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THE IMPACT OF FINANCIAL TECHNOLOGIES ON CAPITAL ALLOCATION 

 EFFICIENCY IN EMERGING MARKETS 

 

Abstract 

This study examines how financial technologies (FinTech) influence capital allocation efficiency in 

emerging markets. The research focuses on the mechanisms through which digital financial servicesτsuch 

as mobile banking, algorithmic credit scoring, and digital payment ecosystemsτreduce information 

asymmetry, lower transaction costs, and expand access to financial resources. A conceptual model is 

proposed to analyze the relationship between FinTech adoption and the improvement of financial market 

performance. The findings suggest that FinTech-driven innovations enhance economic inclusion and support 

more rational allocation of capital, particularly in countries with historically underdeveloped financial 

infrastructure. 

Keywords: 

FinTech, capital allocation, emerging markets, digital finance, economic efficiency, 

 financial inclusion, information asymmetry. 

 

1. Introduction 

Efficient capital allocation is a fundamental condition for sustainable economic growth. In many 

emerging markets, however, structural financial constraintsτsuch as limited banking accessibility, weak 

credit assessment frameworks, and persistent information asymmetryτhinder the optimal movement of 

capital from savers to borrowers. Over the past decade, financial technologies (FinTech) have rapidly 

transformed the architecture of global finance, offering new instruments to address market inefficiencies. 

This article investigates how FinTech supports the improvement of capital allocation processes in 

emerging economies. Unlike traditional financial institutions, which rely heavily on manual procedures and 

physical presence, digital financial platforms leverage automation, data analytics, and mobile connectivity.  

2. Literature Background 

The theoretical foundations of capital allocation efficiency are rooted in neoclassical financial theory, 

which emphasizes the role of transparent information flow and low transaction costs. According to market 

efficiency frameworks, any intervention that reduces asymmetry or improves accessibility contributes to a 

more productive distribution of financial resources. 

Recent studies indicate that FinTech solutions significantly reshape financial markets in several ways: 

3. Methodological Approach 

The article employs a conceptual analytical methodology. Instead of relying on country-specific 

datasets, the study synthesizes findings from existing empirical research, comparative financial system 

analyses, and theoretical models of market efficiency. 

A three-tier framework is proposed: 

FinTech Penetration Layer ς adoption of mobile banking, digital payments, and online lending 

platforms. 

Market Mechanism Layer ς influence on transaction speed, cost reduction, credit assessment accuracy, 

and data transparency. 
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4. Discussion: The Role of FinTech in Enhancing Capital Allocation 

In many emerging economies, geographic constraints and inadequate banking infrastructure exclude 

millions from traditional financial systems. Mobile-based FinTech platforms bypass these barriers by enabling 

remote account creation, peer-to-peer transactions, and micro-credit access. As a result, a broader segment 

of the population becomes integrated into formal financial activities, expanding the potential pool of 

borrowers and investors. 

5. Conclusion 

FinTech innovations serve as a catalyst for enhancing capital allocation efficiency in emerging markets. 

By reducing information asymmetry, lowering transaction costs, and expanding access to financial services, 

digital platforms create a more inclusive and productive financial environment. Although the full potential of 

FinTech is still unfolding, its impact is already evident in the improved performance of credit markets, 

enhanced liquidity flow, and increased financial participation. 

Further research should evaluate long-term macroeconomic effects using country-specific data and 

comparative policy analysis. Nevertheless, this conceptual study demonstrates that the integration of 

FinTech into emerging financial systems is a significant step toward achieving more balanced and efficient 

capital distribution. 
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speciosam notae prioresη, ͦ ͎͍͔͚͊͊ͤͤͦ͘͡͡ ζGenesis triangulorumη. ˽ ͙͔͔͙͔ͪͣͤͤͣ ͣ ͔ͭͦ͒͊ ͒ ͔ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ 
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͔͔͙ͭͦͪͭͦ͟-;͙͍ͫͦ͡·ͻ ͔ͨͪͦ͋ͣ͡, ͍͎ͤ͊͊ͤͤͦͦ͘ ͔̅ͪͣ͊ ͔͔͔͔ͤͦͨͪ͒ͤͤ͡·ͣ ͙͙͡ ͔͔͋ͫͦͤ͟;ͤ·ͣ ͫͨͯͫͦͣ͟, 

ͯ͒͊ͦͫ͡Έ ͙͍͔͙ͨͪͫͭ  ͙͍͔ͨͪͦͭͦͪ͟;͙Ό ͙͙͡ ͊͋ͫͯͪ͒ͯ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡, ͙͍͔ͨͪͦͭͦͪ;͊΅͔͔ ˤ͔͙͚ͦ͟͡ ͔͔͔ͭͦͪͣ 

͔̅ͪͣ͊  ͙ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡, ͙͍͔ͨͪͦͭͦͪ;͊΅͔͔ ͎͙͔͔ͨͦͭ͘ ˣ͙͊͡. ͍͔͍͙͔̂͒ͦͭͦͪͭ͡͡Έͤͦ ͍͔͊ͪ͘΄͔͔ͤͤͦ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ ͎͙͔ͨͦͭͯ͘ ˣ͙͊͡Σ ͔ͭͣ ͫ͊ͣ·ͣ ͊ͪ͘͟·͍͔͊ͭ ͔ͨͪͦ͋ͣͯ͡ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ Ή͚ͭͦ 

͎͙͔ͨͦͭ͘·Σ ͙ Ύ͍͡Ύ͔ͭͫΎ ͒ͦͫͭ͊ͭͦ;ͤ·ͣ ͍͙͔ͦͫͤͦ͊ͤͣ ͍͔͔͙ͯͭͪ͗͒ͤΎΥ ζ;͔͔ͯ͒ͫͤͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔̅ͪͣ͊ 

ͫͯ΅͔͍͍ͫͭͦ͊ͦ͡Φ ˤ ͫͭ͊ͭΈ͔ ͔ͤͭ ͫͦ͗ͤ͡·ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͺͦͪͣͯ͡Σ ͨͦΉͭͦͣͯ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ ͤ͊ͫͭͦΎ΅͔͎ͦ ͙ 

͎ͨͦ͒ͪͦ͋ͤͦͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͒ͦͫͭ͊ͭͦ;ͤͦ ͙ͤ͊ͤ͘Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ ͦ͋Ά͔͔ͣ ͍͎͋͊ͦͦͦ͘ ͙͙͡ ͨͪͦͺ͙͡Έ͎ͤͦͦ 

͍ͯͪͦͤΎ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͫͭ͊ͤ͒͊ͪͭ͊ ͔͔͎ͫͪ͒ͤͦ ό͎ͨͦͤͦͦ͡ύ ͦ͋΅͔͎ͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ 

 

Shoshin Sergei Nikolaevich 

Chapaevsk, Samara Region, Russia 

 

PROOF OF FERMAT'S LAST THEOREM AND THE BEALE CONJECTURE USING ELEMENTARY METHODS 

 

Annotation 

The article introduces a wide range of modern and future readers to a satisfactorily completed proof 

of Fermat's Great Theorem and the Beale hypothesis using elementary methods that Fermat knew and could 

have known. Namely, the interpretation of the conditions and solutions of the problem by right-angled 

triangles is applied based on the original method of their construction, equivalent to the construction of a 

given right-angled triangle to any positive integer power. This method and rule for constructing right 

triangles, which are the final result or interpretation of the final result of raising a given right triangle to a 

ŎŜǊǘŀƛƴ ǇƻǎƛǘƛǾŜ ƛƴǘŜƎŜǊΣ ǿŀǎ ǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ǇǊƻƳƛƴŜƴǘ CǊŜƴŎƘ ƳŀǘƘŜƳŀǘƛŎƛŀƴ CǊŀƴœƻƛǎ ±ƛŝǘŜ ƛƴ ǘƘŜ ŦƻǊƳ 

of sentences -  in the last part of his treatise "Ad logisticen speciosam notae priores," titled "Genesis 

triangulorum". By using Fermat's method of proving number-theoretic problems, which he called indefinite 

or infinite descent, he was able to prove a contradiction or absurdity in the assumption that contradicts 

Fermat's Last Theorem and the assumption that contradicts the Beale conjecture. A satisfactorily completed 

proof confirms Beale's conjecture and provides sufficient evidence to assert that Fermat's "miraculous" proof 

existed. To understand the present proof, which does not contain complex mathematical formulas, 

knowledge of mathematics in the scope of the basic or profile level of the educational standard of secondary 

(full) general education is sufficient. 

Keywords: 

Fermat, theorem, great, Beale's conjecture, proof, elementary. 

 

ˤ͍ ͔͔͙͔͒ͤ 

ˤ͔͙͊͟͡Ύ ͙͙͡ ˣͦ͡Έ΄͊Ύ ͙͙͡ ͨͦ ͔ͫ͒ͤ͡ΎΎ ͔͔ͭͦͪͣ͊ ͔̅ͪͣ͊Σ τ ͔͔͒͊͡ ͔͔ͭͦͪͣ͊ ͙͙͡ ˤ́̅Σ τ 

ͫͺ͙͍ͦͪͣͯͪͦ͊ͤ͊͡ ͍ ͦ͋΅͔ͣ ͍͙͔͒ ͔͚͊ͣͭͦ͘͟ ͤ͊ ͨͦ͡Ύͻ ͙͔ͨͪͤ͊͒͗͊͡΅͔͎ͦ ͔̅ͪͣ͊ Ή͔ͣͨ͘͟͡Ύͪ͊ ζˢ͙ͪͺ͔͙͙ͣͭ͟η 

˨͙ͦͺ͊ͤͭ͊ ͍ ͙͙͙͒͊ͤ͘ ˣ͊΄͔ ͔͒ ˸͔͙͙ͪ͊͊͘͟ ώмΣ ͫ Φ нлфϐΦ ͚̏ͭͦ ͔͚͊ͣͭͦ͘͟ ͦͤ ͔͔͔ͦͨͪ͒ͤͤͦ͡ ͍͔ͯͭͪ͗͒͊͡Σ ;ͭͦ 

ͦͭͪ͟·͡ ζ͙͙͔ͨͦͫͭͤ ;͔͔ͯ͒ͫͤͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͍͙ͤͦͣͦ͗ͤͦͫͭ͘ ͙ͪ͊ͦ͗ͭ͘͡Έ ͯ͋͟ ͙ ͡Ό͋ͯΌ ͎͒ͪͯͯΌ ͔͔ͫͭͨͤΈ 

ͫ ͼ͔͡·ͣ ͔͔ͨͦ͊͊ͭͣ͘͟͡ n > н ͤ͊ ͫͯͣͣͯ ͍͒ͯͻ ͔͔͔͚ͫͭͨͤ ͫ ͔ͭͣ ͔͗ ͔͔ͨͦ͊͊ͭͣ͘͟͡Σ ͭΦ͔Φ ζΧ͍͔͙͔ͯͪ͊ͤͤ 

n n nx y z+ =  

͙ͨͪ n > н ͙ x y z Í л ͔ͤ ͙͔͔ͣͭ ͔ͪ΄͔͙͚ͤ ͍ ͼ͔͡·ͻ ;͙ͫ͊͡ͻη ώмΣ ͫ Φ 103]. 

˸͎͙͔ͤͦ ͔ͨͦͫ͒ͯ͡Ό΅͙͔ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͔͙͙ͫͭͪͣͫ͡Έ ͚͙ͤ͊ͭ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ Ή͎ͭͦͦ ͙ ͎͙͒ͪͯͻ 

͍͔͔͙͚ͯͭͪ͗͒ͤ ͔̅ͪͣ͊Σ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͦͭͦͪ͟·ͻ ͦͤ ͙͎͔ͤ͒ ͔ͤ ͙͊ͨͫ͊͘͡Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͋·͙͡ ͚͔ͤ͊͒ͤ· 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͎͙͒ͪͯͻ ͔͎ͦ ͍͔͔͙͚ͯͭͪ͗͒ͤΣ ͊ ͔͔ͭͦͪͣͯ ͍ XVIII-XX ͍ Φ͍Φ ͙͒ͦ͊͊͘͟͡ ͒͡Ύ ͎͙ͣͤͦͻ ;͊ͫͭͤ·ͻ ͫͯ͡;͔͍͊ 

͙ ͍ ͦͤ͟ͼ͔ XX ͍ Φ ͦͫ͟ͺ͙͚ͦͪ͒ͫ͟ ͔͙ͣ͊ͭͣ͊ͭ͟ ̏Φ ̂ ͚͊ͫ͡ ͔͍͙ͨͪ͒ͫͭ͊͡ ͔͖ ͦ͋΅͔͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΦ ˽͙ͪ Ήͭͦͣ ͔͔ͪ͊ͤ 
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͔ͤ ͋·ͦ͡ ͚͔ͤ͊͒ͤͦ ͦ͋΅͔͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͔ͭͦͪͣ· ͫ ͙͔͔͙͔ͨͪͣͤͤͣ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͔͍ͣͭͦ͒ͦΣ ͦͭͦͪ͟·͔ 

ͤ͊͘͡ ͙ ͎ͣͦ ͤ͊ͭ͘Έ ͔̅ͪͣ͊Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͔͔ͪ͊ͤ ͙ͤͭͦ͟ ͔ͤ ͔͍͙ͨͪ͒ͫͭ͊͡ ͍͔͍͙͔ͯ͒ͦͭͦͪͭ͡͡Έͤͦ ͍͔͊ͪ͘΄͔͔ͤͤͦ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͎͙͔ͨͦͭ͘· ˣ͙͊͡ ͔ͤΉ͔͔ͣͤͭ͊ͪͤ͡·ͣ ͙͙͡ Ή͔͔ͣͤͭ͊ͪͤ͡·͙ͣ ͔͙ͣͭͦ͒͊ͣΦ ͙̏ͭͣ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ 

͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͤ͊ͫͭͦΎ΅͔͎ͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ˤ́̅ ͙ ͎͙͔ͨͦͭ͘· ˣ͙͊͡Φ 

˹͙͔͗ ͙͔ͦ͗ͤ͘͡· ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊Σ ͦͭͦͪ͟·͔ ͍͔͙ͨͦ͒ͭͪ͗͒͊͡ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͦͭͪ͟·͎ͭͦͦ ͔̅ͪͣ͊ 

ζ͙͙͔ͨͦͫͭͤ ;͔͎ͯ͒ͫͤͦͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͍͔͔͙ͯͭͪ͗͒ͤΎΣ ͙͔͎ͦ͗ͤͤͦͦ͘͡ ͯͨͦͣΎ͚ͤͯͭͦ ͔͚͊ͣͭͦ͘͟ ͤ͊ ͨͦ͡Ύͻ 

ζˢ͙ͪͺ͔͙͙ͣͭ͟ηΣ ͤ͊͘;͙ͭ ͙ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙ͨͦͫ͊͟ ͙ͨͯͭΣ ͨͦ ͦͭͦͪͦͣͯ͟ ͎͔͙ͤ͊͡Έͤ·͚ ͺͪ͊ͤͼ͙͚ͯͫ͘͟ 

͔͙ͣ͊ͭͣ͊ͭ͟ ΄͔͡ ͟ ͍͔ͫͦͣͯ ζ͙͙͔ͨͦͫͭͤ ;͔ͯ͒ͫͤͦͣͯη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͯΦ 

˻;͔͍͙͒ͤ·ͣ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭͦͣΣ ͍͔ͨͦ͒ͭͪ͗͒͊Ό΅͙ͣ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͦͭͪ͟·͎ͭͦͦ ͔̅ͪͣ͊ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͔͔ͭͦͪͣ·Σ Ύ͍͡Ύ͔ͭͫΎ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͯͨͦͣΎ͚ͤͯͭͦ ͔͙͊ͣͭ͘͟ ͤ͊ ͨͦ͡Ύͻ ζˢ͙ͪͺ͔͙͙ͣͭ͟ηΦ ˤ 

͚ͦͭͦͪͦ͟ ͦͤΣ ͍͙ͨͦͭͦͪͣΣ ͔͔͔ͦͨͪ͒ͤͤͦ͡ ͍͔ͯͭͪ͗͒͊͡Σ ;ͭͦ ͦͭͪ͟·͡ ζ͙͙͔ͨͦͫͭͤ ;͔͔ͯ͒ͫͤͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ 

͔͍͙ͤͦͣͦ͗ͤͦͫͭ͘ ͙ͪ͊ͦ͗ͭ͘͡Έ ͯ͋͟ ͙ ͡Ό͋ͯΌ ͎͒ͪͯͯΌ ͔͔ͫͭͨͤΈ ͫ ͼ͔͡·ͣ ͔͔ͨͦ͊͊ͭͣ͘͟͡ ͋ͦ͡Έ΄͔ н ͤ͊ ͫͯͣͣͯ ͍͒ͯͻ 

͔͔͔͚ͫͭͨͤ ͫ ͔ͭͣ ͔͗ ͔͔ͨͦ͊͊ͭͣ͘͟͡Φ ˤ͙͙͒ͣͦΣ ͔̅ͪͣ͊ ͙͔ͣ͡ ͒ͦͫͭ͊ͭͦ;͔ͤͦ ͍͙͔ͦͫͤͦ͊ͤ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· ͙͎͔ͤ͒ ͔ͤ 

͙͊ͨͫ͘·͍͊ͭΈ ζ;͔͔ͯ͒ͫͤͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ Ή͚ͭͦ ͔͔ͭͦͪͣ· ͙ ͎͙ͦͪ͊ͤ;͙ͭΈͫΎ ͔͚͊ͣͭͦ͘͟ ͤ͊ ͨͦ͡Ύͻ 

ζˢ͙ͪͺ͔͙͙ͣͭ͟ηΣ ͊ ͔ͭ͊͗͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦͣ ͒͡Ύ ͔ͨͦ͊͊ͭ͘͟͡Ύ n = пΣ ͙͔ͦ͗ͤͤ͘͡·ͣ ͙͔ͨͪͣ;͙͔͊ͤͣ Ѕ XLV ͤ͊ 

ͨͦ͡Ύͻ ͚ͭͦ ͔͗ ζˢ͙ͪͺ͔͙͙ͣͭ͟η ώмΣ ͫ Φ 103, 212]. 

˿ͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ζ͙͙͔ͨͦͫͭͤ ;͔͎ͯ͒ͫͤͦͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͔̅ͪͣ͊ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭΣ ͨͦ ͤ͊΄͔ͣͯ 

͔͙ͣͤͤΌΣ ͙ ͚ͭ͊ͦ͟ ͺ͊ͭ͟Υ ͍͔͔͙͔ͯͭͪ͗͒ͤΣ ;ͭͦ ͍ͫΎ͔ͦ͟ ;͙ͫͦ͡ ͍͙͒͊ 
22 1

n

+  Ύ͍͡Ύ͔ͭͫΎ ͨͪͦͫͭ·ͣΣ ͦͤ ͙͒ͦͨͦͤ͡͡ 

͙͙͚ͨͪͨͫͦ͟ ͦ ͭͦͣΣ ;ͭͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ζͦ;͔ͤΈ ͙͍ͪͦͨͦͭͦ͟͡η ͙ ͔ͤ ͍͔͔͒ͦ͒ͤͦ ζ͒ͦ ͍͔͍͙͔ͯ͒ͦͭͦͪͭ͡͡Έ͎ͤͦͦ 

͍͔͊ͪ͘΄͔͙ͤΎη ώнΣ ͫ Φ нппϐΦ ͚̏ͭͦ ͙͙͚ͨͪͨͫͦ͟ ͔̅ͪͣ͊ ͔͍ͨͪͦ͋ͪ͊ͦ͊͘͡ ͔ͯ͊͊ͤͤͦ͘͟ ͍͔͔͙͔ͯͭͪ͗͒ͤ ͍ 

͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡Σ ͦ΄͙͋ͦ;ͤͦͫͭΈ ͎ͦͭͦͪͦͦ͟ ͔͔ͨͦ͒ͤ͘ ͒ͦ͊͊͘͟͡ ͚͔̏ͪ͡Φ 

ˮͭ͊͟Σ ͔͚ͨͦ͒ͤ͘΄͙͔ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙͒ͦ͊͊͘͟͡ ͍͔ͫ ͍͔͔͙ͯͭͪ͗͒ͤΎ ͔̅ͪͣ͊Σ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͦͭͦͪ͟·ͻ ͦͤ 

͙͎͔ͤ͒ ͔ͤ ͙͊ͨͫ͊͘͡Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ͔͔ͭͦͪͣͯΣ ͦ͋΅͔͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͚ͦͭͦͪͦ͟Σ ͍͙ͨͦͭͦͪͣΣ ̏Φ ̂ ͚͊ͫ͡ 

͔͍͙ͨͪ͒ͫͭ͊͡ ͍ мффт ͎ͦ͒ͯΦ 

ˤ͔͔ͣͫͭ ͫ ͔ͭͣΣ ͔ͤ͡Έ͘Ύ ͔ͤ ͯ;͙ͭ·͍͊ͭΈ ͙ ͎͙͔͒ͪͯ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊Φ ˢ ͙͔ͣͤͤͦΣ ;ͭͦ ͔͚ͨͦ͒ͤ͘΄͙͔ 

͔͙ͤ͊ͣͤͭ͘·͔ ͔͙͙ͣ͊ͭͣ͊ͭ͟Υ ͚͔̏ͪ͡Σ ˥͊ͯͫͫΣ ˨͙͙ͪͻ͔͡Σ ˶͔͗͊ͤ͒ͪΣ ˶͔͊ͣΣ ˴͔ͯͣͣͪΣ ˿ͦͺ͙ ˬ͔͔ͪͣͤΣ ͦͭͦͪ͟·͔ ͍ 

XVIII  - XIX  ͍Φ͍Φ ͙͒ͦ͊͊͘͟͡ ͔͔ͭͦͪͣͯ ͒͡Ύ ͔ͤͦͭͦͪ͟·ͻ ;͊ͫͭͤ·ͻ ͫͯ͡;͔͍͊Σ τ ͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ ͙͔͙ͨͪͣ͊ͣΣ 

͔͙͍͔ͤͫͭͤ͘·͙ͣ ͔͙ͣ͊ͭͣ͊ͭ͊ͣ͟ XVII  ͍ ΦΣ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ͔̅ͪͣ͊Φ ́͊͟Σ ζΧ͚͔̏ͪ͡ ͍͔ͨͪͦ͡ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ 

͍͔͙͚ͦ͟͡ ͔͔ͭͦͪͣ· ͔̅ͪͣ͊ ͒͡Ύ n = п ͫ ͨͦͣͦ΅ΈΌ ͔ͣͭͦ͒͊ ͫͨͯͫ͊͟ όмтоуύΣ ͊ ͫͨͯͫͭΎ ол ͔ͭ͡ ͙ ͒͡Ύ n = о όмтсфύηΦ 

˽͙ͪ;͔ͣ ζΧͫͯ͡;͚͊ n = о ͔͍ͨͦͭͪ͋ͦ͊͡ ͙͔͔͙ͨͪͣͤͤΎ ͫͯ΅͔͍͔ͫͭͤͤͦ ͍ͤͦ·ͻ ͙͔͚͒ ό͊͟͟ ͙ ͔ͦͭͣ;͊͡ ͔̅ͪͣ͊ύΣ ͊ 

͙͔ͣͤͤͦ ͔͔͔͔͙ͨͪͤͫͤΎ ͨͦͤΎ͙ͭΎ ͼ͔͎ͦͦ͡ ;͙ͫ͊͡ ͙ ͍͚͍ͫͦͫͭ͊ ͼ͔͡·ͻ ;͙͔ͫ͡ ͤ͊ ͦ͋͊ͫͭ͡Έ ;͙͔ͫ͡ ͍͙͒͊ 3a b+ , 

͎͔͒ a, b  ɴZ η ώмΣ ͫ Φ 216, 217]. 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͙ ͎͙͔͒ͪͯ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ ͦͭͦͪ͟·͔ ͍ XIX  ï XX  ͍Φ͍Φ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍͔͙ͯ͡;͙͙͡ ͙͔͍ͤͭͪ͊͡ 

͔͔͚ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ nΣ ͯ͊͊ͤͤ͘͟·͚ ͔͒ͦ͊͊ͭ͘͟͡Έ͍͙ͫͭ͊ͣ ͔ͨͪ͒΄͔͍͔͙͍ͫͭͤͤͦ͟Σ ͊ ͔ͭ͊͗͟ ͙ ̏Φ ͚̂͊ͫ͡Σ τ ͔ͭͦ͗ 

͙͔ͨͪͣͤΎ͙͡ ͔ͣͭͦ͒·Σ ͦͭͦͪ͟·͔ ͔̅ͪͣ͊ ͍͔͊͒ͦͣͦ͘ ͔ͤ ͎ͣͦ ͤ͊ͭ͘ΈΦ ˽͙ͪ Ήͭͦͣ ͫͦ͗ͤͦͫͭ͡Έ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ 

͔͔ͭͦͪͣ·Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ;͊ͫͭͤ·ͻ ͔͔ ͫͯ͡;͔͍͊Σ τ ͔ͤ ͫͭͦ͡Έͦ͟ ͙ͫ͟͡Ό;͊͊͡ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͫ;͙ͭ͊ͭΈ ζ͙͙͔ͨͦͫͭͤ 

;͔ͯ͒ͫͤ·͙ͣη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͍ͤ͊͊ͤͤ͘·ͻ ͙ ͎͙͒ͪͯͻ ͔͙͍ͣ͊ͭͣ͊ͭͦ͟Σ ͫͦ͟͡Έͦ͟ ͙ͫͯ͗͊͡͡ ͍͙͔ͦͫͤͦ͊ͤͣ ͒͡Ύ 

͔͔͙͚ͨͪ͒ͨͦͦ͗ͤ͡Σ ;ͭͦ ͍ ͦͭͪ͟·ͭͦͣ ͔̅ͪͣ͊ ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭ ͎ͣͦ͊͡ ͋·ͭΈ ͦ΄͙͋͊͟ ͙ ͍ XVII  ͍Φ Ήͭͯ ͔͔ͭͦͪͣͯ 

͒ͦ͊͊ͭ͘͟Έ ͋·ͦ͡ ͔͍ͤͦͣͦ͗ͤͦ͘Φ ˹͙͔͗ ͙͍͙ͨͪͦ͒ͣ ͔ͤͦͭͦͪ͟·͔ ͙Σ ͨͦ ͤ͊΄͔ͣͯ ͔͙ͣͤͤΌΣ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·͔ 

͙͔ͭ͊͟ ͔͔͙ͨͪ͒ͨͦͦ͗ͤ͡Ύ ͫ ͪ͊ͤ͘·͙ͣ ͺ͙͍͙ͦͪͣͯͪͦ͊ͣ͟͡ ͙ ͙͍ͦ͒ͤ͊ͦ͟·͙ͣ ͨͦ ͫͣ·ͫͯ͡Φ 

ζˤͦͣͦ͗ͤͦ͘Σ ;ͭͦ ͔̅ͪͣ͊ ͤ͊΄͔͡ ͦ΄͙͋ͯ͟ ͍ ͍͔ͫͦͣ ζ;͔ͯ͒ͫͤͦͣη ͙ ͙͎͔ͤ͒ ͔ͤ ͙͊ͨͫ͊ͤͤͦͣ͘ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭΣ ͦͭͦͪͯ͟Ό ͍͔ͫ ͍͔ͪͣΎ ͔ͤ͊͒Ύͫ͡Ύ ͙͍͙ͫͨͪ͊ͭΈη ώмΣ c. 212]. 

ˤ͔͙͙͚͟͡ ͔͔ͤͣͼ͙͚͟ ͔͙ͣ͊ͭͣ͊ͭ͟ ˴Φ ˥ ͊ͯͫͫ ͒ͦ͊͊͘͟͡ ͔͔ͭͦͪͣͯ ͒͡Ύ n = р ͙ ͔͍ͤͦͣͦ͗ͤͦͫͭ͘Έ ͚͙ͤ͊ͭ ͦ͋΅͔͔ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͙͙ͦ͗͘͡͡ ͍ ͙ͨͫΈ͔ͣ ͙ͨͪΎ͔ͭ͡ΌΥ ζ˽͙ͪͤ͊͘ΌͫΈΣ ;ͭͦ ͔͍̅ͪͣ͊ͭͦ͊ ͔͔ͭͦͪͣ͊Σ ͊͟͟ ͙͙͍͔ͦͪͦ͊ͤͤͦ͘͡ 
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͔͔͙͔ͨͪ͒ͦ͗ͤ͡Σ ͒͡Ύ ͔ͣͤΎ ͋ͦ͡Έ΄͎ͦͦ ͙͔͔ͤͭͪͫ͊ ͔ͤ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭΣ ͙͋ͦ ͔͎ͦ͟͡ ͣͦ͗ͤͦ ͙ͨͪ͒ͯͣ͊ͭΈ ͔͍ͣͤͦ͗ͫͭͦ 

ͨͦ͒ͦ͋ͤ·ͻ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡Σ ͦͭͦͪ͟·ͻ ͔ͤ͡Έ͘Ύ ͙ͤ ͒ͦ͊͊ͭ͘͟ΈΣ ͙ͤ ͍͔͎ͦͨͪͦͪͤͯͭΈη ώнΣ ͫ Φ 243, нпрϐΦ ˤ͙͙͒ͣͦΣ ˥͊ͯͫͫ 

͎͍͙ͦͦͪ͡ ͦ ͭͦͣΣ ;ͭͦ ζ͔͍̅ͪͣ͊ͭͦͯ ͔͔ͭͦͪͣͯη ͔͍ͤͦͣͦ͗ͤͦ͘ ͙ͤ ͒ͦ͊͊ͭ͘͟ΈΣ ͙ͤ ͍͔͎ͦͨͪͦͪͤͯͭΈΣ ͔͙ͫ͡ 

ͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͭͦ͡Έͦ͟ Ύ͘·ͦͣ͟ ͎͔͊͋ͪ͡·Φ 

ˮ͍͔ͫͭͤ͘·͚ ͍͔͙͚ͫͦͭͫ͟ ͙ ͙͚͙͚ͪͦͫͫͫ͟ ͔͙ͣ͊ͭͣ͊ͭ͟ ˸Φ˸Φ ˽͙͍ͦͫͭͤͦ͟ ͦ͒ͤͯ ͙͘ ͼ͔͔͚͡ ͙͎͙ͤ͟ ζ͔͔́ͦͪͣ͊ 

͔̅ͪͣ͊Φ ˤ͍͔͔͙͔͒ͤ ͍ ͎͔͙͊͋ͪ͊͡;͔ͫͯ͟Ό ͔͙ͭͦͪΌ ;͙͔ͫ͡η ͯ͊͘͟·͍͔͊ͭ ͍ ͊ͤͤͦͭ͊ͼ͙͙Υ ζΧ͔͙ͯ͋͒ͭΈ ;͙͔ͭ͊ͭ͡Ύ ͍ 

͎͙͔ͯ͋ͤ͡ ͙ ͙ͫͦ͗ͤͦͫͭ͡ ͔͙͙ͨͪͦ͋ͣ͊ͭ͟͡Σ ͍ͫΎ͚͊ͤͤͦ͘ ͫ ͔͔͚ͭͦͪͣͦ ͔̅ͪͣ͊ ͙ ͍ ͚ͨͦͤͦ͡ ͔͔͔͙͍͙͋ͫͨͪͫͨͭͤͦͫͭ͟ 

͙͍ͨͦͫͦ͟ ͔͔ Ή͔͔͎ͣͤͭ͊ͪͤͦͦ͡ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊η ώоΣ ͫ Φ нϐΦ ˨͔͔͊͡ ͨͦΎͫͤΎ͔ͭΥ ζ˻͒ͤ͊ ͙͘ ͼ͔͔͚͡ ͤ͊ͫͭͦΎ΅͔͚ ͙͎͙ͤ͟Σ 

τ ͨͦ͊͊ͭ͘͟Έ ͫ ͙͙͊ͣ͟͟ ͭͪͯ͒ͤ·͙ͣ ͙ ͎͙͙ͯ͋ͦͣ͟͡ ͍͙ͦͨͪͦͫ͊ͣ ͔͙͙ͭͦͪ ;͙͔ͫ͡ ͙͔ͫͦͨͪ͊ͫ͊ͭͫ͟Ύ ͔͔ͭͦͪͣ͊ ͔̅ͪͣ͊Σ 

͙ ͔ͭͣ ͫ͊ͣ·ͣ ͔͙ͦ͋ͫͯͪ͊͗ͭ͟Έ ͎͊͗͒ͦͦ͟Σ ͭͦ͟ ͨͦ͒ͯͣ·͍͊͡ ͍͘ΎͭΈͫΎ ͊͘ Ήͭͯ ͔͔ͭͦͪͣͯ ͙ ͙ͨͦͨͦͤͭ͡Έ ͪΎ͒· 

ͺ͔͙͍ͪͣ͊ͭͫͭͦΦΦΦη ώоΣ ͫ Φ фϐΦ ˤ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ Ή͎ͭͦͦ ͦͤ ͙͍͔ͨͪ͡ ͔ͫ͒ͯ͡Ό΅͙͔ ͎͔͊ͪͯͣͤͭ·Υ ζ˹͔ͫͣͦͭͪΎ ͤ͊ ͙͙ͯͫ͡Ύ 

͎͙ͣͤͦͻ ͔͙͍ͣ͊ͭͣ͊ͭͦ͟ ό͍ ζˮ͙͙ͫͭͦͪ ͔͙͙ͭͦͪ ;͙͔ͫ͡η ˨͙ͫͦͤ͊͟ ͔ͨͪͦͪͺ͔͙͍ͪͪͦ͊ͤͦ ͔͔͋ͦ͡ ͔ͭͪͻͫͦͭ όΗύ ͪ͊͋ͦͭ ͤ͊ 

Ήͭͯ ͔ͭͣͯύΣ Ήͭͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ όͦ͋΅͔͔ ͒͡Ύ ͫͯ͡;͊Ύ n > нύ ͚͔ͤ͊͒ͤͦ ͔ͤ ͋·ͦ͡Σ ͙ ͣͦ͗ͤͦ ͔͍ͫͦͣͤ͊ͭΈͫΎΣ 

ͫͯ΅͔͍͍ͫͭͦ͊ͦ͡ ͙͡ ͦͤͦ ͍ͦͦ͋΅͔Φ ˣ͔͔ͦ͡ ͎ͭͦͦΣ ͊͟͟ ͣ· ͍͙͙ͯ͒ͣ ͙͔ͤ͗Σ ͔ͪͦͣ͟ ͔ͨͦ͊͊ͭ͘͟͡Ύ пΣ ͔ͤͭ ͙ͤ ͎ͦ͒ͤͦͦ 

͔ͨͦ͊͊ͭ͘͟͡Ύ nΣ ͒͡Ύ ͎ͦͭͦͪͦͦ͟ ͔͔ͭͦͪͣͯ ͔̅ͪͣ͊ ͯ͒͊ͦͫ͡Έ ͋· ͒ͦ͊͊ͭ͘͟Έ Ή͔͔ͣͤͭ͊ͪͤ͡·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣΦ ͙̏ͭͣ 

ͦ͋ΆΎͫͤΎ͔ͭͫΎΣ ͨͦ;͔ͣͯ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͍͔ͫ ͔ͫͨͼ͙͙͊ͫͭ͡· ͍͔ͭͪ͒ͦ ͍͔͔ͯͪͤ· ͍ ͔͍͙ͤͦͣͦ͗ͤͦͫͭ͘ ͒ͦ͊͊ͭ͘͟Έ 

͔͔ͭͦͪͣͯ ͔̅ͪͣ͊ Ή͔͔ͣͤͭ͊ͪͤ͡·͙ͣ ͔͙ͣͭͦ͒͊ͣη ώоΣ ͫ Φ 8, 9]. 

ˤ͔͔ͣͫͭ ͫ ͔ͭͣΣ ͔͔ͪ͊ͤ ͦͤ ͔͗ ͫͦͦ͋΅͙͡Υ ζ˹͔ͦͭͦͪ͟·͔ ͍͙ͫͦ ͍͔͔͙ͯͭͪ͗͒ͤΎ ͔̅ͪͣ͊ ͍ͫͦͨͪͦͦ͗͒͊͡ 

͔͚ͨͦͣͭͦ͟Σ ;ͭͦ ͦͤ ͔ͤ ͎͔ͪ͊ͫͨͦ͊͊ͭ͡ ͍͔͍͙͔ͯ͒ͦͭͦͪͭ͡͡Έͤ·ͣ ͙ͻ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦͣΦΦΦ Φ ˻͒ͤ͊ͦ͟ ͍ͦ ͍͔ͫͻ ͫͯ͡;͊ΎͻΣ 

͎ͦ͒͊͟ ͔̅ͪͣ͊ ͔͔͔ͦͨͪ͒ͤͤͦ͡ ͍͔ͯͭͪ͗͒͊͡Σ ;ͭͦ ͦͤ ͒ͦ͊͊͘͟͡ ͭͦ ͙͙͡ ͙͔ͤͦ ͍͔͔͙͔ͯͭͪ͗͒ͤΣ ͍͔͍͙͙ͨͦͫ͒ͫͭ͡ Ήͭͦ 

͍͔͔͙͔ͯͭͪ͗͒ͤ ͍ͯ͒͊͊ͦͫ͡Έ ͒ͦ͊͊ͭ͘͟ΈΦ ˭͔͊ͣ;͔͊ͭ͡Έͤ·ͣ ͙ͫ͟͡Ό;͔͙͔ͤͣ Ύ͍͡Ύ͔ͭͫΎ ͭ͊͟ ͤ͊͘·͍͔͊ͣ͊Ύ ζˣͦ͡Έ΄͊Ύ 

͔͔ͭͦͪͣ͊ ͔̅ͪͣ͊η όͦͤ͊ ͔͗ ζˤ͔͙͊͟͡Ύη ͙͙͡ ζ˽͔ͦͫ͒ͤ͡ΎΎηύΣ ͍͔ͯͭͪ͗͒͊Ό΅͊ΎΣ ;ͭͦ ͔ͤ ͫͯ΅͔͍͔ͫͭͯͭ ͙ͦͭ͡;ͤ·ͻ ͦͭ 

ͤͯ͡Ύ ͼ͔͡·ͻ ;͙͔ͫ͡ x, y ͙ zΣ ͒͡Ύ ͦͭͦͪ͟·ͻ ͙͔͔ͣͭ ͔ͣͫͭͦ ͍͔͍ͪ͊ͤͫͭͦ 
n n nx y z+ =Σ ͎͔͒ n > нΦ ˻͋΅͔͙͍͔ͫͭͤͦ͘Σ 

;ͭͦ ͙ͨͪ n = н ͙͔ͭ͊͟ ;͙ͫ͊͡ ͫͯ΅͔͍ͫͭͯΌͭΣ ͙͔ͤ͊ͨͪͣͪ оΣ пΣ рηΦ ώоΣ ͫ Φ 7]. 

˨͔͔͊͡ ˸Φ˸Φ ˽͙͍ͦͫͭͤͦ͟ ͔ͪ΄͙͔ͭ͡Έͤͦ ͔͔͔͎͔ͨͪ͒ͦͫͭͪ͊ͭ ;͙͔ͭ͊ͭ͡Ύ ͦͭ ͨͦͨ·͙ͭ͟ ͙ͫ͊ͭ͟Έ Ή͔͔͔ͣͤͭ͊ͪͤͦ͡ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͔ͭͦͪͣ·Υ ζ˭ͤ͊;͔͙͔ͤ ͔͔ͭͦͪͣ· ͔̅ͪͣ͊ ͒͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍ ͭͦͣΣ ;ͭͦ ͙ͨͪ ͨͦͨ·ͭ͊͟ͻ ͔͔ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͋·͙͡ ͍·͍ͦ͊ͤ͟· ͍ͤͦ·͔ ͣͦ΅ͤ·͔ ͔͍ͫͪ͒ͫͭ͊Σ ͙͍͔ͨͪ͒΄͙͔ ͟ ͙ͫͦ͒͊ͤ͘Ό ͦ͋΄͙͎ͪͤͦͦ ͔ͦͭ͒͊͡ 

͔͙͙ͣ͊ͭͣ͊ͭ͟ τ ͭ͊͟ ͤ͊͘·͍͔͚͊ͣͦ ζ͔͙͙ͭͦͪ ͎͔͙͊͋ͪ͊͡;͔͙ͫ͟ͻ ;͙͔ͫ͡ηΦ ́ͦͭ ͺ͊ͭ͟Σ ;ͭͦ ͒ͦ ͙ͫͻ ͨͦͪ ͔͔ͭͦͪͣ͊ 

͔̅ͪͣ͊ ͔ͤ ͒ͦ͊͊ͤ͊͘͟Σ ͨͦ-͍͙͙͒ͣͦͣͯΣ ͦͤ͊͘;͔͊ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍ ͔΅͔ ͔͔͋ͦ͡ ͣͦ΅ͤ·ͻ ͙ ͯͭͦͤ;͔ͤͤ·ͻ 

͔ͣͭͦ͒͊ͻΦ ͔͔͔̏ͣͤͭ͊ͪͤͦ͡ ͔͗ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͔ͭͦͪͣ· ͔̅ͪͣ͊ ό͙͙͡Σ ͔͔͋ͦ͡ ͦ͋΅ͦΣ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΣ ͔ͤ 

͍͍ͦ͒Ύ΅͔͔ ͍ͤͦ·ͻ ͙͔͚͒ ͙ ͦͫͭ͊Ό΅͔͔ͫΎ ͍ ͪ͊ͣ͊͟ͻ ͔ͯ͗ ͙͍͔ͫͭͤ͘·ͻ ͔͍ͣͭͦ͒ͦύΣ ͻͦͭΎ ͙ ͔͊ͪͦͭ͘͟ ͔ͨͪͦ͋ͣͯ͡Σ ͤͦ 

͋ͦ͡Έ΄͎ͦͦ ͤ͊͘;͔͙ͤΎ ͒͡Ύ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͍͔͊͒ͦͣͦ͘ ͙͔ͣͭΈ ͔ͤ ͔͋ͯ͒ͭΦ ˿͔͔͒ͯͭ͡ ͫͦ ͍͔͚ͫ ͔ͪ΄͙͔ͭ͡ΈͤͦͫͭΈΌ 

͔͔͔ͨͪ͒ͦͫͭͪ;Έ ;͙͔ͭ͊ͭ͡Ύ ͦͭ ͨͦͨ·͙ͭ͟ ͙ͫ͊ͭ͟Έ Ή͔͔͔ͣͤͭ͊ͪͤͦ͡ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͔ͭͦͪͣ· ͔̅ͪͣ͊Φ ˸ͦ͗ͤͦ ͋·ͭΈ 

͍͔͔ͯͪͤͤ·ͣ ͍ ͭͦͣΣ ;ͭͦ Ήͭͦ ͔͋ͯ͒ͭ ͙͡΄Έ ͔ͤͤͯ͗ͤ͊Ύ ͔ͨͦͭͪΎ ͭͪͯ͒͊ ͙ ͍͔͔͙ͪͣͤη ώоΣ ͫ Φ 9]. 

ˤ͔͔ͣͫͭ ͫ ͔ͭͣΣ ͒ͦ΄͔͒΄͙͔ ͒ͦ ͤ͊ͫ ͪ͊͋ͦͭ· ͔̅ͪͣ͊Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ͔͎ͦ ͔͊ͣ͘;͙͊ͤΎ ͟ ζˢ͙ͪͺ͔͙͔ͣͭ͟ηΣ τ 

Ύ͍͡ΎΌͭͫΎ ͔͒ͦ͊͊ͭ͘͟͡Έ͍͙ͫͭ͊ͣ ͎ͭͦͦ ͺ͊ͭ͊͟Σ ;ͭͦ ͍ͫͦ͊͡ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ͔̅ͪͣ͊Σ ͦͭͦͪ͟·͚Σ ͟ ͭͦͣͯ ͔͗Σ ͋·͡ 

Ό͙ͪͫͭͦͣΣ τ ͙ ͔ͣΌͭ ͤ͊͘;͔͙͔ͤΦ ˤ ;͔ͣ ͔͍ͫͦͣͤ͊ͭΈͫΎ ͔͍ͤͦͣͦ͗ͤͦ͘Σ ͔ͭͣ ͔͔͋ͦ͡ ͙ͦͭͪͼ͊ͭΈΦ ̏ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ 

͙ ͙͙͔ͨͪͤ͊ͤ͘ ͔̅ͪͣ͊ ͍ ͭͦͣΣ ;ͭͦ ͔ͣͯ ͔ͤ ͯ͒͊ͦͫ͡Έ ͒ͦ͊͊ͭ͘͟Έ ͍͔͔͙͔ͯͭͪ͗͒ͤΣ ;ͭͦ ͍ͫΎ͔ͦ͟ ;͙ͫͦ͡ ͍͙͒͊ 
22 1

n

+  

Ύ͍͡Ύ͔ͭͫΎ ͨͪͦͫͭ·ͣΦ ζ˨͔ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͦ;͔ͤΈ ͙͍ͪͦͨͦͭͦ͟͡Σ τ ͎͍͙ͦͦͪͭ ͦͤΣ τ ͙ ͔͒ͦ͗ͤ͡ ͙ͨͪͤ͊ͭ͘ΈͫΎΣ ;ͭͦ Ύ 

͔΅͔ ͔ͤ ͍͔͒ͦ͡ ͔͎ͦ ͒ͦ ͍͔͍͙͔ͯ͒ͦͭͦͪͭ͡͡Έ͎ͤͦͦ ͍͔͊ͪ͘΄͔͙ͤΎη ώнΣ ͫ Φ 244]. 

̏ͭͦͭ ͙͔ͨͪͣͪΣ ͍͔ͨͦ͒ͭͪ͗͒͊Ό΅͙͚ ͍͔͒ͦ͋ͪͦͫͦͫͭͤͦͫͭΈ ͔̅ͪͣ͊ ͊͟͟ ͔͙ͣ͊ͭͣ͊ͭ͊͟Σ ͍ͨͦͦ͘͡Ύ͔ͭ 

͍͔ͯͭͪ͗͒͊ͭΈΣ ;ͭͦ ͔͙ͫ͡ ͍ ͦ͒ͤͦͣ ͫͯ͡;͔͊ ͦͤ ͎͍͙ͦͦͪ͡Σ ;ͭͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ζͦ;͔ͤΈ ͙͍ͪͦͨͦͭͦ͟͡η ͙ ͔ͤ 

͍͔͔͒ͦ͒ͤͦ ζ͒ͦ ͍͔͍͙͔ͯ͒ͦͭͦͪͭ͡͡Έ͎ͤͦͦ ͍͔͊ͪ͘΄͔͙ͤΎηΣ ͊ ͍ ͎͒ͪͯͦͣ ͫͯ͡;͔͊ ͔͔͔ͦͨͪ͒ͤͤͦ͡ ͍͔ͯͭͪ͗͒͊͡Σ ;ͭͦ 

ͦͭͪ͟·͡ ζ͙͙͔ͨͦͫͭͤ ;͔͔ͯ͒ͫͤͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΣ ͭͦ ͙͔ͣ͡ ͒͡Ύ Ή͎ͭͦͦ ͒ͦͫͭ͊ͭͦ;͔ͤͦ ͍͙͔ͦͫͤͦ͊ͤΦ ͎́ͦ͒͊ ͣͦ͗ͤͦ 
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͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ ͦͭͪ͟·͔ͭͦ ͔̅ͪͣ͊ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΣ ͔ͦͭͦͪͦ͟ ͦͤ ͫ;͙ͭ͊͡ ζ͙͙͔ͨͦͫͭͤ ;͔ͯ͒ͫͤ·ͣηΣ τ ͔ͤ 

͋·ͦ͡ ζͦ;͔ͤΈ ͙͍ͪͦͨͦͭ͟͡·ͣηΣ ͭΦ͔Φ ͫͦ͗ͤ͡·ͣΦ ̉ͭͦ ͯͫͭͪ͊ͤΎ͔ͭ ͍͙͔ͦͫͤͦ͊ͤ ͒͡Ύ ͔͔͙͚ͨͪ͒ͨͦͦ͗ͤ͡ ͦ ͭͦͣΣ ;ͭͦ 

͚ͭ͊ͦ͟ ͔͙ͣ͊ͭͣ͊ͭ͟Σ ͙͊ͣ͟͟ ͋·͡ ͔̅ͪͣ͊Σ ͎ͣͦ ͙͒ͦͨͯͫͭͭΈ ͦ΄͙͋ͯ͟ ͍ ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭΣ ͔ͦͭͦͪͦ͟ ͔ͤ ͋·ͦ͡ 

ζ͙͍ͪͦͨͦͭ͟͡·ͣη ͙͙͡ ͯͣͦ͡;͊ͭΈ ͦ ͭͦͣΣ ;ͭͦ ͙ͦ͋ͤ͊ͪͯ͗͡ ͦ΄͙͋ͯ͟ ͍ ͦͭͪ͟·ͭͦͣ ͙ͣ ζ͙͙͔ͨͦͫͭͤ ;͔ͯ͒ͫͤͦͣη 

͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭ ͔͔ͭͦͪͣ·Φ 

˭ͤ͊;͙ͭΣ ͔͔ͫ͒ͯͭ͡ ͎͙ͫͦ͊ͫͭ͡ΈͫΎ ͫ ͍·͍ͦ͒ͦͣ ͍͊ͭͦͪ͊ о-ͻ ͙͎ͤ͟ ζˤ ͼ͍͔͊ͪͫͭ ͔͙ͫͣ͊͟͟͡Σ ͙͙͡ ˢ͙ͪͺ͔͙ͣͭ͊͟ 

͒͡Ύ ͍͔ͫͻη ˩ΦˮΦ ˮ ͎ͤ͊ͭΈ͔͍͊Σ ͙͔ͦ͗ͤͤ͘͡·ͣ ͍ ͙͎͔ͤ͟ ͍͚ͭͦͪͦ ό͙͎͙͔ͤͦ͒͊ͭ͘͟͡Έ͍ͫͭͦ ˢΦ˿Φ ˿ ͍͙ͯͦͪͤ͊Σ ˿˽͋ΦΣ мфлфύΥ 

ζ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͒͡Ύ ͎͙ͣͤͦͻ ;͊ͫͭͤ·ͻ ͫͯ͡;͔͍͊Σ ͔͔ͭͦͪͣ͊ ͔̅ͪͣ͊ ͒ͦ͊͊ͤ͊͘͟Φ ˹ͦ ͯ ͔̅ͪͣ͊ ͋·ͦ͡ ͦ͋΅͔͔ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͔Σ ͒͡Ύ ͍ͫΎ͎ͦͦ͟ nΣ ͙ Ήͭͦ-ͭͦ ͦ͋΅͔͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͔ͭͪ͋ͯͭͫΎ ͚͙ͤ͊ͭΦ ˽͙ͪ Ήͭͦͣ ͚͒ͦͫͭͦͤͦ 

͋·ͭΈ ͔ͦͭͣ;͔ͤͦΣ ;ͭͦ ͎͙͔ͣͤͦ ͔͚ͨͦ͒ͤ͘΄͙͔ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ό͚͔̏ͪ͡Σ ˴͔ͯͣͣͪύΣ ͒ͦ͊͘͟·͍͊Ύ ;͊ͫͭͤ·͔ ͫͯ͡;͙͊ 

͔͍͚̅ͪͣ͊ͭͦͦ ͔͔ͭͦͪͣ·Σ ͨͦ͡Έͯ͘ΌͭͫΎ ͙͙ͭ͊ͣ͟ ͙͔͙ͨͪͣ͊ͣΣ ͦͭͦͪ͟·͔ ͔͒͊ͦ͟͡ ͍·ͻͦ͒Ύͭ ͊͘ ͔͔ͨͪ͒͡· 

Ή͔͔͚ͣͤͭ͊ͪͤͦ͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ ͦͭͦͪ͟·͔ ͫ͊ͣͦͣͯ ͔̅ͪͣ͊ ͔ͤ ͎͙ͣͦ͡ ͋·ͭΈ ͙͍͔ͫͭͤ͘·Φ ˻;͔͍͙͒ͤͦΣ 

͎͔͙ͤ͊͡Έͤ·͚ ͺͪ͊ͤͼ͙͚ͯͫ͘͟ ͔͙ͣ͊ͭͣ͊ͭ͟ ΄͔͡ ͙͊ͣ͟͟-ͭͦ ͍͔ͫͦͪ΄͔ͤͤͦ ͦͫͦ͋·ͣ ͔ͨͯͭͣΣ ͯͫͦ͟͡Έ͍ͤͯ͘΄͙ͣ ͙͘ ͨͦ͡Ύ 

͔͙ͪͤ͘Ύ ͔͚ͨͦ͒ͤ͘΄͙ͻ ͔͙͍ͣ͊ͭͣ͊ͭͦ͟η ώнΣ ͫ Φ 245]. 

˿ ͋ͦ͡Έ΄͚ͦ ͔͚͒ͦ͡ ͍͔ͪͦΎ͙ͭͤͦͫͭ ͣͦ͗ͤͦ ͍͔ͯͭͪ͗͒͊ͭΈΣ ;ͭͦ ͤ͊ ͦ͒ͤͦͣ ͙͘ ͯ;͍͊ͫͭͦ͟ ͙ͨͯͭΣ ͦͭͦͪ͟·͚ 

͙͍͔ͨͪ͡ ͔̅ͪͣ͊ ͟ ζ͙͙͔ͨͦͫͭͤ ;͔ͯ͒ͫͤͦͣͯη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͯ ͍͔͔͙ͯͭͪ͗͒ͤΎΣ ͙͔͎ͦ͗ͤͤͦͦ͘͡ ͯͨͦͣΎ͚ͤͯͭͦ 

͔͚͊ͣͭͦ͘͟ ͤ͊ ͨͦ͡Ύͻ ζˢ͙ͪͺ͔͙͙ͣͭ͟ηΣ τ ͦͤ ͙ͨͦͤ͊ͦͣͫ͘͟͡Ύ ͫ ͍ͭͦͪ;͔͍ͫͭͦͣ ͍·͒͊Ό΅͔͎ͦͫΎ ͺͪ͊ͤͼ͎ͯͫͦͦ͘͟ 

͔͙ͣ͊ͭͣ͊ͭ͊͟ ̅ͪ͊ͤͫͯ͊ ˤ͙͔ͭ͊Φ ˢ ͙͔ͣͤͤͦΣ ͫ ͭͪ͊ͭ͊ͭͦͣ͟ ζ!Ř ƭƻƎƛǎǘƛŎŜƴ ǎǇŜŎƛƻǎŀƳ ƴƻǘŀŜ ǇǊƛƻǊŜǎηΣ 

͙͍ͦͨͯ͋ͦ͊ͤͤ͟͡·ͣ ͍ мспс ͎ ΦΣ ͨͦ-͍͙͙͒ͣͦͣͯΣ ͍ ͙͙ͫͦ͋ͪ͊ͤ ͫͦ;͙͔͙͚ͤͤ ζViete F. Vietae Francisci opera 

mathematika. Ludguni BatavarumΣ мспсη ώмΣ ͫ Φ 190, 192, нрнϐΦ ˤͦͣͦ͗ͤͦ͘Σ ;ͭͦ ͔̅ͪͣ͊ ͋·ͦ͡ ͙͍͔ͫͭͤͦ͘ 

͔͙͔ͫͦ͒ͪ͗͊ͤ Ή͎ͭͦͦ ͭͪ͊ͭ͊ͭ͊͟ ͎͊͒ͦͦ͘͡ ͒ͦ ͔͎ͦ ͙͍͙ͦͨͯ͋ͦ͊ͤ͟͡ΎΦ ˤ ͔͔͚ͨͦͫ͒ͤ͡ ;͙͊ͫͭ ͍͎ͤ͊͊ͤͤͦͦ͘ ͭͪ͊ͭ͊ͭ͊͟Σ 

͎͍͔͚ͦ͊͊ͤͤͦ͘͡͡ ζDŜƴŜǎƛǎ ǘǊƛŀƴƎǳƭƻǊǳƳηΣ ˤ͙͔ͭ ͯ͊͊͘͟͡ ͙͎͙ͦͪͤ͊͡Έͤ·͚ ͫͨͦͫͦ͋ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη 

ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͔ͨͯͭͣ ͔͙ͯͣͤͦ͗ͤΎ ͎͒͊ͤͤͦͦ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͤ͊ ͎͚͒ͪͯͦΣ 

͔͙͚ͭͪͭ ͙ ͭΦ͒Φ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟Φ 

́͊ͣ ͔͗ ˤ͙͔ͭ ͔ͪ͊ͫͫͣͦͭͪ͡ ζ͍͔͙͔ͫͦͫͭ͊ͤ͡η ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͔ͨͯͭͣ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͎ͤͦͦ ͔͙ͯͣͤͦ͗ͤΎ ͤ͊ ͔ͫ͋Ύ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡  ͨ ͙ͪ ͍͙͙ͦͫͤͦ͊ͤ 

aΣ ͍·͚ͫͦͭͦ b ͙  ͎͙͔͚ͨͦͭͤͯͦ͘ cΣ ;ͭͦ ͍͙ͪ͊ͤͦͫ͡Έͤͦ ͍͍͔͔͙ͦ͒ͤ͘Ό ͎͒͊ͤͤͦͦ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ a b c 

͍ ͡Ό͋ͯΌ ͼ͔ͯ͡Ό ͙͔ͨͦͦ͗ͭ͡͡ΈͤͯΌ ͔͔ͫͭͨͤΈ ώмΣ ͫ Φ 195-мфтϐΦ ͔̅ͪͣ͊Σ ͍͙͙͒ͣͦΣ ͤ͊͘͡ ͚ͭ͊ͦ͟ ͫͨͦͫͦ͋ 

ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͎ͦ͒͊͟ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ ͯͨͦͣΎ͚ͤͯͭͦ ͔͙͊ͣͭ͘͟ ͤ͊ ͨͦ͡Ύͻ 

ζˢ͙ͪͺ͔͙͙ͣͭ͟ηΣ ͍͙ͨͦͭͦͪͣΣ ͔͔͔ͦͨͪ͒ͤͤͦ͡ ͍͔ͯͭͪ͗͒͊͡Σ ;ͭͦ ͦͭͪ͟·͡ ζ͙͙͔ͨͦͫͭͤ ;͔͔ͯ͒ͫͤͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ 

͍͔͎ͫͦͦ ͍͔͔͙ͯͭͪ͗͒ͤΎΦ ˻;͔͍͙͒ͤͦΣ ;ͭͦ ͔̅ͪͣ͊ ͤ͊͘͡ ͙ ͎ͣͦ ͙͔͙ͨͪͣͤͭΈ ͍ ͍͔ͫͦͣ ζ͙͙͔ͨͦͫͭͤ ;͔ͯ͒ͫͤͦͣη 

͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭ ͔ͣͭͦ͒ ͍͙ͭͪ͊ͭͦ͟͟ ͍͙͚ͯͫͦ͡ ͙ ͔ͪ΄͔͙ͤΎ ͊͒͊͘;͙ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͙ͣ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͊ͣ͟Σ 

ͦͭͦͪ͟·͚ ͙͔ͨͪͣͤΎ͡ ˨͙ͦͺ͊ͤͭ ͙ͨͪ ͍͔ͨͦͫͭ͊ͤͦ͟ ͙ ͔ͪ΄͔͙͙ͤ ͔ͤͦͭͦͪ͟·ͻ ͊͒͊͘;Σ ͍ ;͙͊ͫͭͤͦͫͭΣ ͊͒͊͘; 8 ͙ 19, 

͊ ͔ͭ͊͗͟ ͍ ͙͎͔ͤ͟  [1, ͫ Φ 5, 96, 97, 242]. 

˽͔ͦͫ͡ ˨͙ͦͺ͊ͤͭ͊ ͔͔͔͔ͤͦͨͪ͒ͤͤ͡·͔ ͍͔͙ͯͪ͊ͤͤΎ ͙͔͍͙ͫͫ͒ͦ͊͡͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͎͊ͪ͊͋ͫͦͦ͟ ˤͦͫͭͦ͊͟ -  

.͍ .͍, ͟ ͦͭͦͪ·͔ ͨ ͙͔ͪͣͤΎ͙͡ ͤ  ͔ͭ ͦ͡Έͦ͟ ͣ ͔ͭͦ͒· ˨ ͙ͦͺ͊ͤͭ͊, ͤ  ͙ͦ  ζ...͒ ͎͙͔ͪͯΣ ͔͔͋ͦ͡ ͔͍͙͔͒ͪͤ ͔ͣͭͦ͒· ͔ͪ΄͔͙ͤΎ 

͊͒͊͘; ͙͒ͦͺ͍͊ͤͭͦ͊ ͙͊ͤ͊͊͘͡Σ ͍ͦͫͤͦ͊ͤͤ·͔ ͤ͊ ͙ͦͣͨͦ͘͟ͼ͙͙ ͺͦͪͣ 
2 2x y+  ͙  ͤ͊ ͙͔͔͙͙ͨͪͣͤͤ ͙ͨͺ͎͍͊ͦͪͦ·ͻ 

͔ͭͪͦ͟Φ ˻͋͊ Ή͙ͭͻ ͔ͣͭͦ͒͊ ͋·͙͡ ͙͍͔ͫͭͤ͘· ͙ͪ͊ͤͤͣ ͙ͨͺ͎͔͚͊ͦͪͼ͊ͣΣ ͤͦ ͍ͦͫͻͦ͒ΎͭΣ ͨͦ-͍͙͙͒ͣͦͣͯΣ ͟ ͔͍͔͒ͪͤͣͯ 

ˤ͍͙͊ͦͤͯ͡Φ ˮ͔ͣͤͤͦ Ή͙ͭ ͔ͣͭͦ͒· ͔͍ͨͪ·͙ͣ ͔͔ͨͪͦ͟;͔͍͙͊͡ ͍ ˩͍ͪͦͨͯΦ ˸· ͤ͊ͻ͙ͦ͒ͣ ͙ͻ ͯ ˶͔ͦͤ͊ͪ͒ͦ 

˽͙͎͊ͤͫͦͦ͘͟Σ ˶͙ͯ͟ ˽͊;͙ͦ͡Σ ˨͙͗ͪͦ͊ͣͦ͡ ˴͊ͪ͒͊ͤͦΦ ͙̏ͭ ͔ͣͭͦ͒· ͋·͙͡ ;͙ͫͭͦ ͙͊ͪͺ͔͙ͣͭ;͔͙͙ͫͣ͟ ͙ 

͙͎͙͊͊ͫ͘͡͡Έ ͔͋͘ ͙͔͔͙ͨͪͣͤͤΎ Ύ͘·͊͟ ͍͔͎͋ͯͤͤͦͦ͟ ͙ͫ;͙͔͙ͫͤ͡Ύ ͙ ͯ;͔͙ͤΎ ͦ͋ ͍͔͙ͯͪ͊ͤͤΎͻΦ ̏ͭ͊ ͙͙ͤ͡Ύ ͨͦͯ͡;͙͊͡ 

͙͍͔͔ͫͭͤͦ͘ ͍͔͊ͪ͘΄͔͙͔ͤ ͍ ͍ͭͦͪ;͔͍͔ͫͭ ̅Φ ˤ͙͔ͭ͊ όмрпл - мслоύΣ ͦͭͦͪ͟·͚ ͤ͊ ͍͔ͦͫͤͦ ͺͦͪͣͯ͡· ͙ͦͣͨͦ͘͟ͼ͙͙ 

ͺͦͪͣ 
2 2x y+  ͍ ͍͔͡ ͙ͦͣͨͦ͘͟ͼ͙Ό ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͍͙ͪ͊ͤͦͫ͡ΈͤͯΌ ͔ͦͨͪ͊ͼ͙͙ ͔͙ͯͣͤͦ͗ͤΎ 

͔ͦͣͨͫͤ͟͟͡·ͻ ;͙͔ͫ͡η ώмΣ ͫ Φ 10, 11, 129, 130, 140-145, 212]. 
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˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ͔̅ͪͣ͊ ͎ͣͦ ͤ͊ͭ͘Έ ͙ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͍ ͍͔ͫͦͣ ζ͙͙͔ͨͦͫͭͤ ;͔ͯ͒ͫͤͦͣη ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭ 

͔͔ͨͦͫͭͪͦͤͤͦ ˤ͙͔ͭͦͣ ͙͎͙ͦͪͤ͊͡Έ͔ͤͦ ͙ͫ;͙͔͙͔ͫͤ͡ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔ͦͭͦͪͦ͟ ˮΦ ˥ Φ x ͊΄͍ͣ͊ͦ͊͟ ͙ 

˩Φ ˮ Φ ˿ ͍͙͊ͯͭͤ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊Όͭ ͙ ͨͦΎͫͤΎΌͭ ͍ ͎ͣͦͤͦͪ͊ͺ͙͙ ζˮ͙ͫͭͦͪΎ ͙͒ͦͺ͍͊ͤͭͦ͊ ͙͊ͤ͊͊͘͡ ͦͭ ˨ ͙ͦͺ͊ͤͭ͊ ͒ͦ 

͔̅ͪͣ͊η ώмΣ ͫ Φ 193-нллϐΦ ˹͙͔͗ ͙͔ͦ͗ͤ͘͡· ͙ͫͨͦ͡Έ͍ͦ͊ͤͤ͘·͔ ͍ ͼ͔͡Ύͻ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͔͔ͭͦͪͣ· ͙ 

ͦ͋ͦ͋΅͊Ό΅͔͚ ͔͔ ͎͙͔ͨͦͭ͘· ˣ͙͊͡ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͔͎ͨͦͫͭͪͦͤͤͦͦ ˤ͙͔ͭͦͣ ͙͎͙ͦͪͤ͊͡Έ͎ͤͦͦ ͙ͫ;͙͔͙ͫͤ͡Ύ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ ͨͦΎ͔͙ͫͤͤΎ ͍͍͊ͭͦͪͦ ͎ͣͦͤͦͪ͊ͺ͙͙Φ 

˹͊ͫͭͦΎ΅͔͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΣ ͔͔ͪ͊ͯͣͭͫ͘ΎΣ ͔ͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͔ͯͭͪ͗͒͊ͭΈΣ ;ͭͦ ͔̅ͪͣ͊ ͍ ͍͔ͫͦͣ 

ζ;͔ͯ͒ͫͤͦͣη ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭ ͙ͫͨͦ͡Έ͍ͦ͊͘͡ ͙͔ͣͤͤͦ ͍ͭͪ͊ͭͦͯ͟͟ ͔͔ͭͦͪͣ· ͨͪΎ͎ͣͦͯͦ͡Έͤ·͙ͣ 

͔͎ͭͪͯͦ͡Έ͙͙ͤ͊ͣ͟ ͫ ͚ͦͨͦͪͦ ͤ͊ ͔͔ͨͦͫͭͪͦͤͤͦ ˤ͙͔ͭͦͣ ͙ͫ;͙͔͙͔ͫͤ͡ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ Ή͍͙͍͔͔͊ͤͭͤͦ͟͡ 

͍͍͔͔͙ͦ͒ͤ͘Ό ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ҙ b c ͍ ͡Ό͋ͯΌ ͼ͔ͯ͡Ό ͙͔ͨͦͦ͗ͭ͡͡ΈͤͯΌ ͔͔ͫͭͨͤΈ ͙ ͔ͣͭͦ͒ 

ͫͨͯͫ͊͟Φ ˭ͤ͊;͙ͭΣ ͔ͤ͡Έ͘Ύ ͙ͫ͟͡Ό;͊ͭΈΣ ;ͭͦ ͔̅ͪͣ͊ ͙ͫͨͦ͡Έ͍ͦ͊͘͡ ͎͙͔͒ͪͯ ͔͍ͫͪ͒ͫͭ͊Φ ˹͙͔͊ͨͪͣͪΣ ͒ͦ͊͊͘͟͡Σ ;ͭͦ 

͙ͪ͊ͦ͗ͭ͘͡Έ ͔͔ͫͭͨͤΈ ͤ͊ͭͯͪ͊͡Έ͎ͤͦͦ ;͙ͫ͊͡ ͫ ͼ͔͡·ͣ ͔͔ͨͦ͊͊ͭͣ͘͟͡ ͋ͦ͡Έ΄͔ н ͤ͊ ͫͯͣͣͯ ͍͒ͯͻ ͔͔͔͚ͫͭͨͤ 

ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ ͫ ͔ͭͣ ͔͗ ͔͔ͨͦ͊͊ͭͣ͘͟͡ ͔͍ͤͦͣͦ͗ͤͦ͘ ͨͦͭͦͣͯΣ ;ͭͦ ͔͙ͫ͡ x y z Ύ͍͡ΎΌͭͫΎ ͔ͪ΄͔͙͔ͤͣ 

͍͔͙ͯͪ͊ͤͤΎ 
n n nx y z+ =Σ ͭͦ 

2

2 2 2 (2 2 )rz x y xy= + - -, 

͊ ;͙ͫͦ͡ 

2

2 r  Ύ͍͡Ύ͔ͭͫΎ ͙ͪͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣ ͙ͨͪ ͡Ό͋ͦͣ ͔͚͍͙͔͒ͫͭͭ͡Έͤͦͣ r > 2. 

˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ͔͙ͫ͡ ;͙ͫͦ͡ 

2

2 r  ͙ ͪͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦΣ ͭͦ ͍͔͙͔ͯͪ͊ͤͤ 
22 2( )

2r
z x y

xy

- -
= , 

͔ͤ ͙͔͔ͣͭ ͔ͪ΄͔͙ͤΎ ͍ ͼ͔͡·ͻ ;͙ͫ͊͡ͻ x y zΣ ͊ ͤ͊͘;͙ͭΣ ͙ ͍ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻΦ ˽ͦΉͭͦͣͯ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͎ͭͦͦΣ ͙͔͊͟͟ 

͙͔ͣͤͤͦ ͔͍ͫͪ͒ͫͭ͊ ͙ͫͨͦ͡Έ͍ͦ͊͘͡ ͔̅ͪͣ͊ ͍ ͍͔ͫͦͣ ζ͙͙͔ͨͦͫͭͤ ;͔ͯ͒ͫͤͦͣη ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭΣ ͤ͊ͫͭͦΎ΅͔͔ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΣ ͨͦ ͙ͫͯͭΣ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͔͔ͭͦͪͣ· ͍ XVII  ͍Φ 

Ή͔͔ͣͤͭ͊ͪͤ͡·͙ͣ ͔͙ͣͭͦ͒͊ͣΣ ͦͭͦͪ͟·͔ ͤ͊͘͡ ͙ ͎ͣͦ ͤ͊ͭ͘Έ ͔̅ͪͣ͊Φ ˮ ͔ͭͣ ͫ͊ͣ·ͣ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ 

ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ζ͙͙͔ͨͦͫͭͤ ;͔͎ͯ͒ͫͤͦͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͍͔͔͙ͯͭͪ͗͒ͤΎΣ ͙͔͎ͦ͗ͤͤͦͦ͘͡ ͯͨͦͣΎ͚ͤͯͭͦ 

͔͚͊ͣͭͦ͘͟ ͤ͊ ͨͦ͡Ύͻ ζˢ͙ͪͺ͔͙͙ͣͭ͟ηΦ ˹͊͒ͦ ͎ͨͦ͊͊ͭ͡ΈΣ ;ͭͦ ͔̅ͪͣ͊ ͙͔ͣ͡ ͒ͦͫͭ͊ͭͦ;͔ͤͦ ͍͙͔ͦͫͤͦ͊ͤ ͫ;͙ͭ͊ͭΈ 

ͦͭͪ͟·͔ͭͦ ͙ͣ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ζ͙͙͔ͨͦͫͭͤ ;͔ͯ͒ͫͤ·ͣηΦ 

ˢ͍ͭͦͪ ͎͔͋͊ͦ͒͊ͪͤ͡ ˮ͔͔͊͋͘͡͡ ˥͙͎ͪͦͪΈ͔͍͔ͤ ˣ͊΄͍͚ͣ͊ͦͦ͟ ͙ ˩͍͎͔͙ͤΌ ˮ͙ͦͫͺ͍͙ͦ;ͯ ˿͍͙͊ͯͭͤͯ͡ ͊͘ 

ͤ͊ͯ;ͤͯΌ ͪ͊͋ͦͭͯΣ ͍ ͚ͦͭͦͪͦ͟ ͯ͊͊ͤ͘͟ ͨͯͭΈΣ ͦͭͦͪ͟·ͣΣ ͍͔ͪͦΎͭͤͦΣ ͔̅ͪͣ͊ ΄͔͡ ͟ ͍͔ͫͦͣͯ ζ͙͙͔ͨͦͫͭͤ 

;͔ͯ͒ͫͤͦͣͯη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͯ ͙ ͦͭͦͪ͟·͚ ͙͍͔ͨͪ͡ ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͯ ͔͔ͭͦͪͣ· ͙ ͦ͋ͦ͋΅͊Ό΅͔͚ ͔͔ ͎͙͔ͨͦͭ͘· 

ˣ͙͊͡ Ή͔͔ͣͤͭ͊ͪͤ͡·͙ͣ ͔͙ͣͭͦ͒͊ͣΦ 

мΦ ˨͔ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ˤ͔͙͚ͦ͟͡ ͔͔ͭͦͪͣ· ͔̅ͪͣ͊ 

͔͔́ͦͪͣ͊Σ ͫͺ͙͍ͦͪͣͯͪͦ͊ͤͤ͊͡Ύ ͍ ͦ͋΅͔ͣ ͍͙͔͒ ζΧ͙͍ͤ͊ͨͪͦͭ ͊͒͊͘;͙ 8Σ ͍ ͚ͦͭͦͪͦ͟ ͔͔ͭͪ͋ͯͭͫΎ 

͊͒͊ͤͤ͘·͚ ͍͊͒ͪ͊ͭ͟ ͙ͪ͊ͦ͗ͭ͘͡Έ ͍ ͫͯͣͣͯ ͍͒ͯͻ ͍͍͊͒ͪ͊ͭͦ͟ηΣ τ ͯ ͍͔͔ͭͪ͗͒͊ͭΣ ;ͭͦ ζΧ͍͔͙͔ͯͪ͊ͤͤ 
n n nx y z+ =                                                                      (1) 

͙ͨͪ n > н ͙ x y z ґ л ͔ͤ ͙͔͔ͣͭ ͔ͪ΄͔͙͚ͤ ͍ ͼ͔͡·ͻ ;͙ͫ͊͡ͻ ό͊ ͤ͊͘;͙ͭ ͙ ͍ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻύη ώмΣ c. 103, 212]. 

ˮ͘ ͍͙͚ͯͫͦ͡ ͔͔ͭͦͪͣ· ͔͔ͫ͒ͯͭ͡Σ ;ͭͦ ͒͡Ύ ͔͖ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙ ͒ͦͫͭ͊ͭͦ;ͤͦ ͒ͦ͊͊ͭ͘͟ΈΣ ;ͭͦ 

͍͔͙͔ͯͪ͊ͤͤ όмύ ͔ͤ ͙͔͔ͣͭ ͔ͪ΄͔͙ͤΎ ͚͚ͭͪͦͦ͟ ͨͦͨ͊ͪͤͦ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ x y zΣ ͔͔͒͊͡ τ 

͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ x y z, τ ͨ ͙ͪ ͔ͤͦͭͦͪͦͣ͟ ͼ͔ͦͣ͡ ͔͔ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n > нΦ ̉ͭͦ ͍͔͡;͔ͭ ͍·͍ͦ͒ ͦ ͭͦͣΣ ;ͭͦ 

͍͔͙͔ͯͪ͊ͤͤ όмύ ͙ͨͪ ͡Ό͋ͦͣ ͼ͔ͦͣ͡ ͔͔ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n > н ͔ͤ ͙͔͔ͣͭ ͔ͪ΄͔͙ͤΎ ͍ ͼ͔͡·ͻ ;͙ͫ͊͡ͻ x y z ґ 0, 

ͤ͊͘;͙ͭΣ ͙ ͍ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ;͙ͫ͊͡ͻΣ τ ͨ ͦͭͦͣͯΣ ;ͭͦ ͔ͤͦͭͦͪ͟·ͣ ͔͔ͨͦ͊͊ͭͣ͘͟͡ ͔͔͙ͫͭͨͤ n ͣ ͔ͦ͗ͭ ͋·ͭΈ ͡Ό͔͋ͦ 

ͼ͔͔ͦ͡ ͙͔ͨͦͦ͗ͭ͡͡Έ͔ͤͦ ;͙ͫͦ͡Σ ͭΦ͔Φ ͍͔ͪ͊ͤͦ о ͙͙͡ п ͙͙͡ р ͙ ͍ ͚ͭ͊ͦ͟ ͔͗ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͒ͦ 

͔͔͋ͫͦͤ͟;͙ͤͦͫͭΦ 
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˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ͙͔ͤͦΣ ͭΦ͔Φ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͻͦͭΎ ͋· ͚ͦ͒ͤͦ ͚͙ͭͪͦ͟ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ ͤ͊ͭͯͪ͊͡Έͤ·ͻ 

;͙͔ͫ͡ x y zΣ ͦͭͦͪ͟·͔ ͙ͨͪ ͔ͤͦͭͦͪͦͣ͟ ͔͔ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n ͎͙ͣͦ͡ ͋· ͋·ͭΈ ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ τ 

ͦͤ͊͘;͊ͦ͡ ͋· ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͔͋ͫ;͙͔͎ͫͤͤͦͦ͡ ͔͍ͣͤͦ͗ͫͭ͊ ͔ͪ΄͔͙͚ͤ Ή͎ͭͦͦ ͍͔͙ͯͪ͊ͤͤΎ ͍ ͼ͔͡·ͻ ;͙ͫ͊͡ͻΣ 

ͦͭͦͪ͟·͔ ͨͦͯ͡;͙ͣΣ ͙͔ͤ͊ͨͪͣͪΣ ͔͙͔ͯͣͤͦ͗ͤͣ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ x y z ͤ͊ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k = ҕнΣ ҕоΣ ҕпΣ ҕр ͙ ͍ 

͚ͭ͊ͦ͟ ͔͗ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͒ͦ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͔ͤͦ ͦͤ͊͘;͔͊ͭΣ ;ͭͦ ͙ͨͪ ͔ͤͦͭͦͪͦͣ͟ ͔͔ͨͦ͊͊ͭ͘͟͡ n ͍͔͙͔ͯͪ͊ͤͤ όмύ ͔ͣͦ͗ͭ ͙͔ͣͭΈ 

͔͋ͫ;͙͔͔ͫͤͤͦ͡ ͔͍ͣͤͦ͗ͫͭͦ ͔ͪ΄͔͙͚ͤ ͚͚ͭͪͦͦ͟ ͼ͔͡·ͻ ;͙͔ͫ͡ xk, yk, zk: 

( ) ( ) ( )n n nxk yk zk+ =                                                          (2) 

͍͔͙͔̂ͪ͊ͤͤ όнύ ͔͍͔ͭͦ͗͒ͫͭͤͤͦ ͍͔͙ͯͪ͊ͤͤΌ όмύΣ ͙ͨͪ;͔ͣ ͙ͨͪ ͡Ό͚͋ͦ ;͔͙ͭͤͦͫͭ ͔͎ͤͦͭͦͪͦͦ͟ ͔ͨͦ͊͊ͭ͘͟͡Ύ 

͔͔͙ͫͭͨͤ nΣ ͨͦͫͦ͟͡Έͯ͟ ͨͦͯ͡;͔ͤͦ ͔͙͔ͯͣͤͦ͗ͤͣ ͔͍͚ͦ͡ ͙ ͍͚ͨͪ͊ͦ ;͙͊ͫͭ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͤ͊ ͦ͒ͤͦ ͙ ͭͦ ͔͗ ͼ͔͔ͦ͡ 

;͙ͫͦ͡ knΦ ̒ͫͤͦΣ ;ͭͦ ͔͙ͫ͡ ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͙ͨͪ ͔ͤͦͭͦͪͦͣ͟ ͔͔ͨͦ͊͊ͭ͘͟͡ n ͔ͣͦ͗ͭ ͋·ͭΈ ͚ͭͪͦ͊͟ 

͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ ;͙͔ͫ͡ x y zΣ ͭͦ ͙ ͚ͭͪͦ͊͟ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·ͻ ͼ͔͡·ͻ ;͙͔ͫ͡ x y zΣ ͊ ͔ͭ͊͗͟ ͙ kx, ky, kz, τ ͭ ͔͊͗͟ 

͔ͣͦ͗ͭ ͋·ͭΈ ͔ͪ΄͔͙͔ͤͣ Ή͎ͭͦͦ ͍͔͙ͯͪ͊ͤͤΎΦ ˽͙ͪ Ήͭͦͣ x y z ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ kx ky kz ͎ͣͦͯͭ ͋·ͭΈ ͊͟͟ 

͙͔ͨͦͦ͗ͭ͡͡Έͤ·͙ͣΣ ͭ͊͟ ͙ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·͙ͣΣ ͙ͨͪ;͔ͣ ͍ ͡Ό͋ͦͣ ͍ͦͣͦ͗ͤͦͣ͘ ͫͦ;͔͙͙ͭ͊ͤ ͙ ͙ͨͪ ͡Ό͚͋ͦ 

;͔͙ͭͤͦͫͭ ͔͎ͤͦͭͦͪͦͦ͟ ͔ͨͦ͊͊ͭ͘͟͡Ύ ͔͔͙ͫͭͨͤ n > нΦ ˽ͦͭͦͣͯΣ ;ͭͦ ͙ͨͪ ͡Ό͚͋ͦ ;͔͚ͭͤͦ ͔͔͙ͫͭͨͤ n ͔͊͗͒ͦ͟ 

͎͔͔ͫ͊͊ͣͦ͡ ͙ ͙ͻ ͫͯͣͣ͊ ͋ͯ͒ͯͭ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·ͣ ;͙ͫͦͣ͡Σ ͊ ͙ͨͪ ͔ͤ;͔͚ͭͤͦ ͔͔͙ͫͭͨͤ n ͙ ͙ͦͭͪͼ͔͊ͭ͡Έͤͦͣ 

ͤ͊͘;͔͙͙ͤ x ͙ ͙͡ y ͙ ͙͡ z ͯ ͍͔͙͔ͪ͊ͤͤ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͙ͣ ͔͍͔ͭͦ͗͒ͫͭͤͤ·͙ͣ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ͙ͣ ͙͍͙ͨͪͦ͒ͭͫΎ 

͟ ͍͙͒ͯ όмύ ͙͙͡ όнύΦ 

˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͙͔ͤͦ ͦͤ͊͘;͔͊ͭΣ ;ͭͦ ͔͔ͭͦͪͣ͊ ͔ͤ ͍͔ͪͤ͊Σ ͨͦͫͦ͟͡Έͯ͟ ͙͘ ͍͒ͯͻ ͍͔͔͙͚ͯͭͪ͗͒ͤΣ ͦͭͦͪ͟·͔ 

ͤ͊ͻͦ͒ΎͭͫΎ ͍ ͦͭͤͦ΄͔͙͙ͤ ͙͍͔ͨͪͦͭͦͪ;͙ΎΣ ͭͦ͡Έͦ͟ ͦ͒ͤͦ ͔ͣͦ͗ͭ ͋·ͭΈ ͙͙ͫͭͤͤ·ͣΣ ͊ ͎͔͒ͪͯͦ ͫ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ 

Ύ͍͡Ύ͔ͭͫΎ ͦ͗ͤ͡·ͣΣ ͭΦ͔Φ ͦ΄͙͋ͦ;ͤ·ͣΦ 

˽͔͙ͪ͒ͨͦͦ͗ͣ͡Σ ;ͭͦ ͙͙ͫͭͤͤ·ͣ Ύ͍͡Ύ͔ͭͫΎ ͍͔͔͙͔ͯͭͪ͗͒ͤΣ ͙͍͔ͨͪͦͭͦͪ;͊΅͔͔ ͔͔͔ͭͦͪͣΣ ͊ ͙͔ͣͤͤͦΣ ;ͭͦ 

͙ͨͪ ͔ͤͦͭͦͪͦͣ͟ ͼ͔ͦͣ͡ ͔͔ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n > н ό͔͔͒͊͡ τ ͔͔ͨͦ͊͊ͭ͘͟͡ n ͙͙͡ ͔͔͙ͫͭͨͤ n ͙͙͡ n > 2) 

͍͔͙͔ͯͪ͊ͤͤ όмύ ͙͔͔ͣͭ ͔ͪ΄͔͙͔ͤ ͚͚ͭͪͦͦ͟ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ x0 y0 z0 ό͔͒ͫ͘Έ ͙ ͔͔͒͊͡ 

͔͍͔ͨͦ͒ͪ͊ͯͣ͊ͣ͘ ͨͦͨ͊ͪͤͦ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·͔ x0 y0 z0). 

͎́ͦ͒͊ ͍͔͙͔ͯͪ͊ͤͤ όмύ ͙͊ͨ͘΄͔ͣ ͍ ͍͙͔͒ 

0 0 0

n n nx y z+ = ,  

͙͘ ͎ͦͭͦͪͦͦ͟ ͔͔ͫ͒ͯͭ͡Σ ;ͭͦ 0 0

n nx z<  ͙  0 0

n ny z< . 

˽ͯͫͭΈ 0 0

n nx y< Σ ͎ͭͦ͒͊ 0 0 0

n n nx y z< <  ͙ Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ 0 0 0x y z< <  

̂;͙ͭ·͍͊Ύ ͯ͊͊ͤͤ͘͟·͔ ͔͍͔͍ͤͪ͊ͤͫͭ͊Σ ͙ͪ͊ͫͫͣͦͭͪͣ ͔ͤͦͭͦͪ͟·͔ ͙͘ ͍ͦͣͦ͗ͤ͘·ͻ ͍͙͍͊ͪ͊ͤͭͦ 

͎͔͔͙ͦͣͭͪ;͔͎ͫͦͦ͟ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ό͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ύ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͙ ͔͎ͦ ͔ͪ΄͔͙ͤΎΦ 

˹͙͔͔͊͋ͦ͡ ͦ;͔͍͙͒ͤ·͚ ͍͙͊ͪ͊ͤͭ ͎͔͔͙ͦͣͭͪ;͔͚ͫͦ͟ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͙ ͔͎ͦ ͔ͪ΄͔͙ͤΎ 

ͨͦͯ͡;͙ͣΣ ͔͙ͫ͡ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͣ x0, y0, z0 ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ 0 0 0, ,n n nx y z Σ ͍͙ͫͦͨͦͫͭ͊ͣ ͔͙ͦͭͪ͘͟ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͍͔͙͡;͙ͤ· όͫͣΦ ͪ ͙ͫΦ 1): AB = x0
n, CD = y0

n, EK = z0
n, AB + CD = EK. 

 
˾͙ͫͯͤͦ͟ м ς ˮ ͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͙ ͔͎ͦ ͔ͪ΄͔͙ͤΎ ͔͙ͦͭͪ͊ͣ͘͟ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͍͔͙͡;͙ͤ· 

ˮͫͭͦ;͙ͤ͟Υ ͫͦ͒͊ͤͦ͘ ͍͊ͭͦͪͦͣ 
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˭͔͙͊ͣͭͣΣ ;ͭͦ 0 0 0       z x y< + Φ ˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ͔͙ͫ͡ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ 0 0 0     z x y² + Σ ͭͦ 

0 0 0 0 0             (  )n n n nz x y x y² + > +Σ ;ͭͦ ͙͍͔ͨͪͦͭͦͪ;͙ͭ ͍͔͙ͯͪ͊ͤͤΌ όмύΦ ̒ͫͤͦΣ ;ͭͦ ͔͙ͫ͡ 0 0 0x y z< <  ͙  

͍͔͙͡;͙ͤ͊ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ͔ͦͭͪ͊͘͟ ͔ͣͤΈ΄͔ ͫͯͣͣ· ͍͔͙͡;͙ͤ ͍͒ͯͻ ͎͙͒ͪͯͻ ͔͍ͦͭͪͦ͘͟Σ ͭΦ͔Φ 0 0 0       z x y< + Σ ͭͦ 

0 0 0       x y z< +  ͙  0 0 0       y x z< +Φ ͎́ͦ͒͊ ͔͙ͦͭͪ͊ͣ͘͟ x0, y0 ʠ z0 ͣͦ͗ͤͦ ͍͙ͫͦͫͭ͊ͭΈ ͔͎ͭͪͯͦ͡Έ͙ͤ͟Φ ˹͙͔͊ͨͪͣͪΣ 

æ ABC όͫͣΦ ͪ ͙ͫΦ нύΣ ͦͭͦͪ͟·͚ Ύ͍͡Ύ͔ͭͫΎ ͎͚͒ͪͯͦ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύΦ 

 
˾͙ͫͯͤͦ͟ н ς ˮ ͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ ͫͦ ͙ͫͭͦͪͦͤ͊ͣ x0 y0 z0 

ˮͫͭͦ;͙ͤ͟Υ ͫͦ͒͊ͤͦ͘ ͍͊ͭͦͪͦͣ 

 

˨͎͚ͪͯͦΣ ͔͔͔ͣͤ ͦ;͔͍͙͒ͤ·͚ ͍͙͊ͪ͊ͤͭ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͙ ͔͎ͦ ͔ͪ΄͔͙ͤΎ ͨͦͯ͡;͙ͣΣ ͔͙ͫ͡Υ 

1) ͍ ͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͣ x0 y0 z0 ͍͙ͫͦͨͦͫͭ͊ͣ ͎͙͔ͨͦͭͤͯ͘· ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͫ ͔ͤͦͭͦͪ͟·ͣ 

ͦͫͭͪ·ͣ ͎ͯͦͣ͡  ͙ͨͪ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣ ͍͙͙ͦͫͤͦ͊ͤΦ ˢ ͙͔ͣͤͤͦΣ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡ x0 ͍͙ͫͦͨͦͫͭ͊ͣ 

͎͙͔ͨͦͭͤͯͯ͘ OA0 æ OA0A1 όͫͣΦ ͪ ͙ͫΦ оύΣ ͙͔ͣΌ΅͔͎ͦ ͍͙͔ͦͫͤͦ͊ͤ ax, ͍·ͫͦͭͯ bx ͙ ͦͭͦͪ͟·͚ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ 

[1, ͫ Φ мфоϐ ͙͊ͨͫ͘·͍͔͊ͣ ͍ ͍͙͔͒ όax, bx, x0). 

˹͊ͭͯͪ͊͡Έͤ·ͣ ;͙ͫ͊ͣ͡ y0 ͙ z0 ͍͙ͫͦͨͦͫͭ͊ͣΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͎͙͔ͨͦͭͤͯͯ͘ OB0 ͍ æ OB0B1 (ay, by, y0) ͙ 

͎͙͔ͨͦͭͤͯͯ͘ OC0 ʚ æ OC0C1 (az, bz, z0). ̂͊͊ͤͤ͘͟·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ώмΣ ͫΦ мфрϐ ͤ͊͘·͍͔͊ͣ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·͙ͣΦ ˽ͦͫͦ͟͡Έͯ͟ x0 < y0 < z0Σ ͭͦ æ OA0A1 ͤ͊͘·͍͔͊ͣ ͙͔ͤ͊ͣͤΈ΄͙ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ 

͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟Φ ˿͍͔͍͔ͦͦͭͭͫͭͤͤͦΣ æ OB0B1 ͙ æ OC0C1 ͤ͊͘·͍͔͊ͣ ͔͙ͫͪ͒ͤͣ ͙ ͙ͤ͊͋ͦ͡Έ΄͙ͣ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟Φ 

 
˾͙ͫͯͤͦ͟ о ς ˽ ͔͍ͪͦͤ͊;͊͡Έͤ·͔ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OA0A1, OB0B1 ʠ OC0C1 

ˮͫͭͦ;͙ͤ͟Υ ͫͦ͒͊ͤͦ͘ ͍͊ͭͦͪͦͣ 

 

˽ͦΎ͙ͫͤͣ ͔͙͔ͨͦͫͭͪͦͤ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ όͫͣΦ ͪ ͙ͫΦ 3): 

OA0 = x0, A0A1  OC1; OB0 = y0, B0B1  OC1; OC0 = z0, C0C1  OC1. 
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˽ͯͫͭΈΣ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡Σ ͦͫͭͪ·͚ ͎ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1 

(ax, bx, x0), OB0B1 (ay, by, y0) ʠ OC0C1 (az, bz, z0) ͙͔͔ͣͭ ͙͍ͦ͒ͤ͊ͦͯ͟Ό ͍͔͙͡;͙ͤͯΣ ͍ͪ͊ͤͯΌ : 

0 <  ᷁C0OC1 =  < /́2. ˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͍ͤ͊͊ͤͤ͘·͔ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ ͨͦ͒ͦ͋ͤ· ͨͦ ͔ͭͪͣ 

͍ͪ͊ͤ·ͣ ͎ͯ͊ͣ͡Φ ˭ͤ͊;͙ͭΣ ͫͻ͍͔ͦ͒ͫͭͤͤ·͔ ͔͊ͭͭ͟· ͍ͤ͊͊ͤͤ͘·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ͫΎ͊ͤ͘· ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ 

ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͙ͻ ͎͙͔ͨͦͭͤͯ͘·Υ 

0 0 0

n n nx y z+ = ; 
n n n

x y za a a+ = ; 
n n n

x y zb b b+ = . 

˾͔͔͊ͯͣͭͫ͘ΎΣ ͍͔͙͡;͙ͤ͊ ͔͍͊ͭͭͦ͟ ͍ͤ͊͊ͤͤ͘·ͻ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭΦ͔Φ ͍͔͙͡;͙ͤ͊ 

͍͙ͦͫͤͦ͊ͤΎ ͙͙͡ ͍·ͫͦͭ· ͎͊͗͒ͦͦ͟ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͔ͣͦ͗ͭ ͍·ͪ͊͗͊ͭΈͫΎ ͊͟͟ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣΣ 

ͭ͊͟ ͙ ͙ͪͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Σ ͭΦ͔Φ (x0, y0, z0)  ɴN, (ax, ay, az, bx, by, bz)  ɴR. 

2) ͍͘ ͙͊ͣͤͦ ͨͪͦͫͭ·ͣ x0
n y0

n z0
n ͍͙ͫͦͨͦͫͭ͊ͣ ͎͙͔ͨͦͭͤͯ͘· ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ c ͦͫͭͪ·ͣ ͎ͯͦͣ͡ ὄ = n  ͙ͨͪ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣ ͍͙͙ͦͫͤͦ͊ͤΣ ͔͙ͫ͡ 0 < n  < ˊ/2Σ ͦͭͦͪ͟·͔ ͤ͊ 

͍͙͙ͦͫͤͦ͊ͤ ώмΣ ͫ Φ мфпΣ мфтϐ ͔͋ͯ͒ͣ ͤ͊͘·͍͊ͭΈ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͙ͣΦ ˢ ͙͔ͣͤͤͦΣ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡ x0
n 

͍͙ͫͦͨͦͫͭ͊ͣ ͎͙͔ͨͦͭͤͯͯ͘ OA æ OAC όͫͣΦ ͪ ͙ͫΦ пύΣ ͙͔ͣΌ΅͔͎ͦ ͍͙͔ͦͫͤͦ͊ͤ Rex ͙ ͍·ͫͦͭͯ ImxΤ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ 

;͙ͫͯ͡ y0
n ͫ ͍͙ͦͨͦͫͭ͊ͣ ͎͙͔ͨͦͭͤͯͯ͘ CD æ CDFΣ ͙͔ͣΌ΅͔͎ͦ ͍͙͔ͦͫͤͦ͊ͤ Rey ͙  ͍·ͫͦͭͯ ImyΤ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡ 

z0
n ͍͙ͫͦͨͦͫͭ͊ͣ ͎͙͔ͨͦͭͤͯͯ͘ OB æ OBFΣ ͙͔ͣΌ΅͔͎ͦ ͍͙͔ͦͫͤͦ͊ͤ Rez ͙  ͍·ͫͦͭͯ Imz. 

 
˾͙ͫͯͤͦ͟ п ς ˾ ͔ͯ͘͡Έ͙ͭͪͯΌ΅͙͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OAC, CDF ʠ OBF 

ˮͫͭͦ;͙ͤ͟Υ ͫͦ͒͊ͤͦ͘ ͍͊ͭͦͪͦͣΦ 

 

˽ͯͫͭΈ  ᷁BOF = ὄ = < ˊ/2, ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ  ᷁AOC =  ᷁DCF =  ᷁BAE = ὄ ʠ æ CDF = æ ABEΦ ͎́ͦ͒͊ 

AB = CD ʠ OB = OA + CDΦ ˽͙ͪ Ήͭͦͣ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ æ CDF ͍͙ͫ͒ͤͯͭ ͨͦ ͙ͦͫ ͊͋ͫͼ͙ͫͫ ͦͭ ͤ͊;͊͊͡ 

͙ͦͦͪ͒ͤ͊ͭ͟ ͤ͊ ͍͔͙͡;͙ͤͯ OC, τ ͒͡Ύ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͍͔͍ͪ͊ͤͫͭ͊ ͍͔͙͡;͙ͤ· ͎͙͔ͨͦͭͤͯ͘· OB ͔ͫͯͣͣ ͍͔͙͡;͙ͤ 

͎͙͔ͨͦͭͤͯ͘· OA ʠ CD: OB = OA + CD, 

0 0 0

n n nz x y= + . 

ˤ͔͙͡;͙ͤͯ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ n Σ ͍ͪ͊ͤͯΌ ͙͍͔͔͙ͨͪͦ͒ͤ͘Ό ͔ͨͦ͊͊ͭ͘͟͡Ύ ͔͔͙ͫͭͨͤ n ͙ ͔͎ͤͦͭͦͪͦͦ͟ 

͎ͦͫͭͪͦͦ ͎ͯ͊͡  ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͙͙͔ͨͪͤͣ͊ͣΣ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡Σ 

͍͚ͪ͊ͤͦ ͔ͤͦͭͦͪͦͣͯ͟ ͦͫͭͪͦͣͯ ͎ͯͯ͡Υ 0 <  ᷁BOF = Ŭ = n  < ˊ/2Σ ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ 

 ᷁AOC =  ᷁DCF =  ᷁BAE = Ŭ. 

˩͙ͫ͡ ͍͔͙͡;͙ͤ͊ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ n  ͋ ͦ͡Έ΄͔ 2Σ́ ͍ ;͙͊ͫͭͤͦͫͭΣ ͔͙ͫ͡ 2ḱ < n  < 2ḱ + ˊ/2, k  ɴN, 

ͭͦ ͚ͭ͊ͦ͟ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͎ͯͦ͡ n  ͦ ͋ͦͤ͊͘;͔͊ͣ ͎͍͚ͪͯͦͦ͟ ͙͚ͨͯͤͭͪͤͦ͟ ͙͙͔͚ͤ͡ ͙ ͙͍ͫͣͦͦͣ͡ ŭ όͫͣΦ ͪ ͙ͫΦ 4). 
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ˤ Ήͭͦͣ ͫͯ͡;͔͊ ͎ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAC, CDF ͙  OBF ͨ ͙͍͙ͪͦ͒ͣ ͟ ͦͫͭͪͦͣͯΣ 

;ͭͦ ͨͦΎ͙ͫͤͣ ͙͔ͤ͗Φ 

ˮͭ͊͟Σ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ æ OAC ͙͔͔ͣͭ ͎͙͔ͨͦͭͤͯͯ͘ OA, ͍ͪ͊ͤͯΌ x0
nΣ ͍͙͔ͦͫͤͦ͊ͤ 

( )           
n

ex x xOC R a b i= +  ͙  ͍·ͫͦͭͯ ( )           
n

mx x xAC I a b i= + Σ ͦͭͦͪ͟·͚ ͙͊ͨͫ͘·͍͔͊ͣ ͍ ͍͙͔͒ 0( ) , ,  n

ex mxR I x . 

˾͔ͯ͘͡Έ͙ͭͪͯΌ΅͙͚ æ CDF, ͦͭͦͪ͟·͚ ͙͊ͨͫ͘·͍͔͊ͣ ͍ ͍͙͔͒ ( )0,   ,  n

ey myR I y  ( )0,  ,  n

ey myR I y Σ ͙͔͔ͣͭ 

͍͙͔ͦͫͤͦ͊ͤ ( )           
n

ey y yCF R a b i= + Σ ͍·ͫͦͭͯ ( )           
n

my y yDF I a b i= +  ͙  ͎͙͔ͨͦͭͤͯͯ͘ 0    nCD y= . 

˾͔ͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ҟ OBFΣ ͦͭͦͪ͟·͚ ͙͊ͨͫ͘·͍͔͊ͣ ͍ ͍͙͔͒ ( )0,  ,  n

ex mxR I z Σ ͙͔͔ͣͭ ͍͙͔ͦͫͤͦ͊ͤ 

( )           
n

ez z zOF R a b i= + Σ ͍·ͫͦͭͯ ( )           mz z zBF I a b i= +  ͙  ͎͙͔ͨͦͭͤͯͯ͘ 0    nOB z= Φ ˽͙ͪ Ήͭͦͣ ͍͔͙͡;͙ͤ͊ 

͍͙ͦͫͤͦ͊ͤΎ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ 3) 

ͦ͋ͦͤ͊͘;͔͊ͭͫΎ ax ͙ ͙͡ ay ͙ ͙͡ azΣ ͊ ͍͔͙͡;͙ͤ͊ ͍·ͫͦͭ· ͦ͋ͦͤ͊͘;͔͊ͭͫΎΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ bx ͙ ͙͡ by ͙ ͙͡ bz. 

˩͙ͫ͡ 2          2     / 2k n kp d p p< j= < +, k  ɴN, ʪʦ æ OAC, æ CDF ʠ æ OBF όͫͣΦ ͪ ͙ͫΦ пύ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ 

[1, ͫ Φ 194, мфрϐ ͤ͊͘·͍͔͊ͣ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͙ͣ ͫ ͙͍͔͔ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡  h͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤΦ ˤ Ήͭͦͣ 

ͫͯ͡;͔͊  ᷁BOF,  ᷁DCF ʠ ᷁ BAE ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ Re ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ 

Ύ͍͡ΎΌͭͫΎ ͙͍͔͔ͨͪ͒ͤͤ·͙ͣ ͟ ͦͫͭͪͦͣͯΥ 0 <  ᷁BOF =  ᷁DCF =  ᷁BAE= Ŭ < ˊ/2. ˽͙ͪ Ήͭͦͣ ͍͔͙͡;͙ͤ͊ 

͍͙ͦͫͤͦ͊ͤΎ Re ͙ ͍·ͫͦͭ· Im ͎͊͗͒ͦͦ͟ ͍͎ͤ͊͊ͤͤͦͦ͘ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͍ 

͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͙͔͙͔ͤ͗ͦ͗ͤͤ͘͡·ͣ ͍͙ͨͪ͊ͦͣ͡ ζ͍͙͔͙ͪ͊͒͗ͤ͘Ύη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ 

ͫͺ͙͍ͦͪͣͯͪͦ͊ͤͤ͡·ͣ ˤ͙͔ͭͦͣ ͍ ͔͔͚ͨͦͫ͒ͤ͡ ;͙͊ͫͭ ͭͪ͊ͭ͊ͭ͊͟ ζ!Ř ƭƻƎƛǎǘƛŎŜƴ ǎǇŜŎƛƻǎŀƳ ƴƻǘŀŜ ǇǊƛƻǊŜǎηΣ 

͎͍͔͚ͦ͊͊ͤͤͦ͘͡͡ ζDŜƴŜǎƛǎ ǘǊƛŀƴƎǳƭƻǊǳƳη ώмΣ ͫ Φ 195-196]. 

˹͙͊ͨͦͣͤͣΣ ;ͭͦ ͍͔͙͡;͙ͤ͊ ͎ͦͫͭͪͦͦ ͎ͯ͊͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ 

OA0A1, OB0B1 ʠ OC0C1 ͔͎͔ͨͪ͒ͨͦ͊͊ͭͫ͡Ύ ͙͍͚ͦ͒ͤ͊ͦͦ͟ ͙ ͍͚ͪ͊ͤͦ  (0 <  < ˊ/2), τ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡ ͙ 

͍ͯ͒ͦ͋ͫͭ͊ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͍ͤ͊͊ͤͤ͘·ͻ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ όͫͣΦ ͪ ͙ͫΦ оύ ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAC, CDF ʠ OBF όͫͣΦ ͪ ͙ͫΦ пύΦ ˤ ͙ͤͦͣ ͫͯ͡;͔͊ ͍ͤ͊͊ͤͤ͘·͔ 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ ͎ͣͦͯͭ ͔͗͊ͭ͡Έ ͊͟͟ ͍ ͔͍͚ͨͪͦΣ ͭ͊͟ ͙ ͍ ͡Ό͚͋ͦ ͎͚͒ͪͯͦ ͙͚ͦͦͪ͒ͤ͊ͭͤͦ͟ 

;͔͍͔͙ͭͪͭ ͙͙͡ ͍ ͪ͊ͤ͘·ͻ ;͔͍͔ͭͪͭΎͻΣ τ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͍͔͙͡;͙ͤ· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡Σ ͍͎ͪ͊ͤͦͦ 

͙͍͔͔͙ͨͪͦ͒ͤ͘Ό ͔͎ͤͦͭͦͪͦͦ͟ ͔ͨͦ͊͊ͭ͘͟͡Ύ ͔͔͙ͫͭͨͤ n ͙ ͔͚ͤͦͭͦͪͦ͟ ͍͔͙͡;͙ͤ· ͎ͦͫͭͪͦͦ ͎ͯ͊͡ 1- 3 ͙ͨͪ 

͍͙͙ͦͫͤͦ͊ͤ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Φ 

͔͎́ͪͯͦ͡Έ͙͙ͤ͟ OAC, CDF ͙ OBF όͫͣΦ ͪ ͙ͫΦ пύ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ώмΣ ͫ Φ мфпϐ ͤ͊͘·͍͔͊ͣ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͙ͣ 

ͨͦͭͦͣͯΣ ;ͭͦ ͙ͦͤ Ύ͍͡ΎΌͭͫΎ ͔ͦͤ͟;ͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͙͔͔͙ͨͪͣͤͤΎ ͟ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ оύ ͔͍͚ͨͪͦ ͔ͦͨͪ͊ͼ͙͙ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ 

͙͔͚ͦ͗ͤͤͦ͘͡ ͍ ͔͔͚ͨͦͫ͒ͤ͡ ;͙͊ͫͭ ͍·΄͔͍͎ͤ͊͊ͤͤͦͦ͘ ͭͪ͊ͭ͊ͭ͊͟ ˤ͙͔ͭ͊Σ ͔͙ͫ͡ ͙͍͔͔͙͔ͨͪͦ͒ͤ͘ n Σ ͭΦ͔Φ 

͔͎ͤͦͭͦͪͦͦ͟ ͔ͨͦ͊͊ͭ͘͟͡Ύ ͔͔͙ͫͭͨͤ n ͙ ͍͔͙͡;͙ͤ· ͎ͦͫͭͪͦͦ ͎ͯ͊͡  ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͍ͤ͊͊ͤͤ͘·ͻ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ τ ͔ͤ ͔͍ͨͪ·΄͔͊ͭ ͍͔͙͡;͙ͤ· ͎ͦͫͭͪͦͦ ͎ͯ͊͡Υ 0 < n  = Ŭ < ˊ/2. ˤ ͙ͤͦͣ 

ͫͯ͡;͔͊Σ ͔͙ͫ͡ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͎ͯͦ͡ n  > ˊ/2Σ ͍ ;͙͊ͫͭͤͦͫͭΣ ͔͙ͫ͡ 2            2   / 2k n kp d p p< j= < +, k  ɴN, ͙ 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͫ ͙͍͔͔ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ ͙ͨͪ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣ ͍͙͙ͦͫͤͦ͊ͤΣ ͍ ͭͦͣ 

;͙͔ͫ͡ ͙ ζ͙͍͔͔ͨͪ͒ͤͤ·͚η ͨͦ ͔ͣͭͦ͒ͯ ˤ͙͔ͭ͊ ͍ ͔͍ͨͪͯΌ ;͔͍͔ͭͪͭΈΣ τ ζΧͦ͋·;ͤͦ ͨͦΎ͍͡Ύ͔ͭͫΎ ͭͦ͡Έͦ͟ ͒͡Ύ 

͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͙͔͔͙ͨͪͣͤͤΎ ͚ͭ͊ͦ͟ ͔ͦͨͪ͊ͼ͙͙Σ ͭͦ ͙͙ͤ͊͟͟ͻ ͔͔͙͚ͤ͒ͦͪ͊ͯͣͤ͘ ͔ͤ 

͍͙͔ͦͤ͊ͭ͘͟η ώмΣ c. 195]. 

˽ͦΎ͙ͫͤͣΣ ;ͭͦ ͨͦ͒ ͙͔͔͙͔ͨͪͣͤͤͣ ͟ ͍ͤ͊͊ͤͤ͘·ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ ͔͍͚ͨͪͦ 

͔ͦͨͪ͊ͼ͙͔͚ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙͔ͨͦͤͣ͊ͭͫΎ ͔͙͔ͯͣͤͦ͗ͤ ͤ͊ ͔ͫ͋Ύ ͎͊͗͒ͦͦ͟ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͪ͊ͭͤͦ͟ ͔͔͙ͫͭͨͤ nΦΣ ;ͭͦ ͍͙ͪ͊ͤͦͫ͡Έͤͦ ͍͍͔͔͙ͦ͒ͤ͘Ό ͎͊͗͒ͦͦ͟ ͍͎ͤ͊͊ͤͤͦͦ͘ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͔ͤͦͭͦͪͯ͟Ό ͔͔ͫͭͨͤΈ n [1, ͫ Φ 195-мфсϐΦ ́͊͊͟Ύ ͔ͦͨͪ͊ͼ͙Ύ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ 
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͙͔͙͔ͤ͗ͦ͗ͤͤ͘͡·͙ͣ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ͙ͣ ˤ͙͔ͭ͊ -  ͙ ͫͺ͙͍ͦͪͣͯͪͦ͊ͤͤ͡·ͣ ͙ͣ ͍͙ͨͪ͊ͦͣ͡ 

ζ͍͙͔͙ͪ͊͒͗ͤ͘Ύη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ 

˽͙ͪ Ήͭͦͣ ͔ͦͤ͟;ͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͍ͤ͊͊ͤͤ͘·ͻ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ 

͔ͤͦͭͦͪͯ͟Ό ͔͔ͫͭͨͤΈ n > н ͙͔͔͙͔ͤͭͪͨͪͭͪͯͭͫΎ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ ˤ͙͔ͭ͊ ͫ ͦͫͭͪ·ͣ ͙͙͡ 

͙͍͔͔ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ ͙ͨͪ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣ ͍͙͙ͦͫͤͦ͊ͤΦ 

ˮͭ͊͟Σ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OAC, CDF ʠ OBF όͫͣΦ ͪ ͙ͫΦ пύ ͨͦͯ͡;͔͊ͣ ͍͍͔͔͙͔ͦ͒ͤͣ͘ ͍ 

͔ͤͦͭͦͪͯ͟Ό ͔͔ͫͭͨͤΈ n ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ 3), τ ͍ 

͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͔͔͋ͯͨͪ͘;ͤͦ ͔ͨͦͫͭͪͦͤͤ·ͣ ͍·͒͊Ό΅͙ͣͫΎ ͺͪ͊ͤͼ͙ͯͫͣ͘͟ ͔͙ͣ͊ͭͣ͊ͭͦͣ͟ ̅ͪ͊ͤͫͯ͊ ˤ͙͔ͭͦͣ 

͙͎͙ͦͪͤ͊͡Έͤ·ͣ ͙ͫ;͙͔͙͔ͫͤͣ͡ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ ˤ ;͙͊ͫͭͤͦͫͭΣ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͦ͋΅͙ͣ ͍͙ͨͪ͊ͦͣ͡ 

ζ͍͙͔͙ͪ͊͒͗ͤ͘Ύη ͙͙͡Σ ͨͦ ͔͙͎͙͙ͭͪͣͤͦͦ͡ ͍͍͊ͭͦͪͦ ͎ͣͦͤͦͪ͊ͺ͙͙Σ ζ͍͖ͪ͊ͪͭ͘·͍͙͊ͤΎη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ώмΣ ͫ Φ 195-197]. 

̏ͭͦ ͍͙ͨͪ͊ͦ͡Σ ͙ͤ͊ͨͦͣͤͣΣ ͙͔ͦ͗ͤͦ͘͡ ͍ ͔͔͚ͨͦͫ͒ͤ͡ ;͙͊ͫͭ ͭͪ͊ͭ͊ͭ͊͟ ˤ͙͔ͭ͊ ζ!Ř ƭƻƎƛǎǘƛŎŜƴ ǎǇŜŎƛƻǎŀƳΣ 

ƴƻǘŀŜ ǇǊƛƻǊŜǎηΣ ͦͭͦͪ͊͟Ύ ͤ͊͘·͍͔͊ͭͫΎ ζDŜƴŜǎƛǎ ǘǊƛŀƴƎǳƭƻǊǳƳη ͙ ͔͙ͫͦ͒ͪ͗ͭ ζΦΦΦмн ͔͔͙͚ͨͪ͒ͦ͗ͤ͡ ό- ). 

ˤ ͔͍ͨͪ·ͻ ͔͍͒Ύ͙ͭ ͙͘ ͙ͤͻ ˤ͙͔ͭ ͙ͫͭͪͦͭ ͍͔͔ͫͦͦ͋ͪ͊ͤͦ͘ ͙ͫ;͙͔͙͔ͫͤ͡ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͙ͦͨͪ͊ΎͫΈ ͤ͊ ͺͦͪͣͯͯ͡ 

͙ͦͣͨͦ͘͟ͼ͙͙ ͺͦͪͣΣ ͦͭͦͪ͊͟Ύ ͋·͊͡ ͍·͍͔͔͒ͤ͊ ͙ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͊͘ ˶͔ͦͤ͊ͪ͒ͦ ˽͙͙͊ͤͫͣ͘͟η ώмΣ ͫ Φ 193]. 

2 2 2 2 2 2 2 2( )( ) ( ) ( ) ( ) ( )x y u v xu yv xv yu xu yv xv yu+ + = - + + = + + -              (3) 

1.1 ˭͔͒ͫΈ ͍͒ͦͫͦͤͦ͡ ͙͍͙ͨͪͦ͒ͣ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͔ͪ͊͒͊͘͡ р ͎͍͊͡·  ;͙͊ͫͭ  ͎ͣͦͤͦͪ͊ͺ͙͙ ˮΦ ˥ Φ 

ˣ͊΄͍͚ͣ͊ͦͦ͟ ͙ ˩Φ ˮ Φ ˿͍͙͊ͯͭͤ͊͡ ζˮ͙ͫͭͦͪΎ ͙͒ͦͺ͍͊ͤͭͦ͊ ͙͊ͤ͊͊͘͡ ͦͭ ˨͙ͦͺ͊ͤͭ͊ ͒ͦ ͔̅ͪͣ͊ηΣ ͙͔͙͔ͨͪͣͤͣͦ ͍ 

ͼ͔͡Ύͻ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͔͔ͭͦͪͣ· ͙ ͦ͋ͦ͋΅͊Ό΅͔͚ ͔͔ ͎͙͔ͨͦͭ͘· ˣ͙͊͡Φ ˤ Ήͭͦͣ ͔͔ͪ͊͒͘͡Σ ͎͍͔ͦ͊͊ͤͤͦͣ͘͡͡ 

ζDŜƴŜǎƛǎ ǘǊƛŀƴƎǳƭƻǊǳƳηΣ ͍͊ͭͦͪ· ͎ͣͦͤͦͪ͊ͺ͙͙ ͨͦ͒ͪͦ͋ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊Όͭ ͙ ͨͦΎͫͤΎΌͭ ͔͔ͨͦͫͭͪͦͤͤͦ ˤ͙͔ͭͦͣ 

͙͎͙ͦͪͤ͊͡Έ͔ͤͦ ͙ͫ;͙͔͙͔ͫͤ͡ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡ -  ͙ ͦ͋΅͔͎ͦ 

͍͙ͨͪ͊͊͡ ζ͍͙͔͙ͪ͊͒͗ͤ͘Ύη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͤ͊ ͦͭͦͪ͟·͔ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ͫͭͦΎ΅͔͔ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ˤ́̅ ͙ ͎͙͔ͨͦͭ͘· ˣ͙͊͡Φ ˽͙ͪ Ήͭͦͣ ͫͦͻͪ͊ͤΎ͔ͭͫΎ ͔͙͎͙ͭͪͣͤͦͦ͡Ύ ͍͍͊ͭͦͪͦ ͎ͣͦͤͦͪ͊ͺ͙͙Σ ͙͋ͦ͡ 

͎͍͙͍͔ͦͦ͊ͪ͊ͭͫΎ ͙͔ͤͦΦ 

ζ͔̅ͦͪͣ 
2 2x y+  ʕ ͙͔ͭ ͍ͫͦͨͦͫͭ͊͡Ύ͔ͭ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͫ ͍͙͔ͦͫͤͦ͊ͤͣ x, ͍·͚ͫͦͭͦ y ͙ 

͎͙͔͚ͨͦͭͤͯͦ͘ 

2 2z x y= + ; 

ͣ· ͔͋ͯ͒ͣ ͙͊ͨͫ͘·͍͊ͭΈ ͔͎ͦ ͍ ͍͙͔͒ όx, y, zύΣ ͎ͭͦ͒͊ ͺͦͪͣͯͯ͡ όоύΣ ͍ ͫͯ͡;͔͊Σ ͔͙ͫ͡ : :x y u v¸ Σ ˤ͙͔ͭ 

͙͔͔͙͔ͤͭͪͨͪͭͪͯͭ ͊͟͟ ͺͦͪͣͯͯ͡ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ (x, y, z) ʠ (u, ɡ, w). ˻ͤ ͍͙ͫͭ͊ͭ ͊͒͊͘;ͯΥ ζˮ͘ 

͍͒ͯͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ζ͍͙ͫͦͫͭ͊ͭΈη όeffingereύ ͔͙͚ͭͪͭ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ηΦ ˮ 

ͨͦΎͫͤΎ͔ͭ ͔͔͒͊͡Σ ;ͭͦ ͎͙͔ͨͦͭͤͯ͊͘ ͔ͭͪͭΈ͔͎ͦ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͒ͦ͗ͤ͊͡ ͍ͪ͊ͤΎͭΈͫΎ 

͙͍͔͔͙ͨͪͦ͒ͤ͘Ό ͎͙͔ͨͦͭͤͯ͘ ͒͊ͤͤ·ͻΦ ˿͎ͦ͊ͫͤͦ͡ ͺ͔ͦͪͣͯ͡ όоύ ͚ͭ͊ͦ͟ ͔͙͚ͭͪͭ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͣͦ͗ͤͦ ζ͍͙ͫͦͫͭ͊ͭΈη 

͙͘ ͒͊ͤͤ·ͻ (x, y, z) ʠ (u, ɡ, w) ͒ ͍ͯͣΎ ͙ͫͨͦͫͦ͋͊ͣΥ 

( )( )
( )
( )

1)  ,  , 
, , , ,

2)  ,  ,  

xu yv xv yu zw
x y z u v w

xu yv xv yu zw

ë - +î
Ö =ì

+ -îí

 

͔͎́ͪͯͦ͡Έ͙ͤ͟Σ ͨͦͯ͡;͔ͤͤ·͚ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͍͚ͨͪͦ ͔ͦͨͪ͊ͼ͙͙Σ ˤ͙͔ͭ ͤ͊͘·͍͔͊ͭ sinaereseos ͦͭ 

͎͔ͪ;͔͎ͫͦͦ͟ ͎͎͊ͦ͊͡͡Σ ͦͤ͊͘;͊Ό΅͔͎ͦ ζͫͦ;͔ͭ͊ͭΈΣ ͦ͋Ά͔͙͒ͤΎͭΈηΣ ͊ ͔͎ͭͪͯͦ͡Έ͙ͤ͟Σ ͨͦͯ͡;͔ͤͤ·͚ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ 

͍͚ͭͦͪͦ ͔ͦͨͪ͊ͼ͙͙Σ τ diareseos ͦͭ ͎͔ͪ;͔͎ͫͦͦ͟ ͎͎͊ͦ͊͡͡Σ ͦͤ͊͘;͊Ό΅͔͎ͦ ζ͔ͪ͊ͫͫ͊ͭ͟ΈηΣ ζ͔ͪ͊ͪ͊ͭ͘͘ΈηΦ ˻ͤ ͔ͤ 

ͪ͊͘ΆΎͫͤΎ͔ͭ ͔͒ͫ͘Έ ͫͣ·ͫ͡ Ή͙ͭͻ ͍͙͚ͤ͊͊ͤ͘Σ ͤͦ ͙ͨ΄͔ͭΣ ;ͭͦ ͙ͨͪ;͙ͤͯ Ή͎ͭͦͦ ͦ͋ΆΎ͙ͫͤͭ ζ͍ ͍͔ͫͦͣ ͔͔ͣͫͭηΦ ˮ͘ 

͎͙͒ͪͯͻ ͙͍͔͔͙͚ͨͪͦ͒ͤ͘ ˤ͙͔ͭ͊ ͙ ͙͘ ͙͔ͨͪͣ;͙͚͊ͤ ͔͎ͦ ͯ;͔͙ͤ͊͟ ˢ͔ͤ͒ͪͫͦͤ͊ ͔͔ͫ͒ͯͭ͡Σ ;ͭͦ ˤ͙͔ͭ ͒͊͡ ͙͔ͭ͊͟ 

ͤ͊ ͍͙͊ͤ͘Ύ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ ͨͦͭͦͣͯΣ ;ͭͦ ͤ͊͘͡Σ ;ͭͦ ͦͫͭͪ·͚ ͎ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔͍͎ͨͪͦͦ 

͙͘ ͙ͤͻ ͍͔ͪ͊ͤ ͔ͫͯͣͣ ͦͫͭͪ·ͻ ͎͍ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͍ͫͦͫͭ͊͡Ύ͔ͣ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͊ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ 



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

 

 

22 

͍͎ͭͦͪͦͦΣ τ ͙ ͻ ͙ͪ͊ͤͦͫͭ͘η ώмΣ c. 193-194]. 

˻͔ͨͪ͊ͼ͙Ύ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙͡͡Ό͙͔ͫͭͪͪͯͭͫΎ ͙ͪͫͯͤͦͣ͟Σ ͦͭͦͪ͟·͚ ͎ͤ͊͡Ύ͒ͤͦ 

ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͭ͊͊͟Ύ ͔ͦͨͪ͊ͼ͙Ύ ͔ͪ͊ͫͨ͊͒͊ͭͫΎ ͤ͊ ͍͔͒ όͫͣΦ ͪ ͙ͫΦ рύΦ ˽͔͍ͪ͊Ύ ͔ͦͨͪ͊ͼ͙Ύ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη 

ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ ͎ͣͦͤͦͪ͊ͺ͙͙ ͦ͋ͦͤ͊͘;͔͊ͭͫΎ ͙͍ͫͣͦͦͣ͡ 1ÃΣ ͊ ͍ͭͦͪ͊Ύ 2Ã . 

 
˾͙ͫͯͤͦ͟ р ςζ˿͍͔͙͔ͦͫͭ͊ͤ͡η ͙͘ ͍͒ͯͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟  

͔ͭͪͭΈ͔͎ͦ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ 

ˮͫͭͦ;͙ͤ͟Υ ˣ͊΄͍ͣ͊ͦ͊͟ ˮΦ ˥ ΦΣ ˿͍͙͊ͯͭͤ͡ ˩Φ ˮ Φ ˸͎ͦͤͦͪ͊ͺ͙ΎΥ ˮ͙ͫͭͦͪΎ ͙͒ͦͺ͍͎͊ͤͭͦͦͦ ͙͊ͤ͊͊͘͡ ͦͭ 

˨͙ͦͺ͊ͤͭ͊ ͒ͦ ͔̅ͪͣ͊Φ ώмΣ ͫ Φ 193] 

 

˿ͣ·ͫ͡ ͔͙ͦ͋ͻ ͔ͦͨͪ͊ͼ͙͚ ͍͊ͭͦͪ· ͎ͣͦͤͦͪ͊ͺ͙͙ ͨͦΎͫͤΎΌͭ ͫ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ 

͍ͫΎ͘·͍͊Ύ ͔ͦͨͪ͊ͼ͙͙ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͫ ͔͙͔ͯͣͤͦ͗ͤͣ ͔ͦͣͨͫͤ͟͟͡·ͻ ;͙͔ͫ͡Φ ˨͡Ύ Ή͎ͭͦͦ 

ͨͪΎ͎ͣͦͯͦ͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ όx, y, z) ͍ͫͭ͊Ύͭ ͍ ͍͔͍͙͔ͫͦͦͭͭͫͭ ͔͔ͦͣͨͫͤͦ͟͟͡ ;͙ͫͦ͡ Ŭ =  x +  iy ͫ ͚ͤͦͪͣͦ 

2 2       N x ya= +  ͙  ͎͔͊ͪͯͣͤͭͦͣ .( )    /arctg y xj= Φ ˻͋ͪ͊ͭͤͦΣ ͊͗͒ͦͣͯ͟ ͔ͦͣͨͫͤͦͣͯ͟͟͡ ;͙ͫͯ͡        x iya= + , 

x > 0, y > 0Σ ͍ͫͭ͊Ύͭ ͍ ͍͔͍͙͔ͫͦͦͭͭͫͭ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ˤ͙͔ͭ͊ όx, y, Ѝὔɻύ ͙ ͙ͦͤͫͭ͊ͭͪͯ͟ΌͭΥ ͔͙ͫ͡ 

͙͍͔͙ͨͪͦͫͭ͘ ͔͍ͨͪͯΌ ͔ͦͨͪ͊ͼ͙Ό ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ζΦΦΦͤ͊͒ ͍͒ͯͣΎ ͙͙ͭ͊ͣ͟ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͙ͣ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͊ͣ͟ 

(x, y, z) ʠ (u, ɡ, w) c ͦ ͫͭͪ·͙ͣ ͎͙ͯ͊ͣ͡  ʠ ɣ ͨ ͙ͪ ͍͙͙ͦͫͤͦ͊ͤΣ ͙ͨͪ;͖ͣ ͔͙ͫ͡    ɣ  /2pj+ < Σ ͭͦ Ή͚ͭͦ ͔ͦͨͪ͊ͼ͙͙ 

͔͋ͯ͒ͭ ͍ ͭͦ;͙ͤͦͫͭ ͍͔ͦͭ;͊ͭΈ ͔͙͔ͯͣͤͦ͗ͤ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͔ͦͣͨͫͤ͟͟͡·ͻ ;͙͔ͫ͡      x iya= + ͙       u iub= +. 

˩͙ͫ͡ ͔͗ ( )/ 2           p y p< j+ <Σ ͭͦ ˤ͙͔ͭ ͨͦͯ͡;͔͊ͭ ͖ͨͯͭͣ ͙ͦͣͨͦ͘͟ͼ͙͙ ͺͦͪͣ 0(  ï  ) xu yu< Σ ͭΦ͔Φ ͫ ͤ͊΄͔͚ 

ͭͦ;͙͟ ͔͙ͪͤ͘ΎΣ ͔͔ͦͣͨͫͤͦ͟͟͡ ;͙ͫͦ͡Σ ͔͗͊͡΅͔͔ ͍ͦ ͍͚ͭͦͪͦ ;͔͍͔͙ͭͪͭΦ ˻͒ͤ͊ͦ͟ ͦͤ ͍͙ͫͭ͊ͭ ͔ͣͯ ͍ ͍͔͍͙͔ͫͦͦͭͭͫͭ 

͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͫͦ ͙ͫͭͦͪͦͤ͊ͣ (| | )  ï ,   , xu y xu y zwu u+ Σ ͭΦ͔Φ ͔͔ͨͪͻ͙ͦ͒ͭ ͦͭ ;͙ͫ͊͡ ï    a bi+  (a > 0, b > 0ύ ͟ 

;͙ͫͯ͡      a bi+ η ώмΣ c. 194]. 

˭͔͊ͭͣ ͍͊ͭͦͪ· ͎ͣͦͤͦͪ͊ͺ͙͙ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊Όͭ ͙͔͔͙͔ͨͪͣͤͤ ͔͍͚ͨͪͦ ͔ͦͨͪ͊ͼ͙͙ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͟ 

͔͙ͯͣͤͦ͗ͤΌ ͖ͭͪͻΣ ;͔ͭ·͖ͪͻ ͙ ͭΦ͒Φ ͙͔͔͚ͣͤͦ͗ͭ͡Υ ζˤ͙͔ͭ ͔͔͒͊ͭ͡ Ήͭͦ ͍͔ͫΈͣ͊ ͙ͫͯͫͤͦ͟Τ ͔͙ͫ͡ ͤͯ͗ͤͦ ͙͔͙ͨͪͣͤͭΈ 

Ήͭͯ ͔ͦͨͪ͊ͼ͙Ό ͟ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ όx, y, z) ʠ (u, ɡ, w) ʠ (p, q, r), ͭͦ ˤ͙͔ͭ ͔͔͒͊ͭ͡ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ 

͙ͦͣͨͦ͘͟ͼ͙Ό ͺͦͪͣ 
2 2   x y+  ͙  

2 2   u u+  ͙  
2 2   p q+ Φ ˽ͯͫͭΈ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͚ ͺ͚ͦͪͣͦ ͔͋ͯ͒ͭ 

2 2   a b+ . 

˽͔ͪͦ͒͊ͤͤ͡·͔ ͙ͦͣͨͦ͘͟ͼ͙͙ ͍͔ͦͭ;͊Όͭ ͔͙ͯͣͤͦ͗ͤΌ ( )( )(      )             x yi u i p qi a biu+ + + = +, 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCOGNITIO RERUMη                    ISSN (p) 2412-9489 / ISSN (e) 2542-1026                    Ѕ12/ 2025 

 

 

23 

2 2             ( )N a bi a b+ = + ͎ ͔͒Σ ͔͔ͪ͊ͯͣͭͫ͘ΎΣ a ʠ b ͎ͣͦͯͭ ͋·ͭΈ ͊͟͟ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͙ͣΣ ͭ͊͟ ͙ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·͙ͣΦ 

˽͔ͦͫ͡ Ή͎ͭͦͦ ˤ͙͔ͭ ͙͔͔͙͔ͤͭͪͨͪͭͪͯͭ ͦͦͤ͟;͔͊ͭ͡Έͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭ ͊͟͟ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͫͦ 

͙ͫͭͦͪͦͤ͊ͣ 
2 2( , , )a b a b+ Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͨͦ ͫͯ΅͔͍ͫͭͯΣ ͔͎ͭͪͯͦ͡Έ͙ͤ͟

2 2(| |,| |, )a b a b+  

Ύ͍͡Ύ͔ͭͫΎ ͦ͋ͪ͊ͦͣ͘ ;͔ͭ·͖ͪͻ ͔ͦͣͨͫͤ͟͟͡·ͻ ;͙͔ͫ͡    , ï    ,  ï  , ï  ï  a bi a bi a bi a bi+ + η ώмΣ c. 194, 195]. 

˭͔͒ͫΈ ͔͗ ͔ͦͭͣ;͔͊ͭͫΎΥ ζˤ Ήͭͦͣ ͙ͫͦͫͭͦͭ ͔͍ͤͯ͒ͦ͋ͫͭͦ ͙ͫ;͙͔͙ͫͤ͡Ύ ˤ͙͔ͭ͊Σ ͙ͨͪͦͫͻͦ͒Ύ΅͔͔ ͦͭ ͔͎ͦ ͔͔͙ͤ͗͊ͤ͡Ύ 

ͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·͙ͣ ;͙͙ͫ͊ͣ͡Φ ˻͒ͤ͊ͦ͟Σ ͨͦͫͦ͟͡Έͯ͟ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ȿὥȿȟȿὦȿȟЍὥ ὦύΣ ͦͭͦͪ͟·͚ 

ͣ· ͔͋ͯ͒ͣ ͤ͊͘·͍͊ͭΈ ζ͙͍͔͖ͨͪ͒ͤͤ·ͣηΣ ͦ͋·;ͤͦ ͨͦΎ͍͡Ύ͔ͭͫΎ ͭͦ͡Έͦ͟ ͒͡Ύ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͦͤ͟;͎ͤͦͦ 

͔ͪͯ͘͡Έͭ͊ͭ͊Σ ͭͦ ͙͙ͤ͊͟͟ͻ ͔͔͙͚ͤ͒ͦͪ͊ͯͣͤ͘ ͔ͤ ͍͙͔ͦͤ͊ͭ͘͟η ώмΣ c. 195]. 

ˢ͍ͭͦͪ· ͎ͣͦͤͦͪ͊ͺ͙͙ ͨͦΎͫͤΎΌͭΣ ;ͭͦ ͍ͭͦͪ͊Ύ ͔ͦͨͪ͊ͼ͙Ύ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ζΦΦΦ͍͔ͦͭ;͔͊ͭ 

͔͙ͯͣͤͦ͗ͤΌ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ;͙ͫ͊͡ ʰ ͤ͊ ;͙ͫͦ͡ 

ɓ u iu= -  

ͫ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ͤ͊ ζ͙͍͔͖ͨͪ͒ͤͤ·͚η ͔͎ͭͪͯͦ͡Έ͙ͤ͟η ώͭ͊ͣ ͔͗ϐΦ 

ˤ·͍ͦ͒ ͦ ͭͦͣΣ ;ͭͦ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ ˤ͙͔ͭ͊ ͣͦ͗ͤͦ ͍͙ͨͦͫͭ͊ͭΈ ͍ ͍͔͍͙͔ͫͦͦͭͭͫͭ ͔ͤ ͭͦ͡Έͦ͟ 

ζ͎͔͙͊͋ͪ͊͡;͔ͫͯ͟Όη ͺͦͪͣͯ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ;͙ͫ͊͡    x yi+ Σ ͤͦ ͙ ͔͎ͦ ζ͙͎͔͙ͭͪͦͤͦͣͭͪ;͔ͫͯ͟Όη ͺͦͪͣͯ 

) ű    ű(z cos i sin+  ͦ ͍͋ͦͫͤͦ͊ͤ ͔ͭͣΣ ;ͭͦ ζ͊͗͒͟·͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ όx, y, zύ ͦ͒ͤͦͤ͊͘;ͤͦ 

͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͎͙͔͚ͨͦͭͤͯͦ͘ ͙ ͦͫͭͪ·ͣ ͎ͯͦͣ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤη ώͭ͊ͣ ͔͗ϐΦ 

˨͔͔͊͡ ͨͦ͒ͪͦ͋ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ - Σ ͍ ͦͭͦͪ͟·ͻ ζΦΦΦˤ͙͔ͭ ͙͔ͨͪͣͤΎ͔ͭ 

͔͍ͨͪͯΌ ͔ͦͨͪ͊ͼ͙Ό ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͟ ͍͒ͯͣ ͍ͪ͊ͤ·ͣ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ 

(a, b, cύΣ ͔͊ͭͣ͘ ͟ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ όa1, b1, c1ύΣ ͨͦͯ͡;͔ͤͤͦͣͯ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ Ή͚ͭͦ ͙ͦͣͨͦ͘͟ͼ͙͙ ͙ 

͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ όa, b, cύ ͙ ͭΦ͒Φ ˸· ͎͙ͣͦ͡ ͋· ͫ͊͊ͭ͘͟ΈΣ ;ͭͦ ͦͤ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͍͍͔͔͙͔ͦ͒ͤ͘ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ όa, b, c) ͍ ͼ͔ͯ͡Ό ͙͔ͨͦͦ͗ͭ͡͡ΈͤͯΌ ͔͔ͫͭͨͤΈ nΣ ;ͭͦ Ή͍͙͍͔͊ͤͭͤͦ͟͡ ͍͍͔͔͙ͦ͒ͤ͘Ό ͍ ͔͔ͫͭͨͤΈ 

     a bi+  ͙ ͙͡    ű    ű( )c cos i sin+  ώͭ͊ͣ ͔͗ϐΦ 

ˤ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡  ʕ ͙͔ͭ ͤ͊ͻ͙ͦ͒ͭΥ 

( ) ( )( )2 2 2

1,  ,      ,  ,          , 2 , a b c a b c a b ab cÃ = - . 

˻ͤ ͔ͦͭͣ;͔͊ͭΣ ;ͭͦ ͎ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͨͦͯ͡;͔͎ͤͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍͔ͪ͊ͤ н ͙ ͤ͊͘·͍͔͊ͭ ͔͎ͦΣ 

ͨͦΉͭͦͣͯΣ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ ͍͚͎͒ͦͤͦͦ ͎ͯ͊͡ηΦ ˢ͍ͭͦͪ· ͎ͣͦͤͦͪ͊ͺ͙͙ ͨͦΎͫͤΎΌͭΥ ζ˩͙ͫ͡ 2ű  /2p< Σ ͭͦ 

2 2     0a b >-  ͙  ͍͔͔͙͔ͯͭͪ͗͒ͤ ˤ͙͔ͭ͊ ͔ͤ ͔͔ͭͪ͋ͯͭ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͔͙͚ͪ͊ͫͫͯ͗͒ͤΦ ˩͙ͫ͡ ͔͗ / 2   2  p p< j<, ͭ ͦ 

2 2  0a b- < Φ ˩͙ͫ͡ ͍͘ΎͭΈ ζ͙͍͔͖ͨͪ͒ͤͤ·͚η ͔͎ͭͪͯͦ͡Έ͙ͤ͟ 
2 2 2) ï , 2 , (| |a b ab c Σ ͭͦ ͦͫͭͪ·͚ ͎ͯͦ͡ ͙ͨͪ ͔͎ͦ 

͍͙͙ͦͫͤͦ͊ͤ ͔͋ͯ͒ͭ ͍͔ͪ͊ͤ  ï 2űp Φ ͔́͊ͦ͟ ͔͗ ζ͙͍͔͔͙͔ͨͪ͒ͤη ͙͖ͨͪ͒ͭͫΎ ͔͒͊ͭ͡Έ ͙ ͍ ͒͊͡Έ͔͚ͤ΄͔ͣη ώͭ͊ͣ ͔͗ϐΦ 

ˤ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡  ˤ͙͔ͭΣ ͙͔ͨͪͣͤΎΎ ͙ͦͣͨͦ͘͟ͼ͙Ό 1Ã  ͟  ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ ͙ 

͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ ͍͚͎͒ͦͤͦͦ ͎ͯ͊͡Σ ͨͦͯ͡;͔͊ͭ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ 
2 2 2 3 3ï 3 , 3 )(| ,|ïa ab a b b c , 

ͦͭͦͪ͟·͚ ͤ͊͘·͍͔͊ͭ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ ͚͎ͭͪͦͤͦͦ ͎ͯ͊͡Φ ˴͊͟ ͔ͤͭͪͯ͒ͤͦ ͍͙͔͒ͭΈΣ Ήͭͦͭ ͔͙͚ͭͪͭ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ 

ͨͦͯ͡;͔ͤ ͖ͨͯͭͣ ͙ͦͣͨͦ͘͟ͼ͙͙ ͺͦͪͣ 

2 2 2 2 2 2(( ) ( ) ) (ï   2 )a b ab a b+ Ö + . 

ˢ͎͙ͤ͊ͦ͡;ͤͦ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡  ˤ͙͔ͭΣ ͙ͦͣͨͦͤͪͯ͟Ύ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͚͎ͭͪͦͤͦͦ ͎ͯ͊͡ ͫ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣΣ 

ͨͦͯ͡;͔͊ͭ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ 
4 2 2 4 3 3 4ï 6 , )( 4 ï 4| |,a a b b a b ab c+ . 
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˹͔͊ͦͤ͟ͼΣ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡  ͦͤ ͨͦͯ͡;͔͊ͭ ͔ͭͣ ͔͗ ͖ͨͯͭͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͫ ͎ͯͦͣ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ 5  ͙ 

ͫͦ ͙ͫͭͦͪͦͤ͊ͣ 

( )5 3 2 4 4 2 3 5 5ï 10  5 , 5 ï 10 ,a a b ab a b a b b c+ + . 

˽͔ͦͫ͡ Ή͎ͭͦͦ ˤ͙͔ͭ ͺ͙͔ͦͪͣͯͪͯͭ͡ ͦ͋΅͔͔ ͍͙ͨͪ͊ͦ͡ ζ͍͖ͪ͊ͪͭ͘·͍͙͊ͤΎη όdiduktionibusύ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Υ 

˻́˿̑˨ˢ ˽˻˶̂̉˩˹˻ 

ͦ͋΅͔͔ ͔͍͙͔ͫ͒ͫͭ͡ ͦ ͍͙͔͙͙ͪ͊͒͗ͤ͘ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ 

˩͙ͫ͡ ͍ͦ͋ͪ͊ͦ͊ͤ͊͘ ͊͊͟͟Ύ-͙ͤ͋ͯ͒Έ ͔͔ͫͭͨͤΈ ͦͭ ͙͋ͤͦͣ͊ ͙ ͨͦͯ͡;͔ͤͤ·͔ ͔ͦͭ͒͡Έͤ·͔ ͦ͒ͤͦͪͦ͒ͤ·͔ ;͔ͤ͡· 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͔͔͔ͪ͊ͫͨͪ͒ͤ͡· ͤ͊ ͍͔͒ ;͙͊ͫͭΣ ͙ ͍ ͔͙ͦ͋ͻ ͍͘Ύͭ· ͫͤ͊;͊͊͡ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͙ͣΣ ͊ ͔͊ͭͣ͘ 

͙ͦͭͪͼ͔͊ͭ͡Έͤ·͙ͣΣ ͭͦ ͍͙͔ͦͫͤͦ͊ͤ ͔͎ͤͦͭͦͪͦͦ͟ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͔͋ͯ͒ͭ ͨͦ͒ͦ͋ͤͦ ͔͍͚ͨͪͦ 

;͙͊ͫͭΣ ͊ ͍·ͫͦͭ͊ τ ͍ ͚ͭͦͪͦΦ ˥͙͔ͨͦͭͤͯ͊͘ ͔͗ ͔͋ͯ͒ͭ ͨͦ͒ͦ͋ͤ͊ ͚ͫ͊ͣͦ ͔͔͙ͫͭͨͤΦ 

́ͦͭ ͔͎ͭͪͯͦ͡Έ͙ͤ͟Σ ͍͙͔ͦͫͤͦ͊ͤ ͎ͦͭͦͪͦͦ͟ ͨͦ͒ͦ͋ͤͦ ͙͙͡ ͍ͪ͊ͤͦ ͦ͒ͤͦͣͯ ͙͘ ͔͚ͦͪͤ͟ ͍͔͎ͫͦͫͭ͊ͤͤͦͦ͡ 

ό͙͋ͤͦͣ͊ύΣ ͍·ͫͦͭ͊ ͔͗ τ ͎͒ͪͯͦͣͯΣ ͨͦͯ͡;͔͊ͭ ͍͙͔ͤ͊͊ͤ͘ ͦͭ ͍͔͎ͫͦͦ ͎ͯ͊͡Σ ͫͭΎ͎͙͍͔͎͊ͣͦͦ ͍·͚ͫͦͭͦΦ ˤ ͫ͊ͣͦͣ 

͔͔͒͡Σ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟Σ ͨͦͯ͡;͔ͤͤ·͔ ͍͖ͪ͊ͪͭ͘·͍͙͔͊ͤͣ ͔ͭͻ ͔͗ ͔͚ͦͪͤ͟Σ ͖ͨͯͭͣ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͍ ͡Ό͋ͯΌ ͔͔ͫͭͨͤΈ 

ͯ͒ͦ͋ͤͦ ͤ͊͘·͍͊ͭΈ ͨͦ ͙ͪ͊ͭͤͦͫͭ͟ ͎ͭͦͦ ͔͗ ͎ͯ͊͡Φ ˢ ͙͔ͣͤͤͦΣ ͍͚͎͒ͦͤͦͦΣ ͎ͦ͒͊͟ ͔͔ͫͭͨͤΈ ͍͊͒ͪ͊ͭ͟Σ ͚͎ͭͪͦͤͦͦΣ 

͎ͦ͒͊͟ ͔͔ͫͭͨͤΈ ͯ͋͟Σ ͯ;͔͍͔͖͎ͭͪͤͤͦͦΣ ͎ͦ͒͊͟ ͔͔ͫͭͨͤΈ ͍͊͒ͪ͊ͭͦ͟-͍͊͒ͪ͊ͭ͟Σ ͯͨΎ͔͖͎ͭͪͤͤͦͦΣ ͎ͦ͒͊͟ τ ͍͊͒ͪ͊ͭͦ͟-

ͯ͋͟Σ ͙ ͍ ͚ͭ͊ͦ͟ ͔͗ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͒ͦ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭη ώмΣ c. 195-196]. 

ˢ͍ͭͦͪ· ͎ͣͦͤͦͪ͊ͺ͙͙ ͙ͨͪͻͦ͒Ύͭ ͟ ͍·͍ͦ͒ͯΥ ζ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍͙ͨͪ͊ͦ͡ ˤ͙͔ͭ͊ ͍͙ͪ͊ͤͦͫ͡Έͤͦ ͺ͔ͦͪͣͯ͡ 

͍͍͔͔͙ͦ͒ͤ͘Ύ      a bi+  ͍  ͡Ό͋ͯΌ ͼ͔ͯ͡Ό ͙͔ͨͦͦ͗ͭ͡͡ΈͤͯΌ ͔͔ͫͭͨͤΈΥ 

1 2 2 3 3( 1) ( 1)( 2)
( ) ...

1 2 1 2 3

n n n n nn n n n n
a bi a na bi a b a b i- - -- - -
+ = + - - +

Ö Ö Ö
 . 

˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ˤ͙͔ͭ ͔͎͔ͨͪ͒͊͊ͭ͡ ͍͍͔͙ͦͫͭ͘ ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅ͯΌ ͔͔ͫͭͨͤΈ n ͋ ͙ͤͦͣ a + b 

1 2 2 3 3( 1) ( 1)( 2)
( ) ...

1 2 1 2 3

n n n n n nn n n n n
a b a na b a b a b b- - -- - -
+ = + + + + +

Ö Ö Ö
, 

͔͊ͭͣ͘ ͔͙ͪ͊͒ͭ͘͡Έ ͨͦͯ͡;͔ͤͤ·͔ ͦ͒ͤͦͪͦ͒ͤ·͔ ;͔ͤ͡· ͤ͊ ͍͒͊ ͪΎ͒͊ ό;͔͔ͪ͘ ͙ͦ͒ͤ ;͔ͤ͡ύΣ ͙ͨͪ;͖ͣ ͙ͨͪ͒͊ͭΈ 

;͔ͤ͊ͣ͡ Ή͙ͭͻ ͪΎ͍͒ͦ ;͔͔ͪ͒ͯΌ΅͙͔ ͙ͤ͊͘͟Υ 

2 2( 1)
1) ...

1 2

n nn n
a a b-

-
- +

Ö
  

1 3 3( 1)( 2)
2) ...

1 2 3

n nn n n
na b a b- -- -

- +
Ö Ö

 

͎́ͦ͒͊ ͔͍ͨͪ·͚ ͪΎ͒ ͔͋ͯ͒ͭ ͍͔ͦͭ;͊ͭΈ ͍͙ͦͫͤͦ͊ͤΌ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͊ ͍͚ͭͦͪͦ τ ͔͎ͦ 

͍·͔ͫͦͭΦ 

ˮͤ͊;͔ ͎͍ͦͦͪΎ 

2 2( 1)
( ) ...

1 2

n n n

e

n n
R a bi a a b--
+ = - +

Ö
, 

1 3 3( 1)( 2)
( ) ...

1 2 3

n n n

m

n n n
I a bi na a b- -- -
+ = - +

Ö Ö
 . 

˭͔͒ͫΈ ˤ͙͔ͭ ͙ͤ;͔͎ͦ ͔ͤ ͎͍͙ͦͦͪͭ ͦ ͭͦͣΣ ;ͭͦ ͒͡Ύ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ζ͙͍͔͖͎ͨͪ͒ͤͤͦͦη ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ 

ͤ͊͒ͦ ͍͘ΎͭΈ | ( ) |       eR a bi+  ͙  | ( ) |       mI a bi+ Σ ͤͦΣ ͦ;͔͍͙͒ͤͦΣ ͔͙ͫ͡ ͔͍ͫ͒ͦ͊ͭ͡Έ ͔͎ͦ ͔ͣͭͦ͒ͯ ͙͔ͨͪ͒ͭͫΎ Ήͭͦ 

͔ͫ͒͊ͭ͡Έ ώмΣ ͫ Φ 197]. 

ˤͦ ͍͚ͭͦͪͦ ;͙͊ͫͭ ͔͍͙ͫ͒ͫͭ͡Ύ ˤ͙͔ͭ ͔͊ͣ͘;͔͊ͭΣ ;ͭͦ ͎͙͔ͨͦͭͤͯ͊͘ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ͪ͊ͤ͊ 

znΣ ͊ ͎ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔ͫͭΈ n  ό͔͒ͫ͘Έ ͍͊ͭͦͪ· ͎ͣͦͤͦͪ͊ͺ͙͙ ͨͦΎͫͤΎΌͭ ͚ͫͤͦͫͦ͟Υ ζ˩͙ͫ͡ ͣ· ͊͘ͻ͙ͦͭͣ 

͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͔ͪͯ͘͡Έͭ͊ͭ ζ͙͍͔͖ͨͪ͒ͤͤ·ͣη ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟Σ ͭͦ ͎͙͔ͨͦͭͤͯ͊͘ ͔͋ͯ͒ͭ ͍ͪ͊ͤ͊ znΣ ͊ ͎ͯͦ͡ n  ͤ͊͒ͦ 
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͔͋ͯ͒ͭ ͙͍͔͙ͨͪͫͭ ͟ ͦͫͭͪͦͣͯηύΣ ͙ͤ͊;͔ ͎͍ͦͦͪΎ 

[ ]cos sin (cos sin )
n nz i z n i n( j+ j) = j+ j. 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ Ήͭͦ ͔͔͙͔ͨͪ͒ͦ͗ͤ͡ ͔͙ͫͦ͒ͪ͗ͭ ͙ ͭ͊͟ ͤ͊͘·͍͔͊ͣͯΌ ͺͦͪͣͯͯ͡ ˸͍ͯ͊ͪ͊η ώмΣ ͫ Φ 197]. 

ˢ͍ͭͦͪ· ͎ͣͦͤͦͪ͊ͺ͙͙ ͔ͦͭͣ;͊ΌͭΣ ;ͭͦ ζ͍ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͦͣͨͫͤ͟͟͡·ͻ ;͙͔ͫ͡      a bi+  ͦ ͒ͤͦ ͙͘ ;͙͔ͫ͡Σ 

͊ ͙͔ͣͤͤͦΣ iΣ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͔ͤ ͨͦͯ͡;͙ͦ͡Φ ˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ Ήͭͦͣͯ ;͙ͫͯ͡ ͔͒ͦ͗ͤ͡ ͋·͡ ͋· ͍͔ͦͭ;͊ͭΈ 

͍·͔ͪͦ͗͒ͤͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ όлΣ 1, мύΣ ͦͭͦͪ͟·͚ ˤ͙͔ͭΣ ͔͔ͪ͊ͯͣͭͫ͘ΎΣ ͙ͨͪͤΎͭΈ ͔ͤ ͎ͣͦΦ ˹ͦ ͔͙͔ͯͣͤͦ͗ͤ ͤ͊ i ͍ 

͔͎ͦ ͙ͫ;͙͔͙͔ͫͤ͡ ͋·ͦ͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͍͍͔͙ͫͭΦΦΦηΣ ;ͭͦ ˤ͙͔ͭ ͔͔͒͊ͭ͡ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡ LII  [1, ͫ Φ 197,198]. 

˨͔͔͊͡ ͍͊ͭͦͪ· ͎ͣͦͤͦͪ͊ͺ͙͙ ͔ͪ͘Ό͙ͣͪͯΌͭΥ ζˮͭ͊͟Σ ˤ͙͔ͭ ͙ͨͦͫͭͪͦ͡ ͔͔͋ͯͨͪ͘;ͤͦ ͎ͫͭͪͦͦ ͙͎͙ͦͪͤ͊͡Έ͔ͤͦ 

͙ͫ;͙͔͙͔ͫͤ͡ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔ͦͭͦͪͦ͟ Ή͍͙͍͔͊ͤͭͤͦ͟͡ ͔͙ͯͣͤͦ͗ͤΌ ͔ͦͣͨͫͤ͟͟͡·ͻ ;͙͔ͫ͡ ͙ ͙ͻ ͔͔͙͒ͤ͡ΌΦ ˻ͤ 

͍·͍͔͡ ͺͦͪͣͯͯ͡Σ Ή͍͙͍͔͊ͤͭͤͯ͟͡Ό ͍͍͔͔͙ͦ͒ͤ͘Ό ͔͎ͦͣͨͫͤͦͦ͟͟͡ ;͙ͫ͊͡Σ ͊͟͟ ͍ ͦ͋·;͚ͤͦ (       )a bi+ Σ ͭ͊͟ ͙ ͍ 

͙͎͔͙ͭͪͦͤͦͣͭͪ;͔͚ͫͦ͟ ͺ͔ͦͪͣ )   ű    ű(r cos i sin+  ͍  ͡Ό͋ͯΌ ͙͔ͨͦͦ͗ͭ͡͡ΈͤͯΌ ͼ͔ͯ͡Ό ͔͔ͫͭͨͤΈΦ ˽͙ͪ Ήͭͦͣ ͦͤ 

͔ͤ ͍͍͙ͦ͒͡ ͙͙ͤ͊͟͟ͻ ͍ͤͦ·ͻ ζͦ͋Ά͔͍ͭͦ͟η ͙͙͡ ζ͙͍͍ͫͣͦͦ͡η ͙ͭͨ͊ Ѝ ρη ώмΣ ͫ Φ 200]. 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͙ͫ;͙͔͙ͫͤ͡Ύ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔͎ͨͦͫͭͪͦͤͤͦͦ ˤ͙͔ͭͦͣ ͙ ͪ͊͘ΆΎ͔͙ͫͤͤΎ 

͍͍͊ͭͦͪͦ ͎ͣͦͤͦͪ͊ͺ͙͙ ͍ͨͦͦ͘͡ΎΌͭ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΥ ͎ͦ͒͊͟ ͔̅ͪͣ͊ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ ͯͨͦͣΎ͚ͤͯͭͦ ͔͙͊ͣͭ͘͟ ͤ͊ ͨͦ͡Ύͻ 

ζˢ͙ͪͺ͔͙͙ͣͭ͟η ͍͔ͯͭͪ͗͒͊͡Σ ;ͭͦ ͦͭͪ͟·͡ ζ͙͙͔ͨͦͫͭͤ ;͔͔ͯ͒ͫͤͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͔ͭͦͪͣ·Σ τ ͦͤ ͤ͊͘͡ ͫͨͦͫͦ͋ 

ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͔ͨͯͭͣ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͎͒͊ͤͤͦͦ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ 

a, b, c ͍ ͡Ό͋ͯΌ ͼ͔ͯ͡Ό ͙͔ͨͦͦ͗ͭ͡͡ΈͤͯΌ ͔͔ͫͭͨͤΈ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ͙ͣ XLVIII -LI ͙ 

ͫͺ͙͍ͦͪͣͯͪͦ͊ͤͤ͡·ͣ ˤ͙͔ͭͦͣ ͦ͋΅͙ͣ ͍͙ͨͪ͊ͦͣ͡ ζ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟. 

ˣ͔͔ͦ͡ ͎ͭͦͦΣ ͍ͨͦͦ͘͡ΎΌͭ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ ͙͔ͣͤͤͦ ͙͔ͤ͊ͤ͘ ͙ͫ;͙͔͙ͫͤ͡Ύ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ 

͔͎ͨͦͫͭͪͦͤͤͦͦ ˤ͙͔ͭͦͣ ͙ ͔ͣͭͦ͒ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͍ͤ͊͊ͤͤ͘·͚ ͔̅ͪͣ͊ ͔͔͔͖ͤͦͨͪ͒ͤͤ͡·ͣ ͙͙͡ ͔͔͋ͫͦͤ͟;ͤ·ͣ 

ͫͨͯͫͦͣ͟Σ ͙͙ͫͯ͗͡͡ ͍͙͔ͦͫͤͦ͊ͤͣ ͍͔͔͙ͯͭͪ͗͒ͤΎΥ ζ˹͊ͦ͋ͦͪͦͭΣ ͔͍ͤͦͣͦ͗ͤͦ͘ ͙ͪ͊ͦ͗ͭ͘͡Έ ͙ͤ ͯ͋͟ ͤ͊ ͍͒͊ ͯ͋͊͟Σ 

͙ͤ ͙͍͋͊͒ͪ͊ͭ͟ ͤ͊ ͍͒͊ ͙͍͋͊͒ͪ͊ͭ͊͟Σ ͙ ͍ͦͦ͋΅͔ ͙ͤ͊ͯ͟͟Ό ͔͔ͫͭͨͤΈ ͋ͦ͡Έ΄ͯΌ ͍͊͒ͪ͊ͭ͊͟ ͤ͊ ͍͔͒ ͔͔͙ͫͭͨͤ ͫ ͔ͭͣ 

͔͗ ͔͔ͨͦ͊͊ͭͣ͘͟͡Φ ̒ ͦͭͪ͟·͡ Ήͭͦͣͯ ͙͙͔ͨͦͫͭͤ ;͔͔ͯ͒ͫͤͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΣ ͤͦ Ή͙ͭ ͨͦ͡Ύ ͒͡Ύ ͔͎ͤͦ ͙ͫ͡΄ͦͣ͟ 

ͣ͊͡·η ώмΣ c. млоϐΦ ˽ͦΉͭͦͣͯ ͍͙ͨͦͭͦͪͣΣ ;ͭͦ ͫ ͋ͦ͡Έ΄͚ͦ ͔͚͒ͦ͡ ͍͔ͪͦΎ͙ͭͤͦͫͭ ͣͦ͗ͤͦ ͍͔ͯͭͪ͗͒͊ͭΈΣ ;ͭͦ ͍ ͭͦ 

͍͔ͪͣΎΣ ͎ͦ͒͊͟ ͔̅ͪͣ͊ ͙ͨͫ͊͡ ͤ͊ ͨͦ͡Ύͻ ζˢ͙ͪͺ͔͙͙ͣͭ͟η ͔ͯ͊͊ͤͤͦ͘͟ ͍͔͔͙͔ͯͭͪ͗͒ͤΣ ͦͤ ͤ͊͘͡ ͔͙͔ͫͦ͒ͪ͗͊ͤ 

ͭͪ͊ͭ͊ͭ͊͟ ζ!Ř ƭƻƎƛǎǘƛŎŜƴ ǎǇŜŎƛƻǎŀƳΣ ƴƻǘŀŜ ǇǊƛƻǊŜǎηΣ ͙͍͎ͦͨͯ͋ͦ͊ͤͤͦͦ͟͡ ͍ ͙͙ͫͦ͋ͪ͊ͤ ͫͦ;͙͔͙͚ͤͤ ˤ͙͔ͭ͊ ͍ мспс 

͎ͦ͒ͯ ͙͋ͦ͡ ͤ͊͘͡ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͍͎ͤ͊͊ͤͤͦͦ͘ ͭͪ͊ͭ͊ͭ͊͟ ͎͊͒ͦͦ͘͡ ͒ͦ ͔͎ͦ ͙͍͙ͦͨͯ͋ͦ͊ͤ͟͡ΎΦ ˮΣ ͍ ;͙͊ͫͭͤͦͫͭΣ ͤ͊͘͡ 

͔͙͔ͫͦ͒ͪ͗͊ͤ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡ XLVIII -LI  ͙  ͫͺ͙͍͎ͦͪͣͯͪͦ͊ͤͤͦͦ͡ ˤ͙͔ͭͦͣ ͦ͋΅͔͎ͦ ͍͙ͨͪ͊͊͡ ζ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎη 

ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ 

˭͔͙͊ͣͭͣΣ ;ͭͦ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͔ͣͭͦ͒͊ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͍͎ͤ͊͊ͤͤͦͦ͘ ͔̅ͪͣ͊ ͔͔͔͔ͤͦͨͪ͒ͤͤ͡·ͣ ͙͙͡ 

͔͔͋ͫͦͤ͟;ͤ·ͣ ͫͨͯͫͦͣ͟Σ ͦͤ ͙͙ͦ͗͘͡͡ ͍ ͙ͨͫΈ͔ͣ ͟ ˴͍͙͊ͪ͊͟ ό͍͎͊ͯͫͭ мсрфύΣ ͔ͦͭͦͪͦ͟ ͨͦͯ͡;͙ͦ͡ ͍͙͔ͤ͊͊ͤ͘ 

ζ˻ͭ;͔ͭ ͦ ͍ͤͦ·ͻ ͦͭͪ͟·͙ͭΎͻ ͍ ͔ͤ͊ͯ͟ ͦ ;͙ͫ͊͡ͻη ͙͙͡ ζ˭͍͔͊΅͙͔͊ͤ ͔̅ͪͣ͊η ώмΣ c. 212-216]. 

1.2 ˮͭ͊͟Σ ͤ͊ͭͯͪ͊͡Έͤ·ͣ ;͙ͫ͊ͣ͡ 00 0   n nnx y z  ͍  ͍͔͙͙ͯͪ͊ͤͤ όмύ ͍ͫͦͨͦͫͭ͊͡Ύ͔ͣ ͎͙͔ͨͦͭͤͯ͘· 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAC, CDF ʠ OBF όͫͣΦ ͪ ͙ͫ пύΣ ͦͭͦͪ͟·͔Σ ͍͙ͨͦͭͦͪͣΣ 

Ύ͍͡ΎΌͭͫΎ ͔ͦͤ͟;ͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣΣ ͔͙ͫ͡ ͨͦΎ͍͡ΎΌͭͫΎ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ ͙͋ͦ͡ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ͔ͦͤ͟;͎ͤͦͦ 

͔ͪͯ͘͡Έͭ͊ͭ͊Σ ͔͙ͫ͡ ͨͦΎ͍͡ΎΌͭͫΎ ͍ ͎͚͒ͪͯͦ ;͔͍͔͙ͭͪͭΦ ˮ͙͡ ͨͦΎ͍͡ΎΌͭͫΎ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ ͭͦ͡Έͦ͟ ͒͡Ύ 

͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͙͔͔͙ͨͪͣͤͤΎ ͔͍͚ͨͪͦ ͔ͦͨͪ͊ͼ͙͙ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͟ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ 3), 

͎͙͔ͨͦͭͤͯ͘· ͦͭͦͪ͟·ͻ ͍ͫͦͨͦͫͭ͊͡ΎΌͭͫΎΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͣ x0 y0 z0Φ ́͊͊͟Ύ ͔ͦͨͪ͊ͼ͙ΎΣ 

͙ͤ͊ͨͦͣͤͣΣ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͪ͊ͭͤͦ͟ ͔͔͙ͫͭͨͤ n ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ͙ͣ ˤ͙͔ͭ͊ XLVIII ïLI ͙ 

ͦ͋΅͙ͣ ͍͙ͨͪ͊ͦͣ͡ ζ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ό͔͔͒͊͡ τ ͍͙ͨͪ͊ͦͣ͡ ˤ͙͔ͭ͊ύΣ ;ͭͦ 

Ή͍͙͍͔͊ͤͭͤͦ͟͡ ͍͍͔͔͙ͦ͒ͤ͘Ό ͍ ͔ͤͦͭͦͪͯ͟Ό ͔͔ͫͭͨͤΈ n > н ͎͊͗͒ͦͦ͟ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Φ 

͎̂ͦ͡ n , ͪ ͍͊ͤ·͚ ͙͍͔͔͙ͨͪͦ͒ͤ͘Ό ͔͎ͤͦͭͦͪͦͦ͟ ͨ ͔ͦ͊͊ͭ͘͟͡Ύ ͔͔͙ͫͭͨͤ n ͙  ͍͔͙͡;͙ͤ· ͔͎ͤͦͭͦͪͦͦ͟ ͎ͦͫͭͪͦͦ 

͎ͯ͊͡  ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1Σ ͯ͒ͦ͋ͤͦ 
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ͤ͊͘·͍͊ͭΈ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͣ ͎ͯͦͣ͡Φ 

˩͙ͫ͡ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͎ͯͦ͡ n  ͔ͤ ͔͍ͨͪ·΄͔͊ͭ ͍͔͙͡;͙ͤ· ͎ͦͫͭͪͦͦ ͎ͯ͊͡Σ ͭΦ͔Φ 0  ű    /2n a p< = < , 

͎ͭͦ͒͊ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OAC, CDF ʠ OBF όͫͣΦ ͪ ͙ͫΦ пύ Ύ͍͡ΎΌͭͫΎ ͔ͦͤ͟;ͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ 

͍͍͔͔͙ͦ͒ͤ͘Ύ ͍ ͔͔ͫͭͨͤΈ n ͨ ͔͍ͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ 3). 

˩͙ͫ͡ ͔͗ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͎ͯͦ͡ n  ͋ͦ͡Έ΄͔ ͍͔͙͡;͙ͤ· ͎ͦͫͭͪͦͦ ͎ͯ͊͡Σ ͙͔ͤ͊ͨͪͣͪΣ 

2    ű  2    /2k n kp p p< < + , k ɴ  NΣ ͭͦ ͎ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAC, CDF ͙ 

OBF ͙͍͙ͨͪͦ͒ͣ ͟ ͦͫͭͪͦͣͯΣ ͤ͊͘;͙ͭ  ᷁AOC = D᷁CF =  ᷁BOF = Ŭ, 0 < Ŭ < ˊ/2 όͫͣΦ ͪ ͙ͫΦ пύΦ ͎́ͦ͒͊ 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OAC, CDF ʠ OBF Ύ͍͡ΎΌͭͫΎ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ 

͍͍͔͔͙ͦ͒ͤ͘Ύ ͍ ͔͔ͫͭͨͤΈ n ͨ ͔͍ͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1. 

˽ͦΎ͙ͫͤͣΣ ;ͭͦ ζ͍͙ͨͦ͒͗ͤ·͔η ͯ͡;͙ OB ʠ CD ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ n  όͫͣΦ ͪ ͙ͫΦ пύ ͔͗͊ͭ͡ ͍ ͔͍͚ͨͪͦ 

;͔͍͔͙ͭͪͭ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡ ͙ ͍ͯ͒ͦ͋ͫͭ͊ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͍ͤ͊͊ͤͤ͘·ͻ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͊ 

͔ͭ͊͗͟ ͙ͫͻͦ͒Ύ ͙͘ ͍͚ͦͣͦ͗ͤͦ͘ ͍͔͙͡;͙ͤ· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ n Σ ͦͭͦͪ͟·͚ ͔ͤ ͔͍ͨͪ·΄͔͊ͭ ͍͔͙͡;͙ͤͯ 

͎ͦͫͭͪͦͦ ͎ͯ͊͡Φ ˶͙͋ͦΣ ͔͙ͫ͡ 2    ű  2    /2k n kp p p< < + , k  ɴN, ͭͦ ζ͍͙ͨͦ͒͗ͤ·͔η ͯ͡;͙ OA, OB ʠ ʉD 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ n  ͎ͣͦͯͭ ͔͗͊ͭ͡Έ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ ͔ͨͦͫ͡ ͍͔ͫͦͪ΄͔͙ͤΎ ͎ͦ͒ͤͦͦ ͙͙͡ ͔͎ͤͦͭͦͪͦͦ͟ 

͙ͦ͟͡;͔͍ͫͭ͊ ͍ͦ͋ͦͪͦͭͦΣ ;ͭͦ ͤ͊ ͙ͪͫΦ п ͦ͋ͦͤ͊͘;͔͊ͭͫΎ ͙ͨͯͤͭͪͦͣ͟ ͙ ͙͍ͫͣͦͦͣ͡ ʵΦ 

˹͙͔͊ͨͪͣͪΣ ͔͙ͫ͡ 2    ű  2    /2k n kp p p< < +  ͙  k  ɴN ẕ 0Σ ͭͦ ͙ͨͪ k = л ͎ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAC, CDF ʠ OBF ͔͋ͯ͒ͭ ͦͫͭͪ·ͣΣ ͭΦ͔Φ 0 <  ᷁BOF < /́2 ʠ  ᷁AOC =  ᷁DCF =  ᷁BOF 

όͫͣΦ ͪ ͙ͫΦ пύΣ ͎ͭͦ͒͊ ͯ͊͊ͤͤ͘͟·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ ͤ͊͘·͍͔͊ͣ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͙ͣΦ ˩͙ͫ͡ k = 1, 2, 3, 4, р ͙ ͭΦ͒ΦΣ ͭͦ 

͎ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAC, CDF ʠ OBF ͙͍͙ͨͪͦ͒ͣ ͟ ͦͫͭͪͦͣͯΥ 

               ű ï 2  BOF AOC DCF n kpÏ =Ï =Ï =  ͙  ͎ͭͦ͒͊ ͍ͤ͊͊ͤͤ͘·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ ͤ͊͘·͍͔͊ͣ 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͙ͣ ͫ ͙͍͔͔ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ ͙ͨͪ ͙ͻ ͍͙͙ͦͫͤͦ͊ͤΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͨͪ ͡Ό͋ͦͣ k  ɴN ẕ л ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OAC, CDF 

ʠ OBF Ύ͍͡ΎΌͭͫΎ ͔ͦͤ͟;ͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͙͙͡ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͍ 

͔͔ͫͭͨͤΈ n > н ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1. ˽ͦΉͭͦͣͯ ͒͡Ύ 

͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͎ͯͦ͡ n  ͤ͊ ͙͔ͪͫͯͤ͟ п ͨͯͫͭΈ ͔͋ͯ͒ͭ ͦͫͭͪ·ͣΣ ͭΦ͔Φ 0 < n  = Ŭ < /́2. 

˿͍͔͍͔ͦͦͭͭͫͭͤͤͦΣ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OAC, CDF ʠ OBF όͫͣΦ ͪ ͙ͫΦ пύ Ύ͍͡ΎΌͭͫΎ ͔ͦͤ͟;ͤ·ͣ 

͔ͪͯ͘͡Έͭ͊ͭͦͣ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1 ͍  ͔͔ͫͭͨͤΈ n. 

ζ˽͙͍͔͔ͪ͒ͤͤ·ͣηΣ ͙ͤ͊ͨͦͣͤͣΣ ͤ͊͘·͍͔͊ͣ ͚ͭ͊ͦ͟ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟Σ ͦͭͦͪ͟·͚Σ ͔ͫ͒ͯ͡Ύ 

͔ͣͭͦ͒ͯ ˤ͙͔ͭ͊Σ ͨͦͯ͡;͔͊ͣ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ ͭͦ͡Έͦ͟ ͒͡Ύ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ 

͍͍͔͔͙ͦ͒ͤ͘Ύ ͍ ͔͔ͫͭͨͤΈ n ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Φ ̉ͭͦΣ ͨͦ ͙ͫͯͭΣ Ύ͍͡Ύ͔ͭͫΎ 

͔͔͔ͨͪͣ΅͔͙͔ͤͣ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͔͍ͨͪͯΌ ;͔͍͔ͭͪͭΈ ͙͘ ͎͚͒ͪͯͦ ͙͚ͦͦͪ͒ͤ͊ͭͤͦ͟ ;͔͍͔͙ͭͪͭΣ 

͔͙ͫ͡ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͎ͯͦ͡ n  ͔͍ͨͪ·΄͔͊ͭ ͍͔͙͡;͙ͤͯ ͎ͦͫͭͪͦͦ ͎ͯ͊͡Σ ͊ ͔͎ͦ ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; ͔͙͗ͭ͡ ͔ͤ ͍ 

͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ,  ͙͔͙ͫ͡Σ ͊͟͟ ͙ ˤ͙͔ͭΣ ͔ͤ ͔͔͗͊ͣ͡ ͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·͙ͣ ͤ͊͘;͔͙ͤΎ͙ͣ Re ʠ Im. ˢ 

͔ͭ͊͗͟ ͙ ͍ ͫͯ͡;͔͊Σ ͔͙ͫ͡ ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ n  ͍͔ͫͦͨ͊͒͊ͭ ͫ ͡Ό͚͋ͦ ͙͚ͦͦͪ͒ͤ͊ͭͤͦ͟ 

ͨͦͯͦͫ͡ΈΌ ͙ ͎ͭͦ͒͊ ͔͙͔ͨͦͫͭͪͦͤ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ ͍ 

͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͍͙ͨͪ͊ͦͣ͡ ˤ͙͔ͭ͊ ͙ ͨͦ ͔͎ͦ ͔ͣͭͦ͒ͯΣ ͭΦ͔Φ ͙͔ͣͤͤͦ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍͔͙͡;͙ͤ͊ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ n  ͔͔ͦͨͪ͒͡Ύ͔ͭ ͙ͦͦͪ͒ͤ͊ͭͤͯ͟Ό ;͔͍͔ͭͪͭΈΣ ͍ 

͚ͦͭͦͪͦ͟ ͔͙͗ͭ͡ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͚ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͫ ͦͫͭͪ·ͣ ͙͙͡ 

͙͍͔͔ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤΣ ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͙͔ͨͦͦ͗ͭ͡͡Έ͔ͤͦ ͙͙͡ ͙ͦͭͪͼ͔͊ͭ͡Έ͔ͤͦ 

ͤ͊͘;͔͙͔ͤ ͍͔͙͡;͙ͤ· ͍͙ͦͫͤͦ͊ͤΎ Re ͙ ͍·ͫͦͭ· Im ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͎͙͔ͨͦͭͤͯ͊͘ ͎ͦͭͦͪͦͦ͟ 

͍ͫͦͨͦͫͭ͊͡Ύ͔ͭͫΎ x0
n ͙͙͡ y0

n ͙͙͡ z0
n. 

˽ͦΎ͙ͫͤͣΣ ;ͭͦ ͔͙ͫ͡ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͎ͯͦ͡ n  ͔͍ͨͪ·΄͔͊ͭ ͍͔͙͡;͙ͤͯ ͎ͦͫͭͪͦͦ ͎ͯ͊͡ ͙ ͔͎ͦ 

ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; ͔ͨͦͫ͡ ͎ͦ͒ͤͦͦ ͙͙͡ ͔͎ͤͦͭͦͪͦͦ͟ ͙ͦ͟͡;͔͍ͫͭ͊ ͍ͦ͋ͦͪͦͭͦ ͔͙͗ͭ͡ ͍ ͔͍͚ͨͪͦ ͙͙͡ ͎͚͒ͪͯͦ 

;͔͍͔͙ͭͪͭΣ ;ͭͦΣ ͙ͤ͊ͨͦͣͤͣΣ ͤ͊ ͙͔ͪͫͯͤ͟ п ͦ͋ͦͤ͊͘;͔͊ͭͫΎ ͎͍ͪͯͦ͟·ͣ ͙ͨͯͤͭͪͦͣ͟Σ ͭͦ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͎ͯͦ͡ 
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ͦ͋ͦͤ͊͘;͔͊ͣ ͙͍ͫͣͦͦͣ͡ ŭΦ ˤ Ήͭͦͣ ͫͯ͡;͔͊ ͙͍͔͔͙͔ͨͪ͒ͤ ͟ ͦͫͭͪͦͣͯ ͎ͯ͊͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ 

ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͔͗͊͡΅͔͎ͦ ͍ ͔͍͚ͨͪͦ ͙͙͡ ͎͚͒ͪͯͦ ;͔͍͔͙ͭͪͭ ͙ ͦͭͦͪ͟·͚ ͣͦ͗ͤͦ ͦ͋ͦͤ͊͘;͙ͭΈ 

͊͟͟ Ŭ1 - Ŭ4, τ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͫ ͯ;͔ͭͦͣ ͍͔͙͡;͙ͤ· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ ŭΣ ͭΦ͔Φ ͫ ͯ;͔ͭͦͣ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͙͚ͦͦͪ͒ͤ͊ͭͤͦ͟ ;͔͍͔͙ͭͪͭΣ ͍ ͚ͦͭͦͪͦ͟ ͔͙͗ͭ͡ ͔͎ͦ ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; όͫͣΦΣ ͙͔ͤ͊ͨͪͣͪΣ 

͙ͭ͊͋͡ͼͯ мύΦ 

͙́͊͋͡ͼ͊ м 

͎̂ͦ͡ Ŭ ͨ ͙ͪ ͍͙͙ͦͫͤͦ͊ͤ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͙͍͙ͨͪͦ͒ͣ ͟ ͦͫͭͪͦͣͯ ͙ͫͻͦ͒Ύ  

͙͘ ͍͔͙͡;͙ͤ· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ ŭ > /́2 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʫʛʦʣ 

/́2 < ŭ = nű 

ʂʦʦʨʜʠʥʘʪʥʘʷ 

ʯʝʪʚʝʨʪʴ 

ʇʨʠʚʝʜʝʥʥʳʡ ʢ ʦʩʪʨʦʤʫ ʫʛʦʣ 

0 < ὄ1-ὄ4 < /́2 

2 (4 1)
2

k k
p

p <d< + , k Í N 1Ŭ ŭ 2kp= -   

(4 1) ŭ (2 1)
2

k k
p

p+ < < + , k Í N  0 2Ŭ (2 1) ŭkp= + - 

(2 1) ŭ (2 1)k kp p+ < < + , k Í N  0 3Ŭ ŭ (2 1)kp= - + 

(4 3) ŭ 2 (2 1)
2

k k
p

p+ < < + , k Í N  0 4Ŭ (2 1) ŭkp= + - 

ˮͫͭͦ;͙ͤ͟Υ ͫͦ͒͊ͤͦ͘ ͍͊ͭͦͪͦͣ 

 

ˤ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͍͙ͨͪ͊ͦͣ͡ ˤ͙͔ͭ͊ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ ͫ ͙͍͔͔ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ 

͙ͨͪ ͙ͻ ͍͙͙ͦͫͤͦ͊ͤΣ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ζ͙͍͔͔ͨͪ͒ͤͤ·͔η ͨͦ ͔ͣͭͦ͒ͯ ˤ͙͔ͭ͊ ͍ ͔͍ͨͪͯΌ ;͔͍͔ͭͪͭΈΣ ͯ͒ͦ͋ͤͦ ͤ͊͘·͍͊ͭΈ 

͔͎ͭͪͯͦ͡Έ͙͙ͤ͊ͣ͟ n-͎ͦ ͎ͯ͊͡Φ 

˹͔ͦ͋ͻ͙ͦ͒ͣͦ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͔͙ͫ͡ ͎͙͔ͨͦͭͤͯͯ͘ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͫ;͙ͭ͊ͭΈ ͍͔ͭͦͪͦͣ͟Σ 

͔͗͊͡΅͙ͣ ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ;͔͍͔͙ͭͪͭΣ ͭͦ ͍͔͙͡;͙ͤͯ ͎͊͗͒ͦͦ͟ ͎ͦͫͭͪͦͦ ͎ͯ͊͡ Ŭ1 - Ŭ4 ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͣͦ͗ͤͦ ͚͙ͤ͊ͭ ͨͦ ͍͙ͨͪ͊͊ͣ͡Σ ͍͔ͯͫͭ͊ͤͦͤͤ͡·ͣ ͒͡Ύ 

ͤ͊ͻ͔͙ͦ͗͒ͤΎ ͎͔͊ͪͯͣͤͭ͊ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͍͔ͭͦͪ͊͟Φ ˹͙͔͊ͨͪͣͪΣ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ OAC, 

CDF ʠ OBF όͫͣΦ ͪ ͙ͫΦ пύΣ ͣͦ͗ͤͦ ͍͙ͫͦͨͦͫͭ͊ͭΈ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͔ ͔͔ͦͣͨͫͤͦ͟͟͡ ;͙ͫͦ͡      e mR i I+  ͫ  ͚ͤͦͪͣͦ 

2 2       e mN R Ia= +  ͙  ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͎͔͊ͪͯͣͤͭͦͣ )    .  (  /m earctg I Ra= . 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ ˤ͙͔ͭ͊ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ 

͍͍͔͔͙ͦ͒ͤ͘Ύ ͍ ͔͔ͫͭͨͤΈ n ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ όa, b, c) ͫ ͙͍͔͔͙͔ͨͪ͒ͤͣ ͟ ͦͫͭͪͦͣͯ ͎ͯ͊͡ ͙ͨͪ 

͍͙͙ͦͫͤͦ͊ͤ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ τ ͍ͦͣͦ͗ͤ͊͘ ͙ ͔ͤ ͔͔ͭͪ͋ͯͭ 

͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͔͙͚ͪ͊ͫͫͯ͗͒ͤΣ ͔͙ͫ͡ ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ ŭ = n  > κ́н ͔ͤ 

͍͔ͫͦͨ͊͒͊ͭ ͫ ͡Ό͚͋ͦ ͨͦͯͦͫ͡ΈΌ ͊͋ͫͼ͙ͫͫ ͙͙͡ ͙ͦͪ͒ͤ͊ͭΣ ͭΦ͔Φ ͔͙ͫ͡ 

    / 2   2 ;     2 ; } 3 / 2   2 ; 2  { ( 1 )k k k kd p p p p p p p¸ + + + +, k  ɴN ẕ 0. 

ˤ ͙ͤͦͣ ͫͯ͡;͔͊ ͔͙͔ͨͦͫͭͪͦͤ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ͦͣͦ͗ͤͦ͘ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ 

͍·΄͔͙͔ͦ͗ͤͤ͘͡·ͣ ͍͙ͨͪ͊ͦͣ͡ ˤ͙͔ͭ͊ ͙ ͔͎ͦ ͔ͣͭͦ͒ͦͣΦ ˢ ͙͔ͣͤͤͦΣ ͍͍͔͔͙͔ͦ͒ͤͣ͘ ͍ ͔͔ͫͭͨͤΈ n ͙͋ͤͦͣ͊Σ 

͍͔͎ͫͦͫͭ͊ͤͤͦͦ͡ ͚ͫͯͣͣͦ ͍͔͙͡;͙ͤ· ͍͙ͦͫͤͦ͊ͤΎ a ͙ ͍·ͫͦͭ· b ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ a b c, 

ͦͭͦͪͦͣͯ͟ ͣͦ͗ͤͦ ͍͙ͫͦͨͦͫͭ͊ͭΈ ͔͔ͦͣͨͫͤͦ͟͟͡ ;͙ͫͦ͡      a bi+ Φ ˭͔͊ͭͣ ͨͦͯ͡;͔ͤͤ·͔ ͦ͒ͤͦͪͦ͒ͤ·͔ ;͔ͤ͡· 

͙͋ͤͦͣ͊ ( )    na b+  (a + b)n ͪ͊ͫ͊͒͟͡·͍͊ΌͭͫΎ ;͔͔ͪ͘ ͙ͦ͒ͤ ͤ͊ ͍͒͊ ͪΎ͒͊ Re ʠ ImΣ ͍ ͦͭͦͪ͟·ͻ ͔͋ͪͯͭͫΎ ͫͤ͊;͊͊͡ 

͙͔ͨͦͦ͗ͭ͡͡Έͤ·͙ͣΣ ͔͊ͭͣ͘ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·͙ͣΦ ˢ͋ͫͦ͡Όͭͤ͊Ύ ͍͔͙͡;͙ͤ͊ Re ʠ Im ͔͔ͦͨͪ͒͡Ύ͔ͭΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ 

͍͔͙͡;͙ͤͯ ͍͙ͦͫͤͦ͊ͤΎ ͙ ͍·ͫͦͭ· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Φ ˻͔ͭͪͦ͘͟Σ ͍ͪ͊ͤ·͚ | |eR Σ ͦͭ͊͒͟͡·͍͔͊ͣ 

ͦͭ ͤ͊;͊͊͡ ͙ͦͦͪ͒ͤ͊ͭ͟ ͤ͊ ͙͔ͨͦͦ͗ͭ͡͡Έͤͦͣ ͯ͡;͔ ͙ͦͫ ͊͋ͫͼ͙ͫͫ ͙ ͟ ͨͦͯ͡;͔͚ͤͤͦ ͭͦ;͔͟ ͍͍͙͍͔ͦͫͫͭ͊ͤ͊͊ͣ͡ 
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͔͔͙ͨͪͨͤ͒ͯ͟͡ΎͪΣ ͤ͊ ͦͭͦͪͦͣ͟ ͦͭ͊͒͟͡·͍͔͊ͣ ͔ͦͭͪͦ͘͟Σ ͍ͪ͊ͤ·͚ | |mI Φ ˻͔ͭͪͦ͘͟Σ ͔͙ͫͦ͒ͤΎΌ΅͙͚ ͤ͊;͊ͦ͡ 

͙ͦͦͪ͒ͤ͊ͭ͟ ͙ ͚ͪ͊ͤ͟ΌΌ ͭͦ;ͯ͟ ͔͔͙ͨͪͨͤ͒ͯ͟͡Ύͪ͊Σ ͍͎ͪ͊ͤͦͦ | |mI Σ ͔͋ͯ͒ͭ ͎͙͔͚ͨͦͭͤͯͦ͘ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ζ͙͍͔͖͎ͨͪ͒ͤͤͦͦη ͙ͭ͊ͣ͟ ͦ͋ͪ͊ͦͣ͘ ͍ ͔͍ͨͪͯΌ ;͔͍͔ͭͪͭΈΦ ˽͙ͪ Ήͭͦͣ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· Ή͎ͭͦͦ 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͍͙ͨͪ͊ͦͣ͡ ˤ͙͔ͭ͊Σ ζͨͦ͒ͦ͋ͤ͊ ͚ͫ͊ͣͦ ͔͔͙ͫͭͨͤηΦ 

˭͔͙͊ͣͭͣΣ ;ͭͦ ͔ͭ͊ͦ͟ ͍͔͔͙͔ͯͭͪ͗͒ͤ ͦ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͣͦ͗ͤͦ 

͙ͨͦͤͣ͊ͭΈ ͍͋ͯ͊͟͡ΈͤͦΣ ͭΦ͔Φ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ͪ͊ͤ͊ ͍͔͙͡;͙͔ͤ 

͎͙͔ͨͦͭͤͯ͘· c ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ a b cΣ ͍͍͔͔͚ͦ͒ͤͤͦ͘ ͍ ͔͔ͫͭͨͤΈ n, ͭΦ͔Φ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ͪ͊ͤ͊ cn. 

˽͙͔͙͔ͪͣͤͭ͡Έͤͦ ͟ ͍͔͙ͯͪ͊ͤͤΌ όмύ Ήͭͦ ͦͤ͊͘;͔͊ͭΣ ;ͭͦ ͎͙͔ͨͦͭͤͯ͘· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ 

OAC, CDF ʠ OBF όͫͣΦ ͙ͪͫΦ пύΣ ͍ͪ͊ͤ· ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ x0
n, y0

n, z0
n. 

̂;͙ͭ·͍͊Ύ ͪ͊͘ΆΎ͔͙͔ͫͤͤ ͍͍͊ͭͦͪͦ ͎ͣͦͤͦͪ͊ͺ͙͙Υ ζˤͦ ͍͚ͭͦͪͦ ;͙͊ͫͭ ͔͍͙ͫ͒ͫͭ͡Ύ ˤ͙͔ͭ ͔͊ͣ͘;͔͊ͭΣ ;ͭͦ 

͎͙͔ͨͦͭͤͯ͊͘ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ͪ͊ͤ͊ znΣ ͊ ͎ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔ͫͭΈ n η ͙ ζ͔͙ͫ͡ ͣ· ͻ͙ͦͭͣ 

͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͔ͪͯ͘͡Έͭ͊ͭ ζ͙͍͔͔ͨͪ͒ͤͤ·ͣη ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟Σ ͭͦ ͎͙͔ͨͦͭͤͯ͊͘ ͔͎ͦ ͔͋ͯ͒ͭ znΣ ͊ ͎ͯͦ͡ n  ͤ ͊͒ͦ ͔͋ͯ͒ͭ 

͙͍͔͙ͨͪͫͭ ͟ ͦͫͭͪͦͣͯη ώмΣ ͫ Φ 197], τ ͎ͭͦ͒͊ ͍͔͔͙͔ͯͭͪ͗͒ͤ ͍͙ͨͪ͊͊͡ ˤ͙͔ͭ͊ ͦ ͙͙ͨͦ͒ͦ͋ ͎͙͔ͨͦͭͤͯ͘· ζ͚ͫ͊ͣͦ 

͔͔͙ͫͭͨͤη ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ώмΣ ͫ Φ 194-мфтϐ ͣͦ͗ͤͦ ͙ͨͦͤͣ͊ͭΈ ͊͟͟ ͍͔͍ͪ͊ͤͫͭͦ ͍͔͙͡;͙ͤ· ͎͙͔ͨͦͭͤͯ͘· 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͣͦ͒ͯ͡Ό ͍͍͔͔͎ͦ͒ͤͤͦͦ͘ ͍ ͔͔ͫͭͨͤΈ n ͔͎ͦͣͨͫͤͦͦ͟͟͡ ;͙ͫ͊͡    a bi+  a + bi, 

͔ͦͭͦͪͦ͟ ͍ͫͦͨͦͫͭ͊͡Ύ͔ͭͫΎ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣͯ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ όa, b, cύΦ ˤ Ήͭͦͣ ͫͯ͡;͔͊ 

͔ͣͦ͗ͣ ͫ͊͊ͭ͘͟ΈΣ ;ͭͦ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ͪ͊ͤ͊ ͣͦ͒ͯ͡Ό ͔͎ͦͣͨͫͤͦͦ͟͟͡ 

;͙ͫ͊͡Σ ͔ͦͭͦͪͦ͟ ͍ͫͦͨͦͫͭ͊͡Ύ͔ͭͫΎ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣͯ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔ͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟Φ 

ˮͤ͊;͔ ͎͍ͦͦͪΎΣ ͍͔͔͙͔ͯͭͪ͗͒ͤ ˤ͙͔ͭ͊ ͦ ͙͙ͨͦ͒ͦ͋ ͎͙͔ͨͦͭͤͯ͘· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ζ͚ͫ͊ͣͦ 

͔͔͙ͫͭͨͤη ͦͤ͊͘;͔͊ͭΣ ͙͔͙͔ͨͪͣͤͭ͡Έͤͦ ͟ ͍͔͙ͯͪ͊ͤͤΌ όмύΣ τ ͍͔͍ͪ͊ͤͫͭͦ ͍͔͙͡;͙ͤ· ͎͙͔ͨͦͭͤͯ͘· OA, CD ͙ OB 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OAC, CDF ʠ OBF ͫ  ͦͫͭͪ·ͣ ͎ͯͦͣ͡ n  ͨ ͙ͪ ͍͙͙ͦͫͤͦ͊ͤ 

όͫͣΦ ͪ ͙ͫΦ 4), τ ͍͔͙͡;͙͔ͤ ͍͍͔͔͚ͦ͒ͤͤͦ͘ ͍ ͔͔ͫͭͨͤΈ n ͎͙͔ͨͦͭͤͯ͘· OA0, OB0 ʠ OC0 ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ оύ ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡  ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤΦ 

̏ͭͦ ͍͔͔͙͔ͯͭͪ͗͒ͤ ͦ ͙͙ͨͦ͒ͦ͋ ͎͙͔ͨͦͭͤͯ͘· ζ͚ͫ͊ͣͦ ͔͔͙ͫͭͨͤη ͙͊ͨ͘΄͔ͣ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͺͦͪͣͯ͡· 

˸͍ͯ͊ͪ͊Σ ͔͙ͫ͡ ͎͙͔ͨͦͭͤͯ͘· ͍ͤ͊͊ͤͤ͘·ͻ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͙ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͫ;͙ͭ͊ͭΈ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͍͔ͭͦͪͦͣ͟Υ 

0 0 0 0 |         ű    ű  ( ) [ ( )] ( ); |   ű    ű   n n n nOA OA x sin icos x sinn icosn OA x= = Ö + = =Ö + ; 

0 0 0 0 |         ű    ű   ( ) [ ( )]    ű   ű  ( ); | n n n nCD OB sin icos y s Cinn icosny xD= = + = + =ÖÖ ; 

0 0 0 0 |         ű    ű   ( ) [ ( )]    ű   ű  ( ); | n n n nOB OC sin icos z sinn icosn Oz zA= = Ö + = + =Ö . 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͫ ͙͍͔͔ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ 

͔͋ͯ͒ͭ ͔͗͊ͭ͡Έ ͍ ͚ͭͦ ͙͚ͦͦͪ͒ͤ͊ͭͤͦ͟ ;͔͍͔͙ͭͪͭΣ ͍ ͚ͦͭͦͪͦ͟ ͔ͦ͊͗ͭͫ͟Ύ ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ 

͎ͯ͊͡ n . 

̒ͫͤͦΣ ;ͭͦ ͔͙ͫ͡ ͔͍ͫ͒ͦ͊ͭ͡Έ ͔ͣͭͦ͒ͯ ˤ͙͔ͭ͊Σ ͭͦ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ώмΣ ͫ Φ мфтϐ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͍͘ΎͭΈ ͊͋ͫͦ͡ΌͭͤͯΌ 

͍͔͙͡;͙ͤͯ ͍͙ͦͫͤͦ͊ͤΎ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͙ ͔͎ͦ ͍·ͫͦͭ·Σ ͭΦ͔Φ | |eR  ͙  | |mI  | ImμΣ ͙ ͎ͭͦ͒͊ 

ͨͦͯ͡;͙ͣ ζ͙͍͔͔ͨͪ͒ͤͤ·͚η ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟Σ ͦͭͦͪ͟·͚ ͔͋ͯ͒ͭ ͔͗͊ͭ͡Έ ͙͔ͣͤͤͦ ͍ ͔͍͚ͨͪͦ 

͙͚ͦͦͪ͒ͤ͊ͭͤͦ͟ ;͔͍͔͙ͭͪͭΦ 

˭͔͒ͫΈ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͔̅ͪͣ͊ ͎ͣͦ ͤ͊ͭ͘Έ ͺͦͪͣͯͯ͡ ˸͍ͯ͊ͪ͊Σ ͦͭͦͪͯ͟Ό ͤ͊͘͡ ˤ͙͔ͭ ώмΣ ͫ Φ 197]. 

˽͙ͪ Ήͭͦͣ ͍ͦ ͍͔͔ͪͣͤ͊ ͔̅ͪͣ͊ ͔ͦͣͨͫͤ͟͟͡·͔ ;͙ͫ͊͡ ͔΅͔ ͔ͤ ͙͔͙ͨͪͦ͋ͪ͡ ͦ͋΅͔͎ͦ ͙͙ͨͪͤ͊ͤ͘Ύ ͙ ͙͔͔͙ͨͪͣͤͤΎ 

͔͍͔͚͙͙ͪͦͨͫͣ͟ ͔͙͙ͣ͊ͭͣ͊ͭ͊ͣ͟Σ ͔ͦͭͦͪͦ͟ ͙ͨͪͦͦ͘΄ͦ͡ ͙ͨͪ ͒͊͡Έ͔͚ͤ΄͔ͣ ͍͙͙͙ͪ͊ͭ͘ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ ζΦΦΦ͔ͨͦͫ͡ 

͎ͭͦͦΣ ͊͟͟ ˥͊ͯͫͫ ͙ͨͦͫͭͪͦ͡ ͙͊ͪͺ͔͙ͣͭͯ͟ ͔ͦͣͨͫͤ͟͟͡·ͻ ;͙͔ͫ͡Σ ͙ͦͤ ͙͔͙ͨͪ͋ͪ͡ ͍ͨͪ͊͊ ͎͍ͪ͊͗͒͊ͤͫͭ͊Σ 

͔͍͙͍ͨͪͪ͊ͭ΄͙ͫΈ ͍ ζͤ͊ͫͭͦΎ΅͙͔η ;͙ͫ͊͡η ώмΣ ͫ Φ нлмϐΦ ˽ͦΉͭͦͣͯ ͔ͤ ͙ͫ͟͡Ό;͔ͤͦΣ ͤͦ ͍͔ͣ͊ͦͪͦ͡ΎͭͤͦΣ ;ͭͦ ͔̅ͪͣ͊ 
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͙ͫͨͦ͡Έ͍ͦ͊͘͡ ͙͔ͤ͊ͤ͘ ͺͦͪͣͯ͡· ˸͍ͯ͊ͪ͊ ͍ ͦͭͪ͟·ͭͦͣ ͙ͣ ζ͙͙͔ͨͦͫͭͤ ;͔ͯ͒ͫͤ·ͣη ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭΦ 

˹͔ͦ͒ͤͦͤ͊͘;ͤͦͫͭΈ Ή͎ͭͦͦ ͔͔͙ͨͪ͒ͨͦͦ͗ͤ͡Ύ ͦ͋ΆΎͫͤΎ͔ͭͫΎ ͔ͭͣΣ ;ͭͦ ͔͚͊ͣͭͦ͘͟ XL  ͤ͊ ͨͦ͡Ύͻ ͚ͭͦ ͔͗ 

ζˢ͙ͪͺ͔͙͙ͣͭ͟η ͔̅ͪͣ͊ ͙͙ͦ͗͘͡͡ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͔ͭͦͪͣ· ͒͡Ύ ͔ͨͦ͊͊ͭ͘͟͡Ύ n Ґ п ͔ͣͭͦ͒ͦͣ ͔͔͋ͫͦͤ͟;͎ͤͦͦ 

ͫͨͯͫ͊͟ ώмΣ ͫ Φ 212-нмрϐΦ ˽͙ͪ Ήͭͦͣ ͦͤ ͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊͡ ͍͙͔ͯͫͦ͡ ͙ ͔ͪ΄͔͙͔ͤ ͊͒͊͘;͙ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͙ͣ 

͔͎ͭͪͯͦ͡Έ͙͙ͤ͊ͣ͟Σ ͦͭͦͪ͟·͙ͣ Ύ͍͡ΎΌͭͫΎ ͍·΄͔ͯ͊͊ͤͤ͘͟·͔ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͔ ͙ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ 

͔͎ͭͪͯͦ͡Έ͙͙ͤ͟Σ ͦͭͦͪ͟·ͣ ͣͦ͗ͤͦ ͍͙ͫͦͨͦͫͭ͊ͭΈ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͔ͦͣͨͫͤ͟͟͡·͔ ;͙ͫ͊͡Φ 

ˮͭ͊͟Σ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͙ ͔͎ͦ ͔ͪ΄͔͙ͤΎ ͯ͊͊ͤͤ͘͟·͙ͣ ͍·΄͔ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͙ͣ ͙ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·͙ͣ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͙ͣ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͊ͣ͟ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ ͙͎͙ͦͪͤ͊͡Έ͔ͤͦ ͙ͫ;͙͔͙͔ͫͤ͡ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔͔͋ͯͨͪ͘;ͤͦ ͎ͫͭͪͦͦ ͔͔ͨͦͫͭͪͦͤͤͦ ͍·͒͊Ό΅͙ͣͫΎ ͺͪ͊ͤͼ͙ͯͫͣ͘͟ ͔͙ͣ͊ͭͣ͊ͭͦͣ͟ ̅ͪ͊ͤͫͯ͊ 

ˤ͙͔ͭͦ ͣΣ ͊ ͙͔ͣͤͤͦΣ ͤ͊ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ XLVIII ïLI  ͙ ͫͺ͙͍͔ͦͪͣͯͪͦ͊ͤͤͦ͡ ͙ͣ ͍͙ͨͪ͊ͦ͡ ζ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎη 

ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ 

˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ͔ͦͤ͟;ͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͙͙͡ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͍ 

͔͔ͫͭͨͤΈ n ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OA0A1 (ax, bx, x0) ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡  ͙ͨͪ 

͍͙͙ͦͫͤͦ͊ͤ ax, ͍·͚ͫͦͭͦ bx ͙ ͎͙͔͚ͨͦͭͤͯͦ͘ x0 όͫͣΦ ͪ ͙ͫΦ оύ Ύ͍͡Ύ͔ͭͫΎ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ 

͔͎ͭͪͯͦ͡Έ͙ͤ͟ OAC όͫͣΦ ͪ ͙ͫΦ пύ ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤΣ ͔͙ͫ͡ n  = Ŭ < /́2Τ ͙͙͡Σ ͔͙ͫ͡ 

2        2     / 2k n kp p p< j< + , k  ɴNΣ ͭͦ ͫ ͙͍͔͔ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ BOF ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ RexΣ ͍·͚ͫͦͭͦ 

Imx ͙ ͎͙͔͚ͨͦͭͤͯͦ͘ AB, ͪ ͍͚͊ͤͦ x0
n ͙ ͦͭͦͪ͟·͚ ͙͊ͨͫ͘·͍͔͊ͣ ͍ ͍͙͔͒ όRex, Imx, x0

n): 

0 0( ) ( ),  ,        ,  , n n

x x ex mxa b x ABC R I x­ . 

ˢ͎͙ͤ͊ͦ͡;ͤͦΣ æ CDF ʠ æ OBF ͫ ͎͙͔͙ͨͦͭͤͯ͊ͣ͘Σ ͍ͪ͊ͤ·͙ͣ y0
n ʠ z0

n, τΎ͍͡ΎΌͭͫΎ ͔ͦͤ͟;ͤ·ͣ 

͔ͪͯ͘͡Έͭ͊ͭͦͣ ͙͙͡ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͍ ͔͔ͫͭͨͤΈ n ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OB0B1 ʠ OC0C1. 

1.3Φ ˨͔͔͊͡ ͙ͫͨͦ͡Έ͔ͯͣ͘ ͫͨͦͫͦ͋ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͦͭͦͪ͟·͚ ͔̅ͪͣ͊ ͍ͤ͊͊͘͡ ͔͔͔͔ͤͦͨͪ͒ͤͤ͡·ͣ ͙͙͡ 

͔͔͋ͫͦͤ͟;ͤ·ͣ ͫͨͯͫͦͣ͟ ͙ ͙͔͙ͨͪͣͤ͡ ͒͡Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͙ͦͭͪͼ͔͊ͭ͡Έ͎ͤͦͦ ͍͔͔͙ͯͭͪ͗͒ͤΎΣ ;ͭͦ ͔ͤ 

ͫͯ΅͔͍͔ͫͭͯͭ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͫ ͼ͔͡·͙ͣ ͙ͫͭͦͪͦͤ͊ͣΣ ͨͦ͡΅͊͒Έ ͎ͦͭͦͪͦͦ͟ ͍ͪ͊ͤ͊ ͍͊͒ͪ͊ͭͯ͟ ͙ 

͔ͦͭͦͪͦ͟ ͍͙ͪ͊ͤͦͫ͡Έͤͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͯ ͔͔ͭͦͪͣ· ͒͡Ύ n = пΦ ͙̏ͭͣ ͫͨͦͫͦ͋ͦͣ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡Σ 

͙͍͔ͨͪͦͭͦͪ;͊΅͔͔ ͒ͦ͊͘͟·͍͔͊ͣͦͣͯ ͍͔͔͙ͯͭͪ͗͒ͤΌΣ ͙͍͙ͨͪͦ͒ͭͫΎ ͟ ͙͍͔ͨͪͦͭͦͪ;͙Ό ͙͙͡ ͊͋ͫͯͪ͒ͯ ώмΣ ͫ Φ 213-

215]. 

͎́ͦ͒͊Σ ͔͙ͫ͡ ͫͯ΅͔͍ͫͭͯΌͭ ͙ͭͪ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OA0A1, OB0B1 ʠ OC0C1 

(ͫͣΦ ͙ͪͫΦ оύΣ ͎͙͔ͨͦͭͤͯ͘· ͦͭͦͪ͟·ͻ ͍ͫΎ͊ͤ͘· ͦͭͤͦ΄͔͙͔ͤͣΣ ͯ͊͊ͤͤ͘͟·ͣ ͍ ͍͔͙͙ͯͪ͊ͤͤ όмύ ͙ ͊͗͒͊͟Ύ ͙͘ ͙ͤͻ 

͙͔ͣΌͭ ͍͔͙͡;͙ͤͯΣ ͍ͪ͊ͤͯΌ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣͯ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡Σ ͭͦ ͒ͦ͗ͤ͊͡ ͫͯ΅͔͍͍ͫͭͦ͊ͭΈ ͎͒ͪͯ͊Ύ 

͚ͭͪͦ͊͟ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦ͒ͦ͋ͤ·ͻ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟Σ 

ͤͦ ͫ ͔ͣͤΈ΄͔͚ ͍͔͙͡;͙͚ͤͦ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͫͻ͍͔ͦ͒ͫͭͤͤ·ͻ ͫͭͦͪͦͤΣ ͎͙͔ͨͦͭͤͯ͘· ͦͭͦͪ͟·ͻ ͍ͫΎ͊ͤ͘· ͔ͭͣ ͔͗ 

ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ ˭͔͊ͭͣ ͒ͦ͗ͤ͊͡ 

ͫͯ΅͔͍͍ͫͭͦ͊ͭΈ ͔ͭͪͭΈΎΣ ;͔͍͔ͭͪͭ͊Ύ ͙ ͭΦ͒Φ ͚ͭͪͦ͊͟ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͦ͋͊͒͊͡Ό΅͊Ύ ͙͙ͭ͊ͣ͟ ͔͗ ͍͚͍͙ͫͦͫͭ͊ͣ ͙ ͫ 

͔ͣͤΈ΄͔͚ ͍͔͙͡;͙͚ͤͦ ͫͻ͍͔ͦ͒ͫͭͤͤ·ͻ ͫͭͦͪͦͤΣ ;͔ͣ ͔ͨͪ͒·͒ͯ΅͊Ύ ͚ͭͪͦ͊͟ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ ˽͙ͪ Ήͭͦͣ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͫͻ͍͔ͦ͒ͫͭͤͤ·͔ ͫͭͦͪͦͤ· ͚͊͗͒ͦ͟ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ ͚͙ͭͪͦ͟ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͦͫͭ͊ΌͭͫΎ 

͍ͫΎ͊ͤͤ͘·͙ͣ ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ 

˭ͤ͊;͙ͭΣ ͔͍͔ͨͪͦΣ ͔͊ͭͣ͘ ͍͔ͭͦͪͦΣ ͔ͭͪͭΈ͔Σ ;͔͍͔͔ͭͪͭͦ ͙ ͭΦ͒Φ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͤ͊ͻ͙ͦ͒ͣ 

͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͫ ͍͔͙͡;͙͚ͤͦ ͎͙͔ͨͦͭͤͯ͘ ͦ;͔͔͚ͪ͒ͤͦ ͚͙ͭͪͦ͟ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ 

ͫͻ͍͔ͦ͒ͫͭͤͤ·͔ ͫͭͦͪͦͤ· ͦͭͦͪ͟·ͻ ͨͦͫͭͦΎͤͤͦ ͔ͯͣͤΈ΄͊ΌͭͫΎ ͙ ͦͭͦͪ͟·͔ ͙ͨͪ Ήͭͦͣ ͦͫͭ͊ΌͭͫΎ ͨͦ͒ͦ͋ͤ·͙ͣ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣͯ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͣͭͦ͒ ͔͔͋ͫͦͤ͟;͎ͤͦͦ ͫͨͯͫ͊͟ ͍ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͤ͊ͻ͔͙͙ͦ͗͒ͤ 

͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· ͙͍͔͙ͨͪͫͭ ͟ ͙͍͔ͨͪͦͭͦͪ;͙Ό ͙͙͡ ͊͋ͫͯͪ͒ͯ 

͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡Σ ͙͍͔ͨͪͦͭͦͪ;͊΅͔͔ ͔͔͔ͭͦͪͣΣ ͊ ͙͔ͣͤͤͦΣ ;ͭͦ ͙ͨͪ ͔͚ͤͦͭͦͪͦ͟ ͔͔͙ͫͭͨͤ n > н ͍͔͙͔ͯͪ͊ͤͤ όмύ 

͙͔͔ͣͭ ͔ͪ΄͔͙͔ͤͣ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·͔ x0, y0, z0. 



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

 

 

30 

ˮͭ͊͟Σ ͔͍͔ͨͪͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͤ͊ͻ͙ͦ͒ͣ ͔͙͔ͯͣͤͦ͗ͤͣ ͚͙ͭͪͦ͟ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ оύ ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡  

͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͙ ͎͙͔͙ͨͦͭͤͯ͊ͣ͘Σ ͍ͪ͊ͤ·͙ͣΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ x0, y0, z0,τ ͤ͊ ͔͍ͨͪ·͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ 

͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͚ ͪ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ͙ͨͦ͒ͦ͋Ύ ki < м όͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ 

i = мύΦ ˤ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ k1 ͍ͦ͘Έ͔ͣͣ ͍͔͙͡;͙ͤͯ ͎͙͔ͨͦͭͤͯ͘· ͎ͦ͒ͤͦͦ ͙͘ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭΦ͔Φ ͙͋ͦ͡ x0Σ ͙͋ͦ͡ y0Σ ͙͋ͦ͡ z0Σ ͊ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ k1 

͍͔͙͡;͙ͤͯ Ή͚ͭͦ ͎͙͔ͨͦͭͤͯ͘· ͔ͯͣͤΈ΄͔͊ͣ ͤ͊ ͔͔ͤͦͭͦͪͦ͟ ͙ͦ͟͡;͔͍ͫͭͦ ͔͙͙͒ͤͼΦ ˨͡Ύ ͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡ ͨͯͫͭΈ ͍ 

͔͔͔ͤ͊ͣͤ͊ͭ͘͡ ͔͍͎ͨͪͦͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ k1 ͔͋ͯ͒ͭ ͍͔͙͡;͙ͤ͊ 

͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͙͘ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭΦ͔Φ x0Φ ˢ ;͙͙͔ͫͭ͡͡Έ ͔͍͎ͨͪͦͦ ͙ 

͔ͨͦͫ͒ͯ͡Ό΅͙ͻ ͙ͨͦͤ͗͊Ό΅͙ͻ ͦ͟Ήͺͺ͙ͼ͙͔͍ͤͭͦ ki ͨͯͫͭΈ ͔͋ͯ͒ͭ ͔ͣͤΈ΄͔ ͔͔ͤ͊ͣͤ͊ͭ͘͡Ύ ͤ͊ мΦ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ 

͔͙ͯͣͤͦ͗ͤΎ ͍·΄͔͍ͤ͊͊ͤͤ͘·ͻ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͔͍ͨͪ·͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ 

͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ 

0
1

0

( 1)x
k

x

-
=  

ͨͦͯ͡;͙ͣ ͔͍ͨͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OAiAip, OBiBip ʠ OCiCipΣ ͯ ͦͭͦͪ͟·ͻ 

ͨͦ͒ͫͭͪͦ;ͤ·͔ ͙ͤ͊͘͟ p = i = м όͫͣΦ ͪ ͙ͫΦ сύΦ ˭ͤ͊;͙ͭΣ ͚ͭͪͦ͊͟ ;͙͔ͫ͡ x1 y1 z1Σ ͦͭͦͪ͟·͔ ͍͔͍ͫͦͦͭͭͫͭͯΌͭ ͍͔͙͡;͙͔ͤ 

͎͙͔ͨͦͭͤͯ͘ ͔͍͚ͨͪͦ ͨͦͯ͡;͔͚ͤͤͦ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ τ Ύ͍͡Ύ͔ͭͫΎ 

͔͍ͨͪ·ͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύΥ 

1 1 1

n n nx y z+ =  

˭͔͒ͫΈ ͙ ͔͔͒͊͡ ͨͦ͒ͫͭͪͦ;ͤ·͔ ͙ͤ͊͘͟ i ʠ p ͦ͋ͦͤ͊͘;͊Όͭ ͨͦͫͭͦΎͤͤͦ ͍ͦͪ͊ͫͭ͊͘Ό΅ͯΌ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Υ p = i = 1, 2, 3, 4, р ͙ ͭΦ͒Φ 

 
˾͙ͫͯͤͦ͟ с ς ˽ ͔͍ͪͦͤ͊;͊͡Έͤ·͔ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OA0A1, OB0B1, OC0C1 ͙  ͨͦ͒ͦ͋ͤ·͔ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣͯ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ ζͪ͊ͭͤ͟·͔η 

 ͨ ͪΎ͎ͣͦͯͦ͡Έͤ·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OAiAip, OBiBip ʠ OCiCip 

ˮͫͭͦ;͙ͤ͟Υ ͍͔ͫͦͫͭ͊ͤͦ͡ ͍͊ͭͦͪͦͣΦ 

˽ͦΎ͙ͫͤͣ ͔͙͔ͨͦͫͭͪͦͤ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͙ͪͫΦ сΥ 

0 10         ű  /2C OC p<Ï = <  
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0 1   i ip iOA A OA A k= Ö , 1          i i i iOA x x k-= = Ö; 

0 1   i ip iOB B OB B k= Ö , 1       i i i iOB y y k-= Ö= ; 

0 1   i ip iOC C OC C k= Ö , 1       i i i iOC z z k-= Ö= . 

˽͔ͦͫ͒ͯ͡Ό΅͙͔ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͤ͊ͻ͙ͦ͒ͣ ͙ͭ͊ͣ͟ ͔͗ ͫͨͦͫͦ͋ͦͣΦ ˢ ͙͔ͣͤͤͦΣ 

͍͔ͭͦͪͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ͔ͪ΄͔͙͔ͤ ͤ͊ͻ͙ͦ͒ͣ ͔͙͔ͯͣͤͦ͗ͤͣ ͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ 

͍͚ͭͦͪͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k2. ˭ ͔͊ͭͣ ͤ͊ͻ͙ͦ͒ͣ ͔ͭͪͭΈ͔ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ 

͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͔͙͔ͯͣͤͦ͗ͤͣ ͨͦͯ͡;͔͚ͤͤͦ ͍͚ͭͦͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͔͙͚ͭͪͭ 

ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k3 ͙ ͭΦ͒Φ ˽͙ͪ Ήͭͦͣ ͍ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͎͊͗͒ͦͦ͟ 

͔ͫ͒ͯ͡Ό΅͔͎ͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ki ͔͔͋ͪͣ ͍͔͙͡;͙ͤͯ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͙͘ 

͚͙ͭͪͦ͟ ͔ͯͣͤͦ͗͊ͣ·ͻ ζͪ͊ͭͤ͟·ͻ ζ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭΦ͔Φ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ xi, ͔ͦͭͦͪͦ͟ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ 

ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ki ͯ ͔ͣͤΈ΄͔͊ͣ ͤ͊ ͔͔ͤͦͭͦͪͦ͟ ͙ͦ͟͡;͔͍ͫͭͦ ͔͙͙͒ͤͼΣ ͍ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͤ͊ мΦ 

ˮͭ͊͟Σ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OAiAip, OBiBip ʠ OCiCipΣ ͯ ͦͭͦͪ͟·ͻ ͨͦ͒ͫͭͪͦ;ͤ·͔ ͙ͤ͊͘͟ p = i = 1 

όͫͣΦ ͪ ͙ͫΦ сύΣ ͨͦ͒ͦ͋ͤ· ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ OA0A1, OB0B1 ʠ OC0C1 ͨͦ 

͔ͭͪͣ ͍ͪ͊ͤ·ͣ ͎ͯ͊ͣ͡ ͙ ͙ͨͪ Ήͭͦͣ ͙͔ͣΌͭ ͔ͣͤΈ΄ͯΌ ͍͔͙͡;͙ͤͯ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͫͻ͍͔ͦ͒ͫͭͤͤ·ͻ ͫͭͦͪͦͤΦ 

˽ͦΉͭͦͣͯ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OAiAip, OBiBip ʠ OCiCip ͤ͊͘·͍͔͊ͣ ζͪ͊ͭͤ͟·͙ͣηΦ ̒ͫͤͦΣ ;ͭͦ ͎͙͔ͨͦͭͤͯ͘· ͔͍͚ͨͪͦ 

͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙͔ͣΌͭ ͔ͣͤΈ΄ͯΌ ͍͔͙͡;͙ͤͯΣ ;͔ͣ ͎͙͔ͨͦͭͤͯ͘· ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Υ x1 < x0, y1 < y0, z1 < z0 ͙  ͙ͨͪ Ήͭͦͣ x1, y1 ʠ z1 ͫ ͍Ύ͊ͤ͘· ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ 

;ͭͦ ͙ ͎͙͔ͨͦͭͤͯ͘· ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1Σ ͭΦ͔Φ ͍ͫΎ͊ͤ͘· ͯ͊͊ͤͤ͘͟·ͣ ͍ 

͍͔͙͙ͯͪ͊ͤͤ ͦͭͤͦ΄͔͙͔ͤͣ όмύΥ 

1 1 1

n n nx y z+ = . 

ζ˴ͪ͊ͭͤ·͙ͣη ͔͋ͯ͒ͣ ͤ͊͘·͍͊ͭΈ ͙ ͎͙͔͒ͪͯ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟Σ ͦͭͦͪ͟·͔ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ 

ͨͦͯ͡;͔͊ͣ ͙ͭ͊ͣ͟ ͔͗ ͔ͨͯͭͣΦ ̒ͫͤͦΣ ;ͭͦ ͍͔͙͡;͙ͤ͊ ͚͊͗͒ͦ͟ ͎͙͔ͨͦͭͤͯ͘· ͍ ͦ;͔͔͚ͪ͒ͤͦ ͨͦͯ͡;͔͚ͤͤͦ ͚͙ͭͪͦ͟ 

ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͨͦͫͭͦΎͤͤͦ ͔ͯͣͤΈ΄͔͊ͭͫΎ ͙ ͙ͨͪ Ήͭͦͣ ͎͙͔ͨͦͭͤͯ͘· ͦ;͔͔͚ͪ͒ͤͦ ͭ ͚͙ͪͦ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͦͫͭ͊ΌͭͫΎ ͍ͫΎ͊ͤͤ͘·͙ͣ ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ ˽͍͙ͦͭͦͪͣΣ ;ͭͦ ͤ͊ ͙͔ͪͫͯͤ͟ с ͨͦ͒ͫͭͪͦ;ͤ·͔ ͙ͤ͊͘͟ i, p ͦ͋ͦͤ͊͘;͊Όͭ 

ͨͦͫͭͦΎͤͤͦ ͍ͦͪ͊ͫͭ͊͘Ό΅ͯΌ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͭΦ͔Φ p = i = 1, 2, 3, 4, р ͙ ͍ ͚ͭ͊ͦ͟ ͔͗ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͒ͦ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭΦ 

ˮͭ͊͟Σ ͨͦͯ͡;͔ͤͤͯΌ ͔͍ͨͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAiAip, OBiBip ʠ OCiCip όͨͦ͒ͫͭͪͦ;ͤ·͔ 

͙ͤ͊͘͟ p = i = 1) c ͎͙͔͙ͨͦͭͤͯ͊ͣ͘ x1 y1 z1 ͔ͯͣͤͦ͗͊ͣ ͤ͊ ͍͚ͭͦͪͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ 

ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki (i = 2ύΦ ˤ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ k2 ͔͔͋ͪͣ ͍͔͙͡;͙ͤͯ ͎͙͔ͨͦͭͤͯ͘· ͎ͭͦͦ ͙͘ ͚͙ͭͪͦ͟ ͔ͯͣͤͦ͗͊ͣ·ͻ 

ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͯ ͎ͦͭͦͪͦͦ͟ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡Σ ͭΦ͔Φ ͍ 

͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͔͔͋ͪͣ ͍͔͙͡;͙ͤͯ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͙͘ ͚͙ͭͪͦ͟ ͔ͯͣͤͦ͗͊ͣ·ͻ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͊ ͙͔ͣͤͤͦΣ ;͙ͫͦ͡ x1Σ ͔ͦͭͦͪͦ͟ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ ͔ͯͣͤΈ΄͔͊ͣ ͤ͊ мΦ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͙ͯͣͤͦ͗ͤΎ 

͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͍͚ͭͦͪͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ 

ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k2 = (x1 ī 1)/x1 ͨͦͯ͡;͙ͣ ͍ͭͦͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAiAip, OBiBip ʠ OCiCip, 

͙ͨͪ Ήͭͦͣ ͨͦ͒ͫͭͪͦ;ͤ·͔ ͙ͤ͊͘͟ p = i = н όͫͣΦ ͪ ͙ͫΦ сύΦ ̒ͫͤͦΣ ;ͭͦ ͎͙͔ͨͦͭͤͯ͘· ͍͚ͭͦͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͦͭͦͪ͟·͔ ͦ͋ͦͤ͊͘;͔͊ͣ x2, y2, z2, ͙͔ͣΌͭ ͔ͣͤΈ΄ͯΌ ͍͔͙͡;͙ͤͯΣ ;͔ͣ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ 

͎͙͔ͨͦͭͤͯ͘· ͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ ͍ͫΎ͊ͤ͘· ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ;ͭͦ ͙ ͎͙͔ͨͦͭͤͯ͘· 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1: 

2 2 2       n n nx y z+ = , 1
2 1 2 1 1

1

( 1)
1

x
x x k x x

x

-
= Ö = Ö = -, 2 1 2y y k= Ö, 2 1 2z z k= Ö. 

˭͔͊ͭͣ ͨͦͯ͡;͔ͤͤͯΌ ͍ͭͦͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͔ͯͣͤͦ͗͊ͣ ͤ͊ ͔͙͚ͭͪͭ ͨͦ 

ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki (i = 3ύΣ ͍ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͎ͦͭͦͪͦͦ͟ ͔ͭ͊͗͟ ͔͔͋ͪͣ 
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͍͔͙͡;͙ͤͯ ͎͙͔ͨͦͭͤͯ͘· ͎ͭͦͦ ͙͘ ͚͙ͭͪͦ͟ ͔ͯͣͤͦ͗͊ͣ·ͻ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͯ ͎ͦͭͦͪͦͦ͟ ͍͔͙͡;͙ͤ͊ 

͎͙͔ͨͦͭͤͯ͘· ͔ͭ͊͗͟ ͍ͪ͊ͤ͊ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡Σ ͭΦ͔Φ x2Σ ͔ͦͭͦͪͦ͟ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ ͔ͭͦ͗ ͔ͯͣͤΈ΄͔͊ͣ ͤ͊ м ͙ ͭΦ͒Φ 

ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͙ͯͣͤͦ͗ͤΎ ͍͚ͭͦͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͔͙͚ͭͪͭ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ 

͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ 

2
3

2

( 1)
   

x
k

x

-
=  

ͨͦͯ͡;͙ͣ ͔ͭͪͭΈΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAiAip, OBiBip ʠ OCiCipΣ ͙ͨͪ Ήͭͦͣ ͨͦ͒ͫͭͪͦ;ͤ·͔ ͙ͤ͊͘͟ 

p = i = о όͫͣΦ ͪ ͙ͫΦ сύΦ ̒ͫͤͦΣ ;ͭͦ ͎͙͔ͨͦͭͤͯ͘· ͔ͭͪͭΈ͔͚ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͦͭͦͪ͟·͔ 

ͦ͋ͦͤ͊͘;͔͊ͣ x3, y3, z3Σ ͙͔ͣΌͭ ͔ͣͤΈ΄ͯΌ ͍͔͙͡;͙ͤͯΣ ;͔ͣ ͎͙͔ͨͦͭͤͯ͘· ͍͚ͭͦͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ ͍ͫΎ͊ͤ͘· ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ;ͭͦ ͙ ͎͙͔ͨͦͭͤͯ͘· ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ 

OA0A1, OB0B1 ʠ OC0C1: 

3 3 3       n n nx y z+ = , 2
3 2 3 2 2

2

( 1)
1

x
x x k x x

x

-
= Ö = Ö = -, 3 2 3y y k= Ö, 3 2 3z z k= Ö. 

˨͔͔͊͡ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͍ͨͦͭͦͪΎ͔ͣ ͔͙͔ͯͣͤͦ͗ͤ ͔ͭͪͭΈ͔͚Σ ;͔͍͔͚ͭͪͭͦΣ ͨΎ͚ͭͦ ͙ ͔͔͒͊͡ ͚͊͗͒ͦ͟ 

ͦ;͔͔͚ͪ͒ͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΣ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙͚ ͨͦ 

ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ kiΣ ;͙͙͔ͫͭ͡͡Έ ͙ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͎ͦͭͦͪͦͦ͟ ͔͔ͦͨͪ͒͡Ύ͔ͣ 

͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͫͨͦͫͦ͋ͦͣΦ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͚ͯ͊͊ͤͤͦ͘͟ ͔ͦͨͪ͊ͼ͙͙ ͔͙ͯͣͤͦ͗ͤΎ ͨͦͯ͡;͔͊ͣ ͦ;͔͔ͪ͒ͤͯΌ ͚ͭͪͦͯ͟ 

ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAiAip, OBiBip ʠ OCiCipΣ ͙ͨͪ Ήͭͦͣ p = i = 4, 5 ͙  ͭΦ͒Φ όͫͣΦ ͪ ͙ͫΦ сύΣ ͨͦ͒ͦ͋ͤ·ͻ ͔͔ͪ͊ͤ 

ͨͦͯ͡;͔ͤͤ·ͣ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ζͪ͊ͭͤ͟·ͣη ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ ͙ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟Σ ͎͙͔ͨͦͭͤͯ͘· ͦͭͦͪ͟·ͻ ͦ͋ͦ͋΅͔ͤͤͦ ͦ͋ͦͤ͊͘;͔͊ͣ xi, yi, zi ͙ ͦͭͦͪ͟·͔ ͍ͫΎ͊ͤ͘· ͦͭͤͦ΄͔͙͔ͤͣΣ 

ͯ͊͊ͤͤ͘͟·ͣ ͍ ͍͔͙͙ͯͪ͊ͤͤ όмύΥ 

n n n

i i ix y z+ = . 

ˮͭ͊͟Σ ͍͔͙͡;͙ͤͯ ͎͙͔ͨͦͭͤͯ͘· ͦ;͔͔͎ͪ͒ͤͦͦ ζ͎ͪ͊ͭͤͦͦ͟η ҟ OAiAip ͤ ͊ͻ͙ͦ͒ͣ ͨͦ ͺ͔ͦͪͣͯ͡Υ 

1 1 1i i i ix x k x- -= Ö = -, 

͎͔͒ xi ς ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͦ;͔͔͚ͪ͒ͤͦ ͚͔ͭͪͦ͟ ͨͦͯ͡;͔͊ͣ·ͻ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Τ 

xi-1 ς ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͚͔ͭͪͦ͟ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔ͯͣͤͦ͗͊ͣ·ͻ ͤ͊ 

ͦ;͔͔͚ͪ͒ͤͦ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki; 

( 1)

( 1)

1i

i

i

x
k

x

-

-

-
= , 

͎͔͒ ki < 1, ki  ɴQ, i = 1, 2, 3, 4, 5...,  iŸ Ð, (x(i-1), x(i-1) ï 1)  ɴN. 

˭͔͎͊͋͊Ύ ͔ͤͫͦ͟͡Έͦ͟ ͍͔͔ͨͪ͒Σ ͔ͣͦ͗ͣ ͫ͊͊ͭ͘͟ΈΣ ;ͭͦ 0ï   ix x i= Σ ͙ͨͪ Ήͭͦͣ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ 

i = 1, 2, 3, 4, 5..., i  ɴN, i Ÿ Ð. 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͍͔ͫ ζͪ͊ͭͤ͟·͔η ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟Σ ͨͦͯ͡;͔ͤͤ·͔ ͙ͭ͊ͣ͟ ͔ͨͯͭͣ ͔͗͊ͭ͡ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭΦ 

̂;͙ͭ·͍͊Ύ ͍͔͙͡;͙ͤͯ ͎͙͔ͨͦͭͤͯ͘· ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ζ͎ͪ͊ͭͤͦͦ͟η ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͔ͣͦ͗ͣ ͫ͊͊ͭ͘͟ΈΣ ;ͭͦ ͍ 

͚͊͗͒ͦ͟ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͙ͭ͊ͣ͟ ͔ͨͯͭͣΣ ͙͔͔ͣͭͫΎ ͙͔ͤ͊ͣͤΈ΄͙͚ æ OAiAip, 

͔͙͚ͫͪ͒ͤ æ OBiBip ͙ ͙ͤ͊͋ͦ͡Έ΄͙͚ æ OCiCip (ͫͣΦ ͙ͪͫΦ сύΣ ͎͔͒ ͨͦ͒ͫͭͪͦ;ͤ·͙ͣ ͙ͤ͊͊ͣ͘͟ i ͙ p ͦ͋ͦͤ͊͘;͔͊ͭͫΎ 

ͨͦͫͭͦΎͤͤͦ ͍ͦͪ͊ͫͭ͊͘Ό΅͊Ύ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͭΦ͔Φ i = p = 1, 2, 3, 4, р ͙ ͭΦ͒Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͍ͣͤͦ͗ͫͭͦ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔ͤͤ·ͻ ͯ͊͊ͤͤ͘͟·ͣ ͫͨͦͫͦ͋ͦͣΣ 

͍ͫͦͫͭ͊͡Ύ͔ͭͫΎ ͔͍ͨͦ͒ͣͤͦ͗ͫͭͦͣ ͙͔ͤ͊ͣͤΈ΄͙ͻΣ ͔͍ͨͦ͒ͣͤͦ͗ͫͭͦͣ ͔͙ͫͪ͒ͤͻ ͙ ͔͍ͨͦ͒ͣͤͦ͗ͫͭͦͣ ͙ͤ͊͋ͦ͡Έ΄͙ͻ 

ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ ˻;͔͍͙͒ͤͦΣ ;ͭͦ ͫͭͦͪͦͤ· ͙͔ͤ͊ͣͤΈ΄͔͎ͦΣ ͔͔͎ͫͪ͒ͤͦ ͙ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ζ͎ͪ͊ͭͤͦͦ͟η 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ ͚͊͗͒ͦ͟ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ ͚͔ͭͪͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΣ ͔ͣͤΈ΄͔Σ ;͔ͣ 
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͍͔͍͔ͫͦͦͭͭͫͭͤͤ·͔ ͫͭͦͪͦͤ· ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ ͔͔ͪ͊ͤ ͨͦͯ͡;͔͚ͤͤͦ ͚͔ͭͪͦ͟ 

ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ ˽͙ͪ Ήͭͦͣ ͊͗͒͟·͚ ͙͔ͤ͊ͣͤΈ΄͙͚ ζͪ͊ͭͤ͟·͚η ͔͎ͭͪͯͦ͡Έ͙ͤ͟Σ ͨͦͯ͡;͔ͤͤ·͚ 

͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΣ ͔ͨͦ͒ͦ͋ͤ ͙͔ͤ͊ͣͤΈ΄͔ͣͯ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟Σ ͭΦ͔Φ æ OA0A1Φ ̒ͫͤͦΣ ;ͭͦ 

͊͗͒͟·͚ ͔͙͚ͫͪ͒ͤ ͙ ͙ͤ͊͋ͦ͡Έ΄͙͚ ζͪ͊ͭͤ͟·͚η ͔͎ͭͪͯͦ͡Έ͙ͤ͟Σ ͨͦͯ͡;͔ͤͤ·͚ ͙ͭ͊ͣ͟ ͔ͨͯͭͣΣ ͔ͨͦ͒ͦ͋ͤ 

͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͔͔ͫͪ͒ͤͣͯ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ æ OB0B1 ͙ ͙ͤ͊͋ͦ͡Έ΄͔ͣͯ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ æ OC0C1 

όͫͣΦ ͪ ͙ͫΦ 3). 

͚́ͪͦ͊͟ ;͙͔ͫ͡Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦΣ ͔͔͎ͫͪ͒ͤͦ ͙ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͦ;͔͔͚ͪ͒ͤͦ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͙ͭ͊ͣ͟ ͔ͨͯͭͣΣ ͊ ͙͔ͣͤͤͦΣ xi yi zi, 

τ Ύ͍͡Ύ͔ͭͫΎ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύΥ 

n n n

i i ix y z+ = , 

͔͒ͫ͘Έ ͙ ͔͔͒͊͡ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i ͦ͋ͦͤ͊͘;͔͊ͭ ͨͦͫͭͦΎͤͤͦ ͍ͦͪ͊ͫͭ͊͘Ό΅ͯΌ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ 

ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͭΦ͔. i = 1, 2, 3, 4, р ͙ ͭΦ͒Φ 

1.4 ˮͭ͊͟Σ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ·ͣ ͍͔͙͔ͨͦͭͦͪͤͣ ͔ͦͨͪ͊ͼ͙͙ ͔͙ͯͣͤͦ͗ͤΎ ͍͚ͭͦͪͦ ͙ ͚͊͗͒ͦ͟ ͦ;͔͔͚ͪ͒ͤͦ 

ͨͦͯ͡;͔͚ͤͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙͚ ͨͦ ͨͦͪΎ͒ͯ͟ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki, ͘ ͔͔ͤ͊ͣͤ͊ͭ͡Έ 

͙ ;͙͙͔ͫͭ͡͡Έ ͎ͦͭͦͪͦͦ͟ ͔͔ͦͨͪ͒͡Ύ͔ͣ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͫͨͦͫͦ͋ͦͣΣ τ ͤ ͊ͻ͙ͦ͒ͣ ͔͍ͣͤͦ͗ͫͭͦ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ 

͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͦͭͦͪ͟·͙ͣ Ύ͍͡Ύ͔ͭͫΎ ͚ͭͪͦ͊͟ ;͙͔ͫ͡ xi, yi, zi, ͍ͫΎ͊ͤͤ͊͘Ύ ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ 

ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ сύΣ ͭΦ͔Φ 

n n n

i i ix y z+ = . 

˽͍͙ͦͭͦͪͣΣ ;ͭͦ ͫ ͊͗͒͟·ͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͍͔͙͡;͙ͤ͊ 

͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ζ͎ͪ͊ͭͤͦͦ͟η ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͦ;͔͔͚ͪ͒ͤͦ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ 

ͨͦͯ͡;͔͚ͤͤͦ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΣ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡ xi ͙ ͙ͨͪ Ήͭͦͣ ͨͦͫͭͦΎͤͤͦ 

ͯ͋·͍͔͊ͭΣ ͍ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͤ͊ мΦ 

˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ͔͍ͨͪ·ͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύ Ύ͍͡Ύ͔ͭͫΎ ͚ͭͪͦ͊͟ 

;͙͔ͫ͡ x1, y1, z1Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘ ͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAiAip, 

OBiBip ʠ OCiCipΣ ͔͒ͫ͘Έ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i = p = мΣ όͫͣΦ ͪ ͙ͫΦ сύΦ ˽͙ͪ Ήͭͦͣ ͭͦ͡Έͦ͟ ͯ ͎ͦ͒ͤͦͦ ͙͘ ͨͦͯ͡;͔͚ͤͤͦ 

͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͔ͦͫͭ͊ͭͫΎ ͍͚ͪ͊ͤͦ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡Σ ͊ 

͙͔ͣͤͤͦΣ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· x1 ͯ ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ζ͎ͪ͊ͭͤͦͦ͟η æ OAiAip (i = p = мύΦ ˤ͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· 

y1 ͫ ͔͔͎ͪ͒ͤͦ æ OBiBip ʠ z1 ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ζ͎ͪ͊ͭͤͦͦ͟η æ OCiCip (i = p = 1), τ ͍ ·͔ͪ͊͗͊ͭͫΎ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ 

ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Υ 
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˽ͦΉͭͦͣͯ ͔͍͔ͨͪͦ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔͔ͤ͊͒ͤͤͦ ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͦͭͦͪ͟·ͣ Ύ͍͡Ύ͔ͭͫΎ ͚ͭͪͦ͊͟ 

;͙͔ͫ͡ x1 y1 z1, ͤ͊͘·͍͔͊ͣ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣηΦ ˿͍͔͍͔ͦͦͭͭͫͭͤͤͦΣ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·͙ͣη ͤ͊͘·͍͔͊ͣ ͙ ͎͙͔͒ͪͯ 

͚͙ͭͪͦ͟ ;͙͔ͫ͡ xi yi ziΣ ͚͔ͤ͊͒ͤͤ·͔ ͙ͭ͊ͣ͟ ͔͗ ͔ͨͯͭͣ ͙ ͦͭͦͪ͟·͔ Ύ͍͡ΎΌͭͫΎ ͦ;͔͔ͪ͒ͤ·͙ͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ 

͚͔ͤ͊͒ͤͤ·͙ͣ ͔ͪ΄͔͙ͤΎ͙ͣ ͍͔͙ͯͪ͊ͤͤΎ όмύΦ 

˨͔͔͊͡ ͍͔ͭͦͪͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͤ͊ͻ͙ͦ͒ͣ ͔͙͔ͯͣͤͦ͗ͤͣ ͨͦͯ͡;͔͚ͤͤͦ 

͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͍͚ͭͦͪͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki, ͯ  ͎ͦͭͦͪͦͦ͟ 

ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i Ґ нΦ ˤ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͯ͊͊ͤͤ͘͟·ͣ ͍·΄͔ ͨͦͪΎ͒ͦͣ͟ ͍ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ k2 ͋ ͔͔ͪͣ ͍͔͙͡;͙ͤͯ 
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͎͙͔ͨͦͭͤͯ͘· ͎ͭͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͙͘ ͔͚ͯͣͤͦ͗͊ͣͦ ͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͯ ͎ͦͭͦͪͦͦ͟ Ήͭ͊ 

͍͔͙͡;͙ͤ͊ ͍·͔ͪ͊͗͊ͭͫΎ ͤ͊ͭͯͪ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Φ ˭ͤ͊;͙ͭΣ ͍ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ k2 ͍ͦ͘Έ͔ͣͣ ͍͔͙͡;͙ͤͯ ͎͙͔ͨͦͭͤͯ͘· 

͙͔ͤ͊ͣͤΈ΄͔͎ͦ ζ͎ͪ͊ͭͤͦͦ͟η ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͭΦ͔Φ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ x1Σ ͔ͦͭͦͪͦ͟ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ k2 

͔ͯͣͤΈ΄͔͊ͣ ͤ͊ мΦ ̒ͫͤͦΣ ;ͭͦ ;͙͙͔͔ͫͭͣ͡͡ ͙ ͔͔͔ͤ͊ͣͤ͊ͭͣ͘͡ ͍͎ͭͦͪͦͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͔͎ͦ 

ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ki (i = нύ ͔ͭ͊͗͟ Ύ͍͡ΎΌͭͫΎ ͤ͊ͭͯͪ͊͡Έͤ·͔ ;͙ͫ͊͡Υ k2 = (x1 ï 1)/x1Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͙ͯͣͤͦ͗ͤΎ 

͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k2 ͨͦͯ͡;͔͊ͣ ͍ͭͦͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAiAip, OBiBip ʠ OCiCip, ʛʜʝ p = i = н όͫͣΦ ͪ ͙ͫΦ сύ ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͤ͊ͻ͙ͦ͒ͣ ͍͔ͭͦͪͦ 

͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͊ ͙͔ͣͤͤͦΣ ͚ͭͪͦͯ͟ ;͙͔ͫ͡ x2, y2 ʠ z2, ͍  ͚ͦͭͦͪͦ͟ x2 ͤ ͊ͭͯͪ͊͡Έ͔ͤͦΣ ͊ 

y2 ʠ z2 ͪ ͊ͼ͙ͦͤ͊͡Έͤ·͔Υ 

2 1 2 1 1 2 1 0 1 2 2
1

0
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-
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˭͔͊ͭͣ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͍ͨͦͭͦͪΎ͔ͣ ͔ͦͨͪ͊ͼ͙Ό ͔͙ͯͣͤͦ͗ͤΎ ͍͚ͭͦͪͦΣ ͔ͭͪͭΈ͔͚Σ ;͔͍͔͚ͭͪͭͦΣ ͨΎ͚ͭͦ ͙ 

͔͔͒͊͡ ͍ ͚ͭ͊ͦ͟ ͔͗ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭΣ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔ͤͤ·ͻ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ 

͔ͨͯͭͣΣ ͤ͊ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki, ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͙ 

;͙͙͔ͫͭ͡͡Έ ͎ͦͭͦͪͦͦ͟ ͔͔ͦͨͪ͒͡Ύ͔ͣ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͫͨͦͫͦ͋ͦͣΦ 

ˤ ͙͎͔ͭͦ ͨͦͯ͡;͔͊ͣ ͔͍ͣͤͦ͗ͫͭͦ ͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͎͙͔ͨͦͭͤͯ͘· ͦͭͦͪ͟·ͻ ͍ͫΎ͊ͤ͘· ͔ͭͣ 

͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭΦ͔Φ 

       n n n

i i ix y z+ = . 

