦ ͙ͦͤ ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭͫΎ ͨͦ ͙ͭͨͯ ͎͍͎͊ͤͦͦ͡ ͍ͫͦ͊͡ όƘŜŀŘ 
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ǿƻǊŘύΦ ˻͍ͫͤͦͤ·͔ ͍͙͒· ͎͙͚͙͊ͤͫ͟͡ͻ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤΥ 

˿͙͍ͯ͋ͫͭ͊ͤͭͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΥ ͙ͫͦͫͭͦͭ ͙͘ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ͙͙͡ ͔͙͔͙ͣͫͭͦͣͤΎ ͍ ͙ͪͦ͡ ͎͍͎͊ͤͦͦ͡ 

͍ͫͦ͊͡ ͙ ͍͙͙͊ͫͣ͘·ͻ ͔͔͔͙͚ͦͨͪ͒ͤ͡ ͙͙͡ ͔͙͚͒ͦͨͦͤͤ͡Φ ˽͙͔ͪͣͪ: the big red car, a book on the table. 

˥͎͊ͦ͡͡Έͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΥ ͍͟͡Ό;͔͊ͭ ͎͎͊ͦ͡͡ ͍ ͊͟;͔͍͔ͫͭ ͎͍͎͊ͤͦͦ͡ ͍ͫͦ͊͡ ͙ ͍͙͙͊ͫͣ͘·͔ Ή͔͔ͣͤͭ͡· 

ό͔͙͒ͦͨͦͤͤ͡ΎΣ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊Σ ͣͦ͒͊͡Έͤ·͔ ;͙͊ͫͭͼ·ύ ώмΣ рсϐΦ ˹͙͔͊ͨͪͣͪΥ is reading a book, has been 

working hard. 

ˢ͒Ά͔͙͍ͭͤ͟·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΥ ͎͍͊ͤ͊͡Ύ ͪͦ͡Έ ͙͔͙ͨͪͤ͊͒͗ͭ͡ ͙͎͔ͨͪ͊͊ͭ͡͡ΈͤͦͣͯΣ ͍͙͙͊ͫͣ͘·͔ ͍ͫͦ͊͡ 

ͯͭͦ;ͤΎΌͭ ͔͎ͦ ͤ͊͘;͔͙͔ͤΦ ˹͙͔͊ͨͪͣͪΥ very interesting, proud of her achievements. 

ˢ͍͔͙͒ͪ͋͊͡Έͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΥ ͔ͤ͊ͪ;͙͔ ͊͟͟ ͎͍͔͊ͤͦ͡ ͍ͫͦͦ͡ ͫ ͍͙͙͊ͫͣ͘·͙ͣ ͍͙ͫͦ͊ͣ͡Φ ˹͙͔͊ͨͪͣͪΥ 

quite easily, more quickly than expected. 

˿͍ͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͫ ͔͎͙ͨͪ͒ͦ͊ͣ͡Υ ͤ͊;͙͔ͤ͊ͭͫΎ ͫ ͔͎ͨͪ͒ͦ͊͡ ͙ ͍͟͡Ό;͔͊ͭ ͔͙͔͒ͦͨͦͤͤ͡ ͙͙͡ ͔͔͔͙͔ͦͨͪ͒ͤ͡Φ 

˹͙͔͊ͨͪͣͪΥ on the table, with great enthusiasm. 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͎͙͚͔͊ͤͫͦ͟͡ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤ ͎͙͊ͤ͊ͦ͡;ͤͦ ͪͯͫͫͦͣͯ͟ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΌ ͨͦ ͙ͨͪͤͼ͙ͨͯ 

ͨͦ͒;͙͙͔ͤͭ͡Έ͚ͤͦ ͍ͫΎ͙͘ ͙ ͙ͤͦͣͤ͊ͼ͙͚ͦͤͤͦ ͺͯͤ͟ͼ͙͙Σ ͤͦ ͍ ͎͙͚͚͊ͤͫͦ͟͡ ͎͙͔ͪ͊ͣͣ͊ͭ͟ ͦͤͦ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ 

͙͊ͫͫ͟͡ͺ͙ͼ͙͔ͪͯͭͫΎ ͨͦ ͙ͭͨͯ ͎͍͎͊ͤͦͦ͡ ͍ͫͦ͊͡Σ ;ͭͦ ͎͔ͨͦͣͦ͊ͭ ͭͦ;͔͔ͤ ͙ͦͨͫ·͍͊ͭΈ ͙͙ͫͤͭ͊ͫ͟;͔͙͔ͫ͟ ͫͭͪͯͭͯͪ͟·Φ 

ˢΦˮΦ ˿͙͙ͣͪͤͼ͙͚͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤ ͔͔ͨͪ͗͒ ͍͔͎ͫͦ ͊͟͟ ͙͙ͫͤͭ͊ͫ͟;͔ͫͯ͟Ό ͫͭͪͯͭͯͪͯ͟Σ 

ͫͦͫͭͦΎ΅ͯΌ ͙͘ ͎͍͎͊ͤͦͦ͡ ͍ͫͦ͊͡ όΎ͒ͪ͊ύ ͙ ͍͙͙͎͊ͫͣͦͦ͘ ͍ͫͦ͊͡Φ ˥͍͊ͤ͡·ͣ ͍ͫͦͦͣ͡ ͦ͋·;ͤͦ ͍·͔ͫͭͯͨ͊ͭ ͍ͫͦͦ͡Σ 

͔͔ͦͨͪ͒͡ΎΌ΅͔͔ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͙ ͔͙ͫ͟͡;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͍͔͎ͫͦ ͫͦ;͔͙ͭ͊ͤΎ ό͙͔ͤ͊ͨͪͣͪΣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͔ͤͦ 

͍ ͙͔͚ͣͤͤͦ ͎͔ͪͯͨͨΣ ͎͎͊ͦ͡͡ ͍ ͎͎͊ͦ͡͡Έ͚ͤͦ ͎͔ͪͯͨͨύΦ ˻ͤ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟Σ ;ͭͦ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ 

ͨͦ͒;͙͙͔ͤͭ͡Έ͚ͤͦ ͍ͫΎ͘ΈΌΣ ͎͔͒ ͍͙͙͔͊ͫͣͦ͘ ͍ͫͦͦ͡ ͎͔ͫͦ͊ͫͯͭͫ͡ΎΣ ͍ͯͨͪ͊͡Ύ͔ͭͫΎ ͙͙͡ ͙ͨͪͣ·͔͊ͭ͟ ͟ ͎͍͊ͤͦͣͯ͡ ώпΣ 

76]. 

̉Φ ͙̅ͣͦͪ͡͡ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟Σ ;ͭͦ ͤ͊͘;͔͙ͤΎ ͍ͫͦ͡ ͍ ͍ͫͦͦͫͦ͡;͔͙͙ͭ͊ͤ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͔͙ͫͣ͊ͤͭ;͔͙͙ͫͣ͟ 

ͪͦ͡Ύ͙ͣ ͯ;͙͍͊ͫͭͤͦ͟ ͔͚͍͙͒ͫͭΎΣ ͊ ͔ͤ ͭͦ͡Έͦ͟ ͺ͚ͦͪͣͦ ͍ͫͦ͡Φ ˹͙͔͊ͨͪͣͪΣ ͍ ͎͙͚͊ͤͫͦͣ͟͡ ͎͎͊ͦ͡͡Έͤͦͣ 

͍ͫͦͦͫͦ͡;͔͙͙ͭ͊ͤ She gave him a book ͟ ͊͗͒͊Ύ ;͊ͫͭΈ ͙͎͔ͪ͊ͭ ͍ͫͦΌ ͔͙ͫͣ͊ͤͭ;͔ͫͯ͟Ό ͪͦ͡ΈΦ ˻ͤ ͔ͭ͊͗͟ ͔ͦͭͣ;͔͊ͭΣ 

;ͭͦ ͍ ͍ͫͦͦͫͦ͡;͔͙͙ͭ͊ͤ ͍͙͙͊ͫͣ͘·͙ͣ ͎ͣͦͯͭ ͋·ͭΈ ͙ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔Σ ͙ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·͔Σ ͙ ͙ͤͺ͙͙͙͍ͤͭ·Σ 

͔͙ͫ͡ ͙ͦͤ ͍·ͨͦͤ͡ΎΌͭ ͔͔͖ͦͨͪ͒ͤͤͯ͡Ό ͔͙ͫͣ͊ͤͭ;͔ͫͯ͟Ό ͺͯͤ͟ͼ͙ΌΦ ̏ͭͦ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͍͔ͭͦͣͯ 

͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͔ͭͫͭͯ͟ ͦ ͙͍͙͍ͫͯ͋ͫͭ͊ͤͭͪͦ͊ͤͤ·ͻ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·ͻΣ ͙ͤͺ͙͙͙͍ͤͭ͊ͻ ͙ ͙ͦ͟͡;͔͍͔ͫͭͤͤ·ͻ 

ͫͦ;͔͙ͭ͊ͤΎͻ ώрΣ ммсϐΦ 

˴͊͟ ͍͙͒ͤͦΣ ̉Φ ͙̅ͣͦͪ͡͡ ͔͔͒͊ͭ͡ ͯͨͦͪ ͤ͊ ͔͙ͫͣ͊ͤͭͯ͟ ͙ ͙ͪͦ͡ ͯ;͙͍͊ͫͭͤͦ͟ ͔͚͍͙͒ͫͭΎ, ͊  ˢΦˮΦ ˿͙͙ͣͪͤͼ͙͚͟ 

ς ͤ ͙͙͊ͫͤͭ͊ͫ͟;͔ͫͯ͟Ό ͫͭͪͯͭͯͪͯ͟ ͙ ͙ͭͨ ͨͦ͒;͙͔͙ͤͤΎ. ˽ͦ ͔͙ͣͤͤΌ ˢΦˮΦ ˿͙͙ͣͪͤͼ͎ͦͦ͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ 

ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͍͊͗ͤ͊ ͔ͤ ͭͦ͡Έͦ͟ ͊͟͟ ͙ͦͣ͋ͤ͊͟ͼ͙Ύ ͍ͫͦ͡Σ ͤͦ ͙ ͊͟͟ ͔͙͙͒ͤͼ͊ ͫͣ·͍͚ͫͦͦ͡ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔ͪ;͙Σ ;͔͔ͪ͘ ͦͭͦͪͯ͟Ό ͍·ͪ͊͗͊ΌͭͫΎ ͦͭͤͦ΄͔͙ͤΎ ͔ͣ͗͒ͯ ͔͔͙ͨͪ͒ͣͭ͊ͣΣ ͙͙ͨͪͤ͊͊ͣ͘͟ ͙ 

͔͚͍͙͒ͫͭΎ͙ͣ ώпΣ тнϐΦ 

ˤ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͔͔͙ͫͭͨͤ ͙ͫ͡Ύ͙ͤΎ ͔͍ͦͣͨͦͤͤͭͦ͟ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͎ͣͦͯͭ ͋·ͭΈ ͍ͫͦ͋ͦ͒ͤ·͙ͣ ͙ 

͔͍ͤͫͦ͋ͦ͒ͤ·͙ͣΦ ˿͍ͦ͋ͦ͒ͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͫͦͫͭͦΎͭ ͙͘ ͍ͫͦ͡Σ ͫͦͻͪ͊ͤΎΌ΅͙ͻ ͍͔ͫͦ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͔ͤͦ 

͔͙ͫ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΦ ˴͔ͦͣͨͦͤͤͭ· ͍͎ͫͦ͋ͦ͒ͤͦͦ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͎ͣͦͯͭ ͔͊ͣ͘΅͊ͭΈͫΎ ͍͙ͫͦ͊ͣ͡ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͔͎͙͙͊ͭͦͪ͟Φ ͙͔́͊͟ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͨͦ ͍͔͚ͫͦ ͔͙͔ͫͣ͊ͤͭ͟ ͙ ͺͯͤ͟ͼ͙͙ ͔ͦͫͦ͋ͤͤͦ ͙͙͋͘͟͡ 

͔ͦͭ͒͡Έͤͦͣͯ ͍ͫͦͯ͡Φ ˽͙ͪ ͺͯͤ͟ͼ͙͙͍͙͙ͦͤͪͦ͊ͤ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡ ͔͍ͤͫͦ͋ͦ͒ͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͔ͤ 

ͪ͊ͫ;͔ͤ͡ΎΌͭͫΎ ͙ ͍·ͫͭͯͨ͊Όͭ ͍ ͙ͨͦ͘ͼ͙͙ ͎ͦ͒ͤͦͦ ;͔ͤ͊͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΦ   

˿͙͙ͤͭ͊ͫ͟;͔͙ͫ͟ ͔͍ͤͫͦ͋ͦ͒ͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ς Ήͭͦ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΣ ͔͙ͫ͟͡;͔͙ͫ͟ ͍ͫΎ͊ͤͤ͘·͔ ͙ 

͔ͤ;͔͙ͤͣ͡·͔ ͍ ͒͊ͤͤͦͣ ͔͔ͦͤͭͫͭ͟͟Φ ͔͎͙̅ͪ͊ͦͦ͘͡;͔͙ͫ͟ ͔͍ͤͫͦ͋ͦ͒ͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ς Ήͭͦ 

͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΣ ͙͍ͦ͋ͤ͊ͪͯ͗͊Ό΅͙͔ ͔͙ͫ͟͡;͔ͫͯ͟Ό ͔ͤͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦͫͭΈ ͔͍ͦͣͨͦͤͤͭͦ͟ ͙͔͙͔ͨͪͣͤͭ͡Έͤͦ ͟ 

͡Ό͋ͦͣͯ ͔ͦͤͭͫͭͯ͟͟Φ ˻͙ͤ ͨͦͫͭͦΎͤͤ· ͙ ͔ͤ;͔͙ͤͣ͡· ͒͡Ύ ͍ͫΎ͎ͦͦ͟ ͔ͦͤͭͫͭ͊͟͟Φ 

˿͍ͦͦ͡ͺͦͪͣ·Σ ͍ͫͦͫͭ͊͡ΎΌ΅͙͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΣ ͤ͊ͻͦ͒ΎͭͫΎ ͍ ͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ͻ 

ͦͭͤͦ΄͔͙ͤΎͻΣ ͦͭͦͪ͟·͔ ͫͭͪͦΎͭͫΎ ͤ͊ ͍͔ͦͫͤͦ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔͙ͫ͟͡;͔͙ͫ͟ͻ ͤ͊͘;͔͙͚ͤ Ή͙ͭͻ ͍ͫͦ͡ ͙ ͙ͻ 
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͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͺͦͪͣΦ ˤ͔ͫ ͎͙͔ͣͤͦͦͦ͋ͪ͊͘ Ή͙ͭͻ ͦͭͤͦ΄͔͙͚ͤ ͦ͋ͦ͋΅͔ͤͤͦ ͍͙ͫͦ͒ͭͫΎ ͟ ͍ͦͫͤͦͤ·ͣΥ 

͙͙͍͊ͭͪ͋ͯͭͤ·ͣΣ ͦ͋Ά͔ͭͤ͟·ͣΣ ͫͯ͋Ά͔ͭͤ͟·ͣΣ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍͔ͫͭͤͤ·ͣ ͙ ͔͙͍ͦͣͨͭͤ͟͡·ͣ ώоΣ фтϐΦ  

ˢ͙͙͍ͭͪ͋ͯͭͤ·͔ ͦͭͤͦ΄͔͙ͤΎ ͍͙ͦͤ͊͘͟Όͭ ͙ͨͪ ͔͙ͫͣ͊ͤͭͦ͟-͎͙ͪ͊ͣͣ͊ͭ;͔ͫͦͣ͟ ͍͙͔͚͍͙͙͊ͣͦ͒ͫͭ͘ ͙͔ͣͤ 

ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻΥ мύ ͫ ͙͔͙ͣͤ͊ͣ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·͙ͣΤ нύ ͫ ͎͔ͫͦ͊ͫͯͣ͡·͙ͣ ͔͙͔͙ͣͫͭͦͣͤΎ͙ͣΤ оύ ͫ 

ͨͦͪΎ͍͒ͦ͟·͙ͣ ;͙͙͔ͫͭ͡͡Έͤ·͙ͣΤ пύ ͫ ͨͦͤ͡·͙ͣ ͺ͙ͦͪͣ͊ͣ ͙ͨͪ;͙͚͊ͫͭΤ рύ ͫ ͔ͨͪ͒ͦ͗ͤ͡·͙ͣ ͙ 

͔͔͋ͫͨͪ͒ͦ͗ͤ͡·͙ͣ ͺ͙ͦͪͣ͊ͣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻΤ сύ ͫ ͔ͤ͊ͪ;͙Ύ͙ͣΤ тύ ͫ ͙ͤͺ͙͙͙͍ͤͭͦͣΦ  

˻͋Ά͔ͭͤ͟·͔ ͦͭͤͦ΄͔͙ͤΎ ͍͙ͦͤ͊͘͟Όͭ ͙ͨͪ ͔͙ͫͣ͊ͤͭͦ͟-͎͙ͪ͊ͣͣ͊ͭ;͔ͫͦͣ͟ ͍͙͔͚͍͙͙͊ͣͦ͒ͫͭ͘ ͎͎͍͊ͦͦ͡͡Σ ͍ 

ͭͦͣ ;͙͔ͫ͡ ͙ͨͪ;͙͚͊ͫͭ ͙ ͔͔͙͒ͨͪ;͙͚͊ͫͭΣ ͫ ͙͔͙ͣͤ͊ͣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͙ͣ ͙ ͔͔ͪ͗ ͫ ͙ͤͺ͙͙͙͍ͤͭͦͣΦ ͙̏ͭ 

͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ ͎͙ͦͪ͊ͤ;͔ͤ·Υ ͎͍͔͊ͤͦ͡ ͍ͫͦͦ͡ ͍ ͙ͤͻ ͦ͋ͦͤ͊͘;͔͊ͭ ͔͚͍͙͔͒ͫͭΣ ͫͦͫͭͦΎ͙͔ͤΣ 

͍͙ͦͫͨͪΎ͙͔ͭΣ ;͍͍͍͙͔ͯͫͭͦ͊ͤΣ ͊ ͍͙͙͔͊ͫͣͦ͘ ς ͦ ͋Ά͔ͭ͟ Ή͎ͭͦͦ ͔͚͍͙͒ͫͭΎΣ ͍͙ͦͫͨͪΎ͙ͭΎΣ ;͍͍͍͙ͯͫͭͦ͊ͤΎΦ  

˻͋Ά͔ͭͤ͟·͔ ͦͭͤͦ΄͔͙ͤΎ ͍͙ͦͤ͊͘͟Όͭ ͙ ͙ͨͪ ͫͦ;͔͙͙ͭ͊ͤ ͎͎͍͊ͦͦ͡͡ ͪ͊ͤ͘·ͻ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ͻ ͍͊ͫͫͦ͟͡Σ ͟ 

ͦͭͦͪ͟·ͣ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͔͚͍͙͔͒ͫͭΦ ˤ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ Ήͭͦ ͍͔͍͔ͫͦͦͭͭͫͭͯͭΣ ͙͔ͤ͊ͨͪͣͪΣ ͦͤͫͭͪͯ͟͟ͼ͙Ύͣ ͫ 

ͨͪΎͣ·ͣ ͦ͋Ά͔ͭͦͣ͟ ͔ͨͦͫ͡ ͎͎͍͊ͦͦ͡͡ ͙ͪ͊͘͡;ͤ·ͻ ͙͍ͭͨͦΥ She reads a book, He enjoys music, They built a house. 

ˤ ͊͟;͔͍͔ͫͭ ͍͙͙͊ͫͣ͘·ͻ ͍ͫͦ͡ ͍ ͎͎͊ͦ͡͡Έͤ·ͻ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎͻ ͎ͣͦͯͭ ͍·ͫͭͯͨ͊ͭΈ ͙ ͎͙͔͒ͪͯ ;͙͊ͫͭ ͔ͪ;͙ ς 

͔͙͔͙ͣͫͭͦͣͤΎ όI saw himύΣ ;͙͙͔ͫͭ͡͡Έͤ·͔ όShe bought three applesύΣ ͙ͦ͟͡;͔͍͔ͫͭͤͤͦ-͙͔ͣͤͤ·͔ ͫͦ;͔͙ͭ͊ͤΎ 

(He drank a glass of waterύ ͙Σ ͔ͦͤ͟;ͤͦΣ ͙͍͙͍ͫͯ͋ͫͭ͊ͤͭͪͦ͊ͤͤ·͔ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·͔ ͙ ͙ͨͪ;͙͊ͫͭΎ όthe rich help 

the poor, the fallen soldier). 

˻͋Ά͔ͭͤ͟·͔ ͦͭͤͦ΄͔͙ͤΎ ͍ͦͣͦ͗ͤ͘· ͙ ͍ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎͻ ͫ ͍͙͙͊ͫͣ͘·ͣ ͙ͤͺ͙͙͙͍ͤͭͦͣΣ ͦ͒ͤ͊ͦ͟ ͙͔ͭ͊͟ 

͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͔ͭ͊͗͟ ͎͙ͦͪ͊ͤ;͔ͤ· ͔͙ͫ͟͡;͔͙ͫ͟Φ ˤ ͊͟;͔͍͔ͫͭ ͎͍͎͊ͤͦͦ͡ ͍ͫͦ͊͡ ͍ ͙ͤͻ 

͍·ͫͭͯͨ͊Όͭ ͎͎͊ͦ͡͡· ͍͙͔͙͒͗ͤΎ ͙͙͡ ͎͎͊ͦ͡͡·Σ ͍·ͪ͊͗͊Ό΅͙͔ ͔͔͙͔ͤ͊ͣͪͤκ͔͙͔͗͊ͤ͡Σ ͫͦ;͔ͭ͊Ό΅͙͔ͫΎ ͫ 

͙ͤͺ͙͙͙͍ͤͭͦͣΣ ͦͭͦͪ͟·͚ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ ͙͔ͫ͋͗͊ͭͫ͡Ύ ͫ ͨͪΎͣ·ͣ ͦ͋Ά͔ͭͦͣ͟Υ He went to see the doctor, She 

asked him to leave. 

˻͋Ά͔ͭͤ͟·͔ ͦͭͤͦ΄͔͙ͤΎ ͎ͣͦͯͭ ͍͙ͦͤ͊ͭ͘͟Έ ͍ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎͻ ͫ ͎͍͊ͤ͡·ͣ ͍ͫͦͦͣ͡ ς ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·ͣ 

͙ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͣΦ ͙͔́͊͟ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͔ͭ͊͗͟ ͙ͫͨ·͙ͭ͊͡ ͍͙͡Ύ͙͔ͤ ͎͎͊ͦ͡͡Έͤ·ͻ 

ͦͤͫͭͪͯ͟͟ͼ͙͚Φ ́͊͟Σ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͫ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·ͣ ͍ ͙ͪͦ͡ ͎͍͎͊ͤͦͦ͡ ͍ͫͦ͊͡ ;͊ͫͭͦ ͨͦ ͍͔ͫͦͣͯ ͍ͫͦͫͭ͊ͯ 

͙͙͡ ͨͦ ͤ͊͘;͔͙ͤΌ ͫͦͦͭͤͦͫΎͭͫΎ ͫ ͎͎͊ͦ͡͡Έͤ·͙ͣ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ͙ͣΥ eager to learn ͫ ͍͔͍͔ͦͦͭͭͫͭͯͭ He is eager 

to learn, ready to start ͍͔͍͔ͫͦͦͭͭͫͭͯͭ She is ready to startΦ ͙̏ͭ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͎ͣͦͯͭ ͨͪΎͣͦ 

͍͔͍͍ͫͦͦͭͭͫͭͦ͊ͭΈ ͎͎͊ͦ͡͡Έͤ·ͣΣ ͫͯ΅͔͍ͫͭͯΎ ͔ͨ͊ͪ͊͡͡͡Έͤͦ ͫ ͙͙ͤͣ ͙ ͋·ͭΈ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ ͙ 

͍͍͔ͫͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έͤͦ ͍ͫΎ͊ͤͤ͘·͙ͣ ͫ ͙͙ͤͣΦ ˨͎͙͔ͪͯ ͔ͨͦͫͭͪͦͤ· ͨͦ ͎͙͙͊ͤ͊ͦ͡ ͫ ͙͙ͤͣΣ ͔͔͍ͨͪ͒͊͊Ύ 

ͦͭͤͦ΄͔͙ͤΎΣ ͍͚͍͔ͫͦͫͭͤͤ·͔ ͎͎͊ͦ͡͡Έͤ·ͣ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎͣΣ ͙ ͙͙ͭͨ;ͤ·͔ ͒͡Ύ ͙ͤͻΥ capable of doing 

something, interested in learning. 

˻͋Ά͔ͭͤ͟·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͫ ͎͍͊ͤ͡·ͣ ͍ͫͦͦͣ͡-ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͣ ͭ͊͟ ͔͗ ͍ͫΎ͊ͤ͘· ͫ ͎͎͊ͦ͡͡Έͤ·͙ͣ 

͙͋ͦ͡ ͍͍͔ͫͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡ΈͤͦΣ ͙͋ͦ͡ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟Φ ˽ͦ;͙ͭ ͍͔͎ͫ͒͊ ͙͔ͭ͊͟ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͫͭͪͦΎͭͫΎ ͤ͊ ͔͋͊͘ 

͎͎ͦͭ͊ͦ͡͡Έͤ·ͻ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ ͫ ͨͪͦͼ͔ͫͫͯ͊͡Έͤ·ͣ ͤ͊͘;͔͙͔ͤͣΦ ˥͎͊ͦ͡͡Έͤ͊Ύ ͔͙ͫͣ͊ͤͭ͊͟ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͙ ͯ 

͔ͤͦͭͦͪ͟·ͻ ͎͙͒ͪͯͻ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻΣ ͍ ;͙͊ͫͭͤͦͫͭ ͯ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ ͫͦ ͤ͊͘;͔͙͔ͤͣ ͔ͪ;͙Σ ͣ·͙ͫ͡Σ ͊ ͔ͭ͊͗͟ 

͔ͤͦͭͦͪ͟·ͻ ͔ͦͤͪͭͤ͟͟·ͻ ͔͚͍͙͚͒ͫͭ ώнΣ мсфϐΦ 

˽ͦ͒ͦ͋ͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͍͔͎ͫ͒͊ ͙͔ͫͦͦͭͤͦͫͭ͡Έͤ· ͫ ͎͎͊ͦ͡͡Έͤ·͙ͣΦ ˹͔ͭͪͯ͒ͤͦ ͔͙͊ͣͭͭ͘ΈΣ ;ͭͦ 

͙͍ͫͯ͋ͫͭ͊ͤͭͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΣ ͙͔ͫͦͦͭͤͦͫͭ͡Έͤ·͔ ͫ ͎͎͊ͦ͡͡Έͤ·͙ͣΣ ͔͔ͨͪ͒͊Όͭ ͦͭͤͦ΄͔͙ͤΎ ͔͎ͯͫͦ͗ͤͤͤͦͦ͡ 

͙ͭͨ͊Υ ͫͦͻͪ͊ͤΎΎ ͦͭͤͦ΄͔͙ͤΎ ͦ͋Ά͔ͭͤ͟·͔Σ ͙ͦͤΣ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͚͍͙͒ͫͭΎ ͔͙ͫͦ͟͟͡-͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͍͚͍ͫͦͫͭ 

͙͔͙ͣͤΣ ͙ͨͪ ͔ͦ͋ͪͭ͊Όͭ ͔΅͔ ͔ͦͭͭͤͦ͟ ͙͙͍͙͊ͭͪ͋ͯͭͤͦͫͭΦ  

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͙ͫͪ͒ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͫ ͦ͋Ά͔ͭͤ͟·͙ͣ ͦͭͤͦ΄͔͙ͤΎ͙ͣ ͔͎ͦ͟͡ ͙͍ͦ͋ͤ͊ͪͯ͗͊ΌͭͫΎ 

͙͔ͫͫͭͣͤ·͔ ͍ͫΎ͙͘ ͔ͭͪͻ ;͔͚͊ͫͭ ͔ͪ;͙ ς ͎ ͎͊ͦ͊͡͡Σ ͙͎͔ͨͪ͊͊ͭ͡͡Έ͎ͤͦͦ ό͙ͨͪ;͙͊ͫͭΎύΣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦΦ  

ˤͦ ͍͔ͫͻ ͫͯ͡;͊ΎͻΣ ͎͔͒ ͙͍ͦ͋ͤ͊ͪͯ͗͊ΌͭͫΎ ͦ͋Ά͔ͭͤ͟·͔ ͦͭͤͦ΄͔͙ͤΎΣ ͎͍͔͊ͤͦ͡ ͍ͫͦͦ͡ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ 

͙͔͔ͣͭ ͤ͊͘;͔͙͔ͤΣ ͔͔͙ͨͪ͊͟͟͡Ό΅͔͔ͫΎ ͫ ͎͎͊ͦ͡͡Έ͚ͤͦ ͔ͫ ͙͚ͣ͊ͤͭͦ͟Σ Ήͭͦ ͍ ΄͙ͪͦͦͣ͟ ͫͣ·͔ͫ͡ ͤ͊͘;͔͙͔ͤ 

ͨͪͦͼ͔ͫͫͯ͊͡Έ͙ͤͦͫͭ όͤ͊͘;͔͙͔ͤ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔͚͍͙͒ͫͭΎΣ ;͍͍͍͙ͯͫͭͦ͊ͤΎΣ ͦ΅ͯ΅͔͙ͤΎΣ ͫͦͫͭͦΎ͙ͤΎΤ ͤ͊͘;͔͙͔ͤ 
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͔ͪ;͙Σ ͣ·͙ͫ͡Τ ͤ͊͘;͔͙͔ͤ ͙ͫͦͤͤͦͫͭ͟͡ ͟ ;͔ͣͯ-͙͋ͦ͡Σ ͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͟ ;͔ͣͯ-͙͋ͦ͡Σ ͦ͋΅͔͚ 

͔͙ͤ͊ͨͦͤͤͤͦͫͭ͡ ͙ ͭΦ ͒ΦύΦ  

˿ͯ͋Ά͔ͭͤ͟·͔ ͦͭͤͦ΄͔͙ͤΎ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Όͭ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΣ ͍͙͍͔͙͔ͦͤͤͦͤ͘͟ ͦͭͦͪ͟·ͻ ͍ͫΎ͊ͤͦ͘ ͫ 

ͦͫͦ͋·ͣ ͙ͭͨͦͣ ͎͎͊ͦ͡͡Έͤ·ͻ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡Σ ͊ ͔ͭ͊͗͟ ͫͦ ͔ͫͭͪ͊͒͊ͭ͡Έͤ·͙ͣ ͙ͦ͋ͦͪͦͭ͊ͣΦ ͙͔́͊͟ 

͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͙ͦͨͪ͊ΌͭͫΎ ͤ͊ ͔͙ͫͦ͟͟͡ ͎͙ͪ͊ͣͣ͊ͭ;͔ͫͯ͟Ό ͙ͨͪͪͦ͒ͯ ͎͎͍͊ͦͦ͡͡ ͔ͫͭͪ͊͒͊ͭ͡Έ͎ͤͦͦ ͎͊ͦ͊͘͡ ͙ 

ͫͭ ͔ͪ͊͒͊ͭ͡Έͤ·ͻ ͙ͨͪ;͙͚͊ͫͭΦ ˭͍͙͙͊ͫͣ͊Ύ ͺͦͪͣ͊ ͙͔͙ͣͤ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ͍ ͙ͤͻ ͦ͋ͦͤ͊͘;͔͊ͭ ͔͚͍͒ͫͭͯΌ΅͔͔ 

͙͡ͼͦ ͙͙͡ ͔͔ͨͪ͒ͣͭΦ ˽ͦ ͎͙͙͊ͤ͊ͦ͡ ͫ ͎͎͊ͦ͡͡Έͤ·͙ͣ ͎ͣͦͯͭ ͋·ͭΈ ͍ͦ͋ͪ͊ͦ͊ͤ͘· ͙ ͔ͤͦͭͦͪ͟·͔ ͙͍ͫͯ͋ͫͭ͊ͤͭͤ·͔ 

͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͫ ͫͯ͋Ά͔ͭͤ͟·͙ͣ ͦͭͤͦ΄͔͙ͤΎ͙ͣΥ ͍͔͙͔ͦͫͦ͋ͦ͗͒ͤ ͍ͪ͊;͔͚͋ͤͦ ͙͙͔͚ͦͣͫͫ͟Σ ͔͙͔ͦ͋ͫͯ͗͒ͤ 

͍͙͔ͨͪ͊ͭ͡Έ͍ͫͭͦͣΦ ˿ͯ͋Ά͔ͭͤ͟·͔ ͦͭͤͦ΄͔͙ͤΎ ͍͚͍͔ͫͦͫͭͤͤ· ͙ ͔ͤͦͭͦͪ͟·ͣ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎͣ ͫ ͍͙͙͊ͫͣ͘·ͣ 

͍ͫͦͦͣ͡ ͍ ͺ͔ͦͪͣ ͙͔ͪͦ͒ͭ͡Έ͎ͤͦͦ ͔ͨ͊͒͗͊Σ ͙͔ͤ͊ͨͪͣͪΦ ˤ ͙ͭ͊͟ͻ ͫͯ͡;͊Ύͻ ͔ͭ͊͗͟ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭͫ͡Ύ ͦͭͤͦ΄͔͙͔ͤ 

ζ͔͚͍͙͔͒ͫͭ ͙ ͔͚͍͒ͫͭͯΌ΅͔͔ ͙͡ͼͦ ͙͙͡ ͔͔ͨͪ͒ͣͭηΦ ˻͋ͫͭͦΎ͔ͭ͡Έ͍͔ͫͭͤͤ·͔ ͦͭͤͦ΄͔͙ͤΎ ͍͚͍͔ͫͦͫͭͤͤ· 

͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎͣ ͎͎͊ͦ͡͡Έͤ·ͣΣ ͭ͊͟ ͊͟͟ ͙ͪ͊͘͡;ͤ·͔ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍͔ͫͭͤͤ·͔ ͤ͊͘;͔͙ͤΎ ͍͔͎ͫ͒͊ ͍ͫͦͨͯͭͫͭͯΌͭ 

͔ͭͣ ͙͙͡ ͙ͤ·ͣ ͔͚͍͙͒ͫͭΎͣ ͙ ͫͦͫͭͦΎ͙ͤΎͣ ͙ ͙ͦͨͪ͊ΌͭͫΎ ͤ͊ ͔͙ͫ͟͡;͔ͫͯ͟Ό ͨͪͦͼ͔ͫͫͯ͊͡ΈͤͦͫͭΈΦ 

˻͋ͫͭͦΎ͔ͭ͡Έ͍͔ͫͭͤͤ·͔ ͦͭͤͦ΄͔͙ͤΎ ͔͙͙ͦͤͪͭͪͯ͘͟͟ΌͭͫΎ ͊͟͟ ͔͔͙͔ͦͨͪ͒ͭ͡͡Έͤͦ-ͦ͋ͫͭͦΎ͔ͭ͡Έ͍͔ͫͭͤͤ·͔Τ 

͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ·͔Τ ͙ͨͪ;͙ͤͤ·͔Τ ͼ͔͔͍͡·͔Φ ˹͔ͭͪͯ͒ͤͦ ͔͙ͯ͋͒ͭΈͫΎΣ ;ͭͦ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍͔ͫͭͤͤ·͔ ͦͭͤͦ΄͔͙ͤΎ 

͍͙ͦͤ͊͘͟Όͭ ;͊΅͔ ͍͔͎ͫͦ ͙ͨͪ ͫͦ;͔͙͙ͭ͊ͤ ͎͎͍͊ͦͦ͡͡ ͙ ͔ͤ͊ͪ;͙͚Σ ͊ ͔ͭ͊͗͟ ͙ͨͪ ͫͦ;͔͙͙ͭ͊ͤ ͎͎͍͊ͦͦ͡͡ ͫ 

ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͙ͣ ζͦ͋ͫͭͦΎ͔ͭ͡Έ͍͔͚ͫͭͤͤͦη ͔͙͙ͫͣ͊ͤͭ͟ όͫ ͔͙ͫ͟͡;͔͙͙ͫͣ͟ ͤ͊͘;͔͙ͤΎ͙ͣ ͍͔͔͙ͪͣͤΣ 

͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ͙ ͫ ͙ͪ͊͘͡;ͤ·͙ͣ ͎͙͙͒ͪͯͣ ͤ͊͘;͔͙ͤΎ͙ͣΣ ͫͨͦͫͦ͋ͤ·͙ͣ ͨͦ͒ ͍͙͡Ύ͙͔ͤͣ ͎͎͊ͦ͊͡͡ 

͔͍ͨͪͦ͋ͪ͊ͦ͘·͍͊ͭΈͫΎ ͍ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍͔ͫͭͤͤ·͔ ς ͼ͔͙͡Σ ͙ͨͪ;͙ͤ·ύΦ  

˴͔͙͍ͦͣͨͭͤ͡·͔ ό͍ͦͫͨͦͤ͡ΎΌ΅͙͔ύ ͦͭͤͦ΄͔͙ͤΎ ͍͙ͦͤ͊͘͟Όͭ ͙͘ ͔͙ͨͦͭͪ͋ͤͦͫͭ ͔ͤͦͭͦͪ͟·ͻ ͍ͫͦ͡ ͍ 

ͦ͋Ύ͔͊ͭ͘͡Έͤͦͣ ͫͣ·͍ͫͦͦͣ͡ ͍͔͙͙͒ͦ͋͊ͤ͡Φ ˭͍͙͙͊ͫͣ͊Ύ ͍ͫͦͦ͡ͺͦͪͣ͊ ͍ͦͫͨͦͤ͡Ύ͔ͭ ͙ͤͺ͙͍ͦͪͣ͊ͭͤͯΌ 

͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ ͔͔͍͎ͫͭͪ͗ͤͦͦ ͍ͫͦ͊͡Φ  

˽ͦͫͦ͟͡Έͯ͟ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͫͯ΅͔͍ͫͭͯΌͭ ͔ͤ ͙ͫ͊ͣ ͨͦ ͔͔ͫ͋Σ ͊ ͺͯͤ͟ͼ͙͙ͦͤͪͯΌͭ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡Σ 

͔͔͍͔ͫͭͫͭͤͤͦΣ ;ͭͦ ͍͙ͫͦ ͙͙ͫͤͭ͊ͫ͟;͔͙͔ͫ͟ ͦͭͤͦ΄͔͙ͤΎ ͙ͦͤ ͯͭͦ;ͤΎΌͭ ͙ ͔͙͙ͦͤͪͭͪͯ͘͟͟Όͭ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡ ͨͦ͒ 

͍͙͡Ύ͙͔ͤͣ ͍͔͎ͫͦͫͤͦͦ͡ ͔͙ͦͪͯ͗ͤ͟Ύ ͙ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͻ ͼ͔͔͚͡ ͔ͦͤͭͫͭ͊͟͟Φ  

˿͍ͦͦͫͦ͡;͔͙͔ͭ͊ͤ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍͚ͦ ͔͙͙͒ͤͼ͔͚ ͙͙ͫͤͭ͊ͫ͟;͔͚ͫͦ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ Ύ͘·͊͟Σ ͍·ͨͦͤ͡ΎΎ 

͙ͤͦͣͤ͊ͼ͙ͦͤͤͯΌ ͺͯͤ͟ͼ͙Ό ͙ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͭͦ;͔ͤͦ ͍·͔͙͔ͪ͊͗ͤ ͦͭͤͦ΄͔͙͚ͤ ͔ͣ͗͒ͯ ͔͔͙ͨͪ͒ͣͭ͊ͣΣ 

͙͙ͨͪͤ͊͊ͣ͘͟ ͙ ͔͚͍͙͒ͫͭΎ͙ͣΦ ˻ͤͦ ͙ͦͭ͡;͔͊ͭͫΎ ͦͭ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͍͙͔ͦͭͫͯͭͫͭͣ ͔͙͙͍͙ͨͪ͒͊ͭͤͦͫͭ͟ ͙ 

͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ ͺͯͤ͟ͼ͙͙Σ ͊ ͔ͭ͊͗͟ ͺ͙͔ͦͪͣͪͯͭ ͔͔͋ͦ͡ ͫͦ͗ͤ͡·͔ ͫͣ·͍ͫͦ͡·͔ ͫͭͪͯͭͯͪ͟· ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ 

͔ͦͭ͒͡Έͤ·͙ͣ ͍͙ͫͦ͊ͣ͡Φ 

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͎͙͚͙͊ͤͫ͟͡ͻ ͙ ͙ͪͯͫͫ͟ͻ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦΣ ͔ͤͫͣͦͭͪΎ ͤ͊ ͙ͪ͊͘͡;͙Ύ ͍ 

͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ͊ͻΣ ͦ͋͊ Ύ͘·͊͟ ͙ͫͨͦ͡Έͯ͘Όͭ ͨͦ͒;͙͙͔ͤͭ͡ΈͤͯΌ ͍ͫΎ͘Έ ͔ͣ͗͒ͯ ͎͍͊ͤ͡·ͣ ͙ ͍͙͙͊ͫͣ͘·ͣ 

͍ͫͦͦͣ͡ ͒͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͙ͫͤͭ͊ͫ͟;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟·Φ ˤ ͎͙͚͚͊ͤͫͦ͟͡ ͎͙͔ͪ͊ͣͣ͊ͭ͟ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ 

͔͔͙͔ͪ͊͒ͤ͘͡ ͨͦ ͙ͭͨͯ ͎͍͎͊ͤͦͦ͡ ͍ͫͦ͊͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͭͦ;͔͔ͤ ͙͊ͫͫ͟͡ͺ͙ͼ͙͍ͪͦ͊ͭΈ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͙ ͍·Ύ͍͡ΎͭΈ 

͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͙ͪͦ͡ ͯ;͙͍͊ͫͭͤͦ͟ ͔͚͍͙͒ͫͭΎΣ ;ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͒͡Ύ ͙͊ͤ͊͊͘͡ ͎͎͊ͦ͡͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͙ 

ͫͦ͗ͤ͡·ͻ ͦ͋Ά͔ͭͤ͟·ͻ ͦͭͤͦ΄͔͙͚ͤΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˣ͊ͪͻ͍ͯ͒͊ͪͦ ˶Φ˿ΦΣ ͔͙͎̊ͭͤ͡ ˨ ΦˢΦ ˥͙ͪ͊ͣͣ͊ͭ͊͟ ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟Φ ˸ΦΣ мфтоΦ- пнп ͫΦ  

2. ˤ͙͎͍ͤͦͪ͊͒ͦ ˤΦˤΦ ˾͙͚ͯͫͫ͟ Ύ͘·͟ ό͎͙ͪ͊ͣͣ͊ͭ;͔͔ͫͦ͟ ͯ;͔͙͔ͤ ͦ ͍͔ͫͦ͡ύΦ - ˸ ΦΣ мфтнΦ - спн ͫΦ 

3. ˮ͍͍͊ͤͦ͊ ˮΦ˽ΦΣ ˣ͍ͯͪ͊ͦ͟͡ ˤΦˤΦΣ ˽ͦ;͔ͨͼ͍ͦ ˥Φ˽Φ - ́ ͔͔͙ͦͪͭ;͔ͫ͊͟Ύ ͎͙ͪ͊ͣͣ͊ͭ͊͟ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͎͙͚͎͊ͤͫͦͦ͟͡ 

Ύ͘·͊͟Φ - ˸ ΦΣ мфумΦ - нут ͫΦ 

4. ˿͙͙ͣͪͤͼ͙͚͟ ˢΦˮΦ ˿͙͙ͤͭ͊ͫͫ͟ ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟Σ - ˸ ΦΣ мфртΦ - нуп ͫΦ 

5. Fillmore Ch.J., Langendoen D.T. Studies in Linguistic Semantics. N.Y.: Holt, Reinhart and Winston, 1971. -

296 p. 

ϭˮ͎͙͍͋ͪ͊ͣͦ͊ ˾. .s, 2025 
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̂˨˴ умΩооΥуммΦрмнΦмоуόптлΦпмύ 

ˮ͚͍ͣ͊ͦ͘͡ ˮ͙ͫͣ͊͡ ˸͔͔͍͙͊ͪͫ͡;  

̂;͔͙ͤ͟ мм ͊ͫͫ͊͟͡Σ  

˿͔ͪ͒ͤΎΎ ͦ͋΅͔͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ ΄ͦ͊͟͡ ͙͔͙ͣͤ ͔͙͊͊͒ͣ͊͟͟ ˾Φ˭Φ ˿͎͔͔͍͊͒͊Σ  

.͎ x ͙ͯͤͫ͟ 

e-mail: tatmishariim@gmail.com 

˹͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡ΈΥ ˮ ͚͍ͣ͊ͦ͘͡ ˢ͚ͪ͊ͭ ˸͍͙͊ͪ͊ͭͦ; 

 ˨ ͦͼ͔ͤͭ 

e-mail: airick73@bk.ru 

 

˽˾˩˩˸˿́ˤ˩˹˹˻˿́̎ ˣ̂˶˥ˢ˾˿˴˻˥˻ ̒˭̍˴ˢ ˤ ˿˻ˤ˾˩˸˩˹˹˻˸ ́ˢ́ˢ˾˿˴˻˸ ˮ ̉̂ˤˢ̊˿˴˻˸ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔͔͍͔ͨͪͣͫͭͤͤͦͫͭΈ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ ͭ͊ͭ͊ͪͫͦͣ͟ ͙ 

;͍ͯ͊΄ͫͦͣ͟ Ύ͘·͊͟ͻΦ ˹͊ ͍͔ͦͫͤͦ Ή͙ͨͭ͊ͺ͙͚ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡ VIIIςXIII ͍͍Φ ͍͙ͨͪͦͦ͒ͭͫΎ ͍͙͔ͫͪ͊ͤͭ͡Έͤͦ-

͙͙ͫͭͦͪ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͺ͔͙ͦͤͭ;͔͙ͫ͟ͻΣ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͙ ͔͙ͫ͟͡;͔͙ͫ͟ͻ ͍͔͍͙͚ͫͦͦͭͭͫͭΦ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ 

͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ ͫͦͻ͔͙͔ͪ͊ͤͤ ͎͙͋ͯ͊ͪͫ͟͡ͻ Ή͔͔͍ͣͤͭͦ͡ ͍ ͎͚ͦͯͪͫͦ͟ ͙ ͙ͨ͟;͚͊ͫͦ͟͟ ͍͔͍ͭΎͻ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟ ͙ 

͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔͔ͤͨͪͪ·͍ͤͯΌ Ύ͘·͍ͦͯ͟Ό ͙ ͯ͟͡ΈͭͯͪͤͯΌ ͙ͭͪ͊͒ͼ͙Ό ͍ͤ͊ͪͦ͒ͦ ˽͍ͦͦ͗͡ΈΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡:  

ˣ͎͙͚ͯ͊ͪͫ͟͡ Ύ͘·͟Σ ˤͦ͗ͫ͊͟͡Ύ ˣ͎͙ͯ͊ͪ͡ΎΣ ͙͚ͭ͊ͭ͊ͪͫ͟ Ύ͘·͟Σ ;͍ͯ͊΄͙͚ͫ͟ Ύ͘·͟Σ Ή͙ͨͭ͊ͺ͙͙Σ  

ͭΌ͙͔ͪͫ͟͟ Ύ͘·͙͟Σ ͔͔͍͔ͨͪͣͫͭͤͤͦͫͭΈΣ ͺ͔͙ͦͤͭ͊͟Σ ͣͦͪͺ͎͙ͦͦ͡ΎΦ 
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CONTINUITY OF THE BULGAR LANGUAGE IN MODERN TATAR AND CHUVASH 

 

Abstract 

The article examines the continuity of the Bulgar language in modern Tatar and Chuvash languages. 

Based on the epitaphs of the Volga Bulgaria of the 8thς13th centuries, a comparative-historical analysis of 

phonetic, morphological, and lexical correspondences is conducted. The study confirms the preservation of 

Bulgar elements in the Oguz and Kipchak branches of the Turkic languages and demonstrates the continuous 

linguistic and cultural tradition of the peoples of the Volga region. 

Keywords:  

Bulgarian language, Volga Bulgaria, Tatar language, Chuvash language, epitaphs, Turkic languages, 

continuity, phonetics, and morphology. 

 

͙̏ͨͭ͊ͺ͙͙ ͊͟͟ ͎͍͊ͤ͡·͚ ͙ͨͫΈ͔ͣͤͤ·͚ ͙ͫͭͦ;͙ͤ͟ 

˻͍ͫͤͦͤ·ͣ ͙ ͙͔͔ͤ͊͋ͦ͡ ͍͔͒ͦͫͭͦͪͤ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͍͔͔͙͚ͫ͒ͤ ͦ ͎͋ͯ͊ͪͫͦͣ͟͡ Ύ͘·͔͟ Ύ͍͡ΎΌͭͫΎ 

͎ͤ͊͒ͪͦ͋ͤ·͔ ͙͙ͤ͊͒ͨͫ τ Ή͙ͨͭ͊ͺ͙͙Σ ͚͔ͤ͊͒ͤͤ·͔ ͙ͨͪ ͊ͪͻ͔͎͙ͦͦ͡;͔͙ͫ͟ͻ ͪ͊ͫͦͨ͊͟͟ͻ ͤ͊ ͔͙͙͙ͭͪͪͭͦͪ 

ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡ ό±LLLς·LLL ͍͍ΦύΦ ͙̏ͭ ͔ͭͫͭ͟· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙ͯͤ͊͟͡Έͤ·͚ ͦͪͨͯͫ͟ ͙ͨͫΈ͔ͣͤͤ·ͻ 
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ͨ͊ͣΎ͙͍ͭͤͦ͟Σ ͺ͙͙ͫͪͯ͟Ό΅͙ͻ ͙͍͗·͔ Ή͔͔ͣͤͭ͡· ͎͚͋ͯ͊ͪͫͦ͟͡ ͔ͪ;͙Σ ͔͖ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͺͦͪͣ· ͙ 

͔͙ͫ͟͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍ ͙ͻ ͔͔͍͔ͫͭͫͭͤͤͦͣ ͺͯͤ͟ͼ͙͙͍͙͙ͦͤͪͦ͊ͤΦ 

ˣͦ͡Έ΄͙͍ͤͫͭͦ Ή͙ͨͭ͊ͺ͙͚ ͔ͦ͋ͤ͊ͪͯ͗ͤͦ ͤ͊ ͔͙͙͙ͭͪͪͭͦͪ ͔͍͙͒ͪͤͻ ͎͍ͦͪͦ͒ͦ ˣ͎ͦ͊ͪ͡Σ ˣ͙͡ΎͪΣ ˿͍ͯ͊ͪΣ ˴ȳ͙͔͋ͭ 

͙ ͔́ͭΌ΄͙Σ ͊ ͔ͭ͊͗͟ ͍ ͔ͦͪͫͭͤ͟·ͻ ͔ͫ͡Έ͙ͫ͟ͻ ͔ͤͪͦͨͦ͟͡ΎͻΦ ˸͔͙͊ͭͪ͊ͦͣ͡ ͒͡Ύ ͙͔͚ͤ͊͒ͨͫ ͙ͫͯ͗͡͡ ͙͍͔ͫͭͤ͘Ύ͟ ͙͙͡ 

͔ͨͫ;͙͊ͤ͟Σ ;ͭͦ ͔͔ͦ͋ͫͨ;͙ͦ͡ ͙ͻ ͎͍͔͒ͦͦ͡;ͤͦͫͭΈΦ ͙̏ͨͭ͊ͺ͙͙ ͍·ͨͦͤ͡Ύ͙ͫ͡Έ ͙͊ͪ͊͋ͫͣ͟ ͙ͨͫΈͣͦͣΣ 

͙͍͊͒͊ͨͭͪͦ͊ͤͤ·ͣ ͒͡Ύ ͔͔ͨͪ͒͊;͙ ͭΌ͚ͪͫͦ͟͟ ͺ͔͙͙ͦͤͭ͟Φ ˿͙͊ͣ ͔ͭͫͭ͟·Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͔͍ͨͪ͒ͫͭ͊͡Ύ͙͡ ͚ͫͦ͋ͦ 

ͫͦ;͔͙͔ͭ͊ͤ ͔͙͎͙ͪͦͤ͘͡·ͻ ͺͦͪͣͯ͡Σ ͒͊ͭ ͨͦ ͻ͙͔͒͗ͪΣ ͙͖ͣͤ ͔ͯͣͪ΄͙ͻΣ ͊ ͔ͭ͊͗͟ ͙ͪ͊ͭ͟͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Σ 

ͦͭͪ͊͗͊Ό΅͙ͻ ͫͦͼ͙͊͡Έ͔ͤͦ ͔͙͔ͨͦͦ͗ͤ͡ ͚͎ͨͦͦͤͦͦ͟Φ 

͙͙́ͨ;ͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ ͎͚͋ͯ͊ͪͫͦ͟͡ Ή͙ͨͭ͊ͺ͙͙ ͍͟͡Ό;͊͊͡Υ 

мΦ ˤ͙͔ͫͭͯͨͭ͡ΈͤͯΌ ͺͦͪͣͯͯ͡ τ άˣ͙͙ͫͣ͊͡͡ ͙ͪ-ͪ͊ͻ͙ͣ͊ͤͪ-ͪ͊ͻ͙ͣέ ͙͙͡ άˣ͙͙ͫͣ͊͡͡έ ό͍ͦ ͙ͣΎ ˢ͊͡͡ͻ͊Σ 

˸͙͙͍͎ͦͫͭͦͦ͡Σ ˸͙͔͎ͦͫͪ͒ͤͦͦ͡ύΤ 

нΦ ˮͣΎ ͚͎ͨͦͦͤͦͦ͟Σ ;͊ͫͭͦ ͫ ͙͔ͯ͊͊ͤͣ͘͟ ͦͭͼ͊ ό͙͔ͤ͊ͨͪͣͪΣ άˢͻͣ͊͒ ͙͋ͤ ̑ͫͯͺέύΤ 

оΦ ˨͊ͭͯ ͔͙ͫͣͪͭΣ ͙͊ͨͫ͊ͤͤͯ͘Ό ͨͦ ͣͯͫͯ͡Έͣ͊ͤͫͦͣͯ͟ ͔͙ͭͦͫ͡;͙͔͙ͫͤ͡Ό όͻ͙͔͒͗ͪύΤ 

пΦ ˭͊͟͡Ό;͙͔ͭ͡ΈͤͯΌ ͙͍ͣͦͭͯ͡ τ ά˯͊ ˢ͊͡͡ Σ ͙ͪͻ ͣ ͯέ όά˻ ˢ͊͡͡ͻΣ ͙͚ͨͦͣͯ͡ ͔͎ͦέύΦ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͔͙͎͙ͪͦͤ͘͡·͚ ͻ͔͊ͪ͊ͭͪ͟Σ Ή͙ͨͭ͊ͺ͙͙ ͔ͫͦ͒ͪ͗͊ͭ ͔͙ͫ͟͡;͔͙͔ͫ͟ ͙ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ 

Ή͔͔ͣͤͭ͡· ͎͍͎ͪ͊ͦͦͪͤͦͦ͘ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟Φ ˮ͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ ͔ͦͭͣ;͊Όͭ ͍ ͔ͭͫͭ͊͟ͻ ͙ͤ͊͡;͙͔ ͙͙ͭͨ;ͤ·ͻ 

ͭΌ͙ͪͫ͟͟ͻ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͫͯͺͺ͙͍ͫͦ͟Σ ͍ ;͙͊ͫͭͤͦͫͭΥ 

 ω ͙ͨͪͭΎ͔͗͊ͭ͡Έͤ·ͻ ͦͦͤ͟;͙͚͊ͤ όςƠƳΣ ςǎƠΣ ςǎƠȊύΤ 

 ω ͫͯͺͺ͙͍ͫͦ͟ ͨͪͦ΄͔͒΄͔͎ͦ ͍͔͔͙ͪͣͤ όςŘƤΣ ςti); 

 ω ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͔͍͔͎ͣͤͦ͗ͫͭͤͤͦͦ ;͙ͫ͊͡ όςlar, ςsar). 

˹͔ͦͭͦͪ͟·͔ ͙͙ͤ͊͒ͨͫ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟ ;͔ͪͭ· ͎͚ͦͯͪͫͦ͟ όǊ-ͭΌ͚ͪͫͦ͟͟ύ ͍͔͍͙ͭΣ ͙͙͔͋͘͟͡ ͟ 

;͍ͯ͊΄ͫͦͣͯ͟ Ύ͘·ͯ͟Υ ͔͊ͣͤ͊͘ Ȋ ͤ͊ ǊΣ Ǒ ͤ͊ ƭ ό͙͔ͤ͊ͨͪͣͪΣ ǘǀǊǸ ͍͔ͣͫͭͦ ǘǀȊǸΣ ǎŀƭ ͍͔ͣͫͭͦ ǒŀǑύΦ 

̏ͭͦ ͒ͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ Ύ͘·͟ ͙͔͚ͤ͊͒ͨͫ ͫͦͻͪ͊ͤΎ͡ ͊ͪͻ͙͊;͔͙͔ͫ͟ Ή͔͔ͣͤͭ͡·Σ ͙ͦͭ͡;ͤ·͔ ͦͭ ͔ͨͦͫ͒ͯ͡Ό΅͙ͻ 

͙ͨ͟;͙͊ͫ͟͟ͻ ͺͦͪͣΦ 

͙̏ͨͭ͊ͺ͙͙Σ ͚͔ͤ͊͒ͤͤ·͔ ͍ ˣ͎͔ͦ͊ͪ͡ ͙ ˣ͙͡Ύ͔ͪΣ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͔͙ͨͪͦ͒ L·ς·LLL ͍͍ΦΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͙ͻ ͊͟͟ ͔͔ͤͨͪͪ·͍ͤͯΌ ͙ͨͫΈ͔ͣͤͤͯΌ ͙ͭͪ͊͒ͼ͙ΌΣ ͦͭͪ͊͗͊Ό΅ͯΌ ͍͙͙͔ͪ͊ͭ͘ Ύ͘·͊͟ ͍ͨͦͭ͡Έ ͒ͦ 

͎ͣͦͤͦ͡Έ͎ͫͦͦ͟ ͍͔͍͙͊ͦ͊ͤ͘ΎΦ ˽ͦ ͒͊ͤͤ·ͣ ˾Φ ˥Φ ˢͻ͔͍ͣͪͦ͊ όнлмнύΣ ͟ ͤ͊ͫͭͦΎ΅͔ͣͯ ͍͔͔͙ͪͣͤ ͙͍͔ͫͭͤͦ͘ ͔͔͋ͦ͡ 

олл ͔͊ͣͤͤ͟·ͻ ͙͔͚ͤ͊͒ͨͫΣ ;͊ͫͭΈ ͦͭͦͪ͟·ͻ ͻ͙ͪ͊ͤͭͫΎ ͍ ˣ͎ͦ͊ͪͫͦͣ͟͡ ͙͙ͫͭͦͪͦ͟-͊ͪͻ͔͎͙ͦͦ͡;͔ͫͦͣ͟ ͔͔ͣͯ͘Φ ˮͻ 

͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͒͊ͦ͡ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͙͍ͪͦͤͫͭͪͯͪͦ͊ͭ͟Έ ͍͊͗ͤ·͔ ͔͊ͫͨͭ͟· ͎͚͋ͯ͊ͪͫͦ͟͡ ͣͦͪͺ͎͙͙ͦͦ͡ ͙ 

ͺ͔͙͙ͦͤͭ͟Σ ͍ ;͙͊ͫͭͤͦͫͭ ͺͦͪͣ· ͔͙ͫͦͤͤ͟͡ΎΣ ͍͍͔ͫͦͦͦ͋ͪ͊ͦ͊ͭ͘͡͡Έͤ·͔ ͔͙ͣͦ͒͡ ͙ ͙͔ͫͫͭͣͯ ͎͊ͫͤ͡·ͻΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͎͙͔͋ͯ͊ͪͫ͟͡ Ή͙ͨͭ͊ͺ͙͙ Ύ͍͡ΎΌͭͫΎ ͔͙͍͔͒ͤͫͭͤͤ·ͣ ͨͪΎͣ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ Ύ͘·͊͟ 

͍͙ͦ͗ͫ͟͡ͻ ͎͋ͯ͊ͪ͡Σ ͔ͤ ͨͪͦ΄͔͒΄͙ͻ ;͔͔ͪ͘ ͔͔͙ͨͪͨͫ·͍͙͔͊ͤ ͙͙͡ ͊͒͊ͨͭ͊ͼ͙Ό ͔͚ͨͦ͒ͤ͘΄͙ͻ ΉͨͦͻΦ ˻͙ͤ 

͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙͍͚͗ͦ ͔ͫͨͦ͟͡ Ύ͘·͊͟Σ ͙͊ͣ͟͟ ͦͤ ͫͯ΅͔͍͍ͫͭͦ͊͡ ͍ ±LLLς·LLL ͍͍ΦΣ ͒ͦ ͙ͨ͟;͎͊ͫͦͦ͟͟ ͍͙͡Ύ͙ͤΎ 

͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͎ͫͭ͊ͪͦͭ͊ͭ͊ͪͫͦͦ͟ ͚͔ͦͤ͟Φ 

˿ͯ͒Έ͋͊ ͙ͨͫΈ͔͎ͣͤͤͦͦ ͔͙ͤ͊ͫ͒͡Ύ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡ ͙͒ͪ͊ͣ͊ͭ;ͤ͊Φ ˨ͦ ͤ͊ͫ ͒ͦ΄͙͡ ͎͍͊ͤ͡·ͣ ͦ͋ͪ͊ͦͣ͘ 

͔͊ͣͤͤ͟·͔ Ή͙ͨͭ͊ͺ͙͙Σ ͎ͭͦ͒͊ ͊͟͟ ͍͔͙͔ͫͭͫ͟Σ ͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤ·͔ ͙ ͙͔ͭͪ͊ͭͯͪͤ͡·͔ ͔ͭͫͭ͟· ͙ͨͪ͊ͭ͟;͔͙ͫ͟ 

ͨͦͤͦͫͭ͡ΈΌ ͯͭͪ͊;͔ͤ·Φ ˽͙ͪ;͙ͤ· Ή͎ͭͦͦ ͔ͦͣͨͫͤ͟͟͡· ͙ ͍͟͡Ό;͊Όͭ ͊͟͟ ͙͙ͫͭͦͪ;͔͙͔ͫ͟ ͊ͭ͊ͫͭͪͦ͟ͺ·Σ ͭ͊͟ ͙ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͙ͣ͊ͭͪ͊͡Έ͚ͤͦ ͯ͟͡Έͭͯͪ· ͙ ͙ͨͫΈ͔͚ͣͤͤͦ ͙ͭͪ͊͒ͼ͙͙Φ 

ˤ -͔͍ͦͨͪ·ͻΣ ͔ͪ΄͊Ό΅ͯΌ ͪͦ͡Έ ͫ·͎ͪ͊ͦ͡ ͎ͣͦͤͦ͡Έ͔ͫͦ͟ ͤ͊΄͔͍͙͔ͫͭ мнос ͎ͦ͒͊Σ ͍ ͻ͔ͦ͒ ͎ͦͭͦͪͦͦ͟ ͎ͦͪͦ͒͊ 

ˣ͎ͦ͊ͪ͡Σ ˣ͙͡Ύͪ ͙ ˿͍ͯ͊ͪ ͋·͙͡ ͪ͊ͪͯ͘΄͔ͤ·Φ ˽ͦ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭ͊ͣ ͊ͪͻ͔͎͙ͦͦ͡;͔͙ͫ͟ͻ ͖͍ͫͦ͡Σ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ 

͍ͨͦ͗͊ͪͦ ͎͙͙ͨͦ͋͡ ͙͙͔͙͋͋ͦͭ͟͡ ͙ ͊ͪͻ͙͍·Σ ͊ ͙ͨͫΈ͔ͣͤͤ·͔ ͔͒ͦͯͣͤͭ͟· ͤ͊ ͎͙ͦͪ͊ͤ;͔͙ͫ͟ͻ ͙͔ͤͦͫͭ͡Ύͻ τ 

͔͔͔͋ͪͫͭΣ ͔ͦ͗͟Σ ͔͎͔͔ͨͪ͊ͣͤͭ τ ͋ ·͙͡ ͙ͯͤ;͔ͭͦ͗ͤ· ͔͍͍͋ͦͪ͊ͭͤͦ͘͘Φ 

ˤ -͍ͦͭͦͪ·ͻΣ ͍ ͙ͦͭ͡;͙͔ ͦͭ ͔͊ͣͤͤ͟·ͻ ͙͔͚ͤ͊͒ͨͫΣ ͦͭͦͪ͟·͔ ͍·͔͙ͪ͊ͫ͘͡Έ ͤ͊ ͎͙ͣͦ͡Έͤ·ͻ ͙ͨͭ͊͡ͻ ͙ ͫͭͦΎ͙͡ 

ͨͦ͒ ͦͭͪ͟·ͭ·ͣ ͔ͤ͋ͦͣΣ ͍͔͙͔ͫͭͫ͟ ͔ͭͫͭ͟· ͍͙ͫͦ͒͊͊ͫ͘͡Έ ͤ͊ ͫͦͪͦͨͦͪͭ͟Ύ΅͙ͻͫΎ ͔͙ͣ͊ͭͪ͊͊͡ͻΦ ˮͻ ͫͦͻͪ͊ͤͤͦͫͭΈ 

͍͙͔͊ͫ͊͘͡ ͦͭ ͙͙ͣͪͦͣ͊ͭ͊͟͟͡Σ ͊ ͍͊͗ͤ͡·͚ ͙ͣ͊ͭ͟͡ ˿͔͔͎ͪ͒ͤͦ ˽͍ͦͦ͗͡ΈΎ ͔ͤ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊͡ 
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͎͍͔͔͒ͦͦͪͣͤͤͦͣͯ͡ ͻ͔͙ͪ͊ͤͤΌ ͎͙ͦͪ͊ͤ;͔͙ͫ͟ͻ ͍͔ͨͦͪͻ͔͚ͤͦͫͭΦ 

-ʕ͔ͭͪͭΈ͙ͻΣ ͔ͨͦͫ͡ ͙ͨͪͤΎ͙ͭΎ ͙ͫ͊ͣ͊͡ ͙ ͙͔͙ͯͫͤ͡Ύ ͯ͟͡Έͭͯͪͤ·ͻ ͍ͫΎ͔͚͘ ͫ ˣ͙͙͗ͤͣ͡ ˤͦͫͭͦͦͣ͟ ͎͋ͯ͊ͪ͡· 

͔͔ͨͦͫͭͨͤͤͦ ͔͔ͨͪ΄͙͡ ͤ͊ ͊ͪ͊͋ͦ-͔͙ͨͪͫ͒ͫͯ͟Ό ͙ͤ͗ͤͯ͟Ό ͙ͭͪ͊͒ͼ͙ΌΦ ̏ͭͦ ͍ͫͦͨͪͦͦ͗͒͊ͦͫ͡Έ ͊͒͊ͨͭ͊ͼ͙͔͚ 

͔͙͙ͫ͟͟͡Σ ͔͚ͫͣͤͦ ͦͪͺ͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͤͦͪͣ ͙ ͔͔ͨͦͫͭͨͤͤ·ͣ ͍·͔͔͙͔ͭͫͤͤͣ ͫͭ͊ͪ·ͻ ͺͦͪͣ ͙ͨͫΈ͔͙ͣͤͤͦͫͭΦ ͔̂͗ 

͍ ·L±ς·± ͍͔͊͟ͻ ͍ ˴͊͊ͤͫͦͣ͘͟ ͔ͯͯͫ͡ ͔ͨͪͦ͋͊͒͊͡͡ ͙͚ͫͭ͊ͪͦͭ͊ͭ͊ͪͫ͟ ͙͔ͭͪ͊ͭͯͪͤ͡·͚ Ύ͘·͟Σ ͍ͦͫͤͦ͊ͤͤ·͚ ͤ͊ 

͙ͨ͟;͊ͫͦ͟͟-͎͚ͦͯͫͦ͘͟ ͔͋͊͘Σ ͎͔͒ ͎͙͔͋ͯ͊ͪͫ͟͡ Ή͔͔ͣͤͭ͡· ͫͦͻͪ͊ͤΎ͙ͫ͡Έ ͙͡΄Έ ;͙͊ͫͭ;ͤͦΦ 

˹͔͊ͦͤ͟ͼΣ ͺ͊ͭͦͪͦͣ͟ ͯͭͪ͊ͭ· ͫͭ͊͊͡ ͔ͫͣͤ͊ ͯ͟͡Έͭͯͪͤ·ͻ ͼ͔͍ͤͭͪͦ ͔ͨͦͫ͡ ͎ͣͦͤͦ͡Έ͎ͫͦͦ͟ ͔͙ͨͪͦ͒͊Φ ˴͊͊ͤ͘Έ 

͙ ͔͔ͨͦ͒ͤ͘ ˴͔͊͊ͤͫͦ͘͟ ͻ͍͊ͤͫͭͦ ͔͍͙ͯͤ͊ͫ͒ͦ͊͡͡ ͙͙ͨͦͭ͡;͔ͫͯ͟ΌΣ ͤͦ ͔ͤ ͔͒ͦͯͣͤͭ͊͟͡ΈͤͯΌ ͙ͭͪ͊͒ͼ͙Ό ˤ͚ͦ͗ͫͦ͟͡ 

ˣ͎͙͙ͯ͊ͪ͡Φ ˣ͎͙͚ͯ͊ͪͫ͟͡ Ύ͘·͟ ͔͔ͨͪͫͭ͊͡ ͋·ͭΈ Ύ͘·ͦͣ͟ ͙͙͙͍͎͊͒ͣͤͫͭͪ͊ͭͤͦͦ ͔͙͍͍͒ͦͨͪͦͦ͒ͫͭ͊͘͡ ͙ ͫͦͻ͙ͪ͊ͤͫ͡Ύ 

͙͡΄Έ ͍ ͚ͯͫͭͤͦ ͔ͪ;͙ ͙ Ή͙ͨͭ͊ͺ͙ΎͻΦ 

ˤ ͙͎͔ͭͦ Ή͙ͨͭ͊ͺ͙͙ ͙ͦ͊͊ͫ͘͟͡Έ ͔͙͍͔͒ͤͫͭͤͤ·ͣ ͎͍͔͒ͦͦ͡;ͤ·ͣ ͙ ͔͙ͣ͊ͭͪ͊͡Έͤͦ ͚ͯͫͭͦ;͙͍·ͣ ͙͔͔ͤͦͫͭͣ͡ 

Ύ͘·͊͟ ͍͙ͦ͗ͫ͟͡ͻ ͎͋ͯ͊ͪ͡Φ ˻͙ͤ ͯͼ͔͔͙͡͡ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͔͚ͫͦ ͔͚͊ͣͤͤͦ͟ ͍͔ͦͫͤͦ ͙ ͫ͊ͪ͊͟͡Έ͚ͤͦ ͺͯͤ͟ͼ͙͙Φ 

ˮ͔ͣͤͤͦ ͨͦΉͭͦͣͯ ͍͔͔ͫͦͪͣͤͤ·͔ ͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ όˢͻ͔͍ͣͪͦ нлмнΤ ˥͙͍͊ͪͨͦ нлмрΤ DƻƭŘŜƴ мфф2) 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊Όͭ ͎͙͔͋ͯ͊ͪͫ͟͡ ͎͙ͤ͊͒ͪͦ͋Ύ ͔ͤ ͭͦ͡Έͦ͟ ͊͟͟ ͊ͪͻ͔͎͙ͦͦ͡;͔͙͔ͫ͟Σ ͤͦ ͙ ͊͟͟ Ύ͘·͍ͦ͟·͔ ͔͒ͦͯͣͤͭ͟·Σ 

͒͊Ό΅͙͔ ͙ͯͤ͊͟͡ΈͤͯΌ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͙͍ͪͦͤͫͭͪͯͪͦ͊ͭ͟Έ ͺ͔͙ͦͤͭ;͔ͫͯ͟Ό ͙ ͣͦͪͺ͎͙ͦͦ͡;͔ͫͯ͟Ό ͙͔ͫͫͭͣͯ 

͎ͦ͒ͤͦͦ ͙͘ ͔͍͔͚͒ͪͤ΄͙ͻ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟ ˤͦͫͭͦ;͚ͤͦ ˩͍ͪͦͨ·Φ 

͔͙̅ͦͤͭ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ 

͔͙̅ͦͤͭ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͟͡Ό; ͟ ͙͙ͨͦͤͣ͊ͤΌ ͔͎ͦ 

͎͔͔͙ͤͭ;͔͚ͫͦ͟ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ ͍ ͪ͊ͣ͊͟ͻ ͭΌ͚ͪͫͦ͟͟ ͔ͫͣΈ͙Φ ˮ͔ͣͤͤͦ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

͍ͨͦͦ͘͡ΎΌͭ ͍͙ͯͫͭ͊ͤͦͭΈ ͔ͣͫͭͦ ͎͎͋ͯ͊ͪͫͦͦ͟͡ ͍ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟ ͙ ͍·Ύ͍͙ͭΈ ͔͔ͫͭͨͤΈ ͔͎ͦ 

͍ͪͦ͒ͫͭ͊ ͫ ͍͔͔ͫͦͪͣͤͤ·͙ͣ ͙ͭ͊ͭ͊ͪͫͣ͟ ͙ ;͍ͯ͊΄͙ͫͣ͟Φ ˹͊ ͍͔ͦͫͤͦ Ή͙ͨͭ͊ͺ͙͚ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡Σ ͊ ͔ͭ͊͗͟ 

͍͙͔ͫͪ͊ͤͭ͡Έͤͦ-͙͙ͫͭͦͪ;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻΣ ͎͙͚͋ͯ͊ͪͫ͟͡ Ύ͘·͟ ͦ͒ͤͦͤ͊͘;ͤͦ ͙ͦͭͤͦͫͭͫΎ ͟ ͎͚ͦͯͪͫͦ͟ όǊ-ͭΌ͚ͪͫͦ͟͟ύ 

͍͔͍͙ͭ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟ τ ͍  ͙ͦͭ͡;͙͔ ͦͭ ͙ͨ͟;͙͊ͫ͟͟ͻ όȊ-ͭΌ͙ͪͫ͟͟ͻύΣ ͟ ͦͭͦͪ͟·ͣ ͙͔͙ͨͪͤ͊͒͗ͭ͡ ͍͔͔ͫͦͪͣͤͤ·͚ 

͙͚ͭ͊ͭ͊ͪͫ͟Φ 

˥͍͚͊ͤͦ͡ ͺ͔͙ͦͤͭ;͔͚ͫͦ͟ ͙͎͚ͦͦͫͫͦ͘͡Σ ͔͔ͦͨͪ͒͡ΎΌ΅͔͚ ͙͔ͨͪͤ͊͒͗ͤͦͫͭ͡Έ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ ͟ 

͎͚ͦͯͪͫͦ͟ ͎͔ͪͯͨͨΣ Ύ͍͡Ύ͔ͭͫΎ ͔͔ͨͪͻͦ͒ ͨͪ͊-ͭΌ͙ͪͫ͟͟ͻ ΄͙ͨΎ΅͙ͻ ͙ ͍͙ͫͫͭΎ΅͙ͻ ͍͍ͯͦ͘͟ ͍ ͫͦͤͦͪͤ·͔ άǊέ ͙ άƭέΦ 

̏ͭͦͭ ͺ͔͔ͤͦͣͤ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͍͒ͯͻ ͍ͦͫͤͦͤ·ͻ ͔͊ͦͤͦͣͪͤͦͫͭ͘͟ΎͻΥ 

 мΦ ˽͔͔ͪͻͦ͒ Ȋ Ҧ Ǌ 

˽͙͔ͪͣͪΥ 

 ω ͨͪ͊-ͭΌͪ͟Φ ǘǀȊ όάͨͦͪΎ͒ͦ͟Σ ͊ͦͤ͘͟έύ Ҧ ͎͋ͯ͡Φ ǘǀǊǸ Ҧ ;͍ͯΦ ǘţǊţ Ҧ ͭ͊ͭΦ ͭ ͔͘͟ όά͙͍ͫͨͪ͊ͤ·͚Σ 

ͯͨͦͪΎ͒ͦ;͔ͤͤ·͚έύΤ 

 ω ͨͪ͊-ͭΌͪ͟Φ ƧŀȊ όά͔ͭͦ͡έύ Ҧ ͎͋ͯ͡Φ ƧŀǊ Ҧ ;͍ͯΦ ţǊ Ҧ ͭ͊ͭΦ ͚ όƧŀƧύΦ 

 нΦ ˽͔͔ͪͻͦ͒ Ǒ Ҧ ƭ 

˽͙͔ͪͣͪΥ 

 ω ͨͪ͊-ͭΌͪ͟Φ ōŀǒ όά͎͍ͦͦ͊͡έύ Ҧ ͎͋ͯ͡Φ ōŀƭ Ҧ ;͍ͯΦ Ǉţƭ Ҧ ͭ͊ͭΦ ͋͊΄Τ 

 ω ͨͪ͊-ͭΌͪ͟Φ ǘŀǑ όά͔͊ͣͤ͟Έέύ Ҧ ͎͋ͯ͡Φ ǘŀƭ Ҧ ;͍ͯΦ ǘţƭ Ҧ ͭ͊ͭΦ ͭ͊΄Φ 

͙̏ͭ ͔͔ͨͪͻͦ͒· ͤͦͫΎͭ ͙͔ͫͫͭͣͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Σ ;ͭͦ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͚ͤͦ ͺ͔͙ͦͤͭ;͔͚ͫͦ͟ 

Ή͍ͦ͡Όͼ͙͙ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ ͦͭ ͨͪ͊-ͭΌ͎ͪͫͦͦ͟͟ ͨͪ͊Ύ͘·͊͟Φ ˮ͔ͣͤͤͦ ͫͦͻ͔͙͔ͪ͊ͤͤ ͚͒͊ͤͤͦ ͙͎ͦͦͫͫ͘͡· 

͔͔͒͊ͭ͡ ;͍ͯ͊΄͙͚ͫ͟ Ύ͘·͟ ͔͙͍͔͒ͤͫͭͤͤ·ͣ ͍͔͔ͫͦͪͣͤͤ·ͣ ͔͍͙͔͔ͨͪ͒ͫͭ͊ͭͣ͡ ͎͚ͦͯͪͫͦ͟ ͎ͨͦ͒ͪͯͨͨ·Σ ͍ ͭͦ ͍͔ͪͣΎ 

͊͟͟ ͙͚ͭ͊ͭ͊ͪͫ͟ ͔͍ͯͤ͊ͫ͒ͦ͊͡͡ ͎͋ͯ͊ͪͫͯ͟͡Ό ͔͙ͫͯ͟͟͡Σ ͤͦ ͔͔ͨͪ΄͖͡ ͍ Ȋ-ͭΌ͙͚ͪͫ͟͟ ͙ͭͨ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙ͨ͟;͎͊ͫͦͦ͟͟ 

͍͙͡Ύ͙ͤΎ ·LLLς·L± ͍͍Φ 

˨͎͙ͪͯͣ ͍͊͗ͤ·ͣ ͙ͨͪͤ͊ͦͣ͘͟ ͎͚͋ͯ͊ͪͫͦ͟͡ ͺ͔͙͙ͦͤͭ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͙͔ͦͭͫͯͭͫͭ ͙ͨ͊͊ͭ͊͊͘͡͡ͼ͙͙ ͎ͫͦ͊ͫͤ͡·ͻ 

͔͔ͨͪ͒ ͔͔͔ͨͪ͒ͤΎ͘·;ͤ·͙ͣ ͎͊ͫͤ͡·͙ͣΦ ˤ ͎͋ͯ͊ͪͫͦͣ͟͡Σ ͊͟͟ ͙ ͍ ;͍ͯ͊΄ͫͦͣ͟Σ ͔ͤ ͙ͨͪͦͫͻ͙ͦ͒ͦ͡ ͙͔͎ͫͫͭͣͤͦͦ 

ͫͣΎ͎;͔͙ͤΎ ͎ͫͦ͊ͫͤ͡·ͻ ͔͔ͨͪ͒ ŜΣ ƛΣ ŅΣ ;ͭͦ ͙͔ͫ͋͗͊ͭ͡ ͔͎ͦ ͫ ͔͍͙͙͒ͪͤͣ ͺ͙ͦͪͣ͊ͣ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟ 

͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘Φ ˹͙͔͊ͨͪͣͪΥ 
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 ω ͎͋ͯ͡Φ ƪŜƭ όά͙ͨͪͻ͙ͦ͒ͭΈέύ Ҧ ;͍ͯΦ ƪţƭ Ҧ ͭ͊ͭΦ ͙͟͡- ό͙ͨ͊͊ͭ͊͊͘͡͡ͼ͙Ύ ͔͎ͨͦ͒ͤͦ͘ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎύΤ 

 ω ͎͋ͯ͡Φ ǘƛǊ όά͙͍͚͗ͦέύ Ҧ ;͍ͯΦ ǘţǊ Ҧ ͭ͊ͭΦ ͔͔ͭͪΦ 

͔́͊͗͟ ͻ͔͊ͪ͊ͭͪͤ͊͟ ͫͦͻͪ͊ͤͤͦͫͭΈ ͔͍͔͚͒ͪͤ ͙͔ͫͫͭͣ· ͍͙ͦ͊ͣ͊͘͟͡Σ ͍͟͡Ό;͊Ό΅͔͚ ͍͔ͦͫͣΈ ͍ͦͫͤͦͤ·ͻ 

͎͊ͫͤ͡·ͻ όŀΣ ŅΣ ŜΣ ƛΣ ƠΣ ƻΣ ǀΣ ǳΣ ǸύΣ ͙ͨͪ Ήͭͦͣ ͙ͦͨͨͦ͘ͼ͙Ύ ͨͦ ͪΎ͒ͯ ό͔͔͙͚ͨͪ͒ͤκ͙͚͊͒ͤ͘ύ ͙ ͨͦ ͎͔͙ͦͯ͋ͤͤͦͫͭ͡ 

ό͎͖ͦͯ͋ͤͤ͡·͚κ͔͎͖ͤͦͯ͋ͤͤ͡·͚ύ ;͖ͭͦ͟ ͫͦ͋͡Ό͒͊͊ͫ͡ΈΦ ˥͙͊ͪͣͦͤΎ ͎͊ͫͤ͡·ͻ ͍ ͎͋ͯ͊ͪͫͦͣ͟͡ Ύ͘·͔͟ ͔͚͍͍͒ͫͭͦ͊͊͡ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦΣ ;ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͙͊ͤ͊ͦͣ͘͡ Ή͙ͨͭ͊ͺ͙͚Σ ͎͔͒ ͫͯͺͺ͙ͫ͟· ͙͍ͨͦ͒ͫͭͪ͊͊ΌͭͫΎ ͨͦ͒ 

ͺ͔͙ͦͤͭ;͔ͫͯ͟Ό ͔ͫͪ͒ͯ ͍ͦͫͤͦ·Υ 

 ω ōǳƭƎŀǊƭŀǊ τ ά͎͋ͯ͊ͪ͡·έ ό͎͙͊ͪͣͦͤΎ ͨͦ ͔͊͒ͤͣͯ͘ ͪΎ͒ͯύΤ 

 ω ǘǀǊǸƭŜǊ τ ά͊ͦͤ͘͟·έ ό͎͙͊ͪͣͦͤΎ ͨͦ ͔͔͔ͨͪ͒ͤͣͯ ͪΎ͒ͯύΦ 

ˤ͚͊͗ͤͦ ;͔͚ͪͭͦ ͎͚͋ͯ͊ͪͫͦ͟͡ ͺ͔͙͙ͦͤͭ͟ Ύ͍͡Ύ͔ͭͫΎ ͔ͭ͊͗͟ ͎ͦͯ͡΄͔͙͔ͤ ͔ͦͤ͟;ͤ·ͻ ͍͙ͦͤ͘͟ͻ ͎ͫͦ͊ͫͤ͡·ͻΣ 

;ͭͦ ͙͔ͫ͋͗͊ͭ͡ ͔͖ ͫ ͍͔͔ͫͦͪͣͤͤ·ͣ ͙ͭ͊ͭ͊ͪͫͣ͟Υ 

 ω ͎͋ͯ͡Φ ǘŀƎ Ҧ ͭ͊ͭΦ ͭ͊ͯ ό͍͙͙͔ͪ͊ͭ͘ ͎͎͊ͫͤͦͦ͡ ͔ͨͦͫ͡ ͎ͦͯ͡΄͔͙ͤΎύΤ 

 ω ͎͋ͯ͡Φ ȅŀȊƠǉ όά͍͙ͤ͊Σ ͎͔ͪͻέύ Ҧ ͭ͊ͭΦ ͎ ͤ͊  ό͔͊ͣͤ͊͘ ͙͊ͪ͊͋ͫͣ͟ ͙͍͍͙͔͊ͣͫͭͦ͊ͤͣ͘Σ ͤͦ ͍ ͫͭ͊ͪͦͭ͊ͭ͊ͪͫͦͣ͟ 

͍͔ͫͭͪ;͊ͦͫ͡Έ Ύ͘·͟ ͍ ͤ͊͘;͔͙͙ͤ ά͎͔ͪͻέύΦ 

˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͙͍͔͊ͫͯ͗͊ͭ͘͡ ͎ͫͦ͊ͫͤ͊͡Ύ ͙͔ͫͫͭͣ͊Σ ͍ ͚ͦͭͦͪͦ͟ ͫͦͻͪ͊ͤΎ͙ͫ͡Έ ͔͍͙͔͒ͪͤ ͺ͔ͦͤͣ· ƺ 

ό͙͍ͤ͊͊ͦ͊ͤͤ͘͘͡·͚ ͔͊͒ͤ͘Ύ͘·;ͤ·͚ ͍͚ͤͦͫͦͦύ ͙ ǉ ό͔͊͒ͤ͘Ύ͘·;ͤ·͚ ͫͣ·;ͤ·͚ύΣ ͔͔ͨͦ͒ͤ͘ ͙͍ͯͭͪ͊ͭ΄͙͔ͫΎ ͙͙͡ 

͙͔͙͍ͣͤ͘΄͙͔ͫΎ ͍ ;͍ͯ͊΄ͫͦͣ͟Φ ˽͙͔ͪͣͪΥ 

 ω ͎͋ͯ͡Φ ǘŀƺ όά͊ͪ͘Ύέύ Ҧ ;͍ͯΦ ǘŇǾ Ҧ ͭ͊ͭΦ ͭ͊ͤΤ 

 ω ͎͋ͯ͡Φ ǉŀǊŀ όά;͖ͪͤ·͚έύ Ҧ ;͍ͯΦ ȄǳǊŀ Ҧ ͭ͊ͭΦ ͊ͪ͊͟Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͺ͔͙ͦͤͭ;͔͙͚ͫ͟ ͚ͫͭͪͦ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͫͦ;͔͙͔ͭ͊ͤ ͊ͪͻ͙͊;͔͙ͫ͟ͻ 

;͔ͪͭ ͙ ͙ͯͤ͊͟͡Έͤ·ͻ ͙͍ͤͤͦ͊ͼ͙͚Φ ˢͪͻ͙͊;ͤͦͫͭΈ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͫͦͻ͔͙͙ͪ͊ͤͤ ͔͍͔͚͒ͪͤ ͍͙ͦ͊͟͡;͔͚ͫͦ͟ ͙͔ͫͫͭͣ· 

͙ ͎͎͊͡Ό͙͙͍͚ͭͤ͊ͭͤͦ ͎͙͙͊ͪͣͦͤΣ ͊ ͙͍ͤͤͦ͊ͼ͙͙ τ ͍ Ǌκƭ-͔͔ͨͪͻͦ͒͊ͻΣ ͫͺ͙͍͍ͦͪͣͪͦ͊΄͙ͻ ͔ͦͭ͒͡ΈͤͯΌ ͎ͦͯͪͫͯ͟Ό 

͍͔͍ͨͦ͒ͭΈΦ 

˿͍͔͔ͦͪͣͤͤ·͚ ;͍ͯ͊΄͙͚ͫ͟ Ύ͘·͟ ͔͔ͤ͊ͫ͒ͯͭ͡ Ή͙ͭ ͎͙͔͋ͯ͊ͪͫ͟͡ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͨͦ;͙ͭ ͍ 

͔͙͔ͤͣͤͤͦͣ͘ ͍͙͔͒Σ ͎ͭͦ͒͊ ͊͟͟ ͙͚ͭ͊ͭ͊ͪͫ͟ Ύ͘·͟ ͫͦͻ͙ͪ͊ͤ͡ ͙͡΄Έ ͔ͦͭ͒͡Έͤ·͔ ͔ͫ͒͡· ͎͚͋ͯ͊ͪͫͦ͟͡ ͺ͔͙͙ͦͤͭ͟ 

ό͙͔ͤ͊ͨͪͣͪΣ ͚ͯͫͭͦ;͙͍·͔ ͍ͦͫͤͦ· ǎǳΣ ƪǸƭΣ ŀǘŀΣ ȅǳǊǘύΣ ͤͦ ͍ ͼ͔ͦͣ͡ ͔͔ͨͪ΄͖͡ ͟ ͙ͨ͟;͚͊ͫͦ͟͟ όȊ-ͭΌ͚ͪͫͦ͟͟ύ 

͔͙ͣͦ͒͡Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͊ͤ͊͘͡ Ή͙ͨͭ͊ͺ͙͚ ͙ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·ͻ ͒͊ͤͤ·ͻ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭΣ ;ͭͦ ͎͙͚͋ͯ͊ͪͫ͟͡ Ύ͘·͟ 

͙͊ͤͣ͊͘͡ ͔͔ͨͪͻ͔ͦ͒ͤͦ ͔͙͔ͨͦͦ͗ͤ͡ ͔ͣ͗͒ͯ ͨͪ͊-ͭΌ͙ͪͫͣ͟͟ ͙ ͍͔͔ͫͦͪͣͤͤ·͙ͣ ͭΌ͙͙ͪͫͣ͟͟ Ύ͘·͙͊ͣ͟ 

˽͍ͦͦ͗͡ΈΎΣ Ύ͍͡ΎΎͫΈ ͙ͻ ͦ͋΅͙ͣ ͔ͨͪ͒ͦͣ͟ ͙ ͙ͫͭͦ;͙ͤͦͣ͟ ͟͡Ό;͔͍·ͻ ͺ͔͙ͦͤͭ;͔͙ͫ͟ͻ ͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟Σ 

͔͔͙͍ͦͨͪ͒͡΄͙ͻ ͔ͨͦͫ͒ͯ͡Ό΅ͯΌ ͙͍͔͎͔͒ͪͤͼ͙Ό ͎ͭ͊ͭ͊ͪͫͦͦ͟ ͙ ;͍ͯ͊΄͎ͫͦͦ͟ Ύ͘·͍ͦ͟Φ 

˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ 

˸ͦͪͺ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟Σ ͔͙͔ͪͦͤͫͭͪͯͪͯͣ͊͟Ύ ͤ͊ ͍͔ͦͫͤͦ Ή͙ͨͭ͊ͺ͙͚ ͙ 

͍͙͔ͫͪ͊ͤͭ͡Έͤͦ-͙͙ͫͭͦͪ;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻΣ ͫͦͻͪ͊ͤΎ͔ͭ ͙͊ͫͫ͟͡;͔͙͔ͫ͟ ;͔ͪͭ· ͎͎͊͡Ό͙͙͍͎ͭͤ͊ͭͤͦͦ ͙ͭͨ͊Σ 

͍͚͍͔͎ͫͦͫͭͤͤͦͦ ͍͔ͫͣ ͭΌ͙ͪͫͣ͟͟ Ύ͘·͊ͣ͟Σ ͤͦ ͙ͨͪ Ήͭͦͣ ͙͍͔ͦ͋ͤ͊ͪͯ͗͊ͭ ͪΎ͒ ͔͔͚ͦͫͦ͋ͤͤͦͫͭΣ ͙ͫ͋͗͊͡Ό΅͙ͻ ͔͎ͦ 

ͫ ͍͔͔ͫͦͪͣͤͤ·ͣ ;͍ͯ͊΄͙ͫͣ͟ ͙ ;͙͊ͫͭ;ͤͦ ͙ͦͭ͡;͊Ό΅͙ͻ ͦͭ ͙ͨ͟;͙͊ͫ͟͟ͻ Ύ͘·͍ͦ͟Σ ͍͟͡Ό;͊Ύ ͙͚ͭ͊ͭ͊ͪͫ͟Φ 

ˤ ͎͋ͯ͊ͪͫͦͣ͟͡ Ύ͘·͔͟Σ ͊͟͟ ͙ ͍ ͎͙͒ͪͯͻ ͭΌ͙ͪͫ͟͟ͻΣ ͎͙ͪ͊ͣͣ͊ͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͍·ͪ͊͗͊ͦͫ͡Έ 

͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͫ ͨͦͣͦ΅ΈΌ ͊ͺͺ͙͍ͫͦ͟Σ ͙͔͙ͨͪͫͦ͒ͤΎ͔ͣ·ͻ ͟ ͔͙͔ͤͣͤ͘Ύ͔ͣ·ͣ ͦͪͤ͟ΎͣΦ ˴͊͗͒·͚ ͊ͺͺ͙ͫ͟ 

͙͔ͣ͡ ͎ͫͭͪͦͦ ͔͔͖͔ͦͨͪ͒ͤͤͦ͡ ͤ͊͘;͔͙͔ͤ ͙ ͔ͤ ͙͍ͫ͊ͫ͡͡Ύ ͫ ͍͚ͦͫͤͦͦΣ ;ͭͦ ͔͒͊ͦ͡͡ ͣͦͪͺ͎͙ͦͦ͡;͔ͫͯ͟Ό ͙͔ͫͫͭͣͯ 

ͨͪͦͪ͊͘;͚ͤͦ ͙ ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ ͍͙͍͙͚ͦͫͨͪͦͦ͒ͣͦ͘Φ 

мΦ ˿ͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ 

˴͔͎͙͊ͭͦͪΎ ;͙ͫ͊͡ ͍·ͪ͊͗͊͊ͫ͡Έ ͫͯͺͺ͙͙ͫ͊ͣ͟ ςlar / ςƭŅǊΣ ͎͙͊ͤ͊ͦ͡;ͤ·͙ͣ ͍͔͔ͫͦͪͣͤͤ·ͣ ͙ͭ͊ͭ͊ͪͫͣ͟Σ ͤͦ 

͍ ;͍ͯ͊΄ͫͦͣ͟ ͔͔ͨͦ͒ͤ͘ ͔͖͊ͣͤͤͤ͘·͙ͣ ͤ͊ ςsem / ςǏŜƳΦ ˹͙͔͊ͨͪͣͪΥ 

 ω ͎͋ͯ͡Φ ōŀƭƠƪƭŀǊ τ ά͎ͦͪͦ͒͊Σ ͔͔͙ͫͤ͡Ύέ ό͍͋ͯ͟Φ ͋͊͡·͊ͪ͟͡ύ Ҧ ͭ͊ͭΦ ͋͊͡·͊ͪ͟͡ Ҧ ;͍ͯΦ ǇŇƭŇȄǎŜƳΦ 

ˮ͔͔ͤͭͪͫͤͦΣ ;ͭͦ ͤ͊ͪΎ͒ͯ ͫ ͺ͚ͦͪͣͦ ςƭŀǊΣ ͍ ͪΎ͔͒ ͙͔͚ͤ͊͒ͨͫ ͙ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͚ ͍͔ͫͭͪ;͔͊ͭͫΎ ͍͙͊ͪ͊ͤͭ ς



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

93 

ǎŀǊΣ ;ͭͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͔͔ͨͪͻͦ͒ͤ·͚ ͙ͭͨ ͔ͣ͗͒ͯ Ǌ- ͙  Ȋ-ͭΌ͙͙ͪͫͣ͟͟ ͙͔͙ͫͫͭͣ͊ͣΦ 

˽͔͊͒͗ͤ͊Ύ ͙͔ͫͫͭͣ͊ ͍͟͡Ό;͊͊͡ ͙͙ͣͤͣͯͣ ΄͔ͫͭΈ ͔͔͚ͨ͊͒͗Σ ͍͔͖ͨͦ͒ͭͪ͗͒ͤͤ·ͻ ͍ Ή͙ͨͭ͊ͺ͙Ύͻ ͙ 

͙͙ͭͦͨͦͤͣ;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻΥ 

 ω ͙͔͙͔ͣͤͭ͡Έͤ·͚ ό͔͍͚ͤͯͦ͡ ͊ͺͺ͙ͫ͟ύΣ 

 ω ͙͔ͪͦ͒ͭ͡Έͤ·͚ όςƴƠƺ κ ςƴƛƺύΣ 

 ω ͔͒͊ͭ͡Έͤ·͚ όςka / ςƪŅύΣ 

 ω ͍͙͙͔ͤͭ͡Έͤ·͚ όςƴƠ κ ςni), 

 ω ͔ͣͫͭͤ·͚ όςda / ςŘŅύΣ 

 ω ͙ͫͻͦ͒ͤ·͚ όςdan / ςŘŅƴύΦ 

̏ͭ͊ ͙͔ͫͫͭͣ͊ ͨͦͤͦͫͭ͡ΈΌ ͍͔ͫͦͨ͊͒͊ͭ ͫ ͍͔͔ͫͦͪͣͤͤ·ͣ ͙ͭ͊ͭ͊ͪͫͣ͟ ͙ ͙͡΄Έ ;͙͊ͫͭ;ͤͦ ͫ ;͍ͯ͊΄͙ͫͣ͟Σ ͎͔͒ 

͔ͤͦͭͦͪ͟·͔ ͺͦͪͣ· ͍͔͎͙ͨͦ͒ͪͫ͡Έ ͔ͪ͒ͯ͟ͼ͙͙ όςra / ςǘŀƴύΦ ˽͙͔ͪͣͪΥ 

 ω ͎͋ͯ͡Φ ȅǳǊǘƠŘŀ τ ά͍ ͔͒ͦͣέ Ҧ ͭ͊ͭΦ ͚ͦͪͭ·ͤ͒͊ Ҧ ;͍ͯΦ ȅǳǊǘţƴ όά͍ ͙͙͗͡΅͔έύΦ 

˽͙ͪͭΎ͔͗͊ͭ͡Έͤ·͔ ͊ͺͺ͙ͫ͟· ͔ͭ͊͗͟ ͨͦͤͦͫͭ͡ΈΌ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ· ͙ ͦͭͪ͊͗͊Όͭ ͔͍͒ͪͤΌΌ ͙͔ͫͫͭͣͯ 

͙͡;ͤ·ͻ ͦͦͤ͟;͙͚͊ͤΥ 

˶͙ͼͦ ˣ͎ͯ͊ͪͫ͊͟͡Ύ ͺͦͪͣ͊ ́͊ͭ͊ͪͫ͊͟Ύ ͍̉ͯ͊΄ͫ͊͟Ύ ˽͙͔ͪͣͪ 

1-͔ ͔͒Φ ςƠƳ κ ςm ς·ͣ κ ς͔ ͣ ςŇƳ κ ςţƳ ŀǘƠƳ ς ά͚ͣͦ ͔ͦͭͼέ 

2-͔ ͔͒Φ ςƠƺ κ ςƺ ς·  κ ς͔  ςŇ κ ςŇǘ ŀǘƠƺ ς ά͍͚ͭͦ ͔ͦͭͼέ 

3-͔ ͔͒Φ ςƠ κ ςǎƠ ς· κ ςͫ ͔ ςţ κ ςţǏ ŀǘƠǎƠ ς ά͔͎ͦ ͔ͦͭͼέ 

͙͔́͊͟ ͺͦͪͣ· ͍͔ͫͭͪ;͊ΌͭͫΎ ͍ ͪΎ͔͒ ͙͔͚ͤ͊͒ͨͫ ͫ ͙͙͊ͪ͊͋ͫͣ͟ ͎ͪ͊ͺ͔͙ͣ͊ͣΣ ͎͔͒ ͦͦͤ͟;͙͊ͤΎ Ύ͍ͤͦ 

͔ͦͭ͒͡ΎΌͭͫΎ ͦͭ ͍ͦͫͤͦ·Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͔͔ͯͪͤͤͦ ͔͙͍ͪͦͤͫͭͪͯͪͦ͊ͭ͟Έ ͔͍͒ͪͤΌΌ ͣͦͪͺ͎͙ͦͦ͡ΌΦ 

нΦ ˥͎͊ͦ͡͡ 

˥͎͊ͦ͡͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ ͫͦͻ͙ͪ͊ͤ͊͡ ͔͍͙͔͒ͪͤ ͙͡;ͤ·͔ ͦͦͤ͟;͙͊ͤΎΣ ͦͭͦͪ͟·͔ ͔͎͙͡͡ ͍ 

͍ͦͫͤͦͯ ͔ͨͦͫ͒ͯ͡Ό΅͙ͻ ͺͦͪͣ ͍ ͭ͊ͭ͊ͪͫͦͣ͟ ͙ ;͍ͯ͊΄ͫͦͣ͟Φ ˽ͦ ͒͊ͤͤ·ͣ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͚ όwƽƴŀ-Tas 1988; 

˥͙͍͊ͪͨͦ нлмрύΣ ͙͡;ͤ·͔ ͊ͺͺ͙ͫ͟· ͙͔͙ͣ͡ ͔ͫ͒ͯ͡Ό΅͙͚ ͍͙͒Υ 

˶͙ͼͦ ˣ͎ͯ͊ͪͫ͊͟͡Ύ ͺͦͪͣ͊ ́͊ͭ͊ͪͫ͊͟Ύ ͍̉ͯ͊΄ͫ͊͟Ύ ˽͙͔ͪͣͪ 

1-͔ ͔͒Φ ςm ςͣ  ςm / ςƳŇ ōŀǊƠƳ ς ά͙͒ͯέ 

2-͔ ͔͒Φ ςs / ςǏ ςͫ ͔ κ ςͫ · ςǏ ōŀǊƠǎ ς ά͙͖͒΄Έέ 

3-͔ ͔͒Φ ςz / ςr ς͘  κ ςͪ  ςǏ κ ςǊţ ōŀǊƠȊ ς ά͙͖͒ͭέ 

˭͔͒ͫΈ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ͊Ύ ͙͎ͦͦͫͫ͊͘͡Υ ͍ ͎͋ͯ͊ͪͫͦͣ͟͡ ͙ ;͍ͯ͊΄ͫͦͣ͟ ͍͔ͦͣͦ͗ͤ͘ ͍͙͊ͪ͊ͤͭ ςǊ ͍ ͔ͭͪͭΈ͔ͣ 

͙͡ͼ͔Σ ;ͭͦ ͙͙ͭͨ;ͤͦ ͒͡Ύ Ǌ-ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟Σ ͎ͭͦ͒͊ ͊͟͟ ͍ ͭ͊ͭ͊ͪͫͦͣ͟ ͔͙͊ͪͨ͊ͫ͘͟͡Έ ͺͦͪͣ͊ ς͘ Σ ͦͭͪ͊͗͊Ό΅͊Ύ 

͙ͨ͟;͔͊ͫͦ͟͟ ͍͙͡Ύ͙͔ͤΦ 

˴͔͎͙͙͊ͭͦͪ ͍͔͔͙ͪͣͤ ͔ͭ͊͗͟ ͍·͙ͪ͊͗͊ͫ͡Έ ͫͯͺͺ͙ͫ͊͟͡ΈͤͦΦ ˨͡Ύ ͨͪͦ΄͔͒΄͔͎ͦ ͍͔͔͙ͪͣͤ 

͙ͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ ͦͦͤ͟;͙͊ͤΎ ςŘƤ κ ςti, ςƳƠǑ κ ςƳƛǒΣ ͺ͙͙ͫͪͯ͟Ό΅͙͔ͫΎ ͍ ͙ͤ͊͒ͨͫΎͻ ˣ͎ͦ͊ͪ͊͡Υ 

ω ōŀǊ-ŘƠ ς άͯ΄͖͡έΣ 

ω ƪŜƭ-ƳƛǑ ς ά͙ͨͪ΄͖͡ ό͔͔ͪ͊ͤύέΦ 

˨͡Ύ ͋ͯ͒ͯ΅͔͎ͦ ͍͔͔͙ͪͣͤ ͔͙͔ͪͦͤͫͭͪͯͪͯͭͫ͟Ύ ͫͯͺͺ͙ͫ͟ ςsar / ςǎŅǊ ό͔͔ͨͦ͒ͤ͘ ςer / ςŜǊύΣ ͎͙͊ͤ͊ͦ͡;ͤ·͚ 

͍͔͔ͫͦͪͣͤͤͦͣͯ ͭ͊ͭ͊ͪͫͦͣͯ͟ ς·ͪ κ ς͔ ͪ ͙ ;͍ͯ͊΄ͫͦͣͯ͟ ςǏŇǊΦ 

˻͙ͭͪͼ͔͊ͭ͡Έͤ͊Ύ ͺͦͪͣ͊ ͍·ͪ͊͗͊͊ͫ͡Έ ͫ ͨͦͣͦ΅ΈΌ ;͙͊ͫͭͼ· ŜƳŅǎ κ ŜƳŅǎƠΣ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ 

ͭ͊ͭ͊ͪͫͦͣͯ͟ ͭ ͎͔͡ ͙ ;͍ͯ͊΄ͫͦͣͯ͟ ŜƳţǏΦ ̏ͭͦͭ Ή͔͔ͣͤͭ͡ ͔ͭ͊͗͟ ͍͙͔͔͊ͫ͒ͭ͘͡Έ͍͍ͫͭͦ͊ͤ ͍ ͙ͤ͊͒ͨͫΎͻ ͍ 

ͫͦͪ͊͟΅͖͚ͤͤͦ ͺ͔ͦͪͣ Ƴǎ ͙͙͡ ƳŅǎΣ ;ͭͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͺ͔͙ͦͤͭ;͔ͫͯ͟Ό ͔ͪ͒ͯ͟ͼ͙Ό ͙ͨͪ ͙͙͊ͨͫ͘ ͙͊ͪ͊͋ͫͣ͟ 

͙ͨ ͫΈͣͦͣΦ 

оΦ ˿͍͍͙͔ͦͦͦ͋ͪ͊ͦ͊ͤ͘͡ ͙ ͙͙ͫͤͭ͊ͫ͟;͔ͫ͊͟Ύ ͎͎͊͡Ό͙ͭͤ͊ͼ͙Ύ 

ˣ͎͙͚ͯ͊ͪͫ͟͡ Ύ͘·͟ ͙ͦͭ͡;͊ͫ͡Ύ ͎͚͋ͦ͊ͭͦ ͙͔͚ͫͫͭͣͦ ͔͙͍͒ͪ͊ͼ͙ͦͤͤ·ͻ ͫͯͺͺ͙͍ͫͦ͟Σ ͎͙͔ͣͤͦ ͙͘ ͦͭͦͪ͟·ͻ 

͔͍ͯͤ͊ͫ͒ͦ͊ͤ͡· ͍͔͔ͫͦͪͣͤͤ·͙ͣ Ύ͘·͙͊ͣ͟ ˽͍ͦͦ͗͡ΈΎΦ ́͊͟Σ ͫͯͺͺ͙ͫ͟ ςœƤ κ ςœƛ ό͎͔͊ͤͭͤͦͫͭΈύ ͙ͫͨͦ͡Έ͍ͦ͊ͫ͘͡Ύ 

͒͡Ύ ͦ͋ͦͤ͊͘;͔͙ͤΎ ͨͪͦͺ͔͙͚ͫͫ ͙ ͊ͤ͘Ύ͙͚ͭΥ 
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ω ōŀƭƠƪœƤ ς άͪ·͋͊͟έ Ҧ ͭ͊ͭΦ ͋͊͡·͟;· Ҧ ;͍ͯΦ ǇŇƭŇȄőƛΦ 

˿ͯͺͺ͙ͫ͟ ςƭƤǉ κ ςƭƛƪ ͍ͦ͋ͪ͊ͦ͘·͍͊͡ ͍͔ͦͭ͡;͖ͤͤ·͔ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔Υ 

ω ǘǀǊǸ-ƭǸƪ ς ά͊ͦͤͤͦͫͭ͘͟Έέ Ҧ ͭ͊ͭΦ ͭ ͔͔͘͟͟͡ Ҧ ;͍ͯΦ ǘţǊţƭƛƪΦ 

˨͡Ύ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·ͻ ͻ͔͊ͪ͊ͭͪͤ͟· ͋·͙͡ ͫͯͺͺ͙ͫ͟· ͔͔͙ͫͭͨͤ ͙ͨͪͤ͊͊͘͟ ςg / ςk, ςǎƠȊ όά͔͋͘ ;͔͎ͦ-͙͋ͦ͡έύΣ 

ͫͦͻ͙͍ͪ͊ͤ΄͙͔ͫΎ ͍ ͔͙ͦ͋ͻ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͔ͫͫͭͣ͊ͻΥ 

ω ǎǳ-ǎƠȊ ς ά͔͋͘ ͍ͦ͒·έ Ҧ ͭ͊ͭΦ ͫͯͫ·͘ Ҧ ;͍ͯΦ ǏŇǎŇǏΦ 

пΦ ˮ͎ͭͦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͣͦͪͺ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͍·ͫͦͯ͟Ό ͔͔ͫͭͨͤΈ 

ͫͦͻ͙ͪ͊ͤͤͦͫͭ ͔͍͔͒ͪͤͭΌ͙ͪͫ͟͟ͻ ͔͎͙͚͊ͭͦͪ͟ ͙ͨͪ ͙ͤ͊͡;͙͙ ͍͔ͫͦ͋ͫͭͤͤ·ͻ ͙͍ͤͤͦ͊ͼ͙͚Σ ͻ͔͊ͪ͊ͭͪͤ͟·ͻ ͒͡Ύ 

͎͚ͦͯͪͫͦ͟ ͍͔͍͙ͭΦ ˽͙ͪͭΎ͔͗͊ͭ͡Έͤ·͔ ͙ ͙͡;ͤ·͔ ͦͦͤ͟;͙͊ͤΎΣ ͔ͨ͊͒͗ͤ͊Ύ ͙ ͍͔͔ͪͣͤͤ͊Ύ ͙͎ͨ͊ͪ͊͒ͣ·Σ ͊ ͔ͭ͊͗͟ 

͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ ͨͦͤͦͫͭ͡ΈΌ ͔͙͍ͨͪͦͫ͗͊͡ΌͭͫΎ ͊͟͟ ͍ ͭ͊ͭ͊ͪͫͦͣ͟Σ ͭ͊͟ ͙ ͍ ;͍ͯ͊΄ͫͦͣ͟Σ ͤͦ ͫ 

͙ͪ͊͘͡;͚ͤͦ ͔͔ͫͭͨͤΈΌ ͙ͣͦ͒ͺ͙͊͟ͼ͙͙Φ 

͍̉ͯ͊΄͙͚ͫ͟ Ύ͘·͟ ͔͍ͯͤ͊ͫ͒ͦ͊͡͡ ͣͦͪͺ͎͙ͦͦ͡;͔͙͚ͫ͟ ͙ͭͨ ͎͎͋ͯ͊ͪͫͦͦ͟͡ ͍ ͨͦ;͙ͭ ͔͙͔ͤͣͤͤͦͣ͘ ͍͙͔͒Σ ͍͟͡Ό;͊Ύ 

ͺͦͪͣ· ͫ Ǌ-ͦ ͦͤ͟;͙͊ͤΎ͙ͣ ͙ ͊ͺͺ͙ͫ͟· ςsem, ςǏŇǊΣ ͎ͭͦ͒͊ ͊͟͟ ͙͚ͭ͊ͭ͊ͪͫ͟ Ύ͘·͟ ͔͔ͨͪͤΎ͡ ͎͋ͯ͊ͪͫͯ͟͡Ό ͍ͦͫͤͦͯΣ ͤͦ ͍ 

ͨͪͦͼ͔͔ͫͫ ͙ͨ͟;͚͊ͫͦ͟͟ ͍͔͎͔ͦͤͪͤ͟ͼ͙͙ ͔͙͊ͣͤ͘͡ ͪΎ͒ ͣͦͪͺ͔ͣ ͤ͊ Ȋ-ͭ Ό͙͔ͪͫ͟͟ ͎͙͊ͤ͊ͦ͡ όςlar, ςz, ςer). 

ˮ͔ͣͤͤͦ ͣͦͪͺ͎͙ͦͦ͡ΎΣ ͤ͊ͪΎ͒ͯ ͫ ͺ͔͙͚ͦͤͭͦ͟Σ ͙ͫͯ͗ͭ͡ ͍ͦͫͤͦͤ·ͣ ͎͔͊ͪͯͣͤͭͦͣ ͍ ͨͦ͡Έͯ͘ ͔͔ͤͨͪͪ·͍͚ͤͦ 

͔͔͍͔͙ͨͪͣͫͭͤͤͦͫͭ ͔ͣ͗͒ͯ ͎͙͋ͯ͊ͪͫͣ͟͡Σ ͙ͭ͊ͭ͊ͪͫͣ͟ ͙ ;͍ͯ͊΄͙ͫͣ͟ Ύ͘·͙͊ͣ͟Σ ͙ͨͪ Ήͭͦͣ ͺ͙͙ͫͪͯ͟Ύ ͭͦͭ ͔ͣͦͣͤͭ 

͍ ͙͙͙ͫͭͦͪΣ ͎ͦ͒͊͟ ͔͙͒ͤ·͚ ͎͙͚͋ͯ͊ͪͫ͟͡ Ύ͘·͟ ͫͭ͊͡ ͪ͊ͫͻ͙ͦ͒ͭΈͫΎ ͤ͊ ͍͔͒ ͍͔͍͙ͭ τ ;͍ͯ͊́ ͫͯ͟Ό ό͎ͦͯͪͫͯ͟Όύ ͙ 

ͭ͊ͭ͊ͪͫͯ͟Ό ό͙ͨ͟;͙͙͍͊ͪͦ͊ͤͤͯ͘͟ΌύΦ 

˶͔͙ͫ͟;͔͙͚ͫ͟ ͙ ͣͦͪͺ͎͙ͦͦ͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͎͙͋ͯ͊ͪͫ͟͡ͻ Ή͙ͨͭ͊ͺ͙͚ 

˨͡Ύ ͙͊ͤ͊͊͘͡ ͎͎͋ͯ͊ͪͫͦͦ͟͡ ͍ͫͦ͊ͪ͡Ύ ͋·͡ ͍·͋ͪ͊ͤ ͨ͊ͣΎ͙ͭͤ͟ ͫ ͙ͤ͊͒ͨͫΈΌ ͍ ;͔ͫͭΈ ́͊͒͗ ͊͒-˨͙ͤ͊Σ ͫ·ͤ͊ 

ˮ͙͒ͪͫ͊Σ ͫ·ͤ͊ ˯ͯͤͯͫ͊ ˢ͍͙ͫ͊ͪΣ ͙͍͒͊ͭͪͦ͊ͤͤ·͚ сус ͎ͦ͒ͦͣ ͻ͙͒͗ͪ· όмнутκмнуу ͎ΦύΦ ͙̏ͨͭ͊ͺ͙Ύ ͔ͦ͋ͤ͊ͪͯ͗ͤ͊ ͍ 

͚͔ͪ͊ͦͤ ˣ͎ͦ͊ͪ͊͡ ͙ ͔͙ͫͦ͒ͪ͗ͭ ͊͟͟ ͙͔͊ͪ͊͋ͫ͟ ͔͙͎͙ͪͦͤ͘͡·͔ ͺͦͪͣͯ͡·Σ ͭ͊͟ ͙ ͭΌ͙͔ͪͫ͟͟ ͔͙ͫ͟͡;͔͙͔ͫ͟ 

Ή͔͔ͣͤͭ͡·Σ ͦͭͪ͊͗͊Ό΅͙͔ Ύ͘·͟ ͍͔͔͍͎ͨͦͫ͒ͤͤͦͦ ͦ͋΅͔͙ͤΎ ͎͋ͯ͊ͪ͡Φ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͔͙͎͙ͪͦͤ͘͡·͚ ͻ͔͊ͪ͊ͭͪ͟ ͔ͭͫͭ͊͟Σ ͪΎ͒ ͍ͫͦ͡ ͙ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͺͦͪͣ ͔ͤͫͯͭ ͼ͔ͤͤͯΌ 

͙ͤͺͦͪͣ͊ͼ͙Ό ͦ ͍͙͙͙ͪ͊ͭ͘ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟Φ ˤ ͙͙ͤ͊͒ͨͫ ͍͔ͫͭͪ;͊ΌͭͫΎ ͍ͫͦ͊͡ ͭΌ͎ͪͫͦͦ͟͟ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎΣ 

͍ͦ͋ͪ͊ͦ͊ͤͤ͘·͔ ͨͦ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͣ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫͣ͟ ͔ͣͦ͒͡ΎͣΥ 

ŀǘŀ ό͔ͦͭͼύΣ ǳƭ όͫ·ͤύΣ ōŀƭƠǉ ό͎ͦͪͦ͒ύΣ ƛƭ όͫͭͪ͊ͤ͊Σ ͤ͊ͪͦ͒ύΣ ƪǸƴƛ ό͔͒ͤΈύΣ ŜǊ όͣͯ͗;͙ͤ͊Σ ;͔͍͔ͦ͟͡ύΣ ǘƠƴ ό͒ͯ΄͊ύΣ 

ǀƭǸƳ ό͔ͫͣͪͭΈύΣ ȅƤƭ ό͎ͦ͒ύΦ ͙̏ͭ ͔͔ͫͣ͟͡· ͙͔ͣΌͭ ͨͪΎͣ·͔ ͙͙͡ ͺ͔͙ͦͤͭ;͔͙ͫ͟ ͙͔͖ͣͤͤͤ͘·͔ ͍͔͍͙ͫͦͦͭͭͫͭΎ ͍ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͊͟ͻ ˽͍ͦͦ͗͡ΈΎΦ 

́͊͟Σ ͍ͫͦͦ͡ ǳƭ όάͫ·ͤέύ ͫͦͻ͙ͪ͊ͤͦͫ͡Έ ͍ ͭ͊ͭ͊ͪͫͦͣ͟ Ύ͘·͔͟ ͊͟͟ ͯ͡Σ ͊ ͍ ;͍ͯ͊΄ͫͦͣ͟ τ ͟ ͊͟ ͯ͡ţ όά͔͖ͪ͋ͤͦ͟έύΣ 

ͫ ͍͔͙͔͒ͦ͋͊ͤͣ͡ ͙͙ͭͨ;͎ͤͦͦ ;͍ͯ͊΄͎ͫͦͦ͟ ͔ͪ͒ͯͼ͙͍͎ͪͦ͊ͤͤͦͦ ͫͯͺͺ͙ͫ͊͟ -ţΦ ˣ͎͔ͯ͊ͪͫͦ͟͡ ȅƤƭ όά͎ͦ͒έύ 

͔͍͙ͨͪͪ͊ͭͦͫ͡Έ ͍ ͔ͭ͊ͭ͊ͪͫͦ͟ ͔͡ ͙ ;͍ͯ͊΄͔ͫͦ͟ ͯ͡Σ ;ͭͦ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔͔ͨͪͻͦ͒ ȅ Ҧ  ͙ ͙͔͔͙͔ͣͤͤ͘ ͎͎͊ͫͤͦͦ͡ 

ͪΎ͒͊Φ ˽ͦ͒ͦ͋ͤ·ͣ ͦ͋ͪ͊ͦͣ͘ ŜǊ όͣͯ͗;͙ͤ͊ύ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͭ͊ͭ͊ͪͫͦͣͯ͟ ͙ͪ ͙ ;͍ͯ͊΄ͫͦͣͯ͟ ͙ͪţΣ ͊ ǀƭǸƳ 

όά͔ͫͣͪͭΈέύ τ ͭ͊ͭ͊ͪͫͦͣͯ͟ ͔ͣ͡ ͙ ;͍ͯ͊΄ͫͦͣͯ͟ ͍ţ͔ͪͤΣ ͎͔͒ ͙ͨͪͦͦ͘΄͊͡ ͣͦͪͺ͔ͣͤ͊Ύ ͔͔͚ͨͪͫͭͪͦ͊͟ ͙ 

;͙͊ͫͭ;ͤ͊Ύ ͯͭͪ͊ͭ͊ ͔͍͔͎͒ͪͤͦ ͦͪͤ͟ΎΦ 

˿ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͣͦͪͺ͎͙͙ͦͦ͡ ͎͙͔͋ͯ͊ͪͫ͟͡ ͙͙ͤ͊͒ͨͫ ͦͭͪ͊͗͊Όͭ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͙ͭͨ;ͤ·ͻ ͭΌ͙ͪͫ͟͟ͻ 

͊ͺͺ͙͍ͫͦ͟Φ ˹͙͔͊ͨͪͣͪΣ ͦͦͤ͟;͙͔͊ͤ -Ơƴ ͍·ͪ͊͗͊ͦ͡ ͙ͨͪͭΎ͔͗͊ͭ͡ΈͤͦͫͭΈ όά͔͎ͦέύΣ ͫͯͺͺ͙ͫ͟ -lar/-ler τ 

͔͍͔ͣͤͦ͗ͫͭͤͤͦͫͭΈΣ ͊ ͔ͨͦ͊͊ͭ͘͟͡Έ ͔͎ͣͫͭͤͦͦ ͔ͨ͊͒͗͊ -da/-ŘŜ ͫͦͻ͙ͪ͊ͤͫ͡Ύ ͍ ͔͙ͦ͋ͻ ͍͔͍ͭΎͻ τ ͍ ͭ͊ͭ͊ͪͫͦͣ͟ ͙ 

;͍ͯ͊΄ͫͦͣ͟ ό͍͔͍͔ͫͦͦͭͭͫͭͤͤͦ -͒͊ ͙ -ͭ͊ύΦ ͙̏ͭ Ή͔͔ͣͤͭ͡· ͍͔ͨͦ͒ͭͪ͗͒͊ΌͭΣ ;ͭͦ ͎͙ͪ͊ͣͣ͊ͭ;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ 

͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ ͍͔͍͍ͫͦͦͭͭͫͭͦ͊͊͡ ͦ͋΅͔ͭΌͪͫͦͣͯ͟͟ ͙ͭͨͯ ͎͎͊͡Ό͙ͭͤ͊ͼ͙͙Σ ͎͔͒ ͔͊͗͒ͦ͟ ͊ͺͺ͙ͫ͊͟͡Έ͔ͤͦ 

ͦͦͤ͟;͙͔͊ͤ ͙͔͔ͣͭ ͎͔ͫͭͪͦͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ Ή͙ͨͭ͊ͺ͙Ύ ́͊͒͗ ͊͒-˨͙ͤ͊ ͙ ͎͙͊ͤ͊ͦ͡;ͤ·͔ ͨ͊ͣΎ͙͙ͭͤ͟ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͙͍͗ͯΌ ͍ͫΎ͘Έ 

͔ͣ͗͒ͯ ͎͙͋ͯ͊ͪͫͣ͟͡ Ύ͘·ͦͣ͟ ͙ ͍͔͔ͫͦͪͣͤͤ·͙ͣ ͭΌ͙͙ͪͫͣ͟͟ Ύ͘·͙͊ͣ͟ ˿͔͔͎ͪ͒ͤͦ ˽͍ͦͦ͗͡ΈΎΦ ˮͻ ͔͙ͫ͊͟͟͡ ͙ 

ͣͦͪͺ͎͙ͦͦ͡Ύ ͦͭͪ͊͗͊Όͭ ͔͔ͨͪͻͦ͒ͤ·͚ Ήͭ͊ͨ τ ͦ ͭ ͔͍͔͎͎͒ͪͤ͋ͯ͊ͪͫͦͦ͟͡ ͟ ͫͭ͊ͪͦͭ͊ͭ͊ͪͫͦͣͯ͟ ͙ ;͍ͯ͊΄ͫͦͣͯ͟Σ ;ͭͦ 
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͔͔͒͊ͭ͡ Ή͙ͭ ͔ͭͫͭ͟· ͍͔͚͊͗ͤ΄͙͙ͣ ͙ͫͭͦ;͙͙ͤ͊ͣ͟ ͒͡Ύ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙ Ή͍ͦ͡Όͼ͙͙ ͔͎͙ͪͦͤ͊͡Έͤ·ͻ ͭΌ͙ͪͫ͟͟ͻ 

͙͔͍͒͊ͭͦ͟͡Φ 

˿͍͙͔ͦͨͦͫͭ͊ͭ͡Έͤ͊Ύ ͙ͭ͊͋͡ͼ͊ ͎͙͋ͯ͊ͪͫ͟͡ͻΣ ͙ͭ͊ͭ͊ͪͫ͟ͻ ͙ ;͍ͯ͊΄͙ͫ͟ͻ ͔͔ͫͣ͟͡ 

˨͡Ύ ͔͔͋ͦ͡ ͎ͤ͊͡Ύ͎͒ͤͦͦ ͙͙ͨͦͤͣ͊ͤΎ ͔͔͍͔͙ͨͪͣͫͭͤͤͦͫͭ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ ͋·͙͡ ͍·͔͔͒ͤ͡· ͍ͫͦ͊͡Σ 

͊͘ͺ͙͙͍ͫͪͦ͊ͤͤ͟·͔ ͍ Ή͙ͨͭ͊ͺ͙Ύͻ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡ ό±LLLς·LLL ͍͍ΦύΣ ͊ ͔ͭ͊͗͟ ͙ͻ ͍͔͍͙ͫͦͦͭͭͫͭΎ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ 

ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͊͟ͻ ˽͍ͦͦ͗͡ΈΎ τ ͭ͊ͭ͊ͪͫͦͣ͟ ͙ ;͍ͯ͊΄ͫͦͣ͟Φ ˨͊ͤͤ·͔ ͔͔ͫͣ͟͡· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͙͔͔ͤ͊͋ͦ͡ 

͚ͯͫͭͦ;͙͍·͔ Ή͔͔ͣͤͭ͡· ͍͚͋͊ͦͦ͘ ͔͙͙ͫ͟͟͡Σ ͫͦͻ͙͍ͪ͊ͤ΄͙͔ ͔͙ͫͣ͊ͤͭ;͔͔ͫͦ͟ ͙ ͣͦͪͺ͎͙ͦͦ͡;͔͔ͫͦ͟ ͍ͪͦ͒ͫͭͦ ͤ͊ 

ͨͪͦͭΎ͔͙͙͗ͤ ͔͔͋ͦ͡ ;͔ͣ ͍ͦͫΈ͙ͣ ͍͔͍ͦ͟Φ                         

 
͙̏ͨͭ͊ͺ͙Ύ ͙͘ ͊ͪͻ͔͎͙ͦͦ͡;͔͚ͫͦ͟ ͔ͦ͟͟͡͡ͼ͙͙ ͎Φ ˣ͎ͦ͊ͪ͡Φ 

˻͙͍ͨͯ͋ͦ͊ͤͦ͟͡ ͍Υ ˢͻ͔ͣͭ͘Ύ͍ͤͦ ˸Φ ˭Φ ͙̏ͨͭ͊ͺ͙͙ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡ ό±LLLς·LLL ͍͍ΦύΦ τ ˴͊͊ͤ͘ΈΥ ˮ͒͘-͍ͦ 

˴̅̂Σ нлмрΦ τ ˿ Φ нтΦ 

Ѕ ˣ͎͙͚ͯ͊ͪͫ͟͡ 
Ύ͘·͟ 

͙͚́͊ͭ͊ͪͫ͟ 
Ύ͘·͟ 

͍̉ͯ͊΄͙͚ͫ͟ 
Ύ͘·͟ 

˭ͤ͊;͔͙͔ͤ ˴͔͙͚ͦͣͣͤͭ͊ͪ 

1 ul ̂ ͡ ͯ͡ţ ˿·ͤ ͍̉ͯ͊΄͔ͫͦ͟ -ţ τ ͦͫͭ͊ͭͦ͟ ͔͍͔͎͒ͪͤͦ ͫͯͺͺ͙ͫ͊͟ 
͔ͯͣͤΈ΄͙͔ͭ͡Έ͙ͤͦͫͭΦ 

2 ȅƤƭ ˩ ͡ ͯ͡ ˥ͦ͒ ˽͔͔ͪͻͦ͒ y Ҧ  ͻ͔͔͊ͪ͊ͭͪͤ͟ ͒͡Ύ ;͍ͯ͊΄͎ͫͦͦ͟Τ ͍ ͭ͊ͭ͊ͪͫͦͣ͟ 
ͺͦͪͣ͊ ͺ͔͙ͦͤͭ;͔͙ͫ͟ ͙͔͋͗͡ ͟ ͎͚͋ͯ͊ͪͫͦ͟͡ 

3 er ˮ  ͪ ͙ͪţ ˸ͯ͗ ;͙ͤ͊Σ ;͔͍͔ͦ͟͡ ˻͙͍͔͒ͤ͊ͦͦ͟ ͔͍͔ͦͪͤͦ͟ ͤ͊͘;͔͙͔ͤΤ ͣͦͪͺ͎͙ͦͦ͡;͔͔ͫͦ͟ 
͙͍͔͙͔ͨͪ͋͊ͤ͡ -ţ ͍ ;͍ͯ͊΄ͫͦͣ͟ 
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˴͊͟ ͍͙͒ͤͦΣ ͙͚ͭ͊ͭ͊ͪͫ͟ Ύ͘·͟ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͺ͔͙ͦͤͭ;͔ͫͯ͟Ό ͔͔͍͔ͨͪͣͫͭͤͤͦͫͭΈ 

͎͚͋ͯ͊ͪͫͦ͟͡ ͺͦͪͣ·Σ ͎ͭͦ͒͊ ͊͟͟ ;͍ͯ͊΄͙͚ͫ͟ τ ͺ͔͙ͦͤͭͦ͟-ͣͦͪͺ͎͙ͦͦ͡;͔ͫͯ͟Ό ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙ΌΣ 

͍͔ͫͦͨͪͦͦ͗͒͊ͣͯΌ ͪΎ͒ͦͣ ͔͎ͪͯ͡Ύͪͤ·ͻ ͍͍ͯͦ͘͟·ͻ ͔͔ͨͪͻ͍ͦ͒ͦ όȅ Ҧ Σ ǎ Ҧ ǏκǎΣ ƪ Ҧ ͻκͻΆ ͙ ͭΦ͒ΦύΦ ̏ͭͦ 

ͨͦ ͍͔͔͒ͭͪ͗͒͊ͭ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͎͋ͯ͊ͪͦ͡-;͍ͯ͊΄͚ͫͦ͟ Ύ͘·͍͚ͦͦ͟ ͍͔͍͙ͭΣ ͙͍ͦ͋ͦͫͦ͋΄͔͚ͫΎ ͦͭ ͙ͨ͟;͚͊ͫͦ͟͟ 

͎ͪͯͨͨ· ͔ͨͦͫ͡ ·LLL ͍͔͊͟Φ 

˿͍͙͔ͦͨͦͫͭ͊ͭ͡Έͤ·͚ ͔͙ͣ͊ͭͪ͊͡ ͙͘ Ή͙ͨͭ͊ͺ͙͚ ͙ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ Ύ͘·͍͚ͦͦ͟ ͙ͭͪ͊͒ͼ͙͙ ͍ͨͦͦ͘͡Ύ͔ͭ 

͍͔ͯͭͪ͗͒͊ͭΈΣ ;ͭͦ ͎͙͚͋ͯ͊ͪͫ͟͡ Ύ͘·͟ Ύ͍͡Ύ͔ͭͫΎ ͦ͋΅͙ͣ ͔ͨͪ͒ͦͣ͟ ͊͟͟ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͎ͭ͊ͭ͊ͪͫͦͦ͟Σ ͭ͊͟ ͙ 

;͍ͯ͊΄͎ͫͦͦ͟Σ ͤͦ Ή͍ͦ͡Όͼ͙͙͍ͦͤͪͦ͊͡ ͍ ͪ͊ͤ͘·ͻ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎͻΥ ͙ͨ͟;͊ͫͦ͟͟-ͭΌͪͫͦͣ͟͟ ό͙͚ͭ͊ͭ͊ͪͫ͟ύ ͙ ͦ ͎ͯͪͫͦͣ͟ 

ό;͍ͯ͊΄͙͚ͫ͟ύΦ 

͔͙̅ͦͤͭ;͔͙͔ͫ͟ ͍͔͍͙ͫͦͦͭͭͫͭΎ άǊςȊέ ͙ άƭςǑέ 

˻͙͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͨͦ͊͊ͭ͘͟͡Έͤ·ͻ ͙͔͙͔͍ͪͭͪ͟ ͙ͨͪ ͍͔͙͙ͫͪ͊ͤͤ ͎͎͋ͯ͊ͪͫͦͦ͟͡Σ ͎ͭ͊ͭ͊ͪͫͦͦ͟ ͙ 

;͍ͯ͊΄͎ͫͦͦ͟ Ύ͘·͍ͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͙͔ͫͫͭͣ͊ ͺ͔͙ͦͤͭ;͔͙ͫ͟ͻ ͍͔͍͙͚ͫͦͦͭͭͫͭΣ ͔ͦͫͦ͋ͤͤͦ ͭ͊͟ ͤ͊͘·͍͔͊ͣ·͔ 

ζ͎͙͋ͯ͊ͪͣ͘͡·η τ ͔͔ͨͪͻͦ͒· ǊςȊ ͙ ƭςǑΣ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͍·͔͒͡Ύ͔ͣ·͔ ͍ ͭΌ͎͙͙ͪͦͦ͟͡Φ ͙̏ͭ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟ 

͍͙͎͙ͫ͒ ͫͯ͗͊ͭ͡ ͍ͦͫͤͦͤ·ͣ ͙ͨͪͤ͊ͦͣ͘͟ ͙ͪ͊͘͡;͙Ύ ͔ͣ͗͒ͯ ͎͚ͦͯͪͫͦ͟ ό͎͋ͯ͊ͪͦ͡-;͍ͯ͊΄͚ͫͦ͟ύ ͙ ͙ͨ͟;͚͊ͫͦ͟͟ 

ό͚ͭ͊ͭ͊ͪͫͦ͟ύ ͍͔͍ͭΎ͙ͣ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟Φ 

ˤ ͎͋ͯ͊ͪͫͦͣ͟͡ Ύ͘·͔͟Σ ͊͟͟ ͙ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ;͍ͯ͊΄ͫͦͣ͟Σ ͤ͊͋͡Ό͒͊ͦͫ͡Έ ͫͦͻ͔͙͔ͪ͊ͤͤ ͍͍ͯͦ͘͟ Ǌ ͙ ƭΣ 

ͦͭͦͪ͟·͔ ͍ ͎͙͒ͪͯͻ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͊͟ͻ τ ͍͟͡Ό;͊Ύ ͙͚ͭ͊ͭ͊ͪͫ͟ τ ͔͔ͨͪ΄͙͡ ͍ Ȋ ͙ ǑΦ ˹͙͔͊ͨͪͣͪΣ ͎͔͋ͯ͊ͪͫͦ͟͡ ǘǸǊ 

όζ;͔ͫͭͤ·͚ηΣ ζͨͪΎ͚ͣͦηύ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ;͍ͯ͊΄ͫͦͣͯ͟ ǘţǊΣ ͎ͭͦ͒͊ ͊͟͟ ͍ ͭ͊ͭ͊ͪͫͦͣ͟ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͺͦͪͣ͊ ǘǀȊΣ 

ͦͭͪ͊͗͊Ό΅͊Ύ ͙ͨ͟;͔͊ͫͦ͟͟ ͍͙͙͔ͪ͊ͭ͘ ͫ ͔͔ͨͪͻͦ͒ͦͣ Ǌ Ҧ ȊΦ ˢ͎͙ͤ͊ͦ͡;ͤͦ ͎͔͋ͯ͊ͪͫͦ͟͡ ōŀƭƠƪ όζͪ·͋͊ηύ ͙͔͔ͣͭ 

ͨͪΎ͔ͣͦ ͍͔͍͙͔ͫͦͦͭͭͫͭ ͍ ͭ͊ͭ͊ͪͫͦͣ͟ ͋͊͡·͟Σ ͤͦ ͍ ;͍ͯ͊΄ͫͦͣ͟ ͔͔ͫͣ͊͟͡ ͋·͊͡ ͯͭͪ͊;͔ͤ͊ ͙ ͔͔͊ͣͤͤ͊͘ ͎͚͒ͪͯͦΣ 

;ͭͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͔͍͔͔͒ͪͤ ͔͙ͫ͟͡;͔͔ͫͦ͟ ͪ͊ͫͻ͔͙͔ͦ͗͒ͤ ͙ͨͪ ͫͦͻ͔͙͙ͪ͊ͤͤ ͦ͋΅͔͎ͦ ͺ͔͙ͦͤͭ;͔͎ͫͦͦ͟ ͙ͭͨ͊ ƭΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͎͙͚͋ͯ͊ͪͫ͟͡ Ύ͘·͟ ͨͦ ͍͔͚ͫͦ ͍͍͚ͯͦͦ͘͟ ͙͔͔ͫͫͭͣ ͦ͒ͤͦͤ͊͘;ͤͦ ͙ͦͭͤͦͫͫ͡Ύ ͟ ͎͚ͦͯͪͫͦ͟ 

͎͔ͪͯͨͨΣ ͤͦΣ ͊͟͟ ͨͦ͊͘͟·͍͊Όͭ ͔ͦͭ͒͡Έͤ·͔ ͙͍͍͙͊ͣͫͭͦ͊ͤ͘Ύ ͍ ͭ͊ͭ͊ͪͫͦͣ͟Σ ͔ͤͦͭͦͪ͟·͔ Ή͔͔ͣͤͭ͡· ͎͚͋ͯ͊ͪͫͦ͟͡ 

ͺ͔͙͙ͦͤͭ͟ ͙ͨͪͦ͒ͦ͗͊͡͡ ͫͯ΅͔͍͍ͫͭͦ͊ͭΈ ͍ ͚ͫͭ͊ͪͦͭ͊ͭ͊ͪͫͦ͟ ͔ͪ;͙ ͍ͨͦͭ͡Έ ͒ͦ ·LLLςXIV ͍ ͔͍ͦ͟Φ ̏ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ 

Ѕ ˣ͎͙͚ͯ͊ͪͫ͟͡ 
Ύ͘·͟ 

͙͚́͊ͭ͊ͪͫ͟ 
Ύ͘·͟ 

͍̉ͯ͊΄͙͚ͫ͟ 
Ύ͘·͟ 

˭ͤ͊;͔͙͔ͤ ˴͔͙͚ͦͣͣͤͭ͊ͪ 

4 ǀƭǸƳ ͔ͣ͡ ͔ͣ͡ ˿͔ͣͪͭΈ ˤ ;͍ͯ͊΄ͫͦͣ͟ τ ͔͔͋ͦ͡ ͨͦ͒ͤ͘ΎΎ ͔͔ͫͣ͊͟͡Σ ͤͦ ͔͙ͫͣ͊ͤͭ͊͟ 
ͦ͋΅͊Ύ 

5 il ˮ  ͡ Ύ ͡ ˿ͭͪ͊ͤ͊Σ ͤ͊ͪͦ͒ ˽͔͔ͪͻͦ͒ i Ҧ ya ͍ ;͍ͯ͊΄ͫͦͣ͟ ͔ͦͭͪ͊͗͊ͭ ͔͍͒ͪͤΌΌ 
͍͙ͦ͊͟͡;͔ͫͯ͟Ό ͎͙͊ͪͣͦͤΌ 

6 ƪǸƴ ˴ ͤ ͻͯͤ ˨͔ͤΈ ˿ͦͻ͔͙͔ͪ͊ͤͤ ͍͎ͦͫͤͦͤͦͦ ͦͪͤ͟ΎΤ ͙͔͔͙͔ͣͤͤ͘ k Ҧ x/h ͍ 
;͍ͯ͊΄ͫͦͣ͟ 

7 ǘƠƴ ˬ͊ͤκͭ·ͤ ͫţͣ ˨ͯ΄͊Σ ͒·ͻ͙͔͊ͤ ́Όͪͫ͊͟͟Ύ ͍ͦͫͤͦ͊ ͫͦͻ͙ͪ͊ͤ͊ͫ͡Έ ;͙͊ͫͭ;ͤͦΤ ͍ ;͍ͯ͊΄ͫͦͣ͟ τ 
͔͙ͫͣ͊ͤͭ;͔͙͚ͫ͟ ͍͙͎ͫ͒ 

8 ata ˢͭ͊κ ͙ͭ ͔͊ͭͭ ˻͔ͭͼ ˽ͦ;͙ͭ ͔ͨͦͤͦ͡ ͍͔͙͔ͫͦͨ͊͒ͤΤ ͔͙ͪ͒ͯͨ͊͟͡ͼ͙Ύ ͎ͫͦ͊ͫͤ͡·ͻ ͍ 
;͍ͯ͊΄ͫͦͣ͟ ͒͡Ύ ͫͣΎ͎;͔͙ͤΎ 

9 ōŀƭƠǉ ˣ͊͡·͟ ͨŇ͡Ň͟ ˥ͦͪͦ͒Σ ͔͔͙͔ͨͦͫͤ͡ ˮͤ͊͘;͊͡Έͤͦ ά͎ͦͪͦ͒έ Ҧ άͪ·͋͊έ ͍ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͊͟ͻΣ ͤͦ 
͔͙ͫͣ͊ͤͭ͊͟ ͙ͪ͊͘͡;͙͊ͫ͡Έ ͔ͨͦ͗͘ 

10 ƪǸƴƛ ˴ ͔ͤ ͻͯͤţ ˨͔ͤΈ ̅ͦͪͣ͊ ͫ ͔͍͙͒ͪͤͣ ͫͯͺͺ͙ͫͦͣ͟ -iΣ ͫͦͻ͙͍ͪ͊ͤ΄͊ΎͫΎ ͍ 
ͭ͊ͭ͊ͪͫͦͣ͟ ͊͟͟ ͔͔ͨ͊͒͗ͤͦ ͦͦͤ͟;͙͔͊ͤ 

11 ǘŅƎ ́ ͎ κ ͭ ͎͙ͤ ͭ ͎ ˴ͤΎ͘ΈΣ ͍͙͔ͨͪ͊ͭ͡Έ ͙́ͭͯ͡Έͤ͊Ύ ͔͔ͫͣ͊͟͡ Ήͨͦͻ͙ ˣ͎͙͙ͯ͊ͪ͡Τ ͫͦͻ͙ͪ͊ͤ͊ͫ͡Έ ͊͟͟ 
͊ͪͻ͙͊ͣ͘ 

12 ǎǀȊ ˿ ͘ ͫ͊ͫ ˿͍ͦͦ͡ ˽͔͔ͪͻͦ͒ z Ҧ s ͙͙ͭͨ;͔ͤ ͒͡Ύ ͎͋ͯ͊ͪͦ͡-;͍ͯ͊΄͎ͫͦͦ͟ 
͙͎ͦͦͫͫ͊͘͡Φ 

13 ǘŀǑ ́͊΄ ͭŇͫ ˴͔͊ͣͤΈ ˿͙ͭ͊͋͡Έͤ͊Ύ ͍ͦͫͤͦ͊ ͫ ͺ͔͙ͦͤͭ;͔͙ͫͣ͟ ͫͣΎ͎;͔͙͔ͤͣ ͍ 
;͍ͯ͊΄ͫͦͣ͟ 

14 su ˿ ͯ ΄Ň͍ ˤͦ͒͊ ˽͔͔ͪͻͦ͒ s Ҧ Ǒκ΄ ͔ͦͭͪ͊͗͊ͭ ͔͍͔͔͒ͪͤ ͺ͔͙ͦͤͭ;͔͔ͫͦ͟ 
ͪ͊ͫͻ͔͙͔ͦ͗͒ͤ 

15 ƪǸő ͟ ; ͻţͪţ ˿͙͊͡ ˿͔͙ͣ͊ͤͭ;͔ͫ͊͟Ύ ͍ͫΎ͘Έ ͔͙͍͔ͨͪͦͫ͗͊ͭͫ͡Ύ ;͔͔ͪ͘ ͨͦͤΎ͙͔ͭ 
Ή͔͎͙͙ͤͪΣ ͣͦ΅͙Φ 
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͔͔ͨͦͫͭͨͤͤͦͫͭΈ ͔͔ͨͪͻͦ͒͊ ͦͭ ͎͚͋ͯ͊ͪͫͦ͟͡ ͺ͔͙͙ͦͤͭ͟ ͟ ͙ͨ͟;͚͊ͫͦ͟͟ ͍ ͪ͊ͣ͊͟ͻ ͔͙͎͒ͤͦͦ Ύ͘·͍͎ͦͦͦ͟ ͔͊ͪ͊͊͡ 

˿͔͔͎ͪ͒ͤͦ ˽͍ͦͦ͗͡ΈΎΦ 

˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͙ͨ͊ͪ͊͡͡͡ 

˸ͦͪͺ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟Σ ͔͙͔ͪͦͤͫͭͪͯͪͯͣ͊͟Ύ ͤ͊ ͍͔ͦͫͤͦ Ή͙ͨͭ͊ͺ͙͚ ͙ 

͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έͤ·ͻ ͒͊ͤͤ·ͻΣ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͊͟͟ ͊ͪͻ͙͊;͔͙͔ͫ͟ ;͔ͪͭ·Σ ͭ͊͟ ͙ Ή͔͔ͣͤͭ͡·Σ ͍ͫͭ͊΄͙͔ ͍͚ͦͫͤͦͦ 

͒͡Ύ ͔ͨͦͫ͒ͯ͡Ό΅͙ͻ ͺͦͪͣ ͍ ͭ͊ͭ͊ͪͫͦͣ͟ ͙ ;͍ͯ͊΄ͫͦͣ͟ Ύ͘·͊͟ͻΦ ˻͍ͫͤͦͤ·͔ ͔͙ͨ͊ͪ͊͡͡͡ ͔͙͍ͨͪͦͫ͗͊͡ΌͭͫΎ ͍ 

͙͔͔ͫͫͭͣ ͍͙͔͔͙ͫͦͦͣͤͤ͘͡Ύ ͙ ͍͍͙ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡ΎΣ ͔͔ͨͪ͗͒ ͍͔͎ͫͦ τ ͍ ͙͡;ͤ·ͻ ͦͦͤ͟;͙͊ͤΎͻ ͎͎͍͊ͦͦ͡͡ ͙ 

ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͔͍͔͎ͣͤͦ͗ͫͭͤͤͦͦ ;͙ͫ͊͡Φ 

˨͡Ύ ͦ͋ͦͤ͊͘;͔͙ͤΎ ͔͍͔͙ͣͤͦ͗ͫͭͤͤͦͫͭ ͍ ͎͋ͯ͊ͪͫͦͣ͟͡ Ύ͘·͔͟Σ ͨͦ ͒͊ͤͤ·ͣ Ή͙͎ͨͪ͊ͺ͙͙͟ ͙ 

͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙Σ ͙ͫͨͦ͡Έ͍ͦ͊ͫ͘͡Ύ ͫͯͺͺ͙ͫ͟ ςƭŀǊΣ ͙͙ͭͨ;ͤ·͚ ͒͡Ύ ͍͔ͫͻ ͔͍͔͒ͪͤͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟Φ ˤ ;͍ͯ͊΄ͫͦͣ͟ 

Ήͭͦͭ ͔ͨͦ͊͊ͭ͘͟͡Έ Ή͍ͦ͡Όͼ͙͙͍ͦͤͪͦ͊͡ ͍ ͺͦͪͣͯ ςǎŜƳΣ ͊ ͍ ͭ͊ͭ͊ͪͫͦͣ͟ ͫͦͻ͙ͪ͊ͤͫ͡Ύ ͍ ͨͦ;͙ͭ ͔͙͔ͤͣͤͤͦͣ͘ ͍͙͔͒ 

τ ς͡ ͊ͪ κ ς͡ ͪΣ ;ͭͦ ͔ͦͭͪ͊͗͊ͭ ͙ͪ͊͘͡;͔ͤͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͍͙͙ͪ͊ͭ͘Ύ ͣͦͪͺ͔͚ͣͤͦ ͙͔ͫͫͭͣ· ͙ͨͪ ͦ͋΅͔͚ 

͎͔͔͙ͤͭ;͔͚ͫͦ͟ ͍͔ͦͫͤͦΦ 

ˮ͔͔ͤͭͪͫͤ·͔ ͍͔͍͙ͫͦͦͭͭͫͭΎ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͔ͭ͊͗͟ ͍ ͙͡;ͤ·ͻ ͦͦͤ͟;͙͊ͤΎͻ ͎͎͍͊ͦͦ͡͡Φ ˣ͎ͯ͊ͪͫ͊͟͡Ύ ͺͦͪͣ͊ 

1-͎ͦ ͙͡ͼ͊ ͔͒Φ ;͙ͫ͊͡Σ ͔͙͔ͪͦͤͫͭͪͯͪͯͣ͊͟Ύ ͊͟͟ ςƳΣ ͙͔͔ͣͭ ͨͪΎ͔ͣͦ ͍͔͍͙͔ͫͦͦͭͭͫͭ ͍ ;͍ͯ͊΄ͫͦͣ͟ ςƳţ ͙ 

ͭ͊ͭ͊ͪͫͦͣ͟ ςͣ  ό͋͊ͪ·ͣ τ ζ͙͒ͯηύΦ ˽͔͊ͪ͊͡͡͡Έͤͦ ΉͭͦͣͯΣ ͦͦͤ͟;͙͔͊ͤ м-͎ͦ ͙͡ͼ͊ ͣͤΦ ;͙ͫ͊͡ ͎͎͋ͯ͊ͪͫͦͦ͟͡ ςz 

͙ͫͦͦͭͤͦͫͭͫΎ ͫ ;͍ͯ͊΄͙ͫͣ͟ ςǏ ͙ ͙ͭ͊ͭ͊ͪͫͣ͟ ς͋ ·͘ κ ς͋ ͔͘Σ ;ͭͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͺ͔͙ͦͤͭ;͔͔ͫͦ͟ ͍͙͙͔ͪ͊ͭ͘ Ȋ Ҧ Ǐ ͍ 

;͍ͯ͊΄ͫͦͣ͟ ͙ Ȋ Ҧ ȊκōȊ ͍ ͭ͊ͭ͊ͪͫͦͣ͟Φ 

͙̏ͭ ͔͙ͨ͊ͪ͊͡͡͡ ͍͔ͨͦ͒ͭͪ͗͒͊ΌͭΣ ;ͭͦ ͣͦͪͺ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ ͙ͨͦͫͯ͗͊͡͡ 

ͦ͋΅͔͚ ͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ ͨ͊ͭ͡ͺ͚ͦͪͣͦ ͒͡Ύ ͔ͨͦͫ͒ͯ͡Ό΅͔͎ͦ ͍͙͙ͪ͊ͭ͘Ύ ͊͟͟ ͎͚ͦͯͪͫͦ͟ ό;͍ͯ͊΄͚ͫͦ͟ύΣ ͭ͊͟ ͙ 

͙ͨ͟;͚͊ͫͦ͟͟ ό͚ͭ͊ͭ͊ͪͫͦ͟ύ ͙͙͚ͤ͡Φ ˹͔ͫͣͦͭͪΎ ͤ͊ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟ ͙ͪ͊͘͡;͙ΎΣ ͍ͦͫͤͦͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ 

͍͙͔͔͙ͫͦͦͣͤͤ͘͡Ύ ͫͦͻ͙ͪ͊ͤ͊͡ ͎͋ͯ͊ͪͫͯ͟͡Ό ͍ͦͫͤͦͯΣ ;ͭͦ ͔͔͒͊ͭ͡ ͣͦͪͺ͎͙ͦͦ͡Ό ͍͊͗ͤ·ͣ ͎͔͊ͪͯͣͤͭͦͣ ͍ ͨͦ͡Έͯ͘ 

Ύ͘·͍͚ͦͦ͟ ͔͔͍͔͙ͨͪͣͫͭͤͤͦͫͭΦ 

˿͙͙ͤͭ͊ͫ͟;͔͙͔ͫ͟ Ή͔͔ͣͤͭ͡· 

˿͙͙ͤͭ͊ͫ͟;͔ͫ͊͟Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟Σ ͫͯ͒Ύ ͨͦ ͫͦͻ͙͍ͪ͊ͤ΄͙ͣͫΎ Ή͙ͨͭ͊ͺ͙Ύͣ ͙ 

ͦ͋΅͔ͭΌ͚ͪͫͦ͟͟ ͙͎͙͙ͭͨͦͦ͡Σ ͙͔ͣ͊͡ ͙͊ͫͫ͟͡;͔ͫͯ͟Ό ͒͡Ύ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟ ͫͭͪͯͭͯͪͯ͟ {h± ό͔ͨͦ͒͗͊͡΅͔͔ ς 

͔͙͔͒ͦͨͦͤͤ͡ ς ͔͔ͫ͊ͯͣͦ͘͟ύΦ ̏ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͨͦͪΎ͒ͦͣ͟ ͍ͫͦ͡ ͍ ͺͦͪͣͯ͡Έͤ·ͻ ͍·͔͙ͪ͊͗ͤΎͻ ͙͔͚ͤ͊͒ͨͫΣ 

͎͔͒ ͎͎͊ͦ͡͡Έͤ͊Ύ ͺͦͪͣ͊ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͍͔͊ͪ͘΄͔͊ͭ ͔͔͙͔ͨͪ͒ͦ͗ͤ͡Φ ˹͙͔͊ͨͪͣͪΣ ͦͤͫͭͪͯ͟͟ͼ͙͙Σ ͎͙͊ͤ͊ͦ͡;ͤ·͔ 

ζˢ͊͡͡ ͙ͣͦͫͭ͡Έ ͍͒͊ͪͦ͊͡η ͙͙͡ ζ˿·ͤ ͔ͯͣͪηΣ ͙͙ͭͨ;ͤ· ͒͡Ύ ͎͙͋ͯ͊ͪͫ͟͡ͻ ͔͍ͭͫͭͦ͟ ͙ ͫͦͻͪ͊ͤΎΌͭͫΎ ͍ ͭ͊ͦͣ͟ ͔͗ 

ͨͦͪΎ͔͒͟ ͊͟͟ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͭ͊ͭ͊ͪͫͦͣ͟Σ ͭ͊͟ ͙ ͍ ;͍ͯ͊΄ͫͦͣ͟ Ύ͘·͊͟ͻΦ 

͔͚̆͊ͪ͊ͭͪͤͦ͟ ;͔͚ͪͭͦ ͎͎͋ͯ͊ͪͫͦͦ͟͡ ͙͙ͫͤͭ͊ͫͫ͊͟ ͋·ͦ͡ ͔ͭ͊͗͟ ͍͙͔ͦͭͫͯͭͫͭ ͔͎͍ͨͪ͒ͦͦ͡Σ ͔͖͊ͣͤͤͤ͘·ͻ 

͔͎͙ͨͦͫͦ͊ͣ͡͡Σ ͫͭͦΎ΅͙͙ͣ ͔ͨͦͫ͡ ͍͙͙͎͊ͫͣͦͦ͘ ͍ͫͦ͊͡Φ ̏ͭ͊ ͔ͦͫͦ͋ͤͤͦͫͭΈ ͨͦͤͦͫͭ͡ΈΌ ͫͦͻͪ͊ͤΎ͔ͭͫΎ ͍ ;͍ͯ͊΄ͫͦͣ͟ 

͙ ͭ͊ͭ͊ͪͫͦͣ͟ Ύ͘·͊͟ͻΣ ;ͭͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͙͙ͫͤͭ͊ͫ͟;͔͚ͫͦ͟ ͔͙ͣͦ͒͡ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͔͔͋ͦ͡ ;͔ͣ 

ͭ·ͫΎ;͙ ͔ͭ͡Φ ˹͙͔͊ͨͪͣͪΣ ͎͋ͯ͊ͪͫ͊͟͡Ύ ͦͤͫͭͪͯ͟͟ͼ͙Ύ ζ͚͔ͪ ͙; ͤη όζ͙ͪ͊͒ ͔͙ͣ͘͡ηύ ͙͔͔ͣͭ ͨͪΎͣ·͔ ͔͙ͨ͊ͪ͊͡͡͡Υ 

ͭ͊ͭΦ ζ ͙ͪ ;͔ͤηΣ ;͍ͯΦ ζ ţͪ Όͪţη τ ͨ ͙ͪ ͫͦͻ͔͙͙ͪ͊ͤͤ ͔͙͙ͫͣ͊ͤͭ͟ ͙ ͙͙ͫͤͭ͊ͫ͟;͔͎ͫͦͦ͟ ͙ͭͨ͊Φ 

˽͔ͦͫ͡ ·LLL ͍͔͊͟Σ ͍ ͍͙ͯͫͦ͡Ύͻ ͙͔͎ͤͭͪ͊ͼ͙͙ ͎͎͋ͯ͊ͪͫͦͦ͟͡ ͔͔͙ͤ͊ͫͤ͡Ύ ͍ ͍ͫͦͫͭ͊ ˭͚ͦͦͭͦ͡ ˻ͪ͒·Σ ͍ Ύ͘·͟ 

͔͔ͨͦͫͭͨͤͤͦ ͙ͨͪͦͤ͊͟Όͭ ͙ͨ͟;͙͔͊ͫ͟͟ Ή͔͔ͣͤͭ͡·Σ ;ͭͦ ͙͍͔ͨͪͦ͡ ͟ ͨͦΎ͍͔͙ͤ͡Ό ͔͔͋ͦ͡ ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ 

ͦͤͫͭͪͯ͟͟ͼ͙͚ ͍ ͫͭ͊ͪͦͭ͊ͭ͊ͪͫͦͣ͟ Ύ͘·͔͟Φ ˻͒ͤ͊ͦ͟ ͔͒͊͗ ͫ Ή͙ͭͣ ͍͙͡Ύ͙͔ͤͣ ͍͋͊ͦ͘·͚ ͙͙ͫͤͭ͊ͫ͟;͔͙͚ͫ͟ ͚ͫͭͪͦ 

͍ͦͫͭ͊͊ͫ͡Ύ ͎͙͋ͯ͊ͪͫͣ͟͡ ͨͦ ͍͔͚ͫͦ ͙ͫͯͭΥ ͨͦͪΎ͒ͦ͟ ͍ͫͦ͡Σ ͙͔ͫͫͭͣ͊ ͔͎͍ͨͦͫͦͦ͡͡ ͙ ͫͭͪͯͭͯͪ͊͟ ͨͦ͒;͙͖ͤͤͤ·ͻ 

͔͔͙͚ͨͪ͒ͦ͗ͤ͡ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͔͔͍͔ͨͪͣͫͭͤͤͦͫͭΈ ͦͭ ͎͎͋ͯ͊ͪͫͦͦ͟͡ ͙ͨͪͦͭͦͭͨ͊Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͙ͫͤͭ͊ͫͫ͟ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔͍͙͚͒ͪͤ ͫͭͪͯͭͯͪͤ͟·͚ ͊ͪ͊ͫ͟͟Σ 

ͤ͊ ͦͭͦͪͦͣ͟ ͍͔͍͙͙ͨͦͫ͒ͫͭ͡ ͍͙͙ͪ͊ͫ͘͡Έ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͙͔ͫͫͭͣ· ͎ͭ͊ͭ͊ͪͫͦͦ͟ ͙ ;͍ͯ͊΄͎ͫͦͦ͟ Ύ͘·͍ͦ͟Φ ˩͎ͦ 

͙ͯ͘;͔͙͔ͤ ;͔͔ͪ͘ Ή͙ͨͭ͊ͺ͙͙ ͙ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έͤ·͔ ͒͊ͤͤ·͔ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͤ ͭͦ͡Έͦ͟ ͔͙͍ͪͦͤͫͭͪͯͪͦ͊ͭ͟Έ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͍͔͚͒ͪͤ ͔ͪ;͙Σ ͤͦ ͙ ͔͙ͨͪͦͫ͒ͭ͡Έ ͔͔ͤͨͪͪ·͍ͤͯΌ Ή͍ͦ͡Όͼ͙Ό Ύ͘·͍͚ͦͦ͟ ͔͙ͣͦ͒͡ ˽͍ͦͦ͗͡ΈΎ ͦͭ 

±LLL ͍͔͊͟ ͒ͦ ͍͔͔͙ͫͦͪͣͤͤͦͫͭΦ 
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˭͊͟͡Ό;͔͙͔ͤ 

ˣ͎͙͚ͯ͊ͪͫ͟͡ Ύ͘·͟ ͙͔͊ͤͣ͊ͭ͘ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͍ ͙͙͙ͫͭͦͪ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟ ˩͍͙͙ͪ͊͘Σ ͔͍ͨͪ͒ͫͭ͊͡ΎΎ ͚ͫͦ͋ͦ 

͙͔͔ͤ͊͋ͦ͡ ͪ͊ͤͤΌΌ ͙ Ύͪͦ͟ ͍·͔ͪ͊͗ͤͤͯΌ ͺͦͪͣͯ ͎͚ͦͯͪͫͦ͟ ͍͔͍͙ͭΦ ˩͎ͦ ͙͊ͤ͊͘͡ ;͔͔ͪ͘ Ή͙ͨͭ͊ͺ͙͙Σ ͔͙ͫ͟͡;͔͙͔ͫ͟ 

͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙ ͙ ͍͔͙͔ͫͦͨͦͫͭ͊ͤ͡ ͫ ͍͔͔ͫͦͪͣͤͤ·͙ͣ Ύ͘·͙͊ͣ͟ ˽͍ͦͦ͗͡ΈΎ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͔ͯͭͪ͗͒͊ͭΈΣ ;ͭͦ ͦͤ 

ͫͭ͊͡ ͟͡Ό;͔͍·ͣ ͍͔ͤͦͣ͘ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͊͟͟ ;͍ͯ͊΄͎ͫͦͦ͟Σ ͭ͊͟ ͙ ͎ͭ͊ͭ͊ͪͫͦͦ͟ Ύ͘·͍ͦ͟Σ ͤͦ ͨͦ-ͪ͊ͤͦͣͯ͘ 

ͨͪͦΎ͍͙ͫ͡Ύ ͍ ͙ͻ ͍͙͙͙ͪ͊ͭ͘Φ 

ˤ ;͍ͯ͊΄ͫͦͣ͟ Ύ͘·͔͟ ͒ͦ ͤ͊΄͙ͻ ͔͚͒ͤ ͫͦͻ͙͙ͪ͊ͤͫ͡Έ ͊ͪͻ͙͊;͔͙͔ͫ͟ ;͔ͪͭ· ͎͎͋ͯ͊ͪͫͦͦ͟͡ ͫͭͪͦΎ τ ͨ ͔͔ͪ͗͒ 

͍͔͎ͫͦ ͍ ͺ͔͙͔ͦͤͭ͟ όǊςz, lςǑύΣ ͣͦͪͺ͎͙͙ͦͦ͡ ͙ ͙͙͔ͫͤͭ͊ͫͫ͟Φ ̏ͭͦ ͔͔͒͊ͭ͡ ;͍ͯ͊΄͙͚ͫ͟ ͨͪΎͣ·ͣ ͔͙ͤ͊ͫ͒ͤͦͣ͟͡ 

͎͚ͦͯͪͫͦ͟ ͍ͦͫͤͦ·Σ ͔͔ͨͪͦ͒ͦ͗͊ͭͣ͡͡ ͔͍͔͎͒ͪͤͦ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟Φ ͙͚́͊ͭ͊ͪͫ͟ Ύ͘·͟Σ ͙͍ͤ͊ͨͪͦͭΣ ͍ͦ͋ͪ͊͡ 

͎͋ͯ͊ͪͫͯ͟͡Ό ͋͊ͯ͘Σ ͤͦ ͔ͯ͗ ͍ ͍͙ͯͫͦ͡Ύͻ ͙ͫ͡Έ͎ͤͦͦ ͍͙͡Ύ͙ͤΎ ͙ͨ͟;͚͊ͫͦ͟͟ Ύ͘·͍͚ͦͦ͟ ͔ͫͪ͒·Σ ;ͭͦ ͙͍͔ͨͪͦ͡ ͟ 

͍͔͙ͦ͋ͤͦͤ͡Ό ͺ͔͙͙ͦͤͭ͟Σ ;͙͊ͫͭ;͚ͤͦ ͔͔͚͔ͨͪͫͭͪͦ͟ ͎͙͙ͪ͊ͣͣ͊ͭ͟ ͙ ͙͍͍͙͊ͣͫͭͦ͊ͤ͘Ό ͍͎ͤͦͦͦ ͍͎ͫͦ͊ͪͤͦͦ͡ 

ͨ͊ͫͭ͊͡Φ 

ˣ͎͙͔ͯ͊ͪͫ͟͡ Ή͙ͨͭ͊ͺ͙͙ ±LLLς·LLL ͍͔͍ͦ͟ τ Ήͭͦ ͙ͯͤ͊͟͡Έͤ·͔ ͙ͨͫΈ͔ͣͤͤ·͔ ͙ͫͭͦ;͙͙ͤ͟Σ ͫͦͻͪ͊ͤΎΌ΅͙͔ 

͙͍͔͗ͦ ͒·ͻ͙͔͊ͤ Ύ͘·͊͟Σ ͙ͫ;͔͍ͤͯ͘΄͔͎ͦ ͍ ͙͙ͫͭͦͪ;͔ͫͦͣ͟ ͔ͨͦͭͦ͟Σ ͤͦ ͨͪͦ͒ͦ͗͊͡Ό΅͔͎ͦ ͙͗ͭΈ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ 

ͺͦͪͣ͊ͻ ͔ͪ;͙Φ ˻͙ͤ ͔ͤ ͭͦ͡Έͦ͟ ͍͔ͨͦ͒ͭͪ͗͒͊Όͭ ͯ͟͡ΈͭͯͪͤͯΌ ͙ ͔͙͎͙ͪͦͤͯ͘͡Ό ͔ͪͦͫͭ͘͡Έ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡Σ 

ͤͦ ͙ ͦͭͪ͟·͍͊Όͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ ͙͎͍͙͙ͤͫͭ͡;͔͚ͫͦ͟ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙ Ύ͘·͊͟Σ ͙͍ͯͭͪ͊ͭ΄͔͎ͦ ͍͔ͫͦ͋ͫͭͤͤͯΌ 

͙ͨͫΈ͔ͣͤͤͯΌ ͙ͭͪ͊͒ͼ͙Ό ͔ͨͦͫ͡ ͎ͣͦͤͦ͡Έ͎ͫͦͦ͟ ͤ͊΄͔͍͙ͫͭΎΦ 

˾͔ͯ͘͡Έͭ͊ͭ· ͍͙͔ͫͪ͊ͤͭ͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͔͔͍͔ͨͪͣͫͭͤͤͦͫͭΈ ͔ͣ͗͒ͯ ͎͙͋ͯ͊ͪͫͣ͟͡ ͙ 

͍͔͔ͫͦͪͣͤͤ·͙ͣ ͭΌ͙͙ͪͫͣ͟͟ Ύ͘·͙͊ͣ͟ ˽͍ͦͦ͗͡ΈΎ Ύ͍͡Ύ͔ͭͫΎ ͔͔ͤͨͪͪ·͍͚ͤͦ ͙ ͚ͫͭͪͯͭͯͪͤͦ͟Σ ͊ ͔ͤ ͫͯ͡;͚͚͊ͤͦΦ 

ˣ͎͙͚ͯ͊ͪͫ͟͡ Ύ͘·͟ ͍·͔ͫͭͯͨ͊ͭ ͔ͤ ͨͪͦͫͭͦ ͊͟͟ ͔͍͙͚͒ͪͤ ͊ͪͻ͙͊ͣ͘Σ ͤͦ ͊͟͟ ͍͚ͦͫͤͦͤͦ ͺ͔ͯͤ͒͊ͣͤͭ Ύ͘·͍͚ͦͦ͟ ͙ 

ͯ͟͡Έ͚ͭͯͪͤͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭ ͔͎͙ͪͦͤ͊Φ ˩͎ͦ ͙ͯ͘;͔͙͔ͤ ͎͔ͨͦͣͦ͊ͭ ͔ͤ ͭͦ͡Έͦ͟ ͨͦͤΎͭΈ ͨͪͦ΄͔ͦ͡Σ ͤͦ ͙ ͦͫͦͤ͊ͭ͘Έ 

͙͙ͫͭͦͪ;͔͔ͫͦ͟ ͔͙͍͒ͤͫͭͦ ͍ͤ͊ͪͦ͒ͦΣ ͙ͨͪͦͫͻͦ͒Ύ΅͙ͻ ͙͘ ͎͚͋ͯ͊ͪͫͦ͟͡ ͼ͙͍͙͙͊͘͡ͼ͙͙Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˢͻ͔͍ͣͪͦ ˾Φ˥Φ ͙͎̏ͨͪ͊ͺ͙͊͟ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡Φ ́ͦͣ мς2. τ ˴͊͊ͤ͘ΈΥ ˮ͙ͤͫͭͭͯͭ ͙͙͙ͫͭͦͪ ͙ͣΦ ̊Φ 

˸͙͊ͪ͒͗͊ͤ ˢ˹ ˾́Σ нлнмΦ 

 нΦ ˥͙͍͊ͪͨͦ ́Φ̅Φ ˻͎ͯͪͫ͊͟Ύ ͍ͦͫͤͦ͊ ;͍ͯ͊΄͎ͫͦͦ͟ Ύ͘·͊͟Φ τ ˴ ͊͊ͤ͘ΈΥ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ˴̅̂Σ нлмрΦ 

 оΦ ͙͍̆͊ͣͦ͟ ˢΦˢΦ ˽͙ͫΈ͔ͣͤͤ·͔ ͨ͊ͣΎ͙͙ͭͤ͟ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡ ό±LLLς·LLL ͍͍ΦύΦ τ ˴ ͊͊ͤ͘ΈΥ ͙͎́͊ͭͤ͊͟Σ нлмоΦ 

 пΦ ˾͊ͻ͙ͣ͘Ύ͍ͤͦ ˣΦ˾Φ ˮ͙ͫͭͦͪΎ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡ ͙ ˭͚ͦͦͭͦ͡ ˻ͪ͒·Φ τ ˴͊͊ͤ͘ΈΥ ˮ͙ͤͫͭͭͯͭ ͙͙͙ͫͭͦͪ ˢ˹ ˾́Σ 

2012. 