˭ͤ͊;͙ͭΣ ͫ ͚͊͗͒ͦ͟ ͦ;͔͔͚ͪ͒ͤͦ ͚͚ͭͪͦͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ͻ͙ͦ͒ͣ ͦ;͔͔͔ͪ͒ͤͦ 

͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͫͦͫͭͦΎ΅͔͔ ͙͘ ͚͙ͭͪͦ͟ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ;͙͔ͫ͡ xi yi zi, ͦͭͦͪ͟·͔ 

͍͔͍ͫͦͦͭͭͫͭͯΌͭ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘ ͦ;͔͔͚ͪ͒ͤͦ ͨͦͯ͡;͔͚ͤͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAiAip, 

OBiBip ʠ OCiCip όͫͣΦ ͪ ͙ͫΦ сύΣ ͎͔͒ p = i = 1, 2, 3, 4, 5, 6, т ͙ ͭΦ͒Φ 

1.5 ˭͔͒ͫΈ ͔͔͋ͦ͡ ͨͦ͒ͪͦ͋ͤͦ ͙ͪ͊ͫͫͣͦͭͪͣ ͨͦͪΎ͒ͦ͟ ͙ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͨͦͯ͡;͔͙ͤΎ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͨͦͪΎ͒ͦ͟ ͙ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͤ͊ͻ͔͙ͦ͗͒ͤΎ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ 

ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΦ 

ˮͭ͊͟Σ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ сύ ͔ͯͣͤͦ͗͊ͣ ͤ͊ ͔͍ͨͪ·͚ ͨͦ 

ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k1 (i = мύΣ ͍ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͎ͦͭͦͪͦͦ͟ ͒͡Ύ 

͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡ ͔͔͋ͪͣ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡Σ ͍͔ͪ͊ͤͦ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ 

͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ æ OA0A1Σ ͭΦ͔Φ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ x0 ͙ ͔ͦͭͦͪͦ͟ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ ͔ͯͣͤΈ΄͔͊ͣ ͤ͊ мΦ ͙́͊ͣ͟ 

ͦ͋ͪ͊ͦͣ͘Σ 1 0 0      1( ï /)k x x= . ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͨͦͯ͡;͔͊ͣ ͔͍ͨͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͊ 

͙͔ͣͤͤͦΣ æ OAiAip, æ OBiBip, æ OCiCip ʧʨʠ i = p = 1 όͫͣΦ ͪ ͙ͫΦ сύΣ ͦͭͦͪ͟·͔ ͨͦ͒ͦ͋ͤ· ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ ͨͦ ͔ͭͪͣ ͍ͪ͊ͤ·ͣ ͎ͯ͊ͣ͡Φ ̒ͫͤͦΣ ;ͭͦ ͍͔͙͡;͙ͤ͊ ͫͭͦͪͦͤ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ 

ͨͦͯ͡;͔͚ͤͤͦ ͔͍͚ͨͪͦ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔ͣͤΈ΄͔ ͍͔͙͡;͙ͤ· ͫͻ͍͔ͦ͒ͫͭͤͤ·ͻ ͫͭͦͪͦͤ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ ˽͙ͪ Ήͭͦͣ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· x1 ͙͔ͤ͊ͣͤΈ΄͔͎ͦ 

ζ͎ͪ͊ͭͤͦͦ͟η ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͨͦͯ͡;͔͚ͤͤͦ ͔͍͚ͨͪͦ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭΦ͔Φ ͍͔͙͡;͙ͤ͊ 

͎͙͔ͨͦͭͤͯ͘· æ OAiAip, ͯ ͎ͦͭͦͪͦͦ͟ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i = p = мΣ ͔ͦͫͭ͊ͭͫΎ ͍͚ͪ͊ͤͦ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡Σ 

͔ͦͭͦͪͦ͟ ͔ͣͤΈ΄͔ ͍͔͙͡;͙ͤ· ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ æ OA0A1 ͤ ͊ мΥ 
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ˤ͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘ ͍͒ͯͻ ͎͙͒ͪͯͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ ͨͦͯ͡;͔͚ͤͤͦ ͔͍͚ͨͪͦ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͊ ͙͔ͣͤͤͦΣ ͔͔͎ͫͪ͒ͤͦ OBiBip ͙ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ OCiCip ʧʨʠ i = p = м όͫͣΦ ͪ ͙ͫΦ сύΣ ͍·͔ͪ͊͗͊ͭͫΎ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Υ 1 0 1   y y k= Ö  ͙  1 0 1   z z k= Ö Φ ̒ͫͤͦΣ ;ͭͦ ͎͙͔ͨͦͭͤͯ͘· ͔͍͚ͨͪͦ 

͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ͫΎ͊ͤ͘· ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· ͚͙ͭͪͦ͟ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭΦ͔Φ 

1 1 1

n n nx y z+ = . 

˭ͤ͊;͙ͭΣ ͚ͭͪͦ͊͟ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ;͙͔ͫ͡ x1, y1 ʠ z1 Ύ͍͡Ύ͔ͭͫΎ ͔͍ͨͪ·ͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ 

͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͍ ͦͭͦͪͦͣ͟ x1 ͤ ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡Φ 

˭͔͊ͭͣ ͤ͊ͻ͙ͦ͒ͣ ͍͔ͭͦͪͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͔͙͔ͯͣͤͦ͗ͤͣ ͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ 

ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΣ ͤ͊ ͍͚ͭͦͪͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ 

͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki, ͭΦ͔Φ ͔͒ͫ͘Έ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i = нΦ ˤ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ k2 ͔͔͋ͪͣ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ 

;͙ͫͦ͡ x1Σ ͔ͦͭͦͪͦ͟ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͙͘ ͔͚ͯͣͤͦ͗͊ͣͦ 

͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭΦ͔Φ ҟOAiAip, i = p = м όͫͣΦ ͪ ͙ͫΦ сύΦ ˽͙ͪ Ήͭͦͣ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ k2 

͍͔͙͡;͙ͤͯ x1 ͯ ͔ͣͤΈ΄͔͊ͣ ͤ͊ мΥ 

1
2

1

1x
k

x

-
= . 

ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͙ͯͣͤͦ͗ͤΎ ͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k2 ͨͦͯ͡;͔͊ͣ 

͍ͭͦͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAiAip, OBiBip ʠ OCiCip ʧʨʠ i = p = н όͫͣΦ ͪ ͙ͫΦ сύΦ ˽͙ͪ Ήͭͦͣ 

͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· x2 ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͙͘ ͨͦͯ͡;͔͚ͤͤͦ ͍͚ͭͦͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭΦ͔Φ 

OAiAip ʧʨʠ i = p = 2, ͦ ͔ͫͭ͊ͭͫΎ ͍͚ͪ͊ͤͦ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡Υ 

1
2 1 2 1 1 0

1

( 1)
1 2

x
x x k x x x

x

-
= Ö = Ö = - = -. 

ˤ͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͍͒ͯͻ ͎͙͒ͪͯͻ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍·͔ͪ͊͗͊ͭͫΎ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ 

ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Υ y2 = y1Āk2 ʠ z2 = z1Āk2. ̒ͫͤͦΣ ;ͭͦ ͚ͭͪͦ͊͟ ;͙͔ͫ͡ x2, ʫ2 ʠ z2 ͍ͫΎ͊ͤ͊͘ ͔ͭͣ ͔͗ 

ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͊͘ ͙ ͔͍ͨͪ͊Ύ ͚ͭͪͦ͊͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ ͚ͭͪͦ͊͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ Ύ͍͡Ύ͔ͭͫΎ ͍ͭͦͪ·ͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣη ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ 

(1): 

2 2 2

n n nx y z+ = . 

˭ͤ͊;͙ͭΣ ͚ͭͪͦ͊͟ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ;͙͔ͫ͡ x2, y2 ʠ z2 Ύ͍͡Ύ͔ͭͫΎ ͍ͭͦͪ·ͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ 

͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͍ ͦͭͦͪͦͣ͟ ;͙ͫͦ͡ x2 ͤ ͊ͭͯͪ͊͡Έ͔ͤͦΦ 

˭͔͊ͭͣ ͤ͊ͻ͙ͦ͒ͣ ͦ;͔͔͔ͪ͒ͤͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ζͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦη ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͙ͭ͊ͣ͟ ͔͗ 

͔ͨͯͭͣΣ ͭΦ͔Φ ͔͙͔ͯͣͤͦ͗ͤͣ ͍͚ͭͦͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ 

͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k3Φ ˤ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ k3 ͔͔͋ͪͣ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ x2Σ ͭΦ͔Φ ͍͔͙͡;͙ͤͯ 

͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͙͘ ͔͚ͯͣͤͦ͗͊ͣͦ ͍͚ͭͦͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ 

͔ͦͭͦͪͦ͟ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ k3 ͯ ͔ͣͤΈ΄͔͊ͣ ͤ͊ мΥ 

2
3

2

1x
k

x

-
= . 

ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͨͦͯ͡;͔͊ͣ ͔ͭͪͭΈΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͍ ͚ͦͭͦͪͦ͟ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· 

x3 ͤ ͙͔͊ͣͤΈ΄͔͎ͦ ͙͘ ͨͦͯ͡;͔͚ͤͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͔ͭ͊͗͟ ͔ͦͫͭ͊ͭͫΎ ͤ͊ͭͯͪ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Υ 
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2
3 2 3 2 2 0

2

( 1)
1 3

x
x x k x x x

x

-
= Ö = Ö = - = -. 

ˤ͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͔͔͎ͫͪ͒ͤͦ ͙ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍·͔ͪ͊͗͊ͭͫΎ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Υ 3 2 3y y k= Ö  ͙  3 2 3z z k= Ö . 

̒ͫͤͦΣ ;ͭͦ ͍͔͙͡;͙͚ͤͦ ͎͙͔ͨͦͭͤͯ͘ ͙͔ͤ͊ͣͤΈ΄͔͎ͦΣ ͔͔͎ͫͪ͒ͤͦ ͙ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͔ͭͪͭΈ͔͚ 

͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ͫͦͫͭ͊͡Ύ͔ͭͫΎ ͔ͭͪͭΈ͔ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔͔ͤ͊͒ͤͤͦ ζͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦη 

͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύΥ 

3 3 3

n n nx y z+ = . 

˨͔͔͊͡ ͤ͊ͻ͙ͦ͒ͣ ͦ;͔͔͔ͪ͒ͤͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ·ͣ 

͍͔͙͔ͨͦͭͦͪͤͣ ͔ͦͨͪ͊ͼ͙͙ ͔͙ͯͣͤͦ͗ͤΎ ͔ͭͪͭΈ͔͚ ͙ ͚͊͗͒ͦ͟ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ 

τ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ kiΣ ͭΦ͔Φ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i ͙ͨͪ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣ ͦ͟Ήͺͺ͙ͼ͙͔͔ͤͭ ki ͪ ͍͔͊ͤ пΣ рΣ сΣ т ͙ ͍ ͚ͭ͊ͦ͟ ͔͗ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͒ͦ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͨͦͯ͡;͔͊ͣ ͔͋ͫ;͙͔͔ͫͤͤͦ͡ ͔͍ͣͤͦ͗ͫͭͦ ͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAiAip, OBiBip ʠ OCiCip όͫͣΦ ͪ ͙ͫΦ сύΣ ͙ͨͪ Ήͭͦͣ ͨͦ͒ͫͭͪͦ;ͤ·͔ ͙ͤ͊͘͟ p ʠ i  ͍͔͍ͫͦͦͭͭͫͭͯΌͭ 

͍ͦͪ͊ͫͭ͊͘Ό΅͔͚ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Υ p = i = 1, 2, 3, 4, р ͙ ͭΦ͒Φ ˻;͔͍͙͒ͤͦΣ ;ͭͦ 

͎͙͔ͨͦͭͤͯ͊ͣ͘ ͚͊͗͒ͦ͟ ͦ;͔͔͚ͪ͒ͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΣ 

͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͚ͭͪͦ͊͟ ;͙͔ͫ͡ xi, yi, zi, ͟ ͦͭͦͪ͊Ύ ͍ͫΎ͊ͤ͊͘ ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ 6): 
n n n

i i ix y z+ = , 

͎͔͒ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i = 1, 2, 3, 4, р ͙ ͭΦ͒Φ ˭ͤ͊;͙ͭΣ ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͤ͊ͻ͙ͦ͒ͣ ͔͋ͫ;͙͔͔ͫͤͤͦ͡ ͔͍ͣͤͦ͗ͫͭͦ 

͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ xi, yi, zi. ˽͙ͪ Ήͭͦͣ ͊͗͒͟·͚ ζͪ͊ͭͤ͟·͚η 

͔͎ͭͪͯͦ͡Έ͙ͤ͟Σ ͙͔ͨͪͤ͊͒͗͊͡΅͙͚ ͔͍ͨͦ͒ͣͤͦ͗ͫͭͯ ͙͔ͤ͊ͣͤΈ΄͙ͻΣ ͙͋ͦ͡ ͔͍ͨͦ͒ͣͤͦ͗ͫͭͯ ͔͙ͫͪ͒ͤͻΣ ͙͋ͦ͡ 

͔͍ͨͦ͒ͣͤͦ͗ͫͭͯ ͙ͤ͊͋ͦ͡Έ΄͙ͻ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔ͤͤ·ͻ ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΣ ͔ͨͦ͒ͦ͋ͤ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣͯ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ сύ ͨͦ ͔ͭͪͣ ͍ͪ͊ͤ·ͣ 

͎ͯ͊ͣ͡Φ ˽ͦΉͭͦͣͯ ͚ͭͪͦ͊͟ ;͙͔ͫ͡Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͊Ύ ͫͻ͍͔ͦ͒ͫͭͤͤ·ͣ ͔͊ͭͭ͊ͣ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͊ 

͙͔ͣͤͤͦ aix, aiy, aiz ʠ bix, biy, biz όͫͣΦ ͪ ͙ͫΦ 6), τ ͔ͭ͊͗͟ Ύ͍͡Ύ͔ͭͫΎ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ ͔ͪ΄͔͙͔ͤͣ 

͍͔͙ͯͪ͊ͤͤΎ όмύΥ 

     ( ) ( ) ( )n n n

ix iy iza a a+ =                                                  (5) 

( ) ( ) ( )n n n

ix iy izb b b+ =                                                  (6) 

̂͊͊ͤͤ͘͟·͔ ͍ ͍͔͙͙ͯͪ͊ͤͤ όрύ ͙ όсύ ͚͙ͭͪͦ͟ ;͙͔ͫ͡ όaix, aiy, aiz) ʠ (bix, biy, bizύ ͔ͤ ͯ;͙ͭ·͍͔͊ͣΦ ˽ͦͭͦͣͯΣ ;ͭͦ 

͔ͤͦͭͦͪ͟·͔ ;͙ͫ͊͡ ͎ͣͦͯͭ ͋·ͭΈ ͊͟͟ ͪ͊ͼ͙ͦͤ͊͡Έͤ·͙ͣΣ ͭ͊͟ ͙ ͙ͪͪ͊ͼ͙ͦͤ͊͡Έͤ·͙ͣΣ ͔͙ͫ͡Σ ͙͔ͤ͊ͨͪͣͪΣ ͍͔͙͡;͙ͤ͊ 

͍͙ͦͫͤͦ͊ͤΎ ax ͙͙͡ ͍·ͫͦͭ· bx ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OA0A1 όͫͣΦ ͪ ͙ͫΦ 6) 

͍·͔ͪ͊͗͊ͭͫΎ ͙ͪͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Φ ˽͙ͪ Ήͭͦͣ ͒͡Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͔͔ͭͦͪͣ· ͔ͤͦ͋ͻ͙ͦ͒ͣ· 

͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·͔ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·͔η ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͦͭͦͪ͟·͙ͣ Ύ͍͡ΎΌͭͫΎ ͚͙ͭͪͦ͟ ;͙͔ͫ͡ 

xi yi ziΣ ͔͍ͣͤͦ͗ͫͭ͊ ͦͭͦͪ͟·ͻ ͒ͦͫͭ͊ͭͦ;ͤͦ ͒͡Ύ ͍͔͍͙͔ͯ͒ͦͭͦͪͭ͡͡Έ͎ͤͦͦ ͍͔͊ͪ͘΄͔͙ͤΎ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Φ 

ˮͭ͊͟Σ ͪΎ͒ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͤ͊;͙͔ͤ͊ͭͫΎ ͚͚ͭͪͦͦ͟ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ 

ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ x0, y0, z0 ͙ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͒ͦͨͦͤ͡Ύ͔ͭͫΎ ͦ;͔͔ͪ͒ͤ·ͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ 

ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣη ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͭΦ͔Φ ͒ͦͨͦͤ͡Ύ͔ͭͫΎ ͔͋ͫ;͙͔ͫͤͤ͡·ͣ ͔͍ͣͤͦ͗ͫͭͦͣ ͔ͭͪͦ͟ ;͙͔ͫ͡ 

xi, yi, zi, ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘ ͙͔ͤ͊ͣͤΈ΄͔͎ͦΣ ͔͔͎ͫͪ͒ͤͦ ͙ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ 

ͦ;͔͔͚ͪ͒ͤͦ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΦ ˽͙ͪ Ήͭͦͣ ͫ ͊͗͒͟·ͣ 

͔ͫ͒ͯ͡Ό΅͙ͣ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣη ͔ͪ΄͔͙͔ͤͣ 

͍͔͙ͯͪ͊ͤͤΎ όмύ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ xi ͨ ͔͍͔ͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͙ ͫ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͔ͯͣͤΈ΄͔͊ͭͫΎ ͤ͊ мΦ 

˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ͔ͨͦͫ͡ ͚͙ͭͪͦ͟ ;͙͔ͫ͡ x0, y0, z0, ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘ 
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͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔ͫ͒ͯ͡Ό΅͔͚ ͚͚ͭͪͦͦ͟ ;͙͔ͫ͡ ͍ ͨͦͫͭͦΎͤͤͦ ͯ͋·͍͊Ό΅͔ͣ ͪΎ͒ͯ 

ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͔͋ͯ͒ͭ ͚ͭͪͦ͊͟ ;͙͔ͫ͡ x1, y1, z1Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͊Ύ ͍͔͙͡;͙͔ͤ 

͎͙͔ͨͦͭͤͯ͘ ͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͍ͫΎ͊ͤͤ͘·ͻ ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· 

͎͙͔ͨͦͭͤͯ͘· ͚͙ͭͪͦ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ ͯ͊͊ͤͤ͘͟·ͣ ͍ ͍͔͙͙ͯͪ͊ͤͤ όмύΥ 

1 1 1

n n nx y z+ = , 

͎͔͒ x1  ɴN, (y1, z1)  ɴQ. 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͍͔ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙͔ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·͔ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·͔η ͔ͪ΄͔͙ͤΎ 

͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͭΦ͔. xi, yi, zi, ͫ ͍Ύ͊ͤ͘· ͙ͭ͊ͣ͟ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͭΦ͔Φ 

n n n

i i ix y z+ = . 

͙ͨͪ Ήͭͦͣ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i = 1, 2, 3, 4, р ͙ ͭΦ͒Φ 

˻;͔͔͚ͪ͒ͤͦ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki < 1Σ ͤ͊ ͦͭͦͪ͟·͚ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͔ͯͣͤͦ͗͊ͣ ͫͤ͊;͊͊͡ 

͚ͭͪͦͯ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͊ ͔͊ͭͣ͘ ͙ ͦ;͔͔ͪ͒ͤͯΌ ͨͦͯ͡;͔ͤͤͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͔͔ͦͨͪ͒͡Ύ͔ͣ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͺ͚ͦͪͣͯͦ͡Υ 

( 1)

( 1)

1i

i

i

x
k

x

-

-

-
=                                                                           (7) 

͎͔͒ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i ͦ͋ͦͤ͊͘;͔͊ͭ ͨͦͪΎ͍͒ͦ͟·͚ ͔ͤͦͣͪ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ 

ki < мΣ ͤ͊ ͦͭͦͪ͟·͚ ͔ͯͣͤͦ͗͊ͣ ͫͤ͊;͊͊͡ ͚ͭͪͦͯ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔͊ͭͣ͘ ͔͍ͨͪͯΌ 

ͨͦͯ͡;͔ͤͤͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔͊ͭͣ͘ ͍ͭͦͪͯΌΣ ͔ͭͪͭΈΌ ͙ ͭΦ͒Φ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔ͤͤ·ͻ ͙ͭ͊ͣ͟ ͔ͨͯͭͣΤ ͙ͨͪ Ήͭͦͣ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͨͦͫͭͦΎͤͤͦ 

͍ͦͪ͊ͫͭ͊͘Ό΅͔͚ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͭΦ͔Φ i = 1, 2, 3, 4, р ͙ ͭΦ͒ΦΤ 

1ix-  ͔ ͫͭΈ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ ͍ ͔͔͔ͤ͊ͣͤ͊ͭ͘͡ ͦ;͔͔͎ͪ͒ͤͦͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ kiΣ ͍͔͙͡;͙ͤ͊ ͎ͦͭͦͪͦͦ͟ 

͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͦ;͔͔͚ͪ͒ͤͦ ͚͔ͭͪͦ͟ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ 

͔͚ͯͣͤͦ͗͊ͣͦ ͤ͊ ͦ;͔͔͚ͪ͒ͤͦ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki; 

1ï1ix-  ͔ ͫͭΈ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ ͍ ;͙͙͔͔ͫͭ͡͡ ͦ;͔͔͎ͪ͒ͤͦͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ kiΣ ͔ͦͭͦͪͦ͟ ͔ͣͤΈ΄͔ 

ͤ͊ͭͯͪ͊͡Έ͎ͤͦͦ ;͙ͫ͊͡ ͍ ͔͔͔ͤ͊ͣͤ͊ͭ͘͡ ͤ͊ мΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͦ;͔͔͔ͪ͒ͤͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ζͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦη ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͤ͊ͻ͙ͦ͒ͣ 

ͨͦ ͺͦͪͣͯ͊ͣ͡Υ 

( 1)

( 1) ( 1) ( 1) 0

( 1)

( 1)
1

i

i i i i i

i

x
x x k x x x i

x

-

- - -

-

-
= Ö = Ö = - = -; 

( 1)i i iy y k-= Ö; 

( 1)i i iz z k-= Ö. 

˹͙͊ͨͦͣͤͣΣ ;ͭͦ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i ͦ͋ͦͤ͊͘;͔͊ͭ ͨͦͫͭͦΎͤͤͦ ͍ͦͪ͊ͫͭ͊͘Ό΅ͯΌ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ 

ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ ͙ ͨͦͪΎ͍͒ͦ͟·͚ ͔ͤͦͣͪ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ki < мΣ ͤ͊ 

ͦͭͦͪ͟·͚ ͔ͯͣͤͦ͗͊ͣ ͚ͭͪͦͯ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻΣ ͔͊ͭͣ͘ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͔ͯͣͤͦ͗͊ͣ ͨͦͯ͡;͔ͤͤͯΌ ͍ͭͦͪͯΌ 

͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͭͦͣ ͔ͭͪͭΈΌ ͙ ͭΦ͒ΦΤ ͤ͊͘;͙ͭΣ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i ͍͔͔ͦ͒ͤͦͪͣͤͤͦ 

ͦ͋ͦͤ͊͘;͔͊ͭ ͨͦͪΎ͍͒ͦ͟·͚ ͔ͤͦͣͪ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͨͦͯ͡;͔͊ͣ·ͻ ͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͙Σ 

͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͨͦͪΎ͍͒ͦ͟·͚ ͔ͤͦͣͪ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͻ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ 

(1); 

xi, yi, zi τ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘·Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͙͔ͤ͊ͣͤΈ΄͔͎ͦΣ ͔͔͎ͫͪ͒ͤͦ ͙ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͦ;͔͔͚ͪ͒ͤͦ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͎ͤͦͦ ͔͙ͯͣͤͦ͗ͤΎ ͤ͊ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki ͫͤ͊;͊͊͡ 
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͚͙ͭͪͦ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔͊ͭͣ͘ ͨͦͯ͡;͔͚ͤͤͦ ͔͍͚ͨͪͦ ͨͦ ͨͦͪΎ͒ͯ͟ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ ͔͔͒͊͡ ͚͊͗͒ͦ͟ ͔ͫ͒ͯ͡Ό΅͔͚ ͨͦ ͨͦͪΎ͒ͯ͟ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͙ͨͪ Ήͭͦͣ 

xi  ɴN, (yi, zi)  ɴQ; 

( ï1) ( ï1) ( ï1),  , i i ix y z  τ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘·Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͙͔ͤ͊ͣͤΈ΄͔͎ͦΣ ͔͔͎ͫͪ͒ͤͦ ͙ 

͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͚͔ͭͪͦ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻΣ ͔͊ͭͣ͘ ͔͍͚ͨͪͦΣ ͍͚ͭͦͪͦ ͙ ͭΦ͒Φ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔ͯͣͤͦ͗͊ͣ·ͻ ͤ͊ ͦ;͔͔͚ͪ͒ͤͦ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki; 

ki τ ͦ ;͔͔͚ͪ͒ͤͦ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭΣ ͯ͊͊ͤͤ͘͟·͚ ͺ͚ͦͪͣͯͦ͡ όтύΦ 

1.6 ˮͭ͊͟Σ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͤ͊ͻ͙ͦ͒ͣ ͔͍ͣͤͦ͗ͫͭͦ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη 

͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͦͭͦͪ͟·͙ͣ Ύ͍͡ΎΌͭͫΎ ͚͙ͭͪͦ͟ ͨͦͫͭͦΎͤͤͦ ͯ͋·͍͊Ό΅͙ͻ ;͙͔ͫ͡ xi yi, ʠ zi, 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘ ͦ;͔͔͚ͪ͒ͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ ˽͙ͪ Ήͭͦͣ ͍ ͚͊͗͒ͦ͟ 

ͦ;͔͔͚ͪ͒ͤͦ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͙ͭ͊ͣ͟ ͔ͨͯͭͣΣ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· 

͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡ xiΣ ͔ͦͭͦͪͦ͟ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͙ ͫ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͔ͯͣͤΈ΄͔͊ͭͫΎ ͤ͊ мΦ ˭ͤ͊;͙ͭΣ ͔͙ͫ͡ i  ɴN, i Ÿ Ð, ͭͦ ͍ͨͦͭͦͪΎΎ ͔ͦͨͪ͊ͼ͙Ό ͔͙ͯͣͤͦ͗ͤΎ 

ͦ;͔͔͚ͪ͒ͤͦ ͨͦͯ͡;͔͚ͤͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ 

ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki ͋ ͔ͯ͒ͣ ͨͦͯ͡;͊ͭΈ ͨͦͫͭͦΎͤͤͦ ͯ͋·͍͊Ό΅͙͔ ͤ͊ͭͯͪ͊͡Έͤ·͔ ;͙ͫ͊͡ xi. 

˹͊ ͙ͪŎΦ т ͫͻ͔͙ͣ͊ͭ;ͤͦ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͪΎ͒ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͯ͋·͍͊Ό΅͙ͻ ͤ͊ ͦ͒ͤͯ ͔͙͙͒ͤͼͯ 

ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ x0, x1, x2, x3,é, xi, ͍ ͦͭͦͪͦͣ͟ ;͙ͫͯ͡ x0 ͍ͫͦͨͦͫͭ͊͡Ύ͔ͭͫΎ ͎͙͔ͨͦͭͤͯ͊͘ ͙͔ͤ͊ͣͤΈ΄͔͎ͦ 

͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OA0A1 όͫͣΦ ͪ ͙ͫΦ сύΣ ͊ ͔ͨͦͫ͒ͯ͡Ό΅͙͔ ;͙ͫ͊͡ ͍͔͍ͫͦͦͭͭͫͭͯΌͭ ͍͔͙͡;͙͔ͤ 

͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͦ;͔͔͚ͪ͒ͤͦ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ 

͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΦ 

 
˾͙ͫͯͤͦ͟ т ς ˽ ͦͫͭͦΎͤͤͦ ͯ͋·͍͊Ό΅͙͚ ͪΎ͒ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ x0, x1, x2, x3,é, xi 

ˮͫͭͦ;͙ͤ͟Υ ͫͦ͒͊ͤͦ͘ ͍͊ͭͦͪͦͣ 

 

˭͔͙͊ͣͭͣΣ ;ͭͦ ͍ ͦ;͔͔ͪ͒ͤͦͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤͦͣ ζͪ͊ͼ͙ͦͤ͊͡Έͤͦͣη ͔ͪ΄͔͙͙ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ 

x1, x2, x3, x4, x5 ͙ ͭΦ͒Φ Ύ͍͡Ύ͔ͭͫΎ ͤ͊ͭͯͪ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Σ ͙ͨͪ;͔ͣ ͔͊͗͒ͦ͟ ͔ͨͦͫ͒ͯ͡Ό΅͔͔ ;͙ͫͦ͡ ͔ͣͤΈ΄͔ 

͔ͨͪ͒·͒ͯ΅͔͎ͦΣ ͍ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͤ͊ мΥ 

1 0 1 0 1x x k x= Ö = -; 

2 1 2 1 01 2x x k x x= Ö = - = - 

3 2 3 2 0     ï1    ï 3x x k x x=Ö= = ; 

4 3 4 3 01 4x x k x x= Ö = - = -; 

5 4 5 4 01 5x x k x x= Ö = - = - ͙  ͭΦ͒Φ 

ˮͭ͊͟Σ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͨͦͫͭͦΎͤͤͦ ͨͦͯ͡;͔͊ͣ ͦ;͔͔͔ͪ͒ͤͦ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ 
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( 1) ( 1) 01i i i ix x k x x i- -= Ö = - = -, 

͙ͨͪ Ήͭͦͣ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ ͙ ͙͍ͫͣͦ͡ i ͦ͋ͦͤ͊͘;͔͊ͭ ͨͦͫͭͦΎͤͤͦ ͍ͦͪ͊ͫͭ͊͘Ό΅ͯΌ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ 

ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡: i = 1, 2, 3, 4, р ͙ ͭΦ͒Φ 

ˮͤ͊;͔ ͎͍ͦͦͪΎΣ ͍ ͚͊͗͒ͦ͟ ͦ;͔͔͚ͪ͒ͤͦ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· 

͙͔ͤ͊ͣͤΈ΄͔͎ͦ ζ͎ͪ͊ͭͤͦͦ͟η ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͔ͦͫͭ͊ͭͫΎ ͤ͊ͭͯͪ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Υ 

( 1) ( 1) 01i i i ix x k x x i- -= Ö = - = -. 

̒ͫͤͦΣ ;ͭͦ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͔͔͎ͫͪ͒ͤͦ 1(  ) i i iy y k-= Ö  ͙  ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ 1(  ) i i iz z k-= Ö  

ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͔ͦͫͭ͊ͭͫΎ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Φ ˽ͦΉͭͦͣͯ ͔͒ͫ͘Έ 

ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ ͙ ͙͍ͫͣͦ͡ i, ͦͭͦͪ͟·͚ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͨͦͫͭͦΎͤͤͦ ͍ͦͪ͊ͫͭ͊͘Ό΅͔͚ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ 

ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Υ i = 1, 2, 3, 4, р ͙ ͭΦ͒ΦΣ ͦ͋ͦͤ͊͘;͔͊ͭ ͨͦͪΎ͍͒ͦ͟·͚ ͔ͤͦͣͪ ͦ;͔͔͎ͪ͒ͤͦͦ ͙ͨͦͤ͗͊Ό΅͔͎ͦ 

ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ki ͙ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͦ͋ͦͤ͊͘;͔͊ͭ ͨͦͪΎ͍͒ͦ͟·͚ ͔ͤͦͣͪ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔͎ͤ͊͒ͤͤͦͦ 

ζͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦη ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͙ͪ͊ͫͫͯ͗͒ͤΎΣ ͍ͦͫͤͦ͊ͤͤ·͔ ͤ͊ ͔͔͙͙ͨͪ͒ͨͦͦ͗ͤ͡Σ ;ͭͦ ͙ͨͪ ͔ͤͦͭͦͪͦͣ͟ ͼ͔ͦͣ͡ 

͔͔ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n > н ͫͯ΅͔͍͔ͫͭͯͭ ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·͙ͣ ͤ͊ͭͯͪ͊͡Έͤ·͙ͣ 

;͙͙ͫ͊ͣ͡ x0, y0, z0, τ ͙͍ͨͪͦ͒Ύͭ ͟ ͍·͍ͦ͒ͯ ͦ ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ ͔͋ͫ;͙͔͎ͫͤͤͦͦ͡ ͔͍ͣͤͦ͗ͫͭ͊ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ 

ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ xi, yi, ziΦ ˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͙͍ͨͪͦ͒Ύͭ ͙ ͟ ͍·͍ͦ͒ͯ ͦ ͭͦͣΣ ;ͭͦ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ 

͔ͨͯͭͣ ͔͋ͯ͒ͣ ͤ͊ͻ͙ͦ͒ͭΈ ͨͦͫͭͦΎͤͤͦ ͯ͋·͍͊Ό΅͙͔ ͤ͊ͭͯͪ͊͡Έͤ·͔ ;͙ͫ͊͡Σ ͍ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͯ͋·͍͊Ό΅͙͔ ͤ͊ мΦ 

͚́͊ͦ͟ ͍·͍ͦ͒ ͦͤ͊͘;͔͊ͭ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͔͋ͫ;͙͔͎ͫͤͤͦͦ͡ ͔͍ͣͤͦ͗ͫͭ͊ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͔ͣͤΈ΄͙ͻΣ 

;͔ͣ ͔͒͊ͤͤͦ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ x0Φ ˭͔͒ͫΈ ͣ· ͙ͨͪͻ͙ͦ͒ͣ ͟ ͙͍͔ͨͪͦͭͦͪ;͙ΌΣ ͔ͦͭͦͪͦ͟ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͭͦͣΣ ;ͭͦ 

͔͔͋ͫͦͤ͟;ͤ͊Ύ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ ͍ͦͣͦ͗ͤ͊͘ ͭͦ͡Έͦ͟ ͍ ͦ͒ͤͦͣ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡Φ ˭ͤ͊;͙ͭΣ 

͔͔͋ͫͦͤ͟;ͤͯΌ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͦ͋ͪ͊ͯ͘Όͭ ͭͦ͡Έͦ͟ ͔ͭ ͤ͊ͭͯͪ͊͡Έͤ·͔ ;͙ͫ͊͡Σ ͦͭͦͪ͟·͔ ͋ͦ͡Έ΄͔ ͎͒͊ͤͤͦͦ 

;͙ͫ͊͡ x0Σ ͙ ͦͭͦͪ͟·ͻ ͫͯ΅͔͍͔ͫͭͯͭ ͔͋ͫ;͙͔͔ͫͤͤͦ͡ ͔͍ͣͤͦ͗ͫͭͦΣ τ ͨͦͭͦͣͯΣ ;ͭͦ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ͤ͊ͭͯͪ͊͡Έ͎ͤͦͦ 

;͙ͫ͊͡ ͔ͤ ͫͯ΅͔͍͔ͫͭͯͭΦ ̒ͫͤͦΣ ;ͭͦ ͔͋ͫ;͙͔͔ͫͤͤͦ͡ ͔͍ͣͤͦ͗ͫͭͦ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ ͋ͦ͡Έ΄͙ͻΣ ;͔ͣ ͔͒͊ͤͤͦ 

;͙ͫͦ͡ x0Σ ͍͟͡Ό;͔͊ͭ ͔͍ͨͦ͒ͣͤͦ͗ͫͭͦ ͨͪͦͫͭ·ͻ ;͙͔ͫ͡Σ ͦͭͦͪ͟·ͻΣ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͫͯ΅͔͍͔ͫͭͯͭ ͔ͭͦ͗ 

͔͋ͫ;͙͔͔ͫͤͤͦ͡ ͔͍ͣͤͦ͗ͫͭͦΣ ;ͭͦ ͋·ͦ͡ ͒ͦ͊͊ͤͦ͘͟ ˩͍͙͒ͦͣ͟͡ ͔͔͋ͦ͡ нллл ͔ͭ͡ ͤ͊͊͒͘Φ ˽ͦΉͭͦͣͯ ͪΎ͒ 

ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͍͔ͫͦͫͭ͊ͤͤ͡·͚ ͨͪͦͫͭ·͙ͣ ͙͙͡ ͍ͫͦͫͭ͊ͤ·͙ͣ ;͙͙ͫ͊ͣ͡Σ ͋ͦ͡Έ΄͙͙ͣΣ ;͔ͣ ͔͒͊ͤͤͦ ;͙ͫͦ͡ 

x0, τ ͔ͣͦ͗ͭ ͍ͦͪ͊ͫͭ͊ͭ͘Έ ͔͔͋ͫͦͤ͟;ͤͦΦ ˽͙ͪ Ήͭͦͣ ͙ͤ͊͊͟͟Ύ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ ͔ͤ 

͔ͣͦ͗ͭ ͯ͋·͍͊ͭΈ ͔͔͋ͫͦͤ͟;ͤͦΦ ˭ͤ͊;͙ͭΣ ͔ͤ ͫͯ΅͔͍͔ͫͭͯͭ ͔͔͋ͫͦͤ͟;͚ͤͦ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͤ͊ͭͯͪ͊͡Έͤ·ͻ 

;͙͔ͫ͡Σ ͔ͣͤΈ΄͙ͻΣ ;͔ͣ ͔͒͊ͤͤͦ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ x0, τ ͨͦͭͦͣͯΣ ;ͭͦ ͡Ό͋ͯΌ ͔͔ͤͨͪͪ·͍ͤͦ ͯ͋·͍͊Ό΅ͯΌ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ ͍͔͊ͪ͘΄͔͊ͭ ͙͔ͤ͊ͣͤΈ΄͔͔ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ Ҍ 1. 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍·͍ͦ͒ ͦ ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ ͔͋ͫ;͙͔͎ͫͤͤͦͦ͡ ͔͍ͣͤͦ͗ͫͭ͊ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ 

ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͙ͨͪ ͔ͤͦͭͦͪͦͣ͟ n Ҕ н ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͦ ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ 

͔͋ͫ;͙͔͎ͫͤͤͦͦ͡ ͔͍ͣͤͦ͗ͫͭ͊ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͔ͣͤΈ΄͙ͻΣ ;͔ͣ ͔͒͊ͤͤͦ ;͙ͫͦ͡ x0, τ ͙͍͔ͨͪͦͭͦͪ;͙ͭ 

͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭΦ 

˭͔͊ͣ;͙͔͊ͤͣ ˉ XLV  ͤ ͊ ͨͦ͡Ύͻ ζˢ͙ͪͺ͔͙͙ͣͭ͟η ˨͙ͦͺ͊ͤͭ͊ ͔̅ͪͣ͊ ͙͙ͦ͗͘͡͡ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͔ͭͦͪͣ· 

͙ͨͪ n Ґ пΣ ͔ͦͭͦͪͦ͟ ζΦΦΦ͔ͫͭΈ ͔͙͍͔͒ͤͫͭͤͤ·ͣ ͔͔͙ͭͦͪͭͦ͟-;͙͍ͫͦ͡·ͣ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦͣ ˽Έ͔ͪ͊ ͔̅ͪͣ͊Σ ͔ͦͭͦͪͦ͟ 

͒ͦ΄ͦ͡ ͒ͦ ͤ͊ͫηΣ τ ͦͤ ͙͔ͦͤͫͭ͊ͭͪͯͭ͟Υ ζΦΦΦ͔͙ͫ͡ ͊͒͊ͤͦ͘ ;͙ͫͦ͡Σ ͭͦ ͔ͤ ͫͯ΅͔͍͔ͫͭͯͭ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭ ͨͦ ͫͨͯͫͯ͟ 

͔ͣͤΈ΄͙ͻ ͔͎ͦ όΎ ͍͔ͫ ͍͔ͪͣΎ ͔͍ͨͦ͒ͪ͊ͯͣ͊͘Ό ͼ͔͡·͔ ;͙ͫ͊͡ύΦΦΦηΣ ͊ ͔ͭ͊͗͟ ζΦΦΦ͙ ͭ͊͟ ͒ͦ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭ ͔͋ͯ͒ͣ 

ͤ͊ͻ͙ͦ͒ͭΈ ͼ͔͡·͔ ;͙ͫ͊͡Σ ͨͦͫͭͦΎͤͤͦ ͯ͋·͍͊Ό΅͙͔Φ ˹ͦ Ήͭͦ ͔͍ͤͦͣͦ͗ͤͦ͘Σ ͭ͊͟ ͊͟͟ ͔͙ͫ͡ ͒͊ͤͦ ͼ͔͔ͦ͡ ;͙ͫͦ͡Σ ͭͦ 

͔ͤ ͔ͣͦ͗ͭ ͙͔ͣͭΈͫΎ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭ ͼ͔͡·ͻ ;͙͔ͫ͡Σ ͔ͣͤΈ΄͙ͻ ͔͎ͦηΦ ˢ͍ͭͦͪ· ͎ͣͦͤͦͪ͊ͺ͙͙ ͨͦΎͫͤΎΌͭΥ 

ζ˾͔͔͊ͯͣͭͫ͘ΎΣ ͔̅ͪͣ͊ ͙͔͔ͣͭ ͍ ͍͙͒ͯ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔ ͼ͔͡·͔ ;͙ͫ͊͡η ώмΣ ͫ Φ 213 - 215]. 

ˣ͔͔ͦ͡ ͎ͭͦͦΣ ͔ͣͦ͗ͣ ͫ͊͊ͭ͘͟ΈΣ ;ͭͦ ͍ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔ͤͦ ͤ͊ͻ͔͙͔ͦ͗͒ͤ 

͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ 

͊͋ͫͯͪ͒ͯΦ ˽ͦͭͦͣͯΣ ;ͭͦ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͎ͤͦͦ ͤ͊ͻ͔͙ͦ͗͒ͤΎ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ 
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͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͨͦͯ͡;͙ͣ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͍͔ͤ͊ͦͣ͘ ͔͔ 

ζ͊͘͟͡Ό;͙͔ͭ͡Έ͚ͤͦηΣ ͯ ͚ͦͭͦͪͦ͟ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͍͚ͪ͊ͤͦ мΦ 

͎́ͦ͒͊ ζ͊͘͟͡Ό;͙͔ͭ͡Έͤ·ͣη ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͔͋ͯ͒ͭ ͚ͭͪͦ͊͟ 

ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ;͙͔ͫ͡Υ 

  1 ix = ,
( 1),   i i iy y k-= Ö ,

( 1)   i i iz z k-= Ö , 1 1,  ,  ,     Q( )i i i iy z y z- -Í . 

˽ͦͯ͡;͔͙͔ͤ ͦ;͔͔͎ͪ͒ͤͦͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͎ͤͦͦ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͔͙͔ͯͣͤͦ͗ͤͣ 

ζ͊͘͟͡Ό;͙͔ͭ͡Έ͚ͤͦη ͚͙ͭͪͦ͟ ͪ͊ͭͤ͟·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ 

͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ͙͍͙ͨͪͦ͒ͭ ͟ ͊͋ͫͯͪ͒ͯΦ ˽ͦͭͦͣͯΣ ;ͭͦ ͍ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͔ͫ͒ͯ͡Ό΅͔͎ͦ ͨͦ 

ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ki ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͍͘ΎͭΈ мΣ ͎ͭͦ͒͊ ͍ ;͙͙͔͔ͫͭ͡͡ ͔͋ͯ͒ͭ лΣ 

ͭΦ͔Φ ͔ͫ͒ͯ͡Ό΅͙͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ 

(1 1)
0

1
ik

-
= =. 

̒ͫͤͦΣ ;ͭͦ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͙ͯͣͤͦ͗ͤΎ ζ͔ͦͤ͟;͚ͤͦη ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙͚ 

ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki = 0, τ ͨͦͯ͡;͙ͣ ͭ͊ͯ͟Ό ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻ ζ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ηΣ ͯ 

ͦͭͦͪ͟·ͻ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͎͊͗͒ͦͦ͟ ζ͎ͪ͊ͭͤͦͦ͟η ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͊ ͤ͊͘;͙ͭ ͙ ͙ͻ ͔͍͊ͭͭͦ͟ ͔ͯͣͤΈ΄͔͊ͭͫΎ 

͒ͦ лΥ 

( 1) 1 0 0i i ix x k-= Ö = Ö = 

( 1) ( 1) 0 0i i i iy y k y- -= Ö = Ö = 

( 1) ( 1)( 0 0i i i iz z k z- -= Ö = Ö =. 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͙͔ͭ͊͟ ζ͔͍ͤͯ͡·͔η ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ ͙͊ͨͫ͘·͍͊ΌͭͫΎ ͍ ͍͙͔͒ όлΣлΣлύΣ ͊ ͙ͻ ͎͔͔͙ͦͣͭͪ;͔͚ͫͦ͟ 

͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ Ύ͍͡Ύ͔ͭͫΎ ͭͦ;͊͟ ͔͔͔ͨͪͫ;͔͙ͤΎ ͙ͦͫ ͊͋ͫͼ͙ͫͫ ͫ ͦͫΈΌ ͙ͦͪ͒ͤ͊ͭΦ ˭ͤ͊;͙ͭΣ ͨͦͯ͡;͔ͤͤ͊Ύ 

ζ͔͍ͤͯ͊͡Ύη ͚ͭͪͦ͊͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙ͤ͟ Ύ͍͡Ύ͔ͭͫΎ ͭͦ;͚ͦ͟Σ ͔ͤ ͙͔ͣΌ΅͔͚ ͔͙ͪ͊ͣͪͤͦͫͭ͘Σ ͦͭͦͪͯ͟Ό ͔͔ͫ͒ͯͭ͡ 

ͫ;͙ͭ͊ͭΈ ͚ͨͦ͒ͦ͋ͤͦ ͔ͤ ͭͦ͡Έͦ͟ ͔͔ͪ͊ͤ ͨͦͯ͡;͔ͤͤͦͣͯ ͔͍ͨͦ͒ͣͤͦ͗ͫͭͯ ͙͔ͤ͊ͣͤΈ΄͙ͻΣ ͔͙ͫͪ͒ͤͻ ͙ ͙ͤ͊͋ͦ͡Έ΄͙ͻ 

ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͤͦ ͙ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟Φ ̉ͭͦ Ύ͍͡Ύ͔ͭͫΎ 

ζ͊͋ͫͦ͡Όͭͤ·ͣη ͊͋ͫͯͪ͒ͦͣΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡ ͦ ͭͦͣΣ ;ͭͦ ͍͔͙͔ͯͪ͊ͤͤ όмύ ͙ͨͪ ͔͚ͤͦͭͦͪͦ͟ ͔͔͙ͫͭͨͤ n ͙͔͔ͣͭ 

͔ͪ΄͔͙͔ͤͣ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·͔ ͤ͊ͭͯͪ͊͡Έͤ·͔ ;͙ͫ͊͡ x0, y0, z0 ͙ ͔ͨͦͫ͒ͯ͡Ό΅͙͔ ͔͙ͪ͊ͫͫͯ͗͒ͤΎ τ ͙͍͙ͨͪͦ͒ͭ ͟ 

͙͍͔ͨͪͦͭͦͪ;͙Ό ͙͙͡ ͊͋ͫͯͪ͒ͯΣ ͦͭͦͪ͟·ͣ Ύ͍͡Ύ͔ͭͫΎ ͍·͍ͦ͒ ͦ ͭͦͣΣ ;ͭͦ ͤ͊;͊ͦ͡ ͙ͦͦͪ͒ͤ͊ͭ͟Σ ͭΦ͔Φ ͭͦ;ͯ͟ 

͔͔͔ͨͪͫ;͔͙ͤΎ ͙ͦͫ ͊͋ͫͼ͙ͫͫ ͙ ͙ͦͫ ͙ͦͪ͒ͤ͊ͭΣ τ ͔͔ͫ͒ͯͭ͡ ͫ;͙ͭ͊ͭΈ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͙͔ͤ͊ͣͤΈ΄͙ͣΣ ͔͙ͫͪ͒ͤͣ ͙ 

͙ͤ͊͋ͦ͡Έ΄͙ͣ ζͪ͊ͭͤ͟·ͣ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ηΣ ͯ ͎ͦͭͦͪͦͦ͟ ͦͫͭͪ·͚ ͎ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͍͔ͪ͊ͤ 

Σ ͊ ͎͙͔ͨͦͭͤͯ͊͘ ͙ ͔͊ͭͭ͟· ͍ͪ͊ͤ· лΦ ˣ͔͔ͦ͡ ͎ͭͦͦΣ ͙͍ͨͪͦ͒Ύͭ ͙ ͟ ͍·͍ͦ͒ͯΣ ;ͭͦ ͚ͭ͊ͦ͟ ζ͔͍͚ͤͯͦ͡ ͔͎ͭͪͯͦ͡Έ͙ͤ͟η 

όлΣлΣлύ ͔͔ͫ͒ͯͭ͡ ͫ;͙ͭ͊ͭΈ ͨͦ͒ͦ͋ͤ·ͣ ͔͔ͪ͊ͤ ͨͦͯ͡;͔ͤͤ·ͣ ͔͍ͨͦ͒ͣͤͦ͗ͫͭ͊ͣ ͙͔ͤ͊ͣͤΈ΄͙ͻΣ ͔͙ͫͪ͒ͤͻ ͙ 

͙ͤ͊͋ͦ͡Έ΄͙ͻ ζͪ͊ͭͤ͟·ͻη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͣ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ OA0A1, OB0B1, OC0C1 όͫͣΦ ͪ ͙ͫΦ сύΦ ̒ͫͤͦΣ ;ͭͦ ͨͦ͒ͦ͋ͤ͊Ύ ͍ͭͪ͊ͭͦ͊͟͟ ͨͦͯ͡;͔͎ͤͤͦͦ 

ͦ;͔͔͎ͪ͒ͤͦͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͎ͤͦͦ ͙ ζ͊͘͟͡Ό;͙͔ͭ͡Έ͎ͤͦͦη ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͍ ͦͭͦͪͦͣ͟ x0 = y0 = z0 = 0, 

τ Ύ͍͡Ύ͔ͭͫΎ ͊͋ͫͯͪ͒ͤͦͣΣ ͨͦͫͦ͟͡Έͯ͟ ͡Ό͋͊Ύ ͭͦ;͊͟Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ͭͦ;͊͟ ͔͔͔ͨͪͫ;͔͙ͤΎ ͙ͦͫ ͊͋ͫͼ͙ͫͫ ͫ ͦͫΈΌ 

͙ͦͪ͒ͤ͊ͭΣ τ ͤ ͔ ͙͔͔ͣͭ ͔͙ͪ͊ͣͪͤͦͫͭ͘ ͙ ͔ͤ ͔ͣͦ͗ͭ ͋·ͭΈ ͚ͨͦ͒ͦ͋ͤͦ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͣ ͙͙͡ ͙͊ͣ͟͟-͙͋ͦ͡ ͎͙͒ͪͯͣ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟Φ 

˭͔͙͊ͣͭͣΣ ;ͭͦ ͤ͊ Ήͭͦͣ ͤ͊ͻ͔͙͔ͦ͗͒ͤ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ 

͔ͨͪͪ͊͟΅͔͊ͭͫΎΦ ˤ ͭͦͣ ;͙͔ͫ͡ ͙ ͨͦͭͦͣͯΣ ;ͭͦ ͍ ͔͔͔ͤ͊ͣͤ͊ͭ͘͡ ͔ͫ͒ͯ͡Ό΅͔͎ͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ 

͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ki ͔͋ͯ͒ͭ лΦ ˩͙ͫ͡ ;͙͙͔ͫͭ͡͡Έ Ή͎ͭͦͦ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ki ͤ͊ м 

͔ͣͤΈ΄͔ ͔͔ͤ͊ͣͤ͊ͭ͘͡ΎΣ ͭͦ ͍ ;͙͙͔͔ͫͭ͡͡ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ki ͔͋ͯ͒ͭ ͼ͔͔ͦ͡ ͙ͦͭͪͼ͔͊ͭ͡Έ͔ͤͦ ;͙ͫͦ͡ ς мΦ ˹ͦ 

͔ͦͨͪ͊ͼ͙Ύ ͔͔͙͒ͤ͡Ύ ͤ͊ л ͡Ό͎͋ͦͦ ;͙ͫ͊͡Σ ͔ͤ ͍͎ͪ͊ͤͦͦ лΣ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ͙ͦͭͪͼ͔͊ͭ͡Έ͎ͤͦͦΣ τ ͤ ͔ ͔͔͔ͦͨͪ͒ͤ͊͡Φ 
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˭͔͙͊ͣͭͣ ͔ͭ͊͗͟Σ ;ͭͦ ͔͙ͫ͡ ͒͡Ύ ͔͔ͤ͊ͣͤ͊ͭ͘͡Ύ ͔͍͎ͨͪͦͦ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ k1 ͍·͋ͪ͊ͭΈ 

;͙ͫͦ͡Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͔ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ͔͔͎ͫͪ͒ͤͦ ͙͋ͦ͡ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͭͦ ͒͊͡Έ͔͚ͤ΄͙͔ ͔͙ͪ͊ͫͫͯ͗͒ͤΎΣ ͎͙͊ͤ͊ͦ͡;ͤ·͔ ͍·΄͔͙͔ͦ͗ͤͤ͘͡·ͣΣ τ ͙͍ͨͪͦ͒Ύͭ ͟ ͙ͭ͊ͣ͟ ͔͗ 

͔ͪͯ͘͡Έͭ͊ͭ͊ͣ ͙ ͍·͍ͦ͒͊ͣΣ ͭΦ͔Φ ͟ ͙͍͔ͨͪͦͭͦͪ;͙Ό ͙͙͡ ͊͋ͫͯͪ͒ͯΦ 

˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡ ͦ͋ ͙͙͙ͫͭͤͤͦͫͭ ͍͔͔͙ͯͭͪ͗͒ͤΎΣ ͙͍͔ͨͪͦͭͦͪ;͊΅͔͎ͦ ͔͔͔ͭͦͪͣΣ τ 

ͦ΄͙͋ͦ;ͤͦΦ ˭ͤ͊;͙ͭΣ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·͙ͣ x0 y0 z0 ͙ͨͪ ͔͚ͤͦͭͦͪͦ͟ ͔͔͙ͫͭͨͤ n > 2 ͤ ͔ 

ͫͯ΅͔͍͔ͫͭͯͭ. 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͔͙ͫ͡ ͙ͨͪ ͔͚ͤͦͭͦͪͦ͟ ͔͔͙ͫͭͨͤ n > н ͔ͤ ͫͯ΅͔͍͔ͫͭͯͭ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͍͙͊ͣͤͦ͘ 

ͨͪͦͫͭ·͙ͣ x0, y0 ʠ z0Σ ͦͭͦͪ͟·͔ ͣͦ͗ͤͦ ͋·ͦ͡ ͋· ͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͙ͣ ͪ͊ͼ͙ͦͤ͊͡Έͤ·͙ͣ 

;͙͙ͫ͊ͣ͡Σ ͭͦ Ήͭͦ ͍͔͙͔ͯͪ͊ͤͤ ͔͔ͤͪ͊ͪ͘΄͙ͣͦ ͍ ͼ͔͡·ͻΣ ͊ ͤ͊͘;͙ͭ ͙ ͍ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ;͙ͫ͊͡ͻ ͙ͨͪ ͡Ό͋ͦͣ 

͙͔ͨͦͦ͗ͭ͡͡Έͤͦͣ ͼ͔ͦͣ͡ ͔͔ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n > нΦ ˽ͦͭͦͣͯΣ ;ͭͦΣ ͙ͤ͊ͨͦͣͤͣΣ ͍ ͍͔͙͙ͯͪ͊ͤͤ όмύ ͔ͤͦͭͦͪ͟·ͣ 

͔͔ͨͦ͊͊ͭͣ͘͟͡ ͔͔͙ͫͭͨͤ n ͔ͣͦ͗ͭ ͋·ͭΈ ͡Ό͔͋ͦ ͼ͔͔ͦ͡ ;͙ͫͦ͡ ͋ͦ͡Έ΄͔ нΣ ͭΦ͔Φ о ͙͙͡ п ͙͙͡ р ͙ ͍ ͚ͭ͊ͦ͟ ͔͗ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͒ͦ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭΦ 

˭͔͙͊ͣͭͣΣ ;ͭͦ ͍·΄͔͙͔ͦ͗ͤͤ͘͡·͔ ͔͙ͪ͊ͫͫͯ͗͒ͤΎ ͙ ͍·͍ͦ͒· ͔ͤ ͍ͫͭ͊ͤͦΎͭͫΎ ͦ΄͙͋ͦ;ͤ·͙ͣΣ ͔͙ͫ͡ 

͍͔͙͡;͙ͤ͊ ͎ͦͫͭͪͦͦ ͎ͯ͊͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ 

OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫ о ͙͙͡ ͙ͪͫΦ сύ ͔͋ͯ͒ͭ ͙ͪ͊͘͡;͚ͤͦΦ 

˹͙͔͊ͨͪͣͪΣ ͔͙ͫ͡ ͦͫͭͪ·͚ ͎ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ æ OA0A1 ͔͋ͯ͒ͭ 1 1 )0      / 2(  p<j < Τ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ 

æ OB0B1 2 2 )0      / 2(  p<j < Σ ͊ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ æ OC0C1 3 30        / 2  ( )p<j < Σ ͙ͨͪ Ήͭͦͣ 1 Í 2 Í 3Φ ̉ͭͦΣ 

͔͔ͪ͊ͯͣͭͫ͘ΎΣ ͍͔͡;͔ͭ ͔͍͙͔ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ n  ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ 

͎ͯ͡· n 1, n 2 ʠ n 3Φ ͎́ͦ͒͊ ͙͔ͣͤ͘Ύ͔ͭͫΎ ͍͙͔͊ͣͤͦ͘ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAC, 

DCF ʠ OBF όͫͣΦ ͪ ͙ͫ. пύΣ ͦͭͦͪ͟·͔ ͍ Ήͭͦͣ ͫͯ͡;͔͊ ͎ͣͦͯͭ ͔͗͊ͭ͡Έ ͊͟͟ ͍ ͔͍͚ͨͪͦΣ ͭ͊͟ ͙ ͍ ͎͚͒ͪͯͦ ͙͚ͦͦͪ͒ͤ͊ͭͤͦ͟ 

;͔͍͔͙ͭͪͭ ͙͙͡ ͍ ͪ͊ͤ͘·ͻ ;͔͍͔ͭͪͭΎͻΦ 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͙ͪ͊͘͡;ͤ͊Ύ ͍͔͙͡;͙ͤ͊ ͦͫͭͪ·ͻ ͎͍ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ 

OA0A1, OB0B1 ʠ OC0C1 όͫͣΦ ͪ ͙ͫΦ о ͙͙͡ ͙ͪͫΦ сύ ͯͫͭͪ͊ͤΎ͔ͭ ͔ͤͦͭͦͪ͟·͔ ͙͘ ͍·΄͔͙͔ͦ͗ͤͤ͘͡·ͻ ͔͙͚ͪ͊ͫͫͯ͗͒ͤΣ ͊ 

͙͔ͣͤͤͦΣ ͔͙ͪ͊ͫͫͯ͗͒ͤΎ ͦ ͙͙ͨͦ͒ͦ͋ ͍ͤ͊͊ͤͤ͘·ͻ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ ˾͔͔͊ͯͣͭͫ͘ΎΣ ͍ Ήͭͦͣ ͫͯ͡;͔͊ 

ͯͫͭͪ͊ͤΎΌͭͫΎ ͙ ͔͙ͪ͊ͫͫͯ͗͒ͤΎ ͦ ͙͙ͨͦ͒ͦ͋ ͔ͣ͗͒ͯ ͙͔ͤ͊ͣͤΈ΄͙ͣΣ ͔͙ͫͪ͒ͤͣ ͙ ͙ͤ͊͋ͦ͡Έ΄͙ͣ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ ͍ 

͚͊͗͒ͦ͟ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΦ ˽͙ͪ Ήͭͦͣ ͫͦͻͪ͊ͤΎ͔ͭͫΎ 

͙͔ͨͦ͒ͦ͋ ͔͍ͨͦ͒ͣͤͦ͗ͫͭ͊ ͙͔ͤ͊ͣͤΈ΄͙ͻΣ ͔͍ͨͦ͒ͣͤͦ͗ͫͭ͊ ͔͙ͫͪ͒ͤͻ ͙ ͔͍ͨͦ͒ͣͤͦ͗ͫͭ͊ ͙ͤ͊͋ͦ͡Έ΄͙ͻ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔ͤͤ·ͻ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΣ τ ͫ ͍͔͍͔ͦͦͭͭͫͭͤͤͦ ͤ ͙͔͊ͣͤΈ΄͔ͣͯΣ ͔͔ͫͪ͒ͤͣͯ ͙͙͡ 

͙ͤ͊͋ͦ͡Έ΄͔ͣͯ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͨͪΎ͎ͣͦͯͦ͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟Σ ͭΦ͔Φ æ OA0A1, æ OB0B1 ͙͙͡ æ OC0C1. 

˭ͤ͊;͙ͭΣ ͫͦͻͪ͊ͤΎΌͭͫΎ ͙  ͔ͨͦͫ͒ͯ͡Ό΅͙͔ ͔͙ͪ͊ͫͫͯ͗͒ͤΎ ͙ ͍·͍ͦ͒·Φ 

ˮͤ͊;͔ ͎͍ͦͦͪΎΣ ͺ͙͊ͭ͟;͔ͫ͊͟Ύ ͍͔͙͡;͙ͤ͊ ͦͫͭͪ·ͻ ͎͍ͯͦ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͍ͤ͊͊ͤͤ͘·ͻ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͔ͤ ͍͙͡Ύ͔ͭ ͤ͊ ͨͦͪΎ͒ͦ͟ ͙ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͤ͊ͻ͔͙ͦ͗͒ͤΎ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ 

͔͍ͣͤͦ͗ͫͭ͊ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͊ ͤ͊͘;͙ͭΣ ͔ͤ ͍͙͡Ύ͔ͭ ͤ͊ 

͔ͨͦͫ͒ͯ͡Ό΅͙͔ ͍·͍ͦ͒·Φ 

˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͙͙ͫͭͤͤ·ͣ Ύ͍͡Ύ͔ͭͫΎ ͍͔͔͙͔ͯͭͪ͗͒ͤ ͔̅ͪͣ͊Σ ͙͔͔ͦ͗ͤͤͦ͘͡ ͯͨͦͣΎ͚ͤͯͭͦ ͔͚͊ͣͭͦ͘͟ ͤ͊ 

ͨͦ͡Ύͻ ζˢ͙ͪͺ͔͙͙ͣͭ͟ηΥ ζ˹͊ͦ͋ͦͪͦͭΣ ͔͍ͤͦͣͦ͗ͤͦ͘ ͙ͪ͊ͦ͗ͭ͘͡Έ ͙ͤ ͯ͋͟ ͤ͊ ͍͒͊ ͯ͋͊͟Σ ͙ͤ ͙͍͋͊͒ͪ͊ͭ͟ ͤ͊ ͍͒͊ 

͙͍͋͊͒ͪ͊ͭ͊͟Σ ͙ ͍ͦͦ͋΅͔ ͙ͤ͊ͯ͟͟Ό ͔͔ͫͭͨͤΈ ͋ͦ͡Έ΄ͯΌ ͍͊͒ͪ͊ͭ͊͟ ͤ͊ ͍͔͒ ͔͔͙ͫͭͨͤ ͫ ͔ͭͣ ͔͗ ͔͔ͨͦ͊͊ͭͣ͘͟͡Φ ̒ 

ͦͭͪ͟·͡ Ήͭͦͣͯ ͙͙͔ͨͦͫͭͤ ;͔͔ͯ͒ͫͤͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΣ ͤͦ Ή͙ͭ ͨͦ͡Ύ ͒͡Ύ ͔͎ͤͦ ͙ͫ͡΄ͦͣ͟ ͣ͊͡·η ώмΣ c. 103.] 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍͔͙͔ͯͪ͊ͤͤ 

       n n nx y z+ =  

͙ͨͪ ͡Ό͋ͦͣ ͼ͔ͦͣ͡ ͔͔ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n > 2 ʠ (x, y, z) Í л ͔ͤ ͙͔͔ͣͭ ͔ͪ΄͔͙ͤΎ ͍ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙ͫ͊͡ͻΣ ͊ 

ͤ͊͘;͙ͭ ͍ ͼ͔͡·ͻ ͙ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ;͙ͫ͊͡ͻΦ 
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̉ͭͦ ͙  ͭ ͔͍ͪ͋ͦ͊ͦͫ͡Έ ͒ ͦ͊͊ͭ͘͟Έ. 

ˮ͘ ͍·΄͔͙͔͎ͦ͗ͤͤͦͦ͘͡ ͔͔ͫ͒ͯͭ͡Σ ;ͭͦ ͍͔͙͔ͯͪ͊ͤͤ όмύ ͙ͨͪ ͡Ό͋ͦͣ ͼ͔ͦͣ͡ ͔͔ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n > 2 

͔͔ͤͪ͊ͪ͘΄͙ͣͦ ͚͚ͭͪͦͦ͟ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ x y zΣ ͦͭͦͪ͟·͔ Ύ͍͡ΎΌͭͫΎ ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ 

2 2 2x y z+ + . 

ˮ͍͔ͫͭͤͦ͘Σ ;ͭͦ ͫͯ΅͔͍͔ͫͭͯͭ ͔͋ͫ;͙͔͔ͫͤͤͦ͡ ͔͍ͣͤͦ͗ͫͭͦ ͔ͪ΄͔͙͚ͤ Ή͎ͭͦͦ ͍͔͙ͯͪ͊ͤͤΎ ͚͚ͭͪͦͦ͟ ͨͦͨ͊ͪͤͦ 

͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ ;͙͔ͫ͡ x y z, ͦͭͦͪͯ͟Ό ͤ͊͘·͍͊Όͭ ζ͙ͨͺ͎͍͚͊ͦͪͦͦηΦ ˽͙ͪ Ήͭͦͣ ͔ͪ΄͔͙͔ͤ Ή͎ͭͦͦ ͍͔͙ͯͪ͊ͤͤΎ 

͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·͙ͣ x y z ͔͙ͯͣ͡ ͤ͊ͻ͙ͦ͒ͭΈ ͍ ͔͍͔͒ͪͤͣ ˤ͍͙͔͊ͦͤ͡ ͍ XIX -XVIII  ͍Φ͍Φ ͒ͦ ͤΦΉΦΣ ͭΦ͔Φ ͎͊͒ͦͦ͘͡ ͒ͦ 

˽͙ͺ͎͊ͦͪ͊ ώмΣ ͫ Φ 22]. 

˸ͦ͗ͤͦ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ ͚ͭ͊ͦ͟ ͔͙ͣ͊ͭͣ͊ͭ͟Σ ͙͊ͣ͟͟ ͋·͡ ͔̅ͪͣ͊Σ ͎ͣͦ ͔ͨͪͦ͒͊ͭ͡Έ ͙͔͔ͦ͗ͤͤͦ͘͡ ͤ͊ 

͔ͨͪ͒·͒ͯ΅͙ͻ ͙ͫͭͪ͊ͤͼ͊ͻ ζ͍ ͔ͯͣηΣ ͭΦ͔Φ ͔ͤ ͙͊ͨͫ͘·͍͊Ύ ͔͙͚ͪ͊ͫͫͯ͗͒ͤ ͍͙ͫͦͨͦͫͭ͊ͭΈ ͯ͊͊ͤͤ͘͟·ͣ ͍ ͍͔͙͙ͯͪ͊ͤͤ 

όмύ ͼ͔͡·ͣ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·ͣ ;͙ͫ͊ͣ͡ xn, yn ʠ zn, τ ͎͙͔ͨͦͭͤͯ͘· ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ˤ͙͔ͭ͊Σ ζ͍͔ͫͦͫͭ͊ͤͤ͡·ͻη ͔͙͔ͯͣͤͦ͗ͤͣ ͤ͊ ͔ͫ͋Ύ ͪ͊ͭͤͦ͟ ͔ͨͦ͊͊ͭ͘͟͡Ό ͔͔͙ͫͭͨͤ n ͎͊͗͒ͦͦ͟ 

͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͎͙͔ͨͦͭͤͯ͘· ͦͭͦͪ͟·ͻ ͍ͫͦͨͦͫͭ͊͡ΎΌͭͫΎ ͼ͔͡·ͣ 

͙͔ͨͦͦ͗ͭ͡͡Έͤ·ͣ ;͙ͫ͊ͣ͡ x, y ʠ z, ;ͭͦ ͍͙ͪ͊ͤͦͫ͡Έͤͦ ͍͍͔͔͙ͦ͒ͤ͘Ό ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͡Ό͋ͯΌ ͼ͔ͯ͡Ό ͙͔ͨͦͦ͗ͭ͡͡ΈͤͯΌ ͔͔ͫͭͨͤΈΦ 

ˮ ͔͊ͭͣ͘ ͔͙ͨͪ͒ͨͦͦ͗͡͡Σ ;ͭͦ ͔͙ͫ͡ ͙ͨͪ ͔͚ͤͦͭͦͪͦ͟ ͔͔͙ͫͭͨͤ n ͫͯ΅͔͍ͫͭͯΌͭ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͍ 

ͼ͔͡·ͻ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·ͻ ;͙ͫ͊͡ͻ x y zΣ ͦͭͦͪ͟·ͣ ͍ͫͦͨͦͫͭ͊͡Ύ͔ͭͫΎ ͎͙͔ͨͦͭͤͯ͊͘ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ 

͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͭͦ ͒ͦ͗ͤ͡· ͫͯ΅͔͍͍ͫͭͦ͊ͭΈ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟Σ ͨͦ͒ͦ͋ͤ·͔ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣΣ 

ͤͦ ͫ ͔ͣͤΈ΄͔͚ ͍͔͙͡;͙͚ͤͦ ͫͻ͍͔ͦ͒ͫͭͤͤ·ͻ ͫͭͦͪͦͤΣ ͎͙͔ͨͦͭͤͯ͘· ͦͭͦͪ͟·ͻ ͍ͫΎ͊ͤ͘· ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ 

ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭΦ͔Φ ͦͭͤͦ΄͔͙͔ͤͣΣ ͯ͊͊ͤͤ͘͟·ͣ ͍ 

͍͔͙͙ͯͪ͊ͤͤ όмύΦ ˭ͤ͊;͙ͭΣ ͫͯ΅͔͍ͫͭͯΌͭ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύΦ ͚͙́ͪͦ͟ ͙ͭ͊͟ͻ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͨͦͯ͡;͊ΌͭͫΎ ͔ͨͯͭͣ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͎ͤͦͦ ͔͙ͯͣͤͦ͗ͤΎ ͤ͊ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͚ ͙ͨͦͤ͗͊Ό΅͙͚ 

ͪ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ͫͤ͊;͊͊͡ ͚͙ͭͪͦ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻΣ ͊ ͔͊ͭͣ͘ ͙ ͚͊͗͒ͦ͟ ͦ;͔͔͚ͪ͒ͤͦ ͚͙ͭͪͦ͟ 

ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ Ή͚ͭͦ ͔ͦͨͪ͊ͼ͙͙ ͔͙ͯͣͤͦ͗ͤΎΦ ˮ͎ͭͦͦͣ Ύ͍͡Ύ͔ͭͫΎ 

ͤ͊ͻ͔͙͔ͦ͗͒ͤ ͔͍ͣͤͦ͗ͫͭ͊ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͍͔ͨͪͦͭͦͪ;͙Ό ͙͙͡ 

͊͋ͫͯͪ͒ͯ ;͔͔ͪ͘ ͔͔ͤͦͭͦͪͦ͟Σ ͍ͦͣͦ͗ͤͦ͘ ͦ;͔ͤΈ ͋ͦ͡Έ΄͔ͦΣ ͤͦ ͍͔͎ͫ͒͊ ͔ͦͤ͟;͔ͤͦ ;͙ͫͦ͡ ͍͔͙͚ͨͦͭͦͪͤ ͚ͭ͊ͦ͟ 

͔ͦͨͪ͊ͼ͙͙ ͔͙ͯͣͤͦ͗ͤΎΦ 

˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡ ͦ ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ ͚͙ͭͪͦ͟ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ 

ͦͭͦͪ͟·͔ ͙ͨͪ ͔ͤͦͭͦͪͦͣ͟ ͼ͔ͦͣ͡ n Ҕ н Ύ͍͡ΎΌͭͫΎ ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͍͔ͨͪͦͭͦͪ;͊΅͔ͣͯ 

͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ ͍·͍ͦ͒ͯ ͦ ͭͦͣΣ ;ͭͦ ͔͒͊ͤͤͦ ͼ͔͔ͦ͡ ͙͔ͨͦͦ͗ͭ͡͡Έ͔ͤͦ ;͙ͫͦ͡ x ͙ ͙͡  ͙ͯ ͙͡ z, τ ͣ ͔ͦ͗ͭ ͙͔ͣͭΈ 

͔͋ͫ;͙͔͔ͫͤͤͦ͡ ͔͍ͣͤͦ͗ͫͭͦ ͼ͔͡·ͻ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·ͻ ;͙͔ͫ͡Σ ͔ͣͤΈ΄͙ͻ ͎͒͊ͤͤͦͦ ;͙ͫ͊͡ x ͙͙͡ ʫ ͙͙͡ z. 

ˤ͔ͪͦΎͭͤͦΣ Ήͭͦ ͙ ͙ͫͯ͗ͦ͡͡ ͒͡Ύ ͔̅ͪͣ͊ ͍͙͔ͦͫͤͦ͊ͤͣ ͍͙ͦͫͭ͊ͭΈ ͤ͊ ͨͦ͡Ύͻ ζˢ͙ͪͺ͔͙͙ͣͭ͟η ͔͊ͣͭͯ͘͟Σ ͦͭͦͪ͊͟Ύ 

͙͔͔ͣͭ ͙ ͚ͭ͊ͦ͟ ͍͙͊ͪ͊ͤͭ ͍͎͒ͦͫͦͤͦͦ͡ ͔͔͍ͨͪͦ͒͊Υ ζ˸͔͗͒ͯ ͔ͭͣΣ ͍͔ͫͦͪ΄͔ͤͤͦ ͔͍ͤͦͣͦ͗ͤͦ͘ ͙ͪ͊ͦ͗ͭ͘͡Έ 

ͨͦͤ͡·͚ ͯ͋͟ ͤ͊ ͫͯͣͣͯ ͍͒ͯͻ ͍ͯ͋ͦ͟Σ ;͔͍͔ͭͪͭͯΌ ͔͔ͫͭͨͤΈ ͤ͊ ͫͯͣͣͯ ͍͒ͯͻ ;͔͍͔ͭͪͭ·ͻ ͔͔͔͚ͫͭͨͤΣ ͍ͦͦ͋΅͔ ͊ͯ͟͟Ό 

͙͋ͦ͡ ͔͔ͫͭͨͤΈ ͤ͊ ͫͯͣͣͯ ͍͒ͯͻ ͔͔͔͚ͫͭͨͤ ͫ ͔ͭͣ ͔͗ ͔͔ͨͦ͊͊ͭͣ͘͟͡Φ ̒ ͤ͊΄͔͡ ͙͙͔ͨͦͫͭͤ ͙͍͙͔ͯ͒ͭ͡Έ͔ͤͦ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ Ή͎ͭͦͦ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΣ ͤͦ ͔͒ͫ͘Έ ͙ͫ͡΄ͦͣ͟ ͣ͊ͦ͡ ͔ͣͫͭ͊Σ ;ͭͦ͋· ͔͎ͦ ͔͙ͨͦͣͫͭͭΈη ώнΣ ͫΦ нпо-

244]. 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͤ͊ͫͭͦΎ΅͔͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ˤ́̅ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͔͍ͣͭͦ͒ͦΣ 

ͦͭͦͪ͟·͔ ͋·͙͡ ͙͍͔ͫͭͤ͘· ͙ ͎͙ͣͦ͡ ͋·ͭΈ ͙͍͔ͫͭͤ͘· ͔̅ͪͣ͊Σ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͔ͯͭͪ͗͒͊ͭΈΥ 

͍-͔͍ͦͨͪ·ͻΣ ͔ͨͪͦͫͭͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΣ ͔ͤ ͍·ͻͦ͒Ύ΅͔͔ ͊͘ ͔͔ͨͪ͒͡· Ή͔͔͚ͣͤͭ͊ͪͤͦ͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟Σ τ 

ͯͫͭͪ͊ͤΎ͔ͭ ͔͙ͫͦͣͤͤΎ ͍ ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ ͦͭͪ͟·͎ͭͦͦ ͔̅ͪͣ͊ ζ͙͙͔ͨͦͫͭͤ ;͔͎ͯ͒ͫͤͦͦη ͦ͋΅͔͎ͦΣ ͭΦ͔Φ ͒͡Ύ ͡Ό͚͋ͦ 

ͼ͔͚ͦ͡ ͔͔͙ͫͭͨͤ n Ҕ нΣ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͍͔͔͙ͯͭͪ͗͒ͤΎΣ ͫͺ͙͍͎ͦͪͣͯͪͦ͊ͤͤͦͦ͡ ͍·΄͔͚ͯ͊͊ͤͤͦ͘͟ ͔͚͊ͣͭͦ͘͟ ͤ͊ 

ͨͦ͡Ύͻ ζˢ͙ͪͺ͔͙͙ͣͭ͟ηΣ ͔ͦͭͦͪͦ͟ ͔ͤ ͋·ͦ͡ ζ͙͍ͪͦͨͦͭ͟͡·ͣη ͙ ͔ͤ ͔ͫͦ͒ͪ͗͊ͦ͡ ͦ΄͙͙͋͟Σ ͨͦΉͭͦͣͯ ͍͔ͫ ͔͔ͪ͊ͤ 

͍·ͫ͊͊ͤͤ͘͟·͔ ͔͔͙ͨͪ͒ͨͦͦ͗ͤ͡Ύ ͦ ͭͦͣΣ ;ͭͦ ͍ ͦͭͪ͟·ͭͦͣ ͔̅ͪͣ͊ ζ͙͙͔ͨͦͫͭͤ ;͔ͯ͒ͫͤͦͣη ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭ 

͎ͣͦ͊͡ ͋·ͭΈ ͦ΄͙͋͊͟ ͙͙͡ ;ͭͦ ͍ XVII  ͍Φ ͔͔ͭͦͪͣͯ ͔͍ͤͦͣͦ͗ͤͦ͘ ͋·ͦ͡ ͒ͦ͊͊ͭ͘͟ΈΣ τ ͔͔ͫ͒ͯͭ͡ ͫ;͙ͭ͊ͭΈ 
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͔͍͔ͤͦͫͤͦ͊ͭ͡Έͤ·͙ͣΤ 

͍-͍ͦͭͦͪ·ͻΣ ͦ;͔͍͙͒ͤͦΣ ;ͭͦ ͙ͨͪ;͙ͤ·Σ ͨͦ ͦͭͦͪ͟·ͣ ͔̅ͪͣ͊ ͙͎͔ͤ͒ ͔ͤ ͙͊ͨͫ͊͘͡ ͦͭͪ͟·͔ͭͦ ͙ͣ ζ͙͙͔ͨͦͫͭͤ 

;͔͔ͯ͒ͫͤͦη ͙͙͡Σ ͍ ͎͒ͪͯͦͣ ͍͙͔͊ͪ͊ͤͭ ͔͔͍ͨͪͦ͒͊ ζ͙͙͔ͨͦͫͭͤ ͙͍͙͔ͯ͒ͭ͡Έ͔ͤͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͍͔͎ͫͦͦ 

͍͔͔͙ͯͭͪ͗͒ͤΎΣ τ ͔ͤ ͍ͫΎ͊ͤ͘· ͫ ͔ͭͣ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭͦͣΣ ;ͭͦ ͦͤ ͔͔ͨͦ͒ͤ͘ ͙ͦ͋ͤ͊ͪͯ͗͡ ͦ΄͙͋ͯ͟ ͍ ͍͔ͫͦͣ 

ζ;͔ͯ͒ͫͤͦͣη ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭΣ ͦ ͚ͦͭͦͪͦ͟ ͯͣͦ͡;͊͡ ͙ ͦͭͦͪͯ͟Ό ͍͔ͫ ͍͔ͪͣΎ ͔͙ͫͭͪͣͫ͡Ύ ͙͍͙ͫͨͪ͊ͭΈΤ 

-͍͔ͭͪͭΈ͙ͻΣ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡ ͍͔͙͎ͦͦ͟͡ ͔͔ͤͣͼ͎ͦͦ͟ ͔͙ͣ͊ͭͣ͊ͭ͊͟ ˮ͎ͦ͊ͤͤ͊ ˴͊ͪ͊͡ ͙͙̅ͪ͒ͪͻ͊ ˥͊ͯͫͫ͊Σ 

͍͒ͦ͊͊͘͟΄͔͎ͦ ͔͔ͭͦͪͣͯ ͒͡Ύ n = 5 [2, ͫ Φ нпрϐΣ ͦ ͭͦͣΣ ;ͭͦ ͦͤ͊ ͨͦ͒ͦ͋ͤ͊ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎͣΣ ͦͭͦͪ͟·͔ ζΦΦΦ͔ͤ͡Έ͘Ύ 

͙ͤ ͒ͦ͊͊ͭ͘͟ΈΣ ͙ͤ ͍͔͎ͦͨͪͦͪͤͯͭΈη ώнΣ ͫ Φ 243], τ ͔͔ͫ͒ͯͭ͡ ͫ;͙ͭ͊ͭΈ ͦ΄͙͋ͦ;ͤ·ͣ ͨͦͭͦͣͯΣ ;ͭͦ Ήͭͦ ͍͔͎͔ͦͨͪͦͪ͊ͭ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ˤ́̅ ̏Φ ͚̂͊ͫ͊͡ ͙ ͍·΄͔͙͔͔ͦ͗ͤͤͦ͘͡ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΦ 

́ͦͭ ͺ͊ͭ͟Σ ;ͭͦ ͔̅ͪͣ͊ ͍ ͍͙ͫͦͻ ͙ͨͫΈͣ͊ͻ ͔ͤͦ͒ͤͦͪ͊ͭͤͦ͟ ͍͍ͦͪ͊͘΅͊ͫ͡Ύ ͟ ͍͔͙ͯͪ͊ͤͤΌ όмύΣ ͤͦ ͭͦ͡Έͦ͟ ͒͡Ύ 

n = о ͙͙͡ n = 4 [1, ͫ Φ 212], τ ͍ͦͣͦ͗ͤͦ͘ ͦ͋ΆΎ͙ͫͤͭΈ ͔͙͔͗͊ͤͣ͡ ͫͦͦ͋΅͙ͭΈ ͎͙͒ͪͯͣ ͔͙ͣ͊ͭͣ͊ͭ͊ͣ͟ ͦ ͭͦͣΣ ;ͭͦ 

ͦͭͪ͟·͡ ζ͙͙͔ͨͦͫͭͤ ;͔͔ͯ͒ͫͤͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͔͔ͭͦͪͣ·Φ ˤ͔ͪͦΎͭͤͦΣ ;ͭͦ ͙ͭ͊ͣ͟ ͫͨͦͫͦ͋ͦͣΣ ͙ͨͪͤΎͭ·ͣ ͍ͦ 

͍͔͔ͪͣͤ͊ ͔̅ͪͣ͊Σ ͦͤ ͔͙ͨͪ͒ͦ͗͡͡ ͎͙͒ͪͯͣ ͔͙ͣ͊ͭͣ͊ͭ͊ͣ͟ ͚͙ͤ͊ͭ ͦͭͪ͟·͔ͭͦ ͙ͣ ζ͙͙͔ͨͦͫͭͤ ;͔͔ͯ͒ͫͤͦη 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͙ ͔͙ͯ͋͒ͭΈͫΎ ͍ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ ͍͔͔͙ͯͭͪ͗͒ͤΎΣ ͫͺ͙͍͎ͦͪͣͯͪͦ͊ͤͤͦͦ͡ ͯͨͦͣΎ͚ͤͯͭͦ 

͔͚͊ͣͭͦ͘͟ ͤ͊ ͨͦ͡Ύͻ ζˢ͙ͪͺ͔͙͙ͣͭ͟η ˨͙ͦͺ͊ͤͭ͊Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͔ͭͦͪͣ͊ ͙͍͔ͨͪ͊͟͡͡ ͍͙͙͔ͤͣ͊ͤ ͔ͨͦͫ͒ͯ͡Ό΅͙ͻ 

͔͙͍ͣ͊ͭͣ͊ͭͦ͟ ͙ ζΧ͙ͨͪ ͨͦͨ·ͭ͊͟ͻ ͔͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͋·͙͡ ͍·͍ͦ͊ͤ͟· ͍ͤͦ·͔ ͣͦ΅ͤ·͔ ͔͍ͫͪ͒ͫͭ͊Σ 

͙͍͔ͨͪ͒΄͙͔ ͟ ͙ͫͦ͒͊ͤ͘Ό ͦ͋΄͙͎ͪͤͦͦ ͔ͦͭ͒͊͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ τ ͭ͊͟ ͤ͊͘·͍͔͚͊ͣͦ ζ͔͙͙ͭͦͪ ͎͔͙͊͋ͪ͊͡;͔͙ͫ͟ͻ 

;͙͔ͫ͡η ώоΣ ͫ Φ 7]. 

ˤ͔͔ͣͫͭ ͫ ͔ͭͣΣ ͣͦ͗ͤͦ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ ͙ͨͪ;͙ͤ͊Σ ͨͦ ͚ͦͭͦͪͦ͟ ͔̅ͪͣ͊ ͙͎͔ͤ͒ ͔ͤ ͙͊ͨͫ͊͘͡ ζ͙͙͔ͨͦͫͭͤ 

;͔͔ͯ͒ͫͤͦη ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͍͔͔͙ͯͭͪ͗͒ͤΎΣ ͙͔͎ͦ͗ͤͤͦͦ͘͡ ͤ͊ ͨͦ͡Ύͻ ζˢ͙ͪͺ͔͙͙ͣͭ͟ηΣ τ ͊͘͟͡Ό;͔͊ͭͫΎ ͔ͤ 

ͫͭͦ͡Έͦ͟ ͍ ͙ͯ͘͟ͻ ͨͦ͡ΎͻΣ ͫͦ͟͡Έͦ͟ ͍ ͭͦͣΣ ;ͭͦ ͦͭͪ͟·͔ͭͦ ͙ͣ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͋·ͦ͡ ͨͪͦͫͭ·ͣΣ ͔ͤ ͍·ͻͦ͒Ύ΅͙ͣ 

͊͘ ͔͔ͨͪ͒͡· Ή͔͔͚ͣͤͭ͊ͪͤͦ͡ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ ͨͦΉͭͦͣͯ ͔ͤ ͎ͣͦͦ͡ ͙͔͔͍͊ͤͭͪͫͦ͊ͭ͘Έ ͎͙͒ͪͯͻ ͔͙͍ͣ͊ͭͣ͊ͭͦ͟Φ ˽͙ͪ 

Ήͭͦͣ ͔̅ͪͣ͊Σ ͍͙͙͒ͣͦΣ ͙ͨͦͤͣ͊͡Σ ;ͭͦ ͔͙ͫ͡ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͭͦ͡Έͦ͟ Ύ͘·͟ ͎͔͊͋ͪ͡·Σ ͭͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ 

ζΧ͔͔ͨͦͭͪ͋ͯͭ ͙͔͔͙ͨͪͣͤͤΎ ͫͯ΅͔͍͔ͫͭͤͤͦ ͍ͤͦ·ͻ ͙͔͚͒ΦΦΦη ώм, ͫ Φ нмтϐ ͙Σ ͟ ͭͦͣͯ ͔͗Σ ͔ͦ͊͗ͭͫ͟Ύ ͤ͊ͫͭͦ͡Έͦ͟ 

ζ͙͍ͪͦͨͦͭ͟͡·ͣηΣ ;ͭͦ ͯͨͦͣΎͤͯͭ͊Ύ ͔͊ͣͭ͊͘͟ ͤ͊ ͨͦ͡Ύͻ ζˢ͙ͪͺ͔͙͙ͣͭ͟η ͎ͤ͊͒ͦͦ͡ ͙͍͔ͨͪ͡;͔ͭ ͍͙͙͔ͤͣ͊ͤ 

͔͙͍ͣ͊ͭͣ͊ͭͦ͟Φ 

2. ˨ ͔ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͎ ͙͔ͨͦͭ͘· x ͙͊͡ 

˥͙͔ͨͦͭ͊͘ ˣ͙͊͡Σ ͔͔͒͊͡ τ ͎ ͙͔ͨͦͭ͊͘Σ ͍͔͔ͯͭͪ͗͒͊ͭΣ ;ͭͦ ͔͙ͫ͡ 
x y zA B C+ =  

͙ A, B, C, x, y, z ͼ͔͡·͔ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔ ;͙ͫ͊͡Σ ͊ ͔͙ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ x, y ʠ z ͍ ͔ͫ ͋ͦ͡Έ΄͔ нΣ ͭͦ ͍͙ͦͫͤͦ͊ͤΎ 

͔͔͙ͫͭͨͤ A, B, C ͒ ͦ͗ͤ͡· ͙͔ͣͭΈ ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡ΈΦ 

˭͙͊ͨ΄͔ͣ ͎͙͔ͨͦͭͯ͘ ͍ ͔͔͋ͦ͡ ͙͍ͨͪ·;͚ͤͦ ͒͡Ύ ͤ͊ͫ ͍͔͚͋ͯͤͤͦ͟ ͺ͔ͦͪͣΥ ͔͙ͫ͡ 

       n m rx y z+ =                                                    (8) 

͙ x, y, z, n, m, r ͼ͔͡·͔ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔ ;͙ͫ͊͡Σ ͊ ͔͙ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n, m ͙  r ͍ ͔ͫ ͋ͦ͡Έ΄͔ нΣ ͭͦ ͍͙ͦͫͤͦ͊ͤΎ 

͔͔͙ͫͭͨͤ x, y, z ͒ ͦ͗ͤ͡· ͙͔ͣͭΈ ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡ΈΦ 

ˮ͘ ͍͙͚ͯͫͦ͡ ͎͙͔ͨͦͭ͘· ͔͔ͫ͒ͯͭ͡Σ ;ͭͦ ͒͡Ύ ͔͖ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙ ͒ͦͫͭ͊ͭͦ;ͤͦ ͒ͦ͊͊ͭ͘͟ΈΣ ;ͭͦ 

͍͔͙͔ͯͪ͊ͤͤ όмύΥ 

͊ύ ͙͔͔ͣͭ ͔ͪ΄͔͙͔ͤΣ ͔͙ͫ͡ ͍͙ͦͫͤͦ͊ͤΎ ͔͔͙ͫͭͨͤ x, y ʠ z ͙ ͔ͣΌͭ ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡ΈΤ 

͋ύ ͔ͤ ͙͔͔ͣͭ ͔ͪ΄͔͙ͤΎΣ ͔͙ͫ͡ ͍͙ͦͫͤͦ͊ͤΎ ͔͔͙ͫͭͨͤ x, y ʠ z ͨͦͨ͊ͪͤͦ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·͔Σ ͔͔͒͊͡ τ 

͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·͔Φ 

ˮ͘ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͔͔ͫ͒ͯͭ͡Σ ;ͭͦ xn < zr ʠ ym < zr. ˽ͯͫͭΈ x < y < zΣ ͙ͨͪ Ήͭͦͣ ͙ͫ͟͡Ό;͔͊ͭͫΎ ͍͔͍ͪ͊ͤͫͭͦ 

͔͔͚ͨͦ͊͊ͭ͘͟͡ ͙ͻ ͔͔͔͚ͫͭͨͤΣ ͭΦ͔Φ n Í m Í r, τ ͨ ͦͭͦͣͯΣ ;ͭͦ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙ͪ͊ͦ͗ͭ͘͡Έ ͡Ό͋ͯΌ ͔͔ͫͭͨͤΈ ͫ ͼ͔͡·ͣ 

͔͔ͨͦ͊͊ͭͣ͘͟͡ ͋ͦ͡Έ΄͔ н ͤ͊ ͫͯͣͣͯ ͍͒ͯͻ ͔͔͔͚ͫͭͨͤ ͫ ͔ͭͣ ͔͗ ͔͔ͨͦ͊͊ͭͣ͘͟͡ ͙ͦͭͪͼ͔͊ͭ ͔ͤΉ͔͔͔ͣͤͭ͊ͪͤͦ͡ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ˤ́̅ ̏Φ ̂ ͚͊ͫ͊͡ ͙ Ή͔͔͔ͣͤͭ͊ͪͤͦ͡ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦΣ ͙͔͔ͦ͗ͤͤͦ͘͡ ͍ ;͙͊ͫͭ мΦ 
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2.1 ˨͔ͦ͊͗ͣ͟Σ ;ͭͦ ͍͔͙͔ͯͪ͊ͤͤ όмύ ͙͔͔ͣͭ ͔ͪ΄͔͙͔ͤΣ ͔͙ͫ͡ ͍͙ͦͫͤͦ͊ͤΎ ͔͔͙ͫͭͨͤ x, y ʠ z ͙͔ͣΌͭ ͦ͋΅͙͚ 

͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡ΈΦ ˨͡Ύ Ή͎ͭͦͦ ͒ͦͫͭ͊ͭͦ;ͤͦ ͒ͦ͊͊ͭ͘͟ΈΣ ;ͭͦ ͔͙ͫ͡ ͍ ͍͔͙͙ͯͪ͊ͤͤ όмύ ͍͒͊ ͍͙ͦͫͤͦ͊ͤΎ ͔͔͙ͫͭͨͤ 

͙͔ͣΌͭ ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡ΈΣ ͭͦ ͙ ͔ͭͪͭΈ͔ ͍͙͔ͦͫͤͦ͊ͤ ͔͔͙ͫͭͨͤ ͙͔͔ͣͭ ͚ͭ͊ͦ͟ ͔͗ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡Έ 

͍ ͚͊͗͒ͦ͟ ͍͚ͦͣͦ͗ͤͦ͘ ͙ͦͣ͋ͤ͊͟ͼ͙͙Φ 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͙͘ ͒͊ͤͤ·ͻ ͍͙͚ͦͫͤͦ͊ͤ ͔͔͙ͫͭͨͤ x, y, z ͍ͦͣͦ͗ͤͦ͘ ͍͙ͫͦͫͭ͊ͭΈ о ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͨͦ ͍͒͊ 

͍͙ͦͫͤͦ͊ͤΎ ͔͔͙ͫͭͨͤΣ ͙͔ͣΌ΅͙ͻ ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡ΈΥ όx ʠ y), (x ʠ z), (y ʠ z). 

˽ͯͫͭΈ ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡Έ q ͙ ͔ͣΌͭ ͍͙ͦͫͤͦ͊ͤΎ ͔͔͙ͫͭͨͤ x ʠ y. 

ˤ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͍͚ͦͫͤͦͤͦ ͔͔͚ͭͦͪͣͦ ͙͊ͪͺ͔͙͙ͣͭ͟ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ ͔͍͙ͨͪ͒ͫͭ͊ͣ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ 

;͙ͫͦ͡ x ͍ ͍͙͔͒ q(px!), ͎͔͒ px! ͔ͫͭΈ ͙͍͔͔͙͔ͨͪͦ͒ͤ͘ ͙͔͔͚ͣͤͦ͗ͭ͡Σ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ ͫ ͙͔ͣͤͦ͗ͭ͡Ύ͙ͣ y. 

˿͍͔͍͔ͦͦͭͭͫͭͤͤͦΣ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ y ͨ ͔͍͙ͪ͒ͫͭ͊ͣ ͍ ͍͙͔͒ q(py!), ͎ ͔͒ py!  ͔ ͫͭΈ ͙͍͔͔͙͔ͨͪͦ͒ͤ͘ ͙͔͔͚ͣͤͦ͗ͭ͡Σ 

͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ ͫ ͙͔ͣͤͦ͗ͭ͡Ύ͙ͣ x. 

͎́ͦ͒͊ ͍͔͙͔ͯͪ͊ͤͤ όмύ ͙͊ͨ͘΄͔ͣ ͍ ͍͙͔͒Υ 

!(  ( (!      )) ( ))n m r

x yq p q p z+ =                                                            (9) 

͔ͦͭͦͪͦ͟ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͔͔ͨͪͦ͋ͪ͊ͯͣ͘Υ 

( ) ( )!     !    
mnn m r

x yq p q p z+ =                                                            (10) 

( ) ( )( )ï11( )ï[ ]!     !    
mn mn r

x yq q p q p z+ =                                                 (11) 

( )( ) ( )( )1 1
! !

r
mnn m

x y

z
q p q p

q

- -
+ =                                                    (12) 

ˮ͘ ͍͔͙͚ͯͪ͊ͤͤ όмлύ-όмнύΣ ͔͍͔ͭͦ͗͒ͫͭͤͤ·ͻ ͍͔͙ͯͪ͊ͤͤΌ όфύΣ ͔͔ͫ͒ͯͭ͡Σ ;ͭͦ ͔͙ͫ͡ q(px!), q(py!), z, n, m, r 

ͼ͔͡·͔ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔ ;͙ͫ͊͡Σ ͊ ͔͙ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n, m ʠ r ͍͔ͫ ͋ͦ͡Έ΄͔ нΣ ͭͦ ;͔͊ͫͭͤͦ ͦͭ ͔͔͙͒ͤ͡Ύ zr ͤ͊ 

q Ύ͍͡Ύ͔ͭͫΎ ͼ͔͡·ͣ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·ͣ ;͙ͫͦͣ͡Φ ˭ͤ͊;͙ͭ q Ύ͍͡Ύ͔ͭͫΎ ͔͙͔͔͒ͭͣ͡͡ ͤ͊ͭͯͪ͊͡Έ͎ͤͦͦ ;͙ͫ͊͡ z ͙Σ 

͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ Ύ͍͡Ύ͔ͭͫΎ ͦ͋΅͙ͣ ͨͪͦͫͭ·ͣ ͙͔͔ͣͤͦ͗ͭͣ͡ ͍͙͚ͦͫͤͦ͊ͤ ͔͔͙ͫͭͨͤ x, y, z. 

˽͙͔͔͙͔ͪͣͤͤ ͎͙͊ͤ͊ͦ͡;ͤ·ͻ ͔͙͚ͪ͊ͫͫͯ͗͒ͤ ͟ ͍͒ͯͣ ͎͙͒ͪͯͣ ͙ͦͣ͋ͤ͊͟ͼ͙Ύͣ ͨͦ ͍͒͊ ͍͙ͦͫͤͦ͊ͤΎ ͔͔͙ͫͭͨͤΣ 

͙͔ͣΌ΅͙ͻ ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡Έ q, ͊ ͙͔ͣͤͤͦΣ όx z) ʠ (y z), ͙͍͙ͨͪͦ͒ͭ ͟ ͭ͊ͦͣͯ͟ ͔͗ ͍·͍ͦ͒ͯΥ ͔͙ͫ͡ 

ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡Έ ͙͔ͣΌͭ ͍͒͊ ͍͙ͦͫͤͦ͊ͤΎ ͔͔͙ͫͭͨͤΣ ͭͦ ͙ ͔ͭͪͭΈ͔ ͍͙͔ͦͫͤͦ͊ͤ ͔͔͙ͫͭͨͤ ͙͔͔ͣͭ ͚ͭ͊ͦ͟ 

͔͗ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡Έ ͍ ͚͊͗͒ͦ͟ ͍͚ͦͣͦ͗ͤͦ͘ ͙ͦͣ͋ͤ͊͟ͼ͙͙Φ ˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͍͔͙͔ͯͪ͊ͤͤ όмύ ͙͔͔ͣͭ 

͔ͪ΄͔͙͔ͤΣ ͔͙ͫ͡ ͍͙ͦͫͤͦ͊ͤΎ ͔͔͙ͫͭͨͤ x, y ʠ z ͙͔ͣΌͭ ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡ΈΦ ̉ͭͦ ͙ ͔͍ͭͪ͋ͦ͊ͦͫ͡Έ 

͒ͦ͊͊ͭ͘͟ΈΦ 

2.2 ˨͔ͦ͊͗ͣ͟Σ ;ͭͦ ͍͔͙͔ͯͪ͊ͤͤ όмύ ͔ͤ ͙͔͔ͣͭ ͔ͪ΄͔͙ͤΎ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·͙ͣ x y z, ͙ͦͨͪ͊ΎͫΈ ͤ͊ 

͙͎͙ͦͪͤ͊͡Έ͔ͤͦ ͙ͫ;͙͔͙͔ͫͤ͡ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔͔ͨͦͫͭͪͦͤͤͦ ˤ͙͔ͭͦͣ ͙ ͔ͣͭͦ͒ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͍ͤ͊͊ͤͤ͘·͚ 

͔̅ͪͣ͊ ͔͔͔͔ͤͦͨͪ͒ͤͤ͡·ͣ ͙͙͡ ͔͔͋ͫͦͤ͟;ͤ·ͣ ͫͨͯͫͦͣ͟Φ 

˽͔͙ͪ͒ͨͦͦ͗ͣ͡Σ ;ͭͦ ͙͙ͫͭͤͤ·ͣ Ύ͍͡Ύ͔ͭͫΎ ͍͔͔͙͔ͯͭͪ͗͒ͤΣ ͔ͦͭͦͪͦ͟ ͙͍͔ͨͪͦͭͦͪ;͙ͭ ͎͙͔͔ͨͦͭ͘Φ ˢ ͙͔ͣͤͤͦΣ 

;ͭͦ ͙ͨͪ ͔ͤͦͭͦͪ͟·ͻ ͼ͔͡·ͻ ͔ͨͦ͊͊ͭ͘͟͡Ύͻ ͔͔͙ͫͭͨͤ n, m, r > н ͍͔͙͔ͯͪ͊ͤͤ όмύ ͙͔͔ͣͭ ͔ͪ΄͔͙͔ͤ ͚͚ͭͪͦͦ͟ 

ͨͦͨ͊ͪͤͦ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ x0, y0, z0Σ ͔͔͒͊͡ τ ͍ ͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ x0, y0, z0. 

͎́ͦ͒͊ ͍͔͙͔ͯͪ͊ͤͤ όмύ ͙͊ͨ͘΄͔ͣ ͍ ͍͙͔͒ 

0 0 0       n m rx y z+ = , 

͙͘ ͎ͦͭͦͪͦͦ͟ ͔͔ͫ͒ͯͭ͡Σ ;ͭͦ 0 0   n rx z<  ͙  0 0 m ry z< Φ ˽ͯͫͭΈ 0 0   n mx y< Σ ͎ͭͦ͒͊ x0 < y0 < z0. 

˾͙͊ͫͫͣͦͭͪͣ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙Ό ͍͔͙ͯͪ͊ͤͤΎ όмύ ͙ ͔͎ͦ ͔ͪ΄͔͙ͤΎ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͙ͣ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͙ͣ 

͔͎ͭͪͯͦ͡Έ͙͙ͤ͊ͣ͟ ͫ ͎͙͔͙ͨͦͭͤͯ͊ͣ͘Σ ͍ͪ͊ͤ·͙ͣΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͣ x0, y0, z0 ͙ ͔ͤͦͭͦͪ͟·ͣ 

ͦͫͭͪ·ͣ ͎ͯͦͣ͡ Ŭ, ɓ, ɔ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͙ 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͙ͣ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͙ͣ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͊ͣ͟ ͫ ͎͙͔͙ͨͦͭͤͯ͊ͣ͘Σ ͍ͪ͊ͤ·͙ͣ x0
n, y0

m ʠ z0
r, ͦͭͦͪ͟·͔ 
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ͨͦͯ͡;͔͊ͣ ͔ͨͯͭͣ ͙͔͔͙ͨͪͣͤͤΎ ͔͍͚ͨͪͦ ͔ͦͨͪ͊ͼ͙͙ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͪ͊ͭͤͦ͟ ͔ͨͦ͊͊ͭ͘͟͡Ό ͔͔͙ͫͭͨͤ n ͙ ͙͡ m ͙ ͙͡ 

r ͟  ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣͯ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͨͪΎ͎ͣͦͯͦ͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟Υ 

͎ͦ͒ͤͦͦ ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡ Ŭ ͨ ͙ͪ ͍͙͙ͦͫͤͦ͊ͤ ͙ ͎͙͔͚ͨͦͭͤͯͦ͘Σ ͍͚ͪ͊ͤͦ x0; 

͎͎͒ͪͯͦͦ ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡ ɓ ͨ ͙ͪ ͍͙͙ͦͫͤͦ͊ͤ ͙ ͎͙͔͚ͨͦͭͤͯͦ͘Σ ͍͚ͪ͊ͤͦ y0; 

͔ͭͪͭΈ͔͎ͦ ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡ ʴ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͙ ͎͙͔͚ͨͦͭͤͯͦ͘Σ ͍͚ͪ͊ͤͦ z0. 

˽ͯͫͭΈ Ŭ < ɓ < ɔ. 

˹͙͊ͨͦͣͤͣΣ ;ͭͦ ͙͔͔͙͔ͨͪͣͤͤ ͔͍͚ͨͪͦ ͔ͦͨͪ͊ͼ͙Ύ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͟ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ ͪ͊ͭͤͦ͟ ͔͔͙ͫͭͨͤ (n, m, r) > н ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ 

͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ͙ͣ ˤ͙͔ͭ͊ -  ͙ ͫͺ͙͍ͦͪͣͯͪͦ͊ͤͤ͡·ͣ ͙ͣ ͦ͋΅͙ͣ ͍͙ͨͪ͊ͦͣ͡ ζ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎη 

ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ώмΣ ͫΦ мфр-мфтϐΣ ͙͔ͦ͗ͤͤ͘͡·͙ͣ ͍ ;Φ мΦ ̉ͭͦ Ή͍͙͍͔͊ͤͭͤͦ͟͡ ͍͍͔͔͙ͦ͒ͤ͘Ό 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅ͯΌ ͔͔ͫͭͨͤΈ n, m, r > 2. 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ ͫ ͎͙͔͙ͨͦͭͤͯ͊ͣ͘Σ ͍ͪ͊ͤ·͙ͣ 

͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ x0
n, y0

m ʠ z0
r, τ ͨͦͯ͡;͔͊ͣ ͔ͨͯͭͣ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͫ ͎͙͔͙ͨͦͭͤͯ͊ͣ͘ x0, y0 ʠ z0 ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅ͯΌ ͔͔ͫͭͨͤΈ n ͙͙͡ m ͙͙͡ r ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ 

͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ͙ͣ XLVIII -LI  ͙ ͦ͋΅͙ͣ ͍͙ͨͪ͊ͦͣ͡ ζ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ 

͙͔ͦ͗ͤͤ͘͡·͙ͣΣ ͙ͤ͊ͨͦͣͤͣΣ ͍ ͔͔͚ͨͦͫ͒ͤ͡ ;͙͊ͫͭ ͭͪ͊ͭ͊ͭ͊͟ ζ!Ř ƭƻƎƛǎǘƛŎŜƴ ǎǇŜŎƛƻǎŀƳΣ ƴƻǘŀŜ ǇǊƛƻǊŜǎηΣ 

͎͍͔͚ͦ͊͊ͤͤͦ͘͡͡ ζDŜƴŜǎƛǎ ǘǊƛŀƴƎǳƭƻǊǳƳηΦ ώмΣ ͫΦ мфр-мфтΦϐ ˽͙ͪ ΉͭͦͣΣ ͍͙ͨͦͭͦͪͣΣ ͙ͫ͟͡Ό;͔͊ͣ ͍͔͍ͪ͊ͤͫͭͦ 

͔͔͚ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n, m, r > нΣ ͭΦ͟Φ Ήͭͦͭ ͫͯ͡;͚͊ ͔ͯ͗ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͫ͡Ύ ͍ ;Φ мΦ ˭ͤ͊;͙ͭΣ ͒ͦ͊͊ͤͦ͘͟Σ ;ͭͦ ͔͙ͫ͡ 

͔͙ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ n, m, r  ͍ͪ͊ͤ· ͙ ͍͔ͫ ͋ͦ͡Έ΄͔ нΣ ͭΦ͔Φ ͔͙ͫ͡ n = m = r= 3 ͙ ͙͡ 4 ͙ ͙͡ р ͙ ͭΦ͒ΦΣ ͭͦ 

͍͔͙͔ͯͪ͊ͤͤόмύ ͔ͤ ͙͔͔ͣͭ ͔ͪ΄͔͙ͤΎ ͍ ͼ͔͡·ͻΣ ͤ͊͘;͙ͭ ͙ ͍ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ;͙ͫ͊͡ͻΦ 

2.2.1 ˮͭ͊͟Σ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͎͙͔ͨͦͭ͘· ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ ͙ͫ;͙͔͙͔ͫͤ͡ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔͔ͨͦͫͭͪͦͤͤͦ 

͍·͒͊Ό΅͙ͣͫΎ ͺͪ͊ͤͼ͙ͯͫͣ͘͟ ͔͙ͣ͊ͭͣ͊ͭͦͣ͟ ˤ͙͔ͭͦͣΣ ͊ ͙͔ͣͤͤͦ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ XLVIII -LI  ͙  ͦ͋΅͔͔ ͍͙ͨͪ͊ͦ͡ 

ζ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͙͔ͦ͗ͤͤ͘͡·͔ ͍ ͔͔͚ͨͦͫ͒ͤ͡ ;͙͊ͫͭ ͭͪ͊ͭ͊ͭ͊͟ ζ!Ř 

ƭƻƎƛǎǘƛŎŜƴ ǎǇŜŎƛƻǎŀƳΣ ƴƻǘŀŜ ǇǊƛƻǊŜǎηΣ ͎͍͔͚ͦ͊͊ͤͤͦ͘͡͡ ζDŜƴŜǎƛǎ ǘǊƛŀƴƎǳƭƻǊǳƳη ͙ ͦͭͦͪ͟·͔Σ ͙ͤ͊ͨͦͣͤͣΣ 

ͨͦ͒ͪͦ͋ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊Όͭ ˮΦ ˥ Φ x ͊΄͍ͣ͊ͦ͊͟ ͙ ˩Φ ˮ Φ ˿ ͍͙͊ͯͭͤ͡ ͍ ͎ͣͦͤͦͪ͊ͺ͙͙ ζˮ͙ͫͭͦͪΎ ͙͒ͦͺ͍͊ͤͭͦ͊ 

͙͊ͤ͊͊͘͡ ͦͭ ˨͙ͦͺ͊ͤͭ͊ ͒ͦ ͔̅ͪͣ͊η ώмΣ ͫΦ мфо-200]. 

ˮ͔͔ͦ͗ͤͤͦ͘͡ ͍ ;͙͊ͫͭ м ͔͙͔ͫͦ͒ͪ͗͊ͤ ͙ͫ;͙͔͙ͫͤ͡Ύ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔͔͋ͯͨͪ͘;ͤͦ ͎ͫͭͪͦͦ ͔͎ͨͦͫͭͪͦͤͤͦͦ 

ˤ͙͔ͭͦͣΣ ͍ ;͙͊ͫͭͤͦͫͭΣ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡ XLVIII -LI  ͙ ͦ͋΅͔͎ͦ ͍͙ͨͪ͊͊͡ ζ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎη 

ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͊ ͔ͭ͊͗͟ ͪ͊͘ΆΎ͔͙ͫͤͤΎ ͍͍͊ͭͦͪͦ ͎ͣͦͤͦͪ͊ͺ͙͙Σ τ ͙͔͙ͨͪͣͤͣ· ͙ ͒͡Ύ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͎͙͔ͨͦͭ͘·Φ ˽ͦΉͭͦͣͯ ͔͋͘ ͍͎ͨͦͭͦͪͤͦͦ ͙ͻ ͙͔͙ͦ͗ͤ͘͡Ύ ͨͦΎ͙ͫͤͣΥ 

1) ͔ͪ ͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͨͦͯ͡;͔͊ͣ ͍͍͔͔͙͔ͦ͒ͤͣ͘ ͎͒͊ͤͤͦͦ 

͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡ ͔͚ͤͦͭͦͪͦ͟ ͍͔͙͡;͙ͤ· ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ 

aΣ ͍·͚ͫͦͭͦ b, ͎͙͔͚ͨͦͭͤͯͦ͘ c ͙ ͦͭͦͪ͟·͚ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ώмΣ ͫ Φ мфпϐ ͙͊ͨͫ͘·͍͔͊ͣ ͍ ͍͙͔͒ όa, b, c), τ ͍ 

͔ͤͦͭͦͪͯ͟Ό ͼ͔ͯ͡Ό ͔͔ͫͭͨͤΈ όn, m, r) > 2, τ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ͙ͣ ˤ͙͔ͭ͊ XLVIII -LI  ͙ 

ͫͺ͙͍ͦͪͣͯͪͦ͊ͤͤ͡·ͣ ͙ͣ ͦ͋΅͙ͣ ͍͙ͨͪ͊ͦͣ͡ ζ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔͔͒͊͡ τ 

͍͙ͨͪ͊ͦͣ͡ ˤ͙͔ͭ͊Φ ̉ͭͦ ͦͤ͊͘;͔͊ͭ ͔͙͔ͯͣͤͦ͗ͤ ͤ͊ ͔ͫ͋Ύ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ 

ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ όa, b, cύΣ ͦͭͦͪͦͣͯ͟ ͣͦ͗ͤͦ ͍͙ͫͦͨͦͫͭ͊ͭΈ ͔͔ͦͣͨͫͤͦ͟͟͡ ;͙ͫͦ͡ ͍ ͦ͋·;͚ͤͦ 

ͺ͔ͦͪͣ    a bi+  ͙ ͙͡ ͍ ͙͎͔͙ͭͪͦͤͦͣͭͪ;͔͚ͫͦ͟ ͺ͔ͦͪͣ    ű    ű .( )r sin icos+  ˭ ͔͊ͭͣ ͨͦͯ͡;͔ͤͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ 

(a1, b1, c1ύ ͍͚͎͒ͦͤͦͦ ͎ͯ͊͡ ͔ͯͣͤͦ͗͊ͣ ͤ͊ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ όa, b, cύ ͙ ͭΦ͒Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͊͗͒͟·͚ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ όa, b, cύ ͔ͯͣͤͦ͗͊ͣ ͤ͊ ͔ͫ͋Ύ 

ͪ͊ͭͤͦ͟ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣͯ ͔ͨͦ͊͊ͭ͘͟͡Ό ͔͔͙ͫͭͨͤ όn, m, r) > нΣ ͭΦ͔Φ ͊͗͒͟·͚ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͚ 

ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ όa, b, cύ ͍͍͙ͦͦ͒ͣ͘ ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅ͯΌ ͔͔ͫͭͨͤΈ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ 

͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ͦͦͤ͟;͔͊ͭ͡Έ͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ ͫ ͦͫͭͪ·ͣ ͙͙͡ 
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͙͍͔͔ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤΦ 

2) ͪ ͔ͯ͘͡Έ͙ͭͪͯΌ΅͙ͣ ͎ͯͦͣ͡ ŭ ͤ͊ ͘·͍͔͊ͣ ͎ͯͦ͡Σ ͍͔͙͡;͙ͤ͊ ͎ͦͭͦͪͦͦ͟ ͍ͪ͊ͤ͊ ͙͍͔͔͙ͨͪͦ͒ͤ͘Ό ͔ͨͦ͊͊ͭ͘͟͡Ύ 

͔͔͙ͫͭͨͤ n, m, r  ͤ ͊ ͍͔͙͡;͙ͤͯ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͎ͦͫͭͪͦͦ ͎ͯ͊͡ Ŭ, ɓ ͙ ͙͡ ʴ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ 

ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ όa, b, cύΣ ͍͔͙͡;͙͚ͤͦ ͎ͦͭͦͪͦͦ͟ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͫ ͦͫͭͪ·ͣ ͙͙͡ ζ͙͍͔͔ͨͪ͒ͤͤ·ͣη ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ ͙ͨͪ 

͍͙͙ͦͫͤͦ͊ͤ ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͙͚ͦͦͪ͒ͤ͊ͭͤͦ͟ ;͔͍͔͙ͭͪͭΦ 

3) ͔ͪ ͯ͘͡Έ͙ͭͪͯΌ΅͙ͣ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ ͤ͊͘·͍͔͊ͣ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟Σ ͦͭͦͪ͟·͚ Ύ͍͡Ύ͔ͭͫΎ 

ͦͦͤ͟;͔͊ͭ͡Έͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͙͔͔͙ͨͪͣͤͤΎ ͔͍͚ͨͪͦ ͔ͦͨͪ͊ͼ͙͙ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͟ ͊͗͒ͦͣͯ͟ 

͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͨͪΎ͎ͣͦͯͦ͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ όa, b, cύ ͪ͊ͭͤͦ͟ ͔ͨͦ͊͊ͭ͘͟͡Ό ͔͔͙ͫͭͨͤΣ ;ͭͦ ͍͙ͨͦͭͦͪͣΣ 

ͦͤ͊͘;͔͊ͭ ͍͍͔͔͙͔ͦ͒ͤ͘ ͎͊͗͒ͦͦ͟ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅ͯΌ ͔͔ͫͭͨͤΈ n, m, r. 

ζ˽͙͍͔͔ͪ͒ͤͤ·ͣη ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͣ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ ͔͋ͯ͒ͣ ͤ͊͘·͍͊ͭΈ ͔͎ͭͪͯͦ͡Έ͙ͤ͟Σ ͦͭͦͪ͟·͚ ͨͦΎ͍͡Ύ͔ͭͫΎ ͍ 

͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ ͭͦ͡Έͦ͟ ͒͡Ύ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͦͦͤ͟;͔͊ͭ͡Έ͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͍ ͔͔ͫͭͨͤΈ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͔͙ͫ͡ ͔͍ͫ͒ͦ͊ͭ͡Έ ͔ͣͭͦ͒ͯ ˤ͙͔ͭ͊Σ ͙͔ͦ͗ͤͤͦͣͯ͘͡ ͍ ;Φ мΦ 

4)  ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͪ͊͘ΆΎ͔͙ͫͤͤΎ͙ͣ ͍͙͊ͭͦͪ͊ͣ ͎ͣͦͤͦͪ͊ͺ͙͙ ͙͎͙ͦͪͤ͊͡Έ͎ͤͦͦ ͙ͫ;͙͔͙ͫͤ͡Ύ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔͔͋ͯͨͪ͘;ͤͦ ͎ͫͭͪͦͦ ͔͎ͨͦͫͭͪͦͤͤͦͦ ˤ͙͔ͭͦͣΣ ͙ ͫͺ͙͍͎ͦͪͣͯͪͦ͊ͤͤͦͦ͡ ͙ͣ ͍͙ͨͪ͊͊͡ 

ζ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ώмΣ ͫΦ мфр-мфтϐΣ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͔ 

͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ ͨͦͯ͡;͔͊ͣ ͔ͨͯͭͣ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͙͋ͤͦͣ͊ (     )a bi+ Σ ͍ ͦͭͦͪͦͣ͟ a ʠ b ͍͔͍ͫͦͦͭͭͫͭͯΌͭ ͍͔͙͡;͙͔ͤ 

͍͙ͦͫͤͦ͊ͤΎ ͙ ͍·ͫͦͭ· ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ όa, b, cύ ͙ ͦͭͦͪͦͣͯ͟ ͍ͫͦͨͦͫͭ͊͡Ύ͔ͭͫΎ ͔͔ͦͣͨͫͤͦ͟͟͡ 

;͙ͫͦ͡    a bi+ , τ ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅ͯΌ ͔͔ͫͭͨͤΈ n ͙͙͡ m ͙͙͡ r, ͙ ͔ͨͦͫ͒ͯ͡Ό΅͔͎ͦ ͔͙ͪ͊ͦ͗ͤ͘͡Ύ ͨͦͯ͡;͔ͤͤ·ͻ 

ͦ͒ͤͦͪͦ͒ͤ·ͻ ;͔͍ͤͦ͡ ͤ͊ ͍͒͊ ͪΎ͒͊ ;͙͔ͫ͡ Re ͙ Im ό;͔͔ͪ͘ ͙ͦ͒ͤ ;͔ͤ͡ ͙ ͍ ͊͗͒ͦͣ͟ ͪΎ͒ͯ ͔͋ͪͯͭͫΎ ͫͤ͊;͊͊͡ 

͙͔ͨͦͦ͗ͭ͡͡Έͤ·͙ͣΣ ͔͊ͭͣ͘ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·͙ͣύΣ ͊͋ͫͦ͡Ό͚ͭͤͦ ͍͔͙͡;͙͚ͤͦ ͦͭͦͪ͟·ͻ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͍͔͙͡;͙ͤ͊ 

͍͙ͦͫͤͦ͊ͤΎ ͙ ͍·ͫͦͭ· ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Φ ˽͙ͪ Ήͭͦͣ ͤ͊͘;͔͙͔ͤ Re ͙͙͡ Im 

͔ͣͦ͗ͭ ͋·ͭΈ ͊͟͟ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·ͣΣ ͭ͊͟ ͙ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·ͣΣ ;ͭͦ ͔͔ͦͨͪ͒͡Ύ͔ͭΣ ͊͟͟ ͙ ͍͔͙͡;͙ͤ͊ 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ ŭ, τ ͔ͦͤͪͭͤͯ͟͟Ό ͙ͦͦͪ͒ͤ͊ͭͤͯ͟Ό ;͔͍͔ͭͪͭΈ ͍ ͚ͦͭͦͪͦ͟ ͔͋ͯ͒ͭ ͔͗͊ͭ͡Έ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͚ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͫ ͦͫͭͪ·ͣ ͙͙͡ ζ͙͍͔͔ͨͪ͒ͤͤ·ͣη ͟ 

ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤΦ 

5) ͍  ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͍͙ͨͪ͊ͦͣ͡ ˤ͙͔ͭ͊ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ͪ͊ͤ͊ 

͚ͫ͊ͣͦ ͔͔͙ͫͭͨͤΣ ͭΦ͔Φ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ 

͍͍͔͔͚ͦ͒ͤͤͦ͘ ͍ ͔ͤͦͭͦͪͯ͟Ό ͼ͔ͯ͡Ό ͙͔ͨͦͦ͗ͭ͡͡ΈͤͯΌ ͔͔ͫͭͨͤΈ όn, m, r) > нΣ ;ͭͦ ͙͔͙͔ͨͪͣͤͭ͡Έͤͦ ͟ ͍͔͙ͯͪ͊ͤͤΌ 

όмύ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ xn, ym, zr. 

2.2.2 ˾͙͊ͫͫͣͦͭͪͣ ͔͔ͨͦ͒ͪͦ͋ͤ ͒͊ͤͤ·͔ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͔ ͙ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͔ 

͔͎ͭͪͯͦ͡Έ͙͙ͤ͟Σ ͨͦͯ͡;͔ͤͤ·͔ ͍͍͔͔͙͔ͦ͒ͤͣ͘ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅ͯΌ ͔͔ͫͭͨͤΈ όn, m, r) > 2. 

1) Ύͫ ͤͦΣ ;ͭͦ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ OA0B0 (ax, bx, x0) ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡ 0 < Ŭ < /́2 ͙ͨͪ 

͍͙͙ͦͫͤͦ͊ͤ OA0 = ax, ͍ ·͚ͫͦͭͦ A0B0 = bx ͙  ͎͙͔͚ͨͦͭͤͯͦ͘ OA0 = x0Σ ͦͭͦͪ͟·͚ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͍͔͙͡;͙͚ͤͦ ͔͎ͦ 

͎͙͔ͨͦͭͤͯ͘· ͔͋ͯ͒ͣ ͤ͊͘·͍͊ͭΈ ͙͔ͤ͊ͣͤΈ΄͙ͣΣ τ ͔͙͗ͭ͡ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ όͫͣΦ ͪ ͙ͫΦ 8 ͊ ύΦ ˨͡Ύ 

͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡ ͨͯͫͭΈ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ ͔͙͗ͭ͡ ͙ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ OAB 

ͫ ͎͙͔͚ͨͦͭͤͯͦ͘ OA = x0
n ͙ ͦͫͭͪ·ͣ ͎ͯͦͣ͡ AOB = nŬ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤΣ ͔͙ͫ͡ 0 < nŬ < /́2Τ ͙͋ͦ͡ ͫ 

͙͍͔͔ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ AOB, ͔͙ͫ͡ ͍͔͙͡;͙ͤ͊ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ ŭ1: 

12     2     / 2k n kp d a p p< = < + , ʛʜʝ k  ɴN όͫͣΦ ͪ ͙ͫΦ 8 ͋ ύΦ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCOGNITIO RERUMη                    ISSN (p) 2412-9489 / ISSN (e) 2542-1026                    Ѕ12/ 2025 

 

 

47 

 
˾͙ͫͯͤͦ͟ у ς ˽ ͔͍ͪͦͤ͊;͊͡Έͤ·͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ҟ OA0B0 ͙  ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ æ OAB 

ˮͫͭͦ;͙ͤ͟Υ ͫͦ͒͊ͤͦ͘ ͍͊ͭͦͪͦͣ 

 

ˮͭ͊͟Σ ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; OA ͪ ͔ͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ 1       2n kd a p= +  ͡ ͔͙͗ͭ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭΣ ͙ͨͪ 

Ήͭͦͣ 12          2        / 2k kp d p p< < + Σ ͎͔͒ k  ɴN ẕ 0Φ ͎́ͦ͒͊ ͔͙ͫ͡ k = 0, ʪʦ  ᷁AOB ͔͋ͯ͒ͭ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͣ ͙ 

ͦͫͭͪ·ͣΣ ͊ ͙ͨͪ k = 1, 2, о ͙ ͭΦ͒ΦΣ τ ͨ ͙͍͔͔ͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯΥ 1    ï 2AOB kd pÏ = , 0 <  ᷁AOB < ˊ/2Φ ˩͙ͫ͡ 

ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; OA ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ ŭ1 ͡Ύ͔͗ͭ ͍ ͎͒ͪͯͯΌ ͙ͦͦͪ͒ͤ͊ͭͤͯ͟Ό ;͔͍͔ͭͪͭΈΣ ͭͦ ͎ͯͦ͡ ͙ͨͪ 

͍͙͙ͦͫͤͦ͊ͤ æ OAB ͭ ͊͟ ͗ ͔ ͙͍͙ͨͪͦ͒ͣ ͟ ͦͫͭͪͦͣͯ όͫͣΦ ͙ͭ͊͋͡ͼͯ мύΦ 

˾͔ͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ OAB ͫ ͦͫͭͪ·ͣ ͙͙͡ ζ͙͍͔͔ͨͪ͒ͤͤ·ͣη ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ AOB ͙ͨͪ 

͍͙͙ͦͫͤͦ͊ͤ OB = Rex (ax + bx)
n > 0Σ ͍·͚ͫͦͭͦ AB = Imx (ax + bx)

n > 0 ͙ ͎͙͔͚ͨͦͭͤͯͦ͘ OA = x0
n, τ Ύ͍͡Ύ͔ͭͫΎ 

͔ͦͤ͟;ͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͙͋ͦ͡ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͙͔͔͙ͨͪͣͤͤΎ ͪ͊ͭͤͦ͟ ͔͔͙ͫͭͨͤ n > 2 

͔͍͚ͨͪͦ ͔ͦͨͪ͊ͼ͙͙ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͨͪΎ͎ͣͦͯͦ͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ OA0B0 ͫ ͦͫͭͪ·ͣ 

͎ͯͦͣ͡ Ŭ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ axΣ ͍·͚ͫͦͭͦ bx ͙ ͎͙͔͚ͨͦͭͤͯͦ͘ x0Φ ̉ͭͦ Ή͍͙͍͔͊ͤͭͤͦ͟͡ ͍͍͔͔͙ͦ͒ͤ͘Ό æ OA0B0 (ax, bx, 

x0) ͍  ͔ͤͦͭͦͪͯ͟Ό ͔͔ͫͭͨͤΈ n > 2: 

0 0( ) ( ( ) ( ) ),  ,                     0,               0, n n n n

x x ex x x mx x ya b x OAB OB R a b i AB I a b i x­ = + > = + >. 

˭͔͙͊ͣͭͣΣ ;ͭͦ ͔͙ͫ͡ ͍͔͙͡;͙ͤ͊ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ ŭ1 = nŬ > /́2 ͙  ͙ͨͪ Ήͭͦͣ ͔͎ͦ ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; 

͔͋ͯ͒ͭ ͔͗͊ͭ͡Έ ͔ͤ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭΣ ͭͦ ͔ͨͦͫͭͪͦͤͤ·͚ ͨͦ ͔ͣͭͦ͒ͯ ˤ͙͔ͭ͊ ҟ OAB ͔͋ͯ͒ͭ ζ͙͍͔͔ͨͪ͒ͤͤ·ͣη ͍ 

͔͍ͨͪͯΌ ;͔͍͔ͭͪͭΈ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͣ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ ͫ ͙͍͔͔ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ AOB ͨ ͙ͪ ͍͙͙ͦͫͤͦ͊ͤ 

OB. ͚́͊ͦ͟ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ζΧͦ͋·;ͤͦ ͨͦΎ͍͡Ύ͔ͭͫΎ ͭͦ͡Έͦ͟ ͒͡Ύ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͦͤ͟;͎ͤͦͦ 

͔ͪͯ͘͡Έͭ͊ͭ͊η ό͙ͨͪͣΦΥ ͙͔͔͙ͨͪͣͤͤΎ ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ ͔͍͚ͨͪͦ ͔ͦͨͪ͊ͼ͙͙ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͪ͊ͭͤͦ͟ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͔͔͙ͫͭͨͤΣ ͭΦ͔Φ ͔ͦͨͪ͊ͼ͙͙ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ 

͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͼ͔ͯ͡Ό ͙͔ͨͦͦ͗ͭ͡͡ΈͤͯΌ ͔͔ͫͭͨͤΈύΣ ͨͦΉͭͦͣͯ ζ͙͙ͤ͊͟͟ͻ ͔͔͙͚ͤ͒ͦͪ͊ͯͣͤ͘ ͔ͤ ͍͙͔ͦͤ͊ͭ͘͟η ώмΣ ͫΦ 

194, 195]. 

˹͊ ͍͙͙ͦͫͤͦ͊ͤ ώмΣ ͫ Φ 194, 196, мфтϐ ͔ͣͦ͗ͣ ͫ͊͊ͭ͘͟ΈΣ ;ͭͦ æ OAB όͫͣΦ ͪ ͙ͫΦ 8 ͋ ύΣ τ Ύ͍͡Ύ͔ͭͫΎ ͦ͋ͪ͊ͦͣ͘ 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ n-͎ͦ ͎ͯ͊͡Σ ͔͗͊͡΅͔͎ͦ ͍ ͎͚͒ͪͯͦ ;͔͍͔͙ͭͪͭ ͙ ͍͎ͪ͊ͤͦͦ æ OAB ͨͦ ͔ͭͪͣ 

ͫͭͦͪͦͤ͊ͣΦ ˤ Ήͭͦͣ ͫͯ͡;͔͊Σ ͔͙ͫ͡ ͔͍ͫ͒ͦ͊ͭ͡Έ ͔ͣͭͦ͒ͯ ˤ͙͔ͭ͊Σ ͭͦ ͔͔͋ͪͭͫΎ ͊͋ͫͦ͡Όͭͤ͊Ύ ͍͔͙͡;͙ͤ͊ ͍͙ͦͫͤͦ͊ͤΎ Rex 

͙͙͡ ͍·ͫͦͭ· Imx ͙ ͎ͭͦ͒͊ ͨͦͯ͡;͙ͣ ͔͗͊͡΅͙͚ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ ζ͙͍͔͔ͨͪ͒ͤͤ·͚η ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ æ OAB, 

ͦͭͦͪ͟·͚Σ ͍͙ͨͦͭͦͪͣΣ ͨͦΎ͍͡Ύ͔ͭͫΎ ͭͦ͡Έͦ͟ ͒͡Ύ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͍͍͔͔͙ͦ͒ͤ͘Ύ 
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͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͼ͔ͯ͡Ό ͙͔ͨͦͦ͗ͭ͡͡ΈͤͯΌ ͔͔ͫͭͨͤΈ ͙ ͨͦΉͭͦͣͯ ζ͙͙ͤ͊͟͟ͻ ͔͔͙͚ͤ͒ͦͪ͊ͯͣͤ͘ 

͔ͤ ͍͙͔ͦͤ͊ͭ͘͟η ώмΣ ͫ Φ 194, 195]. 

2) Ύͫ ͤͦΣ ;ͭͦ ͎͚͒ͪͯͦ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͚ æ OC0D0 (ay, by, y0) ͫ  ͦͫͭͪ·ͣ ͎ͯͦͣ͡ 0 < ɓ < /́2 ͨ ͙ͪ ͍͙͙ͦͫͤͦ͊ͤ 

OD0, ͍ ·͚ͫͦͭͦ C0D0 ͙ ͎͙͔͚ͨͦͭͤͯͦ͘ OC0 = y0Σ ͦͭͦͪ͟·͚ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͍͔͙͡;͙͚ͤͦ ͔͎ͦ ͎͙͔ͨͦͭͤͯ͘· ͔͋ͯ͒ͣ 

ͤ͊͘·͍͊ͭΈ ͔͙ͫͪ͒ͤͣΣ ͔ͭͦ͗ ͔͙͗ͭ͡ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ όͫͣΦ ͪ ͙ͫΦ 9 ͊ ύΦ ˽ͯͫͭΈ ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ ŭ2 = mɓ, ͊ ͤ͊͘;͙ͭ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ OCD ͫ 

͎͙͔͚ͨͦͭͤͯͦ͘ OC = y0
mΣ ͔͙͗ͭ͡Σ ͙͔ͤ͊ͨͪͣͪΣ ͍ͦ ͍͚ͭͦͪͦ ;͔͍͔͙ͭͪͭ όͫͣΦ ͪ ͙ͫΦ 9 ͋ ύΥ ˊ/2 + 2ḱ < ŭ2 = mɓ <  ́+ 2ḱ, 

͎͔͒ k  ɴN ẕ 0. ͎́ͦ͒͊  ᷁COD ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ æ OCD ͙͍͔͔ͨͪ͒ͣ ͟ ͦͫͭͪͦͣͯΥ 

2ű   2  1  ï ,   Ɂ 0, 0  ű  /2( )k kp d p= + Í < <. 

˾͔ͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ OCD ͫ ζ͙͍͔͔ͨͪ͒ͤͤ·ͣη ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡  ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ 

             0( )m

ey y yOD R a b= + <Σ ͍·͚ͫͦͭͦ              0( )m

my y yCD I a b= + > ͙  ͎͙͔͚ͨͦͭͤͯͦ͘ OC = y0
m, τ Ύ͍͡Ύ͔ͭͫΎ 

͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͙͔͔͙ͨͪͣͤͤΎ ͪ͊ͭͤͦ͟ ͔͔͙ͫͭͨͤ m > н ͔͍͚ͨͪͦ ͔ͦͨͪ͊ͼ͙͙ 

ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͨͪΎ͎ͣͦͯͦ͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ OC0D0 ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡ ɓ ͙ͨͪ 

͍͙͙ͦͫͤͦ͊ͤ ayΣ ͍·͚ͫͦͭͦ by ͙ ͎͙͔͚ͨͦͭͤͯͦ͘ y0Φ ̉ͭͦ Ή͍͙͍͔͊ͤͭͤͦ͟͡ ͍͍͔͔͙ͦ͒ͤ͘Ό æ OC0D0 (ay, by, y0) ͍ 

͔ͤͦͭͦͪͯ͟Ό ͼ͔ͯ͡Ό ͔͔ͫͭͨͤΈ m > 2: 

( ) ( ) ( )( )0 0,  ,                       0,                 0, 
m m m

m

y ey y y my y yay b y OCD OD R a b i CD I a b i y­ = + < = + > . 

 
˾͙ͫͯͤͦ͟ ф ς ˽ ͔͍ͪͦͤ͊;͊͡Έͤ·͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ æ OC0D0 ͙  ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚  

æ OCD ͫ  ͙͍͔͖ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡  ͨ ͙ͪ ͍͙͙ͦͫͤͦ͊ͤ 

ˮͫͭͦ;͙ͤ͟Υ ͫͦ͒͊ͤͦ͘ ͍͊ͭͦͪͦͣΦ 

 

˩͙ͫ͡ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ώмΣ ͫ Φ 194, 196-мфтϐ ͔͍ͫ͒ͦ͊ͭ͡Έ ͔ͣͭͦ͒ͯ ˤ͙͔ͭ͊Σ ͭͦ ͨͦͯ͡;͙ͣ ͔͗͊͡΅͙͚ ͍ м-͚ͦ 

;͔͍͔͙ͭͪͭ ζ͙͍͔͔ͨͪ͒ͤͤ·͚η ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ m-͎ͦ ͎ͯ͊͡ ͫ ͍͙͔ͦͫͤͦ͊ͤͣ |   |  ( )m

ey y yR a b+ , 

͍·͚ͫͦͭͦ |   |  ( )m

my y yI a b+  ͙  ͎͙͔͚ͨͦͭͤͯͦ͘Σ ͍͚ͪ͊ͤͦ ζ͚ͫ͊ͣͦ ͔͔͙ͫͭͨͤηΥ 0

mOC y= Φ ͚́͊ͦ͟ 

ζ͙͍͔͔ͨͪ͒ͤͤ·͚η ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ m-͎ͦ ͎ͯ͊͡Σ ͍ͪ͊ͤ·͚ æ OCD  ͨ  ͦͭ ͔ͪͣ ͫͭͦͪͦͤ͊ͣΣ ͨͦΎ͍͡Ύ͔ͭͫΎ 

͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ ͭͦ͡Έͦ͟ ͒͡Ύ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͔ͦͨͪ͊ͼ͙͙ ͍͍͔͔͙ͦ͒ͤ͘Ύ 

͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OC0D0 ͍ ͔͔ͫͭͨͤΈ m Ҕн ͙ ͨͦΉͭͦͣͯ ζ͙͙ͤ͊͟͟ͻ ͔͔͙͚ͤ͒ͦͪ͊ͯͣͤ͘ ͔ͤ 

͍͙͔ͦͤ͊ͭ͘͟η ώмΣ ͫ Φ 194, 195]. 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCOGNITIO RERUMη                    ISSN (p) 2412-9489 / ISSN (e) 2542-1026                    Ѕ12/ 2025 

 

 

49 

3) ;͔͍͙ͦ͒ͤͦΣ ;ͭͦ ͙ ͔͙͚ͭͪͭ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ OE0F0 (ay, by, y0) ͙͔͔ͣͭ ͦͫͭͪ·͚ ͎ͯͦ͡ 

0 < ɔ < /́2 ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ OF0Σ ͍·͚ͫͦͭͦ E0F0 ͙ ͎͙͔͚ͨͦͭͤͯͦ͘ OE0 = z0, ͦͭͦͪ͟·͚ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ 

͍͔͙͡;͙͚ͤͦ ͔͎ͦ ͎͙͔ͨͦͭͤͯ͘· ͔͋ͯ͒ͣ ͤ͊͘·͍͊ͭΈ ͙ͤ͊͋ͦ͡Έ΄͙ͣΣ τ ͔ͭ͊͗͟ ͔͙͗ͭ͡ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭ 

όͫͣΦ ͪ ͙ͫΦ 10 ͊ ύΦ ˽ͯͫͭΈ ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ ŭ3 = rɔΣ ͊ ͤ͊͘;͙ͭ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ 

ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ OEF c ͎͙͔͚ͨͦͭͤͯͦ͘ OE = z0
rΣ ͔͙͗ͭ͡Σ ͙͔ͤ͊ͨͪͣͪΣ ͍ ͔ͭͪͭΈ͔͚ ;͔͍͔͙ͭͪͭ 

όͫͣΦ ͪ ͙ͫΦ 10 ͋ ύΦ 

 
˾͙ͫͯͤͦ͟ мл ς ˽ ͔͍ͪͦͤ͊;͊͡Έͤ·͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ æ OE0F0 ͙  ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ æ OEF ͫ  

͙͍͔͖ͨͪ͒ͤͤ·ͣ ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ y ͨ ͙ͪ ͍͙͙ͦͫͤͦ͊ͤ 

ˮͫͭͦ;͙ͤ͟Υ ͫͦ͒͊ͤͦ͘ ͍͊ͭͦͪͦͣ 

 

ˮͭ͊͟Σ ζ͍͙ͨͦ͒͗ͤ·͚η ͯ͡; ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ ŭ3 = rɔ ͡ ͔͙͗ͭ ͍ ͔ͭͪͭΈ͔͚ ;͔͍͔͙ͭͪͭΥ 

3

3
   2                2

2
k r k

p
p p d g p+ < = < +, 

͎͔͒  k  ɴN ẕ 0. ́ ͎ͦ͒͊  ᷁EOF ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ æ OEF ͨ ͙͍͔͔ͪ͒ͣ ͟ ͦͫͭͪͦͣͯΥ 

3   ï  2  1 ( )kd py= +, 

͎͔͒ k  ɴN ẕ 0, 0 < ɣ < ˊ/2. 

˾͔ͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ OEF ͫ ζ͙͍͔͔ͨͪ͒ͤͤ·ͣη ͟ ͦͫͭͪͦͣͯ ͎ͯͦͣ͡ ɣ ͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ 

OF = Rez (az + bz)
r < 0, ͍ ·͚ͫͦͭͦ EF = Imz (az + bz)r < 0 ͙  ͎͙͔͚ͨͦͭͤͯͦ͘ OE = z0

r, τ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ 

͔ͦͤ͟;͎ͤͦͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͙͔͔͙ͨͪͣͤͤΎ ͪ͊ͭͤͦ͟ ͔͔͙ͫͭͨͤ r > н ͔͍͚ͨͪͦ ͔ͦͨͪ͊ͼ͙͙ ζ͍͔͙ͫͦͫͭ͊ͤ͡Ύη ͟ 

͔͍ͨͪͦͤ͊;͊͡Έͤͦͣͯ ͨͪΎ͎ͣͦͯͦ͡Έͤͦͣͯ ͔͎ͭͪͯͦ͡Έ͙ͤͯ͟ OE0F0 ͫ  ͦͫͭͪ·ͣ ͎ͯͦͣ͡ ɔ ͨ ͙ͪ ͍͙͙ͦͫͤͦ͊ͤ ayΣ ͍·͚ͫͦͭͦ bz 

͙ ͎͙͔͚ͨͦͭͤͯͦ͘ z0. ̉ ͭͦ Ή͍͙͍͔͊ͤͭͤͦ͟͡ ͍͍͔͔͙ͦ͒ͤ͘Ό æ OE0F0 (az, bz, z0) ͍  ͔ͤͦͭͦͪͯ͟Ό ͼ͔ͯ͡Ό ͔͔ͫͭͨͤΈ r > 2: 

0 0,  ,                    )(    0,  ) ( ( )              ( 0) ,r r r r

z z ez z z mz z za b z OEF OF R a b i EF I a b i z­ = + < = + <. 

˩͙ͫ͡ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ώмΣ ͫ Φ 194, 196-мфтϐ ͔͍ͫ͒ͦ͊ͭ͡Έ ͔ͣͭͦ͒ͯ ˤ͙͔ͭ͊Σ ͭͦ ͨͦͯ͡;͙ͣ ζ͙͍͔͔ͨͪ͒ͤͤ·͚η 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ æ OE0F0 ͫ ͍͙͔ͦͫͤͦ͊ͤͣ μRez (az + bz)
r|, ͍·͚ͫͦͭͦ |Imz (az + bz)

r| ͙ ͎͙͔͚ͨͦͭͤͯͦ͘Σ ͍͔͙͡;͙ͤ͊ 

͚ͦͭͦͪͦ͟ ͍ͪ͊ͤ͊ ζ͚ͫ͊ͣͦ ͔͔͙ͫͭͨͤηΣ ͭΦ͔Φ z0
r, τ ͔͗͊͡΅͙͚ ͍ м-͚ͦ ;͔͍͔͙ͭͪͭΦ ͚́͊ͦ͟ ζ͙͍͔͔ͨͪ͒ͤͤ·͚η 

͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ æ OEF ͨ ͦΎ͍͡Ύ͔ͭͫΎ ͍ м-͚ͦ ;͔͍͔͙ͭͪͭ ͭͦ͡Έͦ͟ ͒͡Ύ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͦͤ͟;͎ͤͦͦ 

͔ͪͯ͘͡Έͭ͊ͭ͊ ͔ͦͨͪ͊ͼ͙͙ ͍͍͔͔͙ͦ͒ͤ͘Ύ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OE0F0 ͍ ͔͔ͫͭͨͤΈ r > н ͙ ͨͦΉͭͦͣͯ 
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ζ͙͙ͤ͊͟͟ͻ ͔͔͙͚ͤ͒ͦͪ͊ͯͣͤ͘ ͔ͤ ͍͙͔ͦͤ͊ͭ͘͟η ώмΣ ͫΦ мфпΣ мфрϐΦ 

˽ͦΎ͙ͫͤͣΣ ;ͭͦ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ æ OCD ʠ æ OEF ͔͗͊ͭ͡ ͤ͊ ͙ͪͫΦ  ф ͙ ͙ͪͫΦ млΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͍ͦ 

͍͚ͭͦͪͦ ͙ ͔ͭͪͭΈ͔͚ ͙͚ͦͦͪ͒ͤ͊ͭͤͦ͟ ;͔͍͔͙ͭͪͭ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡ ͙ ͎ͤ͊͡Ύ͎͒ͤͦͦ ͙͍͔͔͙ͨͪ͒ͤΎ ͟ ͦͫͭͪͦͣͯ ͎ͯ͊͡ 

͙ͨͪ ͍͙͙ͦͫͤͦ͊ͤ ͍ͤ͊͊ͤͤ͘·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ ͫͯ͡;͔͊Σ ͔͙ͫ͡ ͍͔͙͡;͙ͤ͊ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͔͎ͦ ͎ͯ͊͡ ŭ2 = mɓ ͙͙͡ 

ŭ3 = rɔ ͋ ͦ͡Έ΄͔ ͍͔͙͡;͙ͤ· ͎ͦͫͭͪͦͦ ͎ͯ͊͡Φ ˾͔͔͊ͯͣͭͫ͘ΎΣ ζ͍͙ͨͦ͒͗ͤ·͔η ͯ͡;͙ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ ͎͍ͯͦ͡ ŭ1 - ŭ3 ͙ Σ 

͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙͔ æ OAB, æ OCD, æ OEFΣ ͦͭͦͪ͟·͔ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡ ͙ ͙͔ͨͪͣͪ͊ 

͔͗͊ͭ͡ ͤ͊ ͙ͪͫͯͤ͊͟ͻ у-млΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͍ ͔͍͚ͨͪͦΣ ͍͚ͭͦͪͦ ͙ ͔ͭͪͭΈ͔͚ ;͔͍͔͙ͭͪͭΣ τ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ 

͍͔͙͡;͙ͤ· ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ ͎͍ͯͦ͡ ŭ1 - ŭ3 ͣ ͎ͦͯͭ ͔͗͊ͭ͡Έ ͍ ͡Ό͚͋ͦ ͎͚͒ͪͯͦ ͙͚ͦͦͪ͒ͤ͊ͭͤͦ͟ ;͔͍͔͙ͭͪͭΦ 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͔͍ͨͪͦͤ͊;͊͡Έͤ·͔ æ OA0B0, æ OC0D0 ʠ æ OE0F0 όͫͣΦ ͪ ͙ͫΦ 8-млύ ͫ ͦͫͭͪ·ͣ ͎ͯͦͣ͡ ͙ͨͪ 

͍͙͙ͦͫͤͦ͊ͤΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ Ŭ, ɓ ʠ ɔ, τ ͍ ͔͎ͫ͒͊ ͔͗͊ͭ͡ ͍ ͔͍͚ͨͪͦ ;͔͍͔͙ͭͪͭΣ ͭΦ͟Φ ͍͔͙͡;͙ͤ͊ ͎ͦͫͭͪͦͦ ͎ͯ͊͡ ͙ͨͪ 

͍͙͙ͦͫͤͦ͊ͤ ͨͪΎ͎ͣͦͯͦ͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍͔͎ͫ͒͊ ͋ͦ͡Έ΄͔ л ͙ ͔ͣͤΈ΄͔ /́2, ʪ.ʝ. 0 < (Ŭ, ɓ, ɔ) < /́2. 

2.2.3 ˨͔͔͊͡ ͙͔͙ͨͪͣͤͣ ͔ͣͭͦ͒ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͍ͤ͊͊ͤͤ͘·͚ ͔̅ͪͣ͊ ͔͔͔͔ͤͦͨͪ͒ͤͤ͡·ͣ ͙͙͡ 

͔͔͋ͫͦͤ͟;ͤ·ͣ ͫͨͯͫͦͣ͟ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· ͙͍͔͙ͨͪͫͭ ͟ ͙͍͔ͨͪͦͭͦͪ;͙Ό ͙͙͡ ͊͋ͫͯͪ͒ͯ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡Σ 

͙͍͔ͨͪͦͭͦͪ;͊΅͔͔ ͒ͦ͊͘͟·͍͔͊ͣͦͣͯ ͍͔͔͙ͯͭͪ͗͒ͤΌΦ 

˨͡Ύ Ή͎ͭͦͦ ͤ͊ͻ͙ͦ͒ͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͔ͫ͒ͯ͡Ό΅͙ͣ ͦ͋ͪ͊ͦͣ͘Υ 

1) ͙ͭͪ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OA0B0, OC0D0 ʠ OE0F0 όͫͣΦ ͪ ͙ͫΦ ммύ ͔ͯͣͤͦ͗͊ͣ ͤ͊ ͔͍ͨͪ·͚ ͨͦ 

ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͪ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki < мΣ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i = 1. 

 
˾͙ͫͯͤͦ͟ мм ς ζ˴ͪ͊ͭͤ·͚η æ OA1B1, æ OC1D1 ʠ æ OE1F1 ͨ ͦͯ͡;͔͊ͣ ͔͙͔ͯͣͤͦ͗ͤͣ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ 

æ OA0B0, æ Oʉ0D0 ʠ æ OE0F0 ͤ ͊ ͔͍ͨͪ·͚ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k1 

ˮͫͭͦ;͙ͤ͟Υ ͫͦ͒͊ͤͦ͘ ͍͊ͭͦͪͦͣ 

 

͎́ͦ͒͊ 1 1 0 1       OA x x k= =Ö , OC1 = y1  = y0Āk1 ʠ OE1 = z1 = z0Āk1. 

ˤ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ k1 ͍·͙͔͋ͪ͊ͣ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͔ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ͎ͦ͒ͤͦͦ 

͙͘ ͍ͤ͊͊ͤͤ͘·ͻ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͦͭͦͪͯ͟Ό ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ ͔ͯͣͤΈ΄͔͊ͣ ͤ͊ ͔͔ͤͦͭͦͪͦ͟ 

͙ͦ͟͡;͔͍ͫͭͦ ͔͙͙͒ͤͼΣ ͍ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͤ͊ мΦ ˽ͯͫͭΈΣ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡Σ ͍ ͔͔͔ͤ͊ͣͤ͊ͭ͘͡ k1 ͋ ͔ͯ͒ͭ ͍͔͙͡;͙ͤ͊ 

͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OA0B0, ͭ Φ͔Φ ͍ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͔͔͋ͪͣ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ 

;͙ͫͦ͡ x0Σ ͔ͦͭͦͪͦ͟ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ k1 ͯ ͔ͣͤΈ΄͔͊ͣ ͤ͊ мΦ 

͎́ͦ͒͊  

0
1

0

1
   

x
k

x

-
= . 

ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͙ͯͣͤͦ͗ͤΎ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k1Σ ;͙͙͔͔ͫͭͣ͡͡ ͙ 

͔͔͔ͤ͊ͣͤ͊ͭͣ͘͡ ͎ͦͭͦͪͦͦ͟ Ύ͍͡ΎΌͭͫΎ ͤ͊ͭͯͪ͊͡Έͤ·͔ ;͙ͫ͊͡Σ τ ͨͦͯ͡;͔͊ͣ ͔͍ͨͪͯΌ ͚ͭͪͦͯ͟ ͨͪΎ͎ͣͦͯͦ͡Έ͙͍ͤͦ͟Σ 

ͨͦ͒ͦ͋ͤ·ͻ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ ͙ ͫ ͔ͣͤΈ΄͔͚ ͍͔͙͡;͙͚ͤͦ ͫͻ͍͔ͦ͒ͫͭͤͤ·ͻ 
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ͫͭͦͪͦͤΦ ˽ͦΉͭͦͣͯ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟Σ ͨͦͯ͡;͔ͤͤ·͔ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͙ͯͣͤͦ͗ͤΎ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ 

ͤ͊ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k1 ͤ͊͘·͍͔͊ͣ ζͪ͊ͭͤ͟·͙ͣηΦ ́͊͟ ͔͗ ͔͋ͯ͒ͣ ͤ͊͘·͍͊ͭΈ ͙ ͎͙͔͒ͪͯ ͨͪΎ͎ͣͦͯͦ͡Έͤ·͔ 

͔͎ͭͪͯͦ͡Έ͙͙ͤ͟Σ ͨͦͯ͡;͔ͤͤ·͔ ͙ͭ͊ͣ͟ ͔͗ ͔ͨͯͭͣΣ ͭΦ͔Φ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͙ͯͣͤͦ͗ͤΎ ͤ͊ ͦ;͔͔͚ͪ͒ͤͦ ͙ͨͦͤ͗͊Ό΅͙͚ 

ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki. ˽͙ͪ Ήͭͦͣ ͎͙͔ͨͦͭͤͯ͘· ͨͦͯ͡;͔͚ͤͤͦ ͙ͭ͊ͣ͟ ͔ͨͯͭͣ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ 

ͦͭͦͪ͟·͔ ͦ͋ͦͤ͊͘;͔͊ͣ x1, y1 ʠ z1Σ ͍ͫΎ͊ͤ͘· ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· ͍ͤ͊͊ͤͤ͘·ͻ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ ˽ͦΉͭͦͣͯ ͍͔͙͡;͙͚ͤͦ ͎͙͔ͨͦͭͤͯ͘ ͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍ͫͦͫͭ͊͡Ύ͔ͭͫΎ ͔͍͔ͨͪͦ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔͔ͤ͊͒ͤͤͦ ζͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦη ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ 

όмύΣ ͭΦ͔Φ x1
n + y1

m = z1
r. ˽ ͙ͪ Ήͭͦͣ x1 Ύ͍͡Ύ͔ͭͫΎ ͤ͊ͭͯͪ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Σ ͊ y1 z1 ͪ ͊ͼ͙ͦͤ͊͡Έͤ·͔Υ 

0
1 0 1 0 0

0

( 1)
1

x
x x k x x

x

-
= Ö = Ö = -, 0

1 0 1 0

0

( 1)x
y y k y

x

-
= Ö = Ö , 0

1 0 1 0

0

( 1)x
z z k z

x

-
= Ö = Ö . 

2) ͔ͨ ͍ͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔ͤͤͯΌ ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΣ ͔ͯͣͤͦ͗͊ͣ ͤ͊ 

͔ͫ͒ͯ͡Ό΅͙͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯΣ ͭΦ͔Φ ͤ͊ ͍͚ͭͦͪͦ ͙ͨͦͤ͗͊Ό΅͙͚ ͪ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k2 ғмΦ ˤ 

͔͔ͤ͊ͣͤ͊ͭ͘͡Έ k2 ͍ͦ͘Έ͔ͣͣ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͔ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡Σ ͍͔ͪ͊ͤͦ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ͎ͭͦͦ 

ζ͎ͪ͊ͭͤͦͦ͟η ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͙͘ ͔͍͚ͨͪͦ ͚͙ͭͪͦ͟Σ ͯ ͎ͦͭͦͪͦͦ͟ ͭ͊͊͟Ύ ͍͔͙͡;͙ͤ͊ ͍ͪ͊ͤ͊ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡Σ ͭΦ͔Φ 

x1 ͙ ͔ͦͭͦͪͦ͟ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ ͔ͯͣͤΈ΄͔͊ͣ ͤ͊ мΦ ͎́ͦ͒͊ k2 = (x1 ī 1) / x1. ʕ  ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔ͦͨͪ͊ͼ͙͙ ͔͙ͯͣͤͦ͗ͤΎ 

ͨͦͯ͡;͔͊ͣ ͍ͭͦͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͨͪΎ͎ͣͦͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦ͒ͦ͋ͤ·ͻ ͊͟͟ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ 

͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭ͊͟ ͙ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟Φ 

˭ͤ͊;͙ͭΣ ͎͙͔ͨͦͭͤͯ͘· ͍͚ͭͦͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔ͤͤ·ͻ ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͙ ͦͭͦͪ͟·͔ 

ͦ͋ͦͤ͊͘;͔͊ͣ x2 y2 z2, τ ͔ͭͦ͗ ͍ͫΎ͊ͤ͘· ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· ͚͙ͭͪͦ͟ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ ͯ͊͊ͤͤ͘͟·ͣ ͍ ͍͔͙͙ͯͪ͊ͤͤ όмύΦ ˽ͦΉͭͦͣͯ ͚ͭͪͦ͊͟ ;͙͔ͫ͡ x2 y2 z2Σ ͍ ͚ͦͭͦͪͦ͟ 

x2 ͤ͊ͭͯͪ͊͡Έ͔ͤͦΣ ͊ y2 ʠ z2 ͪ͊ͼ͙ͦͤ͊͡Έͤ·͔Σ τ ͍ͫͦͫͭ͊͡ΎΌͭ ͍͔ͭͦͪͦ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔͔ͤ͊͒ͤͤͦ ͔ͪ΄͔͙͔ͤ 

͍͔͙ͯͪ͊ͤͤΎ όмύΥ 

2 2 2       n m rx y z+ = , 

1
2 1 2 1 1 0

1

( 1)
1 2

x
x x k x x x

x

-
= Ö = Ö = - = -, 1

2 1 2 1

1

( 1)x
y y k y

x

-
= Ö = Ö , 1

2 1 2 1

1

( 1)x
z z k z

x

-
= Ö = Ö . 

3) ͒͊ ͔͔͡ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͍ͨͦͭͦͪΎ͔ͣ ͔ͦͨͪ͊ͼ͙Ό ͔͙ͯͣͤͦ͗ͤΎ ͍͚ͭͦͪͦ ͙ ͚͊͗͒ͦ͟ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ 

͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͤ͊ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͚ ͨͦ 

ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͪ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki < мΣ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͙ ;͙͙͔ͫͭ͡͡Έ 

͎ͦͭͦͪͦͦ͟ ͙͔ͨͦ͒͋ͪ͊ͣ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͫͨͦͫͦ͋ͦͣΦ ˽͙ͪ Ήͭͦͣ ͔͒ͫ͘Έ ͙ ͔͔͒͊͡ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ ͙ ͙͍ͫͣͦ͡ i 

͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͨͦͫͭͦΎͤͤͦ ͍ͦͪ͊ͫͭ͊͘Ό΅͔͚ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͭΦ͔Φ i = 1, 2, 3, 4, р ͙ ͍ 

͚ͭ͊ͦ͟ ͔͗ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͒ͦ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭ: i  ɴN, i Ÿ Ð. ˿ ͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͔͋ͯ͒ͣ 

ͤ͊ͻ͙ͦ͒ͭΈ ͨͦͫͭͦΎͤͤͦ ͚ͭͪͦͯ͟ ;͙͔ͫ͡Σ ͍ͫΎ͊ͤͤ͘·ͻ ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ ͯ͊͊ͤͤ͘͟·ͣ ͍ ͍͔͙͙ͯͪ͊ͤͤ όмύΥ 

        rm

i

n

i ix y z+ = . 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͫ ͨͦͯ͡;͔͙͔ͤͣ ͚͊͗͒ͦ͟ ͦ;͔͔͚ͪ͒ͤͦ ͚͚ͭͪͦͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ͻ͙ͦ͒ͣ 

ͦ;͔͔͔ͪ͒ͤͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ζͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦη ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͔ͦͭͦͪͦ͟ ͍ͫͦͫͭ͊͡Ύ͔ͭͫΎ ͚͚ͭͪͦͦ͟ 

;͙͔ͫ͡Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘ ͦ;͔͔͚ͪ͒ͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ 

͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΦ ˭͔͙͊ͣͭͣΣ ;ͭͦ ͍ ͚͊͗͒ͦ͟ ͚ͭ͊ͦ͟ ͚͔ͭͪͦ͟ ;͙͔ͫ͡ xi y zi
rΣ ͨͦͯ͡;͔ͤͤ·ͻ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ 

͔ͨͯͭͣΣ ͦ͒ͤͦ ;͙ͫͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͤ͊ͭͯͪ͊͡Έͤ·ͣΣ ͔ͦͭͦͪͦ͟ ͨͦͫͭͦΎͤͤͦ ͯ͋·͍͔͊ͭΣ ͍ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͤ͊ мΦ 

ˮͭ͊͟Σ ͔͍ͨͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͊ ͙͔ͣͤͤͦΣ æ O A1B1, æ Oʉ1D1 ʠ æ OE1F1 

όͫͣΦ ͪ ͙ͫΦ ммύ ͨͦͯ͡;͔͊ͣ ͔͙͔ͯͣͤͦ͗ͤͣ ͚͙ͭͪͦ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0B0, OC0D0 ʠ OE0F0 ͤ͊ 

͔͍ͨͪ·͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͪ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki < м όͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ 

i = 1). 

͙͙͔̉ͫͭ͡͡Έ ͙ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͦ;͔͔͎ͪ͒ͤͦͦ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ki ͒͡Ύ ͚͊͗͒ͦ͟ ͔͚ͯͣͤͦ͗͊ͣͦ 
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͚͙ͭͪͦ͟ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍·͙͔͋ͪ͊ͣ ͙͙ͭ͊ͣ͟Σ ;ͭͦ͋· ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͙ͯͣͤͦ͗ͤΎ ͨͦͯ͡;͙ͭΈ 

ͦ;͔͔ͪ͒ͤͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͍ ͚ͦͭͦͪͦ͟ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͎ͦ͒ͤͦͦ ͙͘ ͨͦͯ͡;͔͚ͤͤͦ 

͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡ ͙ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͺ͚ͦͪͣͯͦ͡Υ 

1

i
i

i

q
k

x-
= , 

͎͔͒ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ iΣ ͍͙ͨͦͭͦͪͣΣ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͨͦͫͭͦΎͤͤͦ ͍ͦͪ͊ͫͭ͊͘Ό΅͔͚ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ 

ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͭΦ͔. i = 1, 2, 3, 4, р ͙ ͍ ͚ͭ͊ͦ͟ ͔͗ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͒ͦ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭΣ ͤ͊͘;͙ͭΣ 

Ύ͍͡Ύ͔ͭͫΎ ͨͦͪΎ͍͒ͦ͟·ͣ ͔ͤͦͣͪͦͣ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ ki, ͤ͊ ͦͭͦͪ͟·͚ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ 

͔ͯͣͤͦ͗͊ͣ ͫͤ͊;͊͊͡ ͚ͭͪͦͯ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͊ ͔͊ͭͣ͘ ͔͍ͨͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔͔͒͊͡ ͍ͭͦͪͯΌ ͙ ͊͗͒ͯ͟Ό ͦ;͔͔ͪ͒ͤͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔ͤͤͯΌ 

͙ͭ͊ͣ͟ ͔ͨͯͭͣΤ ͔͍͔ͫ͒ͦ͊ͭ͡͡ΈͤͦΣ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͦ͋ͦͤ͊͘;͔͊ͭ ͨͦͪΎ͍͒ͦ͟·͚ ͔ͤͦͣͪ 

ͦ;͔͔͎ͪ͒ͤͦͦ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔͎ͤ͊͒ͤͤͦͦ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͦͭͦͪ͟·ͣ Ύ͍͡Ύ͔ͭͫΎ ;͙ͫ͊͡ xi, yi, zi, 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘ ͦ;͔͔͚ͪ͒ͤͦ ͨͦͯ͡;͔͚ͤͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ 

͔ͦͭͦͪͦ͟ ͔͋ͯ͒ͣ ͤ͊͘·͍͊ͭΈ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͣ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣη ͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύΤ 

xiς1 ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ ͍ ͔͔͔ͤ͊ͣͤ͊ͭ͘͡ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͔ ͍ ͒͊ͤͤͦͣ 

ͫͯ͡;͔͊ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͫ ͙͔ͤ͊ͣͤΈ΄͔͚ ͍͔͙͡;͙͚ͤͦ ͎͙͔ͨͦͭͤͯ͘· ͍ ͚͔ͭͪͦ͟ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͙͙͡ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͔ͯͣͤͦ͗͊ͣ·ͻ ͤ͊ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki; 

qi ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ ͍ ;͙͙͔͔ͫͭ͡͡ ͦ;͔͔͎ͪ͒ͤͦͦ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ kiΣ ͔ͦͭͦͪͦ͟ ͔ͣͤΈ΄͔ 

͔͔ͤ͊ͣͤ͊ͭ͘͡Ύ ͤ͊ ͔͔ͤͦͭͦͪͦ͟ ͙ͦ͟͡;͔͍ͫͭͦ ͔͙͙͒ͤͼΣ ͍ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͔ͣͤΈ΄͔ ͔͔ͤ͊ͣͤ͊ͭ͘͡Ύ ͤ͊ мΥ 

ï1   ï( 1 )i iq x= . 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· ͊͗͒͊͟Ύ ͨͦͯ͡;͔ͤͤ͊Ύ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͚ͭͪͦ͊͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙͔ͣ͊͡ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͫ ͎͙͔͚ͨͦͭͤͯͦ͘Σ ͍͚ͪ͊ͤͦ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡Σ ͊ ͤ͊͘;͙ͭΣ ͔͊͗͒ͦ͟ 

͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔͔ͤ͊͒ͤͤͦ ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͙͔ͣͦ͡ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡Σ τ ͒͡Ύ Ή͎ͭͦͦ ͍ 

͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͔͍͎ͨͪͦͦ ͙ ͔ͨͦͫ͒ͯ͡Ό΅͙ͻ ͦ͟Ήͺͺ͙ͼ͙͔͍ͤͭͦ kiΣ ͔͔͋ͪͣ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡Σ ͍͔ͪ͊ͤͦ ͍͔͙͡;͙͔ͤ 

͎͙͔ͨͦͭͤͯ͘· ͎ͭͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͙͘ ͚͙ͭͪͦ͟ ͔ͯͣͤͦ͗͊ͣ·ͻ ͤ͊ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki, ͯ ͎ͦͭͦͪͦͦ͟ ͍͔͙͡;͙ͤ͊ 

͎͙͔ͨͦͭͤͯ͘· ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡Φ ̏ͭͦ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ ͔ͯͣͤΈ΄͔͊ͣ ͤ͊ ͔͔ͤͦͭͦͪͦ͟ 

͙ͦ͟͡;͔͍ͫͭͦ ͔͙͙͒ͤͼ ͙ ͔͔͋ͪͣ ͍ ;͙͙͔ͫͭ͡͡Έ ki. ˤ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ ki ͔ͯͣͤΈ΄͔͊ͣ ;͙ͫͦ͡ ͍ 

͔͔͔ͤ͊ͣͤ͊ͭ͘͡ ͤ͊ мΦ 

˹͙͊ͨͦͣͤͣΣ ;ͭͦ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͎͊͗͒ͦͦ͟ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ OA0B0, OC0D0 ʠ 

OE0F0 όͫͣΦ ͪ ͙ͫΦ ммύ ͔͎͔ͨͪ͒ͨͦ͊͊ͭͫ͡Ύ ͍͚ͪ͊ͤͦ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ x0 ͙͙͡ y0 ͙͙͡ z0. 

˭ͤ͊;͙ͭΣ ͡Ό͔͋ͦ ͙͘ Ή͙ͭͻ ;͙͔ͫ͡ ͣͦ͗ͤͦ ͍͘ΎͭΈ ͍ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͔͍͎ͨͪͦͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ 

͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ k1Σ ͤ͊ ͦͭͦͪ͟·͚ ͔ͯͣͤͦ͗͊ͣ ͚ͭͪͦͯ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Φ 

˽ͦΉͭͦͣͯΣ ͍͙ͨͦͭͦͪͣΣ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤͤͦͫͭ͡ ͍ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͔͍͎ͨͪͦͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ 

ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ k1 ͍·͙͔͋ͪ͊ͣ ͍͔͙͡;͙ͤͯ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ æ OA0B0Σ ͭΦ͔Φ 

ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ x0Σ ͔ͦͭͦͪͦ͟ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ k1 ͔ͯͣͤΈ΄͔͊ͣ ͤ͊ мΦ ˢ͎͙ͤ͊ͦ͡;ͤͦ ͙͔ͨͦ͒͋ͪ͊ͣ ͤ͊ͭͯͪ͊͡Έͤ·͔ 

;͙ͫ͊͡ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ ͙ ͔͔ͤ͊ͣͤ͊ͭ͘͡Ύ ͍͎ͭͦͪͦͦ ͙ ͔ͨͦͫ͒ͯ͡Ό΅͙ͻ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͦ͟Ήͺͺ͙ͼ͙͔͍ͤͭͦ ki. 

2.2.4 ˾͙͊ͫͫͣͦͭͪͣ ͔͔ͨͦ͒ͪͦ͋ͤ ͨͦͯ͡;͔͙͔ͤ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ 

ͤ͊ͻ͔͙͔ͦ͗͒ͤ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΦ 

˹͙͊ͨͦͣͤͣΣ ;ͭͦ ͔͍ͨͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͨͦͯ͡;͔͊ͣ ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͤ͊ͻ͙ͦ͒ͣ 

͔͍͔ͨͪͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͔͙͔ͯͣͤͦ͗ͤͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0B0, 

OC0D0 ʠ OE0F0 όͫͣΦ ͪ ͙ͫΦ ммύ ͤ͊ ͔͍ͨͪ·͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k1: 

0
1

0

1x
k

x

-
= . 
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ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͨͦͯ͡;͙ͣ ͔͍ͨͪͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA1B1, OC1D1, OE1F1, ͎ ͙͔ͨͦͭͤͯ͘· 

ͦͭͦͪ͟·ͻ ͍ͪ͊ͤ·Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΥ 

1 1 0 1 0              1OA x x k x= = = -Ö ,  

͎͔͒ x1  ɴN, x1 < x0, k1  ɴQ; 

1 1 0 1       OC y y k= =Ö ; 

͎͔͒ y0  ɴN, y1  ɴQ, y1 < y0; 

1 1 0 1       OE z z k= =Ö ; 

͎͔͒ z0  ɴN z1  ɴQ, z1 < z0. 

˽ͦͯ͡;͔ͤͤ·͔ ζͪ͊ͭͤ͟·͔η ͨͪΎ͎ͣͦͯͦ͡Έͤ·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟ OA1B1, OC1D1 ʠ OE1F1 ͨͦ͒ͦ͋ͤ· 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ OA0B0, OC0D0 ʠ OE0F0 ͨͦ ͔ͭͪͣ ͍ͪ͊ͤ·ͣ ͎ͯ͊ͣ͡Φ 

˭ͤ͊;͙ͭ ͎͙͔ͨͦͭͤͯ͘· ͔͍͚ͨͪͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA1B1, OC1D1 ʠ OE1F1Σ ͨͦͯ͡;͔͚ͤͤͦ ͙ͭ͊ͣ͟ 

͔ͨͯͭͣΣ ͍ͫΎ͊ͤ͘· ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· ͍ͤ͊͊ͤͤ͘·ͻ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͭΦ͔Φ 

1 1 1       n m rx y z+ = . 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ;͙ͫ͊͡ x1, y1 ʠ z1 ͍ͫͦͫͭ͊͡ΎΌͭ ͔͍͔ͨͪͦ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔͔ͤ͊͒ͤͤͦ ζͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦη 

͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͍ ͦͭͦͪͦͣ͟ x1 τ ͤ ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡Σ ͊ y1 ͙  z1 τ ͪ ͊ͼ͙ͦͤ͊͡Έͤ·͔Φ 

˿͔͒ͯ͡Ό΅͔͔Σ ͭΦ͔Φ ͍͔ͭͦͪͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ζͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦη ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͤ͊ͻ͙ͦ͒ͣ 

͔͙͔ͯͣͤͦ͗ͤͣ ͔͍͚ͨͪͦ ͨͦͯ͡;͔͚ͤͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA1B1, OC1D1 ʠ OE1F1 ͫ 

͎͙͔͙ͨͦͭͤͯ͊ͣ͘Σ ͍ͪ͊ͤ·͙ͣΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ x1, y1, z1, τ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙͚Σ ͭΦ͔Φ ͤ͊ ͍͚ͭͦͪͦ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ 

͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k2Φ ˻;͔͍͙͒ͤͦΣ ;ͭͦ ͍ ͔͔͔ͤ͊ͣͤ͊ͭ͘͡ k2 ͔͋ͯ͒ͭ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ x1, 

ͨͦͫͦ͟͡Έͯ͟ ͭͦ͡Έͦ͟ ͯ ͎ͦ͒ͤͦͦ ͙͘ ͔͚ͯͣͤͦ͗͊ͣͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͊ ͙͔ͣͤͤͦΣ ͯ ͙͔ͤ͊ͣͤΈ΄͔͎ͦ 

ͨͦ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ζ͎ͪ͊ͭͤͦͦ͟η æ OA1B1 ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͔ͦͫͭ͊ͭͫΎ ͍͚ͪ͊ͤͦ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ 

;͙ͫͯ͡ x1Σ ͔ͦͭͦͪͦ͟ ͒͡Ύ ;͙͙͔ͫͭ͡͡Ύ k2 ͯ ͔ͣͤΈ΄͔͊ͣ ͤ͊ мΥ 

1
2

1

1x
k

x

-
= . 

˾͔ͯ͘͡Έͭ͊ͭͦͣ ͚ͯ͊͊ͤͤͦ͘͟ ͔ͦͨͪ͊ͼ͙͙ ͔͙ͯͣͤͦ͗ͤΎ Ύ͍͡Ύ͔ͭͫΎ ͍ͭͦͪ͊Ύ ͚ͭͪͦ͊͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ 

ͫ ͎͙͔͙ͨͦͭͤͯ͊ͣ͘Σ ͍ͪ͊ͤ·͙ͣΣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ x2 = x1Āk2, y2 = y1Āk2 ʠ z2 = z1Āk2, ͦͭͦͪ͟·͔ ͍ͫΎ͊ͤ͘· ͔ͭͣ ͔͗ 

ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ ͯ͊͊ͤͤ͘͟·ͣ ͍͔͙͔ͯͪ͊ͤͤͣ 

(1): 

2 2 2       n m rx y z+ = , 

˭ͤ͊;͙ͭΣ ͚ͭͪͦ͊͟ ;͙͔ͫ͡ x2 y2 z2 Ύ͍͡Ύ͔ͭͫΎ ͍ͭͦͪ·ͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͣ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣη 

͔ͪ΄͔͙͔ͤͣ ͍͔͙ͯͪ͊ͤͤΎ όмύΦ ˽͙ͪ Ήͭͦͣ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ζ͎ͪ͊ͭͤͦͦ͟η ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ 

x2 = x1Āk2 ͦ ͔ͫͭ͊ͭͫΎ ͤ͊ͭͯͪ͊͡Έͤ·ͣ ;͙ͫͦͣ͡Σ ͔ͦͭͦͪͦ͟ ͔ͣͤΈ΄͔ x1 ͤ ͊ мΥ 

2 1 2 1
1

1

1

(
1

1)
x x

x

x
x k x= = =Ö Ö -

-
, (x0, x1, x2) ɴ  N, k2 ɴ   

ˮͭ͊͟Σ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ x2 ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͍͔͙͡;͙͔ͤ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ζ͎ͪ͊ͭͤͦͦ͟η 

͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͊ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͔͔͎ͫͪ͒ͤͦ ͙ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͨͦͯ͡;͔͚ͤͤͦ ͍͚ͭͦͪͦ 

͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͣ ;͙ͫ͊ͣ͡ y2 ʠ z2: 

2 1 2   y y k= Ö , (y1, y2, k2)  ɴQ; 

z2 = z1Āk2, (z1, z2)  ɴQ. 

˨͔͔͊͡ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͍ͨͦͭͦͪΎ͔ͣ ͔ͦͨͪ͊ͼ͙Ό ͔͙ͯͣͤͦ͗ͤΎ ͨͦͯ͡;͔͚ͤͤͦ ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͍͚ͭͦͪͦΣ 
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͔͊ͭͣ͘ ͔ͭͪͭΈ͔͚Σ ;͔͍͔͚ͭͪͭͦΣ ͨΎ͚ͭͦ ͙ ͭΦ͒Φ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ τ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙͚ ͨͦ 

ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ k3, k4, k5ΦΦΦ ͙ ͍ ͚ͭ͊ͦ͟ ͔͗ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͒ͦ 

͔͔͋ͫͦͤ͟;͙ͤͦͫͭΦ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͨͦͯ͡;͔͊ͣ ͔͋ͫ;͙͔͔ͫͤͤͦ͡ ͔͍ͣͤͦ͗ͫͭͦ ͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ 

OAiBi, OCiDi ʠ OEiFiΣ ͯ ͦͭͦͪ͟·ͻ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i = 1, 2, 3, 4, р ͙ ͭΦ͒Φ όͫͣΦ ͪ ͙ͫΦ мнΣύΣ ͊ ͎͙͔ͨͦͭͤͯ͘· xi, yi, zi 

͍ͫΎ͊ͤ͘· ͔ͭͣ ͔͗ ͦͭͤͦ΄͔͙͔ͤͣΣ ͦͭͦͪ͟·ͣ ͍ͫΎ͊ͤ͘· ͎͙͔ͨͦͭͤͯ͘· ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ 

ͯ͊͊ͤͤ͘͟·ͣ ͍ ͍͔͙͙ͯͪ͊ͤͤ όмύΦ 

 
˾͙ͫͯͤͦ͟ мн ς ˻ ;͔͔ͪ͒ͤͯΌ ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OAiBi, OCiDi ʠ OEiFi 

ͨͦͯ͡;͔͊ͣ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ·ͣ ͔͙͔ͯͣͤͦ͗ͤͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ 

OA0B0, Oʉ0D0 ʠ OE0F0 ͤ ͊ ͦ;͔͔͚ͪ͒ͤͦ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki 

ˮͫͭͦ;͙ͤ͟Υ ͫͦ͒͊ͤͦ͘ ͍͊ͭͦͪͦͣΦ 

 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣ ͤ͊ͻ͙ͦ͒ͣ ͔͍ͣͤͦ͗ͫͭͦ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη 

͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͚͚ͭͪͦͦ͟ ;͙͔ͫ͡ xi yi zi: 

n m r

i i ix y z+ = , 

͎͔͒ xi, n, m, r  ɴN, n, m, r > 2, (yi, zi)  ɴQ. ˽͙ͪ Ήͭͦͣ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ i ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͨͦͫͭͦΎͤͤͦ 

͍ͦͪ͊ͫͭ͊͘Ό΅͔͚ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͭΦ͔Φ i = 1, 2, 3, 4, р ͙ ͍ ͚ͭ͊ͦ͟ ͔͗ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͒ͦ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭΦ 

ˮͭ͊͟Σ ͦ;͔͔͔ͪ͒ͤͦ ͙͔͒ͦͨͦͤͭ͡͡Έ͔ͤͦ ζͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦη ͔ͪ΄͔͙͔ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͤ͊ͻ͙ͦ͒ͣ 

͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΥ 

( ï1) ( ï1) (

( 1)

(

ï1)

1

0

)

       ï1
1

    ï 
i

i

i i i i ix x k x x x i
x

x

-

-

-
=Ö=Ö= = , 

͎͔͒ (x0, xi, i)  ɴN, i Ÿ Ð; 

)

( 1)

( 1)

( ï1) ( ï1

1
       i i i i

i

i

y y
x

k y
x

-

-

-
Ö= = Ö , 

͎͔͒ yi  ɴQ; 

)

( 1)

( 1)

( ï1) ( ï1

1
       i i i i

i

i

z z
x

k z
x

-

-

-
Ö= = Ö , 

͎͔͒ zi  ɴQ. 

˨͔͚͍͙͔ͫͭͭ͡ΈͤͦΣ ͚ͭͪͦ͊͟ ;͙͔ͫ͡ xi yi zi ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͎͙͔ͨͦͭͤͯ͊ͣ͘ ͙͔ͤ͊ͣͤΈ΄͔͎ͦΣ ͔͔͎ͫͪ͒ͤͦ ͙ 
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͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͦ;͔͔͚ͪ͒ͤͦ ͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ 

͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͫͨͦͫͦ͋ͦͣΦ ˤ͔ͫ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔ ζͪ͊ͼ͙ͦͤ͊͡Έͤ·͔η ͔ͪ΄͔͙ͤΎ xi yi zi ͤ͊ͻ͙ͦ͒ͣ ͍ ͨͦͪΎ͔͒͟ 

ͦ;͔͔͙ͪ͒ͤͦͫͭΣ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͨͦͫͭͦΎͤͤͦ ͍ͦͪ͊ͫͭ͊͘Ό΅͔͚ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Φ 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͍ ͊͗͒ͦͣ͟ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤͦͣ ζͪ͊ͼ͙ͦͤ͊͡Έͤͦͣη ͔ͪ΄͔͙͙ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ 

ͦ͒ͤͦ ;͙ͫͦ͡Σ ͊ ͙͔ͣͤͤͦ xi, τ Ύ͍͡Ύ͔ͭͫΎ ͤ͊ͭͯͪ͊͡Έͤ·ͣΣ ͙ ͔ͦͭͦͪͦ͟ ͍ ͊͗͒ͦͣ͟ ͦ;͔͔ͪ͒ͤͦͣ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ 

͚͔ͤ͊͒ͤͤͦͣ ζͪ͊ͼ͙ͦͤ͊͡Έͤͦͣη ͔ͪ΄͔͙͙ͤ ͨͦͫͭͦΎͤͤͦ ͙ ͫ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͯ͋·͍͔͊ͭΣ ͍ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͤ͊ мΥ 

1 0  ï1 x x= ; 

2 1 0  ï1   ï 2x x x= = ; 

3 2 0  ï1   ï 3x x x= = ; 

4 3 0  ï1   ï 4x x x= = ; 

5 4 0  ï1   ï 5x x x= =  ͙  ͭΦ͒ΦΤ 

ï1 0  ï1   ï i ix x x i= = , 

͎͔͒ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ ͙ ͙͍ͫͣͦ͡ i = 1, 2, 3, 4, 5é., i  ɴN. 

ˮͤ͊;͔ ͎͍ͦͦͪΎΣ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ζ͎ͪ͊ͭͤͦͦ͟η ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͍ ͚͊͗͒ͦ͟ ͦ;͔͔͚ͪ͒ͤͦ 

͚͔ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͨͦͯ͡;͔͚ͤͤͦ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͔ͨͯͭͣΣ ͔ͦͫͭ͊ͭͫΎ ͤ͊ͭͯͪ͊͡Έͤ·ͣ ;͙ͫͦͣ͡ ͙ 

͙ͨͪ Ήͭͦͣ ͨͦͫͭͦΎͤͤͦ ͯ͋·͍͔͊ͭΣ ͍ ͒͊ͤͤͦͣ ͫͯ͡;͔͊ ͤ͊ мΥ 

( ï1) ( ï1) 0    ï1   ï i i i ix x k x x i= =Ö= , 

͎͔͒ ͨͦ͒ͫͭͪͦ;ͤ·͚ ͤ͊͘͟ ͙ ͙͍ͫͣͦ͡ iΣ ͙ͤ͊ͨͦͣͤͣΣ ͦ͋ͦͤ͊͘;͔͊ͭ ͨͦͫͭͦΎͤͤͦ ͍ͦͪ͊ͫͭ͊͘Ό΅ͯΌ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͭΦ͔Φ i = 1, 2, 3, 4, р ͙ ͭΦ͒Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ·ͣ ͔͙͔ͯͣͤͦ͗ͤͣ ͦ;͔͔͚ͪ͒ͤͦ ͨͦͯ͡;͔͚ͤͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙͚ ͨͦ ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki ͔͋ͯ͒ͣ ͤ͊ͻ͙ͦ͒ͭΈ ͨͦͫͭͦΎͤͤͦ 

ͯ͋·͍͊Ό΅͙͔ ͤ͊ͭͯͪ͊͡Έͤ·͔ ;͙ͫ͊͡Φ ζ˹ͦ Ήͭͦ ͔͍ͤͦͣͦ͗ͤͦ͘Σ ͭ͊͟ ͊͟͟ ͔͙ͫ͡ ͒͊ͤͦ ͼ͔͔ͦ͡ ;͙ͫͦ͡Σ ͭͦ ͔ͤ ͔ͣͦ͗ͭ 

͙͔ͣͭΈͫΎ ͔͔͋ͫͦͤ͟;͙ͤͦͫͭ ͼ͔͡·ͻ ;͙͔ͫ͡Σ ͔ͣͤΈ΄͙ͻ ͔͎ͦηΣ τ ͍͔͔ͯͭͪ͗͒͊ͭ ͔̅ͪͣ͊ ͍ ͔͊ͣ͘;͙͙͊ͤ ˉ   ͟

ζˢ͙ͪͺ͔͙͔ͣͭ͟η [1, ͫ Φ 213 - нмрϐΦ ˢ͍ͭͦͪ· ͎ͣͦͤͦͪ͊ͺ͙͙ ͨͦΎͫͤΎΌͭΥ ζ˾͔͔͊ͯͣͭͫ͘ΎΣ ͔̅ͪͣ͊ ͙͔͔ͣͭ ͍ ͍͙͒ͯ 

͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔ ͼ͔͡·͔ ;͙ͫ͊͡η ώмΣ ͫ Φ 215]. 

ˤ͔͔ͣͫͭ ͫ ͔ͭͣΣ ͔͙ͪ͊ͫͫͯ͗͒ͤΎΣ ͍ͦͫͤͦ͊ͤͤ·͔ ͤ͊ ͍͔͔͙͙ͯͭͪ͗͒ͤΣ ;ͭͦ ͙ͨͪ ͔ͤͦͭͦͪ͟·ͻ ͼ͔͡·ͻ ͔ͨͦ͊͊ͭ͘͟͡Ύͻ 

͔͔͙ͫͭͨͤ όn, m, r) > н ͍͔͙͔ͯͪ͊ͤͤ όмύ ͙͔͔ͣͭ ͔ͪ΄͔͙͔ͤͣ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·͔ ͤ͊ͭͯͪ͊͡Έͤ·͔ ;͙ͫ͊͡ x0, y0 ʠ z0, τ 

͙͍ͨͪͦ͒Ύͭ ͟ ͍·͍ͦ͒ͯ ͦ ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ ͔͋ͫ;͙͔͎ͫͤͤͦͦ͡ ͔͍ͣͤͦ͗ͫͭ͊ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔ͤ͊͒ͤͤ·ͻ 

ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύΦ ˭ͤ͊;͙ͭΣ ͙ ͟ ͙͍͔ͨͪͦͭͦͪ;͊΅͔ͣͯ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ ͍·͍ͦ͒ͯ ͦ 

ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ ͔͋ͫ;͙͔͎ͫͤͤͦͦ͡ ͔͍ͣͤͦ͗ͫͭ͊ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͔ͣͤΈ΄͙ͻΣ ;͔ͣ ͔͒͊ͤͤͦ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ 

;͙ͫͦ͡ x0Φ ͎́ͦ͒͊ ͊͟͟ ͍ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͎ͤͦͦ ͤ͊ͻ͔͙ͦ͗͒ͤΎ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ 

ζͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻη ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͫͨͦͫͦ͋ͦͣΣ τ ͨͦͯ͡;͙ͣ ζ͔ͦͤ͟;ͤͯΌη ͚ͭͪͦͯ͟ 

ζͪ͊ͭͤ͟·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͍ ͚ͦͭͦͪͦ͟ ͍͔͙͡;͙ͤ͊ ͎͙͔ͨͦͭͤͯ͘· ͙͔ͤ͊ͣͤΈ΄͔͎ͦ ζ͎ͪ͊ͭͤͦͦ͟η ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͔͋ͯ͒ͭ 

͍ͪ͊ͤ͊ мΣ ͭΦ͔Φ xi = мΦ ˤ Ήͭͦͣ ͫͯ͡;͔͊ ͦ;͔͔͔ͪ͒ͤͦ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͚͔͔ͤ͊͒ͤͤͦ ζͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦη ͔ͪ΄͔͙͔ͤ 

͍͔͙ͯͪ͊ͤͤΎ όмύ ͔͋ͯ͒ͭ ͙ͭ͊ͣ͟Υ 

  1 ix = , ( 1)   i i iy y k-= Ö , ( 1)   i i iz z k-= Ö , 

͎͔͒ όyi , zi, yiī1, ziī1, ki)  ɴQ. 

 

˽͔ͦͫ͒ͯ͡Ό΅͔͔ ͨͦͯ͡;͔͙͔ͤ ͦ;͔͔͚ͪ͒ͤͦ ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͊͋ͫͯͪ͒ͯ 

ͨͦͭͦͣͯΣ ;ͭͦ ͍ Ήͭͦͣ ͫͯ͡;͔͊ ζ͔ͦͤ͟;ͤ͊Ύη ͚ͭͪͦ͊͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͔ͯͣͤͦ͗͊ͭͫΎ ͤ͊ ͔ͫ͒ͯ͡Ό΅͙͚ ͨͦ 
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ͨͦͪΎ͍͒ͦͦͣͯ͟ ͔ͤͦͣͪͯ ͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki, ͯ ͎ͦͭͦͪͦͦ͟ ͍ ͔͔͔ͤ͊ͣͤ͊ͭ͘͡ ͔͋ͯ͒ͭ мΣ ͤ͊͘;͙ͭΣ ͍ 

;͙͙͔͔ͫͭ͡͡ ͔͋ͯ͒ͭ лΥ 

1 1 0
     0

1 1
ik
-

= = =. 

̒ͫͤͦΣ ;ͭͦ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔ͦͨͪ͊ͼ͙͙ ͔͙ͯͣͤͦ͗ͤΎ ζ͔ͦͤ͟;͚ͤͦη ͚͙ͭͪͦ͟ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͤ͊ 

͙ͨͦͤ͗͊Ό΅͙͚ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ ki = 0 /  1 = лΣ ͨͦͯ͡;͙ͣ ζ͔͍ͤͯͯ͡Όη ͚ͭͪͦͯ͟ ζͪ͊ͭͤ͟·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ηΣ ͍ 

͚ͦͭͦͪͦ͟ ͎͙͔ͨͦͭͤͯ͊͘Σ ͊ ͤ͊͘;͙ͭ ͙ ͔͊ͭͭ͟· ͎͊͗͒ͦͦ͟ ζ͎ͪ͊ͭͤͦͦ͟η ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ ͔ͯͣͤΈ΄͊ΌͭͫΎ ͒ͦ лΥ 

( 1)      1  0   0i i ix x k- =Ö= Ö =; 

( 1) ( 1)        0   0i i i iy y k y- -Ö= = =Ö ; 

( 1) ( 1)        0   0i i i iz z k z- -Ö= = =Ö . 

˿͍͔͍͔ͦͦͭͭͫͭͤͤͦΣ ͙͔ͭ͊͟ ζ͔͍ͤͯ͡·͔ ͔͎ͭͪͯͦ͡Έ͙͙ͤ͟η ͙͊ͨͫ͘·͍͊ΌͭͫΎ ͍ ͍͙͔͒ όлΣлΣлύΣ ͊ ͎͔͔͙ͦͣͭͪ;͔͚ͫͦ͟ 

͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ Ύ͍͡Ύ͔ͭͫΎ ͭͦ;͊͟ ͔͔͔ͨͪͫ;͔͙ͤΎ ͙ͦͫ ͊͋ͫͼ͙ͫͫ ͫ ͦͫΈΌ ͙ͦͪ͒ͤ͊ͭΦ ˭ͤ͊;͙ͭ ζ͔͍͚ͤͯͦ͡η ͪ͊ͭͤ͟·͚ 

͔͎ͭͪͯͦ͡Έ͙ͤ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͙͔ͤ͊ͣͤΈ΄͙ͣΣ ͔͙ͫͪ͒ͤͣ ͙ ͙ͤ͊͋ͦ͡Έ΄͙ͣ ζͪ͊ͭͤ͟·ͣη ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ 

͙ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ Ύ͍͡Ύ͔ͭͫΎ ͭͦ;͚ͦ͟Σ ͔ͤ ͙͔ͣΌ΅͔͚ ͔͙ͪ͊ͣͪͤͦͫͭ͘Σ ;ͭͦ ͫ͊ͣͦ ͨͦ ͔͔ͫ͋ Ύ͍͡Ύ͔ͭͫΎ ͊͋ͫͯͪ͒ͦͣΦ ˽͙ͪ 

Ήͭͦͣ ͭͦ;ͯ͟ ͔͔͔ͨͪͫ;͔͙ͤΎ ͙ͦͫ ͊͋ͫͼ͙ͫͫ ͫ ͦͫΈΌ ͙ͦͪ͒ͤ͊ͭ ͔͔ͫ͒ͯͭ͡ ͫ;͙ͭ͊ͭΈ ͚ͨͦ͒ͦ͋ͤͦ ͔ͤ ͭͦ͡Έͦ͟ ͔͔ͪ͊ͤ 

ͨͦͯ͡;͔ͤͤ·ͣ ͔͍ͨͦ͒ͣͤͦ͗ͫͭ͊ͣ ͙͔ͤ͊ͣͤΈ΄͙ͻΣ ͔͙ͫͪ͒ͤͻ ͙ ͙ͤ͊͋ͦ͡Έ΄͙ͻ ζͪ͊ͭͤ͟·ͻη ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ ͤͦ ͙ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͣ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟Φ ̉ͭͦ Ύ͍͡Ύ͔ͭͫΎ ζ͊͋ͫͦ͡Όͭͤ·ͣη ͊͋ͫͯͪ͒ͦͣΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍͔͔͙͔ͯͭͪ͗͒ͤΣ ;ͭͦ ͍͔͙͔ͯͪ͊ͤͤ όмύ ͙ͨͪ ͔͚ͤͦͭͦͪͦ͟ ͔͔͙ͫͭͨͤ n, m, r  ͙ ͔͔ͣͭ ͔ͪ΄͔͙͔ͤͣ 

͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·͔ ͤ͊ͭͯͪ͊͡Έͤ·͔ ;͙ͫ͊͡ x0, y0, z0 ͙ ͒͊͡Έ͔͚ͤ΄͙͔ ͔͙ͪ͊ͫͫͯ͗͒ͤΎΣ ͍ͦͫͤͦ͊ͤͤ·͔ ͤ͊ Ήͭͦͣ 

͍͔͔͙͙ͯͭͪ͗͒ͤΣ τ ͙͍ͨͪͦ͒Ύͭ ͟ ͙͍͔ͨͪͦͭͦͪ;͙Ό ͙͙͡ ͊͋ͫͯͪ͒ͤͦͣͯ ͍·͍ͦ͒ͯ ͦ ͭͦͣΣ ;ͭͦ ͤ͊;͊ͦ͡ ͙ͦͦͪ͒ͤ͊ͭ͟Σ ͭΦ͔Φ 

ͭͦ;ͯ͟ ͔͔͔ͨͪͫ;͔͙ͤΎ ͙ͦͫ ͊͋ͫͼ͙ͫͫ ͙ ͙ͦͫ ͙ͦͪ͒ͤ͊ͭΣ τ ͔͔ͫ͒ͯͭ͡ ͫ;͙ͭ͊ͭΈ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͙ ͙͔ͤ͊ͣͤΈ΄͙ͣΣ ͙ 

͔͙ͫͪ͒ͤͣΣ ͙ ͙ͤ͊͋ͦ͡Έ΄͙ͣ ζͪ͊ͭͤ͟·ͣη ζͨͪΎ͎ͣͦͯͦ͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟ηΦ ˣ͔͔ͦ͡ ͎ͭͦͦΣ ͙͍ͨͪͦ͒Ύͭ ͙ ͟ 

͍·͍ͦ͒ͯΣ ;ͭͦ ͚ͭ͊ͦ͟ ζͨͪΎ͎ͣͦͯͦ͡Έͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟η όлΣлΣлύ ͔͔ͫ͒ͯͭ͡ ͫ;͙ͭ͊ͭΈ ͨͦ͒ͦ͋ͤ·ͣ ͔͔ͪ͊ͤ ͨͦͯ͡;͔ͤͤ·ͣ 

͔͍ͨͦ͒ͣͤͦ͗ͫͭ͊ͣ ͙͔ͤ͊ͣͤΈ΄͙ͻΣ ͔͙ͫͪ͒ͤͻ ͙ ͙ͤ͊͋ͦ͡Έ΄͙ͻ ζͪ͊ͭͤ͟·ͻη ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ ͙ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟ OA0B0, OC0D0, OE0F0 όͫͣΦ ͪ ͙ͫΦ мнύΦ ̒ͫͤͦΣ ;ͭͦ ͭ͊͊͟Ύ 

͍ͭͪ͊ͭͦ͊͟͟ ͨͦͯ͡;͔͎ͤͤͦͦ ͦ;͔͔͎ͪ͒ͤͦͦ ͙ ζ͊͘͟͡Ό;͙͔ͭ͡Έ͎ͤͦͦη ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύΣ ͍ ͦͭͦͪͦͣ͟ 

x0 = y0 = z0 = 0, τ Ύ͍͡Ύ͔ͭͫΎ ͊͋ͫͯͪ͒ͦͣΣ ͨͦͫͦ͟͡Έͯ͟ ͡Ό͋͊Ύ ͭͦ;͊͟Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ͭͦ;͊͟ ͔͔͔ͨͪͫ;͔͙ͤΎ ͙ͦͫ 

͊͋ͫͼ͙ͫͫ ͫ ͦͫΈΌ ͙ͦͪ͒ͤ͊ͭΣ τ ͔ͤ ͙͔͔ͣͭ ͔͙ͪ͊ͣͪͤͦͫͭ͘ ͙ ͔ͤ ͔ͣͦ͗ͭ ͋·ͭΈ ͚ͨͦ͒ͦ͋ͤͦ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͣ ͙͙͡ 

͙͊ͣ͟͟-͙͋ͦ͡ ͎͙͒ͪͯͣ ͔͎ͭͪͯͦ͡Έ͙ͤ͊ͣ͟Φ 

ˮͭ͊͟Σ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡ ͦ ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ όмύ ͚͚ͭͪͦͦ͟ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ x0, y0 ʠ 

z0 ͨ ͙ͪ ͔ͤͦͭͦͪ͟·ͻ όn, m, r) > н ͙͍͙ͨͪͦ͒ͭ ͟ ͙͍͔ͨͪͦͭͦͪ;͙Ό ͙͙͡ ͊͋ͫͯͪ͒ͯΦ ͚́͊ͦ͟ ͔͗ ͔ͪͯ͘͡Έͭ͊ͭ ͨͦͯ͡;͙ͣΣ ͔͙ͫ͡ 

͍ ͔͔ͤ͊ͣͤ͊ͭ͘͡Έ ͔͍͎ͨͪͦͦ ͙ͨͦͤ͗͊Ό΅͔͎ͦ ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ͊ k1Σ ͤ͊ ͦͭͦͪ͟·͚ ͔ͯͣͤͦ͗͊ͣ ͚ͭͪͦͯ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ 

͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟ OA0B0, OC0D0 ʠ OE0F0Σ ͍ͦ͘Έ͔ͣͣ ͤ͊ͭͯͪ͊͡Έ͔ͤͦ ;͙ͫͦ͡ y0 ͙͋ͦ͡ z0Σ ͭΦ͔Φ ͍͔ͪ͊ͤͦ ͍͔͙͡;͙͔ͤ 

͎͙͔ͨͦͭͤͯ͘· ͔͔͎ͫͪ͒ͤͦ ͙͋ͦ͡ ͙ͤ͊͋ͦ͡Έ΄͔͎ͦ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ æ OC0D0 ʠʣʠ 

æ OE0F0 όͫͣΦ ͪ ͙ͫΦ мнύΦ ˽ͦͭͦͣͯΣ ;ͭͦ ͙ ͍ Ή͙ͭͻ ͫͯ͡;͊Ύͻ ͤ͊ͻ͔͙͔ͦ͗͒ͤ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͔ͪ΄͔͙͚ͤ ͍͔͙ͯͪ͊ͤͤΎ 

όмύ ͍·΄͔ͯ͊͊ͤͤ͘͟·ͣ ͫͨͦͫͦ͋ͦͣ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͍͔ͨͪͦͭͦͪ;͙Ό ͙͙͡ ͊͋ͫͯͪ͒ͯΦ ˭ͤ͊;͙ͭΣ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡Σ 

͙͍͔ͨͪͦͭͦͪ;͊΅͔͔ ͎͙͔͔ͨͦͭ͘Σ τ ͦ ΄͙͋ͦ;͔ͤͦ. 

˭͔͙͊ͣͭͣΣ ;ͭͦ ͙͔͔͙͔ͣͤͤ͘ ͔͙ͨͦͦ͗ͤ͡Ύ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡ x0, y0 ʠ z0 ͍ 

͔͍ͨͪͦͤ͊;͊͡Έͤͦ ͍͔ͦ͋ͯͫͦͤͤͦͣ͡͡ ͔͍͔͍͔ͤͪ͊ͤͫͭ x0 < y0 < z0 ʠ x0
n < y0

m ͙͙͡ ͍ͭͪ͊ͭͦ͊͟͟ ͎͙͔ͨͦͭ͘· 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͙ͣ ͔ͦͣͨͫͤ͟͟͡·͙ͣ ;͙͙ͫ͊ͣ͡ ͙ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͺͦͪͣͯ͡· ˸͍ͯ͊ͪ͊ ͒͡Ύ ͔͙ͨͦͫͭͪͦͤΎ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͻ ͙ ͔ͪͯ͘͡Έ͙ͭͪͯΌ΅͙ͻ ͨͪΎ͎ͣͦͯͦ͡Έͤ·ͻ ͔͎ͭͪͯͦ͡Έ͙͍ͤͦ͟Σ τ ͔ͤ ͍͔ͯͭ͟͡ ͦ΄͙͋ͦ;͙ͤͦͫͭ 

͍·΄͔͙͔ͦ͗ͤͤ͘͡·ͻ ͔͙͚ͪ͊ͫͫͯ͗͒ͤ ͙ ͍·͍͍ͦ͒ͦΦ 

˻;͔͍͙͒ͤͦΣ ;ͭͦ ͍·΄͔͙͔ͦ͗ͤͤ͘͡·͔ ͔͙ͪ͊ͫͫͯ͗͒ͤΎ ͙ ͍·͍ͦ͒· ͦͫͭ͊ΌͭͫΎ ͍͔ͪͤ·͙ͣΣ ͔͙ͫ͡ ͍ ͍͔͙͙ͯͪ͊ͤͤ 
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όмύ ͔ͤͦͭͦͪ͟·ͣ ͼ͔͡·ͣ ͔͔ͨͦ͊͊ͭͣ͘͟͡ ͔͔͙ͫͭͨͤ nΣ ͙͋ͦ͡ m, ͙͋ͦ͡ r ͙ͨͪ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔ͣ ͍͙͙ͦͫͤͦ͊ͤ 

x0, y0 ʠ z0, τ ͋ ͔ͯ͒ͭ ͡Ό͔͋ͦ ͼ͔͔ͦ͡ ;͙ͫͦ͡ ͋ͦ͡Έ΄͔ нΣ ͭΦ͔Φ о ͙͙͡ п ͙͙͡ р ͙ ͍ ͚ͭ͊ͦ͟ ͔͗ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͒ͦ 

͔͔͋ͫͦͤ͟;͙ͤͦͫͭΣ ͙ ͎͍͔͊ͤͦ͡Σ ͙ͨͪ ͡Ό͚͋ͦ ͍͚ͦͣͦ͗ͤͦ͘ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ 

{n > 2, m > 2, r > 2}Φ ˤ͟͡Ό;͊ΎΣ ͔͔ͪ͊ͯͣͭͫ͘ΎΣ ͙ ͫͯ͡;͚͊Σ ͎ͦ͒͊͟ ͔͔ͨͦ͊͊ͭͣ͘͟͡ ͔͔͙ͫͭͨͤ ͙ͨͪ ͊͗͒ͦͣ͟ ͍͙͙ͦͫͤͦ͊ͤ 

x0, y0 ʠ z0, τ ͋ ͔ͯ͒ͭ ͦ͒ͤͦ ͙ ͭͦ ͔͗ ͼ͔͔ͦ͡ ;͙ͫͦ͡ ͋ͦ͡Έ΄͔ нΦ 

˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͙͙͚ͫͭͤͤͦ Ύ͍͡Ύ͔ͭͫΎ ͎͙͔ͨͦͭ͊͘ ˣ͙͊͡Υ ͔͙ͫ͡ A x + B y = C z ʠ A, B, C, x, y, z ͼ͔͡·͔ 

͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔ ;͙ͫ͊͡Σ ͊ ͔͙ͨͦ͊͊ͭ͘͟͡ ͔͔͙ͫͭͨͤ x, y ʠ z ͍͔ͫ ͋ͦ͡Έ΄͔ нΣ ͭͦ ͍͙ͦͫͤͦ͊ͤΎ ͔͔͙ͫͭͨͤ A, B, C 

͒ͦ͗ͤ͡· ͙͔ͣͭΈ ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡ΈΦ ̉ͭͦ ͙  ͭ ͔͍ͪ͋ͦ͊ͦͫ͡Έ ͒ ͦ͊͊ͭ͘͟Έ. 

˻͋΅͔͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ˤ͔͙͚ͦ͟͡ ͔͔ͭͦͪͣ· ͔̅ͪͣ͊ ͙ ͎͙͔ͨͦͭ͘· ˣ͙͊͡ Ή͔͔ͣͤͭ͊ͪͤ͡·͙ͣ ͔͙ͣͭͦ͒͊ͣ 

͍͔͊ͪ͘΄͔͊ͣ ͦ͋ͦ͋΅͊Ό΅͙ͣ ͍·͍ͦ͒ͦͣΥ 

͔͔ͫͭͨͤΈ ͫ ͼ͔͡·ͣ ͔͔ͨͦ͊͊ͭͣ͘͟͡ ͋ͦ͡Έ΄͔ н ͔͍ͤͦͣͦ͗ͤͦ͘ ͙ͪ͊ͦ͗ͭ͘͡Έ ͤ͊ ͫͯͣͣͯ ͍͒ͯͻ ͔͔͔͚ͫͭͨͤ ͫ ͔ͭͣ ͔͗ 

͔͔ͨͦ͊͊ͭͣ͘͟͡ ͙ͨͪ ͼ͔͡·ͻ ͙͙͡ ͪ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ͍͙ͦͫͤͦ͊ͤΎͻ ͙ ͔͙ͫ͡ ͔͔ͫͭͨͤΈ ͤ͊ͭͯͪ͊͡Έ͎ͤͦͦ ;͙ͫ͊͡ 

ͪ͊ͫ͊͒͟͡·͍͔͊ͭͫΎ ͤ͊ ͫͯͣͣͯ ͍͒ͯͻ ͔͔͔͚ͫͭͨͤ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ;͙͔ͫ͡Σ ͊ ͔͙ͨͦ͊͊ͭ͘͟͡ ͚͊͗͒ͦ͟ ͔͔͙ͫͭͨͤ ͼ͔͡·͔ 

͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔ ;͙ͫ͊͡ ͙ ͍͔ͫ ͋ͦ͡Έ΄͔ нΣ ͭͦ ͍͙ͦͫͤͦ͊ͤΎ ͔͔͔͚ͫͭͨͤ ͙͔ͣΌͭ ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡ΈΦ 

ˮ͘ ͍·΄͔͙͔͎ͦ͗ͤͤͦͦ͘͡ ͔͔ͫ͒ͯͭ͡Σ ;ͭͦ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ ͙ ͒ͦͫͭ͊ͭͦ;ͤ·ͣ ͍͙͔ͯͫͦͣ͡ ͔ͪ΄͔͙ͤΎ ͍͔͙ͯͪ͊ͤͤΎ 

A x + B y = C z, ͍ ͦͭͦͪͦͣ͟ A, B, C, x, y, z ͼ͔͡·͔ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔ ;͙ͫ͊͡ ͙ ͍͔ͫ ͋ͦ͡Έ΄͔ мΣ ͊ ͍͙ͦͫͤͦ͊ͤΎ 

͔͔͙ͫͭͨͤ A, B ʠ C ͍ ͙͊ͣͤͦ͘ ͨͪͦͫͭ·͔Σ τ Ύ͍͡Ύ͔ͭͫΎ ͍͔͍ͪ͊ͤͫͭͦ ͔ͨͦ͊͊ͭ͘͟͡Ύ ͔͔͙ͫͭͨͤ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ;͙ͫͯ͡ нΣ τ 

͙ͨͪ ͊͗͒ͦͣ͟ ͍͙͙ͦͫͤͦ͊ͤ ͔͔͙ͫͭͨͤ ͙͙͡ ͙ͨͪ ͡Ό͋·ͻ ͍͒ͯͻ ͙͙͡ ͙ͨͪ ͡Ό͋ͦͣ ͦ͒ͤͦͣ ͍͙͙ͦͫͤͦ͊ͤ ͔͔͙ͫͭͨͤ A B C. 

˽͙ͪ Ήͭͦͣ ͦ;͔͍͙͒ͤͦΣ ;ͭͦ ͍͊͒ͪ͊ͭ͟ ͙ ͭͦ͡Έͦ͟ ͍͊͒ͪ͊ͭ͟ ͪ͊ͫ͊͒͟͡·͍͔͊ͭͫΎ ͤ͊ ͫͯͣͣͯ ͍͒ͯͻ ͔͔͔͚ͫͭͨͤ ͫ ͔ͭͣ ͔͗ 

͔͔ͨͦ͊͊ͭͣ͘͟͡ ͙ͨͪ ͍͙͊ͣͤͦ͘ ͨͪͦͫͭ·ͻ ͙͙͡ ͙͔ͣΌ΅͙ͻ ͦ͋΅͙͚ ͚ͨͪͦͫͭͦ ͙͔ͣͤͦ͗ͭ͡Έ ͍͙ͦͫͤͦ͊ͤΎͻ ͔͔͙ͫͭͨͤ 

A, B, C. 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˣ͊΄͍ͣ͊ͦ͊͟ ˮΦ˥ΦΣ ˿͍͙͊ͯͭͤ͡ ˩ΦˮΦ ˸͎ͦͤͦͪ͊ͺ͙ΎΥ ˮ͙ͫͭͦͪΎ ͙͒ͦͺ͍͊ͤͭͦ͊ ͙͊ͤ͊͊͘͡ ͦͭ ˨͙ͦͺ͊ͤͭ͊ ͒ͦ ͔̅ͪͣ͊Φ 

˸ΦΥ ζ˹͊ͯ͊͟ηΣ мфупΣ нрс ͫΦ 

2. ˮ͎ͤ͊ͭΈ͔͍ ˩ΦˮΦ ˤ ͼ͍͔͊ͪͫͭ ͔͙ͫͣ͊͟͟͡ ͙͙͡ ͙͊ͪͺ͔͙ͣͭ͊͟ ͒͡Ύ ͍͔ͫͻΦ ˴͙͎ͤ͊ ͒͡Ύ ͔ͫͣΈ͙ ͙ ΄ͦ͟͡·Φ ˻ͨ·ͭ 

͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͻ͔͙͙ͪͫͭͦͣ͊ͭ ͍ о-ͻ ͙͎ͤ͊͟ͻΦ 

˾͍ͦͫͭͦ ς ͤ κ˨ΦΥ ˴ͤΦ ͙ ͒͘Φ - ͍ ͦΣ мффрΣ смс ͫΦ 

3. ˽ ͙͍ͦͫͭͤͦ͟ ˸Φ˸Φ ͔͔́ͦͪͣ͊ ͔̅ͪͣ͊Φ ˤ͍͔͔͙͔͒ͤ ͍ ͔͙ͭͦͪΌ ͎͔͙͊͋ͪ͊͡;͔͙ͫ͟ͻ ;͙͔ͫ͡Φ ˸ΦΥ ζ˹͊ͯ͊͟ηΣ мфтуΣ мну ͫΦ 

ϭ̊ͦ΄͙ͤ ˿Φ˹ΦΣ нлнр 
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͚̆͊·͍͒ͦ͊ ˢ͚;͊  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΣ 

 ˻ ͔͍ͭͯ͋͊͊͘ ͚̆ͯͣ͊ 

͔ͫͭͯ͒ͤͭΦ 

 

˿́˾̂˴́̂˾ˢ ˮ ˿ˤ˻˯˿́ˤˢ ˤ̍˿˻˴˻˸˻˶˩˴̂˶̒˾˹̍̆ ˿˻˩˨ˮ˹˩˹ˮ˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͔ͫͭͪͯͭͯͪ͟ ͙ ͍͚͍ͫͦͫͭ͊ͻ 

͍·͔ͫͦͦͣͦͯ͟͟͡͡Ύͪͤ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤ ό͙͔͍ͨͦͣͪͦ͡ύΦ ˨͔͊ͭͫΎ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͔ͣ͊ͪͦͣͦͯ͟͟͡͡·Σ ͍͍ͦ͒ΎͭͫΎ 

͍ͦͫͤͦͤ·͔ ͨͦͤΎ͙ͭΎ ς ͣ ͔ͦͤͦͣͪΣ ͔ͫͭͪͯͭͯͪͤͦ͟ ͍͔ͤͦ͘Σ ͔͔ͫͭͨͤΈ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙͙Φ ˽͙͍͙ͪͦ͒ͭͫΎ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ 

͙͔͍ͨͦͣͪͦ͡ ͨͦ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΌ ό͙ͨͪͪͦ͒ͤ·͔Σ ͙͔͙ͫͤͭͭ;͔͙͔ͫ͟Σ ͙͍͔ͫͯͫͫͭͤͤ͟·͔ύ ͙ ͨͦ ͔͙ͫͭͪͦͤΌ 

͔ͣ͊ͪͦͣͦͯ͟͟͡͡ ό͙͔͚ͤͤ͡·͔Σ ͍͔͍͖ͪ͊ͭͤͤ͘͡·͔Σ ͔ͫͭ;͊ͭ·͔ύΦ ˻͙ͨͫ͊ͤ· ͻ͔͊ͪ͊ͭͪͤ͟·͔ ͺ͙͙͘;͔͙͔ͫ͟ ͙ 

͔ͣͻ͙͊ͤ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͙͔ͨͦͣͪͤ͡·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ό͍·ͫͦ͊͟Ύ Ή͙͊ͫͭ͡;ͤͦͫͭΈΣ ͔͙ͭͪͣͦͨ͊ͫͭ͡;ͤͦͫͭΈΣ ͍Ύ͊͘͟Ύ 

͔ͭ;͙ͣͦͫͭΈύΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͍͙͡Ύ͙ͤΌ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͫͭͪͯͭͯͪ͟· ͔ͣ͊ͪͦͣͦͯ͟͟͡͡ ͙ ͙ͻ 

͔ͤ͊͒ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͤ͊ ͨͪͦ;ͤͦͫͭͤ·͔Σ ͔͍ͭͨͦ͡·͔ ͙ ͻ͙͙ͣ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͙͔͍ͨͦͣͪͦ͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͍·͔ͫͦͦͣͦͯ͟͟͡͡Ύͪͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎΣ ͙͔ͨͦͣͪ͡·Σ ͔ͣ͊ͪͦͣͦͯ͊͟͟͡͡Σ ͫͭͪͯͭͯͪ͊͟Σ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΎΣ ͍͚͍ͫͦͫͭ͊ 

͙͔͍ͨͦͣͪͦ͡Σ ͙͔͚ͤͤ͡·͔ ͙͔ͨͦͣͪ͡·Σ ͍͔͍͖ͪ͊ͭͤͤ͘͡·͔ ͙͔ͨͦͣͪ͡·Σ Ή͙͊ͫͭ͡;ͤͦͫͭΈΣ ͔͙ͭͪͣͦͨ͊ͫͭ͡;ͤͦͫͭΈΦ 

 

ˤ·͔ͫͦͦͣͦͯ͟͟͡͡Ύͪͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎ όˤ˸˿ύ ς Ήͭͦ ͍͔΅͔͍ͫͭ͊ ͫ ͦ;͔ͤΈ ͋ͦ͡Έ΄͚ͦ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͚ͣ͊ͫͫͦΣ 

͔ͣͦͯ͟͡͡· ͦͭͦͪ͟·ͻ ͔ͫͦ͒ͪ͗͊ͭ ͍ͨͦͭͦͪΎΌ΅͙͔ͫΎ ͎͙͍͙ͪͯͨͨͪͦ͟ ͍͊ͭͦͣͦΦ ˤ ͙ͦ͋ͻ͔ͦ͒ ͨͦͤΎ͙͔ͭ ζ͙͔ͨͦͣͪ͡η όͦͭ 

͎͔ͪ;Φ ζ͎ͣͤͦͦ ;͔͚͊ͫͭηύ ͺ͙͊ͭ͟;͔͙ͫ͟ ͔͍ͦͭͦ͗͒ͫͭ͡Ύ͔ͭͫΎ ͫ ˤ˸˿Σ ͨͦ͒;͖͙͍ͪ͊͟Ύ ͙ͻ ͼ͔͔ͨͤͦ ͔͙͔ͫͭͪͦͤΦ 

˸͔͊ͪͦͣͦͯ͟͟͡͡· ͙͔͍ͨͦͣͪͦ͡ ͎ͣͦͯͭ ͔ͫͦ͒ͪ͗͊ͭΈ ͭ·ͫΎ;͙ ͙ ͔͒͊͗ ͙͙ͣͦͤ͡͡· ͍͔ͤ͘Έ͔͍Σ ͊ ͫͯͣͣ͊ͪͤ͊Ύ 

͔ͣͦͯ͟͡͡Ύͪͤ͊Ύ ͣ͊ͫͫ͊ ͙͔͎ͨͦͣͪͤͦͦ͡ ͍͔΅͔͍ͫͭ͊ ͦ͋·;ͤͦ ͙ͫ;͙ͫ͡Ύ͔ͭͫΎ ͔͒ͫΎ͙ͭ͊ͣ͟ ͭ·ͫΎ; ͙ ͔͔͋ͦ͡ ͊ͭͦͣͤ·ͻ 

͔͙͙͒ͤͼ ͣ͊ͫͫ·Φ ͔͔̇ͨͤͦ ͔͙͔ͫͭͪͦͤ ͙ ͍·ͫͦ͊͟Ύ ͙͒ͤ͊͡ ͔ͣ͊ͪͦͣͦͯ͟͟͡͡ ͙͖ͨͪ͒͊ͭ ͙͔ͨͦͣͪ͊ͣ͡ ͦͫͦ͋·͔ ͺ͙͙ͦ͘͟-

͔ͣͻ͙͊ͤ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊Υ ͙ͦͤ ͎͙͙͔͋͟Σ Ή͙͊ͫͭ͡;ͤ·͔Σ ͫͨͦͫͦ͋ͤ· ͟ ͤ͊͘;͙͔ͭ͡Έͤ·ͣ ͙ͦ͋ͪ͊ͭͣ·ͣ ͔͒ͺͦͪͣ͊ͼ͙Ύͣ 

͙ͨͪ ͣ͊͡·ͻ ͎ͤ͊ͪͯ͊͘͟ͻΦ ˴͊͟ ͔ͦͭͣ;͊Όͭ ͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡Σ ζͦͫͦ͋·͔ ͍͚͍ͫͦͫͭ͊ ͙͔͍ͨͦͣͪͦ͡ ͦ͋ΆΎͫͤΎΌͭͫΎ ͔ͤ 

ͭͦ͡Έͦ͟ ͋ͦ͡Έ΄͚ͦ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͚ͣ͊ͫͫͦΣ ͤͦ ͙ ͔ͭͣΣ ;ͭͦ ͔ͣ͊ͪͦͣͦͯ͟͟͡͡· ͙͔ͣΌͭ ͼ͔͔ͨͤͦ ͔͙͔ͫͭͪͦͤ ͙ 

ͦ͋͊͒͊͡Όͭ ͎͙͋ͦͫͭ͟ΈΌηΦ ˤ͍͔͔͙͔͒ͤ Ή͚ͭͦ ͫͭ͊ͭΈ͙ ͍͙ͨͦ͒ͦ͒ͭ ;͙͔ͭ͊ͭ͡Ύ ͟ ͍ͦͫͤͦͤ·ͣ ͨͦͤΎ͙ͭΎͣΥ 

͔ͣ͊ͪͦͣͦͯ͊͟͟͡͡Σ ͔ͣͦͤͦͣͪΣ ͔ͫͭͪͯͭͯͪͤͦ͟ ͍͔ͤͦ͘Σ ͔͔ͫͭͨͤΈ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙͙ ͙ ͔ͫͨͼ͙ͺ͙;͔͙ͫͣ͟ 

͔ͦͫͦ͋ͤͤͦͫͭΎͣ ͍͔͔͙ͨͦ͒ͤΎ ˤ˸˿Φ 

˿ͭͪͯͭͯͪ͊͟ ͔ͣ͊ͪͦͣͦͯ͟͟͡͡Φ ˸͔͊ͪͦͣͦͯ͊͟͟͡͡ ͙͔ͨͦͣͪ͊͡ ς Ήͭͦ ͔͙͙͒ͤ;ͤ͊Ύ ͔ͣͦͯ͊͟͡͡Σ ͫͦͫͭͦΎ΅͊Ύ ͙͘ 

͋ͦ͡Έ΄͎ͦͦ ;͙ͫ͊͡ ͍ͨͦͭͦͪΎΌ΅͙ͻͫΎ ͫͭͪͯͭͯͪͤ͟·ͻ ͍͔ͤ͘Έ͔͍Φ ˴͊͗͒·͚ ͫͭͪͯͭͯͪͤ͟·͚ ͋ͦ͟͡ ό͍͔ͫͦͫͭ͊ͤͦ ͍͔ͤͦ͘ύ 

͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͔͔ͣͦͯ͟͡͡ ͔ͣͦͤͦͣͪ͊ ͙͙͡ ͔͙͔͙ͫͦ͒ͤͤΌ ͔ͤͫͦ͟͡Έ͙͟ͻ ͔͍ͣͦͤͦͣͪͦΦ ˸͔͙ͦͤͦͣͪ͊ͣ ͤ͊͘·͍͊ΌͭͫΎ 

͙͔ͤͦͣͦͯ͘͟͟͡͡Ύͪͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎΣ ͙͘ ͦͭͦͪ͟·ͻ ͦ͋ͪ͊ͯ͘ΌͭͫΎ ͙͔ͨͦͣͪ͡·Φ ͙̉ͫͦ͡ ͍͔ͤ͘Έ͔͍ ƴ ͍ ͔͔ͣ͊ͪͦͣͦͯ͟͟͡͡ 

͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔͔ͫͭͨͤΈΌ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙͙ ς Ήͭͦ ͤ͊͘;͔͙͔ͤ ͙͊ͨͫ͘·͍͔͊ͭͫΎ ͙͔ͤ͒ͫͦͣ͟ ͊͘ ͺͦͪͣͯ͡Έ͚ͤͦ 

͚ͫͦ͋ͦ͟͟ ό͙͔ͤ͊ͨͪͣͪΣ ώς/Iіς/Iіς] ). ˨͡Ύ ͙͔͙ͫͤͭͭ;͔͙ͫ͟ͻ ͙͔͍ͨͦͣͪͦ͡ ͦ͋·;ͤͦ ƴ Ғ млчςмлщΣ ͯ ͙ͨͪͪͦ͒ͤ·ͻ 

͔ͣ͊ͪͦͣͦͯ͟͟͡͡ ό͙͔ͤ͊ͨͪͣͪΣ ˨˹˴ύ ƴ ͔ͣͦ͗ͭ ͙͎͒ͦͫͭ͊ͭΈ млюςмлцхΦ ˽ͦͫͦ͟͡Έͯ͟ ͍ ͙͔͔ͨͦͣͪ͡ ͔ͫͦ͒ͪ͗͊ͭͫΎ 

͔ͣ͊ͪͦͣͦͯ͟͟͡͡· ͚ͪ͊ͤͦ͘ ͙͒ͤ͡·Σ ͦ͋·;ͤͦ ͎͍ͦͦͪΎͭ ͦ͋ ͙ͻ ͔͔͚ͫͪ͒ͤ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͔ͣ͊ͫͫΦ ˽ ͦ ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͙ 

͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͼ͔͙ͨ ͔ͣ͊ͪͦͣͦͯ͟͟͡͡· ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭͫΎ ͊͟͟ ͙͔͚ͤͤ͡·͔Σ ͍͔͍͖ͪ͊ͭͤͤ͘͡·͔ ͙͙͡ 

͔ͫͭ;͊ͭ·͔ όͫ΄͙ͭ·͔ύϝϝΦ ˶͙͔͚ͤͤ·͔ ͙͔ͨͦͣͪ͡· ͙͔ͣΌͭ ͦ͒ͤͯ ͨͪͦͭΎ͖͗ͤͤͯΌ ͼ͔ͨΈ ͔͋͘ ͍͋ͦͦ͟·ͻ ͍͔͍͔͙͚ͦͭͭͤ͡Φ 

˾͍͔͍͖͊ͭͤͤ͘͡·͔ ͙͔ͨͦͣͪ͡· ͔ͤͫͯͭ ͍͋ͦͦ͟·͔ ͍͔͍͙ͭΣ ͦͭͦͪ͟·͔ ͨͦΎ͍͡ΎΌͭͫΎ ͙ͨͪ ͨͦ͋ͦ;ͤ·ͻ ͔ͪ͊͟ͼ͙Ύͻ 

͙͔͙ͨͦͣͪ͊͘͡ͼ͙͙ ͙͙͡ ͙͔ͨͦͦͤ͒ͤͫ͊͟͡ͼ͙͙Φ ˿͔ͭ;͊ͭ·͔ ͙͔ͨͦͣͪ͡· ͦ͋ͪ͊ͯ͘ΌͭͫΎ ͙ͨͪ ͫ΄͙͍͔͟ ͼ͔͔͚ͨ ό͙͔ͤ͊ͨͪͣͪΣ 

͍͙ͯ͊ͤ͊͘͟͡ͼ͙͔͚ ͊ͯ͟;ͯ͊͟ύΣ ͺ͙ͦͪͣͪͯΎ ͖ͭͪͻ͔ͣͪͤͯΌ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͯΌ ͔ͫͭΈΦ ˤ ͙͔͚ͤͤ͡·ͻ ͙ ͍͔͍͖ͪ͊ͭͤͤ͘͡·ͻ 
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͔ͣ͊ͪͦͣͦͯ͊͟͟͡͡ͻ ͊ͭͦͣ· ͍͔ͤ͘Έ͔͍ ͎ͣͦͯͭ ͍ͪ͊΅͊ͭΈͫΎ ͍͎ͦͪͯ͟ ͙ͦ͒ͤ͊ͪͤ·ͻ ͍ͫΎ͔͚͘Σ ;ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͎͙͋ͦͫͭ͟Έ 

ͼ͔͔͚ͨΦ ˮ͘-͊͘ Ή͎ͭͦͦ ͙͔͚ͤͤ͡·͔ ͙ ͫ͊͋ͦ͡ ͍͔͍͖ͪ͊ͭͤͤ͘͡·͔ ͙͔ͨͦͣͪ͡· ͎ͣͦͯͭ ͙͎͙͋͊ͭ͘ΈͫΎΣ ͫͪͯ͟;͙͍͊ͭΈͫΎΣ 

ͪ͊ͫͨͪΎͣ͡ΎͭΈͫΎΤ ͙ͦͤ ͨͪͦΎ͍͡ΎΌͭ ͍·ͫͦͯ͟Ό Ή͙͊ͫͭ͡;ͤͦͫͭΈ ͙ ͔͙ͭͪͣͦͨ͊ͫͭ͡;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ όͪ͊ͣ͘Ύ͎;͊ΌͭͫΎ 

͙ͨͪ ͎͔͍͙͙ͤ͊ͪ͊ͤ ͔͋͘ ͔͙ͪ͊ͦ͗ͤ͘͡ΎύΦ ˽͙ͪ ͔͔ͨͪͻ͔ͦ͒ ͟ ͔ͫͭ;͚͊ͭͦ ͔ͫͭͪͯͭͯͪ͟ ͍ͫͦ͋ͦ͒͊ ͼ͔͔͚ͨ ͔ͪͦ͘͟ 

͎͙ͦͪ͊ͤ;͙͍͔͊ͭͫΎ ς ͙͔ͭ͊͟ ͙͔ͨͦͣͪ͡· ͔ͭͪΎΌͭ ͔ͭͯ͟;͔ͫͭΈ ͙ ͍ͫͭ͊ͤͦΎͭͫΎ ͍͖ͭͪ͒·͙ͣ ͔ͤΉ͙͊ͫͭ͡;ͤ·͙ͣ 

͔͙͙ͣ͊ͭͪ͊͊ͣ͡Φ 

˸͔͊ͪͦͣͦͯ͟͟͡͡· ͙͔͍ͨͦͣͪͦ͡ ͎ͣͦͯͭ ͙͔ͣͭΈ ͪ͊ͤ͘·͔ ͙ͭͨ· ͎͙͙ͭͦͨͦͦ͡Υ όŀύ ͙͔͚ͤͤ͊͡Ύ όͼ͔ͨͤ͊ΎύΣ ό͋ύ 

͍͔͍͖ͪ͊ͭͤͤ͊͘͡ΎΣ ό͍ύ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ-ͫ΄͙ͭ͊Ύ ͔ͫͭΈΦ ˴͊͟ ͍͙͒ͤͦ ͙͘ ͫͻ͔ͣ·Σ ͙ͤ͊͡;͙͔ ͍͋ͦͦ͟·ͻ ͍͔͍͔͚ͭ ͙͙͡ 

͔͔ͨͦͨͪ;ͤ·ͻ ͍ͫΎ͔͚͘ ͔ͣͤΎ͔ͭ ͔ͤ͊͒ͣͦͯ͟͡͡ΎͪͤͯΌ ͫͭͪͯͭͯͪͯ͟ ͔͙ͣ͊ͭͪ͊͊͡Φ ˶͙͔͚ͤͤ·͔ ͙͔ͨͦͣͪ͡· ͙ͨͪ 

͒ͦͫͭ͊ͭͦ;ͤͦͣ ͯͨͦͪΎ͒ͦ;͔͙͙ͤ ό͔͔͔͎ͫͭͪͦͪͯ͡Ύ͙ͪͤͦͫͭύ ͎ͣͦͯͭ ͙͙͍ͪͫͭ͊ͦ͊ͭ͘͟͡͡ΈͫΎΣ ͍ ͭͦ ͍͔ͪͣΎ ͊͟͟ ͙ͫ͡Έͤͦ 

͍͔͍͖ͪ͊ͭͤͤ͘͡·͔ ͙ ͫ΄͙ͭ·͔ ͙͔ͨͦͣͪ͡· ;͊΅͔ ͊ͣͦͪͺͤ·Φ ˿͔ͭ;͊ͭ·͔ ͙͔ͨͦͣͪ͡· ͦ͋ͪ͊ͯ͘Όͭ ͦ͒ͤͯ ͎͙͎͊ͤͭͫͯ͟Ό 

͔ͣͦͯͯ͟͡͡ ς ͙ͦͤ ͔͍͙ͤͪ͊ͫͭͦͪͣ· ͙ ͔ͤ ͍ͨ͊͡ΎͭͫΎΣ ͙͋ͦ ͍ͫΎ͊ͤ͘· ͎ͣͤͦͦ;͙͔ͫͤͤ͡·͙ͣ ͔͔ͨͦͨͪ;ͤ·͙ͣ 

ͻ͙͙ͣ;͔͙͙ͫͣ͟ ͍ͫΎ͘Ύ͙ͣΦ  ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙ΎΦ ˽ͦ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΌ ͙ ͍ͫͦͫͭ͊ͯΦ ˽ͦ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΌ ͍͔ͫ 

͙͔ͨͦͣͪ͡· ͔͒͡ΎͭͫΎ ͤ͊ ͙ͨͪͪͦ͒ͤ·͔Σ ͙͍͔ͫͯͫͫͭͤͤ͟·͔ ͙ ͙͔͙ͫͤͭͭ;͔͙͔ͫ͟Φ ˽͙ͪͪͦ͒ͤ·͔ ͙͔ͨͦͣͪ͡· ό͙͔ͤ͊ͨͪͣͪΣ 

͔͙͋͟͡Σ ͔͙͍ͤͯͤͦ͟͡·͔ ͙ͫͦͭ͟͡·Σ ͤ͊ͭͯͪ͊͡Έͤ·͚ ͊ͯ͟;ͯ͟ύ ͍͔ͫͭͪ;͊ΌͭͫΎ ͍ ͙͍͗·ͻ ͎͙ͦͪ͊ͤͣ͊͘ͻΦ ˮ͍͔ͫͯͫͫͭͤͤ͟·͔ 

͙͔ͨͦͣͪ͡· ͨͦͯ͡;͊Όͭ ͖ͨͯͭͣ ͻ͙͙ͣ;͔͚ͫͦ͟ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙ͨͪͪͦ͒ͤ·ͻ ͔ͣ͊ͪͦͣͦͯ͟͟͡͡ ό͙͔ͤ͊ͨͪͣͪΣ ͼ͔ͯͦ͊͘͡͡͡ 

͊ͼ͔͙͙͔ͭͪͯͭͫ͡Ύ ͒ͦ ͼ͔ͦ͘͡͡· ͊ͼ͔͚ͭ͊ͭͤͦύΦ ˿͙͔͙ͤͭͭ;͔͙͔ͫ͟ ͙͔ͨͦͣͪ͡· ͦ͋ͪ͊ͯ͘ΌͭͫΎ ͨͪΎ͚ͣͦ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙͔͚ 

ͣ͊͡·ͻ ͎͙ͦͪ͊ͤ;͔͙ͫ͟ͻ ͔͙͔͙͚ͫͦ͒ͤͤ ό͙͔ͤ͊ͨͪͣͪΣ ͙ͨͦ͡Ή͙͔ͭͤ͡Σ ͙͙ͨͦͫͭͪͦ͡͡ύΦ ˽ͦ ͻ͙͙ͣ;͔ͫͦͣͯ͟ ͍ͫͦͫͭ͊ͯ 

͙ͪ͊͘͡;͊Όͭ ͊ͪ͋ͦ͟ͼ͔ͨͤ·͔ ό͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ύ ͙ Ή͔͔͎͙ͣͤͭͦͦͪ͊ͤ͡;͔͙͔ͫ͟ ͙͔ͨͦͣͪ͡·Φ ˤ ͊ͪ͋ͦ͟ͼ͔ͨͤ·ͻ ͼ͔ͨΈ 

͙ͫͦͫͭͦͭ ͭͦ͡Έͦ͟ ͙͘ ͍͊ͭͦͣͦ ͎͔ͯͪͦ͒͊͡ όͫͨͦ͡΄ͤ͊Ύ ͎͔ͯͪͦ͒ͤ͊͡Ύ ͼ͔ͨΈύΣ ͍ Ή͔͔͎͙ͣͤͭͦͦͪ͊ͤ͡;͔͙ͫ͟ͻ ς ;͔͔ͪ͒ͯΌͭͫΎ 

͊ͭͦͣ· ͔͙ͪͣͤ͟ΎΣ ͺͦͫͺͦͪ͊ ͙ ͭΦ͒Φ ͍ ͼ͔͙ͨ ͙͙͡ ͍ ͍͋ͦͦ͟·ͻ ͎ͪͯͨͨ͊ͻΦ ˿ͯ΅͔͍͔ͫͭͯͭ ͔ͭ͊͗͟ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͨͦ 

͍͚ͦͫͤͦͤͦ ͫͻ͔͔ͣ ͙͔ͫͤͭ͊͘Υ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙Ύ ό͔͋͘ ͨͦ͋ͦ;ͤ·ͻ ͍ͨͪͦ͒ͯͭͦ͟ύ ͙ ͙͔ͨͦͦͤ͒ͤͫ͊͟͡ͼ͙Ύ όͫ 

͍͙͔ͦ͋ͪ͊ͦ͊ͤͣ͘ ͍ͦ͒· ͙͙͡ ͒ͪΦ ͙͔ͤͦͣͦͯ͘͟͟͡͡Ύͪͤ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤύΣ ͊ ͔ͭ͊͗͟ ͨͦ ͺ͙͙͘;͔ͫͦͣͯ͟ ͍͔͔͙ͨͦ͒ͤΌΥ 

͔ͭͪͣͦͨ͊ͫͭ͡· όͼ͔͙ͨ ͍ͫΎ͊ͤ͘· ͫ͊͋͡·͙ͣ ͙͙ͫ͊ͣ͡ ˤ͊ͤ-͔͒ͪ-ˤ͊͊͡Έͫ͊Σ ͔͙ͣ͊ͭͪ͊͡ ͍͙ͨ͊ͭͫ͡Ύύ ͙ ͔ͪ͊ͭͦͨ͊ͫͭ͟͡· 

όͼ͔͙ͨ ͫ΄͙ͭ· ͻ͙͙ͣ;͔͙͙ͫͣ͟ ͍ͫΎ͘Ύ͙ͣΣ ͔͙ͣ͊ͭͪ͊͡ ͔ͤ ͍͙ͨ͊ͭͫ͡ΎύΦ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙͔͍ͨͦͣͪͦ͡ ͨͦ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΌΥ ͙ͨͪͪͦ͒ͤ·͔Σ ͙͔͙ͫͤͭͭ;͔͙͔ͫ͟ ͙ ͙͍͔ͫͯͫͫͭͤͤ͟·͔Φ 

˽͙ͪͪͦ͒ͤ·͔ ͙͔ͨͦͣͪ͡· ͙͍ͨͪͫͯͭͫͭͯΌͭ ͍ ͙͍͚͗ͦ ͙͔ͨͪͪͦ͒Σ ͙͔͙ͫͤͭͭ;͔͙͔ͫ͟ ͨͦͯ͡;͔ͤ· ͙͘ ͨͪͦͫͭ·ͻ 

͎͙ͦͪ͊ͤ;͔͙ͫ͟ͻ ͔͍ͣͦͤͦͣͪͦΣ ͊ ͙͍͔ͫͯͫͫͭͤͤ͟·͔ ς ͖ͨͯͭͣ ͙ͣͦ͒ͺ͙͊͟ͼ͙͙ ͙ͨͪͪͦ͒ͤ·ͻ ͙͔͍ͨͦͣͪͦ͡Φ ́͊͊͟Ύ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͔ͦͭͪ͊͗͊ͭ ͙ͫͭͦ;͙͙ͤ͟ ͙͔ͨͦͣͪͤ͡·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͙ ͍ͫΎ͘·͍͔͊ͭ ͙ͻ ͫ ͔ͭͻ͎͙͔͚ͤͦͦ͡ ͨͦͯ͡;͔͙ͤΎΦ 

˽ͦ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͔ͫͭͪͯͭͯͪ͟Φ ˽ͦ ͔ͫͭͪͯͭͯͪ͟ ͔ͣ͊ͪͦͣͦͯ͟͟͡͡ ͙͔ͨͦͣͪ͡· ͔ͪ͊͒͘͡ΎΌͭ ͤ͊ ͙ͭͪ 

ͯ͊͊ͤͤ͘͟·ͻ ͍͙͒͊Υ ͙͔͚ͤͤ͡·͔Σ ͍͔͍͖ͪ͊ͭͤͤ͘͡·͔ ͙ ͔ͫͭ;͊ͭ·͔Φ ˶͙͔͚ͤͤ·͔ ͔ͣ͊ͪͦͣͦͯ͟͟͡͡· ό͙͔ͤ͊ͨͪͣͪΣ 

͙ͨͦ͡Ή͙͔ͭͤ͡Σ ͙͙͔ͨͦͨͪͦͨͤ͡͡ύ ͺ͙ͦͪͣͪͯΌͭ ͨͦͭͤ͡·͔ ͍ͯͨ͊ͦ͊ͤͤ͟·͔ ͫͭͪͯͭͯͪ͟· ͙ ͙ͨͪ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙͙ 

ͦ͋ͪ͊ͯ͘Όͭ ͙͙͙ͨͦͪͫͭ͊͟͡͡͡;͔͙͔ͫ͟ ͙ͦ͋͊ͫͭ͡Φ ˾͍͔͍͖͊ͭͤͤ͘͡·͔ ͙͔ͨͦͣͪ͡· ό͙͔ͤ͊ͨͪͣͪΣ ͙͔͙͊ͣͦͨͭͤ͟͡ ͍ 

ͪ͊͟ͻ͔ͣ͊͡Σ ͔ͤͦ͋ͪ͊͋ͦͭ͊ͤͤ·͚ ͤ͊ͭͯͪ͊͡Έͤ·͚ ͊ͯ͟;ͯ͟ύ ͊ͭͪͯ͒ͤ͘ΎΌͭ ͔ͨͦͭͤͦ͡ ͯ͊͒͟͡·͍͙͔͊ͤ ͙ ͙͔ͣΌͭ ͔͔͋ͦ͡ 

͙ͤͯ͘͟Ό ͙͙ͪͫͭ͊͟͡͡;ͤͦͫͭΈΦ ˿͔ͭ;͊ͭ·͔ ͙͔ͨͦͣͪ͡· ό͙͔ͤ͊ͨͪͣͪΣ Ή͙ͨͦͫ͒ͤ͟·͔ ͫͣͦ͡· ͔ͨͦͫ͡ ͍͔͔͙ͦͭͪ͗͒ͤΎύ 

ͦ͋ͪ͊ͯ͘Όͭ ͖ͭͪͻ͔ͣͪͤͯΌ ͔ͫͭͯ͟ ς ͙ͦͤ ͍͖ͭͪ͒·͔Σ ͔͍͙ͤͪ͊ͫͭͦͪͣ·͔ ͙ ͔ͤͪ͊ͣ͘Ύ͎;͔͊ͣ·͔Φ ͚́͊ͦ͟ ͙ͭͨ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͦ͊͘͟·͍͔͊ͭ ͔ͪ΄͊Ό΅͔͔ ͍͙͡Ύ͙͔ͤ ͤ͊ ͺ͙͙͘;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊Υ ͫ ͍͔͙ͯ͡;͔͙͔ͤͣ ͔͔͙ͫͭͨͤ ͫ΄͙͍͙͟ 

͔͙ͭͪͣͦͨ͊ͫͭ͡;ͤͦͫͭΈ ͙ͫ;͔͔͊ͭ͘Σ ͊ ͨͪͦ;ͤͦͫͭΈ ͙ ͔͚ͭͪͣͦͫͭͦͦͫͭ͟Έ ͍ͦͪ͊ͫͭ͊͘ΌͭΦ 

˿͍͚͍ͦͫͭ͊ ͍·͔ͫͦͦͣͦͯ͟͟͡͡Ύͪͤ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΦ ˽͙͔ͦͣͪͤ͡·͔ ͔͙ͣ͊ͭͪ͊͡· ͦ͋͊͒͊͡Όͭ ͪΎ͒ͦͣ 

͙ͦͭ͡;͙͔ͭ͡Έͤ·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭΦ ͙̏͊ͫͭ͡;ͤͦͫͭΈ ς ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ ͋ͦ͡Έ΄͙ͣ ͙ͦ͋ͪ͊ͭͣ·ͣ ͔͒ͺͦͪͣ͊ͼ͙Ύͣ ς 

ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͔͒͊͗ ͙ͨͪ ͔͔ͯͣͪͤͤ·ͻ ͎ͤ͊ͪͯ͊͘͟ͻ ό͙͔͔ͤ͊͋ͦ͡ Ύͪͦ͟ ͍ ͊ͯ͟;ͯ͊͟ͻύΦ ͙͙́ͨ;ͤ·͚ ͙͔ͨͦͣͪ͡ ͔ͭ͊͗͟ 

ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͙͚ͤͦ͘͟ ͻͪͯͨͦͫͭ͟ΈΌΣ ͭΦ͔Φ ͙͔ͨͦͣͪͤ͡·͔ ͙͙ͨ͊ͫͭ͟͡ ͙ Ή͙͋ͦͤͭ· ͍͙͔ͫͪ͊ͤͭ͡Έͤͦ ͨͦ͡ͻͦ 

ͦͣ͊͡ΌͭͫΎ ͙ͨͪ ͔͒ͺͦͪͣ͊ͼ͙͙Φ ˸͔͊ͪͦͣͦͯ͟͟͡͡· ͎ͣͦͯͭ ͙͔͙͍ͦͪͤͭͪͦ͊ͭΈͫΎ ͍ ͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͤ͊ͭΎ͔͙͗ͤΎΣ ;ͭͦ 

͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͙ͨͪ ͙͎͍͔͙͙ͦͭͦͤ͘͡ ͍ͦͦͦͤ͟͡ ͙ ͖ͨͤͦ͟͡ ͙͘ ͙͔͍ͨͦͣͪͦ͡Φ ˤ ͍ͪ͊ͫͭͦͪ͊ͻ ͙͔͍ͨͦͣͪͦ͡ ͙͔ͣΌͭͫΎ 

ͦͫͦ͋·͔ Ύ͍͔͙ͤ͡ΎΥ ͔͒͊͗ ͙ͨͪ ͔ͤ͋ͦ͡Έ΄͚ͦ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͔ͣ͊ͪͦͣͦͯ͟͟͡͡ ͍Ύͦͫͭ͘͟Έ ͍ͪ͊ͫͭͦͪ͊ ͦ;͔ͤΈ ͍͔͙͊͟͡Σ 
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͊ ͔͔ͨͪ͒ ͨͦͤ͡·ͣ ͍͔͙͔ͪ͊ͫͭͦͪͤͣ ͙͔ͨͦͣͪ͡ ͫͤ͊;͊͊͡ ͙ͫ͡Έͤͦ ͤ͊͋ͯͻ͔͊ͭΦ ͙̏ͭ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍ͫΎ͊ͤ͘· ͫ ͔ͭͣΣ ;ͭͦ 

͔ͣ͊ͪͦͣͦͯ͟͟͡͡· ͊ͨͯͭ͘·͍͊ΌͭͫΎ ͎͒ͪͯ ͫ ͎͒ͪͯͦͣ ͙ ͦ͋ͪ͊ͯ͘Όͭ ͔ͫͭΈ ͙ͨͪ ͣ͊ͦͣ͡ ͍͔͙͙ͪ͊͋͊ͤ͘͡Φ ͔͍́ͨͦ͡·͔ 

͍͚͍ͫͦͫͭ͊ ͙͔͍ͨͦͣͪͦ͡ ͔ͭ͊͗͟ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎ ͔͔ͨͪͻͦ͒ͤ·͙ͣ ͔͔͙ͭͣͨͪ͊ͭͯͪ͊ͣΦ ̂ ͊ͣͦͪͺͤ·ͻ ͙͔͍ͨͦͣͪͦ͡ 

͙ͨͪ ͍ͨͦ·΄͔͙͙ͤ ͔͔ͭͣͨͪ͊ͭͯͪ· ͤ͊͋͡Ό͔͒͊ͭͫΎ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͔͍͙ͫͭͦ͊ͤ͟͡Ύ ό́ψƎύ ς ͔͔ͨͪͻͦ͒ ͙͘ ͍͖͎ͭͪ͒ͦͦ 

͔͎ͫͭͦͦ͋ͪ͊ͤͦͦ͘͟͡ ͫͦͫͭͦΎ͙ͤΎ ͍ ͍·ͫͦͦ͟Ή͙͊ͫͭ͡;͔ͤͦΦ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͙͙ͪͫͭ͊͟͡͡;͔͙ͫ͟ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͊ͣͦͪͺͤ·͔ 

͙͔ͨͦͣͪ͡· ͔ͤ ͙͔ͣΌͭ ;͖͚ͭͦ͟ ͔͔ͭͣͨͪ͊ͭͯͪ· ͍͔͙ͨ͊ͤ͡͡ΎΣ ͊ ͔͔ͨͦͫͭͨͤͤͦ ͪ͊ͣ͘Ύ͎;͊ΌͭͫΎΦ ˶͙΄Έ ͙͔ͨͦͣͪ͡· ͫͦ 

͔͔͔͎ͫͭͪͦͪͯ͡Ύͪͤ·͙ͣ ͼ͔ͨΎ͙ͣ ͫͨͦͫͦ͋ͤ· ͟ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙͙Σ ͙ ͒͡Ύ ͙ͤͻ ͫͯ΅͔͍͔ͫͭͯͭ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͍͔͙ͨ͊ͤ͡͡Ύ 

ό́ψƳύΣ ͍·΄͔ ͚ͦͭͦͪͦ͟ ͙͙ͪͫͭ͊͟͡͡;͔͙͔ͫ͟ ͙ͦ͋͊ͫͭ͡ ͪ͊ͪͯ͘΄͊ͭͫΎΦ ˹͙͔͊ͨͪͣͪΣ ͔͔ͫͭͨͤΈ ͙͙ͪͫͭ͊͟͡͡;͙ͤͦͫͭ 

͙ͨͦ͡Ή͙͔ͭͤ͊͡ ͔ͣͦ͗ͭ ͙͎͒ͦͫͭ͊ͭΈ Ϥул҈Σ ͎ͭͦ͒͊ ͊͟͟ ͙͔ͨͦͣͪ͡· ͫ ͫͯ͡;͚͊ͤ·ͣ ͔͙͔ͫͭͪͦͤͣ ͼ͔͔͚ͨ ͦͫͭ͊ΌͭͫΎ 

͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͊ͣͦͪͺͤ·͙ͣΦ ͙͙̆ͣ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͍͙͊ͫ͘Ύͭ ͦͭ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͔͙ͫͭͪͦͤΎ ͼ͔͔͚ͨΥ 

͙͔ͨͦͣͪ͡· ͎ͣͦͯͭ ͋·ͭΈ ͚ͯͫͭͦ;͙͍· ͟ ͍͙͔ͪ͊ͫͭͦͪͭ͡Ύͣ ͙͙͡ ͙͍͊ͭͤͦ͟ ͍ͫͭͯͨ͊ͭΈ ͍ ͔ͪ͊͟ͼ͙͙ ό͎͙͙͒ͪͦ͘͡Σ 

͙͔͙͔ͦͫͤ͟͡ ͙ ͭΦ͒Φύ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͤ͊͡;͙Ύ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͎ͪͯͨͨΦ ˸͎͙͔ͤͦ ͙͔ͨͦͣͪ͡· ͫͨͦͫͦ͋ͤ· ͟ 

͔͔ͨͦͨͪ;͚ͤͦ όͫ΄͙͍͊Ό΅͔͚ύ ͻ͙͙ͣ;͔͚ͫͦ͟ ͔ͪ͊͟ͼ͙͙ ό͍͙ͯ͊ͤ͊͘͟͡ͼ͙ΎΣ ͍͔͔͙͔ͦͭͪ͗͒ͤ ͫͣͦ͡ύΣ ͦͭͦͪ͊͟Ύ ͔͔͍͙ͨͪͦ͒ͭ 

͔͙ͭͪͣͦͨ͊ͫͭ͡;͔͙͔ͫ͟ ͙͔͚ͤͤ͡·͔ ͙͔ͨͦͣͪ͡· ͍ ͔͍͙ͤͪ͊ͫͭͦͪͣ·͔ ͙ ͖͙͔͗ͫͭ͟ ͔͔͙͍ͭͪͣͦͪ͊ͭͤ͟·͔ ͔͙ͣ͊ͭͪ͊͡·Φ 

˽͙ͪ Ήͭͦͣ ͙͔ͣͤ͘ΎΌͭͫΎ ͔ͣͻ͙͊ͤ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ό͙͔ͤ͊ͨͪͣͪΣ ͍͙ͯ͊ͤ͊͘͟͡ͼ͙Ύ ͔͙ͪͤ͘· ͤ͊͘;͙͔ͭ͡Έͤͦ ͍ͨͦ·΄͔͊ͭ 

͔͖ ͨͪͦ;ͤͦͫͭΈ ͙ Ή͙͊ͫͭ͡;ͤͦͫͭΈύΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1.˿ ͯͭΎ͎͙ͤ ˤΦ˸ΦΣ ˣ͔͍ͦͤ͒͊ͭͦ͊͡ ˶ΦˮΦ ͙͙̆ͣΎ ͙ ͺ͙͙͊͘͟ ͙͔͍ͨͦͣͪͦ͡Φ ́ͦͣͫ͟Υ ˮ͒͘-͍ͦ ́˽̂Σ нлло. 