 рΦ ˸ͯͻ͔͊ͣͭ΄͙ͤ ˨Φ˸Φ ˮͫ͊ͣ͡ ͍ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡Υ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͔͙͎͙͚ͪͦͤͦ͘͡ ͙ͭͪ͊͒ͼ͙͙ όL·ς· ͍͍ΦύΦ τ 

˴͊͊ͤ͘ΈΣ нлммΦ 

 сΦ ˴͔͔͍ͯ͘ ˾Φ˥Φ ˽͙ͪͦͫͻ͔͙͔ͦ͗͒ͤ ͎ͭ͊ͭ͊ͪͫͦͦ͟ ͤ͊ͪͦ͒͊Φ τ ̂ ͺ͊Υ ˣ͊΄˥̂Σ мфусΦ 

 7. Golden, Peter B. An Introduction to the History of the Turkic Peoples. τ Wiesbaden: Otto Harrassowitz, 

1992. 

 уΦ wƽƴŀ-¢ŀǎΣ !ƴŘǊłǎΦ ¢ƘŜ wŜŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜ [ŀƴƎǳŀƎŜ ƻŦ ǘƘŜ ±ƻƭƎŀ .ǳƭƎŀǊǎΦ τ Szeged University, 1988. 

 фΦ CŜŘƻǘƻǾ aΦwΦ ͙͎͙̏ͭͣͦͦ͡;͔͙͚ͫ͟ ͍ͫͦ͊ͪ͡Έ ;͍ͯ͊΄͎ͫͦͦ͟ Ύ͘·͊͟Φ ˤ н ͭΦ τ ̉ ͔͋ͦͫ͊ͪ͟·Υ ̉˥̂Σ мффсΦ 

 млΦ ˥͙͍͊ͪͨͦ ́Φ̅Φ ˣ͎͙͚ͯ͊ͪͫ͟͡ Ή͔͔ͣͤͭ͡ ͍ ;͍ͯ͊΄ͫͦͣ͟ Ύ͘·͔͟Φ τ ˴ ͊͊ͤ͘ΈΣ нлмтΦ 

 ммΦ ˴ͯ͘Έ͔͍ͣͤͦ͟ ˢΦˢΦ ˽͔ͪͦ͋ͣ͡· ͎͚ͦͯͪͫͦ͟ ό͎͚͋ͯ͊ͪͫͦ͟͡ύ ͎ͨͦ͒ͪͯͨͨ· ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟Φ τ ˸͍ͦͫ͊͟Υ ˾ˢ˹Σ 

2004. 

 мнΦ ˾͍͊ͣ͊͊ͤͦ͊͘ ˭Φ˥Φ ̒͘·͍ͦ͊͟Ύ ͙ͫͭͯ͊ͼ͙Ύ ͍ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡ όͨͦ ͒͊ͤͤ·ͣ Ή͙ͨͭ͊ͺ͙͚ύΦ τ ˴͊͊ͤ͘ΈΥ ˴̅̂Σ 

2019. 

 13. Clark, Larry. The Turkic Languages of the Volga Region: Chuvash and Tatar. τ Bloomington: Indiana 

University, 2000. 

 мпΦ WƻƘŀƴǎƻƴΣ [ŀǊǎΤ /ǎŀǘƽΣ ;Ǿŀ #Φ όŜŘǎΦύΦ ¢ƘŜ ¢ǳǊƪƛŎ [ŀƴƎǳŀƎŜǎΦ τ London & New York: Routledge, 1998. 

 15. Erdal, Marcel. A Grammar of Old Turkic. τ Leiden: Brill, 2004. 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

99 

 мсΦ .ŀǎƪŀƪƻǾ bΦ!Φ ˤ͍͔͔͙͔͒ͤ ͍ ͙ͯ͘;͔͙͔ͤ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟Φ τ ˸ ͍ͦͫ͊͟Υ ˹͊ͯ͊͟Σ мфсфΦ 

 17. ¢ŜƴƛǎƘŜǾ 9ΦwΦ ό͔ͪ͒Φύ ˿͍͙͔ͪ͊ͤͭ͡Έͤͦ-͙ ͙ͫͭͦͪ;͔ͫ͊͟Ύ ͎͙ͪ͊ͣͣ͊ͭ͊͟ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟Φ τ ˸ ͍ͦͫ͊͟Υ ˹͊ͯ͊͟Σ мфупΦ 

 18. Garipov T.F., Khabutdinov A.Yu. Linguistic Heritage of the Volga Bulgars. τ Kazan Federal University 

Press, 2020. 

 19. Aydarov, G. Runic Inscriptions of the Turks. τ .ǳŘŀǇŜǎǘΥ !ƪŀŘŞƳƛŀƛ YƛŀŘƽΣ мффоΦ 

 нлΦ ¢ŀǘŀǊƛƴǘǎŜǾΣ .ΦLΦ ͔͙̅ͦͤͭ͊͟ ͙ ͣͦͪͺ͎͙ͦͦ͡Ύ ;͍ͯ͊΄͎ͫͦͦ͟ Ύ͘·͊͟Φ τ ̉ ͔͋ͦͫ͊ͪ͟·Σ нллуΦ 

 нмΦ ˸ͯͻ͙͔͍͊ͣͣ͊͒ ˢΦ̊Φ ˴ ͍ͦͨͪͦͫͯ ͦ ͔͔͍͔͙ͨͪͣͫͭͤͤͦͫͭ ͎͎͋ͯ͊ͪͫͦͦ͟͡ Ύ͘·͊͟Φ τ ˴ ͊͊ͤ͘ΈΣ нллрΦ 

 ннΦ ͖͍̅͒ͦͪͦ-˨͍͊·͍͒ͦ ˥ΦˢΦ ˥ͦͪͦ͒͊ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡Φ τ ˸ ͍ͦͫ͊͟Υ ˹͊ͯ͊͟Σ мфтрΦ 

 ноΦ ˸͙͔͎͍ͤͤͯͦ͡ ̆Φ˥Φ ˣ͎͙͔ͯ͊ͪͫ͟͡ ͙ͨͫΈ͔ͣͤͤ·͔ ͨ͊ͣΎ͙͙ͭͤ͟ ͙ ͙ͻ Ύ͘·͟Φ τ ˴ ͊͊ͤ͘ΈΣ нлмпΦ 

 24. Aidarov, R. Volga Bulgar Inscriptions and Islamization. τ Journal of Turkic Studies, 2018. 

 25. Hakimov, A.A. Epigraphy and Cultural Identity of the Volga Bulgars. τ Kazan: Marjani Institute, 2021. 

 нсΦ ˽͔ͦͨͨ ˹Φ˹Φ ˤ͍͔͔͙͔͒ͤ ͍ ͚͔͊ͭ͊ͫͦ͟͡ Ύ͘·͙͔ͦͤ͊ͤ͘͟Φ τ ˸ ͍ͦͫ͊͟Υ ˤͦͫͭͦ;ͤ͊Ύ ͙͔ͭͪ͊ͭͯͪ͊͡Σ мфсрΦ 

 27. Versteegh, Kees. Arabic Influence on Turkic Languages during the Islamic Period. τ Leiden, 2011. 

 нуΦ wƽƴŀ-¢ŀǎΣ !ƴŘǊłǎΤ .ŜǊǘŀΣ #ǊǇłŘΦ ²Ŝǎǘ hƭŘ ¢ǳǊƪƛŎΥ ¢ǳǊƪƛŎ [ƻŀƴǿƻǊŘǎ ƛƴ IǳƴƎŀǊƛŀƴΦ τ Harrassowitz Verlag, 

2011. 

 нфΦ ˸ͯͻ͙͔͍͊ͣ͊͒ ˢΦ̊Φ ˮ͙ͫͭͦͪΎ ͙ Ύ͘·͟ ͎͋ͯ͊ͪ͡Υ ͟ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙ ͺ͔͙ͦͤͭ;͔͚ͫͦ͟ ͙͔ͫͫͭͣ·Φ τ ˴ ͊͊ͤ͘ΈΣ нлмтΦ 

 олΦ ˸͙͔͎͍ͤͤͯͦ͡ ̆Φ˥ΦΣ ˥͙͍͊ͪͨͦ ́Φ̅Φ ͙̏ͨͭ͊ͺ͙͙ ͙ ͙͎͍͙͙ͤͫͭ͡;͔͔ͫͦ͟ ͔͙͔ͤ͊ͫ͒͡ ˤ͚ͦ͗ͫͦ͟͡ ˣ͎͙͙ͯ͊ͪ͡Φ τ 

˴͊͊ͤ͘ΈΥ ˢ˹ ˾́Σ нлнлΦ 

ϭ ˮ ͚͍ͣ͊ͦ͘͡ ˮ. .˸, 2025  

 
 

 

 

˾͊ͻ͍ͣ͊ͭͦ͊ ˸͙͊ͤ͗͊ ˢ͍͋͒ͯͪ͊ͦͦͤ͊͘͘͟ 

͙͚̆ͯ͒͗͊ͤ͒ͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔̂ͤͪͫͭͭ ͙͔͙ͣͤ ͔͙͊͊͒ͣ͊͟͟ ˣͦ͋ͦ͒͗ͦͤ͊ ˥͊ͺ͍ͯͪͦ͊ 

͎Φ ̆ͯ͒͗͊ͤ͒Σ ͙͙́͊͒͗ͫͭ͊ͤ͟ 

 

˿˾ˢˤ˹ˮ́˩˶̎˹˻˩ ˮ˿˿˶˩˨˻ˤˢ˹ˮ˩ ˥˶ˢ˥˻˶˻ˤ ˽˻˹ˮ˸ˢ˹ˮ̒ ˤ ˢ˹˥˶ˮ˯˿˴˻˸ ˮ ́ˢ˨ˬˮ˴˿˴˻˸ 

̒˭̍˴ˢ̆Υ ¦b59w{¢!b5 ˮ ̅ˢ ˸ˮ˨ˢ˹ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͍͙ͨͪͦͦ͒ͭͫΎ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έ͔ͤͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͎͎͍͊ͦͦ͡͡ ͙͙ͨͦͤͣ͊ͤΎ ͍ ͎͙͚͊ͤͫͦͣ͟͡ ͙ 

͙ͭ͊͒͗ͫͦͣ͟͟ Ύ͘·͊͟ͻ ς ǳƴŘŜǊǎǘŀƴŘ ͙ ͺ͊ ͙ͣ͒͊ͤΦ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙ͻ ͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͙ ͎͙ͨͪ͊ͣ͊ͭ;͔͙͔ͫ͟ 

͔͙ͦͫͦ͋ͤͤͦͫͭΣ ͍·Ύ͍͡Ύ͔ͭͫΎ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ Ή͍͙͍͔͊ͤͭͤͦͫͭ͟͡Έ ͙ ͙ͪ͊͘͡;͙ΎΦ ˥͎͊ͦ͡͡ ǳƴŘŜǊǎǘŀƴŘ ͨͪͦΎ͍͡Ύ͔ͭ 

͔͔͋ͦ͡ ͍͙ͪ͊ͭ͘·͚ ͎͙ͨͪ͊ͣ͊ͭ;͔͙͚ͫ͟ ͔ͨͦͭͤͼ͙͊͡Σ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͫͣΎ͎;͔͙ͤΎ ͍·ͫ͊͘͟·͍͙͚͊ͤ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 

͙͒ͫͯͪͫ͊͟Σ ͎ͭͦ͒͊ ͊͟͟ ͺ͊ ͙ͣ͒͊ͤ ͙͔͙͍ͦͪͤͭͪͦ͊ͤ ͤ͊ ͨͪΎ͔ͣͦ ͍·͔͙͔ͪ͊͗ͤ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͎͙͙͍͎ͦͤͭͤͦͦ͟ ͨͪͦͼ͔ͫͫ͊Φ 

˾͊͋ͦͭ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͎͙ͯͯ͋ͭ͡Έ ͙͙͔ͨͦͤͣ͊ͤ ͎͙͙͍ͦͤͭͤ͟·ͻ ͔͎͙͚͊ͭͦͪ͟ ͍ Ύ͘·͔͟ ͙ ͦͭͪ͟·͍͔͊ͭ ͔͔͙͍ͨͪͫͨͭ͟· ͒͡Ύ 

͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͍ ͙ͦ͋͊ͫͭ͡ ͙͎͍͙͙͙ͤͫͭ͟͡Σ ͔͔͍͍͔͔͙ͨͪͦ͒ͦ͒ͤΎ ͙ ͔ͣ͗ͯ͟͡Έ͚ͭͯͪͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡ 

͎͎͊ͦ͡͡ ͙͙ͨͦͤͣ͊ͤΎΣ ͔͙ͫͣ͊ͤͭ͊͟Σ ͎͙ͨͪ͊ͣ͊ͭ͊͟Σ ͎͙͚͙͚͊ͤͫ͟͡ Ύ͘·͟Σ ͙͙͚ͭ͊͒͗ͫ͟͟ Ύ͘·͟Σ 

 ͟ ͎͙͙͍ͦͤͭͤ͊Ύ ͙͎͍͙͙ͤͫͭ͊͟͡Σ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έͤ·͚ ͙͊ͤ͊͘͡. 

 

Rakhmatova Manizha Abdurazzokovna 

Khujand State University named after academician Bobojon Ghafurov 

Khujand, Tajikistan 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

100 

A COMPARATIVE STUDY OF VERBS OF UNDERSTANDING IN ENGLISH AND TAJIK: 

 UNDERSTAND AND ̅ˢ ˸ˮ˨ˢ˹ 

 

Abstract 

The article presents a comparative study of verbs of understanding in English and Tajik ς understand 

and fahmidan. Their semantic and pragmatic features are analyzed, and functional equivalence and 

differences are identified. The verb understand exhibits a more developed pragmatic potential, being used 

to mitigate statements and organize discourse, while fahmidan primarily focuses on explicitly expressing the 

result of cognitive processing. The study deepens the understanding of cognitive categories in language and 

provides perspectives for research in linguistics, translation studies, and intercultural communication. 

Keywords 

verb of understanding, semantics, pragmatics, English, Tajik, cognitive linguistics, comparative analysis. 

 

ˤ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͙ ͙͍͎͊ͭͤͦͦ͟ ͔ͣ͗ͯ͟͡Έ͎ͭͯͪͤͦͦ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͍ͦͪ͊ͫͭ͊͘Όͭ ͔͍͙ͭͪ͋ͦ͊ͤΎ 

͟ ͎ͯ͋ͦͦͣͯ͟͡ ͙͙ͨͦͤͣ͊ͤΌ Ύ͘·͍ͦ͟·ͻ ͔͍ͫͪ͒ͫͭΣ ͦͭͪ͊͗͊Ό΅͙ͻ ͎͙͙͍ͦͤͭͤͯ͟Ό ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ;͔͍͔ͦ͊͟͡ ώнΣ ͫΦ 

мнсϐΦ ̒͘·͟ Ύ͍͡Ύ͔ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͔͍ͫͪ͒ͫͭͦͣ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Σ ͤͦ ͙ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͦͤ͟ͼ͔͙ͨͭͯ͊͊͘͡ͼ͙͙ ͙ͣͪ͊Σ 

͍ ͦͭͦͪͦͣ͟ ͺ͙͙ͫͪͯ͟ΌͭͫΎ ͨͪͦͼ͔ͫͫ· ͣ·΄͔͙ͤ͡ΎΣ ͍͙ͦͫͨͪΎ͙ͭΎ ͙ ͦͫͣ·͔͙ͫͤ͡ΎΦ ˻͙͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͔͍͊ͫͨͭͦ͟ 

͎͙͙͍͚ͦͤͭͤͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ Ύ͍͡Ύ͔ͭͫΎ ͙͙͔ͨͦͤͣ͊ͤΣ ͔ͦͭͦͪͦ͟ ͤ͊ ͪ͊ͤ͘·ͻ Ύ͘·͊͟ͻ ͍·͔ͪ͊͗͊ͭͫΎ ;͔͔ͪ͘ ͙͔ͫͫͭͣͯ 

͎͎͍͊ͦͦ͡͡Σ ͦ͋ͦͤ͊͘;͊Ό΅͙ͻ ͨͪͦͼ͔ͫͫ ͙͙͡ ͔ͪͯ͘͡Έͭ͊ͭ ͦͫͣ·͔͙ͫͤ͡Ύ ͙ͤͺͦͪͣ͊ͼ͙͙ ώоΣ ͫΦфсϐΦ 

˿͍͙͔ͦͨͦͫͭ͊ͭ͡Έ͔ͤͦ ͙ͯ͘;͔͙͔ͤ Ύ͘·͍ͦ͟·ͻ ͔͍ͫͪ͒ͫͭΣ ͦͭͪ͊͗͊Ό΅͙ͻ ͔͎͙͊ͭͦͪ͟Ό ͙͙ͨͦͤͣ͊ͤΎΣ ͍ͨͦͦ͘͡Ύ͔ͭ 

͍·Ύ͍͙ͭΈ ͊͟͟ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͎͙͙͍ͦͤͭͤ͟·͔ ͔ͣͻ͙͊ͤͣ͘·Σ ͭ͊͟ ͙ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ͻ Ύ͘·͍͎ͦͦͦ͟ 

͙ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͍ͦͨͦ͡΅͔͙ͤΎΦ ˤ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͼ͔ͤͭͪ͊͡Έͤ·ͣ ͎͎͊ͦͦͣ͡͡Σ ͦ͋ͦͤ͊͘;͊Ό΅͙ͣ ͙͙͔ͨͦͤͣ͊ͤΣ 

Ύ͍͡Ύ͔ͭͫΎ ǳƴŘŜǊǎǘŀƴŘΣ ͍ ͙ͭ͊͒͗ͫͦͣ͟͟ Ύ͘·͔͟ ͎͙͊ͤ͊ͦ͡;ͤͯΌ ͺͯͤ͟ͼ͙Ό ͍·ͨͦͤ͡Ύ͔ͭ ͎͎͊ͦ͡͡ ͺ͊ ͙ͣ͒͊ͤ ώнΤ оϐ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͦ͋΅ͯΌ ͎͙͙͍ͦͤͭͤͯ͟Ό ͍ͦͫͤͦͯΣ ͙ͻ ͔͙ͫͣ͊ͤͭ;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͙ ͎͙ͨͪ͊ͣ͊ͭ;͔͔ͫͦ͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ 

͙ͪ͊͘͡;͊ΌͭͫΎΣ ;ͭͦ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͙ͪ͊͘͡;͙Ύ͙ͣ ͍ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͻ ͔͎͙ͫͭͪ͊ͭΎͻ ͙ ͯ͟͡Έͭͯͪͤ·ͻ ͤͦͪͣ͊ͻΦ 

͔̇͡Έ ͤ͊ͫͭͦΎ΅͔͚ ͪ͊͋ͦͭ· ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έͤͦͣ ͙͔͊ͤ͊͘͡ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ͻ ͙ 

͎͙ͨͪ͊ͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͎͎͍͊ͦͦ͡͡ ǳƴŘŜǊǎǘŀƴŘ ͙ ͺ͊ ͙ͣ͒͊ͤΣ ͊ ͔ͭ͊͗͟ ͍ ͍·Ύ͍͔͙͙ͤ͡ ͙ͻ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ Ή͍͙͍͔͙͊ͤͭͤͦͫͭ͟͡ ͙ ͙ͪ͊͘͡;͙͚Φ ˤ ͻ͔ͦ͒ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙͔ͨͪͣͤΎΌͭͫΎ ͔ͣͭͦ͒· 

͔͎ͦͣͨͦͤͤͭͤͦͦ͟ ͙ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡Σ ͍ͨͦͦ͘͡ΎΌ΅͙͔ ͔͒ͭ͊͡Έͤͦ ͔͙ͨͪͦͫ͒ͭ͡Έ ͤ͊͘;͔͙͔ͤΣ 

͎͙ͨͪ͊ͣ͊ͭͯ͟ ͙ ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͒͊ͤͤ·ͻ ͎͎͍͊ͦͦ͡͡ ͍ ͙ͪ͊͘͡;ͤ·ͻ Ύ͘·͍ͦ͟·ͻ ͔ͦͤͭͫͭ͊͟͟ͻΦ 

ˤ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͙ ͙͍͎͊ͭͤͦͦ͟ ͔ͣ͗ͯ͟͡Έ͎ͭͯͪͤͦͦ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͦͫͦ͋ͯΌ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ 

͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έ͔ͤͦ ͙ͯ͘;͔͙͔ͤ Ύ͘·͍ͦ͟·ͻ ͔͍ͫͪ͒ͫͭΣ ͦͭͪ͊͗͊Ό΅͙ͻ ͎͙͙͍ͦͤͭͤͯ͟Ό ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ 

;͔͍͔ͦ͊͟͡Φ ˻͚͒ͤͦ ͙͘ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͔͎͙͚͊ͭͦͪ͟Σ ͦͭͪ͊͗͊Ό΅͙ͻ ͨͪͦͼ͔ͫͫ· ͣ·΄͔͙ͤ͡ΎΣ Ύ͍͡Ύ͔ͭͫΎ ͔͎͙͊ͭͦͪ͟Ύ 

͙͙ͨͦͤͣ͊ͤΎΣ ͔͔͔͙͔ͪͨͪͤͭͪͯͣ͊͘Ύ ͍ Ύ͘·͔͟ ͙͔͚ͫͫͭͣͦ ͎͎͍͊ͦͦ͡͡Φ 

ˤ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͼ͔ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͍ ͚͒͊ͤͤͦ ͙͔͔ͫͫͭͣ ͙͔͊ͤͣ͊ͭ͘ ͎͎͊ͦ͡͡ ǳƴŘŜǊǎǘŀƴŘΣ ͍ 

͙ͭ͊͒͗ͫͦͣ͟͟ ς ͎͎͊ͦ͡͡ ͺ͊ ͙ͣ͒͊ͤΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͦ͋΅ͯΌ ͎͙͙͍ͦͤͭͤͯ͟Ό ͍ͦͫͤͦͯΣ ͒͊ͤͤ·͔ ͎͎͊ͦ͡͡· 

ͺͯͤ͟ͼ͙͙ͦͤͪͯΌͭ ͍ ͙ͪ͊͘͡;ͤ·ͻ Ύ͘·͍ͦ͟·ͻ ͙ ͯ͟͡Έͭͯͪͤ·ͻ ͙͔ͫͫͭͣ͊ͻΣ ;ͭͦ ͍͙͍͔ͦ͋ͯͫͦ͊ͭ͡͡ ͙ͪ͊͘͡;͙Ύ ͍ ͙ͻ 

͔ͫ ͙ͣ͊ͤͭ;͔͚ͫͦ͟ ͔ͫͭͪͯͭͯͪ͟ ͙ ͎͙ͨͪ͊ͣ͊ͭ;͔ͫͦͣ͟ ͔ͨͦͭͤͼ͙͔͊͡Φ 

ˤ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͙ ͙͍͎͊ͭͤͦͦ͟ ͔ͣ͗ͯ͟͡Έ͎ͭͯͪͤͦͦ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͦͫͦ͋ͯΌ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ 

͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έ͔ͤͦ ͙ͯ͘;͔͙͔ͤ Ύ͘·͍ͦ͟·ͻ ͔͍ͫͪ͒ͫͭΣ ͦͭͪ͊͗͊Ό΅͙ͻ ͎͙͙͍ͦͤͭͤͯ͟Ό ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ 

;͔͍͔ͦ͊͟͡Φ ˻͚͒ͤͦ ͙͘ ͙ͭ͊͟ͻ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͔͎͙͚͊ͭͦͪ͟ Ύ͍͡Ύ͔ͭͫΎ ͔͎͙͊ͭͦͪ͟Ύ ͙͙ͨͦͤͣ͊ͤΎΣ ͪ ͔͔͔͙͔ͨͪͤͭͪͯͣ͊͘Ύ 

͍ Ύ͘·͔͟ ͙͔͚ͫͫͭͣͦ ͎͎͍͊ͦͦ͡͡Φ ˤ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͼ͔ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͍ ͚͒͊ͤͤͦ ͙͔͔ͫͫͭͣ ͙͔͊ͤͣ͊ͭ͘ ͎͎͊ͦ͡͡ 

understandΣ ͍ ͙ͭ͊͒͗ͫͦͣ͟͟ ς ͎ ͎͊ͦ͡͡ ͺ͊ ͙ͣ͒͊ͤ. 

˹͔ͫͣͦͭͪΎ ͤ͊ ͦ͋΅ͯΌ ͎͙͙͍ͦͤͭͤͯ͟Ό ͍ͦͫͤͦͯΣ ͒͊ͤͤ·͔ ͎͎͊ͦ͡͡· ͺͯͤ͟ͼ͙͙ͦͤͪͯΌͭ ͍ ͙ͪ͊͘͡;ͤ·ͻ 

Ύ͘·͍ͦ͟·ͻ ͙ ͯ͟͡Έͭͯͪͤ·ͻ ͙͔ͫͫͭͣ͊ͻΣ ;ͭͦ ͍͙͍͔ͦ͋ͯͫͦ͊ͭ͡͡ ͙ͪ͊͘͡;͙Ύ ͍ ͙ͻ ͔͙ͫͣ͊ͤͭ;͔͚ͫͦ͟ ͔ͫͭͪͯͭͯͪ͟ ͙ 
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͎͙ͨͪ͊ͣ͊ͭ;͔ͫͦͣ͟ ͔ͨͦͭͤͼ͙͔͊͡Φ ͔̇͡ΈΌ ͤ͊ͫͭͦΎ΅͔͎ͦ ͔ͪͺ͔ͪ͊ͭ͊ Ύ͍͡Ύ͔ͭͫΎ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ 

͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ͻ ͙ ͎͙ͨͪ͊ͣ͊ͭ;͔͙ͫ͟ͻ ͍͚͍ͫͦͫͭ ͎͎͍͊ͦͦ͡͡ understand ͙ ͊ͅ ͙ͣ͒͊ͤΦ ˤ ͔ͪ͊͋ͦͭ ͙͔ͨͪͣͤΎΌͭͫΎ 

͔ͣͭͦ͒· ͔͎ͦͣͨͦͤͤͭͤͦͦ͟ ͙ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡Φ 

˥͎͊ͦ͡͡ understand ͔ͦ͋͊͒͊ͭ͡ ͍͔͍͖͚ͪ͊ͭͤͤͦ͘͡ ͔͙ͫͣ͊ͤͭ;͔͚ͫͦ͟ ͚ͫͭͪͯͭͯͪͦ͟ ͙ ͔͙͔ͪ͊ͯͭ͘͡ 

͙͔͔͙͍͔ͤͭͪͨͪͭ͊ͭͤͦΣ ͔͙͙͍͔ͨͪͫͯͨͨͦͭͤͦ͘Σ ͙͙͙͍͔ͣͨ͊ͭͤͦ͟͡Σ ͙͙͍ͫͭͯ͊ͭͤͦ-ͦͼ͔ͤͦ;͔ͤͦ ͙ Ή͙͔͙ͨͫͭͣͦ͟-

͎͙ͨͪ͊ͣ͊ͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙ͤΎ ώпΤ рϐΦ ˻ͤ ͔ͣͦ͗ͭ ͦ͋ͦͤ͊͘;͊ͭΈ ͊͟͟ ͨͪͦͼ͔ͫͫ ͦͫͣ·͔͙ͫͤ͡Ύ ͙ͤͺͦͪͣ͊ͼ͙͙Σ ͭ͊͟ ͙ 

ͫͦͫͭͦΎ͙͔ͤ ͙͎͎͒ͦͫͭͤͯͭͦͦ ͙͙ͨͦͤͣ͊ͤΎΣ ͊ ͔ͭ͊͗͟ ͙ͨͪͤΎ͙͔ͭ ͙͙͡ ͔͙ͤͨͪͤΎ͙͔ͭ ͙ͨͦ͘ͼ͙͙ ͔͔͙ͫͦ͋ͫ͒ͤ͊͟Φ 

͙͙͚́͊͒͗ͫ͟͟ ͎͎͊ͦ͡͡ ͺ͊ ͙ͣ͒͊ͤ ͔ͭ͊͗͟ Ύ͍͡Ύ͔ͭͫΎ ͎ͣͤͦͦͤ͊͘;ͤ·ͣ ͙ ͦͻ͍͊ͭ·͍͔͊ͭ ͤ͊͘;͔͙ͤΎ ζͨͦͤΎͭΈηΣ 

ζͯΎ͙ͫͤͭΈηΣ ζ͙͎ͨͦͫͭͤͯͭΈ ͫͣ·ͫ͡ηΣ ζͦͫͦͤ͊ͭ͘Έη ώоΣ ͫΦ фтϐΦ ˤ ͙ͦͭ͡;͙͔ ͦͭ understandΣ ͎͎͊ͦ͡͡ ͺ͊ ͙ͣ͒͊ͤ ͍ 

͋ͦ͡Έ΄͔͚ ͔͔͙ͫͭͨͤ ͙͔͙͍ͦͪͤͭͪͦ͊ͤ ͤ͊ ͔ͪͯ͘͡Έͭ͊ͭ ͎͙͙͍͎ͦͤͭͤͦͦ͟ ͨͪͦͼ͔ͫͫ͊Σ ͭͦ ͔ͫͭΈ ͤ͊ ͺ͊ͭ͟ ͙͎͎͒ͦͫͭͤͯͭͦͦ 

͙͙ͨͦͤͣ͊ͤΎΣ ͎ͭͦ͒͊ ͊͟͟ ͨͪͦͼ͔ͫͫͯ͊͡Έͤ·͚ ͔͊ͫͨͭ͟ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͍·͔ͪ͊͗ͤ ͔͔͋ͦ͡ Ύ͍ͤͦΦ 

˿͍͔͙͔ͦͨͦͫͭ͊ͤ͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͙͔͔͙͍͔ͤͭͪͨͪͭ͊ͭͤͦ ͙ ͔͙͙͍͔ͨͪͫͯͨͨͦͭͤͦ͘ ͤ͊͘;͔͙ͤΎ Ύ͍͡ΎΌͭͫΎ 

Ύ͔͒ͪͤ·͙ͣ ͒͡Ύ ͙ͦ͋ͦͻ ͎͎͍͊ͦͦ͡͡Σ ͦ͒ͤ͊ͦ͟ ͙͙͙͍ͣͨ͊ͭͤ͟͡·͔ ͙ ͦͼ͔ͤͦ;ͤ·͔ ͔ͦͣͨͦͤͤͭ͟· ͔͔͋ͦ͡ ͙͍͊ͭͤͦ͟ 

͍͙ͪ͊ͭ͘· ͍ ͔͙͔ͫͣ͊ͤͭ͟ ͎͎͊ͦ͊͡͡ understand. 

ˤ ͎͙ͨͪ͊ͣ͊ͭ;͔ͫͦͣ͟ ͔ͨ͊ͤ͡ ͎͎͊ͦ͡͡ understand ΄͙ͪͦͦ͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍ ͎͙͚͚͊ͤͫͦ͟͡ ͙͎͙͒͊ͦ͡;͔͚ͫͦ͟ 

͔ͪ;͙ ͊͟͟ ͔͍ͫͪ͒ͫͭͦ ͍͔͙͍͎͗ͦͦ͡ ͎͙ͫͦ͊ͫ͡ΎΣ ;͙͊ͫͭ;͎ͤͦͦ ͙ͨͪͤΎ͙ͭΎ ͙ͨͦ͘ͼ͙͙ ͔͔͙ͫͦ͋ͫ͒ͤ͊͟ ͙͙͡ ͫͪ͟·͎ͭͦͦ 

͔͎͙ͤͫͦ͊ͫ͡ΎΦ ˴ͦͤͫͭͪͯ͟ͼ͙͙ ͫ understand ͤ ͔͔ͪ͒ͦ͟ ͫͯ͗͊ͭ͡ ͔͎͙͔͚ͫͭͪ͊ͭ ͫͣΎ͎;͔͙ͤΎ ͍·ͫ͊͘͟·͍͙͊ͤΎ ͙ ͙͔͙ͫͤ͗ͤΎ 

͙͙͍͎ͦͣͣͯͤ͊ͭͤͦͦ͟͟ ͤ͊ͨͪΎ͔͙͗ͤΎ ώрΣ ͫΦ нслϐΦ 

ˤ ͙ͭ͊͒͗ͫͦͣ͟͟ Ύ͘·͔͟ ͎͎͊ͦ͡͡ ͺ͊ ͙ͣ͒͊ͤ ͔ͭ͊͗͟ ͍·ͨͦͤ͡Ύ͔ͭ ͎͙ͨͪ͊ͣ͊ͭ;͔͙͔ͫ͟ ͺͯͤ͟ͼ͙͙Σ ͦ͒ͤ͊ͦ͟ ͔͎ͦ 

͔͔͙͔ͯͨͦͭͪ͋ͤ͡ ;͊΅͔ ͍ͫΎ͊ͤͦ͘ ͫ ͨͪΎͣ·ͣ ͍͔͔͙͔ͨͦ͒ͭͪ͗͒ͤͣ ͙͙ͨͦͤͣ͊ͤΎ ͙͙͡ ͙ͦͫͦͤ͊ͤ͘Ύ ͙ͤͺͦͪͣ͊ͼ͙͙ ώоΣ ͫΦ 

фсϐΦ ˤ ͍͔͙͙ͫͪ͊ͤͤ ͫ ͎͙͚͙͊ͤͫͣ͟͡ understandΣ ͙͙͚ͭ͊͒͗ͫ͟͟ ͺ͊ ͙ͣ͒͊ͤ ͔͔ͪ͗ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͊͟͟ ͔͍ͫͪ͒ͫͭͦ 

Ή͍ͺ͔͙͙ͣͫͭ;͔͎ͫͦͦ͟ ͔͎͙ͤͫͦ͊ͫ͡Ύ ͙ ͍ ͋ͦ͡Έ΄͔͚ ͔͔͙ͫͭͨͤ ͙͔͙͍ͦͪͤͭͪͦ͊ͤ ͤ͊ Ή͙ͫͨ͟͡ͼ͙͔ͭͤͦ ͍·͔͙͔ͪ͊͗ͤ 

͎͙͙͍͎ͦͤͭͤͦͦ͟ ͔ͪͯ͘͡Έͭ͊ͭ͊Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͣͦ͗ͤͦ ͎͍͙ͦͦͪͭΈ ͦ ͙ͪ͊͘͡;͙͙ ͎͙ͨͪ͊ͣ͊ͭ;͔͙ͫ͟ͻ ͔͎͙͚ͫͭͪ͊ͭΥ ͎͙͚͙͚͊ͤͫ͟͡ Ύ͘·͟ 

͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͋ͦ͡Έ΄ͯΌ ͔͔ͫͭͨͤΈ ͍͔͙ͦͫͤͤͦͫͭ͟ ͙ ͎͙ͨͪ͊ͣ͊ͭ;͔͚ͫͦ͟ ͎͙͙͋ͦͫͭ͟Σ ͎ͭͦ͒͊ ͊͟͟ ͙͙͚ͭ͊͒͗ͫ͟͟ Ύ͘·͟ 

ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͋ͦ͡Έ΄͔͚ ͨͪΎ͚ͣͦͭͦ ͍·͔͙ͪ͊͗ͤΎ ͙͙ͨͦͤͣ͊ͤΎΦ 

ˤ ͙͎͒͊ͦ͊͡ͻ ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟ ͎͎͊ͦ͡͡ understand ͙͍͊ͭͤͦ͟ ͯ;͍͔͊ͫͭͯͭ ͍ ͔͙ͪ͊͊͘͡ͼ͙͙ ͔ͪ;͔͍·ͻ ͍͊ͭͦ͟ 

͍͔͙ͦͪ͊͗ͤ͘ΎΣ ͔͙ͫͦͣͤͤΎΣ ͯͭͦ;͔͙ͤͤΎ ͙ ͎͔͊ͪͯͣͤͭ͊ͼ͙͙Φ ˩͎ͦ ͔͔͙͔ͯͨͦͭͪ͋ͤ͡ ;͊ͫͭͦ ͙͎͙͙͔ͫͤ͊ͪͯͭ͘͡ ͔ͤ ͫͭͦ͡Έͦ͟ 

ͦ ͨͦͤͦͣ͡ ͙͙͙ͨͦͤͣ͊ͤΣ ͫͦ͟͡Έͦ͟ ͦ ͎͍͙ͦͭͦͤͦͫͭ ͙ͨͪͦ͒ͦ͗ͭ͡Έ ͙͎͒͊ͦ͡ ͙͙͡ ͦ͋ͦͤ͊͘;͙ͭΈ ͍ͫͦΌ ͙ͨͦ͘ͼ͙ΌΦ 

ˤ ͙͚ͭ͊͒͗ͫͦ͟͟ ͙͎͙͒͊ͦ͡;͔͚ͫͦ͟ ͔ͪ;͙ ͎͎͊ͦ͡͡ ͺ͊ ͙ͣ͒͊ͤ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͙͔ͣ͊ͪͪͯͭ͟ 

͍͔͊ͪ͘΄͖ͤͤͦͫͭΈ ͎͙͙͍͎ͦͤͭͤͦͦ͟ ͊ͭ͊͟ ͙ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͍͔͙ͯͫͦͤΎ ͫͣ·ͫ͊͡ ͍·ͫ͊͘͟·͍͙͊ͤΎΦ 

˻͒ͤ͊ͦ͟ ͍ ͪΎ͔͒ ͔͍ͦͤͭͫͭͦ͟͟ ͦͤ ͔ͭ͊͗͟ ͔ͣͦ͗ͭ ͍·ͪ͊͗͊ͭΈ ͦͼ͔ͤͦ;͔ͤͦ ͦͭͤͦ΄͔͙͔ͤ ͎͍ͦͦͪΎ΅͔͎ͦΣ ;ͭͦ 

͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͙ͤ͊͡;͙͙ ͎͙ͨͪ͊ͣ͊ͭ;͔͎ͫͦͦ͟ ͔ͨͦͭͤͼ͙͊͊͡Σ ͍͙͎ͫͦͨͦͫͭ͊ͣͦͦ ͫ ͎͙͚͙͊ͤͫͣ͟͡ understand. 

˨͡Ύ ͔͔͋ͦ͡ ͎ͤ͊͡Ύ͎͒ͤͦͦ ͍·Ύ͍͔͙ͤ͡Ύ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ͻ ͙ ͎͙ͨͪ͊ͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͎͎͍͊ͦͦ͡͡ 

understand ͙ ͊ͅ ͙ͣ͒͊ͤ ͼ͔͔ͫͦͦ͋ͪ͊ͤͦ͘͡ ͙ͦ͋ͪ͊ͭͭΈͫΎ ͟ ͙͊ͤ͊ͯ͘͡ ͙͔͍ͨͪͣͪͦ ͙ͻ ͔͔͙ͯͨͦͭͪ͋ͤ͡Ύ ͍ 

͙͎͙͒͊ͦ͡;͔͚ͫͦ͟ ͙ ͔͙͎͙ͤ͒͊ͦ͡;͔͚ͫͦ͟ ͔ͪ;͙Φ 

I understand what you are trying to explain. 

(˸͊ ͤͣ ͔ͺ͊ ͣ͊ͣ, ͟  ͙́ ͯͣͦ ; ͣ ͔ͻͦ ͔͒ ͅ ͊ ͔ͣͦͤ͒.) 

ˤ ͒͊ͤͤͦͣ ͙͔͔ͨͪͣͪ ͎͎͊ͦ͡͡ understand ͍ ·͔ͪ͊͗͊ͭ ͨͪͦͼ͔ͫͫ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͫͦͦ͋΅͔͙ͤΎΦ ͙͙͚́͊͒͗ͫ͟͟ 

͎͎͊ͦ͡͡ ͺ͊ ͙ͣ͒͊ͤ ͍ ·͔ͫͭͯͨ͊ͭ ͍ Ή͍͙͍͔͚͊ͤͭͤͦ͟͡ ͺͯͤ͟ͼ͙͙ ͙ ͔͔͖ͨͪ͒͊ͭ ͔ͭͯ͟΅͔͔ ͫͦͫͭͦΎ͙͔ͤ ͙͙ͨͦͤͣ͊ͤΎΦ 

Now I understand the problem. 

ό ͦͦ͡ ͣ͊ͤ ͣͯ΄͙ͪͦ͟͡ ͺ͊ ͙ͣ͒͊ͣΦύ 

˭͔͒ͫΈ ͦ͋͊ ͎͎͊ͦ͊͡͡ ͦ͋ͦͤ͊͘;͊Όͭ ͔ͪͯ͘͡Έͭ͊ͭ ͎͙͙͍͎ͦͤͭͤͦͦ͟ ͨͪͦͼ͔ͫͫ͊Φ ˽͙ͪ Ήͭͦͣ ͍ ͙ͭ͊͒͗ͫͦͣ͟͟ Ύ͘·͔͟ 

͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭΈ ͍·͔ͪ͊͗͊ͭͫΎ ͺ͚ͦͪͣͦ ͨͪͦ΄͔͒΄͔͎ͦ ͍͔͔͙ͪͣͤΣ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͭͨ;ͤ·ͣ ͫͨͦͫͦ͋ͦͣ 

͙͊ͭͯ͊͊͘͟͡ͼ͙͙ ͍͔͊ͪ͘΄͖͙ͤͤͦͫͭ ͙͙ͨͦͤͣ͊ͤΎΦ 
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I understand your point, but I disagree. 

ό˸͊ͤ ͺ͙͙ͪ͟ ΄ͯͣͦͪͦ ͔ͣͺ͊ ͣ͊ͣΣ ͊ͣͣͦ ͪͦ͘  ͔ͤͫͭ͊ͣΦύ 

ˤ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ understand ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͊͟͟ ͔͍ͫͪ͒ͫͭͦ ͫͣΎ͎;͔͙ͤΎ ͔͎͙ͤͫͦ͊ͫ͡ΎΦ ͙͙͚́͊͒͗ͫ͟͟ 

Ή͍͙͍͔͊ͤͭ͟͡ ͫͦͻͪ͊ͤΎ͔ͭ ͍͔ͦͫͤͦͤͦ ͤ͊͘;͔͙͔ͤΣ ͦ͒ͤ͊ͦ͟ ͎͙ͨͪ͊ͣ͊ͭ;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟ ͫͣΎ͎;͔͙ͤΎ ͍·͔ͪ͊͗ͤ ͔͔͔ͣͤ 

Ύ͍ͤͦ ͙ ͍ ͋ͦ͡Έ΄͔͚ ͔͔͙ͫͭͨͤ ͍͙͙͊ͫͭ͘ ͦͭ ͔ͦͤͭͫͭ͊͟͟Φ 

L ǳƴŘŜǊǎǘŀƴŘΣ ōǳǘ ǘƘŀǘΩǎ ƴƻǘ ǿƘŀǘ L ƳŜŀƴǘΦ 

ό˸͊ͤ ͔ͣͺ͊ ͣ͊ͣΣ ͊ͣͣͦ ͙ͤ ͣ͊Ά͙ͤͦ ͎ͯͺ͙ͭ͊ ͣ͊ͤ ͔ͤͫͭΦύ 

ˤ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ understand ͔ͤ ͫͭͦ͡Έͦ͟ ͦ͋ͦͤ͊͘;͔͊ͭ ͎͙͙͍ͦͤͭͤ͟·͚ ͊ͭ͟Σ ͫͦ͟͡Έͦ͟ ͍·ͨͦͤ͡Ύ͔ͭ 

͙͙͍͒ͫͯͪͫͤͯ͟Ό ͺͯͤ͟ͼ͙ΌΣ ͙͎͙͙ͫͤ͊ͪͯ͘͡Ύ ͦ ͔͙͙ͨͪͦ͒ͦ͗ͤ͡ ͎͔͊ͪͯͣͤͭ͊ͼ͙͙Φ ˤ ͙ͭ͊͒͗ͫͦͣ͟͟ Ύ͘·͔͟ 

͎͙͊ͤ͊ͦ͡;ͤ͊Ύ ͺͯͤ͟ͼ͙Ύ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͔͔͋ͦ͡ Ή͙ͫͨ͟͡ͼ͙ͭͤͦΦ 

Try to understand me. 

ό˴ ΄͙΄ ͯͤ͟ ͣ͊ͪͦ ͺ͊ ͣ Φύ 

ˮ͔͙͍ͣͨͪ͊ͭͤ͊Ύ ͺͦͪͣ͊ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟ ͍͔ͤ͊ͨͪ͊ͤͤͦͫͭ͡Έ ͍·ͫ͊͘͟·͍͙͊ͤΎ ͤ͊ ͔͊͒ͪͫ͊ͭ͊ ͙ ͙͍͙͙͔͊ͭͪͯͭ͘͟ 

͎͙ͨͪ͊ͣ͊ͭ;͔ͫͯ͟Ό ͺͯͤ͟ͼ͙Ό ͎͎͍͊ͦͦ͡͡ ͍ ͙ͦ͋ͦͻ Ύ͘·͊͟ͻΦ 

˿͍͙͔ͦͨͦͫͭ͊ͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͙͔͍ͨͪͣͪͦ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͎͎͊ͦ͡͡· understand ͙ ͊ͅ ͙ͣ͒͊ͤ ͍ ͼ͔ͦͣ͡ 

Ύ͍͡ΎΌͭͫΎ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ Ή͍͙͍͔͊ͤͭͤ͟͡·͙ͣΣ ͦ͒ͤ͊ͦ͟ understand ͔ͦ͋͊͒͊ͭ͡ ͔͔͋ͦ͡ ͍͙ͪ͊ͭ͘·ͣ 

͎͙ͨͪ͊ͣ͊ͭ;͔͙ͫͣ͟ ͔ͨͦͭͤͼ͙͊ͦͣ͡ ͙ ;͊΅͔ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͊͟͟ ͔͍ͫͪ͒ͫͭͦ ͙͙͍͚͒ͫͯͪͫͤͦ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙͎͒͊ͦ͊͡ 

͙ ͫͣΎ͎;͔͙ͤΎ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͻ ͔͎͙͚ͫͭͪ͊ͭΦ ͙͙͚́͊͒͗ͫ͟͟ ͎͎͊ͦ͡͡ ͺ͊ ͙ͣ͒͊ͤ ͍ ͋ͦ͡Έ΄͔͚ ͔͔͙ͫͭͨͤ 

͙͔͙͍ͦͪͤͭͪͦ͊ͤ ͤ͊ Ή͙ͫͨ͟͡ͼ͙͔ͭͤͦ ͍·͔͙͔ͪ͊͗ͤ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͙͙ͨͦͤͣ͊ͤΎ ώнΤоϐΦ 

ˢ͙ͤ͊͘͡ ͙͔͍ͨͪͣͪͦ ͙͘ ͎͙͚͚͊ͤͫͦ͟͡ ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦ ͙͔ͭͪ͊ͭͯͪ͡· ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͎͎͊ͦ͡͡ understand 

͔ͦ͋͊͒͊ͭ͡ ͍·͙ͫͦͣ͟ ͎͙ͨͪ͊ͣ͊ͭ;͔͙ͫͣ͟ ͔ͨͦͭͤͼ͙͊ͦͣ͡ ͙ ;͊ͫͭͦ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͊͟͟ ͙͙͍͒ͫͯͪͫͤ͟·͚ ͔ͣ͊ͪͪ͟ 

͔͙ͣ͗͡;ͤͦͫͭͤ·ͻ ͦͭͤͦ΄͔͙͚ͤΦ ˤ ͍͔͙͙ͫͦͨͦͫͭ͊ͤ͡ ͫ ͙͙ͭ͊͒͗ͫͣ͟͟ ͎͎͊ͦͦͣ͡͡ ͺ͊ ͙ͣ͒͊ͤ ͍·Ύ͍͡Ύ͔ͭͫΎ 

ͤ͊͘;͙͔ͭ͡Έͤ͊Ύ ͔͙ͫͣ͊ͤͭ;͔ͫ͊͟Ύ Ή͍͙͍͔͊ͤͭͤͦͫͭ͟͡ΈΣ ͔ͦͫͦ͋ͤͤͦ ͤ͊ ͍͔ͯͪͦͤ ͍͎͋͊ͦͦͦ͘ ͎͙͙͍͎ͦͤͭͤͦͦ͟ ͤ͊͘;͔͙ͤΎΦ 

ˤ ͭͦ ͔͗ ͍͔ͪͣΎ understand ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͋ͦ͡Έ΄ͯΌ ͔͔ͫͭͨͤΈ ͎͙ͨͪ͊ͣ͊ͭ;͔͚ͫͦ͟ ͍͙͙͍͙͊ͪ͊ͭͤͦͫͭΣ 

͍·ͫͭͯͨ͊Ύ ͔͍ͫͪ͒ͫͭͦͣ ͫͣΎ͎;͔͙ͤΎ ͔͎͙ͤͫͦ͊ͫ͡ΎΣ ͍·͔͙ͪ͊͗ͤΎ ͙͒ͫͭ͊ͤͼ͙͍͙ͪͦ͊ͤΎ ͙͙͡ Ήͣͦͼ͙ͦͤ͊͡Έ͎ͤͦͦ 

ͤ͊ͨͪΎ͔͙͗ͤΎΣ ͎ͭͦ͒͊ ͊͟͟ ͺ͊ ͙ͣ͒͊ͤ ;͊΅͔ ͙͔͙͍ͦͪͤͭͪͦ͊ͤ ͤ͊ Ή͙ͫͨ͟͡ͼ͙͔ͭͤͦ ͦ͋ͦͤ͊͘;͔͙͔ͤ ͔ͪͯ͘͡Έͭ͊ͭ͊ 

͙͙ͨͦͤͣ͊ͤΎΦ 

˿͍͙͔ͦͨͦͫͭ͊ͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͙ͨͪ ͦ͋΅͔͚ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ Ή͍͙͍͔͙͊ͤͭͤͦͫͭ͟͡ ͒͊ͤͤ·͔ 

͎͎͊ͦ͡͡· ͙ͪ͊͘͡;͊ΌͭͫΎ ͨͦ ͔͔͙ͫͭͨͤ ͎͙ͨͪ͊ͣ͊ͭ;͔͚ͫͦ͟ ͎͔͙ͤ͊ͪͯ͗ͤͤͦͫͭ ͙ ͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ 

͙ͨͦ͡ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͙ͤͦͫͭΦ 

˿͍͙͔ͦͨͦͫͭ͊ͭ͡Έ͔ͤͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͎͎͍͊ͦͦ͡͡ understand ͙ ͊ͅ ͙ͣ͒͊ͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͊͟͟ 

͙͍͔ͯͤͪͫ͊͡Έͤ·͔Σ ͭ͊͟ ͙ Ύ͘·͍ͦͦ͟-͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍·͔͙ͪ͊͗ͤΎ ͔͎͙͙͊ͭͦͪ͟ ͙͙ͨͦͤͣ͊ͤΎΦ ˻͋͊ 

͎͎͊ͦ͊͡͡ ͦ͋͊͒͊͡Όͭ ͎ͣͤͦͦͤ͊͘;͚ͤͦ ͔͙ͫͣ͊ͤͭ;͔͚ͫͦ͟ ͚ͫͭͪͯͭͯͪͦ͟ ͙ ͙͎ͪ͊Όͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 

͙͎͙͒͊ͦ͡;͔͚ͫͦ͟ ͔ͪ;͙Φ 

ˤ ͭͦ ͔͗ ͍͔ͪͣΎ ͎͎͊ͦ͡͡ understand ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͔͋ͦ͡ ͍͙ͪ͊ͭ͘·ͣ ͎͙ͨͪ͊ͣ͊ͭ;͔͙ͫͣ͟ ͔ͨͦͭͤͼ͙͊ͦͣ͡ 

͙ ΄͙͚ͪͦͦ͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͍͙͙͍͊ͪ͊ͭͤͦͫͭΈΌΣ ͎ͭͦ͒͊ ͊͟͟ ͙͙͚ͭ͊͒͗ͫ͟͟ ͎͎͊ͦ͡͡ ͺ͊ ͙ͣ͒͊ͤ ͍ ͋ͦ͡Έ΄͔͚ 

͔͔͙ͫͭͨͤ ͙͔͙͍ͦͪͤͭͪͦ͊ͤ ͤ͊ ͦ͋ͦͤ͊͘;͔͙͔ͤ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͎͙͙͍͎ͦͤͭͤͦͦ͟ ͨͪͦͼ͔ͫͫ͊Φ ͙̏ͭ ͙ͪ͊͘͡;͙Ύ ͍͔ͦ͋ͯͫͦͤ͡͡· 

͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͻ ͔͎͙͚ͫͭͪ͊ͭ ͙ ͯ͟͡Έͭͯͪͤ·ͻ ͤͦͪͣ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ Ύ͘·͍ͦ͟Φ ˽ͦͯ͡;͔ͤͤ·͔ 

͍·͍ͦ͒· ͎ͣͦͯͭ ͋·ͭΈ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͍ ͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έ͚ͤͦ ͙͎͍͙͙͔ͤͫͭ͟͡Σ ͔͙͙ͭͦͪ ͔͔͍ͨͪͦ͒͊ ͙ ͔ͣ͗ͯ͟͡Έ͚ͭͯͪͤͦ 

͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ 

˿͍͙͔ͦͨͦͫͭ͊ͭ͡Έ͔ͤͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͎͎͍͊ͦͦ͡͡ ǳƴŘŜǊǎǘŀƴŘ ό͎͙͚͙͚͊ͤͫ͟͡ Ύ͘·͟ύ ͙ ͺ͊ ͙ͣ͒͊ͤ 

ό͙͙͚ͭ͊͒͗ͫ͟͟ Ύ͘·͟ύ ͍͙ͨͦͦͦ͘͡͡ ͍·Ύ͍͙ͭΈ ͊͟͟ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔Σ ͭ͊͟ ͙ Ύ͘·͍ͦͦ͟-͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

͍·͔͙ͪ͊͗ͤΎ ͔͎͙͙͊ͭͦͪ͟ ͙͙ͨͦͤͣ͊ͤΎΦ  

˻͋͊ ͎͎͊ͦ͊͡͡ ͦ͋͊͒͊͡Όͭ ͎ͣͤͦͦͤ͊͘;͚ͤͦ ͔͙ͫͣ͊ͤͭ;͔͚ͫͦ͟ ͚ͫͭͪͯͭͯͪͦ͟ ͙ ͍͟͡Ό;͊Όͭ ͙͔͔͙͍͔ͤͭͪͨͪͭ͊ͭͤͦ 

͙ ͔͙͙͍͔ͨͪͫͯͨͨͦͭͤͦ͘ ͤ͊͘;͔͙͔ͤ ͊͟͟ Ύ͒ͪͦΦ ˤ ͭͦ ͔͗ ͍͔ͪͣΎ ǳƴŘŜǊǎǘŀƴŘ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔͔͋ͦ͡ ͍͙ͪ͊ͭ͘·͔ 
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͙͙͙͍ͣͨ͊ͭͤ͟͡·͔ ͙ ͙͙͍ͫͭͯ͊ͭͤͦ-ͦͼ͔ͤͦ;ͤ·͔ ͔ͦͣͨͦͤͤͭ͟·Σ ͎ͭͦ͒͊ ͊͟͟ ͺ͊ ͙ͣ͒͊ͤ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ 

͙͔͙͍ͦͪͤͭͪͦ͊ͤ ͤ͊ ͔ͪͯ͘͡Έͭ͊ͭ ͎͙͙͍͎ͦͤͭͤͦͦ͟ ͨͪͦͼ͔ͫͫ͊Φ ˤ ͎͙͚͚͊ͤͫͦ͟͡ ͙͎͙͒͊ͦ͡;͔͚ͫͦ͟ ͔ͪ;͙ ͎͎͊ͦ͡͡ 

ǳƴŘŜǊǎǘŀƴŘ ͙͍͊ͭͤͦ͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͫͣΎ͎;͔͙ͤΎ ͍·ͫ͊͘͟·͍͙͚͊ͤΣ ͍·͔͙ͪ͊͗ͤΎ ;͙͊ͫͭ;͎ͤͦͦ ͎͙ͫͦ͊ͫ͡ΎΣ 

ͦ͋ͦͤ͊͘;͔͙ͤΎ ͙ͨͦ͘ͼ͙͙ ͎͍ͦͦͪΎ΅͔͎ͦ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙͒ͫͯͪͫ͊͟Φ ˤ ͙͚ͭ͊͒͗ͫͦ͟͟ ͔ͪ;͙ ͺ͊ ͙ͣ͒͊ͤ ;͊΅͔ 

͍·ͨͦͤ͡Ύ͔ͭ ͺͯͤ͟ͼ͙Ό ͨͪΎ͎ͣͦͦ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͙͙ͨͦͤͣ͊ͤΎΣ ͊ ͎͙ͨͪ͊ͣ͊ͭ;͔ͫ͊͟Ύ ͍͙͙͍͊ͪ͊ͭͤͦͫͭΈ ͍·͔ͪ͊͗ͤ͊ 

͔͔͔ͣͤ Ύ͍ͤͦΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͦ͋΅ͯΌ ͎͙͙͍ͦͤͭͤͯ͟Ό ͍ͦͫͤͦͯΣ ǳƴŘŜǊǎǘŀƴŘ ͨͪͦΎ͍͡Ύ͔ͭ ͍·ͫͦͯ͟Ό ͙͙͍͒ͫͯͪͫͤͯ͟Ό 

͎͙͋ͦͫͭ͟Έ ͙ ͍·͔ͫͭͯͨ͊ͭ ͔͍ͫͪ͒ͫͭͦͣ ͔͙ͣ͗͡;͚ͤͦͫͭͤͦ ͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ ͔͎ͪͯ͡Ύͼ͙͙Σ ͎ͭͦ͒͊ ͊͟͟ ͺ͊ ͙ͣ͒͊ͤ 

ͫͦͻͪ͊ͤΎ͔ͭ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤͦͫͭΈ ͤ͊ Ή͙ͫͨ͟͡ͼ͙͔ͭͤͦ ͦ͋ͦͤ͊͘;͔͙͔ͤ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͙͙ͨͦͤͣ͊ͤΎΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ 

͍͙͔ͫͦͨͦͫͭ͊ͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͎͎͍͊ͦͦ͡͡ ǳƴŘŜǊǎǘŀƴŘ ͙ ͺ͊ ͙ͣ͒͊ͤ ͔ͤ ͭͦ͡Έͦ͟ ͎ͯͯ͋͡͡Ύ͔ͭ ͙͙͔ͨͦͤͣ͊ͤ 

͎͙͙͍ͦͤͭͤ͟·ͻ ͔͎͙͚͊ͭͦͪ͟ ͍ Ύ͘·͊͟ͻΣ ͤͦ ͙ ͦͭͪ͟·͍͔͊ͭ ͔͔͙͍ͨͪͫͨͭ͟· ͒͡Ύ ͒͊͡Έ͔͚ͤ΄͙ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͍ 

͙͎͍͙͙͔ͤͫͭ͟͡Σ ͔͔͍͍͔͔͙͙ͨͪͦ͒ͦ͒ͤ ͙ ͔ͣ͗ͯ͟͡Έ͚ͭͯͪͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˴͊ͼ͔ͤ͡Έͫͦͤ ˸ΦˮΦ ˥͙ͪ͊ͣͣ͊ͭ͊͟ ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟ κ ˸ΦˮΦ ˴͊ͼ͔ͤ͡ΈͫͦͤΦ ς ˸ ͍ͦͫ͊͟Υ ˤ·ͫ΄͊Ύ ΄ͦ͊͟͡Σ мфтмΦ 

ς рмн ͫΦ 

2. ˶͔͍͙ͤ͊ ˩ΦˤΦ ˴͎͙͙͍ͦͤͭͤ͊Ύ ͙͎͍͙͙ͤͫͭ͊͟͡Υ ͔͙ͭͦͪΎ ͙ ͙ͨͪ͊ͭ͊͟͟ κ ˩ΦˤΦ ˶͔͍͙ͤ͊Φ ς ˸͍ͦͫ͊͟Υ ͙̅ͤͭ͊͡Σ нлмлΦ ς 

нуу ͫΦ 

3. ˹͍͊͊ͪͦ͘ ˨Φ ˿͍͙͔ͦͨͦͫͭ͊ͭ͡Έͤ͊Ύ ͔͙ͫ͊͟͟͡ ͎͙͚͎͊ͤͫͦͦ͟͡ ͙ ͙͎ͭ͊͒͗ͫͦͦ͟͟ Ύ͘·͍ͦ͟ κ ˨Φ ˹͍͊͊ͪͦ͘Φ ς ˨ͯ΄͔͊ͤ͋Υ 

ˮͪͺͦͤΣ нлмуΦ ς мфс ͫΦ 

4. Huddleston R., Pullum G.K. The Cambridge Grammar of the English Language / R. Huddleston, G.K. Pullum. 

ς Cambridge: Cambridge University Press, 2002. ς 1864 p. 

5. Quirk R., Greenbaum S., Leech G., Svartvik J. A Comprehensive Grammar of the English Language / R. 

Quirk, S. Greenbaum, G. Leech, J. Svartvik. ς London: Longman, 1985. ς 1779 p. 
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͍̂ͫͣͦͤͦ͊ ˸Φ˹Φ 

͙͚̆ͯ͒͗͊ͤ͒ͫ͟ ͎ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔̂ͤͪͫͭͭ ͙͔͙ͣͤ ͔͙͊͊͒ͣ͊͟͟ ˣͦ͋ͦ͒͗ͦͤ͊ ˥͊ͺ͍ͯͪͦ͊ 

͎Φ ̆ͯ͒͗͊ͤ͒Σ ͙͙́͊͒͗ͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͔ͪ͊͋ͦͭ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͊͟͟ ͔ͤͦͭΆ͔͔ͣͣ͊͡Ύ ;͊ͫͭΈ ͔ͯͫͨ΄͚ͤͦ 

͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟ΎΣ ;ͭͦ ͍͔͙͔͊͒ͤ͡ Ύ͘·ͦͣ͟ ͍͟͡Ό;͔͊ͭ ͔ͤ ͭͦ͡Έͦ͟ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͙ 

͔͙ͫ͟͡;͔͙͔ͫ͟ ͍ͤ͊·͙͟Σ ͤͦ ͙ ͙͙͔ͨͦͤͣ͊ͤ ͫͦͼ͙͊͡Έͤ·ͻ ͙ ͯ͟͡Έͭͯͪͤ·ͻ ͤͦͪͣΣ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͻ ͍͔͙͍͔͗ͦ͡ ͙ 

͔͔ͯͣͫͭͤͦ ͍͔͔͙͔ͨͦ͒ͤΦ ˢ͙͙͔ͤ͊ͪͯͭͫ͘͡Ύ ͫͭͪͯͭͯͪ͊͟ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟Σ ͍͟͡Ό;͊Ό΅͊Ύ ͔͙ͫ͟͡;͔͙͚ͫ͟Σ 

ͣͦͪͺ͎͙ͦͦ͡;͔͙͚ͫ͟Σ ͙͙͙ͫͭͫͭ͡;͔͙͚ͫ͟ ͙ ͙ͤͭͦͤ͊ͼ͙ͦͤͤ·͚ ͍͙ͯͪͦͤΣ ͊ ͔ͭ͊͗͟ ͙ͨͪͤͼ͙ͨ·Σ ͔͔ͨͪ͒ͦ͗ͤͤ͡·͔ ̆Φ˽Φ 

˥͔͚ͪͫͦͣΣ ͔͔ͦͨͪ͒͡ΎΌ΅͙͔ Ήͺͺ͔͙͍͔ͭͤͦ͟ ͦ͋΅͔͙͔ͤΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͭͦͣͯΣ ͊͟͟ ͯ͟͡Έͭͯͪͤ·͔ 

͙ͪ͊͘͡;͙Ύ ͍͙͡ΎΌͭ ͤ͊ ͔͙ͪ͊͊͘͡ͼ͙Ό ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟Σ ͨͦ͒;͔͙͍ͪ͊͟Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͯ;͙ͭ·͍͊ͭΈ 

ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ·͚ ͔ͦͤͭͫͭ͟͟ ͒͡Ύ ͙͔͙͋͗͊ͤ͘Ύ ͔͔͙͚ͤ͒ͦͪ͊ͯͣͤ͘ ͙ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ ͍͔͙͔͒ͦͪͭ͡Έͤ·ͻ ͦͭͤͦ΄͔͙͚ͤΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͔ͪ ;͔͍͚ͦ Ή͙͔ͭͭ͟Σ ͙ͦͣͣͯͤ͊͟͟ͼ͙ΎΣ ͔ͣ͗ͯ͟͡Έ͔ͭͯͪͤͦ ͦ͋΅͔͙͔ͤΣ ͍͔͙͍͗ͦͫͭ͡ΈΣ ͙ͨͪͤͼ͙ͨ· ͔ͦͦͨͪ͊͟ͼ͙͙Σ 

ͯ͟͡Έͭͯͪͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭΣ ͫͦͼ͙͙͎͍͙͙ͦͤͫͭ͡;͔͙͔ͫ͟ ͤͦͪͣ·Φ 
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SPEECH ETIQUETTE: RULES, FEATURES, AND THEIR SIGNIFICANCE IN LINGUISTICS 

 

Abstract 

This paper examines speech etiquette as an integral part of successful communication. It emphasizes 

that language proficiency involves not only grammatical and lexical skills but also an understanding of social 

and cultural norms that define polite and appropriate behavior. The structure of speech etiquette is analyzed, 

including lexical, morphological, stylistic, and intonational levels, as well as the principles proposed by H.P. 

Grice that determine effective communication. Special attention is given to how cultural differences 

influence the implementation of speech etiquette, highlighting the necessity of considering the sociocultural 

context to avoid misunderstandings and establish trustful relationships. 

Keywords: 

speech etiquette, communication, intercultural communication, politeness, 

 cooperative principles, cultural features, sociolinguistic norms. 

 

ˤ͍͔͔͙͔͒ͤ 

ˤ ͍͔͔ͫͦͪͣͤͤͦͣ ͦ͋΅͔͍͔ͫͭ ͔ͯͫͨ΄ͤ͊Ύ ͙ͦͣͣͯͤ͊͟͟ͼ͙Ύ ͔͍ͤͦͣͦ͗ͤ͊͘ ͔͋͘ ͯ;͔ͭ͊ ͯ͟͡Έͭͯͪͤ·ͻ ͙ 

͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͯ;͙͍͊ͫͭͤͦ͟ ͦ͋΅͔͙ͤΎΦ ˽͙͙͔ͦͤͣ͊ͤ ͍͙ͨͪ͊͡ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟Σ ͍͟͡Ό;͊Ύ 

ͤͦͪͣ· ͍͔͙͍͙͗ͦͫͭ͡Σ ͔͍͔ͤͪ͋͊͡Έͤ·͔ ͙͎ͫͤ͊͡· ͙ ͙ͨͫͻ͎͙ͦͦ͡Ό ͦ͋΅͔͙ͤΎΣ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͔͙ͯͪͨͤ͟͡Ό ͍͔͙͒ͦͪΎ 

͙ ͍͙͙͙͊ͣͦͨͦͤͣ͊ͤ͘Ύ ͔ͣ͗͒ͯ ͡Ό͒Έ͙ͣΦ ˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͍·ͨͦͤ͡Ύ͔ͭ ͪͦ͡Έ ͍͔͚ͫͦͦ͋ͪ͊ͤͦ͘ ζ͚͒ͦͪͦ͗ͤͦ ͊ͪͭ͟·η 

͙ͦͣͣͯͤ͊͟͟ͼ͙͙Υ ͦͤ ͎͔ͨͦͣͦ͊ͭ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ ͙ͪ͊͘͡;ͤ·ͣ ͙ͫͭͯ͊ͼ͙Ύͣ ͙ ͔͔͙ͫͦ͋ͫ͒ͤ͊ͣ͟Σ ͔ͦͪͪͭͤͦ͟͟ ͙ 

͍͙͔ͯ͊͗ͭ͡Έͤͦ ͍·ͪ͊͗͊ͭΈ ͣ·͙ͫ͡Φ 

˽͙ͪ Ήͭͦͣ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͙͍͔ͯͤͪͫ͊͡Έ͚ͤͦ ͙ ͯ͟͡Έͭͯͪͤͦ ͍͙͙͚͊ͫͣͦ͘ 

͙͔͚ͫͫͭͣͦ ͍͙ͨͪ͊͡Φ ˻͍ͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ· ͍͔͙͍͙͗ͦͫͭ͡ ͙ ͍͔͙ͯ͊͗ͤΎ ͙͍ͨͪͫͯͭͫͭͯΌͭ ͍ͦ ͍͔ͫͻ ͯ͟͡Έͭͯͪ͊ͻΣ ͦ͒ͤ͊ͦ͟ 

͔ͦͤͪͭͤ͟͟·͔ ͺͦͪͣ· ͙ͻ ͨͪͦΎ͍͔͙ͤ͡Ύ τ ͍ͫͦ͊͡Σ ͺͪ͊͘·Σ ͙ͤͭͦͤ͊ͼ͙͙Σ ͔͗ͫͭ· τ ͎ͣͦͯͭ ͫͯ΅͔͍͔ͫͭͤͤͦ 

͙ͪ͊͘͡;͊ͭΈͫΎΦ ̏ͭͦ ͔͔͒͊ͭ͡ ͙ͯ͘;͔͙͔ͤ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ ͔ͦͫͦ͋ͤͤͦ ͊ͭͯ͊͟͡Έͤ·ͣ ͍ ͔͔ͦͤͭͫͭ͟͟ ͔ͣ͗ͯ͟͡Έ͚ͭͯͪͤͦ 

͙ͦͣͣͯͤ͊͟͟ͼ͙͙Σ ͨͦͫͦ͟͡Έͯ͟ ͙͔ͤ͊ͤ͘ ͯ͟͡Έͭͯͪͤ·ͻ ͙ͪ͊͘͡;͙͚ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͔͎͋͊ͭ͘Έ ͔͙͙ͤ͒ͦͨͦͤͣ͊ͤΎ ͙ 

͔͙͍͒ͣͦͤͫͭͪͪͦ͊ͭΈ ͍͔͙͔ͯ͊͗ͤ ͟ ͔͔͙ͫͦ͋ͫ͒ͤͯ͟Φ 

˿ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͙͎͍͙͙͙ͤͫͭ͟͡Σ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͤ͊ ͙ͪ͊͘͡;ͤ·ͻ Ύ͘·͍ͦ͟·ͻ ͍ͯͪͦͤΎͻΥ 

͔͙ͫ͟͡;͔ͫͦͣ͟Σ ͣͦͪͺ͎͙ͦͦ͡;͔ͫͦͣ͟Σ ͙͙͙ͫͭͫͭ͡;͔ͫͦͣ͟Σ ͙ͤͭͦͤ͊ͼ͙ͦͤͤͦͣ ͙ ͍͔ͯͪͦͤ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍ͫΎ͙͘Φ 

˴͊͗͒·͚ ͙͘ Ή͙ͭͻ ͍͔͚ͯͪͦͤ ͙͎͔ͪ͊ͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͔͎ͦͪͪͭͤͦͦ͟͟ ͙ ͎͙͊ͪͣͦͤ;͎ͤͦͦ ͦ͋΅͔͙ͤΎΣ 

͔͎͙ͪͯͪͯ͡Ύ ͍·͋ͦͪ ͍ͫͦ͡Σ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͺͦͪͣΣ ͙ͫͭ͡Ύ ͔ͪ;͙Σ ͙ͤͭͦͤ͊ͼ͙Ό ͙ ͫͭͪͯͭͯͪͯ͟ ͙͎͒͊ͦ͊͡Φ ˾͔;͔͍͚ͦ 

Ή͙͔ͭͭ͟ ͔ͭ͊͗͟ ͔ͭͫͤͦ ͍ͫΎ͊ͤ͘ ͫ ͎͙͚ͨͪ͊ͣ͊ͭͦ͟Σ ͨͦͫͦ͟͡Έͯ͟ ͤ͊͘;͔͙͔ͤ ͍·ͫ͊͘͟·͍͙͊ͤΎ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ 

͔͎ͦ ͔͙͔ͫͦ͒ͪ͗͊ͤͣΣ ͤͦ ͙ ͔ͦͤͭͫͭͦͣ͟͟Σ ͍ ͦͭͦͪͦͣ͟ ͦͤͦ ͙ͫͨͦ͡Έ͔ͯͭͫ͘ΎΦ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ ͔ͦͭͣ;͊ΌͭΣ ;ͭͦ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͚ͯͫͭͦ;͙͍·͔ ͺͦͪͣͯ͡· 

͙ ͍·͔͙ͪ͊͗ͤΎΣ ͔͎͙ͪͯͪͯ͡Ό΅͙͔ ͍͔͔͙͔ͨͦ͒ͤ ͯ;͙͍͊ͫͭͤͦ͟ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͻ ͫͦͼ͙͊͡Έͤ·ͻ 

͔͚ͪͦ͡ ͙ ͙ͫͭͯ͊ͼ͙͙ ͦ͋΅͔͙ͤΎΦ ˹͊ͪͯ΄͔͙͔ͤ ͤͦͪͣ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͔͙͙ͤ͒ͦͨͦͤͣ͊ͤΌΣ 

͙͔͙ͫͤ͗ͤΌ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͙ ͦͤ͟ͺ͙ͭ͊ͣ͟͡Σ ͎ͭͦ͒͊ ͊͟͟ ͎͔ͪ͊ͣͦͭͤͦ ͙͔͔͙͔ͨͪͣͤͤ Ή͙ͭͻ ͤͦͪͣ 

͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ό ͍͔͙͔͒ͦͪͭ͡Έͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ ͙ ͔ͯͫͨ΄ͤͦͣͯ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΌΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦ͗ͤͯ͡Ό ͙͔ͫͫͭͣͯΣ ͦ͋Ά͔͙͒ͤΎΌ΅ͯΌ Ύ͘·͍ͦ͟·͔ 

͙ ͯ͟͡Έͭͯͪͤ·͔ Ή͔͔ͣͤͭ͡·Σ ͔͔ͦͨͪ͒͡ΎΌ΅ͯΌΣ ͊͟͟ ͡Ό͙͒ ͒ͦ͗ͤ͡· ͦ͋΅͊ͭΈͫΎ ͎͒ͪͯ ͫ ͎͒ͪͯͦͣΣ ;ͭͦ͋· Ήͭͦ ͋·ͦ͡ 

͍͙͔ͯ͊͗ͭ͡ΈͤͦΣ ͔ͯͣͫͭͤͦ ͙ Ήͺͺ͔͙͍ͭͤͦ͟Φ ˮͯ͘;͔͙͔ͤ ͚͒͊ͤͤͦ ͔ͭͣ· ͙͔͔ͣͭ ͋ͦ͡Έ΄͔ͦ ͤ͊͘;͔͙͔ͤ ͊͟͟ ͒͡Ύ 
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͔͔͙ͭͦͪͭ;͔͚ͫͦ͟ ͙͎͍͙͙͙ͤͫͭ͟͡Σ ͭ͊͟ ͙ ͒͡Ύ ͙͙ͨͪ͊ͭ͟͟ ͔ͣ͗ͯ͟͡Έ͎ͭͯͪͤͦͦ ͦ͋΅͔͙ͤΎ 

˻͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡· 

˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͙͔ͫͫͭͣ͊ ͍͙ͨͪ͊͡ ͙ ͤͦͪͣΣ ͔͎͙ͪͯͪͯ͡Ό΅͙ͻ ͦ͋΅͔͙͔ͤ ͍ 

ͦ͋΅͔͍͔ͫͭΣ ͔ͭͫͤͦ ͍ͫΎ͊ͤͤ͊͘Ύ ͫ ͯ͟͡Έͭͯͪͤ·͙ͣ ͙ ͫͦͼ͙͊͡Έͤ·͙ͣ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣΦ ˽ͦ ͔͙ͣͤͤΌ ˹ΦˮΦ 

͍͚̅ͦͪͣ͊ͤͦͫͦ͟Σ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͚ͯͫͭͦ;͙͍·͔ ͺͦͪͣͯ͡· ͙ ͔͔͙ͫͭͪͦͭͨ·Σ ͔͔͊ͪͨͤͤ͘͟͡·͔ 

͍ ͯ͟͡Έͭͯͪͤ·ͻ ͤͦͪͣ͊ͻΣ ͦͭͦͪ͟·͔ ͔͎͙ͪͯͪͯ͡Όͭ ͍͔͙͔ͯͫͭ͊ͤͦͤ͡Σ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͙ ͔ͨͪͪ͊͟΅͔͙͔ͤ ͍ͦͤͭ͊ͭͦ͟͟ 

͔ͣ͗͒ͯ ͯ;͙͙͊ͫͭͤ͊ͣ͟ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ώмΣ ͫΦссϐΦ 

ˮ͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ ͍·͔͒͡ΎΌͭ ͔ͤͫͦ͟͡Έͦ͟ ͍͔͚ͯͪͦͤ ͔͙ͪ͊͊͘͡ͼ͙͙ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟Φ ˶͔͙ͫ͟;͔͙͚ͫ͟ 

͍͔ͯͪͦͤΈ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͨͦ͒͋ͦͪ ͍ͫͦ͡ ͙ ͍·͔͙͚ͪ͊͗ͤΣ ͔͔ͨͪ͒͊Ό΅͙ͻ ͍͔͙͔ͯ͊͗ͤΤ ͣͦͪͺ͎͙ͦͦ͡;͔͙͚ͫ͟ τ 

͔ͦͭͪ͊͗͊ͭ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͺͦͪͣ ͍ͫͦ͡ ͙ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡Τ ͙͙͙ͫͭͫͭ͡;͔͙͚ͫ͟ τ ͔͎͙͔ͪͯͪͯͭ͡ ͍·͋ͦͪ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ Ύ͘·͊͟ ͙ ͙ͫͭ͡ΎΤ ͙ͤͭͦͤ͊ͼ͙ͦͤͤ·͚ τ ͔͔͔ͨͪ͒͊ͭ Ήͣͦͼ͙ͦͤ͊͡Έͤ·͔ ͙ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·͔ 

ͤΌ͊ͤͫ·Τ ͍͔ͯͪͦͤΈ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍ͫΎ͙͘ τ ͪ ͔͎͙͔ͯͪͯͭ͡ ͫͭͪͯͭͯͪͯ͟ ͙͎͒͊ͦ͊͡ ͙ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͯ;͙͍͊ͫͭͤͦ͟ ώнΣ 

ͫΦнуΤ пΣ ͫΦтϐΦ 

̆Φ˽Φ ˥͔͚ͪͫ ͔͙ͨͪ͒ͦ͗͡͡ ͙ͨͪͤͼ͙ͨ· Ήͺͺ͔͙͍͚ͭͤͦ͟ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ τ ͊͟;͔͍ͫͭ͊Σ ͙ͦ͟͡;͔͍ͫͭ͊Σ 

͙͔ͦͭͤͦͫͭ͡Έ͙ͤͦͫͭ ͙ ͙͙͙͙ͫͭͫͭ͟͡ τ ͊͟ͼ͔͙ͤͭͪͯΎ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͔͔ͨͪ͒͊;͔ ͙ͤͺͦͪͣ͊ͼ͙͙Σ ͤͦ ͔ͤ ͯ;͙ͭ·͍͊Ύ 

͍͔͙͍͗ͦͫͭ͡Έ ͙ ͙ͭ͊ͭ͟;ͤͦͫͭΈΣ ͦͭͦͪ͟·͔ Ύ͍͡ΎΌͭͫΎ ͍͊͗ͤ·͙ͣ ͒͡Ύ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟Φ ˹͊ͪͯ΄͔͙͔ͤ Ή͙ͭͻ 

͙ͨͪͤͼ͙͍ͨͦ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͫ͋ͦΎͣ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͙ ͔͙͙ͤ͒ͦͨͦͤͣ͊ͤΌ ώоΣ ͫΦпϐΦ 

ˣΦ̑Φ ˥ͦͪͦ͒ͼ͙͚͟ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟Σ ;ͭͦ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͺ͙͔ͦͪͣͪͯͭͫΎ ͯ͟͡Έͭͯͪͤ·͙ͣ ͙ ͫͦͼ͙͊͡Έͤ·͙ͣ 

͙ͤͦͪͣ͊ͣ ͙ ͙͔͊͒͊ͨͭͪͯͭͫΎ ͟ ͔͚ͦͤͪͭͤͦ͟͟ ͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ ͙ͫͭͯ͊ͼ͙͙Σ ͯ;͙ͭ·͍͊Ύ ͙ͪͦ͡ ͯ;͙͍͊ͫͭͤͦ͟Σ ͙ͻ 

ͫͭ͊ͭͯͫ ͙ ͔ͦͤͭͫͭ͟͟ ͦ͋΅͔͙ͤΎΦ ˻ͤ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͎͙͊ͪͣͦͤ;͔ͤͦ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͊͟͟ ͍ ͺͦͪͣ͊͡Έͤ·ͻΣ ͭ͊͟ ͙ ͍ 

͔ͤͺͦͪͣ͊͡Έͤ·ͻ ͙ͫͭͯ͊ͼ͙Ύͻ ώпΣ ͫΦтϐΦ 

˸Φ ˴͎ͪͦͤ͊ͯ͘ ͔ͦͭͣ;͔͊ͭΣ ;ͭͦ ͙͔ͤ͊ͤ͘ ͙ ͫͦ͋͡Ό͔͙͔͒ͤ ͤͦͪͣ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͙ͨͪ 

͔ͣ͗ͯ͟͡Έͭͯͪͤͦͣ ͦ͋΅͔͙͙ͤΦ ˨͔͊͗ ͙ͨͪ ͻͦͪͦ΄͔ͣ ͍͔͙͙͊͒ͤ͡ ͎͙͚ͪ͊ͣͣ͊ͭͦ͟ ͙ ͔͙͚ͫͦ͟͟͡Σ ͔ͤͫͦ͋͡Ό͔͙͔͒ͤ 

ͯ͟͡Έͭͯͪͤ·ͻ ͤͦͪͣ ͔ͣͦ͗ͭ ͙͊ͭͪͯ͒ͤͭ͘Έ ͙ͦͣͣͯͤ͊͟͟ͼ͙Ό ͙ ͍·͍͊ͭ͘Έ ͔͙͙͔ͤ͒ͦͨͦͤͣ͊ͤΦ ˥͔ͪ͊ͣͦͭͤͦ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ό ͍͔͙͒ͦͪΎ ͙ ͔ͯͫͨ΄ͤ·ͣ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύͣ 

[5, 15]. 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍͔͔ͫͦͪͣͤͤ͊Ύ ͙͎͍͙͙ͤͫͭ͡;͔ͫ͊͟Ύ ͙ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ͊Ύ ͙͔ͭͪ͊ͭͯͪ͊͡ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ 

͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͊͟͟ ͔ͦͣͨͫͤͯ͟͟͡Ό ͙͔ͫͫͭͣͯΣ ͦ͋Ά͔͙͒ͤΎΌ΅ͯΌ Ύ͘·͍ͦ͟·͔Σ ͯ͟͡Έͭͯͪͤ·͔ ͙ ͫͦͼ͙͊͡Έͤ·͔ 

͔͊ͫͨͭ͟· ͦ͋΅͔͙ͤΎΣ ͙͔͊͒͊ͨͭͪͯͣͯΌ ͨͦ͒ ͔ͦͤͪͭͤ͟͟·͔ ͙ͫͭͯ͊ͼ͙͙ ͙ ͯ;͙͍͊ͫͭͤͦ͟ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ 

ˤ͔͙͔͊͒ͤ͡ ͯ͟͡Έͭͯͪͤ·͙ͣ ͙ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·͙ͣ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ ͎͒͊ͤͤͦͦ ͦ͋΅͔͍ͫͭ͊ ͍͙ͫͭ͊ͤͦͭͫΎ 

͔ͤͦͭΆ͔͔͚ͣͣͦ͡ ;͊ͫͭΈΌ ͔ͯͫͨ΄͚ͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ ̏ͭͦ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͙͙͔ͨͦͤͣ͊ͤ ͙ ͫͦ͋͡Ό͔͙͔͒ͤ 

Ή͙͔ͭͭ͊͟Σ ͔͍͔ͤͪ͋͊͡Έͤ·ͻ ͙͎͍ͫͤ͊ͦ͡Σ ͊ ͔ͭ͊͗͟ ͙ͨͫͻ͎͙͙ͦͦ͡ ͦ͋΅͔͙ͤΎΣ ;ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͔͙ͯͪͨͤ͟͡Ό ͍͔͙͒ͦͪΎ 

͙ ͍͙͙͙͊ͣͦͨͦͤͣ͊ͤ͘Ύ ͔ͣ͗͒ͯ ͎͍ͦͦͪΎ΅͙͙ͣΦ  

˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔ͤ ͭͦ͡Έͦ͟ ͔͎͙͔ͪͯͪͯͭ͡Σ ͊͟͟ ͙ ;ͭͦ ͎͍͙ͦͦͪͭΈΣ ͤͦ ͙ ͦͻ͍͊ͭ·͍͔͊ͭ ͫͦͼ͙͊͡Έͤ·͔Σ 

ͯ͟͡Έͭͯͪͤ·͔ ͙ ͙ͫͭͯ͊ͼ͙ͦͤͤ·͔ ͔͊ͫͨͭ͟· ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ ˸ͦ͗ͤͦ ͫ͊͊ͭ͘͟ΈΣ ;ͭͦ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ς Ήͭͦ ͍͔͎ͫͦͦ 

ͪͦ͒͊ ζ͒ͦͪͦ͗ͤ͊Ύ ͊ͪͭ͊͟η ͒͡Ύ ͦ͋΅͔͙ͤΎΣ ͦͭͦͪ͊͟Ύ ͎͔ͨͦͣͦ͊ͭ ͤ͊ͣ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ ͙ͪ͊͘͡;ͤ·ͣ ͙ͫͭͯ͊ͼ͙Ύͣ 

͙ ͔͔͙ͫͦ͋ͫ͒ͤ͊ͣ͟Σ ͍͙͔ͯ͊͗ͭ͡Έͤͦ ͙ ͎ͪ͊ͣͦͭͤͦ ͍·ͪ͊͗͊Ύ ͍͙ͫͦ ͣ·͙ͫ͡Φ ˮ͔͔ͤͭͪͫͤͦΣ ;ͭͦ ͍ ͪ͊ͤ͘·ͻ ͯ͟͡Έͭͯͪ͊ͻ ͙ 

Ύ͘·͊͟ͻ Ή͙ͭ ͍͙ͨͪ͊͊͡ ͎ͣͦͯͭ ͙ͫ͡Έͤͦ ͙ͦͭ͡;͊ͭΈͫΎΣ ;ͭͦ ͔͔͒͊ͭ͡ ͙ͯ͘;͔͙͔ͤ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ ͔΅͖ ͔͔͋ͦ͡ 

͊͘ͻ͍͊ͭ·͍͊Ό΅͙ͣ ͙ ͫͦ͗ͤ͡·ͣΣ ͍͔͒Έ ͦͤͦ ͔͔ͭͪ͋ͯͭ ͔ͤ ͭͦ͡Έͦ͟ ͙ͤ͊ͤ͘Ύ Ύ͘·͊͟Σ ͤͦ ͙ ͙͙ͨͦͤͣ͊ͤΎ ͯ͟͡Έͭͯͪͤ·ͻ 

͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͦ͋΅͔͙ͤΎΦ ώнΣ ˿ΦнуϐΦ 

˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔͚͍͙͔͒ͫͭͭ͡Έͤͦ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͤ͊ ͪ͊ͤ͘·ͻ Ύ͘·͍ͦ͟·ͻ ͍ͯͪͦͤΎͻΣ ͊͗͒͟·͚ ͙͘ ͦͭͦͪ͟·ͻ 

͙͎͔ͪ͊ͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͍͔͙͍͎͗ͦͦ͡ ͙ ͎͙͊ͪͣͦͤ;͎ͤͦͦ ͦ͋΅͔͙ͤΎΣ ͍͟͡Ό;͊Ό΅͔͎ͦΥ 

͔͙ͫ͟͡;͔͙͚ͫ͟Σ ͣͦͪͺ͎͙ͦͦ͡;͔͙͚ͫ͟Σ ͙͙͙ͫͭͫͭ͡;͔͙͚ͫ͟Σ ͙ͤͭͦͤ͊ͼ͙ͦͤͤ·͚ ͍͙ͯͪͦͤΣ ͊ ͔ͭ͊͗͟ ͍͔ͯͪͦͤΈ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍ͫΎ͙͘. ˶ ͔͙ͫ͟;͔͙͚ͫ͟ ͍͔ͯͪͦͤΈ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͙ͨͪ͊͡Έͤ·ͻ ͍ͫͦ͡ ͙ ͍·͔͙͚ͪ͊͗ͤΣ 

͔͔ͨͪ͒͊Ό΅͙ͻ ͍͔͙͔ͯ͊͗ͤΦ ˸ͦͪͺ͎͙ͦͦ͡;͔͙͚ͫ͟ ͍͔ͯͪͦͤΈ ͔ͦͭͪ͊͗͊ͭ ͤΌ͊ͤͫ· ͺͦͪͣ· ͍ͫͦ͡ ͙ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡Σ 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

106 

͙͔ͤ͊ͨͪͣͪΣ ͍͔͙͍͗͡·͔ ͺͦͪͣ· ͙ ͦ͋ͪ͊΅͔͙ͤΎΦ ˿͙͙͙ͭͫͭ͡;͔͙͚ͫ͟ ͍͔ͯͪͦͤΈ ͙͔͒ͭͯͭ͟ ͍·͋ͦͪ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ 

Ύ͘·͊͟ ͙ ͙ͫͭ͡ΎΣ ͙͔͎͋͊͘Ύ ͎͙ͪͯ͋ͦͫͭ ͙ ͙͔ͦͫͦͪ͋ͭ͟͡Έ͙ͤͦͫͭΦ ˮͤͭͦͤ͊ͼ͙ͦͤͤ·͚ ͍͔ͯͪͦͤΈ ͎͔ͨͦͣͦ͊ͭ ͔͔ͨͪ͒͊ͭΈ 

͔͔͙͔ͤ͊ͣͪͤ ͙ Ήͣͦͼ͙͙Σ ͔͒͊͡Ύ ͔ͪ;Έ ͔͔͋ͦ͡ ͣΎ͎͚ͦ͟ ͙͙͡ ͎͚ͫͭͪͦͦΦ ˹͔͊ͦͤ͟ͼΣ ͍͔ͯͪͦͤΈ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍ͫΎ͙͘ 

͔͎͙͔ͪͯͪͯͭ͡ ͫͭͪͯͭͯͪͯ͟ ͙͎͒͊ͦ͊͡Σ ͎͔͒ ͍͊͗ͤͦ ͍ͯ͊͗͊ͭΈ ͨ͊ͯ͘· ͙ ͦ;͔͔ͪ͒ͤͦͫͭΈ ͎͍ͦͦͪΎ΅͙ͻΦ ˿͍ͦͦͯͨͤͦͫͭ͟Έ Ή͙ͭͻ 

͍͔͚ͯͪͦͤ ͺ͙͔ͦͪͣͪͯͭ ͼ͔ͦͫͭͤ͡·͚ ͙ ͯ͟͡Έͭͯͪͤͦ ͙͍͊͒͊ͨͭͪͦ͊ͤͤ·͚ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟Σ ͦͭͦͪ͟·͚ ͎͔ͨͦͣͦ͊ͭ 

͙͔͎͋͊ͭ͘Έ ͔͔͙͚ͤ͒ͦͪ͊ͯͣͤ͘ ͙ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͙ͨͪΎ͔ͭͤͦ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘Φ 

ˤ͊͗ͤͦ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͫ;͙͔ͭ͊ͭͫΎ ͙͍͔ͯͤͪͫ͊͡Έ͚ͤͦΣ ͤͦ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͎ͯ͋ͦͦ͟͡ 

ͯ͟͡Έͭͯͪͤͦ ͍͙͙͚͊ͫͣͦ͘ ͙͔͚ͫͫͭͣͦ ͍͙ͨͪ͊͡ ͙ ͺͦͪͣͯ͡ ͦ͋΅͔͙ͤΎΦ ˤ ͼ͔ͦͣ͡Σ ͣͦ͗ͤͦ ͫ͊͊ͭ͘͟ΈΣ ;ͭͦ ͍ͦͫͤͦͤ·͔ 

͙ͨͪͤͼ͙ͨ· ͍͔͙͍͙͗ͦͫͭ͡ ͙ ͍͔͙ͯ͊͗ͤΎ ͙͍ͨͪͫͯͭͫͭͯΌͭ ͍ ͡Ό͚͋ͦ ͯ͟͡Έ͔ͭͯͪΣ ͙ͻ ͔͔ͦͤͪͭͤͦ͟͟ ͨͪͦΎ͍͔͙͔ͤ͡ ς ͫ ͍ͦ͊͡Σ 

ͺͪ͊͘·Σ ͙ͤͭͦͤ͊ͼ͙͙Σ ͔͗ͫͭ· ς ͫͯ΅͔͍͔ͫͭͤͤͦ ͙ͪ͊͘͡;͊ΌͭͫΎ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ Ύ͘·͊͟ ͙ ͯ͟͡Έͭͯͪͤ·ͻ 

͔͔͚ͦͫͦ͋ͤͤͦͫͭΦ ˽ͦΉͭͦͣͯ ͙͔ͤ͊ͤ͘ Ή͙ͭͻ ͙ͪ͊͘͡;͙͚ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͒͡Ύ ͔ͯͫͨ΄͎ͤͦͦ ͔ͣ͗ͯ͟͡Έ͎ͭͯͪͤͦͦ 

ͦ͋΅͔͙ͤΎΣ ;ͭͦ͋· ͙͔͎͋͊ͭ͘Έ ͔͙͙ͤ͒ͦͨͦͤͣ͊ͤΎ ͙ ͨͪͦΎ͍͡ΎͭΈ ͍͔͙͔ͯ͊͗ͤ ͟ ͔ͦͫͦ͋ͤͤͦͫͭΎͣ ͔͔͙ͫͦ͋ͫ͒ͤ͊͟Φ ώоΣ tΦпϐΦ 

˹ΦˮΦ ͍̅ͦͪͣ͊ͤͦͫ͊͟Ύ ͔ͦͭͣ;͔͊ͭ ͫͭͪͯͭͯͪͤͯ͟Ό ͙ ͔͎͙ͪͯͪͯ͡Ό΅ͯΌ ͪͦ͡Έ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ ͍ 

͔͙ͣ͗͡;ͤͦͫͭͤͦͣ ͦ͋΅͔͙͙ͤΦ ˻ͤ͊ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭΣ ;ͭͦ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ς Ήͭͦ ͙͔ͫͫͭͣ͊ ͍͙ͨͪ͊͡Σ ͔͔͊ͪͨͤͤ͘͟͡·ͻ 

͍ ͯ͟͡Έͭͯͪͤ·ͻ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͤͦͪͣ͊ͻΣ ͦͭͦͪ͊͟Ύ ͔͎͙͔ͪͯͪͯͭ͡ ͍͔͔͙͔ͨͦ͒ͤ ͯ;͙͍͊ͫͭͤͦ͟ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ ͙̏ͭ 

͍͙ͨͪ͊͊͡ ͍͟͡Ό;͊Όͭ ͍ ͔ͫ͋Ύ ͙ͫͭ͊͋͡Έͤ·͔ ͺͦͪͣͯ͡· ͙ ͔͔͙ͫͭͪͦͭͨ·Σ ͙ͨͪͤΎͭ·͔ ͦ͋΅͔͍ͫͭͦͣ ͒͡Ύ ͍͔͙ͯͫͭ͊ͤͦͤ͡ΎΣ 

͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙͙͡ ͔ͨͪͪ·͍͙͊ͤΎ ͍ͦͤͭ͊ͭͦ͟͟Σ ͊ ͔ͭ͊͗͟ ͒͡Ύ ͔͔͔͎ͦͨͪ͒ͤͤͦͦ͡ ͭͦͤ͊ ͦ͋΅͔͙ͤΎΦ 

˻;͔ͤΈ ͙͔͔ͤͭͪͫͤͦΣ ;ͭͦ ͔ͪ;Έ ͙͔͒ͭ ͦ ζ͍͔ͦͤͤ͟ͼ͙Ύͻ ͯͫͭͤ·ͻ ͙ͦͣͣͯͤ͊͟͟ͼ͙͚η - ͭ ͦ ͔ͫͭΈ ͦ ͔ͭͻ ͔͙ͤͨͫ͊ͤͤ·ͻ 

͍͙ͨͪ͊͊͡ͻΣ ;ͭͦ ͔͒͊͡Όͭ ͦ͋΅͔͙͔ͤ ͎͙͊͒ͣ͟͡ ͙ Ήͺͺ͔͙͍ͭͤ͟·ͣΦ ώмΣ ˾ΦссϐΦ  ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ς 

Ήͭͦ ͍͔͎ͫͦͦ ͪͦ͒͊ ζ͎͙ͪ͊ͣͣ͊ͭ͊͟η ͍͔͙͍͙͗ͦͫͭ͡ ͙ ͭ͊ͭ͊͟Σ ͦͭͦͪ͊͟Ύ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔ͯͫͨ΄ͤͦͣͯ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΌΣ 

͎ͨͦͣͦ͊Ύ ͯ;͙͊ͫͭͤ͊ͣ͟ ͫͦ͋͡Ό͒͊ͭΈ ͤͦͪͣ·Σ ͙͔͎͋͊ͭ͘Έ ͔͔͙͚ͤ͒ͦͪ͊ͯͣͤ͘ ͙ ͍ͫͦ͒͊͊ͭ͘Έ ͊ͭͣͦͫͺ͔ͪͯ ͍͔͙͒ͦͪΎΦ  

˶͙͎͍͙ͤͫͭͦͣ ͙ ͺ͙ͦͫͦ͡ͺͦͣ ̆Φ˽Φ ˥͔͚ͪͫͦͣ ͋·͙͡ ͔͔ͨͪ͒ͦ͗ͤ͡· ͔ͤͦͭͦͪ͟·͔ ͙ͨͪͤͼ͙ͨ·Σ ͟ ͦͭͦͪ͟·ͣ 

ͦͭͤͦͫΎͭͫΎΥ ͊͟;͔͍ͫͭ͊Σ ͔͎ͨͪ͒ͨͦ͊͊͡Ό΅͙͔Σ ;ͭͦ ͔͔͍͔ͨͪ͒͊͊ͣ͊Ύ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͍͙͍͚ͨͪ͊͒ͦΤ 

͙ͦ͟͡;͔͍ͫͭͦΣ ͦ͋ͦͤ͊͘;͊Ό΅͔͔Σ ;ͭͦ ͫͦͦ͋΅͔͙͔ͤ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͙ͤ ͙ͫ͡΄ͦͣ͟ ͙ͪ͊ͭͣ͟͟Σ ͙ͤ ͙͙͘͡΄͔ͤ 

ͨͦ͒ͪͦ ͋ͤ·ͣΤ ͙͔ͦͭͤͦͫͭ͡ΈͤͦͫͭΈΣ ͦͭͦͪ͊͟Ύ ͔͔ͭͪ͋ͯͭΣ ;ͭͦ͋· ͙ͤͺͦͪͣ͊ͼ͙Ύ ͋·͊͡ ͊ͭͯ͊͟͡Έ͚ͤͦ ͒͡Ύ ͨͦͯ͡;͔͊ͭ͡ΎΤ 

͙ ͙͙͙ͫͭͫͭ͊͟͡Σ ͯ͊͘͟·͍͊Ό΅͊Ύ ͤ͊ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ Ύ͙ͫͤͦͫͭΣ ͙ͫ͗͊ͭͦͫͭ ͙ ͍͙ͦͭͫͯͭͫͭΎ ͔ͤͨͦͤΎͭͤ·ͻ ͒͡Ύ 

ͫͯ͡΄͔͊ͭ͡Ύ ͍·͔͙͚ͪ͊͗ͤΦ ˹͊ͪͯ΄͔͙͔ͤ ͎ͦ͒ͤͦͦ ͙͙͡ ͔ͤͫͦ͟͡Έ͙͟ͻ ͙͘ Ή͙ͭͻ ͍͙ͨͪ͊͡ ͍ ͚ͭͦ ͙͙͡ ͙͚ͤͦ ͔͔ͣͪ 

͙͍͙ͨͪͦ͒ͭ ͟ ͫ͋ͦΎͣ ͍ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Φ ˩͙ͫ͡ Ή͙ͭ ͙ͨͪͤͼ͙ͨ· ͤ͊ͪͯ΄͊ΌͭͫΎΣ Ήͭͦ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ 

͔͙͙ͤ͒ͦͨͦͤͣ͊ͤΌ ͙ ͫ͋ͦΎͣ ͍ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Σ ͭ͊͟ ͊͟͟ ͔͔͙ͫͦ͋ͫ͒ͤ͟ ͔ͣͦ͗ͭ ͔͍͙ͤͨͪ͊͡Έͤͦ ͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈ 

͔͔ͨͪ͒͊ͤͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙ΌΦ ˤ͊͗ͤͦ ͯ;͙ͭ·͍͊ͭΈ Ή͙ͭ ͔͊ͫͨͭ͟·Σ ;ͭͦ͋· ͦ͋΅͔͙͔ͤ ͋·ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·ͣΦ 

̆Φ˽Φ ˥ͪ͊ͫ ͙ͨͪ ͺ͙͍͙͙ͦͪͣͯͪͦ͊ͤ͡ ͍͙ͫͦͻ ͙ͨͪͤͼ͙͍ͨͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Σ ͔ͤ ͍͟͡Ό;͔͊ͭ ͍ ͙ͤͻ ͔͍͙ͭͪ͋ͦ͊ͤΎ 

͍͔͙͍͙͗ͦͫͭ͡ ͙ ͙ͭ͊ͭ͟;͙ͤͦͫͭΦ ̆ͦͭΎ Ή͙ͭ ͔͊ͫͨͭ͟· ͦ;͔ͤΈ ͍͊͗ͤ· ͍ ͦ͋΅͔͙͙ͤ ̆Φ˽Φ ˥ͪ͊ͫ ͔ͫͦͫͪ͒ͦͭͦ;͙ͫ͡Ύ ͤ͊ 

Ήͺͺ͔͙͍͚ͭͤͦ͟ ͔͔ͨͪ͒͊;͔ ͙ͤͺͦͪͣ͊ͼ͙͙ ͊͟͟ ͎͍͚͊ͤͦ͡ ͼ͔͙͡Σ ;ͭͦ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͔͔͋ͦ͡ 

͙͍ͫͭͪͯͭͯͪͪͦ͊ͤͤͦͣͯ͟ ͨͦ͒ͻͦ͒ͯ ͟ ͙͙ͨͦͤͣ͊ͤΌ ͎ͭͦͦΣ ͊͟͟ ͣ· ͦ͋΅͔͊ͣͫΎΣ ͔ͤ ͊͟ͼ͔͙ͤͭͪͯΎ ͍͙͙͔ͤͣ͊ͤ ͤ͊ 

Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͻ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͔͊ͫͨͭ͊͟ͻ ͦ͋΅͔͙ͤΎΦ 

˽͙ͪͤͼ͙ͨ· Ή͙͔ͭͭ͊͟ ͍͊͗ͤ· ͒͡Ύ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͦ͋΅͔͙ͤΎΣ ͨͦͫͦ͟͡Έͯ͟ ͙ͦͤ ͎ͨͦͣͦ͊Όͭ ͔͙ͯ͋͒ͭΈ 

ͫͯ͡΄͔͔͚͊ͭ͡ ͙ ͙͍ͤ͊͊͗͊ͭ͡Έ ͔͙ͣ͗͡;ͤͦͫͭͤ·͔ ͦͭͤͦ΄͔͙ͤΎΦ ̆ͦͪͦ΄͙͚ Ή͙͔ͭͭ͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͔ͨͦͦ͗ͭ͡͡Έͤͦͣͯ 

͍͙ͦͫͨͪΎ͙ͭΌ ͫͦͦ͋΅͔͙͚ͤΦ ˤ ͔ͤͦͭͦͪ͟·ͻ ͙ͫͭͯ͊ͼ͙Ύͻ ͍͔͙͍͗ͦͫͭ͡Έ ͔ͣͦ͗ͭ ͙͔ͣͭΈ ͋ͦ͡Έ΄͔͔ ͤ͊͘;͔͙͔ͤΣ ;͔ͣ 

ͭͦ;ͤͦͫͭΈ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ̏ͭͦ ͦͤ͊͘;͔͊ͭΣ ;ͭͦ ͯ͡;΄͔ ͙͔͎͋͊ͭ͘Έ ͺͪ͊͘Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͙͔ͦ͋͒ͭΈ ͙͙͡ ͔͊͒ͭ͘Έ 

͔͔͙ͫͦ͋ͫ͒ͤ͊͟Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͋·ͭΈ ͦͫͭͦͪͦ͗ͤ·ͣ ͫ ͺ͙͍͙ͦͪͣͯͪͦ͊ͣ͟͡Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͍·͍͊ͭ͘Έ 

͔͔͔ͤ͗͊ͭ͡͡Έͤ·͔ ͊ͫͫͦͼ͙͊ͼ͙͙ ͙͙͡ Ήͣͦͼ͙͙Σ ͔͒͊͗ ͔͙ͫ͡ ͙ͫ͊ͣ ͍·͔͙ͪ͊͗ͤΎ ͔ͤ Ύ͍͡ΎΌͭͫΎ ͤ͊ͨͪΎͣͯΌ 

͙͔ͦͫͦͪ͋ͭ͟͡Έͤ·͙ͣΦ 

ˤ ͔͔ͦͤͭͫͭ͟͟ ͍͔͙͍͎͗ͦͦ͡ ͦ͋΅͔͙ͤΎ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͟ ͊ͭͯ͊͟͡Έ͙ͤͦͫͭ ͙ ͍͙͍͙ͨͪ͊͒ͦͫͭ ͙ͤͺͦͪͣ͊ͼ͙͙ ͎ͣͦͯͭ 

ͦͭͻ͙ͦ͒ͭΈ ͤ͊ ͍͚ͭͦͪͦ ͨ͊ͤ͡Σ ͭ͊͟ ͊͟͟ ͍͔ͦͫͤͦͤͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͭͦͣͯΣ ͊͟͟ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͍͙͙͔ͦͫͨͪͤͣ͊ͭͫΎ 

͔͔͙ͫͦ͋ͫ͒ͤͦͣ͟Φ ˤ ͼ͔ͦͣ͡Σ ͔͔ͫ͒ͯͭ͡ ͦ͋ͪ͊΅͊ͭΈ ͍͙͙͔ͤͣ͊ͤ ͔ͤ ͭͦ͡Έͦ͟ ͟ ͔͙ͫͦ͒ͪ͗͊ͤΌ ͫͦͦ͋΅͔͙ͤΎΣ ͤͦ ͙ ͟ ͔͎ͦ 
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ͺ͔ͦͪͣΣ ͯ;͙ͭ·͍͊Ύ Ήͣͦͼ͙ͦͤ͊͡Έͤ·͔ ͙ ͫͦͼ͙͊͡Έͤ·͔ ͔͊ͫͨͭ͟· ͦ͋΅͔͙ͤΎΦ 

˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ς Ήͭͦ ͍͙ͨͪ͊͊͡ ͙ ͤͦͪͣ·Σ ͦͭͦͪ͟·͔ ͔͎͙ͪͯͪͯ͡Όͭ ͦ͋΅͔͙͔ͤ ͍ ͦ͋΅͔͍͔ͫͭΦ ˻ͤ 

͔͔͔͔ͨͪͫ͊ͭͫ͟Ύ ͫ ͎͙͚ͨͪ͊ͣ͊ͭͦ͟Σ ͦͭͦͪ͊͟Ύ ͙ͯ͘;͔͊ͭΣ ͊͟͟ ͔ͦͤͭͫͭ͟͟ ͍͙͡Ύ͔ͭ ͤ͊ ͫͣ·ͫ͡ ͍·ͫ͊͘͟·͍͙͚͊ͤΣ ͎͔͒ ͍͊͗ͤͦ 

͔ͤ ͭͦ͡Έͦ͟ ͭͦΣ ;ͭͦ ͣ· ͎͍͙ͦͦͪͣΣ ͤͦ ͙ ͊͟͟ ͣ· Ήͭͦ ͎͍͙ͦͦͪͣ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͫͭͯ͊ͼ͙͙ ͙ ͤ͊΄͙ͻ ͼ͔͔͚͡Φ 

˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͣΣ ͦͤ ͍͊ͪΈ͙͔ͪͯͭͫΎ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͫͭͯ͊ͼ͙͙Φ ˹͙͔͊ͨͪͣͪΣ 

͙ͪ͊͘͡;ͤ·͔ ͺͦͪͣ͊ͭ· ͦ͋΅͔͙ͤΎ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͼ͔͔͙ͪͣͦͤ͊͡Έͤ·ͻΣ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͙͙͡ ͭͪ͊ͯͪͤ·ͻ 

͔ͦͤͭͫͭ͊͟͟ͻΦ ˤ ͪ͊ͤ͘·ͻ ͯ͟͡Έͭͯͪ͊ͻ ͫͯ΅͔͍ͫͭͯΌͭ ͍͙ͫͦ ͤͦͪͣ· ͔͊ͫ͊ͣͦ͟ ͍·͔͙ͪ͊͗ͤΎ Ήͣͦͼ͙͚ ͙ ͔͙ͦ͋ͫͯ͗͒ͤΎ 

͙͡;ͤ·ͻ ͙͔͙͚͒ͦͫͭ͗ͤΦ ˤ ͙ͦ͒ͤͻ ͯ͟͡Έͭͯͪ͊ͻ ͦͭͪ͟·͔ͭͦ ͔͙͔ͦ͋ͫͯ͗͒ͤ ͔ͨͪͦ͋ͣ͡ ͔ͣͦ͗ͭ ͋·ͭΈ ͚ͤͦͪͣͦΣ ͍ ͭͦ ͍͔ͪͣΎ 

͊͟͟ ͍ ͎͙͒ͪͯͻ Ήͭͦ ͔ͣͦ͗ͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͊͟͟ ͔͔͔ͤͯͣͫͭͤͦΦ ́ͦ ͔͗ ͔͊ͫ͊ͭͫ͟Ύ ͙ ͨͦͻ͍͊͡Υ ͍ ͔ͤͦͭͦͪ͟·ͻ 

ͯ͟͡Έͭͯͪ͊ͻ Ήͭͦ ͨͦͦ΅ͪΎ͔ͭͫΎΣ ͊ ͍ ͎͙͒ͪͯͻ ς ͫ;͙͔ͭ͊ͭͫΎ ͨͦ͡ͻ͙ͣ ͭͦͤͦͣΦ ˴͔ͪͦͣ ͙ͫͭͯ͊ͼ͙͙Σ ͫͯ΅͔͍ͫͭͯΌͭ ͙ 

͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͍͙ͨͪ͊͊͡ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͎ͭͦͦΣ ͙͔͊͟͟ ͔ͭͣ· ͫ;͙ͭ͊ΌͭͫΎ ͨͦ͒ͻͦ͒Ύ΅͙͙ͣ ͙͙͡ ͔ͤͨͦ͒ͻͦ͒Ύ΅͙͙ͣ 

͒͡Ύ ͔͙ͦ͋ͫͯ͗͒ͤΎ ͍ ͪ͊ͤ͘·ͻ ͫͦͼ͙͊͡Έͤ·ͻ ͔ͦͤͭͫͭ͊͟͟ͻΦ ͙̏ͭ ͍͙ͨͪ͊͊͡ ͎ͨͦͣͦ͊Όͭ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͎͙͊ͪͣͦͤ;͔ͤͦ 

ͦ͋΅͔͙͔ͤ ͙ ͙͔͎͋͊ͭ͘Έ ͔͍͙ͤͦ͟͡ͻ ͙͙͡ ͦͤ͟ͺ͙ͭͤ͟͡·ͻ ͙ͫͭͯ͊ͼ͙͚Φ 

˾͙͍͊ͫͫͣ͊ͭͪ͊Ύ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͍ ͯͦͣ͘͟ ͫͣ·͔ͫ͡Σ ͣͦ͗ͤͦ ͦͻ͔͙͍͊ͪ͊ͭͪͦ͊ͭ͘͟Έ ͙͔ͫͫͭͣͯ 

͙͎͍͙͙ͤͫͭ͡;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭΣ ͦͭͦͪ͟·͚ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙ͻ ͙͎͍͙͙ͤͫͭ͡;͔͙ͫ͟ͻ ͍ͯͪͦͤΎͻΥ ͤ͊ ͍͔ͯͪͦͤ 

͔͙͙ͫ͟͟͡ ͙ ͺ͔͎͙͙ͪ͊ͦͦ͘͡ ό͍·͋ͦͪ ͍ͫͦ͡ ͙ ͍·͔͙͚ͪ͊͗ͤύΣ ͎͙͙ͪ͊ͣͣ͊ͭ͟ ό͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͦͤͫͭͪͯ͟͟ͼ͙͙Σ 

͙͔ͤ͊ͨͪͣͪΣ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͍͔͎ͣͤͦ͗ͫͭͤͤͦͦ ;͙ͫ͊͡ ͙ͨͪ ͦ͋ͪ͊΅͔͙͙ͤ ͙͙͡ ͍͙͔ͦͨͪͦͫͭ͡Έͤ·ͻ ͺͦͪͣ ͍͔ͣͫͭͦ 

ͦͣ͊ͤ͒͟ύΣ ͙͙͙͙ͫͭͫͭ͟͡ ό͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͎͎ͪ͊ͣͦͭͤͦͦ ͙ ͯ͟͡Έ͎ͭͯͪͤͦͦ Ύ͘·͊͟Σ ͙͔ͤ͊ͨͪͣͪΣ ͙͔͎͙͔͋͊ͤ͘ ͎ͪͯ͋·ͻ 

͍ͫͦ͡ ͙ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ Ή͍ͺ͔͙͍ͣͣͦ͘ ͙͙͡ ͭ͊͋ͯύΣ ͙ͤͭͦͤ͊ͼ͙͙ ό͙͔ͣͤ͘Ύ͔ͭ ͫͣ·ͫ͡ ͎ͫ͊͊ͤͤͦͦ͘͟Σ ͙͔ͤ͊ͨͪͣͪΣ 

͍͔͙͍͗͡·͚ ͊ͨͪͦͫ͘ ͔ͣͦ͗ͭ ͫͭ͊ͭΈ ͎ͪͯ͋·ͣ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͤͭͦͤ͊ͼ͙͙ύ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·͔ ͙ 

͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·͔ ͍͙ͯͪͦͤ ό͍͙ͨͪ͊͊͡ ͦ͋΅͔͙ͤΎΣ ͙͔ͤ͊ͨͪͣͪΣ ͔͊ͨͪͭ͘ύΦ ˿͍ͦͦͯͨͤͦͫͭ͟Έ Ή͙ͭͻ ͍͔͚ͯͪͦͤ ͔ͦ͋ͪ͊ͯͭ͘ 

͙͔ͫͫͭͣͯ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟Σ ͦͭͦͪ͊͟Ύ ͎͔ͨͦͣͦ͊ͭ ͍͔͙͍͗ͦ͡ ͙ ͔ͦͪͪͭͤͦ͟͟ ͦ͋΅͊ͭΈͫΎ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͫͦͼ͙͊͡Έͤ·ͻ 

͙ͫͭͯ͊ͼ͙Ύͻ ώпΣ ˿ΦтϐΦ 

ˣΦ̑Φ ˥ͦͪͦ͒ͼ͙͚͟ ͍·͔͒͡ΎΎ ͍ͦͫͤͦͤ·͔ ͣ ͔ͦͣͤͭ· ͔͒͊ͭ ͔ͭ͊ͦ͟ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͚͒͊ͤͤͦ ͔͙͙͒ͤͼ͔Υ ˾͔;͔͍͚ͦ 

Ή͙͔ͭͭ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͤ͊͋ͦͪ ͚ͯͫͭͦ;͙͍·ͻ ͍·͔͙͚ͪ͊͗ͤ ͙ ͺͦͪͣͯ͡Σ ͦͭͦͪ͟·͔ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ 

ͦ͋΅͔͙ͤΎΦ ͙̏ͭ ͺͦͪͣͯ͡· ͎ͣͦͯͭ ͍͟͡Ό;͊ͭΈ ͙͍͔͍͙ͨͪͭͫͭΎΣ ͙͍͙͔͙ͤͤ͘ΎΣ ͨͪͦͫΈ͋· ͙ ͎͙͔͒ͪͯ ͍·͔͙ͪ͊͗ͤΎ 

͍͔͙͍͙͗ͦͫͭ͡Φ ˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ;͔ͣ-ͭͦ ͙͍ͨͪͦͦ͘͡Έͤͦ ͙ͨͪ͒ͯͣ͊ͤͤ·ͣΣ ͊ ͺ͙͔ͦͪͣͪͯͭͫΎ 

ͯ͟͡Έͭͯͪͤ·͙ͣ ͙ ͫͦͼ͙͊͡Έͤ·͙ͣ ͙ͤͦͪͣ͊ͣΦ ˻͋΅͔͍ͫͭͦ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭ͡ Ή͙ͭ ͍͙ͨͪ͊͊͡ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· 

͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͔͔͔ͦͨͪ͒ͤͤ͡·͔ ͫͭ͊ͤ͒͊ͪͭ· ͦ͋΅͔͙ͤΎΦ ˣΦ̑Φ ˥ͦͪͦ͒ͼ͙͚͟ ͔ͭ͊͗͟ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟Σ ;ͭͦ ͔ͪ;͔͍͚ͦ 

Ή͙͔ͭͭ͟ ͎͔ͨͦͣͦ͊ͭ ͍͙ͯͫͭ͊ͤͦͭΈ ͙ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͦͤͭ͊ͭ͟͟ ͔ͣ͗͒ͯ ͔͔͙͙ͫͦ͋ͫ͒ͤ͊ͣ͟Σ ͯ;͙ͭ·͍͊Ύ ͙ͻ ͫͦͼ͙͊͡Έͤ·͔ 

͙ͪͦ͡ ͙ ͙ͨͦ͘ͼ͙͙Φ ˮ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͎ͭͦͦΣ ͭͦ͟ ͦ͋΅͔͊ͭͫΎ ό͒ͪͯ͘ΈΎΣ ͔͎͙ͦ͟͡͡Σ ͫͭ͊ͪ΄͙͔ ͨͦ ͍ͦͪ͊ͫͭͯ͘ ͙ ͫͭ͊ͭͯͫͯ 

͙ ͭΦ͒ΦύΣ ͍͔͙͍͗͡·͚ Ύ͘·͟ ͙ ͺͦͪͣ͊ ͦ͋΅͔͙ͤΎ ͎ͣͦͯͭ ͙ͪ͊͘͡;͊ͭΈͫΎΦ ˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔ͪ͊͋ͦͭ͊ͭ ͊͟͟ ͍ ͺͦͪͣ͊͡Έͤ·ͻ 

͙ͫͭͯ͊ͼ͙Ύͻ ό͙͔ͤ͊ͨͪͣͪΣ ͤ͊ ͔ͪ͊͋ͦͭ ͙͙͡ ͦͺ͙ͼ͙͊͡Έͤ·ͻ ͍͔ͫͭͪ;͊ͻύΣ ͭ͊͟ ͙ ͍ ͔ͤͺͦͪͣ͊͡Έͤ·ͻ ό͙͔ͤ͊ͨͪͣͪΣ ͔͙ͫͪ͒ 

͔͚͒ͪͯ͘ύΦ ˤ ͊͗͒ͦͣ͟ ͫͯ͡;͔͊ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ ͔ͨͦͣͦ͗ͭ ͙ͤ͊͊͒ͭ͡Έ ͍͙ͨͪ͊͡Έͤ·͔ 

͍͙͊ͣͦͦͭͤͦ͘΄͔͙ͤΎΦ ˻͔͔͔͙͔ͨͪ͒ͤ͡ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ ͔͊ͫ͊ͭͫ͟Ύ ͔͚ͦͤͪͭͤͦ͟͟ ͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ ͙ͫͭͯ͊ͼ͙͙Σ 

͎͔͒ ͦ͋΅͔͙͔ͤ ͙ͨͪͦͫͻ͙ͦ͒ͭ Ϧ͔͒ͫ͘Έ ͙ ͔͚ͫ;͊ͫϦ ͔ͣ͗͒ͯ ͍͒ͯͣΎ ͔͔͙͙ͫͦ͋ͫ͒ͤ͊ͣ͟Φ ˽͎͙ͪ͊ͣ͊ͭ;͔͙͔ͫ͟ ͙ͦͦͪ͒ͤ͊ͭ͟· 

Ϧ̒ - ͍· - ͔͒ͫ͘Έ - ͔͚ͫ;͊ͫϦ ͦͤ͊͘;͊ΌͭΣ ;ͭͦ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͙͔͊͒͊ͨͭͪͯͭͫΎ ͨͦ͒ ͔ͦͤͪͭͤ͟͟·͔ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊ ͙ 

ͯ;͙͍͊ͫͭͤͦ͟ ͦ͋΅͔͙ͤΎΦ ˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͎͙͔ͦͪ͊ͤͯͭ͘ ͔͙ͫ͟͡;͔͙͔ͫ͟ ͙ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͔͙͙͒ͤͼ·Σ ͦͭͦͪ͟·͔ 

͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͚͒͊ͤͤͦ ͙ͫͭͯ͊ͼ͙͙Φ ̏ͭͦ Ύ͒ͪͦ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͔ͭ ͍·͔͙ͪ͊͗ͤΎΣ ͦͭͦͪ͟·͔ ͫ;͙ͭ͊ΌͭͫΎ 

͔ͯͣͫͭͤ·͙ͣ ͍ ͚͒͊ͤͤͦ ͔͔ͦͤͭͫͭ͟͟ ͦ͋΅͔͙ͤΎΦ 

˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ς Ήͭͦ ͍͊͗ͤ͊Ύ ͍ͫͦͫͭ͊͡ΎΌ΅͊Ύ ͚͊͗͒ͦ͟ ͯ͟͡Έͭͯͪ· ͙ Ύ͘·͊͟Φ ˣ͔͘ ͙͙ͨͦͤͣ͊ͤΎ Ή͙ͭͻ ͤͦͪͣ 

͔͍ͤͦͣͦ͗ͤͦ͘ ͨͦͤͦ͡ͼ͔͔ͤͤͦ ͦ͋΅͔͙͔ͤΦ ˭͙͔ͤ͊ͤ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ ͎͚͒ͪͯͦ ͯ͟͡Έͭͯͪ· ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͙͘-͊͘ 

͔ͣ͗ͯ͟͡Έͭͯͪͤ·ͻ ͙ͪ͊͘͡;͙͚Φ ̉ͭͦ͋· ͻͦͪͦ΄ͦ ͍͔͊͒ͭ͡Έ ͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·ͦͣ͟Σ ͤͯ͗ͤͦ ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ͭ͘Έ 

͎͙ͪ͊ͣͣ͊ͭͯ͟ ͙ ͔͙ͫͯ͟͟͡Σ ͤͦ ͙ ͙ͨͦͤͣ͊ͭΈΣ ͊͟͟ ͦ͋΅͊ͭΈͫΎ ͍͔͙͍͗ͦ͡ ͙ ͔ͯͣͫͭͤͦ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͙ͫͭͯ͊ͼ͙ΎͻΦ ̏ͭͦ 

͔͍͔ͨͦ͒ͪ͊ͯͣ͊ͭ͘ ͙͔ͤ͊ͤ͘ ͫͦͼ͙͙͎͍͙͙ͦͤͫͭ͡;͔͙ͫ͟ͻ ͤͦͪͣ ͙ ͍͙ͨͪ͊͡Φ ˶͙͎͍͙ͤͫͭ ˸Φ ˴͎ͪͦͤ͊ͯ͘ ͍͔͔ͯͭͪ͗͒͊ͭΣ ;ͭͦ 
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͔͙ͫ͡ ;͔͍͔ͦ͟͡ ͔ͫͭ͊ͪ͊ͭͫΎ ͙͔͙͍ͨͪ͒ͪ͗͊ͭΈͫΎ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ ͙ ͯ͟͡Έͭͯͪͤ·ͻ ͤͦͪͣ ͼ͔͔͍͚ͦ͡ ͯ͟͡Έͭͯͪ·Σ ͭͦ ͔ͣͯ 

͔͋ͯ͒ͭ ͔͎͡;͔ ͍͙͍ͯͫͭ͊ͤ͊͊ͭ͡Έ ͦͤͭ͊ͭ͟͟· ͙ ͙͔͎͋͊ͭ͘Έ ͔͔͙͚ͤ͒ͦͪ͊ͯͣͤ͘Φ ˩͙ͫ͡ ;͔͍͔ͦ͟͡ ͫͯ΅͔͍͔ͫͭͤͤͦ 

ͦͭͦͤ͟͡Ύ͔ͭͫΎ ͦͭ ͙ͨͪͤΎͭ·ͻ ͤͦͪͣ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟Σ Ήͭͦ ͔ͣͦ͗ͭ ͙͊ͭͪͯ͒ͤͭ͘Έ Ήͺͺ͔͙͍͔ͭͤͦ͟ ͦ͋΅͔͙͔ͤ ό͔͒͊͗ 

͔͙ͫ͡ ͎͙ͪ͊ͣͣ͊ͭ͊͟ ͙ ͔͙ͫ͊͟͟͡ ͔ͤ ͫͭͪ͊͒͊ΌͭύΦ ˿͔͔ͭͨͤΈ ͔͙͙ͭͪͨͣͦͫͭ ͟ ͙ͭ͊ͣ͟ ͦ΄͙͋͊ͣ͟ ͍ ͪ͊ͤ͘·ͻ ͯ͟͡Έͭͯͪ͊ͻ 

͔ͣͦ͗ͭ ͙ͫ͡Έͤͦ ͙ͪ͊͘͡;͊ͭΈͫΎΦ ˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔ͣͦ͗ͭ ͋·ͭΈ ͣͦ΅ͤ·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣΣ ͦͭͦͪ͟·͚ ͦ͊͘͟·͍͔͊ͭ 

ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͻͦ͒ ͙ ͔ͪͯ͘͡Έͭ͊ͭ· ͔ͣ͗ͯ͟͡Έͭͯͪͤ·ͻ ͍͙͔͚͍͙͚͊ͣͦ͒ͫͭ͘Φ ˽͍͙ͪ͊͡Έ͔ͤͦ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ ͔ͣͦ͗ͭ ͨͦͣͦ;Έ ͍͙ͯͫͭ͊ͤͦͭΈ ͍͔͙͔͒ͦͪ ͙ ͙ͤ͊͊͒ͭ͡Έ ͻͦͪͦ΄͙͔ ͦͭͤͦ΄͔͙ͤΎΣ ͊ 

͔͍͙ͤͨͪ͊͡Έ͔ͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ς ͤ ͊ͦ͋ͦͪͦͭΣ ͙͍͔͙ͨͪͫͭ ͟ ͦͤ͟ͺ͙ͭ͊ͣ͟͡ ͙ ͔͙͙ͤ͒ͦͨͦͤͣ͊ͤΌΦ ˤ͊͗ͤͦ ͔͙ͦͭͣͭͭΈΣ 

;ͭͦ ͻͦͭΎ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͙͔͔ͣͭ ͙͍ͤͦͪͣ͊ͭͤ·͔ ͙ͪ͊ͣ͟Σ Ήͺͺ͔͙͍͔ͭͤͦ͟ ͦ͋΅͔͙͔ͤ ͔ͤ ͍͔͎ͫ͒͊ ͔͔ͭͪ͋ͯͭ ͎͎ͫͭͪͦͦͦ 

ͫͦ͋͡Ό͔͙͒ͤΎ Ή͙ͭͻ ͪ͊ͣͦ͟Φ ̉͊ͫͭͦ ͍͊͗ͤ͊ ͎͙͋ͦͫͭ͟Έ ͙ ͔͙͔ͯͣͤ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ ͙ͫͭͯ͊ͼ͙͙ ώрΤ мрϐΦ 

˻͍ͫͤͦͤ·ͣ Ή͔͔ͣͤͭͦͣ͡ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͫ͊ͣͦ ͔͎ͦ ͨͦͤΎ͙͔ͭΣ ͔ͦͭͦͪͦ͟ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ;͔ͭͦ͟ 

͔͔͔ͦͨͪ͒ͤͦ͡ ͙ ͪ͊ͫͪ͟·ͭͦΦ ˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͙ͦͨͫ·͍͔͊ͭͫΎ ͊͟͟ ͙͔ͫͫͭͣ͊Σ ͔ͫͦ͒ͪ͗͊΅͊Ύ ͍͔ͪ͋͊͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ 

τ Ήͭͦ ͍ͫͦ͊͡Σ ͺͪ͊͘· ͙ ͍·͔͙ͪ͊͗ͤΎΣ ͦͭͦͪ͟·͔ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͨͪͦͼ͔͔ͫͫ ͦ͋΅͔͙ͤΎΦ ͙̏ͭ ͔͍ͫͪ͒ͫͭ͊ ͣͦ͗ͤͦ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͊͟͟ ͙͔ͤͫͭͪͯͣͤͭ·Σ ͍ͨͦͦ͘͡ΎΌ΅͙͔ ͍͙͔͚͍͍͊ͣͦ͒ͫͭͦ͊ͭ͘Έ ͔ͣ͗͒ͯ ͚ͫͦ͋ͦΦ ˽ͦ͒ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ-

͔͙ͫͣ͊ͤͭ;͔͙ͫͣ͟ ͙͙ͨͪͤ͊͊ͣ͘͟ ͙͔͔ͣͭͫΎ ͍ ͍͙͒ͯ ͍ͫͦͦͯͨͤͦͫͭ͟Έ ͙͎͍͙͙ͤͫͭ͡;͔͙ͫ͟ͻ ͔͙͙͒ͤͼΣ ͦͭͦͪ͟·͔ ͙͔ͣΌͭ 

͔͔͔ͦͨͪ͒ͤͤ͡·͔ ͺͯͤ͟ͼ͙͙ ͙ ͤ͊͘;͔͙ͤΎ ͍ Ύ͘·͔͟Φ ˻͙ͤ ͎ͨͦͣͦ͊Όͭ ͔͔͙ͦͨͪ͒ͭ͡ΈΣ ͊͟͟ ͔͔ͫ͒ͯͭ͡ ͎͍͙ͦͦͪͭΈ ͍ 

͙ͪ͊͘͡;ͤ·ͻ ͙ͫͭͯ͊ͼ͙Ύͻ ͙ ͙ͨͪ ͦ͋΅͔͙͙ͤ ͫ ͪ͊ͤ͘·͙ͣ ͡Ό͒Έ͙ͣΦ ˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔͔ͦͨͪ͒͡Ύ͔ͭΣ ͙͔͊͟͟ ͔ͪ;͔͍·͔ 

ͦͤͫͭͪͯ͟͟ͼ͙͙ ͙ ͺͪ͊͘· ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͔ͦͤͭͫͭ͊͟͟ͻΦ ̏ͭͦ ͔͊ͫ͊ͭͫ͟Ύ ͊͟͟ 

ͺ͙͍ͦͪͣͯͪͦͦ͟͡Σ ͭ͊͟ ͙ ͙ͫͭ͡Ύ ͦ͋΅͔͙ͤΎΦ ˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͍͙͙͊ͫͭ͘ ͦͭ ͔ͦͤͪͭͤ͟͟·ͻ ͍͙͚ͯͫͦ͡ ͙ ͙ͫͭͯ͊ͼ͙͚Σ ͍ 

ͦͭͦͪ͟·ͻ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘Φ ̏ͭͦ ͔ͣͦ͗ͭ ͍͟͡Ό;͊ͭΈ ͺͦͪͣ͊͡Έͤ·͔ ͙ ͔ͤͺͦͪͣ͊͡Έͤ·͔ ͍͙ͦ͋ͫͭ͊ͤͦ͟Σ 

͊ ͔ͭ͊͗͟ ͔ͦͤͭͫͭ͟͟·Σ ͔͔͔ͦͨͪ͒ͤͤ͡·͔ ͯ͟͡Έͭͯͪͤ·͙ͣ ͙ ͫͦͼ͙͊͡Έͤ·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟Φ ˴͎ͦ͒͊ ͔ͪ;Έ ͙͔͒ͭ ͦ 

ζ͔ͪ͊͡Έͤͦͣ ͺͯͤ͟ͼ͙͙͍͙͙ͦͤͪͦ͊ͤ ͍͔͔͙ͪͣͤηΣ ͔͍͔ͨͦ͒ͪ͊ͯͣ͊ͭͫ͘ΎΣ ;ͭͦ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔͒ͦ͗ͤ͡ ͙͔ͨͪͣͤΎͭΈͫΎ 

͍ ͊ͭͯ͊͟͡Έͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ͦ͋΅͔͙ͤΎΣ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͔ͣͤΎΌ΅͙ͻͫΎ ͤͦͪͣ ͙ ͯ͟͡Έͭͯͪͤ·ͻ ͔͍ͦͤͭͫͭͦ͟͟Φ 

ˤ ͊͘͟͡Ό;͔͙͔ͤΣ ͣͦ͗ͤͦ ͫ͊͊ͭ͘͟ΈΣ ;ͭͦ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ς Ήͭͦ ͫͦ͗ͤ͊͡Ύ ͙͔ͫͫͭͣ͊Σ ͦͭͦͪ͊͟Ύ ͍͟͡Ό;͔͊ͭ ͍ 

͔ͫ͋Ύ ͍͔ͫ ͔͊ͫͨͭ͟· Ύ͘·͊͟ ͙ ͯ͟͡Έͭͯͪ·Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙͔Σ ͊͟͟ ͡Ό͙͒ ͒ͦ͗ͤ͡· ͦ͋΅͊ͭΈͫΎ ͎͒ͪͯ ͫ ͎͒ͪͯͦͣΣ ;ͭͦ͋· 

Ήͭͦ ͋·ͦ͡ ͍͙͔ͯ͊͗ͭ͡Έͤͦ ͙ ͔ͯͣͫͭͤͦ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͫͦͼ͙͊͡Έͤ·ͻ ͙ ͯ͟͡Έͭͯͪͤ·ͻ ͅ ͍͊ͭͦͪͦ͟Φ 

ˤ·͍ͦ͒· 

˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͦͣͨͫͤͯ͟͟͡Ό ͙͔ͫͫͭͣͯ ͤͦͪͣ ͙ ͍͙ͨͪ͊͡Σ ͔͎͙ͪͯͪͯ͡Ό΅͙ͻ 

͙ͦͣͣͯͤ͊͟͟ͼ͙Ό ͍ ͦ͋΅͔͍͔ͫͭΦ ˻ͤ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͤ͊ ͙ͪ͊͘͡;ͤ·ͻ Ύ͘·͍ͦ͟·ͻ ͍ͯͪͦͤΎͻ τ ͔͙ͫ͟͡;͔ͫͦͣ͟Σ 

ͣͦͪͺ͎͙ͦͦ͡;͔ͫͦͣ͟Σ ͙͙͙ͫͭͫͭ͡;͔ͫͦͣ͟Σ ͙ͤͭͦͤ͊ͼ͙ͦͤͤͦͣ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤͦͣ τ ͙ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ 

͍͙͔ͯ͊͗ͭ͡Έ͔ͤͦΣ ͔͔ͦͪͪͭͤͦ͟͟ ͙ ͎͙͊ͪͣͦͤ;͔ͤͦ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔ͣ͗͒ͯ ͡Ό͒Έ͙ͣΦ 

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͙͍͔ͯͤͪͫ͊͡Έ͚ͤͦ ͙ ͎ͯ͋ͦͦ͟͡ 

ͯ͟͡Έͭͯͪͤͦ ͍͙͙͚͊ͫͣͦ͘ ͙͔͚ͫͫͭͣͦΥ ͍ͦͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ· ͍͔͙͍͙͗ͦͫͭ͡ ͙ ͍͔͙ͯ͊͗ͤΎ ͙͍ͨͪͫͯͭͫͭͯΌͭ ͍ͦ ͍͔ͫͻ 

ͯ͟͡Έͭͯͪ͊ͻΣ ͤͦ ͔ͦͤͪͭͤ͟͟·͔ ͺͦͪͣ· ͙ͻ ͨͪͦΎ͍͔͙ͤ͡Ύ τ ͍ͫͦ͊͡Σ ͺͪ͊͘·Σ ͙ͤͭͦͤ͊ͼ͙͙Σ ͔͗ͫͭ· τ ͙ͪ͊͘͡;͊ΌͭͫΎΦ 

̂;͔ͭ Ή͙ͭͻ ͙ͪ͊͘͡;͙͚ ͔ͦͫͦ͋ͤͤͦ ͍͔͊͗ͤ ͒͡Ύ ͔ͣ͗ͯ͟͡Έ͎ͭͯͪͤͦͦ ͦ͋΅͔͙ͤΎΣ ͎͔͒ ͤ͊ͪͯ΄͔͙͔ͤ ͤͦͪͣ Ή͙͔ͭͭ͊͟ ͔ͣͦ͗ͭ 

͙͍͔͙ͨͪͫͭ ͟ ͔͙͙ͤ͒ͦͨͦͤͣ͊ͤΌΣ ͙͔͙ͫͤ͗ͤΌ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͙͙͡ ͦͤ͟ͺ͙ͭ͊ͣ͟͡Φ 

ˤ͊͗ͤ·ͣ ͔͊ͫͨͭͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͔ͭ͊͗͟ ͎͙ͨͪ͊ͣ͊ͭ;͔͙͚ͫ͟ ͔ͦͣͨͦͤͤͭ͟ ͔ͪ;͔͍͎ͦͦ Ή͙͔ͭͭ͊͟Υ ͤ͊͘;͔͙͔ͤ 

͍·ͫ͊͘͟·͍͙͊ͤΎ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͔͙͔ͫͦ͒ͪ͗͊ͤͣΣ ͤͦ ͙ ͔ͦͤͭͫͭͦͣ͟͟ ͦ͋΅͔͙ͤΎΣ ͪͦ͡Ύ͙ͣ ͯ;͙͍͊ͫͭͤͦ͟ ͙ 

ͫͦͼ͙͊͡Έ͚ͤͦ ͙ͫͭͯ͊ͼ͙͔͚Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ό ͍͔͙͔͒ͦͪͭ͡Έͤ·ͻ 

ͦͭͤͦ΄͔͙͚ͤ ͙ ͔ͯͫͨ΄ͤͦͣͯ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΌΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͊͒͊ͨͭ͊ͼ͙Ό ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͟ ͔͚ͦͤͪͭͤͦ͟͟ 

͙ͫͭͯ͊ͼ͙͙Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ͍̅ͦͪͣ͊ͤͦͫ͊͟Ύ ˹ΦˮΦ ˾͙͚ͯͫͫ͟ ͔ͪ;͔͍͚ͦ Ή͙͔ͭͭ͟Υ ͙͎͍͙͙ͤͫͭ͡;͔͙͔ͫ͟ ͙ ͔͙ͣͭͦ͒;͔͙͔ͫ͟ ͔͊ͫͨͭ͟·Φ ς ˸ΦΣ мфутΦ 

ς олл ͫΦ 

2. ˨͍ͪͦ͒ͦ͊͘ ˩ΦˢΦ ˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟Υ ͨͦͤΎ͙͔ͭΣ ͍͔͙͔ͫͦͨͦͫͭ͊ͤ͡ ͎͙ͪ͊ͤͼ ͺ͔͔ͤͦͣͤ͊ ͍ ͎͙͚͊ͤͫͦͣ͟͡ ͙ ͪͯͫͫͦͣ͟ 
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Ύ͘·͊͟ͻ κκ ˹͊ͯ;ͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭΦ ˤͦͨͪͦͫ· ͔͔͙ͭͦͪͭ;͔͚ͫͦ͟ ͙ ͙͚ͨͪ͊͒ͤͦ͟͡ ͙͎͍͙͙͙ͤͫͭ͟͡Φ ς 2020. ς ́ Φ сΦ ς Ѕ оΦ 

ς ˿ Φ нрς32. 