нΦ {ƛƳŜƎŀΦǊǳΦ ˸͔͙͊ͭͪ͊͡·Σ ͙ͫͨͦ͡Έ͔ͯͣ͘·͔ ͍ ͔͙ͣ͒ͼ͙͔ͤΦ нлнрΦ 

3. PCC Group Product PortalΦ ˿͍͚͍ͦͫͭ͊ ͙ ͙͔͔͙͔ͨͪͣͤͤ ͙͔͍ͨͦͣͪͦ͡Φ нлнрΦ 

ϭ͚̆͊·͍͒ͦ͊ ˢΦΣ ˻͔͍ͭͯ͋͊͊͘ ̆., 2025 
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͚͔͙͔͍̆ͯ͒͊͋ͪ͒ ̊ΦˣΦ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟  

 

˿˻ˤ˾˩˸˩˹˹˻˩ ˾ˢ˭ˤˮ́ˮ˩ ˹ˢ̂˴ˮ ˸ˮ˴˾˻ˣˮ˻˶˻˥ˮˮΥ ̏˽˻̆ˢ ˥˩˹˻˸ˮ˴ˮ ˮ ˸˩́ˢ˥˩˹˻˸ˮ˴ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡Ύ ͔͔͙͍͔ͨͪ͗͊ͭ ͔͍ͪͦ͡Όͼ͙ͦͤͤ·͚ Ήͭ͊ͨΣ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͚ ͙͔͙͒ͦͫͭ͗ͤΎ͙ͣ 

͍ ͙ͦ͋͊ͫͭ͡ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͎͙͙͋ͦͦ͡ ͙ ͎͔͎ͤͦͣͤͦͦ ͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟ΎΦ ˻ͭ ͙͊ͫͫ͟͡;͔͚ͫͦ͟ ͙ͤ͊ͯ͟Σ 

ͫͺ͙͍͚ͦͯͫͪͦ͊ͤͤͦ͟ ͤ͊ ͯ͟͡Έ͙͍͙͍͙͙ͭͪͦ͊ͤ ͔ͦͭ͒͡Έͤ·ͻ ΄͍ͭ͊ͣͣͦΣ ͦͤ͊ ͭͪ͊ͤͫͺ͙͍ͦͪͣͪͦ͊͊ͫ͡Έ ͍ ͣͦ΅ͤͯΌ 

͙͒ͼ͙͙ͫͨͤͯ͡Σ ͙ͯ͘;͊Ό΅ͯΌ ͫͦ͗ͤ͡·͔ ͙ͣͪͦ͋ͤ͟·͔ ͫͦͦ͋΅͔͍ͫͭ͊ τ ͙͙ͣͪͦ͋ͦͣ͟·Φ ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ 

͟͡Ό;͔͍·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍͙͙ͪ͊ͭ͘ΎΥ ͔͎͔͙ͣͭ͊ͤͦͣ͊͟Σ ͍͙͍ͨͦͦ͘͡΄͊Ύ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͔ͤͯ͟͡Έ͙͍͙͔ͭͪͯͣ·͔ 

͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟·Τ ͎͔͔ͯͯ͋ͤͤͦ͡͡ ͙ͯ͘;͔͙͔ͤ ͙ͪͦ͡ ͙͙ͣͪͦ͋ͦͭ͟· ;͔͍͔ͦ͊͟͡ ͍ ͍͒ͦͪͦ͘Έ͔ ͙ ͔͙͋ͦͤ͘͡Τ ͋ͦͪΈ͋͊ ͫ 

͙͙͙͔͙͔͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ΈΌΤ ͊ ͔ͭ͊͗͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟ ͍ ͙͔͋ͦͭͻ͎͙͙ͤͦͦ͡ ͙ ͦͻ͔ͪ͊ͤ 

ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͍ͤͦ·ͣ ͔ͣͦͯ͟͡͡Ύͪͤͦ-͎͔͔͙ͤͭ;͔͙ͫͣ͟ ͔ͣͭͦ͒͊ͣΣ 

ͦͭͦͪ͟·͔ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͋·ͫͭͪͯΌ ͙ ͭͦ;ͤͯΌ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙Ό ͙͍ͣͪͦ͋ͦ͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͙͙͎͙ͣͪͦ͋ͦͦ͟͡ΎΣ ͔͎͔͙ͣͭ͊ͤͦͣ͊͟Σ ͙͙ͣͪͦ͋ͦͣ͟Σ ͙͙͙͔͙͔͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ΈΣ ͙͔͋ͦͭͻ͎͙ͤͦͦ͡ΎΣ 

͔ͣͦͯ͟͡͡Ύͪͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͨͼͪΣ ͔͍͔͙͍͙͔ͫͤͪͦ͊ͤ͟Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˸͙͙͎͙ͪͦ͋ͦͦ͟͡ΎΣ ͤ͊ͯ͊͟Σ ͙ͯ͘;͊Ό΅͊Ύ ͔ͣ͡Έ;͚͊΄͙͔ ͎͙ͦͪ͊ͤͣ͘·Σ ͔͍͙͙ͤ͒ͣ·͔ ͔͍͔ͤͦͦͪͯ͗ͤͤ·ͣ 

͎͊ͦͣ͘͡ ό͔͙͙͋͊ͭͪ͟Σ ͊ͪͻ͔͙Σ ͎͙ͪ͋·Σ ͍͙ͦ͒ͦͪͦͫ͡ ͙ ͍͙ͪͯͫ·ύΣ ͨͪͦ΄͊͡ ͨͯͭΈ ͦͭ Ή͙͙ͣͨͪ;͔͙ͫ͟ͻ ͤ͊͋͡Ό͔͙͚͒ͤ 

ˢ͙ͤͭͦͤ ͍͊ͤ ˶͔͍͔͎ͤͯ͊͟ ͙ ͍͎ͦͫͤͦͦͨͦ͊͊͡Ό΅͙ͻ ͪ͊͋ͦͭ ˶͙ͯ ˽͔͊ͫͭͪ͊ ͙ ˾͔ͦ͋ͪͭ͊ ˴ͦͻ͊ ͒ͦ ͍͔͔͎ͫͦͪͣͤͤͦͦ 

͔ͣͦͯ͟͡͡Ύͪͤͦ-͎͔͔͙ͤͭ;͔͎ͫͦͦ͟ Ήͭ͊ͨ͊Φ ˩͙ͫ͡ ·L· ͙ ·· ͍͔͊͟ ͋·͙͡ ͍ͨͦͫΎ΅͔ͤ· ͦͭͪ͟·͙ͭΌ ͎͔͍ͨ͊ͭͦͤͦ ͙ 

͔ͪ͊ͪ͊͋ͦͭ͘͟ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Σ ͭͦ ··L ͍͔͟ ͔͍ͦͤ͊ͣͤͦ͊ͤ͘ ͔ͫͣ΅͔͙͔ͤͣ ͺͦͯͫ͊͟ ͫ ͙ͯ͘;͔͙ͤΎ ͙͙͍ͦͪͦ͊ͤͤ͘͡·ͻ 

ͯ͟͡Έͭͯͪ ͤ͊ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͫͦ͗ͤ͡·ͻ ͙ͣͪͦ͋ͤ͟·ͻ Ή͙͔ͦͫͫͭͣ͟ ͙ ͙ͻ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ ͦͪͯ͗͊͟Ό΅͔͚ ͔͚ͫͪ͒ͦ 

͙ ͎͙ͣ͊ͪͦͦͪ͊ͤͣͦͣ͘͟Φ 

˴͡Ό;͔͍·ͣ ͨͪͦͪ·͍ͦͣΣ ͙͔͙͍ͣͤ͘΄͙ͣ ͊ͤ͒͡΄͊ͺͭ ͙͙͎͙͙ͣͪͦ͋ͦͦ͟͡Σ ͫͭ͊ͦ͡ ͨͦΎ͍͔͙͔ͤ͡ ͙ ΄͙͔ͪͦͦ͟ 

͍͔͔͙͔ͤ͒ͪͤ ͍·͙͍͙͔ͫͦͦͨͪͦͦ͒ͭ͘͟͡Έ͎ͤͦͦ ͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟Ύ ˨˹˴ όbŜȄǘ-DŜƴŜǊŀǘƛƻƴ {ŜǉǳŜƴŎƛƴƎΣ bD{ύΦ ̏ͭͦ 

͍͙ͨͦͦͦ͘͡͡ ͔͔ͨͪͦ͒ͦͭ͡Έ ͭ͊͟ ͤ͊͘·͍͔͊ͣ·͚ ζͯ͟͡Έͭͯͪ͊͡Έͤ·͚ ͋͊ͪΈ͔ͪη τ ͔ͤͫͨͦͫͦ͋ͤͦͫͭΈ ͯ͟͡Έ͙͍͙͍ͭͪͦ͊ͭΈ ͍ 

͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͍͙ͯͫͦ͡Ύͻ ͔͔͋ͦ͡ фф҈ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ ͤ͊ ͔͔ͨ͊ͤͭ͡ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ ́͊͟ ͙ͪͦ͒͊ͫ͡Έ 

͔͎͔͙ͣͭ͊ͤͦͣ͊͟ τ ͒ ͙ͫͼ͙͙ͨͤ͊͡Σ ͙ͯ͘;͊Ό΅͊Ύ ͎͔͔͙ͤͭ;͔͙͚ͫ͟ ͔͙ͣ͊ͭͪ͊͡ ό˨˹˴ύ ͼ͔͡·ͻ ͙ͣͪͦ͋ͤ͟·ͻ ͫͦͦ͋΅͔͍ͫͭΣ 

͙͍͔͘͡;͔ͤͤ·͚ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͙͘ ͦ͋ͪ͊͘ͼ͍ͦ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· όͨͦ;͍͊Σ ͍ͦ͒͊Σ ͟ ͙΄͔;͙ͤ͟ ;͔͍͔ͦ͊͟͡ύΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ͣͦ͗ͤͦ ͔͙ͪ͊͒ͭ͘͡Έ ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͍͙͍͊ͣͦͫ͘Ύ͊ͤͤ͘·ͻ 

͔͚ͦ͋͊ͫͭ͡Σ ͎͔͒ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡Ύ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡ΈΥ 

1. ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡Ύ ͙ ˸͙͙ͪͦ͋ͦͣ͟ ͔͍͔̉ͦ͊͟͡Υ ˹͙͔͔͊͋ͦ͡ ͙͍͊ͭͤͦ͟ ͍͙͍ͪ͊͊͘Ό΅͔͔ͫΎ 

͍͔͙͔ͤ͊ͨͪ͊ͤ͡Φ ˻ͭͪ͟·͙ͭΎ ͔͙ͨͦͫ͒ͤ͡ͻ ͔ͭ͡ ͙ͨͦ͊͊͘͟͡Σ ;ͭͦ ͙͙ͣͪͦ͋ͦͭ͊͟ ͙͟΄͔;͙ͤ͊͟Σ ͙ͦ͗͟Σ ͔͎͙͟͡ͻ ͙ ͎͙͒ͪͯͻ 

͎͍ͦͪ͊ͤͦ τ Ήͭͦ ͔ͤ ͨͪͦͫͭͦ ͤ͊͋ͦͪ Ϧ͔͔͚ͫͦͫ͒ϦΣ ͊ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͚ Ϧ͎ͦͪ͊ͤϦΣ ͦͭͦͪ͟·͚ ͍͙͡Ύ͔ͭ ͤ͊ 

͙͙͔ͣͣͯͤͭͭΣ ͔ͦ͋ͣͤ ͍͔΅͔͍ͫͭΣ ͔͍͎͙ͤͪͦͦ͡;͔͙͔ͫ͟ ͺͯͤ͟ͼ͙͙ ό;͔͔ͪ͘ ͦͫΈ Ϧ͙͟΄͔;͙ͤ͟-͎ͣͦ͘Ϧύ ͙ ͔͒͊͗ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ ˮͯ͘;͔͙͔ͤ ͙͙͒ͫ͋ͦ͊͘ όͤ͊ͪͯ΄͔͙ͤΎ ͋͊͊ͤͫ͊͡ ͙͙ͣͪͦ͋ͦͭ͟·ύ 

͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͙͙ͨͦͤͣ͊ͤΎ ͙ͭ͊͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͊͟͟ ͙͔͙͔ͦ͗ͪͤΣ ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ н-͎ͦ ͙ͭͨ͊Σ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙͟΄͔;͙ͤ͊͟ όˤ˭˴ύ ͙ ͔ͤͦͭͦͪ͟·͔ ͙ͨͫͻ͙͙͊ͭͪ;͔͙͔ͫ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊Φ 

˾͊ͪ͊͋͊ͭ͘·͍͊ΌͭͫΎ ͍ͤͦ·͔ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͔ͫ͟ ͔͎͙͙ͫͭͪ͊ͭΥ ͺ͔͊͟͡Έͤ͊Ύ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙ΎΣ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ 

͙͙͍ͨͪͦ͋ͦͭͦ͟ ͍͎ͤͦͦͦ ͔͙ͨͦͦͤ͟͡Ύ ͙ ͺ͎͔͙͊ͦͭͪ͊ͨΎΦ 
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2. ˢ͙͙͙͔͙͔ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ΈΥ ˾ͦͫͭ ͚ͯͫͭͦ;͙͍͙ͦͫͭ ͎͔ͨ͊ͭͦͤͤ·ͻ ͔͙͚͋͊ͭͪ͟ ͟ ͫͯ΅͔͍ͫͭͯΌ΅͙ͣ 

͙͙͙͊ͤͭ͋ͦͭ͊ͣ͟ ό͔ͨͪͦ͋ͣ͊͡ 9{Y!t9 ͎͔͍ͨ͊ͭͦͤͦύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͎ͦ͋͊͡͡ΈͤͯΌ ͎ͯͪͦͯ͘ ͍͒ͦͪͦ͘ΈΌΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ 

͙͙͎͙ͣͪͦ͋ͦͦ͟͡Ύ ͔ͫͦͫͪ͒ͦͭͦ;͔ͤ͊ ͤ͊ ͋·ͫͭͪͦͣ ͙ ͭͦ;ͤͦͣ ͍·Ύ͍͔͙͙ͤ͡ ͎͔͍ͤͦ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ ͫ ͨͦͣͦ΅ΈΌ 

͔͍ͣͭͦ͒ͦ ˽̇˾ ό˽͙͔ͦͣͪ͊ͤ͊͘͡Ύ ͼ͔ͨͤ͊Ύ ͔ͪ͊͟ͼ͙Ύύ ͙ ͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟ΎΣ ͊ ͔ͭ͊͗͟ ͤ͊ ͙͔ͨͦͫ͟ ͍ͤͦ·ͻ 

͙͍͙ͨͪͦͭͦͣͪͦ͋ͤ͟·ͻ ͔͙͔͙͚ͫͦ͒ͤͤ ͍ ͔͔ͪ͊ͤ ͔͙ͤͯ͘;͔ͤͤ·ͻ ͙ͨͪͪͦ͒ͤ·ͻ ͙ͫͭͦ;͙ͤ͊͟ͻΦ 

3. ˣ͙͔ͦͭͻ͎͙ͤͦͦ͡Ύ ͙ ˽ͪͦͣ·΄͔ͤͤ͊͡Ύ ˸͙͙͎͙ͪͦ͋ͦͦ͟͡ΎΥ ˸͙͎͙ͪͦͦͪ͊ͤͣ͘͟· τ Ήͭͦ ͙ͨͪͪͦ͒ͤ·͔ 

Ϧͺ͙͙͊͋ͪ͟ϦΦ ˻͙ͤ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͺ͔͔͍ͪͣͤͭͦΣ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Σ ͍͙͙͍ͭ͊ͣͤͦΣ ͙͙͍͋ͦͨ͊ͫͭͦ͟͡ 

͙ ͙͙͍͋ͦͭͦͨ͊͡Φ ˿ ͨͦͣͦ΅ΈΌ ͎͔͔͙ͤͭ;͔͚ͫͦ͟ ͙͔͔͙͙ͤ͗ͤͪ ό͍͟͡Ό;͊Ύ ͔ͭͻ͎͙͙ͤͦͦ͡ /wL{tw-/ŀǎфύ ͙ͣͪͦ͋͟· 

Ϧ͎͙ͨͪͦͪ͊ͣͣͪͯΌͭͫΎϦ ͒͡Ύ ͔͔͋ͦ͡ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͙͔ͫͤͭ͊͘ ͼ͔͔͍͡·ͻ ͍ͨͪͦ͒ͯͭͦ͟Φ 

4. ͎͙̏ͦͦ͟͡;͔ͫ͊͟Ύ ˸͙͙͎͙ͪͦ͋ͦͦ͟͡ΎΥ ˮͯ͘;͔͙͔ͤ ͙ͪͦ͡ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟ ͍ ͎͍͔ͪͯͦͦͪͦͭ͟ ͍͔΅͔͍ͫͭ 

ό͊ͦͭ͘Σ ͎͔ͯͪͦ͒͡ύ ͙ ͙ͻ ͔ͨͦͭͤͼ͙͊͊͡ ͍ ͙͔͔͙͋ͦͪͣ͒͊ͼ͙͙ τ ͦ;͙͔ͫͭ͟ ͎͊ͪ͘Ύ͔ͤͤͤ͘·ͻ ͔͙͙͚ͭͪͪͭͦͪ ό͔͙͔ͪ͊ͦ͗ͤ͘͡ 

͔ͤͺ͙ͭΣ ͔͙ͨͫͭͼ͙͍͒ͦ ͙ ͙ͨ͊ͫͭ͊͟͡ύΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡;͔͙͔ͫ͟ ͙͙͊͋ͦͪ͊ͭͦͪ͡ ͙͍͊ͭͤͦ͟ ͙ͫͨͦ͡Έͯ͘Όͭ ͙͔ͭ͊͟ ͔ͣͭͦ͒·Σ ͊͟͟ ͣ͊ͫͫ-

͔͔͙ͫͨͭͪͦͣͭͪ͟Ύ όa![5L-¢hCύ ͒͡Ύ ͋·͚ͫͭͪͦ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙Σ ͔ͨͪͦͭͦͣͤ·͚ ͙͊ͤ͊͘͡ ͙ ͺ͔ͯͦͪͫ͡ͼ͔ͤͭͤ͊Ύ in situ 

͎͙͙͙͋ͪ͒͊͘ͼ͙Ύ όCL{IύΣ ;ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͫͦͪ͟Ύ͔ͭ ͙͎͙͒͊ͤͦͫͭͯ͟ ͙ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ 

͙͙͎͙ͣͪͦ͋ͦͦ͟͡Ύ ͙͘ ͙͔ͦͨͫ͊ͭ͡Έ͚ͤͦ ͙ͤ͊ͯ͟ ͔͍͙ͨͪͪ͊ͭ͊ͫ͡Έ ͍ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤͯΌΣ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤͯ͡Ό 

ͦ͋͊ͫͭ͡ΈΣ ͔ͭͫͤͦ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤͯΌ ͫ ͎͔͔͙͚ͤͭͦ͟Σ ͙͙͋ͦͤͺ͙͚ͦͪͣ͊ͭͦ͟ ͙ ͔͙ͣ͒ͼ͙͚ͤͦΦ όпрн ͍ͫͦ͊͡ύ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˣͯͻ͙͊ͪͤ ˻ΦˤΦΣ ˥͙ͤͼ͎͋ͯͪ ˢΦ˶Φ ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡ΎΦ ˸͍ͦͫ͊͟Υ ˥̏˻́ˢ˾-˸͔͙͒͊Σ ннлноΦ 

2. ˤͦͪͦ͋Έ͔͍ ˢΦˢΦΣ ˣ·͍ͦ͟ ˢΦ˿Φ ˸͙͙͎͙ͪͦ͋ͦͦ͟͡Ύ ͙ ͙͎͙ͣͣͯͤͦͦ͡ΎΦ р-͔ ͙͒͘Φ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ˿͔ͨͼ˶͙ͭΣ нлнмΦ 

3. ͔̆͊ͤ͘ ˸ΦˤΦ ˤ͍͔͔͙͔͒ͤ ͍ ͔͎͔͙ͣͭ͊ͤͦͣͯ͟Φ ˹͍͙͙ͦͦͫ͋ͪͫ͟Υ ˿͙͙͔͋ͪͫͦ͟ ͙͍͔͙͔͔ͯͤͪͫͭͭͫͦ͟ ͙͔͒͊ͭ͘͡Έ͍ͫͭͦΣ 

2019. 

4. ˹͙͙͙ͭͤ͟ ˨Φ˽Φ ͎͙̏ͦͦ͟͡;͔ͫ͊͟Ύ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡ΎΦ ˾͍ͦͫͭͦ-ͤ-͊˨ͦͤͯΥ ͔͙̅ͤͫ͟Σ нлннΦ 

5. ˥͍ͯ͒ͦ͟ ˤ.ˤΦ ˢ͙͙͙͔͙͔ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ΈΥ ͍ͤͦ·͔ ͍·͍ͦ͘· ͙ ͨͦ͒ͻͦ͒·Φ ˸͍ͦͫ͊͟Υ ˸͔͙͒ͼ͙ͤ͊Σ нлнлΦ 

ϭ ͚͔͙͔͍̆ͯ͒͊͋ͪ͒ ̊ΦˣΦ, 2025 

 

 

 

 

͚͔͙͔͍̆ͯ͒͊͋ͪ͒ ̊ΦˣΦ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟  

 

˿́ˢ̅ˮ˶˻˴˻˴˴ˮΥ ˻́ ˴˻˸˸˩˹˿ˢ˶˻ˤ ˨˻ ˥˾˻˭˹̍̆ ˽ˢ́˻˥˩˹˻ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͺ͙͙ͦͦ͟͟͟͡ όͦͭ ͊ͭ͡Φ Staphylococcusύ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͦ͋΄͙ͪͤ·͚ ͪͦ͒ ͎͙͔ͪ͊ͣͨͦͦ͗ͭ͡͡Έͤ·ͻ 

͔͙͚͋͊ͭͪ͟Σ ͦͭͦͪ͟·͔ Ύ͍͡ΎΌͭͫΎ ͙͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·ͻ ͙ ;͊ͫͭͦ ͍͔ͫͭͪ;͊Ό΅͙ͻͫΎ ͍͙͔͔͚ͦ͋ͯ͒ͭ͘͡ 

͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ;͔͍͔ͦ͊͟͡ ͙ ͙͍͗ͦͭͤ·ͻΦ ˻ͭ ͔͙͎͋ͦ͋͒ͤͦͦ͘ ͙͍͙ͨͪͫͯͭͫͭΎ ͤ͊ ͔ͦ͗͟ ͒ͦ ͍͙͙ͪ͊ͭ͘Ύ 

͎ͯͪͦ͗͊Ό΅͙ͻ ͙͙͗ͤ͘ ͫͦͫͭͦΎ͙͚ͤΣ ͙ͭ͊͟ͻ ͊͟͟ ͔͙ͫͨͫͫ ͙ Ή͙ͤ͒ͦ͊ͪ͒ͭ͟Σ ͙ͻ ͎͔ͨ͊ͭͦͤͤ·͚ ͔ͨͦͭͤͼ͙͊͡ ͎͔ͦͪͦͣͤΦ ˤ 

͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͟͡Ό;͔͍·͔ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡;͔͙͔ͫ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͫͭ͊ͺ͙͍ͦͦͦ͟͟͟͡Σ 

͍ͦͫͤͦͤ·͔ ͍͙͒·Σ ͙ͻ ͺ͊ͭͦͪ͟· ͎͔͙ͨ͊ͭͦͤͤͦͫͭΣ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͍·͘·͍͔͊ͣ·ͻ ͙͙ͣ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͊ ͔ͭ͊͗͟ 

͍͔͔ͫͦͪͣͤͤ͊Ύ ͔ͨͪͦ͋ͣ͊͡ ͙͙͙͔͙͔͙͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ τ ͎͍͎͊ͤͦͦ͡ ͍·͍ͦ͊͘ ͍ ͋ͦͪΈ͔͋ ͫ Ή͙͙ͭͣ 

͙͎͙͙ͣͪͦͦͪ͊ͤͣ͊ͣ͘͟Φ ˽͙͙͔ͦͤͣ͊ͤ ͙͎͙͙͋ͦͦ͡ ͫͭ͊ͺ͙͍ͦͦͦ͟͟͟͡ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ Ήͺͺ͔͙͍͚ͭͤͦ͟ 
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͙͎͙͙͒͊ͤͦͫͭ͟Σ ͔͡;͔͙ͤΎ ͙ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͫͭ͊ͺ͙͍ͦͦͦ͟͟͟͡·ͻ ͙ͤͺ͔͟ͼ͙͚ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͫͭ͊ͺ͙͙ͦͦ͟͟͟͡Σ ǎǘŀǇƘȅƭƻŎƻŎŎǳǎ ŀǳǊŜǳǎΣ ͙ͦͦͭͫͭ͘͡·͚ ͫͭ͊ͺ͙ͦͦ͟͟͟͡Σ ͎͙͔ͪ͊ͣͨͦͦ͗ͭ͡͡Έͤ·͔ ͔͙͙͋͊ͭͪ͟Σ 

ͺ͊ͭͦͪ͟· ͎͔͙ͨ͊ͭͦͤͤͦͫͭΣ ͙ͤͺ͔͟ͼ͙͙Σ ͔͙ͣͭͼ͙͙͔͙͔ͤͦͪͫͭͤͭͤͦͫͭ͘͡͡ΈΣ ƳǊǎŀΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˿ͭ͊ͺ͙͙ͦͦ͟͟͟͡ τ Ήͭͦ ͪͦ͒ ͔͙͚͋͊ͭͪ͟Σ ͦͭͤͦͫΎ΅͙ͻͫΎ ͟ ͔͔͚͍ͫͣͫͭͯ StaphylococcaceaeΦ ˿ 

͙͙͎͙ͣͪͦ͋ͦͦ͟͡;͔͚ͫͦ͟ ͭͦ;͙͟ ͔͙ͪͤ͘ΎΣ ͙ͦͤ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔͍͙ͤͨͦ͒͗ͤ·͔Σ ͔ͤ ͦ͋ͪ͊ͯ͘Ό΅͙͔ ͫͨͦͪΣ 

͎͙͔ͪ͊ͣͨͦͦ͗ͭ͡͡Έͤ·͔ ͙ͦ͟͟͟Σ ͦͭͦͪ͟·͔ ͙ͨͪ ͔ͦͪ͊ͫ͟͟ ͨͦ ˥ͪ͊ͣͯ ͍·͎͡Ύ͒Ύͭ ͊͟͟ ͔͙ͫͦͨͤ͟͡ΎΣ ͙ͤ͊ͨͦͣͤ͊Ό΅͙͔ 

͍͙͎ͤͦͪ͊͒ͤ·͔ ͎͙ͪͦ͒͘ όͦͭ ͎͔ͪ;Φ staphyle τ ͎ ͪͦ͒͘ΈύΦ ˻͙ͤ Ύ͍͡ΎΌͭͫΎ ͺ͊ͯ͟͡Έ͙͍ͭ͊ͭͤ·͙ͣ ͊ͤ͊Ή͙ͪͦ͋͊ͣΣ ͭͦ ͔ͫͭΈ 

ͫͨͦͫͦ͋ͤ· ͙ͪ͊ͫͭ ͊͟͟ ͍ ͙͍͙͙ͨͪͫͯͭͫͭΣ ͭ͊͟ ͙ ͍ ͍͙͙ͦͭͫͯͭͫͭ ͙ͫͦͪͦ͒͊͟͡Σ ͙ ͦ͋͊͒͊͡Όͭ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͍·͚ͫͦͦ͟ 

͚ͯͫͭͦ;͙͍ͦͫͭΈΌ ͟ ͺ͊ͭͦͪ͊ͣ͟ ͍͔ͤ΄͔͚ͤ ͔ͫͪ͒·Φ 

͙͔̊ͪͦͦ͟ ˾͔͙͔͊ͫͨͪͦͫͭͪ͊ͤͤ ͙ ˻͍ͫͤͦͤ·͔ ˤ͙͒· 

ˤ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͙͍͔ͫͭͤͦ͘ ͔͔͋ͦ͡ пл ͍͙͍͒ͦ ͫͭ͊ͺ͙͍ͦͦͦ͟͟͟͡Σ ͤͦ ͙͡΄Έ ͔ͤ͋ͦ͡Έ΄͊Ύ ;͊ͫͭΈ ͙͘ ͙ͤͻ 

Ύ͍͡Ύ͔ͭͫΎ ͙͙ͤ͟͡;͔͙ͫ͟ ͤ͊͘;͙͚ͣͦ ͒͡Ύ ;͔͍͔ͦ͊͟͡Φ ˹͙͊͋ͦ͡Έ΄͔͔ ͤ͊͘;͔͙͔ͤ ͙͔ͣΌͭΥ 

1. Staphylococcus aureus ό˭͙ͦͦͭͫͭ͡·͚ ͫͭ͊ͺ͙ͦͦ͟͟͟͡ύΥ ˿͊ͣ·͚ ͎͔ͨ͊ͭͦͤͤ·͚ ͍͙͒Σ ;͊ͫͭͦ 

͙͙͔ͦͦͤͪͯͭ͘͟͡ ͦ͗ͯ͟ ͙ ͙͙ͫͫͭ͘͡·͔ ͦ͋ͦͦ͡;͙͟ ό͔ͦͫͦ͋ͤͤͦ ͎ͤͦͫͦͦͭͯ͟͡ύΦ ˹͍͙͔͊͊ͤ͘ ͨͦͯ͡;͙͡ ͙͘-͊͘ ͙͎͔ͨͣͤͭ͊Σ 

͙ͨͪ͒͊Ό΅͔͎ͦ ͙ͦͦͤ͟͡Ύͣ ͙ͦͦͭͫͭ͘͡·͚ ͼ͍͔ͭΦ ˤ·͘·͍͔͊ͭ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͙ͤͺ͔͟ͼ͙͚Σ ͦͭ ͔͎͙͟͡ͻ ͦ͗ͤ͟·ͻ ͒ͦ 

͙͔ͫͫͭͣͤ·ͻΦ 

2. Staphylococcus epidermidis ό͙͔̏ͨ͒ͪͣ͊͡Έͤ·͚ ͫͭ͊ͺ͙ͦͦ͟͟͟͡ύΥ ̉͊ͫͭΈ ͤͦͪͣ͊͡Έ͚ͤͦ ͙ͣͪͦ͟ͺͦͪ͡· 

͙ͦ͗͟Σ ͤͦ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͤͦ ͙ͨͪ;͙͚ͤͦ ͍͙ͤͯͭͪ͋ͦ͡Έ͙ͤ;ͤ·ͻ ό͎͙ͦͫͨͭ͊͡Έͤ·ͻύ ͙ͤͺ͔͟ͼ͙͚Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ 

͙͙͍ͣͨ͊ͤͭͪͦ͊ͤͤ͡·͙ͣ ͔͙ͣ͒ͼ͙͙͙ͤͫͣ͟ ͚͍͙ͯͫͭͪͦͫͭ͊ͣ ό͔͔͊ͭͭͪ͟·Σ ͔ͨͪͦͭ͘·Σ ͙͍͔ͫͯͫͫͭͤͤ͟·͔ ͊ͨ͊ͤ͟͡· 

͔ͫͪ͒ͼ͊ύΣ ͦ͋ͪ͊ͯ͘Ύ ͙͔͙͋ͦͨͤ͟͡Φ 

3. Staphylococcus saprophyticus ό˿͊ͨͪͦͺ͙ͭͤ·͚ ͫͭ͊ͺ͙ͦͦ͟͟͟͡ύΥ ˤ͊͗ͤ͊Ύ ͙ͨͪ;͙ͤ͊ ͙ͤͺ͔͟ͼ͙͚ 

ͣͦ;͔͍·͍ͦ͒Ύ΅͙ͻ ͔͚ͨͯͭ ό͔ͦͫͦ͋ͤͤͦ ͼ͙͙͍ͫͭͭͦύ ͯ ͣͦͦ͒͡·ͻ ͔͗ͤ΅͙ͤΦ 

̅͊ͭͦͪ͟· ˽͎͔͙͊ͭͦͤͤͦͫͭ 

˽͎͔͊ͭͦͤͤͦͫͭΈ ͫͭ͊ͺ͙͍ͦͦͦ͟͟͟͡Σ ͍ ͔͙ͦͫͦ͋ͤͤͦͫͭ S. aureusΣ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ΄͙͙ͪͦͣ͟ ͔͊ͪͫͤ͊ͦͣ͡ 

͔ͣͻ͙͍͊ͤͣͦ͘Σ ͍ͨͦͦ͘͡ΎΌ΅͙ͻ ͙ͣ ͔͔͍ͨͪͦ͒ͦ͊ͭ͡Έ ͊͘΅͙ͭͤ·͔ ͋͊ͪΈ͔ͪ· ͎͙ͦͪ͊ͤͣ͊͘ ͙ ͍·͘·͍͊ͭΈ ͍͔͔͙ͨͦͪ͗͒ͤΎΦ 

˴͡Ό;͔͍·͔ ͺ͊ͭͦͪ͟· ͍͟͡Ό;͊ΌͭΥ 

¶ ͙́ͦͫͤ͟·Υ 

o ˥͔͙͙ͣͦͤ͘͡· όͪ͊ͪͯ͘΄͊Όͭ Ή͙ͪͭͪͦͼ͙ͭ·ύΦ 

o ˶͔͚ͦ͟ͼ͙͙͒ͤ· όͪ͊ͪͯ͘΄͊Όͭ ͔͚ͦ͟͡ͼ͙ͭ·ύΦ 

o ͔͙̏ͤͭͪͦͭͦͫͤ͟· ό͍·͘·͍͊Όͭ ͙ͨ΅͔͍·͔ ͍͔͙ͦͭͪ͊ͤ͡ΎύΦ 

o ͙́ͦͫͤ͟ ͙ͫͤ͒ͪͦͣ͊ ͙ͭͦͫ͟;͔͎ͫͦͦ͟ ΄ͦ͊͟ ό¢{{¢-мύ ό͍·͘·͍͔͊ͭ ͚͔ͪ͊ͤ͟ ͭΎ͔͔͗ͦ͡ ͙͔͔ͫͫͭͣͤͦ 

͔͍͙͔͊͋ͦ͊ͤ͘͡ύΦ 

o ̏ͫ͟ͺ͙͙ͦ͊ͭͤ͡ ό͍͔͍͔͔ͦͭͭͫͭͤͤ ͊͘ ͙ͫͤ͒ͪͦͣ ͦ΄͔͚ͨ͊ͪͤͤͦ ͙ͦ͗͟ύΦ 

¶ ͔͔̅ͪͣͤͭ·Υ 

o ˴͎ͦ͊ͯ͊͊͘͡Υ ͔͔̅ͪͣͤͭΣ ͦͭͦͪ͟·͚ ͎ͫͯ΅͔͊ͭ ͨ͊ͣͯ͘͡Σ ͦ͋ͪ͊ͯ͘Ύ ͍͎ͦͪͯ͟ ͔͙͚͋͊ͭͪ͟ ͺ͙͙͍͋ͪͤͦ·͚ 

Ϧͦͦͤ͟͟ϦΣ ;ͭͦ ͊͘΅͙΅͔͊ͭ ͙ͻ ͦͭ ͺ͎͊ͦͼ͙ͭͦ͊͘Φ ˴͎͙͔ͦ͊ͯ͊ͦͨͦͦ͗ͭ͘͡͡͡Έͤ·͔ ͫͭ͊ͺ͙͙ͦͦ͟͟͟͡ όS. aureusύ ͫ;͙ͭ͊ΌͭͫΎ 

͙͔͔ͤ͊͋ͦ͡ ͦͨ͊ͫͤ·͙ͣΦ 

o ˥͙͙͊ͯͪͦͤ͒͊͊͘͡Σ ͙ͨ͊͊͘͡Σ ͔ͨͪͦͭ͊͘·Υ ˿͍ͨͦͫͦ͋ͫͭͯΌͭ ͙͍͔͙ͨͪͦͤͤͦͤ͟Ό ͙ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΌ 

͔͙͚͋͊ͭͪ͟ ͍ ͭ͊ͤ͟ΎͻΦ 

¶ ˴͔ͦͣͨͦͤͤͭ· ͔ͭͦ͟͡;͚ͤͦ ͔͙ͫͭͤ͟Υ ˣ͔ͦ͟͡ ˢ ό͍ͫΎ͘·͍͔͊ͭ ͙͎͙ͣͣͯͤͦͦ͋ͯͤ͡͡·Σ ͤ͊ͪͯ΄͊Ύ ͙ͣͣͯͤͤ·͚ 

͍͔ͦͭͭύ ͙ ͊ͨͫͯ͊͟͡ ό͊͘΅͙΅͔͊ͭ ͦͭ ͺ͎͊ͦͼ͙ͭͦ͊͘ύΦ 

˿͔ͨͭͪ͟ ˭͔͍͙͚͊͋ͦ͊ͤ͡ 
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˿ͭ͊ͺ͙͙ͦͦ͟͟͟͡ ͎ͣͦͯͭ ͍·͘·͍͊ͭΈ ͙ͤͺ͔͟ͼ͙͙ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͍ ͡Ό͚͋ͦ ;͙͊ͫͭ ͎͙ͦͪ͊ͤͣ͊͘Υ 

¶ ˮͤͺ͔͟ͼ͙͙ ͙ͦ͗͟ ͙ ͣΎ͎͙͟ͻ ͔͚ͭ͊ͤ͟Υ ̅ͯͪͯͤͯ͟͡·Σ ͊ͪ͋ͯͤͯ͟͟͡·Σ ͊͋ͫͼ͔ͫͫ·Σ ͺ͙͙ͦͯͭ͟͡͡͡·Σ ͙͔͙͎ͣͨͭͦΣ 

ͼ͔͡͡Ό͙ͭ͡Φ 

¶ ˿͙͔ͫͭͣͤ·͔ ό͙͍͙͍ͤ͊ͤ͘·͔ύ ͙ͤͺ͔͟ͼ͙͙Υ 

o ˽͔͍͙ͤͣͦͤΎ ό;͊ͫͭͦ ͔ͨͦͫ͡ ͍͙͚ͪͯͫͤͦ ͙ͤͺ͔͟ͼ͙͙ύΦ 

o ˻͔͙͔͙ͫͭͦͣͭ͡ ό͙ͤͺ͔͟ͼ͙Ύ ͚ͦͫͭͤͦ͟ ͙ͭ͊ͤ͟ύ ͙ ͔͙ͫͨͭ;͔͙͚ͫ͟ ͙͊ͪͭͪͭ ό͙ͤͺ͔͟ͼ͙Ύ ͍ͫͯͫͭ͊͊ύΦ 

o ͙̏ͤ͒ͦ͊ͪ͒ͭ͟ ό͍͔͙͔ͦͫͨ͊ͤ͡ ͍͔͔͚ͤͯͭͪͤͤ ͦ͋ͦͦ͡;͙͟ ͔ͫͪ͒ͼ͊ύΣ ͔ͦͫͦ͋ͤͤͦ ͭΎ͔͗͡·͚ ͙ͨͪ ͔͙͙ͨͦͪ͊͗ͤ 

͍͊ͨ͊ͤͦ͟͡Φ 

o ˿͔͙ͨͫͫ ό͔͙͔͊ͪ͊͗ͤ͘ ͍͙ͪͦ͟ύ τ ͤ ͙͔͔͊͋ͦ͡ ͎ͯͪͦ͗͊Ό΅͔͔ ͙͙͗ͤ͘ ͫͦͫͭͦΎ͙͔ͤΦ 

¶ ͙́ͦͫͦ͘͟͟·Υ ˽͙΅͔͍·͔ ͍͔͙ͦͭͪ͊ͤ͡Ύ ό͍·͍͊ͤͤ͘·͔ Ή͔͙͙ͤͭͪͦͭͦͫͤ͊ͣ͟ύ ͙ ͙ͫͤ͒ͪͦͣ ͙ͭͦͫ͟;͔͎ͫͦͦ͟ ΄ͦ͊͟Φ 

˽͔ͪͦ͋ͣ͊͡ ˢ͙͙͙͔͙͔͙ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ 

˹͙͔͔͊͋ͦ͡ ͚ͦͫͭͪͦ ͔͚ͨͪͦ͋ͣͦ͡ ͍ ͔͡;͔͙͙ͤ ͫͭ͊ͺ͙͍ͦͦͦ͟͟͟͡·ͻ ͙ͤͺ͔͟ͼ͙͚ Ύ͍͡Ύ͔ͭͫΎ ͔͙͔ͫͭͪͣͭ͡Έͤͦ 

ͪ͊ͫͭͯ΅͊Ύ ͙͙͙͔͙͔͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ΈΦ ˸͎͙͔ͤͦ ΄ͭ͊ͣͣ· S. aureus ͙͔͙ͨͪͦ͋ͪ͡ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ 

͔͙ͨͤͼ͙͙ͤͯ͡͡ ͔ͨͯͭͣ ͨͪͦ͒ͯ͟ͼ͙͙ ͺ͔͔ͪͣͤͭ͊ ͔͙ͨͤͼ͙͙ͤ͊͘͡͡·Φ ˻͒ͤ͊ͦ͟ ͤ͊ͫͭͦΎ΅͔͚ ͎ͦ͋͊͡͡Έ͚ͤͦ ͎͚ͯͪͦͦ͘ 

ͫͭ͊ͦ͡ ͨͦΎ͍͔͙͔ͤ͡ ˸͔͙ͭͼ͙͙͔͙͔͎ͤͦͪͫͭͤͭͤͦͦ͘͡͡ Staphylococcus aureus ($\ǘŜȄǘϑaw{!ϒϷύΦ ͙̏ͭ ΄ͭ͊ͣͣ· 

͚ͯͫͭͦ;͙͍· ͔ͤ ͭͦ͡Έͦ͟ ͟ ͔͙ͣͭͼ͙͙ͤͯ͡͡Σ ͤͦ ͙ ͟ ͋ͦ͡Έ΄͙͍ͤͫͭͯ ͎͙͒ͪͯͻ Ϸ\beta$-͊ͭ͊ͣͤ͟͡·ͻ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟ 

όͼ͔ͺ͙͊ͦͫͨͦͪͤ͡·Σ ͔͔͊ͪ͋͊ͨͤͣ͟·ύΦ Ϸ\ǘŜȄǘϑaw{!ϒϷ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͙ͨͪ;͙ͤ ͍͙ͤͯͭͪ͋ͦ͡Έ͙ͤ;ͤ·ͻ 

͙Σ ͍͔ͫ ;͊΅͔Σ ͍͔ͤ͋ͦ͡Έ͙ͤ;ͤ·ͻ ͙ͤͺ͔͟ͼ͙͚Σ ͔ͭͪ͋ͯΎ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟ ͔͔͍ͪͪ͊͘ ό͙͔ͤ͊ͨͪͣͪΣ 

͍͙͊ͤͦͣ͟ͼ͙ͤ͊ύΣ ;ͭͦ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͨͦͫͭͦΎ͎ͤͤͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ ͙ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͍ͤͦ·ͻ 

͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͎͙͚ͫͭͪ͊ͭΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˹͙͙͙ͭͤ͟ ̑Φ˸Φ ˸͙͙͎͙ͪͦ͋ͦͦ͟͡Ύ ͫ ͍͙ͦͫͤͦ͊ͣ ͍͙͎͙͙ͪͯͫͦͦ͡Φ п-͔ ͙͒͘Φ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ̏˶ˣˮ-˿˽͋Σ нлнпΦ 

2. ˮ͍͍͊ͤͦ͊ ˢΦ˴Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͔͙͎͙͋͊ͭͪͦͦ͟͡Ύ ͙ ͙͙͙͔͙͔͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ΈΦ ˸͍ͦͫ͊͟Υ ˸͔͙͒ͼ͙ͤ͊Σ нлнмΦ 

3. ˽͔͍ͭͪͦ ˿ΦˤΦΣ ˤ͙͊ͫ͡Έ͔͍͊ ˶Φ˹Φ ˮͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͙͋ͦͤ͘͡Υ ˽͙ͪ͊ͭ͟;͔͔ͫͦ͟ ͍͍ͪͯͦͦ͒ͫͭͦ͟Φ ˾͍ͦͫͭͦ-ͤ-͊˨ͦͤͯΥ 

͔͙̅ͤͫ͟Σ нлмфΦ 

4. ˿͙͍ͣͪͤͦ ˥Φ˩Φ ̅͊ͭͦͪ͟· ͎͔͙ͨ͊ͭͦͤͤͦͫͭ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ ˹͍͙͙ͦͦͫ͋ͪͫ͟Υ ˹͊ͯ͊͟Σ нлноΦ 

5. ˴͍ͦͦ͘͡ ˨ΦˢΦΣ ˸͍ͦͪͦͦ͘ ˤΦˮΦ ˤ͙ͤͯͭͪ͋ͦ͡Έ͙ͤ;ͤ·͔ ͙ͤͺ͔͟ͼ͙͙ ͙ ͔ͣͪ· ͋ͦͪΈ͋·Φ н-͔ ͙͒͘Φ ˿͊ͣ͊ͪ͊Υ ˢͪͭ-

˶͙͙ͤΎΣ нлнлΦ 

ϭ ̆ ͚͔͙͔͍ͯ͒͊͋ͪ͒ ̊ΦˣΦ 2025 
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THE DIGITAL TELECOMMUNICATION  

 

Abstract 

This article analyzes the functional schematics (block diagrams) of digital telecommunication devices, 

which form the foundation of modern global communication networks. Unlike analog systems, digital devices 

use a binary data representation, ensuring high noise immunity and efficiency in information exchange. The 

functional architecture of a typical device is divided into blocks for source processing, the transmitter 

(channel preparation), and the receiver (channel restoration). The source block includes source encoding 

and, if necessary, analog-to-digital conversion (ADC). The transmitter performs channel coding for error 

correction, interleaving, digital modulation (e.g., QAM or PSK), and preparation of the radio frequency (RF) 

front-end. The receiver performs the reverse operations: demodulation, channel decoding, and source 

decoding. All processes are controlled by a Central Processing Unit (CPU) or a Digital Signal Processor (DSP). 

This modular structure ensures reliability, flexibility, and high data transmission speed, which is critical for 

meeting the increasing demands for volume and quality of traffic. 

Keywords: 

digital telecommunications, functional schematic, block diagram, source coding, channel coding, 

 digital modulation, demodulation, DSP, ADC/DAC, noise immunity. 

 

The functional schematic of a digital telecommunication device describes the sequence of operations 

necessary for the efficient and reliable transmission of information. The entire system can be categorized 

into three main functional groups. The first group, the Source Processing Block, is responsible for preparing 

the raw input data. If the input signal is analog (such as voice), it first passes through an Analog-to-Digital 

Converter (ADC), which digitizes it using methods like Pulse Code Modulation (PCM). Subsequently, the 

Source Encoder removes data redundancy (e.g., performs compression, like in JPEG or MP3), thereby 

minimizing the required bandwidth. 

The second group, the Transmitter Block (Channel Preparation), prepares the digital stream for 

transfer across the physical communication channel. Initially, the Channel Encoder adds controlled 

redundancy in the form of error-correction codes (e.g., Reed-Solomon), which allows for the correction of 

errors caused by channel noise. An Interleaver is used to combat burst errors by spreading the coded symbols 

over time. Next, the Digital Modulator maps the binary data onto a physical carrier waveform using 

techniques such as Phase-Shift Keying (PSK) or Quadrature Amplitude Modulation (QAM). The process 

concludes with the Radio Frequency (RF) Front-End, which amplifies, filters, and, if necessary, up-converts 

the signal to the required carrier frequency before feeding it to the antenna or optical fiber link. 

The third group, the Receiver Block (Channel Restoration), reverses the operations performed by the 

transmitter. The received signal is first processed by the RF Front-End, which filters out noise, amplifies, and 

down-converts the signal to the baseband. Then, the Digital Demodulator recovers the symbol sequence 

from the carrier wave, reversing the modulation process. The Channel Decoder uses the added redundancy 

to detect and correct errors, and the Source Decoder restores the original data by performing 
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decompression. If the final output signal must be analog, a Digital-to-Analog Converter (DAC) is used. The 

control of all these complex operations is managed by a Digital Signal Processor (DSP), which executes high-

speed algorithms, and a Central Processing Unit (CPU), which manages high-level protocols, interfaces, and 

user functions. 
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THE DIGITAL DOMAIN: ARCHITECTURE, LOGIC, AND APPLICATIONS OF DIGITAL SYSTEMS 

 

Abstract 

A Digital System is any system that manipulates discrete data, typically represented by binary values 

(0 and 1). These systems form the foundation of all modern computing, communication, and automation 

technologies, from microprocessors and smartphones to complex control mechanisms in industry.1 The 

study of digital systems encompasses their fundamental architecture, the underlying principles of Boolean 

Algebra and switching logic, and the practical implementation through electronic circuits.2 The challenge in 

modern design is achieving greater speed and energy efficiency while managing the ever-increasing 

complexity of integrated circuits. This article outlines the core purpose of digital systems, the essential 

components of their architecture, and the logical principles that govern their operation. 

Keywords:  

digital system, binary logic, Boolean algebra, logic gates, integrated circuits (IC), combinational logic, 

sequential logic, analog-to-digital conversion, microprocessor, embedded systems. 

 

The Foundation: Information as Discrete Signals 

Digital systems operate on the principle that all informationτnumbers, text, images, and soundτcan 

be simplified into a sequence of two distinct states: ON (1) or OFF (0). This discrete representation offers 



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

 

 

70 

superior immunity to noise and greater precision than continuous analog signals.3 

Core Architectural Concepts: 

¶ Abstraction (Binary Representation): All data is handled as bits (binary digits). A voltage above a 

certain threshold might represent '1' (True), and a voltage below a certain threshold represents '0' (False).4 

¶ Processing (Logic Gates): The actual manipulation of these binary signals occurs within Logic Gates 

(such as AND, OR, NOT), which perform fundamental Boolean operations.5 

¶ Memory (Storage Elements): Digital systems utilize circuits, notably Flip-Flops and Latches, to store 

the state of data for periods ranging from nanoseconds (cache memory) to years (flash storage).6 

¶ Clock Synchronization: Nearly all sequential digital systems use a central clock signal to synchronize 

the timing of operations, ensuring that data is processed in a consistent, predictable sequence.7 

Key Strategies for Digital System Operation 

The strategic focus is on the two main functional categories of digital circuits: Combinational Logic 

(immediate output based on input) and Sequential Logic (output depends on input and time/previous state).8 

Direction 1: Mastering Combinational Logic 

Combinational circuits implement Boolean algebraic functions where the output is solely determined 

by the current input values.9 They have no internal memory or feedback loops. 

¶ The Logic Gate Technique (Building Blocks): All complex digital operations are ultimately constructed 

from basic logic gates.10 Understanding the truth tables for these gates is crucial for analysis and design. 

o Logic Gate Example: The AND gate outputs a '1' only if all its inputs are '1'.11 The OR gate outputs 

a '1' if at least one input is '1'.12 The NOT gate simply inverts the input.13 

¶ Active Recall via Arithmetic Circuits: Combinational logic is used to perform arithmetic operations.14 

A Full Adder circuit, for instance, uses a set of XOR and AND gates to add two single binary digits plus a "carry-

in" bit, producing a sum and a "carry-out" bit.15 

¶ Decoders and Multiplexers: These circuits manage the flow and selection of data.16 A Decoder takes 

17$N$ inputs and activates one of 18$2^N$ outputs, essential for memory addressing.19 A Multiplexer 

selects one of several input lines to pass to a single output line, based on a set of selection inputs.20 

Conclusion 

Digital systems have revolutionized technology by relying on the fundamental simplicity of binary logic 

to manage immense complexity. Mastery of this field requires understanding the transition from continuous 

analog signals to discrete binary representation, the architecture of combinational and sequential circuits, 

and the application of Boolean algebra.25 As technology progresses, the principles of digital system design 

remain vital for developing faster microprocessors, more secure communication networks, and increasingly 

intelligent embedded systems. 
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ˣ͔͍͊͋͊͊ ˨ͯͤΎ͎͔ͦ͘͡Σ 

 ͨ ͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͔͙ͣͦͪ͊͡ͼ͙͙ ͔͙͚́ͯͪͣͤͫ͟͟ 

͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͊͟ 

͔͍̆͊ͣͭͦ͡ ͙́ͣͯͪΣ  

͔ͫͭͯ͒ͤͭ 

͔͙͚́ͯͪͣͤͫ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͊͟ 

˸͔͔͎ͪͭ·͡·͍͒͗ͦ͊ ˻͎ͯͤͯͪ͡Σ 

 ͫ ͔ͭͯ͒ͤͭ 

͔͙͚́ͯͪͣͤͫ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͊͟ 

ˣ͊ͭ·͍ͪͦ͊ ˨͔͔͗ͪͤΣ   

ͫͭͯ ͔͒ͤͭ 

͔͙͚́ͯͪͣͤͫ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͊͟Σ ˨͊΄͎ͦͯ͘ 

 

ˢˤ́˻˸ˢ́ˮ˭ˢ̇ˮ̒ ˽˾˻̇˩˿˿˻ˤ ˤ ˬˮˤ˻́˹˻ˤ˻˨˿́ˤ˩ ˴ˢ˴ ̅ˢ˴́˻˾ 

 ˽ ˻ˤ̍̊˩˹ˮ̒ ̏̅̅˩˴́ˮˤ˹˻˿́ˮ ˽˾˻ˮ˭ˤ˻˨˿́ˤˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 
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AUTOMATION IN LIVESTOCK FARMING AS A FACTOR OF PRODUCTION EFFICIENCY 

 

Abstract 

The article examines modern automation systems in livestock farming, including robotic milking, 

automated feeding, animal health monitoring, and climate control technologies. The advantages of 

automation are highlighted, emphasizing improved productivity, resource efficiency, and animal welfare. 
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IMPROVING AGRICULTURAL EFFICIENCY THROUGH RESOURCE-SAVING TECHNOLOGIE 

 

Abstract 

The article examines the impact of resource-saving technologies on improving the efficiency of 

agricultural production. It provides an overview of modern approaches to optimizing the use of water, soil, 

fertilizers, and energy resources. It is shown that the integration of precision farming, automation, and 

environmentally sustainable methods ensures increased crop yields while reducing costs and minimizing 

negative effects on the environment. Recommendations for the implementation of such technologies in 

farm-scale and industrial agricultural systems are provided. 
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MODERN PRECISION FARMING TECHNOLOGIES AND THEIR IMPACT ON CROP PRODUCTIVITY 

 

Abstract 

The article explores the main technological components of precision farming, including soil moisture 

sensors, automated fertilizer application, and satellite-based mapping. The impact of these technologies on 

crop yield improvement and cost reduction is analyzed. It is concluded that precision farming supports 

sustainable development of the agricultural sector. 

Keywords: 

precision farming, moisture sensors, variable-rate technology, GPS navigation, crop productivity. 
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COLLOCATION IN LEGAL ENGLISH 

 

Abstract 

Legal English is a highly specialized register of the English language, distinct from general and even 

academic English, characterized by unique lexical, syntactic, and structural conventions. Essential to 

mastering this register is an understanding of collocation: the natural and predictable pairing of words. In 

legal contexts, these pairings are often rigid, prescriptive, and critical for conveying precise meaning, 

minimizing ambiguity, and maintaining professional protocol. The misuse or violation of a conventional legal 

collocation can lead to drafting errors, contractual disputes, and a loss of professional credibility. This article 

explores the central role of collocation in legal communication, identifies key categories of legal-specific word 

pairings, and details practical strategies for legal practitioners and students to acquire this specialized 

linguistic competence. 

Keywords:  

legal english, collocation, lexical bundles, legal drafting, contract law, statutory interpretation, legal 

register, precision language, ambiguity, professional protocol. 

 

The Foundation: Collocation as the Backbone of Legal Rigor 

In legal language, precision is paramount. Unlike in creative writing, where variance is valued, legal 

texts rely on established, repeated phrases because those phrases carry decades or centuries of agreed-upon 

interpretation. Collocation ensures that a text is not only grammatically correct but also legally correct. 

Core Linguistic and Professional Impacts: 

¶ Reducing Ambiguity: Strict adherence to established collocations (e.g., null and void) eliminates 

subjective interpretation, ensuring all parties understand the precise legal consequence intended. 

¶ Maintaining Professional Protocol: Using expected phrasing signals competence and adherence to 

the traditions and professional norms of the legal field, whether in a court brief or a private contract. 

¶ Enhancing Drafting Efficiency: Knowledge of common legal set phrases allows practitioners to draft 

complex documents quickly and accurately, leveraging pre-validated linguistic structures. 

¶ Statutory Interpretation: Many collocations derive their meaning from their historical and 

conventional use within case law, making them integral to the process of interpreting statutes and 

precedents. 

Key Strategies for Acquiring Legal Collocations 

The strategic focus for legal professionals must be on maximizing exposure to authentic legal texts and 

developing a specialized lexicon that goes beyond individual vocabulary words. 

Direction 1: Maximizing Exposure to Core Lexical Bundles 

Utilizing methods that focus specifically on the rigid, multi-word units central to legal documents, 

particularly in commercial and procedural law. 
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¶ The Binary Pairing Technique (Formulaic Phrases): Legal English is replete with binomial or trinomial 

pairs, often combining synonymous or near-synonymous words for rhetorical emphasis or historical 

accuracy. Mastery requires treating these pairs as single lexical units. 

o Example (Contracts): Instead of learning damage and harm separately, learn the irreducible 

collocation: loss and damage. 

o Example (Procedure): Instead of learning cease and stop, learn the prescriptive phrase: cease and 

desist. 

o Example (Validity): Instead of cancel and invalid, learn the established phrase: null and void. 

¶ Active Recall via Verb-Noun Collocations: Many legal actions are expressed through specific, 

powerful verb-noun combinations that cannot be substituted without altering meaning or sounding 

unprofessional. 

o Example (Actions): Do not say give a right, say: confer a right. 

o Example (Obligations): Do not say pay the rules, say: comply with regulations. 

o Example (Proof): Do not say find evidence, say: adduce evidence. 

Conclusion 

Collocation is the grammar of vocabulary in Legal English. Mastery of this register demands a deliberate 

methodological approach: practitioners must treat established word pairings as unbreakable units of legal 

meaning. By prioritizing the acquisition of formulaic pairs (e.g., deemed to be), precise verb-noun 

combinations (e.g., execute a document), and formal procedural phrases, legal students and professionals 

can achieve the level of precision, clarity, and credibility required to draft enforceable contracts and navigate 

the complexities of international law. 
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˥͍͍ͦͪͯͤͦ͊ ˩͙͍͔͊ͭ͊͘͡ ˢ͔͔͔͍ͫͤ͊͟͡  

˿͔ͭͯ͒ͤͭ͊͟ ˸͎ͤͦͦͨͪͦͺ͙͡Έ͎ͤͦͦ ˴͔ͦ͒͗͊͡͡ ˽͔͔͎ͤͤͫͦͦ͘͟ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͍͔͙͔̂ͤͪͫͭͭ͊ 

˿͔͙͍͒ͦ͊ ˿͙͊ͤΎ ̊͊ͻ͙͍ͪͯͭ͒ͤͦͤ͊,  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ˿˽˻Σ ͔͔͙͔ͦͭ͒ͤ͡ ζ͙̏ͦͤͦͣ͊͟͟ ͙ ͍ͨͪ͊ͦη 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ˿˽˻Σ ˽͔͔͎ͤͤͫͦͦ͘͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͍͔͙͔ͯͤͪͫͭͭ 

˽͔͔͙͚ͤͤͫ͘͟ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔̂ͤͪͫͭͭΣ ˽͔ͤ͊͘Σ ˾͙ͦͫͫΎ 

 

ˤˮ˨̍ ˽˻˨˿̂˨˹˻˿́˩˯ ˤ ˥˾ˢˬ˨ˢ˹˿˴ˮ̆ ˨˩˶ˢ̆Υ ˴˶ˢ˿˿ˮ̅ˮ˴ˢ̇ˮ̒ ˮ  ˮ̆ ˽˻˿˶˩˨˿́ˤˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͨͦ͒ͪͦ͋ͤͦͣͯ ͙ͯ͘;͔͙ͤΌ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͍͙͍͒ͦ ͙ͨͦ͒ͫͯ͒ͤͦͫͭ ͍ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ 

͔͒͊͡ͻΣ ͙͊ͤ͊ͯ͘͡ ͍ͦͣͦ͗ͤ͘·ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡ ͤ͊ͪͯ΄͔͙ͤΎ ͍͔ͯͫͭ͊ͤͦͤͤ͡·ͻ ͍͙ͨͪ͊͡ ͙ͨͦ͒ͫͯ͒ͤͦͫͭ ͙ ͍·͔ͪ͊͋ͦͭ͟ 

͔͔ͪͦͣͤ͒͊͟ͼ͙͚ ͨͦ ͍͙ͨͪ͊͡Έͤͦͣͯ ͔͔͔͙ͦͨͪ͒ͤ͡Ό ͔ͤ͊͒͗͊͡΅͔͚ ͙ͨͦ͒ͫͯ͒ͤͦͫͭ ͔ͦͤͪͭͤ͟͟·ͻ ͔͎͙͚͊ͭͦͪ͟ ͔͒͡Φ 

˾͊͋ͦͭ͊ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ Ύ͎ͫͤͦͦ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͨͪͦͼ͔͔͒ͯͪ ͍·͋ͦͪ͊ ͔͔͎ͦͣͨͭͤͭͤͦͦ͟ ͫͯ͒͊ 

͙ ͎͔ͨͦͣͦ͊ͭ ͙͔͋͗͊ͭ͘Έ ͦ΄͙͋ͦ͟Σ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙ͻ ͤ͊ͪͯ΄͔͙ͤΌ ͊ͦͤͤ͘͟·ͻ ͙͔͔͍ͤͭͪͫͦ ͫͭͦͪͦͤΦ ˤ·͍ͦ͒· 

͍ͦͫͤͦ͊ͤ· ͤ͊ ͎ͯ͋ͦͦͣ͟͡ ͔͔͙ͭͦͪͭ;͔ͫͦͣ͟ ͦͫͣ·͔͙͙ͫͤ͡ ͔͚͍͒ͫͭͯΌ΅͙ͻ ͙͍ͤͦͪͣ͊ͭͤ·ͻ ͍͊ͭͦ͟ ͙ ͊ͭͯ͊͟͡Έ͚ͤͦ 

͔͚ͫͯ͒͋ͤͦ ͙͙ͨͪ͊ͭ͟͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

ͨͦ͒ͫͯ͒ͤͦͫͭΈΣ ͎͔ͪ͊͗͒͊ͤͫͦ͟ ͨͪͦͼ͔ͫͫͯ͊͡Έ͔ͤͦ ͍ͨͪ͊ͦΣ ͔ͫͯ͒͋ͤ͊Ύ ͊͘΅͙ͭ͊Σ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙ͨͦ͒ͫͯ͒ͤͦͫͭΣ 

͍ͪͦ͒ͦ͊Ύ ͨͦ͒ͫͯ͒ͤͦͫͭΈΣ ͔͙͙ͭͪͪͭͦͪ͊͡Έͤ͊Ύ ͨͦ͒ͫͯ͒ͤͦͫͭΈΣ ͍͔͍͔ͨͦ͒͒ͦͣͫͭͤͤͦͫͭΈΦ 

 

˽ͦ͒ͫͯ͒ͤͦͫͭΈ τ Ήͭͦ ͟͡Ό;͔͍͚ͦ Ή͔͔ͣͤͭ͡ ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊Σ ͦͭͦͪ͟·͚ ͔͔ͦͨͪ͒͡Ύ͔ͭΣ ͚͊ͦ͟͟ ͫͯ͒ 

͔͒ͦ͗ͤ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͔͔ͦͤͪͭͤͦ͟͟ ͔͒ͦ͡Φ ˽͙͙͔ͦͤͣ͊ͤ ͙ͪ͊͘͡;ͤ·ͻ ͍͙͍͒ͦ ͙ͨͦ͒ͫͯ͒ͤͦͫͭ ͙͔͔ͣͭ ͋ͦ͡Έ΄͔ͦ 

ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ ͙ ͊͘΅͙ͭ· ͍ͨͪ͊ ͯ;͙͍͊ͫͭͤͦ͟Φ ˤ ͍͍͚ͨͪ͊ͦͦ ͙͔ͨͪ͊ͭ͟͟ ͍·͔͒͡ΎΌͭ 

͔ͤͫͦ͟͡Έͦ͟ ͙͍ͭͨͦ ͙ͨͦ͒ͫͯ͒ͤͦͫͭΣ ͊͗͒͟·͚ ͙͘ ͦͭͦͪ͟·ͻ ͍·ͨͦͤ͡Ύ͔ͭ ͍ͫͦΌ ͺͯͤ͟ͼ͙Ό ͍ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔͎ͫͯ͒͋ͤͦͦ 

͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭ͊Φ  

˿ͯ΅͔͍͔ͫͭͯͭ ͔ͤͫͦ͟͡Έͦ͟ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͚ ͙ͨͦ͒ͫͯ͒ͤͦͫͭΥ ͍ͪͦ͒ͦ͊ΎΣ ͔͙͙ͭͪͪͭͦͪ͊͡Έͤ͊Ύ ͙ 

͍͔͍͔ͨͦ͒͒ͦͣͫͭͤͤͦͫͭΈΦ ˾͍ͦ͒ͦ͊Ύ ͨͦ͒ͫͯ͒ͤͦͫͭΈ ͍͔ͦͭ;͔͊ͭ ͊͘ ͔͔͔͙͔ͦͨͪ͒ͤ͡Σ ͙͔͊͟͟ ͔͎͙͙͊ͭͦͪ͟ ͔͒͡ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍ ͫͯ͒͊ͻ ͔͔͖ͦͨͪ͒ͤͤ͡·ͻ ͙ͤͫͭ͊ͤͼ͙͚Φ ͔͙͙́ͪͪͭͦͪ͊͡Έͤ͊Ύ ͨͦ͒ͫͯ͒ͤͦͫͭΈ ͔͗ ͯ͊͘͟·͍͔͊ͭΣ ͍ 

͊ͦͣ͟͟ ͔͔ͣͫͭ ͒ͦ͗ͤͦ͡ ͨͪͦͻ͙ͦ͒ͭΈ ͔͔ͫͯ͒͋ͤͦ ͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭͦΦ ˽͍͔͍͔ͦ͒͒ͦͣͫͭͤͤͦͫͭΈ ͎͙ͪ͊ͪ͊ͤ͘;͙͍͔͊ͭ 

͔͒͊͡Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͙ͫͯ͒͊ͣΣ ͦͭ ͔ͭͻΣ ͦͭͦͪ͟·͔ ͒ͦ͗ͤ͡· ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͎͙͙͒ͪͯͣ 

͎͙ͦͪ͊ͤ͊ͣΦ ˹͔͍͙ͨͪ͊͡Έͤ·͚ ͍·͋ͦͪ ͙ͨͦ͒ͫͯ͒ͤͦͫͭ ͔ͣͦ͗ͭ ͙͔ͣͭΈ ͔ͫͪΈ͖ͤ͘·͔ ͔͍͙ͨͦͫ͒ͫͭ͡ΎΣ ͙͔ͭ͊͟ ͊͟͟ ͦͭ͊͘͟ ͍ 

͙ͨͪͤΎ͙͙ͭ ͙ͫ͊͟ ͙͙͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍͎ͨͦͭͦͪͤͦͦ ͦ͋ͪ͊΅͔͙ͤΎ ͍ ͎͚͒ͪͯͦ ͫͯ͒Σ ;ͭͦ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ 

ͺ͙͍ͤ͊ͤͫͦ·ͣ ͔ͨͦͭͪΎͣ ͒͡Ύ ͙ͫͭͼ͊Φ ˽ͦΉͭͦͣͯ ͙͔ͤ͊ͤ͘ ͙ͪ͊͘͡;ͤ·ͻ ͍͙͍͒ͦ ͙ͨͦ͒ͫͯ͒ͤͦͫͭ ͙ ͙ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡ 

͚͔ͪ͊ͤ͟ ͍͊͗ͤͦ ͒͡Ύ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͊͘΅͙ͭ· ͍͙ͫͦͻ ͍ͨͪ͊ ͙ ͙͔͔͍ͤͭͪͫͦ ͍ ͎ͪ͊͗͒͊ͤͫͦͣ͟ ͨͪͦͼ͔͔ͫͫΦ ˤ Ή͚ͭͦ ͔ͪ͊͋ͦͭ 

ͣ· ͙ͪ͊ͫͫͣͦͭͪͣ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ό ͍͙͍͒ͦ ͔͚ͨͦ͒ͫͯ͒ͤͦͫͭ ͍ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͔͒͊͡ͻ ͙ ͙ͻ ͍͙͡Ύ͙͔ͤ ͤ͊ ͫͭͦͪͦͤ· 

͔͎ͫͯ͒͋ͤͦͦ ͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭ͊Φ 

˹͔͍͙ͨͪ͊͡Έͤͦ ͍·͋ͪ͊ͤͤ·͚ ͫͯ͒ ͍ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͫͨͦͪ͊ͻ ͔ͣͦ͗ͭ ͔ͫͪΈ͖ͤͦ͘ ͍͙ͨͦ͡ΎͭΈ ͤ͊ ͙ͫͻͦ͒ ͔͒͊͡Φ 

˨͔ͦ͡ ͒ͦ͗ͤͦ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͙͔ͣͤͤͦ ͔ͭͣ ͫͯ͒ͦͣΣ ͦͭͦͪ͟·͚ ͍͍͔ͨͪ͊ ͙͊ͤͣ͊ͭ͘ΈͫΎ ͙ͭ͊ͣ͟ ͍ͦͨͪͦͫͦͣ 

͎ͫͦ͊ͫͤͦ͡ ͊ͦͤͯ͘͟Φ ˤ·͋ͦͪ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͫͯ͒͊ ͍͙͙͊ͫͭ͘ ͦͭ ͔͍ͣͤͦ͗ͫͭ͊ ͍͙͚ͯͫͦ͡Υ ͎͔͒ ͙͍͖͗ͭ ͍͔ͦͭͭ;͙͟Σ ͎͊ͦͦ͟͟ 

ͻ͔͊ͪ͊ͭͪ͊͟ ͙ͫ͟ ͙ ͊͊͟͟Ύ ͫͯͣͣ͊ ͊͘Ύ͍͡Ύ͔ͭͫΎΣ ͊ ͔ͭ͊͗͟ ͔ͫͨͼ͙͊͡Έͤ·ͻ ͤͦͪͣ ͊ͦͤ͊͘͟Φ ˽ͦ͒ͫͯ͒ͤͦͫͭΈ ͔͙͒ͭͫ͡Ύ ͤ͊ 

͔ͤͫͦ͟͡Έͦ͟ ͍͙͍͒ͦΣ ͊͗͒͟·͚ ͙͘ ͦͭͦͪ͟·ͻ ͔͔ͦͨͪ͒͡Ύ͔ͭΣ ͚͊ͦ͟͟ ͫͯ͒ ͔͒ͦ͗ͤ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͔͔ͦͤͪͭͤͦ͟͟ ͔͒ͦ͡Υ 

1. ˻͋΅͊Ύ ͨͦ͒ͫͯ͒ͤͦͫͭΈΥ ˻ͤ͊ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͔͔ͣͫͭ ͙͍͙ͨͪͦ͗͊ͤΎ ͍͔ͦͭͭ;͙͊͟ ͙͙͡ 

͔ͣͫͭͦͤ͊ͻ͔͙͙ͦ͗͒ͤ ͔͎ͦ ͙ͣͯ΅͔͍ͫͭ͊Φ ˻͒ͤ͊ͦ͟ ͊ͦͤ͘͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͫͭͼͯ ͔ͭ͊͗͟ ͦ͋ͪ͊΅͊ͭΈͫΎ ͍ ͫͯ͒ ͨͦ ͍͔ͫͦͣͯ 

͔ͣͫͭͯ ͙͔͗ͭ͡Έ͍ͫͭ͊Σ ;ͭͦ ͤ͊͘·͍͔͊ͭͫΎ Ϧ͙ͫ͟ ͨͦ ͍·͋ͦͪͯϦΦ 
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2. ˿͔ͨͼ͙͊͡Έͤ͊Ύ ͨͦ͒ͫͯ͒ͤͦͫͭΈΥ ˽͙͔ͪͣͤΎ͔ͭͫΎ ͒ ͡Ύ ͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͔͎͙͚͊ͭͦͪ͟ ͔͒͡Σ ͙ͭ͊͟ͻ ͊͟͟ ͫͨͦͪ· ͦ 

͍ͨͪ͊͊ͻ ͔͙͔͔͚ͨͦͭͪ͋ͭ͡Σ ͍ͭͪͯ͒ͦ·͔ ͦͤ͟ͺ͙ͭ͟͡·Σ ͙͙͗͡΅ͤ·͔ ͙ ͔͔͚ͫͣͤ·͔ ͔͒͊͡Φ ͙̏ͭ ͔͒͊͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍ 

͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ ͫͯ͒͊ͻΦ 

3. ˮͫ͟͡Ό;͙͔ͭ͡Έͤ͊Ύ ͨͦ͒ͫͯ͒ͤͦͫͭΈΥ ͍͙͍͔̂ͫͭ͊ͤ͊͊ͭͫ͡Ύ ͒͡Ύ ͔ͦͤͪͭͤ͟͟·ͻ ͍͙͍͒ͦ ͔͒͡Σ ͙͔ͤ͊ͨͪͣͪΣ ͨͦ 

͍͋͊ͤͪͦͭͫͭͯ͟ Ό͙͙ͪ͒;͔͙ͫ͟ͻ ͙͡ͼ ͙͙͡ ͙ͣͯ΅͔͍͔ͫͭͤͤ·ͣ ͫͨͦͪ͊ͣ ͨͦ ͔͍͙͙͙ͤ͒͗ͣͦͫͭΦ ˭͔͒ͫΈ ͍͙ͨͪ͊͊͡ 

͙ͨͦ͒ͫͯ͒ͤͦͫͭ ͎ͫͭͪͦͦ ͔͔͔ͦͨͪ͒ͤ͡· ͙ ͔ͤ ͔ͨͦ͒͗͊ͭ͡ ͙͔͔͙ͣͤͤ͘Ό. 

4. ˢ͡Έ͔͙͍ͭͪͤ͊ͭͤ͊Ύ ͨͦ͒ͫͯ͒ͤͦͫͭΈΥ ˽͍ͦͦ͘͡Ύ͔ͭ ͙ͫͭͼͯ ͍·͙͋ͪ͊ͭΈ ͔͙ͫͪ͒ ͔ͤͫͦ͟͡Έ͙͟ͻ ͍ͫͯ͒ͦΣ ͦͭͦͪ͟·͔ 

͙͔ͣΌͭ ͍ͨͪ͊ͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͔͒͊ͤͤͦ ͔͒ͦ͡Φ 

5. ˨͎͍ͦͦͦͪͤ͊Ύ ͨͦ͒ͫͯ͒ͤͦͫͭΈΥ ˿ͭͦͪͦͤ· ͎ͣͦͯͭ ͔͔͊ͪ͊ͤ͘ ͎͍͙͒ͦͦͦͪͭΈͫΎ ͦ ͭͦͣΣ  ͍ ͊ͦͣ͟͟ ͔ͫͯ͒ ͔͋ͯ͒ͭ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͍͙ͦͤ͘͟΄͙͚ ͦͤ͟ͺ͙ͭ͟͡Φ 

6. ˸͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͨͦ͒ͫͯ͒ͤͦͫͭΈΥ ˴͔͊ͫ͊ͭͫΎ ͫͯ͡;͔͍͊Σ ͎ͦ͒͊͟ ͦ͒ͤ͊ ͙͘ ͫͭͦͪͦͤ ͤ͊ͻ͙ͦ͒ͭͫΎ ͊͘ 

͔͔͙ͨͪ͒͊ͣ͡ ˾͙͙ͦͫͫΦ 

˩͙ͫ͡ ͙͔ͫͭͼ ͨͦ͒͊ͫͭ ͙ͫ͟ ͔ͤ ͍ ͭͦͭ ͫͯ͒Σ Ήͭͦ ͔ͣͦ͗ͭ ͍·͍͊ͭ͘Έ ͔ͫͪΈ͔ͤ͘·͔ ͔ͨͪͦ͋ͣ͡·Υ  

¶ ˿͔͔ͯ͒͋ͤͦ ͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭͦ ͔ͣͦ͗ͭ ͋·ͭΈ ͙͍͔ͨͪͦͫͭ͊ͤͦͤͦ͡ ͒ͦ ͍·Ύ͔͙ͫͤͤΎ ͍͙ͨͪ͊͡Έ͚ͤͦ 

͙ͨͦ͒ͫͯ͒ͤͦͫͭΦ 

¶ ˿͙ͪͦ͟ ͨͦ͒͊;͙ ͙ͫ͊͟ ͎ͣͦͯͭ ͋·ͭΈ ͯͨͯ΅͔ͤ·Σ ͙ ͍ͤͦ·͔ ͙ͫͪͦ͟ ͋ͯ͒ͯͭ ͙ͫ;͙ͫ͡ΎͭΈͫΎ ͍͊ͤͦͦ͘Φ 

ˤ͙ͦͤͤͯͭ͘͟ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔ ͺ͙͍ͤ͊ͤͫͦ·͔ ͊ͭͪ͊ͭ͘·Σ ͍͟͡Ό;͊Ύ ͔ͫͯ͒͋ͤ·͔ ͨͦ΄͙ͤ͡· ͙ ͪ͊ͫͻͦ͒· ͤ͊ 

͍͍͊͒ͦ͊ͭͦ͟Φ 

¶ ˮ͔ͫͭͼ ͔ͣͦ͗ͭ ͔ͨͦͭͪΎͭΈ ͍ͨͪ͊ͦ ͤ͊ ͔ͦͣͨͤͫ͊͟ͼ͙Ό ͙͘-͊͘ ͨͪͦͨͯͫ͊͟ ͍ͫͪͦͦ͟Φ 

¶ ˩͙ͫ͡ ͫͯ͒ ͍·͔͔ͤͫͭ ͔ͪ΄͔͙͔ͤ ͍͔͙ͦͨͪ͟ ͍͙ͨͪ͊͊ͣ͡ ͙ͨͦ͒ͫͯ͒ͤͦͫͭΣ ͔͎ͦ ͣͦ͗ͤͦ ͔͋ͯ͒ͭ ͔͎ͦ͟͡ ͙ͦͫͨͦͪͭΈ 

͙ ͔͙ͦͭͣͤͭΈΦ 

  ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͍͙ͤͨͪ͊͡Έͤ·͚ ͍·͋ͦͪ ͫͯ͒͊ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͺ͙͍ͤ͊ͤͫͦ·ͣ ͔ͨͦͭͪΎͣΣ ͔͔ͨͦͭͪ 

͍͔͔͙ͪͣͤ ͙ ͔͒͊͗ ͟ ͔͍͙ͤͦͣͦ͗ͤͦͫͭ͘ ͙͒ͦ͋ͭΈͫΎ ͍͔͙͍͎ͫͨͪ͊͒ͦͦ͡ ͔ͪ͊ͪ͘΄͔͙ͤΎ ͫͨͦͪ͊Φ ̉ͭͦ͋· ͭͦ;ͤͦ ͍·͋ͪ͊ͭΈ 

ͤͯ͗ͤ·͚ ͫͯ͒ ͙ ͙͔͋͗͊ͭ͘Έ ͦ΄͙͋ͦ͟Σ ͔ͨͦͤͦ͘͡ ͔͍ͫ͒ͦ͊ͭ͡Έ ͔ͤͫͦ͟͡Έ͙ͣ͟ ͨͪͦͫͭ·ͣ ͍͔ͫͦͭ͊ͣΥ 

1. ˿ͤ͊;͊͊͡ ͔͙͔ͪ͊͋ͪͭͫ͘ΈΣ ͟ ͊ͦͣͯ͟͟ ͙ͭͨͯ ͙ͦͭͤͦͫͭͫΎ ͍͊΄ ͫͯ͡;͚͊ ͦ͋΅͙͚Σ ͔ͫͨͼ͙͊͡Έͤ·͚Σ 

͙ͫ͟͡Ό;͙͔ͭ͡Έͤ·͚ ͙ ͭΦͨΦ 

2. ͚͔̂ͤ͊ͭ͘ ͭͦ;͔ͤͦ ͔ͣͫͭͦ ͙͔͗ͭ͡Έ͍ͫͭ͊ ͙͙͡ ͤ͊ͻ͔͙ͦ͗͒ͤΎ ͍͔ͦͭͭ;͙͊͟Σ ͍͔ͨͪͦͪΈ͔ͭΣ ͔ͤͭ ͙͡ 

͙ͫ͟͡Ό;͊Ό΅͙ͻ ͔͍ͣͦͣͤͭͦΦ 

3. ˽͙͔ͦͫͣͦͭͪͭΣ ͔͔ͫͣͦ͗ͭ ͙͡ ͍· ͙ͫ͊ͣ ͍·͋ͪ͊ͭΈ ͫͯ͒ ͙͙͡ ͍͙ͯͫͭ͊ͤͦͭΈ ͔͎ͦ ͔͔͊ͪ͊ͤ͘ ͍ ͎ͫͦ͊͡΄͔͙͙ͤ ͫ 

͎͙͒ͪͯͣ ͯ;͙͊ͫͭͤͦͣ͟ ͔͒͊͡Φ 

4. ˻͋Ύ͔͊ͭ͘͡Έͤͦ ͎͍͙͔ͨͦͦͦͪͭ ͫ ͦͨ·ͭͤ·ͣ ͍͊͒ͦ͊ͭͦͣ͟ ͔͔ͨͪ͒ ͨͦ͒͊;͔͚ ͙ͫ͊͟Φ 

5. ˤ͔͎ͫ͒͊ ͔͙͔ͫ͒ͭ͡ ͊͘ ͙ͫͪͦ͊ͣ͟ ͨͦ͒͊;͙ ͊͘Ύ͍͔͙͚ͤ͡ ͙ ͫͦ͋͡Ό͚͔͒͊ͭ ͦͫͭ͊͡Έͤ·͔ ͍͊͗ͤ·͔ ͔͍͙ͭͪ͋ͦ͊ͤΎ 

ͫͯ͒͊Φ  

͙̏ͭ ͍͔ͫͦͭ· ͎ͨͦͣͦͯͭ ͍͙ͨͪ͊͡Έͤͦ ͔͔͙ͦͨͪ͒ͭ͡Έ ͨͦ͒ͻͦ͒Ύ΅͙͚ ͫͯ͒ ͙ ͔ͯͫͨ΄ͤͦ ͔ͪ΄͙ͭΈ ͍ͫͦΌ ͔ͨͪͦ͋ͣͯ͡ ͍ 

͎ͪ͊͗͒͊ͤͫͦͣ͟ ͔͔͒͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˶͔͚͋ͦ΅͙ͤ ˢΦˤΦ ˤ͔͙ͫͭͤ͟ ˸͍͎ͦͫͦͫͦͦ͟͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊Φ ˿ ммΥ ˽͍ͪ͊ͦ нлмл Ѕп ͫ ур-97 

2. ˢͭͯ͊͟͡Έͤ·͔ ͔ͨͪͦ͋ͣ͡· ˥͎ͪ͊͗͒͊ͤͫͦͦ͟Σ ͎͍͎̂ͦͦͤͦͦ͡Σ ˢ͙͙͙͍͎͒ͣͤͫͭͪ͊ͭͤͦͦ ͙͍͍ͫͯ͒ͦͨͪͦͦ͒ͫͭ͊͘ 

ˣ͔͍͙͚ͦ͒͊ͫ͟ ˤΦ˽ΦΣ ˭͊ͻ͍͊ͪͦ ˨ΦˢΦΣ ˴͙ͦ͒ͤͼ͔͍ ˿ΦˢΦΣ ˹ ͙͙ͯͤ͟͡ ˸ΦˮΦΣ ˹͍͙͍ͦͦ͊͟ ́Φ̑ΦΣ ˽͔͔͙ͤ͡ͼ·ͤ͊ ˸ΦˤΦΣ ˾͔ͯ͒ͤͦ͟ 

ˢΦˤΦΣ ˿͍͔͊ͤͦ͟ ˹ΦˤΦΣ ˿ͦ΄͙ͤ͊˹ΦˤΦΣ ͙͎͙̊ͦͤͤ ˢΦˣΦΣ ̒ͼ͔ͤͦ͟ ˢΦ˻Φ ̂;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ κ ˿͙ͣͺ͔ͪͦͨͦ͡ΈΣ нлнмΦ 

3. ˢͭͯ͊͟͡Έͤ·͔ ͔ͨͪͦ͋ͣ͡· ͍͙͔ͫͪ͊ͤͭ͡Έͤͦς͙ ͙ͫͭͦͪ;͔͎ͫͦͦ͟ ͍͍͔͔͙ͨͪ͊ͦ͒ͤΎ ͙ ͔͔͙ͭͦͪͭͦ͟-͍͍ͨͪ͊ͦ·ͻ 

͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͙ͫ͋ͦͪͤ͟ ͔͚ͫͭ͊ͭ ͨͦ ͔͙ͣ͊ͭͪ͊͊ͣ͡ LL ˹͊ͯ;ͤͦ ͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͺͦͪͯͣ͊ ͫ ͔ͣ͗͒ͯͤ͊ͪͦ͒·ͣ 

ͯ;͙͔͊ͫͭͣΣ ͍ͨͦͫΎ΅͖͎ͤͤͦͦ ͨ͊ͣΎ͙ͭ ͨͪͦͺ͔ͫͫͦͪ͊Σ ;͔ͤ͊͡-͔͔ͦͪͪͫͨͦͤ͒ͤͭ͊͟ ˾ˢ˹ ˥ΦˤΦ ˸͊͡Έͼ͔͍͊ ό͟ фл-͔͙ͭ͡Ό ͫͦ 

͒ͤΎ ͔͙ͪͦ͗͒ͤΎύ κ ˸͍ͦͫ͊͟Σ нлнрΦ 

ϭ ˥͍͍ͦͪͯͤͦ͊ ˩ΦˢΦΣ ˿͔͙͍͒ͦ͊ ˿Φ̊ΦΣ 2025 
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̂˨˴Υ оптΦфп 

˴͙͍ͭͦ͊ ˽͙ͦͤ͊͡ ˿͔͎͔͔͍ͪͤ͊ 

˿͔͙͍͒ͦ͊ ˿͙͊ͤΎͭ ̊͊ͻ͙͍ͪͯͭ͒ͤͦͤ͊ 

 

˨˻˴ˢ˭ˢ́˩˶̎˿́ˤˢ ˤ ˥˾ˢˬ˨ˢ˹˿˴˻˸ ˽˾˻̇˩˿˿˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͍ ͎ͪ͊͗͒͊ͤͫͦͣ͟ ͨͪͦͼ͔͔ͫͫΣ ͪ͊ͫͪ͟·͍͊Ό΅͔ͣͯ 

͔͔͙ͭͦͪͭͦ͟-͍͍ͨͪ͊ͦ·͔ ͍ͦͫͤͦ· ͙͙ͤͫͭͭͯͭ͊ ͒ͦ͊͘͟·͍͙͊ͤΎΣ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ 

͙ͫͭͦͪͦͤ͊ͣ ͨͪͦͼ͔ͫͫ͊Φ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭΣ ͨͦͪΎ͒ͦ͟ ͙ͻ ͙͙ͫͦ͋ͪ͊ͤΎ, 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͦͼ͔͙ͤ͟ ͫͯ͒ͦͣΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔ͨͪͦ͋ͣ͊ͣ͡ ͙͙ͦͭͤͦͫͣͦͫͭΣ ͙͙͒ͦͨͯͫͭͣͦͫͭ ͙ 

͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭΣ ͍͙ͦͤ͊͘͟Ό΅͙ͣ ͍ ͔͚ͫͯ͒͋ͤͦ ͙͔ͨͪ͊ͭ͟͟Φ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͊ͭͯ͊͟͡Έͤͦ ͍ ͍ͫΎ͙͘ ͫ 

͙͔͔͙ͣͤͤ͘Ύ͙ͣ ͍ ˥˽˴ ˾̅ ͙ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͍ͨͦ·΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͔͎ͫͯ͒͋ͤͦͦ ͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭ͊ 

͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͔͒͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡:  

͒ͦ ͔͊͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͙ͦͭͤͦͫͣͦͫͭΈΣ ͙͒ͦͨͯͫͭͣͦͫͭΈΣ ͊ͭͯ͊͟͡ΈͤͦͫͭΈΣ ͫͯ͒Σ ͔ͨͪͦ͋ͣ͡·Σ ͫͭͦͪͦͤ·Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˨͔ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͎ͪ͊͗͒͊ͤͫͦͣ͟ ͨͪͦͼ͔͔ͫͫΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͦ͋Ά͔͙͍͔ͭͤͦ͟ 

͍͔͙͔ͯͫͭ͊ͤͦͤ͡ ͺ͙͊ͭ͟;͔͙ͫ͟ͻ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ ͔͒͊͡ ͙ ͙ͨͪͤΎ͙͔ͭ ͍͎ͦ͋ͦͫͤͦ͊ͤͤͦͦ ͔͎ͫͯ͒͋ͤͦͦ ͔ͪ΄͔͙ͤΎΦ 

ˮ͙ͤͫͭͭͯͭ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͍ͫͦͦͯͨͤͦͫͭ͟Έ ͙͍ͤͦͪͣ͊ͭͤ·ͻ ͔͙͚ͨͦͦ͗ͤ͡Σ 

͔͎͔͙ͪ͊ͣͤͭͪͯ͡Ό΅͙ͻ ͫ͋ͦͪΣ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡Σ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙ ͦͼ͔ͤͯ͟ ͍͔͔͙͚ͫ͒ͤΣ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͒͡Ύ 

͍͙ͨͪ͊͡Έ͎ͤͦͦ ͔ͪ͊ͪ͘΄͔͙ͤΎ ͫͨͦͪ͊ ͫͯ͒ͦͣΦ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͍·͚͋ͪ͊ͤͤͦ ͔ͭͣ· ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͤ͊͘;͙ͣͦͫͭΈΌ ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔͚ͫͭͤͤͦ ͋͊͘· ͒͡Ύ 

͙͔͙͒ͦͫͭ͗ͤΎ ͼ͔͔͚͡ ͍͙ͨͪ͊ͦͫͯ͒ΎΣ ͎͙͍͙͊ͪ͊ͤͭͪͦ͊ͤΎ ͍͔͙͍͙ͫͨͪ͊͒ͦͫͭ͡ ͙ ͙͊ͦͤͤͦͫͭ͘͟ ͙͙͔ͨͪͤͣ͊ͣ·ͻ ͔ͪ΄͔͙͚ͤΦ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͙ͤ͊͡;͙͔ ͔͒ͭ͊͡Έ͚ͤͦ ͔͎͔ͪ͊ͣͤͭ͊͡ͼ͙͙ ͨͦͪΎ͒͊͟ ͒ͦ͊͘͟·͍͙͊ͤΎ ͍ ˥ͪ͊͗͒͊ͤͫͦ͟-ͨͪͦͼ͔ͫͫͯ͊͡Έͤͦͣ 

͔͔ͦ͒ͫ͟͟ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙Σ ͙ͨͪ͊ͭ͊͟͟ ͨͦ͊͘͟·͍͔͊ͭ ͙ͤ͊͡;͙͔ ͪΎ͒͊ ͔ͨͪͦ͋ͣ͡Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ 

ͫͦ͋͡Ό͔͙͔͒ͤͣ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͙͙͒ͦͨͯͫͭͣͦͫͭΣ ͙͙ͦͭͤͦͫͣͦͫͭ ͙ ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡·ͻ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭΦ 

˻͋Ά͔ͭͦͣ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍·ͫͭͯͨ͊Όͭ ͦ͋΅͔͍͔ͫͭͤͤ·͔ ͦͭͤͦ΄͔͙ͤΎΣ ͍͙ͦͤ͊͘͟Ό΅͙͔ ͍ ͍ͫΎ͙͘ ͫ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͍ ͎ͪ͊͗͒͊ͤͫͦͣ͟ ͨͪͦͼ͔͔ͫͫΦ ˽͔͔ͪ͒ͣͭ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ͫͦͫͭ͊͡ΎΌͭ ͍͍ͨͪ͊ͦ·͔ 

ͤͦͪͣ·Σ ͔͎͙ͪͯͪͯ͡Ό΅͙͔ ͨͪͦͼ͔͒ͯͪͯ ͒ͦ͊͘͟·͍͙͊ͤΎΣ ͔ͫͯ͒͋ͤ͊Ύ ͙ͨͪ͊ͭ͊͟͟ ͙ ͤ͊ͯ;ͤ·͔ ͦͤ͟ͼ͔ͨͼ͙͙Σ ͊ͫ͊͟Ό΅͙͔ͫΎ 

͍͍ͦͨͪͦͫͦ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙ ͦͼ͔͙ͤ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔͚ͫͭͤͤͦ ͋͊͘·Φ 

͔̇͡Έ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͔ͦͣͨͫͤͦͣ͟͟͡ ͙͔͊ͤ͊͘͡ ͙͙ͤͫͭͭͯͭ͊ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͍ ͎ͪ͊͗͒͊ͤͫͦͣ͟ 

ͨͪͦͼ͔͔ͫͫΣ ͍·Ύ͍͔͙͙ͤ͡ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ ͔ͨͪͦ͋ͣ͡ ͙ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύͻ ͨͦ ͍͔ͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΌ ͔ͣͻ͙͊ͤͣ͊͘ 

͒ͦ͊͘͟·͍͙͊ͤΎΦ 

˭͊͒͊;͙ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͟͡Ό;͊ΌͭΥ 

- ˮͯ͘;͔͙͔ͤ ͨͦͤΎ͙͚͎ͭͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ ͙ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͚ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͍ ͔ͤ͊ͯ͟ ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ 

ͨͪͦͼ͔ͫͫͯ͊͡Έ͎ͤͦͦ ͍ͨͪ͊͊Φ 

- ˻ ͔͔͔͙͔ͨͪ͒ͤ͡ ͨͦͪΎ͒͊͟ ͙ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͨͪͦͼ͔͒ͯͪ· ͒ͦ͊͘͟·͍͙͊ͤΎΦ 

- ʕ ·Ύ͍͔͙͔ͤ͡ ͔ͨͪͦ͋ͣ͡ ͙͔͔͙ͨͪͣͤͤΎ ͙͙͍ͤͫͭͭͯͭͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͚ͫͯ͒͋ͤͦ ͙͔ͨͪ͊ͭ͟͟Φ 

- ̅ ͙͍͙͔ͦͪͣͯͪͦ͊ͤ͡ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡ ͨͦ ͍͔ͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΌ ͊ͦͤ͊͘͟ ͙ ͨͪͦͼ͔ͫͫͯ͊͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 

͔͚ͫͯ͒ ͙ ͫͭͦͪͦͤ ͫͨͦͪ͊Φ 

˻͔͙ͫͦ͋ͤͤͦͫͭ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͙ͫͭͦͪͦͤ͊ͣ ͨͪͦͼ͔ͫͫ͊ 

˻͔͙ͫͦ͋ͤͤͦͫͭ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭΥ 
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мΦ ˽͙ͪͤͼ͙ͨ ͫͦͫͭΎ͔͊ͭ͘͡Έ͙ͤͦͫͭΥ ˿ͭͦͪͦͤ· ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͙ͫͦ͋ͪ͊Όͭ ͙ ͔͍ͨͪ͒ͦͫͭ͊͡ΎΌͭ ͫͯ͒ͯ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͍͔ͨͦ͒ͭͪ͗͒͊Ό΅͙͔ ͙ͻ ͙ͨͦ͘ͼ͙ΌΦ  

нΦ ˻͙ͭͤͦͫͣͦͫͭΈ ͙ ͙͒ͦͨͯͫͭͣͦͫͭΈΥ ˨͔ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͒ͦ͗ͤͦ͡ ͙͔ͣͭΈ ͔͔͍͔͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͦͭͤͦ΄͔͙͔ͤ ͟ 

͔͒ͯ͡ ͙ ͍͔͍͍ͫͦͦͭͭͫͭͦ͊ͭΈ ͔͍͙ͭͪ͋ͦ͊ͤΎͣ ͊ͦͤ͊͘͟ ͦ ͺ͔ͦͪͣ ͙ ͔ͫͨͦͫͦ͋ ͔͎ͦ ͨͦͯ͡;͔͙ͤΎΦ ˹͔͙͒ͦͨͯͫͭͣ· 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͨͦͯ͡;͔ͤͤ·͔ ͔ͤ͊ͦͤͤ͘͟·ͣ ͔ͨͯͭͣΦ 

оΦ ˻͋Ύ͊ͤͤͦͫͭ͘Έ ͒ͦ͊͊ͭ͘͟Έ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊Υ ˴͊͗͒͊Ύ ͫͭͦͪͦͤ͊ ͦ͋Ύ͊ͤ͊͘ ͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ 

ͺ͍͊ͭͦ͟Σ ͍͔ͨͦ͒ͭͪ͗͒͊Ό΅͙ͻ ͔͖ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͙͙͡ ͍͔͙ͦͪ͊͗ͤ͘Ύ ͙͍ͨͪͦͭ ͙ͫ͊͟Φ  

пΦ ˽͔͍͔͙͔ͪ͒ͫͭ͊ͤ͡ ͙ͨͫΈ͔ͣͤͤ·ͻ ͙ ͍͔΅͔͍͔ͫͭͤͤ·ͻ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭΥ ͙̏ͭ ͍͙͒· ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ Ύ͍͡ΎΌͭͫΎ 

͙͔͔ͤ͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͙ͣΦ ˻͙ͤ ͎ͣͦͯͭ ͋·ͭΈ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͍ ͙͎͙͔ͦͪͤ͊͡ ͙͋ͦ͡ ͍ ͙͙ͦͨ͟Σ 

͍͔͔͚ͯ͒ͦͫͭͦͪͤͤͦ ͔ͤ͊͒͗͊͡΅͙ͣ ͦ͋ͪ͊ͦͣ͘Φ 

рΦ ˿͔ͯ͒͋ͤ·͔ ͨͦͪͯ;͔͙ͤΎ ͙ Ή͔͙ͫͨͪͭ͊͘͟Υ ˽ͦ ͻ͚͍ͦ͒͊ͭ͊ͫͭͯ ͚ͦ͒ͤͦ ͙͘ ͫͭͦͪͦͤ ͫͯ͒ ͍͍͔ͨͪ͊ ͍͙ͤ͊ͨͪ͊ͭΈ 

͔͔ͫͯ͒͋ͤͦ ͨͦͪͯ;͔͙͔ͤ ͎͒ͪͯͦͣͯ ͫͯ͒ͯ ͙͙͡ ͤ͊ͤ͊͘;͙ͭΈ Ή͔͙ͫͨͪͭͯ͘͟ ͒͡Ύ ͍·Ύ͔͙ͫͤͤΎ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭΣ ͙͔ͣΌ΅͙ͻ 

ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͔͒͊͡Φ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͍ ͎ͪ͊͗͒͊ͤͫͦͣ͟ ͨͪͦͼ͔͔ͫͫ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͨͦ ͙ͪ͊͘͡;ͤ·ͣ 

͍͙ͦͫͤͦ͊ͤΎͣΥ 

 LΦ ˽ͦ ͙ͫͭͦ;͙ͤͯ͟ ͍͙͍͔͙ͦͤͤͦͤ͘͟ΎΥ 

мΦ ˶͙;ͤ·͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ - ͍ͦͫͤͦ͊ͤ· ͤ͊ ͙͡;ͤͦͣ ͍͙ͦͫͨͪΎ͙͙ͭ ͫͦ͋·͙ͭΎ ό͙ͨͦ͊͊ͤ͘͟Ύ ͍͙͔͔͔͚ͫ͒ͭ͡Σ 

ͦ͋ΆΎ͔͙ͫͤͤΎ ͫͭͦͪͦͤύΦ 

нΦ ˤ͔΅͔͍͔ͫͭͤͤ·͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ - ͔͔ͨͪ͒ͣͭ· ͔͙ͣ͊ͭͪ͊͡Έ͎ͤͦͦ ͙ͣͪ͊Σ ͔ͤͫͯ΅͙͔ ͔ͫ͒͡· ͫͦ͋·͙ͭΎ 

ό͔͒ͦͯͣͤͭ͟·Σ ͍͔΅͙Σ ͍͙͔͙͙͒ͦ͊ͨͫ͘ύΦ 

 LLΦ ˽ͦ ͔͙ͫͦ͒ͪ͗͊ͤΌΥ 

мΦ ˽ͪΎͣ·͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ - ͨͪΎͣͦ ͍͙͍ͯͫͭ͊ͤ͊͊͡Όͭ ͙ͫͦͣ͟·͚ ͺ͊ͭ͟ ό͎͍͒ͦͦͦͪ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ 

͊͘͟͡Ό;͔͙͔ͤ ͔͙ͫ͒͟͡ύΦ 

нΦ ˴͍͔ͦͫͤͤ·͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ - ͍ͨͦͦ͘͡ΎΌͭ ͍͙ͯͫͭ͊ͤͦͭΈ ͔ͨͪͦͣ͗ͯͭͦ;ͤ·͔ ͺ͊ͭ͟·Σ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ 

ͦͭͦͪ͟·ͻ ͍·͍͙ͦ͒ͭͫΎ ͍͚ͦͫͤͦͤͦ ό͔͙ͫ͡ ͒ͦ͊͊ͤͦ͘͟ ͨͦͯ͡;͔͙͔ͤ ͔͔͎͒ͤΣ ͍ͦͣͦ͗ͤͦ͘ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡Έ 

ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͚͊ͣ͊͘ύΦ 

 LLLΦ ˽ͦ ͨͪͦͼ͔ͫͫͯ͊͡Έͤͦͣͯ ͨͦͪΎ͒ͯ͟ ͨͦͯ͡;͔͙ͤΎΥ 

мΦ ˽͔͍ͪͦͤ͊;͊͡Έͤ·͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ - ͨͦͯ͡;͔ͤ· ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͙͘ ͔͍͙ͨͪͦͫͭͦ;͙ͤ͊͟ 

ό͙͙͙ͨͦ͒ͤͤ͟͡ ͔͍͒ͦͯͣͤͭͦ͟Σ ͙͎͙ͦͪͤ͊͡Έͤ·͔ ͙͙͊ͨͫ͘ύΦ 

нΦ ˽͙͍ͪͦͦ͒ͤ͘·͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ - ͍͙ͭͦͪ;ͤ· ͨͦ ͦͭͤͦ΄͔͙ͤΌ ͟ ͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ό͙͙ͦͨ͟ 

͔͍͒ͦͯͣͤͭͦ͟Σ ͔͔ͨͪͫ͊͘͟ ͙͚ͨͦ͊͊ͤ͘͟ύΦ 

L±Φ ˽ͦ ͼ͔͙͡ ͔ͨͪ͒ΆΎ͍͔͙ͤ͡ΎΥ 

мΦ ˽͔ͪ͒ΆΎ͍͔ͤͤ͡·͔ ͍ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ ͙ͫ͊͟ 

нΦ ˽͍͔ͦ͒ͭͪ͗͒͊Ό΅͙͔ ͍͔͙ͦͪ͊͗ͤ͘Ύ ͙͍ͨͪͦͭ ͔͎ͤͦΦ 

˽ͦͪΎ͒ͦ͟ ͙͙ͫͦ͋ͪ͊ͤΎ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ 

˿͙͙͔ͦ͋ͪ͊ͤ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ς Ήͭͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͫͯ͒͊Σ ͯ;͍͊ͫͭͯΌ΅͙ͻ ͍ ͔͔͒͡ ͙͡ͼ ͙ ͙ͻ ͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡Σ 

͍͔ͤ͊ͨͪ͊ͤͤ͊͡Ύ ͤ͊ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͙ͤ͊͡;͙Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭΦ ˤ ͎ͪ͊͗͒͊ͤͫͦͣ͟ ͨͪͦͼ͔͔ͫͫ ͒͊ͤͤ·͚ 

͍͙͒ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͎͙͔ͪͯͪͯͭͫ͡Ύ ͙ͤͦͪͣ͊ͣ ˥͎ͪ͊͗͒͊ͤͫͦͦ͟ ͨͪͦͼ͔ͫͫͯ͊͡Έ͎ͤͦͦ ͔ͦ͒ͫ͊͟͟ ˾̅ ό˥˽˴ ˾̅ύΦ 

˽ͦͪΎ͒ͦ͟ ͔͚͍͙͚͒ͫͭΦ  

ˤ͖ͫ ͤ͊;͙͔ͤ͊ͭͫΎ ͫ ͙ͫ͊͟Φ ˮ͔ͫͭͼΣ ͺ͙ͦͪͣͯͪͯ͡Ύ ͍͙ͫͦ ͔͍͙ͭͪ͋ͦ͊ͤΎΣ ͔ͯ͗ ͔͒ͦ͗ͤ͡ ͙͙ͨͪͦ͗ͭ͡Έ ͟ ͔ͤͣͯ ͔ͭ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͤ͊ ͦͭͦͪ͟·͔ ͦͤ ͫͫ·͔͊ͭͫ͡ΎΦ ̏ͭͦ ͔͍ͨͪ·͚ Ήͭ͊ͨ ͍ ͔ͨͪ͒ΆΎ͍͔͙͙ͤ͡ ͍͔͚ͫͦ ͙ͨͦ͘ͼ͙͙Φ ˣ͔͘ Ή͎ͭͦͦ 

͙ͫ͟ ͎ͣͦͯͭ ͨͪͦͫͭͦ ͍͙ͦͫͭ͊ͭΈ ͔͋͘ ͍͙͔͙͒͗ͤΎΦ  

˨͊͡Έ΄͔ ͍͔ͫͭͯͨ͊ͭ ͍ ͙ͫͯ͡ ͎͍͊ͤ͡·͚ ͙ͨͪͤͼ͙ͨ - ͫͦͫͭΎ͔͊ͭ͘͡ΈͤͦͫͭΈΦ ˿ͯ͒ΈΎ ͔ͤ ͔͍͔ͫ͒ͦ͊ͭ͡͡ΈΣ ͦͭͦͪ͟·͚ 

͔͋ͯ͒ͭ ͙ͫ͊ͭ͟Έ ͙͙ͯ͟͡ ͊͘ ͍͊ͫΦ ˻͍ͫͤͦͤ͊Ύ ͭΎ͔͗ͫͭΈ ͨͦ ͙͙ͫͦ͋ͪ͊ͤΌ ό͙͙͡ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Όύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ 
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͙ͦ͗ͭͫ͡Ύ ͤ͊ ͙ͫ͊ͣ ͫͭͦͪͦͤ·Φ ˴͊͗͒͊Ύ ͙͘ ͙ͤͻ ͒ͦ͗ͤ͊͡ ͒ͦ͊͊ͭ͘͟Έ ͔ͭ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊Σ ͤ͊ ͦͭͦͪ͟·͔ ͫͫ·͔͊ͭͫ͡ΎΦ 

̏ͭͦ ͤ͊͘·͍͊Όͭ ͔͔͔͋ͪͣͤͣ ͒ͦ͊͘͟·͍͙͊ͤΎΦ 

͔͔́ͨͪΈ ͦ ͙ͫ͊ͣͻ ͙͔ͤͫͭͪͯͣͤͭ͊ͻΦ ˿͊ͣ·͚ ;͊ͫͭ·ͣ ͫͨͦͫͦ͋ͦͣ Ύ͍͡Ύ͔ͭͫΎ ͊͘Ύ͍͔͙͔ͤ͡ ͻ͚͍ͦ͒͊ͭ͊ͫͭΦ ˿ͭͦͪͦͤ͊ 

͙ͨͪͦͫͭ ͫͯ͒Υ 

ϊ ˮ͔͍ͫͭͪ͋ͦ͊ͭΈ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͯ ͎͚͒ͪͯͦ ͫͭͦͪͦͤ· ͙͙͡ ͯ ͔ͭͪͭΈ͔͎ͦ ͙͡ͼ͊ ό͟ ͙͔ͨͪͣͪͯΣ ͍͙͔͙͒ͦ͊ͨͫ͘Έ ͫ 

͔͊ͣͪ͟· ͤ͊͋͡Ό͔͙͒ͤΎύΦ 

ϊ ˹͊ͤ͊͘;͙ͭΈ ͔ͫͯ͒͋ͤͯΌ Ή͔͙ͫͨͪͭͯ͘͟Φ ͔̏ͫͨͪͭ͟ ͍·͔ͫͭͯͨ͊ͭ ͍͔ͫͦͦ͋ͪ͊ͤ͘·ͣ Ϧͨͦͣͦ΅͙ͤͦͣ͟ ͫͯ͒͊Ϧ ͍ 

͔ͫͨͼ͙͊͡Έͤ·ͻ ͍ͦͨͪͦͫ͊ͻΦ 

ϊ ˤ·͍͊ͭ͘Έ ͍ ͫͯ͒ ͍͙͔͔ͫ͒ͭ͡ΎΣ ͙ͨͪͦ͋΅͙ͭΈ ͙ͨͫΈ͔ͣͤͤ·͔ ͙͙͡ ͍͔΅͔͍͔ͫͭͤͤ·͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊Φ 

˿ͯ͒ΈΎ ͔͒ͫ͘Έ - ͔ͤ ͙͍ͨ͊ͫͫͤ·͚ ͤ͊͋͡Ό͔͒͊ͭ͡ΈΣ ͊ ͎͙ͦͪ͊ͤ͊ͭͦͪ͘Φ ˻ͤ ͦͼ͔͙͍͔ͤ͊ͭ ͙ͦͭͤͦͫͣͦͫͭΈ ͙ 

͙͒ͦͨͯͫͭͣͦͫͭΈ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭΦ ˽ͦ͒ͻ͙ͦ͒ͭ ͙͡ ͔͒͊ͤͤͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͒͡Ύ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͙͍͔͔͎ͨͪ͒ͤͤͦͦ 

ͺ͊ͭ͊͟Κ ˭͊ͦͤͤͦ͟ ͙͡ ͦͤͦ ͨͦͯ͡;͔ͤͦΚ ˩͙ͫ͡ ͍·Σ ͙͔ͤ͊ͨͪͣͪΣ ͚ͭ͊ͦͣ͟ ͙͙͊ͨͫ͊͘͡ ͎͍ͪ͊ͦͦͪ͘Σ ͤ͊ͪͯ΄͙͍ ͊ͦͤ͘͟Σ ͫͯ͒ 

͙͔ͭ͊͟ Ϧ͙͙ͯ͟͡Ϧ ͍͔͎͔ͦͭͪͤͭΣ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͍͙ͨͪ͊ͦͣ͡ ͦ ͔͙ͤ͒ͦͨͯͫͭͣ·ͻ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ͻΦ 

ˤ͊͗ͤ·͚ Ήͭ͊ͨ ς Ήͭͦ ͔͔͍͔͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͍ ͔ͫͯ͒͋ͤͦͣ ͔͙͙͊ͫ͒͊ͤ͘Φ 

˿͍͙͔͔͒ͭ͡Ύ ͒ͦͨͪ͊΄͙͍͊ΌͭΣ ͙ͨͪ;͔ͣ ͫͤ͊;͊͊͡ - ͭ ͊ ͫͭͦͪͦͤ͊Σ ͦͭͦͪ͊͟Ύ ͔͎ͦ ͍·͍͊͊͘͡Σ ͨͦͭͦͣ - ͨ ͙͍ͪͦͭͦͨͦͦ͗ͤ͊͡ΎΦ 

˿ͯ͒ΈΎ ͔͊͒͊ͭ͘ ͍ͦͨͪͦͫ· ͔͙ͨͦͫ͒ͤͣ͡Φ ˤ͔΅͔͍͔ͫͭͤͤ·͔ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͔ͨͦ͒͗͊ͭ͡ ͦͫͣͦͭͪͯΣ ͊ ͙ͨͫΈ͔ͣͤͤ·͔ - 

͎ͦ͊͡΄͔͙ͤΌΦ ͔̏ͫͨͪͭ͟ ͊͘;͙ͭ·͍͔͊ͭ ͍͔ͫͦ ͊͘͟͡Ό;͔͙͔ͤΣ ͔ͨͦͫ͡ ;͔͎ͦ ͫͭͦͪͦͤ· ͙ ͫͯ͒ ͎ͣͦͯͭ ͊͒͊ͭ͘Έ ͔ͣͯ ͫͦ͗ͤ͡·͔Σ 

ͯͭͦ;ͤΎΌ΅͙͔ ͍ͦͨͪͦͫ·Φ ̏ͭͦ ͔ͣͦͣͤͭ ͙͙ͫͭͤ· ͍ ͨͪΎͣͦͣ ͫͣ·͔ͫ͡Σ ͍ ͦͭͦͪ͟·͚ ͔͙ͭͦͪΎ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ 

͙͚ͨͪ͊ͭͦ͟͟Φ 

ˮ ͔ͤ͊ͦͤ͟ͼΣ ͍͔ͫ Ήͭͦ ͔ͫͦ͋ͪ͊ͤͤͦ ͔͍ͣͤͦ͗ͫͭͦ - ͙ͨͦ͊͊ͤ͘͟ΎΣ ͔͒ͦͯͣͤͭ͟·Σ ͊͘͟͡Ό;͔͙ͤΎΣ ͍͔΅͙ - 

ͺ͙͔ͦͪͣͪͯͭ ͭͦΣ ;ͭͦ ͤ͊͘·͍͔͊ͭͫΎ ͔͔ͨͪ͒ͣͭ ͒ͦ͊͘͟·͍͙͊ͤΎΦ ˮ͘ ͔͎ͤͦ ͫͯ͒ΈΎΣ ͦͼ͔͙͍ͤ͊Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͨͦ 

͍͔ͫͦͣͯ ͍͔͔ͤͯͭͪͤͤͣͯ ͔͔͙ͯ͋͗͒ͤΌΣ ͍͍͙͍͔ͦͫͫͭ͊ͤ͊͊ͭ͡ ͙͊ͪͭͤͯ͟ ͫͨͦͪͤ·ͻ ͦͭͤͦ΄͔͙͚ͤΦ 

ˤ ͼ͔ͦͣ͡Σ ͍ͨͦ͒ͦ͒Ύ ͙͎͙ͭͦΣ ͨͪͦͼ͔ͫͫ ͙͙ͫͦ͋ͪ͊ͤΎ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ς Ήͭͦ ͙͙͒ͤ͊ͣ;ͤ͊Ύ ͦͤͫͭͪͯ͟͟ͼ͙ΎΣ ͎͔͒ 

͙͙ͤͼ͙͙͍͊ͭ͊ ͫͭͦͪͦͤ ͍͔ͫͭͪ;͔͊ͭͫΎ ͫ ͙͍͊ͭͤ͟·ͣ ͍͍ͪͯͦͦ͒ͫͭͦͣ͟ ͙ ͺ͙͡Έͭͪ͊ͼ͙͔͚ ͫͦ ͫͭͦͪͦͤ· ͫͯ͒͊Φ ˻͍͚ͫͤͦͤͦ 

ͼ͔͡ΈΌ ͍ Ήͭͦͣ ͨͪͦͼ͔͔ͫͫ Ύ͍͡Ύ͔ͭͫΎ ͔ͤ ͨͪͦͫͭͦ ͫ͋ͦͪ ͙ ͔͙͔ͤ͊ͦͨͤ͟͡ ͎͋ͯͣ͊Σ ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͚ͨͦͤͦ͡Σ 

͍͔͔͚ͫͫͭͦͪͦͤͤ ͙ ͦ͋Ά͔͙͍͚ͭͤͦ͟ ͙͊ͪͭͤ͟· ͙ͨͪͦͦ͘΄͔͒΄͔͎ͦΣ ͤ͊ ͍͔ͦͫͤͦ ͚ͦͭͦͪͦ͟ ͙ ͔͋ͯ͒ͭ ͍·͔͔ͤͫͤͦ ͔ͪ΄͔͙͔ͤΦ 

 ˻ͼ͔ͤ͊͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͫͯ͒ͦͣ  

˻ͼ͔ͤ͊͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͍ ͎ͪ͊͗͒͊ͤͫͦͣ͟ ͨͪͦͼ͔͔ͫͫ - ͍͔͚͊͗ͤ΄͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͫͯ͒͊Σ ͫͦͫͭͦΎ΅͊Ύ ͍ 

͔͔͔͙͙ͦͨͪ͒ͤ͡ ͍͔͙͒ͦͫͭͦͪͤͦͫͭΣ ͤ͊͘;͙͙ͣͦͫͭ ͙ ͨͦͤͦͭ͡· ͔͍͔͚ͨͪ͒ͫͭ͊ͤͤͦ͡ ͙ͤͺͦͪͣ͊ͼ͙͙ ͒͡Ύ ͙ͨͪͤΎ͙ͭΎ 

͔ͪ΄͔͙ͤΎ ͨͦ ͔͒ͯ͡Φ ˾͔͎͙͔ͯͪͯͭͫ͡Ύ Ήͭ͊ ͨͪͦͼ͔͒ͯͪ͊ ͙ͤͦͪͣ͊ͣ ˥͎ͪ͊͗͒͊ͤͫͦͦ͟ ͨͪͦͼ͔ͫͫͯ͊͡Έ͎ͤͦͦ ͔ͦ͒ͫ͊͟͟ 

˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ ό˥˽˴ ˾̅ύΦ  

˽ͦ͒ ͦͼ͔͚ͤͦ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͙͔ͨͦͤͣ͊ͭͫΎ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͫͯ͒ͦͣ ͔͔͙ͫͭͨͤ ͍͔͙͒ͦͪΎ ͟ ͙ͤͣΣ ͙ͻ 

͙͎͙ͨͪͦ͒ͤͦͫͭ ͒͡Ύ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͔ͦͤͪͭͤ͟͟·ͻ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ ͔͒͊͡ ͙ ͤ͊͘;͙͙ͣͦͫͭ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 

͙͎͍͎ͭͦͦͦͦ ͍·͍ͦ͒͊ ͨͦ ͙ͫͯ͟Φ ˿ͭ͊ͭΈΎ ст ˥˽˴ ˾̅ ͎͙͊ͫͭ͡Σ ;ͭͦ ͫͯ͒ ͦͼ͔͙͍͔ͤ͊ͭ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͨͦ ͍͔ͫͦͣͯ 

͍͔͔ͤͯͭͪͤͤͣͯ ͔͔͙ͯ͋͗͒ͤΌΣ ͫͺ͙͍͍ͦͪͣͪͦ͊΄͔ͣͯͫΎ ͤ͊ ͍͔ͦͫͤͦ ͙͊ͤ͊͊͘͡ ͍͔ͫͻ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͫ 

ͯ;͖ͭͦͣ ͙ͨͪͤͼ͙ͨ͊ ͍ͫͦ͋ͦ͒· ͦͼ͔͙ͤ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭΦ 

˴͊͟ ͍͙ͨͪͦͦ͒ͭͫΎ ͦͼ͔ͤ͊͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ 

˽͔͍ͪ·ͣ Ήͭ͊ͨͦͣ ͍ ͒͊ͤͤͦͣ ͨͪͦͼ͔͔ͫͫ Ύ͍͡Ύ͔ͭͫΎ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͙ͫͭͦͪͦͤ͊ͣΦ ˮ͔ͫͭͼ ͙ 

͍͔ͦͭͭ;͙͟ ͙ͨͪͤͦͫΎͭ ͔͒ͦͯͣͤͭ͟·Σ ͻ͚͍ͦ͒͊ͭ͊ͫͭͯΌͭ ͦ ͍·͍͔ͦ͘ ͍͙͔͔͔͚ͫ͒ͭ͡Σ ͤ͊ͤ͊͘;͊Όͭ Ή͔͙ͫͨͪͭͯ͘͟Φ ˿ͯ͒ΈΎ 

͔ͪ΄͔͊ͭΣ ͙ͦͭͤͦͫͭͫΎ ͙͡ Ήͭͦ ͟ ͔͒ͯ͡Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘ ͔͔ͨͪ͒ ͙ͤ͊ͣ ͨͦΎ͍͡Ύ͔ͭͫΎ ͔͍ͨͪ·͚ ͺ͙͡Έͭͪ - ͦͼ͔ͤ͊͟ 

͙͙ͦͭͤͦͫͣͦͫͭΦ  

˽ͦͭͦͣ ͔ͤ͊ͫͭͯͨ͊ͭ ͦ;͔͔ͪ͒Έ ͦͼ͔͙ͤ͟ ͙͙͒ͦͨͯͫͭͣͦͫͭΦ ́ͯͭ ͫͯ͒ΈΎ ͙ͫͣͦͭͪͭ ͎ͫͭͪͦͦΥ ͨͦͯ͡;͔ͤͦ ͙͡ Ήͭͦ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͊ͦͤͤͦ͘͟Κ ˹͊ͪͯ΄͔ͤ· ͙͡ ͍ͨͪ͊͊ ;͔͍͔ͦ͊͟͡ ͙͙͡ ͨͪͦͼ͔ͫͫͯ͊͡Έͤ·͔ ͤͦͪͣ·Κ ̏ͭͦ ͔͔͔͗ͤͦ͘͡ 

͍͙ͨͪ͊ͦ͡ - ͒ ͔͊͗ ͫ͊ͣ·͚ ͔ͪ͊ͫͤͦͪ͟;͙͍·͚Σ ͤͦ Ϧ͔͔͎ͤ͊͡͡Έͤ·͚Ϧ ͺ͊ͭ͟ ͔ͤ ͙͔͔ͣͭ ͙ͫ͡· ͍ ͔ͫͯ͒Φ 

˨͔͔͊͡ ͔ͤ͊ͫͭͯͨ͊ͭ ͫ͊ͣ·͚ ͙͍ͪͦͨͦͭ͟͡·͚ Ήͭ͊ͨ - ͦ ͼ͔ͤ͊͟ ͍͔͙͒ͦͫͭͦͪͤͦͫͭΦ ˭͔͒ͫΈ ͫͯ͒ΈΎ ͍·͔ͫͭͯͨ͊ͭ ͍͔͎ͫͦͦ 



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

 

 

86 

ͪͦ͒͊ ͔͙ͫͨͭͦͣ͟͟Φ ˴͔͊͗͒ͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͦͤ ͍͔ͨͪͦͪΎ͔ͭ ͤ͊ ͍͙͍ͨͪ͊͒ͦͫͭΈ ͙ ͭͦ;ͤͦͫͭΈΦ ˹͔ ͙͍͔ͨͪͦͭͦͪ;͙ͭ ͙͡ 

ͦͤͦ ͎͙͒ͪͯͣ ͒͊ͤͤ·ͣΚ ˨͍͔͔ͦͫͭͦͪͤ ͙͡ ͔͎ͦ ͙ͫͭͦ;͙ͤ͟Κ ˴ ͙͔ͨͪͣͪͯΣ ͙ͪ͊ͫͨͫ͊͟ - Ήͭͦ ͻͦͪͦ΄ͦΦ ˹ͦ ͫͯ͒ΈΎ 

ͦ͋Ύ͔͊ͭ͘͡Έͤͦ ͙ͦ͋ͪ͊ͭͭ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͭͦΣ ͔ͤ ͨͦͨͦͪ;͔ͤ͊ ͙͡ ͦͤ͊Σ ͔ͤ ͍·͘·͍͊Όͭ ͙͡ ͙ͨͦ͒ͨͫΈ ͙ ͨͦ;͔ͪ͟ 

͔͙͚ͫͦͣͤͤΚ ˿͍͙ͦͨͦͫͭ͊ͭ ͙ͨͦ͊͊ͤ͘͟Ύ ͍͙͔͔͔͚ͫ͒ͭ͡ ͔ͣ͗͒ͯ ͚ͫͦ͋ͦ ͙ ͫ ͔͙͒ͦͯͣͤͭ͊ͣ͟Φ 

ˮΣ ͔ͤ͊ͦͤ͟ͼΣ ͔ͨͦͫ͡ ͎ͭͦͦΣ ͊͟͟ ͍͔ͫ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͙͔͍ͫͫ͒ͦ͊ͤ͡·Σ ͍͍͔͘΄͔ͤ· ͙ ͍͔͔ͨͪͦͪͤ·Σ ͫͯ͒ΈΎ 

͔͔ͨͪͻ͙ͦ͒ͭ ͟ ͦͼ͔͔ͤ͟ ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ ̏ͭͦ ͙͎͍ͭͦͦ·͚ ͨͪͦͼ͔ͫͫ ͦ͋ͦ͋΅͔͙ͤΎΦ ͍͙̆͊ͭͭ ͙͡ ͍͔͚ͫ Ή͚ͭͦ ͚ͫͦ͋ͪ͊ͤͤͦ 

͙͙ͣͦ͊͘͟Σ ;ͭͦ͋· ͔ͫ͒͊ͭ͡Έ ͍͔͔ͯͪͤͤ·͚ ͍·͍ͦ͒ ͙ ͍·͔͙ͤͫͭ ͔ͪ΄͔͙͔ͤΚ ˸͎ͦͯͭ ͙͡ ͔͍͔ͨͪ͒ͦͫͭ͊ͤͤ͡·͔ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͙͍͔͙ͨͪͫͭ ͟ ͦ͒ͤͦͤ͊͘;ͤͦͣͯ ͍·͍ͦ͒ͯ ͨͦ ͔͒ͯ͡Κ ˩͙ͫ͡ ͔ͤͭΣ ͭͦ ͙͙ͨͦͫ͟ ͋ͯ͒ͯͭ ͨͪͦ͒ͦ͗͊ͭ͡ΈͫΎΦ 

˩͙ͫ͡ ͒͊ - ͟ ͙͊ͪͭͤ͊ ͙ͫͦ͗͊ͫ͡͡ΈΦ 

ˤ͊͗ͤͦ ͔ͤ ͯͨͯͫ͊ͭ͟Έ ͭͦͭ ͺ͊ͭ͟Σ ;ͭͦ ΉͭͦΣ ͔ͤ ͎ͫͭͪͦ͊Ύ ͙͔͚ͤͤ͊͡Ύ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈΦ ˿ͯ͒ΈΎ ͨͦͫͭͦΎͤͤͦ 

͍͍ͦͪ͊͘΅͔͊ͭͫΎ ͟ ͔ͨͪ͒·͒ͯ΅͙ͣ Ήͭ͊ͨ͊ͣΣ ͔͔͍͔ͨͪͨͪͦͪΎ͔ͭ ͔ͫ͋ΎΦ ˹͙͙͊͟͟ͻ ͔͔͊ͪ͊ͤ͘ ͍͔ͯͫͭ͊ͤͦͤͤ͡·ͻ 

ͺͦͪͣ͊͡Έͤ·ͻ ͍͙ͨͪ͊͡Σ ͔͊ͦ͟͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ Ϧ͙ͫ͡Έ͔͔ͤϦΦ ˻ͤ ͍͔ͫͦ͋ͦ͒ͤ ͍ Ή͚ͭͦ ͦͼ͔͔ͤ͟Σ ͙͙ͤ͊͟͟ͻ 

ͺͦͪͣ͊͡Έͤ·ͻ ͙ ͍͔ͯͫͭ͊ͤͦͤͤ͡·ͻ ͍͙ͨͪ͊͡ ͔ͤͭΣ ͤͦ ͦͤ ͔͋ͯ͒ͭ ͦ͋Ύ͊ͤ͘ ͍ ͔ͪ΄͔͙͙ͤ ͨͦ͒ͪͦ͋ͤͦ ͦ͋ΆΎ͙ͫͤͭΈΣ ͨͦ;͔ͣͯ 

͙ͦ͒ͤͣ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ͣ ͍͔͙ͨͦͪ͡Σ ͊ ͎͙͒ͪͯͣ - ͔ͤͭΦ ̏ͭ͊ ͙͍͙͍ͣͦͭͪͦ͊͟ ͊͟͟ ͪ͊͘-͙ͭ͊͟ ͙ Ύ͍͡Ύ͔ͭͫΎ ͍͙͙͚͒ͣͦ 

;͊ͫͭΈΌ ͎͚ͦͪͦͣͤͦ ͪ͊͋ͦͭ· ͨͦ ͦͼ͔͔ͤ͟Σ ͦͭͦͪ͊͟Ύ ͙ ͔͔͒͊ͭ͡ ͔͔ͫͯ͒͋ͤͦ ͪ ͔΄͔͙͔ͤ ͍ͦ͋ͦͫͤͦ͊ͤͤ·ͣ ͙ ͊ͦͤͤ͘͟·ͣΦ 

˽͔ͪͦ͋ͣ͡· ͙͙ͦͭͤͦͫͣͦͫͭΣ ͙͙͒ͦͨͯͫͭͣͦͫͭ ͙ ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭΣ  

͍͙ͦͤ͊͘͟Ό΅͙ͣ ͍ ͔͚ͫͯ͒͋ͤͦ ͙͔ͨͪ͊ͭ͟͟ 

ˤ ͎ͪ͊͗͒͊ͤͫͦͣ͟ ͨͪͦͼ͔͔ͫͫ ͍ͦͨͪͦͫ·Σ ͊ͫ͊͟Ό΅͙͔ͫΎ ͎ͭͦͦΣ ͤ͊ͫͦ͟͡Έͦ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͙͔ͣΌͭ 

ͦͭͤͦ΄͔͙͔ͤ ͟ ͔͒ͯ͡Σ ͨͦͯ͡;͔ͤ· ͊ͦͤͤ͘͟·ͣ ͔ͨͯͭͣ ͙ ͒ͦͫͭ͊ͭͦ;ͤ· ͒͡Ύ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͺ͍͊ͭͦ͟Σ ͙͔ͣΌͭ 
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CHEMICAL COMPOSITION OF MARE'S MILK AND CONDITIONS AFFECTING IT 

 

Abstract 

This article examines the chemical composition of mare's milk, highlighting its unique nutritional 

properties and health benefits. It discusses the various factors that influence the chemical makeup of mare's 

milk, including breed, lactation stage, and environmental conditions. Understanding the chemistry of mare's 

milk is essential for its nutritional applications and potential therapeutic properties. The article emphasizes 

the importance of ongoing research in this field for maximizing the benefits of mare's milk in human nutrition 

and veterinary science. 

Keywords:  

mare's milk, chemical composition, lactation, nutrition, veterinary science. 

 

Introduction 

Mare's milk has garnered attention in both human nutrition and veterinary medicine due to its 

distinctive chemical composition and health benefits. Unlike cow's milk, mare's milk is characterized by a 

higher lactose content, lower fat levels, and a unique profile of bioactive compounds. Understanding the 

chemical properties of mare's milk, along with the factors that impact its composition, is crucial for optimizing 

its use as a nutritional resource. This article discusses the chemical composition of mare's milk and the 

conditions affecting its variability. 

Chemical Composition of Mare's Milk 

Mare's milk is a highly nutritious fluid, rich in essential nutrients that contribute to its distinct 

properties. 

Macronutrients 

1. Proteins: 

o Mare's milk contains approximately 1.5-2.0% protein, predominantly consisting of whey proteins, 

which exhibit high digestibility. 

o Essential amino acids in mare's milk are beneficial for growth and development, making it 

especially suitable for foals and humans with lactose intolerance. 

2. Fats: 

o The fat content of mare's milk is relatively low, around 1.5-2.0%, which is lower than that of cow's 

milk. 

o Mare's milk contains a higher proportion of unsaturated fatty acids, contributing to its health-

promoting properties. 

3. Lactose: 

o Mare's milk has a higher lactose content (approximately 6-7%), which is easier to digest compared 

to cow's milk. 

o The presence of lactose enhances calcium absorption, making mare's milk beneficial for bone 

health. 
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Micronutrients 

Mare's milk is rich in vitamins and minerals, providing significant health benefits. 

¶ Vitamins: Contains Vitamins A, B, C, D, and E, contributing to immune function and overall health. 

¶ Minerals: Elevated levels of calcium, magnesium, and potassium are essential for various 

physiological functions. 

Conditions Affecting Chemical Composition 

The chemical composition of mare's milk can be influenced by several factors, which is vital for both 

production and nutritional quality. 

Breed Variations 

Different breeds of mares produce milk with varying compositions. For example, the Akhal-Teke breed 

is known for its higher fat and protein content compared to other breeds. Researchers are investigating these 

breed-specific characteristics to enhance milk quality through selective breeding. 

Lactation Stage 

The stage of lactation significantly impacts the nutrient profile of mare's milk. 

¶ Early Lactation: High in colostrum, which is rich in immunoglobulins essential for foal immunity. 

¶ Mid-Lactation: Balanced nutrient profile, providing optimal nutrition for foals and humans. 

¶ Late Lactation: A decline in nutrient levels and composition, necessitating adjustments in feeding 

strategies for foals. 

Environmental Factors 

Environmental conditions such as temperature, humidity, and diet also play a crucial role in influencing 

ƳŀǊŜΩǎ Ƴƛƭƪ ŎƻƳǇƻǎƛǘƛƻƴΦ 

¶ Diet: A high-quality, balanced diet enhances the nutritional value of mare's milk. Nutritional 

deficiencies in the mare can lead to subpar milk quality. 

¶ Seasonal Variations: Changes in forage quality with the seasons can impact the milk's chemical 

properties, necessitating management practices to ensure consistent milk quality year-round. 

Research and Applications 

Ongoing research focused on the chemical composition of mare's milk has significant implications for 

both nutrition and health. 

Nutraceutical Potential 

Mare's milk is being studied for its potential health benefits, including its role in managing allergies, 

gastrointestinal disorders, and as a functional food. The unique composition provides opportunities for 

developing functional dairy products targeted at specific health outcomes. 

Veterinary Implications 

Understanding the chemical composition of mare's milk can enhance neonatal care in veterinary 

medicine, particularly for foals. Articles and studies suggest that optimal nutrition through quality mare's 

milk is vital for foal growth and immune development. 

Conclusion 

The chemical composition of mare's milk is characterized by its unique nutritional properties, offering 

specific health benefits. Various factors, including breed, lactation stage, and environmental conditions, 

influence its composition, which is essential for both human consumption and veterinary applications. 

/ƻƴǘƛƴǳŜŘ ǊŜǎŜŀǊŎƘ ǿƛƭƭ ŦǳǊǘƘŜǊ ŜƴƘŀƴŎŜ ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƳŀǊŜΩǎ ƳƛƭƪΣ ƻǇǘƛƳƛȊƛƴƎ ƛǘǎ ǳǎŜ ŀǎ ŀ Ǿaluable 

nutritional resource and therapeutic agent. 
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NUTRITIONAL UNIQUENESS OF MARE'S MILK: COMPOSITION AND INFLUENCING VARIABLES 

 

Abstract 

This article explores the distinct chemical composition of mare's milk, emphasizing its unique 

nutritional profile and potential health benefits for both humans and foals. We discuss the key variablesτ

including mare breed, lactation stage, and environmental conditionsτthat significantly influence its chemical 

makeup. A comprehensive understanding of mare's milk chemistry is vital for optimizing its application in 

human nutrition (especially for specific dietary needs) and veterinary science (for neonatal care). Continued 

research is essential to fully realize the benefits and therapeutic potential of this valuable dairy product. 

Keywords:  

equine milk, nutritional composition, lactation dynamics, functional food, veterinary nutrition. 

 

Introduction 

Mare's milk is gaining prominence in both nutraceutical and veterinary contexts due to its distinct 

composition compared to common dairy sources like cow's milk. It is notably characterized by a higher 

concentration of lactose, significantly lower fat content, and a rich profile of bioactive compounds. This 

article provides an overview of the core chemical components of mare's milk and the dynamic factors that 

cause its compositional variability, which is crucial for maximizing its utility as a nutritional resource. 

Chemical Profile of Mare's Milk 

Mare's milk is a highly digestible and nutrient-dense fluid. Its composition aligns closely with human 

milk, making it an excellent alternative for specific dietary needs. 

Macronutrients 

Proteins: The protein content is relatively low, ranging from 1.5ς2.0%. It is primarily composed of 

highly digestible whey proteins (e.g., $\alpha$-lactalbumin and $\beta$-lactoglobulin). The amino acid 

profile supports growth and development, making it suitable for human consumption, particularly for 

individuals with specific cow's milk protein allergies. 
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Fats (Lipids): Mare's milk has a low fat content, typically 1.0ς2.0%. A notable feature is the higher 

proportion of unsaturated fatty acids (including essential fatty acids) compared to cow's milk, which 

contributes to its health-promoting properties. 

Lactose (Carbohydrates): Lactose is the most abundant macronutrient, often at 6ς7% concentration. 

This high level contributes to the milk's sweet taste and aids in calcium absorption, thereby promoting bone 

health. 

Micronutrients and Bioactive Compounds 

Mare's milk is a rich source of essential micronutrients and compounds with therapeutic potential: 

Vitamins: Contains a wide spectrum of essential vitamins, including Vitamins A, B-complex, C, D, and 

E, which support immune function and overall physiological health. 

Minerals: It provides elevated levels of essential minerals like calcium, magnesium, and potassium, 

which are necessary for various metabolic functions and electrolyte balance. 

Bioactive Molecules: The presence of immunoglobulins (especially in colostrum) and lysozyme 

provides antimicrobial and immune-modulating benefits, particularly crucial for foal immunity. 

Dynamics Influencing Milk Composition 

The nutritional quality and chemical composition of mare's milk are not static and are significantly 

modulated by various internal and external factors. 

Breed-Specific Variations 

The genetic background of the mare plays a critical role. Different breeds exhibit distinct compositional 

profiles. For instance, some breeds, such as the Akhal-Teke or certain Central Asian breeds, may naturally 

yield milk with comparatively higher fat or protein concentrations. Research into these breed-specific 

characteristics is key for selective breeding programs aimed at optimizing milk quality for commercial 

production. 

Stage of Lactation 

The nutrient profile changes dramatically over the lactation period: 

Colostral Phase (Early Lactation): Milk is extremely high in immunoglobulins (antibodies) and protein, 

delivering passive immunity essential for the foal's survival. 

Transitional/Mid-Lactation: The milk stabilizes with a balanced profile, offering optimal ratios of 

macronutrients and vitamins for sustained growth. This is generally the target phase for human consumption. 

Late Lactation: There is a gradual decline in the concentration of total solids, proteins, and certain 

minerals, requiring adjustments in foal supplementary feeding. 

Environmental and Management Factors 

External conditions and management practices are major determinants of milk quality: 

¶ Diet and Nutrition: A high-quality, balanced diet rich in energy, protein, and essential micronutrients 

directly enhances the milk's nutritional value. Deficiencies in the mare's feed can lead to suboptimal milk 

quality. 

¶ Seasonal and Climate Effects: Changes in ambient temperature, humidity, and the quality of available 

forage throughout the seasons can affect milk volume and chemical properties. Management strategies must 

account for these seasonal variations to ensure consistent, high-quality milk production year-round. 

Applications and Future Research 

The unique chemistry of mare's milk holds great promise for applications in health and nutrition. 

¶ Functional Food/Nutraceutical Potential: Mare's milk is being studied for its role in managing 

conditions such as gastrointestinal disorders and allergic responses due to its easy digestibility and bioactive 

components. It is a suitable base for developing functional dairy products targeting specific health outcomes. 

¶ Veterinary Neonatal Care: A deep understanding of the milk's composition is vital for formulating 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCOGNITIO RERUMη                    ISSN (p) 2412-9489 / ISSN (e) 2542-1026                    Ѕ12/ 2025 

 

 

93 

high-quality milk replacers in cases where foals are orphaned or receive inadequate maternal milk. Optimal 

nutrition through quality mare's milk is fundamental for proper foal development and immune maturation. 

Conclusion 

Mare's milk stands out for its unique nutritional composition, which offers significant health 

advantages. Its chemical profile is sensitive to dynamic factors including the mare's breed, the stage of 

lactation, and environmental and dietary management. Continued and focused research into these variables 

will be essential to fully leverage mare's milk as a valuable nutritional resource and therapeutic agent in both 

human health and veterinary medicine. 
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TEACHING ANIMAL PHYSIOLOGY IN THE PREPARATION OF FUTURE SPECIALISTS 

 

Abstract 

Animal physiology, the study of the functions and processes of living organisms, is a fundamental 

subject in the education of future specialists in veterinary medicine, agriculture, biology, and related fields. 

Understanding animal physiology equips students with essential knowledge of bodily systems, mechanisms, 

and adaptations, as well as practical skills necessary for research, clinical practice, and applied sciences. This 

article examines the importance of teaching animal physiology in preparing future specialists, emphasizing 

theoretical instruction, laboratory experience, and interdisciplinary approaches to foster competent and 

skilled professionals. 

Keywords:  

animal physiology, education, future specialists, veterinary science, 

 laboratory practice, interdisciplinary learning. 

 

Teaching animal physiology effectively requires a combination of theoretical understanding and 

practical experience. Students study the structure and function of various organ systems, including the 
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circulatory, respiratory, digestive, nervous, endocrine, and reproductive systems. Knowledge of physiological 

processes such as metabolism, homeostasis, thermoregulation, and neural coordination is essential for 

comprehending animal health, behavior, and adaptation to environmental changes. 

Practical laboratory work is central to animal physiology education. Experiments in monitoring heart 

rate, respiration, muscle activity, and hormonal effects allow students to apply theoretical concepts, observe 

biological responses, and develop analytical and problem-solving skills. Field observations of animals in 

natural or farm settings complement laboratory exercises and provide insight into physiological adaptation, 

behavior, and environmental interactions. 

Modern technology enhances the teaching of animal physiology. Digital simulations, virtual 

laboratories, and bioinstrumentation tools enable students to visualize physiological processes, model 

experiments, and analyze data accurately. Integration of technology improves engagement, understanding, 

and competency in both research and professional practice. 

Interdisciplinary learning is also important. Animal physiology intersects with anatomy, biochemistry, 

molecular biology, veterinary medicine, and environmental science. Integrating these disciplines enables 

students to approach problems holistically, such as understanding disease mechanisms, optimizing animal 

productivity, or developing conservation strategies. 

In conclusion, teaching animal physiology is essential for preparing future specialists who are 

knowledgeable, skilled, and capable of addressing scientific and practical challenges in their professions. By 

combining theoretical instruction, hands-on laboratory work, modern technology, and interdisciplinary 

perspectives, educators can cultivate professionals ready to contribute effectively to veterinary practice, 

agriculture, research, and environmental management. 
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TEACHING BIOLOGY IN THE PREPARATION OF FUTURE SPECIALISTS 

 

Abstract 

Biology plays a critical role in the education of future specialists across a wide range of scientific, 
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medical, and environmental fields. A strong understanding of biological principles equips students with 

analytical, observational, and problem-solving skills necessary for professional success. This article examines 

the importance of teaching biology in the preparation of future specialists, emphasizing the integration of 

theoretical knowledge, practical experiments, and interdisciplinary approaches to foster competent and 

innovative professionals. 

Keywords: 

biology, education, future specialists, teaching methods, practical learning, interdisciplinary skills. 

 

Teaching biology effectively involves combining conceptual understanding with hands-on 

experience. Students learn about fundamental topics such as cell biology, genetics, physiology, 

ecology, and microbiology, which provide the foundation for advanced studies in medicine, 

agriculture, biotechnology, and environmental management. Theoretical instruction is complemented 

by laboratory work, field studies, and research projects to ensure that learners can apply their 

knowledge in practical contexts. 

Practical experience is essential for developing critical thinking and problem-solving abilities. 

Experiments in genetics or microbiology, for example, allow students to observe natural phenomena, 

test hypotheses, and analyze results. Fieldwork in ecology or environmental science provides exposure 

to real-world ecosystems and fosters an understanding of sustainable practices. By engaging in these 

activities, future specialists gain confidence and competence in applying biological knowledge 

professionally. 

Modern technology enhances the teaching of biology and prepares students for contemporary 

challenges. Digital simulations, interactive models, and virtual laboratories allow learners to explore complex 

processes such as molecular interactions, genetic engineering, and ecological dynamics. These tools not only 

supplement traditional laboratory instruction but also provide opportunities for remote learning and 

collaborative research. 

Interdisciplinary integration is another crucial aspect. Biology intersects with chemistry, physics, 

mathematics, and computer science in areas like bioinformatics, biotechnology, and medical research. 

By teaching biology in conjunction with related disciplines, educators equip future specialists with a 

versatile skill set that enables innovation, problem-solving, and adaptation to rapidly evolving scientific 

fields. 

In conclusion, teaching biology is vital for preparing future specialists who are knowledgeable, skilled, 

and capable of addressing complex scientific and societal challenges. Combining theoretical instruction, 

practical experience, technological tools, and interdisciplinary approaches ensures that students develop the 

competencies required for professional success and contribute effectively to their respective fields. 
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TEACHING HISTOLOGY IN THE PREPARATION OF FUTURE SPECIALISTS 

 

Abstract 

Histology, the study of the microscopic structure of tissues, is a fundamental subject in the education 

of future specialists in medicine, biology, and related scientific fields. Mastery of histology equips students 

with essential skills in observation, analysis, and practical laboratory work, which are crucial for professional 

competence. This article explores the importance of teaching histology in preparing future specialists, 

emphasizing its integration into curricula, practical training, and interdisciplinary education to foster 

knowledgeable and skilled professionals. 

Keywords: 

histology, education, future specialists, microscopy, tissue analysis, laboratory skills. 

 

Teaching histology effectively requires a balance between theoretical knowledge and hands-on 

laboratory experience. Students study the structure and function of epithelial, connective, muscular, and 

nervous tissues, learning to identify cellular organization, tissue types, and microscopic patterns. 

Understanding these concepts is vital for medical diagnosis, research, and advanced studies in pathology, 

anatomy, and biomedical sciences. 

Practical laboratory work is central to histology education. Microscopy exercises, tissue staining 

techniques, and slide analysis provide students with opportunities to apply theoretical knowledge in real-

world contexts. By observing tissue morphology and identifying structural variations, students develop 

critical thinking and attention to detail, which are essential competencies for future specialists in healthcare 

and biological research. 

Modern technology further enhances the teaching of histology. Digital microscopy, virtual slides, and 

interactive software enable students to explore tissue structures with precision and convenience. These tools 

support distance learning, collaborative projects, and self-paced study, allowing learners to gain confidence 

in both technical and analytical aspects of histology. 

Integration of histology with other disciplines, such as physiology, pathology, and molecular biology, 

strengthens interdisciplinary understanding. By connecting microscopic observations with functional and 

clinical contexts, students acquire a holistic perspective of biological systems. This interdisciplinary approach 

prepares future specialists for complex problem-solving and professional decision-making in research, clinical 

practice, and biotechnology. 

In conclusion, teaching histology is essential in the preparation of future specialists, providing 

foundational knowledge, laboratory skills, and analytical abilities. Combining theoretical instruction, practical 

experience, modern technology, and interdisciplinary perspectives ensures that students are well-prepared 

for professional challenges and can contribute effectively to their respective fields. 
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TEACHING ZOOLOGY IN THE PREPARATION OF FUTURE SPECIALISTS 

 

Abstract 

Zoology, the scientific study of animals, is a fundamental subject in the education of future specialists 

in biology, medicine, agriculture, environmental science, and related fields. Teaching zoology equips students 

with critical knowledge of animal anatomy, physiology, behavior, and ecology, as well as practical skills in 

observation and research. This article explores the importance of teaching zoology in preparing future 

specialists, emphasizing theoretical instruction, laboratory experience, fieldwork, and interdisciplinary 

applications to develop competent and innovative professionals. 

Keywords: 

zoology, education, future specialists, animal biology, fieldwork, laboratory skills, interdisciplinary learning. 

 

Teaching zoology effectively requires a combination of classroom instruction, practical laboratory 

work, and hands-on field experiences. Students learn about the classification, structure, and function of 

various animal species, including invertebrates, vertebrates, and microscopic organisms. Understanding 

these concepts is crucial for professionals in medicine, veterinary science, agriculture, ecology, and wildlife 

management. 

Practical experience is essential for developing observational and analytical skills. Laboratory exercises, 

such as dissection, microscopy, and physiological experiments, allow students to apply theoretical knowledge 

and gain insight into animal anatomy and function. Field studies in natural habitats provide opportunities to 

observe behavior, ecological interactions, and environmental adaptations, fostering a deeper understanding 

of biodiversity and conservation principles. 
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Modern technology enhances zoology education by providing virtual simulations, digital imaging, and 

interactive models. These tools allow students to explore complex biological processes, analyze data, and 

conduct research remotely. Integrating technology with traditional methods prepares students for modern 

scientific challenges and encourages innovation in research and professional practice. 

Interdisciplinary approaches strengthen the relevance of zoology in preparing future specialists. 

Concepts from genetics, molecular biology, ecology, and environmental science are integrated into zoological 

education to provide a comprehensive understanding of animal life. This integration enables students to 

address complex problems in medicine, agriculture, conservation, and biotechnology with analytical and 

practical competence. 

In conclusion, teaching zoology is crucial for preparing future specialists who are knowledgeable, 

skilled, and capable of addressing scientific and professional challenges. Combining theoretical instruction, 

laboratory practice, fieldwork, technological tools, and interdisciplinary approaches ensures that students 

acquire the competencies necessary for professional success and contribute effectively to research, 

conservation, and applied sciences. 
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TEACHING ANALYTICAL CHEMISTRY IN THE PREPARATION  

OF FUTURE SPECIALISTS 

 

Abstract 

Analytical chemistry is a vital branch of chemistry that focuses on the identification, separation, and 

quantification of chemical substances. Mastery of analytical chemistry equips future specialists with essential 
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skills in laboratory techniques, data analysis, and problem-solving, which are critical for careers in medicine, 

pharmacology, environmental science, and industrial chemistry. This article examines the importance of 

teaching analytical chemistry in the preparation of future specialists, emphasizing theoretical knowledge, 

practical laboratory training, and the use of modern instrumentation to develop competent and innovative 

professionals. 

 

Keywords 

analytical chemistry, education, future specialists, laboratory techniques,  

instrumentation, chemical analysis. 

 

Teaching analytical chemistry effectively requires a balance between theoretical instruction and 

practical experience. Students learn the principles of qualitative and quantitative analysis, including 

gravimetric and volumetric methods, spectroscopy, chromatography, and electrochemical analysis. These 

concepts form the foundation for understanding chemical processes and enable students to interpret and 

evaluate experimental data accurately. 

Laboratory training is central to analytical chemistry education. Hands-on experience with 

titration, spectrophotometry, chromatography, and other analytical techniques allows students to 

develop precision, accuracy, and critical thinking skills. Practical exercises also teach proper laboratory 

safety, handling of chemicals, and adherence to standardized protocols, which are essential for 

professional competence. 

Modern technology plays a crucial role in teaching analytical chemistry. Advanced instruments such as 

high-performance liquid chromatography (HPLC), gas chromatography (GC), atomic absorption spectrometry 

(AAS), and mass spectrometry (MS) provide students with exposure to real-world analytical methods. Virtual 

labs and simulation software complement practical training by allowing students to model experiments, 

analyze complex data, and explore chemical phenomena safely and efficiently. 

Interdisciplinary integration is also important in analytical chemistry education. Connections with 

biology, environmental science, pharmacology, and materials science enable students to apply analytical 

methods to diverse problems. For example, environmental specialists use chemical analysis to monitor water 

and soil quality, while pharmacologists rely on precise quantification for drug development and quality 

control. 

In conclusion, teaching analytical chemistry is essential for preparing future specialists who are skilled, 

knowledgeable, and capable of addressing complex scientific challenges. Combining theoretical instruction, 

laboratory practice, modern instrumentation, and interdisciplinary approaches ensures that students gain 

the expertise necessary to excel in research, industry, and applied science. 
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TEACHING BIOCHEMISTRY IN THE PREPARATION OF FUTURE SPECIALISTS 

 

Abstract 

Biochemistry, the study of chemical processes within and related to living organisms, is a cornerstone 

of modern science and essential for the training of future specialists in medicine, biology, biotechnology, 

agriculture, and environmental science. Understanding biochemistry equips students with analytical, 

practical, and research skills necessary for professional competence. This article examines the importance of 

teaching biochemistry in preparing future specialists, emphasizing the integration of theoretical knowledge, 

laboratory experience, and interdisciplinary applications to develop skilled and innovative professionals. 

Keywords: 

biochemistry, education, future specialists, molecular biology, laboratory skills, interdisciplinary learning. 

 

Teaching biochemistry effectively requires combining foundational theoretical instruction with hands-

on practical experience. Students study the chemical structures and functions of biomolecules, including 

proteins, carbohydrates, lipids, and nucleic acids. Core topics such as enzymology, metabolism, molecular 

genetics, and signal transduction provide the knowledge base necessary to understand complex biological 

systems and processes. 

Laboratory practice is central to biochemistry education. Experiments involving enzyme kinetics, 

protein analysis, electrophoresis, chromatography, and spectrophotometry allow students to apply 

theoretical knowledge, analyze results, and develop problem-solving skills. Hands-on laboratory experience 

also fosters precision, attention to detail, and familiarity with modern instrumentation and laboratory safety 

protocols. 

Modern technology enhances biochemistry education by providing virtual simulations, bioinformatics 

tools, and interactive platforms. These resources enable students to model biochemical processes, analyze 

molecular structures, and explore complex metabolic pathways in a safe and controlled environment. The 

integration of digital tools with laboratory instruction prepares students for research, clinical, and industrial 

applications. 

Interdisciplinary learning is essential in biochemistry education. Connections with molecular biology, 

genetics, pharmacology, biotechnology, and environmental science allow students to apply biochemical 

knowledge in diverse professional contexts. For example, biochemists in agriculture develop strategies for 

improving crop yields, while those in medicine study metabolic disorders and design therapeutic 

interventions. 
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In conclusion, teaching biochemistry is fundamental to preparing future specialists who are 

knowledgeable, skilled, and capable of addressing complex scientific challenges. By combining theoretical 

instruction, practical laboratory experience, modern technological tools, and interdisciplinary integration, 

educational institutions can equip students with the competencies required for professional success and 

innovation in their respective fields. 
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TEACHING BIOLOGICAL SCIENCES IN THE PREPARATION OF FUTURE SPECIALISTS 

 

Abstract 

Biological sciences are fundamental in the education of future specialists across medicine, 

biotechnology, agriculture, environmental science, and related fields. Mastery of biological principles 

provides students with analytical, observational, and research skills essential for professional competence. 

This article explores the importance of teaching biological sciences in preparing future specialists, 

emphasizing theoretical instruction, practical training, and interdisciplinary approaches to cultivate 

knowledgeable, skilled, and innovative professionals. 

Keywords: 

biological sciences, education, future specialists, laboratory training, 

 research skills, interdisciplinary learning. 

 

Teaching biological sciences effectively requires a combination of theoretical knowledge and hands-

on practical experience. Students study core topics such as cell biology, genetics, microbiology, physiology, 

ecology, and molecular biology. Understanding these subjects equips future specialists with the ability to 

analyze biological systems, identify problems, and apply scientific methods in professional contexts. 

Practical experience is central to biological sciences education. Laboratory exercises, fieldwork, and 

research projects provide opportunities for students to apply concepts, observe phenomena, and develop 
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problem-solving skills. For example, microbiology labs allow students to study microorganisms, ecology field 

trips teach them about ecosystems, and molecular biology experiments develop analytical and experimental 

proficiency. 

Modern technology enhances the teaching of biological sciences. Digital simulations, virtual labs, 

bioinformatics tools, and interactive software allow students to visualize complex processes, analyze data, 

and conduct research safely and efficiently. Integration of technology promotes independent learning, 

critical thinking, and professional preparedness. 

Interdisciplinary approaches strengthen the preparation of future specialists. Connections between 

biology, chemistry, physics, mathematics, and environmental studies enable students to apply biological 

knowledge in diverse professional contexts, such as biotechnology, healthcare, conservation, and agricultural 

management. This holistic perspective fosters innovation, collaboration, and the ability to address complex 

real-world problems. 

In conclusion, teaching biological sciences is essential for preparing future specialists who are 

knowledgeable, skilled, and capable of addressing scientific and professional challenges. By combining 

theoretical instruction, practical experience, modern technological tools, and interdisciplinary approaches, 

educators can equip students with the competencies required for success in research, industry, healthcare, 

and environmental management. 
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TEACHING CHEMISTRY EXPERIMENTS IN THE PREPARATION OF FUTURE SPECIALISTS 

 

Abstract 

Practical laboratory experience is a critical component of chemistry education, providing students with 

the skills, knowledge, and analytical abilities necessary for professional competence. Teaching chemistry 
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experiments equips future specialists with hands-on experience in chemical techniques, safety procedures, 

and problem-solving methods, which are essential for careers in research, medicine, industry, and 

environmental sciences. This article explores the importance of teaching chemistry experiments in the 

preparation of future specialists, emphasizing laboratory instruction, practical training, and integration with 

theoretical knowledge. 

Keywords: 

chemistry experiments, education, future specialists, laboratory skills, practical training, chemical analysis. 

 

Teaching chemistry experiments effectively involves combining theoretical understanding with hands-

on laboratory practice. Students conduct experiments in areas such as acid-base reactions, titration, chemical 

synthesis, spectroscopy, and chromatography. These activities allow learners to observe chemical 

phenomena, apply theoretical principles, and develop critical thinking and analytical skills. 

Laboratory work also emphasizes the importance of safety, proper handling of chemicals, and 

adherence to standard protocols. Students learn to use laboratory equipment, measure accurately, and 

document observations systematically. These competencies are essential for ensuring reliable experimental 

results and maintaining a safe laboratory environment. 

Modern technology enhances the teaching of chemistry experiments. Digital simulations, virtual labs, 

and interactive software allow students to explore complex chemical processes, analyze experimental data, 

and conduct experiments safely in a virtual environment. These tools complement traditional laboratory 

instruction and prepare students for modern scientific practices. Laboratory practice is central to 

biochemistry education. Experiments involving enzyme kinetics, protein analysis, electrophoresis, 

chromatography, and spectrophotometry allow students to apply theoretical knowledge, analyze results, and 

develop problem-solving skills. Hands-on laboratory experience also fosters precision, attention to detail, 

and familiarity with modern instrumentation and laboratory safety protocols. 

Modern technology enhances biochemistry education by providing virtual simulations, bioinformatics 

tools, and interactive platforms. These resources enable students to model biochemical processes, analyze 

molecular structures, and explore complex metabolic pathways in a safe and controlled environment. The 

integration of digital tools with laboratory instruction prepares students for research, clinical, and industrial 

applications. 

Practical experiments foster problem-solving and research skills. By designing and conducting 

experiments, students learn to identify variables, test hypotheses, interpret results, and draw conclusions. 

Such skills are crucial for future specialists working in scientific research, pharmaceuticals, industrial 

chemistry, and environmental monitoring. 

In conclusion, teaching chemistry experiments is essential for preparing future specialists who are 

knowledgeable, skilled, and capable of conducting scientific research and applying chemical principles in 

practical settings. Combining theoretical instruction, hands-on laboratory experience, modern technology, 

and safety training ensures that students develop the competencies necessary for professional success in 

chemistry-related fields. 
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TEACHING CHEMISTRY IN THE PREPARATION OF FUTURE SPECIALISTS 

 

Abstract 

Chemistry is a central science that underpins multiple disciplines, including medicine, biology, 

agriculture, engineering, and environmental science. Teaching chemistry to future specialists equips students 

with essential theoretical knowledge, practical laboratory skills, and analytical thinking required for 

professional success. This article examines the importance of chemistry education in preparing future 

specialists, emphasizing effective teaching methods, laboratory experience, and the integration of modern 

technologies to foster competent and innovative professionals. 

Keywords:  

chemistry, education, future specialists, laboratory skills, scientific knowledge, interdisciplinary learning. 

 

Teaching chemistry effectively involves a combination of theoretical instruction, laboratory practice, 

and problem-based learning. Students study fundamental concepts such as atomic structure, chemical 

bonding, thermodynamics, organic and inorganic reactions, and analytical techniques. Understanding these 

principles is crucial for applications in research, industry, medicine, and environmental management. 

Laboratory experience is essential in chemistry education. Conducting experiments allows students to 

observe chemical phenomena, apply theoretical knowledge, and develop practical skills. Techniques such as 

titration, chromatography, spectroscopy, and chemical synthesis provide hands-on experience that 

reinforces classroom learning. Safety training, proper handling of chemicals, and adherence to protocols are 

integral components of laboratory education. 

Modern technology enhances chemistry education by providing virtual labs, computer simulations, 

and interactive learning platforms. These tools allow students to explore complex reactions, model molecular 

structures, and simulate experiments safely. Integration of technology encourages independent learning, 

critical thinking, and problem-solving skills, preparing students for contemporary scientific challenges. 

Teaching chemistry experiments effectively involves combining theoretical understanding with hands-

on laboratory practice. Students conduct experiments in areas such as acid-base reactions, titration, chemical 

synthesis, spectroscopy, and chromatography. These activities allow learners to observe chemical 

phenomena, apply theoretical principles, and develop critical thinking and analytical skills. 

Laboratory work also emphasizes the importance of safety, proper handling of chemicals, and 

adherence to standard protocols. Students learn to use laboratory equipment, measure accurately, and 

document observations systematically. These competencies are essential for ensuring reliable experimental 

results and maintaining a safe laboratory environment. 
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Interdisciplinary approaches are also vital. Chemistry connects closely with physics, biology, 

engineering, and environmental science. Incorporating cross-disciplinary content allows students to 

understand the broader applications of chemical principles and fosters innovation in areas such as 

biotechnology, materials science, pharmaceuticals, and sustainable development. 

In conclusion, teaching chemistry is essential for preparing future specialists who are knowledgeable, 

skilled, and capable of addressing scientific and professional challenges. By combining theoretical instruction, 

laboratory experience, modern technological tools, and interdisciplinary perspectives, educational 

institutions can cultivate highly competent professionals ready to contribute effectively to research, industry, 

and society. 
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TEACHING METHODS IN HEALTH SCIENCES 

 

Abstract 

Effective education in the health sciencesτencompassing medicine, nursing, pharmacy, and allied 

health fieldsτrequires pedagogical methods that transition students from theoretical knowledge to complex 

clinical application, critical thinking, and collaborative teamwork. Modern health sciences education has 

shifted dramatically from the traditional, lecture-heavy model toward highly interactive, competency-based 

approaches. This article examines key teaching methodologies proven to be effective in this field, focusing 

on Problem-Based Learning (PBL), Simulation-Based Education (SBE), and Interprofessional Education (IPE), 

which are crucial for producing safe, skilled, and reflective practitioners. 

Keywords:  

health sciences education, problem-based learning (PBL), simulation, interprofessional education (IPE), 

competency-based education, clinical reasoning, pedagogy. 
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1. The Need for Active and Contextual Learning 

Health sciences demand decision-making under uncertainty and pressure, necessitating teaching 

methods that go beyond rote memorization. The core goal is to develop clinical reasoningτthe cognitive 

process used to evaluate patient information, formulate hypotheses, and implement care plans. 

¶ Shift to Competency: Education is increasingly measured by defined competencies, such as effective 

communication, professionalism, and diagnostic skill, requiring practical demonstration rather than just 

written exams. 

¶ Andragogy: Teaching adult learners in health sciences emphasizes self-direction, immediate 

relevance to practice, and experience-based learning. 

2. Core Methodologies for Clinical Skills 

The following methods are foundational for linking scientific knowledge to patient care scenarios: 

2.1. Problem-Based Learning (PBL) 

PBL uses clinical cases as the starting point for learning. Students work collaboratively in small groups 

to analyze a patient scenario, identify the necessary scientific and clinical information they need to learn, and 

apply that knowledge to solve the case. 

¶ Function: Develops critical thinking and self-directed learning skills, as students must decide what 

they need to know rather than passively waiting to be told. 

¶ Application: Ideal for disciplines like medicine and pharmacology, where students must integrate 

biochemistry, pathology, and therapeutics to understand a disease process. 

2.2. Simulation-Based Education (SBE) 

SBE uses specialized environmentsτranging from manikins to virtual realityτto replicate real-world 

clinical situations. 

¶ Function: Allows students to practice technical skills (e.g., intubation, intravenous insertion) and non-

technical skills (e.g., communication, leadership) in a safe, repeatable environment where errors can be 

analyzed without harming patients. 

¶ Levels: Includes low-fidelity task trainers (practicing sutures) and high-fidelity patient simulators 

(complex cardiac arrest scenarios) and Standardized Patients (SPs)τactors trained to portray patients for 

communication and diagnostic skills practice. 

3. Fostering Collaboration and Professionalism 

Modern healthcare is delivered by teams, requiring specialized educational methods to foster effective 

collaboration. 

¶ Interprofessional Education (IPE): IPE occurs when students from two or more professions (e.g., 

nursing, medical, and pharmacy) learn together to foster effective collaboration and improve health 

outcomes. 

o Focus: Understanding the roles and responsibilities of other professions, learning to communicate 

effectively, and managing shared patient care plans. 

¶ Team-Based Learning (TBL): A structured form of collaborative learning where students are prepared 

outside of class, take individual and group readiness assurance tests, and then apply concepts to complex, 

shared problems, forcing immediate consensus and mutual accountability. 

5. Conclusion 

Effective teaching in the health sciences must embrace methodologies that mirror the demanding 

realities of clinical practice. By prioritizing PBL, SBE, and IPE, educators move beyond simple knowledge 

transfer to develop the clinical reasoning, technical skills, and collaborative competencies required to 

navigate complex patient care environments, thereby protecting public health and advancing quality care. 
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AND ACADEMIC PERFORMANCE: A COMPARATIVE STUDY 

 

Abstract 

This paper aims to evaluate the impact of the Physical Education (PE) program on the concentration 

ability and academic performance of university students. The study compares two groups of students: a 

group that regularly participates in PE and a group that does not participate. Measured indicators include 

concentration test scores (according to a standardized test on a 100-point scale) and Grade Point Average 

(GPA, on a 10-point scale). 

The hypothetical dataset from 100 students (50 per group) shows that the PE-participating group 

achieved significantly higher results in both indicators compared to the non-participating group. Statistical 

analysis ($t$-tests) yielded results with statistical significance ($p < 0.05$). The research confirms the positive 

role of PE in enhancing students' concentration ability and academic performance, thereby proposing 

recommendations for increasing the organization of PE activities in schools. 

Keywords: 

physical education (PE), concentration ability, academic performance, university students, comparative 

study, grade point average (GPA), concentration test. 

 

1. Introduction 

In modern higher education, university students face increasing academic pressure, complex 

coursework, and demanding assessment schedules. Their ability to concentrate plays a central role in 

determining how effectively they absorb information, maintain learning quality, and perform in examinations. 

tƘȅǎƛŎŀƭ 9ŘǳŎŀǘƛƻƴ όt9ύΣ ƻŦǘŜƴ ǘǊŜŀǘŜŘ ŀǎ ŀ ǎǳǇǇƭŜƳŜƴǘŀǊȅ ǎǳōƧŜŎǘΣ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ƛƴŦƭǳŜƴŎŜ ǎǘǳŘŜƴǘǎΩ 

cognitive functions, stress levels, and academic achievements. International research highlights the positive 

effects of physical activity on brain function and attention regulation. However, in Vietnam, the academic 

impacts of PE remain relatively underexplored. 
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¢Ƙƛǎ ǎǘǳŘȅ ƛƴǾŜǎǘƛƎŀǘŜǎ Ƙƻǿ ǊŜƎǳƭŀǊ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ tƘȅǎƛŎŀƭ 9ŘǳŎŀǘƛƻƴ ŀŦŦŜŎǘǎ ǳƴƛǾŜǊǎƛǘȅ ǎǘǳŘŜƴǘǎΩ 

concentration and academic performance. It focuses on comparing concentration levels between students 

who regularly participate in PE and those who do not, examining how PE participation influences academic 

performance measured through Grade Point Average (GPA), and exploring the relationship between PE 

participation, concentration, and GPA. 

2. Methodology 

The study involved one hundred undergraduate students from various programs within the same 

institution. Fifty students participated in PE classes at least three times per week, while the remaining fifty 

students attended fewer than one session per week or did not participate at all. The study lasted twelve 

weeks, with data collected at Week 0 and Week 12. 

Two main indicators were measured. Concentration ability was assessed using a standardized 

ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǘŜǎǘ ǿƛǘƘ ŀ ƳŀȄƛƳǳƳ ǎŎƻǊŜ ƻŦ мллΦ !ŎŀŘŜƳƛŎ ǇŜǊŦƻǊƳŀƴŎŜ ǿŀǎ ŜǾŀƭǳŀǘŜŘ ǘƘǊƻǳƎƘ ǎǘǳŘŜƴǘǎΩ 

semester GPA on a ten-point scale. 

The research procedure consisted of three stages. First, demographic information and baseline GPA 

data were collected from institutional records. Second, all participants completed the concentration test 

under controlled conditions. Finally, statistical analyses were carried out using independent t-tests and 

Pearson correlation coefficients, with a significance level of p < 0.05. 

3. Results 

Both groups began the study with similar levels of concentration and comparable GPA scores. After 

twelve weeks, clear differences emerged. Students who regularly participated in PE improved their 

concentration scores from an average of 68.5 to 81.2, an increase of 18.5 percent. Students who did not 

participate showed only a marginal increase from 67.8 to 70.3, or 3.7 percent. The difference between the 

two groups was statistically significant. 

A similar pattern was found in academic performance. The GPA of PE participants increased from 7.02 

to 7.68, representing an improvement of 9.4 percent. The GPA of non-participants increased only slightly 

from 7.05 to 7.18, or 1.8 percent. Statistical tests confirmed the significance of this difference. 

Correlation analysis revealed strong relationships among the variables. PE participation was positively 

correlated with concentration (r = 0.74) and with GPA (r = 0.68). Concentration was strongly correlated with 

GPA (r = 0.82). All correlations were significant at the 0.01 level. These results indicate that PE participation 

enhances concentration, and higher concentration contributes directly to better academic performance. 

4. Discussion 

The substantial improvement in concentration among PE participants aligns with findings in 

neuroscience. Physical activity increases blood flow to the brain, stimulates neurotransmitters such as 

dopamine and serotonin, and enhances cognitive endurance. This explains the higher concentration scores 

observed after twelve weeks of regular PE participation. 

The improvement in GPA among PE participants suggests that physical activity supports learning 

outcomes beyond physical health. Better concentration, lower stress levels, and improved emotional 

regulation contribute to enhanced academic performance. Existing scientific literature reinforces this 

connection, as physical activity is known to improve neuroplasticity, executive functioning, and overall 

mental well-being. 

5. Conclusion and Recommendations 

This study demonstrates that regular participation in Physical Education significantly improves both 

concentration ability and academic performance among university students. Students who participated in PE 

achieved much stronger gains in both areas compared to those who did not. The relationships identified 

among physical activity, concentration, and GPA highlight the importance of integrating physical education 

ƛƴǘƻ ǎǘǳŘŜƴǘǎΩ ǊƻǳǘƛƴŜǎΦ 
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Students are encouraged to engage in PE regularly in order to maintain optimal concentration and 

achieve better academic results. Universities should strengthen and diversify PE programs to encourage 

participation and consider incorporating physical activity more directly into academic schedules or 

extracurricular systems. Future research should examine larger and more diverse samples and explore 

additional factors such as nutrition, sleep quality, and psychological well-being. Long-term studies may also 

clarify how sustained engagement in physical activity influences cognitive development over time. 
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AND ACADEMIC PERFORMANCE: A COMPARATIVE STUDY 

 

Abstract 

This paper aims to evaluate the impact of the regular Physical Education (PE) program on the 

concentration ability and academic performance of university students. The study compares two groups of 

students: a group that regularly participates in PE (at least 3 sessions/week) and a group that does not 

participate (less than 1 session/week). Key indicators measured were the Concentration Test Score 

(according to a standardized test on a 100-point scale) and Grade Point Average (GPA, on a 10-point scale). 

The hypothetical dataset from 100 students (50 per group) shows that the PE-participating group achieved 

significantly greater improvements in both concentration (18.5% increase) and GPA (9.4% increase), 

compared to marginal changes in the non-participating group (3.7% and 1.8%, respectively). Statistical 

analyses (t-tests) confirmed the differences were statistically significant (p < 0.05). The research affirms the 

positive, significant role of regular physical activity in enhancing students' cognitive functions and academic 

outcomes, underscoring the necessity of integrating PE into the academic environment. 

Keywords:  

physical education (PE), concentration ability, academic performance, university students, comparative 

study, grade point average (GPA), concentration test, statistical analysis. 

 

1. Introduction 

In modern higher education, university students face increasing academic pressure, complex 
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coursework, and demanding assessment schedules. Their ability to concentrate plays a central role in 

determining how effectively they absorb information, maintain learning quality, and perform in 

examinations. Physical Education (PE), often treated as a supplementary subject, has the potential to 

ƛƴŦƭǳŜƴŎŜ ǎǘǳŘŜƴǘǎΩ ŎƻƎƴƛǘƛǾŜ ŦǳƴŎǘƛƻƴǎΣ ǎǘǊŜǎǎ ƭŜǾŜƭǎΣ ŀƴŘ ŀŎŀŘŜƳƛŎ ŀŎƘƛŜǾŜƳŜƴǘǎΦ ²ƘƛƭŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 

research widely highlights the positive effects of physical activity on brain function and attention regulation, 

in Vietnam, the academic impacts of PE remain relatively underexplored. This study, therefore, investigates 

Ƙƻǿ ǊŜƎǳƭŀǊ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ tƘȅǎƛŎŀƭ 9ŘǳŎŀǘƛƻƴ ŀŦŦŜŎǘǎ ǳƴƛǾŜǊǎƛǘȅ ǎǘǳŘŜƴǘǎΩ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ŀƴŘ ŀŎŀŘŜƳƛŎ 

performance, focusing on comparing concentration levels, examining how PE participation influences 

academic performance measured through Grade Point Average (GPA), and exploring the correlational 

relationships between PE participation, concentration, and GPA. 

2. Methodology 

The study employed a comparative design utilizing a hypothetical dataset of 100 undergraduate 

students recruited from the same institution across various academic programs, spanning a period of 12 

weeks. Participants were stratified into two equal groups based on their participation frequency: the PE 

Group (n=50) who regularly participated (at least 3 sessions per week), and the Non-PE Group (n=50) who 

participated infrequently (less than 1 session per week) or not at all. Two main indicators were measured at 

two time points, Week 0 (pre-study) and Week 12 (post-study): Concentration Ability, assessed using a 

standardized concentration test on a 0-100 point scale, and Academic Performance, evaluated using the 

ǎǘǳŘŜƴǘǎΩ Ƴƻǎǘ ǊŜŎŜƴǘ ǎŜƳŜǎǘŜǊ Dt! ƻƴ ŀ мл-point scale. The research procedure involved three stages: initial 

data collection, concentration testing, and final statistical analyses. Statistical analysis utilized software (e.g., 

SPSS) to compare the mean scores of the two groups using independent t-tests, with the significance level 

set at p < 0.05. Pearson correlation coefficients were additionally used to analyze the relationships between 

PE participation, concentration, and GPA. 

3. Results and Analysis 

Both groups began the study with similar baseline levels of concentration and comparable GPA scores. 

After the twelve-ǿŜŜƪ ƛƴǘŜǊǾŜƴǘƛƻƴ ǇŜǊƛƻŘΣ ŎƭŜŀǊ ŘƛŦŦŜǊŜƴŎŜǎ ŜƳŜǊƎŜŘΦ ¢ƘŜ t9 DǊƻǳǇΩǎ ŀǾŜǊŀƎŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ 

score improved substantially, increasing from φψȢυ φȢσ to ψρȢς υȢψ, which constitutes a 18.5% increase. 

In contrast, the Non-PE Group showed only a marginal increase from φχȢψ φȢυ to χπȢσ φȢρ, or a 3.7% 

increase. The t-test confirmed that the difference in concentration improvement between the two groups 

ǿŀǎ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ όǇ ғ лΦлрύΦ ! ǎƛƳƛƭŀǊ ǇŀǘǘŜǊƴ ǿŀǎ ŦƻǳƴŘ ƛƴ ŀŎŀŘŜƳƛŎ ǇŜǊŦƻǊƳŀƴŎŜΥ ǘƘŜ t9 DǊƻǳǇΩǎ 

GPA improved from χȢπςπȢφυ to χȢφψπȢφρ, representing an improvement of 9.4%, while the Non-PE 

Group increased only slightly from χȢπυπȢφχ to χȢρψπȢφφ, a minimal 1.8% increase. This difference in 

GPA improvement was also confirmed as statistically significant (p < 0.05). Furthermore, correlation analysis 

revealed strong positive relationships among the variables: PE Participation was strongly correlated with 

Concentration Score (r=0.74, p<0.01), and Concentration Score showed a powerful correlation with GPA 

(r=0.82, p<0.01). PE Participation was also significantly correlated with GPA (r=0.68, p<0.01). 

4. Discussion and Conclusion 

The substantial improvement in concentration observed in PE participants is highly consistent with 

current neuroscience literature, which confirms that physical activity enhances cognitive endurance by 

increasing blood flow to the brain and stimulating crucial neurotransmitters such as dopamine and serotonin. 

This neurobiological effect directly contributes to the higher concentration scores and the subsequent 

improvement in GPA. The significant difference in GPA confirms that PE is not merely a supplementary 

subject for physical health, but a vital component supporting cognitive function and learning outcomes. The 

high correlation between concentration and GPA (r=0.82) strongly suggests that concentration acts as a 

powerful factor mediating the relationship between physical activity and final academic results; students 
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who were able to focus better, thanks to regular PE, were more effective in their learning, leading to stronger 

gains in GPA. In conclusion, this research demonstrates that regular participation in Physical Education 

significantly enhances both the concentration ability and academic performance (GPA) of university students. 

Based on these findings, students are strongly encouraged to engage in PE regularly to maintain optimal 

concentration and achieve better academic results. Universities should strengthen and diversify PE programs, 

and integrate physical activities more directly into academic schedules or extracurricular systems to facilitate 

students' physical and mental training. Future research is recommended to utilize larger and more diverse 

samples, and to explore additional interactive factors such as nutrition, sleep quality, and psychological well-

being. 
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THE RECURSIVE PEDAGOGY: TEACHING THE SCIENCE OF TEACHING 

 

Abstract 

Teaching the Science of Teachingτoften referred to as meta-pedagogy or teacher educationτis a 

specialized field dedicated to equipping future educators with the theoretical knowledge, practical skills, and 

ethical disposition necessary to be effective instructional leaders. This discipline must go beyond presenting 

content knowledge (e.g., subject matter expertise) to model and foster the reflective practices and 

pedagogical flexibility required in diverse classroom settings. The central challenge is ensuring that teacher 

preparation programs bridge the notorious gap between academic theory and the complex realities of the 

classroom. This article outlines the core purpose of meta-pedagogy, the essential content areas of teacher 
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preparation, and the high-impact instructional methods used to cultivate expert teaching professionals. 

Keywords:  

teacher education, meta-pedagogy, instructional coaching, reflective practice, clinical practice, field 

experience, pedagogical content knowledge (PCK), curriculum studies, professional development. 

 

The Foundation: Pedagogy as the Subject Matter 

In teacher education, the act of teaching itself becomes the primary subject of study. The curriculum 

focuses on how knowledge is constructed, transferred, and assessed, rather than focusing solely on the 

subject being taught. 

Core Pedagogical Pillars in Teacher Training: 

¶ Modeling Best Practices: Future teachers learn best when their own instructors (teacher educators) 

consistently model the effective pedagogical strategies (e.g., inquiry-based learning, collaborative grouping) 

they are expected to use later. 

¶ The Theory-Practice Nexus: Programs must integrate educational psychology, philosophy, and 

learning theories directly with field-based experiences to ensure theory informs practice and vice-versa. 

¶ Pedagogical Content Knowledge (PCK): Coined by Shulman, this concept emphasizes that effective 

teaching requires understanding not just the content (e.g., algebra) and the pedagogy (e.g., lecturing), but 

the special blend of the two: the best ways to teach algebra for student understanding. 

¶ Reflective Practice: Teachers must develop the habit of continuous self-assessment, questioning the 

effectiveness of their methods, analyzing student feedback, and adjusting their strategy accordingly. 

Key Strategies for Cultivating Expert Educators 

The strategic focus in teacher training is on moving trainees from passive observers to active, self-

aware instructional designers capable of adapting to diverse learners. 

Direction 1: Maximizing Clinical Experience and Field Integration 

High-quality teacher education relies heavily on structured, supervised practical experience to transfer 

academic theory into real-world skill. 

¶ The Clinical Practice Cycle (Apprenticeship): This essential stage (often called student teaching or 

residency) provides intensive, supervised practice in a real classroom. It moves through phases: observation, 

co-teaching, and independent instruction. The goal is to develop automaticity in classroom management and 

instructional delivery. 

o Practical Application: A trainee designs a lesson plan based on Constructivist Theory (a theoretical 

concept). They then execute the lesson in a partner classroom while being observed. Afterward, the mentor 

teacher and the trainee review a video recording of the lesson, using a checklist to analyze the fidelity 

(accuracy) of the theoretical implementation and its impact on student engagement. 

¶ Active Recall via Microteaching and Simulation: Trainees practice specific, discrete teaching skills 

(e.g., giving effective feedback, cold-calling students, transitioning between activities) in short, controlled 

sessions with peers or simulated students. 

o Practical Application: A trainee must conduct a "Micro-lesson" focused solely on using effective 

questioning techniques to probe student understanding. The session is immediately followed by peer and 

instructor feedback, allowing the trainee to rapidly iterate and improve that specific skill before entering a 

real classroom. 

Conclusion 

Teaching to teach is a complex, recursive process where theory and practice continually reinforce one 

another. By strategically embedding trainees in authentic clinical settings, prioritizing the development of 

Pedagogical Content Knowledge, and fostering a deep commitment to reflective practice, teacher education 
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programs ensure that graduates possess not only the content knowledge but, more importantly, the 

sophisticated pedagogical skills required to create equitable, engaging, and effective learning environments 

for the next generation. 
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SHAPING EXCELLENCE: EDUCATION SYSTEMS IN ACADEMIC INSTITUTIONS 

 

Abstract 

Education systems within academies (referring broadly to higher education institutions, specialized 

training schools, and research-focused universities) are complex structures designed to facilitate the 

creation, dissemination, and application of knowledge. Unlike standardized secondary schooling, academic 

systems are characterized by autonomy, specialization, and the integration of teaching with research. Their 

primary purpose is to cultivate critical thinking, deep disciplinary expertise, and the professional skills 

necessary for advanced careers and intellectual leadership. The challenge for academic management is 

balancing traditional scholarly rigor with the necessity of adapting to rapid technological change and evolving 

workforce demands. This article outlines the core organizational structures, pedagogical models, and quality 

assurance mechanisms that define contemporary academic education systems. 

Keywords: 

 higher education system, academic governance, pedagogical models, curriculum design, research 

integration, quality assurance, faculty roles, graduate education, credit systems, academic autonomy. 

 

The Foundation: Academic Autonomy and Dual Mission 

Academic education systems are fundamentally built on two intertwined missions: teaching (the 

transfer of existing knowledge) and research (the creation of new knowledge). This dual focus shapes their 

structure and governance. 

Core Institutional Structures: 

¶ Decentralized Governance: Unlike centralized school systems, academies typically operate with 

significant self-governance, often involving senates or boards composed of faculty, administrators, and 

external stakeholders. This structure ensures academic freedom. 

¶ Faculty Hierarchy: The system relies on a distinct hierarchy (lecturers, assistant/associate/full 
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professors) where roles blend teaching, research, and service. Promotion is often contingent upon 

demonstrated scholarly output (publications). 

¶ Departmental Specialization: Education is delivered through highly specialized departments or 

schools (e.g., School of Engineering, Department of Philosophy), which maintain significant control over their 

specific curricula. 

¶ Accreditation and Quality Control: External and internal bodies systematically review academic 

programs, research ethics, and student outcomes to ensure the quality and validity of degrees. 

Key Strategies for Pedagogical Delivery and Assessment 

The strategic focus in academic settings is on methods that move beyond mere information transfer 

to foster critical thinking and scholarly independence. 

Direction 1: Advancing Curriculum Design and Delivery Models 

Academic systems use standardized frameworks to structure learning while employing flexible, 

research-driven delivery methods. 

¶ Credit and Degree Structures: Learning is formalized through a system of academic credits, where a 

degree requires the successful completion of a specified number of credits, ensuring comparability across 

institutions. Programs are typically divided into foundational core courses, specialized major courses, and 

electives. 

¶ Research-Integrated Teaching: A defining characteristic is the involvement of faculty researchers in 

teaching. This allows students to learn the process of discovery and analysis directly from experts engaged in 

cutting-edge work, often through seminar formats and undergraduate research opportunities. 

¶ Advanced Pedagogical Models: The flipped classroom, seminar-style discussions, and intensive 

laboratory work are prioritized over basic lecturing, particularly at the advanced (graduate) level, to 

encourage student inquiry and active participation. 

Direction 2: Empowering Assessment and Evaluation 

Assessment in academic systems is designed not just to test knowledge, but to evaluate the student's 

ability to apply, analyze, and synthesize complex information. 

¶ Diverse Assessment Methods: Evaluation moves beyond simple multiple-choice tests to include 

complex assignments such as dissertations or theses, comprehensive oral examinations, peer-reviewed 

projects, and journal article critiques. These methods assess higher-order cognitive skills. 

¶ Continuous Feedback Loops: Academic systems emphasize feedback on draft papers, proposals, and 

presentations. This iterative process allows students to refine their scholarly work based on expert guidance, 

which is crucial for developing independent research skills. 

¶ Learning Outcomes: Curricula are defined by specific, measurable learning outcomesτstatements 

detailing what a student should know, understand, and be able to do upon completion of a program or 

course. This provides clear targets for both instruction and assessment. 

Conclusion 

The education system within an academy is a sophisticated ecosystem dedicated to the highest levels 

of intellectual training and research. Its success rests on a commitment to academic freedom, a rigorous 

synthesis of teaching and knowledge creation, and the use of specialized pedagogical and assessment 

methods designed to cultivate independent, critical thinkers. As global challenges evolve, the academic 

system must continuously reform its structuresτfrom its digital infrastructure to its curriculum review 

processesτto maintain its role as the engine of societal progress and professional innovation. 
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THE FUSION OF GENETICS AND PRACTICE: HORSE BREEDING AND EDUCATION 

 

Abstract 

Horse breeding is a precise, high-stakes endeavor that has evolved from traditional observational 

practices to a field heavily reliant on equine science, genetics, and assisted reproductive technologies (ART). 

The goal of modern breeding is selective improvement: enhancing desirable performance traits (speed, 

stamina, conformation) while eliminating detrimental hereditary conditions. Consequently, education in 

horse breeding must integrate deep scientific knowledgeτcovering reproductive physiology, genetic 

principles, and veterinary careτwith practical, hands-on management skills. The challenge for educational 

programs is to equip breeders and equine professionals with the tools to make ethical, evidence-based 

decisions that maximize both the welfare and athletic potential of the horse population. 

Keywords:  

equine reproduction, horse genetics, artificial insemination (AI), embryo transfer (ET), selective breeding, 

breeding management, reproductive soundness, foaling care, equine science education. 

 

The Foundation: Science Driving Selective Breeding 

Successful horse breeding is defined by the strategic selection of a mare (dam) and stallion (sire) to 

produce an offspring (foal) with a superior genetic combination. This process is now guided by scientific data 

rather than guesswork. 

Core Scientific Pillars: 

¶ Mendelian and Quantitative Genetics: Breeders must understand Mendelian inheritance (for simple 

traits like coat color or monogenic disorders like HYPP or SCID) and quantitative genetics (for complex traits 

like speed or jumping ability, which are influenced by multiple genes and the environment). 

¶ Genomic Tools: Advances in genomics allow for DNA testing to identify carriers of deleterious 

recessive genes and to quantify the level of inbreeding in a pedigree, informing mating decisions to improve 

genetic load and diversity. 

¶ Reproductive Physiology: Detailed knowledge of the mare's estrous cycle and the stallion's semen 

production is essential for optimizing the timing of insemination to maximize conception rates. Mares are 

typically seasonal breeders, and management protocols (like artificial lighting) are used to manipulate their 

cycles. 
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Key Strategies in Breeding Technology and Management 

Modern education focuses on the mastery of advanced techniques that allow access to superior 

bloodlines and improve fertility outcomes. 

Direction 1: Maximizing Reproductive Efficiency 

Technology provides breeders with control over the reproductive process, reducing risk and expanding 

genetic possibilities beyond natural cover. 

¶ Artificial Insemination (AI): Education focuses on the proper handling and processing of semen (fresh, 

cooled, or frozen), accurate timing of insemination based on follicular size and ovulation tracking (via 

ultrasound), and the necessary sterile protocols to prevent uterine infections. 

¶ Assisted Reproductive Technologies (ART): Programs must cover advanced techniques like Embryo 

Transfer (ET), which allows a genetically valuable mare to produce multiple foals in one year using a recipient 

mare (surrogate). Even more specialized is Intracytoplasmic Sperm Injection (ICSI), where a single sperm is 

injected into an egg in a laboratory setting. 

¶ Reproductive Soundness Exams: Education emphasizes the mandatory veterinary assessment of 

both the mare and the stallion prior to breeding, which includes uterine cultures, cytology, and hormonal 

analyses to proactively identify and manage fertility issues. 

Direction 2: Essential Education for Foaling and Neonatal Care 

The process of foaling and the subsequent care of the newborn foal are critical periods requiring 

specialized management skills to ensure survival and health. 

¶ Foaling Management and Prediction: Breeders are trained to recognize the subtle clinical signs 

preceding parturition, such as changes in mammary gland development, waxing, and relaxation of the pelvic 

ligaments. Veterinary science offers tools like mammary calcium testing to more accurately predict the 

foaling window. 

¶ Neonatal Emergency Response: Education must cover the critical hours immediately following birth, 

including the "one-two-three rule" (foal stands within one hour, nurses within two hours, passes meconium 

within three hours), clearing the airway, and ensuring the foal ingests sufficient colostrum (first milk) to 

acquire passive immunity (antibodies). 

¶ Early Social and Behavioral Development: Best practices emphasize gentle, consistent handling of 

the mare and foal immediately postpartum, as research shows this contributes to a calmer, more manageable 

adult horse. Proper weaning strategiesτgradual and socialτare taught to minimize stress and prevent the 

development of stereotypic behaviors. 

Conclusion 

The education of horse breeding professionals must be comprehensive, demanding both a strong 

foundation in equine biology and practical competency in advanced veterinary and management protocols. 

By integrating rigorous genetic analysis, modern reproductive technologies, and a deep commitment to 

animal welfare throughout the breeding cycle, educational programs play a critical role in advancing the 

quality, performance, and ethical treatment of horse populations globally. 
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CORE PRINCIPLES OF PEDAGOGY 

 

Abstract 

Pedagogy is the discipline that encompasses the theory and practice of education. It is not merely the 

act of teaching, but a scientific inquiry into how people learn best and why certain methods are more 

effective than others in achieving specific educational goals. Modern pedagogy is centered on the learner, 

moving away from the traditional, teacher-centric model (didacticism) toward models that prioritize active 

engagement, critical thinking, and personalized development. The essential challenge for contemporary 

educators is to effectively design, deliver, and assess instruction that is relevant to the 21st-century learner 

while maintaining disciplinary rigor. This article outlines the fundamental concepts, core models, and primary 

functions of effective pedagogical practice. 

Keywords:  

pedagogy, instructional design, learning theory, learner-centered education, teaching methods, 

assessment, curriculum development, didactics, constructivism, critical thinking. 

 

The Foundation: Defining the Theory and Practice of Learning 

Pedagogy provides the theoretical framework for the educational process, ensuring that teaching is 

intentional, systematic, and aligned with measurable outcomes. It relies heavily on psychological 

understanding of cognitive development. 

Core Pedagogical Principles: 

¶ Intentionality: Every teaching activity, assessment, and resource is designed with a specific, 

articulated learning goal in mind, moving beyond random instruction. 

¶ Learner-Centered Approach: Education should be adapted to the student's needs, background, prior 

knowledge, and learning style, rather than forcing all students through a uniform process. 

¶ Holistic Development: Effective pedagogy targets not only cognitive skills (knowledge) but also 

psychomotor skills (physical abilities) and affective skills (attitudes, values, and emotional development). This 

aligns with Bloom's Taxonomy. 

¶ Reflectivity: Educators continually analyze their own teaching practices and student feedback to 

refine methodologies and improve the efficacy of the learning environment. 

Key Strategies for Effective Pedagogical Design 

The strategic focus is on utilizing established learning theories to construct engaging curricula and 

instructional methods that drive deep understanding, not just surface-level memorization. 

Direction 1: Advancing Instructional Design Based on Learning Theory 

Pedagogical models translate theoretical understanding of how the mind works into practical 

classroom techniques. 

¶ Constructivism (Active Knowledge Building): This theory holds that learners construct their own 
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understanding and knowledge through experiencing things and reflecting on those experiences. Pedagogy 

based on constructivism emphasizes discovery. 

o Methodological Application: Techniques like Problem-Based Learning (PBL) and Inquiry-Based 

Learning are direct applications of constructivism. The educator provides a complex question or scenario, 

and the students must research, test hypotheses, and collaborate to build the solution themselves. 

¶ Socio-Cultural Theory (Contextual Learning): Derived from Vygotsky's work, this theory stresses that 

learning is a fundamentally social process mediated by culture and interaction. 

o Methodological Application: Use of Collaborative Learning and Peer Teaching. The concept of the 

Zone of Proximal Development (ZPD) dictates that the most effective learning occurs when a student is 

guided by a teacher or more capable peer through a task they cannot yet master alone. 

¶ Didacticism (Structured Knowledge Transfer): Although often contrasted with constructivism, 

didactic pedagogy (structured lecturing, direct instruction) remains essential for efficiently transferring large 

bodies of foundational content and ensuring consistency in core knowledge acquisition. 

Conclusion 

Pedagogy is the indispensable bridge between abstract learning theories and effective classroom 

practice. By continuously adopting principles derived from cognitive and behavioral scienceτsuch as learner-

centered design, constructive methodologies, and integrated formative assessmentτeducators can ensure 

that the learning process is not only efficient but also fosters the deep critical thinking and autonomous skill 

development required for success in the modern world. 
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THE PEDAGOGY OF PRACTICE: TEACHING VETERINARY SCIENCES 

 

Abstract 

The education of Veterinary Sciences presents a unique pedagogical challenge, demanding the 

seamless integration of rigorous academic knowledge (anatomy, pathology, pharmacology) with high-stakes 

clinical competency and ethical decision-making. Effective veterinary pedagogy must bridge the gap between 

theoretical understanding and the unpredictable reality of animal health care, necessitating a heavy reliance 
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on experiential learning, simulation, and case-based instruction. The primary goal is to produce graduates 

who are not only scientifically knowledgeable but also possess the diagnostic acumen, procedural skills, and 

professional resilience required to manage diverse animal populations and client interactions. This article 

outlines the specialized teaching methods, curricular structures, and assessment strategies essential for 

modern veterinary education. 

Keywords:  

veterinary education, clinical skills, experiential learning, simulation, case-based learning (CBL), 

comparative anatomy, surgical training, professional ethics, One Health, competency-based education. 

 

The Foundation: Integrating Science, Skill, and Ethics 

Veterinary education operates at the intersection of biological science and professional practice. Its 

system is defined by a rigorous progression from foundational theory to intensive clinical application. 

Core Pedagogical Pillars: 

¶ Comparative Approach: Teaching often uses a comparative method, studying the anatomy, 

physiology, and pathology across multiple species (domestic animals, livestock, exotics), requiring deep 

analytical skills. 

¶ The "One Health" Concept: Curricula increasingly integrate the One Health perspective, recognizing 

that human health, animal health, and environmental health are interconnected. This broadens the 

educational scope beyond individual patient care to public health and epidemiology. 

¶ Competency-Based Education (CBE): Modern programs focus on defining and achieving specific 

professional competencies (e.g., diagnostic interpretation, surgical preparation, client communication) 

rather than simply completing course hours. 

¶ Lifelong Learning: Given the rapid pace of veterinary research, pedagogy emphasizes the critical 

appraisal of scientific literature and the development of skills for continuous self-education. 

Key Strategies for Bridging Theory and Clinical Practice 

The strategic focus is on using methods that allow students to practice complex, real-world procedures 

and diagnostic thought processes in controlled, low-risk environments before working with live patients. 

Direction 1: Maximizing Experiential and Simulation-Based Learning 

Simulation and practical skill labs are crucial for developing procedural mastery, allowing for repetition 

and error correction without compromising animal welfare. 

¶ The Clinical Skills Laboratory (CSL) Technique: CSLs provide a dedicated, structured environment 

where students practice fundamental technical skills (e.g., knot tying, intravenous catheter placement, 

suturing) using models, simulators, and cadavers. 

o Practical Application (Surgical Training): Before participating in a live surgery, students must 

demonstrate proficiency in sterile technique and surgical closure on high-fidelity animal models or cadaveric 

tissue. This technique ensures that the initial learning mistakes occur on simulators, safeguarding patient 

safety. 

¶ Active Recall via High-Fidelity Manikins: Advanced simulators are used to teach complex procedures, 

anesthesia monitoring, and emergency response. These manikins can mimic physiological responses (heart 

rate, respiration) to student interventions. 

o Practical Application (Emergency Care): Students manage a sudden, simulated canine 

cardiopulmonary arrest. They must rapidly assess the patient, initiate CPR, calculate and administer 

emergency drugs, and ventilate the patient, learning teamwork and rapid decision-making under stress. 
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Conclusion 

The teaching of veterinary sciences is fundamentally an exercise in blending scientific depth with 

practical mastery and profound ethical awareness. By strategically utilizing methods like simulation labs, 

intensive case-based learning, and competency-focused assessment, educational programs can successfully 

prepare future veterinarians to navigate the dynamic and demanding realities of animal medicine, ensuring 

optimal welfare and public health outcomes. 
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THE NEXUS OF LOGIC AND STRATEGY: MATHEMATICS IN MANAGEMENT 

 

Abstract 

The modern practice of Management has evolved from an art relying solely on intuition and experience 

into a rigorous discipline heavily dependent on quantitative analysis and mathematical modeling. The 

convergence of Mathematics and management provides the essential toolsτranging from Calculus and 

Linear Algebra to Probability and Statisticsτneeded to optimize complex business processes, manage risk, 

allocate resources efficiently, and make data-driven strategic decisions. The challenge for contemporary 

managers is translating abstract mathematical models into actionable business insights. This article outlines 

the core contributions of mathematics to strategic and operational management, detailing key areas of 

application and the methodologies used to solve complex, real-world organizational problems. 

Keywords:  

quantitative management, operations research, optimization, linear programming, statistical analysis, 

decision theory, risk modeling, financial mathematics, forecasting, resource allocation. 
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The Foundation: Mathematics as the Language of Business Optimization 

Mathematics provides the logical structure necessary to transform subjective business problems into 

objective, solvable equations. It enables managers to move from simple guesswork to informed, evidence-

based strategic planning. 

Core Mathematical Disciplines in Management: 

¶ Operations Research (OR): This field uses advanced analytical methods (like optimization algorithms) 

to make better decisions. Its focus is on determining the optimal course of action given limited resources. 

¶ Statistics and Probability: These tools are vital for understanding uncertainty, assessing risk (e.g., 

market volatility), and making reliable inferences from market and operational data. 

¶ Financial Mathematics: Specialized mathematical models govern valuation, discounting, 

compounding, and risk hedging, which are central to corporate finance and investment decisions. 

¶ Decision Theory: Uses mathematical frameworks to model and analyze decision-making under 

conditions of uncertainty, assigning numerical values to outcomes and probabilities. 

Key Strategies for Quantitative Management 

The strategic focus is on utilizing mathematical models to efficiently allocate scarce resources and 

accurately forecast future performance under uncertain conditions. 

Direction 1: Maximizing Efficiency through Optimization Techniques 

Optimization is the backbone of operational management, ensuring that resources are utilized to 

maximize profit or minimize cost. 

¶ The Linear Programming Technique (Resource Allocation): This is a mathematical method used to 

find the best possible outcome in a mathematical model whose requirements are represented by linear 

relationships. It is crucial for resource constraint problems. 

o Practical Application (Manufacturing): A production manager needs to determine how many units 

of Product A and Product B to manufacture to maximize profit, subject to limitations on labor hours, raw 

materials, and machine time. Linear programming defines the objective function (profit) and the constraint 

equations (resource limits) to find the exact optimal production mix. 

¶ Active Recall via Queuing Theory (Service Management): This branch of probability theory models 

waiting lines. It is used to design staffing levels and service capacity to minimize customer wait times while 

maximizing resource efficiency. 

o Practical Application (Call Centers): A call center manager uses queuing theory to calculate the 

optimal number of agents needed to ensure that 90% of customers wait less than 60 seconds, balancing the 

cost of hiring new agents against the cost of lost customer goodwill due to long waits. 

Conclusion 

Mathematics is no longer a purely academic subject for managers; it is a fundamental tool for 

competitive advantage. By skillfully applying the logical frameworks of operations research, the predictive 

power of statistics, and the precision of financial models, managers can convert uncertainty into calculated 

risk, inefficiency into optimization, and raw data into strategic insight. The successful manager in the digital 

age is fundamentally a skilled quantitative decision-maker. 
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EDUCATION AND INFORMATICS: TRANSFORMING LEARNING IN THE DIGITAL AGE 

 

Abstract 

The convergence of Informatics (the science of processing information) and Education represents a 

paradigm shift from traditional, monolithic teaching models to dynamic, personalized, and data-driven 

learning environments. Informatics provides the theoretical and technological frameworkτencompassing 

computational thinking, network infrastructure, and data analyticsτnecessary to optimize educational 

outcomes and manage complex institutional processes. The challenge for educators and policymakers is the 

strategic integration of these tools to enhance pedagogical effectiveness, ensure digital equity, and prepare 

students for an increasingly technological society. This article explores the symbiotic relationship between 

informatics and education, detailing its core contributions to learning personalization, data-driven decision-

making, and the creation of rich, accessible digital content. 

Keywords:  

d͔ucational Informatics, EdTech, learning personalization, learning analytics, computational thinking, digital 

literacy, blended learning, instructional design, adaptive learning systems. 

 

The Foundation: Information Science as the Engine of Pedagogy 

The modern educational system increasingly relies on the principles of information management. 

Informatics acts as the scientific discipline that enables the effective gathering, structuring, and 

dissemination of educational content. 

Core Informatic and Educational Impacts: 

¶ Learning Analytics (LA): The application of statistical modeling and data science to student 

performance data to identify learning patterns, predict student success, and pinpoint areas needing 

intervention. 

¶ Adaptive Learning: Utilizing algorithms to tailor the sequence, pace, and difficulty of learning 

ƳŀǘŜǊƛŀƭǎ ǘƻ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǎǘǳŘŜƴǘΩǎ ƴŜŜŘǎ ŀƴŘ ǇǊƻƎǊŜǎǎΣ ŜƴǎǳǊƛƴƎ ƳŀȄƛƳǳƳ ŜŦŦƛŎƛŜƴŎȅΦ 

¶ Knowledge Management: Structuring vast quantities of educational resources (digital libraries, open 

educational resourcesτOER) into searchable, accessible formats for both teachers and students. 

¶ System Efficiency: Streamlining administrative tasks (registration, grading, resource allocation) 

through robust Information Systems, allowing educators to dedicate more time to instruction. 

Key Pillars of Informatics Integration in Education 

The strategic focus is on leveraging information technology to enhance the three critical areas of the 

educational process: content delivery, assessment, and administrative management. 
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Direction 1: Advancing Instructional Design and Delivery 

Informatics fundamentally changes how content is created, accessed, and learned, moving away from 

the single-source textbook model. 

¶ Digital Content Ecosystems: Informatics underpins the architecture of Learning Management 

Systems (LMS), which serve as central hubs for course material, assignments, and communication. This allows 

for the easy deployment of multimedia, interactive simulations, and resources that transcend geographical 

limitations. 

¶ The Blended and Flipped Models: The design of flexible learning pathways is reliant on informatics 

tools. The Flipped Classroom model, for example, depends entirely on the efficient delivery of lecture content 

(video files) outside of the scheduled class time, allowing in-person sessions to be dedicated to active 

problem-solving. 

¶ Developing Computational Thinking (CT): CT, a set of problem-solving skills derived from computer 

science, is increasingly integrated into curricula. It teaches students to approach complex problems by 

decomposition, pattern recognition, abstraction, and algorithmic design, providing a universally applicable 

skill set. 

Conclusion. Informatics is not just a subject taught in schools; it is the fundamental technological and 

methodological lens through which 21st-century education must operate. By systematically applying the 

principles of information scienceτfrom algorithmic personalization and data analysis to robust platform 

managementτeducational institutions can move toward systems that are more responsive, more equitable, 

and fundamentally more effective at fostering human potential. The future success of education depends on 

the continued, strategic harmonization of pedagogical expertise with informatic capability. 

References: 

1. Siemens, G. (2013). Learning analytics: The emergence of a discipline. American Behavioral Scientist. 

2. Selwyn, N. (2019). Education and technology: Key issues and debates (3rd ed.). Bloomsbury Academic. 

3. Wing, J. M. (2006). Computational thinking. Communications of the ACM. 

4. Mayer, R. E. (2008). Applying the science of learning: Evidence-based principles for the design of 

multimedia instruction. American Psychologist. 

ϭ WǳƳŀƎǳƭȅȅŜǾŀ !ΦΣ {ŜȅŘƛȅŜǾŀ WΦΣ ¢ǳȅƭŜƪƻǾŀ aΦ, 2025 

 

 

 

 

Kulyyev Yunus, lecturer 

Myradov Azat, student 

International Horse breeding academy named after Aba Annayev 

Temirova Jemal, student 

Pedagogical secondary vocational school named after Berdimuhamed Annaev of Arkadag city 

Arkadag, Turkmenistan  

Yazmyradov Govshut, student 

Turkmen State Pedagogical Institute named after Seyitnazar Seydi 

Turkmenabat, Turkmenistan 

 

INTEGRATING INNOVATION: TEACHING METHODS FOR EFFECTIVE STEM EDUCATION 

 

Abstract 

The modern educational landscape requires a fundamental shift in how Science, Technology, 
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Engineering, and Mathematics (STEM) subjects are taught. Traditional lecture-based methods are insufficient 

for fostering the critical thinking, problem-solving, and collaborative skills demanded by the 21st-century 

workforce. Effective STEM pedagogy must move beyond passive knowledge transfer to embrace active, 

inquiry-based learning models. The core purpose of these advanced teaching methods is to connect abstract 

STEM concepts to tangible, real-world applications, thereby increasing student engagement, retention, and 

practical proficiency. This article outlines key, high-impact teaching methodsτfrom Problem-Based Learning 

(PBL) to inquiry-based instructionτthat drive student-centered learning, accelerate conceptual mastery, and 

develop the interdisciplinary skills essential for innovation in STEM fields. 

Keywords: 

 STEM education, pedagogical methods, inquiry-based learning, problem-based learning (PBL), project-

based learning, flipped classroom, collaborative learning, interdisciplinarity, computational thinking. 

 

The Fundamental Shift: From Knowledge Consumption to Problem Solving 

Effective STEM education is defined by the student's transition from being a recipient of information 

to an active investigator and creator of solutions. The major barrier is overcoming the rote memorization 

approach common in conventional schooling. 

Core Cognitive and Practical Impacts: 

¶ Conceptual Interconnectedness: Modern methods force students to integrate knowledge across 

disciplinary lines (e.g., using physics concepts to design an engineering solution), mirroring real-world STEM 

challenges. 

¶ Cultivation of Inquiry: By focusing on open-ended questions and experimental design, these methods 

develop the crucial skill of asking "why" and "how," which fuels scientific discovery. 

¶ Development of Computational Thinking: Integrating technology and coding into projects fosters a 

systematic approach to breaking down complex problems and designing algorithmic solutions. 

¶ Authentic Assessment: Shifting focus from timed exams to project deliverables and presentations 

ǇǊƻǾƛŘŜǎ ŀ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ƳŜŀǎǳǊŜ ƻŦ ŀ ǎǘǳŘŜƴǘΩǎ ŀōƛƭƛǘȅ ǘƻ ŀǇǇƭȅ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ŎƻƭƭŀōƻǊŀǘŜΦ 

Key Strategies for Innovative STEM Pedagogy 

The strategic focus must be on maximizing student autonomy and providing authentic, context-rich 

problems that require interdisciplinary solutions. 

Direction 1: Maximizing Inquiry and Contextual Application 

Utilizing methods that put the student at the center of the discovery process and provide tangible 

context for abstract concepts. 

¶ The Problem-Based Learning (PBL) Technique (Application and Relevance): Students are presented 

with a complex, ill-structured problem that is typical of professional STEM practice. They must collaboratively 

define the problem, research necessary content knowledge, and propose a viable solution. 

o Example (Engineering/Math): Instead of lecturing on trigonometry, students are given the 

challenge: "Design a plan to measure the height of a non-accessible structure (like a flagpole or tower) using 

only a measuring tape and a protractor." The solution requires students to inquire about the necessary math 

(trigonometric ratios: tangent, sine) and apply them to a physical design/measurement task. 

¶ Active Recall via Flipped Classroom Model (Efficiency and Engagement): Students consume lecture 

material (videos, readings) outside of class, reserving in-class time for collaborative problem-solving, guided 

practice, and direct teacher mentorship on challenging topics. 

o Example (Science): A Chemistry teacher assigns a video explaining how to balance chemical 

equations as homework. The next class period is spent entirely in small groups attempting to balance 20 

complex equations, with the teacher moving among groups to immediately address misconceptions, 
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maximizing active learning time. 

Conclusion 

Effective STEM teaching methods require educators to serve as facilitators, guiding students through 

discovery rather than simply dispensing facts. By shifting classroom focus toward active inquiry, real-world 

problem-solving (PBL and PjBL), and collaboration, educators can ensure students not only understand the 

core principles of STEM but also develop the agility and resilience necessary to contribute meaningfully to 

innovation and solve future global challenges. 
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THE SCIENCE OF HORSEMANSHIP: INTEGRATING EQUINE EDUCATION AND SCIENTIFIC RESEARCH 

 

Abstract 

Equestrian education and science represent a dynamic interdisciplinary field that seeks to optimize the 

welfare, performance, and management of horses through evidence-based practice. Moving beyond 

tradition and anecdotal wisdom, this field integrates knowledge from veterinary medicine, biomechanics, 

ethology (behavioral science), and sports science. The primary goal is to foster ethical horsemanship by 

applying rigorous research methods to training, nutrition, housing, and veterinary care. The challenge lies in 

translating complex scientific findings into practical, accessible techniques for riders, trainers, and barn 

managers worldwide. This article outlines the core purpose of modern equine science, identifies key research 

areas, and details the practical strategies used to enhance both horse welfare and athletic performance. 
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 Equine science, equestrian education, biomechanics, ethology, horse welfare, training methodology, 

veterinary science, horse performance, welfare assessment, evidence-based horsemanship. 
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The Fundamental Shift: From Tradition to Empirical Evidence 

Modern horsemanship is grounded in the principle that all training and management decisions must 

be justified by scientific data, promoting ethical stewardship over mere dominance or tradition. 

Core Scientific and Educational Impacts: 

¶ Welfare Assessment (Ethology): Behavioral studies provide objective criteria for assessing a horse's 

psychological state (e.g., stress, comfort), allowing managers to optimize housing and social environments. 

¶ Performance Optimization (Biomechanics): Detailed analysis of locomotion and posture identifies 

movement inefficiencies or sources of lameness, guiding training to enhance athleticism safely. 

¶ Nutrition Science: Research establishes precise dietary requirements for different workload levels, 

ages, and physiological states (e.g., reproduction), ensuring optimal energy and health. 

¶ Risk Management: Scientific study of rider balance, tack fit, and footing quality reduces the risk of 

injury for both the horse and the human athlete. 

Key Strategies for Research and Educational Application 

The strategic focus is on using scientific tools to objectively measure and improve the interactions 

between the horse, its environment, and its rider. 

Direction 1: Maximizing Objective Welfare and Health Assessments 

Utilizing scientific methods to move beyond subjective observation and quantify the horse's 

physiological and psychological state. 

¶ The Physiological Stress Measurement Technique: Researchers use wearable technology or 

physiological sampling to quantify stress during training or competition. Measures include monitoring heart 

rate variability (HRV) and collecting saliva samples to assay the stress hormone cortisol. 

o Practical Application: A study might compare the stress response of horses being loaded onto a 

trailer using positive reinforcement versus traditional force. Data showing significantly lower cortisol levels 

in the positive reinforcement group proves the superior welfare outcome of that training method, informing 

best practice guidelines for trainers. 

¶ Active Recall via Behavioral Ethograms: Ethologists create detailed lists of specific, observable horse 

behaviors (ethograms) to quantify the frequency and duration of behaviors related to well-being (e.g., 

grazing, resting, mutual grooming) versus stress (e.g., crib-biting, weaving). 

o Educational Application: Students learning barn management are taught to use a simple ethogram 

to assess the well-being of a stalled horse. A high frequency of stereotypic behaviors (like weaving) indicates 

compromised welfare, prompting the student to change the housing environment (e.g., increase turnout 

time or social contact). 

Conclusion 

The future of horsemanship is inextricably linked to scientific inquiry. By systematically applying the 

methodologies of biomechanics, ethology, and sports science, modern equestrian education empowers 

riders and managers to make decisions based on verifiable data rather than tradition. This integration leads 

to healthier horses, improved athletic longevity, and a higher ethical standard of care, ensuring a sustainable 

and humane future for the partnership between human and horse. 
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THE SCIENCE AND ART OF TEACHING: CORE PRINCIPLES OF PEDAGOGY 

 

Abstract 

Pedagogy is the discipline that encompasses the theory and practice of education. It is not merely the 

act of teaching, but a scientific inquiry into how people learn best and why certain methods are more 

effective than others in achieving specific educational goals. Modern pedagogy is centered on the learner, 

moving away from the traditional, teacher-centric model (didacticism) toward models that prioritize active 

engagement, critical thinking, and personalized development. The essential challenge for contemporary 

educators is to effectively design, deliver, and assess instruction that is relevant to the 21st-century learner 

while maintaining disciplinary rigor. This article outlines the fundamental concepts, core models, and primary 

functions of effective pedagogical practice. 

Keywords:  

Pedagogy, instructional design, learning theory, learner-centered education, teaching methods, 

assessment, curriculum development, didactics, constructivism, critical thinking. 

 

The Foundation: Defining the Theory and Practice of Learning 

Pedagogy provides the theoretical framework for the educational process, ensuring that teaching is 

intentional, systematic, and aligned with measurable outcomes. It relies heavily on psychological 

understanding of cognitive development. 

Core Pedagogical Principles: 

¶ Intentionality: Every teaching activity, assessment, and resource is designed with a specific, 

articulated learning goal in mind, moving beyond random instruction. 

¶ Learner-Centered Approach: Education should be adapted to the student's needs, background, prior 

knowledge, and learning style, rather than forcing all students through a uniform process. 

¶ Holistic Development: Effective pedagogy targets not only cognitive skills (knowledge) but also 

psychomotor skills (physical abilities) and affective skills (attitudes, values, and emotional development). This 

aligns with Bloom's Taxonomy. 

¶ Reflectivity: Educators continually analyze their own teaching practices and student feedback to 

refine methodologies and improve the efficacy of the learning environment. 

Key Strategies for Effective Pedagogical Design 

The strategic focus is on utilizing established learning theories to construct engaging curricula and 

instructional methods that drive deep understanding, not just surface-level memorization. 

Direction 1: Advancing Instructional Design Based on Learning Theory 

Pedagogical models translate theoretical understanding of how the mind works into practical 

classroom techniques. 

¶ Constructivism (Active Knowledge Building): This theory holds that learners construct their own 

understanding and knowledge through experiencing things and reflecting on those experiences. Pedagogy 

based on constructivism emphasizes discovery. 

o Methodological Application: Techniques like Problem-Based Learning (PBL) and Inquiry-Based 
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Learning are direct applications of constructivism. The educator provides a complex question or scenario, 

and the students must research, test hypotheses, and collaborate to build the solution themselves. 

¶ Socio-Cultural Theory (Contextual Learning): Derived from Vygotsky's work, this theory stresses that 

learning is a fundamentally social process mediated by culture and interaction. 

o Methodological Application: Use of Collaborative Learning and Peer Teaching. The concept of the 

Zone of Proximal Development (ZPD) dictates that the most effective learning occurs when a student is 

guided by a teacher or more capable peer through a task they cannot yet master alone. 

¶ Didacticism (Structured Knowledge Transfer): Although often contrasted with constructivism, 

didactic pedagogy (structured lecturing, direct instruction) remains essential for efficiently transferring large 

bodies of foundational content and ensuring consistency in core knowledge acquisition. 

Conclusion 

Pedagogy is the indispensable bridge between abstract learning theories and effective classroom 

practice. By continuously adopting principles derived from cognitive and behavioral scienceτsuch as learner-

centered design, constructive methodologies, and integrated formative assessmentτeducators can ensure 

that the learning process is not only efficient but also fosters the deep critical thinking and autonomous skill 

development required for success in the modern world. 
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INFORMATICS AND EDUCATION: TRANSFORMING LEARNING IN THE DIGITAL AGE 

 

Abstract 

The convergence of Informatics (the science of processing information) and Education represents a 

paradigm shift from traditional, monolithic teaching models to dynamic, personalized, and data-driven 

learning environments. Informatics provides the theoretical and technological frameworkτencompassing 

computational thinking, network infrastructure, and data analyticsτnecessary to optimize educational 

outcomes and manage complex institutional processes. The challenge for educators and policymakers is the 

strategic integration of these tools to enhance pedagogical effectiveness, ensure digital equity, and prepare 

students for an increasingly technological society. This article explores the symbiotic relationship between 
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informatics and education, detailing its core contributions to learning personalization, data-driven decision-

making, and the creation of rich, accessible digital content. 

Keywords:  

educational Informatics, EdTech, learning personalization, learning analytics, computational thinking, digital 

literacy, blended learning, instructional design, adaptive learning systems. 

 

The Foundation: Information Science as the Engine of Pedagogy 

The modern educational system increasingly relies on the principles of information management. 

Informatics acts as the scientific discipline that enables the effective gathering, structuring, and 

dissemination of educational content. 

Core Informatic and Educational Impacts: 

¶ Learning Analytics (LA): The application of statistical modeling and data science to student 

performance data to identify learning patterns, predict student success, and pinpoint areas needing 

intervention. 

¶ Adaptive Learning: Utilizing algorithms to tailor the sequence, pace, and difficulty of learning 

ƳŀǘŜǊƛŀƭǎ ǘƻ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǎǘǳŘŜƴǘΩǎ ƴŜŜŘǎ ŀƴŘ ǇǊƻƎǊŜǎǎΣ ŜƴǎǳǊƛƴƎ ƳŀȄƛƳǳƳ ŜŦŦƛŎƛŜƴŎȅΦ 

¶ Knowledge Management: Structuring vast quantities of educational resources (digital libraries, open 

educational resourcesτOER) into searchable, accessible formats for both teachers and students. 

¶ System Efficiency: Streamlining administrative tasks (registration, grading, resource allocation) 

through robust Information Systems, allowing educators to dedicate more time to instruction. 

Key Pillars of Informatics Integration in Education 

The strategic focus is on leveraging information technology to enhance the three critical areas of the 

educational process: content delivery, assessment, and administrative management. 

Direction 1: Advancing Instructional Design and Delivery 

Informatics fundamentally changes how content is created, accessed, and learned, moving away from 

the single-source textbook model. 

¶ Digital Content Ecosystems: Informatics underpins the architecture of Learning Management 

Systems (LMS), which serve as central hubs for course material, assignments, and communication. This allows 

for the easy deployment of multimedia, interactive simulations, and resources that transcend geographical 

limitations. 

¶ The Blended and Flipped Models: The design of flexible learning pathways is reliant on informatics 

tools. The Flipped Classroom model, for example, depends entirely on the efficient delivery of lecture content 

(video files) outside of the scheduled class time, allowing in-person sessions to be dedicated to active 

problem-solving. 

¶ Developing Computational Thinking (CT): CT, a set of problem-solving skills derived from computer 

science, is increasingly integrated into curricula. It teaches students to approach complex problems by 

decomposition, pattern recognition, abstraction, and algorithmic design, providing a universally applicable 

skill set. 

Conclusion 

Informatics is not just a subject taught in schools; it is the fundamental technological and 

methodological lens through which 21st-century education must operate. By systematically applying the 

principles of information scienceτfrom algorithmic personalization and data analysis to robust platform 

managementτeducational institutions can move toward systems that are more responsive, more equitable, 

and fundamentally more effective at fostering human potential. The future success of education depends on 

the continued, strategic harmonization of pedagogical expertise with informatic capability. 
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ASSESSMENT OF TECHNICAL SKILLS, PHYSICAL FITNESS, AND SOCIAL PERCEPTIONS OF PICKLEBALL:  

AN EXPERIMENTAL STUDY IN VIETNAM 

 

Abstract 

Pickleball is a recently introduced sport in Vietnam but is expanding rapidly thanks to its simplicity, low 

cost, and suitability for a wide range of age groups. This study aims to: (1) analyze the core technical elements 

of Pickleball; (2) evaluate changes in physical fitness after a 6-week training program; and (3) investigate 

social perceptions of Pickleball among recreational players. Results show that near-net techniques such as 

the dink, volley, and third-shot drop play crucial roles in score control; the training program significantly 

ƛƳǇǊƻǾŜŘ ±hіƳŀȄΣ ǊŜŀŎǘƛƻƴ ǎǇŜŜŘΣ ŀƴŘ ƭƻǿŜǊ-limb strength; and Pickleball is widely perceived as safe, 

accessible, and community-friendly. This research provides the first experimental dataset on Pickleball in 

Vietnam, forming a basis for future training and coaching development. 

Keywords: 

 pickleball, sport techniques, physical training, community sports. 

 

1. Introduction 

Pickleball originated in the United States in 1965 and has since grown into one of the fastest-expanding 

sports in North America. It combines elements of tennis, table tennis, and badminton, using a small court, a 

solid paddle, and a perforated plastic ball. Its main advantages include accessibility, safety, and suitability for 

various age groups and facility conditions. 

In Vietnam, Pickleball has been introduced into recreational clubs since 2022 and has gained popularity 

quickly. However, scientific research on this sport within the country remains limited. This paper aims to 

address this gap by analyzing techniques, assessing training effectiveness, and examining social perceptions 

of Pickleball. 

2. Research Objectives 

1. Identify core techniques influencing Pickleball performance. 

2. Evaluate physical fitness changes after a 6-week structured training program. 

3. Examine attitudes, motivations, and perceptions of recreational players toward Pickleball. 

3. Research Methods 

3.1. Participants 

Thirty recreational players (aged 18ς55), training 3 sessions per week. 
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3.2. Technical and Biomechanical Analysis 

High-speed video at 120 fps was used to measure paddle angle, ball velocity, and contact position in 

dink, volley, and third-shot drop techniques. 

3.3. Physical Fitness Assessment 

ς ±hіƳŀȄ όwƻŎƪǇƻǊǘ ƻǊ /ƻƻǇŜǊ ǘŜǎǘύ 

ς Handςeye reaction time 

ς Lower-limb power (jump test) 

ς Lateral movement speed 

3.4. Six-Week Training Program 

Included speed and agility work, force control, near-net techniques, and tactical coordination. 

3.5. Sociological Survey 

An 18-item questionnaire using a 5-point Likert scale. 

4. Results and Analysis 

4.1. Core Technical Characteristics 

4.1.1. Dink 

ς Ball speed < 1.5 m/s 

ς Low contact point, paddle angle 20ςолϲ 

ς Low-trajectory control limits opponent attacks 

Ҧ wƻƭŜΥ ǎǘŀōƛƭƛȊŜǎ Ǌŀƭƭȅ ǘŜƳǇƻΤ ŦƻǊŎŜǎ ƻǇǇƻƴŜƴǘ ƛƴǘƻ ǘƘŜ ƴŜŀǊ-net area. 

4.1.2. Short Volley 

ς Requires quick reflexes; contact before the ball bounces 

ς Narrow stance with low center of gravity 

Ҧ wƻƭŜΥ ŜƴǎǳǊŜǎ ŎƻƴǘǊƻƭ ƛƴ ǎƘƻǊǘ-range exchanges. 