3. ˴͙͙͊ͤͤ͊͡ ˥Φ˿Φ ˾͔;͔͍͚ͦ Ή͙͔ͭͭ͟ ͍ Ύ͘·͊͟ͻ ͚ͪ͊ͤͦ͘ ͫͭͪͯͭͯͪ͟·Υ ͍͔͊ͭͦͪͺΦ ͙͒ͫΦ Χ ͊ͤ͒͟Φ ͺ͙ͦ͡͡Φ ͤ͊ͯ͟Φ ς 

˴͊͊ͤ͘ΈΣ нлннΦ ς нп ͫΦ 

4. ˶͙͊ͪͤ͊ ́ΦˤΦ ˴͔͎͙͊ͭͦͪΎ ͍͔͙͍͙͗ͦͫͭ͡ ͙ ͙ͫͭ͡Έ ͦ͋΅͔͙ͤΎΦ ˿͍͔͙͔ͪ͊ͤͤ ͎͊ͤͦ͡-͙ͪͯͫͫ͟ͻ ͙͎͍ͤͦͯ͟͡͡Έͭͯͪͤ·ͻ 

͙ͭͪ͊͒ͼ͙͚Φ ς ˸ ΦΣ нллфΦ ς рмн ͫΦ 

5. ˴͎ͪͦͤ͊ͯ͘ ˸Φ ˽ͦ;͔ͣͯ ͣ· ͔ͤ ͎͍͙ͦͦͪͣ ζ˭͍͍͚͔͒ͪ͊ͫͭͯͭη ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐ κκ IŀǊǾŀǊŘ .ǳǎƛƴŜǎǎ 

Review Russia. ς 2013. ς ˾͔͙͗ͣ ͒ͦͫͭͯͨ͊Υ ƘǘǘǇΥκκƘōǊ-russia.ru/biznesi-obshchestvo/etika-i-

ǊŜǇǳǘŀǘǎƛȅŀκŀмнпмлκ ό͒͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎΥ ώͯ͊͊ͭ͘͟Έϐύ 

ϭ͍̂ͫͣͦͤͦ͊ ˸Φ˹Φ, 2025 
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˴͔͍ͪͯͫ͊ ˢ͔ͫ͡Ύ ˤΎ;͔͍͍ͫ͊ͦͤ͊͡ 

˿͔ͭͯ͒ͤͭ  

˸͎ͤͦͦͨͪͦͺ͙͡Έ͎ͤͦͦ ˴͔ͦ͒͗͊͡͡ ˽͔͔͎ͤͤͫͦͦ͘͟ ˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͍͔͙͔̂ͤͪͫͭͭ͊Φ 

ˢ͍͋͒ͯͫ͊͊ͣͦ͊͡ ˸͔͙͒ͤ͊ ̊͊ͻ͙͍ͪͯͭ͒ͤͦͤ͊Σ  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ  

˿˽˻Σ ͔͔͙͔ͦͭ͒ͤ͡ ζ͙̏ͦͤͦͣ͊͟͟ ͙ ͍ͨͪ͊ͦη ˽ ͔͔͙͚ͤͤͫ͘͟ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔̂ͤͪͫͭͭ  

˽͔ͤ͊͘Σ ˾͙ͦͫͫΎ 

 

˽˾ˢˤ˻ˤ˻˯ ˾˩ˬˮ˸ ˻ˣ̌˩˴́˻ˤ ˥˾ˢˬ˨ˢ˹˿˴ˮ̆ ˽˾ˢˤ˻˻́˹˻̊˩˹ˮ˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͍͍͚ͨͪ͊ͦͦ ͔͙ͪ͗ͣ ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤΣ ͍͟͡Ό;͊Ύ ͙ͻ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΌΣ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭΦ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͙ͪ͊͘͡;ͤ·͔ ͔͎͙͙͊ͭͦͪ͟ ͦ͋Ά͔͍ͭͦ͟Σ ͙͔ͭ͊͟ 

͊͟͟ ͍͔΅͙Σ ͍ͨͪ͊͊ ͙ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ͊Ύ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΣ ͊ ͔ͭ͊͗͟ ͍͍ͨͪ͊ͦ·͔ ͔͙ͪ͗ͣ·Σ ͍͟͡Ό;͊Ύ ;͊ͫͭͤͯΌ ͙ 

͎͍͔ͦͫͯ͒͊ͪͫͭͤͤͯΌ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΦ ˻͋ͫͯ͗͒͊ΌͭͫΎ ͔ͣͻ͙͊ͤͣ͘· ͊͘΅͙ͭ· ͍ͨͪ͊ ͍͔͙͍ͫͦ͋ͫͭͤͤͦ͟ ͙ ͔ͪ͊ͪ͘΄͔͙ͤΎ 

͍ͫͨͦͪͦΣ ͊ ͔ͭ͊͗͟ ͍͙͡Ύ͙͔ͤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͔ͭͤ͒ͤͼ͙͚Φ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͊͒͊ͨͭ͊ͼ͙͙ 

͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭ͊ ͟ ͍ͤͦ·ͣ ͍·͍ͦ͊ͣ͘ ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͦ͋ͦͪͦͭ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͨ ͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣΣ ͦ͋Ά͔ͭ͟· ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤΣ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΣ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ͊Ύ 

͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΣ ͊͘΅͙ͭ͊ ͍ͨͪ͊Σ ͼ͔ͤͤ·͔ ͎͙͋ͯͣ͊Σ ͎͙͚ͪ͊͗͒͊ͤͫ͟ ͦ͋ͦͪͦͭΦ 

 

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣ ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦ͒ͤͯ ͙͘ ͟͡Ό;͔͍·ͻ 

͔ͭͣ ͍ ͙ͦ͋͊ͫͭ͡ ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͍ͨͪ͊͊Σ ͦͭͦͪ͊͟Ύ ͔͔ͭͪ͋ͯͭ ͎͎ͯ͋ͦͦͦ͟͡ ͙͊ͤ͊͊͘͡ ͙ ͙͙ͨͦͤͣ͊ͤΎΦ ˻͋Ά͔ͭ͟· 

͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ τ Ήͭͦ ͔͙ͣ͊ͭͪ͊͡Έͤ·͔ ͙ ͔͔͙ͤͣ͊ͭͪ͊͡Έͤ·͔ ͎͋͊͊͡Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ ͔͔ͨͪ͒ͣͭͦͣ 

͍͍ͨͪ͊ͦ·ͻ ͦͭͤͦ΄͔͙͚ͤΣ ͙ ͙ͻ ͍͍͚ͨͪ͊ͦͦ ͔͙ͪ͗ͣ ͔͔ͦͨͪ͒͡Ύ͔ͭΣ ͊͟͟ Ή͙ͭ ͦ͋Ά͔ͭ͟· ͎ͣͦͯͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎΣ 

ͦͻͪ͊ͤΎͭΈͫΎ ͙ ͔͔͍ͨͪ͒͊͊ͭΈͫΎΦ ˤ ͍͙ͯͫͦ͡Ύͻ ͙͙͒ͤ͊ͣ;ͤͦ ͍͙͍ͪ͊͊͘Ό΅͔͎ͦͫΎ ͦ͋΅͔͍ͫͭ͊Σ ͎͔͒ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ 

Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͔͙͙ͪ͊͡ ͨͦͫͭͦΎͤͤͦ ͔ͣͤΎΌͭͫΎΣ ͍ͦͨͪͦͫ· ͍͍͎ͨͪ͊ͦͦͦ ͔͎͙͍͙ͪͯͪͦ͊ͤ͡Ύ ͦ͋Ά͔͍ͭͦ͟ 

͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͍ͫͭ͊ͤͦΎͭͫΎ ͔ͦͫͦ͋ͤͤͦ ͊ͭͯ͊͟͡Έͤ·͙ͣΦ 

͔̇͡Έ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͙ τ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͍͍͚ͨͪ͊ͦͦ ͔͙ͪ͗ͣ ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤΣ 

͍·Ύ͍͙ͭΈ ͔͎ͦ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ ͔ͨͪͦ͋ͣ͡·Σ ͊ ͔ͭ͊͗͟ ͔͙ͨͪ͒ͦ͗ͭ͡Έ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͍͔ͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΌ 

͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭ͊ ͍ ͚͒͊ͤͤͦ ͙ͦ͋͊ͫͭ͡Φ ˤ ͪ͊ͣ͊͟ͻ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͋ͯ͒ͯͭ ͔ͪ͊ͫͫͣͦͭͪͤ· ͍ͦͫͤͦͤ·͔ ͔͎͙͙͊ͭͦͪ͟ 

ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊Σ ͙ͻ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΎΦ 

˽ͦͤΎ͙͔ͭ ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ 

˻͋Ά͔ͭ͟· ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔͙ͣ͊ͭͪ͊͡Έͤ·͔ ͙ ͔͔͙ͤͣ͊ͭͪ͊͡Έͤ·͔ 

͎͋͊͊͡Σ ͤ͊ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ ͍͔ͤ͊ͨͪ͊ͤ͡· ͎͙͔ͪ͊͗͒͊ͤͫ͟ ͍ͨͪ͊͊ ͙ ͦ͋Ύ͙͊ͤͤͦͫͭ͘Φ ˤ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ 

˥͙ͪ͊͗͒͊ͤͫͣ͟ ͔ͦ͒ͫͦͣ͟͟ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ ό˥˴ ˾̅ύΣ ͦ͋Ά͔ͭ͟· ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ τ Ήͭͦ ͍͔΅͙Σ ͍ͨͪ͊͊ 

͙ ͙ͤ·͔ ͦ͋Ά͔ͭ͟·Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ ͔͔ͨͪ͒ͣͭͦͣ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊Φ 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ 

˻͋Ά͔ͭ͟· ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ τ Ήͭͦ ͍͔ͫ ͔ͭ ͎͋͊͊͡Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ ͦͻ͍͊;͔ͤ· 

͍͙ͨͪ͊͊ͣ ͙ ͦ͋Ύ͊ͤͤͦͫͭ͘Ύ͙ͣ ͯ;͙͍͊ͫͭͤͦ͟ ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͦ͋ͦͪͦͭ͊Φ ̏ͭͦ ͔ͣͦ͗ͭ ͍͟͡Ό;͊ͭΈ ͍ ͔ͫ͋ΎΥ 

ˤ͔΅͙Υ ͔͙ͣ͊ͭͪ͊͡Έͤ·͔ ͦ͋Ά͔ͭ͟·Σ ͦͭͦͪ͟·͔ ͙͔ͣΌͭ ͺ͙͙͘;͔͔ͫͦ͟ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ό͙͔ͤ͊ͨͪͣͪΣ ͔͍͙͙ͤ͒͗ͣͦͫͭΈΣ 

ͭͪ͊ͤͫͨͦͪͭͤ·͔ ͔͍ͫͪ͒ͫͭ͊Σ ͍ͭͦ͊ͪ·ύΦ 

˽͍ͪ͊͊Υ ͙ͣͯ΅͔͍͔ͫͭͤͤ·͔ ͙ ͔͙ͤͣͯ΅͔͍͔ͫͭͤͤ·͔ ͍ͨͪ͊͊Σ ͙͔ͭ͊͟ ͊͟͟ ͍ͨͪ͊ͦ ͔͍͙ͭͪ͋ͦ͊ͤΎΣ ͍ͨͪ͊ͦ ͤ͊ 
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͙͔͔ͤͭͭͯ͊͟͡͡͡ΈͤͯΌ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈ ͙ ͒ͪΦ 

ˮ͔͔ͤͭͭͯ͊͟͡͡͡Έͤ͊Ύ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΥ ͔ͪͯ͘͡Έͭ͊ͭ· ͍ͭͦͪ;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͍͟͡Ό;͊Ύ ͍͙͔͊ͭͦͪͫ͟ 

͍ͨͪ͊͊Σ ͔ͨ͊ͭͤͭ· ͤ͊ ͙͔͔͙ͦ͋ͪͭͤ͘ΎΣ ͍ͭͦ͊ͪͤ·͔ ͙ͤ͊͘͟ ͙ ͎͙͔͒ͪͯ ͺͦͪͣ· ͊͘΅͙ͭ· ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ 

͍͔͙ͫͦ͋ͫͭͤͤͦͫͭΦ 

ˮͤ·͔ ͦ͋Ά͔ͭ͟·Υ ͙͔ͤ͊ͨͪͣͪΣ ͎͙ͯͫͯ͡Σ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͙ ͭΦ͒Φ 

˻͋Ά͔ͭ͟· ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͣͦ͗ͤͦ ͙͊ͫͫ͟͡ͺ͙ͼ͙͍ͪͦ͊ͭΈ ͨͦ ͙ͪ͊͘͡;ͤ·ͣ ͙͔͙ͪͭͪ͟ΎͣΥ 

мΦ ˽ͦ ͔͙ͣ͊ͭͪ͊͡Έ͙ͤͦͫͭΥ ͔͙ͣ͊ͭͪ͊͡Έͤ·͔ ͦ͋Ά͔ͭ͟·Υ ͍͔΅͙Σ ͦͭͦͪ͟·͔ ͙͔ͣΌͭ ͺ͙͙͘;͔͔ͫͦ͟ 

ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤΤ ͔ͤ ͔͙ͣ͊ͭͪ͊͡Έͤ·͔ ͦ͋Ά͔ͭ͟·Υ ͍ͨͪ͊͊Σ ͦ͋Ύ͔͊ͭ͘͡Έ͍ͫͭ͊Σ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ͊Ύ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΦ 

нΦ ˽ͦ ͍͙͙͙͒͗ͣͦͫͭΥ ͍͙͙͒͗ͣ·͔ ͍͔΅͙Υ ͦ͋Ά͔ͭ͟·Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͔͔͔ͨͪͣ΅͊ͭΈͫΎ ό͙͔ͤ͊ͨͪͣͪΣ 

͍͙͙͊ͭͦͣͦ͋͡Σ ͔͔ͣ͋͡ΈύΤ ͔͍͙͙ͤ͒͗ͣ·͔ ͍͔΅͙Υ ͦ͋Ά͔ͭ͟·Σ ͦͭͦͪ͟·͔ ͔ͤ ͎ͣͦͯͭ ͋·ͭΈ ͔͔͔ͨͪͣ΅͔ͤ· ό͙͔ͤ͊ͨͪͣͪΣ 

͔͔ͣ͘͡Έͤ·͔ ͯ;͙͊ͫͭ͟ύΦ 

оΦ ˽ͦ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡Υ ;͊ͫͭͤ͊Ύ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΥ ͦ͋Ά͔ͭ͟·Σ ͙͔ͨͪͤ͊͒͗͊͡΅͙͔ ;͊ͫͭͤ·ͣ ͙͡ͼ͊ͣΤ 

͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΥ ͦ͋Ά͔ͭ͟·Σ ͙͔ͨͪͤ͊͒͗͊͡΅͙͔ ͎͍ͦͫͯ͒͊ͪͫͭͯΤ ͙ͣͯͤͼ͙ͨ͊͡Έͤ͊Ύ 

͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΥ ͦ͋Ά͔ͭ͟·Σ ͙͔ͨͪͤ͊͒͗͊͡΅͙͔ ͙ͣͯͤͼ͙ͨ͊͡Έͤ·ͣ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎͣΦ 

пΦ ˽ͦ ͍͍ͨͪ͊ͦͦͣͯ ͔͙ͪ͗ͣͯΥ ͦ͋΅͔͒ͦͫͭͯͨͤ·͔ ͦ͋Ά͔ͭ͟·Υ ͙͔ͭ͊͟ ͊͟͟ ͍ͦ͒ͯ͘ͻΣ ͍ͦ͒͊Τ 

͎͙ͦͪ͊ͤ;͔ͤͤ·͔ ͦ͋Ά͔ͭ͟·Υ ͙͔ͤ͊ͨͪͣͪΣ ͦ͋Ά͔ͭ͟· ͫ ͎͙ͦͪ͊ͤ;͔ͤͤ·ͣ ͒ͦͫͭͯͨͦͣ ͙͙͡ ͔ͫͨͼ͙͊͡Έͤ·͔ ͙͡ͼ͔͙͙ͤ͘Φ 

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣ ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ 

˽͍ͪ͊͊ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭ 

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣ ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͍ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͔͔͙ͫͭͨͤ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ 

͍͙ͨͪ͊͊ͣ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭΦ ˤ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ˥͙ͪ͊͗͒͊ͤͫͣ͟ ͔ͦ͒ͫͦͣ͟͟ ˾̅ ό˥˴ ˾̅ύΣ ͫͯ΅͔͍͔ͫͭͯͭ ͔ͤͫͦ͟͡Έͦ͟ 

͍͙͍͒ͦ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭΥ 

̉͊ͫͭͤ͊Ύ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΥ ͙͔͙ͨͪͤ͊͒͗ͭ͡ ͺ͙͙͘;͔͙ͫͣ͟ ͙͙͡ Ό͙͙ͪ͒;͔͙ͫͣ͟ ͙͡ͼ͊ͣ ͙ ͊͘΅͙΅͔ͤ͊ 

͊ͦͤͦͣ͘͟Φ ˤ͔͊͒͡͡Έͼ· ͙͔ͣΌͭ ͍ͨͪ͊ͦ ͪ͊ͫͨͦͪΎ͗͊ͭΈͫΎ ͍͙ͫͦͣ ͙ͣͯ΅͔͍ͫͭͦͣΣ ͍͟͡Ό;͊Ύ ͨͪͦ͒͊͗ͯΣ ͔͙͔͒͊ͪͤ ͙ 

͔͍͙͔ͤ͊ͫ͒ͦ͊ͤ͡Φ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΥ ͙ͣͯ΅͔͍ͫͭͦΣ ͙͔ͨͪͤ͊͒͗͊͡΅͔͔ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ ͙͙͡ ͔͔ 

ͫͯ͋Ά͔ͭ͊ͣ͟Φ ˻ͤͦ ͔ͣͦ͗ͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͒͡Ύ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͤͯ͗͒ ͙ ͔͎͙͔ͪͯͪͯͭͫ͡Ύ ͔ͫͨͼ͙͊͡Έͤ·͙ͣ 

͙ͤͦͪͣ͊ͣΦ 

˸͙ͯͤͼ͙ͨ͊͡Έͤ͊Ύ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΥ ͦ͋Ά͔ͭ͟·Σ ͙͔ͨͪͤ͊͒͗͊͡΅͙͔ ͙ͣͯͤͼ͙ͨ͊͡Έͤ·ͣ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎͣΦ ˮͻ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ ͪ͊ͫͨͦͪΎ͔͙͔͗ͤ ͔ͭ͊͗͟ ͨͦ͒;͙ͤΎΌͭͫΎ ͦͫͦ͋·ͣ ͍͙ͨͪ͊͊ͣ͡Φ 

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣ ͦ͋Ά͔͍ͭͦ͟ ͔ͣͦ͗ͭ ͍͟͡Ό;͊ͭΈ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͤ͊ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ ͪ͊ͫͨͦͪΎ͔͙͔͗ͤ 

͙͙ͣΦ ͙̏ͭ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͎ͣͦͯͭ ͋·ͭΈ ͍͔ͯͫͭ͊ͤͦͤ͡·Υ 

˭͔͊ͦͤͦ͒͊ͭ͟͡Έ͍ͫͭͦͣΥ ͙͔ͤ͊ͨͪͣͪΣ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͤͦͪͣ· ͎ͣͦͯͭ ͎͙ͦͪ͊ͤ;͙͍͊ͭΈ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ 

͙ͨͪͪͦ͒ͤ·ͻ ͔͍ͪͫͯͪͫͦΦ 

˨͎͍ͦͦͦͪͦͣΥ ͫͭͦͪͦͤ· ͎ͣͦͯͭ ͍͙ͯͫͭ͊ͤͦͭΈ ͦͫͦ͋·͔ ͍͙ͯͫͦ͡Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͦ͋Ά͔ͭ͊͟ ͍ ͪ͊ͣ͊͟ͻ 

͎͍͒ͦͦͦͪ͊ ό͙͔ͤ͊ͨͪͣͪΣ ͔͊ͪͤ͒͊ύΦ 

˿͔ͯ͒͋ͤ·͙ͣ ͔ͪ΄͔͙ͤΎ͙ͣΥ ͫͯ͒ ͔ͣͦ͗ͭ ͙ͤ͊ͦ͗ͭ͡Έ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͤ͊ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͣͯ΅͔͍ͫͭ͊ ͍ 

ͪ͊ͣ͊͟ͻ ͍ͫͨͦͪͦ ͔ͣ͗͒ͯ ͙ͫͭͦͪͦͤ͊ͣΦ 

˻͋Ά͔ͭ͟· ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭ 

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣ ͦ͋Ά͔͍ͭͦ͟ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͤͦͪͣ·Σ 

͊͘΅͙΅͊Ό΅͙͔ ͍͙͔͊ͭͦͪͫ͟ ͍ͨͪ͊͊Σ ͔ͨ͊ͭͤͭ·Σ ͍ͭͦ͊ͪͤ·͔ ͙ͤ͊͘͟ ͙ ͎͙͔͒ͪͯ ͔ͪͯ͘͡Έͭ͊ͭ· ͍ͭͦͪ;͔͚ͫͦ͟ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ͙̏ͭ ͦ͋Ά͔ͭ͟· ͙͔ͣΌͭ ͍͙ͫͦ ͔͙ͦͫͦ͋ͤͤͦͫͭΥ 

ˢ͍͔ͭͦͪͫͦ͟ ͍ͨͪ͊ͦΥ ͦͻͪ͊ͤΎ͔ͭ ͙͔ͭͪ͊ͭͯͪͤ͡·͔Σ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·͔ ͙ ͤ͊ͯ;ͤ·͔ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΦ ˢ͍ͭͦͪ 

͙͔͔ͣͭ ͙ͫ͟͡Ό;͙͔ͭ͡Έ͔ͤͦ ͍ͨͪ͊ͦ ͤ͊ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͔͎ͫͦͦ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΦ 
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˽͔͊ͭͤͭ·Υ ͊͘΅͙΅͊Όͭ ͙͔͔͙ͦ͋ͪͭͤ͘Ύ ͙ ͔ͨͦͤ͘͡·͔ ͔͙ͣͦ͒͡Φ ˽͔͔͊ͭͤͭͦͦ͋͊͒͊ͭ͡͡Έ ͙͔͔ͣͭ ͍ͨͪ͊ͦ ͤ͊ 

͙ͫ͟͡Ό;͙͔ͭ͡Έ͔ͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͔͎ͫͦͦ ͙͔͔͙ͦ͋ͪͭͤ͘ΎΦ 

͍́ͦ͊ͪͤ·͔ ͙ͤ͊͘͟Υ ͊͘΅͙΅͊Όͭ ͦ͋ͦͤ͊͘;͔͙ͤΎΣ ͦͭͦͪ͟·͔ ͫͯ͗͊ͭ͡ ͒͡Ύ ͙͙͍͙͙ͤ͒͒ͯ͊͊͘͡ͼ͙͙ ͍͍ͭͦ͊ͪͦ ͙ 

͎ͯͫͯ͡Φ ˤ͔͊͒͡͡Έͼ· ͍ͭͦ͊ͪͤ·ͻ ͍ͤ͊ͦ͘͟ ͙͔ͣΌͭ ͍ͨͪ͊ͦ ͔͊ͨͪ͘΅͊ͭΈ ͙ͻ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͋͘ ͔ͪ͊ͪ͘΄͔͙ͤΎΦ 

˻͋Ύ͙͊ͤͤͦͫͭ͘ ͫͭͦͪͦͤ  

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣ ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͔ͭ͊͗͟ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͦ͋Ύ͙͊ͤͤͦͫͭ͘ 

ͫͭͦͪͦͤΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͍͙ͦͤ͊ͭ͘͟Έ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔ͫ͒ͦ͟͡ ͙͙͡ ͦ͋Ύ͔͊ͭ͘͡Έ͍ͫͭΦ ˹͙͔͊ͨͪͣͪΥ 

˻͋Ύ͊ͤͤͦͫͭ͘Έ ͨͦ ͔͔ͨͪ͒͊;͔ ͙ͣͯ΅͔͍ͫͭ͊Υ ͍ ͪ͊ͣ͊͟ͻ ͎͍͒ͦͦͦͪ͊ ͙ͯͨ͟͡-͙ͨͪͦ͒͊͗ ͍͔ͨͪͦ͒͊ͼ ͦ͋Ύ͊ͤ͘ ͔͔ͨͪ͒͊ͭΈ 

͍ͭͦ͊ͪ ͔ͨͦͯͨ͊ͭ͟͡ΌΦ 

˻͋Ύ͊ͤͤͦͫͭ͘Έ ͨͦ ͔ͯͨ͊ͭ͡ ͍͎͔͙ͦͤ͊ͪ͊͗͒ͤ͘ΎΥ ͍ ͪ͊ͣ͊͟ͻ ͎͍͒ͦͦͦͪ͊ ͔͊ͪͤ͒· ͔͊ͪͤ͒͊ͭͦͪ ͦ͋Ύ͊ͤ͘ 

ͯͨ͊͡;͙͍͊ͭΈ ͔͊ͪͤ͒ͤͯΌ ͨ͊ͭͯ͡Φ 

˭͊΅͙ͭ͊ ͍ͨͪ͊ ͤ͊ ͦ͋Ά͔ͭ͟· 

˭͊΅͙ͭ͊ ͍ͨͪ͊ ͤ͊ ͦ͋Ά͔ͭ͟· ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ;͔͔ͪ͘ ͔ͫͯ͒͋ͤ·͔ ͎ͦͪ͊ͤ· 

͙ ͔ͫͨͼ͙͊͡Έͤ·͔ ͔ͣͻ͙͊ͤͣ͘·Σ ͙͔ͭ͊͟ ͊͟͟Υ 

ˮ͙ͫ͟ ͦ ͊͘΅͙͔ͭ ͍ͨͪ͊ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭΥ ͍͔͊͒͡͡Έͼ· ͎ͣͦͯͭ ͦ͋ͪ͊΅͊ͭΈͫΎ ͍ ͫͯ͒ ͒͡Ύ ͊͘΅͙ͭ· ͍͙ͫͦͻ ͍ͨͪ͊ ͤ͊ 

͙ͣͯ΅͔͍ͫͭͦΦ 

ˮ͙ͫ͟ ͦ ͍͔ͦͣ͘΅͔͙͙ͤ ͯ͋·͍ͭͦ͟Υ ͫͭͦͪͦͤ· ͎ͣͦͯͭ ͔͍ͭͪ͋ͦ͊ͭΈ ͔ͦͣͨͤͫ͊͟ͼ͙͙ ͊͘ ͯ͋·͙ͭ͟Σ ͙ͨͪ;͙͔ͤͤͤ·͔ 

ͤ͊ͪͯ΄͔͙͔ͤͣ ͍ͨͪ͊ ͤ͊ ͦ͋Ά͔ͭ͟·Φ 

˻͔͙ͫͦ͋ͤͤͦͫͭ ͍͍͎ͨͪ͊ͦͦͦ ͔͙ͪ͗ͣ͊ ͔ͦͭ͒͡Έͤ·ͻ ͔͎͙͚͊ͭͦͪ͟ ͦ͋Ά͔͍ͭͦ͟  

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣ ͔ͦͭ͒͡Έͤ·ͻ ͔͎͙͚͊ͭͦͪ͟ ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͙͔͔ͣͭ ͍͙ͫͦ 

͔͙ͦͫͦ͋ͤͤͦͫͭΣ ͦͭͦͪ͟·͔ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͊͟͟ ͻ͔͊ͪ͊ͭͪͦͣ͟ ͙ͫ͊ͣͻ ͦ͋Ά͔͍ͭͦ͟Σ ͭ͊͟ ͙ ͔ͫͨͼ͙ͺ͙;͔͙͙ͫͣ͟ ͙ͤͦͪͣ͊ͣ 

͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭ͊Φ 

˹͔͍͙͙͒͗ͣͦͫͭΈ 

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣΥ 

˾͔͎͙ͫͭͪ͊ͼ͙Ύ ͍ͨͪ͊Υ ˽͍ͪ͊͊ ͤ͊ ͔͍͙͙ͤ͒͗ͣͦͫͭΈ ͔ͨͦ͒͗͊ͭ͡ ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͔͎͙ͪͫͭͪ͊ͼ͙͙Φ ̏ͭͦ 

͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍͍ͨͪ͊ͦͯΌ ͔͔͔ͦͨͪ͒ͤͤͦͫͭ͡Έ ͙ ͊͘΅͙ͭͯ ͍ͨͪ͊ ͍͔͙͍ͫͦ͋ͫͭͤͤͦ͟Φ 

˻͎͙ͪ͊ͤ;͔͙ͤΎΥ ˹͊ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͍͙͙͙ͤ͒͗ͣͦͫͭ ͎ͣͦͯͭ ͤ͊͊͒͟͡·͍͊ͭΈͫΎ ͎͙ͦͪ͊ͤ;͔͙ͤΎΣ ͍ͫΎ͊ͤͤ͘·͔ ͫ 

͙͍͙͔ͦͤͪͦ͊ͤͣ͘Σ ͦͻ͚ͪ͊ͤͦ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͔͙ͤ͊ͫ͒͡ΎΣ Ή͎͙͙ͦͦ͟͡ ͙ ͎͙͙͒ͪͯͣ ͺ͙͊ͭͦͪ͊ͣ͟Φ 

˻͔͔͔͙͋ͪͣͤͤΎΥ ˹͔͍͙͙͒͗ͣͦͫͭΈ ͔ͣͦ͗ͭ ͋·ͭΈ ͔͔͔ͦ͋ͪͣͤͤ͊ ͎͊ͦͦͣ͘͡Σ ͔͚͊ͪͤ͒ͦ ͙͙͡ ͔͍͙͙ͫͪͭͯͭ͊ͣΣ ;ͭͦ ͍͙͡Ύ͔ͭ 

ͤ͊ ͍ͨͪ͊͊ ͍͔͙ͫͦ͋ͫͭͤͤ͊͟Φ 

˨͍͙͙͔͗ͣͦ ͙ͣͯ΅͔͍ͫͭͦ 

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣΥ 

̂ͨͪͦ΅͔ͤͤ͊Ύ ͔͎͙ͪͫͭͪ͊ͼ͙ΎΥ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͔͍͙͙͙ͤ͒͗ͣͦͫͭΣ ͍͙͙͔͒͗ͣͦ ͙ͣͯ΅͔͍ͫͭͦ ͔ͤ ͍͔͎ͫ͒͊ 

͔͙ͨͦ͒͗ͭ͡ ͦ͋Ύ͔͊ͭ͘͡Έ͚ͤͦ ͔͎͙ͪͫͭͪ͊ͼ͙͙ ό͙͔ͤ͊ͨͪͣͪΣ ͍͙͙͊ͭͦͣͦ͋͡ ͔ͭͪ͋ͯΌͭ ͔͎͙ͪͫͭͪ͊ͼ͙͙Σ ͊ ͔ͤͦͭͦͪ͟·͔ 

͔͔ͨͪ͒ͣͭ· τ ͤ ͔ͭύΦ 

˿͍ͦ͋ͦ͒͊ ͦ͋ͪ͊΅͔͙ͤΎΥ ˨͍͙͙͔͗ͣͦ ͙ͣͯ΅͔͍ͫͭͦ ͔ͣͦ͗ͭ ͍ͫͦ͋ͦ͒ͤͦ ͔͔͍ͨͪ͒͊͊ͭΈͫΎ ͔ͣ͗͒ͯ 

͍͔͙͙ͫͦ͋ͫͭͤͤ͊ͣ͟Σ ͦ͒ͤ͊ͦ͟ ͔͙ͫ͒͟͡ ͫ ͔͔͔ͦͨͪ͒ͤͤ͡·͙ͣ ͍͙͙͒͊ͣ ͙ͣͯ΅͔͍ͫͭ͊ ό͙͔ͤ͊ͨͪͣͪΣ ͙͔ͦͪͯ͗ͣύ ͎ͣͦͯͭ 

͔͎͙͍ͪͯͪͦ͊ͭ͡ΈͫΎ ͎͙͙ͫͭͪͦͣ ͍͙͙ͨͪ͊͊ͣ͡Φ 

˻͔͔͔͙͋ͪͣͤͤΎΥ ˴͊͟ ͙ ͍ ͫͯ͡;͔͊ ͫ ͔͍͙͙ͤ͒͗ͣͦͫͭΈΌΣ ͍͙͙͔͒͗ͣͦ ͙ͣͯ΅͔͍ͫͭͦ ͔ͣͦ͗ͭ ͋·ͭΈ ͔͔͔ͦ͋ͪͣͤͤͦ 

͎͊ͦͦͣ͘͡ ͙͙͡ ͔͚͊ͪͤ͒ͦΦ 

˽͙ͪͪͦ͒ͤ·͔ ͔ͪͫͯͪͫ· 

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣΥ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈΥ ˣͦ͡Έ΄͙͍ͤͫͭͦ ͙ͨͪͪͦ͒ͤ·ͻ ͔͍ͪͫͯͪͫͦ ό͍ͦ͒·Σ ͔ͤ͒ͪ͊Σ ͔ͫ͊͡ύ 
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ͤ͊ͻͦ͒ΎͭͫΎ ͍ ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭ ͙͙͡ ͙ͣͯͤͼ͙ͨ͊͡Έ͚ͤͦΦ ˮͻ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͎͙͔ͪͯͪͯͭͫ͡Ύ 

͔ͫͨͼ͙͊͡Έͤ·͙ͣ ͙͊ͦͤ͊ͣ͘͟Φ 

˶͙ͼ͔͙͍͙͔ͤͪͦ͊ͤ͘Υ ˨͡Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙ͨͪͪͦ͒ͤ·ͻ ͔͍ͪͫͯͪͫͦ ό͙͔ͤ͊ͨͪͣͪΣ ͍͔͔͙͔͒ͤ ͒ͦ͋·;͙ 

͔ͨͦͤ͘͡·ͻ ͙͔ͫͦͨ͊ͣ͟·ͻύ ͔͔ͭͪ͋ͯͭͫΎ ͨͦͯ͡;͔͙͔ͤ ͙͡ͼ͔͙͚ͤ͘ ͙ ͫͦ͋͡Ό͔͙͔͒ͤ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͤͦͪͣΦ 

˻͎͙ͪ͊ͤ;͔͙ͤΎΥ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͨͪͪͦ͒ͤ·ͻ ͔͍ͪͫͯͪͫͦ ͔ͣͦ͗ͭ ͋·ͭΈ ͎͙ͦͪ͊ͤ;͔ͤͦ ͍ ͼ͔͡Ύͻ ͦͻͪ͊ͤ· 

ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ 

͔̇ͤͤ·͔ ͎͙͋ͯͣ͊ 

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣΥ 

˾͔͎͙͍͙͔ͯͪͦ͊ͤ͡ ͺ͍͎ͦͤ͒ͦͦͦ ͪ·ͤ͊͟Υ ˻͋ͪ͊΅͔͙͔ͤ ͼ͔ͤͤ·ͻ ͎͋ͯͣ͊ ͔͎͙͔ͪͯͪͯͭͫ͡Ύ ͙͊ͦͤ͊ͣ͘͟ ͦ ͪ·͔ͤ͟ 

ͼ͔ͤͤ·ͻ ͎͋ͯͣ͊ ͙ ͔͔ͭͪ͋ͯͭ ͫͦ͋͡Ό͔͙͒ͤΎ ͍͙ͨͪ͊͡ Ή͙͔͍ͣͭͤͭͦ ͙ ͙͍͔͍ͤͫͭͦͪͦΦ 

˨͔͙͔ͨͦͭ͊ͪͤͦ͘ ͙͍͙͔ͦ͋ͫͯ͗͊ͤ͡Υ ͔̇ͤͤ·͔ ͎͙͋ͯͣ͊ ;͊ͫͭͦ ͻͪ͊ͤΎͭͫΎ ͍ ͔͙͙͒ͨͦͭ͊ͪ͘ΎͻΣ ;ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ 

͙ͻ ͯ;͔ͭ ͙ ͊͘΅͙ͭͯ ͍ͨͪ͊ ͍͔͊͒͡͡Έͼ͔͍Φ 

˽͍ͪ͊͊ ͙ ͦ͋Ύ͙͊ͤͤͦͫͭ͘Υ ˤ͔͊͒͡͡Έͼ· ͼ͔ͤͤ·ͻ ͎͋ͯͣ͊ ͙͔ͣΌͭ ͍ͨͪ͊ͦ ͤ͊ ͙͍͙͔͒͒ͤ͒· ͙ ͯ;͙͔͊ͫͭ ͍ 

͍͔͙͙ͯͨͪ͊ͤ͡ ͙͔͚ͦͣͨ͊ͤ͟ ό͍ ͫͯ͡;͔͊ ͊͟ͼ͙͚ύΣ ͤͦ ͔ͭ͊͗͟ ͔ͤͫͯͭ ͙͙ͪͫ͟ ͔ͨͦͭͪΈΦ 

˽͍͍ͪ͊ͦ·͔ ͔ͣͻ͙͊ͤͣ͘· ͊͘΅͙ͭ· ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ 

˽͍͍ͪ͊ͦ·͔ ͔ͣͻ͙͊ͤͣ͘· ͊͘΅͙ͭ· ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ 

͍ͫͦͦͯͨͤͦͫͭ͟Έ ͤͦͪͣ ͙ ͙͙͍ͤͫͭͭͯͭͦΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ ͊͘΅͙ͭͯ ͍ͨͪ͊ ͙ ͊ͦͤͤ͘͟·ͻ ͙͔͔͍ͤͭͪͫͦ ͯ;͙͍͊ͫͭͤͦ͟ 

͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͦ͋ͦͪͦͭ͊Φ ͙̏ͭ ͔ͣͻ͙͊ͤͣ͘· ͎ͣͦͯͭ ͋·ͭΈ ͙͊ͫͫ͟͡ͺ͙ͼ͙͍ͪͦ͊ͤ· ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͔͎͙͚͊ͭͦͪ͟Σ 

͍͟͡Ό;͊Ύ ͔ͫͯ͒͋ͤ·͔Σ ͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤ·͔ ͙ ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ·͔ ͫͨͦͫͦ͋· ͔ͪ͊ͪ͘΄͔͙ͤΎ ͍ͫͨͦͪͦΦ  

˿͔ͯ͒͋ͤ͊Ύ ͊͘΅͙ͭ͊ 

ˮ͍ͫͦ͊͟Ύ ͊͘΅͙ͭ͊Υ 

ˮ͍͔ͫͦͦ͟ ͊͘Ύ͍͔͙͔ͤ͡Υ ̂;͙͙͊ͫͭͤ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͙͔ͣΌͭ ͍ͨͪ͊ͦ ͦ͋ͪ͊΅͊ͭΈͫΎ ͍ ͫͯ͒ ͫ 

͙ͫͦͣ͟ ͦ ͊͘΅͙͔ͭ ͍͙ͫͦͻ ͍ͨͪ͊ ό͙͔ͤ͊ͨͪͣͪΣ ͙ͫ͟ ͦ ͙͙͙ͨͪͤ͊ͤ͘ ͍ͨͪ͊͊ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭΣ ͦ͋ ͦ͋Ύ͙͙͊ͤ͘ ͍·͙ͨͦͤͭ͡Έ 

ͦ͋Ύ͔͊ͭ͘͡Έ͍ͫͭͦΣ ͦ ͍͔ͦͣ͘΅͔͙͙ͤ ͯ͋·͍ͭͦ͟ ͙ ͭΦ͒ΦύΦ 

˿͔ͯ͒͋ͤ·͚ ͨͦͪΎ͒ͦ͟Υ ˿͔ͯ͒͋ͤ͊Ύ ͊͘΅͙ͭ͊ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͍ ͨͦͪΎ͔͒͟Σ ͍͔ͯͫͭ͊ͤͦͤͤͦͣ͡ 

ͨͪͦͼ͔ͫͫͯ͊͡Έͤ·ͣ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭͦͣΦ ˿ͯ͒· ͙͍ͪ͊ͫͫͣ͊ͭͪ͊Όͭ ͔͒͊͡ ͨͦ ͫͯ΅͔͍ͫͭͯ ͙ ͍·ͤͦͫΎͭ ͔ͪ΄͔͙ͤΎΣ 

ͦͭͦͪ͟·͔ ͦ͋Ύ͔͊ͭ͘͡Έͤ· ͒͡Ύ ͙͔͙ͫͨͦͤͤ͡ΎΦ 

ˮ͙͔ͫͨͦͤͭ͡͡Έ͔ͤͦ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘Υ 

ˮ͔͙͔ͫͨͦͤͤ͡ ͔ͫͯ͒͋ͤ·ͻ ͍͊ͭͦ͟Υ ˤ ͫͯ͡;͔͊ ͍·͔͔͙ͤͫͤΎ ͔ͪ΄͔͙ͤΎ ͍ ͨͦ͡Έͯ͘ ͙ͫͭͼ͊Σ ͦͤͦ ͔͙ͨͦ͒͗ͭ͡ 

͙͔͙ͫͨͦͤͤ͡ΌΦ ˩͙ͫ͡ ͙͒ͦ͗ͤ͟͡ ͔ͤ ͙ͫͨͦͤ͡Ύ͔ͭ ͔ͪ΄͔͙͔ͤ ͍͒ͦ͋ͪͦͦ͡ΈͤͦΣ ͙͔ͫͭͼ ͔ͣͦ͗ͭ ͙ͦ͋ͪ͊ͭͭΈͫΎ ͍ ͫͯ͗͋ͯ͡ 

͔ͫͯ͒͋ͤ·ͻ ͙͍͍ͨͪͫͭ͊ͦ ͒͡Ύ ͙͙͔ͨͪͤͯ͒ͭ͡Έ͎ͤͦͦ ͙͔͙ͫͨͦͤͤ͡ΎΦ 

ˢ͙͙͙͍͒ͣͤͫͭͪ͊ͭͤ͊Ύ ͊͘΅͙ͭ͊ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͦͤͭͪͦ͟͡ΈΥ 

˴ͦͤͭͪͦ͡Έ ͊͘ ͫͦ͋͡Ό͔͙͔͒ͤͣ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭ͊Υ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͔ ͎ͦͪ͊ͤ· ό͙͔ͤ͊ͨͪͣͪΣ ͎͍ͤ͊ͦͦ͡·͔ 

ͫͯ͗͋͡·Σ ͎ͦͪ͊ͤ· ͦͻͪ͊ͤ· ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·ύ ͦͫͯ΅͔͍ͫͭ͡ΎΌͭ ͦͤͭͪͦ͟͡Έ ͊͘ ͫͦ͋͡Ό͔͙͔͒ͤͣ ͤͦͪͣ 

͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭ͊ ͙ ͎ͣͦͯͭ ͙͙ͨͪͤͣ͊ͭΈ ͔ͣͪ· ͨͦ ͊͘΅͙͔ͭ ͍ͨͪ͊ ͎ͪ͊͗͒͊ͤ ͙ Ό͙͙ͪ͒;͔͙ͫ͟ͻ ͙͡ͼΦ 

ˢ͙͙͙͍͒ͣͤͫͭͪ͊ͭͤ·͔ ͫ͊ͤ͟ͼ͙͙Υ ˤ ͫͯ͡;͔͊ ͤ͊ͪͯ΄͔͙ͤΎ ͍ͨͪ͊ ͎ͪ͊͗͒͊ͤ ͙͙͡ Ό͙͙ͪ͒;͔͙ͫ͟ͻ ͙͡ͼ 

͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͔ ͎ͦͪ͊ͤ· ͎ͣͦͯͭ ͎ͤ͊͊͊ͭ͡Έ ͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤ·͔ ΄ͭͪ͊ͺ· ͙ ͎͙͔͒ͪͯ ͔ͣͪ· ͍͔͚͍͙ͦ͒ͫͭ͘ΎΦ 

ˢ͡Έ͔͙͍ͭͪͤ͊ͭͤ·͔ ͫͨͦͫͦ͋· ͔ͪ͊ͪ͘΄͔͙ͤΎ ͍ͫͨͦͪͦ 

˸͔͙͒͊ͼ͙ΎΥ 

˽͔͙ͦͫͪ͒ͤ;͔͍ͫͭͦΥ ˸͔͙͒͊ͼ͙Ύ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͙͍͔ͨͪ͡;͔͙͔ͤ ͔͍͙͙͎ͤ͊ͫͣͦͦ͘ ͔͙ͨͦͫͪ͒ͤ͊͟Σ ͦͭͦͪ͟·͚ ͎͔ͨͦͣͦ͊ͭ 

ͫͭͦͪͦͤ͊ͣ ͔ͪ͊ͪ͘΄͙ͭΈ ͫͨͦͪ ͙ͣͪͤ·ͣ ͔ͨͯͭͣΣ ͫͦͻͪ͊ͤΎΎ ͙ͨͪ Ήͭͦͣ ͙ͻ ͦͭͤͦ΄͔͙ͤΎΦ 

˴ͦͤͺ͙͔͒ͤͼ͙͊͡ΈͤͦͫͭΈΥ ˽ͪͦͼ͔ͫͫ ͔͙ͣ͒͊ͼ͙͙ Ύ͍͡Ύ͔ͭͫΎ ͦͤ͟ͺ͙͔͒ͤͼ͙͊͡Έͤ·ͣΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͫͭͦͪͦͤ͊ͣ 

ͦ͋ͫͯ͗͒͊ͭΈ ͍͙ͫͦ ͙ͨͦ͘ͼ͙͙ ͔͋͘ ͫͭͪ͊ͻ͊ ͔͎͙͍ͤ͊ͭͤ·ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡Φ 
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ˢ͙ͪ͋ͭͪ͊͗Υ 

ˢ͙ͪ͋ͭͪ͊͗ͤ·͔ ͎ͫͦ͊͡΄͔͙ͤΎΥ ˿ͭͦͪͦͤ· ͎ͣͦͯͭ ͊͘͟͡Ό;͙ͭΈ ͙͔͊ͪ͋ͭͪ͊͗ͤͦ ͎ͫͦ͊͡΄͔͙͔ͤΣ ͔͔͍ͨͪ͒͊͊Ύ ͍͙ͫͦ ͫͨͦͪ· 

ͤ͊ ͔͙͔ͪ͊ͫͫͣͦͭͪͤ ͙͎͊ͪ͋ͭͪ͊͗ͤͦͦ ͫͯ͒͊Φ 

ˣ·ͫͭͪͦͭ͊ ͙ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΥ ˢ͙ͪ͋ͭͪ͊͗ͤ·͚ ͨͪͦͼ͔ͫͫ ͊͘;͊ͫͭͯΌ ͋·͔͔ͫͭͪ ͙ ͔͔͔ͣͤ ͺ͔ͦͪͣ͊ͤ͡ ͨͦ 

͍͔͙ͫͪ͊ͤͤΌ ͫ ͔ͫͯ͒͋ͤ·ͣ ͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭͦͣΦ 

˭͊΅͙ͭ͊ ͍ͨͪ͊ ͤ͊ ͙͔͔ͤͭͭͯ͊͟͡͡͡ΈͤͯΌ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈ 

˾͔͎͙ͫͭͪ͊ͼ͙Ύ ͍ͨͪ͊Υ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͔͎͙ͪͫͭͪ͊ͼ͙ΎΥ ˨͡Ύ ͊͘΅͙ͭ· ͍ͨͪ͊ ͤ͊ ͦ͋Ά͔ͭ͟· ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭ 

ό͍ͭͦ͊ͪͤ·͔ ͙ͤ͊͘͟Σ ͔ͨ͊ͭͤͭ·Σ ͍͙͔͊ͭͦͪͫ͟ ͍ͨͪ͊͊ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙ͻ ͔͎͙͙͍͊ͪͫͭͪͪͦ͊ͭ͘Έ ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ 

͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͎ͦͪ͊ͤ͊ͻΦ 

˿͔ͯ͒͋ͤ͊Ύ ͊͘΅͙ͭ͊Υ 

ˮ͙ͫ͟ ͦ ͤ͊ͪͯ΄͔͙͙ͤ ͍ͨͪ͊Υ ˤ͔͊͒͡͡Έͼ· ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭ ͎ͣͦͯͭ ͍ͨͦ͒͊͊ͭΈ ͙͙ͫ͟ ͦ 

͊͘΅͙͔ͭ ͍͙ͫͦͻ ͍ͨͪ͊Σ ͍͟͡Ό;͊Ύ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͦ ͔ͨͪͪ͊͟΅͔͙͙ͤ ͤ͊ͪͯ΄͔͙͚ͤΣ ͍͔ͦͣ͘΅͔͙͙ͤ ͯ͋·͍ͭͦ͟ ͙ 

͙͙͙ͨͪͤ͊ͤ͘ ͍ͨͪ͊Φ 

˭͊΅͙ͭ͊ ͍ͨͪ͊ ͔͙͔͔͚ͨͦͭͪ͋ͭ͡ 

˭͔͊ͦͤͦ͒͊ͭ͟͡Έ͍ͫͭͦ ͦ ͊͘΅͙͔ͭ ͍ͨͪ͊ ͔͙͔͔͚ͨͦͭͪ͋ͭ͡Υ 

˽͍ͪ͊͊ ͔͙͔͔͚ͨͦͭͪ͋ͭ͡Υ ˭͔͊ͦͤͦ͒͊ͭ͟͡Έ͍ͫͭͦ ͊͘΅͙΅͔͊ͭ ͍ͨͪ͊͊ ͔͙͔͔͚ͨͦͭͪ͋ͭ͡ ͤ͊ ͨͦͯ͡;͔͙͔ͤ 

͊͟;͔͍͔ͫͭͤͤ·ͻ ͍͍ͭͦ͊ͪͦ ͙ ͎ͯͫͯ͡Φ ˽͔͙͔͙ͦͭͪ͋ͭ͡ ͎ͣͦͯͭ ͔͍ͭͪ͋ͦ͊ͭΈ ͍͍ͦͪ͊ͭ͊͘ ͔͔͎͒ͤΣ ͔ͦ͋ͣͤ͊ ͍ͭͦ͊ͪ͊ ͙͙͡ 

͔͙ͯͫͭͪ͊ͤͤΎ ͔͍ͤ͒ͦͫͭ͊ͭͦ͟Φ 

˻͋ͪ͊΅͔͙͔ͤ ͍ ͎ͦͪ͊ͤ· ͊͘΅͙ͭ· ͍ͨͪ͊ ͔͙͔͔͚ͨͦͭͪ͋ͭ͡Υ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͔ ͎ͦͪ͊ͤ·Υ ˽͔͙͔͙ͦͭͪ͋ͭ͡ ͙͔ͣΌͭ ͍ͨͪ͊ͦ ͦ͋ͪ͊΅͊ͭΈͫΎ ͍ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͔ ͎ͦͪ͊ͤ· ͨͦ 

͊͘΅͙͔ͭ ͍ͨͪ͊ ͔͙͔͔͚ͨͦͭͪ͋ͭ͡ ͒͡Ύ ͔ͪ͊ͪ͘΄͔͙ͤΎ ͍ͫͨͦͪͦ ͫ ͍ͨͪͦ͒͊ͼ͙͊ͣ ͙͙͡ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡Ύ͙ͣΦ 

˽͙ͪͤͼ͙ͨ· ͍͔͙͒ͦ͋ͪͦͫͦͫͭͤͦͫͭ ͙ ͙ͪ͊ͯͣͤͦͫͭ͘ 

˽͙͔͔͙͔ͪͣͤͤ ͙ͨͪͤͼ͙͍ͨͦΥ 

˨͍͔ͦ͋ͪͦͫͦͫͭͤͦͫͭΈ ͙ ͪ͊ͯͣͤͦͫͭ͘ΈΥ ̂;͙͙͊ͫͭͤ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͒ͦ͗ͤ͡· ͔͚͍͍͒ͫͭͦ͊ͭΈ 

͍͔͒ͦ͋ͪͦͫͦͫͭͤͦ ͙ ͪ͊ͯͣͤͦ͘Σ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͒͡Ύ ͊͘΅͙ͭ· ͙ͻ ͍ͨͪ͊Φ ˹͊ͪͯ΄͔͙͔ͤ Ή͙ͭͻ ͙ͨͪͤͼ͙͍ͨͦ 

͔ͣͦ͗ͭ ͙ͫͯ͗ͭ͡Έ ͍͙͔ͦͫͤͦ͊ͤͣ ͒͡Ύ ͊͘΅͙ͭ· ͍ͨͪ͊ ͎͚͒ͪͯͦ ͫͭͦͪͦͤ·Φ 

˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣ ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͔͔ͦ͋ͫͨ;͔͙͙ͤ 

͙ͫͭ͊͋͡Έ͙ͤͦͫͭ ͙ ͔͔͙ͨͪ͒ͫ͊ͯͣͦͫͭ͘͟ ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͦ͋ͦͪͦͭ͊Φ ˻ͤ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭ͡ ;͔͙͔ͭ͟ ͍͙ͨͪ͊͊͡ ͒͡Ύ 

ͯ;͙͍͊ͫͭͤͦ͟Σ ;ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ Ήͺͺ͔͙͍ͭͤͦͣͯ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͔͍ͪͫͯͪͫͦ ͙ ͊͘΅͙͔ͭ ͍ͨͪ͊Φ ˿͙͔ͫͭͣ͊ ͤͦͪͣΣ 

͔͎͙ͪͯͪͯ͡Ό΅͙ͻ ͦ͋Ά͔ͭ͟· ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤΣ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͎͙͚͋ͦ͟ ͙ ͙͍͚͊͒͊ͨͭͤͦ ͟ 

͙͔͔͙ͣͤͤ͘Ύͣ ͍ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͔͔ͫͪ͒Σ ;ͭͦ ͍͙ͨͦͦͭ͘͡ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͋͊͊ͤͫ͡ ͙͔͔͍ͤͭͪͫͦ ͍͔ͫͻ 

ͯ;͙͍͊ͫͭͤͦ͟ ͙ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͍͙͙ͪ͊ͭ͘Ό ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͦ͋΅͔͍ͫͭ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˥͙͚ͪ͊͗͒͊ͤͫ͟ ͨͪͦͼ͔ͫͫͯ͊͡Έͤ·͚ ͔ͦ͒ͫ͟͟ ˾̅ ͦͭ мпΦммΦнллн Ѕ моу-̅˭Φ 

2. ˴͙ͦͤͫͭͭͯͼ͙Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ όмффоύΦ 

3. ͔͍̅͒ͦͫͦΣ ˢΦ ˤΦ όнлмуύΦ ˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣ ͦ͋Ά͔͍ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊ͦͦͭͤͦ΄͔͙͚ͤΥ ͔͙ͭͦͪΎ ͙ ͙ͨͪ͊ͭ͊͟͟Φ 

˸ΦΥ ͚̑ͪ͊ͭΦ 

4.  ˴ ͍ͦͦ͘͡Σ ˤΦ ˢΦ όнлнлύΦ ˻͋Ά͔ͭ͟· ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊Υ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙ ͍͍͚ͨͪ͊ͦͦ ͔͙ͪ͗ͣΦ ˤ͔͙ͫͭͤ͟ 

͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͍ͨͪ͊͊Σ нόоύΣ пр-60. 

5. ˿͙͍͒ͦͪͦ͊Σ ˩Φ ˹Φ όнлнмύΦ ˮ͔͔ͤͭͭͯ͊͟͡͡͡Έͤ͊Ύ ͍͔ͫͦ͋ͫͭͤͤͦͫͭΈ ͊͟͟ ͦ͋Ά͔ͭ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍ͨͪ͊Υ ͔ͨͪͦ͋ͣ͡· ͙ 

͔ͪ΄͔͙ͤΎΦ ˬͯͪͤ͊͡ ͙͚͎ͪͦͫͫͫͦͦ͟ ͍ͨͪ͊͊Σ млόрύΣ оп-41. 

6. ˴͔ͯͤ͘ͼ͍ͦΣ ˾Φ ˤΦ όнлмфύΦ ˽͍͍͚ͪ͊ͦͦ ͔͙ͪ͗ͣ ͦ͋Ά͔͍ͭͦ͟ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭΥ ͍͔͔ͫͦͪͣͤͤ·͔ 

͔͔ͭͤ͒ͤͼ͙͙ ͙ ͍·͍ͦ͘·Φ ˬͯͪͤ͊͡ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭΣ ммόпύΣ пл-50. 

ϭ˴͔͍ͪͯͫ͊ ˢ. .ʕ, s ͍͋͒ͯͫ͊͊ͣͦ͊͡ ˸. .̊, 2025 
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˿͙͊ͤͭ͡Έ͔͍ ˢ͔͚ͤ͒ͪ ˤ͙͙͍͙͊͒ͣͪͦ͡; 

͚ͣ͊ͦͪ ͙ͨͦ͡ͼ͙͙Σ 

 ͫ ͙ͦͭͪͯ͒ͤ͟ ͼ͔ͤͭͪ͊ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͎͍͙ͨͦ͒ͦͭͦ͟ ͙͍ͫͦͭͪͯ͒ͤͦ͟  

˥ˮˣ˨˨ ˥̂ ˸ˤ˨ ˾͙͙ͦͫͫ ͨͦ ͎Φ ˸͍͔ͦͫ͟Σ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 

˾·͙ͤ͒ͤ ˸͙ͻ͙͊͡ ˤΎ;͔͍͍͙ͫ͊ͦ͡; 

͍͙ͨͦͦͤ͟͟͡ ͙ͨͦ͡ͼ͙͙Σ 

 ˹ ͊;͊͡Έ͙ͤ͟ ͼ͔ͤͭͪ͊ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͎͍͙ͨͦ͒ͦͭͦ͟ ͙͍ͫͦͭͪͯ͒ͤͦ͟ 

 ˥ ˮˣ˨˨ ˥̂ ˸ˤ˨ ˾͙͙ͦͫͫ ͨͦΦ ˸͍͔ͦͫ͟ 

͎Φ ˸͍ͦͫ͊͟Σ ˾̅ 

 

˾˻˶̎ ˿˽˻˾́ˮˤ˹̍̆ ˿˻˻˾̂ˬ˩˹ˮ˯ ˤ ̂˴˾˩˽˶˩˹ˮˮ ˽˾˻̅˩˿˿ˮ˻˹ˢ˶̎˹˻˥˻  

˭˨˻˾˻ˤ̎̒ ˿˻́˾̂˨˹ˮ˴˻ˤ ˽˻˶ˮ̇ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ͦͻͪ͊ͤ͊ ͍ͨͪ͊ͦͨͦͪΎ͒͊͟ ͔ͨͪ͒ΆΎ͍͡Ύ͔ͭ ͟ ͙ͫͦͭͪͯ͒ͤ͊ͣ͟ ͙ͨͦ͡ͼ͙͙ ͍·͙͔ͫͦ͟ 

ͺ͙͙͘;͔͙͔ͫ͟ ͙ ͙ͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͍͙ͭͪ͋ͦ͊ͤΎΦ ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ 

͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍͒ͦͪͦ͘ΈΎ ͙ͨͦ͡ͼ͔͚͙ͫ͟ͻ ͙ ͙͔͙͔ͫͤ͗ͤͣ ͙͍ͪͫͦ͟ ͍ͭͪ͊ͣΣ ͔͍ͫͭͪͫͫͦ ͙ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍·͎͙ͦͪ͊ͤΎΦ  
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THE ROLE OF SPORTS FACILITIES IN STRENGTHENING THE PROFESSIONAL HEALTH OF POLICE OFFICERS 

 

Abstract 

In modern conditions, law enforcement imposes high physical and psychological demands on police 

officers. The relevance of the study is due to the need to maintain the professional health of police officers 

and reduce the risks of injury, stress and professional burnout.  

The purpose of the article is to assess how the use of sports facilities contributes to strengthening the 

physical and psychological health of police officers, increasing their efficiency and resistance to professional 

stress. 

A comprehensive analytical approach is used as the method. A review of regulatory documents and 

literary sources, questionnaires and interviews of employees of various police departments, as well as a 

comparative analysis of a group regularly engaged in sports facilities and a group without access to regular 

training were conducted. 

The results showed that employees who have access to sports facilities and participate in systematic 

training demonstrate a better level of physical fitness, a lower incidence of injuries, are characterized by a 

lower degree of professional stress and higher satisfaction with their work. 

Conclusions: the use of sports facilities in the daily practice of police officers is an effective tool for 

strengthening their professional health. Regular classes help to increase overall endurance, stress tolerance, 

prevent professional burnout and improve the quality of service. It is recommended to develop a systematic 

physical training program using the material and technical base available within the departmental sports 

facilities. 

Keywords: 

rͪofessional health, police officers, sports facilities, physical fitness, stress tolerance, professional burnout, 

psychological stability, training process, physical activity, injury prevention. 
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ï ͪ ͔͊͒͘͡ ͙͙ͭ͊ͭ͟͟ ͙͔͔͙ͨͪͣͤͤΎ ͔͍͋ͦ·ͻ ͙͔͍ͨͪͣͦ ͋ͦͪΈ͋·Σ ͍ ͻ͔ͦ͒ ͙ͯ͘;͔͙ͤΎ ͎ͦͭͦͪͦͦ͟ ͔ͪ΄͊ΌͭͫΎ 
͙ͭ͊ͭ͟;͔͙͔ͫ͟ ͊͒͊͘;͙ ͙ ͍·ͨͦͤ͡ΎΌͭͫΎ ͙͊͒͊ͤ͘Ύ ͨͦ ͙͔͔͙ͨͪͣͤͤΌ ͔͍͋ͦ·ͻ ͙͔͍ͨͪͣͦ ͋ͦͪΈ͋·Φ 

˿͎ͦ͊ͫͤͦ͡ ˽͙ͪ͊ͯ͘͟ ˸ˤ˨ ˾͙͙ͦͫͫ ͦͭ лнΦлнΦнлнп Ѕ ппΣ ͒͡Ύ ͍͎͋͊ͦͦͦ͘ ͍ͯͪͦͤΎ ͎͍͙ͨͦ͒ͦͭͦ͟ ͺ͙͙͘;͔ͫ͊͟Ύ 

͎͍ͨͦ͒ͦͭͦ͊͟ ͍͟͡Ό;͔͊ͭ ͔ͤ ͔͔͔ͣͤ млл ;͍͊ͫͦΣ ͙͘ ͙ͤͻ ͨͦ ͦ͋΅͔͚ ͺ͙͙͘;͔͚ͫͦ͟ ͎͍͔ͨͦ͒ͦͭͦ͟ ς ͤ ͔ ͔͔͔ͣͤ пл ;͍͊ͫͦΣ 

͙͘ ͙ͤͻ ͙͍ͫͨͦͪͭͤ·͔ ͙͎ͪ· ς ͔ͤ ͔͔͔ͣͤ мл ;͍͊ͫͦΣ ͨͦ ͔͍͋ͦ·ͣ ͙͔ͨͪͣ͊ͣ ͋ͦͪΈ͋· ς ͔ͤ ͔͔͔ͣͤ сл ;͍͊ͫͦΦ ˨͡Ύ 

͙͔͎ͯͫͤͤͦͦ͡ ͍ͯͪͦͤΎ ς ͤ ͔ ͔͔͔ͣͤ млл ;͍͊ͫͦΣ ͙͘ ͙ͤͻ ͨͦ ͦ͋΅͔͚ ͺ͙͙͘;͔͚ͫͦ͟ ͎͍͔ͨͦ͒ͦͭͦ͟ ς ͤ ͔ ͔͔͔ͣͤ ол ;͍͊ͫͦΣ 

ͨͦ ͔͍͋ͦ·ͣ ͙͔ͨͪͣ͊ͣ ͋ͦͪΈ͋· ς ͔ͤ ͔͔͔ͣͤ сл ;͍͊ͫͦΣ ͨͦ ͙͔ͭ͊ͭ͟͟ ͙͔͔͙ͨͪͣͤͤΎ ͔͍͋ͦ·ͻ ͙͔͍ͨͪͣͦ ͋ͦͪΈ͋· ς 

͔ͤ ͔͔͔ͣͤ мл ;͍͊ͫͦΦ ˨͡Ύ ͔ͫͨͼ͙͊͡Έ͎ͤͦͦ ͍ͯͪͦͤΎ ς ͔ͤ ͔͔͔ͣͤ мрл ;͍͊ͫͦΣ ͙͘ ͙ͤͻ ͨͦ ͦ͋΅͔͚ ͺ͙͙͘;͔͚ͫͦ͟ 

͎͍͔ͨͦ͒ͦͭͦ͟ ς ͔ͤ ͔͔͔ͣͤ тл ;͍͊ͫͦΣ ͨͦ ͔͍͋ͦ·ͣ ͙͔ͨͪͣ͊ͣ ͋ͦͪΈ͋· ς ͔ͤ ͔͔͔ͣͤ рл ;͍͊ͫͦΣ ͨͦ ͙͔ͭ͊ͭ͟͟ 

͙͔͔͙ͨͪͣͤͤΎ ͔͍͋ͦ·ͻ ͙͔͍ͨͪͣͦ ͋ͦͪΈ͋· ς ͤ ͔ ͔͔͔ͣͤ ол ;͍͊ͫͦΦ 

˽͔ͪͦ͋ͣ͊͡ ͔͔͙ͯͪͨͤ͟͡Ύ ͍͒ͦͪͦ͘ΈΎ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͙ ͍ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͻ ͔͙ͨͦͫ͒ͤ͡ͻ ͔ͭ͡Φ 

ˤ ͪ͊͋ͦͭ͊ͻ ͔ͯ͒͡Ύ͔ͭͫΎ ͍͙͙͔ͤͣ͊ͤ ͺ͙͙͘;͔͙ͫͣ͟ ͎ͤ͊ͪͯ͊ͣ͘͟ ͊͟͟ ζ͔͍ͫͪ͒ͫͭͯ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͍·͎͙ͦͪ͊ͤΎ ͙ 

͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭη ώпΣ ͫΦ ноϐΦ ˹͔ͦͭͦͪ͟·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ζ͔͒͊͗ 

͔͔ͯͣͪͤͤ·͔ ͔͎ͪͯ͡Ύͪͤ·͔ ͔͙͍͙ͭͪͤͪͦ͟ ͙ͫͤ͗͊Όͭ ͙ͪͫ͟ ͍ͭͪ͊ͣ ͙ ͍ͨͦ·΄͊Όͭ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͍͙͙ͤͣ͊ͤΎη ώмΣ ͫΦ 

рфϐΦ ˿ ͯ;͔ͭͦͣ ͪ͊ͫ΄͙͔͙ͪͤΎ ͊͒͊͘;Σ ͫͭͦΎ΅͙ͻ ͔͔ͨͪ͒ ͙ͨͦ͡ͼ͙͔͚Σ ͙ͯ͘;͔͙͔ͤ ͍͙͡Ύ͙ͤΎ ͙͍ͫͨͦͪͭͤ·ͻ ͔͙͚ͫͦͦͪͯ͗ͤ 

ͤ͊ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͔ͤͦ ͍͒ͦͪͦ͘Έ͔ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͦͫͦ͋ͯΌ ͍͊͗ͤͦͫͭΈΦ 

͔̇͡Έ ͪ͊͋ͦͭ· ς ͦͼ͔͙ͤͭΈΣ ͊͟͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͍ͫͨͦͪͭͤ·ͻ ͔͙͚ͫͦͦͪͯ͗ͤ ͎͔ͨͦͣͦ͊ͭ ͙ͫͦͭͪͯ͒ͤ͊ͣ͟ 

͙ͨͦ͡ͼ͙͙ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͺ͙͙͘;͔͔ͫͦ͟ ͙ ͙ͨͫͻ͎͙ͦͦ͡;͔͔ͫͦ͟ ͫͦͫͭͦΎ͙͔ͤΣ ͔ͤͦ͋ͻ͙͔ͦ͒ͣͦ ͒͡Ύ ͍·͔͙ͨͦͤͤ͡Ύ 

͔ͫͯ͗͋ͤ͡·ͻ ͦ͋Ύ͔͚͊ͤͤͦͫͭ͘Φ ˨͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͼ͔͙͡ ͋·͙͡ ͙ͯ͘;͔ͤ· ͤ͊ͯ;ͤ·͔ ͙ͨͯ͋͊͟͡ͼ͙͙ ͙ ͙͍ͤͦͪͣ͊ͭͤ·͔ 

͔͒ͦͯͣͤͭ͟· ˸ˤ˨ ˾͙͙ͦͫͫΣ ͊ ͔ͭ͊͗͟ ͍͔͔ͨͪͦ͒ͤ ͦͨͪͦͫ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͔ͤͫͦ͟͡Έ͙͟ͻ ͔͔͙͚ͨͦ͒ͪ͊͒ͤ͘͡Φ 

ˤ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͔͔ͭͪ͊ͭͯͪ͡ ζͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͔ͤͦ ͍͒ͦͪͦ͘Έ͔ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͊͟͟ ͫͦͫͭͦΎ͙͔ͤ 

͎͙ͦͪ͊ͤͣ͊͘ ͙ ͙ͨͫͻ͙͙͟ ͙ͪ͊͋ͦͭͤ͊͟Σ ͔ͦͭͦͪͦ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·ͨͦͤ͡ΎͭΈ ͔ͫͯ͗͋ͤ͡·͔ ͦ͋Ύ͙͊ͤͤͦͫͭ͘ ͔͋͘ ͙ͪͫ͊͟ 

ͯͻͯ͒΄͔͙ͤΎ ͫ͊ͣͦ;͍͍͙ͯͫͭΎη ώнΣ ͫΦ нрϐΦ ˤ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎͻΣ ͍ͨͦͫΎ΅͔ͤͤ·ͻ ͙͍ͫͦ͡·ͣ ͫͭͪͯͭͯͪ͊ͣ͟Σ 

ͨͦ ͒;͔͙͍͔ͪ͊ͭͫ͟ΎΣ ;ͭͦ ζ͔͎ͪͯ͡Ύͪͤ·͔ ͺ͙͙͘;͔͙͔ͫ͟ ͎͙ͤ͊ͪͯ͘͟ ͔͍ͨͪͦ͒͊͡Όͭ ͔͙ͨͪͦ͒ ͙͍͎͊ͭͤͦͦ͟ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͎͔͙͒ͦͦͭ͡͡Ύ ͙ ͔ͯͣͤΈ΄͊Όͭ ͍͔ͪͦΎͭͤͦͫͭΈ ͦ΄͙͋ͦ͟Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͔͙͔ͯͭͦͣͤͣ͡η ώоΣ ͫΦ прϐΦ 

˭ͤ͊;͙͔ͭ͡Έͤ͊Ύ ;͊ͫͭΈ ͪ͊͋ͦͭ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͙͍ͫͨͦͪͭͤ·͔ ͔͙ͫͦͦͪͯ͗ͤΎ ͊͟͟ ͙͔ͤͫͭͪͯͣͤͭ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͚ͯͫͭͦ;͙͍·ͻ ͔͙͍ͭͪͤͪͦͦ;ͤ·ͻ ͙͍ͨͪ·;͔͟Φ ˢ͍ͭͦͪ· ͔ͦͭͣ;͊ΌͭΣ ;ͭͦ ͒ͦͫͭͯͨͤͦͫͭΈ ͙͍ͫͨͦͪͭͤ·ͻ 

͍͊ͦ͘͡ ͙ ͔͚͍͋͊ͫͫͤͦ ͍͙ͤͯͭͪ ͍͔͍͔͒ͦͣͫͭͤͤ·ͻ ͫͭͪͯͭͯͪ͟ ͙͔ͫͤ͗͊ͭ ͋͊ͪΈ͔ͪ·Σ ͎͙ͦͪ͊ͤ;͙͍͊Ό΅͙͔ ͺ͙͙͘;͔ͫͯ͟Ό 

͙͍͊ͭͤͦͫͭ͟Έ ͙͍ͫͦͭͪͯ͒ͤͦ͟Φ ˤ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͻ ͍·͔͔͒ͤͦ͡ ͔ͤͫͦ͟͡Έͦ͟ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡ ͍͙͡Ύ͙ͤΎ ͔͙͍ͭͪͤͪͦͦ͟ ͤ͊ 

͔͙ͨͦ͊͊ͭ͘͟͡ ͍·͙͍͙ͤͦͫͦͫͭ͡ ͙ Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͚ͯͫͭͦ;͙͍͙ͦͫͭΦ ˤ ;͙͊ͫͭͤͦͫͭΣ ͨͦ͒;͔͙͍͔ͪ͊ͭͫ͟ΎΣ ;ͭͦ ζ͊ͤ͘Ύ͙ͭΎ 

͔͙͍͙͒ͤͦ͋ͦͪͫͭ͊ͣ ͙ ͙͍ͫͦ͡·͙ͣ ͍͙͙͒͊ͣ ͫͨͦͪͭ͊ ͔ͯͪͨ͟͡ΎΌͭ ͍͔͔ͯͪͤͤͦͫͭΈ ͙ ͯͯ͡;΄͊Όͭ ͔ͪ͊͟ͼ͙Όη ώрΣ ͫΦ муϐΦ 

˹͔ͫͦ͟͡Έͦ͟ ͙ͨͯ͋͊͟͡ͼ͙͚ ͦ͋ͪ͊΅͊Όͭ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͍ͫΎ͘Έ ͔ͣ͗͒ͯ ͎͙ͦͪ͊ͤ͊͘ͼ͙͔͚ ͔͙͍ͭͪͤͪͦͦ;͎ͤͦͦ 

ͨͪͦͼ͔ͫͫ͊ ͙ ͍͔ͯͪͦͤͣ ͙͒ͫͼ͙͙ͨͤ͡·Φ ˽͙ͪ ͔͎ͪͯ͡Ύͪͤͦͣ ͔ͨͦͫ΅͔͙͙ͤ ͙͍ͫͨͦͪͭͤ·ͻ ͍͊ͦ͘͡ ͙͔ͫͤ͗͊ͭͫΎ ͙ͦ͟͡;͔͍ͫͭͦ 

͍ͨͪͦͨͯͫͦ͟ ͔ͫͣͤ ͨͦ ͫͦͫͭͦΎ͙ͤΌ ͍͒ͦͪͦ͘ΈΎΣ ͊ ͔ͭ͊͗͟ ͔ͯͣͤΈ΄͔͊ͭͫΎ ;͙ͫͦ͡ ͔ͫͯ͗͋ͤ͡·ͻ ͤ͊ͪͯ΄͔͙͚ͤΣ ͍ͫΎ͊ͤͤ͘·ͻ 

ͫ ͔͙͔ͯͭͦͣͤͣ͡Φ ͙̏ͭ ͒͊ͤͤ·͔ ͍͔ͨͦ͒ͭͪ͗͒͊Όͭ ͍͊͗ͤͦͫͭΈ ͍͙͚ͪ͊ͭͦ͘ ͙͍͚ͫͨͦͪͭͤͦ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· ͒͡Ύ 

͙͍ͫͦͭͪͯ͒ͤͦ͟ ͙ͨͦ͡ͼ͙͙Φ  



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

119 

˸͔ͭͦ͒· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͟͡Ό;͊Όͭ ͙͊ͤ͊͘͡ ͙͍ͤͦͪͣ͊ͭͤ·ͻ ͔͍͒ͦͯͣͤͭͦ͟Σ ͙ͯ͘;͔͙͔ͤ ͪ͊͋ͦͭ ͙͚͙ͪͦͫͫͫ͟ͻ 

͍͍͊ͭͦͪͦΣ ͊ ͔ͭ͊͗͟ ͦͨͪͦͫ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͙ͨͦ͡ͼ͙͙Σ ͨͪͦͻͦ͒Ύ΅͙ͻ ͫͯ͗͋ͯ͡ ͍ ͔͔͙ͨͦ͒ͪ͊͒ͤ͘͡Ύͻ ͫ ͪ͊ͤ͘·ͣ 

͍͔ͯͪͦͤͣ ͔͔ͦ͋ͫͨ;͔͙ͤͤͦͫͭ ͙͍ͫͨͦͪͭͤ·͙ͣ ͔͙ͫͦͦͪͯ͗ͤΎ͙ͣΦ ˻ͨͪͦͫ ͦͻ͍͙͊ͭ͡ су ͔͔͍ͪͫͨͦͤ͒ͤͭͦΦ ˣ·͙͡ 

͍·͔͔͒ͤ͡· ͍͔͒ ͎ͪͯͨͨ·Υ ͙͙ͫͦͭͪͯ͒ͤ͟Σ ͔͎ͪͯ͡Ύͪͤͦ ͙͊ͤͣ͊͘Ό΅͙͔ͫΎ ͍ ͙͍ͫͨͦͪͭͤ·ͻ ͔͙ͫͦͦͪͯ͗ͤΎͻΣ ͙ 

͙͙ͫͦͭͪͯ͒ͤ͟Σ ͔ͤ ͙͔ͣΌ΅͙͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͔ͨͦͫ΅͊ͭΈ ͙͔ͭ͊͟ ͦ͋Ά͔ͭ͟·Φ ˹͊ ͍͙͙ͦͫͤͦ͊ͤ ͍͔͍ͦͭͭͦ ͍͔͔ͨͪͦ͒ͤͦ 

͍͔͙͔ͫͪ͊ͤͤ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͺ͙͙͘;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟Σ ͫ͊ͣͦ;͍͍͙ͯͫͭΎ ͙ ͦͭͤͦ΄͔͙ͤΎ ͟ ͔ͫͯ͗͋͡Φ ˴͔ͪͦͣ ͦͨͪͦͫ͊Σ 

͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͒͊ͤͤ·͔ ͍͔͍͔͒ͦͣͫͭͤͤ·ͻ ͦͭ;͔͍ͭͦΣ ͔ͫͦ͒ͪ͗͊΅͙͔ ͍͔͔͙ͫ͒ͤΎ ͦ ;͙͔ͫ͡ ͙͍ͫͨͦͪͭͤ·ͻ 

͔͙͚ͫͦͦͪͯ͗ͤΣ ͙ͦ͟͡;͔͍͔ͫͭ ͔͙͍ͭͪͤͪͦͦ͟ ͍ ͔͔ͤ͒͡Ό ͙ ͙͙͔͒ͤ͊ͣ͟ ͍͙ͭͪ͊ͣ͊ͭͣ͊͘ ͊͘ ͔͙͔ͨͦͫ͒ͤ͡ ͙ͭͪ ͎ͦ͒͊Φ 

˽ͦ ͒͊ͤͤ·ͣ ͦͨͪͦͫ͊Σ ͙͙ͫͦͭͪͯ͒ͤ͟Σ ͙͔ͣΌ΅͙͔ ͒ͦͫͭͯͨ ͟ ͙͍ͫͨͦͪͭͤ·ͣ ͔͙ͫͦͦͪͯ͗ͤΎͣΣ ͫͦͦ͋΅͙͙͡ ͦ 

͔͔͋ͦ͡ ͍·ͫͦͦͣ͟ ͍͔ͯͪͦͤ ͺ͙͙͘;͔͚ͫͦ͟ ͎͍͙ͨͦ͒ͦͭͦ͟ ͙ ͯ͡;΄͔͚ ͔͔͙͙ͨͪͤͦͫͣͦͫͭ ͎͙ͤ͊ͪͯ͘͟Φ ́͊͊͟Ύ ͎ͪͯͨͨ͊ 

ͨͦ͊͊͊͘͟͡ ͔ͣͤΈ΄ͯΌ ;͊ͫͭͦͭͯ ͗͊ͦ͋͡ ͤ͊ ͯͫͭ͊ͦͫͭ͡Έ ͙ ͔ͫͭͪͫͫΦ ̂ ͔͔͍ͪͫͨͦͤ͒ͤͭͦ ͍͚ͭͦͪͦ ͎ͪͯͨͨ· ;͊΅͔ 

͍͔ͫͭͪ;͙͊ͫ͡Έ ͙͙ͨͪͤ͊͘͟ Ήͣͦͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͤ͊ͨͪΎ͔͙͗ͤΎ ͙ ͙͔͙͔ͫͤ͗ͤ ͙͍ͣͦͭ͊ͼ͙͙Φ ˹͙͔͔͊͋ͦ͡ ͤ͊͘;͙ͣ·͔ 

͔͙ͨͦ͊͊ͭ͘͟͡ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͍ ͙ͭ͊͋͡ͼ͔Φ 

͙́͊͋͡ͼ͊  

˿͍͔͙͔ͪ͊ͤͤ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͦͨͪͦͫ͊ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͙ͨͦ͡ͼ͙͙ 

˽͔ͦ͊͊ͭ͘͟͡Έ 
˥ͪͯͨͨ͊ ͫ ͒ͦͫͭͯͨͦͣ ͟ ͙͍ͫͨͦͪͭͤ·ͣ 

͔͙ͫͦͦͪͯ͗ͤΎͣ 
˥ͪͯͨͨ͊ ͔͋͘ ͔͎ͪͯ͡Ύͪͤ·ͻ 

͔͙͍ͭͪͤͪͦͦ͟ 

˿͊ͣͦͦͼ͔ͤ͊͟ ͺ͙͙͘;͔͚ͫͦ͟ ͺͦͪͣ·Σ ͋͊͡͡· όм-
10) 

8,1 5,9 

͍͔̂ͪͦͤΈ ͔ͫͭͪͫͫ͊ ͨͦ ͫ͊ͣͦͦͼ͔͔ͤ͟Σ ͋͊͡͡· 
(110) 

4,3 7,1 

̉͊ͫͭͦͭ͊ ͍ͭͪ͊ͣ ͊͘ ͎ͦ͒Σ ҈ 6,0 18,0 

͍͔͍͔̂͒ͦͭͦͪͤͤͦͫͭ͡Έ ͚ͫͯ͗͋ͦ͡Σ ͋͊͡͡· όм-10) 8,4 6,2 

ˮͫͭͦ;͙ͤ͟Υ ͪ͊ͪ͊͋ͦͭ͊ͤͦ͘ ͍͊ͭͦͪͦͣ 

 

͙́͊͋͡ͼ͊ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͔͎ͪͯ͡Ύͪͤ·͔ ͔͙͍͙ͭͪͤͪͦ͟ ͫͦ͒͊͘Όͭ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͟ 

͎ͤ͊ͪͯ͊ͣ͘͟Φ ˣ͔͔ͦ͡ ͙͙͚ͤ͘͟ ͍͔ͯͪͦͤΈ ͍͙ͭͪ͊ͣ͊ͭͣ͊͘ ͍ͫΎ͊ͤ͘ ͫ ͔͔͙͔ͯͪͨͤͣ͟͡ ͣ·΄ͼ ͙ ͍͙͙͔ͪ͊ͭͣ͘ 

͙ͦͦͪ͒ͤ͊͟ͼ͙͙Φ ˾ͦͫͭ ͍͔͍͔͙ͯ͒ͦͭͦͪͤͤͦͫͭ͡ ͚ͫͯ͗͋ͦ͡ ͦ͋ΆΎͫͤΎ͔ͭͫΎ ͯͯ͡;΄͔͙͔ͤͣ ͦ͋΅͔͎ͦ ͫ͊ͣͦ;͍͍͙ͯͫͭΎΦ 

˭͊ͤΎ͙ͭΎ ͫͨͦͪͭͦͣ ͯͯ͡;΄͊Όͭ ͫͦͤΣ ͍͙͙͔ͤͣ͊ͤ ͙ ͔ͪ͊͟ͼ͙ΌΦ ˨͊ͤͤ·͔ ͔͙ͨͦ͊͊ͭ͘͟͡ Ύ͍͡ΎΌͭͫΎ ͤ͊͘;͙ͣ·͙ͣ ͒͡Ύ 

͔͔͙ͤͫͤΎ ͫͯ͗͋͡·Φ ˹͊ ͍͙͙ͦͫͤͦ͊ͤ ͙͊ͤ͊͊͘͡ ͙͔ͭͪ͊ͭͯͪ͡· ͙ ͒͊ͤͤ·ͻ ͦͨͪͦͫ͊ ͣͦ͗ͤͦ ͍͔ͯͭͪ͗͒͊ͭΈΣ ;ͭͦ 

͙͍ͫͨͦͪͭͤ·͔ ͔͙ͫͦͦͪͯ͗ͤΎ ͫͦ͒͊͘Όͭ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͙ͤ͊͒͗ͤͦͫͭ 

͙͍ͫͦͭͪͯ͒ͤͦ͟Φ ͔͙͍͙́ͪͤͪͦ͟ ͎ͨͦͣͦ͊Όͭ ͙ͫͤ͗͊ͭΈ ͙͙ͪͫ͟ ͦ΄͙͋ͦ;ͤ·ͻ ͔ͪ΄͔͙͚ͤΣ ͍͙ͦͤ͊͘͟Ό΅͙ͻ ͙ͨͪ 

͔͙͙ͯͭͦͣͤ͡Σ ͊ ͔ͭ͊͗͟ ͍͔͙ͯ͡;͙͍͊Όͭ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͣ ͎ͤ͊ͪͯ͊ͣ͘͟Φ 

˾͔͎ͯ͡Ύ͔ͪͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͍ͫͨͦͪͭͤ·ͻ ͔͙͚ͫͦͦͪͯ͗ͤ ͙͙ͫͦͭͪͯ͒ͤ͊ͣ͟ ͙ͨͦ͡ͼ͙͙ ͦ͊͘͟·͍͔͊ͭ ͨͪΎ͔ͣͦ 

͍͙͡Ύ͙͔ͤ ͤ͊ ͊͟;͔͍ͫͭͦ ͍·͔͙ͨͦͤͤ͡Ύ ͔ͫͯ͗͋ͤ͡·ͻ ͊͒͊͘;Φ ˽͍ͦ·΄͔͙͔ͤ ͍ͯͪͦͤΎ ͺ͙͙͘;͔͚ͫͦ͟ ͎͍͙ͨͦ͒ͦͭͦ͟ 

͔ͫͦ͒͊ͭ͘ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͔͔͋ͦ͡ ͙ͫͭ͊͋͡Έ͎ͤͦͦ ͔͎͙͍͙ͪ͊ͪͦ͊ͤΎ ͤ͊ ͔͙͍ͦͨͪ͊ͭͤ·͔ ͙ͫͭͯ͊ͼ͙͙Φ ˽͙ͦ͡ͼ͔͚͙͚ͫ͟Σ 

ͦͭͦͪ͟·͚ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭ ͍·͙͍ͤͦͫͦͫͭ͡Έ ͙ ͣ·΄͔;ͤ·͚ ͭͦͤͯͫΣ ͔͔ͪ͗ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͺ͙͙͘;͔͙ͫͣ͟ 

͙ͫͭͦ΅͔͙͔ͤͣ ͍ͦ ͍͔ͪͣΎ ͔͍͒͗ͯͪͫͭΦ ˽͙͔ͦͦ͗ͭ͡͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͺ͙͙͔ͫͪͯͭͫ͟Ύ ͔͒͊͗ ͙ͨͪ ͔͔͚ͯͣͪͤͤͦ 

͔͙͍ͭͪͤͪͦͦ;͚ͤͦ ͎͔ͤ͊ͪͯ͘͟Φ ˤ ͻ͔ͦ͒ ͙͊ͤ͊͊͘͡ ͔͊ͤͭͤ͟·ͻ ͒͊ͤͤ·ͻ ͍͔ͯͫͭ͊ͤͦͤͦ͡Σ ;ͭͦ ͙͙ͫͦͭͪͯ͒ͤ͟Σ ͔ͨͦͫ΅͊Ό΅͙͔ 

͙͍ͫͨͦͪͭͤ·͔ ͔͙ͫͦͦͪͯ͗ͤΎ ͔ͤ ͔͔ͪ͗ ͍͒ͯͻ ͪ͊͘ ͍ ͔͔ͤ͒͡ΌΣ ͔ͦͭͣ;͊Όͭ ͯͯ͡;΄͔͙͔ͤ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͔͙ͨͪͤͦͫͭΈ 

͙͔͒ͭ͡͡Έͤ·͔ ͙͍͙ͨ͊ͭͪͯͪͦ͊ͤ͡Ύ ͙ ͤͦ;ͤ·͔ ͔ͫͣͤ·Φ 

˭͔͊ͣͭͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ ͙ͨͪͦͫͻͦ͒Ύͭ ͙ ͍ ͔ͫͭͪͯͭͯͪ͟ ͔ͫͯ͗͋ͤ͡·ͻ ͦ΄͙͋ͦ͟Φ ͙͙̅͘;͔ͫ͊͟Ύ 

͎͍͔ͨͦ͒ͦͭͦͤͤͦͫͭ͡Έ ͍ͫΎ͊ͤ͊͘ ͫ ͍ͨͦ·΄͔͙͔ͤͣ ͙ͫͦͪͦͫͭ͟ ͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤΦ ˤ͔͙͔ͤͯͭͪͤͤ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

͔ͤͫͦ͟͡Έ͙͟ͻ ͔͔͙͚ͨͦ͒ͪ͊͒ͤ͘͡ ͙ͨͦ͡ͼ͙͙ ͨͦ͊͘͟·͍͊Όͭ ͙͔͙͔ͫͤ͗ͤ ;͙ͫ͊͡ ͦ΄͙͋ͦ͟Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͔͙͔ͯͭͦͣͤͣ͡Σ ͍ 

͎ͪ ͯͨͨ͊ͻΣ ͎͔͒ ͨͪͦͻͦ͒Ύͭ ͙͔ͫͫͭͣͤ·͔ ͔͙͍͙ͭͪͤͪͦ͟Φ ˣ͔͔ͦ͡ ͍·͙͚ͫͦ͟ ͍͔ͯͪͦͤΈ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͍͙͙ͤͣ͊ͤΎ 

͙͔ͨͦͦ͗ͭ͡͡Έͤͦ ͔ͦͭͪ͊͗͊ͭͫΎ ͤ͊ ͊͟;͔͍͔ͫͭ ͔͔͙ͤͫͤΎ ͫͯ͗͋͡· ͙ ͔ͯͣͤΈ΄͔͊ͭ ͍͔ͪͦΎͭͤͦͫͭΈ ͙ͤͼ͙͔͍͒ͤͭͦΣ 

͍͙ͦͤ͊͘͟Ό΅͙ͻ ͙͘-͊͘ ͙͔͙ͫͤ͗ͤΎ ͍͙͔ͤͣ͊ͭ͡Έ͙ͤͦͫͭΦ 
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˽͙ͫͻ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͔ͭ͊͗͟ ͙͔ͣͤ͘Ύ͔ͭͫΎ ͙ͨͪ ͔͎ͪͯ͡Ύͪͤͦͣ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͙͍ͫͨͦͪͭͤ·ͻ 

͔͙͚ͫͦͦͪͯ͗ͤΦ ˤ ͔͙͍͙͙͊ͤͭͪͦ͊ͤ͟ ͙͙ͫͦͭͪͯ͒ͤ͟ ͔͔ͤͪ͒ͦ͟ ͙ͯͨͦͣͤ͊ΌͭΣ ;ͭͦ ͔͙͍͙ͭͪͤͪͦ͟ ͎ͨͦͣͦ͊Όͭ ͫͤΎͭΈ 

ͤ͊ͨͪΎ͔͙͔͗ͤ ͔ͨͦͫ͡ ͔ͫͣͤ·Φ ͙͙̅͘;͔ͫ͊͟Ύ ͎ͤ͊ͪͯ͊͘͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍·͔ͪ͊͋ͦͭ͟ Ήͤ͒ͦͪͺ͙͍ͤͦΣ ;ͭͦ ͫ ͙͔ͤ͗͊ͭ ͙ͪͫ͟ 

͔͙ͤ͊ͦͨͤ͟͡Ύ ͔ͫͭͪͫͫ͊Φ ˤ ͙͎͔ͭͦ ͙ͫͦͭͪͯ͒ͤ͟ ͔͎͡;͔ ͙͔͊͒͊ͨͭͪͯͭͫΎ ͟ ͍·͚ͫͦͦ͟ Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͤ͊ͫ·΅͔͙ͤͤͦͫͭ 

ͨͪͦͺ͔͙͙ͫͫΦ ˻͔ͭͣ;͔͊ͭͫΎ ͔ͭ͊͗͟ ͔ͯͣͤΈ΄͔͙͔ͤ ͫͯ͡;͔͍͊ ͎͔͙͍͎͊ͪͫͫͤͦͦ ͍͔͔͙ͨͦ͒ͤΎ ͙ ͦͤ͟ͺ͙͍ͭͦ͟͡ ͍͙ͤͯͭͪ 

͔͔͙ͨͦ͒ͪ͊͒ͤ͘͡ΎΦ 

˨͙͔ͦͨͦͤͭ͡͡Έͤ·͚ ͙͔͔ͤͭͪͫ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͒͊ͤͤ·͔ ͦ ;͔͊ͫͭͦͭ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˿͙͙ͦͭͪͯ͒ͤ͟Σ 

ͨͪͦͻͦ͒Ύ΅͙͔ ͔͎ͪͯ͡Ύͪͤ·͔ ͔͙͍͙ͭͪͤͪͦ͟Σ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͔͔͋ͦ͡ ͙ͫͭ͊͋͡Έͤ·͔ ͔͙ͨͦ͊͊ͭ͘͟͡ ͔ͨͦͫ΅͔͙͊ͣͦͫͭΦ ˤ 

͔͔͙ͨͦ͒ͪ͊͒ͤ͘͡ΎͻΣ ͎͔͒ ͍͙ͪ͊ͭ͊͘ ͯ͟͡Έͭͯͪ͊ ͺ͙͙͘;͔͚ͫͦ͟ ͎͍͙ͨͦ͒ͦͭͦ͟Σ ͍͔ͯͪͦͤΈ ͍͔͔͚ͪͣͤͤͦ 

͔͙ͤͭͪͯ͒ͦͫͨͦͫͦ͋ͤͦͫͭ ͙͔ͤ͗Φ ̏ͭͦ ͦ͋ΆΎͫͤΎ͔ͭͫΎ ͔͔͙͔ͯͪͨͤͣ͟͡ ͙͙͔ͣͣͯͤͭͭ͊ ͙ ͙͔͙͔ͫͤ͗ͤͣ ͍͙͡Ύ͙ͤΎ 

ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͙ͯͫͭ͊ͦͫͭ͡Φ ˿ͦͪ͊͟΅͔͙͔ͤ ;͙ͫ͊͡ ͋ͦ͡Έ͙ͤ;ͤ·ͻ ͔͚͒ͤ ͯͯ͡;΄͔͊ͭ ͔ͫͯ͗͋ͤͯ͡Ό ͙͒ͫͼ͙͙ͨͤͯ͡ ͙ 

͙͔ͫͤ͗͊ͭ ͎ͤ͊ͪͯͯ͘͟ ͤ͊ ͎͙͒ͪͯͻ ͙͍ͪ͊͋ͦͭͤͦ͟Φ 

ˢ͙ͤ͊͘͡ ͙͍ͣͦͭ͊ͼ͙͙ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͒ͦͫͭͯͨ ͟ ͙͍ͫͨͦͪͭͤ·ͣ ͔͙ͫͦͦͪͯ͗ͤΎͣ ͍ͫΎ͊ͤ͘ ͙ ͫ ͍ͨͦ·΄͔͙͔ͤͣ 

͍͔͍͔͙ͯ͒ͦͭͦͪͤͤͦͫͭ͡ ͔͚ͫͯ͗͋ͤͦ͡ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌΦ ˽͙ͦ͡ͼ͔͚͙͔ͫ͟ ͔ͦͭͣ;͊ΌͭΣ ;ͭͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙ΎΣ ͦͭͦͪ͊͟Ύ 

͙͊͋ͦͭͭͫ͘Ύ ͦ ͺ͙͙͘;͔ͫͦͣ͟ ͫͦͫͭͦΎ͙͙ͤ ͍͙ͫͦͻ ͙͍ͫͦͭͪͯ͒ͤͦ͟Σ ͍·͘·͍͔͊ͭ ͋ͦ͡Έ΄͔ ͍͔͙͒ͦͪΎΦ ̏ͭͦ ͺ͙͔ͦͪͣͪͯͭ 

͙͙͍ͨͦͭͤ͘·͚ ͦ͋ͪ͊͘ ͫͯ͗͋͡· ͙ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͯͣͤΈ΄͙ͭΈ ͔ͭͯ͟;͔ͫͭΈ ͍͊͒ͪͦ͟Φ ˿͙ͦͭͪͯ͒ͤ͟ ͍͙͙͔ͦͫͨͪͤͣ͊ͭ ͍͔ͫͦ 

͔͔͙͔ͨͦ͒ͪ͊͒ͤ͘͡ ͊͟͟ ͍ͨͪͦͫͭͪ͊ͤͫͭͦΣ ͎͔͒ ͫͦ͒͊͘ΌͭͫΎ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͙ ͺ͙͙͘;͔͎ͫͦͦ͟ 

͍͙͙ͪ͊ͭ͘ΎΦ 

˻͔ͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔ͣΌͭ ͙͍ͫͨͦͪͭͤ·͔ ͔͙ͫͦͦͪͯ͗ͤΎ ͙ͨͪ ͎͍͔ͨͦ͒ͦͭͦ͟ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͟ ͍·͔͙ͨͦͤͤ͡Ό 

ͫͦ͗ͤ͡·ͻ ͔͙͍ͦͨͪ͊ͭͤ·ͻ ͊͒͊͘;Φ ˤ ͔͔͙ͨͦ͒ͪ͊͒ͤ͘͡Ύͻ ͔ͫͨͼ͙͊͡Έͤ·ͻ ͤ͊ͤ͊͘;͔͙͚ͤ ͔͙͍͙ͭͪͤͪͦ͟ ͍ͻͦ͒Ύͭ ͍ 

͍͋͊ͦ͘·͚ ͺͯͤ͟ͼ͙ͦͤ͊͡Φ ˻͒ͤ͊ͦ͟ ͒͡Ύ ͪΎ͍͒ͦ·ͻ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͭ͊͊͟Ύ ͎͍ͨͦ͒ͦͭͦ͊͟ ;͊ͫͭͦ ͔ͤ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ 

͊͟͟ ͦ͋Ύ͔͊ͭ͘͡Έͤ͊ΎΦ ˢ͙ͤ͊͘͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͔͒͊͗ ͙͙ͣͤͣ͊͡Έͤ͊Ύ ͺ͙͙͘;͔ͫ͊͟Ύ ͎ͤ͊ͪͯ͊͘͟ ͍ͨͦ·΄͔͊ͭ 

͔͙ͭͪͨͣͦͫͭΈ ͟ ͔͎͙ͤ͋͊ͦͨͪ͡Ύͭͤ·ͣ ͍͙ͯͫͦ͡Ύͣ ͫͯ͗͋͡·Φ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͒͡Ύ ͨ͊ͭͪͯ͡Έͤ·ͻ ͙ ͙͍ͫͦͭͪͯ͒ͤͦ͟ 

͔͒͗ͯͪͤ·ͻ ;͔͚͊ͫͭΣ ͦͭͦͪ͟·͔ ͙͍ͫͭ͊͊͟͡ΌͭͫΎ ͫ ͔͔͔ͤͨͪ͒ͫ͊ͯͣ͘͟·͙ͣ ͎͙ͤ͊ͪͯ͊ͣ͘͟. 

ˤ ͻ͔ͦ͒ ͙͊ͤ͊͊͘͡ ͍͔ͯͫͭ͊ͤͦͤͦ͡Σ ;ͭͦ ͊ͪͻ͙͔ͭͭͯͪ͊͟ ͙͍ͫͨͦͪͭͤ·ͻ ͔͙͚ͫͦͦͪͯ͗ͤ ͍͙͡Ύ͔ͭ ͤ͊ ͍͍͔ͦ͡;͔ͤͤͦͫͭΈ 

͙͍ͫͦͭͪͯ͒ͤͦ͟Φ ˹͙͊͡;͙͔ ͎ͯ͒ͦ͋ͤͦͦ ͎ͪ͊ͺ͙͊͟ ͪ͊͋ͦͭ· ͙͍͎ͫͨͦͪͭͤͦͦ ͊͊͘͡ ͍͔͙ͯ͡;͙͍͔͊ͭ ͔ͨͦͫ΅͔͊ͣͦͫͭΈΦ 

˻͔ͫͦ͋ͤͤͦ ͍͊͗ͤ͊ ͙͋ͦͫͭ͘͡Έ ͦ͋Ά͔ͭ͊͟ ͟ ͔ͣͫͭͯ ͫͯ͗͋͡·Φ ˿͙͙ͦͭͪͯ͒ͤ͟ ;͊΅͔ ͔ͨͦͫ΅͊Όͭ ͔͙͍͙ͭͪͤͪͦ͟ ͍ ͔ͭͻ 

͔͔͙ͨͦ͒ͪ͊͒ͤ͘͡ΎͻΣ ͎͔͒ ͙͍ͫͨͦͪͭͤ·͔ ͔͙ͫͦͦͪͯ͗ͤΎ ͎ͪ͊ͫͨͦ͊͊͡ΌͭͫΎ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͤ͊ ͔͙͙͙ͭͪͪͭͦͪ ͫͯ͗͋͡· 

͙͙͡ ͍ ΄͎͍͚͊ͦͦ ͙͒ͦͫͭͯͨͤͦͫͭΦ ˽͙͔ͪͣͪ· ͨͦ͒ͦ͋ͤ·ͻ ͙͍ͫͨͦͪͭͤ·ͻ ͔͙͚ͫͦͦͪͯ͗ͤ ͒͡Ύ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͙ͨͦ͡ͼ͙͙ 

͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͤ͊ ͙͔ͪͫͯͤ͟Φ 

 
˾͙ͫͯͤͦ͟ ς ˿ ͙͍ͨͦͪͭͤ·͔ ͔͙ͫͦͦͪͯ͗ͤΎ ͒͡Ύ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͙ͨͦ͡ͼ͙͙ 

ˮͫͭͦ;͙ͤ͟Υ ͪ͊ͪ͊͋ͦͭ͊ͤͦ͘ ͍͊ͭͦͪͦͣ 

 

ˤ͊͗ͤͦ ͯ;͙ͭ·͍͊ͭΈ ͙ ͙ͪ͊͘͡;͙Ύ ͔ͣ͗͒ͯ ͍͙͙͒͊ͣ ͎ͤ͊ͪͯͦ͘͟Φ ˢΉͪͦ͋ͤ·͔ ͔͙͍͙ͭͪͤͪͦ͟ ;͊΅͔ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ 

͍ͨͦ·΄͔͙ͤΌ ͦ͋΅͔͚ ͍·͙͍͙ͤͦͫͦͫͭ͡Φ ˿͙͍ͦ͡·͔ ͔͙ͯͨͪ͊͗ͤͤΎ ͯͯ͡;΄͊Όͭ ͫͨͦͫͦ͋ͤͦͫͭΈ ͍·ͨͦͤ͡ΎͭΈ ͫͦ͗ͤ͡·͔ 
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ͺ͙͙͘;͔͙͔ͫ͟ ͔͚͍͙͒ͫͭΎ ͙ͨͪ ͔͙͙͊͒ͪ͗͊ͤ͘ ͍ͨͪ͊ͦͤ͊ͪͯ΄͙͔͔͚ͭ͡Φ ˥͙͋ͦͫͭ͟Έ ͙ ͙ͦͦͪ͒ͤ͊͟ͼ͙ΎΣ ͍͙͍͔ͪ͊͊ͣ͘·͔ ͤ͊ 

͔ͫͨͼ͙͊͡Έͤ·ͻ ͙͍ͫͨͦͪͭͤ·ͻ ͨͦ͡΅͊͒͊͟ͻΣ ͙ͫͤ͗͊Όͭ ͍͔ͪͦΎͭͤͦͫͭΈ ͍ͭͪ͊ͣ ͙ͨͪ ͔͙ͨ͊͒ͤΎͻ ͙ ͔͙ͪ͘͟ͻ ͍͙͔͙͒͗ͤΎͻΦ 

ˢ͙͙ͤ͊ͭ͡;͔͔ͫͦ͟ ͍͔͙͔ͫͪ͊ͤͤ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͙͔͔ͤ͊͋ͦ͡ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͔ͣͦ͒͡ΈΌ ͍͙ͫͭ͊ͤͦͭͫΎ 

͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͟·͚ ͨͦ͒ͻͦ͒Σ ͦͭͦͪ͟·͚ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͔ͤͫͦ͟͡Έͦ͟ ͙͍ͭͨͦ ͔͙͍ͭͪͤͪͦͦ͟Φ 

˽͙ͪ͊ͭ͟;͔͙͚ͫ͟ ͙͔͔ͤͭͪͫ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͙ ͒͊ͤͤ·͔ ͦ ͎͍ͪͯͨͨͦ·ͻ ͔͙͍ͭͪͤͪͦ͊͟ͻΦ ˻͙ͤ ͔ͯͪͨ͟͡ΎΌͭ 

ͦͣ͊ͤ͒ͤͯ͟Ό ͫͨͦ͡;͔ͤͤͦͫͭΈ ͙ ͯͯ͡;΄͊Όͭ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͍͙ͤͯͭͪ ͔͔͙ͨͦ͒ͪ͊͒ͤ͘͡ΎΦ ͙͙̅͘;͔͙͔ͫ͟ 

͔͙ͯͨͪ͊͗ͤͤΎ ͍ ͎͔ͪͯͨͨ ͫͦ͒͊͘Όͭ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͔ͤͺͦͪͣ͊͡Έ͎ͤͦͦ ͦ͋΅͔͙ͤΎΣ ;ͭͦ ͙͔ͫͤ͗͊ͭ ͍͔ͯͪͦͤΈ 

ͤ͊ͨͪΎ͔͙͗ͤͤͦͫͭ ͙ ͯͯ͡;΄͔͊ͭ ͙ͨͫͻ͎͙ͦͦ͡;͔͙͚ͫ͟ ͙ͣ͊ͭ͟͡Φ ˿͙͙ͦͭͪͯ͒ͤ͟ ͔ͦͭͣ;͊ΌͭΣ ;ͭͦ ͔͙͍͙ͭͪͤͪͦ͟ ͍͔ͫͦͣͫͭͤͦ 

ͫ ͔͎͙ͦ͊ͣ͟͡͡ ͍ͨͦ·΄͊Όͭ ͙͍ͣͦͭ͊ͼ͙ΌΣ ͨͦͫͦ͟͡Έͯ͟ ͊͗͒͟·͚ ͯ;͙͊ͫͭͤ͟ ;͍͍͔ͯͫͭͯͭ ͔ͨͦ͒͒ͪ͗ͯ͟ ͔͙͍ͦͭ͊͟͟͡͡Φ 

̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͍ͫͨͦͪͭͤ·ͻ ͔͙͚ͫͦͦͪͯ͗ͤ ͍ͦ ͎ͣͤͦͦͣ ͍͙͙͊ͫͭ͘ ͦͭ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·ͻ 

͍͙͚ͯͫͦ͡Φ ́͊ͣΣ ͎͔͒ ͍·͔͒͡ΎΌͭͫΎ ͔ͪͫͯͪͫ· ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͙͍͚ͫͨͦͪͭͤͦ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟·Σ ͤ͊͋͡Ό͔͒͊ͭͫΎ 

͔ͯͣͤΈ΄͔͙͔ͤ ;͙ͫ͊͡ ͔͍ͫͭͪͫͫͦ·ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ ͙ ͍ͨͦ·΄͔͙͔ͤ ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͟ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͣ ͎ͤ͊ͪͯ͊ͣ͘͟Φ ˹͊ ͍͔ͦͫͤͦ Ή͙ͭͻ ͒͊ͤͤ·ͻ ͣͦ͗ͤͦ ͍͔ͯͭͪ͗͒͊ͭΈΣ ;ͭͦ ͍͙͙͔ͪ͊ͭ͘ ͙͍ͫͨͦͪͭͤ·ͻ 

͔͙͚ͫͦͦͪͯ͗ͤ Ύ͍͡Ύ͔ͭͫΎ ͍͚͊͗ͤͦ ;͊ͫͭΈΌ ͔͎͙͙ͫͭͪ͊ͭ ͔͔͙ͯͪͨͤ͟͡Ύ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍͒ͦͪͦ͘ΈΎ 

͙ͨͦ͡ͼ͔͚͙ͫ͟ͻΦ 

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͨͦ͊͊ͦ͘͟͡Σ ;ͭͦ ͙͍ͫͨͦͪͭͤ·͔ ͔͙ͫͦͦͪͯ͗ͤΎ ͙͎ͪ͊Όͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͔͔͙͙ͯͪͨͤ͟͡ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍͒ͦͪͦ͘ΈΎ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͙ͨͦ͡ͼ͙͙Φ ˾͔͎ͯ͡Ύͪͤ·͔ ͔͙͍͙ͭͪͤͪͦ͟ ͯͯ͡;΄͊Όͭ ͺ͙͙͘;͔ͫͯ͟Ό 

͎͍ͨͦ͒ͦͭͦͯ͟Σ ͙ͫͤ͗͊Όͭ ;͊ͫͭͦͭͯ ͍ͭͪ͊ͣΣ ͔ͯͣͤΈ΄͊Όͭ ͔ͫͭͪͫͫ ͙ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͪͦͫͭͯ ͍͔͍͔͙ͯ͒ͦͭͦͪͤͤͦͫͭ͡ 

͚ͫͯ͗͋ͦ͡Φ ̏ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͒͊ͤͤ·͙ͣ ͦͨͪͦͫ͊ ͙ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͙͊ͤ͊͊͘͡ ͤ͊ͯ;ͤ·ͻ ͪ͊͋ͦͭΦ ͔͔͙͔̂ͪͨͤ͟͡ 

͙͍͚ͫͨͦͪͭͤͦ ͋͊͘· ͔ͣͦ͗ͭ ͒͊ͭΈ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͚ Ήͺͺ͔ͭ͟ ͒͡Ύ ͍͔͚ͫ ͙͔ͫͫͭͣ· ͎͍͙ͨͦ͒ͦͭͦ͟ ͙͍ͫͦͭͪͯ͒ͤͦ͟Φ 

˽͔͔͙͍͙ͪͫͨͭ͊ͣ͟ ͒͊͡Έ͔͚ͤ΄͙ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͙ͯ͘;͔͙͔ͤ ͍͙͡Ύ͙ͤΎ ͪ͊ͤ͘·ͻ ͍͙͍͒ͦ ͔͙͍ͭͪͤͪͦͦ͟ ͤ͊ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·͔ ͺͯͤ͟ͼ͙͙ ͙͍ͪ͊͋ͦͭͤͦ͟ ͙ͨͦ͡ͼ͙͙Σ ͊ ͔ͭ͊͗͟ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͎ͨͪͦͪ͊ͣͣ ͺ͙͙͘;͔͚ͫͦ͟ 

͎͍͙ͨͦ͒ͦͭͦ͟ ͒͡Ύ ͪ͊ͤ͘·ͻ ͍ͦͪ͊ͫͭͤ͘·ͻ ͎ͪͯͨͨ ͙ ͔ͫͨͼ͙͙͊͊͘͡ͼ͙͚Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˮ͍͍͊ͤͦ ˤΦ˿Φ ˽͙ͫͻͦͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͍ͨͪ͊ͦͦͻ͙͔ͪ͊ͤͭ͡Έͤ·ͻ 

͎͍ͦͪ͊ͤͦ κκ ˤ͔͙ͫͭͤ͟ ˸ˤ˨ ˾͙͙ͦͫͫΦ ς 2023. ς Ѕ пΦ ς ˿ Φ рт-64. 

нΦ ˴͔ͯͤ͘ͼ͍ͦ ˽ΦˮΦ ˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έ͔ͤͦ ͍͒ͦͪͦ͘Έ͔ ͙ ͔͎ͦ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͍ ͍͙ͯͫͦ͡Ύͻ ͍·͚ͫͦͦ͟ ͎͙ͤ͊ͪͯ͘͟ κκ 

˭͍͒ͦͪͦΈ͔ ͙ ͦ͋΅͔͍ͫͭͦΦ ς 2021. ς Ѕ сΦ ς ˿ Φ нн-29. 

оΦ ˹͙͙͟ͺ͍ͦͪͦ ˨Φ̏Φ ˽͎͍ͦ͒ͦͭͦ͊͟ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͙ͨͦ͡ͼ͙͙ ͟ ͔͚͍͙͒ͫͭΎͣ ͍ ͔͍ͫͭͪͫͫͦ·ͻ ͍͙ͯͫͦ͡Ύͻ κκ ͍͔͙͔̂ͨͪ͊ͤ͡ 

͔ͨͪͫͦͤ͊ͦͣ͡Φ ς 2024. ς Ѕ нΦ ς ˿ Φ пм-48. 

пΦ ˿͔͎͔͔͍ͪ ˢΦ̑Φ ͙͙̅͘;͔ͫ͊͟Ύ ͎͍ͨͦ͒ͦͭͦ͊͟ ͙͍ͫͦͭͪͯ͒ͤͦ͟ ͙͍ͫͦ͡·ͻ ͫͭͪͯͭͯͪ͟Φ ς ˸ ΦΥ ˤ͔;͔Σ нлннΦ ς нмп ͫΦ 

рΦ ˿͙͍͒ͦͪͦ ˶Φ̅Φ ˾ͦ͡Έ ͺ͙͙͘;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟ ͍ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍·͎͙ͦͪ͊ͤΎ κκ 

˿ͦͼ͙͊͡Έͤ͊Ύ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΦ ς 2023. ς Ѕ оΦ ς ˿ Φ мр-23. 

ϭ ˿͙͊ͤͭ͡Έ͔͍ ˢΦˤΦΣ ˾·͙ͤ͒ͤ ˸ΦˤΦΣ нлнр 
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ARKADAG CITY ς THE FIRST SMART CITY IN CENTRAL ASIA 

 

Abstract 

Arkadag, a new smart city in Turkmenistan, has emerged as a symbol of sustainable urban 

development. It is one of the first smart cities in Central Asia built with a focus on eco-friendly design, 

incorporating green technologies and innovative infrastructure. This article explores the conception, 

planning, and development of Arkadag, highlighting its focus on environmental sustainability, smart city 

technologies, and energy efficiency. The discussion includes an analysis of its architectural design, energy 

systems, transportation, and waste management, showing how the city serves as a model for future 

sustainable urban living. 

 

Keywords:  

 sSmart city, Arkadag, eco-friendly architecture, sustainable development, green technology, 

 urban planning, smart infrastructure, renewable energy, smart transportation. 

 

!ǊƪŀŘŀƎΣ ƴŀƳŜŘ ŀŦǘŜǊ ǘƘŜ ǘƛǘƭŜ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴΩǎ ŦƻǊƳŜǊ ǇǊŜǎƛŘŜƴǘΣ ƛǎ ǘƘŜ ƴŀǘƛƻƴΩǎ Ƴƻǎǘ ŀƳōƛǘƛƻǳǎ 

urban development project, designed as a smart and eco-friendly city. Located approximately 30 kilometers 

from the capital city of Ashgabat, Arkadag is set to become a model for sustainable urban living in Central 

Asia. The city's design integrates cutting-edge smart technologies, energy efficiency measures, and eco-

friendly infrastructure to create an environmentally sustainable and technologically advanced urban 

environment. 

In line with global trends of sustainable city development, Arkadag is envisioned to reduce carbon 

emissions, conserve water and energy, and promote a high quality of life for its residents. This article delves 

into the planning and features of Arkadag, exploring how it exemplifies the integration of smart technology 

with eco-conscious urban design. 

The master plan of Arkadag reflects a blend of traditional Turkmen architecture and modern 

sustainable design. The city is built on principles of compact urban development, ensuring efficient land use 

and minimizing the environmental footprint. Parks and green spaces are central features, enhancing the 

quality of life while providing ecological benefits, such as improving air quality and promoting biodiversity. 

The architectural design of Arkadag incorporates energy-efficient buildings with a focus on minimizing 

heat loss, optimizing natural light, and integrating renewable energy systems. Solar panels, green roofs, and 

advanced insulation techniques are integral to the city's construction, reducing energy consumption and 

promoting a sustainable lifestyle. 

As a smart city, Arkadag incorporates a range of technologies to enhance urban management, energy 

efficiency, and connectivity. These technologies aim to improve the quality of life for residents while 

minimizing environmental impact. 

A key feature of Arkadag is its smart energy grid, which monitors and manages energy distribution 

throughout the city in real-time. The grid is designed to integrate renewable energy sources, such as solar 

and wind power, allowing the city to reduce its reliance on fossil fuels. Smart meters in residential and 
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commercial buildings track energy usage and provide residents with data on consumption patterns, enabling 

more efficient energy use. 

The city also encourages the use of public transportation, with electric buses and trams forming the 

backbone of the system. Bicycle lanes and pedestrian-friendly streets further support a reduction in vehicle 

use, promoting healthier and more sustainable mobility options. 

Buildings in Arkadag are designed to meet high standards of energy efficiency, incorporating features 

such as high-performance insulation, energy-efficient windows, and green roofs. These buildings are 

equipped with smart energy systems that monitor and regulate heating, cooling, and lighting to optimize 

energy usage.  

{ǳǎǘŀƛƴŀōƭŜ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ǿŀǎǘŜ ǊŜŘǳŎǘƛƻƴ ŀǊŜ ƛƴǘŜƎǊŀƭ ŎƻƳǇƻƴŜƴǘǎ ƻŦ !ǊƪŀŘŀƎΩǎ ŜŎƻ-

friendly urban planning. The city employs innovative technologies to ensure the efficient use and recycling 

of resources. 

Water Conservation and Recycling     

Arkadag's water management system is designed to minimize water wastage and promote recycling. 

The city uses smart water meters that monitor consumption in real-time, enabling early detection of leaks 

and reducing unnecessary water loss. Greywater recycling systems are installed in both residential and 

commercial buildings, allowing water from sinks and showers to be reused for irrigation and flushing toilets. 
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ADVANCING MATHEMATICS EDUCATION: STRATEGIES, CHALLENGES, AND FUTURE DIRECTIONS 

 

Abstract 

Mathematics education is a fundamental component of modern schooling and lifelong learning. It 

nurtures logical reasoning, quantitative thinking, and the ability to solve real-world problems. As technology 

and data increasingly shape global society, developing a mathematically literate population has become more 

important than ever. This article explores the philosophical basis of mathematics instruction, historical and 

modern methods, challenges faced by educators and learners, integration of technology, assessment 

principles, and evolving directions that will shape future instructional models. The discussion emphasizes 

conceptual understanding, contextual learning, student motivation, and the promotion of equity in 

mathematics classrooms. 
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1. Introduction 

Mathematics is often described as the universal language of science, technology, and innovation. It is 

deeply embedded in virtually every field, from engineering, economics, and medicine to architecture, 

communication, and environmental science. The teaching of mathematics therefore plays an essential role 

in preparing students for rapidly changing societal demands. As countries shift toward knowledge-based 

economies, mathematical competency becomes a prerequisite not only for specialized professions but also 

for everyday decision-making. In this context, effective mathematics instruction must cultivate enthusiasm, 

persistence, curiosity, and confidence. Despite its importance, math is frequently perceived as difficult, 

abstract, and disconnected from real life, demonstrating the need for instructional reform. 

2. The Fundamental Purpose of Mathematics Education 

The objectives of teaching mathematics extend far beyond simple numerical computation. Modern 

mathematics education seeks to develop complex skills such as critical thinking, abstraction, logical inference, 

and problem-solving strategies. These skills enable students to engage confidently with quantitative 

information, evaluate data, and make accurate judgments in various practical contexts. Mathematics 

education also encourages disciplined intellectual habits and creativity by prompting learners to explore 

multiple solution paths, debate strategies, and reflect on their reasoning. Furthermore, mathematics is 

foundational for students pursuing careers in STEM fields and increasingly relevant disciplines such as 

finance, data science, and public policy. A well-structured mathematics curriculum fosters not only academic 

success but also citizenship by helping individuals interpret statistics, analyze societal issues, and participate 

in informed decision-making. 

3. Traditional Approaches to Teaching Mathematics 

Historically, mathematics instruction has relied on highly structured, teacher-centered methodologies. 

These were characterized by direct explanation from the teacher, mastery of formulas through 

memorization, and repetitive exercises to reinforce procedural fluency. This model prioritized efficiency, 

clarity, and the transfer of established computational techniques. While these methods successfully build 

algorithmic accuracy and provide foundational structure, they often neglect deeper conceptual relationships. 

Students may learn to solve equations mechanically without understanding underlying principles. Traditional 

practices also tend to discourage classroom dialogue and student exploration, since the teacher is positioned 

as the primary authority and students are expected to reproduce prescribed solutions. Although these 

strategies remain useful when applied strategically, they require transformation to meet the needs of diverse 

learners in modern educational environments. 

4. Challenges in Contemporary Mathematics Education 

Despite advances in pedagogy, significant challenges hinder effective learning. One of the most 

prominent issues is mathematics anxietyτa psychological barrier that reduces motivation and interferes 

with cognitive performance. Students who experience early struggles may internalize the belief that 

mathematical ability is fixed and inaccessible, leading to disengagement. Additionally, many educators lack 

opportunities for specialized training in mathematical pedagogy, making it difficult to translate complex 

theories into comprehensible classroom practice. Another barrier is the limited emphasis on real-world 

application. When students fail to see the relevance of mathematics beyond academic settings, they lose 

incentive to invest effort. Diversity among learners also complicates instructional design, as students differ 

widely in learning pace, background knowledge, and preferred learning styles. Modern classrooms must 

adapt to meet these varied needs while maintaining high standards. 

5. Modern Approaches to Mathematics Teaching 

A shift toward learner-centered pedagogy has transformed mathematics classrooms. Concept-based 

instruction replaces memorization with inquiry into why mathematical relationships hold true. This promotes 
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long-term retention and flexible transfer of knowledge. Inquiry-based learning encourages students to 

investigate patterns, ask questions, and justify claims through reasoning. Such environments deepen 

comprehension and stimulate curiosity. Collaborative learning further promotes active engagement by 

allowing students to share problem-solving strategies, critique reasoning, and construct knowledge socially. 

Problem-based learning highlights real-life scenariosτsuch as modeling ecological change or analyzing 

financial decisionsτallowing students to apply mathematics meaningfully. The integration of technologyτ

dynamic geometry software, graphing platforms, and interactive simulationsτenhances visualization, 

supports experimentation, and enables individualized practice. 

6. The Role of the Teacher 

The mathematics teacher has evolved from a transmitter of information into a facilitator of cognitive 

exploration. Teachers guide students toward conceptual insight by posing open-ended questions, 

encouraging multiple strategies, and providing scaffolding as learners progress. They must cultivate a 

supportive environment where mistakes are viewed as valuable opportunities to learn. Teachers also have 

the responsibility to differentiate instruction so that learners with varying levels of proficiency can participate 

meaningfully. This includes offering enrichment tasks for advanced students and targeted support for those 

who need reinforcement. Effective teachers model perseverance by demonstrating their own problem-

solving processes and emphasizing that mathematical success results from sustained effort rather than 

innate talent. Teacher professional development therefore plays a decisive role in strengthening instruction. 
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MENTORSHIP IN TEACHER TRAINING: GUIDING GROWTH, SHAPING PRACTICE 

 

Abstract 

Mentorship plays a pivotal role in teacher training, serving as the bridge between theory and practice. 

Through guided support, observation, feedback, and collaboration, mentors help student-teachers develop 

professional identity, instructional confidence, and reflective skills. This article examines the core functions 

of mentorship in teacher education, discusses effective mentor-mentee relationships, and highlights the 

challenges and best practices in implementing structured mentorship programs. Emphasis is placed on how 

mentorship fosters professional growth, ethical understanding, and long-term commitment to the teaching 

profession. 
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One of the key goals of mentorship is the development of reflective practice. Through post-lesson 

discussions, written reflections, and guided observation, mentors help student-teachers analyze their 

decisions, classroom management, student engagement, and instructional methods. Reflection transforms 

teaching from routine performance into a thoughtful, intentional practice. It encourages future educators to 

be self-aware, to learn from mistakes, and to continuously adapt their strategies. 

Moreover, mentorship helps bridge the often wide gap between pedagogical theory and classroom 

reality. A student-teacher may learn about constructivism, inclusive practices, or formative assessment in 

university coursework, but it is the mentor who demonstrates how to apply these concepts in a dynamic 

classroom. For example, mentors may show how to differentiate instruction for mixed-ability learners, use 

formative assessments to modify a lesson, or respond to behavioral challenges with empathy and 

consistency. 

Effective mentorship programs require institutional support and structure. Clear expectations, training 

for mentors, regular evaluation, and time allocation are essential for successful outcomes. Mentors must be 

chosen not just for their experience, but for their ability to communicate, reflect, and support novice teachers 

non-judgmentally. Pairing should consider teaching style, subject expertise, and personality fit. Formal 

programs should include scheduled observations, goal setting, and feedback cycles to ensure consistent 

progress. 

However, mentorship is not without challenges. Mismatched expectations, lack of time, insufficient 

training, or unclear roles can hinder the relationship. In some cases, mentors may struggle to provide critical 

feedback, or mentees may feel reluctant to ask for help. Overcoming these challenges requires open 

dialogue, mentor training, and the presence of coordinators or university liaisons who can support both 

parties and mediate conflicts if needed. 

Mentorship is far more than a support mechanismτit is a developmental partnership that empowers 

future teachers to grow into reflective, skilled, and ethical professionals. When well-structured and 

thoughtfully implemented, mentorship in teacher training serves as a transformative experience, shaping not 

only instructional competence but the personal and professional identity of new educators. In a field as 

demanding and impactful as teaching, the guidance of a committed mentor can make all the difference 

between surviving and thriving. 
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THE PEOPLE'S COUNCIL OF TURKMENISTAN AND THE EDUCATION SYSTEM 

 

Abstract 

The People's Council of Turkmenistan, known as the Halk Maslahaty, holds a significant, albeit indirect, 

role in shaping the country's education system. While it's not a day-to-day administrative body for schools, 

its primary function as a supreme representative body of power allows it to approve and endorse national 

strategies that directly impact educational policies, funding, and reform. The council's discussions and 

decisions on long-term development plans frequently include directives for modernizing curriculum, 

expanding access to technology, and fostering scientific and technical skills among the youth. This article 

examines the link between the Halk Maslahaty's broader policy-making role and its influence on the 

education sector. It will highlight specific examples of how the council's high-level mandates translate into 

concrete changes in schools and universities across Turkmenistan. 

Keywords: 

Halk Maslahaty, education system of Turkmenistan, educational policy, national development, youth and 

education, educational reform, vocational training, higher education 

 

The Framework of Educational Governance 

The Turkmen education system operates under the direct authority of the Ministry of Education. 

However, major strategic directions are set at the highest levels of government, including through the Halk 

Maslahaty. This body serves as a crucial forum for discussing and sanctioning the long-term vision for the 

country, which always includes a strong focus on human capital development. The council's role is to ensure 

that educational policies align with national goals, such as fostering a knowledge-based economy and 

promoting national values. This top-down approach ensures that educational reforms are part of a unified, 

state-wide strategy. 

Examples of Halk Maslahaty's Influence on Education 

¢ƘŜ Iŀƭƪ aŀǎƭŀƘŀǘȅΩǎ ƛƳǇŀŎǘ ƻƴ ŜŘǳŎŀǘƛƻƴ ƛǎ ōŜǎǘ ǳƴŘŜǊǎǘƻƻŘ ǘƘǊƻǳƎƘ ƛǘǎ ǊƻƭŜ ƛƴ ŀǇǇǊƻǾƛƴƎ ƪŜȅ ƴŀǘƛƻƴŀƭ 

development programs that contain explicit educational components. 

1. Approval of the Program for the Development of Digital Education In a recent session, the Halk 

Maslahaty approved the "Concept for the Development of a Digital Education System in Turkmenistan." This 

high-level endorsement was a direct mandate for the Ministry of Education to modernize its infrastructure. 

Following this approval, schools and universities began receiving significant investments in computer labs, 

high-speed internet, and digital learning platforms. The decision also spurred the creation of new curricula 

focused on information technology, programming, and cybersecurity, directly preparing students for a 

technologically advanced future. 

2. Focus on Vocational Training and Labor Market Needs During a session discussing the country's 

industrial development, the Halk Maslahaty emphasized the need for a skilled workforce to support new 

factories and energy projects. This led to a directive to reform vocational and technical schools. As a result, 

new programs were introduced in partnership with state-owned enterprises to offer practical, on-the-job 
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training. For instance, new courses in oil and gas engineering and textile manufacturing were launched to 

ƳŜŜǘ ǘƘŜ ǎǇŜŎƛŦƛŎ ŘŜƳŀƴŘǎ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴϥǎ ƪŜȅ ŜŎƻƴƻƳƛŎ ǎŜŎǘƻǊǎΦ ¢ƘŜ ŎƻǳƴŎƛƭΩǎ ŀǇǇǊƻǾŀƭ ƎŀǾŜ ǘƘŜǎŜ 

initiatives the necessary political and financial backing. 

3. Reinforcement of National Values in the Curriculum The Halk Maslahaty often serves as a platform 

for reinforcing the cultural and moral education of the youth. During its meetings, members may call for 

strengthening the teaching of Turkmen history, literature, and culture in schools. This leads to the 

development of new textbooks and educational programs that aim to instill a strong sense of national identity 

ŀƴŘ ǇŀǘǊƛƻǘƛǎƳ ŦǊƻƳ ŀƴ ŜŀǊƭȅ ŀƎŜΦ ¢ƘŜ ŎƻǳƴŎƛƭΩǎ ŘƛǎŎǳǎǎƛƻƴǎ ƻƴ ǘƘŜǎŜ ǘƻǇƛŎǎ ǇǊƻǾƛŘŜ ǘƘŜ ƻŦŦƛŎƛŀƭ ƛƳpetus for 

schools to integrate these values more deeply into the standard curriculum. 
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INNOVATIVE TEACHING PRACTICES IN HIGH SCHOOL: SHAPING CRITICAL 

 THINKING AND PERSONAL GROWTH 

 

Abstract 

High school education plays a vital role in shaping not only academic knowledge but also cognitive, 

emotional, and social development. As traditional, test-oriented teaching models increasingly fall short of 

addressing 21st-century skills, schools are turning to innovative methods to foster critical thinking, self-

awareness, and responsible citizenship. This article explores modern teaching practices in secondary 

education, including project-based learning, interdisciplinary instruction, emotional intelligence 

development, and digital literacy integration. It discusses how these approaches support deeper learning and 

student engagement, and it outlines the challenges and requirements for successful implementation. 

Keywords: 

 high school education, critical thinking, project-based learning, emotional intelligence,  

digital literacy, student development. 
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Introduction: Beyond Curriculum τ The Purpose of Modern High School Education 

Secondary education stands at the intersection of intellectual growth and identity formation. While 

academic achievement remains a key focus, modern high schools are increasingly expected to nurture critical 

thinking, emotional resilience, and ethical awareness. However, traditional lecture-based models and high-

ǎǘŀƪŜǎ ǘŜǎǘƛƴƎ ƻŦǘŜƴ ƭƛƳƛǘ ǎǘǳŘŜƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ŜȄǇƭƻǊŜΣ ǉǳŜǎǘƛƻƴΣ ŀƴŘ ŎƻƴƴŜŎǘ ƭŜŀǊƴƛƴƎ ǘƻ ǊŜŀƭ ƭƛŦŜΦ 

In response, educators are adopting innovative pedagogical models that promote student agency, 

collaboration, and reflective thinking. These approaches not only improve learning outcomes but also 

prepare students for higher education, work, and civic life. This article examines strategies that shift the high 

school experience from passive absorption of information to active personal and intellectual development. 

Core Strategies for Modern High School Instruction 

Rather than memorizing content, students engage in real-world tasks that demand research, 

teamwork, and creative problem-solving. Whether building a model of an eco-friendly city or investigating 

historical injustices through interviews and data, these projects encourage deeper understanding and cross-

disciplinary thinking. Teachers serve as facilitators, guiding students through the process of questioning, 

planning, revising, and presenting. 

Structured classroom discussionsτsuch as debates, Socratic seminars, and role-playτhelp students 

analyze ideas, identify bias, and construct evidence-based arguments. These activities develop reasoning 

skills and respectful communication, essential for democratic participation and lifelong learning. Questions 

ǎǳŎƘ ŀǎ άIƻǿ Řƻ ǿŜ ƪƴƻǿ ǘƘƛǎ ƛǎ ǘǊǳŜΚέ ƻǊ ά²ƘƻǎŜ ǇŜǊǎǇŜŎǘƛǾŜ ƛǎ ƳƛǎǎƛƴƎΚέ ǇǊƻƳǇǘ ƛƴǘŜƭƭŜŎǘǳŀƭ ŎǳǊƛƻǎƛǘȅ ŀƴŘ 

deeper engagement with content. 

High school is also a key period for emotional development. Integrating SEL programs into the 

ŎǳǊǊƛŎǳƭǳƳ ŜƴƘŀƴŎŜǎ ǎǘǳŘŜƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ƳŀƴŀƎŜ ŜƳƻǘƛƻƴǎΣ ŜƳǇŀǘƘƛȊŜΣ ǊŜǎƻƭǾŜ ŎƻƴŦƭƛŎǘΣ ŀƴŘ ǎŜǘ ƎƻŀƭǎΦ 5ŀƛƭȅ 

practices like mindfulness moments, reflective journaling, and peer mentoring build resilience and foster a 

healthy school climate. Educators trained in SEL support both academic achievement and mental well-being. 

¢ŜŎƘƴƻƭƻƎȅ ƛǎ ŜƳōŜŘŘŜŘ ƛƴ ǘŜŜƴŀƎŜǊǎΩ ƭƛǾŜǎΣ ŀƴŘ ŎƭŀǎǎǊƻƻƳǎ Ƴǳǎǘ ǊŜŦƭŜŎǘ ǘƘƛǎ ǊŜŀƭƛǘȅΦ 5ƛƎƛǘŀƭ ǘƻƻƭǎ ǎǳŎƘ 

as collaborative platforms, simulations, and educational games can deepen understanding when used 

purposefully. Teaching media literacyτincluding how to evaluate sources, detect misinformation, and 

navigate digital spaces responsiblyτis essential for informed citizenship and academic integrity. 

Conclusion: High School as a Foundation for Lifelong Learning and Integrity 

Innovative teaching practices in high school are not about abandoning content, but about reimagining 

how students interact with knowledge and grow as individuals. By emphasizing inquiry, empathy, 

collaboration, and digital fluency, schools can create environments where students learn to think critically 

and act responsibly. 

The shift toward human-centered, skills-based education requires systemic support: teacher training, 

flexible curricula, and an assessment culture that values process over performance. When these elements 

align, secondary education becomes not just preparation for adulthoodτbut a meaningful and 

transformative life stage. 
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TWO INTERTWINED FIELDS IN EDUCATION: PEDAGOGY AND PSYCHOLOGY  

 

Abstract 

Pedagogy and psychology are two intertwined fields that greatly influence educational practices and 

outcomes. Pedagogy, the art and science of teaching, draws extensively from psychological theories and 

principles to enhance the learning experience. This article explores the relationship between pedagogy and 

psychology, focusing on how psychological insights contribute to effective teaching methods, learning 

strategies, and student development. It examines key psychological theories and their applications in the 

classroom, including behaviorism, cognitive psychology, and social learning theory. Furthermore, the paper 

discusses the role of psychological assessments, motivation, and emotional well-being in education. The 

integration of pedagogy and psychology not only improves instructional practices but also supports the 

holistic development of students, fostering academic success and personal growth. 

Keywords:  

 pedagogy, psychology, education, learning strategies, cognitive development, motivation, 

 behaviorism, teaching methods, student well-being. 

 

1. Introduction 

Pedagogy and psychology are two essential pillars that underpin the field of education. Pedagogy, 

traditionally defined as the theory and practice of teaching, is concerned with the methods and strategies 

used to facilitate learning. Psychology, on the other hand, studies the human mind and behavior, providing 

valuable insights into how people learn, think, and develop. The relationship between pedagogy and 

psychology is integral, as psychological theories inform pedagogical practices, helping educators create 

environments that promote effective learning and support the emotional and cognitive growth of students. 

For centuries, education systems have been influenced by psychological findings, which have helped 

shape teaching methods and learning environments. As education continues to evolve in the 21st century, 

the need to integrate psychological research into pedagogy becomes more evident. Teachers who 

understand the psychological underpinnings of learning are better equipped to meet the diverse needs of 

students, encourage engagement, and foster motivation. This paper explores how the synergy between 

pedagogy and psychology contributes to creating effective learning environments, supporting student well-

being, and enhancing academic achievement. 

2. Understanding the Relationship Between Pedagogy and Psychology 

Pedagogy and psychology share a common goal: to improve the process of learning. While pedagogy 

focuses on the methods of instruction, psychology provides the foundational understanding of how students 

acquire knowledge, process information, and develop intellectually and emotionally. The application of 

psychological theories within pedagogical practices can help create a learning environment that is responsive 

to students' needs and promotes deeper understanding. 

Psychological theories offer a framework for understanding various aspects of learning, including 

memory, cognition, motivation, and emotion. When these theories are applied to teaching practices, they 

help to optimize instructional strategies and enhance the overall learning experience. For instance, 
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psychological principles can guide teachers in designing lessons that take into account students' cognitive 

abilities, emotional needs, and social dynamics. 

Moreover, pedagogical strategies rooted in psychology encourage teachers to consider individual 

differences in learning styles, cognitive processing, and emotional regulation. By drawing on psychological 

research, educators can create differentiated learning environments that cater to the diverse needs of their 

students, leading to more effective teaching outcomes. 

3. Psychological Theories and Their Impact on Pedagogy 

Various psychological theories have had a profound impact on pedagogy, shaping how educators 

approach teaching and learning. Some of the most influential psychological theories include behaviorism, 

cognitive psychology, constructivism, and social learning theory. Each of these theories offers a unique 

perspective on how learning occurs and provides insights into how teaching can be adapted to optimize 

student outcomes. 

Behaviorism, primarily associated with psychologists like B.F. Skinner and John Watson, focuses on 

observable behaviors and the role of reinforcement in learning. According to behaviorists, learning is a 

process of acquiring new behaviors through conditioning, either through positive reinforcement (reward) or 

negative reinforcement (punishment). In the classroom, behaviorist principles are often applied through 

techniques such as reinforcement, repetition, and structured activities. 

References: 

1. Bandura, A. (1977). Social Learning Theory. Prentice-Hall. 

2. Bruner, J. (1966). Toward a Theory of Instruction. Harvard University Press. 

3. Deci, E. L., & Ryan, R. M. (2000). The "What" and "Why" of Goal Pursuits: Human Needs and the Self-

Determination of Behavior. Psychological Inquiry, 11(4), 227-268. 

4. Maslow, A. H. (1943). A Theory of Human Motivation. Psychological Review, 50(4), 370-396. 

5. Piaget, J. (1976). The Child and Reality: Problems of Genetic Psychology. Viking Press. 

6. Skinner, B. F. (1953). Science and Human Behavior. Free Press. 

ϭ Garyagdyyev M., Geldimyradova M., 2025 

 

 

 

 

Gurbanova Bayramgul, student. 

Pedagogical secondary vocational school named after Berdimuhamed Annaev of Arkadag city 

Arkadag, Turkmenistan  

Geldiyev Serdar, student 

Turkmen Agricultural University named after S.A. Niyazov. 

Ashgabat, Turkmenistan   

 

BOOKS - AN ESSENTIAL CORNERSTONE OF KNOWLEDGE  

 

Abstract 

Books are an essential cornerstone of knowledge, culture, and personal development in modern 

society. This article examines the enduring importance of books in the digital age, discussing their impact on 

education, cognitive development, mental well-being, and culture. With the rise of e-books and audiobooks, 

the traditional printed book remains a vital part of human interaction, creativity, and intellectual growth. 

Keywords: 

 books, reading, cognitive development, literacy, culture, education. 
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Books have been instrumental in shaping human history, intellectual progress, and cultural 

development. While technology has brought significant changes to how people access information, the 

importance of booksτwhether in print, digital, or audio formτremains undeniable. Books are gateways to 

learning, creativity, and personal growth, and they continue to hold a special place in society, despite the 

rapid proliferation of digital media. 

In education, books have been a central tool for learning for centuries. They are fundamental in 

developing literacy, enhancing vocabulary, and improving comprehension skills. From textbooks to fiction, 

books help students engage with complex concepts and deepen their understanding of the world. Studies 

have consistently shown that reading for pleasure is linked to higher academic achievement. Students who 

regularly read books outside of the classroom develop a greater love for learning and perform better in 

subjects such as writing, critical thinking, and analysis. 

Books also play a significant role in cognitive development. Reading engages the brain in ways that 

other forms of media do not, particularly in terms of enhancing imagination, memory, and concentration. As 

readers navigate through stories or academic texts, they build cognitive skills, including the ability to analyze 

information, draw inferences, and think critically. Furthermore, books promote empathy by allowing readers 

to explore different perspectives and life experiences. Fiction, in particular, helps develop emotional 

intelligence by enabling readers to connect with diverse characters and scenarios. 

The mental health benefits of reading are also well-documented. Reading can serve as a form of 

escapism, allowing individuals to temporarily step away from their daily stresses. It provides a sense of 

relaxation and reduces anxiety, making it a valuable tool for maintaining mental well-being. The act of 

reading, especially before bed, can also improve sleep patterns, as it reduces exposure to the blue light 

emitted by screens and provides a calming activity that helps the body wind down. 

Moreover, books have a unique ability to preserve and share culture. Through literature, societies pass 

down values, traditions, history, and beliefs to future generations. Books provide a way for cultural narratives 

to be recorded and shared, bridging gaps between generations and cultures. They help preserve languages, 

traditions, and stories that might otherwise be forgotten. Even in an era dominated by social media and 

digital content, books remain a critical form of knowledge transmission. 

The rise of e-books and audiobooks has further expanded the accessibility of books. These formats 

allow readers to access vast libraries of content in digital form, making reading more convenient and 

portable. Audiobooks, in particular, are a popular alternative for people with busy lifestyles or visual 

impairments, enabling them to experience literature while multitasking or on the go. However, while these 

formats offer many benefits, the tactile experience of holding a physical book and the sensory pleasure of 

flipping through pages continue to be cherished by many readers. 

In conclusion, books continue to be vital tools for personal development, education, and cultural 

preservation. As society continues to evolve, booksτwhether digital or physicalτremain an essential 

medium for connecting individuals with knowledge, creativity, and personal fulfillment. 

 

References: 

1. Wolf, M. (2020). Reader, Come Home: The Reading Brain in a Digital World. HarperCollins, p. 72. 

2. Cunningham, A. E., & Stanovich, K. E. (2021). The Importance of Books in Literacy Development. Journal 

of Educational Psychology, p. 134. 

3. Green, M. (2019). The Cognitive Benefits of Reading Fiction. Cognitive Development Review, p. 103. 

ϭ Gurbanova B., Geldiyev S., 2025 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

134 

Gurdov Novruzalem, lecturer 

International Horse breeding academy named after Aba Annayev 

Ilyasova Ogulsuray, student 

Pedagogical secondary vocational school named after Berdimuhamed Annaev of Arkadag city 

Arkadag, Turkmenistan 

 

THE DYNAMIC RELATIONSHIP BETWEEN SCIENCE AND KNOWLEDGE 

 

Abstract 

This article explores the fundamental and symbiotic relationship between science and knowledge. It 

argues that while knowledge represents the cumulative understanding we have of the world, science is the 

systematic process through which new knowledge is acquired, validated, and refined. Science is not a static 

body of facts but a dynamic methodology that challenges existing beliefs and drives intellectual progress. By 

examining the core principles of the scientific methodτobservation, hypothesis, experimentation, and peer 

reviewτthis paper demonstrates how science acts as the engine of knowledge creation, ensuring that our 

understanding of the universe is not only vast but also reliable and constantly evolving. 

Keywords:  

science, knowledge, scientific method, epistemology, empirical evidence,  

hypothesis, theory, critical thinking. 

 

1. Introduction 

Knowledge is the bedrock of civilization. From the invention of the wheel to the complexities of 

quantum computing, our collective understanding has shaped societies and propelled us forward. Yet, 

knowledge itself is a product of a more profound process: science. The relationship between the two is often 

misunderstood. Knowledge is the destination; science is the journey. Science provides the rules of the road 

for that journey, ensuring we don't get lost in the dark alleys of misinformation and speculation. This article 

delves into how science serves as the most powerful tool for expanding and authenticating our collective 

knowledge, distinguishing it from mere belief or opinion. 

2. The Scientific Method: A Framework for Knowledge 

At the heart of the scientific endeavor is the scientific method. This isn't a rigid, step-by-step formula 

but a flexible, iterative process designed to build reliable knowledge. It begins with observation, where a 

scientist notices a phenomenon and asks a question. This leads to the formulation of a hypothesis, a testable 

and falsifiable explanation for the observation. The core of the method lies in experimentation or data 

collection, designed to either support or disprove the hypothesis. 

The results of this process are then subjected to peer review, a critical stage where other experts in 

the field scrutinize the findings, methods, and conclusions. This collaborative and skeptical process is a crucial 

safeguard against bias and error, ensuring that only robust and well-supported findings are integrated into 

the body of scientific knowledge. A hypothesis that survives repeated testing and peer review may eventually 

become a scientific theoryτa well-substantiated explanation of some aspect of the natural world, such as 

the Theory of Evolution or the Theory of Relativity. 

3. Knowledge Beyond the Scientific Realm 

While science is the most reliable method for acquiring empirical knowledge about the natural world, 

it does not encompass all forms of human knowledge. There are other valuable ways of knowing, such as: 

¶ Philosophical Knowledge: This form of knowledge is acquired through logical reasoning and critical 

analysis, exploring fundamental questions about existence, morality, and truth. 
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¶ Historical Knowledge: This is based on the interpretation of historical records and artifacts to 

understand past events and human societies. 

¶ Artistic and Cultural Knowledge: This understanding is gained through creative expression and 

cultural traditions, reflecting human emotions, values, and experiences. 

The key distinction lies in the mechanism of validation. While scientific knowledge is verified through 

empirical evidence and falsifiability, other forms of knowledge are validated through different criteria, such 

as coherence, consistency, or cultural relevance. However, even these forms of knowledge can be enhanced 

by the scientific approach, such as using forensic science to authenticate a historical document or cognitive 

science to understand the impact of music. 

4. Conclusion 

Science is not merely a collection of facts; it is a way of thinking, a disciplined pursuit of truth, and the 

engine that drives the expansion of human knowledge. It is a process that embraces doubt, welcomes 

correction, and is inherently self-correcting. By continuously questioning and testing our understanding of 

the world, science ensures that the knowledge we build is not only vast but also resilient and trustworthy. In 

an age of information overload, embracing the scientific mindset is more crucial than ever for navigating 

complexity and building a future based on facts, not fiction. The dynamic interplay between science and 

knowledge is the ultimate testament to humanity's endless curiosity and our capacity to understand the 

universe and our place within it. 
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THE HISTORY OF MATHEMATICS: THE EVOLUTION OF UNIVERSAL LOGIC 

 

Abstract 

¢ƘŜ ƘƛǎǘƻǊȅ ƻŦ ƳŀǘƘŜƳŀǘƛŎǎ όIƻaύ ƛǎ ǘƘŜ ƴŀǊǊŀǘƛǾŜ ƻŦ ƘǳƳŀƴƛǘȅΩǎ ǉǳŜǎǘ ŦƻǊ ǎǘǊǳŎǘǳǊŜΣ ƳŜŀǎǳǊŜƳŜƴǘΣ 

and logical certainty. From the rudimentary tally marks of the Paleolithic era to the abstract complexities of 

modern topology and quantum computation, mathematics has served as the fundamental language of 

science and civilization.1 Its development is not a linear progression but a global synthesis of contributions 
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from diverse cultures, including the Babylonians, Greeks, Indians, Arabs, and Europeans. This article examines 

the critical epochs of mathematical discovery and outlines the primary shifts in thought that transitioned 

mathematics from a practical tool for commerce into a rigorous, theoretical framework. Understanding this 

history is essential for navigating the technological and algorithmic complexities of the 21st-century global 

economy. 

Keywords:  

mathematics history, calculus, number theory, algebra, ancient civilizations, euclidean geometry, 

mathematical logic, scientific revolution, algorithmic thinking. 

 

The Fundamental Stages of Mathematical Evolution 

The development of mathematics can be categorized into distinct eras, each marked by a shift in how 

humans perceived quantity, space, and change.2 

Core Historical Milestones: 

¶ Practical Arithmetic and Geometry (Ancient Mesopotamia & Egypt):3 Early math was driven by 

necessityτtaxation, land measurement, and astronomy. The Babylonians developed a sexagesimal (base-

60) system, while Egyptians perfected geometry for architectural marvels.4 

¶ The Birth of Rigor (Ancient Greece): Mathematicians like Euclid and Pythagoras shifted the focus from 

"how" to "why." They introduced the concept of the logical proof, transforming math into a deductive 

science. 

¶ The Zero and Decimal Revolution (Ancient India & The Islamic Golden Age): The introduction of the 

digit zero and the Hindu-Arabic numeral system provided the computational efficiency required for modern 

science. Scholars like Al-Khwarizmi laid the foundations for Algebra.5 

¶ The Calculus Breakthrough (17th Century): The independent development of Calculus by Isaac 

Newton and Gottfried Wilhelm Leibniz enabled the measurement of motion and change, fueling the Scientific 

Revolution. 

Key Directions in Mathematical Thought 

The strategic focus of mathematical history is the movement toward increasing abstraction and the 

unification of disparate fields. 

Direction 1: From Concrete Quantity to Abstract Structure 

The transition from counting physical objects to manipulating abstract symbols allowed for the solving 

of universal problems: 

¶ Upstream Efficiency (Notation Development): The evolution of symbols (e.g., +, -, =, and variables 

like x) acted as a "technology" for the mind, reducing cognitive load and allowing for the handling of complex 

equations. 

¶ 5ƻǿƴǎǘǊŜŀƳ LƴǘŜƎǊŀǘƛƻƴ ό!ƴŀƭȅǘƛŎŀƭ DŜƻƳŜǘǊȅύΥ wŜƴŞ 5ŜǎŎŀǊǘŜǎΩ ōǊƛŘƎŜ ōŜǘǿŜŜƴ ŀƭƎŜōǊŀ ŀƴŘ 

geometry (the Cartesian coordinate system) allowed shapes to be described by equations, a prerequisite for 

modern engineering and computer graphics.6 

Direction 2: Navigating the Modern Algorithmic Transition 

The 19th and 20th centuries presented the greatest shift in mathematical focusτexamining the very 

foundations of logic and the birth of the digital age: 

¶ Non-Euclidean Geometry and Relativity: The discovery that space could be curved (Riemannian 

ƎŜƻƳŜǘǊȅύ ǇǊƻǾƛŘŜŘ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ ŦǊŀƳŜǿƻǊƪ ŦƻǊ !ƭōŜǊǘ 9ƛƴǎǘŜƛƴΩǎ DŜƴŜǊŀƭ ¢ƘŜƻǊȅ ƻŦ wŜƭŀǘƛǾƛǘȅΣ ǇǊƻǾƛƴƎ 

that math can predict physical realities beyond human intuition.7 

¶ /ƻƳǇǳǘŀōƛƭƛǘȅ ŀƴŘ [ƻƎƛŎΥ ²ƻǊƪ ōȅ !ƭŀƴ ¢ǳǊƛƴƎ ŀƴŘ YǳǊǘ DǀŘŜƭ ŜȄǇƭƻǊŜŘ ǘƘŜ ƭƛƳƛǘǎ ƻŦ ǿƘŀǘ Ŏŀƴ ōŜ 

proven and calculated.8 This direction birthed Computer Science, leading to the algorithms that govern 
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modern logistics, AI, and cryptography. This remains the central intellectual challenge for the current era. 

Conclusion 

The history of mathematics is more than a record of numbers; it is the history of human refinement of 

thought. Its pace has dictated the growth of engineering, the stability of financial markets, and the capacity 

for technological innovation. For modern thinkers and educators, the study of mathematical history provides 

a dual advantage: it offers a deep appreciation for the proven tools of the past while providing the 

foundational logic required to drive the next wave of innovation in data science and quantum physics. 

Mastering this historical context is the true measure of a complete education in the digital age. 
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MODERN METHODOLOGIES IN MATHEMATICS EDUCATION: STRATEGIES FOR COGNITIVE ENGAGEMENT 

 

Abstract 

Teaching mathematics has evolved from the rote memorization of algorithms to a sophisticated 

instructional practice centered on conceptual understanding, problem-solving, and mathematical literacy. In 

a global economy increasingly driven by data and algorithms, the ability to "think mathematically" is a critical 

competency for the 21st-century workforce. The primary challenge for educators is the "Math Anxiety" gap, 

where students disengage due to the perceived abstractness or difficulty of the subject. This article examines 

the multifaceted role of modern pedagogyτincluding the use of manipulatives, scaffolding, and digital 

integrationτand outlines key instructional directions critical for building a mathematically resilient society. 

Keywords:  

math pedagogy, conceptual understanding, scaffolding, math anxiety, STEM education, differentiated 

ƛƴǎǘǊǳŎǘƛƻƴΣ .ƭƻƻƳΩǎ ¢ŀȄƻƴƻƳȅΣ ƎǊƻǿǘƘ ƳƛƴŘǎŜǘΣ ŀŎǘƛǾŜ ƭŜŀǊƴƛƴƎΦ 

 

The Fundamental Pillars of Effective Math Instruction 

The process of teaching math, encompassing curriculum design, direct instruction, and formative 

assessment, is a high-leverage intervention that provides students with the tools for logical reasoning and 

analytical precision. 
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Core Pedagogical Impacts: 

¶ From Procedural to Conceptual: Effective teaching ensures students don't just know how to solve an 

equation (procedural) but understand why the method works (conceptual). 

¶ Cognitive Load Management: By breaking complex problems into smaller, manageable "chunks," 

teachers prevent cognitive overload, allowing students to build confidence and mastery.1 

¶ Development of Metacognition: Teaching students to "think about their thinking" helps them 

monitor their own problem-solving processes and identify errors independently.2 

¶ Inquiry-Based Learning: Encouraging students to explore mathematical patterns before formalizing 

them with formulas fosters a deeper sense of discovery and ownership over the material.3 

Key Instructional Challenges and Directions 

The strategic focus on mathematics education must adapt to bridge the gap between abstract theory 

and real-world application. 

Direction 1: Maximizing Engagement through Multi-Modal Learning 

Educators are moving away from the "lecture-and-drill" model toward more interactive, inclusive 

strategies: 

¶ Upstream Efficiency (The CRA Model): Utilizing the Concrete-Representational-Abstract (CRA) 

sequence. Students first manipulate physical objects (concrete), then draw pictures (representational), and 

finally use symbols (abstract).4 

o Example: Using physical tiles to represent $(x + 2)(x + 3)$ before writing out the algebraic 

expansion. 

¶ Downstream Integration (Real-World Contexts): Embedding mathematical problems within relevant, 

real-world scenarios (e.g., calculating interest rates, architectural scaling, or sports statistics).5 This adds 

immediate value and reduces the "When will I ever use this?" skepticism. 

Direction 2: Navigating the Digital and Psychological Transition 

The shift toward digital learning platforms and the psychological battle against "Math Anxiety" dictates 

the modern policy direction: 

¶ Investment in Growth Mindset: Cultivating a classroom culture where mistakes are viewed as data 

points for learning rather than signs of failure. This is essential for maintaining student persistence in the face 

of difficult logic. 

¶ Data-Driven Differentiated Instruction: Utilizing Intelligent Tutoring Systems (ITS) and adaptive 

software that provides real-ǘƛƳŜ ŦŜŜŘōŀŎƪ ŀƴŘ ŀŘƧǳǎǘǎ ǘƘŜ ŘƛŦŦƛŎǳƭǘȅ ƭŜǾŜƭ ǘƻ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǎǇŜŎƛŦƛŎ ƴŜŜŘǎΦс 

¶ Collaborative Problem Solving: Directing classroom time toward group work where students must 

justify their logic to peers. This builds communication skills and reveals multiple pathways to a single solution. 

Conclusion 

Teaching mathematics is more than the transmission of numerical facts; it is a foundational policy 

ƛƴǎǘǊǳƳŜƴǘ ŦƻǊ ƛƴǘŜƭƭŜŎǘǳŀƭ ŜƳǇƻǿŜǊƳŜƴǘΦ ¢ƘŜ ǇŀŎŜ ƻŦ ƳŀǘƘŜƳŀǘƛŎŀƭ ƭƛǘŜǊŀŎȅ ŘƛŎǘŀǘŜǎ ŀ ƴŀǘƛƻƴΩǎ ƛƴƴƻǾŀǘƛƻƴ 

capacity and its citizens' ability to navigate a data-rich world. For educational leaders, the key direction must 

be a dual strategy: aggressively optimizing foundational fluency through research-backed scaffolding, while 

simultaneously fostering the creative and critical thinking required to apply math to unsolved problems. 

Mastering this balance is the true measure of effective education in the digital age. 
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STRATEGIES FOR COMMUNICATIVE AND CULTURAL COMPETENCE IN TEACHING 

 

Abstract 

CƻǊŜƛƎƴ ƭŀƴƎǳŀƎŜ ƛƴǎǘǊǳŎǘƛƻƴ ǊŜǉǳƛǊŜǎ ǎǇŜŎƛŀƭƛȊŜŘ ŎƭŀǎǎǊƻƻƳ ǘŜŎƘƴƛǉǳŜǎ ŘŜǎƛƎƴŜŘ ǘƻ ŘŜǾŜƭƻǇ ƭŜŀǊƴŜǊǎΩ 

linguistic competence and cultural awareness. This article examines a range of effective teaching techniques 

used in foreign language classrooms, including communicative tasks, scaffolding strategies, vocabulary 

acquisition methods, grammar instruction, and integration of authentic materials. Emphasis is placed on how 

these techniques promote speaking, listening, reading, and writing skills while fostering learner motivation, 

autonomy, and intercultural competence. The article also highlights the role of teacher flexibility, learner 

engagement, and context adaptation in maximizing the effectiveness of classroom strategies. 

Keywords: 

foreign language teaching, classroom techniques, communicative competence, language instruction, 

vocabulary acquisition, grammar teaching, student engagement, intercultural learning. 

 

Foreign language teaching is not simply about transmitting vocabulary and grammar rulesτit is about 

enabling learners to use the target language in meaningful, contextually appropriate ways. In the modern 

classroom, this goal is achieved through a wide repertoire of classroom techniques that are interactive, 

learner-centered, and culturally informed. These techniques support the development of communicative 

competence, linguistic accuracy, and intercultural understanding, all within a supportive and engaging 

classroom environment. 

One of the most central classroom techniques is the use of communicative tasks, which reflect the 

Communicative Language Teaching (CLT) approach. These include information gap activities, role plays, 

interviews, and task-based learning scenarios. For instance, students may be asked to plan a trip using target 

language materials, conduct a mock job interview, or collaborate to solve a real-world problem. Such tasks 

require active use of the language, integrate multiple skills (speaking, listening, reading, and writing), and 

simulate authentic communication. 

Teaching grammar requires a delicate balance between accuracy and fluency. Modern techniques 

favor implicit instruction through context over isolated drills. For example, grammar is introduced through 

stories, dialogues, or role plays, then practiced through inductive tasks where students discover the rule 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

140 

themselves. Controlled activities, such as sentence completion or transformation exercises, are followed by 

communicative tasks to apply the structure in natural speech. This form-focused instruction within a 

communicative framework helps maintain both correctness and spontaneity. 

The use of authentic materials is a powerful technique to expose learners to real language and culture. 

Teachers may bring in news articles, menus, songs, social media content, films, or podcasts in the target 

language. Authentic materials provide relevant vocabulary, colloquial expressions, and cultural insights that 

textbooks often lack. They also increase motivation by connecting classroom learning to the outside world. 

Teachers adapt these materials to student proficiency, using comprehension questions, summarization tasks, 

or creative response activities. 

Technology-enhanced techniques such as interactive quizzes (e.g., Kahoot, Quizizz), digital storytelling, 

language learning apps, and online collaboration platforms (e.g., Padlet, Edmodo) further expand the range 

of classroom tools. Teachers use multimedia presentations, video analysis, and online forums to diversify 

input and extend practice beyond the classroom. However, effective use of technology depends on 

pedagogical purpose, not noveltyτeach tool should support a clear learning goal. 

Conclusion 

Classroom techniques in foreign language teaching are the practical expressions of pedagogical theory. 

From communicative tasks to vocabulary strategies, from cultural simulations to digital tools, these methods 

aim to engage learners, deepen understanding, and foster real-world language use. The most effective 

foreign language teachers are those who can adapt techniques to their learners, maintain a balance between 

fluency and accuracy, and create a classroom environment where students feel motivated, challenged, and 

ǎǳǇǇƻǊǘŜŘΦ Lƴ ǘƻŘŀȅΩǎ ƳǳƭǘƛƭƛƴƎǳŀƭ ǿƻǊƭŘΣ ƳŀǎǘŜǊƛƴƎ ǘƘŜǎŜ ǘŜŎƘƴƛǉǳŜǎ ƛǎ ƴƻǘ Ƨǳǎǘ ŀƴ ƛƴǎǘǊǳŎǘƛƻƴŀƭ ǎƪƛƭƭτit is a 

bridge to global communication and understanding. 
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THE DIGITAL DIVIDE IN EDUCATION 

 

Abstract 

The digital divide refers to the gap between individuals, households, and regions that have access to 

and a familiarity with modern information and communication technologies (ICT) and those that do not. In 
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the context of education, this divide is a significant barrier to equitable learning opportunities. This article 

explores the multifaceted nature of the digital divide, examining the disparities in access to devices, reliable 

internet connectivity, and digital literacy. It argues that addressing these inequalities is paramount for 

ensuring that all students can benefit from modern educational methods, participate in a knowledge-based 

economy, and avoid further marginalization in a world increasingly reliant on technology. 

Keywords:  

digital divide, educational equity, technology access, digital literacy,  

online learning, socioeconomic inequality. 

 

Main Part 

Understanding the Digital Divide 

The digital divide is more complex than simply a lack of access to a computer. It is a multi-layered 

problem that includes disparities in three key areas: access, affordability, and skills. A student may have a 

smartphone but lack a reliable high-speed internet connection, making it difficult to stream lectures or 

submit assignments. Another may have both a device and internet but lack the necessary digital literacy skills 

to effectively navigate online learning platforms and critically evaluate information. The COVID-19 pandemic 

starkly exposed these inequalities, forcing millions of students into online learning environments for which 

they were ill-equipped. 

Key Dimensions of the Divide 

The digital divide manifests across various demographic and geographic lines, creating significant 

educational inequalities. 

1. Socioeconomic Status: The most pronounced divide is often along socioeconomic lines. Students 

from low-income families are less likely to have personal computers, reliable internet, or dedicated study 

spaces. Their access to technology may be limited to public libraries or shared devices, which are often 

insufficient for the demands of modern schooling. 

2. Geographic Location: A significant gap exists between urban and rural areas. While cities often 

have robust broadband infrastructure, rural and remote communities frequently lack access to high-speed 

internet, if they have any at all. This "rural divide" severely restricts a student's ability to participate in online 

learning and access digital educational resources. . 

3. Digital Literacy and Skills: Even with physical access to technology, a lack of digital literacyτthe 

ability to find, evaluate, create, and communicate information using technologyτcan be a major barrier. This 

skills gap often correlates with generational and educational background, affecting both students and their 

parents, who may be unable to assist with online learning. 

The Impact on Educational Equity 

The digital divide perpetuates and exacerbates existing educational inequalities. Students on the 

wrong side of the divide are at a distinct disadvantage, as they are less able to access high-quality educational 

content, collaborate with peers on digital projects, and develop the technological skills required for future 

careers. As more educational resources and opportunities move online, the gap in academic achievement 

widens, leaving marginalized students further behind. Addressing this divide is not just a matter of providing 

hardware; it is a fundamental step toward achieving true educational equity. 

Conclusion 

The digital divide in education is a critical challenge that requires a holistic and concerted effort to 

solve. It is a complex issue of technology, infrastructure, economics, and pedagogy. By providing equitable 

access to devices and internet, promoting digital literacy, and designing inclusive learning models, 

educational institutions and governments can begin to bridge this gap. The ultimate goal is to ensure that 
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technology serves as a tool for empowerment rather than an engine for inequality, guaranteeing that every 

student has the opportunity to succeed in the digital age. 
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PEDAGOGY IN LANGUAGE TEACHING: PRINCIPLES, METHODS, AND MODERN TRENDS 

 

Abstract 

The effectiveness of language teaching depends heavily on sound pedagogical foundations. As 

linguistic competence becomes increasingly essential in the globalized world, educators must apply dynamic, 

learner-centered methods informed by current educational theory. This article explores the core pedagogical 

principles that underpin successful language instruction, including communicative approaches, task-based 

learning, intercultural awareness, and differentiated instruction. It also examines the evolving role of 

technology and teacher training in the language classroom. Emphasizing both theory and practice, the article 

outlines how pedagogy shapes the development of linguistic, cognitive, and social competencies in language 

learners. 

Keywords: 

language pedagogy, communicative approach, second language acquisition, teaching methodology, 

intercultural competence, language education, learner-centered instruction, technology in teaching. 

 

One of the most widely embraced models in language pedagogy is the Communicative Language 

Teaching (CLT) approach. Emerging in the 1970s as a response to the limitations of grammar-translation and 

audiolingual methods, CLT places communication at the center of the learning process. Its core principle is 

that language is best learned through authentic use rather than memorization of isolated structures. In 

practice, this involves role-plays, group discussions, interviews, simulations, and task-based activities that 

encourage learners to express themselves meaningfully. This approach also integrates cultural context, 

helping learners navigate language use in real-world social situations. 

Intercultural competence is another crucial dimension of modern language pedagogy. Language is 
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inseparable from the culture in which it is embedded, and effective instruction must teach students not only 

how to speak, but how to interact appropriately in different cultural settings. Pedagogical strategies for 

fostering intercultural awareness include exploring cultural texts, comparing norms and values, and 

facilitating exchanges with native speakers. Teachers act as cultural mediators, helping students understand 

and reflect on the socio-pragmatic rules of communication. 

With the growing diversity of classrooms, differentiated instruction has become a vital pedagogical 

principle in language teaching. Learners differ in motivation, background knowledge, learning style, and pace of 

acquisition. Pedagogically sound instruction must accommodate these differences through varied content, flexible 

grouping, scaffolding, and multiple assessment methods. For example, while some learners may thrive in open 

discussion, others may need visual aids, structured practice, or personalized feedback to succeed. 

Technology has introduced new pedagogical opportunities and challenges in the language classroom. 

Digital tools such as learning management systems, mobile apps, video conferencing, and AI-driven feedback 

allow for more interactive and personalized instruction. Blended learning, flipped classrooms, and 

gamification are reshaping how teachers present content and how students engage with it. However, 

effective use of technology requires pedagogical intentionalityτtools must be chosen based on learning 

goals, not trends. Technology should enhance, not replace, the human-centered nature of language learning. 

Pedagogy in language teaching is more than techniqueτit is a philosophical and practical framework 

that shapes how students engage with language, culture, and each other. Effective pedagogical practice 

blends theory with creativity, structure with flexibility, and expertise with empathy. In an age where 

multilingualism is both a personal asset and a societal need, investing in strong pedagogical foundations is 

essential for empowering learners and building bridges across cultures. As language teaching continues to 

evolve, pedagogy will remain its guiding compass. 
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PREPARING EFFECTIVE LANGUAGE EDUCATORS  

 

Abstract 

Preparing educators to teach foreign languages is a specialized and dynamic process that combines 
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linguistic proficiency with pedagogical expertise, intercultural sensitivity, and adaptive teaching strategies. 

This article explores the theoretical foundations, methodological training, and practical competencies 

required to train future foreign language teachers. Emphasis is placed on second language acquisition theory, 

communicative language teaching, curriculum design, assessment, and the role of technology. The article 

also highlights the importance of reflective practice and intercultural competence in developing globally 

aware, confident language instructors ready to meet the demands of diverse educational settings. 

Keywords: 

foreign language education, teacher training, second language acquisition, communicative teaching, 

language pedagogy, curriculum design, intercultural competence, teacher preparation. 

 

The foundation of effective training lies in a solid understanding of Second Language Acquisition (SLA) 

theories. Future language teachers must grasp how learners acquire a second languageτwhat factors 

promote fluency, what cognitive and affective barriers exist, and how age, motivation, input, and context 

influence success. Familiarity with key theorists such as Krashen, Vygotsky, and Swain helps teacher 

candidates interpret learner behavior and design lessons accordingly. For example, understanding the 

importance of "comprehensible input" allows teachers to provide language exposure that is both challenging 

and accessible. 

The Communicative Language Teaching (CLT) approach remains central in modern foreign language 

education. Rather than focusing on rote memorization and grammar drills, CLT emphasizes meaningful 

communication, fluency, and real-world usage. Student-teachers learn to design activities that integrate 

speaking, listening, reading, and writing in authentic contexts. Role-playing, dialogue practice, task-based 

projects, and situational simulations are all part of the communicative toolbox. During training, teacher 

candidates are encouraged to use the target language as much as possible in class, modeling natural 

communication for their students. 

Another vital skill for foreign language educators is curriculum and lesson design. Teacher candidates 

must learn to align instructional objectives with proficiency standards, such as the Common European 

Framework of Reference (CEFR) or ACTFL guidelines. They also learn how to scaffold lessons by sequencing 

tasks from controlled to open-ended, how to introduce new vocabulary, and how to incorporate grammar in 

context. Differentiation strategies are also emphasized to meet the needs of diverse learners, including 

heritage speakers, beginners, and students with learning differences. 

Technology integration is another essential area in preparing language teachers. With the rise of 

mobile apps, video conferencing, and AI-driven platforms, teacher candidates need to know how to use tools 

like Duolingo, Flipgrid, Padlet, and Google Classroom. However, training also emphasizes pedagogical intent: 

technology must enhance learning, not distract from it. Candidates are taught to design digital activities that 

promote interaction, real-time feedback, and multimodal learning. 

Lastly, training programs emphasize the importance of lifelong learning. Languages evolve, students 

change, and methods shift. A great language teacher must be a continual learnerτattending workshops, 

engaging with research, and adapting to new educational paradigms. Programs instill a growth mindset in 

teacher candidates, encouraging them to remain curious, collaborative, and open to innovation throughout 

their careers. 
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INNOVATIVE TEACHING STRATEGIES IN UNIVERSITY EDUCATION 

 

Abstract 

Higher education faces the challenge of preparing students for an increasingly complex and fast-

changing world. Traditional lecture-based models often fail to engage learners or develop essential 21st-

century skills. This article explores innovative teaching strategies in university settings, focusing on active 

learning, interdisciplinary instruction, digital integration, and learner autonomy. It analyzes how these 

methods improve student motivation, critical thinking, and real-world problem-solving abilities. The article 

also addresses institutional barriers to pedagogical innovation and outlines future directions for transforming 

higher education. 

 

Keywords:  

university teaching, active learning, critical thinking, interdisciplinary education,  

digital tools, student engagement 

 

Introduction: Rethinking University Pedagogy 

Modern university students face an environment shaped by rapid technological change, global 

challenges, and evolving job markets. Traditional pedagogical approaches, centered on passive knowledge 

transfer, are increasingly insufficient. Institutions are thus called to redesign learning environments that 

promote analytical thinking, collaboration, and adaptability. 

Innovative university teaching strategies aim to engage students not only as recipients of information, 

but as active participants in the construction of knowledge. This requires a shift toward flexible, student-

centered learning models that integrate digital tools, real-world applications, and interdisciplinary 

perspectives. The following sections explore key strategies that are reshaping university education in this 

direction. 

Core Strategies for Enhancing University Teaching 

Active learning methods such as flipped classrooms, case-based instruction, and peer teaching foster 

engagement and deep understanding. Instead of lecturing, instructors facilitate discussions, debates, and 

collaborative analysis. Inquiry-based learning, where students investigate real-world problems, promotes 

research skills and intellectual autonomy. These methods are particularly effective in STEM, business, and 
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social sciences. 

Modern challenges rarely fall within a single academic field. Project-based learning brings together 

students from different disciplines to work on practical tasksτsuch as designing a sustainable building, 

developing a mobile app, or analyzing social policy. This cross-pollination of knowledge encourages systems 

thinking and creative problem-solving. 

Digital platformsτlike Moodle, Canvas, Zoom, and interactive appsτsupport hybrid and blended 

learning formats. Students can access lectures asynchronously, engage in interactive quizzes, and participate 

in virtual labs. Tools like Padlet, Mentimeter, and AI tutors enable more dynamic and personalized learning 

experiences. Technology also supports inclusivity, offering multiple pathways for engagement and 

assessment. 

Empowering students to take control of their learning builds lifelong learning habits. Strategies include 

personalized learning plans, reflective journals, and open-ended assignments that allow for individual 

exploration. Formative assessment with constructive feedback supports growth and self-direction. 

Conclusion: Transforming Higher Education Through Innovation 

University teaching must evolve to meet the needs of a changing world. Innovative pedagogical 

strategiesτrooted in active engagement, interdisciplinarity, digital fluency, and learner agencyτprepare 

students not only to succeed academically, but to contribute meaningfully to society. 

Institutions must support this transformation by investing in faculty development, revising assessment 

models, and fostering a culture of pedagogical experimentation. As universities adopt these approaches, they 

can ensure that higher education remains relevant, equitable, and intellectually vibrant. 
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SCIENCE, EDUCATION, AND TECHNOLOGY: A SYMBIOTIC RELATIONSHIP 

 

Abstract 

Science, education, and technology are not separate disciplines but rather an interconnected system 
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that forms the bedrock of modern society. This article explores the symbiotic relationship among these three 

pillars, arguing that they create a powerful feedback loop driving human progress. Science generates 

fundamental knowledge, technology applies this knowledge to create tools and solutions, and education 

disseminates both to empower future generations. By analyzing how each field influences and is influenced 

by the others, this article demonstrates that their integration is essential for fostering innovation, building a 

knowledge economy, and addressing the complex challenges facing humanity. 

Keywords:  

science, education, technology, knowledge economy, innovation, STEM 

 

Main Part 

Introduction: The Three Pillars of Progress 

In the modern world, progress is a cycle fueled by three core components: science, education, and 

technology. One cannot advance without the others. Science provides the theoretical foundation, technology 

provides the practical application, and education ensures the knowledge and skills are passed on, creating a 

continuous engine of development. This interconnected relationship is the most powerful force shaping 

human civilization today. 

The Science-Technology Nexus 

The link between science and technology is perhaps the most visible. Scientific discoveries are the 

seeds from which technology grows. For instance, centuries of research in physics, from understanding 

electricity to quantum mechanics, directly led to the development of microchips and modern electronics. The 

discovery of DNA's structure in biology paved the way for genetic engineering and personalized medicine. 

Conversely, technology provides the essential tools that allow science to push its boundaries. 

Sophisticated telescopes and satellites enable astronomers to observe distant galaxies, while powerful 

particle accelerators allow physicists to probe the fundamental nature of matter. Without advanced 

technology, much of modern scientific research would be impossible. This relationship is a two-way street: 

scientific curiosity drives technological innovation, and new technology opens up new avenues for scientific 

discovery. 

Education as the Vital Catalyst 

If science and technology are the engine of progress, then education is the fuel. It is the crucial 

mechanism for transmitting knowledge and skills from one generation to the next. Education ensures that 

the breakthroughs made by scientists and technologists are not lost but built upon. It nurtures the next wave 

of innovators, problem-solvers, and critical thinkers. The emphasis on STEM (Science, Technology, 

Engineering, and Mathematics) education in schools worldwide reflects a clear understanding of its central 

role in preparing students for a knowledge-based economy. 

Furthermore, technology has fundamentally reshaped the educational landscape itself. E-learning 

platforms, virtual reality simulations, and online courses have made quality education more accessible than 

ever before. For example, a student in a remote village can now learn from a university professor on the 

other side of the globe. This use of technology in education not only democratizes knowledge but also 

accelerates the learning process, allowing the cycle of progress to spin even faster. . 

Conclusion 

The synergy between science, education, and technology creates a dynamic and self-reinforcing loop. 

Scientific breakthroughs inspire technological advancements, which are then integrated into educational 

curricula. This, in turn, produces a more skilled workforce capable of driving further scientific research and 

technological innovation. This cycle is critical for addressing global challenges, from climate change and 

disease to poverty and inequality. Understanding and nurturing this relationship is key to building a 
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sustainable, prosperous, and innovative future for all. 
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THE PEDAGOGY OF GLOBAL LANGUAGE LEARNING: STRATEGIES, INNOVATIONS,  

AND EDUCATIONAL IMPLICATIONS 

 

Abstract 

The teaching and learning of world languages are inseparably linked to pedagogical theory, cultural 

understanding, and the evolution of educational methods. As globalization reshapes communication and 

identity, language education must adapt to prepare learners for multilingual realities. This article explores 

the intersection of global language acquisition and pedagogy, highlighting effective teaching strategies, 

cognitive approaches, and the integration of cultural and digital dimensions into the classroom. It also 
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competence in the context of teaching widely spoken languages such as English, Chinese, Arabic, Spanish, 

and French. 

Keywords: 

language pedagogy, multilingual education, second language acquisition, global languages, communicative 

approach, intercultural learning, educational theory, digital tools in language teaching. 

 

The expansion of global interconnectedness has made the study of world languages a central 

component of modern education. In this context, pedagogy is not simply a set of teaching techniques, but 

the philosophical and methodological foundation that shapes how learners interact with language and 

culture. Language educators today are challenged not only to teach vocabulary and grammar but to cultivate 

communicative competence, intercultural sensitivity, and critical thinking. As such, pedagogical innovation 

in global language education must be both learner-centered and contextually aware, balancing academic 

goals with cultural realities. 

Effective pedagogy in global language learning is grounded in several key principles. First and foremost 

is the communicative approach, which prioritizes authentic interaction and real-world language use over rote 
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memorization. This approach emphasizes the four core language skillsτlistening, speaking, reading, and 

writingτwhile fostering functional fluency. Learners are encouraged to participate in dialogues, simulations, 

group discussions, and problem-solving tasks that mirror actual communicative situations. For example, 

students learning Spanish might engage in simulated market transactions, while those studying Arabic might 

role-play diplomatic conversations. These activities not only build language proficiency but also deepen 

cultural understanding and emotional engagement. 

Another foundational pedagogical concept is constructivism, which views learners as active 

participants in constructing their knowledge through experience. In the language classroom, this translates 

to project-based learning, collaborative tasks, and reflective practices. Students may be tasked with 

researching and presenting on international topics in the target language, producing bilingual media projects, 

or analyzing real-world texts such as news articles, podcasts, or interviews. Such activities not only support 

vocabulary acquisition and grammatical awareness but also promote learner autonomy and critical inquiry. 

This is particularly relevant in the context of global languages, where linguistic competence often intersects 

with political, historical, and cultural literacy. 

Technology-enhanced pedagogy has also transformed the way global languages are taught and 

learned. Digital platforms provide learners with access to authentic content, real-time communication with 

native speakers, and personalized feedback. Tools like language learning apps (e.g., LingQ, Busuu, Tandem), 

virtual classrooms, and AI chatbots allow for immersive experiences beyond the textbook. Teachers can 

integrate multimedia resources, such as film, music, and social media, to create engaging, culturally relevant 

lessons. Moreover, the flipped classroom modelτwhere students study new material at home and practice 

during classτfrees up time for interaction and supports differentiated learning. However, effective use of 

technology requires pedagogical training and thoughtful integration, not mere reliance on tools. 

One of the most critical components of pedagogical success in global language education is 

intercultural competence. Teaching a language involves more than linguistic accuracyτit involves 

transmitting ways of thinking, values, and social norms. Educators must help students navigate the 

pragmatics of language, including formality, body language, and cultural references. For example, learners of 

Korean must understand the use of honorifics and social hierarchy; learners of French must interpret nuances 

of politeness and indirect expression. Intercultural learning can be fostered through exchanges, comparative 

cultural analysis, and discussions about identity, migration, and global citizenship. Such approaches move 

language learning beyond mechanical reproduction and toward human connection and empathy. 

Importantly, pedagogy must also account for learner diversity. In global language classrooms, students 

vary widely in their goals, backgrounds, and learning styles. Some may be heritage learners reconnecting with 

ancestral languages; others may be professionals seeking practical skills; still others are academic students 

motivated by curiosity. A strong pedagogical approach recognizes these differences and builds flexibility into 

instruction. Formative assessment, scaffolding, and the use of native language resources can support 
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PROVERBS, IDIOMS, AND SAYINGS AS CRYSTALLIZATIONS OF CULTURAL CONSCIOUSNESS:  

A COGNITIVE-LINGUISTIC ANALYSIS 

 

Annotation 

This article examines proverbs, idioms, and sayings not merely as linguistic ornaments but as 

fundamental, culturally-coded cognitive units that encapsulate the worldview, historical experience, social 

norms, and value systems of a speech community. It argues that these fixed expressions function as "cultural 

scripts" or "folk philosophy," transmitting collective wisdom and behavioral models across generations. The 

analysis employs a multidisciplinary framework, integrating linguistic anthropology, cognitive linguistics, and 

cultural studies. It explores the mechanisms through which these expressions reflect core cultural concepts 

such as time orientation (e.g., monochronic vs. polychronic), social hierarchy, attitudes toward fate and 

agency, and perceptions of nature. The article delves into the metaphorical basis of idioms, revealing how a 

culture's physical environment and primary occupations shape its figurative language (e.g., maritime idioms 

in English vs. pastoral idioms in Turkic cultures). Furthermore, it addresses the challenges of translation and 

cross-cultural misunderstanding arising from the deep cultural embeddedness of these expressions. Case 

studies contrasting Western and Eastern proverbial wisdom illustrate divergent approaches to concepts like 

"silence," "haste," and "individualism vs. collectivism." The conclusion posits that the study of proverbs, 

idioms, and sayings provides an indispensable key to understanding cultural mentality, offering insights more 

vivid and profound than formal historical documents. 

Keywords:  

proverbs, idioms, sayings, cultural linguistics, linguistic worldview, cognitive metaphor, cultural script, 

cross-cultural communication, folk wisdom, value systems, translation studies, cultural anthropology. 

 

Introduction 

Language is the primary repository of culture. Within its lexicon and grammar, however, exist denser, more 

potent capsules of meaning: proverbs, idioms, and conventional sayings. These are not arbitrary phrases but 

fossilized fragments of a people's collective consciousness. They serve as pragmatic tools for socialization, 

education, and sanction, offering ready-made judgments for complex situations. As the English proverb 

states, "The genius, wit, and spirit of a nation are discovered in its proverbs." This article explores how these 

linguistic phenomena act as mirrors and molders of culture, encoding its priorities, fears, humor, and wisdom 

in memorable, transmissible forms. 
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Theoretical Framework: From Language to Cultural Cognition 

The study rests on two key theoretical pillars. First, the Sapir-Whorf hypothesis in its soft, relativistic 

form suggests language influences thought and perception. Fixed expressions are a stronghold of this 

influence. Second, Cognitive Linguistics, particularly the theory of conceptual metaphor (Lakoff & Johnson, 

1980), posits that abstract thought is largely metaphorical and these metaphors are culturally informed. An 

idiom like "spilling the beans" (revealing a secret) relies on a metaphor where THE MIND IS A CONTAINER 

and IDEAS ARE PHYSICAL ENTITIES. The specific vehicle ("beans") is culturally contingent. 

Proverbs and sayings often act as cultural schemasτframeworks for interpreting events. For instance, 

the American saying, "The squeaky wheel gets the grease," promotes a schema of assertive individualism. Its 

functional Russian counterpart, "͙́΄͔ ͔͔͒΄Έ, ͒͊͡Έ΄͔ ͔͋ͯ͒΄Έ" ("The quieter you go, the further you'll 

get"), advocates for caution and non-assertiveness, reflecting a different historical and social experience. 

Proverbs as Encapsulated Worldview and Social Regulation 

Proverbs are didactic. They offer normative guidance, often using analogies from nature or daily life. 

¶ Time Orientation: "Time is money" (English) reflects a monochronic, economistic view of time. In 

contrast, many African and Asian proverbs emphasize patience and cyclical time, e.g., "A tree does not move 

unless there is wind" (Indonesian). 

¶ Fate vs. Agency: "Man proposes, God disposes" (European) acknowledges external limits on human 

will. The Turkish saying, "˨ ͔ͣͭ ͒ ͎͔͔͟͡, ͙͋ͪ ͟ ͤ ͭ͊͋͊ͪ ͔͔ͫͤͤ Ή͚͔͟͡" ("Roll, wheel, one day you'll find 

your rim"), combines acceptance of fate with a hint of hopeful agency. 

¶ Social Values: Collectivist cultures abound in proverbs emphasizing group harmony: "The nail that 

sticks out gets hammered down" (Japanese). Individualist cultures valorize self-reliance: "God helps those 

who help themselves" (English). 

Idioms as Metaphors Rooted in Material Culture 

The figurative meaning of idioms is often untranslatable because it is anchored in a culture's historical 

and material reality. 

¶ Ecological and Economic Basis: English is rich in nautical ("to be in the same boat," "to weather a 

storm") and sporting idioms ("to drop the ball," "to hit a home run"). A nomadic pastoralist culture will source 

idioms from horsemanship and animal husbandry, as seen in Turkish or Mongolian. 