4.1.3. Third-Shot Drop 

ς Transitions from defense to offense 

ς Requires fine force control 

Ҧ wƻƭŜΥ ǎƘƛŦǘǎ Ǌŀƭƭȅ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ǇƭŀŎŜǎ ǘƘŜ ōŀƭƭ ƛƴǘƻ ǘƘŜ άƪƛǘŎƘŜƴέΦ 

Video analysis shows that stable ball velocity and low landing positions are key indicators of tactical 

advantage. 

4.2. Effectiveness of the Six-Week Training Program 

 

Indicator Pre-test Post-test Improvement 

±hіƳŀȄ + + 8ς12% 

Handςeye reaction + + 10ς15% 

Lower-limb power + + 7ς10% 

Lateral speed + + 6ς9% 

 

4.3. Social Perceptions of Pickleball 

Highest-rated aspects: 

ς Easy to learn; suitable for all ages (4.6/5) 

ς Safer than tennis; low injury rate (4.5/5) 

ς Strong community engagement (4.4/5) 

ς Low equipment cost (4.7/5) 

Lower-rated aspects: 

ς Limited number of standard courts (3.1/5) 

ς Lack of professional coaches (3.0/5) 
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5. Discussion 

The findings indicate that Pickleball fits well with modern sports trendsτfast, safe, and socially 

interactive. Technical data emphasize the strategic importance of the non-volley zone. The training program 

can be applied broadly to beginners and community clubs. Social-survey results show great potential for 

integrating Pickleball into school physical education and community activities. 

6. Conclusion 

The study identified three core technique groups that determine performance, verified the 

effectiveness of a 6-week training model, and confirmed the promising development of Pickleball in Vietnam 

due to its safety, affordability, and accessibility. These results establish an initial experimental foundation for 

research and training in Pickleball within the country. 

7. Recommendations 

ς Develop standardized Pickleball curricula for schools and universities. 

ς Offer foundational coaching certification courses. 

ς Conduct advanced biomechanical studies to support athlete training. 
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WHIMS AND REFUSAL TO EAT IN CHILDREN: THE MAIN CAUSES  

AND EFFECTIVE STRATEGIES FOR PARENTS 

 

Abstract 

This study examines the causes of children's moods and selectivity in food, and also suggests strategies 

for developing healthy eating habits. The article analyzes the main factors influencing children's eating 

behavior, such as the need for attention, fears related to food, lack of interest in familiar foods, past negative 

experiences and unique features of the child. Considerable attention is paid to the role of the family 

environment and adult habits in shaping children's tastes. Parents are given practical advice on creating a 

favorable atmosphere during feeding and increasing the nutritional value of the baby's diet, with an emphasis 

on playful approaches and encouraging new gastronomic discoveries. The need for joint efforts of parents, 

educators and doctors to form a healthy attitude to food is emphasized. 
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˾͙͔͙ͦ͒ͭ͡ ͒ͦ͗ͤ͡· ͋·ͭΈ ͻͦͪͦ΄͙ͣ ͙͔ͨͪͣͪͦͣ ͒͡Ύ ͙ͨͦ͒ͪ͊͗͊ͤΎΣ ͙͔͙͍ͨͪ͒ͪ͗͊ΎͫΈ ͔͔͙ͯͣͪͤͤͦͫͭ ͍ 

͔͔͙͙ͯͨͦͭͪ͋ͤ͡ ͙͚͗ͪͤͦΣ ͔͚ͫͦͤͦ͡ ͙ ͚ͫ͊͒ͦ͟͡ ͙ͨ΅͙Φ ˿͔͔͒ͯͭ͡ ͍ͦͭ͒͊͊ͭΈ ͔ͨͪ͒ͨͦ;͔͙͔ͭͤ ͤ͊ͭͯͪ͊͡Έͤ·ͣ ͙ 

͍͔͙ͫ͗ͣ ͨͪͦ͒ͯͭ͊ͣ͟Φ 

͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͙͙͍͎ͨͦͭͤͦͦ͘ ͦͭͤͦ΄͔͙ͤΎ ͟ ͔͔͒ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡ΈΦ ˾͊ͫͫ͊͘͟·͍͊Ύ ͔͒ͭΎͣ ͦ 

ͨͦ͡Έ͔͘ ͙ͪ͊͘͡;ͤ·ͻ ͍ͨͪͦ͒ͯͭͦ͟Σ ͙ͨͪ͒ͯͣ·͍͊Ύ ͙͔͔ͤͭͪͫͤ·͔ ͙͙͙ͫͭͦͪ ͙ ͍͍͔ͦ͊͟͡Ύ ͙ͻ ͍ ͙͎ͪͯ Ϧ͔ͣ͊ͤ͡Έ͙͚͟ 

͍ͨͦ͊ͪϦΣ ͣͦ͗ͤͦ ͔ͫ͒͊ͭ͡Έ ͨͪͦͼ͔ͫͫ ͍ͤ͊ͦͣͫͭ͊͘͟ ͫ ͍͚ͤͦͦ ͙ͨ΅͔͚ ͍͔͔ͯ͊ͭ͟͡͡Έͤ·ͣ ͙ ͔͋ͦͨ͊ͫͤ͘·ͣΦ ˽ͦͻ͍͊͊͡ ͊͘ 

ͨͦͨ·͙ͭ͟ ͍ͨͦͨͪͦ͋ͦ͊ͭΈ ͍ͤͦ·͔ ͋͡Ό͒͊ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͍͔͙͒ͦͪΎ ͙ ͙͔͔ͤͭͪͫ͊ ͟ ͍͒ͦͪͦͦͣͯ͘ ͙͙ͨͭ͊ͤΌΦ 

ˮ͎͍ͪͦ·͔ ͔ͣͭͦ͒· ͎ͣͦͯͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍͙ͨͦ͡ΎͭΈ ͤ͊ ͙ͨ΅͔͍·͔ ͔ͨͪ͒ͨͦ;͔͙ͭͤΎ ͔͔ͪ͋ͤ͊͟Φ ˿ ͨͦͣͦ΅ΈΌ 

͔͍ͪͦ͡·ͻ ͙͎ͪΣ ͍ͦͤͯͪͫͦ͟͟ ͙ ͔͍͍͙͚ͫͦͪͤͦ͊ͤ ͔͙͒ͭ ͫ ͍ͯ͒ͦͦ͡Έ͍͙͔ͫͭͣ ͙͔ͫͫ͒ͯ͡Όͭ ͙ͣͪ ͔͒·Σ ͯͯ͡;΄͊Όͭ ͍͔ͫͦ 

͔͙͔ͤ͊ͫͭͪͦͤ ͙ ͨͪͦΎ͍͡ΎΌͭ ͔͙͔͗͊ͤ͡ ͍ͨͪͦ͋ͦ͊ͭΈ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͔ ͋͡Ό͒͊Φ 

˽͙͙͍ͦͭͤ͊͘Ύ ͫ͊ͣͦͦͼ͔ͤ͊͟ ͙ ͙͙͙ͦͨͭͣͫͭ;ͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͍͙ͫͦͻ ͫͨͦͫͦ͋ͤͦͫͭΎͻ ͎ͨͦͣͦ͊Όͭ 

͔͔ͨͪͦ͒ͦͭ͡Έ ͔͒ͭͫͯ͟Ό ͙͍͔͔͙͍ͨͪͪ͒ͦͫͭ͡Έ ͍ ͔͔͒Φ ˾͔͔͋ͤ͊͟ ͔͔ͫ͒ͯͭ͡ ͻ͍͙͊ͭ͡Έ ͊͘ ͡Ό͋·͔ ͙͙ͯͫ͡ΎΣ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ 

͎ͭͦͦΣ ;ͭͦ ͔ͣͦ͗ͭ ͫͯ͡;͙ͭΈͫΎΦ ́͊͊͟Ύ ͔ͨͦ͒͒ͪ͗͊͟ ͙͍͙͔ͣͦͭͪͯͭ ͔͎ͦ ͤ͊ ͍ͤͦ·͔ ͨͦͨ·͙ͭ͟ ͙ ͙ͫ͟͡Ό;͔͊ͭ ͎ͯͪͦͯ͘ 

͍ͨͦͭͦͪͤ·ͻ ͔ͤͯ͒͊;Φ ˩͙ͫ͡ ͙͊ͫͫ͟͡;͔͙͔ͫ͟ ͔ͪ΄͔͙ͤΎ ͔ͤ ͎ͨͦͣͦ͊ΌͭΣ ͔͔͗͊ͭ͡͡Έͤͦ ͙ͦ͋ͪ͊ͭͭΈͫΎ ͟ ͔ͫͨͼ͙͙͊ͫͭ͊ͣ͡Φ 

˨͙͔͎͙ͭͦͦ͡Σ ͔͙ͨ͒͊ͭͪ· ͙ ͙ͨͫͻ͎͙ͦͦ͡ ͎ͫͣͦͯͭ ͔͔͙ͦͨͪ͒ͭ͡Έ ͙ͫͭͦ;͙ͤ͟ ͔ͨͪͦ͋ͣ͡· ͙ ͔͙ͨͪ͒ͦ͗ͭ͡Έ 

͙͙͍͙ͤ͒͒ͯ͊͡ΈͤͯΌ ͎ͨͪͦͪ͊ͣͣͯ ͔ͦͪͪ͟͟ͼ͙͙ ͙͙ͨͭ͊ͤΎΣ ͍ͦͫͤͦ͊ͤͤͯΌ ͤ͊ ͤ͊ͯ;ͤ·ͻ ͙ͤ͊ͤ͘ΎͻΦ ˤ ͼ͔ͦͣ͡Σ 

͔͔͙͔ͨͪͦ͒ͦͤ͡ ͙͍͊ͨͪͦ͘͟ ͙ ͔͔͙ͤ͗͊ͤ͡Ύ ͔͔͚͒ͭ ͔ͫͭΈ ͔͔ͭͪ͋ͯͭ ͔͚ͦͣͨͫͤͦ͟͟͡ ͔͎͙͙ͫͭͪ͊ͭΥ ͭ΅͔͊ͭ͡Έ͎ͤͦͦ 

ͤ͊͋͡Ό͔͙͒ͤΎΣ ͍·Ύ͍͔͙ͤ͡Ύ ͙ͨͪ;͙ͤΣ ͔ͦͪͪ͟͟ͼ͙͙ ͍͔͔͙ͨͦ͒ͤΎ ͙ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͔͚͍͙͚͒ͫͭΦ ͙̏ͭ ͔͚͍͙͒ͫͭΎ 
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ͯͯ͡;΄͊ͭ ͔͙͊ͨͨͭͭ ͔͔ͪ͋ͤ͊͟Σ ͔ͯͪͨ͟Ύͭ ͔͔͚ͫͣͤ·͔ ͦͭͤͦ΄͔͙ͤΎ ͙ ͫͦ͒͊͒ͯͭ͘ ͍ͦͫͤͦͯ ͒͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ͔͎ͦ ͍͒ͦͪͦ͘ΈΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˥͍ͯͦ͊͘ ˶ΦˤΦΣ ́ͪͦͺ͙͍ͣͦ͊ ˻Φ˹Φ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͔͔͚ͫͣͤ·ͻ ͍͙͊ͣͦͦͭͤͦ͘΄͔͙͚ͤ ͙ ͍͙͙ͦͫͨͭ͊ͤΎ ͔͔͚͒ͭ κκ ˤ͔͙ͫͭͤ͟ 

ˣ˥̂Φ ˿͔͙ͪΎ уΦ ˽͔͎͎͙͒͊ͦ͊͟Φ ˽͙ͫͻ͎͙ͦͦ͡ΎΦ ˿ͦͼ͙͊͡Έͤ͊Ύ ͪ͊͋ͦͭ͊Φ ˿ͦͼ͙͎͙ͦͦ͡ΎΦ нлмфΦ ЅмΦ ˿Φ мм-18. 

2. ˶͔ͦͤͭΈ͔͍ ˨ΦˢΦ ˨͔ͭͫ͊͟Ύ ͙ͨͫͻ͎͙ͦͦ͡ΎΥ ͯ;͔͙͋ͤ͟ ͒͡Ύ ͍͍ͯͦ͘ κ ˨ΦˢΦ ˶͔ͦͤͭΈ͔͍Φ ˸͍ͦͫ͊͟Υ ˢ͔͙͊͒ͣ͟;͔͙͚ͫ͟ 

͔ͨͪͦͭ͟Σ нлнмΦ осу ͫΦ 

3. ˹͙͔͍ͦ͊͊͟͡ ˩ΦˮΦ ͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͙ͨ΅͔͍͎ͦͦ ͍͔͔͙ͨͦ͒ͤΎ ͒ͦ΄ͦ͟͡Έ͙͍ͤͦ͟ ͔͍͙ͫͪ͒ͫͭ͊ͣ ͙͎͍ͪͦ·ͻ 

͔ͭͻ͎͙͚ͤͦͦ͡ κκ ˽͔ͪͦ͋ͣ͡· ͍͔͔͎ͫͦͪͣͤͤͦͦ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ нлнлΦ Ѕсу-нΦ ˿Φ нмп-218. 

4. ˽͔͍ͭͪͦ͊ ˹Φ˥Φ ˻͔͙ͫͦ͋ͤͤͦͫͭ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͍͎ͪͦͫͦͦ͘͡ ͙ ͔͔ͪ͋ͤ͊͟ ͍ ͨͪͦͼ͔͔ͫͫ ͔͙ͦͪͣͤ͟͡Ύ κκ ˹͊ͯ;ͤ·͔ 

͍͔͙͒ͦͣͦͫͭ ˣ͔͎͎ͦͪͦ͒ͫͦͦ͟͡ ͎ͦͫΦ ͯͤ-ͭ͊Φ ˿͔͙ͪΎΥ ˥͙ͯͣ͊ͤͭ͊ͪͤ·͔ ͙ͤ͊ͯ͟Φ нлмфΦ ́Φ пмΦ Ѕ мΦ ˿Φ моп-140. 

5. ˽͙͍͍ͦ͊ͤͦ͊͡ ˴Φ˹Φ ˤͦͪ͊ͫͭͤ͊͘Ύ ͙ͨͫͻ͎͙ͦͦ͡ΎΥ ̂;͔͙͋ͤ͟ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦ ͍͙͋͊͊͊ͪ͊ͭ͊͟͡ ͙ ͎͙ͣ͊ͫͭͪ͊ͭͯͪ· κ ˴Φ˹Φ 

˽͙͍͍ͦ͊ͤͦ͊͡Φ ˸͍ͦͫ͊͟Υ ͚̑ͪ͊ͭΣ нлннΦ пмс ͫΦ 

6. ˿͔͔͍ͣͤͦ ˤΦ˩Φ ˻͍ͫͤͦ· ͙ͨͫͻ͎͙͙ͦͦ͡ ͙ ͔͎͎͙͙ͨ͒͊ͦ͟Υ ͯ;͔͋Φ-͔͙ͣͭͦ͒;Φ ͙͔ͨͦͫͦ͋ κ ˤΦ˩Φ ˿͔͔͍ͣͤͦΦ ̂ͺ͊Υ ˮ͒͘-͍ͦ 

ˣ˥˽̂Σ нлнлΦ мну ͫΦ 

7. ̆ͯͻ͔͍͊͊͡ ˻ΦˤΦ ˽͙ͪ͊ͭͯͣ͟͟ ͨͦ ͔͚͒ͭͫͦ͟ ͙ͨͫͻ͔ͦͦͪͪ͟͟ͼ͙͙ κ ˻ΦˤΦ ̆ͯͻ͔͍͊͊͡Φ ˸͍ͦͫ͊͟Υ !ŎŀŘŜƳƛŀΣ нлнмΦ нрс ͫΦ 

8. ̊ͦ͟͡Έ͙͍ͤͦ͊͟ ˮΦ˿Φ ˽͙ͪ;͙ͤ· ͔͎͙͍͎ͤ͊ͭͤͦͦ ͦͭͤͦ΄͔͙ͤΎ ͔͔͚͒ͭ ͟ ͔͔͒ ͙ ͙ͨͯͭ ͍·ͻͦ͒͊ ͙͘ ͙ͫͭͯ͊ͼ͙͙ κκ 

ˤͦͨͪͦͫ· ͍͔͔͚ͫͦͪͣͤͤͦ ͙ͤ͊ͯ͟ ͙ ͙͙ͨͪ͊ͭ͟͟Φ ͙͍͔͙͔̂ͤͪͫͭͭ ͙ͣΦ ˤΦˮΦ ˤ͔͎ͪͤ͊͒ͫͦͦ͟Φ нлнлΦ ЅнΦ ˿Φ нлм-205. 

ϭ˥͙͔͍ͣ͊͊ ̏ . .̅, 2025  
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       ˢ͍ͣ͊ͤͦ ˨͍͔ͦͭͣͯͪ͊ͭ͡Σ 

 ͊ ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͯ͡;͔͍͚ͦ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͔͡;͔͙ͤΎ ͙ ͎͙͙ͦͤͦͦ͟͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˶˩˴ˢ˾˿́ˤ˩˹˹̍˩ ˾ˢ˿́˩˹ˮ̒ ˤ ˻˹˴˻˶˻˥ˮˮΥ ˻́ ́˾ˢ˨ˮ̇ˮ˻˹˹˻˥˻ ˮ˿˽˻˶̎˭˻ˤˢ˹ˮ̒ 

 ˨˻ ˿˻ˤ˾˩˸˩˹˹̍̆ ˴˶ˮ˹ˮ̉˩˿˴ˮ̆ ˮ˿˿˶˩˨˻ˤˢ˹ˮ˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˮ͙ͫͭͦͪΎ ͙͔͔͙ͨͪͣͤͤΎ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͙͚ͪ͊ͫͭͤ ό˶˾ύ ͒͡Ύ ͔͡;͔͙ͤΎ ͦͨͯͻ͔͍ͦ͡·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

ͤ͊ͫ;͙ͭ·͍͔͊ͭ ͭ·ͫΎ;͔͔͙ͭ͡Ύ ͙ ͔ͦͭͪ͊͗ͤ͊ ͍ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͙͔ͫͫͭͣ͊ͻ ͙ͪ͊͘͡;ͤ·ͻ ͯ͟͡ΈͭͯͪΦ ˤ ͍͔͔͚ͫͦͪͣͤͤͦ 

͎͙͙ͦͤͦͦ͟͡ ͙͔͔ͤͭͪͫ ͟ ͺ͙͔͙͙ͭͦͭͪ͊ͨ ͔͔͙͍͔ͨͪ͗͊ͭ ͔͔ͪͤͫͫ͊ͤͫΣ ͍͙͙͒͗ͣ·͚ ͙ͨͦͫͦͣ͟ ͍ͤͦ·ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ 

ͫͭͪͯͭͯͪ͟ ͫ ͼ͙͙ͭͦͭͦͫ͟;͔͚ͫͦ͟Σ ͎͔͚ͭ͊ͪͭͤͦ ͙ ͊͒ΆΌ͍͚͊ͤͭͤͦ ͙͍͊ͭͤͦͫͭ͟ΈΌΣ ͊ ͔ͭ͊͗͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ 

ͫͣΎ͎;͔͙ͤΎ ͨͦ͋ͦ;ͤ·ͻ Ήͺͺ͔͍ͭͦ͟ ͎ͫͭ͊ͤ͒͊ͪͭͤͦͦ ͔͡;͔͙ͤΎΦ ˨͊ͤͤ͊Ύ ͫͭ͊ͭΈΎ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ 

͙͙͊ͤ͊ͭ͡;͔͙͚ͫ͟ ͦ͋ͦͪ͘Σ ͍ ͦͭͦͪͦͣ͟ ͔͙͍͔ͨͪͦͫ͗͊ͭͫ͡Ύ Ή͍ͦ͡Όͼ͙Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ˶˾ ͍ ͎͙͙ͦͤͦͦ͟͡Υ ͦͭ 

͙͙ͫͭͦͪ;͔͙ͫ͟ͻ ͍ͦͫͤͦ Ήͭͤͦͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ ͒ͦ ͙ͦ͘͡Ύͼ͙͙ ͙͍͊ͭͤ͟·ͻ ͺ͙͔͍ͭͦͦͣͨͦͤͤͭͦ͟ ͙ ͙ͻ ͭͪ͊ͤͫ͡Ύͼ͙͙ ͍ 

͙͙ͤ͟͡;͔ͫͯ͟Ό ͙ͨͪ͊ͭͯ͟͟Φ ˿͙͔͙͙͍ͫͭͣ͊ͭͪͦ͊ͤ͘· ͟͡Ό;͔͍·͔ ͔͙ͪ͊ͫͭͤΎΣ ;Έ͙ ͙͍ͨͪͦͦ͒ͤ͘·͔ ͙ͫͭ͊͡ ͍͚ͦͫͤͦͦ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͻ͙͙͔͔͍͙ͣͦͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ό͙͔ͤ͊ͨͪͣͪΣ /ŀǘƘŀǊŀƴǘƘǳǎ ǊƻǎŜǳǎΣ ¢ŀȄǳǎ ōǊŜǾƛŦƻƭƛŀύΣ ͊ 

͔ͭ͊͗͟ ͔͔͙͍ͨͪͫͨͭͤ͟·͔ ͍͙͒·Σ ͤ͊ͻͦ͒Ύ΅͙͔ͫΎ ͤ͊ ͙͙ͫͭ͊͒ ͙͙͒ͦͤ͟͡;͔͙ͫ͟ͻ ͙ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ 

ό͙͔ͤ͊ͨͪͣͪΣ /ǳǊŎǳƳŀ ƭƻƴƎŀΣ !ǊǘŜƳƛǎƛŀ ŀƴƴǳŀύΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫͣ͟ ͨͦ͒ͻͦ͒͊ͣ ͟ 

͍͙͊͒͊͡ͼ͙͙ ͙ͭͪ͊͒ͼ͙͎ͦͤͤͦͦ ͦͨ·ͭ͊Σ ͔ͣͻ͙͊ͤͣ͊ͣ͘ ͔͚͍͙͒ͫͭΎ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦ ό͙ͤ͒ͯ͟ͼ͙Ύ ͊ͨͦͨͭͦ͊͘Σ 

͙͎͙͎͔͔͊ͤͭ͊ͤͦͤ͘Σ ͙ͣͣͯͤͦͣͦ͒ͯ͡Ύͼ͙ΎύΣ ͔ͨͪͦ͋ͣ͊ͣ͡ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙͙ ͙ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙ͻ ͙͔͔͙ͨͪͣͤͤΎΦ 

˾͔͊ͫͫͣͦͭͪͤ͊ ͪͦ͡Έ ˶˾ ͍ ͙͔͎͙͍͚ͤͭͪ͊ͭͤͦ ͎͙͙ͦͤͦͦ͟͡ ͒͡Ύ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͙ͫͣͨͭͦͣ͊ͣ ό͔͙͊ͫͭͤΎΣ ͭͦ΄ͤͦͭ͊Σ 

͙͔͙ͣͣͯͤͦͫͯͨͪͫͫΎύ ͙ ͯͯ͡;΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ ˿͔͒͊ͤ͡ ͍·͍ͦ͒ ͦ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ 

͍͔͔͙ͨͪͦ͒ͤΎ ͙͙͍ͪ͊ͤ͒ͦͣͪͦ͊ͤͤ͘·ͻ ͙͔ͦͤͭͪͦͪͯͣ͟͡·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͍·͎ͫͦͦͦ͟ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͎ͫͦͦ͟ 

͊͟;͔͍ͫͭ͊ ͒͡Ύ ͙͔͎ͤͭͪ͊ͼ͙͙ ͙͔͔ͤ͊͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͙ ͔͋ͦͨ͊ͫͤ͘·ͻ ͺ͙͔͔͍͙ͭͦͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͎͙͚ͫͭͪ͊ͭ ͍ 

͔͒ͦ͊͊ͭ͘͟͡ΈͤͯΌ ͔͙ͣ͒ͼ͙ͤͯΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͙͔͎͙͍ͤͭͪ͊ͭͤ͊Ύ ͎͙ͦͤͦͦ͟͡ΎΣ Ήͭͤͦͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΣ ͺ͙͔͙ͭͦͭͪ͊ͨΎΣ ͼ͙͙͙ͭͦͫͭ͊ͭ͟ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ 

͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎΣ ͊͒ΆΌ͍͊ͤͭͤ͊Ύ ͔͙ͭͪ͊ͨΎΣ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͎͙ͦͤͦͦ͟͡;͔͙ͫ͟ͻ ͨ͊ͼ͙͔͍ͤͭͦΣ 

ͻ͙͙ͣͦͨͪͦͺ͙͙͊ͭ͊͟͟͡Σ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙Ύ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˤ͙͍͊ͣͦͫ͘Ύ͘Έ ͔ͣ͗͒ͯ ;͔͍͔ͦͦͣ͟͡ ͙ ͔͍͔͊ͪͫͭͤͤ͟͡·͙ͣ ͔͙ͪ͊ͫͭͤΎ͙ͣ ͍ ͔͔ͦͤͭͫͭ͟͟ ͔͡;͔͙ͤΎ ͭΎ͔͗͡·ͻ 

͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍͟͡Ό;͊Ύ ͪ͊͟Σ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͔͍͔͚͒ͪͤ΄͙ͻ ͍ ͔͙ͣ͒ͼ͙͔ͤΦ ͙́ͪ͊͒ͼ͙ͦͤͤ·͔ ͔͙ͣ͒ͼ͙͙͔ͤͫ͟ 

͙͔ͫͫͭͣ· ό͙͚ͭ͊ͫ͊͟͟ΎΣ ͊Ό͍͔͙ͪ͒;͔ͫ͊͟ΎΣ ͙͔ͭ͋ͭͫ͊͟ΎΣ ͔͊ͨ͊͒ͤͦ͘ ͍͙ͭͪ͊ͤ;͔͍ͫͭͦύ ͙͙ͤ͊ͦͨ͟͡ ͦ͋΄͙ͪͤ·͚Σ ͻͦͭΎ ͙ 

Ή͙͙ͣͨͪ;͔͙͚ͫ͟Σ ͦͨ·ͭ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔ͫͦͭͤ ͔͙͚ͪ͊ͫͭͤ ͒͡Ύ ͔͡;͔͙ͤΎ ͦͨͯͻ͔͚ͦ͡ ͙ ͔͍ͨͪ͒ͪ͊ͦ͟·ͻ ͫͦͫͭͦΎ͙͚ͤΦ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͤ͊ͯ͊͟Σ ͍͔ͦͦͪͯ͗ͤͤ͊Ύ ͔͙ͣͭͦ͒͊ͣ ͺ͙ͭͦͻ͙͙͙ͣΣ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͎͙͙͋ͦͦ͡ ͙ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ 

͔͙ͣ͒ͼ͙ͤ·Σ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔ͨͪͦͫͣ·͙ͫͭ͡Έ Ήͭͦͭ ͦͨ·ͭΣ ͍͔͙ͪͺ͙ͼ͙͍ͪͦ͊ͭΈ ͔͎ͦ ͙ ͍·͔͙͒ͭ͡Έ ζͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ 

͔ͪͤͦ͘η τ ͋ ͙͎͙ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͔ ͍͔΅͔͍ͫͭ͊ όˣˢˤύ ͫ ͔ͦͤͪͭͤ͟͟·͙ͣ ͔ͣͦͯ͟͡͡Ύͪͤ·͙ͣ ͙ͣ΄͔ͤΎ͙ͣΦ ̏ͭͦ 

͔ͫͦ͒͊ͭ͘ ͙ͯͤ͊͟͡Έͤ·͚ ͣͦͫͭ ͔ͣ͗͒ͯ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͙ͣ ͙ͤ͊ͤ͘Ύ͙ͣ ͙ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͙͔͚ͭͪ͊ͨΣ ͔ͦͫͦ͋ͤͤͦ 

͊ͭͯ͊͟͡Έͤ·͚ ͍ Ήͨͦͻͯ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͔͙ͣ͒ͼ͙ͤ·Φ 

мΦ ˮ͙ͫͭͦͪ;͔͙͚ͫ͟ ͔ͦͤͭͫͭ͟͟ ͙ Ήͭͤͦͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ 

ˮ͙ͫͭͦͪ;͔͙͔ͫ͟ ͙ͫͭͦ;͙͙ͤ͟Σ ͦͭ ͙ͨ͊ͨͪͯͫ͊ ͔̏͋ͪͫ͊ ͒ͦ ͍ͭͪͯ͒ͦ ˥͙ͨͨͦͪ͊ͭ͊͟ ͙ ζ͔̊ͤπͤ ͯπͤ͋ ΉͤΈπͼ͊ηͦΣ 

͔ͫͦ͒ͪ͗͊ͭ ͙ͯ͊͊ͤ͘͟Ύ ͤ͊ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͙͚ͪ͊ͫͭͤ ό͙ͨͦ͒ͦͪͦ͗ͤ͟Σ ͨͦ͡·ͤΈΣ ;͔ͫͤͦ͟Σ ͔ͦͣ͊͡ύ ͒͡Ύ ͔͡;͔͙ͤΎ 
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ζ͍͔ͭͪ͒·ͻ ͦͨͯͻ͔͚ͦ͡ηΦ ̏ͭͤͦͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΣ ͙͔͙ͫͫͭͣ͊ͭ;͔͙ͫ͟ ͙ͯ͘;͊Ό΅͊Ύ ͙ͭͪ͊͒ͼ͙͔ͦͤͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ 

͔͙͚ͪ͊ͫͭͤΣ ͙ͫͯ͗ͭ͡ ͍͚ͦͭͨͪ͊ͤͦ ͭͦ;͚ͦ͟ ͒͡Ύ ͙͙͎ͫͪͤͤ͊͟Φ ˴͙͊ͫͫ͡;͔͙͚ͫ͟ ͙͔ͨͪͣͪ τ 

ͦͭͪ͟·͙͔ͭ ͍ ͙͙ͤ͋͊ͫͭͤ͊͡ ͙  ͍ ͙͙͙ͤͪͫͭͤ͊͟ ͙ ͘ ͍͙͋͊ͪͤ͊͟ ͍͎ͪͦͦͦͦ͘ ό/ŀǘƘŀǊŀƴǘƘǳǎ ǊƻǎŜǳǎύΣ ͔ͦͭͦͪͦ͟ ͋·ͦ͡ 

͙͙ͤͼ͙͙͍ͪͦ͊ͤͦ ͙ͯ͘;͔͙͔ͤͣ ͔͎ͦ ͙͔͔͙ͨͪͣͤͤΎ ͍ ͚ͤ͊ͪͦ͒ͤͦ ͔͙ͣ͒ͼ͙͔ͤ ͒͡Ύ ͔͡;͔͙ͤΎ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊Σ ͊ ͔ͤ 

ͪ͊͊͟Φ ̏ͭͦͭ ͫͯ͡;͚͊ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͍͊͗ͤͦͫͭΈ ΄͙͎ͪͦͦͦ͟ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͎ͫͦͦ͟ ͙͙͎ͫͪͤͤ͊͟ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ 

͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ ͍͙͍͒ͦΦ 

нΦ ˻ͭ ͔͙ͪ͊ͫͭͤΎ ͟ ͔ͨͪͨ͊ͪ͊ͭͯΥ ͔ͯͫͨ΄ͤ·͔ ͙͙͙ͫͭͦͪ ͭͪ͊ͤͫ͡Ύͼ͙͙ 

˾Ύ͒ ͙͔ͪ͊ͫͭͭ͡Έͤ·ͻ ͎͔͍͊ͤͭͦ ͨͪͦ΄͔͡ ͨͦͤ͡·͚ ͨͯͭΈ ͦͭ ͙ͭͪ͊͒ͼ͙͎ͦͤͤͦͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͒ͦ 

͍͔͔͎ͯͭͪ͗͒ͤͤͦͦ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͙ͣ ͔͎ͪͯ͡Ύ͙ͭͦͪ͊ͣ όC5!Σ 9a!ύ ͔͍͊ͪͫͭ͊͟͡Υ 

¶ ˢ͙͊ͦ͒͟͡͡· ͍͙͋͊ͪͤ͊͟ ό±ƛƴŎŀ ŀƭƪŀƭƻƛŘǎύΥ ʕ ·͔͔͒ͤ͡· ͙͘ /ŀǘƘŀǊŀƴǘƘǳǎ ǊƻǎŜǳǎΦ ˮͤ ͎͙͙͋ͪͯΌͭ ͫ͋ͦͪͯ͟ 

͙ͣͪͦͭͪͯ͋ͦ͟;͔͟Φ ʕ ͙͙ͤ͋͊ͫͭͤ͡ ͙  ͍ ͙͙͙ͤͪͫͭͤ͟ τ ͍ͦͫͤͦ͊ ͍ͨͪͦͭͦͦͦ͟͡ ͙ͨͪ ͙ͣ͡ͺͦͣ͊ͻΣ ͔͚ͦ͊͘͟͡ͻΣ ͫ͊ͪͦͣ͊͟ͻΦ 

¶ ́͊ͫ͊ͤ͟·Υ ˽ ͙͔͊ͭ͊ͫ͟͟͡͡ ͋ ·͡ ͍·͔͔͒ͤ͡ ͙͘ ͦͪ͟· ͙ͭͫ͊ ͙ͭͻ͔͎ͦͦ͊ͤͫͦͦ͟͟ ό¢ŀȄǳǎ ōǊŜǾƛŦƻƭƛŀύ ͍ ͪ͊ͣ͊͟ͻ 

ͣ͊ͫ΄͎ͭ͊͋ͤͦͦ ͙͙͎ͫͪͤͤ͊͟ ͙͔ͪ͊ͫͭͭ͡Έͤ·ͻ Ή͍ͫͭͪ͊ͭͦ͟͟ ˹͊ͼ͙ͦͤ͊͡Έͤ·ͣ ͙͙ͤͫͭͭͯͭͦͣ ͪ͊͊͟ ˿̊ˢΦ ˿͙͙͙͔ͭ͊͋ͪͯͭ͘͡ 

͙ͣͪͦͭͪͯ͋ͦ͟;͙͟Φ ˿ͭ͊͡ ζͦͦͭ͘͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣη ͍ ͔͡;͔͙͙ͤ ͪ͊͊͟ ͣͦͦ͡;͚ͤͦ ͔͔͗͘͡·Σ Ύ͙;͙͍ͤͦ͟Σ ͔͎͙͟͡ͻΦ 

¶ ˽͙͍ͪͦͦ͒ͤ͘·͔ ͙͔͊ͣͨͭͦͭ͟ͼ͙ͤ͊Υ ́ ͔ͦͨͦͭ͊ͤ͟ ͙  ͙ ͙͔ͪͤͦͭ͊ͤ͟ τ ͨ ͙͔͙ͦͯͫͤͭͭ͡;͔͙͔ͫ͟ ͙͍ͨͪͦͦ͒ͤ͘·͔ 

͙͊͊ͦ͒͊͟͡͡ ͙͘ ͙͚͎ͭ͊ͫͦͦ͟͟ ͔͔͍͒ͪ͊ /ŀƳǇǘƻǘƘŜŎŀ ŀŎǳƳƛƴŀǘŀΦ ˮͤ ͎͙͙͋ͭͦͪ· ͙͔ͭͦͨͦͦͣͪ͊͘͘· LΦ ˽͙͔ͪͣͤΎΌͭͫΎ 

͙ͨͪ ͔ͦͦͪͭ͊͟͟͡͡Έͤͦͣ ͔ͪ͊͟Σ ͔ͪ͊͟ ͔͎͙͟͡ͻ ͙ Ύ͙;͙͍ͤͦ͟Φ ̏ ͙ͭ ͙͔ͨͪͣͪ· ͔͙͒ͣͦͤͫͭͪͪͯΌͭΣ ;ͭͦ ͔͙ͪ͊ͫͭͤΎ 

Ύ͍͡ΎΌͭͫΎ ͙ͫͭͦ;͙ͤͦͣ͟ ͙ͯͤ͊͟͡Έͤ·ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͔͔͍ͫͭͦ͟͡Σ ͦͭͦͪ͟·͔ ;͊ͫͭͦ ͫͯ͗͊ͭ͡ ͍͚ͦͫͤͦͦ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ 

͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͙͔͙ͨͦͯͫͤͭͭ͡;͔͙ͫ͟ͻ ͎͍͊ͤ͊ͦͦ͡Φ 

оΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͔͔͙͍ͨͪͫͨͭͤ͟·͔ ͙͊ͤ͒͒͊ͭ͟· 

˿͔͎ͦ͒ͤΎ ͺ͙ͦͫ͟ ͔ͫͣ΅͔͊ͭͫΎ ͫ ;͙ͫͭͦ ͼ͙͙ͭͦͭͦͫ͟;͔͙ͫ͟ͻ ͎͔͍͊ͤͭͦ ͤ͊ ͍͔΅͔͍ͫͭ͊ ͫ ͎͔ͭ͊ͪͭͤ·ͣ ͙ 

͙͍͔ͨͦ͊ͤͭͤ͡͡·ͣ ͔͚͍͙͔͒ͫͭͣΥ 

¶ ˴͙ͯͪͯͣͤ͟ ό/ǳǊŎǳƳŀ ƭƻƴƎŀύΥ ˻ ͋Ά͔ͭ͟ ͎ͣͤͦͦ;͙͔ͫͤͤ͡·ͻ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ όͺ͊͘· LπLLύ ͙ͨͪ 

͔ͦͦͪͭ͊͟͟͡͡Έͤͦͣ ͔ͪ͊͟Σ ͔ͪ͊͟ ͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ ͔͔͗͘͡·Φ ˮͯ͘;͔͊ͭͫΎ ͔͎ͦ ͪͦ͡Έ ͊͟͟ ͔͙͙͙ͫͤͫ͋͊ͭͦͪ͊͘͡ ͟ ͻ͙͙ͣͦπ 

͙ ͯ͡;͔͍͚ͦ ͔͙͙ͭͪ͊ͨΣ ͊ ͔ͭ͊͗͟ ͊͟͟ ͎͔͊ͤͭ͊ ͒͡Ύ ͻ͙͙ͣͦͨͪͦͺ͙͙͙͊ͭ͟͟͡Φ ˻͍ͫͤͦͤ͊Ύ ͔ͨͪͦ͋ͣ͊͡ τ ͤ ͙͊͘͟Ύ 

͙͋ͦ͒ͦͫͭͯͨͤͦͫͭΈΣ ͔ͪ΄͔͊ͣ͊Ύ ͙͔ͫͦ͒͊ͤͣ͘ ͤ͊ͤͦͺͦͪͣͯ͡Ύͼ͙͚Φ 

¶ ˢ͔͙͙͙ͪͭͣͤͤ͘ ό!ǊǘŜƳƛǎƛŀ ŀƴƴǳŀύΥ ˮ ͍͔ͫͭͤ͘·͚ ͙͍ͨͪͦͭͦͣ͊͡Ύ͙͚ͪͤ·͚ ͎͔͊ͤͭΦ Lƴ ǾƛǘǊƻ ͙  ͤ͊ ͔ͣͦ͒͡Ύͻ 

͙͍͗ͦͭͤ·ͻ ͨͦ͊͊ͤ͊͘͟ ͔͎ͦ ͫͨͦͫͦ͋ͤͦͫͭΈ ͍ ͙͍͙͙ͨͪͫͯͭͫͭ ͔͔͗͊͘͡ ό͔ͦͭͦͪͦ͟ ͍ ͍·͚ͫͦͦ͟ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ 

͔͙ͫͦ͒ͪ͗ͭͫΎ ͍ ͋·ͫͭͪͦ ͔͒͡Ύ΅͙ͻͫΎ ͍ͪ͊ͦ͟·ͻ ͔ͭ͊͟͟͡ͻύ ͎͔͔͙͍ͤͪͪͦ͊ͭΈ ͍ͫͦ͋ͦ͒ͤ·͔ ͙ͪ͊͒͊͟͡·Σ ͍·͘·͍͊Ύ 

͔͔͙͍ͫͭͤͯ͟͡Ό ͼ͙͙ͭͦͭͦͫ͟;ͤͦͫͭΈΦ ˹͊;͊ͭ· ͙͔ͪ͊ͤͤ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͙ͫͨ·͙ͭ͊ͤΎΦ 

¶ ˸͔͙͙ͭͤ͡ όͨ;͔͙ͤ͡·͚ Ύ͒ύ ͙ ͎͙͔͒ͪͯ ͨͪͦ͒ͯͭ͟· ͙͔͙͙͊ͨͭͪ͊ͨΥ ˮ ͯ͘;͊ΌͭͫΎ ͍ ͊͟;͔͍͔ͫͭ ͙͍ͤ͒ͯͭͦͪͦ͟ 

͊ͨͦͨͭͦ͊͘ ͙ ͙͎͙͙͍ͤ͋ͭͦͪͦ ͔͙͍͙ͣͭ͊ͫͭ͊ͪͦ͊ͤ͘ΎΦ 

¶ ̏ͫͭͪ͊ͭ͟͟ ͔ͦͣ͡· ͔͚͋ͦ͡ ό±ƛǎŎǳƳ ŀƭōǳƳύΥ ̊ ͙ͪͦͦ͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍ ͙͙͍͚ͨ͊͊ͭͤͦ͡͡ ͙ ͙͔͎͙͍͚ͤͭͪ͊ͭͤͦ 

͎͙͙ͦͤͦͦ͟͡ ͍ ˩͍͔ͪͦͨ ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘Σ ͔ͯͣͤΈ΄͔͙ͤΎ ͙ͯͫͭ͊ͦͫͭ͡ ͙Σ ͍ͦͣͦ͗ͤͦ͘Σ ͣͦ͒ͯ͡Ύͼ͙͙ 

͙͙͔ͣͣͯͤͭͭ͊Φ ˾͔ͯ͘͡Έͭ͊ͭ· ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͙͍͔ͨͪͦͭͦͪ;͙͍·Σ ;ͭͦ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͍͊͗ͤͦͫͭΈ 

͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙͙ Ή͍ͫͭͪ͊ͭͦ͟͟Φ 

пΦ ˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͙ͪ͊ͫͭͤΎ ͍ ͔͙͍ͨͦ͒͒ͪ͗͊Ό΅͔͚ ͙ ͙͙ͫͣͨͭͦͣ͊ͭ;͔͚ͫͦ͟ ͔͙͙ͭͪ͊ͨ 

̏ͭͦ ͙͔͔ͤ͊͋ͦ͡ ͒ͦ͊͊ͤͤ͊͘͟Ύ ͙ ͙ͨͪͤ͊ͤͤ͊͘Ύ ͫͺ͔ͪ͊ ͙͔͔͙ͨͪͣͤͤΎ ͺ͙͔͙͙ͭͦͭͪ͊ͨ ͍ ͎͙͙ͦͤͦͦ͟͡Υ 

¶ ˮͣͣͯͤͦͣͦ͒ͯ͡Ύͭͦͪ·Υ ˽ ͙ͦͫ͊͡ͻ͙͊ͪ͒· ͙͘ ͎͙͍ͪ͋ͦ ό΄͙͙͔ͭ͊͟ τ ͡ ͔͙ͤͭͤ͊ͤΣ ͔͔ͭͪ͊ͣͭͫ ͪ͊ͤͦ͘ͼ͍͔ͭͤ·͚ 

τ t{YκYǊŜǎǝƴύ ͦͺ͙ͼ͙͊͡Έͤͦ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͙͙̒ͨͦͤ ͙ ˴͙͔ͭ͊ ͊͟͟ ͊͒ΆΌ͍͊ͤͭ· ͔ͨͦͫ͡ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ 

͔͡;͔͙ͤΎ ͪ͊͊͟ ͔͗ͯ͒͊͟͡ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊Φ 

¶ ˴͔ͦͪͪ͟ͼ͙Ύ ͨͦ͋ͦ;ͤ·ͻ Ήͺͺ͔͍ͭͦ͟Υ ˮ ͙ͣ͋ͪΈ ό½ƛƴƎƛōŜǊ ƻŶŎƛƴŀƭŜύ Ήͺͺ͔͙͍͔ͭͤ͟ ͒͡Ύ ͙͔͙ͫͤ͗ͤΎ 

ͭͦ΄ͤͦͭ·Σ ͙ͤ͒ͯͼ͙͍͚ͪͦ͊ͤͤͦ ͻ͙͙͔͙͔͚ͣͦͭͪ͊ͨΦ ˾ͦͣ͊΄͊͟Σ ͔͊ͤ͒ͯ͊͟͡͡ τ ͒ ͡Ύ ͯͻͦ͒͊ ͊͘ ͔͚ͦ͗͟ ͙ͨͪ ͯ͡;͔͍·ͻ 

͔͙͒ͪͣ͊ͭͭ͊ͻΦ ˬ͔ͤΈ΄͔ͤΈ όtŀƴŀȄ ƎƛƴǎŜƴƎύ τ ͒͡Ύ ͋ͦͪΈ͋· ͫ ͔͙͔͚͊ͫͭͤΦ 

рΦ ˽͔ͪͦ͋ͣ͡·Σ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͙ ͋ͯ͒ͯ΅͙͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ 
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¶ ˿͙ͭ͊ͤ͒͊ͪͭ͊͘ͼ͙ΎΥ ʕ ͙͔͊ͪ͊͋͡ΈͤͦͫͭΈ ͍ͫͦͫͭ͊͊ ͫ·ͪΈΎ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͍͙͚ͯͫͦ͡ ͍·ͪ͊΅͙͍͙͊ͤΎΣ ͫ͋ͦͪ͊ 

͙ ͙ͦ͋ͪ͊͋ͦͭ͟Φ 

¶ ˣ͔ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘Υ ˸ ͎͙͔ͤͦ ˣˢˤ ͔͙͚ͪ͊ͫͭͤ Ύ͍͡ΎΌͭͫΎ ͙͙ͤ͒ͯͭͦͪ͊ͣ͟ ͙͙͡ 

͙͎͙͙͙ͤ͋ͭͦͪ͊ͣ ͼ͙ͭͦͻͪͦͣ͊ tпрл ͙ tπ͎͙͔͙ͦͨͪͦͭͤ͊͟͡Σ ;ͭͦ ͔ͣͦ͗ͭ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙͔ͣͤ͘ΎͭΈ ͺ͙͔͙͊ͪͣ͊ͦͤͭͯ͟͟͟ 

ͻ͙͙͔͔͍͙ͣͦͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ό͙͔ͤ͊ͨͪͣͪΣ ͔ͨͪͨ͊ͪ͊ͭ· ͍͔ͪͦ͋ͦ͘ΎύΦ 

¶ ˸͔͎͙ͭͦ͒ͦͦ͡;͔͔ͫͦ͟ ͊͟;͔͍ͫͭͦ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Υ ˹ ͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͪͯͨͤ͟·ͻ ͙͙͍ͪ͊ͤ͒ͦͣͪͦ͊ͤͤ͘·ͻ 

ͨ͊͡ͼ͔͋ͦπ͟ ͙͔ͦͤͭͪͦͪͯͣ͡·ͻ ͍͚͒ͦͤ·ͻ ͔ͫͨ͡·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ 

¶ ˣͯ͒ͯ΅͔͔Υ ˮ ͔͎ͤͭͪ͊ͼ͙Ύ ζ͙ͦͣͫͤ͟·ͻη ͔ͭͻ͎͙͚ͤͦͦ͡ ό͔͙ͨͪͦͭͦͣ͊͟Σ ͔͙ͣͭ͊͋ͦͦͣ͊͟͡ύ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ 

͙͔͎͔͙ͫͤͪͭ;͔͎ͫͦͦ͟ ͔͚͍͙͒ͫͭΎ ͎͔ͣͤͦͦͦͣͨͦͤͤͭͤ͟·ͻ ͅ ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΣ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͺ͙ͭͦπͤ ͊ͤͦͺͦͪͣͯ͡Ύͼ͙͚ 

͒͡Ύ ͼ͔͔͍͚ͦ͡ ͍͙͒ͦͫͭ͊͟Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͙ͪ͊ͫͭͤΎ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔͙ͤͫ;͔͔ͪͨ͊ͣ·͚ ͙ ͔͎͙ͫͭͪ͊ͭ;͔͙ͫ͟ ͍͊͗ͤ·͚ ͔ͪͫͯͪͫ ͒͡Ύ 

͎͙͙ͦͤͦͦ͟͡Φ ˻͙ͤ ͫͯ͗͊ͭ͡ ͊͟͟ ͙ͫͭͦ;͙ͤͦͣ͟ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͫͭͪͯͭͯͪ͟ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͍ͤͦ·ͻ 

ͼ͙͙͍ͭͦͫͭ͊ͭͦ͟Σ ͭ͊͟ ͙ ͍͚ͦͫͤͦͦ ͒͡Ύ ͊͒ΆΌ͍͊ͤͭͤ·ͻ ͙ ͙͙ͫͣͨͭͦͣ͊ͭ;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭΣ ͯͯ͡;΄͊Ό΅͙ͻ ͊͟;͔͍ͫͭͦ 

͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ ͔̂ͫͨ΄ͤ͊Ύ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͺ͙͔͙͙ͭͦͭͪ͊ͨ ͍ ͍͔͔ͫͦͪͣͤͤͯΌ ͔͒ͦ͊͊ͭ͘͟͡ΈͤͯΌ ͎͙ͦͤͦͦ͟͡Ό 

͔͔ͭͪ͋ͯͭ ͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊Σ ͫͦ;͔ͭ͊Ό΅͔͎ͦ ͭ΅͔͊ͭ͡ΈͤͯΌ Ήͭͤͦͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔ͫͯ͟Ό ͦͼ͔ͤͯ͟Σ 

͎͙͚ͫͭͪͦ ͺ͙ͭͦͻ͙͙ͣ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡Σ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͚͍͙͒ͫͭΎ ͙ ͍͔͔͙͔ͨͪͦ͒ͤ 

͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙ͫͨ·͙͚ͭ͊ͤ ͍·ͫ΄͔͎ͦ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͎ͫͦͦ͟ ͍ͯͪͦͤΎΦ ̏ͭͦ ͍͙ͨͦͦͭ͘͡ ͔͔͍͔͙ͨͪͫͭ ͭ·ͫΎ;͔͔͙͚ͭͤ͡ 

ͦͨ·ͭ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͔͙ͣ͒ͼ͙ͤ· ͤ͊ Ύ͘·͟ ͍͔͔͚ͫͦͪͣͤͤͦ ͙ͤ͊ͯ͟Σ ͍ͫͦ͒͊͊͘Ύ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·͔ ͙ 

͔ͦͣͨͫͤ͟͟͡·͔ ͔͎͙͙ͫͭͪ͊ͭ ͋ͦͪΈ͋· ͫ ͎͙ͦͤͦͦ͟͡;͔͙͙ͫͣ͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ /ǊŀƎƎΣ DΦaΦΣ tŜȊȊǳǘƻΣ WΦaΦ bŀǘǳǊŀƭ tǊƻŘǳŎǘǎ ŀǎ ŀ ±ƛǘŀƭ {ƻǳǊŎŜ ŦƻǊ ǘƘŜ 5ƛǎŎƻǾŜǊȅ ƻŦ /ŀƴŎŜǊ 

/ƘŜƳƻǘƘŜǊŀǇŜǳǝŎ ŀƴŘ /ƘŜƳƻǇǊŜǾŜƴǝǾŜ !ƎŜƴǘǎ κκ aŜŘƛŎŀƭ tǊƛƴŎƛǇƭŜǎ ŀƴŘ tǊŀŎǝŎŜΦ τ нлмсΦ τ ±ƻƭΦ нрό{ǳǇǇƭΦ 

нύΦ τ tΦ пмςрфΦ 

нΦ DǊŜŜƴǿŜƭƭΣ aΦΣ wŀƘƳŀƴΣ tΦYΦ{ΦaΦ aŜŘƛŎƛƴŀƭ tƭŀƴǘǎΥ ¢ƘŜƛǊ ¦ǎŜ ƛƴ !ƴǝŎŀƴŎŜǊ ¢ǊŜŀǘƳŜƴǘ κκ LƴǘŜǊƴŀǝƻƴŀƭ 

WƻǳǊƴŀƭ ƻŦ tƘŀǊƳŀŎŜǳǝŎŀƭ {ŎƛŜƴŎŜǎ ŀƴŘ wŜǎŜŀǊŎƘΦ τ нлмрΦ τ ±ƻƭΦ сόмлύΦ τ tΦ пмлоςпммнΦ 

оΦ ˢ͙ͭͦͨͤ͟ ˨Φ˸ΦΣ ˴͔͍͊ͭ͊ ˤΦˢΦ ˽͙͍ͪͦͭͦͦͨͯͻ͔͍ͦ͡·͔ ͔ͨͪͨ͊ͪ͊ͭ· ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎΥ 

͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͙͔͔͙ͨͪͣͤͤΎ κκ ˣ͙͎͙ͦͦͪ͊ͤ;͔ͫ͊͟Ύ ͻ͙͙ͣΎΦ τ нлнмΦ τ ́Φ птΣ Ѕ пΦ τ 

˿Φ плоςпнтΦ 

ϭ s͍ͣ͊ͤͦ ˨ΦΣ нлнр 

 

 

 

 

ˢ͔͍ͤͤ͊͋͊͊ ˢΦˢΦ 

˸͚͊ͦͪ ͊͟ͺ͔͒ͪ· ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙ ͔͙͙ͣͭͦ͒͟ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͫͯ͗͋͡·Φ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟  

 

˻˾˥ˢ˹ˮ˭ˢ̇ˮ̒ ˮ ˸˩́˻˨ˮ˴ˮ ˸˩˨ˮ̇ˮ˹˿˴˻˯ ˿˶̂ˬˣ̍Υ ˿˻ˤ˾˩˸˩˹˹̍˩ ˤ̍˭˻ˤ̍  

ˮ ˿́˾ˢ́˩˥ˮ̉˩˿˴ˮ˩ ˾˩̊˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͎ͦͫͤͦͦͨͦ͊͊͡Ό΅͙͔ ͙ͨͪͤͼ͙ͨ· ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙ ͍͔͔ͫͦͪͣͤͤ·͔ 

͔͙͙ͣͭͦ͒͟ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͫͯ͗͋͡· ͍ ͍͙ͯͫͦ͡Ύͻ ͙͙͒ͤ͊ͣ;ͤͦ ͔ͣͤΎΌ΅͙ͻͫΎ ͫͦͼ͙͊͡Έͤ·ͻ ͙ 
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͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟Φ ˻͍͋ͦͫͤͦ·͍͔͊ͭͫΎ ͍͊͗ͤͦͫͭΈ ͙͔͎ͫͫͭͣͤͦͦ ͨͦ͒ͻͦ͒͊ ͟ ͍͔͙ͯͨͪ͊ͤ͡Ό ͔͙ͪͫͯͪͫ͊ͣ 

͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΣ ͙͙͊ͤ͊ͪͯ͘͡ΌͭͫΎ ͔ͣͭͦ͒· ͙͍͙ͨ͊ͤͪͦ͊ͤ͡Ύ ͔͡;͔͋ͤͦ-Ή͍͊ͯ͊͟ͼ͙ͦͤͤ·ͻ ͔͙ͣͪͦͨͪΎ͙͚ͭ ͙ 

͍͔͔͙͔ͤ͒ͪͤ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͍ͨͪͦͭͦͦͦ͟͡ ͙ͦ͊͊ͤ͘͟Ύ ͨͦͣͦ΅͙Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙͔͎ͤͭͪ͊ͼ͙͙ 

ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͫͭͪͯͭͯͪͯ͟ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͚ͫͯ͗͋ͦ͡Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͍ͨͦ·͙ͫͭΈ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ͦ͊͊ͤ͘͟Ύ ͨͦͣͦ΅͙ ͊͟͟ ͍ ͙͔ͣͪͤͦ ͍͔ͪͣΎΣ ͭ͊͟ ͙ ͍ ͍͙ͯͫͦ͡Ύͻ ;͔͍ͪ͘·;͚͊ͤ·ͻ 

͙ͫͭͯ͊ͼ͙͚Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΣ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͫͯ͗͋͊͡Σ ͔͙͙ͣͭͦ͒͟ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͔͡;͔͋ͤͦ-

ͨͪͦͺ͙͙͊ͭ͟͡;͔͙͔ͫ͟ ͔͙ͣͪͦͨͪΎ͙ͭΎΣ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͎͙͙ͦͫͭ͊͟͡Σ ͦ͋΅͔͍͔͔ͫͭͤͤͦ ͍͒ͦͪͦ͘Έ͔Σ  

͊͟;͔͍ͫͭͦ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˻͎͙ͪ͊ͤ͊͘ͼ͙Ύ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͫͯ͗͋͡· ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦ͗ͤͯ͡Ό ͎͍͔͍ͣͤͦͦͯͪͦͤͯΌ ͙͔ͫͫͭͣͯΣ 

͍͚ͦͫͤͦͤͦ ͼ͔͡ΈΌ ͚ͦͭͦͪͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͫͦͻ͔͙͔ͪ͊ͤͤ ͙ ͔͔͙͔ͯͪͨͤ͟͡ ͍͒ͦͪͦ͘ΈΎ ͔͔͙ͤ͊ͫͤ͡ΎΣ ͊ ͔ͭ͊͗͟ 

͍͔͍͔͔͔ͫͦͪͣͤͤͦ ͙͔ͦ͊͊ͤ͘͟ ͍͙͊͟͡ͺ͙ͼ͙͍͚ͪͦ͊ͤͤͦ ͙ ͔ͫͨͼ͙͙͙͍͚͊ͪͦ͊ͤͤͦ͘͡ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙Φ ˤ 

͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ Ή͚ͭͦ ͫͯ͗͋͡· ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͙ͤ͊͡;͙͔ͣ 

͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;͎ͤͦͦ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎΣ ͤͦ ͙Σ ͔͔ͨͪ͗͒ ͍͔͎ͫͦΣ ͎ͪ͊ͣͦͭͤͦ ͍·͔͚ͫͭͪͦͤͤͦ ͔͎͙͔͚ͣͭͦ͒ͦͦ͡ 

͍͔͙ͯͨͪ͊ͤ͡ΎΣ ;͔͙ͭͣ͟ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤͣ͡ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͦ͋Ύ͔͚͊ͤͤͦͫͭ͘ ͙ ͔͙͍͚ͦͨͪ͊ͭͤͦ ͎͙͙͚ͦͫͭͦ͟͡Φ 

ˮ͙ͫͭͦͪ;͔͙͚ͫ͟ ͙ ͔͔͙ͭͦͪͭ;͔͙͚ͫ͟ ͺ͔ͯͤ͒͊ͣͤͭ ˻͍ͫͤͦ· ͔ͦͭ;͔͍͔͚ͫͭͤͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ 

ͫͯ͗͋͡· ͋·͙͡ ͔͊ͦ͗ͤ͘͡· ͙͙ͭ͊ͣ͟ ͍·͒͊Ό΅͙͙ͣͫΎ ͯ;͔ͤ·͙ͣΣ ͊͟͟ ˹ΦˮΦ ˽͙͎͍ͪͦͦ ͙ ˹ΦˢΦ ˿͔ͣ͊΄ͦ͟Φ ˮͻ ͙͔͙͒ ͦ 

Ή͙ͭ͊ͨͤͦͫͭ ͔͡;͔͙ͤΎΣ ͙͍͔ͫͦͪͭͪͦ͟ ͔ͪ͊ͤͤ·ͻ ό͋ͦ͡Έͤ·ͻύ ͙ ͨͪͦͺ͙͙͊ͭ͟͡;͔͚ͫͦ͟ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡ 

͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ ͦͫͭ͊ΌͭͫΎ ͊ͭͯ͊͟͡Έͤ·͙ͣ ͙ ͔͎ͫͦ͒ͤΎΦ ˻͒ͤ͊ͦ͟ ͍͔͔ͫͦͪͣͤͤ·͔ ͍͙ͯͫͦ͡Ύ ͔ͭͪ͋ͯΌͭ ͊͒͊ͨͭ͊ͼ͙͙ 

Ή͙ͭͻ ͔͙ͣͭͦ͒͟Φ ˿͔͎ͦ͒ͤΎ ͨͦ͒ Ϧ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͚ͫͯ͗͋ͦ͡Ϧ ͙͔ͨͦͤͣ͊ͭͫΎ ͍ͫͦͦͯͨͤͦͫͭ͟Έ ͎͍ͦͪ͊ͤͦ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ 

͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͯ;͔͔͙͚ͪ͗͒ͤ ͙ ͔͔͙͚ͨͦ͒ͪ͊͒ͤ͘͡Σ ͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤͤ·ͻ ͒͡Ύ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͔͔ͦ͋ͫͨ;͔͙ͤΎ 

͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͎ͪͯͨͨ ͔͔͙ͤ͊ͫͤ͡ΎΣ ͍͙͙ͦͤͫ͟ͻ ͺ͙͍͙͚ͦͪͣͪͦ͊ͤ ͙͙͡ ͯ;͙͍͊ͫͭͤͦ͟ ͙͍͙͒͊͟͡ͼ͙͙ ͔͍͙͚ͨͦͫ͒ͫͭ͡ ̉˿Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔͙͙ͣͭͦ͒͟ ͙ ͨͦ͒ͻͦ͒· ˻͚͒ͤͦ ͙͘ ͟͡Ό;͔͍·ͻ ͔͙ͣͭͦ͒͟ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ 

ͫͯ͗͋͡· Ύ͍͡Ύ͔ͭͫΎ ͍͔͔͙͔ͤ͒ͪͤ ͙ͨͪͤͼ͙͍ͨͦ ͔͔͙͍͎͋ͪ͗ͦͦ͡ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ό[Ŝŀƴ IŜŀƭǘƘŎŀǊŜύΦ ̏ͭͦͭ ͔ͣͭͦ͒ 

͍͔ͤ͊ͨͪ͊ͤ͡ ͤ͊ ͙͙͙ͣͤͣ͊͘ͼ͙Ό ͍͔͔ͪͣͤͤ·ͻ ͊ͭͪ͊ͭ͘ ͨ͊ͼ͙͔ͤͭ͊ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙Ό ͪ͊͋ͦͭ· ͔ͨͪͫͦͤ͊͊͡ ͔͋͘ ͔͙ͨͦͭͪ 

͊͟;͔͍ͫͭ͊Φ ˤ͊͗ͤ·ͣ ͔͊ͫͨͭͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙Ύ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ 

͙͙ͤ͟͡;͔͙ͫ͟ͻ ͔͔ͪͦͣͤ͒͊͟ͼ͙͚ ͙ ͍ͨͪͦͭͦͦͦ͟͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ ͙ͪͫ͟ Ϧ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͺ͊ͭͦͪ͊͟Ϧ ͙ 

͔͔ͦ͋ͫͨ;͙ͭΈ ͎͙͍͊ͪ͊ͤͭͪͦ͊ͤͤ·͚ ͍͔ͯͪͦͤΈ ͨͦͣͦ΅͙ ͤ͊ ͊͗͒ͦͣ͟ Ή͔ͭ͊ͨ τ ͦͭ ͔͍͙ͨͪ;͎ͤͦͦ ͍͔ͤ͊͘ ͒ͦ 

͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;͎ͤͦͦ ͫͭ͊ͼ͙ͦͤ͊ͪ͊Φ 

͙̇ͺ͍͙ͪͦ͊͘ͼ͙Ύ ͙ ͍͔͙͔ͯͨͪ͊ͤ͡ ͒͊ͤͤ·͙ͣ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͙ͣͭͦ͒͊͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔ͤͣ·͙ͫͣ͊͡ ͔͋͘ 

͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͙͔ͫͫͭͣΦ ˩͙͒ͤ·͔ Ή͔ͭͪͦͤͤ͟͡·͔ ͔͙ͣ͒ͼ͙͙͔ͤͫ͟ ͊ͪͭ͟·Σ ͙͔ͫͫͭͣ· ͙͒ͫͭ͊ͤͼ͙͎ͦͤͤͦͦ 

͙͙͎ͣͦͤͭͦͪͤ͊ ͫͦͫͭͦΎ͙ͤΎ ͨ͊ͼ͙͔͍ͤͭͦ ͙ ͔͔͔͙ͭͣ͒͡ͼ͙͙͔ͤͫ͟ ͦͤͫͯ͟͡Έͭ͊ͼ͙͙ ͙ͪ͊͒͊͟͡Έͤͦ ͔ͣͤΎΌͭ ͫͭͪͯͭͯͪͯ͟ 

ͫͯ͗͋͡·Φ ͔͔́ͨͪΈ ͔ͫͨͼ͙͙͊ͫͭ͡ ͎ͯͦͦ͘͟ ͨͪͦͺ͙͡Ύ ͔ͣͦ͗ͭ ͯ;͍͍͊ͫͭͦ͊ͭΈ ͍ ͨͪͦͼ͔͔ͫͫ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΎΣ 

ͤ͊ͻͦ͒ΎͫΈ ͊͘ ͭ·ͫΎ;͙ ͙͔͍ͦͣͭͪͦ͟͡ ͦͭ ͨ͊ͼ͙͔ͤͭ͊Φ ̏ͭͦ ͔͔ͭͪ͋ͯͭ ͙ͫͦ͒͊ͤ͘Ύ ͍ͤͦ·ͻ ͎͙͍͊ͦͪͭͣͦ͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ 

͔ͣ͗͒ͯ ͙ͪ͊͘͡;ͤ·͙ͣ ͍͔ͤ͘ΈΎ͙ͣ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͫͯ͗͋͡· ͙ ͙͔͔͙ͣͤͤ͘Ύ ͙͍ͤͦͪͣ͊ͭͤͦ-͍͍͚ͨͪ͊ͦͦ ͋͊͘·Φ 

˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͎͙͙ͦͫͭ͊͟͡ ͙ ͙ͣͦ͋͡ΈͤͦͫͭΈ ˤ ͍͙ͯͫͦ͡Ύͻ ;͔͍ͪ͘·;͚͊ͤ·ͻ ͙ͫͭͯ͊ͼ͙͚ ͙͙͡ ͙ͨͪ ͔ͪ͊͋ͦͭ ͍ 

ͭͪͯ͒ͤͦ͒ͦͫͭͯͨͤ·ͻ ͔͎͙ͪͦͤ͊ͻ ͤ͊ ͔͍ͨͪ·͚ ͨ͊ͤ͡ ͍·ͻͦ͒Ύͭ ͔͙͙ͣͭͦ͒͟ ͍͔ͪ͊ͪͭ͘·͍͙͊ͤΎ ͙ͣͦ͋͡Έͤ·ͻ 

͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͔͍ͦͣͨͫͦ͟͟͡Φ ̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͫͯ͗͋͡· ͍ Ή͙ͭͻ ͫͯ͡;͊Ύͻ ͍͙͙͊ͫͭ͘ ͦͭ ͙ͫͦͪͦͫͭ͟ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ 

ͫͭ͊ͼ͙ͦͤ͊ͪͤ·ͻ ͔͍ͪͫͯͪͫͦ ͍ ͙ͣͦ͋͡Έͤ·͔ ͔͙͙͒ͤͼ·Σ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͟ ͍͊ͭͦͤͦͣͤͦͣͯ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΌ ͙ 

;͔͚ͭͦ͟ ͙ͦͦͪ͒ͤ͊͟ͼ͙͙ ͫ ͭͪ͊ͤͫͨͦͪͭͤ·͙ͣ ͍͔͍͙͒ͦͣͫͭ͊ͣΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͙ ͔͙͙ͣͭͦ͒͟ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͫͯ͗͋͡· ͤ͊ͻͦ͒ΎͭͫΎ ͍ ͨͪͦͼ͔͔ͫͫ 

ͨͦͫͭͦΎ͚ͤͤͦ Ή͍ͦ͡Όͼ͙͙Φ ˽͔͔ͪͻͦ͒ ͦͭ ͙͍͎ͨ͊ͫͫͤͦͦ ͙͙ͦ͗͒͊ͤΎ ͨ͊ͼ͙͔ͤͭ͊ ͟ ͙͍͊ͭͤͦͣͯ͟ ͍͔͙ͯͨͪ͊ͤ͡Ό ͙͙ͪͫ͊ͣ͟ 
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͒͡Ύ ͍͒ͦͪͦ͘ΈΎΣ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͎͚ͨͪͦͤͦͤͦ͘ ͙͙͙͊ͤ͊ͭ͟͡ ͙ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͍ ͙͍͙͙ͨ͊ͤͪͦ͊ͤ͡ 

͔͍ͪͫͯͪͫͦ τ Ήͭͦ ͔ͭ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΣ ͦͭͦͪ͟·͔ ͔͔ͦͨͪ͒͡ΎΌͭ ͙ͦ͋͟͡ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ· ͋ͯ͒ͯ΅͔͎ͦΦ 

˽ͪͦͺ͔͙͙ͫͫͦͤ͊ͣ͘͡ ͎͙͍ͦͪ͊ͤ͊ͭͦͪͦ͘ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ ͔͎ͫͦ͒ͤΎ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͔͙͙ͯͣͤ ͫͦ;͔ͭ͊ͭΈ 

͙͊ͫͫ͟͡;͔͙͔ͫ͟ ͙ͨͪͤͼ͙ͨ· ͙͔͙ͫͫͭͣͤͦͫͭ ͫ ͎͙͙͙͋ͣ͟ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͙ͣ ͔͙͙ͣͭͦ͒͊ͣ͟ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˽͔͍ͭͪͦ ˿ΦˮΦ ˻͎͙ͪ͊ͤ͊͘ͼ͙Ύ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ ͙ ͦ͋΅͔͍͔͔ͫͭͤͤͦ ͍͒ͦͪͦ͘Έ͔Φ нлнн ˸͍ͦͫ͊͟Φ 

2. ˮ͍͍͊ͤͦ ˤΦˤΦ ˸͔͎͙ͭͦ͒ͦͦ͡Ύ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͚ͫͯ͗͋ͦ͡ ͍ ;͔͍ͪ͘·;͚͊ͤ·ͻ ͙ͫͭͯ͊ͼ͙ΎͻΦ нлнм 

˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

3. ˴͔ͯͤ͘ͼ͍ͦ͊ ˩Φ˹Φ ˶͎͙͙ͦͫͭ͊͟ ͙ Ή͙ͦͤͦͣ͊͟͟ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͡;͔͋ͤͦ-ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͯ;͔͔͙͚ͪ͗͒ͤΦ нлно 

˹͍͙͙ͦͦͫ͋ͪͫ͟Φ 

4. ˿͙͍͒ͦͪͦ ˢΦˢΦ ˤ͔ͦͤͤͦ-͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͎͍ͨͦ͒ͦͭͦ͊͟ ͙ ͍ͦͫͤͦ· ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͫͯ͗͋͡·Φ нлнл ˴͊͊ͤ͘ΈΦ 

5. ˤ͙͊ͫ͡Έ͔͍ ˽Φ˾Φ ͙̇ͺ͍͙ͪͦ͊͘ͼ͙Ύ ͔͙ͣ͒ͼ͙ͤ·Υ ͦͭ ͔͙͙ͭͦͪ ͟ ͙͔ͨͪ͊ͭ͟͟ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ нлнп ˩͔͙͎͊ͭͪͤ͋ͯͪ͟Φ 

ϭ s͔͍ͤͤ͊͋͊͊ ˢΦ, 2025 

 

 

 

 

       ˢ͍ͤͤ͊͒ͦ ˢΦΣ 

 ͫ ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΦ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͤ͊ͯ͊͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦ͗ͤͯ͡ΌΣ ͙͙͒ͤ͊ͣ;ͤͦ ͍͙͍ͪ͊͊͘Ό΅ͯΌͫΎ ͙͔ͫͫͭͣͯ ͙͚ͤ͊ͤ͘Σ 

͔͎͙͚ͣͭͦ͒ͦͦ͡ ͙ ͙ͨͪ͊ͭ͟͟Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͤ͊ ͙ͯ͘;͔͙͔ͤ ͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ 

;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͎͙ͦͪ͊ͤͣ͊͘ ͍ ͔ͤͦͪͣ ͙ ͎͙͙ͨ͊ͭͦͦ͡Σ ͪ͊ͪ͊͋ͦͭͯ͘͟ ͔͍ͣͭͦ͒ͦ ͨͪͦͺ͙͙͙͊ͭ͟͟͡Σ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙  

͔͡;͔͙ͤΎ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͔ͦͣͨͫͤ͟͟͡·͚ ͙͊ͤ͊͘͡ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙ͤ͊ͯ͟ ͊͟͟ 

͙͔͎͙͍͚ͤͭͪ͊ͭͤͦ ͙͒ͫͼ͙͙ͨͤ͡·Σ ͙͔͙ͫͤͭͪͯ͘Ό΅͔͚ ͙͔͙͒ͦͫͭ͗ͤΎ ͙͎͙͙͋ͦͦ͡Σ ͻ͙͙͙ͣΣ ͺ͙͙͙͘͟Σ ͙ͤͺ͙͙ͦͪͣ͊ͭ͟ ͙ 

ͫͦͼ͙͊͡Έͤ·ͻ ͤ͊ͯ͟Φ ˾͔͊ͫͫͣͦͭͪͤ· ͟͡Ό;͔͍·͔ ͙͙ͫͭͦͪ;͔͙͔ͫ͟ ͙͎ͨ͊ͪ͊͒ͣ· όͦͭ ͎ͯͣͦͪ͊͡Έ͚ͤͦ ͔͙͙ͭͦͪ ͒ͦ 

͔ͣͦͯ͟͡͡Ύͪͤͦπ͎ ͔͔͙ͤͭ;͔͚ͫͦ͟ύ ͙ ͙ͻ ͍͙͡Ύ͙͔ͤ ͤ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΦ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͫͭͪͯͭͯͪͤ͟·ͣ ͔ͦͣͨͦͤͤͭ͊ͣ͟ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙ͤ͊ͯ͟Υ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙͔ͤ 

όͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΣ ͙͋ͦͻ͙͙ͣΎΣ ͎͔͔͙ͤͭ͊͟ύΣ ͙͙ͤ͟͡;͔͙ͫͣ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͣ ό͔͒ͦ͊͊ͭ͘͟͡Έͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ 

͙͙͍ͪ͊ͤ͒ͦͣͪͦ͊ͤͤ͘·͔ ͙͔ͦͤͭͪͦͪͯͣ͟͡·͔ ͙ͫͨ·͙ͭ͊ͤΎύ ͙ ͙ͨͪ͊͒ͤ͟͡·ͣ ͪ͊ͪ͊͋ͦͭ͊ͣ͘͟ όͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΣ 

͙͔͙͋ͦͣ͒ͼ͙ͤͫ͊͟Ύ ͙͔͔͙ͤ͗ͤͪΎύΦ ˤ·Ύ͍͔ͤ͡· ͙ ͙͙͍ͨͪͦ͊ͤ͊ͪͦ͊ͤ͘͡· ͍ͦͫͤͦͤ·͔ ͍·͍ͦ͘· ͍͔͔͙ͫͦͪͣͤͤͦͫͭΥ 

͎ͦ͋͊͡͡Έ͔ͤͦ ͔͋ͪͣΎ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͙͙͊ͤͭͣͪͦ͋ͤ͊͟Ύ ͔͙͔ͪͫͭͤͭͤͦͫͭ͘ΈΣ Ή͙ͭ;͔͙͔ͫ͟ 

͙͔͒ͣͣ͡· ͎͔͎ͤͦͣͤͦͦ ͔͙͍͙ͪ͒͊ͭͪͦ͊ͤ͟ΎΣ ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙Ύ ͙ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡Φ 

˻͔͔͔ͨͪ͒ͤ͡· ͔͔͙͍ͨͪͫͨͭͤ͟·͔ ͍͔ͭͦͪ͟· ͍͙͙ͪ͊ͭ͘ΎΣ ͍͟͡Ό;͊Ό΅͙͔ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤͯ͘͡Ό ͙ ͔͙͙͍ͨͪ͒ͭͤͯ͟Ό 

͔͙ͣ͒ͼ͙ͤͯΣ ͔͎͔͔͙͍ͪͤͪ͊ͭͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͔͚͙ͤͪͦͤ͊ͯ͟ ͙ ͙͔ͫͫͭͣͤͯΌ ͙͎͙͋ͦͦ͡ΌΦ ˿͔͒͊ͤ͡ ͍·͍ͦ͒ ͦ ͔͔ͨͪͻ͔ͦ͒ 

͟ ͔͙ͣͦ͒͡ ζtпπͣ ͔͙͒ͼ͙ͤ·η ό͔͍͔͙͍ͨͪͤͭͤ͊ΎΣ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͊͘͡ΎΣ ͙͙͙͍ͨ͊ͪͭͫͨ͊ͭͤ͊ΎΣ ͔͙͙͍ͨͪ͒ͭͤ͊͟Ύύ ͊͟͟ 

͍͚ͦͫͤͦͤͦ ͔͙͙ͭͪ͊ͭͦͪ͟ ͭͪ͊ͤͫ͡Ύͼ͙͙ ͤ͊ͯ;ͤ·ͻ ͦͭͪ͟·͙͚ͭ ͍ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͙ͨͪ͊ͭͯ͟͟ ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ 

͎ͦ͋͊͡͡Έ͎ͤͦͦ ͍͒ͦͪͦ͘ΈΎΦ 
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˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͤ͊ͯ͊͟Σ ͙͎ͨ͊ͪ͊͒ͣ·Σ ͔͒ͦ͊͊ͭ͘͟͡Έͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ ͭͪ͊ͤͫ͡Ύͼ͙ͦͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ 

͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͊͘͡Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ ͙͔͙͋ͦͣ͒ͼ͙ͤͫ͊͟Ύ Ή͙ͭ͊͟Σ ͼ͙ͺ͍͔ͪͦͦ ͍͒ͪ͊ͦͦ͘ͻ͔͙͔ͪ͊ͤͤΣ ͙͔ͫͫͭͣͤ͊Ύ 

͙͎͙͋ͦͦ͡ΎΣ tпπͣ ͔͙͒ͼ͙ͤ͊Σ ͎ͦ͋͊͡͡Έ͔ͤͦ ͍͒ͦͪͦ͘Έ͔Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͤ͊ͯ͊͟Σ ͋ͯ͒ͯ;͙ ͚ͦ͒ͤͦ ͙͘ ͔͍͔͚͒ͪͤ΄͙ͻ ͔͚ͦ͋͊ͫͭ͡ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͙ͨͦͤ͊ͤ͘ΎΣ ͍ ··L ͍͔͔͟ 

͔͔͙͍͔ͨͪ͗͊ͭ ͔͙ͨͪͦ͒ ͔͔͋ͫͨͪͼ͔͔͚͒ͤͭͤͦ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙Φ ˮ͘ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ Ή͙͙ͣͨͪ;͔͚ͫͦ͟ ͙ 

͙͔ͦͨͫ͊ͭ͡Έ͚ͤͦ ͙͒ͫͼ͙͙ͨͤ͡· ͦͤ͊ ͔͍͙ͨͪͪ͊ͭ͊ͫ͡Έ ͍ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤͯΌΣ ͙ͦ͟͡;͔͍͔ͫͭͤͤͯΌ ͙ 

͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤͯ͡Ό ͦͭͪ͊ͫ͡ΈΣ ͍ͦͫͤͦ͊ͤͤͯΌ ͤ͊ ͎ͫͭͪͦͦͣ ͔͎͙ͣͭͦ͒ͦͦ͡;͔ͫͦͣ͟ ͺ͔͔ͯͤ͒͊ͣͤͭΦ ˩͖ Ή͍ͦ͡Όͼ͙Ύ ͦͭ 

͙͍ͫͯͫͫͭ͊͟ ͟ ͔ͤ͊ͯ͟ ͔ͦͭͪ͊͗͊ͭ ͦ͋΅͙͚ ͨͯͭΈ ͙ͨͦͤ͊ͤ͘Ύ ͍͊ͦͤͦ͘͟ ͙͙͗ͤ͘ ͙ ͍͒ͦͪͦ͘ΈΎΦ ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͙͊ͤ͊͊͘͡ ͔͖ 

͍͔͔͎ͫͦͪͣͤͤͦͦ ͫͦͫͭͦΎ͙ͤΎ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͦͫͣ·͔͙ͫͤ͡Ύ ͍ͤͦ·ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͙ ͍͔͍ͦͭͭͦ ͤ͊ 

͎ͦ͋͊͡͡Έͤ·͔ ͍·͍ͦ͘·Σ ͫͭͦΎ΅͙͔ ͔͔ͨͪ͒ ;͔͍͔ͦ͡;͔͍ͫͭͦͣΦ 

мΦ ˮ͙ͫͭͦͪ;͔͙͔ͫ͟ ͙͎ͨ͊ͪ͊͒ͣ· ͙ Ή͙͔͎͙ͨͫͭͣͦͦ͡;͔͙͔ͫ͟ ͍͙ͦͫͤͦ͊ͤΎΦ ˾͊ ͍͙͙͔ͭ͘ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙ͤ͊ͯ͟ 

͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͫͣͤͯ ͙͙͒ͦͣͤͪͯΌ΅͙ͻ ͙͎ͨ͊ͪ͊͒ͣΥ 

мΦ ˥ͯͣͦͪ͊͡Έͤ͊Ύ ͙͎ͨ͊ͪ͊͒ͣ͊ ό˥͙ͨͨͦͪ͊ͭ͟Σ ˥͔͊ͤ͡ύΥ ˭͍͒ͦͪͦΈ͔ ͊͟͟ ͋͊͊ͤͫ͡ ;͔ͭ·͖ͪͻ ͙͔͚͗͒ͦͫͭ͟ ό͍ͪͦ͟ΈΣ 

ͺ͔͎ͣ͊͡Σ ;͖ͪͤ͊Ύ ͙ ͖͗ͭ͊͡Ύ ͔͗͡;ΈύΦ ˨͙͙͍ͦͣͤͪͦ͊͊͡ ͒ͦ ·L· ͍͔͊͟Φ 

нΦ ˸ͦͪͺ͎͙ͦͦ͡;͔ͫ͊͟Ύ ό͎ͦͪ͊ͤͤͦπͭ ͔͍͊ͤ͊͟Ύύ ͙͎ͨ͊ͪ͊͒ͣ͊Υ ˿ ͍Ύ͊ͤ͊͘ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ͙͙͊ͤ͊ͭͦͣ όˢΦ ˤ͔͙͚͊͘͡ύ 

͙ ͎͙͎͙͙ͫͭͦͦ͡Σ ͊ ͔ͭ͊͗͟ ͔ͭͦ͟͡;͚ͤͦ ͔͙͙ͭͦͪ ό˾Φ ˤ͙ͪͻ͍ͦύΦ ˣ͔ͦͤ͘͡Έ ͫͭ͊͊͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͊͟͟ ͍͔͔͙͔ͨͦͪ͗͒ͤ 

͔ͦͤͪͭͤ͟͟·ͻ ͎͍ͦͪ͊ͤͦ ͙ ͔ͭͦ͟͟͡Φ 

оΦ ͙͙͎͙̅ͦͦ͘͡;͔ͫ͊͟Ύ ͙͎ͨ͊ͪ͊͒ͣ͊ ό˴Φ ˣ͔ͪͤ͊ͪΣ ˮΦ˽Φ ˽͍͍͊ͦ͡ύΥ ˿͔ͣ΅͔͙͔ͤ ͺͦͯͫ͊͟ ͤ͊ ͤ͊ͪͯ΄͔͙͔ͤ 

ͺͯͤ͟ͼ͙͚ ͙ ͔͎ͪͯ͡Ύͭͦͪͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Φ ˭͔͙͔͊ͪͦ͗͒ͤ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ 

пΦ ˸͔ͦͯ͟͡͡Ύͪͤͦπ͎ ͔͔͙ͤͭ;͔ͫ͊͟Ύ ͙͎ͨ͊ͪ͊͒ͣ͊Υ ˻ ͔͔ͨͪ͒͡ΎΌ΅͊Ύ ͫ ͔͔͙ͫͪ͒ͤ· ·· ͍͔ ͊͟Φ ˾͊ͫ΄͙ͺ͍ͪͦ͊͟ 

ͫͭͪͯͭͯͪ͟· ˨˹˴Σ ͍͙͙͔ͪ͊ͭ͘ ͎͔͙͙ͤͦͣ͟Σ ͔͙͙ͨͪͦͭͦͣ͟ ͙ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͎͙͙͋ͦͦ͡ ͍͙͙ͨͦͦ͘͡͡ ͙ͨͦͤͣ͊ͭΈ 

͔͙͋ͦͤ͘͡ ͤ͊ ͍͔ͯͪͦͤ ͔ͣͦͯ͟͡͡ ͙ ͎͔͔͙ͤͭ;͔͎ͫͦͦ͟ ͦ͒͊͟Φ 

рΦ ˿͙͔ͫͭͣͤ͊Ύ όͻ͙͙ͦͫͭ͡;͔ͫ͊͟Ύύ ͙͎ͨ͊ͪ͊͒ͣ͊Υ ̅ ͙ͦͪͣͪͯΌ΅͊ΎͫΎ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎΦ ˾͙͍͔͊ͫͫͣ͊ͭͪ͊ͭ 

͎͙ͦͪ͊ͤͣ͘ ͊͟͟ ͫͦ͗ͤͯ͡Ό ͔ͫͭΈ ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Ό΅͙ͻ ͙͔ͫͫͭͣ ό͎͔ͤͦͣΣ ͙͙ͣͪͦ͋ͦͣ͟Σ ͙ͣͣͯͤͤ͊Ύ ͙͔ͫͫͭͣ͊Σ 

͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭύ ͍ ͨͦͫͭͦΎͤͤͦͣ ͙͎͔͒͊ͦ͡ ͫ ͦͪͯ͗͊͟Ό΅͔͚ ͔͚ͫͪ͒ͦΦ ˮͫͨͦ͡Έ͔ͯͭ͘ ͔ͣͭͦ͒· ͙͙͋ͦͤͺ͙͙ͦͪͣ͊ͭ͟ ͙ 

͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΦ 

нΦ ˿ͭͪͯͭͯͪ͊͟ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙ͤ͊ͯ͟ 

¶ ͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ͊Ύ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͤ͊ͯ͊͟Υ ˮ ͔͔ͫͫ͒ͯͭ͡ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘·Σ 

͔͗͊͡΅͙͔ ͍ ͍͔ͦͫͤͦ ͍͒ͦͪͦ͘ΈΎ ͙ ͔͔͚͋ͦͤ͘͡Φ ˤ͟͡Ό;͔͊ͭ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΌΣ ͙͋ͦͻ͙͙ͣΌΣ ͔ͣͦͯ͟͡͡ΎͪͤͯΌ 

͙͎͙͋ͦͦ͡ΌΣ ͎͔͔͙ͤͭͯ͟Σ ͙͎͙ͣͣͯͤͦͦ͡ΌΦ ͙͔̅ͦͪͣͪͯͭ ͦͤ͟ͼ͔ͨͭͯ͊͡ΈͤͯΌ ͋͊ͯ͘ ͒͡Ύ ͙ͨͪ͊͒ͤ͟͡·ͻ ͪ͊ͪ͊͋ͦͭͦ͘͟Φ 

¶ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͤ͊ͯ͊͟ ό͙͙ͤ͟͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎύΥ ˻ ͫͯ΅͔͍ͫͭ͡Ύ͔ͭ ͭͪ͊ͤͫ͡Ύͼ͙Ό ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ 

͙͚ͤ͊ͤ͘ ͍ ͙ͨͪ͊ͭͯ͟͟Φ ˻͍͚ͫͤͦͤͦ ͔ͣͭͦ͒ τ ͒ ͔ͦ͊͊ͭ͘͟͡Έͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ ͙ͦͨͪ͊Ό΅͊ΎͫΎ ͤ͊ ͙͔ͪ͊ͪͻ͙Ό 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ό͙͙͍ͪ͊ͤ͒ͦͣͪͦ͊ͤͤ͘·͔ ͙͔ͦͤͭͪͦͪͯͣ͟͡·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ τ ˾˴ˮΣ ͔ͣͭ͊π͊ ͙ͤ͊͘͡·ύΦ 

˭͙͊ͤͣ ͔͊ͭͫΎ ͍͔͙ͪͺ͙͊͟ͼ͙͔͚ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͙ ͔͡;͔͋ͤ·ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭΦ 

¶ ˽͙ͪ͊͒ͤ͟͡·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͙ͪ͊ͪ͊͋ͦͭ͘͟ όwϧ5ύΥ ˿ ͺ͙͍ͦͯͫͪͦ͊ͤ͟· ͤ͊ ͙͔ͫͦ͒͊ͤ͘ ͔ͦͤͪͭͤ͟͟·ͻ 

͍ͨͪͦ͒ͯͭͦ͟ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡Υ ͍ͤͦ·ͻ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭ όͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎύΣ ͍͊͟ͼ͙ͤ ό͙͎͙ͣͣͯͤͦͦ͡ΎύΣ 

͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͙͔͙͚͒͘͡ ͙ ͍͊ͨͨ͊ͪ͊ͭͦ ό͙͔͙͋ͦͣ͒ͼ͙ͤͫ͊͟Ύ ͙͔͔͙ͤ͗ͤͪΎύΣ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͔ͭͫͭπͫ ͙͔ͫͭͣΦ 

оΦ ˴͡Ό;͔͍·͔ ͍·͍ͦ͘· ··L ͍͔͊͟ 

мΦ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡;͔͙͚ͫ͟ ͔͔ͨͪͻͦ͒Υ ˾ ͦͫͭ ͎ͦ͋͊͡͡Έ͎ͤͦͦ ͔͔͙͋ͪͣͤ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

ό͔͔ͫͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·͔Σ ͎͙ͦͤͦͦ͟͡;͔͙͔ͫ͟Σ ͙͔͒͊͋ͭΣ ͙ͨͫͻ͙;͔͙͔ͫ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ύΣ ͔ͭͪ͋ͯΌ΅͙ͻ ͎͒ͦͦͫͪͦ͡;ͤ·ͻΣ 
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͔ͦͣͨͫͤ͟͟͡·ͻ ͙ ͎͒ͦͪͦͦͫͭͦΎ΅͙ͻ ͔͎͙͚ͫͭͪ͊ͭΦ 

нΦ ˢ͙͙ͤͭͣͪͦ͋ͤ͊͟Ύ ͔͙͔ͪͫͭͤͭͤͦͫͭ͘Έ ό!awύΥ ʕ ͍ͦͪ͊͘΅͔͙͔ͤ ͎ͯͪͦ͘· ͙ͤͺ͔͟ͼ͙͚Σ ͔ͤ ͨͦ͒͒͊Ό΅͙ͻͫΎ 

͔͡;͔͙ͤΌΣ ;ͭͦ ͍͙ͫͭ͊ͭ ͨͦ͒ ͍ͦͨͪͦͫ ͙͔͙͒ͦͫͭ͗ͤΎ ͍͔͚ͫ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ 

оΦ ͙̏ͭ;͔͙͔ͫ͟ ͙ ͍͍ͨͪ͊ͦ·͔ ͙͔͒ͣͣ͡·Υ ʕ ͦͨͪͦͫ·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͎͔ͤͦͣͤ·ͣ ͔͙͍͙͔ͪ͒͊ͭͪͦ͊ͤͣ͟ 

ό/wL{twκ/ŀǎфύΣ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͙͍͋ͦ͋͊ͤͦ͟ ͙ ͔ͨͪͫͦͤ͊͡Έͤ·ͻ ͒͊ͤͤ·ͻΣ ͙͍͔ͫͯͫͫͭͤͤ͟·ͣ ͙͔͔ͤͭͭͦͣ͟͡͡ ͍ 

͙͎͙͔͒͊ͤͦͫͭ͟Σ Ή͍͙͔͚ͭ͊ͤ͊͘ ͙ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤͣ͡ ͎͙ͦͪ͊ͤ;͔ͤͤ·ͻ ͔͍ͪͫͯͪͫͦΦ 

пΦ ͙̇ͺ͍͙ͪͦ͊͘ͼ͙Ύ ͙ ͋ͦ͡Έ΄͙͔ ͒͊ͤͤ·͔Υ ˹ ͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͦͦͫͫ͊͟͡͡Έͤ·͙ͣ ͙͍͙ͣ͊ͫͫ͊ͣ 

͙ͤͺͦͪͣ͊ͼ͙͙ ό͙ͦͣͫͤ͟·͔ ͒͊ͤͤ·͔Σ Ή͔ͭͪͦͤͤ͟͡·͔ ͔͙ͣ͒ͼ͙͙͔ͤͫ͟ ͊ͪͭ͟·ύΣ ͍͙͙͔ͪ͊ͭ͘ ͔͔͔͙ͭͣ͒͡ͼ͙ͤ· ͙ ͙͙ͪͫ͟Σ 

͍ͫΎ͊ͤͤ͘·͔ ͫ ͙͔͔͋ͪ͋ͦͨ͊ͫͤͦͫͭ͘͟ΈΌ ͙ ͼ͙ͺ͍ͪͦ·ͣ ͔͍͔͍ͤͪ͊ͤͫͭͦͣΦ 

пΦ ˽͔͔͙͍ͪͫͨͭͤ͟·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͙ ͋ͯ͒ͯ΅͔͔ ͔͙ͣ͒ͼ͙ͤ· 

¶ ˽͔͙͙͍ͪͫͦͤ͊ͪͦ͊ͤͤ͊͘͡Ύ ͙ ͔ͨͪͼ͙͙ͦͤͤ͊͘Ύ ͔͙ͣ͒ͼ͙ͤ͊Υ ˽ ͦ͒͋ͦͪ ͔͙͙ͭͪ͊ͨ ͤ͊ ͍͔ͦͫͤͦ ͎͔͔͙ͤͭ;͔͎ͫͦͦ͟Σ 

͙͎ͭͪ͊ͤͫͪͨͭͦͣͤͦͦ͟ ͙ ͔͎ͣͭ͊͋ͦͦͣͤͦͦ͡ ͨͪͦͺ͙͡Ύ ͔͎ͦͤͪͭͤͦͦ͟͟ ͨ͊ͼ͙͔ͤͭ͊Σ ͊ ͔ͤ ͔͖ͯͫͪ͒ͤͤͤ·ͻ ͍ͫͭ͊ͤ͒͊ͪͭͦΦ 

¶ ˽͔͙͙͍ͪ͒ͭͤ͊͟Ύ ͔͙ͣ͒ͼ͙ͤ͊Υ ˮ ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͔͍͋ͦͣ͊ͪͪͦ͟ ͙ !Lπ͊ ͎͙͍ͦͪͭͣͦ͡ ͒͡Ύ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ 

͙͍ͪͫͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͒ͦ ͨͦΎ͍͔͙ͤ͡Ύ ͙͍ͫͣͨͭͦͣͦΦ 

¶ ˾͔͎͔͔͙͍ͤͪ͊ͭͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Υ ˾ ͍͙͙͔͊ͭ͘ ͔͍͚ͭ͊ͤͦ͟ ͙͔͔͙͙ͤ͗ͤͪΣ ͔͙͙ͭͪ͊ͨ ͍͍ͫͭͦͦ͡·͙ͣ ͔͙ͭ͊ͣ͟͟͡Σ 

͙ͫͦ͒͊ͤ͘Ύ ͙͙͍͔͋ͦͫͯͫͫͭͤͤ͟·ͻ ͎͍ͦͪ͊ͤͦΦ 

¶ ˮ͎͙ͣͣͯͤͦͦͤͦͦ͟͡Ύ ͙ ͎͔ͤͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ˽ ͙ͪͤͼ͙͙ͨ͊͡Έͤͦ ͍ͤͦ·͔ ͨͦ͒ͻͦ͒· ͟ ͔͡;͔͙ͤΌ ͪ͊͊͟ ͙ 

͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

¶ ˹͙͊ͯ͟ ͦ ͎͔ͣͦ͘ ό͔͚͙ͤͪͦͤ͊ͯ͟ύΥ ˾ ͊ͫ΄͙ͺ͍ͪͦ͊͟ ͔ͣͻ͙͍͊ͤͣͦ͘ ͪ͊͋ͦͭ· ͎ͣͦ͊͘Σ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͔͍ͣͭͦ͒ͦ 

͔͡;͔͙ͤΎ ͔͚͔͎͔͔͙͍ͤͪͦ͒ͤͪ͊ͭͤ·ͻ ͙ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

¶ ˴ͦͤͼ͔ͨͼ͙Ύ ζtпπͣ ͔͙͒ͼ͙ͤ·ηΥ ˮ ͔͎͙͍ͤͭͪ͊ͭͤ·͚ ͨͦ͒ͻͦ͒Σ ͔͒͊͡Ό΅͙͚ ͔͙ͣ͒ͼ͙ͤͯ ͔͙͙͍͚ͨͪ͒ͭͤͦ͟Σ 

 ͨ ͔͙͙͍͚ͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡Σ ͨ ͔͍͔͙͍͚ͪͤͭͤͦ ͙ ͨ ͙͙͙͍͚͊ͪͭͫͨ͊ͭͤͦ ό͍͍͔ͦ͊͟͡Ό΅͔͚ ͨ͊ͼ͙͔ͤͭ͊ ͍ ͨͪͦͼ͔ͫͫ ͙ͨͪͤΎ͙ͭΎ 

͔ͪ΄͔͙͚ͤύΦ 

˭͊͟͡Ό;͔͙͔ͤΦ ˿ͦ ͍͔͔ͪͣͤͤ͊Ύ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͤ͊ͯ͊͟ ͤ͊ͻ͙ͦ͒ͭͫΎ ͤ͊ ͔͔ͨͪͦͣͤͦͣ͡ Ή͔ͭ͊ͨΣ ͍͙͙͒͗ͣͦͣ 

͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͔͍ͪͦ͡Όͼ͙͔͚ ͙ ͪ͊ͫͭͯ΅͙͙ͣ ͔͍͙ͭͪ͋ͦ͊ͤΎ͙ͣ ͦ͋΅͔͍ͫͭ͊ ͟ ͊͟;͔͍ͫͭͯ ͙ ͙͒ͦͫͭͯͨͤͦͫͭ 

͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙Φ ˩͖ ͔ͯͫͨͻ ͍ ͔͔͙͙ͨͪͦ͒ͦͤ͡ ͎ͦ͋͊͡͡Έͤ·ͻ ͍·͍͍ͦͦ͘ ͔͋ͯ͒ͭ ͘ ͍͙͔͊ͫͭΈ ͦͭ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͟ 

͙͔͎ͤͭͪ͊ͼ͙͙ ͙͚ͤ͊ͤ͘Σ Ή͙ͭ;ͤͦͣͯ ͍͔͙ͯͨͪ͊ͤ͡Ό ͙͍ͤͤͦ͊ͼ͙Ύ͙ͣΣ ͔͙ͨͦͫͭͪͦͤΌ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͙͔ͫͫͭͣ· 

ͭͪ͊ͤͫ͡Ύͼ͙͙ ͦͭͪ͟·͙͚ͭ ͙͘ ͙͙͊͋ͦͪ͊ͭͦͪ͡ ͍ ͙͙ͤͯ͟͟͡ ͙ ͺͦͯͫͯ͟ ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ ͔͙͋ͦͤ͘͡Σ ͤͦ ͙ ͤ͊ ͫͦͻ͔͙͔ͪ͊ͤͤ 

͍͒ͦͪͦ͘ΈΎΦ ˣͯ͒ͯ΅͔͔ ͔͙ͣ͒ͼ͙ͤ· τ Ήͭͦ ͙͔͎͙ͫͤͪΎ ;͔͍͔ͦ͊͟͡ ͙ ͣ͊΄͙ͤ·Σ ͙͎͙͙͋ͦͦ͡ ͙ ͒͊ͤͤ·ͻΣ 

͙͙͍͙ͤ͒͒ͯ͊͡Έ͎ͤͦͦ ͨͦ͒ͻͦ͒͊ ͙ ͎ͦ͋͊͡͡Έͤ·ͻ ͔͎͙͚ͫͭͪ͊ͭ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͒ͦͪͦ͘ΈΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˥͔͍ͦͯ͋͡ ˤΦ˶Φ ͙̅ͦͫͦ͡ͺ͙Ύ ͙ ͔͎͙ͣͭͦ͒ͦͦ͡Ύ ͙ͤ͊ͯ͟ ͍ ͔͙ͣ͒ͼ͙͔ͤΦ τ ˸ΦΥ ˽͙ͪ͊ͭ͟;͔ͫ͊͟Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ нлнлΦ τ 

плл ͫΦ 

нΦ ˽͊͡Έͼ͔͍ ˸ΦˢΦΣ ˮ͍͍͊ͤͦ ˢΦˢΦΣ ˿͔͍͔͙ͪͤ ˩Φ˿Φ ́ͪ͊ͤͫ͡Ύͼ͙ͦͤͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Υ ͨͯͭΈ ͦͭ ͚͊͋ͦͪ͊ͭͦͪͤͦ͡ ͫ͊ͣ͟Έ͙ ͟ 

͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ τ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлмфΦ τ олп ͫΦ 

оΦ ˿͙͍͊ͪͫͦ͟ ˨Φ˿ΦΣ ˽͊͡Έͼ͔͍ ˸ΦˢΦΣ ͙͍̆ͭͪͦ ˹Φ˴Φ ˻͋΅͊Ύ ͎͙ͨ͊ͭͦͦ͡Ύ ;͔͍͔ͦ͊͟͡Φ τ оπ͔  ͙͒͘Φ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ 

нлнмΦ τ слу ͫΦ 

пΦ ͔̅ͭ͡;͔ͪ ˾ΦΣ ͔̅ͭ͡;͔ͪ ˿ΦΣ ˤ͎͔͊ͤͪ ̏Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡ΎΦ ˻͍ͫͤͦ· ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ 

τ ˸ΦΥ ˸͔͙͒͊ ˿ͺ͔ͪ͊Σ нлннΦ τ орн ͫΦ 

рΦ IƻƻŘ [ΦΣ CƭƻǊŜǎ aΦ ! ǇŜǊǎƻƴŀƭ ǾƛŜǿ ƻƴ ǎȅǎǘŜƳǎ ƳŜŘƛŎƛƴŜ ŀƴŘ ǘƘŜ ŜƳŜǊƎŜƴŎŜ ƻŦ ǇǊƻŀŎǝǾŜ tп ƳŜŘƛŎƛƴŜΥ 

ǇǊŜŘƛŎǝǾŜΣ ǇǊŜǾŜƴǝǾŜΣ ǇŜǊǎƻƴŀƭƛȊŜŘ ŀƴŘ ǇŀǊǝŎƛǇŀǘƻǊȅ κκ bŜǿ .ƛƻǘŜŎƘƴƻƭƻƎȅΦ τ нлмнΦ τ ±ƻƭΦ нфόсύΦ τ tΦ смоπ

снпΦ 

ϭ s͍ͤͤ͊͒ͦ ˢΦΣ нлнр 



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

 

 

144 

       ˢ͔͍ͤͤ͊͊ ˻͎͎͔ͯ͡͡Έ͙͒Σ 

 ˿ ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˿ˮ˹˨˾˻˸ ̊˩˾˩̊˩ˤ˿˴˻˥˻π́ ˩˾˹˩˾ˢΥ ̏́ˮ˻˶˻˥ˮ̒Σ ˴˶ˮ˹ˮ˴ˢΣ  

˨ˮˢ˥˹˻˿́ˮ˴ˢ ˮ ˿˻ˤ˾˩˸˩˹˹̍˩ ˽˾ˮ˹̇ˮ˽̍ ́˩˾ˢ˽ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͙ͤ͒ͪͦͣ ͔͔̊ͪ΄͔͍͎ͫͦͦ͟π͔͔́ͪͤͪ͊ ό˿̊́ύ ς Ήͭͦ ͻͪͦͣͦͫͦͣͤ͊Ύ ͎͙ͨ͊ͭͦͦ͡ΎΣ ͍͔ͦ͋ͯͫͦͤͤ͊͡͡Ύ ͚ͨͦͤͦ͡ 

͙͙͡ ;͙͊ͫͭ;͚ͤͦ ͙͔͚ͣͦͤͦͫͦͣ ͨͦ ·πͻ͔ͪͦͣͦͫͦͣ ͯ ͙͡ͼ ͔͎͗ͤͫͦͦ͟ ͨͦ͊͡ ό͙͙͊ͪͦͭͨ͟ прΣ · ͙͙͡ ͙ͣͦ͊͘;ͤ·͔ 

͍͙͊ͪ͊ͤͭ·ύΦ ˭͔͍͙͔͊͋ͦ͊ͤ͡ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͍͔ͣͤͦ͗ͫͭͤͤ·͙ͣ ͙͙ͤ͟͡;͔͙͙ͫͣ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ͙ͣΣ ͟͡Ό;͔͍·͙ͣ 

͙͘ ͦͭͦͪ͟·ͻ Ύ͍͡ΎΌͭͫΎ ͙ͤͦͪͦͫͦͫͭ͘͟͡ΈΣ ͙͎͔͔͙͒ͫͤ͘Ύ ͎ͦͤ͊͒ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ ͔͍͙ͨͪ;͚ͤͦ ͔͔͔͚͊ͣͤͦͪ ͙ 

͔͙͔͋ͫͨͦ͒ͣ͡Σ ͊ ͔ͭ͊͗͟ ͪΎ͒ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͙ͫͦͣ͊ͭ;͔͙ͫ͟ͻ ͙͚͊ͤͦͣ͊͡ όͪ͟·͍͙ͦ͒ͤ͡·͔ ͙ͫ͊͒͟͟͡ ͤ͊ ΄͔͔Σ 

͙ͣ͡ͺ͔͔͒ͣ͊Σ ͙ͨͦͪͦ͟ ͔ͫͪ͒ͼ͊ύΦ ˨͊ͤͤ·͚ ͦ͋ͦͪ͘ ͙͔͙͙͔ͫͫͭͣ͊ͭͪͯͭ͘ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ͋ 

Ή͙͎͙͙ͭͦͦ͡Σ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͍͙͊ͪ͊ͤͭ͊ͻΣ ͙͙ͤ͟͡;͔ͫͦͣ͟ ͙ͨͦͣͦͪ͡ͺ͙͔ͣ͘ ˿̊́Φ ˽ͦ͒ͪͦ͋ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ 

͍ͦͨͪͦͫ· ͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟ ό͍͟͡Ό;͊Ύ ͔ͨͪͤ͊ͭ͊͡ΈͤͯΌύΣ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͍͔͔͙͒ͤΎ ͨ͊ͼ͙͔͍ͤͭͦΣ 

͍͎ͦͫͤͦ͊ͤͤͦͦ ͤ͊ ͔͙͔͊ͣͫͭͭ͘͡Έ͚ͤͦ ͎ͦͪͣͦͤ͊͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨ ό͎ͦͪͣͦͤ ͪͦͫͭ͊Σ Ή͎͔ͫͭͪͦͤ·ύΣ ͊ ͔ͭ͊͗͟ ͙ͨͫͻ͎ͦͦͦ͡π

͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͍͔͙ͫͦͨͪͦͦ͗͒ͤΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͍ͨͦ·΄͔͙ͤΌ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͙ 

ͫͦͼ͙͊͡Έ͚ͤͦ ͊͒͊ͨͭ͊ͼ͙͙ ͋ͦ͡Έͤ·ͻ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͔͍͔͔ͫͦͪͣͤͤͦ ͤ͊;͊ͭͦͣͯ ͙ ͔͍͊͒͊ͭͤͦͣͯ͟ ͔͡;͔͙ͤΌΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͫ ͙ͤ͒ͪͦͣ ͔͔̊ͪ΄͔͍͎ͫͦͦ͟π͔͔́ͪͤͪ͊Σ ͙ͣͦͤͦͫͦͣΎ ·Σ прΣ·Σ ͙ͤͦͪͦͫͦͫͭ͘͟͡ΈΣ ͙͎͔͔͙͒ͫͤ͘Ύ ͎ͦͤ͊͒Σ ͍͔ͪͦ͗͒ͤͤ·͔ 

͙ͨͦͪͦ͟ ͔ͫͪ͒ͼ͊Σ ͎ͦͪͣͦͤ ͪͦͫͭ͊Σ ͔͙͔͊ͣͫͭͭ͘͡Έͤ͊Ύ ͎ͦͪͣͦͤ͊͡Έͤ͊Ύ ͔͙ͭͪ͊ͨΎΣ ͙͙͙͍͙͔͊ͪͦͭͨͪͦ͊ͤ͟Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˿͙ͤ͒ͪͦͣ ͔͔̊ͪ΄͔͍͎ͫͦͦ͟π͔͔́ͪͤͪ͊ ό˿̊́ύ ς ͦ ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͻͪͦͣͦͫͦͣͤ·ͻ 

͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍͔ͫͭͪ;͊Ό΅͔͔ͫΎ ͫ ;͚͊ͫͭͦͭͦ ͙͔ͨͪͣͪͤͦ мΥнлллπмΥнрлл ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ ͔͍͒ͦ;͔͟Φ ˤ͔͍ͨͪ·͔ 

͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͋·͊͡ ͙ͦͨͫ͊ͤ͊ ͔ͦͭ;͔͍͔ͫͭͤͤ·ͣ Ή͙͎ͤ͒ͦͪͤͦͦͦͣ͟͡ ˹ΦˢΦ ͔͔̊ͪ΄͔͍͙ͫͣ͟ ͍ мфнр ͎ͦ͒ͯΣ ͊ 

͔͔ͨͦ͒ͤ͘Σ ͍ мфоу ͎ͦ͒ͯΣ ͔͙͙͚͊ͣͪ͊ͤͫ͟͟ ͍ͪ͊; ˥͔͙ͤͪ ͔͔́ͪͤͪ ͍·͔͙͒͡͡ ͻ͔͊ͪ͊ͭͪͤͯ͟Ό ͙ͭͪ͊͒ͯΥ ͙ͤͦͪͦͫͦͫͭ͘͟͡ΈΣ 

͍͚ͨͦͦͦ͡ ͙ͤͺ͙͙͊ͤͭͣ͘͡ ͙ ͪ͟·͍͙ͦ͒ͤ͡·͔ ͙ͫ͊͒͟͟͡ ΄͔͙Φ ˥͔͔͙ͤͭ;͔ͫ͊͟Ύ ͍ͦͫͤͦ͊ ς ͣ ͙ͦͤͦͫͦͣΎ ͨͦ ·π

ͻ͔ͪͦͣͦͫͦͣ ς ͋·͊͡ ͍͔ͯͫͭ͊ͤͦͤ͊͡ ̉Φ ̅ͦͪ͒ͦͣ ͍ мфрф ͎ͦ͒ͯΦ ˿̊́ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͣͦ͒͡Έ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ 

͍͙͡Ύ͙ͤΎ ͎͔͍ͤͦ ·πͻͪͦͣͦͫͦͣ· ͤ͊ ͨͪͦͼ͔ͫͫ· ͪͦͫͭ͊Σ ͍͎ͨͦͦͦͦ͡ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙ͪ͊͘͡;ͤ·ͻ 

͎͍ͦͪ͊ͤͦ ͙ ͙͔ͫͫͭͣΦ 

˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͔͊ͫͨͭ͟· ͙ Ή͙͎͙ͭͦͦ͡Ύ 

ˤ ͍͔ͦͫͤͦ ͎͔͔ͨ͊ͭͦͤ͊͘ ˿̊́ ͔͙͗ͭ͡ ͍͙͔ͦͭͫͯͭͫͭ ͚ͦ͒ͤͦ ͤͦͪͣ͊͡Έ͚ͤͦ ·πͻͪͦͣͦͫͦͣ·Φ ˽͙͔ͪͣͪͤͦ рл҈ 

ͫͯ͡;͔͍͊ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͙͊ͫͫ͟͡;͔͙ͫͣ͟ ͙͙͊ͪͦͭͨͦͣ͟ прΣ·Φ ˻ͫ ͭ͊͡Έͤ·͔ ͫͯ͡;͙͊ ς Ήͭͦ ͙ͣͦ͊͘;ͤ·͔ ͺͦͪͣ· 

όпрΣ·κпсΣ··Τ прΣ·κпсΣ·¸ ͙  ͒ͪΦύΣ ͫͭͪͯͭͯͪͤ͟·͔ ͙͙͊ͤͦͣ͊͡ ·πͻͪͦͣͦͫͦͣ· ό͙ͦ͘ͻͪͦͣͦͫͦͣ͊ ·ǉΣ ͔͔͒͡ͼ͙͙ 

͎ͦͪͦͭͦͦ͟͟ ͙͙͡ ͙͎͒ͤͤͦͦ͡ ͔ͨ͡;͊Σ ͦ͟͡Έͼ͔͍·͔ ·πͻͪͦͣͦͫͦͣ· ς псΣ·ΣǊό·ύύΦ ˮ͔ͣͤͤͦ ͙ͣͦ͊͘ͼ͙ͣ͘ ͙ ͫͭͪͯͭͯͪͤ͟·͔ 

͔͔͚͙ͨͪͫͭͪͦ͟ ͦ͋ΆΎͫͤΎΌͭ ͤ͊͘;͙͔ͭ͡Έͤ·͚ ͙͙ͤ͟͡;͔͙͚ͫ͟ ͙ͨͦͣͦͪ͡ͺ͙ͣ͘ ͙ͫͤ͒ͪͦͣ͊Υ ͯ ͙ͭ͊͟ͻ ͨ͊ͼ͙͔͍ͤͭͦ 

ͨͪͦΎ͍͔͙ͤ͡Ύ ͎ͣͦͯͭ ͋·ͭΈ ͔͔͔ͣͤ ͍·͔ͪ͊͗ͤ·Φ 

˴͡Ό;͔͍·͔ ͎͔ͤ·Σ ͎͔͙͙͎ͣͦͭͤͦͫͭ͘Έ ͦͭͦͪ͟·ͻ ͍͙͍͔ͦ͋ͯͫ͊͊ͭ͡͡ ͍ͦͫͤͦͤ·͔ ͙ͫͣͨͭͦͣ·Σ ͙͍ͦ͊ͦ͊ͤ͘͟͡͡· ͤ͊ 

͔͍ͨͫ͒ͦ͊ͯͭͦͫͦͣͤ·ͻ ͔͎͙ͪͦͤ͊ͻ όt!wм ͙ t!wнύ ·πͻͪͦͣͦͫͦͣ·Φ ˤ ;͙͊ͫͭͤͦͫͭΣ ͎͔ͤ {Ih· ό{ƘƻǊǘ {ǘŀǘǳǊŜ 

IƻƳŜƻōƻȄύΣ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·͚ ͍ t!wмΣ ͙͎͔ͪ͊ͭ ͙͙ͪͭ͟;͔ͫͯ͟Ό ͪͦ͡Έ ͍ ͤ͊ͪͯ΄͔͙͙ͤ ͪͦͫͭ͊ ͙ ͍͙͙͙ͪ͊ͭ͘ ͔͔ͫͭͤ͟͡·ͻ 

͙͚͊ͤͦͣ͊͡Φ ˥͔ͤ·Σ ͍͔͍͔ͦͭͭͫͭͤͤ·͔ ͊͘ ͤͦͪͣ͊͡ΈͤͯΌ ͺͯͤ͟ͼ͙Ό Ύ͙;͙͍ͤͦ͟Σ ͤ͊ͻͦ͒ΎͭͫΎ ͊͟͟ ͤ͊ ͦͪͦͭͦͣ͟͟ ό·ǇύΣ ͭ͊͟ 

͙ ͤ͊ ͙͒ͤͤͦͣ͡ ό·ǉύ ͔ͨ͡;͔Τ ͙ͻ ͔ͨͦͭͪΎ ͍͔͔͒ͭ ͟ ͔͚ͯͫͦͪͤͤͦ͟ ͔͙͙͊ͭͪ͘ ͺ͙͍ͦͯͦ͟͡͡͡ ͙ ͙͎͔͔͙͙͒ͫͤ͘ ͎ͦͤ͊͒Φ 
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˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ˿̊́ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘· ͙ ͍͊ͪΈ͙ͪͯΌͭ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙͙͊ͪͦͭͨ͊͟ ͙ ͔͔͙ͫͭͨͤ 

͙ͣͦ͊͘ͼ͙ͣ͊͘Φ 

мΦ ˽͔ͪͤ͊ͭ͊͡Έͤ·͚ ͔͙ͨͪͦ͒Υ ̆ ͔͊ͪ͊ͭͪͤ͟· ͍͔͙ͯ͡;͔͙͔ͤ ͍͙͍͎ͦͪͦͭͤͦͦͦ͟ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Σ ͙ͣ͡ͺ͔͔͒ͣ͊Σ 

͙ͨͦͪͦ͟ ͔ͫͪ͒ͼ͊Σ ;ͭͦ ͔ͣͦ͗ͭ ͋·ͭΈ ͍·Ύ͍͔ͤͦ͡ ͙ͨͪ ̂˭ˮπͫ ͙͙͎͔ͪͤͤ͟ ͔͍͎ͨͪͦͦ ͙͔ͭͪͣͫͭͪ͊Φ 

нΦ ˹͔ͦͤ͊ͭ͊͡Έͤ·͚ ͔͙ͨͪͦ͒ ͙ ͔͔ͪ͊ͤͤ ͔͍͒ͭͫͭͦΥ ˶ ͙ͣͺ͔͔͒ͣ͊ ͭ·͡Έ͚ͤͦ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͫͭͦͨ ͙ ͙͔͚ͫͭ͟Σ 

ͪ͟·͍͙ͦ͒ͤ͡·͔ ͙ͫ͊͒͟͟͡ ͙ͦ͗͟ ͤ͊ ΄͔͔ ό͔͙͎͙ͨͭͪͯͣπͫ ͙ͤ͒ͪͦͣύΣ ͙ͤ͊͘͟Ύ ͙͙ͤ͡Ύ ͪͦͫͭ͊ ͍ͦͦͫ͡ ͤ͊ ͊ͭ͘·͔͟͡Σ 

͍·͔ͫͦͦ͟ ͊ͪͻ͙͊;͔ͤͦ ͔ͤ͋ͦΣ ͔͒ͺͦͪͣ͊ͼ͙͙ ͯ΄ͤ·ͻ ͍͙ͪ͊ͦͤ͟Φ ̉͊ͫͭͦ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͍͔ͪͦ͗͒ͤͤ·͔ ͙ͨͦͪͦ͟ 

͔ͫͪ͒ͼ͊ όͦ͊ͪͭ͊͟͟ͼ͙Ύ ͊ͦͪͭ·Σ ͍͍͒ͯͫͭͦͪ;͊ͭ·͚ ͊ͦͪͭ͊͡Έͤ·͚ ͊ͨ͊ͤ͟͡Σ ͔͒ͺ͔ͭ͟· ͔͔ͣ͗͗ͯ͒ͦ͡;͍͚ͦͦ͟ 

͔͔͎͙ͨͪͦͪͦ͒͟ύ ͙ ͨͦ;͔͟ ό͍ͨͦ͒ͦͦͦ͋ͪ͊ͤ͊͘͟Ύ ͨͦ;͊͟Σ ͍͔͙͔ͯ͒ͦͤ ͣͦ;͔ͭͦ;͙͍ͤͦ͟ύΦ 

оΦ ˨͔͙͚ͭͫ͟ ͙ ͍ͨͦ͒ͪͦͫͭͦ͟·͚ ͍ͦͪ͊ͫͭ͘Υ 

o ˹ ͙ͦͪͦͫͦͫͭ͘͟͡ΈΥ ̂ ͙͍͔ͤͪͫ͊͡Έͤ·͚ ͙ͨͪͤ͊͘͟ όмлл҈ ͫͯ͡;͔͍͊ύΦ ˭͔͔͊ͣͭͤͦ ͍͙͔ͦͭͫͭ͊͊ͤ ͍ ͔ͪͦͫͭ 

ͤ͊;͙͔ͤ͊ͭͫΎ ͫ нπо ͔ͭ͡Φ ˣ͔͘ ͔͡;͔͙ͤΎ ͔ͦͤ͟;ͤ·͚ ͪͦͫͭ ͔ͪ͒ͦ͟ ͔͍ͨͪ·΄͔͊ͭ мпрπмрл ͫͣΦ 

o ˨ ͙͎͔͔͙ͫͤ͘Ύ ͎ͦͤ͊͒Υ ˽ ͔͍͙ͪ;ͤ·͚ ͎͙͎͙ͨͦͦͤ͊͒ͣ͘Φ ˥ͦͤ͊͒· ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͔͋ͫͨͦ͡·͙ͣ ͭΎ͙͗͊ͣ 

ό͔͙ͫͭͪ͊͟ύΣ ͔ͤ ͨͪͦ͒ͯͼ͙ͪͯΌ΅͙͙ͣ Ή͎͔ͫͭͪͦͤ·Φ ˿͔͍͙͔͒ͫͭ͡Υ ͍͙͔ͦͭͫͯͭͫͭ ͔͎ͨͯ͋ͪͭ͊ͭͤͦͦ ͫ͊͟;͊͟ ͪͦͫͭ͊Σ ͔͊͒ͪ͗͊͘͟ 

͍͎ͨͦͦͦͦ͡ ͔͍͙ͫͦͪ͊ͤ͘ΎΣ ͔͍͙ͨͪ;ͤ͊Ύ ͔͔͊ͣͤͦͪΎΣ ͔ͤ͒ͦͫͭ͊ͭͦ;͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ ͍͙ͭͦͪ;ͤ·ͻ ͍ͨͦͦ͡·ͻ ͙͍ͨͪͤ͊ͦ͘͟Σ 

͔͙͔͋ͫͨͦ͒͡Φ ̂ ;͙͊ͫͭ ͨ͊ͼ͙͔ͤͭͦ͟ ͫ ͙ͣͦ͊͘;ͤ·͙ͣ ͺ͙ͦͪͣ͊ͣ ͍ͦͣͦ͗ͤ͊͘ ͫͨͦͤͭ͊ͤͤ͊Ύ ͔ͣͤͫͭͪͯ͊ͼ͙Ύ ͙ ͔͒͊͗ 

ͺ͔͙ͪͭ͡ΈͤͦͫͭΈΦ 

o ˿ ͔ͨͼ͙ͺ͙;͔͙͔ͫ͟ ͺ͔͙͙ͤͦͭͨ;͔͙͔ͫ͟ ;͔ͪͭ·Υ s ͙͎͙ͤͭͣͦͤͦͦ͒ͤ͡·͚ ͔ͪ͊ͪ͘͘ ͎͊͘͡Σ Ή͙ͨ͊ͤͭ͟Σ ͨͭͦ͘Σ 

͔͍͔ͣͤͦ͗ͫͭͤͤ·͔ ͙͎͔ͨͣͤͭͤ·͔ ͔͍ͤͯͫ·Σ ͔͒ͺͦͪͣ͊ͼ͙Ύ ͔͍ͦͭ͟͡·ͻ ͍͍ͫͯͫͭ͊ͦ ό͍͊͡Έ͎ͯͫύΣ ͙͔ͦͪͦͭ͟͟ L± ͨΎͫͭͤ·͔ 

͙ͦͫͭ͟Φ 

Φ ˿ ͍ͦͨͯͭͫͭͯΌ΅͙͔ ͫͦͫͭͦΎ͙ͤΎΥ s ͙ͯͭͦͣͣͯͤͤ·͚ ͙͔͙͙ͭͪͦ͒ͭ ό͎͙͙͔ͨͦͭͪͦ͘ύΣ ͼ͔͙͙͊͟͡ΎΣ ͤ͊ͪͯ΄͔͙͔ͤ 

͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡ ͟ ͎͡Ό͔ͦ͘͟Σ ͔͔͍ͫͤͫͦͤͪ͊͡Έͤ͊Ύ ͎ͭͯͦͯͻͦͫͭΈΣ ͫͦͤͤͦͫͭ͟͡Έ ͟ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ 

ζ˭ͦͦͭ͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣη ͙͎͙͙͒͊ͤͦͫͭ͟ Ύ͍͡Ύ͔ͭͫΎ ͼ͙͎͔͔͙ͭͦͤͭ;͔͔ͫͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ 

ό͙͙͙͍͙͔͊ͪͦͭͨͪͦ͊ͤ͟ύ ͡ ͙ͣͺͦͼ͙͍ͭͦ ͔͙ͨͪͺ͔͙ͪ;͔͚ͫͦ͟ ͍͙ͪͦ͟Φ ˨͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͙ͣͦ͊͘ͼ͙ͣ͊͘ ͙͎ͤͦͦ͘͟ ͍ͯͪͦͤΎ 

͔ͣͦ͗ͭ ͔͍ͨͦͭͪ͋ͦ͊ͭΈͫΎ ͙͊ͤ͊͘͡ ͋ͦ͡Έ΄͔͎ͦ ͙ͦ͟͡;͔͍ͫͭ͊ ͔ͭͦ͟͟͡ ͙͙͡ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͎͙͒ͪͯͻ ͔͚ͭ͊ͤ͟ ό͔͙ͭ͟͟͡ 

͙͙͚ͫͫͭͦ͘͡ ΅͔͙͟ύΦ 

¶ ˽͔ͪͤ͊ͭ͊͡Έͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Υ ˽ ͍͙ͪͦͦ͒ͭͫΎ ͙ͨͪ ͔͙͙ͦ͋ͤ͊ͪͯ͗ͤ ̂˭ˮπͣ ͔͍͊ͪͪͦ͟Φ ˮͫͨͦ͡Έ͔ͯͭͫ͘Ύ 

͙͍͙͍ͤ͊ͤ͊͘Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ όͻ͙͙͙ͦͪͦͤ͋ͦͨͫΎΣ ͙͊ͣͤͦͼ͔͔ͤͭ͘ύ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ ͙͙͙͍͙͔͊ͪͦͭͨͪͦ͊ͤͣ͟Φ 

¶ ˽ͦͫͭͤ͊ͭ͊͡Έͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Υ ˽ ͦ͊͊ͤ͊͘͟ ͙ͨͪ ͙ͤ͊͡;͙͙ ͻ͔͊ͪ͊ͭͪͤ͟·ͻ ͙͎ͫͭͣ ό͙ͣ͡ͺ͔͔͒ͣ͊Σ 

͔͙͎͙ͨͭͪͯͣΣ ͙ͨͦͪͦ͟ ͔ͫͪ͒ͼ͊ύ ͙Σ ;ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦΣ ͙ͨͪ ͫͦ;͔͙͙ͭ͊ͤ ͙͙ͤͦͪͦͫͦͫͭ͘͟͡ ͯ ͔͍͒ͦ;͙͟ ͫ 

͔͚͊͒ͪ͗ͦ͘͟ ͍͎ͨͦͦͦͦ͡ ͍͙͙ͪ͊ͭ͘ΎΦ 

˽͙ͪͤͼ͙ͨ· ͔͡;͔͙ͤΎ ͙ ͍͔͔͙͒ͤΎ ͨ͊ͼ͙͔͍ͤͭͦ 

˶͔;͔͙͔ͤ ˿̊́ ͙ͤͦͫͭ ͙͔ͨͦ͗ͤͤͤ͘·͚Σ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͻ͔͊ͪ͊ͭͪ͟ ͙ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ 

͔ͦͪͪ͟͟ͼ͙Ό ͟͡Ό;͔͍·ͻ ͔͒ͺ͙ͼ͙͍ͭͦΦ 

мΦ ͔͙́ͪ͊ͨΎ ͎ͦͪͣͦͤͦͣ ͪͦͫͭ͊ ό˥˾ύΥ ˹ ͊;͙͔ͤ͊ͭͫΎ ͍ ͍͔ͦͪ͊ͫͭ͘ нπр ͔ͭ͡Σ ͙ͨͪ ͍·͔ͪ͊͗ͤͤͦͣ ͍͙͙ͦͭͫͭ͊͊ͤ ͍ 

͍͚ͪͦͫͭͦͦ ͙͍͚ͪͦ͟Φ ˽͍͙ͪͦͦ͒ͭͫΎ ͒ͦ ͊ͪ͘͟·͙ͭΎ ͦͤ͘ ͪͦͫͭ͊ ͙͙͡ ͙͔͙͒ͦͫͭ͗ͤΎ ͫͦͼ͙͊͡Έͤͦ ͙͔͔͎ͨͪͣͣͦͦ͡ ͪͦͫͭ͊Φ 

˽͍ͦͦ͘͡Ύ͔ͭ ͍͔͙ͯ͡;͙ͭΈ ͔ͦͤ͟;ͤ·͚ ͪͦͫͭ ͤ͊ уπмн ͫͣΦ 

нΦ ˭͔͙͔͊ͣͫͭͭ͡Έͤ͊Ύ ͎ͦͪͣͦͤ͊͡Έͤ͊Ύ ͔͙ͭͪ͊ͨΎ ό˭˥́ύ Ή͎͔͙ͫͭͪͦͤ͊ͣΥ ˹ ͊ͤ͊͘;͔͊ͭͫΎ ͫ ͍ͦͪ͊ͫͭ͊͘ мнπмп ͔ͭ͡ 

͒͡Ύ ͙ͤ͒ͯ͟ͼ͙͙ ͔ͨͯ͋ͪͭ͊ͭ͊ ͙ ͍͙͙ͪ͊ͭ͘Ύ ͍͙ͭͦͪ;ͤ·ͻ ͍ͨͦͦ͡·ͻ ͙͍ͨͪͤ͊ͦ͘͟Φ ˽͔͔ͦ͒ͤ͘ ͔͔ͨͪͻͦ͒Ύͭ ͤ͊ ͼ͙͙͟͡;͔ͫͯ͟Ό 

͔͙ͭͪ͊ͨΌ Ή͎͔ͫͭͪͦͤπ͎ ͔͎͔ͫͭ͊ͤͤ·͙ͣ ͔͙ͨͪͨ͊ͪ͊ͭ͊ͣ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͔ͣͤͫͭͪͯ͊͡Έ͚ͤͦ ͺͯͤ͟ͼ͙͙Σ 

͙͔ͣͤͪ͊͡Έ͚ͤͦ ͙ͨͦͭͤͦͫͭ͡ ͔͚ͦͫͭ͟ ͙ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔͔ͫͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

оΦ ˴͙͊ͪ͒ͦͻ͙͎͙ͪͯͪ;͔ͫ͊͟Ύ ͔ͦͪͪ͟͟ͼ͙ΎΥ ˻ ͋Ύ͔͊ͭ͘͡Έͤ͊ ͙ͨͪ ͍·Ύ͍͔͙͙ͤ͡ ͎ͪͯ͋·ͻ ͍͔ͪͦ͗͒ͤͤ·ͻ 

͍ͨͦͪͦͦ͟ ͔ͫͪ͒ͼ͊ ͙ ͍ͫͦͫͯ͒ͦΦ 
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пΦ ˶͔;͔͙͔ͤ ͍ͫͦͨͯͭͫͭͯΌ΅͔͚ ͎͙͙ͨ͊ͭͦͦ͡Υ ˴ ͔ͦͪͪ͟ͼ͙Ύ ͎͙͙͔ͨͦͭͪͦ͊͘Σ ͤ͊͋͡Ό͔͙͔͒ͤ ͯ 

͙͎͎ͦͭͦ͊ͪͤͦͦ͊͡͡Σ ͦͤͭͪͦ͟͡Έ ˢ˨Σ ͙͙͍ͤͯͭͪͭͤ͊Ύ ͔ͨͦ͒͒ͪ͗͊͟Φ 

рΦ ˤͦͨͪͦͫ· ͺ͔͙ͪͭ͡Έ͙ͤͦͫͭΥ ˩͙͍͔͒ͤͫͭͤͤ·ͣ Ήͺͺ͔͙͍ͭͤ͟·ͣ ͔ͣͭͦ͒ͦͣ ͙͔͙͒ͦͫͭ͗ͤΎ ͔͔͔͙͋ͪͣͤͤͦͫͭ 

͒͡Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͨ͊ͼ͙͔ͤͭͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͒ͦͤͦͪͫ͟ͻ ͦͦͼ͙͍ͭͦ ͙ ̏˴˻Φ ˤ ͔͙ͪ͒͟ͻ ͫͯ͡;͊Ύͻ ͙ͨͪ 

͙ͣͦ͊͘;ͤ·ͻ ͺͦͪͣ͊ͻ ͫ ͫͦͻ͔͙͔ͪ͊ͤͤͣ ͺ͙ͦͯ͟͡͡͡Ύ͎ͪͤͦͦ ͔͔͍ͪͪ͊͘ ͍ͦͣͦ͗ͤ͊͘ ͙͔͍ͪͦͦͤͫͪ͊͟͟ͼ͙Ύ ͦͦͼ͙͍ͭͦΦ 

сΦ ˽͙ͫͻ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͔ͨͦ͒͒ͪ͗͊͟ ͙ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙ΎΥ ˴ ͚͔ͪ͊ͤ ͍͊͗ͤ· ͒͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 

͔͍͚͊͒͊ͭͤͦ͟ ͫ͊ͣͦͦͼ͔͙ͤ͟Σ ͫͦͼ͙͊͡Έ͚ͤͦ ͊͒͊ͨͭ͊ͼ͙͙ ͙ ͯͯ͡;΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˿͙ͤ͒ͪͦͣ ͔͔̊ͪ΄͔͍͎ͫͦͦ͟π͔͔́ͪͤͪ͊Σ Ύ͍͡ΎΎͫΈ ͎͔͔͙ͤͭ;͔͙ͫ͟ ͔͔͙͙͍͒ͭͪͣͤͪͦ͊ͤͤ·ͣ ͔͍͙͔͊͋ͦ͊ͤͣ͘͡Σ 

͔͔ͨͪͫͭ͊͡ ͋·ͭΈ ͺ͊ͭ͊͡Έͤ·ͣ ͙͎͒͊ͤͦͦͣ͘Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ ͎͋͊ͦ͒͊ͪ͡Ύ ͔͚ͪ͊ͤͤ ͙͎͙͔͒͊ͤͦͫͭ͟Σ 

͙͔͔͙ͨͪͣͤͤΌ ͔͙͎ͪͦͣ͋ͤ͊ͤͭͤͦͦ͟ ͎ͦͪͣͦͤ͊ ͪͦͫͭ͊ ͙ ͎͚ͪ͊ͣͦͭͤͦ ˭˥́Σ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͪ΄͙ͭΈ ͍͔͒ ͍ͦͫͤͦͤ·͔ 

͔ͨͪͦ͋ͣ͡·Υ ͙ͤͦͪͦͫͦͫͭ͘͟͡Έ ͙ ͍͚ͨͦͦͦ͡ ͙ͤͺ͙͙͊ͤͭͣ͘͡Φ ˸ͯ͡Έ͙͙ͭ͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͨͦ͒ͻͦ͒Σ ͍͟͡Ό;͊Ό΅͙͚ 

Ή͙͎ͤ͒ͦͪͤͦͦ͊͟͡Σ ͙͎͊ͪ͒ͦͦ͊͟͡Σ ͎͔͔͙ͤͭ͊͟Σ ͙ͨͫͻ͎ͦͦ͊͡ ͙ ͎͙͒ͪͯͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Σ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͨ͊ͼ͙͔ͤͭ͊ͣ ͫ 

˿̊́ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍͔͙ͫͭ ͨͦͤͦ͡ͼ͔ͤͤͯΌ ͙͗ͤ͘ΈΣ ͔ͯͫͨ΄ͤͦ ͙͔͎͙͍ͤͭͪͪͦ͊ͭΈͫΎ ͍ ͦ͋΅͔͍ͫͭͦ ͙ ͍ ͪΎ͔͒ ͫͯ͡;͔͍͊ 

͔͙͍ͪ͊ͦ͊ͭ͘͡Έ ͔͙͍ͪͨͪͦ͒ͯͭͤͯ͟Ό ͺͯͤ͟ͼ͙Ό ͫ ͨͦͣͦ΅ΈΌ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έͤ·ͻ ͔͙͍ͪͨͪͦ͒ͯͭͤ͟·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ 

˨͊͡Έ͔͚ͤ΄͙͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͙ͯ͘;͔͙͔ͤ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͒͡Ύ 

͙ͪ͊ͪ͊͋ͦͭ͘͟ ͔΅͔ ͔͔͋ͦ͡ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͘͡·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͔͙͙ͭͪ͊ͨΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˨͔͍͒ͦ ˮΦˮΦΣ ˽͔͔͍ͭͪͦ͊͟ ˤΦˢΦΣ ˿͔͙ͣ;͔͍͊ ́ΦˤΦ ͙ ͒ͪΦ ˹͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͨͦ ͔͚͒ͭͫͦ͟ 

Ή͙͎͙͙ͤ͒ͦͪͤͦͦ͟͡Φ ς ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнмΦ ς ˥͍͊͊͡ мнΦ Ϧ˿͙ͤ͒ͪͦͣ ͔͔̊ͪ΄͔͍͎ͫͦͦ͟π͔͔́ͪͤͪ͊ϦΦ 

нΦ ˣ͍͊ͪ͊ͤͦ ˤΦ˿ΦΣ ˴͔ͯͤ͘ͼ͍ͦ͊ ́ΦˤΦ ͙͎͔͔͙̇ͭͦͤͭ͊͟ ͍͙͙ͪ͊ͭ͘Ύ ;͔͍͔ͦ͊͟͡ ͙ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·͔ ͔͙͋ͦͤ͘͡Φ ς ˿ ˽͋ΦΥ 

ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ˹π˶ Σ нлнлΦ 

оΦ DǊŀǾƘƻƭǘ /ΦIΦΣ ±ƛǳũ aΦIΦΣ .Ǌǳƴ {ΦΣ Ŝǘ ŀƭΦ ¢ǳǊƴŜǊ ǎȅƴŘǊƻƳŜΥ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΦ bŀǘǳǊŜ wŜǾƛŜǿǎ 

9ƴŘƻŎǊƛƴƻƭƻƎȅΦ нлмфΤмрόмлύΥслмςсмпΦ ό˽͔͔͍ͪͦ͒ ͙ ͊͒͊ͨͭ͊ͼ͙Ύ ͟͡Ό;͔͍·ͻ ͔͙͚ͨͦͦ͗ͤ͡ύΦ 

пΦ .ƻƴŘȅ /Φ!ΦΣ ¢ǳǊƴŜǊ {ȅƴŘǊƻƳŜ {ǘǳŘȅ DǊƻǳǇΦ /ŀǊŜ ƻŦ ƎƛǊƭǎ ŀƴŘ ǿƻƳŜƴ ǿƛǘƘ ¢ǳǊƴŜǊ ǎȅƴŘǊƻƳŜΥ ! ƎǳƛŘŜƭƛƴŜ ƻŦ 

ǘƘŜ ¢ǳǊƴŜǊ {ȅƴŘǊƻƳŜ {ǘǳŘȅ DǊƻǳǇΦ ¢ƘŜ WƻǳǊƴŀƭ ƻŦ /ƭƛƴƛŎŀƭ 9ƴŘƻŎǊƛƴƻƭƻƎȅ ϧ aŜǘŀōƻƭƛǎƳΦ нллтΤфнόмύΥмлπнрΦ 

ϭ s͔͍ͤͤ͊͊ ˻ΦΣ нлнр 

 

 

 

 

       ˢ͔͍ͤͤ͊͊ ˻͎͎͔ͯ͡͡Έ͙͒Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˥˩˸˻̅ˮ˶ˮ̒Υ ˸˻˶˩˴̂˶̒˾˹˻π˥ ˩˹˩́ˮ̉˩˿˴ˮ˩ ˻˿˹˻ˤ̍Σ ˴˶ˮ˹ˮ̉˩˿˴ˮ˩ ˽˾˻̒ˤ˶˩˹ˮ̒  

ˮ ˿˻ˤ˾˩˸˩˹˹̍˩ ˽˾ˮ˹̇ˮ˽̍ ́˩˾ˢ˽ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˥͔ͣͦͺ͙͙͡Ύ ς Ήͭͦ ͔͍͔͔ͤ͊ͫ͒ͫͭͤͤͦ͡Σ ͫͼ͔͔͔ͨͤͤͦ͡ ͫ ·πͻ͚ͪͦͣͦͫͦͣͦΣ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͙͔ͫͫͭͣ· ͎͔ͣͦͫͭ͊͊͘Σ 

ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͔ͫΎ ͤ͊ͪͯ΄͔͙͔ͤͣ ͍͔ͫͪͭ·͍͔͙͊ͣͦͫͭ ͍͙ͪͦ͟ ͍͔͍͙͔ͫ͒ͫͭ͡ ͔͒ͺ͙ͼ͙ͭ͊ ͙͙͡ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ 

͔ͤͨͦͤͦ͡ͼ͔͙ͤͤͦͫͭ ͺ͍͊ͭͦͪͦ͟ ͍͔ͫͪͭ·͍͙͊ͤΎ ±LLL ό͎͔ͣͦͺ͙͙͡Ύ !ύ ͙͡ ͙ L· ό͎͔ͣͦͺ͙͙͡Ύ .ύΦ ˽ ͎͙͊ͭͦͦ͡Ύ 

ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͔ͪͼ͙͙͍͙͒ͪͯΌ΅͙͙ͣ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ͙ͣ ͍ ͍ͫͯͫͭ͊· ό͎͔ͣ͊ͪͭͪͦ͘·ύΣ ͣ·΄ͼ·Σ ͣΎ͎͙͔͟ ͙ͭ͊ͤ͟ ͙ 

͍͔͙͔ͤͯͭͪͤͤ ͎ͦͪ͊ͤ·Σ ;ͭͦ ͔͋͘ ͔͍͎͊͒͊ͭͤͦͦ͟ ͔͡;͔͙ͤΎ ͙͍͙ͨͪͦ͒ͭ ͟ ͭΎ͔͗͡·ͣ ͔͙ͦͫͦ͗ͤͤ͡ΎͣΥ ͻ͙ͪͦͤ;͔͙ͫͣ͟ 
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͙͊ͪͭͪͦͨ͊ͭΎͣΣ ͙͍͙͙ͤ͊͒͊͘͡ͼ͙͙ ͙ ͎ͯͪͦ͗͊Ό΅͙ͣ ͙͙͗ͤ͘ ͍͔ͪͦͦͭ͟;͔͙ͤΎͣΦ ˤ ͫͭ͊ͭΈ͔ ͔͒ͭ͊͡Έͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· 

͔ͣͦͯ͟͡͡Ύͪͤͦπ͎ ͔͔͙ͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘·Σ ͔͗͊͡΅͙͔ ͍ ͍͔ͦͫͤͦ ͙ͪ͊͘͡;ͤ·ͻ ͺͦͪͣ ͎͔ͣͦͺ͙͙͙͡Σ ͍͔͔ͫͦͪͣͤͤ͊Ύ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͨͦ ͔͔͙ͫͭͨͤ ͭΎ͔͙͗ͫͭ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͍ͯͪͦͤΎ ͺ͊ͭͦͪ͊͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ 

͔͎͙ͫͭͪ͊ͭΎͣ ͔͡;͔͙ͤΎΥ ͦͭ ͔͙͔͊ͣͫͭͭ͘͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨ ͦͤ͟ͼ͔͙ͤͭͪ͊ͭ͊ͣ ͺ͍͊ͭͦͪͦ͟ ͍͔ͫͪͭ·͍͙͊ͤΎ 

ό͙ͨ͊ͣ͊ͭ͘͡;͔͙͙ͫͣ͟ ͙ ͔͙ͪͦͣ͋ͤ͊ͤͭͤ͟·͙ͣύ ͒ͦ ͔͔͍ͨͪ͒ͦ·ͻ ͔͍ͣͭͦ͒ͦΣ ͙ͭ͊͟ͻ ͊͟͟ ͙͙͙͋ͦͫͣ͡Ύͪ·Σ ͔ͨͪͨ͊ͪ͊ͭ· 

͎͙͍͎ͨͪͦͦͤͪͦ͊ͤͤͦͦ͡ ͔͚͍͙͒ͫͭΎ ͙ ͎͔ͤͤ͊Ύ ͔͙ͭͪ͊ͨΎΦ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͍͊͗ͤͦͫͭΈ ͨ ͪͦͺ͙͙͊ͭ͟͡;͔͎ͫͦͦ͟ 

όͨͪͦͺ͙͙͊ͫ͟͡;͔͎ͫͦͦ͟ύ ͔͙ͪ͗ͣ͊ ͍͍͔͔͙͒ͤΎ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͒͡Ύ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͍͔ͪͦͦͭ͟;͔͙͚ͤ ͙ ͫͦͻ͔͙ͪ͊ͤͤΎ 

ͺͯͤ͟ͼ͙͙ ͦͨͦͪͤͦπ͒ ͍͙͎͔͊ͭ͡Έ͎ͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊Σ ͊ ͔ͭ͊͗͟ ͪͦ͡Έ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ ͼ͔͍ͤͭͪͦ ͎͔ͣͦͺ͙͙͙͡ ͍ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙͔͎ͨͦ͗ͤͤͤͦͦ͘ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͤ͊͋͡Ό͔͙͒ͤΎ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͎͔ͣͦͺ͙͙͡Ύ !Σ ͎͔ͣͦͺ͙͙͡Ύ .Σ ͺ͊ͭͦͪ͟ ±LLLΣ ͺ͊ͭͦͪ͟ L·Σ ͎͔͎͙ͣͦͪͪ͊;͔͙͚ͫ͟ ͙͔͒͊ͭ͘Σ ͎͔ͣ͊ͪͭͪͦ͘Σ 

͔͙͔͊ͣͫͭͭ͘͡Έͤ͊Ύ ͔͙ͭͪ͊ͨΎΣ ͔͙ͪͦͣ͋ͤ͊ͤͭͤ͟·͔ ͦͤ͟ͼ͔ͤͭͪ͊ͭ·Σ ͙͎͙͙ͤ͋ͭͦͪ·Σ  

ͨͪͦͺ͙͙͊ͭ͟͡;͔͔ͫͦ͟ ͔͡;͔͙͔ͤΣ ͎͔ͤͤ͊Ύ ͔͙ͭͪ͊ͨΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˥͔ͣͦͺ͙͙͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͫͫ͟͡;͔͙ͫͣ͟ ͙͔ͨͪͣͪͦͣ ͔͍͔͎ͤ͊ͫ͒ͫͭͤͤͦͦ͡ ͎͙ͦ͊ͯͦͨ͊ͭ͟͡;͔͎ͫͦͦ͟ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ 

͙͍͔͎ͫͭͤͦͦ͘ ͫ ͔͍͙͒ͪͤͦͫͭΦ ˾͔͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͎͔ͣͦͺ͙͙͙͡ ! ͍ͫͦͫͭ͊͡Ύ͔ͭ ͙͔ͨͪͣͪͤͦ м ͫͯ͡;͚͊ ͤ͊ рлллΣ ͊ 

͎͔ͣͦͺ͙͙͙͡ . ς м ͤ͊ нрллл ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ ͣ͊͡Έ;͙͍ͦ͟Φ ˤ ͍͔ͦͫͤͦ ͎͙͙ͨ͊ͭͦͦ͡ ͔͗͊ͭ͡ ͣͯͭ͊ͼ͙͙ ͍ 

͎͔ͤ͊ͻ Cу ό·ǉнуύ  ͙Cф ό·ǉнтύΣ ͙ͦ͒ͪͯ͟Ό΅͙ͻ ͺ͊ͭͦͪ͟· ͍͔ͫͪͭ·͍͙͊ͤΎ ͍͙ͪͦ͟ ±LLL ͙ L· ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΦ ͙̏ͭ 

ͺ͊ͭͦͪ͟· Ύ͍͡ΎΌͭͫΎ ͙͙ͪͭ͟;͔͙͙ͫͣ͟ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ ͍͔͔͎ͤͯͭͪͤͤͦ ͙ͨͯͭ ͙͍͊ͭ͊͟ͼ͙͙ ͍͔ͫͪͭ·͍͊Ό΅͔͎ͦ ͊ͫ͊͒͊͟͟Φ 

ˮͻ ͔͒ͺ͙ͼ͙ͭ ͙͍͙ͨͪͦ͒ͭ ͟ ͤ͊ͪͯ΄͔͙ͤΌ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ͫͭ͊͋͡Έ͎ͤͦͦ ͺ͙͙͍͎͋ͪͤͦͦͦ ͎ͫͯͫͭ͊͟Σ ;ͭͦ ͙͙ͤ͟͡;͔͙ͫ͟ 

͍·͔ͪ͊͗͊ͭͫΎ ͍ ͙ͫͦͤͤͦͫͭ͟͡ ͟ ͙͔͒ͭ͡͡Έͤ·ͣΣ ͦͭͫͪͦ;͔ͤͤ·ͣ ͍͔ͪͦͦͭ͟;͔͙ͤΎͣΦ 

˥͔͔͙ͤͭ͊͟ ͙ ͔ͣͦͯ͟͡͡Ύͪͤ·͔ ͍ͦͫͤͦ· 

˥͔ͣͦͺ͙͙͡Ύ ͔͔ͤ͊ͫ͒ͯͭͫ͡Ύ ͨͦ ͪ ͔ͼ͔͙͍ͫͫͤͦͣͯΣ ͫͼ͔͔ͨͤͤͦͣͯ͡ ͫ ·πͻ͚ͪͦͣͦͫͦͣͦ ͭ ͙ͨͯΦ ̏ͭͦ ͦͤ͊͘;͔͊ͭΣ ;ͭͦ 

͎͔ͤ ͙͍ͦ͊ͦ͊ͤ͘͟͡͡ ͤ͊ ·πͻ͔ͪͦͣͦͫͦͣΣ ͙ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͨͦ;͙ͭ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͯ ͙͡ͼ ͎ͣͯ͗ͫͦͦ͟ 

ͨͦ͊͡ ό͙͙͊ͪͦͭͨ͟ псΣ·¸ύΣ ͙͔ͣΌ΅͙ͻ ͦ͒ͤͯ ͙͔͔ͣͤͤͤͯ͘Ό ͻͪͦͣͦͫͦͣͯΦ ˬ͔ͤ΅͙ͤ· όпсΣ··ύ Ύ͍͡ΎΌͭͫΎ 

͙ͦͤ͒ͯͭͦͪ͊ͣ͟͟ ό͙͔ͤͦͫͭ͡Ύ͙ͣύΥ ͯ ͙ͤͻΣ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͙͍͔ͨͪͫͯͭͫͭͯͭ ͦ͒ͤ͊ ͤͦͪͣ͊͡Έͤ͊Ύ ͙ ͦ͒ͤ͊ ͣͯͭ͊ͤͭͤ͊Ύ 

͔͊͡͡͡ΈΣ ;ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͒ͦͫͭ͊ͭͦ;ͤ·͚ ͒͡Ύ ͤͦͪͣ͊͡Έ͚ͤͦ ͍͔ͫͪͭ·͍͔͙͊ͣͦͫͭ ͍͔ͯͪͦͤΈ ͺ͊ͭͦͪ͊͟ όͦͦͦ͟͡ рл҈ 

ͦͭ ͤͦͪͣ·ύΦ ˻͒ͤ͊ͦ͟ ͯ ͔ͤͦͭͦͪ͟·ͻ ͙͔ͤͦͫͭ͡Έ͙ͤͼ ͫ ͚͔ͪ͊ͤ͟ ͔͍͚ͤͪ͊ͤͦ ͙ ͙͍ͤ͊ͭ͊͟ͼ͙͔͚ ·πͻͪͦͣͦͫͦͣ· 

ό͡Έ͙ͨͦͤ͊͘ͼ͙͔͚ύ ͎ͣͦͯͭ ͤ͊͋͡Ό͒͊ͭΈͫΎ ͔͎͙͔͟͡ ͎͔͎͙ͣͦͪͪ͊;͔͙͔ͫ͟ ͙ͫͣͨͭͦͣ·Φ 

¶ ˥͔ͣͦͺ͙͙͡Ύ !Υ ʕ ·͍͊ͤ͊͘ ͣͯͭ͊ͼ͙Ύ͙ͣ ͍ ͎͔͔ͤ CуΣ ͦ͒ ͤͦͣ ͙͘ ͔͚ͪͯͨͤ͟΄͙ͻ ͍ ͎͔͔ͤͦͣ ;͔͍͔ͦ͊͟͡Φ 

˹͙͔͔͊͋ͦ͡ ;͚͊ͫͭͦ ͣͯͭ͊ͼ͙͔͚ όͦͦͦ͟͡ рл҈ ͭΎ͔͗͡·ͻ ͫͯ͡;͔͍͊ύ Ύ͍͡Ύ͔ͭͫΎ ͙͍͔͙ͤͪͫΎ ͍ ͙͔ͤͭͪͦͤ ннΣ ͔ͭ͊͗͟ 

͍͔ͫͭͪ;͊ΌͭͫΎ ͔͔͒͡ͼ͙͙Σ ͙͔ͤͫͪͼ͙͙Σ ͔ͤͦͤͫͤͫπ ͙ ͙͔ͣͫͫͤͫπͣ ͯͭ͊ͼ͙͙Φ 

¶ ˥͔ͣͦͺ͙͙͡Ύ .Υ ˻ ͍͔͋ͯͫͦͤ͊͡͡ ͣͯͭ͊ͼ͙Ύ͙ͣ ͍ ͎͔͔ͤ CфΣ ͦͭͦͪ͟·͚ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔ͣͤΈ΄͔Φ ˿͔ͨͭͪ͟ 

ͣͯͭ͊ͼ͙͚ ΄͙ͪͦ͟Υ ͭͦ;͍ͦ͟·͔ ͔͊ͣͤ͘·Σ ͔ͤ͋ͦ͡Έ΄͙͔ ͔͔͒͡ͼ͙͙κ͙͔ͤͫͪͼ͙͙Φ 

˿͔͔ͭͨͤΈ ͭΎ͔͙͗ͫͭ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͤ͊ͨͪΎͣͯΌ ͔͙͔ͦͪͪͪͯͭ͟͡ ͫ ͦͫͭ͊ͭͦ;͚ͤͦ ͙͍͊ͭͤͦͫͭ͟ΈΌ ͺ͊ͭͦͪ͊͟ ͍ 

͔ͨ͊ͣ͘͡ ͍͙ͪͦ͟Υ 

¶ ́Ύ͔͗͊͡Ύ ͺͦͪͣ͊Υ ғм҈ ͙͍͙͊ͭͤͦͫͭ͟Φ ̉͊ͫͭ·͔ ͫͨͦͤͭ͊ͤͤ·͔ ͍͔ͪͦͦͭ͟;͔͙ͤΎ ͍ ͍ͫͯͫͭ͊· ͙ ͣ·΄ͼ·Φ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͙ ͙͎͙͒͊ͤͦͫͭ͊͟ 

˻͍ͫͤͦͤ·͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͍ͫΎ͊ͤ͘· ͫ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ͙ͣ ͍ ͙ͪ͊͘͡;ͤ·͔ ͎ͦͪ͊ͤ· ͙ ͙ͭ͊ͤ͟Φ 

мΦ ˥͔ͣ͊ͪͭͪͦ͘· ό͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ ͍ ͍ͫͯͫͭ͊·ύΥ ˹͙͔͔͊͋ͦ͡ ͻ͔͔͊ͪ͊ͭͪͤͦ͟ ͙ ͙͍͙͙͙ͤ͊͒ͪͯ͘͡Ό΅͔͔ 

ͨͪͦΎ͍͔͙͔ͤ͡Φ ̉͊΅͔ ͨͦͪ͊͗͊ΌͭͫΎ ͔ͦͤͤ͟͡·͔Σ ͎͔ͦͤͦͫͭͦͨͤ͡·͔Σ ͔͍ͦͭ͟͡·͔ ͍ͫͯͫͭ͊·Φ ˻ͫͭͪ·͚ ͎͔ͣ͊ͪͭͪͦ͘ 

ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͋ͦ͡ΈΌΣ ͔ͦͭͦͣ͟Σ ͎͙ͦͪ͊ͤ;͔͙͔ͤͣ ͍͙͔͙͚͒͗ͤΦ ˽͍ͦͭͦͪͤ·͔ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ ͙͍ͨͪͦ͒Ύͭ ͟ 

ͻ͙ͪͦͤ;͔ͫͦͣͯ͟ ͙͍͙ͫͤͦͭͯΣ ͔͒ͫͭͪͯ͟ͼ͙͙ ͻͪΎ΅͊ ͙ ͍͙͙ͪ͊ͭ͘Ό ͎ ͔ͣͦͺ͙͙͡;͔͚ͫͦ͟ ͙͙͊ͪͭͪͦͨ͊ͭΦ 

нΦ ˥͔ͣ͊ͭͦͣ·Υ ˻ ͋΄͙ͪͤ·͔Σ ͎͙͔ͯ͋ͦ͟͡ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ ͍ ͣ·΄ͼ· ό͍ͨͦ͒͒ͦ͘΄ͤͦπͨ ͦΎ͙ͫͤ;ͤ͊ΎΣ 
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͙ͪͦͤͦ͗ͤ͊͟ΎύΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ ͔͚͙ͤͪͦͨ͊ͭΎͣ ό͙͔ͤ͊ͨͪͣͪΣ ͍͔͙͔ͫ͒͊ͤ͡ ͔͙ͫ͒͊͡΅͎ͤͦͦ ͔͍ͤͪ͊ύ ͙ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͔͍ͨͫ͒ͦͦͨͯͻ͔͚ͦ͡Φ 

оΦ ˴͍͔ͪͦͦͭ;͔͙ͤΎ ͙͘ ͙͙ͫͫͭ͘͡·ͻΥ ˹ ͍ͦͫͦ·͔Σ ͔͔͍͒ͫͤ·͔Σ ͔͗ͯ͒ͦ͡;ͤͦπ͟ ͙΄͔;ͤ·͔Σ ͨͦ;͔;ͤ·͔Φ 

пΦ ͎̂ͪͦ͗͊Ό΅͙͔ ͙͙͗ͤ͘ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎΥ ʕ  ͼ͔ͤͭͪ͊͡ΈͤͯΌ ͔͍ͤͪͤͯΌ ͙͔ͫͫͭͣͯΣ ͍ ͦ͋͊ͫͭ͡Έ ΄͔͙ ͙ ͎ͦͪ͊͡Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͦ ͍ͫͤͦ·͍͔͊ͭͫΎ ͤ͊Υ 

¶ ˢ͔͔ͤ͊ͣͤ͘Υ ˿ ͔͔͚ͣͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Σ ͙ͭͨ ͍ͪͦͦͭͦ͟;͙͍͙ͦͫͭΦ 

¶ ˶͊͋ͦͪ͊ͭͦͪͤ·ͻ ͔ͭͫͭ͊ͻΥ 

o ˿͙͙͎ͪͤͤ͟Υ ˾͔ͦ͘͟ ͙͔͔ͯ͒ͤͤͤͦ͡ ͊ ͙͍͙͍͔ͭͪͦ͊ͤͤͦ͟ ;͙͊ͫͭ;͔ͤͦ ͙͍͔ͭͪͦͣ͋ͦͨ͊ͫͭͤͦͦ͡ ͍͔ͪͣΎ 

όˢ̉́ˤύ ͨ ͙ͪ ͤͦͪͣ͊͡Έͤͦͣ ͙͍ͨͪͦͭͪͦͣ͋ͤͦͦͣ ͍͔͔͙ͪͣͤ ό˽́ύ ͙ ͍͔͔͙ͪͣͤ ͍͔ͪͦͦͭ͟;͔͙ͤΎΦ 

o ˽͍͔ͦ͒ͭͪ͗͒͊Ό΅͙͚ ͔ͭͫͭΥ ˻͔͔͔͙͔ͨͪ͒ͤ͡ ͯ ͍ͪͦͤΎ ͙͍͙͊ͭͤͦͫͭ͟ ͺ͍͊ͭͦͪͦ͟ ±LLL ͙ L· ͍  ͔ͨ͊ͣ͘͡Φ 

o ˥͔͔͙ͤͭ;͔͔ͫͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Υ ˤ·Ύ͍͔͙͔ͤ͡ ͔͚ͦͤͪͭͤͦ͟͟ ͣͯͭ͊ͼ͙͙ ͯ ͨͪͦ͋͊ͤ͒͊ ͙ ;͔͍ͤͦ͡ ͔ͫͣΈ͙ ό͒͡Ύ 

͍·Ύ͍͔͙ͤ͡Ύ ͙͔ͤͦͫͭ͡Έ͙ͤͼ ͙ ͔ͨͪͤ͊ͭ͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ύΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙ͨͪͤͼ͙ͨ· ͔͙͙ͭͪ͊ͨ 

˶͔;͔͙͔ͤ ͎͔ͣͦͺ͙͙͙͡ ͔͔͔ͨͪͭͪͨͦ͡ ͔͍ͪͦ͡Όͼ͙Ό ͊͘ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ς ͦ ͭ ͔͙͍ͨͦ͒͒ͪ͗͊Ό΅͔͚ 

͔͙͙ͭͪ͊ͨ ͒ͦ ͙͍͚͊ͭͤͦ͟ ͨͪͦͺ͙͙͙͊ͭ͟͟͡Φ 

мΦ ˭͔͙͔͊ͣͫͭͭ͡Έͤ͊Ύ ͔͙ͭͪ͊ͨΎ ͦͤ͟ͼ͔͙ͤͭͪ͊ͭ͊ͣ ͺ͍͊ͭͦͪͦ͟ ͍͔ͫͪͭ·͍͙͊ͤΎΥ 

o ˽͔ͪͨ͊ͪ͊ͭ· ͍·͋ͦͪ͊Υ ˾ ͔͙ͦͣ͋ͤ͊ͤͭͤ͟·͔ ͦͤ͟ͼ͔ͤͭͪ͊ͭ· ͺ͍͊ͭͦͪͦ͟ ±LLL ͙ L·Σ ͙͡΄͔ͤͤ·͔ ͙ͪͫ͊͟ 

͔͔ͨͪ͒͊;͙ ͍͙ͪͯͫͤ·ͻ ͙ͤͺ͔͟ͼ͙͚Φ 

o ˽͙͊ͣ͊ͭ͘͡;͔͙͔ͫ͟ ͦͤ͟ͼ͔ͤͭͪ͊ͭ· ͭ ͔͊͗͟ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎΣ ͨͪͦͻͦ͒Ύ ͎ͫͭͪͦͯΌ ͍͙ͪͯͫͤͯΌ ͙͙͍ͤ͊ͭ͊͟ͼ͙ΌΦ 

нΦ ˾͔͙͗ͣ· ͔͡;͔͙ͤΎΥ 

o ˶͔;͔͙͔ͤ ͨͦ ͔͍͙ͭͪ͋ͦ͊ͤΌ όƻƴπŘŜƳŀƴŘύΥ ʕ ͍͔͔͙͔͒ͤ ͺ͊ͭͦͪ͊͟ ͙ͨͪ ͤ͊;͍͊΄͔ͣͫΎ ͍͔ͪͦͦͭ͟;͔͙͙ͤΦ 

̏ͺͺ͔͙͍ͭͤͦ͟Σ ͤͦ ͔ͤ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͍͙͙ͪ͊ͭ͘Ύ ͙͙͊ͪͭͪͦͨ͊ͭΦ 

o ˽ͪͦͺ͙͙͊ͭ͟͡;͔͔ͫͦ͟ όͨͪͦͺ͙͙͊ͭ͟͡;͔͔ͫͦ͟ύ ͔͡;͔͙͔ͤΥ ˾ ͔͎ͯ͡Ύ͔ͪͤͦ ͍͍͔͔͙͔͒ͤ ͦͤ͟ͼ͔ͤͭͪ͊ͭ͊ ͺ͊ͭͦͪ͊͟ 

όнπо ͪ͊͊͘ ͍ ͔͔ͤ͒͡Ό ͒͡Ύ C±LLLΣ мπн ͪ͊ ͊͘ ͒͡Ύ CL·ύ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙͙ͣͤͣ͊͡Έ͎ͤͦͦ ͊͘΅͙͎ͭͤͦͦ ͍ͯͪͦͤΎ όҔм҈ύ 

 ͙ͨ ͎ͦͤͦͦ͡ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͫͨͦͤͭ͊ͤͤ·ͻ ͍͔ͪͦͦͭ͟;͔͙͚ͤ ͙Σ ͊͟͟ ͔͍͙͔ͫ͒ͫͭ͡Σ ͙͙͊ͪͭͪͦͨ͊ͭΦ ͍̒͡Ύ͔ͭͫΎ ͦͦͭ͘͡·ͣ 

ͫͭ͊ͤ͒͊ͪͭͦͣ ͍͔͔͙͒ͤΎ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͭΎ͔͚͗ͦ͡ ͺ͚ͦͪͣͦΦ 

оΦ ˽͔ͪͦ͋ͣ͊͡ ͙͎͙͙͍ͤ͋ͭͦͪͦΥ ̂  нлπол҈ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͭΎ͔͚͗ͦ͡ ͎͔ͣͦͺ͙͙͔͚͡ ˢ ͙ ͯ мπр҈ ͫ ͎͔ͣͦͺ͙͙͔͚͡ 

ˤ ͍͙͍ͪ͊͊͘ΌͭͫΎ ͙ ͎͙͙ͤ͋ͭͦͪ· ς ͙͔͊ͦ͊ͤͭͭ͊͡͡͡Σ ͔͚͙ͤͭͪ͊ͯ͘͡Ό΅͙͔ ͍͍͔͔͒ͤͤ·͚ ͺ͊ͭͦͪ͟Σ ;ͭͦ ͔ͪͦ͘͟ ͦͫͦ͗ͤ͡Ύ͔ͭ 

͔͡;͔͙͔ͤΦ ͔͙́ͪ͊ͨΎ ͍͟͡Ό;͔͊ͭ ͙ͤ͒ͯ͟ͼ͙Ό ͙͚ͣͣͯͤͤͦ ͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡ όˮ́ˮύΣ ͦ͋ͻͦ͒ͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· 

όΉ͙ͣͼ͙ͯͣ͊͋͘Σ ͙͍͙͍͊ͭͪͦ͊ͤͤ͟·͚ ͙͍ͨͪͦͭͪͦͣ͋ͤͦ·͚ ͔ͦͣͨͫ͟͟͡Σ ͔͙ͪͦͣ͋ͤ͊ͤͭͤ͟·͚ ͺ͊ͭͦͪ͟ ±LLŀύΦ 

пΦ ˽ͪͦͪ·͍ͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Υ 

o ˽͔ͪͨ͊ͪ͊ͭ· ͎͙͍͎ͨͪͦͦͤͪͦ͊ͤͤͦͦ͡ ͔͚͍͙͒ͫͭΎ όŜȄǘŜƴŘŜŘ ƘŀƭŦπƭƛŦŜΣ 9I[ύΥ ̅ ͊ͭͦͪ͟·Σ 

͙ͣͦ͒ͺ͙ͼ͙͍ͪͦ͊ͤͤ·͔ ͒͡Ύ ͍͔͙ͯ͡;͔͙ͤΎ ͔͙ͨͪͦ͒͊ ͍ͨͦͯ͡·͍͔͔͙͒ͤΎΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔ͪ͗ ͔͒͊ͭ͡Έ ͙ͤΆ͔͟ͼ͙͙Φ 

o ˥͔ͤͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ˻ ͍͔͒ͤͦͪ͊ͦͦ͘ ͍͙͍͔͔ͤͯͭͪͤͤͦ ͍͍͔͔͙͔͒ͤ ͍͙͎ͪͯͫͤͦͦ ͍͔ͭͦͪ͊͟ ό;͊΅͔ !!±ύΣ 

͔ͤͫͯ΅͔͎ͦ ͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͯΌ ͙ͦͨ͟Ό ͎͔ͤ͊ Cу ͙ ͙͡ Cф ͍  ͔͙ͭ͟͟͡ ͔ͨ;͔͙ͤΣ ͫ ͼ͔͡ΈΌ ͙͔͒ͭ͡͡Έ͚ͤͦ 

ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͚ͤͦ ͍·͙ͪ͊͋ͦͭ͟ ͺ͊ͭͦͪ͊͟Φ ˤ нлннπнлно ͎͎Φ ͔͍ͨͪ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ͒͡Ύ ͎͔ͣͦͺ͙͙͙͡ . ͙ ! ͨͦ ͯ͡;͙͙͡ 

͔͙͔ͦ͒ͦ͋ͪͤ ͍ ˩˿ ͙ ˿̊ˢΣ ͦͭͪ͟·͍͊Ύ Ήͪͯ ͔ͨͦͭͤͼ͙͊͡Έ͎ͤͦͦ ͙͔͘͡;͔͙ͤΎΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˥͔ͣͦͺ͙͙͡Ύ ͙͘ ͺ͊ͭ͊͡Έ͎ͤͦͦ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͙͍ͨͪͦ͒Ύ΅͔͎ͦ ͟ ͔͚ͪ͊ͤͤ ͙͍͙͙ͤ͊͒͊͘͡ͼ͙͙Σ ͔͍͙ͨͪͪ͊ͭ͊ͫ͡Έ ͍ 

ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͫͦͫͭͦΎ͙͔ͤΣ ͙ͨͪ ͦͭͦͪͦͣ͟ ͨ͊ͼ͙͔ͤͭ· ͎ͣͦͯͭ ͍͔͙ͫͭ ͙͍͊ͭͤ͟·͚Σ ͨͦͤͦ͡ͼ͔ͤͤ·͚ ͦ͋ͪ͊͘ ͙͙͗ͤ͘Φ 

˨͙͔͙ͦͫͭ͗ͤΎ ͍ ͙ͦ͋͊ͫͭ͡ ͙͔͋ͦͭͻ͎͙͚ͤͦͦ͡ ς ͪ ͔͙ͦͣ͋ͤ͊ͤͭͤ͟·͔ ͔ͨͪͨ͊ͪ͊ͭ·Σ Ήͺͺ͔͙͍ͭͤ͊͟Ύ ͨͪͦͺ͙͙͊ͭ͊͟͟͡Σ 

͍ͤͦ·͔ ͔ͣͭͦ͒· ͔͔͙ͨͪͦ͒ͦͤ͡Ύ ͙͎͙͙͍ͤ͋ͭͦͪͦ ͙Σ ͔ͤ͊ͦͤ͟ͼΣ ͎͔ͤͤ͊Ύ ͔͙ͭͪ͊ͨΎ ς ͟ ͙͊ͪ͒ͤ͊͡Έͤͦ ͙͔͙͙ͣͤ͘͡ 

͎ͨͪͦͤͦ͘Φ ˴͡Ό;͔͍·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟ ͔ͯͫͨͻ͊ Ύ͍͡ΎΌͭͫΎ ͪ͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͒ͦͫͭͯͨͦͣ ͟ 

͍͔͔ͫͦͪͣͤͤ·ͣ ͔͍͔͊ͪͫͭͤͤ͟͡·ͣ ͔͍ͫͪ͒ͫͭ͊ͣΣ ͦ͋ͯ;͔͙͔ͤ ͨ͊ͼ͙͔͍ͤͭͦ ͍͔͔͙ͫ͊ͣͦ͒ͤΌ ͙ ͦ ͎͙ͪ͊ͤ͊͘ͼ͙Ύ 

͔ͫͨͼ͙͙͙͍͚͊ͪͦ͊ͤͤͦ͘͡ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͚ͨͤ͊ͪͤͦ͡ ͨͦͣͦ΅͙ ό͎͔͎ͣ͊ͭͦͦ͡Σ ͔ͦͪͭͦͨ͒Σ ͺ͙͙͔͔͍ͦͭͪ͊ͨͭ͘Σ ͙ͨͫͻ͎ͦͦ͡Σ 
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͎ͫͭͦͣ͊ͭͦͦ͡ύΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͎͙ͫͭͪ͊ͭΎ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ ͙͍͙͔ͯͨͪͦ͊ͤ͟ ͍͔ͪͦͦͭ͟;͔͙͚ͤΣ ͤͦ ͙ ͤ͊ 

͔ͨͦͤͦ͡ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙͔ͤ ͙ͻΣ ͫͦͻ͔͙͔ͪ͊ͤͤ ͺͯͤ͟ͼ͙͙ ͍͍ͫͯͫͭ͊ͦ ͙ ͙ͣ͊ͫͣ͊͟͡Έ͔ͤͦ ͍ͨͦ·΄͔͙͔ͤ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ 

ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͎͔ͣͦͺ͙͙͔͚͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˾͙͚͙͔ͦͫͫͫ͟ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ ͎͔ͣͦͺ͙͙͙͡Φ ς ˸ ΦΥ 

˹͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͎͔͎͙ͣ͊ͭͦͦ͡;͔͔ͫͦ͟ ͦ͋΅͔͍ͫͭͦΣ нлнмΦ 

нΦ ˭ͦͯ͘͡Ύ ˹ΦˮΦΣ ˽ͦ͡Ύͤͫ͊͟Ύ ́Φ̑ΦΣ ˿͍ͭͯͦ͟͡ ˹ΦˮΦ ˥͔ͣͦͺ͙͙͡Ύ ͍ ͙͔ͨͪ͊ͭ͟͟ ͍ͪ͊;͊Φ ς ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнлΦ 

оΦ aŀƴƴǳŎŎƛ tΦaΦΣ ¢ǳŘŘŜƴƘŀƳ 9ΦDΦ5Φ ¢ƘŜ IŜƳƻǇƘƛƭƛŀǎ τ CǊƻƳ wƻȅŀƭ DŜƴŜǎ ǘƻ DŜƴŜ ¢ƘŜǊŀǇȅΦ ¢ƘŜ bŜǿ 

9ƴƎƭŀƴŘ WƻǳǊƴŀƭ ƻŦ aŜŘƛŎƛƴŜΦ нллмΤ оппΥмттоπмттфΦ ό˴͡Ό;͔͍͊Ύ ͦ͋ͦͪͤ͊͘Ύ ͫͭ͊ͭΈΎΣ ͊͒ ͊ͨͭ͊ͼ͙Ύ ͔͙͚ͨͦͦ͗ͤ͡ύΦ 

ϭ s͔͍ͤͤ͊͊ ˻ΦΣ нлнр 

 

 

 

 

       ˢ͔͍ͤͤ͊͊ ˻͎͎͔ͯ͡͡Έ͙͒Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˨ˢ˶̎́˻˹ˮ˭˸ ό˹ˢ˾̂̊˩˹ˮ˩ ̇ˤ˩́˻ˤ˻˿˽˾ˮ̒́ˮ̒ύΥ ˸˻˶˩˴̂˶̒˾˹̍˩ ˸˩̆ˢ˹ˮ˭˸̍Σ  

˴˶ˮ˹ˮ̉˩˿˴ˮ˩ ̅˻˾˸̍ ˮ ˿˻̇ˮˢ˶̎˹̍˩ ˢ˿˽˩˴́̍ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˨͊͡Έ͙ͭͦͤͣ͘Σ ͙͙͡ ͤ͊ͪͯ΄͔͙͔ͤ ͼ͍͔͍͎ͭͦͦͦ ͔͙ͪͤ͘ΎΣ ς Ήͭͦ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͊͡Ύ ͙͙͡ ͙͔͔ͨͪͦ͋ͪͭͤͤ͊Ύ 

͔ͦͫͦ͋ͤͤͦͫͭΈ ͙͔ͪͭ͘͡Έ͎ͤͦͦ ͍͙ͦͫͨͪΎ͙ͭΎΣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͊ΎͫΎ ͔ͤͫͨͦͫͦ͋ͤͦͫͭΈΌ ͙ͪ͊͘͡;͊ͭΈ ͔ͤͦͭͦͪ͟·͔ ͼ͍͔ͭ͊ 

͔ͫͨͭͪ͊͟Φ ˹͙͔͔͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ· ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·͔ ͺͦͪͣ·Σ ͫͼ͔͔ͨͤͤ͡·͔ ͫ ·πͻ͚ͪͦͣͦͫͦͣͦ ͙ 

͍͔ͦ͋ͯͫͦͤͤ͡͡·͔ ͣͯͭ͊ͼ͙Ύ͙ͣ ͍ ͎͔ͤ͊ͻΣ ͙ͦ͒ͪͯ͟Ό΅͙ͻ ͍͔ͫͭͦ;͍͍͙͔ͯͫͭͭ͡Έͤ·͔ ͙͎͔ͨͣͤͭ· ͦ͋ͦ͟͡;͔͟ ͔ͫͭ;͙͊ͭ͟Φ ˤ 

ͫͭ͊ͭΈ͔ ͍͙ͨͪͦͦ͒ͭͫΎ ͔͒ͭ͊͡Έͤ·͚ ͙͊ͤ͊͘͡ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͤ͊ͪͯ΄͔͙͚ͤ ͼ͍͔͍͙ͭͦͦͫͨͪΎ͙ͭΎΥ ͙͒ͻ͙͙ͪͦͣ͊͘ 

ό͙ͨͪͦͭ͊ͤͦͨΎΣ ͔͚͔͙͒ͭͪ͊ͤͦͨΎΣ ͙͙ͭͪͭ͊ͤͦͨΎύΣ ͊ͤͦͣ͊͡Έ͚ͤͦ ͙ͭͪͻ͙͙ͪͦͣ͊͘ ό͙ͨͪͦͭ͊ͤͦͣ͊͡ΎΣ ͔͚͔͙͒ͭͪ͊ͤͦͣ͊͡ΎΣ 

͙͙ͭͪͭ͊ͤͦͣ͊͡Ύύ ͙ ͣͦͤͦͻ͙͙ͪͦͣ͊͘Φ ˾͔͊ͫͫͣͦͭͪͤ· ͔ͣͦͯ͟͡͡Ύͪͤͦπ͎ ͔͔͙ͤͭ;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͚͊͗͒ͦ͟ ͺͦͪͣ·Σ 

͍ͫΎ͘Έ ͔ͣ͗͒ͯ ͙ͭͨͦͣ ͣͯͭ͊ͼ͙͙ ͙ ͔͔ͫͭͨͤΈΌ ͤ͊ͪͯ΄͔͙ͤΎ ͺͯͤ͟ͼ͙͙ ͙͍ͦͨͫͤͦΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ 

͔ͣͻ͙͊ͤͣͯ͘ ͔͍͙ͤ͊ͫ͒ͦ͊ͤ͡ΎΣ ͦ͋ΆΎͫͤΎΌ΅͔ͣͯ ͤ͊͘;͙͔ͭ͡ΈͤͯΌ ͔͍͙ͨͪ͊ͪͯ͡Ό΅ͯΌ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͔͙ͫͪ͒ 

͎ͣͯ͗ͫͦͦ͟ ͔͔͙ͤ͊ͫͤ͡Ύ όͦͦͦ͟͡ у҈ύ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͔͙͗ͤͫͣ͟ όͦͦͦ͟͡ лΣп҈ύΦ ˻͙ͨͫ͊ͤ· ͔ͣͭͦ͒· ͙͎͙͙͒͊ͤͦͫͭ͟Σ 

͍͟͡Ό;͊Ύ ͙ͨͦ͡ͻ͙ͪͦͣ͊ͭ;͔͙͔ͫ͟ ͙ͭ͊͋͡ͼ· ˾͙͊͋ͤ͊͟ ͙ ͙͊ͤͦͣ͊ͦͫͦͨ͟͡ΌΦ ˤ ͫͭ͊ͭΈ͔ ͔ͭ͊͗͟ ͦ͋ͫͯ͗͒͊ΌͭͫΎ 

͙͔͔ͨͪͦ͋ͪͭͤͤ·͔ ͺͦͪͣ· ͼ͍͔͙͚ͭͦ͊ͤͦͣ͊͡Σ ͙ͻ ͙ͨͪ;͙ͤ· ό͎͊ͯͦͣ͊͟͡Σ ͙ͣ͊ͯͦ͒ͫͭͪͦ͟͡ͺ͙ΎΣ ͔͍͎͙ͤͪͦͦ͡;͔͙͔ͫ͟ 

͚͍ͪ͊ͫͫͭͪͦͫͭ͊Σ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭύ ͙ ͟͡Ό;͔͍·͔ ͙ͦͭ͡;͙Ύ ͦͭ ͍͔͎ͪͦ͗͒ͤͤͦͦ ͒͊͡Έ͙ͭͦͤͣ͊͘Φ 

˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͫͦͼ͙͊͡Έͤͦπͨ ͙ͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͊ͫͨͭ͟·Σ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͍ ͍·͔͋ͦͪ ͨͪͦͺ͔͙͚ͫͫ ͙ 

͍͔͔ͫͦͪͣͤͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͔ͦͣͨͤͫ͊͟ͼ͙͙ ό͔ͫͨͼ͙͊͡Έͤ·͔ ͦ;͙͟ ͫ ͺ͙͡Έ͙ͭͪ͊ͣΣ ͦͣͨ͟ΈΌ͔ͭͪͤ·͔ 

͔͙ͦͪͪͭͪͯ͟͟Ό΅͙͔ ͎ͨͪͦͪ͊ͣͣ·ύΦ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟ΎΣ ;ͭͦ ͍͔ͪͦ͗͒ͤͤ·͚ ͒͊͡Έ͙ͭͦͤͣ͘ Ύ͍͡Ύ͔ͭͫΎ ͔ͤ ͔͋ͦͤ͘͡ΈΌΣ ͊ 

͔ͦͫͦ͋ͤͤͦͫͭΈΌ ͔͙ͪͤ͘ΎΣ ͔ͭͪ͋ͯΌ΅͔͚ ͙͙ͨͦͤͣ͊ͤΎ ͙ ͊͒͊ͨͭ͊ͼ͙͙ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ 

 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͒͊͡Έ͙ͭͦͤͣ͘Σ ͤ͊ͪͯ΄͔͙͔ͤ ͼ͍͔͍͎ͭͦͦͦ ͔͙ͪͤ͘ΎΣ ͼ͍͔͙ͭͦ͊ͤͦͣ͊͡ΎΣ ͙͒ͻ͙ͪͦͣ͊͘ΎΣ ͙ͨͪͦͭ͊ͤͦͨΎΣ ͔͚͔͙͒ͭͪ͊ͤͦͨΎΣ 

͊ͤͦͣ͊͡Έͤ͊Ύ ͙ͭͪͻ͙ͪͦͣ͊͘ΎΣ ͦ͋ͦ͟͡;͙͟ ͔ͫͭ;͙͊ͭ͟Σ ͙ͦͨͫͤ·Σ ͙ͭ͊͋͡ͼ· ˾͙͊͋ͤ͊͟Σ  

͔͍͙͔ͤ͊ͫ͒ͦ͊ͤ͡Σ ͫͼ͔͔͔ͨͤͤͦ͡ ͫ ·πͻ͚ͪͦͣͦͫͦͣͦΦ 
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ˤ͍͔͔͙͔͒ͤ 

ˤ͙ͦͫͨͪΎ͙͔ͭ ͼ͍͔ͭ͊ ς ͫ ͦ͗ͤ͊͡Ύ ͺͯͤ͟ͼ͙Ύ ͙͔ͪͭ͘͡Έ͚ͤͦ ͙͔ͫͫͭͣ·Σ ͔͔ͦ͋ͫͨ;͙͍͔͊ͣ͊Ύ ͔ͭͪͣΎ ͙͙ͭͨ͊ͣ 

ͦ͋ͦ͟͡;͍ͦ͟·ͻ ͺ͔ͦͭͦͪͼ͔͍ͨͭͦͪͦ ͔ͫͭ;͙͊ͭ͟Σ ͊͗͒͟·͚ ͙͘ ͦͭͦͪ͟·ͻ ͔͙ͫͦ͒ͪ͗ͭ ͔ͫͨͼ͙ͺ͙;͔͙͚ͫ͟ 

͍͔ͫͭͦ;͍͍͙͔ͯͫͭͭ͡Έͤ·͚ ͙͎͔ͨͣͤͭ ό͙ͦͨͫͤύΣ ͔ͤ͊ͫͭͪͦͤͤ·͚ ͤ͊ ͔͔͔ͦͨͪ͒ͤͤͯ͡Ό ͙͒ͤͯ͡ ͍ͦͤ͡·Υ ͙͒ͤͤ͡·͔ ό[Σ 

ͪ͊ͫͤ͟·͚ύΣ ͔͙͔ͫͪ͒ͤ όaΣ ͔͘ ͔ͤ͡·͚ύ ͙ ͙͔ͦͪͦͭ͟͟ ό{Σ ͙͙͚ͫͤύΦ ˹͊ͪͯ΄͔͙͔ͤ ͍ ͙͔͔ͫͤͭ͘ ͙͙͡ ͔ͫͭͪͯͭͯͪ͟ ͎ͦ͒ͤͦͦ ͙͙͡ 

͔ͤͫͦ͟͡Έ͙͟ͻ ͙͘ Ή͙ͭͻ ͙͎͔͍ͨͣͤͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙ͪ͊͘͡;ͤ·ͣ ͺͦͪͣ͊ͣ ͒͊͡Έ͙ͭͦͤͣ͊͘Φ ͔͙́ͪͣͤ ζ͒͊͡Έ͙ͭͦͤͣ͘η 

͙͙ͫͭͦͪ;͔͙ͫ͟ ͔͙͊ͪͨͫ͘͟͡Ύ ͔ͨͦͫ͡ ͙͙ͦͨͫ͊ͤΎ ˨͗ͦͤͦͣ ˨͊͡Έͭͦͤͦͣ ͍͔͎ͫͦͦ ͍͔͎ͫͦ͋ͫͭͤͤͦͦ ͤ͊ͪͯ΄͔͙ͤΎ 

͍͙ͦͫͨͪΎ͙ͭΎ ͎ͪ͊ͫͤͦͦ͟ ͙ ͔͔͎ͤͦͦ͘͡ ͼ͍͔͍ͭͦ ͍ мтфп ͎ͦ͒ͯΦ ˤ͔ͪͦ͗͒ͤͤ·͔ ͤ͊ͪͯ΄͔͙ͤΎ ͼ͍͔͍͎ͭͦͦͦ ͔͙ͪͤ͘Ύ 

Ύ͍͡ΎΌͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͫ͊ͣ·ͻ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ;͔͍͔ͦ͊͟͡Φ 

˸͔ͦͯ͟͡͡Ύͪͤͦπ͎ ͔͔͙ͤͭ;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͙ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ 

˥͔ͤ·Σ ͙ͦ͒ͪͯ͟Ό΅͙͔ ͙ͦͨͫͤ· [π ͙  aπ͟ ͦ͋ͦ͡;͔͟Σ ͔ͪ͊ͫͨͦͦ͗ͤ͡· ͍ ͔͔ͭ͊ͤ͒ͣ ͤ͊ ·πͻ͔ͪͦͣͦͫͦͣ όͦͯͫ͟͡ 

·ǉнуύΦ ˥͔ͤ ͙ͦͨͫͤ͊ {π͟ ͦ͋ͦ͡;͔͟ ͤ͊ͻ͙ͦ͒ͭͫΎ ͤ͊ ͊ ͔ͯͭͦͫͦͣ тΦ ͙̏ͭͣ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͙ͭͨ ͔͍͙ͤ͊ͫ͒ͦ͊ͤ͡Ύ 

ͤ͊ͪͯ΄͔͙͚ͤΦ 

мΦ ˨͙ͻ͙ͪͦͣ͊͘ΎΥ ˽ ͔ͦͤͦ͡ ͍͙͔ͦͭͫͯͭͫͭ ͎ͦ͒ͤͦͦ ͙ͭͨ͊ ͦ͋ͦ͟͡;͔͟Φ 

o ˽͙ͪͦͭ͊ͤͦͨΎ ό[π͟ ͦ͋ͦ͡;͙͟ ͍ͦͭͫͯͭͫͭͯΌͭύΥ ˹͔ ͍͙͙͔ͦͫͨͪͤͣ͊ͭͫΎ ͪ͊ͫͤ͟·͚ ͼ͍͔ͭΦ ˿͔ͨͭͪ͟ ͍͙͙͒ͭͫΎ ͊͟͟ 

͔͙ͦͭͭͤ͟ ͙͔͎ͫͤͦ ͙ ͔͎͗ͭͦͦ͡Φ 

o ˨͔͚͔͙ͭͪ͊ͤͦͨΎ όaπ͟ ͦ͋ͦ͡;͙͟ ͍ͦͭͫͯͭͫͭͯΌͭύΥ ˹͔ ͍͙͙͔ͦͫͨͪͤͣ͊ͭͫΎ ͔͔ͤ͘͡·͚ ͼ͍͔ͭΦ ˹͙͔͔͊͋ͦ͡ 

͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ͊Ύ ͺͦͪͣ͊ ͙͒ͻ͙͙ͪͦͣ͊͘Φ 

o ͙͙́ͪͭ͊ͤͦͣͦͨΎ ό{π͟ ͦ͋ͦ͡;͙͟ ͍ͦͭͫͯͭͫͭͯΌͭύΥ ˾͔͒͊͟Ύ ͊ͯͭͦͫͦͣͤ͊Ύ ͺͦͪͣ͊Φ ˹͔ ͍͙͙͔ͦͫͨͪͤͣ͊ͭͫΎ ͙͙͚ͫͤ 

ͼ͍͔ͭΣ ͨͯͭ͊Όͭ ͙͙͚ͫͤ ͫ ͔͔ͤ͘͡·ͣΣ ͔͗ͭ͡·͚ ͫ ͺ͙͔͍ͦͭͦ͡·ͣΦ 

нΦ ˢͤͦͣ͊͡Έͤ͊Ύ ͙ͭͪͻ͙ͪͦͣ͊͘ΎΥ ˹ ͙͊͡;͙͔ ͍͔ͫͻ ͔ͭͪͻ ͙͍ͭͨͦ ͦ͋ͦ͟͡;͔͟Σ ͤͦ ͫͦ ͍͙͎ͫ͒ͦͣ ͔ͫͨͭͪ͊͟͡Έ͚ͤͦ 

;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͎ͦ͒ͤͦͦ ͙͘ ͙͎͔͍ͨͣͤͭͦ ͙͘π͘ ͊ ͭͦ;͔;ͤ·ͻ ͣͯͭ͊ͼ͙͚ ͍ ͎͔ͤ͊ͻ ͙͍ͦͨͫͤͦΦ 

o ˽͙ͪͦͭ͊ͤͦͣ͊͡ΎΥ ˻ ͔͔ͫ͊͋ͤͤͦ͡͡ ͍͙ͦͫͨͪΎ͙͔ͭ ͎ͪ͊ͫͤͦͦ͟Φ 

o ˨͔͚͔͙ͭͪ͊ͤͦͣ͊͡ΎΥ ˻ ͔͔ͫ͊͋ͤͤͦ͡͡ ͍͙ͦͫͨͪΎ͙͔ͭ ͔͔͎ͤͦͦ͘͡Φ ˿ ͊ͣ͊Ύ ;͊ͫͭ͊Ύ ͺͦͪͣ͊ ͤ͊ͪͯ΄͔͙ͤΎ 

ͼ͍͔͍͎ͭͦͦͦ ͔͙ͪͤ͘Ύ όͦͦͦ͟͡ с҈ ͣͯ͗;͙ͤύΦ 

o ͙͙́ͪͭ͊ͤͦͣ͊͡ΎΥ ˻ ͔͔ͫ͊͋ͤͤͦ͡͡ ͍͙ͦͫͨͪΎ͙͔ͭ ͙͔͎ͫͤͦ ό͚͔ͪ͊ͤ͟ ͔ͪ͒ͦ͟ύΦ 

оΦ ˸ͦͤͦͻ͙ͪͦͣ͊͘Ύ ό͊ͻ͙ͪͦͣ͊ͭͦͨͫΎύΥ ˽ ͔ͦͤͦ͡ ͍͙͔ͦͭͫͯͭͫͭ ͼ͍͔͍͎ͭͦͦͦ ͔͙ͪͤ͘Ύ όζ͍͙͔͙͔͒ͤ ͍ ͔ͦͭͭͤ͊͟ͻ 

͔͎ͫͪͦͦηύΦ ˿͍Ύ͊ͤ͊͘ ͫ ͙͒ͫͺͯͤ͟ͼ͙͔͚ ͍͒ͯͻ ͙͙͡ ͍͔ͫͻ ͔ͭͪͻ ͙͍ͭͨͦ ͦ͋ͦ͟͡;͔͟Φ ̉͊ͫͭͦ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ 

͍͔ͫͭͦ͋ͦΎͤ͘ΈΌ ͙ ͙͔͙͔ͫͤ͗ͤͣ ͦͫͭͪͦͭ· ͔͙ͪͤ͘ΎΦ 

˹͔͍͙͔͊ͫ͒ͦ͊ͤ͡ 

¶ ˹͊ͪͯ΄͔͙ͤΎ ͪ͊ͫͤͦ͟π͘ ͔͔͎ͤͦͦ͡ ͔ͫͨͭͪ͊͟ όͨͪͦͭ͊ͤπ ͙ ͔͚͒ͭ͊ͤπ͒ ͔ͺ͔ͭ͟·ύΥ ˹ ͔͊ͫ͒ͯ͡ΌͭͫΎ 

ͨ  ͦͪ ͔ͼ͔͙͍ͫͫͤͦͣͯΣ ͫͼ͔͔ͨͤͤͦͣͯ͡ ͫ ·πͻ͚ͪͦͣͦͫͦͣͦ ͙ͭͨͯΦ ˸ͯ͗;͙ͤ͊ ό·¸ύΣ ͨͦͯ͡;͙͍΄͙͚ ͔͙͍͔͒ͤͫͭͤͤͯΌ ·π

ͻͪͦͣͦͫͦͣͯ ͫ ͔͒ͺ͔ͭͤ͟·ͣ ͎͔ͤͦͣ ͦͭ ͔͙ͣ͊ͭͪπͤ ͙͔ͦͫͭ͡Έ͙ͤͼ·Σ ͔͋ͯ͒ͭ ͙͔ͣͭΈ ͤ͊ͪͯ΄͔͙͔ͤ ͼ͍͔͍͎ͭͦͦͦ ͔͙ͪͤ͘ΎΦ 

ˬ͔ͤ΅͙ͤ͊ ό··ύ ͨͪͦΎ͍͙ͭ ͔͒ͺ͔ͭ͟ ͭͦ͡Έͦ͟ ͍ ͫͯ͡;͔͊Σ ͔͙ͫ͡ ͔ͦ͋ ͔͔ ·πͻͪͦͣͦͫͦͣ· ͔ͤͫͯͭ ͣͯͭ͊ͼ͙Ό ό;ͭͦ 

ͤ͊͘;͙͔ͭ͡Έͤͦ ͔͔ͪ͗ύΦ ˬ͔ͤ΅͙ͤ· ͫ ͚ͦ͒ͤͦ ͚ͣͯͭ͊ͤͭͤͦ ͔͊͡͡͡ΈΌ Ύ͍͡ΎΌͭͫΎ ͍͒ͦͪͦ͘·͙ͣ ͙͔ͤͦͫͭ͡Έ͙ͤͼ͙͊ͣΦ 

¶ ˹͊ͪͯ΄͔͙ͤΎ ͙͔ͫͤπ͗ ͔͎ͭͦͦ͡ ͔ͫͨͭͪ͊͟ ό͙ͭͪͭ͊ͤπ͒ ͔ͺ͔ͭ͟·ύΥ ˹ ͔͊ͫ͒ͯ͡ΌͭͫΎ ͨ  ͦ͊ ͯͭͦͫͦͣͤͦπ͒ ͙ͦͣͤ͊ͤͭͤͦͣͯ 

͙ͭͨͯ ͙  ͍͔ͫͭͪ;͊ΌͭͫΎ ͫ ͙͍͚ͦ͒ͤ͊ͦͦ͟ ;͚͊ͫͭͦͭͦ ͯ ͣͯ͗;͙ͤ ͙ ͔͗ͤ΅͙ͤΣ ͤͦ ͚͔ͪ͊ͤ͟ ͔ͪ͒ͦ͟Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ 

мΦ ˿͙͙͎͍ͪͤͤͦ͟·͔ ͔ͣͭͦ͒·Υ 

o ˽͙ͦ͡ͻ͙ͪͦͣ͊ͭ;͔͙͔ͫ͟ ͙ͭ͊͋͡ͼ· ˩ΦˣΦ ˾͙͊͋ͤ͊͟ ό͙͙͡ ˮ΄͙ͻ͊ͪ·ύΥ ˿ ͭ͊ͤ͒͊ͪͭͤ·͚ ͔ͣͭͦ͒Φ ˹͊͋ͦͪ 

ͼ͍͔ͭͤ·ͻ ͪͯ͗ͦ͟;͍ͦ͟Σ ͦ͋ͪ͊ͯ͘Ό΅͙ͻ ͼ͙ͺͪͯ ͙͙͡ ͺ͙͎ͯͪͯΣ ͦͭͦͪͯ͟Ό ͔ͤ ͔ͣͦ͗ͭ ͙ͪ͊͘͡;͙ͭΈ ;͔͍͔ͦ͟͡ ͫ 

͔ͦͤͪͭͤ͟͟·ͣ ͤ͊ͪͯ΄͔͙͔ͤͣ ͼ͍͔͍͙ͭͦͦͫͨͪΎ͙ͭΎΦ 

нΦ ˴͊;͔͍͔ͫͭͤͤ·͔ ͙ ͙ͦ͟͡;͔͍͔ͫͭͤͤ·͔ ͔ͣͭͦ͒·Υ 

o ˢ͙ͤͦͣ͊ͦͫͦͨ͟͡Ύ ό͙͔ͤ͊ͨͪͣͪΣ ͙ͨͪ͋ͦͪ bŀƎŜƭύΥ ζ˭ ͚ͦͦͭͦ͡ ͫͭ͊ͤ͒͊ͪͭηΦ ˮͫͨ·͔ͭͯͣ·͚ ͍͙͍͔ͫͪ͊ͤ͊ͭ ͼ͍͔ͭ 
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͍͒ͯͻ ͔͚ͨͦ͡Σ ͔ͫͣ΄͙͍͊Ύ ͼ͍͔ͭ͊Φ ˽͍ͦͦ͘͡Ύ͔ͭ ͭͦ;ͤͦ ͙͎͙͍͒͊ͤͦͫͭͪͦ͊ͭΈ ͙ͭͨ ͙ ͔͔ͫͭͨͤΈ ͙ͭͪͻ͙ͪͦͣ͊ͭ;͔͚ͫͦ͟ 

͙͙͊ͤͦͣ͊͡Φ 

o ͔́ͫͭ CŀǊƴǎǿƻǊǘƘπaǳƴǎŜƭƭ млл IǳŜΥ ˻ ͼ͔ͤ͊͟ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͎ͪ͊ͫͨͦ͊͊ͭ͡Έ ͼ͍͔͍ͭͦ·͔ ͔͙ͦͭͭͤ͟ ͍ 

͍͙ͨͪ͊͡Έͤͦͣ ͨͦͪΎ͔͒͟Σ ͍·Ύ͍͡Ύ͔ͭ ͔͒͊͗ ͙͙ͣͤͣ͊͡Έͤ·͔ ͤ͊ͪͯ΄͔͙ͤΎΦ 

˽͙͔͔ͪͦ͋ͪͭͤͤ·͔ ͤ͊ͪͯ΄͔͙ͤΎ ͼ͍͔͍͎ͭͦͦͦ ͔͙ͪͤ͘Ύ 

˸͎ͦͯͭ ͍͙ͦͤͤͯͭ͘͟Έ ͍ ͡Ό͋ͦͣ ͍͔ͦͪ͊ͫͭ͘ ͍͔͍͙͔ͫ͒ͫͭ͡Υ 

¶ ˭͔͍͙͚͊͋ͦ͊ͤ͡ ͎͊͘͡Υ ˥ ͊ͯͦͣ͊͟͡Σ ͍ͦͪ͊ͫͭͤ͊͘Ύ ͣ͊ͯ͟͡Ύͪͤ͊Ύ ͔͎͔͔͒ͤͪ͊ͼ͙ΎΣ ͊ͭ͊ͪ͊ͭ͊͟͟Σ ͙͔͙͒͊͋ͭ;͔ͫ͊͟Ύ 

͔͙͙ͪͭͤͦͨ͊ͭΎΦ 

¶ ˹͔͍͎͙ͪͦͦ͡;͔͙ͫ͟ͻ ͎͙͚ͨ͊ͭͦͦ͡Υ ˽ ͔͙͔ͦͪ͊͗ͤ ͊ͭ͘·ͦ͡;͚ͤͦ ͙͒ͦ͡ ͦͪ͟· ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘Σ ͙͔ͪͭ͘͡Έ͎ͤͦͦ 

͔͍ͤͪ͊Φ 

¶ ͙́ͦͫ͟;͔͙ͫ͟ͻ ͍͔͚͍͙͚ͦ͒ͫͭ͘Υ ˽ ͙͔ͪͣ ͔ͤͦͭͦͪ͟·ͻ ͔͍͊ͪͫͭ͟͡ ό͙͔ͤ͊ͨͪͣͪΣ ͻͦͪͦ͡ͻ͙ͤΣ Ήͭ͊ͣ͋ͯͭͦ͡ύΣ 

͍͔͙͔ͦͭͪ͊ͤ͡ ͻ͙͙ͣ;͔͙͙ͫͣ͟ ͍͔΅͔͍͙ͫͭ͊ͣΦ 

¶ ˻͔ͫͦ͋ͤͤͦͫͭΈΥ ̉ ͊ͫͭͦ ͨͦͪ͊͗͊Όͭ ͙ͦ͒ͤ ͎͊͘͡Σ ͎͔͙ͨͪͦͪͫͫͪͯΌͭΣ ͎ͣͦͯͭ ͔ͤ ͯ͊͒͟͡·͍͊ͭΈͫΎ ͍ ͫͭ͊ͤ͒͊ͪͭͤͯΌ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ό ͍͔ͪͦ͗͒ͤͤ·ͻ ͺͦͪͣ ό͙͔ͤ͊ͨͪͣͪΣ ͨͪͦΎ͍͡ΎͭΈͫΎ ͊͟͟ ͤ͊ͪͯ΄͔͙͔ͤ ͍͙ͦͫͨͪΎ͙ͭΎ ͍͔ͫͻ ͼ͍͔͍ͭͦύΦ 

˿ͦͼ͙͊͡Έͤ·͔ ͔͊ͫͨͭ͟· ͙ ͔ͦͣͨͤͫ͊ͭͦͪͤ͟·͔ ͨͦ͒ͻͦ͒· 

˨͊͡Έ͙ͭͦͤͣ͘ ͤ͊͊͒͟͡·͍͔͊ͭ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͤ͊ ͨͪͦͺ͔͙ͫͫͦͤ͊͡ΈͤͯΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ό͍͔ͦͤͤ·͔Σ 

͍͙͙͊͊ͨͦͭ͡·Σ ͣͦͪΎ͙͟Σ ͻ͙͙͙ͣ͟Σ ͻ͙͙ͯ͒ͦ͗ͤ͟πͭ ͔ͻ͎͙ͤͦͦ͡ύΦ ˻͒ͤ͊ͦ͟ ͍ ͋ͦ͡Έ΄͙͍͔ͤͫͭ ͫͯ͡;͔͍͊ ͡Ό͙͒ ͔ͯͫͨ΄ͤͦ 

͙͊͒͊ͨͭͪͯΌͭͫΎΣ ͙ͫͨͦ͡Έͯ͘Ύ ͍͔ͦͫͤͤ͟·͔ ͙͙ͨͪͤ͊͘͟ όΎͪͦͫͭ͟ΈΣ ͤ͊ͫ·΅͔ͤͤͦͫͭΈΣ ͔ͦͤͭͫͭ͟͟ύΦ 

¶ ˴͔͙ͦͪͪͭͪͯ͟Ό΅͙͔ ͦ;͙͟ ͫ ͺ͙͡Έ͙ͭͪ͊ͣ ό͙͔ͤ͊ͨͪͣͪΣ 9ƴ/ƘǊƻƳŀΣ hȄȅπLǎƻύΥ x ͙ͦͪͯ͟͡Όͭ ͙͚ͯ͘͟ ͔ͫͨͭͪ͟ 

͍͔ͫͭ͊ ͔ͣ͗͒ͯ ͪ͊ͫͤ͟·ͣ ͙ ͔͔ͤ͘͡·ͣΣ ͙͙͍ͯͫ͊͡Ύ ͦͤͭͪ͊ͫͭ͟ ͔ͣ͗͒ͯ Ή͙͙ͭͣ ͼ͍͔͙ͭ͊ͣΦ ˹͔ ζ͙͔͘͡;͙͍͊Όͭη 

͒͊͡Έ͙ͭͦͤͣ͘Σ ͤͦ ͎ͣͦͯͭ ͯͯ͡;΄͙ͭΈ ͙ͪ͊͘͡;͔͙͔ͤ ͔ͤͦͭͦͪ͟·ͻ ͔͍ͦͭͭͤͦ͟Φ 

¶ ˽͎͔ͪͦͪ͊ͣͣͤͦ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͙ ͚͙ͤ͊ͫͭͪͦ͟ ˻˿Υ ̅ ͙͡Έͭͪ· ͤ͊ Ήͪ͊ͤ͊͟ͻΣ ͔ͫͨͼ͙͊͡Έͤ·͔ ͼ͍͔͍ͭͦ·͔ ͫͻ͔ͣ· 

͍ ͙͔͙ͨͪͦ͗ͤ͡ΎͻΦ 

¶ ˤ͊͗ͤͦͫͭΈ ͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟ ͍ ͔͒ͭͫͦͣ͟ ͍͔ͦͪ͊ͫͭ͘ ͒ ͡Ύ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͨͦ͒ͻͦ͒͊ ͙ 

͍·͋ͦͪ͊ ͋ͯ͒ͯ΅͔͚ ͨͪͦͺ͔͙͙ͫͫΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˨͊͡Έ͙ͭͦͤͣ͘ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͎ͤ͊͡Ύ͒ͤ·͚ ͙͔ͨͪͣͪ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͎͔ͤͦͣͦͣ ͙ ͔ͫͤͫͦͪͤ·ͣ 

͍͙ͦͫͨͪΎ͙͔ͭͣΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͭͦ ;ͭͦ ͍͔ͪͦ͗͒ͤͤ·͔ ͺͦͪͣ· Ύ͍͡ΎΌͭͫΎ ͔͙͔ͤ͘͡;͙ͣ·͙ͣ ͎͔͔͙ͤͭ;͔͙͙ͫͣ͟ 

͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣΣ ͍͔͔ͫͦͪͣͤͤ͊Ύ ͤ͊ͯ͊͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͙ͨͪͦͦ͒ͭΈ ͭͦ;ͤͯΌ ͙͎͙͒͊ͤͦͫͭͯ͟ ͙ ͙ͨͦͤͣ͊ͭΈ ͙ͻ ͙ͨͪͪͦ͒ͯΦ 

ˤ͔͚͊͗ͤ΄͙ͣ ͔͊ͫͨͭͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͔ͤ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ζ͔ͦͪͪ͟͟ͼ͙ΎηΣ ͊ ͫͦͼ͙͊͡Έͤ͊Ύ ͊͒͊ͨͭ͊ͼ͙ΎΥ 

͙ͤͺ͙͍ͦͪͣͪͦ͊ͤͤͦͫͭΈ ͦ͋΅͔͍ͫͭ͊Σ ͙͔ͫͦ͒͊ͤ͘ ͚͒ͦͫͭͯͨͤͦ ͔ͫͪ͒· ό͙͔ͤ͊ͨͪͣͪΣ ͼ͍͔͙͍ͭͦͦ͒ͪͦ͊͟͟ ͫ ͯ;͔ͭͦͣ 

͒͊͡Έ͙͍ͭͦͤͦ͟ύ ͙ ͍͙͙͔ͪ͊ͭ͘ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͔͙ͦͣͨͤͫͪͯ͟Ό΅͙ͻ ͎͙ͦͪ͊ͤ;͔͙ͤΎΦ ˨͊͡Έ͙ͭͦͤͣ͘ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ 

͍͙͙͍͊ͪ͊ͭͤͦͫͭΈ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͍͙ͦͫͨͪΎ͙ͭΎ ͙ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͯ;͔ͭ͊ Ή͚ͭͦ ͍͙͙͍͙͊ͪ͊ͭͤͦͫͭ ͙ͨͪ 

͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟ ͍͔͎ͫͦΣ ;ͭͦ ͍ͫΎ͊ͤͦ͘ ͫ ͼ͍͔͍͚ͭͦͦ ͙ͤͺͦͪͣ͊ͼ͙͔͚Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ̊͊ͣ΄͙͍ͤͦ͊ ˢΦ˸ΦΣ ˤͦͪͦ͋Έ͔͍͊ ˮΦˤΦ ͙͙͎͙̅ͦͦ͘͡Ύ ͙ ͎͙ͨ͊ͭͦͦ͡Ύ ͙͔ͪͭ͘͡Έ͎ͤͦͦ ͍͙ͦͫͨͪΎ͙ͭΎΦ ς ˸ ΦΥ 

˸͔͙͒ͼ͙ͤ͊Σ нлмуΦ ς ˥͡Φ сΥ ζ˹͊ͪͯ΄͔͙ͤΎ ͼ͍͔͍͎ͭͦͦͦ ͔͙ͪͤ͘ΎηΦ 

нΦ ˹͔͚΄ͭ͊͒ͭ ˶Φ̒ΦΣ ˾͔ͦͤ͋͘͡Όͣ ̑Φ˭Φ ˻ͺͭ͊͡Έ͎͙ͣͦͦ͡;͔͙͔ͫ͟ ͙ͫͣͨͭͦͣ· ͙ͨͪ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·ͻ ͔͋ͦͤ͘͡ΎͻΦ ς 

˿˽͋ΦΥ ˥͙ͨͨͦͪ͊ͭ͟Σ нлнлΦ 

оΦ bŀǘƘŀƴǎ WΦΣ tƛŀƴǘŀƴƛŘŀ ¢ΦtΦΣ 9ŘŘȅ wΦ[ΦΣ Ŝǘ ŀƭΦ aƻƭŜŎǳƭŀǊ ƎŜƴŜǝŎǎ ƻŦ ƛƴƘŜǊƛǘŜŘ ǾŀǊƛŀǝƻƴ ƛƴ ƘǳƳŀƴ ŎƻƭƻǊ ǾƛǎƛƻƴΦ 

{ŎƛŜƴŎŜΦ мфусΤ нонόптптύΥ нлоπнмлΦ ό͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ͊Ύ ͪ͊͋ͦͭ͊ ͨ  ͎͔͔͙͔ͦͤͭ͟ ͒͊͡Έ͙ͭͦͤͣ͊͘ύΦ 

пΦ {ƛƳǳƴƻǾƛŎ aΦtΦ /ƻƭƻǳǊ Ǿƛǎƛƻƴ ŘŜŬŎƛŜƴŎȅΦ 9ȅŜ ό[ƻƴŘύΦ нлмлΤ нпόрύΥ тптςтррΦ ό˿͍͔͔ͦͪͣͤͤ·͚ ͦ͋ͦͪ͘ ͍ 

͍͙͔͊ͭͦͪͭͭͤͦͣ ͔͗ͯͪͤ͊͡ύΦ 

ϭ s͔͍ͤͤ͊͊ ˻ΦΣ нлнр 
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       ˢͤͤ͊ͣͯͻ͔͍͊ͣͣ͒ͦ ˢͤͤ͊ͣͯͪ͊ͭΣ  

͟ΦͣΦͤΦΣ ͍͔͊͒ͯ͘Ό΅͙͚ ͊͟ͺ͔͚͒ͪͦ ͯ͡;͔͍͚ͦ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͔͡;͔͙ͤΎ ͙ ͎͙͙ͦͤͦͦ͟͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

ˣˮ˻˶˻˥ˮ̉˩˿˴ˮ ˢ˴́ˮˤ˹̍˩ ˤ˩̋˩˿́ˤˢ ˾ˢ˿́˩˹ˮ˯ ˴ˢ˴ ˮ˿́˻̉˹ˮ˴ˮ  

˹˻ˤ̍̆ ˽˾˻́ˮˤ˻˾ˢ˴˻ˤ̍̆ ˽˾˩˽ˢ˾ˢ́˻ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˽͙ͦͫ͟ ͍ͤͦ·ͻ ͍·ͫͦͦ͟Ήͺͺ͔͙͍ͭͤ͟·ͻ ͙ ͔͋ͦͨ͊ͫͤ͘·ͻ ͙͍ͨͪͦͭͦͦͨͯͻ͔͍ͦ͡·ͻ ͎͔͍͊ͤͭͦ ͔ͦͫͭ͊ͭͫΎ ͚ͦ͒ͤͦ ͙͘ 

͙͙͔ͨͪͦͪͭͭͤ·ͻ ͊͒͊͘; ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ· ͙ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ ˽͙ͪͪͦ͒ͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ 

͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎΣ ͦ͋͊͒͊͡Ό΅͙͔ ͍·͚ͫͦͦ͟ ͚ͫͭͪͯͭͯͪͤͦ͟ ͪ͊ͤͦͪͦ͒ͤͦͫͭ͘ΈΌ ͙ ͍·͔͚ͪ͊͗ͤͤͦ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ 

͙͍͊ͭͤͦͫͭ͟ΈΌΣ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔͙ͤͫͫΎ͔͊ͣ͟·͚ ͙ͫͭͦ;͙ͤ͟ ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙͎͙ͦͪͤ͊͡Έͤ·ͻ 

͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭΦ ˤ ͒͊ͤͤͦͣ ͔ͦ͋ͦͪ͘ ͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͤ͘· ͍ͦͫͤͦͤ·͔ ͊ͫͫ͟͡· ͺ͙͔͍ͭͦͦͣͨͦͤͤͭͦ͟ ͫ 

͍͔͚ͯͫͭ͊ͤͦͤͤͦ͡ ͙͍ͨͪͦͭͦͦͨͯͻ͔͍͚ͦͦ͡ ͙͍͊ͭͤͦͫͭ͟ΈΌΥ ͙͊͊ͦ͒͟͡͡· ό͍͙ͤ͊͟Σ ͙͔͊ͣͨͭͦͭ͟ͼ͙ͤύΣ ͔͔͙ͭͪͨͤͦ͒· 

όͭ͊ͫ͊ͤ͟Σ ͔͙ͨ͊ͪͭͤͦ͒͡ύΣ ͺ͔ͤͦ͡Έͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎ ό͙ͯͪͯͣͤ͟͟Σ ͔͍͔ͪͫͪ͊ͭͪͦ͡Σ ͺ͍͙͊ͦͤͦ͒͡·ύΣ ͻ͙ͤͦͤ· 

ό͎͙͔ͨͪͺ͙ͦͪͤύ ͙ ͙ͨͦͫ͊͡ͻ͙͊ͪ͒·Φ ˽ͦ͒ͪͦ͋ͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· ͟͡Ό;͔͍·͔ ͔ͣͦͯ͟͡͡Ύͪͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͙ͻ 

͔͚͍͙͒ͫͭΎΣ ͍͟͡Ό;͊Ύ ͙͎͙͙͍͙͔ͤ͋ͪͦ͊ͤ ͙͔ͭͦͨͦͦͣͪ͊͘͘Σ ͤ͊ͪͯ΄͔͙͔ͤ ͙ͫ͋ͦͪ͟ ͙ ͔͙͔͙͒ͨͦͣͪ͊͘͡ͼ͙͙ 

͙ͣͪͦͭͪͯ͋ͦ͟;͔͟Σ ͙ͤ͒ͯ͟ͼ͙Ό ͊ͨͦͨͭͦ͊͘ ͙ ͊ͯͭͦͺ͎͙͙͊Σ ͣͦ͒ͯ͡Ύͼ͙Ό ͙͎ͫͤ͊͡Έͤ·ͻ ͔͚ͨͯͭ όbCπˁ.Σ tLоYκ!ƪǘΣ 

a!tYύΣ ͙͎͙͎͔͊ͤͭ͊ͤͦͤͤ·͔ Ήͺͺ͔ͭ͟· ͙ ͙ͣͣͯͤͦͣͦ͒ͯ͡Ύͼ͙ΌΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔ͯͫͨ΄ͤ·ͣ 

͙͔ͨͪͣͪ͊ͣ ͭͪ͊ͤͫ͡Ύͼ͙͙ ͺ͙͔͍ͭͦͦͣͨͦͤͤͭͦ͟ ͍ ͙͙ͤͯ͟͟͡ ό͔ͨͪͨ͊ͪ͊ͭ· ͤ͊ ͍͔ͦͫͤͦ ͙͔ͨ͊ͭ͊ͫ͊͟͟͡͡Σ ͙͙͔ͪͤͦͭ͊ͤ͊͟Σ 

͍͙͙ͤ͋͊ͫͭͤ͊͡ύ ͙ ͔͎͙ͫͭͪ͊ͭΎͣ ͔͔͙ͨͪͦ͒ͦͤ͡Ύ ͎͙ͦͪ͊ͤ;͔͙͚ͤ ό͙ͤ͊͘͟Ύ ͙͋ͦ͒ͦͫͭͯͨͤͦͫͭΈΣ ͔͔ͤͫͨͼ͙ͺ͙;͔ͫ͊͟Ύ 

͙ͭͦͫ͟;ͤͦͫͭΈύ ͔ͨͯͭͣ ͙ͫͦ͒͊ͤ͘Ύ ͙͔͙ͨͦͯͫͤͭͭ͡;͔͙ͫ͟ͻ ͎͍͊ͤ͊ͦͦ͡Σ ͤ͊ͤͦͺ͙͍ͦͪͣͯͪͦͦ͟͡ ͙ ͙͔ͫͫͭͣ ͍͔͚ͤ͊ͨͪ͊ͤͤͦ͡ 

͍͙͒ͦͫͭ͊͟Φ ˿͔͒͊ͤ͡ ͍·͍ͦ͒ ͦ ͔͔͙͍͙ͨͪͫͨͭͤͦͫͭ͟ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊Σ ͫͦ;͔ͭ͊Ό΅͔͎ͦ ͔ͣͭͦ͒· 

Ήͭͤͦͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͺ͙ͭͦͻ͙͙͙ͣΣ ͙͔͙ͫͤͭͭ;͔͚ͫͦ͟ ͙͎͙͙͋ͦͦ͡ ͙ ͔ͤ͊ͤͦͭͻ͎͙͚ͤͦͦ͡ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͔͍ͨͪͨ͊ͪ͊ͭͦ 

͍͎ͤͦͦͦ ͔͙ͨͦͦͤ͟͡ΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͙͍ͨͪͦͭͦͦͨͯͻ͔͍ͦ͡·͔ ͔ͨͪͨ͊ͪ͊ͭ·Σ ͺ͙ͭͦͻ͙͙ͣΎΣ ͙ͨͪͪͦ͒ͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎΣ ͙͊͊ͦ͒͟͡͡·Σ ͔͔͙ͭͪͨͤͦ͒·Σ 

ͺ͍͙͊ͦͤͦ͒͡·Σ ͎͔ͭ͊ͪͭͤ͊Ύ ͔͙ͭͪ͊ͨΎΣ ͊ͨͦͨͭͦ͘Σ ͙͔͙ͤ͊ͤͦͤͦͫͭ͡Σ Ήͭͤͦͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˾͔͙͊ͫͭͤΎ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͭ·ͫΎ;͔͔͙͚ͭ͡ ͙ͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ ͍ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͔͙ͣ͒ͼ͙͔ͤ ͒͡Ύ ͔͡;͔͙ͤΎ 

͙ͪ͊͘͡;ͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍͟͡Ό;͊Ύ ͦͨͯͻ͔͍ͦ͡·͔ ͨͪͦͼ͔ͫͫ·Φ ˤ ͍͔͔͚ͫͦͪͣͤͤͦ ͎͙͙ͦͤͦͦ͟͡ ͔͔͋ͦ͡ рл҈ 

͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ ͻ͙͙͔͔͍͙ͣͦͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭ ͙͋ͦ͡ Ύ͍͡ΎΌͭͫΎ ͙ͨͪͪͦ͒ͤ·͙ͣ ͔͙͔͙ͫͦ͒ͤͤΎ͙ͣ 

͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎΣ ͙͋ͦ͡ ͙ͻ ͙͍ͨͪͦͦ͒ͤ͘·͙ͣΦ ͙̂ͤ͊͟͡Έͤ·͔ ͔͔ͫͭ͟͡· ͔ͣͦͯ͟͡͡Σ ͫͦ͒͊ͤͤ͘·͔ ͍ 

ͻ͔ͦ͒ Ή͍ͦ͡Όͼ͙͙Σ ͊͘;͊ͫͭͯΌ ͔͍ͤͦͣͦ͗ͤͦ͘ ͍͙͍͔͙ͦͫͨͪͦͫͭ͘ ͔͙ͣͭͦ͒͊ͣ ;͙͚ͫͭͦ ͻ͙͙͙ͣΣ ;ͭͦ ͔͔͒͊ͭ͡ ͔͙ͪ͊ͫͭͤΎ 

͔͋ͫͼ͔ͤͤ·ͣ ͔ͪͫͯͪͫͦͣ ͒͡Ύ ͦͭͪ͟·͙ͭΎ ͍ͤͦ·ͻ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͎͔͍͊ͤͭͦ ͫ ͍ͤͦ·͙ͣ ͣ ͔ͻ͙͙͊ͤͣ͊ͣ͘ ͔͚͍͙͒ͫͭΎΦ 

͔̇͡ΈΌ ͎͒͊ͤͤͦͦ ͦ͋ͦͪ͊͘ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͤ͊͘͡ ͍͔͔ͫͦͪͣͤͤ·ͻ ͒͊ͤͤ·ͻ ͦ ͙͔͔ͤ͊͋ͦ͡ ͔͔͙͍ͨͪͫͨͭͤ͟·ͻ ͊ͫͫ͊͟͡ͻ 

͙͔ͪ͊ͫͭͭ͡Έͤ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤ ͫ ͙͍ͨͪͦͭͦͦͨͯͻ͔͍͚ͦͦ͡ ͙͍͊ͭͤͦͫͭ͟ΈΌ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ͻ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͍ 

Ήͺͺ͔͙͍ͭͤ͟·͔ ͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔ͨͪͨ͊ͪ͊ͭ·Φ 

мΦ ˻͍ͫͤͦͤ·͔ ͊ͫͫ͟͡· ͙͍ͨͪͦͭͦͦͨͯͻ͔͍ͦ͡·ͻ ͺ͙͔͍ͭͦͦͣͨͦͤͤͭͦ͟ ͙ ͙ͻ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ 

мΦмΦ ˢ͙͊ͦ͒͟͡͡· 

¶ ˢ͙͊ͦ͒͟͡͡· ͍͙ͤ͊͟ ό͍͙͙ͤ͋͊ͫͭͤ͡Σ ͍͙͙͙ͤͪͫͭͤ͟ύΥ ʕ ·͔͔͒ͤ͡· ͙͘ ͍͙͋͊ͪͤ͊͟ ͍͎ͪͦͦͦͦ͘ ό/ŀǘƘŀǊŀƴǘƘǳǎ 

ǊƻǎŜǳǎύΦ ˿͍Ύ͘·͍͊ΌͭͫΎ ͫ ͙ͭͯ͋ͯͤͦͣ͡Σ ͙͎͙͙ͤ͋ͪͯΎ ͫ͋ͦͪͯ͟ ͙ͣͪͦͭͪͯ͋ͦ͟;͔͟Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͔ͦͫͭ͊ͤͦ͟ 

͔ͭͦ͟͡;͎ͤͦͦ ͼ͙͊͟͡ ͍ ͔ͣͭ͊ͺ͔͊͘Φ ͍̒͡ΎΌͭͫΎ ͍͚ͦͫͤͦͦ ͔͙͙ͭͪ͊ͨ ͙ͣ͡ͺͦͣΣ ͔͚͍ͦͦ͘͟͡Σ ͫ͊ͪͦͣ͟Φ 
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¶ ˽͙͍ͪͦͦ͒ͤ͘·͔ ͙͔͊ͣͨͭͦͭ͟ͼ͙ͤ͊ ό͔ͭͦͨͦͭ͊ͤ͟Σ ͙͙͔ͪͤͦͭ͊ͤ͟ύΥ ˽ ͦͯ͡;͔ͤ· ͙͘ ͙͔͙͊ͣͨͭͦͭ͟͟ 

͔ͦͫͭͪͦͦͤ͟;͚ͤͦ ό/ŀƳǇǘƻǘƘŜŎŀ ŀŎǳƳƛƴŀǘŀύΦ ˮ͎͙͙ͤ͋ͪͯΌͭ ͙͔ͭͦͨͦͦͣͪ͊ͯ͘͘ LΣ ͙͙͙ͫͭ͊͋ͪͯ͘͡Ύ ͍͔ͦ͊ͤͭͤ͟͡·͚ 

͔ͦͣͨͫ͟͟͡ ζ˨˹˴πͅ ͔͔ͪͣͤͭη ͙ ͍·͘·͍͊Ύ ͔͔͙͔ͤͪͨ͊ͪͪͯͣ·͔ ͪ͊ͪ͘·͍· ˨˹˴ ͍ͦ ͍͔ͪͣΎ ͔͙ͪͨ͊͟͡ͼ͙͙Φ 

˽͙͔ͪͣͤΎΌͭͫΎ ͙ͨͪ ͔ͪ͊͟ Ύ͙;͙͍ͤͦ͟Σ ͔͎͙͟͡ͻΣ ͚ͭͦͫͭͦ͡ ͙͟΄͙͟Φ 

¶ ˥ͦͣͦͻ͙͎͙͊ͪͪͤͭͦͤͤΥ s ͙͊ͦ͒͟͡͡ ͙͘ ͙͚͎ͭ͊ͫͦͦ͟͟ ͙ͭͫ͊ ό/ŜǇƘŀƭƻǘŀȄǳǎ ŦƻǊǘǳƴŜƛύΦ ˽͍ͦ͒͊͡Ύ͔ͭ ͙͔ͫͤͭ͘ 

͔͋͊͟͡Σ ͙͎͙͙ͤ͋ͪͯΎ ͙ͪ͋ͦͫͦͣ·Φ ˮͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͙ͨͪ ͔͡;͔͙͙ͤ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͙͔͔͚ͣͦͦ͊͘͟͡͡Φ 

мΦнΦ ͔͔͙́ͪͨͤͦ͒· 

¶ ́͊ͫ͊ͤ͟· ό͙͔ͨ͊ͭ͊ͫ͟͟͡͡Σ ͒ͦͼ͔͔ͭ͊ͫ͟͡ύΥ ˨ ͙͔͔͙ͭͪͨͤͦ͒·Σ ͔͍ͨͪͦͤ͊;͊͡Έͤͦ ͍·͔͔͒ͤͤ͡·͔ ͙͘ ͙ͭͫ͊ 

͙ͭͻ͔͎ͦͦ͊ͤͫͦͦ͟͟ ό¢ŀȄǳǎ ōǊŜǾƛŦƻƭƛŀύΦ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͙͍͊͊ͦ͒ͦ͟͡͡ ͍͙ͤ͊͟Σ ͙͙͙ͫͭ͊͋ͪͯ͘͡Όͭ ͙ͣͪͦͭͪͯ͋ͦ͟;͙͟Σ 

͔ͨͪͨΎ͍ͭͫͭͯΎ ͙ͻ ͔͙͔͙͒ͨͦͣͪ͊͘͡ͼ͙͙Σ ;ͭͦ ͙͔͋ͦͪͯͭ͟͡ ͔͎͔͎ͫͪ͊ͼ͙Ό ͻͪͦͣͦͫͦͣΦ ζ˭͚ͦͦͭͦ͡ ͫͭ͊ͤ͒͊ͪͭη ͔͡;͔͙ͤΎ 

ͪ͊͊͟ ͣͦͦ͡;͚ͤͦ ͔͔͗͘͡·Σ Ύ͙;͙͍ͤͦ͟Σ ͔͎͙͟͡ͻΦ 

¶ ˽͔͙͊ͪͭͤͦ͒͡Υ ˿ ͔͍͙͔͔͍ͫͭͪͨͤͦ͟·͚ ͊ͭͦͤ͟͡ ͙͘ ͙ͨ͗ͣ· ͔͍͙͒;Έ͔͚ ό¢ŀƴŀŎŜǘǳƳ ǇŀǊǘƘŜƴƛǳƳύΦ ˻͔͋͊͒͊ͭ͡ 

͎ͣͤͦͦͼ͔͔͍͚ͦ͡ ͙͍͊ͭͤͦͫͭ͟ΈΌΥ ͙ͤ͒ͯͼ͙͔ͪͯͭ ͊ͨͦͨͭͦ͘ ;͔͔ͪ͘ ͙͍͊ͭ͊͟ͼ͙Ό wh{Σ ͙͎͙͙͔ͤ͋ͪͯͭ bCπˁ. ͙ ͙͎ͫͤ͊͡Έͤ·͚ 

ͨͯͭΈ {¢!¢оΦ ˹͊ͻ͙ͦ͒ͭͫΎ ͍ ͙͙ͫͭ͊͒ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ 

мΦоΦ ͔̅ͤͦ͡Έͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎ 

¶ ˴͙ͯͪͯͣͤ͟ ό͙͒ͺ͔͙͔ͪͯͦͣͭ͊ͤ͡͡ύΥ ˻ ͍͚ͫͤͦͤͦ ͙ͨͦ͡ͺ͔ͤͦ͡ ͯͪͯͣ͟͟· ό/ǳǊŎǳƳŀ ƭƻƴƎŀύΦ ˻͔͋͊͒͊ͭ͡ 

ͣͦ΅ͤ·ͣ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·ͣ ͙ ͙͙͊ͤͭͦͫ͒͊ͤͭͤ͟·ͣ ͔͚͍͙͔͒ͫͭͣΦ ˮ͎͙͙͔ͤ͋ͪͯͭ ͪͦͫͭ ͦͨͯͻ͙ͦ͡ ͊͘ ͫ;͔ͭ 

ͣͦ͒ͯ͡Ύͼ͙͙ ͔͍ͣͤͦ͗ͫͭ͊ ͙͎ͫͤ͊͡Έͤ·ͻ ͔͚ͨͯͭ ό²ƴǘκπ̡͟ ͔͙͊ͭͤͤΣ tLоYκ!ƪǘΣ W!Yκ{¢!¢ύ ͙ ͙ͤ͒ͯ͟ͼ͙͙ ͊ͨͦͨͭͦ͊͘Φ 

˹͙͊͘͟Ύ ͙͋ͦ͒ͦͫͭͯͨͤͦͫͭΈ ͙͙͍ͫͭͣͯͪͦ͊͊͡͡ ͪ͊ͪ͊͋ͦͭͯ͘͟ ͎͍͊ͤ͊ͦͦ͡ ͙ ͤ͊ͤͦͺͦͪͣͯ͡Ύͼ͙͚Φ 

¶ ˾͔͍͔ͫͪ͊ͭͪͦ͡Υ ˿ ͙ͭ͡Έ͔͋ͤΣ ͔ͫͦ͒ͪ͗͊΅͙͚ͫΎ ͍ ͔ͦ͗ͯͪ͟ ͍͙͎ͤͦͪ͊͒͊Σ ͊ͪ͊ͻ͙͔ͫΣ Ύ͎ͦ͒͊ͻΦ ˢ͙͍͙͔ͭͪͯͭ͟ 

͙͙ͫͪͭͯͤ·Σ ͙͎͙͙͔ͤ͋ͪͯͭ ͼ͙͙͎͔ͦͦͫͤ͊͘͟͟͡·Σ ͙͔ͣͦ͒ͯͪͯͭ͡ ͊ͨͦͨͭͦ͘Φ ˽͔ͦͭͤͼ͙͔ͪͯͭ ͔͚͍͙͔͒ͫͭ ͙͊ͫͫ͟͡;͔͚ͫͦ͟ 

ͻ͙͙͔͙͙ͣͦͭͪ͊ͨΦ 

¶ ͍͙̅͊ͦͤͦ͒͡· ό͍͔ͪ͟ͼ͔͙ͭͤΣ Ή͙͎͔ͨ͊ͦ͊ͭ͟͡͡ͻ͙ͤπоπ͎ ͊͊ͭ͡͡ ͙͘ ͔͔͎ͤͦͦ͘͡ ;͊ΎύΥ ˻ ͋͊͒͊͡Όͭ 

͙͙͊ͤͭͨͪͦ͡ͺ͔͙͍ͪ͊ͭͤ·ͣΣ ͙ͨͪͦ͊ͨͦͨͭͦͭ;͔͙ͫͣ͟ ͙ ͙͎͙͎͔͊ͤͭ͊ͤͦͤͤ·ͣ Ήͺͺ͔͙ͭ͊ͣ͟Σ ͔͚͍͒ͫͭͯΎ ͊͟͟ ͣͦ͒ͯ͡Ύͭͦͪ· 

͙͚ͤ͊ͤͦ͘͟ ͙͍͙͊ͭͤͦͫͭ͟Φ 

мΦпΦ ͙̆ͤͦͤ· ό˥͙͔ͨͪͺ͙ͦͪͤύ 

˻͍͔ͫͤͦͤͦ ͙͍͔͊ͭͤͦ͟ ͍͔΅͔͍ͫͭͦ ͍͔ͪͦ͋ͦ͘Ύ ͨͪͦ͒·ͪΎ͍͔͎ͤͤͦͦ͡ όIȅǇŜǊƛŎǳƳ ǇŜǊŦƻǊŀǘǳƳύΦ ˮ͎͙͙͔ͤ͋ͪͯͭ 

͙͍͊ͭͤͦͫͭ͟Έ ͔͔͙ͣͭ͊ͦͨͪͦͭͤ͊͘͡͡ όaatπнΣ aatπфύΣ ͟͡Ό;͔͍·ͻ ͺ͔͔͍ͪͣͤͭͦ ͙͍͙͙ͤ͊͘ ͙ ͔͙͍͙ͣͭ͊ͫͭ͊ͪͦ͊ͤ͘ΎΣ ͊ 

͔ͭ͊͗͟ ͙ͤ͒ͯͼ͙͔ͪͯͭ ͊ͨͦͨͭͦ͘ ͍ ͦͨͯͻ͔͍ͦ͡·ͻ ͔ͭ͊͟͟͡ͻΦ 

мΦрΦ ˽͙ͦͫ͊͡ͻ͙͊ͪ͒· ό˶͔͙ͤͭͤ͊ͤΣ t{Yύ 

ˤ·͔͔͒ͤ͡· ͙ ͎͙͍ͪ͋ͦ͘ ό[Ŝƴǝƴǳƭŀ ŜŘƻŘŜǎΣ ¢ǊŀƳŜǘŜǎ ǾŜǊǎƛŎƻƭƻǊύΦ ˹͔  ͦ͋͊͒͊͡Όͭ ͨͪΎ͚ͣͦ 

ͼ͙͙ͭͦͭͦͫ͟;ͤͦͫͭΈΌΣ ͤͦ ͨͪͦΎ͍͡ΎΌͭ ͣͦ΅ͤ·͚ ͙͙ͣͣͯͤͦͣͦ͒ͯͪͯ͡Ό΅͙͚ Ήͺͺ͔ͭ͟Σ ͙͍͙͊ͭͪͯ͟Ύ ͣ͊ͪͦ͟ͺ͎͙͊Σ bYπ

͔͙ͭ͟͟͡ ͙ ͼ͙͙͍ͭͦͤͦ͟·͚ ͊ͫ͊͒͟͟Φ ͙̊ͪͦͦ͟ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͊͒ΆΌ͍͚͊ͤͭͤͦ ͔͙͙ͭͪ͊ͨ ͍ ˢ͙͙͘Φ 

нΦ ˽͔ͪͦ͋ͣ͡· ͙ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͎͙͙ͫͭͪ͊ͭ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͤ͊ ͍͔ͦͫͤͦ ˣˢˤ ͔͙͚ͪ͊ͫͭͤ 

˻͍ͫͤͦͤ·͙ͣ ͍·͍͙ͦ͊ͣ͘ ͙ͨͪ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͙͔ͪ͊ͫͭͭ͡Έͤ·ͻ ͙͍ͨͪͦͭͦͦͨͯͻ͔͍ͦ͡·ͻ ͔͍ͫͪ͒ͫͭ Ύ͍͡ΎΌͭͫΎΥ 

мΦ ˹͙͊͘͟Ύ ͙͋ͦ͒ͦͫͭͯͨͤͦͫͭΈ ό͊͟͟ ͯ ͙ͯͪͯͣͤ͊͟͟Σ ͔͍͔ͪͫͪ͊ͭͪͦ͊͡ύΦ 

нΦ ˹͔͔ͫͨͼ͙ͺ͙;͔ͫ͊͟Ύ ͙ͭͦͫ͟;ͤͦͫͭΈ ό͔ͯͦ͘͟ ͔͔͍͙ͭͪ͊ͨͭ;͔͔ͫͦ͟ ͦͤͦ͟ ͯ ͍ͭ͊ͫ͊ͤͦ͟ ͙ ͙͍͊͊ͦ͒ͦ͟͡͡ ͍͙ͤ͊͟ύΦ 

оΦ ˿ͦ͗ͤͦͫͭ͡Έ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙͙ ͙ ͨͦͯ͡;͔͙͔ͤ ͒ͦͫͭ͊ͭͦ;͎ͤͦͦ ͙ͦ͟͡;͔͍ͫͭ͊ ͫ·ͪΈΎΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔͎͙͙ͫͭͪ͊ͭ ͔͔͙ͨͪͦ͒ͦͤ͡Ύ Ή͙ͭͻ ͎͙ͦͪ͊ͤ;͔͙͚ͤ ͍͟͡Ό;͊ΌͭΥ 

¶ ͙͙̆ͣ;͔ͫ͊͟Ύ ͙ͣͦ͒ͺ͙͊͟ͼ͙ΎΥ ˿ ͙͔ͦ͒͊ͤ͘ ͙͔͙ͨͦͯͫͤͭͭ͡;͔͙ͫ͟ͻ ͎͍͊ͤ͊ͦͦ͡ ͫ ͯͯ͡;΄͔ͤͤ·͙ͣ ͍͚͍͙ͫͦͫͭ͊ͣ 

ό͙͔ͤ͊ͨͪͣͪΣ ͒ͦͼ͔͔ͭ͊ͫ͟͡ τ ͔͔͋ͦ͡ ͎͙͒ͪͦͺ͙͡Έͤ·͚ ͎͊ͤ͊ͦ͡ ͙͔ͨ͊ͭ͊ͫ͊͟͟͡͡ύΦ 

¶ ˹͔͊ͤͦͭͻ͎͙͙ͤͦͦ͡Υ ˮ ͤ͊ͨͫͯ͟͡Ύͼ͙Ύ ͍ ͙ͨͦͫͦͣ͡·Σ ͙͔ͨͦͣͪͤ͡·͔ ͤ͊ͤͦ;͙͊ͫͭͼ·Σ ͙ͣͼ͔͡͡· ͒͡Ύ 

͍ͨͦ·΄͔͙ͤΎ ͍͙͙ͪ͊ͫͭͦͪͣͦͫͭΣ ͙ͫͭ͊͋͡Έ͙ͤͦͫͭΣ ͙͙͋ͦ͒ͦͫͭͯͨͤͦͫͭ ͙ ͔͔͙͍͚ͫͭͤͦ͟͡ ͍͙͒ͦͫͭ͊͟ ͍ ͦͨͯͻͦ͡Έ όΉͺͺ͔ͭ͟ 