¶ Historical Experience: The Spanish idiom "estar en la luna de Valencia" (to be distracted, literally "to 

be on the moon of Valencia") references a historical period when Valencia was a separate kingdom. The 

¢ǳǊƪƛǎƘ ϦŀǘŜǒƭŜ ƻȅƴŀƳŀϦ όϦŘƻƴϥǘ Ǉƭŀȅ ǿƛǘƘ ŦƛǊŜϦύ carries the deep-seated historical memory of devastating 

fires in wooden cities. 

¶ Religious and Mythological Substrate: "To see the handwriting on the wall" (English) originates from 

the Biblical Book of Daniel. "˴͚ͯͪͯ͟Ά͒͊ͤ ͭΌͭΌͤ ;·͟Άͣ͊͘" ("Smoke doesn't come from the tail") in some 

Turkic languages uses a metaphor rooted in practical life but disseminated through oral folklore. 

Sayings and Linguistic Routines as Markers of Pragmatic Culture 

Conventional sayings and routine formulas reveal cultural norms of politeness, interaction, and 

emotional expression. 

¶ Greetings: "How are you?" in English is often a phatic ritual expecting "Fine, thanks." A more detailed 

inquiry into health and family in other cultures reflects different boundaries of small talk. 

¶ Blessings and Curses: The specific forms they takeτinvoking God, fate, health, or progenyτhighlight 

what a culture holds sacred or fears most. The Turkish blessing "Allah korusun" ("May God protect") versus the 

ŎǳǊǎŜ Ϧ.ŀǒƤƴŀ ǘŀǒ ȅŀƐǎƤƴϦ όϦaŀȅ ǎǘƻƴŜǎ Ǌŀƛƴ ƻn your head") operate within a specific cosmological framework. 
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¶ Response to Misfortune: The Arabic saying "   " (Insha'Allah, "God willing") versus the 

American "Let's make it happen" demonstrates a fundamental difference in attributing control over future 

events. 

Cross-Cultural Challenges and the Untranslatable 

The deep cultural encoding of these expressions is the bane of translators. A literal translation often 

loses the meaning; a conceptual equivalent may not exist. Explaining the English idiom "to have a skeleton in 

the closet" requires unpacking the cultural metaphor of shame as a hidden physical object. Similarly, 

translating the Turkish idiom "˨͙͙͡ ͭ Ό͟Ό͔͙ͪͭͤ͟Ά ͯ ͙͔ͫͭͤ͒" ("his/her tongue is on his/her palate") meaning 

to be extremely thirsty, relies on a visceral bodily image unfamiliar in other languages. This "untranslatability" 

is prime evidence of their role as cultural shibboleths. 

Case Study: "Silence" in Proverbs Across Cultures 

A comparative analysis of proverbs about silence reveals stark cultural contrasts: 

¶ Anglo-American: "Silence is golden," "Empty vessels make the most sound." Silence is valued as 

prudent and wise. 

¶ Japanese: "The silent man is the best to listen to." Silence is associated with depth, respect, and social 

harmony. 

¶ Turkic/Anatolian: "˿ ͘ ͎ΌͣΌ΄ ͙͔ͫ, ͫͯͯͭ͟ ͊ͭ͡·ͤ͒·ͪ" ("If speech is silver, silence is gold") mirrors 

the Western view, but also, "͙́͡Έ-͟Ά·͡·;ͭ͊ͤ ͟ Ά͊ͭ· ͟ ͔͔ͫͪ" ("The tongue cuts sharper than a sword") warns 

of the dangers of speech, promoting cautiousness. 

¶ Mediterranean/Latin Cultures: Proverbial tradition is often more skeptical of silence, associating it 

with consent or even stupidity: "Who is silent, consents" (Italian). 

This spectrum reflects differing valuations of individual expression, social conflict, and interiority. 

Conclusion 

Proverbs, idioms, and sayings are far more than colorful phrases. They are the compact, mnemonically 

effective DNA of a culture. They preserve historical lessons, enforce social norms, and provide a shared 

metaphorical framework for understanding the world. Their study, therefore, is not a marginal linguistic 

pursuit but a central avenue into the ƳŜƴǘŀƭƛǘŞ of a people. In an era of globalization, understanding these 

crystallized forms of cultural logic is essential for effective communication, translation, and mutual 

comprehension. They remind us that language is not a neutral code but a living system saturated with the 

collective experience, wisdom, and idiosyncrasies of those who speak it. As such, they remain an invaluable 

resource for anthropologists, linguists, historians, and anyone seeking to navigate the profound depths of 

human cultural diversity. 
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THE ROLE OF SOCIAL-EMOTIONAL LEARNING 

 

Abstract 

Social-Emotional Learning (SEL) is a crucial educational framework that focuses on developing a 

ǎǘǳŘŜƴǘΩǎ ǎŜƭŦ-awareness, self-management, social awareness, relationship skills, and responsible 

decision-making. This article explores the growing recognition of SEL as a fundamental component of a 

holistic education, extending beyond academic achievement to foster well-being and life-long success. 

It examines the core competencies of SEL and its transformative impact on student behavior, academic 

performance, and mental health. By integrating SEL into the curriculum, educators can create a more 

inclusive and supportive learning environment that prepares students not just for college or career, but 

for life itself. 

 

Keywords:  

social-emotional learning, SEL, education, well-being, emotional intelligence,  

student development, mental health. 

 

Main Part 

The Foundation for Success 

For decades, the primary focus of education has been on cognitive skills like reading, writing, and 

mathematics. While these are essential, they represent only one part of a student's development. Social-

Emotional Learning (SEL) addresses the equally important, non-cognitive skills that are critical for navigating 

life's challenges. SEL is the process through which children and adults acquire and apply the knowledge, 

attitudes, and skills necessary to understand and manage emotions, set and achieve positive goals, feel and 

show empathy for others, establish and maintain positive relationships, and make responsible decisions. It is 

the foundation upon which academic and personal success is built. 

The Core Competencies of SEL 

The Collaborative for Academic, Social, and Emotional Learning (CASEL) has identified five core 

competencies that form the framework of SEL: 

1. Self-Awareness: The ability to accurately recognize one's own emotions, thoughts, and values and 

how they influence behavior. This includes accurately assessing one's strengths and limitations. 

2. Self-Management: The ability to regulate one's emotions, thoughts, and behaviors effectively in 

different situations. This involves managing stress, controlling impulses, and motivating oneself to achieve 

personal and academic goals. 

3. Social Awareness: The ability to take the perspective of and empathize with others from diverse 
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backgrounds and cultures. This includes understanding social and ethical norms of behavior and recognizing 

family, school, and community resources. 

4. Relationship Skills: The ability to establish and maintain healthy and rewarding relationships with 

diverse individuals and groups. This includes communicating clearly, listening actively, cooperating, and 

resolving conflicts constructively. 

5. Responsible Decision-Making: The ability to make constructive choices about one's personal 

behavior and social interactions based on ethical standards, safety concerns, and an evaluation of 

consequences. 

These competencies are not innate; they must be explicitly taught and practiced. 

The Impact on Learning and Life 

The benefits of integrating SEL into the educational system are extensive and well-documented. 

Research shows a strong link between SEL and improved academic performance. Students with strong social-

emotional skills are more engaged in class, have better attendance, and achieve higher grades. Furthermore, 

SEL programs have been shown to reduce a wide range of problem behaviors, including aggression, bullying, 

and substance abuse. 

Perhaps most critically, SEL plays a vital role in addressing the growing mental health crisis among 

young people. By teaching students to recognize and manage their emotions and seek help when needed, 

SEL provides them with the tools to build resilience and cope with stress. This holistic approach prepares 

students for life beyond the classroom, giving them the emotional intelligence needed to thrive in their 

careers, build strong relationships, and lead fulfilling lives. 

Conclusion 

The role of Social-Emotional Learning in modern education cannot be overstated. By focusing on the 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ǎǘǳŘŜƴǘΩǎ ŜƳƻǘƛƻƴŀƭ ŀƴŘ ǎƻŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜΣ {9[ ǘǊŀƴǎŦƻǊƳǎ ǘƘŜ ƭŜŀǊƴƛƴƎ ŜȄǇŜǊƛŜƴŎŜΣ 

creating a more positive and supportive environment that benefits everyone. It is a necessary complement 

to academic instruction, providing students with a comprehensive skill set that prepares them for the 

complexities of the 21st century. Integrating SEL into the curriculum is a strategic investment in the well-

being and long-term success of the next generation. 
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INNOVATIVE PEDAGOGICAL APPROACHES IN TEACHING  

 

Abstract 

The teaching of social sciences in modern educational institutions must evolve beyond rote 

memorization of theories and historical facts. To prepare students for participation in democratic societies 

and complex global realities, educators are adopting innovative, student-centered approaches. This article 

examines contemporary pedagogical strategies in social science education, including inquiry-based learning, 

simulation, problem-oriented teaching, and civic engagement projects. It explores how these methods 

enhance critical thinking, interdisciplinarity, and social responsibility. The article also discusses challenges in 

assessment and curriculum reform and proposes future directions for transformative social science 

instruction. 

Keywords:  

social science education, critical pedagogy, inquiry-based learning, civic engagement, 

 active learning, interdisciplinary teaching. 

 

Introduction: Reimagining Social Science Classrooms 

In an era of social polarization, digital misinformation, and civic disengagement, teaching the social 

sciences is more importantτand more challengingτthan ever. Traditional lecture-based instruction often 

fails to equip students with the analytical tools and ethical reasoning needed to understand and act on 

societal issues. 

Modern pedagogy in social science calls for a shift toward interactive, reflective, and socially conscious 

learning. Whether in sociology, political science, anthropology, or human geography, educators now 

emphasize participation, problem-solving, and real-world relevance. This article outlines innovative methods 

that help students not only learn about society, but also question, critique, and improve it. 

Contemporary Approaches to Social Science Instruction 

Rather than receiving pre-packaged content, students explore open-ŜƴŘŜŘ ǉǳŜǎǘƛƻƴǎ ǎǳŎƘ ŀǎ ά²Ƙŀǘ 

ŎŀǳǎŜǎ ƛƴŜǉǳŀƭƛǘȅΚέ ƻǊ άIƻǿ Řƻ ōƻǊŘŜǊǎ ǎƘŀǇŜ ƛŘŜƴǘƛǘȅΚέ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ŜƴŎƻǳǊŀƎŜǎ ǊŜǎŜŀǊŎƘΣ ŎƻƭƭŀōƻǊŀǘƛƻƴΣ 

and hypothesis-testing, making students active producers of knowledge. Case studies, thematic 

investigations, and comparative analysis foster deeper understanding and engagement. 

Simulations of elections, negotiations, or court trials allow students to experience the dynamics of 

political and legal systems. Debates on controversial issuesτlike surveillance, climate justice, or 

immigrationτdevelop argumentation skills, empathy, and tolerance for complexity. These methods bring 

abstract theories to life and develop communicative competence. 

Social sciences are uniquely positioned to foster civic responsibility. Service-learning projectsτsuch as 

conducting community surveys, working with NGOs, or creating public awareness campaignsτlink academic 
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content with social action. Students reflect on systemic issues and develop a sense of agency and 

accountability. 

Documentaries, podcasts, interactive maps, and social media analysis help students engage with 

current events and global trends. Combining history, politics, economics, and culture encourages a holistic 

understanding of social phenomena. Digital platforms (e.g., Padlet, Miro, Flip) support collaboration and 

expression across disciplines. 

Conclusion: Teaching for Democracy and Transformation 

Social science education must do more than transmit factsτit must empower students to think 

critically, engage ethically, and act constructively. Through inquiry, simulation, community engagement, and 

interdisciplinary integration, educators can cultivate informed, reflective citizens. 

The challenges of standardization, assessment, and institutional inertia remain. However, by 

prioritizing dialogue over delivery, and questions over answers, we can transform classrooms into 

laboratories of democratic learning. The future of social science teaching lies not in what we cover, but in 

what students uncover about the world and themselves. 
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THE TEACHER'S ROLE IN A TECHNOLOGICAL WORLD 

 

Abstract 

The increasing integration of technology into the classroom is fundamentally reshaping the role of the 

teacher. Far from being replaced by digital tools, educators are evolving from being the primary source of 

information to becoming expert facilitators, mentors, and designers of learning experiences. This article 

explores the changing responsibilities of modern teachers, focusing on their critical functions in a technology-

rich environment. It examines how teachers guide students in navigating vast digital resources, cultivate 

digital literacy and critical thinking, and design engaging, personalized learning pathways that leverage the 

power of technology to foster creativity and collaboration. 

Keywords: 

 teacher's role, educational technology, digital literacy, classroom management, blended learning, facilitator. 
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Main Part 

From Sage on the Stage to Guide on the Side 

Historically, the teacher's primary function was to be the "sage on the stage," possessing and 

disseminating knowledge to students. The rise of the internet and vast digital resources has democratized 

access to information, rendering this traditional role obsolete. In a technological world, a teacher's role is 

shifting to that of a "guide on the side"τa mentor who helps students navigate, analyze, and synthesize the 

information they can now find for themselves. This transformation is not about diminishing the teacher's 

value but about elevating their importance to a more sophisticated level.  

Key Roles of the Modern Teacher 

The modern educator performs several critical functions to effectively integrate technology into the 

classroom: 

Facilitator and Curator of Resources: With a near-infinite amount of information available online, 

students need guidance to find credible, relevant, and accurate sources. The teacher's role is to act as a 

curator, selecting high-quality digital resources and helping students develop the skills to evaluate 

information critically. They facilitate discussions and projects that encourage students to move beyond 

passive consumption to active engagement with content. 

Developer of Digital Literacy and Critical Thinking: Technology is more than just a tool; it is a new 

medium for communication and expression. A teacher must explicitly instruct students on digital literacy, 

including responsible online behavior, data privacy, and the ability to discern fact from fiction. This is 

paramount in a world saturated with misinformation. The teacher's guidance helps students develop the 

critical thinking skills needed to be responsible digital citizens. 

Designer of Personalized Learning Experiences: Technology enables a level of personalization in 

education that was previously impossible. The modern teacher designs learning pathways that leverage 

technology to meet individual student needs. They might use adaptive learning software to provide extra 

practice for struggling students or offer advanced, self-paced modules for those who excel. The teacher's 

expertise in pedagogy allows them to blend digital tools with traditional methods, creating a rich and tailored 

learning experience. 

Promoter of Collaboration and Creativity: Technology can transform a classroom from a collection of 

individual desks into a collaborative hub. Teachers design projects that use online platforms for group work, 

virtual field trips, and creative assignments. They encourage students to use digital tools to express their 

understanding in new ways, such as creating videos, podcasts, or interactive presentations. This fosters 

creativity and teamwork, preparing students for the collaborative nature of the modern workforce. 

Conclusion 

The evolution of the teacher's role in a technological world is a testament to the enduring human 

element of education. While machines can deliver information, they cannot inspire, guide, or mentor. The 

modern teacher is not a deliverer of content but a designer of experiences, a facilitator of knowledge, and a 

crucial guide who prepares students not just for a test, but for a world where technology is a constant and 

powerful presence. 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͟͡Ό;͔͍·͔ ͔ͦͣͨͦͤͤͭ͟· ͍͔͔͎ͤͯͭͪͤͤͦ ͙ͣͪ͊ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͙ͤ͊͟Σ 

͍͟͡Ό;͊Ό΅͙͔ Ήͣͦͼ͙ͦͤ͊͡Έͤͦ-͍͔͍ͦͯ͡Ό ͫͺ͔ͪͯΣ ͎͙͙͍͔ͦͤͭͤͦ͟ ͍͙͙͔ͪ͊ͭ͘Σ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͫ͊ͣͦͦͼ͔͙ͤ͟Σ 

ͼ͔ͤͤͦͫͭͤ·ͻ ͙͔ͦͪͤͭ͊ͼ͙͚ ͙ ͫͦͼ͙͊͡Έͤͦ-͙ͨͫͻ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͍ͯͫͭ͊ͤͦͦ͟Φ ˢ͙ͤ͊͘͡ ͍ͦͫͤͦ͊ͤ ͤ͊ ͍͔͔ͫͦͪͣͤͤ·ͻ 

͒͊ͤͤ·ͻ ͍͚ͦͪ͊ͫͭͤͦ͘ ͙ͨͫͻ͎͙͙ͦͦ͡ ͙ ͔͎͎͙͙ͨ͒͊ͦ͟Φ ˽ͦ͊͊ͤͦ͘͟Σ ;ͭͦ ͍ ͔͙ͨͪͦ͒ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͎ͤͦͦ ͍ͦͪ͊ͫͭ͊͘ 

(6ςмл ͔ͭ͡ύ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͙͔͙͍͔ͤͭͤͫͤͦ ͍͙͙͔ͪ͊ͭ͘ ͫͭͪͯͭͯͪ͟ ͍͔͔͎ͤͯͭͪͤͤͦ ͙ͣͪ͊Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͻ ͒͊͡Έ͔͚ͤ΄ͯΌ 

͙͡;ͤͦͫͭͤͯΌ ͙͙͒ͤ͊ͣͯ͟ ͙ ͔ͯͫͨ΄ͤͦͫͭΈ ͦ͋ͯ;͔͙ͤΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͍͔͙͚ͤͯͭͪͤͤ ͙ͣͪΤ ͣ͊͒͡΄͙͚ ΄ͦ͟͡Έ͙ͤ͟Τ Ήͣͦͼ͙ͦͤ͊͡Έͤͦ-͍͔͍ͦ͊͡Ύ ͫͺ͔ͪ͊Τ ͎͙͙͍͔ͦͤͭͤͦ͟ ͍͙͙͔ͪ͊ͭ͘Τ 

ͫ͊ͣͦͦͼ͔ͤ͊͟Τ ͙͔͙͒ͤͭ;ͤͦͫͭΈΤ ͯ;͔͋ͤ͊Ύ ͙͍ͣͦͭ͊ͼ͙ΎΤ ΄ͦ͟͡Έͤ͊Ύ ͊͒͊ͨͭ͊ͼ͙ΎΦ 

 

Khayidov Rakhman Berdievich 

Teacher of the subject of life support 

Secondary specialized school with a natural bias 

No. 44 of Ashgabat city 

 

INNER WORLD OF A YOUNGER SCHOOLCHILD 

 

Abstract 

The article discusses the key components of the inner world of a younger schoolchild, including the 

emotional and volitional sphere, cognitive development, the formation of self-esteem, value orientations, 

and socio-psychological attitudes. The analysis is based on modern data from developmental psychology and 

pedagogy. It is shown that during the period of primary school age (6ς10 years), there is an intensive 

development of the inner world structures that determine further personal dynamics and learning success. 

 

Keywords: 

 inner world; primary school student; emotional and volitional sphere; cognitive development; 

 self-esteem; identity; learning motivation; school adaptation. 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

159 

͔͔͙́ͦͪͭ;͔͙͔ͫ͟ ͍͙ͦͫͤͦ͊ͤΎ ͙ͯ͘;͔͙ͤΎ ͍͔͔͎ͤͯͭͪͤͤͦ ͙ͣͪ͊ ͔͔ͪ͋ͤ͊͟ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͎ͤͦͦ ͍ͦͪ͊ͫͭ͊͘ 

˽ͦͤΎ͙͔ͭ ζ͍͔͙͚ͤͯͭͪͤͤ ͙ͣͪη ͍ ͙ͨͫͻ͎͙ͦͦ͡;͔͚ͫͦ͟ ͔ͤ͊ͯ͟ ͔ͭͪ͊ͭͯͭͫ͟Ύ ͊͟͟ ͍ͫͦͦͯͨͤͦͫͭ͟Έ 

Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͦ ͔͔ͫ͋ ͙ ͎͙͒ͪͯͻΣ ͔͔͙͚ͯ͋͗͒ͤΣ ͔͔͚ͨͦͭͪ͋ͤͦͫͭΣ ͙͍ͣͦͭ͊ͼ͙͙ ͙ 

͔ͣͻ͙͍͊ͤͣͦ͘ ͔͎ͫ͊ͣͦͪͯ͡Ύͼ͙͙Φ ̂ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͙ͤ͊͟ Ήͭͦͭ ͔ͦͣͨͫ͟͟͡ ͤ͊ͻ͙ͦ͒ͭͫΎ ͍ ͙͙ͫͭ͊͒ ͙͍͎͊ͭͤͦͦ͟ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΎΦ ˤ Ήͭͦͭ ͔͙ͨͪͦ͒ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͔͔ͨͪͻͦ͒ ͦͭ ͙͎͍͎ͪͦͦͦ ͙ͭͨ͊ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͟ ͯ;͔͋ͤͦͣͯΣ ;ͭͦ 

͔͔ͭͪ͋ͯͭ ͍ͨͦ·΄͔͙ͤΎ ͍ͯͪͦͤΎ ͙͍ͨͪͦͦ͘͡Έ͙ͤͦͫͭΣ ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͍͙͙ͤͣ͊ͤΎ ͙ ͙ͦͫͦͤ͊ͤͤͦͫͭ͘ ͍͔ͫͦ͋ͫͭͤͤ·ͻ 

͔͔͙͍͙͚ͨͪ͗͊ͤΦ 

ˤͦͪ͊ͫͭ͘ сςмл ͔ͭ͡ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈΌ ͟ ͍͙͙ͪ͊ͭ͘Ό ͔ͪͺ͔͙͙ͫ͟͡Σ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ 

͍͚͋͊ͦͦ͘ ͯ;͔͚͋ͤͦ ͙͍ͣͦͭ͊ͼ͙͙ ͙ ͍͔͙ͯͫͦͤΌ ͫͦͼ͙͊͡Έͤ·ͻ ͤͦͪͣΦ ͙̏ͭ ͨͪͦͼ͔ͫͫ· ͫͦ͒͊͘Όͭ ͍ͦͫͤͦͯ ͒͡Ύ 

͙͍͙ͫͭͪͯͭͯͪͪͦ͊ͤ͟Ύ ͍͔͔͎ͤͯͭͪͤͤͦ ͙ͣͪ͊Φ 

̏ͣͦͼ͙ͦͤ͊͡Έͤ͊Ύ ͫͺ͔ͪ͊ ͙ ͔ͣͻ͙͊ͤͣ͘· ͍͔͍͚ͦͦ͡ ͔͎ͪͯ͡Ύͼ͙͙ 

̏ͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͙ͤ͊͟ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍Υ 

ς ͪ ͊ͫ΄͙͔͙͙ͪͤ ͙͒͊ͨ͊ͦͤ͊͘ ͔͔͙͍͔ͨͪ͗͊ͣ·ͻ Ήͣͦͼ͙͚Τ 

ς ͨ ͔͔ͦͫͭͨͤͤͦͣ ͔͔ͨͪͻ͔ͦ͒ ͦͭ ͙ͣͨͯ͡Έ͙͍ͫͤ·ͻ ͔ͪ͊͟ͼ͙͚ ͟ ͙͔ͦͤͭͪͦͪͯͣ͟͡·ͣΤ 

ς ͨ ͦΎ͍͔͙͙ͤ͡ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͙ͨͦͤͣ͊ͭΈ ͙ ͙ͦͨͫ·͍͊ͭΈ ͍͔ͫͦ͋ͫͭͤͤ·͔ ;͍͍ͯͫͭ͊Φ 

ˤ͔͍ͦ͡·͔ ͨͪͦͼ͔ͫͫ· ͤ͊ͻͦ͒ΎͭͫΎ ͤ͊ Ή͔ͭ͊ͨ ͍͔͙ͫͭ͊ͤͦͤ͡ΎΦ ˾͔͔͋ͤͦ͟ ͯ;͙ͭͫΎ ͍͙ͫͭ͊ͭΈ ͯ;͔͋ͤ·͔ ͼ͔͙͡Σ 

͍·ͨͦͤ͡ΎͭΈ ͙ͤͫͭͪͯ͟ͼ͙͙Σ ͔͔͍ͨͪͦ͒ͦ͊ͭ͡Έ ͙ͭͪͯ͒ͤͦͫͭΦ ˾͍͙͙͔͊ͭ͘ ͙͍ͨͪͦͦ͘͡Έ͙ͤͦͫͭ ͍ͫΎ͊ͤͦ͘ ͫ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ 

͍͔͔͎ͤͯͭͪͤͤͦ ͨ͊ͤ͊͡ ͔͚͍͙͚͒ͫͭΦ 

 ˴ ͎͙͙͍ͦͤͭͤ·͔ ͫͭͪͯͭͯͪ͟· ͍͔͔͎ͤͯͭͪͤͤͦ ͙ͣͪ͊ 

˴͎͙͙͍͔ͦͤͭͤͦ ͍͙͙͔ͪ͊ͭ͘ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔ͪ͋ͤͯ͟ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈ ͫͦ͋·͙ͭΎ ͙ 

ͺ͙͍ͦͪͣͪͦ͊ͭΈ ͍͔͙͔ͤͯͭͪͤͤ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͙͔ͣͪΦ ͔̇ͤͭͪ͊͡Έͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ ͍͟͡Ό;͊ΌͭΥ 

ς ͪ ͍͙͙͔͊ͭ͘ ͎͙ͦ͡;͔͙ͫ͟ͻ ͔ͦͨͪ͊ͼ͙͚ ͙ ͙ͨͪ;͙ͤͤͦ-͔͍͔͎ͫ͒ͫͭͤͤͦͦ͡ ͣ·΄͔͙ͤ͡ΎΤ 

ς ͅ ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍ͦ͋ͪ͊ͦ͘ ͨ͊ͣΎ͙ͭ ͙ ͍ͨͦ·΄͔͙͔ͤ ͔͔ ͙͍ͨͪͦͦ͘͡Έ͙ͤͦͫͭΤ 

ς ͪ ͊ͫ΄͙͔͙͔ͪͤ ͨͦͤΎ͙͚͎ͭͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ ͙ ͙͍͊ͭͤͯ͟Ό ͍͔͙ͪ͋͊͊͘͡ͼ͙Ό ͦͨ·ͭ͊Φ 

͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͫ͊ͣͦͦͼ͔͙ͤ͟ ͙ ͙͔͙͒ͤͭ;͙ͤͦͫͭ 

˿͊ͣͦͦͼ͔ͤ͊͟ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͙ͤ͊͟ ͙͔͔ͣͭ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͎ͦ͋͊͡͡Έͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ ˤ͔ͤ΄ͤΎΎ 

ͦͼ͔ͤ͊͟ ͫͦ ͫͭͦͪͦͤ· ͍ͪͦͫ͘͡·ͻ ͔ͦͫͭ͊ͭͫΎ ͙͙͒ͦͣͤͪͯΌ΅͙ͣ ͺ͊ͭͦͪͦͣ͟Φ ˽͔͔ͦͫͭͨͤͤͦ ͺ͙ͦͪͣͪͯΌͭͫΎΥ 

ς ͨ ͔͍͙ͪ;ͤ·͔ Ή͔͔ͣͤͭ͡· ̒-ͦͤ͟ͼ͔ͨͼ͙͙Τ 

ς ͫ ͨͦͫͦ͋ͤͦͫͭΈ ͍͙͍ͫͪ͊ͤ͊ͭΈ ͔ͫ͋Ύ ͫ ͎͙͙͒ͪͯͣ ͔͒ͭΈ͙ͣΤ 

ς ͨ ͙͙͔ͦͤͣ͊ͤ ͙͡;ͤ·ͻ ͎͙ͪ͊ͤͼ ͙ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͙ͤͦͫͭΦ 

˿ͦͼ͙͊͡Έͤͦ-͙ͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔ͦͣͨͦͤͤͭ͟· ͍͔͔͎ͤͯͭͪͤͤͦ ͙ͣͪ͊ 

˾͊ͫ΄͙͔͙͔ͪͤ ͎ͪͯ͊͟ ͫͦͼ͙͊͡Έͤ·ͻ ͍ͦͤͭ͊ͭͦ͟͟ ͍ ΄͔ͦ͟͡ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͍ͤ͊·͍ͦ͟ ͫͦͼ͙͊͡Έ͎ͤͦͦ 

͍͙ͦͫͨͪΎ͙ͭΎΦ ͙̅ͦͪͣͪͯΌͭͫΎ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡Σ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭΣ ͍͋͊ͦ͘·͔ ͼ͔ͤͤͦͫͭͤ·͔ 

͙͔ͦͪͤͭ͊ͼ͙͙ ͙ ;͍͍ͯͫͭͦ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ ͎͔ͪͯͨͨΦ 

˸͙͍ͦͭ͊ͼ͙ͦͤͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ 

̂;͔͋ͤ͊Ύ ͙͍ͣͦͭ͊ͼ͙Ύ ͨͪͦͻ͙ͦ͒ͭ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ό ͦͭ ͍͔ͤ΄͙ͤͻ ͙͍ͫͭͣͯͦ͡ ͟ ͍͔͙ͤͯͭͪͤͤͣΦ ͙̅ͦͪͣͪͯΌͭͫΎ 

͍͔ͨͦͤ͊͊ͭ͘͡Έͤ͊Ύ ͔ͨͦͭͪ͋ͤͦͫͭΈΣ ͙͔͔ͤͭͪͫ ͟ ͔ͪͯ͘͡Έͭ͊ͭ͊ͣ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ Ή͔͔ͣͤͭ͡· ͍͔͔͎ͤͯͭͪͤͤͦ ͦͯͫ͊͟͡ 

ͦͤͭͪͦ͟͡ΎΦ 

˾ͦ͡Έ ͔ͫͪ͒· ͙ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫͦ ͍ͪͦͫ͘͡·͙ͣ 

ˤ͔͙͚ͤͯͭͪͤͤ ͙ͣͪ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͙ͤ͊͟ ͺ͙͔ͦͪͣͪͯͭͫΎ ͨͦ͒ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͔͔͚͎ͫͣͤͦͦ ͍͙͙ͦͫͨͭ͊ͤΎΣ 

Ήͣͦͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͺͦͤ͊ ͦ͋΅͔͙ͤΎΣ ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͙ͨͦ͘ͼ͙͙ ͯ;͙͔ͭ͡Ύ ͙ ΄ͦ͟͡Έ͚ͤͦ ͯ͟͡Έͭͯͪ·Φ 

ˤ͔͙͚ͤͯͭͪͤͤ ͙ͣͪ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͙ͤ͊͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦ͗ͤͯ͡Ό ͙͙͒ͤ͊ͣ;͔ͫͯ͟Ό ͙͔ͫͫͭͣͯΦ ˤ 

͍͔ͦͪ͊ͫͭ͘ сςмл ͔ͭ͡ ͊͊͒͘͟͡·͍͊ΌͭͫΎ ͍ͦͫͤͦ· Ήͣͦͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͔͎͙͍͙ͪ͊ͪͦ͊ͤΎΣ ͙͍ͣͦͭ͊ͼ͙͙ ͙ ͎͙͙͍ͦͤͭͤ͟·ͻ 

͔ͣͻ͙͍͊ͤͣͦ͘Φ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˣ͍͙ͦ͗ͦ; ˶ΦˮΦ ˶͙;ͤͦͫͭΈ ͙ ͔͔ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍ ͔͒ͭͫͦͣ͟ ͍͔ͦͪ͊ͫͭ͘Φ ˸ΦΥ ˽͍͔ͪͦͫ΅͔͙͔ͤΣ нллуΦ 

нΦ ˤ·͎͙͚ͦͭͫ͟ ˶Φ˿Φ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ͔͔ͪ͋ͤ͊͟Φ ˸ΦΥ ˽͍͔ͪͦͫ΅͔͙͔ͤΣ нлмпΦ 

оΦ ˴͍͍ͦͤͦ͊ͦ͊͡ ˿ΦˤΦ ˿͊ͣͦͦͼ͔ͤ͊͟ ͣ͊͒͡΄͙ͻ ΄ͦ͟͡Έ͙͍ͤͦ͟Υ ͔ͣͻ͙͊ͤͣ͘· ͍͙͙ͪ͊ͭ͘ΎΦ ˿˽͋ΦΥ ˾͔;ΈΣ нлмнΦ 

пΦ ˴͙ͯͨͪΎ͍ͤͦ ˣΦˤΦ ˾͍͙͙͔͊ͭ͘ ̒-ͦͤ͟ͼ͔ͨͼ͙͙ ͍ ͣ͊͒͡΄͔ͣ ΄ͦ͟͡Έͤͦͣ ͍͔ͦͪ͊ͫͭ͘Φ ˸ΦΥ ˮ͙ͤͫͭͭͯͭ ͙ͨͫͻ͎͙͙ͦͦ͡ ˾ˢ˹Σ 

2015. 

рΦ ̏͡Έ͙ͦͤͤ͟ ˨ΦˣΦ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͦ͋ͯ;͔͙ͤΎ ͣ͊͒͡΄͔͎ͦ ΄ͦ͟͡Έ͙ͤ͊͟Φ ˸ΦΥ ˽͍͔ͪͦͫ΅͔͙͔ͤΣ мфуфΦ 

сΦ ̏͡Έ͙ͦͤͤ͟ ˨ΦˣΦ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͙͎ͪ·Φ ˸ΦΥ ˽͔͎͎͙͒͊ͦ͊͟Σ мфтп 

ϭ ͙͍̆͊͒ͦ ˾ΦˣΦΣ нлнр  

 

 

  



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

161 

 

 
  



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

162 

Shyhmyradov Rovshen, lecturer 

Myrat Garryyev State Medical University of Turkmenistan 

Ashgabat, Turkmenistan  

Ovezova Gulzada, student  

Pedagogical secondary vocational school named after Berdimuhamed Annaev of Arkadag city 

Arkadag, Turkmenistan 

 

TEACHING MICROBIOLOGY AND IMMUNOLOGY  

 

Abstract 

Microbiology and immunology are fundamental disciplines for the education of future specialists in 

medicine, biotechnology, veterinary science, and environmental health. Microbiology provides knowledge of 

microorganisms, while immunology focuses on the bodȅΩǎ ŘŜŦŜƴǎŜ ƳŜŎƘŀƴƛǎƳǎΦ ¢ŜŀŎƘƛƴƎ ǘƘŜǎŜ ǎǳōƧŜŎǘǎ 

equips students with theoretical understanding, practical laboratory skills, and analytical abilities necessary 

for professional competence in healthcare, research, and industrial applications. This article examines the 

importance of teaching microbiology and immunology in preparing future specialists, emphasizing laboratory 

practice, theoretical instruction, and interdisciplinary integration. 

Keywords: 

microbiology, immunology, education, future specialists, laboratory skills, microorganisms, immune system. 

 

Effective teaching of microbiology and immunology requires a combination of theoretical instruction 

and practical experience. Students study bacteria, viruses, fungi, and protozoa, as well as host-pathogen 

interactions and immune responses. Key topics include microbial physiology, pathogenicity, antigen-antibody 

interactions, innate and adaptive immunity, and immunological disorders. Understanding these concepts is 

critical for fields such as medicine, biotechnology, public health, and veterinary science. 

Practical laboratory work is central to microbiology and immunology education. Techniques such as 

microbial culturing, staining, microscopy, molecular diagnostics, ELISA, flow cytometry, and immune assays 

allow students to observe microorganisms and analyze immune responses. Laboratory experience teaches 

precision, proper handling of biological materials, sterile techniques, and biosafety practices, all essential for 

professional competence. 

Modern technology enhances the teaching of microbiology and immunology. Digital simulations, 

virtual labs, and bioinformatics tools enable students to model microbial interactions, analyze genomic and 

proteomic data, and explore immune system mechanisms. Integration of technology complements 

traditional laboratory exercises and prepares students for contemporary research, clinical diagnostics, and 

industrial applications. 

Interdisciplinary integration is also vital. Microbiology and immunology intersect with molecular 

biology, biochemistry, pathology, epidemiology, and environmental science. This allows students to apply 

their knowledge in vaccine development, disease prevention, food safety, environmental monitoring, and 

immunotherapy. A holistic approach equips future specialists to address complex problems in human, 

animal, and environmental health. 

In conclusion, teaching microbiology and immunology is essential for preparing future specialists who 

are knowledgeable, skilled, and capable of addressing scientific and professional challenges. Combining 

theoretical instruction, practical laboratory experience, modern technological tools, and interdisciplinary 

approaches ensures that students acquire the competencies necessary for success in research, healthcare, 

industry, and public healthΌ Microbiology is essential for preparing future specialists who are 
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knowledgeable, skilled, and capable of addressing scientific and professional challenges. Combining 

theoretical instruction, practical laboratory experience, modern technological tools, and interdisciplinary 

approaches ensures that students acquire the competencies necessary for success in research, healthcare, 

industry, and environmental management. 
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       ˢ͙͔͍͊͘͘ ˸ͯͻ͔͊͋͋ͭ ͎͔̏ͪ΄͍ͦͤ͊Σ 

 s ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙ͨͫͻ͎͙͙ͦͦ͡ ͙ ͎͙͙ͤ͊ͪͦͦ͟͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˻˽˾˩˨˩˶˩˹ˮ˩ ́˩˸˽˩˾ˢ˸˩˹́ˢ ̂ ˿˽˻˾́˿˸˩˹˻ˤΥ ́˩˻˾˩́ˮ̉˩˿˴ˮ˩  

˽˻˨̆˻˨̍ ˮ ˽˾ˢ˴́ˮ̉˩˿˴˻˩ ˭˹ˢ̉˩˹ˮ˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔ͨͪͦ͋ͣ͊͡ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͙ ͯ;͔ͭ͊ ͔͔͔ͭͣͨͪ͊ͣͤͭ͊ ͍ ͙͍͚ͫͨͦͪͭͤͦ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͙͊ͫͫ͟͡;͔͙͔ͫ͟ ͯ;͔͙ͤΎ ͦ ͔͔͔͔ͭͣͨͪ͊ͣͤͭ ό˥͙ͨͨͦͪ͊ͭ͟π˥͔͊ͤ͡Σ ˮΦ˽Φ ˽͍͍͊ͦ͡ύ ͙ 

͍͔͔ͫͦͪͣͤͤ·͔ ͙ͨͫͻͦͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒·Σ ͍ͫΎ͘·͍͊Ό΅͙͔ ͍͚͍ͫͦͫͭ͊ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· ό͙ͫ͊͡Σ 

͍͙ͨͦ͒͗ͤͦͫͭΈΣ ͍͍͔ͯͪ͊ͤͦ΄͔ͤͤͦͫͭΈύ ͫ ͙͙ͭͨ͊ͣ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ ͙ͻ ͨͪͦΎ͍͔͙ͤ͡Ύ͙ͣ ͍ 

͍͔͔͙͙ͨͦ͒ͤ ͔ͫͨͦͪͭͫͣͤ͊Φ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟ΎΣ ;ͭͦ ͔͔͔ͭͣͨͪ͊ͣͤͭ ͊͟͟ ͚ͯͫͭͦ;͙͍͊Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ 

͙͙͍͙ͤ͒͒ͯ͊͡Έ͎ͤͦͦ ͙ͫͭ͡Ύ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͍͙͡Ύ͔ͭ ͤ͊ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡Έ ͟ ͔͔͔ͦͨͪ͒ͤͤ͡·ͣ ͍͙͒͊ͣ ͫͨͦͪͭ͊Σ 

ͫͦͪͦͫͭ͟Έ ͍͔͙ͦͫͦͤΎ ͍ͤ͊·͍ͦ͟Σ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ ͔ͫͭͪͫͫͯ ͙ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͍ ͔ͦͣ͊ͤ͒͟Φ 

˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͔ͣͭͦ͒· ͦͼ͔͙ͤ͟ ͔͔͔ͭͣͨͪ͊ͣͤͭ͊ ό͙͙ͦͨͪͦͫͤ͟Σ ͔͍ͭͫͭͦ·͔ ͔͙͙ͣͭͦ͒͟Σ 

ͤ͊͋͡Ό͔͙͔͒ͤύ ͙ ͙ͻ ͙͔͔͙͔ͨͪͣͤͤ ͒͡Ύ ͙͙͍͙͙ͤ͒͒ͯ͊͊͘͡ͼ͙͙ ͔͙͍ͭͪͤͪͦͦ;͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Σ ͙ͨͫͻ͎͙ͦͦ͡;͔͚ͫͦ͟ 

͎͍͙ͨͦ͒ͦͭͦ͟ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͍ͫͨͦͪͭͤ·ͻ ͔͙͍͍ͦͭͦ͟͟͡͡Φ ˨͔͔͊ͭͫ͡Ύ ͍·͍ͦ͒ ͦ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ 

ͨͦ͒ͻͦ͒͊Σ ͎͔͒ ͙ͭͨ ͔͔͔ͭͣͨͪ͊ͣͤͭ͊ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͺ͍͊ͭͦͪͦ͟Σ ͊ ͔ͤ ͊͋ͫͦ͡Όͭͤ·ͣ ͔͔͙͒ͭͪͣͤ͊ͤͭͦͣ 

͙͍͎ͫͨͦͪͭͤͦͦ ͔ͯͫͨͻ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͭ ͔͔͔ͣͨͪ͊ͣͤͭΣ ͔ͫͨͦͪͭͫͣͤΣ ͍͚͍ͫͦͫͭ͊ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Σ ͙ͭͨ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ όˤ˹˨ύΣ 

͎͍͙͙ͫ͊ͤͤ͟Σ ͻ͔͙ͦͪ͟͡Σ ͺ͔͎͙ͣ͊ͭ͟͡Σ ͔ͣ͊ͤ͡ͻ͙ͦ͟͡Σ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͚ ͙ͫͭ͡Έ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͙͍ͫͨͦͪͭͤ͊Ύ 

͙ͨͫͻ͙͎͙ͦ͒͊ͤͦͫͭ͊͟Σ ͙ͨͫͻ͎͙ͦͦ͡;͔͙͚ͫ͟ ͦͭ͋ͦͪΣ ͔͚ͫͭͪͫͫͦͯͫͭͦ;͙͍ͦͫͭΈΣ ͙͍ͣͦͭ͊ͼ͙ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˤ ͍͔͔ͫͦͪͣͤͤͦͣ ͔ͫͨͦͪͭΣ ͎͔͒ ͺ͙͙͘;͔͙͔ͫ͟ ͙ͦͤ͒͟ͼ͙͙ ͔͍ͫͨͦͪͭͫͣͤͦ ͍·ͫ΄͔͎ͦ ͍ͯͪͦͤΎ ͊͘;͊ͫͭͯΌ 

͍͙͍ͯͪ͊ͤ͊ΌͭͫΎΣ ͙ͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· ͍ͫͭ͊ͤͦΎͭͫΎ ͟͡Ό;͔͍·ͣ ͙͒ͺͺ͔͔ͪͤͼ͙ͪͯΌ΅͙ͣ Ή͔͔ͣͤͭͦͣ͡Φ 

͔͔͔́ͣͨͪ͊ͣͤͭΣ ͙͔ͨͦͤͣ͊ͣ·͚ ͊͟͟ ͍͔ͪͦ͗͒ͤͤ͊ΎΣ ͙ͦͤͫͭͭͯ͟ͼ͙ͦͤ͊͡Έͤͦ ͍͔ͦ͋ͯͫͦͤͤ͊͡͡Ύ ͍ͫͦͦͯͨͤͦͫͭ͟Έ 
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͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙ͨͫͻ͙͙͟Σ ͺ͙͔ͦͪͣͪͯͭ ͭͦͭ ͺ͔ͯͤ͒͊ͣͤͭΣ ͤ͊ ͦͭͦͪͦͣ͟ ͙ͫͭͪͦͭͫΎ 

͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͚ ͙ͫͭ͡Έ ͙͍͚ͫͨͦͪͭͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͫͦͪͦͫͭ͟Έ ͔͎͙͍͙ͪ͊ͪͦ͊ͤΎ ͙ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ 

͔͍͍͔ͫͦͪͤͦ͊ͭ͡Έͤͦͣͯ ͔ͫͭͪͫͫͯΦ 

͔͔͙́ͦͪͭ;͔͙͔ͫ͟ ͍ͦͫͤͦ·Υ ͦͭ ͙͍ͭͨͦ ͟ ͍͚͍ͫͦͫͭ͊ͣ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· 

˴͙͊ͫͫ͡;͔ͫ͊͟Ύ ͙͎͙ͭͨͦͦ͡ΎΣ ͍ͦͫͻͦ͒Ύ΅͊Ύ ͟ ˥͙ͨͨͦͪ͊ͭͯ͟ ͙ ˥͔͊ͤͯ͡Σ ͍·͔͒͡Ύ͔ͭ ;͔ͭ·͔ͪ ͙ͭͨ͊ 

͔͔͔ͭͣͨͪ͊ͣͤͭ͊Υ ͻ͔͙ͦͪ͟͡Σ ͎͍͙͙ͫ͊ͤͤ͟Σ ͺ͔͎͙ͣ͊ͭ͟͡ ͙ ͔ͣ͊ͤ͡ͻ͙ͦ͟͡Φ ˹͊ͯ;ͤͯΌ ͋͊ͯ͘ ͨͦ͒ Ήͭͦ ͯ;͔͙͔ͤ ͍͔ͨͦ͒͡ ˮΦ˽Φ 

˽͍͍͊ͦ͡Σ ͍ͫΎ͍͊͘ ͙ͭͨ· ͔͔͔ͭͣͨͪ͊ͣͤͭ͊ ͫ ͙ͦͣ͋ͤ͊͟ͼ͙Ύ͙ͣ ͦ ͍ͫͤͦͤ·ͻ ͍͚͍ͫͦͫͭ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· ό˿˹˿ύΥ 

¶ ˿͙͊͡ ό͍·͙͍ͤͦͫͦͫͭ͡ΈΣ ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭΈ ͔͍ͤͪͤ·ͻ ͔ͭͦ͟͟͡ύΦ 

¶ ͍͍͔̂ͪ͊ͤͦ΄͔ͤͤͦͫͭΈ ό͋͊͊ͤͫ͡ ͨͪͦͼ͔͍ͫͫͦ ͍͔͙ͦ͋ͯ͗͒ͤ͘Ύ ͙ ͔͙ͭͦͪͣͦ͗ͤΎύΦ 

¶ ˽͍͙ͦ͒͗ͤͦͫͭΈ όͫͦͪͦͫͭ͟Έ ͔ͫͣͤ· ͨͪͦͼ͔͍ͫͫͦ ͍͔͙ͦ͋ͯ͗͒ͤ͘Ύ ͙ ͔͙ͭͦͪͣͦ͗ͤΎύΦ 

˿͍͔͍͔ͦͦͭͭͫͭͤͤͦΥ 

¶ ˿͎͍͙͙͊ͤͤ͟Υ ˿ ͙͡Έͤ·͚Σ ͍͍͔ͯͪ͊ͤͦ΄͔ͤͤ·͚Σ ͍͙ͨͦ͒͗ͤ·͚ ͙ͭͨ ˤ˹˨Φ ˣ·ͫͭͪ͊Ύ ͊͒͊ͨͭ͊ͼ͙ΎΣ ͍·ͫͦ͊͟Ύ 

ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭΈΣ Ήͣͦͼ͙ͦͤ͊͡Έͤ͊Ύ ͚ͯͫͭͦ;͙͍ͦͫͭΈΦ 

¶ ͔͙̆ͦͪ͟͡Υ ˿ ͙͡Έͤ·͚Σ ͔͍͍͔ͤͯͪ͊ͤͦ΄͔ͤͤ·͚ ό͔͙͔ͨͪͦ͋͊͒͊ͤ͡ ͍͔͙ͦ͋ͯ͗͒ͤ͘ΎύΣ ͍͙ͨͦ͒͗ͤ·͚Φ ˤ·ͫͦ͊͟Ύ 

͙͍͊ͭͤͦͫͭ͟ΈΣ Ή͔͎͙ͤͪ;ͤͦͫͭΈΣ ͫͦͤͤͦͫͭ͟͡Έ ͟ Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͣ ͍ͫͨ·΄͊ͣ͟Φ 

¶ ͔͎͙̅ͣ͊ͭ͟͡Υ ˿ ͙͡Έͤ·͚Σ ͍͍͔ͯͪ͊ͤͦ΄͔ͤͤ·͚Σ ͙͔ͤͪͭͤ·͚Φ ˤ·ͫͦ͊͟Ύ ͍·͙͍ͤͦͫͦͫͭ͡ΈΣ ͚ͯͫͭͦ;͙͍ͦͫͭΈΣ 

͚͍͙͔ͫͨͦͦͫͭ͟Σ ͤͦ ͔͔͔ͣ͒ͤͤͦ͡ ͔͔ͨͪ͟͡Ό;͔͙͔ͤΦ 

¶ ˸͔͊ͤ͡ͻ͙ͦ͟͡Υ ˿ ͊͋͡·͚ ͙ͭͨ ˤ˹˨Φ ˤ·ͫͦ͊͟Ύ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈΣ ͋·ͫͭͪ͊Ύ ͯͭͦͣ͡Ύ͔ͣͦͫͭΈΣ ͎͙ͯ͋ͤ͊͡ 

Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͻ ͔͔͙͍͙͚ͨͪ͗͊ͤΣ ͫͦͤͤͦͫͭ͟͡Έ ͟ ͔͍͙ͭͪͦ͗ͤͦͫͭΦ 

˽ͪͦΎ͍͔͙͔ͤ͡ ͔͔͔ͭͣͨͪ͊ͣͤͭ͊ ͍ ͙͍͚ͫͨͦͪͭͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 

͔͔͔́ͣͨͪ͊ͣͤͭ ͔ͤ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͍͔ͯͪͦͤΈ ͔͍ͣ͊ͫͭͪͫͭ͊Σ ͤͦ ͍͙͡Ύ͔ͭ ͤ͊ ͟ ͊͟ ͫ ͔ͨͦͪͭͫͣͤ ͔͎ͦ ͙͎͔͒ͦͫͭ͊ͭΥ 

мΦ ˤ·͋ͦͪ ͍͙͒͊ ͫͨͦͪͭ͊Υ ̆ ͔͙͙ͦͪ͟͡ ͙ ͎͍͙͙͙ͫ͊ͤͤ͟ ;͊ͫͭͦ ͭΎ͎͔ͦͭΌͭ ͟ ͫͦͪͦͫͭͤͦ͟πͫ ͙͍ͦ͡·ͣΣ ͙͎͍ͪͦ·ͣ 

͍͙͒͊ͣΣ ͔͙͍͒ͤͦ͋ͦͪͫͭ͊ͣ ό͔ͭͪ͋ͯΌ΅͙ͣ ͋·͚ͫͭͪͦ ͔ͪ͊͟ͼ͙͙ ͙ ͙͙ͤͼ͙͙͍͊ͭ·ύΦ ͔͎͙͙̅ͣ͊ͭ͟͡ ͎ͣͦͯͭ ͔͔ͨͪͯͫͨͭΈ ͍ 

͍͙͒͊ͻΣ ͔ͭͪ͋ͯΌ΅͙ͻ ͍·͙͍͙ͤͦͫͦͫͭ͡Σ ͭͦ;͙ͤͦͫͭΣ ͙ͭ͊ͭ͟;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡Ύ όͣ͊ͪ͊ͺͦͤΣ ΄͊ͻͣ͊ͭ·Σ ͔ͫͭͪ͡Έ͋͊ύΦ 

˸͔͊ͤ͡ͻ͙͙ͦ͟͡Σ ͦ͋͊͒͊͡Ύ ͍·͚ͫͦͦ͟ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈΌΣ ͎ͣͦͯͭ ͨͪͦΎ͍͙ͭΈ ͔ͫ͋Ύ ͍ ͍͙͒͊ͻΣ ͎͔͒ ͍͊͗ͤ͊ ͭͦͤ͊͟Ύ 

͙ͦͦͪ͒ͤ͊͟ͼ͙Ύ ͙ Ή͔͙ͫͭͭ͊͟ όͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ͊Ύ ͎͙͙ͣͤ͊ͫͭ͊͟Σ ͺ͙͎͔ͯͪͤͦ ͙͔͊ͭ͊ͤ͟ύΦ 

нΦ ˻͍͔͙͔ͫͦͤ ͍ͤ͊·͍ͦ͟Υ ˿ ͎͍͙͙͙͊ͤͤ͟ ͙ ͻ͔͙͙ͦͪ͟͡ ͫͻ͍͊ͭ·͍͊Όͭ ͍͔ͤͦͦ ͋·ͫͭͪͦΣ ͤͦ ͎ͣͦͯͭ ͋·ͭΈ 

͍͔ͨͦͪͻͤͦͫͭͤ·Φ ͔͎͙͙̅ͣ͊ͭ͟͡ ͙ ͔ͣ͊ͤ͡ͻ͙͙ͦ͟͡ ͯ;͊ͭͫΎ ͔͔͔͔ͣ͒ͤͤ͡Σ ͤͦ ͔͔͋ͦ͡ ͍͔ͦͫͤͦ͊ͭ͡ΈͤͦΦ 

оΦ ˿͔͍͍͔ͦͪͤͦ͊ͭ͡Έͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΥ ̆ ͔͙͙ͦͪ͟͡ ͫͦͤͤ͟͡· ͟ ͙ͪͫͯ͟ ͙ ζ͔͍͚ͨͪ͒ͫͭ͊ͪͭͦͦ ͙͡ͻ͔ͦͪ͊͒͟ηΣ 

͎͍͙͙͙ͫ͊ͤͤ͟ ͯ͡;΄͔ ͙ͦͤͭͪͦͪͯ͟͡Όͭ Ήͣͦͼ͙͙Σ ͺ͔͎͙͙ͣ͊ͭ͟͡ ͫͦͻͪ͊ͤΎΌͭ ͻ͍͙͔͊͒ͤͦͪͦ͟͡Σ ͔ͣ͊ͤ͡ͻ͙͙ͦ͟͡ 

͙͔͔ͤ͊͋ͦ͡ ͯΎ͍͙ͣ͘· ͟ ͔ͫͭͪͫͫͯ ͔ͤͯ͒͊;Φ 

пΦ ˴͔ͦͣ͊ͤ͒ͤͦ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘Υ ˿ ͎͍͙͙͙͊ͤͤ͟ τ ͻͦͪͦ΄͙͔ ζ͔͚͟͡η ͦͣ͊ͤ͒͟·Σ ͻ͔͙͙ͦͪ͟͡ τ 

͎͔͔ͤͪ͊ͭͦͪ· ͙͔͚͒ ͙ ͙͊ͭ͊͟Σ ͺ͔͎͙͙ͣ͊ͭ͟͡ τ ͙͙͙ͫͭ͊͋ͪͯ͘͡Ό΅͔͔ Ύ͒ͪͦΣ ͔ͣ͊ͤ͡ͻ͙͙ͦ͟͡ τ ;͙͔ͯͭ͟ ͙͙͔͙ͫͨͦͤͭ͡͡Φ 

˸͔ͭͦ͒· ͦͼ͔͙ͤ͟ ͙ ͙ͨͪ͊ͭ͟;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ 

˨͡Ύ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͙ͭͨ͊ ͔͔͔ͭͣͨͪ͊ͣͤͭ͊ ͙ ͍͚͍ͫͦͫͭ ˹˿ ͙ͫͨͦ͡Έͯ͘ΌͭΥ 

¶ ˻͙͙ͨͪͦͫͤ͟ ό˽͍͍͙͚͊ͦͫ͟͡ ζ˻͙ͨͪͦͫͤ͟ ͫͭͪͯͭͯͪ͟· ͔͔͔ͭͣͨͪ͊ͣͤͭ͊η ό˻˿́ύ ̒Φ ˿͔ͭͪ͡ΎͯΣ ͙ͦͨͪͦͫͤ͟ ˥Φ 

ˢ͚͔ͤ͊͘͟ύΦ 

¶ ˽͙ͫͻͦͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔͙͙ͣͭͦ͒͟ ό͔͙͎ͭͨͨͤπͭ ͔ͫͭΣ ͔ͪ͊͟ͼ͙Ύ ͤ͊ ͍͙͒͗ͯ΅͙͚ͫΎ ͦ͋Ά͔ͭ͟ τ ˾˨˻ύΦ 

¶ ˿͙͔͙ͫͭͣ͊ͭ;͔͔ͫͦ͟ ͤ͊͋͡Ό͔͙͔͒ͤ ͍  ͔͙͍ͭͪͤͪͦͦ;ͤͦͣ ͙ ͔͍͍͔ͫͦͪͤͦ͊ͭ͡Έͤͦͣ ͨͪͦͼ͔͔ͫͫΦ 

˽͙ͪ͊ͭ͟;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΥ 

¶ ˮ͙͍͙͙ͤ͒͒ͯ͊͊͘͡ͼ͙Ύ ͔͙͍ͭͪͤͪͦͦ͟Υ ˨ ͡Ύ ͻ͔͙ͦͪ͊͟͡ ͍͊͗ͤ͊ ;͔ͭ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͙ ͦ͋ͯ;͔͙͔ͤ 

ͫ͊ͣͦͦͤͭͪͦ͟͡ΌΣ ͒͡Ύ ͔ͣ͊ͤ͡ͻ͙ͦ͊͟͡ τ ̈́ ͊͒Ύ΅͙͚ ͔͙ͪ͗ͣ ͙ ͔ͨͦ͒͒ͪ͗͊͟Σ ͒͡Ύ ͺ͔͎͙ͣ͊ͭ͊͟͡ τ ͪ ͙͔͊ͤͦͦ͋ͪ͊͘͘ 

͙͚͊͒͊ͤ͘ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙͍ͣͦͭ͊ͼ͙͙Φ 
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¶ ˽͙ͫͻ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͎͍ͨͦ͒ͦͭͦ͊͟Υ ˾ ͊ͪ͊͋ͦͭ͊͘͟ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͘͡·ͻ ͎ͨͪͦͪ͊ͣͣ ͔͎ͪͯ͡Ύͼ͙͙ 

͔͍ͨͪ͒ͫͭ͊ͪͭͦ·ͻ ͫͦͫͭͦΎ͙͚ͤΦ 

¶ ˴͔͍͙͔ͦͣͨͭͦ͊ͤ͟͡ ͦͣ͊ͤ͒͟ ͙ Ήͫͭ͊ͺ͔ͭΥ ̂ ;͔ͭ ͙ͨͫͻ͎͙ͦͦ͡;͔͚ͫͦ͟ ͍͔͙͙ͫͦͣͫͭͣͦͫͭ ͙͍ͭͨͦ ͔͔͔ͭͣͨͪ͊ͣͤͭ͊ 

͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͙͍͚ͫ͋͊͊ͤͫͪͦ͊ͤͤͦ͡ ͦͣ͊ͤ͒͟·Φ 

¶ ˽ͪͦͺ͙͔ͦͪͤͭ͊ͼ͙Ύ ͙ ͦͭ͋ͦͪΥ ̂ ;͔ͭ ͙ͨͪͪͦ͒ͤ·ͻ ͔͔͔͚ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ ͤ͊ ͙ͪ͊ͤͤͻ Ήͭ͊ͨ͊ͻ 

͙͍͚ͫͨͦͪͭͤͦ ͊ͪ͟Έ͔ͪ·Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͔͔͔ͭͣͨͪ͊ͣͤͭ͊ ͯ ͔ͫͨͦͪͭͫͣͤ͊ τ Ήͭͦ ͔ͤ ͔͙͍͙͔ͤ͊͊ͤ͟͡ Ύͪ͡·͊͟Σ ͊ ͍͊͗ͤ·͚ ͙͔ͤͫͭͪͯͣͤͭ 

͙͙ͨͦͤͣ͊ͤΎ ͔͎ͦ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͙ͤͦͫͭΦ ˥ͪ͊ͣͦͭͤ·͚ ͔͔ͭͪͤͪ ͙ ͙͍ͫͨͦͪͭͤ·͚ ͙ͨͫͻ͎ͦͦ͡Σ ͙ͦͨͪ͊ΎͫΈ ͤ͊ ͙ͤ͊ͤ͘Ύ ͦ 

͔͔͔͔ͭͣͨͪ͊ͣͤͭΣ ͎ͣͦͯͭ ͔ͤ ͋ͦͪͦͭΈͫΎ ͫ ͙ͨͪͪͦ͒ͤ·͙ͣ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ ͔ͫͨͦͪͭͫͣͤ͊Σ ͊ ͙ͣ͊ͫͣ͊͟͡Έͤͦ 

͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͔͎ͦ ͙ͫ͡Έͤ·͔ ͫͭͦͪͦͤ· ͙ ͔͙͍ͦͣͨͤͫͪͦ͊ͭ͟Έ ͫ ͊͋͡·͔Σ ͍·͙͍ͫͭͪ͊͊Ύ ͙ͦͨͭͣ͊͡ΈͤͯΌ ͔͙ͭͪ͊ͭͦͪ͟Ό 

͍͙͙ͪ͊ͭ͘ΎΦ ͔͔͔́ͣͨͪ͊ͣͤͭ ͔͊͒͊ͭ͘ ζͺͦͪͣͯη ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͤͦ ͔͙͔ͫͦ͒ͪ͗͊ͤ τ ͔͍ͣ͊ͫͭͪͫͭͦΣ ͻ͔͊ͪ͊ͭͪ͟Σ ͍ͦ͡Ύ τ 

ͺ͙͔ͦͪͣͪͯͭͫΎ ͍ ͨͪͦͼ͔͔ͫͫ ͍͙͙ͦͫͨͭ͊ͤΎ ͙ ͤ͊ͨͪΎ͔͚͗ͤͤͦ ͪ͊͋ͦͭ·Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˮ͡Έ͙ͤ ˩Φ˽Φ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͙ͪ͊͘͡;͙͚Φ τ ˿˽͋ΦΥ ˽͙͔ͭͪΣ нлнмΦ τ ˥͡Φ ͦ ͔͔͔͔ͭͣͨͪ͊ͣͤͭΦ 

нΦ ˹͔͋·͙͡ͼ·ͤ ˤΦ˨Φ ˽͙ͫͻͦͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͙ͪ͊͘͡;͙͚Φ τ ˸ ΦΥ ˹͊ͯ͊͟Σ 

нлмфΦ 

оΦ ˥͍ͦͪ͋ͯͤͦ ˥Φ˨Φ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͺ͙͙͘;͔͚ͫͦ͟ ͯ͟͡Έͭͯͪ· ͙ ͫͨͦͪͭ͊Φ ̂;͔͙͋ͤ͟Φ τ ˸ ΦΥ ˢ͔͙͊͒ͣ͟ΎΣ нлннΦ τ ˥ ͡Φ 

ζˮ͙͍͙ͤ͒͒ͯ͊͡Έͤͦπͨ ͙ͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔ͫͨͦͪͭͫͣͤ͊ηΦ 

пΦ ˽͙ͪ͊ͭͯͣ͟͟ ͨͦ ͙͍͚ͫͨͦͪͭͤͦ ͙ͨͫͻ͎͙͙ͦͦ͡ κ ˽ͦ͒ ͔ͪ͒Φ ˮΦ˽Φ ˤ͍ͦͦ͊͟͡Φ τ ˸ΦΥ ˿ͨͦͪͭΣ нлнлΦ 

рΦ ˿͔ͭͪ͡Ύͯ ̒Φ ˾ͦ͡Έ ͔͔͔ͭͣͨͪ͊ͣͤͭ͊ ͍ ͙ͨͫͻ͙;͔ͫͦͣ͟ ͍͙͙͙ͪ͊ͭ͘Φ τ ˸ΦΥ ˽͎͔ͪͦͪͫͫΣ нлмуΦ 

ϭ s͙͔͍͊͘͘ ˸Φ̏Φ нлнр 

 

 

 

 

       ˢ͍ͣ͊ͤͦ͊ ˿͔͡Έ͙͋Σ  

͍͔͊͒ͯ͘Ό΅͙͚ ͊͟ͺ͔͚͒ͪͦ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ Ή͎͙͙ͦͦ͟͡ ͙ ͎͙͎͙͔ͤ·Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˽˩˿́ˮ̇ˮ˨̍Υ ˴˶ˢ˿˿ˮ̅ˮ˴ˢ̇ˮ̒Σ ˸˩̆ˢ˹ˮ˭˸̍ ˨˩˯˿́ˤˮ̒ ˮ ̏˴˻́˻˴˿ˮ˴˻˶˻˥ˮ̉˩˿˴ˮ˩ ˢ˿˽˩˴́̍ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͔ͦͣͨͫͤ͟͟͡·͚ ͙͊ͤ͊͘͡ ͔͙ͨͫͭͼ͙͍͒ͦ τ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͙͙͡ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ 

͔͍ͫͪ͒ͫͭΣ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ ͒͡Ύ ͋ͦͪΈ͋· ͫ ͍͔ͪ͒ͤ·͙ͣ ͎͙͙ͦͪ͊ͤͣ͊ͣ͘ ͍ ͔ͫ͡Έͫͦͣ͟Σ ͔ͫͤͦͣ͡ ͻͦ͘Ύ͚͍͔ͫͭ ͙ ͋·ͭͯΦ 

˾͔͊ͫͫͣͦͭͪͤ· ͍ͦͫͤͦͤ·͔ ͊ͫͫ͟͡· ͨͦ ͼ͔͔͍ͦͣͯ͡ ͤ͊ͤ͊͘;͔͙ͤΌ ό͙͔͙ͤͫͭ͟ͼ͙͒·Σ ͎͔͙ͪ͋ͼ͙͒·Σ ͺ͎͙ͯͤͼ͙͒· ͙ ͒ͪΦύΣ 

ͻ͙͙ͣ;͔͚ͫͦ͟ ͔ͫͭͪͯͭͯͪ͟ όͻ͎͙ͦͪͦͪ͊ͤ͡;͔͙͔ͫ͟Σ ͺͦͫͺ͎͙ͦͪͦͪ͊ͤ;͔͙͔ͫ͟ ͔͙͔͙ͫͦ͒ͤͤΎΣ ͙͔͙ͨͪͭͪͦ͒·Σ 

͔͙͙͙ͤͦͤͦͭͤͦ͒͟·ύ ͙ ͔ͣͻ͙͊ͤͣ͊ͣ͘ ͔͚͍͙͒ͫͭΎ ό͙͎͙͙ͤ͋ͭͦͪ· ͊ͼ͔͙ͭ͡ͻ͙ͦͤ͡Ή͔ͫͭͪ͊͘·Σ ͙͔ͫͤͭ͊͘ ͻ͙͙ͭͤ͊Σ 

ͺ͙͔ͦͭͦͫͫͭͣ· LL ͙ ͒ͪΦύΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔ͨͪͦ͋ͣ͊ͣ͡ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ ͍͔ͪ͒ͤ·ͻ ͎͙͍ͦͪ͊ͤͣͦ͘Σ ͊ 

͔ͭ͊͗͟ ͔͎͙͍ͤ͊ͭͤ·ͣ Ή͎͙ͦͦ͟͡;͔͙ͫͣ͟ ͙ ͔͙ͣ͒ͼ͙͙ͤͫͣ͟ ͔͍͙ͨͦͫ͒ͫͭ͡Ύͣ ͙͔͔͙ͨͪͣͤͤΎ ͔͙ͨͫͭͼ͙͍͒ͦΥ 

͔͙ͤ͊ͦͨͤ͟͡Ό ͍ ͼ͔ͨΎͻ ͙͙ͨͭ͊ͤΎΣ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͙͙ͤͭͦͫ͊͟͟ͼ͙͙Σ ͊ͤ͟ͼ͔͎͔ͪͦͤͤͦͣͯ ͙ Ή͙ͤ͒ͦͪͤͤͦ͟π

ͪ͊ͪͯ͘΄͊Ό΅͔ͣͯ ͔͚͍͙͒ͫͭΌΦ ˻͍͔ͫ΅͔ͤ· ͍͔͔ͫͦͪͣͤͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͨͦ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͔͔͔ͣͤ ͦͨ͊ͫͤ·ͻ 

͔͍ͨͪͨ͊ͪ͊ͭͦΣ ͫͦ͋͡Ό͔͙͒ͤΌ ͙ͨͪͤͼ͙͍ͨͦ ͙͔͎͙͍͚ͤͭͪͪͦ͊ͤͤͦ ͊͘΅͙ͭ· ͔͙͚ͪ͊ͫͭͤ ͙ Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ 

͔͎͔ͪ͊ͣͤͭ͊͡ͼ͙͙ ͙ͻ ͙͔͔͙ͨͪͣͤͤΎΦ 
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˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙ͨͫͭͼ͙͒·Σ ͙͔͙ͤͫͭ͟ͼ͙͒·Σ ͎͔͙ͪ͋ͼ͙͒·Σ ͺ͎͙ͯͤͼ͙͒·Σ ͺͦͫͺ͎͙ͦͪͦͪ͊ͤ;͔͙͔ͫ͟ ͔͙͔͙ͫͦ͒ͤͤΎΣ 

͔͙͙͙ͤͦͤͦͭͤͦ͒͟·Σ ͔͙͔ͪͫͭͤͭͤͦͫͭ͘ΈΣ Ή͙͎͙ͦͭͦͫͦͦ͟͟͟͡ΎΣ ͔͙ͨͪͦ͒ ͨͦͯͪ͊ͫͨ͊͒͊͡Σ ͔͙͔ͤ͊ͦͨͤ͟͡ ͍ ͙͔͋ͦͭΣ 

͙ͣ͊ͫͣ͊͟͡Έͤͦ ͙͒ͦͨͯͫͭͣ͊Ύ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ ό˸˨˴ύΣ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ͊Ύ ͊͘΅͙ͭ͊ ͔͙͚ͪ͊ͫͭͤΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˽͔͙ͫͭͼ͙͒· ͙ͫͭ͊͡ ͔ͤͦͭΆ͔͔ͣͣ͡·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͎͊ͪͦͨͪͦͣ·΄͔͎ͤͤͦͦ͡ ͔ͦͣͨͫ͊͟͟͡Σ 

͔͔ͦ͋ͫͨ;͙͍͊Ύ ͍ͨͪͦ͒ͦͦ͡Έ͍͔ͫͭͤͤͯΌ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͊͘ ͫ;͔ͭ ͙͔͙ͫͤ͗ͤΎ ͔ͨͦͭͪΈ ͯͪͦ͗͊ΎΦ ˻͒ͤ͊ͦ͟ ͙ͻ ΄͙͔ͪͦͦ͟ ͙ 

;͊ͫͭͦ ͔͋ͫͦͤͭͪͦ͟͡Έ͔ͤͦ ͙͔͔͙͔ͨͪͣͤͤ ͙ͨͦͪͦ͒ͦ͡ ͎ͦ͋͊͡͡ΈͤͯΌ ͔ͨͪͦ͋ͣͯ͡ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· 

͙ ͫͦ͒͊ͦ͘͡ ͎ͯͪͦͯ͘ ͒͡Ύ ͍͒ͦͪͦ͘ΈΎ ;͔͍͔ͦ͊͟͡ ͙ ͙͙͋ͦͪ͊ͤͦͦ͋ͪ͊͘͘ΎΦ ˣ͊͊ͤͫ͡ ͔ͣ͗͒ͯ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΌ ͙ 

͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΌ τ ͟͡Ό;͔͍͚ͦ ͍·͍ͦ͘ ͒͡Ύ ͙ͤ͊ͯ͟ ͙ ͔͎ͪͯ͡Ύͭͦͪͤ·ͻ ͎͍ͦͪ͊ͤͦΦ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ 

˽͔͙ͫͭͼ͙͒· ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭͫΎ ͨͦ ͔ͤͫͦ͟͡Έ͙ͣ͟ ͙ͨͪͤ͊͊ͣ͘͟Υ 

мΦ ˽ͦ ͦ͋Ά͔ͭͯ͟ ͙͔͔͙ͨͪͣͤͤΎΥ 

o ˮ͔͙ͤͫͭ͟ͼ͙͒· ό͙͍ͨͪͦͭ ͔ͤ͊ͫͦͣ͟·ͻύ τ ͤ ͔͙͙͙ͦͤͦͭͤͦ͒͟·Σ ͙͔͙ͨͪͭͪͦ͒·Σ ͺͦͫͺ͎͙ͦͪͦͪ͊ͤ;͔͙͔ͫ͟ 

͔͙͔͙ͫͦ͒ͤͤΎ ό̅˻˿ύΦ 

o ˥͔͙ͪ͋ͼ͙͒· ό͙͍ͨͪͦͭ ͫͦͪͤΎ͍ͦ͟ύ τ ͎͙͡ͺͦͫ͊ͭΣ ͫͯ͡Έͺ͙ͦͤͣͦ͡;͔͍͙ͤ·Σ ͙͙ͭͪ͊ͤ͘·Φ 

o ͎͙̅ͯͤͼ͙͒· ό͙͍ͨͪͦͭ ͎͙͍ͪ͋ͦύ τ ͙ͭͪ͊ͦ͘͡·Σ ͙͙͒ͭͦ͊ͪ͋͊ͣ͊ͭ͟·Σ ͣͦͪͺ͙ͦͤ͡·Φ 

o ˽ͪͦ;͙͔Υ ͪ ͔͙ͦ͒ͤͭͼ͙͒·Σ ͔ͤͣ͊ͭͦͼ͙͒·Σ ͔͎ͪͯ͡Ύͭͦͪ· ͪͦͫͭ͊Φ 

нΦ ˽ͦ ͻ͙͙ͣ;͔͚ͫͦ͟ ͔ͫͭͪͯͭͯͪ͟Υ ̆ ͎͙ͦͪͦͪ͊ͤ͡;͔͙͔ͫ͟Σ ͺͦͫͺ͎͙ͦͪͦͪ͊ͤ;͔͙͔ͫ͟Σ ͙͔͙ͨͪͭͪͦ͒·Σ 

͔͙͙͙ͤͦͤͦͭͤͦ͒͟·Σ ͺ͔͙ͤͣͦ͡;͔͍͙ͤ·Σ ͙ͭͪ͊ͦ͘͡·Φ 

оΦ ˽ͦ ͔ͣͻ͙͊ͤͣͯ͘ ͔͚͍͙͒ͫͭΎΥ 

o ˮ͔͙ͤͫͭ͟ͼ͙͒·Υ x ͦ͊ͭͦͪ͟͡· ͙͔͍ͤ͊ͭͪ·ͻ ͍͊ͤ͊ͦ͟͡ ό͙͔͙ͨͪͭͪͦ͒·ύΣ ͎͙͊ͦͤͫͭ· ͙͙͍ͤͦͭͤͦ͟·ͻ 

͔ͪͼ͔͍ͨͭͦͪͦ ό͔͙͙͙ͤͦͤͦͭͤͦ͒͟·ύΣ ͙͎͙͙ͤ͋ͭͦͪ· ͊ͼ͔͙ͭ͡ͻ͙ͦͤ͡Ή͔ͫͭͪ͊͘· ό̅˻˿ύΦ 

o ˥͔͙ͪ͋ͼ͙͒·Υ ˮ ͎͙͙ͤ͋ͭͦͪ· ͺ͙͔ͦͭͦͫͫͭͣ· LL ό͙͊ͭͪ͊ͤ͘ύΣ ͙͔ͫͤͭ͊͘ ͙͙͊ͣͤͦͫͦͭ͟͡ ό͎͙͡ͺͦͫ͊ͭύΣ ![{π

͙͎͙͙ͤ͋ͭͦͪ· όͫͯ͡Έͺ͙ͦͤͣͦ͡;͔͍͙ͤ·ύΦ 

o ͎͙̅ͯͤͼ͙͒·Υ ˮ ͎͙͙ͤ͋ͭͦͪ· ͙͔ͫͤͭ͊͘ ͔͙͍ͫͭͪͤͦ ό͙ͭͪ͊ͦ͘͡·ύΣ ͒·ͻ͙͊ͤΎΣ ͙ͣͭͦ͊͘Φ 

͙͎͙̏ͦͭͦͫͦͦ͟͟͟͡;͔͙͔ͫ͟ ͙͙ͪͫ͟ ͙ ͚ͯͫͭͦ;͙͍ͦͫͭΈ 

мΦ ˾͔͙͔ͫͭͤͭͤͦͫͭ͘Έ ͍͔͙͔͔͚ͪ͒ͭ͡Υ ˮ ͔͙͍͔ͤͭͤͫͤͦ ͙͔͔͙͔ͨͪͣͤͤ ͔͙ͨͫͭͼ͙͍͒ͦ ͫ ͙ͦ͒ͤͣ ͔ͣͻ͙͊ͤͣͦͣ͘ 

͔͚͍͙͒ͫͭΎ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͔ͫ͟͡ͼ͙͙ ͚ͯͫͭͦ;͙͍·ͻ ͨͦͨͯ͡Ύͼ͙͚Σ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͪͦͭ͊ͼ͙͙ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͙͙͡ ͙ͪ͊ͪ͊͋ͦͭ͘͟ 

͍ͤͦ·ͻΦ 

нΦ ˹͔͙͔͊ͦͨͤ͟͡ ͍ ͦͪͯ͗͊͟Ό΅͔͚ ͔͔ͫͪ͒Υ ˿ ͚͙͔ͭͦ͟ ͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͎͊ͪ͘Ύ͙͔͙ͤͭ͘͡ ό˿˻˭ύΣ ͙͔ͭ͊͟ ͊͟͟ ˨˨́Σ 

ͦ͋͊͒͊͡Όͭ ͍·͚ͫͦͦ͟ ͙ͨͦ͡ͺ͙͡ΈͤͦͫͭΈΌΣ ͙͙͋ͦ͊ͯͣͯͪͯ͟͟͡ΌͭͫΎ ͍ ͙ͨ΅͔͍·ͻ ͼ͔ͨΎͻ ͙ ͙͔ͣΌͭ ͙͔͒ͭ͡͡Έͤ·͚ 

͔͙ͨͪͦ͒ ͨͦͯͪ͊ͫͨ͊͒͊͡Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͎ͦ͋͊͡͡Έͤͦͣͯ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΌΦ 

оΦ ͙́ͦͫ͟;ͤͦͫͭΈ ͒͡Ύ ͔ͤͼ͔͔͍͡·ͻ ͎͙͍ͦͪ͊ͤͣͦ͘Υ ˥ ͙͔͋͡Έ ͦͨ·͙͔͔͚ͭ͡͡ όͨ;͔͡· ͦͭ ͔͙͙͙͍ͤͦͤͦͭͤͦ͒ͦ͟ύΣ 

ͻ͙΅ͤ·ͻ ͔ͤ͊ͫͦͣ͟·ͻΣ ͙ͨͭͼ ͙ ͍ͦ͒ͤ·ͻ ͎͙͍ͦͪ͊ͤͣͦ͘Σ ͤ͊ͪͯ΄͔͙͔ͤ Ή͎͙ͦͦ͟͡;͔͎ͫͦͦ͟ ͋͊͊ͤͫ͊͡Φ 

пΦ ˤ͙͡Ύ͙͔ͤ ͤ͊ ͍͒ͦͪͦ͘Έ͔ ;͔͍͔ͦ͊͟͡Υ 

o ˻ͫͭͪ·͔ ͍͔͙ͦͭͪ͊ͤ͡Ύ ό͔ͦͫͦ͋ͤͤͦ ̅˻˿ ͙ ͊ͪ͋͊ͣ͊ͭ͟·ύ ͫ ͙ͣͯͫ͊ͪͤͦ͟π ͙  ͙͙ͤͦͭͤͦͨͦ͒ͦ͋ͤ͟·ͣ 

͙ͫͤ͒ͪͦͣͦͣΦ 

o ͙̆ͪͦͤ;͔͙͔ͫ͟ Ήͺͺ͔ͭ͟·Υ ˹ ͔͚͙ͪͦͭͦͫ͟;ͤͦͫͭΈΣ ͊ͤ͟ͼ͔͎͔͔ͪͦͤ͘Σ Ή͙ͤ͒ͦͪͤͤ͟·͔ ͤ͊ͪͯ΄͔͙ͤΎ 

όΉ͙ͤ͒ͦͪͤͤ͟·͔ ͙͒ͪ͊ͨͭͦͪ͘·ύΣ ͙͙ͣͣͯͤͦͭͦͫ͟;ͤͦͫͭΈΣ ͔͎͔ͭͪ͊ͭͦͤͤͦͫͭΈΦ 

˾͔͎͙͍͙͔ͯͪͦ͊ͤ͡ ͙ ͔͔͙͍ͨͪͫͨͭ͟· 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͎͙ͫͭͪ͊ͭΎ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͙͙͙ͣͤͣ͊͘ͼ͙Ό ͙͍ͪͫͦ͟Υ 

мΦ ˿͎͔ͭͪͦͦ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͔ͤͦ ͔͎͙͍͙͔ͪͯͪͦ͊ͤ͡Υ ˾ ͔͎͙ͫͭͪ͊ͼ͙Ύ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͤ͊ ͍͔ͦͫͤͦ ͦͼ͔͙ͤ͟ ͙ͪͫ͊͟Σ 

͍͔͙͔ͯͫͭ͊ͤͦͤ͡ ˸˨˴ ͍ ͨͪͦ͒ͯͭ͊͟ͻ ͙ ͦ͋Ά͔ͭ͊͟ͻ ͔ͫͪ͒·Σ ͔͎͔ͪ͊ͣͤͭ͡· ͙͔͔͙ͨͪͣͤͤΎΦ 
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нΦ ˤ͔͔͙͔ͤ͒ͪͤ ͙ͨͪͤͼ͙͍ͨͦ ͙͔͎͙͍͚ͤͭͪͪͦ͊ͤͤͦ ͊͘΅͙ͭ· ͔͙͚ͪ͊ͫͭͤ όLtaύΥ ˽ ͙͙͔ͪͦͪͭͭ ͔ͤͻ͙͙ͣ;͔͙ͫ͟ͻ 

͔͍ͣͭͦ͒ͦ ό͎͔͊ͪͦͭͻ͙ͤ;͔͙ͫ͟ͻΣ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻύΣ ͙͔͔͙͔ͨͪͣͤͤ ͔͙ͨͫͭͼ͙͍͒ͦ ͭͦ͡Έͦ͟ ͙ͨͪ ͔͍ͨͪ·΄͔͙͙ͤ ͎ͨͦͪͦ͊ 

͍͔͙ͪ͒ͦͤͦͫͤͦͫͭΣ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͔͙͍ͫͭͤ͟͡·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ 

оΦ ˾͍͙͙͔͊ͭ͘ ζ͔͔͚ͤͦ͘͡η ͻ͙͙͙ͣΥ ˿ ͙͔ͦ͒͊ͤ͘ ͋·͎͔ͫͭͪͦͪ͊͊͊ͣ͘͡·ͻ ͔͙ͨͫͭͼ͙͍͒ͦ ͫ ͙͚ͤͦ͘͟ ͙ͭͦͫ͟;ͤͦͫͭΈΌ 

͒͡Ύ ͔͍ͭͨͦͪͦͤ͟͡·ͻΣ ͙͙͔͙͋ͦͤͫͭ͟ͼ͙͍͒ͦ όͤ͊ ͍͔ͦͫͤͦ ͔͙͚͋͊ͭͪ͟ .ŀŎƛƭƭǳǎ ǘƘǳǊƛƴƎƛŜƴǎƛǎύΣ ͺ͔͍ͪͦͣͦͤͦΦ 

пΦ ˸͙͙͎ͦͤͭͦͪͤ ͍ͦͫͭ͊ͭͦ͟ ͍  ͨͪͦ͒ͯͭ͊͟ͻ ͙͙ͨͭ͊ͤΎ ͙ ͦ͋Ά͔ͭ͊͟ͻ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˽͔͙ͫͭͼ͙͒· ͦͫͭ͊ΌͭͫΎ ͚ͨ͊ͦ͟͡ ͦ ͍͒ͯͻ ͦͤ͟ͼ͊ͻΥ ͙ͦͤ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ· ͒͡Ύ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙ͨ΅͙Σ ͤͦ ͙ͻ 

͔͍͙ͤͨͪ͊͡Έ͔ͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͔ͫͪΈ͔ͤͯ͘Ό ͯ ͎ͪͦͯ͘ ͒͡Ύ Ή͙͔ͦͫͫͭͣ͟ ͙ ͍͒ͦͪͦ͘ΈΎ ;͔͍͔ͦ͊͟͡Φ 

ˣͯ͒ͯ΅͔͔ ͎͊ͪͦͻ͙͙͙ͣ ͔͙͗ͭ͡ ͍ ͔͔ͨͪͻ͔ͦ͒ ͟ ͔ͨͪͼ͙͙ͦͤͤͦͣͯ͘ ͙ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤͦͣͯ ͍͔͙ͯͨͪ͊ͤ͡ΌΣ ͎͔͒ 

ͻ͙͙ͣ;͔͙͔ͫ͟ ͙ͦ͋ͪ͊͋ͦͭ͟ Ύ͍͡ΎΌͭͫΎ ͔ͤ ͍͚ͦͫͤͦͦΣ ͊ ͔͙ͨͦͫ͒ͤͣ͡ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͍ ͔͔͊ͪͫͤ͊͡Σ ͙͔ͨͪͣͤΎ͔ͣ·ͣ 

͔͊͒ͪͫͤͦ ͙ ͪ͊ͼ͙ͦͤ͊͡Έͤͦ ͤ͊ ͍͔ͦͫͤͦ ͎͙ͯ͋ͦ͟͡ͻ ͙͚ͤ͊ͤ͘ Ή͎͙͙ͦͦ͟͡ ͙ ͙͎͙͙ͭͦͫͦͦ͟͟͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˸͔͡Έ͙͍ͤͦ͟ ˹Φ˹Φ ό͔ͪ͒Φύ ͙͙̆ͣΎ ͙ ͔ͭͻ͎͙ͤͦͦ͡Ύ ͔͙ͨͫͭͼ͙͍͒ͦΦ τ ˸ΦΥ ͙͙̆ͣΎΣ нлмуΦ 

нΦ ϝ˥͙͎͙͔͙ͤ;͔͙͔ͫ͟ ͙͍ͤͦͪͣ͊ͭ· ˥˹ мΦнΦомммπмо ζ˽͔͔ͪ͒͡Έͤͦ ͙͒ͦͨͯͫͭͣ·͔ ͍͙ͯͪͦͤ ͦͫͭ͊ͭͦ;ͤ·ͻ ͙ͦ͟͡;͔͍ͫͭ 

͔͙ͨͫͭͼ͙͍͒ͦ ͍ ͦ͋Ά͔ͭ͊͟ͻ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·ηΦϝ 

оΦ ͎͙̏ͦͦ͟͡;͔ͫ͊͟Ύ ͙͎͙ͭͦͫͦͦ͟͟͡Ύ ͙ ͦͼ͔ͤ͊͟ ͙ͪͫ͊͟ ͔͙ͨͫͭͼ͙͍͒ͦ κ ˽ͦ͒ ͔ͪ͒Φ ˨͗Φ ˨͔͍ͦ ͙ ͒ͪΦ τ ˸ ΦΥ ˣˮ˹˻˸Σ 

нлнлΦ 

пΦ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͎͊ͭ͊ͦ͟͡ ͔͙ͨͫͭͼ͙͍͒ͦ ͙ ͎͊ͪͦͻ͙͙͍ͣ͊ͭͦ͟Σ ͔ͪ͊ͪ͘΄͔ͤͤ·ͻ ͟ ͙͔͔͙ͨͪͣͤͤΌ ͤ͊ ͔͙͙͙ͭͪͪͭͦͪ 

˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙Φ όˢͭͯ͊͟͡Έͤ͊Ύ ͍͔͙ͪͫΎύΦ 

рΦ C!hκ²Ih /ƻŘŜȄ !ƭƛƳŜƴǘŀǊƛǳǎΦ LƴǘŜǊƴŀǝƻƴŀƭ ŦƻƻŘ ǎǘŀƴŘŀǊŘǎΦ tŜǎǝŎƛŘŜ ǊŜǎƛŘǳŜǎ ƛƴ ŦƻƻŘΦ τ нлноΦ 

ϭ s͍ͣ͊ͤͦ͊ ˿Φ нлнр 

 

 

 

 

̂˨˴ смс 

ˢ͔͍ͤͤ͊͊ ˻͎͎͔ͯ͡͡Έ͒· ˤ͔͙͔͍ͤ͊͡ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ˸͔͙͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͔͙́ͯͪͣͤͫͭ͊ͤ͟ ͎Φ ˢ΄ͻ͊͋͊͒ 

 

˹ˢ˾̂̊˩˹ˮ̒ ˹˩˯˾˻˥̂˸˻˾ˢ˶̎˹˻˯ ˾˩˥̂˶̒̇ˮˮ ˽˾ˮ ˭ˢˣ˻˶˩ˤˢ˹ˮ̒̆ ˤ˹̂́˾˩˹˹ˮ̆ ˻˾˥ˢ˹˻ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˹͔͚͎ͪͦͯͣͦͪ͊͡Έͤ͊Ύ ͔͎ͪͯ͡Ύͼ͙Ύ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͎͍ͫͦ͊ͫͦ͊ͤͤͯ͡Ό ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͎͍ͦͪ͊ͤͦ ͙ ͙͔ͫͫͭͣ 

͎͙ͦͪ͊ͤͣ͊͘Σ ͔͙͍ͨͦ͒͒ͪ͗͊Ύ ͎͔ͦͣͦͫͭ͊͘ ͍ ͍͙ͯͫͦ͡Ύͻ ͨͦͫͭͦΎͤͤͦ ͔ͣͤΎΌ΅͔͚ͫΎ ͍͔͔͚ͤͯͭͪͤͤ ͙ ͍͔ͤ΄͔͚ͤ ͔ͫͪ͒·Φ 
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DISORDERS OF NEUROHUMORAL REGULATION IN DISEASES OF INTERNAL ORGANS 

 

Abstract 

Neurohumoral regulation ensures coordinated activity of organs and systems, maintaining 

homeostasis under changing conditions. In diseases of internal organs, disruption of neural and humoral 

interactions aggravates pathological processes. The article discusses the main pathophysiological 

mechanisms of neurohumoral disorders, their role in organ dysfunction and systemic disturbances, as well 

as compensatory and maladaptive reactions. 
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PATHOPHYSIOLOGICAL MECHANISMS OF BODY INTOXICATION 

 

Abstract 

Intoxication of the body is a universal pathological process accompanying exogenous and endogenous 

diseases. The article examines the main pathophysiological mechanisms of intoxication, including sources of 

toxic substances, routes of entry, their effects on cellular and systemic processes, and the role of 

detoxification organs. Special attention is paid to metabolic disorders, microcirculatory disturbances, and 

neurohumoral regulation. Understanding intoxication mechanisms is essential for diagnosis, prevention, and 

treatment of pathological conditions. 
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˽͔;͔ͤΈΣ ͨͦ;͙͟Σ ͖͎͙͔͟͡ ͙ ͙͟΄͔;͙ͤ͟ ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͔͍͔͙͍͙͙ͦ͋ͪ͗͊ͤ͘ ͙ ͍·͍͔͔͙͙͒ͤ 

͙͍ͭͦͫͤͦ͟Φ ˽͙ͪ ͙͙ͤͭͦͫ͊͟͟ͼ͙͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͔͔͎ͨͪͪͯ͊͘͟ Ή͙ͭͻ ͎͍ͦͪ͊ͤͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͔͙ͫͤ͗ͤΌ ͙ͻ 

͔͙͒ͭͦͫ͊͟͟ͼ͙͚ͦͤͤͦ ͙ͫͨͦͫͦ͋ͤͦͫͭΦ 

˽͔;͖ͤͦ;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͙ͤ͊ͦͨͤ͟͡Ό ͙͊ͣͣ͊͊͟Σ ͙͙͙͋ͪͯ͋ͤ͊͡ ͙ ͎͙͒ͪͯͻ 

͙͍ͭͦͫͤͦ͟Σ ͙͙͍ͯͫ͊͡Ύ Ή͎͔ͤ͒ͦͤͤͯΌ ͙͙ͤͭͦͫ͊͟͟ͼ͙ΌΦ ˹͊ͪͯ΄͔͙͔ͤ ͺͯͤ͟ͼ͙͙ ͨͦ;͔͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͔͊͒ͪ͗͘͟ 

͙͊ͦͭͫͭ͘·ͻ ΄͍͊ͦ͟͡Σ ͺ͙ͦͪͣͪͯΎ ͔͙ͯͪͣ;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣΦ 

˿͙͔ͫͭͣͤ·͔ ͔ͪ͊͟ͼ͙͙ ͎͙ͦͪ͊ͤͣ͊͘ ͤ͊ ͙͙ͤͭͦͫ͊͟͟ͼ͙ΌΦ 

ˮ͙ͤͭͦͫ͊͟͟ͼ͙Ύ ͙͍͙͔͊ͭͪͯͭ͟ ͔͚͎ͤͪͦͯͣͦͪ͊͡Έͤ·͔ ͙ ͙ͣͣͯͤͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͊͘΅͙ͭ·Φ ͙͙͍͔̂ͫ͊ͭͫ͡Ύ 

͍·ͪ͊͋ͦͭ͊͟ ͔ͫͭͪͫͫ-͎͍ͦͪͣͦͤͦΣ ͼ͙͙͍ͭͦͤͦ͟ ͙ ͔͙͍ͣ͒͊ͭͦͪͦ ͍͔͙ͦͫͨ͊ͤ͡ΎΦ ˽͙ͪ ͙͋͘·ͭͦ;͚ͤͦ ͙͍͊ͭ͊͟ͼ͙͙ Ή͙ͭͻ 

͙͔ͫͫͭͣ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͙ͫͤ͒ͪͦͣ ͙͔͎ͫͫͭͣͤͦͦ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͎ͤͦͦ ͍͔ͦͭͭ͊Φ 

˹͊ͪͯ΄͔͙ͤΎ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙ ͙͍ͨͪͦ͒Ύͭ ͟ ͔͍͚ͭ͊ͤͦ͟ ͎͙͙͙ͨͦͫ͟Σ ͍ͨͦ·΄͔͙ͤΌ ͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ 

͍ͫͦͫͯ͒ͦ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͖͍ͦͭͦ͟Φ ͙̏ͭ ͙͔͔͙ͣͤͤ͘Ύ ͎ͯͫͯͯ͋͡ΎΌͭ ͎ͦͪ͊ͤͤͯΌ ͙͒ͫͺͯͤ͟ͼ͙Ό ͙ ͎ͣͦͯͭ ͙͍͔͙ͨͪͫͭ 

͟ ͙͎͚ͨͦͦͪ͊ͤͤͦ͡ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙͙ͤͭͦͫ͊͟͟ͼ͙͙Φ 

ˮ͙ͤͭͦͫ͊͟͟ͼ͙Ύ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͎͔͔ͨ͊ͭͦͤ͊͘ ͎͙ͣͤͦͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍͟͡Ό;͊Ύ ͙ͤͺ͔͟ͼ͙͙Σ ͍͔͙ͦͭͪ͊ͤ͡ΎΣ 

͎͙ͦͤͦͦ͟͡;͔͙͔ͫ͟ ͙ ͔͙ͣͭ͊͋ͦ͡;͔͙͔ͫ͟ ͎͙͙ͨ͊ͭͦͦ͡Φ ˤ·͔ͪ͊͗ͤͤͦͫͭΈ ͙͙ͤͭͦͫ͊͟͟ͼ͙͎ͦͤͤͦͦ ͙ͫͤ͒ͪͦͣ͊ ;͊ͫͭͦ 

͔͔ͦͨͪ͒͡Ύ͔ͭ ͭΎ͔͗ͫͭΈ ͫͦͫͭͦΎ͙ͤΎ ͨ͊ͼ͙͔ͤͭ͊ ͙ ͎ͨͪͦͤͦ͘ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˽͙͙͔ͦͤͣ͊ͤ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͙͙ͤͭͦͫ͊͟͟ͼ͙͙ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͦ͋ͦͫͤͦ͊ͭΈ ͙͔͔͙͔ͨͪͣͤͤ 

͔͙͙͒ͤͭͦͫ͊͘͟͟ͼ͙͚ͦͤͤͦ ͔͙͙ͭͪ͊ͨΣ ͙ͤͺ͙͎ͯͦͤͤͦͦ͘ ͔͡;͔͙ͤΎΣ ͙͙͍͊ͤͭͦͫ͒͊ͤͭͦ͟ ͙ ͔͍ͣͭͦ͒ͦ 

Ήͫͭͪ͊ͦͪͨͦͪ͊͟͟͡Έ͚ͤͦ ͔͙͒ͭͦͫ͊͟͟ͼ͙͙Φ 

˭͊͟͡Ό;͔͙͔ͤΦ 

ˮ͙ͤͭͦͫ͊͟͟ͼ͙Ύ ͎͙ͦͪ͊ͤͣ͊͘ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦ͗ͤ͡·͚ ͎͍͔͍ͣͤͦͦͯͪͦͤ·͚ ͎͙ͨ͊ͭͦͦ͡;͔͙͚ͫ͟ 

ͨͪͦͼ͔ͫͫΣ ͍͟͡Ό;͊Ό΅͙͚ ͔ͭͦ͟͡;ͤ·͔Σ ͔͙ͣͭ͊͋ͦ͡;͔͙͔ͫ͟ ͙ ͙͔ͫͫͭͣͤ·͔ ͤ͊ͪͯ΄͔͙ͤΎΦ ͔̇ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͍ ͔͖ 

͍͙͙͙ͪ͊ͭ͘ ͙͊ͤͣ͊͘Όͭ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͔ͭͦ͟͟͡Σ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ ͎͔ͦͣͦͫͭ͊͊͘ ͙ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ ͎͍ͦͪ͊ͤͦ 

͔͙͒ͭͦͫ͊͟͟ͼ͙͙Φ ˮͯ͘;͔͙͔ͤ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͙͙ͤͭͦͫ͊͟͟ͼ͙͙ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ 

͙ͪ͊ͪ͊͋ͦͭ͘͟ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͔͡;͔͋ͤ·ͻ ͙ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͔͙ͣͪͦͨͪΎ͙͚ͭΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˽͍͊ͯͦ͟ ˤΦ˿ΦΣ ͙͍̆ͭͪͦ ˹Φ˴Φ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмсΦ τ спл ͫΦ 

нΦ ˴͙͍ͯͦ͟͡ ˢΦ˥Φ ˻͋΅͊Ύ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΦ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмрΦ τ рмн ͫΦ 
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оΦ ˭͚͊;͙͟ ˢΦ̊ΦΣ ͙͍̉ͯͪͦ͡ ˶Φ˽Φ ˻͍ͫͤͦ· ͨ͊ͭͦͻ͙͙͙ͣΦ τ ˿ ˽͋ΦΥ ̏˶ˣˮ-˿˽͋Σ нлмпΦ τ тнл ͫΦ 

пΦ ˿͔͍ͪͦ ˤΦˤΦΣ ˽͍͊ͯͦ͟ ˤΦ˿Φ ˻͋΅͊Ύ ͎͙ͨ͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΦ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмоΦ τ тсу ͫΦ 

рΦ ͔͍͙̆͊ͪ͟; ˨ΦˢΦ ͎͙̅͊ͪͣ͊ͦͦ͟͡ΎΦ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмуΦ τ спл ͫΦ 

ϭs ͔͍ͤͤ͊͊ ˻ΦˤΦ, 2025 
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ˢͤͤͦͭ͊ͼ͙Ύ 
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͎͔͙ͨͪͦͪͫͫͪͯΌ΅͙ͣ ͤ͊ͪͯ΄͔͙͔ͤͣ ͺͯͤ͟ͼ͙͚ ͍͒ͯͻ ͙ ͔͔͋ͦ͡ ͎͍ͦͪ͊ͤͦ ͙ ͙͔ͫͫͭͣΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͎ͯ͋ͦͦͣͯ͟͡ 
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PATHOPHYSIOLOGICAL BASIS OF MULTIPLE ORGAN FAILURE 

 

Abstract 

Multiple organ failure is one of the most severe life-threatening conditions occurring in critical illnesses 

and trauma. It is characterized by progressive dysfunction of two or more organs and systems, leading to 

profound homeostasis disruption. The article discusses the main pathophysiological mechanisms of multiple 

organ failure, the role of systemic inflammatory response, microcirculatory disorders, hypoxia, and 

neurohumoral dysregulation. Understanding these mechanisms is essential for early diagnosis and 

pathogenetically based treatment. 

Keywords:  

multiple organ failure; pathophysiology; systemic inflammation; hypoxia; microcirculation;  

organ dysfunction; critical conditions. 
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˽ͦͤΎ͙͔ͭ ͙͎͚ͨͦͦͪ͊ͤͤͦ͡ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͍ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ 

˽͙͎ͦͦͪ͊ͤͤ͊͡Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ ό˽˻˹ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͎͙ͨ͊ͭͦͦ͡;͔͔ͫͦ͟ ͫͦͫͭͦΎ͙͔ͤΣ ͙ͨͪ 

ͦͭͦͪͦͣ͟ ͤ͊ͪͯ΄͔͊ͭͫΎ ͺͯͤ͟ͼ͙Ύ ͍͒ͯͻ ͙ ͔͔͋ͦ͡ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͻ ͎͍ͦͪ͊ͤͦΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͔ͯͭͪ͊ͭ 

͙ͫͨͦͫͦ͋ͤͦͫͭ ͎͙ͦͪ͊ͤͣ͊͘ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͎͔ͦͣͦͫͭ͊͘Φ ˤ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡ ˽˻˹ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ 

͊͟͟ ͔ͦͤ͟;ͤ·͚ Ήͭ͊ͨ ͎͙ͣͤͦͻ ͭΎ͖͗͡·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙ ͍͔͔͙͚ͨͦͪ͗͒ͤΦ 

̉͊΅͔ ͍͔͎ͫͦ ͙͎ͨͦͦͪ͊ͤͤ͊͡Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͙ͨͪ ͔͙͔ͫͨͫͫΣ ͙͍ͣ͊ͫͫͤ·ͻ ͍ͭͪ͊ͣ͊ͻΣ ͎ͦ͗ͦ͊ͻΣ 

΄͔ͦ͟ ͙ ͭΎ͖͗͡·ͻ ͙͙ͤͭͦͫ͊͟͟ͼ͙ΎͻΦ ˻͙ͭ͡;͙͔ͭ͡Έ͚ͤͦ ͔ͦͫͦ͋ͤͤͦͫͭΈΌ ˽˻˹ Ύ͍͡Ύ͔ͭͫΎ ͍͙͔͊ͣͤͦ͘ ͙͔͙͔ͯͫͤ͡ 

͙͒ͫͺͯͤ͟ͼ͙͙ ͎͍ͦͪ͊ͤͦΣ ͺ͙ͦͪͣͪͯΌ΅͔͔ ͊ͣͤͯͭ͘͟·͚ ͎͙ͨ͊ͭͦͦ͡;͔͙͚ͫ͟ ͎ͪͯ͟Φ 

͙͎͙̏ͭͦͦ͡;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· ͙ ͍ͨͯͫͦ͟·͔ ͔ͣͻ͙͊ͤͣ͘·Φ 

˴ ͍ͦͫͤͦͤ·ͣ ͙ͨͪ;͙ͤ͊ͣ ͙͎͚ͨͦͦͪ͊ͤͤͦ͡ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͦͭͤͦͫΎͭͫΎ ͙ͤͺ͔͟ͼ͙ͦͤͤͦ-͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ 

ͨͪͦͼ͔ͫͫ·Σ ͙΄͔͙ͣΎ ͙ ͔͔ͪͨͪͺ͙͔ͯͦͤͤͦ͘ ͍͔͔͙͔ͨͦͪ͗͒ͤΣ ͙͍ͣ͊ͫͫͤ͊Ύ ͍͔ͪͦͦͨͦͭͪ͟Ύ ͙ ͭΎ͖͗͡·͔ 

͔͙ͣͭ͊͋ͦ͡;͔͙͔ͫ͟ ͤ͊ͪͯ΄͔͙ͤΎΦ ˤ͊͗ͤͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ Ή͎͔ͤ͒ͦͤͤ·͔ ͙ͭͦͫͤ͟· ͙ ͔͙ͣ͒͊ͭͦͪ· ͍͔͙ͦͫͨ͊ͤ͡ΎΦ 

˽͍ͯͫͦ͟·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘ ;͊ͫͭͦ ͍͙ͫͭ͊ͤͦͭͫΎ ͤ͊ͪͯ΄͔͙͔ͤ ͙͔͚ͫͫͭͣͤͦ ͎͔͙͙͙ͣͦ͒ͤ͊ͣ͟ ͙ ͔͍͚ͭ͊ͤͦ͟ 

͔ͨͪͺ͙͙ͯ͘Φ ˥͙͙ͨͦͫ͟Ύ ͙ ͊ͼ͙͒ͦ͘ ͙͍͙͊ͭͪͯ͟Όͭ ͊ͫ͊͒͟͟ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͔ͪ͊͟ͼ͙͚Σ ͙͍ͨͪͦ͒Ύ΅͙ͻ ͟ 

͎͔͙ͨͪͦͪͫͫͪͯΌ΅͔ͣͯ ͔͙ͨͦͪ͊͗ͤΌ ͎͍ͦͪ͊ͤͦΦ 

˾ͦ͡Έ ͙͔͎ͫͫͭͣͤͦͦ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͎ͤͦͦ ͍͔ͦͭͭ͊Φ 

˿͙͔ͫͭͣͤ·͚ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͍͔ͦͭͭ Ύ͍͡Ύ͔ͭͫΎ ͼ͔ͤͭͪ͊͡Έͤ·ͣ ͍͔ͤͦͣ͘ ͎͔͔ͨ͊ͭͦͤ͊͘ ͙͎͚ͨͦͦͪ͊ͤͤͦ͡ 

͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ ˢ͙͍ͭ͊͟ͼ͙Ύ ͣ͊ͪͦ͟ͺ͎͍͊ͦΣ ͔͚ͤͭͪͦͺ͙͍ͦ͡ ͙ Ή͔͙ͤ͒ͦͭ͊͡͡Έͤ·ͻ ͔ͭͦ͟͟͡ ͙͍͙ͨͪͦ͒ͭ ͟ 

͙͍ͣ͊ͫͫͤͦͣͯ ͍·͍͔͙ͫͦ͋ͦ͗͒ͤΌ ͼ͙͙͍ͭͦͤͦ͟Σ ͙ͭ͊͟ͻ ͊͟͟ ͙͔͔͚͙ͤͭͪͤ͟͡· ͙ ͺ͊ͭͦͪ͟ ͔ͤͪͦ͊͘͟ ͦͨͯͻ͙ͦ͡Φ 

ˮ͋͘·ͭͦ;ͤ͊Ύ ͨͪͦ͒ͯ͟ͼ͙Ύ ͔͙͍ͣ͒͊ͭͦͪͦ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͍·͘·͍͔͊ͭ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͙͚ͫͦͫͯ͒ͫͭͦ ͔͙ͫͭͤ͟Σ 

͍ͨͦ·΄͔͙͔ͤ ͔͖ ͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ ͙ ͤ͊ͪͯ΄͔͙͔ͤ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͺ͙ͦͪͣͪͯΌͭͫΎ ͖͙ͦͭ͟Σ 

ͭͪͦͣ͋ͦ͘· ͙ ͙΄͔͙ͣΎ ͔͚ͭ͊ͤ͟Φ 

˹͊ͪͯ΄͔͙ͤΎ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙ ͙ ͔͍ͭ͊ͤ͊͟Ύ ͎͙͙ͨͦͫ͟ΎΦ 

˻͙͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍͙͙ͪ͊ͭ͘Ύ ͙͎͚ͨͦͦͪ͊ͤͤͦ͡ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ Ύ͍͡Ύ͔ͭͫΎ 

͚͍ͪ͊ͫͫͭͪͦͫͭͦ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙Φ ˿ͨ͊ͣ͘ ͔͙͊ͪͭͪͦ͡Σ ͎͔͎͊ͪ͊ͼ͙Ύ ͺ͔ͦͪͣͤͤ·ͻ Ή͔͔͍ͣͤͭͦ͡ ͍͙ͪͦ͟ ͙ 

͙ͣͪͦͭͪͦͣ͋ͦ͘͟· ͙͍ͨͪͦ͒Ύͭ ͟ ͙͔͙ͫͤ͗ͤΌ ͙͊ͨ͟͡͡Ύ͎ͪͤͦͦ ͍ͪͦͦͭͦ͊͟͟Φ 

˹͔͒ͦͫͭ͊ͭͦ;ͤ͊Ύ ͍͒ͦͫͭ͊͊͟ ͙ͫͦͪͦ͒͊͟͡ ͍·͘·͍͔͊ͭ ͼ͙ͪͯ͟͡ΎͭͦͪͤͯΌ ͙ ͔͍ͭ͊ͤͯ͟Ό ͎͙͙ͨͦͫ͟ΌΦ ˴͔͙ͭ͟͡ 

͔͔ͨͪͻͦ͒Ύͭ ͤ͊ ͊ͤ͊Ήͪͦ͋ͤ·͚ ͔͙ͣͭ͊͋ͦͣ͘͡Σ ;ͭͦ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͔͙͔ͤ͊ͦͨͤͣ͟͡ ͣͦͦ͡;͚ͤͦ ͙ͫͦͭ͟͡· ͙ 

͍͙͙͔ͪ͊ͭͣ͘ ͔͙ͣͭ͊͋ͦ͡;͔͎ͫͦͦ͟ ͊ͼ͙͒ͦ͊͘Σ ͙͙͍ͯͫ͊͡Ό΅͔͎ͦ ͎ͦͪ͊ͤͤͯΌ ͙͒ͫͺͯͤ͟ͼ͙ΌΦ 

˴͔ͭͦ͡;ͤ·͔ ͙ ͔͙ͣͭ͊͋ͦ͡;͔͙͔ͫ͟ ͤ͊ͪͯ΄͔͙ͤΎΦ 

˹͊ ͔ͭͦ͟͡;ͤͦͣ ͍͔ͯͪͦͤ ͙ͨͪ ͙͎͚ͨͦͦͪ͊ͤͤͦ͡ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͔ͦͭͣ;͔͊ͭͫΎ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͔ͣͣ͋ͪ͊ͤΣ 

͎͔͔͙͔ͯͤͭͤ ͙ͣͭͦͻ͙ͦͤ͒ͪ͊͡Έ͎ͤͦͦ ͒·ͻ͙͊ͤΎ ͙ ͔͒ͺ͙ͼ͙ͭ ͣ͊ͪͦ͟Ή͎͙ͪ;͔͙ͫ͟ͻ ͔͙͔͙͚ͫͦ͒ͤͤΦ ͙̏ͭ ͙͔͔͙ͣͤͤ͘Ύ 

͙͍ͨͪͦ͒Ύͭ ͟ ͙͔͙ͫͤ͗ͤΌ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟ ͔ͭͦ͟͟͡ ͙ ͙ͻ ͎͙͔͙͋͡Φ 

˹͊ͪͯ΄͔͙͔ͤ ͔͍͎͋ͦͦͦ͟͡ ͙ Ή͔͎͔͙ͤͪͭ;͔͎ͫͦͦ͟ ͔ͦ͋ͣͤ͊ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͙͊ͭ͊͋ͦ͟͡;͔͚ͫͦ͟ 

͍͔ͤ͊ͨͪ͊ͤͤͦͫͭ͡ΈΌ ͔͙ͣͭ͊͋ͦͣ͊͘͡Φ ˮͫͭͦ΅͔͙͔ͤ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͔͍ͪͫͯͪͫͦ ͔͔͒͊ͭ͡ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͺͯͤ͟ͼ͙͚ 

͎͍ͦͪ͊ͤͦ ͚͔ͪ͊ͤ͟ ͙͔͊ͭͪͯ͒ͤͭ͘͡Έͤ·ͣΦ 

˹͔͚͎ͪͦͯͣͦͪ͊͡Έͤ͊Ύ ͙͔͎͒ͫͪͯ͡Ύͼ͙ΎΦ 

˽͙͎ͦͦͪ͊ͤͤ͊͡Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͍·͔ͪ͊͗ͤͤ·͙ͣ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣ ͔͚͎ͤͪͦͯͣͦͪ͊͡Έ͚ͤͦ 

͔͎ͪͯ͡Ύͼ͙͙Φ ˢ͙͍ͭ͊͟ͼ͙Ύ ͙͔͍͚ͫͣͨ͊ͭͦ͊͒ͪͤ͊ͦͦ͡ ͙͔ͫͫͭͣ· ͙ ͎͍ͦͪͣͦͤͦ ͔ͫͭͪͫͫ͊ initially ͙ͤͦͫͭ 

͔ͦͣͨͤͫ͊ͭͦͪͤ͟·͚ ͻ͔͊ͪ͊ͭͪ͟Σ ͦ͒ͤ͊ͦ͟ ͙ͨͪ ͙͔͒ͭ͡͡Έͤͦͣ ͍͔͚͍͙͙ͦ͒ͫͭ͘ ͍͙ͫͭ͊ͤͦͭͫΎ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟Φ 

˨͙ͫ͋͊͊ͤͫ͡ ͎͍ͦͪͣͦͤͦ ͙ ͔͙͍ͣ͒͊ͭͦͪͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͤ͊ͪͯ΄͔͙ͤΌ ͙͎ͫͦͫͯ͒ͫͭͦͦ ͭͦͤͯͫ͊Σ ͍ͦ͒ͤͦ-

Ή͔͙͎ͭͪͦͭͤͦͦ͟͡͡ ͍͍͔͙ͪ͊ͤͦͫΎ ͙ ͺͯͤ͟ͼ͙͙ ͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦΣ ͎ͯͫͯͯ͋͡ΎΎ ͔ͭ;͔͙͔ͤ ͙͎͚ͨͦͦͪ͊ͤͤͦ͡ 

͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙ ͎͙ͨͪͦͤͦͫͭ;͔͙͔ͫ͟ ͔͊ͫͨͭ͟·Φ 

˽͙͎ͦͦͪ͊ͤͤ͊͡Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͤͦ ͙ͨͪ;͙͚ͤͦ ͔ͭ͊͡͡Έ͙ͤͦͫͭ ͍ ͔͔͙ͦͭ͒ͤ͡Ύͻ 

͙͔͙͍͚ͤͭͤͫͤͦ ͔͙͙ͭͪ͊ͨΦ ́Ύ͔͗ͫͭΈ ͫͦͫͭͦΎ͙ͤΎ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͙ͦ͟͡;͔͍ͫͭͦͣ ͖ͨͦͪ͊͗ͤͤ·ͻ ͎͍ͦͪ͊ͤͦ ͙ ͔͔ͫͭͨͤΈΌ 

͙ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊Φ 
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˾͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟ ͎͚ͦͪ͊ͤͤͦ ͙͒ͫͺͯͤ͟ͼ͙͙ ͙ ͍͔͍͔͔ͫͦͪͣͤͤ͊Ύ ͔ͦͪͪ͟͟ͼ͙Ύ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ 

ͤ͊ͪͯ΄͔͙͚ͤ ͙͔ͣΌͭ ͔ͪ΄͊Ό΅͔͔ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͎ͨͪͦͤͦ͊͘ ͙ ͍·͙͍͔͙͗͊ͣͦͫͭ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˭͊͟͡Ό;͔͙͔ͤΦ 

˽͙͎ͦͦͪ͊ͤͤ͊͡Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦ͗ͤ͡·͚ ͎ͣͤͦͦͺ͊ͭͦͪͤ͟·͚ ͎͙ͨ͊ͭͦͦ͡;͔͙͚ͫ͟ 

ͨͪͦͼ͔ͫͫΣ ͍͟͡Ό;͊Ό΅͙͚ ͙͔͔ͫͫͭͣͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͭͦͪͤ·͔ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊Σ ͎͙͙ͨͦͫ͟Ό ͙ 

͔͚͎ͤͪͦͯͣͦͪ͊͡ΈͤͯΌ ͙͔͎͒ͫͪͯ͡Ύͼ͙ΌΦ ˽͙͙͔ͦͤͣ͊ͤ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͍ͦͫͤͦ ˽˻˹ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͦ͋ͦͫͤͦ͊ͭΈ 

͍͔͔ͫͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͙͔͙͍͚ͤͭͤͫͤͦ ͔͙͙ͭͪ͊ͨ ͙ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͙͙ͪͭ͟;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙͚ͤΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˽͍͊ͯͦ͟ ˤΦ˿ΦΣ ͙͍̆ͭͪͦ ˹Φ˴Φ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмсΦ τ спл ͫΦ 

нΦ ˭͚͊;͙͟ ˢΦ̊ΦΣ ͙͍̉ͯͪͦ͡ ˶Φ˽Φ ˻͋΅͊Ύ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΦ τ ˿ ˽͋ΦΥ ̏˶ˣˮ-˿˽͋Σ нлмрΦ τ тнл ͫΦ 

оΦ ˿͔͍ͪͦ ˤΦˤΦΣ ˽͍͊ͯͦ͟ ˤΦ˿Φ ˻͋΅͊Ύ ͎͙ͨ͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΦ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмоΦ τ тсу ͫΦ 

пΦ ˿͍ͯ͒͊ͦ͟ ˴ΦˤΦ ˹ͦͪͣ͊͡Έͤ͊Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмфΦ τ уон ͫΦ 

рΦ ˥͎͊ͤͦͤ ̂Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Φ τ ˸ ΦΥ ˶͎ͦͦͫͺ͔ͪ͊Σ нлмуΦ τ тлп ͫΦ  

ϭs ͔͍ͤͤ͊͊ ˻ΦˤΦ, 2025 

 

 

 

 

̂˨˴ смс 

ˢ͔͍ͤͤ͊͊ ˻͎͎͔ͯ͡͡Έ͒· ˤ͔͙͔͍ͤ͊͡ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ˸͔͙͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͔͙́ͯͪͣͤͫͭ͊ͤ͟ ͎Φ ˢ΄ͻ͊͋͊͒ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˴͍͔ͪͦͦͨͦͭͪΎ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͭΎ͖͗͡·ͻ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͙͍ͨͪͦ͒Ύ΅͙ͻ ͟ 

ͤ͊ͪͯ΄͔͙ͤΌ ͙͔͚ͫͫͭͣͤͦ ͎͔͙͙͙ͣͦ͒ͤ͊ͣ͟Σ ͔͍͚ͭ͊ͤͦ͟ ͎͙͙͙ͨͦͫ͟ ͙ ͚͍ͪ͊ͫͫͭͪͦͫͭͯ ͎͔ͦͣͦͫͭ͊͊͘Φ ˤ ͫͭ͊ͭΈ͔ 

͔ͪ͊ͫͫͣͦͭͪͤ· ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͚ͦͫͭͪͦ ͙ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͍͔͙ͪͦͦͨͦͭͪ͟Σ ͙͔͔͙ͣͤͤ͘Ύ 

͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙Σ ͙͎ͫͦͪͦ͒ͤͦͦ͟͡ ͭͪ͊ͤͫͨͦͪͭ͊ ͙ ͔͚͎ͤͪͦͯͣͦͪ͊͡Έ͚ͤͦ ͔͎ͪͯ͡Ύͼ͙͙Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ 

͔͔ͯ͒ͤͦ͡ ͔ͦͣͨͤͫ͊ͭͦͪͤ͟·ͣ ͔ͪ͊͟ͼ͙Ύͣ ͎͙ͦͪ͊ͤͣ͊͘ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͎͔͎͙ͨͦͫͭͣͦͪͪ͊;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙͚ͤΣ 
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Abstract 

Blood loss is one of the most severe pathological conditions leading to systemic hemodynamic 
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disorders, tissue hypoxia, and homeostasis imbalance. The article discusses the pathophysiological 

mechanisms of acute and chronic blood loss, changes in microcirculation, oxygen transport, and 

neurohumoral regulation. Special attention is given to compensatory reactions and the development of 

posthemorrhagic conditions that determine the clinical course and prognosis. 

Keywords: 

 blood loss; posthemorrhagic conditions; hypovolemia; anemia; pathophysiology; hypoxia; hemodynamics. 

 

˽ͦͤΎ͙͔ͭ ͍͔͙ͪͦͦͨͦͭͪ͟ ͍ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ 

˴͍͔ͪͦͦͨͦͭͪΎ τ Ήͭͦ ͎͙ͨ͊ͭͦͦ͡;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫΣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͙͚ͫΎ ͔ͯͣͤΈ΄͔͙͔ͤͣ ͦ͋Ά͖ͣ͊ 

ͼ͙͙ͪͯͪͯ͟͡Ό΅͔͚ ͍͙ͪͦ͟ ͍͔͍͙͔ͫ͒ͫͭ͡ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͍ͫͦͫͯ͒ͦ ͙͙͡ ͍͔͙ͤͯͭͪͤͤͻ ͍͔ͪͦͦͭ͟;͔͙͚ͤΦ ˤ 

͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡ ͍͔ͪͦͦͨͦͭͪ͟Ύ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͙͔͔ͫͫͭͣͤͦ ͤ͊ͪͯ΄͔͙͔ͤΣ ͎͙͍͊ͭͪ͊͊͘Ό΅͔͔ 

͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭͯΌΣ ͒·ͻ͔͊ͭ͡ΈͤͯΌΣ ͔͍ͤͪͤͯΌ ͙ ͔͙ͣͭ͊͋ͦ͡;͔ͫͯ͟Ό ͙͔ͫͫͭͣ·Φ 

˨͔͊͗ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͔ͤ͋ͦ͡Έ΄͊Ύ ͔ͨͦͭͪΎ ͍͙ͪͦ͟ ͔ͣͦ͗ͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ ͍·͔ͪ͊͗ͤͤ·ͣ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͣ 

ͤ͊ͪͯ΄͔͙ͤΎͣΣ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͋·ͫͭͪͦͣ ͔͔ͭͣͨ ͍͔ͪͦͦͭ͟;͔͙ͤΎΦ ˿͔͔ͭͨͤΈ ͭΎ͔͙͗ͫͭ ͫͦͫͭͦΎ͙ͤΎ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ 

ͦ͋Ά͖ͣͦͣ ͯͭͪ͊;͔͚ͤͤͦ ͍͙ͪͦ͟Σ ͫͦͪͦͫͭ͟ΈΌ ͍͔͙ͪͦͦͨͦͭͪ͟ ͙ ͔ͦͣͨͤͫ͊ͭͦͪͤ͟·͙ͣ ͍ͦͣͦ͗ͤͦͫͭ͘Ύ͙ͣ ͦ ͎͙ͪ͊ͤͣ͊͘Φ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ ͙ͨͪ;͙ͤ· ͍͔͙ͪͦͦͨͦͭͪ͟Φ 

˴͍͔ͪͦͦͨͦͭͪΎ ͔ͨͦ͒ͪ͊͒͘͡Ύ͔ͭͫΎ ͤ͊ ͦͫͭͪͯΌ ͙ ͻ͙ͪͦͤ;͔ͫͯ͟ΌΦ ˻ͫͭͪ͊Ύ ͍͔ͪͦͦͨͦͭͪ͟Ύ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ 

͍͔ͤ͊ͨͤͦ͘Σ ;͊΅͔ ͍͔͎ͫͦ ͙ͨͪ ͍ͭͪ͊ͣ͊ͻΣ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ͻ ͙͙͡ ͪ͊ͪ͘·͍͔ ͍ͫͦͫͯ͒ͦΦ ͙̆ͪͦͤ;͔ͫ͊͟Ύ 

͍͔ͪͦͦͨͦͭͪ͟Ύ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͙ͨͪ ͙͔͒ͭ͡͡Έͤ·ͻΣ ͔ͣ͊ͦ͊ͣͭͤ͘͡·ͻ ͍͔ͪͦͦͭ͟;͔͙ͤΎͻΣ ͙͔ͤ͊ͨͪͣͪ ͙ͨͪ Ύ͍͔͚ͤͤͦ͘ 

͔͙͋ͦͤ͘͡ ͙͙͡ ͦͨͯͻͦ͡ΎͻΦ 

˽ͦ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͙ͪ͊͘͡;͊Όͭ ͤ͊ͪͯ͗ͤ·͔ ͙ ͍͔͙͔ͤͯͭͪͤͤ ͍͔ͪͦͦͭ͟;͔͙ͤΎΦ ˤ͔͙͔ͤͯͭͪͤͤ ͍͔͙ͪͦͦͨͦͭͪ͟ 

͔ͦͫͦ͋ͤͤͦ ͦͨ͊ͫͤ· ͙͘-͊͘ ͔͚ͭͪͯ͒ͤͦͫͭ ͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͋·͎ͫͭͪͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͎͙͍͔͙͙ͨͦͦͣ͡ ͙ ͎͙͙͙ͨͦͫ͟Φ 

˥͔͙͙ͣͦ͒ͤ͊ͣ;͔͙͔ͫ͟ ͤ͊ͪͯ΄͔͙ͤΎ ͙ͨͪ ͍͔͔ͪͦͦͨͦͭͪ͟Φ 

˻͍ͫͤͦͤ·ͣ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙ͫͣ͟ ͔͍͙͔ͫ͒ͫͭͣ͡ ͍͔͙ͪͦͦͨͦͭͪ͟ Ύ͍͡Ύ͔ͭͫΎ ͎͙͍͔͙ͨͦͦͣ͡ΎΣ ͙͍ͨͪͦ͒Ύ΅͊Ύ 

͟ ͙͔͙ͫͤ͗ͤΌ ͍͔͎ͤͦͤͦͦ͘ ͍͍ͦͪ͊ͭ͊͘ ͙ ͔͔ͫͪ͒;͎ͤͦͦ ͍·͋ͪͦͫ͊Φ ͔̂ͣͤΈ΄͔͙͔ͤ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡Ύ 

ͤ͊ͪͯ΄͔͊ͭ ͔ͨͪͺ͙ͯ͘Ό ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͻ ͎͍ͦͪ͊ͤͦΣ ͔͔ͨͪ͗͒ ͍͔͎ͫͦ ͎ͣͦ͊͘ ͙ ͔ͫͪ͒ͼ͊Φ 

ˤ ͍͔ͦͭͭ ͤ͊ ͍͔ͪͦͦͨͦͭͪ͟Ό ͙͍͙͔͊ͭͪͯͭͫ͟Ύ ͙͔͍ͫͣͨ͊ͭͦ͊͒ͪͤ͊ͦ͊͡Ύ ͙͔ͫͫͭͣ͊Σ ͍·͘·͍͊Ό΅͊Ύ ͭ͊ͻ͙͙͊ͪ͒͟Ό ͙ 

͍͙͊ͦͦͤͫͭͪ͘͟͟ͼ͙ΌΦ ͙̏ͭ ͔ͪ͊͟ͼ͙͙ ͤͦͫΎͭ ͔ͦͣͨͤͫ͊ͭͦͪͤ͟·͚ ͻ͔͊ͪ͊ͭͪ͟Σ ͦ͒ͤ͊ͦ͟ ͙ͨͪ ͎͔͙͍͙͙ͨͪͦͪͫͫͪͦ͊ͤ 

͍͔͙ͪͦͦͨͦͭͪ͟ ͙ͦͤ ͍ͫͭ͊ͤͦΎͭͫΎ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤ·͙ͣΦ 

˹͊ͪͯ΄͔͙ͤΎ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙ ͙ ͔͍ͭ͊ͤ͊͟Ύ ͎͙͙ͨͦͫ͟ΎΦ 

˿͙͔͙͔ͤ͗ͤ ͦ͋Ά͖ͣ͊ ͼ͙͙ͪͯͪͯ͟͡Ό΅͔͚ ͍͙ͪͦ͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͤ͊ͪͯ΄͔͙ͤΌ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙Σ ͫͨ͊ͣͯ͘ 

͔͙͊ͪͭͪͦ͡ ͙ ͔͔͙͊ͣ͒ͤ͘͡Ό ͙͊ͨ͟͡͡Ύ͎ͪͤͦͦ ͍ͪͦͦͭͦ͊͟͟Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͯͻͯ͒΄͔͊ͭͫΎ ͍͒ͦͫͭ͊͊͟ ͙ͫͦͪͦ͒͊͟͡ ͙ 

͙͔ͨͭ͊ͭ͡Έͤ·ͻ ͍͔΅͔͍ͫͭ ͟ ͭ͊ͤ͟ΎͣΦ 

˾͍͙͍͔͊͊ͭͫ͘Ύ ͼ͙ͪͯ͟͡Ύͭͦͪͤ͊Ύ ͎͙͙ͨͦͫ͟ΎΣ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͊ΎͫΎ ͔͔ͨͪͻͦ͒ͦͣ ͔ͭͦ͟͟͡ ͤ͊ ͊ͤ͊Ήͪͦ͋ͤ·͚ 

ͨͯͭΈ ͔͙ͣͭ͊͋ͦͣ͊͘͡Φ ˹͔͙͔͊ͦͨͤ͟͡ ͣͦͦ͡;͚ͤͦ ͙ͫͦͭ͟͡· ͍·͘·͍͔͊ͭ ͔͙ͣͭ͊͋ͦ͡;͔͙͚ͫ͟ ͊ͼ͙͒ͦ͘Σ ͎ͯͫͯͯ͋͡ΎΌ΅͙͚ 

͔ͭͦ͟͡;͔ͤͦ ͍͔͔͙͔ͨͦͪ͗͒ͤΦ 

ˮ͔͔͙ͣͤͤ͘Ύ ͙͔ͫͫͭͣ· ͍͙ͪͦ͟ ͙ͨͪ ͍͔͔ͪͦͦͨͦͭͪ͟Φ 

˽͙ͪ ͚ͦͫͭͪͦ ͍͔͔ͪͦͦͨͦͭͪ͟ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͙͔ͦͭͤͦͫͭ͡Έ͔ͤͦ ͫͦͻ͔͙͔ͪ͊ͤͤ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ Ή͙ͪͭͪͦͼ͙͍ͭͦ ͍ 

͔͍ͨͪ·͔ ;͊ͫ·Σ ͦ͒ͤ͊ͦ͟ ͍ ͔ͨͦͫ͒ͯ͡Ό΅͔ͣ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͎͔͎͙ͨͦͫͭͣͦͪͪ͊;͔ͫ͊͟Ύ ͔͙͊ͤͣΎΦ ˿͙͔ͤ͗͊ͭͫΎ ͍͔ͯͪͦͤΈ 

͎͔͎͙ͣͦͦ͋ͤ͊͡ ͙ ͙ͫͦͪͦ͒ͤ͊͟͡Ύ ͖ͣͦͫͭ͟Έ ͍͙ͪͦ͟Φ 

ˢ͙͍ͭ͊͟ͼ͙Ύ ͙͔ͫͫͭͣ· ͎͔ͣͦͫͭ͊͊͘ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͍ͦͫͭ͊ͤͦͯ͟ ͍͔ͪͦͦͭ͟;͔͙ͤΎΣ ͦ͒ͤ͊ͦ͟ ͙ͨͪ ͙͍͚ͣ͊ͫͫͤͦ 

͍͔͔ͪͦͦͨͦͭͪ͟ ͍ͦͣͦ͗ͤͦ͘ ͍͙͙͔ͪ͊ͭ͘ ͎͙͙ͦ͊ͯͦͨ͊ͭ͟͡ ͔͔͙ͨͦͭͪ͋ͤ͡ΎΣ ;ͭͦ ͍͔͙ͯ͡;͙͍͔͊ͭ ͙ͪͫ͟ ͍ͨͦͭͦͪͤ·ͻ 

͍͔ͪͦͦͭ͟;͔͙͚ͤΦ 

˹͔͚͎ͪͦͯͣͦͪ͊͡Έͤ·͔ ͙ ͎ͦͪͣͦͤ͊͡Έͤ·͔ ͔ͪ͊͟ͼ͙͙Φ 

˴͍͔ͪͦͦͨͦͭͪΎ ͍·͘·͍͔͊ͭ ͍·͔ͪ͊͗ͤͤͯΌ ͙͍͊ͭ͊͟ͼ͙Ό ͎͙ͨͦͭ͊͊ͣͦ͡-͎͙ͨͦͺ͙͊ͪͤͦ͘-ͤ͊͒ͨͦ;͔;͙͍͚ͤͦͦ͟ 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

176 

͙͔ͫͫͭͣ·Φ ˽͍ͦ·΄͔͊ͭͫΎ ͔͔ͫͪ͟ͼ͙Ύ ͔͊ͭ͟ͻ͙͍ͦ͊ͣͤͦ͡Σ ͙ͦͪͭͦ͊͘͟͡ ͙ ͊͡Έ͔͒ͦͫͭͪͦͤ͊Σ ;ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͔͙ͯ͒ͪ͗͊ͤΌ ͙͙͗͒ͦͫͭ͟ ͙ ͔͙ͨͦ͒͒ͪ͗͊ͤΌ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ 

ˢ͙͙͔͙ͤͭ͒ͯͪͭ;͔͙͚ͫ͟ ͎ͦͪͣͦͤ ͙͙͍͔ͯͫ͊ͭ͡ ͔ͪ͊͋ͫͦͪ͋ͼ͙Ό ͍ͦ͒· ͍ ͨͦ;͊͟ͻΣ ͔ͯͣͤΈ΄͊Ύ ͙͔͒ͯͪ͘Φ ͙̏ͭ 

͔ͣͻ͙͊ͤͣ͘· ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͦ͋Ά͖ͣ͊ ͼ͙͙ͪͯͪͯ͟͡Ό΅͔͚ ͍͙ͪͦ͟Σ ͦ͒ͤ͊ͦ͟ ͙ͨͪ ͙͔͒ͭ͡͡Έ͚ͤͦ 

͎͙͔ͨͦͨͪͺ͙͙ͯ͘ ͎ͣͦͯͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ ͨͦ;͔;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ 

˽͎͔͎͙ͦͫͭͣͦͪͪ͊;͔͙͔ͫ͟ ͫͦͫͭͦΎ͙ͤΎ ͙ ͙ͻ ͤ͊͘;͔͙͔ͤΦ 

˽͔ͦͫ͡ ͍͙ͦͫͭ͊ͤͦ͟ ͍͔ͪͦͦͭ͟;͔͙ͤΎ ͎͙ͦͪ͊ͤͣ͘ ͍͔ͫͭͯͨ͊ͭ ͍ ͺ͊ͯ͘ ͎͔͎͙ͨͦͫͭͣͦͪͪ͊;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘Σ 

ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅ͯΌͫΎ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤͣ͡ ͦ͋Ά͖ͣ͊ ͨ͊ͣ͘͡· ͙ ͺ͔ͦͪͣͤͤ·ͻ Ή͔͔͍ͣͤͭͦ͡ ͍͙ͪͦ͟Φ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ 

͔͔ͭͪ͋ͯͭ ͤ͊͘;͙͔ͭ͡Έͤ·ͻ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͙ ͙ͨ͊ͫͭ͡;͔͙ͫ͟ͻ ͔͍ͪͫͯͪͫͦΦ 

˽͙ͪ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͔ͦͣͨͤͫ͊ͭͦͪͤ͟·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͺ͙ͦͪͣͪͯΌͭͫΎ ͚͙͔ͫͭͦ͟ ͎͔͎͙ͨͦͫͭͣͦͪͪ͊;͔͙͔ͫ͟ 

ͫͦͫͭͦΎ͙ͤΎΣ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͙͔ͫΎ ͔͙͔͚͊ͤͣΣ ͔͙͔͚͊ͫͭͤ ͙ ͙͔͙͔ͫͤ͗ͤͣ ͊͒͊ͨͭ͊ͼ͙ͦͤͤ·ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ 

͎͙ͦͪ͊ͤͣ͊͘Φ 

˴͍͔ͪͦͦͨͦͭͪΎ Ύ͍͡Ύ͔ͭͫΎ ͭΎ͖͗͡·ͣ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫͣ͟ ͨͪͦͼ͔ͫͫͦͣΣ ͙͍ͨͪͦ͒Ύ΅͙ͣ ͟ ͎͙͍͔͙͙ͨͦͦͣ͡Σ 

͎͙͙͙ͨͦͫ͟ ͙ ͤ͊ͪͯ΄͔͙ͤΌ ͙͔͚ͫͫͭͣͤͦ ͔͎ͪͯ͡Ύͼ͙͙Φ ˮͫͻͦ͒ ͍͔͙ͪͦͦͨͦͭͪ͟ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͍͔͍͔͔ͫͦͪͣͤͤͦͫͭΈΌ 

͔ͦͣͨͤͫ͊͟ͼ͙͙Σ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΌ ͎͔ͣͦͫͭ͊͊͘ ͙ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤͣ͡ ͦ͋Ά͖ͣ͊ ͼ͙͙ͪͯͪͯ͟͡Ό΅͔͚ ͍͙ͪͦ͟Φ ˥͔ͯ͋ͦͦ͟͡ 

͙͙͔ͨͦͤͣ͊ͤ ͨ͊ͭͦͺ͙͙͎͙͙ͦͦ͘͡ ͍͔͙ͪͦͦͨͦͭͪ͟ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ 

͙͙ͦͨͭͣ͊͘ͼ͙͙ ͔͡;͔͚͋ͤͦ ͙͙ͭ͊ͭ͟͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˽͍͊ͯͦ͟ ˤΦ˿ΦΣ ͙͍̆ͭͪͦ ˹Φ˴Φ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмсΦ τ спл ͫΦ 

нΦ ˴͙͙͚͊ͫͫͪͫ͟ ˮΦˢΦΣ ˢ͔͔͔͍ͫ͟͡ ˥ΦˢΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͎͔͎͙ͣ͊ͭͦͦ͡ΎΦ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмнΦ τ тнл ͫΦ 

оΦ ˭͚͊;͙͟ ˢΦ̊ΦΣ ͙͍̉ͯͪͦ͡ ˶Φ˽Φ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡Ύ ͍͙ͪͦ͟Φ τ ˿ ˽͋ΦΥ ̏˶ˣˮ-˿˽͋Σ нлмрΦ τ рсл ͫΦ 

пΦ ˿͔͍ͪͦ ˤΦˤΦΣ ˽͍͊ͯͦ͟ ˤΦ˿Φ ˻͋΅͊Ύ ͎͙ͨ͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΦ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмоΦ τ тсу ͫΦ 

рΦ ˥͎͊ͤͦͤ ̂Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Φ τ ˸ ΦΥ ˶͎ͦͦͫͺ͔ͪ͊Σ нлмуΦ τ тлп ͫΦ 

ϭs ͔͍ͤͤ͊͊ ˻ΦˤΦ, 2025 

 

 

 

 

̂˨˴ смс 

ˢ͔͍ͤͤ͊͊ ˻͎͎͔ͯ͡͡Έ͒· ˤ͔͙͔͍ͤ͊͡ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ˸͔͙͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͔͙́ͯͪͣͤͫͭ͊ͤ͟ ͎Φ ˢ΄ͻ͊͋͊͒  

 

˾˻˶̎ ̏˹˨˻́˩˶ˮˢ˶̎˹˻˯ ˨ˮ˿̅̂˹˴̇ˮˮ ˤ ˾ˢ˭ˤˮ́ˮˮ ˿˩˾˨˩̉˹˻-˿˻˿̂˨ˮ˿́̍̆ ˭ˢˣ˻˶˩ˤˢ˹ˮ˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

͔͙͚̏ͤ͒ͦͭ͡ ͍ͫͦͫͯ͒ͦ Ύ͍͡Ύ͔ͭͫΎ ͙͍͊ͭͤ͟·ͣ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫͣ͟ ͙ ͔͎ͪͯ͡Ύͭͦͪͤ·ͣ ͎ͦͪ͊ͤͦͣΣ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͣ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͙͎ͫͦͫͯ͒ͫͭͦͦ ͭͦͤͯͫ͊Σ ͎͔ͣͦͫͭ͊͊͘Σ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙ ͙ 

͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͎ͤͦͦ ͍͍͔͙ͪ͊ͤͦͫΎΦ ˹͊ͪͯ΄͔͙͔ͤ ͔͎ͦ ͺͯͤ͟ͼ͙͚Σ ͦ͋ͦͤ͊͘;͔͔͊ͣͦ ͊͟͟ Ή͔͙ͤ͒ͦͭ͊͡͡Έͤ͊Ύ 

͙͒ͫͺͯͤ͟ͼ͙ΎΣ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͎͔͔͔ͨ͊ͭͦͤ͘ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˤ ͫͭ͊ͭΈ͔ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· Ή͔͙ͤ͒ͦͭ͊͡͡Έ͚ͤͦ ͙͒ͫͺͯͤ͟ͼ͙͙Σ ͔͖ 

͙ͨͪ;͙ͤ·Σ ͍͙͡Ύ͙͔ͤ ͤ͊ ͙͔ͫͫͭͣͤͯΌ ͎͔͙͙ͣͦ͒ͤ͊ͣͯ͟ ͙ ͍͊͒͟͡ ͍ ͍͙͙͔ͪ͊ͭ͘ ͔͔͊ͭͪͦͫͪͦ͊͘͟͡Σ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ 

͎͙͔͔͙͙ͨͪͭͤ͘ ͙ ͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊Φ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

177 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 Ή͔͙͚ͤ͒ͦͭ͡Τ Ή͔͙ͤ͒ͦͭ͊͡͡Έͤ͊Ύ ͙͒ͫͺͯͤ͟ͼ͙ΎΤ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΤ ͔͔͊ͭͪͦͫͪͦ͘͟͡Τ ͔͙͊ͪͭͪ͊͡Έͤ͊Ύ ͎͙͔͔͙ͨͪͭͤ͘ΎΤ 

͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙ΎΤ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

 

Annaeva Ogulgeldi Welievna 

Lecturer of the Department of Pathological Physiology  

Myrat Garryev State Medical University of Turkmenistan. 

Turkmenistan, Ashgabat  

 

THE ROLE OF ENDOTHELIAL DYSFUNCTION IN THE DEVELOPMENT OF CARDIOVASCULAR DISEASES 

 

Abstract 

Vascular endothelium is an active metabolic and regulatory organ responsible for maintaining vascular 

tone, hemostasis, microcirculation, and anti-inflammatory balance. Endothelial dysfunction plays a key role 

in the pathogenesis of cardiovascular diseases. The article discusses the main pathophysiological mechanisms 

of endothelial dysfunction, its causes, effects on systemic hemodynamics, and contribution to the 

development of atherosclerosis, arterial hypertension, and coronary heart disease. 