9tw τ ͙͔ͯͫͤͤ͊͡Ύ ͙ͨͪͦͤͼ͔͊ͣͦͫͭΈ ͙ ͔͙͔ͯ͒ͪ͗͊ͤύΦ 

¶ ˴͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ˮ ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͺ͙͔͍ͭͦͦͣͨͦͤͤͭͦ͟ ͍ ͊͟;͔͍͔ͫͭ ͔͙͙͙͍ͫͤͫ͋͊ͭͦͪͦ͘͡ 
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͒͡Ύ ͙ͪ͊͒ͦπ ͙ ͻ͙͙͔͙͙ͣͦͭͪ͊ͨΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͙ͫͤͭ͘Έ ͒ͦ͘· ͙ͭͦͫ͟;ͤ·ͻ ͼ͙͙͍ͭͦͫͭ͊ͭͦ͟Φ 

¶ ˣ͙͔ͦͭͻ͎͙͙ͤͦͦ͡Υ ˴ ͯ͡Έ͙͍͙͍͙͔ͭͪͦ͊ͤ ͔ͭͦ͟͟͡ ͔͙͚ͪ͊ͫͭͤ ƛƴ ǾƛǘǊƻΣ ͔ͣ ͙ͭ͊͋ͦ͡;͔ͫ͊͟Ύ ͙͔͔͙ͤ͗ͤͪΎ ͒͡Ύ 

͔͙ͤ͊ͦͨͤ͟͡Ύ ͼ͔͔͍͡·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΦ 

˭͊͟͡Ό;͔͙͔ͤ 

ˣ͙͎͙ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͔ ͍͔΅͔͍ͫͭ͊ ͔͙͚ͪ͊ͫͭͤ ͨͪͦ͒ͦ͗͊͡Όͭ ͍ͦͫͭ͊͊ͭΈͫΎ ͔͋ͫͼ͔ͤͤ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͙͍ͤͤͦ͊ͼ͙͚ 

͍ ͎͙͙ͦͤͦͦ͟͡Φ ˮͻ ͔ͫͭͪͯͭͯͪͤͦ͟ ͙͔ͪ͊ͤͦͦ͋ͪ͊͘͘ ͙ ͙͍͔ͨͦ͊ͤͭͤͦͫͭ͡͡Έ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͚͍͙͒ͫͭΎ ͦͭͪ͟·͍͊Όͭ ͙ͨͯͭ 

͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͎͔ͭ͊ͪͭͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͙ ͔͍ͫͪ͒ͫͭ ͙͙͍͚ͦͣ͋ͤͪͦ͊ͤͤͦ͟ ͔͙͙ͭͪ͊ͨΦ ͔̂ͫͨ΄ͤ͊Ύ ͭͪ͊ͤͫ͡Ύͼ͙Ύ 

ͺ͙͔͍ͭͦͦͣͨͦͤͤͭͦ͟ ͍ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͙ͨͪ͊ͭͯ͟͟ ό͙͔ͨ͊ͭ͊ͫ͟͟͡͡Σ ͙͙͔ͪͤͦͭ͊ͤ͟ύ ͙ͫͯ͗ͭ͡ Ύ͙ͪͣ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦͣ 

͙͍͙ͨͪͦ͒ͯͭͤͦͫͭ͟ Ή͎ͭͦͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΦ ˨͊͡Έ͔͚ͤ΄͙͚ ͎͔ͨͪͦͪͫͫ ͍ͫΎ͊ͤ͘ ͫ ͙͔͎ͤͭͪ͊ͼ͙͔͚ ͔͔͍ͨͪ͒ͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ 

τ ͤ ͊ͤͦͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͙͔͙ͫͤͭͭ;͔͚ͫͦ͟ ͙͎͙͙͋ͦͦ͡ ͙ ͍·͙͍͙͔ͫͦͦͨͪͦͦ͒ͭ͘͟͡Έ͎ͤͦͦ ͙͙͎ͫͪͤͤ͊͟Σ ;ͭͦ ͍͙ͨͦͦͭ͘͡ 

͔ͤ ͭͦ͡Έͦ͟ ͦͭͪ͟·͍͊ͭΈ ͍ͤͦ·͔ ͔ͣͦͯ͟͡͡·Σ ͤͦ ͙ ͙͙͙͍ͦͨͭͣͪͦ͊ͭ͘Έ ͔ͯ͗ ͙͍͔ͫͭͤ͘·͔Σ ͍ͫͦ͒͊͊͘Ύ Ήͺͺ͔͙͍ͭͤ͟·͔ ͙ 

͔͋ͦͨ͊ͫͤ͘·͔ ͔͍͊ͪͫͭ͊͟͡ ͙͍ͨͪͦͭ ͦ͊͘͟͡;͔͍͔ͫͭͤͤ·ͻ ͍͍͙͚ͤͦͦͦ͋ͪ͊ͦ͊ͤ͘Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˹ΈΌͣ͊ͤ ˨Φ˨͗ΦΣ ˴ͪΉ͎͎ ˥Φ˸Φ ˽͙ͪͪͦ͒ͤ·͔ ͨͪͦ͒ͯͭ͟· ͊͟͟ ͙ͫͭͦ;͙͙ͤ͟ ͍ͤͦ·ͻ ͔͍͊ͪͫͭ͟͡ ͊͘ ͔͙͔ͨͦͫ͒ͤ͡ ͨͦ;͙ͭ 

пл ͔ͭ͡ κκ WƻǳǊƴŀƭ ƻŦ bŀǘǳǊŀƭ tǊƻŘǳŎǘǎΦ τ нлнлΦ τ ́Φ уоΣ Ѕ оΦ τ ˿Φ ттлςулоΦ όbŜǿƳŀƴ 5ΦWΦΣ /ǊŀƎƎ DΦaΦ bŀǘǳǊŀƭ 

ǇǊƻŘǳŎǘǎ ŀǎ ǎƻǳǊŎŜǎ ƻŦ ƴŜǿ ŘǊǳƎǎ ƻǾŜǊ ǘƘŜ ƴŜŀǊƭȅ ŦƻǳǊ ŘŜŎŀŘŜǎύΦ 

нΦ ˢ͙ͭͦͨͤ͟ ˨Φ˸ΦΣ ˴͔͍͊ͭ͊ ˤΦˢΦ ˽͙͍ͪͦͭͦͦͨͯͻ͔͍ͦ͡·͔ ͔ͨͪͨ͊ͪ͊ͭ· ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎΥ 

͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͙͔͔͙ͨͪͣͤͤΎ κκ ˣ͙͎͙ͦͦͪ͊ͤ;͔ͫ͊͟Ύ ͻ͙͙ͣΎΦ τ нлнмΦ τ ́Φ птΣ Ѕ пΦ τ 

˿Φ плоςпнтΦ 

оΦ bƻōƛƭƛ {Φ Ŝǘ ŀƭΦ bŀǘǳǊŀƭ /ƻƳǇƻǳƴŘǎ ŦƻǊ /ŀƴŎŜǊ ¢ǊŜŀǘƳŜƴǘ ŀƴŘ tǊŜǾŜƴǝƻƴ κκ tƘŀǊƳŀŎƻƭƻƎƛŎŀƭ wŜǎŜŀǊŎƘΦ τ 

нлмфΦ τ ±ƻƭΦ мпмΦ τ tΦ пнфςпрсΦ 

пΦ ˥͔ͦ͋ͪͣ͊ͤ͡ ˩ΦˢΦΣ ͎͍̒ͯ͒ͦ͊ ˢΦ˾Φ ͎͙̅͊ͪͣ͊ͦͤͦ͘͟ΎΦ ˶͔͍͔͔͊ͪͫͭͤͤͦ͟ ͫ·ͪΈ͔ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͙ ͙͍͎͗ͦͭͤͦͦ 

͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎΦ ̂;͔͙͋ͤ͟Φ τ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлмфΦ τ тсу ͫΦ 

ϭ sͤͤ͊ͣͯͻ͔͍͊ͣͣ͒ͦ ˢΦΣ нлнр 

 

 

 

 

       ˢͤͤ͊ͣ·͍ͪ͊͒ͦ͊ ˸͔͔ͪ͒͗ͤ ͙͔́ͪ͟΄͍ͦͤ͊Σ  

ͫͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΦ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˹˩˾ˤ˹˻π˸ ̍̊˩̉˹̍˩ ́˻˴˿ˮ˴ˢ˹́̍Υ ˸˩̆ˢ˹ˮ˭˸̍ ˿ˮ˹ˢ˽́ˮ̉˩˿˴˻˥˻ 

 x ˶˻˴ˢ ˮ ˽˾ˮ˹̇ˮ˽̍ ˢ˹́ˮ˨˻́˹˻˯ ́˩˾ˢ˽ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˹͔͍ͪͤͦπͣ ·΄͔;ͤ·͔ ͙ͭͦͫ͊ͤͭ͟͟· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͎͔͔͎͔ͭͪͦͤͤͯΌ ͎ͪͯͨͨͯ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭΣ 

͍͚ͦͫͤͦͤͦ ͭͦ;͚ͦ͟ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͦͭͦͪ͟·ͻ Ύ͍͡Ύ͔ͭͫΎ ͙͙͍ͤͦͭͤͦ͟·͚ ͻ͙͔ͦͤͦͪ͡ͼ͔ͨͭͦͪ όͤπͻ͙͔ͦͤͦͪ͡ͼ͔ͨͭͦͪύ 

͔͍ͤͪͤͦπͣ ·΄͔;͎ͤͦͦ ͙ͫͤ͊ͨͫ͊Φ ˣͦ͟͡ ͔͔ͨͪ͒͊;͙ ͍͔͙ͦ͋ͯ͗͒ͤ͘Ύ ͫ ͍͙͎͔͒͊ͭ͡Έ͎ͤͦͦ ͔͍ͤͪ͊ ͤ͊ ͔͔ͫͭͤͯ͟͡Ό 

ͣͯͫͯ͊ͭͯͪͯ͟͡ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͍Ύ͡·ͻ ͙ͨ͊ͪ͊͡;͔͚Σ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͙ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ 

͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͯΌ ͎ͯͪͦͯ͘ ͒͡Ύ ͙͙͗ͤ͘Φ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͤ͘· ͍ͦͫͤͦͤ·͔ ͊ͫͫ͟͡· ͔͍ͤͪͤͦπ

ͣ·΄͔;ͤ·ͻ ͙͍ͭͦͫ͊ͤͭͦ͟͟ ͨͦ ͔ͣͻ͙͊ͤͣͯ͘ ͔͚͍͙͒ͫͭΎΥ ͔͒ͨͦ͡Ύ͙ͪͯ͘Ό΅͙͔ ό͙͙ͤͦͭͤ͟Σ ͔͙͚ͫͯͫ͊ͣͭͦͤ͟ύΣ 

͔͔ͤ͒ͨͦ͡Ύ͙ͪͯ͘Ό΅͙͔ ͔ͦͤͯͪͤͭͤ͟͟·͔ ͋ͦ͊ͭͦͪ͟͡· ό͔ͯͪ͊ͪͨͦ͒ͦ͋ͤ͟·͔ ͍͔΅͔͍ͫͭ͊Σ πh͋ ͎͙ͯͤ͊ͪͦͭͦͫͤ͟ύΣ 

͙͎͙͙ͤ͋ͭͦͪ· ͍·͍͔͙ͫͦ͋ͦ͗͒ͤΎ ͊ͼ͔͙ͭ͡ͻ͙ͦͤ͊͡ ό͙͙͋ͦͭͯͤ͡;͔͙͚ͫ͟ ͙ͭͦͫͤ͟Σ π̡͋ ͎͙ͯͤ͊ͪͦͭͦͫͤ͟ύ ͙ ͋ͦ͊ͭͦͪ͟͡· 
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ͻ͙ͦͤ͡Ή͔ͫͭͪ͊͘· όͺͦͫͺ͎͙ͦͪͦͪ͊ͤ;͔͙͔ͫ͟ ͔͙͔͙ͫͦ͒ͤͤΎΣ ͊ͪ͋͊ͣ͊ͭ͟·ύΦ ˽ͦ͒ͪͦ͋ͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· 

ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͤ͊ͪͯ΄͔͙͚ͤ ͔͍ͤͪͤͦπͣ ·΄͔;͚ͤͦ ͔͔ͨͪ͒͊;͙Σ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ 

ό͙ͤͫͻͦ͒Ύ΅͙͚ ͍Ύ͡·͚ ͙ͨ͊ͪ͊͡;Σ ͋ͯ͡Έ͋͊ͪͤ·͚ ͙ͫͤ͒ͪͦͣύΣ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͙ͨͪͤͼ͙ͨ· 

͔͚ͤͦͭͦ͗ͤͦ͡ ͔͙͙ͭͪ͊ͨΣ ͍͟͡Ό;͊Ύ ͔͙ͪͫͨͪ͊ͭͦͪͤͯΌ ͔ͨͦ͒͒ͪ͗ͯ͟ ͙ ͙͔͔͙͔ͨͪͣͤͤ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͙͍͊ͤͭ͒ͦͭͦΦ 

˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙ͭͦͫͤ͊ͣ͟ ͙͎ͨͪͪͦ͒ͤͦͦ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎ ό͙ͦͦͭͦͫͤ͊ͣ͘͟ύ ͊͟͟ ͙͔ͤͫͭͪͯͣͤͭ͊ͣ ͒͡Ύ 

͙ͯ͘;͔͙ͤΎ ͙͙ͫͤ͊ͨͭ;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͤ ͔͍ͪͤͦπͣ ·΄͔;ͤ·͚ ͙ͫͤ͊ͨͫΣ ͙͔ͣͦͪ͊ͫ͊ͤͭ͟͡·Σ ͙͙͍ͤͦͭͤͦ͟·͔ ͻ͙͔ͦͤͦͪ͡ͼ͔ͨͭͦͪ·Σ ͔ͯͪ͊ͪͨͦ͒ͦ͋ͤ͟·͔ Ύ͒·Σ 

͙͙͋ͦͭͯͤ͡;͔͙͚ͫ͟ ͙ͭͦͫͤ͟Σ ͺͦͫͺ͎͙ͦͪͦͪ͊ͤ;͔͙͔ͫ͟ ͔͙͔͙ͫͦ͒ͤͤΎΣ ͙͊ͤͭͻ͙ͦͤ͡Ή͔ͫͭͪ͊ͤ͘·͔ ͔͍ͫͪ͒ͫͭ͊Σ 

͒·ͻ͔͊ͭ͡Έͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΣ ͙͊ͤͭ͒ͦͭͤ͊Ύ ͔͙ͭͪ͊ͨΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˹͔͍ͪͤͦπͣ ·΄͔;ͤ͊Ύ ͔͔ͨͪ͒͊;͊ τ ͍ ·͎͙͍ͫͦͦͦͪ͊ͤͦ͊ͤͤ͘͟·͚ ͙ ͯΎ͍͙ͣ͘·͚ ͨͪͦͼ͔ͫͫΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͚ 

ͦͤͭͪͦ͟͡Έ ͊͘ ͫͦͪ͊͟΅͔͙͔ͤͣ ͔͔͚ͫͭͤͦ͟͡ ͣͯͫͯ͊ͭͯͪ͟͡·Φ ˹͊ͪͯ΄͔͙͔ͤ Ή͎ͭͦͦ ͨͪͦͼ͔ͫͫ͊ ͨͦ͒ ͔͚͍͙͔͒ͫͭͣ 

͙͍ͭͦͫ͊ͤͭͦ͟͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͚ͦͫͭͪͦ ͔͙ͨͪͺ͔͙ͪ;͔͚ͫͦ͟ ͔͚ͤͪͦͣ·΄͔;͚ͤͦ ͋ͦ͊͒͟͡·Σ ͎͍͊ͤ͡·ͣ 

͙͙ͤ͟͡;͔͙ͫͣ͟ ͨͪͦΎ͍͔͙͔ͤͣ͡ ͚ͦͭͦͪͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͍Ύ͡·͚ ͙ͨ͊ͪ͊͡; ͫ ͍·͙ͫͦͣ͟ ͙ͪͫͦͣ͟ ͔ͭ͊͡͡Έ͎ͤͦͦ ͙ͫͻͦ͒͊ ͦͭ 

͍͙ͦͫͭ͊ͤͦ͟ ͒·ͻ͙͊ͤΎΦ ˮͯ͘;͔͙͔ͤ ͔͍ͤͪͤͦπͣ ·΄͔;ͤ·ͻ ͙͍ͭͦͫ͊ͤͭͦ͟͟ ͙͔͔ͣͭ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ 

͙͎͙͙ͭͦͫͦͦ͟͟͡Σ ͔͍͎͙͙ͤͪͦͦ͡Σ ͔͔͙͎͙͙͊ͤͫͭͦͦ͘͡πͪ ͔͙͎͙͙͊ͤͣ͊ͭͦͦ͡ ͙ ͍ͨͦͦ͘͡Ύ͔ͭ ͪ͊ͪ͊͋͊ͭ͘·͍͊ͭΈ Ήͺͺ͔͙͍ͭͤ͟·͔ 

ͨͪͦͭͦͦ͟͡· ͔͡;͔͙ͤΎ ͊͟͟ ͦͫͭͪ·ͻ ͍͔͙͚ͦͭͪ͊ͤ͡Σ ͭ͊͟ ͙ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͙ͻͫΎ ͙͔͙ͣ͊ͫͭͤ;͔͙͙ͫͣ͟ 

͙͙ͫͤ͒ͪͦͣ͊ͣΦ 

мΦ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ͔͍ͤͪͤͦπͣ ·΄͔;ͤ·ͻ ͙͍ͭͦͫ͊ͤͭͦ͟͟ 

˻͍ͫͤͦͤ͊Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙ͫͭͪͦͭͫΎ ͤ͊ ͭͦ;͔͟ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͙ ͻ͔͔͊ͪ͊ͭͪ͟ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ 

͙ͣ΄͔ͤΎ͙ͣ ͍ ͔͍ͤͪͤͦπͣ ·΄͔;ͤͦͣ ͙͔ͫͤ͊ͨͫΦ 

мΦмΦ ˢ͎͙ͦͤͫͭ· ͤπͻ͙͔ͦͤͦͪ͡ͼ͔͍ͨͭͦͪͦ ό͔͒ͨͦ͡Ύ͙ͪͯ͘Ό΅͙͔ ͎͔͊ͤͭ·ύ 

¶ ˽͔͍͙͔͙ͪ͒ͫͭ͊ͭ͡Υ ˹ ͙͙ͦͭͤ͟ ό͍ ͍·͙ͫͦ͟ͻ ͒ͦ͊͘ͻύΣ ͔͙ͫͯͫ͊ͣͭͦͤ͟Ύ ͻ͙ͦͪ͒͡ ό͙͙͙͒ͭͤ͡ύΦ 

¶ ˸͔ͻ͙͊ͤͣ͘Υ ʕ ·͘·͍͊Όͭ ͚ͫͭͦͯ͟Ό ͔͒ͨͦ͡Ύ͙ͪ͊͘ͼ͙Ό ͙͙ͨͦͫͭͫͤ͊ͨͭ;͔͚ͫͦ͟ ͔ͣͣ͋ͪ͊ͤ·Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

͔͍ͨͪͦͤ͊;͊͡Έ͚ͤͦ ͺ͊ͫͼ͙ͯ͟͡Ύͼ͙͙ ͣ·΄ͼ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ ͍͙͙͔ͪ͊ͭͣ͘ ͔͒ͨͦ͡Ύ͙ͪ͊͘ͼ͙͎ͦͤͤͦͦ ͋ͦ͊͟͡ 

ό͔ͪͺ͔ͪ͊ͭͪͤͦͫͭ͟Έ ͔ͣͣ͋ͪ͊ͤ·ύΦ ˣͦ͟͡ Ύ͍͡Ύ͔ͭͫΎ ͍͒ͯͻͺ͊ͤ͘·ͣΦ 

мΦнΦ ˴͔ͦͤͯͪͤͭͤ͟·͔ ό͔͔ͤ͒ͨͦ͡Ύ͙ͪͯ͘Ό΅͙͔ύ ͎͙͊ͤͭ͊ͦͤͫͭ· ͤπͻ͙͔ͦͤͦͪ͡ͼ͔͍ͨͭͦͪͦ 

¶ ˽͔͍͙͔͙ͪ͒ͫͭ͊ͭ͡Υ 

o ˽ ͙ͪͪͦ͒ͤ·͔ ͙͊͊ͦ͒͟͡͡·Υ 5πͭ ͙ͯ͋ͦͯͪ͊ͪͤ͟Σ πh͟ ͙ͦ͋ͪͦͭͦͫͤ͟Σ πh͋ ͎͙ͯͤ͊ͪͦͭͦͫͤ͟ ό͔͙ͣͤ͘·͔ ͙ͭͦͫͤ͟·ύΦ 

o ˿ ͙͔͙ͤͭͭ;͔͙͔ͫ͟ ͙͔ͣͦͪ͊ͫ͊ͤͭ͟͡·Υ s ͙ͭͪ͊ͯͪ͟Ύ ͔͙͋͊ͭ͘͡Σ ͙ͪͦͯͪͦͤ͟Ύ ͙͋ͪͦͣ͒Φ 

¶ ˸͔ͻ͙͊ͤͣ͘Υ ˴ ͙ͦͤͯͪͪͯ͟Όͭ ͫ ͊ͼ͔͙ͭ͡ͻ͙ͦͤͦͣ͡ όˢ̆ύ ͊͘ ͍ͫΎ͘·͍͙͔͊ͤ ͫ πhͫ ͯ͋Ά͔͙͙͒ͤͼ͙͊ͣ ͤπ

ͻ͙͔ͦͤͦͪ͡ͼ͔ͨͭͦͪ͊Σ ͤͦ ͔ͤ ͙͍͙͊ͭͪͯ͟Όͭ ͙ͻΦ ˣ͙ͦͪͯ͟͡Όͭ ͔͔ͨͪ͒͊;ͯΣ ͔ͤ ͍·͘·͍͊Ύ ͔͍͙͔ͨͪ͒͊ͪͭ͡Έ͚ͤͦ 

͔͒ͨͦ͡Ύ͙ͪ͊͘ͼ͙͙Φ ˨͔͚͍͙͔ͫͭ ͙ͦ͋ͪ͊ͭͣͦ ͙͊ͤͭͻ͙ͦͤ͡Ή͔ͫͭͪ͊ͤ͘·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣΦ 

мΦоΦ ˽͔͙͙ͪͫͤ͊ͨͭ;͔͙͔ͫ͟ ͙ͭͦͫ͊ͤͭ͟͟· ό͙͎͙͙ͤ͋ͭͦͪ· ͍·͍͔͙ͫͦ͋ͦ͗͒ͤΎ ˢ̆ύ 

¶ ˽͔͍͙͔͙ͪ͒ͫͭ͊ͭ͡Υ x ͙͙ͦͭͯͤ͡;͔͙͔ͫ͟ ͙ͭͦͫͤ͟· ό͙ͭͨ· !πDύΣ π̡͋ ͎͙ͯͤ͊ͪͦͭͦͫͤ͟Σ ͙ͭͦͫͤ͟ ͨ͊ͯ͊͟ ζ͔̉ͪͤ͊Ύ 

͍͍͒ͦ͊η όπh͡ ͙͊ͭͪͦͭͦͫͤ͟ τ ͙͔͔ͣͭ ͙͍ͨͪͦͭͦͨͦͦ͗ͤ͡·͚Σ ͙͙ͫͭͣͯͪͯ͡Ό΅͙͚ Ήͺͺ͔ͭ͟Σ ͙͍ͨͪͦ͒Ύ΅͙͚ ͟ ͙ͫͭͦ΅͔͙ͤΌ 

͍͊ͨ͊ͫͦ͘ ˢ̆ύΦ 

¶ ˸͔ͻ͙͊ͤͣ͘Υ x ͙ͦͭͯͦͭͦͫͤ͟͡ ͔͙͙͔ͨͪͦͭͦͪͯͭ͘͡ ͔͙͋͟͡ {b!w9π͟ ͔ͦͣͨͫ͊͟͡Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͔ ͒͡Ύ 

Ήͦ͘͟ͼ͙ͭͦ͊͘ ͍͔͙ͯ͘͟͡ ͫ ˢ̆Φ π̡x ͎͙ͯͤ͊ͪͦͭͦͫͤ͟ ͔ͦ͋͊͒͊ͭ͡ ͺͦͫͺ͙͚ͦͨ͊ͤͦ͘͡ ͙͍͊ͭͤͦͫͭ͟ΈΌΣ ͍͔͔ͨͦͪ͗͒͊ͭ 

͔͙͙ͨͪͫͤ͊ͨͭ;͔ͫͯ͟Ό ͔ͣͣ͋ͪ͊ͤͯΦ ˾͔ͯ͘͡Έͭ͊ͭ τ ͪ ͔͔ͦ͘͟ ͙͔͙͔ͫͤ͗ͤ ͙͙͡ ͔ͨͪͪ͊͟΅͔͙͔ͤ ͍·͋ͪͦͫ͊ ͔͙ͣ͒͊ͭͦͪ͊ ͍ 

͙͙ͫͤ͊ͨͭ;͔ͫͯ͟Ό ΅͔͡ΈΦ 

мΦпΦ ˮ͎͙͙ͤ͋ͭͦͪ· ͊ͼ͔͙ͭ͡ͻ͙ͦͤ͡Ή͔ͫͭͪ͊͘· όˢ̆̏ύ 

¶ ˽͔͍͙͔͙ͪ͒ͫͭ͊ͭ͡Υ ̅ ͦͫͺ͎͙ͦͪͦͪ͊ͤ;͔͙͔ͫ͟ ͔͙͔͙ͫͦ͒ͤͤΎ ό̅˻˿Υ ͙͊ͪͤ͘Σ ͦͣ͊ͤ͘Σ ±·Σ ͙͒ͻͦ͡ͺͦͫύΣ 
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͊ͪ͋͊ͣ͊ͭ͟· όͨͪͦͨͦͫͯͪ͟ύΣ ͺ͙͙͎͙ͦͫͭͣͤ͘Φ 

¶ ˸͔ͻ͙͊ͤͣ͘Υ ˹ ͔͙͔ͦ͋ͪ͊ͭͣͦ ό̅˻˿ύ ͙͙͡ ͙͔ͦ͋ͪ͊ͭͣͦ ό͊ͪ͋͊ͣ͊ͭ͟·ύ ͙͎͙͙͍͙͔ͤ͋ͪͦ͊ͤ ͺ͔͔ͪͣͤͭ͊ ˢ̆̏Σ 

ͪ͊ͪͯ͘΄͊Ό΅͔͎ͦ ˢ̆ ͍ ͙͙ͫͤ͊ͨͭ;͔͚ͫͦ͟ ΅͔͙͡Φ ˹͔͙͔͊ͦͨͤ͟͡ ˢ̆ ͍·͘·͍͔͊ͭ ͔͍ͨͪͦͤ͊;͊͡ΈͤͯΌ ͙͋͘·ͭͦ;ͤͯΌ 

͙ͫͭͣͯ͡Ύͼ͙Ό ͤπͻ͙͔ͦͤͦͪ͡ͼ͔͍ͨͭͦͪͦ ό͙͙͍ͤͦͭͤͦ͟·͔ ͙ ͙͍ͣͯͫ͊ͪͤͦ͟·͔ύ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ ͍͙͙͔ͪ͊ͭͣ͘ 

͔͒ͨͦ͡Ύ͙ͪ͊͘ͼ͙͎ͦͤͤͦͦ ͋ͦ͊͟͡ ͤ͊ ͺ͔ͦͤ ͔͔͙͙͒ͫͤͫͭ͊͘ͼ͙͙ ͔ͪͼ͔͍ͨͭͦͪͦ όζͻ͙͔͎͙ͦͤͪ͡;͔͙͚ͫ͟ ͙ͪ͘͟ηύΦ 

нΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͎ͦͫͭͪͦͦ ͍͔͙ͦͭͪ͊ͤ͡Ύ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͪ͊ͤ͘·͚ ͎͔͔ͨ͊ͭͦͤ͘Σ ͔ͦͤ͟;ͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͔͚͍͙͒ͫͭΎ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͙͍ͭͦͫ͊ͤͭͦ͟͟ 

Ύ͍͡Ύ͔ͭͫΎ ͤ ͙ͫͻͦ͒Ύ΅͙͚ ͍Ύ͡·͚ ό͔͙ͨͪͺ͔͙ͪ;͔͙͚ͫ͟ύ ͙ͨ͊ͪ͊͡;Φ 

¶ ˾͙͔͊ͤͤ ͙ͫͣͨͭͦͣ·Υ ˨ ͙͙ͨͦͨ͡ΎΣ ͨͭͦ͘Σ ͤ͊ͪͯ΄͔͙͔ͤ ͊ͦͣͦ͒͊͟͟ͼ͙͙Σ ͙͙͒͊ͪͭͪ͘ΎΣ ͙͒ͫͺ͎͙͊Ύ 

όͨͪͦΎ͍͔͙ͤ͡Ύ ͋ͯ͡Έ͎͋͊ͪͤͦͦ ͙ͫͤ͒ͪͦͣ͊ ͍͔͍͙͔ͫ͒ͫͭ͡ ͔͙ͨͦͪ͊͗ͤΎ ͎͍͙͎͔͊ͦ͒͊ͭ͘͡͡Έͤ·ͻ ͙ ͋ͯ͡Έ͋͊ͪͤ·ͻ ͣ·΄ͼύΦ 

¶ ˽͎͔͙͍͙͔ͪͦͪͫͫͪͦ͊ͤΥ ˿ ͊͋ͦͫͭ͡Έ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎ͔ͭͫΎ ͤ͊ ͣ·΄ͼ· ΄͔͙ ό͍͙͙͔ͫͫ͊ͤ ͎͍ͦͦ͡·ύΣ ͍͙ͭͯͦ͡΅͊Σ 

͙ͨͪͦͫͣ͊͟͡Έͤ·ͻΣ ͊ ͔͊ͭͣ͘ ͙͒ͫͭ͊͡Έͤ·ͻ ͔͍ͦͭ͒ͦ͡ ͔ͦͤ͟;͔͚ͤͦͫͭΦ ˽ͦͪ͊͗͊ΌͭͫΎ ͔͔͔ͣ͗ͪ͋ͪͤ·͔ ͣ·΄ͼ· ͙ 

͙͒͊ͺ͎ͪ͊ͣ͊Φ 

¶ ˴͡Ό;͔͍͊Ύ ͦͨ͊ͫͤͦͫͭΈΥ ˾ ͍͙͙͔͊ͭ͘ ͦ ͚ͫͭͪͦ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͫ ͔ͣ΄͎͊ͤͤͦͦ ͎͔͔ͤ͊͘ ό͔ͨ͊ͪ͘ 

͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͣͯͫͯ͊ͭͯͪ͟͡· Ҍ ͙ͨͪ ͍͔͙͙ͦͭͪ͊ͤ͡ ̅˻˿ τ ͋ ͪͦͤͻ͔ͦͪΎ ͙ ͋ͪͦͤͻͦͫͨ͊ͣ͘ύΦ ˿͙͔ͦͤ͊ͤ͘ ͙ͨͪ Ήͭͦͣ 

ͦ͋·;ͤͦ ͫͦͻ͔ͪ͊ͤͤͦ ͍ͨͦͭ͡Έ ͒ͦ ͎͙͙ͨͦͫ͟;͔͚ͫͦ͟ ͦͣ͟·Φ 

¶ ˻͔͙ͫͦ͋ͤͤͦͫͭΥ ˽ ͙ͪ ͍͔͙͙ͦͭͪ͊ͤ͡ ̅˻˿ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͙͍ͣͯͫ͊ͪͤͦ͊͟Ύ ͙͙ͫͣͨͭͦͣ͊ͭ͊͟ ό͙ͣͦ͘Σ 

͎͙͔͙͍ͨͪͫ͊͊͡ͼ͙ΎΣ ͙͙͋ͪ͊͒͊ͪ͒͟ΎΣ ͋ͪͦͤͻ͔ͦͪΎύΣ ͔ͨͪ͒΄͔͍ͫͭͯΌ΅͊Ύ ͙ͨ͊ͪ͊͡;ͯΦ ˽͙ͪ ͙͔͋ͦͭͯͣ͘͡ ͻ͔͊ͪ͊ͭͪͤ͟· 

͊ͨͦͪ͘·Σ ͍·͔ͪ͊͗ͤͤ͊Ύ ͫͯͻͦͫͭΈ ͙͙ͫͫͭ͘͡·ͻ ͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ ͙͡ͻ͙ͦͪ͊͒͟Φ 

оΦ ˽͙ͪͤͼ͙ͨ· ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͚ͤͦͭͦ͗ͤͦ͡ ͔͙͙ͭͪ͊ͨ 

˨͙͎͙͊ͤͦͫͭ͊͟Υ ˻ ͍ͫͤͦ͊ͤ͊ ͤ͊ ͔͔͊ͤ͊ͣͤ͘Σ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔͊ͪͭͤ͟ ͙ ͒͊ͤͤ·ͻ Ή͔͔͚͙͎ͭͪͦͤͪͦͣͦͪ͊͟͡ͺ͙͙ 

ό̏˹˸˥ύΣ ͍·Ύ͍͡ΎΌ΅͔͚ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͤ͊ͪͯ΄͔͙ͤΎ ͔͍ͤͪͤͦπͣ ·΄͔;͚ͤͦ ͔͔ͨͪ͒͊;͙ ό͔͔͔͒ͪͣͤͭ͟ ͍͔ͦͭͭ͊ ͙ͨͪ 

͙ͫͭͣͯ͡Ύͼ͙͙Σ ͔͙ͨͦͫͭͭͭ͊ͤ;͔͔ͫͦ͟ ͔͎ͦ͋͡;͔͙͔ͤ ͙ ͒ͪΦύΦ 

͔͙́ͪ͊ͨΎ ͙ͫͭͪͦͭͫΎ ͤ͊ ͔ͭͪͻ ͍ͦͫͤͦͤ·ͻ ͙ͨͪͤͼ͙ͨ͊ͻΥ 

мΦ ˽͔ͪͪ͊͟΅͔͙͔ͤ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͙ ͔͙͒ͭͦͫ͊͟͟ͼ͙ΎΥ ̂ ͔͙͔͒͊ͤ͡ Ύ͒͊ ͫ ͙ͦ͗͟Σ ͨͪͦͣ·͍͙͔͊ͤ ͔͗ͯ͒͊͟͡Σ 

Ή͔ͤͭͪͦͫͦͪ͋ͼ͙ΎΣ ͙ͨͪ ͙͔͋ͦͭͯͣ͘͡ τ ͍͍͔͔͙͔͒ͤ ͙͍͙͙ͨͪͦͭͦ͋ͦͭͯͤ͡;͔͚ͫͦ͟ ͫ·͍͙ͦͪͦͭ͟Φ 

нΦ ˾͔͙ͫͨͪ͊ͭͦͪͤ͊Ύ ͔ͨͦ͒͒ͪ͗͊͟Υ ˿ ͍͔͍͔͔͔ͦͪͣͤͤͦ ͤ͊;͊ͦ͡ ͙͍͔͚ͫͯͫͫͭͤͤͦ͟ ͍͔͙ͤͭ͡Ύͼ͙͙ ͔͎͙͟͡ͻ όˮˤ˶ύ 

τ ͎͍͔͊ͤͦ͡ ͙͔͗ͤͫͨ͊ͫ͊͘Ό΅͔͔ ͔͙ͣͪͦͨͪΎ͙͔ͭ ͙ͨͪ ͡Ό͚͋ͦ ͔͚ͤͪͦͣ·΄͔;͚ͤͦ ͔͋ͦ͊͒͟͡Φ 

оΦ ˿͔ͨͼ͙ͺ͙;͔ͫ͊͟Ύ ό͙͊ͤͭ͒ͦͭͤ͊Ύύ ͔͙ͭͪ͊ͨΎΥ 

o ˽ ͙ͪ ͍͔͙͙ͦͭͪ͊ͤ͡ ̅˻˿Υ s ͙ͭͪͦͨͤ ό͎͙͊ͤͭ͊ͦͤͫͭ ͙͍ͣͯͫ͊ͪͤͦ͟·ͻ ͔ͪͼ͔͍ͨͭͦͪͦύ ͍ ͋ͦ͡Έ΄͙ͻ ͒ͦ͊͘ͻ ͒͡Ύ 

͙͍͙ͯͨͪͦ͊ͤ͟Ύ ͋ͪͦͤͻ͔͙ͦͪ ͙ ͙͙͙͋ͪ͊͒͊ͪ͒͟ Ҍ ͔͙͍ͪ͊ͭ͊ͭͦͪ͟· ͻ͙ͦͤ͡Ή͔ͫͭͪ͊͘· ό͙͙ͨͪ͊͒ͦͫͣ͟͡Σ ͙͙͙͒ͨͪͦͫͣ͟ύΦ 

o ˽ ͙ͪ ͍͔͙͙ͦͭͪ͊ͤ͡ ͔ͦͤͯͪͤͭͤ͟͟·͙ͣ ͙͋ͦ͊ͭͦͪ͊ͣ͟͡Υ ˮ ͎͙͙ͤ͋ͭͦͪ· ˢ̆̏ ό͔͙͎͙ͤͦͫͭͣͤΣ ͙͙͙͎͙ͨͪ͒ͦͫͭͣͤύ 

͒͡Ύ ͍͔͙ͯ͡;͔͙ͤΎ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ˢ̆ ͍ ͙͙ͫͤ͊ͨͭ;͔͚ͫͦ͟ ΅͔͙͡Φ 

o ˽ ͙ͪ ͍͔͙͙ͦͭͪ͊ͤ͡ ͔͒ͨͦ͡Ύ͙ͪͯ͘Ό΅͙͙ͣ ͎͔͙͊ͤͭ͊ͣΥ ˿ ͔ͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͙͍͊ͤͭ͒ͦͭͦ ͔ͤͭΤ ͍͙ͨͪͦͦ͒ͭͫΎ 

͙͔͒ͭ͡͡Έͤ͊Ύ ˮˤ˶ ͒ͦ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͺͯͤ͟ͼ͙͙ ͙͍ͫͤ͊ͨͫͦΦ 

o ˽ ͙ͪ ͙͔͋ͦͭͯͣ͘͡Υ ˿ ͔ͨͼ͙ͺ͙;͔ͫ͊͟Ύ ͎͔͔͎͙ͭͪͦͦ͡;ͤ͊Ύ ͙͙͊ͤͭͭͦͫ͟;͔ͫ͊͟Ύ ͫ·͍ͦͪͦͭ͊͟ ͙͙͡ ;͔͍͔ͦ͡;͔͙͚ͫ͟ 

͙͎͙ͣͣͯͤͦͦ͋ͯͤ͡͡Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˹͔͍ͪͤͦπͣ ·΄͔;ͤ·͔ ͙ͭͦͫ͊ͤͭ͟͟·Σ ͍͔͚͍ͦ͒ͫͭͯ͘Ύ ͤ͊ ͟͡Ό;͔͍·͔ ͍͔ͤ͘ΈΎ ͙͙ͫͤ͊ͨͭ;͔͚ͫͦ͟ ͔͔ͨͪ͒͊;͙Σ ͙͍ͨͪͦ͒Ύͭ ͟ 

͙͔͎͗ͤͯͪͦ͗͊͘Ό΅͔ͣͯ ͫͦͫͭͦΎ͙ͤΌ τ ͦ ͚ͫͭͪͦ ͍Ύ͚ͦ͡ ͙ͨ͊ͪ͊͊͘͡ͼ͙͙Φ ͔̂ͫͨͻ ͔͡;͔͙ͤΎ ͤ͊ͨͪΎͣͯΌ ͍͙͙͊ͫͭ͘ ͦͭ 

͙ͫͦͪͦͫͭ͟ ͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ ͙ͫͤ͒ͪͦͣ͊Σ ͔͔͙͔ͤ͊ͣ͒ͭ͘͡͡Έ͎ͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͨͪͦͻ͙͙ͦ͒ͣͦͫͭ ͒·ͻ͔͊ͭ͡Έͤ·ͻ 

͔͚ͨͯͭ ͙ ˮˤ˶Σ ͊ ͔ͭ͊͗͟ ͙͔͔͙ͨͪͣͤͤΎ ͎͔͔͙ͨ͊ͭͦͤͭ;͔͙ͫ͟ ͍͚ͦ͋ͦͫͤͦ͊ͤͤͦ ͙͚͊ͤͭ͒ͦͭͤͦ ͔͙͙ͭͪ͊ͨ ͭ͊ͣΣ ͎͔͒ ͦͤ͊ 

͍ͦͣͦ͗ͤ͊͘Φ ˮͯ͘;͔͙͔ͤ Ή͙ͭͻ ͍·͔͔͙͍ͫͦͦͫͭͤ͟͟͡·ͻ Ύ͍͒ͦ ͔ͤ ͭͦ͡Έͦ͟ ͪ͊ͫ΄͙ͪΎ͔ͭ ͔͊ͪͫͤ͊͡ ͔͍ͫͪ͒ͫͭ ͋ͦͪΈ͋· ͫ 

͍͔͙ͦͭͪ͊ͤ͡Ύ͙ͣΣ ͤͦ ͙ ͎ͯͯ͋͡͡Ύ͔ͭ ͙͙͔ͨͦͤͣ͊ͤ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͔͚͙͙͙ͤͪͦͭͪ͊ͤͫͣͫͫΣ ͫͯ͗͊͡ 

͙͔ͤͫͭͪͯͣͤͭͦͣ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͍ͤͦ·ͻ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˶͙͍ͯ͗ͤͦ͟ ˩ΦˢΦΣ ˴͍ͦͫͭͦͣ͊ͪͦ͊ ˶Φ˥Φ ˻ͫͭͪ·͔ ͍͔͙ͦͭͪ͊ͤ͡ΎΥ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚Φ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ 

нлнлΦ τ упу ͫΦ 

нΦ ˥͙͍ͦͦ͟͡ ˿Φ˹ΦΣ ˶͙͍ͯ͗ͤͦ͟ ˩ΦˢΦ ό͔ͪ͒Φύ ˮ͋ͪ͊ͤͤ͘·͔ ͔͟͡ͼ͙͙ ͨͦ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͎͙͙ͭͦͫͦͦ͟͟͡Φ τ ˸ ΦΥ 

˸͔͙͒ͼ͙͔ͤͫͦ͟ ͙ͤͺͦͪͣ͊ͼ͙͔ͦͤͤͦ ͎͔͍͊ͤͭͫͭͦΣ нлмуΦ τ плу ͫΦ 

оΦ ˹͔͍ͪͤͦπͣ ·΄͔;ͤ·͔ ͔͙͋ͦͤ͘͡Υ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚ κ ˽ͦ͒ ͔ͪ͒Φ ˿ΦˤΦ ˴͍ͦͭͦ͊Σ ˶ΦˤΦ ˥͎ͯ͋ͫͦͦ͟Φ τ ˸ ΦΥ 

˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнмΦ τ рсл ͫΦ 

пΦ !ƭōŜǊǘǎΣ .ΦΣ Ŝǘ ŀƭΦ aƻƭŜŎǳƭŀǊ .ƛƻƭƻƎȅ ƻŦ ǘƘŜ /ŜƭƭΦ тǘƘ 9ŘƛǝƻƴΦ τ DŀǊƭŀƴŘ {ŎƛŜƴŎŜΣ нлннΦ ό˥͍͊͡· ͦ ͔ͭͦ͟͡;͚ͤͦ 

͙͎͙ͫͤ͊͊͘͡ͼ͙͙ ͙ ͔ͪ͊͋ͦͭ ͙͍ͫͤ͊ͨͫͦύΦ 

ϭ sͤͤ͊ͣ·͍ͪ͊͒ͦ͊ ˸Φ́ΦΣ нлнр 

 

 

 

 

       ˢͭ͊͋͊͡͡·͔͍͊ ˸͊Ύ ˢͭ͊΄͔͍ͤ͊Σ  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΦ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

́˻˴˿ˮ˴˻˶˻˥ˮ̉˩˿˴ˮ˩ ˤ˩̋˩˿́ˤˢΣ ˤ˻˭˨˩˯˿́ˤ̂̑̋ˮ˩ ˹ˢ ˴˻ˬ̂Υ ˸˩̆ˢ˹ˮ˭˸̍ ˽˻˾ˢˬ˩˹ˮ̒Σ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˴ͦ͗͊Σ Ύ͍͡ΎΎͫΈ ͔͚ͪͯͨͤ͟΄͙ͣ ͎ͦͪ͊ͤͦͣ ;͔͍͔ͦ͊͟͡ ͙ ͔͍ͨͪ·ͣ ͋͊ͪΈ͔ͪͦͣ ͤ͊ ͙ͨͯͭ ͔͙͙͍ͫͤͦ͋ͦͭͦ͟͟Σ ;͊ͫͭͦ 

͍͔͎͔ͨͦ͒ͪ͊ͭͫΎ ͍͔͚͍͙ͦ͒ͫͭ͘Ό ͙ͭͦͫ͟;ͤ·ͻ ͍͔΅͔͍ͫͭ ͊͟͟ ͍ ͋·͍ͭͦ·ͻΣ ͭ͊͟ ͙ ͍ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͍͙ͯͫͦ͡ΎͻΦ 

˽͔͙ͦͪ͊͗ͤΎ ͙ͦ͗͟ ͎ͣͦͯͭ ͍·ͫͭͯͨ͊ͭΈ ͊͟͟ ͍ ͊͟;͔͍͔ͫͭ ͦ͊͟͡͡Έ͎ͤͦͦ ͎͙ͨ͊ͭͦͦ͡;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊Σ ͭ͊͟ ͙ ͋·ͭΈ 

͔ͣ͊ͪͪͦͣ͟ ͙͔͚ͫͫͭͣͤͦ ͙͙ͤͭͦͫ͊͟͟ͼ͙͙Φ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͍͔͔ͨͪͦ͒ͤ ͦ͋ͦͪ͘ ͍ͦͫͤͦͤ·ͻ ͍͊ͫͫͦ͟͡ ͻ͙͙ͣ;͔͙ͫ͟ͻ 

͎͔͍͊ͤͭͦΣ ͦ͋͊͒͊͡Ό΅͙ͻ ͦ͗ͤͦ͟πͪ ͔͙͍ͦͪ͋ͭͤ͘·ͣ ͙ ͔ͣͫͭͤ·ͣ ͍͔ͨͦͪ͗͒͊Ό΅͙ͣ ͔͚͍͙͔͒ͫͭͣΦ ˽ͦ͒ͪͦ͋ͤͦ 

͔ͪ͊ͫͫͣͦͭͪͤ· ͎͔͔͙ͨ͊ͭͦͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͔͙ͨͦͪ͊͗ͤΎ ό͔͙ͪ͊ͭͦ͊͘͟͟͡ΎΣ ͔͎͒ͪ͊ͤͯ͡Ύͼ͙Ύ ͭͯ;ͤ·ͻ ͔ͭͦ͟͟͡Σ 

͎ͦ͊ͯ͟͡Ύͼ͙ͦͤͤ·͚ ͔ͤͪͦ͘͟Σ ͙͍ͦ͊͟͟͡͡ͼ͙ͦͤͤ·͚ ͔ͤͪͦ͘͟Σ ͔͎͙͊ͪ͡͡;͔͙͔ͫ͟ ͔ͪ͊͟ͼ͙͙ύΣ ͻ͔͊ͪ͊ͭͪͤ͟·͔ 

͙͙ͤ͟͡;͔͙͔ͫ͟ ͙ͫͤ͒ͪͦͣ· ό͔͙͒ͪͣ͊ͭͭ·Σ ͎͙ͦ͗ͦΣ ͙͘ΆΎ͍͔͙ͤ͘͡ΎΣ ͺ͙͙ͦͯͭ͟͡͡͡·Σ ͔͔͙͙ͣ͊ͤͦ͒ͪͣ͡ύ ͙ 

͍͔͔ͫͦͪͣͤͤ·͔ ͎͙͊ͦͪͭͣ͡· ͙ͦ͊͊ͤ͘͟Ύ ͔͍͚ͨͪͦ ͙ ͔͚ͤͦͭͦ͗ͤͦ͡ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙ ͤ͊ ͎͙͒ͦͦͫͨͭ͊͡Έͤͦͣ 

Ή͔ͭ͊ͨΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙ͨͪͤͼ͙ͨ͊ͣ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙ ͔ͣͪ͊ͣ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͊͘΅͙ͭ· ͙ͨͪ 

͔ͪ͊͋ͦͭ ͫ ͦͨ͊ͫͤ·͙ͣ ͍͔΅͔͍͙ͫͭ͊ͣΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͨ ͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·͔ ͔͒ͪͣ͊ͭͦ͘·Σ ͻ͙͙ͣ;͔͙͚ͫ͟ ͎ͦ͗ͦΣ ͦ͗ͤͦ͟πͪ ͔͙͍͔ͦͪ͋ͭͤͦ͘ ͔͚͍͙͔͒ͫͭΣ ͔ͨͪͯͭ͊ͤͤ͊͟Ύ 

͙͙ͤͭͦͫ͊͟͟ͼ͙ΎΣ ͙͙ͪͪͭ͊ͤͭͤ·͚ ͦͤͭ͊ͭͤ͟͟·͚ ͔͙͒ͪͣ͊ͭͭΣ ͔͎͙͊ͪ͡͡;͔͙͚ͫ͟ ͦͤͭ͊ͭͤ͟͟·͚ ͔͙͒ͪͣ͊ͭͭΣ 

͔͙͙͒ͤͭͦͫ͊͘͟͟ͼ͙ͦͤͤ͊Ύ ͔͙ͭͪ͊ͨΎΣ ͔ͤͦͭͦ͗ͤ͊͡Ύ ͔͔͎͙͒ͪͣ͊ͭͦͦͫͣͭͦͦ͟͡ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˤ͔͚͍͙͔ͦ͒ͫͭ͘ ͙͎͙ͭͦͫͦͦ͟͟͡;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭ ͤ͊ ͦ͗ͯ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͊ͭͯ͊͟͡ΈͤͯΌ ͔ͨͪͦ͋ͣͯ͡ 

͙͙ͤ͟͡;͔͚ͫͦ͟ ͔͙ͣ͒ͼ͙ͤ·Σ ͨͪͦͺ͎͙͙ͨ͊ͭͦͦ͡ ͙ ͙͎͙͙ͭͦͫͦͦ͟͟͡Φ ͙́ͦͫ͟;ͤ·͔ ͎͔͊ͤͭ· ͎ͣͦͯͭ ͍·͘·͍͊ͭΈ ͊͟͟ 

͙͙͍ͦͪͦ͊ͤͤ͘͡·͔ ͔͙ͨͦͪ͊͗ͤΎ ͙ͦ͗͟ όͦͤͭ͊ͭͤ͟͟·͔ ͔͙͒ͪͣ͊ͭͭ·Σ ͎͙ͦ͗ͦύΣ ͭ͊͟ ͙Σ ͙ͨͪͦͤ͊͟Ύ ;͔͔ͪ͘ ͦ͗ͤ͟·͚ 

͋͊ͪΈ͔ͪΣ ͍͙ͫͭ͊ͤͦͭΈͫΎ ͙ͨͪ;͙͚ͤͦ ͭΎ͔͗͡·ͻ ͙͔ͫͫͭͣͤ·ͻ ͍͔͙͚ͦͭͪ͊ͤ͡Φ ́Ύ͔͗ͫͭΈ ͔͙ͨͦͪ͊͗ͤΎ ͍͙͙͊ͫͭ͘ ͦͭ 

ͻ͙͙ͣ;͔͚ͫͦ͟ ͙ͨͪͪͦ͒· ͍͔΅͔͍ͫͭ͊Σ ͔͎ͦ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙Σ ͍͔͔͙ͪͣͤ Ή͙ͫͨͦ͘͟ͼ͙͙Σ ͨͦ͡΅͙͊͒ ͦͤͭ͊ͭ͊͟͟Σ ͫͦͫͭͦΎ͙ͤΎ 
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ͦ͗ͤ͟·ͻ ͍͍ͨͦͪͦͦ͟ ͙ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͎͙ͦͪ͊ͤͣ͊͘Φ ˭͙͔ͤ͊ͤ ͎͔͔ͨ͊ͭͦͤ͊͘ ͙ ͙͙͙ͤ͟͟͡ ͙ͭ͊͟ͻ 

͔͙͚ͨͦͪ͊͗ͤ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͒͡Ύ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͔͡;͔͙ͤΎΦ 

мΦ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͍͔΅͔͍ͫͭ ͨͦ ͻ͔͊ͪ͊ͭͪͯ͟ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͦ͗ͯ͟ 

мΦ ˤ͔΅͔͍ͫͭ͊ ͫ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͔ͣͫͭͤ·ͣ ό͔͍͙ͨͪ;ͤ·ͣύ ͪ͊͒ͪ͊͗͊͘Ό΅͙ͣ ͔͚͍͙͔͒ͫͭͣ 

ό͙͎ͦ͋͊ͭͤ͡·͔ ͙͙ͪͪͭ͊ͤͭ·ύΥ ˿ ͙͡Έͤ·͔ ͙ͫͦͭ͟͡· ό͔ͫͪͤ͊ΎΣ ͊ͦͭͤ͊͘ΎΣ ͍͙͍ͨ͊ͦ͊͟͡ΎύΣ ΅͔ͦ͡;͙ ό͎͙͙͒ͪͦͫ͒͟ ͙ͤ͊ͭͪΎΣ 

͙͊͟͡ΎΣ ͙͊ͣͣ͊͟ύΣ ͙ͫͦ͡ ͭΎ͔͗͡·ͻ ͔͍ͣͭ͊ͦ͡͡Σ ͔ͤͦͭͦͪ͟·͔ ͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͍͙͔͙ͪ͊ͫͭͦͪͭ͡ ό͙͔͙͒ͣͭͫͯ͡͡Έͺ͙ͦͫ͒͟ 

ς ˨˸˿˻ύΦ ˤ·͘·͍͊Όͭ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͨͦ ͙ͭͨͯ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͎ͦ͗ͦ͊ ͦͭ ͔ͣͦͣͤͭ͊ ͦͤͭ͊ͭ͊͟͟Φ 

нΦ ˤ͔΅͔͍ͫͭ͊ ͫ ͦ͗ͤͦ͟πͪ ͔͙͍ͦͪ͋ͭͤ͘·ͣ όͦ͋΅͔͙ͭͦͫ͟;͔͙ͫͣ͟ύ ͔͚͍͙͔͒ͫͭͣΥ ̅ ͦͫͺ͎͙ͦͪͦͪ͊ͤ;͔͙͔ͫ͟ 

͔͙͔͙ͫͦ͒ͤͤΎ ό̅˻˿ύΣ ͻ͙͍ͦͪͪͦ͊ͤͤ͡·͔ ͎͔͍ͯͦ͒ͦͪͦ͒͡· ό͔ͭͭͪ͊ͻ͔ͦͪͣͭ͊ͤ͡Σ ͙͒ͻͦͪ͡Ήͭ͊ͤύΣ ͙ͤͭͪͦπ ͙ 

͙͔͙͔͙͊ͣͤͦͫͦ͒ͤͤΎ ͔͋ͤͦ͊͘͡Σ ͔ͤͦͭͦͪ͟·͔ ͔͙ͨͫͭͼ͙͒·Σ ͙ͫͦ͡ ͼ͙͙͚͊ͤͫͭͦ ͙ͫͦͭ͟͡·Φ ˽͙ͪͦͤ͊͟Ύ ;͔͔ͪ͘ ͦ͗ͯ͟Σ 

͍··͍͊͘Όͭ ͙͔ͫͫͭͣͤͯΌ ͙͙ͤͭͦͫ͊͟͟ͼ͙Ό ͫ ͔͙͔ͨͦͪ͊͗ͤͣ ̇˹˿Σ ͔ͨ͊ͪͤͻ͙ͣ͊ͭͦͤ͘·ͻ ͎͍ͦͪ͊ͤͦΣ ͍͙ͪͦ͟Φ 

оΦ ˿͔͙͙͙͙ͤͫ͋ͪͯ͘͡Ό΅͙͔ ͍͔΅͔͍ͫͭ͊ όͺ͊ͯ͟͡Έ͙͍ͭ͊ͭͤ·͔ ͙͙ͪͪͭ͊ͤͭ·ύΥ ˿ ͙ͦ͡ ͻͪͦͣ͊Σ ͙͔ͤ͟͡ΎΣ ͦ͋͊͟͡Έͭ͊Σ 

ͺͦͪͣ͊͡Έ͔͎͙͒͒Σ Ή͙ͨͦͫ͒ͤ͟·͔ ͫͣͦ͡·Σ ͔ͤͦͭͦͪ͟·͔ ͔ͦͣͨͦͤͤͭ͟· ͔͙͙ͦͫͣͭ͟͟ ͙ ͔͍͊ͪͫͭ͟͡ ͒͡Ύ ͔͎ͣͫͭͤͦͦ 

͙͔͔͙ͨͪͣͤͤΎΦ ˤ·͘·͍͊Όͭ ͔͎͙͊ͪ͡͡;͔͙͚ͫ͟ ͦͤͭ͊ͭͤ͟͟·͚ ͔͙͒ͪͣ͊ͭͭ ͨͦ ͔ͣͻ͙͊ͤͣͯ͘ ͎͙͔ͨͪ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ 

͔͔͎͊ͣ͒ͤͤͦͦ͘͡ ͙ͭͨ͊ όL± ͙ͭͨύΦ 

пΦ ͔͙͙͙͙̅ͦͭͦͫͤͫ͋ͪͯ͘͡Ό΅͙͔ ͍͔΅͔͍ͫͭ͊Υ ˴ ͔͎͊ͣͤͤͦͯͦ͡Έͤ͊Ύ ͫͣͦ͊͡Σ ͔ͪͦͦͭ͘͟Σ ͔ͤͦͭͦͪ͟·͔ ͔͍͊ͪͫͭ͊͟͡ 

ό͔ͭͭͪ͊ͼ͙͙ͤ͟͡·Σ ͫͯ͡Έͺ͙͙͊ͤ͊ͣ͒͡·Σ ͺͭͦͪͻ͙ͤͦͦͤ͡·ύΦ ͙́ͦͫ͟;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͭͦ͡Έͦ͟ ͙ͨͪ 

͍͔͔ͦ͒ͤͦͪͣͤͤͦͣ ͍͔͚͍͙͙ͦ͒ͫͭ͘ ͯ͡Έͭͪ͊ͺ͙͔͍͎ͦͭͦͦͦ͡ ͙ͯ͘͡;͔͙ͤΎΦ 

рΦ ˤ͔΅͔͍ͫͭ͊Σ ͍·͘·͍͊Ό΅͙͔ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͙ͦ͗͟Υ ˸ ·΄ΈΎ͟ ό͎͙͔͔ͨͪͪ͊ͭͦ͘͟Σ ͔ͣ͊ͤͦ͘͡ύΣ 

͔ͭͯͪ͡͡ όζ;͔ͪͤ·͔η ͍ͨͦͭͦ·͔ ͔͔͗͘͡·ύΣ ͻ͍͙͙ͦͪͤ͡͡ ό͔͙͊ͪͦͦͫͭͦ͘͟͡ύΦ 

нΦ ˽͎͔͔͙͊ͭͦͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͔͙ͨͦͪ͊͗ͤΎ 

¶ ˴͎ͦ͊ͯ͡Ύͼ͙ͦͤͤ·͚ ͔ͤͪͦ͘͟Υ ̆ ͔͔͊ͪ͊ͭͪͤ͟ ͒͡Ύ ͔͚͍͙͒ͫͭΎ ͦͤ͟ͼ͔͙͍ͤͭͪͪͦ͊ͤͤ·ͻ ͙ͫͦͭ͟͡Φ ˣ͔͙͟͡ ͔ͭͦ͟͟͡ 

͎͙ͦ͊ͯͪͯ͟͡Όͭ ͫ ͍͙͔ͦ͋ͪ͊ͦ͊ͤͣ͘ ͎ͨͦͭͤͦͦ͡ ͫͭͪͯͨ͊Σ ͦͭͦͪ͟·͚ ͍ ͔͚ͤͦͭͦͪͦ͟ ͔͔͙ͫͭͨͤ ͎͙ͦͪ͊ͤ;͙͍͔͊ͭ ͒͊͡Έ͔͚ͤ΄͔͔ 

͙͍͔͙͔ͨͪͦͤͤͦͤ͟ ͎͔͊ͤͭ͊Φ 

¶ ˴͙͍ͦ͊͟͡͡ͼ͙ͦͤͤ·͚ ͔ͤͪͦ͘͟Υ ̆ ͔͔͊ͪ͊ͭͪͤ͟ ͒͡Ύ ͔͚͍͙͒ͫͭΎ ΅͔ͦ͡;͔͚Φ ͔̋ͦ͡;͙ ͦͣ·͡ΎΌͭ ͙͗ͪ·Σ 

͍ͪ͊ͫͭͦͪΎΌͭ ͔͙͋͟͡Σ ͍·͘·͍͊Ύ ͎͙͚ͯ͋ͦ͟͡ ͍͊͗ͤ͡·͚ ͔ͤͪͦ͘͟ ͫ ͔͔ͭͤ͒ͤͼ͙͔͚ ͟ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΌΦ 

¶ ˴͔͙ͪ͊ͭͦ͊͘͟͡Ύ ͙ ͔͙͙͍͙͔ͦ͋͗ͪ͊ͤ͘Υ ʕ ·͘·͍͊ΌͭͫΎ ͎͙ͦͪ͊ͤ;͔͙͙ͫͣ͟ ͍͙͔ͪ͊ͫͭͦͪͭ͡Ύ͙ͣΣ ͤ͊ͪͯ΄͊Ό΅͙͙ͣ 

͋͊ͪΈ͔ͪͤͯΌ ͺͯͤ͟ͼ͙Ό ͎͍͎ͪͦͦͦͦ ͫͦ͡ΎΦ 

¶ ˨͔͎ͪ͊ͤͯ͡Ύͼ͙Ύ ͭͯ;ͤ·ͻ ͔ͭͦ͟͟͡ ͙ ͔͙͔ͤͣͣͯͤͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡Υ ˶ ͔͙͗ͭ ͍ ͍͔ͦͫͤͦ ͙͙͎ͪͪͭ͊ͤͭͤͦͦ 

͔͙͒ͪͣ͊ͭͭ͊Σ ͍·͍͎͊ͤͤͦͦ͘ ͫ͊͋͡·͙ͣ ͙͔ͪ͊͒ͪ͊͗ͭ͘͡Ύ͙ͣ ͙ͨͪ ͍ͨͦͭͦͪͤͦͣ ͍͔͚͍͙͙ͦ͒ͫͭ͘Φ 

¶ ˮͣͣͯͤͤ·͚ ͔͎͙͊ͪ͡͡;͔͙͚ͫ͟ ͍͔ͦͭͭΥ ˽ ͙ͪ ͔͙͙͙ͫͤͫ͋͊͘͡ͼ͙͙ ͎͔͊ͨͭͤ· ͔͙ͫͦ͒ͤΎΌͭͫΎ ͫ ͔͙͋͊ͣ͟͡ ͙ͦ͗͟Σ 

ͦ͋ͪ͊ͯ͘Ύ ͨͦͤ͡·͚ ͙͎͔͊ͤͭͤΣ ͦͭͦͪ͟·͚ ͔ͪ͊ͫͨͦͤ͊ͭͫ͘Ύ ¢π͡ ͙ͣͺͦͼ͙͙ͭ͊ͣ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ͔͎͙͊ͪ͡͡;͔͚ͫͦ͟ Ή͔ͣ͘͟·Φ 

оΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͺͦͪͣ· ͔͙͚ͨͦͪ͊͗ͤ 

мΦ ˻ͫͭͪ·͔ ͻ͙͙ͣ;͔͙͔ͫ͟ ͎͙ͦ͗ͦΥ ̉ ͔ͭͦ͟ ͎͙ͦͭͪ͊ͤ;͔ͤͤ·͔ ͯ;͙͊ͫͭ͟ ͔ͤͪͦ͊͘͟ όͫͭͪͯͨ͊ύΦ ˨͡Ύ ͙ͫͦͭ͟͡ ς 

ͫͯͻ͚ͦΣ ͨͦͭͤ͡·͚ ͫͭͪͯͨΤ ͒͡Ύ ΅͔ͦ͡;͔͚ ς ͍ ͊͗ͤ͡·͚Σ ͔ͫͪ·͚Σ ͪ·ͻ͡·͚Φ ˻ͫͦ͋ͯΌ ͦͨ͊ͫͤͦͫͭΈ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ 

͍͙͍ͨ͊ͦ͊͟͡Ύ όͺ͍ͭͦͪͦͦ͒ͦͪͦ͒ͤ͊Ύύ ͙ͫͦͭ͊͟͡Σ ͍·͘·͍͊Ό΅͊Ύ ͎͙͔ͯ͋ͦ͟͡ ͔͔͋ͦͤͤͤ͘͡·͔ ͎͙ͦ͗ͦ ͫ ͦͭͫͪͦ;͔ͤͤ·ͣ 

ͤ͊;͊ͦͣ͡ ͙ ͙͔ͫͫͭͣͤͯΌ ͎͙ͨͦ͊͟͡Έͼ͙͔͙ͣΌΦ 

нΦ ˻ͫͭͪ·͔ ͦͤͭ͊ͭͤ͟͟·͔ ͔͙͒ͪͣ͊ͭͭ·Υ 

o ˮ͙ͪͪͭ͊ͤͭͤ·͚Υ ̏ ͙͔ͪͭͣ͊Σ ͔ͦͭ͟Σ ͍͔͙ͯ͘͟͡·Σ ͙͔ͣͦͤͯͭ͟ ͍ ͔ͦͤ͘ ͦͤͭ͊ͭ͊͟͟Σ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ 

͔͙͔͗͗ͤͣΣ ͋ͦ͡ΈΌΦ 

o ˢ͔͎͙ͪ͡͡;͔͙͚ͫ͟Υ ˽ ͙ͦͣͦͪ͡ͺͤ͊Ύ ͫ·ͨΈ όΉ͙͔ͪͭͣ͊Σ ͨ͊ͨͯ͡·Σ ͍͔͙ͯ͘͟͡·ύ ͫ ͯ͒ͦͣ͘Σ ͔ͣͦ͗ͭ ͍·ͻ͙ͦ͒ͭΈ ͊͘ 

͔͔ͨͪ͒͡· ͦͤ͘· ͦͤͭ͊ͭ͊͟͟Φ 

оΦ ͙̆ͪͦͤ;͔͙͔ͫ͟ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·͔ ͔͒ͪͣ͊ͭͦ͘·Υ ˿ ͯͻͦͫͭΈΣ ͎͙͔͔ͨͪͪ͊ͭͦ͘͟Σ ͔ͭͪ΅͙ͤ·Σ ͙͎͔ͨͣͤͭ͊ͼ͙Ύ 

ό͎͙ͨͦπ ͙͙͡ ͎͙͔ͨͪύΣ ͊ͭͪͦͺ͙ΎΣ ͙͘ΆΎ͍͔͙ͤ͘͡Ύ όͻ͍ͪͦͣͦ·͔ Ύ͍͘·ύΦ 

пΦ ͙͙̅ͦͯͭ͟͡͡͡· ͙ ͎͔͍͙ͯͪ͒ͤ·͔ ͫ·͙ͨΥ ʕ ·͘·͍͊ΌͭͫΎ ͻ͙͍ͦͪͪͦ͊ͤͤ͡·͙ͣ ͎͔͍͙ͯͦ͒ͦͪͦ͒͊ͣ͡Σ ͙ͣ͊ͫ͊ͣ͡Σ 
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͎͎͔͙͍͊ͦͤͪͦ͊ͤͤ͡·͙ͣ ͙͊ͪͦͣ͊ͭ;͔͙͙ͫͣ͟ ͔͙͔͙ͫͦ͒ͤͤΎ͙ͣ όͻ͔ͦͪ͊ͤ͟͡ύΦ 

рΦ ˿͙͔ͫͭͣͤ·͔ ͨͪͦΎ͍͔͙ͤ͡Ύ ͙ͨͪ ͔͚ͨͪͯͭ͊ͤͤͦ͟ ͔ͪͦͪ͋͘ͼ͙͙Υ ˽ ͙ͪ ͍͔͙͙ͦͭͪ͊ͤ͡ ̅˻˿ ς ͣ ͙ͦ͘Σ 

͙͙͋ͪ͊͒͊ͪ͒͟ΎΣ ͋ͪͦͤͻ͔ͦͪΎΣ ͎͙ͫͯ͒ͦͪͦΤ ͙ͨͪ ͍͔͙͙ͦͭͪ͊ͤ͡ ͙͒ͻͦͪ͡Ήͭ͊ͤͦͣ ς ͨ ͔͙͔ͦͪ͊͗ͤ ͔ͨ;͔͙ͤ ͙ ͨͦ;͔͟Τ ͙ͨͪ 

͍͔͙͙ͦͭͪ͊ͤ͡ ͙͔͙͔͙ͤͭͪͦͫͦ͒ͤͤΎ͙ͣ ͔͋ͤͦ͊͘͡ ς ͔͎͔͎͙͔͙ͣͭͣͦͦ͋ͤͣ͡ΎΦ 

пΦ ˽͙ͪͤͼ͙ͨ· ͔͚ͤͦͭͦ͗ͤͦ͡ ͙ ͔͍͚ͨͪͦ ͨͦͣͦ΅͙ 

мΦ ˹͔͔͔͔ͣ͒ͤͤͦ͡ ͙ ͙ͦ͋͡Έ͔ͤͦ ͔͙͔ͯ͒͊ͤ͡ ͍͔΅͔͍ͫͭ͊ ͫ ͙ͦ͗͟Υ 

o ͔͔̋͒ͪͦ ͨͪͦͣ·͍͙͔͊ͤ ͨͪͦͭͦ;͚ͤͦ ͍͚ͦ͒ͦ ͍  ͔ͭ;͔͙͔ͤ ͤ ͔ ͔͔͔ͣͤ мрπнл ͙ͣͤͯͭ ό͙ͫ͟͡Ό;͔͙͔ͤΥ 

͍͔΅͔͍ͫͭ͊Σ ͋ͯͪͤͦ ͔͎͙ͪ͊ͪͯΌ΅͙͔ ͫ ͍͚ͦ͒ͦΣ ͙͔ͤ͊ͨͪͣͪΣ ͦͤ͟ͼ͔͙͍ͤͭͪͪͦ͊ͤͤ͊Ύ ͔ͫͪͤ͊Ύ ͙ͫͦͭ͊͟͡Σ 

͊͡Ό͙͙͚͎͙ͣͤͦͪ͊ͤ;͔͙͔ͫ͟ ͔͙͔͙ͫͦ͒ͤͤΎ ς ͔ͤͦ͋ͻ͙ͦ͒ͣ͊ ͔ͣͻ͙͊ͤ;͔ͫ͊͟Ύ ͦ;͙ͫͭ͊͟ ͫͯͻ͚ͦ ͫ͊͡ͺ͔͚ͭͦ͟ ͒ͦ ͍͚ͦ͒ͤͦ 

͙ͦ͋ͪ͊͋ͦͭ͟ύΦ 

o ˽͙ͪ ͎ͦ͗ͦ͊ͻ ͨ ͍͙͍͚͊ͦͦ͟͡ ͙͚ͫͦͭͦ͟͡ ς ͙͔͒ͦͨͦͤͭ͡͡Έͤ͊Ύ ͦ͋ͪ͊͋ͦͭ͊͟ ͎͡Όͦͤ͊ͭͦͣ͟ ͊͟͡Έͼ͙Ύ ͍ ͺ͔ͦͪͣ 

͎͔͡Ύ ͙͙͡ ͨͦ͒ͦ͗ͤ͟·͔ ͙ͤΆ͔͟ͼ͙͙ ͍ ͦ͋͊ͫͭ͡Έ ͎ͦ͗ͦ͊Φ 

нΦ ˹͔͚͙ͭͪ͊͊͘͡ͼ͙Ύ ό͙͔ͨͪͣͤΎ͔ͭͫΎ ͎͙ͦͪ͊ͤ;͔ͤͤͦ ͙ ͫ ͦͫͭͦͪͦ͗ͤͦͫͭΈΌύΥ 

o ˽͔ͦͫ͡ ͨͪͦͣ·͍͙͊ͤΎ ͙ͫͦͭͤ͟͡·ͻ ͎͍ͦ͗ͦͦ ͣͦ͗ͤͦ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͫ͊͋͡·͔ ΅͔ͦ͡;ͤ·͔ ͍ͪ͊ͫͭͦͪ· 

όͣ·͡Έͤ͊Ύ ͍ͦ͒͊Σ н҈ ͍ͪ͊ͫͭͦͪ ͙ͤ͊ͭͪΎ ͎͙͒ͪͦ͊ͪ͋ͦͤ͊ͭ͊͟ύΦ 

o ˽͔ͦͫ͡ ͨͪͦͣ·͍͙͊ͤΎ ΅͔ͦ͡;ͤ·ͻ ͎͍ͦ͗ͦͦ ς ͫ ͊͋͡·͔ ͙ͫͦͭͤ͟͡·͔ ͍ͪ͊ͫͭͦͪ· όмπн҈ ͍ͪ͊ͫͭͦͪ 

͙͚ͣͦͤͤͦ͡ ͙͙͡ ͚ͯͫͯͫͤͦ͟ ͙ͫͦͭ͟͡·ύΦ 

оΦ ˽͔ͪͪ͊͟΅͔͙͔ͤ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͙ ͔͙͔ͯ͒͊ͤ͡ ͎͊ͪ͘Ύ͔͚ͤͤͤͦ͘ ͔ͦ͒͗͒·Φ 

пΦ ˸͔͙͔͒͊ͣͤͭͦͤ͊͘͟Ύ ͔͙ͭͪ͊ͨΎΥ 

o ˽͙ͪ ͔͎͙͊ͪ͡͡;͔ͫͦͣ͟ ͔͙͔͒ͪͣ͊ͭͭ ς ͊ ͙͎͙͙ͤͭͫͭ͊ͣͤͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· όͼ͔͙͙͙ͭͪͤ͘Σ ͙ͦͪ͊ͭ͊͒ͤ͡ύΣ 

͙ͭͦͨ;͔͙͔ͫ͟ ͙͔͙ͦͪͭͦͫͭͪͦ͒͟͟·Φ 

o ˽͙ͪ ͻ͙͙ͣ;͔ͫͦͣ͟ ͎͔ͦ͗ͦ ς ͤ ͔͙͔͊ͦ͗ͤ͡ ͔͙͊ͫͨͭ;͔͚ͫͦ͟ ͍ͨͦΎ͙͘͟Σ ͔͙͍͙͔ͦ͋͋ͦ͊ͤ͘͡ ό˹˽ˤ˿Σ 

͊ͤ͊͡Έ͎͔͙͙ͭ͟ύΦ ˽ ͙͍ͪͦͭͦͨͦ͊͊ͤͦ͘͟ ͍ ͫͪ͟·͍͊ͭΈ ͨͯ͘·͙ͪ ͙ ͙ͤ͊ͤͦͫͭΈ ͙͔͗ͪͦͫͦ͒ͪ͗͊΅͙͔ ͙ͣ͊͘ ͍ ͔͍ͨͪ·͔ ;͊ͫ·Φ 

o ˽͙ͪ ͙͔ͪͫ͟ ͙͔͚ͫͫͭͣͤͦ ͙͙ͤͭͦͫ͊͟͟ͼ͙͙ ό̅˻˿Σ ͼ͙͙͊ͤ͒·ύ ς ͍͍͔͔͙͔͒ͤ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͙͍͊ͤͭ͒ͦͭͦ ͙ 

͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͫͪͦ;͚ͤͦ ͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙Φ 

рΦ ˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͫͭͦ͋ͤ͡Ύ͊͟ ͨ ͙ͪ ͤ͊ͪͯ΄͔͙͙ͤ ͼ͔͙ͦͫͭͤͦͫͭ͡ ͦ͗ͤ͟·ͻ ͍͍ͨͦͪͦͦ͟Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˽͔͙ͦͪ͊͗ͤΎ ͙ͦ͗͟ ͙͎͙ͭͦͫͦͦ͟͟͡;͔͙͙ͫͣ͟ ͍͔΅͔͍͙ͫͭ͊ͣ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͎͔͔͎͔ͭͪͦͤͤͯΌ ͎ͪͯͨͨͯ 

͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͔ͭͪ͋ͯΌ΅͙ͻ ;͔͚ͭͦ͟ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͙ͤ͊ͤ͘Ύ 

͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͚͍͙͒ͫͭΎ ͔͙͙͍ͫͤͦ͋ͦͭͦ͟͟Φ ˴͡Ό;͔͍·ͣ ͺ͊ͭͦͪͦͣ͟Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͣ ͎ͨͪͦͤͦ͘Σ 

Ύ͍ ͡Ύ͔ͭͫΎ ͫͦͪͦͫͭ͟Έ ͙ ͍͙ͨͪ͊͡ΈͤͦͫͭΈ ͙ͦ͊͊ͤ͘͟Ύ ͔͍͚ͨͪͦ ͨͦͣͦ΅͙Σ ͍ͦͫͤͦͯ ͚ͦͭͦͪͦ͟ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͔͔͔͔ͤͣ͒ͤͤͦ͡ 

͙ ͔͍͔͊͒͊ͭͤͦ͟ ͔͙͔ͯ͒͊ͤ͡ ͎͔͊ͤͭ͊ ͫ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͙ͦ͗͟Φ ˨ ͊͡Έ͔͚ͤ΄͊Ύ ͔͙ͭͪ͊ͨΎ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ 

͔͡;͔͙͔ͤ ͔͎ͣͫͭͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎΣ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙͔ͤ ͙ͤͺ͙ͼ͙͍͙ͪͦ͊ͤΎ ͙Σ ͙ͨͪ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭΣ ͍͔͔͙͔ͨͪͦ͒ͤ 

͔͙͒ͭͦͫ͊͟͟ͼ͙͙ ͙ͨͪ ͙͔ͫͫͭͣͤͦͣ ͍͔͚͍͙͙ͦ͒ͫͭ͘ Ύ͒͊Φ ˿ͦ͋͡Ό͔͙͔͒ͤ ͍͙ͨͪ͊͡ ͔ͭͻ͙͙ͤ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͍ͫͪ͒ͫͭ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͊͘΅͙ͭ· Ύ͍͡ΎΌͭͫΎ ͍͎ͦͫͤͦͦͨͦ͊͊͡Ό΅͙͙ͣ ͍ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͙ ͋·͍ͭͦ·ͻ ͔͙͍͒ͪͣ͊ͭͦͭͦͫͦͦ͘͟͟Φ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˶͙͍ͯ͗ͤͦ͟ ˩ΦˢΦΣ ˴͍ͦͫͭͦͣ͊ͪͦ͊ ˶Φ˥Φ ˻ͫͭͪ·͔ ͍͔͙ͦͭͪ͊ͤ͡ΎΥ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚Φ ς ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ 

нлнлΦ ς упу ͫΦ 

нΦ ˽ͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·͔ ͔͙͋ͦͤ͘͡Υ ͯ;͔͙͋ͤ͟ κ ˽ͦ͒ ͔ͪ͒Φ ˹Φ̅Φ ˮ͔͍ͣͪͦ͊͘Φ ς рπ͔  ͙͒͘ΦΣ ͔͔ͨͪͪ͊͋Φ ͙ ͒ͦͨΦ ς ˸ ΦΥ 

˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнмΦ ς туп ͫΦ 

оΦ ˿͙ͯͦͤ͟͡ ˥ΦˮΦΣ ͙͍̊ͦ͡ ˤΦˤΦ ˨͔͔͎͙ͪͣ͊ͭͦͦͫͣͭͦͦ͟͡ΎΦ ˹͔ͦͭͦ͗ͤ͡·͔ ͫͦͫͭͦΎ͙ͤΎΦ ς ˿ ˽͋ΦΥ ˿͔ͨͼ˶͙ͭΣ нлмфΦ ς 

нно ͫΦ 

ϭ sͭ͊͋͊͡͡·͔͍͊ ˸ΦsΦΣ нлнр 
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̂˨˴Υ смтΦтςллнςлуςлт 

ˢ͔͍ͭ͒͊͊ ˸Φ́Φ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͎͊ͤ͘͡·ͻ ͔͔͚͋ͦͤ͘͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͙ͣΦ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒Φ 

 

˴˩˾ˢ́ˮ́ ̂ ˴˻˹́ˢ˴́˻˶ˮ˹˭˹̍̆ ˽ˢ̇ˮ˩˹́˻ˤΥ ̅ˢ˴́˻˾̍ ˾ˮ˿˴ˢΣ  

˽˾˻̅ˮ˶ˢ˴́ˮ˴ˢ ˮ ́ˢ˴́ˮ˴ˢ ˶˩̉˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˴͔͙ͪ͊ͭͭΣ ͍ͫΎ͊ͤͤ͘·͚ ͫ ͤͦ΄͔͙͔ͤͣ ͦͤͭ͊ͭͤ͟͟·ͻ ͙ͤ͘͡Σ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͊ͭͯ͊͟͡Έͤ·ͻ 

ͦͺͭ͊͡Έ͎͙ͣͦͦ͡;͔͙ͫ͟ͻ ͔ͨͪͦ͋ͣ͡ ͍͔͔͙ͫͦͪͣͤͤͦͫͭ ͙ ͙͔͊ͤͣ͊ͭ͘ ͦ͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͔ͣͫͭ ͔͙ͫͪ͒ ͙ͨͪ;͙ͤ 

͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͙͚ͨͦͪ͊͗ͤ ͎͍͙ͪͦͦͼ·Φ ˾ͦͫͭ ͨͦͨͯ͡Ύ͙ͪͤͦͫͭ ͚ͦͤͭ͊ͭͤͦ͟͟ ͔ͦͪͪ͟͟ͼ͙͙ ͔͙ͪͤ͘Ύ 

͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͍͔͙ͯ͡;͔͙͔ͤͣ ͙ͦ͟͡;͔͍ͫͭ͊ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͔͙ͫͪ͒ ͦͭͦͪ͟·ͻ ͙ͤ͊͋ͦ͡Έ΄ͯΌ ͦͨ͊ͫͤͦͫͭΈ 

͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͚ ͔͙ͪ͊ͭͭ͟Σ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͚ ͔͙͋͊ͭͪ͊͟͡Έͤ·͙ͣΣ ͎͙͍ͪ͋ͦ͟·͙ͣ ͙ ͖͊ͣ͋ͤ·͙ͣ 

͎͔͙ͨ͊ͭͦͤ͊ͣΦ ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͟͡Ό;͔͍·͔ ͍͔ͤ͘ΈΎ ͎͔͔ͨ͊ͭͦͤ͊͘Σ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ 

͔ͭ;͔͙ͤΎΣ ͺ͊ͭͦͪ͟· ͙ͪͫ͊͟Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ Ήͫͨͯ͊ͭ͊͟͡ͼ͙͔͚ ͙ͤ͘͡Σ ͙ ͍͔͔ͫͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͙ 

͔͡;͔͙ͤΌΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͔͟ ͙ͪ͊ͭͭΣ ͦͤͭ͊ͭͤ͟͟·͔ ͙ͤ͘͡·Σ ͎͍͙ͪͦͦͼ͊Σ !ŎŀƴǘƘŀƳƻŜōŀΣ ͔͙͋͊ͭͪ͊͟͡Έͤ͊Ύ ͙ͤͺ͔͟ͼ͙ΎΣ ͨͪͦͺ͙͙͊ͭ͊͟͟͡Φ 

 

!ǘŘŀȅŜǾŀ aΦ¢Φ 

{ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴ ƴŀƳŜŘ ŀƊŜǊ aȅǊŀǘ DŀǊǊȅŜǾ 

ό!ǎƘƎŀōŀǘΣ ¢ǳǊƪƳŜƴƛǎǘŀƴύ 
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!ōǎǘǊŀŎǘ 

/ƻƴǘŀŎǘ ƭŜƴǎςŀǎǎƻŎƛŀǘŜŘ ƪŜǊŀǝǝǎ ƛǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ƻǇƘǘƘŀƭƳƛŎ ƛǎǎǳŜ ŀƴŘ ƻƴŜ ƻŦ ǘƘŜ ƭŜŀŘƛƴƎ ŎŀǳǎŜǎ ƻŦ 

ƛƴŦŜŎǝƻǳǎ ŎƻǊƴŜŀƭ ŘƛǎŜŀǎŜ ǿƻǊƭŘǿƛŘŜΦ ¢ƘŜ ƛƴŎǊŜŀǎƛƴƎ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ŎƻƴǘŀŎǘ ƭŜƴǎ ǳǎŜ ƛǎ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ŀ 

ƎǊƻǿƛƴƎ ƛƴŎƛŘŜƴŎŜ ƻŦ ŎƻƳǇƭƛŎŀǝƻƴǎΣ ǘƘŜ Ƴƻǎǘ ŘŀƴƎŜǊƻǳǎ ƻŦ ǿƘƛŎƘ ƛǎ ƛƴŦŜŎǝƻǳǎ ƪŜǊŀǝǝǎ ŎŀǳǎŜŘ ōȅ ōŀŎǘŜǊƛŀƭΣ 

ŦǳƴƎŀƭΣ ƻǊ ŀƳƻŜōƛŎ ǇŀǘƘƻƎŜƴǎΦ ¢Ƙƛǎ ŀǊǝŎƭŜ ŘƛǎŎǳǎǎŜǎ ǘƘŜ ƳŀƧƻǊ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ǇŀǘƘƻƎŜƴŜǎƛǎΣ ŎƭƛƴƛŎŀƭ ŦŜŀǘǳǊŜǎΣ 

Ǌƛǎƪ ŦŀŎǘƻǊǎ ǊŜƭŀǘŜŘ ǘƻ ŎƻƴǘŀŎǘ ƭŜƴǎ ǿŜŀǊΣ ŀƴŘ ƳƻŘŜǊƴ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ǇǊŜǾŜƴǝƻƴ ŀƴŘ ǘǊŜŀǘƳŜƴǘΦ  

YŜȅǿƻǊŘǎΥ 

ƪŜǊŀǝǝǎΣ ŎƻƴǘŀŎǘ ƭŜƴǎŜǎΣ ŎƻǊƴŜŀΣ !ŎŀƴǘƘŀƳƻŜōŀΣ ōŀŎǘŜǊƛŀƭ ƛƴŦŜŎǝƻƴΣ ǇǊŜǾŜƴǝƻƴΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˴ͦͤͭ͊ͭͤ͟·͔ ͙ͤ͘͡· ͨͪͦ;ͤͦ ͍ͦ΄͙͡ ͍ ͍͔͔͍ͨͦͫ͒ͤͤͯΌ ͙͗ͤ͘Έ ͙͙͍ͣͦͤͦ͡͡ ͡Ό͔͚͒ ͙ ͙ͫͭ͊͡ ͍͚͊͗ͤͦ 

͊͡Έ͔͙͍͚ͭͪͤ͊ͭͦ ͦ;͍͚ͦͦ͟ ͔ͦͪͪ͟͟ͼ͙͙ ͔͙ͪͤ͘ΎΦ ˻͒ͤ͊ͦ͟ ͍͔͔ͣͫͭ ͫ ΄͙͙ͪͦͣ͟ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͣ ͍͔͙ͯ͡;͙ͦͫ͡Έ 

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

͙ͨͦ͘ͼ͙ΌΦ ˴͔͙ͪ͊ͭͭΣ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·͚ ͫ ͤͦ΄͔͙͔ͤͣ ͦͤͭ͊ͭͤ͟͟·ͻ ͙ͤ͘͡Σ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͫͦ͗ͤͦ͡ 

ͣͯ͡Έ͙ͭͺ͔͊ͭͦͪͤͦ͟ ͫͦͫͭͦΎ͙͔ͤΣ ͍͙ͦͤ͊͘͟Ό΅͔͔ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡;͔͙ͫ͟ͻΣ 

͔ͣͻ͙͊ͤ;͔͙ͫ͟ͻ ͙ ͙ͣͣͯͤͤ·ͻ ͺ͍͊ͭͦͪͦ͟Φ  

̅͊ͭͦͪ͟· ͙ͪͫ͊͟Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͤͦ΄͔͙͔ͤͣ ͦͤͭ͊ͭͤ͟͟·ͻ ͙ͤ͘͡ 

˻͍ͫͤͦͯ ͎͔͔ͨ͊ͭͦͤ͊͘ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͤ͊ͪͯ΄͔͙͔ͤ ͔͔͍͔ͫͭͫͭͤͤ·ͻ ͊͘΅͙ͭͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͎͍͙ͪͦͦͼ·Φ 

˴ͦͤͭ͊ͭͤ͊͟Ύ ͙ͤ͊͘͡ ;͙͊ͫͭ;ͤͦ ͙͔͋ͦͪͯͭ͟͡ ͒ͦͫͭͯͨ ͙ͫͦͪͦ͒͊͟͡ ͟ Ή͙͔͙ͨͭ͡ΌΣ ͙͔ͣͤ͘Ύ͔ͭ ͍͚͍ͫͦͫͭ͊ ͖͚ͫͤͦ͘͡ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCOGNITIO RERUMη                    ISSN (p) 2412-9489 / ISSN (e) 2542-1026                    Ѕ12/ 2025 

 

 

161 

͖͙ͨͤ͟͡Σ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͍ͣͪͦͭͪ͊ͣ͊ͣ͟ ͙ ͖ͫͦ͒͊ͭ͘ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͙ͦͦͤ͊͘͟͡ͼ͙͙ ͙͎͙͙ͣͪͦͦͪ͊ͤͣ͊ͣ͘͟Φ ˻͔ͫͦ͋ͦ 

ͤ͊͘;͔͙͔ͤ ͙͔ͣΌͭ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍͔͔͙ͨͦ͒ͤΎ ͨ͊ͼ͙͔ͤͭ͊Φ ˿͔͙ͪ͒ ͙͔͔ͤ͊͋ͦ͡ ͔ͫͪΈ͖ͤ͘·ͻ ͺ͍͊ͭͦͪͦ͟ ͍·͔͒͡ΎΌͭ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͤ͘͡ ͍ͦ ͍͔ͪͣΎ ͫͤ͊Σ ͍͙͔ͨ͊͊ͤ͡ ͙͙͡ ͙͔ͯͨ͊ͤ͟ ͍ ͙ͤ͊͘͡ͻΣ ͙͔͔͙͔ͨͪͣͤͤ ͔͔͙ͤͫͭͪ͡Έͤ·ͻ 

͍͍ͪ͊ͫͭͦͪͦ ͙ ͤ͊ͪͯ΄͔͙͔ͤ ͍ͫͪͦͦ͟ ͔͊ͣͤ͘·Φ ˤ͔ͫ Ή͙ͭ ͙ͫͭͯ͊ͼ͙͙ ͍͔͙ͯ͡;͙͍͊Όͭ ͙ͪͫ͟ ͙ͦͤͭ͊ͣͤ͊͟ͼ͙͙ ͙ͤ͘͡ 

͍͍͚ͦ͒ͦͨͪͦͦ͒ͤͦ ͍͚ͦ͒ͦΣ ͨͦ;͍͔ͤͤ·͙ͣ ͖͙͊ͣ͋͊ͣ ͙ ͎͙ͪ͊ͣͦͭͪͼ͔͊ͭ͡Έͤ·͙ͣ ͔͙͋͊ͭͪ͟Ύ͙ͣΣ ͦͭͦͪ͟·͔ ͦ͋͊͒͊͡Όͭ 

͍·͚ͫͦͦ͟ ͫͨͦͫͦ͋ͤͦͫͭΈΌ ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ό ͙͖͋ͦͨͤͦ͟͡Φ 

˹͔͍ͣ͊ͦ͊͗ͤͯ͡Ό ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͙ ͙ͭͨ ͦͤͭ͊ͭͤ͟͟·ͻ ͙ͤ͘͡Φ ˸Ύ͎͙͔͟ ͎͙͎͔͔͍͒ͪͦ͡·͔ ͙ͤ͘͡·Σ ͦ͋͊͒͊͡Ύ 

͋ͦ͡Έ΄͔͚ ͎͙͒ͪͦͺ͙͡ΈͤͦͫͭΈΌΣ ͔͔ͤͪ͒ͦ͟ ͍ͫͭ͊ͤͦΎͭͫΎ ͫͯ͋ͫͭͪ͊ͭͦͣ ͒͡Ύ ͪͦͫͭ͊ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ ˿͙͙ͦͤ͟͡π

͎͙͎͔͔͍͒ͪͦ͡·͔ ͔͙ͣͦ͒͡ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͯ͡;΄ͯΌ ͙͎͔ͦͫͤ͊͟ͼ͙ΌΣ ͤͦ ͙ͨͪ ͙ͻ ͔͍͙ͤͨͪ͊͡Έͤͦͣ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ 

͙ͪͫ͟ ͙ͤͺ͔͟ͼ͙͙ ͔ͭ͊͗͟ ͖ͦͫͭ͊ͭͫΎ ͍·͙ͫͦͣ͟Φ ˽͔͙ͪͦ͒ ͤͦ΄͔͙ͤΎ ͙ ͔͙ͪ͗ͣ ͔͊ͣͤ͘· ͦ͊͘͟·͍͊Όͭ ͨͪΎ͔ͣͦ ͍͙͡Ύ͙͔ͤ 

ͤ͊ ͍͔ͪͦΎͭͤͦͫͭΈ ͔͙ͪ͊ͭͭ͊͟Υ ;͔ͣ ͒ͦ͡Έ΄͔ ͙ͤ͊͘͡ ͙͔ͦͤͭ͊ͭͪͯͭ͟͟ ͫ ͍͔ͨͦͪͻͤͦͫͭΈΌ ͎͊͊͘͡Σ ͔ͭͣ ͍·΄͔ ͍͔ͪͦΎͭͤͦͫͭΈ 

͙͚ͣͪͦ͋ͤͦ͟ ͎͔͙͙͊͒͘ ͙ ͔͙ͪ͊ͣͤͦ͗ͤ͘ΎΦ 

˸͙͙͎͙ͪͦ͋ͦͦ͟͡;͔͙͔ͫ͟ ͔͊ͫͨͭ͟· ͙ ͎͔͔ͨ͊ͭͦͤ͘ 

ˮͤͺ͔͟ͼ͙ͦͤͤ·͚ ͨͪͦͼ͔ͫͫ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͙ͨͪ ͤ͊ͪͯ΄͔͙͙ͤ ͋͊͊ͤͫ͊͡ ͔ͣ͗͒ͯ ͙͚ͣͪͦ͋ͤͦ͟ ͎͚ͤ͊ͪͯͦ͘͟ ͙ 

͊͘΅͙ͭͤ·͙ͣ ͔ͣͻ͙͙͊ͤͣ͊ͣ͘ ͎͍͙ͪͦͦͼ·Φ ˻͔ͫͦ͋ͦ ͔ͣͫͭͦ ͙͔͊ͤͣ͊ͭ͘ tǎŜǳŘƻƳƻƴŀǎ ŀŜǊǳƎƛƴƻǎŀΣ ͙ͦ͒ͤ ͙͘ 

͙͔͔ͤ͊͋ͦ͡ ͎͔͙͍͊ͪͫͫͤ·ͻ ͙ ͦͨ͊ͫͤ·ͻ ͎͔͍ͨ͊ͭͦͤͦΣ ͫͨͦͫͦ͋ͤ·͚ ͋·ͫͭͪͦ ͪ͊ͪͯ͘΄͊ͭΈ Ή͙͔͙͚ͨͭ͡ ͎͍͙ͪͦͦͼ· ͙ 

͙ͨͪͦͤ͊ͭ͟Έ ͍ ͎͙͔ͯ͋ͦ͟͡ ͙ͫͦ͡Φ ̏ͭͦͭ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟ ͺ͙͔ͦͪͣͪͯͭ ͚͙͔ͫͭͦ͟ ͙͖͙͋ͦͨͤ͟͡Σ ;ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͔͡;͔͙͔ͤΦ 

!ŎŀƴǘƘŀƳƻŜōŀ ƪŜǊŀǝǝǎ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦͫͦ͋ͯΌ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͔ͨͪͦ͋ͣͯ͡Φ ˢ͖ͣ͋· ͍͔ͫͭͪ;͊ΌͭͫΎ 

͍ ͍͍͚ͦ͒ͦͨͪͦͦ͒ͤͦ ͍͔ͦ͒Σ ͔͚͋͊ͫͫͤ͊ͻΣ ͔͔͍͔ͫͭͫͭͤͤ·ͻ ͍͖ͦ͒ͦͣ͊ͻ ͙ ͫͨͦͫͦ͋ͤ· ͍·͙͍͗͊ͭΈ ͍ ͔͎͙ͤ͋͊ͦͨͪ͡Ύͭͤ·ͻ 

͍͙ͯͫͦ͡ΎͻΣ ͔͔ͨͪͻͦ͒Ύ ͍ ͺͦͪͣͯ ͼ͙ͫͭΦ ˽͙ͪ ͙͙ͨͦͨ͊͒͊ͤ ͤ͊ ͙ͤͯ͘͡ ͼ͙ͫͭ· ͨͪͦ;ͤͦ ͺ͙͙ͫͪͯ͟ΌͭͫΎ ͤ͊ ͔͖ 

͍͔ͨͦͪͻ͙ͤͦͫͭΣ ͊ ͔͊ͭͣ͘ ͤ͊ Ή͙͔͙͙ͨͭ͡ ͎͍͙ͪͦͦͼ·Σ ͍·͘·͍͊Ύ ͭΎ͖͔͗ͦ͡Σ ͙͔͒ͭ͡͡Έͤͦ ͔ͨͪͦͭ͊͟Ό΅͔͔ ͍͔͙͔ͦͫͨ͊ͤ͡Φ 

͔̆͊ͪ͊ͭͪͤ͊͟Ύ ͔ͦͫͦ͋ͤͤͦͫͭΈ ͖͎͊͊ͤͭ͊ͣ͋ͤͦͦ͟ ͔͙ͪ͊ͭͭ͊͟ τ ͙͔͒ͭ͡͡Έͤ·͚ ͔͍͚͋ͦͦ͡ ͙ͫͤ͒ͪͦͣΣ 

͔ͤͨͪͦͨͦͪͼ͙ͦͤ͊͡Έͤ·͚ ͍͙͙͒ͣ·ͣ ͙͙ͤ͟͡;͔͙ͫͣ͟ ͙͔͔͙ͣͤͤ͘ΎͣΣ ;ͭͦ ͔͔ͤͪ͒ͦ͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͚ͨͦ͒ͤ͘ 

͙͎͙͔͒͊ͤͦͫͭ͟Φ 

˥͙͍ͪ͋ͦ͟·͔ ͎͔ͨ͊ͭͦͤ· όCǳǎŀǊƛǳƳΣ !ǎǇŜǊƎƛƭƭǳǎύ ͍͔ͫͭͪ;͊ΌͭͫΎ ͔͔ͪ͗Σ ͦ͒ͤ͊ͦ͟ ͙ͻ ͔͙ͨͦͪ͊͗ͤΎ ͙ͦͭ͡;͊ΌͭͫΎ 

͔͔͋ͦ͡ ͙͔͒ͭ͡͡Έͤ·ͣ ͔ͭ;͔͙͔ͤͣ ͙ ͍·͙͙ͫͦͣ͟ ͙͙ͪͫ͊ͣ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͎͙ͯ͋ͦ͟͡ͻ ͙ͤͺ͙͡Έ͍ͭͪ͊ͭͦΦ ͔́;͔͙͔ͤ 

͙ͭ͊͟ͻ ͺͦͪͣ ͦͫͦ͗ͤ͡Ύ͔ͭͫΎ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͙͔͒ͭ͡͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨ ͙ ͍·͚ͫͦͦ͟ ͚ͯͫͭͦ;͙͍ͦͫͭΈΌ ͎͙͍ͪ͋ͦ ͟ 

͔ͨͪͨ͊ͪ͊ͭ͊ͣ ͔͍͚ͨͪͦ ͙͙͙ͤ͡Φ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ 

˴͔͙ͪ͊ͭͭΣ ͍·͍͊ͤͤ͘·͚ ͤͦ΄͔͙͔ͤͣ ͙ͤ͘͡Σ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͦͫͭͪ·ͣ ͤ͊;͊ͦͣ͡ ͙ ͨͦΎ͍͔͙͔ͤͣ͡ ͙͋ͦ͡Σ 

͔͙ͨͦͪ͊ͫͤͤ͟ΎΣ ͍͔ͫͭͦ͋ͦΎ͙ͤ͘ ͙ ͙͔͙ͫͤ͗ͤΎ ͔͙ͪͤ͘ΎΦ ˽͊ͼ͙͔ͤͭ· ͗͊ͯ͡ΌͭͫΎ ͤ͊ ͦ΅ͯ΅͔͙͔ͤ ͙͎ͤͦͪͦ͒ͤͦͦ ͔ͭ͊͡Σ 

͙ͦ͋͡Έ͔ͤͦ ͔͔ͫͦͭ͘͡;͔͙͔ͤ ͙ ͙͍͙͔͊ͭͯͣ͊ͤ͊ͤ͘ ͔͙ͪͤ͘ΎΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͍ͦ ͎ͣͤͦͦͣ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ 

͙ͭͨͦͣ ͍͙͔ͦ͋ͯ͒ͭ͘͡ΎΦ 

ˣ͔͙͊ͭͪ͊͟͡Έͤ·͔ ͺͦͪͣ· ;͊΅͔ ͍ͫͦͨͪͦͦ͗͒͊ΌͭͫΎ ͍·͔ͪ͊͗ͤͤ·ͣ ͙ͤͺ͙͡Έͭͪ͊ͭͦͣΣ ͚ͣͯͭͤͦ ͚ͫͭͪͦͣͦ ͙ 

͙͙ͫͫͭͦ͘͡π͎ ͚ͤͦͤ·ͣ ͔ͦͭ͒͡Ύ͔ͣ·ͣΦ ˽͙ͪ ͔͍͚ͨͫ͒ͦͣͦͤ͊͒ͤͦ ͙ͤͺ͔͟ͼ͙͙ ͨͪͦͼ͔ͫͫ ͎͔͙͔ͨͪͦͪͫͫͪͯͭ ;͔͍ͪ͘·;͚͊ͤͦ 

͋·ͫͭͪͦΣ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͔͔͔͎ͤͣ͒ͤͤͦͦ͡ ͤ͊;͊͊͡ ͔͙͙ͭͪ͊ͨΦ !ŎŀƴǘƘŀƳƻŜōŀ ƪŜǊŀǝǝǎ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ 

͔͔ͨͦͫͭͨͤͤ·ͣ ͍͙͙͔ͪ͊ͭͣ͘Σ ͨͦΎ͍͔͙͔ͤͣ͡ ͙ͪ͊͒͊͡Έͤ·ͻ ͙ͤͺ͙͡Έ͍ͭͪ͊ͭͦ ͨͦ ͻͦ͒ͯ ͔͍ͤͪͤ·ͻ ͍ͦͦͦͤ͟͡ ͙ 

͍·͔ͪ͊͗ͤͤ·ͣ ͔͍͋ͦ͡·ͣ ͙ͫͤ͒ͪͦͣͦͣΦ ˥͙͍ͪ͋ͦ͟·͔ ͺͦͪͣ· ͦ͋·;ͤͦ ͨͪͦΎ͍͡ΎΌͭͫΎ ͫͯͻ͙͙ͣ ͔͍ͫͪͦ͊ͭ·͙ͣ 

͙ͤͺ͙͡Έ͙ͭͪ͊ͭ͊ͣ ͫ ͔ͤ;͔͙͙ͭͣ͟ ͎͙ͪ͊ͤͼ͙͊ͣ ͙ ͫͦͤͤͦͫͭ͟͡ΈΌ ͟ ͎͙ͯ͋ͤͤͦͣͯ͡ ͔͙ͨͦͪ͊͗ͤΌΦ 

˨͙͎͙͊ͤͦͫͭ;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫ ͒ ͔ͦ͗ͤ͡ ͋·ͭΈ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͋·ͫͭͪ·ͣ ͙ ͔ͦͣͨͫͤ͟͟͡·ͣΣ ͨͦͫͦ͟͡Έͯ͟ 

͔͊͒ͪ͗͊͘͟ ͔͡;͔͙ͤΎ ͔͔ͤͪ͒ͦ͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͙ͤͦ͋ͪ͊ͭͣ·ͣ ͔͍͙ͨͦͫ͒ͫͭ͡ΎͣΦ ˻͍ͫͤͦͤ·ͣ ͔ͣͭͦ͒ͦͣ Ύ͍͡Ύ͔ͭͫΎ 

͙͙͙͋ͦͣͪͦͫͦͨ͟͟ΎΣ ͍ͨͦͦ͘͡ΎΌ΅͊Ύ ͦͼ͔͙ͤͭΈ ͣͦͪͺ͎͙ͦͦ͡Ό ͙ͤͺ͙͡Έͭͪ͊ͭ͊ ͙ ͻ͔͊ͪ͊ͭͪ͟ ͍͔͔͙͚ͨͦͪ͗͒ͤ Ή͙͔͙ͨͭ͡ΎΦ 

˽͙ͪ ͔͙͙ͨͦ͒ͦͪͤ͘ ͤ͊ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͚ ͻ͔͊ͪ͊ͭͪ͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͍͔͔͙͔ͨͪͦ͒ͤ 

͙͙͎͙ͣͪͦ͋ͦͦ͟͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Υ ͦͪ͊ͫ͊͟͟ ͨͦ ˥ͪ͊ͣͯΣ ͯ͟͡Έͭͯͪ͊͡Έͤ·͔ ͔ͭͫͭ·Σ ͙͙ͣͪͦͫͦͨ͟͟Ύ ͤ͊ 

͎͙͍ͪ͋ͦ͟·͔ Ή͔͔ͣͤͭ͡· ͙ ͔ͫͨͼ͙͊͡Έͤ·͔ ͔ͣͭͦ͒· ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͖͊ͣ͋Φ 
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ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͎ͦ͒· ͦͫͦ͋ͯΌ ͤ͊͘;͙ͣͦͫͭΈ ͙͔ͨͪͦ͋ͪ͊͡ ͦͤ͟ͺͦ͊͟͡Έͤ͊Ύ ͙͙ͣͪͦͫͦͨ͟͟ΎΣ ͍ͨͦͦ͘͡ΎΌ΅͊Ύ 

͍͙͙͙͍ͯ͊ͪͦ͊ͭ͘͘͡Έ ͫͭͪͯͭͯͪͤ͟·͔ ͙͔͔͙ͣͤͤ͘Ύ ͍ ͭ͊ͤ͟Ύͻ ͎͍͙ͪͦͦͼ· ͙ ͙͔͙͒ͤͭͺ͙ͼ͙͍ͪͦ͊ͭΈ ͖͊ͣ͋ͤ·͔ ͼ͙ͫͭ· ƛƴ 

ǾƛǾƻΦ ˽̇π˾͒ ͙͎͙͊ͤͦͫͭ͊͟ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍·ͫͦͯ͟Ό ͭͦ;ͤͦͫͭΈ ͍·Ύ͍͔͙ͤ͡Ύ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͙ ͎͙͍ͪ͋ͦ͟·ͻ ˨˹˴Σ 

;ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͍ ͫͯ͡;͊Ύͻ ͙͙͊ͭͨ;͎ͤͦͦ ͔ͭ;͔͙ͤΎ ͙͙͡ ͔͔ͪ͊ͤ ͤ͊;͚͊ͭͦ ͔͙͙ͭͪ͊ͨΦ 

˶͔;͔͙͔ͤ ͍͙͙͊ͫͭ͘ ͦͭ ͔͎͔͚ͨͪ͒ͨͦ͊͊ͣͦ͡ Ή͙͎͙͙ͭͦͦ͡Σ ͦ͒ͤ͊ͦ͟ ͟͡Ό;͔͍·ͣ ͙ͨͪͤͼ͙ͨͦͣ ͖ͦͫͭ͊ͭͫΎ ͔͔ͪ͊ͤͤ 

ͤ͊;͊ͦ͡ ͙͙͊ͤͭͤͺ͔͟ͼ͙͚ͦͤͤͦ ͔͙͙ͭͪ͊ͨΦ ˽͙ͪ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͔͙ͨͦͪ͊͗ͤΎͻ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͺͭͦͪͻ͙͍ͤͦͦͤͦ͡·͔ 

͙͙͙͙͊ͤͭ͋ͦͭ͟ ΄͙͎ͪͦͦͦ͟ ͔ͫͨͭͪ͊͟Σ ͦͭͦͪ͟·͔ ͤ͊ͤ͊͘;͊ΌͭͫΎ ͍ ͙͔͙͍ͤͭͤͫͤͦͣ ͔͙͔ͪ͗ͣ ͊͗͒͟·͔ олςсл ͙ͣͤͯͭ ͍ 

͔͍ͨͪ·͔ ͙ͫͯͭ͟Φ ˤ ͭΎ͖͗͡·ͻ ͫͯ͡;͊Ύͻ ͔͔ͭͪ͋ͯͭͫΎ ͙ͦͣ͋ͤ͊͟ͼ͙Ύ ͔ͤͫͦ͟͡Έ͙͟ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ 

ˢ͖͊ͤͭ͊ͣ͋ͤ͟·͚ ͔͙ͪ͊ͭͭ͟ ͔͔ͭͪ͋ͯͭ ͙͔͒ͭ͡͡Έ͚ͤͦ ͙ ͙͙͍͚ͦͣ͋ͤͪͦ͊ͤͤͦ͟ ͔͙͙ͭͪ͊ͨ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ 

͙͎͙͍͋ͯ͊ͤ͒ͦ ό͙ͨͦ͡Ή͙ͫ͊ͤ͒͊͟ ͙͙͡ ͻ͎͔͙͙ͦͪͫ͒ͤ͊͟͡ύ ͙ ͙͙͙͍͒͊ͣ͒ͤͦΦ ͔͙́ͪ͊ͨΎ ͔ͨͪͦ͒ͦ͗͊ͭͫ͡Ύ ͍ ͔ͭ;͔͙͔ͤ 

͔ͤͫͦ͟͡Έ͙͟ͻ ͔ͣͫΎͼ͔͍ ͙ ͔͔ͭͪ͋ͯͭ ͎͎ͫͭͪͦͦͦ ͦͤͭͪͦ͟͡ΎΦ ˥͙͍ͪ͋ͦ͟·͔ ͔͙ͨͦͪ͊͗ͤΎ ͔͡;͊ͭ ͙͔ͫͫͭͣͤ·͙ͣ ͙  

͔ͣͫͭͤ·͙ͣ ͙͙͙͙͊ͤͭͣͦͭ͊ͣ͟͟Σ ͙͙ͭ͊ͣ͟ ͊͟͟ ͙ͤ͊ͭ͊ͣͼ͙ͤ ͙͙͡ ͍͙ͦͪͦͤ͊ͦ͘͟͡Φ 

˴͙͔͙ͦͪͭͦͫͭͪͦ͒͟· ͤ͊ͤ͊͘;͊ΌͭͫΎ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͔ͨͦͫ͡ ͍͔͙ͨͦ͒͊ͤ͡Ύ ͙ͤͺ͔͟ͼ͙͙ ͙ ͨͦ͒ ͎͙ͫͭͪͦͣ 

͍ͪ͊;͔͋ͤ·ͣ ͔ͦͤͭͪͦͣ͟͡Σ ͨͦͫͦ͟͡Έͯ͟ ͙ͻ ͔͔͍͔͔͔ͨͪ͗͒ͪͣͤͤͦ ͙͔͔͙͔ͨͪͣͤͤ ͔ͣͦ͗ͭ ͎͙ͯͫͯͯ͋ͭΈ ͨͪͦͼ͔ͫͫ ͙ 

͙͍͔͙ͨͪͫͭ ͟ ͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΌ Ύ͍͘·Φ 

˽ͪͦͺ͙͙͊ͭ͟͡;͔ͫ͊͟Ύ ͪ͊͋ͦͭ͊ ͫ ͨ͊ͼ͙͔͙ͤͭ͊ͣ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͙͔͙ͫͤ͗ͤΎ ͙ͦ͟͡;͔͍ͫͭ͊ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

ˣͦ͡Έ΄͊Ύ ;͊ͫͭΈ ͫͯ͡;͔͍͊ ͔͙ͪ͊ͭͭ͊͟ ͍ͫΎ͊ͤ͊͘ ͫ ͤ͊ͪͯ΄͔͙͔ͤͣ ͍͙ͨͪ͊͡ ͎͙͎͙͔ͤ·Σ ͨͦΉͭͦͣͯ ͍͙ͨͪ͊͡Έ͔ͤͦ ͦ͋ͯ;͔͙͔ͤ 

͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡ΈΦ ˽͊ͼ͙͔ͤͭ· ͒ͦ͗ͤ͡· ͎ͫͭͪͦͦ ͫͦ͋͡Ό͒͊ͭΈ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͯͻͦ͒ͯ ͊͘ ͙͙ͤ͊ͣ͘͡Σ 

͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͭͦ͡Έͦ͟ ͔͙ͫͭͪ͡Έͤ·͔ ͍ͪ͊ͫͭͦͪ·Σ ͙͔͎͋͊ͭ͘Έ ͦͤͭ͊ͭ͊͟͟ ͙ͤ͘͡ ͫ ͍͚ͦ͒ͦ ͙ ͔ͤ ͔͍ͨͪͦ͒͊ͭ͡Έ ͫͪͦ͟ 

Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙Φ  

˭͊͟͡Ό;͔͙͔ͤ 

˴͔͙ͪ͊ͭͭ ͯ ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡ ͦͤͭ͊ͭͤ͟͟·ͻ ͙ͤ͘͡ ͖ͦͫͭ͊ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͫͦ͗ͤ͡·ͻ ͙ ͙͙ͤ͟͡;͔͙ͫ͟ 

ͤ͊͘;͙ͣ·ͻ ͔ͨͪͦ͋ͣ͡ ͍͔͔͚ͫͦͪͣͤͤͦ ͦͺͭ͊͡Έ͎͙͙ͣͦͦ͡Φ ˭͔͍͙͔͊͋ͦ͊ͤ͡ ͙ͦͭ͡;͔͊ͭͫΎ ͎ͣͤͦͦͺ͊ͭͦͪͤͦͫͭ͟ΈΌΣ 

͙͔ͪ͊ͤͦͦ͋ͪ͊ͣ͘͘ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡ ͙ ͍·͚ͫͦͦ͟ ͍͔ͪͦΎͭͤͦͫͭΈΌ ͭΎ͖͗͡·ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡ ͙ͨͪ ͔͚ͨͦ͒ͤ͘ 

͙͎͙͔͒͊ͤͦͫͭ͟Φ ̏ͺͺ͔͙͍͔ͭͤͦ͟ ͔͡;͔͙͔ͤ ͍ͦͣͦ͗ͤͦ͘ ͭͦ͡Έͦ͟ ͙ͨͪ ͔ͪ͊ͤͤͣ ͍·Ύ͍͔͙͙ͤ͡ ͍͙͔ͦ͋ͯ͒ͭ͘͡ΎΣ 

͍͔͍͔͔ͫͦͪͣͤͤͦͣ ͤ͊;͔͊͡ ͔͙͙ͭͪ͊ͨ ͙ ͎ͫͭͪͦͦͣ ͫͦ͋͡Ό͔͙͙͒ͤ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͔͔ͪͦͣͤ͒͊͟ͼ͙͚Φ  

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ {ǘŀǇƭŜǘƻƴ CΦΣ 5ŀǊǘ WΦ /ƻƴǘŀŎǘ ƭŜƴǎςǊŜƭŀǘŜŘ ƳƛŎǊƻōƛŀƭ ƪŜǊŀǝǝǎΦ 

нΦ ²ƛƭƭŎƻȄ aΦ5ΦtΦ aƛŎǊƻōƛŀƭ ŀŘƘŜǎƛƻƴ ǘƻ ƭŜƴǎŜǎ ŀƴŘ ōƛƻŬƭƳ ŦƻǊƳŀǝƻƴΦ  

оΦ aŎ/ƭŜƭƭŀƴ YΦ !ŎŀƴǘƘŀƳƻŜōŀ ƪŜǊŀǝǝǎΥ ŎƭƛƴƛŎŀƭ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΦ 

пΦ ¢ƘƻƳŀǎ tΦ!Φ CǳƴƎŀƭ ƪŜǊŀǝǝǎΥ ŎƭƛƴƛŎŀƭ ǇǊŜǎŜƴǘŀǝƻƴ ŀƴŘ ǘǊŜŀǘƳŜƴǘΦ 

рΦ {ǿŜŜƴŜȅ 5ΦCΦ /ƻǊƴŜŀƭ ǇƘȅǎƛƻƭƻƎȅ ŀƴŘ ŎƻƴǘŀŎǘ ƭŜƴǎςŀǎǎƻŎƛŀǘŜŘ ƛƴŦŜŎǝƻƴ ǊƛǎƪǎΦ 

ϭ ˢ͔͍ͭ͒͊͊ ˸Φ́ΦΣ нлнр 

 

 

 

 

̂˨˴ смтΦтςллнΦоςлтςлу 

ˢ͔͍ͭ͒͊͊ ˸Φ́Φ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͎͊ͤ͘͡·ͻ ͔͔͚͋ͦͤ͘͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͙ͣΦ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 
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͍·͔ͪ͊͗ͤͤ·͙ͣ ͙͙ͤ͟͡;͔͙͙ͫͣ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ͙ͣ ͙ ͍·͙ͫͦͣ͟ ͙ͪͫͦͣ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͫͨͦͫͦ͋ͤ·ͻ 

͙͍͔͙ͨͪͫͭ ͟ ͙͔͙ͫͤ͗ͤΌ ͙͔ͪͭ͘͡Έͤ·ͻ ͺͯͤ͟ͼ͙͚Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙͎͙͙͒͊ͤͦͫͭ͟ ͍ͨͦͦ͘͡ΎΌͭ ͍·Ύ͍͙ͭΈ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͨͪͦͼ͔ͫͫ ͤ͊ ͙ͪ͊ͤͤͻ ͙ͫͭ͊͒ΎͻΣ ͔͔͙ͦͨͪ͒ͭ͡Έ ͔͎ͦ Ή͙͎͙ͭͦͦ͡Ό ͙ ͙͒ͺͺ͔͔ͪͤͼ͙͍ͪͦ͊ͭΈ 

͙ͪ͊͘͡;ͤ·͔ ͺͦͪͣ· ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ;ͭͦ ͙͔͔ͣͭ ͟͡Ό;͔͍͔ͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͍·͋ͦͪ͊ ͍͙ͨͪ͊͡Έ͚ͤͦ ͙͙ͭ͊ͭ͟͟ 

͔͡;͔͙ͤΎΦ ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͊ͭͯ͊͟͡Έͤ·͔ ͍ͦͨͪͦͫ· ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

͔ͭ;͔͙ͤΎ ͙ͪ͊͘͡;ͤ·ͻ Ή͙͎͙ͭͦͦ͡;͔͙ͫ͟ͻ ͺͦͪͣ ͔͙ͪ͊ͭͭ͊͟ ͙ ͍͔͔ͫͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͍͔͔͙ͨͪͦ͒ͤΌ 

͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͔͙ͪ͊ͭͭ͟Σ ͍͔͙͔ͦͫͨ͊ͤ͡ ͎͍͙ͪͦͦͼ·Σ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͎͍͙ͪͦͦͼ͊Σ  

͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͦͺͭ͊͡Έ͎͙ͣͦͦ͡ΎΦ 

 

!ǘŘŀȅŜǾŀ aΦ¢Φ 
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!ōǎǘǊŀŎǘ 

YŜǊŀǝǝǎ ƛǎ ŀƴ ƛƴƅŀƳƳŀǘƻǊȅ ŘƛǎŜŀǎŜ ƻŦ ǘƘŜ ŎƻǊƴŜŀ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǇǊƻƴƻǳƴŎŜŘ ŎƭƛƴƛŎŀƭ ǎȅƳǇǘƻƳǎ ŀƴŘ 

ŀ ƘƛƎƘ Ǌƛǎƪ ƻŦ ŎƻƳǇƭƛŎŀǝƻƴǎ ǘƘŀǘ Ŏŀƴ ƭŜŀŘ ǘƻ ŘŜŎǊŜŀǎŜŘ Ǿƛǎǳŀƭ ŦǳƴŎǝƻƴΦ aƻŘŜǊƴ ŘƛŀƎƴƻǎǝŎ ƳŜǘƘƻŘǎ ŀƭƭƻǿ 

ŜŀǊƭȅ ŘŜǘŜŎǝƻƴ ƻŦ ǘƘŜ ƛƴƅŀƳƳŀǘƻǊȅ ǇǊƻŎŜǎǎΣ ŘŜǘŜǊƳƛƴŀǝƻƴ ƻŦ ƛǘǎ ŜǝƻƭƻƎȅΣ ŀƴŘ ŘƛũŜǊŜƴǝŀǝƻƴ ƻŦ ǾŀǊƛƻǳǎ ŦƻǊƳǎ 

ƻŦ ǘƘŜ ŘƛǎŜŀǎŜΣ ǿƘƛŎƘ ƛǎ ŜǎǎŜƴǝŀƭ ŦƻǊ ǎŜƭŜŎǝƴƎ ǘƘŜ ŎƻǊǊŜŎǘ ǘǊŜŀǘƳŜƴǘ ǎǘǊŀǘŜƎȅΦ ¢Ƙƛǎ ŀǊǝŎƭŜ ŘƛǎŎǳǎǎŜǎ ŎǳǊǊŜƴǘ 

ƛǎǎǳŜǎ ƻŦ ŎƭƛƴƛŎŀƭ ŘƛŀƎƴƻǎƛǎΣ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ŘƛũŜǊŜƴǘ ŜǝƻƭƻƎƛŎŀƭ ǘȅǇŜǎ ƻŦ ƪŜǊŀǝǝǎΣ ŀƴŘ ƳƻŘŜǊƴ 

ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŘƛũŜǊŜƴǝŀƭ ŘƛŀƎƴƻǎƛǎΦ 

YŜȅǿƻǊŘǎΥ 

ƪŜǊŀǝǝǎΣ ŎƻǊƴŜŀƭ ƛƴƅŀƳƳŀǝƻƴΣ ŘƛŀƎƴƻǎƛǎΣ ŎƻǊƴŜŀΣ ŘƛũŜǊŜƴǝŀƭ ŘƛŀƎƴƻǎƛǎΣ ƻǇƘǘƘŀƭƳƻƭƻƎȅΦ 

 

˴͔͙ͪ͊ͭͭ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·ͻ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͎͙͚ͨ͊ͭͦͦ͡ ͔͔͔͎ͨͪ͒ͤͦ ͔ͦͭͪ͊͘͟ ͎͊͊͘͡ 

͙ ͙͔͊ͤͣ͊ͭ͘ ͤ͊͘;͙͔ͣͦ ͔ͣͫͭͦ ͍ ͔ͫͭͪͯͭͯͪ͟ ͦͺͭ͊͡Έ͎͙ͣͦͦ͡;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͙͍ͨͪͦ͒Ύ΅͙ͻ ͟ ͙͔͙ͫͤ͗ͤΌ 

͔͙ͪͤ͘ΎΦ ˾͎͍͙ͦͦͼ͊Σ ͋ͯ͒ͯ;͙ ͨͪͦͪ͊͘;͚ͤͦ ͙ ͍͊͊ͫͯ͟͡Ύ͚ͪͤͦ ͭ͊ͤ͟ΈΌΣ ͚͔ͪ͊ͤ͟ ;͍͍͙͔ͯͫͭͭ͡Έͤ͊ ͟ ͙ͪ͊͘͡;ͤ·ͣ 

Ή͎͔ͤ͒ͦͤͤ·ͣ ͙ Ή͎͔ͦͤͤ͘͟·ͣ ͍͔ͨͦͪ͗͒͊Ό΅͙ͣ ͺ͊ͭͦͪ͊ͣ͟Σ ͙ ͡Ό͔͋ͦ ͤ͊ͪͯ΄͔͙͔ͤ ͔͖ ͼ͔͙ͦͫͭͤͦͫͭ͡ ͙͍͙ͨͪͦ͒ͭ ͟ 

͙͍͊ͭ͊͟ͼ͙͙ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ ˹͔ͫͣͦͭͪΎ ͤ͊ ΄͙͔ͪͦͦ͟ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͔͙ͪ͊ͭͭ͊͟Σ ͔͎ͦ 

͙͎͙͒͊ͤͦͫͭ͊͟ ͖ͦͫͭ͊ͭͫΎ ͔͚ͤͨͪͦͫͭͦ ͊͒͊͘;͔͚Σ ͭ͊͟ ͊͟͟ ͙ͪ͊͘͡;ͤ·͔ Ή͙͎͙ͭͦͦ͡;͔͙͔ͫ͟ ͺͦͪͣ· ͙͔ͣΌͭ ͫͻ͙͔ͦ͗ 

͙͙ͤ͟͡;͔͙͔ͫ͟ ͙͙ͨͪͤ͊͘͟Σ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͙͔͔͙ͨͪͣͤͤΎ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͙͎͙͒͊ͤͦͫͭ;͔͎ͫͦͦ͟ ͨͦ͒ͻͦ͒͊Φ ˤ 

͍͔͔͚ͫͦͪͣͤͤͦ ͦͺͭ͊͡Έ͎͙͙ͣͦͦ͡ ͔ͦͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔ͨͪͦ͋ͪͭ͊Όͭ ͔ͣͭͦ͒· ͔͎ͪ͊ͤͤͦ ͍·Ύ͍͔͙ͤ͡Ύ ͍͔͙ͦͫͨ͊ͤ͡ΎΣ 

ͭͦ;͎ͤͦͦ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͔͎ͦ ͙ͨͪ;͙ͤ· ͙ ͍͔͍͔͔͎ͫͦͪͣͤͤͦͦ ͍͔͔͙ͨͪͦ͒ͤΎ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Φ 

͙͎͙̏ͭͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ ͎͔͔͙ͨ͊ͭͦͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· 

˴͔͙ͪ͊ͭͭ ͔ͣͦ͗ͭ ͙͔ͣͭΈ ͙ͤͺ͔͟ͼ͙͔ͦͤͤͦ ͙ ͔͙ͤͤͺ͔͟ͼ͙͔ͦͤͤͦ ͙ͨͪͦͫͻ͔͙͔ͦ͗͒ͤΦ ˿͔͙ͪ͒ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ 

͍͙͔͔͚ͦ͋ͯ͒ͭ͘͡ ͙͔͔ͤ͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͙ͣ Ύ͍͡ΎΌͭͫΎ ͔͙͙͋͊ͭͪ͟Σ ͍͙ͪͯͫ·Σ ͎͙ͪ͋· ͙ ͖͊ͣ͋·Φ 

ˣ͔͙͊ͭͪ͊͟͡Έͤ·͔ ͺͦͪͣ· ;͊΅͔ ͍͔͎ͫͦ ͍ͫͦͨͪͦͦ͗͒͊ΌͭͫΎ ͦͫͭͪ·ͣ ͍͔͙͔ͦͫͨ͊ͤͣ͡Σ ͙ͤͺ͙͡Έͭͪ͊ͼ͙͔͚ ͔͚ͭ͊ͤ͟ 

͎͍ͪͦͦ ͙ͼ· ͙ ͍͙͔ͦ͋ͪ͊ͦ͊ͤͣ͘ Ύ͍͔ͤͤ͘·ͻ ͔͒ͺ͔͍ͭͦ͟Φ ˤ͙ͪͯͫͤ·͔ ͔͙ͪ͊ͭͭ͟·Σ ͔ͦͫͦ͋ͤͤͦ ͍·͍͊ͤͤ͘·͔ ͍͙ͪͯͫͦͣ 

͎ͨͪͦͫͭͦͦ ͎͔͔ͪͨͫ͊ ͙ ͔͍͙͙͊͒ͤͦͪͯͫ͊ͣΣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎ ͔ͪͼ͙͙͍͙͒ͪͯΌ΅͙ͣ ͔ͭ;͔͙͔ͤͣΣ ͔͙͔ͨͦͪ͊͗ͤͣ 

͔͍ͤͪͤ·ͻ ͦͦͤ͟;͙͚͊ͤ ͙ ͍·͚ͫͦͦ͟ ͫͦͤͤͦͫͭ͟͡ΈΌ ͟ ͻ͙ͪͦͤ͊͘ͼ͙͙Φ ˥͙͍ͪ͋ͦ͟·͔ ͔͙ͪ͊ͭͭ͟· ͍͔ͫͭͪ;͊ΌͭͫΎ ͔͔ͪ͗Σ ͤͦ 

͙ͦͭ͡;͊ΌͭͫΎ ͭΎ͖͗͡·ͣ ͙ ͙͔͒ͭ͡͡Έͤ·ͣ ͔ͭ;͔͙͔ͤͣΣ ͊ ͔ͭ͊͗͟ ͍·͚ͫͦͦ͟ ͔͙͔ͪͫͭͤͭͤͦͫͭ͘ΈΌ ͟ ͔͙͙ͭͪ͊ͨΦ ˢ͖ͣ͋ͤ·͚ 

͔͙ͪ͊ͭͭ͟Σ ;͊΅͔ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·͚ ͫ ͤͦ΄͔͙͔ͤͣ ͦͤͭ͊ͭͤ͟͟·ͻ ͙ͤ͘͡Σ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͍·͔͚ͪ͊͗ͤͤͦ ͋ͦ͡ΈΌΣ 
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͔͔ͣ͒ͤͤ͡·ͣ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤͣ ͙ ͤ͊͘;͙͔ͭ͡Έͤ·͙ͣ ͍͔͔͙ͨͦͪ͗͒ͤΎ͙ͣ ͫͭͪͦͣ·Φ 

˹͔͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͺͦͪͣ· ͔͙ͪ͊ͭͭ͊͟ ͔͔ͤͪ͒ͦ͟ ͍͙͍ͪ͊͊͘ΌͭͫΎ ͊͟͟ ͨͪͦΎ͍͔͙͔ͤ͡ ͙͔ͫͫͭͣͤ·ͻ 

͙͊ͯͭͦͣͣͯͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͙ͭͦͫ͟;͔͙ͫ͟ͻ ͍͔͚͍͙͚ͦ͒ͫͭ͘Σ ͔͎͙͊ͪ͡͡;͔͙ͫ͟ͻ ͔ͪ͊͟ͼ͙͚ ͙͙͡ ͍͙ͭͪ͊ͣ͊ͭ;͔͙ͫ͟ͻ 

͍͔͔͙͚ͨͦͪ͗͒ͤΦ ˽͎͔͔͊ͭͦͤ͘ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͤ͊ͪͯ΄͔͙͔ͤͣ ͋͊ͪΈ͔͚ͪͤͦ ͺͯͤ͟ͼ͙͙ Ή͙͔͙ͨͭ͡ΎΣ ͙͍͊ͭ͊͟ͼ͙͔͚ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͙͍ͣ͒͊ͭͦͪͦ ͙ ͤ͊ͪͯ΄͔͙͔ͤͣ ͔͙ͣͭ͊͋ͦͣ͊͘͡ ͎͍͙ͪͦͦ;͚ͤͦ ͙ͭ͊ͤ͟Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͖ 

͔͙ͨͦͣͯͭͤͤΌ ͙ ͙͔͙ͫͤ͗ͤΌ ͨͪͦͪ͊͘;͙ͤͦͫͭΦ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔ͭ;͔͙ͤΎ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͔͙ͪ͊ͭͭ͊͟ ͙͔͔ͣͭ ͪΎ͒ ͙͙ͭͨ;ͤ·ͻ ͙͍ͨͪͤ͊ͦ͘͟Σ ͔͙ͫͪ͒ ͦͭͦͪ͟·ͻ ͍͚ͦͫͤͦͤͦ Ύ͍͡Ύ͔ͭͫΎ 

͔͍͚͋ͦͦ͡ ͙ͫͤ͒ͪͦͣΦ ˣͦ͡Έ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͍͔ͫͭͦ͋ͦΎͤ͘ΈΌΣ ͔͔ͫͦͭ͘͡;͔͙͔ͤͣ ͙ ͫͨ͊ͣͦͣ͘ ͍͔͟Σ ;ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͙͔ͫͤ͗͊ͭ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔ͤͭ͊Φ ˥͙͔͔͙ͨͪͣΎ ͎͎͊ͤͦͦ͘͡ Ύ͋ͦ͊͟͡Σ ͔͙͔ͨͦͣͯͭͤͤ ͎͍͙ͪͦͦͼ·Σ ͙ͤͺ͙͡Έͭͪ͊ͼ͙Ύ 

͙ ͙͔͙͔ͫͤ͗ͤ ͦͫͭͪͦͭ· ͔͙ͪͤ͘Ύ Ύ͍͡ΎΌͭͫΎ ͟͡Ό;͔͍·͙ͣ ͍͔ͤ΄͙͙ͤͣ ͨͪͦΎ͍͔͙ͤ͡Ύ͙ͣ ͍͔͙ͦͫͨ͊ͤ͡ΎΦ ˤ 

͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͎͙ͯ͋ͤ͡· ͔͙ͨͦͪ͊͗ͤΎ ͍·͔͒͡ΎΌͭ ͍͔ͨͦͪͻͤͦͫͭͤ·͔ ͙ ͎͙͔ͯ͋ͦ͟͡ ͔͙ͪ͊ͭͭ͟·Φ ˽͍͔ͦͪͻͤͦͫͭͤ·͔ 

ͺͦͪͣ·Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͔ͨͪͦͭ͊͟Όͭ ͔͎͡;͔ ͙ ;͊΅͔ ͍͔͊ͪ͘΄͊ͭͫΎ ͨͦͤ͡·ͣ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤͣ͡ ͨͪͦͪ͊͘;͙ͤͦͫͭ 

͎͍͙ͪͦͦͼ· ͙ͨͪ ͍͔͍͔͔ͫͦͪͣͤͤͦͣ ͔͡;͔͙͙ͤΦ ˥͙͔ͯ͋ͦ͟͡ ͔͙ͪ͊ͭͭ͟· ͍ͫͦͨͪͦͦ͗͒͊ΌͭͫΎ ͍͔͔͙͔ͨͦͪ͗͒ͤͣ ͫͭͪͦͣ·Σ 

ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ ͪͯ͋ͼ͍ͦΣ ͙͔͒ͭ͡͡Έͤ·ͣ ͔ͭ;͔͙͔ͤͣ ͙ ͍·͙ͫͦͣ͟ ͙ͪͫͦͣ͟ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˨͙͔ͦͨͦͤͭ͡͡Έͤ·͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͙͙ͨͪͤ͊͘͟ ͎ͣͦͯͭ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙ͦͭ͡;͊ͭΈͫΎ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ 

Ή͙͎͙͙ͭͦͦ͡Φ ˣ͔͙͊ͭͪ͊͟͡Έͤ·͚ ͔͙ͪ͊ͭͭ͟ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͍·͔͚ͪ͊͗ͤͤͦ ͙ͤͺ͙͡Έͭͪ͊ͼ͙͔͚ ͙ ͋·ͫͭͪ·ͣ 

ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ Ύ͍͔͎ͤͤͦͦ͘ ͔͒ͺ͔ͭ͊͟Φ ˤ͙ͪͯͫͤ·͚ ͔͙ͪ͊ͭͭ͟ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͨͦΎ͍͔͙͔ͤͣ͡ ͔͙͒ͤ͒ͪͭͤ·ͻ 

͙͔ͣͤ͘ ͔͙͚ͤ Ή͙͔͙ͨͭ͡ΎΣ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈΌ ͎͍͙ͪͦͦͼ· ͙ ͫͦͤͤͦͫͭ͟͡ΈΌ ͟ ͔ͪͼ͙͙͍͒͊ͣΦ ˥͙͍ͪ͋ͦ͟·͔ ͺͦͪͣ· 

͙͔ͣΌͭ ͔͔͔ͣ͒ͤͤͦ͡ ͤ͊;͊ͦ͡ ͙ ͨͦͭͤ͡·͚ ͙ͤͺ͙͡Έͭͪ͊ͭ ͫ ͔ͤ;͖͙͙ͭͣ͟ ͎͙ͪ͊ͤͼ͙͊ͣΦ ˢ͖ͣ͋ͤ·͚ ͔͙ͪ͊ͭͭ͟ ͔͔ͨͪͦͭ͊ͭ͟ 

ͫ ͍·͔͚ͪ͊͗ͤͤͦ ͋ͦ͡ΈΌΣ ͔ͤ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͚ ͔͔͙ͫͭͨͤ ͍͙͙͒ͣ·ͻ ͙͔͔͙͚ͣͤͤ͘Σ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ 

͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͙͔͙͍ͦͪͤͭͪͦΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙͎͙͙͒͊ͤͦͫͭ͟ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͔͙ͪ͊ͭͭ͊͟ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͫͦ;͔͙͙ͭ͊ͤ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͦͫͣͦͭͪ͊ ͙ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ 

͔͍ͣͭͦ͒ͦΦ ˣ͙͙͙ͦͣͪͦͫͦͨ͟͟Ύ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ΅͔͔͍͚ͦ͡ ͊ͣͨ͡· ͖ͦͫͭ͊ͭͫΎ ͍ͦͫͤͦͤ·ͣ ͔ͣͭͦ͒ͦͣ ͦͼ͔͙ͤ͟ 

ͫͦͫͭͦΎ͙ͤΎ ͎͍͙ͪͦͦͼ·Σ ͍ͨͦͦ͘͡ΎΌ΅͙ͣ ͔͔͙ͦͨͪ͒ͭ͡Έ ͎͙ͯ͋ͤͯ͡ ͔͙ͨͦͪ͊͗ͤΎΣ ͙ͤ͊͡;͙͔ ͙ͤͺ͙͡Έͭͪ͊ͼ͙͙Σ Ύ͍͔ͤͤ͘·ͻ 

͔͒ͺ͔͍ͭͦ͟Σ ͖ͦͭ͊͟ ͙ ͙͚ͫͦͫͯ͒ͫͭͦ ͔ͪ͊͟ͼ͙͙Φ ˻ͤ͊ ͔ͭ͊͗͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͻ͔͊ͪ͊ͭͪͤ͟·͔ ͙͙ͨͪͤ͊͘͟ ͍͙͚ͪͯͫͤͦ 

͙͙͡ ͎͙͍͚ͪ͋ͦͦ͟ ͙ͤͺ͔͟ͼ͙͙Φ 

̅͡Ό͔ͦͪͫͼ͔͙͍ͤͦ͊Ύ ͨͪͦ͋͊ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͔͒ͺ͔͍ͭͦ͟ Ή͙͔͙ͨͭ͡Ύ ͙ ͦͼ͔͙ͤ͟ ͔͔͙ͫͭͨͤ 

͍͔͔͙ͨͦͪ͗͒ͤΎΦ ˽͙ͪ ͍͙ͪͯͫͤͦͣ ͔͙͙ͨͦͪ͊͗ͤ ͍·Ύ͍͡ΎΌͭͫΎ ͔͙͒ͤ͒ͪͭͤ·͔ ͙͙͡ ͎͔͎ͦͪ͊ͺ͙;͔͙͔ͫ͟ Ύ͍͘·Σ ͙ͨͪ 

͔͙͋͊ͭͪ͊͟͡Έͤͦͣ τ ͪͯͨͤ͟·͔ ͦͤ͘· Ή͙͔͙ͨͭ͊͡͡Έ͚ͤͦ ͔͒ͫͭͪͯ͟ͼ͙͙Φ 

˸͙͙͎͙ͪͦ͋ͦͦ͟͡;͔͔ͫͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͙ͨͪ ͔͙͙ͨͦ͒ͦͪͤ͘ ͤ͊ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͚ 

͔͙ͪ͊ͭͭ͟Φ ˽͔͍ͦͫ ͔͙ͣ͊ͭͪ͊͊͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔͙ͦͨͪ͒ͭ͡Έ ͍͙͔ͦ͋ͯ͒ͭ͘͡Ύ ͙ ͦͼ͔͙ͤͭΈ ͔͎ͦ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͟ 

͔ͨͪͨ͊ͪ͊ͭ͊ͣΦ ˽͙ͪ ͔͙͙ͨͦ͒ͦͪͤ͘ ͤ͊ ͖͔͊ͣ͋ͤͦ ͔͙͔ͨͦͪ͊͗ͤ ͍ͨͪͦͦ͒Ύͭ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔ͣͭͦ͒ͦͣ ͦͤ͟ͺͦ͊͟͡Έ͚ͤͦ 

͙͙͙ͣͪͦͫͦͨ͟͟Σ ͍ͨͦͦ͘͡ΎΌ΅͔͔ ͍͙͙͙͍ͯ͊ͪͦ͊ͭ͘͘͡Έ ͼ͙ͫͭ· ͖͊͊ͤͭ͊ͣ͋͟·Φ 

˴ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͣ ͍͔͔ͫͦͪͣͤͤ·ͣ ͔ͣͭͦ͒͊ͣ ͙͎͙͙͒͊ͤͦͫͭ͟ ͦͭͤͦͫΎͭͫΎ ͨ͊ͻ͙͔͙ͣͭͪΎΣ 

͔͎ͪ͊ͭͦͭͦͨͦͪ͊͟ͺ͙Ύ ͙ ͙ͦͨͭ;͔ͫ͊͟Ύ ͎͔͔ͦͪͤͭͤ͊͟Ύ ͎ͭͦͣͦͪ͊ͺ͙ΎΣ ͦͭͦͪ͟·͔ ͒͊Όͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͦͼ͔͙ͤͭΈ 

ͫͭͪͯͭͯͪͤ͟·͔ ͙͔͔͙ͣͤͤ͘Ύ ͙ ͙͙͒ͤ͊ͣͯ͟ ͍͔͙ͦͫͨ͊ͤ͡ΎΦ ͙̏ͭ ͔ͣͭͦ͒· ͫͯ΅͔͍͔ͫͭͤͤͦ ͍ͨͦ·΄͊Όͭ ͭͦ;ͤͦͫͭΈ 

͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͍ͨͦͦ͘͡ΎΎ ͙ͦͭ͡;͙ͭΈ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͺͦͪͣ· ͦͭ ͙͊ͯͭͦͣͣͯͤͤ·ͻ ͙͙͡ 

͙ͭͦͫ͟;͔͙ͫ͟ͻΦ 

˨͙ͺͺ͔͔ͪͤͼ͙͊͡Έͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ 

˽͍͔͔͙͔ͪͦ͒ͤ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙͔͔ͣͭ ͟͡Ό;͔͍͔ͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ 

͍͙ͨͪ͊͡Έ͚ͤͦ ͙͙ͭ͊ͭ͟͟ ͔͡;͔͙ͤΎΦ ˻͍ͫͤͦͤ͊Ύ ͊͒͊͘;͊ ͍ͪ͊;͊ τ ͦ ͙ͭ͡;͙ͭΈ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͺͦͪͣ· ͦͭ 

͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·ͻΣ ͊ ͔͙ͫͪ͒ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ τ ͭ ͦ;ͤͦ ͍͙ͯͫͭ͊ͤͦͭΈ ͍͙͒ ͍͙͔ͦ͋ͯ͒ͭ͘͡ΎΦ ˤ͙ͪͯͫͤ·͔Σ 

͔͙͋͊ͭͪ͊͟͡Έͤ·͔Σ ͎͙͍ͪ͋ͦ͟·͔ ͙ ͖͊ͣ͋ͤ·͔ ͔͙ͪ͊ͭͭ͟· ͙͔ͣΌͭ ͻ͔͊ͪ͊ͭͪͤ͟·͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͙ ͊͋ͦͪ͊ͭͦͪͤ͡·͔ 
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͔͙ͦͫͦ͋ͤͤͦͫͭΣ ͦͭͦͪ͟·͔ ͎ͨͦͣͦ͊Όͭ ͙ͻ ͎͙ͪ͊ͪ͊ͤ͘;͙ͭΈΦ ˹͙͔͊ͨͪͣͪΣ ͨͦͭͤ͡·͚ ͙ͤͺ͙͡Έͭͪ͊ͭ ͫ ͍ͨͦ·΄͔͚ͤͤͦ 

͔͍͚͋ͦͦ͡ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈΌ ͻ͔͔͊ͪ͊ͭͪͤ͟ ͒͡Ύ ͖͎͊ͣ͋ͤͦͦ ͍͔͙ͦͫͨ͊ͤ͡ΎΣ ͎ͭͦ͒͊ ͊͟͟ ͋·͔ͫͭͪͦ ͨͦΎ͍͔͙͔ͤ͡ Ύ͍͘· 

͙ ͎͚͎ͤͦͤͦͦ Ήͫͫͯ͒͊ͭ͊͟ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͔͙͋͊ͭͪ͊͟͡Έͤͦͣ ͨͪͦͼ͔͔ͫͫΦ ˤ͙ͪͯͫͤ·͔ ͔͙ͨͦͪ͊͗ͤΎ ͙ͦͭ͡;͊ΌͭͫΎ 

ͻ͔͊ͪ͊ͭͪͤ͟·͙ͣ Ή͙͔͙ͨͭ͊͡͡Έͤ·͙ͣ ͙͔͔͙ͣͤͤ͘Ύ͙ͣΣ ͊ ͎͙͍ͪ͋ͦ͟·͔ τ ͒ ͙͔ͭ͡͡Έͤ·ͣ ͔ͭ;͔͙͔ͤͣ ͙ ͚ͫ͊͋ͦ͡ 

͔ͪ͊͟ͼ͙͔͚ ͤ͊ ͫͭ͊ͤ͒͊ͪͭͤ·͔ ͙͍͙ͨͪͦͭͦͣͪͦ͋ͤ͟·͔ ͔ͨͪͨ͊ͪ͊ͭ·Φ 

˹͔͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͙ͪ͊ͭͭ͟· ͔ͭͪ͋ͯΌͭ ͙ͫ͟͡Ό;͔͙ͤΎ ͙͔ͫͫͭͣͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͔͙͙͔ͫͦ͒ͤͭ͡Έ͚ͤͦ ͙ͭ͊ͤ͟Σ 

͔͎͙͊ͪ͡͡;͔͙ͫ͟ͻ ͔ͪ͊͟ͼ͙͚ ͙ ͙ͭͦͫ͟;͔͙ͫ͟ͻ ͍͔͚͍͙͚ͦ͒ͫͭ͘Φ ˤ͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͭ΅͔͊ͭ͡Έͤ·͚ ͫ͋ͦͪ 

͔͊ͤ͊ͣͤ͊͘Σ ͍͟͡Ό;͊Ό΅͙͚ ͦͼ͔ͤͯ͟ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͦͤͭ͊ͭͤ͟͟·ͻ ͙ͤ͘͡Σ 

͔͔͔͖ͨͪͤͫͤͤ·ͻ ͙ͤͺ͔͟ͼ͙͚ ͙ ͙ͤ͊͡;͙Ύ ͍ͭͪ͊ͣ ͎͊͊͘͡Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˴͔͙ͪ͊ͭͭ ͖ͦͫͭ͊ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͊ͭͯ͊͟͡Έͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͍͔͔͚ͫͦͪͣͤͤͦ ͦͺͭ͊͡Έ͎͙͙ͣͦͦ͡Φ ˤ·ͫͦ͊͟Ύ 

;͊ͫͭͦͭ͊ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͙ͪͫ͟ ͔͙͎ͤͦ͋ͪ͊ͭͣͦͦ ͙͔͙ͫͤ͗ͤΎ ͔͙ͪͤ͘Ύ ͔͔ͦͨͪ͒͡ΎΌͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͔͎ͪ͊ͤͤͦ 

͍·Ύ͍͔͙ͤ͡Ύ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͙͔͔͙͚ͣͤͤ͘Σ ͭͦ;͎ͤͦͦ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ Ή͙͎͙͙ͭͦͦ͡ ͙ ͍͔͔͙ͨͪͦ͒ͤΎ ͭ΅͔͊ͭ͡Έ͚ͤͦ 

͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Φ ˴͔ͦͣͨͫͤ͟͡·͚ ͙͎͙͒͊ͤͦͫͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒Σ ͍͟͡Ό;͊Ό΅͙͚ ͙͙ͤ͟͡;͔͔ͫͦ͟ 

͔͍͙͔ͦ͋ͫ͒ͦ͊ͤ͡Σ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ ͔͙͙ͣͭͦ͒͟ ͙ ͊͋ͦͪ͊ͭͦͪͤ͡·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·͋ͪ͊ͭΈ 

͙͔͔ͤ͊͋ͦ͡ Ήͺͺ͔͙͍ͭͤͯ͟Ό ͙ͭ͊ͭͯ͟͟ ͔͡;͔͙ͤΎ ͙ ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͯ͡;΄͙ͭΈ ͎ͨͪͦͤͦ͘ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ Yŀƴǎƪƛ WΦΣ .ƻǿƭƛƴƎ .Φ /ƭƛƴƛŎŀƭ hǇƘǘƘŀƭƳƻƭƻƎȅΥ ! {ȅǎǘŜƳŀǝŎ !ǇǇǊƻŀŎƘΦ 

нΦ !ƳŜǊƛŎŀƴ !ŎŀŘŜƳȅ ƻŦ hǇƘǘƘŀƭƳƻƭƻƎȅΦ /ƻǊƴŜŀ ŀƴŘ 9ȄǘŜǊƴŀƭ 5ƛǎŜŀǎŜΦ 

оΦ !ȊƘŜǊ ¢ΦΣ ¸ƛƴ ·Φ¢Φ 5ƛŀƎƴƻǎƛǎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƛƴŦŜŎǝƻǳǎ ƪŜǊŀǝǝǎΦ 

пΦ /ƭŜƳŜƴǘ wΦΣ ²ƛƭƘŜƭƳǳǎ YΦ /ƻǊƴŜŀƭ ƛƴŦŜŎǝƻƴǎΥ ŎƭƛƴƛŎŀƭ ŜǾŀƭǳŀǝƻƴ ŀƴŘ ŘƛŀƎƴƻǎƛǎΦ 

рΦ ¢ƘƻƳŀǎ tΦ!ΦΣ YŀƭƛŀƳǳǊǘƘȅ WΦ aȅŎƻǝŎ ƪŜǊŀǝǝǎΥ ŜǇƛŘŜƳƛƻƭƻƎȅΣ ŘƛŀƎƴƻǎƛǎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΦ 

ϭ ˢ͔͍ͭ͒͊͊ ˸Φ́ΦΣ нлнр 

 

 

 

 

       ˣ͔͙͔͍ͪ͒ ˢͭ͊ͣͯͪ͊ͭ ˢ͎͔͙͔͍͙ͣ͊ͤ͒͡;Σ 

 ͨ ͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ̅͊ͪͣ͊ͼ͙͙Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

̏˴˻˶˻˥ˮ̉˩˿˴ˮ˯ ˿˶˩˨ ˤ ˶˩˴ˢ˾˿́ˤ˩˹˹˻˸ ˿̍˾̎˩Υ ˴ˢ˴ ˭ˢ˥˾̒˭˹˩˹ˮ˩ ˻˴˾̂ˬˢ̑̋˩˯ ˿˾˩˨̍ 

ˤ˶ˮ̒˩́ ˹ˢ ́˻˴˿ˮ̉˹˻˿́̎ ˮ ̏̅̅˩˴́ˮˤ˹˻˿́̎ ̅ˮ́˻˽˾˩˽ˢ˾ˢ́˻ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͍͔͔͚ͫͦͪͣͤͤͦ ͺ͎͙͙͊ͪͣ͊ͦͤͦ͘͟ ͙ ͺ͙͔͙͙ͭͦͭͪ͊ͨ ͍͖ͫ ͋ͦ͡Έ΄ͯΌ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͔ͨͪͦ͋ͣ͊͡ 

Ή͎͙ͦͦ͟͡;͔͎ͫͦͦ͟ ͔ͫ͒͊͡ ͍ ͔͍͔͊ͪͫͭͤͤͦͣ͟͡ ͙͔ͪ͊ͫͭͭ͡Έͤͦͣ ͫ·ͪΈ͔Φ ˢ͎͔͔ͤͭͪͦͨͦͤͤͦ ͎͊ͪ͘Ύ͔͙͔ͤͤ͘ ͦͪͯ͗͊͟Ό΅͔͚ 

͔ͫͪ͒· τ ͭ Ύ͖͗͡·͙ͣ ͔͙ͣͭ͊͊ͣ͡͡Σ ͔͙ͨͫͭͼ͙͙͒͊ͣΣ ͙͙͙ͪ͊͒ͦͤͯ͒͊ͣ͟͡Σ ͙͙͙͒ͦͫͤ͊ͣ͟ ͙ ͙͙ͣͪͦͨ͊ͫͭͦͣ͟͟͡ τ 

͖ͫͦ͒͊ͭ͘ ͔ͪ͊͡ΈͤͯΌ ͎ͯͪͦͯ͘ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΦ ˨͊ͤͤ͊Ύ ͫͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͔ͦͣͨͫͤͦͣͯ͟͟͡ 

͙͊ͤ͊ͯ͘͡ ͔ͣͻ͙͍͊ͤͣͦ͘ ͊ͯͣͯ͟͟͡Ύͼ͙͙ ͔͙͙͍ͫͤͦ͋ͦͭͦ͟͟ ͍ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͙ͪ͊ͫͭͤΎͻ ͙ ͙ͻ ͍͙͡Ύ͙ͤΌ ͤ͊ 

͙͎͙ͭͦͫͦͦ͟͟͡;͔͙͚ͫ͟ ͙ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙͚ͫ͟ ͨͪͦͺ͙͡Έ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΦ ˾͔͊ͫͫͣͦͭͪͤ· ͙ͨͯͭ ͙͎ͣͪ͊ͼ͙͙ 

͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡ ͙͘ ͨͦ;͍·Σ ͍ͦ͒· ͙ ͍ͦ͒ͯ͘ͻ͊ ͍ͦ ͍͙ͭͦͪ;ͤ·͔ ͔͙ͣͭ͊͋ͦͭ͡·Σ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ͙ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ 

ͺͦͪͣΣ ͙͔͎͔͙ͫͤͪͭ;͔͙͔ͫ͟ ͙ ͎͙͙͊ͤͭ͊ͦͤͫͭ;͔͙͔ͫ͟ Ήͺͺ͔ͭ͟· ͙ͨͪ ͍͙͔͚͍͙͙͊ͣͦ͒ͫͭ͘ ͫ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͙ͣ 

͍͔΅͔͍͙ͫͭ͊ͣ ͔͙͚ͪ͊ͫͭͤΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫͣ͟ ͨͦ͒ͻͦ͒͊ͣ ͟ ͙͙͎ͣͦͤͭͦͪͤͯ 
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͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͫ·ͪΈΎΣ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ό ͔͔ͨͪ͒͡Έͤͦ ͙͒ͦͨͯͫͭͣ·ͻ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͚ ό˽˨˴ύ ͒͡Ύ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΣ ͊ 

͔ͭ͊͗͟ ͔͎͙ͫͭͪ͊ͭΎͣ ͙͙͙ͣͤͣ͊͘ͼ͙͙ ͙͍ͪͫͦ͟ τ ͦ ͭ ͎͔͊ͪͦͭͻ͙ͤ;͔͙ͫ͟ͻ ͔͙ͣͪͦͨͪΎ͙͚ͭ ό͎͙ͦͪ͊ͤ;͔͔ͫͦ͟ 

͔͔͔͙͔ͣ͒͘͡͡Σ ͺ͙͔͔͙ͭͦͪͣ͒͊ͼ͙Ύύ ͒ͦ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͦ;͙͙ͫͭ͟ ό͍͔ͫͪͻ͙͙ͪͭ͟;͔ͫ͊͟Ύ ͺ͡Ό͙͒ͤ͊Ύ 

Ήͫͭͪ͊͟͟ͼ͙ΎΣ ͻ͎ͪͦͣ͊ͭͦͪ͊ͺ͙;͔͙͔ͫ͟ ͔ͭͻ͎͙͙ͤͦͦ͡ύΦ ˽ͦ͒;͖͙͍͔ͪ͊ͭͫ͟Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͎͙͊ͪͣͦͤ͊͘ͼ͙͙ 

͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ ͍ͫͭ͊ͤ͒͊ͪͭͦ ͊͟;͔͍ͫͭ͊ ͙ ͍͙͙ͪ͊ͭ͘Ύ ͦͤ͟ͼ͔ͨͼ͙͙ ζ͔͖͚ͤͦ͘͡ ͺ͊ͪͣ͊ͼ͙͙ηΣ ͍͔͚ͤ͊ͨͪ͊ͤͤͦ͡ ͤ͊ 

͔͔ͦ͋ͫͨ;͔͙͔ͤ Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ ;͙ͫͭͦͭ· ͔͍͔͎͊ͪͫͭͤͤͦͦ͟͡ ͫ·ͪΈΎ ͤ͊ ͍͔ͫͻ Ήͭ͊ͨ͊ͻ ͔͎ͦ ͙͔͎͗ͤͤͤͦͦ͘ ͼ͙͊͟͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

Ή͎͙ͦͦ͟͡;͔ͫ͊͟Ύ ͺ͎͙͊ͪͣ͊ͦͤͦ͘͟ΎΣ ͔͍͔͔͊ͪͫͭͤͤͦ͟͡ ͙͔ͪ͊ͫͭͭ͡Έ͔ͤͦ ͫ·ͪΈ͔Σ ͭΎ͖͗͡·͔ ͔ͣͭ͊͡͡·Σ ͔͙ͨͫͭͼ͙͒ͤ·͔ 

͙ͦͫͭ͊ͭ͟Σ ͙͙ͣͪͦͨ͊ͫͭ͟͟͡Σ ͎ͤ͊ͤͦ͊ͪ͘Ύ͙͔͙ͤͭ͘͡Σ ͺ͙͔͔͙ͭͦͪͣ͒͊ͼ͙ΎΣ ͺ͔͚͊ͪͣ͊ͦͨͤ͟·͔ ͫͭ͊ͤ͒͊ͪͭ·Σ  

ζ͔͖ͤ͊͘͡Ύη ͺ͊ͪͣ͊ͼ͙ΎΣ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͙ͪ͊ͫͭͤΎΣ ͋ͯ͒ͯ;͙ ͙͔͎ͤͭͪ͊͡Έ͚ͤͦ ;͊ͫͭΈΌ Ή͙͔ͦͫͫͭͣ͟Σ ͍·ͫͭͯͨ͊Όͭ ͍ ͙ͪͦ͡ 

͙͙͙͍͋ͦͤ͒͊ͭͦͪͦ͟ ͙ ͙͋ͦ͊ͯͣͯ͟͟͡Ύ͍ͭͦͪͦ ͎͊ͪ͘Ύͤ͘ΎΌ΅͙ͻ ͍͔΅͔͍ͫͭΦ ˤ ͍͙ͯͫͦ͡Ύͻ ͎ͦ͋͊͡͡Έ͎ͤͦͦ Ή͎͙ͦͦ͟͡;͔͎ͫͦͦ͟ 

͙͙ͪͫ͊͘͟ ͔ͨͪͦ͋ͣ͊͡ ͙ͦͤͭ͊ͣͤ͊͟ͼ͙͙ ͫ·ͪΈΎ ͒͡Ύ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͦͫͦ͋ͯΌ ͦͫͭͪͦͭͯΣ ͨͦͫͦ͟͡Έͯ͟ 

ͤ͊ͨͪΎͣͯΌ ͍͙͡Ύ͔ͭ ͤ͊ ͙ͻ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΣ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ ͍͙͍͙ͦͫͨͪͦͦ͒ͣͦͫͭ͘Έ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫ͟ͻ 

Ήͺͺ͔͍ͭͦ͟Φ ͙́ͪ͊͒ͼ͙ͦͤͤ·͚ ͨͦ͒ͻͦ͒Σ ͺ͙ͦͯͫͪͯ͟Ό΅͙͚ͫΎ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͤ͊ ͔͙͙ͫͦ͒ͪ͗͊ͤ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ 

͙͍͊ͭͤ͟·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΣ ͔͎ͫͦ͒ͤΎ ͔͒ͦ͗ͤ͡ ͋·ͭΈ ͔͒ͦͨͦͤͤ͡ Ή͙͎͙ͦͭͦͫͦͦ͟͟͟͡;͔͚ͫͦ͟ ͦͼ͔͚ͤͦ͟Σ ͯ;͙ͭ·͍͊Ό΅͔͚ 

͍͔ͫΈ ͔ͫͨͭͪ͟ ͍ͦͣͦ͗ͤ͘·ͻ ͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡Φ 

мΦ ˻͍ͫͤͦͤ·͔ ͊ͫͫ͟͡· ͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡ ͙ ͙ͻ ͙ͫͭͦ;͙͙ͤ͟ 

мΦмΦ ́Ύ͖͗͡·͔ ͔ͣͭ͊͡͡· ͙ ͙ͣͪͦ͟Ή͔͔ͣͤͭ͡· 

¶ ˿͍͙͔ͤͼΣ ͙͚͊͒ͣ͟Σ ͪͭͯͭΈΣ ͣ·΄ΈΎ͟Υ ͨ ͦͫͭͯͨ͊Όͭ ͙͘ ͨͪͦͣ·΄͔ͤͤ͡·ͻ ͍·͍͋ͪͦͫͦΣ ͍͙͊ͭͦͣͦ͋͡Έͤ·ͻ 

͍·ͻ͍ͦͨͦ͡Σ ͙͔ͣͤͪ͊͡Έͤ·ͻ ͔͙͚ͯ͒ͦ͋ͪͤ ͙ ͫͭͦ;ͤ·ͻ ͍ͦ͒Φ ˻͋͊͒͊͡Όͭ ͍·͚ͫͦͦ͟ ͯͣͯ͟͡Ύ͙͍͚ͭͤͦ ͫͨͦͫͦ͋ͤͦͫͭΈΌΣ 

͔ͦͫͦ͋ͤͤͦ ͍ ͔͍͙ͦͪͤ͟΅͊ͻ ͙ ͙ͫͭ͡ΈΎͻΦ ˸͎ͦͯͭ ͔͊ͣ͘΅͊ͭΈ Ή͔ͫͫͤͼ͙͊͡Έͤ·͔ Ή͔͔ͣͤͭ͡· ͍ ͙͍͊ͭͤ͟·ͻ ͼ͔ͤͭͪ͊ͻ 

ͺ͔͔͍ͪͣͤͭͦΣ ͤ͊ͪͯ΄͊Ύ ͙͙͔͋ͦͫͤͭ͘ ͍͙ͭͦͪ;ͤ·ͻ ͔͙͍ͣͭ͊͋ͦͭͦ͡Φ 

мΦнΦ ˿͚͙͔ͭͦ͟ ͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͎͊ͪ͘Ύ͙͔͙ͤͭ͘͡ ό˿˻˭ύ 

¶ ˽͔͙ͫͭͼ͙͒· όͻ͎͙ͦͪͦͪ͊ͤ͡;͔͙͔ͫ͟Σ ͺͦͫͺ͎͙ͦͪͦͪ͊ͤ;͔͙͔ͫ͟ύΣ ͙͙͒ͦͫͤ͟·Σ ͙ͨͦ͡ͻ͙͍ͦͪͪͦ͊ͤͤ͡·͔ 

͙͋ͺ͔͙ͤ͡·Υ ͦ ͙ͭ͡;͊ΌͭͫΎ ͙ͨͦ͡ͺ͙͡ΈͤͦͫͭΈΌ ͙ ͙͔͒ͭ͡͡Έͤ·ͣ ͔͙ͨͪͦ͒ͦͣ ͨͦͯͪ͊ͫͨ͊͒͊͡Φ ˹͙͍͊͊ͨ͊͟͡ΌͭͫΎ ͍ 

͙͔ͯͭͯ͟͟͡ ͙ͫͭ͡Έ͔͍ ͙ ͙͗ͪͤ·ͻ ͣ͊ͫ͊͡ͻ ͔ͫͣΎͤΦ ˿ͨͦͫͦ͋ͤ· ͙ͤ͒ͯͼ͙͍ͪͦ͊ͭΈ ͺ͔͔ͪͣͤͭ· ͼ͙ͭͦͻͪͦͣ͊ tпрлΣ ͯͫͦͪ͟ΎΎ 

͔͙ͣͭ͊͋ͦͣ͘͡ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͍͔΅͔͍ͫͭ ͍ ͎͙͔ͦͪ͊ͤͣ͘ ;͔͍͔ͦ͊͟͡Φ 

мΦоΦ ˾͙͙͊͒ͦͤͯ͒͟͡· 

¶ ͔͙͚̇͘πмотΣ ͫͭͪͦͤͼ͙͚πфлΥ ͨ ͪͦ͒ͯͭ͟· Ύ͔͒ͪͤ·ͻ ͙ͫͨ·͙͚ͭ͊ͤ ͙ ͍͙͚͊͊ͪΦ ˴͙ͦͤͯͪͪͯ͟Όͭ ͫ ͙͔͊ͣ͟͡ ͙ 

͊͟͡Έͼ͙͔ͣ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ;ͭͦ ͍͙͍͔ͦ͋ͯͫ͊͊ͭ͡͡ ͙ͻ ͙͍͔͊ͭͤͦ͟ ͎ͨͦͦ͡΅͔͙͔ͤ ͔͙ͪ͊ͫͭͤΎ͙ͣΦ ˿ͦ͒͊͘Όͭ ͙ͪͫ͟ 

͍͔͔͎ͤͯͭͪͤͤͦ ͦ͋ͯ͡;͔͙ͤΎ ͙ͨͪ ͙͔͒ͭ͡͡Έͤͦͣ ͙͔͔͙͙ͨͪͣͤͤ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΦ 

мΦпΦ ͔͔̏ͣͪ͒͗ͤͭͤ·͔ ͎͊ͪ͘Ύ͙͔͙ͤͭ͘͡ 

¶ ˸͙͙ͪͦͨ͊ͫͭ͟͟͡ ό;͙͊ͫͭͼ· ғр ͣͣύ ͙ ͙ͤ͊ͤͦͨ͊ͫͭ͟͡Υ ͨ ͦͨ͊͒͊Όͭ ͍ ͨͦ;͍ͯ ͫ ͙ͦͫ͊͒͊ͣ͟ ͫͭͦ;ͤ·ͻ ͍ͦ͒Σ 

͙ͦͣͨͦͫͭ͊ͣ͟ ͙ ͊ͭͣͦͫͺ͔ͪͤ·͙ͣ ͙ͦͫ͊͒͊ͣ͟Φ ˿ͨͦͫͦ͋ͤ· ͙͍͊͒ͫͦͪ͋ͪͦ͊ͭΈ ͤ͊ ͍͔͚ͫͦ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͭΎ͖͗͡·͔ 

͔ͣͭ͊͡͡· ͙ ͎͔ͨ͊ͭͦͤ·Σ ͍·ͫͭͯͨ͊Ύ ͍ ͙ͪͦ͡ ͙ͻ ͍͔͍ͭͦͪͦ͟ ͍ ͙ͨ΅͔͍ͯΌ ͼ͔ͨΈΦ 

¶ ̅͊ͪͣ͊ͼ͔͍͙ͭ;͔͙͔ͫ͟ ͙ͦͫͭ͊ͭ͟ ό͙͙͙͙͊ͤͭ͋ͦͭ͟Σ ˹˽ˤ˿Σ ͎ͦͪͣͦͤ·ύΥ ͨ ͦͫͭͯͨ͊Όͭ ͫ ͙͍ͨͦͤ͡·͙ͣ ͍͙ͦ͒͊ͣ ͙ 

͎ͣͦͯͭ ͙͔ͣͤ͘ΎͭΈ ͔ͣͭ͊͋ͦͦͣ͡ ͔͙͚ͪ͊ͫͭͤΣ ͍ͨͪͦͦͼ͙ͪͯΎ ͔͔͔ͤͨͪ͒ͫ͊ͯͣ͘͟·͔ ͙͔͔͙ͣͤͤ͘Ύ ͍ ͍͔ͫͦͫͭ͊ ˣˢˤΦ 

нΦ ˤ͙͡Ύ͙͔ͤ ͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡ ͤ͊ ͊͟;͔͍ͫͭͦ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦ 

нΦмΦ ˸͙ͦ͒ͺ͙͊͟ͼ͙Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͎ͫͦͦ͟ ͔͚͍͙͒ͫͭΎ 

¶ ˭͎͊ͪΎ͙͔͙ͤͭ͘͡ ͎ͣͦͯͭ ͍·ͫͭͯͨ͊ͭΈ ͊͟͟ ͫ ͙͔͎͙ͤͪͫͭ· ό͙͙͍ͯͫ͊͡Ύ ͙ͭͦͫ͟;ͤͦͫͭΈΣ ͙͔ͤ͊ͨͪͣͪΣ ͙͚͊͒ͣ͟ ͙ 

͍͙͔ͫͤͼ ͍ ͦͭͤͦ΄͔͙͙ͤ ͔ͤͺ͙ͪͦͭͦͫ͟;͙ͤͦͫͭύ ͙͙͡ ͊ ͎͙ͤͭ͊ͦͤͫͭ· ό͙͋ͦͪͯ͟͡Ύ ͙͍͊ͭͤ͟·͔ ͼ͔ͤͭͪ· ͺ͔͔͍ͪͣͤͭͦΣ 

ͯ;͍͊ͫͭͯΌ΅͙ͻ ͍ ͙͔͔ͫͤͭ͘ ͙͍͊͊ͦ͒ͦ͟͡͡ ͙͙͡ ͺ͍͙͍͊ͦͤͦ͒ͦ͡ύΦ 
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¶ ˽͙͔ͪͣͪΥ ˽ ͍ͦ·΄͔͔ͤͤͦ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͍͙ͫͤͼ͊ ͍ ͫ·ͪΈ͔ ͙ͫͦͦ͒͟͡ ͔ͣͦ͗ͭ ͙͎͙͙͍ͤ͋ͪͦ͊ͭΈ 

͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡ΈͤͯΌ ͙͍͊ͭͤͦͫͭ͟Έ ͎͙͡ͼ͙͙͙͍͚ͪͪͤͦͦ͘ ͙ͫͦͭ͟͡· ͊͘ ͫ;͖ͭ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͙͍ͤ͊ͭͤ͟·ͻ 

͔͍ͦͣͨͫͦ͟͟͡Φ 

нΦнΦ ͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͍ͤͦ·ͻ ͙ͭͦͫ͟;ͤ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤ 

¶ ˤ ͨͪͦͼ͔͔ͫͫ ͔͔͙ͨͪͪ͊͋ͦͭ͟ ͫ·ͪΈΎ όͫͯ΄͊͟Σ Ήͫͭͪ͊͟͟ͼ͙Ύύ ͍ͦͣͦ͗ͤ͘· ͻ͙͙ͣ;͔͙͔ͫ͟ ͔ͪ͊͟ͼ͙͙ ͔ͣ͗͒ͯ 

͎͊ͪ͘Ύ͙͔ͤͭ͘͡Ύ͙ͣ ͙ ˣˢˤ ͫ ͍͙͔ͦ͋ͪ͊ͦ͊ͤͣ͘ ͤ ͔͙ͯ͘;͔ͤͤ·ͻ ͙͍ͨͪͦͦ͒ͤ͘·ͻΦ ˹͙͔͊ͨͪͣͪΣ ͙͙ͤͭͪͭ· ͙͘ 

͎͊ͪ͘Ύ͖͚ͤͤͤͦ͘ ͨͦ;͍· ͎ͣͦͯͭ ͔͎͙͍ͪ͊ͪͦ͊ͭΈ ͫ ͙͙͊͊ͦ͒͊ͣ͟͡͡Σ ͦ͋ͪ͊ͯ͘Ύ ͔ͨͦͭͤͼ͙͊͡Έͤͦ ͊ͤ͟ͼ͔͎͔ͪͦͤͤ·͔ bπ

͙͔͙͔͙ͤͭͪͦͦͫͦ͒ͤͤ͘ΎΦ 

нΦоΦ ˮ͔͙͔ͫ͊͗ͤ͟ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙͙ ͙ ͍͙͍͙͙ͦͫͨͪͦͦ͒ͣͦͫͭ͘ 

¶ ˹͙͊͡;͙͔ ͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͭͦ;ͤͯΌ ͻ͎ͪͦͣ͊ͭͦͪ͊ͺ͙;͔ͫͯ͟Ό ͙ͦ͟͡;͔͍͔ͫͭͤͤͯΌ ͦͼ͔ͤͯ͟ 

͔ͣ͊ͪͪͤ͟·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΣ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͔͊ͪ͊͋͡Έ͙ͤͦͫͭ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟ ͪ͊ͤ͘·ͻ ͙͚ͨ͊ͪͭ ͫ·ͪΈΎΣ 

ͨͦͯ͡;͔ͤͤ·ͻ ͙͘ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ ͔͎ͤ͋͊ͦͨͦͯ͡͡;ͤ·ͻ ͔͎͙͍ͪͦͤͦΦ 

оΦ ˸͔ͭͦ͒· ͦͤͭͪͦ͟͡Ύ ͙ ͔͎͙͙ͫͭͪ͊ͭ ͙͙͙ͣͤͣ͊͘ͼ͙͙ ͙͍ͪͫͦ͟ 

оΦмΦ ˢ͙͙ͤ͊ͭ͡;͔͙͚ͫ͟ ͙͙͎ͣͦͤͭͦͪͤ 

¶ ˿͍͔͔ͦͪͣͤͤ·͔ ͣͯ͡Έ͙͔ͭͣͭͦ͒· ͙͊ͤ͊͊͘͡Υ ͣ ͊ͫͫπͫ ͔͔͙ͨͭͪͦͣͭͪ͟Ύ ͫ ͙͙͍ͤ͒ͯͭͤͦ͟πͫ ͍Ύ͚͊ͤͤͦ͘ ͚ͨ͊ͣͦ͘͡ 

όL/tπa{ύ ͒ ͡Ύ ͔͍ͣͭ͊ͦ͡͡Σ ͎ ͍͊ͦ͊͘Ύ ͙ ͙͗͒ͦͫͭͤ͊͟Ύ ͻ͎ͪͦͣ͊ͭͦͪ͊ͺ͙Ύ ͫ ͔͚ͭ͊ͤ͒ͣͤͦ ͣ͊ͫͫπͫ ͔͔͙͔͚ͨͭͪͦͣͭͪ͟ όD/π

a{κa{Σ [/πa{κa{ύ ͒ ͡Ύ ͎͙ͦͪ͊ͤ;͔͙ͫ͟ͻ ͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡Σ ͎ ͊ͣͣ͊πͫ ͔͔͙ͨͭͪͦͣͭͪ͟Ύ ͒ ͡Ύ ͙͙͍ͪ͊͒ͦͤͯ͒ͦ͟͡Φ 

¶ ˾͊ͪ͊͋ͦͭ͊͘͟ ͙ ͎͙͊ͪͣͦͤ͊͘ͼ͙Ύ ͅ ͔͚͊ͪͣ͊ͦͨͤ͟·ͻ ͔͍͙͚ͭͪ͋ͦ͊ͤ ό˩͍͔͚ͪͦͨͫ͊͟ΎΣ ˴͙͚ͭ͊ͫ͊͟ΎΣ ¦{t 

ͺ͔͙͊ͪͣ͊ͦͨ͟ύΣ ͍͙͍ͯͫͭ͊ͤ͊͊͡Ό΅͙ͻ ˽˨˴ ͒͡Ύ ͟͡Ό;͔͍·ͻ ͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͍͙͒͊ͻ ͫ·ͪΈΎΦ 

оΦнΦ ˢ͎͔ͪͦͭͻ͙ͤ;͔͙͔ͫ͟ ͙ ͙͔͋ͦͭͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ ͔ͪ΄͔͙ͤΎ 

¶ ˤ͍͔͔͙͔͒ͤ ͍ ͔͍ͫͦͦ͋ͦͪͦͭ ͔͙͚ͪ͊ͫͭͤπ͎ ͙͔ͨͪ͊ͯͣͯ͟͟͡Ύ͍ͭͦͪͦ ό͙͔ͤ͊ͨͪͣͪΣ !ǊŀōƛŘƻǇǎƛǎ ƘŀƭƭŜǊƛ ͒ ͡Ύ 

͙͊͒ͣ͟Ύ ͙ ͼ͙ͤ͊͟ύ ͒͡Ύ ͺ͙͔͔͙ͭͦͪͣ͒͊ͼ͙͙ ͎͊ͪ͘Ύ͖ͤͤͤ͘·ͻ ͨͦ;͍Φ 

¶ ˻͎͙ͪ͊ͤ;͔͔ͫͦ͟ ͔͔͔͙͔ͣ͒͘͡͡ ͒ ͡Ύ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͙͚ͪ͊ͫͭͤ ͫ ͔ͦͤͭͪͦͣ͟͡ ͤ͊ ͍͔ͫͻ Ήͭ͊ͨ͊ͻΦ 

¶ ˴ͯ͡Έ͙͍͙͍͙͔ͭͪͦ͊ͤ ƛƴ ǾƛǘǊƻ ό͟ ͊ͯͫͤ͡͡·͔ ͙ ͔͙ͫͯͫͨͤͦͤͤ͘·͔ ͯ͟͡Έͭͯͪ·ύ ͒͡Ύ ͨͦͯ͡;͔͙ͤΎ ͔͙ͫͭͪ͡Έ͎ͤͦͦΣ 

͙͍͎ͫͭ͊ͤ͒͊ͪͭͦ͊ͤͤͦͦ͘ ͫ·ͪΈΎΣ ͍͎ͫͦ͋ͦ͒ͤͦͦ ͦͭ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡Φ 

оΦоΦ ͔́ͻ͎͙͙ͤͦͦ͡ ͦ;͙͙ͫͭ͟ ͎͍͎ͦͭͦͦͦ ͫ·ͪΈΎ ͙ Ή͍ͫͭͪ͊ͭͦ͟͟ 

¶ ˿͍͔ͪͻ͙͙ͪͭ͟;͔ͫ͊͟Ύ ͺ͡Ό͙͒ͤ͊Ύ Ήͫͭͪ͊͟͟ͼ͙Ύ ό{C9ύ ͫ  /hі ͒͡Ύ ͔͔͙͍͎ͫͭͤͦͦ͟͡ ͔͙ͯ͒͊ͤ͡Ύ ͔͙ͨͫͭͼ͙͍͒ͦ ͔͋͘ 

͔͙ͨͦͭͪ ͔͙ͭͪͣͦ͊͋͡͡Έͤ·ͻ ˣˢˤΦ 

¶ ˸͔ͣ͋ͪ͊ͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ όͤ͊ͤͦͺ͙͡Έͭͪ͊ͼ͙Ύύ ͙ ͫ ͦͪ͋ͼ͙ͦͤͤ·͔ ͔ͣͭͦ͒· ͫ  ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ 

͙ͣͦ͒ͺ͙ͼ͙͍ͪͦ͊ͤͤ·ͻ ͎͔͚ͯ͡ ͙͙͡ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ ͙ͫͭΦ 

˭͊͟͡Ό;͔͙͔ͤ 

͎͙̏ͦͦ͟͡;͔͙͚ͫ͟ ͔ͫ͒͡ ͍ ͔͍͔͊ͪͫͭͤͤͦͣ͟͡ ͫ·ͪΈ͔ τ Ήͭͦ ͔ͦͣͨͫͤ͊͟͟͡Ύ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͊͡Ύ ͔ͨͪͦ͋ͣ͊͡Σ 

ͤ͊ͻͦ͒Ύ΅͊ΎͫΎ ͤ͊ ͫͭ·͔͟ Ή͙͎͙͙ͦͭͦͫͦͦ͟͟͟͡Σ ͺ͎͙͙͊ͪͣ͊ͦͤͦ͘͟ ͙ ͙͙͊ͤ͊ͭ͡;͔͚ͫͦ͟ ͻ͙͙͙ͣΦ ˩͖ ͔ͪ΄͔͙͔ͤ ͔͔ͭͪ͋ͯͭ 

͔͔ͨͪͻͦ͒͊ ͦͭ ͔͙͍͎ͪ͊ͭͤͦͦ͟ ͦͤͭͪͦ͟͡Ύ ͟ ͙͍ͨͪͦ͊ͭͤͦͣͯ͟ ͍͔͙ͯͨͪ͊ͤ͡Ό ͊͟;͔͍ͫͭͦͣ ͤ͊ ͍͔ͦͫͤͦ ͙ͨͪͤͼ͙͍ͨͦ 

ζ͔͖͚ͤͦ͘͡η ͺ͊ͪͣ͊ͼ͙͙ ͙ ͚ͯͫͭͦ;͙͍͎ͦͦ ͍͙͙ͪ͊ͭ͘ΎΦ ˴͡Ό;͔͍·͙ͣ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ͙ͣ Ύ͍͡ΎΌͭͫΎΥ ͔ͯ͗ͫͭͦ;͔͙͔ͤ ͙ 

͙ͯͤͺ͙͊͟ͼ͙Ύ ͙͍͚ͤͦͪͣ͊ͭͤͦ ͋͊͘·Σ ͍͔͔͙͔ͤ͒ͪͤ ͙͔ͫͫͭͣ ͔͙͍͔͙ͨͪͦͫ͗͊ͣͦͫͭ͡ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎ ͫ·ͪΈΎ όͦͭ ͨͦ͡Ύ 

͒ͦ ͔͙͊ͨͭ͟ύΣ ͙͍͔͙ͤͫͭͼ͙͙ ͍ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ ;͙ͫͭ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͯ͟͡Έ͙͍͙͍͙ͭͪͦ͊ͤΎ ͙ ͔͔͙ͨͪͪ͊͋ͦͭ͟Φ ́ͦ͡Έͦ͟ ͭ͊͟ 

ͣͦ͗ͤͦ ͎͙͍͊ͪ͊ͤͭͪͦ͊ͭΈΣ ;ͭͦ ͺ͙͔ͭͦͨͪͨ͊ͪ͊ͭ·Σ Ύ͍͡ΎΌ΅͙͔ͫΎ ͤ ͔͙͔͊ͫ͒ͣ͡ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Σ ͋ͯ͒ͯͭ 

͍͔͍͍ͫͦͦͭͭͫͭͦ͊ͭΈ ͍͔͔ͫͦͪͣͤͤ·ͣ ͫͭ͊ͤ͒͊ͪͭ͊ͣ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͍ ͎͔͊ͤͭͪͦͨͦͤͤͦ 

͙͔͖ͣͤͤͤͦͣ͘ ͙͔ͣͪΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˤͦ͒Ύ͙ͤͼ͙͚͟ ̑Φ˹Φ ́Ύ͖͗͡·͔ ͔ͣͭ͊͡͡· ͙ ͔͙ͣͭ͊ͦ͒͡͡· ͍ ͨͦ;͍͊ͻΦ τ ˸ΦΥ ˥˩˻˿Σ нлнмΦ τ рнл ͫΦ 

нΦ 9ǳǊƻǇŜŀƴ tƘŀǊƳŀŎƻǇƻŜƛŀ ммǘƘ 9ŘƛǝƻƴΦ τ {ǘǊŀǎōƻǳǊƎΥ 9ǳǊƻǇŜŀƴ 5ƛǊŜŎǘƻǊŀǘŜ ŦƻǊ ǘƘŜ vǳŀƭƛǘȅ ƻŦ aŜŘƛŎƛƴŜǎ 

ϧ IŜŀƭǘƘ/ŀǊŜΣ нлноΦ τ {ŜŎǝƻƴ рΦнл ζIŜǊōŀƭ 5ǊǳƎ 9ȄǘǊŀŎǘǎηΦ 
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оΦ YŀōŜƭƛǘȊ ¢ΦΣ !ƳŜƭǳƴƎ ²Φ tƘŀǊƳŀŎŜǳǝŎŀƭ Ǉƻƭƭǳǘŀƴǘǎ ƛƴ ǎƻƛƭǎΥ hǊƛƎƛƴΣ ŦŀǘŜΣ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ Ǌƛǎƪǎ κκ 

9ƴǾƛǊƻƴƳŜƴǘŀƭ {ŎƛŜƴŎŜ ϧ ¢ŜŎƘƴƻƭƻƎȅΦ τ нлннΦ τ ±ƻƭΦ рсόмрύΦ τ tΦ млрфмπмлслуΦ 

пΦ Yƻǎŀƪƻǿǎƪŀ hΦΣ .ŊŎȊŜƪ YΦΣ tǊȊȅōȅƱ WΦ[Φ LƴƅǳŜƴŎŜ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tƻƭƭǳǝƻƴ ƻƴ ǘƘŜ vǳŀƭƛǘȅ ƻŦ aŜŘƛŎƛƴŀƭ 

tƭŀƴǘǎ κκ IŜǊōŀ tƻƭƻƴƛŎŀΦ τ нлнлΦ τ ±ƻƭΦ ссόоύΦ τ tΦ прπруΦ 

рΦ [ƛǳ ½ΦΣ [ƛ ¸ΦΣ ½ƘŀƴƎ {Φ aƛŎǊƻǇƭŀǎǝŎǎ ŀǎ ŀƴ 9ƳŜǊƎƛƴƎ ¢ƘǊŜŀǘ ǘƻ tƭŀƴǘ IŜŀƭǘƘ κκ ¢ǊŜƴŘǎ ƛƴ tƭŀƴǘ {ŎƛŜƴŎŜΦ τ 

нлноΦ τ ±ƻƭΦ нуόмύΦ τ tΦ тπмлΦ 

сΦ ˾͊͋ͦͭΎ͎͍ͦ ˤΦ˨ΦΣ ˶͔͍ͦͤͦ͊ ˩Φ˹Φ ͎͙̏ͦͦ͟͡;͔ͫ͊͟Ύ ͺ͎͙͊ͪͣ͊ͦͤͦ͘͟ΎΥ ͎͊ͪ͘Ύ͙͔͙ͤͭ͘͡ ͔͍͔͎͊ͪͫͭͤͤͦͦ͟͡ 

͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͫ·ͪΈΎΦ τ ˿˽͋ΦΥ ˿˽̆̅ˢΣ нлмфΦ τ мту ͫΦ 

ϭ x͔͙͔͍ͪ͒ ˢΦsΦΣ нлнр 

 

 

 

 

       ˣ͔͙͔͍ͪ͒͊ ˢͣ͊ͤͫͦͭ͊ͤ͡Σ  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΦ  

ˢ΄ͻ͊͋͊͒ͫ͊͟Ύ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͔ͫͪ͒ͤΎΎ ΄ͦ͊͟͡ ͙͔͙ͣͤ ˮ͙ͤ͒ͪ· ˥͙͊ͤ͒Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˹͔͔͙ͫͭͪͦ͒ͤ·͔ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ό˹˽ˤ˽ύ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͦ͒ͤͯ ͙͘ 

͙͔͔ͤ͊͋ͦ͡ ΄͙ͪͦͦ͟ ͙͔ͨͪͣͤΎ͔ͣ·ͻ ͎ͪͯͨͨ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͒͡Ύ ͔͡;͔͙ͤΎ 

͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͙ͻͫΎ ͍͔͙͔ͦͫͨ͊ͤͣ͡Σ ͋ͦ͡ΈΌ ͙ ͙͡ͻ͚ͦͪ͊͒ͦ͟Φ ˸͔ͻ͙͊ͤͣ͘ ͙ͻ ͔͚͍͙͒ͫͭΎ ͍ͦͫͤͦ͊ͤ 

ͤ͊ ͙͎͙͙͍͙͙ͤ͋ͪͦ͊ͤ ͺ͔͔͍ͪͣͤͭͦ ͼ͙͙͎͔ͦͦͫͤ͊͘͟͟͡· ό̇˻˥πм ͙ ̇˻˥πнύΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͔͙ͨͦ͒͊ͤ͡Ό ͙͔ͫͤͭ͊͘ 

͎͙͍ͨͪͦͫͭ͊͊ͤ͒ͤͦ͡ ς ͟ ͡Ό;͔͍·ͻ ͔͙͍ͣ͒͊ͭͦͪͦ ͍͔͙ͦͫͨ͊ͤ͡ΎΣ ͙͋ͦ͡ ͙ ͎͙͔͔͙͙ͨͪͭͪͣΦ ˤ ͫͭ͊ͭΈ͔ ͍͙ͨͪͦͦ͒ͭͫΎ 

͔ͦͣͨͫͤ͟͟͡·͚ ͙͊ͤ͊͘͡ ͙ͪͦ͡ ˹˽ˤ˽ ͍ ͔͙͙ͭͪ͊ͨ ͍ͦͫͤͦͤ·ͻ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͎͙͚ͨ͊ͭͦͦ͡Υ ͔͍͙͎ͪͣ͊ͭͦ͒ͤͦͦ 

͙͊ͪͭͪͭ͊Σ ͔ͦͫͭͦ͊ͪͭͪͦ͊͘Σ ͙͙͊ͤͦͪͯ͘͟͡Ό΅͔͎ͦ ͙͙ͫͨͦͤ͒ͭ͊͡Σ ͊ ͔ͭ͊͗͟ ͙ͨͪ ͦͫͭͪ·ͻ ͔͔ͫͭͤͦ͟͡πͣ ·΄͔;ͤ·ͻ ͋ͦ͡Ύͻ 

͙ ͔ͨͦͫͭͦͨͪ͊ͼ͙ͦͤͤͦͣ ͔͍͋ͦͦͣ͡ ͙͔ͫͤ͒ͪͦͣΦ ˽ͦ͒ͪͦ͋ͤͦ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ˹˽ˤ˽ ͨͦ 

͔͔͙͍͙ͫͭͤͦͫͭ͟͡ ͍ ͦͭͤͦ΄͔͙͙ͤ ͙ͦ͘ͺͦͪͣ ̇˻˥Σ ;ͭͦ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͙ͻ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ ͨͪͦͺ͙͡Έ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ 

˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔ͫͪΈ͔ͤ͘·ͣ ͔͔͔ͤ͗͊ͭ͡͡Έͤ·ͣ ͔ͪ͊͟ͼ͙ΎͣΣ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·ͣ ͫ ͙͔͒ͭ͡͡Έͤ·ͣ ͙͙͡ 

͔͙͔ͤͦͤͭͪͦͪͯͣ͟͡·ͣ ͙͔ͨͪͣͦͣ ˹˽ˤ˽Υ ͎͙͊ͫͭͪͦͭͦͫ͟;͙ͤͦͫͭ όΉ͙͙ͪͦ͘Σ Ύ͍͘·Σ ͍͔ͪͦͦͭ͟;͔͙ͤΎύΣ 

͔ͤͺ͙ͪͦͭͦͫ͟;͙ͤͦͫͭΣ ͙͍͊ͪ͒ͦ͊ͫͯ͟͟͡Ύͪͤ·ͣ ͙ͪͫ͊ͣ͟ ͙ ͍͙͡Ύ͙ͤΌ ͤ͊ ͎͔͎͊ͪ͊ͼ͙Ό ͭͪͦͣ͋ͦͼ͙͍ͭͦΦ 

˻͍͋ͦͫͤͦ·͍͊ΌͭͫΎ ͙ͨͪͤͼ͙ͨ· ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͤ͊ͤ͊͘;͔͙ͤΎΣ ͍͟͡Ό;͊Ό΅͙͔ ͍·͋ͦͪ ͔ͨͪͨ͊ͪ͊ͭ͊ ͫ 

͙ͦͨͭͣ͊͡Έͤ·ͣ ͫͦͦͭͤͦ΄͔͙͔ͤͣ ͨͦ͡Έ͘· ͙ ͙ͪͫ͊͟ ͒͡Ύ ͔͎ͦͤͪͭͤͦͦ͟͟ ͨ͊ͼ͙͔ͤͭ͊Σ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͙ͣͤͣ͊͡Έͤ·ͻ 

Ήͺͺ͔͙͍ͭͤ͟·ͻ ͒ͦ͘Σ ͪ͊ͭ͟;͚͊΄͙ͻ ͍ͦͣͦ͗ͤ͘·ͻ ͍ͯͪͫͦ͟Σ ͊ ͔ͭ͊͗͟ ͨ ͙͔͔͙͔ͪͣͤͤ ͔͍ͫͪ͒ͫͭ ͎͔͊ͫͭͪͦͨͪͦͭ͟ͼ͙͙ 

ό͙͎͙͙ͤ͋ͭͦͪ· ͚ͨͪͦͭͦͤͤͦ ͨͦͣͨ·ύ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͎ͪͯͨͨ ͙ͪͫ͊͟Φ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ 

͙͙͍͙ͤ͒͒ͯ͊͡Έ͎ͤͦͦ ͨͦ͒ͻͦ͒͊ ͫ ͯ;͔ͭͦͣ ͍ͫͦͨͯͭͫͭͯΌ΅͔͚ ͎͙͙ͨ͊ͭͦͦ͡ ͙ ͨͦͫͭͦΎ͎ͤͤͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ 

͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͔͙͙ͭͪ͊ͨΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͤ ͔͔͙ͫͭͪͦ͒ͤ·͔ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ό˹˽ˤ˽ύΣ ͼ͙͙͎͔ͦͦͫͤ͊͊͘͟͟͡ ό̇˻˥πмΣ ̇˻˥πнύΣ 

͍͔͙͔ͦͫͨ͊ͤ͡Σ ͋ͦ͡ΈΣ ͔͍͙ͪͣ͊ͭͦ͒ͤ·͚ ͙͊ͪͭͪͭΣ ͔ͦͫͭͦ͊ͪͭͪͦ͘Σ ͎͙͊ͫͭͪͦͭͦͫ͟;ͤͦͫͭΈΣ ͔ͤͺ͙ͪͦͭͦͫ͟;ͤͦͫͭΈΣ 

͙͍͊ͪ͒ͦ͊ͫͯ͟͟͡Ύͪͤ·͔ ͙͙ͪͫ͟Σ ͪ͊ͼ͙ͦͤ͊͡Έͤ͊Ύ ͺ͔͙͊ͪͣ͊ͦͭͪ͊ͨ͟ΎΣ ͎͔͊ͫͭͪͦͨͪͦͭ͟ͼ͙ΎΦ 
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ˤ͍͔͔͙͔͒ͤ 

˹͔͔͙ͫͭͪͦ͒ͤ·͔ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ό˹˽ˤ˽ύ ͙͊ͤͣ͊͘Όͭ ͼ͔ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͍ 

͙͙ͫͣͨͭͦͣ͊ͭ;͔͚ͫͦ͟ ͔͙͙ͭͪ͊ͨ ΄͙͎ͪͦͦͦ͟ ͔ͫͨͭͪ͊͟ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͙ ͔͍͋ͦ͡·ͻ ͙͍ͫͤ͒ͪͦͣͦΦ ˻ͭͪ͟·͙͔ͭ ͙ͻ 

͔ͣͻ͙͊ͤͣ͊͘ ͔͚͍͙͒ͫͭΎΣ ͍ͫΎ͎͊ͤͤͦͦ͘ ͫ ͙͎͙͙͍͙͔ͤ͋ͪͦ͊ͤͣ ͼ͙͙͎͔͎ͦͦͫͤ͊ͤͦͦ͘͟͟͡ ͙ͨͯͭ ͔͙ͣͭ͊͋ͦͣ͊͘͡ 

͊ͪ ͊ͻ͙͍͚͒ͦͤͦͦ ͙ͫͦͭ͟͡·Σ ͫͭ͊ͦͤ͡·ͣ ͍ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ ˻͒ͤ͊ͦ͟Σ ͤ͊ͪΎ͒ͯ ͫ ͍·͚ͫͦͦ͟ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΌΣ 

˹˽ˤ˽ ͔ͤͫͯͭ ͍ ͔͔ͫ͋ ͙ͪͫ͟ ͔ͫͪΈ͔ͤ͘·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ;ͭͦ ͔͔͒͊ͭ͡ ͊͒͊͘;ͯ ͙ͻ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙ ͔͎͋ͦͨ͊ͫͤͦͦ͘ 

͙͔͔͙ͨͪͣͤͤΎ ;͔͍ͪ͘·;͚͊ͤͦ ͊ͭͯ͊͟͡Έ͚ͤͦ ͒͡Ύ ͍ͪ͊;͔͚ ͍͔ͫͻ ͔ͫͨͼ͙͊͡Έ͔͚ͤͦͫͭΦ ˨͊ͤͤ͊Ύ ͫ ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ 

͙͊ͤ͊ͯ͘͡ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙ͨͪͤͼ͙͍ͨͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ˹˽ˤ˽ ͙ͨͪ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΦ 

˸͔ͻ͙͊ͤͣ͘ ͔͚͍͙͒ͫͭΎ ͙ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ 

˻͍ͫͤͦͤ͊Ύ ͭͦ;͊͟ ͙͔͙ͨͪͦ͗ͤ͡Ύ ˹˽ˤ˽ ς ͅ ͔͔ͪͣͤͭ· ͼ͙͙͎͔ͦͦͫͤ͊͘͟͟͡· ό̇˻˥ύΦ ˿ͯ΅͔͍ͫͭͯΌͭ ͍͔͒ 

͍ͦͫͤͦͤ·͔ ͙ͦ͘ͺͦͪͣ·Υ 

¶ ̇˻π˥мΥ ˴ ͙͙͍ͦͤͫͭͭͯͭͤ·͚ όͨͦͫͭͦΎͤͤ·͚ύ ͺ͔͔ͪͣͤͭΣ ͍·ͨͦͤ͡ΎΌ΅͙͚ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͺͯͤ͟ͼ͙͙Υ 

͊͘΅͙ͭ͊ ͙͙͚ͫͫͭͦ͘͡ ͔͗ͯ͒͊͟͡Σ ͔͎ͪͯ͡Ύͼ͙Ύ ͨͦ;͔;͎ͤͦͦ ͍ͪͦͦͭͦ͊͟͟Σ ͎͔͎͊ͪ͊ͼ͙Ύ ͭͪͦͣ͋ͦͼ͙͍ͭͦΦ 

¶ ̇˻π˥нΥ ˮ ͤ͒ͯͼ͙͔͋͡Έͤ·͚ ͺ͔͔ͪͣͤͭΣ Ή͔͙ͫͨͪͫͫ͟Ύ ͎ͦͭͦͪͦͦ͟ ͔ͪͦ͘͟ ͍͔ͦͪ͊ͫͭ͊ͭ͘ ͍ ͦ;͎͔͊ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͨͦ͒ 

͔͚͍͙͔͒ͫͭͣ ͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͼ͙͙͍ͭͦͤͦ͟Φ 

˹͊ ͍͙͙ͦͫͤͦ͊ͤ ͔͔͙͍͙ͫͭͤͦͫͭ͟͡ ͍ ͦͭͤͦ΄͔͙͙ͤ Ή͙ͭͻ ͙ͦ͘ͺͦͪͣ ˹˽ˤ˽ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͔͒͡Ύͭ ͤ͊Υ 

мΦ ˹͔͔͔͙͍ͫͭͤ͟͡·͔ ͙͎͙͙ͤ͋ͭͦͪ· ̇˻˥πм ͙ ̇˻˥πнΥ ˨ ͙ͦ͟͡ͺ͔ͤ͊͟Σ ͙͋ͯͨͪͦͺ͔ͤΣ ͔ͭͦͨͪͦ͟ͺ͔ͤΣ ͔ͤ͊ͨͪͦͫͤ͟Σ 

͙͔ͤ͒ͦͣͭ͊ͼ͙ͤΦ ˻͊͘͟·͍͊Όͭ ͣͦ΅͔ͤͦ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͔͚͍͙͔͒ͫͭΣ ͤͦ ͫ ͍·͚ͫͦͦ͟ ͍͔ͪͦΎͭͤͦͫͭΈΌ 

͍·͘·͍͊Όͭ ͨͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͎͔͔͙͔ͯͤͭͤͣ ̇˻˥πм ό͎͙͊ͫͭͪͦͨ͊ͭΎύΦ 

нΦ ˿͔͔͙͍ͭͤ͟͡·͔ ͙͎͙͙ͤ͋ͭͦͪ· ̇˻˥πн ό͙ͦͫ͋͟͟·ύΥ ̇ ͔͔͙ͦͫ͋͟͟͡Σ Ή͙͙ͭͦͪͦͫ͋͟͟Σ ͔͙ͨ͊ͪͦͫ͋͟͟Φ ˻͋͊͒͊͡Όͭ 

͍͙͚ͫͦͨͦͫͭ͊ͣͦ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͚ͤͦ ͙ ͊ͤ͊͡Έ͎͔͙ͭ;͔͚ͫͦ͟ ͙͍͊ͭͤͦͫͭ͟ΈΌΣ ͤͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔͔ͪ͗ 

͍·͘·͍͊Όͭ ͔͙͔ͨͦͪ͊͗ͤ ˬ˴́Φ ˻͒ͤ͊ͦ͟ ͙ͻ ͙͔͔͙͔ͨͪͣͤͤ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͦ ͫ ͍ͨͦ·΄͔ͤͤ·ͣ ͙ͪͫͦͣ͟ 

͙ͭͪͦͣ͋ͦͭ;͔͙ͫ͟ͻ ͔͔ͫͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·ͻ ͫͦ͋·͙͚ͭΦ 

оΦ ˽͔͙ͪͣͯ΅͔͍͔ͫͭͤͤͦ ͔͔͙͍ͫͭͤ͟͡·͔ ͙͎͙͙ͤ͋ͭͦͪ· ̇˻˥πнΥ ˸ ͔͙ͦͫ͊ͣ͟͟͡Σ ͙͔͙ͤͣͫͯ͒͡Φ ˭͙͊ͤͣ͊Όͭ 

͔ͨͪͦͣ͗ͯͭͦ;͔ͤͦ ͔͙͔ͨͦͦ͗ͤ͡Φ 

˻͙͋͊ͫͭ͡ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎ ͙ͨͪ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡Ύͻ 

¶ ˾͔͍͙ͣ͊ͭͦ͒ͤ·͚ ͙͊ͪͭͪͭ ό˾ˢύΥ ˹ ˽ˤ˽ Ύ͍͡ΎΌͭͫΎ ͔͙ͨͪͨ͊ͪ͊ͭ͊ͣ ͔͍͚ͨͪͦ ͙͙͙ͤ͡ ͒͡Ύ ͦͤͭͪͦ͟͡Ύ 

͙͍ͫͣͨͭͦͣͦ ό͋ͦ͡ΈΣ ͔ͯͭͪͤͤΎΎ ͍ͫͦ͊ͤͤͦͫͭ͟ΈΣ ͙ͨͪͨͯͻͦͫͭ͡Έ ͍͍ͫͯͫͭ͊ͦύ ͤ͊ ͍͔ͫͻ ͙ͫͭ͊͒Ύͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ ˻͙ͤ ͔ͤ 

͍͙͡ΎΌͭ ͤ͊ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͔͒ͫͭͪͯ͟ͼ͙͙ ͍͍ͫͯͫͭ͊ͦ ͙ ͒ͦ͗ͤ͡· ͙͙͍ͦͣ͋ͤͪͦ͊ͭ͟ΈͫΎ ͫ ͙͋͊ͫͤ͘·͙ͣ 

͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·͙ͣ ͔͙ͨͪͨ͊ͪ͊ͭ͊ͣ όˣ˽ˤ˽ύΦ 

¶ ˻͔ͫͭͦ͊ͪͭͪͦ͘ ό˻ˢύΥ ˽ ͙͔ͪͣͤΎΌͭͫΎ ͒͡Ύ ͙͍͙ͯͨͪͦ͊ͤ͟Ύ Ή͙͍ͨͦ͒ͦ͘ ͙͔͙ͯͫͤ͡Ύ ͙͋ͦ͡ ͙ ͙͍͙ͫͤͦͭ͊Φ 

˽͔ͪ͒ͨͦ;͔͙͔ͭͤ ͔ͦͭ͒͊ͭͫΎ ͙ͦͪͦͭͣ͟͟ ͯͪͫ͊ͣ͟ ͔ͣͫͭͤ·ͻ ͺͦͪͣ ό͎͔͙͡Σ ͔ͪͣ͟·ύ ͙͙͡ ͔ͨͪͦͪ͊͡Έͤ·ͻ ˹˽ˤ˽ ͍ 

͙͙ͣͤͣ͊͡Έͤ·ͻ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͒ͦ͊͘ͻ ͙͘π͘ ͊ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͻ͔͊ͪ͊ͭͪ͊͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ;͚͊ͫͭͦ ͍ͫͦͨͯͭͫͭͯΌ΅͔͚ 

͎͙͙ͨ͊ͭͦͦ͡ ͯ ͨ͊ͼ͙͔͍ͤͭͦΦ 

¶ ˢ͙͙ͤͦͪͯ͘͟͡Ό΅͙͚ ͙͙ͫͨͦͤ͒ͭ͡ ό͔͋ͦͤ͘͡Έ ˣ͔ͻ͔͔͍ͭͪ͊ύΥ ˹ ˽ˤ˽Σ ͔ͦͫͦ͋ͤͤͦ ͔͔ͤͨͪͪ·͍ͤ·͚ ͙͔ͨͪͣ 

͔͔͙͍ͫͭͤ͟͡·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ό͙͔ͤ͊ͨͪͣͪΣ Ή͙͙ͭͦͪͦͫ͋͊͟͟ύΣ Ύ͍͡ΎΌͭͫΎ ͍͚ͦͫͤͦͦ ͔͙͙ͭͪ͊ͨΣ ͭ͊͟ ͊͟͟ ͎ͣͦͯͭ 

͔͊ͣ͒͘͡ΎͭΈ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͍ͨͦͦͤͦ͘;͙ͤ͊͟Φ 

¶ ˻ͫͭͪ·͔ ͔͔ͫͭͤͦ͟͡πͣ ·΄͔;ͤ·͔ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͫͦͫͭͦΎ͙ͤΎΥ ́ ͔͙͙ͤ͒ͤͭ·Σ ͙͋ͯͪͫͭ·Σ ͍ͭͪ͊ͣ· ς ͦ ͒ͤ͊ 

͙͘ ͍ͦͫͤͦͤ·ͻ ͔͚ͦ͋͊ͫͭ͡ ͙͔͔͙ͨͪͣͤͤΎ ˹˽ˤ˽ ͙͙ͦͪͦͭͣ͟͟ ͙ͯͪͫ͊ͣ͟Φ 

¶ ˽͔ͦͫͭͦͨͪ͊ͼ͙ͦͤͤ·͚ ͔͙ͨͪͦ͒Υ ̊ ͙ͪͦͦ͟ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͣͯ͡Έ͙ͭͣͦ͒͊͡Έ͎ͤͦͦ ͔͙͍͙ͦ͋͋ͦ͊ͤ͘͡ΎΣ 

͙ͫͤ͗͊Ύ ͔ͨͦͭͪ͋ͤͦͫͭΈ ͍ ͙͙ͦͨͦ͒ͤ·ͻ ͊ͤ͊͡Έ͎͔͙ͭ͊͟ͻΦ 

˻͍ͫͤͦͤ·͔ ͙͙ͪͫ͟ ͙ ͨͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟· 

мΦ ˥͙͔͙͊ͫͭͪͦͤͭͫͭͤ͊͡Έͤ·͔Υ ˻  ͙͔͙͙ͭ͒ͫͨͨͫ ͒ͦ Ή͙͍ͪͦͤͦ͘πΎ͍͔ͤͤ͘·ͻ ͔͙͚ͨͦͪ͊͗ͤ ͔͗ͯ͒͊͟͡ ͙ 
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͍͔͒ͤ͊͒ͼ͙͔͚͊ͭͨͪͫͭͤͦ ͙͟΄͙͟ ͫ ͙ͪͫͦͣ͟ ͍͔ͪͦͦͭ͟;͔͙ͤΎ ͙ ͔ͨͪͺͦͪ͊ͼ͙͙Φ ̅͊ͭͦͪ͟· ͙ͪͫ͊͟Υ ͙͚ͨͦ͗ͦ͡ ͍ͦͪ͊ͫͭ͘Σ 

Ύ͍͔ͤͤ͘·͚ ͔͊ͤ͊ͣͤ͘Σ ͍ͫͦͨͯͭͫͭͯΌ΅͙͚ ͙͔ͨͪͣ ͎͡Ό͙͙͍ͦͦͪͭͦ͒ͦ͟͟͟Σ ͙͎͊ͤͭͦ͊ͯ͟͡Ύ͍ͤͭͦΣ ͙͔͒ͭ͡͡ΈͤͦͫͭΈ ͔͙͙ͭͪ͊ͨΦ 

нΦ ˴͙͍͊ͪ͒ͦ͊ͫͯ͟͡Ύͪͤ·͔Υ ˽ ͍ͦ·΄͔͙͔ͤ ͙ͪͫ͊͟ ͍ͭͪͦͣ͋ͦͦ͘ ό͙ͤͺ͊ͪͭ͟ ͙ͣͦ͊ͪ͒͊͟Σ ͙΄͔͙ͣ;͔͙͚ͫ͟ 

͙ͤͫͯ͡ΈͭύΣ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͙͔͒ͭ͡͡Έͤͦͣ ͙͔͔ͨͪͣ ͔͔͙͍ͫͭͤ͟͡·ͻ ͙͎͙͙͍ͤ͋ͭͦͪͦ ̇˻˥πн ͙ ͙͒ͦ͟͡ͺ͔ͤ͊͊͟Φ 

˹͔͊ͨͪͦͫͤ͟ ͫ;͙͔ͭ͊ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ͔͋ͦͨ͊ͫͤ͘·ͣ ͍ ͙͎͙͊ͪ͒ͦͦ͟͡;͔ͫͦͣ͟ ͦͭͤͦ΄͔͙͙ͤΦ 

оΦ ˹͔ͺ͙ͪͦͭͦͫ͟;ͤͦͫͭΈΥ ˸ ͔ͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͙͔͙ͤͭͪͫͭͼ͙͊͡Έͤͦͣͯ ͔ͤͺ͙ͪͭͯΣ ͙ͨ͊ͨ͡͡Ύͪͤͦͣͯ ͔ͤͪͦͯ͘͟Σ 

͔ͦͭ͊ͣ͟Σ ͎͙͔͔͙͙ͨͪͭͤ͘Σ ͦͫͭͪͦͣͯ ͍͔͔͙ͨͦͪ͗͒ͤΌ ͨͦ;͔͟ ό͔ͦͫͦ͋ͤͤͦ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙ͫͻ͚ͦ͒ͤͦ ͨͦ;͔;͚ͤͦ 

͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΌΣ ͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΌΣ ͎͙͍͔͙͔͚ͨͦͦͣ͡ύΦ 

пΦ ˤ͙͡Ύ͙͔ͤ ͤ͊ ͎͔͎͊ͪ͊ͼ͙Ό ͭͪͦͣ͋ͦͼ͙͍ͭͦΥ ˹ ͔͔͔͙͍ͫͭͤ͟͡·͔ ˹˽ˤ˽ ό͔ͪͦͣ͟ ͙͙͊ͫͨͪͤ͊ύ ͙ͦ͋ͪ͊ͭͣͦ 

͙͎͙͙ͤ͋ͪͯΌͭ ͺͯͤ͟ͼ͙Ό ͭͪͦͣ͋ͦͼ͙͍ͭͦΣ ͊ ͙ͦͫ͋͟͟· ͔ͤ ͍͙͡ΎΌͭ ͤ͊ ͔͔ͤΣ ;ͭͦ ͍͊͗ͤͦ ͯ;͙ͭ·͍͊ͭΈ ͙ͨͪ 

͙͍͙͙ͨ͊ͤͪͦ͊ͤ͡ ͔ͦͨͪ͊ͼ͙͚Φ 

˽͙ͪͤͼ͙ͨ· ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͙͔͔͙ͨͪͣͤͤΎ 

мΦ ˿͎͔ͭͪͦͦ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͙͚ͨͦ͊͊ͤ͘͟Υ ˮ ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͭͦ͡Έͦ͟ ͙ͨͪ ͙ͤ͊͡;͙͙ ͙͍͎͊ͭͤͦͦ͟ ͍͔͙ͦͫͨ͊ͤ͡Ύ 

͙͙͡ ͔͍͎͋ͦͦͦ͡ ͙ͫͤ͒ͪͦͣ͊Φ 

нΦ ˮ͙͍͙ͤ͒͒ͯ͊͡Έͤ·͚ ͍·͋ͦͪ ͔ͨͪͨ͊ͪ͊ͭ͊Υ 

o ˽͙ͪ ͍·ͫͦͦͣ͟ ͙͔ͪͫ͟ ˬ˴́π͟ ͍͔ͪͦͦͭ;͔͙͚ͤ ς ͫ ͔͔͙͍ͭͤ͟͡·͔ ˹˽ˤ˽ ό͙ͦͫ͋͟͟·ύ ͙͙͡ ͔͔͔͙͍ͤͫͭͤ͟͡·͔ Ҍ 

͙͎͙͙ͤ͋ͭͦͪ ͚ͨͪͦͭͦͤͤͦ ͨͦͣͨ· όˮ˽˽Σ ͙͔ͤ͊ͨͪͣͪΣ ͔ͦͣͨͪ͊ͦ͘͡ύΦ 

o ˽͙ͪ ͍·ͫͦͦͣ͟ ͙͍͊ͪ͒ͦ͊ͫͯ͟͟͡Ύͪͤͦͣ ͙͔ͪͫ͟ ς ͨ ͔ͪ͒ͨͦ;͔͙͔ͭͤ ͔ͤ͊ͨͪͦͫͤͯ͟ ͍ ͙͙ͤ͘͟ͻ ͒ͦ͊͘ͻΣ 

͙͔͎͙͔͋͊ͤ͘ ͙͍ͦͫ͋ͦ͟͟ ͙ ͙͒ͦ͟͡ͺ͔ͤ͊͊͟Φ 

o ˽͙ͪ ͙͔ͪͫ͟ ͔ͤͺ͙ͪͦͭͦͫ͟;͙ͤͦͫͭ ς ͟ ͔ͦͪͪ͟ͼ͙Ύ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟Σ ͙͙͎ͣͦͤͭͦͪͤ ͺͯͤ͟ͼ͙͙ ͨͦ;͔͟Σ 

͙͔ͦͪͦͭ͟͟ ͯͪͫ͟·Φ 

оΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͙ͣͤͣ͊͡Έ͚ͤͦ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͒ͦ͘· ͍ ͔ͭ;͔͙͔ͤ ͪ͊ͭ͟;͚͊΄͔͎ͦ ͔ͤͦ͋ͻ͙͎ͦ͒ͣͦͦ 

͔͙ͨͪͦ͒͊Φ 

пΦ ˸͙͙͎ͦͤͭͦͪͤΥ ˻ ͼ͔ͤ͊͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟Σ ͦͨͪͦͫ ͦ ͙ͫͣͨͭͦͣ͊ͻ ͙͔͙͙͒ͫͨͨͫΣ ͦͤͭͪͦ͟͡Έ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ 

͍͔͙͒͊ͤ͡ΎΣ ͙͍͊ͤ͊ͦ͘͡ ͍͙ͪͦ͟ ό͔͙͙ͪ͊ͭͤͤ͟Σ ͎͔͎͙ͣͦͦ͋ͤ͡ύ ͙ͨͪ ͙͔͒ͭ͡͡Έͤͦͣ ͙͔͔ͨͪͣΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˹˽ˤ˽ ͦͫͭ͊ΌͭͫΎ ͔͔͙ͤ͊ͣͤͣ͘·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͍ ͔͔͊ͪͫͤ͊͡ ͍ͪ͊;͊ ͒͡Ύ ͋ͦͪΈ͋· ͫ ͍͔͙͔ͦͫͨ͊ͤͣ͡ ͙ 

͋ͦ͡ΈΌΦ ˻͒ͤ͊ͦ͟ ͙ͻ ͙͔͔͙͔ͨͪͣͤͤ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͍͍͔͘΄͔ͤͤ·ͣ ͙ ͦͫͦͤ͊ͤͤ͘·ͣΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͙͎ͨ͊ͪ͊͒ͣ͊ 

͔ͫͣ΅͔͊ͭͫΎ ͦͭ ͎ͨͪͦͫͭͦͦ ͤ͊ͤ͊͘;͔͙ͤΎ ͟ ͔͎͙ͫͭͪ͊ͭ;͔ͫͦͣͯ͟ ͨ ͙͍͙͊ͤͪͦ͊ͤ͡Ό ͔͙͙ͭͪ͊ͨΣ ͎͔͒ ͟͡Ό;͔͍·͙ͣ 

͔͙ͣͦͣͤͭ͊ͣ Ύ͍͡ΎΌͭͫΎ ͦͼ͔ͤ͊͟ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͎ͤͦͦ ͫͦͦͭͤͦ΄͔͙ͤΎ ͨͦ͡Έ͘· ͙ ͙ͪͫ͊͟ ͒͡Ύ ͎͊͗͒ͦͦ͟ ͨ͊ͼ͙͔ͤͭ͊Σ 

͍·͋ͦͪ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͔ͨͪͨ͊ͪ͊ͭ͊ ͙ ͒ͦ͘·Σ ͊ ͔ͭ͊͗͟ ͙͍͊ͭͤ͟·͔ ͔ͣͪ· ͨͦ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦ ͦ ͍ͦͣͦ͗ͤ͘·ͻ ͨͦ͋ͦ;ͤ·ͻ Ήͺͺ͔ͭ͊͟ͻ ͙ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͍͔͍͔͔͎ͫͦͪͣͤͤͦͦ 

ͦ͋ͪ͊΅͔͙ͤΎ ͟ ͍ͪ͊;ͯ Ύ͍͡Ύ͔ͭͫΎ ͍͚͊͗ͤͦ ͍ͫͦͫͭ͊͡ΎΌ΅͔͚ ͔ͯͫͨ΄͎ͤͦͦ ͙ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͔͡;͔͙ͤΎΦ ˣͯ͒ͯ΅͔͔ 

͔͙͙ͭͪ͊ͨ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍͔ͪͦΎͭͤͦΣ ͍ͫΎ͊ͤͦ͘ ͫ ͚ͪ͊ͪ͊͋ͦͭͦ͘͟ ͔͍ͨͪͨ͊ͪ͊ͭͦΣ ͤ͊ͼ͔͔ͤͤ͡·ͻ ͤ͊ 

͎͙͔͒ͪͯ ͍͔ͤ͘ΈΎ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͎ͤͦͦ ͊ͫ͊͒͊͟͟Σ ͤͦ ˹˽ˤ˽Σ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͔͚ͫͦ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ ͙͒ͦͫͭͯͨͤͦͫͭΣ ͔΅͔ 

͎͔͒ͦͦ͡ ͍͔ͪͣΎ ͋ͯ͒ͯͭ ͫͦͻͪ͊ͤΎͭΈ ͍ͫͦΌ ͤ͊͘;͙ͣͯΌ ͪͦ͡ΈΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˹͍͊ͫͦͤͦ ˩Φ˶ΦΣ ˴͔͔͍͊ͪ͊ͭ ˢΦ˩ΦΣ ̒ͻͤͦ ˹Φ˹Φ ͙ ͒ͪΦ ˾͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͙͔͔͙͔ͨͪͣͤͤ ͔͔͙ͤͫͭͪͦ͒ͤ·ͻ 

͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΥ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙Φ ς ˸ΦΥ ˮ˸ˢπ˽ ˾˩˿˿Σ нлнмΦ ό˻͍ͫͤͦͤ·͔ 

͙͚͙͔ͪͦͫͫͫ͟ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ύΦ 

2. ˴͔͔͍͊ͪ͊ͭ ˢΦ˩Φ ˣ͔ͦͨ͊ͫͤͦͫͭ͘Έ ͔͙͙ͭͪ͊ͨ ͔͔͙ͤͫͭͪͦ͒ͤ·͙ͣ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·͙ͣ ͔͙ͨͪͨ͊ͪ͊ͭ͊ͣΥ ͍ͤͦ·͚ 

͍͎͘͡Ύ͒ ͤ͊ ͫͭ͊ͪͯΌ ͔ͨͪͦ͋ͣͯ͡Φ κκ ˹͊ͯ;ͤͦπ͙ͨͪ͊ͭ͟;͔ͫ͊͟Ύ ͔͍͎͙ͪͣ͊ͭͦͦ͡ΎΦ ς нлнлΦ ς ́Φ руΦ ς ЅпΦ ς ˿Φ пмоπпнрΦ 

ϭ x͔͙͔͍ͪ͒͊ ˢΦΣ нлнр 
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̂˨˴ смс 

ˣ͔͙͍ͪ͒ͤͦ͋͊ͭͦ ˸·ͪ͊ͭ ˢ͙͔͍͙ͤͤ͊͡;  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͔͔͍͙ͭͪ͊ͨͭ;͔͚ͫͦ͟ ͎͙͙ͫͭͦͣ͊ͭͦͦ͡  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ˸͔͙͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͔͙́ͯͪͣͤͫͭ͊ͤ͟ ͎Φ ˢ΄ͻ͊͋͊͒ 

 

˹ˢ˹˻˥ˮˣ˾ˮ˨˹̍˩ ˽˶˻˸ˣˮ˾˻ˤ˻̉˹̍˩ ˸ˢ́˩˾ˮˢ˶̍Σ ˮ˿˽˻˶̎˭̂˩˸̍˩  

˽˾ˮ ˽˶˻˸ˣˮ˾˻ˤˢ˹ˮˮ ˴ˢ˾ˮ˻˭˹̍̆ ˽˻˶˻˿́˩˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔ͪ͊ͫͫͣͦͭͪͤ· ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͙͙ͤ͊ͤͦ͋ͪ͒ͤ·ͻ ͨ ͙͍ͦͣ͋ͪͦͦ͡;ͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ 

͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͔͍͙ͭͪ͊ͨͭ;͔͚ͫͦ͟ ͎͙͙ͫͭͦͣ͊ͭͦͦ͡Φ ˽͙͍͔͔ͪ͒ͤ· ͙ͻ ͍ͫͦͫͭ͊Σ ͺ͙͙ͦ͘͟-͔ͣͻ͙͊ͤ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊Σ 

͔ͣͻ͙͊ͤͣ͘· ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ ͍͔ͭͪ͒·͙ͣ ͭ͊ͤ͟Ύ͙ͣ ͯ͋͊͘Σ ͙ͨͦ͊͊ͤ͘͟Ύ ͟ ͙͔͔͙ͨͪͣͤͤΌ ͙ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͔ 

͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͔͔ͨͪ͒ ͎͙͙͒ͪͯͣ ͙ͦͣͨͦͭͤ͘͟·͙ͣ ͙͔͙ͫͫͭͣ͊ͣΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙͙ͤ͟͡;͔͚ͫͦ͟ 

Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͎͙͙͍ͤ͊ͤͦ͋ͪ͒ͦ ͍ ͍͍͔͙͙ͦͫͫͭ͊ͤͦͤ͡ ͔͍͔͗͊ͭ͡Έ͚ͤͦ ͙ ͺͪͦͤͭ͊͡Έ͚ͤͦ ͎ͪͯͨͨ· ͍ͯ͋ͦ͘Σ ͊ ͔ͭ͊͗͟ ͙ͻ 

͙ͪͦ͡ ͍ ͍ͨͦ·΄͔͙͙ͤ Ή͔͙ͫͭͭ;͙ͤͦͫͭ ͙ ͎͍͔͒ͦͦ͡;͙ͤͦͫͭ ͔͍ͪͫͭ͊ͪ͊ͼ͙͚Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͤ ͎͙͙͊ͤͦ͋ͪ͒ͤ·͔ ͙ͦͣͨͦͭ͘͟·Σ ͔͍ͪͫͭ͊ͪ͊ͼ͙Ύ ͍ͯ͋ͦ͘Σ ͙͍ͨͦͣ͋ͪͦͦ͡;ͤ·͔ ͔͙ͣ͊ͭͪ͊͡·Σ 

 ͟ ͙͊ͪͦͤ͊͘Ύ ͨͦͦͫͭ͡ΈΣ ͎͔͙͍͊͒ͤ͊͘Ύ ͔ͭͻ͙ͤ͊͟. 
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NANOHYBRID RESTORATIVE MATERIALS USED FOR FILLING CARIOUS CAVITIES 

 

Abstract 

This article reviews the characteristics of nanohybrid restorative materials used in modern restorative 

dentistry. Their composition, physical and mechanical properties, mechanisms of interaction with dental hard 

tissues, indications for use, and comparative advantages over other composite systems are presented. 

Special attention is given to the clinical effectiveness of nanohybrids in restoring anterior and posterior teeth 

and their role in improving the aesthetics and longevity of restorations. 

Keywords:  

nanohybrid composites, tooth restoration, restorative materials, carious cavity, adhesive technique. 