Keywords:  

endothelium; endothelial dysfunction; pathophysiology; atherosclerosis; arterial hypertension; 

microcirculation; cardiovascular diseases. 
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͔͔͙͊ͭͪͦͫͪͦͭ͟͡;͔͙ͫ͟ͻ ͋͡Ύ΄͔͟Φ ˽͔ͦͭͪΎ ͊͘΅͙ͭͤ·ͻ ͍͚͍ͫͦͫͭ Ή͔͙ͤ͒ͦͭ͡Ύ ͯͫͦͪ͟Ύ͔ͭ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ 

͔͔͊ͭͪͦͫͪͦ͊͘͟͡ ͙ ͍ͨͦ·΄͔͊ͭ ͙ͪͫ͟ ͍ͭͪͦͣ͋ͦͦ͘Φ 

˾ͦ͡Έ Ή͔͙ͤ͒ͦͭ͡Ύ ͍ ͍͙͙͙ͪ͊ͭ͘ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘Φ 

˽͙ͪ Ή͔͙ͤ͒ͦͭ͊͡͡Έ͚ͤͦ ͙͒ͫͺͯͤ͟ͼ͙͙ ͤ͊ͪͯ΄͔͊ͭͫΎ ͔͎ͪͯ͡Ύͼ͙Ύ ͙͎ͫͦͫͯ͒ͫͭͦͦ ͭͦͤͯͫ͊Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

͚ͯͫͭͦ;͙͍ͦͣͯ ͍ͨͦ·΄͔͙ͤΌ ͔͙ͨͪͺ͔͙ͪ;͔͎ͫͦͦ͟ ͙͍͔͙ͫͦͨͪͦͭͤ͡ΎΦ ˿͙͔͙͔ͤ͗ͤ ͍͙͊ͦ͒͊ͭ͊͘͡ͼ͙͙ ͙ ͙͔͙͔ͯͫͤ͡ 

͍͙͊ͦͦͤͫͭͪ͘͟͟ͼ͙͙ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘Φ 

˨͙͔ͦͨͦͤͭ͡͡Έͤͦ ͙͍͙͔͊ͭͪͯͭͫ͟Ύ ͔͙ͪͤͤ-͎͙͔͙͊ͤͦͭͤͤ͘-͊͡Έ͔͍͒ͦͫͭͪͦͤͦ͊Ύ ͙͔ͫͫͭͣ͊Σ ͙͙͍ͯͫ͊͡Ό΅͊Ύ 

͙ͫͦͫͯ͒ͫͭ·͚ ͫͨ͊ͣ͘ ͙ ͔͊͒ͪ͗ͯ͘͟ ͙ͤ͊ͭͪΎΦ ͙̏ͭ ͨͪͦͼ͔ͫͫ· ͫͦ͒͊͘Όͭ ͨͦͪͦ;ͤ·͚ ͎ͪͯ͟Σ ͔͙͍ͨͦ͒͒ͪ͗͊Ό΅͙͚ 

ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍ͨͦ·΄͔͙͔ͤ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ Ή͔͙ͤ͒ͦͭ͊͡͡Έ͚ͤͦ ͙͒ͫͺͯͤ͟ͼ͙͙Φ 

͔͙̏ͤ͒ͦͭ͊͡͡Έͤ͊Ύ ͙͒ͫͺͯͤ͟ͼ͙Ύ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͙͍͔ͯͤͪͫ͊͡Έͤ·͚ ͔ͣ͊ͪͪ͟ ͔͔ͫͪ͒;ͤͦ-͙͎ͫͦͫͯ͒ͫͭͦͦ 

͙ͪͫ͊͟Φ ˻ͤ͊ ͔ͨͪ͒΄͔͍͔ͫͭͯͭ ͙͙ͤ͟͡;͔͙ͫͣ͟ ͨͪͦΎ͍͔͙ͤ͡Ύͣ ͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊Σ ͙ͤͫͯ͡Έͭ͊ ͙ 

͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ 

ˤ·Ύ͍͔͙͔ͤ͡ Ή͔͙ͤ͒ͦͭ͊͡͡Έ͚ͤͦ ͙͒ͫͺͯͤ͟ͼ͙͙ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͙͎͙͒͊ͤͦͫͭ;͔͔ͫͦ͟ ͙ ͎͙ͨͪͦͤͦͫͭ;͔͔ͫͦ͟ 

ͤ͊͘;͔͙͔ͤΦ ͔͔͍͙́ͪ͊ͨͭ;͔͙͔ͫ͟ ͔͎͙͙ͫͭͪ͊ͭΣ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ ͯͯ͡;΄͔͙͔ͤ ͺͯͤ͟ͼ͙͙ Ή͔͙ͤ͒ͦͭ͡ΎΣ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ 

͙͔͙ͫͤ͗ͤΌ ;͊ͫͭͦͭ· ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

͔͙̏ͤ͒ͦͭ͊͡͡Έͤ͊Ύ ͙͒ͫͺͯͤ͟ͼ͙Ύ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙ͫͣ͟ ͔ͣͻ͙͊ͤͣͦͣ͘ ͍͙͙ͪ͊ͭ͘Ύ 

͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˻ͤ͊ ͍͟͡Ό;͔͊ͭ ͔ͦͣͨͫ͟͟͡ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻΣ ͔ͭͦ͟͡;ͤ·ͻ ͙ ͙͔ͫͫͭͣͤ·ͻ 

ͤ͊ͪͯ΄͔͙͚ͤΣ ͙͍ͨͪͦ͒Ύ΅͙ͻ ͟ ͙ͫͦͫͯ͒ͫͭͦͣͯ ͫͨ͊ͣͯ͘Σ ͍͔͙ͦͫͨ͊ͤ͡Ό ͙ ͭͪͦͣ͋ͦͯ͘Φ ˽͙͙͔ͦͤͣ͊ͤ ͙ͪͦ͡ Ή͔͙ͤ͒ͦͭ͡Ύ 

͍ͨͦͦ͘͡Ύ͔ͭ ͎͔ͯ͋͗͡ ͦͫͣ·͙ͫͭ͡Έ ͎͔͔ͨ͊ͭͦͤ͘ ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͎͙͙ͨ͊ͭͦͦ͡ ͙ ͍ͦ͋ͦͫͤͦ͊ͭΈ ͍͔͔ͫͦͪͣͤͤ·͔ 

ͨͦ͒ͻͦ͒· ͟ ͔͖ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͙ ͔͡;͔͙ͤΌΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˽͍͊ͯͦ͟ ˤΦ˿ΦΣ ͙͍̆ͭͪͦ ˹Φ˴Φ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмсΦ τ спл ͫΦ 

нΦ ˭͙͊͒ͦͤ;͔ͤͦ͟ ˤΦ˿Φ ˿͔͔ͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ͊Ύ ͎͙ͨ͊ͭͦͦ͡ΎΦ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмпΦ τ рсл ͫΦ 

оΦ ˥͎͊ͤͦͤ ̂Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Φ τ ˸ ΦΥ ˶͎ͦͦͫͺ͔ͪ͊Σ нлмуΦ τ тлп ͫΦ 

пΦ ˴͍ͦ͋͊͊͊͡ ˬΦ˨Φ ˢ͔͙ͪͭͪ͊͡Έͤ͊Ύ ͎͙͔͔͙ͨͪͭͤ͘ΎΦ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмфΦ τ пул ͫΦ 

рΦ ˿͔͍ͪͦ ˤΦˤΦΣ ˽͍͊ͯͦ͟ ˤΦ˿Φ ˻͋΅͊Ύ ͎͙ͨ͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΦ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмоΦ τ тсу ͫΦ 

ϭs ͔͍ͤͤ͊͊ ˻ΦˤΦ, 2025 
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       ˢ͔͍ͤͤ͊͊ ˻͎͎͔ͯ͡͡Έ͙͒Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˽ˢ˹˴˾˩ˢ́ˮ́Υ ̏́ˮ˻˽ˢ́˻˥˩˹˩˭Σ ˴˶ˮ˹ˮ̉˩˿˴ˮ˩ ̅˻˾˸̍ ˮ ˿˻ˤ˾˩˸˩˹˹̍˩ ˿́˾ˢ́˩˥ˮˮ ˶˩̉˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͔ͦͣͨͫͤ͟͟͡·͚ ͙͊ͤ͊͘͡ ͔͙ͨ͊ͤͪ͊ͭͭ͊͟ τ ͍ ͙͔ͦͫͨ͊ͭ͡͡Έͤͦπͤ ͔͙ͪͦͭ͟;͔͎ͫͦͦ͟ 

͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ ͔͔͗͘͡·Σ ͔͍ͨͪ͒ͫͭ͊͡ΎΌ΅͔͎ͦ ͔ͫͪΈ͔ͤͯ͘Ό ͔͙ͣ͒ͦ͟πͫ ͦͼ͙͊͡ΈͤͯΌ ͔ͨͪͦ͋ͣͯ͡Φ 

˽ͦ͒ͪͦ͋ͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· Ή͙͎͙ͭͦͦ͡Ύ ͙ ͎͔͔ͨ͊ͭͦͤ͘Σ ͍ ͼ͔͔ͤͭͪ ͎ͦͭͦͪͦͦ͟ ͔͙͗ͭ͡ ͔͔͍͔͔ͨͪ͗͒ͪͣͤͤ͊Ύ ͙͍͊ͭ͊͟ͼ͙Ύ 

͙ͨ΅͔͍͙͔͊ͪͭ͡Έͤ·ͻ ͺ͔͔͍ͪͣͤͭͦ ό͙͙͎͔ͭͪͨͫͤͦͤ͊ύ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ ͙͊ͯͭͦͦͣ͘͡ ͙ͭ͊ͤ͟ ͔͔͗͘͡·Φ ˨͔ͭ͊͡Έͤͦ 

͙ͦͨͫ͊ͤ· ͙͙ͤͦ͟͟͡π͡ ͊͋ͦͪ͊ͭͦͪͤ·͔ ͙͔͙͙ͪͭͪ͟ ͙͎͙͙͒͊ͤͦͫͭ͟ ͎ͦͫͭͪͦͦ ͙ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͔͙ͨ͊ͤͪ͊ͭͭ͊͟Σ ͍͟͡Ό;͊Ύ 

͍͔͔ͫͦͪͣͤͤ·͔ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͨͦ ͔͔͙ͫͭͨͤ ͭΎ͔͙͗ͫͭ όˢͭ͊ͤͭ͊͡πнлмнΣ ͔͔͙͙͒ͭͪͣͤͪͯΌ΅͙͚ ͨͦ͒ͻͦ͒ύΦ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͙ͪͦ͡ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦ ό˴́Σ ̂˭ˮΣ ̏̂˿Σ 

˸˾̆˽˥ύΦ ˽͔͍͔ͪ͒ͫͭ͊ͤ͡· ͍͔͔ͫͦͪͣͤͤ·͔ ͎͙͊ͦͪͭͣ͡· ͔͡;͔͙ͤΎΥ ͦͭ ͙͚͋͊ͫͤͦ͘ ͔͙͙ͭͪ͊ͨ ͎ͦͫͭͪͦͦ ͔͙ͨ͊ͤͪ͊ͭͭ͊͟ 

ό͎͔͙͊ͤ͊͘͡ΎΣ ͙ͤͺ͙ͯ͘ΎΣ ͙͙͍ͤͯͭͪͭͤ͊Ύ ͔ͨͦ͒͒ͪ͗͊͟ύ ͒ͦ ͫͦ͗ͤ͡·ͻ ͙͔͍͔ͤͭͪͤͼ͙ͦͤͤ·ͻ ͙ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ 

͙ͨͪ ͔͙ͦͫͦ͗ͤͤ͡Ύͻ ό͙ͤͺ͙ͼ͙͍ͪͦ͊ͤͤ·͚ ͔͔ͨ͊ͤͪͦͤͪͦ͘͟͟Σ ͔͍͙ͨͫ͒ͦͫͭ͟·ύΦ ˨͡Ύ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͔͙ͨ͊ͤͪ͊ͭͭ͊͟ 

͍͔ͦͫ΅͔ͤ· ͙ͨͪͤͼ͙ͨ· ͔͙͔͊ͣͫͭͭ͘͡Έ͚ͤͦ ͺ͔͔͚ͪͣͤͭͤͦ ͔͙͙ͭͪ͊ͨΣ ͔͡;͔͙ͤΎ ͔͍͎͋ͦͦͦ͡ ͙ͫͤ͒ͪͦͣ͊ ͙ ͔ͦͪͪ͟͟ͼ͙͙ 

Ή͙͚ͤ͒ͦͪͤͤͦ͟ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ ˽ͦ͒;͔ͪͤͯͭ͊͟ ͍͊͗ͤͦͫͭΈ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊ ͙ 

ͨͪͦͺ͙͙͙͊ͭ͟͟͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙ͨ͊ͤͪ͊ͭͭ͟Σ ͦͫͭͪ·͚ ͔͙ͨ͊ͤͪ͊ͭͭ͟Σ ͻ͙ͪͦͤ;͔͙͚ͫ͟ ͔͙ͨ͊ͤͪ͊ͭͭ͟Σ ͔͔ͨ͊ͤͪͦͤͪͦ͘͟͟Σ ͙͊ͯͭͦ͘͡Σ ͙͙ͭͪͨͫͤΣ ͙ͨ͊͊͘͡Σ 

͙͊ͣ͊͊͘͡Σ ΄͊͊͟͡ ˾Ήͤͫͦͤ͊Σ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ˢͭ͊ͤͭ͊͡Σ ͦͣͨ͟ΈΌ͔ͭͪͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ό˴́ύΣ Ή͙ͤ͒ͦͫͦͨ͟;͔ͫ͊͟Ύ 

͔͎ͪͭͪͦͪ͊͒ͤ͊Ύ ͻ͎͙͔͎ͦ͊ͤͦͨ͊ͤͪ͊ͭͦͪ͊͟͡ͺ͙Ύ ό̏˾̆˽˥ύΣ ͙ͤͺ͙ͯͦͤͤ͊͘Ύ ͔͙ͭͪ͊ͨΎΣ Ή͔ͤͭͪ͊͡Έ͔ͤͦ ͙͙͔ͨͭ͊ͤΣ 

͔͙͔͊ͣͫͭͭ͘͡Έͤ͊Ύ ͺ͔͔ͪͣͤͭͤ͊Ύ ͔͙ͭͪ͊ͨΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˽͔ͦ͒͗ͯ͒ͦ͡;ͤ͊Ύ ͔͔͗͊͘͡Σ ͍·ͨͦͤ͡ΎΌ΅͊Ύ Ή͙ͦͪͤͤͯ͘͟͟Ό ͙ Ή͙ͤ͒ͦͪͤͤͯ͟Ό ͺͯͤ͟ͼ͙͙Σ Ύ͍͡Ύ͔ͭͫΎ ͙ͯͤ͊͟͡Έͤ·ͣ 

͎ͦͪ͊ͤͦͣΣ ;Έ͔ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙͍͙ͨͪͦ͒ͭ ͟ ͭΎ͔͗͡·ͣ ͙͔ͫͫͭͣͤ·ͣ ͔͍͙ͨͦͫ͒ͫͭ͡ΎͣΦ ˽͔͙͊ͤͪ͊ͭͭ͟Σ ͍ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

͔͎ͦ ͦͫͭͪ·͔ ͔͙͍͒ͫͭͪͯͭͤ͟·͔ ͺͦͪͣ·Σ ͔ͦͫͭ͊ͭͫΎ ͔͍͙͔͊͋ͦ͊ͤͣ͘͡ ͫ ͍·͚ͫͦͦ͟ ͔ͭ͊͡͡ΈͤͦͫͭΈΌ ό͒ͦ олπрл҈ ͙ͨͪ 

͙ͤͺ͙ͼ͙͍ͪͦ͊ͤͤͦͣ ͔͔͔ͨ͊ͤͪͦͤͪͦ͘͟͟ύΣ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͦͭ ͍ͪ͊;͊ ͎͎ͯ͋ͦͦͦ͟͡ ͙ͤ͊ͤ͘Ύ ͔͎ͦ ͎͔͔ͨ͊ͭͦͤ͊͘ ͙ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͍ͨͪͦͭͦͦͦ͟͡ ͍͔͔͙͒ͤΎΦ 

͙͎͙̏ͭͦͦ͡Ύ ͙ ͎͔͔ͨ͊ͭͦͤ͘ 

˻͍ͫͤͦͤ·͔ Ή͙͎͙ͭͦͦ͡;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟·Υ 

мΦ ˻ͫͭͪ·͚ ͔͙ͨ͊ͤͪ͊ͭͭ͟ ό˻˽ύΥ ˬ ͔͡;͔ͤͦ͊ͣͤͤ͊͟Ύ ͔͋ͦͤ͘͡Έ όплπтл҈ύΣ ͎͊ͦͦ͟͡͡Έ όнрπор҈ύΣ 

͎͙͔͙͎͙ͨͪͭͪ͡ͼ͔͙͔͙ͪ͒ͣΎΣ ͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔ͨͪͨ͊ͪ͊ͭ·Σ ͍ͭͪ͊ͣ͊Σ ̏˾̆˽˥Σ ͙͙͙͒ͦͨ͊ͭ;͔͙͚ͫ͟Φ 

нΦ ͙̆ͪͦͤ;͔͙͚ͫ͟ ͔͙ͨ͊ͤͪ͊ͭͭ͟ ό̆˽ύΥ s ͎ͦͦ͟͡͡Έ όтлπул҈ύΣ ͔͙͔ͯͪͤ͟Σ ͎͔͔͙ͤͭ;͔͙͔ͫ͟ ͣͯͭ͊ͼ͙͙ ό{tLbYмΣ 

/C¢wύΣ ͙͊ͯͭͦͣͣͯͤͤ·͚Σ ͙͍ͦ͋ͫͭͪͯͭͤ͟·͚ ό͙ͫͭͪͭͯͪ͊͟ ͨͪͦͭͦ͊͟ύΦ 

˴͡Ό;͔͍͔ͦ ͍͔ͤͦ͘ ͎͔͔ͨ͊ͭͦͤ͊͘ ˻˽ τ ͍ ͙ͤͯͭͪ͊ͼ͙ͤ͊ͪͤ͊Ύ ͙͍͊ͭ͊͟ͼ͙Ύ ͙͙͎͔ͭͪͨͫͤͦͤ͊ ͍ ͙͙ͭͪͨͫͤΦ ̏ ͭͦ 

͔͊ͨͯͫ͊ͭ͘͟ ͊ͫ͊͒͟͟ ͙͍͊ͭ͊͟ͼ͙͙ ͎͙͒ͪͯͻ ͙ͨ΅͔͍͙͔͊ͪͭ͡Έͤ·ͻ ͺ͔͔͍ͪͣͤͭͦ ό͙ͨ͊͘͡·Σ Ή͊ͫͭ͊͘͡·Σ ͺͦͫͺ͙ͦͨ͊͘͡· ˢнύΣ 

ͦͭͦͪ͟·͔ ͤ͊;͙ͤ͊Όͭ ͔͔͍͙͍ͨͪ͊ͪ͊ͭΈ ͔ͨ͊ͪͤͻ͙ͣͯ ͔͔͗͘͡· ͙ ͔͙͔͙ͨͪͨ͊ͤͪ͊ͭ͟;͔ͫͯ͟Ό ͭ͊ͤ͟Έ ό͙͍͗ͪͦͯΌΣ 

͙ͫͦͫͯ͒ͫͭͯΌύΦ ͙͔̅ͦͪͣͪͯͭͫΎ ͨ ͔͔͊ͤͪͦͤͪͦ͘͟͟Φ ˤ·͍͔͙͔ͫͦ͋ͦ͗͒ͤ ͙͍͊ͭͤ͟·ͻ ͺ͔͔͍ͪͣͤͭͦ ͙ ͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·ͻ 

ͼ͙͙͍ͭͦͤͦ͟ ό¢bCπh Σ L[πмΣ L[πсύ ͍ ͙͔ͫͫͭͣͤ·͚ ͍ͪͦͦͭͦ͟͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͫ ͙ͤ͒ͪͦͣͯ ͙͔͚ͫͫͭͣͤͦ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͚ͤͦ 

͔ͪ͊͟ͼ͙͙ ό{Lw{ύΣ ͍͔͔͙ͨͦͪ͗͒ͤΌ Ή͔͙ͤ͒ͦͭ͡ΎΣ ͍͙͙ͪ͊ͭ͘Ό ͙͎͚ͨͦͦͪ͊ͤͤͦ͡ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ό˽˻˹ύ τ ͦ ͍͚ͫͤͦͤͦ 
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͙ͨͪ;͙ͤ· ͔͚ͪ͊ͤͤ ͔͙ͫͣͪͭΦ ˽͙ͪ ͙ͤͺ͙ͼ͙͍͙͙ͪͦ͊ͤ ͔͙ͤͪͦͭ͟;͔͙ͫ͟ͻ ͣ͊ͫͫ όͦ͋·;ͤͦ ͤ͊ нπо ͔͔͔ͤ͒͡ύ 

͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͙ ͤͺ͙ͼ͙͍ͪͦ͊ͤͤ·͚ ͔͔ͨ͊ͤͪͦͤͪͦ͘͟͟ τ ͫͦͫͭͦΎ͙͔ͤΣ ͔ͭͪ͋ͯΌ΅͔͔ ͫͪͦ;͎ͤͦͦ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Φ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͙ ͙͎͙͒͊ͤͦͫͭ͊͟ 

˻˽Υ ʕ ͔ͤ͊ͨͤ͊͘Ύ ͙͔͙͍ͤͭͤͫͤ͊Ύ ͋ͦ͡Έ ͍ Ή͙͎͙͙ͨ͊ͫͭͪΣ ͦͨͦΎͫ·͍͊Ό΅͔͎ͦ ͻ͔͊ͪ͊ͭͪ͊͟Σ ͫ ͙͙ͪͪ͊͒͊ͼ͙͔͚ ͍ 

͙ͫͨͤͯΣ ;͊ͫͭͦ ͍͔ͫͦͨͪͦͦ͗͒͊ͣ͊Ύ ͭͦ΄͚ͤͦͭͦ ͙ ͍͚ͪͦͭͦΦ ˽͙ͪ ͔ͦͫͣͦͭͪ τ ͤ ͊ͨͪΎ͔͙͔͗ͤ ͣ·΄ͼ ͍ Ή͙͎͙͙ͨ͊ͫͭͪΣ 

͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔ ͙ͫͣͨͭͦͣ· ͔͙ͪ͊͒ͪ͊͗ͤ͘Ύ ͋ͪΌ΄͙ͤ· ͙ͨͪ ͭΎ͔͗͡·ͻ ͺͦͪͣ͊ͻΦ 

̆˽Υ ˾ ͔ͼ͙͙͍͙͒ͪͯΌ΅͙͔ ͙͙͡ ͨͦͫͭͦΎͤͤ·͔ ͙͋ͦ͡ ͍ ͍͔ͪͻ͙ͤͻ ͔ͦͭ͒͊͡ͻ ͙͍͗ͦͭ͊Σ ͙͙ͨͪͤ͊͘͟ ͍͔ͤ΄͔ͤπ ͙  

͍͙͔͔͚ͤͯͭͪͫͪͭͦͪͤͦ͟ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ό͔͔ͫͭ͊ͭͦͪΎΣ ͨͦͻ͙͔ͯ͒͊ͤΣ ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭύΦ 

˨͙͎͙͊ͤͦͫͭ;͔͙͚ͫ͟ ͎͙͊ͦͪͭͣ͡Υ 

мΦ ˶͊͋ͦͪ͊ͭͦͪͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ 

o ζ˭͚ͦͦͭͦ͡ ͫͭ͊ͤ͒͊ͪͭη ͒͡Ύ ˻˽Υ ˽ ͍ͦ·΄͔͙͔ͤ ͙͍͙͊ͭͤͦͫͭ͟ ͫ ·͍ͦͪͦͭͦ;͚ͤͦ ͙ͨ͊͘͡· ͍  о ͙ ͔͔͋ͦ͡ ͪ͊͘ 

ό͔͔͋ͦ͡ ͔ͫͨͼ͙ͺ͙;ͤͦ ͙ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦΣ ;͔ͣ ͙͊ͣ͊͊͘͡ύΦ 

o ˸͔͊ͪͪ͟· ͭΎ͔͙͗ͫͭΥ ˿πͪ ͔͙͍͊ͭͤ͟·͚ ͔͋ͦ͟͡ ό˿˾ˣύ Ҕмрл ͎ͣκ͡ ͤ͊ оπ͙  ͙ͫͯͭ͟Σ ͍ͨͦ·΄͔͙͔ͤ ͣͦ;͔͍͙ͤ·Σ 

͎͔͙ͣ͊ͭͦͪͭ͊͟Σ ͊͟͡Έͼ͙ΎΦ 

нΦ ˮ͔ͤͫͭͪͯͣͤͭ͊͡Έͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Υ 

o ͙́ͪ͊ͤͫ͊͋͒ͦͣͤ͊͡Έ͔ͤͦ ̂˭ˮΥ ˽ ͔͍͙ͪ;ͤ·͚ ͔ͣͭͦ͒ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͔͗͡;ͤ·ͻ ͔͚͊ͣͤ͟Σ ͦͼ͔͙ͤ͟ 

͔͍ͪ͊ͣͪͦ͘ ͔͔͗͘͡·Σ ͍·Ύ͍͔͙ͤ͡Ύ ͍͚ͫͦ͋ͦ͒ͤͦ ͙͙͗͒ͦͫͭ͟Φ 

o ˴ͦͤͭͪ͊ͫͭͤ͊Ύ ͦͣͨ͟ΈΌ͔ͭͪͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ό˴́ύ ͫ ͋ͦ͡Όͫͤ·ͣ ͙͔͙͔ͯͫͤͣ͡Υ ˴ ͡Ό;͔͍͚ͦ ͔ͣͭͦ͒ ͒͡Ύ 

͍͔͙ͪͺ͙͊͟ͼ͙͙ ͙͎͒͊ͤͦ͊͘Σ ͦͼ͔͙ͤ͟ ͫ ͔͔͙ͭͨͤ ͔ͤͪͦ͊͘͟ όͨͦ ˣ͊͡Έͭ͊͊ͪͯ͘ύΣ ͍·Ύ͍͔͙ͤ͡Ύ ͔͙͚ͦͫͦ͗ͤͤ͡ 

ό͔͍͙ͨͫ͒ͦͫͭ͟·Σ ͊͋ͫͼ͔ͫͫ·Σ ͭͪͦͣ͋ͦ͘ ͍͔ͤύΦ ˽͍͙ͪͦͦ͒ͭͫΎ ͔ͤ ͔͔ͪ͊ͤ тнπфс ;͍͊ͫͦ ͦͭ ͤ͊;͊͊͡ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

o ˸͎͙͊ͤͭͤͦπͪ ͔ͦͤ͊ͤͫͤ͊͘Ύ ͻ͎͙͔͎ͦ͊ͤͦͨ͊ͤͪ͊ͭͦͪ͊͟͡ͺ͙Ύ ό˸˾̆˽˥ύΣ Ή͙ͤ͒ͦͫͦͨ͟;͔͔ͫͦ͟ ̂˭ˮ ό̏̂˿ύΥ ˨ ͡Ύ 

ͯͭͦ;͔͙ͤͤΎ ͙ͨͪ;͙ͤ·Σ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ̆˽ ͙ ͙͙͍͙͙͋͊ͪͤͦ͊ͫͣͦͣ͘͡ ˻˽Φ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ ͦͼ͔ͤ͊͟ ͭΎ͔͙͗ͫͭ 

˨͡Ύ ˻˽ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͨ ͔͔͔ͪͫͣͦͭͪͤͤ͊Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ˢͭ͊ͤͭ͊͡ όнлмнύΣ ͍·͔͒͡ΎΌ΅͊ΎΥ 

¶ ˶͔͎͙͚͟ ˻˽ ό͙͔͙ͤͭͪͫͭͼ͙͊͡Έͤ·͚ ͔ͦͭ;ͤ·͚ύΥ ͍͙͔ͦͭͫͯͭͫͭ ͎͚ͦͪ͊ͤͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͙ 

͔ͣͫͭͤ·ͻκ͙͔ͫͫͭͣͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

¶ ͔͔̂ͣͪͤͤͦ ͭΎ͔͗͡·͚ ˻˽Υ ˽ ͔ͪͻͦ͒Ύ΅͊Ύ ͎ͦͪ͊ͤͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ όғпу ;ύ ͙κ͙͙͡ ͙ͤ͊͡;͙͔ ͔ͣͫͭͤ·ͻ 

͔͙͚ͦͫͦ͗ͤͤ͡Φ 

¶ ́Ύ͔͗͡·͚ ˻˽Υ ˿ ͚ͭͦ͊͟Ύ ͎ͦͪ͊ͤͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ όҔпу ;ύ τ ͔͙͍͔͒ͤͫͭͤͤ·͚ ͙͔͙͚ͪͭͪ͟ ͭΎ͔͙͗ͫͭΦ 

˨͡Ύ ͎ͨͪͦͤͦ͊͘ ͙ͫͨͦ͡Έͯ͘Όͭ ΄͊͟͡· όwŀƴǎƻƴΣ !t!/I9πLLΣ ΄͊ͯ͟͡ ˣ͊͡Έͭ͊͊ͪ͊͘ ͨͦ ˴́ύΦ 

˶͔;͔͙͔ͤ 

мΦ ˻ͫͭͪ·͚ ͔͙ͨ͊ͤͪ͊ͭͭ͟Υ 

¶ ˣ͙͊ͫͤ͊͘Ύ ͔͙ͭͪ͊ͨΎ ό͙͍͔ͯͤͪͫ͊͡Έͤ͊ ͒͡Ύ ͍͔ͫͻ ͺͦͪͣύΥ s ͔͍͒͊ͭͤ͊͟Ύ ͊ ͎͔͙ͤ͊͘͡Ύ ό͔ͨͪ͒ͨͦ;͙͔ͭͭ͡Έͤ· 

͙͙ͦͨͦ͒·Σ ˹˽ˤ˽Τ ͙͙͙ͫͨ͊ͣͦͭ͘͟͡ ͣ͊ͦ͡Ήͺͺ͔͙͍ͭͤ͟·ύΣ ͙ ͔͙͍ͤͭͤͫͤ͊Ύ ͙ͤͺ͙ͯͦͤͤ͊͘Ύ ͔͙ͭͪ͊ͨΎ ͟ ͙͙͙ͪͫͭ͊ͦ͒͊ͣ͡͡ 

͒͡Ύ ͔ͦͪͪ͟͟ͼ͙͙ ͎͙͍͔͙͙ͨͦͦͣ͡Σ ͪ ͔͔͊ͤͤ Ή͔ͤͭͪ͊͡Έ͔ͤͦ ͙͙͔ͨͭ͊ͤ ό;͔͔ͪ͘ ͤ͊ͦ͘Ή͔ͤͭͪ͊͡Έͤ·͚ ͦͤ͒͘ ͊͘ ͍ͫΎͯ͘͟ 

͔͚́ͪͼ͊ύ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͋͊ͪΈ͔͚ͪͤͦ ͺͯͤ͟ͼ͙͙ ͙͟΄͔;͙ͤ͊͟Φ ˥ͦͦ͒͡ ͤ͊ͤ͊͘;͔͊ͭͫΎ ͙͡΄Έ ͤ͊ нпπпу ;͍͊ͫͦ ͙ͨͪ 

͔͙͔͚ͤͯͨͪͯͣͦ͟ ͍͔ͪͦͭΦ 

¶ ˢ͙͙͙ͤͭ͋ͦͭͦͨͪͦ͟ͺ͙͙͊ͭ͊͟͟͡ ͤ ͔ ͔͔͍ͪͦͣͤ͒ͦ͊ͤ͊͟ ͙ͪͯͭͤͤͦΦ ˢ͙͔͙ͤͭ͋͊ͭͪ͊͟͡Έͤ͊Ύ ͔͙ͭͪ͊ͨΎ τ ͭͦ͡Έͦ͟ 

͙ͨͪ ͒ͦ͊͊ͤͤͦͣ͘͟ ͙ͤͺ͙ͼ͙͍ͪͦ͊ͤͤͦͣ ͔͔ͤͪͦ͘͟Φ 

¶ ˮ͔͍͔ͤͭͪͤͼ͙͔ͦͤͤͦ ͙ ͻ͙͎͙ͪͯͪ;͔͔ͫͦ͟ ͔͡;͔͙͔ͤΥ ˽ ͦ͊͊ͤͦ͘͟ ͙ͨͪ ͍͙͙͙ͪ͊ͭ͘ ͙ ͤͺ͙ͼ͙͍͎ͪͦ͊ͤͤͦͦ 

͔͔ͨ͊ͤͪͦͤͪͦ͊͘͟͟Φ ˸͔ͭͦ͒ ͍·͋ͦͪ͊ τ ͣ ͙͍͙͍͊ͦͤ͊ͤ͘͡·͔ ͨͦΉͭ͊ͨͤ·͔ ͔ͣͭͦ͒·Υ ;͔ͪͫͦ͗ͤ͟·͔ ͨͯͤ͟ͼ͙͙ ͙ 

͔͙͍͙͔͒ͪͤͪͦ͊ͤ ͨͦ͒ ͔ͦͤͭͪͦͣ͟͡ ˴́κ̂˭ˮΣ ͍͙͔͙͙͍͒ͦ͊ͫͫͫͭͪͦ͊ͤͤ͊Ύ ͔͔͙͔ͪͭͪͦͨͪͭͦͤ͊͡Έͤ͊Ύ 

͔͔͍͔ͤͪͫͫͭͪ͟͟Ή͙ͭͦͣ͟Ύ ό±!w5ύΦ ˻ͭͪ͟·ͭ·͔ ͙͙͊ͨ͊ͪͦͭͦͣ͡ όζͦͭͪ͟·ͭ͊Ύ ͍ͯͨ͊ͦ͊͟͟ηύ ͙͔ͨͪͣͤΎΌͭͫΎ ͔ͪ͒ͦ͟Σ ͊͟͟ 

ͫ͊͡Έ͍͊͗πͨ ͪͦͼ͔͒ͯͪ͊Φ 

нΦ ͙̆ͪͦͤ;͔͙͚ͫ͟ ͔͙ͨ͊ͤͪ͊ͭͭ͟Υ 
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¶ ˴͙͍͙͔ͯͨͪͦ͊ͤ ͙͋ͦ͡Υ ˻ ͭ͊͘͟ ͦͭ ͎͊ͦͦ͟͡͡Ύ ͙ ͔͙ͯͪͤ͟Ύ τ ͦ ͍ͫͤͦ͊Φ ˽͔͍ͪ͊Ύ ͙͙ͤ͡Ύ τ ͤ ͔͙ͤ͊ͪͦͭ͟;͔͙͔ͫ͟ 

͊ͤ͊͡Έ͎͔͙͙ͭ͟Φ ˽͙ͪ ͔ͤΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ τ ͨͦΉ͔ͭ͊ͨͤͦ ͙͔͔͙͔ͨͪͣͤͤ ͙͙͍͊ͤͭͦͫ͒͊ͤͭͦ͟Σ ͙͙ͤ͘͟ͻ ͒ͦ͘ 

͙ͭͪͼ͙͙͟͡;͔͙ͫ͟ͻ ͙͔͔͍͊ͤͭ͒ͨͪͫͫ͊ͤͭͦΣ ͙͍͊ͤͭͦͤͯ͟͡Έ͍ͫ͊ͤͭͦ ό͎͔͙͊͋͊ͨͤͭͤύΦ ͙͎͙̆ͪͯͪ;͔͙͔ͫ͟κΉ͙ͤ͒ͦͫͦͨ͟;͔͙͔ͫ͟ 

͔ͣͭͦ͒· ό͔͙͍͙͔͒ͪͤͪͦ͊ͤ ͍ͨͪͦͭͦͦ͟Σ ͔͔ͪ͘͟ͼ͙͙ύ ͙ͨͪ ͙͍ͦ͋ͫͭͪͯͭͤͦͣ͟ ͻ͔͔͊ͪ͊ͭͪ͟ ͙͋ͦ͡Φ 

¶ ˭͔͙͔͊ͣͫͭͭ͡Έͤ͊Ύ ͙ͨͦ͡ͺ͔͔ͪͣͤͭͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ˸ ͙͎͙͍ͪͦͪ͊ͤͯͪͦ͊ͤͤ͟͡·͔ ͔ͨͪͨ͊ͪ͊ͭ· ͫ ͍·͙ͫͦͣ͟ 

͔͙͔ͫͦ͒ͪ͗͊ͤͣ ͙ͨ͊͘͡·Σ ͊͘΅͙΅͔ͤͤ·͔ ͦͭ ͙ͫͦͭ͟͡·Σ ͙͙͔ͨͪͤͣ͊ͣ·͔ ͍ͦ ͍͔ͪͣΎ ͔͒· ͒͡Ύ ͔ͦͪͪ͟͟ͼ͙͙ ͔͔͙ͫͭ͊ͭͦͪ 

͙ ͙͔͙ͫͤ͗ͤΎ ͙͋ͦ͡Φ 

¶ ˴͔ͦͪͪ͟ͼ͙Ύ Ή͙͚ͤ͒ͦͪͤͤͦ͟ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ όͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ ζ͔͎͔͎ͨ͊ͤͪ͊ͭͦͤͤͦͦ͟η ͙ͭͨ͊ύΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˽͔͙͊ͤͪ͊ͭͭ͟ τ Ήͭͦ ͙͙͒ͤ͊ͣ;͔͔ͫͦ͟ ͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͔ͭͪ͋ͯΌ΅͔͔ ͦͭ ͍ͪ͊;͊ ͙͍͚͊ͭͤͦ͟ ͙͙ͭ͊ͭ͟͟Σ ͍͚ͦͫͤͦ͊ͤͤͦ ͤ͊ 

ͭͦ;͚ͤͦ ͙ͫͭͪ͊ͭͺ͙͊͟ͼ͙͙ ͙ͪͫ͊͟ ͙ ͙͙͙ͨͦͤͣ͊ͤ ͺ͊͘ ͎͙ͨ͊ͭͦͦ͡;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊Φ ˤ͔͔͙͔͒ͤ ͨ͊ͼ͙͔ͤͭ͊ ͦͭ ͚ͦͫͭͪͦ 

ͺ͊͘· ͒ͦ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙ ͙ͨͪ ͻ͙ͪͦͤ;͔ͫͦͣ͟ ͨͪͦͼ͔͔ͫͫ τ Ήͭͦ ͦͣ͊ͤ͒ͤ͊͟Ύ ͪ͊͋ͦͭ͊ ͎͊ͫͭͪͦΉ͔͎ͤͭͪͦͦ͊͡Σ ͻ͙͎ͪͯͪ͊Σ 

͔͙͎ͪ͊ͤͣ͊ͭͦͦ͊͡Σ Ή͙ͤ͒ͦͫͦͨͫͭ͊͟ ͙ ͙͎ͪ͊͒ͦͦ͊͡Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͎͙ͫͭͪ͊ͭΎ ͔͙ͫͣͫͭ͊ͫ͡Έ ͦͭ ͎͔͙͍͚͊ͪͫͫͤͦ ͔͚ͪ͊ͤͤ 

ͻ͙͎͙͙ͪͯͪ ͟ ͙ͨͪͤͼ͙ͨͯ ζǎǘŜǇπǳǇ ŀǇǇǊƻŀŎƘη όͨͦΉ͎ͭ͊ͨͤͦͦ ͤ͊ͪ͊΅͙͍͙͊ͤΎ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭύ ͙ͨͪ ͔͙ͦͫͦ͗ͤͤ͡Ύͻ 

˻˽ ͙ ͟ ͔ͦͣͨͫͤͦͣͯ͟͟͡ ͎͒ͦͦͫͪͦ͡;ͤͦͣͯ ͍͔͔͙͒ͤΌ ͙ͨͪ ̆˽Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˮ͍͊΄͙ͤ͟ ˤΦ́ΦΣ ˸͔͍͊ͫ͊͟Ύ ˸ΦˤΦΣ ˻ͻͦ͋͡·͙ͫͭͤ ˢΦˤΦ ͙ ͒ͪΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ˾͙͚͚ͦͫͫͫͦ͟ 

͎͊ͫͭͪͦΉ͔͎͙ͤͭͪͦͦ͡;͔͚ͫͦ͟ ͊ͫͫͦͼ͙͊ͼ͙͙ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ ͎ͦͫͭͪͦͦ ͔͙ͨ͊ͤͪ͊ͭͭ͊͟Φ κκ ˾ˬ˥˥˴Φ ς нлннΦ 

нΦ ˾͔͔ͦͣͤ͒͊͟ͼ͙͙ ˾͙͚͚ͦͫͫͫͦ͟ ͎͊ͫͭͪͦΉ͔͎͙ͤͭͪͦͦ͡;͔͚ͫͦ͟ ͊ͫͫͦͼ͙͊ͼ͙͙ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ 

ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͔͙ͨ͊ͤͪ͊ͭͭ͊͟Φ ς нлмуΦ 

оΦ .ŀƴƪǎ tΦ!ΦΣ .ƻƭƭŜƴ ¢Φ[ΦΣ 5ŜǊǾŜƴƛǎ /Φ Ŝǘ ŀƭΦ /ƭŀǎǎƛŬŎŀǝƻƴ ƻŦ ŀŎǳǘŜ ǇŀƴŎǊŜŀǝǝǎτнлмнΥ ǊŜǾƛǎƛƻƴ ƻŦ ǘƘŜ !ǘƭŀƴǘŀ 

ŎƭŀǎǎƛŬŎŀǝƻƴ ŀƴŘ ŘŜŬƴƛǝƻƴǎ ōȅ ƛƴǘŜǊƴŀǝƻƴŀƭ ŎƻƴǎŜƴǎǳǎΦ κκ DǳǘΣ нлмоΦ 

пΦ ́ͪͯͻ͊ͤ ˨ΦˮΦΣ ˤ͙͍ͭͦͪͦ͊͟ ˮΦˢΦ ˣ͔͙ͦͤ͘͡ ͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ ͔͔͗͘͡·Φ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚Φ ς ˸ΦΥ ˥̏˻́ˢ˾π

˸͔͙͒͊Σ нлнмΦ 

ϭ s͔͍ͤͤ͊͊ ˻ΦΣ нлнр 

 

 

 

 

       ˢ͔͍ͤͤ͊͊ ˻͎͎͔ͯ͡͡Έ͙͒Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˥˩˸˻˶ˮ́ˮ̉˩˿˴ˮ˩ ˢ˹˩˸ˮˮΥ ˽ˢ́˻˥˩˹˩˭Σ ˴˶ˢ˿˿ˮ̅ˮ˴ˢ̇ˮ̒ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͤͤ͘·͚ ͦ͋ͦͪ͘ ͎͔͙͙ͣͦͭ͡;͔͙ͫ͟ͻ ͔͙͚͊ͤͣ ό˥ˢύ τ ͎͔͔͎͔͚ͭͪͦͤͤͦ 

͎ͪͯͨͨ· ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͙ͻͫΎ ͫͦͪ͊͟΅͔͙͔ͤͣ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͙͙͗ͤ͘ Ή͙ͪͭͪͦͼ͙͍ͭͦ ͙ ͙ͻ 

͍ͨͦ·΄͔ͤͤ·ͣ ͪ͊ͪͯ͘΄͔͙͔ͤͣ ό͎͔͙ͣͦͦͣ͘͡ύ ͍ ͍͔ͪͦͤͦͫͤͦͣ͟ ͔ͪͯͫ͡ ͙͙͡ ͔͙ͪͭͯͦ͟͡Ή͔͙ͤ͒ͦͭ͊͡͡Έ͚ͤͦ ͙͔͔ͫͫͭͣΦ 

˽ͦ͒ͪͦ͋ͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· ͎͔͔͙ͨ͊ͭͦͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘·Υ ͍͙͙ͤͯͭͪͫͦͫͯ͒ͫͭ·͚ ͙ ͍͔͙ͤͫͦͫͯ͒ͫͭ·͚ ͎͔͙ͣͦ͘͡Σ 

ͪͦ͡Έ ͙ͣͣͯͤͤ·ͻΣ ͙ͭͦͫ͟;͔͙ͫ͟ͻΣ ͔ͣͻ͙͊ͤ;͔͙ͫ͟ͻ ͙ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·ͻ ͺ͍͊ͭͦͪͦ͟Φ ˽͙͍͔͔ͪ͒ͤ͊ ͍͔͔ͫͦͪͣͤͤ͊Ύ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ˥ˢ ͤ͊ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·͔ ό͔͙͙ͣͣ͋ͪ͊ͤͦͨ͊ͭΣ Ή͙͙͙ͤͣͦͨ͊ͭ͘Σ ͎͔͎͙͙͙ͣͦͦ͋ͤͦͨ͊ͭ͡ύ ͙ 

͙͔͔ͨͪͦ͋ͪͭͤͤ·͔ ό͙͊ͯͭͦͣͣͯͤͤ·͔Σ ͙͊ͦͣͣͯͤͤ͡͡·͔Σ ͙ͨ͊ͪͦͫͣ͊͘͟͡Έͤ͊Ύ ͤͦ;ͤ͊Ύ ͎͔͎͙͙ͣͦͦ͋ͤͯͪ͡ΎΣ 
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͙͎͙͙ͣͪͦ͊ͤͦͨ͊ͭ͟;͔͙͔ͫ͟ύΦ ˻͙ͨͫ͊ͤ· ͟͡Ό;͔͍·͔ ͙͙ͤͦ͟͟͡π͡ ͊͋ͦͪ͊ͭͦͪͤ·͔ ͙ͫͤ͒ͪͦͣ· ό͔͙͊ͤͣΎΣ ͔͗ͭͯ͡ͻ͊Σ 

͔͔͎͙ͫͨͤͦͣ͊͡͡ΎΣ ͍ͨͦ·΄͔͙͔ͤ ͔ͤͨͪΎ͎ͣͦͦ ͙͙͙͋ͪͯ͋ͤ͊͡Σ ͔͙ͪͭͯͦ͟͡ͼ͙ͭͦ͘Σ ͙͔͙͔ͫͤ͗ͤ ͎͎͙͊ͨͭͦͦ͋ͤ͊͡ύ ͙ 

͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͙͎͙͒͊ͤͦͫͭ;͔͙͔ͫ͟ ͔ͭͫͭ· ͒͡Ύ ͎͊͗͒ͦͦ͟ ͙ͭͨ͊Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͍͔͔ͫͦͪͣͤͤ·ͣ 

͔ͣͭͦ͒͊ͣ ͔͡;͔͙ͤΎΥ ͙͔͙͍͚ͣͣͯͤͦͫͯͨͪͫͫͤͦ ͔͙͙ͭͪ͊ͨΣ ͣͦͤͦͦͤ͊͟͡͡Έͤ·ͣ ͙͔͊ͤͭͭ͊ͣ͡ όΉ͙ͯͯͣ͊͋͘͟͡ύΣ 

͔ͫͨͤ͡Ή͙͙ͭͦͣ͟ ͙ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙͙ ͎͔ͣͦͨͦΉ͙ͭ;͔͙ͫ͟ͻ ͍͍ͫͭͦͦ͡·ͻ ͔ͭͦ͟͟͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͎͔͙͙ͣͦͭ͡;͔ͫ͊͟Ύ ͔͙͊ͤͣΎΣ ͎͔͙ͣͦ͘͡Σ ͔ͤͨͪΎ͚ͣͦ ͙͙͙͋ͪͯ͋ͤ͡Σ ͔͙ͪͭͯͦ͟͡ͼ͙ͭͦ͘Σ ͎͎͙͊ͨͭͦͦ͋ͤ͡Σ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·͚ 

ͫͺ͔ͪͦͼ͙ͭͦ͘Σ ͔͒ͺ͙ͼ͙ͭ ͎͡Όͦͦ͘͟πсπͅ ͦͫͺ͔͎͙͎͔͊ͭ͒͒ͪͦͤ͊͘· ό˥πсπ̅˨˥ύΣ ͔͍͙ͫͪͨͦ͒ͤͦπ͟ ͔ͭͦ͡;ͤ͊Ύ ͔͙͊ͤͣΎΣ 

͙͊ͯͭͦͣͣͯͤͤ͊Ύ ͎͔͙͙ͣͦͭ͡;͔ͫ͊͟Ύ ͔͙͊ͤͣΎ όˢˮ˥ˢύΣ ͙ͨ͊ͪͦͫͣ͊͘͟͡Έͤ͊Ύ ͤͦ;ͤ͊Ύ ͎͔͎͙͙ͣͦͦ͋ͤͯͪ͡Ύ ό˽˹˥ύΣ 

Ή͙ͯͯͣ͊͋͘͟͡Σ ͙͎͙͙ͣͪͦ͊ͤͦͨ͊ͭ͟;͔ͫ͊͟Ύ ͎͔͙͙ͣͦͭ͡;͔ͫ͊͟Ύ ͔͙͊ͤͣΎ ό˸ˢ˥ˢύΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˥͔͙͙ͣͦͭ͡;͔͙͔ͫ͟ ͔͙͙͊ͤͣ ό˥ˢύ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͍͊͗ͤ·͚ ͔ͪ͊͒͘͡ ͎͔͎͙͙ͣ͊ͭͦͦ͡Σ ͦ͋Ά͔͙͒ͤΎΌ΅͙͚ 

͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͙ͨͪ ͦͭͦͪ͟·ͻ ͍͍͔͙͔ͪ͊ͤͦͫ ͔ͣ͗͒ͯ ͨͪͦ͒ͯ͟ͼ͙͔͚ ͙ ͪ͊ͪͯ͘΄͔͙͔ͤͣ Ή͙ͪͭͪͦͼ͙͍ͭͦ ͔ͫͣ΅͔ͤͦ ͍ 

ͫͭͦͪͦͤͯ ͙ͻ ͙͔͎ͯͫͤͤͦͦ͡ ͪ͊ͫͨ͊͒͊Φ ˴͔͔ͦͣͨͤͫ͊ͭͦͪͤͦ ͙͔͙͔ͯͫͤ͡ Ή͙ͪͭͪͦͨͦΉ͊͘ ό͔͙ͪͭͯͦ͟͡ͼ͙ͭͦ͘ύ ͔ͣͦ͗ͭ 

͙͔͒ͭ͡͡Έͤͦ ͙͍ͣ͊ͫͪͦ͊ͭ͟Έ ͔͙͊ͤͣΌΣ ͦ͒ͤ͊ͦ͟ ͔͔͒ͦͣͨͤͫ͊͟ͼ͙Ύ ͙͙͡ ͦͫͭͪ·͚ ͎͔͙͙ͣͦͭ͡;͔͙͚ͫ͟ ͙ͪ͘͟ ͙͍ͨͪͦ͒Ύͭ ͟ 

ͭΎ͔͗͡·ͣ ͫͦͫͭͦΎ͙ͤΎͣΣ ͔ͭͪ͋ͯΌ΅͙ͣ ͔͚ͤͦͭͦ͗ͤͦ͡ ͨͦͣͦ΅͙Φ 

˽͎͔͔͊ͭͦͤ͘ ͙ ͦ͋΅͙͔ ͊͋ͦͪ͊ͭͦͪͤ͡·͔ ͙͙ͨͪͤ͊͘͟ 

ˤ ͍͔ͦͫͤͦ ˥ˢ ͔͙͗ͭ͡ ͫͦͪ͊͟΅͔͙͔ͤ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͙͙͗ͤ͘ Ή͙ͪͭͪͦͼ͙͍ͭͦ ό͍ ͔ͤͦͪͣ мллπмнл ͔͚͒ͤύΦ 

˾͙͊͘͡;͊ΌͭΥ 

¶ ˤ͔͙ͤͫͦͫͯ͒ͫͭ·͚ ό͍͙͔ͤͯͭͪͭͦ͟͡;ͤ·͚ύ ͎͔͙ͣͦ͘͡Υ ˾ ͊ͪͯ͘΄͔͙͔ͤ ͔͒ͺ͔ͭͤ͟·ͻ ͙͙͡ ͙͙͍ͦͨͫͦͤͪͦ͊ͤͤ͘·ͻ 

͙͔͙͊ͤͭͭ͊ͣ͡ Ή͙ͪͭͪͦͼ͙͍ͭͦ ͣ͊ͪͦ͟ͺ͎͙͊͊ͣ ͔͔͔͙ͫͤ͘͟͡Σ ͔ͨ;͔͙ͤΣ ͎ͦͫͭͤͦͦ͟ ͎ͣͦ͊͘Φ ˽ͪͦ͒ͯͭ͟· ͪ͊ͫͨ͊͒͊ 

ό͔ͤͦͤ͟ΆΌ͎͙͍ͪͦ͊ͤͤ·͚ ͙͙͙͋ͪͯ͋ͤ͡Σ ͔͔͗ͦ͘͡ύ ͙͙͙ͯͭͪͯ͘͡ΌͭͫΎ ͙ ͔͙͙͙ͪͯͭͪͯ͘͡ΌͭͫΎ ͎͙ͦͪ͊ͤͣͦͣ͘Φ 

¶ ˤ͙͙ͤͯͭͪͫͦͫͯ͒ͫͭ·͚ ͎͔͙ͣͦ͘͡Υ ˾ ͊ͪͯ͘΄͔͙͔ͤ Ή͙ͪͭͪͦͼ͙͍ͭͦ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͍ ͍͔ͪͦͦͭͦ͟͟ ͫ 

͍·͋ͪͦͫͦͣ ͍͎ͫͦ͋ͦ͒ͤͦͦ ͎͔͎͙ͣͦͦ͋ͤ͊͡Σ ͦͭͦͪ͟·͚ ͍ͫΎ͘·͍͔͊ͭͫΎ ͫ ͎͎͙͊ͨͭͦͦ͋ͤͦͣ͡ ͙ ͍·͍͙ͦ͒ͭͫΎ ͨͦ;͙͊ͣ͟ 

ό͎͔͎͙͙ͣͦͦ͋ͤͯͪ͡ΎΣ ͎͔͙͔͙͙ͣͦͫ͒ͪͤͯͪΎύΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͔ͨͦͭͪ ͔͔͗͊͘͡Φ 

˻͋΅͙͔ ͊͋ͦͪ͊ͭͦͪͤ͡·͔ ͙͙ͨͪͤ͊͘͟ ͎͔͙ͣͦ͊͘͡Υ 

мΦ ˽͔͙ͦ͊͊ͭ͘͟͡ ͪ͊ͫͨ͊͒͊ Ή͙ͪͭͪͦͼ͙͍ͭͦΥ ˽ ͍ͦ·΄͔͙͔ͤ ͤ ͔ͨͪΎ͎ͣͦͦ ό͔ͤͦͤ͟ΆΌ͎͙͍͎ͪͦ͊ͤͤͦͦύ 

͙͙͙͋ͪͯ͋ͤ͊͡Σ ͙͔͙͔ͫͤ͗ͤ ͙͙͡ ͍͙͔ͦͭͫͯͭͫͭ ͎ ͎͙͊ͨͭͦͦ͋ͤ͊͡Σ ͙ͨͪ ͍͙͙ͤͯͭͪͫͦͫͯ͒ͫͭͦͣ ͎͔͙͔ͣͦ͘͡ τ 

͎͔͎͙͔͙ͣͦͦ͋ͤͣ͡ΎΣ ͎͔͎͙͙ͣͦͦ͋ͤͯͪ͡ΎΦ 

нΦ ˽͔͙ͦ͊͊ͭ͘͟͡ ͙͔͎ͯͫͤͤͦͦ͡ Ή͙ͪͭͪͦͨͦΉ͊͘Υ ˾ ͔͙ͭͯͦ͟͡ͼ͙ͭͦ͘ ͍  ͔͙ͨͪͺ͔͙ͪ;͔͚ͫͦ͟ ͍͙ͪͦ͟Σ 

͙ͨͦ͡ͻͪͦͣ͊ͭͦͺ͙͙͡ΎΣ ͎͙͔͙ͨͪͨ͊͘͡Ύ Ή͙͙͎ͪͭͪͦ͒ͤͦͦ ͪͦͫͭ͊͟ ͍ ͦͫͭͤͦͣ͟ ͎͔ͣͦ͘Φ 

оΦ ˮ͔͔͙ͣͤͤ͘Ύ ͍ ͔ͣ͊͘͟ ͍͙ͪͦ͟Υ ˸ ͎ͦͯͭ ͋·ͭΈ ͔ͫͨͼ͙ͺ͙;ͤ· ͒͡Ύ ͪ͊ͤ͘·ͻ ͙͍ͭͨͦ ˥ˢ όͫͺ͔ͪͦͼ͙ͭ·Σ 

͍ͦ͊ͦ͡ͼ͙ͭ·Σ ͺ͎͔͙͍ͪ͊ͣͤͭͪͦ͊ͤͤ·͔ ͔͙ͭ͟͟͡ ό΄͙ͦ͘ͼ͙ͭ·ύΣ ͔͍͙ͫͪͨͦ͒ͤ·͔ ͔͙ͭ͟͟͡ύΦ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͍ͦͫͤͦͤ·ͻ ͺͦͪͣ 

мΦ ˹͔͍͔͊ͫ͒ͫͭͤͤ͡·͔ ͎͔͙͙ͣͦͭ͡;͔͙͔ͫ͟ ͔͙͙͊ͤͣΥ 

¶ ˸͔͙͙ͣ͋ͪ͊ͤͦͨ͊ͭ ό˹͔͍͔͊ͫ͒ͫͭͤͤ͡·͚ ͫͺ͔ͪͦͼ͙ͭͦ͘Σ ͍ͦ͊ͦ͡ͼ͙ͭͦ͘ύΥ ˨ ͔ͺ͔ͭ͟ ͔͍͋ͦ͟͡ ͼ͙͔͔ͭͦͫͭ͊͟͡ 

Ή͙ͪͭͪͦͼ͙͍ͭͦ ό͙͙͊ͤͪͤ͊͟Σ ͔͙ͫͨͭͪͤ͊͟ύΦ ͙̏ͪͭͪͦͼ͙ͭ· ͔ͭͪΎΌͭ ͙ͨ͊ͫͭ͡;ͤͦͫͭΈΣ ͙͔ͨͪͦ͋ͪͭ͊Όͭ ͫͺ͔͙ͪ;͔ͫͯ͟Ό 

ͺͦͪͣͯ ͙ ͪ͊ͪͯ͘΄͊ΌͭͫΎ ͍ ͔͔͔͔ͫͤ͘͟͡Φ ˽ ͪΎ͚ͣͦ ͙͎͙͒͊ͤͦͫͭ;͔͙͚ͫ͟ ͔ͭͫͭΥ ͨ ͪͦ͋͊ ͤ͊ ͙ͦͫͣͦͭ;͔ͫͯ͟Ό 

͔͙͔ͪͫͭͤͭͤͦͫͭ͘Έ Ή͙ͪͭͪͦͼ͙͍ͭͦ ό͙͔ͫͤ͗ͤ͊ύΦ 

¶ ͙͙͙̏ͤͣͦͨ͊ͭ͘ ό˨͔ͺ͙ͼ͙ͭ ˥πсπ̅˨˥Σ ͙͍͙ͨͪͯ͊ͭͤ͊͘͟·ύΥ ˨ ͔ͺ͙ͼ͙ͭ ͺ͔͔͍ͪͣͤͭͦ ͔ͨͤͭͦͦ͘ͺͦͫͺ͎͊ͭͤͦͦ ͙ͨͯͭ 

͙͙͡ ͎͙͙ͦ͊͘͟͡͡ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͙͍ͦͫ͒͊ͭͤͦͣͯ͟ ͔ͫͭͪͫͫͯ ͙ ͎͔͙ͣͦͯ͘͡Σ ;͊ͫͭͦ ͍ͫͨͪͦͦͼ͙͍ͪͦ͊ͤͤͦͣͯ ͔͍͙͊ͪͫͭ͊ͣ͟͡ 

ό͙ͨͪͣ͊ͻ͙ͤΣ ͫͯ͡Έͺ͙͙͊ͤ͊ͣ͒͡·ύΣ ͙ͤͺ͔͟ͼ͙͔͚Σ ͙͋ͦ͋͊ͣ όͺ͍͙͊ͣ͘ύΦ ˨ ͙͎͊ͤͦ͘Υ ͟ ͙ͦ͡;͔͍͔͔ͫͭͤͤͦ ͔͔͔͙͔ͦͨͪ͒ͤ͡ 

͙͍͙͊ͭͤͦͫͭ͟ ͺ͔͔͍ͪͣͤͭͦΦ 

¶ ˥͔͎͙͙͙ͣͦͦ͋ͤͦͨ͊ͭ͡ ό˿͔͍͙ͪͨͦ͒ͤͦπ͟ ͔ͭͦ͡;ͤ͊Ύ ͔͙͊ͤͣΎΣ ͔͙͙ͭ͊͊ͫͫͣ͡ύΥ ˴ ͊;͔͍͔ͫͭͤͤ·͔ ͙͙͡ 
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͙ͦ͟͡;͔͍͔ͫͭͤͤ·͔ ͤ͊ͪͯ΄͔͙ͤΎ ͙͔ͫͤͭ͊͘ ͼ͔͔͚ͨ ͎͙ͦ͋ͤ͊͡Φ ˽͙ͪ ͔͍͙͔ͫͪͨͦ͒ͤͦͭͦ͟͡;͚ͤͦ ͔͙͙͊ͤͣ 

͔͙͎͔͙͍͒ͦͫͤͪͦ͊ͤͤ͘͟·͚ Iō{ ͙͔͙͔ͨͦͣͪͯͭͫ͘͡ΎΣ ͔͒ͺ͙ͦͪͣͪͯΎ Ή͙ͪͭͪͦͼ͙ͭΦ ˨ ͙͎͊ͤͦ͘Υ Ή͔ͭͪͦ͟͡ͺ͔ͦͪ͘ 

͎͔͎͙ͣͦͦ͋ͤ͊͡Σ ˤ̏ˬ̆Φ 

нΦ ˽͙͔͔ͪͦ͋ͪͭͤͤ·͔ ͎͔͙͙ͣͦͭ͡;͔͙͔ͫ͟ ͔͙͙͊ͤͣΥ 

¶ ˢ͙ͯͭͦͣͣͯͤͤ·͔ ͎͔͙͙ͣͦͭ͡;͔͙͔ͫ͟ ͔͙͙͊ͤͣ όˢˮ˥ˢύΥ ʕ ·ͪ͊͋ͦͭ͊͟ ͙͔͊ͯͭͦ͊ͤͭͭ͡ ͙͍ͨͪͦͭ ͍͔ͫͦ͋ͫͭͤͤ·ͻ 

Ή͙ͪͭͪͦͼ͙͍ͭͦΦ ˾͙͊͘͡;͊Όͭ ͨͦ ͙ͭͨͯ ͙͔͊ͤͭͭ͡Υ 

o ˢˮ˥ˢ ͫ ͔͍ͭͨͦ͡·͙ͣ ͙͔͙͊ͤͭͭ͊ͣ͡ όLƎDΣ ͔͎͙ͪ͊ͪͯΌͭ ͙ͨͪ отϲ/ύ τ ͤ ͙͔͔͊͋ͦ͡ ;͊ͫͭ͊ΎΦ ˽ ͪΎͣ͊Ύ ͨͪͦ͋͊ 

˴ͯͣ͋ͫ͊ ό˽˽˴ύ ͨ ͙͔ͦͦ͗ͭ͡͡Έͤ͊Φ 

o ˢˮ˥ˢ ͫ ͻ͍ͦͦ͒ͦ͡·͙ͣ ͙͔͙͊ͤͭͭ͊ͣ͡ όLƎaΣ ͎͎͊͡Ό͙͙ͭͤͪͯΌͭ ͙ͨͪ ͙͚ͤͦ͘͟ ͔͔͔ͭͣͨͪ͊ͭͯͪύ τ ͨ ͙ͪ 

ͻ͍͚ͦͦ͒ͦͦ͡ ͎͎͊͡Ό͙͙͍͚ͭͤͤͦͦ ͔͙͋ͦͤ͘͡Σ ͙͔͚ͣͦͨ͊ͣͤͤͦ͘͟͡ ͙ͤͺ͔͟ͼ͙͙Φ 

¶ ˢ͙ͦͣͣͯͤͤ͡͡·͔ ό͙͙ͦͣͣͯͤͤ͘·͔ύΥ ˥ ͔͙͙ͣͦͭ͡;͔ͫ͊͟Ύ ͔͋ͦͤ͘͡Έ ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻΣ ͨͦͫͭͭͪ͊ͤͫͺ͙ͯͦͤͤ͘·͔ 

͔ͪ͊͟ͼ͙͙Φ 

¶ ˽͙͊ͪͦͫͣ͊͘͟͡Έͤ͊Ύ ͤͦ;ͤ͊Ύ ͎͔͎͙͙ͣͦͦ͋ͤͯͪ͡Ύ ό˽˹˥ύΥ ˽ ͙͔͔ͪͦ͋ͪͭͤͤ·͚ ͦͤ͊͟͡͡Έͤ·͚ ͔͒ͺ͔ͭ͟ 

͍͍͚ͫͭͦͦͦ͡ ͔͙ͭ͟͟͡ ͫ ͣͯͭ͊ͼ͙͔͚ ͎͔ͤ͊ tLDπ!Σ ͨͪ ͙͍ͦ͒Ύ΅͔͚ ͟ ͍͙ͦͭͫͯͭͫͭΌ ͔͍͋ͦ͟͡π͙ ͎͙͙͍ͤ͋ͭͦͪͦ ͔͔ͦͣͨͣͤͭ͊͟͡ 

ό/5ррΣ /5рфύ ͤ͊ ͔͔ͣͣ͋ͪ͊ͤ ͔ͭͦ͟͟͡ ͍͙ͪͦ͟Φ ˨ ͙͎͊ͤͦ͘Υ ͨ ͪͦͭͦ;ͤ͊Ύ ͼ͙͔͙ͭͦͣͭͪΎ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͔͒ͺ͙ͼ͙ͭ͊ 

/5рр ͙ /5рф ͤ͊ Ή͙ͪͭͪͦͼ͙ͭ͊ͻ ͙ ͎ͪ͊ͤͯͦ͡ͼ͙ͭ͊ͻΦ 

¶ ˸͙͎͙͙ͪͦ͊ͤͦͨ͊ͭ͟;͔͙͔ͫ͟ ͎͔͙͙ͣͦͭ͡;͔͙͔ͫ͟ ͔͙͙͊ͤͣ ό˸ˢ˥ˢύΥ ˸ ͔ͻ͙͊ͤ;͔͔ͫͦ͟ ͪ͊ͪͯ͘΄͔͙͔ͤ 

Ή͙ͪͭͪͦͼ͙͍ͭͦ ͙ͨͪ ͨͪͦͻ͔͙͙ͦ͗͒ͤ ;͔͔ͪ͘ ͙͍ͭͪͦͣ͋ͪͦ͊ͤͤ·͔ ͔͙͔ͣ͟͡ ͫͦͫͯ͒· ό͙ͭͪ͋ͦͭ;͔ͫ͊͟Ύ 

ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤ;͔ͫ͊͟Ύ ͨͯͪͨͯͪ͊ τ ́ ́˽Σ ͎͔͙͙ͣͦͭͦ͟͡πͯ ͔͙ͪͣ;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣ τ ˥ ̂˿Σ ˨ˤ˿πͫ ͙ͤ͒ͪͦͣύΦ ʕ  

͔ͣ͊͘͟Υ ́ ͙ͦ͘ͼ͙ͭ·Φ 

˽͙ͪͤͼ͙ͨ· ͔͡;͔͙ͤΎ 

¶ ˹͔͍͔͊ͫ͒ͫͭͤͤ͡·͚ ͫͺ͔ͪͦͼ͙ͭͦ͘Υ ˿ ͔ͨͤ͡Ή͙ͭͦͣ͟Ύ ό͙ͨͪ ͭΎ͔͗͡·ͻ ͺͦͪͣ͊ͻύ τ ͯͫͭͪ͊ͤΎ͔ͭ ͙͙ͫͣͨͭͦͣ͊ͭͯ͟Σ 

ͤͦ ͔ͤ ͔͒ͺ͔ͭ͟ ͔ͭͦ͟͟͡Φ 

¶ ˢˮ˥ˢΥ ˽ ͔͍ͪ͊Ύ ͙͙ͤ͡Ύ τ ͎ ͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͟͟͟· ό͔͙ͨͪ͒ͤͦͦͤ͘͡ύΦ ˽͙ͪ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘κ͍͙͙͙͊ͫͣͦͫͭ͘ 

τ ͙͙ͪͭͯͫͣ͊͋͟Σ ͙͔ͣͣͯͤͦͫͯͨͪͫͫ͊ͤͭ· ό͙͙͊͊ͭͦͨͪͤ͘Σ ͼ͙͙ͦͫͨͦͪͤ͟͡ύΣ ͔ͫͨͤ͡Ή͙ͭͦͣ͟ΎΦ 

¶ ˽˹˥Υ ˽ ͔ͪͨ͊ͪ͊ͭ ͍·͋ͦͪ͊ τ Ή͙ͯͯͣ͊͋͘͟͡ όͣͦͤͦͦͤ͊͟͡͡Έ͔ͤͦ ͙͔͊ͤͭͭͦ͡ ͟ ͔͔ͦͣͨͣͤͭͯ͟͡ ˿рύΣ 

͔͍ͨͪ͒ͦͭͪ͊΅͊Ό΅͙͚ ͍͙͙ͤͯͭͪͫͦͫͯ͒ͫͭ·͚ ͎͔͙ͣͦ͘͡ ͙ ͭͪͦͣ͋ͦ͘·Φ ˾͙͊͒͊͟͡Έͤ·͚ ͔ͣͭͦ͒ τ ͊ ͎͔ͦͤͤ͊͡͡Ύ 

ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙Ύ ͎͔ͣͦͨͦΉ͙ͭ;͔͙ͫ͟ͻ ͍͍ͫͭͦͦ͡·ͻ ͔ͭͦ͟͟͡Φ 

¶ ˿͔͍͙͔ͪͨͦ͒ͤͦͭͦ͟͡;ͤ͊Ύ ͔͙͊ͤͣΎΥ ˥ ͙͙͙͒ͪͦͫ͊ͪ͋͊ͣ͒͟͟ ό͎͙͙͒ͪͦͫͣͦ͟;͔͍͙ͤ͊ύ ͒͡Ύ ͙͔͙ͫͤ͗ͤΎ ;͊ͫͭͦͭ· 

͙͍ͪͦ͘͟Σ ͔͔͙͍͙ͨͪ͊ͤ͡Ύ Ή͙ͪͭͪͦͼ͙͚ͭ͊ͪͤͦ ͣ͊ͫͫ·Σ ͔͙ͭͪ͊ͨΎΣ ͍͔ͤ͊ͨͪ͊ͤͤ͊͡Ύ ͤ͊ ͎͔͔ͨ͊ͭͦͤ͘ ό͙͙ͪ͊ͤͯͣ͊͋͘͘͟͡Σ 

͍͔ͦͫ͊ͭͦͪ͟͡ύΦ 

¶ ́́˽κ͊˥̂˿Υ ˹ ͔ͦͭͦ͗ͤ͡·͚ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͚ͫ͟ ͨ͊ͣ͊͘͡ͺ͔͔ͪ͘ ͒͡Ύ ͔͙ͯ͒͊ͤ͡Ύ ͙͔͊ͤͭͭ͡ ͟ !5!a¢{мо ό͙ͨͪ 

́́˽ύ ͙͙͡ ͎͔ͨ͊ͭͦͤͤ·ͻ ͺ͍͊ͭͦͪͦ͟ ͔͔ͦͣͨͣͤͭ͊͟͡ ό͙ͨͪ ͊˥̂˿ύΦ ˽͙ͪ ͊˥̂˿ τ Ή͙ͯͯͣ͊͋͘͟͡Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͎͔͙͙ͣͦͭ͡;͔͚ͫͦ͟ ͔͙͙͊ͤͣ τ Ήͭͦ ͎ͣͤͦͦΉͭ͊ͨͤ·͚ ͨͪͦͼ͔ͫͫΣ ͤ͊;͙ͤ͊Ό΅͙͚ͫΎ ͫ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ 

ͺ͊ͭ͊͟ ͎͔͙ͣͦ͊͘͡ ͙ ͊͊ͤ͘͟;͙͍͊Ό΅͙͚ͫΎ ͭͦ;ͤ·ͣ ͔͔͔͙͔ͦͨͪ͒ͤͣ͡ ͔͎ͦ ͙ͭͨ͊ ͫ ͨͦͣͦ΅ΈΌ ͍͔͔ͫͦͪͣͤͤ·ͻ 

͙͎͙ͣͣͯͤͦͦ͡;͔͙ͫ͟ͻΣ ͼ͙͔͙ͭͦͣͭͪ;͔͙ͫ͟ͻ ͙ ͔ͣͦͯ͟͡͡Ύͪͤͦπ͎ ͔͔͙ͤͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦΦ ˤ·͋ͦͪ ͔͙͙ͭͪ͊ͨ 

͙͊ͪ͒ͤ͊͟͡Έͤͦ ͙ͪ͊͘͡;͔͊ͭͫΎ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͎͔͔ͨ͊ͭͦͤ͊͘Υ ͦͭ ͔ͫͨͤ͡Ή͙͙ͭͦͣ͟ ͙ͨͪ ͫͺ͔ͪͦͼ͙͔ͭͦ͘ ͒ͦ ͎͔͚ͭ͊ͪͭͤͦ 

͔͙͙ͭͪ͊ͨ ͣͦͤͦͦͤ͊͟͡͡Έͤ·͙ͣ ͙͔͙͊ͤͭͭ͊ͣ͡ ͙ͨͪ ˽˹˥ ͙ ˢˮ˥ˢΦ ́ͦ;ͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͎͊ͦͦͣ͘͡ 

ͤ͊ͤ͊͘;͔͙ͤΎ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͙ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͔͡;͔͙ͤΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˤͦͪͦ͋Έ͔͍ ˢΦˮΦ ό͔ͪ͒ΦύΦ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͨͦ ͎͔͎͙͙ͣ͊ͭͦͦ͡Φ ˤ о ͭΦ ς ˸ΦΥ ˹ΈΌ͙͔͒͊ͣ͒Σ нлннΦ ς ́Φ мΦ 

нΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ ͔͍͔͎ͤ͊ͫ͒ͫͭͤͤͦͦ͡ ͫͺ͔ͪͦͼ͙ͭͦ͊͘Σ 

͙͚͊ͯͭͦͣͣͯͤͤͦ ͎͔͙͙ͣͦͭ͡;͔͚ͫͦ͟ ͔͙͙͊ͤͣΣ ͙ͨ͊ͪͦͫͣ͊͘͟͡Έ͚ͤͦ ͤͦ;͚ͤͦ ͎͔͎͙͙͙ͣͦͦ͋ͤͯͪ͡Φ ˸͙͍ͤ͒ͪ͊͘ ˾͙͙ͦͫͫΣ 

нлнмΦ 
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оΦ Iƛƭƭ !ΦΣ 5Ŝ½ŜǊƴ !Φ9ΦΣ YƛƴƻǎƘƛǘŀ ¢ΦΣ .ǊƻŘǎƪȅ wΦ!Φ tŀǊƻȄȅǎƳŀƭ ƴƻŎǘǳǊƴŀƭ ƘŜƳƻƎƭƻōƛƴǳǊƛŀΦ κκ bŀǘǳǊŜ wŜǾƛŜǿǎ 

5ƛǎŜŀǎŜ tǊƛƳŜǊǎΣ нлмтΦ 

пΦ ˣ͎͊ͪ͊͊ͤ͟ ˭Φ˿ΦΣ ˸ͦͣͦͭ ˢΦ˽Φ ˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ͦͤͭͪͦ͟͡Έ ͔͙͙ͭͪ͊ͨ ͤ͊ͪͯ΄͔͙͚ͤ ͎͔ͣͦͫͭ͊͊͘Φ ς ˸ΦΥ ˹ΈΌ͙͔͒͊ͣ͒Σ 

нлмуΦ ς ˥͡Φ ͦ ͙͎͙͙ͣͪͦ͊ͤͦͨ͊ͭ͟ΎͻΦ 

ϭ s͔͍ͤͤ͊͊ ˻ΦΣ нлнр 

 

 

 

 

       ˢ͔͍ͤͤ͊͊ ˻͎͎͔ͯ͡͡Έ͙͒Σ 

 ˿ ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

ˮ˹̅ˢ˾˴́ ˸ˮ˻˴ˢ˾˨ˢΥ ˿˻ˤ˾˩˸˩˹˹̍˩ ˽˾˩˨˿́ˢˤ˶˩˹ˮ̒ ˮ ˴˶ˮ˹ˮ̉˩˿˴˻˩ ˤ˩˨˩˹ˮ˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͙ͤͺ͊ͪͭ͟ ͙ͣͦ͊ͪ͒͊͟ όˮ˸ύ ͊͟͟ ͙͔͎͗ͤͯͪͦ͗͊͘Ό΅͔͔ ͨͪͦΎ͍͔͙͔ͤ͡ 

͙΄͔͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͔ͫͪ͒ͼ͊Σ ͍͔ͦͫͤͦ͊ͤͤͦ ͤ͊ ͚ͦͫͭͪͦ ͦ͟͟͡Ό͙͙͘ ͚ͦͪͦͤ͊ͪͤͦ͟ ͔͙͙͊ͪͭͪ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ 

͔ͤͪͦͦͣ͘͟ ͙͙͊ͪ͒ͦͣͦ͟ͼ͙͍ͭͦΦ ˨͔ͭ͊͡Έͤͦ ͙ͦͨͫ͊ͤ· ͔ͣͻ͙͊ͤͣ͘· ͍͙͙ͪ͊ͭ͘Ύ ͔͊ͭͪͦͭͪͦͣ͋ͦ͊͘Σ ͟͡Ό;͔͍·͔ 

͙͎͙͒͊ͤͦͫͭ;͔͙͔ͫ͟ ͙͔͙͙ͪͭͪ͟ ό͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟Σ ͙͔͔͙ͣͤͤ͘Ύ ͤ͊ ̏˴˥Σ ͙͙͒ͤ͊ͣ͊͟ ͙͔͊ͪ͒ͦͫͨ͟ͼ͙ͺ͙;͔͙ͫ͟ͻ 

͙͔͍͋ͦͣ͊ͪͪͦ͟ύΣ ͊ ͔ͭ͊͗͟ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͔͡;͔͙ͤΎΣ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͎ͦͪͦͤ͊ͪͤͦͦ͟ 

͍ͪͦͦͭͦ͊͟͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔͎͙ͫͭͪ͊ͭΎͣ ͔͔ͪͨͪͺ͙͙ͯ͘ ό͔͍͙ͨͪ;͔ͤͦ ;͔͔ͪͫͦ͗ͤͦ͟ ͔ͦͪͦͤ͊ͪͤͦ͟ 

͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭͦΣ ͙͙ͭͪͦͣ͋ͦͫ͘͡ύΣ ͺ͔͙͙͊ͪͣ͊ͦͭͪ͊ͨ͟ ͎ͦͫͭͪͦͦ ͔͙ͨͪͦ͒͊ ͙ ͍͙ͭͦͪ;͚ͤͦ ͨͪͦͺ͙͙͔͊ͭ͟͟͡Φ ˿ͭ͊ͭΈΎ 

ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͍͊͗ͤͦͫͭΈ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊ ͍ ͙͔͙͙ͫͤ͗ͤ 

͔ͭ͊͡͡Έ͙ͤͦͫͭ ͙ ͯͯ͡;΄͔͙͙ͤ ͎ͨͪͦͤͦ͊͘ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͙ͤͺ͊ͪͭ͟ ͙ͣͦ͊ͪ͒͊͟Σ ͦͫͭͪ·͚ ͦͪͦͤ͊ͪͤ͟·͚ ͙ͫͤ͒ͪͦͣΣ ͙΄͔͙ͣ;͔ͫ͊͟Ύ ͔͋ͦͤ͘͡Έ ͔ͫͪ͒ͼ͊Σ ͙ͭͪͦͨͦͤͤΣ Ή͔͍͊͡ͼ͙Ύ 

͔͎͔ͫͣͤͭ͊ {¢Σ ͔͔ͪͨͪͺ͙ͯͦͤͤ͊͘Ύ ͔͙ͭͪ͊ͨΎΣ ;͔͔ͪͫͦ͗ͤͦ͟ ͔ͦͪͦͤ͊ͪͤͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭͦΣ ͙͙ͭͪͦͣ͋ͦͫ͘͡Σ 

͙͊ͤͭͭͪͦͣ͋ͦͼ͙ͭ͊ͪͤ͊Ύ ͔͙ͭͪ͊ͨΎΣ ͍͙ͭͦͪ;ͤ͊Ύ ͨͪͦͺ͙͙͊ͭ͊͟͟͡Φ 

 

ˤ͍͔͔͙͔͒ͤ 

ˮͤͺ͊ͪͭ͟ ͙ͣͦ͊ͪ͒͊͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦ͒ͤͯ ͙͘ ͍ͦͫͤͦͤ·ͻ ͙ͨͪ;͙ͤ ͔͙ͫͣͪͭͤͦͫͭ ͍ ͙͔ͣͪΣ ;ͭͦ 

͔͔ͦͨͪ͒͡Ύ͔ͭ ͍·ͫͦͯ͟Ό ͫͦͼ͙͊͡ΈͤͯΌ ͤ͊͘;͙ͣͦͫͭΈ Ή͎ͭͦͦ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ ˻͍͚ͫͤͦͦ ͎͔͔ͨ͊ͭͦͤ͊͘ Ύ͍͡Ύ͔ͭͫΎ 

ͤ͊ͪͯ΄͔͙͔ͤ ͋͊͊ͤͫ͊͡ ͔ͣ͗͒ͯ ͔ͨͦͭͪ͋ͤͦͫͭΈΌ ͙ͣͦ͊ͪ͒͊͟ ͍ ͙͔ͫͦͪͦ͒͟͡ ͙ ͔͎ͦ ͍͚͒ͦͫͭ͊ͦ͟Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

͙΄͔͙͙ͣ ͙ ͎͙͔͙͋͡ ͙͙͊ͪ͒ͦͣͦ͟ͼ͙͍ͭͦΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͙͒ͦͫͭ͗ͤΎ ͙͎͙͙͊ͪ͒ͦͦ͟͡ ͍͙͙ͨͦͦ͘͡͡ ͫͯ΅͔͍͔ͫͭͤͤͦ 

ͯͯ͡;΄͙ͭΈ ͎ͨͪͦͤͦ͘ ͨ͊ͼ͙͔͍ͤͭͦ ͎͋͊ͦ͒͊ͪ͡Ύ ͔ͪ͊ͪ͊͋ͦͭ͘͟ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͔͔ͪͨͪͺ͙ͯͦͤͤ͘·ͻ ͔͎͙͚ͫͭͪ͊ͭ ͙ 

͔͚ͦͣͨͫͤͦ͟͟͡ ͺ͔͙͙͊ͪͣ͊ͦͭͪ͊ͨ͟Φ 

˽͎͔͔͊ͭͦͤ͘ 

ˤ ͍͔ͦͫͤͦ ͍͙͙ͪ͊ͭ͘Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͫͯ͡;͔͍͊ ˮ˸ ͔͙͗ͭ͡ ͔͊ͭͪͦͭͪͦͣ͋ͦ͘Φ ˾͊ͪ͘·͍ ͙͙͡ Ή͙ͪͦ͘Ύ 

͔͔͙͊ͭͪͦͫͪͦͭ͟͡;͔͚ͫͦ͟ ͋͡Ύ΄͙͟ ͍ ͚ͦͪͦͤ͊ͪͤͦ͟ ͔͙͙͊ͪͭͪ ͙͍͙͔͊ͭͪͯͭ͟ ͭͪͦͣ͋ͦͼ͙ͭ· ͙ ͔͊ͨͯͫ͊ͭ͘͟ ͊ͫ͊͒͟͟ 

͎ͦ͊ͯ͟͡Ύͼ͙͙Σ ͙͍ͨͪͦ͒Ύ ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͭͪͦͣ͋͊ ͙ ͚ͦͫͭͪͦ ͦ͟͟͡Ό͙͙͘ ͫͦͫͯ͒͊Φ ˾͔ͯ͘͡Έͭ͊ͭͦͣ Ύ͍͡Ύ͔ͭͫΎ 

͔ͨͪͪ͊͟΅͔͙͔ͤ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟Ύ ͯ;͊ͫͭ͊͟ ͙ͣͦ͊ͪ͒͊͟Σ ;ͭͦ ͔ͯ͗ ;͔͔ͪ͘ нлπол ͙ͣͤͯͭ ͍·͘·͍͔͊ͭ ͤ͊;͊ͦ͡ 

͔͙ͤͦ͋ͪ͊ͭͣ·ͻ ͙͔͔͙͚ͣͤͤ͘ ς ͫ ͤ͊;͊͊͡ ͍ ͫͯ͋Ή͙ͤ͒ͦ͊ͪ͒͊͟͡Έͤ·ͻ ͫͦ͡ΎͻΣ ͔͊ͭͣ͘ ͫ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͣ ͟ 

Ή͙ͨ͊ͪ͒ͯ͟ όͺ͔͔ͤͦͣͤ Ϧ͍ͦͤ͡· ͎͙͔͙͋͡ϦύΦ 
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˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ 

˿͎ͦ͊ͫͤͦ͡ ͍͔͔ͫͦͪͣͤͤ·ͣ ͔͔ͪͦͣͤ͒͊͟ͼ͙ΎͣΣ ͍·͔͒͡ΎΌͭΥ 

¶ ˮ˸ ͫ ͨͦ͒Ά͔ͣͦͣ ͔͎͔ͫͣͤͭ͊ {¢ όˮ˸{ͨ¢ύ ς ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͚ͨͦͤͦ͡ ͦ͟͟͡Ό͙͔͚͘ ͔͙͙͊ͪͭͪΣ ͔͔ͭͪ͋ͯͭ 

Ή͔͚ͫͭͪͤͤͦ͟ ͔͔ͪͨͪͺ͙͙ͯ͘Φ 

¶ ˮ˸ ͔͋͘ ͨͦ͒Ά͔ͣ͊ ͔͎͔ͫͣͤͭ͊ {¢ όˮ˸͋{ͨ¢ύ ς ͦ͋·;ͤͦ ͍ͫΎ͊ͤ͘ ͫ ͔ͤͦ͟͟͡Ό͙ͪͯ͘Ό΅͙ͣ ͭͪͦͣ͋ͦͣΣ ͙ͭ͊ͭ͊͟͟ 

͍͔͔͙͒ͤΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͔͙͔ͣ͒͊ͣͤͭͦͤ͊͘͟Ύ ͫ ͍ͦͣͦ͗ͤͦͫͭ͘ΈΌ ͦͭͫͪͦ;͔͚ͤͤͦ ͙͍͙͍͚ͤ͊ͤͦ͘ ͨͪͦͼ͔͒ͯͪ·Φ 

͔́͊͗͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ Ή͙͎͙ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ όͫͨͦͤͭ͊ͤͤ·͚Σ ͍͙ͭͦͪ;ͤ·͚Σ ͍ͫΎ͊ͤͤ͘·͚ ͫ 

ͨͪͦͼ͔͙͒ͯͪ͊ͣ ͙ ͒ͪΦύΦ 

˨͙͎͙͊ͤͦͫͭ͊͟ 

˨͙͎͊ͤͦ͘ ˮ˸ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭͫ͡Ύ ͙ͨͪ ͙ͤ͊͡;͙͙ ͊͟͟ ͙͙ͣͤͣͯͣ ͍͒ͯͻ ͙͘ ͔ͭͪͻ ͙͔͙͔͍ͪͭͪ͟Υ 

мΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟Υ ͭ ͙͙ͨ;ͤ͊Ύ ͎͙͊ͤͤͦͤ͊͘Ύ ͋ͦ͡Έ ͊͘ ͎͙͚ͪͯ͒ͤͦ ͙͔͒ͭ͡͡ΈͤͦͫͭΈΌ ͔͔͋ͦ͡ нл ͙ͣͤͯͭΣ 

͔ͤ ͙ͯͨͪͯ͟Ό΅͊ΎͫΎ ͙͎͙ͤͭͪͦ͡ͼ͔͙ͪͤͦͣΣ ;͊ͫͭͦ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͊ΎͫΎ ͍͔͎͔͙͍ͭ͊ͭͤ·͙ͣ ͙͙ͫͣͨͭͦͣ͊ͣΦ 

нΦ ̏˴π˥͙ ͔͔͙ͣͤͤ͘ΎΥ ͨ ͙ͪ ˮ˸ͨ{¢ ς ͫ ͚ͭͦ͊͟Ύ Ή͔͍͊͡ͼ͙Ύ ͔͎͔ͫͣͤͭ͊ {¢ ͍ ͍͒ͯͻ ͙ ͔͔͋ͦ͡ ͔ͫͣ͗ͤ·ͻ 

͍͔͔͙ͦͭ͒ͤΎͻΤ ͙ͨͪ ˮ˸͋ͨ{¢ ς ͔͔͙͒ͨͪͫͫΎ {¢Σ ͙͍͔͙ͤͪͫΎ ͯ͋͘ͼ͊ ́ ͙͙͡ ͔ͨͪͻͦ͒Ύ΅͊Ύ Ή͔͍͊͡ͼ͙ΎΦ 

оΦ ˨͙͙ͤ͊ͣ͊͟ ͙͔͍͋ͦͣ͊ͪͪͦ͟Υ ͨ ͍ͦ·΄͔͙͔ͤ ͍ͯͪͦͤΎ ͔͔ͫͪ͒;͎ͤͦͦ ͙ͭͪͦͨͦͤͤ͊ όL ͙͡ ͙ ¢ύ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ 

͙͔͙͔ͫͤ͗ͤͣΦ ͙́ͪͦͨͦͤͤ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ;͍͍͙͔ͯͫͭͭ͡Έͤ·ͣ ͙ ͔ͫͨͼ͙ͺ͙;ͤ·ͣ ͔ͣ͊ͪͪͦͣ͟ ͔ͤͪͦ͊͘͟ 

͙ͣͦ͊ͪ͒͊͟Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙ͨͪͤͼ͙ͨ· ͔͡;͔͙ͤΎ 

˾͔͔ͨͪͺ͙ͯͦͤͤ͊͘Ύ ͔͙ͭͪ͊ͨΎ ͙ͨͪ ˮ˸ͨ{¢Υ 

¶ ˽͔͍͙ͪ;͔ͤͦ ;͔͔ͪͫͦ͗ͤͦ͟ ͔ͦͪͦͤ͊ͪͤͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭͦ ό̉˴ˤύ ς ͣ ͔ͭͦ͒ ͍·͋ͦͪ͊ ͙ͨͪ ͍͙ͦͣͦ͗ͤͦͫͭ͘ 

͍·͔͙ͨͦͤͤ͡Ύ ͍ ͔ͭ;͔͙͔ͤ фл ͙ͣͤͯͭ ͦͭ ͔͍͎ͨͪͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͦͤͭ͊ͭ͊͟͟Φ ˤ͟͡Ό;͔͊ͭ ͎͙͎͊ͤͦͪ͊ͺ͙ΌΣ 

ͭͪͦͣ͋Ήͫͭͪ͊͟͟ͼ͙Ό ͙ ͔͙͍͙͔ͫͭͤͭͪͦ͊ͤ ͔͚ͨͦͪ͊͗ͤͤͦ ͔͙͙͊ͪͭͪΦ 

¶ ͙͙́ͪͦͣ͋ͦͭ͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎ ς ͊ ͡Έ͔͙͍ͭͪͤ͊ͭ͊ ͙ͨͪ ͔͍͙ͤͦͣͦ͗ͤͦͫͭ͘ ͍·͔͙ͨͦͤͤ͡Ύ ̉˴ˤ ͍ ͯ͊͊ͤͤ͘͟·͔ 

͙ͫͪͦ͟ ό͙͔ͤ͊ͨͪͣͪΣ ͍ ͔ͯ͒͊ͤͤ͡·ͻ ͔͎͙ͪͦͤ͊ͻύΦ ˽͔ͦͫ͡ ͙͙ͭͪͦͣ͋ͦͫ͊͘͡ ͨ͊ͼ͙͔ͤͭ ͔͒ͦ͗ͤ͡ ͋·ͭΈ ͔͔͍͔͔ͨͪ͒ͤ ͍ 

͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͚ ͼ͔ͤͭͪ ͒͡Ύ ͍·͔͙ͨͦͤͤ͡Ύ ͦͭͫͪͦ;͔͚ͤͤͦ ͎ͦͪͦͤ͊ͪͦͪ͊͟ͺ͙͙Φ 

͔͙̅͊ͪͣ͊ͦͭͪ͊ͨ͟ΎΥ 

мΦ ˢ͙ͤͭͭͪͦͣ͋ͦͼ͙ͭ͊ͪͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ·Υ ͊ ͼ͔͙͙ͭͫ͊͡͡ͼ͙͍ͦ͊͡Ύ ͙ͫͦͭ͊͟͡ ͍ ͎ͤ͊ͪͯͦ͘;͚ͤͦ ͔͒ͦ͘ нрлπрлл ͎ͣΣ 

͔͊ͭͣ͘ ͙͎͔ͭ͊ͪͦͪ͟͡ όмул ͎ͣ ͎ͤ͊ͪͯ͊͘͟Σ фл ͎ͣ н ͪ͊͊͘κͫͯͭύ ͙͙͡ ͙͎͔ͦͨ͒ͦͪ͟͡͡ όслл ͎ͣ ͎ͤ͊ͪͯ͊͘͟Σ тр ͎ͣκͫͯͭύΦ 

нΦ ˢ͙͎ͤͭͦ͊ͯ͟͡Ύͤͭ·Υ ͤ ͔ͺͪ͊͟ͼ͙͙͍ͦͤͪͦ͊ͤͤ·͚ ͎͔͙ͨ͊ͪͤΣ Ή͙ͤͦͫ͊ͨ͊ͪͤ͟Σ ͺ͙ͦͤ͒͊ͨ͊ͪͤͯͫ͟Φ 

оΦ ˽ͪͦ;͙͔Υ ͫ ͙ͭ͊ͭͤ· ͍ ͍·͙ͫͦ͟ͻ ͒ͦ͊͘ͻΣ ͔͋ͭ͊π͊ ͔͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡· ό͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ ͙͍͙͚ͨͪͦͭͦͨͦ͊͊ͤ͘͟ύΣ 

͙͎͙͙ͤ͋ͭͦͪ· ˢ˽̅Φ 

˻͔͙ͫͦ͗ͤͤ͡Ύ ͙ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙Ύ 

˾͙͙͊ͤͤͣ ͔͙ͦͫͦ͗ͤͤ͡Ύ͙ͣ ˮ˸ Ύ͍͡ΎΌͭͫΎ ͤ͊ͪͯ΄͔͙ͤΎ ͙ͪͭͣ͊Σ ͦͫͭͪ͊Ύ ͔͔ͫͪ͒;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΣ 

͙͎͔͊ͪ͒ͦͤͤ͟·͚ ΄ͦ͟Σ ͪ͊ͪ͘·͍ ͔ͫͪ͒ͼ͊Φ ˽͙͔ͦ͒ͤ͘ ͔͙ͦͫͦ͗ͤͤ͡Ύ ͍͟͡Ό;͊Όͭ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͻ͙ͪͦͤ;͔͚ͫͦ͟ 

͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΣ ͙ͨͦͫͭͤͺ͊ͪͭͤͯ͟Ό ͔͙ͫͭͤͦ͊ͪ͒͟ΌΦ 

ˤ͙ͭͦͪ;ͤ͊Ύ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ ͍͟͡Ό;͔͊ͭ ͦ͋Ύ͔͊ͭ͘͡ΈͤͯΌ ͙ͣͦ͒ͺ͙͊͟ͼ͙Ό ͦ͋ͪ͊͊͘ ͙͙͗ͤ͘ όͦͭ͊͘͟ ͦͭ ͔͙ͯͪͤ͟ΎΣ 

͙͔͒ͭ͊Σ ͺ͙͙͘;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟ΈύΣ ͦͤͭͪͦ͟͡Έ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟ ͙ ͙͔͒ͭ͡͡ΈͤͯΌ ͔͙͔ͣ͒͊ͣͤͭͦͤͯ͘͟Ό ͔͙ͭͪ͊ͨΌΦ 

˴͙͔͙͙͊ͪ͒ͦͪ͊͋ͭ͊͡ͼ͙Ύ ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͯ͡;΄͔͊ͭ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͙ ͎ͨͪͦͤͦ͘Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˮͤͺ͊ͪͭ͟ ͙ͣͦ͊ͪ͒͊͟ ͔ͦͫͭ͊ͭͫΎ ͫ ͔ͪΈ͔ͤ͘·ͣ ͍·͍ͦͦͣ͘ ͒͡Ύ ͙͔ͫͫͭͣ· ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ ͔̂ͫͨͻ ͔͡;͔͙ͤΎ 

ͤ͊ͨͪΎͣͯΌ ͍͙͙͊ͫͭ͘ ͦͭ ͙ͫͦͪͦͫͭ͟ ͙ ͊͟;͔͍ͫͭ͊ ͙ͦ͊͊ͤ͘͟Ύ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙ ͤ͊ ͍͔ͫͻ Ήͭ͊ͨ͊ͻ ς ͦ ͭ 

͎͙͒ͦͦͫͨͭ͊͡Έ͎ͤͦͦ ͒ͦ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͎ͦͤͤͦͦΦ ˤ͔͔͙͔ͤ͒ͪͤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍ͨͪͦͭͦͦͦ͟͡Σ ͍ͦͫͤͦ͊ͤͤ·ͻ ͤ͊ 

͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙͔ͤΣ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͔͙ͫͭ ͙ͫͦͫͯ͒ͫͭ·ͻ ͼ͔͍ͤͭͪͦ ͙ ͍ͨͦ·΄͔͙͔ͤ ͎͙ͪ͊ͣͦͭͤͦͫͭ ͔͔͙ͤ͊ͫͤ͡Ύ 

͍ ͍ͦͨͪͦͫ͊ͻ ͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ ͙͍ͫͣͨͭͦͣͦ ˮ˸ ς ͟͡Ό;͔͍·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͒͡Ύ ͙͔͙ͫͤ͗ͤΎ ͔͙ͫͣͪͭͤͦͫͭ ͦͭ Ή͎ͭͦͦ 

͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ˻˿˿˹Σ ˾˴˻ ͙ ˾˹˸˻́Φ ˻ͫͭͪ·͚ ͦͪͦͤ͊ͪͤ͟·͚ ͙ͫͤ͒ͪͦͣ ͫ ͨͦ͒Ά͔ͣͦͣ 

͔͎͔ͫͣͤͭ͊ {¢ Ή͔͙͎ͭͪͦ͊ͪ͒ͦͪ͊ͣͣ͟͟͡·Φ нлноΦ 

нΦ LōŀƴŜȊ .ΦΣ WŀƳŜǎ {ΦΣ !ƎŜǿŀƭƭ {Φ Ŝǘ ŀƭΦ ϝнлмт 9{/ DǳƛŘŜƭƛƴŜǎ ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŀŎǳǘŜ ƳȅƻŎŀǊŘƛŀƭ 

ƛƴŦŀǊŎǝƻƴ ƛƴ ǇŀǝŜƴǘǎ ǇǊŜǎŜƴǝƴƎ ǿƛǘƘ {¢πǎŜƎƳŜƴǘ ŜƭŜǾŀǝƻƴΦϝ 9ǳǊ IŜŀǊǘ WΦ нлмуΦ 

оΦ ¢ƘȅƎŜǎŜƴ YΦΣ !ƭǇŜǊǘ WΦ{ΦΣ WŀũŜ !Φ{Φ Ŝǘ ŀƭΦ CƻǳǊǘƘ ¦ƴƛǾŜǊǎŀƭ 5ŜŬƴƛǝƻƴ ƻŦ aȅƻŎŀǊŘƛŀƭ LƴŦŀǊŎǝƻƴ όнлмуύΦ 9ǳǊ 

IŜŀǊǘ WΦ нлмфΦ 

пΦ ˴͍͚ͦͭͦͦ͡ ˤΦˤΦΣ ˣ͊ͪ͋͊ͪ͊΄ ˻Φ˶Φ ˮͤͺ͊ͪͭ͟ ͙ͣͦ͊ͪ͒͊͟ ͍ ͤ͊;͔͊͡ ··L ͍͔͊͟Υ ͦͭ ͎͔͔ͨ͊ͭͦͤ͊͘ ͟ ͔͡;͔͙ͤΌΦ ˸ΦΥ 

˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнмΦ 

ϭ s͔͍ͤͤ͊͊ ˻ΦΣ нлнр 

 

 

 

 

       ˢ͔͍ͤͤ͊͊ ˻͎͎͔ͯ͡͡Έ͙͒Σ 

 ˿ ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

ˣ˻˶˩˭˹̎ ˤ˩˾˶̎˥˻̅ˢ όˮ˨ˮ˻˽ˢ́ˮ̉˩˿˴ˢ̒ ́˾˻˸ˣ˻̇ˮ́˻˽˩˹ˮ̉˩˿˴ˢ̒ ˽̂˾˽̂˾ˢύΥ  

˽ˢ́˻˥˩˹˩˭Σ ˴˶ˮ˹ˮ˴ˢ ˮ ˿˻ˤ˾˩˸˩˹˹ˢ̒ ́˩˾ˢ˽ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͔͒ͭ͊͡Έͤ·͚ ͙͊ͤ͊͘͡ ͔͙͋ͦͤ͘͡ ˤ͔ͪ͡Έ͎ͦͺ͊Σ ͙͍͔͚ͫͭͤͦ͘ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ 

͔͔ͤͦͣͤ͊ͭͯͪ͟͡ ͊͟͟ ͙͙͙͒ͦͨ͊ͭ;͔ͫ͊͟Ύ ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤ;͔ͫ͊͟Ύ ͨͯͪͨͯͪ͊ όˮ́˽ύ τ ͊ ͙͎ͯͭͦͣͣͯͤͤͦͦ 

͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͎ͦͫΎ ͙͙͍͚ͦͪͦ͊ͤͤͦ͘͡ ͭͪͦͣ͋ͦͼ͙͔͙͔͚ͭͦͨͤ ό͙ͦ͟͡;͔͍ͫͭͦ ͭͪͦͣ͋ͦͼ͙͍ͭͦ 

ғ мллҎмлюκ͡ύ ͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ ͎͙͒ͪͯͻ ͙ͨͪ;͙ͤΦ ˾͔͊ͫͫͣͦͭͪͤ· ͎͔͔͙ͨ͊ͭͦͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘·Σ ͍͟͡Ό;͊Ό΅͙͔ 

ͨͪͦ͒ͯ͟ͼ͙Ό ͙͔͊ͯͭͦ͊ͤͭͭ͡ ό͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͊ͫͫ͊͟͡ LƎDύ ͙͍ͨͪͦͭ ͔ͣͣ͋ͪ͊ͤͤ·ͻ ͎͙͔͙͍ͦͨͪͦͭͤͦ͟͡ 

ͭͪͦͣ͋ͦͼ͙͍ͭͦ όDtLLōκLLLŀΣ DtLōκL·ύΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙ͻ ͔ͯͫͦͪͤͤͦͣͯ͟ ͪ͊ͪͯ͘΄͔͙ͤΌ ͣ͊ͪͦ͟ͺ͎͙͊͊ͣ 

͔͙ͪͭͯͦ͟͡Ή͔͙ͤ͒ͦͭ͊͡͡Έ͚ͤͦ ͙͔ͫͫͭͣ· ό͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ ͔͔͔͔ͫͤ͘͟͡ύ ͙ ͤ͊ͪͯ΄͔͙ͤΌ ͔͎͙ͣ͊͊ͪͦͨͦ͟Ή͊͘ ͍ 

ͦͫͭͤͦͣ͟ ͎͔ͣͦ͘Φ ˽ͦ͒ͪͦ͋ͤͦ ͙ͦͨͫ͊ͤ· ͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͎͔͎͙ͣͦͪͪ͊;͔͎ͫͦͦ͟ ͙ͫͤ͒ͪͦͣ͊ ό͔͔ͨͭͻ͙͙Σ 

Ή͟ͻ͙ͣͦ͘·Σ ͍͔ͪͦͦͭ͟;͔͙ͤΎύΣ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͨͦ ͔ͭ;͔͙ͤΌ ό͍͙͎͙͍ͤͦͦ͒͊ͤͦͫͭͪͦ͊ͤͤ͊ΎΣ ͔͙͙ͨͪͫͫͭͪͯΌ΅͊ΎΣ 

ͻ͙ͪͦͤ;͔ͫ͊͟Ύύ ͙ ͔͔͙ͫͭͨͤ ͭΎ͔͙͗ͫͭΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͍͔͔ͫͦͪͣͤͤ·ͣ ͎͙͊ͦͪͭͣ͊ͣ͡ ͙͎͙͙͒͊ͤͦͫͭ͟ 

ό͙ͫ͟͡Ό;͔͙͔ͤ ͍͙ͭͦͪ;ͤ·ͻ ͭͪͦͣ͋ͦͼ͙͔͙͚ͭͦͨͤύ ͙ ͙ͨͪͤͼ͙ͨ͊ͣ ͔ͫͭͯͨͤ;͚͊ͭͦ ͔͙͙ͭͪ͊ͨΥ ͦͭ ͔͍͚ͨͪͦ ͙͙͙ͤ͡ 

ό͎͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͟͟͟·Σ ͍͙͍͔ͤͯͭͪͤͤ·͔ ͙͎͙ͣͣͯͤͦͦ͋ͯͤ͡͡·ύ ͒ͦ ͍͚ͭͦͪͦ ͙͙͙ͤ͡ ό͔ͫͨͤ͡Ή͙ͭͦͣ͟ΎΣ ͎͙͊ͦͤͫͭ· 

͔ͪͼ͔͍ͨͭͦͪͦ ͭͪͦͣ͋ͦͨͦΉ͙ͭͤ͊ τ ͪ ͙͙ͦͣͨͦͫͭͣ͡Σ Ή͎ͭͪͦͣ͋ͦͨ͊͡ύ ͙ ͔͙͙ͭͪ͊ͨ ͔͙ͫͨ͊ͫͤΎ ό͙͙ͪͭͯͫͣ͊͋͟Σ 

͙͔͔ͣͣͯͤͦ͒ͨͪͫͫ͊ͤͭ·ύΦ ˻͍͔ͫ΅͔ͤ· ͨͦ͒ͻͦ͒· ͟ ͍͔͔͙͒ͤΌ ͔ͪͺ͔ͪ͊ͭͪͤ͟·ͻ ͺͦͪͣ ͙ ͔͔͔͋ͪͣͤͤ·ͻ ͫ ˮ́˽Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͋ͦ ͔ͤ͘͡Έ ˤ͔ͪ͡Έ͎ͦͺ͊Σ ͙͙͙͒ͦͨ͊ͭ;͔ͫ͊͟Ύ ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤ;͔ͫ͊͟Ύ ͨͯͪͨͯͪ͊ όˮ́˽ύΣ ͙͊ͯͭͦͣͣͯͤͤ͊Ύ 

ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤΎΣ ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤ;͔ͫ͊͟Ύ ͨͯͪͨͯͪ͊Σ ͙͊ͤͭͭͪͦͣ͋ͦͼ͙ͭ͊ͪͤ·͔ ͙͔͊ͤͭͭ͊͡Σ ͎͔͎͙ͣͦͪͪ͊;͔͙͚ͫ͟ 

͙ͫͤ͒ͪͦͣΣ ͎͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͟͟͟·Σ ͔ͫͨͤ͡Ή͙ͭͦͣ͟ΎΣ ͎͙͊ͦͤͫͭ· ͔ͪͼ͔͍ͨͭͦͪͦ ͭͪͦͣ͋ͦͨͦΉ͙ͭͤ͊ ό́˽π˻˾ˢύΣ 

͙͙ͪͦͣͨͦͫͭͣ͡Σ Ή͎ͭͪͦͣ͋ͦͨ͊͡Σ ͙͙ͪͭͯͫͣ͊͋͟Φ 

 

ˤ͍͔͔͙͔͒ͤ 

ˣ͔ͦͤ͘͡Έ ˤ͔ͪ͡Έ͎ͦͺ͊ όˮ́˽ύ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ;͚͊ͫͭͦ ͙ͨͪ;͙͚ͤͦ ͙͙͍͚ͦͪͦ͊ͤͤͦ͘͡ ͭͪͦͣ͋ͦͼ͙͔͙͙ͭͦͨͤ ͍ 
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͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͊͟͟ ͯ ͍ͪͦͫ͘͡·ͻΣ ͭ͊͟ ͙ ͯ ͔͔͚͒ͭΦ ˭͔͍͙͔͊͋ͦ͊ͤ͡ ͙͔͔ͣͭ ͎͔͔͎͔ͭͪͦͤͤ·͚ ͻ͔͊ͪ͊ͭͪ͟ 

͔ͭ;͔͙ͤΎΥ ͦͭ ͫͨͦͤͭ͊ͤͤ·ͻ ͔͙͙͚ͪͣͫͫ ͯ ͔͔͚͒ͭ ͒ͦ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟Σ ;͊ͫͭͦ ͔ͪͼ͙͙͍͙͒ͪͯΌ΅͔͎ͦ ͨͪͦͼ͔ͫͫ͊ ͯ 

͍ͪͦͫ͘͡·ͻΦ ˿͍͔͔͔ͦͪͣͤͤͦ ͙͙͔ͨͦͤͣ͊ͤ ˮ́˽ ͊͟͟ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͙ͨͪ ͦͭͦͪͦͣ͟ ͙͔͊ͯͭͦ͊ͤͭͭ͊͡ ͔ͦͨͦͫͪ͒ͯΌͭ ͔ͤ 

ͭͦ͡Έͦ͟ ͪ͊ͪͯ͘΄͔͙͔ͤΣ ͤͦ ͙ ͤ͊ͪͯ΄͔͙͔ͤ ͨͪͦ͒ͯ͟ͼ͙͙ ͭͪͦͣ͋ͦͼ͙͍ͭͦΣ ͙͊ͪ͒ͤ͊͟͡Έͤͦ ͙͔͙ͣͤͦ͘͡ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͔ͫ͟ 

ͨͦ͒ͻͦ͒·Σ ͔͙͍ͫͣͫͭ ͊͟ͼ͔ͤͭ ͫ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͙͔͙͙ͣͣͯͤͦͫͯͨͪͫͫ ͤ͊ ͙ͫͭͣͯ͡Ύͼ͙Ό ͭͪͦͣ͋ͦͨͦΉ͊͘Φ 

͙͎͙̏ͭͦͦ͡Ύ ͙ ͎͔͔ͨ͊ͭͦͤ͘ 

́ͦ;ͤ͊Ύ Ή͙͎͙ͭͦͦ͡Ύ ͔͙͍͔ͤͫͭͤ͊͘Φ ˽͍ͯͫͦ͟·ͣ ͺ͊ͭͦͪͦͣ͟ ͔ͣͦ͗ͭ ͙ͫͯ͗ͭ͡Έ ͙ͤͺ͔͟ͼ͙Ύ ό͍͙ͪͯͫͤ͊ΎΣ 

͔͙͋͊ͭͪ͊͟͡Έͤ͊ΎύΣ ͍͊͟ͼ͙ͤ͊ͼ͙ΎΣ ͔ͫͭͪͫͫΣ ;ͭͦ ͯ ͎͔͔͙ͤͭ;͔͙ͫ͟ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͙͡ͼ ͙͍͙ͨͪͦ͒ͭ ͟ ͫͪ·͍ͯ 

͙͎͙ͣͣͯͤͦͦ͡;͔͚ͫͦ͟ ͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡ ͙ ͙͍͊ͭ͊͟ͼ͙͙ ͦͤ͊͟͡ ˤπ͡ ͙ͣͺͦͼ͙͍ͭͦΣ ͨͪͦ͒ͯͼ͙ͪͯΌ΅͙ͻ ͎͔ͨ͊ͭͦͤͤ·͔ 

͙͔͊ͯͭͦ͊ͤͭͭ͊͡Φ 

˴͡Ό;͔͍·͔ ͍͔ͤ͘ΈΎ ͎͔͔ͨ͊ͭͦͤ͊͘Υ 

мΦ ˮ͔ͣͣͯͤͤͦ ͪ͊ͪͯ͘΄͔͙͔ͤ ͭͪͦͣ͋ͦͼ͙͍ͭͦΥ s ͙͔ͯͭͦ͊ͤͭͭ͊͡ όLƎDύ ͍ͫΎ͘·͍͊ΌͭͫΎ ͫ ͙͎͔͙͊ͤͭͤ͊ͣ 

͔ͣͣ͋ͪ͊ͤ· ͭͪͦͣ͋ͦͼ͙͍ͭͦ ό;͊΅͔ ͍͔͎ͫͦ DtLLōκLLLŀύΦ CŎπͅ ͎͔ͪ͊ͣͤͭ· Ή͙ͭͻ ͙͔͊ͤͭͭ͡ ͪ͊ͫͨͦͤ͊͘ΌͭͫΎ CŎɹπ

͔ͪͼ͔͙ͨͭͦͪ͊ͣ ͣ͊ͪͦ͟ͺ͎͍͊ͦ ͔͔͔͙ͫͤ͘͟͡ ό͙ ͍ ͔ͣͤΈ΄͔͚ ͔͔͙ͫͭͨͤ ͔ͨ;͔͙ͤύΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͺ͎͊ͦͼ͙ͭͦͯ͘ ͙ 

ͪ͊ͪͯ͘΄͔͙ͤΌ ͭͪͦͣ͋ͦͼ͙͍ͭͦΦ 

нΦ ˹͊ͪͯ΄͔͙͔ͤ ͨͪͦ͒ͯ͟ͼ͙͙ ͭͪͦͣ͋ͦͼ͙͍ͭͦ όͭͪͦͣ͋ͦͨͦΉ͊͘ύΥ s ͙͔ͤͭͭ͊͡ ͎ͣͦͯͭ ͍ͫΎ͘·͍͊ͭΈͫΎ ͫ 

͔͎͙ͣ͊͊ͪͦ͟ͼ͙͙ͭ͊ͣ ͍ ͦͫͭͤͦͣ͟ ͎͔ͣͦ͘Σ ͍·͘·͍͊Ύ ͙ͻ ͊ͨͦͨͭͦ͘Σ ͤ͊ͪͯ΄͊Ύ ͔͍͙͔ͫͦͪ͊ͤ͘ ͙ ͺ͎͔ͪ͊ͣͤͭ͊ͼ͙Ό 

ͼ͙ͭͦͨ͊ͣ͘͡· ͫ ͍͙͔ͦ͋ͪ͊ͦ͊ͤͣ͘ ͭͪͦͣ͋ͦͼ͙͍ͭͦΦ ̏ͭͦ ͦ͋ΆΎͫͤΎ͔ͭ ;͔͊ͫͭͦ ͍͙͔ͦͭͫͯͭͫͭ ͔͚ͦͣͨͤͫ͊ͭͦͪͤͦ͟ 

͎͙͔͙͙ͨͪͨ͊͘͡ ͔͎͙ͣ͊͊ͪͦ͟ͼ͙͎ͭ͊ͪͤͦͦ ͪͦͫͭ͊͟Φ 

оΦ ˨͙ͫͺͯͤ͟ͼ͙Ύ ͍·͙͍͗΄͙ͻ ͭͪͦͣ͋ͦͼ͙͍ͭͦΥ s ͙͔ͤͭͭ͊͡ ͎ͣͦͯͭ ͤ͊ͪͯ΄͊ͭΈ ͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͯΌ ͙͍͊ͭͤͦͫͭ͟Έ 

ͭͪͦͣ͋ͦͼ͙͍ͭͦΣ ͎ͯͫͯͯ͋͡ΎΎ ͎͔͎͙ͣͦͪͪ͊;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡ΎΦ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ 

ˤ͔͒ͯ΅͙͚ ͙ͫͤ͒ͪͦͣ τ ͎ ͔͎͙ͣͦͪͪ͊;͔͙͚ͫ͟Σ ͍·͔ͪ͊͗ͤͤͦͫͭΈ ͎ͦͭͦͪͦͦ͟ ͍͙͙͊ͫͭ͘ ͦͭ ͔͔͙ͫͭͨͤ 

ͭͪͦͣ͋ͦͼ͙͔͙͙ͭͦͨͤΥ 

¶ ˴ͦ͗ͤ·͚ ͎͔͎͙ͣͦͪͪ͊;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣΥ ˽ ͔͔ͭͻ͙͙ όͭͦ;͔;ͤ·͔ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎύΣ Ή͟ͻ͙ͣͦ͘· ό͙ͫͤΎ͙͟ύ ͤ͊ 

͔ͦ͗͟ ͙ ͙͙ͫͫͭ͘͡·ͻΣ ͍͙ͦͤ͊͘͟Ό΅͙͔ ͫͨͦͤͭ͊ͤͤͦ ͙͙͡ ͙ͨͪ ͙͙ͣͤͣ͊͡Έ͚ͤͦ ͍͔ͭͪ͊ͣΦ ͔̆͊ͪ͊ͭͪͤͦ͟ ͍͙͔ͦͭͫͯͭͫͭ 

͎͔ͣ͊ͭͦͣ ͍ ͣΎ͎͙͟ͻ ͭ͊ͤ͟ΎͻΦ 

¶ ˴͍͔ͪͦͦͭ;͔͙ͤΎΥ ˹ ͍ͦͫͦ·͔Σ ͔͔͍͒ͫͤ·͔Σ ͣ͊ͭͦ;ͤ·͔ ό͔͎͙͙ͣͤͦͪͪ͊ύΣ ͔͔ͪ͗ τ ͗ ͔ͯ͒ͦ͡;ͤͦπ͟ ͙΄͔;ͤ·͔Σ 

ͨͦ;͔;ͤ·͔Φ 

¶ ͎̂ͪͦ͗͊Ό΅͙͔ ͙͙͗ͤ͘ ͍͔ͪͦͦͭ͟;͔͙ͤΎΥ ʕ ͙ͤͯͭͪ;͔͔ͪͨͤ·͔ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ ό͙ͪͫ͟ ғм҈Σ ͤͦ ͍·ͫͦ͊͟Ύ 

͔ͭ͊͡͡ΈͤͦͫͭΈύΣ ͙͍ͣ͊ͫͫͤ·͔ ͔͗ͯ͒ͦ͡;ͤͦπ͟ ͙΄͔;ͤ·͔ ͍͔ͪͦͦͭ͟;͔͙ͤΎΦ 

¶ ˿͔͔͔ͤ͊͘͟͡ ͨ ͙ͪ ˮ́˽ ͔ͤ ͨ͊͡Έ͙͔ͨͪͯͭͫΎ ό͔͔ ͍͔͙ͯ͡;͔͙͔ͤ ͔͔ͭͪ͋ͯͭ ͙ͫ͟͡Ό;͔͙ͤΎ ͎͙͒ͪͯͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ 

͙͔ͤ͊ͨͪͣͪΣ ͙ͣ͡ͺͦͣ·ύΦ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έͤ·͚ ͙͎͒͊ͤͦ͘ 

˨͙͎͊ͤͦ͘ ˮ́˽ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭͫ͡Ύ ͣ ͔ͭͦ͒ͦͣ ͙ͫ͟͡Ό;͔͙ͤΎΦ 

˴͙͔͙͙ͪͭͪΥ 

мΦ ˮ͙͍ͦͪͦ͊ͤͤ͊͘͡Ύ ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤΎ όғмллҎмлюκ͡ύ ͍ ͦ͋΅͔ͣ ͙͔͊ͤ͊͘͡ ͍͙ͪͦ͟ ͙ͨͪ ͤͦͪͣ͊͡Έͤ·ͻ ͙͙͡ 

͍ͨͦ·΄͔ͤͤ·ͻ ͍ͯͪͦͤΎͻ ͔͚ͦ͟͡ͼ͙͍ͭͦ ͙ ͎͔͎͙ͣͦͦ͋ͤ͊͡ ό͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ ͍͔ͪͦͦͭ͟;͔͙͚ͤύΦ 

нΦ ˻͍͙͔ͭͫͯͭͫͭ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͍ͨͪͤ͊ͦ͘͟ ͙ ͒͊ͤͤ·ͻ ͔͊ͤ͊ͣͤ͊͘Σ ͯ͊͘͟·͍͊Ό΅͙ͻ ͤ͊ ͎͒ͪͯͯΌ ͙ͨͪ;͙ͤͯ 

ͭͪͦͣ͋ͦͼ͙͔͙͙ͭͦͨͤΦ 

оΦ ˹ͦͪͣ͊͡Έͤ͊Ύ ͙͙͡ ͍ͨͦ·΄͔ͤͤ͊Ύ ͔ͭͦ͟͡;ͤͦͫͭΈ ͎ͦͫͭͤͦͦ͟ ͎ͣͦ͊͘ ͙ͨͪ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͙͔͎ͣͦͪ͊ͣͣ͡· ͫ 

͍͔͙ͯ͡;͔͙͔ͤͣ ;͙ͫ͊͡ ͔͎͙ͣ͊͊ͪͦ͟ͼ͙͍ͭͦ ό͙͙͡ ͔͋͘ ͔͎ͤͦύΦ ́ ͔͙͙ͪͨ͊ͤͦ͋ͦͨͫΎ ͤ ͔ Ύ͍͡Ύ͔ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έ͚ͤͦΣ ͤͦ 

͔ͣͦ͗ͭ ͋·ͭΈ ͍·͔ͨͦͤͤ͊͡ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫͭ͊ͪ΄͔ сл ͔ͭ͡ ͒͡Ύ ͙ͫ͟͡Ό;͔͙ͤΎ ͙͔͙͙͙ͣͦ͒ͫͨ͊͘͡͡Φ 

˨͙ͺͺ͔͔ͪͤͼ͙͊͡Έͤ·͚ ͙͎͒͊ͤͦ͘ ͨ ͍ͪͦͦ͒Ύͭ ͫΥ ͍͙ͭͦͪ;ͤ·͙ͣ ͙ͣͣͯͤͤ·͙ͣ ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤΎ͙ͣ ό͙͔ͫͫͭͣͤ͊Ύ 

ͪ͊ͫͤ͊͟Ύ ͍ͦ͡;͊ͤ͊͟Σ ͙ͣ͡ͺ͙ͦͨͪͦ͡ͺ͔͙͍ͪ͊ͭͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ˤˮ̉Σ ͎͔͙ͨ͊ͭͭ ˿ύΣ ͔͍͔͊ͪͫͭͤͤ͟͡·͙ͣ 
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ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤΎ͙ͣ ό͎͔͙ͨ͊ͪͤπ͙ ͤ͒ͯͼ͙͍ͪͦ͊ͤͤ͊ΎύΣ ͙ͭͪͦͣ͋ͦͭ;͔͚ͫͦ͟ ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤ;͔͚ͫͦ͟ ͚ͨͯͪͨͯͪͦ 

ό́́˽ύΣ ˨ˤ˿πͫ ͙ͤ͒ͪͦͣͦͣΣ ͍͔ͪͦ͗͒ͤͤ·͙ͣ ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤΎ͙ͣΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙ͨͪͤͼ͙ͨ· ͔͡;͔͙ͤΎ όͨͦΉͭ͊ͨͤ͊Ύ ͔͎͙ͫͭͪ͊ͭΎύ 

˶͔;͔͙͔ͤ ͤ͊;͙ͤ͊Όͭ ͙ͨͪ ͍͔ͯͪͦͤ ͭͪͦͣ͋ͦͼ͙͍ͭͦ ғолҎмлюκ͡ ͙͙͡ ͙ͤ͊͡;͙͙ ͙͙ͤ͟͡;͔͙ͫ͟ ͤ͊͘;͙ͣ·ͻ 

͍͔ͪͦͦͭ͟;͔͙͚ͤ ͙ͨͪ ͡Ό͋ͦͣ ͍͔ͯͪͦͤ ͭͪͦͣ͋ͦͼ͙͍ͭͦΦ 

˽͔͍ͪ͊Ύ ͙͙ͤ͡Ύ ͔͙͙ͭͪ͊ͨΥ 

мΦ ˥͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͟͟͟· ό˥˴˿ύΥ ˽ ͔͙ͪ͒ͤͦͦͤ͘͡ όмπн ͎ͣκ͎͟κͫͯͭύ ͯͪͫͦͣ͟ нπп ͔͔͙ͤ͒͡ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ 

͔͔ͨͦͫͭͨͤͤ·ͣ ͙͔͙͔ͫͤ͗ͤͣΦ ͔̇͡Έ τ ͒ ͙͔͙͔ͦͫͭ͗ͤ ͋·͎ͫͭͪͦͦ ͍͔ͦͭͭ͊ ͊͘ ͫ;͔ͭ ͋ͦ͊͒͟͡· CŎɹπͪ ͔ͼ͔͍ͨͭͦͪͦ 

ͣ͊ͪͦ͟ͺ͎͍͊ͦ ͙ ͙͔͙͙ͣͣͯͤͦͫͯͨͪͫͫΦ 

нΦ ˤ͙͍͔ͤͯͭͪͤͤ·͔ ͙͎͙ͣͣͯͤͦͦ͋ͯͤ͡͡· όˤˤˮ˥ύΥ ʕ ·͙͔ͫͦ͟ ͒ͦ͘· όм ͎κ͎͟κͫͯͭΣ мπн ͒ͤΎύΦ ˸͔ͻ͙͊ͤͣ͘ τ 

͋ͦ͊͒͊͟͡ CŎɹπͪ ͔ͼ͔͍ͨͭͦͪͦΣ ͣͦ͒ͯ͡Ύͼ͙Ύ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊Φ ˨͊Όͭ ͋·ͫͭͪ·͚Σ ͤͦ ͍͔͔ͪ͊ͭͦͪͣͤͤ͟͟·͚ Ήͺͺ͔ͭ͟Φ 

˽ͦ͊͊ͤ͘͟· ͙ͨͪ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ Ή͔͎ͫͭͪͤͤͦͦ͟ ͍ͨͦ·΄͔͙ͤΎ ͭͪͦͣ͋ͦͼ͙͍ͭͦ ό͔͔ͨͪ͒ ͙ͪͦ͒͊ͣΣ ͔ͦͨͪ͊ͼ͙͔͚Σ ͙ͨͪ 

͎ͯͪͦ͗͊Ό΅͙ͻ ͍͔ͪͦͦͭ͟;͔͙ͤΎͻύΦ 

ˤͭͦͪ͊Ύ ͙͙ͤ͡Ύ ͔͙ͭͪ͊ͨΎ ό͙ͨͪ ͻ͙ͪͦͤ;͔͚ͫͦ͟κ͔ͪͺ͔͚ͪ͊ͭͪͤͦ͟ ˮ́˽ύΥ 

мΦ ˿͔ͨͤ͡Ή͙ͭͦͣ͟ΎΥ ̂ ͔͙͔͒͊ͤ͡ ͍͎ͦͫͤͦͤͦͦ ͎ͦͪ͊ͤ͊ ͔͒ͫͭͪͯ͟ͼ͙͙ ͭͪͦͣ͋ͦͼ͙͍ͭͦ ͙ ͨͪͦ͒ͯ͟ͼ͙͙ ͙͔͊ͤͭͭ͡Φ 

̏ͺͺ͔͙͍ͭͤ͊͟ ͯ слπтл҈ ͨ͊ͼ͙͔͍ͤͭͦΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͙͔͒ͭ͡͡ΈͤͯΌ ͔͙͙ͪͣͫͫΌΦ ˽͍͙ͪͦͦ͒ͭͫΎ ͔ͨͦͫ͡ ͍͊͟ͼ͙ͤ͊ͼ͙͙ 

͙͍ͨͪͦͭ ͔͍ͨͤͣͦͦ͊͟͟͟Σ ͔͙͎ͣͤͤͦͦ͊͟͟͟Σ IŀŜƳƻǇƘƛƭǳǎ ƛƴƅǳŜƴȊŀŜΦ 

нΦ ˢ͎͙ͦͤͫͭ· ͔ͪͼ͔͍ͨͭͦͪͦ ͭͪͦͣ͋ͦͨͦΉ͙ͭͤ͊ ό́˽˻π˾ˢύΥ ˾ ͙͙ͦͣͨͦͫͭͣ͡ όͨͦ͒ͦ͗ͤͦ͟ύ ͙ Ή͎ͭͪͦͣ͋ͦͨ͊͡  

ό͔ͨͪͦͪ͊͡ΈͤͦύΦ ˿͙͙ͭͣͯͪͯ͡Όͭ ͔͎͙ͣ͊͊ͪͦͨͦ͟Ή͘ ͙ ͨͪͦ͒ͯ͟ͼ͙Ό ͭͪͦͣ͋ͦͼ͙͍ͭͦ ;͔͔ͪ͘ ͙͍͊ͭ͊͟ͼ͙Ό ͔ͪͼ͔ͨͭͦͪ͊ 

ͭͪͦͣ͋ͦͨͦΉ͙ͭͤ͊Φ ͍̒͡ΎΌͭͫΎ ͍͚ͦͫͤͦͦ ͔͙͙ͭͪ͊ͨ ͍͚ͭͦͪͦ ͙͙͙ͤ͡Σ ͍ͨͦͦ͘͡ΎΎ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͔͋ͦͨ͊ͫͤ͘·͚ ͍͔ͯͪͦͤΈ 

ͭͪͦͣ͋ͦͼ͙͍ͭͦ ͔͋͘ ͙͔͙͙ͣͣͯͤͦͫͯͨͪͫͫΦ 

оΦ ˾͙͙ͭͯͫͣ͊͋͟Υ ˸ ͦͤͦͦͤ͊͟͡͡Έ͔ͤͦ ͙͔͊ͤͭͭͦ͡ ͙͍ͨͪͦͭ /5нл ͤ͊ ˤπ͡ ͙ͣͺͦͼ͙ͭ͊ͻΦ ˽͍ͦ͒͊͡Ύ͔ͭ ͨͪͦ͒ͯ͟ͼ͙Ό 

͙͔͊ͤͭͭ͡Φ ̏ͺͺ͔͙͍͔ͭͤ͟ ͯ плπсл҈ ͨ͊ͼ͙͔͍ͤͭͦΣ ͤͦ ͍͔ͦͭͭ ͔ͣͦ͗ͭ ͋·ͭΈ ͦͭͫͪͦ;͔ͤͤ·ͣ όоπу ͔͔ͤ͒͡Έύ ͙ 

͔ͤͨͦͫͭͦΎͤͤ·ͣΦ 

˭͊͟͡Ό;͔͙͔ͤ 

ˣ͔ͦͤ͘͡Έ ˤ͔ͪ͡Έ͎ͦͺ͊ όˮ́˽ύ τ Ήͭͦ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͙͔͊ͯͭͦͣͣͯͤͤͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͫ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͣ 

͔ͭ;͔͙͔ͤͣ ͙ ͫͦ͗ͤ͡·ͣ ͎͔͔ͨ͊ͭͦͤͦͣ͘Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͙ͭͪ͊ͨΎ ͔͔ͨͪ΄͊͡ ͦͭ Ή͙͙ͣͨͪ;͔͎ͫͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎ 

͍·ͫͦͦ͒ͦͤ͘͟·ͻ ͙͔͙͍ͦͪͭͦͫͭͪͦ͒ͦ͟͟ ͟ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤͦͣͯ͘͡Σ ͨͦΉͭ͊ͨͤͦͣͯ ͨͦ͒ͻͦ͒ͯΦ ˽ͦΎ͍͔͙͔ͤ͡ ́˽ π˻˾ˢ 

͙͍͔ͨͪͦͦ͘͡ ͔͍ͪͦ͡Όͼ͙Ό ͍ ͔͡;͔͙͙ͤ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ˮ́˽Σ ͍͙͍ͨͦͦ͘͡ Ήͺͺ͔͙͍ͭͤͦ͟ ͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ 

ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤΌ ͙ ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͯ͡;΄͙ͭΈ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ ˤ·͋ͦͪ ͔͙͙ͭͪ͊ͨ ͔͒ͦ͗ͤ͡ 

ͯ;͙ͭ·͍͊ͭΈ ͍ͦͪ͊ͫͭ͘ ͨ͊ͼ͙͔ͤͭ͊Σ ͍ͫͦͨͯͭͫͭͯΌ΅͙͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͔͙͔͗͊ͤ͡ ͫͦͻ͙ͪ͊ͤͭΈ ͔͔͔ͫͤͯ͘͟͡Σ ͦ͋ͪ͊͘ ͙͙͗ͤ͘ 

͙ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͚ ͍͔ͦͭͭ ͤ͊ ͔͡;͔͙͔ͤΦ ˨͊͡Έ͔͚ͤ΄͙͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͍·Ύ͍͔͙͔ͤ͡ 

͙͔͍͋ͦͣ͊ͪͪͦ͟ ͒͡Ύ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͔ͭ;͔͙ͤΎ ͙ ͪ͊ͪ͊͋ͦͭͯ͘͟ ͎͔ͭ͊ͪͭͤ·ͻ ͙͙ͣͣͯͤͦͣͦ͒ͯͪͯ͡Ό΅͙ͻ 

͔͍ͨͪͨ͊ͪ͊ͭͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ ͙͙͙͒ͦͨ͊ͭ;͔͚ͫͦ͟ ͭͪͦͣ͋ͦͼ͙͔͙ͭͦͨͤ;͔͚ͫͦ͟ 

ͨͯͪͨͯͪ· ό͔͙͋ͦͤ͘͡ ˤ͔ͪ͡Έ͎ͦͺ͊ύ ͯ ͍ͪͦͫ͘͡·ͻΦ ˸͙͍ͤ͒ͪ͊͘ ˾͙͙ͦͫͫΣ нлнмΦ 

нΦ ˤͦͪͦ͋Έ͔͍ ˢΦˮΦ ό͔ͪ͒ΦύΦ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͨͦ ͎͔͎͙͙ͣ͊ͭͦͦ͡Φ ˤ о ͭΦ ς ˸ΦΥ ˹ΈΌ͙͔͒͊ͣ͒Σ нлннΦ ς ́Φ мΦ 

оΦ tǊƻǾŀƴ 5ΦΣ !ǊƴƻƭŘ 5ΦaΦΣ .ǳǎǎŜƭ WΦ.Φ Ŝǘ ŀƭΦ ¦ǇŘŀǘŜŘ ƛƴǘŜǊƴŀǝƻƴŀƭ ŎƻƴǎŜƴǎǳǎ ǊŜǇƻǊǘ ƻƴ ǘƘŜ ƛƴǾŜǎǝƎŀǝƻƴ ŀƴŘ 

ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǇǊƛƳŀǊȅ ƛƳƳǳƴŜ ǘƘǊƻƳōƻŎȅǘƻǇŜƴƛŀΦ κκ .ƭƻƻŘ !ŘǾŀƴŎŜǎΣ нлмфΦ 

пΦ ½ǳũŜǊŜȅ !ΦΣ YŀǇǳǊ wΦΣ {ŜƳǇƭŜ WΦ²Φ tŀǘƘƻƎŜƴŜǎƛǎ ŀƴŘ ¢ƘŜǊŀǇŜǳǝŎ aŜŎƘŀƴƛǎƳǎ ƛƴ LƳƳǳƴŜ 

¢ƘǊƻƳōƻŎȅǘƻǇŜƴƛŀ όL¢tύΦ κκ WƻǳǊƴŀƭ ƻŦ /ƭƛƴƛŎŀƭ aŜŘƛŎƛƴŜΣ нлмтΦ 

рΦ ˾ͯͣΎͤͼ͔͍ ˢΦ˥ΦΣ ˸͊ͫ;͊ͤ ˢΦˢΦ ˥͔͎͙ͣ͊ͭͦͦ͡Ύκ͎͙ͦͤͦͦ͟͡Ύ ͔͎͒ͭͫͦͦ͟ ͍ͦͪ͊ͫͭ͊͘Φ ς ˸ΦΥ ˸͔͙͒ͨͪ͊ͭ͊͟͟π˸ Σ нлнмΦ ς 

˥͡Φ ͨͦ ˮ́˽Φ 

ϭ s͔͍ͤͤ͊͊ ˻ΦΣ нлнр 
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̂˨˴ ос 

ˢͤͤ͊ͣͯͻ͔͍͊ͣͣ͒ͦ͊ ˻Φ 

˭͍͔͊͒ͯΌ΅͊Ύ ͊͟ͺ͔͚͒ͪͦ Ή͙͎͙͙ͤ͒ͦͪͤͦͦ͟͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ  

ˢ΄ͻ͊͋͊͒Σ ́ͯ ͔͙ͪͣͤͫͭ͊ͤ͟ 

 

˨ˮˢˣ˩́ˮ̉˩˿˴ˢ̒ ˹˩̅˾˻˽ˢ́ˮ̒ ˴ˢ˴ ˽˻˭˨˹˩˩ ˻˿˶˻ˬ˹˩˹ˮ˩ ˿ˢ̆ˢ˾˹˻˥˻ ˨ˮˢˣ˩́ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͙͔͙͒͊͋ͭ;͔ͫ͊͟Ύ ͔ͤͺ͙ͪͦͨ͊ͭΎ ͊͟͟ ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͭΎ͖͗͡·ͻ ͙ͨͦ͒ͤ͘ͻ 

͔͙͚ͦͫͦ͗ͤͤ͡ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊Φ ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͍·͚ͫͦͦ͟ 

͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈΌ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͍͔͙ͯ͡;͔͙͔ͤͣ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦ ͙ ͍͔͒ͯ΅͔͚ 

ͪͦ͡ΈΌ ͔ͤͺ͙͙ͪͦͨ͊ͭ ͍ ͍͙͙͙ͪ͊ͭ͘ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͨͦ;͔;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ ͔̇͡Έ ͪ͊͋ͦͭ· τ ͊ ͙ͤ͊͘͡ 

͎͔͔͙ͨ͊ͭͦͤͭ;͔͙ͫ͟ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔ͤͺ͙͙ͪͦͨ͊ͭΣ ͙͚ͫͭ͊͒ ͔͖ ͍͙͙ͪ͊ͭ͘ΎΣ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟Σ 

͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͙ ͍͔͔ͫͦͪͣͤͤ·ͻ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͨͦ͒ͻ͍ͦ͒ͦΦ ˸͔ͭͦ͒·Υ ͙͙͊ͤ͊ͭ͡;͔͙͚ͫ͟ ͦ͋ͦͪ͘ 

ͤ͊ͯ;͚ͤͦ ͙͔ͭͪ͊ͭͯͪ͡·Σ ͙͙ͤͦ͟͟͡πͅ ͙͙͎͙ͦͦ͘͡;͔͙͚ͫ͟ ͙ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͚ ͨͦ͒ͻͦ͒·Φ ˾͔ͯ͘͡Έͭ͊ͭ· ͨͦ͊͘͟·͍͊ΌͭΣ 

;ͭͦ ͙͔͒ͭ͡͡Έͤ͊Ύ ͎͙͔͎͙͔͙ͨͪͣ͟͡Ύ ͙ ͍ͫͦͨͯͭͫͭͯΌ΅͙͔ ͔͙ͣͭ͊͋ͦ͡;͔͙͔ͫ͟ ͤ͊ͪͯ΄͔͙ͤΎ ͙͍ͨͪͦ͒Ύͭ ͟ ͫͭͪͯͭͯͪͤ͟·ͣ 

͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͣ ͙͔͔͙ͣͤͤ͘Ύͣ ͨͦ;͔͟Σ ͍͟͡Ό;͊Ύ ͙͎͙͙ͣͪͦ͊ͤͦͨ͊ͭ͟ΌΣ ͎͔ͦͣͪͯ͡͡ΎͪͤͯΌ ͎͙͔ͨͪͺ͙͡Έͭͪ͊ͼ͙Ό 

͙ ͔͙͙ͨͪͦͭͤͯͪΌΦ ˤ·͍ͦ͒·Υ ͪ͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͦͤͭͪͦ͟͡Έ ͍ͯͪͦͤΎ ͎͡Όͦ͘͟· ͙ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΣ 

͙͔͔͙͔ͨͪͣͤͤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͤͺ͔͙͍ͪͦͨͪͦͭͭͤ͟·ͻ ͔͍ͣͭͦ͒ͦ ͔͊ͣ͒͘͡ΎΌͭ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭΣ ͙͔͙͒͊͋ͭ;͔ͫ͊͟Ύ ͔ͤͺ͙ͪͦͨ͊ͭΎΣ ͻ͙ͪͦͤ;͔ͫ͊͟Ύ ͨͦ;͔;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΣ 

͎͙͔͎͙͔͙ͨͪͣ͟͡ΎΣ ͙͎͙͙ͣͪͦ͊ͤͦͨ͊ͭ͟ΎΣ ͎͔ͦͣͪͯ͡͡Ύͪͤ͊Ύ ͺ͙͡Έͭͪ͊ͼ͙ΎΣ ͔͙͙ͨͪͦͭͤͯͪΎΦ 

 

!ƴƴŀƳǳƘŀƳƳŜŘƻǾŀ hΦ 

{ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴ ƴŀƳŜŘ ŀƊŜǊ aȅǊŀǘ DŀǊǊȅŜǾ 

ό!ǎƘƎŀōŀǘΣ ¢ǳǊƪƳŜƴƛǎǘŀƴύ 
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!ōǎǘǊŀŎǘ 

¢ƘŜ ŀǊǝŎƭŜ ŜȄŀƳƛƴŜǎ ŘƛŀōŜǝŎ ƴŜǇƘǊƻǇŀǘƘȅ ŀǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǎŜǾŜǊŜ ƭŀǘŜ ŎƻƳǇƭƛŎŀǝƻƴǎ ƻŦ ŘƛŀōŜǘŜǎ 

ƳŜƭƭƛǘǳǎΦ ¢ƘŜ ǊŜƭŜǾŀƴŎŜ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ƘƛƎƘ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ŘƛŀōŜǘŜǎΣ ƛƴŎǊŜŀǎŜŘ ƭƛŦŜ ŜȄǇŜŎǘŀƴŎȅΣ ŀƴŘ ǘƘŜ 

ƪŜȅ ǊƻƭŜ ƻŦ ƴŜǇƘǊƻǇŀǘƘȅ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎƘǊƻƴƛŎ ƪƛŘƴŜȅ ŘƛǎŜŀǎŜΦ !ƛƳΥ ǘƻ ŀƴŀƭȅȊŜ ǇŀǘƘƻƎŜƴŜǝŎ 

ƳŜŎƘŀƴƛǎƳǎΣ ǎǘŀƎŜǎ ƻŦ ƴŜǇƘǊƻǇŀǘƘȅΣ Ǌƛǎƪ ŦŀŎǘƻǊǎΣ ŘƛŀƎƴƻǎǝŎ ƳŜǘƘƻŘǎΣ ŀƴŘ ƳƻŘŜǊƴ ǇǊŜǾŜƴǝǾŜ ŀǇǇǊƻŀŎƘŜǎΦ 

aŜǘƘƻŘǎ ƛƴŎƭǳŘŜ ŀƴŀƭȅǝŎŀƭ ǊŜǾƛŜǿ ƻŦ ǎŎƛŜƴǝŬŎ ƭƛǘŜǊŀǘǳǊŜΣ ŎƭƛƴƛŎŀƭπǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ŎƻƳǇŀǊŀǝǾŜ ŀǇǇǊƻŀŎƘŜǎΦ 

wŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ ǇǊƻƭƻƴƎŜŘ ƘȅǇŜǊƎƭȅŎŜƳƛŀ ŀƴŘ ƳŜǘŀōƻƭƛŎ ŘƛǎǘǳǊōŀƴŎŜǎ ƭŜŀŘ ǘƻ ǎǘǊǳŎǘǳǊŀƭ ŀƴŘ ŦǳƴŎǝƻƴŀƭ 

ǊŜƴŀƭ ŎƘŀƴƎŜǎΣ ƛƴŎƭǳŘƛƴƎ ƳƛŎǊƻŀƴƎƛƻǇŀǘƘȅΣ ƎƭƻƳŜǊǳƭŀǊ ƘȅǇŜǊŬƭǘǊŀǝƻƴΣ ŀƴŘ ǇǊƻƎǊŜǎǎƛǾŜ ǇǊƻǘŜƛƴǳǊƛŀΦ 

/ƻƴŎƭǳǎƛƻƴǎΥ ŜŀǊƭȅ ŘƛŀƎƴƻǎƛǎΣ ƎƭȅŎŜƳƛŎ ŀƴŘ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ ŎƻƴǘǊƻƭΣ ŀƴŘ ƳƻŘŜǊƴ ƴŜǇƘǊƻǇǊƻǘŜŎǝǾŜ ǎǘǊŀǘŜƎƛŜǎ 

ǎƭƻǿ ŘƛǎŜŀǎŜ ǇǊƻƎǊŜǎǎƛƻƴΦ 

YŜȅǿƻǊŘǎΥ 

ŘƛŀōŜǘŜǎ ƳŜƭƭƛǘǳǎΣ ŘƛŀōŜǝŎ ƴŜǇƘǊƻǇŀǘƘȅΣ ŎƘǊƻƴƛŎ ƪƛŘƴŜȅ ŘƛǎŜŀǎŜΣ ƘȅǇŜǊƎƭȅŎŜƳƛŀΣ  

ƳƛŎǊƻŀƴƎƛƻǇŀǘƘȅΣ ƎƭƻƳŜǊǳƭŀǊ ŬƭǘǊŀǝƻƴΣ ǇǊƻǘŜƛƴǳǊƛŀΦ 
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ˤ͍͔͔͙͔͒ͤ 

˿͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ τ ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ 

͍ͫͦͨͪͦͦ͗͒͊Ό΅͙ͻͫΎ ͍͙͙͔ͪ͊ͭͣ͘ ͙ͨͦ͒ͤ͘ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˨͙͔͙͊͋ͭ;͔ͫ͊͟Ύ ͔ͤͺ͙ͪͦͨ͊ͭΎ ͙͔͊ͤͣ͊ͭ͘ ͍͔͒ͯ΅͔͔ 

͔ͣͫͭͦ ͔͙ͫͪ͒ Ή͙ͭͻ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͤͦ ͙ͨͪ;͙͚ͤͦ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͨͦ;͔;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ 

ͯ ͭͪͯ͒ͦͫͨͦͫͦ͋ͤ·ͻ ͨ͊ͼ͙͔͍ͤͭͦΦ ˾ͦͫͭ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡ ͙ ͍͔͙ͯ͡;͔͙͔ͤ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͙͙͗ͤ͘ 

ͨ͊ͼ͙͔͍ͤͭͦ ͙͍ͨͪͦ͒Ύͭ ͟ ͪͦͫͭͯ ;͙ͫ͊͡ ͋ͦ͡Έͤ·ͻ ͫ ͔͙͔ͨͦͪ͊͗ͤͣ ͨͦ;͔͟Σ ;ͭͦ ͔͔͒͊ͭ͡ ͙ͯ͘;͔͙͔ͤ ͎͔͔ͨ͊ͭͦͤ͊͘Σ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔ͤͺ͙͙ͪͦͨ͊ͭ ͚͔ͪ͊ͤ͟ ͊ͭͯ͊͟͡Έͤ·ͣΦ ˽ͦ ͒͊ͤͤ·ͣ ͔͙ͨͦͫ͒ͤ͡ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ 

нлςпл҈ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙͔͒͊͋ͭͦͣ н ͙ͭͨ͊ ͍͙͍ͪ͊͊͘Όͭ ͔ͤͺ͙ͪͦͨ͊ͭΌΦ 

˾͍͙͙͔͊ͭ͘ ͙͔͙͒͊͋ͭ;͔͚ͫͦ͟ ͔ͤͺ͙͙ͪͦͨ͊ͭ ͍ͫΎ͊ͤͦ͘ ͫ ͙͔͒ͭ͡͡Έ͚ͤͦ ͎͙͔͎͙͔͙͔͚ͨͪͣ͟͡Σ ͦͭͦͪ͊͟Ύ ͍·͘·͍͔͊ͭ 

͊ͫ͊͒͟͟ ͙͋ͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘Υ ͎͙͙͍͙͔ͪͦ͊ͤ͟͡ ͔͍͋ͦ͟͡Σ ͙͍͊ͭ͊͟ͼ͙Ό ͙͍͎ͨͦͦͦͦͦ͡͡ ͙ͨͯͭΣ 

͙͙͔ͦͫͭ͟͡͡Έͤ·͚ ͔ͫͭͪͫͫ ͙ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡Φ ͙̏ͭ ͨͪͦͼ͔ͫͫ· ͙͍ͨͪͦ͒Ύͭ ͟ ͍͔͔͙ͨͦͪ͗͒ͤΌ 

Ή͔͙ͤ͒ͦͭ͊͡͡Έͤ·ͻ ͙ ͔͎͙ͣ͊ͤ͊͘͡Έͤ·ͻ ͔ͭͦ͟͟͡ ͨͦ;͔͟Σ ͯͭͦ͡΅͔͙ͤΌ ͋͊͊͘͡Έ͚ͤͦ ͔ͣͣ͋ͪ͊ͤ· ͯ͋ͦ͟͡;͍ͦ͟Σ 

͔͎͙ͣ͊ͤ͊͘͡Έ͚ͤͦ Ή͙͙ͫͨ͊ͤͫ͟ ͙ ͤ͊ͪͯ΄͔͙ͤΌ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙Φ 

˨͙͔͙͊͋ͭ;͔ͫ͊͟Ύ ͔ͤͺ͙ͪͦͨ͊ͭΎ ͔͔ͨͪͦͭ͊ͭ͟ ͙͚ͫͭ͊͒ͤͦΥ L ͙ͫͭ͊͒Ύ τ ͎͙͔ͨͪͺ͙͡Έͭͪ͊ͼ͙ΎΤ LL τ 

͙ͣͪͦ͊͟͡Έ͙͙͋ͯͣͤͯͪΎΤ LLL τ ͨ ͔͙͙ͪͦͭͤͯͪΎΤ L± τ ͻ͙ͪͦͤ;͔ͫ͊͟Ύ ͨͦ;͔;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΦ ˾͊ͤͤΎΎ 

͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͦͤͭͪͦ͟͡Έ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟ Ύ͍͡ΎΌͭͫΎ ͟͡Ό;͔͍·͙ͣ ͒͡Ύ ͔͔͙͊ͣ͒ͤ͘͡Ύ ͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΎ 

͊͘ ͔͍͙͋ͦ͊ͤ͡ΎΦ 

˨͙͔͙͊͋ͭ;͔ͫ͊͟Ύ ͔ͤͺ͙ͪͦͨ͊ͭΎ τ ͦ ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͭΎ͖͗͡·ͻ ͙ͨͦ͒ͤ͘ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ ͫ͊ͻ͎͊ͪͤͦͦ 

͙͔͒͊͋ͭ͊ ͙ ͍͔͒ͯ΅͊Ύ ͙ͨͪ;͙ͤ͊ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͨͦ;͔;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͔͙ͫͪ͒ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙͔͒ͭ͡͡Έͤ·ͣ 

͔ͭ;͔͙͔ͤͣ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ ˭͔͍͙͔͊͋ͦ͊ͤ͡ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͙͔ͨͦͪ͊͗ͤͣ ͨͦ;͔;ͤ·ͻ ͯ͋ͦ͟͡;͍ͦ͟Σ 

͙͔͙ͤͭͪͫͭͼ͙͊͡Έ͚ͤͦ ͙ͭ͊ͤ͟ ͙ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύ͎ͭͦͪͤͦͦ ͪͯͫ͊͡ ͨͦ;͔͟Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͎͔͙ͨͪͦͪͫͫͪͯΌ΅͙ͣ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͣ ͙ ͫͭͪͯͭͯͪͤ͟·ͣ ͙͔͔͙ͣͤͤ͘ΎͣΦ 

˽͎͔͔͊ͭͦͤ͘ 

˥͍͊ͤ͡·ͣ ͺ͊ͭͦͪͦͣ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔ͤͺ͙͙ͪͦͨ͊ͭ Ύ͍͡Ύ͔ͭͫΎ ͙͔͒ͭ͡͡Έͤ͊Ύ ͎͙͔͎͙͔͙ͨͪͣ͟͡ΎΣ ͍·͘·͍͊Ό΅͊Ύ 

͊ͫ͊͒͟͟ ͙͋ͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘Υ 

˹͔ͺ͔͔͙͍͔ͪͣͤͭ͊ͭͤͦ ͎͙͙͍͙͔ͪͦ͊ͤ͟͡ ͔͍͋ͦ͟͡ ό!D9ύ τ ͤ ͊ͪͯ΄͔͊ͭ ͺͯͤ͟ͼ͙͙ ͔ͭͦ͟͟͡ ͨͦ;͔͟Σ ͙͙͍͔ͯͫ͊ͭ͡ 

͍͔͙͔ͦͫͨ͊ͤ͡ ͙ ͺ͙͋ͪͦ͘Τ 

ˢ͙͍ͭ͊͟ͼ͙Ύ ͙͍͎ͨͦͦͦͦͦ͡͡ ͙ͨͯͭ τ ͔͙͔ͤ͊ͦͨͤ͟͡ ͙ͫͦͪ͋ͭͦ͊͡ ͙ ͙ͦͫͣͦͭ;͔͙͚ͫ͟ ͔ͫͭͪͫͫΤ 

˻͙͙͔ͫͭ͟͡͡Έͤ·͚ ͔ͫͭͪͫͫ τ ͍͔͔͙͔ͨͦͪ͗͒ͤ Ή͔͙ͤ͒ͦͭ͡Ύ ͙ ͙͔͙͔ͯͫͤ͡ ͍͔͙ͦͫͨ͊ͤ͡ΎΤ 

͙̆ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ τ ͫ ͙ͭͣͯ͡Ύͼ͙Ύ ͼ͙͙͍ͭͦͤͦ͟ ͙ ͺ͍͊ͭͦͪͦ͟ ͪͦͫͭ͊Σ ͺ͙͋ͪͦ͘ ͔͎͙ͣ͊ͤ͊͘͡Έ͚ͤͦ 

͙ͭ͊ͤ͟Τ 

ˢ͙͍ͭ͊͟ͼ͙Ύ ͔͙ͪͤͤπ͊ ͎͙͔͙ͤͦͭͤͤ͘π͊ ͡Έ͔͍͚͒ͦͫͭͪͦͤͦͦ ͙͔ͫͫͭͣ· τ ͨ ͍ͦ·΄͔͙͔ͤ ͍͙ͤͯͭͪͯ͋ͦ͟͡;͍͎ͦͦͦ͟ 

͍͔͙͒͊ͤ͡ΎΣ ͙͔͙͔ͯͫͤ͡ ͔͙͙͙ͨͪͦͭͤͯͪΦ 

͙̏ͭ ͨͪͦͼ͔ͫͫ· ͙͍ͨͪͦ͒Ύͭ ͟ ͫͭͪͯͭͯͪͤ͟·ͣ ͙͔͔͙ͣͤͤ͘ΎͣΥ ͯͭͦ͡΅͔͙͔ͤ ͋͊͊͘͡Έ͚ͤͦ ͔ͣͣ͋ͪ͊ͤ· ͎͔ͦͣͪͯ͡͡Σ 

͔͎͙ͣ͊ͤ͊͘͡Έͤ͊Ύ Ή͙ͫͨ͊ͤͫ͟ΎΣ ͔ͯͣͤΈ΄͔͙͔ͤ ;͙ͫ͊͡ ͺͯͤ͟ͼ͙͙ͦͤͪͯΌ΅͙ͻ ͙͊ͨ͟͡͡Ύ͍ͪͦ ͙ ͤ͊ͪͯ΄͔͙͔ͤ 

͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙Φ 

˿͙͙ͭ͊͒ 

мΦ L ͫͭ ͙͊͒Ύ τ ͎͙͔ͨͪͺ͙͡Έͭͪ͊ͼ͙ΎΥ ͍͔͙ͯ͡;͔͙͔ͤ DCw ͔͋͘ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡Τ 

нΦ LL ͙ͫͭ͊͒Ύ τ ͙ͣͪͦ͊͟͡Έ͙͙͋ͯͣͤͯͪΎΥ олςолл ͎ͣκ͙ͫͯͭ͟ ͊͡Έ͙͋ͯͣͤ͊Σ ͙͚ͪ͊ͤͤ ͔ͣ͊ͪͪ͟Τ 

оΦ LLL ͙ͫͭ͊͒Ύ τ ͔͙͙ͨͪͦͭͤͯͪΎΥ Ҕолл ͎ͣκ͙ͫͯͭ͟ ͔͋͊͟͡Σ ͙͔͙͔ͫͤ͗ͤ ͺ͙͡Έͭͪ͊ͼ͙͙Τ 

пΦ L± ͙ͫͭ͊͒Ύ τ ͻ͙ͪͦͤ;͔ͫ͊͟Ύ ͨͦ;͔;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΥ ͍·͔ͪ͊͗ͤͤ·͔ ͫͭͪͯͭͯͪͤ͟·͔ ͙͔͔͙ͣͤͤ͘Ύ ͙ 

͍ͦͣͦ͗ͤ͊͘Ύ ͔͙ͭͪͣͤ͊͡Έͤ͊Ύ ͙ͫͭ͊͒ΎΦ 

̅͊ͭͦͪ͟· ͙ͪͫ͊͟ 

˨͙͔ͭ͡͡Έͤ͊Ύ ͎͙͔͎͙͔͙ͨͪͣ͟͡ΎΤ 

ˢ͔͙ͪͭͪ͊͡Έͤ͊Ύ ͎͙͔͔͙ͨͪͭͤ͘ΎΤ 
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˥͔͔͙ͤͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ΈΤ 

˴͔͙͔ͯͪͤΣ ͙͔͙͔ͦ͗ͪͤΣ ͍͙ͣ͊ͦͨͦ͒͗ͤ͡·͚ ͦ͋ͪ͊͘ ͙͙͗ͤ͘Τ 

˨͙͙͙͔͙ͫͨ͒ͣ͡Ύ ͙ ͔͔ͫͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ 

˾͔͎ͯ͡Ύ͔ͪͤͦ ͙͔͔͙͔ͣͪͤ͘ ͙ͣͪͦ͊͟͡Έ͙͙͙͋ͯͣͤͯͪ ͙ DCwΤ 

˴ͦͤͭͪͦ͡Έ ͔͙͙ͪ͊ͭͤͤ͊͟Σ ͊ͦͭ͊͘ ͣͦ;͔͍͙ͤ·Σ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΤ 

˿͙͙͎ͪͤͤ͟ ͙͙͎ͨ͒ͤͦͦ͡ ͨͪͦͺ͙͡ΎΤ 

̂͡Έ͍͍ͭͪ͊ͯͦ͊͘͟Ύ Ήͻ͎ͦͪ͊ͺ͙Ύ ͙ ͔͎͒ͦͨͨͪͦͪ͊͡ͺ͙Ύ ͙ͨͪ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· 

˿͎͙͚ͭͪͦ ͦͤͭͪͦ͟͡Έ ͎͡Όͦ͘͟· ͙ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΤ 

ˮ͎͙͙ͤ͋ͭͦͪ· ˢ˽̅ ͙ ͋ͦ͊ͭͦͪ͟͡· ͔ͪͼ͔͍ͨͭͦͪͦ ͎͙͔͙͊ͤͦͭͤͤ͊͘ LLΤ 

ˮ͎͙͙ͤ͋ͭͦͪ· {D[¢н ͙ ͎͙͊ͤ͊ͦ͡ D[tπмΤ 

˻͋ͪ͊͘ ͙͙͗ͤ͘Υ ͦͭ͊͘͟ ͦͭ ͔͙ͯͪͤ͟ΎΣ ͙͔͙͔ͫͤ͗ͤ ͣ͊ͫͫ· ͔ͭ͊͡Σ ͔͔ͯͣͪͤͤ͊Ύ ͺ͙͙͘;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟ΈΦ 

͙̏ͭ ͔ͣͪ· ͔͊ͣ͒͘͡ΎΌͭ ͫͭͪͯͭͯͪͤ͟·͔ ͙͔͔͙ͣͤͤ͘ΎΣ ͙ͫͤ͗͊Όͭ ͔͙͙ͨͪͦͭͤͯͪΌ ͙ ͙ͪͫ͟ ͻ͙ͪͦͤ;͔͚ͫͦ͟ 

ͨͦ;͔;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ 

ˤ·͍ͦ͒· 

˨͙͔͙͊͋ͭ;͔ͫ͊͟Ύ ͔ͤͺ͙ͪͦͨ͊ͭΎ τ ͔ͫͦ͗ͤͦ͡ ͎ͣͤͦͦͺ͔͊ͭͦͪͤͦ͟ ͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͍͙͍ͪ͊͊͘Ό΅͔͔ͫΎ 

͔͔ͨͦͫͭͨͤͤͦΦ ˾͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͦͤͭͪͦ͟͡Έ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟ ͙ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͤͺ͔͙͍ͪͦͨͪͦͭͭͤ͟·͔ 

͔͎͙͙ͫͭͪ͊ͭ ͍ͨͦͦ͘͡ΎΌͭ ͔͙͊ͣ͒ͭ͘͡Έ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͙͙ͫͤͭ͘Έ ͭΎ͔͗ͫͭΈ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ 

ͯͯ͡;΄͙ͭΈ ͎ͨͪͦͤͦ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˨͔͍͒ͦ ˮΦˮΦ ˿͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ ͙ ͙͔͙͒͊͋ͭ;͔ͫ͊͟Ύ ͔ͤͺ͙ͪͦͨ͊ͭΎΥ ͤ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟ κ ˮΦ ˮΦ ˨͔͍͒ͦΣ 

˸Φ ˤΦ ͔͍̊ͫͭ͊ͦ͊͟Φ ς ˸͍ͦͫ͊͟Υ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнмΦ ς фмн ͫΦ 

нΦ ͔͍̊ͫͭ͊ͦ͊͟ ˸Φ ˤΦ ˨͙͔͙͊͋ͭ;͔ͫ͊͟Ύ ͔ͤͺ͙ͪͦͨ͊ͭΎΥ ͙͙ͤ͊͟͟͡Σ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͡;͔͙͔ͤ κ ˸Φ ˤΦ ͔͍̊ͫͭ͊ͦ͊͟Φ ς 

˸͍ͦͫ͊͟Υ ˸͔͙͒ͼ͙ͤ͊Σ нлнлΦ ς оуп ͫΦ 

оΦ !ƳŜǊƛŎŀƴ 5ƛŀōŜǘŜǎ !ǎǎƻŎƛŀǝƻƴΦ aƛŎǊƻǾŀǎŎǳƭŀǊ ŎƻƳǇƭƛŎŀǝƻƴǎ ŀƴŘ Ŧƻƻǘ ŎŀǊŜΦ ς 5ƛŀōŜǘŜǎ /ŀǊŜΣ нлннΦ ς ±ƻƭΦ 

прΦ ς tΦ {мурς{мфпΦ 

пΦ ¢ǳǧƭŜ YΦ wΦ 5ƛŀōŜǝŎ ƪƛŘƴŜȅ ŘƛǎŜŀǎŜ κ YΦ wΦ ¢ǳǧƭŜΦ ς bŜǿ ¸ƻǊƪΥ {ǇǊƛƴƎŜǊΣ нлмфΦ ς псл ǇΦ 

рΦ !ƭƛŎƛŎ wΦ ½Φ 5ƛŀōŜǝŎ ƪƛŘƴŜȅ ŘƛǎŜŀǎŜ κ wΦ ½Φ !ƭƛŎƛŎΣ YΦ wΦ ¢ǳǧƭŜΦ ς /ƭƛƴƛŎŀƭ WƻǳǊƴŀƭ ƻŦ ǘƘŜ !ƳŜǊƛŎŀƴ {ƻŎƛŜǘȅ ƻŦ 

bŜǇƘǊƻƭƻƎȅΣ нлнлΦ ς ±ƻƭΦ мрΦ ς tΦ морςмптΦ 

ϭ ˢͤͤ͊ͣͯͻ͔͍͊ͣͣ͒ͦ͊ ˻ΦΣ нлнр 

 

 

 

 

       ˣ͔͍͊͋͊͊ ˿͎ͯͯͤ͡ ̊ͦͻ͍ͪ͊ͭͦͤ͊Σ  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͙ͪ͊͒͊ͼ͙͚ͦͤͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͔͡;͔͙ͤΎ ͙ ͎͙͙ͦͤͦͦ͟͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˾ˢ˴ ˶˩˥˴ˮ̆Υ ˿˻ˤ˾˩˸˩˹˹̍˩ ˿́˾ˢ́˩˥ˮˮ ˨ˮˢ˥˹˻˿́ˮ˴ˮ ˮ ˶˩̉˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͊ͭͯ͊͟͡Έͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ ͪ͊͊͟ ͔͎͎ͦͦ͟͡ ό˾˶ύ τ 

͎ͦ͒ͤͦͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͙ ͔ͭ͊͡͡Έͤ·ͻ ͎͙ͦͤͦͦ͟͡;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͍ ͙͔ͣͪΦ ˽ͦ͒ͪͦ͋ͤͦ 
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͍͔ͦͫ΅͔ͤ· ͔ͣͭͦ͒· ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͍͟͡Ό;͊Ύ ͙͍ͤͦ͒ͦͦͯ͘͘͟Ό ͦͣͨ͟ΈΌ͔ͭͪͤͯΌ ͎ͭͦͣͦͪ͊ͺ͙Ό ό˹˨˴́ύ ͒͡Ύ 

͙͙͎ͫͪͤͤ͊͟ ͎ͪͯͨͨ ͙ͪͫ͊͟Σ ˽̏́κ˴́ ͒͡Ύ ͙͍͙ͫͭ͊͒ͪͦ͊ͤΎΣ ͊ ͔ͭ͊͗͟ Ή͙ͤ͒ͦͫͦͨ͟;͔͙͔ͫ͟ ό͋ͪͦͤͻ͙ͦͫͦͨ͟Ύ ͫ ͙͙͔͚͋ͦͨͫΣ 

9.¦{ύ ͙ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔ͣͭͦ͒· ό͎͙͎͙ͫͭͦͦ͡ΎΣ ͙͎͙ͣͣͯͤͦͫͭͦͻ͙͙ͣΎΣ ͔ͣͦͯ͟͡͡Ύͪͤͦπ͎ ͔͔͙ͤͭ;͔͔ͫͦ͟ 

͔͙͍͙͔ͭͫͭͪͦ͊ͤύΦ ˻͍͔ͫͤͦͤͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤͦͣͯ͘͡ ͔͡;͔͙ͤΌ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ 

͎͙͎͙ͫͭͦͦ͡;͔͎ͫͦͦ͟ ͙ͭͨ͊ ό͔͔͔ͤͣͦͭͦ͟͟͡͡;ͤ·͚ ͙͙͡ ͔͔ͣͦͭͦ͟͟͡͡;ͤ·͚ ͪ͊͟ύΣ ͙͙ͫͭ͊͒ ͙ ͔ͣͦͯ͟͡͡Ύͪͤͦπ

͎͔͔͙ͤͭ;͔͎ͫͦͦ͟ ͨͪͦͺ͙͡Ύ ͦͨͯͻ͙ͦ͡Φ ˻͙ͨͫ͊ͤ· ͫͭ͊ͤ͒͊ͪͭͤ·͔ ͔ͣͭͦ͒· όͻ͙͎͙ͪͯͪΎΣ ͯ͡;͔͍͊Ύ ͔͙ͭͪ͊ͨΎΣ 

ͻ͙͙͔͙ͣͦͭͪ͊ͨΎύ ͙ ͍͔͔ͫͦͪͣͤͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ ͎͔ͭ͊ͪͭͤ͊Ύ ͔͙ͭͪ͊ͨΎ ͙ͨͪ ͙ͤ͊͡;͙͙ ͚͍͔͒ͪ͊ͪͤ·ͻ ͣͯͭ͊ͼ͙͚ 

ό9DCwΣ ![YΣ wh{м ͙ ͒ͪΦύΣ ͙͔͙ͣͣͯͤͦͭͪ͊ͨΎ ͙͎͙͙͙ͤ͋ͭͦͪ͊ͣ ͦͤͭͪͦ͟͡Έͤ·ͻ ͭͦ;͔͟ όt5πмκt5π[мύΦ 

˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͍͊͗ͤͦͫͭΈ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊ ͒͡Ύ ͍·͋ͦͪ͊ ͙ͦͨͭͣ͊͡Έ͚ͤͦ ͙͙ͭ͊ͭ͟͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

ͪ͊͟ ͔͎͎ͦͦ͟͡Σ ͔͔͔ͤͣͦͭͦ͟͟͡͡;ͤ·͚ ͪ͊͟ ͔͎͎ͦͦ͟͡ ό˹˸˾˶ύΣ ͔͔ͣͦͭͦ͟͟͡͡;ͤ·͚ ͪ͊͟ ͔͎͎ͦͦ͟͡ ό˸˾˶ύΣ ͙͙͎ͫͪͤͤ͟Σ 

͙͍ͤͦ͒ͦͦ͊͘͘͟Ύ ˴́Σ ˽̏́κ˴́Σ Ήͤ͒ͦ͋ͪͦͤͻ͙͊͡Έ͔ͤͦ ̂˭ˮ ό9.¦{ύΣ ͎͔ͭ͊ͪͭͤ͊Ύ ͔͙ͭͪ͊ͨΎΣ ͙͔͙ͣͣͯͤͦͭͪ͊ͨΎΣ 

ͻ͙͎͙ͪͯͪ;͔͔ͫͦ͟ ͔͡;͔͙͔ͤΣ ͯ͡;͔͍͊Ύ ͔͙ͭͪ͊ͨΎΣ ͚͍͔͒ͪ͊ͪͤ·͔ ͣͯͭ͊ͼ͙͙Σ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͙͙ͦͤͫͯͣ͟͡Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˾͊͟ ͔͎͎ͦͦ͟͡ ό˾˶ύ ͎͙͔͒ͦ͡ ͎ͦ͒· ͫͦͻͪ͊ͤΎ͔ͭ ͔ͨ;͊͡Έ͔ͤͦ ͙͔͍͒ͪͫͭͦ͡ ͨͦ ͔͙ͫͣͪͭͤͦͫͭ ͔͙ͫͪ͒ ͍͔ͫͻ 

͎͙ͦͤͦͦ͟͡;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˽͎͔ͪͦͪͫͫ ͍ ͔͡;͔͙͙ͤ ͍ͫΎ͊ͤ͘ ͔ͤ ͫ ͨͦΎ͍͔͙͔ͤͣ͡ ͎ͦ͒ͤͦͦ ζ;ͯ͒ͦπͨ ͔ͪͨ͊ͪ͊ͭ͊ηΣ ͊ 

ͫ ͔͍ͪͦ͡Όͼ͙͔͚ ͍ ͙͎͙͔͒͊ͤͦͫͭ͟Σ ͍͙͍ͨͦͦ͘͡΄͔͚ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ˾˶ ͔ͤ ͊͟͟ ͔͙͒ͤͯΌ ͔͋ͦͤ͘͡ΈΣ ͊ ͊͟͟ 

͍ͫͦͦͯͨͤͦͫͭ͟Έ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͫ ͪ͊ͤ͘·͙ͣ ͔ͣͦͯ͟͡͡Ύͪͤ·͙ͣ ͔͙ͨͦͪͭͪͭ͊ͣΣ ͔ͭͪ͋ͯΌ΅͙ͻ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ 

͎ͪ͊ͤͦͦ͘ ͔͡;͔͙ͤΎΦ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Υ ͦͭ ͙͙͎ͫͪͤͤ͊͟ ͒ͦ ͔ͣͦͯ͟͡͡Ύ͎ͪͤͦͦ ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡Ύ 

мΦ ˿͙͙͎ͪͤͤ͟Υ ˨ ͡Ύ ͎ͪͯͨͨ ͍·͎ͫͦͦͦ͟ ͙ͪͫ͊͟ ό͙ͯͪ͟͡Έ΅͙͙͟ ͫͦ ͔ͫͭ͊͗ͣύ ͔͔͍ͪͦͣͤ͒ͦ͊ͤ͊͟ 

͔͔͎͗ͦ͒ͤ͊Ύ ͤ ͙͍ͦ͒ͦͦ͊͘͘͟Ύ ˴́ ό˹˨˴́ύΣ ͍͒ͦ͊͊͘͟΄͊Ύ ͫͨͦͫͦ͋ͤͦͫͭΈ ͙ͫͤ͗͊ͭΈ ͔ͫͣͪͭͤͦͫͭΈ ͊͘ ͫ;͔ͭ ͍·Ύ͍͔͙ͤ͡Ύ 

ͪ͊͊͟ ͤ͊ ͙ͪ͊ͤͤͻ όLπLLύ ͙ͫͭ͊͒ΎͻΦ 

нΦ ˤ͔͙ͪͺ͙͊͟ͼ͙Ύ ͙͎͒͊ͤͦ͊͘ ͙ ͎͙͎͙ͫͭͦͦ͡;͔͔ͫͦ͟ ͔͔͔͙͔ͦͨͪ͒ͤ͡Υ 

o ˣͪͦͤͻ͙ͦͫͦͨ͟Ύ ͫ  ͙͙͔͚͋ͦͨͫ ͍͙͙͎͒ͣͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͋ͪ͊΄π͋ ͙͙͔͚ͦͨͫΣ ͭͪ͊ͤͫ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ 

͙͙͔͚͋ͦͨͫΦ 

o ̏ͤ͒ͦ͋ͪͦͤͻ͙͊͡Έ͔ͤͦ ͯ͡Έ͍͍͔ͭͪ͊ͯͦͦ͘͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ό9.¦{ύ τ ζ͘ ͚ͦͦͭͦ͡ ͫͭ͊ͤ͒͊ͪͭη ͒͡Ύ ͙͙͙͋ͦͨͫ 

͔͔ͫͪ͒ͦͫͭͤͤ·ͻ ͙ͣ͡ͺ͍ͦͯͦ͘͡ ͔͋͘ ͙͙ͭͦͪ͊ͦͭͦͣ͟Φ 

o ́ͪ͊ͤͫͭͦͪ͊͊͟͡Έͤ͊Ύ ͨͯͤ͟ͼ͙ͦͤͤ͊Ύ ͙͙͋ͦͨͫΎ ͨ ͦ͒ ͔ͦͤͭͪͦͣ͟͡ ˴́ ͒͡Ύ ͔͙ͨͪͺ͔͙ͪ;͔͙ͫ͟ͻ 

͍͙͚ͦ͋ͪ͊ͦ͊ͤ͘Φ 

оΦ ˿͙͍͙͔ͭ͊͒ͪͦ͊ͤΥ ˽ ͙ͦͣͣͦ ˴́ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡Σ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͔ͣͭͦ͒ͦͣ Ύ͍͡Ύ͔ͭͫΎ ˽ ̏́κ˴́ ͍ ͔͎ͫͦ 

͔ͭ͊͡ ͒͡Ύ ͦͼ͔͙ͤ͟ ͔͙ͣͭ͊ͫͭ͊ͭ;͔͎ͫͦͦ͟ ͔͙ͨͦͪ͊͗ͤΎΦ ˸˾́ ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ ͍͙ͨͪͦͦ͒ͭͫΎ ͒͡Ύ ͙ͫ͟͡Ό;͔͙ͤΎ 

ͼ͔͔ͪ͋ͪ͊͡Έͤ·ͻ ͔͍ͣͭ͊ͫͭ͊ͦ͘Φ 

пΦ ˸͔ͦͯ͟͡͡Ύͪͤͦπ͎ ͔͔͙ͤͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͭͫͭͪͦ͊ͤΥ ˨ ͡Ύ ͤ ͔͔͔ͣͦͭͦ͟͟͡͡;͎ͤͦͦ ͪ͊͊͟ ͔͎͎ͦͦ͟͡ 

ό˹˸˾˶ύ ͦ ͋Ύ͔͊ͭ͘͡Έͤͦ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͚͍͔͒ͪ͊ͪͤ·ͻ ͣͯͭ͊ͼ͙͚Υ 9DCwΣ ![YΣ wh{мΣ .w!C ±слл9Σ Yw!{ Dмн/Σ a9¢Σ 

w9¢Σ b¢wYΦ ̏ͭͦ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͔͔͙ͨͪͣͤͤΎ ͎͔͚ͭ͊ͪͭͤͦ ͔͙͙ͭͪ͊ͨΦ ͔́͊͗͟ ͦͼ͔͙͍͔ͤ͊ͭͫΎ 

Ή͔͙ͫͨͪͫͫ͟Ύ t5π[м ͒ ͡Ύ ͎ͨͪͦͤͦ͊͘ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͔͙͙ͣͣͯͤͦͭͪ͊ͨΦ 

˽͙ͪͤͼ͙ͨ· ͔͡;͔͙ͤΎ ͤ͊ ͍͔ͦͫͤͦ ͙ͨͦ͒ͭͨ͊ ͙ ͙͙ͫͭ͊͒ 

мΦ ˹͔͔͔ͣͦͭͦ͟͟͡͡;ͤ·͚ ͪ͊͟ ͔͎͎ͦͦ͟͡ ό˹˸˾˶ύΥ 

¶ ˾͙͔͊ͤͤ ͙͙ͫͭ͊͒ όLπLLύΥ ˾ ͙͊͒͊͟͡Έ͔ͤͦ ͻ͙͎͙ͪͯͪ;͔͔ͫͦ͟ ͔͡;͔͙͔ͤ όͦ͋͡Ή͙ͭͦͣ͟Ύύ τ ͣ ͔ͭͦ͒ ͍·͋ͦͪ͊Φ ˽͙ͪ 

͙͍͙ͨͪͦͭͦͨͦ͊͊ͤ͘͟Ύͻ ͟ ͔ͦͨͪ͊ͼ͙͙ τ ͔͔͙ͫͭͪͦͭ͊ͫ͟;͔ͫ͊͟Ύ ͯ͡;͔͍͊Ύ ͔͙ͭͪ͊ͨΎ ό{.w¢ύΦ 

¶ ˶ͦ͊͟͡Έͤͦπͪ ͔͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͚ ͪ͊͟ ό͙ͫͭ͊͒Ύ LLLύΥ ˴ ͔͔ͦͣͨͫͤͦ͟͡ ͔͡;͔͙͔ͤ όͻ͙͙ͣͦͯ͡;͔͍͊Ύ ͔͙ͭͪ͊ͨΎύ ͫ 

͔ͨͦͫ͒ͯ͡Ό΅͔͚ ͙͙ͦͤͫͦ͒ͪͯ͟͡Ό΅͔͚ ͙͔͙͔͚ͣͣͯͤͦͭͪ͊ͨ ͒ ͍ͯͪ͊ͯͣ͊͋ͦͣ͡ ό͙ͨͪͤͼ͙ͨ t!/LCL/ύΦ ˤ ͔ͦͭ͒͡Έͤ·ͻ 

ͫͯ͡;͊Ύͻ ͍ͦͣͦ͗ͤ͊͘ ͔ͦͨͪ͊ͼ͙Ύ ͔ͨͦͫ͡ ͔ͤͦ͊͒ΆΌ͍͚͊ͤͭͤͦ ͻ͙͙ͣͦπ ͙͙͡ ͻ͙͙ͣͦͯ͡;͔͍͚ͦ ͔͙͙ͭͪ͊ͨΦ 
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¶ ˸͔͙ͭ͊ͫͭ͊ͭ;͔͙͚ͫ͟ ͪ͊͟ ό͙ͫͭ͊͒Ύ L±ύΥ ˶ ͔;͔͙͔ͤ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͣͦͯ͟͡͡Ύͪͤ·ͣ ͫͭ͊ͭͯͫͦͣΥ 

o ˽͙ͪ ͙ͤ͊͡;͙͙ ͊ ͙͍͙ͭͪͯ͟Ό΅͙ͻ ͣͯͭ͊ͼ͙͚ ό9DCwΣ ![Y ͙ ͒ͪΦύ τ ͭ ͎͔͊ͪͭͤ͊Ύ ͔͙ͭͪ͊ͨΎ ό͙͔͙͙ͦͫͫͣͪͭͤ͋Σ 

͔͙͙͊ͭͤ͋͟͡Σ ͙͙͙ͪͦͭͤ͋͘͟ ͙ ͒ͪΦύ ͔͍͚ͨͪͦ ͙͙͙ͤ͡Φ ̏ͺͺ͔͙͍͔͔ͭͤ͟ ͙ ͔͔͔͋ͦͨ͊ͫͤ͘ ͻ͙͙͔͙͙ͣͦͭͪ͊ͨΦ 

o ˽͙ͪ ͍ ·͚ͫͦͦ͟ Ή͔͙͙ͫͨͪͫͫ͟ t5π[м όҗрл҈ύ τ ͣ ͙͔͙ͦͤͦͣͣͯͤͦͭͪ͊ͨΎ ͙ ͎͙͙͙ͤ͋ͭͦͪ͊ͣ t5πм 

ό͔͙ͨͣ͋ͪͦͯͣ͊͋͘͡ύ ͔͍͚ͨͪͦ ͙͙͙ͤ͡Φ 

o ˤ ͦͫͭ͊͡Έͤ·ͻ ͫͯ͡;͊Ύͻ τ ͟ ͙ͦͣ͋ͤ͊ͼ͙͙Υ ͻ͙͙͔͙ͣͦͭͪ͊ͨΎ ҕ ͙͔͙ͣͣͯͤͦͭͪ͊ͨΎ ό͔͙ͨͣ͋ͪͦͯͣ͊͋͘͡Σ 

͔͙͊ͭͦͯͣ͊͋͘͘͡ύΣ ͍͚͒ͦͤ͊Ύ ͙͔͙ͣͣͯͤͦͭͪ͊ͨΎ ό͙͍ͤͦͯͣ͊͋͡Ҍ͙͙͙ͨͣͯͣ͊͋͡ύΦ 

нΦ ˸͔͔ͦͭͦ͟͟͡͡;ͤ·͚ ͪ͊͟ ͔͎͎ͦͦ͟͡ ό˸˾˶ύΥ 

¶ ˶͙͍ͦ͊ͦ͊ͤͤ͊͘͟͡Ύ ͙ͫͭ͊͒ΎΥ ̆ ͙͙ͣͦͯ͡;͔͍͊Ύ ͔͙ͭͪ͊ͨΎ τ ͫͭ͊ͤ͒͊ͪͭ ͔͡;͔͙ͤΎΦ 

¶ ˾͔͊ͫͨͪͦͫͭͪ͊ͤͤͤ͊Ύ ͙ͫͭ͊͒ΎΥ ˴ ͙ͦͣ͋ͤ͊ͼ͙Ύ ͻ͙͙͔͙͙ͣͦͭͪ͊ͨ όΉ͙ͭͦͨͦ͒͘Ҍ͙ͨ͊ͭͤ͊͡ύ ͫ ͙͔͙͔͚ͣͣͯͤͦͭͪ͊ͨ 

ό͔͙͊ͭͦͯͣ͊͋͘͘͡κ͍͒ͯͪ͊ͯͣ͊͋͡ύΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ͔͡;͔͙͔ͤ ͪ͊͊͟ ͔͎͎ͦͦ͟͡ ͍͙͙ͫͭͯͨ͡ ͍ Ήͪͯ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͔͙ͣ͒ͼ͙ͤ·Φ ˿͍͔͔ͦͪͣͤͤ·͚ 

͎͙͊ͦͪͭͣ͡ ͤ͊;͙͔ͤ͊ͭͫΎ ͫ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͭͦ;͎ͤͦͦ ͣͦͪͺ͎͙ͦͦ͡;͔͎ͫͦͦ͟ ͙ ͔ͣͦͯ͟͡͡Ύ͎ͪͤͦͦ ͙͎͒͊ͤͦ͊͘Σ ;ͭͦ 

͍ͨͦͦ͘͡Ύ͔ͭ ͍·͋ͪ͊ͭΈ ͙ͦͨͭͣ͊͡ΈͤͯΌ ͔͎͙ͫͭͪ͊ͭΌΥ ͦͭ ͙ͪ͊͒͊͟͡Έ͚ͤͦ ͔ͦͨͪ͊ͼ͙͙ ͤ͊ ͔͚ͪ͊ͤͤ ͙͙ͫͭ͊͒ ͒ͦ 

͙͔͒ͭ͡͡Έ͎ͤͦͦ ͦͤͭͪͦ͟͡Ύ ͤ͊͒ ͔͋ͦͤ͘͡ΈΌ ͫ ͨͦͣͦ΅ΈΌ ͎͔ͭ͊ͪͭͤ·ͻ ͙͙͡ ͙ ͣͣͯͤͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͤ͊ ͙ͨͦ͒ͤ͘ͻ 

͙ͫͭ͊͒ΎͻΦ ˴͡Ό;͔͍·ͣ ͍͔ͤͦͣ͘Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͣ ͔ͯͫͨͻΣ Ύ͍͡Ύ͔ͭͫΎ ͪ͊͋ͦͭ͊ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͚ͨͤ͊ͪͤͦ͡ ͦͣ͊ͤ͒͟· 

όͭͦͪ͊͊͟͡Έͤ·͚ ͻ͙͎ͪͯͪΣ ͎ͦͤͦͦ͟͡πͻ͙͙͔͔͍ͣͦͭͪ͊ͨͭΣ ͙͎ͪ͊͒ͦͦ͡Σ ͣͦͪͺ͎ͦͦ͡Σ ͙ͪ͊͒͊ͼ͙ͦͤͤ·͚ ͎ͦͤͦͦ͟͡ύΦ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ˸͙͍ͤ͒ͪ͊͊͘ ˾͙͙ͦͫͫ ζ˭ͦ͊͟͡;͔͍͔͔ͫͭͤͤͦ ͍͍͙͔ͤͦͦͦ͋ͪ͊ͦ͊ͤ͘ ͋ͪͦͤͻ͍ͦ ͙ 

͔͎͎ͦͦ͟͡ηΣ нлноΦ 

нΦ ˢ͙͔͍͡ ˸Φ˨ΦΣ ́Ό͡Ύ͙ͤ͒ͤ ˿ΦˢΦΣ ˽ͦ͡Ύ͍ͦ͟ ˤΦˮΦ ͙ ͒ͪΦ ˽͙ͪ͊ͭ͟;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͔͍͔͊ͪͫͭͤͤͦͣͯ͟͡ 

͔͡;͔͙ͤΌ ͔͔͔ͤͣͦͭͦ͟͟͡͡;͎ͤͦͦ ͪ͊͊͟ ͔͎͎ͦͦ͟͡Φ κκ ˭ͦ͊͟͡;͔͍͔ͫͭͤͤ·͔ ͦͨͯͻ͙ͦ͡Σ нлннΦ 

оΦ b//b /ƭƛƴƛŎŀƭ tǊŀŎǝŎŜ DǳƛŘŜƭƛƴŜǎ ƛƴ hƴŎƻƭƻƎȅ όb//b DǳƛŘŜƭƛƴŜǎϯύ ŦƻǊ bƻƴπ{Ƴŀƭƭ /Ŝƭƭ [ǳƴƎ /ŀƴŎŜǊΦ ±ŜǊǎƛƻƴ 

оΦнлноΦ 

пΦ ˥͙͊ͪͤ ˢΦ˸ΦΣ ˻͍ͪͦ͊͡ ˾ΦˤΦ ͙͎͙̆ͪͯͪΎ ͪ͊͊͟ ͔͎͎ͦͦ͟͡Υ ͦͭ ͙ͪ͊͒͊͟͡Έ͙ͤͦͫͭ ͟ ͊͟;͔͍ͫͭͯ ͙͙͗ͤ͘Φ κκ ˻ͤͦ͟ͻ͙͎͙ͪͯͪΎΣ 

нлнмΦ 

ϭ x͔͍͊͋͊͊ ˿Φ̊ΦΣ нлнр 

 

 

 

 

̂˨ ˴327                   

˥ͯ͡͡·͔͍͊ ˢΦ˸Φ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΣ ͙͊ͤ͒͒͊ͭ͟ ˸͔͙͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Σ ͒ͦͼ͔ͤͭ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

ˢ˹ˢ́˻˸˻-̅ˮ˭ˮ˻˶˻˥ˮ̉˩˿˴ˮ˩ ˻˿˻ˣ˩˹˹˻˿́ˮ ˿́˾˻˩˹ˮ̒ ˻˿˩ˤ˻˥˻ ˿˴˩˶˩́ˢ ˮ ˸˩̆ˢ˹ˮ˭˸̍ 

 ˩ ˥˻ ˢ˨ˢ˽́ˢ̇ˮˮ ˴ ˤ˩˾́ˮ˴ˢ˶̎˹̍˸ ˹ˢ˥˾̂˭˴ˢ˸ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˨͊ͤͤ͊Ύ ͪ͊͋ͦͭ͊ ͍ͨͦͫΎ΅͔ͤ͊ ͔͒ͭ͊͡Έͤͦͣͯ ͙ͯ͘;͔͙ͤΌ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔͍͎ͦͫͦͦ 

͔͔ͫͭ͊͟͡ ;͔͍͔ͦ͊͟͡Σ ͍͟͡Ό;͊Ύ ͍ͨͦͦͤͦ͘;ͤ·͚ ͫͭͦ͋͡Σ ;͔͔ͪͨ ͙ ͎ͪͯ͒ͤͯΌ ͔ͭͯ͟͟͡Σ ͍ ͔͔ͦͤͭͫͭ͟͟ ͙ͻ ͚ͦͨͦͪͤͦ ͙ 
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͊͘΅͙͚ͭͤͦ ͺͯͤ͟ͼ͙͚Φ ˤ ͔͔ͭͫͭ͟ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͙͎͙͋͘· ͍ͨͦͦͤͦ͘;͙ͤ͊͟Σ ͙͔ͭ͊͟ ͊͟͟ 

ͦͪ͒ͦ͘͡· ͙ ͙͟ͺͦ͘·Σ ͦͭͦͪ͟·͔ ͺ͙ͦͪͣͪͯΌͭͫΎ ͍ ͨͪͦͼ͔͔ͫͫ ͎͔͔ͦͤͭͦͤ͊͘ ͊͟͟ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·͔ ͔ͣͻ͙͊ͤͣ͘· 

͙͊ͣͦͪͭ͊͘ͼ͙͙ ͙ͨͪ ͨͪΎͣͦͻ͔͙͙ͦ͗͒ͤΦ ˢ͍ͭͦͪ ͙͙͔͊ͤ͊ͪͯͭ͘͡ ͫͭͪͯͭͯͪͤ͟·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͍ͣ͗ͨͦͦͤͦ͘;ͤ·ͻ 

͙͍͒ͫͦ͟ ͙ ͍ͫΎͦ͘;͎ͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ ͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ ͍͙ͨͦ͒͗ͤͦͫͭΈ ͙ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ 

͔͙ͦͣͨͪͫͫͦͤͤ͟·ͣ ͍͔͚͍͙ͦ͒ͫͭ͘ΎͣΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͨͪͦͼ͔ͫͫ͊ͣ ͔͔͚͙ͨͪͫͭͪͦ͟ ͚ͦͫͭͤͦ͟ ͙ͭ͊ͤ͟ 

ͨͦ͒ ͍͙͡Ύ͙͔ͤͣ ͙ͫͭ͊ͭ;͔͙ͫ͟ͻ ͙ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͍͔͙ͪͭ͊͟͡Έͤ·ͻ ͎ͤ͊ͪͯͦ͘͟Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͦ͋ͦͫͤͦ͊ͭΈ 

͙͔͋ͦͣͻ͙͊ͤ;͔ͫͯ͟Ό ͨͪͦ;ͤͦͫͭΈ ͔͍͎ͦͫͦͦ ͔͔ͫͭ͊͟͡Φ ͔͔͙́ͦͪͭ;͔ͫ͊͟Ύ ͤ͊͘;͙ͣͦͫͭΈ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ 

͙͔͎ͤͭͪ͊ͼ͙͙ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ ͫ ͺ͙͙͎͙ͦͦ͘͡;͔͙͙ͫͣ͟ ͔͙͊ͫͨͭ͊ͣ͟ ͊͒͊ͨͭ͊ͼ͙͙Σ ;ͭͦ ͍͊͗ͤͦ ͒͡Ύ 

͙͙ͨͦͤͣ͊ͤΎ ͔ͣͻ͙͍͊ͤͣͦ͘ ͫͦͻ͔͙ͪ͊ͤͤΎ ͼ͔͙ͦͫͭͤͦͫͭ͡ ͔͔ͫͭ͊͟͡ ͍ ͍͙ͯͫͦ͡Ύͻ ͎͍͙ͪ͊ͭ͊ͼ͙͙Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͙͊ͤ͊ͭͦͣΎΣ ͔͍͚ͦͫͦ ͔͔ͫͭ͟͡Σ ͍ͨͦͦͤͦ͘;͙ͤ͟Σ ͦͪ͒ͦ͘͡Σ ͙͟ͺͦ͘Σ ͙͊ͣͦͪͭ͊͘ͼ͙ΎΣ ͔͍ͣ͗ͨͦͦͤͦ͘;ͤ·͔ ͙͙͒ͫ͟Σ 

͍͔͙ͪͭ͊͟͡Έͤ͊Ύ ͎ͤ͊ͪͯ͊͘͟Σ ͙͔͋ͦͣͻ͙͊ͤ͊͟Φ 

 

˻͔͍͚ͫͦ ͔͔ͫͭ͟͡ ;͔͍͔ͦ͊͟͡ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦ͗ͤͯ͡Ό ͙͔͋ͦͣͻ͙͊ͤ;͔ͫͯ͟Ό ͙͔ͫͫͭͣͯΣ ͍·ͨͦͤ͡ΎΌ΅ͯΌ 

ͪͦ͡Έ ͍͚ͦͫͤͦͤͦ ͦͨͦͪ· ͔ͭ͊͡ ͙ ͊͘΅͙ͭ· ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͻ ͎͍ͦͪ͊ͤͦΦ ˤ ͔͎ͦ ͍ͫͦͫͭ͊ ͍ͻͦ͒Ύͭ ;͔͔ͪͨΣ 

͍ͨͦͦͤͦ͘;ͤ·͚ ͫͭͦ͋͡ ͙ ͎ͪͯ͒ͤ͊Ύ ͔ͭ͊͟͟͡Σ ͦͭͦͪ͟·͔ ͔͗ͫͭͦ͟ ͙͔͎͙͍ͤͭͪͪͦ͊ͤ· ͔ͣ͗͒ͯ ͚ͫͦ͋ͦ ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ 

͙ͫͭ͊͋͡Έ͙ͤͦͫͭ ͙ͨͪ ͍͔͙ͪͭ͊͟͡Έͤͦͣ ͔͙͙ͨͦͦ͗ͤ͡Φ ˥͍͚͊ͤͦ͡ ͔ͦͫͦ͋ͤͤͦͫͭΈΌ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͔͔ͫͭ͊͟͡ Ύ͍͡Ύ͔ͭͫΎ 

͔͎ͦ ͙͔ͨͪͫͨͦͫͦ͋ͤͤͦͫͭ͡Έ ͟ ͨͪΎͣͦͻ͔͙ͦ͗͒ͤΌΣ ;ͭͦ ͙ͦͭ͡;͔͊ͭ ͤ͊ͫ ͦͭ ͎͙͒ͪͯͻ ͔͙ͣͦͨͭ͊͟͡Ό΅͙ͻΦ ͍̏ͦ͡Όͼ͙͔ͦͤͤͦ 

͍͙͙͔ͪ͊ͭ͘ ͔͍ͦͫ·ͻ ͫͭͪͯͭͯͪ͟ ͋·ͦ͡ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͙͔͙͔͒ͦͫͭ͗ͤ ͋͊͊ͤͫ͊͡ ͔ͣ͗͒ͯ ͔͗ͫͭͦͫͭ͟ΈΌΣ ͔ͤͦ͋ͻ͙͚ͦ͒ͣͦ 

͒͡Ύ ͊͘΅͙ͭ·Σ ͙ ͎͙͋ͦͫͭ͟ΈΌΣ ͔͔͚ͭͪ͋ͯͣͦ ͒͡Ύ ͍͙͔͙͒͗ͤΎΦ ˽͍͙ͪ͊͡Έ͔ͤͦ ͙͊ͤ͊ͭͦͣ;͔͔ͫͦ͟ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͍͔ͫͻ 

Ή͔͔͍ͣͤͭͦ͡ ͙͔ͫͫͭͣ· ͎͙͔͊ͪ͊ͤͭͪͯͭ Ήͺͺ͔͙͍͔ͭͤͦ͟ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͍͔ͫ͊ ͔ͭ͊͡ ͤ͊ ͙͙͔ͤ͗ͤ ͔ͦͤ͟;͙ͤͦͫͭΦ 

˽͍ͦͦͤͦ͘;ͤ·͚ ͫͭͦ͋͡ Ύ͍͡Ύ͔ͭͫΎ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͦͫΈΌΣ ͦ͋͊͒͊͡Ό΅͔͚ ͙ͯͤ͊͟͡Έ͚ͤͦ {-͚ͦ͋ͪ͊ͤͦ͘ ͺ͚ͦͪͣͦΣ 

ͦͭͦͪ͊͟Ύ ͔ͤ ͍͔ͫͭͪ;͔͊ͭͫΎ ͯ ;͔͍͔͎͙ͭͪͦͤͦͻΦ ͔̉ͭ·͔ͪ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͙͎͙͋͊͘ τ ΄͔͚ͤ·͚ ͙ ͨͦΎ͙ͫͤ;ͤ·͚ 

ͦͪ͒ͦ͘͡·Σ ͊ ͔ͭ͊͗͟ ͎͚ͪͯ͒ͤͦ ͙ ͔ͪͫͭ͟ͼ͍ͦ·͚ ͙͟ͺͦ͘· τ ͪ͊͋ͦͭ͊Όͭ ͊͟͟ ͣͦ΅ͤ͊Ύ ͔ͪͫͫͦͪ͊Φ ͙̏ͭ ͙͎͙͋͘· 

͍ͨͦͦ͘͡ΎΌͭ ͍ͨͦͦͤͦ͘;͙ͤͯ͟ ͙͙ͨͪͯ͗ͤͭΈ ͙ͨͪ ͻͦ͒Έ͔͋Σ ͔͎͔͋ ͙ ͨͪ·͗͊͟ͻΣ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͫͤ͗͊Ύ ͯ͒͊ͪͤͯΌ 

͎ͤ͊ͪͯͯ͘͟ ͤ͊ ͎͍͚ͦͦͤͦ͡ ͎ͣͦ͘Φ ˣ͎͊ͦ͒͊ͪ͡Ύ ͚ͭ͊ͦ͟ ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͙ ͍͔͙ͪͭ͊͟͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡ ͔͔ͪ͊ͫͨͪ͒͡Ύ͔ͭͫΎ 

͍͔ͪ͊ͤͦͣͪͤͦ ͨͦ ͍͔͚ͫ ͙͔͒ͤ͡ ͔͍͎ͦͫͦͦ ͔͔ͫͭ͊͟͡Φ ͙͍͙͔̅ͦͪͣͪͦ͊ͤ Ή͙ͭͻ ͙͎͙͍͋ͦ͘ ͤ͊;͙͔ͤ͊ͭͫΎ ͫ ͔ͣͦͣͤͭ͊ 

͔͙ͪͦ͗͒ͤΎ ͙ ͍͔͊ͪ͘΄͔͊ͭͫΎ ͙͡΄Έ ͟ ͔͙ͨͪͦ͒ͯ ͚ͨͦͤͦ͡ ͔͙ͪͦͫͭ͘͡ ͎͙ͦͪ͊ͤͣ͊͘Φ 

ˤ͔͚͊͗ͤ΄͙ͣ Ή͔͔ͣͤͭͦͣ͡ ͙͊ͣͦͪͭ͊͘ͼ͙͚ͦͤͤͦ ͙͔ͫͫͭͣ· Ύ͍͡ΎΌͭͫΎ ͔͍ͣ͗ͨͦͦͤͦ͘;ͤ·͔ ͙͙͒ͫ͟Σ 

͔ͪ͊ͫͨͦͦ͗ͤͤ͡·͔ ͔ͣ͗͒ͯ ͔͙ͭ͊ͣ͡ ͍͍ͨͦͦͤͦ͘͟Φ ˻͙ͤ ͫͦͫͭͦΎͭ ͙͘ ͎͎ͯͨͪͯͦͦ ͨͯ͡Έ͎ͨͦͤͦͦ͘ Ύ͒ͪ͊ ͙ ͨͪͦ;͎ͤͦͦ 

ͺ͙͎͋ͪͦͤͦͦ͘ ͦ͟͡Έͼ͊Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͣ ͍·͔͙͍͒ͪ͗͊ͭΈ ͦͦͫͫ͊͟͡͡Έͤ·͔ ͔͙ͦͣͨͪͫͫͦͤͤ͟·͔ ͎͙ͤ͊ͪͯ͘͟Φ ˽͙ͪ 

͍͔ ͙ͪͭ͊͟͡Έͤͦͣ ͍͔͙͙͒͊ͤ͡ Ύ͒ͪͦ ͙͒ͫ͊͟ ͯͨͦ͡΅͔͊ͭͫΎΣ ͔͔͔͔ͨͪͪ͊ͫͨͪ͒͡ΎΎ Ή͔͎͙ͤͪΌ ͯ͒͊ͪ͊ ͨͦ ͍͔͚ͫ ͨͦ͡΅͙͊͒ 

͙͍͔͙ͫͦͨͪͦͫͤͦͤ͟ΎΦ ˨͔ͤͣ ͨͦ͒ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͎͍͙ͪ͊ͭ͊ͼ͙͙ ͙͙͒ͫ͟ ͔͎ͤͣͤͦͦ ͔ͭͪΎΌͭ ͍ͦ͒ͯ ͙ ͔ͯͣͤΈ΄͊ΌͭͫΎ ͍ 

͍·͔ͫͦͭΣ ͍͍͙͍ͦͫͫͭ͊ͤ͊͊͡ΎͫΈ ͍ͦ ͍͔ͪͣΎ ͤͦ;͎ͤͦͦ ͦͭ͒·ͻ͊Φ ˭͍͒ͦͪͦΈ͔ Ή͚ͭͦ ͻͪΎ΅͔͍͚ͦ ͙ͭ͊ͤ͟ ͤ͊ͨͪΎͣͯΌ 

͔͔ͦͨͪ͒͡Ύ͔ͭ ͍͙ͨͦ͒͗ͤͦͫͭΈ ͍͔͎ͫͦ ͔͍͎ͦͫͦͦ ͔͔ͫͭ͊͟͡ ͙ ͫͦͻͪ͊ͤͤͦͫͭΈ ͔͍ͤͪͤ·ͻ ͔ͦͪ͟΄͍ͦ͟Φ 

˥ͪͯ͒ͤ͊Ύ ͔ͭ͊͟͟͡ ͍ ͙͔͔ͫͫͭͣ ͔͍͎ͦͫͦͦ ͔͔ͫͭ͊͟͡ ͍·ͨͦͤ͡Ύ͔ͭ ͔ͤ ͭͦ͡Έͦ͟ ͊͘΅͙ͭͤͯΌ ͺͯͤ͟ͼ͙Ό ͒͡Ύ ͔ͫͪ͒ͼ͊ ͙ 

͔͎͙͟͡ͻΣ ͤͦ ͙ ͙ͫͯ͗ͭ͡ ͚ͦͨͦͪͦ ͒͡Ύ ͔ͨ͡;͔͍͎ͦͦ ͨͦΎͫ͊Φ ˩͔ ͍͙ͦͤͯͫͦ͒ͤ͊͟Ύ ͺͦͪͣ͊ ͙ ͍͙ͨͦ͒͗ͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎ 

͔͔ͪ͋ͪ ͫ ͍͙ͨͦͦͤ͊ͣ͘͟ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͒·ͻ͔͊ͭ͡Έͤ·͔ ͍͙͔͙͒͗ͤΎΦ ˾͔͋ͪ͊Σ ͔͙ͫͦ͒ͤΎΎͫΈ ͫ ͎͙͚ͪͯ͒ͤͦ ;͔͔ͪ͘ 

Ή͙͊ͫͭ͡;ͤ·͔ ͻͪΎ΅͙Σ ͫͦ͒͊͘Όͭ ͨͪͦ;ͤ·͚ ͙ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͙͍ͨͦ͒͊ͭ͡·͚ ͊ͪ͊ͫ͟͟Φ ̏ͭ͊ ͫͭͪͯͭͯͪ͊͟ ͫͨͦͫͦ͋ͤ͊ 

Ήͺͺ͔͙͍ͭͤͦ͟ ͎͙͊ͫͭΈ ͍͔ͤ΄͙͔ͤ ͔ͣͻ͙͊ͤ;͔͙͔ͫ͟ ͍͔͚͍͙ͦ͒ͫͭ͘ΎΣ ͔͍ͨͪ͒ͦͭͪ͊΅͊Ύ ͍ͭͪ͊ͣ· ͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦΦ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͎ͪͯ͒ͤ͊Ύ ͔ͭ͊͟͟͡ ͯ;͍͔͊ͫͭͯͭ ͍ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͍͔͙ͪͭ͊͟͡Έ͚ͤͦ ͙ͦͫ͊ͤ͟Σ ͍ͫͦ͒͊͊͘Ύ ͪ·;͎͙͊ ͒͡Ύ 

͙͔͔͙ͨͪͪͨͤ͟͡Ύ ͣͦ΅ͤ·ͻ ͣ·΄ͼ ͙ͫͨͤ·Φ 

˸͔ͻ͙͊ͤͣ͘ ͊͒͊ͨͭ͊ͼ͙͙ ͚ͦͫͭͤͦ͟ ͙ͭ͊ͤ͟ ͟ ͎ͤ͊ͪͯ͊ͣ͘͟ ͙ͦͨͫ·͍͔͊ͭͫΎ ͊ͦͤͦͣ͘͟ ˤͦ͡Έͺ͊Σ ͎ͫͦ͊ͫͤͦ͡ 
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ͦͭͦͪͦͣͯ͟ ͦͫͭ͟Έ ͔͔͙͍͔ͨͪͫͭͪ͊͊ͭͫΎ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͙͔ͨͪͦ͗ͤͤ͡·ͣ ͍͔͙͔͒͊ͤͣ͡Φ ˤ ͍͔ͦͭͭ ͤ͊ ͔͎ͪͯ͡Ύͪͤ·͔ 

͍͔͙ͪͭ͊͟͡Έͤ·͔ ͎͙ͤ͊ͪͯ͘͟ ͔ͭͪ͊͋ͯ͟͡· ͎ͯ͋;͎͊ͭͦͦ ͍͔΅͔͍ͫͭ͊ ͔͚ͦͫͭ͟ ͍·͙͍ͫͭͪ͊͊ΌͭͫΎ ͍͒ͦ͡Έ ͙͙͚ͤ͡ 

͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ͤ͊ͨͪΎ͔͙͗ͤΎΦ ̏ͭͦ ͔͔͒͊ͭ͡ ͔͍͚ͦͫͦ ͔͔ͫͭ͟͡ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͨͪͦ;ͤ·ͣ ͙͔ͣͤͤͦ ͍ ͔ͭͻ 

͍͔͙ͤ͊ͨͪ͊ͤ͡ΎͻΣ ͎͔͒ ͦͤ ͙ͫͨ·ͭ·͍͔͊ͭ ͙ͤ͊͋ͦ͡Έ΄͔͔ ͍͔͙͔͒͊ͤ͡Φ ˩͙ͫ͡ ͎͙ͤ͊ͪͯ͘͟ ͍ͦͭͫͯͭͫͭͯΌͭΣ ͨͦͭͤͦͫͭ͡Έ ͙ͦͫͭ͟ 

ͤ͊;͙͔ͤ͊ͭ ͙ͫͤ͗͊ͭΈͫΎΣ ;ͭͦ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͙͙͒ͤ͊ͣ;͔͙͚ͫ͟ ͻ͔͊ͪ͊ͭͪ͟ ͙͙͊ͤ͊ͭͦͣ ;͔͍͔ͦ͊͟͡Φ ˾͔͎ͯ͡Ύͪͤ͊Ύ 

ͺ͙͙͘;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ Ύ͍͡Ύ͔ͭͫΎ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ ͍͙͔ͯͫͦͣ͡ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͨͪͦ;͙ͤͦͫͭ ͦͫͭͤ͟·ͻ 

ͫͭͪͯͭͯͪ͟Φ 

˿͍Ύͦ͘;ͤ·͚ ͊ͨͨ͊ͪ͊ͭ ͍ͨͦͦͤͦ͘;͙ͤ͊͟ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙͍ͨ͊ͫͫͤͯΌ ͙͙ͫͭ͊͋͊͘͡ͼ͙Ό ͍͔ͫͻ ͔͎͔͍ͫͣͤͭͦ 

͔͍͎ͦͫͦͦ ͔͔ͫͭ͊͟͡ ͙ͨͪ ͡Ό͋·ͻ ͍͙͔͙͒͗ͤΎͻΦ ˸ͦ΅ͤ·͔ ͔͔ͨͪ͒ͤΎΎ ͙ ͊͒ͤ͘ΎΎ ͨͪͦ͒ͦ͡Έͤ·͔ ͍ͫΎ͙͘͟ ͎͙ͦͪ͊ͤ;͙͍͊Όͭ 

;͔͔͔ͪͣͪͤͦ͘ ͎͙͙͔ͪ͊͋͊ͤ͘ ͙ ͎͙͙͔ͫ͋͊ͤΣ ͔͙͍ͯ͒ͪ͗͊Ύ ͍͙ͨͦͦͤ͘͟ ͍ ͍͙ͨͪ͊͡Έͤͦͣ ͔͙͙ͨͦͦ͗ͤ͡Φ ˬ͔ͭ͡·͔ ͍ͫΎ͙͘͟Σ 

ͦ͋͊͒͊͡Ύ ͍·͚ͫͦͦ͟ Ή͙͊ͫͭ͡;ͤͦͫͭΈΌΣ ͎ͨͦͣͦ͊Όͭ ͍͍͙͍ͦͫͫͭ͊ͤ͊͊ͭ͡Έ ͍͔͙ͪͭ͊͟͡Έ͔ͤͦ ͔͙͔ͨͦͦ͗ͤ͡ ͔ͨͦͫ͡ 

͍ͤ͊ͦͤͦ͟͡Φ ˤ͔ͫΈ Ήͭͦͭ ͔ͦͣͨͫ͟͟͡ ͔͙͙͔ͫͦ͒ͤͭ͡Έ͚ͤͦ ͙ͭ͊ͤ͟ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͫͦͫ͊͟͡Έ͘·͍͙͔͊ͤ ͍͍ͨͦͦͤͦ͘͟ ͎͒ͪͯ 

͙͔ͦͭͤͦͫͭ͡Έͤͦ ͎͒ͪͯ͊ ͨͦ͒ ͔͚͍͙͔͒ͫͭͣ ͙ͫ͡· ͭΎ͔͙͗ͫͭΦ ˽ͪͦ;ͤͦͫͭΈ ͍ͫΎͦ͘͟ ͔ͪ͊ͫͭͭ ͨͪͦͨͦͪͼ͙ͦͤ͊͡Έͤͦ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͣ ͊ͨͪͦͫ͊ͣ͘Σ ͔ͨͪ͒ΆΎ͍͡Ύ͔ͣ·ͣ ͟ ͔͍ͦͫͦͣͯ ͔͔ͫͭͯ͟͡Φ 

͔͔̉ͪͨΣ ͍͔ͤ;͊Ό΅͙͚ ͔͍͚ͦͫͦ ͔͔ͫͭ͟͡Σ ͙͔͔ͣͭ ͔ͫͨͼ͙ͺ͙;͔͔ͫͦ͟ ͔͙͔͙͔ͫͦ͒ͤͤ ͫ ͍ͨͦͦͤͦ͘;͙ͤͦͣ͟ ;͔͔ͪ͘ 

͊ͭ͊ͤͭͦ͡-͊ͭ͘·ͦ͡;ͤ·͚ ͍ͫͯͫͭ͊Φ ̏ͭͦ ͫͦ;͔͔͙͔ͤͤ͡ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔ͤ ͭͦ͡Έͦ͟ ͍͙ͨͦ͒͗ͤͦͫͭΈ ͎͍ͦͦ͡·Σ ͤͦ ͙ 

͔͔ͨͪ͒͊;ͯ ͍͔ͫ͊ ;͔͔ͪͨ͊ ͤ͊ ͍ͨͦͦͤͦ͘;ͤ·͚ ͫͭͦ͋͡Φ ˻͍͙͔ͫͤͦ͊ͤ ;͔͔ͪͨ͊ ͙͔͔ͣͭ ͯͭͦ͡΅͔͙ͤΎ ͍ ͔ͣͫͭ͊ͻ 

͙͔͙ͨͪͦ͗ͤ͡Ύ ͙ͤ͊͋ͦ͡Έ΄͙ͻ ͎ͤ͊ͪͯͦ͘͟Σ ;ͭͦ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͔͒ͺͦͪͣ͊ͼ͙Ό ͙ͨͪ ͔ͣͻ͙͊ͤ;͔͙ͫ͟ͻ ͍͔͚͍͙ͦ͒ͫͭ͘ΎͻΦ 

ˤ͔͙͔ͤͯͭͪͤͤ ͙ͨͦͦͫͭ͡ ͙ ΄͍· ;͔͔ͪͨ͊ ͔ͭ͊͗͟ ͯ;͍͊ͫͭͯΌͭ ͍ ͙͊ͣͦͪͭ͊͘ͼ͙͙Σ ͎͊ͫΎ ͙͍͙ͣͪͦ͋ͪ͊͟ͼ͙͙ ͙ͨͪ 

͍͙͔͙͙͒͗ͤΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ;͔͔ͪͨ Ύ͍͡Ύ͔ͭͫΎ ͔ͤ ͨͪͦͫͭͦ ͍͔͙͙ͣͫͭ͡΅͔ͣ ͎ͣͦ͊͘Σ ͊ ͙͍͊ͭͤ͟·ͣ ͯ;͙͊ͫͭͤͦͣ͟ 

͙͔͋ͦͣͻ͙͊ͤ;͔͚ͫͦ͟ ͼ͔͙ͨΦ 

ˤ͔͙ͪͭ͊͟͡Έͤ͊Ύ ͎ͤ͊ͪͯ͊͘͟ ͙͙͔ͫͭͣͯͪͯͭ͡ ͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ͟ ͙ͤ͊͒ͦͫͭͤ͟ͼ· ͙ ͯͯ͡;΄͔͊ͭ ͙͙͔ͨͭ͊ͤ ͦͫͭͤ͟·ͻ 

͔ͭͦ͟͟͡Φ ˻͔ͫͭͦ͋͊ͫͭ͡· ͙ ͔ͦͫͭͦ͊ͫͭ͟͡· ͨͦͫͭͦΎͤͤͦ ͪ͊͋ͦͭ͊Όͭ ͤ͊͒ ͍͔͙͔ͦ͋ͤͦͤͣ͡ ͙͔ͣͤͪ͊͡Έ͎ͤͦͦ ͙ͣ͊ͭͪͫ͊͟Σ 

͔͔ͦ͋ͫͨ;͙͍͊Ύ ͔͎ͦ ͎͍͔͒ͦͦ͡;ͤͦͫͭΈΦ ̂ ͍ͨͦ͒ͪͦͫͭͦ͟ ͍ ͔͙ͨͪͦ͒ ͙͍͎͊ͭͤͦͦ͟ ͪͦͫͭ͊ Ήͭͦͭ ͨͪͦͼ͔ͫͫ ͔͔ͨͪͦͭ͊ͭ͟ 

͔ͦͫͦ͋ͤͤͦ ͙͔͙͍ͤͭͤͫͤͦΣ ͔ͭͪ͋ͯΎ ͋͊͊ͤͫ͊͡ ͔ͣ͗͒ͯ ͎͚ͤ͊ͪͯͦ͘͟ ͙ ͦͭ͒·ͻͦͣΦ ˽͙ͪ ͙͋͘·ͭͦ;ͤͦͣ ͍͔͙͙͒͊ͤ͡ ͙͙͡ 

͔͍͙ͤͨͪ͊͡Έ͚ͤͦ ͔ͦͫ͊ͤ͟ ͎ͣͦͯͭ ͍͙ͦͤ͊ͭ͘͟Έ ͔͒ͺͦͪͣ͊ͼ͙͙Σ ͙͔ͭ͊͟ ͊͟͟ ͙ͫͦͦ͘͟͡ ͙͙͡ ͎͙ͨ͊ͭͦͦ͡;͔͙͚ͫ͟ ͙͟ͺͦ͘Φ 

˽ͦΉͭͦͣͯ ͙͙͔ͨͦͤͣ͊ͤ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͤͦͪͣ ͚͔ͪ͊ͤ͟ ͍͊͗ͤͦ ͒͡Ύ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͦͨͦͪͤͦ-

͍͙͎͔͒͊ͭ͡Έ͎ͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˤ ͊͘͟͡Ό;͔͙͔ͤ ͔͔ͫ͒ͯͭ͡ ͨͦ͒;͔ͪͤͯͭ͟ΈΣ ;ͭͦ ͔͍͚ͦͫͦ ͔͔ͫͭ͟͡ τ Ήͭͦ ͔ͤ ͙ͫͭ͊ͭ;ͤ͊Ύ ͊ͪͣ͊ͭͯͪ͊Σ ͊ ͙͍͗͊Ύ 

͙͊͒͊ͨͭͪͯΌ΅͊ΎͫΎ ͫͭͪͯͭͯͪ͊͟Φ ˩͎ͦ ͔͙͔ͫͭͪͦͤ ͙͔͒͊͡Έͤͦ ͔ͦͭͪ͊͗͊ͭ ͺ͙͙͘;͔͙͔ͫ͟ ͊ͦͤ͘͟· ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ 

;͔͍͔ͦ͊͟͡ ͫ ͔͚ͣͤͦ͘ ͎͍͙ͪ͊ͭ͊ͼ͙͔͚Φ ˭͙͔ͤ͊ͤ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͍ͨͦͦͤͦ͘;͙ͤ͊͟ ͙  ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡ 

͍ͨͦͦ͘͡Ύ͔ͭ ͪ͊ͪ͊͋͊ͭ͘·͍͊ͭΈ Ήͺͺ͔͙͍ͭͤ͟·͔ ͔ͣͭͦ͒· ͺ͙͙͘;͔͚ͫͦ͟ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙Φ ˿ͦͻ͔͙͔ͪ͊ͤͤ ͔͔͍͔ͫͭͫͭͤͤ·ͻ 

͙͎͙͍͋ͦ͘ ͙ ͍͙͙ͨͦ͒͗ͤͦͫͭ ͔͍͎ͦͫͦͦ ͔͔ͫͭ͊͟͡ Ύ͍͡Ύ͔ͭͫΎ ͎͊ͦͦͣ͘͡ ͎͔͙͒ͦͦͭ͡͡Ύ ͙ ͍·͎ͫͦͦͦ͟ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘Φ 

ˮͯ͘;͔͙͔ͤ Ή͙ͭͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔ͦͫͭ͊ͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭͦͣ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ· ͙ ͙͍͚ͫͨͦͪͭͤͦ ͙ͤ͊ͯ͟Φ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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ϭ ˥ͯ͡͡·͔͍͊ ˢΦ˸ΦΣ нлнр 
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˥͎ͯͪ͋͊ͤͯ͡·͔͍ ˣ͊ͭ·ͪ ˿͔͚͍͙ͯͣ͊ͤͦ͡; 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͤͦͪͣ͊͡Έ͚ͤͦ ͺ͙͙͎͙͙ͦͦ͘͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ˸͔͙͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ  

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ ˢ΄ͻ͊͋͊͒  

 

˻˿˻ˣ˩˹˹˻˿́ˮ ˥˾̂˽˽ ˴˾˻ˤˮ ˮ ˾˩˭̂˿-̅ˢ˴́˻˾Υ ̅ˮ˭ˮ˻˶˻˥ˮ̒ ˴˾˻ˤˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

 ˥ ͪͯͨͨ· ͍͙ͪͦ͟ ͙ ͔ͪͯͫ͘-ͺ͊ͭͦͪ͟ Ύ͍͡ΎΌͭͫΎ ͍͔͚͊͗ͤ΄͙͙ͣ ͎͔͔͙ͤͭ;͔͙ͫ͟ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͙ͣ 

ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟ ͙͔ͫͫͭͣ· ͍͙ͪͦ͟ ;͔͍͔ͦ͊͟͡Φ ˮͻ ͺ͙͙͎͙ͦͦ͘͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͨͪͦͼ͔ͫͫ͊ͻ 

͎͔ͣͦͭͪ͊ͤͫͺ͙͙ͯ͘Σ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙͙ ͎͍ͦͪ͊ͤͦΣ ͍͙͎ͤͯͭͪͯͭͪͦ͋ͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͙ͣͣͯͤͤ·ͻ ͔ͪ͊͟ͼ͙͚Φ ˤ ͫͭ͊ͭΈ͔ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔ͣͻ͙͊ͤͣ͘· ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͎ͪͯͨͨ ͍͙ͪͦ͟ ͨͦ ͙͔͔ͫͫͭͣ ABO ͙ ͔ͪͯͫ͘-͙͔͔ͫͫͭͣΣ ͙ͻ ͪͦ͡Έ ͍ 

ͺ͙͙͎͙͙ͦͦ͘͡ ͍͙ͪͦ͟Σ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙ ͍ͦͣͦ͗ͤ͘·͔ ͔͙ͦͫͦ͗ͤͤ͡Ύ ͙ͨͪ ͔͍͔͙͙ͤͫͦͣͫͭͣͦͫͭΦ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙͎͙ͣͣͯͤͦͦ͡;͔͙ͫͣ͟ ͔͊ͫͨͭ͊ͣ͟ ͙ ͊͒͊ͨͭ͊ͼ͙ͦͤͤͦͣͯ ͤ͊͘;͔͙ͤΌ ͙͎͔͍͊ͤͭͤͦ 

Ή͙ͪͭͪͦͼ͙͍ͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͎ͪͯͨͨ· ͍͙ͪͦ͟Σ ͔ͪͯͫ͘-ͺ͊ͭͦͪ͟Σ Ή͙ͪͭͪͦͼ͙ͭ·Σ ͙͎͔͊ͤͭͤ·Σ ͙͙͔ͣͣͯͤͭͭ. 

 

Gurbangulyev Batyr Suleymanovich 

Senior Lecturer at the Department of Normal Physiology 

State Medical University of Turkmenistan named after Myrat Garryeva.  
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BLOOD GROUPS AND RH FACTOR: PHYSIOLOGY OF BLOOD 

 

Abstract 

Blood groups and the Rh factor are genetically determined characteristics of the human blood system. 

Their physiological importance is evident in blood transfusion, organ transplantation, prenatal development, 

and immune responses. This article examines the formation mechanisms of ABO blood groups and the Rh 

system, their role in blood physiology, clinical significance, and complications associated with incompatibility. 

Special attention is given to immunological aspects and the adaptive role of erythrocyte antigens. 

Keywords:  

blood groups, Rh factor, erythrocytes, antigens, immunity. 

 

͙͙͎͙̅ͦͦ͘͡;͔ͫ͊͟Ύ ͪͦ͡Έ ͍͙ͪͦ͟ ͍ ͎͙͔ͦͪ͊ͤͣ͘ 

˴͍ͪͦΈ Ύ͍͡Ύ͔ͭͫΎ ͙͚͗͒ͦ͟ ͔͙͙͔ͫͦ͒ͤͭ͡Έ͚ͤͦ ͭ͊ͤ͟ΈΌΣ ͍·ͨͦͤ͡ΎΌ΅͔͚ ͭͪ͊ͤͫͨͦͪͭͤͯΌΣ ͒·ͻ͔͊ͭ͡ΈͤͯΌΣ 

ͭͪͦͺ͙;͔ͫͯ͟ΌΣ ͊͘΅͙ͭͤͯΌ ͙ ͔͎ͪͯ͡ΎͭͦͪͤͯΌ ͺͯͤ͟ͼ͙͙Φ ˻ͤ͊ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔ͨͪͤͦͫ ͙ͫͦͪͦ͒͊͟͡Σ ͎͔͙͎ͯͫͦͦ͟͡͡ 

͎͊͊͘Σ ͙͔ͨͭ͊ͭ͡Έͤ·ͻ ͍͔΅͔͍ͫͭΣ ͎͍ͦͪͣͦͤͦ ͙ ͍ͨͪͦ͒ͯͭͦ͟ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭΦ ˤ͔͚͊͗ͤ΄͔͚ ͺͯͤ͟ͼ͙͔͚ ͍͙ͪͦ͟ 

Ύ͍͡Ύ͔ͭͫΎ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͎͔ͦͣͦͫͭ͊͊͘ ͍͔͔͚ͤͯͭͪͤͤ ͔ͫͪ͒· ͎͙ͦͪ͊ͤͣ͊͘Φ 

͙͙͎͙̅ͦͦ͘͡;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͍͙ͪͦ͟ ͍ͦ ͎ͣͤͦͦͣ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͍ͫͦͫͭ͊ͦͣ ͺ͔ͦͪͣͤͤ·ͻ Ή͔͔͍ͣͤͭͦ͡Σ 

͔͔ͨͪ͗͒ ͍͔͎ͫͦ Ή͙ͪͭͪͦͼ͙͍ͭͦΦ ˮ͔ͣͤͤͦ ͤ͊ ͙ͻ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔ͪ͊ͫͨͦͦ͗ͤ͡· ͙͎͔͊ͤͭͤ·Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙͔ 

͙͔ͨͪͤ͊͒͗ͤͦͫͭ͡Έ ͍͙ͪͦ͟ ͟ ͔͔͖͚ͦͨͪ͒ͤͤͦ͡ ͎͔ͪͯͨͨΦ ͙̏ͭ ͙͎͔͊ͤͭͤ· ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͙ͣͣͯͤͤ·ͻ 

͔ͪ͊͟ͼ͙Ύͻ ͙ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͍͔͙͙ͫͦͣͫͭͣͦͫͭ ͔ͣ͗͒ͯ ͎͙͙ͦͪ͊ͤͣ͊ͣ͘Φ 

˨ͦ ͦͭͪ͟·͙ͭΎ ͎ͪͯͨͨ ͍͙ͪͦ͟ ͔͔͙͍͙͔ͨͪ͊ͤ͡ ͍͙ͪͦ͟ ;͊ͫͭͦ ͍ͫͦͨͪͦͦ͗͒͊ͦͫ͡Έ ͭΎ͖͗͡·͙ͣ ͔͙ͦͫͦ͗ͤͤ͡Ύ͙ͣ ͙ 
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͔ͭ͊͡͡Έͤ·͙ͣ ͙ͫͻ͙ͦ͒͊ͣΦ ˤ мфлм ͎ͦ͒ͯ ˴͊ͪ͡ ˶͊ͤ͒΄͔͚͔ͭͤͪ ͦͭͪ͟·͡ ͙͔ͫͫͭͣͯ ABOΣ ͍͒ͦ͊͊͘͟ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ 

͙͎͔͍͊ͤͭͤͦ ͤ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ Ή͙ͪͭͪͦͼ͙͍ͭͦ ͙ ͙͔͊ͤͭͭ͡ ͍ ͔ͨ͊ͣ͘͡ ͍͙ͪͦ͟Φ ̏ͭͦ ͦͭͪ͟·͙͔ͭ ͫͭ͊ͦ͡ ͺ͔ͯͤ͒͊ͣͤͭͦͣ 

͍͔͔͚ͫͦͪͣͤͤͦ ͭͪ͊ͤͫͺ͙͎͙͙ͯͦͦ͘͡Φ 

˽͔͔ͦ͒ͤ͘ ͋·͙͡ ͍·Ύ͍͔ͤ͡· ͙ ͎͙͔͒ͪͯ ͙͔ͫͫͭͣ· ͎ͪͯͨͨ ͍͙ͪͦ͟Σ ͦ͒ͤ͊ͦ͟ ͙͔ͫͫͭͣ͊ ABO ͙ ͔ͪͯͫ͘-ͺ͊ͭͦͪ͟ 

͙͔ͣΌͭ ͙ͤ͊͋ͦ͡Έ΄͔͔ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΦ ˮͻ ͙ͯ͘;͔͙͔ͤ ͍͙ͨͦͦͦ͘͡͡ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍ͨͦ·͙ͫͭΈ 

͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ ͙ ͎͙ͯͯ͋ͭ͡Έ ͙͙͔ͨͦͤͣ͊ͤ ͺ͙͙͎͙͙ͦͦ͘͡ ͍͙ͪͦ͟Φ 

˿͙͔ͫͭͣ͊ ͎ͪͯͨͨ ͍͙ͪͦ͟ ABO 

˿͙͔ͫͭͣ͊ ABO ͍ͦͫͤͦ͊ͤ͊ ͤ͊ ͙ͤ͊͡;͙͙ ͙͙͡ ͍͙͙ͦͭͫͯͭͫͭ ͙͎͔͍͊ͤͭͤͦ A ͙ B ͤ͊ ͔͔ͣͣ͋ͪ͊ͤ Ή͙ͪͭͪͦͼ͙͍ͭͦΦ ˤ 

͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͻ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͍·͔͒͡ΎΌͭ ;͔ͭ·͔ͪ ͎ͪͯͨͨ· ͍͙ͪͦ͟Υ O(I), A(II), B(IIIύ ͙ AB(IVύΦ ˤ ͔ͨ͊ͣ͘͡ ͍͙ͪͦ͟ 

͙͍ͨͪͫͯͭͫͭͯΌͭ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͙͔͊ͤͭͭ͊͡ τ ͊ ͎͎͡Ό͙͙ͭͤͤ·Φ 

͙͙͎͙̅ͦͦ͘͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙͔ͫͫͭͣ· ABO ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙͚ͣͣͯͤͤͦ ͊͘΅͙͔ͭ ͎͙ͦͪ͊ͤͣ͊͘Φ ˽͙ͪ 

͙͙ͨͦͨ͊͒͊ͤ ͔͍͔͙ͤͫͦͣͫͭͣ·ͻ Ή͙ͪͭͪͦͼ͙͍ͭͦ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͔ͪ͊͟ͼ͙Ύ ͎͎͊͡Ό͙ͭͤ͊ͼ͙͙ ͙ ͎͔͙ͣͦ͊͘͡Σ ;ͭͦ ͔ͣͦ͗ͭ 

͙͍͔͙ͨͪͫͭ ͟ ͭΎ͖͗͡·ͣ ͔͍͙ͨͦͫ͒ͫͭ͡ΎͣΦ ˽ͦΉͭͦͣͯ ͙͔ͤ͊ͤ͘ ͎ͪͯͨͨ· ͍͙ͪͦ͟ ͙͔͔ͣͭ ͔ͪ΄͊Ό΅͔͔ ͤ͊͘;͔͙͔ͤ ͍ 

͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ 

˾͔ͯͫ͘-ͺ͊ͭͦͪ͟ ͙ ͔͎ͦ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

˾͔ͯͫ͘-ͺ͊ͭͦͪ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͙͎͔͊ͤͭͤ DΣ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·͚ ͤ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ Ή͙ͪͭͪͦͼ͙͍ͭͦΦ ˽͙ͪ 

͔͎ͦ ͙ͤ͊͡;͙͙ ͍ͪͦ͟Έ ͫ;͙͔ͭ͊ͭͫΎ ͔ͪͯͫ͘-͙͔ͨͦͦ͗ͭ͡͡Έ͚ͤͦΣ ͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ τ ͪ ͔ͯͫ͘-͙ͦͭͪͼ͔͊ͭ͡Έ͚ͤͦΦ ˤ ͙ͦͭ͡;͙͔ 

ͦͭ ͙͔ͫͫͭͣ· ABOΣ ͙͔͊ͤͭͭ͊͡ ͟ ͔ͪͯͫ͘-ͺ͊ͭͦͪͯ͟ ͺ͙ͦͪͣͪͯΌͭͫΎ ͭͦ͡Έͦ͟ ͙ͨͪ ͔ͦͤͭ͊ͭ͟͟ ͫ ͔ͪͯͫ͘-͙͔ͨͦͦ͗ͭ͡͡Έͤ·͙ͣ 

Ή͙ͪͭͪͦͼ͙͙ͭ͊ͣΦ 

͙͙͎͙̅ͦͦ͘͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͔ͪͯͫ͘-ͺ͊ͭͦͪ͊͟ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͍ ͊ͯ͟΄͔͍͔ͪͫͭΦ ˾͔ͯͫ͘-ͦͤ͟ͺ͙ͭ͟͡ ͔ͣ͗͒ͯ 

͔ͣ͊ͭͪΈΌ ͙ ͨͦ͒ͦͣ͡ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͎͔͙͙ͣͦͭ͡;͔͚ͫͦ͟ ͔͙͋ͦͤ͘͡ ͍͖ͤͦͦͪͦ͗͒ͤͤ·ͻΣ ;ͭͦ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͭ΅͔͊ͭ͡Έ͎ͤͦͦ ͦͤͭͪͦ͟͡Ύ ͍ͦ ͍͔ͪͣΎ ͔͔͔͙͋ͪͣͤͤͦͫͭΦ 

ˮ͎͙ͣͣͯͤͦͦ͡;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͔͍͔͙͙ͤͫͦͣͫͭͣͦͫͭ 

˹͔͍͔͙ͫͦͣͫͭͣͦͫͭΈ ͎ͪͯͨͨ ͍͙ͪͦ͟ ͍·͘·͍͔͊ͭ ͙͍͊ͭ͊͟ͼ͙Ό ͙͚ͣͣͯͤͤͦ ͙͔ͫͫͭͣ·Φ ˢ͙͔ͤͭͭ͊͡ ͨ͊ͣ͘͡· 

͍ͫΎ͘·͍͊ΌͭͫΎ ͫ ͙͎͔͙͊ͤͭͤ͊ͣ Ή͙ͪͭͪͦͼ͙͍ͭͦΣ ͍·͘·͍͊Ύ ͙ͻ ͔͙͍͙͔ͫ͊ͤ͟͡ ͙ ͪ͊ͪͯ͘΄͔͙͔ͤΦ ̏ͭͦ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ 

͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤͣ ͎͔͎͙ͣͦͦ͋ͤ͊͡ ͙ ͍͙͙͔ͪ͊ͭͣ͘ ͙͙ͤͭͦͫ͊͟͟ͼ͙͙Φ 

˿ ͺ͙͙͎͙ͦͦ͘͡;͔͚ͫͦ͟ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ Ή͙ͭ ͔ͪ͊͟ͼ͙͙ Ύ͍͡ΎΌͭͫΎ ͨͪͦΎ͍͔͙͔ͤͣ͡ ͊͘΅͙ͭͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ 

͎͙ͦͪ͊ͤͣ͊͘Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͤ͊ ͔͙͔ͯͫͭͪ͊ͤͤ ;͔ͯ͗ͪͦ͒ͤ·ͻ ͔ͭͦ͟͟͡Φ ˻͒ͤ͊ͦ͟ ͍ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͙ͦͤ 

͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͔ͫͪΈ͖ͤͯ͘Ό ͎ͯͪͦͯ͘ ͒͡Ύ ͙͙͗ͤ͘ ͨ͊ͼ͙͔ͤͭ͊Φ 

˭ͤ͊;͔͙͔ͤ ͎ͪͯͨͨ ͍͙ͪͦ͟ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͎ͪͯͨͨ· ͍͙ͪͦ͟ ͙ ͔ͪͯͫ͘-ͺ͊ͭͦͪ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ Ήͭ͊ͨͦͣ ͔͔ͨͪ͒ 

͔͔͙͍͙͔ͨͪ͊ͤͣ͡ ͍͙ͪͦ͟Σ ͻ͙͎͙ͪͯͪ;͔͙͙ͫͣ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍͙ͫͭ͊ͣ ͙ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙͔͚ ͎͍ͦͪ͊ͤͦΦ ˹͔͍͙ͨͪ͊͡Έͤ·͚ 

ͨͦ͒͋ͦͪ ͍͙ͪͦ͟ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͚ͦͫͭͪͦ ͎͔͙͙ͣͦͭ͡;͔͚ͫͦ͟ ͔ͪ͊͟ͼ͙͙Φ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͫͯ΅͔͍ͫͭͯΌͭ ͒͊ͤͤ·͔ ͦ ͍ͫΎ͙͘ ͎ͪͯͨͨ ͍͙ͪͦ͟ ͫ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ΈΌ ͟ ͔ͤͦͭͦͪ͟·ͣ 

͔͍͙͊͋ͦ͊ͤ͘͡ΎͣΣ ;ͭͦ ͔͔͒͊ͭ͡ ͙ͻ ͍͊͗ͤ·ͣ ͦ͋Ά͔ͭͦͣ͟ ͤ͊ͯ;ͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͍ ͙ͦ͋͊ͫͭ͡ ͺ͙͙͎͙͙ͦͦ͘͡ ͙ 

͔͙ͣ͒ͼ͙ͤ·Φ 

˥ͪͯͨͨ· ͍͙ͪͦ͟ ͙ ͊͒͊ͨͭ͊ͼ͙Ύ ͎͙ͦͪ͊ͤͣ͊͘Φ 

ˢ͙͎͔ͤͭͤ· Ή͙ͪͭͪͦͼ͙͍ͭͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͊͟͟ ͔ͪͯ͘͡Έͭ͊ͭ Ή͍ͦ͡Όͼ͙͚ͦͤͤͦ ͊͒͊ͨͭ͊ͼ͙͙ ;͔͍͔ͦ͊͟͡ ͟ 

͍͙ͯͫͦ͡Ύͣ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ ˾͙͔͊ͤͦͦ͋ͪ͊͘͘ ͎ͪͯͨͨ ͍͙ͪͦ͟ ͍ͨͦ·΄͔͊ͭ ͍·͙͍͔͗͊ͣͦͫͭΈ ͨͦͨͯ͡Ύͼ͙͙ ͙ͨͪ 

͍͔͚͍͙͙ͦ͒ͫͭ͘ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͙ ͎͙͒ͪͯͻ ͺ͍͊ͭͦͪͦ͟Φ 

˿ ͺ͙͙͎͙ͦͦ͘͡;͔͚ͫͦ͟ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͎ͪͯͨͨ· ͍͙ͪͦ͟ ͔ͤ ͍͙͡ΎΌͭ ͤ͊ ͍͔͔͍ͨͦͫ͒ͤͤͯΌ ͙͔͔͗ͤ͒͘Ύ͔ͭ͡ΈͤͦͫͭΈ 

;͔͍͔ͦ͊͟͡Σ ͦ͒ͤ͊ͦ͟ ͍ Ή͔ͫͭͪͣ͊͟͡Έͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ͙ ͙ͨͪ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ͻ ͙ͻ ͤ͊͘;͔͙͔ͤ 

͍͙ͫͭ͊ͤͦͭͫΎ ͙͙ͪͭ͟;͔͙ͫͣ͟Φ 

˥ͪͯͨͨ· ͍͙ͪͦ͟ ͙ ͔ͪͯͫ͘-ͺ͊ͭͦͪ͟ Ύ͍͡ΎΌͭͫΎ ͍͊͗ͤ·͙ͣ ͺ͙͙͎͙ͦͦ͘͡;͔͙͙ͫͣ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟ ͙͔ͫͫͭͣ· 

͍͙ͪͦ͟Φ ˮͻ ͤ͊͘;͔͙͔ͤ ͍·ͻ͙ͦ͒ͭ ͊͘ ͙ͪ͊ͣ͟ ͭͪ͊ͤͫͺ͙͎͙͙ͯͦͦ͘͡ ͙ ͦͻ͍͊ͭ·͍͔͊ͭ ͙͎͙ͣͣͯͤͦͦ͡ΌΣ ͎͔͔͙ͤͭͯ͟ ͙ 
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͙͙ͤ͟͡;͔ͫͯ͟Ό ͔͙ͣ͒ͼ͙ͤͯΦ ˭͙͔ͤ͊ͤ Ή͙ͭͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ 

͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙ ͙ ͙͙ͨͦͤͣ͊ͤΎ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͎͙ͦͪ͊ͤͣ͊͘ ͫ ;͔ͯ͗ͪͦ͒ͤ·͙ͣ 

͙͎͔͙͊ͤͭͤ͊ͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˶͊ͤ͒΄͔͚͔ͭͤͪ ˴Φ ˻ ͎ͪͯͨͨ͊ͻ ͍͙ͪͦ͟ ;͔͍͔ͦ͊͟͡Φ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нллпΦ τ нрс ͫΦ τ URL: httpsΥκκͤΉ͋Φͪͺ 

нΦ ˤͦͪͦ͋Έ͖͍ ˢΦˮΦ ˥͔͎͙ͣ͊ͭͦͦ͡ΎΦ τ ˸ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмнΦ τ пон ͫΦ τ URL: 

https:// www.studentlibrary.ru 

оΦ ˶͎͍ͯͦͫ͊͟Ύ ˿ΦˢΦ ͙͙͎͙̅ͦͦ͘͡Ύ ͍͙ͪͦ͟Φ τ ˸ ΦΥ ˢ͔͙͊͒ͣ͟ΎΣ нлмлΦ τ олп ͫΦ τ URL: https:// elibrary.ru 

пΦ ˴͙͙͚͊ͫͫͪͫ͟ ˮΦˢΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͎͔͎͙ͣ͊ͭͦͦ͡ΎΦ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нллуΦ τ рмн ͫΦ τ URL: httpsΥκκͤΉ͋Φͪͺ 
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PHYSIOLOGY OF THE NERVOUS SYSTEM 

 

Abstract 

The nervous system is the main regulatory system of the body, ensuring integration of organ functions, 

adaptation to environmental conditions, and behavior formation. This article discusses the general principles 

of structure and functioning of the nervous system, mechanisms of nerve impulse conduction and 
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transmission, features of reflex activity, and the role of central and peripheral nervous systems in maintaining 

homeostasis. Special attention is paid to the physiological foundations of higher nervous activity and 

interactions between the nervous system and other regulatory systems. 

Keywords: 

 nervous system, neuron, reflex, nerve impulse, regulation. 
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PHYSIOLOGY OF CARDIAC FUNCTION IN ATHLETES 

 

Abstract 

¢ƘŜ ŀǘƘƭŜǘŜΩǎ ƘŜŀǊǘ ŦǳƴŎǘƛƻƴǎ ǳƴŘŜǊ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ƛƴŎǊŜŀǎŜŘ ŀƴŘ ǊŜƎǳƭŀǊƭȅ ǊŜǇŜŀǘŜŘ ǇƘȅǎƛŎŀƭΣ ƭŜŀŘƛƴƎ ǘƻ 

ǎǇŜŎƛŦƛŎ ƳƻǊǇƘƻŦǳƴŎǘƛƻƴŀƭ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀŘŀǇǘŀǘƛƻƴǎ ƪƴƻǿƴ ŀǎ ǘƘŜ άŀǘƘƭŜǘŜΩǎ ƘŜŀǊǘέΦ ¢Ƙƛǎ ŀǊǘƛŎƭŜ ŀƴŀƭȅȊŜǎ 

the mechanisms of cardiovascular adaptation to physical activity, regulation of heart rate, changes in stroke 

volume and cardiac output, as well as differences between physiological and pathological myocardial 

hypertrophy. Special attention is paid to the role of the autonomic nervous system and humoral factors in 

maintaining high cardiac performance in athletes. 

Keywords: 

 ŀǘƘƭŜǘŜΩǎ ƘŜŀǊǘΣ ǇƘȅǎƛŎŀƭ ŜȄŜǊŎƛǎŜΣ ƳȅƻŎŀǊŘƛǳƳΣ ŎŀǊŘƛŀŎ ƻǳǘǇǳǘΣ ŀŘŀǇǘŀǘƛƻƴ. 
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͙͎ͫͦͪͦ͒ͤͦͦ͟͡ ͊ͨͪͦͫ͊͘Σ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͔͔͋ͦ͡ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͚ͤ͊ͫͦͫͤͦ ͺͯͤ͟ͼ͙͙Φ ̏ͭͦ ͙͎͔͒ͦͫͭ͊ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ 

͊͘ ͫ;͖ͭ ͯ;͊΅͔͙ͤΎ ͔͔ͫͪ͒;͎ͤͦͦ ͙ͪͭͣ͊Σ ͤͦ ͙ ͊͘ ͫ;͖ͭ ͍͔͙ͯ͡;͔͙ͤΎ ͎ͯ͒͊ͪͤͦͦ ͦ͋Ά͖ͣ͊Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͫͪ͒ͼ͔ 

͔ͫͨͦͪͭͫͣͤ͊ ͙ͦͭ͡;͔͊ͭͫΎ ͔͔͋ͦ͡ Ή͙ͦͤͦͣ͟;ͤ·ͣ ͔͙ͪ͗ͣͦͣ ͪ͊͋ͦͭ· ͍ ͔ͨͦͦ͟ ͙ ͍·͚ͫͦͦ͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ 

͔͔͍͚ͪͪͤͦ͘ ͫͨͦͫͦ͋ͤͦͫͭΈΌ ͙ͨͪ ͎͔ͤ͊ͪͯ͘͟Φ 

ˢ͒͊ͨͭ͊ͼ͙Ύ ͔͔ͫͪ͒;͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͟ ͺ͙͙͘;͔͙ͫͣ͟ ͎ͤ͊ͪͯ͊ͣ͘͟ 

˾͔͎ͯ͡Ύͪͤ·͔ ͺ͙͙͘;͔͙͔ͫ͟ ͔͙͍͙ͭͪͤͪͦ͟ ͍·͘·͍͊Όͭ ͔ͦͣͨͫ͟͟͡ ͊͒͊ͨͭ͊ͼ͙ͦͤͤ·ͻ ͙͔͔͙͚ͣͤͤ͘ ͍ ͔͔ͫͪ͒;ͤͦ-

͙͚ͫͦͫͯ͒ͫͭͦ ͙͔͔ͫͫͭͣΦ ˻͍͚ͫͤͦͤͦ ͼ͔͡ΈΌ Ή͙ͭͻ ͙͔͔͙͚ͣͤͤ͘ Ύ͍͡Ύ͔ͭͫΎ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͔͍͎͊͒͊ͭͤͦͦ͟ 

͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟Ύ ͪ͊͋ͦͭ͊Ό΅͙ͻ ͣ·΄ͼΦ ˽͙ͪ ͺ͙͙͘;͔͚ͫͦ͟ ͎͔ͤ͊ͪͯ͘͟ ͍͔ͦͪ͊ͫͭ͊ͭ͘ ͍͔ͤͦͤ͘·͚ ͍͍ͦͪ͊ͭ͘Σ 

͙͙͍͔ͯͫ͊ͭͫ͡Ύ ͙͔ͫͦͪ͊ͭͭ͟͡Έͤ͊Ύ ͫͨͦͫͦ͋ͤͦͫͭΈ ͙ͣͦ͊ͪ͒͊͟ ͙ ͍͔͙ͯ͡;͙͍͔͊ͭͫΎ ͔͔ͫͪ͒;ͤ·͚ ͍·͋ͪͦͫΦ 

̂ ͔͙͍ͭͪͤͪͦ͊ͤͤ·ͻ ͙͡ͼ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͔͔ͯͫͦͪͤͤͦ͟ ͍͟͡Ό;͔͙͔ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ ͊͒͊ͨͭ͊ͼ͙͙Σ ;ͭͦ 

͍ͨͦͦ͘͡Ύ͔ͭ ͔ͫͪ͒ͼͯ ͋·͔͔ͫͭͪ ͙͎͒ͦͫͭ͊ͭΈ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͔͙ͪ͗ͣ͊ ͪ͊͋ͦͭ·Φ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͔͔͙͍ͤͭͪͤͪͦ͊ͤͤ·ͻ 

͡Ό͔͚͒Σ ͯ ͔͍ͫͨͦͪͭͫͣͤͦ ͙ͨͪ ͙͍͚ͦ͒ͤ͊ͦͦ͟ ͎͔ͤ͊ͪͯ͘͟ ͔͔ͫͪ͒;ͤ·͚ ͙ͪͭͣ ͙͔ͤ͗Σ ͊ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 

͍ͪͦͦ͟ ͦ͋ͪ͊΅͔͙ͤΎ ͍·΄͔Φ ͙̏ͭ ͙͔͔͙ͣͤͤ͘Ύ ͤͦͫΎͭ ͙ͦ͋ͪ͊ͭͣ·͚ ͻ͔͊ͪ͊ͭͪ͟ ͙ ͍͙͊ͫ͘Ύͭ ͦͭ ͙͔͙͍͙ͤͭͤͫͤͦͫͭ ͙ 

͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͔͙͍ͭͪͤͪͦͦ;͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ 

̂͒͊ͪͤ·͚ ͙ ͙ͣͤͯͭͤ·͚ ͦ͋Ά͖ͣ ͔ͫͪ͒ͼ͊ ͯ ͔͍ͫͨͦͪͭͫͣͤͦ 

̂͒͊ͪͤ·͚ ͦ͋Ά͖ͣ ͔ͫͪ͒ͼ͊ τ Ήͭͦ ͙ͦ͟͡;͔͍ͫͭͦ ͍͙ͪͦ͟Σ ͍·͋ͪ͊ͫ·͍͔͔͊ͣͦ ͔͗ͯ͒ͦ͡;ͦͣ͟ ͊͘ ͦ͒ͤͦ 

ͫͦͪ͊͟΅͔͙͔ͤΦ ̂ ͔͍ͫͨͦͪͭͫͣͤͦ ͦͤ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔͍ͨͪ·΄͔͊ͭ ͎͙͊ͤ͊ͦ͡;ͤ·͚ ͔ͨͦ͊͊ͭ͘͟͡Έ ͯ ͔͔͙͍ͤͭͪͤͪͦ͊ͤͤ·ͻ 

͡Ό͔͚͒Φ ̏ͭͦ ͍ͫΎ͊ͤͦ͘ ͫ ͍͔͙ͯ͡;͔͙͔ͤͣ ͙ͨͦͦͫͭ͡ ͔͗ͯ͒ͦ͡;͍ͦ͟Σ ͍ͨͦ·΄͔͚ͤͤͦ Ή͙͊ͫͭ͡;ͤͦͫͭΈΌ ͙ͣͦ͊ͪ͒͊͟ ͙ 

͙͔͚ͯͫͤͤͦ͡ ͙͔ͫͦͪ͊ͭͭ͟͡Έ͚ͤͦ ͫͨͦͫͦ͋ͤͦͫͭΈΌ ͔͔ͫͪ͒;͚ͤͦ ͣ·΄ͼ·Φ 

˸͙ͤͯͭͤ·͚ ͦ͋Ά͖ͣ ͔ͫͪ͒ͼ͊Σ ͍ͪ͊ͤ·͚ ͙͍͔͔͙ͨͪͦ͒ͤ͘Ό ͎ͯ͒͊ͪͤͦͦ ͦ͋Ά͖ͣ͊ ͤ͊ ;͊ͫͭͦͭͯ ͔͔ͫͪ͒;ͤ·ͻ 

ͫͦͪ͊͟΅͔͙͚ͤΣ ͙ͨͪ ͙ͣ͊ͫͣ͊͟͡Έͤ·ͻ ͎ͤ͊ͪͯ͊͘͟ͻ ͯ ͔͍ͫͨͦͪͭͫͣͤͦ ͔ͣͦ͗ͭ ͍ͦͪ͊ͫͭ͊ͭ͘Έ ͍ рςс ͪ͊͘ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ 

ͫͦͫͭͦΎ͙͔ͤͣ ͨͦͦ͟ΎΦ ͔́͊ͦ͟ ͍͔͙ͯ͡;͔͙͔ͤ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͍͔͊͒͊ͭͤͦ͟ ͔͙͔ͫͤ͊͋͗ͤ ͔͚ͭ͊ͤ͟ ͙ͫͦͪͦ͒ͦͣ͟͡ ͙ 

͔͙͔ͯ͒͊ͤ͡ ͍ͨͪͦ͒ͯͭͦ͟ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭΦ 

ˮ͔͔͙ͣͤͤ͘Ύ ͔͔ͫͪ͒;͎ͤͦͦ ͙ͪͭͣ͊ ͙ ͙͍ͫͨͦͪͭͤ͊Ύ ͙͙͋ͪ͊͒͊ͪ͒͟Ύ 

˻͙͒ͤͣ ͙͘ ͻ͔͊ͪ͊ͭͪͤ͟·ͻ ͙͍ͨͪͤ͊ͦ͘͟ ͔ͫͪ͒ͼ͊ ͔ͫͨͦͪͭͫͣͤ͊ Ύ͍͡Ύ͔ͭͫΎ ͺ͙͙͎͙ͦͦ͘͡;͔ͫ͊͟Ύ ͙͙͋ͪ͊͒͊ͪ͒͟Ύ τ 

͙͔͙͔ͫͤ͗ͤ ;͊ͫͭͦͭ· ͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤ ͍ ͔ͨͦͦ͟ ͒ͦ плςрл ͍ͯ͒͊ͪͦ ͍ ͙ͣͤͯͭͯΦ ̏ͭͦ Ύ͍͔͙͔ͤ͡ ͍͔ͦ͋ͯͫͦͤͦ͡͡ 

͍ͨͦ·΄͔ͤͤ·ͣ ͭͦͤͯͫͦͣ ͙͙ͨ͊ͪ͊ͫͣͨ͊ͭ;͔͎ͫͦͦ͟ ͔ͦͭ͒͊͡ ͍͔͎͔͙͍͚ͭ͊ͭͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· ͙ ͍·͚ͫͦͦ͟ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΌ ͔͔ͫͪ͒;͎ͤͦͦ ͍·͋ͪͦͫ͊Φ 

͙͙͎͙̅ͦͦ͘͡;͔ͫ͊͟Ύ ͙͙͋ͪ͊͒͊ͪ͒͟Ύ ͔ͤ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͙͙ͤ͟͡;͔͙͙ͫͣ͟ ͙͙ͫͣͨͭͦͣ͊ͣ ͙ ͙ͫ;͔͔͊ͭ͘ ͙ͨͪ 

ͺ͙͙͘;͔͚ͫͦ͟ ͎͔ͤ͊ͪͯ͘͟Φ ˻ͤ͊ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͔ͨͦ͊͊ͭ͘͟͡Έ ͍·͚ͫͦͦ͟ ͔͙͍͙ͭͪͤͪͦ͊ͤͤͦͫͭ ͎͙ͦͪ͊ͤͣ͊͘ ͙ ͔ͤ 

͔͔ͭͪ͋ͯͭ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͔ͦͪͪ͟͟ͼ͙͙ ͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͙͍ͨͪͤ͊ͦ͘͟Φ 

˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͙ͣͦ͊ͪ͒͊͟ 

˾͔͎ͯ͡Ύͪͤ·͔ ͺ͙͙͘;͔͙͔ͫ͟ ͎͙ͤ͊ͪͯ͘͟ ͙͍ͨͪͦ͒Ύͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͺ͙͙͎͙ͦͦ͘͡;͔͚ͫͦ͟ ͎͙͔ͨͪͭͪͦͺ͙͙ 

͙ͣͦ͊ͪ͒͊͟Φ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͎͙͔ͨͪͭͪͦͺ͙͙Σ ͦͤ͊ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͍͔ͪ͊ͤͦͣͪͤ·ͣ ͯͭͦ͡΅͔͙͔ͤͣ 

ͣ·΄͔;ͤ·ͻ ͍ͦͦͦͤ͟͡Σ ͫͦͻ͔͙͔ͪ͊ͤͤͣ ͤͦͪͣ͊͡Έ͚ͤͦ ͫͭͪͯͭͯͪ͟· ͔͔ͫͪ͒;͚ͤͦ ͣ·΄ͼ· ͙ ͍͙͔ͦͭͫͯͭͫͭͣ ͺ͙͋ͪͦͤ͘·ͻ 

͙͔͔͙͚ͣͤͤ͘Φ 

͙͙͎͙̅ͦͦ͘͡;͔ͫ͊͟Ύ ͎͙͔ͨͪͭͪͦͺ͙Ύ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͔͙ͯ͡;͔͙ͤΌ ͙ͫ͡· ͫͦͪ͊͟΅͔͙͚ͤ ͔ͫͪ͒ͼ͊ ͙ ͯͯ͡;΄͔͙ͤΌ 

͔͎ͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘Φ ˽͙ͪ Ήͭͦͣ ͫͦͻͪ͊ͤΎ͔ͭͫΎ ͤͦͪͣ͊͡Έ͔ͤͦ ͫͦͦͭͤͦ΄͔͙͔ͤ ͔ͣ͗͒ͯ ͚ͣ͊ͫͫͦ 

͙ͣͦ͊ͪ͒͊͟ ͙ ͦ͋Ά͖ͣͦͣ ͔͚ͨͦͦͫͭ͡ ͔ͫͪ͒ͼ͊Σ ;ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ Ήͺͺ͔͙͍ͭͤͯ͟Ό ͎͔͙͙ͣͦ͒ͤ͊ͣͯ͟Φ 

˾ͦ͡Έ ͍͔͎͔͙͍͚ͭ͊ͭͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· 

˾͔͎ͯ͡Ύͼ͙Ύ ͔͔ͫͪ͒;͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͯ ͔͍ͫͨͦͪͭͫͣͤͦ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͙ͨͪ ͙͍͊ͭͤͦͣ͟ ͯ;͙͙͊ͫͭ 

͍͔͎͔͙͍͚ͭ͊ͭͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Φ ˽͙͙͊ͪ͊ͫͣͨ͊ͭ;͔͙͚ͫ͟ ͔ͦͭ͒͡ ͔͔ͨͪͦ͋͊͒͊ͭ͡ ͍ ͫͦͫͭͦΎ͙͙ͤ ͨͦͦ͟ΎΣ 

͔͔ͦ͋ͫͨ;͙͍͊Ύ Ή͙ͦͤͦͣ͟;ͤ·͚ ͔͙ͪ͗ͣ ͪ͊͋ͦͭ· ͔ͫͪ͒ͼ͊Σ ͎ͭͦ͒͊ ͊͟͟ ͙͙ͫͣͨ͊ͭ;͔ͫ͊͟Ύ ͙͍͊ͭ͊͟ͼ͙Ύ ͙͙͔͒ͦͣͤͪͯͭ ͙ͨͪ 

ͺ͙͙͘;͔͚ͫͦ͟ ͎͔ͤ͊ͪͯ͘͟Φ 

́͊͊͟Ύ ͙͍ͫ͋͊͊ͤͫͪͦ͊ͤͤ͊͡Ύ ͔͎ͪͯ͡Ύͼ͙Ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͫͪ͒ͼͯ ͋·ͫͭͪͦ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ ͙͔ͣͤ͘ΎΌ΅͙ͣͫΎ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

203 

͍͙ͯͫͦ͡Ύͣ ͍͔ͤ΄͔͚ͤ ͙ ͍͔͔͚ͤͯͭͪͤͤ ͔ͫͪ͒·Φ ˤ·ͫͦ͊͟Ύ ͍͙͔͊ͪ͊͋͡ΈͤͦͫͭΈ ͔͔ͫͪ͒;͎ͤͦͦ ͙ͪͭͣ͊ ͯ ͔͍ͫͨͦͪͭͫͣͤͦ 

͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͻͦͪͦ΄͔ͣ ͫͦͫͭͦΎ͙͙ͤ ͔͎ͪͯ͡Ύͭͦͪͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Φ 

͙͙͎͙̅ͦͦ͘͡;͔͔ͫͦ͟ ͙ ͎͙ͨ͊ͭͦͦ͡;͔͔ͫͦ͟ ͙͍͔ͫͨͦͪͭͤͦ ͔ͫͪ͒ͼ͔ 

ˤ͊͗ͤͦ ͙ͦͭ͡;͊ͭΈ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͔ͫͪ͒ͼ͊ ͔ͫͨͦͪͭͫͣͤ͊ ͦͭ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙͚ͤΦ 

͙͙͎͙̅ͦͦ͘͡;͔͔ͫͦ͟ ͙͍͔ͫͨͦͪͭͤͦ ͔ͫͪ͒ͼ͔ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͙ͦ͋ͪ͊ͭͣͦͫͭΈΌ ͙͔͔͙͚ͣͤͤ͘Σ ͍͙͔ͦͭͫͯͭͫͭͣ 

͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͍ͫͣͨͭͦͣͦ ͙ ͫͦͻ͔͙͔ͪ͊ͤͤͣ ͤͦͪͣ͊͡Έ͚ͤͦ ͺͯͤ͟ͼ͙͙ ͙ͣͦ͊ͪ͒͊͟Φ 

˽͎͙͊ͭͦͦ͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘ΎΣ ͙͍ͤ͊ͨͪͦͭΣ ͍ͫͦͨͪͦͦ͗͒͊ΌͭͫΎ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣ ͙ͪͭͣ͊Σ ͙͔͙͔ͫͤ͗ͤͣ 

͙͔ͫͦͪ͊ͭͭ͟͡Έ͚ͤͦ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͙ ͙͙ͤ͟͡;͔͙͙ͫͣ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ͙ͣΦ ˽ͦΉͭͦͣͯ ͔͎ͪͯ͡Ύͪͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ 

ͦͤͭͪͦ͟͡Έ Ύ͍͡Ύ͔ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ Ή͔͔ͣͤͭͦͣ͡ ͙͍͚ͫͨͦͪͭͤͦ ͎͍͙ͨͦ͒ͦͭͦ͟Φ 

˿͔ͪ͒ͼ͔ ͔ͫͨͦͪͭͫͣͤ͊ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͙͔ͨͪͣͪ ͍·͙͍͎ͫͦͦ͊͒͊ͨͭͪͦ͊ͤͤͦͦ͟ ͎ͦͪ͊ͤ͊Σ ͎ͫͨͦͫͦ͋ͤͦͦ 

Ήͺͺ͔͙͍ͭͤͦ͟ ͺͯͤ͟ͼ͙͙͍ͦͤͪͦ͊ͭΈ ͍ ͍͙ͯͫͦ͡Ύͻ ͍ͨͦ·΄͔ͤͤ·ͻ ͎ͤ͊ͪͯͦ͘͟Φ ͙͙͎͙̅ͦͦ͘͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ 
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SPECIAL PHYSIOLOGY OF THE NERVOUS SYSTEM: CEREBELLUM τ STRUCTURE, 

FUNCTIONS, AND CLINICAL MANIFESTATIONS OF LESIONS 

 

Abstract 

The cerebellum is an important part of the central nervous system responsible for coordination of 

movements, maintenance of muscle tone, balance, and precision of motor acts. Although the cerebellum 

does not initiate movements, it plays a key role in their correction and automation. This article discusses the 

anatomical and physiological features of the cerebellum, its divisions, neuronal mechanisms, and main 

clinical manifestations resulting from cerebellar lesions. Special attention is paid to the role of the cerebellum 

in sensory integration and motor control. 

Keywords:  

cerebellum, motor coordination, muscle tone, ataxia, nervous system. 
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͙ͤͺͦͪͣ͊ͼ͙Ό ͦ ͔͙͙ͨͦͦ͗ͤ͡ ͎͍ͦͦ͡· ͙ ͔͙ͯͫͦͪͤ͟ΎͻΣ ͙͙͊ͤ͊ͪͯ͘͡Ύ ͔͖ ͒͡Ύ ͙͙ͫͭ͊͋͊͘͡ͼ͙͙ ͨͦ͘·Φ 

˹͊ͪͯ΄͔͙ͤΎ Ή͚ͭͦ ͺͯͤ͟ͼ͙͙ ͙͍ͨͪͦ͒Ύͭ ͟ ͔͚ͤͯͫͭͦ;͙͍͙ͦͫͭΣ ΄͚͊ͭͦ͟ ͨͦͻ͔ͦ͒͟ ͙ ͎͍͔͙ͦͦͦͪͯ͗ͤ͟͡ΌΦ ͙́͊ͣ͟ 

ͦ͋ͪ͊ͦͣ͘Σ ͔ͣͦ͗͘;ͦ͟ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͔͔ͦ͋ͫͨ;͔͙͙ͤ ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͔ͭ͊͡ ͊͟͟ ͍ ͔ͨͦͦ͟Σ ͭ͊͟ ͙ ͙ͨͪ 

͍͙͔͙͙͒͗ͤΦ 

ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔ͣͦ͗͘;͊͟ ͫ ͎͙͙͒ͪͯͣ ͔͙ͦͭ͒͊ͣ͡ ͎ͣͦ͊͘Φ 

˸͔ͦ͗͘;ͦ͟ ͺͯͤ͟ͼ͙͙͔ͦͤͪͯͭ ͔ͤ ͙͙͍ͦͪͦ͊ͤͤͦ͘͡Σ ͊ ͍ ͔ͭͫͤͦͣ ͍͙͔͚͍͙͙͊ͣͦ͒ͫͭ͘ ͫ ͚ͦͪͦ͟ ͋ͦ͡Έ΄͙ͻ 

ͨͦͯ͡΄͙͚͊ͪ ͙ ͍ͨͦ͒ͦͪͦ͟͟·͙ͣ ͙ͫͭͪͯͭͯͪ͊ͣ͟Φ ͔͔̉ͪ͘ ͔ͣͦ͗͘;͍ͦ͟·͔ ͙ͨͯͭ ͦͤ ͍͙͡Ύ͔ͭ ͤ͊ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ 

͚ͣͦͭͦͪͤͦ ͦͪ͟·Σ Ή͙͙͚ͫͭͪ͊ͨͪ͊ͣ͒ͤͦ͟ ͙͔ͫͫͭͣ· ͙ ͍͍ͫͭͦͦ͡·ͻ ͼ͔͍ͤͭͪͦΦ 

̏ͭͦ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͎͍ͫͦ͊ͫͦ͊ͤͤͯ͡Ό ͔͎ͪͯ͡Ύͼ͙Ό ͍͙͔͙͚͒͗ͤ ͙ ͊͒͊ͨͭ͊ͼ͙Ό ͣͦͭͦͪͤ·ͻ 

͎ͨͪͦͪ͊ͣͣ ͟ ͔ͭͯ͟΅͙ͣ ͍͙ͯͫͦ͡ΎͣΦ ˣ͎͊ͦ͒͊ͪ͡Ύ Ήͭͦͣͯ ͔ͣͦ͗͘;ͦ͟ ͯ;͍͔͊ͫͭͯͭ ͔ͤ ͭͦ͡Έͦ͟ ͍ ͍͙͎͔͒͊ͭ͡Έ͚ͤͦΣ ͤͦ ͙ ͍ 

͔ͤͦͭͦͪ͟·ͻ ͎͙͙͍ͦͤͭͤ͟·ͻ ͨͪͦͼ͔ͫͫ͊ͻΣ ͍͟͡Ό;͊Ύ ͍͙͙͔ͤͣ͊ͤ ͙ ͦ͋ͯ;͔͙͔ͤΦ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͔͙͚ͨͦͪ͊͗ͤ ͔ͣͦ͗͘;͊͟Φ 

˽͔͙͔ͦͪ͊͗ͤ ͔ͣͦ͗͘;͊͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͻ͔͎͊ͪ͊ͭͪͤͦͦ͟ ͙͔ͫͣͨͭͦͣͦͦͣͨͫ͊͟͟͡Σ ͤ͊͘·͍͔͎͊ͣͦͦ 

͔ͣͦ͗͘;͍͚ͦͦ͟ ͙͔͚͊ͭ͊ͫ͟Φ ˻͍ͫͤͦͤ·͙ͣ ͨͪͦΎ͍͔͙ͤ͡Ύ͙ͣ Ύ͍͡ΎΌͭͫΎ ͤ͊ͪͯ΄͔͙͔ͤ ͙ͦͦͪ͒ͤ͊͟ͼ͙͙ ͍͙͔͙͚͒͗ͤΣ 

͙͔͒ͪͦ͗͊ͤ ͔ͦͤ͟;͔͚ͤͦͫͭ ͙ͨͪ ͼ͔͔͍͔ͤ͊ͨͪ͊ͤͤ͡͡·ͻ ͔͚͍͙͒ͫͭΎͻΣ ͙͔͙͔ͫͤ͗ͤ ͣ·΄͔;͎ͤͦͦ ͭͦͤͯͫ͊Φ 

͔́͊͗͟ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ ͔ͪ;͙ ό͙͍ͫ͊ͤ͒ͪͦ͊ͤͤ͊͟Ύ ͔ͪ;ΈύΣ ͙͎ͤͫͭ͊ͣ ͙ ͤ͊ͪͯ΄͔͙͔ͤ 

͍͍͔͙ͪ͊ͤͦͫΎΦ ͙̏ͭ ͙ͫͣͨͭͦͣ· ͔ͤ ͍ͫͦͨͪͦͦ͗͒͊ΌͭͫΎ ͙ͨ͊ͪ͊͡;͙͊ͣΣ ;ͭͦ ͙ͦͭ͡;͔͊ͭ ͔͙ͨͦͪ͊͗ͤΎ ͔ͣͦ͗͘;͊͟ ͦͭ 

͔͙͚ͨͦͪ͊͗ͤ ͍͙͎͔͒͊ͭ͡Έ͚ͤͦ ͦͪ͟·Φ 

˸͔ͦ͗͘;ͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͔͚͊͗ͤ΄͙ͣ ͼ͔ͤͭͪͦͣ ͙ͦͦͪ͒ͤ͊͟ͼ͙͙ ͙ ͔ͦͪͪ͟͟ͼ͙͙ ͍͙͔͙͚͒͗ͤΣ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͣ ͭͦ;ͤͦͫͭΈΣ ͍ͨ͊ͤͦͫͭ͡Έ ͙ ͍͙͊ͭͦͣ͊ͭͣ͘ ͣͦͭͦͪͤ·ͻ ͍͊ͭͦ͟Φ ˩͎ͦ ͺ͙͙͎͙ͦͦ͘͡;͔ͫ͊͟Ύ 

͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͍ͦͫͤͦ͊ͤ͊ ͤ͊ ͫͦ͗ͤ͡·ͻ ͔͚ͤͪͦͤͤ·ͻ ͍ͫΎ͘Ύͻ ͙ ͙͔͎ͤͭͪ͊ͼ͙͙ ͔͚ͫͤͫͦͪͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Φ 

ˮͯ͘;͔͙͔ͤ ;͚͊ͫͭͤͦ ͺ͙͙͎͙͙ͦͦ͘͡ ͔ͣͦ͗͘;͊͟ ͙͔͔ͣͭ ͋ͦ͡Έ΄͔ͦ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΣ ͨͦͫͦ͟͡Έͯ͟ 

ͤ͊ͪͯ΄͔͙ͤΎ ͔͎ͦ ͺͯͤ͟ͼ͙͚ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙ͫͤ͗͊Όͭ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ ˥͔ͯ͋ͦͦ͟͡ ͙͙͔ͨͦͤͣ͊ͤ ͙ͪͦ͡ 

͔ͣͦ͗͘;͊͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͔ͫͦͪ΄͔͍͍ͤͫͭͦ͊ͭΈ ͔ͣͭͦ͒· ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙ ͙ͨͪ ͔͍͎͙ͤͪͦͦ͡;͔͙ͫ͟ͻ 

͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴͔͊ͤ͒͡Έ ̏ΦΣ ͍̊͊ͪͼ ˨͗ΦΣ ˨͔͔͗ͫͫ͡ ́Φ ˽͙ͪͤͼ͙ͨ· ͔͚͙ͤͪͦͤ͊ͯ͟Φ τ ˸ ΦΥ ˶͎ͦͦͫͺ͔ͪ͊Σ нлмнΦ τ мтсл ͫΦ τ URL: 

https:// www.studentlibrary.ru 

нΦ ˴ͦͫͭΌ͟ ˽Φ˥Φ ͙͙͎͙̅ͦͦ͘͡Ύ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Φ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нллфΦ τ оуп ͫΦ τ URL: 

httpsΥκκͤΉ͋Φͪͺ 

оΦ ˿͍ͯ͒͊ͦ͟ ˴ΦˤΦ ˹ͦͪͣ͊͡Έͤ͊Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ τ ˸ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмоΦ τ тнл ͫΦ τ URL: 

https:// www.studentlibrary.ru 

пΦ ˥͎͊ͤͦͤ ̂Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Φ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмлΦ τ спл ͫΦ τ URL: https:// elibrary.ru 

ϭ˥ ͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿Φ, 2025 
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˥͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿Φ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˸˩̆ˢ˹ˮ˭˸̍ ˾˩ˢˣ˿˻˾ˣ̇ˮˮ ˮ ˿˩˴˾˩̇ˮˮ ˤ ˽˻̉˩̉˹̍̆ ˴ˢ˹ˢ˶̎̇ˢ̆  

˽˾ˮ ˾ˢ˭˶ˮ̉˹̍̆ ̂˾˻ˤ˹̒̆ ˤ˻˨˹˻˯ ˹ˢ˥˾̂˭˴ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˨͊ͤͤ͊Ύ ͪ͊͋ͦͭ͊ ͍ͨͦͫΎ΅͔ͤ͊ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͨͪͦͼ͔͍ͫͫͦ ͭͪ͊ͤͫͨͦͪͭ͊ ͍͔΅͔͍ͫͭ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͔͎͔ͫͣͤͭ͊ͻ 

͔ͤͺͪͦͤ͊ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͔͔͙ͫͭͨͤ ͎͙͒ͪ͊ͭ͊ͼ͙͙ ͎͙ͦͪ͊ͤͣ͊͘Φ ˤ ͔͔ͭͫͭ͟ ͨͦ͒ͪͦ͋ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ 

͔ͣͦͯ͟͡͡Ύͪͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͪ͊͋ͦͭ· ͙ͦͤͤ·ͻ ͍͊ͤ͊ͦ͟͡ ͙ ͍͙͍͊͊ͨͦͪͤͦ͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ ͔ͦ͋ͪ͊ͭͤͦ 

͍ͫ͊ͫ·͍͙͔͊ͤ ͍ͦ͒· ͙ Ή͔͙͍ͭͪͦͭͦ͟͡͡Σ ͊ ͔ͭ͊͗͟ ͙͍͔͊ͭͤͦ͟ ͍·͔͔͙͔͒ͤ͡ ͍ͨͪͦ͒ͯͭͦ͟ ͔͙ͣͭ͊͋ͦͣ͊͘͡ ͍ ͍͔ͨͪͦͫͭ 

͊ͤ͊͟͡Έͼ͔͍Φ ˢ͍ͭͦͪ ͙͙͔͊ͤ͊ͪͯͭ͘͡ ͪͦ͡Έ ͙͙͔͙͊ͤͭ͒ͯͪͭ;͔͎ͫͦͦ͟ ͎ͦͪͣͦͤ͊ ͙ ͊͡Έ͔͒ͦͫͭͪͦͤ͊ ͍ ͔͎ͪͯ͡Ύͼ͙͙ 

͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ ͔ͫͭͤͦ͟ ͙͒ͫͭ͊͡Έͤ·ͻ ͔͍ͦͭ͒ͦ͡ ͨͦ;͙͟ ͙ͨͪ ͙͋͘·ͭͦ;ͤͦͣ ͙ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͣ ͔͙͙ͨͦͫͭͯͨͤ͡ 

͙͙͗͒ͦͫͭ͟Φ ͔͔͙́ͦͪͭ;͔ͫ͊͟Ύ ͤ͊͘;͙ͣͦͫͭΈ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙͙ ͒͊ͤͤ·ͻ ͦ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͊͋͡͡Έ͙ͤͦͫͭ ͨͦ;͔;͎ͤͦͦ Ή͙͔͙ͨͭ͡ΎΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͎͔ͯ͋͗͡ ͨͦͤΎͭΈ ͨͪͦͼ͔ͫͫ· 

͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙ͦͫͣͦͭ;͔͎ͫͦͦ͟ ͍͔͙͒͊ͤ͡Ύ ͙ ͍ͦ͒ͤͦ-͔͍͎ͫͦͦͦ͡ ͋͊͊ͤͫ͊͡ ͍ ͙͔ͣͤ͘ΎΌ΅͙ͻͫΎ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ 

͍͙ͯͫͦ͡ΎͻΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͨͦ;͙͟Σ ͔ͪ͊͋ͫͦͪ͋ͼ͙ΎΣ ͔͔ͫͪ͟ͼ͙ΎΣ ͍ͦ͒ͤ͊Ύ ͎ͤ͊ͪͯ͊͘͟Σ ͔ͤͺͪͦͤΣ ͍͙͊͊ͨͦͪͤ͟·Σ ͎͔ͦͣͦͫͭ͊͘Σ  

͙͔͒ͯͪ͘Σ ͙͙͔͙͊ͤͭ͒ͯͪͭ;͔͙͚ͫ͟ ͎ͦͪͣͦͤΦ 

 

˽ͪͦͼ͔ͫͫ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͦͦͤ͟;͔͊ͭ͡Έ͚ͤͦ ͣͦ;͙ ͍ ͨͦ;͊͟ͻ Ύ͍͡Ύ͔ͭͫΎ ͫͦ͗ͤ͡·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘Σ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͣ ͨͦͫͭͦΎ͍ͤͫͭͦ ͍͔͔͚ͤͯͭͪͤͤ ͔ͫͪ͒· ͎͙ͦͪ͊ͤͣ͊͘Φ ˻͍ͫͤͦͤ͊Ύ ͪͦ͡Έ ͍ Ήͭͦͣ ͨͪͦͼ͔͔ͫͫ 

͙͔͙ͨͪͤ͊͒͗ͭ͡ ͔ͪ͊͋ͫͦͪ͋ͼ͙͙ ͙ ͔͔ͫͪ͟ͼ͙͙Σ ͦͭͦͪ͟·͔ ͙ͨͪͦͫͻͦ͒Ύͭ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͍͔͎ͫͦ ͔ͤͺͪͦͤ͊Φ ˽͔ͦͫ͡ 

͔͍͙ͨͪ ;͚ͤͦ ͺ͙͡Έͭͪ͊ͼ͙͙ ͨ͊ͣ͘͡· ͍ ͯ͋ͦ͟͡;͔͟ ͙͗͒ͦͫͭ͟Έ ͔ͨͦͨ͊͒͊ͭ ͍ ͙͔ͫͫͭͣͯ ͊ͤ͊͟͡Έͼ͔͍Σ ͎͔͒ ͤ͊;͙͔ͤ͊ͭͫΎ 

͙͍͊ͭͤ͟·͚ ͭͪ͊ͤͫͨͦͪͭ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͻ ͍͔΅͔͍ͫͭ ͦ͋ͪ͊ͭͤͦ ͍ ͍ͪͦͦͭͦ͟͟Φ ̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ Ή͙ͭͻ ͨͪͦͼ͔͍ͫͫͦ 

ͤ͊ͨͪΎͣͯΌ ͍͙͙͊ͫͭ͘ ͦͭ ͔ͭͯ͟΅͔͎ͦ ͍ͯͪͦͤΎ ͍͚ͦ͒ͤͦ ͎͙ͤ͊ͪͯ͘͟ ͤ͊ ͎͙ͦͪ͊ͤͣ͘Φ ˤ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͦ͋Ά͔ͣ͊ 

͔ͨͦͭͪ͋͡Ύ͔͚ͣͦ ͙͙͗͒ͦͫͭ͟ ͨͦ;͙͟ ͫͨͦͫͦ͋ͤ· ͙ͪ͊͒͊͟͡Έͤͦ ͔ͣͤΎͭΈ ͙͔͙͍ͤͭͤͫͤͦͫͭΈ ͍ͫ͊ͫ·͍͙͊ͤΎ ͍ͦ͒· ͙ ͔͚ͫͦ͡Φ 

ˤ ͙ͨͪͦͫͣ͊͟͡Έͤͦͣ ͙͍͙ͭͦͣ͘ ͊ͤ͊͟͡Έͼ͔ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͙͔͔ͤ͊͋ͦ͡ ͣ͊ͫ΄ͭ͊͋ͤ͊Ύ ͔ͪ͊͋ͫͦͪ͋ͼ͙ΎΣ ͦͭͦͪ͊͟Ύ 

͙ͤͦͫͭ ͦ͋Ύ͔͊ͭ͘͡Έͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ ˭͔͒ͫΈ ͍ͫ͊ͫ·͍͔͊ͭͫΎ ͦͦͦ͟͡ ͍͒ͯͻ ͔͔͚ͭͪͭ ͨͪͦͺ͙͡Έ͍͚ͭͪͦ͊ͤͤͦ ͍ͦ͒·Σ ͊ ͔ͭ͊͗͟ 
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͎ͫͦ͗ͤͦͦ͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͺ͙͙͘;͔͙ͫ͟ͻ ͙ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˽͙͙͔ͦͤͣ͊ͤ ͺ͙͙͎͙͙ͦͦ͘͡ ͨͦ;͔;ͤ·ͻ ͊ͤ͊͟͡Έͼ͔͍ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͒͡Ύ ͦͼ͔͙ͤ͟ ͫͦͫͭͦΎ͙ͤΎ ͍͒ͦͪͦ͘ΈΎ ͙ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͙ͪ͊͘͡;ͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˸͎͙͔ͤͦ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͤ͊;͙ͤ͊ΌͭͫΎ ͫ ͤ͊ͪͯ΄͔͙ͤΎ 

͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͭͪ͊ͤͫͨͦͪͭͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͙͙͡ ͔͙ͨͦͭͪ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͟ ͎ͦͪͣͦͤ͊ͣΦ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ 

͔ͪ͊͟ͼ͙͚ ͨͦ;͙͟ ͤ͊ ͍ͦ͒ͤͯΌ ͎ͤ͊ͪͯͯ͘͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͔͔͍ͪͪ͊͘ ͎ͦͪ͊ͤ͊Φ ˮ͔͎ͤͭͪ͊ͼ͙Ύ ͨͪͦͼ͔͍ͫͫͦ ͔ͪ͊͋ͫͦͪ͋ͼ͙͙ ͙ ͔͔ͫͪ͟ͼ͙͙ ͍ͨͦͦ͘͡Ύ͔ͭ ;͔͍͔ͦͯ͟͡ 
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ͫͯ΅͔͍͍ͫͭͦ͊ͭΈ ͍ ͫ͊ͣ·ͻ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͻ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͍͙ͯͫͦ͡ΎͻΦ  

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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3. Eaton, D. C., & Pooler, J. P. (2018). Vander's renal physiology (9th ed.). McGraw-Hill Education. 

4. Schmidt, R. F., Lang, F., & Heckmann, M. (2011). Physiologie des menschen: mit pathophysiologie. 
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ϭ ˥͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿ΦΣ нлнр 

 

 

 

 

̂˨ ˴327                   

˥͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿Φ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˾˻˶̎ ˸˻˭ˬ˩̉˴ˢ ˤ ˴˻˻˾˨ˮ˹ˢ̇ˮˮ ˿˶˻ˬ˹̍̆ ˽˾˻ˮ˭ˤ˻˶̎˹̍̆ ˨ˤˮˬ˩˹ˮ˯  

ˮ ˾˩˥̂˶̒̇ˮˮ ˸̍̊˩̉˹˻˥˻ ́˻˹̂˿ˢ  

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˨͊ͤͤ͊Ύ ͪ͊͋ͦͭ͊ ͍ͨͦͫΎ΅͔ͤ͊ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙ͪͦ͡ ͔ͣͦ͗͘;͊͟ ͊͟͟ ͼ͔ͤͭͪ͊͡Έ͎ͤͦͦ 

͍͔ͤ͊͘ ͙͔ͫͫͭͣ· ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͚ͣͦͭͦͪͦ͟ ;͔͍͔ͦ͊͟͡Φ ˤ ͔͔ͭͫͭ͟ ͨͦ͒ͪͦ͋ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔ͣͻ͙͊ͤͣ͘·Σ ͫ 

ͨͦͣͦ΅ΈΌ ͦͭͦͪ͟·ͻ Ήͭͦͭ ͔ͦͭ͒͡ ͎ͣͦ͊͘ ͙͔͎͙͔ͤͭͪͪͯͭ ͔ͫͤͫͦͪͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙Ό ͦͭ ͙͔ͨͪͦͨͪͦͪͼ͔͍ͨͭͦͪͦ ͙ 

͍͔͙ͫͭ͋ͯ͡Ύ͎ͪͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ ͒͡Ύ ͔ͦͪͪ͟͟ͼ͙͙ ͔ͭͯ͟΅͙ͻ ͍͙͎͔͒͊ͭ͡Έͤ·ͻ ͍͊ͭͦ͟Φ ˢ͍ͭͦͪ ͙͙͔͊ͤ͊ͪͯͭ͘͡ ͨͪͦͼ͔ͫͫ· 

͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔ͣͦ͗͘;͊͟ ͫ ͚ͣͦͭͦͪͤͦ ͚ͦͪͦ͟ ͙ ͍͍ͫͭͦͦ͡·͙ͣ ͙ͫͭͪͯͭͯͪ͊ͣ͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ ͍ͨ͊ͤͦͫͭ͡ΈΣ 

ͭͦ;ͤͦͫͭΈ ͙ ͔ͫͦͪ͊ͣͪͤͦͫͭ͘Έ ͙͍ͨͪͦͦ͘͡Έͤ·ͻ ͍͙͔͙͚͒͗ͤΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͔͙ͨͦ͒͒ͪ͗͊ͤΌ 

ͣ·΄͔;͎ͤͦͦ ͭͦͤͯͫ͊ ͙ ͫͦͻ͔͙ͪ͊ͤͤΌ ͍͍͔͙ͪ͊ͤͦͫΎΣ ͊ ͔ͭ͊͗͟ ͔͍͙ͨͦͫ͒ͫͭ͡Ύͣ ͤ͊ͪͯ΄͔͙͚ͤ Ή͙ͭͻ ͺͯͤ͟ͼ͙͚ ͙ͨͪ 

͙ͪ͊͘͡;ͤ·ͻ ͎͙ͨ͊ͭͦͦ͡ΎͻΦ ͔͔͙́ͦͪͭ;͔ͫ͊͟Ύ ͤ͊͘;͙ͣͦͫͭΈ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙͙ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͦ ͔ͣͦ͗͘;͔͟ ͔ͤ ͭͦ͡Έͦ͟ ͊͟͟ ͦ ͔͎ͪͯ͡Ύ͔ͭͦͪ ͺ͙͙͘;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟Σ ͤͦ ͙ ͊͟͟ 

ͦ͋ ͎͔ͦͪ͊ͤΣ ͯ;͍͊ͫͭͯΌ΅͔ͣ ͍ ͊͒͊ͨͭ͊ͼ͙͙ ͎͙ͦͪ͊ͤͣ͊͘ ͟ ͫͦ͗ͤ͡·ͣ ͍͙͎͔͒͊ͭ͡Έͤ·ͣ ͊͒͊͘;͊ͣΦ 

 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͔ͣͦ͗͘;ͦ͟Σ ͙ͦͦͪ͒ͤ͊͟ͼ͙ΎΣ ͣ·΄͔;ͤ·͚ ͭͦͤͯͫΣ ͙͍ͨͪͦͦ͘͡Έͤ·͔ ͍͙͔͙͒͗ͤΎΣ ͙ͨͪͦͨͪͦͼ͔ͨͼ͙ΎΣ 

͍͔͙ͫͭ͋ͯ͡Ύͪͤ·͚ ͊ͨͨ͊ͪ͊ͭΣ ͣͦͭͦͪͤ͊Ύ ͦͪ͊͟Σ ͍͙͎͔͒͊ͭ͡Έͤ·͚ ͦͤͭͪͦ͟͡ΈΣ ͍͍͔͙͔ͪ͊ͤͦͫΦ 

 

˸͔ͦ͗͘;ͦ͟ ͙͎͔ͪ͊ͭ ͺ͔ͯͤ͒͊ͣͤͭ͊͡ΈͤͯΌ ͪͦ͡Έ ͍ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙ ͔ͦͤͭͪͦ͟͡ ͍͙͎͔͒͊ͭ͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟ 

;͔͍͔ͦ͊͟͡Σ ͍·ͫͭͯͨ͊Ύ ͍ ͊͟;͔͍͔ͫͭ ͎͍͎͊ͤͦͦ͡ ͙ͦͦͪ͒ͤ͊ͭͦͪ͊͟ ͍͔ͫͻ ͙͍ͨͪͦͦ͘͡Έͤ·ͻ ͍͊ͭͦ͟Φ ˩͎ͦ ͍ͦͫͤͦͤ͊Ύ ͊͒͊͘;͊ 

͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͍͔͙͙ͫͦͨͦͫͭ͊ͤ͡ ͔͔͙ͤ͊ͣͪͤΎ ͍͔ͫͦͪ΄͙ͭΈ ͍͙͔͙͔͒͗ͤ ͫ ͔ͪ͊͡Έͤ·ͣ ͔͎ͦ ͍·͔͙͔ͨͦͤͤͣ͡ ͍ ͔͙͔ͪ͗ͣ 

͔ͪ͊͡Έ͎ͤͦͦ ͍͔͔͙ͪͣͤΦ ˣ͎͊ͦ͒͊ͪ͡Ύ ͦ͋΄͙ͪͤ·ͣ ͍ͫΎ͘Ύͣ ͫ ͚ͦͪͦ͟ ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ ͙ ͔͙ͨͪͺ͔͙ͪ;͔͙͙ͫͣ͟ 

͔ͪͼ͔͙ͨͭͦͪ͊ͣΣ Ήͭͦͭ ͎ͦͪ͊ͤ ͔ͫͨͦͫͦ͋ͤ ͎͍͔ͣͤͦͤͤͦ ͔͙͍ͦͪͪͭͪͦ͊ͭ͟͟Έ ͦ΄͙͙͋͟ ͙ͨͪ ͔ͫͣ΅͔͙͙ͤ ͼ͔ͤͭͪ͊ ͭΎ͔͙͗ͫͭ 

͙͙͡ ͙͔͔͙͙ͣͤͤ͘ ͔͙͙ͭͪ͊ͭͦͪ͟ ͔ͦͤ͟;͙ͤͦͫͭΦ ˣ͔͘ ͯ;͙͊ͫͭΎ ͔ͣͦ͗͘;͊͟ ͔͒͊͗ ͔͚ͨͪͦͫͭ΄͙͔ ͔͚͍͙͒ͫͭΎΣ ͙͔ͭ͊͟ ͊͟͟ 

ͻͦ͒Έ͋͊ ͙͙͡ ͊͘ͻ͍͊ͭ ͔͔ͨͪ͒ͣͭ͊Σ ͔͍͙͙ͨͪͪ͊ͭͫ͡Έ ͋· ͍ ͔͙ͫͪΌ ͔͙͙͍ͤͫͦͦͪ͒ͤͪͦ͊ͤͤ͟·ͻ ͙ ͔͙ͪ͘͟ͻ ͍͙͔͙͚͒͗ͤΦ 
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ˮ͔ͣͤͤͦ Ήͭͦͭ ͔ͦͭ͒͡ ͎ͣͦ͊͘ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͭͯ ͍ͨ͊ͤͦͫͭ͡Έ ͙ Ή͔͎͊ͤͭͤͦͫͭ͡Έ ͙͙ͣͦͭͦͪ͟Σ ͦͭͦͪ͊͟Ύ ͻ͔͊ͪ͊ͭͪͤ͊͟ ͒͡Ύ 

͍͎͒ͦͪͦͦͦ͘ ͍͎ͪͦͫͦͦ͘͡ ;͔͍͔ͦ͊͟͡Φ 

˸͙͙ͪͦͫͦͨ͟͟;͔͔ͫͦ͟ ͔͙͔ͫͭͪͦͤ ͦͪ͟· ͔ͣͦ͗͘;͊͟ ͙ͦͭ͡;͔͊ͭͫΎ ͎͚ͫͭͪͦͦ ͎͔͔͙ͦͣͭͪ;͔͚ͫͦ͟ 

ͯͨͦͪΎ͒ͦ;͔ͤͤͦͫͭΈΌ ͙ ͙ͯͤ͊͟͡Έ͚ͤͦ ͔͚͚ͤͪͦͤͤͦ ͊ͪͻ͙͔͚ͭͭͯͪͦ͟Φ ˴͔͙ͭ͟͡ ˽͙ͯͪͤ͟Έ͔ Ύ͍͡ΎΌͭͫΎ ͎͍͊ͤ͡·͙ͣ 

Ή͔͔͙ͣͤͭ͊ͣ͡Σ ͦͭͦͪ͟·͔ ͙ͫͯͣͣͪͯΌͭ ͍ͫΌ ͨͦͫͭͯͨ͊Ό΅ͯΌ ͙ͤͺͦͪͣ͊ͼ͙Ό ͙ ͺ͙ͦͪͣͪͯΌͭ ͚ͭͦͪͣͦͤͦ͘ ͙͎ͫͤ͊͡ ͒͡Ύ 

͍ͨͦ͒ͦͪͦ͟͟·ͻ Ύ͔͒ͪΦ ˹͊ Ή͙ͭ ͔͙ͭ͟͟͡ ͙ͨͪͻͦ͒Ύͭ ͙͎ͫͤ͊͡· ͦͭ ͣ΄͙ͫͭ·ͻ ͙ ͊͊͘͡Ό΅͙ͻ ͍ͦͦͦͤ͟͡Σ ͔ͤͫͯ΅͙ͻ ͒͊ͤͤ·͔ 

ͦ ͔͙͙ͨͦͦ͗ͤ͡ ͔ͭ͊͡ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ͙ ͦͣ͊ͤ͒͊͟ͻ ͦͭ ͍·΄͔ͫͭͦΎ΅͙ͻ ͼ͔͍ͤͭͪͦΦ ́͊͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͍ͨͦͦ͘͡Ύ͔ͭ 

͔ͣͦ͗͘;ͯ͟ ͪ͊͋ͦͭ͊ͭΈ ͊͟͟ ͣͦ΅ͤ·͚ ͍·;͙͙͔ͫͭ͡͡Έͤ·͚ ͼ͔ͤͭͪΣ ͫͨͦͫͦ͋ͤ·͚ ͦ͋ͪ͊͋͊ͭ·͍͊ͭΈ ͎ͦͪͦͣͤ·͔ ͙ͨͦͭͦ͟ 

͔͚ͫͤͫͦͪͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ͊͘ ͙͙͔ͣͫͯͤ͒͟͡͡·Φ ˿͙ͭ͊͋͡ΈͤͦͫͭΈ Ή͚ͭͦ ͔͚͚ͤͪͦͤͤͦ ͔͙ͫͭ ͎͙͔͊ͪ͊ͤͭͪͯͭ ͭͦ;ͤͦͫͭΈ 

͍·͔͙ͨͦͤͤ͡Ύ ͔͒͊͗ ͫ͊ͣ·ͻ ͔͙ͣ͟͡ͻ ͙ ͙ͭͦͤ͟ͻ ͙ͣ͊ͤͨͯ͡Ύͼ͙͚ ͨ͊͡Έͼ͙͊ͣ ͪͯ͟Φ 

˻͚͒ͤͦ ͙͘ ͍͔͚͊͗ͤ΄͙ͻ ͺͯͤ͟ͼ͙͚ ͔ͣͦ͗͘;͊͟ Ύ͍͡Ύ͔ͭͫΎ ͔͍͔͊͒͊ͭͤͦ͟ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͙ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ 

ͣ·΄͔;͎ͤͦͦ ͭͦͤͯͫ͊Φ ˻ͤ ͨͦͫͭͦΎͤͤͦ ͨͦͫ·͔͊ͭ͡ ͙ͣͨͯ͡Έͫ· ͟ ͍͍ͫͭͦͦ͡·ͣ ͼ͔ͤͭͪ͊ͣΣ ͦͭͦͪ͟·͔ ͍ͯͨͪ͊͡ΎΌͭ 

͙͍͊ͭͤͦͫͭ͟ΈΌ ͊͡Έͺ͊- ͙ ͎͊ͣͣ͊-͔͚͍ͣͦͭͦͤͪͦͤͦ ͙͎ͫͨͤͤͦͦ ͎ͣͦ͊͘Φ ˣ͎͊ͦ͒͊ͪ͡Ύ Ήͭͦͣͯ ͤ͊΄͙ ͣ·΄ͼ· ͍͔͎ͫ͒͊ 

ͤ͊ͻͦ͒ΎͭͫΎ ͍ ͫͦͫͭͦΎ͙͙ͤ ͎͍͙ͦͭͦͤͦͫͭ ͟ ͍͔ͫͦͪ΄͔͙ͤΌ ͍͙͔͙͒͗ͤΎ ͙͙͡ ͔͙ͯ͒ͪ͗͊ͤΌ ͙ͫͭ͊ͭ;͔͚ͫͦ͟ ͨͦ͘·Φ ˽͙ͪ 

͍͔͔͙͙ͨͦͪ͗͒ͤ ͔ͣͦ͗͘;͊͟ ͭͦͤͯͫ ͣ·΄ͼ ͦ͋·;ͤͦ ͔ͪͦ͘͟ ͙͔ͫͤ͗͊ͭͫΎΣ ;ͭͦ ͔͔͒͊ͭ͡ ͍͙͔͙͒͗ͤΎ ͍Ύ͡·͙ͣ ͙ ͙͡΄͔͊ͭ 

;͔͍͔ͦ͊͟͡ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͫͦͻͪ͊ͤΎͭΈ ͚ͯͫͭͦ;͙͍ͦͫͭΈΦ ˽͍͙ͪ͊͡Έͤ͊Ύ ͔͎ͪͯ͡Ύͼ͙Ύ ͭͦͤͯͫ͊ ͍ͨͦͦ͘͡Ύ͔ͭ Ή͙ͦͤͦͣͭ͟Έ 

Ή͔͎͔͙ͤͪͭ;͔͙͔ͫ͟ ͔ͪͫͯͪͫ· ͎͙ͦͪ͊ͤͣ͊͘ ͙ͨͪ ͙͔͒ͭ͡͡Έͤͦͣ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͍͔͙ͪͭ͊͟͡Έ͎ͤͦͦ ͔͙ͨͦͦ͗ͤ͡ΎΦ 

˴͙ͦͦͪ͒ͤ͊ͼ͙Ύ ͫͦ͗ͤ͡·ͻ ͙͍ͨͪͦͦ͘͡Έͤ·ͻ ͍͙͔͙͚͒͗ͤ ͔͍ͤͦͣͦ͗ͤ͊͘ ͔͋͘ ͙͔͎ͤͭͪ͊ͼ͙͙ ͙͎͍ͫͤ͊ͦ͡ ͦͭ 

͍͔͙ͫͭ͋ͯ͡Ύ͎ͪͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊Σ ͤ͊ͻͦ͒Ύ΅͔͎ͦͫΎ ͍ͦ ͍͔͔ͤͯͭͪͤͤͣ ͯͻ͔Φ ˢͪͻ͙ͼ͔͔͔ͪ͋ͯͣ͡͡Σ ͙͙͡ ͔͍͒ͪͤΎΎ ;͊ͫͭΈ 

͔ͣͦ͗͘;͊͟Σ ͔ͫͨͼ͙͙͙͔͊ͪͯͭͫ͘͡Ύ ͙͔ͣͤͤͦ ͤ͊ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͍͍͔͙ͪ͊ͤͦͫΎ ͙ ͔ͦͤͭͪͦ͟͡ ͍͙͔͙͚͒͗ͤ ͎͊͘͡Φ ˻ͤ 

͙͙͔͊ͤ͊ͪͯͭ͘͡ ͔͙͔ͨͦͦ͗ͤ͡ ͎͍ͦͦ͡· ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͍͔ͭͦͪ͊͟ ͎͍͙ͪ͊ͭ͊ͼ͙͙ ͙ ͔͙͔ͦͪͪͭͪͯͭ͟͟ ͪ͊͋ͦͭͯ ͔͍͚ͦͫͦ 

ͣͯͫͯ͊ͭͯͪ͟͡· ͍͙ͭͯͦ͡΅͊Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ;͔͍͔ͦͯ͟͡ ͔ͯͫͨ΄ͤͦ ͔͔͔ͨͪͣ΅͊ͭΈͫΎ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΣ ͔ͤ ͔ͭͪΎΎ 

͙͔ͦͪͤͭ͊ͼ͙͙ ͔͒͊͗ ͙ͨͪ ͋·ͫͭͪ·ͻ ͍ͨͦͦͪͦͭ͊ͻ ͙͙͡ ͨͪ·͗͊͟ͻΦ ˤ͔͙ͫͭ͋ͯ͡Ύͪͤ·͔ ͔ͪͺ͔ͫ͟͡· ͊ͣ͘·͊͟ΌͭͫΎ ;͔͔ͪ͘ 

͔ͣͦ͗͘;ͦ͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͙͙ͫͭ͊͋͊͘͡ͼ͙Ό ͍ͦͪ͊͘ ͍ͦ ͍͔ͪͣΎ ͍͙͔͙͒͗ͤΎΦ 

˽͔͊ͦ͡ͼ͔͔͔ͪ͋ͯͣ͡͡Σ ͙͙͡ ͫͭ͊ͪ͊Ύ ;͊ͫͭΈ ͔ͣͦ͗͘;͊͟Σ ͍ ͍ͦͫͤͦͤͦͣ ͍͔ͦͭ;͔͊ͭ ͊͘ ͙ͦͦͪ͒ͤ͊͟ͼ͙Ό ͍͙͔͙͚͒͗ͤ 

͔ͦͤ͟;͔͚ͤͦͫͭ ͙ ͍͙ͭͯͦ͡΅͊Φ ˿Ό͒͊ ͔ͨͦͫͭͯͨ͊ͭ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͦͭ ͙͔ͨͪͦͨͪͦͪͼ͔͍ͨͭͦͪͦ ͣ·΄ͼ ͙ ͫͯͻ͙͙͚ͦ͗͡Σ 

ͫͦͦ͋΅͊Ό΅͊Ύ ͦ ͔͔͙ͫͭͨͤ ͙ͻ ͪ͊ͫͭΎ͔͙͗ͤΎ ͙ ͫͦͪ͊͟΅͔͙ͤΎΦ ˹͊ ͍͔ͦͫͤͦ Ή͙ͭͻ ͒͊ͤͤ·ͻ ͔ͣͦ͗͘;ͦ͟ ͍·;͙ͫ͡Ύ͔ͭ 

͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ ͙ͫͯ͡ ͙ ͙͔͒ͭ͡͡ΈͤͦͫͭΈ ͫͦͪ͊͟΅͔͙ͤΎ ͚͊͗͒ͦ͟ ͣ·΄͔;͚ͤͦ ͎ͪͯͨͨ·Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙͎͔͒ͦͫͭ͊ͭͫΎ 

͙͔͒͊͡Έͤ͊Ύ ͔ͫͦͪ͊ͣͪͤͦͫͭ͘Έ ͍͙͔͙͚͒͗ͤΣ ͔͍ͨͪ͒ͦͭͪ͊΅͊Ό΅͊Ύ ͙͋͘·ͭͦ;ͤͦͫͭΈ ͙͙͡ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ 

͎ͣͦͭͦͪͤͦͦ ͙͙ͯͫ͡ΎΦ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͨͦͤͦͫͭ͡ΈΌ ͤ͊ ͔ͨͦ͒ͫͦͤ͊ͭ͘͡Έͤͦͣ ͯ ͍͔ͪͦͤΣ ͍ͦͫͦ͋ͦ͗͒͊Ύ ͦͪͯ͟ 

͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪ ͒͡Ύ ͔ͪ΄͔͙ͤΎ ͍ͭͦͪ;͔͙ͫ͟ͻ ͊͒͊͘;Φ 

˹͔ͦͼ͔͔͔ͪ͋ͯͣ͡͡Σ ͫ͊ͣ͊Ύ ͣͦͦ͒͊͡Ύ ͙ ͪͯͨͤ͊͟Ύ ;͊ͫͭΈ ͔ͣͦ͗͘;͊͟Σ ͔ͭͫͤͦ ͍͙͔͚͍͔͊ͣͦ͒ͫͭͯͭ͘ ͫ ͚ͣͦͭͦͪͤͦ 

͙ ͔͚ͨͪͣͦͭͦͪͤͦ ͙ͦͤ͊ͣ͘ ͦͪ͟·Φ ˻ͤ͊ ͯ;͍͔͊ͫͭͯͭ ͍ ͙͍͙͙ͨ͊ͤͪͦ͊ͤ͡ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͫͦ͗ͤ͡·ͻ 

͍͙͎͔͒͊ͭ͡Έͤ·ͻ ͍͊ͭͦ͟ ͔΅͔ ͒ͦ ͙ͻ ͺ͙͊ͭ͟;͔͎ͫͦͦ͟ ͤ͊;͊͊͡Φ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͒͡Ύ ͍·͔͙ͨͦͤͤ͡Ύ ͋·ͫͭͪ·ͻΣ 

͙͙͋͊ͫͭ͡͡;͔͙ͫ͟ͻ ͍͙͔͙͚͒͗ͤΣ ͦͭͦͪ͟·͔ ͙ͫ͡΄ͦͣ͟ ͙ͦͪͦͭ͟͟Σ ;ͭͦ͋· ͔͙͍ͦͪͪͭͪͦ͊ͭ͟͟ΈͫΎ ͨͦ ͻͦ͒ͯ ͍·͔͙ͨͦͤͤ͡Ύ 

;͔͔ͪ͘ ͦ͋ͪ͊ͭͤͯΌ ͍ͫΎ͘ΈΦ ˸͔ͦ͗͘;ͦ͟ ͻ͙ͪ͊ͤͭ ζ͍͙͎͔͒͊ͭ͡Έͤ·͔ ͎ͨͪͦͪ͊ͣͣ·ηΣ ͦͭͦͪ͟·͔ ͍ͨͦͦ͘͡ΎΌͭ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͣ ͔ͫͨͦͪͭͫͣͤ͊ͣ ͙ ͣͯ͘·͊ͤͭ͊ͣ͟ ͙͎͒ͦͫͭ͊ͭΈ ͍͙͙ͪͭͯͦͤͦͫͭ͘Φ ˤ·ͫͦ͊͟Ύ ͫͦͪͦͫͭ͟Έ ͔ͦ͋ͣͤ͊ 

͙ͤͺͦͪͣ͊ͼ͙͔͚ ͔ͣ͗͒ͯ ͚ͦͪͦ͟ ͙ ͔ͣͦ͗͘;ͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͎͊ͦͦͣ͘͡ ͔ͯͫͨ΄͎ͤͦͦ ͍͔͙ͦͫͦͤΎ ͍ͤͦ·ͻ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͍ͤ͊·͍ͦ͟Φ 

˸͔ͦͭͦͪͤͦ ͦ͋ͯ;͔͙͔ͤ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͙ͯͤ͊͟͡ΈͤͯΌ ͫͨͦͫͦ͋ͤͦͫͭΈ ͔ͣͦ͗͘;͊͟ ͙͔ͣͤ͘ΎͭΈ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͙ͫͤ͊ͨͭ;͔͙ͫ͟ͻ ͔͔ͨͪ͒͊; ͍ ͍͔ͦͭͭ ͤ͊ ͍ͨͦͭͦͪΎΌ΅͙͚ͫΎ ͦͨ·ͭΦ ˴͎ͦ͒͊ ͣ· ͯ;͙ͣͫΎ ͔͙͒ͭ͘Έ ͤ͊ 

͍͔͙͔͔ͦͫͨ͒͡ ͙͙͡ ͙͎ͪ͊ͭΈ ͤ͊ ͙͔͔ͤͫͭͪͯͣͤͭΣ ͔ͣͦ͗͘;ͦ͟ ͺ͙͙͔ͫͪͯͭ͟ ͔ͯͫͨ΄ͤ·͔ ͨͦͨ·͙ͭ͟ ͙ ͍ͨͦ͒͊͡Ύ͔ͭ 

ͦ΄͙͋ͦ;ͤ·͔ ͙ͣͨͯ͡Έͫ·Φ ˽ͪͦͼ͔ͫͫ ͎͍͔͔͚͒ͦͦͪͣͤͤͦ͡ ͔͔͙͙͒ͨͪͫͫ ͍ ͙ͫͤ͊ͨͫ͊ͻ ͔ͭͦ͟͟͡ ˽͙ͯͪͤ͟Έ͔ ͫ;͙͔ͭ͊ͭͫΎ 

͟͡Ό;͔͍·ͣ ͔ͣͦͯ͟͡͡Ύͪͤ·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘ ͔͔͙͊ͪͨͤ͘͟͡Ύ ͍͙͎͔͒͊ͭ͡Έ͚ͤͦ ͨ͊ͣΎ͙ͭΦ ˿ͦ ͍͔͔͔ͪͣͤͣ ͍͙͔͙͔͒͗ͤ 

͍͙ͫͭ͊ͤͦͭͫΎ ͍͙͊ͭͦͣ͊ͭ;͔͙ͫͣ͟Σ ͔ͤ ͔ͭͪ͋ͯΌ΅͙ͣ ͔ͫͦͤ͊ͭ͘͡Έ͎ͤͦͦ ͦͤͭͪͦ͟͡Ύ ͊͘ ͚͊͗͒ͦ͟ ͺ͚͊ͦ͘ ͫͦͪ͊͟΅͔͙ͤΎ 
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ͣ·΄ͼΦ ˸͔ͦ͗͘;ͦ͟Σ ͙ͭ͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍·͔ͫͭͯͨ͊ͭ ͍ ͙ͪͦ͡ ͯ;͙͔ͭ͡Ύ ͒͡Ύ ͍͔͚ͫ ͍͙͎͔͒͊ͭ͡Έ͚ͤͦ ͙͔ͫͫͭͣ· 

͎͙ͦͪ͊ͤͣ͊͘Φ 

˽͎͙͊ͭͦͦ͡;͔͙͔ͫ͟ ͫͦͫͭͦΎ͙ͤΎΣ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͔͙͔ͨͦͪ͊͗ͤͣ ͔ͣͦ͗͘;͊͟Σ ͎ͤ͊͡Ύ͒ͤͦ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͔͎ͦ 

͔͔͙ͤ͊ͣͤͣͦͫͭ͘Έ ͍ ͍͔͔͍͚ͨͦͫ͒ͤͤͦ ͙͙͗ͤ͘Φ ˴͙͊ͫͫ͡;͔ͫ͊͟Ύ ͙ͭͪ͊͒͊ ͙͍ͫͣͨͭͦͣͦ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͙͊ͭ͊ͫ͟ΌΣ 

͔͙͊ͫͭͤΌ ͙ ͙͊ͭͦͤΌΣ ;ͭͦ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͤ͊ͪͯ΄͔͙͙ͤ ͨͦͻ͙ͦ͒͟Σ ͋·͚ͫͭͪͦ ͯͭͦͣ͡Ύ͔͙ͣͦͫͭ ͙ ͙͔͙͙ͫͤ͗ͤ ͙ͫ͡·Φ 

ˣͦ͡Έͤ·͔ ͫ ͙͙ͭ͊ͣ͟ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣ ;͊ͫͭͦ ͔ͤ ͎ͣͦͯͭ ͨͦͨ͊ͫͭΈ ͨ͊͡Έͼ͔ͣ ͍ ͦͤ͟;͙͟ ͤͦͫ͊ ͙͘-͊͘ ͍·͔͎ͪ͊͗ͤͤͦͦ 

͔ͭͪͣͦͪ͊Σ ͍͙ͦͤ͊͘͟Ό΅͔͎ͦ ͙ͨͪ ͙͙͔͙͙ͨͪ͋͗ͤ͡ ͟ ͼ͔͙͡Φ ̂ ͙ͤͻ ͤ͊ͪͯ΄͔͊ͭͫΎ ͔ͪ;ΈΣ ͦͭͦͪ͊͟Ύ ͍͙ͫͭ͊ͤͦͭͫΎ 

͔ͨͪͪ·͍͙͚ͫͭͦ ͙ ͔ͭͪΎ͔ͭ ͍ͫͦΌ ͔͔͍͔ͫͭͫͭͤͤͯΌ ͔͙ͣͦ͒ͯ͟͡Φ ͙̏ͭ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͙͔ͨͪͣͪ· ͨͦ͒;͔͙͍ͪ͊͟Όͭ ͪͦ͡Έ 

͔ͣͦ͗͘;͊͟ ͍ ͔͔ͦ͋ͫͨ;͔͙͙ͤ ͍͔͔͚ͪͣͤͤͦ ͙ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͭͦ;͙ͤͦͫͭ ͔͚͍͙͚͒ͫͭΦ 

˭͊͟͡Ό;͔͙͔ͤ 

ˤ ͊͘͟͡Ό;͔͙͔ͤ ͔͔ͫ͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͔ͣͦ͗͘;ͦ͟ Ύ͍͡Ύ͔ͭͫΎ ΄͔͔͍͒ͪͦͣ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͙͔͔͙͙ͤ͗ͤͪΣ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͣ ͎͙͊ͪͣͦͤΌ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͔ͭ͊͡ ͙ ͪ͊ͯͣ͊͘Φ ˩͎ͦ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ ͋·͚ͫͭͪͦ ͔ͦ͋ͪ͊͋ͦͭ͟ 

͒͊ͤͤ·ͻ ͙ ͙ͨ͊ͫͭ͡;͙ͤͦͫͭ ͔͔͒͊ͭ͡ ͍ͦͣͦ͗ͤ͘·ͣ ͔͔͋ͫͦͤ͟;͔ͤͦ ͙͔ͪ͊ͤͦͦ͋ͪ͊͘͘ ͍͙͔͙͚͒͗ͤ ͙ ͍ͤ͊·͍ͦ͟Φ ˮͯ͘;͔͙͔ͤ 

ͺ͙͙͎͙͙ͦͦ͘͡ ͔ͣͦ͗͘;͊͟ ͔ͦͫͭ͊ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͫ͊ͣ·ͻ ͊ͭͯ͊͟͡Έͤ·ͻ ͊͒͊͘; ͍͔͔͚ͫͦͪͣͤͤͦ ͔͚͙ͤͪͦͤ͊ͯ͟Φ 

˽͙͙͔ͦͤͣ͊ͤ ͙ͨͪͤͼ͙͍ͨͦ ͔͎ͦ ͪ͊͋ͦͭ· ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͫͦ͒͊͊ͭ͘Έ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·͔ ͔ͣͭͦ͒· ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙ 

͔ͨͦͫ͡ ͍ͭͪ͊ͣ ͙ ͙ͤͫͯ͡Έ͍ͭͦΦ ˤ͊͒͟͡ Ή͎ͭͦͦ ͔ͤ͋ͦ͡Έ΄͎ͦͦ ͔ͦͭ͒͊͡ ͎ͣͦ͊͘ ͍ ͦ͋΅͔͔ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ;͔͍͔ͦ͊͟͡ 

͔͍ͤͦͣͦ͗ͤͦ͘ ͔͔ͨͪͦͼ͔͙ͤͭΈΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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ϭ ˥͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿ΦΣ нлнр 

 

 

 

 

˥·͡·;͔͍ͣ͊ͣͣ͒ͦ͊ ˸͚͊Ύ ͙͙͔͍̊ͪͤ͊ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ ˢ΄ͻ͊͋͊͒ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

͙̏ͤ͒ͦͪͤͤ͟·͔ ͙͒ͪ͊ͨͭͦͪ͘· ό̏˨ύ τ Ή͎͔ͦͤͤ͘͟·͔ ͍͔΅͔͍ͫͭ͊Σ ͤ͊ͪͯ΄͊Ό΅͙͔ ͺͯͤ͟ͼ͙Ό Ή͙͚ͤ͒ͦͪͤͤͦ͟ 

͙͔ͫͫͭͣ·Σ τ ͔͍͙͙ͨͪͪ͊ͭͫ͡Έ ͍ ͎ͦ͋͊͡͡ΈͤͯΌ ͔ͨͪͦ͋ͣͯ͡ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ ˩͙ͫ͡ ͙͔ͪ͊ͤͤ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͺ͙͍͙ͦͯͫͪͦ͊ͫ͟͡Έ ͤ͊ ͙͊ͫͫ͟͡;͔͙ͫ͟ͻ ͔͙͔͙ͫͦ͒ͤͤΎͻ ό͙͋ͫͺ͔ͤͦ͡ ˢΣ ͺͭ͊͊ͭ͡·Σ ͙͙͒ͦͫͤ͟·ύΣ ͭͦ 

͍͔͔ͫͦͪͣͤͤ͊Ύ ͤ͊ͯ͊͟ ͫͭͦͤͯ͊ͫ͟͡͡Έ ͫ ͍͚ͤͦͦ ͍͚ͦͤͦ͡ ͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡Σ ͦ͋͊͒͊͡Ό΅͙ͻ ͍·͔͚ͪ͊͗ͤͤͦ 

Ή͙͚ͤ͒ͦͪͤͤͦ͟ ͙͍͊ͭͤͦͫͭ͟ΈΌ ͙ ͙ͫ͟͡Ό;͙͔ͭ͡Έ͚ͤͦ ͚ͫͭͦͦͫͭ͟ΈΌ ͍ ͦͪͯ͗͊͟Ό΅͔͚ ͔͔ͫͪ͒Φ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͔ͨͪ- 
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ENDOCRINE DISRUPTION IN THE 21ST CENTURY: EMERGING CONTAMINANTS, LONG-TERM 

CONSEQUENCES, AND MECHANISMS OF TRANSGENERATIONAL EFFECTS 

 

Abstract 

Endocrine disruptors(EDs) ς exogenous substances that interfere with the endocrine system ς have 

evolved into a global public health challenge. While early research focused on classical compounds (bisphenol 

A, phthalates, dioxins), modern science is confronted with a new wave of pollutants possessing significant 

endocrine activity and exceptional environmental persistence. These include per- and polyfluoroalkyl 

substances (PFAS), microplastics with their adsorbed toxicants, as well as certain new plasticizers and flame 

retardants. Of particular concern are their ability to bioaccumulate, long-term low-dose exposure, and, most 

importantly, transgenerational effects mediated by epigenetic mechanisms.  

Keywords 

n͔docrine disruptors, per- and polyfluoroalkyl substances (PFAS), microplastics, transgenerational effect, 

epigenetic programming, obesity, type 2 diabetes, reproductive health. 

 

ˤ͍͔͔͙͔͒ͤ  

͙̏ͤ͒ͦͪͤͤ͊͟Ύ ͙͔ͫͫͭͣ͊Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͊Ύ ͎͔ͦͣͦͫͭ͊͘ ͙ ͔͎ͪͯ͡Ύͼ͙Ό ͍͔ͫͻ ͺͯͤ͟ͼ͙͚ ͎͙ͦͪ͊ͤͣ͊͘Σ 

;͔͍ͪ͘·;͚͊ͤͦ ͯΎ͍͙ͣ͊͘ ͟ ͍͔͚͍͙ͦ͒ͫͭ͘Ό ͎͔͊ͤͭͪͦͨͦͤͤ·ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭΦ ͙̏ͤ͒ͦͪͤͤ͟·͔ ͙͒ͪ͊ͨͭͦͪ͘· 

ό̏˨ύ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͊͟͟ Ή͎͔ͦͤͤ͘͟·͔ ͍͔΅͔͍ͫͭ͊ ͙͙͡ ͔͙ͫͣͫΣ ͦͭͦͪ͟·͔ ͤ͊ͪͯ΄͊Όͭ ͺͯͤ͟ͼ͙Όόͼ͙͙ύ 

Ή͙͚ͤ͒ͦͪͤͤͦ͟ ͙͔ͫͫͭͣ· ͙Σ ͊͟͟ ͔͍͙͔ͫ͒ͫͭ͡Σ ͍·͘·͍͊Όͭ ͔͎͙ͤ͋͊ͦͨͪ͡Ύͭͤ·͔ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͒͡Ύ ͍͒ͦͪͦ͘ΈΎ 

͙͎ͤͭ͊ͭͤͦͦ͟ ͎͙ͦͪ͊ͤͣ͊͘ ͙͙͡ ͔͎ͦ ͍ͨͦͭͦͣͫͭ͊ ώмϐΦ ˤ XXI ͍ ͔͔͟ ͔ͫͨͭͪ͟ ͙͍͔ͫͭͤ͘·ͻ ̏˨ ͤ͊͘;͙͔ͭ͡Έͤͦ ͪ͊ͫ΄͙͙ͪͫ͡Ύ 

͊͘ ͫ;͔ͭ ͍·͚͙ͫͦͦͫͭͦ͟͟ͻ ͻ͙͙͍ͣ͊ͭͦ͟Σ ΄͙ͪͦͦ͟ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ ͍ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ͙ ͔͙͔ͨͦͭͪ͋ͭ͡Έ͙ͫ͟ͻ 

͍ͭͦ͊ͪ͊ͻΦ ˮͻ ͙ͦͭ͡;͙͔ͭ͡Έͤ·͙ͣ ;͔͙ͪͭ͊ͣ Ύ͍͡ΎΌͭͫΎ ͍͔͔͔ͨͦͫͣͫͭͤͦ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΣ ͔͙͔ͨͪͫͫͭͤͭͤͦͫͭΈ ͍ 

ͦͪͯ͗͊͟Ό΅͔͚ ͔͔ͫͪ͒ ͙ ͎͙͔ͦͪ͊ͤͣ͘ ό͔͙ͨͪͦ͒ ͍ͨͦͯ͡·͍͔͔͙͒ͤΎ ͔ͤͦͭͦͪ͟·ͻ ˽̅ˢˤ ͙͎͔͒ͦͫͭ͊ͭ ͔ͤͫͦ͟͡Έ͙͟ͻ ͔ͭ͡ύΣ 

͊ ͔ͭ͊͗͟ ͫͨͦͫͦ͋ͤͦͫͭΈ ͦ͊͘͟·͍͊ͭΈ Ήͺͺ͔ͭ͟· ͙ͨͪ ͚͔ͪ͊ͤ͟ ͙͙ͤ͘͟ͻ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙ΎͻΣ ͔ͦͫͦ͋ͤͤͦ ͍ ͙͙ͪͭ͟;͔͙͔ͫ͟ 

͔͙ͨͪͦ͒· ͍͙͙ͪ͊ͭ͘Ύ ό͍͙ͤͯͭͪͯͭͪͦ͋ͤ·͚Σ ͙͚ͪ͊ͤͤ ͨͦͫͭͤ͊ͭ͊͡Έͤ·͚Σ ͔ͨͯ͋ͪͭ͊ͭͤ·͚ύ ώнϐΦ ˴͙͊ͫͫ͡;͔͙͔ͫ͟ 

ζ͔ͦ͋ͫͼ͔͔ͤͤͤ·͔η ̏˨ ό͙͔ͭ͊͟ ͊͟͟ ˨˨́ ͙͙͡ ͙ͨͦ͡ͻ͙͍ͦͪͪͦ͊ͤͤ͡·͔ ͙͋ͺ͔͙ͤ͡·ύ ͔͙͙ͫͣͤͫ͡Έ ͍ͤͦ·͙ͣΣ ͔ͤ ͔͔͔ͣͤ 

ͦͨ͊ͫͤ·͙ͣ ͔͙͔͙ͫͦ͒ͤͤΎ͙ͣΣ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͔͔ͨͪͦͼ͔͙ͤ͟ ͙͍ͪͫͦ͟ ͙ ͍ͤͦ·ͻ ͤ͊ͯ;ͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦΦ ͔̇͡Έ ͎͒͊ͤͤͦͦ 

ͦ͋ͦͪ͊͘ τ ͨ ͙͙͍ͪͦ͊ͤ͊ͪͦ͊ͭ͘͡Έ ͍͔͔ͫͦͪͣͤͤ·͔ ͒͊ͤͤ·͔ ͦ ͍ͤͦ·ͻ ͊ͫͫ͊͟͡ͻ ̏˨Σ ͙ͻ ͎͒ͦͦͫͪͦ͡;ͤ·ͻ ͔͍͙ͨͦͫ͒ͫͭ͡Ύͻ 

͒͡Ύ ͍͒ͦͪͦ͘ΈΎ ;͔͍͔ͦ͊͟͡ ͙ ͔ͣͻ͙͊ͤͣ͊͘ͻ ͔͙ͪ͊͊͘͡ͼ͙͙ ͎͔͔ͭͪ͊ͤͫͤͪ͊ͼ͙ͦͤͤ·ͻ Ήͺͺ͔͍ͭͦ͟Φ 

мΦ ˹͍͔ͦͦ ͔͙͔ͨͦͦͤ͟͡ Ή͙ͤ͒ͦͪͤͤ͟·ͻ ͙͍͒ͪ͊ͨͭͦͪͦ͘Υ ͻ͙͙ͣΎΣ ͙ͫͭͦ;͙͙ͤ͟ ͙ ͙ͨͯͭ ͍͔͚͍͙ͦ͒ͫͭ͘ΎΦ 

ϊ ˽͔ͪ- ͙ ͙ͨͦ͡ͺ͙ͭͦͪ͊͟͡͡Έͤ·͔ ͍͔΅͔͍ͫͭ͊ ό˽̅ˢˤΣ PFASύΥ ˴͔͚ͪͯͨͤ΄͙͚ ͊ͫͫ͟͡Σ ͍͟͡Ό;͊Ό΅͙͚ ͭ·ͫΎ;͙ 
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͔͙͔͙͚ͫͦ͒ͤͤ ό˽̅˻˿Σ ˽̅˻˴Σ GenXύΦ ˮͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͙͙͎͊ͤͭͨͪ͊ͪͤ·ͻ ͨͦͪ͟·͙ͭΎͻΣ ͍͙͍ͦ͒ͦͦͭͭ͊͊͟͡Ό΅͙ͻ 

ͭ͊ͤ͟ΎͻΣ ͍͔ͯͨ͊ͦ͟͟ ͙ͨ΅͔͍·ͻ ͍ͨͪͦ͒ͯͭͦ͟Σ ͎͔ͦͤͭͯ΄͊΅͔͚ ͔͔ͨͤΦ ˽͙ͪͦͤ͊͟Όͭ ͍ ͎͙ͦͪ͊ͤͣ͘ ;͔͔ͪ͘ ͙ͨ΅ͯΣ ͍ͦ͒ͯΣ 

ͨ·͡ΈΦ ˻͍ͫͤͦͤ·͔ ͙ͣ΄͔͙ͤΥ ͔ͪͼ͔ͨͭͦͪ· tt!wʰ/  ɹ όͤ͊ͪͯ΄͔͙͔ͤ ͙͙͎ͨ͒ͤͦͦ͡ ͙ ͎͔͍͎ͯͦ͒ͤͦͦ͡ ͔ͦ͋ͣͤ͊ύΣ 

͔ͨͦͭͤͼ͙͊͡Έͤͦ τ ͪ ͔ͼ͔ͨͭͦͪ· ͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦ ͙ Ή͎͔͍ͫͭͪͦͤͦ ώоϐΦ 

ϊ ˸͙͙ͪͦͨ͊ͫͭ͟͟͡ όғр ͣͣύ ͙ ͙ͨ͊ͫͭ͡ͺ͙͊ͭͦͪ͟·Υ ͍̒͡Ύ͔ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͔ͣͻ͙͊ͤ;͔͙ͫͣ͟ ͎͊ͪ͘Ύ͙͔͔ͤͭͣ͘͡Σ ͤͦ 

͙ ͍͔ͭͦͪͦͣ͟ ͒͡Ύ ͎͙͒ͪͯͻ ̏˨ όͺͭ͊͊ͭ͡·Σ ͙͋ͫͺ͔ͤͦ͡·Σ ͭΎ͔͗͡·͔ ͔ͣͭ͊ͭ͡·ύΣ ͙͍͊͒ͫͦͪ͋ͪͦ͊ͤͤ·ͻ ͤ͊ ͔͎ͦ 

͍͔ͨͦͪͻ͙ͤͦͫͭΦ ˹͍ͦ·͔ ͙ͨ͊ͫͭ͡ͺ͙͊ͭͦͪ͟·Σ ͙͔ͭ͊͟ ͊͟͟ ͙͒όн-Ή͙͎͔͙ͭͫ͟͡͡ύ ͔͔ͭͪͺͭ͊͊ͭ͡ όDEHTύΣ ͔͙͔ͪ͊ͣͪͯͣ͟͡·͔ 

͊͟͟ ζ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ·͔ηΣ ͔ͭ͊͗͟ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ Ή͙ͤ͒ͦͪͤͤͯ͟Ό ͙͍͊ͭͤͦͫͭ͟Έ ώпϐΦ 

ϊ ˥͎͔͙͍͊ͦͤͪͦ͊ͤͤ͡·͔ ͙͙͔͊ͤͭͨͪͤ·Υ ˹͙͔͊ͨͪͣͪΣ ͙͙͍ͨͦ͋ͪͦͣͪͦ͊ͤͤ͡·͔ ͙͒ͺ͔͙͍ͤͦ͡·͔ Ήͺ͙ͪ· ό˽ˣ˨̏ύ 

͙ ͙ͻ ͔͙͔͙͊ͣͤͭ͘͡ ό͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͺͦͫͺ͊ͭͤ·͔ Ήͺ͙ͪ·ύΦ ˹͊ͪͯ΄͊Όͭ ͺͯͤ͟ͼ͙Ό ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡· ͙ 

͍ͨͦͦ͡·ͻ ͎͍ͦͪͣͦͤͦΦ 

ϊ ̅͊ͪͣ͊ͼ͔͍͙ͭ;͔͙͔ͫ͟ ̏˨Υ ͙͔̊ͪͦͦ͟ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͍ ͍͚ͦ͒ͤͦ ͔͔ͫͪ͒ ͙͔͙ͫͤͭͭ;͔͙ͫ͟ͻ Ή͎͔͍ͫͭͪͦͤͦ 

όΉ͙͙ͭͤ͡Ή͙ͫͭͪ͊͒ͦ͡ύΣ ͙͔͔͍͊ͤͭ͒ͨͪͫͫ͊ͤͭͦ ͙ ͎͙͒ͪͯͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͔ͫͦ͒͊ͭ͘ ͙ͪͫ͟ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͙͍͎ͤͦ͒ͦͦͦͦ͘͘͟ 

͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͨͦͨͯ͡Ύͼ͙ΌΦ 

нΦ ˴͡Ό;͔͍·͔ Ή͙ͤ͒ͦͪͤͤ͟·͔ ͙ͣ΄͔͙ͤ ͙ ͎͙͙ͨ͊ͭͦͦ͡Φ 

ϊ ˸͔͙ͭ͊͋ͦ͡;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣ ͙ ͙͔͙͔ͦ͗ͪͤΥ ̏˨Σ ͙͍͙͊ͭͪͯ͟Ό΅͙͔ tt!wʴ όζobesogensηύΣ ͙͔ͭ͊͟ ͊͟͟ 

͙͙͍ͭͪ͋ͯͭͦͦͦ͡͡ ͙ ͔ͤͦͭͦͪ͟·͔ ˽̅ˢˤΣ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͙͎͔͔͊͒ͨͦͤͯ͘Σ ͍͔͙ͯ͡;͔͙ͤΌ ͔ͪ͊ͣͪ͊͘ ͙͊͒ͨͦͼ͙͍ͭͦ ͙ 

͙͔͔͙ͣͤͤ͘Ό ͔͎ͪͯ͡Ύͼ͙͙ ͔͙͊ͨͨͭͭ͊Σ ͎͙ͨͪͦͪ͊ͣͣͪͯΎ ͎͙ͦͪ͊ͤͣ͘ ͤ͊ ͔͙͔ͤ͊ͦͨͤ͟͡ ͙͗ͪ͊ ώрϐΦ 

͙͔͙͎͙̏ͨ͒ͣͦͦ͡;͔͙͔ͫ͟ ͒͊ͤͤ·͔ ͍ͫΎ͘·͍͊Όͭ ͍͔ͯͪͦͤΈ ˽̅ˢ˿ ͍ ͍͙ͪͦ͟ ͫ ͍ͨͦ·΄͔ͤͤ·ͣ ͙ͪͫͦͣ͟ ͍͙͙ͪ͊ͭ͘Ύ 

͙͔͙ͦ͗ͪͤΎ ͙ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊ н ͙ͭͨ͊Φ 

ϊ ˾͔͙͍͔ͨͪͦ͒ͯͭͤͦ͟ ͍͒ͦͪͦ͘Έ͔Υ ˹͊ͪͯ΄͔͙ͤΎ ͔͎͔͔ͫͨͪͣ͊ͭͦͤ͊͘Σ ͙͔͙͔ͫͤ͗ͤ ͍ͯͪͦͤΎ ͔͔ͭͫͭͦͫͭͪͦͤ͊ ͯ 

ͣͯ͗;͙ͤΣ ͙ͫͤ͒ͪͦͣ ͙͙ͨͦͫͭͦͤ͘͟͡·ͻ Ύ͙;͙͍ͤͦ͟ ό˿˽˴̒ύΣ Ή͔͙ͤ͒ͦͣͭͪͦ͘Σ ͔͔͍͔͔͔ͨͪ͗͒ͪͣͤͤͦ ͍͔ͨͦͦͦ͡ 

͔͍͙͔ͫͦͪ͊ͤ͘ ͯ ͔͍͒ͦ;͔͟ ͍ͫΎ͘·͍͊Όͭ ͫ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͺ͍ͭ͊͊ͭͦ͡Σ ͙͋ͫͺ͔͍ͤͦͦ͡ ͙ ˽̅ˢˤΣ ͦ͋͊͒͊͡Ό΅͙ͻ 

Ή͎͔͚ͫͭͪͦͤͤͦ ͙͙͡ ͙͎͔͚͊ͤͭ͊ͤ͒ͪͦͤͤͦ ͙͍͊ͭͤͦͫͭ͟ΈΌΦ 

ϊ ˨͙ͫͺͯͤ͟ͼ͙Ύ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·Υ ˽̅ˢˤΣ ˽ˣ˨̏ ͙ ͙ͻ ͔͙ͣͭ͊͋ͦͭ͡· ͫͭͪͯͭͯͪͤͦ͟ ͫͻͦ͒ͤ· ͫ 
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SELENIUM AS AN IMMUNE RESPONSE MODULATOR IN GRAVES' DISEASE AND ENDOCRINE 

OPHTHALMOPATHY: MECHANISMS OF ACTION AND CLINICAL PERSPECTIVES 

 

Abstract 

Graves'disease (GD) is an autoimmune disorder characterized by hyperthyroidism and often 

accompanied by endocrine ophthalmopathy (EOP). Dysregulation of the immune system with the production 

of autoantibodies to the thyroid-stimulating hormone receptor plays a key role in its pathogenesis. Selenium, 

an essential trace element, is a key component of selenoproteins with potent antioxidant and 

immunomodulatory activity (glutathione peroxidases, thioredoxin reductases).  

Keywords 

Selenium, Graves' disease, diffuse toxic goiter, endocrine ophthalmopathy, Graves' orbitopathy, 

immunomodulation, oxidative stress, regulatory T-lymphocytes, Treg,  

selenoproteins, EUGOGO, antioxidant therapy. 
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͙͙͔ͦͫͭ͟͡͡Έ͎ͤͦͦ ͔ͫͭͪͫͫ͊ ͙ ͔͎ͪͯ͡Ύͼ͙͙ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊ ώнϐΦ ̂ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙͊ͯͭͦͣͣͯͤͤ·͙ͣ 

͙͔͙ͭͪͦͨ͊ͭΎ͙ͣΣ ͍͟͡Ό;͊Ύ ˣ˥Σ ;͊ͫͭͦ ͍·Ύ͍͡Ύ͔ͭͫΎ ͔͒ͺ͙ͼ͙ͭ ͔͔ͫͤ͊͡ ώоϐΦ ˽͔͙͔ͦͫ͒ͤ͡ ͙͙ͤ͟͡;͔͙͔ͫ͟ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͔ͣͭ͊-͙͊ͤ͊͘͡· ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͔ͨͦͭͤͼ͙͊͡ ͔͔͍͚ͫͤͦͦ͡ ͔͙͙ͭͪ͊ͨΣ ͔ͦͫͦ͋ͤͤͦ ͍ ͦͭͤͦ΄͔͙͙ͤ 

̏˻˽Φ ͔̇͡Έ ͎͒͊ͤͤͦͦ ͦ͋ͦͪ͊͘ ς ͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͭ͘Έ ͒͊ͤͤ·͔ ͦ ͔ͣͻ͙͊ͤͣ͊͘ͻ ͙͙ͣͣͯͤͦͣͦ͒ͯͪͯ͡Ό΅͔͎ͦ 

͔͚͍͙͒ͫͭΎ ͔͔ͫͤ͊͡ ͙ͨͪ ˣ˥-̏˻˽ ͙ ͦͼ͔͙ͤͭΈ ͔͎ͦ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͤ͊͘;͙ͣͦͫͭΈ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ͍͔͔ͫͦͪͣͤͤ·ͻ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭΦ 

мΦ ˣ͙ͦͻ͙͙ͣ;͔͙͔ͫ͟ ͍ͦͫͤͦ·Υ ͔͔͔͙ͫͤͦͨͪͦͭͤ͡· ς ͫ ͍Ύͯ͘Ό΅͔͔ ͍͔ͤͦ͘ ͔ͣ͗͒ͯ ͔͔ͫͤͦͣ͡ ͙ ͙͙͔ͣͣͯͤͭͭͦͣΦ 

˻͍ͫͤͦͤ·͔ Ήͺͺ͔ͭ͟· ͔͔ͫͤ͊͡ ͔͍ͦͨͦͫͪ͒ͦ͊ͤ· ͔͔͔͙͙ͫͤͦͨͪͦͭͤ͊ͣ͡Υ 

ϊ ˥͙͔͙ͯͭ͊ͭͦͤͨͪͦͫ͒͊͘͟͡· όDtȄ м-пύΥ ˴͙͙͊ͭ͊ͪͯ͘͡Όͭ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͔͔͙͙ͨͪͫ͟ ͍ͦ͒ͦͪͦ͒͊ όIіhіύ ͙ 

͎͙ͦͪ͊ͤ;͔͙ͫ͟ͻ ͎͙͔͙͍͒ͪͦͨͪͦͫ͒ͦ͟Φ ˤ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͔͗͘͡ Iіhі Ύ͍͡Ύ͔ͭͫΎ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ ͫͯ͋ͫͭͪ͊ͭͦͣ ͒͡Ύ 

͙͔ͫͤͭ͊͘ ͎͍ͦͪͣͦͤͦΣ ͤͦ ͔͎ͦ ͙͋͘·ͭͦ͟Σ ͔ͦͫͦ͋ͤͤͦ ͤ͊ ͺ͔ͦͤ ͔͒ͺ͙ͼ͙ͭ͊ DtȄΣ ͍͔͔͒ͭ ͟ ͙͙͔ͦͫͭ͟͡͡Έͤͦͣͯ 

͍͔͔͙ͨͦͪ͗͒ͤΌ ͙͔ͭͪͦͼ͙͍ͭͦΣ Ή͔͙͙ͫͨͪͫͫ͟ ͔ͣͦͯ͟͡͡ I[! LL ͊ͫͫ͊͟͡ ͙ ͔͔ͨͪͤͭ͊͘ͼ͙͙ ͙͎͔͍͊ͯͭͦ͊ͤͭͤͦ ώпϐΦ ˤ 

͙ͦͪ͋ͭ͊͡Έͤ·ͻ ͺ͙͋ͪͦ͋͊ͫͭ͊͡ͻ ͙͙͔ͦͫͭ͟͡͡Έͤ·͚ ͔ͫͭͪͫͫ ͙͙͔ͫͭͣͯͪͯͭ͡ ͙ͨͪͦ͡ͺ͔ͪ͊ͼ͙Ό ͙ ͍·ͪ͊͋ͦͭͯ͟ 

͎͙͍͚͊ͯͪͦͤͦͦ͡ ͙ͫͦͭ͟͡·Φ 

ϊ ͙͔͙͔́ͦͪ͒ͦͫͤͪ͒ͯͭ͊͘͟͟· ό¢ǊȄwύΥ ˤ͍͙͍ͦͫͫͭ͊ͤ͊͊͡Όͭ ͙͔͙ͭͦͪ͒ͦͫͤ͟Σ ͦͭͦͪ͟·͚ ͔͎͙͔ͪͯͪͯͭ͡ ͔ͪ͒ͦͫ͟-
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ͫͭ͊ͭͯͫ ͙ͭͪ͊ͤͫͪͨ͟ͼ͙ͦͤͤ·ͻ ͺ͍͊ͭͦͪͦ͟ όbC-ˁ.Σ !t-мύΣ ͍͍͔ͦ͡;͔ͤͤ·ͻ ͍ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͍͔ͦͭͭ ͙ ͊ͨͦͨͭͦ͘Φ 

ˮ͎͙͙͍͙͔ͤ͋ͪͦ͊ͤ bC-ˁ. ͔͔ͫͤͦͣ͡ ͔ͣͦ͗ͭ ͙ͫͤ͗͊ͭΈ Ή͔͙ͫͨͪͫͫ͟Ό ͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͼ͙͙͍ͭͦͤͦ͟ ͙ ͔ͣͦͯ͟͡͡ 

͎͔͙͙͊͒͘ ώрϐΦ 

ϊ ˨͔͚͙ͦ͒ͤ͊͘· ό5LhύΥ ˻͔͔͋ͫͨ;͙͍͊Όͭ ͦ͊͟͡͡ΈͤͯΌ ͍͔͙ͦͤͪͫ͟Ό ͙͙ͭͪͦͫͤ͊͟ ό́пύ ͍ ͙͚͙͙ͭͪͦ͒ͭͪͦͤͤ ό́оύΦ 

˹͊ͪͯ΄͔͙͔ͤ Ή͎ͭͦͦ ͨͪͦͼ͔ͫͫ͊ ͙ͨͪ ͔͒ͺ͙ͼ͙͔ͭ ͔͔ͫͤ͊͡ ͔ͣͦ͗ͭ ͍͔ͦͫͤͤͦ͟ ͍͙͡ΎͭΈ ͤ͊ ͔͙ͣͭ͊͋ͦͣ͘͡ ͙ͣͣͯͤͤ·ͻ 

͔ͭͦ͟͟͡Φ 

нΦ ˮ͙ͣͣͯͤͦͣͦ͒ͯͪͯ͡Ό΅͙͔ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ͔͔ͫͤ͊͡ ͙ͨͪ ˣ˥-̏˻˽Φ 

˨͔ͺ͙ͼ͙ͭ ͔͔ͫͤ͊͡ ͤ͊ͪͯ΄͔͊ͭ ͙͚ͭͦͤ͟ ͋͊͊ͤͫ͡ ͙͚ͣͣͯͤͤͦ ͙͔ͫͫͭͣ·Σ͍ͫͨͦͫͦ͋ͫͭͯΎ ͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤͦͣͯ 

ͺ͔͙ͤͦͭͨͯΥ 

мΦ ˤ͙͡Ύ͙͔ͤ ͤ͊ ͔͎ͪͯ͡Ύͭͦͪͤ·͔ ́-͙ͣ͡ͺͦͼ͙ͭ· ό¢ǊŜƎύΥ ˿͔͔ͤ͡Σ ;͔͔ͪ͘ ͔͔͔͙ͫͤͦͨͪͦͭͤ͡ { ό{Ŝƭ{ύ ͙ ͔ͪ͒ͦͫ͟-

͙͎͙͎ͫͤ͊ͤ͡Σ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͒ͺͺ͔͔ͪͤͼ͙͍͔ͪͦ͟ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟ /5пҌ/5нрҌCƻȄtоҌ ¢ǊŜƎΣ 

ͦͭͦͪ͟·͔ ͍ͨͦ͒͊͡ΎΌͭ ͔͙͍͊ͯͭͦͪ͊ͭͤ͟·͔ ́-ͻ͔͔ͨͪ͡· м-͎ͦ ͙ мт-͎ͦ ͙ͭͨ͊ ό¢ƘмΣ ¢ƘмтύΣ ͙͙͒ͦͣͤͪͯΌ΅͙͔ ͙ͨͪ ˣ˥-

̏˻˽ ώсϐΦ ˨͔ͺ͙ͼ͙ͭ ͔͔ͫͤ͊͡ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤ ͫͦ ͙͔͙͔ͫͤ͗ͤͣ ͙ͦ͟͡;͔͍ͫͭ͊ ͙ ͺͯͤ͟ͼ͙͙ ¢ǊŜƎΦ 

нΦ ˿͍͙͎͒ ͼ͙͙͍͎ͭͦͤͦͦͦ͟ ͨͪͦͺ͙͡ΎΥ ˿͔͔͍ͤͦ͊͡Ύ ͔͔ͫͯͨͣͤͭ͊͡ͼ͙Ύ ͔ͣͦ͗ͭ ͙ͫͤ͗͊ͭΈ ͍͙ͯͪͦͤ 

͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͼ͙͙͍ͭͦͤͦ͟ ό͙͔ͤͭͪͺ͔ͪͦͤ-ʴΣ ͺ͊ͭͦͪ͟ ͔ͤͪͦ͊͘͟ ͦͨͯͻ͙ͦ͡-ʰ ό¢bC-ʰύΣ ͙͔͔͚͙ͤͭͪͤ͟͡-6 (IL-

6), IL-мтύΣ ͍ͨͦ·΄͔ͤͤ·ͻ ͙ͨͪ ͙͍͚͊ͭͤͦ͟ ̏˻˽Σ ͙ ͍ͨͦ·΄͊ͭΈ ͍͔ͯͪͦͤΈ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͎ͤͦͦ L[-10 [7]. 

оΦ ˮ͎͙͙͍͙͔ͤ͋ͪͦ͊ͤ ͙͍͊ͭ͊͟ͼ͙͙ ͙ͦͪ͋ͭ͊͡Έͤ·ͻ ͺ͙͍͋ͪͦ͋͊ͫͭͦ͡ ό˻̅ύΥ ˢ͙ͯͭͦͣͣͯͤͤ͊Ύ ͊ͭ͊͊͟ ͙͍͙ͨͪͦ͒ͭ ͟ 

͙͍͊ͭ͊͟ͼ͙͙ ˻̅Σ ͦͭͦͪ͟·͔ ͨͪͦ͒ͯͼ͙ͪͯΌͭ ͎͙͍͊ͯͪͦͤͦͯ͡Ό ͙ͫͦͭͯ͟͡ ͙ ͎͔ͦ͊ͤ͟͡͡Φ ˻͙͙͔ͫͭ͟͡͡Έͤ·͚ ͔ͫͭͪͫͫ ς 

͟͡Ό;͔͍͚ͦ ͙ͫͭͣͯ͡ ͒͡Ύ Ή͎ͭͦͦ ͨͪͦͼ͔ͫͫ͊Φ ˿͔͔ͤ͡Σ ͙͙͍ͯͫ͊͡Ύ ͙͍͊ͭͤͦͫͭ͟Έ DtȄ ͙ ¢ǊȄwΣ ͙͔ͫͤ͗͊ͭ ͍͔ͯͪͦͤΈ 

͙͙͔ͦͫͭ͟͡͡Έ͎ͤͦͦ ͔ͫͭͪͫͫ͊ ͍ ͙͔ͦͪ͋ͭΣ ͙͎͙͙ͤ͋ͪͯΎ ͙ͨͪͦ͡ͺ͔ͪ͊ͼ͙Ό ˻̅ ͙ ͨͪͦ͒ͯ͟ͼ͙Ό ͍͔͔ͤͭͦ͟͡;͎ͤͦͦ ͙ͣ͊ͭͪͫ͊͟ 

[8]. 