 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͔͍͙ͭͪ͊ͨͭ;͔ͫ͊͟Ύ ͎͙ͫͭͦͣ͊ͭͦͦ͡Ύ ͔͙ͫͭͪͣͭͫΎ ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ 

͙ͣ͊ͫͣ͊͟͡Έͤͦ ͙͙͔ͨͪ͋͗ͤͤ͡·ͻ ͟ ͙͚ͨͪͪͦ͒ͤͦ ͔ͫͭͪͯͭͯͪ͟ ͯ͋͊͘ ͨͦ ͍͙ͫͦͣ ͙ͦͨͭ;͔͙ͫͣ͟ ͙ ͔ͣͻ͙͊ͤ;͔͙ͫͣ͟ 

͍͚͍ͫͦͫͭ͊ͣΦ ˭͊ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͙ͦͣͨͦͭͤ͘͟·͔ ͔͙ͣ͊ͭͪ͊͡· ͔͔͔͙ͨͪͭͪͨ͡ ͤ͊͘;͙͔ͭ͡ΈͤͯΌ Ή͍ͦ͡Όͼ͙Ό: 

ͦͭ ͣ͊ͪͦ͟ͺ͙͡Έͤ·ͻ ͟ ͙ͣͪͦ͟ͺ͙͡Έͤ·ͣΣ ͙ͣͪͦ͟-͎͙͙͋ͪ͒ͤ·ͣ ͙ ͙͍ͤ͊ͤͦͫͭͪͯͭͯͪͪͦ͊ͤͤ͟·ͣ ͙͔ͫͫͭͣ͊ͣΦ 

˹͎͙͙͊ͤͦ͋ͪ͒ͤ·͔ ͙͍ͨͦͣ͋ͪͦͦ͡;ͤ·͔ ͔͙ͣ͊ͭͪ͊͡· Ύ͍͡ΎΌͭͫΎ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͙͔͎ͤͭͪ͊ͼ͙͙ ͔ͭͻ͎͙͚ͤͦͦ͡ 

͙͔͔͚ͤ͊ͤͦͤ͊ͨͦͤͭ͡͡ ͫ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͙ͣ ͙ͦͣͨͦ͘͟ͼ͙Ύ͙ͣΣ ;ͭͦ ͍͙ͨͦͦͦ͘͡͡ ͦ͋Ά͔͙͙͒ͤͭΈ ͨͪͦ;ͤͦͫͭΈΣ 

͙͚ͤͦͫͦͫͭͦͦͫͭ͘͟Έ ͙ ͔͍ͨͪͦͫͻͦ͒ͤ·͔ Ή͔͙ͫͭͭ;͔͙͔ͫ͟ ͊͟;͔͍ͫͭ͊Φ ˮͻ ͙͔͔͙͔ͨͪͣͤͤ ͔ͦͫͦ͋ͤͤͦ ͊ͭͯ͊͟͡Έͤͦ ͙ͨͪ 

͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͙ͫͦ͒͊ͤ͘Ύ ͎͍͔͒ͦͦ͡;ͤ·ͻ ͙ ͔ͣ͊ͦ͊ͣͭͤ͘͡·ͻ ͔͍ͪͫͭ͊ͪ͊ͼ͙͚Φ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͙͙ͤ͊ͤͦ͋ͪ͒ͤ·ͻ ͙͍ͦͣͨͦͭͦ͘͟ ͙ ͙ͻ ͪͦ͡Έ ͍ ͔͡;͔͙͙ͤ ͙͔͊ͪͫ͊͟Φ 



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

 

 

172 

˹͎͙͙͊ͤͦ͋ͪ͒ͤ·͔ ͔͙ͣ͊ͭͪ͊͡· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙ͦͣͨͦͭ͘͟·Σ ͔ͫͦ͒ͪ͗͊΅͙͔ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ 

;͙͊ͫͭͼ· ͙͔ͤ͊ͨͦͤͭ͡͡Ύ ͙͎ͣͪͦͤͤͦͦ͟ ͍ͯͪͦͤΎ ͙ ͤ͊ͤͦ;͙͊ͫͭͼ· ͔ͪ͊ͣͪͦͣ͘ ͦͭ нл ͒ͦ ул ͤͣΦ ́͊͊͟Ύ ͙ͦͣ͋ͤ͊͟ͼ͙Ύ 

͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙ͦͨͭͣ͊͡Έͤ·͚ ͋͊͊ͤͫ͡ ͔ͣ͗͒ͯ ͨͪͦ;ͤͦͫͭΈΌ ͙ ͙͔ͨͦͪͯͣͦͫͭ͡ΈΌΦ ˻͎͙ͪ͊ͤ;͔ͫ͊͟Ύ ͙ͣ͊ͭͪͼ͊ 

ͦ͋·;ͤͦ ͙ͫͦͫͭͦͭ ͙͘ ͙͋ͫ-˥˸ˢΣ ̂˨˸ˢ ͙ ́̏˥˨˸ˢΣ ͦͭͦͪ͟·͔ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ ͔ͯͫ͊͒͟ ͙ 

͒ͦͫͭ͊ͭͦ;ͤͯΌ ͍Ύͦͫͭ͘͟ΈΦ ˹͙͔͊ͨͦͤͭ͡͡Έ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͔͔͔ͪͣͤͣͦͣ͘͟Σ ͼ͙͙͔ͪͦͤͣ͟ ͙ ͔ͫͭ͟͡Ύͤͤ·͙ͣ ;͙͊ͫͭͼ͙͊ͣΣ 

ͦ͋͊͒͊͡Ό΅͙͙ͣ ͍·͚ͫͦͦ͟ ͍͔ͭͪ͒ͦͫͭΈΌΦ ˹͙͊͡;͙͔ ͤ͊ͤͦ;͙͊ͫͭͼ ͯͯ͡;΄͔͊ͭ ͔͙͍͙͔ͪ͊ͫͫ͊ͤ ͍͔ͫͭ͊Σ ;ͭͦ ͖ͫͦ͒͊ͭ͘ 

Ήͺͺ͔ͭ͟ ͔͔͍͔͚ͫͭͫͭͤͤͦ ͨͪͦͪ͊͘;͙ͤͦͫͭ ͙ ͎͙ͯ͋ͤ͡· ͼ͍͔ͭ͊Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͎͙͙͋ͪ͒ͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ ͍͔͙ͯ͡;͙͍͔͊ͭ 

ͦ͋΅ͯΌ ͔͔ͫͭͨͤΈ ͔͙ͤ͊ͨͦͤͤ͡Ύ όтлςун ҈ύΣ ;ͭͦ ͍ͨͦ·΄͔͊ͭ ͙͔ͣͪͦͣ͟ͻ͙͊ͤ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͔͙ͣ͊ͭͪ͊͊͡Φ 

˴ ͟͡Ό;͔͍·ͣ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟ ͎͙͙ͤ͊ͤͦ͋ͪ͒ͤ·ͻ ͙͍ͦͣͨͦͭͦ͘͟ ͦͭͤͦͫΎͭͫΎ ͍·ͫͦ͊͟Ύ ͨͪͦ;ͤͦͫͭΈ ͤ͊ ͙͎͙͋͘Σ 

͙͚ͤͦͫͦͫͭͦͦͫͭ͘͟Έ ͙ ͙͙ͣͤͣ͊͡Έͤ͊Ύ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙ͦͤͤ͊Ύ ͯͫ͊͒͊͟Φ ˣ͎͊ͦ͒͊ͪ͡Ύ ͤ͊ͤͦ;͙͊ͫͭͼ͊ͣ ͍ͨͦ·΄͔͊ͭͫΎ 

͍͔ͭͪ͒ͦͫͭΈ ͍͔ͨͦͪͻ͙ͤͦͫͭΣ ;ͭͦ ͔ͯͣͤΈ΄͔͊ͭ ͍͔ͪͦΎͭͤͦͫͭΈ ͙͙͙ͫͭͪ͊ͤΎ ͍ ͙ͦ͋͊ͫͭ͡ ͦ͟͟͡Ό͙͎ͦͤͤͦͦ͘ ͦͤͭ͊ͭ͊͟͟Φ 

͙̏͊ͫͭ͡;ͤͦͫͭΈ ͔͙ͣ͊ͭͪ͊͊͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͔ͪ͊ͤͦͣͪͤͦ ͔͔ͪ͊ͫͨͪ͒͡ΎͭΈ ͔͍͔͗͊ͭ͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡Σ ͔͍ͨͪ͒ͦͭͪ͊΅͊Ύ 

ͨͦΎ͍͔͙͔ͤ͡ ͙͔ͣͪͦͭͪ͟΅͙ͤΦ ˤ·ͫͦ͊͟Ύ ͔͔ͫͭͨͤΈ ͍͔͙͙ͦͤͪͫ͟ ͔͍ͣͦͤͦͣͪͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ 

͍͔͙ͪ͊ͫͭͦͪͤΌ ͍ ͍͚ͪͦͭͦͦ ͙͙͗͒ͦͫͭ͟ ͙ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͍͙ͭͦͪ;͎ͤͦͦ ͙͔͊ͪͫ͊͟Φ ˽͔͙ͦ͊͊ͭ͘͟͡ ͔͚ͣͦ͒ͯ͡ 

͎͙ͯͨͪͯͦͫͭ ͙ ͨͪͦ;͙ͤͦͫͭ ͎͙͙͍ͤ͊ͤͦ͋ͪ͒ͦ ͙͙͋͘͟͡ ͟ ͔ͨ͊ͪ͊ͣͭͪ͊ͣ ͙͎ͨͪͪͦ͒ͤͦͦ ͔͙͒ͤͭͤ͊Σ ;ͭͦ ͯͯ͡;΄͔͊ͭ 

͙͔͋ͦͣͻ͙͊ͤ;͔ͫͯ͟Ό ͙͔͎ͤͭͪ͊ͼ͙Ό ͨͦͣ͋͡Φ 

˹͎͙͙͊ͤͦ͋ͪ͒ͤ·͔ ͔͙ͣ͊ͭͪ͊͡· ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ ͫͦ;͔͙͙ͭ͊ͤ ͫ ͍͔͔ͫͦͪͣͤͤ·͙ͣ 

͎͔͙͍͊͒ͤ͘·͙ͣ ͙͔͙ͫͫͭͣ͊ͣ IVςVII ͨ ͔͙͚ͦͦͤ͟͡Φ ˢ͎͔͙͍͒͘ ͦ ͔͔͋ͫͨ;͙͍͔͊ͭ ͨͪͦ;ͤͯΌ ͍ͫΎ͘Έ ͔ͣ͗͒ͯ ͙ͦͣͨͦͭͦͣ͘͟ ͙ 

͔͙͒ͤͭͤͦͣ ͙͋ͦ͡ Ήͣ͊͡ΈΌ ;͔͔ͪ͘ ͔ͣͻ͙͊ͤ;͔ͫͯ͟Ό ͔͔ͪͭͤͼ͙ΌΣ ͎͙͙͋ͪ͒ͤ·͚ ͚ͫͦ͡ ͙ ͫͣͦ͡Ύͤ·͔ ͭΉ͎͙Φ 

˹͊ͤͦ;͙͊ͫͭͼ· ͍͔͙ͯ͡;͙͍͊Όͭ ͨͦ͡΅͊͒Έ ͎͔͙͙͊͒͘ ͙ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͔͔͋ͦ͡ ͍͔ͪ͊ͤͦͣͪͤͦͣͯ ͙͍͔͙ͨͪͦͤͤͦͤ͟Ό ͍ 

͙ͣ͊ͭͪͼͯ ͎͔͙͍͊͒͊͘Φ ̏ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙ͫͭ͊͋͡ΈͤͯΌ ͺ͙ͫ͊͟ͼ͙Ό ͔͒͊͗ ͙ͨͪ ͫͦ͗ͤ͡·ͻ ͍͙ͯͫͦ͡Ύͻ τ ͍ ͎͙ͯ͋ͦ͟͡ͻ 

ͨͦͦͫͭ͡ΎͻΣ ͤ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔͙͒ͤͭͤ͊ ͔ͨͦͫ͡ ͔͙͍͙ͨͪͨ͊ͪͪͦ͊ͤΎ ͙ ͍ ͔ͦͤ͘ ͍ͨͦ·΄͔͚ͤͤͦ ͍͙͊͗ͤͦͫͭ͡Φ ˽ͪͦ;ͤͦͫͭΈ 

͍ͫΎ͙͘ ͍ͨͦͦ͘͡Ύ͔ͭ ͫͦͻͪ͊ͤΎͭΈ ͔͍ͪͫͭ͊ͪ͊ͼ͙Ό ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͎͙ͣͤͦͻ ͔ͭ͡ ͔͋͘ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͍ͪ͊͟·ͻ ΅͔͔͚͡Φ 

˹͎͙͙͊ͤͦ͋ͪ͒ͤ·͔ ͙ͦͣͨͦͭ͘͟· ͔͔͍ͪͦͣͤ͒ͦ͊ͤ͟· ͒͡Ύ ͔͍ͪͫͭ͊ͪ͊ͼ͙͙ ͔͚ͨͦͦͫͭ͡ ͊ͫͫ͊͟͡ IςV ͨͦ ˣ͡Ήͯ͟Φ ˮͻ 

͍·ͫͦ͊͟Ύ ͨͪͦ;ͤͦͫͭΈ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͙ͻ ͤ͊ ͔͍͔͗͊ͭ͡Έ͚ͤͦ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͣͦ͡Ύ͍ͪͦ ͙ ͔ͨͪͣͦ͡Ύ͍ͪͦΣ 

͎͔͒ ͔͔ͭͪ͋ͯͭͫΎ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ ͎͔ͤ͊ͪͯ͘͟Φ ˣ͎͊ͦ͒͊ͪ͡Ύ ͙ͦͭ͡;͚ͤͦ ͙͔͙ͨͦͪͯͣͦͫͭ͡ ͙ͦͤ ͨͦ͒ͻͦ͒Ύͭ ͒͡Ύ 

Ή͔͙ͫͭͭ;͔͙ͫ͟ͻ ͔͍ͪͫͭ͊ͪ͊ͼ͙͚ ͺͪͦͤͭ͊͡Έͤ·ͻ ͍ͯ͋ͦ͘Υ ͊ͪ͘͟·͙ͭΎ ͙͔͒͊ͫͭͣΣ ͙͍͔͙ͫͨͪ͊ͤ͡Ύ ͺͦͪͣ· ͙ ͼ͍͔ͭ͊ ͍ͯ͋ͦ͘Σ 

͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͍ͫͦͦ͟͡Φ ˸͔͙͊ͭͪ͊͡· ΄͙ͪͦͦ͟ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͫͯ͡;͊ΎͻΣ ͎ͦ͒͊͟ ͔͔ͭͪ͋ͯͭͫΎ ͫͦ;͔͙͔ͭ͊ͤ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͖͙ͤ͊͒͗ͤͦͫͭ ͙ ͍·͚ͫͦͦ͟ Ή͔͙͙ͫͭͭ͟Σ ͍͟͡Ό;͊Ύ ͔͍ͪͫͭ͊ͪ͊ͼ͙͙ ͔ͨͦͫ͡ Ή͙ͤ͒ͦ͒ͦͤͭ;͔͎ͫͦͦ͟ 

͔͡;͔͙ͤΎ ͙ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙ ͯ͋͊͘ ͔ͨͦͫ͡ ͍ͭͪ͊ͣ·Φ 

˽͔͙ͪͣͯ΅͔͍͙ͫͭ͊ͣ ͒͊ͤͤ·ͻ ͙͍ͦͣͨͦͭͦ͘͟ Ύ͍͡ΎΌͭͫΎ ͎͍͔͒ͦͦ͡;ͤͦͫͭΈΣ ͍·ͫͦ͊͟Ύ Ή͔͙ͫͭͭ;ͤͦͫͭΈΣ 

͙͙ͣͤͣ͊͡Έͤ͊Ύ ͯͫ͊͒͊͟Σ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͭͦ;͎ͤͦͦ ͨͦ͒͋ͦͪ͊ ͔ͦͭͭͤ͊͟ ͙ ͍·ͫͦ͊͟Ύ ͙͚ͤͦͫͦͫͭͦͦͫͭ͘͟ΈΦ ˮͻ 

͙͍͔ͯͤͪͫ͊͡ΈͤͦͫͭΈ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͔͙ͣ͊ͭͪ͊͡ ͊͟͟ ͍ ͔͔͔ͨͪ͒ͤͣΣ ͭ͊͟ ͙ ͍ ͍͋ͦͦͦͣ͟ ͔͔ͦͭ͒͡Φ ˴ 

͔ͤ ͒ͦͫͭ͊ͭ͊ͣ͟ ͦͭͤͦͫΎͭ ͍ͦͣͦ͗ͤͯ͘Ό ͫͦ͗ͤͦͫͭ͡Έ ͙͔͙ͨͦͣͪ͊͘͡ͼ͙͙ ͙ͨͪ ;͔͔͚ͪͣͪͤͦ͘ ͭͦ͡΅͙͔ͤ ͫͦ͡Ύ ͙ 

;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͔ͭͻ͙͙ͤ͟ ͍͔͔͙ͤͫͤΎ τ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͎͎ͫͭͪͦͦͦ ͫͦ͋͡Ό͔͙͒ͤΎ ͨͪͦͭͦͦ͊͟͡ ͎͔͙͙͊͒͘ ͒͡Ύ 

͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͔͙͚ͦͭͫͦͤ͡Φ ˻͒ͤ͊ͦ͟ ͙ͨͪ ͍͙ͨͪ͊͡Έ͚ͤͦ ͔͙͔ͣͭͦ͒͟ Ή͙ͭ ͔͙ͤ͒ͦͫͭ͊ͭ͟ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͨͦͤͦͫͭ͡ΈΌ 

͙͍͔͙ͤͪͯ͡ΌͭͫΎΦ 

˸͎ͤͦͦ;͙͔ͫͤͤ͡·͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͨͦ͒ͭͪ͗͒͊ΌͭΣ ;ͭͦ ͫͪͦ͟ ͫͯ͗͋͡· ͎͙͙ͤ͊ͤͦ͋ͪ͒ͤ·ͻ 

͔͍ͪͫͭ͊ͪ͊ͼ͙͚ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͍ ͔͔ͫͪ͒ͤͣ тςмл ͔ͭ͡Σ ;ͭͦ ͍͙ͫͦͨͦͫͭ͊ͣͦ ͫ ͔ͨͦ͊͊ͭ͘͟͡Ύ͙ͣ ͔͙ͪ͊ͣ͟;͔͙ͫ͟ͻ ͍͊͒ͦ͟͟͡Φ 

˽͊ͼ͙͔ͤͭ· ͔ͦͭͣ;͊Όͭ ͫͦͻ͔͙͔ͪ͊ͤͤ ͔͔͍͔͚ͫͭͫͭͤͤͦ ͨͪͦͪ͊͘;͙ͤͦͫͭ ͙ ͔͋ͫ͊͟͡ ͔͒͊͗ ͙ͨͪ ͙͔͒ͭ͡͡Έ͚ͤͦ 

Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙Φ ˸͙͙ͤͣ͊͡Έͤ͊Ύ ͍͔͔ͨͦ͒ͪ͗ͤͤͦͫͭΈ ͙͙͒ͫͦͦͪͭͯ͟͡ ͔͔͒͊ͭ͡ ͎͙͙ͤ͊ͤͦ͋ͪ͒· ͙ͦͨͭͣ͊͡Έͤ·ͣ 

͍·͋ͦͪͦͣ ͒͡Ύ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͍·͙͙ͫͦͣ͟ Ή͔͙ͫͭͭ;͔͙͙ͫͣ͟ ͔͍͙ͭͪ͋ͦ͊ͤΎ͙ͣΦ ˤ·ͫͦ͊͟Ύ ͨͪͦ;ͤͦͫͭΈ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͙͔͙ͫͤ͗ͤΌ ;͊ͫͭͦͭ· ͍ͫͦͦ͟͡ ͙ ͔ͭͪ΅͙ͤΦ ˨͊ͤͤ·͔ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͤ͊͋͡Ό͔͙͚͒ͤ ͯ͊͘͟·͍͊Όͭ ͤ͊ ͙͙͚ͤ͘͟ ͍͔ͯͪͦͤΈ 

͔͙͚ͦͫͦ͗ͤͤ͡Σ ͍͟͡Ό;͊Ύ ͍͙ͭͦͪ;ͤ·͚ ͙͔͊ͪͫ͟ ͙ ͪ͊ͪͯ͘΄͔͙͔ͤ ͔͍͎ͪ͊ͦͦ͟ ͙͔͎͙ͨͪ͊ͤ͡ΎΦ 

˹͎͙͙͊ͤͦ͋ͪ͒ͤ·͔ ͙͍ͨͦͣ͋ͪͦͦ͡;ͤ·͔ ͔͙ͣ͊ͭͪ͊͡· Ύ͍͡ΎΌͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͙͍ͫ͋͊͊ͤͫͪͦ͊ͤͤ͡·ͻ 
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͙ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͔ͪ΄͔͙͚ͤ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͎͙͙ͫͭͦͣ͊ͭͦͦ͡Φ ˮͻ ͙͔͔͙͔ͨͪͣͤͤ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͫͦ;͔͙͔ͭ͊ͤ 

ͨͪͦ;͙ͤͦͫͭΣ Ή͔͙͙ͫͭͭ͟ ͙ ͙͔͋ͦͣͻ͙͊ͤ;͔͚ͫͦ͟ ͍͔͙͙ͫͦͣͫͭͣͦͫͭ ͫ ͭ͊ͤ͟Ύ͙ͣ ͯ͋͊͘Φ ˣ͎͊ͦ͒͊ͪ͡Ύ 

͍͔ͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΌ ͍ͫͦͫͭ͊͊ ͙ ͫͭͪͯͭͯͪ͟· ͎͙͙ͤ͊ͤͦ͋ͪ͒· ͙͊ͤͣ͊͘Όͭ ͍͔͒ͯ΅͙͔ ͙ͨͦ͘ͼ͙͙ ͔͙ͫͪ͒ 

͙ͦͣͨͦͭͤ͘͟·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͒͡Ύ ͔͡;͔͙ͤΎ ͙͊ͪͦͤ͘͟·ͻ ͔͙͚ͨͦͪ͊͗ͤΦ ˤ ͋ͯ͒ͯ΅͔ͣ ͙͔ͦ͗͒͊ͭͫΎ ͒͊͡Έ͔͚ͤ΄͔͔ 

͍͙͙͔ͪ͊ͭ͘ ͔ͤ͊ͤͦͭͻ͎͙͚ͤͦͦ͡ ͙ ͨͦΎ͍͔͙͔ͤ͡ ͙͍ͦͣͨͦͭͦ͘͟ ͫ ͔΅͖ ͔͔͋ͦ͡ ͍·͙͙ͫͦͣ͟ Ήͫͨͯ͊ͭ͊͟͡ͼ͙ͦͤͤ·͙ͣ 

ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ̆ΈΌ͔ͭͭ͡ ̏Φ ˤ͍͙͔ͦͫͫͭ͊ͤͦͭ͡Έͤ͊Ύ ͎͙ͫͭͦͣ͊ͭͦͦ͡ΎΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͔͙ͣ͊ͭͪ͊͡· ͙ ͔ͣͭͦ͒·Φ ˸͍ͦͫ͊͟Υ 

˸˩˨͔ͨͪͫͫ-͙ͤͺͦͪͣΣ нлмсΦ τ оуп ͫΦ URL: https:// medpress.ru/books/4761 

нΦ ˾͔ͦ͋ͪͭͫͦͤ ́ΦΣ ˸ΈΌ͔ͤ͘ ˣΦ ˸͔͙͊ͭͪ͊͡· ͍ ͎͙͙ͫͭͦͣ͊ͭͦͦ͡Φ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͙͙ͤ͟͡ͼ͙͍ͫͭͦΦ ˸͍ͦͫ͊͟Υ 

˽͙ͪ͊ͭ͟;͔ͫ͊͟Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ нлмтΦ τ пон ͫΦ URL: https:// practical-medicina.ru/books/413 

оΦ ͔͚́ͦͪ͡ ˨Φ ̅Φ ˴͙ͦͣͨͦͭͤ͘·͔ ͔͙ͣ͊ͭͪ͊͡· ͍ Ή͔͙ͫͭͭ;͔͚ͫͦ͟ ͎͙͙ͫͭͦͣ͊ͭͦͦ͡Φ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ˽͙͔ͭͪΣ нлмфΦ 

τ олп ͫΦ URL: https:// www.piter.com/product/kompozitnye-materialy 

пΦ ͙͙̅ͨͫ͡͡ ˾Φ ˸͔͙͊ͭͪ͊͡· ͎͙ͫͭͦͣ͊ͭͦͦ͡;͔͙͔ͫ͟Φ ͙͙̅͘;͔͙͔ͫ͟ ͙ ͻ͙͙ͣ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊Φ ˸͍ͦͫ͊͟Υ ˸͔͙͒ͭ͡Σ 

2020. τ рмн ͫΦ URL: https:// medlit.ru/book/1267 

рΦ ˴͔͚͎ͪ ˾Φ ˸͔͙͍͔͔͙͔͊ͭͪ͊ͦ͒ͤ͡ ͍ ͎͙͙ͫͭͦͣ͊ͭͦͦ͡Φ ˸͍ͦͫ͊͟Υ ˶͎ͦͦͫͺ͔ͪ͊Σ нлмуΦ τ рсу ͫΦ URL: 

https:// logosfera.ru/books/2127 

ϭx ͔͙͍ͪ͒ͤͦ͋͊ͭͦ ˸. .s, 2025 
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ˣΎ΄͙͍ͣͦ͊ ͙̅ͪΌ͊͘ ˣΎ΄͙͍ͣͦͤ͊ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

͙͔͙̏ͨ͒ͣ;͔͔ͫͦ͟ ͨͯ͘·ͪ;͔͊ͭͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ ͔ͣ͊͒ͤ͡ͼ͔͍Σ ͙͍͔͔ͫͭͤͦ͘ ͔ͭ͊͗͟ ͊͟͟ 

ͨͯ͘·ͪ;͊ͭ͊͟ ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ όtŜƳǇƘƛƎǳǎ ƴŜƻƴŀǘƻǊǳƳύΣ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦͫͭͪͯΌΣ 

͍·͎͙ͫͦͦͦͤͭ͊ͦͤͯ͘͟͟Ό ͙ͤͺ͔͟ͼ͙Ό ͙ͦ͗͟Σ ͍·͘·͍͔͊ͣͯΌΣ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͙ͦͦͭͫͭ͘͡·ͣ ͫͭ͊ͺ͙ͦͦͦͣ͟͟͟͡ 

(Staphylococcuǎ ŀǳǊŜǳǎύΣ ͦͭͦͪ͟·͚ ͨͪͦ͒ͯͼ͙͔ͪͯͭ Ήͫ͟ͺ͙͙͍ͦ͊ͭͤ͡·͔ ͙ͭͦͫͤ͟·Φ ˴͙͙ͤ͡;͔͙ͫ͟ ͔͍͙͔͊͋ͦ͊ͤ͘͡ 

ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͍͔ͤ͊ͨͤ͘·ͣ ͨͦΎ͍͔͙͔ͤͣ͡ ͤ͊ ͔ͦ͗͟ ͔͔ͪ͋ͤ͊͟ ͋·ͫͭͪͦ ͍͔͙ͯ͡;͙͍͊Ό΅͙ͻͫΎ ͍͔ͨͦͪͻͤͦͫͭͤ·ͻ 

ͨͯ͘·͔͚ͪ ό͔͋ͯͤ͘͡͡·͔ ͍·ͫ·͙ͨ͊ͤΎύΣ ͔ͤ͊ͨͦͤͤͤ͡·ͻ ͨͪͦͪ͊͘;͚ͤͦ ͙͙͡ ͔͎ͫ͊͟͡ ͚ͣͯͭͤͦ ͙͗͒ͦͫͭ͟ΈΌΣ ͦͭͦͪ͟·͔ 

͔͊ͭͣ͘ ͦͨ͊͡ΌͭͫΎΣ ͍ͦͫͭ͊͡ΎΎ Ή͙͍ͪͦͪͦ͊ͤͤ͘·͔ ͯ;͙͊ͫͭ͟Φ ˮͤͺ͔͟ͼ͙Ύ ;͊΅͔ ͍͔͎ͫͦ ͍͙͔ͦͤ͊ͭ͘͟ ͍ ͔͍ͨͪ·͔ ͙͒ͤ ͙͙͡ 

͔͔͙ͤ͒͡ ͙͙͗ͤ͘ ͍ ͊ͯ͟΄͔͙ͪͫ͟ͻ ͫͭ͊ͼ͙ͦͤ͊ͪ͊ͻ ͙͙͡ ͔͔͙ͦͭ͒ͤ͡Ύͻ ͔͎͙͙ͤͦͤ͊ͭͦͦ͡ ͙ ͔͔ͭͪ͋ͯͭ ͔͔͔͎ͤͣ͒ͤͤͦͦ͡ 

ͤ͊;͊͊͡ ͙͙͙͔͙͙͊ͤͭ͋ͦͭͦͭͪ͊ͨ͟Σ ͭ͊͟ ͊͟͟ ͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ ͍͔͍͔͔͎ͫͦͪͣͤͤͦͦ ͔͡;͔͙ͤΎ ͦͤ͊ ͔ͣͦ͗ͭ ͋·ͫͭͪͦ 

͎͔͙͍ͨͪͦͪͫͫͪͦ͊ͭΈ ͒ͦ ͔͔͋ͦ͡ ͭΎ͔͗͡·ͻ ͺͦͪͣΣ ͙ͭ͊͟ͻ ͊͟͟ Ήͫ͟ͺ͙͙͍ͦ͊ͭͤ͡·͚ ͔͙͒ͪͣ͊ͭͭ ˾͙͔ͭͭͪ͊Σ ͙ ͔͍ͨͪ͒ͫͭ͊͡ΎͭΈ 

͔ͫͪΈ͔ͤͯ͘Ό ͎ͯͪͦͯ͘ ͒͡Ύ ͙͙͗ͤ͘ ͔ͣ͊͒ͤ͡ͼ͊ ͙͘-͊͘ ͙ͪͫ͊͟ ͔͙ͫͨͫͫ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

Ήͨ ͙͔͙͒ͣ;͔͔ͫͦ͟ ͨͯ͘·ͪ;͔͊ͭͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻΣ ͨͯ͘·ͪ;͊ͭ͊͟ ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻΣ 

{ǘŀǇƘȅƭƻŎƻŎŎǳǎ ŀǳǊŜǳǎΣ Ήͫ͟ͺ͙͙͍ͦ͊ͭͤ͡·͔ ͙ͭͦͫͤ͟·Σ ͋ͯ͡͡·Σ ͎͙ͦͤͭ͊ͦͤͦͫͭ͘͟ΈΣ ͔͎͙ͤͦͤ͊ͭͦͦ͡ΎΣ ͔͙ͫͨͫͫ. 
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͙͔͙̏ͨ͒ͣ;͔͔ͫͦ͟ ͨͯ͘·ͪ;͔͊ͭͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ ͔ͣ͊͒ͤ͡ͼ͔͍Σ ͔ͭ͊͗͟ ͙͍͔͔ͫͭͤͦ͘ ͊͟͟ 

ͨͯ͘·ͪ;͊ͭ͊͟ ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ όPemphigus neonatorumύΣ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦͫͭͪͯΌ ͔͙͋͊ͭͪ͊͟͡ΈͤͯΌ 

͙ͤͺ͔͟ͼ͙Ό ͙ͦ͗͟Φ ̏ͭͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͙ͦͭ͡;͔͊ͭͫΎ ͍·͚ͫͦͦ͟ ͎͙ͦͤͭ͊ͦͤͦͫͭ͘͟ΈΌ ͙ ͍͔ͫͭͪ;͔͊ͭͫΎ 

͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ ͔ͤͦͤ͊ͭ͊͡Έͤͦͣ ͔͙͔ͨͪͦ͒Φ ˤ͙͔͔ͦ͋ͯ͒ͭͣ͘͡ ͙ͤͺ͔͟ͼ͙͙ ͨͦ;͙ͭ ͍͔͎ͫ͒͊ Ύ͍͡Ύ͔ͭͫΎ 

͙ͦͦͭͫͭ͘͡·͚ ͫͭ͊ͺ͙ͦͦ͟͟͟͡Σ ͊ ͭͦ;͔͔ͤΣ ͔͔͔ͦͨͪ͒ͤͤ͡·͔ ΄ͭ͊ͣͣ· Staphylococcus aureusΦ ˭͔͍͙͔͊͋ͦ͊ͤ͡ ͔͔ͭͪ͋ͯͭ 

͋·͎ͫͭͪͦͦ ͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ ͙ ͔͍͎͊͒͊ͭͤͦͦ͟ ͔͔͍͙ͭͪ͊ͨͭ;͔͎ͫͦͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Φ 

˻͍͚ͫͤͦͤͦ ͙ͨͪ;͙͚ͤͦ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͍·ͪ͊͋ͦͭ͊͟ ͫͭ͊ͺ͙ͦͦͦͣ͟͟͟͡ 

Ήͫ͟ͺ͙͙͍ͦ͊ͭͤ͡·ͻ ͙͍ͭͦͫͤͦ͟Φ ͙̏ͭ ͙ͭͦͫͤ͟·Σ ͍ ;͙͊ͫͭͤͦͫͭ ! ͙ .Σ ͤ͊ͼ͔͔ͤ͡· ͤ͊ ͔͎͔͙͒ͫͣͦͤ͡-мΣ ͔͋ͦ͟͡Σ ͦͭͦͪ͟·͚ 

͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͨͪͦ;͔ͤͦ ͔͙͔͙͔ͫͦ͒ͤͤ ͔ͭͦ͟͟͡ Ή͙͔͙ͨ͒ͪͣͫ͊Φ ˾͊ͪͯ͘΄͔͙͔ͤ Ή͎ͭͦͦ ͔͋͊͟͡ ͙͍͙ͨͪͦ͒ͭ ͟ 

ͤ͊ͪͯ΄͔͙ͤΌ ͔͔ͣ͗ͭͦ͟͡;ͤ·ͻ ͍ͫΎ͔͚͘Σ ͙͍͔ͫͭͤͦͣͯ͘ ͊͟͟ ͙͊͊ͤͭͦ͘͟͡Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ Ή͎ͭͦͦ ͨͪͦͼ͔ͫͫ͊ ͙ͨͪͦͫͻ͙ͦ͒ͭ 

͔͙͔ͦͭͫͦͤ͡ ͍͔ͨͦͪͻͤͦͫͭͤ·ͻ ͔͍ͫͦ͡ ͙ͦ͗͟Σ ;ͭͦ ͍͔ͤ΄͔ͤ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͍͙͔͒ ͨͯ͘·͔͚ͪΦ 

ˮͫͭͦ;͙ͤͦͣ͟ ͙ͤͺ͔͟ͼ͙͙ ͒͡Ύ ͍͔͎ͤͦͦͪͦ͗͒ͤͤͦͦ ;͊΅͔ ͍͔͎ͫͦ Ύ͍͡Ύ͔ͭͫΎ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͔ͨͪͫͦͤ͊͡ ͙͙͡ 

ͣ͊ͭΈΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ ͔͙͋ͫͫͣͨͭͦͣͤ·͙ͣ ͙͔ͤͦͫͭ͡Ύ͙ͣ ͎͔͎ͨ͊ͭͦͤͤͦͦ ͫͭ͊ͺ͙ͦͦ͊͟͟͟͡Φ ˭͔͙͔͊ͪ͊͗ͤ 

ͦ͋·;ͤͦ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͦͤͭ͊ͭͤ͟͟·ͣ ͔ͨͯͭͣΣ ͙͔ͤ͊ͨͪͣͪΣ ;͔͔ͪ͘ ͙ͪͯ͟Σ ͔ͦ͒͗͒ͯ ͙͙͡ ͔͔ͨͪ͒ͣͭ· ͯͻͦ͒͊Φ 

ˮͤͺ͙ͼ͙͍͙͔ͪͦ͊ͤ ͔ͣͦ͗ͭ ͙͚͙ͨͪͦͦͭ͘ ͙ ͍ͦ͒ͯ͘΄ͤͦ-͔͊ͨ͟͡Έͤ·ͣ ͔ͨͯͭͣ ͙ͨͪ ;͙ͻ͙͙͊ͤ ͙͙͡ ͊͟΄͔͡ ͙͔ͤͦͫͭ͡ΎΦ 

ˮ͔ͣͤͤͦ ͨͦΉͭͦͣͯ ͍ͫͨ·΄͙͟ ;͊ͫͭͦ ͔͎͙͙ͪͫͭͪͪͯΌͭͫΎ ͍ ͙ͪͦ͒͡Έͤ·ͻ ͒ͦͣ͊ͻ ͙ ͔͔͙ͦͭ͒ͤ͡Ύͻ ͔͎͙͙ͤͦͤ͊ͭͦͦ͡Φ 

ˮͤͯ͋͊͟ͼ͙ͦͤͤ·͚ ͔͙ͨͪͦ͒ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͦ͋·;ͤͦ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͦͭ ͔ͤͫͦ͟͡Έ͙͟ͻ ;͍͊ͫͦ ͒ͦ ͔ͤͫͦ͟͡Έ͙͟ͻ 

͔͚͒ͤΦ ˽͔͍ͪ·͔ ͙͙ͨͪͤ͊͘͟ ;͊ͫͭͦ ͨͦΎ͍͡ΎΌͭͫΎ ͤ͊ о-т ͔͒ͤΈ ͙͙͗ͤ͘ ͔͔ͪ͋ͤ͊͟Φ ˭͔͍͙͔͊͋ͦ͊ͤ͡ ͤ͊;͙͔ͤ͊ͭͫΎ ͦͫͭͪͦΣ 

͙͎ͤͦ͒͊ ͫ ͔͎͎ͦͦ͟͡ ͔͎͙ͤ͒ͦͣͦ͊ͤΎ ͙ ͍ͨͦ·΄͔͙ͤΎ ͔͔ͭͣͨͪ͊ͭͯͪ· ͔ͭ͊͡Φ ˻͒ͤ͊ͦ͟ ͫ͊ͣ·ͣ ͻ͔͊ͪ͊ͭͪͤ͟·ͣ 

͙ͫͣͨͭͦͣͦͣ Ύ͍͡Ύ͔ͭͫΎ ͨͦΎ͍͔͙͔ͤ͡ ͍·ͫ·͙͚ͨ͊ͤ ͤ͊ ͔ͦ͗͟Φ 

ˤ·ͫ·͙ͨ͊ͤΎ ͙ͤ͊͘;͊͡Έͤͦ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͔ͤ͋ͦ͡Έ΄͙͙ͣ Ή͙͔ͪͭͣ͊ͭͦͤ͘·͙ͣ ͨΎ͙ͭͤ͊ͣΣ ͤ͊ ͦͭͦͪ͟·ͻ 

͋·ͫͭͪͦ ͺ͙ͦͪͣͪͯΌͭͫΎ ͍Ύ͡·͔ ͨͯ͘·͙ͪΦ ˽ͯ͘·͙ͪΣ ͙͙͡ ͋ͯ͡͡·Σ ͙͔ͣΌͭ ͭͦͤͯ͟Ό ͨͦͪ͟·΄ͯ͟ ͙ ͔ͤ͊ͨͦͤͤ͡· 

ͨͪͦͪ͊͘;͚ͤͦΣ ͙͎ͤͦ͒͊ ͔͍͚͗ͭͦ͊ͭͦ͡Σ ͙͗͒ͦͫͭ͟ΈΌΦ ˻͙ͤ ͎ͣͦͯͭ ͎ͪ͊ͫͨͦ͊͊ͭ͡ΈͫΎ ͤ͊ ͡Ό͋ͦͣ ͯ;͔͊ͫͭ͟ ͔ͭ͊͡Σ ͤͦ ;͊΅͔ 

͍͔͎ͫͦ ͙͍ͦ͋ͤ͊ͪͯ͗͊ΌͭͫΎ ͍͎ͦͪͯ͟ ͨͯͨ͊͟Σ ͍ ͨ͊ͻ͍ͦ·ͻ ͫ͊͒͊͟͟͡ͻΣ ͤ͊ ͙͡ͼ͔ ͙ ͔ͦͤ͟;ͤͦͫͭΎͻΦ 

˿͔͙ͭͤ͟ Ή͙ͭͻ ͨͯ͘·͔͚ͪ ͦ;͔ͤΈ ͔ͤ͗ͤ·͔ ͙ ͔͎ͦ͟͡ ͦͨ͊͡ΌͭͫΎ ͔͒͊͗ ͙ͨͪ ͔ͤͤ͊͘;͙͔ͭ͡Έͤͦͣ ͔ͣͻ͙͊ͤ;͔ͫͦͣ͟ 

͍͔͚͍͙͙ͦ͒ͫͭ͘Φ ˽͔ͦͫ͡ ͪ͊ͪ͘·͍͊ ͦ͋ͪ͊ͯ͘ΌͭͫΎ ͦ͋΄͙ͪͤ·͔ ͣͦͤͯ͟΅͙͔ Ή͙͙ͪͦ͘ Ύͪͦ͟-͎ͪ͊ͫͤͦͦ͟ ͼ͍͔ͭ͊Φ ͙̏ͭ 

Ή͙͍ͪͦͪͦ͊ͤͤ͘·͔ ͯ;͙͊ͫͭ͟ ͎ͣͦͯͭ ͙͍ͫ͊ͭ͡ΈͫΎΣ ͍ͫͦ͒͊͊͘Ύ ͙͊ͪͭͤͯ͟ ͦ͋΄͙͎ͪͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͎ͦ͗ͤͦͦ͟ ͍ͨͦͪͦ͊͟Φ 

˽͙ͪ ΉͭͦͣΣ ͍ ͙ͦͭ͡;͙͔ ͦͭ ͔ͤͦͭͦͪ͟·ͻ ͎͙͒ͪͯͻ ͦ͗ͤ͟·ͻ ͔͔͚͋ͦͤ͘͡Σ ͙͙ͫͫͭ͘͡·͔ ͦ͋ͦͦ͡;͙͟ ͦ͋·;ͤͦ ͔ͤ 

ͨͦͪ͊͗͊ΌͭͫΎΦ 

́Ύ͔͗ͫͭΈ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͍͙͙͊ͫͭ͘ ͦͭ ͎͙ͣͤͦͻ ͺ͍͊ͭͦͪͦ͟Σ ͍͟͡Ό;͊Ύ ͍͙͔ͪͯͤͭͤͦͫͭ͡Έ ΄ͭ͊ͣͣ͊ ͫͭ͊ͺ͙ͦͦ͊͟͟͟͡ 

͙ ͦ͋΅͔͔ ͫͦͫͭͦΎ͙͔ͤ ͍͒ͦͪͦ͘ΈΎ ͔ͣ͊͒ͤ͡ͼ͊Φ ̂ ͔ͤ͒ͦͤͦ΄͔ͤͤ·ͻ ͙͙͡ ͔ͦͫ͊͋ͤͤ͡͡·ͻ ͔͔͚͒ͭ ͙ͤͺ͔͟ͼ͙Ύ ͔ͣͦ͗ͭ 

͔ͨͪͦͭ͊ͭ͟Έ ͔͔͋ͦ͡ ͎͔͙͍͊ͪͫͫͤͦΦ ˾͔͙͔͊ͫͨͪͦͫͭͪ͊ͤͤ ͍·ͫ·͙͚ͨ͊ͤ ͤ͊ ͋ͦ͡Έ΄͙͔ ͯ;͙͊ͫͭ͟ ͔ͭ͊͡ ͫ ͍͙͔͔͒ͭ͡Έ͍͔ͫͭͯͭ ͦ 

͔͔͋ͦ͡ ͭΎ͔͚͗ͦ͡ ͺ͔ͦͪͣ ͎͙͙ͨ͊ͭͦͦ͡Φ 

˻͙͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͦͨ͊ͫͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͎͔͔͙ͤͪ͊͊͘͡ͼ͙Ύ ͙ͤͺ͔͟ͼ͙͙Φ ˣ͔͙͙͊ͭͪ͟ ͎ͣͦͯͭ 

͙ͨͪͦͤ͊ͭ͟Έ ;͔͔ͪ͘ ͍͔͔ͨͦͪ͗͒ͤͤͯΌ ͦ͗ͯ͟ ͍ ͙͔ͫͫͭͣͤ·͚ ͍ͪͦͦͭͦ͟͟Σ ͍·͘·͍͊Ύ ͫͭ͊ͺ͙͍ͦͦͦ͟͟͟͡·͚ ͔͙ͫͨͫͫΦ 

˿͔͙ͨͫͫ τ Ήͭͦ ͚͔ͪ͊ͤ͟ ͭΎ͔͔͗ͦ͡ ͫͦͫͭͦΎ͙͔ͤΣ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͔͔ͫΎ ͙͎͚ͨͦͦͪ͊ͤͤͦ͡ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΌ ͙ 

͍·͙ͫͦͣ͟ ͙ͪͫͦͣ͟ ͔ͭ͊͡͡Έ͎ͤͦͦ ͙ͫͻͦ͒͊Φ ̏ͭͦ ͔͔ͭͪ͋ͯͭ ͔͔͔͚ͤͣ͒ͤͤͦ͡ ͙͔͙͍͚ͤͭͤͫͤͦ ͔͙͙ͭͪ͊ͨΦ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͻ͔͚͊ͪ͊ͭͪͤͦ͟ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔͊ͪͭͤ͟Φ ˻͒ͤ͊ͦ͟ ͒͡Ύ 

͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͙͎͒͊ͤͦ͊͘ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͔͊͋ͦͪ͊ͭͦͪͤͦ͡ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Φ ˣ͔͙͎͙͊ͭͪͦͦ͟͡;͔͙͚ͫ͟ ͔͍ͨͦͫ 

͔͙͎ͫͦ͒ͪ͗ͣͦͦ ͨͯ͘·͔͚ͪ ͙κ͙͙͡ ͔ͦͭ͒͡Ύ͔͎ͣͦͦ ͫ Ή͙͚ͪͦ͘ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·͔͙͒ͭ͡Έ ͍͙͔ͦ͋ͯ͒ͭ͘͡ΎΦ ˻͋Ύ͔͊ͭ͘͡Έͤͦ 

͔͔͔͙͔ͦͨͪ͒ͤ͡ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͍·͔͔͎͒ͤͤͦͦ͡ ΄ͭ͊ͣͣ͊ ͟ ͙͙͙͊ͤͭ͋ͦͭ͊ͣ͟Φ 

˨͙ͺͺ͔͔ͪͤͼ͙͊͡Έͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͍͙ͨͪͦͦ͒ͭͫΎ ͫ ͎͙͙͒ͪͯͣ ͔͋ͯͤ͘͡͡·͙ͣ ͔͙͒ͪͣ͊ͭͦ͊ͣ͘ 

͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻΦ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͍͔ͪͦ͗͒ͤͤ·͚ ͙ͫͺ͙͙ͫ͡Σ ͎͔͔͙ͪͨͭ;͔ͫ͊͟Ύ ͙ͤͺ͔͟ͼ͙ΎΣ ͙ͭͦͫ͟;͔ͫ͊͟Ύ 
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͙͒ͺͺ͔͔ͪͤͼ͙͊ͼ͙Ύ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ͊ ͒͡Ύ ͍·͋ͦͪ͊ ͔͍͎͊͒͊ͭͤͦͦ͟ ͔͡;͔͙ͤΎΦ 
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˶͔;͔͙͔ͤ ͨͯ͘·ͪ;͙͊ͭ͟ ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ ͍͔͎ͫ͒͊ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͔ͦͣͨͫͤ͟͟͡·ͣ ͙ ͔ͤͦͭͦ͗ͤ͡·ͣΦ 

˻͍͚ͫͤͦͦ ͔͙͙ͭͪ͊ͨ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔ͫͫͭͣͤͦ ͤ͊ͤ͊͘;͔͙͔ͤ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ ˤ·͋ͦͪ ͙͙͙͊ͤͭ͋ͦͭ͊͟ 

͍͙͙͊ͫͭ͘ ͦͭ ͒͊ͤͤ·ͻ ͙͙͙͎͊ͤͭ͋ͦͭͦͪ͊ͣͣ͟·Σ ͤͦ ;͊ͫͭͦ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͙͔͙ͨͦͯͫͤͭͭ͡;͔͙͔ͫ͟ ͔͙ͨͤͼ͙͙ͤ͡͡· ͙͙͡ 
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͙͔͙͊ͤͭͫͨͭ;͔͙͙ͫͣ͟ ͍͙ͪ͊ͫͭͦͪ͊ͣΦ ˸͎ͦͯͭ ͙͔ͨͪͣͤΎͭΈͫΎ ͙ͣ͊͘ ͙͙͡ ͔ͪͣ͟· ͫ ͙͙͙͙͊ͤͭ͋ͦͭ͊ͣ͟Σ ;ͭͦ͋· 

͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͍͙ͭͦͪ;͔ͤͦ ͙ͤͺ͙ͼ͙͍͙͔ͪͦ͊ͤ ͙ ͙ͯͫͦͪͭ͟Έ Ή͙͔͙ͨͭ͊͘͡ͼ͙ΌΦ 

ˤ͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͭ΅͔͊ͭ͡Έͤ·͚ ͯͻͦ͒ ͊͘ ͔͚ͦ͗͟ ͔͔ͪ͋ͤ͊͟ ͙ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͙ͦͨͭͣ͊͡Έͤ·ͻ 

͎͙͎͙͔͙ͤ;͔͙ͫ͟ͻ ͍͙͚ͯͫͦ͡Φ ˾͔͔͔ͦͣͤ͒ͯͭͫ͟Ύ ͔͎ͪͯ͡Ύͪͤ͊Ύ ͔ͫͣͤ͊ ͔ͨͦͫͭ͡Έ͎ͤͦͦ ͔͋͡ΈΎ ͙ ͔͔ͨͤͦ͟͡Σ ͦ͋ͪ͊͋ͦͭ͊͟ ͪͯ͟ 

͔ͨͪͫͦͤ͊͊͡ ͙ ͙͔͔͚ͪͦ͒ͭ͡Φ ̏ͭͦ ͎͔ͨͦͣͦ͊ͭ ͎͙ͦͪ͊ͤ;͙ͭΈ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͔͙͋͊ͭͪ͊͟͡Έ͚ͤͦ ͺͦͪ͡· ͙ 

͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͔ͪͼ͙͙͍͒· ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˭͊͟͡Ό;͔͙͔ͤ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ Ή͙͔͙ͨ͒ͣ;͔͔ͫͦ͟ ͨͯ͘·ͪ;͔͊ͭͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ Ύ͍͡Ύ͔ͭͫΎ ͔ͫͪΈ͔͚ͤͦ͘ 

ͫͭ͊ͺ͙͍͚ͦͦͦͦ͟͟͟͡ ͙ͤͺ͔͟ͼ͙͔͚Φ ˻ͤͦ ͔͔ͭͪ͋ͯͭ ͙͔͋͒ͭ͡Έ͙ͤͦͫͭ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͔ͨͪͫͦͤ͊͊͡Σ ͋·͎ͫͭͪͦͦ 

͙͎͙͍͙͒͊ͤͦͫͭͪͦ͊ͤΎ ͙ ͎͔͙͍͎͊ͪͫͫͤͦͦ ͔͡;͔͙ͤΎΦ ˿ͦ͋͡Ό͔͙͔͒ͤ ͎͙ͫͭͪͦͻ ͎͙͎͙͔͙ͤ;͔͙ͫ͟ͻ ͙ 

͙͍ͨͪͦͭͦΉ͙͔͙ͨ͒ͣ;͔͙ͫ͟ͻ ͔ͣͪ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;ͦͣ ͟ ͫͦͻ͔͙ͪ͊ͤͤΌ ͍͒ͦͪͦ͘ΈΎ ͔ͣ͊͒ͤ͡ͼ͔͍Φ 
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ˣΎ΄͙͍ͣͦ͊ ͙̅ͪΌ͊͘ ˣΎ΄͙͍ͣͦͤ͊ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 
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͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·ͻ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͎͙͚ͨ͊ͭͦͦ͡ ͙͙ͫͭ͟Φ ˢ͙ͤ͊ͭͦͣ;͔ͫ͊͟Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙ͨ͊ͤ͊ͪͼ͙Ύ 

͍ͦͫͤͦ͊ͤ͊ ͤ͊ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͙ ͎͙͔ͯ͋ͤ͡ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͎͚͎ͤͦͤͦͦ ͨͪͦͼ͔ͫͫ͊Σ ;ͭͦ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ 

͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͙͙ͭ͊ͭ͟͟ ͔͡;͔͙ͤΎ ͙ ͎ͨͪͦͤͦ͊͘Φ ˤ·͔͒͡ΎΌͭ ͍͔ͨͦͪͻͤͦͫͭͤ·͔ ͺͦͪͣ·Σ ͙͔ͭ͊͟ ͊͟͟ ͦ͗ͤ͟·͚ 

͙ͨ͊ͤ͊ͪͼ͙͚ ό͙ͦ͊͊͘͟͡͡ͼ͙Ύ ͎ͤͦΎ ͨͦ͒ Ή͙͔͙ͨ͒ͪͣͫͦͣύΣ ͎͔͍͚ͦͦͦͤͦͭͦ͟͡ ό͙ͨ͊ͪͦͤͻ͙Ύύ ͙ ͎͔͍͚ͨͦ͒ͤͦͭͦ 

͙ͨ͊ͤ͊ͪͼ͙͚Φ ˴ ͎͙ͯ͋ͦͣ͟͡ ͺͦͪͣ͊ͣ ͦͭͤͦͫΎͭͫΎ ͨͦ͒ͦ͗ͤ͟·͚ ͙ͨ͊ͤ͊ͪͼ͙͚Σ ͦͭͦͪ͟·͚ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ 

͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͣΣ ͊ ͔ͭ͊͗͟ ͔͔͋ͦ͡ ͭΎ͔͗͡·͔ ͙ ͎͙ͨͪͦͤͦͫͭ;͔͙ͫ͟ ͔͎͙ͤ͋͊ͦͨͪ͡Ύͭͤ·͔ ͍͙͊ͪ͊ͤͭ·Υ 

ͫͯͻ͙ͦ͗͡Έͤ·͚ ͙ͨ͊ͤ͊ͪͼ͙͚ ό͔͙͔ͨͦͪ͊͗ͤ ͫͯͻ͙ͦ͗͡Έͤ·ͻ ͍͎͙͊͊͡͡΅ύΣ ͍͚ͫͯͫͭ͊ͤͦ ͙ͨ͊ͤ͊ͪͼ͙͚ ό͍͔͙͔ͦͫͨ͊ͤ͡ 

͔ͣ͗ͺ͎͍͊͊ͤͦ͡·ͻ ͙͙͡ ͨΎͫͭͤͦ-ͺ͎͍͊͊ͤͦ͡·ͻ ͍͍ͫͯͫͭ͊ͦύ ͙ ͦͫͭͤ͟·͚ ͙ͨ͊ͤ͊ͪͼ͙͚ ό͔͙͔͙ͦͫͭͦͣͭ͡ ͺ͎͙͊͊ͤ͡ύΦ 

˾͎͙͊ͪ͊ͤ͘;͔͙͔ͤ Ή͙ͭͻ ͺͦͪͣ ͦ͋Ύ͔͊ͭ͘͡ΈͤͦΣ ͨͦͫͦ͟͡Έͯ͟ ͊͗͒͊͟Ύ ͙͘ ͙ͤͻ ͔͔ͭͪ͋ͯͭ ͔ͫͨͼ͙ͺ͙;͔͎ͫͦͦ͟ 

ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͒ͦͫͭͯͨ͊ ͙ ͔͙͍͙͒ͪͤͪͦ͊ͤΎ ͒͡Ύ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ 

͙ͤͺ͔͟ͼ͙͙ ͙ ͫͦͻ͔͙ͪ͊ͤͤΎ ͺͯͤ͟ͼ͙͙ ͙͙ͫͭ͟Φ 

 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͨ͊ ͙ͤ͊ͪͼ͙͚Σ ͎͚͔ͤͦͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ͨ͊͡Έͼ͊Σ ͙͊ͤ͊ͭͦͣ;͔ͫ͊͟Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΎΣ ͦ͗ͤ͟·͚ ͙ͨ͊ͤ͊ͪͼ͙͚Σ 

ͨͦ͒ͦ͗ͤ͟·͚ ͙ͨ͊ͤ͊ͪͼ͙͚Σ ͙ͨ͊ͪͦͤͻ͙ΎΣ ͫͯͻ͙ͦ͗͡Έͤ·͚ ͙ͨ͊ͤ͊ͪͼ͙͚Σ  

͍͚ͫͯͫͭ͊ͤͦ ͙ͨ͊ͤ͊ͪͼ͙͚Σ ͔͙͔͙ͦͫͭͦͣͭ͡ ͺ͎͙͊͊ͤ͡. 

 

˽͙͊ͤ͊ͪͼ͙͚ Ύ͍͡Ύ͔ͭͫΎ ͦͫͭͪ·ͣ ͎͚ͤͦͤ·ͣ ͍͔͙͔ͦͫͨ͊ͤͣ͡ ͔͚ͭ͊ͤ͟ ͨ͊͡Έͼ͊Σ ͔͍ͨͪ͒ͫͭ͊͡ΎΎ ͚ͫͦ͋ͦ 

͔ͫͪΈ͔ͤͯ͘Ό ͎ͯͪͦͯ͘ ͒͡Ύ ͺͯͤ͟ͼ͙͙ ͙͙ͫͭ͟Φ ̏ͭͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͔͔ͭͪ͋ͯͭ ͔͔͔͎ͤͣ͒ͤͤͦͦ͡ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ 

͍͙͙ͤͣ͊ͤΎΣ ͨͦͫͦ͟͡Έͯ͟ ͙ͤͺ͔͟ͼ͙Ύ ͔ͣͦ͗ͭ ͋·ͫͭͪͦ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎͭΈͫΎ ͍͒ͦ͡Έ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͫͭͪͯͭͯͪ͟Φ 

˽͍͙ͪ͊͡Έͤ͊Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙ͨ͊ͤ͊ͪͼ͙Ύ ͨͦ ͎͙͔ͯ͋ͤ͡ ͙ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͨͪͦͼ͔ͫͫ͊ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͒͡Ύ 

͍·͋ͦͪ͊ ͔͍͚͊͒͊ͭͤͦ͟ ͔͡;͔͚͋ͤͦ ͙͙ͭ͊ͭ͟͟Φ ˾͙͊͘͡;͔͙͔ͤ ͺͦͪͣ ͎͔ͨͦͣͦ͊ͭ ͻ͙͎ͪͯͪͯ ͍·͋ͪ͊ͭΈ ͙ͦͨͭͣ͊͡Έͤ·͚ 

͒ͦͫͭͯͨ ͒͡Ύ ͔͙͍͙͒ͪͤͪͦ͊ͤΎ ͙ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͍͒ͦͪͦ͘·ͻ ͔͚ͭ͊ͤ͟Φ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ͨ͊ͤ͊ͪͼ͙Ύ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͔͙͒ͭͫ͡Ύ ͤ͊ ͍͔ͨͦͪͻͤͦͫͭͤ·͔ ͙ ͎͙͔ͯ͋ͦ͟͡ ͺͦͪͣ·Σ ͍ 

͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͎ͭͦͦΣ ͤ͊ͫͦ͟͡Έͦ͟ ͎ͯ͋ͦͦ͟͡ ͙ͨͪͦͤ͟ ͎͚ͤͦͤ·͚ ͨͪͦͼ͔ͫͫΦ ˽͍͔ͦͪͻͤͦͫͭͤ·͔ ͺͦͪͣ· ͦ͋·;ͤͦ 

͙͔ͣΌͭ ͔͔͋ͦ͡ ͎͙͋͊ͦͨͪ͡Ύͭͤ·͚ ͎ͨͪͦͤͦ͘ ͙ ͔ͭͪ͋ͯΌͭ ͔͔͔ͣͤ ͙͍͙͍͎ͤ͊ͤͦͦ͘ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Φ ˥͙͔ͯ͋ͦ͟͡ ͔͗ 

ͺͦͪͣ·Σ ͙͍ͤ͊ͨͪͦͭΣ ;͊ͫͭͦ ͙͍ͨͪͦ͒Ύͭ ͟ ͔͙ͤͦ͋ͪ͊ͭͣ·ͣ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͣ ͤ͊ͪͯ΄͔͙ͤΎͣΣ ͔͙ͫ͡ ͔͡;͔͙͔ͤ ͔ͤ 

ͤ͊;͊ͭͦ ͍͔͍͔͔ͫͦͪͣͤͤͦΦ ͔͔̉ͭͦ͟ ͙͙͔ͨͦͤͣ͊ͤ ͙͙͊ͤ͊ͭͦͣ ͨ͊͡Έͼ͊ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ Ή͚ͭͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙Φ 

˿͚͊ͣͦ ͍͔ͨͦͪͻ͚ͤͦͫͭͤͦ ͺ͚ͦͪͣͦ Ύ͍͡Ύ͔ͭͫΎ ͦ͗ͤ͟·͚ ͙ͨ͊ͤ͊ͪͼ͙͚Φ ˽͙ͪ ͔ͤͣ ͎͚ͤͦ ͙͍͔ͫ͊ͨ͊ͭͫ͟͡Ύ 

͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͨͦ͒ Ή͙͔͙ͨ͒ͪͣͫͦͣΣ ͔ͦͭ͒͡ΎΎ ͔͎ͦ ͦͭ ͙͔͔ͤ͗͗͊͡΅͔͎ͦ ͫͦ͡Ύ ͙ͦ͗͟Φ ˤ͙ͯ͊͘͡Έͤͦ Ήͭͦ ͍·͎͡Ύ͙͒ͭ 

͊͟͟ ͨͯ͘·ͪΈΣ ͔ͤ͊ͨͦͤͤͤ͡·͚ ͚ͣͯͭͤͦ ͙͙͡ ͎͚͚ͤͦͤͦ ͙͗͒ͦͫͭ͟ΈΌΣ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·͚ ͤ͊ ͺ͔ͦͤ 

͎͙͔͔͙͍͚ͨͪͣͪͦ͊ͤͤͦ ͙ͦ͗͟Φ ̏ͭ͊ ͺͦͪͣ͊ ͦ͋·;ͤͦ ͔͔ͨͪͦͭ͊ͭ͟ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͔͎ͦ͟͡Σ ͙ ͔͔ ͔͡;͔͙͔ͤ ͊͘͟͡Ό;͔͊ͭͫΎ 

͍ͦ ͍ͫͪ͟·͙͙ͭ ͙ ͔͙͍͙͙͒ͪͤͪͦ͊ͤ ͨͯ͘·ͪΎΦ 

˿͔͒ͯ͡Ό΅͊Ύ ͍͔ͨͦͪͻͤͦͫͭͤ͊Ύ ͺͦͪͣ͊ τ ͙ͨ͊ͪͦͤͻ͙ΎΣ ͙͙͡ ͎͔͍͚ͦͦͦͤͦͭͦ͟͡ ͙ͨ͊ͤ͊ͪͼ͙͚Φ 

ˤ͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͨͪͦͼ͔ͫͫ ͙͔ͦ͊ͯͭͫ͘͟͡͡Ύ ͍ ͍͙͔͊͟͡ ͣΎ͎͙͟ͻ ͔͚ͭ͊ͤ͟Σ ͦͪͯ͗͊͟Ό΅͙ͻ ͎͔͍ͤͦͭͯΌ ͙ͨ͊ͫͭͤͯ͡Φ 

˽͙͊ͪͦͤͻ͙Ύ ;͊ͫͭͦ ͍͙͔ͦͤ͊ͭ͘͟ ͔ͨͦͫ͡ ͔͎ͤ͊ͯͪ͊ͭͤͦͦ͟͟ ͙ͣ͊ͤ͟Όͪ͊ ͙͙͡ ͙ͨͪ ͙͙ͨͦͨ͊͒͊ͤ ͔͊ͯͫͤ͘ͼ͔͍Φ ˥͚ͤͦ 

͙͍͔ͫ͊ͨ͊ͭͫ͟͡Ύ ͍ ͔͊ͪͣ͊ͤ͟ ͔ͣ͗͒ͯ ͎͔͍ͤͦͭ·ͣ ͍͙͊ͦͣ͟͡ ͙ ͎͔ͤͦͭͣΣ ͍·͘·͍͊Ύ ͙ͫ͡ΈͤͯΌ ͙͍ͦ͊ͦ͊ͤͤͯ͘͟͡͡Ό ͋ͦ͡Έ ͙ 

͙ͨͪͨͯͻͦͫͭ͡ΈΦ 

˽͎͔͍͚ͦ͒ͤͦͭͦ ͙ͨ͊ͤ͊ͪͼ͙͚ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͙ͨͪ ͙͙ͨͦͨ͊͒͊ͤ ͙ͤͺ͔͟ͼ͙͙ ͨͦ͒ ͎͔͍ͤͦͭͯΌ ͙ͨ͊ͫͭͤͯ͡Φ ̏ͭͦ 

͔ͣͦ͗ͭ ͙͚͙ͨͪͦͦͭ͘ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͍ͭͪ͊ͣ· ͫ ͚͊ͤͦͦ͘͘ ͙͙͡ ͙ͨͪ ͔ͨͪͦͦ͟͡Σ ͊ ͔ͭ͊͗͟ ͊͟͟ ͔͙͔ͦͫͦ͗ͤͤ͡ 

͎͔͍͎ͦͦͦͤͦͭͦͦ͟͡ ͙ͨ͊ͤ͊ͪͼ͙ΎΦ ˿͔͙͔ͦͨͤ͟͡ ͎ͤͦΎ ͨͦ͒ ͨͦͭͤ͡·ͣ ͎͔ͤͦͭͣ ͍·͘·͍͔͊ͭ ͣͯ;͙͔ͭ͡ΈͤͯΌ 

ͨͯ͡Έ͙ͫͪͯΌ΅ͯΌ ͋ͦ͡ΈΦ ˨͡Ύ ͔͡;͔͙ͤΎ ;͊ͫͭͦ ͔͔ͭͪ͋ͯͭͫΎ ;͙͊ͫͭ;͔ͤͦ ͙͙͡ ͔ͨͦͤͦ͡ ͔͙͔ͯ͒͊ͤ͡ ͎͔͍͚ͤͦͭͦ ͙ͨ͊ͫͭͤ͡·Φ 

˿͚͊ͣͦ ͔͚ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦ ͙ ͙͙ͤ͟͡;͔͙ͫ͟ ͤ͊͘;͙͚ͣͦ ͎͚ͯ͋ͦͦ͟͡ ͺ͚ͦͪͣͦ Ύ͍͡Ύ͔ͭͫΎ ͨͦ͒ͦ͗ͤ͟·͚ 

͙ͨ͊ͤ͊ͪͼ͙͚Φ ˤ Ήͭͦͣ ͫͯ͡;͔͊ ͎͚ͤͦͤ·͚ ͦ;͎͊ ͺ͙͔ͦͪͣͪͯͭͫΎ ͍ ͨͦ͒ͦ͗ͤͦ͟-͙͍͚͗ͪͦͦ ͔ͭ͟͡;͔͊ͭ͟ ͨ͊͡Έͼ͔͍͚ͦ 

ͺ͎͙͊͊ͤ͡Φ ˻͔ͫͦ͋ͤͤͦͫͭΈΌ Ύ͍͡Ύ͔ͭͫΎ ͙ͤ͊͡;͙͔ ͨͦͭͤ͡·ͻ ͺ͙͋ͪͦͤ͘·ͻ ͔͔ͨͪͣ·;͔͟ όͭΎ͔͚͗ύΣ ͦͭͦͪ͟·͔ ͔͒͡Ύͭ 
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͔ͭ͟͡;͊ͭͯ͟ ͤ͊ Ύ;͔͚͙͟Φ ͙̏ͭ ͔͔ͨͪͣ·;͙͟ ͔ͤ ͒͊Όͭ ͎ͤͦΌ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎͭΈͫΎ ͍ ͫͭͦͪͦͤ·Σ ͤͦ ͊ͭͦ͘ ͍ͤ͊ͨͪ͊͡ΎΌͭ 

͔͎ͦ ͎͔ͯ͋͗͡Σ ͟ ͙ͦͫͭ͟ ͙͙͡ ͫͯͻ͙͙ͦ͗͡ΌΦ 

˿ͯͻ͙ͦ͗͡Έͤ·͚ ͙ͨ͊ͤ͊ͪͼ͙͚Σ ͙͙͡ ͎͚ͤͦͤ·͚ ͔͍͎͙͙ͭͤ͒ͦ͊ͤͭΣ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͭΎ͔͗͡·ͻ 

ͺͦͪͣΦ ˤ͔͙͔ͦͫͨ͊ͤ͡ ͔ͨͦͪ͊͗͊ͭ ͙͍͙ͫͤͦ͊͡Έ͔ͤͦ ͍͎͙͊͊͡͡΅͔ ͫͯͻ͙͙ͦ͗͡Ύ ͎͙͔ͫ͋͊ͭ͡Ύ ͨ͊͡Έͼ͊Φ ̏ͭͦ ͦ;͔ͤΈ ͦͨ͊ͫͤͦΣ 

ͨͦͫͦ͟͡Έͯ͟ ͙ͤͺ͔͟ͼ͙Ύ ͋·ͫͭͪͦ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎ͔ͭͫΎ ͨͦ ͍͎͙͊͊͡͡΅ͯΣ ͊ ͔ͦͭ͟ ͙ ͎͚ͤͦ ͍͙͍ͫ͒͊͊͡Όͭ ͫͯͻ͙͙͔ͦ͗͡Φ 

˹͔͍͔͍͔͔͔ͫͦͪͣͤͤͦ ͔͡;͔͙͔ͤ ͨͦ;͙ͭ ͍͔͎ͫ͒͊ ͙͍͙ͨͪͦ͒ͭ ͟ ͔ͤͪͦͯ͘͟ ͫͯͻ͙͙ͦ͗͡Ύ ͙ ͚͚ͫͭͦͦ͟ ͔͔ͨͦͭͪ ͺͯͤ͟ͼ͙͙ 

͎͙͙ͫ͋͊ͤΎ ͨ͊͡Έͼ͊Φ 

˴͙͙ͤ͡;͔͙ͫ͟ ͫͯͻ͙ͦ͗͡Έͤ·͚ ͙ͨ͊ͤ͊ͪͼ͙͚ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͙ͫ͡Έ͚ͤͦ ͋ͦ͡ΈΌ ͙ͨͪ ͨͦͨ·͔ͭ͟ ͙͍͎ͨ͊ͫͫͤͦͦ 

͍͙͔͙͒͗ͤΎ ͨ͊͡Έͼ͊Σ ͊ ͔ͭ͊͗͟ ͻ͔͚͊ͪ͊ͭͪͤͦ͟ ͚ͨͦͦ͘ ͨ͊͡Έͼ͊ ό͎͔ͨͦͯͫͦͤͯͭͦ͡ ͔͙͔ͨͦͦ͗ͤ͡ύΦ ˶͔;͔͙͔ͤ ͔͔ͭͪ͋ͯͭ 

Ή͔͎ͫͭͪͤͤͦͦ͟ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Σ ͍͟͡Ό;͊Ύ ͍ͫͪ͟·͙͔ͭ ͙ ͭ΅͔͊ͭ͡Έ͔ͤͦ ͨͪͦͣ·͍͙͔͊ͤ 

ͫͯͻ͙ͦ͗͡Έ͎ͤͦͦ ͍͎͙͊͊͡͡΅͊Φ ˮͫͻͦ͒ ;͊ͫͭͦ ͍͙͙͊ͫͭ͘ ͦͭ ͙ͫͦͪͦͫͭ͟Σ ͫ ͚ͦͭͦͪͦ͟ ͋·͊͡ ͍͔͔ͨͪͦ͒ͤ͊ ͔ͦͨͪ͊ͼ͙ΎΦ 

˿͍͚ͯͫͭ͊ͤͦ ͙ͨ͊ͤ͊ͪͼ͙͚ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͎͚ͤͦͤ·͚ ͙͊ͪͭͪͭ ͔ͣ͗ͺ͎͍͊͊ͤͦ͡·ͻ ͙͙͡ ͨΎͫͭͤͦ-

ͺ͎͍͊͊ͤͦ͡·ͻ ͍͍ͫͯͫͭ͊ͦΦ ˻ͤ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͙͋ͦ͡ ͊͟͟ ͨͪΎ͔ͣͦ ͔͍͙͔ͫ͒ͫͭ͡ ͙ͨͪͦͤ͊͟Ό΅͔͚ ͪ͊ͤ· ͍ͫͯͫͭ͊͊Σ ͙͋ͦ͡ ͊͟͟ 

͔͙͔ͦͫͦ͗ͤͤ͡ ͎ͨͦ͒ͦ͗ͤͦͦ͟ ͙͙͡ ͎ͦͫͭͤͦͦ͟ ͙ͨ͊ͤ͊ͪͼ͙ΎΦ ˤ͔͙͔ͦͫͨ͊ͤ͡ ͍͚ͫͯͫͭ͊ͤͦ ͊ͨͫͯ͟͡· ͙ ͻͪΎ΅͊ ͋·ͫͭͪͦ 

͙͍͙ͨͪͦ͒ͭ ͟ ͔͒ͫͭͪͯ͟ͼ͙͙ ͍ͫͯͫͭ͊͊Φ 

̏ͭ͊ ͺͦͪͣ͊ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͚ͪͦ͘͟ ͋ͦ͡ΈΌ ͍ ͙ͦ͋͊ͫͭ͡ ͍ͫͯͫͭ͊͊Σ ͔͎ͦ ͔ͦͭͦͣ͟ ͙ ͎͙ͦͪ͊ͤ;͔͙͔ͤͣ 

͍͙͙ͨͦ͒͗ͤͦͫͭΦ ˶͔;͔͙͔ͤ ͍͟͡Ό;͔͊ͭ ͍ͫͪ͟·͙͔ͭ ͙ ͔͙͍͙͔͒ͪͤͪͦ͊ͤ ͍͚ͫͯͫͭ͊ͤͦ ͙ͨͦͦͫͭ͡Σ ͊ ͔ͭ͊͗͟ 

͙͙͙ͣͣͦ͋͊͘͡ͼ͙Ό ͨ͊͡Έͼ͊Φ ˽͙ͪ ͪ͊ͪͯ͘΄͔͙͙ͤ ͍ͫͯͫͭ͊ͤ·ͻ ͍͔ͨͦͪͻ͔͚ͤͦͫͭ ͎ͣͦͯͭ ͔͍ͨͦͭͪ͋ͦ͊ͭΈͫΎ ͔͔͋ͦ͡ 

ͫͦ͗ͤ͡·͔ ͍͍͙͔ͦͫͫͭ͊ͤͦͭ͡Έͤ·͔ ͙͙͡ ͔͙͊ͪͭͪͦ͒ͪͯ͘Ό΅͙͔ ͔ͦͨͪ͊ͼ͙͙Φ 

˴ͦͫͭͤ·͚ ͙ͨ͊ͤ͊ͪͼ͙͚ ό͔͙͔͙ͦͫͭͦͣͭ͡ ͺ͎͙͊͊ͤ͡ύ τ Ήͭͦ ͎͚͔ͤͦͤͦ ͍͔͙͔ͪ͊ͫͨ͊ͤ͡͡ ͚ͦͫͭͤͦ͟ ͙ͭ͊ͤ͟ ͨ͊͡Έͼ͊Φ 

˻ͤ Ύ͍͡Ύ͔ͭͫΎ ͔͙͔ͦͫͦ͗ͤͤͣ͡ ͎͎ͯ͋ͦͦͦ͟͡ ͎ͨͦ͒ͦ͗ͤͦͦ͟ ͙ͨ͊ͤ͊ͪͼ͙ΎΣ ͎ͦ͒͊͟ ͙ͤͺ͔͟ͼ͙Ύ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎ͔ͭͫΎ ͒ͦ 

͙ͦͫͭ͟Φ ̏ͭ͊ ͺͦͪͣ͊ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͔͔ͣ͒ͤͤͦ͡Σ ;͊ͫͭͦ ͙ͣ͊ͫͪͯ͟ΎͫΈ ͨͦ͒ ͻ͙ͪͦͤ;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫΦ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͎ͦͫͭͤͦͦ͟ ͙ͨ͊ͤ͊ͪͼ͙Ύ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͔͎͔͎͙ͪͤͭͤͦͦ͡;͔͙ͫ͟Σ ͎͔͒ ͙͍ͦ͋ͤ͊ͪͯ͗͊ΌͭͫΎ 

͙͙ͨͪͤ͊͘͟ ͔͒ͫͭͪͯ͟ͼ͙͙ ͙ͦͫͭ͟Φ ˶͔;͔͙͔ͤ ͔ͫͦ͗ͤͦ͡ ͙ ͙͔͒ͭ͡͡Έ͔ͤͦΣ ;͊ͫͭͦ ͔ͭͪ͋ͯΌ΅͔͔ ͔͙ͯ͒͊ͤ͡Ύ 

͔͙͙͍ͤͪͦͭͪͦ͊ͤͤ͘͟·ͻ ͯ;͍͊ͫͭͦ͟ ͙ͦͫͭ͟Φ ˤ ͫ͊ͣ·ͻ ͭΎ͔͗͡·ͻ ͫͯ͡;͊ΎͻΣ ͙ͨͪ ͦ͋΄͙ͪͤͦͣ ͪ͊ͪͯ͘΄͔͙͙ͤΣ ͔ͣͦ͗ͭ 

͍͙ͦͤͤͯͭ͘͟Έ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍ ͊ͣͨͯͭ͊ͼ͙͙ ͺ͎͙͊͊ͤ͡Φ 

˻͚ͫͦ͋ͦ ͺ͚ͦͪͣͦ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͨ͊ͤ͒͊ͭͭ͟͡Σ ͦͭͦͪ͟·͚ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͭͦͭ͊͡Έ͔ͤͦ ͎͚͔ͤͦͤͦ 

͍͔͙͔ͦͫͨ͊ͤ͡ ͍͔ͫͻ ͔͚ͭ͊ͤ͟ ͨ͊͡Έͼ͊Φ ˽͙ͪ ͙͙͔ͨ͊ͤ͒͊ͭͭ͟͡ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͨͦͪ͊͗͊ΌͭͫΎ ͦ͗͊͟Σ ͨͦ͒ͦ͗ͤ͊͟Ύ 

͔ͭ͟͡;͊ͭ͊͟Σ ͫͯͻ͙ͦ͗͡Έ͔ͤͦ ͍͎͙͊͊͡͡΅͔Σ ͍ͫͯͫͭ͊· ͙ ͦͫͭ͟ΈΦ ̏ͭͦ ͫ͊ͣ͊Ύ ͭΎ͔͗͊͡Ύ ͙ ͎͙ͨͪͦͤͦͫͭ;͔͙ͫ͟ ͙͔͔͔ͤ͊ͣͤ 

͎͙͋͊ͦͨͪ͡Ύͭͤ͊Ύ ͺͦͪͣ͊ ͙ͨ͊ͤ͊ͪͼ͙ΎΦ 

˽͙͙͊ͤ͒͊ͭͭ͟͡ ͦ͋·;ͤͦ ͍͙͔ͦͤ͊ͭ͘͟ ͯ ͔ͦͫ͊͋ͤͤ͡͡·ͻ ͨ͊ͼ͙͔͍ͤͭͦ ͙͙͡ ͙ͨͪ ͨͦ͒ͤͦ͘ ͤ͊;͊ͭͦͣ ͔͡;͔͙͙ͤ 

͎͙͒ͪͯͻ ͎͙ͯ͋ͦ͟͡ͻ ͺͦͪͣΦ ˻ͤ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͍͚ͣ͊ͫͫͤͦ ͔͒ͫͭͪͯ͟ͼ͙͙ ͔͚ͭ͊ͤ͟Σ ͔͙ͫͨͫͫͯ ͙Σ ͨͦ;͙ͭ ͍͔͎ͫ͒͊Σ ͟ 

͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͊ͣͨͯͭ͊ͼ͙͙ ͨ͊͡Έͼ͊Φ ̏ͭͦ ͫͦͫͭͦΎ͙͔ͤ ͔͔ͭͪ͋ͯͭ ͔ͤ ͭͦ͡Έͦ͟ ͔͎ͣͫͭͤͦͦΣ ͤͦ ͙ ͣͦ΅͎ͤͦͦ 

͙͔͎ͫͫͭͣͤͦͦ ͔͡;͔͙ͤΎΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˴͔͔ͦͣͨͫͤͦ͟͡ ͔͡;͔͙͔ͤ ͍͔͎ͫ͒͊ ͍͟͡Ό;͔͊ͭ ͔͙͍͔ͦͨͪ͊ͭͤͦ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭͦ ό͍ͫͪ͟·͙͔ͭ ͙ ͔͙͍͙͔͒ͪͤͪͦ͊ͤύ 

͍ ͫͦ;͔͙͙ͭ͊ͤ ͫ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έ͚ͤͦ ͔͙͔͚ͭͪ͊ͨΦ ˮ͙͙ͣͣͦ͋͊͘͡ͼ͙Ύ ͙ ͺ͙͙͔͙ͦͭͪ͊ͨ͘Ύ ͔ͭ͊͗͟ ͍͊͗ͤ· ͒͡Ύ 

͎ͨͦͤͦͦ͡ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͺͯͤ͟ͼ͙͙ ͙͙ͫͭ͟ ͔ͨͦͫ͡ ͙͍͙ͯͨͪͦ͊ͤ͟Ύ ͎ͦͫͭͪͦͦ ͍͔͙ͦͫͨ͊ͤ͡ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˴͍͊ͨͯͤͦ͡ ˴Φ˻ΦΣ ˸͙͔͍ͯͫ͟ ˮΦ˩Φ ͙͎͙̆ͪͯͪ;͔͔ͫͦ͟ ͔͡;͔͙͔ͤ ͎͚ͤͦͤͦ-͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͨ͊͡Έͼ͔͍ 

͙ ͙͙ͫͭ͟Υ ͍͔͔ͫͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒·Φ ˤ͔͙ͫͭͤ͟ ͻ͙͎͙͙ͪͯͪ ͙ͣΦ ˮΦˮΦ ˥͔͍ͪͦ͊͟Φ нлноΤ мунόпύΥ ту-84. 

2. ˢͺ͊ͤ͊ͫΈ͔͍ ˨ΦˢΦΣ ˽͔͍ͭͪͦ ˤΦ˿Φ ˢͤ͊ͭͦͣͦ-͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙ͨ͊ͤ͊ͪͼ͙Ύ ͙ ͍·͋ͦͪ ͔͙͍͎ͦͨͪ͊ͭͤͦͦ 

͒ͦͫͭͯͨ͊Φ ͍͎͙́ͪ͊ͣ͊ͭͦͦ͡Ύ ͙ ͔͙ͦͪͭͦͨ͒Ύ ˾͙͙ͦͫͫΦ нлннΤ нуόнύΥ рр-62. 

3. ˣ͎͍ͦ͒͊ͤͦ ˢΦ˴ΦΣ ˭͚͊ͼ͔͍ ˮΦ˶Φ ˥͚ͤͦͤ·͚ ͔͍͎͙͙ͭͤ͒ͦ͊ͤͭ όͫͯͻ͙ͦ͗͡Έͤ·͚ ͙ͨ͊ͤ͊ͪͼ͙͚ύΥ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ 

ͻ͙͎͙ͪͯͪ;͔ͫ͊͟Ύ ͙ͭ͊ͭ͊͟͟Φ ͙͎͙̆ͪͯͪΎΦ ˬͯͪͤ͊͡ ͙ͣΦ ˹ΦˮΦ ˽͙͎͍ͪͦͦ͊Φ нлнмΤ фΥ пр-51. 
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4. ˩͎͍ͦͪͦ ˮΦˤΦΣ ˿͍͔͍ͭͦ͡ ˢΦ˽Φ ˽͙͊ͤ͊ͪͼ͙͚Υ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͨͦ ͚͊ͣ͋ͯ͊ͭͦͪͤͦ͡ ͙ ͎͙ͦͫͨͭ͊͡Έ͚ͤͦ ͻ͙͎͙͙ͪͯͪΦ ˸ΦΥ 

˥̏˻́ˢ˾-˸͔͙͒͊Τ нлнлΦ ˿Φ ммн-135. 

5. ͖͍̅͒ͦͪͦ ˸Φ˹ΦΣ ˿͔͎͔͔͍ͪ͊ ˶Φ̑Φ ˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ͔͡;͔͙͔ͤ ͎ͦͫͭͤͦͦ͟ ͙ ͍͎ͫͯͫͭ͊ͤͦͦ ͙ͨ͊ͤ͊ͪͼ͙ΎΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ 

ͻ͙͎͙ͪͯͪΎΦ нлмфΤ оΥ нл-27. 

ϭˣΎ΄͙͍ͣͦ͊ ̅. .x, 2025 

 

 

 

 

˥ͯ͡Έ͎͔͡Έ͙͔͍͒ ˸Φ˥ΦΣ  

͙͔͊ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͙͎͎͙͙ͦͭͦ͊ͪͤͦͦ͡͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟  

 

˿ˮ˹̂˿ˮ́̍Υ ˤˮ˨̍Σ ˽˾ˮ̉ˮ˹̍ ˮ ˨ˮˢ˥˹˻˿́ˮ˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͙͙ͤͯͫͭ·Σ ͙͙͡ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͍ͦͦͦͤͦͫͦ͟͡·ͻ ό͙ͨͪ͒͊ͭͦ;ͤ·ͻύ ͨ͊ͯ͘ͻΣ Ύ͍͡ΎΌͭͫΎ 

͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͍͔ͪͻ͙ͤͻ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΣ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͙ͫͤ͗͊Ό΅͙ͻ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ ˨͊ͤͤ͊Ύ ͫͭ͊ͭΈΎ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͍͔͙͚ͫͫͭͦͪͦͤͤ ͦ͋ͦͪ͘ 

͍ͦͫͤͦͤ·ͻ ͍͙͍͒ͦ ͙͙͍ͫͤͯͫͭͦ όͦͫͭͪ·͚Σ ͻ͙ͪͦͤ;͔͙͚ͫ͟Σ ͔ͪͼ͙͙͍͙͒ͪͯΌ΅͙͚Σ ͊ ͔ͭ͊͗͟ ͔͙͔ͨͦͪ͊͗ͤ ͔ͦͤͪͭͤ͟͟·ͻ 

ͨ͊ͯ͘ͻ τ ͎͚͙͊ͣͦͪͭΣ ͺ͙ͪͦͤͭͭΣ Ή͙͙ͭͣͦ͒ͭΣ ͫͺ͔͙͙ͤͦ͒ͭύΣ ͟͡Ό;͔͍·ͻ Ή͙͎͙ͭͦͦ͡;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟ ό͍͙ͪͯͫ·Σ 

͔͙͙͋͊ͭͪ͟Σ ͎͙͙ͪ͋͟Σ ͔͎͔͊ͪͤ͡͡·ύ ͙ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͨͦ͒ͻ͍ͦ͒ͦΦ ˽ͦ͒ͪͦ͋ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ 

͔ͣͻ͙͊ͤͣ͘· ͍͙͙ͪ͊ͭ͘Ύ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͪͦ͡Έ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͙ ͙͎ͣͣͯͤͤͦͦ ͫͭ͊ͭͯͫ͊ ͍ ͔͎ͦ 

ͻ͙ͪͦͤ͊͘ͼ͙͙Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͔͚ͪ͊ͤͤ ͙ ͭͦ;͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͒͡Ύ 

͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͔ͫͪΈ͔ͤ͘·ͻ ͍͙ͤͯͭͪ;͔͔ͪͨͤ·ͻ ͙ ͙ͦͪ͋ͭ͊͡Έͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͙͙ͫͤͯͫͭΣ ͎͚͙͊ͣͦͪͭΣ ͺ͙ͪͦͤͭͭΣ Ή͙͙ͭͣͦ͒ͭΣ ͫͺ͔͙͙ͤͦ͒ͭΣ ͦͫͭͪ·͚ ͙͙ͫͤͯͫͭΣ ͻ͙ͪͦͤ;͔͙͚ͫ͟ ͙͙ͫͤͯͫͭΣ  

͍͙ͪͯͫͤ·͔ ͙ͨͪ;͙ͤ·Σ ͔͙͋͊ͭͪ͊͟͡Έͤ·͔ ͙ͨͪ;͙ͤ·Σ ͦͣͨ͟ΈΌ͔ͭͪͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˿͙͙ͤͯͫͭ· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͎ͪͯͨͨͯ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͙ͻͫΎ ͍͔͙͔ͦͫͨ͊ͤͣ͡ ͙͙͚ͫͫͭͦ͘͡ 

ͦ͋ͦͦ͡;͙͟ ͚ͦ͒ͤͦ ͙͙͡ ͔ͤͫͦ͟͡Έ͙͟ͻ ͍ͦͦͦͤͦͫͦ͟͡·ͻ ͨ͊ͯ͘ͻ ό͙͍ͫͤͯͫͦύ τ ͍ͦ͒ͯ͘ͻͦͤͦͫͤ·ͻ ͔͚ͨͦͦͫͭ͡Σ 

͔ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͍ ͦͫͭ͟Ύͻ ;͔͔ͪͨ͊ ͙ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͨͦͦͫͭ͡ΈΌ ͤͦͫ͊ ͔͍ͨͦͫͪ͒ͫͭͦͣ ͙ͯ͘͟ͻ ͍͊ͤ͊ͦ͟͡ ό͙͚ͫͦͯͫͭύΦ ͙̏ͭ 

ͨ͊ͯ͘ͻ͙ ͍·ͨͦͤ͡ΎΌͭ ͪΎ͒ ͍͊͗ͤ·ͻ ͺͯͤ͟ͼ͙͚Υ ͍͔͙͔ͯ͊͗ͤͤ͡ ͙ ͎͔͍͙͔ͫͦͪ͊ͤ ͍͒·ͻ͔͎͊ͣͦͦ ͍ͦ͒ͯ͘ͻ͊Σ ͔ͪͦͤ͊ͤͫ͘ 

͎ͦͦͫ͊͡ ͙ ͙͔͙͔ͫͤ͗ͤ ͣ͊ͫͫ· ͙͡ͼ͔͍͎ͦͦ ͔͔ͫͭ͊͟͡Φ ˹͊ͪͯ΄͔͙͔ͤ ͍͔͙ͤͭ͡Ύͼ͙͙ ͙ ͔͒ͪͤ͊͗͊ ͨ͊ͯ͘ͻΣ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͙͘-

͊͘ ͔ͦͭ͊͟ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟Σ ͙͍͙ͨͪͦ͒ͭ ͟ ͊ͫͭͦ͘Ό ͔͔ͫͪͭ͊͟Σ ;ͭͦ ͔ͫͦ͒͊ͭ͘ ͙͔͒͊͡Έͤ·͔ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͪͦͫͭ͊ 

͎͔ͨ͊ͭͦͤͤ·ͻ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟ ͙ ͍͙͙ͪ͊ͭ͘Ύ ͍͔͙ͦͫͨ͊ͤ͡ΎΦ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ ˤ͙͒· ˿͙͙͍ͤͯͫͭͦ 

ˤ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͔͚ͨͦͪ͊͗ͤͤͦ ͨ͊ͯ͘ͻ͙Σ ͙ͪ͊͘͡;͊ΌͭΥ 

1. ˥͚͙͊ͣͦͪͭ ό͙͙ͣ͊ͫͭ͟͡͡ύΥ ͍͔͙͔ͦͫͨ͊ͤ͡ ͍͔ͪͻ͔ͤ;͔͡Ό͚ͫͭͤͦ ό͎͚͍͚͊ͣͦͪͦͦύ ͨ͊ͯ͘ͻ͙Φ ͍̒͡Ύ͔ͭͫΎ 

͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·ͣ ͍͙͒ͦͣΦ 

2. ͙̅ͪͦͤͭͭΥ ͍͔͙͔ͦͫͨ͊ͤ͡ ͚ͦ͋ͤͦ͡ ͨ͊ͯ͘ͻ͙Φ ͔͙͔̆͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͙ͫ͡Έͤ·͙ͣ ͎͍ͦͦͤ͡·͙ͣ ͋ͦ͡Ύ͙ͣ ͍ 

͙ͦ͋͊ͫͭ͡ ͋͊͡Φ 

3. ͙͙̏ͭͣͦ͒ͭΥ ͍͔͙͔ͦͫͨ͊ͤ͡ Ύ;͔͔͟ ͔ͪ΄͔ͭ;͚͊ͭͦ ͙ͦͫͭ͟Φ ̉͊ͫͭͦ ͫͦ;͔͔ͭ͊ͭͫΎ ͫ ͺ͙ͪͦͤͭͭͦͣ ͙͙͡ 

͎͚͙͊ͣͦͪͭͦͣΦ 
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4. ˿ͺ͔͙͙ͤͦ͒ͭΥ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙͍͙͚ͤͦ͒ͤͦ͟͡ ͨ͊ͯ͘ͻ͙Φ ˤ͔ͫͭͪ;͔͊ͭͫΎ ͔͔ͪ͗Σ ͤͦ ͔ͣͦ͗ͭ ͍͒͊͊ͭΈ ͙͔͔ͤ͊͋ͦ͡ 

͔ͫͪΈ͔ͤ͘·͔ ͔͙ͦͫͦ͗ͤͤ͡Ύ ͙͘-͊͘ ͙͙͋ͦͫͭ͘͡ ͟ ͙͔ͪͭ͘͡Έͤ·ͣ ͔͍ͤͪ͊ͣ ͙ ͍͙ͦͫͤͦ͊ͤΌ ͎ͣͦ͊͘Φ 

5. ˽͙͙͊ͤͫͤͯͫͭΥ ͍͔͔͔ͦ͒ͤͦͪͣͤͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ͍͔ͫͻ ͨ͊ͯ͘ͻ ͫ ͚ͦ͒ͤͦ ͫͭͦͪͦͤ·Φ 

6. ˽͙͙͙ͦͫͤͯͫͭ͡Υ ͍͔͙͔ͦͫͨ͊ͤ͡ ͔ͤͫͦ͟͡Έ͙͟ͻΣ ͤͦ ͔ͤ ͍͔ͫͻ ͨ͊ͯ͘ͻΦ 

˽ͦ ͔ͭ;͔͙ͤΌ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͙͊ͫͫ͟͡ͺ͙ͼ͙͔ͪͯͭͫΎ ͤ͊Υ 

¶ ˻ͫͭͪ·͚ ͙͙ͫͤͯͫͭΥ ˿͙ͣͨͭͦͣ· ͫͦͻͪ͊ͤΎΌͭͫΎ ͔͔͔ͣͤ мн ͔͔ͤ͒͡Έ ͙ ͨͦͤͦͫͭ͡ΈΌ ͙ͫ;͔͊͘Όͭ ͔ͨͦͫ͡ 

͔͡;͔͙ͤΎΦ ˴͊͟ ͍͙ͨͪ͊ͦ͡Σ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͔ͨͦͫ͡ ͚ͦͫͭͪͦ ͔͙͚ͪͫͨͪ͊ͭͦͪͤͦ ͍͙͚ͪͯͫͤͦ ͙ͤͺ͔͟ͼ͙͙ ό˻˾ˤˮύΦ 

¶ ͙̆ͪͦͤ;͔͙͚ͫ͟ ͙͙ͫͤͯͫͭΥ ˿͙ͣͨͭͦͣ· ͫͦͻͪ͊ͤΎΌͭͫΎ ͔͔͋ͦ͡ мн ͔͔ͤ͒͡Έ ͙͙͡ ͍͙ͦͤ͊͘͟Όͭ ͔͔͋ͦ͡ п ͪ͊͘ ͍ 

͎ͦ͒ ό͔ͪͼ͙͙͍͙͒ͪͯΌ΅͙͚ύΣ ͙ͨͪ Ήͭͦͣ ͊͗͒͟·͚ Ή͙ͨͦ͒͘ ͙͒ͭͫ͡Ύ ͔ͤ ͔͔͔ͣͤ т-мл ͔͚͒ͤΦ ͙̆ͪͦͤ͊͘ͼ͙Ύ ;͊ͫͭͦ ͍ͫΎ͊ͤ͊͘ 

ͫ ͙͊ͤ͊ͭͦͣ;͔͙͙ͫͣ͟ ͙͊ͤͦͣ͊͡Ύ͙ͣ ͙͙͡ ͔͔͍ͤ͊͒͊ͭͤ͟·ͣ ͔͡;͔͙͔ͤͣ ͎ͦͫͭͪͦͦ ͨͪͦͼ͔ͫͫ͊Φ 

˻͍ͫͤͦͤ·͔ ˽͙ͪ;͙ͤ· 

˻͍ͫͤͦͤ·͙ͣ Ή͙͎͙ͭͦͦ͡;͔͙͙ͫͣ͟ ͺ͙͊ͭͦͪ͊ͣ͟ ͙͙͍ͫͤͯͫͭͦ Ύ͍͡ΎΌͭͫΎΥ 

¶ ˤ͙ͪͯͫ·Υ ˨ͦ фл҈ ͦͫͭͪ·ͻ ͙͙͍ͫͤͯͫͭͦ ͍·͘·͍͊ΌͭͫΎ ͍͙͙ͪͯͫ͊ͣ ό͙ͪͤͦ-Σ ͔͊͒ͤͦ-Σ ͍͙ͪͯͫ· ͎͙ͪͨͨ͊ύΦ ˹͊ 

Ή͚ͭͦ ͙͙ͫͭ͊͒ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ;͊ͫͭͦ ͨͪͦͻ͙ͦ͒ͭ ͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦΦ 

¶ ˣ͔͙͙͊ͭͪ͟Υ ˣ͔͙͊ͭͪ͊͟͡Έͤ͊Ύ ͙ͤͺ͔͟ͼ͙ΎΣ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͙͔͙ͨͪͫͦ͒ͤΎ͔ͭͫΎ ͍͙ͭͦͪ;ͤͦ ͤ͊ р-т ͔͒ͤΈ 

͍͙͚ͪͯͫͤͦ ͙ͤͺ͔͟ͼ͙͙Σ ͎ͦ͒͊͟ ͤ͊ͪͯ΄͔ͤ ͦͭͭͦ͟ ͔͔ͫͪͭ͊͟Φ ˻͍ͫͤͦͤ·͔ ͍͙͔͙ͦ͋ͯ͒ͭ͘͡Υ Streptococcus pneumoniae, 

Haemophilus influenzaeΣ ͔͔ͪ͗ Moraxella catarrhalis. 

¶ ˢ͔͎͙ͪ͡͡ΎΥ ˢ͔͎͙ͪ͡͡;͔͙͚ͫ͟ ͙͙ͪͤͭ ͍·͘·͍͔͊ͭ ͚͙͚ͫͭͦ͟ ͔ͦͭ͟ ͙͙͚ͫͫͭͦ͘͡Σ ;ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

ͦ͋ͫͭͪͯ͟ͼ͙͙ ͙͚ͫͦͯͫͭ ͙ ͍͙͙ͪ͊ͭ͘Ό ͔͎͙͊ͪ͡͡;͔͎ͫͦͦ͟ ͎͙͍͎ͪ͋ͦͦͦ͟ ͙͙ͫͤͯͫͭ͊Φ 

¶ ˢ͙ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟·Υ ˮ͙͍͔͙͔ͫͪͤ͟͡ ͍͚ͤͦͫͦͦ ͔͔͎͙ͨͪͦͪͦ͒͟Σ ͎͙͔ͨͪͭͪͦͺ͙Ύ ͍ͤͦͫͦ·ͻ ͍͙ͪ͊ͦͤ͟Σ 

͙ͤ͊͡;͙͔ ͙͍ͨͦͨͦ͡ ͙͙͡ ͙ͫͭ͟ ͎ͣͦͯͭ ͔ͣͻ͙͊ͤ;͔͙ͫ͟ ͙͍͋ͦͪͦ͊ͭ͟͡Έ ͫͦͯͫͭΈΎΣ ͔͎ͨͪ͒ͪ͊ͫͨͦ͊͊͡Ύ ͟ ͻ͙ͪͦͤ;͔ͫͦͣͯ͟ 

͙͙ͫͤͯͫͭͯΦ 

¶ ˻͎͔͒ͦͤͭͦͤͤ·͔ ͙ͨͪ;͙ͤ·Υ ˤ͔͙͔ͦͫͨ͊ͤ͡ ͍͔ͪͻ͔ͤ;͔͡Όͫͭͤ·ͻ ͨ͊ͯ͘ͻ ό͎͚͙͊ͣͦͪͭύ ͔ͣͦ͗ͭ ͋·ͭΈ ͍·͍͊ͤͦ͘ 

͙ͤͺ͔͟ͼ͙͔͚ ͙͘ ͔͚ͦͪͤ͟ ͍͔ͪͻ͙ͤͻ ͍ͯ͋ͦ͘Φ 

˸͔ͭͦ͒· ˨͙͎͙͙͊ͤͦͫͭ͟ 

́ͦ;ͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙͙ͫͤͯͫͭ͊ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͍͙ͫͦͦͯͨͤͦͫͭ͟ ͒͊ͤͤ·ͻ ͔͊ͤ͊ͣͤ͊͘Σ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ 

ͦͫͣͦͭͪ͊ ͙ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦΥ 

1. ˴͙͙ͤ͡;͔͙͔ͫ͟ ˿͙ͣͨͭͦͣ·Υ ˴͡Ό;͔͍·͔ ͙͙ͨͪͤ͊͘͟ ͍͟͡Ό;͊Όͭ ͋ͦ͡Έ ͙͙͡ ;͍͍ͯͫͭͦ ͍͔͙͒͊ͤ͡Ύ ͍ 

͙ͦ͋͊ͫͭ͡ ͙͡ͼ͊Σ ͙͙͍ͯͫ͊͡Ό΅͔͔ͫΎ ͙ͨͪ ͔ͤ͊ͦͤ͟͡ ͎͍ͦͦ͡·Σ ͔͊ͦ͗ͤͤͦͫͭ͘͡Έ ͤͦͫ͊Σ ͍·͔͔͙͒ͤ͡Ύ ͙͘ ͤͦͫ͊ ό͙͙ͫͫͭ͘͡·͔Σ 

͎͚ͤͦͤ·͔ύΣ ͙͔͙͔ͫͤ͗ͤ ͦ͋ͦͤΎ͙ͤΎΣ ͙͡ͻͦͪ͊͒͊͟ ό͙ͨͪ ͦͫͭͪͦͣ ͨͪͦͼ͔͔ͫͫύΦ 

2. ͙̏ͤ͒ͦͫͦͨ͟;͔͙͚ͫ͟ ˻ͫͣͦͭͪΥ ˾͙͙ͤͦͫͦͨ͟Ύ ͙͙͡ Ή͙ͤ͒ͦͫͦͨ͟Ύ ͙ͨͦͦͫͭ͡ ͤͦͫ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͙ͯ͊͘͡Έͤͦ 

ͦͼ͔͙ͤͭΈ ͫͦͫͭͦΎ͙͔ͤ ͙͙͚ͫͫͭͦ͘͡Σ ͙ͤ͊͡;͙͔ ͔ͦͭ͊͟Σ ͻ͔͊ͪ͊ͭͪ͟ ͍·͔͔͙͚͒ͤ͡ ͙ ͔͔͙ͦͨͪ͒ͭ͡Έ ͙ͦ͊͊͘͟͡͡ͼ͙Ό ͎ͤͦΎ ͍ 

͔͔ͫͪ͒ͤͣ ͍ͤͦͫͦͦͣ ͻ͔ͦ͒Φ 

3. ˤ͙͙ͯ͊͊͘͘͡ͼ͙ͦͤͤ·͔ ˸͔ͭͦ͒·Υ 

o ˾͔͎͔͎ͤͭͤͦͪ͊ͺ͙Ύ ͍ͦͦͦͤͦͫͦ͟͡·ͻ ͨ͊ͯ͘ͻΥ ͔͍̂ͫͭ͊ͪ΄͙͚Σ ͤͦ ͋·ͫͭͪ·͚ ͔ͣͭͦ͒Φ ˽ͦ͊͘͟·͍͔͊ͭ ͍͔ͯͪͦͤΈ 

͙͙͗͒ͦͫͭ͟ ͙͙͡ ͎͎͔͔ͦͣͦͤͤͦ ͔͔͙͔͊ͭͣͤͤ͘ ͨ͊ͯ͘ͻ͙Φ 

o ˴ͦͣͨΈΌ͔ͭͪͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ό˴́ύΥ ͍̒͡Ύ͔ͭͫΎ Ϧͦͦͭ͘͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣϦ ͙͎͙͙͒͊ͤͦͫͭ͟Φ ˴́ ͔͒͊ͭ 

͔͒ͭ͊͡Έ͔ͤͦ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ ͦͫͭͤ͟·ͻ ͫͭͪͯͭͯͪ͟Σ ͔͔͙ͫͭͨͤ ͔͙ͨͦͪ͊͗ͤΎ ͙͙͚ͫͫͭͦ͘͡Σ ͙ͤ͊͡;͙Ύ ͙͍ͨͦͨͦ͡Σ ͙ͫͭ͟ ͙ 

͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͙͚͊ͤͦͣ͊͡Σ ;ͭͦ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ͙͍͙ͨ͊ͤͪͦ͊ͤ͡Ύ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͔͡;͔͙ͤΎ 

ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͺͦͪͣΦ 

o ˸͎͙͊ͤͭͤͦ-͔ͪͦͤ͊ͤͫͤ͊͘Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ό˸˾́ύΥ ˮͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͔͔ͪ͗Σ ͍ ͍ͦͫͤͦͤͦͣ ͒͡Ύ 

͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͫ ͦͨͯͻͦ͡Ύ͙ͣ ͙͙͡ ͙ͨͪ ͔͙͙ͨͦ͒ͦͪͤ͘ ͤ͊ ͍͙ͤͯͭͪ;͔͔ͪͨͤ·͔ ͔͙ͦͫͦ͗ͤͤ͡ΎΣ 

ͭ͊͟ ͊͟͟ ͯ͡;΄͔ ͍͙͙͙͔ͯ͊ͪͯͭ͘͘͡ ͣΎ͎͙͔͟ ͙ͭ͊ͤ͟Φ 

4. ˶͊͋ͦͪ͊ͭͦͪͤ·͔ ͙ ˸͙͙͎͙ͪͦ͋ͦͦ͟͡;͔͙͔ͫ͟ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ˤ͟͡Ό;͊Όͭ ͦ͋΅͙͚ ͙͊ͤ͊͘͡ ͍͙ͪͦ͟ ό͒͡Ύ 

ͦͼ͔͙ͤ͟ ͍͔͙ͦͫͨ͊ͤ͡ΎύΣ ͊ ͔ͭ͊͗͟ ͔͙͎͙͋͊ͭͪͦͦ͟͡;͔͙͚ͫ͟ ͔͍ͨͦͫ ͔͔ͫͪͭ͊͟Σ ͨͦͯ͡;͔͎ͤͤͦͦ ͙͘ ͨ͊ͯ͘ͻ͙ ͙ͨͪ ͨͯͤ͟ͼ͙͙ 
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͙͙͡ Ή͙ͤ͒ͦͫͦͨ͟;͔ͫͦͣ͟ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡Σ ͒͡Ύ ͭͦ;͎ͤͦͦ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͍͙͔ͦ͋ͯ͒ͭ͘͡Ύ ͙ ͔͎ͦ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͟ 

͙͙͙͊ͤͭ͋ͦͭ͊ͣ͟Φ 

˾͔͔͊ͤͤ ͍·Ύ͍͔͙͔ͤ͡ ͍͙͒͊ ͙ ͙ͨͪ;͙ͤ· ͙͙ͫͤͯͫͭ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͔͍͔͔ͫͦͪͣͤͤͦ ͤ͊ͤ͊͘;͙ͭΈ ͔͍͔͊͒͊ͭͤͦ͟ 

͔͡;͔͙͔ͤ ό͙͙͙͙͊ͤͭ͋ͦͭ͟Σ ͙ͭͦͨ;͔͙͔ͫ͟ ͔͙ͫͭͪͦ͒·Σ ͨͪͦͣ·͍͙͊ͤΎύΣ ͔͍ͨͪ͒ͦͭͪ͊΅͊Ύ ͔͔ͨͪͻͦ͒ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͍ 

ͻ͙ͪͦͤ;͔ͫͯ͟Ό ͺͦͪͣͯ ͙ ͍͙͙͔ͪ͊ͭ͘ ͭΎ͔͗͡·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͙ͭ͊͟ͻ ͊͟͟ ͔͙͎͙ͣͤͤͭΣ ͊͋ͫͼ͔ͫͫ ͎ͣͦ͊͘ ͙͙͡ ͺ͔͎ͣͦͤ͊͡ 

͙ͦͪ͋ͭ·Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˹͙͙͙ͭͤ͟ ̑ΦˮΦΣ ˿͙͍ͣͪͤͦ͊ ˩Φ˽Φ ˻͙͙͎͎͙ͭͦͪͤͦ͊ͪͤͦͦ͡͡ΎΥ ˿͍͔͔ͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ 

͔͡;͔͙ͤΌΦ п-͔ ͙͒͘Φ ˸͍ͦͫ͊͟Υ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлннΦ 

2. ˤ͙͊ͫ͡Έ͔͍͊ ˶Φ˴Φ ˭͔͍͙͊͋ͦ͊ͤ͡Ύ ͍͔ͪͻ͙ͤͻ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΦ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ˿͔ͨͼ˶͙ͭΣ нлнлΦ 

3. ˽͔͍ͭͪͦ ˢΦˤΦΣ ˮ͍͍͊ͤͦ ˣΦ˿Φ ͙̆ͪͦͤ;͔͙͚ͫ͟ ͙͙ͫͤͯͫͭΥ ͙͎͙̏ͭͦͦ͡ΎΣ ͎͔͔ͨ͊ͭͦͤ͘Σ ͔͡;͔͙͔ͤΦ ˤ͔ͦͪͦͤ͗Υ ˮ͒͘-͍ͦ ˤ˥̂Σ 

2018. 

4. ˿͍ͦͦͦ͟͡ ˾Φ˸Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͎͙ͪͤͦͦ͡ΎΦ о-͔ ͙͒͘Φ ˾͍ͦͫͭͦ-ͤ-͊˨ͦͤͯΥ ͔͙̅ͤͫ͟Σ нлнмΦ 

ϭ ˥ͯ͡Έ͎͔͡Έ͙͔͍͒ ˸Φ, 2025 

 

 

 

 

˥ͯ͡Έ͎͔͡Έ͙͔͍͒ ˸Φ˥ΦΣ  

͙͔͊ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͙͎͎͙͙ͦͭͦ͊ͪͤͦͦ͡͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟  
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ˢͤͤͦͭ͊ͼ͙Ύ 

˿͙͙ͤͯͫͭΣ ͙͙͡ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͍ͦͦͦͤͦͫͦ͟͡·ͻ ͨ͊ͯ͘ͻΣ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ 

͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͍͔ͪͻ͙ͤͻ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΣ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͫͤ͗͊Ό΅͙ͣ ͊͟;͔͍ͫͭͦ 

͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦ ͙ ͫͦͨͪΎ͖͗ͤͤ·ͣ ͫ ͍·͙͙ͫͦͣ͟ Ή͙ͦͤͦͣ͟;͔͙͙ͫͣ͟ ͙͊ͭͪ͊ͭ͊ͣ͘Φ ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ 

ͨͦ͒ͻͦ͒· ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ ͙͙͍ͫͤͯͫͭͦ ͔͔͔͙ͨͪͭͪͨ͡ ͫͯ΅͔͍͔ͫͭͤͤ·͔ ͙͔͔͙ͣͤͤ͘ΎΣ ͔͙͍ͫͣͫͭ΄͙ͫΈ ͦͭ 

Ή͙͙ͣͨͪ;͔͚ͫͦ͟ ͙͙͙͔͙͙͊ͤͭ͋ͦͭͦͭͪ͊ͨ͟ ͟ ͎͔͔͙ͨ͊ͭͦͤͭ;͔͙ͫ͟ ͍ͦ͋ͦͫͤͦ͊ͤͤ·ͣΣ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͘͡·ͣ ͙ 

͙͙ͣͤͣ͊͡Έͤͦ ͙͍͙͍ͤ͊ͤ͘·ͣ ͔ͣͭͦ͒͊ͣΦ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͟͡Ό;͔͍·͔ ͍͔͔ͫͦͪͣͤͤ·͔ 

ͨͦ͒ͻͦ͒·Σ ͍͟͡Ό;͊Ύ ͍͔ͯͫͦͪ΄͔͍͍ͤͫͭͦ͊ͤͤ·͔ ͨͪͦͭͦͦ͟͡· ͔͙͔͎ͣ͒͊ͣͤͭͦͤͦͦ͘͟ ͔͡;͔͙ͤΎ ό͊͟ͼ͔ͤͭ ͤ͊ 

͙ͭͦͨ;͔͙ͫ͟ͻ ͔ͨͪͨ͊ͪ͊ͭ͊ͻ ͙ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͔͙͙ͭͪ͊ͨ ͙ͨͪ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͺͦͪͣ͊ͻύΣ ͊ ͔ͭ͊͗͟ ͍͙͙͔ͪ͊ͭ͘ 

ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͔ͭͻ͙ͤ͟Σ ͙ͭ͊͟ͻ ͊͟͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ Ή͙ͤ͒ͦͫͦͨ͟;͔ͫ͊͟Ύ ͙͙ͪͤͦͫͤͯͫͦͻ͙͎͙ͪͯͪΎ όC9{{ύ ͙ 

͋͊ͦͤͤ͊͡͡Ύ ͙͙ͫͤͯͫͦͨ͊ͫͭ͊͟͡Φ ˽͙͙͔ͦͤͣ͊ͤ Ή͙͎͙͙ͭͦͦ͡ ό͍͙ͪͯͫͤ͊ΎΣ ͔͙͋͊ͭͪ͊͟͡Έͤ͊ΎΣ ͎͙͍ͪ͋ͦ͊͟ΎΣ 

͔͎͙͊ͪ͡͡;͔ͫ͊͟Ύύ ͙ ͍͔͔͙͔ͤ͒ͪͤ ͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊ Ύ͍͡ΎΌͭͫΎ ͍͚ͦͫͤͦͦ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ 

Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͙͙ͭͪ͊ͨ ͙ ͙͔͙ͫͤ͗ͤΎ ;͊ͫͭͦͭ· ͔ͪͼ͙͙͍͍͒ͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͙͙ͫͤͯͫͭΣ ͙͙͙ͪͤͦͫͤͯͫͭΣ ͔͡;͔͙͔ͤΣ ͍͔͔ͫͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒·Σ C9{{Σ ͋͊ͦͤͤ͊͡͡Ύ ͙͙ͫͤͯͫͦͨ͊ͫͭ͊͟͡Σ ͙ͭͦͨ;͔͙͔ͫ͟ 

͙͔͙ͦͪͭͦͫͭͪͦ͒͟͟·Σ ͙͎͙͋ͦͦ͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΣ ͻ͙ͪͦͤ;͔͙͚ͫ͟ ͙͙ͫͤͯͫͭΣ ͙͙͙͔͙͔͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ΈΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˿͙͙ͤͯͫͭ· όͦͫͭͪ·͚ ͙ ͻ͙ͪͦͤ;͔͙͚ͫ͟ ͙͙͙ͪͤͦͫͤͯͫͭύ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͎ͦ͋͊͡͡ΈͤͯΌ ͔ͨͪͦ͋ͣͯ͡ 

͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ ˽ͦ ͦͼ͔ͤ͊ͣ͟Σ ͙ͦͤ ͨͦͪ͊͗͊Όͭ ͙͙ͣͦͤ͡͡· ͡Ό͔͚͒ ͔͔͎͗ͦ͒ͤͦΣ Ύ͍͡ΎΎͫΈ ;͚͊ͫͭͦ ͙ͨͪ;͙͚ͤͦ 
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ͦ͋ͪ͊΅͔͙͚ͤ ͊͘ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅ΈΌ ͙ ͤ͊͘;͙͔ͭ͡Έͤ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͔͔͙ͨͦͭͪ͋ͤ͡Ύ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Φ 

͍̏ͦ͡Όͼ͙Ύ ͍͎͘͡Ύ͍͒ͦ ͤ͊ ͎͔͔ͨ͊ͭͦͤ͘ ͙͙ͫͤͯͫͭ͊ τ ͦͭ ͎ͨͪͦͫͭͦͦ ͙ͤͺ͔͟ͼ͙͎ͦͤͤͦͦ ͨͪͦͼ͔ͫͫ͊ ͒ͦ ͔͎ͦͣͨͫͤͦͦ͟͟͡ 

͍͙͔ͦͫͨ͊ͭ͡͡Έ͎ͤͦͦ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ;͊ͫͭͦ ͫ ͍͍͔ͦ͡;͔͙͔ͤͣ ͙ͣͣͯͤͤ·ͻ ͙ ͔͎͙͊ͪ͡͡;͔͙ͫ͟ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ τ 

͙͊ͪ͒ͤ͊͟͡Έͤͦ ͙͔͙ͣͤ͊͘͡ ͨͦ͒ͻͦ͒· ͟ ͔͎ͦ ͔͡;͔͙ͤΌΦ 

͙́ͪ͊͒ͼ͙ͦͤͤͦ ͔͡;͔͙͔ͤ ͎ͦͫͭͪͦͦ ͙͙ͫͤͯͫͭ͊ ͍͙ͫͦ͒ͦͫ͡Έ ͟ ͙͔͚ͫͫͭͣͤͦ ͙͙͙͔͙͙͊ͤͭ͋ͦͭͦͭͪ͊ͨ͟Φ ˻͒ͤ͊ͦ͟Σ 

͙͔ͦͫͦͤ͊ͤ͘ ͎ͭͦͦΣ ;ͭͦ ͋ͦ͡Έ΄͙͍ͤͫͭͦ ͫͯ͡;͔͍͊ ͎ͦͫͭͪͦͦ ͙͙͙ͪͤͦͫͤͯͫͭ͊ ό͒ͦ фл-фу҈ύ ͙͔ͣΌͭ ͍͙ͪͯͫͤͯΌ 

Ή͙͎͙ͭͦͦ͡ΌΣ ͙͍͔ͨͪͦ͡ ͟ ͔͔ͨͪͫͣͦͭͪͯ ͔͎͙͚ͫͭͪ͊ͭΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ό͙͔ͤ͊ͨͪͣͪΣ 

EPOS - 9ǳǊƻǇŜŀƴ tƻǎƛǘƛƻƴ tŀǇŜǊ ƻƴ wƘƛƴƻǎƛƴǳǎƛǘƛǎ ŀƴŘ bŀǎŀƭ tƻƭȅǇǎύ ͤ͊ͫͭͦΎ͔ͭ͡Έͤͦ ͔͔ͪͦͣͤ͒ͯ͟Όͭ 

͍·͙͔͗͒͊ͭ͡ΈͤͯΌ ͙ͭ͊ͭͯ͟͟ ͙ ͙͙ͫͣͨͭͦͣ͊ͭ;͔͔ͫͦ͟ ͔͡;͔͙͔ͤ ͍ ͔͍ͨͪ·͔ т-мл ͔͚͒ͤΦ ̏ͭͦ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ 

͙͔͙͔ͫͤ͗ͤ ͔͍͎ͤͦͨͪ͊͒͊ͤͤͦͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟ ͙ ͋ͦͪΈ͋ͯ ͫ ͪ͊ͫͭͯ΅͔͚ 

͙͙͙͔͙͔͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ΈΌΦ 

˸͔͙͔͒͊ͣͤͭͦͤ͘͟·͔ ˮ͍ͤͤͦ͊ͼ͙͙ 

˴͡Ό;͔͍·͙ͣ Ή͔͔͙ͣͤͭ͊ͣ͡ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͔͙͔͎ͣ͒͊ͣͤͭͦͤͦͦ͘͟ ͔͡;͔͙ͤΎ Ύ͍͡ΎΌͭͫΎΥ 

1. ͙́ͦͨ;͔͙͔ͫ͟ ͙ͤͭͪ͊ͤ͊͊͘͡Έͤ·͔ ͙͔͙ͦͪͭͦͫͭͪͦ͒͟͟· ό́ˮ˴˿ύΥ ́ˮ˴˿ ͙ͫͭ͊͡ ͔͎ͪ͊ͯͦ͟͡Έͤ·ͣ ͔͊ͣͤͣ͟ 

͔͙͙ͭͪ͊ͨ ͊͟͟ ͎ͦͫͭͪͦͦΣ ͭ͊͟ ͙ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͙͙ͫͤͯͫͭ͊Φ ˮͻ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͔͚͍͙͔͒ͫͭ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͔ͯͣͤΈ΄͔͙ͤΌ ͖ͦͭ͊͟ ͙͙͚ͫͫͭͦ͘͡Σ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ό ͔͒ͪͤ͊͗͊ ͨ͊ͯ͘ͻ ͙ ͯͯ͡;΄͔͙ͤΌ ͣͯͦ͟ͼ͙͙͎͊ͪͤͦͦ͡ 

͙͔ͪͤͫ͊͟͡Φ ˽͙ͪ ͻ͙ͪͦͤ;͔ͫͦͣ͟ ͙͙͙͔ͪͤͦͫͤͯͫͭ ό̆˾˿ύ ͫ ͙͙ͨͦͨ͊ͣ͡ ͙ ͔͋͘ ͙ͤͻ ́ˮ˴˿ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͙͔͒ͭ͡͡ΈͤͦΦ 

2. ˣ͙͎͙ͦͦ͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΥ ̏ͭͦ ͔͍ͪͦ͡Όͼ͙ͦͤͤ·͚ ͨͪͦͪ·͍ ͍ ͔͡;͔͙͙ͤ ͭΎ͖͗͡·ͻ ͺͦͪͣ ̆˾˿ ͫ 

ͤ͊͊͘͡Έͤ·͙ͣ ͙͙ͨͦͨ͊ͣ͡Σ ͦͭͦͪ͟·͚ ;͊ͫͭͦ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤ ͫ Ή͙ͦͤͦ͘ͺ͙͡Έͤ·ͣ ͍͔͙͔ͦͫͨ͊ͤͣ͡ н-͎ͦ ͙ͭͨ͊Φ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͣͦͤͦͦͤ͊͟͡͡Έͤ·ͻ ͙͔͊ͤͭͭ͡ ό͙͔ͤ͊ͨͪͣͪΣ ͙͒ͯͨͯͣ͊͋͊͡Σ ͍͔͎ͤ͊ͨͪ͊ͤͤͦͦ͡ ͙͍ͨͪͦͭ L[-п ͙ L[-13) 

͍ͨͦͦ͘͡Ύ͔ͭ Ήͺͺ͔͙͍ͭͤͦ͟ ͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔ͯͣͤΈ΄͊ͭΈ ͔ͪ͊ͣͪ͘· ͙͍ͨͦͨͦ͡Σ 

͍͍͙͍ͦͫͫͭ͊ͤ͊͊ͭ͡Έ ͦ͋ͦͤΎ͙͔ͤ ͙ ͙ͫͤ͗͊ͭΈ ͔ͨͦͭͪ͋ͤͦͫͭΈ ͍ ͙͔ͫͫͭͣͤ·ͻ ͙͔͙ͦͪͭͦͫͭͪͦ͒͊͟͟ͻ ͙ ͍ͨͦͭͦͪͤ·ͻ 

͔ͦͨͪ͊ͼ͙ΎͻΦ 

3. ˢ͙͔͚͙͔͍ͤͭͦͭͪͤͦ͟͡·͔ ͔ͨͪͨ͊ͪ͊ͭ· ͙ ͙͎͙͙͊ͤͭͫͭ͊ͣͤͤ·͔ ͔͍ͫͪ͒ͫͭ͊Υ ˮͫͨͦ͡Έͯ͘ΌͭͫΎ ͙ͨͪ ͙͙ͫͤͯͫͭ͊ͻΣ 

͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·ͻ ͫ ͔͎͙͊ͪ͡͡;͔͙ͫͣ͟ ͔ͦͣͨͦͤͤͭͦͣ͟Σ ͒͡Ύ ͙͍͙ͯͨͪͦ͊ͤ͟Ύ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͙͍ͫͣͨͭͦͣͦΦ 

͙͎͙̆ͪͯͪ;͔͔ͫͦ͟ ˾͍͙͙͔͊ͭ͘ 

ˤ ͙ͦ͋͊ͫͭ͡ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͔͡;͔͙ͤΎ ͙͙͍ͫͤͯͫͭͦ ͙ͨͪͦͦ͘΄͊͡ ͔ͫͣͤ͊ ͙͎ͨ͊ͪ͊͒ͣ·Υ 

1. ̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͙̏ͤ͒ͦͫͦͨ͟;͔ͫ͊͟Ύ ˾͙͙ͤͦͫͤͯͫͦͻ͙͎͙ͪͯͪΎ όC9{{ύΥ ̏ͭͦ ͚ͦͦͭͦ͘͡ ͫͭ͊ͤ͒͊ͪͭ ͔͡;͔͙ͤΎ 

̆˾˿Σ ͚ͯͫͭͦ;͙͍͎ͦͦ ͟ ͔͙͔͚ͣ͒͊ͣͤͭͦͤͦ͘͟ ͔͙͙ͭͪ͊ͨΦ C9{{ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͙͙ͣͤͣ͊͡Έͤͦ ͙͍͙͍͔ͤ͊ͤͦ͘ 

͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͔͔͍͔ͫͭͫͭͤͤ·ͻ ͔͒ͪͤ͊͗ͤ·ͻ ͔͚ͨͯͭ ͨ͊ͯ͘ͻ ͫ ͙ͣ͊ͫͣ͊͟͡Έͤ·ͣ ͫͦͻ͔͙͔ͪ͊ͤͤͣ ͍͚͒ͦͪͦͦ͘ 

͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟Σ ;ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͖ ͋·͔ͫͭͪͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡Φ 

2. ˣ͊ͦͤͤ͊͡͡Ύ ͙͙ͫͤͯͫͦͨ͊ͫͭ͊͟͡Υ ̏ͭͦ ͔͔͋ͦ͡ ΅͊͒Ύ΅͊Ύ ͔ͭͻ͙ͤ͊͟Σ ͙ͫͨͦ͡Έ͔ͯͣ͊͘Ύ ͒͡Ύ ͪ͊ͫ΄͙͔͙ͪͤΎ 

͔͔͍͔ͫͭͫͭͤͤ·ͻ ͙͚ͫͦͯͫͭ ͨ͊ͯ͘ͻ ͫ ͨͦͣͦ΅ΈΌ ͔ͫͨͼ͙͊͡Έ͎ͤͦͦ ͔͔͊ͭͭͪ͊͟ ͫ ͋͊ͦͤͦͣ͡͡Σ ͦͭͦͪ͟·͚ ͍͔ͪ͊͒ͯ͊ͭͫ͘Ύ ͨͦ͒ 

͍·͙ͫͦͣ͟ ͍͔͙͔͒͊ͤͣ͡Φ ˸͔ͭͦ͒ ͔ͦͫͦ͋ͤͤͦ ͼ͔͔ͤͤ ͙ͨͪ ͔͡;͔͙͙ͤ ͎ͦ͋ͤͦͦ͡ ͙ ͙͍͙͎ͤͦ͒ͤͦͦ͟͡ ͙͙͍ͫͤͯͫͭͦΣ ͊ ͔ͭ͊͗͟ 

ͯ ͔͔͚͒ͭΣ ͨͦͫͦ͟͡Έͯ͟ ͦͤ ͔ͤ ͔͔ͭͪ͋ͯͭ ͔͙ͯ͒͊ͤ͡Ύ ͦͫͭͤ͟·ͻ ͙ ͙͙ͫͫͭ͘͡·ͻ ͫͭͪͯͭͯͪ͟Φ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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THERAPEUTIC STRATEGIES FOR CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD) 

 

Abstract 

Chronic obstructive pulmonary disease (COPD) is a progressive respiratory disorder characterized by 
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irreversible airflow limitation, chronic airway inflammation, and lung tissue destruction. The disease 

represents a significant socio-economic problem and is among the leading causes of disability and mortality 

worldwide. This article examines modern therapeutic strategies, including pharmacological treatment, non-

pharmacological methods, rehabilitation, exacerbation prevention, monitoring, and individualized therapy. 

Special attention is given to comprehensive patient management, the impact of comorbidities, lifestyle 

modification, breathing exercises, and the implementation of innovative technologies. These strategies aim 

to slow disease progression, improve lung function, and enhance the quality of life for patients. 

Keywords:  

COPD, therapy, bronchodilators, inhaled medications, rehabilitation, exacerbation, 

 respiratory failure, chronic inflammation. 
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͔͙͚ͦ͋ͦͫͭͪͤΣ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͎͙͚ͨ͊ͭͦͦ͡ ͙ ͫͦͼ͙͊͡Έͤͦ-͋·͍ͭͦ·ͻ ͍͙͚ͯͫͦ͡ ͨ͊ͼ͙͔ͤͭ͊Φ ˿͍͔͔ͦͪͣͤͤ·͔ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͔ͦͣͨͫͤ͟͟͡·͚ ͨͦ͒ͻͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͤ ͭͦ͡Έͦ͟ ͯͯ͡;΄͙ͭΈ ͙͙ͤ͟͡;͔͙͔ͫ͟ 

͔͙ͨͦ͊͊ͭ͘͟͡Σ ͤͦ ͙ ͙͙ͫͤͭ͘Έ ͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙Σ ͙ͯͫͦͪͭ͟Έ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͔ͨͦͫ͡ ͔͙͚ͦ͋ͦͫͭͪͤ ͙ ͍ͨͦ·͙ͫͭΈ 

ͦ͋΅ͯΌ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ͙ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ̆˻ˣ˶Φ 

͎͙̅͊ͪͣ͊ͦͦ͟͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎ ͖ͦͫͭ͊ͭͫΎ ͍ͦͫͤͦͤ·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͔͡;͔͙ͤΎ ̆˻ˣ˶ ͙ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ 

ͪ͊ͫ΄͙͔͙͔ͪͤ ͋ͪͦͤͻ͍ͦΣ ͔ͯͣͤΈ΄͔͙͔ͤ ͍͔͙ͦͫͨ͊ͤ͡ΎΣ ͙͔͙͔ͫͤ͗ͤ ;͊ͫͭͦͭ· ͔͙͚ͦ͋ͦͫͭͪͤ ͙ ͯͯ͡;΄͔͙͔ͤ 

͔͔͙͙ͨͪͤͦͫͣͦͫͭ ͺ͙͙͘;͔͙ͫ͟ͻ ͎ͤ͊ͪͯͦ͘͟Φ ˻͍ͫͤͦͯ ͍ͫͦͫͭ͊͡ΎΌͭ ͙͎ͤ͊͡Ύͼ͙ͦͤͤ·͔ ͋ͪͦͤͻ͙ͦ͒͊ͭ͊ͭͦͪ͡·Σ 

͍͟Ό͡;͊Ό΅͙͔ 2̡-͎͙͊ͦͤͫͭ· ͎ͦͪͦͭͦͦ͟͟ όSABAύ ͙ ͙͔͒ͭ͡͡Έ͎ͤͦͦ ͔͚͍͙͒ͫͭΎ όLABAύΣ ͙͊ͤͭͻ͙͔͎͙ͦͤͪ͡;͔͙͔ͫ͟ 

͔ͨͪͨ͊ͪ͊ͭ· ͎ͦͪͦͭͦͦ͟͟ όSAMAύ ͙ ͙͔͒ͭ͡͡Έ͎ͤͦͦ ͔͚͍͙͒ͫͭΎ όLAMAύΣ ͊ ͔ͭ͊͗͟ ͙ͦͣ͋ͤ͊͟ͼ͙͙ Ή͙ͭͻ ͔͍ͫͪ͒ͫͭΦ 

˨͙͔ͭ͡͡Έ͔ͤͦ ͙͔͔͙͔ͨͪͣͤͤ ͋ͪͦͤͻ͙͍ͦ͒͊ͭ͊ͭͦͪͦ͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͙͙͍ͫͭ͊͋ͪͦ͊ͭ͘͡Έ ͺͯͤ͟ͼ͙Ό ͖͎͙͟͡ͻΣ ͔ͯͣͤΈ΄͙ͭΈ 

͍·͔ͪ͊͗ͤͤͦͫͭΈ ͙͍ͫͣͨͭͦͣͦ ͙ ͙͙ͫͤͭ͘Έ ͙ͪͫ͟ ͔͙͚ͦ͋ͦͫͭͪͤΦ 

˽͙ͪ ͔͔͚ͯͣͪͤͤͦ ͙ ͭΎ͖͚͗ͦ͡ ͺ͔ͦͪͣ ̆˻ˣ˶ ͤ͊ͤ͊͘;͊ΌͭͫΎ ͙͎ͤ͊͡Ύͼ͙ͦͤͤ·͔ ͎͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͟͟͟· 

όˮ˥˴˿ύΣ ͦͭͦͪ͟·͔ ͍ͨͦ͒͊͡ΎΌͭ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΣ ͔ͯͣͤΈ΄͊Όͭ ͖ͦͭ͟ ͙͙͚ͫͫͭͦ͘͡ 

ͦ͋ͦͦ͡;͙͟ ͙ ͯͯ͡;΄͊Όͭ ͋ͪͦͤͻ͙͊͡ΈͤͯΌ ͨͪͦͻ͙ͦ͒ͣͦͫͭΈΦ ˴͙ͦͣ͋ͤ͊ͼ͙͙ ˮ˥˴˿ ͫ LABA ͙͒ͦ͊͊͘͟͡ ͍ͫͦΌ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͍ ͙͔͙͙ͫͤ͗ͤ ;͊ͫͭͦͭ· ͔͙͚ͦ͋ͦͫͭͪͤ ͙ ͯͯ͡;΄͔͙͙ͤ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙ͫͻ͍ͦ͒ͦΦ ˤ ͔ͦͭ͒͡Έͤ·ͻ 



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

 

 

184 

ͫͯ͡;͊Ύͻ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͔͙ͭͪ͊ͨΎ ͙͙͙ͣͯͦͭ͊ͣ͟͟͡Σ ͍͔ͤ͊ͨͪ͊ͤͤ͊͡Ύ ͤ͊ ͙͔͙͔ͪ͊͗͗ͤ͘ ͣͦͪͦͭ͟· ͙ ͔͎ͦ͋͡;͔͙͔ͤ ͔͖ 

Ή͍͊ͯ͊͟ͼ͙͙Σ ;ͭͦ ͔ͯͣͤΈ΄͔͊ͭ ͚͊ͫͭͦͤ͘·͔ Ύ͍͔͙ͤ͡Ύ ͙ ͙ͪͫ͟ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

ˢ͙͔͙ͤͭ͋͊ͭͪ͊͟͡Έͤ͊Ύ ͔͙ͭͪ͊ͨΎ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͭͦ͡Έͦ͟ ͙ͨͪ ͍͔͖ͨͦ͒ͭͪ͗͒ͤͤ·ͻ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ 

͔͙ͦ͋ͦͫͭͪͤΎͻ ͙͙͡ ͭΎ͖͚͗ͦ͡ ͔͍͙͙ͨͤͣͦͤ ͤ͊ ͺ͔ͦͤ ̆˻ˣ˶Φ ˤ͊͗ͤͦ ͯ;͙ͭ·͍͊ͭΈ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͍͔͚͊ͪͫͭͤͤͦ͟͡ 

͙͎͙͙ͨͦͨͪ͊ͣ͊͘͡Σ ͍ͫͦͨͯͭͫͭͯΌ΅͙͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͔ͫͪ͒ͼ͊ ͙ ͨͦ;͔͟Σ ͊ ͔ͭ͊͗͟ ͙͙͍͙ͤ͒͒ͯ͊͡ΈͤͯΌ ͔͔͙ͨͪͤͦͫͣͦͫͭΈ 

͔͍ͨͪͨ͊ͪ͊ͭͦΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͨͦ͒͋ͦͪ ͔͙͙ͭͪ͊ͨ ͔͒ͦ͗ͤ͡ ͋·ͭΈ 

͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͘͡·ͣΥ ͒ͦ͊͘Σ ;͊ͫͭͦͭ͊ ͙͖ͨͪͣ͊ ͙ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͙ͨͦ͒͋ͪ͊ΌͭͫΎ ͫ ͯ;͖ͭͦͣ 

ͭΎ͔͙͗ͫͭ ͔͙͋ͦͤ͘͡Σ ;͊ͫͭͦͭ· ͔͙͚ͦ͋ͦͫͭͪͤ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͫͦͫͭͦΎ͙ͤΎ ͨ͊ͼ͙͔ͤͭ͊Φ ̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ 

ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͚ͫͦ͟ ͔͙͙ͭͪ͊ͨ ͦͼ͔͙͍͔ͤ͊ͭͫΎ ;͔͔ͪ͘ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔͙ͨͦ͊͊ͭ͘͟͡Σ ;͊ͫͭͦͭͯ ͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͚ ͙ 

͔ͪͯ͘͡Έͭ͊ͭ· ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͖͎͙͟͡ͻΦ 

˹͔͔͙͔ͣ͒͊ͣͤͭͦͤ͘͟·͔ ͔ͣͭͦ͒· ͙͎ͪ͊Όͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͔͚ͦͣͨͫͤͦ͟͟͡ ͔͙͙ͭͪ͊ͨ ̆˻ˣ˶ ͙ ͍͟͡Ό;͊Όͭ 

͒·ͻ͔͊ͭ͡ΈͤͯΌ ͎͙͙ͣͤ͊ͫͭͯ͟Σ ͺ͙͙͘;͔ͫͯ͟Ό ͔͙͙ͪ͊͋ͭ͊͡ͼ͙ΌΣ ͙ͫͦͪͦ͒ͤͯ͟͡Ό ͔͙ͭͪ͊ͨΌ ͙ ͔ͦͪͪ͟͟ͼ͙Ό ͺ͍͊ͭͦͪͦ͟ 

͙ͪͫ͊͟Φ ˨·ͻ͔͊ͭ͡Έͤ͊Ύ ͎͙͙ͣͤ͊ͫͭ͊͟ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͍ͨͦ·΄͔͙͔ͤ Ή͙͊ͫͭ͡;͙ͤͦͫͭ ͖͎ͦ͡;͚ͤͦ ͙ͭ͊ͤ͟Σ ͯͯ͡;΄͔͙͔ͤ 

͍͔͙ͤͭ͡Ύͼ͙͙ ͙ ͔ͯͣͤΈ΄͔͙͔ͤ ͎͙͔͙͙ͨͪ͊ͨͤ͟Φ ˹͙͔͔͊͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟· ͔ͭͻ͙͙ͤ͟ ͙͒͊ͺ͎ͪ͊ͣ͊͡Έ͎ͤͦͦ ͙ ͎͎ͯ͋ͤͦͦ 

͒·ͻ͙͊ͤΎΣ ͦͭͦͪ͟·͔ ͙ͫͤ͗͊Όͭ ͪ͊͋ͦͭͯ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͣͯͫͯ͊ͭͯͪ͟͡·Σ ͍͔͙ͯ͡;͙͍͊Όͭ ͦ͋Ά͖ͣ ͖͎͙͟͡ͻ ͙ 

͔ͯͣͤΈ΄͊Όͭ ͦ΅ͯ΅͔͙͔ͤ ͦ͒·΄͙͟Φ 

͙͙̅͘;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͙ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙Ύ ͍͟͡Ό;͊Όͭ ͊Ήͪͦ͋ͤ·͔ ͙ ͙͍ͫͦ͡·͔ ͔͙ͯͨͪ͊͗ͤͤΎΣ 

͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙͔ ͔͔͙ͯͪͨͤ͟͡Ό ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͙ ͔͔ͫͭͤ͟͡·ͻ ͣ·΄ͼΣ ͍ͨͦ·΄͔͙ͤΌ ͔͔͙͙ͨͪͤͦͫͣͦͫͭ ͎ͤ͊ͪͯͦ͘͟ ͙ 

͙͔͙ͫͤ͗ͤΌ ͙ͪͫ͊͟ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˶͖͎ͦ;ͤ͊Ύ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙Ύ ͔ͭ͊͗͟ ͦ͊͘͟·͍͔͊ͭ ͙ͨͫͻͦΉͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ 

͍͔͚͍͙͔ͦ͒ͫͭ͘Σ ͔ͯͣͤΈ΄͊Ύ ͔͍ͭͪͦ͗ͤͦͫͭΈΣ ͔͔͙͍͒ͨͪͫͫͤ·͔ ͫͦͫͭͦΎ͙ͤΎ ͙ ͯͯ͡;΄͊Ύ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘Φ 

˴͙ͫͦͪͦ͒ͤ͊͡Ύ ͔͙ͭͪ͊ͨΎ ͨͦ͊͊ͤ͊͘͟ ͨ͊ͼ͙͔ͤͭ͊ͣ ͫ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͎͙͔͙͔͚ͨͦͫͣ͟Φ ˻ͤ͊ ͔ͯͣͤΈ΄͔͊ͭ ͎ͤ͊ͪͯͯ͘͟ 

ͤ͊ ͔ͫͪ͒ͼ͔ ͙ ͔͎ͦ͡;ͤ·͔ ͫͦͫͯ͒·Σ ͯͯ͡;΄͔͊ͭ ͔͍ͭ͊ͤ͟·͚ ͔͙ͣͭ͊͋ͦͣ͘͡ ͙ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˽͊ͼ͙͔ͤͭ·Σ 

ͨͦͯ͡;͊Ό΅͙͔ ͙͔͒ͭ͡͡ΈͤͯΌ ͙ͫͦͪͦ͒ͤͯ͟͡Ό ͔͙ͭͪ͊ͨΌΣ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͯͯ͡;΄͔͙͔ͤ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ 

͔͔͚ͨͦ͊͊ͭ͘͟͡ ͙ ͙͔͙͔ͫͤ͗ͤ ͔͙ͫͣͪͭͤͦͫͭΦ 

ˤ͊͗ͤ·ͣ ͔͊ͫͨͭͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͔ͦͪͪ͟͟ͼ͙Ύ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟Σ ͍͟͡Ό;͊Ύ ͦͭ͊͘͟ ͦͭ ͔͙ͯͪͤ͟ΎΣ ͦͤͭͪͦ͟͡Έ 

͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͍ͦ͒ͯ͘ͻ͊Σ ͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͙͙͔ͨͭ͊ͤ ͙ ͨͪͦͺ͙͙͊ͭͯ͟͟͡ ͙ͤͺ͔͟ͼ͙͚Φ ˴͔ͦͣͨͫͤ͟͡·͚ 

͔͔͙͔ͤͣ͒͊ͣͤͭͦͤ͘͟·͚ ͨͦ͒ͻͦ͒ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͔͙͊ͣ͒ͤ͘͡Ό ͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΎ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͙͔͙ͫͤ͗ͤΌ 

;͊ͫͭͦ ͭ· ͔͙͚ͦ͋ͦͫͭͪͤΣ ͯͯ͡;΄͔͙ͤΌ ͙͙͙ͫͣͨͭͦͣ͊ͭ͟ ͙ ͍ͨͦ·΄͔͙ͤΌ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˶͖͎ͦ;ͤ͊Ύ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙Ύ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ Ή͔͔ͣͤͭͦͣ͡ ͔͚ͦͣͨͫͤͦ͟͟͡ ͔͙͙ͭͪ͊ͨ ̆˻ˣ˶Φ ˻ͤ͊ 

͍͟͡Ό;͔͊ͭ ͔͙͍ͭͪͤͪͦͦ;ͤ·͔ ͎ͨͪͦͪ͊ͣͣ·Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ ͯͯ͡;΄͔͙͔ͤ ͪ͊͋ͦͭ· ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͣ·΄ͼΣ 

͍ͨͦ·΄͔͙͔ͤ ͦ͋΅͔͚ ͍·͙͍͙ͤͦͫͦͫͭ͡Σ ͔ͦͪͪ͟͟ͼ͙Ό ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͍ͨ͊ͭͭͪͤͦ ͙ ͙͔͙͔ͫͤ͗ͤ ͦ͒·΄͙͟Φ ˽͊ͼ͙͔ͤͭ· 

ͦ͋ ͯ;͊ΌͭͫΎ ͦͤͭͪͦ͟͡Ό ͒·ͻ͙͊ͤΎ ͙ͨͪ ͺ͙͙͘;͔͚ͫͦ͟ ͎͔ͤ͊ͪͯ͘͟ ͙ ͍͔͔͍͚ͨͦͫ͒ͤͤͦ ͙͍͙͊ͭͤͦͫͭ͟Φ 

˻͋ͯ;͔͙͔ͤ ͨ͊ͼ͙͔ͤͭ͊ ͍͟͡Ό;͔͊ͭ ͙ͤͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͦ ͙͔ͨͪͪͦ͒ ͔͙͋ͦͤ͘͡Σ ͍͙ͨͪ͊͡Έͤͦͣ ͙͔͔͙͙ͨͪͣͤͤ 

͙͎ͤ͊͡Ύ͍ͭͦͪͦΣ ͙͙͎͔ͣͦͤͭͦͪͤ ͙͍ͫͣͨͭͦͣͦ ͙ ͔ͪ͊ͤͤͣ ͍͙͙ͪ͊ͫͨͦͤ͊͊ͤ͘ ͔͙͚ͦ͋ͦͫͭͪͤΦ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͨ͊ͼ͙͔ͤͭ͊ͣ 

͍͍͔ͦͪͣΎ ͔͎͙͍ͪ͊ͪͦ͊ͭΈ ͤ͊ ͯͻͯ͒΄͔͙͔ͤ ͫͦͫͭͦΎ͙ͤΎΣ ͙ͫͤ͗͊Ύ ͙ͪͫ͟ ͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙Φ ˾͔͙͙͊͋ͭ͊͡ͼ͙ͦͤͤ·͔ 

͎ͨͪͦͪ͊ͣͣ· ͍͟͡Ό;͊Όͭ ͔͙ͯͨͪ͊͗ͤͤΎ ͤ͊ ͒·ͻ͙͔͊ͤΣ ͊Ήͪͦ͋ͤ·͔ ͙ ͙͍ͫͦ͡·͔ ͎͙ͤ͊ͪͯ͘͟Σ ͒·ͻ͔͊ͭ͡ΈͤͯΌ 

͎͙͙ͣͤ͊ͫͭͯ͟ ͙ ͔ͭͻ͙͙ͤ͟ ͔ͪ͊ͫ͊͟͡ͼ͙͙Φ 
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APPROACHES TO THE TREATMENT OF ACUTE PANCREATITIS AND PANCREONECROSIS 

 

Abstract 

The article discusses modern approaches to the diagnosis, conservative, and surgical treatment of 

acute pancreatitis and pancreneconrosis. Mechanisms of inflammation, the role of cytokine mediators, and 

complications such as infected necrotic tissue, peritonitis, and systemic inflammatory response are 

described. Particular attention is given to minimally invasive methods, endoscopic drainage, percutaneous 

interventions, and traditional laparotomic necrosectomy. The role of intensive care, nutritional support, and 

prevention of infectious complications is analyzed. Current strategies for managing patients with severe 

disease aimed at reducing mortality and improving outcomes are presented. 

Keywords:  

acute pancreatitis, pancreneconrosis, surgical treatment, minimally invasive methods, 

 drainage, intensive therapy, complications. 
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SURGICAL TACTICS FOR INTESTINAL OBSTRUCTION 

 

Abstract 

The article focuses on modern surgical tactics for intestinal obstruction, discussing the main 

mechanisms of development, clinical forms, diagnostic steps, and operative management. Approaches to 

https://gut.bmj.com/content/62/1/102
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selecting surgical techniques for strangulation and obstructive types of obstruction are presented, as well as 

the role of minimally invasive procedures and intensive perioperative therapy. Key aspects of preventing 

complications, including intestinal ischemia, peritonitis, and sepsis, are highlighted. 

Keywords:  

intestinal obstruction, strangulation, obstruction, surgical strategy, bowel resection, laparotomy. 
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Ύ͍͡Ύ͔ͭͫΎ ͔ͤͦͭΆ͔͔͚ͣͣͦ͡ ;͊ͫͭΈΌ ͎͍͙ͨͦ͒ͦͭͦ͟ ͻ͙͎͍ͪͯͪͦ ͙ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͍͔͔͎ͫͦͪͣͤͤͦͦ 

͔͡;͔͎͋ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ 

˾͙͙͍ͦ͋ͦͭͪͦ͊ͤͤ͘·͔ ͻ͙͎͙ͪͯͪ;͔͙͔ͫ͟ ͙͔ͫͫͭͣ·Σ ͙͔ͭ͊͟ ͊͟͟ Da Vinci ͙  ͙ͻ ͔͔͋ͦ͡ ͍͔͔ͫͦͪͣͤͤ·͔ ͎͙͊ͤ͊ͦ͡Σ 

ͨͪͦ;ͤͦ ͍ͦ΄͙͡ ͍ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͙ͨͪ͊ͭͯ͟͟ ͙ ͨͪͦ͒ͦ͗͊͡Όͭ ͪ͊ͫ΄͙ͪΎͭΈ ͍͙ͫͦ ͍͙ͦͣͦ͗ͤͦͫͭ͘Φ ˻͙ͭ͡;͙͔ͭ͡Έ͚ͤͦ 

͔ͦͫͦ͋ͤͤͦͫͭΈΌ ͙ͪͦ͋ͦͭ;͔͚ͫͦ͟ ͻ͙͎͙͙ͪͯͪ Ύ͍͡Ύ͔ͭͫΎ ͍·ͫͦ͊͟Ύ ͭͦ;ͤͦͫͭΈ ͍͙͔͙͚͒͗ͤΣ ͍͙͔ͦͭͫͯͭͫͭ ͔ͭͪͣͦͪ͊ ͙ 

͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍·͔͙ͨͦͤͤ͡Ύ ͙ͣ͊ͤͨͯ͡Ύͼ͙͚ ͍ ͙ͯ͘͟ͻ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ͻΣ ;ͭͦ ͔ͤ͒ͦͫͭͯͨͤͦ ͙ͨͪ 

͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͙͙͊ͨ͊ͪͦͫͦͨ͟͡Φ ˾͙͙͍ͦ͋ͦͭͪͦ͊ͤͤ͘·͔ ͔ͦͣͨͫ͟͟͡· ͒͊Όͭ ͻ͙͎ͪͯͪͯ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͪ͊͋ͦͭ͊ͭΈ ͍ 

Ή͎͙ͪͦͤͦͣ;ͤ·ͻ ͍͙ͯͫͦ͡ΎͻΣ ͙ͫͨͦ͡Έͯ͘Ύ ͖ͭͪͻ͔͔ͣͪͤͦ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ ͍·͎ͫͦͦͦ͟ ͔ͪ͊ͪ͘΄͔͙ͤΎ ͙ ͙͔ͤͫͭͪͯͣͤͭ· ͫ 

͔ͫͣΈΌ ͔͔ͫͭͨͤΎ͙ͣ ͍ͫͦ͋ͦ͒·Φ ˹͙͊͋ͦ͡Έ΄͔͔ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ Ήͭͦͭ ͔ͣͭͦ͒ ͨͦͯ͡;͙͡ ͍ ͎͙͙ͯͪͦͦ͡Σ 

͙͊ͪ͒ͦ͟ͻ͙͎͙͙ͪͯͪΣ ͭͦͪ͊͊͟͡Έ͚ͤͦ ͙ ͦ͋΅͔͚ ͻ͙͎͙͙ͪͯͪ τ ͤ ͙͔͊ͨͪͣͪΣ ͙ͨͪ ͔͙͙ͯ͒͊ͤ͡ ͦͨͯͻ͔͚ͦ͡ ͨͪΎ͚ͣͦ ͙͟΄͙͟Σ 

͍·͔͙͙ͨͦͤͤ͡ ͎͔͙͙͙ͪͤͦͨ͊ͫͭ͟͡ ͙͙͡ ͔ͦͨͪ͊ͼ͙͙ ͤ͊ ͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ ͔͔͔͗͘͡Φ ˾͙͙͍ͦ͋ͦͭͪͦ͊ͤͤ͊͘Ύ ͔ͭͻ͙ͤ͊͟ 

͍ͨͦͦ͘͡Ύ͔ͭ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͫͦͻ͙ͪ͊ͤͭΈ ͙͊ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͫͭͪͯͭͯͪ͟·Σ ͔͍ͤͪͤ·͔ ͔͔͙ͫͨͭͤ͡Ύ ͙ ͫͦͫͯ͒·Σ ;ͭͦ ͍͊͗ͤͦ 

͒͡Ύ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͨ͊ͼ͙͔ͤͭ͊Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͙͔ͭ͊͟ ͔ͦͨͪ͊ͼ͙͙ ͍ͫͦͨͪͦͦ͗͒͊ΌͭͫΎ 

͔ͯͣͤΈ΄͔͙͔ͤͣ ͍͔͙ͪͦͦͨͦͭͪ͟Σ ͙͔͙͔ͫͤ͗ͤͣ ͙ͪͫ͊͟ ͙ͤͺ͙ͼ͙͍͙ͪͦ͊ͤΎ ͙ ͫͦͪ͊͟΅͔͙͔ͤͣ ͔͙ͨͪͦ͒͊ 

͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙Φ ˻͒ͤ͊ͦ͟ ͔͙ͤ͒ͦͫͭ͊ͭ͊ͣ͟ ͦͫͭ͊ΌͭͫΎ ͍·ͫͦ͊͟Ύ ͙ͫͭͦͣͦͫͭΈ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎ ͙ ͪ͊ͫͻͦ͒ͤ·ͻ 

͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙͔͒ͭ͡͡Έ͎ͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͻ͙͎͍ͪͯͪͦ ͙ ͎͙ͦͪ͊ͤ;͔ͤͤ͊Ύ ͒ͦͫͭͯͨͤͦͫͭΈ ͍ ͔ͤ͋ͦ͡Έ΄͙ͻ 

͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͼ͔ͤͭͪ͊ͻΦ ˤ ͔͔͙͍͔ͨͪͫͨͭ͟ ͍͙͙͔ͪ͊ͭ͘ ͙͙͍͚ͪͦ͋ͦͭͪͦ͊ͤͤͦ͘ ͻ͙͎͙͙ͪͯͪ ͍ͫΎ͊ͤͦ͘ ͫ ͍͔͔͙͔ͤ͒ͪͤͣ 

͙͔ͫͫͭͣ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡Σ ͍͙͙͍͚͊ͭͦͣ͊ͭͪͦ͊ͤͤͦ͘ ͙͔͊ͫͫͫͭͤͼ͙͙Σ ͙͊ͤ͊ͦͣ͘͡ ͒͊ͤͤ·ͻ ͍ ͔ͪ͊͡Έͤͦͣ 

͍͔͔͙ͪͣͤ ͙ ͍ͦͣͦ͗ͤͦͫͭ͘ΈΌ ͔͎ͯ͒͊ͤͤͦͦ͡ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͍ ͔͔͔͙ͭͣ͒͡ͼ͙ͤͫͦͣ͟ ͺ͔ͦͪͣ͊ͭΦ ͙̏ͭ ͔ͭͻ͎͙͙ͤͦͦ͡ 

ͺ͙ͦͪͣͪͯΌͭ ͍͔ͤͦͦ ͔͙͔ͨͦͦͤ͟͡ ͻ͙͎͙͙ͪͯͪ ͋ͯ͒ͯ΅͔͎ͦΦ 

˥͚ͤͦͤͦ-͔͙ͫͨͭ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͦͫͭ͊ΌͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͫͦ͗ͤ͡·ͻ ͔͚ͦ͋͊ͫͭ͡ ͻ͙͎͙͙ͪͯͪΣ 

͔ͭͪ͋ͯΌ΅͔͚ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊ ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͦͤ͟ͼ͔ͨͼ͙Ύ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ 
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͔͔ͪ͊ͤͤ ͍·Ύ͍͔͙͔ͤ͡ ͙ͫͭͦ;͙ͤ͊͟ ͙ͤͺ͔͟ͼ͙͙Σ ͔͍͊͒͊ͭͤ͟·͚ ͔͒ͪͤ͊͗ ͎͙ͨ͊ͭͦͦ͡;͔͎ͫͦͦ͟ ͦ;͎͊͊ ͙ ͪ͊ͼ͙ͦͤ͊͡ΈͤͯΌ 

͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡ΈͤͯΌ ͔͙ͭͪ͊ͨΌΦ ˽͙ͪ ͊͋ͫͼ͔ͫͫ͊ͻΣ ͺ͔͎ͣͦͤ͊͡ͻ ͙ ͎͚ͤͦͤ·ͻ ͪ͊ͤ͊ͻ ͔ͦͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ 

͙͙ͣͤͣ͊͡Έͤͦ ͙͍͙͍ͤ͊ͤ͊͘Ύ ͻ͙͎͙ͪͯͪΎΣ ͍͟͡Ό;͊Ύ ͨͯͤ͟ͼ͙ͦͤͤͦ-͔͒ͪͤ͊͗ͤ·͔ ͔ͣͭͦ͒· ͨͦ͒ ͯ͡Έ͍͍ͭͪ͊ͯͦ͘͟·ͣ ͙͙͡ 

˴-͔́ͦͤͭͪͦͣ͟͡Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͯͣͤΈ΄͙ͭΈ ͍͙ͭͪ͊ͣ͊ͭ;ͤͦͫͭΈ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ ͙ ͙ͯͫͦͪͭ͟Έ ͍·͍͔͙͔͒ͦͪͦͤ͘͡ 

ͨ͊ͼ͙͔ͤͭ͊Φ ˤ͊͗ͤ·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͔͡;͔͙ͤΎ Ύ͍͡Ύ͔ͭͫΎ ͦͤͭͪͦ͟͡Έ ͙͔͚ͫͫͭͣͤͦ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͚ͤͦ ͔ͪ͊͟ͼ͙͙Φ ˽͙ͪ 

͔͙͙ͨͦ͒ͦͪͤ͘ ͤ͊ ͔͙ͫͨͫͫ ͍͙ͨͪͦͦ͒ͭͫΎ ͙͙͎ͣͦͤͭͦͪͤ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͻ ͺͯͤ͟ͼ͙͚Σ ͔ͦͪͪ͟͟ͼ͙Ύ ͍ͦ͒ͤͦ-

Ή͔͙͎ͭͪͦͭͤͦͦ͟͡͡ ͋͊͊ͤͫ͊͡Σ ͙͔͔͙͔ͨͪͣͤͤ ͍͔͍͊ͦͨͪͫͫͦͪͦ͘ ͙ ͙ͤͺ͙ͯͦͤͤ͊͘Ύ ͔͙ͭͪ͊ͨΎΦ ˻ͫͦ͋ͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ 

͍͔͔ͫͦͪͣͤͤ·͔ ͙͔͙͙͊ͤͭͫͨͭ͟Σ ͍͊ͯͯͣ͟-͙͙͔͊ͫͫͫͭͪͯͣ͊Ύ ͔͙ͭͪ͊ͨΎ ͪ͊ͤ όVAC-͔͙ͭͪ͊ͨΎύΣ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ 

͔͍ͫͦͪ͋ͤͭͦ ͙ ͙͔͙͍͋ͦͣ͊ͭͪ͊ͦ͡ ͒͡Ύ ͔͙ͯͫͦͪͤ͟Ύ ͙͍͔͙͊͗ͤ͘͡ΎΦ ˭ͤ͊;͙͔ͭ͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͔͔ͨͪͻͦ͒ ͟ 

ͯ͟͡Έ͔ͭͯͪ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Σ ͎͔͒ ͍·͋ͦͪ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͙ͫͭͪͦͭͫΎ ͤ͊ 

͙͙͎͙ͣͪͦ͋ͦͦ͟͡;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ ͙ ͦ͊͟͡͡Έͤ·ͻ ͨͪͦͺ͙͡Ύͻ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘Φ ˤ͖ͫ ͋ͦ͡Έ΄͔ ͍͙͙ͤͣ͊ͤΎ ͔ͯ͒͡Ύ͔ͭͫΎ 

͙͙ͣͣͯͤͦͣͦ͒ͯͪͯ͡Ό΅͙ͣ ͔͍ͫͪ͒ͫͭ͊ͣΣ ͊ ͔ͭ͊͗͟ ͍ͤͦ·ͣ ͔ͣͭͦ͒͊ͣ ͋·͚ͫͭͪͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͍͙͔͔͚ͦ͋ͯ͒ͭ͘͡ τ 

˽̇-˾͔͙͍͙ͭͫͭͪͦ͊ͤΌ ͙ Ή͔ͫͨͪͫͫ͟-͙͊ͤ͊͊ͣ͘͡Φ ͚́͊ͦ͟ ͫͦ;͔ͭ͊ͤͤ·͚ ͨͦ͒ͻͦ͒ ͙͔ͫͤ͗͊ͭ ͔ͫͣͪͭͤͦͫͭΈ ͙ ;͊ͫͭͦͭͯ 

͔͙͚ͦͫͦ͗ͤͤ͡ ͙ͨͪ ͎͚ͤͦͤͦ-͔͙ͫͨͭ;͔͙ͫ͟ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΦ 

˽͎͙͙͊ͭͦͦ͡ ͔ͨ;͔͙ͤΣ ͔͗͡;͎ͤͦͦ ͨͯ͘·ͪΎ ͙ ͔͗͡;͔͍·͍ͦ͒Ύ΅͙ͻ ͔͚ͨͯͭ ͙͊ͤͣ͊͘Όͭ ͦ͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͔ͣͫͭ 

͍ ͔ͫͭͪͯͭͯͪ͟ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Φ ˿͍͔͔ͦͪͣͤͤ·͚ ͨͦ͒ͻͦ͒ ͟ ͙ͻ ͔͡;͔͙ͤΌ ͍ͦͫͤͦ͊ͤ ͤ͊ 

͙͙ͣͤͣ͊͡Έͤͦ ͙͍͙͍ͤ͊ͤ͘·ͻ ͔ͭͻ͎͙ͤͦͦ͡ΎͻΣ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·ͻ ͔͔ͪ͘͟ͼ͙Ύͻ ͔ͨ;͔͙ͤ ͙ 

ͦ͟ ͙͙͍ͣ͋ͤͪͦ͊ͤͤ·ͻ ͔ͣͭͦ͒͊ͻΦ ˶͙͊ͨ͊ͪͦͫͦͨ͟;͔ͫ͊͟Ύ ͻ͔ͦ͡ͼ͙ͫͭΉ͙ͭͦͣ͟Ύ ͫͭ͊͊͡ ζͦͦͭ͘͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣη 

͔͡;͔͙ͤΎ ͔͗͡;͔͚ͤͦ͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͙͙ͣͤͣ͊͡ΈͤͯΌ ͍͙ͭͪ͊ͣ͊ͭ͊͘ͼ͙Ό ͙ ͙͚ͪ͊ͭ͟͟ ͔͙ͨͪͦ͒ 

͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡ΎΦ ˽͙ͪ ͦͨͯͻͦ͡Ύͻ ͔ͨ;͔͙ͤ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͙͔ͫͫͭͣ͊ ͙͍͙ͨ͊ͤͪͦ͊ͤ͡Ύ ͔ͦͨͪ͊ͼ͙͚ ͫ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ˴́-͎͙͎͊ͤͦͪ͊ͺ͙͙ ͙ оD-͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡ΎΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͭͦ;ͤͦ ͦͼ͔͙ͤͭΈ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ 

͍ͫͦͫͯ͒ͦ ͙ ͦ͋Ά͖ͣ ͔͔ͪ͘͟ͼ͙͙Φ ˣͦ͡Έ΄͔ͦ ͤ͊͘;͔͙͔ͤ ͙͔ͣΌͭ ͔ͭͻ͎͙͙ͤͦͦ͡ Ή͙ͣ͋ͦ͊͘͡ͼ͙͙ ͍͚ͦͪͦͭͤͦ ͍͔ͤ·Σ 

͙ͪ͊͒ͦ;͚͊ͫͭͦͭͤͦ ͊͋͡Ύͼ͙͙Σ ͙͍͍͚ͣͪͦͦͤͦͦ͟͡ ͎ͦ͊ͯ͟͡Ύͼ͙͙ ͙ ͺ͙͙ͦͭͦ͒ͤ͊ͣ;͔͚ͫͦ͟ ͔͙͙ͭͪ͊ͨΦ ˤ ͔͡;͔͙͙ͤ 

ͻ͔ͦ͒ͦ͡ͻ͙͙ͦͭ͊͊͘͡ ͍͊͗ͤͯΌ ͪͦ͡Έ ͙͎͔ͪ͊ͭ Ή͙ͤ͒ͦͫͦͨ͟;͔ͫ͊͟Ύ ͔͎ͪͭͪͦͪ͊͒ͤ͊Ύ ͻ͎͙͔͎ͦ͊ͤͦͨ͊ͤͪ͊ͭͦͪ͊͟͡ͺ͙Ύ ͫ 

͍·͔͙͔ͨͦͤͤͣ͡ ͙͙͙ͨ͊ͨͦͭͦͣ͡͡ ͙ ͔͙͔ͯ͒͊ͤͣ͡ ͔͚͊ͣͤ͟Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͻ͙͎͙ͪͯͪΎ ͔͙ͫͭͪͣͭͫΎ ͙ͣ͊ͫͣ͊͟͡Έͤͦ 

ͫͦͻ͙ͪ͊ͤͭΈ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ ͙͍͊ͭͤͯ͟Ό ͔ͨ͊ͪͤͻ͙ͣͯ ͔ͨ;͔͙ͤΣ ;ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͙ͨͪ ͼ͙͔ͪͪͦ͘ ͙ 

ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΦ ˤ ͫͦ͗ͤ͡·ͻ ͫͯ͡;͊Ύͻ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͭͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙Ύ ͔ͨ;͔͙ͤΣ ͔ͪͯ͘͡Έͭ͊ͭ· 

͚ͦͭͦͪͦ͟ ͔͔͎͗ͦ͒ͤͦ ͯͯ͡;΄͊ΌͭͫΎ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͔ͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΌ ͙͔͙͙ͣͣͯͤͤͦͫͯͨͪͫͫ ͙ 
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PATHOLOGICAL ANATOMY OF INFLAMMATION 

 

Abstract 

Inflammation is a complex protective process aimed at eliminating harmful factors and restoring 

damaged tissues. The pathological anatomy of inflammation studies the morphological changes of organs 

and tissues at macro- and microscopic levels in response to infectious, traumatic, toxic, and immune 

stimuli. The article examines the main forms of inflammation, stages of development, cellular and vascular 

reactions, localization features, and the consequences of chronic inflammation. Special attention is paid to 
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the classification of inflammatory processes, their pathogenesis, and clinical significance. 
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 inflammation, pathological anatomy, acute inflammation, chronic inflammation,  

cellular reactions, vascular changes, morphology. 
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͙͎͙̏ͭͦͦ͡Ύ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͍͟͡Ό;͔͊ͭ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͺ͍͊ͭͦͪͦ͟Υ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͎͔͊ͤͭ· ό͔͙͙͋͊ͭͪ͟Σ 

͍͙ͪͯͫ·Σ ͎͙ͪ͋·ύΣ ͺ͙͙͘;͔͙͔ͫ͟ ͍͔͔͙ͨͦͪ͗͒ͤΎ ό͍ͭͪ͊ͣ·Σ ͎͙ͦ͗ͦΣ ͙ͪ͊͒͊ͼ͙ΎύΣ ͻ͙͙ͣ;͔͙͔ͫ͟ ͍͔΅͔͍ͫͭ͊ ό͙ͭͦͫͤ͟·Σ 

͔͍͊ͪͫͭ͊͟͡ύ ͙ ͙͊ͯͭͦͣͣͯͤͤ·͔ ͔ͪ͊͟ͼ͙͙Φ ˽͎͔͔͊ͭͦͤ͘ ͤ͊;͙͔ͤ͊ͭͫΎ ͫ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͙ͭ͊ͤ͟Σ ͍·͍͔͙ͫͦ͋ͦ͗͒ͤΎ 

͔͙͍ͣ͒͊ͭͦͪͦ ͍͔͙ͦͫͨ͊ͤ͡Ύ ό͎͙͙ͫͭ͊ͣͤΣ ͎͙ͨͪͦͫͭ͊͊ͤ͒ͤ͡·Σ ͼ͙͙ͭͦͤ͟·ύ ͙ ͙͍͊ͭ͊͟ͼ͙͙ ͔ͭͦ͟͟͡ ͙͚ͣͣͯͤͤͦ 

͙͔ͫͫͭͣ·Φ 

˴͡Ό;͔͍·ͣ Ήͭ͊ͨͦͣ Ύ͍͡Ύ͔ͭͫΎ ͍͊ͫͯ͟͡Ύͪͤ͊Ύ ͔ͪ͊͟ͼ͙ΎΣ ͍͟͡Ό;͊Ό΅͊Ύ ͪ͊ͫ΄͙͔͙͔ͪͤ ͔͙͊ͪͭͪͦ͡Σ 

͍ͨͦ·΄͔͙͔ͤ ͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ ͙͊ͨ͟͡͡Ύ͍ͪͦ ͙ ͙ͨͪͭͦ͟ ͨ͊ͣ͘͡· ͙ ͔͚ͦ͟͡ͼ͙͍ͭͦ ͍ ͦ;͎͊ ͍͔͙ͦͫͨ͊ͤ͡ΎΦ ˿͔͒ͯ͡Ό΅͙͚ 

Ήͭ͊ͨ τ ͔ͭͦ͟͡;ͤ͊Ύ ͔ͪ͊͟ͼ͙ΎΣ ͙ͨͪ ͚ͦͭͦͪͦ͟ ͔͚ͤͭͪͦͺ͙͡·Σ ͣ͊ͪͦ͟ͺ͎͙͊ ͙ ͙ͣ͡ͺͦͼ͙ͭ· ͙͎͙ͣͪͪͯΌͭ ͟ 

ͨͦ ͍͔͖͚ͪ͗͒ͤͤͦ ͙ͭ͊ͤ͟Σ ͙ͯͤ;ͭͦ͗͊Ύ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟· ͙ ͺ͎͊ͦͼ͙͙ͭͪͯΎ ͔͙ͤͪͦͭ͟;͔͙͔ͫ͟ Ή͔͔ͣͤͭ͡·Φ 

˥ͯͣͦͪ͊͡Έͤ·͔ ͔ͪ͊͟ͼ͙͙ ͍͟͡Ό;͊Όͭ ͍·ͪ͊͋ͦͭͯ͟ ͔͔ͦͣͨͣͤͭ͊͟͡Σ ͙͎͙͍ͣͣͯͤͦͦ͋ͯͤͦ͡͡ ͙ ͼ͙͙͍ͭͦͤͦ͟Σ 

͔͙͍ͨͦ͒͒ͪ͗͊Ό΅͙ͻ ͙͙͍͔ͦͦͪ͒ͤͪͦ͊ͤͤͦ͟ ͔͚͍͙͔͒ͫͭ ͔ͭͦ͟͟͡Φ ˽͙ͪ ͙͔͒ͭ͡͡Έͤͦͣ ͍͔͚͍͙͙ͦ͒ͫͭ͘ ͍͔ͨͦͪ͗͒͊Ό΅͔͎ͦ 

͎͔͊ͤͭ͊ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͔͔ͫΎ ͍͙͔ͦ͋ͪ͊ͦ͊ͤͣ͘ ͎ͪ͊ͤͯ͡Ύͼ͙͚ͦͤͤͦ 

͙ͭ͊ͤ͟Σ ͺ͙͋ͪͦ͊͘ ͙ ͔͙ͫͪͦͭ͟͡;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘Φ 

˽͙͙͔ͦͤͣ͊ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ Ή͙͎͙͙ͭͦͦ͡ ͙ ͎͔͔ͨ͊ͭͦͤ͊͘ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͎͙͍ͨͪͦͤͦͪͦ͊ͭ͘Έ ͍͙͙͔ͪ͊ͭ͘ 

͔͙͚ͦͫͦ͗ͤͤ͡Σ ͦͼ͔͙͍ͤ͊ͭΈ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͙͙ͭͪ͊ͨ ͙ ͪ͊ͪ͊͋͊ͭ͘·͍͊ͭΈ ͍ͤͦ·͔ ͔ͣͭͦ͒· ͔͡;͔͙ͤΎΣ ͍͟͡Ό;͊Ύ 

͙͔͙ͣͣͯͤͦͭͪ͊ͨΌ ͙ ͼ͔͔͍͔͔ͤ͊ͨͪ͊ͤͤͦ͡͡ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͔͙ͣ͒͊ͭͦͪ· ͍͔͙ͦͫͨ͊ͤ͡ΎΦ 

˹͊ ͙ͣ͊ͪͦͫͦͨ͟͟;͔ͫͦͣ͟ ͍͔ͯͪͦͤ ͍͔͙͔ͦͫͨ͊ͤ͡ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͙ͣ ͙͔͔͙ͣͤͤ͘Ύ͙ͣΣ 

͍͙͊ͫ͘Ύ΅͙͙ͣ ͦͭ ͙ͭͨ͊ ͙ ͙͙ͫͭ͊͒ ͨͪͦͼ͔ͫͫ͊Φ ˻͍ͫͤͦͤ·͔ ͙͙ͨͪͤ͊͘͟ ͍͟͡Ό;͊Όͭ ͎͙͔͔͙ͨͪͣΌΣ ͖ͦͭ͟Σ 

͙ͤͺ͙͡Έͭͪ͊ͼ͙Ό ͙ͭ͊ͤ͟ ͔ͭͦ͟͡;ͤ·͙ͣ Ή͔͔͙ͣͤͭ͊ͣ͡ ͙ ͍ͦͣͦ͗ͤ͘·͚ ͔ͤͪͦ͘͟Φ ˤ ͔ͫͪͦͤ͘·ͻ ͍͔͙ͦͫͨ͊ͤ͡Ύͻ 

ͤ͊͋͡Ό͔͒͊ͭͫΎ ͍·ͨͦͭ ͍ ͨͦͦͫͭ͡Ύͻ ό͔͍ͨͪ͊͡͡Έ͚ͤͦΣ ͔͙͙ͨͪ͊ͪ͒͊͟͡Έ͚ͤͦΣ ͋ͪΌ΄͚ͤͦύΣ ͙ͨͪ ͎͚ͤͦͤ·ͻ ͨͪͦͼ͔ͫͫ͊ͻ τ 

ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͊͋ͫͼ͔͍ͫͫͦ ͙ ͺ͔͎ͣͦͤ͡Φ 

͙͙͔̅͋ͪͤͦͤͦ͘ ͍͔͙͔ͦͫͨ͊ͤ͡ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͙͔ͤ͊ͦ͗ͤͣ͡ ͎ͨͦͭͤͦͦ͡ ͺ͙͙͍͎͋ͪͤͦͦͦ ͖ͤ͊ͭ͊͡ ͤ͊ 

͔ͫͪͦͤ͘·͔ ͦ͋ͦͦ͡;͙͟Σ ͎ͭͦ͒͊ ͊͟͟ ͎͔͔ͪ͊ͤͯͣ͊ͭͦͤͦ͘͡ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍͙͔ͦ͋ͪ͊ͦ͊ͤͣ͘ ͔͍ͯͦ͘͟͡ ͙͘ ͣ͊ͪͦ͟ͺ͎͍͊ͦ ͙ 

͙ͣ͡ͺͦͼ͙͍ͭͦΦ ˤ͚͊͗ͤͦ ͔ͦͫͦ͋ͤͤͦͫͭΈΌ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͊͊͘͟͡͡ͼ͙Ύ ͦ;͎͊͊Υ ͍͔͙͔ͦͫͨ͊ͤ͡ ͔ͣͦ͗ͭ ͋·ͭΈ 
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͍͔ͨͦͪͻͤͦͫͭͤ·ͣΣ ͎͙ͦͪ͊ͤ;͔ͤͤ·ͣ ͙ͦ͒ͤͣ ͎ͦͪ͊ͤͦͣΣ ͙͙͡ ͙͒ͺͺͯͤ͘·ͣΣ ͎͙͍͊ͭͪ͊͊͘Ό΅͙ͣ ͔ͤͫͦ͟͡Έͦ͟ ͫͭͪͯͭͯͪ͟Φ 

˿ ͔ͭ;͔͙͔ͤͣ ͍͔͔͙ͪͣͤ ͙ͤͺ͙͡Έͭͪ͊ͭ ͯͨͦͭͤ͡Ύ͔ͭͫΎΣ ͨͦΎ͍͡ΎΌͭͫΎ ͪͯ͋ͼ͍ͦ·͔ ͙͔͔͙ͣͤͤ͘ΎΣ ͊ ͍ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ 

ͺͦͪͣ͊ͻ τ ͍·͔ͪ͊͗ͤͤ·͚ ͺ͙͋ͪͦ͘ ͙ ͔ͫͪͦ͘͟͡Φ ˸͙͊ͪͦͫͦͨ͟͟;͔ͫ͊͟Ύ ͦͼ͔ͤ͊͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͫͯ͒ͭΈ ͦ ͭΎ͔͙͗ͫͭ 

ͨͪͦͼ͔ͫͫ͊Σ ͙͔͒ͭ͡͡Έ͙ͤͦͫͭ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͙ ͔͎ͦ ͔ͨͦͭͤͼ͙͊͡Έͤ·ͻ ͔͍͙ͨͦͫ͒ͫͭ͡Ύͻ ͒͡Ύ ͎ͦͪ͊ͤ͊ ͙ ͎͙ͦͪ͊ͤͣ͊͘ ͍ 

ͼ͔ͦͣ͡Φ 

˸͙͙ͪͦͫͦͨ͟͟;͔͙ͫ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͔ͦͣͨͫͦͣ͟͟͡ ͔ͭͦ͟͡;ͤ·ͻ ͙ ͙ͫͦͫͯ͒ͫͭ·ͻ ͙͔͔͙͚ͣͤͤ͘Φ ˤ 

͔͍ͨͪ·͔ ;͊ͫ· ͍͙͍ͪ͊͊͘ΌͭͫΎ ͖ͦͭ͟ ͙ ͤ͊͋ͯͻ͙͔͊ͤ ͔ͭͦ͟͟͡Σ Ή͍ͫͭͪ͊͊͊͘͟ͼ͙Ύ ͨ͊ͣ͘͡·Σ ͔͙͔ͫͦͨͤ͟͡ ͔͚ͤͭͪͦͺ͙͍ͦ͡ ͙ 

͎͙͒ͪͯͻ ͔͚ͦ͟͡ͼ͙͍ͭͦΦ ˤ ͎͚ͤͦͤ·ͻ ͨͪͦͼ͔ͫͫ͊ͻ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͍ͣ͊ͫͫͦ͊Ύ ͙͎ͣͪ͊ͼ͙Ύ ͔͚ͤͭͪͦͺ͙͍ͦ͡Σ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ 

͙ͣͪͦͨͯͫͭͯ͟͡ ͙ ͊͋ͫͼ͔͍ͫͫͦΦ 

͙̆ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͙͔ͨͪͦ͋͊͒͊ͤͣ͡ ͙ͣ͡ͺͦͼ͙͍ͭͦΣ ͣ͊ͪͦ͟ͺ͎͍͊ͦ ͙ 

͙ͨ͊ͣ͊ͭ͘͡;͔͙ͫ͟ͻ ͔ͭͦ͟͟͡Σ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ ͎͖ͪ͊ͤͯͣ͡Σ ͼ͔ͤͭͪ͊͡Έ͎ͤͦͦ ͔ͤͪͦ͊͘͟ ͙ ͺ͙͚͋ͪͦͤͦ͘ ͙ͭ͊ͤ͟Φ 

˿͔ͨͼ͙ͺ͙;͔͙͔ͫ͟ ͺͦͪͣ· ͍͔͙ͦͫͨ͊ͤ͡ΎΣ ͙͔ͭ͊͟ ͊͟͟ ͎͔͔ͪ͊ͤͯͣ͊ͭͦͤͦ͘͡Σ ͍͙͍ͪ͊͊͘ΌͭͫΎ ͙ͨͪ ͔͖͔ͭͯ͋ͪͯ͘͟͡Σ 

ͫ͊ͪͦ͟ ͙͔͒ͦ͘ ͙͙͡ ͔ͤͦͭͦͪ͟·ͻ ͙͊ͯͭͦͣͣͯͤͤ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΦ 

˸͙͙ͪͦͫͦͨ͟͟;͔ͫ͊͟Ύ ͦͼ͔ͤ͊͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙͙ͨͪͤ͊͘͟ ͙͍͙͊ͭͤͦͫͭ͟ ͨͪͦͼ͔ͫͫ͊Σ 

ͻ͔͊ͪ͊ͭͪ͟ ͔ͭͦ͟͡;͚ͤͦ ͙ͤͺ͙͡Έͭͪ͊ͼ͙͙Σ ͔͔ͫͭͨͤΈ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͍ͫͦͫͯ͒ͦ ͙ ͙ͭ͊ͤ͟Φ ˻ͤ͊ ͔ͭ͊͗͟ ͔ͤͦ͋ͻ͙ͦ͒ͣ͊ ͒͡Ύ 

͙͒ͺͺ͔͔ͪͤͼ͙͊ͼ͙͙ ͙ͤͺ͔͟ͼ͙͎ͦͤͤͦͦΣ ͙ͭͦͫ͟;͔͎ͫͦͦ͟ ͙ ͙͎͊ͯͭͦͣͣͯͤͤͦͦ ͍͔͙ͦͫͨ͊ͤ͡ΎΣ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ 

͔ͭ;͔͙ͤΎ ͙ ͍·͋ͦͪ͊ ͔͙͙ͭͪ͊ͨΦ 

ˤ·͔͒͡ΎΌͭ ͔ͤͫͦ͟͡Έͦ͟ ͟͡Ό;͔͍·ͻ ͺͦͪͣ ͍͔͙ͦͫͨ͊ͤ͡ΎΥ 

мΦ ˿͔͔ͪͦͤͦ͘ τ ͍·ͨͦͭΣ ͙͙ͣͤͣ͊͡Έͤ͊Ύ ͔ͭͦ͟͡;ͤ͊Ύ ͙ͤͺ͙͡Έͭͪ͊ͼ͙ΎΣ ͙͔ͤ͊ͨͪͣͪ ͙ͨͪ ͎ͦ͗ͦ͊ͻ ͙͙͡ 

͍͙ͪͯͫͤ·ͻ ͙ͤͺ͔͟ͼ͙ΎͻΦ 

нΦ ˥͚͔ͤͦͤͦ ό͔͔ͨͯͪͯͤͭͤͦ͡ύ τ ͅ ͙͍͙͔ͦͪͣͪͦ͊ͤ ͊͋ͫͼ͔͍ͫͫͦ ͙ ͺ͔͎ͣͦͤ͡Σ ͔͙͔ͨͪͦ͋͊͒͊ͤ͡ ͔͚ͤͭͪͦͺ͙͍ͦ͡Φ 

оΦ ͙͙͔̅͋ͪͤͦͤͦ͘ τ ͔͙͔ͤ͊ͦ͗ͤ͡ ͎ͨͦͭͤͦͦ͡ ͺ͙͙͍͎͋ͪͤͦͦͦ ͖ͤ͊ͭ͊͡Σ ͻ͔͊ͪ͊ͭͪͤͦ͟ ͒͡Ύ ͔͍͙͍ͨͪͭͦ͡ ͙ 

͔͙͙͍ͨͪ͊ͪ͒ͭͦ͟Φ 

пΦ ˥͔͔ͪ͊ͤͯͣ͊ͭͦͤͦ͘͡ τ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͎͖ͪ͊ͤͯͣ͡ ͫ ͣ͊ͪͦ͟ͺ͎͙͊͊ͣ ͙ ͙ͣ͡ͺͦͼ͙͙ͭ͊ͣΣ ͙͙ͭͨ;ͤͦ ͒͡Ύ 

͔͖ͭͯ͋ͪͯ͊͘͟͡ ͙ ͙ͫ͊ͪͦ͒ͦ͊͘͟Φ 

рΦ ˥͔͎͙ͣͦͪͪ͊;͔͔ͫͦ͟ τ ͍ ·͔ͪ͊͗ͤͤ·͔ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ ͍ ͦ;͎͊ ͍͔͙ͦͫͨ͊ͤ͡ΎΣ ͍͔ͫͭͪ;͔͊ͭͫΎ ͙ͨͪ ͭΎ͔͗͡·ͻ 

͙ͤͺ͔͟ͼ͙Ύͻ ͙ ͍ͭͪ͊ͣ͊ͻΦ 

˴͊͗͒͊Ύ ͺͦͪͣ͊ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͍͙͙ͫͦͣ ͣ͊ͪͦ͟- ͙ ͙͙ͣͪͦͫͦͨ͟͟;͔͙͙ͫͣ͟ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ ͙ ͔͔ͭͪ͋ͯͭ 

͙͙͍͙ͤ͒͒ͯ͊͡Έ͎ͤͦͦ ͨͦ͒ͻͦ͒͊ ͟ ͔͡;͔͙ͤΌΦ 

ˤ͔͙͔ͦͫͨ͊ͤ͡ ͨͪͦͻ͙ͦ͒ͭ ͙ͭͪ ͍ͦͫͤͦͤ·ͻ ͙͙ͫͭ͊͒Υ 

мΦ ˹͊;͊͡Έͤ͊Ύ ͙ͫͭ͊͒Ύ ό͔͙͍ͪ͊ͭͤ͊͟Ύύ τ ͫ ͙ͦͫͯ͒ͫͭ͊Ύ ͔ͪ͊͟ͼ͙ΎΣ ͎͙͔͔͙ͨͪͣΎΣ ͍ͨͦ·΄͔͙͔ͤ ͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ 

͍ͫͦͫͯ͒ͦΣ ͖ͦͭ͟ ͔͚ͭ͊ͤ͟Φ 

нΦ ͙͍̏ͫͫͯ͒͊ͭͤ͊͟Ύ ͙ͫͭ͊͒Ύ τ ͙͎ͣͪ͊ͼ͙Ύ ͔͚ͦ͟͡ͼ͙͍ͭͦΣ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ Ήͫͫͯ͒͊ͭ͊͟ ό͔͎ͫͪͦͤͦͦ͘Σ ͎͚͎ͤͦͤͦͦ 

͙͙͡ ͺ͙͙͎͋ͪͤͦͤͦͦ͘ύΣ ͙͍͙͊ͭ͊͘͟ͼ͙Ύ ͔͙͍ͣ͒͊ͭͦͪͦ ͍͔͙ͦͫͨ͊ͤ͡ΎΦ 

оΦ ˽͙ͪͦ͡ͺ͔͙͍ͪ͊ͭͤ͊Ύ ͙͙͡ ͔͙͍ͪͨ͊ͪ͊ͭͤ͊Ύ ͙ͫͭ͊͒Ύ τ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͎ͪ͊ͤͯ͡Ύͼ͙͚ͦͤͤͦ ͙ͭ͊ͤ͟Σ ͺ͙͋ͪͦ͘ ͙ 

͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͍͔͖ͨͦͪ͗͒ͤͤ·ͻ ͫͭͪͯͭͯͪ͟Φ 
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Pulmonary infarction is an area of necrosis in the lung tissue caused by impaired blood supply, most 

often due to pulmonary artery thromboembolism. The pathological anatomy of pulmonary infarction 
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PATHOPHYSIOLOGY OF LIPID METABOLISM 

 

Abstract 

This article presents the main mechanisms of lipid metabolism disorders, including dyslipidemia, 

impaired lipoprotein transport, atherogenesis, and metabolic changes in obesity and insulin resistance. 

Cellular processes of lipid synthesis, mobilization, and oxidation, as well as the pathophysiological 

consequences of elevated free fatty acids, oxidative stress, and inflammation, are discussed. Key 

pathogenetic pathways of atherosclerosis and the roles of different lipoprotein classes are analyzed. The 

material is based on modern data from molecular physiology and clinical pathology. 
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͔͔ͨͪͪ͊͋͊ͭ·͍͊ΌͭͫΎ ͍ ͙͎͙ͭͪ͡ͼ͔͙ͪ͒· ͙ ˶˽˻˹˽Φ ˹͊ͪͯ΄͔͙ͤΎ -̡͙͔͙ͦͫͤ͟͡Ύ ͙͍ͨͪͦ͒Ύͭ ͟ ͔͙ͤ͊ͦͨͤ͟͡Ό 

͙͙͍ͨ͒ͦ͡ ͍ ͎͔ͨ͊ͭͦͼ͙ͭ͊ͻ ͙ ͍͙͙ͪ͊ͭ͘Ό ͔͎ͤ͊ͦͦ͟͡͡Έ͚ͤͦ ͙͍͚͗ͪͦͦ ͔͙͋ͦͤ͘͡ ͔ͨ;͔͙ͤΦ ˨͔ͺ͙ͼ͙ͭ ͙͙͊ͪͤͭͤ͊͟ ͙͙͡ 

CPT-I/CPT-II ͍ ·͘·͍͔͊ͭ ͙ͣͭͦͻ͙ͦͤ͒ͪ͊͡ΈͤͯΌ ͙͙ͨͦͭͦͫ͟͡;ͤͦͫͭΈΦ 

˽͎͔͔͊ͭͦͤ͘ ͔͔͊ͭͪͦͫͪͦ͊͘͟͡ 

ˢ͔͔ͭͪͦͫͪͦ͘͟͡ τ ͟ ͡Ό;͔͍͔ͦ ͔͍͙͔ͫ͒ͫͭ͡ ͙͙ͨ͒ͤ͡·ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ 
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˻͍ͫͤͦͤ·͔ Ήͭ͊ͨ·Υ 

мΦ ˽͔͙͔ͦͫͭͯͨͤ͡ ͙ ͙͔͙͔ͦͫͤ͟͡ ˶˽˹˽ ͍ ͙͙͔ͤͭͣ ͍ͫͦͫͯ͒ͦΦ 

нΦ ˢ͙͍͙ͭ͊͘͟ͼ͙Ύ Ή͔͙ͤ͒ͦͭ͡Ύ ͙ ͙͎ͣͪ͊ͼ͙Ύ ͣͦͤͦͼ͙͍ͭͦΦ 

оΦ ˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͔͙ͨͤͫͭ·ͻ ͔ͭͦ͟͟͡Φ 

пΦ ˾ͦͫͭ ͔͔͙͊ͭͪͦͫͪͦͭ͟͡;͔͚ͫͦ͟ ͋͡Ύ΄͙͟ ͙ ͔ͫͪͦ͘͟͡ ͔͙ͫͭͤ͟Φ 

рΦ ͎̂ͪͦ͗͊Ό΅͙͚ ͪ͊ͪ͘·͍ ͋͡Ύ΄͙͟Φ 

˻͙͔ͫͤͤ͟͡·͔ ͙͔͙ͨͦͨͪͦͭͤ͡· όoxLDLύ Ύ͍͡ΎΌͭͫΎ ͙ͫ͡Έͤ·͙ͣ ͙ͫͭͣͯ͡Ύ͙ͭͦͪ͊ͣ ͍͔͙ͦͫͨ͊ͤ͡ΎΦ 

˶͙͙ͨ͒· ͙ͨͪ ͙͔͙͙ͦ͗ͪͤ ͙ ͙͙͔͙͔͙ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ 

˽͙ͪ ͙͔͙͙ͦ͗ͪͤ ͍͙ͫͼ͔ͪ͊͡Έͤ͊Ύ ͙͍͗ͪͦ͊Ύ ͭ͊ͤ͟Έ ͍͙ͫͭ͊ͤͦͭͫΎ ͙ͫͭͦ;͙ͤͦͣ͟ ͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·ͻ 

ͼ͙͙͍ͭͦͤͦ͟ τ TNF- ,h IL-6, MCP-мΦ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟Υ 

͙͔͙ͫͤ͗ͤΌ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͔͚ͭ͊ͤ͟ ͟ ͙͙ͤͫͯͤͯ͡Τ 

͍ͨͦ·΄͔͙ͤΌ ͙͙ͨͦ͊͘͡͡Τ 

͙͋͘·ͭͯ͟ ͍ͫͦ͋ͦ͒ͤ·ͻ ͙͗ͪͤ·ͻ ͙ͫͦͭ͟͡Τ 

͙͔ͯͫͤͤͦͣͯ͡ ͙͔ͫͤͭͯ͘ ˶˽˻˹˽ ͍ ͔ͨ;͔͙ͤΤ 

͍͙͙ͪ͊ͭ͘Ό ͔͙ͣͭ͊͋ͦ͡;͔͎ͫͦͦ͟ ͙ͫͤ͒ͪͦͣ͊Φ 

˶͙͙ͨͦͭͦͫ͟;ͤͦͫͭΈ ͙ ͙͙͍ͦͫ͒͊ͭͤ͟·͚ ͔ͫͭͪͫͫ 

ˮ͋͘·ͭͦ͟ ͙͙͍ͨ͒ͦ͡ ͍·͘·͍͔͊ͭ ͙͒ͫͺͯͤ͟ͼ͙Ό ͙ͣͭͦͻ͙͚ͦͤ͒ͪΣ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͙͍͊ͭͤ͟·ͻ ͺͦͪͣ ͙ͫͦͪͦ͒͊͟͡Σ 

͍͔͔͙͔ͨͦͪ͗͒ͤ ͔ͣͣ͋ͪ͊ͤ ͙ ͊ͨͯͫ͘͟ ͊ͨͦͨͭͦ͊͘Φ ˶͙͙ͨͦͭͦͫ͟;ͤͦͫͭΈ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͔͙ͨͦͪ͊͗ͤΎ -̡͔ͭͦ͟͟͡ 

͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ ͔͔͗͘͡·Σ ͙͙͙͙͊ͪ͒ͦͣͦͨ͊ͭ͟ ͙ ͔ͨ;͖ͤͦ;͚ͤͦ ͔͎͔͙ͫͭ͊ͭͦͨ͊ͭͭ͊Φ ˹͊ͪͯ΄͔͙͔ͤ ͙͙͚͊ͤͭͦͫ͒͊ͤͭͤͦ͟ 

͙͔ͫͫͭͣ· ό͎͙ͯͭ͊ͭͦͤ͡Σ ͔͙͙ͫͯͨͪͦͫ͒͒ͫͣͯͭ͊͊͘͟ύ ͙͙͍͔ͯͫ͊ͭ͡ ͍͔͔͙͔ͨͦͪ͗͒ͤΦ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͙ ͍͔͔ͫͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͔ͦͪͪ͟͟ͼ͙͙ 

˻͍ͫͤͦͤ·͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͤ͊ͪͯ΄͔͙͚ͤ ͙͙͎ͨ͒ͤͦͦ͡ ͔ͦ͋ͣͤ͊Υ 

͔͔͊ͭͪͦͫͪͦ͘͟͡Τ 

͙΄͔͙ͣ;͔ͫ͊͟Ύ ͔͋ͦͤ͘͡Έ ͔ͫͪ͒ͼ͊Τ 

͙͍͗ͪͦ͊Ύ ͔͋ͦͤ͘͡Έ ͔ͨ;͔͙ͤΤ 

͔͙ͣͭ͊͋ͦ͡;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣΤ 

͔͙ͨ͊ͤͪ͊ͭͭ͟ ͙ͨͪ ͎͙͔͙͎͙ͨͪͭͪ͡ͼ͔͙͔͙͙ͪ͒ͣΦ 

˴͔ͦͪͪ͟ͼ͙Ύ ͍͟͡Ό;͔͊ͭΥ 

͙͔͒ͭͯ ͙ ͺ͙͙͘;͔ͫͯ͟Ό ͙͍͊ͭͤͦͫͭ͟ΈΤ 

͙ͫͭ͊ͭͤ·Σ ͺ͙͋ͪ͊ͭ·Σ ͙͎͙͙ͤ͋ͭͦͪ· PCSK9; 

͔ͨͪͨ͊ͪ͊ͭ· ͔͎ͦͣ͊-3; 

͔ͦͪͪ͟͟ͼ͙Ό Ή͙ͤ͒ͦͪͤͤ͟·ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ 

˽͔͔͙͍ͪͫͨͭͤ͟·͔ ͔ͣͭͦ͒· ͍͟͡Ό;͊Όͭ ͎͔͔͙ͤͦͭͪ͊ͨΌ ͙ ͙͔͔͙͔ͨͪͣͤͤ small-interfering RNA. 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˮ͍͊΄͙ͤ͟ ˤΦ́ΦΣ ˸͔͍͊ ˮΦˤΦΣ ́ͪͯͻ͍ͣ͊ͤͦ ˢΦ˿Φ ˣ͔͙ͦͤ͘͡ ͎͍ͦͪ͊ͤͦ ͙ͨ΅͔͍͔͙͊ͪͤΎΦ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлнмΦ 

τ фну ͫΦ τ URL: https:// www.geotar.ru 

нΦ ˽͍͙͚ͦͪͦͫ͟͟ ˤΦ ˮΦ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ τ ˸ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмфΦ τ тсу ͫΦ τ URL: 

https:// www.geotar.ru 

оΦ ˥͙͍ͦͦ͟͡ ˢΦ ˽Φ ˢ͔͔ͭͪͦͫͪͦ͘͟͡Υ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ΎΦ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нллтΦ τ олп ͫΦ τ URL: 

https:// rusneb.ru 

пΦ aǳǊǊŀȅ wΦ YΦΣ .ŜƴŘŜǊ 5Φ !ΦΣ .ƻǘƘŀƳ YΦ aΦ Ŝǘ ŀƭΦ IŀǊǇŜǊΩǎ LƭƭǳǎǘǊŀǘŜŘ .ƛƻŎƘŜƳƛǎǘǊȅΦ τ 31st ed. τ New York: 

McGraw-Hill, 2018. τ 800 p. τ URL: https://accessmedicine.mhmedical.com 

5. Guyton A., Hall J. Textbook of Medical Physiology. τ 14th ed. τ Philadelphia: Elsevier, 2021. τ 1152 p. τ 

URL: https://www.elsevier.com 

ϭ˸ ͯͻ͔͍͊ͣͣ͒ͦ͊ ˭Φ˾Φ, 2025  

https://accessmedicine.mhmedical.com/
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̂˨˴ смсΦмнςлт 

˹͔͔͍ͨͫͦ ̒Φ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͔͍͙͙ͨͪͦͨ͒ͭ͟ ͍͔͙ͤͯͭͪͤͤͻ ͔͔͚͋ͦͤ͘͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͙ͣΦ ˸·ͪ͊ͭ͊Φ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 

 

˹˻˾˸ˢ˶̎˹̍˩ ́˻˹̍ ˿˩˾˨̇ˢΥ ̅ˮ˭ˮ˻˶˻˥ˮ̒Σ ˻˿˻ˣ˩˹˹˻˿́ˮ 

 ̅ ˻˾˸ˮ˾˻ˤˢ˹ˮ̒ ˮ ˴˶ˮ˹ˮ̉˩˿˴˻˩ ˭˹ˢ̉˩˹ˮ˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˹ͦͪͣ͊͡Έͤ·͔ ͭͦͤ· ͔ͫͪ͒ͼ͊ Ύ͍͡ΎΌͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͍͔͚͊͗ͤ΄͙ͻ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͙͔͙͍ͦͪͤͭͪͦ ͍ 

͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Σ ͍ͨͦͦ͘͡ΎΌ΅͙ͻ ͦͼ͔͙ͤͭΈ ͫͦͫͭͦΎ͙͔ͤ ͔ͫͪ͒ͼ͊Σ ͺͯͤ͟ͼ͙͙ ͎͊ͨ͊ͤͤͦͦ͟͡ ͊ͨͨ͊ͪ͊ͭ͊ ͙ 

͎͔͙͙ͣͦ͒ͤ͊ͣͯ͟Φ ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔ͣͻ͙͊ͤͣ͘· ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ L ͙ LL ͍ͭͦͤͦ ͔ͫͪ͒ͼ͊Σ ͙ͻ 

͙͊ͯͫͭ͟;͔͙͔ͫ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟Σ ͺ͊ͭͦͪ͟·Σ ͍͙͡ΎΌ΅͙͔ ͤ͊ ͙ͻ ͍ͯ͘;ͤͦͫͭΈ ͙ ͙͔͒ͭ͡͡ΈͤͦͫͭΈΣ ͊ ͔ͭ͊͗͟ 

͙͎͙͒͊ͤͦͫͭ;͔ͫ͊͟Ύ ͼ͔ͤͤͦͫͭΈ ͙ͨͪ ͺ͙͙͊͘͟͡Έͤͦͣ ͔͍͙͙ͦ͋ͫ͒ͦ͊ͤ͡ ͨ͊ͼ͙͔ͤͭ͊Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ 

ͺ͙͙͎͙ͦͦ͘͡;͔ͫͦͣͯ͟ ͪ͊ͫ΅͔͔͙ͨͤ͡Ό ͍͎ͭͦͪͦͦ ͭͦͤ͊Σ ͍ͦͪ͊ͫͭͤ͘·ͣ ͔ͦͫͦ͋ͤͤͦͫͭΎͣ ͔͔ͫͪ͒;ͤ·ͻ ͍ͭͦͤͦ ͙ 

͍͙ͯͫͦ͡ΎͣΣ ͫͨͦͫͦ͋ͤ·ͣ ͙͔ͣͤ͘ΎͭΈ ͙ͻ ͙͔͙͍ͤͭͤͫͤͦͫͭΈΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͭͦͤ· ͔ͫͪ͒ͼ͊Σ ͊ͯͫͯ͟͡Έͭ͊ͼ͙ΎΣ ͺ͙͙͎͙ͦͦ͘͡Ύ ͔ͫͪ͒ͼ͊Σ ͊ͨ͊ͤ͟͡·Σ ͎͔͙͙ͣͦ͒ͤ͊ͣ͊͟Σ L ͭͦ ͤΣ LL ͭͦͤΦ 

 

bŜǇŜǎƻǾ ¸Φ 

{ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴ ƴŀƳŜŘ ŀƊŜǊ aȅǊŀǘ DŀǊǊȅŜǾ 

ό!ǎƘƎŀōŀǘΣ ¢ǳǊƪƳŜƴƛǎǘŀƴύ 

 

bhwa![ I9!w¢ {h¦b5{ 

 

!ōǎǘǊŀŎǘ 

bƻǊƳŀƭ ƘŜŀǊǘ ǎƻǳƴŘǎ ŀǊŜ ŀƳƻƴƎ ǘƘŜ Ƴƻǎǘ ŜǎǎŜƴǝŀƭ ŘƛŀƎƴƻǎǝŎ ƳŀǊƪŜǊǎ ƛƴ ŎƭƛƴƛŎŀƭ ƳŜŘƛŎƛƴŜΣ ŀƭƭƻǿƛƴƎ 

ŎƭƛƴƛŎƛŀƴǎ ǘƻ ŀǎǎŜǎǎ ŎŀǊŘƛŀŎ ŦǳƴŎǝƻƴΣ ǘƘŜ ŎƻƴŘƛǝƻƴ ƻŦ ǘƘŜ ǾŀƭǾǳƭŀǊ ŀǇǇŀǊŀǘǳǎΣ ŀƴŘ ƘŜƳƻŘȅƴŀƳƛŎ ǇǊƻŎŜǎǎŜǎΦ 

¢Ƙƛǎ ŀǊǝŎƭŜ ŘƛǎŎǳǎǎŜǎ ǘƘŜ ƳŜŎƘŀƴƛǎƳǎ ōŜƘƛƴŘ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǘƘŜ ŬǊǎǘ ŀƴŘ ǎŜŎƻƴŘ ƘŜŀǊǘ ǎƻǳƴŘǎΣ ǘƘŜƛǊ 

ŀŎƻǳǎǝŎ ǇǊƻǇŜǊǝŜǎΣ ŦŀŎǘƻǊǎ ŀũŜŎǝƴƎ ǘƘŜƛǊ ƛƴǘŜƴǎƛǘȅ ŀƴŘ ŘǳǊŀǝƻƴΣ ŀƴŘ ǘƘŜƛǊ ŘƛŀƎƴƻǎǝŎ ǎƛƎƴƛŬŎŀƴŎŜ ŘǳǊƛƴƎ 

ǇƘȅǎƛŎŀƭ ŜȄŀƳƛƴŀǝƻƴΦ {ǇŜŎƛŀƭ ŀǧŜƴǝƻƴ ƛǎ ƎƛǾŜƴ ǘƻ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǎǇƭƛǩƴƎ ƻŦ ǘƘŜ ǎŜŎƻƴŘ ƘŜŀǊǘ ǎƻǳƴŘΣ ŀƎŜπ

ǊŜƭŀǘŜŘ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΣ ŀƴŘ ŎƭƛƴƛŎŀƭ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ Ƴŀȅ ƳƻŘƛŦȅ ƘŜŀǊǘ ǎƻǳƴŘ ǉǳŀƭƛǘȅΦ 

YŜȅǿƻǊŘǎΥ 

ƘŜŀǊǘ ǎƻǳƴŘǎΣ ŀǳǎŎǳƭǘŀǝƻƴΣ ŎŀǊŘƛŀŎ ǇƘȅǎƛƻƭƻƎȅΣ ǾŀƭǾŜǎΣ ƘŜƳƻŘȅƴŀƳƛŎǎΣ  

ŬǊǎǘ ƘŜŀǊǘ ǎƻǳƴŘΣ ǎŜŎƻƴŘ ƘŜŀǊǘ ǎƻǳƴŘΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˢͯͫͯ͟͡Έͭ͊ͼ͙Ύ ͔ͫͪ͒ͼ͊ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͒ͦͫͭͯͨͤ·ͻ ͙ ͙ͤͺ͙͍ͦͪͣ͊ͭͤ·ͻ ͔͍ͣͭͦ͒ͦ 

ͺ͙͙͊͘͟͡Έ͎ͤͦͦ ͦ ͔͍͙͋ͫ͒ͦ͊ͤ͡ΎΣ ͍ͨͦͦ͘͡ΎΌ΅͙ͣ ͦͼ͔͙ͤͭΈ ͪ͊͋ͦͭͯ ͔͔ͫͪ͒;ͤͦπͫ ͙͚ͦͫͯ͒ͫͭͦ ͙͔ͫͫͭͣ· ͔͋͘ 

͙͔͔͙ͨͪͣͤͤΎ ͎ͫͦ͗ͤͦͦ͡ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎΦ ́ͦͤ· ͔ͫͪ͒ͼ͊ ͦͭͪ͊͗͊Όͭ ͔ͣͻ͙͊ͤ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ·Σ ͙ͨͪͦͫͻͦ͒Ύ΅͙͔ 

͍ ͔͔ͫͪ͒;͚ͤͦ ͣ·΄ͼ͔ ͙ ͊ͨ͊ͤͤͦͣ͟͡ ͔͊ͨͨ͊ͪ͊ͭΣ ͙ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͍͊͗ͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙Ό ͦ ͙͙͔͒ͤ͊ͣ͟ 

͍ͪͦͦͭͦ͊͟͟Σ ͙͙ͫͦͪ͊ͭͣͦͫͭ͟ ͙ͣͦ͊ͪ͒͊͟Σ ͔͙͙ͤ͊ͨͦͤͤ͡ ͔͗ͯ͒ͦ͡;͍ͦ͟ ͙ ͫͦͫͭͦΎ͙͙ͤ ͍͊ͨ͊ͤͦ͟͡Φ ˹͔ͫͣͦͭͪΎ ͤ͊ 
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ͨͦΎ͍͔͙͔ͤ͡ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙Σ ͙ͭ͊͟ͻ ͊͟͟ Ήͻ͙͎ͦ͊ͪ͒ͦͪ͊͟ͺ͙Ύ ͙ ͎͙ͣ͊ͤͭͤͦπͪ ͔ͦͤ͊ͤͫͤ͊͘Ύ 

͎ͭͦͣͦͪ͊ͺ͙ΎΣ ͊ͯͫͯ͟͡Έͭ͊ͼ͙Ύ ͖ͦͫͭ͊ͭͫΎ ͟͡Ό;͔͍·ͣ Ή͔͔ͣͤͭͦͣ͡ ͔͍͙ͨͪ;͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Φ ˽͙͙͔ͦͤͣ͊ͤ 

͔ͣͻ͙͍͊ͤͣͦ͘ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͤͦͪͣ͊͡Έͤ·ͻ ͍ͭͦͤͦ ͔ͫͪ͒ͼ͊ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͒͡Ύ ͍͙ͨͪ͊͡Έ͚ͤͦ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ 

͔͙͚ͦͭͦͤͤ͟͡ ͙ ͍͔͍͔͔͎ͫͦͪͣͤͤͦͦ ͍·Ύ͍͔͙ͤ͡Ύ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘Φ 

͙͙͎͙̅ͦͦ͘͡;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ L ͭͦ ͤ͊ ͔ͫͪ͒ͼ͊ 

˽͔͍ͪ·͚ ͭͦͤ ͔ͫͪ͒ͼ͊ ͍͙͔ͦͤ͊ͭ͘͟ ͍ ͤ͊;͔͊͡ ͙ͫͫͭͦ͡· ͙ ͔ͦͭͪ͊͗͊ͭ ͊ͪ͘͟·͙͔ͭ ͙͍͔͙͊ͭͪͦͤͭͪͯ͟͡Ύͪͤ·ͻ 

͍͊ͨ͊ͤͦ͟͡Σ ͤ͊ͨͪΎ͔͙͔͗ͤ ͙ͣͦ͊ͪ͒͊͟ ͙ ͔͙ͦ͋͊ͤ͟͡Ύ ͍͙͔͔ͤͯͭͪͫͪ͒;ͤ·ͻ ͫͭͪͯͭͯͪ͟Φ ˩͎ͦ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ 

͍͔ͦ͋ͯͫͦͤͦ͡͡ ͔ͤͫͦ͟͡Έ͙͙ͣ͟ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟Υ ͊ͨ͊ͤͤ͟͡·ͣΣ ͣ·΄͔;ͤ·ͣΣ ͙ͫͦͫͯ͒ͫͭ·ͣ ͙ ͔ͪͦͤ͊ͤͫͤ͘·ͣΦ 

˴͡ ͊ͨ͊ͤͤ·͚ ͔ͦͣͨͦͤͤͭ͟ ͍ͫΎ͊ͤ͘ ͫͦ ͫͣ·͙͔͊ͤͣ͟ ͙ͣͭͪ͊͡Έ͎ͤͦͦ ͙ ͙͙ͭͪͯͫͨ͒͊͟͡Έ͎ͤͦͦ ͍͊ͨ͊ͤͦ͟͡Σ ;ͭͦ ͖ͫͦ͒͊ͭ͘ 

͍ͦͫͤͦͤͯΌ ;͊ͫͭΈ ͍ͯ͘;͙͊ͤΎΦ ˸·΄͔;ͤ·͚ ͔ͦͣͨͦͤͤͭ͟ ͍͔ͦ͋ͯͫͦͤ͡͡ ͋·ͫͭͪ·ͣ ͍͔͙ͯ͡;͔͙͔ͤͣ ͤ͊ͨͪΎ͔͙͗ͤΎ 

͙ͣͦ͊ͪ͒͊͟ ͤ͊ Ή͔ͭ͊ͨ ͙͔͙ͦͣͭͪ͘;͔͚ͫͦ͟ ͙ͫͫͭͦ͡·Φ ˿͙ͦͫͯ͒ͫͭ·͚ ͔ͦͣͨͦͤͤͭ͟ ͺ͙͔ͦͪͣͪͯͭͫΎ ͍͔͍͙͔ͫ͒ͫͭ͡ 

͔͙͚ͦ͋͊ͤ͟͡ ͔ͫͭͤͦ͟ ͊ͦͪͭ· ͙ ͖͎ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪΣ ͍͙ͦͤ͊͘͟Ό΅͙ͻ ͙ͨͪ ͤ͊;͔͊͡ ͙͎͙ͤ͊ͤ͘Ύ ͍͙ͪͦ͟Φ 

ˮ͔͙͍ͤͭͤͫͤͦͫͭΈ ͔͍͎ͨͪͦͦ ͭͦͤ͊ ͍͙͙͊ͫͭ͘ ͦͭ ͪΎ͒͊ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟Σ ͙ͭ͊͟ͻ ͊͟͟ ͔͙͔ͨͦͦ͗ͤ͡ 

͍͊ͨ͊ͤͦ͟͡ ͔͔ͨͪ͒ ͤ͊;͊ͦͣ͡ ͙ͫͫͭͦ͡·Σ ͔͔ͫͭͨͤΈ ͔͙ͤ͊ͨͦͤͤ͡Ύ ͔͗ͯ͒ͦ͡;͍ͦ͟Σ ͙ͫͦͪ͊ͭͣͦͫͭ͟Έ ͙ͣͦ͊ͪ͒͊͟ ͙ ;͊ͫͭͦͭ͊ 

͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤΦ ͙͔͙͔̂ͫͤ͡ L ͭͦ ͤ͊ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͙ͨͪ ͭ͊ͻ͙͙͙͊ͪ͒͟Σ ͎͙͔͙͔͙ͨͪͤͭ͟;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙ͤΎͻΣ 

͔͙͙͊ͤͣΣ ͍ͨͦ·΄͔͚ͤͤͦ ͙͙ͫͣͨ͊ͭ;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟Σ ͊ ͔͙͔ͦͫ͊͋ͤ͡͡ τ ͨ ͙ͪ ͙͔͙͙ͫͤ͗ͤ ͙͙ͫͦͪ͊ͭͣͦͫͭ͟Σ 

ͨͦͪͦ͊͟ͻ ͍͊ͨ͊ͤͦ͟͡Σ ͍·͔ͪ͊͗ͤͤͦͣ ͍ͨͦ·΄͔͙͙ͤ ͍͔͙͒͊ͤ͡Ύ ͔͙ͤ͊ͨͦͤͤ͡Ύ ͔͗ͯ͒ͦ͡;͍ͦ͟ ͙ ͤ͊͘;͙͔ͭ͡Έͤͦͣ 

͙͔͙͙ͯ͒ͤͤ͡ twπ͙ ͔͍ͤͭͪ͊͊͡Φ 

˻͔ͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͫͦͫͭͦΎ͙͔ͤ ͙ͣͭͪ͊͡Έ͎ͤͦͦ ͊ͨ͊ͤ͊͟͡Υ ͙ͨͪ ͔͎ͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͔͍ͨͪ·͚ ͭͦͤ 

͍͙ͫͭ͊ͤͦͭͫΎ ͫ͊͋͡·ͣ ͙ ζͪ·ͻ͡·ͣηΣ ͍ ͭͦ ͍͔ͪͣΎ ͊͟͟ ͙ͨͪ ͙ͣͭͪ͊͡Έͤͦͣ ͔͔ͫͭͤͦ͘ ͦͤ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͻͦͨ͊͡Ό΅͙͚ 

ͻ͔͊ͪ͊ͭͪ͟Σ ;ͭͦ ͙͔͔ͣͭ ͍͊͗ͤͯΌ ͙͎͙͒͊ͤͦͫͭ;͔ͫͯ͟Ό ͼ͔ͤͤͦͫͭΈΦ 

͙͍͙͔̅ͦͪͣͪͦ͊ͤ LL ͭͦͤ͊ ͔ͫͪ͒ͼ͊ ͙ ͔͎ͦ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

ˤ͚ͭͦͪͦ ͭͦͤ ͔ͫͪ͒ͼ͊ ͍͙͔ͦͤ͊ͭ͘͟ ͍ ͤ͊;͔͊͡ ͙͒͊ͫͭͦ͡· ͙ ͍ͫΎ͊ͤ͘ ͫ ͊ͪ͘͟·͙͔ͭͣ ͨͦͯͯͤͤ͡͡·ͻ ͍͊ͨ͊ͤͦ͟͡ 

͊ͦͪͭ· ͙ ͖͎ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪΦ ˻ͤ ͙ͫͦͫͭͦͭ ͙͘ ͍͒ͯͻ ͔͍ͦͣͨͦͤͤͭͦ͟Υ ͊ͦͪͭ͊͡Έ͎ͤͦͦ ͙ ͖͎ͦ͡;͎ͤͦͦΣ ͦͭͦͪ͟·͔ ͍ ͔ͤͦͪͣ 

͔ͫ͒ͯ͡Όͭ ͎͒ͪͯ ͊͘ ͎͒ͪͯͦͣ ͫ ͔ͤ͋ͦ͡Έ΄͙ͣ ͍͔͔ͪͣͤͤ·ͣ ͙͔͍ͤͭͪ͊ͦͣ͡Φ ˸͔ͻ͙͊ͤͣ͘ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍͔ͦ͋ͯͫͦͤ͡͡ 

͔͙ͪͣ͘͟ ͙͔͙͔ͫͤ͗ͤͣ ͍͔͙͒͊ͤ͡Ύ ͍ ͔͗ͯ͒ͦ͡;͊͟ͻ ͔ͨͦͫ͡ ͙ͫͫͭͦ͡· ͙ ͦ͋ͪ͊ͭͤ·ͣ ͭͦͦͣ͟ ͍͙ͪͦ͟Σ ͦͭͦͪ͟·͚ ͙͍͙ͨͪͦ͒ͭ 

͟ ͫͣ·͙͊ͤ͟Ό ͍͊ͨ͊ͤͦ͟͡Φ 

ˮ͔͙͍ͤͭͤͫͤͦͫͭΈ LL ͭͦͤ͊ ͍͙͙͊ͫͭ͘ ͦͭ ͎͙ͯͨͪͯͦͫͭ ͍͊ͨ͊ͤͦ͟͡ ͙ ͙ͫͦͪͦͫͭ͟ ͊ͪ͘͟·͙ͭΎΣ ͊ ͔ͭ͊͗͟ ͦͭ ͍͔͙͒͊ͤ͡Ύ ͍ 

͔͊ͦͪͭ ͙ ͖͎ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪΦ ͙͔͙͔̂ͫͤ͡ ͊ͦͪͭ͊͡Έ͎ͤͦͦ ͔ͦͣͨͦͤͤͭ͊͟ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͙ͨͪ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ 

͎͙͔͔͙͙ͨͪͭͤ͘Σ ͎ͭͦ͒͊ ͊͟͟ ͙͔͙͔ͯͫͤ͡ ͖͎ͦ͡;͎ͤͦͦ τ ͨ ͙ͪ ͖͎ͦ͡;͚ͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘ ͙ͪ͊͘͡;͎ͤͦͦ ͎͔͔ͤ͊͘Φ 

˻͔͙͔ͫ͊͋ͤ͡͡ LL ͭͦͤ͊ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͙͔͚ͫͤ͗ͤͤͦ ͍͙͙ͨͦ͒͗ͤͦͫͭ ͊ͨ͊ͤͤ͟͡·ͻ ͍ͫͭͦͪͦ͟ ͙͙͡ ͍·͔͚ͪ͊͗ͤͤͦ 

͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͊ͨ͊ͤ͊͟͡Φ 

͙͙͎͙̅ͦͦ͘͡;͔͔ͫͦ͟ ͪ͊ͫ΅͔͔͙͔ͨͤ͡ LL ͭͦͤ͊ Ύ͍͡Ύ͔ͭͫΎ ͤͦͪͣ͊͡Έͤ·ͣ Ύ͍͔͙͔ͤͣ͡ ͙ ͍ͫΎ͊ͤͦ͘ ͫ ͙ͪ͊͘͡;͙Ύ͙ͣ 

͍ ͙͙͔͒ͤ͊ͣ͟ ͍ͪͦͦͭͦ͊͟͟ ͔ͣ͗͒ͯ ͋ͦ͡Έ΄͙ͣ ͙ ͣ͊͡·ͣ ͎͙ͪͯ͊ͣ͟ ͍ͪͦͦͦ͋ͪ͊͟΅͔͙ͤΎΦ ˤͦ ͍͔ͪͣΎ ͍͒ͦͻ͊ 

͍͔͙ͯ͡;͙͍͔͊ͭͫΎ ͍͔ͤͦͤ͘·͚ ͍͍ͦͪ͊ͭ͘ ͍ ͍ͨͪ͊·͔ ͔ͦͭ͒͡· ͔ͫͪ͒ͼ͊Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͔ͤ͋ͦ͡Έ΄ͦͣͯ ͍͔͙ͯ͡;͔͙ͤΌ 

͙͔͒ͭ͡͡Έ͙ͤͦͫͭ ͙͎͙ͤ͊ͤ͘Ύ ͙ ͔͔͋ͦ͡ ͔ͨͦ͒ͤͣͯ͘ ͊ͪ͘͟·͙ͭΌ ͊ͨ͊ͤ͊͟͡ ͖͎ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪΦ ̏ͭͦ ͪ͊ͫ΄͙ͪΎ͔ͭ 

͙͔͍ͤͭͪ͊͡ ͔ͣ͗͒ͯ ͊ͦͪͭ͊͡Έͤ·ͣ ͙ ͖͎ͦ͡;ͤ·ͣ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟Φ ˹͊ ͍·͒ͦͻ͔ Ήͭͦͭ ͙͔͍ͤͭͪ͊͡ ͔ͯͣͤΈ΄͔͊ͭͫΎΣ ͙ 

ͭͦͤ· ͙͍ͫ͊͡ΌͭͫΎΦ 

͙͙͍͔̅ͫͪͦ͊ͤͤͦ͟ ͙͙͡ ͨ͊ͪ͊͒ͦͫ͊͟͡Έ͔ͤͦ ͪ͊ͫ΅͔͔͙͔ͨͤ͡ ͍͎ͭͦͪͦͦ ͭͦͤ͊ Ύ͍͡Ύ͔ͭͫΎ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫͣ͟ 

͙ͨͪͤ͊ͦͣ͘͟ ͙ ͔͔ͭͪ͋ͯͭ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡ΎΣ ͦ͒ͤ͊ͦ͟ ͺ͙͙͎͙ͦͦ͘͡;͔͔ͫͦ͟ ͪ͊ͫ΅͔͔͙͔ͨͤ͡ 

͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͍͙͊ͪ͊ͤͭ ͤͦͪͣ·Φ 

ˢ͙ͯͫͭ͟;͔͙͔ͫ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͤͦͪͣ͊͡Έͤ·ͻ ͍ͭͦͤͦ ͔ͫͪ͒ͼ͊ 

˹ͦͪͣ͊͡Έͤ·͔ ͭͦͤ· ͙͔ͣΌͭ ;͖͙͔ͭ͟ ͙͊ͯͫͭ͟;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊Σ ͦͭͦͪ͟·͔ ͍ͨͦͦ͘͡ΎΌͭ ͙ͪ͊͘͡;͙ͭΈ ͙ͻ ͙ͨͪ 
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͊ͯͫͯ͟͡Έͭ͊ͼ͙͙Φ ˽͔͍ͪ·͚ ͭͦͤ ͔ͦ͋͊͒͊ͭ͡ ͔͔͋ͦ͡ ͙͚ͤͦ͘͟ ;͚͊ͫͭͦͭͦΣ ͋ͦ͡Έ΄͔͚ ͙͔͒ͭ͡͡ΈͤͦͫͭΈΌ ͙ ͫ͡·΄͔ͤ ͯ͡;΄͔ 

ͤ͊ ͍͔ͪͻͯ΄͔͟ ͔ͫͪ͒ͼ͊Φ ˤ͚ͭͦͪͦ ͭͦͤ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͔͋ͦ͡ ͍·͚ͫͦͦ͟ ;͚͊ͫͭͦͭͦ ͙ ͯ͡;΄͔ ͍͙͙͔ͦͫͨͪͤͣ͊ͭͫΎ ͍ͦ 

͍ͭͦͪͦͣ ͔͔͔ͣ͗ͪ͋ͪΈ͔ ͍ͫͨͪ͊͊ ͙ ͔͍ͫ͊͡ ͦͭ ͎͙ͪͯ͒ͤ·Φ 

˻ͭͤͦ΄͔͙͔ͤ ͍ͯ͘;͙ͤͦͫͭ L ͙ LL ͭͦͤ͊ ͍͙͙͊ͫͭ͘ ͦͭ ͭͦ;͙͟ ͊ͯͫͯ͟͡Έͭ͊ͼ͙͙Φ ˹͊͒ ͍͔ͪͻͯ΄͚ͦ͟ ͔͔͋ͦ͡ ͍·͔ͪ͊͗ͤ 

͔͍ͨͪ·͚ ͭͦͤΣ ͍ ͔ͨͪͦ͟ͼ͙͙ ͊ͦͪͭ· ͙ ͖͎ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪ τ ͍͚ͭͦͪͦΦ ͙̏ͭ ͙ͪ͊͘͡;͙Ύ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͙ͨͪ ͦͼ͔͔ͤ͟ 

ͤͦͪͣ͊͡Έ͎ͤͦͦ ͍ͪͦͦͭͦ͊͟͟ ͙ ͍·Ύ͍͔͙͙ͤ͡ ͔͙͚ͦͭͦͤͤ͟͡Φ 

˿ ͍ͦͪ͊ͫͭͦͣ͘ ͙͊ͯͫͭ͟;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͍ͭͦͤͦ ͎ͣͦͯͭ ͙͔ͣͤ͘ΎͭΈͫΎΦ ̂ ͙ͨͦ͗͡·ͻ ͡Ό͔͚͒ ͔ͯͣͤΈ΄͔͙͔ͤ 

Ή͙͊ͫͭ͡;͙ͤͦͫͭ ͍͊ͨ͊ͤͦ͟͡ ͙ ͙͔͙͔ͫͤ͗ͤ ͍͙͙ͨͦ͒͗ͤͦͫͭ ͍ͫͭͦͪͦ͟ ͙͍ͨͪͦ͒Ύͭ ͟ ͔͙ͦͫ͊͋ͤ͡͡Ό ͍ͭͦͤͦΦ ̂ ͔͔͚͒ͭΣ 

ͤ͊ͦ͋ͦͪͦͭΣ ͭͦͤ· ͍ͯ͘;͊ͭ ͔͔͋ͦ͡ ͎ͪͦͣͦ͟ ͙ ͦͭ;͖͙͍ͭͦ͡ ͙͘π͘ ͊ ͚ͭͦͤͦ͟ ͎͚ͪͯ͒ͤͦ ͔͙ͫͭͤ͟ ͙ ͍·͚ͫͦͦ͟ ;͊ͫͭͦͭ· 

͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤΦ 

˻ͨ·ͭͤ·͚ ͍ͪ͊; ͔ͫͨͦͫͦ͋ͤ ͙ͪ͊͘͡;͙ͭΈ ͔͍͒͊ ͔͊ͣͭͤ͘·͔ ͙͔͔͙ͣͤͤ͘Ύ ͍ͯ͘;͙ͤͦͫͭΣ ͔ͭͣ͋ͪ͊ ͙ ͙͔͒ͭ͡͡Έ͙ͤͦͫͭΣ 

;ͭͦ ͔͔͒͊ͭ͡ ͊ͯͫͯ͟͡Έͭ͊ͼ͙Ό ͍͊͗ͤ·ͣ ͍ͤ͊·ͦͣ͟ ͍ ͙͎͙͔͒͊ͤͦͫͭ͟ ͔͔ͫͪ͒;ͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

̅͊ͭͦͪ͟·Σ ͍͙͡ΎΌ΅͙͔ ͤ͊ ͍ͯ͘;ͤͦͫͭΈ ͍ͭͦͤͦ ͔ͫͪ͒ͼ͊ 

ˮ͔͙͍ͤͭͤͫͤͦͫͭΈ ͔͔ͫͪ͒;ͤ·ͻ ͍ͭͦͤͦ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͫͦͫͭͦΎ͙͔ͤͣ ͍͊ͨ͊ͤͦ͟͡ ͙ ͙ͣͦ͊ͪ͒͊͟Σ ͤͦ ͙ 

͔͍ͣͤͦ͗ͫͭͦͣ ͍͔ͤ΄͙ͤͻ ͺ͍͊ͭͦͪͦ͟Φ ͔͔͙͔́ͦͫͦ͗ͤ͡͡ ͨ͊ͼ͙͔ͤͭ͊Σ ͭͦ͡΅͙ͤ͊ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡Σ ͔͙͔ͨͦͦ͗ͤ͡ ͔ͭ͊͡Σ 

Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͫͦͫͭͦΎ͙͔ͤΣ ͺ͙͙͘;͔ͫ͊͟Ύ ͎ͤ͊ͪͯ͊͘͟ τ ͍͖ͫ Ήͭͦ ͔ͣͦ͗ͭ ͙͔ͣͤ͘ΎͭΈ ͫ͡·΄͙ͣͦͫͭΈ ͍ͭͦͤͦΦ 

˽͍ͦ·΄͔ͤͤ͊Ύ ͙͙ͫͣͨ͊ͭ;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͙͙͍͔ͯͫ͊ͭ͡ ͍ͯ͘;ͤͦͫͭΈ ͍ͭͦͤͦ ͊͘ ͫ;͖ͭ ͍͔͙ͯ͡;͔͙ͤΎ ͙ͫ͡· 

͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤΦ ˽͎͙͊ͭͦͦ͡;͔͔ͫͦ͟ ͙͔͙͔ͦ͗ͪͤΣ ͙͍ͤ͊ͨͪͦͭΣ ͔ͯͣͤΈ΄͔͊ͭ ͙ͻ ͫ͡·΄͙ͣͦͫͭΈ ͙͘π͘ ͊ 

ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͭͦ͡΅͙ͤ· ͎͚ͪͯ͒ͤͦ ͔͙ͫͭͤ͟Φ 

ˮ͔͔͙͔ͣͤͤ͘ ͺ͊͘ ͒·ͻ͙͊ͤΎ ͔ͭ͊͗͟ ͙͎͔ͪ͊ͭ ͋ͦ͡Έ΄ͯΌ ͪͦ͡ΈΥ ͤ͊ ͍͒ͦͻ͔ ͙͙͍͔ͯͫ͊ͭͫ͡Ύ ͍͔ͤͦͤ͘·͚ ͙ͨͪͭͦ͟ ͟ 

͍ͨͪ͊·ͣ ͔ͦͭ͒͊ͣ͡ ͔ͫͪ͒ͼ͊Σ ;ͭͦ ͍͙͡Ύ͔ͭ ͤ͊ ͙͔͍ͤͭͪ͊͡ ͔ͣ͗͒ͯ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ ͍͎ͭͦͪͦͦ ͭͦͤ͊Φ 

˽͙͙͔ͦͤͣ͊ͤ Ή͙ͭͻ ͤΌ͍͊ͤͫͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͔͋͗͊ͭ͘Έ ͦ΄͙͋ͦ;͚ͤͦ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͒͊ͤͤ·ͻ ͊ͯͫͯ͟͡Έͭ͊ͼ͙͙ 

͙ ͍ͨͦ·΄͔͊ͭ ͭͦ;ͤͦͫͭΈ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟Φ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͤͦͪͣ͊͡Έͤ·ͻ ͔͔ͫͪ͒;ͤ·ͻ ͍ͭͦͤͦ 

˽͍͙ͪ͊͡Έͤ͊Ύ ͦͼ͔ͤ͊͟ ͤͦͪͣ͊͡Έͤ·ͻ ͍ͭͦͤͦ ͔ͫͪ͒ͼ͊ ͙͔͔ͣͭ ͋ͦ͡Έ΄͔ͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͔͍͙ͨͪ;͎ͤͦͦ 

͍·Ύ͍͔͙ͤ͡Ύ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͔͔ͫͪ͒;ͤͦπͫ ͙͚ͦͫͯ͒ͫͭͦ ͙͔ͫͫͭͣ·Φ ͖͙͔̉ͭ͟ ͭͦͤ· ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ ͫͦͻ͖͚ͪ͊ͤͤͤͦ 

ͺͯͤ͟ͼ͙͙ ͎͊ͨ͊ͤͤͦͦ͟͡ ͊ͨͨ͊ͪ͊ͭ͊ ͙ ͙ͣͦ͊ͪ͒͊͟Σ ͎ͭͦ͒͊ ͊͟͟ ͡Ό͋·͔ ͔͙ͦͭͦͤͤ͟͡Ύ ͎ͣͦͯͭ ͯ͊͘͟·͍͊ͭΈ ͤ͊ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡ΎΦ 

ˢͯͫͯ͟͡Έͭ͊ͼ͙Ύ ͖ͦͫͭ͊ͭͫΎ ͔͍ͨͪ·ͣ Ήͭ͊ͨͦͣ ͙͎͙͙͒͊ͤͦͫͭ͟ ͍ͨͦͪͦͦ͟ ͔ͫͪ͒ͼ͊Σ ͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΣ 

͎͙͔͔͙͍ͨͪͭͤͤ͘·ͻ ͫͦͫͭͦΎ͙͚ͤ ͙ ͤ͊ͪͯ΄͔͙͚ͤ ͙ͪͭͣ͊Φ  

˭͊͟͡Ό;͔͙͔ͤ 

˹ͦͪͣ͊͡Έͤ·͔ ͭͦͤ· ͔ͫͪ͒ͼ͊ Ύ͍͡ΎΌͭͫΎ ͔ͤͦͭΆ͔͔͚ͣͣͦ͡ ;͊ͫͭΈΌ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͊ͪͭͤ͟· ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 

͔͔ͫͪ͒;ͤͦπͫ ͙͚ͦͫͯ͒ͫͭͦ ͙͔ͫͫͭͣ·Φ ˽͙͙͔ͦͤͣ͊ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ ͙ͻ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎΣ ͙͊ͯͫͭ͟;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ 

͙ ͺ͍͊ͭͦͪͦ͟Σ ͍͙͡ΎΌ΅͙ͻ ͤ͊ ͙ͻ ͍ͯ͘;ͤͦͫͭΈΣ ͙͔͔ͣͭ ͟͡Ό;͔͍͔ͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͍ͪ͊;͊ ͡Ό͎͋ͦͦ ͨ ͪͦͺ͙͡ΎΦ 

ˢͯͫͯ͟͡Έͭ͊ͼ͙ΎΣ ͔ͤͫͣͦͭͪΎ ͤ͊ ͨͪͦͫͭͦͭͯΣ ͖ͦͫͭ͊ͭͫΎ ͍·͙ͫͦͦͤ͟ͺ͙͍ͦͪͣ͊ͭͤ·ͣ ͔ͣͭͦ͒ͦͣ ͙͎͙͙͒͊ͤͦͫͭ͟Σ 

͍ͨͦͦ͘͡ΎΌ΅͙ͣ ͍͔͍͔͔ͫͦͪͣͤͤͦ ͍·Ύ͍͙ͭΈ ͔͙ͦͭͦͤͤ͟͡Ύ ͙ ͍͙ͤ͊ͨͪ͊ͭΈ ͨ͊ͼ͙͔ͤͭ͊ ͤ͊ ͒͊͡Έ͔͚ͤ΄͔͔ 

͔͍͙͔ͦ͋ͫ͒ͦ͊ͤ͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ .ǊŀǳƴǿŀƭŘ 9Φ IŜŀǊǘ 5ƛǎŜŀǎŜΥ ! ¢ŜȄǘōƻƻƪ ƻŦ /ŀǊŘƛƻǾŀǎŎǳƭŀǊ aŜŘƛŎƛƴŜΦ 

нΦ tŜǊƭƻũ WΦYΦ ¢ƘŜ /ƭƛƴƛŎŀƭ wŜŎƻƎƴƛǝƻƴ ƻŦ /ƻƴƎŜƴƛǘŀƭ IŜŀǊǘ 5ƛǎŜŀǎŜΦ 

оΦ aŎDŜŜ {ΦwΦ 9ǾƛŘŜƴŎŜπ.ŀǎŜŘ tƘȅǎƛŎŀƭ 5ƛŀƎƴƻǎƛǎΦ 

пΦ YǳƳŀǊ tΦΣ /ƭŀǊƪ aΦ /ƭƛƴƛŎŀƭ aŜŘƛŎƛƴŜΦ 

рΦ wǳǎƘƳŜǊ wΦCΦ /ŀǊŘƛƻǾŀǎŎǳƭŀǊ tƘȅǎƛƻƭƻƎȅΦ 

ϭ ˹͔͔͍ͨͫͦ ̒ΦΣ нлнр 
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       ˹ͯͪ·͔͍ ˸͊ͫ͊ͭ͟Σ 

 ͫ ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΦ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟  

͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˿˻ˤ˾˩˸˩˹˹ˢ̒ ́˩˾ˢ˽ˮ̒Υ ˮ˹́˩˥˾ˢ̇ˮ̒ ̏́ˮ˻˽ˢ́˻˥˩˹˩́ˮ̉˩˿˴ˮ̆ ˽˾ˮ˹̇ˮ˽˻ˤΣ ˽˩˾˿˻˹ˢ˶ˮ˭ˢ̇ˮˮ 

ˮ ˨˻˴ˢ˭ˢ́˩˶̎˹˻˯ ˽˾ˢ˴́ˮ˴ˮ ˤ ˴˶ˮ˹ˮ̉˩˿˴˻˯ ˸˩˨ˮ̇ˮ˹˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

͔͙́ͪ͊ͨΎ ͊͟͟ ͍͚ͦͫͤͦͤͦ ͔ͪ͊͒͘͡ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͔͙ͣ͒ͼ͙ͤ· ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͙͙͒ͤ͊ͣ;͔ͫͯ͟Ό 

͙͔ͫͫͭͣͯ ͙͚ͤ͊ͤ͘Σ ͔͍ͣͭͦ͒ͦ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͤ͊ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͍͒ͦͪͦ͘ΈΎΣ ͔͙͔ͯͫͭͪ͊ͤͤ 

͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ ͙ ͍ͨͦ·΄͔͙͔ͤ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͨ͊ͼ͙͔ͤͭ͊Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͔͍͙ͭͪ͊ͨͭ;͔ͫ͊͟Ύ 

͙͎ͨ͊ͪ͊͒ͣ͊ ͔͔͔ͨͪͭͪͨ͊͡ ͺ͔ͯͤ͒͊ͣͤͭ͊͡ΈͤͯΌ Ή͍ͦ͡Όͼ͙ΌΥ ͦͭ Ή͙͙ͣͨͪ;͔͎ͫͦͦ͟ ͙͙ͫͣͨͭͦͣ͊ͭ;͔͎ͫͦͦ͟ ͨͦ͒ͻͦ͒͊ ͟ 

͔͚ͦͣͨͫͤͦ͟͟͡ ͔͎͙͙ͫͭͪ͊ͭΣ ͙͔͎͙ͤͭͪͪͯΌ΅͔͚ Ή͙͔ͭͦͭͪͦͨͤͦΣ ͎͔͔͙ͨ͊ͭͦͤͭ;͔͔ͫͦ͟ ͙ ͙͙ͫͣͨͭͦͣ͊ͭ;͔͔ͫͦ͟ 

͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͍͔ͦͫͤͦ ͎͙ͫͭͪͦͻ ͙ͨͪͤͼ͙͍ͨͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͍͙ͨͪͦͦ͒ͭͫΎ 

͙͔ͫͫͭͣͤ·͚ ͙͊ͤ͊͘͡ ͫͭͪͯͭͯͪͤ͟·ͻ Ή͔͔͍ͣͤͭͦ͡ ͔͙͙ͭͪ͊ͨΥ ͺ͔͙͙͊ͪͣ͊ͦͭͪ͊ͨ͟ όͫ ͊͟ͼ͔ͤͭͦͣ ͤ͊ 

͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͘͡·͚ ͨͦ͒͋ͦͪΣ ͺ͎͔͙͊ͪͣ͊ͦͤͦͣͯ͟͟ ͙ ͙͙͎ͣͦͤͭͦͪͤ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ύΣ ͔͔͙͔ͤͣ͒͊ͣͤͭͦͤ͘͟·ͻ 

͔͍ͣͭͦ͒ͦ όͺ͙͙͔͙ͦͭͪ͊ͨ͘ΎΣ ͙͔͔͙͒ͭͦͭͪ͊ͨΎΣ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙ΎύΣ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͙ ͔ͭͦ͟͡;͚ͤͦ 

͔͙͙ͭͪ͊ͨΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤͦͣͯ͡ ͻ͔͊ͪ͊ͭͪͯ͟ ͔͔͍͙ͭͪ͊ͨͭ;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊Σ 

͙ͪͦ͡ ͍ͪ͊;͔͋ͤ·ͻ ͔ͪ΄͔͙͚ͤ ͍ ͍͙ͯͫͦ͡Ύͻ ͙͎͙͙ͨͦͨͪ͊ͣ͊͘͡ ͙ ͙͙ͦͣͦͪ͋͒ͤͦͫͭ͟Σ ͊ ͔ͭ͊͗͟ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫͣ͟ 

͍ͦͫͤͦ͊ͣ ͦͼ͔͙ͤ͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͡;͔͙ͤΎ όͦͤ͟ͼ͔ͨͼ͙Ύ ζƻǳǘŎƻƳŜǎη τ ͟ ͙͙ͤ͡;͔͙͔ͫ͟Σ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͙ 

ǇŀǝŜƴǘπǊŜǇƻǊǘŜŘ ƻǳǘŎƻƳŜǎύΦ ˾͔͊ͫͫͣͦͭͪͤ· ͟͡Ό;͔͍·͔ ͍·͍ͦ͘· ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙͙ͭͪ͊ͨΥ ͪͦͫͭ 

͙͙͚͊ͤͭͣͪͦ͋ͤͦ͟ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘Σ ͍͔͙͔ͯͨͪ͊ͤ͡ ͻ͙ͪͦͤ;͔͙͙ͫͣ͟ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·͙ͣ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣΣ 

͍͔͔͙͔ͤ͒ͪͤ ͼ͙ͺ͍ͪͦ·ͻ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ όŘƛƎƛǘŀƭ ǘƘŜǊŀǇŜǳǝŎǎύ ͙ Ή͙ͭ;͔͙͔ͫ͟ ͔͊ͫͨͭ͟· 

͙͔͔͙ͨͪͣͤͤΎ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·ͻ ͔͍ͣͭͦ͒ͦ ό͎͔ͤͤ͊Ύ ͔͙ͭͪ͊ͨΎύΦ ˻͍͋ͦͫͤͦ͊ͤ ͔͔ͨͪͻͦ͒ ͟ ͔͙ͣͦ͒͡ 

͔ͨͪͼ͙͙͚ͦͤͤͦ͘ όͭͦ;͚ͤͦύ ͔͙͙ͭͪ͊ͨ ͊͟͟ ͋ͯ͒ͯ΅͔͎ͦ ͫͭ͊ͤ͒͊ͪͭ͊ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͙ͨͪ͊ͭ͟͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͙͙ͤ͟͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΣ ͺ͔͙͊ͪͣ͊ͦͭͪ͊ͨ͟ΎΣ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͊͘͡Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ ͔͒ͦ͊͊ͭ͘͟͡Έͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ 

͔͔͍͙ͭͪ͊ͨͭ;͔͙͚ͫ͟ ͎͙͊ͦͪͭͣ͡Σ ͙ͦͣͦͪ͋͒ͤͦͫͭ͟ΈΣ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙Σ ͺ͊ͪͣ͊ͦͤ͊͒ͦͪ͘͟Σ 

͔ͨͪͼ͙͙ͦͤͤ͊͘Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ ͼ͙ͺ͍ͪͦ͊Ύ ͔͙ͭͪ͊ͨΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

͔͙́ͪ͊ͨΎ όͦͭ ͎͔ͪ;Φ ǘƘŜǊŀǇŜƛŀ τ ͡ ͔;͔͙͔ͤΣ ͯͻͦ͒ύ Ύ͍͡Ύ͔ͭͫΎ ͼ͔ͤͭͪ͊͡Έ͚ͤͦΣ ͙͔ͫͫͭͣͦͦ͋ͪ͊ͯ͘Ό΅͔͚ 

͙͒ͫͼ͙͙͚ͨͤͦ͡ ͍͔͔͚ͤͯͭͪͤͤ ͔͙ͣ͒ͼ͙ͤ·Σ ͦ͋Ά͔͙͒ͤΎΌ΅͔͚ ͔͔͙ͭͦͪͭ;͔͙͔ͫ͟ ͙ͤ͊ͤ͘Ύ ͦ ͔͋ͦͤ͘͡Ύͻ ͙ ͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ 

͍ͤ͊·͙͟ ͙ͻ ͔͡;͔͙ͤΎΦ ˤ ͔͔ͦͤͭͫͭ͟͟ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ ͔͙ͭͪ͊ͨΎ ͭͪ͊ͤͫͺ͙͍ͦͪͣͪͦ͊͊ͫ͡Έ ͙͘ 

͙͍ͫͯͫͫͭ͊͟ ͍ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ ͤ͊ͫ·΅͔ͤͤͯΌ ͤ͊ͯͯ͟Σ ͍ͦͫͤͦ͊ͤͤͯΌ ͤ͊ ͒͊ͤͤ·ͻ ͙͙͍ͪ͊ͤ͒ͦͣͪͦ͊ͤͤ͘·ͻ 

͙͔ͦͤͭͪͦͪͯͣ͟͡·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ό˾˴ˮύΣ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͼ͙ͺ͍͎ͪͦͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊Φ ˩͖ ͼ͔͡Έ 

τ ͤ ͔ ͨͪͦͫͭͦ ͙͍͙͔ͯͨͪͦ͊ͤ͟ ͙͍ͫͣͨͭͦͣͦΣ ͊ ͙͔͙͔͒ͦͫͭ͗ͤ ͙ͦͨͭͣ͊͡Έͤ·ͻ ͒͡Ύ ͔͎ͦͤͪͭͤͦͦ͟͟ ͨ͊ͼ͙͔ͤͭ͊ 

͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙ͫͻ͍ͦ͒ͦ ͫ ͙͙͙ͣͤͣ͊͘ͼ͙͔͚ ͙͍ͪͫͦ͟ Ύ͎͔ͭͪͦͤͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

мΦ ˽͙ͪͤͼ͙ͨ· ͙ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙͙ͭͪ͊ͨ 

мΦмΦ ˮ͔ͪ͊ͪͻ͙Ύ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͼ͔͔͚͡ ό͙ͨͪͤͼ͙ͨ 9{/ύΥ 

¶ ͙̏ͭͦͭͪͦͨͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ̂ ͔͙͔ͫͭͪ͊ͤͤ ͙ͨͪ;͙ͤ· ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ό͙͙͙͙͊ͤͭ͋ͦͭ͟ ͙ͨͪ ͙ͤͺ͔͟ͼ͙ΎͻΣ 

ͻ͔͊ͭͦͪ͡· ͙ͨͪ ͍͔͙ͦͭͪ͊ͤ͡Ύͻ ͔͙ͣͭ͊͊ͣ͡͡ύΦ ͍̒͡Ύ͔ͭͫΎ ͙͙͔͚ͨͪͦͪͭͭͤͦ ͙ͨͪ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͔͖ ͙͔͔͙ͨͪͣͤͤΎΦ 

¶ ˽͎͔͔͙͊ͭͦͤͭ;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΥ ʕ ͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͟͡Ό;͔͍·͔ ͍͔ͤ͘ΈΎ ͔ͣͻ͙͊ͤͣ͊͘ ͍͙͙ͪ͊ͭ͘Ύ ͔͙͋ͦͤ͘͡ 
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ό͙͎͙͙ͤ͋ͭͦͪ· ˢ˽̅ ͙ͨͪ ͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΣ ͼ͙͙͙ͭͦͫͭ͊ͭ͟ ͙ͨͪ ͎͙ͦͤͦͦ͟͡;͔͙ͫ͟ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻύΦ 

˿͍ͦͫͭ͊͡Ύ͔ͭ ͍ͦͫͤͦͯ ͔͡;͔͙ͤΎ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

¶ ˿͙͙ͣͨͭͦͣ͊ͭ;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΥ ˻ ͔͎͋͡;͔͙͔ͤ ͙͚ͫͭͪ͊͒͊ͤ ͨ͊ͼ͙͔ͤͭ͊Σ ͯͯ͡;΄͔͙͔ͤ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ 

ό͊ͤ͊͡Έ͎͔͙͙ͭ͟Σ ͙͗͊ͪͦͨͦͤ͗͊Ό΅͙͔Σ ͙͍͍ͨͪͦͭͦͪͦͭͤ·͔ύΦ ˹͔ ͍͙͡Ύ͔ͭ ͤ͊ ͙ͫͻͦ͒ ͔͙͋ͦͤ͘͡Σ ͤͦ Ύ͍͡Ύ͔ͭͫΎ 

ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊Φ 

мΦнΦ ˨͔ͦ͊͊ͭ͘͟͡Έͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊ ό˨˸ύ ͊͟͟ ͍ͦͫͤͦ͊ ͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤΥ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͔ͪ΄͔͙ͤΎ ͒ͦ͗ͤ͡· ͙͍͋͊ͪͦ͊ͭ͘ΈͫΎ ͤ͊ ͯ͡;΄͙ͻ ͒ͦͫͭͯͨͤ·ͻ ͤ͊ͯ;ͤ·ͻ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ͻΣ 

͙͙͍͙ͤ͒͒ͯ͊͡Έͤͦͣ ͦͨ·͔ͭ ͍ͪ͊;͊ ͙ ͔ͨͪ͒ͨͦ;͔͙ͭͤΎͻ ͙ͤͺ͙͍͎ͦͪͣͪͦ͊ͤͤͦͦ ͨ͊ͼ͙͔ͤͭ͊Φ ˮ͔ͪ͊ͪͻ͙Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ 

όͦͭ ͙͔͙ͫͫͭͣ͊ͭ;͔͙ͫ͟ͻ ͍ͦ͋ͦͪͦ͘ ͙ ˾˴ˮ ͒ͦ ͔͙͚ͣͤͤ Ή͔͍ͫͨͪͭͦ͟ύ ͺ͙͍ͦͪͣ͊ͦ͊ͤ͊͘͡ ͍ ͟ ͙͙ͤ͡;͔͙ͫ͟ͻ 

͔͔ͪͦͣͤ͒͊͟ͼ͙Ύͻ ό˴˾ύΣ ͦͭͦͪ͟·͔ ͫͯ͗͊ͭ͡ ͍ͦͫͤͦͤ·ͣ ͪ͊͋ͦ;͙ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͔͔͍ͭͪ͊ͨͭ͊Φ 

мΦоΦ ˽͔͙ͪͫͦͤ͊͊͘͡ͼ͙Ύ ͙ ͔ͨͪͼ͙͙ͦͤͤ͘·͚ ͨͦ͒ͻͦ͒Υ 

˿ͭ͊ͤ͒͊ͪͭͤ·͔ ͫͻ͔ͣ· ͯͫͭͯͨ͊Όͭ ͔ͣͫͭͦ ͙͙͍͙͙͙͍ͤ͒͒ͯ͊ͪͦ͊ͤͤ͘͡·ͣ ͔͎͙ͫͭͪ͊ͭΎͣΣ ͯ;͙ͭ·͍͊Ό΅͙ͣΥ 

¶ ͎͔͙̅͊ͪͣ͊ͦͤͦͣͯ͟͟Υ ˥ ͔͔͙ͤͭ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͙ͣͭ͊͋ͦͣ͊͘͡ ͔͍͊ͪͫͭ͟͡ ό͙ͦ͘ͺ͔͔ͪͣͤͭ· 

ͼ͙ͭͦͻͪͦͣ͊ tпрлύ ͒͡Ύ ͎ͨͪͦͤͦ͊͘ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ ͙ͭͦͫ͟;͙ͤͦͫͭΦ 

¶ ˣ͙͔ͦͣ͊ͪͪ͟·Υ ʕ ·͋ͦͪ ͎͔͚ͭ͊ͪͭͤͦ ͔͙͙ͭͪ͊ͨ ͤ͊ ͍͔ͦͫͤͦ ͔ͣͦͯ͟͡͡Ύ͎ͪͤͦͦ ͨͪͦͺ͙͡Ύ ͦͨͯͻ͙ͦ͡ ͙͙͡ 

͙͍͙͊ͭͤͦͫͭ͟ ͙͎͊ͯͭͦͣͣͯͤͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ 

¶ ͔͙͙̅ͤͦͭͨ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭΥ ʕ ͦͪ͊ͫͭ͘Σ ͨͦ͡Σ ͺͯͤ͟ͼ͙Ύ ͨͦ;͔͟ ͙ ͔ͨ;͔͙ͤΣ ͙ͦͣͦͪ͋͒ͤͦͫͭ͟ΈΦ 

нΦ ˻͍ͫͤͦͤ·͔ ͍͙͒· ͙ ͔ͣͭͦ͒· ͔͙͙ͭͪ͊ͨ 

нΦмΦ ͔͙̅͊ͪͣ͊ͦͭͪ͊ͨ͟Ύ 

ˤ͔͒ͯ΅͙͚ ͔ͣͭͦ͒ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͔͡;͔͙ͤΎΦ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙ΎΥ 

¶ ˽ͦ ͼ͔͙͡Υ Ή͙ͭͦͭͪͦͨͤ͊ΎΣ ͎͔͔͙ͨ͊ͭͦͤͭ;͔ͫ͊͟ΎΣ ͙͙ͫͣͨͭͦͣ͊ͭ;͔ͫ͊͟ΎΣ ͔͙͔͊ͣͫͭͭ͘͡Έͤ͊Ύ ό͙͙ͤͫͯͤ͡Σ 

͎ͦͪͣͦͤ· ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·ύΦ 

¶ ˽ͦ ͻ͔͊ͪ͊ͭͪͯ͟Υ ͪ͊ͼ͙ͦͤ͊͡Έͤ͊Ύ ό͍ͦ͋ͦͫͤͦ͊ͤͤ͊Ύύ ǾǎΦ ͙ͪͪ͊ͼ͙ͦͤ͊͡Έͤ͊Ύ ό͙͎͙ͨͦͨͪ͊ͣ͊͘͡Ύ ͔͋͘ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭύΦ 

¶ ̅͊ͪͣ͊ͦͤ͊͒ͦͪ͘͟ όtƘŀǊƳŀŎƻǾƛƎƛƭŀƴŎŜύΥ ˿ ͙͔ͫͭͣ͊ ͨͦͫͭͦΎ͎ͤͤͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ 

͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͔͙ͪ͒͟ͻ ͙ ͦͭͫͪͦ;͔ͤͤ·ͻ ͔͔͔ͤ͗͊ͭ͡͡Έͤ·ͻ ͔ͪ͊͟ͼ͙͚Φ 

нΦнΦ ˹͔͔͙͔ͣ͒͊ͣͤͭͦͤ͊͘͟Ύ ͔͙ͭͪ͊ͨΎ 

¶ ˨͙͔͔͙ͭͦͭͪ͊ͨΎΥ ˶ ͔;͔͔͋ͤͦ ͙͙͔ͨͭ͊ͤ ͊͟͟ ͦ͋Ύ͔͊ͭ͘͡Έͤ·͚ ͔ͦͣͨͦͤͤͭ͟ ό͙͔͒ͭ· ͙ͨͪ ͔͍͙͊͋ͦ͊ͤ͘͡Ύͻ 

ͨͦ;͔͟Σ ͔ͨ;͔͙ͤΣ ͺ͔͙͔͙͙ͤͭͦͤͯͪ͟͡ύΦ 

¶ ͙͙͔͙̅ͦͭͪ͊ͨ͘ΎΥ ˮ ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͺ͙͙͘;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟ ό͔͊ͪ͘͡Σ ͎͙͔ͣ͊ͤͭͤͦ ͔ͨͦ͡Σ ͯ͡Έ͍ͭͪ͊ͯ͘͟ύ ͒͡Ύ 

͔͡;͔͙ͤΎ ͙ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙Φ 

¶ ˶͔;͔͋ͤ͊Ύ ͺ͙ͯ͘͟͡Έͭͯͪ͊ ό˶̅˴ύ ͙ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙ΎΥ ʕ ͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͺͯͤ͟ͼ͙͚ ͔ͨͦͫ͡ 

ͦͫͭͪ·ͻ ͫͦͫͭͦΎ͙͚ͤ ό͙ͤͫͯ͡ΈͭΣ ͙ͤͺ͊ͪͭ͟ύ ͙ ͙ͨͪ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΦ 

¶ ˽͙ͫͻ͔͙ͦͭͪ͊ͨΎΥ ˴ ͎͙͙͍ͦͤͭͤͦπͨ ͍͔͔ͦ͒ͤ;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΣ ͔ͣͭͦ͒· ͔ͪ͊ͫ͊͟͡ͼ͙͙ ͊͟͟ ;͊ͫͭΈ ͔͡;͔͙ͤΎ 

͔͔͙͙͒ͨͪͫͫΣ ͔͍͎͙ͭͪͦΣ ͙ͨͫͻ͙ͦͫͦͣ͊ͭ;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΦ 

нΦоΦ ˣ͙͎͙ͦͦ͡;͔ͫ͊͟Ύ ͙ ͎͔ͤͤ͊Ύ ͔͙ͭͪ͊ͨΎ 

¶ ˣ͙͎͙ͦͦ͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΥ ˽ ͙͔͔͙͔ͪͣͤͤ ͣͦͤͦͦͤ͊͟͡͡Έͤ·ͻ ͙͔͊ͤͭͭ͡Σ ͼ͙͙͍ͭͦͤͦ͟Σ ͙͎͙͙͍ͤ͋ͭͦͪͦ 

͙ͣͣͯͤͤ·ͻ ͦͤͭͪͦ͟͡Έͤ·ͻ ͭͦ;͔͟ ό;͔͟πͨ ͙͍ͦͤͭͦύ ͍ ͎͙͙ͦͤͦͦ͟͡ ͙ ͔͍͎͙͙ͪͣ͊ͭͦͦ͡Φ 

¶ ˴͔ͭͦ͡;ͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ́ ͪ͊ͤͫͨ͊ͤͭ͊͡ͼ͙Ύ ͎͔ͣͦͨͦΉ͙ͭ;͔͙ͫ͟ͻ ͍͍ͫͭͦͦ͡·ͻ ͔ͭͦ͟͟͡Σ ͙͔͔͙͔ͨͪͣͤͤ 

͔͔ͣͤ͘ͻ͙ͣ͊͡Έͤ·ͻ ͫͭͪͦͣ͊͡Έͤ·ͻ ͔ͭͦ͟͟͡Φ 

¶ ˥͔ͤͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ˴ ͔ͦͪͪ͟ͼ͙Ύ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͔͒ͺ͔͍ͭͦ͟ ͤ͊ ͍͔ͯͪͦͤ ˨˹˴ ό͙͔ͤ͊ͨͪͣͪΣ ͔ͨͪͨ͊ͪ͊ͭ· ͒͡Ύ 

͔͡;͔͙ͤΎ ͙ͫͨͤ͊͡Έ͚ͤͦ ͣ·΄͔;͚ͤͦ ͊ͭͪͦͺ͙͙ύΦ 

оΦ ˤ·͍ͦ͘· ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͍͙͙ͪ͊ͭ͘Ύ ͔͙͙ͭͪ͊ͨ 

оΦмΦ ˴͡Ό;͔͍·͔ ͍·͍ͦ͘·Υ 

¶ ˴͙ͦͣͦͪ͋͒ͤͦͫͭΈ ͙ ͙͎͙ͨͦͨͪ͊ͣ͊͘͡ΎΥ ˹ ͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͔͍͔ͣͤͦ͗ͫͭͤͤ·͙ͣ ͻ͙ͪͦͤ;͔͙͙ͫͣ͟ 

͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣ ͯ ͎ͦ͒ͤͦͦ ͨ͊ͼ͙͔ͤͭ͊ ͫ ͙ͪͫͦͣ͟ ͔͔͍͔ͣ͗͊ͪͫͭͤͤ͟͡·ͻ ͍͙͔͚͍͙͚͊ͣͦ͒ͫͭ͘Φ 
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¶ ˢ͙͙ͤͭͣͪͦ͋ͤ͊͟Ύ ͔͙͔ͪͫͭͤͭͤͦͫͭ͘Έ ό!awύΥ ˴ ͙͙ͪͫ͘ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ Ή͙͚ͭͦͭͪͦͨͤͦ ͙͙͙͔͙͙͊ͤͭ͋ͦͭͦͭͪ͊ͨ͟Φ 

¶ ˾ͦͫͭ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ό˹ˮ˭ύΥ ́ ͔͔ͪ͋ͯͭ ͎͒ͦͦͫͪͦ͡;ͤ·ͻΣ ͔͔͙ͪͫͯͪͫͦͣ͟ͻ 

͔͎͙͚ͫͭͪ͊ͭΦ 

¶ ͙̏ͦͤͦͣ͟;͔ͫ͊͟Ύ ͚ͯͫͭͦ;͙͍ͦͫͭΈΥ x ͊͊ͤͫ͡ ͔ͣ͗͒ͯ ͍͔͔͙͔ͤ͒ͪͤͣ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;͚ͤͦ 

͎͒ͦͪͦͦͫͭͦΎ΅͔͚ ͔͙͙ͭͪ͊ͨ ͙ ͍ͦͣͦ͗ͤͦͫͭ͘Ύ͙ͣ ͙͔ͫͫͭͣ· ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ 

оΦнΦ ˽͔͔͙͍ͪͫͨͭͤ͟·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ 

¶ ˾͍͙͙͔͊ͭ͘ ͔ͨͪͼ͙͙͚ͦͤͤͦ͘ ͔͙ͣ͒ͼ͙ͤ·Υ ̂ ͎͔͙͔ͯ͋ͤ͡͡ ͔͙ͨͪͫͦͤ͊͊͘͡ͼ͙͙ ͤ͊ ͍͔ͦͫͤͦ ͣͯ͡Έ͙͙ͭͦͣͫͤ͟·ͻ 

͒͊ͤͤ·ͻ ό͎͔͙ͤͦͣ͊͟Σ ͔͙ͨͪͦͭͦͣ͊͟Σ ͔͙ͣͭ͊͋ͦͦͣ͊͟͡ύΦ 

¶ ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ όˮˮύ ͍ ͔͔ͨͦ͒͒ͪ͗͟ ͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤΥ s ͙ͤ͊͘͡ ͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻ ͒͡Ύ 

͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͍͔ͦͭͭ͊ ͤ͊ ͔͙ͭͪ͊ͨΌ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͫͻ͔ͣ ͔͡;͔͙ͤΎΦ 

¶ ͔͙́ͪ͊ͤͦͫͭ͊͟ ό¢ƘŜǊŀƴƻǎǝŎǎύΥ ˻ ͋Ά͔͙͔͙͔͒ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͙͙ͭͪ͊ͨ ͍ ͔͙͒ͤ·͚ ͨͪͦͼ͔ͫͫ ό͙͔ͤ͊ͨͪͣͪΣ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͎ͦ͒ͤͦͦ ͙ͪ͊͒ͦͺ͔͊ͪͣͨͪͨ͊ͪ͊ͭ͊ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͙ ͔͡;͔͙ͤΎ ͔͚ͤͪͦΉ͙ͤ͒ͦͪͤͤ͟·ͻ ͦͨͯͻ͔͚ͦ͡ύΦ 

¶ ̅ͦͯͫ͟ ͤ͊ ͨ͊ͼ͙͔͙͔͙͍͙ͤͭͦͦͪͤͭͪͦ͊ͤͤͦͫͭ όtŀǝŜƴǘπ/ŜƴǘŜǊŜŘ /ŀǊŜύΥ ̂ ;͔ͭ ͼ͔͔͚ͤͤͦͫͭΣ ͔ͨͪ͒ͨͦ;͔͙͚ͭͤ ͙ 

͙͔͗ͤͤͤ͘·ͻ ͼ͔͔͚͡ ͨ͊ͼ͙͔ͤͭ͊ ͊͟͟ ͔͔ͦͨͪ͒͡ΎΌ΅͙͚ ͺ͊ͭͦͪ͟ ͍·͋ͦͪ͊ ͔͙͙ͭͪ͊ͨΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͙ͭͪ͊ͨΎ τ Ήͭͦ ͍·͙͙ͫͦͦ͒ͤ͊ͣ͟;ͤ͊ΎΣ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤͦ ͤ͊ͫ·΅͔ͤͤ͊Ύ ͙͒ͫͼ͙͙ͨͤ͊͡Σ 

ͤ͊ͻͦ͒Ύ΅͊ΎͫΎ ͤ͊ ͔͔͔ͨͪ͒ͤͣ ͔ͪ͊͟ ͙͔͙͋ͦͣ͒ͼ͙͎ͤͫͦͦ͟ ͎͔ͨͪͦͪͫͫ͊Φ ˩͖ ͍͙͙͔ͪ͊ͭ͘ ͙͖͒ͭ ͨͦ ͙ͨͯͭ ͦͭ 

͙ͯͤͺ͙ͼ͙͍ͪͦ͊ͤͤ·ͻ ͍ͨͪͦͭͦͦͦ͟͡ ͟ ͫͦ͗ͤ͡·ͣΣ ͙͍͊͒͊ͨͭͤ·ͣ ͫ ͔͎͙ͭͪ͊ͭΎͣΣ ͍ͯͨͪ͊͡Ύ͔ͣ·ͣ ͒͊ͤͤ·͙ͣ ͙ 

ͤ͊ͼ͔͔ͤͤ͡·ͣ ͤ͊ ͔ͦͤͪͭͤ͟͟·͚ ͙͎͙͋ͦͦ͡;͔͙͚ͫ͟ ͙ ͙ͨͫͻͦͫͦͼ͙͊͡Έͤ·͚ ͔ͦͤͭͫͭ͟͟ ͨ͊ͼ͙͔ͤͭ͊Φ ͔̂ͫͨͻ ͋ͯ͒ͯ΅͔͚ 

͔͙͙ͭͪ͊ͨ ͔͋ͯ͒ͭ ͍͙͔͊ͫͭ͘Έ ͦͭ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͫͦͦ͋΅͔͍ͫͭ͊ ͙͔͎͙͍ͤͭͪͪͦ͊ͭΈ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ 

͔ͭͻ͎͙͙ͤͦͦ͡ ͫ ͎͙͙ͯͣ͊ͤͫͭ;͔͙͙ͫͣ͟ ͙ͨͪͤͼ͙͙ͨ͊ͣ ͍ͪ͊;͔͍͙͊ͤΎΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͔ͤ ͭͦ͡Έͦ͟ ͔͙͔ͨͪͦ͒ͤ͡ ͙͙͗ͤ͘Σ ͤͦ 

͙ ͫͦͻ͔͙͔ͪ͊ͤͤ ͔͖ ͨͦͤͦ͡ͼ͔͎ͤͤͦͦ ͊͟;͔͍ͫͭ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˤͦͪͦ͋Έ͖͍ ˽ΦˢΦ ό͔ͪ͒Φύ ˾͊ͼ͙ͦͤ͊͡Έͤ͊Ύ ͺ͔͙͊ͪͣ͊ͦͭͪ͊ͨ͟ΎΥ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͙ͨͪ͊ͭͯ͟͟Ό΅͙ͻ ͍ͪ͊;͔͚Φ τ ˸ΦΥ 

˶͙͔ͭͭͪͪ͊Σ нлннΦ τ ́Φ мπнΦ 

нΦ ˻͎͍͊ͤͦ ˾Φ˥ΦΣ ˨͔͙͍ͤͫͦ ˮΦ˹ΦΣ ˸͊ͪ͊;͔͍ ˢΦ˥Φ ͔͙́ͪ͊ͨΎ ͫ ͍͙ͦͫͤͦ͊ͣ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ ̂;͔͙͋ͤ͟Φ τ 

˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлноΦ τ улл ͫΦ 

оΦ ˿ͭͪ͊;͙͚ͯͤͫ͟ ˶Φ˿ΦΣ ˣ͔͍ͦͯͫͦ͡ ̑ΦˣΦΣ ˴͍ͦͦ͘͡ ˿Φ˹Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΦ ˹͊ͼ͙ͦͤ͊͡Έ͔ͤͦ 

͍͍ͪͯͦͦ͒ͫͭͦ͟Φ τ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнмΦ τ фтс ͫΦ 

пΦ ˴͍ͦͣ͊ͪͦ ̅ΦˮΦΣ ˾͊ͨͦͨͦͪͭ ˿ΦˮΦ ό͔ͪ͒Φύ ˤ͔͙͔ͤͯͭͪͤͤ ͔͙͋ͦͤ͘͡Φ ͔͙́ͪ͊ͨΎΦ ̂;͔͙͋ͤ͟ ͒͡Ύ ͍͍ͯͦ͘Φ τ ˸ ΦΥ ˸ˮˢΣ 

нлнлΦ τ уфс ͫΦ 

ϭ ˹ͯͪ·͔͍ ˸ΦΣ нлнр 

 

 

 

 

̂˨˴ смсΦфςлроΦн 

˻͍͔͍ͦ͊͘ ˢΦ˥Φ 

˴͙͊ͤ͒͒͊ͭ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Σ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͙͚͒ͭͫ͟ ͔͙͋ͦͤ͘͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟  

͙ͣΦ ˸·ͪ͊ͭ͊Φ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 

 

˻˿˻ˣ˩˹˹˻˿́ˮ ́˩̉˩˹ˮ̒ ˻˾ˤˮ ̂ ˨˩́˩˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˻ͫͭͪ·͔ ͔͙ͪͫͨͪ͊ͭͦͪͤ·͔ ͍͙ͪͯͫͤ·͔ ͙ͤͺ͔͟ͼ͙͙ ͦͫͭ͊ΌͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ͖͚ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦ ͎͙͔͚ͨ͊ͭͦͦ͡ ͯ 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 
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͔͔͚͒ͭ ͙ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎ ͍·͚ͫͦͦ͟ ͍͙͔͊ͪ͊͋͡ΈͤͦͫͭΈΌ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͔ͭ;͔͙ͤΎ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͍ͦͪ͊ͫͭ͊͘Σ 

ͫͦͫͭͦΎ͙ͤΎ ͙͙͔ͣͣͯͤͭͭ͊ ͙ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͍͙͔ͦ͋ͯ͒ͭ͘͡ΎΦ ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͙ 

͙͎͙ͣͣͯͤͦͦ͡;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟·Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙͔ ͍·͔ͪ͊͗ͤͤͦͫͭΈ ͙͍ͫͣͨͭͦͣͦ ˻˾ˤˮ ͯ ͒ ͔͚ͭͫͦ͟ ͍͚ͦͪ͊ͫͭͤͦ͘ 

͎ͪͯͨͨ·Σ ͊ ͔ͭ͊͗͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡ ͯ ͔͔͚͒ͭ ͙ͪ͊͘͡;ͤ·ͻ ͍͍ͦͪ͊ͫͭͦ͘Φ ˻͍͔ͫ΅͊ΌͭͫΎ 

͍ͦͨͪͦͫ· ͔ͭ;͔͙ͤΎ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͦͼ͔͔ͤ͟ ͭΎ͔͙͗ͫͭ ͫͦͫͭͦΎ͙ͤΎΦ 

˽͙͙͔ͦͤͣ͊ͤ ͍ͦͪ͊ͫͭͤ͘·ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔ͭ;͔͙ͤΎ ˻˾ˤˮ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͔͔͙ͨͪ͒ͯͨͪ͗͒ͤΎ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

˻˾ˤˮΣ ͔͙͒ͭΣ ͙ͣͣͯͤͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͍͙ͪͯͫͤ·͔ ͙ͤͺ͔͟ͼ͙͙Σ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭΣ ͔͙ͦͫͦ͗ͤͤ͡ΎΦ 

 

hǾŜȊƻǾŀ !ΦDΦ 

{ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴ ƴŀƳŜŘ ŀƊŜǊ aȅǊŀǘ DŀǊǊȅŜǾ 

ό!ǎƘƎŀōŀǘΣ ¢ǳǊƪƳŜƴƛǎǘŀƴύ 
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!ōǎǘǊŀŎǘ 

!ŎǳǘŜ ǊŜǎǇƛǊŀǘƻǊȅ ǾƛǊŀƭ ƛƴŦŜŎǝƻƴǎ ŀǊŜ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ƛƭƭƴŜǎǎŜǎ ƛƴ ŎƘƛƭŘǊŜƴ ŀƴŘ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ 

ǎƛƎƴƛŬŎŀƴǘ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ŎƭƛƴƛŎŀƭ ǇǊŜǎŜƴǘŀǝƻƴ ŘŜǇŜƴŘƛƴƎ ƻƴ ŀƎŜΣ ƛƳƳǳƴŜ ǎǘŀǘǳǎΣ ŀƴŘ ǘƘŜ ǇǊƻǇŜǊǝŜǎ ƻŦ ǘƘŜ ǾƛǊŀƭ 

ǇŀǘƘƻƎŜƴΦ ¢Ƙƛǎ ŀǊǝŎƭŜ ŜȄŀƳƛƴŜǎ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ƛƳƳǳƴƻƭƻƎƛŎŀƭ ŦŀŎǘƻǊǎ ǘƘŀǘ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǎŜǾŜǊƛǘȅ ƻŦ 

ǎȅƳǇǘƻƳǎ ƛƴ ǇŜŘƛŀǘǊƛŎ ǇŀǝŜƴǘǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŎƭƛƴƛŎŀƭ ŦŜŀǘǳǊŜǎ ƻŦ !w±L ƛƴ ŘƛũŜǊŜƴǘ ŀƎŜ ƎǊƻǳǇǎΦ ¢ƘŜ ŎƻǳǊǎŜ ƻŦ 

ǘƘŜ ŘƛǎŜŀǎŜΣ ǘȅǇƛŎŀƭ ŎƻƳǇƭƛŎŀǝƻƴǎΣ ŀƴŘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŀǎǎŜǎǎƛƴƎ ǎŜǾŜǊƛǘȅ ŀǊŜ ŘƛǎŎǳǎǎŜŘΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ŀƎŜπ

ǊŜƭŀǘŜŘ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ !w±L ǇǊƻƎǊŜǎǎƛƻƴ ƛǎ ŜǎǎŜƴǝŀƭ ŦƻǊ ǝƳŜƭȅ ŘƛŀƎƴƻǎƛǎ ŀƴŘ ǇǊŜǾŜƴǝƴƎ ŀŘǾŜǊǎŜ ƻǳǘŎƻƳŜǎΦ 

YŜȅǿƻǊŘǎΥ 

!w±LΣ ŎƘƛƭŘǊŜƴΣ ƛƳƳǳƴŜ ǎȅǎǘŜƳΣ ǾƛǊŀƭ ƛƴŦŜŎǝƻƴǎΣ ŎƭƛƴƛŎŀƭ ŦŜŀǘǳǊŜǎΣ ŎƻƳǇƭƛŎŀǝƻƴǎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˻˾ˤˮ ͙͊ͤͣ͊͘Όͭ ͍͔͒ͯ΅͔͔ ͔ͣͫͭͦ ͔͙ͫͪ͒ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͔͎͒ͭͫͦͦ͟ ͍ͦͪ͊ͫͭ͊͘Σ ͍ͫͦͫͭ͊͡ΎΎ 

͒ͦ тлςул ҈ ͍͔ͫͻ ͦ͋ͪ͊΅͔͙͚ͤ ͟ ͔͙ͨ͒͊ͭͪͯΦ ˤ·ͫͦ͊͟Ύ ͔͍͔͊͋ͦ͊ͣͦͫͭ͘͡Έ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͫͦ;͔͙͔ͭ͊ͤͣ 

͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͙͚ͣͣͯͤͤͦ ͙͔ͫͫͭͣ· ͯ ͔͔͚͒ͭΣ ͊ͤ͊ͭͦͣͦπͅ ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͒·ͻ͔͊ͭ͡Έͤ·ͻ 

͔͚ͨͯͭ ͙ ͍·͚ͫͦͦ͟ ͙ͭͪͦͨͤͦͫͭ ͔͙ͪͫͨͪ͊ͭͦͪͤ·ͻ ͍͙͍ͪͯͫͦ ͟ Ή͙͔͙ͨͭ͊͡͡Έͤ·ͣ ͔ͭ͊ͣ͟͟͡ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͙͔ͫͫͭͣ·Φ ˤ 

͔͚͒ͭͫͦ͟ ͨͦͨͯ͡Ύͼ͙͙ ͍͙͔ͦ͋ͯ͒ͭ͘͡Ύ͙ͣ ˻˾ˤˮ ;͊΅͔ ͍͔͎ͫͦ Ύ͍͡ΎΌͭͫΎ ͙͍͙ͪͤͦͪͯͫ·Σ ͔͍͙͊͒ͤͦͪͯͫ·Σ 

͔͙ͪͫͨͪ͊ͭͦͪͤͦπͫ ͙ͤͼ͙͙ͭ͊͡Έͤ·͚ ͍͙ͪͯͫΣ ͎͙ͨ͊ͪ͊ͪͨͨ ͙ ͎͙͔͒ͪͯ ͔͙ͪͫͨͪ͊ͭͦͪͤ·͔ ͎͔ͨ͊ͭͦͤ·Σ ͊͗͒͟·͚ ͙͘ ͦͭͦͪ͟·ͻ 

͔ͦ͋͊͒͊ͭ͡ ͔ͫͨͼ͙ͺ͙;͔͙͙ͫͣ͟ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ ͔͙ͨͦͪ͊͗ͤΎΦ 

͔́;͔͙͔ͤ ˻˾ˤˮ ͯ ͔͔͚͒ͭ ͙ͦͭ͡;͔͊ͭͫΎ ͋ͦ͡Έ΄͔͚ ͍·͔ͪ͊͗ͤͤͦͫͭΈΌ ͙͍ͫͣͨͭͦͣͦ ͙ ͫͦͤͤͦͫͭ͟͡ΈΌ ͟ 

͔͙ͦͫͦ͗ͤͤ͡ΎͣΣ ;ͭͦ ͍ͫΎ͊ͤͦ͘ ͫ ͔͍͔ͤͫͦͪ΄͔͍ͤͫͭͦͣ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊ ͙ ͋ͦ͡Έ΄͔͚ ͍͔͔ͨͦ͒ͪ͗ͤͤͦͫͭΈΌ 

͙ͤͺ͔͟ͼ͙Ύͣ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΦ ˮͯ͘;͔͙͔ͤ ͍ͦͪ͊ͫͭͤ͘·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͔ͭ;͔͙ͤΎ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͖ͦͫͭ͊ͭͫΎ 

͊ͭͯ͊͟͡Έ͚ͤͦ ͊͒͊͘;͔͚ ͔͙͙͙ͨ͒͊ͭͪΦ 

ˮ͎͙ͣͣͯͤͦͦ͡;͔͙͔ͫ͟ ͙ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͔͚͒ͭ 

˨͔ͭͫ͊͟Ύ ͙ͣͣͯͤͤ͊Ύ ͙͔ͫͫͭͣ͊ ͤ͊ͻ͙ͦ͒ͭͫΎ ͍ ͨͪͦͼ͔͔ͫͫ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎΣ ;ͭͦ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͻ͔͊ͪ͊ͭͪ͟ ͍͔ͦͭͭ͊ 

ͤ͊ ͍͙ͪͯͫͤ·͔ ͙ͤͺ͔͟ͼ͙͙Φ ̂ ͍͖ͤͦͦͪͦ͗͒ͤͤ·ͻ ͙ ͔͔͚͒ͭ ͒ͦ ͖ͭͪͻ ͔ͭ͡ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͙͔ͦͭͤͦͫͭ͡Έͤ͊Ύ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͔͔ͤͪͦͫͭ͘͡Έ ͔ͭͦ͟͡;͎ͤͦͦ ͙ ͎ͯͣͦͪ͊͡Έ͎ͤͦͦ ͍͔ͤ͊͘Φ ˹͔͒ͦͫͭ͊ͭͦ;ͤ͊Ύ ͨͪͦ͒ͯ͟ͼ͙Ύ 

͙͔ͤͭͪͺ͔͍ͪͦͤͦΣ ͎͙ͦͪ͊ͤ;͔ͤͤ͊Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͣ͊ͪͦ͟ͺ͎͍͊ͦ ͙ ́π͡ ͙ͣͺͦͼ͙͍ͭͦ ͙͍ͨͪͦ͒Ύͭ ͟ ͔͔͋ͦ͡ ͙͔͙͍ͤͭͤͫͤͦͣͯ 

͔͙ͪ͊ͣͤͦ͗ͤ͘Ό ͍͙͍ͪͯͫͦ ͍ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͨͯͭΎͻ ͙ ͔͔͋ͦ͡ ͍·͔͚ͪ͊͗ͤͤͦ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͚ͤͦ ͔ͪ͊͟ͼ͙͙Φ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͯ ͔͔͚͒ͭ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘ ͙͔͔ͣͭͫΎ ͎͙ͦͪ͊ͤ;͔ͤͤ͊Ύ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ ͙͔ͫͤͭͯ͘ 
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͍·͔ͫͦͦͫͨ͟ͼ͙ͺ͙;͔͙ͫ͟ͻ ͙͔͊ͤͭͭ͡Σ ;ͭͦ ͙͔ͫͤ͗͊ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͍͍͙͚ͨͪͦͭͦͪͯͫͤͦ ͊͘΅͙ͭ·Φ 

͙͙͎͙̅ͦͦ͘͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭ ͔ͭ͊͗͟ ͙͎ͪ͊Όͭ ͤ͊͘;͙͔ͭ͡ΈͤͯΌ ͪͦ͡ΈΥ ͯͦͫͭ͘Έ ͍ͤͦͫͦ·ͻ 

ͻ͍ͦ͒ͦΣ ͫ͊͋ͦͫͭ͡Έ ͣͯͦ͟ͼ͙͙͎͊ͪͤͦͦ͡ ͙͔ͪͤͫ͊͟͡Σ ͙ͦ͋͡Έͤ͊Ύ ͍͊ͫͯ͟͡Ύ͙ͪ͊͘ͼ͙Ύ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͙ 

ͫͦͤͤͦͫͭ͟͡Έ ͟ ͖ͦͭͯ͟ ͫͦ͒͊͘Όͭ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͋·͎ͫͭͪͦͦ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͙ͤͺ͔͟ͼ͙͙Φ 

˿ ͍ͦͪ͊ͫͭͦͣ͘ ͙ͣͣͯͤͤ͊Ύ ͙͔ͫͫͭͣ͊ ͍͔ͫͦͪ΄͔͍͔ͤͫͭͯͭͫΎΣ ͍͔͙ͯ͡;͙͍͔͊ͭͫΎ ͍͔ͯͪͦͤΈ ͔͔͎ͫͪͭͦͪͤͦͦ͟ 

͙͎͙ͣͣͯͤͦͦ͋ͯͤ͊͡͡ ˢΣ ͯͯ͡;΄͔͊ͭͫΎ ͪ͊͋ͦͭ͊ ͣͯͦ͟ͼ͙͙͎͊ͪͤͦͦ͡ ͊ͨͨ͊ͪ͊ͭ͊ ͙ ͍ͨͦ·΄͔͊ͭͫΎ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 

͔͚ͣͫͭͤͦ ͊͘΅͙ͭ·Φ ̏ͭͦ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͔͔͋ͦ͡ ͖͎͔ͦ͟͡ ͔ͭ;͔͙͔ͤ ˻˾ˤˮ ͯ ΄ͦ͟͡Έ͙͍ͤͦ͟ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͣ͊͒͡΄͙͙ͣ 

͔͒ͭΈ͙ͣΦ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔ͭ;͔͙ͤΎ ˻˾ˤˮ ͯ ͔͔͚͒ͭ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ˻˾ˤˮ ͯ ͔͔͚͒ͭ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͙͡ͻ͚ͦͪ͊͒ͦ͟Σ ͔͊ͦ͗ͤͤͦͫͭ͘͡ΈΌ ͤͦͫ͊Σ 

͙͔͔͚ͪͤͦͪΣ ͊͟΄͔ͣ͡Σ ͋ͦ͡ΈΌ ͍ ͎͔ͦͪ͡Σ ͙͔͙͔ͫͤ͗ͤͣ ͔͙͊ͨͨͭͭ͊ ͙ ͤ͊ͪͯ΄͔͙͔ͤͣ ͦ͋΅͔͎ͦ ͫ͊ͣͦ;͍͍͙ͯͫͭΎΦ ˻͒ͤ͊ͦ͟ 

͔͔ͫͭͨͤΈ ͍·͔͙ͪ͊͗ͤͤͦͫͭ Ή͙ͭͻ ͙͍ͫͣͨͭͦͣͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍͊ͪΈ͙͔ͪͯͭ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͍ͦͪ͊ͫͭ͊͘Φ 

̂ ͎ͪͯ͒ͤ·ͻ ͔͔͚͒ͭ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͔͔ͤͪ͒ͦ͟ ͤ͊;͙͔ͤ͊ͭͫΎ ͦͫͭͪͦΣ ͫ ͍·͔͚ͪ͊͗ͤͤͦ ͙͡ͻ͙ͦͪ͊͒͟Σ ͔͚͍͋ͫͨͦͦͫͭ͊͟ 

͙͙͡ ͙͍͙ͫͦͤͦͫͭ͡Σ ͖͎͊ͭͪͯ͒ͤͤͤͦͦ͘ ͒·ͻ͙͊ͤΎ ͙ ͖͎͊ͭͪͯ͒ͤͤͤͦͦ͘ ͔͙ͦͪͣͤ͟͡ΎΦ ˮ͘π͘ ͊ ͙͊ͤ͊ͭͦͣ;͔͙ͫ͟ͻ 

͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͯ ͙ͤͻ ͋·ͫͭͪͦ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͙͙ͪͤͭΣ ͦͭͦͪ͟·͚ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͤ͊ͪͯ΄͔͙͔ͤͣ ͍͎ͤͦͫͦͦͦ 

͒·ͻ͙͊ͤΎΣ ;ͭͦ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͙͔ͫͦͫ͊ͤ ͙ ͔ͣͦ͗ͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ ͔͍͙͍͙ͦ͋ͦ͗͊ͤ͘ΌΦ 

̂ ͔͔͚͒ͭ ͒ͦ΄ͦ͟͡Έ͎ͤͦͦ ͍ͦͪ͊ͫͭ͊͘ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͔͔͋ͦ͡ ͪ͊ͤͦͦ͋ͪ͊ͤ͊͘͘Φ ˹͊ͪΎ͒ͯ ͫ ͙͙ͪͤͭͦͣ ͙ 

ͺ͙͎͙͊ͪͤͭͦͣ ;͊ͫͭͦ ͍͙ͦͤ͊͘͟Όͭ ͊͟΄͔͡ΈΣ ͙͙ͨͪͤ͊͘͟ ͙͙ͤͭͦͫ͊͟͟ͼ͙͙Σ ͙͔͙͔ͫͤ͗ͤ ͙͍͙͊ͭͤͦͫͭ͟Φ ˶͙ͻͦͪ͊͒͊͟ ͔ͣͦ͗ͭ 

ͫͦͻͪ͊ͤΎͭΈͫΎ ͒ͦ ͔ͤͫͦ͟͡Έ͙͟ͻ ͫͯͭͦ͟Σ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͔͍͙͚͊͒ͤͦͪͯͫͤͦ ͙ͤͺ͔͟ͼ͙͙Σ ͦͭͦͪ͊͟Ύ ͔͔ͤͪ͒ͦ͟ 

͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͍͔͙ͯ͡;͔͙͔ͤͣ ͙ͣ͡ͺ͙͊ͭ;͔͙ͫ͟ͻ ͍ͯͦ͘͡ ͙ ͦͤ͟ΆΌ͙͍͙ͤͭͭͦͣ͟Φ 

˨͔͙ͭ ΄ͦ͟͡Έ͎ͤͦͦ ͍ͦͪ͊ͫͭ͊͘ ͔͔ͨͪͤͦͫΎͭ ˻˾ˤˮΣ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͔͎͡;͔Φ ̂ ͙ͤͻ ͔͔ͪ͗ ͍͔ͫͭͪ;͊ΌͭͫΎ 

͍·͔ͪ͊͗ͤͤ·͔ Ύ͍͔͙ͤ͡Ύ ͙͙ͤͭͦͫ͊͟͟ͼ͙͙Σ ͊ ͙ͫͣͨͭͦͣ· ;͊΅͔ ͎͙ͦͪ͊ͤ;͙͍͊ΌͭͫΎ ͙͙ͪͤͭͦͣΣ ͔͔ͯͣͪͤͤ·ͣ ͊͟΄͔ͣ͡ 

͙ ͔͎͙͔ͤ͒ͦͣͦ͊ͤͣΦ ˻͒ͤ͊ͦ͟ ͯ Ή͚ͭͦ ͎ͪͯͨͨ· ͔ͣͦ͗ͭ ͤ͊͋͡Ό͒͊ͭΈͫΎ ͫͦͤͤͦͫͭ͟͡Έ ͟ ͙͔͒ͭ͡͡Έͤͦͣͯ ͦͫͭ͊ͭͦ;ͤͦͣͯ 

͊͟΄͡ΌΣ ͍ͫΎ͊ͤͤͦͣͯ͘ ͫ ͍ͨͦ·΄͔͚ͤͤͦ ͔͙͍ͪ͊ͭͤͦͫͭ͟ΈΌ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΦ 

˻͔͙ͫͦ͋ͤͤͦͫͭ ͔ͭ;͔͙ͤΎ ͯ ͔͔͚͒ͭ ͫ ͙ͪ͊͘͡;ͤ·͙ͣ ͍͙ͪͯͫͤ·͙ͣ ͍͙͔ͦ͋ͯ͒ͭ͘͡Ύ͙ͣ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍ͦ ͎ͣͤͦͦͣ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͙ͭͨͦͣ ͍͙ͪͯͫ͊Φ ˾͙͍͙ͤͦͪͯͫͤ͊Ύ ͙ͤͺ͔͟ͼ͙Ύ 

ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͔͊ͦ͗ͤͤͦͫͭ͘͡ΈΌ ͤͦͫ͊ ͙ ͔ͤͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͙͡ͻ͚ͦͪ͊͒ͦ͟Σ ͦ͒ͤ͊ͦ͟ ͯ ͔͔͚͒ͭ 

͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘ ͦͤ͊ ͔ͣͦ͗ͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͦ͋ͫͭͪͯ͟ͼ͙͙Φ 

ˢ͔͍͙͒ͤͦͪͯͫ· ͍·͘·͍͊Όͭ ͔͔͋ͦ͡ ͙͔͙͍ͤͭͤͫͤͯΌ ͙͔ͫͫͭͣͤͯΌ ͔ͪ͊͟ͼ͙ΌΣ ͍ͫͦͨͪͦͦ͗͒͊ΎͫΈ ͙͡ͻ͚ͦͪ͊͒ͦ͟Σ 

ͺ͙͎͙͊ͪͤͭͦͣΣ ͍͔͙ͯ͡;͔͙͔ͤͣ ͙ͣ͡ͺ͍ͦͯͦ͘͡ ͙ ;͊ͫͭ·ͣ ͔͙͔ͨͦͪ͊͗ͤͣ ͦͤ͟ΆΌ͙͍ͤͭ͟·Φ 

˾͔͙ͫͨͪ͊ͭͦͪͤͦπͫ ͙ͤͼ͙͙ͭ͊͡Έͤ·͚ ͍͙ͪͯͫ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͦͫͦ͋ͯΌ ͦͨ͊ͫͤͦͫͭΈ ͒͡Ύ ͎͙ͪͯ͒ͤ;͍ͦ͟Σ ͨͦͫͦ͟͡Έͯ͟ 

͔ͣͦ͗ͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ ͋ͪͦͤͻ͙͙ͦͭͯ͡Σ ͭΎ͔͚͗ͦ͡ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ͙ ͊ͨͤͦΉΦ 

˽͎͙͊ͪ͊ͪͨͨ ͍·͘·͍͔͊ͭ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͙͎͙͊ͪͤͭ͡Σ ͦͭͦͪ͟·͚ ͯ ͔͔͚͒ͭ ͔ͣͦ͗ͭ ͦͫͦ͗ͤ͡ΎͭΈͫΎ ͦ͗ͤ͡·ͣ 

ͪͯͨͦͣ͟ τ ͦͨ͊ͫͤ·ͣ ͫͦͫͭͦΎ͙͔ͤͣΣ ͔ͭͪ͋ͯΌ΅͙ͣ ͔͔͔͚ͤͣ͒ͤͤͦ͡ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͔ͤ͊ͤ͘ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡ ͪ͊ͤ͘·ͻ ͍͙ͪͯͫͤ·ͻ ͙ͤͺ͔͟ͼ͙͚ 

͍ͨͦͦ͘͡Ύ͔ͭ ͍ͪ͊;ͯ ͋·͔͔ͫͭͪ ͔͔͙ͦͨͪ͒ͭ͡Έ ͍͔ͪͦΎͭͤͦͫͭΈ ͔͎ͦͤͪͭͤͦͦ͟͟ ͍͙͔ͦ͋ͯ͒ͭ͘͡Ύ ͙ ͦͼ͔͙ͤͭΈ ͙ͪͫ͟ 

͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˻͔͙ͫͦ͗ͤͤ͡Ύ ˻˾ˤˮ ͯ ͔͔͚͒ͭ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͒ͦ͋ͪͦ͊͟;͔͍͔ͫͭͤͤ·͚ ͻ͔͊ͪ͊ͭͪ͟ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͔͙͒ͭΣ ͔ͦͫͦ͋ͤͤͦ 

͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘Σ ͍͔͔ͨͦ͒ͪ͗ͤ· ͍͙͙ͪ͊ͭ͘Ό ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˹͙͔͔͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͙ͣ Ύ͍͡ΎΌͭͫΎ 

͔͙͚ͫͪ͒ͤ ͙ͦͭͭΣ ͙͙ͫͤͯͫͭΣ ͙͍ͦ͋ͫͭͪͯͭͤ͟·͚ ͋ͪͦͤͻ͙ͭΣ ͋ͪͦͤͻ͙͙ͦͭ͡ ͙ ͔͍͙ͨͤͣͦͤΎΦ 

˻͙ͭͭ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·ͣ ͔͙͔ͦͫͦ͗ͤͤͣ͡ ͯ ͔͔͚͒ͭ ͣ͊͒͡΄͔ ͨΎ͙ͭ ͔ͭ͡ ͙ ͍ͫΎ͊ͤ͘ ͫ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ 

͔͙ͫͭͪͦͤΎ ͔͍ͫͭ͊ͻ͙͔͍͚ͦ ͭͪͯ͋·Σ ͦͭͦͪ͊͟Ύ ͦͪͦ͟;͔ ͙ ΄͙͔ͪΣ ;͔ͣ ͯ ͍ͪͦͫ͘͡·ͻΣ ;ͭͦ ͔͎ͦ͋͡;͔͊ͭ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ 

͙ͤͺ͔͟ͼ͙͙Φ 

ˣͪͦͤͻ͙͙ͦͭ͡ ͻ͔͔͊ͪ͊ͭͪͤ͟ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͒͡Ύ ͔͔͚͒ͭ ͒ͦ ͍͒ͯͻ ͔ͭ͡ ͙ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ 



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

 

 

206 

͖͊ͭͪͯ͒ͤͤͤ͘·ͣ ͒·ͻ͙͔͊ͤͣΣ ͍ͭΎ͔͙͔͗ͤͣ ͔͔͔͙͚ͣ͗ͪ͋ͪ ͙ ͍͙ͫͫͭΎ΅͙͙ͣ ͻ͙͙ͪͨ͊ͣΦ ̏ͭͦ ͫͦͫͭͦΎ͙͔ͤ ͔͔ͭͪ͋ͯͭ 

͔ͦͫͦ͋ͤͤͦ ͍͙͔ͤͣ͊ͭ͡Έ͎ͤͦͦ ͤ͊͋͡Ό͔͙͒ͤΎΣ ͨͦͫͦ͟͡Έͯ͟ ͔ͣͦ͗ͭ ͋·ͫͭͪͦ ͎͔͙͍ͨͪͦͪͫͫͪͦ͊ͭΈΦ 

˿͙͙ͤͯͫͭ· ͙ ͍͙ͭͦͪ;ͤ·͔ ͔͙͋͊ͭͪ͊͟͡Έͤ·͔ ͙ͤͺ͔͟ͼ͙͙ ;͊΅͔ ͍͔ͫͭͪ;͊ΌͭͫΎ ͯ ͔͔͚͒ͭ ͫͭ͊ͪ΄͔ ;͔ͭ·͖ͪͻ ͔ͭ͡Σ 

͎ͦ͒͊͟ ͙ͨͪͦͫͻͦ͒Ύͭ ͙͔͔͙ͣͤͤ͘Ύ ͍ ͙͊ͤ͊ͭͦͣ;͔ͫͦͣ͟ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͍ͦͦͦͤͦͫͦ͟͡·ͻ ͨ͊ͯ͘ͻΦ 

˽ͦΉͭͦͣͯ ͦͼ͔ͤ͊͟ ͙ͪͫ͊͟ ͔͙͚ͦͫͦ͗ͤͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͍͚͊͗ͤͦ ;͊ͫͭΈΌ ͍͔͔͙͒ͤΎ ͔͖ͪ͋ͤ͊͟ ͫ ˻˾ˤˮ ͙ ͔͔ͭͪ͋ͯͭ 

͍͙͔ͤͣ͊ͭ͡Έ͙ͤͦͫͭ ͍ͪ͊;͊ ͙ ͙͔͔͚ͪͦ͒ͭ͡Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˻˾ˤˮ ͯ ͔͔͚͒ͭ ͙͔ͣΌͭ ͍·͔ͪ͊͗ͤͤ·͔ ͍ͦͪ͊ͫͭͤ͘·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭΣ ͔͔ͦͨͪ͒͡Ύ͔ͣ·͔ ͙͊ͤ͊ͭͦͣ;͔͙ͫͣ͟ 

͔͙͔ͫͭͪͦͤͣ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΣ ͫͦͫͭͦΎ͙͔ͤͣ ͙͙͔ͣͣͯͤͭͭ͊ ͙ ͙͎͙͋ͦͦ͡;͔͙͙ͫͣ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟ ͍͙͍ͪͯͫͦΦ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͔ͭ;͔͙͔ͤ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͯ ͔͔͚͒ͭΣ ͔ͦͫͦ͋ͤͤͦ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘Σ ͙ͦͭ͡;͔͊ͭͫΎ ͋ͦ͡Έ΄͔͚ 

͍·͔ͪ͊͗ͤͤͦͫͭΈΌ ͙͍ͫͣͨͭͦͣͦΣ ͫͦͤͤͦͫͭ͟͡ΈΌ ͟ ͙͍ͦ͋ͫͭͪͯͭͤ͟·ͣ ͫͦͫͭͦΎ͙ͤΎͣ ͙ ͍·͙ͫͦͣ͟ ͙ͪͫͦͣ͟ 

͔͙͚ͦͫͦ͗ͤͤ͡Φ ˽͙͙͔ͦͤͣ͊ͤ Ή͙ͭͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͔͍͔͔ͫͦͪͣͤͤͦ ͪ͊ͫͨͦͤ͊ͭ͘Έ ͭΎ͖͔͗ͦ͡ ͔ͭ;͔͙͔ͤΣ 

͍·͋ͪ͊ͭΈ ͔͍͊͒͊ͭͤͯ͟Ό ͙ͭ͊ͭͯ͟͟ ͤ͊͋͡Ό͔͙͒ͤΎ ͙ ͔͔͙ͨͪ͒ͯͨͪ͒ͭΈ ͍͙͙͔ͪ͊ͭ͘ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˴͔ͦͣͨͫͤ͟͡·͚ 

ͨͦ͒ͻͦ͒Σ ͍ͦͫͤͦ͊ͤͤ·͚ ͤ͊ ͯ;͖͔ͭ ͍ͦͪ͊ͫͭ͊͘Σ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͊ͪͭͤ͟· ͙ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟Σ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ 

͍ ͔ͯͫͨ΄ͤͦͣ ͍͔͔͙͙͒ͤ ͔͔͚͒ͭ ͫ ˻˾ˤˮΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ bŜƭǎƻƴ ¢ŜȄǘōƻƻƪ ƻŦ tŜŘƛŀǘǊƛŎǎΦ 

нΦ /ƘŜǊǊȅ WΦΣ IŀǊǊƛǎƻƴ DΦ CŜƛƎƛƴ ŀƴŘ /ƘŜǊǊȅΩǎ ¢ŜȄǘōƻƻƪ ƻŦ tŜŘƛŀǘǊƛŎ LƴŦŜŎǝƻǳǎ 5ƛǎŜŀǎŜǎΦ 

оΦ YƭƛŜƎƳŀƴ wΦΣ {ǘŀƴǘƻƴ .Φ bŜƭǎƻƴ 9ǎǎŜƴǝŀƭǎ ƻŦ tŜŘƛŀǘǊƛŎǎΦ 

пΦ tǊƛƴŎƛǇƛ bΦΣ 9ǎǇƻǎƛǘƻ {Φ wŜǎǇƛǊŀǘƻǊȅ ǾƛǊŀƭ ƛƴŦŜŎǝƻƴǎ ƛƴ ŎƘƛƭŘǊŜƴΦ 

рΦ !ƳŜǊƛŎŀƴ !ŎŀŘŜƳȅ ƻŦ tŜŘƛŀǘǊƛŎǎΦ /ƭƛƴƛŎŀƭ tǊŀŎǝŎŜ DǳƛŘŜƭƛƴŜǎ ƻƴ .ǊƻƴŎƘƛƻƭƛǝǎΦ 

ϭ ˻͍͔͍ͦ͊͘ ˢΦ˥ΦΣ нлнр 

 

 

 

 

̂˨˴ смсςлуфΦр 

˾͊ͻ͍ͣ͊ͤͦ ˹Φ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͙͎͙͙ͪ͊ͤͣ͊ͭͦͦ͡ ͙ ͔͙͎͙͙͊ͤͫͭͦͦ͘͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͙ͣΦ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 

 

˥˩h˸˿ ́ˢ˭ ˽˾ˮ ˻ˣ̋˩˯ ˢ˹˩˿́˩˭ˮˮ ˤ ̆ˮ˾̂˾˥ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͙͔ͫͫͭͣ· ͎͔ͣͦͫͭ͊͊͘ ͙ͨͪ ͦ͋΅͔͚ 

͔͔͙͙͊ͤͫͭ͘ ͍ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͎ͦ͊ͯ͟͡Ύͼ͙͙Σ 

͍͙͡Ύ͙͔ͤ ͙ͪ͊͘͡;ͤ·ͻ ͔͔͙͍͊ͤͫͭͭͦ͟ ͤ͊ ͍͔ͫͪͭ·͍͊Ό΅ͯΌ ͙ ͙͍͍͔ͨͪͦͭͦͫͪͭ·͍͊Ό΅ͯΌ ͙͔ͫͫͭͣ·Σ ͊ ͔ͭ͊͗͟ ͙͙ͪͫ͟ 

͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙ͦͤͤ·ͻ ͤ͊ͪͯ΄͔͙͚ͤ ͎͔ͣͦͫͭ͊͊͘Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙͔͔͙ͣͤͤ͘Ύͣ 

͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙Σ ͙͍͙͊ͭͤͦͫͭ͟ ͭͪͦͣ͋ͦͼ͙͍ͭͦΣ ͺ͙͙͙͋ͪͤͦ͊͘͡ ͙ ͺ͊ͭͦͪ͊ͣ͟Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͣ ͍͙͙͔ͪ͊ͭ͘ 

͍͔ͪͦͦͭ͟;͔͙͚ͤ ͙͙͡ ͙ͭͪͦͣ͋ͦͭ;͔͙ͫ͟ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ 

͙͙͎ͣͦͤͭͦͪͤͯ ͙ ͔ͦͪͪ͟͟ͼ͙͙ ͎͔͙ͣͦͫͭ͊ͭ;͔͎ͫͦͦ͟ ͋͊͊ͤͫ͊͡ ͍ ͻ͔ͦ͒ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͎͔ͣͦͫͭ͊͘Σ ͦ͋΅͊Ύ ͔͔͙͊ͤͫͭ͘ΎΣ ͻ͙͎͙ͪͯͪΎΣ ͎ͦ͊ͯ͟͡Ύͼ͙ΎΣ ͭͪͦͣ͋ͦͼ͙ͭ·Σ ͍͔ͪͦͦͭ͟;͔͙͔ͤΦ 
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wŀƘƳŀƴƻǾ bΦ 

{ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴ ƴŀƳŜŘ ŀƊŜǊ aȅǊŀǘ DŀǊǊȅŜǾ 

ό!ǎƘƎŀōŀǘΣ ¢ǳǊƪƳŜƴƛǎǘŀƴύ 

 

I9ah{¢!{L{ 5¦wLbD D9b9w![ !b9{¢I9{L! Lb {¦wD9w¸ 

 

!ōǎǘǊŀŎǘ 

¢Ƙƛǎ ŀǊǝŎƭŜ ŜȄŀƳƛƴŜǎ ǘƘŜ ŦǳƴŎǝƻƴƛƴƎ ƻŦ ǘƘŜ ƘŜƳƻǎǘŀǝŎ ǎȅǎǘŜƳ ŘǳǊƛƴƎ ƎŜƴŜǊŀƭ ŀƴŜǎǘƘŜǎƛŀ ƛƴ ǎǳǊƎƛŎŀƭ 

ǇǊŀŎǝŎŜΦ tƘȅǎƛƻƭƻƎƛŎŀƭ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ŎƻŀƎǳƭŀǝƻƴΣ ǘƘŜ ŜũŜŎǘǎ ƻŦ ǾŀǊƛƻǳǎ ŀƴŜǎǘƘŜǝŎ ŀƎŜƴǘǎ ƻƴ ǇǊƻŎƻŀƎǳƭŀƴǘ 

ŀƴŘ ŀƴǝŎƻŀƎǳƭŀƴǘ ǇŀǘƘǿŀȅǎΣ ŀƴŘ Ǌƛǎƪǎ ƻŦ ƛƴǘǊŀƻǇŜǊŀǝǾŜ ƘŜƳƻǎǘŀǝŎ ŘƛǎƻǊŘŜǊǎ ŀǊŜ ŀƴŀƭȅȊŜŘΦ {ǇŜŎƛŀƭ ŀǧŜƴǝƻƴ 

ƛǎ ƎƛǾŜƴ ǘƻ ŎƘŀƴƎŜǎ ƛƴ ƳƛŎǊƻŎƛǊŎǳƭŀǝƻƴΣ ǇƭŀǘŜƭŜǘ ŀŎǝǾƛǘȅΣ ŬōǊƛƴƻƭȅǎƛǎΣ ŀƴŘ ŦŀŎǘƻǊǎ ŘŜǘŜǊƳƛƴƛƴƎ ōƭŜŜŘƛƴƎ ƻǊ 

ǘƘǊƻƳōƻǎƛǎ ŘǳǊƛƴƎ ǎǳǊƎŜǊȅΦ aƻŘŜǊƴ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ŎƻǊǊŜŎǝƴƎ ƘŜƳƻǎǘŀǝŎ ōŀƭŀƴŎŜ ƛƴ ƻǇŜǊŀǝǾŜ 

ǎŜǩƴƎǎ ŀǊŜ ŘƛǎŎǳǎǎŜŘΦ 

YŜȅǿƻǊŘǎΥ 

ƘŜƳƻǎǘŀǎƛǎΣ ƎŜƴŜǊŀƭ ŀƴŜǎǘƘŜǎƛŀΣ ǎǳǊƎŜǊȅΣ ŎƻŀƎǳƭŀǝƻƴΣ ǇƭŀǘŜƭŜǘǎΣ ōƭŜŜŘƛƴƎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˥͔ͣͦͫͭ͊͘ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͟͡Ό;͔͍·ͻ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͙͔ͫͫͭͣΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ ͋͊͊ͤͫ͡ ͔ͣ͗͒ͯ 

͔͙͔ͨͦ͒͒ͪ͗͊ͤͣ ͙͎͗͒ͦͦ͟ ͫͦͫͭͦΎ͙ͤΎ ͍͙ͪͦ͟ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙͔ͤͣ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͍͔ͪͦͦͭ͟;͔͙͚ͤΦ ˤ 

͍͙ͯͫͦ͡Ύͻ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ Ήͭͦͭ ͋͊͊ͤͫ͡ ͍͔͎͔ͨͦ͒ͪ͊ͭͫΎ ͤ͊͘;͙͔ͭ͡Έͤ·ͣ ͎ͤ͊ͪͯ͊ͣ͘͟ ͙͘π͘ ͊ 

͔ͦͨͪ͊ͼ͙͚ͦͤͤͦ ͍ͭͪ͊ͣ·Σ ͙͔͔͙ͣͤͤ͘Ύ ͙͎ͫͦͫͯ͒ͫͭͦͦ ͭͦͤͯͫ͊Σ ͙͍͙͊ͭͤͦͫͭ͟ ͭͪͦͣ͋ͦͼ͙͍ͭͦ ͙ ͔͚͍͙͒ͫͭΎ 

ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫ͟ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ ˻͋΅͊Ύ ͔͔͙͊ͤͫͭ͘Ύ ͍͙ͤͦͫͭ ͍͚ͫͦ ͍͊͒͟͡ ͍ ͙͔ͫͫͭͣͤ·͔ ͙͔͔͙ͣͤͤ͘ΎΣ 

͍͙͡ΎΌ΅͙͔ ͤ͊ ͙͙͒ͤ͊ͣͯ͟ ͎ͦ͊ͯ͟͡Ύͼ͙͙ ͙ ͺ͙͙͙͋ͪͤͦ͊͘͡Φ 

͍͔͙͔̂ͨͪ͊ͤ͡ ͎͔ͣͦͫͭ͊ͦͣ͘ ͍ ͔ͦͨͪ͊ͼ͙͚ͦͤͤͦ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·ͣΣ ͨͦͫͦ͟͡Έͯ͟ ͤ͊ͪͯ΄͔͙ͤΎ 

͎ͣͦͯͭ ͙͍͔͙ͨͪͫͭ ͟ ͙͍ͣ͊ͫͫͤ·ͣ ͍͔ͪͦͦͨͦͭͪ͟ΎͣΣ ͙ͭͪͦͣ͋ͦͭ;͔͙ͫͣ͟ ͔͙ͦͫͦ͗ͤͤ͡Ύͣ ͙͙͡ ͙͔͙͙͍͒ͫͫͣͤͪͦ͊ͤͤͦͣͯ 

͍͙͙ͤͯͭͪͫͦͫͯ͒ͫͭͦͣͯ ͍͔ͫͪͭ·͍͙͊ͤΌ ό˨ˤ˿πͫ ͙ͤ͒ͪͦͣͯύΦ ˽͙͙͔ͦͤͣ͊ͤ ͔ͣͻ͙͍͊ͤͣͦ͘Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͻ ͪ ͔͊͟ͼ͙Ό 

͎͔ͣͦͫͭ͊͊͘ ͤ͊ ͔͔͙͊ͤͫͭ͘ΌΣ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͊͟͟ ͒͡Ύ ͔͔͙͎͍͊ͤͫͭͦͦͦ͘͡Σ ͭ͊͟ ͙ ͒͡Ύ ͻ͙͎͍ͪͯͪͦΦ 

͙͙͎͙̅ͦͦ͘͡;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͎͔ͣͦͫͭ͊͊͘ 

˥͔ͣͦͫͭ͊͘ ͙ͫͦͫͭͦͭ ͙͘ ͖ͭͪͻ ͍͙͍͊ͣͦͫ͘Ύ͊ͤͤ͘·ͻ ͍͔ͤ͘Έ͔͍Υ ͙ͫͦͫͯ͒ͫͭͦπͭ ͪͦͣ͋ͦͼ͙͎ͭ͊ͪͤͦͦΣ ͔͎ͨ͊ͣͤͤͦͦ͘͡ ͙ 

ͺ͙͙͙͙͋ͪͤͦͭ͡;͔͎ͫͦͦ͟Φ ˽͔͍͙ͪ;ͤ·͚ ͎͔ͣͦͫͭ͊͘ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭͫΎ ͔ͪ͊͟ͼ͙Ύ͙ͣ ͙͚ͫͦͫͯ͒ͫͭͦ ͔͙ͫͭͤ͟ ͙ 

ͭͪͦͣ͋ͦͼ͙͍ͭͦΣ ͦͭͦͪ͟·͔ ͔͍ͨͪ·͙ͣ ͔͎͙ͪ͊ͪͯΌͭ ͤ͊ ͍͔͔͙͔ͨͦͪ͗͒ͤΦ ˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͭͪͦͣ͋ͦͼ͙͚ͭ͊ͪͤͦ ͨ ͙ͪͦ͋͟ 

͍͙͙͊ͫͭ͘ ͦͭ ͎͔͙͙͊͒͘Σ ͎͔͎͊ͪ͊ͼ͙͙ ͙ ͔͔ͫͪ͟ͼ͙͙ ͔͙͍ͣ͒͊ͭͦͪͦΣ ͍ ͭͦͣ ;͙͔ͫ͡ ͭͪͦͣ͋ͦͫ͊ͤ͊͟ ͙ ͔͙͙͊͒ͤͦͤ͒͘ͺͦͫͺ͊ͭ͊Φ 

˽͔͔͊ͣͤͤͦ͘͡ ͍͔ͤͦ͘ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡ ͊ͫ͊͒ͦͣ͟͟ ͎ͦ͊ͯ͟͡Ύͼ͙͙Σ ͍͟͡Ό;͊Ό΅͙ͣ ͍͔ͤ΄͙͔ͤ ͙ ͍͔͙͔ͤͯͭͪͤͤ 

͙ͨͯͭΣ ͦ͋Ά͔͙͒ͤΎΌ΅͙͔ͫΎ ͍ ͦ͋΅͙͚ ͔ͣͻ͙͊ͤͣ͘ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ͭͪͦͣ͋ͤ͊Φ ͙́ͪͦͣ͋ͤ ͔͍ͨͪͪ͊΅͔͊ͭ ͺ͙͙͎͔͋ͪͤͦͤ 

͍ ͺ͙͙͋ͪͤΣ ͺ͙ͦͪͣͪͯΎ ͚ͯͫͭͦ;͙͍·͚ ͭͪͦͣ͋Φ 

͙͙͙̅͋ͪͤͦ͘͡ ͔͚͍͔͒ͫͭͯͭ ͊͟͟ ͙͍͍͔ͨͪͦͭͦͫ ͎ͦ͊ͯ͟͡Ύͼ͙͙Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͍͔͙͔ͪ͊ͫͭͦͪͤ ͺ͙͙͋ͪͤ͊ ͔ͨͦͫ͡ 

͔ͨͪͪ͊͟΅͔͙ͤΎ ͎ͯͪͦ͘· ͍͔ͪͦͦͭ͟;͔͙ͤΎΦ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͔͎͙͔ͪͯͪͯͭͫ͡Ύ ͙͔͚ͫͫͭͣͦ ͙ͨ͊ͣͤ͊͘͡ ͙ ͔͎ͦ ͙͎͙͙͍ͤ͋ͭͦͪͦΦ 

˶Ό͋·͔ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Σ ͙͔ͣͤ͘ΎΌ΅͙͔ ͺͯͤ͟ͼ͙͙ ͙͚ͫͦͫͯ͒ͫͭͦ ͔͙ͫͭͤ͟Σ ͭͪͦͣ͋ͦͼ͙͍ͭͦ ͙͙͡ ͔ͨ͊ͣͤͤ͘͡·ͻ 

ͺ͍͊ͭͦͪͦ͟ ͍͔ͫͪͭ·͍͙͊ͤΎΣ ͎ͣͦͯͭ ͫͯ΅͔͍͔ͫͭͤͤͦ ͍͙ͨͦ͡ΎͭΈ ͤ͊ ͔ͭ;͔͙͔ͤ ͔ͦͨͪ͊ͼ͙͙ ͙ ͙ͪͫ͟ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

ˤ͙͡Ύ͙͔ͤ ͦ͋΅͔͚ ͔͔͙͙͊ͤͫͭ͘ ͤ͊ ͭͪͦͣ͋ͦͼ͙͔ͭ͊ͪͤͦ ͍͔ͤͦ͘ 

˹͙͔͔͊͋ͦ͡ ͍·͔͔ͪ͊͗ͤͤͦ ͍͙͡Ύ͙͔ͤ ͔͔͙͍͊ͤͫͭͭͦ͟ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͤ͊ ͍͔ͯͪͦͤ ͭͪͦͣ͋ͦͼ͙͍ͭͦΦ 

ˮ͎ͤ͊͡Ύͼ͙ͦͤͤ·͔ ͔͔͙͙͊ͤͫͭͭ͟Σ ͙͔ͭ͊͟ ͊͟͟ ͔͍ͫͦͺͯͪ͊ͤ͡ ͙ ͙ͦ͘ͺͯͪ͊ͤ͡Σ ͫͨͦͫͦ͋ͤ· ͙ͫͤ͗͊ͭΈ ͫͨͦͫͦ͋ͤͦͫͭΈ 

ͭͪͦͣ͋ͦͼ͙͍ͭͦ ͟ ͎͔͎͊ͪ͊ͼ͙͙ ͊͘ ͫ;͖ͭ ͔ͯͣͤΈ΄͔͙ͤΎ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͟ ͔͙͊͒ͪͤ͊ͤͯ͡ ͙ ͭͪͦͣ͋ͦͫ͊ͤͯ͟Φ ̏ͭͦ 

͙͍͙ͨͪͦ͒ͭ ͟ ͔͔͋ͦ͡ ͍·͔͚ͪ͊͗ͤͤͦ ͍ͪͦͦͭͦ͟;͙͍͙ͦͫͭ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙ͫͻ͚ͦ͒ͤͦ ͭͪͦͣ͋ͦͼ͙͚ͭ͊ͪͤͦ ͙͒ͫͺͯͤ͟ͼ͙͔͚Φ 

˽ͪͦͨͦͺͦ͡ ͙ ͎͙͔͒ͪͯ ͍͙͍͔ͤͯͭͪͤͤ·͔ ͔͔͙͙͊ͤͫͭͭ͟ ͔ͭ͊͗͟ ͎ͣͦͯͭ ͙ͫͤ͗͊ͭΈ ͎͔͎͊ͪ͊ͼ͙ΌΣ ͦ͒ͤ͊ͦ͟ ͙ͻ 
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͍͙͡Ύ͙͔ͤ ͙ͤͦͫͭ ͍͙͙͒ͦͦ͊ͫͣ͘͘·͚ ͻ͔͊ͪ͊ͭͪ͟ ͙ ͍·͔ͪ͊͗ͤͦ ͔͔ͫ͊͋͡Σ ;͔ͣ ͯ ͙͎ͤ͊͡Ύͼ͙ͦͤͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ 

˹͙͊ͪͦͭ͟;͔͙͔ͫ͟ ͊ͤ͊͡Έ͎͔͙͙ͭ͟Σ ͙͔ͭ͊͟ ͊͟͟ ͺ͔͙ͤͭ͊ͤ͡Σ ͫͯ΅͔͍͔ͫͭͤͤͦ ͔ͤ ͍͙͡ΎΌͭ ͤ͊ ͭͪͦͣ͋ͦͼ͙ͭ·Σ ͦ͒ͤ͊ͦ͟ 

͙ͻ ͙ͦͣ͋ͤ͊͟ͼ͙Ύ ͫ ͔͔͙͙͊ͤͫͭͭ͊ͣ͟ ͙͙͍͔ͯͫ͊ͭ͡ ͍͙͊ͦ͒͊ͭ͊͘͡ͼ͙ΌΣ ;ͭͦ ͍͔͙ͯ͡;͙͍͔͊ͭ ͙ͪͫ͟ ͙͊ͨ͟͡͡Ύͪͤ·ͻ 

͍͔ͪͦͦͭ͟;͔͙͚ͤΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͔͔͙ͣͤͤ͘Ύ ͍ ͙͍͙͊ͭͤͦͫͭ͟ ͭͪͦͣ͋ͦͼ͙͍ͭͦ ͍ͦ ͍͔ͪͣΎ ͔͔͙͙͊ͤͫͭ͘ Ύ͍͡ΎΌͭͫΎ ͍͊͗ͤ·ͣ 

ͺ͊ͭͦͪͦͣ͟ ͙ͪͫ͊͟ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙ͦͤͤ·ͻ ͍͔ͪͦͦͭ͟;͔͙͚ͤΣ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͙͔͒ͭ͡͡Έͤ·ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ͻ ͙͙͡ ͯ 

ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙ͫͻ͚ͦ͒ͤͦ ͭͪͦͣ͋ͦͼ͙͙͔͚ͭͦͨ͊ͭΦ 

ˤ͙͡Ύ͙͔ͤ ͔͔͙͙͊ͤͫͭ͘ ͤ͊ ͔ͨ͊ͣͤͤͯ͘͡Ό ͎ͦ͊ͯ͟͡Ύͼ͙Ό 

˻͋΅͊Ύ ͔͔͙͊ͤͫͭ͘Ύ ͦ͊͘͟·͍͔͊ͭ ͍͙͡Ύ͙͔ͤ ͙ ͤ͊ ͔ͨ͊ͣͤͤͯ͘͡Ό ͙͔ͫͫͭͣͯ ͎ͦ͊ͯ͟͡Ύͼ͙͙Φ ˮ͎ͤ͊͡Ύͼ͙ͦͤͤ·͔ 

͔͔͙͙͊ͤͫͭͭ͟ ͫͨͦͫͦ͋ͤ· ͔ͯͣͤΈ΄͊ͭΈ ͙͍͊ͭͤͦͫͭ͟Έ ͺ͍͊ͭͦͪͦ͟ ͍͔ͫͪͭ·͍͙͊ͤΎΣ ͔ͦͫͦ͋ͤͤͦ ±LL ͙  ±LLLΦ ̏ͭͦ 

ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͔͔͙͔͊ͣ͒ͤͣ͘͡ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ͭͪͦͣ͋ͤ͊Σ ;ͭͦ ͔ͣͦ͗ͭ ͙ͯ͒ͤ͡ΎͭΈ ͍͔ͪͣΎ ͍͔ͫͪͭ·͍͙͊ͤΎΦ 

ˤ͙͍͔ͤͯͭͪͤͤ·͔ ͔͔͙͙͊ͤͫͭͭ͟Σ ͙͔ͭ͊͟ ͊͟͟ ͙͔ͭͦͨͤͭ͊͡ ͙ͤ͊ͭͪΎΣ ͎ͣͦͯͭ ͙ͫͤ͗͊ͭΈ ͍͔ͯͪͦͤΈ ͙͙͊ͤͭͭͪͦͣ͋ͤ͊ LLLΣ 

͍ͫͦ͒͊͊͘Ύ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡Έ ͟ ͎͙͔͎ͨͪͦ͊ͯ͟͡Ύͼ͙͙Φ ̂ ͔ͤͦͭͦͪ͟·ͻ ͨ͊ͼ͙͔͍ͤͭͦ Ήͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

͍ͨͦ·΄͔ͤͤͦͣͯ ͙ͪͫͯ͟ ͭͪͦͣ͋ͦΉ͙ͣ͋ͦ͡;͔͙ͫ͟ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ ͍ ͔ͪ͊ͤͤͣ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤͦͣ ͔͙͔ͨͪͦ͒Φ 

˻͔ͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔ͣΌͭ ͔ͨͪͨ͊ͪ͊ͭ·Σ ͙͔ͨͪͣͤΎ͔ͣ·͔ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙͔ͣͦͪ͊ͫ͊͟͡ͼ͙͙Φ 

˿ͯ͟ͼ͙͙ͤ͡ͻ͙ͦͤ͡ ͔ͫͨͦͫͦ͋ͤ ͍ͨͦ·΄͊ͭΈ ͍͔ͯͪͦͤΈ ͙͊͟͡Ύ ͙ ͙͙͍ͯͫ͊ͭ͡Έ ͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤ ͔͍͎ͭ͊ͤͦͦ͟ ͙͍͊ͭ͊ͭͦͪ͊͟ 

͙͎͔ͨ͊ͣͤͦͤ͊͘͡Σ ;ͭͦ ͔ͣͦ͗ͭ ͙͍͙͍͊ͭͪͦ͊ͭ͟Έ ͺ͙͙͙͋ͪͤͦ͘͡Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͔͔ͤ͒ͨͦ͡Ύ͙ͪͯ͘Ό΅͙͔ 

͙͔ͣͦͪ͊ͫ͊ͤͭ͟͡· ͎ͭ͊ͦͦ͟ Ήͺͺ͔ͭ͊͟ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͔ͤ ͦ͊͘͟·͍͊ΌͭΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͚͍͙͔͒ͫͭ ͔͔͙͙͊ͤͫͭ͘ ͤ͊ ͎ͦ͊ͯ͟͡Ύͼ͙ͦͤͤ·͚ ͊ͫ͊͒͟͟ ͎͎ͣͤͦͦͪ͊ͤͤͦ ͙ ͍͙͙͊ͫͭ͘ ͊͟͟ ͦͭ 

͙ͭͨ͊ ͙ͫͨͦ͡Έ͔͎ͯͣͦͦ͘ ͔ͨͪͨ͊ͪ͊ͭ͊Σ ͭ͊͟ ͙ ͦͭ ͫͦͫͭͦΎ͙ͤΎ ͨ͊ͼ͙͔ͤͭ͊Φ 

ˮ͔͔͙ͣͤͤ͘Ύ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙ ͙ ͙͎ͫͦͫͯ͒ͫͭͦͦ ͭͦͤͯͫ͊ 

ˤ͊͗ͤ·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͤ͊ͪͯ΄͔͙ͤΎ ͎͔ͣͦͫͭ͊͊͘ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔͙͔ͣͤͤ͘ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙Φ 

ˮ͎ͤ͊͡Ύͼ͙ͦͤͤ·͔ ͔͔͙͙͊ͤͫͭͭ͟ ͍·͘·͍͊Όͭ ͍·͔ͪ͊͗ͤͤͯΌ ͍͙͊ͦ͒͊ͭ͊͘͡ͼ͙ΌΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͪ͊ͫ΄͙͔͙ͪͤΌ 

͙͊ͨ͟͡͡Ύ͍ͪͦΣ ͙͔͙ͫͤ͗ͤΌ ͙ͫͦͪͦͫͭ͟ ͍ͪͦͦͭͦ͊͟͟ ͙ ͍ͨͦ·΄͔͚ͤͤͦ ͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ ͙͚ͫͦͫͯ͒ͫͭͦ ͔͙ͫͭͤ͟Φ ͙̏ͭ 

ͨͪͦͼ͔ͫͫ· ͫͦ͒͊͘Όͭ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙͎ͦͤͤͦͦ ͍͔͙ͯ͡;͔͙ͤΎ ͍͔͙ͪͦͦͨͦͭͪ͟Φ 

˿͙͔͙͔ͤ͗ͤ ͙͎ͫͦͫͯ͒ͫͭͦͦ ͭͦͤͯͫ͊ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͔ͦͭͤͦͫͭ͡Έ͚ͤͦ ͎͙͍͔͙͙ͨͦͦͣ͡Σ ͦͭͦͪ͊͟Ύ ͔ͣͦ͗ͭ ͙͙͍ͯͫ͊ͭ͡Έ 

͔ͦͣͨͤͫ͊ͭͦͪͤͯ͟Ό ͭ͊ͻ͙͙͊ͪ͒͟Ό ͙ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͯͻͯ͒΄͔͙ͤΌ ͍͙͒ͦͫͭ͊͟ ͙ͫͦͪͦ͒͊͟͡ ͟ ͭ͊ͤ͟ΎͣΦ ̏ͭͦ ͍͙͡Ύ͔ͭ 

ͤ͊ ͍·͙͍͔͗͊ͣͦͫͭΈ ͭͪͦͣ͋ͦͼ͙͍ͭͦ ͙ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͦ͋ͪ͊ͯ͘Ό΅͔͎ͦͫΎ ͭͪͦͣ͋͊Φ 

˹͔͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙ ͔ͦͫͦ͋ͤͤͦ ͙͙ͪͭ͟;ͤ͊ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͔͙͔͚͊ͤͣΣ ͎͙͍͔͙͔͚ͨͦͦͣ͡ ͙ 

͎͙͔͙͔͚ͨͦͭͪͣΣ ͨͦͫͦ͟͡Έͯ͟ ͙͔ͫͤ͗ͤͤ͊Ύ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͔ͭ͊͡ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͍ͨͦ͒͊͡Ύ͔ͭ ͺ͔͔͙͍ͪͣͤͭ͊ͭͤ·͔ 

͔ͪ͊͟ͼ͙͙ ͎ͦ͊ͯ͟͡Ύͼ͙͙Σ ͙ͯ͒ͤ͡ΎΎ ͍͔ͪͣΎ ͍͔ͪͦͦͭ͟;͔͙ͤΎΦ 

˾͙͙ͫ͟ ͍͔ͪͦͦͭ͟;͔͙͚ͤ ͙ ͙ͭͪͦͣ͋ͦͭ;͔͙ͫ͟ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ 

ˤ͙͡Ύ͙͔ͤ ͔͔͙͍͊ͤͫͭͭͦ͟ ͔ͣͦ͗ͭ ͙͍͙ͨͪͦ͒ͭΈ ͊͟͟ ͟ ͎͙͎ͨͦͦ͊ͯ͟͡Ύͼ͙ͦͤͤ·ͣΣ ͭ͊͟ ͙ ͎͙͔͎ͨͪͦ͊ͯ͟͡Ύͼ͙ͦͤͤ·ͣ 

ͫͦͫͭͦΎ͙ͤΎͣΦ ˴͍͔ͪͦͦͭ;͔͙ͤΎ ;͊΅͔ ͍͙͍ͪ͊͊͘ΌͭͫΎ ͙ͨͪ ͙͔͙͙ͫͤ͗ͤ ͭͪͦͣ͋ͦͼ͙͚ͭ͊ͪͤͦ ͎͔͎͊ͪ͊ͼ͙͙Σ 

͍͙͊ͦ͒͊ͭ͊͘͡ͼ͙͙ ͙ ͎͔͔͙͙ͯͤͭͤ ͔ͨ͊ͣͤͤ͘͡·ͻ ͺ͍͊ͭͦͪͦ͟Φ 

˥͙͔͎ͨͪͦ͊ͯ͟͡Ύͼ͙ΎΣ ͙͍ͤ͊ͨͪͦͭΣ ͍ͫΎ͊ͤ͊͘ ͫ ͙͍͊ͭ͊͟ͼ͙͔͚ ͭͪͦͣ͋ͦͼ͙͍ͭͦ ͍ ͍͔ͦͭͭ ͤ͊ ͻ͙͎͙ͪͯͪ;͔ͫͯ͟Ό ͍ͭͪ͊ͣͯΣ 

͍ͨͦ·΄͔͙͔ͤͣ ͍ͯͪͦͤΎ ͺ͙͙͎͔͋ͪͤͦͤ͊ ͙ ͙͔͙͔ͫͤ͗ͤͣ ͙͍͙͊ͭͤͦͫͭ͟ ͙͙͊ͤͭͭͪͦͣ͋ͤ͊Φ ̏ͭͦ ͫͦͫͭͦΎ͙͔ͤ ͔ͦͫͦ͋ͤͤͦ 

ͦͨ͊ͫͤͦ ͍ ͫͦ;͔͙͙ͭ͊ͤ ͫ ͙͔͒ͭ͡͡Έ͚ͤͦ ͙͙͙ͣͣͦ͋͊͘͡ͼ͙͔͚Σ ;ͭͦ ͍͔͙ͯ͡;͙͍͔͊ͭ ͙ͪͫ͟ ͭͪͦͣ͋ͦ͊͘ ͎͙ͯ͋ͦ͟͡ͻ ͍͔ͤ ͙ 

ͭͪͦͣ͋ͦΉ͙͙ͣ͋ͦ͡ ͖͎ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪΦ 

˸͙͙͎ͦͤͭͦͪͤ ͙ ͔ͦͪͪ͟͟ͼ͙Ύ ͎͔ͣͦͫͭ͊͊͘ ͍ͦ ͍͔ͪͣΎ ͔ͦͨͪ͊ͼ͙͙ 

˿͍͔͔ͦͪͣͤͤ·͚ ͙͙͎ͣͦͤͭͦͪͤ ͍͟͡Ό;͔͊ͭ ͦͼ͔ͤͯ͟ ͫͭ͊ͤ͒͊ͪͭͤ·ͻ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ τ 

͙͍͎ͨͪͦͭͪͦͣ͋ͤͦͦͦ ͍͔͔͙ͪͣͤΣ ˸˹˻ ͙ ˢ̉́ˤΣ ͦ͒ͤ͊ͦ͟ ͙͔͔ͤ͊͋ͦ͡ ͙ͤͺ͙͍ͦͪͣ͊ͭͤ·͙ͣ Ύ͍͡ΎΌͭͫΎ ͔ͣͭͦ͒· 

ͭͪͦͣ͋ͦΉ͎͊ͫͭͦͪ͊͡ͺ͙͙ ͙ ͪͦͭ͊ͼ͙͚ͦͤͤͦ ͭͪͦͣ͋ͦΉ͔͙͙͊ͫͭͦͣͭͪ͡Φ ˻͙ͤ ͍ͨͦͦ͘͡ΎΌͭ ͔͔͙ͦͨͪ͒ͭ͡Έ ͔ͤ ͭͦ͡Έͦ͟ 

ͫͦͪͦͫͭ͟Έ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͭͪͦͣ͋͊Σ ͤͦ ͙ ͔͎ͦ ͨͪͦ;ͤͦͫͭΈΣ ͊ ͔ͭ͊͗͟ ͙͍͊ͭͤͦͫͭ͟Έ ͺ͙͙͙͋ͪͤͦ͊͘͡Φ 

˴͔ͦͪͪ͟ͼ͙Ύ ͤ͊ͪͯ΄͔͙͚ͤ ͎͔ͣͦͫͭ͊͊͘ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͙͙͍͙ͤ͒͒ͯ͊͡ΈͤͦΦ ˽͙ͪ ͙͔͙͙ͫͤ͗ͤ ͺͯͤ͟ͼ͙͙ 
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ͭͪͦͣ͋ͦͼ͙͍ͭͦ ͙͔ͨͪͣͤΎΌͭ ͭͪͦͣ͋ͦͼ͙ͭ͊ͪͤͯΌ ͣ͊ͫͫͯ ͙͙͡ ͔͔͙͒ͫͣͦͨͪͫͫͤΦ ͎͔͔͙͔̂ͤͭͤ ͔͎ͨ͊ͣͤͤͦͦ͘͡ ͍͔ͤ͊͘ 

͔͙ͦͣͨͤͫͪͯ͟Όͭ ͍͔͔͔͚ͫ͗͊ͣͦͪͦ͗ͤͤͦ͘ ͚ͨ͊ͣͦ͘͡ ͙͙͡ ͦͤ͟ͼ͔͙ͤͭͪ͊ͭ͊ͣ ͺ͍͊ͭͦͪͦ͟Φ ˽͙ͪ ͎͙͔͎ͨͪͦ͊ͯ͟͡Ύͼ͙͙ 

͍ͦͣͦ͗ͤ͊͘ ͨͪͦͺ͙͙͊ͭ͟͡;͔ͫ͊͟Ύ ͙͔ͤͦͣͦͯ͘͟͟͡͡Ύͪͤ͊Ύ ͎͔͙͙ͨ͊ͪͤ͊͘ͼ͙ΎΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˥͔ͣͦͫͭ͊͘ ͙ͨͪ ͦ͋΅͔͚ ͔͔͙͙͊ͤͫͭ͘ ͍͔͎͔ͨͦ͒ͪ͊ͭͫΎ ͔ͦͣͨͫͤͦͣͯ͟͟͡ ͍͙͡Ύ͙ͤΌ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫ͟ͻΣ 

ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͙ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟Φ ˮ͔͔͙ͣͤͤ͘Ύ ͍ ͙͍͙͊ͭͤͦͫͭ͟ ͭͪͦͣ͋ͦͼ͙͍ͭͦΣ ͎ͦ͊ͯ͟͡Ύͼ͙ͦͤͤ·ͻ 

͍͊ͫ͊͒ͦ͟͟ ͙ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙ ͔͔ͦͨͪ͒͡ΎΌͭ ͙ͪͫ͟ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙ͦͤͤ·ͻ ͍͔ͪͦͦͭ͟;͔͙͚ͤ ͙ ͙ͭͪͦͣ͋ͦͭ;͔͙ͫ͟ͻ 

͔͙͚ͦͫͦ͗ͤͤ͡Φ ˥͔ͯ͋ͦͦ͟͡ ͙͙͔ͨͦͤͣ͊ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͚͍͙͒ͫͭΎ ͔͔͙͍͊ͤͫͭͭͦ͟ ͙ ͨͦͫͭͦΎͤͤ·͚ ͙͙͎ͣͦͤͭͦͪͤ 

͔͍ͨ͊ͪ͊ͣͭͪͦ ͎͔ͣͦͫͭ͊͊͘ ͍ͨͦͦ͘͡ΎΌͭ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ Ή͙ͭ ͙͙ͪͫ͟ ͙ ͔͔ͦ͋ͫͨ;͙ͭΈ ͔͔͋ͦͨ͊ͫͤͦ͘ ͍͔͔͙͔͒ͤ 

ͨ͊ͼ͙͔ͤͭ͊Φ ˮ͙͍͙͙͙͍ͤ͒͒ͯ͊ͪͦ͊ͤͤ͘͡·͚ ͨͦ͒ͻͦ͒ ͍ ͫͦ;͔͙͙ͭ͊ͤ ͫ ͍͔͔ͫͦͪͣͤͤ·͙ͣ ͔͙ͣͭͦ͒͊ͣ ͙͎͙͙͒͊ͤͦͫͭ͟ 

Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͔ͯͫͨ΄͚ͤͦ ͔͔͙͎͙͊ͤͫͭͦͦ͘͡;͔͚ͫͦ͟ ͙͙ͭ͊ͭ͟͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ aƛƭƭŜǊΩǎ !ƴŜǎǘƘŜǎƛŀΦ 

нΦ IŜƳƻǎǘŀǎƛǎ ŀƴŘ ¢ƘǊƻƳōƻǎƛǎΥ .ŀǎƛŎ tǊƛƴŎƛǇƭŜǎ ϧ /ƭƛƴƛŎŀƭ tǊŀŎǝŎŜΦ 

оΦ .ǳǧŜǊǿƻǊǘƘ WΦΣ aƻǊƎŀƴ ϧ aƛƪƘŀƛƭΩǎ /ƭƛƴƛŎŀƭ !ƴŜǎǘƘŜǎƛƻƭƻƎȅΦ 

пΦ !ƳŜǊƛŎŀƴ {ƻŎƛŜǘȅ ƻŦ !ƴŜǎǘƘŜǎƛƻƭƻƎƛǎǘǎΦ DǳƛŘŜƭƛƴŜǎ ƻƴ tŜǊƛƻǇŜǊŀǝǾŜ /ƻŀƎǳƭŀǝƻƴ aŀƴŀƎŜƳŜƴǘΦ 

рΦ [ŜǾȅ WΦ /ƻŀƎǳƭŀǝƻƴ ŀōƴƻǊƳŀƭƛǝŜǎ ŘǳǊƛƴƎ ŀƴŜǎǘƘŜǎƛŀΦ 

ϭ ˾͊ͻ͍ͣ͊ͤͦ ˹ΦΣ нлнр 

 

 

 

 

̂˨˴ смсςлуфΦр 

˾͊ͻ͍ͣ͊ͤͦ ˹Φ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͙͎͙͙ͪ͊ͤͣ͊ͭͦͦ͡ ͙ ͔͙͎͙͙͊ͤͫͭͦͦ͘͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͙ͣΦ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 

 

˽˩˾˩˨˻˽˩˾ˢ̇ˮ˻˹˹ˢ̒ ˻̇˩˹˴ˢ ˥˩˸˻˿́ˢ˭ˮ˻˥˾ˢ˸˸̍ ˮ ˻̇˩˹˴ˢ ̅ˢ˴́˻˾˻ˤ 

 ˾ ˮ˿˴ˢ ˽˾ˮ ˻ˣ̋˩˯ ˢ˹˩˿́˩˭ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˽͔͔͔ͪ͒ͦͨͪ͊ͼ͙ͦͤͤ͊Ύ ͦ ͼ͔ͤ͊͟ ͫͦͫͭͦΎ͙ͤΎ ͎͔ͣͦͫͭ͊͊͘ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ Ήͭ͊ͨͦͣ ͎͍͙ͨͦ͒ͦͭͦ͟ 

ͨ͊ͼ͙͔ͤͭ͊ ͟ ͻ͙͎͙ͪͯͪ;͔ͫͦͣͯ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭͯ ͨͦ͒ ͦ͋΅͔͚ ͔͔͙͔͚͊ͤͫͭ͘Φ ˢ͙ͤ͊͘͡ ͎͔͙͎ͣͦͫͭ͊ͦͪ͊ͣͣ͘· 

͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͫͪ͟·ͭ·͔ ͤ͊ͪͯ΄͔͙ͤΎ ͍͔ͫͪͭ·͍͊Ό΅͔͚ ͙͔ͫͫͭͣ·Σ ͦͼ͔͙ͤͭΈ ͙ͪͫ͟ ͍͔ͪͦͦͭ͟;͔͙͚ͤ ͙ 

͙ͭͪͦͣ͋ͦͭ;͔͙ͫ͟ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͊ ͔ͭ͊͗͟ ͔͙͍ͫͦͪͪͭͪͦ͊ͭ͟͟Έ ͔͙ͭͪ͊ͨΌ ͒ͦ ͔ͦͨͪ͊ͼ͙͙Φ ˤ ͫͭ͊ͭΈ͔ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͔͙ͨͦ͊͊ͭ͘͟͡ ͎͔͙͎ͣͦͫͭ͊ͦͪ͊ͣͣ͘·Σ ͙ͻ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΣ ͊ ͔ͭ͊͗͟ ͺ͊ͭͦͪ͟· 

͙ͪͫ͊͟Σ ͍͙͡ΎΌ΅͙͔ ͤ͊ ͫͦͫͭͦΎ͙͔ͤ ͎͔ͣͦͫͭ͊͊͘ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͙ͪ͊͘͡;͎ͤͦͦ ͍ͦͪ͊ͫͭ͊͘ ͙ ͫ ͙ͪ͊͘͡;͚ͤͦ 

͍ͫͦͨͯͭͫͭͯΌ΅͔͚ ͎͙͔͚ͨ͊ͭͦͦ͡Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙͔͎ͤͭͪ͊ͼ͙͙ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͒͊ͤͤ·ͻ ͫ 

͙͙ͤ͟͡;͔͙͙ͫͣ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͔͎͙͙ͫͭͪ͊ͭ ͍͔͔͙͒ͤΎ ͨ͊ͼ͙͔ͤͭ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͎͔ͣͦͫͭ͊͘Σ ͎͔͙͎ͣͦͫͭ͊ͦͪ͊ͣͣ͊͘Σ ͦ͋΅͊Ύ ͔͔͙͊ͤͫͭ͘ΎΣ ͻ͙͎͙ͪͯͪΎΣ ͺ͊ͭͦͪ͟· ͙ͪͫ͊͟Σ ͍͔ͪͦͦͭ͟;͔͙͔ͤΣ ͭͪͦͣ͋ͦ͘Φ 

 

wŀƘƳŀƴƻǾ bΦ 

{ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴ ƴŀƳŜŘ ŀƊŜǊ aȅǊŀǘ DŀǊǊȅŜǾ 

ό!ǎƘƎŀōŀǘΣ ¢ǳǊƪƳŜƴƛǎǘŀƴύ 
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!ōǎǘǊŀŎǘ 

tǊŜƻǇŜǊŀǝǾŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ƘŜƳƻǎǘŀǝŎ ǎǘŀǘǳǎ ƛǎ ŀ ŎǊǳŎƛŀƭ ǎǘŜǇ ƛƴ ǇǊŜǇŀǊƛƴƎ ǇŀǝŜƴǘǎ ŦƻǊ ǎǳǊƎŜǊȅ ǳƴŘŜǊ 

ƎŜƴŜǊŀƭ ŀƴŜǎǘƘŜǎƛŀΦ !ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƘŜƳƻǎǘŀǎƛƻƎǊŀƳ ŀƭƭƻǿǎ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ƭŀǘŜƴǘ ŎƻŀƎǳƭŀǝƻƴ ŘƛǎƻǊŘŜǊǎΣ 

ŜǾŀƭǳŀǝƻƴ ƻŦ ōƭŜŜŘƛƴƎ ŀƴŘ ǘƘǊƻƳōƻǝŎ ǊƛǎƪǎΣ ŀƴŘ ƻǇǝƳƛȊŀǝƻƴ ƻŦ ǘƘŜǊŀǇȅ ǇǊƛƻǊ ǘƻ ǎǳǊƎŜǊȅΦ ¢Ƙƛǎ ŀǊǝŎƭŜ 

ŘƛǎŎǳǎǎŜǎ ƪŜȅ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ƘŜƳƻǎǘŀǎƛƻƎǊŀƳΣ ǘƘŜƛǊ ŎƭƛƴƛŎŀƭ ǎƛƎƴƛŬŎŀƴŎŜΣ ŀƴŘ Ǌƛǎƪ ŦŀŎǘƻǊǎ ŀũŜŎǝƴƎ 

ƘŜƳƻǎǘŀǎƛǎ ƛƴ ǇŀǝŜƴǘǎ ƻŦ ŘƛũŜǊŜƴǘ ŀƎŜǎ ŀƴŘ ǿƛǘƘ ŎƻƳƻǊōƛŘ ŎƻƴŘƛǝƻƴǎΦ {ǇŜŎƛŀƭ ŀǧŜƴǝƻƴ ƛǎ ƎƛǾŜƴ ǘƻ ƛƴǘŜƎǊŀǝƴƎ 

ƭŀōƻǊŀǘƻǊȅ ŬƴŘƛƴƎǎ ǿƛǘƘ ŎƭƛƴƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭƛȊŜŘ ǇŀǝŜƴǘ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎȅΦ 

YŜȅǿƻǊŘǎΥ 

ƘŜƳƻǎǘŀǎƛǎΣ ƘŜƳƻǎǘŀǎƛƻƎǊŀƳΣ ƎŜƴŜǊŀƭ ŀƴŜǎǘƘŜǎƛŀΣ ǎǳǊƎŜǊȅΣ Ǌƛǎƪ ŦŀŎǘƻǊǎΣ ōƭŜŜŘƛƴƎΣ ǘƘǊƻƳōƻǎƛǎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˻ͼ͔ͤ͊͟ ͫͦͫͭͦΎ͙ͤΎ ͎͔ͣͦͫͭ͊͊͘ ͔͔ͨͪ͒ ͔ͦͨͪ͊ͼ͙͔͚ Ύ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ 

͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ ˹͔ͫͣͦͭͪΎ ͤ͊ ͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͔͔͙͎͙͊ͤͫͭͦͦ͘͡;͔͚ͫͦ͟ ͔ͭͻ͙͙ͤ͟ ͙ ͒ͦͫͭͯͨͤͦͫͭΈ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͦͤͭͪͦ͟͡Ύ ͎͔͙͙͙ͣͦ͒ͤ͊ͣ͟Σ ͤ͊ͪͯ΄͔͙ͤΎ ͍͔ͫͪͭ·͍͊Ό΅͔͚ ͙͔ͫͫͭͣ· ͦͫͭ͊ΌͭͫΎ ͚ͦ͒ͤͦ ͙͘ 

͍͔͒ͯ΅͙ͻ ͙ͨͪ;͙ͤ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙ͦͤͤ·ͻ ͙ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͍͟͡Ό;͊Ύ ͙͍ͣ͊ͫͫͤ·͔ 

͍͔ͪͦͦͭ͟;͔͙ͤΎΣ ͭͪͦͣ͋ͦΉ͙ͣ͋ͦ͡;͔͙͔ͫ͟ ͫͦ͋·͙ͭΎ ͙ ͍͙͙͔ͪ͊ͭ͘ ˨ˤ˿πͫ ͙ͤ͒ͪͦͣ͊Φ 

˥͔͙͎ͣͦͫͭ͊ͦͪ͊ͣͣ͊͘ τ Ήͭͦ ͔͊͋ͦͪ͊ͭͦͪͤͦ͡ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Σ ͍ͨͦͦ͘͡ΎΌ΅͔͔ ͔ͦͣͨͫͤͦ͟͟͡ ͦͼ͔͙ͤͭΈ 

͙͔ͫͫͭͣͯ ͍͔ͫͪͭ·͍͙͊ͤΎ ͍͙ͪͦ͟Σ ͍͟͡Ό;͊Ύ ͔͙ͨͦ͊͊ͭ͘͟͡ ͔͍͙ͨͪ;͎ͤͦͦ ͎͔ͣͦͫͭ͊͊͘Σ ͔͚ͨ͊ͣͤͤͦ͘͡ ͎ͦ͊ͯ͟͡Ύͼ͙͙ ͙ 
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͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ aƛƭƭŜǊΩǎ !ƴŜǎǘƘŜǎƛŀΦ 

нΦ IŜƳƻǎǘŀǎƛǎ ŀƴŘ ¢ƘǊƻƳōƻǎƛǎΥ .ŀǎƛŎ tǊƛƴŎƛǇƭŜǎ ϧ /ƭƛƴƛŎŀƭ tǊŀŎǝŎŜΦ 

оΦ !ƳŜǊƛŎŀƴ {ƻŎƛŜǘȅ ƻŦ !ƴŜǎǘƘŜǎƛƻƭƻƎƛǎǘǎΦ DǳƛŘŜƭƛƴŜǎ ƻƴ tŜǊƛƻǇŜǊŀǝǾŜ /ƻŀƎǳƭŀǝƻƴ aŀƴŀƎŜƳŜƴǘΦ 

пΦ [ŜǾȅ WΦ /ƻŀƎǳƭŀǝƻƴ ŀōƴƻǊƳŀƭƛǝŜǎ ŘǳǊƛƴƎ ŀƴŜǎǘƘŜǎƛŀΦ 

рΦ aƻƴŀƎƭŜ tΦΣ bŜǿŀƭƭ CΦ tŜǊƛƻǇŜǊŀǝǾŜ ƘŜƳƻǎǘŀǎƛǎ ƛƴ ŎƘƛƭŘǊŜƴΦ 

ϭ ˾͊ͻ͍ͣ͊ͤͦ ˹ΦΣ нлнр 
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̂˨:˴ 340.62 

˿͔͚͍ͯͣ͊ͤͦ͡ ˸͔ͪ͒͊ͤ ˿͔͚͍͙ͯͣ͊ͤͦ͡; 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͚ͫͯ͒͋ͤͦ ͔͙ͣ͒ͼ͙ͤ· ͙ ͍ͨͪ͊͊ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟  

 ͙ ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ͎Φ ˢ΄ͻ͊͋͊͒ 

 

˸˩̆ˢ˹ˮ̉˩˿˴ˢ̒ ˢ˿̅ˮ˴˿ˮ̒Υ ˤˮ˨̍Σ ˸˩̆ˢ˹ˮ˭˸̍Σ ˿̂˨˩ˣ˹ˢ̒ ˻̇˩˹˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˸͔ͻ͙͊ͤ;͔ͫ͊͟Ύ ͊ͫͺ͙͙ͫ͟Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͦͣͨͫ͟͟͡ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͍͙ͦͤ͊͘͟Ό΅͙ͻ 

͍͔͍͙͔ͫ͒ͫͭ͡ ͔ͤ͒ͦͫͭ͊ͭ͊͟ ͙ͫͦͪͦ͒͊͟͡ ͙ ͤ͊ͪͯ΄͔͙ͤΎ ͍͔ͤ΄͔͎ͤͦ ͒·ͻ͙͊ͤΎ ͨͦ͒ ͍͙͡Ύ͙͔ͤͣ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ 

ͺ͊ͭͦͪ͊͟Φ ˻ͤ͊ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·ͻ ͔͎͙͚͊ͭͦͪ͟ ͙ͤ͊ͫ͡Έ͍͔͚ͫͭͤͤͦ ͔͙ͫͣͪͭ ͍ ͔ͫͯ͒͋ͤͦ-

͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Σ ͨͦͫͦ͟͡Έͯ͟ ͍͔ͫͭͪ;͔͊ͭͫΎ ͊͟͟ ͙ͨͪ ͙͚͍ͯ͋ͫͭ͊ͻΣ ͭ͊͟ ͙ ͙ͨͪ ͔ͤͫ;͊ͫͭͤ·ͻ ͫͯ͡;͊Ύͻ ͙ 

͙͚͍ͫ͊ͣͦͯ͋ͫͭ͊ͻΦ ˾͙͔͊ͤͦͦ͋ͪ͊͘͘ ͺͦͪͣ ͔ͣͻ͙͊ͤ;͔͚ͫͦ͟ ͊ͫͺ͙͙͙ͫ͟ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͙ͪ͊͘͡;͙Ύ͙ͣ ͍ ͔ͣͻ͙͊ͤͣ͊͘ͻ 

͍͔͚͍͙ͦ͒ͫͭ͘ΎΥ ͍͔͙͔ͫ͒͊ͤ͡ ΄͔͙ ͔͔͚ͨͭ͡ ͙͙͡ ͙ͪͯ͊ͣ͟Σ ͊ͪ͘͟·͙͔ͭ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭ ͙͙ͨͦͫͭͦͪͦͤͤͣ 

͔͔͙ͨͪ͒ͣͭ͊ͣΣ ͍͔͙͔ͫ͒͊ͤ͡ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡ ͙ ͙͍͗ͦͭ͊Σ ͔͙͔ͯͭͦͨͤ͡Σ ͊ ͔ͭ͊͗͟ ͙͊ͫͨͪ͊ͼ͙Ύ ͙ͤͦͪͦ͒ͤ·ͻ ͣ͊ͫͫΦ 

˿͔ͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͦͼ͔ͤ͊͟ ͊ͫͺ͙͙͙ͫ͟ ͔͔ͭͪ͋ͯͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͙͊ͤ͊͊͘͡ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͙͍ͨͪͤ͊ͦ͘͟Σ 

ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ ͔͒͊͡ ͙ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ˻͔ͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔ͣΌͭ ͙͔ͭ͊͟ 

͙͙ͨͪͤ͊͘͟Σ ͊͟͟ ͔͔͍ͨͭ͡·͔ ͔ͫ͒͡·Σ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ ͍ ͣΎ͎͙͔͟ ͙ͭ͊ͤ͟ ΄͔͙Σ ͔͔ͨͪͦͣ͡· ͻͪΎ΅͔͚ ͙ ͨͦ͒ΆΎ͘·;͚ͤͦ 

͙ͦͫͭ͟Σ ͭͦ;͔;ͤ·͔ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ ό͔͔ͨͭͻ͙͙ύΣ ͊ ͔ͭ͊͗͟ ͙͔͔͙ͣͤͤ͘Ύ ͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͔ͣͻ͙͊ͤ;͔ͫ͊͟Ύ ͊ͫͺ͙͙ͫ͟ΎΣ ͍͔͙͔ͫ͒͊ͤ͡ ΄͔͙Σ ͍͔͙͔ͯ͒͊ͤ͡ ͔͔͚ͨͭ͡Σ ͯ͒ͯ΄͔͙͔ͤ ͙ͪͯ͊ͣ͟Σ ͔͙͔ͯͭͦͨͤ͡Σ ͎͙͙ͨͦͫ͟ΎΣ 

͔͔ͨͭͻ͙͙Σ ͔ͫͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͎͔͔ͭ͊ͤ͊ͭͦͤ͘Σ ͔͔ͭͫͤ͡·͔ ͍͔͔͙ͨͦͪ͗͒ͤΎ. 

 

˸͔ͻ͙͊ͤ;͔ͫ͊͟Ύ ͊ͫͺ͙͙ͫ͟Ύ ͙͔͊ͤͣ͊ͭ͘ ͦ͒ͤͦ ͙͘ ͼ͔ͤͭͪ͊͡Έͤ·ͻ ͔ͣͫͭ ͍ ͔ͫͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙͚ͤͫͦ͟ 

͎͙͙ͭ͊ͤ͊ͭͦͦ͡Σ ͨͦͫͦ͟͡Έͯ͟ ͦͤ͊ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦ͒ͤͯ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͙ͨͪ;͙ͤ 

͙ͤ͊ͫ͡Έ͍͔͚ͫͭͤͤͦ ͔͙ͫͣͪͭΦ ̏ͭͦ ͎͙ͨ͊ͭͦͦ͡;͔͔ͫͦ͟ ͫͦͫͭͦΎ͙͔ͤ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͍͔͍͙͔ͫ͒ͫͭ͡ ͎ͦͫͭͪͦͦ ͙͙͡ 

͔͔͎ͨͦͫͭͨͤͤͦͦ ͔ͨͪͪ͊͟΅͔͙ͤΎ ͔͎ͦ͡;͚ͤͦ ͍͔͙ͤͭ͡Ύͼ͙͙ ͙ ͔ͦ͋ͣͤ͊ ͎͍͊ͦ͘Σ ͍·͍͎͊ͤͤͦͦ͘ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ 

͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ͺ͊ͭͦͪ͊͟Φ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͎͙͒ͪͯͻ ͺͦͪͣ ͎͙͙ͨͦͫ͟;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͔ͣͻ͙͊ͤ;͔ͫ͊͟Ύ ͊ͫͺ͙͙ͫ͟Ύ 

͍͔͎ͫ͒͊ ͍ͦͫͤͦ͊ͤ͊ ͤ͊ ͺ͙͙͘;͔ͫͦͣ͟ ͔ͨͪͨΎ͍͙͙ͭͫͭΣ ͔ͣ΄͊Ό΅͔ͣ ͔͙ͨͦͫͭͯͨͤ͡Ό ͍ͦ͒ͯ͘ͻ͊ ͍ ͒·ͻ͔͊ͭ͡Έͤ·͔ ͙ͨͯͭ 

͙͙͡ ͎͙ͦͪ͊ͤ;͙͍͊Ό΅͔ͣ ͍͙ͨͦ͒͗ͤͦͫͭΈ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͣͯͫͯ͊ͭͯͪ͟͡· ͙ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡Φ ˮͯ͘;͔͙͔ͤ 

͔ͣͻ͙͍͊ͤͣͦ͘ ͊ͫͺ͙͙͙ͫ͟ ͙͔͔ͣͭ ͋ͦ͡Έ΄͔ͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͔͚ͫͯ͒͋ͤͦ ͔͙ͣ͒ͼ͙ͤ·Σ ͨͦͭͦͣͯ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ 

Ή͔ͫͨͪͭ͊ͣ͟ ͍͙͍ͯͫͭ͊ͤ͊͊ͭ͡Έ ͔ͤ ͭͦ͡Έͦ͟ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͯΌ ͙ͨͪ;͙ͤͯ ͔͙ͫͣͪͭΣ ͤͦ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍͔ͤ΄͔͎ͤͦ 

͍͔͚͍͙ͦ͒ͫͭ͘ΎΣ ͊ ͔ͭ͊͗͟ ͫͨͦͫͦ͋· ͙ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊Σ ͙ͨͪ ͦͭͦͪ͟·ͻ ͦͤͦ ͍͙ͦͤͦ͘͟͡Φ 

ˤ ͔͚ͫͯ͒͋ͤͦ ͔͙ͣ͒ͼ͙͔ͤ ͔ͣͻ͙͊ͤ;͔ͫͯ͟Ό ͊ͫͺ͙͙ͫ͟Ό ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͔ͪ͊͒͘͡ΎΌͭ ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͍ͦͫͤͦͤ·ͻ 

͎ͪͯͨͨΥ ͊ͫͺ͙͙ͫ͟Ύ ͦͭ ͍͔͙ͫ͒͊ͤ͡Ύ ͎͍ͦͪ͊ͤͦ ΄͔͙ όͯ͒ͯ΄͔͙͔ͤ ͔͔͚ͨͭ͡Σ ͙ͪͯ͊ͣ͟Σ ͔͔͙͔ͨͪ͗͊ͭͣύΣ ͊ͪ͘͟·͙͔ͭ 

͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭ όͦ͋ͭͯͪ͊ͼ͙ͦͤͤ͊Ύ ͊ͫͺ͙͙ͫ͟ΎύΣ ͍͔͙͔ͫ͒͊ͤ͡ ͎͙ͪͯ͒ ͙ ͙͍͗ͦͭ͊ ό͙ͨͦ͘ͼ͙ͦͤͤ͊Ύ ͙ 

͔͙ͦͣͨͪͫͫͦͤͤ͊͟Ύ ͊ͫͺ͙͙ͫ͟ΎύΣ ͙͊ͫͨͪ͊ͼ͙Ύ ͙ͤͦͪͦ͒ͤ·ͻ ͣ͊ͫͫΣ ͊ ͔ͭ͊͗͟ ͔͙͔ͯͭͦͨͤ͡Φ ˴͊͗͒͊Ύ ͙͘ Ή͙ͭͻ ͺͦͪͣ 

͙͔͔ͣͭ ͍͔ͫͦ͋ͫͭͤͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͍͙͙ͪ͊ͭ͘Ύ ͙ ͔ͦͣͨͫ͟͟͡ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡Σ ͦͭͦͪ͟·͔ 

͍ͨͦͦ͘͡ΎΌͭ Ή͔ͫͨͪͭ͊ͣ͟ ͍͙ͨͪͦͦ͒ͭΈ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡ΈͤͯΌ ͔ͫͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙ͤͫͯ͟Ό ͙͎͙͒͊ͤͦͫͭͯ͟Φ ˻͒ͤ͊ͦ͟ ͍ 

͔ͪ͊͡Έͤ·ͻ ͍͙ͯͫͦ͡Ύͻ Ή͔ͫͨͪͭ͟ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͔ͭͣΣ ;ͭͦ ͙͙ͨͪͤ͊͘͟ ͊ͫͺ͙͙͙ͫ͟ ͎ͣͦͯͭ ͙͔ͣͭΈ ͔ͫͣ΄͊ͤͤ·͚ ͙͙͡ 

͔͔ͤͫͨͼ͙ͺ͙;͔͙͚ͫ͟ ͻ͔͊ͪ͊ͭͪ͟Σ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͙͔͎ͫͫͭͣͤͦͦ ͙͊ͤ͊͊͘͡ ͍͔͚ͫ ͍͙ͫͦͦͯͨͤͦͫͭ͟ ͒͊ͤͤ·ͻ τ ͦͫͣͦͭͪ͊ 

͔ͣͫͭ͊ ͙ͨͪͦͫ΄͔͍͙ͫͭΎΣ ͙͚ͨͦ͊͊ͤ͘͟ ͍͙͔͔͔͚ͫ͒ͭ͡Σ ͔ͫͯ͒͋ͤͦ-͎͙͎͙ͫͭͦͦ͡;͔͙ͫ͟ͻ ͙ ͙͎͙ͭͦͫͦͦ͟͟͡;͔͙ͫ͟ͻ 

͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ 

͎͔͔́͊ͤ͊ͭͦͤ͘ ͔ͣͻ͙͊ͤ;͔͚ͫͦ͟ ͊ͫͺ͙͙͙ͫ͟ ͍ͫΎ͊ͤ͘ ͫ ͤ͊ͪͯ΄͔͙͔ͤͣ ͎͔͊ͦͦ͋ͣͤ͊͘ ͙ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ 
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͍͙͙͔ͪ͊ͭͣ͘ ͚ͦͫͭͪͦ ͎͙͙͙ͨͦͫ͟Φ ˽͔͍ͪ·͔ ͔ͪ͊͟ͼ͙͙ ͎͙ͦͪ͊ͤͣ͊͘ ͍͟͡Ό;͊Όͭ ͙͔͙͔ͯͫͤ͡ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͍͙͔͙͚͒͗ͤ 

͙ ͭ͊ͻ͙͙͊ͪ͒͟ΌΣ ͍͔ͤ͊ͨͪ͊ͤͤͯ͡Ό ͤ͊ ͔ͦͣͨͤͫ͊͟ͼ͙Ό ͔ͤ͒ͦͫͭ͊ͭ͊͟ ͙ͫͦͪͦ͒͊͟͡Φ ˻͒ͤ͊ͦ͟ ͙ͨͪ ͨͪͦ͒ͦ͗͊͡Ό΅͔ͣͫΎ 

͍͔͚͍͙͙ͦ͒ͫͭ͘ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ͺ͊ͭͦͪ͊͟ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͎͔͔͙͔ͯͤͭͤ ͒·ͻ͔͊ͭ͡Έ͎ͤͦͦ ͼ͔ͤͭͪ͊Σ ͤ͊ͪ͊ͫͭ͊Όͭ 

ͤ͊ͪͯ΄͔͙ͤΎ ͔͔ͫͪ͒;͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͦͣ͊͟Σ ͎͙ͫͯ͒ͦͪͦ ͙ ͍ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦ ͔ͤ͊ͫͭͯͨ͊ͭ ͔ͫͣͪͭΈΦ 

˸ͦͪͺ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͍͙͙͊ͫͭ͘ ͦͭ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͊ͫͺ͙͙͙ͫ͟Σ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͍͔ͤ΄͔͎ͤͦ 

͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͙ ͫͦͫͭͦΎ͙ͤΎ ͎͙ͦͪ͊ͤͣ͊͘Φ ˹͙͔͔͊͋ͦ͡ ͻ͔͊ͪ͊ͭͪͤ͟·͙ͣ ͙͙ͨͪͤ͊͊ͣ͘͟ Ύ͍͡ΎΌͭͫΎ ͍͙͔ͨͦͤͦͪͦ͟͡ 

͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦΣ ͭͦ;͔;ͤ·͔ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ ό͔͔ͨͭͻ͙͙ύΣ ͙͗͒͊͟Ύ ͍ͪͦ͟ΈΣ ͔ͦͭ͟ ͔͎͙͟͡ͻΣ Ήͣͺ͙͔ͣ͊͘ 

͊͡Έ͍͔ͦ͡Σ ͔͔͔͙͔ͨͪͨͦͤͤ͡ ͍ͨͪ͊·ͻ ͔͍ͦͭ͒ͦ͡ ͔ͫͪ͒ͼ͊Φ 

˻ͫͦ͋ͯΌ ͫͦ͗ͤͦͫͭ͡Έ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͔ͫͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͦͼ͔ͤ͊͟ ͍͔͙ͫ͒͊ͤ͡Ύ ΄͔͙Φ ˽͙ͪ ͍͔͙͙ͯ͒͊ͤ͡ 

͔͔͚ͨͭ͡ ͙ͪ͊͘͡;͊Όͭ ͔ͨͦͤͦ͡ ͙ ͔͔ͤͨͦͤͦ͡ ͍͙͔͙͔ͫͤΣ ͊͗͒͊͟Ύ ͺͦͪͣ͊ ͍ͦͫͭ͊͡Ύ͔ͭ ͍͙ͫͦ ͻ͔͊ͪ͊ͭͪͤ͟·͔ ͔ͫ͒͡·Φ 

˽͔͔͍ͭ͡·͔ ͋ͦͪͦ͒͘· ͙͔ͣΌͭ ͔ͫͨͼ͙ͺ͙;͔ͫͯ͟Ό ͺͦͪͣͯΣ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͙ ͫͭͪͯͭͯͪͯ͟Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔͙ͦͨͪ͒ͭ͡Έ 

͙ͭͨ ͔͙ͨͭ͡Σ ͫͨͦͫͦ͋ ͍͊͘Ύ͘·͍͙͊ͤΎ ͯ͊͘͡ ͙ ͍ͦͣͦ͗ͤ͘·͚ ͔ͣͻ͙͊ͤͣ͘ ͔͖ ͔͚͍͙͒ͫͭΎΦ ̂͒ͯ΄͔͙͔ͤ ͙ͪͯ͊ͣ͟ 

͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͙ͦͭ͡;͙͔ͭ͡Έͤ·͙ͣ ͙͙ͨͪͤ͊͊ͣ͘͟ τ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ͙ͣ ͍ ͣΎ͎͙͔͟ ͙ͭ͊ͤ͟ ΄͔͙Σ 

͍͔͔͙ͨͦͪ͗͒ͤΎ͙ͣ ͙ͦ͗͟ ͦͭ ͎͔͚ͤͦͭΣ ͔͔͙ͨͪͦͣ͊ͣ͡ ͎͍ͪͦͦ ΅͙͍͙͎ͭͦ͒ͤͦͦ ͻͪΎ΅͊ ͙͙͡ ͨͦ͒ΆΎ͘·;͚ͤͦ ͙ͦͫͭ͟Φ 

͔̏ͫͨͪͭ͟ ͔͒ͦ͗ͤ͡ ͔ͯͣͭΈ ͙ͪ͊͘͡;͊ͭΈ Ή͙ͭ ͙͙ͨͪͤ͊͘͟ ͙ ͯ;͙ͭ·͍͊ͭΈΣ ;ͭͦ ͙ͻ ͍·͔ͪ͊͗ͤͤͦͫͭΈ ͍͙͙͊ͫͭ͘ ͦͭ ͍ͦͪ͊ͫͭ͊͘Σ 

ͫͦͫͭͦΎ͙ͤΎ ͔͚ͭ͊ͤ͟ ͙ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ ͙ͨͪͦͫ΄͔͍͙ͫͭΎΦ 

ˤ͔͊͗ͤͦ ͔ͣͫͭͦ ͙͔͊ͤͣ͊ͭ͘ ͔ͭ͊͗͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͦ͋ͭͯͪ͊ͼ͙͚ͦͤͤͦ ͊ͫͺ͙͙͙ͫ͟Σ ͍͙ͦͤ͊͘͟Ό΅͔͚ ͙ͨͪ 

͊ͪ͘͟·͙͙ͭ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭ ͙ͤͦͪͦ͒ͤ·͙ͣ ͔͔͙ͨͪ͒ͣͭ͊ͣΣ ͙ͣ͊ͫͫ͊ͣ ͙ͨ΅͙ ͙͙͡ ͣΎ͎͙͙ͣ͟ ;͊ͫͭΎ͙ͣ ͔ͭ͊͡Φ ˤ 

͔ͫͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͙͔ͭ͊͟ ͫͯ͡;͙͊ ͔͔ͤͪ͒ͦ͟ ͍͔ͫͭͪ;͊ΌͭͫΎ ͯ ͔͔͚͒ͭ ͙ ͙͡ͼ ͫ ͤ͊ͪͯ΄͔͙͔ͤͣ 

͎͙ͦͭ͊ͤ͡ΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͦͼ͔͔ͤ͟ ͙ͤ͊͡;͙Ύ ͙͊ͫͨͪ͊ͼ͙ͦͤͤ·ͻ ͣ͊ͫͫ ͍ ͎͙ͦͪͭ͊ͤΣ ͭͪ͊ͻ͔͔ ͙ 

͋ͪͦͤͻ͊ͻΣ ͫͦͫͭͦΎ͙ͤΌ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͙ ͙ͤ͊͡;͙Ό ͔͙͍ͪ͊ͭͤ͟·ͻ ͙͔͔͙͚ͣͤͤ͘Σ ͍͔ͨͦ͒ͭͪ͗͒͊Ό΅͙ͻ 

͙͙͔ͨͪ͗ͤͤͤͦͫͭ͘Έ ͨͪͦͼ͔ͫͫ͊Φ 

˿͍͔͙͔͒͊ͤ͡ ͎͙ͪͯ͒ ͙ ͙͍͗ͦͭ͊ ͔ͣͦ͗ͭ ͍͙ͦͤ͊ͭ͘͟Έ ͊͟͟ ͙ͨͪ ͦ͋ͪͯ΄͔͙ͤΎͻΣ ͭ͊͟ ͙ ͙ͨͪ ͍͔͒͊͟ ͍ ͔ͭͦͨ͡Σ 

͒ͦͪͦ͗ͤͦ-ͭͪ͊ͤͫͨͦͪͭͤ·ͻ ͙ͨͪͦͫ΄͔͍͙ͫͭΎͻΣ ͍͊͊͊͘͡ͻΦ ˤ ͙ͭ͊͟ͻ ͫͯ͡;͊Ύͻ ͔ͫͣͪͭΈ ͔ͤ͊ͫͭͯͨ͊ͭ ͦͭ ͔͍͙ͤͦͣͦ͗ͤͦͫͭ͘ 

ͪ͊ͫ΄͙͔͙ͪͤΎ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡ ͙ ͤ͊ͪͯ΄͔͙ͤΎ ͍͊ͭͦ͟ ͒·ͻ͙͊ͤΎΦ ˽͙͙ͪͤ͊͘͟ ͔͙͚ͦͣͨͪͫͫͦͤͤͦ͟ ͊ͫͺ͙͙͙ͫ͟ 

͍͟͡Ό;͊Όͭ ͙͍ͣ͊ͫͫͤ·͔ ͔͔ͨͭͻ͙͙ ͤ͊ ͔ͦ͗͟Σ ͼ͙͊ͤͦ͘Σ ͍·͔͔ͪ͊͗ͤͤͦ ͍͙͔ͨͦͤͦͪͦ͟͡ ͎͍ͦͪ͊ͤͦΣ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ ͍ 

ͣ·΄ͼ· ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡Φ 

˻͔ͭ͒͡Έ͎ͤͦͦ ͍͙͙ͤͣ͊ͤΎ ͙͍͔͊ͫͯ͗͊ͭ͘͡ ͔ͣͻ͙͊ͤ;͔ͫ͊͟Ύ ͊ͫͺ͙͙ͫ͟Ύ ͙ͨͪ ͔͙͙ͯͭͦͨͤ͡Σ ͙͔ͣΌ΅͊Ύ ͍͙ͫͦ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͘-͊͘ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͎͙ͦͪ͊ͤͣ͊͘ ͫ ͙͚͗͒ͦ͟ ͔͚ͫͪ͒ͦΦ ˿͔ͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙͙͔ͤͫ͟ ͙͙ͨͪͤ͊͘͟ 

͔͙ͯͭͦͨͤ͡Ύ ͍͟͡Ό;͊Όͭ ͔͙ͨͤͫͭͯΌ ͫͭͪͯΌ ͙͘ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΣ ͍ͦ͒Ύ͙͔ͤͫͭͦ ͔͙͔ͫͦ͒ͪ͗ͣͦ ͔͗ͯ͒͊͟͡, 

Ήͣͺ͙͔͔ͣ͊ͭͦͤͦ͘͘ ͍͙͔͒ͯͭ͘ ͔͎͙͟͡ͻ ό͔͎͙͔͟͡ ˽͊͡Έͭ͊ͯͺ͊ύΣ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͍͙ͦ͒ͦͪͦͫ͡ ͙ ͨ͊ͤͭͦͤ͟͡ ͍ 

͒·ͻ͔͊ͭ͡Έͤ·ͻ ͨͯͭΎͻ ͙ ͍͔͙ͤͯͭͪͤͤͻ ͎ͦͪ͊ͤ͊ͻΦ ˻͒ͤ͊ͦ͟ ͔͙͔ͯͭͦͨͤ͡ ͔ͤ ͍͔͎ͫ͒͊ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͚ͨͦͤͦ͡ 

͙͙ͭͨ;͚ͤͦ ͙͚͊ͪͭͤͦ͟Τ ͫͯ΅͔͍ͫͭͯΌͭ ͫͯͻ͙͔ ͙ ͔ͪͺ͔ͭͦͪͤ͟͡·͔ ͺͦͪͣ·Σ ͔ͭͪ͋ͯΌ΅͙͔ ͎͔͎ͯͯ͋ͤͤͦͦ͡͡ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ 

˿͔ͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͦͼ͔ͤ͊͟ ͔ͣͻ͙͊ͤ;͔͚ͫͦ͟ ͊ͫͺ͙͙͙ͫ͟ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͍·Ύ͍͔͙͔ͤ͡ 

͙͙͔͙ͨͪ͗ͤͤͤͦͫͭ͘ ͍͔͔͙͚ͨͦͪ͗͒ͤΣ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·ͣ ͍ ͍͔͙͙ͯͫͭ͊ͤͦͤ͡ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ 

͔͙ͫͣͪͭΦ ˽͔ͦ͊͊ͭ͘͟͡Ύ͙ͣ ͙͙͔͙ͨͪ͗ͤͤͤͦͫͭ͘ Ύ͍͡ΎΌͭͫΎ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎΣ ͔͙͍ͪ͊ͭͤ͟·͔ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ 

͙͔͔͙ͣͤͤ͘Ύ ͔͚ͭ͊ͤ͟Σ Ήͣͺ͙͔ͣ͊͘Σ ͙ͤ͊͡;͙͔ ͙͚͗͒ͦ͟ ͍͙ͪͦ͟ ͍ ͫͦͫͯ͒͊ͻΣ ͙͍͊ͭͤ͟·͔ ͨͪͦͼ͔ͫͫ· ͙͊ͫͨͪ͊ͼ͙͙Φ 

˾͔͔͙͍ͭͪͦͫͨͭͤ͊͟Ύ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Ύ ͫͦ͋·͙͚ͭ ͔͔ͭͪ͋ͯͭ ͍͔͙ͫͦͨͦͫͭ͊ͤ͡Ύ ͣͦͪͺ͎͙͙ͦͦ͡ ͙ ͔͍͔͚ͫ͒ͫͭͤͤͦ͡ 

͙ͤͺͦͪͣ͊ͼ͙͙Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˸͔ͻ͙͊ͤ;͔ͫ͊͟Ύ ͊ͫͺ͙͙ͫ͟Ύ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·ͻ ͙ͨͪ;͙ͤ ͔͙ͫͣͪͭ ͍ ͔ͫͯ͒͋ͤͦ-

͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Σ ͙ ͔͖ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔͔ͭͪ͋ͯͭ ͎͎ͯ͋ͦͦͦ͟͡ ͙͊ͤ͊͊͘͡ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍͙͙ͪ͊ͭ͘ΎΣ 

ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͙͍ͨͪͤ͊ͦ͘͟ ͙ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ ͙ͨͪͦͫ΄͔͍͙ͫͭΎΦ ˾͔͙͔͊ͫͫͣͦͭͪͤ ͍ͦͫͤͦͤ·ͻ ͺͦͪͣ ͊ͫͺ͙͙͙ͫ͟ 

τ ͫ ͍͔͙͒͊ͤ͡Ύ ΄͔͙Σ ͊ͪ͘͟·͙ͭΎ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΣ ͔͙͚ͦͣͨͪͫͫͦͤͤͦ͟ ͊ͫͺ͙͙͙ͫ͟Σ ͙͊ͫͨͪ͊ͼ͙͙ ͙ ͔͙ͯͭͦͨͤ͡Ύ τ 
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͍ͨͦͦ͘͡Ύ͔ͭ ͍·͔͙͒ͭ͡Έ ͦ͋΅͙͔ ͙ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͙͙ͨͪͤ͊͘͟Σ ͦͭͦͪ͟·͔ ͙͔ͣΌͭ ͟͡Ό;͔͍͔ͦ ͤ͊͘;͔͙͔ͤ ͍ 

Ή͔͚ͫͨͪͭͤͦ͟ ͦͼ͔͔ͤ͟Φ ˹͔ͫͣͦͭͪΎ ͤ͊ ͙ͤ͊͡;͙͔ ͙͊ͫͫ͟͡;͔͙ͫ͟ͻ ͙͍ͫͣͨͭͦͣͦΣ ͙ͭ͊͟ͻ ͊͟͟ ͍͙͔ͨͦͤͦͪͦ͟͡ ͍͔͙ͤͯͭͪͤͤͻ 

͎͍ͦͪ͊ͤͦΣ ͔͔ͨͭͻ͙͊͡Έͤ·͔ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎΣ ͔ͦͭ͟ ͔͎͙͟͡ͻ ͙ ͚͊ͫͭͦ͘ ͍͙ͪͦ͟Σ ͊͗͒͊͟Ύ ͺͦͪͣ͊ ͊ͫͺ͙͙͙ͫ͟ 

ͺ͙͔ͦͪͣͪͯͭ ͍͔ͫͦ͋ͫͭͤͤ·͚ ͔ͦͣͨͫ͟͟͡ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͒͡Ύ 

͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Φ 

˿͔ͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͦͼ͔ͤ͊͟ ͔ͣͻ͙͊ͤ;͔͚ͫͦ͟ ͊ͫͺ͙͙͙ͫ͟ ͔͔ͭͪ͋ͯͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊Σ 

͍͟͡Ό;͊Ό΅͔͎ͦ ͔ͤ ͭͦ͡Έͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͭͪͯͨ͊Σ ͤͦ ͙ ͙͊ͤ͊͘͡ ͙ͤͺͦͪͣ͊ͼ͙͙ ͫ ͔ͣͫͭ͊ ͙ͨͪͦͫ΄͔͍͙ͫͭΎΣ ͙ͯ͘;͔͙͔ͤ 

͔ͣͻ͙͍͊ͤͣͦ͘ ͔͚͍͙͒ͫͭΎ ͍͔ͨͦͪ͗͒͊Ό΅͔͎ͦ ͺ͊ͭͦͪ͊͟Σ ͍͔͔͙͔ͨͪͦ͒ͤ ͎͙͎͙ͫͭͦͦ͡;͔͙ͫ͟ͻ ͙ ͙͎͙ͭͦͫͦͦ͟͟͡;͔͙ͫ͟ͻ 

͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͍ ͫͯ͡;͊ΎͻΣ ͎ͦ͒͊͟ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙͙ͨͪͤ͊͘͟ ͍·͔ͪ͊͗ͤ· 

͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦ ͙͙͡ ͙ͣ͊ͫͪͯ͟ΌͭͫΎ ͔ͨͦͫͣͪͭͤ·͙ͣ ͙͔͔͙ͣͤͤ͘Ύ͙ͣΦ ˻͙͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡ 

Ύ͍͡Ύ͔ͭͫΎ ͍͔͙͔ͯͫͭ͊ͤͦͤ͡ ͙͙͔͙ͨͪ͗ͤͤͤͦͫͭ͘ ͍͔͔͙͚ͨͦͪ͗͒ͤΣ ͍ͨͦͦ͘͡ΎΌ΅͔͔ ͍͔͒ͦͫͭͦͪͤͦ ͙ͦͭ͡;͊ͭΈ ͙͙ͫͭͤͤ·͔ 

͙͙ͨͪͤ͊͘͟ ͊ͫͺ͙͙͙ͫ͟ ͦͭ ͔͊ͪͭͺ͍͊ͭͦ͟Φ 

ˣͦ͡Έ΄͔ͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͔ͭ͊͗͟ ͙͒ͺͺ͔͔ͪͤͼ͙͊ͼ͙Ύ ͙ͤ͊ͫ͡Έ͍͔͚ͫͭͤͤͦ ͙ ͔͙ͤͤ͊ͫ͡Έ͍͔͚ͫͭͤͤͦ 

͊ͫͺ͙͙͙ͫ͟Φ ͔̏ͫͨͪͭ͟ ͔͒ͦ͗ͤ͡ ͯ;͙ͭ·͍͊ͭΈΣ ;ͭͦ ͪΎ͒ ͍͔ͤ΄͙ͤͻ ͙͍ͨͪͤ͊ͦ͘͟ ͔ͣͦ͗ͭ ͙͙͙͍ͣͭͪͦ͊ͭΈ ͙ͤ͊ͫ͡Έ͍͔ͫͭͤͤ·͚ 

ͻ͔͊ͪ͊ͭͪ͟ ͔͙ͫͣͪͭΣ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͔ͤͨͦͤͦͣ͡ ͍͔ͨͦ΄͔͙͙ͤΣ ͙͊ͫͨͪ͊ͼ͙͙ ͙ͨ΅͙ ͙͙͡ ͫͯ͡;͚͊ͤͦͣ ͍͔͙͙ͫ͒͊ͤ͡ 

͎͙ͪͯ͒Φ ˤ ͙ͭ͊͟ͻ ͙ͫͭͯ͊ͼ͙Ύͻ ͭͦ͡Έͦ͟ ͍͔͙͚ͫͫͭͦͪͦͤͤ ͙͊ͤ͊͘͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͙ͯͫͭ͊ͤͦͭΈ ͭͦ;ͤͯΌ ͙ͨͪ;͙ͤͯ ͙ 

͔ͣͻ͙͊ͤͣ͘ ͔͙ͫͣͪͭΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͯ͘;͔͙͔ͤ ͔ͣͻ͙͊ͤ;͔͚ͫͦ͟ ͊ͫͺ͙͙͙ͫ͟ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·ͣ ͒͡Ύ ͔͚ͫͯ͒͋ͤͦ 

͔͙ͣ͒ͼ͙ͤ·Σ ͨͦͫͦ͟͡Έͯ͟ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͦ͋Ά͔͙͍ͭͤͦͫͭ͟Έ Ή͔͎ͫͨͪͭͤͦͦ͟ ͊͘͟͡Ό;͔͙ͤΎ ͙ ͎͔ͨͦͣͦ͊ͭ ͺ͙͍ͦͪͣͪͦ͊ͭΈ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍͔ͫͭͤͤͯΌ ͋͊ͯ͘ ͒͡Ύ ͔͍͔ͫ͒ͫͭͤͤ͡·ͻ ͎͍ͦͪ͊ͤͦΦ ˽͙͙͔ͦͤͣ͊ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ ͊ͫͺ͙͙͙ͫ͟Σ ͔͙͔ͯͣͤ 

͍·Ύ͍͡ΎͭΈ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙͙ͨͪͤ͊͘͟ ͙ ͙͔ͤ͊ͤ͘ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͙ͪ͊͘͡;ͤ·ͻ ͔͖ 

͍͙͔͚ͪ͊ͤͦ͒ͤͦͫͭ͘ ͍ͨͦ·΄͊Όͭ ͭͦ;ͤͦͫͭΈ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤͦͣͯ͟ ͔͍͙ͪ͊ͫͫ͒ͦ͊ͤ͡Ό 

ͫͯ͡;͔͍͊ ͙ͤ͊ͫ͡Έ͍͔͚ͫͭͤͤͦ ͔͙ͫͣͪͭΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˢ͙ͤ;͍ͦ͟ ˹Φ ˸ΦΣ ˭͙͡Έ͔͋ͪ ˢΦ ˽Φ ˿͔ͯ͒͋ͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊. ς ˸ ͍ͦͫ͊͟Υ ˸͔͙͒ͼ͙ͤ͊Σ нлмуΦ 

2. ˨͙ͦͤ͡ ˢΦ ˤΦ ˿͔ͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͎͙ͭ͊ͤ͊ͭͦͦ͡Ύ. ς ˿ ͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ˿͔ͨͼ˶͙ͭΣ нлнлΦ 

3. ˽͙͎͙ͦͤ͟͡ ̑Φ ˮΦ ˿͔ͯ͒͋ͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Υ ͤ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟. ς ˸ ͍ͦͫ͊͟Υ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмтΦ 

ϭ ˿͔͚͍ͯͣ͊ͤͦ͡ ˸Φ˿., 2025 

 

 

 

 

͎͍́͊͊ͤͦ͊ ˥ͯ͡Έͻ͊ͭ·͒͗͊  

˴͊ͺ͔͒ͪ͊ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙Σ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ Ή͙͙ͦͤͦͣ͟͟ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˿́ˢ́ˮ˿́ˮ˴ˢ ˨˩́˿˴˻˯ ˿˸˩˾́˹˻˿́ˮΥ ˥˶˻ˣˢ˶̎˹̍˩ ́˩˹˨˩˹̇ˮˮ ˮ ˤ̍˭˻ˤ̍ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͙͔͊ͤ͊ͪͯͭͫ͘͡Ύ ͙͙ͫͭ͊ͭͫͭ͊͟ ͔͚͒ͭͫͦ͟ ͔͙ͫͣͪͭͤͦͫͭ ͊͟͟ ͙ͦ͒ͤ ͙͘ ͟͡Ό;͔͍·ͻ ͙͙͍ͤ͒͊ͭͦͪͦ͟ 

ͫͦͼ͙͊͡Έͤͦ-Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͔ͫͫͭͣ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ 

͍ͦͫͤͦͤ·͔ ͍͙͒· ͔͙ͫͣͪͭͤͦͫͭ ό͔ͣ͊͒ͤ͡;͔ͫ͊͟ΎΣ ͔ͤͦͤ͊ͭ͊͡Έͤ͊ΎΣ ͔ͫͣͪͭͤͦͫͭΈ ͔͔͚͒ͭ ͒ͦ ͨΎ͙ͭ ͔ͭ͡ύ ͙ ͎ͦ͋͊͡͡Έͤ͊Ύ 

͙͙͒ͤ͊ͣ͊͟ ͙ͻ ͙͔͙ͫͤ͗ͤΎ ͊͘ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡ΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͔͎͙ͪͦͤ͊͡Έͤ·ͣ 

͙ͪ͊͘͡;͙ΎͣΣ ͍ͦͫͤͦͤ·ͣ ͙ͨͪ;͙ͤ͊ͣ ͔͙ͫͣͪͭͤͦͫͭ ό͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͔ͤͦͤ͊ͭ͊͡Έͤ·͔ ͔ͨͪͦ͋ͣ͡·ύ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCOGNITIO RERUMη                    ISSN (p) 2412-9489 / ISSN (e) 2542-1026                    Ѕ12/ 2025 

 

 

215 

͙ ͙ͪͦ͡ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ ͎ͨͪͦͪ͊ͣͣ ͍ ͋ͦͪΈ͔͋ ͊͘ ͫͦͻ͔͙͔ͪ͊ͤͤ ͔͙͒ͭͫ͟ͻ ͙͔͚͗ͤ͘Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͔͒ͭͫ͊͟Ύ ͔ͫͣͪͭͤͦͫͭΈΣ ͔ͣ͊͒ͤ͡;͔ͫ͊͟Ύ ͔ͫͣͪͭͤͦͫͭΈΣ ͔ͤͦͤ͊ͭ͊͡Έͤ͊Ύ ͔ͫͣͪͭͤͦͫͭΈΣ ͎ͦ͋͊͡͡Έ͔ͤͦ 

͍͒ͪ͊ͦͦ͘ͻ͔͙͔ͪ͊ͤͤΣ ͼ͔͙͡ ͚ͯͫͭͦ;͙͍͎ͦͦ ͍͙͙ͪ͊ͭ͘ΎΣ ͨͪͦͺ͙͙͊ͭ͊͟͟͡Σ ͍͊͟ͼ͙ͤ͊ͼ͙ΎΣ ˤ˻˭Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˿͙͙ͭ͊ͭͫͭ͊͟ ͔͚͒ͭͫͦ͟ ͔͙ͫͣͪͭͤͦͫͭ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ;͍͍͙͔ͯͫͭͭ͡Έͤ·ͻ ͙ ͤ͊͘;͙ͣ·ͻ 

͔͔͚ͨͦ͊͊ͭ͘͟͡Σ ͦͭͪ͊͗͊Ό΅͙ͻ ͍͔ͯͪͦͤΈ ͎͋͊ͦͫͦͫͭͦ͡Ύ͙ͤΎ ͦ͋΅͔͍ͫͭ͊Σ ͒ͦͫͭͯͨͤͦͫͭΈ ͙ ͊͟;͔͍ͫͭͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ 

͙͍͙ͦ͋ͫͯ͗͊ͤ͡ΎΣ ͊ ͔ͭ͊͗͟ ͦ͋΅͙͚ ͙ͫ͊ͤͭ͊ͪͤͦ-͎͙͎͙͔͙ͤ;͔͙͚ͫ͟ ͫͭ͊ͭͯͫ ͔͔͙ͤ͊ͫͤ͡ΎΦ ̏ͭͦͭ ͔ͨͦ͊͊ͭ͘͟͡Έ ͔ͤ ͭͦ͡Έͦ͟ 

͙͔͔ͣͭ ͔͎͒ͣͦͪ͊ͺ͙;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΣ ͤͦ ͙ ͙ͫͯ͗ͭ͡ ͔͙ͣͪͦͣ͡ ͎͔ͨͪͦͪͫͫ͊ ͍ ͙͔͙͙͒ͦͫͭ͗ͤ ͔͔͚̇͡ ͚ͯͫͭͦ;͙͍͎ͦͦ 

͍͙͙ͪ͊ͭ͘Ύ ό̇̂˾ύΣ ͍ ;͙͊ͫͭͤͦͫͭΣ ͼ͔͙͡ оΦнΣ ͍͔͚ͤ͊ͨͪ͊ͤͤͦ͡ ͤ͊ ͙͔͙͔ͫͤ͗ͤ ͔͍͙͚ͨͪ͒ͦͭͪ͊ͭͣͦ ͔͙ͫͣͪͭͤͦͫͭ 

͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ ͙ ͔͔͚͒ͭ ͍ ͍͔ͦͪ͊ͫͭ͘ ͒ͦ ͨΎ͙ͭ ͔ͭ͡Φ 

˿͎ͦ͊ͫͤͦ͡ ͦ͋΅͔͙ͨͪͤΎ͚ͭͦ ͔͚ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙Σ ͔͒ͭͫ͊͟Ύ ͔ͫͣͪͭͤͦͫͭΈ ͔ͨͦ͒ͪ͊͒͘͡Ύ͔ͭͫΎ 

ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͟͡Ό;͔͍·ͻ ͔͎͙͚͊ͭͦͪ͟Υ 

¶ ˸͔͊͒ͤ͡;͔ͫ͊͟Ύ ͔ͫͣͪͭͤͦͫͭΈ όLƴŦŀƴǘ aƻǊǘŀƭƛǘȅ wŀǘŜύΥ ˿͔ͣͪͭΈ ͔͔͚͒ͭ ͍ ͍͔ͦͪ͊ͫͭ͘ ͒ͦ ͎ͦ͒ͤͦͦ ͎ͦ͒͊Σ 

͍·͔ͪ͊͗ͤͤ͊Ύ ͤ͊ мллл ͙͍ͪͦ͒΄͙ͻͫΎ ͙͍͗·͙ͣΦ 

¶ ˹͔ͦͤ͊ͭ͊͡Έͤ͊Ύ ͔ͫͣͪͭͤͦͫͭΈ όbŜƻƴŀǘŀƭ aƻǊǘŀƭƛǘȅ wŀǘŜύΥ ˿͔ͣͪͭΈ ͍ ͔͍ͨͪ·͔ ну ͔͚͒ͤ ͙͙͗ͤ͘Φ ̏ͭͦͭ 

͔͙ͨͪͦ͒Σ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͔͙͒ͭͫ͡Ύ ͤ͊ ͪ͊ͤͤΌΌ όлςс ͫͯͭͦ͟ύ ͙ ͨͦ͒ͤ͘ΌΌ όтςнт ͫͯͭͦ͟ύ ͔ͤͦͤ͊ͭ͊͡ΈͤͯΌ 

͔ͫͣͪͭͤͦͫͭΈΦ 

¶ ˿͔ͣͪͭͤͦͫͭΈ ͔͔͚͒ͭ ͒ͦ ͨΎ͙ͭ ͔ͭ͡ ό¦ƴŘŜǊ-р aƻǊǘŀƭƛǘȅ wŀǘŜύΥ ˿͔ͣͪͭΈ ͔͔͚͒ͭ ͦͭ ͔ͣͦͣͤͭ͊ ͔͙ͪͦ͗͒ͤΎ ͒ͦ 

͙͔͙͒ͦͫͭ͗ͤΎ ͨΎ͙͔͔͎ͭͭͤͦ͡ ͍ͦͪ͊ͫͭ͊͘Σ ͔ͭ͊͗͟ ͪ͊ͫͫ;͙ͭ·͍͔͊ͣ͊Ύ ͤ͊ мллл ͙͍͔͙͚͗ͦͪͦ͗͒ͤΦ 

˥ͦ͋͊͡͡Έͤ·͔ ͙͙ͯͫ͡ΎΣ ͔͙ͨͪ͒ͨͪͤΎͭ·͔ ͔ͨͦͫ͡ ͙ͨͪͤΎ͙ͭΎ ͔͔͚̇͡ ͍͙͙ͪ͊ͭ͘Ύ ͭ·ͫΎ;͔͔͙ͭ͡ΎΣ ͙͍͔͙ͨͪ͡ ͟ 

ͤ͊͘;͙͔ͭ͡Έͤͦͣͯ ͎͔ͨͪͦͪͫͫͯΦ ˭͊ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͙ͦ͟͡;͔͍ͫͭͦ ͔͔͚ͫͣͪͭ ͔͔͚͒ͭ ͒ͦ ͨΎ͙ͭ ͔ͭ͡ 

͙ͫͦͪ͊ͭͦͫ͟͡Έ ͔͔͋ͦ͡ ;͔ͣ ͍ ͍͒͊ ͪ͊͊͘Φ ˻͒ͤ͊ͦ͟Σ ͔ͤͫͣͦͭͪΎ ͤ͊ Ή͙ͭ ͔ͯͫͨͻ͙Σ ͫͦͻͪ͊ͤΎ͔ͭͫΎ ͦͦͫͫ͊͟͡͡Έͤ·͚ ͪ͊ͪ͘·͍ 

͔ͣ͗͒ͯ ͍͙ͪ͊ͭ͘·͙ͣ ͙ ͍͙͍ͪ͊͊͘Ό΅͙͙ͣͫΎ ͙ͫͭͪ͊ͤ͊ͣΦ ˤ ͫͭͪ͊ͤ͊ͻ ˢͺ͙͙ͪ͟ ͟ Ό͎ͯ ͦͭ ˿͊ͻ͊ͪ· ͙ ͍ ͚̑͗ͤͦ ˢ͙͙͘ 

͍͔ͯͪͦͤΈ ͔͚͒ͭͫͦ͟ ͔͙ͫͣͪͭͤͦͫͭ ͔ͦͫͭ͊ͭͫΎ ͔͙ͤ͒ͦͨͯͫͭͣͦ ͍·͙ͫͦͣ͟Σ ;ͭͦ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͔ͦͣͨͫͦͣ͟͟͡ ͙ͨͪ;͙ͤΣ 

͍͟͡Ό;͊Ύ ͔͋͒ͤͦͫͭΈΣ ͍͙͔ͦͭͫͯͭͫͭ ͒ͦͫͭͯͨ͊ ͟ ;͙͚ͫͭͦ ͙ͨͭΈ͔͍͚ͦ ͍͔ͦ͒Σ ͔͔͍͔ͤ͊͒͊ͭͤͦ͟ ͙͙͔ͨͭ͊ͤ ͙ ͙͙͚ͤ͘͟ ͦͻ͍͊ͭ 

͍͙͊͟͡ͺ͙ͼ͙͍͚ͪͦ͊ͤͤͦ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅ΈΌΦ s ͙ͤ͊͘͡ ͙ͨͪ;͙ͤ ͔͙ͫͣͪͭͤͦͫͭ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͙ͤ͊͋ͦ͡Έ΄͙͚ 

͍͊͒͟͡ ͍ ͦ͋΅ͯΌ ͙͙ͫͭ͊ͭͫͭͯ͟ ͍ͤͦͫΎͭ ͔ͨͪͦ͋ͣ͡· ͔ͤͦͤ͊ͭ͊͡Έ͎ͤͦͦ ͔͙ͨͪͦ͒͊Φ ˻ͦͦ͟͡ пл-пр҈ ͍͔ͫͻ ͫͯ͡;͔͍͊ 

͔͙ͫͣͪͭ ͔͔͚͒ͭ ͒ͦ ͨΎ͙ͭ ͔ͭ͡ ͙ͨͪͻ͙ͦ͒ͭͫΎ ͙͔ͣͤͤͦ ͤ͊ ͔͍ͨͪ·͚ ͔ͣͫΎͼ ͙͙͗ͤ͘Φ ˻͍ͫͤͦͤ·͙ͣ ͙ͨͪ;͙͙ͤ͊ͣ ͍ Ήͭͦͭ 

͔͙ͨͪͦ͒ Ύ͍͡ΎΌͭͫΎΥ ͔͙ͦͫͦ͗ͤͤ͡Ύ ͔͔͍͔͔ͨͪ͗͒ͪͣͤͤ·ͻ ͍ͪͦ͒ͦΣ ͍ͪͦ͒ͦ·͔ ͍ͭͪ͊ͣ· ͙ ͔ͤͦͤ͊ͭ͊͡Έͤ·͔ ͙ͤͺ͔͟ͼ͙͙Φ 

˭͊ ͔͔͙ͨͪ͒͊ͣ͡ ͔ͤͦͤ͊ͭ͊͡Έ͎ͤͦͦ ͔͙ͨͪͦ͒͊ ͙͙͒ͪͯ͡Ό΅͙͔ ͙ͨͦ͘ͼ͙͙ ͙͊ͤͣ͊͘Όͭ ͔͍͙ͨͪ͒ͦͭͪ͊ͭͣ·͔ 

͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͙͔ͭ͊͟ ͊͟͟ ͔͍͙ͨͤͣͦͤΎ ͙ ͙͔͒͊ͪΎΦ ͙̏ͭ ͔͙͋ͦͤ͘͡Σ ͦͭͦͪ͟·͔ ͔͎ͦ͟͡ ͨͦ͒͒͊ΌͭͫΎ 

͔͡;͔͙ͤΌ ͍ ͍͙ͯͫͦ͡Ύͻ ͍͙͚ͪ͊ͭͦ͘ ͔͙ͣ͒ͼ͙ͤ·Σ ͍ͫͭ͊ͤͦΎͭͫΎ ͔͔ͫͣͪͭ͡Έͤ·͙ͣ ͍ ͔͎͙ͪͦͤ͊ͻ ͫ ͎͙ͦͪ͊ͤ;͔ͤͤ·͙ͣ 

͔͙ͪͫͯͪͫ͊ͣΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙ͪͦ͡ ͍͊͟ͼ͙ͤ͊ͼ͙͙ ͊͟͟ ͎ͫ͊ͣͦͦ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͙͔ͤͫͭͪͯͣͤͭ͊ 

ͨͪͦͺ͙͙͙͊ͭ͟͟͡Φ ˾͊ͫ΄͙͔͙͔ͪͤ ͎ͨͪͦͪ͊ͣͣ ͙͙ͣͣͯͤ͊͘ͼ͙͙ ͙͍ͨͪͦͭ ͙ͦͪ͟Σ ͙͙͔͙ͨͦͦͣͭ͊͡͡Σ ͙͒ͺ͔͙͙ͭͪ ͙ ͎͙͒ͪͯͻ 

͙ͤͺ͔͟ͼ͙͚ ͍͙ͨͦͦͦ͘͡͡ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙͙ͫͤͭ͘Έ ͔͍͔͊͋ͦ͊ͣͦͫͭ͘͡Έ ͙ ͔ͫͣͪͭͤͦͫͭΈΦ ˿͙͙ͭ͊ͭͫͭ;͔͙͔ͫ͟ ͒͊ͤͤ·͔ 

͎ͤ͊͡Ύ͒ͤͦ ͔͙͒ͣͦͤͫͭͪͪͯΌͭΣ ;ͭͦ ͙͍͔͙ͤͫͭͼ͙͙ ͍ ͔͍͙ͨͪ;ͤͯΌ ͔͙ͣ͒ͦ͟-͙ͫ͊ͤͭ͊ͪͤͯΌ ͨͦͣͦ΅ΈΣ ͯͯ͡;΄͔͙͔ͤ 

͙͙ͨͭ͊ͤΎ ͔͔͔͋ͪͣͤͤ·ͻ ͔͗ͤ΅͙ͤ ͙ ͔͔͚͒ͭΣ ͊ ͔ͭ͊͗͟ ͍͔͔͙͔ͤ͒ͪͤ ͎ͨͪͦͪ͊ͣͣ ͨͦ ͦ͋ͯ;͔͙ͤΌ ͔͔͚ͣ͊ͭͪ Ύ͍͡ΎΌͭͫΎ 

͟͡Ό;͔͍·͙ͣ ͔͎͙ͫͭͪ͊ͭΎ͙ͣ ͒͡Ύ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͙͔͙ͫͤ͗ͤΎ ͎͙ͭͪ͊;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͔͚͒ͭͫͦ͟ ͔͙ͫͣͪͭͤͦͫͭΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˣ͍͊ͪ͊ͤͦ ˢΦˢΦ ˨͔ͭͫ͊͟Ύ ͔ͫͣͪͭͤͦͫͭΈΥ ͍͔͔͔ͫͦͪͣͤͤͦ ͫͦͫͭͦΎ͙͔ͤΣ ͺ͊ͭͦͪ͟· ͙ͪͫ͊͟ ͙ ͙ͨͯͭ ͙͔͙ͫͤ͗ͤΎΦ нлнм 

˸͍ͦͫ͊͟Φ 

2. ˶͙͙ͫͼ·ͤ ̑Φ˽Φ ˻͋΅͔͍͔͔ͫͭͤͤͦ ͍͒ͦͪͦ͘Έ͔ ͙ ͍͒ͪ͊ͦͦ͘ͻ͔͙͔ͪ͊ͤͤΦ нлнл ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

3. ˽͙ͦͯͤͤ͊͡ ˹ΦˤΦ ˭͍͒ͦͪͦΈ͔ ͔͔͚͒ͭ ͙ ͍ͨͦ͒ͪͦͫͭͦ͟ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ˾͙͙ͦͫͫΦ нлнн ˸͍ͦͫ͊͟Φ 
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4. ͔͙̋ͨͤ ˻Φ˽Φ ˭͍͒ͦͪͦΈ͔ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ ͔ͪͺͦͪͣ· ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ нлмф ͍͔́ͪΈΦ 

5. ˢ͎͊͒͗͊ͤΎͤ ˹ΦˢΦ ͎͙̏ͦͦ͟͡ΎΣ ͍͒ͦͪͦ͘Έ͔Σ ͔͎͒ͣͦͪ͊ͺ͙ΎΦ нлно ˹͍͙͙ͦͦͫ͋ͪͫ͟Φ 

6. ˤ͔͙ͫͣͪͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ όˤ˻˭ύ τ https://www.who.int/ru  

7. ˨͔͙͚ͭͫ͟ ͺͦͤ͒ ˻˻˹ ό̑˹ˮ˿˩̅ύ τ https://www.unicef.org/ru 

8. ˨͔ͣͦͫͦͨ͟ ²ŜŜƪƭȅ όˮ͙ͤͫͭͭͯͭ ͔͎͒ͣͦͪ͊ͺ͙͙ ˹ˮ̂ ˤ̊̏ύ τ https://www.demoscope.ru 

9. ˻͎͙ͪ͊ͤ͊͘ͼ͙Ύ ˻͋Ά͔͙͔͒ͤͤͤ·ͻ ˹͊ͼ͙͚ ό˻˻˹ύ κ ͔͙̇͡ ͚ͯͫͭͦ;͙͍͎ͦͦ ͍͙͙ͪ͊ͭ͘Ύ τ 

https://www.un.org/sustainabledevelopment/ru 

10. ʕ ͔͙ͫͣͪͤ·͚ ͋͊ͤ͟ ό²ƻǊƭŘ .ŀƴƪύ κ ˨͊ͤͤ·͔ ͦ ͔͚͒ͭͫͦ͟ ͔͙ͫͣͪͭͤͦͫͭ τ https://data.worldbank.org 

ϭ ́ ͎͍͊͊ͤͦ͊ ˥., 2025 

 

 

 

 

       ́͊;ͣ·͍ͪ͊͒ͦ͊ ˻Φ̒ΦΣ  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͯͪͫ͊͟ ζ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͨͦͣͦ΅Έ ͍ Ή͔ͫͭͪͤͤ͟·ͻ ͙ͫͭͯ͊ͼ͙ΎͻηΦ  

ˢ΄ͻ͊͋͊͒ͫ͊͟Ύ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͔ͫͪ͒ͤΎΎ ΄ͦ͊͟͡ ͙͔͙ͣͤ ˮ͙ͤ͒ͪ· ˥͙͊ͤ͒Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˿˩˾˨˩̉˹˻π˿ ˻˿̂˨ˮ˿́̍˩ ˭ˢˣ˻˶˩ˤˢ˹ˮ̒ ˮ ˿ˮ˹˨˾˻˸̍Υ ́ˢ˴́ˮ˴ˢ ˹˩˻́˶˻ˬ˹˻˯ ˽˻˸˻̋ˮ  

˹ˢ ˨˻˥˻˿˽ˮ́ˢ˶̎˹˻˸ ̏́ˢ˽˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͔͔ͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ό˿˿˭ύ ͦͫͭ͊ΌͭͫΎ ͍͔͒ͯ΅͔͚ ͙ͨͪ;͙͚ͤͦ ͔͙ͫͣͪͭͤͦͫͭ ͙ 

͙͍͙͙ͤ͊͒͊͘͡ͼ͙͙ ͔͔͙ͤ͊ͫͤ͡Ύ ͍ͦ ͍͔ͫͣ ͙͔ͣͪΦ ˹͔ͦͭͦ͗ͤ͡·͔ ͫͦͫͭͦΎ͙ͤΎ ͙͎͙͊ͪ͒ͦͦ͟͡;͔͎ͫͦͦ͟ ͨͪͦͺ͙͡Ύ ͔ͭͪ͋ͯΌͭ 

ͦͭ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙ͪ͊͋ͦͭͤ͊͟ ͋·͚ͫͭͪͦ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͍͙ͨͪ͊͡Έ͚ͤͦ ͦͼ͔͙ͤ͟ ͙ͪͫ͊͟ ͙ ͔͔͔͎ͤͣ͒ͤͤͦͦ͡ ͤ͊;͊͊͡ 

͔͙͙ͭͪ͊ͨΣ ;ͭͦ ͤ͊ͨͪΎͣͯΌ ͍͙͡Ύ͔ͭ ͤ͊ ͎ͨͪͦͤͦ͘ ͨ͊ͼ͙͔ͤͭ͊Φ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͟͡Ό;͔͍·͔ 

͎͙ͤͦͦͦ͘͡;͔͙͔ͫ͟ ͺͦͪͣ· όͦͫͭͪ·͚ ͦͪͦͤ͊ͪͤ͟·͚ ͙ͫͤ͒ͪͦͣΣ ͦͫͭͪ͊Ύ ͔͔ͫͪ͒;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΣ ͤ͊ͪͯ΄͔͙ͤΎ 

͙ͪͭͣ͊ ͙ ͍͙͙ͨͪͦͦ͒ͣͦͫͭΣ ͎͙͔͙ͨͪͭͦͤ;͔͙͚ͫ͟ ͙ͪ͘͟ύ ͫ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡Σ 

͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͍ͫͭ͊ͤ͒͊ͪͭͦ ͔͚ͤͦͭͦ͗ͤͦ͡ ͨͦͣͦ΅͙ ͤ͊ ͎͙͒ͦͦͫͨͭ͊͡Έͤͦͣ Ή͔ͭ͊ͨΦ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͎͙͊ͦͪͭͣ͊ͣ͡ ͔͚͍͙͚͒ͫͭΣ ͍͔͔ͫͦͪͣͤͤ·ͣ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫͣ͟ ͨͦ͒ͻͦ͒͊ͣ ͙ ͙ͨͪͤͼ͙ͨ͊ͣ 

͔͚͋ͦͨ͊ͫͤͦ͘ ͙͍͙ͭͪ͊ͤͫͨͦͪͭͪͦ͟Φ ͔̇͡Έ ͫͭ͊ͭΈ͙ ς ͫ ͙͔͙͙͍ͫͭͣ͊ͭͪͦ͊ͭ͘Έ ͙ͤ͊ͤ͘Ύ ͒͡Ύ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͙ͦ͊͊ͤ͘͟Ύ 

͔͍͚ͨͪͦ ͍ͪ͊;͔͚͋ͤͦ ͨͦͣͦ΅͙ ͙ͨͪ ͎ͯͪͦ͗͊Ό΅͙ͻ ͙͙͗ͤ͘ ͔͔ͫͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·ͻ ͙ͫͤ͒ͪͦͣ͊ͻΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔ͤͦͭͦ͗ͤ͊͡Ύ ͙͎͙͊ͪ͒ͦͦ͟͡ΎΣ ͦͫͭͪ·͚ ͦͪͦͤ͊ͪͤ͟·͚ ͙ͫͤ͒ͪͦͣ ό˻˴˿ύΣ ͦͫͭͪ͊Ύ ͔͔ͫͪ͒;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ 

ό˻˿˹ύΣ ͺ͙͙͋ͪ͡͡Ύͼ͙Ύ ͔͔͙͚ͨͪ͒ͫͪ͒Σ ͔͗ͯ͒ͦ͡;͍ͦ͊͟Ύ ͭ͊ͻ͙͙͊ͪ͒͟ΎΣ ͎͙͔͙ͨͪͭͦͤ;͔͙͚ͫ͟ ͙ͪ͘͟Σ 

 ͎͙͒ͦͦͫͨͭ͊͡Έͤ͊Ύ ͨͦͣͦ΅ΈΣ ͎͙͊ͦͪͭͣ͡· ͔͡;͔͙ͤΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˿͔͔ͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·͔ ͊ͭ͊ͫͭͪͦ͟ͺ·Σ ͙͔ͭ͊͟ ͊͟͟ ͙ͤͺ͊ͪͭ͟ ͙ͣͦ͊ͪ͒͊͟Σ ͙ͤͫͯ͡ΈͭΣ ͭͪͦͣ͋ͦΉ͙ͣ͋ͦ͡Ύ ͔͎ͦ͡;͚ͤͦ 

͔͙͙͊ͪͭͪΣ ;͊ͫͭͦ ͍͙͍ͪ͊͊͘ΌͭͫΎ ͍͔ͤ͊ͨͤͦ͘ ͙ ͔ͭͪ͋ͯΌͭ ͔͔͙͔ͤ͊ͣ͒ͭ͘͡͡Έ͎ͤͦͦ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Φ ͔̂ͫͨͻ ͔͡;͔͙ͤΎ 

ͤ͊ͨͪΎͣͯΌ ͍͙͙͊ͫͭ͘ ͦͭ ͍͔͔͙ͪͣͤΣ ͨͪͦ΄͔͒΄͔͎ͦ ͦͭ ͔ͣͦͣͤͭ͊ ͙ͣ͊ͤͺ͔ͫͭ͊ͼ͙͙ ͙͍ͫͣͨͭͦͣͦ ͒ͦ ͙ͦ͊͊ͤ͘͟Ύ 

͍͙͊͟͡ͺ͙ͼ͙͍͚ͪͦ͊ͤͤͦ ͨͦͣͦ΅͙Φ ˨͎͙ͦͦͫͨͭ͊͡Έͤ·͚ Ήͭ͊ͨΣ ͍͟͡Ό;͊Ό΅͙͚ ͪ͊͋ͦͭͯ ͙͎͋ͪ͊͒ ͚ͫͦͪͦ͟ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ 

ͨͦͣͦ΅͙ ό˿˸˽ύΣ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·ͣ ͍͔ͤͦͣ͘ ͍ ͼ͔ͨͦ;͔͟ ͍·͙͍͙͗͊ͤΎ ͨ͊ͼ͙͔ͤͭ͊Φ ˭͊͒͊;͙͊ͣ 

͎͒͊ͤͤͦͦ Ήͭ͊ͨ͊ Ύ͍͡ΎΌͭͫΎ ͙͙ͫͭ͊͋͊͘͡ͼ͙Ύ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͻ ͺͯͤ͟ͼ͙͚Σ ͙͍͙͔ͯͨͪͦ͊ͤ͟ ͔͍͎͋ͦͦͦ͡ ͙ͫͤ͒ͪͦͣ͊Σ 

͔͍ͨͪ͒ͦͭͪ͊΅͔͙͔ͤ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͋·͚ͫͭͪͦ ͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙ ͍ ͨͪͦͺ͙͡Έͤ·͚ ͫͭ͊ͼ͙ͦͤ͊ͪΦ 

мΦ ˻ͫͭͪ·͚ ͦͪͦͤ͊ͪͤ͟·͚ ͙ͫͤ͒ͪͦͣ ό˻˴˿ύ 

https://www.who.int/ru
https://www.google.com/search?q=https://www.unicef.org/ru&authuser=3
https://www.demoscope.ru/
https://www.un.org/sustainabledevelopment/ru
https://data.worldbank.org/
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˻˴˿ ͦ͋Ά͔͙͒ͤΎ͔ͭ ͔͙ͤͫͭ͊͋͡ΈͤͯΌ ͔͙ͫͭͤͦ͊ͪ͒͟Ό ͙ ͙ͤͺ͊ͪͭ͟ ͙ͣͦ͊ͪ͒͊͟ όˮ˸ύ ͫ ͨͦ͒Ά͔ͣͦͣ όˮ˸ͨ{¢ύ ͙ 

͔͋͘ ͨͦ͒Ά͔ͣ͊ όˮ˸͋ͨ{¢ύ ͔͎͔ͫͣͤͭ͊ {¢ ͤ͊ ̏˴˥Φ 

¶ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟Υ ˮ ͔͙͍ͤͭͤͫͤ͊Ύ ͎͙͊ͪͯ͒ͤͤ͊͘Ύ ͋ͦ͡Έ ͍͒͊Ύ΅͔͎ͦΣ ͎͗ͯ;͔͎ͦ ͻ͔͊ͪ͊ͭͪ͊͟ ͫ 

͙͙ͪͪ͊͒͊ͼ͙͔͚ ͍ ͔͍ͯ͡Ό ͪͯͯ͟Σ ͦͨ͊ͭͯ͟͡Σ ͙ͤ͗ͤΌΌ ;͔͡ΌͫͭΈΣ Ή͙͎͙͚ͨ͊ͫͭͪΦ ˿͍͔ͦͨͪͦͦ͗͒͊ͭͫΎ ͫͭͪ͊ͻͦͣ ͔͙ͫͣͪͭΣ 

ͦ͒·΄͚ͦ͟Σ ͨͪͦͺͯͤ͘·ͣ ͨͦͭͦͣΣ ͭͦ΄͚ͤͦͭͦΦ ˢ͙͙ͭͨ;ͤ·͔ ͺͦͪͣ· ;͊΅͔ ͍͔ͫͭͪ;͊ΌͭͫΎ ͯ ͙ͨͦ͗͡·ͻΣ ͔͗ͤ΅͙ͤΣ 

͋ͦ͡Έͤ·ͻ ͫ͊ͻ͊ͪͤ·ͣ ͙͔͒͊͋ͭͦͣΦ 

¶ ˹͔ͦͭͦ͗ͤ͊͡Ύ ͨͦͣͦ΅Έ ͤ͊ ͎͙͒ͦͦͫͨͭ͊͡Έͤͦͣ Ή͔ͭ͊ͨΥ 

мΦ ˽͚ͦͦ͟Σ ͙͎͔͔͙ͦͫͤͦͭͪ͊ͨ͟Ύ όпπс ͡κ͙ͣͤ ͙ͨͪ ͫ͊ͭͯͪ͊ͼ͙͙ {Ǉhі ғ фл҈ύΦ 

нΦ ˴͙͍͙͔ͯͨͪͦ͊ͤ ͙͋ͦ͡Υ ˸ ͦͪͺ͙ͤ м҈ τ м ͣ͡ ͍κ͍ ͒ͪͦ͋ͤͦ ͍ лΣф҈ bŀ/ƭ ͒ͦ Ήͺͺ͔ͭ͊͟Σ ͨͦ͒ ͔ͦͤͭͪͦͣ͟͡ 

͒·ͻ͙͊ͤΎ ͙ ˢ˨Φ 

оΦ ˨͍͚ͦͤ͊Ύ ͙͎͔͎͊ͤͭ͊ͪ͊ͤͭͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ s ͼ͔͙͙ͭͫ͊͡͡ͼ͙͍ͦ͊͡Ύ ͙ͫͦͭ͊͟͡ όнрлπонр ͎ͣ ͔͍ͪ͊͗͊ͭ͘Έύ Ҍ 

˴͙͎͔ͦͨ͒ͦͪ͡͡ όоллπслл ͎ͣύ ͙͙͡ ͙͎͔́͊ͪͦͪ͟͡ όмул ͎ͣύΦ 

пΦ ˢ͙͎ͤͭͦ͊ͯ͟͡Ύͤͭ·Υ ˹ ͙͔ͦͣͦͯ͘͟͟͡͡Ύͪͤ·͔ ͎͔͙ͨ͊ͪͤ· όΉ͙ͤͦͫ͊ͨ͊ͪͤ͟ύ ͙͙͡ ͔ͤͺͪ͊͟ͼ͙͙͍ͦͤͪͦ͊ͤͤ·͚ 

͎͔͙ͨ͊ͪͤ ͍κ͍Φ 

рΦ ˹͙ͭͪ͊ͭ·Υ ˿ ͙͎͍ͯ͋ͤ͊͡͡Έͤͦ ͙͎͙ͤͭͪͦ͡ͼ͔͙ͪͤ όлΣр ͎ͣύ ͙͙͡ ͙͙ͦͫͦͪ͋͒͊͘ ͙͙͒ͤͭͪ͊ͭ ͔͚ͫͨͪ ͙ͨͪ ˢ˨ Ҕ фл 

ͣͣ ͪͭΦͫͭΦ ˽͙͍ͪͦͭͦͨͦ͊͊ͤ͘͟ ͙ͨͪ ͔͙͙ͨͦ͒ͦͪͤ͘ ͤ͊ ͙ͤͺ͊ͪͭ͟ ͍͎ͨͪ͊ͦͦ ͔͗ͯ͒ͦ͡;͊͟Φ 

сΦ ˽͙ͪ ˮ˸ͨ{¢ ς ͪ ͔΄͔͙͔ͤ ͦ ͙͙ͭͪͦͣ͋ͦͭ͡;͔͚ͫͦ͟ ͔͙͙ͭͪ͊ͨ ό́˶́ύ ͤ ͊ ͎͙͒ͦͦͫͨͭ͊͡Έͤͦͣ Ή͔ͭ͊ͨ ͨͦ 

͙ͨͦ͊͊ͤ͘͟Ύͣ ό͔͙ͫͭͪͨͭͦͤ͊͊͘͟Σ ͔͊ͭͨ͊͊͘͡͡ύ ͙ͨͪ ͙͔͚ͦ͗͒͊ͣͦ ͔͔͊͒ͪ͗͘͟ ͙͍͙͍͎ͤ͊ͤͦͦ͘ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ Ҕ мнл 

͙ͣͤΦ ˿ ͪͦ;ͤ͊Ύ ͙͍ͭͪ͊ͤͫͨͦͪͭͪͦ͊͟ ͍ ͫͭ͊ͼ͙ͦͤ͊ͪ ͫ ˽ˮ́Φ 

нΦ ˻ͫͭͪ͊Ύ ͔͔ͫͪ͒;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ ό˻˿˹ύ ͙ ͔ͦͭ͟ ͔͎͙͟͡ͻ 

¶ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟Υ ˾ ͔ͦ͘͟ ͍͙ͦͤ͘͟΄͊Ύ ͦ͒·΄͊͟ ͍ ͔ͨͦͦ͟Σ ͦͪͭͦͨͤͦΉΣ ͊ͪͦ͟ͼ͙͊ͤͦ͘Σ ͻͦͦ͒ͤ͡·͚ ͨͦͭΣ 

ͭ͊ͻ͙͙͊ͪ͒͟ΎΦ ˽͙ͪ ͊͡Έ͍͔ͦ͡Ύͪͤͦͣ ͔͔ͦͭ͟ ͔͎͙͟͡ͻ ς ͟ ͦͦ͟͡;ͯ΅͔͔ ͒·ͻ͙͔͊ͤΣ ͍·͔͔͙͔͒ͤ͡ ͔͙͚ͨͤͫͭͦ ͍͚ͪͦͦͦ͘ 

ͣͦͪͦͭ͟·Σ ͙͒ͫͭ͊ͤͼ͙ͦͤͤ·͔ ͻ͙ͪͨ·Φ 

¶ ˹͔ͦͭͦ͗ͤ͊͡Ύ ͨͦͣͦ΅ΈΥ 

мΦ ˽͔͙͔ͦͦ͗ͤ͡ ͙ͫ͒Ύ ͫ  ͦͨͯ΅͔ͤͤ·͙ͣ ͎͙ͤͦ͊ͣ ό͊͘ ͙ͫ͟͡Ό;͔͙͔ͤͣ ͎͙͔͙͙ͨͦͭͤ͘ύΦ 

нΦ ˻͙͎͔͔͙ͫͤͦͭͪ͊ͨ͟Ύ ͫ  ͔͎͙͔ͨͤͦ͊ͫͭ͡Ύ͙ͣ ό͙͎ͤ͊͡Ύͼ͙͙ олπпл҈ ͪπͪ ͊ Ήͭ͊ͤͦ͊͡ ;͔͔ͪ͘ ͣ͊ͫͯ͟ύΣ ͙ͨͪ 

͔ͤΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ ς ͔͙͍͙͍ͤͤ͊ͤ͊͘Ύ ͍͔͙ͤͭ͡Ύͼ͙Ύ ͔͎͙͟͡ͻ ό˹ˮˤ˶ύ ͙͙͡ ͙ͤͭͯ͋͊ͼ͙ΎΦ 

оΦ ˸ͦͪͺ͙ͤ м҈ τ м ͣ͡ ͍κ͍ ό͍ͨͦ͒͊͡Ύ͔ͭ ͒·ͻ͔͊ͭ͡Έͤ·͚ ͼ͔ͤͭͪΣ ͙͔ͫͤ͗͊ͭ ͔ͨͪ͒π ͙ ͎ͨͦͫͭͤ͊ͪͯͯ͘͟ύΦ 

пΦ ˨͙͔͙͙ͯͪͭ͟Υ ̅ ͔͙ͯͪͦͫͣ͒ плπул ͎ͣ ͍κ͍ ͚ͫͭͪͯͤͦ ό͙ͨͪ ͎͙͍͔͙͙ͨͦͦͣ͡ ς ͫ ͦͫͭͦͪͦ͗ͤͦͫͭΈΌύΦ 

рΦ ˤ͙͊ͦ͒͊ͭ͊ͭͦͪ͘͡·Υ ˹ ͙͎͙ͭͪͦ͡ͼ͔͙ͪͤ ͙͙͡ ͙͙ͦͫͦͪ͋͒͊͘ ͙͙͒ͤͭͪ͊ͭ ͍κ͍ ͙ͤͺ͙ͯ͘Ύ ͨͦ͒ ͔ͦͤͭͪͦͣ͟͡ ˢ˨Φ 

сΦ ˽͙ͪ ͙͎͔͊ͪ͒ͦͤͤͦͣ͟ ΄͔ͦ͟Υ ˮ ͤͺ͙ͯ͘Ύ ͙ͤͦͭͪͦͨͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ό͙͒ͦ͋ͯͭ͊ͣͤΣ ͙͒ͦͨ͊ͣͤύΣ ͔ͪ΄͔͙͔ͤ ͦ 

͍͙ͤͯͭͪ͊ͦͪͭ͊͡Έ͚ͤͦ ͚͋͊ͦͤͤͦ͡͡ ͦͤͭͪͨͯ͟͡Έͫ͊ͼ͙͙Φ 

оΦ ͎̂ͪͦ͗͊Ό΅͙͔ ͙͙͗ͤ͘ ͤ͊ͪͯ΄͔͙ͤΎ ͙ͪͭͣ͊ ͙ ͍͙͙ͨͪͦͦ͒ͣͦͫͭ 

¶ ͙͙̅͋ͪ͡͡Ύͼ͙Ύ ͔͗ͯ͒ͦ͡;͍ͦ͟ ό̅ˬύΣ ˬ͔ͯ͒ͦ͡;͍ͦ͊͟Ύ ͭ͊ͻ͙͙͊ͪ͒͟Ύ όˬ́ύ ͔͋͘ ͨͯ͡Έͫ͊Υ ˹ ͔͔͔͔ͣ͒ͤͤͦ͡ 

ͤ͊;͊ͦ͡ ͫ ͔͔ͪ͒;ͤͦπ͡ ͔͎ͦ;͚ͤͦ ͔͙ͪ͊ͤͣ͊ͼ͙͙ ό˿˶˾ύ ͨ ͦ ͎͙͊ͦͪͭͣͯ͡ !./5Φ ˨ ͔ͺ͙͙͋ͪ͡͡Ύͼ͙Ύ όͪ͊ͪ͘Ύ͒ мрлπнлл ˨͗ 

͒͡Ύ ͙͋ͺ͎͊ͤͦͦ͘Σ осл ˨͗ ͒͡Ύ ͣͦͤͦͺ͎͊ͤͦͦ͘ ͔͒ͺ͙͙͋ͪ͡͡Ύͭͦͪ͊ύ ͊͟͟ ͣͦ͗ͤͦ ͪ͊ͤΈ΄͔Φ ˢ͔͙͒ͪͤ͊ͤ͡ м ͎ͣ ͍κ͍ 

͊͗͒͟·͔ оπр ͙ͣͤ ͼ͙͊͟͡ ˿˶˾Φ ˢ͙ͣͦ͒͊ͪͦͤ олл ͎ͣ ͍κ͍ ͙ͨͪ ͚ͯͫͭͦ;͙͍͚ͦ ̅ˬκˬ́Φ 

¶ ́͊ͻ͙͙͙͙͊ͪͭͣ ͫ ͔͙ͤͫͭ͊͋͡Έ͚ͤͦ ͎͔͙͙͚ͣͦ͒ͤ͊ͣͦ͟ ό͙͙ͫͫͭͦ͡;͔͔ͫͦ͟ ˢ˨ ғ фл ͣͣ ͪͭΦͫͭΦΣ ͔ͦͭ͟ ͔͎͙͟͡ͻΣ 

ͤ͊ͪͯ΄͔͙͔ͤ ͙ͫͦͤ͊ͤ͘ΎύΥ ˽ͦ͊͊ͤ͊͘͟ ͤ ͔͔͔ͣ͒ͤͤ͊͡Ύ ͙͍͔͙͊ͪ͒ͦͪͫ͟ΎΦ 

¶ ˣ͙͙͙͙ͪ͊͒͊ͪͭͣ ό͙ͫͤ͒ͪͦͣ ͙ͫ͊͋ͦͫͭ͡ ͙͍͎ͫͤͯͫͦͦͦ ͯ͊͘͡Σ ˢˤπ͋ ͦ͊͒͊͟͡ ͍·͚ͫͦͦ͟ ͔͔͙ͫͭͨͤύ ͫ  ͙ͫͤ͒ͪͦͣͦͣ 

˸͎ͦͪ͊ͤΈ͙πs ͒͊ͣͫ͊π˿ ͭͦͫ͊͟Υ ˢ͙ͭͪͦͨͤ лΣрπмΣл ͎ͣ ͍κ͍Σ ͙ͨͪ ͔ͤΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ ς ;͔ͪͫͦ͗ͤ͊͟Ύ ͙͙͡ 

Ή͙ͤ͒ͦ͊ͪ͒͊͟͡Έͤ͊Ύ ͍ ͔͔ͪͣͤͤ͊Ύ Ή͔͙͙ͭͪͦ͊ͪ͒ͦͫͭͣͯ͟͟͡͡Ύͼ͙ΎΦ ͙͍́ͪ͊ͤͫͨͦͪͭͪͦ͊͟ ͍ ͔͙͙ͨͦͦ͗ͤ͡ 

͔͔͔͎́ͪͤ͒ͤ͋ͯͪ͊͡Φ 

пΦ ˥͙͔͙ͨͪͭͦͤ;͔͙͚ͫ͟ ͙ͪ͘͟ ό˥˴ύ 

˥˴ ς ͔͔ͪͦ͘͟ ͍ͨͦ·΄͔͙͔ͤ ˢ˨ όͦ͋·;ͤͦ Ҕ мулκмнл ͣͣ ͪͭΦͫͭΦύ ͫ ͙ͪͫͦͣ͟ ͔͙ͨͦͪ͊͗ͤΎ ͎͍ͦͪ͊ͤͦπͣ ͙΄͔͔͚ͤ 

ό͎͙͔͙ͨͪͭͦͤ;͔͙͚ͫ͟ ͙ͪ͘͟ L ͙ͭ ͨ͊ ς ͔͔ͤͦͫͦ͗ͤͤͤ͡·͚Σ LL ͙ͭͨ͊ ς ͔ͦͫͦ͗ͤͤͤ͡·͚ύΦ 
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¶ ˹͔ͦͭͦ͗ͤ͊͡Ύ ͨͦͣͦ΅Έ ͙ͨͪ ͦ ͔ͫͦ͗ͤͤͤͦͣ͡ ˥ ˴ όͦͫͭͪ͊Ύ ͎͙͔͙ͨͪͭͦͤ;͔ͫ͊͟Ύ Ήͤͼ͔ͺ͙͊ͦͨ͊ͭ͡ΎΣ ˻˴˿Σ ˻˿˹Σ 

͔͙͔ͪ͊ͫͫͦͤ͡ ͊ͦͪͭ·Σ ͙ͤͫͯ͡ΈͭύΥ 

мΦ ˣ·͔ͫͭͪͦΣ ͙͔͔ͦͤͭͪͦͪͯͣͦ͟͡ ͙͔͙͔ͫͤ͗ͤ ˢ˨ όͤ͊ нлπнр҈ ͦͭ ͙ͫͻ͎ͦ͒ͤͦͦ ͊͘ ͔͍ͨͪ·͔ олπмнл ͙ͣͤύ ͫ 

ͨͦͣͦ΅ΈΌ ͍κ͍ ͙ͤͺ͙͙ͯ͘Φ 

нΦ ˽͔ͪͨ͊ͪ͊ͭ· ͍·͋ͦͪ͊Υ 

Á ˹͙͙ͭͪͦͨͪͯͫͫ͒ ͙ͤ͊ͭͪΎ ς ͙͔ͭͭͪͯͣ͊Ύ ͙ͤͺ͙ͯ͘Ύ ό͔͙͊ͪͭͪͦ͡Ύͪͤ·͚ ͙ ͍͔ͤͦͤ͘·͚ ͙͒͊ͭ͊ͭͦͪ͡ύΦ 

Á ˹͙͎͙ͭͪͦ͡ͼ͔͙ͪͤ ς ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͙ͨͪ ˻˴˿Σ ˻˿˹Φ 

Á ͙͙̂ͪ͊ͨ͒͡ ό͙̏͋ͪ͊ͤͭ͡ύ ς ͼ͔ͤͭͪ͊͡Έ͎ͤͦͦ ͙ ͔͙ͨͪͺ͔͙ͪ;͔͎ͫͦͦ͟ ͔͚͍͙͒ͫͭΎΦ 

Á ͙̏ͤ͊͊ͨͪ͊ͭ͡͡ ό͙͎͙͙ͤ͋ͭͦͪ ˢ˽̅ύ ς ͍κ͍Φ 

оΦ ˽͙ͪ ͔͙͙ͪ͊ͫͫͦͤ͡ ͊ͦͪͭ·Υ ˴ ͙ͦͣ͋ͤ͊ͼ͙Ύ ͤ ͙͙ͭͪͦͨͪͯͫͫ͒͊ ͙  ͋ ͔ͭ͊π͋ ͦ͊ͭͦͪ͊͟͡ όͨͪͦͨͪ͊ͤͦͦ͡͡Σ 

͔ͣͭͦͨͪͦͦ͡͡ύ ͒͡Ύ ͔ͯͣͤΈ΄͔͙ͤΎ ͙ͫͦͪͦͫͭ͟ ͫͦͪ͊͟΅͔͙ͤΎ ͔͍͎ͦͦ͡ ͔͗ͯ͒ͦ͡;͊͟Φ 

¶ ˽͙ͪ ͤ ͔͔ͦͫͦ͗ͤͤͤͦͣ͡ ˥ ˴Υ ˽ ͔ͪͦͪ͊͡Έͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ό͙͙͊ͨͭͦͨͪͪ͟͡ мнΦрπнр ͎ͣΣ ͙͙ͣͦͫͦͤ͒ͤ͟ лΦнπлΦп 

͎ͣΣ ͺ͙͙͊ͪͣ͊͒ͨͤύΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˻͙͔͊͊ͤ͘͟ ͔͚ͤͦͭͦ͗ͤͦ͡ ͨͦͣͦ΅͙ ͙ͨͪ ͔͔ͫͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡Ύͻ ͔͔ͭͪ͋ͯͭ ͦͭ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ 

͔ͨͪͫͦͤ͊͊͡ ;͔͎ͭͦͦ͟ ͙ͤ͊ͤ͘Ύ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͍ͫͤ͒ͪͦͣͦ ͙ ͎͎ͫͭͪͦͦͦ ͫͦ͋͡Ό͔͙͒ͤΎ ͍͔͔ͯͭͪ͗͒ͤͤ·ͻ ͎͙͍͊ͦͪͭͣͦ͡Φ 

˻͍ͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ· ς ͋·͔ͫͭͪͦ ͙͍͙͔ͯͨͪͦ͊ͤ͟ ͔͍͎͋ͦͦͦ͡ ͙ͫͤ͒ͪͦͣ͊ ͙ ͙ͨ͊ͤ;͔͙ͫ͟ͻ ͔ͪ͊͟ͼ͙͚Σ 

͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͎ͦͪͦͤ͊ͪͤͦͦ͟ ͍ͪͦͦͭͦ͊͟͟ ͙ͨͪ ˻˴˿Σ ͙͔͙͔ͫͤ͗ͤ ͔ͨͪ͒π ͙  ͎͙ͨͦͫͭͤ͊ͪͯ͘͟ ͙ͨͪ ˻˿˹Σ 

͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͙ͪͭͣ͊ ͙ͨͪ ͙͙͊ͪͭͣΎͻ ͙ ͙͔͔ͦͤͭͪͦͪͯͣͦ͟͡ ͙͔͙͔ͫͤ͗ͤ ˢ˨ ͙ͨͪ ͔ͦͫͦ͗ͤͤͤ͡·ͻ 

͙ͪ͊͘͟ͻΦ ˿͍͔͍͔͔ͦͪͣͤͤ·͔ ͙ ͎ͪ͊ͣͦͭͤ·͔ ͔͚͍͙͒ͫͭΎ ͤ͊ ͎͙͒ͦͦͫͨͭ͊͡Έͤͦͣ Ή͔ͭ͊ͨ ͍ͨͦͦ͘͡ΎΌͭ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͙͙ͫͤͭ͘Έ ͔ͭ͊͡͡ΈͤͦͫͭΈΣ ͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͍͙͙͔ͪ͊ͭ͘ ͔ͫͪΈ͔ͤ͘·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͯͯ͡;΄͙ͭΈ ͔ͦͭ͒͊ͤͤ͡·͚ ͎ͨͪͦͤͦ͘ 

ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͦͫͭͪ·͙ͣ ͙͍͊ͪ͒ͦ͊ͫͯ͟͟͡Ύͪͤ·͙ͣ ͫͦ͋·͙ͭΎ͙ͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͨͦ ͚ͫͦͪͦ͟ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙Φ ˽ͦ͒ ͔ͪ͒Φ ˿Φ̅Φ ˣ͎͔͊ͤͤͦ͟Σ ˢΦ˥Φ ˸͙ͪͦ΄͙ͤ;͔ͤͦ͟Σ ˢΦ˶Φ 

ˤ͔͙ͪͭͤ͊͟Φ ς ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнлΦ ς умс ͫΦ 

нΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ζ˻ͫͭͪ·͚ ͦͪͦͤ͊ͪͤ͟·͚ ͙ͫͤ͒ͪͦͣ ͔͋͘ ͨͦ͒Ά͔ͣ͊ ͔͎͔ͫͣͤͭ͊ {¢ 

Ή͔͙͎ͭͪͦ͊ͪ͒ͦͪ͊ͣͣ͟͟͡·ηΦ ˻͔͒ͦ͋ͪͤ· ˹͊ͯ;ͤͦπͨ ͙ͪ͊ͭ͟;͔͙ͫͣ͟ ˿͍͔ͦͭͦͣ ˸͙͍ͤ͒ͪ͊͊͘ ˾̅Σ нлнлΦ 

оΦ 9{/ DǳƛŘŜƭƛƴŜǎ ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŀŎǳǘŜ ƳȅƻŎŀǊŘƛŀƭ ƛƴŦŀǊŎǝƻƴ ƛƴ ǇŀǝŜƴǘǎ ǇǊŜǎŜƴǝƴƎ ǿƛǘƘ {¢πǎŜƎƳŜƴǘ 

ŜƭŜǾŀǝƻƴΦ 9ǳǊƻǇŜŀƴ IŜŀǊǘ WƻǳǊƴŀƭΣ нлнмΦ 

пΦ 9{/ DǳƛŘŜƭƛƴŜǎ ŦƻǊ ǘƘŜ ŘƛŀƎƴƻǎƛǎ ŀƴŘ ǘǊŜŀǘƳŜƴǘ ƻŦ ŀŎǳǘŜ ŀƴŘ ŎƘǊƻƴƛŎ ƘŜŀǊǘ ŦŀƛƭǳǊŜΦ 9ǳǊƻǇŜŀƴ IŜŀǊǘ WƻǳǊƴŀƭΣ 

нлноΦ 

ϭ ́͊;ͣ·͍ͪ͊͒ͦ͊ ˻Φ̒ΦΣ нлнр 

 

 

 

̂˨˴ смс 

̆͊͡·͍ͣͦ ̆͊͡·ͣ ͚͙͔͍͙́ͦ͡; 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͚͒ͭͫͦ͟ ͻ͙͎͙͙ͪͯͪ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ˸͔͙͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ  

˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ˢ΄ͻ͊͋͊͒ 

 

˶ˢ˽ˢ˾˻˿˴˻˽ˮ̉˩˿˴ˮ˩ ˸˩́˻˨̍ ˤ ˨˩́˿˴˻˯ ̆ˮ˾̂˾˥ˮˮΥ ˽˾˩ˮ˸̂̋˩˿́ˤˢ ˮ ˽˻˴ˢ˭ˢ˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˶͙͊ͨ͊ͪͦͫͦͨ͟;͔ͫ͊͟Ύ ͻ͙͎͙ͪͯͪΎ ͍ ͔͙͙͙ͨ͒͊ͭͪ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͍͔͔ͫͦͪͣͤͤ·͚ ͙͙ͣͤͣ͊͡Έͤͦ 
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LAPAROSCOPIC METHODS IN PEDIATRIC SURGERY: ADVANTAGES AND INDICATIONS 

 

Abstract 

Pediatric laparoscopic surgery represents a modern minimally invasive approach to treating a wide 

range of diseases. This article examines indications for laparoscopic procedures in children, technical aspects 

of surgery, advantages compared to open surgery, possible complications, and postoperative management 

principles. Laparoscopy provides less tissue trauma, shorter recovery periods, reduced risk of infectious 

complications, and improved cosmetic outcomes. Training issues, age limitations, and perspectives of new 

technologies, including robotic systems, are discussed. The aim of the article is to comprehensively evaluate 

the role of laparoscopic methods in pediatric surgery and determine optimal indications for their application. 
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͙͍͙͊ͭͤͦͫͭ͟ ͙ ͙͙ͨͭ͊ͤΌΦ 
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FORENSIC MEDICAL DIAGNOSIS OF DEATH FROM DRUG OVERDOSE 

 

Abstract 

The article focuses on forensic medical diagnosis of death caused by drug overdose. Pathophysiological 

mechanisms of toxic effects, clinical and postmortem signs, toxicological investigation methods, and forensic 

examination procedures are discussed. Attention is given to differentiating accidental, intentional, and 

suicidal overdoses, the role of medical documentation analysis, identification of drug combinations, and 

comorbidities. Modern methods of quantitative and qualitative drug analysis in blood and tissues are 

reviewed, along with the significance of postmortem changes for determining time and cause of death. The 

study emphasizes a comprehensive approach for objectively establishing the circumstances and mechanism 

of lethal outcomes. 
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͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͙ ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͺͯͤ͟ͼ͙͚Σ ͤ͊ͪͯ΄͔͙͔ͤ ͔͙ͣͭ͊͋ͦͣ͊͘͡ ͙ ͙ͭͦͫ͟;͔ͫͯ͟Ό ͎ͤ͊ͪͯͯ͘͟ ͤ͊ 

͎ͦͪ͊ͤ·-͙ͣ΄͔͙ͤΦ ͔̏ͫͨͪͭ͟ ͙͙͔͊ͤ͊ͪͯͭ͘͡ ͔͊ͤ͊ͣͤ͘Σ ͔͙ͣ͒ͼ͙ͤͫͯ͟Ό ͔͒ͦͯͣͤͭ͊͟ͼ͙ΌΣ ͒͊ͤͤ·͔ ͦ ͙͖͔ͨͪͣ 

͔͍ͨͪͨ͊ͪ͊ͭͦ ͙ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊ ͙ͨͪͦͫ΄͔͍͙ͫͭΎΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͙͍ͪͦͤͫͭͪͯͪͦ͊ͭ͟Έ ͻͦ͒ ͫͦ͋·͙͚ͭ ͙ 

͔͔͙ͦͨͪ͒ͭ͡Έ ͪͦ͡Έ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͍͔΅͔͍ͫͭ ͍ ͔ͭ͊͡͡Έͤͦͣ ͙ͫͻ͔ͦ͒Φ 

˽͔͔͙͍͙ͪ͒ͦͪͦ͘͟ ͔ͨͦ͒ͪ͊͒͘͡ΎΌͭͫΎ ͤ͊Υ 

мΦ ˿ͯ͡;͚͊ͤ·͔ τ ͨ ͔͍ͪ·΄͔͙͔ͤ ͒ͦ͘· ͨͦ ͦ΄͙͔͋͟ ͙͙͡ ͙ͨͪ ͙͎͙͙ͨͦͨͪ͊ͣ͊͘͡Φ 

нΦ ̂ͣ·΄͔ͤͤ͡·͔ τ ͨ ͔͔͙͍ͪ͒ͦͪͦ͊͘͟ ͫ ͼ͔͡ΈΌ ͙ͨͪ;͙͔͙ͤͤΎ ͍͔ͪ͒͊ ͎͒ͪͯͦͣͯ ͙͡ͼͯΦ 

оΦ ˿͙ͯͼ͙͒͊͡Έͤ·͔ τ ͤ ͔͔͔͊ͣͪͤͤͦ ͙ͨͪͤΎ͙͔ͭ ͔͔ͫͣͪͭ͡Έ͚ͤͦ ͒ͦ͘·Φ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͍͊͗ͤ͊ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͍͍͚ͨͪ͊ͦͦ ͦͼ͔͙ͤ͟ ͙ ͔͎͙͙ͫͭͪ͊ͭ Ή͔͙ͫͨͪͭ͘͟·Φ 

͙́ͦͫ͟;͔͔ͫͦ͟ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͍͙͙͊ͫͭ͘ ͦͭ ͺ͙͔͙͙͊ͪͣ͊ͦͤͭ͟͟͟ ͔ͨͪͨ͊ͪ͊ͭ͊Φ ˻͋΅͙͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ 

ͨͪͦΎ͍͔͙ͤ͡ΎΥ ͎͔͔͙͔ͯͤͭͤ ͙ͫͦͤ͊ͤ͘ΎΣ ͙͙͋ͪ͊͒͊ͪ͒͟ΎΣ ͔͙͊ͪͭͪ͊͡Έͤ͊Ύ ͎͙͔͙ͨͦͭͤ͘ΎΣ ͒·ͻ͔͊ͭ͡Έͤ͊Ύ 

͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΦ ˽͙ͪ ͍ͫͪ͟·͙͙ͭ ͍·Ύ͍͡ΎΌͭͫΎΥ ͼ͙͊ͤͦ͘Σ ͚͊ͫͭͦͤ͘·͔ Ύ͍͔͙ͤ͡Ύ ͍ ͖͎͙͟͡ͻΣ ͖ͦͭ͟ ͎ͣͦ͊͘Σ 

͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎ ͍ ͎ͦͪ͊ͤ͊ͻΣ ͙͙ͨͪͤ͊͘͟ ͔ͨ;͖ͤͦ;͚ͤͦ ͙ ͨͦ;͔;͚ͤͦ ͙͙ͤͭͦͫ͊͟͟ͼ͙͙Φ ˴͔ͦͤͪͭͤ͟·͔ ͙͙ͨͪͤ͊͘͟ 

͍͙͊ͫ͘Ύͭ ͦͭ ͙ͭͨ͊ ͔ͨͪͨ͊ͪ͊ͭ͊Υ ͔͙͍ͫ͒͊ͭͤ·͔ ͍·͘·͍͊Όͭ ͎͔͔͙͔ͯͤͭͤ ̇˹˿Σ ͔͔ͫͪ͒;ͤ·͔ ͎͙͙ͦ͒͘͟͡· τ ͙͙͊ͪͭͣΌ ͙ 

͙΄͔͙ͣΌ ͙ͣͦ͊ͪ͒͊͟Φ 
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˻͍ͫͤͦͤ·͔ ͔ͣͭͦ͒· ͍͟͡Ό;͊ΌͭΥ 

͎̆ͪͦͣ͊ͭͦͪ͊ͺ͙Ύ ό͎͍͊ͦ͊͘Ύ ͙ ͙͗͒ͦͫͭͤ͊͟ΎύΣ 

˸͊-͔͔͙ͫͫͨͭͪͦͣͭͪ͟ΎΣ 

ˮͣͣͯͤͦͺ͔͔ͪͣͤͭͤ·͔ ͔ͣͭͦ͒·Σ 

˴͊;͔͍͔ͫͭͤͤ·͔ ͔ͭͫͭ· ͒͡Ύ Ή͔͚ͫͭͪͤͤͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟Φ 

ˢ͙ͤ͊͘͡ ͍ͨͪͦͦ͒Ύͭ ͍ ͍͙ͪͦ͟Σ ͣͦ;͔Σ ͔ͨ;͔͙ͤΣ ͨͦ;͊͟ͻ ͙ ͔͙ͫͦ͒ͪ͗ͣͦͣ ͔͗ͯ͒͊͟͡Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· 

͍ͨͦͦ͘͡ΎΌͭ ͔͔͙ͦͨͪ͒ͭ͡Έ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͍͔΅͔͍ͫͭ͊ ͙ ͍ͦͣͦ͗ͤ͘·͔ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͔͍͊ͪͫͭ͟͡Φ 

͔̏ͫͨͪͭ͟ ͦͼ͔͙͍͔ͤ͊ͭΥ 

˨ͦͯ͘ ͙ ͫͨͦͫͦ͋ ͍͍͔͔͙͒ͤΎΣ 

ˤ͔ͪͣΎ ͍͔͚͍͙ͦ͒ͫͭ͘ΎΣ 

˿͍ͦͨͯͭͫͭͯΌ΅͙͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ 

˽͎͙͊ͭͦͦ͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͎͍ͦͪ͊ͤͦΦ 

˿͍͔͙͔ͦͨͦͫͭ͊ͤ͡ ͍͔ͫͻ ͒͊ͤͤ·ͻ ͎͔ͨͦͣͦ͊ͭ ͔͔͙ͦͨͪ͒ͭ͡Έ ͪͦ͡Έ ͔͔͙͍͙ͨͪ͒ͦͪͦ͘͟ ͍ ͔͙ͫͣͪͭ ͙ ͙ͫ͟͡Ό;͙ͭΈ 

͎͙͔͒ͪͯ ͙ͨͪ;͙ͤ·Σ ͍͟͡Ό;͊Ύ ͍ͭͪ͊ͣͯ ͙͙͡ ͔͔͍͔ͫͭͫͭͤͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˻͔͙ͫͦ͋ͤͤͦͫͭ ͦͼ͔͙ͤ͟ ͙ͫͯͼ͙͒͊͡Έͤ·ͻ ͫͯ͡;͔͍͊ 

˿͙ͯͼ͙͒͊͡Έͤ·͔ ͔͔͙͍͙ͨͪ͒ͦͪͦ͘͟ ;͊ͫͭͦ ͍ͫͦͨͪͦͦ͗͒͊ΌͭͫΎ ͪΎ͒ͦͣ ͍͔ͦͫͤͤ͟·ͻ ͙͍ͨͪͤ͊ͦ͘͟Υ ͙͙͊ͨͫ͘͟Σ 

͔ͨͪ͒΄͔͍ͫͭͯΌ΅͙͔ ͨͦͨ·͙ͭ͟Σ ͒ͦͫͭͯͨ ͟ ͔͍͊ͪͫͭ͊ͣ͟͡Φ ͔̏ͫͨͪͭ͟ ͦͼ͔͙͍͔ͤ͊ͭ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͙͖ͨͪͣ͊ 

͔͍ͨͪͨ͊ͪ͊ͭͦΣ ͙͙͍͔ͦͣ͋ͤͪͦ͊ͤͤͦ͟ ͔͚͍͙͔͒ͫͭ ͍͔΅͔͍ͫͭΣ ͍͔ͪͣΎ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͙ ͍͔ͪͦΎͭͤͦͫͭΈ ͔ͭ͊͡͡Έ͎ͤͦͦ 

͙ͫͻͦ͒͊Φ 

˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͦ΄͙͋ͦ͟ ͙ ͊͘͟͡Ό;͔͙͔ͤ 

˨͡Ύ ͭͦ;͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣ ͔ͦͣͨͫͤ͟͟͡·͚ ͨͦ͒ͻͦ͒Υ ͍͔ͫͦͣ΅͔͙͔ͤ ͒͊ͤͤ·ͻ ͙͙͊ͯͭͦͨͫΣ 

͙͎͙͙ͭͦͫͦͦ͟͟͡ ͙ ͔ͫͯ͒͋ͤͦ-͙͙͙͙ͪͣͤ͊ͫͭ͟͡;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡Φ ˤ͊͗ͤ͊ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙Ύ ͍ͨͪͦͭͦͦͦ͟͡Σ 

͍͙ͨͪ͊͡Έ͔ͤͦ ͍͘Ύ͙͔ͭ ͦ͋ͪ͊͘ͼ͍ͦ ͙ ͔͙͍͙͔͒ͦͯͣͤͭͪͦ͊ͤ͟Φ ͚́͊ͦ͟ ͨͦ͒ͻͦ͒ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͔ͫͯ͒͋ͤ·ͻ ͦ΄͙͋ͦ͟Σ 

͍ͨͦͦ͘͡Ύ͔ͭ ͦ͋Ά͔͙͍ͭͤͦ͟ ͔͔͙ͦͨͪ͒ͭ͡Έ ͙ͨͪ;͙ͤͯ ͔͙ͫͣͪͭ ͙ ͪͦ͡Έ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͍͔΅͔͍ͫͭΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˣ͔ͦͤ͒͊ͪͤͦ͟ ̑Φ˽Φ ˿͔ͯ͒͋ͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Φ τ ˸ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмфΦ τ снп ͫΦ τ URL: 

https:// www.geotar.ru 

нΦ ˴͍͊͋͊ͦ͟ ˢΦ ˤΦΣ ˶͔͍͙ͼ͙͚͟ ˸Φ ˿Φ ͙͎͙́ͦͫͦͦ͟͟͡Ύ ͙ ͔ͫͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ Ή͔͙ͫͨͪͭ͊͘͟Φ τ ˿ ˽͋ΦΥ ˽͙͔ͭͪΣ нлмуΦ 

τ рмн ͫΦ τ URL: https:// www.elibrary.ru/ item.asp?id=35789214 

оΦ ˾͔͍͙ͤ͘ ˢΦ ˿Φ ˿͔ͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͎͙ͨ͊ͭͦͦ͡ΎΦ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмтΦ τ ртс ͫΦ τ URL: 

https:// rusneb.ru 

4. Saunders N., Knight B. Forensic Medicine. τ 4th ed. τ London: Hodder Arnold, 2012. τ 480 p. τ URL: 

https://www.elsevier.com 

5. Moffatt D., Henry K. Clinical Forensic Medicine. τ 3rd ed. τ London: Wiley-Blackwell, 2011. τ 432 p. τ 

URL: https://www.wiley.com 

ϭ̆ ͔͍ͦ͒͗͊͊ ˥Φ˴Φ, 2025 
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ˣ͔͙͔͍ͪ͒ ˢΦˢ. 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ̅͊ͪͣ͊ͼ͙͙ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

ˢ˴́ˮˤ˹̍˩ ˴˻˸˽˻˹˩˹́̍ ˽ˢˬˮ́˹ˮ˴ˢ ˿˩˹˹˻˥˻Υ ˨ˮ˻˿˥˩˹ˮ˹Σ ˿ˢ˽˻˹ˮ˹̍ ˮ ̅˶ˢˤ˻˹˻ˮ˨̍  

ˤ ˣ˻˾̎ˣ˩ ˿ ˸˩́ˢˣ˻˶ˮ̉˩˿˴ˮ˸ˮ ˹ˢ˾̂̊˩˹ˮ̒˸ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙͊ͤ͊ͯ͘͡ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͔͍ͦͣͨͦͤͤͭͦ͟ ˽͙͙͊͗ͭͤ͊͟ ͔͎ͫͤͤͦͦΣ ͍͟͡Ό;͊Ύ 

͙͎͔͙͒ͦͫͤͤΣ ͔͙ͫͭͪͦ͒ͤ·͔ ͙ͫ͊ͨͦͤͤ· ͙ ͺ͍͙͊ͦͤͦ͒͡·Σ ͊ ͔ͭ͊͗͟ ͙ͻ ͙ͪͦ͡ ͍ ͔ͦͪͪ͟͟ͼ͙͙ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ 

ͤ͊ͪͯ΄͔͙͚ͤΦ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ͒͊ͤͤ·ͻ ͍͔΅͔͍ͫͭΣ ͍͙͡ΎΌ΅͙ͻ ͤ͊ ͎͔͍ͯͦ͒ͤ͡·͚Σ 

͙͙ͨ͒ͤ͡·͚ ͙ ͎ͦͪͣͦͤ͊͡Έͤ·͚ ͔ͦ͋ͣͤΣ ͊ ͔ͭ͊͗͟ ͙ͻ ͙͙͊ͤͭͦͫ͒͊ͤͭͤ͟·͔Σ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·͔ ͙ 

͎͙͎͙͔͙ͨͦͣ͟͡;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙͔͎͙ͫͤͪ;͔ͫͦͣͯ͟ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ό ͙͍͊ͭͤ͟·ͻ 

͔͍ͦͣͨͦͤͤͭͦ͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͔ͣͯ ͔ͦͣͨͫͤ͟͟͡·͚ Ήͺͺ͔ͭ͟ ͍ ͋ͦͪΈ͔͋ ͫ ͙͔͙͔ͦ͗ͪͤͣΣ 

͙͙͔͙͔ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ΈΌΣ ͙͙͙͔͙͔͚͒ͫͨ͒ͣ͡ ͙ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫͣ͟ ͙ͫͤ͒ͪͦͣͦͣΦ ˽ͦ͊͊ͤͦ͘͟Σ ;ͭͦ ͙͎͔͙͒ͦͫͤͤ 

͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͯͯ͡;΄͔͙ͤΌ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͔͚ͭ͊ͤ͟ ͟ ͙͙ͤͫͯͤͯ͡Σ ͙ͫ͊ͨͦͤͤ· ͙ͫͤ͗͊Όͭ ͍͔ͯͪͦͤΈ 

ͻ͔͔͙ͦͫͭͪͤ͊͡ ͙ ͯͯ͡;΄͊Όͭ ͫͦͫͭͦΎ͙͔ͤ ͙͙ͣͪͦ͋ͦͭ͟·Σ ͊ ͺ͍͙͊ͦͤͦ͒͡· ͊͘΅͙΅͊Όͭ ͔͙ͭ͟͟͡ ͦͭ ͙͙͔ͦͫͭ͟͡͡Έ͎ͤͦͦ 

͔ͫͭͪͫͫ͊ ͙ ͍͔͙ͦͫͨ͊ͤ͡ΎΦ ˽͔͍͔ͪ͒ͫͭ͊ͤͤ͡·͔ ͒͊ͤͤ·͔ ͍͔ͨͦ͒ͭͪ͗͒͊Όͭ ͔͔͙͍ͨͪͫͨͭͤͦͫͭ͟Έ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 

˽͙͙͊͗ͭͤ͊͟ ͔͎ͫͤͤͦͦ ͊͟͟ ͺ͙͔͔͍͙ͭͦͭͪ͊ͨͭ;͔͎ͫͦͦ͟ ͔͍ͫͪ͒ͫͭ͊ ͒͡Ύ ͔͔͙ͯͪͨͤ͟͡Ύ ͔͙ͣͭ͊͋ͦ͡;͔͎ͫͦͦ͟ ͍͒ͦͪͦ͘ΈΎ ͙ 

ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔͙͚ͦͫͦ͗ͤͤ͡ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͨ͊ ͙͙͗ͭͤ͟ ͔͚ͫͤͤͦΤ ͙͎͔͙͒ͦͫͤͤΤ ͙ͫ͊ͨͦͤͤ·Τ ͺ͍͙͊ͦͤͦ͒͡·Τ ͔͙ͣͭ͊͋ͦ͡;͔͙͔ͫ͟ ͤ͊ͪͯ΄͔͙ͤΎΤ 

͙͙͔͙͔ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ΈΤ ͎͙͙͙͔͙ͨͦͨ͒ͣ͡;͔͔ͫͦ͟ ͔͚͍͙͔͒ͫͭΤ ͙͙͊ͤͭͦͫ͒͊ͤͭͤ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟ΈΤ  

ͺ͙͔͙ͭͦͭͪ͊ͨΎΤ ͔͙ͣͭ͊͋ͦ͡;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣΦ 

 

˽͙͙͊͗ͭͤ͟ ͔͚ͫͤͤͦ Ύ͍͡Ύ͔ͭͫΎ ͼ͔ͤͤ·ͣ ͔͍͔͊ͪͫͭͤͤ͟͡·ͣ ͔͙͔ͪ͊ͫͭͤͣΣ ͔ͫͦ͒ͪ͗͊΅͙ͣ ͔͍ͣͤͦ͗ͫͭͦ 

͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΦ ˨͙͎͔͙ͦͫͤͤΣ ͍ͻͦ͒Ύ΅͙͚ ͍ ͍ͫͦͫͭ͊ ͔͎ͦ ͔ͫͣΎͤΣ ͙͎͔ͪ͊ͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ 

͔͎ͪͯ͡Ύͼ͙͙ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͺͯͤ͟ͼ͙͚ ͎͙ͦͪ͊ͤͣ͊͘Φ ̏ͭͦ ͔͙͔͙͔ͫͦ͒ͤͤ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͊͟͟ ͔ͨͪͯͪͫͦͪ͟ ͒͡Ύ 

͙͔ͫͤͭ͊͘ ͔͙ͫͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦΦ ˿͙͊ͨͦͤͤ· ͙͙ͨ͊͗ͭͤ͊͟ ͨͪͦΎ͍͡ΎΌͭ ͍·͔ͪ͊͗ͤͤͯΌ ͎͙͙͙͔͙ͨͦͨ͒ͣ͡;͔ͫͯ͟Ό 

͙͍͊ͭͤͦͫͭ͟ΈΦ ˻͙ͤ ͔ͯͣͤΈ΄͊Όͭ ͍ͫ͊ͫ·͍͙͔͊ͤ ͻ͔͔͙ͦͫͭͪͤ͊͡ ͍ ͙͟΄͔;͙͔ͤ͟Φ ͍͙̅͊ͦͤͦ͒͡· ͔͙ͪ͊ͫͭͤΎ ͦ͋͊͒͊͡Όͭ 

͙͙͊ͤͭͦͫ͒͊ͤͭͤ͟·͙ͣ ͍͚͍͙ͫͦͫͭ͊ͣΦ ͙̏ͭ ͍͔΅͔͍ͫͭ͊ ͙ͫͤ͗͊Όͭ ͍͔ͯͪͦͤΈ ͙͙͍͎ͦͫ͒͊ͭͤͦͦ͟ ͔ͫͭͪͫͫ͊ ͯ ;͔͍͔ͦ͊͟͡Φ 

˸͔͙ͭ͊͋ͦ͡;͔͙͔ͫ͟ ͤ͊ͪͯ΄͔͙ͤΎ ͍͟͡Ό;͊Όͭ ͙͔͙͔ͦ͗ͪͤΣ ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ ͙ ͙͙͙͔͙͙͒ͫͨ͒ͣ͡Φ ˽͙͙͊͗ͭͤ͟ 

͎͔ͨͦͣͦ͊ͭ ͔ͯͣͤΈ΄͊ͭΈ ͍·͔ͪ͊͗ͤͤͦͫͭΈ Ή͙ͭͻ ͤ͊ͪͯ΄͔͙͚ͤΦ ˨͙͎͔͙ͦͫͤͤ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͔͙ͫͤ͗ͤΌ ͍ͯͪͦͤΎ 

͎͡Όͦ͘͟· ͍ ͍͙ͪͦ͟Φ ˻ͤ ͯͯ͡;΄͔͊ͭ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͔͚ͭ͊ͤ͟ ͟ ͙͙ͤͫͯͤͯ͡Φ ˿͙͊ͨͦͤͤ· ͔ͯͣͤΈ΄͊Όͭ 

ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͻ͔͔͙ͦͫͭͪͤ͊͡ ͙͚ͤͦ͘͟ ͙ͨͦͭͤͦͫͭ͡Φ ˻͙ͤ ͔ͭ͊͗͟ ͍ͨͦ·΄͊Όͭ ͍͔ͯͪͦͤΈ ͙͔͙͍ͨͦͨͪͦͭͤͦ͡ ͍·͚ͫͦͦ͟ 

͙ͨͦͭͤͦͫͭ͡Φ ͍͙̅͊ͦͤͦ͒͡· ͊͘΅͙΅͊Όͭ ͔͙ͭ͟͟͡ ͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ ͔͔͗͘͡·Φ ˻͙ͤ ͙͙͙ͫͭ͊͋ͪͯ͘͡Όͭ ͨͪͦͼ͔ͫͫ· 

͍͙ͫͦ͋ͦ͒ͤͦͪ͊͒͊͟͡Έ͎ͤͦͦ ͙͔͙ͦͫͤ͟͡ΎΦ ˽͙͙͊͗ͭͤ͟ ͙͍͔͔ͫͭͤ͘ ͊͟͟ ͙ͨͪͪͦ͒ͤ·͚ ͔͎ͪͯ͡Ύͭͦͪ ͎͔͍͎ͯͦ͒ͤͦͦ͡ ͔ͦ͋ͣͤ͊Φ 

˻ͤ ͔͊ͣ͒͘͡Ύ͔ͭ ͍ͫ͊ͫ·͍͙͔͊ͤ ͫ͊ͻ͍͊ͪͦ ͍ ͔͗ͯ͒ͦ͡;ͤͦ-͙͟΄͔;ͤͦͣ ͔ͭͪ͊ͭ͟Φ ̏ͭͦ ͎͔ͨͦͣͦ͊ͭ ͔͍ͨͪ͒ͦͭͪ͊΅͊ͭΈ ͔͙͔ͪ͘͟ 

ͫ͊͟;͙͟ ͎͙͔͙͙ͣ͟͡Φ ˨͙͎͔͙ͦͫͤͤ ͍͙͡Ύ͔ͭ ͤ͊ ͔͎ͪͯ͡Ύͼ͙Ό ͺ͔͔͍ͪͣͤͭͦ ͔ͨ;͔͙ͤΦ ˻ͤ ͙͔ͫͤ͗͊ͭ ͙͍͊ͭͤͦͫͭ͟Έ 

͙͎͔͔ͨͦͤ͊͘͡Φ ˿͙͊ͨͦͤͤ· ͯͯ͡;΄͊Όͭ Ήͣͯ͡Έ͎͙͍͙͔ͪͦ͊ͤ ͙͍͗ͪͦΦ ̏ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤͦͣͯ͟ ͙ͻ 

ͪ͊ͫ΅͔͔͙ͨͤ͡ΌΦ ͍͙̅͊ͦͤͦ͒͡· ͔ͯͣͤΈ΄͊Όͭ ͍͔͙͔ͦͫͨ͊ͤ͡ ͍ ͭ͊ͤ͟ΎͻΦ ˽͙ͪ ͔͙ͣͭ͊͋ͦ͡;͔ͫͦͣ͟ ͙͔ͫͤ͒ͪͦͣ 

͍͔͙͔ͦͫͨ͊ͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͺ͊ͭͦͪͦͣ͟Φ ˽͙͙͊͗ͭͤ͟ ͎͔ͨͦͣͦ͊ͭ ͔͙͊ͣ͒ͭ͘͡Έ ͍͙͙͔ͪ͊ͭ͘ 

͙͙͔͙͔͙ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡Φ ˨͙͎͔͙ͦͫͤͤ ͍ͨͦ·΄͔͊ͭ Ή͔͙ͫͨͪͫͫ͟Ό ͔ͪͼ͔͍ͨͭͦͪͦ ͟ ͙͙ͤͫͯͤͯ͡Φ ˿͙͊ͨͦͤͤ· 

ͯͯ͡;΄͊Όͭ ͔ͭͯ͟;͔ͫͭΈ ͔ͭͦ͟͡;ͤ·ͻ ͔ͣͣ͋ͪ͊ͤΦ ͍͙̅͊ͦͤͦ͒͡· ͙͙ͫͭͣͯͪͯ͡Όͭ ͙͍͊ͭͤͦͫͭ͟Έ ͙͙͊ͤͭͦͫ͒͊ͤͭͤ͟·ͻ 
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ͺ͔͔͍ͪͣͤͭͦΦ ˽͙͙͊͗ͭͤ͟ ͔͙ͫͦ͒ͪ͗ͭ ͔ͭ͊͗͟ ͙͙͊ͣͤͦͫͦͭ͟͡·Σ ͙͙͍ͯͫ͊͡Ό΅͙͔ ͔͎ͦ ͔͡;͔͋ͤ·͚ Ήͺͺ͔ͭ͟Φ ˾͔͙͔͊ͫͭͤ 

͙͔ͨͪͣͤΎ͔ͭͫΎ ͍ ͺ͙͔͙͙ͭͦͭͪ͊ͨ ͔ͯ͗ ͎ͣͤͦͦ ͍͔͍ͦ͟Φ ˻ͤͦ Ύ͍͡Ύ͔ͭͫΎ ͔͋ͦͨ͊ͫͤ͘·ͣ ͍ ͔͔ͯͣͪͤͤ·ͻ ͒ͦ͊͘ͻΦ 

˨͙͎͔͙ͦͫͤͤ ͦ͊͘͟·͍͔͊ͭ ͣΎ͎͙͚͟ ͎ͦͪͣͦͤͦͨͦ͒ͦ͋ͤ·͚ Ήͺͺ͔ͭ͟Φ ˿͙͊ͨͦͤͤ· ͦ͋͊͒͊͡Όͭ ͔͙͒ͭͦͫ͊͟͟ͼ͙ͦͤͤ·͙ͣ 

͍͚͍͙ͫͦͫͭ͊ͣΦ ͍͙̅͊ͦͤͦ͒͡· ͔ͯͪͨ͟͡ΎΌͭ ͙ͫͦͫͯ͒ͫͭͯΌ ͔ͫͭͤͯ͟Φ ˸͔͙ͭ͊͋ͦ͡;͔͙͔ͫ͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ;͊ͫͭͦ 

͍ͫͦͨͪͦͦ͗͒͊ΌͭͫΎ ͔͔͊ͭͪͦͫͪͦͦͣ͘͟͡Φ ˽͙͙͊͗ͭͤ͟ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͔͙͊ͭͪͦͫͪͦͭ͟͡;͔͙ͫ͟ͻ 

͋͡Ύ΄͔͟Φ ˻ͤ ͔ͯͣͤΈ΄͔͊ͭ ͙͙͔ͨ͒ͤͦ͡ ͙͔͙͔ͦͫͤ͟͡ ͍ ͍͙ͪͦ͟Φ ˨͙͎͔͙ͦͫͤͤ ͔ͫͨͦͫͦ͋ͤ ͔͎͙͍ͪͯͪͦ͊ͭ͡Έ ͔͔ͫͪ͟ͼ͙Ό 

͔͗͡;ͤ·ͻ ͙ͫͦͭ͟͡Φ ˿͙͊ͨͦͤͤ· ͔ͯͣͤΈ΄͊Όͭ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͔ͭͦ͟͟͡ ͔ͨ;͔͙ͤΦ ͍͙̅͊ͦͤͦ͒͡· ͙͙͍ͯͫ͊͡Όͭ 

͔͎͔͔ͪͤͪ͊ͼ͙Ό ͔͚ͭ͊ͤ͟Φ ˽͙͙͊͗ͭͤ͟ ͙͙͔ͫͭͣͯͪͯͭ͡ ͙ͨ΅͔͍͔͙͔͊ͪͤΦ ˻ͤ ͔ͯͣͤΈ΄͔͊ͭ ;͍͍ͯͫͭͦ ͎ͦͦ͒͊͡Φ ̏ͭͦ 

͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͦͤͭͪͦ͟͡Ό ͣ͊ͫͫ· ͔ͭ͊͡Φ ˨͙͎͔͙ͦͫͤͤ ͔͎͙͔ͪͯͪͯͭ͡ ͎ͦͪͣͦͤ͊͡Έͤ·͚ ͋͊͊ͤͫ͡ ͯ ͣͯ͗;͙ͤ ͙ ͔͗ͤ΅͙ͤΦ 

˿͙͊ͨͦͤͤ· ͯͯ͡;΄͊Όͭ ͍͔͙͔ͯͫͦͤ ͙ͣͪͦ͟Ή͔͔͍ͣͤͭͦ͡Φ ͍͙̅͊ͦͤͦ͒͡· ͔͊ͣ͒͘͡ΎΌͭ ͨͪͦͼ͔ͫͫ· ͔͙ͫͭ͊ͪͤΎ ͔ͭͦ͟͟͡Φ 

˽͙͙͊͗ͭͤ͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍ͨͦ·΄͔͙ͤΌ ͍ͯͪͦͤΎ Ή͔͎͙͙ͤͪΦ ˻ͤ ͯͯ͡;΄͔͊ͭ ͔͔͙ͨͪͤͦͫͣͦͫͭΈ ͺ͙͙͘;͔͚ͫͦ͟ 

͎͙ͤ͊ͪͯ͘͟Φ ˨͙͎͔͙ͦͫͤͤ ͨͪͦΎ͍͡Ύ͔ͭ ͙͔͍͊ͤͭͫͭͪͫͫͦ·͚ Ήͺͺ͔ͭ͟Φ ˿͙͊ͨͦͤͤ· ͔ͯͪͨ͟͡ΎΌͭ ͙͙͔ͣͣͯͤͭͭΦ 

͍͙̅͊ͦͤͦ͒͡· ͯͯ͡;΄͊Όͭ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙ΌΦ ˽͙͙͊͗ͭͤ͟ ͙͔ͫͤ͗͊ͭ ͍͔ͯͪͦͤΈ ͙͎͙ͭͪ͡ͼ͔͙͍ͪ͒ͦΦ ˻ͤ ͔ͯͣͤΈ΄͔͊ͭ 

͙ͦ͟͡;͔͍ͫͭͦ ͍ͫͦ͋ͦ͒ͤ·ͻ ͙͗ͪͤ·ͻ ͙ͫͦͭ͟͡ ͍ ͍͙ͪͦ͟Φ ˨͙͎͔͙ͦͫͤͤ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭ ͪ͊͋ͦͭͯ Ή͙͚ͤ͒ͦͪͤͤͦ͟ 

͙͔ͫͫͭͣ·Φ ˿͙͊ͨͦͤͤ· ͯͯ͡;΄͊Όͭ ͫͦͫͭͦΎ͙͔ͤ ͙͙ͣͪͦ͋ͦͭ͟· ͙͟΄͔;͙ͤ͊͟Φ ͍͙̅͊ͦͤͦ͒͡· ͙ͫͤ͗͊Όͭ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ 

͔͙͚ͦͫͦ͗ͤͤ͡ ͙͔͒͊͋ͭ͊Φ ˽͙͙͊͗ͭͤ͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙ͤͦͪͣ͊͊͘͡ͼ͙͙ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ ˻ͤ ͔͎͙͔ͪͯͪͯͭ͡ 

Ή͔͙ͭͪͦͭͤ͟͡͡·͚ ͋͊͊ͤͫ͡Φ ˨͙͎͔͙ͦͫͤͤ ͙͔ͫͤ͗͊ͭ ͙͍͊ͭͤͦͫͭ͟Έ ͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͼ͙͙͍ͭͦͤͦ͟Φ ˿͙͊ͨͦͤͤ· 

͔͙͍ͨͦ͒͒ͪ͗͊Όͭ Ή͙͊ͫͭ͡;ͤͦͫͭΈ ͍ͫͦͫͯ͒ͦΦ ͍͙̅͊ͦͤͦ͒͡· ͔͍ͨͪ͒ͦͭͪ͊΅͊Όͭ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͍ͭͪͦͣ͋ͦΦ ˽͙͙͊͗ͭͤ͟ 

ͯͯ͡;΄͔͊ͭ ͔ͦ͋ͣͤ ͍͔΅͔͍ͫͭ ͤ͊ ͔ͭͦ͟͡;ͤͦͣ ͍͔ͯͪͦͤΦ ˻ͤ ͍ͨͦ·΄͔͊ͭ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͔͚ͭ͊ͤ͟ ͟ ͎ͦͪͣͦͤ͊͡Έͤ·ͣ 

͙͎ͫͤ͊͊ͣ͡Φ ˨͙͎͔͙ͦͫͤͤ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͔͙͔ͤ͊ͦͨͤ͟͡ ͍͙ͫͼ͔ͪ͊͡Έ͎ͤͦͦ ͙͗ͪ͊Φ ˿͙͊ͨͦͤͤ· ͯͯ͡;΄͊Όͭ ͭͪ͊ͤͫͨͦͪͭ 

͙͙͍ͨ͒ͦ͡Φ ͍͙̅͊ͦͤͦ͒͡· ͙ͤͦͪͣ͊ͯ͘͡Όͭ ͍͔ͯͪͦͤΈ ͎͙ͯͭ͊ͭͦͤ͊͡Φ ˽͙͙͊͗ͭͤ͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͯͯ͡;΄͔͙ͤΌ 

ͫ͊ͣͦ;͍͍͙ͯͫͭΎ ͙ͨͪ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙ͤΎͻΦ ˻ͤ ͔ͯͣͤΈ΄͔͊ͭ ͯͭͦͣ͡Ύ͔ͣͦͫͭΈΦ ˨͙͎͔͙ͦͫͤͤ 

͙͙͙͔ͫͭ͊͋ͪͯͭ͘͡ ͍͔ͯͪͦͤΈ ͙ͦͪͭͦ͊͘͟͡Φ ˿͙͊ͨͦͤͤ· ͯͯ͡;΄͊Όͭ ͔ͨͦ͊͊ͭ͘͟͡Έ ͙͙͎ͨ͒ͤͦͦ͡ ͨͪͦͺ͙͡ΎΦ ͍͙̅͊ͦͤͦ͒͡· 

͔ͯͣͤΈ΄͊Όͭ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͙͚ͦͫͦ͗ͤͤ͡ ͫͦ ͫͭͦͪͦͤ· ͔ͫͪ͒ͼ͊Φ ˽͙͙͊͗ͭͤ͟ ͔͚͍͔͒ͫͭͯͭ ͔ͦͣͨͫͤͦ͟͟͡ ͤ͊ ͍͔ͫΈ 

͎͙ͦͪ͊ͤͣ͘Φ ˻ͤ ͫͦ;͔͔ͭ͊ͭ ͎͙͙͙͔͙ͨͦͨ͒ͣ͡;͔͙͔ͫ͟Σ ͎͙͎͙͔͙ͨͦͣ͟͡;͔͙͔ͫ͟ ͙ ͙͙͊ͤͭͦͫ͒͊ͤͭͤ͟·͔ ͍͚͍ͫͦͫͭ͊Φ 

˨͙͎͔͙ͦͫͤͤΣ ͙ͫ͊ͨͦͤͤ· ͙ ͺ͍͙͊ͦͤͦ͒͡· ͪ͊͋ͦͭ͊Όͭ ͙͔͎͙ͫͤͪ;ͤͦΦ ˮͻ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͙͙͍͔ͯͫ͊ͭ͡ ͔͡;͔͋ͤ·͚ 

Ήͅ ͺ͔ͭ͟Φ ˽͙͙͊͗ͭͤ͟ Ύ͍͡Ύ͔ͭͫΎ ͔͔͙͍ͨͪͫͨͭͤ͟·ͣ ͙ͨͪͪͦ͒ͤ·ͣ ͔͍ͫͪ͒ͫͭͦͣ ͒͡Ύ ͔͙͙ͭͪ͊ͨ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ 

ͤ͊ͪͯ΄͔͙͚ͤΦ ˻ͤ ͔ͣͦ͗ͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͊͟͟ ͔͙͔͒ͦͨͦͤͤ͡ ͟ ͔͙͔ͣ͒͊ͣͤͭͦͤͦͣͯ͘͟ ͔͡;͔͙ͤΌΦ ˽͙͔͔͙͔ͪͣͤͤ 

͔͙ͪ͊ͫͭͤΎ ͯͯ͡;΄͔͊ͭ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ ˣ͙͎͙ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͔ ͍͔΅͔͍ͫͭ͊ ͙͙ͨ͊͗ͭͤ͊͟ 

ͨͪͦ͒ͦ͗͊͡Όͭ ͙͍͊ͭͤͦ͟ ͙ͯ͘;͊ͭΈͫΎΦ ˮ͔ͣΌ΅͙͔ͫΎ ͒͊ͤͤ·͔ ͍͔ͨͦ͒ͭͪ͗͒͊Όͭ ͙ͻ ͍·ͫͦͯ͟Ό Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΦ 

˨͙͎͔͙ͦͫͤͤ ͎͔ͨͦͣͦ͊ͭ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͎ͦͪͣͦͤ͊͡Έͤ·͚ ͺͦͤΦ ˿͙͊ͨͦͤͤ· ͙͙͙ͫͭ͊͋ͪͯ͘͡Όͭ ͍͔ͯͪͦͤΈ 

ͻ͔͔͙ͦͫͭͪͤ͊͡Φ ͍͙̅͊ͦͤͦ͒͡· ͊͘΅͙΅͊Όͭ ͔͙ͭ͟͟͡ ͦͭ ͍͔͔͙ͨͦͪ͗͒ͤΎΦ ˽͙͙͊͗ͭͤ͟ ͖ͦͫͭ͊ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͫ͊ͣ·ͻ 

͙ͯ͘;͔ͤͤ·ͻ ͺ͙͔͍ͭͦͫͪ͒ͫͭ ͙ͨͪ ͔͙ͣͭ͊͋ͦ͡;͔ͫͦͣ͟ ͙͔ͫͤ͒ͪͦͣΦ 

˨͙͎͔͙ͦͫͤͤ ͔ͨͪͦ͒ͦ͗͊ͭ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͊͟͟ ͙ͦ͒ͤ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔͔͙͍ͨͪͫͨͭͤ͟·ͻ ͙͔ͪ͊ͫͭͭ͡Έͤ·ͻ 

͔͙͍ͫͭͪͦ͒ͦΣ ͫͨͦͫͦ͋ͤ·ͻ ͔͎͙͍ͪͯͪͦ͊ͭ͡Έ ͟͡Ό;͔͍·͔ ͍͔ͤ͘ΈΎ ͔͙ͣͭ͊͋ͦͣ͊͘͡Φ ˿͙͊ͨͦͤͤ· ͙͙ͨ͊͗ͭͤ͊͟ 

͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͫͨͦͫͦ͋ͤͦͫͭΈ ͙ͫͤ͗͊ͭΈ ͙ͨͦͫͭͨͪ͊ͤ͒͊͡ΈͤͯΌ ͎͙͔͙ͣ͟͡ΌΣ ;ͭͦ ͔͔͒͊ͭ͡ ͙ͻ ͍͊͗ͤ·ͣ 

͔ͦͣͨͦͤͤͭͦͣ͟ ͍ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͙͔͒͊͋ͭ͊ ͍͎ͭͦͪͦͦ ͙ͭͨ͊Φ ͍͙̅͊ͦͤͦ͒͡· ͔͙ͪ͊ͫͭͤΎ ͙͙͍ͯͫ͊͡Όͭ 

͔͙͒ͭͦͫ͊͟͟ͼ͙ͦͤͤ·͔ ͨͪͦͼ͔ͫͫ· ͍ ͔ͨ;͔͙ͤ ͙ ͔ͨͪͨΎ͍ͭͫͭͯΌͭ ͔͙ͤ͊ͦͨͤ͟͡Ό ͙ͭͦͫ͟;ͤ·ͻ ͔͙͍ͣͭ͊͋ͦͭͦ͡Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͫͦ;͔͙͔ͭ͊ͤ ͙͎͔͙͒ͦͫͤͤ͊Σ ͙͍ͫ͊ͨͦͤͤͦ ͙ ͺ͍͙͍͊ͦͤͦ͒ͦ͡ 

͙͙͍͔ͯͫ͊ͭ͡ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͔͙͙ͭͪ͊ͨ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ ˣ͎͊ͦ͒͊ͪ͡Ύ 

͔ͦͣͨͫͤͦͣͯ͟͟͡ ͔ͣͻ͙͊ͤͣͯ͘ ͔͚͍͙͒ͫͭΎ ͙͍͊ͭͤ͟·͔ ͍͔΅͔͍ͫͭ͊ ͙͙ͨ͊͗ͭͤ͊͟ ͎ͣͦͯͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͊͟͟ 

͔ͨͦͭͤͼ͙͊͡Έͤ͊Ύ ͍ͦͫͤͦ͊ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͍ͤͦ·ͻ ͺ͙ͭͦͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫ͟ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. Acharya, S. et al. Fenugreek (Trigonella foenum-graecum L.) ς A Review of Health-Promoting Effects. 

Journal of Food Science and Nutrition, 2020. 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζCOGNITIO RERUMη                    ISSN (p) 2412-9489 / ISSN (e) 2542-1026                    Ѕ12/ 2025 

 

 

227 

2. Patel, K., Srinivasan, K. Hypoglycemic and Hypolipidemic Effects of Fenugreek Seeds. Nutrition Research 

Reviews, 2019. 

3. Basch, E. et al. Fenugreek: Systematic Review of Clinical and Preclinical Data. Journal of Herbal 

Pharmacotherapy, 2018. 

4. Madar, Z., Shomer, A. Dietary Fiber, Saponins, and Cholesterol Metabolism. American Journal of Clinical 

Nutrition, 2017. 

5. Raju, J., Bird, R. P. Role of Diosgenin in Metabolic Regulation and Anti-Diabetic Mechanisms. Planta 

Medica, 2021. 

6. Gupta, A. et al. Flavonoids and Oxidative Stress: Therapeutic Potential in Metabolic Disorders. Journal of 

Medicinal Plants Research, 2019. 

7. Deepa, B. et al. Fenugreek Seed Extract and Its Multifactorial Action on Metabolic Syndrome. 

Phytotherapy Research, 2020. 