пΦ ˭͊΅͙ͭ͊ ͦͭ ͊ͨͦͨͭͦ͊͘ ͙͔ͭͪͦͼ͙͍ͭͦΥ ͔͔̂ͣͪͤͤ·͚ ͙͙͔ͦͫͭ͟͡͡Έͤ·͚ ͔ͫͭͪͫͫΣ ͙͔ͦͤͭͪͦͪͯͣ͟͡·͚ 

͔͔͔͙͙ͫͤͦͨͪͦͭͤ͊ͣ͡Σ ͔ͣͦ͗ͭ ͔͍ͨͪ͒ͦͭͪ͊΅͊ͭΈ ͙͋͘·ͭͦ;ͤ·͚ ͊ͨͦͨͭͦ͘Σ ͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤ ͍͙͔ͤͯͭͪͭͦ͟͡;ͤ·ͻ 

͙͎͔͍͊ͯͭͦ͊ͤͭͤͦ ͙ ͎͔͙͔ͯͫͯͯ͋ͤ͡ ͙͎͊ͯͭͦͣͣͯͤͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ 

оΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Υ ͦͭ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙ΎͣΦ 

ϊ ˴͡Ό;͔͍·͔ ˾˴ˮΥ ˹͙͔͔͊͋ͦ͡ ͤ͊͘;͙ͣ·ͣ Ύ͍͡Ύ͔ͭͫΎ ͔͔ͤͣͼ͔ͦ͟ ͎ͣͤͦͦͼ͔͍͔ͤͭͪͦͦ ˾˴ˮ όaŀǊŎƻŎŎƛ Ŝǘ ŀƭΦΣ 

нлммύΣ ͍ ͦͭͦͪͦͣ͟ ͨ͊ͼ͙͔ͤͭ· ͫ ͔͎͚ͦ͟͡ ͙͍͚͊ͭͤͦ͟ ̏˻˽ ͨͦͯ͡;͙͊͡ ͔͔ͫͤ͡ όмлл ͎ͣ͟ ͔͔͙ͫͤͭ͊͡ ͙ͤ͊ͭͪΎ н ͪ͊͊͘ ͍ 

͔͒ͤΈύΣ ͔͙ͨͤͭͦͫ͟ͺ͙͙ͤ͡͡ ͙͙͡ ͨ͊͡ͼ͔͋ͦ ͍ ͔ͭ;͔͙͔ͤ с ͔ͣͫΎͼ͔͍ ώфϐΦ ˤ ͎͔ͪͯͨͨ ͔͔ͫͤ͊͡ ͋·ͦ͡ ͍͔͒ͦͫͭͦͪͤͦ 

ͯͯ͡;΄͔͙͔ͤ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘Σ ͔ͯͣͤΈ΄͔͙͔ͤ ͙͍ͫͣͨͭͦͣͦ ͫͦ ͫͭͦͪͦͤ· ͎͊͘͡ ͙ ͙͙ͫͭ͊͋͊͘͡ͼ͙Ύκͯͯ͡;΄͔͙͔ͤ 

ͫͦͫͭͦΎ͙ͤΎ ͨͦ ͒͊ͤͤ·ͣ ͍͙ͯ͊͘͡Έ͚ͤͦ ΄͊͟͡· ό/ƭƛƴƛŎŀƭ !ŎǘƛǾƛǘȅ {ŎƻǊŜύΣ Ήͺͺ͔ͭ͟ ͫͦͻͪ͊ͤΎͫ͡Ύ ;͔͔ͪ͘ мн ͔ͣͫΎͼ͔͍Φ 

ϊ ˸͔ͭ͊-͙͊ͤ͊͘͡·Υ ˿͙͔͙ͫͭͣ͊ͭ;͔͙͔ͫ͟ ͦ͋ͦͪ͘· ͍͔ͨͦ͒ͭͪ͗͒͊ΌͭΣ ;ͭͦ ͔͔͍ͫͤͦ͊͡Ύ ͔͙ͭͪ͊ͨΎ ͯͯ͡;΄͔͊ͭ 

͔ͭ;͔͙͔ͤ ͔͎͚ͦ͟͡ ̏˻˽Σ ͙͔ͫͤ͗͊ͭ ͙͍͊ͭͤͦͫͭ͟Έ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͯͯ͡;΄͔͊ͭ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘Φ ˻͒ͤ͊ͦ͟ ͍͙͡Ύ͙͔ͤ ͤ͊ 

Ήͦ͘͟ͺͭ͊͡Έͣ ͙ ͔ͨͦͭͪ͋ͤͦͫͭΈ ͍ ͻ͙͎͙ͪͯͪ;͔ͫͦͣ͟ ͔͡;͔͙͙ͤ ͔͔͔ͣͤ ͦ;͔͍͙͒ͤ· ώмлϐΦ 

ϊ ˾͔͔ͦͣͤ͒͊͟ͼ͙͙ 9¦DhDh όнлмсΣ ͍͔͙͔ͦ͋ͤͦͤ͡ нлнмύΥ ˹͊ ͍͙͙ͦͫͤͦ͊ͤ ͍ͯͪͦͤΎ ͔͒ͦ͊͊ͭ͘͟͡Έ͙ͤͦͫͭ ˢΣ 

͔͔ͫͤ͡ ό͍ ͍͙͔͒ ͔͔͙ͫͤͭ͊͡ ͙ͤ͊ͭͪΎ нлл ͎ͣ͟κͫͯͭύ ͔͔͍ͪͦͣͤ͒ͦ͊ͤ͟ ͒͡Ύ ͔͡;͔͙ͤΎ ͔͎͚ͦ͟͡ ͙͍͚͊ͭͤͦ͟ ̏˻˽ ͫ 

͙͔͒ͭ͡͡ΈͤͦͫͭΈΌ ͙͍ͫͣͨͭͦͣͦ ғ мн ͔ͣͫΎͼ͔͍Φ ˴ͯͪͫ ͔͡;͔͙ͤΎ ς с ͔ͣͫΎͼ͔͍ ώммϐΦ ̏ͭͦ ͔͍ͨͪ·͚ ͫͯ͡;͚͊ ͍͟͡Ό;͔͙ͤΎ 

͙ͣͪͦ͟Ή͔͔ͣͤͭ͊͡ ͍ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͔ ͫͭ͊ͤ͒͊ͪͭ· ͔͡;͔͙ͤΎ ̏˻˽Φ 
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͙͙̂ͪͦͭ͊͘͡ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͣͦ;͔͍͚ͨͦͦͦ͡ ͙͔ͫͫͭͣ·Σ ͒͡Ύ ͎ͦͭͦͪͦͦ͟ 

ͻ͔͊ͪ͊ͭͪͤͦ͟ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͭ͊͟ ͤ͊͘·͍͔͊ͣ·ͻ ͣͦ;͔͍·ͻ ͔͚͊ͣͤ͟ ͍ ͎ͦͪ͊ͤ͊ͻ ͣͦ;͔͍͚ͨͦͦͦ͡ ͙͔ͫͫͭͣ· ό͔ͦͭ͒͡ ͦͭ 

ͨͦ;͔͟ ͒ͦ ͔ͯͪͭͪ·ύΦ  

ˤ ͍ͦͫͤͦͤͦͣΣ ͍ ͍͔ͫͦͫͭ͊ ͔͔͍ͦͤͪͣͤͭͦ͟͟ ͔ͨͪͦ͋͊͒͊͡Όͭ ͙͙ͣͪͦͪͫͭ͊͟͟͡͡·Σ ͫͨͦͫͦ͋ͤ·͔ ͟ ͔͙ͦͫ͒͊ͤΌ ͍ 

ͣͦ;͔Φ ˽ͦ͒ͦ͋ͤ·͚ ͨͪͦͼ͔ͫͫ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͍͔͍͙͔ͫ͒ͫͭ͡ ͙͔ͣΌ΅͙ͻͫΎ ͯ ͨ͊ͼ͙͔ͤͭ͊ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͔͚͋ͦͤ͘͡ 

͎͔͙ͯͪͦͤͭ͊͡Έ͎ͤͦͦ ͭͪ͊ͭ͊͟Σ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·ͻ ͎͙͚ͨ͊ͭͦͦ͡ ͙͋ͦ͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍͙ͦͤ͊͘͟Ό΅͙ͻ ͤ͊ ͺ͔ͦͤ ͔͙͙ͭͪ͊ͨ 

͔͔͖ͦͨͪ͒ͤͤ͡·͙ͣ ͔͍͔͊ͪͫͭͤͤ͟͡·͙ͣ ͔͙ͨͪͨ͊ͪ͊ͭ͊ͣΦ  

ˤ ͋ͦ͡Έ΄͙͍͔ͤͫͭ ͫͯ͡;͔͍͊ ͔͙͔ͯ͒͊ͤ͡ ͨͦ;͔;ͤ·ͻ ͔͚͊ͣͤ͟ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͻ͙͎͙ͪͯͪ;͔͙ͫͣ͟ ͖ͨͯͭͣΣ ͦ͒ͤ͊ͦ͟ 

;͊ͫͭͦ ͔ͦͨͪ͊ͼ͙Ύ ͔ͤ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͨͦͤͦͣͯ͡ ͙͍͔͙͋͊ͤ͘͡Ό ͦͭ ͙ͤͻ ͙͘π͘ ͊ ͎ͭͦͦΣ ;ͭͦ ;͔͔ͪ͘ ͔͊ͦ͟͟πͭ ͦ ͍͔ͪͣΎ 

͔ͤ͊ͫͭͯͨ͊ͭ ͔ͪͼ͙͙͍͒ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ ˽͙ͪ;͙͚ͤͦ ͍͎ͨͦͭͦͪͤͦͦ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͚͊ͣͤ͟ Ύ͍͡Ύ͔ͭͫΎ ;͙͊ͫͭ;͔ͤͦ ό͔ͤ 
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͔ͨͦͤͦ͡ύ ͔͙͔ͯͫͭͪ͊ͤͤ ͤ͊ͪͯ΄͔͙ͤΎΣ ͙͘π͘ ͊ ͎ͦͭͦͪͦͦ͟ ͺ͙ͦͪͣͪͯΌͭͫΎ ͔͔ͦͤͪͣͤͭ͟͟·Φ ˤ ;͙͊ͫͭͤͦͫͭΣ ͨͦ ͙͔ͫͭ;͔͙͙ͤ 

мн ͔ͣͫΎͼ͔͍ ͫ ͔ͣͦͣͤͭ͊ ͔ͦͨͪ͊ͼ͙͙ ͨͦ ͔͙ͯ͒͊ͤ͡Ό ͣͦ;͔͍·ͻ ͙͙͍ͣͪͦͪͫͭ͊ͦ͟͟͡͡ ͍ ͔͔ͫͪ͒ͤͣ мл ҈ ͨ͊ͼ͙͔͍ͤͭͦ 

͍ͫͤͦ͊ ͦ͊͘͟·͍͊ΌͭͫΎ ͍ ͋ͦ͡Έ͙ͤͼ͔ ͫ ͚ͭͦ ͔͗ ͔͚ͨͪͦ͋ͣͦ͡Σ ͨͦ ͙͔ͫͭ;͔͙͙ͤ р ͔ͭ͡ ς ͨ ͦ;͙ͭ рл ҈Σ ;͔͔ͪ͘ нл ͔ͭ͡ ς 

ͦͦͦ͟͡ ул ҈Φ  

ˤ͖ͫΣ ;ͭͦ ͔͔ͭͪ͋ͯͭͫΎ ͒͡Ύ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ς ͫ͒͊ͭΈ ͤ͊ ͙͊ͤ͊͘͡ ͍ ͙͊͋ͦͪ͊ͭͦͪ͡Ό ͍·΄͔͒΄͙͚ ͔͔͍͔ͫͭͫͭͤͤ·ͣ 

ͫͨͦͫͦ͋ͦͣ ό͙ͨͪ ͣͦ;͔͔͚͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡ύ ͙͋ͦ͡ ͙͘ΆΎͭ·͚ ͍ͦ ͍͔ͪͣΎ ͔͙͍͎ͦͨͪ͊ͭͤͦͦ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ ͔͊ͣͤ͟ΈΦ  

ˤ ͻ͔ͦ͒ ͙͊ͤ͊͊͘͡ ό͍ ͔ͣͦͣͤͭ ͨͪͦͻ͔͙ͦ͗͒ͤΎ ͍ͫͦ͘͟Έ ͨͪͦ͋ͯ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͨͦͫͦͫͭ͟͡Ύͻ ͙ͤͺ͎ͪ͊ͪ͊ͫͤͦͦ͟ 

͙ͯ͘͡;͔͙ͤΎύ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͔͎͙ͪͫͭͪ͊ͼ͙Ύ ͍ͯͪͦͤΎ ͎ͨͦͦ͡΅͔͙ͤΎ ͍͔͍͎ͫͭͦͦͦ ͙͒͊ͨ͊ͦͤ͊͘Φ ˽ͦͫͦ͟͡Έͯ͟ ͊͗͒͟·͚ 

͙͘ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͔͍ͦͣͨͦͤͤͭͦ͟ ͙͔͔ͣͭ ͍͚ͫͦ ό͙ͦͭ͡;͊Ό΅͙͚ͫΎ ͦͭ ͎͙͒ͪͯͻύ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ͎ͨͦͦ͡΅͔͙ͤΎΣ ͒͊ͤͤ·͚ 

͔ͭͫͭ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͭͦ;ͤͦͣͯ ͔͔͔͙ͦͨͪ͒ͤ͡Ό ͚ͫͭͪͯͭͯͪͤͦ͟ ͍ͫͦͫͭ͊͡ΎΌ΅͔͚ ͔͔ͦͤͪͣͤͭ͊͟͟Φ 

˿͙͙ͣͨͭͦͣ͊ͭ͊͟ ͙͙ͯͪͦͭ͊͊͘͡Σ ͔ͫͨͼ͙ͺ͙͊͟ ͔͡;͔͙ͤΎ ͙ ͔ͦͣͨͫ͟͟͡ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͔͙ͣͪͦͨͪΎ͙͚ͭ ͍ͦ 

͙͔͙͔͋͗͊ͤ͘ ͍͎ͨͦͭͦͪͤͦͦ ͔͍͙͊ͣͤͦ͋ͪ͊ͦ͊ͤ͘͟Ύ ͍͙͊ͫ͘Ύͭ ͦͭ ͙ͭͨ͊ ͔͔ͦͤͪͣͤͭ͊͟͟Φ ˽͙͙͔ͦͤͣ͊ͤ ͙͔ͣͤͪ͊͡Έ͎ͤͦͦ 

͍ͫͦͫͭ͊͊ ͣͦ;͔͍·ͻ ͔͚͊ͣͤ͟ ͖͒͊ͭ ͔ͫͨͼ͙͙͊ͫͭͯ͡ ͍͔͒ͦͫͭͦͪͤͯΌ ͙͊ͪͭͤͯ͟ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͙ͨͪ;͙ͤ ͙ ͔͔͙ͫͭͨͤ 

ͭΎ͔͙͗ͫͭ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͊ ͔ͭ͊͗͟ ͔͎ͦ͋͡;͔͊ͭ ͨͦ͒͋ͦͪ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͔͙͙ͣͭͦ͒͟ ͔͡;͔͙ͤΎΦ 

˿ ͚͊ͦ͟͟ ͼ͔͡ΈΌ ͤ͊ͤ͊͘;͔͊ͭͫΎ ͙͔ͣͤͪ͊͡Έ͔ͤͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔͚͊ͣͤ͟Κ 

˨͊ͤͤ·͚ ͊͋ͦͪ͊ͭͦͪͤ͡·͚ ͔ͭͫͭ ͙͔͙͍ͦͪͤͭͪͦ͊ͤ ͤ͊ ͔͙͔ͦ͋ͤ͊ͪͯ͗ͤ ͍ ͦ͋ͪ͊͘ͼ͔ ͙͔͔͎ͫͫ͒ͯͣͦͦ͡ ͊ͣͤ͟Ύ 

ͨͪͦͫͭ·ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭΣ ͫͦ͗ͤ͡·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΣ ͊ ͔ͭ͊͗͟ ͻ͔͊ͪ͊ͭͪ͟ ͔͚͊ͣͤ͟ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ͻ 

͙͙ͪͫͭ͊͟͡͡;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟·Φ 

˻͙͔͙ͪͤͭͪͯΎͫΈ ͤ͊ ͔ͪͯ͘͡Έͭ͊ͭ· ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͣͦ͗ͤͦ ͍͙ͯͫͭ͊ͤͦͭΈ ͙ͭͨ ͔͔ͦͤͪͣͤͭ͊͟͟ ͙ ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ ͪΎ͒ 

͔͙ͣͪͦͨͪΎ͙͚ͭΣ ͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͤ͊ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙͔ͤ ͍ ͎͙͔ͦͪ͊ͤͣ͘ ͨͪͦͼ͔͍ͫͫͦ ͔͍͙͊ͣͤͦ͋ͪ͊ͦ͊ͤ͘͟ΎΦ 

˻͔͙ͫͦ͋ͤͤͦͫͭ ͙ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͔͙͙ͣͭͦ͒͟ ˮ˴ 

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙͔ͣͤͪ͊͡Έ͎ͤͦͦ ͍ͫͦͫͭ͊͊ ͣͦ;͔͍·ͻ ͔͔͍ͦͤͪͣͤͭͦ͟͟ ͍͙ͨͪͦͦ͒ͭͫΎ ͔ͣͭͦ͒ͦͣ ˮ˴ 

͔͔͙͙ͫͨͭͪͦͣͭͪ͟Φ ˤ ͨͪͦͼ͔͔ͫͫ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͙͔͔͙͔ͣͪͤ͘ ͔͔ͫͨͭͪͦͣͭͪͦͣ͟ ͎ͨͦͦ͡΅͊Ό΅͔͎ͦ 

͔͙ͣͦͯ͊ͣ͟͡͡Σ ͍ͻͦ͒Ύ΅͙͙ͣ ͍ ͍ͫͦͫͭ͊ ͨͦ;͔;ͤ·ͻ ͙ ͔͗͡;ͤ·ͻ ͔͚͊ͣͤ͟Σ ͙ͯ͘͡;͔͙ͤΎΣ ͍ ͔͔͖͚ͦͨͪ͒ͤͤͦ͡ 

͙͙͔͚͊ͤ͊ͪͯͣͦ͘͡ ͔ͨͪͦ͋ ͨͦ͒ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͙ͤͺ͎ͪ͊ͪ͊ͫͤͦͦ͟ ͔ͫͨͭͪ͊͟Φ 

˽͔͙ͪͣͯ΅͔͍ͫͭ͊ ͔ͣͭͦ͒͊ ς ͋ ·ͫͭͪ͊Ύ ͎͍ͦͭͦͤͦͫͭΈ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙͊ͤ͊͊͘͡Σ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͙͍ͭͫͭͪͦ͊ͭΈ 

͔ͤͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͙ͦ͟͡;͔͍ͫͭͦ ͙͎͙͋ͦͦ͡;͔͎ͫͦͦ͟ ͔͙ͣ͊ͭͪ͊͊͡Σ ͍͔͔͒ͦͫͭͦͪͤͦ ͍͔͙͔ͯͫͭ͊ͤͦͤ͡ ͻ͙͙ͣ;͔͚ͫͦ͟ 

ͫͭͪͯͭͯͪ͟· ͙͔͔ͫͫ͒ͯͣ͡·ͻ ͔͚͊ͣͤ͟Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͖͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͙͔ͣͤͪ͊͡Έͤ·͚ ͍ͫͦͫͭ͊ ͔͔͍ͦͤͪͣͤͭͦ͟͟ ͙ ͍ ͒͊͡Έ͔͚ͤ΄͔ͣ 

͔͔͙ͦͨͪ͒ͭ͡ΈͫΎ ͫ Ήͺͺ͔͙͍ͭͤ͟·͙ͣ ͔ͭͻ͙͙ͤ͊ͣ͟ ͔͡;͔͙ͤΎ ͙͙ͯͪͦͭ͊͊͘͡ ͙ ͻ͔͙͙ͦͭ͊͊͘͡͡Σ ͙͋ͦ͡ ͦͫͯ΅͔͍͙ͫͭͭΈ 

ͨͪͦͺ͙͙͊ͭ͟͡;͔͙͔ͫ͟ ͔ͣͪ· ͨͦ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΌ ͔ͪͼ͙͙͍͍͒ͦΦ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ {ƛƴƎƘ ±ΦYΦ Ŝǘ ŀƭΦ !ƴŀƭȅǎƛǎ ƻŦ ǎǘƻƴŜǎ ŦƻǊƳŜŘ ƛƴ ǘƘŜ ƘǳƳŀƴ Ǝŀƭƭ ōƭŀŘŘŜǊ ŀƴŘ ƪƛŘƴŜȅ ǳǎƛƴƎ ŀŘǾŀƴŎŜŘ 

ǎǇŜŎǘǊƻǎŎƻǇƛŎ ǘŜŎƘƴƛǉǳŜǎ κκ .ƛƻǇƘȅǎƛŎŀƭ wŜǾƛŜǿǎΦ нлнл ¢Φ мн 

нΦ ˴ͯ͘Έ͙ͣ;͔͍͊ ˥Φ˸ΦΣ ˢ͍ͤͭͦͤͦ͊ ˸Φ˻ΦΣ ͔͍͙̉ͪͤͦ͋ͪͦͤ͟ ˸Φ˥ΦΣ ˾͔ͯ͒ͤͦ͟ ˤΦˮΦΣ ˸͔͡Έ͙͍ͤͦ͟ ˨ΦˤΦ ˻͔͔͔͙͔ͨͪ͒ͤ͡ 

͍ͫͦͫͭ͊͊ ͣͦ;͙ ͙ ͣͦ;͔͍·ͻ ͔͚͊ͣͤ͟ ͙ ͍͔͙͔ͯͫͭ͊ͤͦͤ͡ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͙͙ͤͣ ˮ͍͘Φ ˤ̂˭͍ͦΦ ͙͙̆ͣΎ ͙ ͻ͙͙ͣ;͔ͫ͊͟Ύ 

͔ͭͻ͎͙ͤͦͦ͡ΎΦπнлмнΣ ЅнΣ ˿Φ нсπолΦ 

оΦ ˢ͡Ύ͔͍ ̑Φ˥ΦΣ ˾͔ͯ͒ͤͦ͟ ˤΦˮΦΣ ˥͙͙͔͍͊ͣ͘ ˸ΦˢΦΣ ζ˸ͦ;͔͔͊ͣͤͤ͊͟Ύ ͔͋ͦͤ͘͡ΈΦ ˢͭͯ͊͟͡Έͤ·͔ ͍ͦͨͪͦͫ· 

͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͍·͋ͦͪ͊ ͔ͣͭͦ͒͊ ͔͡;͔͙ͤΎη ˸͍ͦͫ͊͟Σ нллсΦ 

пΦ ˢͤͦͻ͙ͤ ˹͙͚ͦ͊͟͡ ˤ͔͊ͪ͡Έ͔͍͙;Φ ˻͔͙ͫͦ͋ͤͤͦͫͭ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊ ͣͦ;͔͍·ͻ ͔͚͊ͣͤ͟ ͙ 

͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙͚ͤ ͙ͨͪ ͣͦ;͔͔͚͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡Φ 

˨͙͔ͫͫͪͭ͊ͼ͙Ύ ͙ ͍͔͊ͭͦͪͺ͔ͪ͊ͭ ͙͊ͤ͒͒͊ͭ͊͟ ͤ͊ͯ͟Φ ς ˸͍ͦͫ͊͟πнлмтΦ 

рΦ ˥͍͍ͦͦ͊ͤͦ͊͡ ˻ΦˢΦΣ ˣͦͪ͋͊ͭ ˤΦ̅Φ ˽ͦ;͔;ͤ·͔ ͙͊ͣͤ͟Φ ˸Φ ˸͔͒Φ ˴͙͎ͤ͊ΦπнллрΣ ˿ мтнΦ 

ϭ ˨͍͗͊ͨ͊ͪͦ aΦ˽ΦΣ нлнр 

https://medcentr-endomedlab.ru/zabolevanija/holecistit_zhelchekamennaja_bolezn.html
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̂˨˴ смс 

˨ͯͪ͒·͔͍͊ ͍́͊ͯͫ 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˸Φ ˥͙͔͍͊ͪͪ͊ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˾˩˹́˥˩˹˻˶˻˥ˮ̉˩˿˴ˮ˩ ˸˩́˻˨̍ ˤ ˿˻ˤ˾˩˸˩˹˹˻˯ ˸˩˨ˮ̇ˮ˹˿˴˻˯ ˨ˮˢ˥˹˻˿́ˮ˴˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͤ͊͘;͔͙͔ͤ ͔͎͔͎͙ͪͤͭͤͦͦ͡;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ 

͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ˻͍͔ͫ΅͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ· ͔͎͔͙͎͙͙ͪͤͭͤͦ͒͊ͤͦͫͭ͟Σ ͔͖ ͙͎͙͒͊ͤͦͫͭ;͔͙͔ͫ͟ 

͍͙ͦͣͦ͗ͤͦͫͭ͘Σ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͙ ͎͙ͦͪ͊ͤ;͔͙ͤΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙ͪͦ͡ ͔͎͔͎ͪͤͭͤͦͪ͊ͺ͙͙ ͍ 

͔ͪ͊ͤͤͣ ͍·Ύ͍͔͙͙ͤ͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙ ͔ͦͤͭͪͦ͟͡ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͡;͔͋ͤ·ͻ ͔͙ͣͪͦͨͪΎ͙͚ͭΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͔͎͔͎͙ͪͤͭͤͦͦ͡ΎΣ ͔͎͔͎ͪͤͭͤͦͪ͊ͺ͙ΎΣ ͯ͡;͔͍͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͍͙͙ͯ͊͊͘͘͡ͼ͙ΎΣ 

 ͙ ͙͙ͦͤͪͯ͘Ό΅͔͔ ͙ͯ͘͡;͔͙͔ͤΦ 

 

˾͔͎͔͎͙ͤͭͤͦͦ͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͍͋͊ͦ͘·ͻ ͙͒ͫͼ͙͙ͨͤ͡ ͯ͡;͔͍͚ͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͙͔͊ͤͣ͊ͭ͘ ͍͔͊͗ͤͦ 

͔ͣͫͭͦ ͍ ͙͔͔ͫͫͭͣ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ ˿ ͔ͣͦͣͤͭ͊ ͦͭͪ͟·͙ͭΎ ͔͎͔͍͙ͪͤͭͤͦͫ͟ͻ ͯ͡;͔͚ ͒͊ͤͤ·͚ ͔ͣͭͦ͒ ͫͭ͊͡ 

͔ͤͦͭΆ͔͔͚ͣͣͦ͡ ;͊ͫͭΈΌ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡Ύ ͨ͊ͼ͙͔͍ͤͭͦ ͙ ͒ͦ ͤ͊ͫͭͦΎ΅͔͎ͦ ͍͔͔͙ͪͣͤ ͫͦͻͪ͊ͤΎ͔ͭ 

͍ͫͦΌ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͎͋͊ͦ͒͊ͪ͡Ύ ͙͒ͦͫͭͯͨͤͦͫͭΣ ͙ͤͺ͙͍͙ͦͪͣ͊ͭͤͦͫͭ ͙ ͙͔ͦͭͤͦͫͭ͡Έ͚ͤͦ ͔ͨͪͦͫͭͦͭ ͙͔͔͙ͨͪͣͤͤΎΦ 

˾͔͎͔͎ͤͭͤͦͪ͊ͺ͙;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ͦͫͤͦ͊ͤ· ͤ͊ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͎͔͍͎ͪͤͭͤͦͫͦͦ͟ ͙ͯ͘͡;͔͙ͤΎ ͨͦ-

ͪ͊ͤͦͣͯ͘ ͎ͨͦͦ͡΅͊ͭΈͫΎ ͭ͊ͤ͟Ύ͙ͣ ͎͙ͦͪ͊ͤͣ͊͘ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͻ ͙ͨͦͭͤͦͫͭ͡ ͙ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊Φ ̏ͭͦ 

͍ͨͦͦ͘͡Ύ͔ͭ ͨͦͯ͡;͊ͭΈ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦ ͙ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͫͭͪͯͭͯͪ͟Σ ͍·Ύ͍͡ΎͭΈ 

͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͙ ͦͼ͔͙͍ͤ͊ͭΈ ͙ͻ ͻ͔͊ͪ͊ͭͪ͟Φ ˹͙͔͔͊͋ͦ͡ ΄͙ͪͦͦ͟ ͔͎͔͎ͪͤͭͤͦͪ͊ͺ͙Ύ ͙͔ͨͪͣͤΎ͔ͭͫΎ 

͒͡Ύ ͙͎͙͙͒͊ͤͦͫͭ͟ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͦͫͭͤͦ͟-͍͚ͫͯͫͭ͊ͤͦ ͙͔ͫͫͭͣ·Σ ͎͍ͦͪ͊ͤͦ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡Σ ͊ ͔ͭ͊͗͟ ͍ 

͎͙͙ͫͭͦͣ͊ͭͦͦ͡ ͙ ͍͎͙͙ͭͪ͊ͣ͊ͭͦͦ͡Φ 

˻͙͒ͤͣ ͙͘ ͍͔͚͊͗ͤ΄͙ͻ ͔͙ͨͪͣͯ΅͔͍ͫͭ ͔͎͔͎͙ͪͤͭͤͦͦ͡;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͣͦ͗ͤͦͫͭ͘Έ 

͋·͎ͫͭͪͦͦ ͨͦͯ͡;͔͙ͤΎ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ ͤ͊͘;͙͚ͣͦ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ˾͔͎͔͎ͤͭͤͦͪ͊ͺ͙Ύ ͎͍ͦͪ͊ͤͦ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡ 

͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͍·Ύ͍͔͙͙ͤ͡ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͦͨͯͻ͔͍ͦ͡·ͻ ͍͙͚ͦ͋ͪ͊ͦ͊ͤ͘Σ ͔͖ͭͯ͋ͪͯ͊͘͟͡ 

͙ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͖͎͙͟͡ͻΦ ˤ ͍͎͙ͭͪ͊ͣ͊ͭͦͦ͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͔͎͔͎͙ͪͤͭͤͦͦ͡;͔͔ͫͦ͟ 

͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͖ͦͫͭ͊ͭͫΎ ͍ͦͫͤͦͤ·ͣ ͔ͣͭͦ͒ͦͣ ͙͎͙͙͒͊ͤͦͫͭ͟ ͔͔͍ͨͪͦͣͦ͡Σ ͍·͍͙ͻ͍ͦ ͙ ͎͙͒ͪͯͻ ͍͔͔͙͚ͨͦͪ͗͒ͤ 

ͦͨͦͪͤͦ-͍͙͎͔͒͊ͭ͡Έ͎ͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊Φ 

˿͍͔͔͔ͦͪͣͤͤͦ ͍͙͙͔ͪ͊ͭ͘ ͔͎͔͎͙͙ͪͤͭͤͦͦ͡ ͍ͫΎ͊ͤͦ͘ ͫ ͍͔͔͙͔ͤ͒ͪͤͣ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ ͙̇ͺ͍ͪͦ͊Ύ 

͔͎͔͎ͪͤͭͤͦͪ͊ͺ͙Ύ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔͋ͦ͡ ͍·͔ͫͦͦ͟ ͊͟;͔͍ͫͭͦ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘Σ ͙͔͙͔ͫͤ͗ͤ ͯ͡;͔͍͚ͦ ͎͙ͤ͊ͪͯ͘͟ ͤ͊ 

ͨ͊ͼ͙͔ͤͭ͊ ͙ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͻ͔͙ͪ͊ͤͤΎ ͙ ͔͔ͨͪ͒͊;͙ ͒͊ͤͤ·ͻ ͍ Ή͔ͭͪͦͤͤͦͣ͟͡ ͍͙͔͒Φ ̏ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ 

ͪ͊ͫ΄͙ͪΎ͔ͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙͊ͤ͊͊͘͡ ͨͦͯ͡;͔ͤͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍ͨͦ·΄͔͙ͤΌ ͭͦ;͙ͤͦͫͭ 

͙͎͙͙͒͊ͤͦͫͭ͟Φ 

˹͔ͫͣͦͭͪΎ ͤ͊ ΄͙͙͔ͪͦ͟ ͙͎͙͒͊ͤͦͫͭ;͔͙͔ͫ͟ ͍͙ͦͣͦ͗ͤͦͫͭ͘Σ ͔͎͔͎͙ͪͤͭͤͦͦ͡;͔͙͔ͫ͟ ͔ͣͭͦ͒· ͙͔ͣΌͭ 

͔͔͖ͦͨͪ͒ͤͤ͡·͔ ͎͙ͦͪ͊ͤ;͔͙ͤΎΣ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͙͙͙ͦͤͪͯ͘Ό΅͔͎ͦ ͙ͯ͘͡;͔͙ͤΎΦ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ 

͔ͦͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͫͦ͋͡Ό͔͙͔͒ͤ ͙ͨͪͤͼ͙͍ͨͦ ͙ͪ͊͒͊ͼ͙͚ͦͤͤͦ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Σ ͍͙ͦ͋ͦͫͤͦ͊ͤͤͦͫͭ 

͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͒ͦ͘ ͦ͋ͯ͡;͔͙ͤΎΦ ˤͪ͊; ͦ͋Ύ͊ͤ͘ ͎ͫͭͪͦͦ ͙͔͙͍ͨͪ͒ͪ͗͊ͭΈͫΎ ͙͚ͨͦ͊͊ͤ͘͟ ͟ ͍͔͔͙ͨͪͦ͒ͤΌ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͯ;͙ͭ·͍͊ͭΈ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͨ͊ͼ͙͔ͤͭ͊Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͎͔͎͙ͪͤͭͤͦͦ͡Ύ ͖ͦͫͭ͊ͭͫΎ ͍͔͚͊͗ͤ΄͙ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟Σ 

͔͔ͦ͋ͫͨ;͙͍͊Ύ ͍͔͍͔͔͔ͫͦͪͣͤͤͦ ͍·Ύ͍͔͙͔ͤ͡ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ ͙ ͍ͫͨͦͫͦ͋ͫͭͯΎ Ήͺͺ͔͙͍ͭͤͦͣͯ͟ 
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͔͡;͔͙ͤΌ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˨͊͡Έ͔͚ͤ΄͔͔ ͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͔͎͔͎͙ͪͤͭͤͦͦ͡;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͙ ͍͔͔͙͔ͤ͒ͪͤ 

͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͋ͯ͒ͯͭ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͍ͨͦ·΄͔͙ͤΌ ͊͟;͔͍ͫͭ͊ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙ ͙ 

͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˭͊͟͡Ό;͔͙͔ͤ.  

˾͔͎͔͎͙ͤͭͤͦͦ͡Ύ ͨͪͦ΄͊͡ ͎͙͚͒ͦ͡ ͨͯͭΈ ͍͙͙ͪ͊ͭ͘ΎΣ ͔͍͙͍ͨͪͪ͊ͭ΄͙ͫΈ ͙͘ ͎ͨͪͦͫͭͦͦ ͫͨͦͫͦ͋͊ ͺ͙ͫ͊͟ͼ͙͙ 

͔͔͚ͭͤ ͤ͊ ͔͔ͨͤ͟͡ ͍ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤͯΌ ͼ͙ͺ͍ͪͦͯΌ ͙͒ͫͼ͙͙ͨͤͯ͡Φ ˿͔͎ͦ͒ͤΎ ͦͤ͊ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͋·ͫͭͪ·͚ ͙ 

͔ͤ͊͒͗ͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭΣ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͚ ͒͡Ύ ͙ͨͪͤΎ͙ͭΎ Ή͔ͫͭͪͤͤ͟·ͻ ͙ ͍ͨ͊ͤͦ͡·ͻ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͔ͪ΄͔͙͚ͤΦ 

˨͊͡Έ͔͚ͤ΄͔͔ ͍͙͙͔ͪ͊ͭ͘ ͔ͣͭͦ͒͊Σ ͍͔͔ͤ͊ͨͪ͊ͤͤͦ͡ ͤ͊ ͍ͨͦ·΄͔͙͔ͤ ͔͙͒ͭ͊͊͘͡ͼ͙͙ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ ͙ ͙͔͙͔ͫͤ͗ͤ 

͍͚͒ͦͦͦ͘ ͎͙ͤ͊ͪͯ͘͟Σ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭΣ ;ͭͦ ͔͎͔͎͙ͪͤͭͤͦͦ͡Ύ ͔ͦͫͭ͊ͤͭͫΎ ͍͔͒ͯ΅͙ͣ ͍͔ͤͦͣ͘ ͙͙ͤ͟͡;͔͚ͫͦ͟ 

͔͙ͣ͒ͼ͙ͤ· ͍ ͙ͦ͋ͦͪͣͦͣ͘ ͋ͯ͒ͯ΅͔ͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

мΦ ́ͪͯͺ͍͊ͤͦ ˥Φ˩Φ ˶ͯ;͔͍͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Υ ͤ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟Φ ς ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлнлΦ 

нΦ ˿͙͙ͤͼ·ͤ ˤΦ˩ΦΣ ͔͍͚́ͪͤͦͦ ˿Φ˴Φ ˾͔͎͔͎͙ͤͭͤͦͦ͡Ύ ͙ ͙͎͙ͪ͊͒ͦͦ͡ΎΦ ς ˸ ΦΥ ˽͙ͪ͊ͭ͟;͔ͫ͊͟Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ нлмфΦ 

оΦ ̆͊ͪͣͫ ˾Φ ˻͍ͫͤͦ· ͙͙ͤ͟͡;͔͚ͫͦ͟ ͔͎͔͎͙͙ͪͤͭͤͦͦ͡Φ ς ˸ ΦΥ ˸˩˨͔ͨͪͫͫ-͙ͤͺͦͪͣΣ нлмуΦ 

ϭ ˨ͯͪ͒·͔͍͊ ́., 2025 

 

 

 

 

˫͒͊͡΄͍ͦ͊ ˸͚͊ͫ͊ ͔͔͍́͊͋͊ͤ͊͘Φ  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͻ͙͙͙ͣΦ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΅ͻ͊͋͊͒Σ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 
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ˢ˴́ˮˤ˹˻˿́̎̑ ˶˩˴ˢ˾˿́ˤ˩˹˹̍̆ ˤ˩̋˩˿́ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͙ͨͪͤͼ͙ͨ·Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙͔ ͍͙͙͊ͫͣͦͫͭ͘Έ 

͔ͣ͗͒ͯ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͔͚Σ Ή͔͚ͭͪͦͤͤͦ͟͡ ͚ͫͭͪͯͭͯͪͦ͟ ͔ͣͦͯ͟͡͡ ͙ ͙ͻ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫͣ͟ 

Ήͺͺ͔ͭͦͣ͟Φ ˢ͙͙͔ͤ͊ͪͯͭͫ͘͡Ύ ͪͦ͡Έ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͎ͪͯͨͨΣ ͔͔ͫͭͪͦͻ͙͙͙ͣ ͙ ͺ͙͙ͦ͘͟-ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͚͍ͫͦͫͭ 

ό͙ͨͦ͡ͺ͙͡Έ͙ͤͦͫͭΣ ͙͙ͦͤ͊͘ͼ͙͙ύ ͍ ͔ͣͻ͙͔͊ͤͣ͘ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ζ͔͍͊ͪͫͭͦ͟͡-͙ͣ΄͔ͤΈηΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ 

͔͔ͯ͒ͤͦ͡ ͦͤ͟ͼ͔ͨͼ͙͙ ͺ͊ͪͣ͊ͦ͟ͺͦͪ͊ ͙ ͔ͣͭͦ͒͊ͣ ͙ͦ͟͡;͔͍͔͎ͫͭͤͤͦͦ ͙͊ͤ͊͊͘͡ ͍ͫΎ͙͘ ͫͭͪͯͭͯͪ͊͟-͙͍͊ͭͤͦͫͭ͟Έ 

όv{!wύΣ ͦͭͦͪ͟·͔ ͔͗͊ͭ͡ ͍ ͍͔ͦͫͤͦ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͙͚͒͊ͤ͊͘ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͔͙ͫ͟ͻ 

͔͍ͨͪͨ͊ͪ͊ͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡ 

ͻ͙͙ͣ;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟Σ ͙͎͙͋ͦͦ͡;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟ΈΣ ͺ͊ͪͣ͊ͦ͟ͺͦͪΣ ͍ͫΎ͘Έ ͫͭͪͯͭͯͪ͊͟-͙͍͊ͭͤͦͫͭ͟ΈΣ 

͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͍͔΅͔͍ͫͭ͊Σ ǉǎŀǊΣ ͔ͪͼ͔ͨͭͦͪΣ ͙͙͔͙͋ͦͦͫͭͪ͘ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˮͯ͘;͔͙͔ͤ ͍͙͍͊ͣͦͫ͘Ύ͙͘ ͔ͣ͗͒ͯ ͻ͙͙ͣ;͔͙ͫͣ͟ ͔͙͔ͫͭͪͦͤͣ ͔ͣͦͯ͟͡͡· ͙ ͔͖ ͙͎͙͋ͦͦ͡;͔͙ͫͣ͟ ͔͚͍͙͔͒ͫͭͣ 

Ύ͍͡Ύ͔ͭͫΎ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͊͒͊͘;͔͚ ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͔͚ͫͦ͟ ͻ͙͙͙ͣ ͙ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ ˮ͙ͫͭͦ͟ Ή͎ͭͦͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ 

͍ͦͫͻͦ͒Ύͭ ͟ ͪ͊͋ͦͭ͊ͣ ˽͊ͯ͡Ύ ͙̏ͪ͡ͻ͊Σ ͦͭͦͪ͟·͚ ͫͺ͙͍ͦͪͣͯͪͦ͊͡͡ ͦͤ͟ͼ͔ͨͼ͙Ό ζ͎͙ͣ͊;͔͚ͫͦ͟ ͙ͨͯ͡η ͙ 

͔͙ͨͪ͒ͨͦͦ͗͡͡Σ ;ͭͦ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͻ͙͙ͣ;͔͙͔ͫ͟ ͎ͪͯͨͨ· ͔ͣͦͯ͟͡͡· ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Όͭ ͫ ͔͔͖ͦͨͪ͒ͤͤ͡·͙ͣ 

͙ͫͭͪͯͭͯͪ͊ͣ͟ ͔͙ͭ͟͟͡Σ ͦͭͦͪ͟·͔ ͦͤ ͍ͤ͊͊͘͡ ζ͔ͪͼ͔͙ͨͭͦͪ͊ͣηΦ ˿ ͔ͭͻ ͨͦͪ ͙͙͔ͨͦͤͣ͊ͤ ͎ͭͦͦΣ ͊͟͟ ͙͔ͣͤͤͦ 

͊ͪͻ͙͔ͭͭͯͪ͊͟ ͔ͣͦͯ͟͡͡· ͙͔͒ͭͯͭ͟ ͔͖ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͚ͫ͟ ͔ͨͦͭͤͼ͙͊͡Σ ͤ͊͘;͙͔ͭ͡Έͤͦ ͎͙ͯͯ͋ͦͫ͡͡ΈΣ 
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͔͍͙͍ͨͪͪ͊ͭ΄͙ͫΈ ͙͘ Ή͙͙ͣͨͪ;͔͙ͫ͟ͻ ͤ͊͋͡Ό͔͙͚͒ͤ ͍ ͭͦ;ͤͯΌ ͍·;͙͙͔ͫͭ͡͡ΈͤͯΌ ͤ͊ͯͯ͟Φ 

ˣ͙͎͙ͦͦ͡;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͡Ό͎͋ͦͦ ͔͍͔͎͊ͪͫͭͤͤͦͦ͟͡ ͍͔΅͔͍ͫͭ͊ ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͫͯ͡;͚͊ͤ·ͣ ͍͚͍ͫͦͫͭͦͣΤ 

ͦͤ͊ ͔͔͙͙͍͒ͭͪͣͤͪͦ͊ͤ͊ ͤ͊͋ͦͪͦͣ ͺ͙͙ͦ͘͟-ͻ͙͙ͣ;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Σ ͦͭͦͪ͟·͔ ͍ͨͦͦ͘͡ΎΌͭ ͔͔ͣͦͯ͟͡͡ 

͙͒ͦͫͭ;Έ ͍͔͚ͫͦ ͙ͣ΄͔͙ͤΣ ͍ͫΎ͊ͭ͘ΈͫΎ ͫ ͔͚ͤ ͙ ͙͙ͤͼ͙͙͍ͪͦ͊ͭΈ ͙͎͙͋ͦͦ͡;͔͙͚ͫ͟ ͍͔ͦͭͭΦ ˴͡Ό;͔͍·ͣ ͔͊ͫͨͭͦͣ͟ 

͔͒ͫ͘Έ Ύ͍͡Ύ͔ͭͫΎ ͙ͨͪͤͼ͙ͨ ͔͔͙ͦͣͨͣͤͭ͊ͪͤͦͫͭ͟͡ τ ͎͔͔͙ͦͣͭͪ;͔͎ͫͦͦ͟ ͙ Ή͔͎ͭͪͦͤͤͦͦ͟͡ ͍͔͍͙ͫͦͦͭͭͫͭΎ ͔ͣ͗͒ͯ 

͔͚ͣͦͯͦ͟͡͡ ͔͍͊ͪͫͭ͊͟͡ ͙ ͙͍͊ͭͤ͟·ͣ ͼ͔ͤͭͪͦͣ ͙͙͋ͦͣ΄͔͙ͤ ό͔͋͊͟͡Σ ͺ͔͔ͪͣͤͭ͊ ͙͙͡ ͔͙͍͚ͤͯͤͦͦ͟͡ ͙ͫͦͭ͟͡·ύΦ 

˻͙͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·ͻ ͺ͍͊ͭͦͪͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͙ͤ͊͡;͙͔ ͔ͦͤͪͭͤ͟͟·ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͎ͪͯͨͨΦ 

˹͙͔͊ͨͪͣͪΣ ͍͍͔͔͙͔͒ͤ ͎͙͙͒ͪͦͫ͟͡Έ͚ͤͦ ͎ͪͯͨͨ· ό-hIύ ͔ͣͦ͗ͭ ͍ͨͦ·͙ͫͭΈ ͍͙ͪ͊ͫͭͦͪͣͦͫͭΈ ͍͔΅͔͍ͫͭ͊ ͍ ͍͔ͦ͒ ͙ 

͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ό ͍ͦ͒ͦͪͦ͒ͤ·ͻ ͍ͫΎ͔͚͘ ͫ ͔ͪͼ͔ͨͭͦͪͦͣΣ ͍ ͭͦ ͍͔ͪͣΎ ͊͟͟ ͔͙ͣͭ͡Έͤ͊Ύ ͎ͪͯͨͨ͊ ό-

/Iїύ ;͊ͫͭͦ ͍͔͙ͯ͡;͙͍͔͊ͭ ͙ͨͦ͡ͺ͙͡ΈͤͦͫͭΈΣ ͍ͨͦͦ͘͡ΎΎ ͍͔΅͔͍ͫͭͯ ͔͎͡;͔ ͙ͨͪͦͤ͊ͭ͟Έ ;͔͔ͪ͘ ͙͙ͨ͒ͤ͡·͔ ͙͙͋ͫͦ͡ 

͔ͭͦ͟͡;ͤ·ͻ ͔ͣͣ͋ͪ͊ͤΦ ˮ͔͔͙͔ͣͤͤ͘ ͙͒ͤ͡· ͙͊͡ͺ͙͊ͭ;͔͚ͫͦ͟ ͼ͔͙ͨ ͍ ͎͎͙ͦͣͦͦ͡;͔͙ͫ͟ͻ ͪΎ͒͊ͻ ͔ͭ͊͗͟ 

͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔͊ͦͤͦͣͪͤ͘͟·͔ ͙͔͔͙ͣͤͤ͘Ύ ͙͍͙͊ͭͤͦͫͭ͟Υ ͒ͦ ͔͔͖͎ͦͨͪ͒ͤͤͦͦ͡ ͔ͣͦͣͤͭ͊ ͍͔͙ͯ͡;͔͙͔ͤ ͼ͔͙ͨ 

͙͙͍͔ͯͫ͊ͭ͡ Ήͺͺ͔ͭ͟ ͊͘ ͫ;͖ͭ ͪͦͫͭ͊ ͙ͨͦ͡ͺ͙͡Έ͙ͤͦͫͭΣ ͤͦ ͔ͨͦͫ͡ ͙͔͙͒ͦͫͭ͗ͤΎ ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͤ͊͘;͔͙ͤΎ 

͙͍͊ͭͤͦͫͭ͟Έ ͔ͨ͊͒͊ͭ ͙͘-͊͘ ͔͎ͪͦͦ͘͟ ͙͔͙ͫͤ͗ͤΎ ͍͙͙ͪ͊ͫͭͦͪͣͦͫͭΦ 

˹͔ ͔͔͔ͣͤ ͍͊͗ͤͯΌ ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͔͔ͫͭͪͦͻ͙͙ͣΎΦ ˬ͙͍·͔ ͙͔ͫͫͭͣ· ͻ͙ͪ͊͡Έͤ·Σ ͙ ͔ͪͼ͔ͨͭͦͪ·Σ ͫͦͫͭͦΎ΅͙͔ 

͙͘ [-͙͙͊ͣͤͦͫͦͭ͟͡Σ ͚͔ͪ͊ͤ͟ ;͍͍͙͔ͯͫͭͭ͡Έͤ· ͟ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͣͯ ͔͙ͪ͊ͫͨͦͦ͗ͤ͡Ό ͍͊ͭͦͣͦΦ ˻͙ͨͭ;͔͙͔ͫ͟ 

͙͔ͦͣͪ͘· όΉ͙͔ͤ͊ͤͭͦͣͪ·ύ ͎ͦ͒ͤͦͦ ͙ ͎ͭͦͦ ͔͗ ͍͔΅͔͍ͫͭ͊ ͎ͣͦͯͭ ͦ͋͊͒͊ͭ͡Έ ͙͊ͪ͒ͤ͊͟͡Έͤͦ ͪ͊ͤ͘·͙ͣ ͍͚͍͙ͫͦͫͭ͊ͣΦ 

˴͙͊ͫͫ͡;͔͙ͫͣ͟Σ ͻͦͭΎ ͙ ͎͙ͭͪ͊;͔͙ͫͣ͟ ͙͔ͨͪͣͪͦͣ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͭ͊͒ͦͣ͒͡Σ ͎͔͒ ͙ͦ͒ͤ ͙͔ͦͣͪ͘ ͦ͋͊͒͊͡͡ 

͔͙͍ͫ͒͊ͭͤ·ͣ Ήͺͺ͔ͭͦͣ͟Σ ͊ ͎͚͒ͪͯͦ ͨͪͦΎ͍͡Ύ͡ ͔͎͔͔ͭͪ͊ͭͦͤͤͦ ͔͚͍͙͔͒ͫͭΦ ̏ͭͦ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟Σ ;ͭͦ 

͙͎͙͋ͦͦ͡;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ τ Ήͭͦ ͔ͭͪͻ͔ͣͪͤ·͚ ͨͪͦͼ͔ͫͫΣ ͎͔͒ ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙Ύ ͔ͣͦͯ͟͡͡· ͔͔ͦͨͪ͒͡Ύ͔ͭ ͔͖ 

ζ͍͙ͨͫ·͍͔͊ͣͦͫͭΈη ͍ ͙͋ͦͻ͙͙ͣ;͔͙͚ͫ͟ ͔ͦͤͭͫͭ͟͟ ͎͙ͦͪ͊ͤͣ͊͘Φ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͤ͊ͯ͊͟ ͍·͔͒͡Ύ͔ͭ ͨͦͤΎ͙͔ͭ ͺ͊ͪͣ͊ͦ͟ͺͦͪ͊ τ ͤ ͊͋ͦͪ͊ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ·ͻ ͙ Ή͔ͭͪͦͤͤ͟͡·ͻ 

͙͍ͨͪͤ͊ͦ͘͟Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͙ͦͨͭͣ͊͡Έͤ·ͻ ͍͙͔͚͍͙͚͊ͣͦ͒ͫͭ͘ ͫ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͙ͣ΄͔ͤΈΌΦ 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͺ͊ͪͣ͊ͦ͟ͺͦͪ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Ύͣ ͙ͣͦ͒ͺ͙ͼ͙͍ͪͦ͊ͭΈ ͫͭͪͯͭͯͪͯ͟ ͔ͣͦͯ͟͡͡· 

ό͙ͫͨͦ͡Έͯ͘Ύ ͔ͣͭͦ͒· ͙͙͔͙͋ͦͦͫͭͪ͘;͔͚ͫͦ͟ ͔͊ͣͤ͘·ύΣ ;ͭͦ͋· ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ ͨͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟· ͙͙͡ 

ͯͯ͡;΄͙ͭΈ ͺ͙͔͙͊ͪͣ͊ͦͤͭͯ͟͟͟Σ ͔ͤ ͔ͭͪΎΎ ͙ͨͪ Ήͭͦͣ ͍͚ͦͫͤͦͤͦ ͔͡;͔͋ͤ·͚ Ήͺͺ͔ͭ͟Φ 

ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͍͙͙͔ͪ͊ͭ͘ ͨͦͯ͡;͙͙͡ ͔ͣͭͦ͒· v{!w όvǳŀƴǘƛǘŀǘƛǾŜ {ǘǊǳŎǘǳǊŜ-Activity 

wŜƭŀǘƛƻƴǎƘƛǇύΦ ̏ͭͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔͙ͣͦ͒͡Σ ͦͭͦͪ͟·͔ ͍ͨͦͦ͘͡ΎΌͭ ͎͙͍ͨͪͦͤͦͪͦ͊ͭ͘Έ ͙ͫͯ͡ ͙͎͙͋ͦͦ͡;͔͎ͫͦͦ͟ 

͍͔ͦͭͭ͊ ͤ͊ ͍͔ͦͫͤͦ ͔͙͍͒ͫͪͨͭͦͪͦ͟ ͔ͣͦͯ͟͡͡· ό͔ͣͦͯ͟͡͡Ύͪͤ·͚ ͍͔ͫΣ ͣͦ͡Ύͪͤ͊Ύ ͔ͪͺͪ͊͟ͼ͙ΎΣ ͦͤͫͭ͊ͤͭ͟· 

͙͙ͦͤ͊͘ͼ͙͙ ǇYŀ ͙ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ [ƻƎtύΦ ˣ͎͊ͦ͒͊ͪ͡Ύ ͍·;͙͙͔ͫͭ͡͡Έͤ·ͣ ͣͦ΅ͤͦͫͭΎͣΣ 

ͺ͎͙͊ͪͣ͊ͦͦ͟͡ ͎ͣͦͯͭ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ ͭ·ͫΎ;͙ ͍͙ͪͭͯ͊͡Έͤ·ͻ ͫͭͪͯͭͯͪ͟ ͔΅͔ ͒ͦ ͙ͻ ͙͔ͫͤͭ͊͘ ͍ ͙͙͊͋ͦͪ͊ͭͦͪ͡Σ ;ͭͦ 

ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͫͦͪ͟Ύ͔ͭ ͙ͨͦͫ͟ ͍ͤͦ·ͻ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͙͍͊ͤ͒͒͊ͭͦ͟Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍͙͍͊ͣͦͫ͘Ύ͘Έ ͫͭͪͯͭͯͪ͟· ͙ ͙͍͙͊ͭͤͦͫͭ͟ τ Ήͭͦ ͎͎ͣͤͦͦͪ͊ͤͤ͊Ύ ͔ͨͪͦ͋ͣ͊͡Σ ͦͻ͍͊ͭ·͍͊Ό΅͊Ύ 

͔͙͙ͭͪͣͦ͒ͤ͊ͣͯ͟ ͍ͫΎ͘·͍͙͊ͤΎΣ ͙͔͙ͤͭͯ͟͟ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͙ ͔ͫͨͼ͙ͺ͙ͯ͟ ͔ͣͦͯ͟͡͡Ύ͎ͪͤͦͦ ͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘ΎΦ 

˽͙͙͔ͦͤͣ͊ͤ Ή͙ͭͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔ͨͪͻ͙ͦ͒ͭΈ ͦͭ ͫͯ͡;͚͎͊ͤͦͦ ͙ͨͦͫ͊͟ ͟ ͪ͊ͼ͙ͦͤ͊͡Έͤͦͣͯ 

͙͍͙ͦͤͫͭͪͯͪͦ͊ͤ͟Ό ͔͍͊ͪͫͭ͟͡Σ ͦ͋͊͒͊͡Ό΅͙ͻ ͍·͚ͫͦͦ͟ ͔͔͙͍ͫͭͤͦͫͭ͟͡ΈΌ ͙ ͙͙ͣͤͣ͊͡Έ͚ͤͦ ͙ͭͦͫ͟;ͤͦͫͭΈΌΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ̆͊ͪΈ͔͍͙͟; ˨ΦˢΦ ͎͙̅͊ͪͣ͊ͦͦ͟͡ΎΦ нлнм ˸͍ͦͫ͊͟Φ 

2. ˣ͔͙͍ͦ͟͡ ˤΦ˥Φ ̅͊ͪͣ͊ͼ͔͍͙ͭ;͔ͫ͊͟Ύ ͻ͙͙ͣΎΦ нлму ˽Ύ͙͎ͭͦͪͫ͟Φ 

3. ˿͍ͦ͒͊ͭͦ͡ ˢΦ˽Φ ˻͍ͫͤͦ· ͙͚͒͊ͤ͊͘ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͍͔΅͔͍ͫͭΦ нлнн ˹͍͙͙ͦͦͫ͋ͪͫ͟Φ 

4. ˢͪ͊ͣ͊ͫ͘ͼ͔͍ ˢΦ˽Φ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͟ ͊͋ͦͪ͊ͭͦͪͤ͡·ͣ ͊ͤ͘Ύ͙ͭΎͣ ͨͦ ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͔͚ͫͦ͟ ͻ͙͙͙ͣΦ нлмф ˸͍ͦͫ͊͟Φ 

5. ́Ό͍͙͊ͤ͊͟͟ ˹ΦˢΦ ˣ͙͎͙ͦͦͪ͊ͤ;͔ͫ͊͟Ύ ͻ͙͙ͣΎΦ нлнл ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

6. ˻ͺ͙ͼ͙͊͡Έͤ·͚ ͫ ͚͊ͭ ʕ ˻˭ (World Health Organization) τ who.int 

7. PubChem (x ͊͊͘ ͒ ͊ͤͤ·ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͣ ͔ͦͯ͟͡͡) τ pubchem.ncbi.nlm.nih.gov 

8. ˩͙͒ͤ·͚ ͔͔ͪͫͭͪ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭ ˾̅ τ grls.rosminzdrav.ru 

ϭ ˫͒͊͡΄͍ͦ͊ ˸, 2025 

https://www.who.int/
https://pubchem.ncbi.nlm.nih.gov/
https://grls.rosminzdrav.ru/
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˫͒͊͡΄͍ͦ͊ ˸͚͊ͫ͊ ͔͔͍́͊͋͊ͤ͊͘Φ  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͻ͙͙͙ͣΦ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΅ͻ͊͋͊͒Σ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

 

˿ˤ˻ˣ˻˨˹̍˩ ˾ˢ˨ˮ˴ˢ˶̍ ˤ ˣˮ˻̆ˮ˸ˮ̉˩˿˴ˮ̆ ˿ˮ˿́˩˸ˢ̆ ˮ ˸˩̆ˢ˹ˮ˭˸ ˨˩˯˿́ˤˮ̒ 

ˢ˹́ˮ˻˴˿ˮ˨ˢ˹́˹̍̆ ˽˾˩˽ˢ˾ˢ́˻ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͪͦ͡Έ ͍ͫͦ͋ͦ͒ͤ·ͻ ͙͍ͪ͊͒͊ͦ͟͡ ͙ ͙͍͊ͭͤ͟·ͻ ͺͦͪͣ ͙ͫͦͪͦ͒͊͟͡ όˢ̅˴ύ 

͍ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔ͫͫ͊ͻ ͙͍͗·ͻ ͎͙͍ͦͪ͊ͤͣͦ͘Φ ˻͙ͨͫ·͍͔͊ͭͫΎ ͙͙͒ͯ͊ͫͭ͡;͔ͫ͊͟Ύ ͙ͨͪͪͦ͒͊ Ή͙ͭͻ 

͔͙͔͙͚ͫͦ͒ͤͤΥ ͙ͻ ͯ;͙͔͊ͫͭ ͍ ͔ͭͦ͟͡;͚ͤͦ ͙͎͙ͫͤ͊͊͘͡ͼ͙͙ ͙ ͙ͣͣͯͤͤͦͣ ͍͔͔ͦͭͭΣ ͊ ͔ͭ͊͗͟ ͔͙͍͔͒ͫͭͪͯͭͤͦ͟ 

͍͔͚͍͙͔ͦ͒ͫͭ͘ ͙ͨͪ ͍͙͍͔͙͙ͦͤͤͦͤ͘͟ ͙͙͔ͦͫͭ͟͡͡Έ͎ͤͦͦ ͔ͫͭͪͫͫ͊Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͔ͣͻ͙͊ͤͣ͊ͣ͘ 

͍͔͔͙ͨͦͪ͗͒ͤΎ ͙͔͋ͦͣͦͯ͟͡͡ ό͙͙͍ͨ͒ͦ͡Σ ͔͍͋ͦ͟͡Σ ˨˹˴ύ ͙ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͙͙͊ͤͭͦͫ͒͊ͤͭͤ͟·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͨͦ 

͔ͣͻ͙͊ͤͣͯ͘ ͙ͻ ͔͚͍͙͒ͫͭΎΦ ˿ͭ͊ͭΈΎ ͪ͊ͫͪ͟·͍͔͊ͭ ͙͋ͦͻ͙͙ͣ;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͔͚͙ͤͭͪ͊͊͘͡ͼ͙͙ ͙͍ͪ͊͒͊ͦ͟͡ ͙ 

͔͔͍͙ͭͪ͊ͨͭ;͔͙͚ͫ͟ ͔ͨͦͭͤͼ͙͊͡ ͙͙͍͊ͤͭͦͫ͒͊ͤͭͦ͟ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙͔ͤΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡:  

͍ͫͦ͋ͦ͒ͤ·͔ ͙ͪ͊͒͊͟͡·Σ ͙͙͊ͤͭͦͫ͒͊ͤͭ͟·Σ ͙͙͔ͦͫͭ͟͡͡Έͤ·͚ ͔ͫͭͪͫͫΣ ͙͍͊ͭͤ͟·͔ ͺͦͪͣ· ͙ͫͦͪͦ͒͊͟͡Σ 

͔͔͙͔ͨͪͫͤͦ͟ ͙͔͙͔ͦͫͤ͟͡ ͙͙͍ͨ͒ͦ͡Σ ͙͋ͦͻ͙͙ͣΎ ͔͙ͭ͟͟͡Σ ͺ͔͔͙͍ͪͣͤͭ͊ͭͤ͊Ύ ͊͘΅͙ͭ͊Φ 

 

ˤ͍͔͔͙͔͒ͤ 

ˬ͙͔͔ͤ͒͘Ύ͔ͭ͡ΈͤͦͫͭΈ ͊Ήͪͦ͋ͤ·ͻ ͎͙͍ͦͪ͊ͤͣͦ͘ ͔ͤͪ͊ͪ͘·͍ͤͦ ͍ͫΎ͊ͤ͊͘ ͫ ͔͔͙͔ͨͦͭͪ͋ͤͣ͡ ͙ͫͦͪͦ͒͊͟͡Σ 

ͦͭͦͪ͟·͚ Ύ͍͡Ύ͔ͭͫΎ ͺ͙ͤ͊͡Έͤ·ͣ ͊͟ͼ͔ͨͭͦͪͦͣ Ή͔͍ͭͪͦͤͦ͟͡ ͍ ͼ͔͙ͨ ͒·ͻ͙͊ͤΎΦ ˻͒ͤ͊ͦ͟ Ήͭͦͭ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͚ 

ͨͪͦͼ͔ͫͫ ͙͔͔ͣͭ ͨͦ͋ͦ;ͤ·͚ Ήͺͺ͔ͭ͟ τ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͻ͙͙ͣ;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͍ͨͪͦ͒ͯͭͦ͟Σ ͙͍͔ͫͭͤ͘·ͻ ͊͟͟ 

͍ͫͦ͋ͦ͒ͤ·͔ ͙ͪ͊͒͊͟͡·Φ ˿͍ͦ͋ͦ͒ͤ·͚ ͙ͪ͊͒͊͟͡ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͣͦͯͯ͟͡͡ ͙͙͡ ͊ͭͦͣΣ ͦ͋͊͒͊͡Ό΅͙͚ 

͙ͦ͒ͤͣ ͙͙͡ ͔ͤͫͦ͟͡Έ͙͙ͣ͟ ͔͔ͤͫͨ͊ͪͤͤ·͙ͣ Ή͔͙ͭͪͦͤ͊ͣ͟͡ ͤ͊ ͍͔ͤ΄͔ͤͣ Ή͔ͭͪͦͤͤͦͣ͟͡ ͔ͫͦ͡Φ ̏ͭ͊ ͔ͦͫͦ͋ͤͤͦͫͭΈ 

͙͔ͨͪ͒͊ͭ ͙ͣ ;͔͍ͪ͘·;͚͊ͤͦ ͍·ͫͦͯ͟Ό ͔ͪ͊͟ͼ͙ͦͤͤͯΌ ͫͨͦͫͦ͋ͤͦͫͭΈΥ ͔ͫͭͪͣΎͫΈ ͔͙ͦ͋ͪͫͭ ͙ͫͭ͊͋͡ΈͤͦͫͭΈΣ ͙ͦͤ 

͊ͭ͊ͯ͟Όͭ ͔͙͔ͫͦͫ͒ͤ ͔ͣͦͯ͟͡͡·Σ ͙ͦͭͤͣ͊Ύ ͯ ͙ͤͻ Ή͔ͭͪͦͤ͟͡· ͙ ͊ͨͯͫ͊͘͟Ύ ͔͙͍͒ͫͭͪͯͭͤ͟·͔ ͼ͔ͨͤ·͔ ͔ͪ͊͟ͼ͙͙Φ 

ˤ ͙͋ͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ͊ͻ ͍ͦͫͤͦͤͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ ͙͍͊ͭͤ͟·͔ ͺͦͪͣ· ͙ͫͦͪͦ͒͊͟͡ όˢ̅˴ύΣ ͙͔ͭ͊͟ ͊͟͟ 

͔͙ͫͯͨͪͦͫ͒ͤ͟·͚ ͙͊ͤͦͤ-͙ͪ͊͒͊͟͡Σ ͎͙͙͒ͪͦͫ͟͡Έͤ·͚ ͙ͪ͊͒͊͟͡ ͙ ͔͙ͨͪͦͫ͒͟ ͍ͦ͒ͦͪͦ͒͊Σ ͦͭͦͪ͟·͚Σ ͻͦͭΎ ͙ ͔ͤ 

Ύ͍͡Ύ͔ͭͫΎ ͙ͪ͊͒͊ͦͣ͟͡Σ ͍·͔ͫͭͯͨ͊ͭ ͣͦ΅ͤ·ͣ ͙͙͔͔ͦͫͭͣ͟͡͡Φ ˮͫͭͦ;͙͙ͤ͟ ͙ͻ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ͔͔ͭ͟͟͡ 

͎ͣͤͦͦͦ͋ͪ͊ͤ͘·Φ ͎͔̏ͤ͒ͦͤͤ·͔ ˢ̅˴ ͦ͋ͪ͊ͯ͘ΌͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ ͙ͣͭͦͻ͙ͦͤ͒ͪΎͻ ͊͟͟ ζ͔ͯͭ;͊͟η 

Ή͔͍ͭͪͦͤͦ͟͡ ͍ Ή͔ͭͪͦͤͤͦ͟͡-͚ͭͪ͊ͤͫͨͦͪͭͤͦ ͼ͔͙ͨΣ ͊ ͔ͭ͊͗͟ ͙͔͙ͫͤͭͪͯ͘ΌͭͫΎ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͙ͣ 

ͺ͔͔͙ͪͣͤͭ͊ͣ ό͙͔ͤ͊ͨͪͣͪΣ b!5tI-͙͙ͦͫ͒͊͊ͣ͘͟ύ ͒͡Ύ ͋ͦͪΈ͋· ͫ ͎͔͙ͨ͊ͭͦͤ͊ͣΦ ͎͔̏ͦͤͤ͘͟·͔ ͺ͊ͭͦͪ͟·Σ ͙͔ͭ͊͟ 

͊͟͟ ͯ͡Έͭͪ͊ͺ͙͔͍͔ͦͭͦͦ͡ ͙ͯ͘͡;͔͙͔ͤΣ ͙ͪ͊͒͊ͼ͙ΎΣ ͎͊ͪ͘Ύ͔͙͔ͤͤ͘ ͊ͭͣͦͫͺ͔ͪ· ͙ ͔͙͔ͯͪͤ͟Σ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͙͔͙ͤͭͤͫͺ͙ͼ͙ͪͯΌͭ Ή͙ͭ ͨͪͦͼ͔ͫͫ·Φ 

˴͎ͦ͒͊ ͨͪͦ͒ͯ͟ͼ͙Ύ ͍ͫͦ͋ͦ͒ͤ·ͻ ͙͍ͪ͊͒͊ͦ͟͡ ͔͍ͨͪ·΄͔͊ͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͔͔͍͔͚ͫͭͫͭͤͤͦ ͊͘΅͙͚ͭͤͦ 

͙͔ͫͫͭͣ· ͎͙ͦͪ͊ͤͣ͊͘Σ ͍͙͔ͦͤ͊ͭ͘͟ ͫͦͫͭͦΎ͙͔ͤΣ ͤ͊͘·͍͔͔͊ͣͦ ͙͙͔ͦͫͭ͟͡͡Έͤ·ͣ ό͙͙͍ͦͫ͒͊ͭͤ͟·ͣύ ͔ͫͭͪͫͫͦͣΦ ˩͎ͦ 

͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͒͡Ύ ͔͙ͭ͟͟͡ ͊ͭ͊ͫͭͪͦ͟ͺ͙;ͤ·Φ ˹͙͔͔͊͋ͦ͡ ͯΎ͍͙ͣ͘·ͣ ͨͪͦͼ͔ͫͫͦͣ Ύ͍͡Ύ͔ͭͫΎ ͔͔͙͔ͨͪͫͤͦ͟ 

͙͔͙͔ͦͫͤ͟͡ ͙͙͍ͨ͒ͦ͡ ό˽˻˶ύ ͔ͭͦ͟͡;ͤ·ͻ ͔ͣͣ͋ͪ͊ͤΦ ˢͭ͊͊͟ ͙͍ͪ͊͒͊ͦ͟͡ ͤ͊ ͙͔ͨͦͤͤ͊ͫ͡·΅͔ͤͤ·͔ ͙͗ͪͤ·͔ 

͙ͫͦͭ͟͡· ͙͍͙ͨͪͦ͒ͭ ͟ ͤ͊ͪͯ΄͔͙ͤΌ ͼ͔͙ͦͫͭͤͦͫͭ͡ ͔ͣͣ͋ͪ͊ͤΣ ͙͔͔͙ͣͤͤ͘Ό ͙ͻ ͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ ͙Σ ͍ ͔ͦͤ͟;ͤͦͣ 

͙͎͔ͭͦΣ ͟ ͎͙͔͙͋͡ ͔͙ͭ͟͟͡Φ ˹͔ ͔͔͔ͣͤ ͦͨ͊ͫͤ· ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͍͋ͦ͟͡Σ ͍͔͒ͯ΅͙͔ ͟ ͔͔ͨͦͭͪ ͺ͔͔͙͍͚ͪͣͤͭ͊ͭͤͦ 

͙͍͙͊ͭͤͦͫͭ͟Σ ͙ ͙ͣͦ͒ͺ͙͊͟ͼ͙͙ ˨˹˴Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͫͭ͊ͭΈ ͙ͨͪ;͙͚ͤͦ ͣͯͭ͊ͼ͙͚ ͙ ͊ͤ͟ͼ͔͎͔͔ͪͦͤ͊͘Φ 

˨͡Ύ ͙͍͔͚͍͙ͨͪͦͭͦ͒ͫͭΎ Ή͙ͭͣ ͎ͯͪͦ͊ͣ͘ ͍ ͎͙͔ͦͪ͊ͤͣ͘ ͫͺ͙͍ͦͪͣͪͦ͊ͤ͊ ͫͦ͗ͤ͊͡Ύ ͎͍͔͍ͣͤͦͦͯͪͦͤ͊Ύ ͙͔ͫͫͭͣ͊ 

͙͙͚͊ͤͭͦͫ͒͊ͤͭͤͦ͟ ͊͘΅͙ͭ·Φ ˻ͤ͊ ͍͟͡Ό;͔͊ͭ ͺ͔͔͙͍͔ͪͣͤͭ͊ͭͤͦ ͍͔ͤͦ͘ ό͔͙͙ͫͯͨͪͦͫ͒͒ͫͣͯͭ͊͊͘͟Σ ͊ͭ͊͊͊͘͟͡Σ 
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͎͙͔͙ͯͭ͊ͭͦͤͨͪͦͫ͒͊͊͘͟͡ύ ͙ ͔ͤͺ͔͔͙͍ͪͣͤͭ͊ͭͤ·͔ ͔ͦͣͨͦͤͤͭ͟· ό͍͙͙ͭ͊ͣͤ· ˿Σ ˩Σ ͙͙͊ͪͦͭͤͦ͒͟·Σ ͎͙ͯͭ͊ͭͦͤ͡ύΦ 

˻͒ͤ͊ͦ͟ ͙ͨͪ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙ͤΎͻ τ ͙ͭ͊͟ͻ ͊͟͟ ͙΄͔͙ͣΎΣ ͙͔͒͊͋ͭΣ ͔͚͔͎͔͔͙͍ͤͪͦ͒ͤͪ͊ͭͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ 

͙ ͍ͦͪ͊ͫͭͤ͘·͔ ͙͔͔͙ͣͤͤ͘Ύ τ ͪ ͔͍ͫͯͪͫͦ ͍͔͚ͫͦ͋ͫͭͤͤͦ ͙͔ͫͫͭͣ· ͦ͊͘͟·͍͔͊ͭͫΎ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦΦ ̏ͭͦ ͍͙͍͔ͦ͋ͯͫ͊͊ͭ͡͡ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙͔͔͙ͨͪͣͤͤΎ ͙͙͊ͤͭͦͫ͒͊ͤͭͤ͟·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ 

˸͔ͻ͙͊ͤͣ͘ ͔͚͍͙͒ͫͭΎ ͙͙͍͊ͤͭͦͫ͒͊ͤͭͦ͟ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͔ͨͪͪ·͍͙͙͊ͤ ͼ͔ͨͤ·ͻ ͔ͪ͊͟ͼ͙͚ ͙͔͙ͦͫͤ͟͡Ύ ͤ͊ 

͙ͪ͊͘͡;ͤ·ͻ Ήͭ͊ͨ͊ͻΦ ˽ͪΎͣ·͔ ͙͙͊ͤͭͦͫ͒͊ͤͭ͟· όζ͍ͦͯ͡΄͙͟η ͙͍ͪ͊͒͊ͦ͟͡ύ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Όͭ 

ͫ ͙ͪ͊͒͊ͦͣ͟͡Σ ͍ͦͭ͒͊͊Ύ ͔ͣͯ Ή͔ͭͪͦͤ͟͡ ͙ ͔͍ͨͪͪ͊΅͊ΎͫΈ ͍ ͙͍ͣ͊ͦ͊ͭͤ͟͡·͚ ͙ͪ͊͒͊͟͡Σ ͔ͤ ͫͨͦͫͦ͋ͤ·͚ 

ͨͪͦ͒ͦ͗͊ͭ͡Έ ͼ͔ͨΈΦ ˴͍͔ͦͫͤͤ·͔ ͙͙͊ͤͭͦͫ͒͊ͤͭ͟· ͎ͣͦͯͭ ͍ͫΎ͘·͍͊ͭΈ ͙ͦͤ· ͔͍ͣͭ͊ͦ͡͡ ͔͔͔͚ͨͪͣͤͤͦ 

͍͔͙͊ͤͭͤͦͫͭ͡ ό͔͔͗ͦ͘͡Σ ͔ͣ͒ΈύΣ ͦͭͦͪ͟·͔ ͙͙͊ͭ͊ͪͯ͘͟͡Όͭ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͙͔͔ͤ͊͋ͦ͡ ͎ͦͨ͊ͫͤͦͦ ͎͙͙͒ͪͦͫ͟͡Έ͎ͤͦͦ 

͙ͪ͊͒͊͊͟͡ ͍ ͔ͪ͊͟ͼ͙͙ ͔̅ͤͭͦͤ͊Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡Ύ ͙͊ͫͫ͟͡ͺ͙ͼ͙͔ͪͯͭ ͙͔ͭ͊͟ ͔ͨͪͨ͊ͪ͊ͭ· ͨͦ ͙ͻ 

͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΌ ͙ ͙ͣ΄͔ͤΎͣ ͍͔͚͍͙ͦ͒ͫͭ͘ΎΣ ͔ͫͭͪͣΎͫΈ ͫͦ͒͊ͭ͘Έ ͔͍ͫͪ͒ͫͭ͊ ͫ ͍·͚ͫͦͦ͟ ͙͋ͦ͒ͦͫͭͯͨͤͦͫͭΈΌ ͙ 

͔ͫͨͼ͙ͺ͙;ͤͦͫͭΈΌΦ ˮͯ͘;͔͙͔ͤ ͙͋ͦͻ͙͙͙ͣ ͍ͫͦ͋ͦ͒ͤ·ͻ ͙͍ͪ͊͒͊ͦ͟͡ ͙ ͙ͨͦͫ͟ ͍ͤͦ·ͻ ͍ͫͨͦͫͦ͋ͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͙͙͔ͦͫͭ͟͡͡Έͤͦ-͍͍͙͔ͦͫͫͭ͊ͤͦͭ͡Έͤ·ͣ ͋͊͊ͤͫͦͣ͡ ͦͫͭ͊ΌͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͫ͊ͣ·ͻ ͊ͭͯ͊͟͡Έͤ·ͻ ͊͒͊͘; ͍͔͔͚ͫͦͪͣͤͤͦ 

͙͔͙͋ͦͣ͒ͼ͙ͤ·Σ ͦͭͪ͟·͍͊Ύ ͙ͨͯͭ ͟ ͔͙ͨͪͦ͒ͤ͡Ό ͙͍͎͊ͭͤͦͦ͟ ͎͔͙͒ͦͦͭ͡͡Ύ ͙ ͔͡;͔͙ͤΌ ͔͍ͣͤͦ͗ͫͭ͊ ͫͦͼ͙͊͡Έͤͦ 

ͤ͊͘;͙ͣ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˣ͔͡Ύ͔͍ ˮΦˤΦ ˣ͙ͦͻ͙͙ͣΎ ͙ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ͙͙͔ͦͫͭ͟͡͡Έ͎ͤͦͦ ͔ͫͭͪͫͫ͊Φ нлнм ˸͍ͦͫ͊͟Φ 

2. ˿͍ͦͦͦ͟͡ ˽ΦˢΦ ˿͍ͦ͋ͦ͒ͤ·͔ ͙ͪ͊͒͊͟͡· ͍ ͙͍͗·ͻ ͙͔ͫͫͭͣ͊ͻΦ нлмф ˹͍͙͙ͦͦͫ͋ͪͫ͟Φ 

3. ˸͍ͦͪͦͦ͘ ˢΦ˹Φ ͎͙̅͊ͪͣ͊ͦͦ͟͡Ύ ͙͙͊ͤͭͦͫ͒͊ͤͭͤ͟·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ нлнн ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

4. ˽͍͍͊ͦ͊͡ ˩Φ˴Φ ˸͔ͦͯ͟͡͡Ύͪͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͔ͭͦ͟͡;͚ͤͦ ͊͘΅͙ͭ·Φ нлнл ˴͊͊ͤ͘ΈΦ 

5. ˨͙͙͔͍ͣͭͪ ˿Φ˿Φ ˻͍ͫͤͦ· ͙͋ͦͻ͙͙ͣ;͔͚ͫͦ͟ Ή͙͎͙͙ͤͣͦͦ͘͡Φ нлно ˩͔͙͎͊ͭͪͤ͋ͯͪ͟Φ 

6. ˤ͔͙ͫͣͪͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ ό²Ihύ τ https://www.who.int 

7. ˹͊ͯ;ͤ͊Ύ Ή͔ͭͪͦͤͤ͊͟͡Ύ ͙͙͔͋͋ͦͭ͊͟͡ ζ˴͙͔͋ͪ˶͔͙ͤͤ͊͟η τ https://cyberleninka.ru 

8. ˹͊ͼ͙ͦͤ͊͡Έͤ·͚ ͼ͔ͤͭͪ ͙͔͋ͦͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͙ͤͺͦͪͣ͊ͼ͙͙ όb/.LκtǳōaŜŘύ τ 

https://pubmed.ncbi.nlm.nih.gov 

9. ˬͯͪͤ͊͡ ζbŀǘǳǊŜ wŜǾƛŜǿǎ aƻƭŜŎǳƭŀǊ /Ŝƭƭ .ƛƻƭƻƎȅη τ https://www.nature.com/nrm 

10. ˽ͦͪͭ͊͡ ζˣ͙͔ͦͣͦͯ͊͟͡͡η τ https://biomolecula.ru 

ϭ ˫͒͊͡΄͍ͦ͊ ˸., 2025. 

 

 

 

 

˴͔͍ͯͪ͊ͣ͋͊ ˢͻ͔ͣͭ ˴͔͍͙ͯͪ͊ͣ͋͊;Σ  

͙͊ͤ͒͒͊ͭ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Σ ͙͔͊ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͎͙ͦͫͨͭ͊͡Έ͚ͤͦ ͔͙͙͙ͨ͒͊ͭͪΦ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ́ ͊͋͊͒Σ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

 

˴˶ˮ˹ˮ̉˩˿˴ˮ˩ ˻˿˻ˣ˩˹˹˻˿́ˮ ˮ ˸˩́˻˨̍ ˾˩ˢˣˮ˶ˮ́ˢ̇ˮˮ ˭ˢ́̒ˬ˹˻˯  

˽˹˩ˤ˸˻˹ˮˮ ̂ ˨˩́˩˯ ˾ˢ˹˹˩˥˻ ˤ˻˭˾ˢ˿́ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔ͨͪͦ͋ͣ͊͡ ͊ͭ͘Ύ͎͗ͤͦͦ ͔ͭ;͔͙ͤΎ ͔͍͙͙ͨͤͣͦͤ ͯ ͔͔͚͒ͭ ͔͎ͪ͊ͤͤͦ 

͍ͦͪ͊ͫͭ͊͘ ό͒ͦ о ͔ͭ͡ύΦ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͍ͦͫͤͦͤ·͔ Ή͙͎͙ͭͦͦ͡;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟·Σ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙͔ ͔͔ͨͪͻͦ͒ͯ 

͎ͦͫͭͪͦͦ ͨͪͦͼ͔ͫͫ͊ ͍ ͊ͭ͘Ύ͚͗ͤͦΣ ͊ ͔ͭ͊͗͟ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡ΎΣ ͻ͔͊ͪ͊ͭͪͤ͟·͔ ͒͡Ύ Ή͚ͭͦ 

͍͚ͦͪ͊ͫͭͤͦ͘ ͎ͪͯͨͨ·Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͔ͦͣͨͫͤ͟͟͡·ͣ ͔ͣͭͦ͒͊ͣ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙Σ ͍͟͡Ό;͊Ύ 

https://www.who.int/
https://cyberleninka.ru/
https://pubmed.ncbi.nlm.nih.gov/
https://www.nature.com/nrm
https://biomolecula.ru/
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ͺ͙͙͔͔͍͙ͦͭͪ͊ͨͭ͘;͔͔ͫͦ͟ ͍͔͚͍͙͔ͦ͒ͫͭ͘Σ ͙͔͔͙ͤͦͭͪ͊ͨ͘͟Ό ͙ ͔͙͔ͣ͒͊ͣͤͭͦͤͯ͘͟Ό ͔ͨͦ͒͒ͪ͗ͯ͟Σ ͍͔ͤ͊ͨͪ͊ͤͤͯ͡Ό 

ͤ͊ ͔ͨͦͤͦ͡ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͣͦͪͺͦͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͫͦͫͭͦΎ͙ͤΎ ͔͎͙͟͡ͻ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙͔ͤ ͻ͙ͪͦͤ͊͘ͼ͙͙ 

ͨͪͦͼ͔ͫͫ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͊ͭ͘Ύ͗ͤ͊Ύ ͔͍͙ͨͤͣͦͤΎΣ ͔͙͒ͭ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘Σ ͨͯ͡Έ͎͙ͣͦͤͦͦ͡ΎΣ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙ΎΣ 

 ͟ ͙͙ͤ͡;͔͙͔ͫ͟ ͙͙ͨͪͤ͊͘͟Σ ͔͎͔͎ͪͤͭͤͦͪ͊ͺ͙ΎΣ ͺ͙͙͔͙ͦͭͪ͊ͨ͘ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˽͔ͪͦ͋ͣ͊͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͎͍ͦͪ͊ͤͦ ͒·ͻ͙͊ͤΎ ͯ ͔͔͚͒ͭ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘ ͔ͦͫͭ͊ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͫ͊ͣ·ͻ 

͊ͭͯ͊͟͡Έͤ·ͻ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙͙͙ͨ͒͊ͭͪΦ ˿͔͙ͪ͒ ͍͔͚ͫ ͎͙͙ͨ͊ͭͦͦ͡ ͔͙͎ͪͫͨͪ͊ͭͦͪͤͦͦ ͭͪ͊ͭ͊͟ ͔͍͙ͨͤͣͦͤΎ 

͙͔͊ͤͣ͊ͭ͘ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͍͍͙͒ͯ ͍·͎ͫͦͦͦ͟ ͙ͪͫ͊͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͔ͭ͊͡͡Έ͙ͤͦͫͭΦ ˤ ͔͙͔ͨͦͫ͒ͤ͡ 

͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͔͙ͨ͒͊ͭͪ· ͍͔ͫ ;͊΅͔ ͙͍ͫͭ͊͊͟͡ΌͭͫΎ ͫ ͺ͔͔ͤͦͣͤͦͣ ͊ͭ͘Ύ͎͗ͤͦͦ ͔ͭ;͔͙ͤΎ ͔͍͙͙ͨͤͣͦͤΣ ͎ͦ͒͊͟ 

͎͙ͨ͊ͭͦͦ͡;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫ ͍ ͔͎͙͟͡ͻ ͔ͤ ͔ͪ͊ͪ͘΄͔͊ͭͫΎ ͍ ͙͙ͭͨ;ͤ·͔ ͙ͫͪͦ͟ ό͒ͦ п ͔͔ͤ͒͡ΈύΣ ͊ ͊ͭ͘Ύ͎͙͍͔͊ͭͫΎ ͤ͊ 

͔͙ͨͪͦ͒ ͦͭ с ͔͔ͤ͒͡Έ ͒ͦ ͔ͤͫͦ͟͡Έ͙͟ͻ ͔ͣͫΎͼ͔͍Φ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͚͒͊ͤͤͦ ͔ͭͣ· ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͊ͤ͊ͭͦͣͦ-ͺ͙͙͎͙ͦͦ͘͡;͔͙͙ͫͣ͟ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ ͔͔͚͒ͭ 

͔͍ͨͪ·ͻ ͔ͭͪͻ ͔ͭ͡ ͙͙͗ͤ͘Φ ˻͎ͪ͊ͤ· ͒·ͻ͙͊ͤΎ ͍ Ήͭͦͣ ͍͔ͦͪ͊ͫͭ͘ ͤ͊ͻͦ͒ΎͭͫΎ ͍ ͙͙ͫͭ͊͒ ͙͍͎͊ͭͤͦͦ͟ ͪͦͫͭ͊ ͙ 

͙͒ͺͺ͔͔ͪͤͼ͙͍͙ͪͦ͟Φ ͙͔̂͘͟ ͍͔ͨͪͦͫͭ· ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΣ ͎͋ͦ͊ͭ͊Ύ ͍͊ͫͯ͟͡Ύ͙ͪ͊͘ͼ͙Ύ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟Σ 

ͫͦͤͤͦͫͭ͟͡Έ ͟ ͋·ͫͭͪͦͣͯ ͍͙͙ͪ͊ͭ͘Ό ͔ͦͭ͊͟ ͙ ͎͙͔͔͔ͨͪͫͪ͟ͼ͙͙ ͙͙ͫ͘͡Σ ͊ ͔ͭ͊͗͟ ͙͔ͦͭͤͦͫͭ͡Έͤ͊Ύ ͣΎ͎ͦͫͭ͟Έ 

ͻͪΎ΅͔͍͎ͦͦ ͊ͪ͊ͫ͊͟͟ ͋ͪͦͤͻ͍ͦ ͫͦ͒͊͘Όͭ ͔ͨͪ͒ͨͦͫ·͙͟͡ ͒͡Ύ ͤ͊ͪͯ΄͔͙ͤΎ ͔͚͒ͪͤ͊͗ͤͦ ͺͯͤ͟ͼ͙͙Φ ˴͔ͪͦͣ ͎ͭͦͦΣ 

͙ͣͣͯͤͤ͊Ύ ͙͔ͫͫͭͣ͊ ͔͔ͪ͋ͤ͊͟ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫͣ͟ ͔͒ͺ͙ͼ͙ͭͦͣ 

͔͔͎ͫͪͭͦͪͤͦͦ͟ ͙͎͙ͣͣͯͤͦͦ͋ͯͤ͊͡͡ ˢ ͙ ͔͔ͤͪͦͫͭ͘͡ΈΌ ͺ͎͊ͦͼ͙ͭͦ͊͘Σ ;ͭͦ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͋·ͫͭͪͯΌ Ή͙͙ͣͤ͊͡ͼ͙Ό 

͍͙͔ͦ͋ͯ͒ͭ͘͡ΎΦ 

˭͊ͭΎ͗ͤ͊Ύ ͔͍͙ͨͤͣͦͤΎ τ Ήͭͦ ͔ͤ ͨͪͦͫͭͦ ͙͔͒ͭ͡͡Έͤͦ ͔ͭͯ͟΅͙͚ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͚ ͨͪͦͼ͔ͫͫΣ Ήͭͦ ͫͦͫͭͦΎ͙͔ͤΣ 

͙ͨͪ ͦͭͦͪͦͣ͟ ͤ͊ͪͯ΄͊ΌͭͫΎ ͔ͣͻ͙͊ͤͣ͘· ͎͔͔ͫ͊ͤͦͤ͊͘Φ ˴ ͍ͦͫͤͦͤ·ͣ ͺ͊ͭͦͪ͊ͣ͟ ͙ͪͫ͊͟ ͊ͭ͘Ύ͎͗ͤͦͦ ͔ͭ;͔͙ͤΎ 

ͦͭͤͦͫΎͭͫΎ ͔͎͙ͤ͋͊ͦͨͪ͡Ύͭͤ·͚ ͔͙ͨͪͣͦͪ͋͒ͤ·͚ ͺͦͤ όͪ͊ͻ͙ͭΣ ͎͙ͨͦͭͪͦͺ͙ΎΣ ͔͙͊ͤͣΎΣ ͙͊ͭͦͨ;͔͙͚ͫ͟ ͔͙͒ͪͣ͊ͭͭύΣ 

͔͔͔͔ͨͪͤͫͤͤ͊Ύ ͔͙ͨͪͤ͊ͭ͊͡Έͤ͊Ύ ͎͙ͨ͊ͭͦͦ͡ΎΣ ͊ ͔ͭ͊͗͟ ͙ͤ͊͡;͙͔ ͦ;͎͍͊ͦ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͙ͤͺ͔͟ͼ͙͙ ͍ ͎͔ͤͦͫͦͦͭ͟͡Φ 

˹͔͍ͣ͊ͦ͊͗ͤͯ͡Ό ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͙ ͙ͣͪͦ͟Ή͎͙ͦͦ͟͡ΎΥ ͎͊ͪ͘Ύ͔͙͔ͤͤ͘ ͍ͦ͒ͯ͘ͻ͊Σ ͙͍͔ͨ͊ͫͫͤͦ ͔͙͔ͯͪͤ͟ ͍ ͔ͫͣΈ͔ ͙ 

͙͚ͪ͊ͤͤ ͔͔͍ͨͪͦ͒ ͤ͊ ͙͍͔͔ͫͯͫͫͭͤͤͦ͟ ͍͙͍͙͔ͫ͊ͪͣ͊ͤ͟͡ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͫͤ͗͊Όͭ ͔͙͔ͪͫͭͤͭͤͦͫͭ͘Έ ͔͎ͦ͡;͚ͤͦ 

͙ͭ͊ͤ͟Φ 

˻͚͒ͤͦ ͙͘ ͎͍͊ͤ͡·ͻ ͔ͨͪͦ͋ͣ͡ Ύ͍͡Ύ͔ͭͫΎ ͙͎͙͒͊ͤͦͫͭ͊͟ ͔͔ͨͪͻͦ͒͊ ͚ͦͫͭͪͦ ͺͦͪͣ· ͍ ͊ͭ͘Ύ͗ͤͯΌΦ ˭͊;͊ͫͭͯΌ 

͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͔͚ͫͭͪͭͦΥ ͙͡ͻͦͪ͊͒͊͟ ͔ͫͣͤΎ͔ͭͫΎ ͙͔͒ͭ͡͡Έͤ·ͣ ͫͯ͋ͺ͔͙͙͔͋ͪͭͭͦͣ͡Σ ͊ 

͊͟΄͔͡Έ ͍͙ͫͭ͊ͤͦͭͫΎ ͔͔͔ͣͤ ͙͔͙͍ͤͭͤͫͤ·ͣΣ ͤͦ ͨͦͫͭͦΎͤͤ·ͣΦ ̏ͭͦ ͔ͣͦ͗ͭ ͍ͫͦ͒͊͊ͭ͘Έ ͦ͗ͤͯ͡Ό ͙͡͡Ό͙͘Ό 

͍·͍͔͙͒ͦͪͦͤ͘͡ΎΣ ͍ ͭͦ ͍͔ͪͣΎ ͊͟͟ ͍ ͔ͨ͊ͪͤͻ͙͔ͣ ͔͎͙͟͡ͻ ͫͦͻͪ͊ͤΎΌͭͫΎ ͙ͤͺ͙͡Έ͙͍ͭͪ͊ͭͤ·͔ ͙͔͔͙ͣͤͤ͘ΎΦ 

˻͍͙͔ͭͫͯͭͫͭ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͙ ͔͍͚͊͒͊ͭͤͦ͟ ͔͙͙ͭͪ͊ͨ ͤ͊ Ήͭͦͣ Ή͔ͭ͊ͨ ;͔͍ͪ͊ͭͦ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ ͦ͊͟͡͡Έ͎ͤͦͦ 

͔͍͔ͨͤͣͦͫͪͦ͊͘͟͡Σ ;ͭͦ ͍ ͒͊͡Έ͔͚ͤ΄͔ͣ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͙͍͚ͦ͋ͫͭͪͯͭͤͦ͟ 

͎͙͙ͨ͊ͭͦͦ͡ ͔͎͙͟͡ͻΦ 

˿͍͔͔ͦͪͣͤͤ·͚ ͨͦ͒ͻͦ͒ ͟ ͔͡;͔͙ͤΌ ͊ͭ͘Ύ͚͗ͤͦ ͔͍͙͙ͨͤͣͦͤ ͔͔ͭͪ͋ͯͭ ͔ͤ ͭͦ͡Έͦ͟ ͎͎ͪ͊ͣͦͭͤͦͦ ͨͦ͒͋ͦͪ͊ 

͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨ όͫ ͯ;͔ͭͦͣ ͍͚ͦͣͦ͗ͤͦ͘ ͙͙͊ͭͨ;͚ͤͦ ͺͦͪ͡· ͙͙͡ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ύΣ ͤͦ ͙ 

ͣͦ΅͎ͤͦͦ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͎ͦͤͤͦͦ ͋ͦ͊͟͡Φ ˾͔͙͙͊͋ͭ͊͡ͼ͙Ύ ͒ͦ͗ͤ͊͡ ͤ͊;͙ͤ͊ͭΈͫΎ ͔΅͔ ͤ͊ ͎͙ͦͫͨͭ͊͡Έͤͦͣ Ή͔ͭ͊ͨ ͙ 

ͨͪͦ͒ͦ͗͊ͭ͡ΈͫΎ ͍ ͊ͣ͋ͯ͊ͭͦͪͤ͡·ͻ ͙͙͡ ͫ͊ͤ͊ͭͦͪͤ·ͻ ͍͙ͯͫͦ͡ΎͻΦ ˻ͤ͊ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͯͯ͡;΄͔͙͔ͤ 

͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙ ͍ ͦ;͎͔͊ ͔͙ͨͦͪ͊͗ͤΎΣ ͪ͊ͫͫ͊ͫ·͍͙͔͊ͤ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͎ͤͦͦ Ήͫͫͯ͒͊ͭ͊͟ ͙ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ 

Ή͙͊ͫͭ͡;͙ͤͦͫͭ ͔͎ͦ͡;͚ͤͦ ͙ͭ͊ͤ͟Φ ˤ͊͗ͤͦ ͙ͨͦͤͣ͊ͭΈΣ ;ͭͦ ͔͋͘ ͙͍͎͊ͭͤͦͦ͟ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͺͯͤ͟ͼ͙͙ ͍͔ͤ΄͔͎ͤͦ 

͒·ͻ͙͊ͤΎ ͙ͪͫ͟ ͍ͨͦͭͦͪͤ·ͻ Ή͙͍ͨͦ͒ͦ͘ ͔͍͙͙ͨͤͣͦͤ ͍͔ͦͪ͊ͫͭ͊ͭ͘ ͍ ͔ͤͫͦ͟͡Έͦ͟ ͪ͊͘Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͯ͘;͔͙͔ͤ 
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͙͙ͤ͟͡;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͙ ͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͔͍ͣͭͦ͒ͦ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙ Ύ͍͡ΎΌͭͫΎ ͙͙͔ͨͪͦͪͭͭͤ·͙ͣ 

͊͒͊͘;͙͊ͣ ͒͡Ύ ͙͔͙ͫͤ͗ͤΎ ͙͍͙͙ͤ͊͒͊͘͡ͼ͙͙ ͔͔͚͒ͭ ͙ ͯͯ͡;΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͙ͻ ͙͙͗ͤ͘Φ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͊ͭ͘Ύ͚͗ͤͦ ͔͍͙͙ͨͤͣͦͤ ͯ ͔͔͚͒ͭ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͍Ύ͡·ͣΣ 

͍ͦͤͦͦ͋ͪ͊ͤ͘͡·ͣ ͔ͭ;͔͙͔ͤͣΦ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͚ͦͫͭͪͦ ͺ͊͘·Σ ͎ͦ͒͊͟ ͙͙͒ͦͣͤͪͯΌͭ ͙ͫͣͨͭͦͣ· ͙͙ͤͭͦͫ͊͟͟ͼ͙͙ ͙ 

͍·ͫͦ͊͟Ύ ͔͔ͭͣͨͪ͊ͭͯͪ͊Σ ͙ͨͪ ͊ͭ͘Ύ͗ͤͦͣ ͨͪͦͼ͔͔ͫͫ ͤ͊ ͔͍ͨͪ·͚ ͨ͊ͤ͡ ͍·ͻͦ͒Ύͭ ͔ͫ͒ͯ͡Ό΅͙͔ ͙͙ͨͪͤ͊͘͟Υ 

¶ ˿͚͙͔ͭͦ͟ ͺ͙͙͊͘͟͡Έͤ·͔ ͙͔͔͙ͣͤͤ͘ΎΥ ͍ ͔͎͙͟͡ͻ ͍ ͔ͭ;͔͙͔ͤ ͙͔͒ͭ͡͡Έ͎ͤͦͦ ͍͔͔͙ͪͣͤ ό͔͔͋ͦ͡ оςп ͔͔ͤ͒͡Έύ 

͍·ͫͯ͡΄͙͍͊ΌͭͫΎ ͦ͊͟͡͡Έͤ·͔ ͔ͣͦͨͯ͘͟͡·ͪ;͊ͭ·͔ ͍͊͗ͤ͡·͔ ͙͙͡ ͫͯͻ͙͔ ͻ͙ͪͨ·Φ 

¶ ˨·ͻ͔͊ͭ͡Έͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΥ ͦ͒·΄͊͟ ͔ͣͦ͗ͭ ͍͍ͦͭͫͯͭͫͭͦ͊ͭΈ ͍ ͔ͨͦͦ͟Σ ͤͦ ͦͭ;͔͙͍ͭͦ͡ ͨͪͦΎ͍͡ΎͭΈͫΎ 

͙ͨͪ ͺ͙͙͘;͔͚ͫͦ͟ ͎͔ͤ͊ͪͯ͘͟ όͨ͊͡;Σ ͔͙͔ͦͪͣͤ͟͡Σ ͙͍͊ͭͤ͟·͔ ͙͎ͪ·ύΦ 

¶ ˾͔͎͔͎͙ͤͭͤͦͦ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟Υ ͫͦͻ͔͙͔ͪ͊ͤͤ ͙ͤͺ͙͡Έͭͪ͊ͼ͙͙ ͙͙͡ ͙͔͙͔ͯͫͤ͡ ͔͎ͦ͡;͎ͤͦͦ ͙ͪͫͯͤ͊͟ ͍ 

͔ͨͦͪ͊͗ͤͤͦͣ ͔͎͔͔ͫͣͤͭ ͨͦ ͙͔ͫͭ;͔͙͙ͤ ͔ͣͫΎͼ͊ ͦͭ ͤ͊;͊͊͡ ͔͙͋ͦͤ͘͡Φ 

¶ ˻͋΅͙͔ ͙ͫͣͨͭͦͣ·Υ ͔͔ͪ͋ͤͦ͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͙͊ͨͪͤ͘͟·ͣΣ ͋·ͫͭͪͦ ͔ͯͫͭ͊ͭΣ ͔ͦͭͣ;͔͊ͭͫΎ ͨͦ͡ͻ͚ͦ ͔͙͊ͨͨͭͭ 

͙ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤ͊Ύ ͙͍ͨͪ͋͊͊͟ ͍ ͍͔͔ͫΦ 

˸͔ͭͦ͒· ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙ 

˾͔͙͙͊͋ͭ͊͡ͼ͙Ύ ͔͔͚͒ͭ ͫ ͊ͭ͘Ύ͚͗ͤͦ ͔͍͙͔͚ͨͤͣͦͤ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͔͚ͦͣͨͫͤͦ͟͟͡ ͙ 

͙͙͍͙͙͙͍͚ͤ͒͒ͯ͊ͪͦ͊ͤͤͦ͘͡Φ 

1. ˴͙͔͔͙ͤͦͭͪ͊ͨ͘Ύ ͙ ͣ͊ͫͫ͊͗Υ 

o ˨͔ͪͤ͊͗ͤ·͚ ͣ͊ͫͫ͊͗Υ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͦͭͻ͔͙ͦ͗͒ͤΌ ͣͦͪͦͭ͟· ͙ ͯͯ͡;΄͔͙ͤΌ ͍͔͙ͤͭ͡Ύͼ͙͙Φ 

o ˤ͙͋ͪ͊ͼ͙ͦͤͤ·͚ ͣ͊ͫͫ͊͗Υ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͎͙͟͡ͻ ͙͍͙͚ͨͦͫͭͯ͊ͤ͟ ͒͡Ύ ͙ͫͭͣͯ͡Ύͼ͙͙ ͦ;͙΅͔͙ͤΎ 

͋ͪͦͤͻ͍ͦΦ 

o ˨·ͻ͔͊ͭ͡Έͤ͊Ύ ͎͙͙ͣͤ͊ͫͭ͊͟Υ ͒͡Ύ ͔͔͚͒ͭ ͫͭ͊ͪ΄͔ н ͔ͭ͡ ͍ ͙͎͍͚ͪͦͦ ͺ͔ͦͪͣ ό͍͙͔ͤ͊͒ͯ͊ͤ ΄͍͊ͪͦΣ 

͙͔ͨͯͫ͊ͤ͟ ͣ·͡Έͤ·ͻ ͨͯ͘·͔͚ͪύΦ 

2. ͙͙͔͔͍͙̅ͦͭͪ͊ͨͭ͘;͔͙͔ͫ͟ ͔ͣͭͦ͒·Υ 

o ͔̏ͭͪͦ͟͡ͺ͔ͦͪ͘ ͫ ͔͙ͨͪͨ͊ͪ͊ͭ͊ͣ ͚ͦ͒͊Σ ͊͟͡Έͼ͙Ύ ͙͙͡ ͙͚͒͊ͦ͘͡ ͒͡Ύ ͙ͫͭͣͯ͡Ύͼ͙͙ ͪ͊ͫͫ͊ͫ·͍͙͊ͤΎ 

ͦ;͎͊͊Φ 

o ̂ˤ̉-͔͙ͭͪ͊ͨΎ ͙ ͔͔͙͊ͪͦͭͪ͊ͨ͘͡Ύ ͤ͊ ͦ͋͊ͫͭ͡Έ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡Φ 

o ˥͔͙͊ͦͭͪ͊ͨ͡Ύ όͫͦ͡Ύͤ·͔ ͔ͨ΅͔ͪ·ύ ͒͡Ύ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͋ͪͦͤͻ͍ͦΦ 

3. ˨͙͔͔͙ͭͦͭͪ͊ͨΎ ͙ ͔͙ͪ͗ͣΥ 

o ˻͎͋ͦ͊΅͔͙͔ͤ ͪ͊ͼ͙ͦͤ͊ ͔͋ͦͣ͟͡ ͙ ͍͙͙͙ͭ͊ͣͤ͊ͣ όˢΣ ˿Σ ͎ͪͯͨͨ͊ ˤύΦ 

o ˿ͦ͋͡Ό͔͙͔͒ͤ ͙ͨͭΈ͔͍͎ͦͦ ͔͙ͪ͗ͣ͊ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͍Ύ͙ͦͫͭ͘͟ ͣͦͪͦͭ͟·Φ 

o ˻͙ͨͭͣ͊͡Έͤ·͚ ͙͙ͣͪͦͣ͊ͭ͟͟͡ ͍ ͔ͨͦͣ΅͔͙͙ͤ ό͍͊͗ͤͦͫͭ͡Έ рлςсл҈Σ ͔͔ͭͣͨͪ͊ͭͯͪ͊ нлςннϲ/ύΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˮ͍͍͊ͤͦ ˮΦˮΦ ˽͔͙͙͒͊ͭͪΎΥ ͔͙͋ͦͤ͘͡ ͎͍ͦͪ͊ͤͦ ͒·ͻ͙͊ͤΎΦ нлнм ˸͍ͦͫ͊͟Φ 

2. ˽͔͍ͭͪͦ ˽Φ˽Φ ˻͔͙ͫͦ͋ͤͤͦͫͭ ͔͍͙͙ͨͤͣͦͤ ͯ ͔͔͚͒ͭ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘Φ нлмф ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

3. ˿͙͍͒ͦͪͦ ˿Φ˿Φ ˾͔͙͙͊͋ͭ͊͡ͼ͙Ύ ͍ ͔͚͒ͭͫͦ͟ ͨͯ͡Έ͎͙͙ͣͦͤͦͦ͡Φ нлнн ˩͔͙͎͊ͭͪͤ͋ͯͪ͟Φ 

4. ˤ͙͊ͫ͡Έ͔͍ ˤΦˤΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͔͎͙͟͡ͻΦ нлнл ˹͍͙͙ͦͦͫ͋ͪͫ͟Φ 

5. ˹͙͔͍ͦ͊͟͡ ˹Φ˹Φ ͙͙͔͙̅ͦͭͪ͊ͨ͘Ύ ͍ ͔͙͙ͨ͒͊ͭͪ;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ нлно ˴͊͊ͤ͘ΈΦ 

6. ˤ͔͙ͫͣͪͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ όˤ˻˭ύ τ www.who.int 

7. ˿ͦΌ͘ ͔͙͍ͨ͒͊ͭͪͦ ˾͙͙ͦͫͫ τ www.pediatr-russia.ru 

8. ˸͙͙͔͍ͤͫͭͪͫͭͦ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ ˾̅ τ www.minzdrav.gov.ru 

9. ˹͊ͯ;ͤ͊Ύ Ή͔ͭͪͦͤͤ͊͟͡Ύ ͙͙͔͋͋ͦͭ͊͟͡ Ŝ[ƛōǊŀǊȅ τ www.elibrary.ru 

10. ˸ ͔͙͒ͼ͙͙͚ͤͫ͟ ͨͦͪͭ͊͡ tǳōaŜŘ τ www.pubmed.ncbi.nlm.nih.gov 

ϭ˴͔͍ͯͪ͊ͣ͋͊ ˢΦ, 2025 

https://www.who.int/
https://www.pediatr-russia.ru/
https://www.google.com/search?q=https://www.minzdrav.gov.ru&authuser=3
https://www.google.com/search?q=https://www.elibrary.ru&authuser=3
https://www.pubmed.ncbi.nlm.nih.gov/
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̂˨˴ смс 

˸ͯͻ͔͍͊ͣͣ͒ͦ͊ ˢ͚ͫͦͭ͊ͤ͡ 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͙͔͍͊ͪͪ͊ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˿˻ˤ˾˩˸˩˹˹ˢ̒ ˾˻˶̎ ˾ˢ˨ˮ˻˶˻˥ˮˮ ˤ ˴˶ˮ˹ˮ̉˩˿˴˻˯ ˸˩˨ˮ̇ˮ˹˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͤ͊͘;͔͙͔ͤ ͙͎͙͙ͪ͊͒ͦͦ͡ ͊͟͟ ͚ͦ͒ͤͦ ͙͘ ͟͡Ό;͔͍·ͻ ͙͙ͤͦ͟͟͡-

͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͙͒ͫͼ͙͙ͨͤ͡ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ ˻͍͔ͫ΅͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍͙͙ͪ͊ͭ͘Ύ 

ͯ͡;͔͍͚ͦ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͔͖ ͪͦ͡Έ ͍ ͔ͪ͊ͤͤͣ ͍·Ύ͍͔͙͙ͤ͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͙͙͎͔ͣͦͤͭͦͪͤ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͡;͔͙ͤΎ 

͙ ͎͙͍͙͙ͨͪͦͤͦͪͦ͊ͤ͘ ͙ͫͻ͍ͦ͒ͦ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΦ ˽ͦ͒;͖͙͍͔ͪ͊ͭͫ͟Ύ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ 

ͻ͔͊ͪ͊ͭͪ͟ ͙͎͙͙ͪ͊͒ͦͦ͡ ͙ ͔͖ ͤ͊͘;͔͙͔ͤ ͍ ͙͔͔ͫͫͭͣ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͙͎͙ͪ͊͒ͦͦ͡ΎΣ ͯ͡;͔͍͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͍͙͙ͯ͊͊͘͘͡ͼ͙ΎΣ ͦͣͨ͟ΈΌ͔ͭͪͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙ΎΣ 

 ͣ ͎͙͊ͤͭͤͦ-͔ͪͦͤ͊ͤͫͤ͊͘Ύ ͎ͭͦͣͦͪ͊ͺ͙ΎΦ 

 

˾͙͎͙͊͒ͦͦ͡Ύ ͤ͊ ͍͔͔ͫͦͪͣͤͤͦͣ Ή͔ͭ͊ͨ ͍͙͙ͪ͊ͭ͘Ύ ͔͙ͣ͒ͼ͙ͤ· ͙͔͊ͤͣ͊ͭ͘ ͦ͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͔ͣͫͭ ͔͙ͫͪ͒ 

͙͙ͤͦ͟͟͡-͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͙͒ͫͼ͙͙ͨͤ͡Φ ˸͔ͭͦ͒· ͯ͡;͔͍͚ͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ΄͙ͪͦͦ͟ ͙͔ͨͪͣͤΎΌͭͫΎ 

͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͍ͦ ͍͔ͫͻ ͦ͋͊ͫͭ͡Ύͻ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͙ͨͪ͊ͭ͟͟Σ ͍͟͡Ό;͊Ύ ͔͙ͭͪ͊ͨΌΣ ͻ͙͎͙ͪͯͪΌΣ ͎͙ͦͤͦͦ͟͡ΌΣ 

͙͎͙͊ͪ͒ͦͦ͟͡ΌΣ ͔͍͎͙ͤͪͦͦ͡Ό ͙ ͔͙͙ͨ͒͊ͭͪΌΦ ˮͻ ͍͔ͦͫͤͦͤͦ ͔͙ͨͪͣͯ΅͔͍ͫͭͦ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͍͙ͦͣͦ͗ͤͦͫͭ͘ 

͔͙͍͙͍͎ͤͤ͊ͤͦͦ͘ ͙ ͍·͙ͫͦͦͤ͟ͺ͙͍͎ͦͪͣ͊ͭͤͦͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͎͍ͦͪ͊ͤͦ ͙ ͙͔ͫͫͭͣ ͎͙ͦͪ͊ͤͣ͊͘Φ 

˴͙͊ͫͫ͡;͔ͫ͊͟Ύ ͔͎͔͎͙ͪͤͭͤͦͦ͡ΎΣ Ύ͍͡ΎΎͫΈ ͍͚ͦͫͤͦͦ ͙͎͙ͪ͊͒ͦͦ͡;͔͚ͫͦ͟ ͙ͤ͊ͯ͟Σ ͔ͨͪͦ͒ͦ͗͊ͭ͡ ͙͍͊ͭͤͦ͟ 

͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ˹͔ͫͣͦͭͪΎ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͔͔͋ͦ͡ ͫͦ͗ͤ͡·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ 

͔͎͔͎ͪͤͭͤͦͪ͊ͺ͙;͔͙͔ͫ͟ ͔ͣͭͦ͒· ͦͫͭ͊ΌͭͫΎ ͒ͦͫͭͯͨͤ·͙ͣΣ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ ͍ͦͨͪ͊͒͊ͤͤ·͙ͣ ͙ 

͙ͤͺ͙͍ͦͪͣ͊ͭͤ·͙ͣ ͙ͨͪ ͙͎͙͔͒͊ͤͦͫͭ͟ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͦͫͭͤͦ͟-͍͚ͫͯͫͭ͊ͤͦ ͙͔ͫͫͭͣ·Σ ͎͍ͦͪ͊ͤͦ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡ ͙ 

͔͗ͯ͒ͦ͡;ͤͦ-͙͟΄͔;͎ͤͦͦ ͭͪ͊ͭ͊͟Φ ˿ͯ΅͔͍͔͔ͫͭͤͤͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͙ ͺ͡Ό͙ͦͪͦͫͦͨ͟ΎΣ ͍ͨͦͦ͘͡ΎΌ΅͊Ύ 

ͦͼ͔͙͍ͤ͊ͭΈ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͍ͦͪ͊ͤͦ ͍ ͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤΦ 

˭ͤ͊;͙͔ͭ͡Έͤ·͚ ͎͔ͨͪͦͪͫͫ ͍ ͙͎͙͙ͪ͊͒ͦͦ͡ ͍ͫΎ͊ͤ͘ ͫ ͍͔͔͙͔ͤ͒ͪͤͣ ͦͣͨ͟ΈΌ͔͚ͭͪͤͦ ͎ͭͦͣͦͪ͊ͺ͙͙Φ ̏ͭͦͭ 

͔ͣͭͦ͒ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͨͦͯ͡;͔͙͔ͤ ͚ͨͦͫͦͤ͡·ͻ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ ͍·͚ͫͦͦ͟ ͭͦ;͙ͤͦͫͭΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͡ΎͭΈ 

͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͤ͊ ͙ͪ͊ͤͤͻ ͙ͫͭ͊͒ΎͻΦ ˴ͦͣͨΈΌ͔ͭͪͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ΄͙ͪͦͦ͟ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͙ͨͪ 

͙͎͙͔͒͊ͤͦͫͭ͟ ͍ͭͪ͊ͣΣ ͦͨͯͻ͔͍ͦ͡·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͙ͫͦͫͯ͒ͫͭ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͙͔͔͙͚ͣͤͤ͘ 

͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͦͤͭͪ͊ͫͭͤ͟·ͻ ͍͔΅͔͍ͫͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͪ͊ͫ΄͙ͪΎ͔ͭ ͙͎͙͒͊ͤͦͫͭ;͔͙͔ͫ͟ 

͍͙ͦͣͦ͗ͤͦͫͭ͘ ͔ͣͭͦ͒͊Φ 

˸͎͙͊ͤͭͤͦ-͔ͪͦͤ͊ͤͫͤ͊͘Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ͙͔͊ͤͣ͊ͭ͘ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͍ ͙͔͔ͫͫͭͣ ͯ͡;͔͍͚ͦ ͙͎͙͙͒͊ͤͦͫͭ͟ 

͎͋͊ͦ͒͊ͪ͡Ύ ͍͙ͦͭͫͯͭͫͭΌ ͙͙͙ͦͤͪͯ͘Ό΅͔͎ͦ ͙ͯ͘͡;͔͙ͤΎ ͙ ͍·͚ͫͦͦ͟ ͙ͦͤͭͪ͊ͫͭͤͦͫͭ͟ ͣΎ͎͙͟ͻ ͔͚ͭ͊ͤ͟Φ ˨͊ͤͤ·͚ 

͔ͣͭͦ͒ ͔͔͙ͤ͊ͣͤͣ͘ ͙ͨͪ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Σ ͦͨͦͪͤͦ-͍͙͎͔͒͊ͭ͡Έ͎ͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊Σ 

͎͍ͦͪ͊ͤͦ ͎ͣ͊ͦͦ͡ ͭ͊͊͘ ͙ ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͙͔ͫͫͭͣ·Φ ˸˾́ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͤ ͭͦ͡Έͦ͟ ͍·Ύ͍͡ΎͭΈ ͫͭͪͯͭͯͪͤ͟·͔ 

͙͔͔͙ͣͤͤ͘ΎΣ ͤͦ ͙ ͦͼ͔͙͍ͤ͊ͭΈ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͫͦͫͭͦΎ͙͔ͤ ͔͚ͭ͊ͤ͟Φ 

ˤ͊͗ͤ·ͣ ͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͎͙͙ͪ͊͒ͦͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͙͔͍͔ͤͭͪͤͼ͙ͦͤͤ͊Ύ ͙͎͙ͪ͊͒ͦͦ͡ΎΣ 

ͦͭͦͪ͊͟Ύ ͫͦ;͔͔ͭ͊ͭ ͙͎͙͒͊ͤͦͫͭ;͔͙͔ͫ͟ ͙ ͔͡;͔͋ͤ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘Φ ˽ͦ͒ ͔ͦͤͭͪͦͣ͟͡ ͍͙͙ͯ͊͊͘͘͡ͼ͙ͦͤͤ·ͻ 

͔͍ͣͭͦ͒ͦ ͍·ͨͦͤ͡ΎΌͭͫΎ ͙͍͙͍ͣ͊ͦͤ͊ͤ͘͡·͔ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Σ ͙͔ͭ͊͟ ͊͟͟ ͙͙͙͋ͦͨͫΣ ͔͙͍͙͒ͪͤͪͦ͊ͤΎΣ 

Ή͙ͣ͋ͦ͊͘͡ͼ͙͙ ͙ Ή͍ͤ͒ͦ͊ͫͯ͟͡Ύͪͤ·͔ ͨͪͦͼ͔͒ͯͪ·Φ ̏ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͔͙ͫͤ͗ͤΌ ͍͙ͭͪ͊ͣ͊ͭ;͙ͤͦͫͭ ͔͡;͔͙ͤΎ ͙ 

ͫͦͪ͊͟΅͔͙ͤΌ ͍ͫͪͦͦ͟ ͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙ ͨ͊ͼ͙͔͍ͤͭͦΦ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

227 

˾͍͙͙͔͊ͭ͘ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͦ͊͘͟·͍͔͊ͭ ͫͯ΅͔͍͔͔ͫͭͤͤͦ ͍͙͡Ύ͙͔ͤ 

ͤ͊ ͙͎͙ͪ͊͒ͦͦ͡ΌΦ ˢ͍͙͙͍ͭͦͣ͊ͭͪͦ͊ͤͤ͘·͚ ͙͊ͤ͊͘͡ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘Σ ͔͔͙͎͙ͭͪ͊͒ͦͦ͡͡Ύ ͙ ͙͔ͫͫͭͣ· ͔͙ͨͦ͒͒ͪ͗͟ 

͙ͨͪͤΎ͙ͭΎ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͔ͪ΄͔͙͚ͤ ͍ͨͦ·΄͊Όͭ ͭͦ;ͤͦͫͭΈ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͒ͦͫͭͯͨͤͦͫͭΈ ͔ͫͨͼ͙͙͙͍͚͊ͪͦ͊ͤͤͦ͘͡ 

͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙Φ ˤ ͭͦ ͔͗ ͍͔ͪͣΎ ͍͔ͦͪ͊ͫͭ͊ͭ͘ ͤ͊͘;͔͙͔ͤ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͎͍͙ͨͦ͒ͦͭͦ͟ ͍ͪ͊;͊-

͔͎͔͎ͪͤͭͤͦͦ͊͡Σ ͔͎ͦ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡Ύ ͙ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭΦ 

˾͙͎͙͊͒ͦͦ͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͔ͤͦͭΆ͔͔͚ͣͣͦ͡ ;͊ͫͭΈΌ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͍·ͫͦͯ͟Ό 

͙͎͙͒͊ͤͦͫͭ;͔ͫͯ͟Ό ͭͦ;ͤͦͫͭΈ ͙ ͍ͫͨͦͫͦ͋ͫͭͯΎ ͍͔͍͔͔ͫͦͪͣͤͤͦͣͯ ͙ͨͪͤΎ͙ͭΌ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͔ͪ΄͔͙͚ͤΦ 

˨͊͡Έ͔͚ͤ΄͔͔ ͍͙͙͔ͪ͊ͭ͘ ͯ͡;͔͍͚ͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͔ͭͫͤͦ ͍ͫΎ͊ͤͦ͘ ͫ ͍͔͔͙͔ͤ͒ͪͤͣ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ 

͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤͣ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͎ͨͪͦͪ͊ͣͣ ͙ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·ͣ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭͣ͘ 

͔ͫͨͼ͙͙͍͊ͫͭͦ͡Φ 

˭͊͟͡Ό;͔͙͔ͤΦ  

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͎͙ͪ͊͒ͦͦ͡Ύ ͔͎ͫͦ͒ͤΎ τ Ήͭͦ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·͚ ͙͔ͫͤͭ͘ ͙ͤ͊ͯ͟ ͙ ͙͙ͨͪ͊ͭ͟͟Φ 

˹͔͔ͨͪͪ·͍͔ͤͦ ͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͔͍ͣͭͦ͒ͦ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͙ ͙͔͍ͤͫͭͪͯͣͤͭͦ ͙͊ͤ͊͊͘͡ ͒͊ͤͤ·ͻ ͔͔͒͊ͭ͡ ͔͖ 

͔͔͙ͤ͊ͣͤͣ͘·ͣ ͍͔ͤͦͣ͘ ͍ ͼ͔ͨͦ;͔͟ ͙ͦ͊͊ͤ͘͟Ύ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙Φ ˨͊͡Έ͔͚ͤ΄͔͔ ͍͙͙͔ͪ͊ͭ͘ ͙͒ͫͼ͙͙ͨͤ͡· 

͔͔ͦ͋ͫͨ;͙ͭ ͔ͤ ͭͦ͡Έͦ͟ ͔͔ͪ͊ͤͤ ͍·Ύ͍͔͙͔ͤ͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͤͦ ͙ ͔͔ͨͪͻͦ͒ ͟ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·ͣΣ 

͍͙ͣ͊ͦͭͪ͊ͣ͊ͭ͡;ͤ·ͣ ͔ͣͭͦ͒͊ͣ ͔͡;͔͙ͤΎΣ ͍͔ͨͦ͒ͭͪ͗͒͊Ύ ͫͭ͊ͭͯͫ ͙͎͙͙ͪ͊͒ͦͦ͡ ͊͟͟ ͟͡Ό;͔͍͎ͦͦ Ή͔͔ͣͤͭ͊͡ 

͍͔͔͚ͫͦͪͣͤͤͦ ͙͔ͫͫͭͣ· ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ́ͪͯͺ͍͊ͤͦ ˥Φ˩Φ ˶ͯ;͔͍͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Υ ͤ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟Φ ς ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлнлΦ 

нΦ ̆͊ͪͣͫ ˾ΦΣ ˴ͯͤͼ ˸Φ ˻͍ͫͤͦ· ͙͎͙͙ͪ͊͒ͦͦ͡Φ ς ˸ ΦΥ ˸˩˨͔ͨͪͫͫ-͙ͤͺͦͪͣΣ нлмфΦ 

оΦ ˿͙͙ͤͼ·ͤ ˤΦ˩Φ ˴ͦͣͨΈΌ͔ͭͪͤ͊Ύ ͙ ͎͙ͣ͊ͤͭͤͦ-͔ͪͦͤ͊ͤͫͤ͊͘Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ς ˸ΦΥ 

˽͙ͪ͊ͭ͟;͔ͫ͊͟Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ нлнмΦ 

ϭ ˸ͯͻ͔͍͊ͣͣ͒ͦ͊ ˢ., 2025 

 

 

 

 

̂˨˴ смр 

˹͔͔͍ͨͫͦ ̒ͯͨͣ͟·ͪ͊ͭ ˹͔͔͍͙ͨͫͦ; 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͍͔͙ͤͯͭͪͤͤͻ ͔͔͚͋ͦͤ͘͡ ͙ ͔͔͍͙͙ͨͪͦͨ͒ͭ͟ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ˸͔͙͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟ ͎Φˢ΄ͻ͊͋͊͒ 

 

˸˩́˻˨ˮ˴ˢ ˽ˢ˶̎˽ˢ̇ˮˮ ˤ˹̂́˾˩˹˹ˮ̆ ˻˾˥ˢ˹˻ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˽͊͡Έͨ͊ͼ͙Ύ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͍ͦͫͤͦͤ·ͻ ͔͍ͣͭͦ͒ͦ ͺ͙͙͊͘͟͡Έ͎ͤͦͦ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡ΎΣ ͍ͨͦͦ͘͡ΎΌ΅͙ͣ 

ͦͼ͔͙͍ͤ͊ͭΈ ͫͦͫͭͦΎ͙͔ͤ ͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦΣ ͍·Ύ͍͡ΎͭΈ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͙ ͯͭͦ;ͤΎͭΈ 
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PALPATION TECHNIQUES OF INTERNAL ORGANS 

 

Abstract 

Palpation is one of the primary methods of physical examination, allowing assessment of the condition 

of internal organs, detection of pathological changes, and clarification of disease localization. This method is 

based on the tactile perception of the physician and provides information on the size, shape, consistency, 

mobility, and tenderness of organs. This article discusses the principles of palpation, patient preparation, 

examination sequence, technique specifics for different organ systems, and the clinical significance of 

findings. Special attention is paid to safe and effective palpation techniques to minimize patient discomfort. 

Keywords:  

palpation, internal organs, physical examination, diagnosis, clinical technique. 
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˽͔͍͔ͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͨ͊͡Έͨ͊ͼ͙͙ ͒ͦ͗ͤ͊͡ ͔͔ͦ͋ͫͨ;͙͍͊ͭΈ ͙ͣ͊ͫͣ͊͟͡Έͤ·͚ ͦͣ͟ͺͦͪͭ ͨ͊ͼ͙͔ͤͭ͊ ͙ 

ͭͦ;ͤͦͫͭΈ ͙͎͙͙͒͊ͤͦͫͭ͟Φ ˻͋·;ͤͦ ͤ͊;͙ͤ͊Όͭ ͫ ͔͔͔ͤ͋ͦͤͤͤ͘͡·ͻ ͦͤ͘Σ ͔͔ͨͦͫͭͨͤͤͦ ͔͔ͨͪͻͦ͒Ύ ͟ ͦ͋͊ͫͭ͡Ύͣ ͫ 

͍ͦͣͦ͗ͤ͘·͙ͣ ͎͙ͨ͊ͭͦͦ͡;͔͙͙ͫͣ͟ ͙͔͔͙ͣͤͤ͘Ύ͙ͣΦ 

͙́͊ͭ͊͟͟ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡Ύ ͔͙͍͔ͨͪ͒ͯͫͣ͊ͭͪ͊ͭ ͙͙͍͙͔ͦͣ͋ͤͪͦ͊ͤ͟ ͣΎ͎͎ͦͦ͟ ͙ ͔͔͋ͦ͡ ͎͎ͯ͋ͦͦͦ͟͡ ͍͔͙͒͊ͤ͡ΎΣ 

͊ ͔ͭ͊͗͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͙ͦ͋ͻ ͪͯ͟ ͒͡Ύ ͍͔͙ͫͪ͊ͤͤΎ ͙͔͙ͫͣͣͭͪ;ͤ·ͻ ͎͍ͦͪ͊ͤͦΦ ˤͪ͊; ͦͼ͔͙͍͔ͤ͊ͭ ͔ͤ ͭͦ͡Έͦ͟ 

͔ͪ͊ͣͪ͘· ͙ ͙͔ͦͤͫͫͭͤ͟ͼ͙ΌΣ ͤͦ ͙ ͔ͪ͊͟ͼ͙Ό ͨ͊ͼ͙͔ͤͭ͊ ͤ͊ ͨ͊͡Έͨ͊ͼ͙ΌΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͡ΎͭΈ ͫͪ͟·ͭͯΌ 

͔͔͋ͦͤͤͤͦͫͭ͘͡ΈΦ 
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͍͙ͦͫͨͪΎ͙ͭΎΦ 
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͔͔͍͙ͭͪ͊ͨͭ;͔͚ͫͦ͟Σ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͙ ͔͙͙ͨ͒͊ͭͪ;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ 
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MEDICINAL PLANTS CONTAINING BIOACTIVE COMPOUNDS 

 

Abstract 

Medicinal plants are an important source of bioactive compounds (BACs) with diverse pharmacological 

activities. These compounds include alkaloids, flavonoids, glycosides, terpenoids, polyphenols, and essential 

oils. This article discusses the classification and chemical composition of BACs, their mechanisms of action, 

effects on human physiological processes, and examples of plants widely used in phytotherapy. Special 

attention is paid to the role of BACs in prevention and treatment of various diseases, as well as modern 

approaches to their study and standardization. 
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˭ͤ͊;͔͙͔ͤ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͙͚ͪ͊ͫͭͤ ͍ ͔͙ͣ͒ͼ͙͔ͤΦ 

˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͙ͪ͊ͫͭͤΎ ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͙ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙͔ͤΦ ˻͙ͤ 

͔ͫͦ͒ͪ͗͊ͭ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͔ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͔ ͍͔΅͔͍ͫͭ͊Σ ͫͨͦͫͦ͋ͤ·͔ ͍͔͚͍͍ͦ͒ͫͭͦ͊ͭ͘Έ ͤ͊ ͙ͪ͊͘͡;ͤ·͔ 

ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͙͔ͫͫͭͣ· ;͔͍͔ͦ͊͟͡Φ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͎ͦ͋͡;͊ͭΈ ͔ͭ;͔͙͔ͤ 

͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͙͙͔ͣͣͯͤͭͭΣ ͔͎͙͍ͪͯͪͦ͊ͭ͡Έ ͔ͦ͋ͣͤͤ·͔ ͨͪͦͼ͔ͫͫ· ͙ ͦ͊͘͟·͍͊ͭΈ 

͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͔ͤͦΣ ͙͙͔͊ͤͭͦͫ͒͊ͤͭͤͦ͟Σ ͙͍ͨͪͦͭͦͦͨͯͻ͔͍͔ͦͦ͡ ͙ ͙͙͔͊ͤͭͣͪͦ͋ͤͦ͟ ͔͚͍͙͔͒ͫͭΦ 

˽͙ͦͣͣͦ ͔͡;͔͎͋ͤͦͦ ͤ͊͘;͔͙ͤΎΣ ͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔͙ͪ͊ͫͭͤΎ ͫͯ͗͊ͭ͡ ͙ͫͭͦ;͙ͤͦͣ͟ ͫ·ͪΈΎ ͒͡Ύ ͙͔ͫͤͭ͊͘ 

͍ͤͦ·ͻ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͨͦ͒ͭͪ͗͒͊Όͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͎͙ͣͤͦͻ 

ˣˢˤ ͙ ͦͭͪ͟·͍͊Όͭ ͔͔͙͍ͨͪͫͨͭ͟· ͙ͻ ͙͔͔͙ͨͪͣͤͤΎ ͍ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͙ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ 

͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

231 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭΦ 

ˣˢˤ ͔͙͚ͪ͊ͫͭͤ ͔ͨͦ͒ͪ͊͒͘͡ΎΌͭͫΎ ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͪͯͨͤ͟·ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͎ͪͯͨͨΥ 

ˢ͙͊ͦ͒͟͡͡· τ ͔͊ͦͭͫͦ͒ͪ͗͊͘΅͙͔ ͔͙͔͙ͫͦ͒ͤͤΎΣ ͦ͋͊͒͊͡Ό΅͙͔ ͍·͔͚ͪ͊͗ͤͤͦ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͚ͫͦ͟ 

͙͍͊ͭͤͦͫͭ͟ΈΌ ό͙͔ͤ͊ͨͪͣͪΣ ͣͦͪͺ͙ͤΣ ͦ͟ͺ͔͙ͤύΦ 

͍͙̅͊ͦͤͦ͒͡· τ ͙ͨͦ͡ͺ͔ͤͦ͡Έͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎΣ ͦ͊͘͟·͍͊Ό΅͙͔ ͙͙͔͊ͤͭͦͫ͒͊ͤͭͤͦ͟Σ 

͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͙ ͙͔͙͍͔͊ͪ͒ͦͨͪͦͭͭͤͦ͟͟ ͔͚͍͙͔͒ͫͭΦ 

˥͙͙ͦ͒͘͟͡· τ ͫ ͔͙͔͙ͦ͒ͤͤΎΣ ͍͙͡ΎΌ΅͙͔ ͤ͊ ͪ͊͋ͦͭͯ ͔ͫͪ͒ͼ͊Σ ͍͔͚ͪͦͤͦͫͤͦ͟ ͙͔ͫͫͭͣ· ͙ ͔ͦ͋ͣͤ ͍͔΅͔͍ͫͭΦ 

͔͔͙́ͪͨͤͦ͒· τ ͍͟͡Ό;͊Όͭ Ήͺ͙ͪͤ·͔ ͣ͊ͫ͊͡Σ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙͔ ͯͯ͡;΄͔͙ͤΌ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭ ͙ 

ͦ͋͊͒͊͡Ό΅͙͔ ͙͙͚͊ͤͭͣͪͦ͋ͤͦ͟ ͙͍͊ͭͤͦͫͭ͟ΈΌΦ 

˽͙ͦ͡ͺ͔ͤͦ͡· τ ͦ ͊͘͟·͍͊Όͭ ͊͘΅͙͔ͭͤͦ ͔͚͍͙͔͒ͫͭ ͤ͊ ͔͙ͭ͟͟͡ ͎͙ͦͪ͊ͤͣ͊͘Σ ͔ͯͣͤΈ΄͊Όͭ ͙͙͔ͦͫͭ͟͡͡Έͤ·͚ 

͔ͫͭͪͫͫ ͙ ͍͔͙͔ͦͫͨ͊ͤ͡Φ 

˸͔ͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ˣˢˤΦ 

ˣ͙͎͙ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͔ ͍͔΅͔͍ͫͭ͊ ͍͙͡ΎΌͭ ͤ͊ ͎͙ͦͪ͊ͤͣ͘ ;͔͍͔ͦ͊͟͡ ͙ͪ͊͘͡;ͤ·͙ͣ ͨͯͭΎ͙ͣΥ 

͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫ ͔ͪͼ͔͙ͨͭͦͪ͊ͣ ͙ ͺ͔͔͙ͪͣͤͭ͊ͣΤ 

͔͎ͪͯ͡Ύͼ͙Ύ ͔ͭͦ͟͡;ͤ·ͻ ͙͎ͫͤ͊͡Έͤ·ͻ ͔͚ͨͯͭΤ 

͙͙͔͊ͤͭͦͫ͒͊ͤͭͤͦ͟ ͔͚͍͙͔͒ͫͭ ;͔͔ͪ͘ ͔͚͙ͤͭͪ͊͊͘͡ͼ͙Ό ͍ͫͦ͋ͦ͒ͤ·ͻ ͙͍ͪ͊͒͊ͦ͟͡Τ 

ͣͦ͒ͯ͡Ύͼ͙Ύ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊Τ 

͙͍͙͔ͨͪͦͭͦͣͪͦ͋ͤͦ͟ ͙ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͔͚͍͙͔͒ͫͭΦ 

˸͎͙͔ͤͦͦͦ͋ͪ͊͘ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍ͨͦͦ͘͡Ύ͔ͭ ˣˢˤ ͦ͊͘͟·͍͊ͭΈ ͔͔ͦͣͨͫͤͦ͟͟͡ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͎͙ͦͪ͊ͤͣ͘Σ ;ͭͦ 

͔͔͒͊ͭ͡ ͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔͙ͪ͊ͫͭͤΎ ͍͊͗ͤ·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͙ ͔͡;͔͋ͤ·ͻ ͎ͨͪͦͪ͊ͣͣΦ 

˻͍ͫͤͦͤ·͔ ͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔͙ͪ͊ͫͭͤΎ ͙ ͙ͻ ˣˢˤΦ 

ˬ͔ͤΈ΄͔ͤΈ όPanax ginseng) τ ͔͙ͫͦ͒ͪ͗ͭ ͎͙͔͙ͤͤͦ͒͘͘·Σ ͦ͋͊͒͊͡Ό΅͙͔ ͎͔͊͒͊ͨͭͦͤͤ·ͣ ͙ 

͙͙͊ͤͭͦͫ͒͊ͤͭͤ͟·ͣ ͔͚͍͙͔͒ͫͭͣΦ 

˾ͦͣ͊΄͊͟ ͔͊ͨͭ;ͤ͊Ύ όMatricaria chamomilla) τ ͫ ͔͙ͦ͒ͪ͗ͭ ͺ͍͙͊ͦͤͦ͒͡· ͙ Ήͺ͙ͪͤ·͔ ͣ͊ͫ͊͡Σ ͦ͊͘͟·͍͔͊ͭ 

͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͙ ͙͙ͫͨ͊ͣͦͭ͘͡;͔͔ͫͦ͟ ͔͚͍͙͔͒ͫͭΦ 

ˤ͔͙͊ͪ͊ͤ͊͡ όValeriana officinalis) τ ͔͙ͫͦ͒ͪ͗ͭ ͍͔͙͊ͨͦͭͪ͊ͭ͡· ͙ ͙͊͊ͦ͒͟͡͡·Σ ͦ͊͘͟·͍͔͊ͭ ͔͙͍͔ͫ͒͊ͭͤͦ 

͙ ͙͙͙͊ͤͫͦͭ͟͡;͔͔ͫͦ͟ ͔͚͍͙͔͒ͫͭΦ 

˾͊ͫͭͦͪͦͨ΄͊ όSilybum marianum) τ ͔͙ͫͦ͒ͪ͗ͭ ͙͙͙ͫͣ͊ͪͤ͡Σ ͊͘΅͙΅͊Ό΅͙͚ ͔͙ͭ͟͟͡ ͔ͨ;͔͙ͤ ͙ 

ͦ͋͊͒͊͡Ό΅͙͚ ͙͙͚͊ͤͭͦͫ͒͊ͤͭͤͦ͟ ͙͍͊ͭͤͦͫͭ͟ΈΌΦ 

˴͔͊ͤ͒ͯ͊͡͡ όCalendula officinalis) τ ͔͙ͫͦ͒ͪ͗ͭ ͙͙͊ͪͦͭͤͦ͒͟· ͙ ͺ͍͙͊ͦͤͦ͒͡·Σ ͙͙͔ͫͭͣͯͪͯͭ͡ 

͔͎͔͔ͪͤͪ͊ͼ͙Ό ͔͚ͭ͊ͤ͟ ͙ ͦ͊͘͟·͍͔͊ͭ ͙͔͙͊ͤͭͫͨͭ;͔͔ͫͦ͟ ͔͚͍͙͔͒ͫͭΦ 

˽͙͔͔͙͔ͪͣͤͤ ͍ ͺ͙͔͙͙ͭͦͭͪ͊ͨΦ 

͙͔͙̅ͭͦͭͪ͊ͨΎ ͙ͫͨͦ͡Έ͔ͯͭ͘ ͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔͙ͪ͊ͫͭͤΎ ͒͡Ύ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙ ͔͡;͔͙ͤΎ ͙ͪ͊͘͡;ͤ·ͻ 

͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˣˢˤ ͍ͨͦͦ͘͡ΎΌͭ ͙ͫͤ͗͊ͭΈ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͨͪͦͼ͔ͫͫ·Σ ͯͯ͡;΄͊ͭΈ ͪ͊͋ͦͭͯ ͔ͫͪ͒ͼ͊Σ ͔ͨ;͔͙ͤΣ 

ͨͦ;͔͟ ͙ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Σ ͊ ͔ͭ͊͗͟ ͔ͯͪͨ͟͡ΎͭΈ ͙͙͔ͣͣͯͤͭͭΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ͤ͊ ͍͔ͦͫͤͦ ͔͙͚ͪ͊ͫͭͤ ͙͙͍ͫͭ͊ͤ͒͊ͪͭͪͦ͊ͤ͘· ͨͦ ͔͙ͫͦ͒ͪ͗͊ͤΌ ͙͍͊ͭͤ͟·ͻ 

͍͔΅͔͍ͫͭΣ ;ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͙ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ͻ ͔͚͍͙͒ͫͭΎΦ ˾͔͙͊ͫͭͤΎ ͙͔ͨͪͣͤΎΌͭͫΎ ͊͟͟ ͍ 

͍͙͔͒ ͔͍ͤ͊ͫͭͦ ͙ Ή͍ͫͭͪ͊ͭͦ͟͟Σ ͭ͊͟ ͙ ͍ ͍͔ͫͦͫͭ͊ ͔ͦͣͨͫͤ͟͟͡·ͻ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ˣˢˤΦ 

ˮͯ͘;͔͙͔ͤ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭ ͍͟͡Ό;͔͊ͭ ͻ͙͙ͣ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡Σ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙͔ͫ͟ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͙ͫͨ·͙ͭ͊ͤΎ ͙ ͦͼ͔ͤͯ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ ˸͔ͭͦ͒· ͍·ͫͦͦ͟Ήͺͺ͔͙͍͚ͭͤͦ͟ 

͙͚͗͒ͦͫͭͤͦ͟ ͻ͎ͪͦͣ͊ͭͦͪ͊ͺ͙͙Σ ͣ͊ͫͫ-͔͔͙͙ͫͨͭͪͦͣͭͪ͟ ͙ ͔͙͙ͫͨͭͪͦͫͦͨ͟͟ ͍ͨͦͦ͘͡ΎΌͭ ͙͔͙͒ͤͭͺ͙ͼ͙͍ͪͦ͊ͭΈ ͙ 

͙ͦ͟͡;͔͍͔ͫͭͤͤͦ ͔͔ͦͨͪ͒͡ΎͭΈ ˣˢˤΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͭ͊͗͟ ͙ͯ͘;͊Όͭ ͙͔͎͔͙ͫͤͪͭ;͔͔ͫͦ͟ ͔͚͍͙͔͒ͫͭ ͙ͪ͊͘͡;ͤ·ͻ ͍͔΅͔͍ͫͭΣ ;ͭͦ 

ͦͭͪ͟·͍͔͊ͭ ͍ͤͦ·͔ ͔͔͙͍ͨͪͫͨͭ͟· ͍ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͔ͦͣͨͫͤ͟͟͡·ͻ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΦ 
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ˤͦͣͦ͗ͤ͘·͔ ͙͙ͪͫ͟ ͙ ͙͍͙ͨͪͦͭͦͨͦ͊͊ͤ͘͟ΎΦ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͨͦ͡Έͯ͘Σ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͔ ͍͔΅͔͍ͫͭ͊ ͎ͣͦͯͭ ͍·͘·͍͊ͭΈ ͨͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟· ͙ 

͙ͭͦͫ͟;͔͙͔ͫ͟ ͔ͪ͊͟ͼ͙͙ ͙ͨͪ ͔͔͙͍͔ͨͪ͒ͦͪͦ͘͟ ͙͙͡ ͔ͤͫͦ͋͡Ό͔͙͙͒ͤ ͫͻ͔ͣ· ͙͔͔͙ͨͪͣͤͤΎΦ ˹͔ͦͭͦͪ͟·͔ ͔͙ͪ͊ͫͭͤΎ 

͎ͣͦͯͭ ͍͙͔͚͍͍͊ͣͦ͒ͫͭͦ͊ͭ͘Έ ͫ ͔͍͔͊ͪͫͭͤͤ͟͡·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣΣ ͙͙͍ͯͫ͊͡Ύ ͙͙͡ ͦͫ͊͋͡͡ΎΎ ͙ͻ ͔͚͍͙͔͒ͫͭΦ 

˽ͦΉͭͦͣͯ ͍͊͗ͤͦ ͫͦ͋͡Ό͒͊ͭΈ ͙͍͙͒ͦͪͦ͘͟Σ ͯ;͙ͭ·͍͊ͭΈ ͙͙͍͙ͤ͒͒ͯ͊͡ΈͤͯΌ ͔͔͙ͨͪͤͦͫͣͦͫͭΈ ͙ 

ͦͤͫͯ͟͡Έ͙͍ͭͪͦ͊ͭΈͫΎ ͫ ͍ͪ͊;ͦͣ ͙ͨͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΣ ͔ͦͫͦ͋ͤͤͦ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ 

ͻ͙ͪͦͤ;͔͙͙ͫͣ͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣΦ 

˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͙ͪ͊ͫͭͤΎ Ύ͍͡ΎΌͭͫΎ ͼ͔ͤͤ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭΣ 

ͦ͋͊͒͊͡Ό΅͙ͻ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͙ͣ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙͙ͫͣ͟ ͍͚͍͙ͫͦͫͭ͊ͣΦ ˮͻ ͙͔͔͙͔ͨͪͣͤͤ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͙ ͔͡;͔͙ͤΌ ͎͙ͣͤͦͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͯͯ͡;΄͔͙ͤΌ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͫͦͫͭͦΎ͙ͤΎ ͎͍ͦͪ͊ͤͦ ͙ 

͙͔ͫͫͭͣΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙͙ ˣˢˤ ͍ͨͦͦ͘͡ΎΌͭ ͍ͫͦ͒͊͊ͭ͘Έ Ήͺͺ͔͙͍ͭͤ͟·͔ ͙ 

͔͋ͦͨ͊ͫͤ͘·͔ ͺ͙͔ͭͦͨͪͨ͊ͪ͊ͭ·Φ ˽͙͙͔ͦͤͣ͊ͤ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊Σ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͚͍͙͒ͫͭΎ ͙ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ 

͙͔͔͙ͨͪͣͤͤΎ ͔͙͚ͪ͊ͫͭͤ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͔͙ͣ͒ͼ͙ͤ·Σ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ ͙ ͍͙͔ͦ͒ͦͪͦͭ͘͡Έͤ·ͻ 

͙ͨͪ͊ͭ͟͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴͍ͦͦ͘͡ ˿ΦˢΦ ͙͔͙̅ͭͦͭͪ͊ͨΎ ͙ ͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔͙ͪ͊ͫͭͤΎΦ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмлΦ τ пмс ͫΦ τ URL: 

https:// elibrary.ru 

нΦ ˣ͍͙͍ͦͪͦͦ͟ ˢΦ˥Φ ˣ͙͎͙ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͔ ͍͔΅͔͍ͫͭ͊ ͔͙͚ͪ͊ͫͭͤΦ τ ˸ΦΥ ˢ͔͙͊͒ͣ͟ΎΣ нлмнΦ τ осу ͫΦ τ URL: 

https:// www.studentlibrary.ru 

оΦ ˬ͍ͯͦ͟ ˤΦ˽Φ ͎͙̅͊ͪͣ͊ͦͤͦ͘͟Ύ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͙͚ͪ͊ͫͭͤΦ τ ˸ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлммΦ τ пул ͫΦ τ URL: 

httpsΥκκͤΉ͋Φͪͺ 

пΦ ˿͍ͦͦ͡Έ͔͍ ˢΦˮΦ ͎͙̅͊ͪͣ͊ͦͦ͟͡Ύ ͔͙͚ͪ͊ͫͭͤΦ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нллфΦ τ рмн ͫΦ τ URL: 

https:// www.studentlibrary.ru 

ϭ ˹ͯͪ͡·͔͍͊ ˨Φ˨ΦΣ нлнр 

 

 

 

 

˻͔͙͔͍ͪ͊͋ͪ͒͘ ̒ͣͯ͘ͻ͔͊ͣͣͭ ˣ͊΄͙͍͙ͣͦ; 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ ˢ΄ͻ͊͋͊͒ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ͙ͤͯͭͪ͋ͦ͡Έ͙ͤ;ͤ·͔ ͙ͤͺ͔͟ͼ͙͙ όˤˣˮύΣ ͍·͘·͍͔͊ͣ·͔ ͙͔͙͔ͨͦͪͫͭͤͭͤ͘͡·͙ͣ ͙͎͙͙ͣͪͦͦͪ͊ͤͣ͊ͣ͘͟Σ 

͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͎ͦ͋͊͡͡ΈͤͯΌ ͎ͯͪͦͯ͘ ͒͡Ύ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ ͙ ͦ͒ͤͯ ͙͘ ͍ͦͫͤͦͤ·ͻ 

͙ͨͪ;͙ͤ ͔ͭ͊͡͡Έ͙ͤͦͫͭΣ ͍͔͙ͯ͡;͔͙ͤΎ ͙͔͒ͭ͡͡Έ͙ͤͦͫͭ ͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙ ͙ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͔ͨͦͭͪΈ ͍ 

ͫͭ͊ͼ͙ͦͤ͊ͪ͊ͻΦ ˻ͫͦ͋ͯΌ ͦͨ͊ͫͤͦͫͭΈ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͔͙͚ͦͭ͒ͤ͡ ͎͙ͦͫͨͭ͊͡Έ͚ͤͦ ͭ ͔͙͙ͪ͊ͨ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͙ͤͺ͔͟ͼ͙͙Σ 

͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·͔ ͫ ͙͔ͦ͊͊ͤͣ͘͟ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙ όˮ˿˸˽ύΣ ͙͔ͭ͊͟ ͊͟͟ ͍͔͙ͤͭ͡Ύͭͦͪ-͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ͊Ύ 

͔͍͙ͨͤͣͦͤΎ όˤˢ˽ύΣ ͔͔͊ͭͭͪ͟-͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·͔ ͙ͤͺ͔͟ͼ͙͙ ͍ͪͦͦͭͦ͊͟͟ ό˴ˢˮ˴ύΣ ͙ͤͺ͔͟ͼ͙͙ ͣͦ;͔͍·͍ͦ͒Ύ΅͙ͻ 

͔͚ͨͯͭ όˮ˸˽ύ ͙ ͙ͤͺ͔͟ͼ͙͙ ͙ͦ͋͊ͫͭ͡ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ όˮ˻̆ˤύΦ ˾ͦͫͭ ͙͙͚͊ͤͭͣͪͦ͋ͤͦ͟ 

͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ όˢ˸˾ύ ͟ ͔͔͊ͪ͋͊ͨͤͣ͊ͣ͟Σ ͼ͔ͺ͙͊ͦͫͨͦͪͤ͊ͣ͡ о-п ͔͙ͨͦͦͤ͟͡ΎΣ ͺͭͦͪͻ͙ͤͦͦͤ͊ͣ͡ ͙ 
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͎͙͔͙ͦͨͨͭ͒͊ͣ͟͡ ͔ͪͦ͘͟ ͎͙ͦͪ͊ͤ;͙͍͔͊ͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ Ή͙͙ͣͨͪ;͔͚ͫͦ͟ ͔͙͙ͭͪ͊ͨΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡ 

 ͍ ͙ͤͯͭͪ͋ͦ͡Έ͙ͤ;ͤ·͔ ͙ͤͺ͔͟ͼ͙͙ όˤˣˮύΣ ͙ͤͺ͔͟ͼ͙͙Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͙͔ͦ͊͊ͤͣ͘͟ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙ 

όˮ˿˸˽ύΣ ͙͙͊ͤͭͣͪͦ͋ͤ͊͟Ύ ͔͙͔ͪͫͭͤͭͤͦͫͭ͘Έ όˢ˸˾ύΣ ͙ͤͦͦͦͣ͊͘͟͡Έͤ·͔ ͙ͤͺ͔͟ͼ͙͙Σ ͙͔͙͔ͨͦͪͫͭͤͭͤ͘͡·͔ 

͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟·Σ ͔͔͊ͪ͋͊ͨͤͣ͟-͔͙͔ͪͫͭͤͭͤ͘·͔ Ή͔͔͙͙ͤͭͪͦ͋͊ͭͪ͟ ό˴˾̏ύΣ ͔͙ͣͭͼ͙͙ͤ͡͡-͔͙͔ͪͫͭͤͭͤ͘·͚ 

Staphylococcus aureus (MRSAύΣ ͎ͨͪͦͪ͊ͣͣ͊ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͙͚͊ͤͭͣͪͦ͋ͤͦ͟ ͔͙͔͚ͭͪ͊ͨ όAntimicrobial 

StewardshipύΣ ͔͒Ήͫ͊͊͟͡ͼ͙ΎΣ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͚ ͦͤͭͪͦ͟͡ΈΦ 
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NOSOCOMIAL INFECTIONS AND ANTIMICROBIAL RESISTANCE IN A THERAPEUTIC HOSPITAL SETTING: 

MODERN CHALLENGES AND CONTROL STRATEGIES 

 

Abstract 

Nosocomial infections(NIs) caused by multidrug-resistant microorganisms represent a global threat to 

public health and are one of the leading causes of mortality, increased length of hospital stay, and economic 

losses in hospitals. In therapeutic hospital departments, healthcare-associated infections (HAIs) such as 

ventilator-associated pneumonia (VAP), catheter-associated bloodstream infections (CABSI), urinary tract 

infections (UTIs), and surgical site infections (SSIs) pose a particular danger. The rise of antimicrobial 

resistance (AMR) to carbapenems, 3rd-4th generation cephalosporins, fluoroquinolones, and glycopeptides 

severely limits the options for empirical therapy.  

Keywords: 

nosocomial infections(NI), healthcare-associated infections (HAI), antimicrobial resistance (AMR), 

multidrug-resistant organisms (MDRO), carbapenem-resistant Enterobacterales (CRE), methicillin-resistant 

Staphylococcus aureus (MRSA), antimicrobial stewardship program (ASP), de-escalation, infection control. 

 

ˤ͍͔͔͙͔͒ͤ 

ˤ͙ͤͯͭͪ͋ͦ͡Έ͙ͤ;ͤ·͔ ͙ͤͺ͔͟ͼ͙͙ όˤˣˮύ ͦͫͭ͊ΌͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͫͪΈ͔ͤ͘·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ 

͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙Σ ͙͍ͨͪͦ͒Ύ ͟ ͤ͊͘;͙͔ͭ͡Έͤͦͣͯ ͍͔͙ͯ͡;͔͙ͤΌ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Σ ͔͙ͫͣͪͭͤͦͫͭ ͙ 

Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͔͔͙͋ͪͣͤ ͒͡Ύ ͙͔ͫͫͭͣ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ ͍ͦ ͍͔ͫͣ ͙͔ͣͪ ώмϐΦ ˽͊ͼ͙͔ͤͭ· ͔͔͙͚ͦͭ͒ͤ͡ 

͎͙ͦͫͨͭ͊͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨΣ ͔ͦͫͦ͋ͤͤͦ ͙ͨͦ͗͡·͔Σ ͫ ͙͙ͨͦͣͦͪ͋͒ͤͦͫͭ͡ΈΌΣ ͙͔͙͔͚ͣͣͯͤͦͫͯͨͪͫͫ ͙ ͙ͤ͊͡;͙͔ͣ 

͙͍͙͍ͤ͊ͤ͘·ͻ ͚͍ͯͫͭͪͦͫͭ όͼ͔ͤͭͪ͊͡Έͤ·͔ ͍͔ͤͦͤ͘·͔ ͔͔͊ͭͭͪ͟·Σ ͣͦ;͔͍·͔ ͔͔͊ͭͭͪ͟·Σ Ήͤ͒ͦͭͪ͊ͻ͔͊͡Έͤ·͔ 

͙ͭͪͯ͋͟ύΣ ͍ͫͦͫͭ͊͡ΎΌͭ ͎ͪͯͨͨͯ ͙͍ͤ͊·ͫ΄͔͎ͦ ͙ͪͫ͊͟Φ ˽͔͊ͪ͊͡͡͡Έͤͦ ͫ Ή͙ͭͣ ͔͙͔ͫͭͪͣͭ͡Έͤ·͚ ͪͦͫͭ 

͙͙͚͊ͤͭͣͪͦ͋ͤͦ͟ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ όˢ˸˾ύ ͔͙ͫͪ͒ ͍͙͔͔͚ͦ͋ͯ͒ͭ͘͡ ˤˣˮ ͔ͫͦ͒͊ͭ͘ ͙͙ͪͫͤͯ͘͟Ό ͙ͫͭͯ͊ͼ͙ΌΣ 

͍͍ͦͪ͊͘΅͊Ύ ͔͙ͣ͒ͼ͙ͤͯ ͍ ζ͙͙͙͒ͦ͊ͤͭ͋ͦͭ;͔ͫͯ͟Ό Ήͪͯη ͒͡Ύ ͔ͤͦͭͦͪ͟·ͻ ͙ͤͺ͔͟ͼ͙͚Φ ˾͔͙͔ͫͭͤͭͤͦͫͭ͘Έ ͟ 

͔͔͊ͪ͋͊ͨͤͣ͊ͣ͟ ͯ Klebsiella pneumoniae ͙ Acinetobacter baumanniiΣ ͟ ͼ͔ͺ͙͙ͭ͊͒ͣͯ͘ ͙ ͼ͔ͺ͔͙ͨͣͯ ͯ 

Pseudomonas aeruginosaΣ ͊ ͔ͭ͊͗͟ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͔͙ͣͭͼ͙͙ͤ͡͡-͔͙͔͎ͪͫͭͤͭͤͦͦ͘ Staphylococcus aureus 

(MRSAύ ͙ ͍͙͊ͤͦͣ͟ͼ͙ͤ-͔͙͔ͪͫͭͤͭͤ͘·ͻ Ή͔͍ͤͭͪͦͦͦ͟͟͟ όVREύ ͍ͫͭ͊Ύͭ ͨͦ͒ ͔͙͔ͫͦͣͤͤ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 

ͫͭ͊ͤ͒͊ͪͭͤ·ͻ ͫͻ͔ͣ Ή͙͙ͣͨͪ;͔͚ͫͦ͟ ͔͙͙ͭͪ͊ͨ ώнϐΦ ˤ ͍͙ͯͫͦ͡Ύͻ ͔͔͍͙ͭͪ͊ͨͭ;͔͎ͫͦͦ͟ ͫͭ͊ͼ͙ͦͤ͊ͪ͊Σ ͎͔͒ 

͔ͨͪͦ͋͊͒͊͡Όͭ ͔ͤͻ͙͎͙ͪͯͪ;͔͙͔ͫ͟ ͨ͊ͼ͙͔ͤͭ·Σ ͟͡Ό;͔͍͔ͦ ͤ͊͘;͔͙͔ͤ ͙͔ͨͪͦ͋ͪͭ͊Όͭ ˮ˿˸˽Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ 

͙͍͙͍ͤ͊ͤ͘·͙ͣ ͨͪͦͼ͔͙͒ͯͪ͊ͣ ͙ ͙͔͒ͭ͡͡Έͤ·ͣ ͔ͨͪ͋·͍͙͔͊ͤͣΦ ͔̇͡Έ ͎͒͊ͤͤͦͦ ͦ͋ͦͪ͊͘ τ ͙͙͍ͨͪͦ͊ͤ͊ͪͦ͊ͭ͘͡Έ 

͍͔͔ͫͦͪͣͤͤ·͔ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙͔ͫ͟ ͔͔ͭͤ͒ͤͼ͙͙ ˤˣˮΣ ͔ͣͻ͙͊ͤͣ͘· ˢ˸˾ ͙ ͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͔͒ͦ͊͊ͭ͘͟͡Έͤ·͔ 

͔͎͙͙ͫͭͪ͊ͭ ͒͡Ύ ͙ͻ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͦͤͭͪͦ͟͡Ύ ͍ ͔͔͙ͦͭ͒ͤ͡Ύͻ ͎͙ͦͫͨͭ͊͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨΦ 
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мΦ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡Ύ ͙ ͟͡Ό;͔͍·͔ ͍͙͔͙ͦ͋ͯ͒ͭ͘͡ ˤˣˮ ͍ ͔͔͍͙ͭͪ͊ͨͭ;͔ͫͦͣ͟ ͫͭ͊ͼ͙͔ͦͤ͊ͪΦ 

˻͍ͫͤͦͤ·͙ͣ ͙͙ͭͨ͊ͣ ˤˣˮ ͍ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͔͙ͦͭ͒ͤ͡Ύͻ Ύ͍͡ΎΌͭͫΎΥ 

мΦ ˮͤͺ͔͟ͼ͙͙ ͙͙ͤ͗ͤͻ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭ όˮ˹˨˽ύΥ ˤ͔͙ͤͭ͡Ύͭͦͪ-͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ͊Ύ ͔͍͙ͨͤͣͦͤΎ όˤˢ˽ύ 

͙ ͙ͤͦͦͦͣ͊͘͟͡Έͤ͊Ύ ͔͍͙ͨͤͣͦͤΎΣ ͔ͤ ͍ͫΎ͊ͤͤ͊͘Ύ ͫ ˮˤ˶Φ ˻͍ͫͤͦͤ·͔ ͍͙͔͙ͦ͋ͯ͒ͭ͘͡Υ P. aeruginosa, A. baumannii, 

K. pneumoniae, MRSA. 

нΦ ˮͤͺ͔͟ͼ͙͙ ͍ͪͦͦͭͦ͊͟͟ όˮ˴ύΥ ˴͔͔͊ͭͭͪ-͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·͔ ͙ͤͺ͔͟ͼ͙͙ ͍ͪͦͦͭͦ͊͟͟ ό˴ˢˮ˴ύΦ ˤ͔͒ͯ΅͙͔ 

͎͔ͨ͊ͭͦͤ·Υ ͎ͦ͊ͯ͊͊͘͟͡-͙ͦͭͪͼ͔͊ͭ͡Έͤ·͔ ͫͭ͊ͺ͙͙ͦͦ͟͟͟͡ όCoNS), MRSAΣ Ή͔͙ͤͭͪͦͦ͟͟͟ ό͍͟͡Ό;͊Ύ VREύΣ ˴˾̏Φ 

оΦ ˮͤͺ͔͟ͼ͙͙ ͣͦ;͔͍·͍ͦ͒Ύ΅͙ͻ ͔͚ͨͯͭ όˮ˸˽ύΥ ˴͔͔͊ͭͭͪ-͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·͔ ˮ˸˽Φ ˽͔ͪͦ͋͊͒͊͡Όͭ 

Escherichia coli, K. pneumoniae, P. aeruginosa, Enterococcus sppΦΣ ;͊ͫͭͦ ͫ ͔͍͔͚ͣͤͦ͗ͫͭͤͤͦ ͔͍͔͚͊ͪͫͭͤͤͦ͟͡ 

͚ͯͫͭͦ;͙͍ͦͫͭΈΌ ώоϐΦ 

   ˻ ͫͦ͋ͯΌ ͔͍͎ͭͪͦͯ ͍·͘·͍͔͊ͭ ͪͦͫͭ ͔͙͔͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭ͊ͪ͋͊ͨͤͣ͟-͔͙͔ͪͫͭͤͭͤ͘·ͻ Ή͔͔͙͚ͤͭͪͦ͋͊ͭͪ͟ 

ό˴˾̏ύ ͙ ͔͙͚͋͊ͭͪ͟ ͫ ͔͍͔͚ͣͤͦ͗ͫͭͤͤͦ ͔͍͔͚͊ͪͫͭͤͤͦ͟͡ ͚ͯͫͭͦ;͙͍ͦͫͭΈΌ όˣ˶˾˿Σ ͨͪͦ͒ͯͼ͙ͪͯΌ΅͙͔ -̡͊ͭ͊ͣ͊͘͟͡· 

ͪ͊ͫ΄͙͔͎ͪͤͤͦͦ ͔ͫͨͭͪ͊͟ύΣ ;ͭͦ ͔͔͒͊ͭ͡ ͙ͤͺ͔͟ͼ͙͙Σ ͍·͍͊ͤͤ͘·͔ Ή͙͙ͭͣ ͙͎͙͙ͣͪͦͦͪ͊ͤͣ͊ͣ͘͟Σ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͔ͤ 

ͨͦ͒͒͊Ό΅͙͙ͣͫΎ ͔͡;͔͙ͤΌΦ 

нΦ ˸͔ͻ͙͊ͤͣ͘· ͍͙͙ͪ͊ͭ͘Ύ ͙ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͙͙͚͊ͤͭͣͪͦ͋ͤͦ͟ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘Φ 

ˢ˸˾ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͍͔͍͙͔ͫ͒ͫͭ͡ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘ ͍ ͔͙͋͊ͭͪ͟Ύͻ ͨͦ͒ ͔͔͙͍ͫͭͤ͟͡·ͣ ͍͔͙͔͒͊ͤͣ͡ 

͙͙͙͍͊ͤͭ͋ͦͭͦ͟Υ 

ϊ ͔͔͙͍̅ͪͣͤͭ͊ͭͤ͊Ύ ͙͙͍ͤ͊ͭ͊͟ͼ͙ΎΥ ˤ·ͪ͊͋ͦͭ͊͟ -̡͊ͭ͊ͣ͊͘͟͡ ͪ͊ͫ΄͙͔͎ͪͤͤͦͦ ͔ͫͨͭͪ͊͟ όˣ˶˾˿ύΣ 

͔͔͊ͪ͋͊ͨͤͣ͊͘͟ όKPC, NDM, OXA-пуύΣ ͙͎͙͙͊ͣͤͦͦ͒͘͟͡-͙ͣͦ͒ͺ͙ͼ͙ͪͯΌ΅͙ͻ ͺ͔͔͍ͪͣͤͭͦΦ 

ϊ ˸͙ͦ͒ͺ͙͊͟ͼ͙Ύ ͙ͣ΄͔͔͚ͤ ͔͚͍͙͒ͫͭΎΥ ˮ͔͔͙͔ͣͤͤ͘ ͔͙ͨͤͼ͙͙ͤ͡͡-͍ͫΎ͘·͍͊Ό΅͙ͻ ͔͍͋ͦ͟͡ όPBP2a ͯ 

MRSAύΣ ˨˹˴-͎͙ͪ͊͘· όͯ ͺͭͦͪͻ͙ͤͦͦͤ͡-͔͙͔ͪͫͭͤͭͤ͘·ͻ ΄͍ͭ͊ͣͣͦύΦ 

ϊ ˢ͙͍͔ͭͤͦ͟ ͍·͍͔͔͙͔͒ͤ όΉͺͺ͡Όͫ͟ύΥ ˽͍ͦ·΄͔ͤͤ͊Ύ ͙͍͊ͭͤͦͫͭ͟Έ Ήͺͺ͡Όͫ͟-͍ͤ͊ͫͦͫͦΣ ͍·͍ͦ͒Ύ΅͙ͻ 

͙͙͙͙͊ͤͭ͋ͦͭ͟ ͙͘ ͔͙ͭ͟͟͡Φ 

ϊ ˹͊ͪͯ΄͔͙͔ͤ ͙ͨͪͦͤͼ͔͙͊ͣͦͫͭΥ ˿͙͔͙͔ͤ͗ͤ ͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ ͍͔ͤ΄͔͚ͤ ͔ͣͣ͋ͪ͊ͤ· 

͎͙ͪ͊ͣͦͭͪͼ͔͊ͭ͡Έͤ·ͻ ͔͙͚͋͊ͭͪ͟Φ 

  ˴ ͡Ό;͔͍·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ˢ˸˾ ͍ ͫͭ͊ͼ͙͔ͦͤ͊ͪ Ύ͍͡ΎΌͭͫΎΥ͔ͤͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ 

ͤ͊ͤ͊͘;͔͙͔ͤ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟ ό͙͋͘·ͭͦ;ͤ͊Ύ ͙͔͒ͭ͡͡ΈͤͦͫͭΈΣ ͔͍͙ͤͨͪ͊͡Έͤ·͚ ͔ͫͨͭͪ͟ύΣ ͔ͤͫͦ͋͡Ό͔͙͔͒ͤ ͔ͣͪ 

͙ͦ͘͡Ύͼ͙͙ ͨ͊ͼ͙͔͍ͤͭͦ-͙͔͔͚ͤͦͫͭ͡ ͔͙͔ͪͫͭͤͭͤ͘·ͻ ΄͍ͭ͊ͣͣͦΣ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤ͊Ύ ͎͙͎͙͔ͤ͊ ͪͯ͟ ͙ ͔͙͒ͤ͘ͺ͔͟ͼ͙Ύ 

͍͔ͨͦͪͻ͔͚ͤͦͫͭΣ ͊ ͔ͭ͊͗͟ ͎͙ͦͪͦͤͭ͊͘͡Έͤ·͚ ͔͔ͨͪͤͦͫ ͎͔͍ͤͦ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ ;͔͔ͪ͘ ͙ͨ͊ͣ͒͘͡· ͙ ͭͪ͊ͤͫͨͦͦͤ͘· 

͔ͣ͗͒ͯ ͪ͊ͤ͘·͙ͣ ͍͙͙͒͊ͣ ͔͙͚͋͊ͭͪ͟ ώпϐΦ 

оΦ ˴͔ͦͣͨͫͤ͊͟͡Ύ ͔͎͙ͫͭͪ͊ͭΎ ͦͤͭͪͦ͟͡Ύ ˤˣˮ ͙ ˢ˸˾ όInfection Control & Antimicrobial Stewardship). 

̏ͺͺ͔͙͍ͭͤ͟·͚ ͦͤͭͪͦ͟͡Έ ͔͔ͭͪ͋ͯͭ ͣͯ͡Έ͙ͭͣͦ͒͊͡Έ͎ͤͦͦ ͨͦ͒ͻͦ͒͊Υ 

оΦмΦ ˽͎ͪͦͪ͊ͣͣ͊ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͙͚͊ͤͭͣͪͦ͋ͤͦ͟ ͔͙͔͚ͭͪ͊ͨ όAntimicrobial Stewardship Program, ASP): 

ϊ ˻͎͙ͪ͊ͤ;͙͔ͭ͡Έͤ͊Ύ ͙͙ͨͦͭ͊͟͡Υ ̅ͦͪͣͯ͡Ύͪͤ·͔ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͤ͊ ͟͡Ό;͔͍·͔ ͙͙͙͙͊ͤͭ͋ͦͭ͟ ͔͔͍ͪͪ͊͘ 

ό͔͔͊ͪ͋͊ͨͤͣ͟·Σ ͙͔͙ͤͦ͒͘͡͡Σ ͙͙͙ͨͦͣͫͤ͟͡·ύΣ ͔ͭͪ͋ͯΌ΅͙͔ ͎͍͙ͫͦ͊ͫͦ͊ͤ͡Ύ ͫ ͙͙ͤ͟͡;͔͙ͫͣ͟ ͺ͎͊ͪͣ͊ͦͦͦͣ͟͡ 
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IMPACT OF KIDNEY STONES ON THE DEVELOPMENT OF PYELONEPHRITIS 

 

Abstract 

Urolithiasis is one of the most significant risk factors for inflammatory kidney diseases, particularly 

pyelonephritis. The presence of calculi in the kidneys and urinary tract leads to impaired urine outflow, 
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damage to the mucosa, and favorable conditions for bacterial infection. This article examines the 

pathophysiological mechanisms by which kidney stones contribute to the development of pyelonephritis, 

features of the inflammatory process, clinical manifestations, and possible complications. Special attention 

is paid to the role of urinary stasis and microbial colonization in the formation of chronic renal inflammation. 

Keywords:  

urolithiasis, pyelonephritis, kidney stones, urinary stasis, infection. 
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͙͍͔͙͔ͨͪͦͤͤͦͤ͟ ͍ ͨͦ;͔;ͤͯΌ ͭ͊ͤ͟ΈΦ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͦͫͭͪ·͚ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͨͪͦͼ͔ͫͫΣ ͦͭͦͪ͟·͚ 

͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ ͍͔͍͔͔͎ͫͦͪͣͤͤͦͦ ͔͡;͔͙ͤΎ ͔ͣͦ͗ͭ ͔͔͚͙ͨͪͭ ͍ ͻ͙ͪͦͤ;͔ͫͯ͟Ό ͺͦͪͣͯΦ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͔͔ͨͦͤ͡ͺ͙ͪͭ͊ ͙ͨͪ ͊ͣͤ͟Ύͻ ͍ ͨͦ;͊͟ͻΦ 

˽͙͔͔ͦͤ͡ͺ͙ͪͭΣ ͍͙͍ͪ͊͊͘Ό΅͙͚ͫΎ ͤ͊ ͺ͔ͦͤ ͣͦ;͔͔͚͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡Σ ;͊ͫͭͦ ͙͔͔ͣͭ ͔͔͋ͦ͡ ͭΎ͖͔͗ͦ͡ 

͔ͭ;͔͙͔ͤΦ ˻ͤ ͔ͣͦ͗ͭ ͍ͫͦͨͪͦͦ͗͒͊ͭΈͫΎ ͍·͔ͪ͊͗ͤͤ·ͣ ͔͍͋ͦ͡·ͣ ͙ͫͤ͒ͪͦͣͦͣΣ ͙͡ͻ͚ͦͪ͊͒ͦ͟Σ ͙͙ͤͭͦͫ͊͟͟ͼ͙͔͚ ͙ 

ͤ͊ͪͯ΄͔͙͔ͤͣ ͣͦ;͔͙͙ͫͨͯͫ͊ͤ͟ΎΦ 
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ˤ ͪΎ͔͒ ͫͯ͡;͔͍͊ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͔͔ͨͪͦͭ͊ͭ͟ ͫͪ͟·ͭͦΣ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͻ͙ͪͦͤ;͔ͫͦͣ͟ ͨͪͦͼ͔͔ͫͫΦ 

˽͔͔͔ͦͫͭͨͤͤͦ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͙͍͙ͨͪͦ͒ͭ ͟ ͪͯ͋ͼ͍ͦ·ͣ ͙͔͔͙ͣͤͤ͘Ύͣ ͨͦ;͔;͚ͤͦ ͙ͭ͊ͤ͟ ͙ 

͙͔͙ͫͤ͗ͤΌ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͨͦ;͔͟Φ 

˻͔͙ͫͦ͗ͤͤ͡Ύ ͫͦ;͔͙ͭ͊ͤΎ ͣͦ;͔͔͚͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡ ͙ ͙͔͔ͨͦͤ͡ͺ͙ͪͭ͊Φ 

˨͙͔ͭ͡͡Έͤͦ ͫͯ΅͔͍ͫͭͯΌ΅͙͚ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͨͪͦͼ͔ͫͫ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ 

͙͔͔ͨͦͤ͡ͺ͙ͪͭ͊Σ ͔ͤͺ͔ͪͦͫͪͦ͊͘͟͡ ͙ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͨͦ;͔;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ ˤ ͭΎ͖͗͡·ͻ ͫͯ͡;͊Ύͻ 

͍ͦͣͦ͗ͤͦ͘ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙͔ͨͦͤͺͪͦ͊͘ ͙ ͔͙ͫͨͭ;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙͚ͤΦ 

˻ͫͦ͋ͯΌ ͦͨ͊ͫͤͦͫͭΈ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͙͍ͦ͋ͫͭͪͯͭͤ͟·͚ ͙͔͔ͨͦͤ͡ͺ͙ͪͭΣ ͙ͨͪ ͦͭͦͪͦͣ͟ ͔͔ͭͪ͋ͯͭͫΎ 

͔͔ͤͦͭͦ͗ͤͦ͡ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͦͭͭͦ͊͟ ͣͦ;͙Φ ˹͔͍͔͍͔͔͔ͫͦͪͣͤͤͦ ͔͡;͔͙͔ͤ ͙ͭ͊͟ͻ ͫͦͫͭͦΎ͙͚ͤ ͎͔ͯͪͦ͗͊ͭ ͙͙͗ͤ͘ 

ͨ͊ͼ͙͔ͤͭ͊Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͙͔͔ͨͦͤ͡ͺ͙ͪͭ͊ ͙ͨͪ ͣͦ;͔͔͚͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻΣ 

͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͔ͨͦ͊͊ͭ͘͟͡Ύͻ ͙ ͔ͣͭͦ͒͊ͻ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙Φ ˤ͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͙͔ͣΌͭ ͯ͡Έ͍͍͔ͭͪ͊ͯͦͦ͘͟ 

͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Σ ͔͎͔͎͙ͪͤͭͤͦͦ͡;͔͙͔ͫ͟ ͔ͣͭͦ͒· ͙ ͦͣͨ͟ΈΌ͔ͭͪͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙ΎΦ 

˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͍͟͡Ό;͔͊ͭ ͍͔͍͔͔͔ͫͦͪͣͤͤͦ ͔͡;͔͙͔ͤ ͣͦ;͔͔͚͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡Σ ͔ͦͪͪ͟͟ͼ͙Ό ͔ͦ͋ͣͤͤ·ͻ 

ͤ͊ͪͯ΄͔͙͚ͤΣ ͔͍͊͒͊ͭͤ͟·͚ ͙ͨͭΈ͔͍͚ͦ ͔͙ͪ͗ͣ ͙ ͦͤͭͪͦ͟͡Έ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͣͦ;͔͍·ͻ ͔͚ͨͯͭΦ ˾͔͔͊ͤͤ 

͍·Ύ͍͔͙͔ͤ͡ ͙ ͔͙͔ͯͫͭͪ͊ͤͤ ͔͚͊ͣͤ͟ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙͔͔ͨͦͤ͡ͺ͙ͪͭ͊Φ 

˴͙͊ͣͤ ͍ ͨͦ;͊͟ͻ ͦ͊͘͟·͍͊Όͭ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͙͔͔ͨͦͤ͡ͺ͙ͪͭ͊Σ ͍ͫͦ͒͊͊͘Ύ ͍͙ͯͫͦ͡Ύ 

͒͡Ύ ͤ͊ͪͯ΄͔͙ͤΎ ͦͭͭͦ͊͟ ͣͦ;͙ ͙ ͙͔͙͔͙ͨͪͫͦ͒ͤͤΎ ͙ͤͺ͔͟ͼ͙͙Φ ˿ͦ;͔͙͔ͭ͊ͤ ͣͦ;͔͔͚͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡ ͙ 

͍͙͔ͦͫͨ͊ͭ͡͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͔͋ͦ͡ ͭΎ͖͗ͦͣͯ͡ ͔ͭ;͔͙ͤΌ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͍ͨͦ·΄͔ͤͤͦͣͯ ͙ͪͫͯ͟ 

͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˽͙͙͔ͦͤͣ͊ͤ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͚͒͊ͤͤͦ ͍͙͍͊ͣͦͫ͘Ύ͙͘ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ 

͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͔͡;͔͙ͤΎ ͙ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔͙͚ͨͦͪ͊͗ͤ ͨͦ;͔͟Σ ͊ ͔ͭ͊͗͟ ͒͡Ύ ͫͦͻ͔͙ͪ͊ͤͤΎ ͙ͻ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˶͙ͦͨ͊ͭͤ͟ ˹ΦˢΦ ͎͙̂ͪͦͦ͡ΎΦ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмнΦ τ млнп ͫΦ τ URL: https:// www.studentlibrary.ru 

нΦ ˽·͔ͭ͡Έ ˢΦ̒ΦΣ ˽·͔ͭ͡Έ ̑ΦˢΦ ˤ͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͨͦ;͔͟Φ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нллфΦ τ осу ͫΦ τ 

URL: httpsΥκκͤΉ͋Φͪͺ 

оΦ ˴͊ͣ·΄͙͍ͤͦ͟ ˤΦ˿Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͔ͤͺ͎͙ͪͦͦ͡ΎΦ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмлΦ τ рмн ͫΦ τ URL: 

https:// elibrary.ru 

пΦ ˴ͯ;͔͔ͪͤͦ͟ ˹Φ˩Φ ˸ͦ;͔͔͊ͣͤͤ͊͟Ύ ͔͋ͦͤ͘͡ΈΦ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нллуΦ τ олп ͫΦ τ URL: httpsΥκκͤΉ͋Φͪͺ 

ϭ˾ ͦ͘·͔͍͊ ˥Φ˥Φ, 2025 

 

 

 

 

       ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ͯ͡Έͤ͊ͪ͊Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͙͊ͤ͒͒͊ͭ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

ˢ˹́ˮ˨˩˽˾˩˿˿ˢ˹́̍Υ ˴˶ˢ˿˿ˮ̅ˮ˴ˢ̇ˮ̒Σ ˸˩̆ˢ˹ˮ˭˸̍ ˨˩˯˿́ˤˮ̒ ˮ ˴˶ˮ˹ˮ̉˩˿˴˻˩ ˽˾ˮ˸˩˹˩˹ˮ˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 
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͙ͨͫͻͦͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭΣ ͙͔ͨͪͣͤΎ͔ͣ·ͻ ͒͡Ύ ͔͡;͔͙ͤΎ ͔͔͙͍͒ͨͪͫͫͤ·ͻ ͙ ͪΎ͒͊ ͎͙͒ͪͯͻ 

͙ͨͫͻ͙;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΦ ˽ͦ͒ͪͦ͋ͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· Ή͍ͦ͡Όͼ͙Ύ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͦ ͎͔͔͔ͨ͊ͭͦͤ͘ ͔͔͙͙͒ͨͪͫͫ όͦͭ 

͙͍͚ͣͦͤͦ͊ͣͤͦͦ ͎͙͔ͨͦͭ͘· ͟ ͔͚͙ͤͪͦͨ͊ͫͭ͡;͙ͤͦͫͭ ͙ ͔͚͍͔͙ͤͪͦͦͫͨ͊ͤ͡ΌύΣ ͊ ͔ͭ͊͗͟ ͍͔͔ͫͦͪͣͤͤ͊Ύ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͨͦ ͔ͣͻ͙͊ͤͣͯ͘ ͔͚͍͙͒ͫͭΎΦ ˻͙ͨͫ͊ͤ· ͍ͦͫͤͦͤ·͔ ͊ͫͫ͟͡·Υ ͔͔͙͍ͫͭͤ͟͡·͔ 

͙͎͙͙ͤ͋ͭͦͪ· ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ ͔͙ͫͪͦͭͦͤͤ͊ ό˿ˮ˻˭˿ύΣ ͙͎͙͙ͤ͋ͭͦͪ· ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ ͔͙ͫͪͦͭͦͤͤ͊ ͙ 

͔͙ͤͦͪ͊͒ͪͤ͊ͤ͊͡ ό˿ˮ˻˭˿˹ύΣ ͔͔͎͙ͤͦͪ͊͒ͪͤͪ;͔͙͔ͫ͟ ͙ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͔͙͔͎͙ͫͪͦͭͦͤͤͪ;͔͙͔ͫ͟ 

͙͔͔͊ͤͭ͒ͨͪͫͫ͊ͤͭ· ό˹͊˿˿ˢύΣ ͙ͭͪͼ͙͙͟͡;͔͙͔ͫ͟ ͙͔͔͊ͤͭ͒ͨͪͫͫ͊ͤͭ· ό́̇ˢύΣ ͙͎͙͙ͤ͋ͭͦͪ· ͙͙ͣͦͤͦ͊ͣͤͦͫ͒͊͘͟· 

όˮ˸ˢ˻ύΣ ͊ ͔ͭ͊͗͟ ͍ͤͦ·͔ ͔͍ͫͪ͒ͫͭ͊ όΉ͔͙ͫͭ͊ͣͤ͟Σ ͍͙͔͙ͦͪͭͦͫͭͤ͟ύΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙͙ͤ͟͡;͔͚ͫͦ͟ 

ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ όͺ͙͔͙͊ͪͣ͊ͦͤͭ͊͟͟͟Σ ͔ͣͻ͙͊ͤͣ͘ ͔͚͍͙͒ͫͭΎύΣ ͙ͨͪͤͼ͙ͨ͊ͣ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͍·͋ͦͪ͊ ͔ͨͪͨ͊ͪ͊ͭ͊ 

͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͨͪͦͺ͙͡Ύ ͔͔͙͙͒ͨͪͫͫ ͙ ͙ͦͣͦͪ͋͒ͤ͟·ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͔͎͙͙ͫͭͪ͊ͭ ͔͙͙ͭͪ͊ͨ 

όͦͫͭͪ͊Ύ ͺ͊͊͘Σ ͔͙͍ͨͦ͒͒ͪ͗͊Ό΅͔͔ ͔͡;͔͙͔ͤΣ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ ͔ͪͼ͙͙͍͍͒ͦύΦ ˻͍͔ͫ΅͔ͤ· ͍ͦͨͪͦͫ· 

Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟Σ ͔͎͊ͭͤͭͤͦͦ͡ ͔͙ͨͪͦ͒͊ ͔͚͍͙͒ͫͭΎΣ ͨͦ͋ͦ;ͤ·ͻ Ήͺͺ͔͍ͭͦ͟ ͙ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ ˻͔͋ͫͯ͗͒ͤ· 

͍͔͔ͫͦͪͣͤͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙Σ ͍͟͡Ό;͊Ύ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤͯ͘͡Ό ͔͙ͭͪ͊ͨΌ ͙ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͔͔͍͊ͤͭ͒ͨͪͫͫ͊ͤͭͦ 

͙ͨͪ ͔͍ͭͪͦ͗ͤ·ͻΣ ͔͙͍ͦ͋ͫͫͫͤͦπ͟ ͦͣͨͯ͡Έ͙͍ͫͤ·ͻ ͙ ͎͙͒ͪͯͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ͻΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͙͔͔͊ͤͭ͒ͨͪͫͫ͊ͤͭ·Σ ͔͔͙͒ͨͪͫͫΎΣ ͙͍ͣͦͤͦ͊ͣͤͦ͊Ύ ͎͙͔ͨͦͭ͊͘Σ ͔͔͙͍ͫͭͤ͟͡·͔ ͙͎͙͙ͤ͋ͭͦͪ· ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ 

͔͙ͫͪͦͭͦͤͤ͊ ό˿ˮ˻˭˿ύΣ ͔͙ͫͪͦͭͦͤͤ ͙ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͡ ό˿ˮ˻˭˿˹ύΣ ͙ͭͪͼ͙͙͟͡;͔͙͔ͫ͟ ͙͔͔͊ͤͭ͒ͨͪͫͫ͊ͤͭ· ό́̇ˢύΣ 

͙͎͙͙ͤ͋ͭͦͪ· ͙͙ͣͦͤͦ͊ͣͤͦͫ͒͊͘͟· όˮ˸ˢ˻ύΣ ͔͚͙ͤͪͦͨ͊ͫͭ͡;ͤͦͫͭΈΣ ͔͚ͤͪͦͭͪͦͺ͙;͔͙͚ͫ͟ ͺ͊ͭͦͪ͟ ͎ͣͦ͊͘ 

ό.5bCύΣ ͔͊ͭͤͭͤ͡·͚ ͔͙ͨͪͦ͒Σ ͔͙͙ͪͣͫͫΎΣ ͔͙͍ͨͦ͒͒ͪ͗͊Ό΅͊Ύ ͔͙ͭͪ͊ͨΎΣ ͨͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟·Σ ͔͔͙ͨͪͤͦͫͣͦͫͭΈΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˨͔͔͙ͨͪͫͫΎ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͙ ͙͍͙͙͙ͤ͊͒ͪͯ͘͡Ό΅͙ͻ ͙ͨͫͻ͙;͔͙ͫ͟ͻ 

͚͍ͪ͊ͫͫͭͪͦͫͭ ͍ ͙͔ͣͪΦ ˢ͙͔͔ͤͭ͒ͨͪͫͫ͊ͤͭ· ͙ͫͭ͊͡ ͔͎ͪ͊ͯͦ͟͡Έͤ·ͣ ͔͊ͣͤͣ͟ ͔͔ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͔͙͙ͭͪ͊ͨΦ ˭͊ 

͔͙͔ͨͦͫ͒ͤ͡ тл ͔ͭ͡ ͙ͦͤ Ή͍ͦ͡Όͼ͙͙͍͙ͦͤͪͦ͊͡ ͦͭ ͔͔͔͙͍ͤͫͭͤ͟͡·ͻ ͙ ͍·͙ͫͦͦͭͦͫ͟͟;ͤ·ͻ ͔͍ͫͪ͒ͫͭ ό́̇ˢΣ ˮ˸ˢ˻ύ 

͟ ͔͔͋ͦ͡ ͔͋ͦͨ͊ͫͤ͘·ͣ ͙ ͔͔͙͍ͫͭͤ͟͡·ͣ ͔ͨͪͨ͊ͪ͊ͭ͊ͣ ό˿ˮ˻˭˿Σ ˿ˮ˻˭˿˹ύΣ ;ͭͦ ͍͙ͨͦͦͦ͘͡͡ ͤ͊͘;͙͔ͭ͡Έͤͦ 

ͪ͊ͫ΄͙͙ͪͭΈ ͙ͻ ͙͔͔͙͔ͨͪͣͤͤ ͔ͤ ͭͦ͡Έͦ͟ ͍ ͙ͨͫͻ͙͙͙͊ͭͪΣ ͤͦ ͙ ͍ ͦ͋΅͔͚ ͔͙ͣ͒ͼ͙͔ͤΦ ˿͍͔͔ͦͪͣͤͤ·͔ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͫͣ΅͊Όͭ ͺͦͯͫ͟ ͫ ͚ͦͫͭͪͦ ͔͚͙͔͚ͤͪͦͭͪ͊ͤͫͣͭͭͪͤͦ ͣͦ͒ͯ͡Ύͼ͙͙ ͤ͊ ͎͒ͦͦͫͪͦ͡;ͤ·͔ ͙͍͊͒͊ͨͭͤ·͔ 

͙͔͔͙ͣͤͤ͘Ύ ͎ͣͦ͊͘Φ 

˴͙͚ͪ͊ͭ͟ Ήͫͯͪͫ͟͟ ͍ ͎͔͔ͨ͊ͭͦͤ͘ ͔͔͙͙͒ͨͪͫͫ ͙ ͔ͣͻ͙͊ͤͣ͘ ͔͚͍͙͒ͫͭΎ ͙͔͔͍͊ͤͭ͒ͨͪͫͫ͊ͤͭͦ 

͙́ͪ͊͒ͼ͙ͦͤͤ͊Ύ ͣ ͙͍ͦͤͦ͊ͣͤͦ͊Ύ ͎ ͙͔ͨͦͭ͊͘ ͫ ͍Ύ͘·͍͔͊ͭ ͔͔͙͒ͨͪͫͫΌ ͫ ͔͒ͺ͙ͼ͙ͭͦͣ ͙͍ͣͦͤͦ͊ͣͤͦ·ͻ 

͔͚͔͙͍ͤͪͦͣ͒͊ͭͦͪͦ ό͔͙ͫͪͦͭͦͤͤ͊Σ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͊͡Σ ͒ͦͺ͙͊ͣͤ͊ύ ͍ ͙͙ͫͤ͊ͨͭ;͔͚ͫͦ͟ ΅͔͙͡Φ ˿͍͔͍͔ͦͦͭͭͫͭͤͤͦΣ 

͙͊ͫͫ͟͡;͔͙͔ͫ͟ ͙͔͔͊ͤͭ͒ͨͪͫͫ͊ͤͭ· ͍ͨͦ·΄͊Όͭ ͙ͻ ͒ͦͫͭͯͨͤͦͫͭΈΣ ͙͋ͦͪͯ͟͡Ύ ͦ͋ͪ͊ͭͤ·͚ ͊͘ͻ͍͊ͭ ό́̇ˢΣ ˿ˮ˻˭˿ύ ͙͙͡ 

͔ͨͪͨΎ͍ͭͫͭͯΎ ͪ͊ͫͨ͊͒ͯ όˮ˸ˢ˻ύΦ 

˻͒ͤ͊ͦ͟ ͍͔͔͚ͪͣͤͤͦ ͪ͊ͪ͘·͍ ͔ͣ͗͒ͯ ͋·ͫͭͪ·ͣ ͍ͨͦ·΄͔͙͔ͤͣ ͍ͯͪͦͤΎ ͙͍ͣͦͤͦ͊ͣͤͦ ό;͊ͫ·ύ ͙ 

͙͙ͤ͟͡;͔͙ͫͣ͟ Ήͺͺ͔ͭͦͣ͟ όнπс ͔͔ͤ͒͡Έύ ͙͍͔ͨͪ͡ ͟ ͨͦΎ͍͔͙ͤ͡Ό ͍͔͔ͫͦͪͣͤͤ·ͻ ͦͤ͟ͼ͔ͨͼ͙͚Φ ˿͎ͦ͊ͫͤͦ͡ ͙ͣΣ 

͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ ͒ ͎ͦͦͫͪͦ͡;ͤ·͔ ͙͍͊͒͊ͨͭͤ·͔ ͙͔͔͙ͣͤͤ͘ΎΥ 

мΦ ˽͍ͦ·΄͔͙͔ͤ ͔͚͙ͤͪͦͨ͊ͫͭ͡;͙ͤͦͫͭ ͙  ͤ ͔͚͎͔͔ͪͦͤ͊͘ ͍  ͎͙͔ͨͨͦ͊ͣͨ͟ ͙ ͔ͨͪͺͪͦͤͭ͊͡Έ͚ͤͦ ͔ͦͪ͟Φ 

2. ˹͙ͦͪͣ͊͊͘͡ͼ͙Ύ ͙͍͙͊ͭͤͦͫͭ͟ ͎͙ͨͦͭ͊͊ͣͦ͡π͎ ͙ͨͦͺ͙͊ͪͤͦ͘πͤ ͊͒ͨͦ;͔;͙͍͚ͤͦͦ͟ ό˥˥˹ύ ͙ͦͫ  

ό͎͙͔͙͔͙ͨͪͦͪͭͦͣ͘͟͡Ύ ͙ͨͪ ͔͔͙͙͒ͨͪͫͫύΦ 

оΦ ˽͙͍͍͙͔ͪͦͭͦͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͔͚͍͙͔͒ͫͭΥ ˸ ͦ͒ͯ͡Ύͼ͙Ύ ͙͍͙͊ͭͤͦͫͭ͟ ͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͼ͙͙͍ͭͦͤͦ͟ όL[π

сΣ ¢bCπh ύΣ ͍ͨͦ·΄͔ͤͤ·ͻ ͙ͨͪ ͔͔͙͙͒ͨͪͫͫΦ 

 ˤ͊͗ͤ·ͣ ͔͙ͣ͒͊ͭͦͪͦͣ Ή͙ͭͻ ͨͪͦͼ͔͍ͫͫͦ ͫ;͙͔ͭ͊ͭͫΎ ͣ ͎͍͚ͦͦͦ͘ ͔͚ͤͪͦͭͪͦͺ͙;͔͙͚ͫ͟ ͺ͊ͭͦͪ͟ ό.5bCύΣ 

͍͔ͯͪͦͤΈ ͎ͦͭͦͪͦͦ͟Σ ͊͟͟ ͔͎͔ͨͪ͒ͨͦ͊͊ͭͫ͡ΎΣ ͍ͨͦ·΄͔͊ͭͫΎ ͙ͨͪ ͙͔͒ͭ͡͡Έͤͦͣ ͙͔͔ͨͪͣ ͙͔͔͍͊ͤͭ͒ͨͪͫͫ͊ͤͭͦΦ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙ΎΣ ͺ͎͙͊ͪͣ͊ͦͦ͟͡Ύ ͙ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦͺ͙͙͡ ͍ͦͫͤͦͤ·ͻ ͍͊ͫͫͦ͟͡ 

мΦ ˿͔͔͙͍ͭͤ͟͡·͔ ͙͎͙͙ͤ͋ͭͦͪ· ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ ͔͙ͫͪͦͭͦͤͤ͊ ό˿ˮ˻˭˿ύΥ όͺ͔͙ͯͦͫͭͤ͟͡Σ ͔͙ͨ͊ͪͦͫͭͤ͟Σ 
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͔͙ͫͪͭͪ͊ͤ͡Σ ͼ͙ͭ͊ͦͨͪ͊ͣ͡Σ Ήͫͼ͙ͭ͊ͦͨͪ͊ͣ͡Σ ͺ͍͙ͯͦͫ͊ͣͤ͟͡ύΦ 

¶ ˸͔ͻ͙͊ͤͣ͘Υ ˿ ͔͔͙͍ͭͤ͊͟͡Ύ ͋ͦ͊͒͊͟͡ ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ ͔͙ͫͪͦͭͦͤͤ͊ όрπ˹ ́ύΦ 

¶ ˽͙͔͔͙͔ͪͣͤͤΥ ˽ ͔ͪͨ͊ͪ͊ͭ· ͔͍͚ͨͪͦ ͙͙͙ͤ͡ ͒ ͡Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͔͔͙͍͒ͨͪͫͫͤ·ͻ ͙ ͔͍ͭͪͦ͗ͤ·ͻ 

͚͍ͪ͊ͫͫͭͪͦͫͭ ͎͋͊ͦ͒͊ͪ͡Ύ ͎͙͋͊ͦͨͪ͡Ύͭͤͦͣͯ ͨͪͦͺ͙͡Ό ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ ˾͙͊͘͡;͙Ύ τ ͍  ͺ͙͔͙͔͊ͪͣ͊ͦͤͭ͟͟͟ ͙ 

͔ͨͦͭͤͼ͙͔͊͡ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͍͙͔͚͍͙͚͊ͣͦ͒ͫͭ͘Φ 

нΦ ˮ͎͙͙ͤ͋ͭͦͪ· ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ ͔͙ͫͪͦͭͦͤͤ͊ ͙ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͊͡ ό˿ˮ˻˭˿˹ύΥ ό͍͔ͤ͊͡ͺ͙͊ͫͤ͟Σ 

͔͙͒ͯͦͫͭͤ͟͡Σ ͙ͣͤ͊͡ͼ͙ͨͪ͊ͤΣ ͔͍͔͒ͫͤ͊͡ͺ͙͊ͫͤ͟ύΦ 

¶ ˸͔ͻ͙͊ͤͣ͘Υ ˨ ͍͚͔ͦͤͦ ͔͚͍͙͔͒ͫͭ τ ͋ ͦ͊͒͊͟͡ ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ ͊͟͟ ͔͙ͫͪͦͭͦͤͤ͊Σ ͭ͊͟ ͙ 

͔͙ͤͦͪ͊͒ͪͤ͊ͤ͊͡Φ 

¶ ˽͙͔͔͙͔ͪͣͤͤΥ ̏ ͺͺ͔͙͍ͭͤ͟· ͙ͨͪ ͭΎ͔͗͡·ͻ ͙ ͔͙͔ͪͫͭͤͭͤ͘·ͻ ͔͔͙͒ͨͪͫͫΎͻΣ ͔͔͙͙͒ͨͪͫͫ ͫ ͍·͔͚ͪ͊͗ͤͤͦ 

͔͎͙͔͚͊ͤͪ ͙ ͙͔͚͊ͨ͊ͭΣ ͊ ͔ͭ͊͗͟ ͙ͨͪ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͋ͦ͡·ͻ ͙ͫͤ͒ͪͦͣ͊ͻ ό͔͙͒ͯͦͫͭͤ͟͡ τ ͅ ͙͙͎͙͋ͪͦͣ͊͡ΎΣ 

͙͔͙͒͊͋ͭ;͔ͫ͊͟Ύ ͔͚͙ͤͪͦͨ͊ͭΎύΦ 

оΦ ˹͔͔͎͙ͦͪ͊͒ͪͤͪ;͔͙͔ͫ͟ ͙ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͔͙͔͎͙ͫͪͦͭͦͤͤͪ;͔͙͔ͫ͟ ͙͔͔͊ͤͭ͒ͨͪͫͫ͊ͤͭ· 

ό˹͊˿˿ˢύΥ ό͙͙ͣͪͭ͊͊ͨͤ͘Σ ͙͔͙ͣ͊ͤͫͪͤύΦ 

¶ ˸͔ͻ͙͊ͤͣ͘Υ ̂ ͙͔͙͔ͫͤ͡ ͔͔͎͙ͤͦͪ͊͒ͪͤͪ;͔͚ͫͦ͟ ͙ ͔ͫͨͼ͙ͺ͙;͔͚ͫͦ͟ ͔͙͔͎͙ͫͪͦͭͦͤͤͪ;͔͚ͫͦ͟ ό;͔͔ͪ͘ рπ˹ ́м 

͔ͪͼ͔ͨͭͦͪ·ύ ͔͔ͨͪ͒͊;͙ ͙ͨͪ ͔͋ͦ͊͒͟͡ ͙͙ͨͦͫͭͫͤ͊ͨͭ;͔͙ͫ͟ͻ рπ˹ ́н ͙ рπ˹ ́о ͔ͪͼ͔͍ͨͭͦͪͦ ό;ͭͦ ͙͔ͫͤ͗͊ͭ ͔͍͎ͭͪͦͯ 

͙ ͭͦ΄ͤͦͭͯύΦ 

¶ ˽͙͔͔͙͔ͪͣͤͤΥ ˨ ͔͔͙ͨͪͫͫΎ ͫ ͍·͔͚ͪ͊͗ͤͤͦ ͔͍͎͚ͭͪͦͦΣ ͔͙͋ͫͫͦͤͤͼ͔͚Σ ͙͔͙͔ͫͤ͗ͤͣ ͔͙͊ͨͨͭͭ͊Φ 

˸͙͙ͪͭ͊͊ͨͤ͘ ͔ͦ͋͊͒͊ͭ͡ ͍·͔ͪ͊͗ͤͤ·ͣ ͔͙͍ͫ͒͊ͭͤ·ͣ ͙ ͙͎͙͙͊ͤͭͫͭ͊ͣͤͤ·ͣ Ήͺͺ͔ͭͦͣ͟ ό͙͍ͨͪ͋͊͊͟ ͍͔ͫ͊ύΦ 

пΦ ͙́ͪͼ͙͙͟͡;͔͙͔ͫ͟ ͙͔͔͊ͤͭ͒ͨͪͫͫ͊ͤͭ· ό́̇ˢύΥ ό͙͙͙͙͊ͣͭͪͨͭͤ͡Σ ͙͙ͦͣͨͪ͊ͣͤ͟͡Σ ͙͙͙ͣͨͪ͊ͣͤΣ 

͙͙͙ͤͦͪͭͪͨͭͤ͡ύΦ 

¶ ˸͔ͻ͙͊ͤͣ͘Υ ˹ ͔͔͔͙͍͔ͫͭͤͦ͟͡ ͙͎͙͙͍͙͔ͤ͋ͪͦ͊ͤ ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ ͔͙ͫͪͦͭͦͤͤ͊ ͙ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͊͡Σ ͊ 

͔ͭ͊͗͟ ͋ͦ͊͒͊͟͡ ͻ͙͔͎͙ͦͤͪ͡;͔͙ͫ͟ͻΣ ͎͙͙͍ͫͭ͊ͣͤͦ·ͻ Iм ͙ ͊͡Έͺ͊мπ͊ ͔͔͒ͪͤͦͪͼ͔͍ͨͭͦͪͦΦ 

¶ ˽͙͔͔͙͔ͪͣͤͤΥ ́ Ύ͔͗͡·͔ ͙ ͔͙͔ͪͫͭͤͭͤ͘·͔ ͔͔͙͙͒ͨͪͫͫΣ ͤͦ;ͤ͊Ύ Ή͔ͤͯͪ͘Σ ͻ͙ͪͦͤ;͔ͫ͊͟Ύ ͋ͦ͡Έ 

ό͔͚͙ͤͪͦͨ͊ͭ;͔ͫ͊͟ΎύΦ ˮͫͨͦ͡Έͯ͘ΌͭͫΎ ͔͔ͪ͗ ͙͘π͘ ͊ ͎ͯͦͦ͘͟ ͔͔͍͙ͭͪ͊ͨͭ;͔͎ͫͦͦ͟ ͦͤ͊͟ ͙ ͍·͔ͪ͊͗ͤͤ·ͻ 

͙͊ͤͭͻ͙͔͎͙ͦͤͪ͡;͔͙ͫ͟ͻ ͨͦ͋ͦ;ͤ·ͻ Ήͺͺ͔͍ͭͦ͟ όͫͯͻͦͫͭΈΣ ͊ͨͦͪ͘·Σ ͭ͊ͻ͙͙͊ͪ͒͟ΎΣ ͔͊͒ͪ͗͊͘͟ ͣͦ;͙Σ ͎͙͙͍ͦͤͭͤ͟·͔ 

ͤ͊ͪͯ΄͔͙ͤΎύ ͙ ͙͙͊ͪ͒ͦͭͦͫ͟͟;͙ͤͦͫͭ ό͙ͪͫ͟ ͙ͨͪ ͔͔͙͍͔ͨͪ͒ͦͪͦ͘͟ύΦ 

рΦ ˮ͎͙͙ͤ͋ͭͦͪ· ͙͙ͣͦͤͦ͊ͣͤͦͫ͒͊͘͟· όˮ˸ˢ˻ύΥ ό͙ͦ͋ͪ͊ͭͣ·͔ τ ͣ ͔͙ͦͦ͋ͣ͒͟͡Τ ͔͙ͤͦ͋ͪ͊ͭͣ·͔ τ 

ͺ͔͔͙ͤͤ͘͡Σ ͙ͭͪ͊ͤ͡ͼ͙͙ͨͪͦͣͤύΦ 

¶ ˸͔ͻ͙͊ͤͣ͘Υ ˮ ͎͙͙͍͙͔ͤ͋ͪͦ͊ͤ ͺ͔͔ͪͣͤͭ͊ ˸ˢ˻πs Σ ͪ͊ͪͯ͘΄͊Ό΅͔͎ͦ ͙ͣͦͤͦ͊ͣͤ·Φ 

¶ ˽͙͔͔͙͔ͪͣͤͤΥ s ͙͙ͭͨ;ͤ͊Ύ ͔͔͙͒ͨͪͫͫΎΣ ͔͙͔ͪͫͭͤͭͤ͘·͔ ͫͯ͡;͙͊Φ ˹͔͙ͦ͋ͪ͊ͭͣ·͔ ˮ˸ˢ˻ ͔ͭͪ͋ͯΌͭ 

͎͚ͫͭͪͦͦ ͭ ͙͙͍͚ͪ͊ͣͤͦͦ ͙͔͒ͭ· ό͙ͫ͟͡Ό;͔͙͔ͤ ͫ·͍ͪͦΣ ͦͨ͟;͔͔͚ͤͦͫͭΣ ͍͙ͤ͊ύ ͙͘π͘ ͊ ͙ͪͫ͊͟ ͎͙͔͔͙͍͎ͨͪͭͤͤͦͦ͘ 

͙ͪ͊͘͟Φ 

сΦ ˨͎͙͔ͪͯ ͙ ͍ͤͦ·͔ ͔ͨͪͨ͊ͪ͊ͭ·Υ 

¶ ˢ͎͔͙ͦͣ͊ͭͤ͡Υ s ͎͙ͦͤͫͭ ͔͙͍ͣ͊ͭͦͤͤͦ͡·ͻ ͔ͪͼ͔͍ͨͭͦͪͦ όa¢мκa¢нύ ͙ ͎͙͊ͤͭ͊ͦͤͫͭ рπ˹ ́н˿ ͔ͪͼ͔͍ͨͭͦͪͦΦ 

ˤ͍͙͍͔ͦͫͫͭ͊ͤ͊͊ͭ͡ ͼ͙ͪ͊͒ͤ͟·͔ ͙ͪͭͣ·Σ ͔ͤ ͍͙͡Ύ͔ͭ ͤ͊ ͙͙͋͒ͦ͡Φ 

¶ ˤ͙͔͙ͦͪͭͦͫͭͤ͟Υ ˸ ͎ͤͦͦͣͦ͒͊͡Έ͔ͤͦ ͔͚͍͙͔͒ͫͭΥ ͙͎͙͙ͤ͋ͭͦͪ ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ ͔͙ͫͪͦͭͦͤͤ͊ Ҍ 

ͣͦ͒ͯ͡Ύͭͦͪ ͪΎ͒͊ ͔͙͍ͫͪͦͭͦͤͤͦ·ͻ ͔ͪͼ͔͍ͨͭͦͪͦΦ ˭͊Ύ͍͔ͤͦ͡ ͦ ͙͔ͨͦͦ͗ͭ͡͡Έͤͦͣ ͍͙͡Ύ͙͙ͤ ͤ͊ ͎͙͙͍ͦͤͭͤ͟·͔ 

ͺͯͤ͟ͼ͙͙Φ 

¶ ͔͙̏ͫͭ͊ͣͤ͟ ό͙ͤͭͪ͊ͤ͊͊͘͡Έͤ·͚ύΥ ˹͔͔ͦͤͯͪͤͭͤ͟͟·͚ ͎͙͊ͤͭ͊ͦͤͫͭ ba5!πͪ ͔ͼ͔͍ͨͭͦͪͦΦ ˽͙͔ͪͣͤΎ͔ͭͫΎ 

͙ͨͪ ͡ ͔͍͔͊ͪͫͭͤͤͦ͟πͪ ͔͙͔͚ͫͭͤͭͤͦ͘ ͔͔͙͙͒ͨͪͫͫ ό¢w5ύΦ ˻͊͘͟·͍͔͊ͭ ͋·ͫͭͪ·͚ ό͍ ͔ͭ;͔͙͔ͤ ;͍͊ͫͦύ 

͙͔͔͙͍͊ͤͭ͒ͨͪͫͫͤ·͚ ͙ ͙͙͊ͤͭͫͯͼ͙͒͊͡Έͤ·͚ Ήͺͺ͔ͭ͟Σ ͔͚͍͒ͫͭͯΎ ;͔͔ͪ͘ ͔ͣͻ͙͊ͤͣ͘· ͙͙ͫͤ͊ͨͭ;͔͚ͫͦ͟ 

͙ͨ͊ͫͭ͡;͙ͤͦͫͭ ό.5bCύΦ 

˭͊͟͡Ό;͔͙͔ͤ ͙ ͔͔͙͍ͨͪͫͨͭ͟·  

˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͔͊ͤͭ͒ͨͪͫͫ͊ͤͭ· τ Ήͺͺ͔͙͍ͭͤ͟·͔ ͙ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͔͋ͦͨ͊ͫͤ͘·͔ ͔͍ͫͪ͒ͫͭ͊Σ 
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͙͊ͪ͒ͤ͊͟͡Έͤͦ ͙͔͙͍ͣͤ͘΄͙͔ ͎ͨͪͦͤͦ͘ ͔͔͙͍͒ͨͪͫͫͤ·ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΦ ˻͒ͤ͊ͦ͟ ͔ͨͪͦ͋ͣ͊͡ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ 

όͦͦͦ͟͡ ол҈ ͨ͊ͼ͙͔͍ͤͭͦύΣ ͨͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟· ͙ ͦͭͫͪͦ;͔͔ͤͤͦ ͤ͊;͊ͦ͡ ͔͚͍͙͒ͫͭΎ ͯ͊͘͟·͍͊Όͭ ͤ͊ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͒͊͡Έ͔͚ͤ΄͙ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ˣͯ͒ͯ΅͔͔ ͔͙͗ͭ͡ ͍ ͍͙͙͙ͪ͊ͭ͘ ͨ ͔͙͙͍͚ͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ 

ͨͫ ͙ͻ͙͙͙͊ͭͪ τ ͨ ͙͔ͦͫ͟ ͙͔͍͋ͦͣ͊ͪͪͦ͟ ό͎͔͔͙ͤͭ;͔͙ͫ͟ͻΣ ͔͚͍͙͙ͤͪͦͯ͊͊͘͘͡ͼ͙ͦͤͤ·ͻΣ ͙͎͙ͣͣͯͤͦͦ͡;͔͙ͫ͟ͻύ ͒͡Ύ 

͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͍͔ͦͭͭ͊ ͤ͊ ͔ͦͤͪͭͤ͟͟·͚ ͔ͨͪͨ͊ͪ͊ͭΣ ͊ ͔ͭ͊͗͟ ͍ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͍ͤͦ·ͻ ͔͍ͫͪ͒ͫͭ 

ͫ ͋·ͫͭͪ·ͣ ͙ ͭͦ;ͤ·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘ ͔͚͍͙͒ͫͭΎ ό͎͔͎͙ͯͭ͊ͣ͊ͭͪ͡;͔͙͔ͫ͟Σ ͔͚͔͙ͤͪͦͨͨͭ͒ͤ·͔Σ 

͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ·ύΦ ˹͊ ͔͎ͫͦ͒ͤΎ΄͙͚ͤ ͔͒ͤΈ ͎͔ͪ͊ͣͦͭͤͦ ͙͔͔͙͔ͨͪͣͤͤ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ 

͙͔͔͍͊ͤͭ͒ͨͪͫͫ͊ͤͭͦΣ ͍͔ͦͫͤͦ͊ͤͤͦ ͤ͊ ͙͙ͤ͊ͤ͘ ͙ͻ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ ͙ ͙͙͍͙͙͙͍ͤ͒͒ͯ͊ͪͦ͊ͤͤͦͣ͘͡ ͨͦ͒ͻ͔ͦ͒ ͟ 

ͨ͊ͼ͙͔ͤͭͯΣ ͔ͦͫͭ͊ͭͫΎ ͍͚ͦͫͤͦͦ ͔ͯͫͨ΄͚ͤͦ ͔͙͙ͭͪ͊ͨΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˿͔͍͙ͣͯ͡; ˢΦˣΦΣ ˢͤ͒ͪΌ΅͔ͤͦ͟ ˢΦˤΦ ˨͔͔͙͙ͨͪͫͫ ͙ ͙ͦͣͦͪ͋͒ͤ͟·͔ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊Φ ς ˸ΦΥ ˸ˮˢΣ нлнмΦ 

нΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͔͡;͔͙ͤΌ ͔͔͙͍͒ͨͪͫͫͤ·ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΦ ό˾͊ͪ͊͋ͦͭ͊ͤ͘· ˾͙͚͙ͦͫͫͫͣ͟ 

ͦ͋΅͔͍ͫͭͦͣ ͙ͨͫͻ͙͍͊ͭͪͦύΦ ς нлнмΦ 

оΦ {ǘŀƘƭ {ΦaΦ {ǘŀƘƭϥǎ 9ǎǎŜƴǝŀƭ tǎȅŎƘƻǇƘŀǊƳŀŎƻƭƻƎȅΥ bŜǳǊƻǎŎƛŜƴǝŬŎ .ŀǎƛǎ ŀƴŘ tǊŀŎǝŎŀƭ !ǇǇƭƛŎŀǝƻƴǎΦ рǘƘ ŜŘΦ 

ς /ŀƳōǊƛŘƎŜ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΣ нлнмΦ ό˽͔͔͍ͪͦ͒Υ ˿Φ˸Φ ˿ͭ ͦͯ͡Φ ˻ͫ ͍ͤͦ· ͨ ͙ͫͻͦͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ ς ˸ΦΥ ˥̏˻́ˢ˾π

˸͔͙͒͊Σ нлннύΦ 

пΦ ˨͙͔͍ͪͦ͋͗ ˸Φ̑ΦΣ ˸͙ͻ͚͍͊ͦ͊͡ ˮΦˮΦΣ ͎͍̉ͯͯͤͦ ˢΦˤΦ ˢ͙͔͔ͤͭ͒ͨͪͫͫ͊ͤͭ· ͍ ͦ͋΅͔͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ς 

˸ΦΥ ˢͭͣͦͫͺ͔ͪ͊Σ нлнлΦ 

ϭ ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ΦΣ нлнр 

 

 

 

 

       ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ͯ͡Έͤ͊ͪ͊Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͙͊ͤ͒͒͊ͭ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͍͔͙͚ͫͫͭͦͪͦͤͤ ͙͊ͤ͊͘͡ ͙͙͙͊ͤͭ͊ͪͭͣ;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭ τ ͟ ͊ͫͫ͊͡ ͔͍ͨͪͨ͊ͪ͊ͭͦΣ 

͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ ͒͡Ύ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙ ͙͍͙ͯͨͪͦ͊ͤ͟Ύ ͤ͊ͪͯ΄͔͙͚ͤ ͔͔ͫͪ͒;͎ͤͦͦ ͙ͪͭͣ͊Φ ˽ͦ͒ͪͦ͋ͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ͊ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ˤ͎ͦ͊ͤ͊π̂ ͙͡ΈΎͣͫ͊ ͫ ͔͙͒ͦͨͦͤͤ͡Ύ͙ͣ ό͙ͣͦ͒ͺ͙͊͟ͼ͙Ύ ͙̆͊ͪͪͫͦͤ͊ύΣ ͙ͦͨͫ·͍͊Ό΅͊Ύ ;͔ͭ·͔ͪ 

͍ͦͫͤͦͤ·ͻ ͊ͫͫ͊͟͡ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͻ ͍͙͡Ύ͙ͤΎ ͤ͊ ͔ͭͪ͊ͤͫͣͣ͋ͪ͊ͤͤ·͔ ͙ͦͤͤ·͔ ͙ͭͦ͟ 

͙͙͊ͪ͒ͦͣͦ͟ͼ͙͍ͭͦΦ ˨͡Ύ ͎͊͗͒ͦͦ͟ ͊ͫͫ͊͟͡ όL τ ͋ͦ͊ͭͦͪ͟͡· ͙͔͍ͤ͊ͭͪ·ͻ ͍͊ͤ͊ͦ͟͡Τ LL τ ͔͋ͭ͊π͊ ͔͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡·Τ 

LLL τ ͋ ͦ͊ͭͦͪ͟͡· ͙͔͍͊͟͡·ͻ ͍͊ͤ͊ͦ͟͡Τ L± τ ͋ ͦ͊ͭͦͪ͟͡· ͊͟͡Έͼ͙͔͍·ͻ ͍͊ͤ͊ͦ͟͡ύ ͪ͊ͦ͋ͪ͊ͤ͘· ͔ͣͦͯ͟͡͡Ύͪͤ·͔ 

͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎΣ Ή͔ͭͪͦ͟͡ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ Ήͺͺ͔ͭ͟·Σ ͔ͫͨͭͪ͟ ͙͍͙͊ͭͤͦͫͭ͟ ͙ ͻ͔͊ͪ͊ͭͪͤ͟·͔ 

͔͍͙͔͙ͨͪ͒ͫͭ͊ͭ͡Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙ͨͪ͊ͭ͟;͔͙ͫͣ͟ ͔͊ͫͨͭ͊ͣ͟ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎΥ ͍·͋ͦͪͯ 

͔ͨͪͨ͊ͪ͊ͭ͊ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͍͙͒͊ ͙͙͙͊ͪͭͣ ό͔ͤ͊͒͗ͯ͒ͦ͡;͍ͦ͟·͔ Ǿǎ ͔͗ ͯ͒ͦ͡;͍ͦ͟·͔Σ ͭ͊ͻ͙͙͙͙͊ͪͭͣ Ǿǎ 

͙͙͙͙͋ͪ͊͒͊ͪͭͣύΣ ͙ͨͪͤͼ͙ͨ͊ͣ ͙͙͍͚ͦͣ͋ͤͪͦ͊ͤͤͦ͟ ͔͙͙ͭͪ͊ͨΣ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ό ͫ ͎͙͙͒ͪͯͣ ͔͍͙͊ͪͫͭ͊ͣ͟͡Φ 

˻͍͔ͫ΅͔ͤ· ͍ͦͨͪͦͫ· Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟Σ ͙͙ͨͪͦ͊ͪͭͣ;͔͎ͫͦͦ͟ ͔͚͍͙͒ͫͭΎ ό͍ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͒͡Ύ ͔͍ͨͪͨ͊ͪ͊ͭͦ L ͙ LLL 

͍͊ͫͫͦ͟͡ύ ͙ ͦ͋΅͔͚ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ ˻͙ͨͫ͊ͤ· ͍͔͔ͫͦͪͣͤͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙Σ ͍͟͡Ό;͊Ύ ͪͦ͡Έ ͔͙͙͙ͤ͊ͤͭ͊ͪͭͣ;͔͙ͫ͟ͻ 

͔͍ͫͪ͒ͫͭ ό͙ˢ˽̅Σ ͙ͫͭ͊ͭͤ·Σ ͔͎ͦͣ͊πоπ˽ ˹ˬ˴ύ ͙ ͔͔͙͔ͤͣ͒͊ͣͤͭͦͤ͘͟·ͻ ͔͍ͣͭͦ͒ͦ ό˾̉ˢΣ ˮ˴˨ύ ͍ ͍͔͙͙ͯͨͪ͊ͤ͡ 

͙͙͊ͪͭͣΎ͙ͣΦ 
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˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͊ ͙͙͙ͤͭ͊ͪͭͣ;͔͙͔ͫ͟ ͔͍ͫͪ͒ͫͭ͊Σ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ˤ͎ͦ͊ͤ͊π̂ ͙͡ΈΎͣͫ͊Σ ͙͙͙͊ͪͭͣΣ Ή͔ͭͪͦ͟͡ͺ͙͙͎͙ͦͦ͘͡Ύ ͔ͫͪ͒ͼ͊Σ 

͙͙ͨͪͦ͊ͪͭͣ;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟Σ ͋ͦ͊ͭͦͪ͟͡· ͙͔͍ͤ͊ͭͪ·ͻ ͍͊ͤ͊ͦ͟͡ ό͊ͫͫ͟͡ LύΣ ͔͋ͭ͊π͊ ͔͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡· ό͊ͫͫ͟͡ LLύΣ 

͋ͦ͊ͭͦͪ͟͡· ͙͔͍͊͟͡·ͻ ͍͊ͤ͊ͦ͟͡ ό͊ͫͫ͟͡ LLLύΣ ͋ͦ͊ͭͦͪ͟͡· ͊͟͡Έͼ͙͔͍·ͻ ͍͊ͤ͊ͦ͟͡ ό͊ͫͫ͟͡ L±ύΣ ͺ͙͙͋ͪ͡͡Ύͼ͙Ύ 

͔͔͙͚ͨͪ͒ͫͪ͒Σ ͔͗ͯ͒ͦ͡;͍ͦ͟·͔ ͭ͊ͻ͙͙͙͊ͪ͒͟Σ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΣ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˢ͙͙͙ͤͭ͊ͪͭͣ;͔͙͔ͫ͟ ͔͍ͫͪ͒ͫͭ͊ όˢˢ˿ύ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙ͦ͒ͤ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͫͦ͗ͤ͡·ͻ ͙ ͔ͨͦͭͤͼ͙͊͡Έͤͦ 

ͦͨ͊ͫͤ·ͻ ͍͊ͫͫͦ͟͡ ͙͍͊ͪ͒ͦ͊ͫͯ͟͟͡Ύͪͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ ˮͻ ͤ͊ͤ͊͘;͔͙͔ͤ ͔͔ͭͪ͋ͯͭ ͎͎ͯ͋ͦͦͦ͟͡ ͙͙ͨͦͤͣ͊ͤΎ 

Ή͔ͭͪͦ͟͡ͺ͙͙͎͙͙ͦͦ͘͡ ͔ͫͪ͒ͼ͊Σ ͨ͊ͭͦͺ͙͙͎͙͙ͦͦ͘͡ ͔͚ͦͤͪͭͤͦ͟͟ ͙͙͙͊ͪͭͣ ͙ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ ͎ͫ͊ͣͦͦ ͔ͨͪͨ͊ͪ͊ͭ͊Φ 

˽͊ͪ͊͒ͦͫ͊͟͡Έͤ͊Ύ ͫͨͦͫͦ͋ͤͦͫͭΈ ˢˢ˿ ͔ͤ ͭͦ͡Έͦ͟ ͍ͨͦ͒͊͡ΎͭΈΣ ͤͦ ͙ ͍ͨͪͦͦͼ͙͍ͪͦ͊ͭΈ ͙͔͎͗ͤͯͪͦ͗͊͘Ό΅͙͔ 

͙͙͙͊ͪͭͣ ό͙͙ͨͪͦ͊ͪͭͣ;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟ύ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍͍͔͘΄͔͎ͤͤͦͦ ͨͦ͒ͻͦ͒͊Σ ͎͔͒ ͨͦ͡Έ͊͘ 

͒ͦ͗ͤ͊͡ ͫͯ΅͔͍͔ͫͭͤͤͦ ͔͍ͨͪ·΄͊ͭΈ ͙ͪͫ͟Φ ˤ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͔͙͔ͣ͒͊ͣͤͭͦͤ͊͘͟Ύ 

͔͙ͭͪ͊ͨΎ ;͊ͫͭͦ ͔ͯͫͭͯͨ͊ͭ ͔ͣͫͭͦ ͙͔͍͔ͤͭͪͤͼ͙ͦͤͤ·ͣ ͔ͣͭͦ͒͊ͣ ό͔͔͊ͭͭͪͤ͊͟Ύ ͊͋͊͡ͼ͙ΎΣ ͙͙͔ͣͨ͊ͤͭͪͯͣ͡·͔ 

͚͍ͯͫͭͪͦͫͭ͊ύΣ ͤͦ ͫͦͻͪ͊ͤΎ͔ͭ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͦͤͭͪͦ͟͡Ύ ;͊ͫͭͦͭ· ͙ͪͭͣ͊Σ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔ͪͼ͙͙͍͍͒ͦ ͙ 

ͯͯ͡;΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ 

˻͍͚ͫͤͦͦ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ ͙ͫͯ͗ͭ͡ ͙ͣͦ͒ͺ͙ͼ͙͍ͪͦ͊ͤͤ͊Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ˤ͎ͦ͊ͤ͊π̂ ͙͡ΈΎͣͫ͊π

͙̆͊ͪͪͫͦͤ͊Φ 

˴͊ͫͫ͡ LΦ ˣͦ͊ͭͦͪ͟͡· ͙͔͍ͤ͊ͭͪ·ͻ ͍͊ͤ͊ͦ͟͡ ό͔͙͙͙ͣͣ͋ͪ͊ͤͦͫͭ͊͋ͪͯ͘͡Ό΅͙͔ύΦ 

ˮ͎͙͙ͤ͋ͪͯΌͭ ͋·ͫͭͪ·͔ ͙͔͍ͤ͊ͭͪ·͔ ͊ͤ͊͟͡·Σ ͔͊ͣ͒͘͡ΎΌͭ ͫͦͪͦͫͭ͟Έ ͔͒ͨͦ͡Ύ͙ͪ͊͘ͼ͙͙ όͺ͊͊͘ лύ ͙ 

͍͔͔͙͔ͨͪͦ͒ͤ ͙ͣͨͯ͡Έͫ͊Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͙ͭ͊ͤ͟ ˽͙ͯͪͤ͟Έ͔ ͙ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ ͙͔͔ͣͤͤͤͦͣ͘ ͙͔ͣͦ͊ͪ͒͟Φ 

¶ Lŀ όͻ͙͙͙ͤ͒ͤΣ ͙͙ͨͪͦ͊ͤ͊ͣ͒͟Σ ͙͙͙͒ͦͨͪ͊ͣ͒͘ύΥ ̂ ͔͔ͣͪͤͤͦ ͙͋ͦͪͯ͟͡Όͭ bŀяπ͟ ͊ͤ͊͡·Σ ͔ͭ͊͗͟ ͙͋ͦͪͯ͟͡Όͭ 

͙͔͍͊͟͡·͔ ͊ͤ͊͟͡· ό͙ͯ͒ͤ͡ΎΌͭ ͔ͪͨͦ͡Ύ͙ͪ͊͘ͼ͙Ό τ ͔͚͍͙͔͒ͫͭΣ ͔ͨͦ͒ͦ͋ͤͦ ͊ͫͫͯ͟͡ LLLύΦ ͙̂͒ͤ͡ΎΌͭ ͙͔͍ͤͭͪ͊͡ v¢Φ 

˽͙͔͔͙͔ͪͣͤͤ ͔ͪͦ͘͟ ͎͙ͦͪ͊ͤ;͔ͤͦ ͙͘π͘ ͊ ͍·͚ͫͦͦ͟ ͙͎͔͙ͨͪͦ͊ͪͭͣͦͤͤͦͫͭ ό͙ͨͪͯΉͭͤ͊Ύ ͭ͊ͻ͙͙͊ͪ͒͟Ύύ ͙ 

͙ͭͦͫ͟;͙ͤͦͫͭΦ 

¶ Lō ό͙͙͒ͦ͊ͤ͟͡Σ ͔͙͔͙ͣͫͭͤ͟͡ύΥ ˿ ͊͋͡·͔ ͋ͦ͊ͭͦͪ͟͡· bŀяπ͟ ͍͊ͤ͊ͦ͡Σ ͙͍͊ͭͤ͟· ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ 

͙΄͔͙͙͍ͣͪͦ͊ͤͤͦͣ͘ ͙͙͡ ͔͒ͨͦ͡Ύ͙͍ͪͦ͊ͤͤͦͣ͘ ͙͔ͣͦ͊ͪ͒͟Φ ̂ͦͪ͊͟;͙͍͊Όͭ ͔ͪͨͦ͡Ύ͙ͪ͊͘ͼ͙ΌΦ ˽͙͔ͪͣͤΎΌͭͫΎ ͒͡Ύ 

͔͡;͔͙ͤΎ ͗ ͔ͯ͒ͦ͡;͍ͦ͟·ͻ ͙͙͚͊ͪͭͣΣ ͔ͦͫͦ͋ͤͤͦ ͍ ͦͫͭͪͦͣ ͔͙͔ͨͪͦ͒ ͙ͤͺ͊ͪͭ͊͟ ͙ͣͦ͊ͪ͒͊͟ ό͙͙͒ͦ͊ͤ͟͡ύΦ 

¶ LŎ όͨͪͦͨ͊ͺ͔ͤͦͤΣ ͺ͔͙͙͊ͤ͒͟͡ύΥ ˿ ͙͡Έͤ·͔ ͋ͦ͊ͭͦͪ͟͡· bŀяπ͟ ͍͊ͤ͊ͦ͡Σ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔͊ͣ͒͘͡ΎΌͭ 

͍͔͔͙͔ͨͪͦ͒ͤΦ ˻͋͊͒͊͡Όͭ ͍·͔ͪ͊͗ͤͤ·ͣ ͨ ͙͙ͪͦ͊ͪͭͣ;͔͙ͫͣ͟ ͔͚͍͙͔͒ͫͭͣ ͨ ͙ͪ ͎͙ͦͪ͊ͤ;͔ͫͦͣ͟ ͔͙͙ͨͦͪ͊͗ͤ 

͔ͫͪ͒ͼ͊ ό͙ͨͦͫͭͤͺ͊ͪͭͤ͟·͚ ͙͔͊ͪ͒ͦͫͪͦ͘͟͟͡Σ ͙͔͙͔ͫͤ͗ͤ ͺͪ͊͟ͼ͙͙ ͍·͋ͪͦͫ͊ύΦ ˸͎ͦͯͭ ͙͔ͨͪͣͤΎͭΈͫΎ 

͙ͨͪ ͨ ͊ͪͦ͟ ͙ͫͣ͊͘͡Έ͚ͤͦ ͺ͙͙͋ͪ͡͡Ύͼ͙͙ ͔͔͙͚ͨͪ͒ͫͪ͒ ό̅˽ύ ͯ  ͨ͊ͼ͙͔͍ͤͭͦ ͋ ͔͘ ͚ͫͭͪͯͭͯͪͤͦ͟ ͎͙͙ͨ͊ͭͦͦ͡ 

͔ͫͪ͒ͼ͊ όζǇƛƭƭπƛƴπǘƘŜπǇƻŎƪŜǘηύΦ 

˴͊ͫͫ͡ LLΦ ˣ͔ͭ͊π͊ ͔͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡· όˣˢˣύΦ 

ˢ͎͙ͤͭ͊ͦͤͫͭ· ʲѕπ͊ ͔͔͒ͪͤͦͪͼ͔͍ͨͭͦͪͦΦ ˽͍ͦ͒͊͡ΎΌͭ ͙͙ͫͣͨ͊ͭ;͔͔ͫͦ͟ ͍͙͡Ύ͙͔ͤ ͤ͊ ͔ͫͪ͒ͼ͔Υ ͙ͫͤ͗͊Όͭ 

͍͙͊ͭͦͣ͊ͭͣ͘ ͙͍͎ͫͤͯͫͦͦͦ ͯ͊͘͡Σ ͔͊ͣ͒͘͡ΎΌͭ ˢˤπͨ ͍͔͔͙͔ͪͦ͒ͤΣ ͍ͨͦ·΄͊Όͭ ͎ͨͦͪͦ ͺ͙͙͋ͪ͡͡Ύͼ͙͙Φ 

¶ ˽͙͔͔͙͔ͪͣͤͤΥ ˴ ͦͤͭͪͦ͡Έ ;͊ͫͭͦͭ· ͔͗ͯ͒ͦ͡;͍͎ͦͦͦ͟ ͙ͪͭͣ͊ ͙ͨͪ ͅ ͙͙͋ͪ͡͡Ύͼ͙͙ ͙ ͔͔͙͙ͭͪͨͭ͊ͤ 

͔͔͙͚ͨͪ͒ͫͪ͒Σ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ ͙ ͔͡;͔͙͔ͤ ͫ ͙͍͚ͤͯͫͦͦ ͭ͊ͻ͙͙͙͊ͪ͒͟Σ ͤ ͔͊͒͗ͯ͒ͦ͡;͍ͦ͟·ͻ ͙ ͔͗ͯ͒ͦ͡;͍ͦ͟·ͻ 

Ή͙͙͚ͫͭͪ͊ͫͫͭͦ͟͡Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͎͙͔͙͙͙͔͚ͨͪͫͣͨ͊ͭͦͭͦͤ͟Φ ˸͔ͭͦͨͪͦͦ͡͡Σ ͙͋ͫͦͨͪͦͦ͡͡Σ ͔͊ͭͤͦͦ͡͡Σ 

ͨͪͦͨͪ͊ͤͦͦ͡͡Φ 

˴͊ͫͫ͡ LLLΦ ˣͦ͊ͭͦͪ͟͡· ͙͔͍͊͟͡·ͻ ͍͊ͤ͊ͦ͟͡Φ 

ˣ͙ͦͪͯ͟͡Όͭ ͙͔͍͊͟͡·͔ ͙ͭͦ͟ ό͍ ͍ͦͫͤͦͤͦͣ LYǊύΣ ͔͊ͣ͒͘͡ΎΎ ͔ͪͨͦ͡Ύ͙ͪ͊͘ͼ͙Ό ͙ ͯ ͍͔͙͡;͙͍͊Ύ 

͙͔ͨͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ͔ͨͦͭͤͼ͙͊͊͡ ͔͚͍͙͒ͫͭΎ ͙ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͔ͪͺ͔͎ͪ͊ͭͪͤͦͦ͟ ͔͙ͨͪͦ͒͊ ͍ ͦ ͍͔ͫͻ ͔ͦͭ͒͊͡ͻ 

͔ͫͪ͒ͼ͊Φ 
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¶ ˢ͙ͣͦ͒͊ͪͦͤΥ ˿ ͊ͣ·͚ Ήͺͺ͔͙͍ͭͤ͟·͚ ͙ ΄͙ͪͦͦ͟ ͙ͫͨͦ͡Έ͔ͯͣ͘·͚ ͙͙͙͊ͤͭ͊ͪͭͣ͟Φ ˻͔͋͊͒͊ͭ͡ ͍͚͍͙ͫͦͫͭ͊ͣ 

͍͔ͫͻ ;͔ͭ·͔ͪͻ ͍͊ͫͫͦ͟͡ ό͋ͦ͊͒͊͟͡ bŀяΣ YяΣ /ŀчя ͍͊ͤ͊ͦ͟͡ ͙ ͔͔ͤͦͤͯͪͤͭͤ͊͟͟Ύ ͔͋ͭ͊π͋ ͦ͊͒͊͟͡ύΦ ̏ͺͺ͔͙͍͔ͭͤ͟ ͙ͨͪ

 ͍͙͒͊ͻ ͭ͊ͻ͙͙͙͚͊ͪͭͣ ό͔ͤ͊͒͗ͯ͒ͦ͡;͍ͦ͟·ͻ ͙ ͔͗ͯ͒ͦ͡;͍ͦ͟·ͻύΣ ͍͟͡Ό;͊Ύ ͔͙͔ͪͫͭͤͭͤ͘·͔ 

ͺͦͪͣ·Φ ˹ ͔͙͒ͦͫͭ͊ͭ͟Υ ͣ ͔͍ͤͦ͗ͫͭͦ Ή͙ͫͭͪ͊͊ͪ͒͊͟͟͡Έͤ·ͻ ͨͦ͋ͦ;ͤ·ͻ Ήͺͺ͔͍ͭͦ͟ ͙ͨͪ ͙͔͒ͭ͡͡Έͤͦͣ ͙͔͔ͨͪͣ 

όͺ͙͋ͪͦ͘ ͔͎͙͟͡ͻΣ ͔͙͔ͨͦͪ͊͗ͤ ͔ͨ;͔͙ͤΣ ͺ͔͙͙͙ͦͭͦͫͤͫ͋͊͘͡ͼ͙ΎΣ ͙͒ͫͺͯͤ͟ͼ͙Ύ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·Σ 

͔͙͔ͦͭͦ͗ͤ͡ ͙ͨͦ͡ͺͯͫͼ͙ͤ͊ ͍ ͎͍͙ͪͦͦͼ͔ύΦ 

¶ ˿ͦͭ͊ͦ͡͡Υ ˹ ͔͔͔͙͍ͫͭͤ͟͡·͚ ͔͋ͭ͊π͋ ͦ͊ͭͦͪ͟͡ ͫ ͍·͔ͪ͊͗ͤͤ·ͣ ͔͚͍͙͔͒ͫͭͣ LLL ͊ͫͫ͊͟͡Φ ̏ͺͺ͔͙͍͔ͭͤ͟ ͙ͨͪ 

̅˽ ͙ ͔͗ͯ͒ͦ͡;͍ͦ͟·ͻ ͙͙͊ͪͭͣΎͻΦ ˤ·͘·͍͔͊ͭ ͍͙͙͔͒ͦͦ͊ͫͣͦ͘͘ ͙͔͙͔ͯ͒ͤͤ͡ v¢Φ 

¶ ˨ͦͺ͔͙͙ͭ͒͡Σ ͙͙͙͋ͯͭ͒͡Υ ζ͙̉ͫͭ·͔η ͋ͦ͊ͭͦͪ͟͡· LYǊΦ ˽͙͔ͪͣͤΎΌͭͫΎ ͒͡Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͚ͫͦ͟ 

͙͍͔͙͙͊ͪ͒ͦͪͫ͟ ̅˽Φ ˤ·͙͚ͫͦ͟ ͙ͪͫ͟ ͙͙͙ͨͪͦ͊ͪͭͣ όǘƻǊǎŀŘŜ ŘŜ ǇƻƛƴǘŜǎύΦ 

˴͊ͫͫ͡ L±Φ x͡ ͦ͊ͭͦͪ͟· ͔͔ͣ͒ͤͤ͡·ͻ ͊͟͡Έͼ͙͔͍·ͻ ͍͊ͤ͊ͦ͟͡ ό͔͙͎͙͙͙͙͍ͤ͒͒ͪͦͨͪ͒ͤͦ·͔ύΦ 

ˤ͔͙ͪ͊ͨ͊ͣ͡ ͙ ͙͙͔͒ͭ͊ͣ͘͡Φ ˣ͙ͦͪͯ͟͡Όͭ [πͭ ͙ͨ ͊͟͡Έͼ͙͔͍·ͻ ͍͊ͤ͊ͦ͟͡ ͍ ͙͍ͫͤͯͫͦͦͣ ͙ ˢˤπͯ ͊͘͡ͻΣ ͎͔ͯͤͭ͊Ύ ͙ͻ 

͍͙͊ͭͦͣ͊ͭͣ͘ ͙ ͍͙ͨͪͦͦ͒ͣͦͫͭΈΦ 

¶ ˽͙͔͔͙͔ͪͣͤͤΥ ˴ ͦͤͭͪͦ͡Έ ;͊ͫͭͦͭ· ͙ͪͭͣ͊ ͙ͨͪ ̅ ˽κ͔͔͙͙ͭͪͨͭ͊ͤ ͔͔͙͚ͨͪ͒ͫͪ͒Σ ͙͍͙͔ͯͨͪͦ͊ͤ͟ ͙ 

ͨͪͦͺ͙͙͊ͭ͊͟͟͡ ͪ ͔ͼ͙ͨͪͦͤ͟·ͻ ˢˤπͯ ͍ͦ͘͡·ͻ ͭ͊ͻ͙͙͚͊ͪ͒͟Φ 

˨͎͙͔ͪͯ ͔ͨͪͨ͊ͪ͊ͭ· ͫ ͙͙͙͊ͤͭ͊ͪͭͣ;͔͙ͫͣ͟ ͔͚͍͙͔͒ͫͭͣΥ 

¶ ˨͙͎͙ͦͫͤ͟Υ ˽ ͍ͦ·΄͔͊ͭ ͭͦͤͯͫ ͋ͯ͗͒͊͡Ό΅͔͎ͦ ͔͍ͤͪ͊Σ ͎͔ͯͤͭ͊Ύ ˢˤπͨ ͍͔͔͙͔ͪͦ͒ͤΦ ˮͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ 

ͦͤͭͪͦ͟͡Ύ ̉˿˿ ͙ͨͪ ̅˽Σ ͔ͦͫͦ͋ͤͤͦ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΌΦ 

¶ ˢ͔͙͒ͤͦͤ͘Υ ̏ ͎͔ͤ͒ͦͤͤ·͚ ͙ͨͯͪͤΦ ˤ·͘·͍͔͊ͭ ͍͔͔ͪ͊ͭͦͪͣͤͤͯ͟͟Ό ͋ͦ͊͒ͯ͟͡ ˢˤπͯ ͊͘͡Φ ˽͔ͪͨ͊ͪ͊ͭ ͍·͋ͦͪ͊ 

͒͡Ύ ͙͍͙ͯͨͪͦ͊ͤ͟Ύ ͙ͨ͊ͪͦͫͣ͊͘͟͡Έͤ·ͻ ͤ ͔͊͒͗ͯ͒ͦ͡;͍ͦ͟·ͻ ͭ͊ͻ͙͙͚͊ͪ͒͟Φ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͙ ͍·͋ͦͪ ͔ͨͪͨ͊ͪ͊ͭ͊ 

ˤ·͋ͦͪ ˢˢ˿ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͍ ͙͒ͦͣ ͙͙͙͊ͪͭͣΣ ͙ͤ͊͡;͙͔ͣ ͚ͫͭͪͯͭͯͪͤͦ͟ ͎͙͙ͨ͊ͭͦͦ͡ ͔ͫͪ͒ͼ͊ ͙ 

͍ͫͦͨͯͭͫͭͯΌ΅͙͙ͣ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣΦ 

мΦ ͙͙̅͋ͪ͡͡Ύͼ͙Ύ ͔͔͙͚ͨͪ͒ͫͪ͒ ό̅˽ύΥ 

o ˴ͦͤͭͪͦ͡Έ ͙ͪͭͣ͊ ό͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͙͍͎ͫͤͯͫͦͦͦ ͙ͪͭͣ͊ύΥ ˽ ͙ͪ ͍͙͙ͦͭͫͯͭͫͭ ͚ͫͭͪͯͭͯͪͤͦ͟ ͎͙͙ͨ͊ͭͦͦ͡ 

τ ͨ ͪͦͨ͊ͺ͔ͤͦͤΣ ͺ͔͙͙͊ͤ͒͟͡ ό͊ͫͫ͟͡ LŎύΦ ˽͙ͪ ͙ͤ͊͡;͙͙ τ ͊ ͙ͣͦ͒͊ͪͦͤΣ ͫͦͭ͊ͦ͡͡ ό͊ͫͫ͟͡ LLLύΦ ˨ ͔ͪͦͤ͒͊ͪͦͤ τ 

͊͡Έ͔͙͍ͭͪͤ͊ͭ͊ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͔͋͘ ˿˹Φ 

o ˴ͦͤͭͪͦ͡Έ ;͊ͫͭͦͭ· ό͔͔͙͔ͯͪ͗ͤ ̉˿˿ύΥ x ͔ͭ͊π͋ ͦ͊ͭͦͪ͟͡·Σ ͙͎͙͒ͦͫͤ͟Σ ͔͙͎͙͙͙͙͍ͤ͒͒ͪͦͨͪ͒ͤͦ·͔ 

ˣ˴˴ ό͍͔͙ͪ͊ͨ͊ͣ͡Σ ͙͙͔͒ͭ͊ͣ͘͡ύΦ 

нΦ ˹͔͊͒͗ͯ͒ͦ͡;͍ͦ͟·͔ ͭ͊ͻ͙͙͙͊ͪ͒͟ ό˹ˬ́ύΥ 

o ˢπʕͯ ͍ͦ͊͘͡Ύ ͔ͪͼ͙ͨͪͦͤ͊͟Ύ ͭ͊ͻ͙͙͊ͪ͒͟Ύ όˢˤ̂˾́ύΥ ˨ ͡Ύ ͙͍͙ͯͨͪͦ͊ͤ͟Ύ τ ͊ ͔͙͒ͤͦͤ͘Σ ͍͔͙ͪ͊ͨ͊ͣ͡Φ ˨͡Ύ 

ͨͪͦͺ͙͙͙͊ͭ͟͟͡ τ ͍͔͙ͪ͊ͨ͊ͣ͡Σ ͙͙͔͒ͭ͊ͣ͘͡Σ ͔͋ͭ͊π͋ ͦ͊ͭͦͪ͟͡·Φ 

o ˿͙ͤ͒ͪͦͣ ²t²Υ s ͙ͣͦ͒͊ͪͦͤΣ ͙͙ͨͪͦ͊ͤ͊ͣ͒͟Φ ˽ ͙͍ͪͦͭͦͨͦ͊͊ͤ͘͟· ͒ ͙͎͙ͦͫͤ͟Σ ͍͔͙ͪ͊ͨ͊ͣ͡Σ ˣˢˣ 

ό͎ͣͦͯͭ ͙ͯͫͦͪͭ͟Έ ͍͔͔͙͔ͨͪͦ͒ͤ ͨͦ ˨˽˽ύΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͙ ͍·͍ͦ͒· 

ˤ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͍͙͎ͫ͒ ͦͭ ͙͔͒ͭ͡͡Έ͚ͤͦ ͔͙͔͚ͣ͒͊ͣͤͭͦͤͦ͘͟ ͙͙͙͊ͤͭ͊ͪͭͣ;͔͚ͫͦ͟ 

͔͙͙ͭͪ͊ͨ ͍ ͫͭͦͪͦͤͯ ͪ ͙͊͒͊͟͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦ ό͔͔͊ͭͭͪͤ͊͟Ύ ͊͋͊͡ͼ͙Ύ ͦ;͎͊͊ ͙͙͙͊ͪͭͣύ ͒ ͡Ύ ͎͙ͣͤͦͻ 

͔ͤ͊͒͗ͯ͒ͦ͡;͍ͦ͟·ͻ ͙ ;͙͊ͫͭ ͔͗ͯ͒ͦ͡;͍ͦ͟·ͻ ͙͙͚͊ͪͭͣΦ ˨͡Ύ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͍͔͚ͤ͊ͨͤͦ͘ ͔͔ͫͪ͒;͚ͤͦ ͔͙ͫͣͪͭ 

͙ͨͪ ͎͙ͦͪ͊ͤ;͔ͫͦͣ͟ ͔͙͙ͨͦͪ͊͗ͤ ͔ͫͪ͒ͼ͊ ͫͭ͊ͤ͒͊ͪͭͦͣ ͫͭ͊͊͡ ͙ͣͨ͊ͤͭ͊͡ͼ͙Ύ ˮ ˴˨Σ ͊ ˢˢ˿ ό;͊΅͔ ͍͔͎ͫͦ 

͙͊ͣͦ͒͊ͪͦͤύ ͫͯ͗͊ͭ͡ ͔͙͔͒ͦͨͦͤͤͣ͡ ͒͡Ύ ͙͔͙ͫͤ͗ͤΎ ͙ͦ͟͡;͔͍ͫͭ͊ ͪ͊ͪ͘Ύ͍͒ͦΦ 

͔́ͣ ͔ͤ ͔͔͔ͣͤΣ ͙͙͙͊ͤͭ͊ͪͭͣ;͔͙͔ͫ͟ ͔͍ͫͪ͒ͫͭ͊ ͫͦͻͪ͊ͤΎΌͭ ͍͔͚͊͗ͤ΄ͯΌ ͪͦ͡Έ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͒͡Ύ 

Ή͔͎ͫͭͪͤͤͦͦ͟ ͙͍͙ͯͨͪͦ͊ͤ͟Ύ ͙͙͚͊ͪͭͣΣ ͦͤͭͪͦ͟͡Ύ ̉˿˿Σ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙͍ͨ͊ͪͦͫͣͦ͘͟ ͯ ͨ͊ͼ͙͔͍ͤͭͦΣ ͔ͤ 

Ύ͍͡ΎΌ΅͙ͻͫΎ ͙͙͊ͤ͒͒͊ͭ͊ͣ͟ ͒͡Ύ ͊͋͊͡ͼ͙͙Σ ͙͙͡ ͍ ͊͟;͔͍͔ͫͭ ͙ͣͦͫͭ͊͟ ͟ ͔͚ͤΦ ˹͊ͤ͊͘;͔͙͔ͤ ͔͔ͭͪ͋ͯͭ ͭ΅͔͊ͭ͡Έ͚ͤͦ 

ͦͼ͔͙ͤ͟ ͫͦͦͭͤͦ΄͔͙ͤΎ ͙ͪͫ͟κͨͦ͡Έ͊͘Σ ͔͎ͪͯ͡Ύ͎ͪͤͦͦ ̏˴˥πͣ ͙͙͎ͦͤͭͦͪͤ͊ ͙ ͤ͊͋͡Ό͔͙͒ͤΎ ͊͘ ͍ͦͣͦ͗ͤ͘·͙ͣ 

Ή͙ͫͭͪ͊͊ͪ͒͊͟͟͡Έͤ·͙ͣ Ήͺͺ͔͙ͭ͊ͣ͟Φ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙Φ ˹͊ͪͯ΄͔͙ͤΎ ͔͔ͫͪ͒;͎ͤͦͦ ͙ͪͭͣ͊ ͙ ͍͙͙ͨͪͦͦ͒ͣͦͫͭΦ ˾͙͚͔ͦͫͫͫͦ͟ 

͙͎͙͊ͪ͒ͦͦ͟͡;͔͔ͫͦ͟ ͦ͋΅͔͍ͫͭͦΣ нлнлΦ 

нΦ !ǊƴǎŘƻǊŦ aΦCΦΣ /ƘƛƭŘŜǊǎ wΦ²ΦΣ ²ƛǘ !Φ[Φ Ŝǘ ŀƭΦ ±ŀǳƎƘŀƴ ²ƛƭƭƛŀƳǎ /ƭŀǎǎƛŬŎŀǝƻƴ ƻŦ !ƴǝŀǊǊƘȅǘƘƳƛŎ 5ǊǳƎǎΥ ! 

/ǊƛǝŎŀƭ !ǇǇǊŀƛǎŀƭΦ κκ WƻǳǊƴŀƭ ƻŦ /ŀǊŘƛƻǾŀǎŎǳƭŀǊ tƘŀǊƳŀŎƻƭƻƎȅ ŀƴŘ ¢ƘŜǊŀǇŜǳǝŎǎΣ нлмуΦ 

оΦ ˾͍͍ͯͦͦ͒ͫͭͦ͟ 9{/ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͺ͙͙͋ͪ͡͡Ύͼ͙͔͚ ͔͔͙͚ͨͪ͒ͫͪ͒Σ ͔ͪ͊ͪ͊͋ͦͭ͊ͤͤͦ͘ 

͍ ͙ͫͦͭͪͯ͒ͤ;͔͍͔ͫͭ ͫ 9!/¢{ όнлнлύΦ κκ ˾͙͚͙͚ͦͫͫͫ͟ ͙͎͙͊ͪ͒ͦͦ͟͡;͔͙͚ͫ͟ ͗ͯͪͤ͊͡Σ нлнмΦ 

ϭ ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ΦΣ нлнр 

 

 

 

 

̂˨˴ смс 

͎͔͍́ͦ͊͟ ˹ͯͪ· ́͊ͤͪ·͔͙͔͍͙͋ͪ͒; 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͤͦͪͣ͊͡Έ͚ͤͦ ͺ͙͙͎͙͙ͦͦ͘͡ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ˸͔͙͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟, ͎ Φˢ΄ͻ͊͋͊͒  
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ˢͤͤͦͭ͊ͼ͙Ύ 

͔͔͎́ͪͣͦͪͯ͡Ύͼ͙Ύ Ύ͍͡Ύ͔ͭͫΎ ͍͔͚͊͗ͤ΄͔͚ ͺͯͤ͟ͼ͙͔͚ ͎͙ͦͪ͊ͤͣ͊͘ ;͔͍͔ͦ͊͟͡Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͔͚ 

͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͍͔͔͚ͤͯͭͪͤͤ ͔͔ͭͣͨͪ͊ͭͯͪ· ͍ ͔͔ͨͪ͒͊͡ͻ ͺ͙͙͎͙ͦͦ͘͡;͔͚ͫͦ͟ ͤͦͪͣ·Φ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͔ͤͦ͋ͻ͙ͦ͒ͣ 

͒͡Ύ ͙ͦͨͭͣ͊͡Έ͚ͤͦ ͪ͊͋ͦͭ· ͺ͔͔ͪͣͤͭͤ·ͻ ͙͔ͫͫͭͣΣ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͔͙ͣͭ͊͋ͦͣ͊͘͡ ͙ ͫͦͻ͔͙ͪ͊ͤͤΎ ͎͔ͦͣͦͫͭ͊͊͘Φ ˤ 

ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔ͣͻ͙͊ͤͣ͘· ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙Σ ͪͦ͡Έ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͙ ͔͙ͨͪͺ͔͙ͪ;͔͚ͫͦ͟ ͔͍͚ͤͪͤͦ 

͙͔ͫͫͭͣ·Σ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔ͪ͊͟ͼ͙͙ ͎͙ͦͪ͊ͤͣ͊͘ ͤ͊ ͙͔͔͙ͣͤͤ͘Ύ ͔͔ͭͣͨͪ͊ͭͯͪ· ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Σ 

͍͟͡Ό;͊Ύ ͔͔͙͔ͨͦͭͦͦͭ͒ͤ͡Σ ͙ͫͦͫͯ͒ͫͭ·͔ ͔ͪ͊͟ͼ͙͙ ͙ ͍͔͔ͨͦ͒ͤ;͔͙͔ͫ͟ ͊͒͊ͨͭ͊ͼ͙͙Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ 

͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ό ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙ ͫ ͎͙͙͒ͪͯͣ ͙͔͙ͫͫͭͣ͊ͣ ͎͙ͦͪ͊ͤͣ͊͘ ͙ ͤ͊͘;͔͙ͤΌ Ή͙ͭͻ ͨͪͦͼ͔͍ͫͫͦ ͒͡Ύ 

͍͒ͦͪͦ͘ΈΎ ;͔͍͔ͦ͊͟͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͭ ͔͔͎ͪͣͦͪͯ͡Ύͼ͙ΎΣ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͔ͭ͊͡Σ ͎͙ͨͦͭ͊͊ͣͯͫ͡Σ ͔͔͙͔ͨͦͭͦͦͭ͒ͤ͡Σ ͎͔ͦͣͦͫͭ͊͘. 
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NORMAL PHYSIOLOGY OF HUMAN THERMOREGULATION 

 

Abstract 

Thermoregulation is a vital function of the human body, ensuring the maintenance of internal 

temperature within physiological limits. This process is essential for optimal enzyme activity, metabolism, 

and homeostasis. The article discusses the mechanisms of thermoregulation, the role of central and 

peripheral nervous systems, physiological responses to environmental temperature changes, including 

sweating, vascular reactions, and behavioral adaptations. Special attention is paid to the interaction of 

thermoregulation with other body systems and the significance of these processes for human health. 
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˽͔͙͔ͦ͒͒ͪ͗͊ͤ ͨͦͫͭͦΎ͚ͤͤͦ ͔͔ͭͣͨͪ͊ͭͯͪ· ͔ͭ͊͡ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·ͣ ͒͡Ύ 

͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ ;͔͍͔ͦ͊͟͡Φ ˻͙ͨͭͣ͊͡Έͤ͊Ύ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͤͦͪͣ͊͡ΈͤͯΌ ͪ͊͋ͦͭͯ 

ͺ͔͔͍ͪͣͤͭͦΣ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͙͋ͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΣ Ήͺͺ͔͙͍ͭͤ͟·͚ ͔ͦ͋ͣͤ ͍͔΅͔͍ͫͭ ͙ 

ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͍͔ͫͻ ͎͍ͦͪ͊ͤͦ ͙ ͙͔ͫͫͭͣΦ 

˹͊ͪͯ΄͔͙͔ͤ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙ ͔ͣͦ͗ͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ ͎͙͔͔͙͙ͨͪͭͪͣ ͙͙͡ ͎͙͔͙͙ͨͦͭͪͣΣ ͙͔͙ͫͤ͗ͤΌ 

͙͙͔ͣͣͯͤͭͭ͊Σ ͯͻͯ͒΄͔͙ͤΌ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ ͙ ͔͒͊͗ ͍͙͙ͪ͊ͭ͘Ό ͭΎ͖͗͡·ͻ ͎͙͚ͨ͊ͭͦͦ͡Φ ˤ 

ͤͦͪͣ͊͡Έͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦͪ͊ͤͣ͘ ͔ͫͨͦͫͦ͋ͤ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ ͙͔ͣͤ͘ΎΌ΅͙ͣͫΎ ͔͔ͭͣͨͪ͊ͭͯͪͤ·ͣ ͍͙ͯͫͦ͡Ύͣ 

ͦ͟ ͪͯ͗͊Ό΅͔͚ ͔ͫͪ͒·Σ ͙ͫͨͦ͡Έͯ͘Ύ ͔ͦͣͨͫ͟͟͡ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͙ ͍͔͔ͨͦ͒ͤ;͔͙ͫ͟ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Φ 

͔̇ͤͭͪ͊͡Έͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙Φ 

˻͍ͫͤͦͤ·ͣ ͼ͔ͤͭͪͦͣ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙ Ύ͍͡Ύ͔ͭͫΎ ͎͙ͨͦͭ͊͊ͣͯͫ͡Σ ͔ͦͫͦ͋ͤͤͦ ͔͎ͦ ͔͔͙͚ͨͪ͒ͤ ͙ ͙͚͊͒ͤ͘ 

͔ͦͭ͒͡·Φ ˽͔͔͙͚ͪ͒ͤ ͔ͦͭ͒͡ ͍͔ͦͭ;͔͊ͭ ͊͘ ͦͻ͔͙͔͊͗͒ͤ͡ ͎͙ͦͪ͊ͤͣ͊͘ ͙ͨͪ ͔͔͎͔͍͔ͨͪͪΣ ͙͚͊͒ͤ͘ τ ͊͘ ͫͦͻ͔͙͔ͪ͊ͤͤ 

͔ͭͨ͊͡ ͙ͨͪ ͦͻ͔͙͙͊͗͒ͤ͡Φ 

˥͙ͨͦͭ͊͊ͣͯͫ͡ ͨͦͯ͡;͔͊ͭ ͙͎ͫͤ͊͡· ͦͭ ͔͙ͨͪͺ͔͙ͪ;͔͙ͫ͟ͻ ͔͔ͭͪͣͦͪͼ͔͍ͨͭͦͪͦΣ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͍ ͔ͦ͗͟ ͙ 

͍͔͙ͤͯͭͪͤͤͻ ͎ͦͪ͊ͤ͊ͻΣ ͊ ͔ͭ͊͗͟ ͦͭ ͼ͔ͤͭͪ͊͡Έͤ·ͻ ͔ͪͼ͔͍ͨͭͦͪͦΣ ͙ͦͤͭͪͦͪͯ͟͡Ό΅͙ͻ ͔͔ͭͣͨͪ͊ͭͯͪͯ ͍͙ͪͦ͟Φ 

˻͋ͪ͊͋ͦͭ͊͟ ͙ͤͺͦͪͣ͊ͼ͙͙ ͍ ͎͙͔ͨͦͭ͊͊ͣͯͫ͡ ͔͊ͨͯͫ͊ͭ͘͟ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ Ήͺͺ͔͔ͪͤͭͤ·͔ ͔ͪ͊͟ͼ͙͙Σ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͙ͫͭ͊͋͡Έ͚ͤͦ ͔͔ͭͣͨͪ͊ͭͯͪ· ͔ͭ͊͡Φ 

˽͔͙ͪͺ͔͙ͪ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙Φ 

˽͔͙ͪͺ͔͙ͪ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͍͟͡Ό;͊Όͭ ͙͍͊ͭͤͦͫͭ͟Έ ͦ͗ͤ͟·ͻ ͍͔ͪͦͤͦͫͤ͟·ͻ ͍ͫͦͫͯ͒ͦΣ 

͔͔͙͔ͨͦͭͦͦͭ͒ͤ͡Σ ͣ·΄͔;ͤͯΌ ͙͍͊ͭͤͦͫͭ͟Έ ͙ ͔͎͔͔ͭͪͣͦͤ͘ ͍ ͙͍͚͗ͪͦͦ ͙ͭ͊ͤ͟Φ 

˿͙ͦͫͯ͒ͫͭ·͔ ͔ͪ͊͟ͼ͙͙Υ ͙ͨͪ ͔͔͎͔͍͔ͨͪͪ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͪ͊ͫ΄͙͔͙͔ͪͤ ͍ͫͦͫͯ͒ͦ ͙ͦ͗͟Σ ͍͔͙ͯ͡;͙͍͔͊ͭͫΎ 

͔ͭͨͦͦͭ͒͊͡;͊Τ ͙ͨͪ ͦͻ͔͙͙͊͗͒ͤ͡ τ ͫ ͔͙͔ͯ͗ͤ ͍ͫͦͫͯ͒ͦΣ ͔ͯͣͤΈ΄͊Ό΅͔͔ ͔͔͙ͭͨͦͨͦͭͪ͡Φ 

˽͔͔͙͔ͦͭͦͦͭ͒ͤ͡ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙͔͙͔ͫͨ͊ͪͤ ͙ ͦͻ͔͙͔͊͗͒ͤ͡ ͙ͦ͗͟Φ 

˸·΄͔;ͤ͊Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͙ ͒ͪͦ͗Έ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͎͔͔ͤͪ͊ͼ͙͙ ͔ͭͨ͊͡ ͙ͨͪ ͙͙ͤ͘͟ͻ ͔͔ͭͣͨͪ͊ͭͯͪ͊ͻΦ 

ˣͯͪ·͚ ͙͗ͪ ͯ ͔͔͚͒ͭ ͙ ͍ͪͦͫ͘͡·ͻ ͔ͣͦ͗ͭ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͯ;͍͍͊ͫͭͦ͊ͭΈ ͍ ͔͎͔͔͔ͭͪͣͦͤ͘Φ 

˸͔͙ͭ͊͋ͦ͡;͔͙͔ͫ͟ ͔͊ͫͨͭ͟· ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙Φ 

˻͔͋ͣͤ ͍͔΅͔͍ͫͭ ͤ͊ͨͪΎͣͯΌ ͍ͫΎ͊ͤ͘ ͫ ͔͙͔ͨͦ͒͒ͪ͗͊ͤͣ ͔͔ͭͣͨͪ͊ͭͯͪ· ͔ͭ͊͡Φ ˽͙ͪ ͍ͨͦ·΄͔͙͙ͤ 

͔͔ͭͣͨͪ͊ͭͯͪ· ͎͙ͦͪ͊ͤͣ͊͘ ͯͫͦͪ͟Ύ͔ͭͫΎ ͔͙ͣͭ͊͋ͦͣ͘͡Σ ͍͔͙ͯ͡;͙͍͔͊ͭͫΎ ͪ͊ͫͻͦ͒ Ή͔͎͙͙ͤͪ ͙ ͙͙͔ͫͭͣͯͪͯͭͫ͡Ύ 

͔͔͎ͭͪͣͦͪͯ͡Ύͭͦͪͤ͊Ύ ͙͍͊ͭͤͦͫͭ͟ΈΦ 

˽͙ͪ ͦͻ͔͙͙͊͗͒ͤ͡ ͎͙ͦͪ͊ͤͣ͘ ͙͔ͫͤ͗͊ͭ ͔͔͙ͭͨͦͨͦͭͪ͡ ͊͘ ͫ;͖ͭ ͔͔͙͊ͣ͒ͤ͘͡Ύ ͍ͪͦͦͦ͋ͪ͊͟΅͔͙ͤΎ ͍ ͔ͦ͗͟Σ 

͔ͯͣͤΈ΄͔͙ͤΎ ͔͔͙ͨͦͭͦͦͭ͒ͤ͡Ύ ͙ ͙͍͊ͭ͊͟ͼ͙͙ ͔ͣͻ͙͍͊ͤͣͦ͘ ͎͔͔ͤͪ͊ͼ͙͙ ͔ͭͨ͊͡Φ ͙̏ͭ ͨͪͦͼ͔ͫͫ· ͔͎͙ͪͯͪͯ͡ΌͭͫΎ 

͔͚͎ͤͪͦͯͣͦͪ͊͡Έͤͦ ͙ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͊͒͊ͨͭ͊ͼ͙Ό ͎͙ͦͪ͊ͤͣ͊͘ ͟ ͙ͪ͊͘͡;ͤ·ͣ ͍͙ͯͫͦ͡Ύͣ ͔ͫͪ͒·Φ 

͙͙͎͙̅ͦͦ͘͡;͔͙͔ͫ͟ ͔ͪ͊͟ͼ͙͙ ͤ͊ ͔͔͎͔͍ͨͪͪ ͙ ͔͔ͨͪͦͻ͔͙͔͊͗͒ͤ͡Φ 

˽͙ͪ ͔͔͎͔͍͔ͨͪͪ ͙͍͙͊ͭͪͯ͟ΌͭͫΎ ͔͔͙͔ͨͦͭͦͦͭ͒ͤ͡Σ ͪ͊ͫ΄͙͔͙͔ͪͤ ͦ͗ͤ͟·ͻ ͍ͫͦͫͯ͒ͦ ͙ ͍͔͔ͨͦ͒ͤ;͔͙͔ͫ͟ 

͔ͪ͊͟ͼ͙͙ ό͙ͨͦͫ͟ ͔͙ͭͤΣ ͙͙͗͒ͦͫͭ͟ύΦ ͙̏ͭ ͔ͣͻ͙͊ͤͣ͘· ͙ͫͤ͗͊Όͭ ͍͔ͤͯͭͪͤͤΌΌ ͔͔ͭͣͨͪ͊ͭͯͪͯ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͊Όͭ 

͔͍͚ͭͨͦͦ͡ ͔ͫͭͪͫͫΦ 

˽͙ͪ ͔͔ͨͪͦͻ͔͙͙͊͗͒ͤ͡ ͍͟͡Ό;͊ΌͭͫΎ ͣ·΄͔;ͤ͊Ύ ͒ͪͦ͗ΈΣ ͔͙͔ͫͯ͗ͤ ͍ͫͦͫͯ͒ͦΣ ͍͔͔ͨͦ͒ͤ;͔͙͔ͫ͟ 

͊͒͊ͨͭ͊ͼ͙͙ ό͔͍͙͔ͦ͒͊ͤΣ ͙ͨͦͫ͟ ͔ͭͨ͊͡ύΦ ͙̏ͭ ͔ͪ͊͟ͼ͙͙ ͙͙͙͙ͣͤͣͪͯ͘Όͭ ͔͔͙ͭͨͦͨͦͭͪ͡ ͙ ͔͙͍ͨͦ͒͒ͪ͗͊Όͭ 

͔͔ͭͣͨͪ͊ͭͯͪͯ ͼ͔ͤͭͪ͊͡Έͤ·ͻ ͎͍ͦͪ͊ͤͦ ͍ ͔͔ͨͪ͒͊͡ͻ ͤͦͪͣ·Φ 

ˤ͙͡Ύ͙͔ͤ ͺ͙͙͘;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟ ͙ ͔ͫͪ͒· ͤ͊ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙ΌΦ 

͙͙̅͘;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͍͔͙ͯ͡;͙͍͔͊ͭ ͔͍͙͔ͭͨͦͦ͋ͪ͊ͦ͊ͤ͘͡ ͊͘ ͫ;͖ͭ ͪ͊͋ͦͭ· ͣ·΄ͼΦ ˻͎͙ͪ͊ͤͣ͘ 

͔͙͔ͦͣͨͤͫͪͯͭ͟ Ήͭͦ ;͔͔ͪ͘ ͙͔͙͔ͯͫͤ͡ ͍ͪͦͦͭͦ͊͟͟ ͍ ͔ͦ͗͟Σ ͔͔͙͔ͨͦͭͦͦͭ͒ͤ͡ ͙ ͙͔͔͙͔ͣͤͤ͘ ͍͔͔͙ͨͦ͒ͤΎ ͒͡Ύ 

ͦͻ͔͙͊͗͒ͤ͡ΎΦ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCETERIS PARIBUSη                    ISSN (p) 2411-717X / ISSN (e) 2712-9470                    Ѕ12 / 2025 

 

 

245 

͎͙̏ͦͦ͟͡;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟·Σ ͙͔ͭ͊͟ ͊͟͟ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ ͍͊͗ͤͦͫͭ͡Έ ͍ͦ͒ͯ͘ͻ͊Σ ͤ͊ͨͪΎͣͯΌ ͍͙͡ΎΌͭ ͤ͊ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙Φ ˤ·ͫͦ͊͟Ύ ͍͊͗ͤͦͫͭ͡Έ ͙͔ͫͤ͗͊ͭ ͙͔͙͔ͫͨ͊ͪͤ ͨͦͭ͊Σ ͊ ͙ͤ͊͘͟Ύ ͔͔ͭͣͨͪ͊ͭͯͪ͊ 

͙͙͍͔ͯͫ͊ͭ͡ ͔͔͙ͭͨͦͨͦͭͪ͡Σ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͙͍͎͊ͭͤͦͦ͟ ͍͟͡Ό;͔͙ͤΎ ͊͒͊ͨͭ͊ͼ͙ͦͤͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Φ 

ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙ ͫ ͎͙͙͒ͪͯͣ ͙͔͙ͫͫͭͣ͊ͣΦ 

͔͔͎́ͪͣͦͪͯ͡Ύͼ͙Ύ ͔ͭͫͤͦ ͍ͫΎ͊ͤ͊͘ ͫ ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦΣ Ή͙͚ͤ͒ͦͪͤͤͦ͟ ͙ ͔͍͚ͤͪͤͦ ͙͔͙ͫͫͭͣ͊ͣΦ 

˴͍͔ͪͦͤͦͫͤ͊Ύ ͙͔ͫͫͭͣ͊ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔ͨͪͤͦͫ ͔ͭͨ͊͡ ͦͭ ͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦ ͟ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͙ͦ͗͟Φ 

͙̏ͤ͒ͦͪͤͤ͊͟Ύ ͙͔ͫͫͭͣ͊ ͔͎͙͔ͪͯͪͯͭ͡ ͔͙ͣͭ͊͋ͦͣ͘͡ ͙ ͔͎͔͔ͭͪͣͦͤ͘Σ ͊ ͔͍ͤͪͤ͊Ύ ͙͔ͫͫͭͣ͊ ͍ͯͨͪ͊͡Ύ͔ͭ ͍͔͔͙͔ͨͦ͒ͤͣ 

͙ ͙͍͊ͭ͊͟ͼ͙͔͚ ͔͙ͨͪͺ͔͙ͪ;͔͙ͫ͟ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Φ 

˿͔͊͗ͤͤ͊͡Ύ ͪ͊͋ͦͭ͊ ͍͔ͫͻ ͙͔ͫͫͭͣ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͔͔ͭͣͨͪ͊ͭͯͪ· ͔ͭ͊͡Σ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ 

͔͔͎͔͍ͨͪͪ ͙͙͡ ͔͔ͨͪͦͻ͔͙͔͊͗͒ͤ͡ ͙ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭ ͎͔ͦͣͦͫͭ͊͘Φ 

˭͊͟͡Ό;͔͙͔ͤΦ 

˹ͦͪͣ͊͡Έͤ͊Ύ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙Ύ Ύ͍͡Ύ͔ͭͫΎ ͫͦ͗ͤ͡·ͣ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫͣ͟ ͨͪͦͼ͔ͫͫͦͣΣ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͣ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͔͔ͭͣͨͪ͊ͭͯͪ· ͔ͭ͊͡ ͍ ͙ͯ͘͟ͻ ͔͔ͨͪ͒͊͡ͻΦ ˻ͤ͊ ͍͟͡Ό;͔͊ͭ ͼ͔ͤͭͪ͊͡Έͤ·͔ ͙ 

͔͙ͨͪͺ͔͙ͪ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘·Σ ͔͙ͣͭ͊͋ͦ͡;͔͙͔ͫ͟ ͔ͪ͊͟ͼ͙͙ ͙ ͍͔͔ͨͦ͒ͤ;͔͙͔ͫ͟ ͊͒͊ͨͭ͊ͼ͙͙Φ 

˽͙͙͔ͦͤͣ͊ͤ ͺ͙͙͎͙͙ͦͦ͘͡ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙ ͍͊͗ͤͦ ͒͡Ύ ͔͙ͣ͒ͼ͙ͤ·Σ ͫͨͦͪͭ͊ ͙ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΣ ͭ͊͟ 

͊͟͟ ͤ͊ͪͯ΄͔͙͔ͤ Ή͙ͭͻ ͨͪͦͼ͔͍ͫͫͦ ͔ͣͦ͗ͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ ͔ͫͪΈ͖ͤ͘·ͣ ͎͙ͨ͊ͭͦͦ͡ΎͣΣ ͍͟͡Ό;͊Ύ ͔͍͚ͭͨͦͦ͡ ͯ͒͊ͪΣ 

͎͙͔͙ͨͦͭͪͣΌΣ ͤ͊ͪͯ΄͔͙ͤΎ ͔͙ͣͭ͊͋ͦͣ͊͘͡ ͙ ͙͒ͫͺͯͤ͟ͼ͙Ό ͎͍ͦͪ͊ͤͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˥͚͊ͭͦͤ ˢΦΣ ̆ͦ͡͡ ˨͗Φ ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ τ ˸ΦΥ ˶͎ͦͦͫͺ͔ͪ͊Σ нлммΦ τ мнул ͫΦ τ URL: 

https:// www.studentlibrary.ru 

нΦ ˴ͦͫͭΌ͟ ˽Φ˥Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Φ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нллфΦ τ оуп ͫΦ τ URL: httpsΥκκͤΉ͋Φͪͺ 

оΦ ˿͍ͯ͒͊ͦ͟ ˴ΦˤΦ ˹ͦͪͣ͊͡Έͤ͊Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ τ ˸ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмоΦ τ тнл ͫΦ τ URL: 

https:// www.studentlibrary.ru 

пΦ ˽͍͍͊ͦ͡ ˮΦ˽Φ ˶͔͟ͼ͙͙ ͦ ͺ͙͙͎͙͙ͦͦ͘͡ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ τ ˸ ΦΥ ˹͊ͯ͊͟Σ нллтΦ τ пул ͫΦ τ URL: 

https:// elibrary.ru 

ϭ́ ͎͔͍ͦ͊͟ ˹Φ́Φ, 2025 

 

 

 

 

̂˨˴ смр 

͍̆͊ͤͦ͊ ˥Ό͔͔ͫͤͣ͡ ˥ͯͪ͋͊ͤͣͯͻ͔͍͊ͣͣ͒ͦͤ͊ 

˭͍͔͊͒ͯΌ΅͊Ύ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ˸͔͙͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

 ͙ ͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ  

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ ˢ΄ͻ͊͋͊͒ 

 

˽ˢ́˻˶˻˥ˮ̉˩˿˴ˢ̒ ̅ˮ˭ˮ˻˶˻˥ˮ̒ ˤ˩˥˩́ˢ́ˮˤ˹˻˯ ˹˩˾ˤ˹˻˯ ˿ˮ˿́˩˸̍ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ͔͎͔͙͍ͭ͊ͭͤ͊Ύ ͔͍ͤͪͤ͊Ύ ͙͔ͫͫͭͣ͊ όˤ˹˿ύ ͔͎͙͔ͪͯͪͯͭ͡ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͔ ͺͯͤ͟ͼ͙͙ ͎͙ͦͪ͊ͤͣ͊͘Σ ͍͟͡Ό;͊Ύ 

͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭͯΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΣ ͒·ͻ͙͔͊ͤΣ ͙ͨ΅͔͍͔͙͔͊ͪͤΣ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙Ό ͙ ͔ͦ͋ͣͤ ͍͔΅͔͍ͫͭΦ 

˹͊ͪͯ΄͔͙ͤΎ ͔͖ ͪ͊͋ͦͭ· ͎ͣͦͯͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ ͍͙͙ͪ͊ͭ͘Ό ͙ͪ͊͘͡;ͤ·ͻ ͎͙͚ͨ͊ͭͦͦ͡Σ ͍͟͡Ό;͊Ύ ͙͒ͫͺͯͤ͟ͼ͙Ό 

͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͙͔ͫͫͭͣ·Σ ͔͗ͯ͒ͦ͡;ͤͦ-͙͟΄͔;ͤ·͔ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊Σ ͔͔͎ͭͪͣͦͪͯ͡Ύͭͦͪͤ·͔ ͤ͊ͪͯ΄͔͙ͤΎ ͙ 

ͤ͊ͪͯ΄͔͙ͤΎ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭΦ ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ 

https://elibrary.ru/


ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

246 

͙͔͔͙͚ͣͤͤ͘ ˤ˹˿Σ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡ΎΣ ͔ͣͭͦ͒· ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͍͔͔ͫͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͔ͦͪͪ͟͟ͼ͙͙ 

͙͒ͫͺͯͤ͟ͼ͙͙Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙ͪͦ͡ ͙͙ͫͣͨ͊ͭ;͔͚ͫͦ͟ ͙ ͙͙ͨ͊ͪ͊ͫͣͨ͊ͭ;͔͚ͫͦ͟ ;͔͚͊ͫͭ ˤ˹˿ ͍ 

ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙͚ͤΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͍͔͎͔͙͍ͭ͊ͭͤ͊Ύ ͔͍ͤͪͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͙͒ͫͺͯͤ͟ͼ͙ΎΣ ͙͙ͫͣͨ͊ͭ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊Σ  

͙͙ͨ͊ͪ͊ͫͣͨ͊ͭ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊Σ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͫͦͫͭͦΎ͙ͤΎ 

 

Khanova Gulsenem Gurbanmuhammedovna 

Head of the Department of Pathological Physiology 

Myrat Garryev State Medical University of Turkmenistan 

Ashgabat, Turkmenistan 

 

PATHOLOGICAL PHYSIOLOGY OF THE AUTONOMIC NERVOUS SYSTEM 

 

Abstract 

The autonomic nervous system (ANS) regulates vital functions of the body, including cardiovascular 

activity, respiration, digestion, thermoregulation, and metabolism. Its dysfunction can lead to various 

pathologies, including cardiovascular disorders, gastrointestinal disturbances, thermoregulatory 

abnormalities, and metabolic disorders. This article examines the main mechanisms of pathological changes 

in the ANS, clinical manifestations, diagnostic methods, and modern approaches to correcting dysfunction. 

Special attention is paid to the roles of the sympathetic and parasympathetic divisions of the ANS in the 

development of pathological conditions. 
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MODERN MANAGEMENT STRATEGIES FOR ACUTE CORONARY SYNDROME IN A THERAPEUTIC HOSPITAL 

SETTING: FROM DIAGNOSIS TO SECONDARY PREVENTION 

 

Abstract 

Acute coronary syndrome(ACS) remains a leading cause of in-hospital mortality in therapeutic and 

cardiology departments. The contemporary management of ACS has undergone significant changes due to 

the introduction of high-sensitivity troponins, standardized protocols, and the development of percutaneous 
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coronary interventions (PCI). However, challenges persist related to optimal risk stratification, choice of 

reperfusion tactics, and management of antithrombotic therapy in patients at high risk of bleeding.  

Keywords: 

c͊ute coronary syndrome(ACS), ST-segment elevation myocardial infarction (STEMI), non-ST-segment 

elevation myocardial infarction (NSTEMI), unstable angina, percutaneous coronary intervention (PCI),  

high-sensitivity troponin, dual antiplatelet therapy (DAPT), GRACE score, 

 reperfusion therapy, secondary prevention. 
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͔͙͍͙͔ͫͭͤͭͪͦ͊ͤύΣ ͔ͦͭͦͪͦ͟ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͍·͔ͨͦͤͤͦ͡ ͍ ͔ͭ;͔͙͔ͤ фл ͙ͣͤͯͭ ͦͭ ͔͍͎ͨͪͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ 

ͦͤͭ͊ͭ͊͟͟ ώпϐΦ ˽͙ͪ ͔͍͙ͤͦͣͦ͗ͤͦͫͭ͘ ͍·͔͙ͨͦͤͤ͡Ύ ̉˴ˤ ͍ ͯ͊͊ͤͤ͘͟·͔ ͙ͫͪͦ͟ ό͙͔ͤ͊ͨͪͣͪΣ ͍ ͔ͯ͒͊ͤͤ͡·ͻ 

ͫͭ ͊ͼ͙ͦͤ͊ͪ͊ͻ ͔͋͘ ͎͙͙͙͊ͤͦ͊͋ͦͪ͊ͭͦͪ͡ύ ͨͦ͊͊ͤ͊͘͟ ͙͙ͭͪͦͣ͋ͦͭ͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎ ό́˶́ύ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ 

͙͍͚ͭͪ͊ͤͫͨͦͪͭͪͦͦ͟ ͍ ͙ͫͦͫͯ͒ͫͭ·͚ ͼ͔ͤͭͪ ͒͡Ύ ͍·͔͙ͨͦͤͤ͡Ύ ͦͭͫͪͦ;͔͚ͤͤͦ ͎ͦͪͦͤ͊ͪͦͪ͊͟ͺ͙͙ ͍ ͔ͭ;͔͙͔ͤ о-24 

;͍͊ͫͦ ό͔͎͙ͫͭͪ͊ͭΎ ǇƘŀǊƳŀŎƻ-invasive). 
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ϊ ˽͙ͪ ˮ˸͋ͨ{¢κ˹˿Υ ˾͔΄͔͙͔ͤ ͦ ͎ͦͪͦͤ͊ͪͦͪ͊͟ͺ͙͙ ͙͙͔ͨͪͤͣ͊ͭͫΎ ͤ͊ ͍͔ͦͫͤͦ ͙ͫͭͪ͊ͭͺ͙͊͟ͼ͙͙ ͙ͪͫ͊͟Φ 

˾͊ͤͤΎΎ ͙͍͙͍ͤ͊ͤ͊͘Ύ ͔͎͙ͫͭͪ͊ͭΎ ό͎ͦͪͦͤ͊ͪͦͪ͊͟ͺ͙Ύ ͍ ͔ͭ;͔͙͔ͤ нп-тн ;͍͊ͫͦύ ͔͔͍ͪͦͣͤ͒ͦ͊ͤ͊͟ ͨ͊ͼ͙͔ͤͭ͊ͣ 

͍·͎ͫͦͦͦ͟ ͙ͪͫ͊͟ ό΄͊͊͟͡ Dw!/9 ҔмплΣ ͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ {¢Σ ͔ͪͺ͔ͪ͊ͭͪͤ͊͟Ύ ͔͙ͫͭͤͦ͊ͪ͒͟ΎΣ 

͎͔͙͙ͣͦ͒ͤ͊ͣ;͔ͫ͊͟Ύ ͔͙ͤͫͭ͊͋͡ΈͤͦͫͭΈύ ώрϐΦ ̂ ͨ͊ͼ͙͔͍ͤͭͦ ͙͎ͤͦͦ͘͟ ͙ͪͫ͊͟ ͍ͦͣͦ͗ͤ͊͘ ͔͍͙͍ͦͤͫͪ͊ͭͤ͊͟Ύ ͙ͭ͊ͭ͊͟͟ 

ͫ ͍͔͔͙͔ͨͪͦ͒ͤͣ ͔͙͍͙͍ͤͤ͊ͤ͘·ͻ ͎ͤ͊ͪͯͦ͘;ͤ·ͻ ͔͍ͭͫͭͦ ͔͔ͨͪ͒ ͍·͙͚ͨͫͦ͟Φ 

оΦ ͔͙̅͊ͪͣ͊ͦͭͪ͊ͨ͟Ύ ͍ ͦͫͭͪͦͣ ͔͙͔ͨͪͦ͒ ͙ ͙ͨͪ ͍·͙͔ͨͫ͟Φ 

ϊ ˢ͙͙ͤͭ΄͔͙ͣ;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΥ ˣ͔ͭ͊-͋ͦ͊ͭͦͪ͟͡· ό͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ ͙͍͙͚ͨͪͦͭͦͨͦ͊͊ͤ͘͟ύΣ ͙ͤͭͪ͊ͭ·Σ 

͋ͦ͊ͭͦͪ͟͡· ͊͟͡Έͼ͙͔͍·ͻ ͍͊ͤ͊ͦ͟͡ ό͙ͨͪ ͍͙͊ͦͫͨ͊ͫͭ͘;͔ͫͦͣ͟ ͔͔ͦͣͨͦͤͤͭ͟ύΦ 

ϊ ˢ͙͙ͤͭͭͪͦͣ͋ͦͭ;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΥ ˻͍ͫͤͦ͊ ͔͡;͔͙ͤΎΦ ˤ͟͡Ό;͔͊ͭ ͍͚͒ͦͤͯΌ ͙͊ͤͭͭͪͦͣ͋ͦͼ͙ͭ͊ͪͤͯΌ 

͔͙ͭͪ͊ͨΌ ό˨ˢ˽́ύ ͙ ͙͎͊ͤͭͦ͊ͯ͟͡Ύͤͭ·Φ 

  ϊ ˨ˢ˽́Υ ˢ͙͙ͫͨͪͤ Ҍ ͙͎͙͙ͤ͋ͭͦͪ tн¸мн-͔ͪͼ͔͍ͨͭͦͪͦΦ ˽͔ͪͨ͊ͪ͊ͭ ͍·͋ͦͪ͊ ς ͙͎͔ͭ͊ͪͦͪ͟͡ ͙͙͡ ͎͔ͨͪ͊ͯͪ͘͡ 

ό͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·Σ ;͔ͣ ͙͎͔ͦͨ͒ͦͪ͟͡͡ύΦ ˴͙͎͔ͦͨ͒ͦͪ͡͡ ͔͔͍͙͔ͪͪͪͯͭͫ͘Ύ ͒͡Ύ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͍·͙ͫͦͣ͟ ͙ͪͫͦͣ͟ 

͍͔ͪͦͦͭ͟;͔͙ͤΎ ͙͙͡ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͙͔ͨͪͣ͊ ͦͪ͊͡Έͤ·ͻ ͙͎͊ͤͭͦ͊ͯ͟͡Ύ͍ͤͭͦ ό˻ˢ˴ύ ώс]. 

  ϊ ˢ͙͎ͤͭͦ͊ͯ͟͡Ύͤͭ· ό͍ ͚ͦͫͭͪͦ ͺ͔͊͘ύΥ ͙̏ͤͦͫ͊ͨ͊ͪͤ͟Σ ͺ͙ͦͤ͒͊ͨ͊ͪͤͯͫ͟Σ ͔ͤͺͪ͊͟ͼ͙͙͍ͦͤͪͦ͊ͤͤ·͚ 

͎͔͙ͨ͊ͪͤΦ 

  ϊ ˽ͪ ͙͔ͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ˨ˢ˽́Υ ˻͔͔ͨͪ͒͡Ύ͔ͭͫΎ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤͦ όͦ͋·;ͤͦ мн ͔ͣͫΎͼ͔͍ ͙ͨͪ ͙ͣͨ͊ͤͭ͊͡ͼ͙͙ 

͔ͫͭͤͭ͊Σ ͔ͣͦ͗ͭ ͋·ͭΈ ͫͦͪ͊͟΅͔ͤ͊ ͙͙͡ ͔ͨͪͦ͒ͤ͊͡ ͤ͊ ͍͔ͦͫͤͦ ͦͼ͔͙ͤ͟ ͋͊͊ͤͫ͊͡ ͙΄͔͙ͣΎκ͍͔ͪͦͦͭ͟;͔͙͔ͤύΦ 

ϊ ˨͙͔ͦͨͦͤͭ͡͡Έͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ˿͙ͭ͊ͭͤ· ͍·͚ͫͦͦ͟ ͙͔͙͍͙ͤͭͤͫͤͦͫͭ ό͍͙ͪͦͯ͊ͫͭ͊ͭͤ͘Σ ͍͙͊ͭͦͪ͊ͫͭ͊ͭͤύΣ 

͙͎͙͙ͤ͋ͭͦͪ· ˢ˽̅κˣ˾ˢ ό͙ͨͪ ͙͔͙͙ͫͤ͗ͤ ̅ˤΣ ˿˨Σ ͎͙͔͔͙͙ͨͪͭͤ͘ύΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. Townsend N., et al. Cardiovascular disease in Europe: epidemiological update 2016. European Heart 

Journal. 2016;37(42):3232-3245. 

2. Ibanez B., et al. 2017 ESC Guidelines for the management of acute myocardial infarction in patients 

presenting with ST-segment elevation. European Heart Journal. 2018;39(2):119-177. 

3. Collet J.P., et al. 2020 ESC Guidelines for the management of acute coronary syndromes in patients 

presenting without persistent ST-segment elevation. European Heart Journal. 2021;42(14):1289-1367. 

пΦ ˾͙͚͔ͦͫͫͫͦ͟ ͙͎͙͊ͪ͒ͦͦ͟͡;͔͔ͫͦ͟ ͦ͋΅͔͍ͫͭͦΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ζ˻ͫͭͪ·͚ ͦͪͦͤ͊ͪͤ͟·͚ 

͙ͫͤ͒ͪͦͣ ͫ ͨͦ͒Ά͔ͣͦͣ ͔͎͔ͫͣͤͭ͊ {¢ Ή͔͙͎ͭͪͦ͊ͪ͒ͦͪ͊ͣͣ͟͟͡·ηΦ нлнлΦ 

рΦ ˾͙͚͔ͦͫͫͫͦ͟ ͙͎͙͊ͪ͒ͦͦ͟͡;͔͔ͫͦ͟ ͦ͋΅͔͍ͫͭͦΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ζ˻ͫͭͪ·͚ ͦͪͦͤ͊ͪͤ͟·͚ 

͙ͫͤ͒ͪͦͣ ͔͋͘ ͨͦ͒Ά͔ͣ͊ ͔͎͔ͫͣͤͭ͊ {¢ Ή͔͙͎ͭͪͦ͊ͪ͒ͦͪ͊ͣͣ͟͟͡·ηΦ 2020. 

6. Valgimigli M., et al. 2017 ESC focused update on dual antiplatelet therapy in coronary artery disease 

developed in collaboration with EACTS. European Heart Journal. 2018;39(3):213-260. 

ϭ ͎̆ͦ͒͗͊ͯ͡·͔͍ x . .˥, 2025 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͙͚͋͊ͭͪ͟ ͪͦ͒͊ {ǘǊŜǇǘƻŎƻŎŎǳǎΦ 
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˻͙ͨͫ͊ͤ· ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟Σ ͙͙ͭͤͭͦͪ͊͟͡Έͤ·͔ ͙ ͯ͟͡Έͭͯͪͤ·͔ ͍͚͍ͫͦͫͭ͊ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͍͔͔ͫͦͪͣͤͤ·ͣ ͨͦ͒ͻͦ͒͊ͣ ͟ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͔͍ͫͭͪͨͭͦͦͦ͟͟͟Σ ͍ͦͫͤͦ͊ͤͤ·ͣ ͤ͊ ͙͔ͭͨ 

͎͔͙ͣͦ͊͘͡ ͤ͊ ͍ͪͦ͟Ύͤͦͣ ͎͔͊͊ͪ ͙ ͙͎͔͚͊ͤͭͤͤͦ ͔ͫͭͪͯͭͯͪ͟ ͨͦ ˶͊ͤͫͺ͙͒͡Φ ˿ͭ͊ͭΈΎ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͤ͊͘;͙ͣͦͫͭΈ 

͔͍ͫͭͪͨͭͦͦͦ͟͟͟ ͍ ͎͙͙ͨ͊ͭͦͦ͡ ;͔͍͔ͦ͊͟͡ ͙ ͙ͻ ͪͦ͡Έ ͍ ͍͙͙͙ͪ͊ͭ͘ ͊͟͟ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻΣ ͭ͊͟ ͙ 

͙͍͙͔ͣͣͯͤͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙ͫͭͪͨͭͦͦ͟͟͟Σ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΎΣ ͣͦͪͺ͎͙ͦͦ͡ΎΣ ͎͔͙ͣͦ͘͡Σ ͎ͪͯͨͨ· ͊ͤͫ͡ͺ͙͒͡Σ  

͙͙͎͙ͣͪͦ͋ͦͦ͟͡ΎΣ ͎͔ͨ͊ͭͦͤͤͦͫͭΈΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˿͔͙ͭͪͨͭͦͦ͟͟͟ όͪͦ͒ Streptococcusύ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͦ͋΄͙ͪͤͯΌ ͙ ͎͔͔͎͔ͭͪͦͤͤͯΌ ͎ͪͯͨͨͯ 

͎͙͔ͪ͊ͣͨͦͦ͗ͭ͡͡Έͤ·ͻ ͫͺ͔͙ͪ;͔͙ͫ͟ͻ ͔͙͚͋͊ͭͪ͟Σ ͦͭͦͪ͟·͔ ͙͎ͪ͊Όͭ ͺ͔ͯͤ͒͊ͣͤͭ͊͡ΈͤͯΌ ͪͦ͡Έ ͍ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ 

͙͙͎͙͙ͣͪͦ͋ͦͦ͟͡ ͙ Ή͎͙͙ͦͦ͟͡ ;͔͍͔ͦ͊͟͡Φ ˤ͔͍ͨͪ·͔ ͙ͦͨͫ͊ͤͤ·͔ ͔́ͦ͒ͦͪͦͣ ˣ͙͡Έͪͦͭͦͣ ͍ мутп ͎ͦ͒ͯ ͙ 

͔͒ͭ͊͡Έͤͦ ͙ͯ͘;͔ͤͤ·͔ ͙͙̅ͪ͒ͪͻͦͣ ˾͔ͦͤ͋͊͘ͻͦͣ ͍ мууп ͎ͦ͒ͯΣ Ή͙ͭ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟· ͦͫͭ͊ΌͭͫΎ ͍ ͼ͔͔ͤͭͪ 

͍͙͙ͤͣ͊ͤΎ ͯ;͔ͤ·ͻ ͙͘-͊͘ ͙ͻ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͍·͘·͍͊ͭΈ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͔͍͙͚͊͋ͦ͊ͤ͘͡ τ ͦ ͭ ͔͎͙͟͡ͻ ͙ͤͺ͔͟ͼ͙͚ 

͎ͦͪ͊͡ ͒ͦ ͙͔͎͗ͤͯͪͦ͗͊͘Ό΅͙ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͙ͭ͊͟ͻ ͊͟͟ ͔͙ͫͨͫͫ ͙ ͙ͭͦͫ͟;͔͙͚ͫ͟ ΄ͦ͟Φ 

˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

˸ͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ ͔͙ͫͭͪͨͭͦͦ͟͟͟ ͍·͎͡Ύ͒Ύͭ ͊͟͟ ͔͙ͭ͟͟͡ ͫͺ͔͙ͪ;͔͚ͫͦ͟ ͙͙͡ ͍͙͚ͦͦ͒ͤͦ ͺͦͪͣ· 

͙͔͒͊ͣͭͪͦͣ ͦͭ лΣр ͒ͦ нΣл ͣͣ͟Φ ͔͚̆͊ͪ͊ͭͪͤͦ͟ ;͔͚ͪͭͦ Ύ͍͡Ύ͔ͭͫΎ ͙ͻ ͔͔͙͔͒ͤ͡ ͍ ͚ͦ͒ͤͦ ͙ͨͦͫͦͫͭ͟͡Σ ;ͭͦ 

͙͍͙ͨͪͦ͒ͭ ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ό ͨ͊ͪ ͙͙͡ ͼ͔ͨͦ;͔͟ ͙ͪ͊͘͡;͚ͤͦ ͙͒ͤ͡·Φ ˻͙ͤ ͔͍͙ͤͨͦ͒͗ͤ· ό͊͘ ͔͙ͪ͒ͣ͟ 

͙ͫ͟͡Ό;͔͙͔ͤͣύΣ ͔ͤ ͦ͋ͪ͊ͯ͘Όͭ ͫͨͦͪ ͙ ͍ ͋ͦ͡Έ΄͙͍͔ͤͫͭ ͫͯ͡;͔͍͊ Ύ͍͡ΎΌͭͫΎ ͺ͊ͯ͟͡Έ͙͍ͭ͊ͭͤ·͙ͣ ͊ͤ͊Ή͙ͪͦ͋͊ͣΦ 

˻͚͒ͤͦ ͙͘ ͟͡Ό;͔͍·ͻ ͙͋ͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Σ ͙ͦͭ͡;͊Ό΅͙ͻ ͙ͻ ͦͭ ͫͭ͊ͺ͙͍ͦͦͦ͟͟͟͡Σ Ύ͍͡Ύ͔ͭͫΎ 

͍͙͔ͦͭͫͯͭͫͭ ͺ͔͔ͪͣͤͭ͊ ͊ͭ͊͊͘͟͡· ό͙͊ͭ͊͊ͦͦͭͪ͘͟͡ͼ͔͊ͭ͡Έͤ·ύΦ 

˿͔͙ͭͪͨͭͦͦ͟͟͟ ͦ͋͊͒͊͡Όͭ ͫͦ͗ͤ͡·͙ͣ ͙͔ͨͭ͊ͭ͡Έͤ·͙ͣ ͔ͨͦͭͪ͋ͤͦͫͭΎ͙ͣΦ ˻͙ͤ ͨͦ͡ͻͦ ͪ͊ͫͭͯͭ ͤ͊ ͨͪͦͫͭ·ͻ 

͙͔ͨͭ͊ͭ͡Έͤ·ͻ ͔ͫͪ͒͊ͻΣ ͨͦΉͭͦͣͯ ͒͡Ύ ͙ͻ ͯ͟͡Έ͙͍͙͍͙ͭͪͦ͊ͤΎ ͙ͫͨͦ͡Έͯ͘Όͭ ͔ͫͪ͒·Σ ͎ͦ͋ͦ͊΅͔ͤͤ·͔ ͍ͪͦ͟ΈΌΣ 

ͫ·͍͚ͦͪͦͭͦ͟ ͙͙͡ ͎͡Ό͚ͦͦ͘͟Φ ˻͙ͨͭͣ͊͡Έͤ͊Ύ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͪͦͫͭ͊ ͍ͫͦͫͭ͊͡Ύ͔ͭ отϲ/ ͙ͨͪ ǇI тΣ2ςтΣпΦ ˽͙ͪ ͔ͪͦͫͭ 

ͤ͊ ͨͦͭͤ͡·ͻ ͔ͫͪ͒͊ͻ ͙ͦͤ ͦ͋ͪ͊ͯ͘Όͭ ͔͙͔ͣ͟͡Σ ͨͦͯͨͪͦͪ͊͘͡;ͤ·͔ ͙͙ͦͦͤ͟͡Σ ;͊ͫͭͦ ͙ͤ͊ͨͦͣͤ͊Ό΅͙͔ ͙͊ͨ͟͡ ͪͦͫ·Φ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͨͦ ͙ͭͨͯ ͎͔͙ͣͦ͊͘͡ 

ˮ͙ͫͭͦͪ;͔͙ͫ͟ ͔͍͚ͨͪͦ ͙ ͒ͦ ͙ͫͻ ͨͦͪ ͙͙ͤ͟͡;͔͙ͫ͟ ͤ͊͘;͙͚ͣͦ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ˣͪ͊ͯͤ͊Σ 

͍ͦͫͤͦ͊ͤͤ͊Ύ ͤ͊ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͙͚͋͊ͭͪ͟ ͍·͘·͍͊ͭΈ ͎͔͙ͣͦ͘͡ Ή͙ͪͭͪͦͼ͙͍ͭͦ ͤ͊ ͍ͪͦ͟Ύͤͦͣ ͎͔͊͊ͪΥ 

1. ˢ͡Έͺ͊-͎͔͙͙ͣͦͭ͡;͔͙͔ͫ͟ όŀƭǇƘŀύΥ ͍·͘·͍͊Όͭ ;͙͊ͫͭ;ͤ·͚ ͎͔͙ͣͦ͘͡ ͙ ͙͔͙͔ͦͫͤ͟͡ ͎͔͎͙ͣͦͦ͋ͤ͊͡Σ ;ͭͦ 

͙͍͙ͨͪͦ͒ͭ ͟ ͨͦΎ͍͔͙ͤ͡Ό ͔͔͍͚ͤͦ͊ͭͦ͘͡ ͦͤ͘· ͍͎ͦͪͯ͟ ͙͙ͦͦͤ͟͡ ό͙͔ͤ͊ͨͪͣͪΣ S. pneumoniaeΣ ͎ͪͯͨͨ͊ Viridans). 

2. ˣ͔ͭ͊-͎͔͙͙ͣͦͭ͡;͔͙͔ͫ͟ όōŜǘŀύΥ ͍·͘·͍͊Όͭ ͨͦͤ͡·͚ ͙͙ͫ͘͡ Ή͙ͪͭͪͦͼ͙͍ͭͦΣ ͺ͙ͦͪͣͪͯΎ ͨͪͦͪ͊͘;ͤͯΌ 

ͦͤͯ͘ ͍͔͔͙ͨͪͦͫͭͤ͡Ύ ͍͎ͦͪͯ͟ ͙͙ͦͦͤ͟͡Φ ˮ͔ͣͤͤͦ Ήͭ͊ ͎ͪͯͨͨ͊ ͍͟͡Ό;͔͊ͭ ͙͔͔ͤ͊͋ͦ͡ ͦͨ͊ͫͤ·ͻ ͎͔͍ͨ͊ͭͦͤͦΦ 

3. ˥͊ͣͣ͊-͎͔͙͙ͣͦͭ͡;͔͙͔ͫ͟ όƎŀƳƳŀύΥ ͔ͤ ͍·͘·͍͊Όͭ ͍͙͙͎͒ͣͦͦ ͎͔͙ͣͦ͊͘͡ ͤ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͎͊͊ͪ͊Φ 

˿͔͎͙ͪͦͦ͡;͔ͫ͊͟Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͨͦ ˶͊ͤͫͺ͙͒͡ 

ˤ мфоо ͎ͦ͒ͯ ˾͔͔͋͊͟͟ ˶͊ͤͫͺ͙͒͡ ͔͙ͨͪ͒ͦ͗͊͡͡ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΌΣ ͍ͦͫͤͦ͊ͤͤͯΌ ͤ͊ ͙ͪ͊͘͡;͙Ύͻ ͍ 

͔͙͙ͫͭͪͦͤ ˿-͙ͨͦͫ͊͡ͻ͙͊ͪ͒͊ ͔ͭͦ͟͡;͚ͤͦ ͔͙ͫͭͤ͟Φ ˿͎ͦ͊ͫͤͦ͡ Ή͚ͭͦ ͙͔͔ͫͫͭͣΣ ͔͙ͫͭͪͨͭͦͦ͟͟͟ ͔͔ͪ͊͒ͤ͘͡· ͤ͊ 

͎ͪͯͨͨ·Σ ͦ͋ͦͤ͊͘;͔͊ͣ·͔ ͎͍͊͊ͤ͘͡·͙ͣ ͙͙͙͊ͭͤͫͣ͟͡ ͍͙͋ͯ͊ͣ͟ ͦͭ ˢ ͒ͦ ±Φ 

˹͙͊͋ͦ͡Έ΄͔͔ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ;͔͍͔ͦ͊͟͡ ͙͔ͣΌͭΥ 

¶ ˥ͪͯͨͨ͊ ˢ όS. pyogenesύΥ ͍͚ͦͫͤͦͤͦ ͍͙͔ͦ͋ͯ͒ͭ͘͡Έ ͎͙͊ͤͤΣ ͙ͫ͊ͪ͊ͭͤ͟͡·Σ ͙͎ͪͦ͗ͫͭͦͦ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͙ 

͔͍͙ͪͣ͊ͭͣ͊͘Φ ˻͔͋͊͒͊ͭ͡ ͣͦ΅ͤ·ͣ ͔͊ͪͫͤ͊ͦͣ͡ ͺ͍͊ͭͦͪͦ͟ ͎͔͙͙͊͒͘ ό˸-͔͋ͦ͟͡ύ ͙ ͙͍ͭͦͫͤͦ͟Φ 

¶ ˥ͪͯͨͨ͊ . όS. agalactiaeύΥ ͙͔͔ͣͭ ͙͙ͪͭ͟;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͍ ͔͎͙͙ͤͦͤ͊ͭͦͦ͡Σ Ύ͍͡ΎΎͫΈ ;͚͊ͫͭͦ ͙ͨͪ;͙͚ͤͦ 

͔͙͎͙͍ͣͤͤͭͦ ͙ ͔͙ͫͨͫͫ͊ ͯ ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻΦ 

¶ ˥ͪͯͨͨ· / ͙ DΥ ͎ͣͦͯͭ ͍·͘·͍͊ͭΈ ͙ͤͺ͔͟ͼ͙͙ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭ ͙ ͙ͦ͗͟Σ ͫͻ͙͔ͦ͗ ͫ ͎͚ͪͯͨͨͦ ˢΣ ͤͦ 
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ͦ͋·;ͤͦ ͔ͨͪͦͭ͊͟Ό΅͙͔ ͍ ͔͔͋ͦ͡ ͔͎͚ͦ͟͡ ͺ͔ͦͪͣΦ 

¶ ˥ͪͯͨͨ͊ 5Υ ͔͔ͪ͊ͤ ͍͟͡Ό;͊͊͡ Ή͔͍ͤͭͪͦͦͦ͟͟͟Σ ͦͭͦͪ͟·͔ ͔͔ͭͨͪΈ ͍·͔͔͒ͤ͡· ͍ ͔ͦͭ͒͡Έͤ·͚ ͪͦ͒ 

Enterococcus. 

˽͎͔͊ͭͦͤͤͦͫͭΈ ͔͍ͫͭͪͨͭͦͦͦ͟͟͟ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͔͍ͣͤͦ͗ͫͭͦͣ ͺ͍͊ͭͦͪͦ͟Υ ͚͊ͨͫͯͦ͟͡Σ ͔ͨͪͨΎ͍ͭͫͭͯΌ΅͔͚ 

ͺ͎͊ͦͼ͙ͭͦͯ͘Σ ͺ͔͔͙ͪͣͤͭ͊ͣ ͎͔͙͙͊ͪͫͫ ό͎͙͙͊ͯͪͦͤ͒͊͊͘͡Σ ͔͙ͫͭͪͨͭͦͤ͊͊͘͟ύ ͙ Ή͙͙ͦͭͦͫͤ͊ͣ͘͟͟ ό͔͙͙ͫͭͪͨͭͦͤ͘͡· h 

͙ {Σ Ή͙͎͔ͪͭͪͦͤͤ·͚ ͙ͭͦͫͤ͟ύΦ ˽͙͙͔ͦͤͣ͊ͤ Ή͚ͭͦ ͚ͫͦ͗ͤͦ͡ ͙͔ͫͫͭͣ· ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͙ ͙͎͙͙͋ͦͦ͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ 

͒͡Ύ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͍·͋ͦͪ͊ ͙͙͙͔͙͙͊ͤͭ͋ͦͭͦͭͪ͊ͨ͟ ͙ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͭΎ͔͗͡·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˽͔͍ͭͪͦ ˽Φ˽Φ ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡Ύ ͙ ͍͙͎͙ͪͯͫͦͦ͡ΎΦ нлнм ˸͍ͦͫ͊͟Φ 

2. ˮ͍͍͊ͤͦ ˮΦˮΦ ˮͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͙͋ͦͤ͘͡ ;͔͍͔ͦ͊͟͡Φ нлнн ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

3. ˿͙͍͒ͦͪͦ ˿Φ˿Φ ˻͍ͫͤͦ· ͔͙͎͙͙͋͊ͭͪͦͦ͟͡Φ нлмф ˹͍͙͙ͦͦͫ͋ͪͫ͟Φ 

4. ˴͔ͯͤ͘ͼ͍ͦ ˢΦˤΦ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ нлно ˴͊͊ͤ͘ΈΦ 

5. ˤ͙͊ͫ͡Έ͔͍ ˤΦ˥Φ ˽͎͔͊ͭͦͤͤ·͔ ͙ͦ͟͟͟Φ нлнл ˩͔͙͎͊ͭͪͤ͋ͯͪ͟Φ 

6. ˤ͔͙ͫͣͪͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ όˤ˻˭ύ τ https://www.who.int 

7. ͔̇ͤͭͪ ͦͤͭͪͦ͟͡Ύ ͙ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ό/5/ύ τ https://www.cdc.gov 

8. ˸͙͙͎͙ͪͦ͋ͦͦ͟͡;͔͙͚ͫ͟ ͨͦͪͭ͊͡ ζaƛŎǊƻōŜ²ƛƪƛη τ https://microbewiki.kenyon.edu 

ϭ ͚͔͙͔͍̆ͯ͒͊͋ͪ͒ ̊Φ, 2025 

 

 

 

 

͚͔͙͔͍̆ͯ͒͊͋ͪ͒ ̊Φˣ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ˸͙͙͎͙͙ͪͦ͋ͦͦ͟͡  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ́ ͻ͊͋͊͒Σ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

 

˿́˾˩˽́˻˴˻˴˴˻ˤ̍˩ ˮ˹̅˩˴̇ˮˮΥ ̏́ˮ˻˶˻˥ˮ̒Σ ˴˶ˮ˹ˮ̉˩˿˴ˮ˩ ˽˾˻̒ˤ˶˩˹ˮ̒ 

 ˮ  ˿˻ˤ˾˩˸˩˹˹̍˩ ˸˩́˻˨̍ ˽˾˻̅ˮ˶ˢ˴́ˮ˴ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍·͘·͍͔͊ͣ·ͻ ͔͙͋͊ͭͪ͟Ύ͙ͣ ͪͦ͒͊ 

StreptococcusΦ ˻͙ͨͫ͊ͤ· ͍ͦͫͤͦͤ·͔ ͎ͪͯͨͨ· ͍͙͔͔͚ͦ͋ͯ͒ͭ͘͡Σ ͔ͣͻ͙͊ͤͣ͘· ͙ͻ ͔͔ͨͪ͒͊;͙ ͙ ͎͔͔ͨ͊ͭͦͤ͘Φ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͍͍͔͔͙͒ͤΌ ͍ ͔͙ͨͪͦ͋ͣ͊ͭͯ͟͡ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭ ͙ͤͺ͔͟ͼ͙͚ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ 

ͨͦͨͯ͡Ύͼ͙͙Φ ˿ͭ͊ͭΈΎ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͍͊͗ͤͦͫͭΈ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊ ͟ 

ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫͣ͟ ͔͙ͣͪͦͨͪΎ͙ͭΎͣΣ ͍͟͡Ό;͊Ύ ͎͙͎͙͔͙ͤ;͔͙͔ͫ͟ ͫͭ͊ͤ͒͊ͪͭ· ͙ ͔ͣͪ· ͔ͫͨͼ͙ͺ͙;͔͚ͫͦ͟ ͊͘΅͙ͭ·Σ 

͒͡Ύ ͙͔͙ͫͤ͗ͤΎ ͙ͪͫ͊͟ ͔ͫͪΈ͔ͤ͘·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͙ͭ͊͟ͻ ͊͟͟ ͔͍͙ͪͣ͊ͭ;͔ͫ͊͟Ύ ͡ ͙ͻͦͪ͊͒͊͟ ͙ ͎͔͔ͦͣͪͯͦͤ͡͡ͺ͙ͪͭΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͫ ͔ͭͪͨͭͦͦ͟͟͟Σ ͔͙͋͊ͭͪ͊͟͡Έͤ͊Ύ ͙ͤͺ͔͟ͼ͙ΎΣ ͨͪͦͺ͙͙͊ͭ͊͟͟͡Σ ͎͙͎͙͔ͤ͊Σ ͙͙͙͙͊ͤͭ͋ͦͭ͟Σ ͙͙͔ͣͣͯͤͭͭΣ ͎͔ͨ͊ͭͦͤ·Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˿͔͍ͭͪͨͭͦͦͦ͟͟͟·͔ ͙ͤͺ͔͟ͼ͙͙ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͦ͋΄͙ͪͤͯΌ ͎ͪͯͨͨͯ ͊ͤͭͪͦͨͦͤͦͤ͘·ͻ 

͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍·͘·͍͔͊ͣ·ͻ ͎͙͔ͪ͊ͣͨͦͦ͗ͭ͡͡Έͤ·͙ͣ ͺ͊ͯ͟͡Έ͙͍ͭ͊ͭͤͦ-͊ͤ͊Ήͪͦ͋ͤ·͙ͣ ͙͎͙͙ͣͪͦͦͪ͊ͤͣ͊ͣ͘͟ 

ͪͦ͒͊ StreptococcusΦ ͙̏ͭ ͔͙͙͋͊ͭͪ͟ Ύ͍͡ΎΌͭͫΎ ͙͙ͦ͒ͤͣ ͙͘ ͫ͊ͣ·ͻ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͎͔͍ͨ͊ͭͦͤͦ ;͔͍͔ͦ͊͟͡Σ 

ͦ͋͊͒͊͡Ύ ͙ͯͤ͊͟͡Έ͚ͤͦ ͫͨͦͫͦ͋ͤͦͫͭΈΌ ͨͦͪ͊͗͊ͭΈ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͡Ό͋·͔ ͎ͦͪ͊ͤ· ͙ ͙ͭ͊ͤ͟Φ ˹͔ͫͣͦͭͪΎ ͤ͊ 

ͤ͊͘;͙͔ͭ͡Έͤ·͔ ͔ͯͫͨͻ͙ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ· ͍ ͙ͦ͋͊ͫͭ͡ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨΣ ͔͙ͫͭͪͨͭͦͦ͟͟͟ 

https://www.who.int/
https://www.cdc.gov/
https://microbewiki.kenyon.edu/
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ͦͫͭ͊ΌͭͫΎ ͔ͫͪΈ͔͚ͤͦ͘ ͎͚ͯͪͦͦ͘ ͒͡Ύ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ ͙͘-͊͘ ͙ͻ ͍·͚ͫͦͦ͟ ͎͙͙ͦͤͭ͊ͦͤͦͫͭ͘͟ ͙ 

͙ͫͨͦͫͦ͋ͤͦͫͭ ͍·͘·͍͊ͭΈ ͭΎ͔͗͡·͔ ͙͔ͫͫͭͣͤ·͔ ͔͙ͦͫͦ͗ͤͤ͡ΎΦ 

˸͙ͪ ͔͍ͫͭͪͨͭͦͦͦ͟͟͟ ͚͔ͪ͊ͤ͟ ͔ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘Φ ˤ ͙͙͎͙͙ͣͪͦ͋ͦͦ͟͡ ͙ͻ ͙ͨͪͤΎͭͦ ͙͊ͫͫ͟͡ͺ͙ͼ͙͍ͪͦ͊ͭΈ ͨͦ 

ͻ͔͊ͪ͊ͭͪͯ͟ ͎͔͙ͣͦ͊͘͡ ͤ͊ Ή͙ͪͭͪͦͼ͙ͭ͊ͻ ό͊͡Έͺ͊-Σ ͔͋ͭ͊- ͙ ͎͊ͣͣ͊-͎͔͙͙ͣͦͭ͡;͔͙͔ͫ͟ύ ͙ ͨͦ ͔͎͙ͫͪͦͦ͡;͔͙ͫͣ͟ 

͎ͪͯͨͨ͊ͣ ό͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ˶Ήͤͫͺ͙͒͡ύΦ ˹͙͊͋ͦ͡Έ΄͔͔ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ;͔͍͔ͦ͊͟͡ ͙͔͔ͣͭ ͔͋ͭ͊-

͎͔͙͙ͣͦͭ͡;͔͙͚ͫ͟ ͔ͫͭͪͨͭͦͦ͟͟͟ ͎ͪͯͨͨ· ˢ όStreptococcus pyogenesύΦ ˮ͔ͣͤͤͦ Ήͭͦͭ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟ 

͍͔͍͔͔ͦͭͭͫͭͤͤ ͊͘ ͍͙͙͔ͪ͊ͭ͘ ͙ͭ͊͟ͻ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͊͟͟ ͎͙͊ͤͤ͊ ό͙͙ͭͦͤͭ͘͡͡ύΣ ͙ͫ͊ͪ͊ͭͤ͊͟͡Σ 

͙͔ͪͦ͗ͫͭͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙ͦ͗͟ ͙ ͙͔͙͎ͣͨͭͦΦ ˻͒ͤ͊ͦ͟ ͍͍ͦ͊ͪͫͭͦ͟ ͔ͫͭͪͨͭͦͦ͊͟͟͟ ͊͘͟͡Ό;͔͊ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͍ 

ͦͫͭͪͦͣ ͔ͭ;͔͙͙ͤ ͔͙͋ͦͤ͘͡Σ ͤͦ ͙ ͍ ͔͊ͨͯͫ͊ͣ͘͟·ͻ ͙ͣ ͙͊ͯͭͦͣͣͯͤͤ·ͻ ͔ͪ͊͟ͼ͙ΎͻΦ ˽͙ͪ ͍͙͙ͦͭͫͯͭͫͭ ͔͍͎͊͒͊ͭͤͦͦ͟ 

͔͡;͔͙ͤΎ ͙͙͡ ͔ͦͫͦ͋ͤͤͦͫͭΎͻ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊ ͙ͤͺ͔͟ͼ͙Ύ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͚ͦͫͭͪͦ 

͔͍͙ͪͣ͊ͭ;͔͚ͫͦ͟ ͙͡ͻ͙ͦͪ͊͒͟Σ ͔͙ͨͦͪ͊͗ͤΌ ͍͊ͨ͊ͤͦ͟͡ ͔ͫͪ͒ͼ͊ ͙ ͻ͙ͪͦͤ;͔ͫͦͣͯ͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ό ͨͦ;͔͟Φ 

͙͔͙͎͙̏ͨ͒ͣͦͦ͡;͔ͫ͊͟Ύ ͙ͫͭͯ͊ͼ͙Ύ ͦͫͦ͗ͤ͡Ύ͔ͭͫΎ ͔ͭͣΣ ;ͭͦ ͎͙͔ͣͤͦ ͡Ό͙͒ Ύ͍͡ΎΌͭͫΎ ͔͙͋ͫͫͣͨͭͦͣͤ·͙ͣ 

͙͔ͤͦͫͭ͡Ύ͙ͣ ͔͙͙͋͊ͭͪ͟Φ ˿͔͙ͭͪͨͭͦͦ͟͟͟ ͙͙ͦͦͤͪͯ͘͟͡Όͭ ͙͙ͫͫͭ͘͡·͔ ͦ͋ͦͦ͡;͙͟ ͎͙ͪͦͭͦͦͭ͟͡Σ ͒·ͻ͔͊ͭ͡Έͤ·ͻ 

͔͚ͨͯͭΣ ͔͗ͯ͒ͦ͡;ͤͦ-͙͟΄͔;͎ͤͦͦ ͭͪ͊ͭ͊͟ ͙ ͦ͗ͤ͟·͔ ͍ͨͦͪͦ͟·Φ ˽͔͔ͪ͒͊;͊ ͙ͤͺ͔͟ͼ͙͙ ͙ͨͪͦͫͻ͙ͦ͒ͭ 

͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ͦ͒ͯ͘΄ͤͦ-͔͊ͨ͟͡Έͤ·ͣ ͔ͨͯͭͣ ͙ͨͪ ͎͍͔ͪ͊ͦͦͪ͘Σ ͊͟΄͔͡ ͙͙͡ ;͙ͻ͙͙͊ͤΣ ͊ ͔ͭ͊͗͟ ͦͤͭ͊ͭͤͦ͟͟-

͋·͍ͭͦ·ͣ ͫͨͦͫͦ͋ͦͣ ;͔͔ͪ͘ ͦ͋΅͙͔ ͔͔ͨͪ͒ͣͭ· ͙ͦ͋ͻͦ͒͊Σ ͙͎ͪͯ΄͙͟ ͙͙͡ ͔ͤͣ·ͭ·͔ ͙ͪͯ͟Φ ˤͫͨ·΄͙͟ ;͊ͫͭͦ 

ͺ͙͙ͫͪͯ͟ΌͭͫΎ ͍ ͎͙͍ͦͪ͊ͤͦ͊ͤͤ͘·ͻ ͔͙͍ͦͭ͊͟͟͡͡ͻΥ ͔͙͒ͭͫ͟ͻ ͫ͊͒͊ͻΣ ΄ͦ͊͟͡ͻΣ ͍͙͙ͦͤͫ͟ͻ ;͊ͫͭΎͻΣ ͎͔͒ ͔ͭͫͤ·͚ 

ͦͤͭ͊ͭ͟͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͋·ͫͭͪͦͣͯ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΌ ͍͙͔ͦ͋ͯ͒ͭ͘͡ΎΦ 

˨͎͙ͪͯͣ ͍͊͗ͤ·ͣ ͔͍͙͔͔ͨͪ͒ͫͭ͊ͭͣ͡ ͪͦ͒͊ Ύ͍͡Ύ͔ͭͫΎ Streptococcus pneumoniae ό͔͍ͨͤͣͦͦ͟͟͟ύΣ ͦͭͦͪ͟·͚ 

͍·͔ͫͭͯͨ͊ͭ ͍ͦͫͤͦͤ·ͣ Ή͙͎͙ͭͦͦ͡;͔͙ͫͣ͟ ͺ͊ͭͦͪͦͣ͟ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͔͍͙͚ͨͤͣͦͤΣ ͙͍ͦͭͭͦ ͙ ͔͙͎͙͍ͣͤͤͭͦ ͯ 

͔͔͚͒ͭ ͙ ͙ͨͦ͗͡·ͻ ͡Ό͔͚͒Φ ˽͔͍͍ͤͣͦͦͦ͊͟͟͟Ύ ͙ͤͺ͔͟ͼ͙Ύ ͔͔͎͗ͦ͒ͤͦ ͙ͯͤͦͫͭ ͙ͫͦͭͤ ͭ·ͫΎ; ͙͔͚͗ͤ͘ ͨͦ ͍͔ͫͣͯ 

͙ͣͪͯΣ ;ͭͦ ͔͔͒͊ͭ͡ ͍ͦͨͪͦͫ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·ͣΦ 

˿͍͔͔ͦͪͣͤͤ·͚ Ήͭ͊ͨ ͋ͦͪΈ͋· ͫͦ ͔͍ͫͭͪͨͭͦͦͦ͟͟͟·͙ͣ ͙ͤͺ͔͟ͼ͙Ύ͙ͣ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͔͚ͨͪͦ͋ͣͦ͡ 

ͪ͊ͫͭͯ΅͔͚ ͙͙͙͔͙͔͙͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟Φ ̆ͦͭΎ ͎ͪͯͨͨ͊ ˢ ͍͔ͫ ͔΅͔ ͫͦͻͪ͊ͤΎ͔ͭ ͍·ͫͦͯ͟Ό ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͟ 

͔͙ͨͤͼ͙͙͍ͤͦͦͣͯ͡͡ ͪΎ͒ͯΣ ͔͋ͫͦͤͭͪͦ͟͡Έ͔ͤͦ ͙͔͔͙͔ͨͪͣͤͤ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͔͔͙ͣͤͤ͘Ό 

͙ͣ ͪͦ͟ͺͦͪ͡· ͙ ͔͙ͯͫͦ͗ͤͤ͡Ό ͫͻ͔ͣ ͔͡;͔͙ͤΎΦ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͊͟ͼ͔ͤͭ ͍ ͔͙ͣ͒ͼ͙͔ͤ ͔ͫͣ΅͔͊ͭͫΎ ͫ ;͙ͫͭͦ 

͔͔͍͙ͭͪ͊ͨͭ;͔͎ͫͦͦ͟ ͨͦ͒ͻͦ͒͊ ͤ͊ ͔͍͔͙͍ͨͪͤͭͤ·͚Φ ˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͔ͤ ͭͦ͡Έͦ͟ ͙͡;ͤͯΌ ͎͙͎͙͔ͤͯ 

͙ ͔͔͙͔ͯͪͨͤ͟͡ ͦ͋΅͔͎ͦ ͙͙͔ͣͣͯͤͭͭ͊Σ ͤͦ ͙ ͎ͪ͊ͣͦͭͤͯΌ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ό ͙͔͎͗ͤͤͤͦͦ͘ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Σ 

͍͔͍͔͔ͫͦͪͣͤͤͯΌ ͫ͊ͤ͊ͼ͙Ό ͦ;͎͍͊ͦ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͙ͤͺ͔͟ͼ͙͙ ͙ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͊͟ͼ͙ͤ ͙͍ͨͪͦͭ 

͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ΄͍ͭ͊ͣͣͦ ό͍ ;͙͊ͫͭͤͦͫͭΣ ͙͍ͨͪͦͭ ͔͍ͨͤͣͦͦ͊͟͟͟ύΦ 

˽͙͙͔ͦͤͣ͊ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔ͫͭͪͨͭͦͦ͊͟͟͟ ͫ ͎͙ͦͪ͊ͤͣͦͣ͘ ;͔͍͔ͦ͊͟͡ ͍ͨͦͦ͘͡Ύ͔ͭ 

͍·ͪ͊͋͊ͭ·͍͊ͭΈ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·͔ ͔͎͙͙ͫͭͪ͊ͭ ͊͘΅͙ͭ·Φ ˤ͊͗ͤͦ ͙ͨͦͣͤͭΈΣ ;ͭͦ ͍͔͍͔͔͔ͫͦͪͣͤͤͦ ͦ͋ͪ͊΅͔͙͔ͤ 

͟ ͍ͪ͊;ͯ ͙ͨͪ ͔͍ͨͪ·ͻ ͙ͨͪͤ͊͊͘͟ͻ ͙͋ͦ͡ ͍ ͎͔ͦͪ͡ ͙͙͡ ͦ͗ͤ͟·ͻ ͍·ͫ·͙ͨ͊ͤΎͻ Ύ͍͡Ύ͔ͭͫΎ ͎͊ͦͦͣ͘͡ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ 

͙͍͙͙͙ͤ͊͒ͪͯ͘͡Ό΅͙ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͨͪͦΎ͍͙ͭΈͫΎ ͫͨͯͫͭΎ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͔ͨͦͫ͡ ͔͔͔͔͚ͨͪͤͫͤͤͦ 

ζ͔͎͚ͦ͟͡η ͙ͤͺ͔͟ͼ͙͙Φ ˨͊ͤͤ͊Ύ ͫͭ͊ͭΈΎ ͙͍ͨͪ͊ͤ͊͘ ͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͭ͘Έ ͙ͤ͊ͤ͘Ύ ͦ ͔ͣͪ͊ͻ ͔͙ͨͪ͒ͦͫͭͦͪͦ͗ͤͦͫͭ ͙ 

ͨͦ͒;͔ͪͤͯͭ͟Έ ͪͦ͡Έ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭ ͎͊͗͒ͦͦ͟ ;͔͍͔ͦ͊͟͡ ͊͘ ͍͔ͫͦ ͍͒ͦͪͦ͘Έ͔ ͙ ͍͒ͦͪͦ͘Έ͔ ͦͪͯ͗͊͟Ό΅͙ͻΦ 

˻͍ͫͤͦͤ·͔ ͔ͣͪ· ͨͪͦͺ͙͙͙͊ͭ͟͟͡ 

˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͔͍ͫͭͪͨͭͦͦͦ͟͟͟·ͻ ͙ͤͺ͔͟ͼ͙͚ ͔͙͒ͭͫ͡Ύ ͤ͊ ͦ͋΅ͯΌ ό͔͔ͤͫͨͼ͙ͺ͙;͔ͫͯ͟Όύ ͙ 

͔ͫͨͼ͙ͺ͙;͔ͫͯ͟ΌΦ 

мΦ ˶͙;ͤ͊Ύ ͎͙͎͙͔ͤ͊ ͙ Ή͙͔ͭͭ͟ 

¶ ́΅͔͊ͭ͡Έ͔ͤͦ ͣ·ͭΈ͔ ͪͯ͟Υ ˣ͔͙͙͊ͭͪ͟ ͎ͣͦͯͭ ͫͦͻͪ͊ͤΎͭΈ ͙͔͗ͤͫͨͦͫͦ͋ͤͦͫͭ͘Έ ͤ͊ ͍͔ͨͦͪͻͤͦͫͭΎͻ ͍ ͔ͭ;͔͙͔ͤ 

͔ͤͫͦ͟͡Έ͙͟ͻ ;͍͊ͫͦΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͣ·͊͡ ͙ ͙͔͙͍͊ͤͭͫͨͭͦ͟ ͔ͨͦͫ͡ ͔ͨͦͫ΅͔͙ͤΎ ͦ͋΅͔͍͔ͫͭͤͤ·ͻ ͔ͣͫͭ τ 

͍͔͋͊ͦͦ͘ ͍͙ͨͪ͊ͦ͡Φ 

¶ ˾͔͙ͫͨͪ͊ͭͦͪͤ·͚ Ή͙͔ͭͭ͟Υ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍ͦ͒ͤͦͪ͊ͦ͘·ͻ ͫ͊͡ͺ͔ͭͦ͟ ͙ͨͪ ͊͟΄͔͡ ͙ ͤͦ΄͔͙͔ͤ ͣ͊ͫͦ͟ ͍ 

͔͙ͨͪͦ͒· Ή͙͔͙ͨ͒ͣ;͔͙ͫ͟ͻ ͨͦ͒Ά͔͍ͣͦ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Φ 
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¶ ̂ͻͦ͒ ͊͘ ͔͚ͦ͗͟Υ ˿͍͔͍͔͔ͦͪͣͤͤ͊Ύ ͦ͋ͪ͊͋ͦͭ͊͟ ͡Ό͋·ͻ ͪ͊ͤΣ ͙ͫͫ͊͒ͤ ͙ ͔͍ͨͦͪͦ͘ ͙͔͙͙͊ͤͭͫͨͭ͊ͣ͟ 

όͻ͎͔͙͙ͦͪͫ͒ͤ͟͡Σ ͚ͦ͒ύΣ ͭ͊͟ ͊͟͟ ͍͔͔ͨͦͪ͗͒ͤͤ͊Ύ ͦ͗͊͟ τ ζ͍ͻͦ͒ͤ·͔ ͍ͦͪͦͭ͊η ͒͡Ύ ͙ͤͺ͔͟ͼ͙͙Φ 

нΦ ˿ͦͼ͙͊͡Έͤ·͔ ͙ ͋·͍ͭͦ·͔ ͔ͣͪ· 

¶ ˽͍͔͙͍͙͔ͪͦͭͪ͊ͤ ͔ͨͦͣ΅͔͙͚ͤΥ ˾͔͎ͯ͡Ύͪͤ·͚ ͙ͨͪͭͦ͟ ͍͔͔͎ͫ͗ͦ ͍ͦ͒ͯ͘ͻ͊ ͙͔ͫͤ͗͊ͭ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό 

͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͊Ή͔͚ͪͦͦ͘͡ ͍ ͊ͪ͘͟·ͭ·ͻ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ͻΦ 

¶ ˤ͊͗ͤ͊͡Ύ ͯ͋ͦͪ͊͟Υ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͙͒ͤ͘ͺ͙ͼ͙ͪͯΌ΅͙ͻ ͔͍ͫͪ͒ͫͭ ͒͡Ύ ͙ͦ͋ͪ͊͋ͦͭ͟ ͍͔ͨͦͪͻ͔͚ͤͦͫͭ ͍ 

͔͙͒ͭͫ͟ͻ ͯ;͔͔͙ͪ͗͒ͤΎͻ ͙ ͋ͦ͡Έ͙ͤͼ͊ͻΦ 

¶ ˮͦ͘͡Ύͼ͙Ύ ͋ͦ͡Έͤ·ͻΥ ˿͍͔͍͔͔͔ͦͪͣͤͤͦ ͔͙͔ͦͭͫͭͪ͊ͤͤ ͔͍͊͋ͦ͘͡΄͙ͻ ͦͭ ͪ͊͋ͦͭ· ͙͙͡ ͯ;͔͋· ͤ͊ ͫͪͦ͟ ͔ͤ 

͔͔͔ͣͤ нп ;͍͊ͫͦ ͔ͨͦͫ͡ ͤ͊;͊͊͡ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͙͙͙͔͙͙͊ͤͭ͋ͦͭͦͭͪ͊ͨ͟Φ 

оΦ ͔͔͙͔̂ͪͨͤ͟͡ ͎͙ͦͪ͊ͤͣ͊͘ 

¶ ˽ͦͤͦ͡ͼ͔͔ͤͤͦ ͙͙͔ͨͭ͊ͤΣ ͎͔͋ͦ͊ͭͦ ͍͙͙͙ͭ͊ͣͤ͊ͣ ˿Σ 5 ͙ ͙ͣͪͦ͟Ή͔͔͙ͣͤͭ͊ͣ͡Φ 

¶ ˭͙͍͙͔͊͊͊ͤ͟͡ ͙ ͔͎ͪͯ͡Ύͪͤ͊Ύ ͺ͙͙͘;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͋͊ͪΈ͔ͪͤ·ͻ ͺͯͤ͟ͼ͙͚ 

͙͙ͫͫͭ͘͡·ͻ ͦ͋ͦͦ͡;͔͟Φ 

¶ ˿͊ͤ͊ͼ͙Ύ ͍͚ͪͦͭͦͦ ͙ͨͦͦͫͭ͡ ό͔͡;͔͙͔ͤ ͙͔͊ͪͫ͊͟Σ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͙͙ͭͦͤͭ͊͘͡͡ύΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˮ͍͍͊ͤͦ ˮΦˮΦ ˮͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͙͋ͦͤ͘͡ ;͔͍͔ͦ͊͟͡Φ нлнм ˸͍ͦͫ͊͟Φ 

2. ˽͔͍ͭͪͦ ˽Φ˽Φ ˸͙͙͎͙ͪͦ͋ͦͦ͟͡Ύ ͙ ͍ͦͫͤͦ· ͙͎͙͙ͣͣͯͤͦͦ͡Φ нлнл ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

3. ˿͙͍͒ͦͪͦ ˿Φ˿Φ ˨͔͙͔ͭͫ͟ ͙ͤͺ͔͟ͼ͙͙Υ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚Φ нлнн ˩͔͙͎͊ͭͪͤ͋ͯͪ͟Φ 

4. ˤ͙͊ͫ͡Έ͔͍ ˤΦˤΦ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡Ύ ͙ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͎͔͍ͨ͊ͭͦͤͦΦ нлно ˹͍͙͙ͦͦͫ͋ͪͫ͟Φ 

5. ˴͔ͯͤ͘ͼ͍ͦ͊ ˩ΦˢΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡Ύ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Φ нлнп ˴͊͊ͤ͘ΈΦ 

6. ˤ͔͙ͫͣͪͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ όˤ˻˭ύ τ who.int 

7. ͔̇ͤͭͪ· ͨͦ ͦͤͭͪͦ͟͡Ό ͙ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ό/5/ύ τ cdc.gov 

8. ˸͙͙͔͍ͤͫͭͪͫͭͦ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ τ minzdrav.gov.ru 

9. ˮͤͺͦͪͣ͊ͼ͙ͦͤͤ·͚ ͨͦͪͭ͊͡ ζ˭͍͒ͦͪͦΈ͔ ͔͔͙ͤ͊ͫͤ͡Ύη τ rospotrebnadzor.ru 

ϭ ͚͔͙͔͍̆ͯ͒͊͋ͪ͒ ̊Φ, 2025 
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