8. WHO. Traditional Herbal Medicine and Metabolic Health. WHO Guidelines, 2022. 

ϭx ͔͙͔͍ͪ͒ ˢΦˢ., 2025 

 

 

 

 

ˣ͔͙͔͍ͪ͒ ˢΦˢ. 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ̅͊ͪͣ͊ͼ͙͙ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˾˩˿̂˾˿˹̍˯ ˽˻́˩˹̇ˮˢ˶ ¢wLDhb9[[! FOENUM-Dw!9/¦a ˹ˢ ́˩˾˾ˮ́˻˾ˮˮ ́̂˾˴˸˩˹ˮ˿́ˢ˹ˢΥ 

˻̇˩˹˴ˢ ˴ˢ̉˩˿́ˤˢΣ ˿́ˢ˹˨ˢ˾́ˮ˭ˢ̇ˮ̒ ˮ ˽˩˾˿˽˩˴́ˮˤ̍ ̅ˢ˾˸ˢ̇˩ˤ́ˮ̉˩˿˴˻˥˻ ˮ˿˽˻˶̎˭˻ˤˢ˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͔ͪͫͯͪͫͤ·͚ ͔ͨͦͭͤͼ͙͊͡ ¢ǊƛƎƻƴŜƭƭŀ ŦƻŜƴǳƳ-ƎǊŀŜŎǳƳΣ ͙ͨͪͦͪ͊ͫͭ͊͘Ό΅͔͎ͦ ͍ 

͙͊ͪ͒ͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Σ ͫ ͊͟ͼ͔ͤͭͦͣ ͤ͊ ͦͼ͔ͤͯ͟ ͊͟;͔͍ͫͭ͊Σ ͻ͙͙ͣ;͔͙͚ͫ͟ ͨͪͦͺ͙͡Έ ͙ 

͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙Ό ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͫ·ͪΈΎΦ ˽ͦ͊͊ͤͦ͘͟Σ ;ͭͦ ͙͙ͣ͊ͭ͟͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͎͙ͪͦͤ͊ 

͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͔͙ͤ͊ͦͨͤ͟͡Ό ͔͙ͫͭͪͦ͒ͤ·ͻ ͙͍ͫ͊ͨͦͤͤͦΣ ͙͎͔͙͒ͦͫͤͤ͊Σ ͺ͍͙͍͊ͦͤͦ͒ͦ͡ ͙ ͎͍͊͊ͭͦͣ͊ͤͤ͊ͤͦ͟͡Σ 

͍ͨͦ·΄͊Ό΅͙ͻ ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͔ͫͯ͟Ό ͼ͔ͤͤͦͫͭΈ ͔͙ͪ͊ͫͭͤΎΦ ˢ͙͙͔ͤ͊ͪͯͭͫ͘͡Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍͔͔͙ͤ͒ͪͤΎ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͺ͙ͭͦͻ͙͙ͣ;͔͚ͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͙͍ͤͦͪͣ͊ͭͤ·ͻ ͍ͫͭ͊ͤ͒͊ͪͭͦΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ 

͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͍ͫͦͫͭ͊͊Φ ˻͔ͭͣ;͔ͤ· ͔͔͙͍ͨͪͫͨͭ͟· ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͙ͨ͊͗ͭͤ͊͟ ͍ 

͙͍͍͔ͨͪͦͦ͒ͫͭ͘ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΣ ͙ͤͯͭͪͼ͔͍͙͍ͭͦ͟ ͙ ͎ͦͪͣͦͤ͊͡Έͤ·ͻ ͔͍ͨͪͯͪͫͦͪͦ͟Φ ˽ͦ͒;͖͙͍͔ͪ͊ͭͫ͟Ύ 

ͤ͊͘;͙ͣͦͫͭΈ ͍͙͙ͪ͊ͭ͘Ύ ͦ͊͟͡͡Έ͚ͤͦ ͫ·ͪΈ͔͍͚ͦ ͋͊͘· ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ Ή͎ͫͨͦͪͭͤͦͦ͟ ͔ͨͦͭͤͼ͙͊͊͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

Trigonella foenum-ƎǊŀŜŎǳƳΤ ͙͙ͨ͊͗ͭͤ͟Τ ͔ͪͫͯͪͫͤ·͚ ͔ͨͦͭͤͼ͙͊͡Τ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙ΎΤ ͺ͙ͭͦͻ͙͙ͣ;͔͙͚ͫ͟ 

͙͊ͤ͊͘͡Τ ͙͎͔͙͒ͦͫͤͤΤ ͙ͫ͊ͨͦͤͤ·Τ ͺ͍͙͊ͦͤͦ͒͡·Τ ͎͊͊ͭͦͣ͊ͤͤ͊ͤ͟͡·Τ ͙͊ͪ͒ͤ·͔ ͍͙ͯͫͦ͡ΎΤ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Τ 

ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͔͔ͫͦ͟ ͫ·ͪΈ͖Τ ͊͟;͔͍ͫͭͦ ͫ·ͪΈΎΤ ͺ͙͔ͭͦͨͪͨ͊ͪ͊ͭ·Τ ͙ͤͯͭͪͼ͔͍͙͙ͭ͟Φ 

 

Trigonella foenum-ƎǊŀŜŎǳƳ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͔͔͙͍ͨͪͫͨͭͤ͟·ͻ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͯ͟͡ΈͭͯͪΣ 

͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͤ͊ ͔͙͙͙ͭͪͪͭͦͪ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Φ ˢ͙ͪ͒ͤ·͔ ͍͙ͯͫͦ͡Ύ ͫͭͪ͊ͤ· ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͔͙ͤ͊ͦͨͤ͟͡Ό 

͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭ ͍ ͙͔ͪ͊ͫͭͭ͡Έͤͦͣ ͫ·ͪΈ͔Φ ˴͙͙ͣ͊ͭ͡;͔͙͔ͫ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔͎͙ͪͦͤ͊ 

ͤ͊ͨͪΎͣͯΌ ͍͙͡ΎΌͭ ͤ͊ ͻ͙͙ͣ;͔͙͚ͫ͟ ͨͪͦͺ͙͡Έ ͔ͫͣΎͤΦ ˤ·ͫͦ͊͟Ύ ͔ͫͦͤ͡;ͤ͊Ύ ͙ͪ͊͒͊ͼ͙Ύ ͙͙͍͔ͯͫ͊ͭ͡ 
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͙͙͔͙͋ͦͫͤͭͭ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͔͙ͪ͊ͫͭͤΎΦ ˹͙͊͘͟Ύ ͍͊͗ͤͦͫͭ͡Έ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͍͙ͭͦͪ;ͤ·ͻ 

͔͙͍ͣͭ͊͋ͦͭͦ͡Φ ˽͍ͦ·΄͔ͤͤ·͔ ͔͔ͭͣͨͪ͊ͭͯͪ· ͯͫͦͪ͟ΎΌͭ ͔͍͙͔ͫͦͪ͊ͤ͘ ͔ͫͣΎͤΦ ˽͙͙͊͗ͭͤ͟ ͍ ͔͙͔́ͯͪͣͤͫͭ͊ͤ͟ 

͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ ͊ͫͯ͘΄͙͍͡·ͣ ͍͙ͯͫͦ͡ΎͣΦ ̏ͭ͊ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͍ͨͦ·΄͔͊ͭ ͼ͔ͤͤͦͫͭΈ ͔͙ͪ͊ͫͭͤΎ 

͊͟͟ ͫ·ͪΈ͔͍͎ͦͦ ͔ͪͫͯͪͫ͊Φ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙ͨͪͪͦ͒ͤ·ͻ ͨͦͨͯ͡Ύͼ͙͚ ͨͦ͊͘͟·͍͔͊ͭ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ 

ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͺͦͪͣΦ ˾͙͊͘͡;͙Ύ ͍ ͔ͪ͊ͣͪ͊͘ͻ ͔ͫͣΎͤ ͍͙͊ͫ͘Ύͭ ͦͭ ͍͙͚ͯͫͦ͡ ͙͙ͨͪͦͪ͊ͫͭ͊ͤ͘ΎΦ ͙͙̆ͣ;͔͙͚ͫ͟ 

͍ͫͦͫͭ͊ ͔ͭ͊͗͟ ͙͔ͣͤ͘Ύ͔ͭͫΎ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͨͦ;͍͔ͤͤ·ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Φ ˿͔͔ͣͤ͊ ͙͘ ͨͯͫͭ·ͤͤ·ͻ ͚͍ͪ͊ͦͤͦ 

ͦ͋͊͒͊͡Όͭ ͔͔͋ͦ͡ ͍·͙ͫͦͣ͟ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ ͙͍ͫ͊ͨͦͤͤͦΦ ˤ ͔͎ͨͪ͒ͦͪͤ·ͻ ͦͤ͊͘ͻ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͍ͨͦ·΄͔ͤͤ͊Ύ 

ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ ͺ͍͙͍͊ͦͤͦ͒ͦ͡Φ ˨͙͎͔͙ͦͫͤͤ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟Σ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͣ ͍ 

ͺ͊ͪͣ͊ͼ͔͍͙͔ͭ͟Φ ˩͎ͦ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͍͊ͪΈ͙͔ͪͯͭ ͨͦ ͔͎͙ͪͦͤ͊ͣ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Φ ˤ ͍͙ͯͫͦ͡Ύͻ ͙͙͊ͪ͒ͤͦͫͭ ͍͔ͯͪͦͤΈ 

͙͎͔͙͒ͦͫͤͤ͊ ͙͎͔͒ͦͫͭ͊ͭ ͍ͨͦ·΄͔ͤͤ·ͻ ͤ͊͘;͔͙͚ͤΦ ̏ͭͦ ͔͔͒͊ͭ͡ ͔͔ͣͫͭͤͦ ͫ·ͪΈ͖ ͔ͦͤͯͪͤͭͦͫͨͦͫͦ͋ͤ͟͟·ͣΦ 

˻ͼ͔ͤ͊͟ ͊͟;͔͍ͫͭ͊ ͫ·ͪΈΎ ͍͟͡Ό;͔͊ͭ ͙ͯ͘;͔͙͔ͤ ͺ͙͙ͦ͘͟-ͻ͙͙ͣ;͔͙ͫ͟ͻ ͔͍ͨ͊ͪ͊ͣͭͪͦΦ ˸͙͊ͫ͡;ͤͦͫͭΈ ͔ͫͣΎͤ 

Ύ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ·ͣ ͙͔͙͔ͪͭͪͣ͟ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙͙Φ ˤ͊͗ͤͦͫͭ͡Έ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͙͎ͨͪͦ͒ͤͦͫͭΈ ͟ ͻ͔͙ͪ͊ͤͤΌΦ 
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˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥Φ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ͟ΦͣΦͤΦ 

 ˥ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟  

 

ˢ˶̎̅ˢ-ˢ˨˾˩˹˻ˣ˶˻˴ˢ́˻˾̍Υ ̅ˢ˾˸ˢ˴˻˶˻˥ˮ̉˩˿˴ˮ˩ ˿ˤ˻˯˿́ˤˢ ˮ ˴˶ˮ˹ˮ̉˩˿˴˻˩  

˽˾ˮ˸˩˹˩˹ˮ˩ ˤ ˿˻ˤ˾˩˸˩˹˹˻˯ ˸˩˨ˮ̇ˮ˹˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͎ͪͯͨͨ͊ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭΣ ͙͍͔ͫͭͤ͘·ͻ ͊͟͟ ͊͡Έͺ͊-

͔͊͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡·Φ ˽ͦ͒ͪͦ͋ͤͦ ͙ͦͨͫ·͍͔͊ͭͫΎ ͔ͣͻ͙͊ͤͣ͘ ͙ͻ ͔͚͍͙͒ͫͭΎΣ ͍ͦͫͤͦ͊ͤͤ·͚ ͤ͊ ͙͍͙͙͋ͦͪͦ͊ͤ͟͡ 

͔͔͊͒ͪͤͦͪͼ͔͍ͨͭͦͪͦ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͭ͊ͤ͟Ύͻ ͎͙ͦͪ͊ͤͣ͊͘Φ ˢ͙͙͔ͤ͊ͪͯͭͫ͘͡Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͤ͊ 

͔͔͙͍ͫͭͤ͟͡·͔ ͙ ͔͔͔͙͍ͤͫͭͤ͟͡·͔Σ ͊ ͔ͭ͊͗͟ ͙ͻ ͺ͙͙͎͙ͦͦ͘͡;͔͔ͫͦ͟ ͍͙͡Ύ͙͔ͤ ͤ͊ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭͯΌ ͙ 
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͊͡Έͺ͊-͔͊͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡·Σ ͔͔͊͒ͪͤͦͪͼ͔ͨͭͦͪ·Σ ͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΣ ͔͙͊ͪͭͪ͊͡Έͤ͊Ύ ͎͙͔͔͙ͨͪͭͤ͘ΎΣ 

͒ͦ͋ͪͦ͊͟;͔͍͔ͫͭͤͤ͊Ύ ͎͙͔͙ͨͪͨ͊͘͡Ύ ͔͔ͨͪ͒ͫͭ͊ͭ͡Έ͚ͤͦ ͔͔͗͘͡·Σ ͙͙ͫͣͨ͊ͭ;͔ͫ͊͟Ύ ͔͍ͤͪͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͔͙ͭͪ͊ͨΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˢ͡Έͺ͊-͔͊͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͦ͋΄͙ͪͤͯΌ ͎ͪͯͨͨͯ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫ͟ͻ ͎͔͍͊ͤͭͦΣ 

͍͚ͦͫͤͦͤͦ ͊͒͊͘;͔͚ ͦͭͦͪ͟·ͻ Ύ͍͡Ύ͔ͭͫΎ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙͔ͤ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔͙͍ͣ͒͊ͭͦͪͦ ͙͙ͫͣͨ͊ͭ;͔͚ͫͦ͟ 
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ͫͺ͙͔ͤͭͪ͊͟ͻ ͙ ͭ͊ͤ͟Ύͻ ͔͔ͨͪ͒ͫͭ͊ͭ͡Έ͚ͤͦ ͔͔͗͘͡·Φ ˣͦ͊͒͊͟͡ ͒͊ͤͤ·ͻ ͔ͪͼ͔͍ͨͭͦͪͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͙ͪ͊ͫͫ͊͋ͤ͡͡Ό 
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˸͔ͻ͙͊ͤͣ͘ ͔͚͍͙͒ͫͭΎ ͙ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ 

͎͙̅͊ͪͣ͊ͦͦ͟͡;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟ ͊͡Έͺ͊-͔͍͊͒ͪͤͦ͋ͦ͊ͭͦͪͦ͟͡ ͤ͊ͨͪΎͣͯΌ ͍͙͙͊ͫͭ͘ ͦͭ ͙ͻ ͙͙͔͋ͪ͊ͭ͘͡Έ͙ͤͦͫͭ 

ό͔͔͙͍͙ͫͭͤͦͫͭ͟͡ύ ͟ ͪ͊ͤ͘·ͣ ͙ͨͦ͒ͭͨ͊ͣ ͔ͪͼ͔͍ͨͭͦͪͦΥ 

1. ˹͔͔͔͙͍ͫͭͤ͟͡·͔ ͊͡Έͺ͊-͔͊͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡· ό͋ͦ͊ͭͦͪ͟͡· ʰψм ͙ ʰψн ͔ͪͼ͔͍ͨͭͦͪͦύΥ ˴ ͙ͤͣ 

ͦͭͤͦͫΎͭͫΎ ͙͔ͭ͊͟ ͔ͨͪͨ͊ͪ͊ͭ·Σ ͊͟͟ ͺ͔͙ͤͭͦ͊ͣͤ͡Φ ˻͙ͤ ͙͋ͦͪͯ͟͡Όͭ ͦ͋͊ ͙ͭͨ͊ ͔ͪͼ͔͍ͨͭͦͪͦΣ ;ͭͦ ͍͔͔͒ͭ ͟ 

ͣͦ΅ͤͦͣͯ ͪ͊ͫ΄͙͔͙ͪͤΌ ͍ͫͦͫͯ͒ͦΣ ͤͦ ;͊ͫͭͦ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͍·͔͚ͪ͊͗ͤͤͦ ͭ͊ͻ͙͙͔͚͊ͪ͒͟ ͙͘-͊͘ 

͍͔͔͚ͦ͒ͤͦͪͣͤͤͦ ͋ͦ͊͒͟͡· ͔͙͙ͨͪͫͤ͊ͨͭ;͔͙ͫ͟ͻ ʰψн-͔ͪͼ͔͍ͨͭͦͪͦΦ 

2. ˿͔͔͙͍ͭͤ͟͡·͔ ʰψм-͔͊͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡·Υ ̏ͭͦ ͙͔͔ͤ͊͋ͦ͡ ͍͔͍ͦͫͭͪ͋ͦ͊ͤͤ͊Ύ ͍ ͙͙͔ͤ͟͟͡ ͎ͪͯͨͨ͊ 

ό͙ͨͪ͊ͦͤ͘͘Σ ͙͒ͦͫ͊ͦͤ͘͘͟Σ ͔͙ͭͪ͊ͦͤ͘͘ύΦ ˻͙ͤ ͙͙͔͋ͪ͊ͭ͘͡Έͤͦ ͍͔͚͍ͦ͒ͫͭͯ͘Όͭ ͤ͊ ͙͙ͨͦͫͭͫͤ͊ͨͭ;͔͙͔ͫ͟ ͔ͪͼ͔ͨͭͦͪ· 

͍ͫͦͫͯ͒ͦΣ ͙ͫͤ͗͊Ύ ͦ͋΅͔͔ ͔͙ͨͪͺ͔͙ͪ;͔͔ͫͦ͟ ͙͍͔͙͔ͫͦͨͪͦͭͤ͡ ͔͋͘ ͔͎ͪͦͦ͘͟ ͍͔͙ͯ͡;͔͙ͤΎ ;͊ͫͭͦͭ· ͔͔ͫͪ͒;ͤ·ͻ 

ͫͦͪ͊͟΅͔͙͚ͤΦ 

3. ͔͔͙͍̂ͪͦͫͭͤ͟͡·͔ ʰψϑм!ϒ-͔͊͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡·Υ ˽͔ͪͨ͊ͪ͊ͭ· ͍͔ͪͦ͒ ͙ͭ͊ͣͫͯͦͤ͊͘͡ ͙ ͙͙ͫͦ͒ͦͤ͊͘͡ 

͔͚͍͒ͫͭͯΌͭ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͤ͊ ͔ͪͼ͔ͨͭͦͪ·Σ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·͔ ͍ ͎͚͊͒ͦ͟͡ ͔ͣͯͫͯ͊ͭͯͪ͟͡ ΄͔͚͙͟ ͣͦ;͔͍͎ͦͦ 

ͨͯ͘·ͪΎ ͙ ͨͪͦͫͭ͊ͭ·Σ ;ͭͦ ͔͔͒͊ͭ͡ ͙ͻ ͦͦͭ͘͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣ ͍ ͔͡;͔͙͙ͤ ͤ͊ͪͯ΄͔͙͚ͤ ͣͦ;͔͙͙ͫͨͯͫ͊ͤ͟ΎΦ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͤ͊͘;͙ͣͦͫͭΈ 

ˮ͙ͫͭͦͪ;͔͙ͫ͟ ͊͡Έͺ͊-͔͊͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡· ΄͙ͪͦͦ͟ ͙͔ͨͪͣͤΎ͙ͫ͡Έ ͊͟͟ ͔ͨͪͨ͊ͪ͊ͭ· ͔͍͚ͨͪͦ ͙͙͙ͤ͡ ͒͡Ύ 
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͔͎ͦ͋͡;͔͊ͭ ͦͭͭͦ͟ ͣͦ;͙ ͙ ͯͯ͡;΄͔͊ͭ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔ͤͭ͊Σ ͙͍͋͊͘͡ΎΎ ͔͎ͦ ͦͭ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ 

ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ ͤ͊ ͙ͪ͊ͤͤͻ ͙ͫͭ͊͒ΎͻΦ 

˻͔͙ͫͦ͋ͤͤͦͫͭ ͙͔͔͙ͨͪͣͤͤΎ ͙ ͔ͣͪ· ͔͙ͨͪ͒ͦͫͭͦͪͦ͗ͤͦͫͭ 
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˹͔ͫͣͦͭͪΎ ͤ͊ ͙ͤ͊͡;͙͔ ͨͦ͋ͦ;ͤ·ͻ Ήͺͺ͔͍ͭͦ͟Σ ͊͡Έͺ͊-͔͊͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡· ͦͫͭ͊ΌͭͫΎ ͔͔͙ͤ͊ͣͤͣ͘·ͣ 

͙͔ͤͫͭͪͯͣͤͭͦͣ ͍ ͔͔͊ͪͫͤ͊͡ ͙͎͍͊ͪ͒ͦͦͦ͟͡ ͙ ͎͍ͯͪͦͦͦ͡Σ ͍ͨͦͦ͘͡ΎΎ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͘͡·͚ 

ͨͦ͒ͻͦ͒ ͟ ͔͡;͔͙ͤΌ ͙͔ͫͫͭͣͤ·ͻ ͙ ͦ͊͟͡͡Έͤ·ͻ ͣ·΄͔;ͤ·ͻ ͍ͫͨ͊ͣͦ͘Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ͔͍͙̆͊ͪ͟; ˨ΦˢΦ ͎͙̅͊ͪͣ͊ͦͦ͟͡ΎΦ мо-͔ ͙͒͘Φ нлнм ˸͍ͦͫ͊͟Φ 

2. ˽͔͍ͭͪͦ ˤΦˮΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡Ύ ͙ ͔͙ͭͪ͊ͨΎΦ нлнл ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

3. ˮ͍͍͊ͤͦ ˿Φ˽Φ ˿͔͔ͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·͔ ͔͍ͫͪ͒ͫͭ͊ ͍ ͙͔ͨͪ͊ͭ͟͟ ͍ͪ͊;͊Φ нлнн ˹͍͙͙ͦͦͫ͋ͪͫ͟Φ 

4. ˿͍ͦͦͦ͟͡ ˢΦˤΦ ͎͙̂ͪͦͦ͡ΎΥ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͺ͔͙͙͊ͪͣ͊ͦͭͪ͊ͨ͟Φ нлмф ˩͔͙͎͊ͭͪͤ͋ͯͪ͟Φ 

5. ˹͙͙͙ͭͤ͟ ˹Φ˹Φ ˢ͔͔͎͙͒ͪͤͪ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͔͎ͪͯ͡Ύͼ͙͙ ͙͎ͫͦͫͯ͒ͫͭͦͦ ͭͦͤͯͫ͊Φ нлно ˴͊͊ͤ͘ΈΦ 

ϭ ˿ ͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥Φ, 2025 

 

 

 

 

˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥Φ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ͟ΦͣΦͤΦ 

 ˥ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟  
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˢ͡Έͺ͊-͔͙͔͙͙͊͒ͪͤͦͣͣͭ͟ ό͙͙͡ ʰ-͎͙͊ͦͤͫͭ·ύ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͊ͫͫ͟͡ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭΣ 

ͦͭͦͪ͟·͔ ͙͙ͫͭͣͯͪͯ͡Όͭ ʰ-͔͔͊͒ͪͤͦͪͼ͔ͨͭͦͪ·Σ Ύ͍͡ΎΌ΅͙͔ͫΎ ;͊ͫͭΈΌ ͙͙ͫͣͨ͊ͭ;͔͚ͫͦ͟ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Φ ͙̏ͭ 

͔ͨͪͨ͊ͪ͊ͭ· ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͙ͫͦͣ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͣ 

͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫͣ͟ Ήͺͺ͔ͭ͊ͣ͟Σ ͔͔ͨͪ͗͒ ͍͔͎ͫͦ ͙͍ͫͦͫͯ͒ͦͫͯ͗͊Ό΅͔ͣͯ ͙ ͎͙͔͔͙͍ͨͪͭͤͤͦͣͯ͘Φ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ 

ͨͦ͒ͪͦ͋ͤͦ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔ͣͦͯ͟͡͡Ύͪͤ·͚ ͔ͣͻ͙͊ͤͣ͘ ͔͚͍͙͒ͫͭΎ ʰψм- ͙ ʰψн-͔͔͊͒ͪͤͦͪͼ͔͍ͨͭͦͪͦΣ ͙ͻ 

͙ͦ͊͊͘͟͡͡ͼ͙Ύ ͍ ͎͙͔ͦͪ͊ͤͣ͘ ͙ ͍ͦͫͤͦͤ·͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͙ͦ͋͊ͫͭ͡ ͙͔͔͙ͨͪͣͤͤΎ ͊͡Έͺ͊-͔͙͔͙͍͊͒ͪͤͦͣͣͭͦ͟Σ 

͍͟͡Ό;͊Ύ ͔͡;͔͙͔ͤ ΄͍ͦͦ͟·ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͙͙ͨͦͭͤ͘Σ ͊ ͔ͭ͊͗͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍ 

ͦͺͭ͊͡Έ͎͙͙ͣͦͦ͡ ͙ ͙͙͎͎͙͙ͦͭͦͪͤͦ͊ͪͤͦͦ͡͡ ό͙͔ͤ͊ͨͪͣͪΣ ͍ ͊͟;͔͍͔ͫͭ ͙͍ͫͦͫͯ͒ͦͫͯ͗͊Ό΅͙ͻ ͔͊ͨ͟͡ΈύΦ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͨͪͦͺ͙͡Ό ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙ ͔ͨͦͭͤͼ͙͊͡Έͤ·ͣ ͨͦ͋ͦ;ͤ·ͣ Ήͺͺ͔ͭ͊ͣ͟Σ ;ͭͦ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ 

͒͡Ύ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ Ή͙ͭͻ ͣͦ΅ͤ·ͻ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͙ͫ͟ͻ ͎͔͍͊ͤͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡ 

͊͡Έͺ͊-͔͙͔͙͙͊͒ͪͤͦͣͣͭ͟Σ ʰ-͎͙͊ͦͤͫͭ·Σ ͔͔͊͒ͪͤͦͪͼ͔ͨͭͦͪ·Σ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͡Σ ͍͙͊ͦͦͤͫͭͪ͘͟͟ͼ͙Ύ, 

͎͙͔͔͙ͨͪͭͤ͘ΎΣ ͙͙͔͙͙ͫͣͨ͊ͭͦͣͣͭ͟Σ ͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˢ͡Έͺ͊-͔͙͔͙͙͊͒ͪͤͦͣͣͭ͟ Ύ͍͡ΎΌͭͫΎ ;͊ͫͭΈΌ ͦ͋΄͙͚ͪͤͦ ͎ͪͯͨͨ· ͙͙͔͙ͫͣͨ͊ͭͦͣͣͭ;͔͙ͫ͟ͻ ͙͍͊ͣͤͦ τ 

͍͔΅͔͍ͫͭΣ ͦͭͦͪ͟·͔ ͙͙͙ͣͭͪͯΌͭ ͔͚͍͙͔͒ͫͭ ͔͔͍͔ͫͭͫͭͤͤ·ͻ ͔͊ͭ͟ͻ͙͍ͦ͊ͣͤͦ͡Υ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͊͡ ͙ ͔͙͊͒ͪͤ͊ͤ͊͡Φ 

˨͔͚͍͙͔ͫͭ Ή͙ͭͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ ͙ͻ ͫͨͦͫͦ͋ͤͦͫͭΈΌ ͍ͫΎ͘·͍͊ͭΈͫΎ ͫ ͔͔͊͒ͪͤͦͪͼ͔͙ͨͭͦͪ͊ͣ 

ό͔ͪͼ͔͙ͨͭͦͪ͊ͣΣ ;͍͍͙͔ͯͫͭͭ͡Έͤ·͙ͣ ͟ ͔͙͊͒ͪͤ͊ͤͯ͡ύΣ ͦͭͦͪ͟·͔ ͔͒͡ΎͭͫΎ ͤ͊ ʰ ͙ ʲ ͙ͨͦ͒ͭͨ·Σ ͊͗͒͟·͚ ͙͘ ͦͭͦͪ͟·ͻ 

͙͔͔ͣͭ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔ ͨͦ͒͊ͫͫ͟͡· όʰψмΣ ʰψнΣ ʲψмΣ ʲψнΣ ʲψоύΦ 

˸͔ͻ͙͊ͤͣ͘ ˨͔͚͍͙ͫͭΎ ͤ͊ ˸͔ͦͯ͟͡͡Ύͪͤͦͣ ͍͔̂ͪͦͤ 

ˢ͔͔͒ͪͤͦͪͼ͔ͨͭͦͪ· ͔ͪ͊ͫͨͦͦ͗ͤ͡· ͤ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔ͭͦ͟͟͡ ͎͍ͦͪ͊ͤͦ-͙ͣ΄͔͔͚ͤ ͙ ͍ͫΎ͊ͤ͘· ͫ D-

͔͙͋͊ͣ͟͡Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͣ ͔͔͍ͨͪ͒͊͊ͭΈ ͍͔ͤ΄͙͔ͤ ͙͎ͫͤ͊͡· ͍ͤͯͭͪΈ ͔͙ͭ͟͟͡Φ 
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1. ʰψм-ˢ͔͔͒ͪͤͦͪͼ͔ͨͭͦͪ·Υ ͙̏ͭ ͔ͪͼ͔ͨͭͦͪ· ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͔ͪ͊ͫͨͦͦ͗ͤ͡· ͤ͊ 

͙͙ͨͦͫͭͫͤ͊ͨͭ;͔͙ͫ͟ͻ ͔ͣͣ͋ͪ͊ͤ͊ͻ ͎͚͊͒ͦ͟͡ ͣͯͫͯ͊ͭͯͪ͟͡· ͍ͫͦͫͯ͒ͦΣ ͣͦ;͔͍͎ͦͦ ͨͯ͘·ͪΎΣ ͊ ͔ͭ͊͗͟ ͍ ͫ͡Όͤͤ·ͻ 

͔͔͗͊͘͡ͻ ͙ ͔ͨ;͔͙ͤΦ ˮͻ ͙ͫͭͣͯ͡Ύͼ͙Ύ ό͙͔ͤ͊ͨͪͣͪΣ ͔͙ͨͪͨ͊ͪ͊ͭ͊ͣ ͙ͭͨ͊ ͔͙̅ͤ͡Ήͺ͙ͪͤ͊ύ ͙͍͙͔͊ͭͪͯͭ͟ Dǉ-͔͋ͦ͟͡Σ 

;ͭͦ ͨͪ ͙͍͙ͦ͒ͭ ͟ ͍͔͙ͯ͡;͔͙ͤΌ ͍͙͔ͤͯͭͪͭͦ͟͡;͚ͤͦ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͙͙͙ͤͦͭͦͭͪ͘͡ͺͦͫͺ͊ͭ͊ όLtоύ ͙ 

͙͒͊ͼ͙͎͙͡͡ͼ͔ͪͦ͊͡ ό5!DύΦ ˴͔ͦͤ;ͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ Ύ͍͡Ύ͔ͭͫΎ ͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤ /ŀϣнҌ ͙͘ 

͙ͫ͊ͪͦͨ͊ͣ͊ͭ͘͟͡;͔͎ͫͦͦ͟ ͔͙ͪͭͯͯͣ͊͟͡ ͙ ͍ͻͦ͒ ͊͟͡Έͼ͙Ύ ͙͘ ͍͔͔ͤͭͦ͟͡;͎ͤͦͦ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Σ ͍·͘·͍͊Ύ 

ͫͦͪ͊͟΅͔͙͔ͤ ό͙͔ͤ͊ͨͪͣͪΣ ͍͙͊ͦͦͤͫͭͪ͘͟͟ͼ͙Ό τ ͫ ͔͙͔ͯ͗ͤ ͍͔ͪͦͤͦͫͤ͟·ͻ ͍ͫͦͫͯ͒ͦύΦ 

2. ʰψн-ˢ͔͔͒ͪͤͦͪͼ͔ͨͭͦͪ·Υ ˤ ͙ͦͭ͡;͙͔ ͦͭ ʰψмΣ ʰψн-͔ͪͼ͔ͨͭͦͪ· ;͊΅͔ ͍͔͎ͫͦ ͙ͦ͊ͯ͘͟͡͡ΌͭͫΎ 

͔͙͙ͨͪͫͤ͊ͨͭ;͔͙ͫ͟ ͤ͊ ͔͚ͤͪͦͤ͊ͻΣ ͎͔͒ ͙ͦͤ ͺͯͤ͟ͼ͙͙ͦͤͪͯΌͭ ͊͟͟ ͔ͣͻ͙͊ͤͣ͘ ͚ͦ͋ͪ͊ͭͤͦ ͙ͦͭͪͼ͔͊ͭ͡Έ͚ͤͦ ͍ͫΎ͙͘Σ 

͙͎͙͙ͤ͋ͪͯΎ ͒͊͡Έ͔͚ͤ΄͔͔ ͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͊͡Φ ˽͙ͪ Ήͭͦͣ ͙ͦͤ ͔ͭ͊͗͟ ͙͍ͨͪͫͯͭͫͭͯΌͭ 

ͨͦͫͭͫ ͙͙ͤ͊ͨͭ;͔͙ͫ͟ ό͍ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͔͍͚ͤͪͤͦ ͙͔͔ͫͫͭͣΣ ͎͚͊͒ͦ͟͡ ͔ͣͯͫͯ͊ͭͯͪ͟͡Σ ͭͪͦͣ͋ͦͼ͙ͭ͊ͻύΦ ˮͻ 

͙ͫͭͣͯ͡Ύͼ͙Ύ ό͙͔ͤ͊ͨͪͣͪΣ ˴͙͙ͦͤ͒ͤͦͣ͡ύ ͙͍͙͔͊ͭͪͯͭ͟ Dƛ-͔͋ͦ͟͡Σ ͦͭͦͪ͟·͚ ͙͎͙͙͔ͤ͋ͪͯͭ ͔͙͊͒ͤ͊ͭ͡ͼ͙͊ͯ͘͟͡Σ 

͙ͫͤ͗͊Ύ ͍͔ͯͪͦͤΈ ͼ͙͙͟͡;͔͎ͫͦͦ͟ ˢ˸̅ όͼˢ˸̅ύΦ ̏ͭͦ ͍ ͙͎͔ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͔͙ͫͤ͗ͤΌ ͙͙ͫͣͨ͊ͭ;͔͚ͫͦ͟ 

͙͍͙͊ͭͤͦͫͭ͟ ͙Σ ͨ͊ͪ͊͒ͦͫ͊͟͡ΈͤͦΣ ͔ͣͦ͗ͭ ͍·͘·͍͊ͭΈ ͎͙͔͙͍ͨͦͭͤͤ͘·͚ ͙ ͔͙͍ͫ͒͊ͭͤ·͚ Ήͺͺ͔ͭ͟· ό͊͘ ͫ;͔ͭ 

ͼ͔ͤͭͪ͊͡Έ͎ͤͦͦ ͔͚͍͙͒ͫͭΎύΦ ˻͒ͤ͊ͦ͟ ͙ͨͪ ͔ͣͫͭͤͦͣ ͙͙͡ ͔͙ͨͪͺ͔͙ͪ;͔ͫͦͣ͟ ͙͔͔͙͙ͨͪͣͤͤ ͙ͦͤ ͎ͣͦͯͭ ͍·͘·͍͊ͭΈ 

͙͍ͫͦͫͯ͒ͦͫͯ͗͊Ό΅͙͚ Ήͺͺ͔ͭ͟ ό͊͟͟Σ ͙͔ͤ͊ͨͪͣͪΣ ˴͙͔͙ͫͦͣͭ͊ͦͤ͘͡͡ύΦ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ˭ͤ͊;͔͙͔ͤ ͙ ˽͙͔͔͙͔ͪͣͤͤ 

˾͙͊͘͡;͙Ύ ͍ ͔ͣͻ͙͊ͤͣ͊͘ͻ ͔͚͍͙͒ͫͭΎ ͙ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͍͙͍ͦ͋ͯͫ͊͊͡͡Όͭ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ 

͙͔͔͙ͨͪͣͤͤΎ ͊͡Έͺ͊-͔͙͔͙͍͊͒ͪͤͦͣͣͭͦ͟Υ 

¶ ˮ͔͙͍ͤͭͤͫͤ͊Ύ ͔͙ͭͪ͊ͨΎ ͙ ͔͙ͪ͊ͤͣ͊ͼ͙Ύ ό˽͔͙ͪͣͯ΅͔͍͔ͫͭͤͤͦ ʰψмύΥ ˽͔ͪͨ͊ͪ͊ͭ· ͙ͭͨ͊ ˹͔͙ͦͪ͊͒ͪͤ͊ͤ͊͡ 

͙͙͡ ͔͙̅ͤ͡Ήͺ͙ͪͤ͊ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͔͡;͔͙ͤΎ ͚ͦͫͭͪͦ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͙͙ͨͦͭͤ͘ ͙ ͍͙͊ͦ͒͊ͭ͊͘͡ͼ͙͎ͦͤͤͦͦ 

΄ͦ͊͟ ό͙͔ͤ͊ͨͪͣͪΣ ͔͙ͫͨͭ;͔͎ͫͦͦ͟ύΣ ͎ͦ͒͊͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͋·ͫͭͪͦ ͍ͨͦ·͙ͫͭΈ ͔͙͊ͪͭͪ͊͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡ ͙ 

͙͔͔ͫͫͭͣͤͦ ͙͔ͫͦͫͯ͒ͫͭͦ ͙͍͔͙͔ͫͦͨͪͦͭͤ͡ όǘŜȄǘϑ˻˽˿˿ϒύΦ 

¶ ˻͙͙͎͎͙ͭͦͪͤͦ͊ͪͤͦͦ͡͡Ύ ό˸͔ͫͭͤ·͔ ʰψм ͙ ʰψнύΥ ˹͊ͺ͙͊ͦͤ͘͡Σ ˻͙͔͙ͫͣͭ͊ͦͤ͘͟͡ ͙ ˴͙͔͙ͫͦͣͭ͊ͦͤ͘͡͡ 

͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͊͟;͔͍͔ͫͭ ͤ͊͊͘͡Έͤ·ͻ ͔͔͍ͫͨͪκ͔͊ͨ͟͡ΈΦ ˻͙ͤ ͍·͘·͍͊Όͭ ͔͙͔ͫͯ͗ͤ ͍͔ͪͦͤͦͫͤ͟·ͻ ͍ͫͦͫͯ͒ͦ 

͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͤͦͫ͊Σ ͙ͫͤͣ͊Ύ ͖ͦͭ͟ ͙ ͔͎ͦ͋͡;͊Ύ ͍͔ͤͦͫͦͦ ͒·ͻ͙͔͊ͤ ͙ͨͪ ͙͙͔ͪͤͭΦ 

¶ ˻ͺͭ͊͡Έ͎͙ͣͦͦ͡Ύ ό˽͔͙ͪͣͯ΅͔͍͔ͫͭͤͤͦ ʰψмύΥ ˮͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͙͙ͣ͒ͪ͊͊͘ όͪ͊ͫ΄͙͔͙ͪͤΎ ͪ͊͘;͊͟ύ ͙ͨͪ 

͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͨͪͦͼ͔͒ͯͪ͊ͻΦ 

¶ ˥͙͔͙ͨͪͭͦͤ;͔ͫ͊͟Ύ ͔͋ͦͤ͘͡Έ ό͔̇ͤͭͪ͊͡Έͤ·͔ ʰψнύΥ ˽͔ͪͨ͊ͪ͊ͭ·Σ ͙͔ͭ͊͟ ͊͟͟ ˴͙͙ͦͤ͒ͤ͡ όͻͦͭΎ ͔͎ͦ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͚ͫ;͊ͫ ͎͙ͦͪ͊ͤ;͔ͤͦύΣ ͍͔͚͍ͦ͒ͫͭͯ͘Όͭ ͤ͊ ʰψн-͔ͪͼ͔ͨͭͦͪ· ͍ ͍͔ͫͭͦ͡ ͎ͣͦ͊͘Σ ͙ͫͤ͗͊Ύ 

ͼ͔ͤͭͪ͊͡Έͤ·͚ ͙͙ͫͣͨ͊ͭ;͔͙͚ͫ͟ ͦͭͭͦ͟Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͔͙ͫͤ͗ͤΌ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ 

¶ ͎͙̂ͪͦͦ͡Ύ όʰψмύΥ ˹͔ͦͭͦͪ͟·͔ ͎͙͊ͦͤͫͭ· ʰψм-͔ͪͼ͔͍ͨͭͦͪͦ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͔͡;͔͙ͤΎ ͔͔͙ͤ͒ͪ͗͊ͤΎ 

ͣͦ;͙Σ ͍ͨͦ·΄͊Ύ ͭͦͤͯͫ ͫͺ͙͔ͤͭͪ͊͟ ͣͦ;͔͍͎ͦͦ ͨͯ͘·ͪΎΦ 

ˤ͊͗ͤͦ ͙ͨͦͣͤͭΈΣ ;ͭͦ ͔͍͙ͤͨͪ͊͡Έ͔ͤͦ ͙͙͡ ͙͔͒ͭ͡͡Έ͔ͤͦ ͙͔͔͙͔ͨͪͣͤͤΣ ͔ͦͫͦ͋ͤͤͦ ͔ͣͫͭͤ·ͻ 

͙͍ͫͦͫͯ͒ͦͫͯ͗͊Ό΅͙ͻ ͔͍ͫͪ͒ͫͭΣ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͔ͫͪΈ͔ͤ͘·ͣ ͨͦ͋ͦ;ͤ·ͣ Ήͺͺ͔ͭ͊ͣ͟Σ ͍͟͡Ό;͊Ύ 

͔͙͔ͣ͒͊ͣͤͭͦͤ͘͟·͚ ͙͙ͪͤͭ όͺ͔͔ͤͦͣͤ ͙ͪͦ͟΄͔ͭ͊ύ ͙ ͎͙͔͙ͨͪͭͦͤ;͔͙͚ͫ͟ ͙ͪ͘͟ ͙ͨͪ ͙͔ͫͫͭͣͤͦͣ ͍ͫ͊ͫ·͍͙͙͊ͤΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˹͙͔͍ͦ͊͟͡ ˤΦˤΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡Ύ ͙ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭΦ п-͔ ͙͒͘Φ 

˸͍ͦͫ͊͟Υ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлннΦ 

2. ˽͔͍ͭͪͦ ˢΦ˥ΦΣ ˿͙͍ͣͪͤͦ͊ ˩ΦˮΦ ˢ͔͔͎͙͒ͪͤͪ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͙ ͔͔ ͔͎ͪͯ͡Ύͼ͙ΎΦ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ˮ˨ Ϧ˹͔͍͙͚ͫ͟ 

˽͔ͪͦͫͨͭ͟ϦΣ нлнлΦ 

3. ͙͔͍̆͊͋ͪ ˾Φ̂Φ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͨͦ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͚ͤͦ ͙ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ р-͔ ͙͒͘Φ ˴͊͊ͤ͘ΈΥ 

˸͔͙͒͒͊ͭ͘Σ нлнмΦ 

4. ˿͔͍ͭͨ͊ͤͦ͊ ˶Φ˴ΦΣ ˨͙͙͔͍ͣͭͪ ˮΦˢΦ ˻͍ͫͤͦ· ͙͔͙͍͚ͤͭͤͫͤͦ ͔͙͙ͭͪ͊ͨΥ ͍͔͊ͦͨͪͫͫͦͪ͘· ͙ ͙ͤͦͭͪͦͨ·Φ 

˹͍͙͙ͦͦͫ͋ͪͫ͟Υ ˿͙͔͙͋ͣ͒͒͊ͭ͘Σ нлмфΦ 
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5. ˸͊΄͍͙͚ͦͫ͟͟ ˸Φ˨Φ ˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͍ͫͪ͒ͫͭ͊Φ мт-͔ ͙͒͘Φ ˸͍ͦͫ͊͟Υ ˹͍ͦ͊Ύ ˤͦͤ͊͡Σ нлноΦ 

6. PubMed Central (PMC) τ ͋ ͊͊͘ ͒͊ͤͤ·ͻ ͙͔͙͋ͦͣ͒ͼ͙͚ͤͫͦ͟ ͙͔ͭͪ͊ͭͯͪ͡·Υ ǿǿǿΦƴŎōƛΦƴƭƳΦƴƛƘΦƎƻǾκǇƳŎ ό͒͡Ύ 

͙ͨͦͫ͊͟ ͔͚ͫͭ͊ͭ ͨͦ Ϧʰ-adrenomimetics"). 

7. 9ǳǊƻǇŜŀƴ aŜŘƛŎƛƴŜǎ !ƎŜƴŎȅ ό9a!ύ ͦͺ͙ͼ͙͊͡Έͤ·͚ ͚ͫ͊ͭΥ ǿǿǿΦŜƳŀΦŜǳǊƻǇŀΦŜǳ ό͒͡Ύ ͙ͤͺͦͪͣ͊ͼ͙͙ ͦ 

͔͎͙ͪͫͭͪ͊ͼ͙͙ ͙ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͔͍͊ͪͫͭ͟͡ύΦ 

8. UpToDate τ ͋ ͊͊͘ ͒͊ͤͤ·ͻ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘ ό͔͔ͭͪ͋ͯͭͫΎ ͙ͨͦ͒ͨͫ͊͟ύΥ www.uptodate.com. 

ϭ ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥Φ, 2025 

 

 

 

 

˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥Φ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ͟ΦͣΦͤΦ 

 ˥ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟  

 

̅ˢ˾˸ˢ˴˻˶˻˥ˮ̒ ˣ˩́ˢ-ˢ˨˾˩˹˻˸ˮ˸˩́ˮ˴˻ˤΥ ˻́ ˸˩̆ˢ˹ˮ˭˸ˢ ˨˩˯˿́ˤˮ̒ 

 ˨ ˻ ˴˶ˮ˹ˮ̉˩˿˴˻˥˻ ˽˾ˮ˸˩˹˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˣ͔ͭ͊-͔͙͔͙͙͊͒ͪͤͦͣͣͭ͟ ό͙͙͡ ʲ -͎͙͊ͦͤͫͭ·ύ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͦ͋΄͙ͪͤ·͚ ͊ͫͫ͟͡ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ 

͔͍ͫͪ͒ͫͭΣ ͦͭͦͪ͟·͔ ͙͍͙͊ͭͪͯ͟Όͭ ͔͋ͭ͊-͔͔͊͒ͪͤͦͪͼ͔ͨͭͦͪ·Σ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·͔ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͭ͊ͤ͟Ύͻ ͎͙ͦͪ͊ͤͣ͊͘Σ 

͍ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒Έ ͍ ͋ͪͦͤͻ͊ͻΣ ͔ͫͪ͒ͼ͔Σ ͙ ͎͚͊͒ͦ͟͡ ͔ͣͯͫͯ͊ͭͯͪ͟͡ ͙ͣ͊ͭ͟Φ ˢ͙͍ͭ͊͟ͼ͙Ύ Ή͙ͭͻ ͔ͪͼ͔͍ͨͭͦͪͦ 

͔͊ͨͯͫ͊ͭ͘͟ ͊ͫ͊͒͟͟ ͍͙͔ͤͯͭͪͭͦ͟͡;ͤ·ͻ ͔ͪ͊͟ͼ͙͚Σ ͙͍ͨͪͦ͒Ύ΅͙ͻ ͟ ͔ͫͨͼ͙ͺ͙;͔͙ͫͣ͟ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫͣ͟ 

Ήͺͺ͔ͭ͊ͣ͟Φ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͨͦ͒ͪͦ͋ͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͔͋ͭ͊-͔͙͔͙͍͊͒ͪͤͦͣͣͭͦ͟ 

ό͔͔͙͍ͫͭͤ͟͡·͔ ͙ ͔͔͔͙͍ͤͫͭͤ͟͡·͔Σ ͎ͦͪͦͭͦͦ͟͟ ͙ ͙͔͒ͭ͡͡Έ͎ͤͦͦ ͔͚͍͙͒ͫͭΎύΣ ͙ͻ ͔ͣͻ͙͊ͤͣ͘ ͔͚͍͙͒ͫͭΎ ͤ͊ 

͔ͣͦͯ͟͡͡Ύͪͤͦͣ ͍͔ͯͪͦͤΣ ͊ ͔ͭ͊͗͟ ͍ͦͫͤͦͤ·͔ ͙ͦ͋͊ͫͭ͡ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎΣ ͍͟͡Ό;͊Ύ ͋ͪͦͤͻ͙͊͡ΈͤͯΌ 

͊ͫͭͣͯΣ ͻ͙ͪͦͤ;͔ͫͯ͟Ό ͙͍ͦ͋ͫͭͪͯͭͤͯ͟Ό ͔͋ͦͤ͘͡Έ ͔͎͙͟͡ͻ ό̆˻ˣ˶ύ ͙ ͊ͯ͟΄͔ͪͫͯ͟Ό ͙ͨͪ͊ͭͯ͟͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ 

͔͔ͯ͒ͤͦ͡ ͍ͦͨͪͦͫ͊ͣ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Σ ͨͦ͋ͦ;ͤ·ͻ Ήͺͺ͔͍ͭͦ͟ ͙ ͍͙͙ͪ͊ͭ͘Ύ ͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡ ͙ͨͪ ͙͔͒ͭ͡͡Έͤͦͣ 

͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͔͋ͭ͊-͔͙͔͙͙͊͒ͪͤͦͣͣͭ͟Σ ͔͋ͭ͊-͎͙͊ͦͤͫͭ·Σ ͔͔͊͒ͪͤͦͪͼ͔ͨͭͦͪ·Σ ʲψн-͔ͪͼ͔ͨͭͦͪ·Σ  

͋ͪͦͤͻ͙͊͡Έͤ͊Ύ ͊ͫͭͣ͊Σ ͻͦ͋͡Σ ͙͙͙ͭͦͦͭ͟͟͡Σ ͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˣ͔ͭ͊-͔͙͔͙͙͊͒ͪͤͦͣͣͭ͟ Ύ͍͡ΎΌͭͫΎ ͙͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭͦ ͤ͊ͤ͊͘;͔͊ͣ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͍ 

ͨͯ͡Έ͎͙͙ͣͦͤͦͦ͡Σ ͙͎ͪ͊Ύ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͙͍͙͙ͯͨͪͦ͊ͤ͟ ͋ͪͦͤͻͦͫͨ͊ͣ͊͘ ͙ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͨͪͦͻ͙͙ͦ͒ͣͦͫͭ 

͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΦ ˮͻ ͦͭͪ͟·͙͔ͭ ͙ ͍͔͔͙͔ͤ͒ͪͤ ͍ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͙ͨͪ͊ͭͯ͟͟ ͫͭ͊ͦ͡ ͔͍ͪͦ͡Όͼ͙ͦͤͤ·ͣ ΄͎͊ͦͣ ͍ 

͔͡;͔͙͙ͤ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͊ͫͭͣ· ͙ ͙̆ͪͦͤ;͔͚ͫͦ͟ ˻͙͍͚͋ͫͭͪͯͭͤͦ͟ ˣ͔͙ͦͤ͘͡ ˶͔͎͙͟ͻ ό̆˻ˣ˶ύΦ 

мΦ ˸͔ͦͯ͟͡͡Ύͪͤ·͚ ˸͔ͻ͙͊ͤͣ͘ ˨͔͚͍͙ͫͭΎ 

˨͔͚͍͙͔ͫͭ ͔͋ͭ͊-͔͙͔͙͍͊͒ͪͤͦͣͣͭͦ͟ ͔͍ͦͨͦͫͪ͒ͦ͊ͤͦ ͙ͻ ͍ͫΎ͘·͍͙͔͊ͤͣ ͫ ͔͋ͭ͊-͔͔͊͒ͪͤͦͪͼ͔͙ͨͭͦͪ͊ͣΣ 

ͦͭͦͪ͟·͔ ͦͭͤͦͫΎͭͫΎ ͟ ͔͔͚͍ͫͣͫͭͯ D-͔͋ͦ͟͡-ͫͦͨͪΎ͔͗ͤͤ·ͻ ͔ͪͼ͔͍ͨͭͦͪͦ όDt/wύΦ ˿ͯ΅͔͍͔ͫͭͯͭ ͙ͭͪ ͍ͦͫͤͦͤ·ͻ 

͙ͨͦ͒ͭͨ͊ ʲ-͔ͪͼ͔͍ͨͭͦͪͦΥ 

¶ ʲψм-͔ͪͼ͔ͨͭͦͪ·Υ ˽͔͙ͪͣͯ΅͔͍͔ͫͭͤͤͦ ͔ͪ͊ͫͨͦͦ͗ͤ͡· ͍ ͙͔ͣͦ͊ͪ͒͟ ό͔ͫͪ͒ͼ͔ύ ͙ ͍͔ͦͭ;͊Όͭ ͊͘ 

͍͔͙ͯ͡;͔͙͔ͤ ;͊ͫͭͦͭ· ͙ ͙ͫ͡· ͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤ ό͙͔ͨͦͦ͗ͭ͡͡Έͤ·͚ ͻͪͦͤͦͭͪͦͨͤ·͚ ͙ ͙ͤͦͭͪͦͨͤ·͚ 

Ήͺͺ͔ͭ͟·ύΦ 

https://www.uptodate.com/
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¶ ʲψн-͔ͪͼ͔ͨͭͦͪ·Υ ˤ ͋ͦ͡Έ΄ͦͣ ͙ͦ͟͡;͔͍͔ͫͭ ͤ͊ͻͦ͒ΎͭͫΎ ͍ ͎͚͊͒ͦ͟͡ ͔ͣͯͫͯ͊ͭͯͪ͟͡ ͋ͪͦͤͻ͍ͦΣ ͙ͣ͊ͭ͟ ͙ 

͍͔ͪͦͤͦͫͤ͟·ͻ ͍ͫͦͫͯ͒ͦΦ ˮͻ ͙͍͊ͭ͊͟ͼ͙Ύ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͙ͪ͊ͫͫ͊͋ͤ͡͡Ό ͎͚͊͒ͦ͟͡ ͣͯͫͯ͊ͭͯͪ͟͡· 

ό͋ͪͦͤͻ͙ͦ͒͊ͭ͊͡ͼ͙ΎΣ ͙͙ͭͦͦͭ͟͡;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟ύΦ 

¶ ʲψо-͔ͪͼ͔ͨͭͦͪ·Υ ˻͙͍͋ͤ͊ͪͯ͗͊ΌͭͫΎ ͍ ͙͍͚͗ͪͦͦ ͙ͭ͊ͤ͟ ͙ ͍͔ͦͭ;͊Όͭ ͊͘ ͙͙ͨͦ͘͡͡ ͙ ͔͎͔͔ͭͪͣͦͤ͘Φ 

˽͙ͪ ͍ͫΎ͘·͍͙͙͊ͤ ͔͋ͭ͊-͔͙͔͙͊͒ͪͤͦͣͣͭ͊͟ ͫ ͔ͪͼ͔ͨͭͦͪͦͣ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͙͍͊ͭ͊͟ͼ͙Ύ ͙͙ͫͭͣͯͪͯ͡Ό΅͔͎ͦ 

G_s-͔͋͊͟͡Φ ̏ͭͦΣ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͙͙͔ͫͭͣͯͪͯͭ͡ ͺ͔͔ͪͣͤͭ ͔͙͊͒ͤ͊ͭ͡ͼ͙͊ͯ͘͟͡Σ ͦͭͦͪ͟·͚ ͙͙͔͊ͭ͊ͪͯͭ͘͟͡ 

͔͍ͨͪͪ͊΅͔͙͔ͤ ͔͙͙͊͒ͤͦͤͭͪ͘ͺͦͫͺ͊ͭ͊ όˢ́̅ύ ͍ ͼ͙͙͟͡;͔͙͚ͫ͟ ͔͙͊͒ͤͦͤͣͦͤͦ͘ͺͦͫͺ͊ͭ όͼˢ˸̅ύΦ ͍͔͙̂͡;͔͙͔ͤ 

ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͼˢ˸̅ ͍ ͔͔ͭ͟͟͡ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͍͙ͭͦͪ;ͤ·ͣ ͔͙ͨͦͫͪ͒ͤͦͣ͟Σ ͦͭͦͪ͟·͚ ͙͍͙͔͊ͭͪͯͭ͟ 

͔͙͙ͨͪͦͭͤͤ͊ͯ͘͟ ! όtY!ύΦ ˤ ͋ͪͦͤͻ͊ͻ tY! ͍·͘·͍͔͊ͭ ͺͦͫͺ͙͙͍͙͔ͦͪͪͦ͊ͤ͡ ͪΎ͒͊ ͔͍͋ͦ͟͡Σ ;ͭͦ ͍ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦ 

͙͍͙ͨͪͦ͒ͭ ͟ ͙͔͙ͫͤ͗ͤΌ ͍͙͔ͤͯͭͪͭͦ͟͡;͚ͤͦ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͙͍ͦͤͦ /ŀϣнҌ ͙ ͔͙ͪ͊ͫͫ͊͋ͤ͡͡Ό ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ 

͎͚͊͒ͦ͟͡ ͣͯͫͯ͊ͭͯͪ͟͡· ό͋ͪͦͤͻ͙ͦ͒͊ͭ͊͡ͼ͙͙ύΦ 

ˢ͎͙ͦͤͫͭ Ҍ ʲ -˾͔ͼ͔ͨͭͦͪ ǘƻ Dψǎ-͔͋ͦ͟͡ ǘƻ ˢ͔͙͒ͤ͊ͭ͡ͼ͙͊͊͘͟͡ ǳǇŀǊǊƻǿ ǘƻ ͼˢ˸̅ ǳǇŀǊǊƻǿ ǘƻ 

ˣͪͦͤͻ͙ͦ͒͊ͭ͊͡ͼ͙Ύ 

нΦ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ ˴͙͙ͤ͡;͔͔ͫͦ͟ ˭ͤ͊;͔͙͔ͤ 

ˣ͔ͭ͊-͔͙͔͙͙͊͒ͪͤͦͣͣͭ͟ ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭͫΎ ͨͦ ͍͒ͯͣ ͍ͦͫͤͦͤ·ͣ ͨ ͙ͪͤ͊͊ͣ͘͟Υ 

˽͙ͪͤ͊͘͟ ˴͎ͦͪͦͭͦͦ͟ ˨͔͚͍͙ͫͭΎ ό˴˨ˣˢ κ {!.!ύ ˨͙͔ͭ͡͡Έ͎ͤͦͦ ˨͔͚͍͙ͫͭΎ ό˨˨ˣˢ κ [!.!ύ 

˨͙͔ͭ͡͡ΈͤͦͫͭΈ ̏ͺͺ͔ͭ͊͟ 4-с ;͍͊ͫͦ мн ;͍͊ͫͦ ͙ ͔͔͋ͦ͡ 

˽͙͔͔͙͔ͪͣͤͤ ˴͙͍͙͔ͯͨͪͦ͊ͤ ͦͫͭͪ·ͻ ͙͍ͨͪͫͭͯͨͦ ό͔ͫͨ͊ͫ͊ͭ͡Έͤ͊Ύ ͔͙ͭͪ͊ͨΎύ ˣ͙͊ͫͤ͊͘Ύ ό͔͙͍ͨͦ͒͒ͪ͗͊Ό΅͊Ύύ ͔͙ͭͪ͊ͨΎ 

˽͙͔ͪͣͪ· ˿͊͡Έ͋ͯͭ͊ͣͦ͡Σ ͔͔̅ͤͦͭͪͦ͡ ˿͊͡Έ͔͔ͣͭͪͦ͡Σ ͔̅ͦͪͣͦͭͪͦ͡ 

 

ˣͦ͡Έ΄͙͍ͤͫͭͦ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ Ύ͍͡ΎΌͭͫΎ ͔͔͙͍ͫͭͤ͟͡·͙ͣ ʲψн-͎͙͙͊ͦͤͫͭ͊ͣ ό͙͔ͤ͊ͨͪͣͪΣ 

˿͊͡Έ͋ͯͭ͊ͣͦ͡Σ ͔̅ͦͪͣͦͭͪͦ͡ύΣ ͨͦͫͦ͟͡Έͯ͟ ͙ͻ ͔͙ͨͪͣͯ΅͔͍͔͔ͫͭͤͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ʲψн-͔ͪͼ͔ͨͭͦͪ· ͋ͪͦͤͻ͍ͦ 

͍ͨͦͦ͘͡Ύ͔ͭ ͙͒ͦͫͭ;Έ ͋ͪͦͤͻ͙ͦ͒͊ͭ͊͡ͼ͙͙ ͫ ͙͙ͣͤͣ͊͡Έͤ·ͣ ͍͙͡Ύ͙͔ͤͣ ͤ͊ ʲψм-͔ͪͼ͔ͨͭͦͪ· ͔ͫͪ͒ͼ͊Σ ͙ͫͤ͗͊Ύ 

͙ͪͫ͟ ͙͊ͪ͒͊͟͡Έͤ·ͻ ͨͦ͋ͦ;ͤ·ͻ Ήͺͺ͔͍ͭͦ͟Φ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤΥ 

¶ ˽ͯ͡Έ͎͙ͣͦͤͦͦ͡ΎΥ ˴˨ˣˢ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͋·͎ͫͭͪͦͦ ͔͎ͦ͋͡;͔͙ͤΎ ͙͍ͫͣͨͭͦͣͦ ͊ͫͭͣ· ͙ ̆˻ˣ˶Φ ˨˨ˣˢ 

͍͔͎ͫ͒͊ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͫ ͙͎ͤ͊͡Ύͼ͙ͦͤͤ·͙ͣ ͎͡Ό͙͔͙͙ͦͦͪͭͦͫͭͪͦ͒͊ͣ͟͟͟ ͒͡Ύ ͎͒ͦͦͫͪͦ͡;͎ͤͦͦ 

ͦͤͭͪͦ͟͡Ύ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

¶ ˢͯ͟΄͔͍ͪͫͭͦ ό͙́ͦͦ͘͟͡ύΥ ˹͔ͦͭͦͪ͟·͔ ʲψн-͎͙͊ͦͤͫͭ· ό͙͔ͤ͊ͨͪͣͪΣ ˥͔͔͙ͫͦͨͪͤ͊ͤ͟͡ύ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͊͟͟ 

͙͙͙ͭͦͦͭ͟͟͡ ͒͡Ύ ͔͙ͪ͊ͫͫ͊͋ͤ͡͡Ύ ͣͯͫͯ͊ͭͯͪ͟͡· ͙ͣ͊ͭ͟ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͔͔͍͔͔ͨͪ͗͒ͪͣͤͤ·ͻ ͍ͪͦ͒ͦΦ 

¶ ˴͙͎͙͊ͪ͒ͦͦ͡ΎΥ ˹͔͔͔͙͍ͫͭͤ͟͡·͔ ʲ-͎͙͊ͦͤͫͭ· ό͙͔ͤ͊ͨͪͣͪΣ ˮ͔͙ͦͨͪͤ͊ͤ͘͡ύ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͔ͪ͒ͦ͟ ͙Σ ͊͟͟ 

͍͙ͨͪ͊ͦ͡Σ ͍ Ή͔ͫͭͪͤͤ͟·ͻ ͙ͫͭͯ͊ͼ͙ΎͻΣ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͙͙͔͚͋ͪ͊͒͊ͪ͒͟ ͙͙͡ ͚͋ͦ͊͒ͦ͟͡ ͔ͫͪ͒ͼ͊Φ 

оΦ ˣ͔ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͔́ͦͪ͊ͤͭͤͦͫͭ͡Έ 

˽͙ͪ ;͊ͫͭͦͣ ͙͙͡ ͙͔͒ͭ͡͡Έͤͦͣ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͔͋ͭ͊-͔͙͔͙͍͊͒ͪͤͦͣͣͭͦ͟ ͔ͣͦ͗ͭ ͍͙͍ͪ͊͊ͭ͘ΈͫΎ 

͔ͭͦͪ͊ͤͭͤͦͫͭ͡Έ όͭ͊ͻ͙ͺ͙͙͊ͫ͟͡ΎύΣ ͍ͫΎ͊ͤͤ͊͘Ύ ͫ ͔͔͙͙͒ͫͤͫͭ͊͘ͼ͙͔͚ ό͔ͯͣͤΈ΄͔͙͔ͤͣ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭύ ͙ ͒͊ͯͤ-

͔͎ͪͯ͡Ύͼ͙͔͚ ό͔ͯͣͤΈ΄͔͙͔ͤͣ ͙ͦ͟͡;͔͍ͫͭ͊ύ ʲψн-͔ͪͼ͔͍ͨͭͦͪͦΦ ̏ͭͦ ͙͔ͫͤ͗͊ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͡;͔͙ͤΎΦ ˴͔ͪͦͣ 

͎ͭͦͦΣ ;͔͔͔ͪͣͪͤͦ͘ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ˴˨ˣˢ ό͔͔͋ͦ͡ н ͪ͊͘ ͍ ͔͔ͤ͒͡Όύ Ύ͍͡Ύ͔ͭͫΎ ͙ͨͪͤ͊ͦͣ͘͟ ͨͦ͡ͻ͎ͦͦ ͦͤͭͪͦ͟͡Ύ 

͊ͫͭͣ· ͙ ͍ͫΎ͊ͤͦ͘ ͫ ͍ͨͦ·΄͔ͤͤ·ͣ ͙ͪͫͦͣ͟ ͔ͫͪΈ͔ͤ͘·ͻ ͨͦ͋ͦ;ͤ·ͻ Ήͺͺ͔͍ͭͦ͟Σ ͙ͭ͊͟ͻ ͊͟͟ ͭ͊ͻ͙͙͊ͪ͒͟ΎΣ ͔ͭͪͣͦͪΣ 

͎͙͙͔͙ͨͦ͊ͣ͟͡Ύ ͙Σ ͨ͊ͪ͊͒ͦͫ͊͟͡ΈͤͦΣ ͍ͨͦ·΄͔ͤͤ͊Ύ ͔͙͍ͪ͊ͭͤͦͫͭ͟Έ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΦ ˽ͦΉͭͦͣͯ ˨˨ˣˢ 

͙͎ͤͦ͒͊͟ ͔ͤ ͒ͦ͗ͤ͡· ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͍ ͔͙͙ͣͦͤͦͭͪ͊ͨ ͊ͫͭͣ· ͔͋͘ ͙͎ͤ͊͡Ύͼ͙ͦͤͤ·ͻ ͔͙͍ͫͭͪͦ͒ͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˹͙͙͙ͭͤ͟ ˤΦ˿Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΥ ͍ͦͫͤͦ· ͙ ͙ͨͪ͊ͭ͊͟͟Φ п-͔ ͙͒͘Φ ˸͍ͦͫ͊͟Υ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлннΦ 

2. ˮ͍͍͊ͤͦ͊ ˢΦ˶ΦΣ ˽͔͍ͭͪͦ ˥Φ˴Φ ˣͪͦͤͻ͙͊͡Έͤ͊Ύ ͊ͫͭͣ͊Υ ͍͔͔ͫͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͔͡;͔͙ͤΌΦ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ 

̏˶ˣˮ-˿˽͋Σ нлнмΦ 

3. ˿͙͍͒ͦͪͦ ˸ΦˤΦ ˢ͔͔͎͙͒ͪͤͪ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͙ ͔͔ ͔͎ͪͯ͡Ύͭͦͪ·Φ ˹͍͙͙ͦͦͫ͋ͪͫ͟Υ ˹͊ͯ͊͟Σ нлмфΦ 
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4. ˸͊΄͍͙͚ͦͫ͟͟Σ ˸Φ ˨Φ ˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͍ͫͪ͒ͫͭ͊Φ мт-͔ ͙͒͘Φ ̆͊ͪΈ͍ͦ͟Υ ͙͎́ͦͪͫͤΣ нлнлΦ 

5. ˴͍ͦͦ͘͡ ˨ΦˢΦ ˻͍ͫͤͦ· ͔͙͚ͪͫͨͪ͊ͭͦͪͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ ˿͊ͣ͊ͪ͊Υ ˢͪͭ-˶͙͙ͤΎΣ нлноΦ 

ϭ ˿ ͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥Φ, 2025 

 

 

 

 

͚͍̆ͯ͒͊͊͊ͪͦ͊͘ ˥ͯ͡Έ΄͙͙ͪͤ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

ˤˤ˩˨˩˹ˮ˩ ˤ ˨ˮˢ˥˹˻˿́ˮ˴̂ ˭ˢˣ˻˶˩ˤˢ˹ˮ˯Υ ˽˾ˮ˹̇ˮ˽̍ ˮ ˸˩́˻˨̍ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͍ͦͫͤͦͤ·͔ ͦͤ͟ͼ͔ͨͼ͙͙ ͙ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ 

͔͍͙͚͊͋ͦ͊ͤ͘͡ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙͔ͤΦ ˾͔͊ͫͫͣͦͭͪͤ· ͟͡Ό;͔͍·͔ Ήͭ͊ͨ· ͙͎͙͒͊ͤͦͫͭ;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊Σ 

ͤ͊;͙ͤ͊Ύ ͦͭ ͫ͋ͦͪ͊ ͔͊ͤ͊ͣͤ͊͘ ͙ ͺ͙͙͊͘͟͡Έ͎ͤͦͦ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡Ύ ͒ͦ ͙͔͔͙ͨͪͣͤͤΎ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·ͻ 

͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦΦ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͪͦ͡Έ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡Ύ ͍ͪ͊;͊Σ 

ͤ͊͘;͙ͣͦͫͭΈ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͙͔͎ͤͭͪ͊ͼ͙͙ ͒͊ͤͤ·ͻ ͒͡Ύ ͍͙ͨͦͫͭ͊ͤͦ͟ ͭͦ;͎ͤͦͦ ͙͎͒͊ͤͦ͊͘Φ 

˾͊͋ͦͭ͊ ͊͟ͼ͔͙͔ͤͭͪͯͭ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͭͦͣΣ ;ͭͦ ͍͔͍͔͔ͫͦͪͣͤͤ͊Ύ ͙ ͔ͦͪͪͭͤ͊͟͟Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ 

͒͡Ύ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͔͡;͔͙ͤΎ ͙ ͯͯ͡;΄͔͙ͤΎ ͎ͨͪͦͤͦ͊͘ ͒͡Ύ ͨ͊ͼ͙͔ͤͭ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͊ͤ͊ͣͤ͘Σ ͺ͙͙͊͘͟͡Έ͔ͤͦ ͔͍͙͔ͦ͋ͫ͒ͦ͊ͤ͡Σ ͊͋ͦͪ͊ͭͦͪͤ͡·͔ ͔ͣͭͦ͒·Σ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ 

͔ͣͭͦ͒·Σ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έͤ·͚ ͙͎͒͊ͤͦ͘Σ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡Σ ͙͙͎ͫͪͤͤ͟Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ όͦͭ ͎͔ͪ;Φ diagnosis τ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦ͗ͤ͡·͚Σ 

͎͔ͣͤͦͦͫͭͯͨͤ;͊ͭ·͚ ͨͪͦͼ͔ͫͫ ͙ͨͦͤ͊ͤ͘ΎΣ ͼ͔͡ΈΌ ͎ͦͭͦͪͦͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͔͙͔ͯͫͭ͊ͤͦͤ͡ ͫͯ΅͙ͤͦͫͭ 

͎͙ͨ͊ͭͦͦ͡;͔͎ͫͦͦ͟ ͫͦͫͭͦΎ͙ͤΎ ͨ͊ͼ͙͔ͤͭ͊Φ ˤͫΎ ͔͔͍͙ͭͪ͊ͨͭ;͔ͫ͊͟Ύ ͙ ͻ͙͎͙ͪͯͪ;͔ͫ͊͟Ύ ͙ͭ͊ͭ͊͟͟Σ ͊ ͔ͭ͊͗͟ 

͔ͨͦͫ͒ͯ͡Ό΅͙͚ ͎ͨͪͦͤͦ͘Σ ͙͋͊ͪͯ͘ΌͭͫΎ ͤ͊ ͭͦ;͙ͤͦͫͭ ͍͔͎ͨͦͫͭ͊ͤͤͦͦ͡ ͙͎͒͊ͤͦ͊͘Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͎͙͒͊ͤͦͫͭ͊͟ 

Ύ͍͡Ύ͔ͭͫΎ ͔͎ͪ͊ͯͦ͟͡Έͤ·ͣ ͔͊ͣͤͣ͟ ͍͔͚ͫ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͔͙ͣ͒ͼ͙ͤ·Φ 

ˮ͙ͫͭͦͪ;͔͙ͫ͟ ͙͎͙͒͊ͤͦͫͭ;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫ ͍͙͍ͪ͊͊ͫ͘͡Ύ ͦͭ ͙͙͙͍ͨͪͣͭͤ·ͻ ͤ͊͋͡Ό͔͙͚͒ͤ ͙ ͙͙͙͍ͤͭͯͭͤ·ͻ 

͔͔͙͚ͨͪ͒ͨͦͦ͗ͤ͡ ͒ͦ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·ͻ ͔͍ͣͭͦ͒ͦΣ ͍ͦͫͤͦ͊ͤͤ·ͻ ͤ͊ ͙͔͙͒ͦͫͭ͗ͤΎͻ ͺ͙͙͙͘͟Σ ͻ͙͙͙ͣ ͙ 

͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͎͙͙͋ͦͦ͡Φ ͔́ͣ ͔ͤ ͔͔͔ͣͤΣ ͔͒͊͗ ͍ ͍͙ͯͫͦ͡Ύͻ ͍͙͚ͪ͊ͭͦ͘ ͊ͨͨ͊ͪ͊ͭͯͪ·Σ ͔͍͙ͨͪ;͔ͤͦ ͍͔ͤͦ͘ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͔ͦͫͭ͊ͭͫΎ ͔͙͔ͤͣͤͤ͘·ͣ τ Ήͭͦ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡ ͍ͪ͊;͊Σ ͔͎ͦ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ ͙͊ͤ͊ͯ͘͡ ͙ 

͙͔ͫͤͭͯ͘ ͙ͤͺͦͪͣ͊ͼ͙͙Σ ͨͦͯ͡;͔͚ͤͤͦ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͦͭ ͨ͊ͼ͙͔ͤͭ͊Φ ˨͙͎͙͊ͤͦͫͭ͊͟ ͤ͊;͙͔ͤ͊ͭͫΎ ͫͦ ͫ͋ͦͪ͊ 

͔͊ͤ͊ͣͤ͊͘ όͪ͊ͫͫͨͪͦͫ͊ύΦ ˤͪ͊; ͍·ΎͫͤΎ͔ͭ ͗͊ͦ͋͡· ͨ͊ͼ͙͔ͤͭ͊Σ ͙͙ͫͭͦͪΌ ͍͙͙ͪ͊ͭ͘Ύ ͤ͊ͫͭͦΎ΅͔͎ͦ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ 

(anamnesis morbiύΣ ͊ ͔ͭ͊͗͟ ͙͙ͫͭͦͪΌ ͙͙͗ͤ͘ όanamnesis vitaeύΣ ͍͟͡Ό;͊Ύ ͔͍͔ͤ͊ͫ͒ͫͭͤͤͦͫͭ͡ΈΣ ͔͔͔͔ͨͪͤͫͤͤ·͔ 

͔͙͋ͦͤ͘͡Σ ͍͙ͯͫͦ͡Ύ ͭͪͯ͒͊ ͙ ͋·ͭ͊Φ ˴͊;͔͍͔ͫͭͤͤ·͚ ͔͊ͤ͊ͣͤ͘Σ ͍ͫͦͫͭ͊͡ΎΌ΅͙͚ ͒ͦ сл-ул҈ ͙͎͙͒͊ͤͦͫͭ;͔͚ͫͦ͟ 

͙ͤͺͦͪͣ͊ͼ͙͙Σ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͤ ͭͦ͡Έͦ͟ ͙ͫͯͭ͘Έ ͎ͪͯ͟ ͍ͦͣͦ͗ͤ͘·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͤͦ ͙ ͍·Ύ͍͙ͭΈ ͔ͨͦͭͤͼ͙͊͡Έͤ·͔ 

ͺ͊ͭͦͪ͟· ͙ͪͫ͊͟Σ ;ͭͦ ͚͔ͪ͊ͤ͟ ͍͊͗ͤͦ ͒͡Ύ ͨͪͦͺ͙͙͊ͭ͟͡;͔͚ͫͦ͟ ͔͙ͣ͒ͼ͙ͤ·Φ ˿͔͒ͯ͡Ό΅͙ͣ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ 

Ήͭ͊ͨͦͣ Ύ͍͡Ύ͔ͭͫΎ ͺ͙͙͊͘͟͡Έ͔ͤͦ ͔͍͙͔ͦ͋ͫ͒ͦ͊ͤ͡ όͦͫͣͦͭͪΣ ͨ͊͡Έͨ͊ͼ͙ΎΣ ͔͙ͨͪͯͫͫ͟Ύ ͙ ͊ͯͫͯ͟͡Έͭ͊ͼ͙ΎύΦ ͙̏ͭ 

͔ͣͭͦ͒·Σ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·͔ ͔͙ͫͭͦͭ͡Ύ ͤ͊͊͒͘Σ ͫͦͻͪ͊ͤΎΌͭ ͍ͫͦΌ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͔͚ͫͦ ͔ͨͪͦͫͭͦͭΣ 

͙͒ͦͫͭͯͨͤͦͫͭ ͙ ͍·͚ͫͦͦ͟ ͙ͤͺ͙͍͙ͦͪͣ͊ͭͤͦͫͭ ͙ͨͪ ͍͙ͨͪ͊͡Έͤͦͣ ͍·͔͙͙ͨͦͤͤ͡Φ ˹͙͔͊ͨͪͣͪΣ ͔͙ͨͪͯͫͫ͟Ύ 
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͍ͨͦͦ͘͡Ύ͔ͭ ͦͼ͔͙ͤͭΈ ͔ͪ͊ͣͪ͘· ͎͍ͦͪ͊ͤͦ ͙ ͙ͤ͊͡;͙͔ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͔͙͚ͫͦͨͤ͟͡ ͙͙͗͒ͦͫͭ͟ ͙͙͡ ͎͊͊͘Σ ͊ 

͊ͯͫͯ͟͡Έͭ͊ͼ͙Ύ τ ͯͫ͡·΄͊ͭΈ ͻ͔͊ͪ͊ͭͪͤ͟·͔ ΄ͯͣ· ͔ͫͪ͒ͼ͊ ͙͙͡ ͻ͙ͪͨ· ͍ ͔͎͙͟͡ͻΦ ˿͍͔͔ͦͪͣͤͤ·͚ Ήͭ͊ͨ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͔ͤͣ·͙ͫͣ͡ ͔͋͘ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦΦ ˶͊͋ͦͪ͊ͭͦͪͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

όͦ͋΅͙͚ ͙͊ͤ͊͘͡ ͍͙ͪͦ͟ ͙ ͣͦ;͙Σ ͙͋ͦͻ͙͙ͣ;͔͙͔ͫ͟Σ ͙͎͙ͣͣͯͤͦͦ͡;͔͙͔ͫ͟Σ ͔ͣͦͯ͟͡͡Ύͪͤͦ-͎͔͔͙ͤͭ;͔͙͔ͫ͟ ͔ͭͫͭ·ύ 

͔͍ͨͪ͒ͦͫͭ͊͡ΎΌͭ ͦ͋Ά͔͙͍ͭͤ͟·͔ ͒͊ͤͤ·͔ ͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦͣ ͫͦͫͭͦΎ͙͙ͤ ͎͙ͦͪ͊ͤͣ͊͘ ͤ͊ ͔ͭͦ͟͡;ͤͦͣ ͙ 

͔ͣͦͯ͟͡͡Ύͪͤͦͣ ͍ͯͪͦͤΎͻΦ ˮ͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ ͔ͣͭͦ͒· ό̂˭ˮΣ ͔͎͔͎ͪͤͭͤͦͪ͊ͺ͙ΎΣ ˴́Σ ˸˾́Σ Ή͙ͤ͒ͦͫͦͨ͟Ύύ ͒͊Όͭ 

͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍͙͙͙͍ͯ͊ͪͦ͊ͭ͘͘͡Έ ͍͔͙͔ͤͯͭͪͤͤ ͎ͦͪ͊ͤ·Σ ͦͼ͔͙ͤͭΈ ͙ͻ ͫͭͪͯͭͯͪͯ͟Σ ͔ͪ͊ͣͪ͘· ͙ ͍·Ύ͍͙ͭΈ 

͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͦ;͎͙͊Φ ˽ͦͫͭͦΎ͔ͤͤͦ ͍͙͙͔ͪ͊ͭ͘ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙ͭ͊͟ͻ ͊͟͟ ͙͗͒ͦͫͭͤ͊͟Ύ ͙͙͋ͦͨͫΎ ͙͙͡ ˽̏́-˴́Σ 

͍ͨͦͦ͘͡Ύ͔ͭ ͍ͪ͊;͊ͣ ͙ͨͪͦͤ͊ͭ͟Έ ͍͎ͯ͋͡Έ ͎͔͔ͨ͊ͭͦͤ͊͘Σ ͍ͨͦ·΄͊Ύ ͭͦ;ͤͦͫͭΈ ͙͎͙͙͒͊ͤͦͫͭ͟ ͒ͦ ͔͔͋ͫͨͪͼ͔͔͎͒ͤͭͤͦͦ 

͍ͯͪͦͤΎΦ ˴ͯ͡Έ͙ͣͤ͊ͼ͙͔͚ ͙͎͙͒͊ͤͦͫͭ;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊ Ύ͍͡Ύ͔ͭͫΎ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έͤ·͚ ͙͎͒͊ͤͦ͘ τ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔ͤͦ ͙ͫ͟͡Ό;͔͙͔ͤ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͙͔ͣΌ΅͙ͻ ͫͻͦ͗ͯΌ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͙͊ͪͭͤͯ͟Φ ˭͊͒͊;͊ ͍ͪ͊;͊ τ 

͔ͤ ͨͪͦͫͭͦ ͚͙ͤ͊ͭ ͦ͒ͤͯ ͔͋ͦͤ͘͡ΈΣ ͊ ͙ͫ͟͡Ό;͙ͭΈ ͍͔ͫ ͔ͨͦͭͤͼ͙͊͡Έͤͦ ͍ͦͣͦ͗ͤ͘·͔ ͙ ͙͔͔ͤ͊͋ͦ͡ ͍͔ͪͦΎͭͤ·͔ 

͎͙͙ͨ͊ͭͦͦ͡Φ ́ͦ;ͤ·͚ ͙͎͒͊ͤͦ͘ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·͋ͪ͊ͭΈ ͙ͦͨͭͣ͊͡ΈͤͯΌ ͔͎͙ͫͭͪ͊ͭΌ ͔͡;͔͙ͤΎΣ ͋ͯ͒Έ ͭͦ 

͔͙͔ͣ͒͊ͣͤͭͦͤ͊͘͟Ύ ͔͙ͭͪ͊ͨΎΣ ͻ͙͎͙ͪͯͪ;͔͔ͫͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭͦ ͙͙͡ ͙͙͍ͨ͊͊ͭͤ͊͡͡Ύ ͨͦͣͦ΅ΈΣ ͔ͭͣ ͫ͊ͣ·ͣ 

͔͔ͦ͋ͫͨ;͙͍͊Ύ ͙ͤ͊ͯ͡;΄͙͚ ͙ͫͻͦ͒ ͒͡Ύ ͍͒ͦͪͦ͘ΈΎ ͙ ͙͙͗ͤ͘ ͨ͊ͼ͙͔ͤͭ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˸ͯͻ͙ͤ ˹ΦˢΦΣ ˸͙͔͔͍ͦͫ ˤΦ˿Φ ˻͍ͫͤͦ· ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟Φ нлнм ˸͍ͦͫ͊͟Φ 

2. ˽͊͡Έͼ͔͍ ˸ΦˢΦΣ ˢ͙ͤ;͍ͦ͟ ˹Φ˸Φ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΦ нлнл ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

3. ˥͔͔͔͍ͪ͋ͤ ˢΦ˶Φ ˽͔͔͍͙ͪͦͨ͒ͭ͊͟ ͍͔͙ͤͯͭͪͤͤͻ ͔͔͚͋ͦͤ͘͡Φ нлмф ˸͍ͦͫ͊͟Φ 

4. ˤ͔͙͔ͤͯͭͪͤͤ ͔͙͋ͦͤ͘͡ όͨͦ͒ ͔ͪ͒Φ ͙̋ͯͤ͊͟ ˻Φ˿ΦύΦ нлнн ˾͍ͦͫͭͦ-ͤ-͊˨ͦͤͯΦ 

5. ˸͊΄͍͙͚ͦͫ͟͟ ˸Φ˨Φ ˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͍ͫͪ͒ͫͭ͊ ό͍ͫͨͪ͊ͦ;͙ͤ͟ύΦ нлно ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

ϭ ̆ ͚͍ͯ͒͊͊͊ͪͦ͊͘ ˥., 2025 
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̂˨˴ фп(47ύ ζмфму-ннηΥ619/ 636.1 

ˣˣ˴ соΦоόнύ-48.9 

 ˸͍͔͔͍͊ͭ ˻͔͎͡ ̑ͪΈ͔͍͙; 

 ͟ ͙͊ͤ͒͒͊ͭ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͤ͊ͯ͟Σ ͔͙͔ͨͤͫͦͤͪ 

 ˶ ͎ͯ͊Σ ˾̅ 

 

˻́˨˩˶̎˹̍˩ ̏˽ˮ˭˻˨̍ ˤ˩́˩˾ˮ˹ˢ˾˹˻˥˻ ˻ˣ˩˿˽˩̉˩˹ˮ̒ ˤ˻˿́˻̉˹˻˥˻ ̅˾˻˹́ˢ ˴˾ˢ˿˹˻˯ ˢ˾˸ˮˮ  

ˮ ˽˾˻́ˮˤ˻˿́˻̒̋ˮ̆ ˩˸̂ ˣ˻˩ˤ̍̆ ̅˻˾˸ˮ˾˻ˤˢ˹ˮ˯ ˣ˩˶˻˥˻ ˨ˤˮˬ˩˹ˮ̒ 

 ʕ  ˽˩˾ˮ˻˨ ˥˾ˢˬ˨ˢ˹˿˴˻˯ ˤ˻˯˹̍ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔Σ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͍ͭͪͯ͒ͦ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ς ͯ;͙͍͊ͫͭͤͦ͟ 

͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣ ͍ ͔͙ͨͪͦ͒ ˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ· мфму-мфнн ͎͎ΦΣ ͊ ͔ͭ͊͗͟ 

͙ͨͯ͋͊͟͡ͼ͙͙ ͔͙͍͔͎ͤͫͭͤͦͦ͘ ͍͊ͭͦͪ͊Σ ͙ͨͪͤΎ͍΄͔͎ͦ ͯ;͙͔͊ͫͭ ͍ ͍͔͔͙ͭͪͤ͊ͪͤͦͣ ͔͔ͦ͋ͫͨ;͔͙͙ͤ ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎΣ 

͔͊ͭͣ͘ ͔͔ͨͪ΄͔͒΄͔͎ͦ ͤ͊ ͫͯ͗͋ͯ͡ ͍ ͍͔͔͙ͭͪͤ͊ͪͤͯΌ ;͊ͫͭΈ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣΣ ͙ͦͨͫ͊ͤ· ͫͦ͋·͙ͭΎ Ή͎ͭͦͦ 

͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ ͔͙ͨͪͦ͒͊Φ ˨͡Ύ ͍͙ͦ͋ͦͫͤͦ͊ͤΎ ͍͙ͦ͋ͫͭ͊ͤͦ͟Σ ͍͔͒ͦ͋͊ͤ͡· ͔͙ͣ͊ͭͪ͊͡· ͙͘ ͍ͭͪͯ͒ͦ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͙͙͍ͫͭͦͪͦ͟Σ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͔͙ͨͪͦ͒͊Σ ͔ͨͪ͒΄͔͍ͫͭͯΌ΅͔͎ͦ ͒͊ͤͤ·ͣ 

ͫͦ͋·͙ͭΎͣΣ ͔͍ͭͫͭͦ͟ ͒ ͔͔͍ͪͭͦ͟Σ ͙͍ͨͪ͊ͦ͘͟ ͙ ͎͙͒ͪͯͻ ͍ͪͯͦͦ͒͟Ύ΅͙ͻ ͔͍͒ͦͯͣͤͭͦ͟ ͎ͭͦͦ ͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ ͔͙ͨͪͦ͒͊Φ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͍͔ ͔͙ͭͪͤ͊ͪͤ͊Ύ ͔͊ͨͭ͊͟Σ ͍͔͔͙ͭͪͤ͊ͪͤ͊Ύ ;͊ͫͭΈΣ ͣ ͙͙ͦ͋͊͘͡ͼ͙ΎΣ ͭ·͍͔ͦͦ͡ ͔͔ͦ͋ͫͨ;͔͙͔ͤΣ 

 ͫ ͊ͨΣ ;͔ͫͦͭ͊͟Σ ;ͯͣ͊ ͎ͪͯͨͤͦͦ͟ ͎͎ͪͦ͊ͭͦͦ ͫͦͭ͊͟Φ 

 

SELECTED EPISODES OF VETERINARY SUPPORT FOR THE EASTERN FRONT OF THE RED ARMY AND THE 

WHITE MOVEMENT'S CONTENDING FORCES DURING THE CIVIL WAR 

 

Abstract 

The article, which is based primarily on the works of veterinary specialists who participated in the 

veterinary support of the Red Army during the Civil War of 1918-1922, as well as the publication of an 

unknown author who participated in the veterinary support of the White Movement and later joined the 

veterinary unit of the Red Army, describes the events of this historical period. To provide context, the article 

also includes materials from the works of professional historians, veterinary specialists from the period 

preceding these events, as well as texts of decrees, orders, and other governing documents from that 

historical period. 

Keywords: 

veterinary pharmacy, veterinary unit, mobilization, logistics support, glanders, scabies, cattle plague. 

 

ˣͦ͡Έ΄͙͍ͤͫͭͦ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ - ͯ;͙͍͊ͫͭͤͦ͟ ˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ· ͫ ͔͙ͦ͋ͻ ͫͭͦͪͦͤ 

ͦͤ͟ͺ͙͍ͭͦ͟͡Σ ͨͦͯ͡;͙͙͡ ͍ͫͦΌ ͔ͫͨͼ͙͊͡ΈͤͦͫͭΈΣ ͊ ͎͙͔ͣͤͦ ͔ͭ͊͗͟Σ ͤ͊;͙͊͡ ͍ͭͪͯ͒ͦͯΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͍ ͍͙ͯͫͦ͡Ύͻ 

͙͔͚ͣͨͪ͊ͭͦͪͫͦ͟ ˾͙͙ͦͫͫΦ ˽ͪͦ΄ͦ͡ ͔ͯ͗ ͋ͦ͡Έ΄͔ ͔͙ͫͭͦͭ͡ΎΣ ͨͦΉͭͦͣͯ ͔ͤ ͎ͣͤͦͦ ͔͒ͦͯͣͤͭ͊͟͡Έͤ·ͻ 

͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭ ͫͦͻ͙ͪ͊ͤͦͫ͡Έ ͫ ͔ͭͻ ͨͦͪΦ ˻͒ͤ͊ͦ͟ ͚͙ͤ͊ͭ ͙ͤͺͦͪͣ͊ͼ͙Ό ͨͦ ͔ͦͭ͒͡Έͤ·ͣ ͔͊ͫͨͭ͊ͣ͟ 

͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣΣ ͙ ͙͍ͨͪͦͭͦͫͭͦΎ΅͙ͻ ͍͚͍ͦͫͦ͟·ͻ ͔͙͔͙͚ͫͦ͒ͤͤ ͙ 

ͺ͙͍͙͚ͦͪͣͪͦ͊ͤ ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎΣ ͍͔ͫ-͙ͭ͊͟ ͯ͒͊ͦͫ͡ΈΦ ˮ͔͙͔ͦ͗ͤ͘͡ ͍͙ͨͪ͊͡Έͤ·ͣ ͔͋ͯ͒ͭ ͤ͊;͊ͭΈ ͫ 

͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͍͙͙ͪ͊ͭ͘Ύ ͍͔͚ͦͤͤͦ ͙ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͍͔͔͙͙͙ͭͪͤ͊ͪ ͍ ͍͙ͯͫͦ͡Ύͻ ͙͔͚ͣͨͪ͊ͭͦͪͫͦ͟ ˾͙͙ͦͫͫΦ ˽͙ͪ 

͔͔ͨͪͻ͔ͦ͒ ͔͗ ͟ ͫͦ͋·͙ͭΎͣ ˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ·Σ ͤ͊ ͔͍͔ͨͪͦ ͍͔ͪͣΎΣ ͤ͊;͍͊ ͫ ͙͙ͦͨͫ͊ͤΎ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ 

͔͔ͦ͋ͫͨ;͔͙ͤΎ ͙͍ͨͪͦͭͦͫͭͦΎ΅͙ͻ ͫͭͦͪͦͤ ͍ ˿͔͔ͪ͒ͤͣ ˽͍ͦͦ͗͡Έ͔Σ ͤ͊ ͔̂ͪ͊͡Σ ͍ ˿͙͙͙͋ͪ ͙ ͤ͊ ˨͊͡Έ͔ͤͣ ˤ͔ͦͫͭͦ͟Φ 

http://lib.sportedu.ru/UDCNumber.idc?Number=%36%31%39
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˽ͦ ͔͙ͣͤͤΌ ͙͍͔͎ͫͭͤͦͦ͘ ͔ͦͭ;͔͍͔͎ͫͭͤͤͦͦ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͒Ύ͔ͭ͡Ύ ˩͍͔͔ͫͤͦ͟ ˿Φ˿ΦΣ ͍͚ͦͤ· ͫ ͯ;͙͔͊ͫͭͣ 

˾͙͙ͦͫͫΣ ͤ͊;͙ͤ͊Ύ ͫ мумн ͎ΦΣ ͍͒ͦͦ͡Έͤͦ ͔͊ͣͭͤͦ͘ ͙ͫͭ͊͡ ͊͗͒͟·͚ ͪ͊͘ ͙͔ͣͤ͘ΎͭΈ ͟ ͯ͡;΄͔ͣͯ ͔͙͔ͨͦͦ͗ͤ͡ 

͍͔͚ͦͤͤͦ ͍͔͔͙͙͙ͭͪͤ͊ͪΦ ́͊͟Σ ͍ мусп ͎Φ ͋·͙͡ ͯ;͔͔ͪ͗͒ͤ· ͦͪͯ͗ͤ͟·͔ ͍͔͔͙ͭͪͤ͊ͪͤ·͔ ͤ͊;͊͡Έ͙͙ͤ͟Σ 

ͨͦ͒;͙͔ͤͤͤ·͔ ͔͙ͣ͒ͼ͙ͤͫͦͣͯ͟ ͙͔ͤͫͨͭͦͪͯ͟Φ ˹ͦ ͎͍ͨͦ͒ͦͭͦͯ͟ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͺ͔͡Έ͒΄͔͍ͪͦ ͙ ͔͒͊͗ ͔ͯͤ͘͟ͼ͍ͦΣ 

͍͔͙͡ ͔͙ͣ͒ͼ͙͙͔ͤͫ͟ ͔ͫͨͼ͙͙͊ͫͭ͡· ͙ ͍͔͙ͯͭͪ͗͒͊͡ ͙ͻ ͍ Ή͙ͭͻ ͒ͦ͗ͤͦͫͭ͡ΎͻΦ ˾ͯͫͫͦ͟-͔ͭͯͪͼ͊͟Ύ ͍͚ͦͤ͊ мутт-1878 

͎Φ ͙ͦ͋ͤ͊ͪͯ͗͊͡ ͔ͤͼ͔͔ͫͦͦ͋ͪ͊ͤͦͫͭ͘͡Έ ͙ ͔͒ͺ͔ͭ͟· ͚ͭ͊ͦ͟ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͒͊͡ ώуΣ ͫΦ нтт-278]. 

˸͎ͤͦͦ ͣ·͍ͭ͊ͪͫͭ ͙ ͍ͭͦͪͣͦͦ͘ ͔͔͔ͨͪͭͪͨ͡ Ήͭͦͭ ͔͍ͤ͊͋ͦ͡΄͙͚ ͍ͦͨͪͦͫΣ ͎ͣͤͦͦ ͍ͭͪͯ͒ͦΣ ͭ͊ͭ͊͟ ͙ ͊͋ͦͭ͘ 

͔͍ͨͦͭͪ͋ͦ͊ͦͫ͡Έ ͒͡Ύ ͔͎ͦ ͔ͪ΄͔͙ͤΎΣ ͤͦΣ ͍ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦΣ ͦͤ ͋·͡ ͔ͪ΄͔ͤ ͙͔ͨͦͦ͗ͭ͡͡ΈͤͦΦ ˤ͔ͦͤͤ͊Ύ 

͍͔͔͙͙ͭͪͤ͊ͪΎ ͋·͊͡ ͍·͔͔͒ͤ͊͡ ͍ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͔ͤͦ ͍͔͍͒ͦͣͫͭͦ ͍ мфлн ͎ΦΣ ͻͦͭΎ ͔͎ͦ ͼ͔ͤͭͪ͊͡Έ͔ͤͦ ͯ ͍͔͙͔ͨͪ͊ͤ͡ 

͋·ͦ͡ ͍ͦ͋ͪ͊ͦ͊ͤͦ͘ ͔͔ͨͦ͒ͤ͘ ς ͍  мфмл ͎Φ ώуΣ ͫΦ нуоϐΦ 

˨͔͔͊͡ ͔͋ͯ͒ͭ ͍͙ͨͪ͊͡Έͤ·ͣ ͪ͊ͭͦ͟͟ ͯͨͦͣΎͤͯͭΈ ͦ ͍͙͙͙ͪ͊ͭ͘ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͒͊͡ ͍ ͍͔͔͙͙͒ͤ 

˸͙͙͔͍ͤͫͭͪͫͭ͊ ͍͔͙ͤͯͭͪͤͤͻ ͔͒͡ ˾͙͚͚ͦͫͫͫͦ͟ ͙͔͙͙ͣͨͪ ͔͎ͤ͊͒ͦͦ͘͡ ͒ͦ ͫͦ͋·͙͚ͭ ͔͍ͪͦ͡Όͼ͙͚ мфмт ͎Φ ͙ 

˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ·Φ ́͊͟Σ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ ˴͍͔͍͙͚ͦ͊ͫ͟͡ ˮΦ˸Φ ͍ мфмр ͎Φ ͤ͊;͊͡ ͙͔͙ͦ͗ͤ͘͡Ύ ͙ͤͺͦͪͣ͊ͼ͙͙ ͦ 

͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͨͯͤͭ͊͟ͻ ͫ ͙͙ͤ͊ͨͦͣͤ͊ͤΎ ͔͙͚ͨͦͦ͗ͤ͡ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍͙ͨͪ͊͡Σ ͔͚͍͍͍͒ͫͭͦ͊΄͙ͻ ͍ ͤ͊΄͔͚ 

͎͚ͪ͊͗͒͊ͤͫͦ͟ ͍͔͔͙͙͙ͭͪͤ͊ͪ ͍ ͭͦͭ ͙͙ͫͭͦͪ;͔͙͚ͫ͟ ͔͙ͨͪͦ͒Φ ˭͊͒͊;͙͊ͣ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍ͪ͊;͔͚ ͤ͊ ͎͚ͪ͊͗͒͊ͤͫͦ͟ 

͔ͫͯ͗͋͡ ͋·͊͡ ͦͻͪ͊ͤ͊ ͎͔͙͚ͯ͋ͪͤ ͙ ͔͚ͦ͋͊ͫͭ͡ ͦͭ ͊ͤͦͫ͊͘ ͊ͪ͊ͤ͘͘·ͻ ͔͔͚͋ͦͤ͘͡ ͎͙ͯͪͭ͊ͣ ͎͎ͪͦ͊ͭͦͦ ͫͦͭ͊͟ ͙ 

͙ͭ͊͋ͯͤ͊ͣ ͦ͡΄͔͚͊͒Φ ˤ ͫͯ͡;͔͊ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ Ή͙͙͚ͨͦͦͭ͘Σ ͊͒͊͘;͊ ͊͘͟͡Ό;͊͊ͫ͡Έ ͍ ͙ͻ ͔ͨͪͪ͊͟΅͔͙͙ͤΦ ˨͡Ύ 

͍·͔͙ͨͦͤͤ͡Ύ Ή͙ͭͻ ͊͒͊͘; ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͚ͫͯ͗͋ͦ͡ ͎͙͍ͦͪ͊ͤͦ͘·͍͊ͦͫ͡Έ ͙͙͍͙͔͊ͪ͊ͤͭͤͪͦ͊ͤ͟ ͎͍ͯͪͭͦ ͎ͪͯͨͤͦͦ͟ 

͎͎ͪͦ͊ͭͦͦ ͫͦͭ͊͟ ͙ ͍͔ͦͼΣ ͎͙ͨ͊ͭͦͦͦ͊ͤ͊ͭͦͣ͡;͔͔ͫͦ͟ ͙ ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍ͭͪͯͨͦΣ ͙͔ͦ͊͊ͤ͘͟ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͨͦͣͦ΅͙ 

͎͍ͯͪͭͦͦͣͯ ͫͦͭͯ͟Φ ˹͊ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͨͯͤͭ͊͟ͻΣ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͤ͊ ͎͙ͪ͊ͤͼ͔ ͫ ˴͙͔ͭ͊ͣ ͙ ˸͎͙͔͚ͦͤͦ͡ ͋·͊͡ 

ͦ͋Ύ͔͊ͭ͘͡Έ͚ͤͦ ͙͍͙͍ͨͪ͊͟ ͎ͪͯͨͤͦͦ͟ ͎͎ͪͦ͊ͭͦͦ ͫͦͭ͊͟ ͙͍ͨͪͦͭͦ;͚ͯͣͤͦ ͫ·͍͚ͦͪͦͭͦ͟Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͍ ͊͒͊͘;͙ 

͍͔͔͙͙͙ͭͪͤ͊ͪ ͍ͻ͙ͦ͒͡ ͔ͭ͊͗͟ ͤ͊͒ͦͪ͘ ͊͘ ͔͔͍͚ͨͪͦͦ͘͟ ͙͍͍͗ͦͭͤͦͦ͒;͔͎ͫͦͦ͟ ͫ·ͪΈΎ ͨͦ ͎͍ͪͯͤͭͦ·ͣ ͎͒ͦͪͦ͊ͣΣ 

͍ͦ͒ͤ·ͣ ͙ ͔͔͗ͤͦ͒ͦͪͦ͗ͤ͘͡·ͣ ͨͯͭΎͣ ώмоΣ ͫ Φ рутϐΦ  

͔̉ͻ͍ͦͫͦ͊͡ͼ͙͚͟ ͦͪͨͯͫ͟Σ ͋·͡ ͫͦ͒͊ͤ͘ ͍͍ͪͯͦͦ͒ͫͭͦͣ͟ ˾͙͙ͦͫͫ ͍ ͙͚ͨͦ͒ͤ͘ ͔͙ͨͪͦ͒ ˽͔͍͚ͪͦ ˸͙͍͚ͪͦͦ 

͍͚ͦͤ· ͙͘ ;͙ͫ͊͡ ;͔ͻ͍ͦ ͙ ͍͍ͫͦ͊ͦ͟͡ ς ͨ ͔ͤͤ͡·ͻ ͍͔ͦͤͤͦͫͯ͗͊͡΅͙ͻ ˢ͍ͫͭͪͦ-ˤ͔͎͙͙ͤͪΣ ͒͡Ύ ͔͙ͨͪͦ͒ͦ͗ͤ͡Ύ ͍͚ͦͤ· 

ͫ ˥͔͙͔͚ͪͣ͊ͤΦ ˽͍͙͔ͪ͊ͭ͡Έ͍ͫͭͦ ͔ͯ͗ ˿͍͔͚ͦͭͫͦ͟ ˾͙͙ͦͫͫΣ ͋·ͦ͡ ͎͍ͦͭͦͦ ͔͔ͦ͋ͫͨ;͙ͭΈ ͦͪͨͯͫͯ͟ ͔͔͍͙͔͙͔ͨͪ͒͗ͤ 

Ή΄͔͙ͦͤ͊ͣ͡ ͨ ͦ ͙͙͚́ͪ͊ͤͫͫ͋ͪͫͦ͟ ͔͔͚͗ͤͦ͘͡ ͎͔͒ͦͪͦ ͍ͦ ˤ͙͍͊͒ͦͫͭͦ͟͡Φ ˨͔͔͊͡ ͔͎ͨͪ͒ͨͦ͊͊͊ͫ͡͡Έ ͙ ͻ ͔͔͍ͨͪͦ͊͘͟ 

ͤ͊ ͦͪ͊͋͟͡Ύͻ ͍ ͦ ̅ͪ͊ͤͼ͙ΌΣ ͒͡Ύ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͍͍ͦͪ͊͘΅͔͙ͤΎ ͤ͊ ͙ͪͦ͒ͤͯΦ  

˹ͦ ͍ ͤͦ;Έ ͤ͊ нтΦлрΦмфму ͍͍ͦͫͫͭ͊΄͙͔ ͍͚ͦͫ͊͟ ͔̉ͻ͍ͦͫͦ͊͡ͼ͎ͦͦ͟ ͦͪͨͯͫ͊͟Σ ͊͘ͻ͍͙͙͊ͭ͡ ͔̉͡Ύ͙͋ͤͫ͟ ͙ 

ͤ͊;͙͊͡ ͨͦͻͦ͒ ͤ͊ ˩͔͙͎͊ͭͪͤ͋ͯͪ͟Φ ̂ͪ͊͡Έͫͦͣͯ͟ ͦ͋͊ͫͭͤͦͣͯ͡ ͍͔ͦͤͤͦͣͯ ͙͙ͦͣͫͫ͊ͪ͊ͭͯ͟ ͙ͨͪ΄ͦͫ͡Έ ͍͘ΎͭΈ ͤ͊ 

͔ͫ͋Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ό ͋ͦͪΈ͋· ͫ ͙͙ͭ͊ͣ͟ ͎͔͙͍͊ͪͫͫͤ·͙ͣ ͔͚͍͙͒ͫͭΎ͙ͣ ώфΣ ͫΦ опсϐΦ ˹͊;͊ͦͫ͡Έ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ 

͍ͤͦ·ͻ ;͔͚͊ͫͭ ˴ ͚ͪ͊ͫͤͦ ˢ͙͙ͪͣ ͔ͨͯͭͣ ͍͒ͦ͋ͪͦͦ͡Έ͚ͤͦ ͙͙ͣͦ͋͊͘͡ͼ͙͙ ͪ͊͋ͦ;͙ͻ ͯͪ͊͡Έ͙ͫ͟ͻ ͍͍͊ͦ͒ͦ͘ ώфΣ ͫ Φ опуϐΦ 

ˤ ˽͍͔͙͙ͦͫͭ͊ͤͦͤ͡ ̇  ˴˾˴˽ό͋ύ ͦ ͔͙ͣͪͦͨͪΎ͙ͭΎͻ ͨͦ ͔͔͙ͯͪͨͤ͟͡Ό ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊ ͦͭ ннΦлтΦмфму 

͊͟ͼ͔͙͍ͤͭͪͦ͊ͦͫ͡Έ ͍͙͙͔ͤͣ͊ͤ ͤ͊ ͭͦͣΣ ;ͭͦ ͍͔ͫ ͯ͡;΄͙͔ ;͙͊ͫͭΣ ͨͦ ͔͙ͯͫͣͦͭͪͤΌ ˹͎͊ͪͦ͒ͤͦͦ ͙͙ͦͣͫͫ͊ͪ͊ͭ͊͟ ͨͦ 

͍͔ͦͤͤ·ͣ ͔͒͊ͣ͡ ͍ͦͭ͒͊͊ͭΈ ͒͡Ύ ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊Σ ͤ͊ ͔ͣͫͭ͊ͻ ͔͗ ͍ͦͫͭ͊͡ΎͭΈ ͙͙ͣͤͣͯͣ ͍͔ͦͦͪͯ͗ͤͤ·ͻ ͙ͫ͡ 

[9, ͫ Φ опрϐΦ 

˿ͦ͒͊ͤͤ͊͘Ύ луΦлрΦмфму ͔͎͙ͦ͟͡͡Ύ ˤ͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣΣ ͙͙ͨͪͫͭͯͨ͊͡ ͟ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͯ;͔͔͙͚ͪ͗͒ͤΣ ͤͦ ͔ͤ ͻ͍͊ͭ͊ͦ͡ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ώмлΣ ͫ Φ млоϐΦ . 

˨͔͔ͪͭͦͣ͟ ˿˹˴ ͦͭ нфΦлтΦмфму ͋·͊͡ ͦ͋ΆΎ͍͔ͤ͊͡ ͙͙ͣͦ͋͊͘͡ͼ͙Ύ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍ͪ͊;͔͚ ͙ ͺ͔͡Έ͒΄͔͍ͪͦ 

΄͔͙ͫͭ ͙ͨͪ͘·͍ͤ·ͻ ͍͍ͦͪ͊ͫͭͦ͘ ώмпΣ ͫ Φ нооϐΦ ˸͙͙ͦ͋͊͘͡ͼ͙Ύ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͔ͤ ͒͊͊͡ ͔͔͎͗͊ͣͦͦ͡ 

͔ͪͯ͘͡Έͭ͊ͭ͊Φ ˹͔͔ͦͣͨͭ͟͟͡ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍ͪ͊;͔͚ ͍ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣ ͍ͫͦͫͭ͊͡Ύ͡ пр҈Σ ͺ͔͡Έ͒΄͔͍ͪͦ ς 8%. 

ˢ͎͙ͤ͊ͦ͡;ͤ͊Ύ ͙ͫͭͯ͊ͼ͙Ύ ͫ͊͒͟͡·͍͊͊ͫ͡Έ ͙ ͍ ͤ͊ͪͦ͒ͤͦͣ ͻͦ͘Ύ͚͍͔ͫͭ ώмпΣ ͫ Φ мло-104]. 

 ʕ  ͒͊͡Έ͔͚ͤ΄͔ͣΣ ͨͦ ͔͔ͣͪ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͚͊ͪͣΣ ͍ ͍ͫΎ͙͘ ͫ ͔ͨͦͭͪ͋ͤͦͫͭΈΌ ͍ ͦͤͫͦͣ͟͟ ͍͔ͫͦͫͭ͊ ͍ 

͍͔͙͙͊͊ͪ͟͡Σ ͙͔͙͙͊ͪͭͪ͡͡ ͙ ͦ͋ͦ͊͘ͻΣ ͋·͊͡ ͦ͋ΆΎ͍͔ͤ͊͡ ͔ͭ͊͗͟ ͙͙ͣͦ͋͊͘͡ͼ͙Ύ ͦ͡΄͔͚͊͒Φ ˤ ;͙͊ͫͭͤͦͫͭΣ ͍ 

˿͙͙͚ͣ͋ͪͫͦ͟ ͙ ˽͔͔͚ͤͤͫͦ͘͟ ͎͔͙ͯ͋ͪͤΎͻΣ ͤ͊ ͊͗͒ͯ͟Ό ͔ͫͣΈΌ ͎ͨͦ͊͊ͦͫ͡͡Έ ͨͦ н ͦ͡΄͙͊͒Σ ͦͫͭ͊͡Έͤ·͔ 
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͔͙ͨͦ͒͗͊͡͡ ͙͙ͣͦ͋͊͘͡ͼ͙͙Σ ͔͙ͫ͡ ͍ ͔ͫͣΈ͔ ͋·ͦ͡ ͔͔͋ͦ͡ мл ;͔͍͔ͦ͟͡Σ ͭͦ ͤ͊ ͊͗͒͟·͔ р ;͔͍͔ͦ͟͡ ͍͔ͫͪͻ млΣ 

͎ͨͦ͊͊͊ͫ͡͡Έ ͔΅͔ ͦ͒ͤ͊ ͦ͡΄͊͒ΈΦ ˤ͔͊͒͡͡Έͼ͊ͣ ͙͙͍ͣͦ͋ͦ͊ͤͤ͘͡·ͻ ͦ͡΄͔͚͊͒ ͯͨ͊͡;͙͍͊͊ͫ͡Έ ͔ͦͣͨͤͫ͊͟ͼ͙ΎΣ ͨͦ 

͍͔ͯͫͭ͊ͤͦͤͤ͡·ͣ ͙͔͙͍͚͒ͪͭͦ͟ ˿͍͔͎ͦͭͫͦͦ͟ ͍͙͔ͨͪ͊ͭ͡Έ͍ͫͭ͊ ͼ͔ͤ͊ͣΣ ͨͦ;͙ͭ ͍ͪ͊ͤ·ͣ ͪ·ͤͦ;ͤ·ͣ ώмрΣ ͫΦ ппс-

447].  

˿͍͔ͦͭ ˻͋ͦͪͦͤ· ˾͔͙͙ͫͨͯ͋͟͡ муΦмнΦмфму ͍͔͙ͯͭͪ͒͡ ˽͍͔͙͔ͦͫͭ͊ͤͦͤͣ͡ ͨ͊ͤ͡ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͙͊ͪͣΣ 

;͙͔ͫͤͤͦͫͭ͡ΈΌ ͨͦͭͦͪ͊͡ ͙͙ͣͦͤ͊͡͡ ;͔͍͔ͦ͟͡ ͙ ͔ͭͪͻͫͦͭ ͭ·ͫΎ; ͦ͡΄͔͚͊͒Φ ˾͊ͫ;͔ͭ ͋·͡ ͦͫͯ΅͔͍͔ͫͭͤ͡ ͫ ͯ;͔ͭͦͣ 

͔͍ͪͫͯͪͫͦ ͫͭͪ͊ͤ· [9, ͫΦ мсфϐΦ ˤ ͭͦͭ ͔͗ ͔͒ͤΈ ˿͍͔ͦͭ ˻͋ͦͪͦͤ· ͍͔͙ͯͭͪ͒͡ ͔͔͒ͪͭ͟ ζ˻͋ ͔͔ͦ͋ͫͨ;͔͙͙ͤ ˴͚ͪ͊ͫͤͦ 

ˢ͙͙ͪͣ ͦ͡΄͊͒Έ͙ͣη ώмнΣ ͫ Φ мфϐΦ  

  s ͍ͭͦͪ ͫͭ͊ͭΈ͙ ͦ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ;͙͊ͫͭ ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊Σ ͍͎͍ͦ͊͘͡͡Ύ͍΄͙͚ ͔͔ ͍ ͔͙ͨͪͦ͒ 

˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ· ˤ͍͊ͫͦ͡ ˹Φ˸ΦΣ ͎ͯ͋ͦͦ͟͡ ͔ͫͦ͗͊͡͡ ͦ ͭͦͣΣ ;ͭͦ ͔ͤ ͫͦͻ͙ͪ͊ͤͦͫ͡Έ ͒ͦͫͭ͊ͭͦ;ͤ·ͻ ͊ͪͻ͙͍ͤ·ͻ 

͍͔͔͙͚ͫ͒ͤ ͒͡Ύ ͎ͭͦͦΣ ;ͭͦ͋· ͒͊ͭΈ ͦ͋ͦͪ͘ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͍͙͙ͪ͊ͭ͘Ύ ͊ͪ͊ͤ͘͘·ͻ ͔͔͚͋ͦͤ͘͡ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ 

͔͙͍ͦͨͪ͊ͭͤ·ͻ ͙ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍͙͚ͯͫͦ͡ ͺͪͦͤͭ͊Φ ˹ͦ ͙͍͔ͫͭͤͦ͘Σ ;ͭͦ ͊͘ ͔͍ͨͪ·͔ р ͔ͣͫΎͼ͔͍ ͍ ͍͚ͦͫ͊͟ͻ 

ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊ ͋·͙͡ ͔͎͙͙͍͊ͪͫͭͪͪͦ͊ͤ͘· ͔ͫ͒ͯ͡Ό΅͙͔ ͊ͪ͊ͤ͘͘·͔ ͔͙͋ͦͤ͘͡Υ ͫ͊ͨ ς ͯ му ͦ͡΄͔͚͊͒ όлΣлр҈ 

ͦͭ ͦ͋΅͔͎ͦ ͙ͦ͟͡;͔͍ͫͭ͊ ͎ͦͤͫͦͦ͟͟ ͍ͫͦͫͭ͊͊ύΣ ͙ͤͺ͡ΌΉͤͼ͊ ς 427 (0Σт҈ύΣ ͣ·ͭ ς соу όмΣлр҈ύΣ ;͔ͫͦͭ͊͟ ς 1851 

όоΣло҈ύΣ ͙ͨͪ ͦ͋΅͔ͣ ͎͍ͨͦͦͦ͡Έ͔ смлму ͦ͡΄͔͚͊͒ [3, ͫ Φ мпоϐΦ 

˻͍͔͙͔ͫͦ͋ͦ͗͒ͤ ˽͍ͦͦ͗͡ΈΎ ͦͭ ͺ͙͍͙͚ͦͪͣͪͦ͊ͤ ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎ ͫ ͔͎ͦ ͪͯͨͤ͟·͙ͣ ͼ͔͙ͤͭͪ͊ͣΣ ͎͔͒ 

͋·ͦ͡ ͔ͫͦͫͪ͒ͦͭͦ;͔ͤͦ ͋ͦ͡Έ΄͔ͦ ͙ͦ͟͡;͔͍ͫͭͦ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍ͪ͊;͔͚Σ ͊͟͟ ͪ͊͋ͦͭ͊Ό΅͙ͻ ͨͦ ͔ͫͨͼ͙͊͡Έ͙ͤͦͫͭΣ 

ͭ͊͟ ͙ ͔͋ͪ͊͋ͦͭͤ͘·ͻΣ ͔͍ͤ͒͊ͤͦ ͍͔͍ͪͤͯ΄͙ͻͫΎ ͫ ͺ͍ͪͦͤͭͦ ˽͔͍͚ͪͦ ˸͙͍͚ͪͦͦ ͍͚ͦͤ· ς ͍  ͚ͦ͒ͤͦ ˴͙͊͊ͤ͘ ͍ͭ͊ͦ͟·ͻ 

͋·ͦ͡ ͍ͫ·΄͔ мллΦ ˭ͤ͊;͙͔ͭ͡Έͤ͊Ύ ;͊ͫͭΈ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͋·͊͡ ͙͙͍ͣͦ͋ͦ͊ͤ͊͘͡ ˣ͔͡·ͣ 

͍͙͔͙͔͒͗ͤͣΣ ͙ ͦͭͻ͙ͦ͒͊͡ ͍͔͔ͣͫͭ ͫ ͍͚͙ͦͫ͊ͣ͟ ˴ͦ͡;͊͊͟ ͍͎ͯ͋͡Έ ˿͙͙͙͋ͪΦ ˤ͙ͦͣͦ͗ͤͦͫͭ͘ ͙͙ͣͦ͋͊͘͡ͼ͙͙ 

͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍ͫͦͫͭ͊͊ ͒͡Ύ ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊Σ ͋·͙͡ ͔͍͔͙͙ͤ͟͡Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͔ͤ͒ͦͫͭ͊ͭͦ͟ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ 

͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͍͙ͨͦͫͭ͊͡ ͔͔ͨͪ͒ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͔͚ ˴͚ͪ͊ͫͤͦ ͙͙͊ͪͣ ͔ͭ͊͗͟ ͊͒͊͘;ͯ 

͍·͔͔͙͒ͤ͡Ύ ͍͔͎ͦͤͤͦͦ ͔ͨͪͫͦͤ͊͊͡ ͒͡Ύ ͪ͊͋ͦͭ· ͔͙ͫͪ͒ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ͨͪͺ͍͚ͪͦͤͭͦͦ ͨͦͦͫ͡· ώоΣ ͫ Φ мпр-146]. 

ˤ͘Ύ͙͔ͭ ˴͚ͪ͊ͫͤͦ ˢ͙͔͚ͪͣ моΦмнΦмфмф ͎Φ ˹͍͙͔͍ͦͦͤͦ͊ͫ͊͟͟͡ ό͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ˹͍͙͙ͦͦͫ͋ͪͫ͟ύΣ ͫͭ͊ͦ͡ 

͋ͦ͡Έ΄͚ͦ ͯ͒͊;͔͚ ͒͡Ύ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊Φ ˣ·͙͡ ͨͦͯ͡;͔ͤ· ͎ͪͦͣ͊͒ͤ·͔ 

ͭͪͦͺ͔͙ ς ͦ ͍͔ͫͭ͊ͤͤ͡·͔ ͍͚͙ͦͫ͊ͣ͟ ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎ ͍͔͔͙ͭͪͤ͊ͪͤ·͔ ͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔͍ͫͪ͒ͫͭ͊Σ ͙ͣͯ΅͔͍ͫͭͦ 

͙ ͔ͤ ͯ΄͔͒΄͙͔ ͫ ͙͙ͤͣ ͍͔͔͙ͭͪͤ͊ͪͤ·͔ ͔ͫͨͼ͙͙͊ͫͭ͡·Φ ˤ ͭͦͣ ;͙͔ͫ͡ ул ͍͔͍ͭͪ͊;͔͚ ͙ мрм ͍͔ͭͺ͔͡Έ͒΄͔ͪΦ ˻͙ͤ 

͋·͙͡ ͙ͨͪ Ήͭͦͣ ͍ ͭΎ͔͗ͦͣ͡ ͔͙͙ͨͦͦ͗ͤ͡Υ ͙ͫͭͦ΅͔ͤͤ·͔ ͦͭ ͔͔͙ͤ͒ͦ͒͊ͤΎ ͙ ͔͋͘ ͔͚ͭͨͦ͡ ͔ͦ͒͗͒· ό͍ ͔͔͚ͫͦͫͭͨͤͦ͡ 

͔ͦͤ͘ Ό͎͊ ˿͙͙͙͋ͪ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͔ͪͦ͘͟ ͙͔ͦͤͭͤͤͭ͊͟͡Έͤ·͚ ͙ͣ͊ͭ͟͡ύΣ ͔ͪͦͣ͟ ͎ͭͦͦΣ ͎͙ͣͤͦͣ ͙͘ ͙ͤͻ 

͔͍ͨͦͭͪ͋ͦ͊͊ͫ͡Έ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͨͦͣͦ΅Έ ͍ ͍ͫΎ͙͘ ͫ ͍ͣ͊ͫͫͦ·ͣ ͔͍͙͔͊͋ͦ͊ͤͣ͘͡ ͋ͪΌ΄ͤ·ͣ ͙ͭͺͦͣ ώоΣ ͫΦ мпсϐΦ ˤ 

ͨͪͦͼ͔͔ͫͫ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͎ͪ͊ͪͦͣ͊͘ ͔͍͋ͦ·ͻ ͺ͙͍͙͚ͦͪͣͪͦ͊ͤ ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎ ͍ ˿͙͙͙͋ͪΣ ͪͦͫͦ͡ ͙ͦ͟͡;͔͍ͫͭͦ 

͔ͨͤͤ͡·ͻ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Σ ͍ ;͙͊ͫͭͤͦͫͭΣ ͍ ͺ͔͍͔ͪ͊͡ мфнл ͎Φ ͋·ͦ͡ ͔͔ͨͤͤͦ͡ нпл ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ 

͍ͪ͊;͔͚ ͙ орл ͍͔ͭͺ͔͡Έ͒΄͔͍ͪͦΦ ˣ͎͊ͦ͒͊ͪ͡Ύ Ήͭͦͣͯ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭͯΣ ͯ͒͊ͦͫ͡Έ ͔ͤ ͭͦ͡Έͦ͟ ͨͦͤͦͫͭ͡ΈΌ 

͔͍ͯͦͣͨͭͦ͊ͭ͟͟͡Έ ͍͔͔͙ͭͪͤ͊ͪͤͯΌ ͫͯ͗͋ͯ͡ ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊Σ ͤͦ ͙ ͔ͫͪΈ͔ͤͦ͘ ͯͯ͡;΄͙ͭΈ ͍͔͔͙ͭͪͤ͊ͪͤͦ-

͙͔ͫ͊ͤͭ͊ͪͤͦ ͫͦͫͭͦΎ͙͔ͤ ͍͔͚ͫ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣ ώоΣ ͫΦ мптϐΦ ˤ Ήͭͦ ͍͔ͪͣΎ ͍͚͙ͦͫ͊ͣ͟ ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊ ͋·͙͡ 

͊͘ͻ͍͊;͔ͤ· ͭͪͦͺ͔͙ ͔ͤ ͭͦ͡Έͦ͟ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͙ͣͯ΅͔͍ͫͭ͊Φ ́͊͟Σ ͙ͦͣ͊ͤ͒ͪ͟ рм-͚ ͔͍͚ͫͭͪͦͦ͟͡ ͙͍͙͙͙͒͘ 

ˣ͡Όͻ͔ͪ ˤΦ˴Φ ͍ ͙͔ͨͪ͊͘͟ ͦ ͍·͍͔ͦ͒ ͔͙͔͙ͫͦ͒ͤͤΎ ͍ ͔͔͍ͪͪ͘Σ ͍ͫΎ͊ͤͤͦͣ͘ ͫ ͔ͯͫͨͻ͙͊ͣ ͨͦ ͎ͪ͊ͪͦͣͯ͘ 

ͺ͙͍͙͚ͦͪͣͪͦ͊ͤ ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎ ͍ ˿͙͙͙͋ͪ ͦͭ лоΦлмΦмфнлΣ ͫͦͦ͋΅͊͡ ͦ͋ ͙͙͊ͪͣ ˴ͦ͡;͊͊͟ ό͍͒ͦͫͦͤͦ͡ύΥ ζ˩͎ͦ 

͙͊ͪͣΎ ͔͒ͫΎ͙ͭ͊ͣ͟ ͭ·ͫΎ; ͫͦ͒͊ͭ͡ ͙ ͦͺ͙ͼ͔͍ͪͦ ͔͔ͨͪͻ͙ͦ͒ͭ ͟ ͤ͊ͣΣ ͙ͫͦͭͤ ͔͔͗ͤͦ͒ͦͪͦ͗ͤ͘͡·ͻ ͍͍ͫͦͫͭ͊ͦ ͫ 

͔ͤͨͦ͒͒͊Ό΅͙ͣͫΎ ͯ;͔ͭͯ ͙ͦ͟͡;͔͍ͫͭͦͣ ͍ͨͪͦ͒ͦͦ͡Έ͍͙ͫͭΎΣ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎΣ ͫͤ͊ͪΎ͔͙͗ͤΎΣ ͍͔͙ͦͦͪͯ͗ͤΎΣ 

͍ͨ͊ͭͪͦͤͦ ͙ ͫͤ͊ͪΎ͍͒ͦ ͊͘ͻ͍͊;͔ͤ· ͙ͤ͊ͣ ͤ͊ ͙͙͙ͤ͡ ˻ͣͫ͟ ς ˹ ͍͙͔͍ͦͦͤͦ͊ͫ͟͟͡ ς ́ ͦͣͫ͟ ς ˸ ͙͙͊ͪͤͫ͟η ώмΣ ͫ Φ муфϐΦ  

˨͔͔͊͡ ͔͎ͤͣͤͦͦ ͦ ;͔ͯͣ ͎ͪͯͨͤͦͦ͟ ͎͎ͪͦ͊ͭͦͦ ͫͦͭ͊͟Φ ˽ͦΎ͍͙͍΄͙ͫΈ ͍ мфму-мфмф ͎͎Φ ͤ͊ ˿͔͍͔ͪͤͦͣ ˴͍͔͊͊͘͟Σ 

͔͍͙͔͊͋ͦ͊ͤ͘͡ ͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͦͫ͡Έ ͤ͊ ˹͙͔͔͗ͤ ˽͍ͦͦ͗͡Έ͔Φ ˨͡Ύ ͙͍͙͒͊͟͡ͼ͙͙ Ή͙͙͙ͨͦͦͭ͘Σ ͍ ͭͦͣ ;͙͔ͫ͡Σ ͋·͙͡ 

͙͍͔ͨͪ͡;͔ͤ· ͤ͊ͯ;ͤ·͔ ͙ͫ͡· ˴͎͊͊ͤͫͦͦ͘͟ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͙͙ͤͫͭͭͯͭ͊Φ ˹ͦ ͍ͦͨͪͦͫ· ͔͙ͣͪͦͨͪΎ͙͚ͭ ͙͍ͨͪͦͭ 

;ͯͣ·Σ ͙ͫͭ͊͡ ͍ͫͤͦ͊ ͊ͭͯ͊͟͡Έͤ·͙ͣ ͒͡Ύ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͫͯ͗͋͡· ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣ ͙ͨͪ ͙͙͔͙͙ͨͪ͋͗ͤ͡ ͔͔ ͟ 
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ˣ͚͊͊ͯ͟͡Σ ͍͍͙͒ͯ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͔͔ ͊ͤͦͫ͊͘ ͙͘ ˸͎͙͙ͦͤͦ͡Σ ͊ ͔ͭ͊͗͟Σ ͙͘ ͍͍ͤͦΈ ͚ͫͦ͒͊ͤͤͦ͘ ͍ ˤͦͫͭͦ;͚ͤͦ ;͙͊ͫͭ 

˿͙͙͙͋ͪ ˨͊͡Έ͔͍ͤͦͫͭͦ;͚ͤͦ ͔͙͙ͪͫͨͯ͋͟͡Φ ́Φ͟Φ ͪ͊͋ͦͭ͊ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͫͯ͗͋͡· ͔΅͔ ͔ͤ ͋·͊͡ 

͔ͤ͊͊͗ͤ͊͡Σ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͦͻͪ͊ͤͤͦ-͙͎͊ͪ͊ͤͭͤͤͦͦ͟ ͨͦΎͫ͊ ͨͪͦ΄͊͡ ͙ͨͪ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦͣ ͯ;͙͙͊ͫͭ ͙ 

͔͚͍͙͙ͫͦ͒ͫͭ ͍͔ͦͤͤͦ-͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͎͍ͦͪ͊ͤͦΦ ˨͡Ύ Ή͚ͭͦ ͼ͔͙͡ ͋·͡ ͍·͔͔͒ͤ͡ ͍͔͔͙ͭͪͤ͊ͪͤ·͚ ͔ͨͪͫͦͤ͊͡Σ 

͔͙͔ͫͤ͊͋͗ͤ ͙ ͍͔ͤ͊ͨͪ͊ͤ͡· ͦͭͪΎ͒· ͔͚ͪ͊ͫͤͦ͊ͪͣ͟ͼ͔͍Φ ˮ ͎͋͊ͦ͒͊ͪ͡Ύ Ήͭͦͣͯ ͦͻͪ͊ͤͤͦ-͙͊ͪ͊ͤͭͤͤͦͣͯ͟ ͨͦΎͫͯΣ 

;ͯͣ͊ ͎ͪͯͨͤͦͦ͟ ͎͎ͪͦ͊ͭͦͦ ͫͦͭ͊͟ ͔ͤ ͋·͊͡ ͒ͦͨͯ΅͔ͤ͊ ͤ͊ ͔͙͙ͭͪͪͭͦͪΌ ˿͙͙͙͋ͪ ͟ ͊ͨ͊͒ͯ͘ ͦͭ ˣ͚͊͊͊͟͡ ώоΣ ͫΦ мппϐΦ 

˭͔͒ͫΈ ͍͙ͨͪ͊͡Έͤ·ͣ ͔͋ͯ͒ͭ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͎ͪͦͣ͊͒ͤ·͚ ͯ΅͔ͪ͋ ͍͍ͫͦͭͦͦ͒ͫͭͯ͟ ˸͎͙͙ͦͤͦ͡ ͙͙ͤ͊ͤͦͫ͡ 

Ή͙͙͙ͨͦͦͭ͘Σ ͔ͦͫͦ͋ͤͤͦ ;ͯͣ· ͎ͪͯͨͤͦͦ͟ ͎͎ͪͦ͊ͭͦͦ ͫͦͭ͊͟Φ ˮ͘ ͎͙͒ͪͯͻ ͔͔͚͋ͦͤ͘͡ ς ͍ͨͦ͊͡Έ͔ͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡ 

͔͎͙͟͡ͻΣ ͙͙ͫ͋ͪͫ͊͟Ύ Ύ͍͊͘Σ ͫ͊ͨΣ ;͔͙ͫͦͭ͟ ͎ͪ͊ͤͦͦ͘ ͪͦ͒͊Σ ͔ͦͫͦ͋ͤͤͦ ͯ ͍͔ͦͼ ͙ ͎͔͡Έ͙ͣͤͭͦ͘· ώсΣ ͫΦ мтф-180]. 

˽͙͔͔͙͔ͪͣͤͤ ͙͍ͨͪͦͭͦ;ͯͣͤ·ͻ ͙͍͙͍ͨͪͦ͟ ͍ ˸͎͙͙ͦͤͦ͡Σ ͊͟͟ ͔ͣͪ· ͋ͦͪΈ͋· ͫ ;͚ͯͣͦΣ ͊ͤ͘Ύ͙͡ ͨͪͦ;͔ͤͦ ͔ͣͫͭͦΦ 

˸͔ͪ͊ Ήͭ͊ ͙͔ͨͪͣͤΎ͊ͫ͡Έ ͍͔ͨͦͤ͡ ͍͒ͦ͋ͪͦͦ͡ΈͤͦΣ ͫ ͎ͨͦͤͦͦ͡ ͎͙ͫͦ͊ͫ͡Ύ ͍͔͊͒͡͡Έͼ͔͍ ͫͦͭ͊͟Σ ͙ͨͪ;͔ͣΣ ͊͘ 

͙͍͙͍͙ͨͪ͟ ͍͙ͣ͊͊ͫ͘͡Έ ͨ͊ͭ͊͡Φ ˹͔͔͙͔͊ͫͤ͡ ˸͎͙͙ͦͤͦ͡ ͫ ͨͦͤ͡·ͣ ͍͔͙͔͒ͦͪͣ ͙ͦͭͤͦͫͦͫ͡Έ ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 

͙ͪͯͫͫ͟ͻ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ Ή͔͙ͫͨ͒͟ͼ͙͚ ͙ ͙ͫ͊ͦ͟͡ ͍ ͙ͤͻ ͔͙ͫͨ͊ͫͤΎ ͦͭ ͦͨͯͫͭͦ΄͙͔ͭ͡Έͤ·ͻ Ή͙͙͚ͨͦͦͭ͘Σ ͍ ͔ͦͪͤ͟ 

ͪ͊ͦͪ͘Ύ͍΄͙ͻ ͙ͻ ͍ͫͦͭͦͦ͒͟;͔͙͔ͫ͟ ͻͦ͘Ύ͚͍ͫͭ͊ ς ͔ ͙͍͔͒ͤͫͭͤͤ·͚ ͙ͫͭͦ;͙ͤ͟ ͎͋͊ͦͫͦͫͭͦ͡Ύ͙ͤΎ ͔͔͙ͤ͊ͫͤ͡ΎΦ ˴͔ͪͦͣ 

͎ͭͦͦΣ ͙͍͙͍͙ͨͪ͟ ͙͍͗ͦͭͤ·ͣ ͨͪͦͣ·΄͔ͤͤ͡·ͻ ͫͭ͊͒Σ ͔͊ͯͨ͊ͣ͘͟·ͻ ͒͡Ύ ͔͔͎ͨͪͦͤ͊ ͍ ˭͚͊͋͊͊͟͡Έͫͯ͟ΌΣ ˢͣͯͪͫͯ͟Ό 

͙ ˽͙ͪͣͦͪͫͯ͟Ό ͙ͦ͋͊ͫͭ͡Σ ͎͙͍͙͊ͪ͊ͤͭͪͦ͊͡ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͫͦͭ͊͟ ͒͡Ύ Ή͙ͭͻ ͔͚ͦ͋͊ͫͭ͡ ώтΣ ͫ Φ нпнϐΦ  

ˤ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͔ͫͯ͗͋͡ ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊ ͨͦ;͙ͭ ͔ͤ ͋·ͦ͡ ͍͔͍ͭͪ͊;͔͚Σ ͙͔ͣΌ΅͙ͻ ͋ͦ͡Έ΄͚ͦ 

͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤ·͚ ͙ ͍͔ͦͤͤͦ-͍͔͔͙ͭͪͤ͊ͪͤ·͚ ͫͭ͊͗Σ ͍ ͍ͦͫͤͦͤͦͣ ͋·͙͡ ͣͦͦ͒͡·͔ ͔ͤ ͍͊͒ͪͦ͟·͔ ͍͔͍ͭͪ͊;͙Φ 

˹ͦ ͙ͻ Ή͔͎͙ͤͪΎΣ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·͚ Ή͙ͤͭͯ͊ͣ͘͘Σ ͚ͤ͊ͫͭͦ;͙͍ͦͫͭΈ ͍ ͔ͪ͊͋ͦͭΣ ͙ͫͦ͒͊͘͡ ͎ͣͦͯ;ͯΌ ͍͔͔͙ͭͪͤ͊ͪͤͯΌ 

͎ͦͪ͊ͤ ͙͊͘ͼ͙ΌΣ ͙ ͔͔ͦ͋ͫͨ;͙͙͡ ͍͔͔͙ͭͪͤ͊ͪͤͦ-͙ͫ͊ͤͭ͊ͪͤ·͚ ͤ͊͒ͦͪ͘ ͙ ͔͡;͔͔͋ͤͦ ͙͍͙͔ͦ͋ͫͯ͗͊ͤ͡ ͎ͦͤͫͦͦ͟͟ 

͍ͫͦͫͭ͊͊Φ ˤͦ ͎ͣͤͦͦͣ Ήͭͦ ͋·ͦ͡ ͻ͔͊ͪ͊ͭͪͤͦ͟ ͙ ͒͡Ύ ͎͙͒ͪͯͻ ͺ͍ͪͦͤͭͦ ˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ· ώоΣ ͫΦ мптϐΦ  

ˤ ͎ͦ͒· ˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ· ͍ͫΎ ͍͔͔͙ͭͪͤ͊ͪͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͋·͊͡ ͔ͫͦͫͪ͒ͦͭͦ;͔ͤ͊ ͤ͊ ͋ͦͪΈ͔͋ ͫ 

Ή͙͙ͨͦͦͭ͘Ύ͙ͣΣ ͍ ;͙͊ͫͭͤͦͫͭΣ ͤ͊ ͯͯ͡;΄͔͙͙ͤ ͭΎ͔͎͗ͦͦ͡ ͍͔͔͙ͭͪͤ͊ͪͤͦ-͙͎ͫ͊ͤͭ͊ͪͤͦͦ ͫͦͫͭͦΎ͙ͤΎ ͙͙͊ͪͣΦ ˤ Ή͙ͭͻ 

͍͙ͯͫͦ͡ΎͻΣ ͍͔ͦͤͤͦ-͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͍͙ͫͭ͊ͦ͡ ͎͙ͦͪ͊ͤ;͔ͤͤͯΌ ͊͒͊͘;ͯ ς ͍ͨͦ·͔͙͔́ͤ 

͍͙͊͟͡ͺ͙͊͟ͼ͙͙ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍ͪ͊;͔͚ ͍ ͦͭͤͦ΄͔͙͙ͤ ͊ͪ͊ͤ͘͘·ͻ ͔͔͚͋ͦͤ͘͡Φ ˿ͯ΅͔͍͍͍ͫͭͦ͊΄͙͔ 

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

ͨͦ Ή͙͎͙͙ͨͦͦͭͦͦ͘͡ ώнΣ ͫ Φ тϐΦ  

̉ͭͦ ͔͊ͫ͊ͭͫ͟Ύ ͔͙ͫͤ͊͋͗ͤΎΣ ͭͦ ͔͔͍ͨͪͦ͊͘͟ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͙ͣͯ΅͔͍ͫͭ͊ ͍͔ͫͦͣͫͭͤͦ ͫ ͙ͫ͊ͤͭ͊ͪͤ·ͣΣ ;ͭͦ 

͋·ͦ͡ ͻ͔͊ͪ͊ͭͪͤͦ͟ ͒͡Ύ ͙͔͚ͣͨͪ͊ͭͦͪͫͦ͟ ͙͙͊ͪͣΣ ͋·͊͡ ͔͔ͦͭͣͤͤ͊Φ ˤ ΄͔ͭ͊ͭ ͎͊͗͒ͦͦ͟ ͔͔͍͎ͨͪ͒ͦͦͦ 

͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͊͊ͪͭ͊͘͡ ͔͔ͭͨͪΈ ͋·͊͡ ͔͔ͨͪ͒ͯͫͣͦͭͪͤ͊ ͨ͊ͪͤ͊Ύ ͍ͨͦͦ͊͘͟Σ ͙͙͡ ͍͔͒ ͍͙͒ͯͦ͟͟͡Σ ͊ ͒͡Ύ 

͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͔͙͊ͨͭ͟Σ ͎͔͒ ͋·͡ ͭͦ͡Έͦ͟ ͍͔ͭͺ͔͡Έ͒΄͔ͪ ς ͦ͒ͤ͊ ͍͒ͯͦ͊͟͟͡Φ ˣ·͙͡ ͔ͭ͊͗͟ ͍͍͔͔͒ͤ· ͤͦͪͣ· 

͔͔ͦ͋ͫͨ;͔͙ͤΎ ͙ͣͯ΅͔͍ͫͭͦͣ ͒͡Ύ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔͍͊͊ͪͭͦ͘͡ ͙ͪ͊͘͡;͎ͤͦͦ ͤ͊ͤ͊͘;͔͙ͤΎ [17, ͫ Φ орϐΦ  

˽͔ͦͫ͡ ͍͔͊ͪ͘΄͔͙ͤΎ ˽͔͍͚ͪͦ ˸͙͍͚ͪͦͦ ͍͚ͦͤ·Σ ͙ͣͯ΅͔͍ͫͭͦ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔͊ͨͭ͟ ͋·͍΄͙ͻ ˿͔͍͔͎ͪͤͦͦ 

͙ ˭͎͊ͨ͊͒ͤͦͦ ͺ͍ͪͦͤͭͦ ͋·ͦ͡ ͔͔͍͔͔ͨͪͤͦ͘ ͍ ͍̒ͪͦͫ͊͡͡ΈΣ ͎͔͒ ͋·͡ ͫͦ͒͊ͤ͘ ͍͔͔͙ͭͪͤ͊ͪͤ·͚ ͔͊ͨͭ;ͤ·͚ ͫ͊͒͟͡Σ ͤͦ 

͔͙͔ͨͦͦ͗ͤ͡ ͙ͦͫͦ͗ͤͦͫ͡͡Έ ͔ͭͣΣ ;ͭͦ ͍ͦ ͍͔ͪͣΎ ͣΎ͔ͭ͗͊ ͍ ͙Ό͔͡ мфму ͎Φ ͦͦͦ͟͡ ͍͒ͯͻ ͔͔͚ͭͪͭ ͙ͣͯ΅͔͍ͫͭ͊ 

͎͔ͫͦͪͦ͡ ͙ͨͪ ͔ͨͦ͗͊ͪΦ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣΣ ͍͔ͦͤͤͦ-͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͍·͍͙͒ͤͯͦ͡ ͤ͊ ͔͍ͨͪ·͚ ͨ͊ͤ͡ 

Ή͔ͦͤͦͣͤͦ͟ ͔͎ͦ ͪ͊ͫͻ͍͙͔ͦ͒ͦ͊ͤΦ ˤ ͔͔͒͊͋ͪ͟ мфму ͎Φ ͔͍͔͔ͨͪ͒ͫͭ͊ͤͤͦ͡ ͍͔͙͔ͯͨͪ͊ͤͣ͡ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͦ 

͙͙ͫͦ͒͊ͤ͘ ͔̇ͤͭͪ͊͡Έ͎ͤͦͦ ͍͔ͦͤͤͦ-͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͊ͨͭ;͎ͤͦͦ ͎͙ͣ͊͊ͤ͊͘ ͋·ͦ͡ ͍͔͔ͯͭͪ͗͒ͤͦ ˾͔͍͍͔͍͔ͦͤͫͦͭͦͣ 

˾͔͙͙ͫͨͯ͋͟͡Φ ˹͊ ͺͪͦͤͭ͊ͻ ͔͗Σ ͋·͙͡ ͫͦ͒͊ͤ͘· ͔͍ͨͦ͡·͔ ͍͔ͦͤͤͦ-͍͔͔͙ͭͪͤ͊ͪͤ·͔ ͔͙͊ͨͭ͟ ώмтΣ ͫΦ от-38]. ˽͙ͪ 

͎͍͔͊ͦͭͦ͘͟ ͔͔͍ͨͪ͒ͣͭͦ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͙ͫͤ͊͋͗ͤΎ ˥͍͔͊ͤͦ͡ ͍͔ͦͤͤͦ-͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͊͊͘͘͟· 

ͦͺͦͪͣ͡Ύͦ͡ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύͣ ͙ ;͊ͫͭͤ·ͣ ͙͡ͼ͊ͣΣ ͊ ͔ͤͦͭͦͪ͟·͔ ͍ͦͭͫͯͭͫͭͯΌ΅͙͔ ͔ͨͪͨ͊ͪ͊ͭ·Σ 

ͻ͙͎͙ͪͯͪ;͔͙͔ͫ͟ ͙͔ͤͫͭͪͯͣͤͭ·Σ ͊͋ͦͪ͊ͭͦͪͤ͡·͔ ͔͙͍ͪ͊ͭ͟· ͙ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ - ͘ ͙͊ͯͨ͊ͫ͟͡Έ ͊͘ ͎͙ͪ͊ͤͼ͔͚Φ ˽͙ͪ 

ΉͭͦͣΣ ͙ͦͭ͊͊ͫ͘͟͡Έ ͦͭ ͍͊͊ͦ͘͘͟ мфмт ͎ͦ͒͊ ͔̇ͤͭͪ͊͡Έͤͦͣͯ ͤ͊ͪͦ͒ͤͦ-ͨͪͦͣ·΄͔ͤͤͦͣͯ͡ ͙͔ͦͣͭͭͯ͟ - ͍͍͙͒ͯ 

Ύ͍ͤ·ͻ ͔ͤͯ͒͊; ͼ͔͙͍ͤͭͪ͊ͦ͊ͤͤ͘͡·ͻ ͎͍͊ͦͭͦͦ͘͟Φ ˨͔ͼ͔͙ͤͭͪ͊͊͘͡ͼ͙Ύ ͎͍͊ͦͭͦͦ͘͟ ͒͊͊͡ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͔ 

͔ͪͯ͘͡Έͭ͊ͭ· ώмтΣ ͫ Φ оу-39]. 
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ˤ ͙Ό͔ͤ мфму ͎Φ ͍ ˸͍ͦͫͯ͟ ͙ͨͪ͋·͊͡ ͒͡Ύ ͪ͊ͫͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͊͋ͦͪ͊ͭͦͪ͡Ύ ˭͎͊ͨ͊͒ͤͦͦ ͺͪͦͤͭ͊ ͔͙ͨͪͦ͒͊ 

˽͔͍͚ͪͦ ˸͙͍͚ͪͦͦ ͍͚ͦͤ·Σ ͫ ͙͍͔͔ͤͤͭ͊ͪͣ ͙ ͙ͨͪ ͔͔ͨͪͫͦͤ͊͡ ͍ ͙ͦ͟͡;͔͍͔ͫͭ у ;͔͍͔ͦ͟͡Σ ͍ͦ ͎͍͔͊͡ ͫ ͎͙ͣ͊ͫͭͪͦͣ 

͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͤ͊ͯ͟ ˾͔ͯ͗ͤͼ͍ͦ·ͣ ˨Φ˿Φ ˤ ͤͦΎ͔͋ͪ ͎ͭͦͦ ͔͗ ͎ͦ͒͊Σ ͤ͊ ͔͔ ͔͋͊͘ ͋·͊͡ ͫͺ͙͍ͦͪͣͪͦ͊ͤ͊ 

͔̇ͤͭͪ͊͡Έͤ͊Ύ ͍͔ͦͤͤͦ-͍͔͔͙ͭͪͤ͊ͪͤ͊Ύ ͔͙͎͙͋͊ͭͪͦͦ͟͡;͔ͫ͊͟Ύ ͙͊͋ͦͪ͊ͭͦͪ͡ΎΣ ͊͒͊͘;͔͚ ͚ͦͭͦͪͦ͟ ͫͭ͊͊͡ 

͙ͦͦͪ͒ͤ͊͟ͼ͙Ύ ͔͙ͣͪͦͨͪΎ͙͚ͭ ͙͍ͨͪͦͭ ͫ͊ͨ͊ ͦ͡΄͔͚͊͒ ͙ ͍·ͪ͊͋ͦͭ͊͟ ͦͺͭ͊͡Έ͔͙ͣͦͣ͊ͤ͊͡͡Φ ˹͊;͊͡Έ͙ͤͦͣ͟ 

͙͙͊͋ͦͪ͊ͭͦͪ͡ ͨͪͦͺΦ ˾͔ͯ͗ͤͼ͍ͦ·ͣΣ ͋·͊͡ ͍·ͪ͊͋ͦͭ͊ͤ͊ ͫͻ͔ͣ͊ ͋ͦͪΈ͋· ͫ ͫ͊ͨͦͣΣ ͔ͨͦͦ͗ͤͤ͊͡Ύ ͍ ͍ͦͫͤͦͯ 

͔͙ͣͪͦͨͪΎ͙͚ͭ ͨͦ ͫ͊ͨͯ ͍ ͍͔ͦͤͤͦͣ ͍͔͍͔͒ͦͣͫͭ [11, ͫ Φ унϐΦ ˤͦͨͪͦͫ ͦ ͨͦͻͦ͒ͤ·ͻ ͔ͦͭ͒͊͡ͻ ͙͙͊͋ͦͪ͊ͭͦͪ͡ ͍ ͙ͦͤ͘͟ 

 ͍ͫ ͍Ύ͙͘ ͫ ͙͔͙͔ͯͫͤͣ͡ ͋ͦͪΈ͋· ͫ ͫ͊ͨͦͣ ͦ͡΄͔͚͊͒ ͍ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣΦ ˹ͦ ͎͙͍ͦͪ͊ͤͦ͊ͭ͘Έ ͙͔ͭ͊͟ ͨ ͔͔͙ͦ͒ͪ͊͒ͤ͘͡Ύ 

͙ͨͪ ͍͔ͫͻ ͙͊ͪͣΎͻ ͙ ͺͪͦͤͭ͊ͻ ͋·ͦ͡ ͍ ͔͍͔ͨͪͦ ͍͔ͪͣΎ ͔͍ͤͦͣͦ͗ͤͦ͘ ώмсΣ ͫ Φ упϐΦ  

ˤ ͔͔͔͒ͪͭ͟ ͦͭ муΦлмΦмфмф ζ˻ ͙͙ͣͦ͋͊͘͡ͼ͙͙ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔ͨͪͫͦͤ͊͊͡ ͤ͊ ͋ͦͪΈ͋ͯ ͫ Ή͙͙ͨͦͦͭ͘Ύ͙ͣηΣ 

͙ͨͦ͒ͨͫ͊ͤͤ·ͣ ͔͔͔͔ͨͪ͒ͫ͒͊ͭͣ͡ ˿˹˴ ˤΦˮΦ ˶͔͙ͤͤ·ͣΣ ͔͙͍ͨͪ͒ͯͫͣ͊ͭͪ͊͊ͫ͡Έ ͍ͦͣͦ͗ͤͦͫͭ͘Έ 

͙͍͙ͦͭͦͣ͊ͤ͒ͪͦ͊ͤ͟Ύ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍ͪ͊;͔͚Σ ͙͔ͣΌ΅͙ͻ ͦͨ·ͭ ͋ͦͪΈ͋· ͫ Ή͙͙ͨͦͦͭ͘Ύ͙ͣ ͒͡Ύ ͍͔͔͙ͨͪͦ͒ͤΎ 

ͪ͊͋ͦͭ ͨͦ ͙ͻ ͙͍͙͒͊͟͡ͼ͙͙ ͍ ͔ͫ͡Έͫͦͣ͟ ͻͦ͘Ύ͚͍͔ͫͭΦ ˽͙ͪ;͔ͣΣ ͍ ͔ͭ;͔͙͔ͤ ͍͔͎ͫͦ ͍͔͔͙ͪͣͤ ͍͔͔͙ͨͪͦ͒ͤΎ Ή͙ͭͻ 

ͪ͊͋ͦͭΣ ͙͍ͦͣ͊ͤ͒ͪͦ͊ͤͤ͟·͔ ͍͔͔͙ͭͪͤ͊ͪͤ·͔ ͍ͪ͊;͙ ͙͔͙ͣ͡ ͍ͨͪ͊ͦ ͤ͊ ͦͭͫͪͦ;ͯ͟ ͦͭ ͙ͨͪ͘·͍͊ ͤ͊ ͍͔ͦͤͤͯΌ 

ͫͯ͗͋ͯ͡ ώмпΣ ͫ Φ нмоϐΦ ˤ͔͎ͫͦ ͊͘ ͔͙ͨͪͦ͒ ˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ· ͋·ͦ͡ ͙͙͍ͣͦ͋ͦ͊ͤͦ͘͡ фсл ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍ͪ͊;͔͚ 

͙ ртрп ͍͔ͭͺ͔͡Έ͒΄͔ͪ͊ ώпΣ ͫ Φ толϐΦ 

ˣ͔͔ͦ͡ ͍͙͔͙͔͒͗ͤ ͍ ˿͙͙͙͋ͪ ͙ ͤ͊ ˨͊͡Έ͔ͤͣ ˤ͔ͦͫͭͦ͟Σ ͔ͤ ͋·ͦ͡ ͙ͤ ͦ͒ͤͦͪͦ͒ͤ·ͣΣ ͙ͤ ͫͨͦ͡;͔ͤͤ·ͣΦ 

˸͊ͦ͡ ͎ͭͦͦΣ ͔͒͊͗ ͎͙͔ͣͤͦ ͔ͤ ͙ͤ͊͘͡ ͼ͔͔͚͡ ͙ ͊͒͊͘; ͍͔͚ͫͦ ͋ͦͪΈ͋·Φ ̏ͭͦ ͋·ͦ͡ ͔ͦͭͦ͋ͪ͊͗ͤͦ ͍ ͙͔ͨͪ͊͘͟ 

ˤ͔ͪͻ͍͎ͦͤͦͦ ͍͙͔ͨͪ͊ͭ͡Ύ ͙ ˤ͔ͪͻ͍͎ͦͤͦͦ ͎͍͊ͤͦͦͣ͊ͤ͒ͯ͟͡Ό΅͔͎ͦ ͙͊͒ͣͪ͊͊͡ ˴ͦ͡;͊͊͟ ˢΦˤΦ ͦͭ нуΦлтΦмфмфΣ ͍ 

ͦͭͦͪͦͣ͟ ͦͤ ͙ͦͭͤͦͫ͡ Ήͭͦ Ύ͍͔͙͔ͤ͡ ͟ ͨͦ͡ͻ͚ͦ ͍͔ͨͦͫͭ͊ͤͦ͟ ͍͔͔͙ͦͫ͒ͦͣͤ͡Ύ ;͔͚͊ͫͭ ͤ͊ ͺ͔ͪͦͤͭΦ ˹͔ ͋·ͦ͡Σ ͔ͭ͊͗͟Σ 

͔͙͍͒ͤͫͭ͊ ͼ͔͔͚͡ ͙ ͔͚͍͙͚͒ͫͭ ͪ͊ͤ͘·ͻ ͔͍ͦͤͭͪͪͦ͟͡Όͼ͙ͦͤͤ·ͻ ͙ͫ͡Φ ́͊͟Σ Ύ͙͔ͨͦͤͫ͟ ͙͔͍͔ͤͭͪͤͭ· ͨ·͙ͭ͊ͫ͡Έ ͒͡Ύ 

͙͔͙ͯͫͤ͡Ύ ͋ͦͪΈ͋· ͫ ˿͍͔͚ͦͭͫͦ͟ ˾͙͔͚ͦͫͫ ͫͦ͒͊ͭ͘Έ ͍͔ͫͦͣͫͭͤ·͔ ͪͯͫͫͦ͟-Ύ͙͔ͨͦͤͫ͟ ͔͔͙ͨͦ͒ͪ͊͒ͤ͘͡ΎΣ ͤͦ ˴ͦ͡;͊͟ 

͔ͤ ͒ͦͨͯͫ͊͟͡ Ή͎ͭͦͦΦ ˢͤͭ͊ͤͭ͊ ͋ͦ͡Έ΄͙͔ ͔ͤ͊͒͗͒· ͍͎ͦ͊͊͊͘͡͡ ͤ͊ ͔̉ͻ͍ͦͫͦ͊͡ͼ͙͚͟ ͦͪͨͯͫ͟Σ ͤͦ ͫ ͙͔ͫͦ͒͊ͤͣ͘ 

ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͎ͤͦͦ ͔̉ͻ͍ͦͫͦ͊͡ͼ͎ͦͦ͟ ͎͍ͦͫͯ͒͊ͪͫͭ͊ ͙ ͍ ͍ͫΎ͙͘ ͫ ͔͔͙͙͔ͨͪͣͪͣ ͔ͣ͗͒ͯ ˢ͚ͤͭ͊ͤͭͦ ͙ ˥͔͙͔͚ͪͣ͊ͤ 

ммΦммΦмфмуΣ ͔͎ͦ ͦͺ͙ͼ͔ͪ· ͙ ͫͦ͒͊ͭ͡· ͙͘ΆΎ͍͙͙͡ ͔͙͔͗͊ͤ͡ ͍͔ͪͤͯͭΈͫΎ ͤ͊ ͍ͫͦΌ ͙ͪͦ͒ͤͯΦ ˤ ͔͔͙͔ͫͪ͒ͤ ͤͦΎ͋ͪΎ 

мфму ͎Φ ͔̉ͻ͍ͦͫͦ͊͡ͼ͙͚͟ ͦͪͨͯͫ͟ ͋·͡ ͎͍ͦͭͦ ͦ͋Ά͔͙͙͒ͤͭΈ ͙͙ͯͫ͡Ύ ͨͦ ͋ͦͪΈ͔͋ ͙͍ͨͪͦͭ ͋ͦ͡Έ΄͔͍͙͍ͦ͟ ͫ 

ͤ͊ͻ͙͍ͦ͒΄͙͙ͣͫΎ ͎ͭͦ͒͊ ͍ ˿͙͙͙͋ͪ ͍͔ͪ͊͗͒͋ͤͦ ͔ͤ͊ͫͭͪͦͤͤ·͙ͣ  ͟˿͍͔͚ͦͭͫͦ͟ ˾͙͙ͦͫͫ ͊ͭ͡·΄͙͊ͣΣ ͙͍ͭͦ͡ͼ͙͊ͣ 

͙ Ήͫͭͦͤͼ͙͊ͣΦ ˹ͦ ˴ͦ͡;͊͟ ͋·͡ ͔͎͙͊ͭͦͪ͟;͔͙ͫ͟ ͙͍ͨͪͦͭ ͙ͫͦ͒͊ͤ͘Ύ ͙͙͚͙ͨͪ͋͊ͭͫ͟͡ͻ ;͔͚͊ͫͭΣ ͭΦ͟Φ ͍͎ͨͪͦͦ͊͘͡΄͊͡ 

ζ͔͙͒ͤͯΌ ͙ ͔͔͙ͤ͒ͣͯ͡Ό ˾͙ͦͫͫΌηΦ ˤ ͭͦ ͔͗ ͍͔ͪͣΎΣ ͍ ͊ͭ͡·΄͙ͫ͟ͻΣ ͙͍͙ͭͦͫ͟͡ͻ ͙ Ή͙ͫͭͦͤͫ͟ͻ ͔͔͙ͨͦͫͤ͡Ύͻ ͔͎ͦ 

͍͚͙ͦͫ͊ͣ͟ ͍͙͙ͨͪͦͦ͒ͫ͡Έ ͔͊ͪ͊ͭ͟͡Έͤ·͔ Ή͔͙ͫͨ͒͟ͼ͙͙Σ ͫ ͙ͤ͊ͫ͡Έ͍͔͚ͫͭͤͤͦ ͙͙ͣͦ͋͊͘͡ͼ͙͔ ͚͍ ͔͋ͯ͡Ό ͙͊ͪͣΌ 

͔͙ͣͦͦ͒͗͡Φ ˢ мрΦлоΦмфмф ͎Φ ͤ͊ ͫͭ͊ͤͼ͙͙ ˣͦ;͔͍͊ͪͦ͟ όͤ·͔ͤ ˣ͔͎ͦͦͪͫ͟͡ ˢ͚ͣͯͪͫͦ͟ ͙ͦ͋͊ͫͭ͡ύ Ύ͙͙ͨͦͤͫͣ͟ 

͙͔͍͔͙ͤͭͪͤͭ͊ͣ ͋·͙͡ ͔ͪ͊ͫͫͭͪ͡Ύͤ· он ͊ͭ͡·΄͊ ͨͦ ͍͙͔͙ͦ͋ͤͤΌ ͍ ͭͦͣΣ ;ͭͦ ͙ͦͤ Ύͦ͋͟·Σ ͋·͙͡ ͙͙ͨ͊ͪͭ͊ͤ͊ͣ͘Σ 

ͻͦͭΎ ͙ͦͤ ͍ͤ͊ͨͪ͊͡Ύ͙ͫ͡Έ ͍ͦ ˤ͙͍͊͒ͦͫͭͦ͟͡ ͫ ͔͔͙͔ͤ͊ͣͪͤͣ ͍͙ͫͭͯͨͭΈ ͍ ͍͒ͦ͋ͪͦͦ͡Έ;͔͙͔ͫ͟ ͊ͭ͡·΄͙͔ͫ͟ ;͙͊ͫͭΣ 

͍͔ͪ͊͗͒͋ͤ·͔ ˿͍͔͚ͦͭͫͦ͟ ˾͙͙ͦͫͫ ώнлΣ ͫ Φ мнп-125].  

ˣ·͊͡ ͔ͭ͊͗͟ ͨͦͨ·ͭ͊͟ ͫͦ͒͊ͭ͘Έ ͙͙͔ͯͪ͊ͤͫ͟͟ ͔͋͡·͔ ;͙͊ͫͭ ͙͘ ͙͍͍ͨͪͦ͗͊΄͙ͻ ͤ͊ ˨͊͡Έ͔ͤͣ ˤ͔ͦͫͭͦ͟ 

͙͙ͯͪ͊ͤͫ͟͟ͻ ͔͔͔͔ͨͪͫͤ͡ͼ͔͍ ͙ ͙ͻ ͍ͨͦͭͦͣͦ͟Σ ͙ͨͪ;͔ͣΣ ͫ ͨͦͨ·͚ͭͦ͟ ͊͘ͻ͍͙͊ͭͭΈ ͍͊ͫͭ͡Έ ͍ ˽͙ͪͣͦͪΈ͔Φ ˹ͦ Ήͭ͊ 

͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͋·͊͡ ͔͔ͨͪͫ;͔ͤ͊ ͔͎͍͔͚͋ͦ͊ͪ͒͡ͼ͙͊ͣ ͙ Ύ͙͙ͨͦͤͫͣ͟ ͙͔͍͔͙ͤͭͪͤͭ͊ͣ ώнлΣ ͫΦ мнсϐΦ ˣ͔͊͡Ύ ͙͊ͪͣΎ 

͔ͤͫ͊͡ ͎ͦͪͦͣͤ·͔ ͔͙ͨͦͭͪΣ ͙ͨͪ ΉͭͦͣΣ ͔͔ ͭ·͡· ͙ ΄ͭ͊͋· ͋·͙͡ ͔͔͔ͨͪͨͦͤͤ͡· ͯͦͤ͟͡ΎΌ΅͙͙ͣͫΎ ͦͭ ͔͍͋ͦ·ͻ 

͔͚͍͙͚͒ͫͭΦ ˽ͦͨ·͙ͭ͟ ͍͔͙ͤ͊ͫͭ Ή͔͔ͣͤͭ͊ͪͤ͡·͚ ͨͦͪΎ͒ͦ͟Σ ͔͙ͨͪͪ͊ͭͭ͟Έ ͔ͫͨͯ͟͡Ύͼ͙͙ ͙ ͍͙ͦͭͨͪ͊ͭΈ ͨͪ͊͒ͤͦ͘ 

΄͊ͭ͊Ό΅͙ͻͫΎ ͭ·͍͙͍ͦͦ͟͡ ͤ͊ ͺͪͦͤͭΣ ͊͊ͤ͘͟;͙͍͙͊ͫ͡Έ ͤ ͔ͯ͒͊;͙͊ͣ ώнлΣ ͫ Φ мнтϐΦ 

ˤ·΄͔ ͙ͯͨͦͣͤ͊ͦͫ͡ΈΣ ;ͭͦ ͫ ͙͔ͫͦ͒͊ͤͣ͘ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͚ͤͦ ͔̉ͻ͍͙͙ͦͫͦ͊͟͡Σ ͍·ͻͦ͒ͼ· ͙͘ ͔ͭͻ ͔ͣͫͭΣ 

͍ͦ͊͊͘͟΄͙͔ͫΎ ͍ ˿͙͙͙͋ͪΣ ͔͙͙ͫͭͪͣͫ͡Έ ͍͔ͪͤͯͭΈͫΎ ͤ͊ ͙ͪͦ͒ͤͯΦ ˴ ͦͤ͟ͼͯ ͔ͫͤͭΎ͋ͪΎ мфмф ͎Φ ;͔ͻ͍ͦͫͦ͊͡ͼ͙͔͟ ͦͭͪΎ͒· 

ͤ͊;͙͊͡ ͍ͫ͊ͣͦͦ͡Έͤͦ ͯͻ͙ͦ͒ͭΈ ͫ ͺͪͦͤͭ͊ ͙ ͍ͤ͊ͨͪ͊͡ΎͭΈͫΎ ͟ ˤ͙͍͊͒ͦͫͭͦͯ͟͡Φ ˨ͦ ͙ͨͪ͋·͙ͭΎ ͍ͦ ˤ͙͍͊͒ͦͫͭͦ͟͡ ͙ͦͤ 

ͦͭ͊͘͟·͍͙͊ͫ͡Έ ͍ͫ͒͊͊ͭΈ ͙͔ͦͪͯ͗Σ ͙ ͋·͙͡ ͪ͊͋ͪͦͫ͊ͤ͘· ͨͦ ͍͔ͫͣͯ ͙͙ͫ͋ͪͫͦͣͯ͟ ͙ͨͯͭ ώмфΣ ͫ Φ мϐΦ  

˹͔͙͍͔ͫͭͤ͘·͚ ͍͊ͭͦͪ ό͍͔ͪͦΎ͔͔ͭͤ ͍͔͎ͫͦ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ ͍ ͍ͫΎ͙͘ ͫ ͍͚ͦ͋ͫͭ͊ͤͦͦ͟ ͍ ͤ͊΄͔͚ ͔ͫͭͪ͊ͤΣ 
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͔͎ͦ ͺ͙͙͊ͣ͡Ύ ͔ͤ ͯ͊͊ͤ͊͘͟ ͋·͊͡ ͍ ͙ͨͯ͋͊͟͡ͼ͙͙ мфну ͎ͦ͒͊ ͨͦ ͤ͊ͫͭͦΎ͙ͤΌ ͔ͪ͒͊͟ͼ͙͙ύ ͍ͯͫͦͤͦ͡ ͔͙ͪ͊͒͘͡͡ 

͙ͤͺͦͪͣ͊ͼ͙Ό ͨͦ ͍͔͔͙ͭͪͤ͊ͪͤͦͣͯ ͔͔ͦ͋ͫͨ;͔͙ͤΌ ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎ ͤ͊ ˤ͔ͦͫͭͦ͟ ͫͭͪ͊ͤ· ͤ͊ о ͔͙ͨͪͦ͒͊ ͨͦ 

͍͙ͤ͊͊ͤ͘Ό ͔͎ͦ ͍͍ͪͯͦͦ͒ͫͭ͊͟Φ ˽͔͍ͪ·͚ ͔͙ͨͪͦ͒ ͫ ͙Ό͡Ύ мфму ͎Φ ς ˴ ͙͔ͦͣͭͭ͊ ̂;͔͙͔ͪ͒ͭ͡Έ͎ͤͦͦ ͙ͫͦ͋ͪ͊ͤΎ ό͔͔͒͊͡ 

˴ͦͣͯ;ύΦ ˹ͦ ͔͎ͦ ͫͺ͔ͪ͊ ͍͙͡Ύ͙ͤΎΣ ͨͦ ͒͊ͤͤ·ͣ ͍͊ͭͦͪ͊ ͋·͊͡ ͎͙ͦͪ͊ͤ;͔͚ͤͤͦ ς ͋ ·͙͡ ͍͊ͭ͊ͣ͊ͤͫͭ͊ ͔͎͙ͦͪͤ͋ͯͪͫ͟ͻ 

͙ ͯͪ͊͡Έ͙ͫ͟ͻ ͍͊͊ͦ͘͟͟Σ ͔ͤ ͔͍͗͊͡΄͙ͻ ͔ͣͯ ͨͦ͒;͙ͤΎͭΈͫΎΦ ˤ ͎Φ ˿͔͊ͣ͊ͪ ͋·͙͡ ͫͺ͙͍ͦͪͣͪͦ͊ͤ· ͙͙͔͍ͣͤͫͭͪͫͭ͊ ͙ 

͎͍͊ͤ͡·͔ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͍͟͡Ό;͊Ύ ͔ͭ͊͗͟Σ ͙ ͍͔ͦͤͤͦ ͔ώмуΣ ͫΦ мфтϐΦ ˢ ͍ ͍͔ͫͦͫͭ͊ ͍͔͎ͦͤͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͋·ͦ͡ 

͎͍͔͊ͤͦ͡ ͍͔ͦͤͤͦ-͍͔͔͙͔ͭͪͤ͊ͪͤͦΣ ͔ͫͦ͒͊ͤͤͦ͘ ͨͦ ͦ͋ͪ͊͘ͼͯ ͍͎ͭ͊ͦͦͦ͟ ͍ ͙͔͚ͣͨͪ͊ͭͦͪͫͦ͟ ˾͙͙ͦͫͫΣ ͫ ͙͙ͭ͊ͣ͟ ͔͗ 

͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤ·͙ͣ ͒ͦ͗ͤͦͫͭ͡Ύ͙ͣ ͙ ͔͙ͦͭ͒͊ͣ͡Φ ˨͔ͦ͗ͤͦͫͭͤͦ͡ ͙͡ͼͦΣ ͍͎͍͙͍ͦ͊͘͡΄͔͔ ͍͔͙͔ͯͨͪ͊ͤ͡ ͔ͤ 

͙͔ͣͦ͡ ͎͒ͦ͗ͤͦͦ͡ ͍͙͔͊ͭͦͪͭͭ͊ ͙ͤ ͯ ͍͙ͦͣ͊ͤ͒ͦ͊ͤ͟ΎΣ ͙ͤ ͍ ͫͺ͔͔ͪ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͦͪͨͦͪ͊͟ͼ͙͙Σ ;ͭͦ ͦͭͪ͊͗͊ͦͫ͡Έ 

ͤ͊ ͍͔͚ͫ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙Φ ˹͔ ͻ͍͊ͭ͊ͦ͡ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔ͨͪͫͦͤ͊͊͡ ͙ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͍͍ͦͭͫͯͭͫͭͦ͊ͦ͡ 

͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͔͙͔ͫͤ͊͋͗ͤΦ ͍͔͙͔̂ͨͪ͊ͤ͡ ͎ͣͦͦ͡ ͭͦ͡Έͦ͟ ͤ͊ͤ͊͘;͊ͭΈ ͍͔͔͙ͭͪͤ͊ͪͤ·͚ ͔ͨͪͫͦͤ͊͡ ͙ ͍͒͊͊ͭΈ 

ͪ͊ͫͨͦͪΎ͔͙͗ͤΎ ͙͍ͨͦͫͭͯͨ΄͙ͣ ͍ ͔͎ͦ ͪ͊ͫͨͦͪΎ͔͙͔͗ͤ ͔ͫͨͼ͙͙͊ͫͭ͊ͣ͡ ͙͘ ;͔͚͊ͫͭ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣ ͍ ˽͍ͦͦ͗͡Έ͔Σ 

͔ͦͭͪ͊ͤͤ͘·ͻ ͦͭ ͍͔͚ͫͦ ͋͊͘· ͍͍ͦͫͫͭ͊΄͙͙ͣ ;͊ͫͭΎ͙ͣ ͔̉ͻ͍ͦͫͦ͊͡ͼ͎ͦͦ͟ ͦͪͨͯͫ͊͟Σ ͊ ͔ͭ͊͗͟ ͔͙ͭͣ 

͍͔͔͙ͭͪͤ͊ͪͤ·͙ͣ ͍ͪ͊;͙͊ͣ ͙ ͺ͔͡Έ͒΄͔͙ͪ͊ͣΣ ͦͭͦͪ͟·ͻ ͋·͊͡ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͙͍ͣͦ͋ͦ͊ͭ͘͡Έ ͤ͊ ͔͙͙ͭͪͪͭͦͪΎͻΣ 

͍ͻ͙͍ͦ͒΄͙ͻ ͍ ͫͺ͔ͪͯ ͍͙͡Ύ͙ͤΎ ˴ͦͣͯ;͊Φ ˤ͔͔͙͔ͭͪͤ͊ͪͤͦ ͔͙͔ͫͤ͊͋͗ͤ ͦͫͯ΅͔͍ͫͭ͡Ύͦͫ͡Έ ͔ͨͯͭͣ ͔͍͙͙ͪ͘͟ͼ͙͚ ͙͘ 

;͊ͫͭͤ·ͻ ͔͊ͨͭ͟Φ ˤ͔͔͙͚ͭͪͤ͊ͪͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍͙ͫͦ͒͊͊͘͡ ͔ͨͦͣͻ͙ ͔ͭ͊͗͟ ͍ͫ͊ͣͦͦ͡Έͤ·͔ ͔͚͍͙͒ͫͭΎ ͍͙͙ͦͤͫ͟ͻ 

͔͔͙͚ͨͦ͒ͪ͊͒ͤ͘͡ ͨͦ͡Ύ͍ͦ͟Σ ͔͍ͫͪ͋ͦ ͙ ͪͯͣ·ͤ ͍ ͍͔ͫͦͫͭ͊ ˴ͦͣͯ;͊Σ ͦͭͦͪ͟·͔ ͨͦ ͙ͨͯͭ ͍͔͎ͫͦͦ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 

͔͋ͤ͊͊͊ͤͤͦ͘͘͟ ͦͨͯͫͭͦ΄͙͊͡ ͍ͫΌ ͔ͣͫͭͤͦͫͭΈΣ ͙͙͊͋ͪ͊͘͡ ͯ ͔͔͙ͤ͊ͫͤ͡Ύ ͦ͡΄͔͚͊͒Σ ͫͦͭ͟Σ ͊ ͔ͭ͊͗͟ ͙ͣͯ΅͔͍ͫͭͦ 

͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͤ͊ͤ͊͘;͔͙ͤΎΦ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͍͔͔͙ͭͪͤ͊ͪͤ·͔ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͤ͊ ͔͙͙ͭͪͪͭͦͪΎͻΣ ͙͔ͦͤͭͪͦͪͯͣ͟͡·ͻ ͍͙͊ͭ͊ͣ͊ͤͫͭ͊ͣΣ ͋·͙͡ 

ͦͺ͔ͦͪͣͤ͡· ͍ ͫͦΌ͘·Σ ͦ͋Ά͔͙͒ͤΎ͍΄͙͔ ͍͔ͦͤͤ·ͻ ͙ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Σ ͔͚͍͍͍͒ͫͭͦ͊΄͙ͻ ͭͦ͡Έͦ͟ ͍ 

͍͙ͫͦͻ ͙͔͔ͤͭͪͫ͊ͻΣ ͙ ͔ͤ ͭͦ͡Έͦ͟ ͔ͤ ͎͙ͨͦͣͦ͊͡ ͎͍͊ͤͦͣͯ͡ ͍͔͔͙ͭͪͤ͊ͪͤͦͣͯ ͍͔͙ͯͨͪ͊ͤ͡ΌΣ ͤͦ ͙ ͍ͦͦ͋΅͔ ͔ͤ 

͙͍͙ͨͪͤ͊͊͘͡ ͔͎ͦΦ ˤ ;͊ͫͭΎͻΣ ͙͍ͨͪͤ͊͘΄͙ͻ ˴ͦͣͯ;Σ ͍͔͔͙ͭͪͤ͊ͪͤ·͔ ͍ͪ͊;͙ ͔͙͒͊͡͡ ͎͍͙͔ͦͦͦͪͯ͗ͭ͟͡͡ΈͤͯΌ 

͊ͪ͟Έ͔ͪͯΥ ͟ ͙͔ͨͪͣͪͯΣ ͤ͊;͍͊ ͫ ͙͒ͦ͗ͤͦͫͭ͡ ͣ͊͒͡΄͔͎ͦ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍ͪ͊;͊Σ ͙͎͙͒ͦͫͭ͊͡ ͍ ͔ͭ;͔͙͔ͤ мл ͔͚͒ͤ 

͙͒ͦ͗ͤͦͫͭ͡ ͦͪͯ͗ͤ͟·ͻ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͙͔͍ͤͫͨͭͦͪͦ͟Φ 

ˤ ͦͤ͟ͼ͔ ͍͎͊ͯͫͭ͊ - ͤ͊;͔͊͡ ͔ͫͤͭΎ͋ͪΎ мфму ͎Φ ͍ ˿͔͊ͣ͊ͪ ͦͫͯ΅͔͍ͫͭ͡Ύ͊ͫ͡Έ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͎͚ͪ͊͗͒͊ͤͫͦ͟ 

͍͔͔͙͙͙ͭͪͤ͊ͪΣ ͙ ͍ Ήͭͦ ͔͗ ͍͔ͪͣΎ ͨͪͦͻ͙ͦ͒ͦ͡ ͍͔ͫͦ΅͙͔͊ͤ ζˤ͔͙͚͎ͫͪͦͫͫͫͦͦ͟ ͫΆ͔͒͊͘η ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍ͪ͊;͔͚ 

͙ ͺ͔͡Έ͒΄͔͍ͪͦΣ ͤ͊ ͦͭͦͪͦͣ͟ ͙ͦ͋ͫͯ͗͒͊ͫ͡Έ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·͔ ͍ͦͨͪͦͫ·Σ ͙ ͒ͦ͗ͤͦ͡ ͋·ͦ͡ ͫͦͫͭͦΎͭΈͫΎ 

͙͙͔͋ͪ͊ͤ͘ ͤ͊;͊͡Έ͙ͤ͊͟ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ ˹ͦ ͔͔͒͊͡ ͍͊ͭͦͪΣ ͔ͤ ͍͍͒͊͊ΎͫΈ ͍ ͙ͨͦ͒ͪͦ͋ͤͦͫͭΣ ͨͪͦͫͭͦ 

͙͔ͦͤͫͭ͊ͭͪͯͭ͟ ͺ͊ͭ͟ ͔ͨͪͪ͊͟΅͔͙ͤΎ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ ˴ͦͣͯ;͊ ͙ ͔͔ͨͪͻ͙ͦ͒ͭ ͟ ͙͙ͦͨͫ͊ͤΌ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ 

͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍ͦ ͍͚ͭͦͪͦ ͔͙ͨͪͦ͒ ς ˨ ͙͔͙͙ͪͭͦͪ͟Σ ͦͺ͙͍ͦͪͣ΄͔͚ͫΎ ͍ ͫ ͔ͤͭΎ͔͋ͪ мфму ͎Φ  

˭͔͒ͫΈ ͍͊ͭͦͪ ͎͙ͦͪ͊ͤ;͙ͫ͡Ύ ͙͙͔ͦͨͫ͊ͤͣ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍ͻͦ͒Ύ΅͔͎ͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤͦ ͍ 

˨͙͔͙ͪͭͦͪ͟Ό ˻͔͎͎ͪͤ͋ͯͪͫͦͦ͟ ͍͔͎ͦͤͤͦͦ ͎ͦͪͯ͊͟Φ ˴ ͤ͊;͊ͯ͡ ͔ͫͤͭΎ͋ͪΎ мфму ͎Φ ͍ͫΎ ͍͔͔͙ͭͪͤ͊ͪͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ 

͎ͦͪͯ͊͟ ͋·͊͡ ͍ ͦ;͔ͤΈ ͨ͊͡;͔͍ͤͦͣ ͫͦͫͭͦΎ͙͙ͤΥ ͍ͫΎ͘Έ ͫ ͍͙͙͙ͦͤͫͣ͟ ;͊ͫͭΎ͙ͣ ͍͍ͦͭͫͯͭͫͭͦ͊͊͡Σ ͍͍ͪͯͦͦ͒ͫͭͦ͟ 

͍͔͔͙ͭͪͤ͊ͪͤͦ-͙ͫ͊ͤͭ͊ͪͤ·͙ͣ ͔͙ͣͪͦͨͪΎ͙ͭΎ͙ͣ ͔ͤ ͋·ͦ͡ ͔ͤ͊͊͗ͤͦ͡Σ ͙ͦͣ͊ͤ͒ͪ͟· ;͔͚͊ͫͭ ͤ͊ͤ͊͘;͙͊͡ 

͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͤ͊;͊͡Έ͙͍ͤͦ͟ ͨͦ ͍͔ͫͦͣͯ ͔͙ͯͫͣͦͭͪͤΌΦ ˹͔ ͻ͍͊ͭ͊ͦ͡ ͔͙͔͍ͣ͒͊ͣͤͭͦ͟Σ ͔͔͍ͨͪΎͦ͘;͎ͤͦͦ 

͔͙ͣ͊ͭͪ͊͊͡ ͙ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͙͔͍ͤͫͭͪͯͣͤͭͦΦ 

˴ ͦͤ͟ͼͯ ͦͭ͟Ύ͋ͪΎ мфму ͎Φ ͍ ˻͔͎͔ͪͤ͋ͯͪ ͋·ͦ͡ ͫͺ͙͍ͦͪͣͪͦ͊ͤͦ ͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͎ͦͪͯ͊͟ ͙ 

͔ͤ͊͊͗ͤ͊͡ ͍ͫΎ͘Έ ͫͦ ͔ͫͨͼ͙͙͙͊ͫͭ͊ͣ͡ ͤ͊ ͔ͣͫͭ͊ͻΦ ˿ ͔͍ͨͪ·ͻ ͔͗ ΄͎͍͊ͦ ͫͭ͊ͦ͡ ΎͫͤͦΣ ;ͭͦ ͔ͤͭ ͤ͊ ͔͙͙͙ͭͪͪͭͦͪ 

͎ͦͪͯ͊͟ ͔͔͍ͨͪ͒ͣͭͦ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͙ͫͤ͊͋͗ͤΎΣ ͙ ͔ͤ ͻ͍͔͊ͭ͊ͭ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Φ ˥͙͔ͪ͊͗͒͊ͤͫ͟ 

͍͔͔͙ͭͪͤ͊ͪͤ·͔ ͍ͪ͊;͙ ͙ ͺ͔͡Έ͒΄͔ͪ͊ ͔ͯ͗ ͋·͙͡ ͙͙͍ͣͦ͋ͦ͊ͤ͘͡· ͙ ͤ͊ͤ͊͘;͔ͤ· ͍ ͊͊͘͟;Έ͙ ͙ͨͦ͟͡Σ ͙ͨͪ;͔ͣΣ 

ͤ͊ͤ͊͘;͔͙ͤΎ Ή͙ͭ ͦͺͦͪͣ͡Ύ͙ͫ͡Έ ;͙͊ͫͭ;ͤͦ ͪ͊ͫͨͦͪΎ͔͙͔͗ͤͣ ͫͺ͙͍͎ͦͪͣͪͦ͊ͤͤͦͦ ͔͔ͪ͊ͤ ͫͦΌ͊͘ ͍͔ͦͤͤ·ͻ ͙ 

͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͙͍ͪ͊͋ͦͭͤͦ͟Φ ˮ ͔ͤͫͣͦͭͪΎ ͤ͊ ͭͦΣ ;ͭͦ ͔ͯ͗ ͺͯͤ͟ͼ͙͙͍ͦͤͪͦ͊ͦ͡ ͔ͦͪͯ͗ͤͦ͟ 

͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡Σ Ήͭͦͭ ͫͦΌ͘ ͨͪͦ͒ͦ͗͊͡͡ ͨͦ ͙͔ͤͪͼ͙͙ ͍͔ͣ΄͙͍͊ͭΈͫΎ ͍ ͤ͊ͤ͊͘;͔͙͔ͤ 

͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔ͨͪͫͦͤ͊͊͡Σ ͤ͊ ͨͦ;͍͔ Ή͎ͭͦͦ ͍͙͙ͦͤ͊͘͟͡ ͦͤ͟ͺ͙ͭ͟͡·Σ ͔ͪ͊ͪ͘΄͍͊΄͙͔ͫΎ ͍͊ͫͭ͡ΈΌ 
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ͦͣ͊ͤ͒ͯ͟Ό΅͙ͻ ͍͚͙ͦͫ͊ͣ͟Φ ˤ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦΣ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͎ͦͪͯ͗ͤͦͦ͟ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͙͒ͦ͋ͦͫ͡Έ ͎ͭͦͦΣ ;ͭͦ ͔͒ͦ͡ ͙͙ͣͦ͋͊͘͡ͼ͙͙ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔ͨͪͫͦͤ͊͊͡ ͋·ͦ͡ ͔͔ͨͪ͒͊ͤͦ ͔ͣͯΦ 

˽͙͔ͪͣͪͤͦ ͍ ͤͦΎ͔͋ͪ мфму ͎Φ ͔ͦͪͯ͗ͤͦ͟ ͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͨͦͯ͡;͙ͦ͡ ͫͦͦ͋΅͔͙͔ͤ ͦ ͭͦͣΣ ;ͭͦ 

͍ ˻͔ͣͫ͟ ͫͭ͊ͦ͡ ͺͯͤ͟ͼ͙͙͍ͦͤͪͦ͊ͭΈ ͎͍͔͊ͤͦ͡ ͍͔ͦͤͤͦ-͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡Σ ͍͎͍ͦ͊͘͡͡Ύ͔͔ͣͦ ͎͙ͣ͊ͫͭͪͦͣ 

͔͍͙̅͒ͦͪͦͫͣ͟Φ ˹ͦ ͔͔ͨͦ͒ͤ͘ ͦ͊͊ͦͫ͘͟͡ΈΣ ;ͭͦ ͦͤ ͔ͯ͗ ͔ͯͣͪΦ 

˻͒ͤ͊ͦ͟Σ ͎ͦͪͦͣͤ·͚ ͔ͤ͒ͦͫͭ͊ͭͦ͟ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔ͨͪͫͦͤ͊͊͡ ͙ ͤͯ͗͒͊ ͍ ͔͙͔ͣ͒͊ͣͤͭ͊͟ͻ ͙ ͨͪͦ;͔ͣ 

͍͔͔͙ͭͪͤ͊ͪͤͦͣ ͙ͣͯ΅͔͍͔ͫͭΣ ͍͙͊ͫͭ͊͊͘͡ ͔ͦͪͯ͗ͤͦ͟ ͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͙ͦ͋ͪ͊ͭͭΈͫΎ ͊͘ ͨͦͣͦ΅ΈΌ ͟ 

͎͍͊ͤͦͣͯ͡ ͍͔͔͙ͭͪͤ͊ͪͤͦͣͯ ͙͔ͤͫͨͭͦͪͯ͟Φ ˨͡Ύ Ή͚ͭͦ ͼ͔͙͡ ͍ ˻ͣͫ͟ ͋·͡ ͙͍ͦͣ͊ͤ͒ͪͦ͊ͤ͟ ͍͔͍ͭͪ͊; ͫͦ ͙ͫͨͫͦͣ͟ 

͔ͤͦ͋ͻ͙͎ͦ͒ͣͦͦ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͙ͣͯ΅͔͍ͫͭ͊ ͙ ͫ ͔͙͒ͦͯͣͤͭ͊ͣ͟ ͦ ͨͦͤͦͣͦ͡;͙Ύͻ ώмуΣ ͫΦ мфуϐΦ 

˹ͦ ͔͙͔ͨͦͦ͗ͤ͡ ͤ͊ ͺ͔ͪͦͤͭ ͍͙ͫͭ͊ͤͦͦͫ͡Έ ͍͔ͫ ͔͔͋ͦ͡ ͤ͊ͨͪΎ͔͗ͤͤ·ͣ ͙ мфΦлмΦ мфмф ͍͔ͫ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͎ͦͪͯ͊͟Σ ͍͟͡Ό;͊Ύ ͙ ͍͔͔͙͔ͭͪͤ͊ͪͤͦΣ ͨͦͯ͡;͙͙͡ ͦͦͦ͟͡ му ;͍͊ͫͦ ͨͦ ͔ͣͫͭͤͦͣͯ ͍͔͔͙ͪͣͤ ͙ͨͪ͊͘͟ ͦ͋ Ή͍͊ͯ͊͟ͼ͙͙ 

͍ ˻ͣͫ͟Φ ˻ͦͦ͟͡ о ;͍͊ͫͦ ͤͦ;͙ ͍͔ͫΈ ͍ͫͦͫͭ͊ ͎ͦͪͯ͗ͤͦͦ͟ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͋·͡ ͎͔ͨͦͪͯ͗ͤ ͍ ͍͎͊ͦͤ· 

͒͡Ύ ͔͍͙ͫ͒ͦ͊ͤ͡Ύ ͍ ˻ͣͫ͟Φ ˽͙ͪ;͔ͣΣ ͊͘ н ͒ͤΎ ͒ͦ Ή͍͊ͯ͊͟ͼ͙͙Σ ͦͣ͊ͤ͒ͯ͟Ό΅͙͚ ͍͚͙ͦͫ͊ͣ͟ ͍͔ͯͪΎ͡ 

͙͍͍͍ͨͪͫͯͭͫͭͦ͊΄͙ͻ ͤ͊ ͍͔ͫͦ΅͙͙͊ͤ ͤ͊;͊͡Έ͙͍ͤͦ͟ ͍͔͙͚ͯͨͪ͊ͤ͡ ͦ ͭͦͣΣ ;ͭͦ ζͤ͊ ͺ͔ͪͦͤͭ ͍͔ͭͪ͒ͦηΦ ˹ͦ ͒͊͡Έ΄͔ 

͍͔ͫ ΄ͦ͡ ͙ͫͭͻ͙͚ͤͦΦ  

ˤ ˻͔ͪͫ͟ ͔ͦͪͯ͗ͤͦ͟ ͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͨͦͯ͡;͙ͦ͡ ͙ͨͪ͊͘͟ ͍͙͎͒͊ͭΈͫΎ ͍ ͫͭͦͪͦͤͯ ͙́ͪͦͼ͊͟Φ ˿ 

͔ͣͦͣͤͭ͊ Ή͍͊ͯ͊͟ͼ͙͙ ͙͘ ˻͔͎ͪͤ͋ͯͪ͊Σ ͔͍͙ͨͪͪ͊ͫ͡Έ ͍͔ͫ ͍ͫΎ͙͘ ͫͦ ͔ͫͨͼ͙͙͙͊ͫͭ͊ͣ͡ ͤ͊ ͔ͣͫͭ͊ͻΦ ˤ ͎Φ ͙́ͪͦͼ͟ 

͍͔͙͔ͯͨͪ͊ͤ͡ ͙ͨͪ͋·ͦ͡ ͭͦ͡Έͦ͟ ͍ ͔͙ͨͦͫ͒ͤ͡ͻ ;͙ͫ͊͡ͻ ͺ͔͍ͪ͊͡Ύ мфмф ͎Φ ˭͔͒ͫΈ ͔ͯ͗ ͋·͡ ΄ͭ͊͋ ͎ͦͪͯ͊͟Σ ͙ ͤ͊;͊ͦͫ͡Έ 

͍͔ͪ͊ͪͭ͘·͍͙͔͊ͤ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ ˿ͪ͊ͯ͘Σ ͨͦ ͔͔ͣͪ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ ͍ͫΎ͙͘ ͫ ;͊ͫͭΎ͙ͣΣ ͦͭ ͙ͤͻ ͙ͫͭ͊͡ 

ͨͦͫͭͯͨ͊ͭΈ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͒͊ͭΈ ͍͔͔͙ͭͪͤ͊ͪͤ·͚ ͔ͨͪͫͦͤ͊͡Σ ͔͙͔ͣ͒͊ͣͤͭ͟·Σ ͔͔͍ͨͪΎͦ͘;ͤ·͚ ͔͙ͣ͊ͭͪ͊͡ ͙ 

͙͔ͤͫͭͪͯͣͤͭ·Φ ˹͙ ͎ͭͦͦΣ ͙ͤ ͎͎͒ͪͯͦͦ ͔ͤ ͋·ͦ͡ ͯ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͍·͍͔͔͔ͤͤͦ͘ ͙͘ ˻͔͎ͪͤ͋ͯͪ͊ ͋·ͦ͡ ζ͙ͪͯͨ͟ͼ͔͚η 

ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͔ͨͦͭͪ͋ͤͦͫͭΈΌΦ ˤ Ήͭͦ ͍͔ͪͣΎ ͔͚͍͍͙͒ͫͭͦ͊͡ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͦͪͨͯͫͤ͟·ͻ ͍͔͍ͭͪ͊;͔͚Σ ͍ ͔ͤͦͭͦͪ͟·ͻ 

ͨͦ͊͟͡ͻ ͋·ͦ͡ ͨͦ н ͍͔͍ͭͪ͊;͊Σ ͍ ͎͙͒ͪͯͻ ͔ͤ ͋·ͦ͡ ͙ͤ ͍͔͍ͭͪ͊;͔͚Σ ͙ͤ ͍͔ͭͺ͔͡Έ͒΄͔͍ͪͦΦ  

ˤ ͔͍ͨͪ·ͻ ;͙ͫ͊͡ͻ ͣ͊ͪͭ͊ мфмф ͎Φ ͍ ͔ͦͪͯ͗ͤͦ͟ ͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͙ͨͪ͋·͡ ͍͔͍ͭͪ͊; ͙͘ ˻ͣͫ͊͟ ͙ 

ͫͦͦ͋΅͙͡ ͦ ͭͦͣΣ ;ͭͦ ͔΅͔ ͍ ͔͔͒͊͋ͪ͟ мфму ͎Φ ͙͙͙͔ͫ͋ͪͫ͟ ͙͊͊͘͟͟ ͔͍͙͊ͪͫͭͦ͊͡ ͍ ˻͔ͣͫ͟ ;͔͍ͤͦ͡ ˨͙͔͙͙ͪͭͦͪ͟ ͙ 

ͦ͋ΆΎ͍͙͙͡ ˴ͦ͡;͊͊͟ ˢΦˤΦ ͍͔ͪͻ͍ͦͤ·ͣ ͍͙͔͔ͨͪ͊ͭͣ͡Φ ˽͙ͪ ͍͚ͤͦͦ ͍͙͊ͫͭ͡ ˻͔ͣͫͦ͟ ͔ͦͪͯ͗ͤͦ͟ ͍͔͙͔ͯͨͪ͊ͤ͡ 

͍͔͔͙͙͙ͭͪͤ͊ͪ ͍ ͚ͨͦͤͦ͡ ͔͔ͣͪ ͍·ͨͦͤ͡Ύ͔ͭ ͺͯͤ͟ͼ͙͙Σ ͔͔ͨͪ΄͔͒΄͙͔ ͟ ͔ͤͣͯ ͦͭ ͋·͍΄͔͎ͦ ˿͎͊ͣ͊ͪͫͦͦ͟ ͎͍͎͊ͤͦͦ͡ 

͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ ̅ͪͦͤͭ ͦ͋΄͙͔ͪͤΦ ˥͍͊ͤ͡·͚ ͍͔͔͙ͭͪͤ͊ͪͤ·͚ ͙͔ͤͫͨͭͦͪ͟ ͦͭ͒͊͡ ͙ͨͪ͊͘͟ ͦ 

͙͍͙͙ͦͣ͊ͤ͒ͪͦ͊ͤ͟ ͍ ͪ͊ͫͨͦͪΎ͔͙͔͗ͤ ˻͔͎͎ͪͤ͋ͯͪͫͦͦ͟ ͎ͦͪͯ͗ͤͦͦ͟ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ пл ͍͔͍ͭͪ͊;͔͚ 

͙ мнл ͍͔ͭͺ͔͡Έ͒΄͔͍ͪͦΦ ˸͙͙͔͍ͤͫͭͪͫͭͦ ͺ͙͍ͤ͊ͤͫͦ ͍͔ͪͻ͍͎ͦͤͦͦ ͍͙͔ͨͪ͊ͭ͡Ύ ͦͭ͒͊ͦ͡ ͪ͊ͫͨͦͪΎ͔͙͔͗ͤ ͦ 

͔͔͍͔ͨͪͦ͒ ˻͔͎ͪͤ͋ͯͪͫͦͣͯ͟ ͦͪͯ͗ͤͦͣͯ͟ ͍͔͔͙ͭͪͤ͊ͪͤͦͣͯ ͍͔͙ͯͨͪ͊ͤ͡Ό нлл ͭ·ͫΎ; ͔͚ͪͯ͋͡ ͦͦͭͦͣ͘͡ ͙ 

͔ͦ͋΅͊ͦ͡ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͍·͔͙͒ͭ͡Έ млл ͭ·ͫΎ;Σ ͍ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ;͔͎ͦ ͋·͙͡ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͔͒ͦͯͣͤͭ͟·Φ 

ˤ͔͔ͣͫͭ ͫ ͯͨͦͤͦͣͦ͡;͔ͤͤ·ͣ ͍͔͍ͭͪ͊;ͦͣ ͙͔ͨͪͻ͙͊͡ ͙͘ ˻ͣͫ͊͟ мл ͍͔͍ͭͪ͊;͔͚ ͙ нр ͍͔ͭͺ͔͡Έ͒΄͔͍ͪͦΦ 

˻͔ͪͯ͗ͤͦ͟ ͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡Σ ͨͦͯ͡;͙͍ ͔͒ͦͯͣͤͭ͟·Σ ͙͋ͪ͊ͦ͘͡ ͙͙ͦͣͫͫ͟Ό ͙͘ ͍͒ͯͻ ͍͔͍ͭͪ͊;͔͚ 

͙ ͎ͦ͒ͤͦͦ ͍͙ͨͪͦͦͪ͊͘Σ ͙ ͙͍ͦͣ͊ͤ͒ͪͦ͊ͦ͟͡ ͙ͻ ͍ͦ ˤ͙͍͊͒ͦͫͭͦ͟͡ ͙ ͙̒ͨͦͤΌ ͒͡Ύ ͙ͨͦͯͨ͟͟ ͔͙͔͍ͣ͒͊ͣͤͭͦ͟Σ 

͔͔͍ͨͪΎͦ͘;ͤ·ͻ ͔͍ͫͪ͒ͫͭΣ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͙͔͍ͤͫͭͪͯͣͤͭͦ ͙ ͔͔͍ͨͪ͒ͣͭͦ ͎͊͋ͦͪ͊ͭͦͪͤͦͦ͡ ͤ͊ͤ͊͘;͔͙ͤΎΦ ˴ ͦͤ͟ͼͯ 

ͣ͊ͪͭ͊ мфмф ͎Φ ͙ͤ͊͊͒ͦ͡͡ ͍ͫΎ͘Έ ͫ ;͊ͫͭΎ͙ͣΣ ͙͙ͨͪͫͭͯͨͦ͡ ͟ ͔͍͙ͯͦͣͨͭͦ͊ͤ͟͟͡Ό ;͔͚͊ͫͭ ͙ͨͪ͋·͍΄͙ͣ ͙͘ ˻ͣͫ͊͟ 

͍͔͔͙ͭͪͤ͊ͪͤ·ͣ ͔ͨͪͫͦͤ͊ͦͣ͡Σ ͊ ͔ͭ͊͗͟ ͟ ͍͔͙ͫͦͫͭ͊ͤ͡Ό ͺͦͪͣ ͍͋͊ͤͦ͟͡ ͍͔͔͙ͭͪͤ͊ͪͤͦ-͙͚ͫ͊ͤͭ͊ͪͤͦ 

ͦͭ;͔͙ͭͤͦͫͭΦ ˿͔͙͔ͤ͊͋͗ͤ ͔͗ ;͔͚͊ͫͭ ͍͔͔͙ͭͪͤ͊ͪͤ·ͣ ͙ͣͯ΅͔͍ͫͭͦͣ ͨͦ͊͟ ͙ͨͪͻ͙ͦ͒ͦͫ͡Έ ͍͔͙ͫͭ ͭͦ͡Έͦ͟ ͔ͭͣΣ ;ͭͦ 

͍ͦͣͦ͗ͤͦ͘ ͋·ͦ͡ ͔͍͙͙͍ͪͪͦ͊ͭ͘͟Έ ͙͘ ;͊ͫͭͤ·ͻ ͔͊ͨͭ͟ ώмуΣ ͫΦ мффϐΦ 

ˣ·͙͡ ͯ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ ͎͙͔͒ͪͯ ͙ͭͪͯ͒ͤͦͫͭΦ ˤ ;͙͊ͫͭͤͦͫͭΣ ͔͍ͫͭͪͦ·͔ ͤ͊;͊͡Έ͙͙ͤ͟ ͔ͤ 

͙͍͙ͨͪͤ͊͊͘͡ ͤ͊ͤ͊͘;͔͙ͤΎ ͙ ͙͙ͭͦͪͣͦ͘͡ ͙͍͙͔ͦͭͦͣ͊ͤ͒ͪͦ͊ͤ͟ ͔͔͔ͨͪͣ΅͔͊ͣ·ͻ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍ͪ͊;͔͚ ͙ 

ͺ͔͡Έ͒΄͔͍ͪͦΦ ˮ ͔͎ͤͣͤͦͦ ͦ ͍͍͍͔͔͙ͤͦͦ͒ͤΎͻ ͍ ͔ͭͪͭΈ͔ͣ ͔͙͔ͨͪͦ͒ ς ͨ ͍͔͙ͪ͊ͤ͡Ύ ˴ͦ͡;͊͊͟Φ ˿͙ͭ͊͡ ͍ͫͦ͒͊͊ͭ͘ΈͫΎ 

͔͍ͨͦ͡·͔ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͺͪͦͤͭ͊Σ ͙ͦͭ͡;͍͊΄͙͔ͫΎ ͦͭ ͔͙ͨͪ͗ͤͻ ͎͍͊ͤ͡·ͻ ͍͔͙͚ͯͨͪ͊ͤ͡ ͎ͦͪͯ͊͟Φ ˤ ͔͔͊ͨͪ͡ мфмф ͎Φ 

͔͍͎ͨͦͦͦ͡ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͔΅͔ ͔ͤ ͋·ͦ͡Σ ͔͎ͦ ͺͯͤ͟ͼ͙͙ ͍·ͨͦͤ͡Ύͦ͡ ˻͔ͣͫͦ͟ ͔ͦͪͯ͗ͤͦ͟ 
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͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡Σ ͔͔ͨͪͤΎ͍΄͔͔ ͪͦ͡Έ ͎͍͎͊ͤͦͦ͡ ͙͘ ˿͊ͣ͊ͪ·Φ ˨͔͔͊͡ ͍͊ͭͦͪ ͔͔ͨͪ΄͔͡ ͦͭ ͙͙ͦͨͫ͊ͤΎ 

͔ͨͪͦ͋ͣ͡ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ˻͔͎͎ͪͤ͋ͯͪͫͦͦ͟ ͎ͦͪͯ͊͟ ͟ ͙͙ͦͨͫ͊ͤΌ ͔͙ͨͦͦ͗ͤ͡Ύ ͍͔͚ͦͤͤͦ 

͍͔͔͙͙͙ͭͪͤ͊ͪ ͍ ˻͔ͣͫ͟Φ ˽͔͍͔ͦͦ͡ ͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͋·ͦ͡ ͫͺ͙͍ͦͪͣͪͦ͊ͤͦ ͍ ˻͔ͣͫ͟ ͍ ͔ͣ͊ мфмф ͎Φ 

ͨͦ ͙ͭͨͯ ͔ͯ͗ ͔͚͍͍͍͒ͫͭͦ͊΄͙ͻ ͔͍ͨͦ͡·ͻ ͍͔͙͚ͯͨͪ͊ͤ͡ ͙ ͔ͣͯ ͋·͙͡ ͔͍͔ͨͪ͒ͦͫͭ͊ͤ͡· ͋ͦ͡Έ΄͙͔ 

͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤ·͔ ͍ͨͪ͊͊Φ ˤ͔ͣͤΎͦͫ͡Έ ͍ ͦ͋Ύ͊ͤͤͦͫͭ͘Έ ͍͙ͪͯͦͦ͒ͭ͟Έ ͍͔͚ͫ ͍͔͚ͦͤͤͦ ͙ ͎͚ͪ͊͗͒͊ͤͫͦ͟ 

͍͔͔͙͙͔͚ͭͪͤ͊ͪ ͤ͊ ͔͙͙͙ͭͪͪͭͦͪ ͦͭ ͺͪͦͤͭ͊ ͒ͦ ˤ͙͍͊͒ͦͫͭͦ͊͟͡Φ ˤ ͔͍ͨͦͦͣ͡ ͍͔͔͙ͭͪͤ͊ͪͤͦͣ ͍͔͙͙ͯͨͪ͊ͤ͡ ͋·͙͡ 

͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤͦ-͙͙ͣͦ͋͊͘͡ͼ͙ͦͤͤ·͚Σ ͍͔͔͙ͭͪͤ͊ͪͤͦ-͙ͫ͊ͤͭ͊ͪͤ·͚Σ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͙ͫͤ͊͋͗ͤΎ ͙ 

͔͊ͨͭ;͎ͤͦͦ ͔͒͊͡ ͙ ͫ;͔ͭͤͦ-ͺ͙͍ͤ͊ͤͫͦ·͚ ͔ͦͭ͒͡·Φ  

˽ͦ ͔͔ͣͪ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ ͍ͫΎ͙͘ ͫ ͔͙ͣͫͭ͊ͣΣ ͔͍͔ͨͦͦ͡ ͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͍ͫͦ͊ͦ͘͡ ͫΆ͔͒͘ 

͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍ͪ͊;͔͚Σ ͍ ͦͭͦͪͦͣ͟ ͙ͨͪͤΎ͙͡ ͯ;͙͔͊ͫͭ ͔ͫͨͼ͙͙͊ͫͭ͡· ͔͍͎ͨͦͦͦ͡ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ 

ͦͪͨͯͫͤ͟·͔ ͍͔͍ͭͪ͊;͙Σ ͍͔͍ͭͪ͊;͙ ͙͍͙͙͚͒͘Σ ͊ ͔ͭ͊͗͟ ͫͭ͊ͪ΄͙͔ ͍ͨͦͦ͟͡·͔ ͍͔͍ͭͪ͊;͙Φ ˹͊ ͫΆ͔͔͒͘ ͋·͊͡ ͙͋ͪ͊ͤ͊͘ 

͔͊ͭͭͫͭ͊ͼ͙ͦͤͤ͊Ύ ͙͙ͦͣͫͫ͟ΎΣ ͨͦ ͔͔͔͙ͦͨͪ͒ͤ͡Ό ͚ͦͭͦͪͦ͟ ͔͍͔ͨͦͦ͡ ͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͤ͊ͤ͊͘;͊ͦ͡ ͙ 

͔͔͔ͨͪͣ΅͊ͦ͡ ͍͔͔͙ͭͪͤ͊ͪͤ·͚ ͔ͨͪͫͦͤ͊͡Φ ˤ ͒͊͡Έ͔͚ͤ΄͔ͣ ͫͦ͘·͍͙͊ͫ͡Έ ͔ͭ͊͗͟ ͍͔ͫͦ΅͙͊ͤΎ ͫ ͔͍͙͔ͨͪ͒ͫͭ͊ͭ͡Ύ͙ͣ 

͎͚ͪ͊͗͒͊ͤͫͦ͟ ͍͔͔͙͙͙ͭͪͤ͊ͪΦ ˤ ͻ͔ͦ͒ Ή͙ͭͻ ͍͔ͫͦ΅͙͚͊ͤΣ ͎͍ͫͦ͊ͫͦ͡·͍͙͊ͫ͡Έ ͍ͦͨͪͦͫ· ͨͦ ͙͙ͣͦ͋͊͘͡ͼ͙͙ 

͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔ͨͪͫͦͤ͊͊͡Σ ͨͦ ͚͍ͯͫͭͪͦͫͭͯ ͎ͫͦͭͦͨͪͦͦͤͤ͟·ͻ ͍ͨͯͤͭͦ͟ ͙ ͙͙͍͙͊ͪ͊ͤͭͤͪͦ͊ͤ͟ΎΣ 

͍·ͪ͊͋͊ͭ·͍͙͊ͫ͡Έ ͔ͣͭͦ͒· ͙ ͔ͣͪ· ͋ͦͪΈ͋· ͫ ;͚ͯͣͦ ͎ͪͯͨͤͦͦ͟ ͎͎ͪͦ͊ͭͦͦ ͫͦͭ͊͟Σ ͎ͯͪͦ͊͘ ͙͍͔͙ͨͪͦͤͤͦͤ͟Ύ 

͚ͦͭͦͪͦ͟ ͍ ˿͙͙͋ͪΈ ͋·͊͡ ͫͦ ͫͭͦͪͦͤ· ˴͙ͭ͊Ύ ͙  ˸͎͙͙ͦͤͦ͡Σ ͊ ͔ͭ͊͗͟ ͨͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍͔ͭͺ͔͡Έ͒΄͔͙ͪͫ͟ͻ ΄ͦ͟͡ 

͙ ͎͙͔͒ͪͯ ͍ͦͨͪͦͫ·Φ ˣͦ͡Έ΄͔ͦ ͍͙͙͔ͤͣ͊ͤ ͔͍͔ͨͦͦ͡ ͍͔͙͔ͯͨͪ͊ͤ͡ ͔ͯ͒͡Ύͦ͡ ˻͚ͣͫͦ͟ ͔͙͎͙͋͊ͭͪͦͦ͟͡;͔͚ͫͦ͟ 

͙͙͊͋ͦͪ͊ͭͦͪ͡Σ ͤ͊ ͦͭͦͪͯ͟Ό ͍͎ͦ͊͊͊ͫ͘͡͡Έ ͍·ͪ͊͋ͦͭ͊͟ ͔ͨͪ͒ͦͻ͙͔ͪ͊ͤͭ͡Έͤ·ͻ ͙ ͔͡;͔͋ͤ·ͻ ͫ·͍ͦͪͦͭͦ͟ ͙ ͍͊͟ͼ͙ͤΣ 

͊ ͔ͭ͊͗͟ ͔͙ͣ͊ͤ͊͡͡ ͒ ͡Ύ ͙͎͙͙͒͊ͤͦͫͭ͟ ͫ͊ͨ͊Φ ˤ ͼ͔͡Ύͻ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͔ͯͫͨ΄͚ͤͦ ͪ͊͋ͦͭ· ͙͙͊͋ͦͪ͊ͭͦͪ͡Σ ͔͍͔ͨͦͦ͡ 

͍͔͙͔ͯͨͪ͊ͤ͡ ͍͔͔͙͙͙ͭͪͤ͊ͪ ͍·͔͒͡Ύͦ͡ ͯ͡;΄͙ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Σ ͊ ͔ͭ͊͗͟ ͦ͡΄͔͚͊͒ ͒͡Ύ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ 

ͦͨ·͍ͭͦΦ 

˹ͦ ͋·͙͡ ͙ ͙ͨͪ;͙ͤ·Σ ͔ͫͪΈ͔ͤͦ͘ ͙͍ͭͦͪͣͦ͘΄͙͔ ͔ͨ͊ͤͦͣͪͤͦͫͭ͡Έ ͪ͊͋ͦͭ· ͔͍͎ͨͦͦͦ͡ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ 

͍͔͙ͯͨͪ͊ͤ͡ΎΦ ́͊͟Σ ͤ͊;͙ͤ͊Ύ ͫ ͙Ό͡Ύ-͍͎͊ͯͫͭ͊ мфмф ͎Φ ;͊ͫͭͦ ͔ͣͤΎ͍΄͙͔ͫΎ ͤ͊;͊͡Έ͙͙ͤ͟ ͎͔͔ͤͪ͊͡Έ͎ͤͦͦ ΄ͭ͊͋͊ ͒͡Ύ 

͎͍͙ͨͦ͒ͦͭͦ͟ ͔͎͔͎ͨͪ͒ͨͦ͊͊ͣͦͦ͡ ͔ͨͪ͒ͫͭͦΎ΅͔͎ͦ ͨ͊ͪ͊͒͊ ͨͦ ͫͯ͡;͊Ό ͙͔͎ͨ͊ͤͪͯͣͦͦ͡ ͍͘Ύ͙ͭΎ ˸͍ͦͫ͟·Σ 

͙͍͔͙ͨͪ͊͟͡͡ ͟ Ή͙ͭͣ ͔͙ͣͪͦͨͪΎ͙ͭΎͣ ͙ ͔͍ͨͦ͡·͔ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͍͟͡Ό;͊Ύ ͙ ͍͔͔͙͔ͭͪͤ͊ͪͤͦ ώмуΣ ͫΦ нллϐΦ ˢ Ήͭͦ 

͔ͤ ͭͦ͡Έͦ͟ ͙ͦͭͤͣ͊ͦ͡ ͎ͣͤͦͦ ͍͔͔͙ͪͣͤ ͙ Ή͔͎͙͙ͤͪΣ ͤͦ ͙ ͍͔ͦͭ͊ͦ͟͡͡ ͦͭ ͨͪΎ͚ͣͦΣ ͔ͤͦ͋ͻ͙͚ͦ͒ͣͦ ͍ ͍͙ͯͫͦ͡Ύͻ 

͍͚ͦͤ·Σ ͪ͊͋ͦͭ·Φ 

ˤ͔͔͙͔ͭͪͤ͊ͪͤͦ ͔͙͔ͫͤ͊͋͗ͤ ͫͭ͊ͦ͡ ͙͍ͤ͊͊͗͊ͭ͡ΈͫΎ ͭͦ͡Έͦ͟ ͍ ͤͦΎ͔͋ͪ мфмф ͎ΦΣ ͨͦ ͙ͨͪ͋·͙͙ͭ ͍ ˻ͣͫ͟ 

͎ͦ͒ͤͦͦ ͍͎͊ͦͤ͊ ͫ ͔͙͔͙ͣ͒͊ͣͤͭ͊ͣ͟Σ ͔͔͍ͨͪΎͦ͘;ͤ·͙ͣ ͔͙͙ͣ͊ͭͪ͊͊ͣ͡Σ ͻ͙͎͙ͪͯͪ;͔͙͙ͫͣ͟ ͙͔͙ͤͫͭͪͯͣͤͭ͊ͣΣ ͙ ͒ͪΦ 

͔͔͙ͨͪ͒ͣͭ͊ͣΣ ͔͊ͯͨͤͤ͘͟͡·͙ͣ ͍ ͙͙̒ͨͦͤ ͙͙͔͚ͦͣͫͫ͟Σ ͍͔͚ͤ͊ͨͪ͊ͤͤͦ͡ ͭͯ͒͊ ͙͘ ͙́ͪͦͼ͊͟Φ ˻͙͗͒͊ͦͫ͡Έ 

͙ͨͪ͋·͙͔ͭ ͔΅͔ ͍͒ͯͻ ͍͎͍͊ͦͤͦΣ ͤͦ ͙ͦͤ ͔͙ͯͫͨ͡ ͔͒ͦͻ͊ͭΈ ͭͦ͡Έͦ͟ ͒ͦ ́ͦͣͫ͊͟Φ ˨͔ͦ͡ ͍ ͭͦͣΣ ;ͭͦ ͔ͯ͗ ͟ ͔͔͙͔ͫͪ͒ͤ 

ͤͦΎ͋ͪΎ мфмф ͎Φ ͍͙ͫͭ͊ͤͦͦͫ͡Έ ΎͫͤͦΣ ;ͭͦ ͒͊͡Έ͔͚ͤ΄͔͔ ͔ͨͪ͋·͍͙͔͊ͤ ͍ ˻͔ͣͫ͟ ͔͔ͤͤ͊͒͗ͤͦΦ ̂ͭͪͦͣ нлΦммΦмфмф 

͔͍͔ͨͦͦ͡ ͍͔͔͙͔ͭͪͤ͊ͪͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡ ͨͦͯ͡;͙ͦ͡ ͙ͨͪ͊͘͟ ͍͔ͫͪͤͯͭΈͫΎ ͙ ͎͙ͨͦͪͯͭ͘ΈͫΎ ͍ ͔ͨͦ͒͘Φ ˢ ͔͔͒͊͡ 

16.12.1919, ͙͙ͫͦͭͪͯ͒ͤ͟ ͔͍͎ͨͦͦͦ͡ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͍ ͔͔ͨͦ͒͘ ͨͦ͒Ά͔ͻ͙͊͡ ͟ ͫͭ͊ͤͼ͙͙ ͚͎́͊͊ 

ό͍͙͙͋͘͡ ́ͦͣͫ͊͟ύΦ ˤ Ήͭͦ ͍͔ͪͣΎ ͍͔͔ͣͫͭ ͫ ͙͍ͨͪͣͤͯ͟΄͙͙ͣ ͟ ͙ͤͣ ͨͦ ͎͔͒ͦͪͦ ͍͔͔͙ͭͪͤ͊ͪͤ·͙ͣ ͍ͪ͊;͙͊ͣ ͙ 

ͺ͔͡Έ͒΄͔͙ͪ͊ͣ ͙ͻ ͋·ͦ͡ пл ;͔͍͔ͦ͟͡Φ ˮ нмΦмнΦмфмф ͙ͦͤ ͔ͯ͗ ͙͙ͨͦͫͭͯͨ͡ ͍ ͪ͊ͫͨͦͪΎ͔͙͔͗ͤ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ 

;͙͊ͫͭ п-͚ ͙͍͙͙͙͒͘ ˾͊͋ͦ;͔-͔ͪͫͭ͟ΈΎ͚ͤͫͦ͟ ˴͚ͪ͊ͫͤͦ ͙͙͊ͪͣ ώмуΣ ͫΦ нлмϐΦ ˹͊ͫͦ͟͡Έͦ͟ ͍͒ͦ͋ͪͦͦ͡ΈͤͦΣ ͊ ͔ͭ͊͗͟ 

ͤ͊ ͔͙͙ͨͦͦ͗ͤ͡ ͍ͪ͊ͤ·ͻ ͫ ͍͔͔͙ͭͪͤ͊ͪͤ·͙ͣ ͔ͫͨͼ͙͙͙͊ͫͭ͊ͣ͡ ˴͚ͪ͊ͫͤͦ ͙͙͊ͪͣΣ ͙͙͡ ͍ ͊͟;͔͍͔ͫͭ 

͍͔͔ͦͤͤͦͨͤͤ͡·ͻΣ ͍͊ͭͦͪͦͣ ͔ͤ ͋ ·ͦ͡ ͙͔ͦ͗ͤͦ͘͡Φ 

˽͍͙ͪ͊͡Έͤ·ͣ ͔͋ͯ͒ͭ ͯͨͦͣΎͤͯͭΈ ͙ ͦ ͍͎͘͡Ύ͔͒ ͍·΄͔ͯͨͦͣΎ͎ͤͯͭͦͦ ͔͙͍͔͎ͤͫͭͤͦͦ͘ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍ͪ͊;͊ 

ͦ ͍͔͔͙ͭͪͤ͊ͪͤͦ-͙ͫ͊ͤͭ͊ͪͤͦͣ ͫͦͫͭͦΎ͙͙ͤ ͍ ͍͚ͦͫ͊͟ͻ ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎ ˿ ͙͙͙͋ͪΦ ˢ͍ͭͦͪ ͔ͫͦ͗͊͡͡Σ ;ͭͦ ͔ͤ ͋·ͦ͡ 

ͨͦ͒ ͙ͪͯ͊ͣ͟ ͙ͨͫΈ͔ͣͤͤ·ͻ ͍͔͔͙͚ͫ͒ͤΣ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͍͔͔͙ͭͪͤ͊ͪͤͦ-͙͎ͫ͊ͤͭ͊ͪͤͦͦ 

͎͋͊ͦͨͦͯ͡͡;͙ΎΦ ͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͙͍͙ͦ͋ͫͯ͗͊ͤ͡Ύ ͍͙ͨͪͦͦ͒ͦͫ͡Έ ͙ͫͭͻ͙͚ͤͦΣ ͙ͤͦͫͦ͡ 

ͫͯ͡;͚͊ͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ ͔͍͙͔̂ͦͣͨͭͦ͊ͤ͟͟͡ ;͔͚͊ͫͭ ͦ͡΄͊͒Έ͙ͣ ͙ ͎͙͙͒ͪͯͣ ͪ͊͋ͦ;͙͙ͣ ͙͍͗ͦͭͤ·͙ͣ 
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͙͍͙ͨͪͦͦ͒ͦͫ͘͡Έ ͔͋͘ ͪ͊͋ͦͪ͊͘Σ ͔ͤ ͻ͍͊ͭ͊ͦ͡ ͔͙͔͍ͣ͒͊ͣͤͭͦ͟Σ ͔͔͍ͨͪΎͦ͘;͎ͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡ ͙ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ 

͙͔͍ͤͫͭͪͯͣͤͭͦΦ ˮ͔ͣ͊͡ ͔ͣͫͭͦ ͨͦͤ͊͡Ύ ͔͍͔͔ͤͦͫ͒ͦͣͤͤͦͫͭ͡Έ ͦ ͍ͤͦ·ͻ ͍͙͙ͦͤͫ͟ͻ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎͻΣ ͒͊ ͙ ͦ 

ͫͺ͙͍ͦͪͣͪͦ͊ͤͤ·ͻ ;͊ͫͭΎͻΣ ͔͚͍͒ͫͭͯΌ΅͙ͻ ͤ͊ ͺ͔ͪͦͤͭΣ ͔͍͔ͨͦͦ͡ ͍͔͙͔ͯͨͪ͊ͤ͡ ͍ͯͤ͊͊ͦ͘͡ ͫ ͋ͦ͡Έ΄͙ͣ 

͙͔ͦͨͦ͒͊ͤͣ͘Φ ˢ ͍͔͔͙ͭͪͤ͊ͪͤ·͔ ͔ͫͨͼ͙͙͊ͫͭ͡· ͤ͊ ͺ͔ͪͦͤͭ ͔ͤ ͙ͤ͊͘͡ ͦ ͫͯ΅͔͍͍͙͙ͫͭͦ͊ͤ ͼ͔ͤͭͪ͊͡Έͤ·ͻ 

͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍͔͙͚ͯͨͪ͊ͤ͡Φ ˻͍͍ͭͫͯͭͫͭͦ͊͊͡ ͙ͦͦͪ͒ͤ͊͟ͼ͙Ύ ͍ ͔ͪ͊͋ͦͭ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͙ ͍͔͚ͦͤͤͦ ͍͔͔͙͙͙ͭͪͤ͊ͪΣ 

͍ ;͙͊ͫͭͤͦͫͭΣ ͙͔ͣ͊͡ ͔ͣͫͭͦ ͙͙ͣͦ͋͊͘͡ͼ͙Ύ ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͔ͨͪͫͦͤ͊͊͡ ͍͔ͦͤͤ·ͣ ͍͙͔ͦͣ͊ͤ͒ͦ͊ͤͣ͟ ͨͦ 

͍͔ͫͦ͋ͫͭͤͤͦͣͯ ͔͙ͯͫͣͦͭͪͤΌ ͤ͊ ͔ͣͫͭ͊ͻΦ ˤ͔ͫ Ή͙ͭ ͺ͊ͭͦͪ͟· ͙ͦͭͪ͊͗͊ͫ͡Έ ͤ͊ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͡;͔͚͋ͤͦ ͙ 

ͨͪͦͺ͙͙͊ͭ͟͡;͔͚ͫͦ͟ ͪ͊͋ͦͭ·Σ ͍ ͙͎͔ͭͦΣ ͙͍͙͙ͨͪͦ͒͡ ͟ ͍͔͍ͫͦͣͦ͗ͤ͘·ͣ ͙ͫͭͻ͙͚ͤ·ͣ Ή͙͙ͨͦͦͭ͘ΎͣΥ ;͔͙ͫͦͭ͟Σ ͫ͊ͨ͊ 

͙ ͔͒͊͗ ;ͯͣ·Σ ͙ ͎͙͒ͪͯͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ώмуΣ ͫΦ нлмϐΦ ˤ ;͙͊ͫͭͤͦͫͭΣ ͨͦ ͒͊ͤͤ·ͣ ˹͙ͦ͟͡Έ͎ͫͦͦ͟ ˹Φ˸ΦΣ ͍ ͔͙ͨͪͦ͒ 

˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ· - ;͔ͤ͊͡ ͔͎͙͙ͦ͟͡͡ ˤ͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ˴͚ͪ͊ͫͤͦ ͙͙͊ͪͣΣ ͔ͦͭ͒͡Έͤ·͔ ͍͙͙͔ͦͤͫ͟ 

;͙͊ͫͭ ͯ ˴ͦ͡;͊͊͟ ͍ ˿͙͙͙͋ͪΣ ͙ͦ͊͊ͫ͘͟͡Έ ͤ͊ млл҈ ͔͊ͪ͊͗ͤͤ͘·͙ͣ ;͔͚ͫͦͭͦ͟ ώмтΣ ͫΦ офϐΦ 

˻͒ͤ͊ͦ͟Σ ͔͒ͫ͘Έ ͍͙ͨͪ͊͡Έͤ·ͣ ͔͋ͯ͒ͭ ͙͙ͣͤͣ͊͡Έͤͦ ͍͙ͦͫͭ͊ͤͦͭΈͫΎ ͤ͊ ͔ͦͫͦ͋ͤͤͦͫͭΎͻ ͒͊͡Έ͔͚ͤ΄͙ͻ 

͍͔ͦͤͤ·ͻ ͔͚͍͙͚͒ͫͭ ͍ ˭͚͊͋͊͊͟͡Έ͔ ͙ ͤ͊ ˨͊͡Έ͔ͤͣ ˤ͔ͦͫͭͦ͟Φ ˴͍͙͔ͦͣ͊ͤ͒ͦ͊ͤ ;͔ͻ͍ͦͫͦ͊͡ͼ͙͟ͻ ;͔͚͊ͫͭ 

лтΦлнΦмфнл ͙ͨͦ͒ͨͫ͊ͦ͡ ͫ ˾͔͍͍͔͍͔ͦͤͫͦͭͦͣ р-͚ ˴͚ͪ͊ͫͤͦ ͙͙͊ͪͣ ͎ͫͦ͊͡΄͔͙͔ͤ ͦ ͍͍ͦͪ͊͘΅͔͙͙ͤ ͙ ͣ ͎͊͋ͪ͊ͤͤͦͦ͘ 

ͯ ˴ͦ͡;͊͊͟ ͎ͦͦͭͦͦ͘͡ ͊ͨ͊ͫ͊͘ ˾͙͙ͦͫͫΣ ͙ ͍ͫͦ͋ͦ͒ͤͦͣ ͙ͻ ͔͔ͨͪͦ͒͘ ͍ͦ ˤ͙͍͊͒ͦͫͭͦ͟͡ [21, ͫ Φ мнмϐΦ ˴͎ͦ͒͊ ˴ͪ͊ͫͤ͊Ύ 

͙͊ͪͣΎ ͒ͦ΄͊͡ ͒ͦ ˭͚͊͋͊͊͟͡ΈΎΣ ͋·ͦ͡ ͙ͨͪͤΎͭͦ ͔ͪ΄͔͙ͤΎ ͦ ͙͙ͫͦ͒͊ͤ͘ ͍͔͔ͪͣͤͤͦ ͋ͯͺ͔͎ͪͤͦͦ ͎͍ͦͫͯ͒͊ͪͫͭ͊ ς 

˨͊͡Έ͔͍ͤͦͫͭͦ;͚ͤͦ ˾͔͙͙ͫͨͯ͋͟͡ ό͔͔͒͊͡ ˨ˤ˾ύΦ ˹͔ ͍͔ͫ ͋ͦ͡Έ΄͔͍͙͙͟ ͋·͙͡ ͔͙͒ͤ· ͍ Ήͭͦͣ ͍͔ͦͨͪͦͫΦ ˽ͦΉͭͦͣͯ 

мфΦлнΦ мфмф ˶͔͙ͤͤ ˤΦˮΦ ͍ ͔͔͎͔ͭͪ͊ͣͣ͡ ˽͔͔͔ͪ͒ͫ͒͊ͭ͡Ό ˾͔͍͍͔͍͔ͦͤͫͦͭ͊ ˾˿̅˿˾ ́ͪͦͼͦͣͯ͟ ˶Φ˨Φ ͙͍ͨͪ͊͘͡ 

ό͔͔͒͊͡ ͍͒ͦͫͦͤͦ͡ύΥ ζˣ͔΄͔ͤͦ ͙͎ͪͯ͊ͭ͘Έ ͙͍͙͍ͨͪͦͭͤͦ͟ ͋ͯͺ͔͎ͪͤͦͦ ͎͍ͦͫͯ͒͊ͪͫͭ͊η ͙ ͍·͙ͨͦͤͭ͡Έ ͎ͦͯͤ͘͡Υ ζ˹͙ 

΄͎͊ͯ ͤ͊ ͍ͦͫͭͦ͟ ͔͔͒͊͡Σ ͍͔ͫ ͙ͫ͡· ͤ͊ͨͪΎ;Έ ͒͡Ύ ͔͎ͯͫͦͪͤͤͦͦ͟ ͍͙͔͙͒͗ͤΎ ͍͚ͦͫ͟ ͙ ͍͍ͨ͊ͪͦͦͦ͘ ͤ͊ ͊ͨ͊͒͘ ͍ 

˾͙ͦͫͫΌη ώнмΣ ͫΦ мннϐΦ ˭͔͒ͫΈΣ ͍͔ͪͦΎͭͤͦΣ ͔͋ͯ͒ͭ ͍͔ͨͦͤ͡ ͔͊ͦͤͦͣͪͤ͘͟·ͣ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ͙ͫͻͦ͒Ύ ͙͘ 

͍·΄͔͙͍͔͔ͨͪ͒ͤͤ·ͻ ͍͔͔͙͚ͫ͒ͤ ͍ ͙͙ͦͨͫ͊ͤΎͻ ˤ͍͊ͫͦ͊͡ ˹Φ˸Φ ͙ ͔͙͍͔͎ͤͫͭͤͦͦ͘ ͍͊ͭͦͪ͊ ͦ ͔ͨͤͤ͡·ͻ ό͙͙͡ 

͍͒ͦ͋ͪͦͦ͡Έͤͦ ͔͔ͨͪ΄͔͒΄͙ͻ ͤ ͊ ͫͭͦͪͦͤͯ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔ͫͨͼ͙͙͊ͫͭ͊͡ͻύΣ ͦ͋ ͙ͻ ͒͊͡Έ͔͚ͤ΄͔͚ 

ͫͯ͒Έ͔͋Φ ˿͔͔ͦͪ͟ ͍͔͎ͫͦΣ ͋ͦ͡Έ΄͙͍ͤͫͭͦ ͙͘ ͙ͤͻΣ ͤ͊ ͔ͨͦ͒͊͘ͻ ͋·͙͡ ͔͔͍͔͔ͨͪͤ͘· ͍ ͔͍͔͚ͪͦͨͫͯ͟Ό ;͊ͫͭΈ 

˿͍͔͚ͦͭͫͦ͟ ˾͙͙ͦͫͫΣ ͫ ͼ͔͡ΈΌ ͙͔͙ͯͫͤ͡Ύ ͭ͊ͣ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣΦ  

˶͔͙ͤͤ ˤΦˮΦ ͙͍ͤ͊ͫͭ͊͊͡ ͤ͊ ͙͙ͫͦ͒͊ͤ͘ ˨ˤ˾Σ ;ͭͦ͋· ͙͔͋͗͊ͭ͘Έ ͍͚ͦͤ· ͫ ͙͔͚̒ͨͦͤΣ ͤ͊ ;ͭͦ ͍ ͭͦ ͍͔ͪͣΎ ͔ͤ 

͋·ͦ͡ ͙ͫ͡Σ ͊ ͔ͭ͊͗͟ ͍·͍͙ͫͦ͋ͦ͒ͭΈ ͙ͫ͡· ͒͡Ύ ͎ͪ͊ͪͦͣ͊͘ ͍͚ͦͫ͟ ˨͔͙͙ͤͤ͊͟Σ ͊ ͔ͭ͊͗͟Σ ͙ ͤ͊ ͫͯ͡;͚͊ ͔͙ͤ͊ͨ͊͒ͤΎ 

˽ͦ͡Έ΄͙Φ ˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ˨ˤ˾ ͋·ͦ͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͍͍͙͒ͯ ͙͍ͫͦ͗͡΄͔͚ͫΎ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͍͙ͦ͋ͫͭ͊ͤͦ͟Σ 

͙͍͒ͭͦ͊ͦͫ͟͡Έ ͔͔͙͔ͫͭͪͣͤͣ͡ ͔ͨͪͪ͊͟΅͔͙ͤΎ Ύ͚ͨͦͤͫͦ͟ ͙͔͍͔ͤͭͪͤͼ͙͙ ͙ͣͪͤ·ͣ ͔ͨͯͭͣΦ ˢ мпΦлоΦмфнл ͍ͦ 

ˤ͙͍͊͒ͦͫͭͦ͟͡ ͙͔ͨͪͻ͊͡ ͨͦ ͨͦͪͯ;͔͙ͤΌ ˹͊ͪͦͣ͊ͭ͊͟ ͙ͤͦͫͭͪ͊ͤͤ·ͻ ͔͒͡ ˾˿̅˿˾ ˤ͙͔͙͚ͤͫ͟͡ ˤΦ˨ΦΣ ͙ ͙͍͔ͨͪ͘ ͫ 

͚ͫͦ͋ͦ ͨ ͍͙͔ͪ͊ͭ͡Έ͍ͫͭ͊ͣ ͙͙̒ͨͦͤ ͙ ˿̊ˢ ͔ͭͫͭ͟· ͤͦͭ ͦ ͔͔͙͙ͤ͊ͣͪͤ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͤͦͪͣ͊͡Έͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ 

ͫ ͙͙ͤͣΣ ͙ ͔͒͊͗ ͙͙ͨͪͤ͊ͤ͘Ύ ͙ͻ ͦͫͦ͋·ͻ ͙͔͔͍ͤͭͪͫͦ ͤ͊ ˨͊͡Έ͔ͤͣ ˤ͔ͦͫͭͦ͟Φ ˽ͦͯ͡;͙͍ ͤͦͭͯΣ Ύ͙͚ͨͦͤͫ͟ ͦͤͫͯ͟͡ 

˸͊ͼ͚ͯ͒͊ͪ͊Σ ͫͪͦ;ͤͦ ͍·͔ͻ͊͡ ͍ ͙́ͦͦ͟ ͒͡Ύ ͦͤͫͯ͟͡Έͭ͊ͼ͙͚ [21, ͫ Φ мннϐΦ  

˽͔͍ͪͦͤ͊;͊͡Έͤͦ ͙ͫͭͦ͡ͼ͔͚ ˨ˤ˾ ͋·͡ ͎Φ ˤ͔ͪͻ͔͙ͤͯ͒ͤͫ͟ ό͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ̂͊ͤ͡-̂͒ΉύΦ ˤ ͍ͫͦͫͭ͊ ˨ˤ˾ 

͍ͻ͙͙ͦ͒͡ ˭͚͊͋͊͊͟͡Έ͔Σ ˢͣͯͪͫ͊͟ΎΣ ˽͙ͪͣͦͪͫ͊͟ΎΣ ˿͊ͻ͙͊ͤͫ͊͟͡Ύ ͙ ˴͊ͣ;͊ͭͫ͊͟Ύ ͙ͦ͋͊ͫͭ͡Σ ͊ ͔ͭ͊͗͟ ͨͦͦͫ͊͡ 

ͦͭ;͔͙ͯ͗͒ͤΎ ˴ˤˬ˨ ό˴͙͚ͭ͊ͫͦ͟-ˤͦͫͭͦ;͚ͤͦ ͔͔͚͗ͤͦ͘͡ ͎͙͒ͦͪͦύΦ ˹ͦ ͔͍ͨͪͦͤ͊;͊͡Έͤͦ ͔ͤ ͯ͒͊ͦͫ͡Έ 

͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͭΈ ͍͊ͫͭ͡Έ ͤ͊ ͍͔ͫ ˭͚͊͋͊͊͟͡Έ͔Σ ͭΦ͟Φ ͍ ͙͔̉ͭ ͍͙ͨͪ͊͡ ͊ͭ͊ͣ͊ͤ ˿͔͔͍ͣͤͦ ˥Φ˸ΦΣ ͦͭͦͪͦͣͯ͟ ͍ ͫΌ ͍ ͊ͫͭ͡Έ 

ͤ͊͒ ˭͚͊͋͊͊͟͡Έ͔ͣ  ͙˨͊͡Έ͙ͤͣ ˤͦͫͭͦͦͣ͟ лпΦлмΦмфнл ͎Φ ͺͦͪͣ͊͡Έͤͦ ͔͍͙ͨͪ͒ͦͫͭ͊͡ ˴ͦ͡;͊͟ [21, ͫΦ мнрϐΦ ˹ͦ ͍ 

͔ͣ͊ мфнл ͎Φ ͔ͨͯͭͣ ͔͔͎͍͍ͨͪͦͦͪͦ ͔ͣ͗͒ͯ ͍͊ͫͭ͡Ύ͙ͣ ˨ˤ˾ ͙ Ύ͙ͨͦͤͫͣ͟ ͍͙͔ͦͣ͊ͤ͒ͦ͊ͤͣ͟Σ ͯ͒͊ͦͫ͡Έ ͙͒ͦ͋ͭΈͫΎ 

͔͍͔ͤͣ΄͔͊ͭ͡Έ͍ͫͭ͊ ͙͙̒ͨͦͤ ͍ ͙͋ͦ ͫ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ͙ͣ ˿͔͔͍ͣͤͦ͊Φ ˢ нлΦммΦмфнл ͯ͒͊ͦͫ͡Έ ͙͒ͦ͋ͭΈͫΎ ͍͘Ύ͙ͭΎ 

ͨͦ͒ ͦͤͭͪͦ͟͡Έ ͙̉ͭ· ͙ ͯͻͦ͒͊ ͔͔͍ͫͣͤͦͼ͔͍ ͙͘ ˭͚͊͋͊͊͟͡ΈΎΦ ˴ ͦͤ͟ͼͯ мфнл ͎Φ Ύͨͦͤͼ· ͯ΄͙͡ ͙͘ ˭͚͊͋͊͊͟͡ΈΎ ͙ 

͍̆͊͋͊ͪͦͫ͊͟Σ ͍ͦͫͭ͊΄͙ͫΈ ͭͦ͡Έͦ͟ ͤ͊ Ό͎͔ ˽͙ͪͣͦͪΈΎ ͙ ͤ͊ ˿͊ͻ͙͔͊ͤ͡ [21, ͫΦ мнр-мнсϐΦ ˽͔ͦͫ͡ ͍͔͙ͦͫͦ͋ͦ͗͒ͤΎ 

͙̉ͭ·Σ ͎ͦͪͦ͒ ͫͭ͊͡ ͙ͫͭͦ͡ͼ͔͚ ˨ˤ˾Φ 

нсΦлрΦмфнм ͔͍ͦͤͭͪͪͦ͟͡Όͼ͙ͦͤͤ·͔ ͙ͫ͡· ͍ ˽͙ͪͣͦͪΈ͔ ͙ͨͪ ͔͔ͨͦ͒͒ͪ͗͟ Ύ͙ͨͦͤͫ͟ͻ ͍͚ͦͫ͟Σ 

͎͙͍͙ͦͪ͊ͤͦ͊͘͡ ͔͔͍ͨͪͦͪͦͭ ͙ ͙ͫͦ͒͊͘͡ ͍͔ͤ͊͊ͤͤͦ͘ ͙͙ͣ ζˤ͔͔͔ͪͣͤͤͦ ˽͙͔ͪ͊ͣͯͪͫͦ͟ ͍͙͔ͨͪ͊ͭ͡Έ͍ͫͭͦη ͍ͦ ͎͍͔͊͡ 
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ͫ ͯͨ͟ͼ͙͊ͣ - ͋ͪ͊ͭΈΎ͙ͣ ˸͔͍ͯͦ͟͡·͙ͣΦ ˽͔͔ͦ͒ͤ͘Σ олΦммΦмфнмΣ ͔͍͋ͦͨͦͫͭ͊ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͣΎ ͎͔͔ͤͪ͊͊͡ 

˸ͦ͡;͍͊ͤͦ͊ ˤΦ˸ΦΣ ͍·͙ͫͭͯͨ͊͡ ͙͍ͨͪͦͭ ˨ˤ˾ ͙ ннΦмнΦмфнм ͊͘ͻ͍͙͊ͭ͊͡ ͍̆͊͋͊ͪͦͫ͟Σ ͊ ͍ ͤ͊;͔͊͡ мфнн ͎Φ 

͍͙ͨͪͦ͒ͤͯ͊ͫ͡Έ ͔΅͔ ͤ͊ млл ͣ͟ ͔͔͊ͨ͊͒ͤ͘ ώнмΣ ͫ Φ морϐΦ 

˹͊ лсΦлрΦмфнм ˹͊ͪͦ͒ͤͦ-͔͍ͪͦ͡Όͼ͙ͦͤͤ͊Ύ ͙͊ͪͣΎ ˨͊͡Έ͔͍ͤͦͫͭͦ;͚ͤͦ ͔͙͙ͪͫͨͯ͋͟͡ ͔ͯ͗ ͤ͊ͫ;͙ͭ·͍͊͊͡ 

фр нло ;͔͍͔ͦ͊͟͡ ͙ нн умн ͦ͡΄͔͚͊͒ [5, ͫ Φ унϐΦ ˿ ͔͔͙ͫͪ͒ͤ· мфнм ͎Φ ͤ͊;͊͊ͫ͡Έ ͔͎͙ͪͦͪ͊ͤ͊͘ͼ͙Ύ ͍͔ͦͦͪͯ͗ͤͤ·ͻ 

͙ͫ͡ ˨ˤ˾ ώнмΣ ͫΦ мнуϐΦ олΦлсΦмфнм ˣ͡Όͻ͔ͪ ˤΦ˴ΦΣ ͋ͯ͒ͯ;͙ ͎͍͊ͤͦͦͣ͊ͤ͒ͯ͟͡Ό΅͙ͣ ͍͔͙ͫͣ ͍͔ͦͦͪͯ͗ͤͤ·͙ͣ 

͙͙ͫ͊ͣ͡ ˨͊͡Έ͔͍ͤͦͫͭͦ;͚ͤͦ ˾͔͙͙ͫͨͯ͋͟͡Σ ͙͒͊͘͡ ͙ͨͪ͊͘͟ ͦ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤ·ͻ ͍ͦͫͤͦ͊ͻ ͔͎͙ͪͦͪ͊ͤ͊͘ͼ͙͙ ͙͙͊ͪͣ 

˨ˤ˾Φ ˤ ;͙͔ͫ͡ ͨͪͦ;͔͎ͦΣ ͦͤ ͔͙ͦͭͣͭ͡Σ ;ͭͦ ͭͦ͡Έͦ͟ ͻͦͪͦ΄ͦ ͔͔ͤ͊͊͗ͤͤͦ͡ ͔͙͔ͫͤ͊͋͗ͤ ͙͙͊ͪͣ ͔ͣͦ͗ͭ ͫͦ͒͊ͭ͘Έ 

͍͙ͯͫͦ͡Ύ ͒͡Ύ ͍͔͔͙ͨͪͦ͒ͤΎ ͔͔ ͔͎͙ͪͦͪ͊ͤ͊͘ͼ͙͙ ͙ ͎͍͙ͨͦ͒ͦͭͦ͟Φ ˢ ͒͡Ύ Ή͎ͭͦͦΣ ͊͟͟ ͦͤ ͊͟ͼ͔͙͍ͤͭͪͦ͊͡Σ 

͔ͤͦ͋ͻ͙ͦ͒ͣ͊ ͫͪͦ;ͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͎ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ ͨͦ ͔͙ͫͤ͊͋͗ͤΌ ͙͙͊ͪͣ [1, ͫΦ нлнϐΦ ˤ ͭͦͣ 

;͙͔ͫ͡Σ ͣͦ͗ͤͦ ͫ ͍͔͔ͯͪͤͤͦͫͭΈΌ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤ·͙ͣ ͦ͡΄͊͒Έ͙ͣΣ 

ͦ͋ͦͤ͘·ͣ ͙ ΄ͦͪͤ·ͣ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤͣΣ ͊ ͔ͭ͊͗͟ ͔͍͙͔ͯͦͣͨͭͦ͊ͤ͟͟͡ ;͔͚͊ͫͭ ͍͔͔͙ͭͪͤ͊ͪͤ·ͣ ͔ͨͪͫͦͤ͊ͦͣ͡Σ ͙ 

͔͙͔ͫͤ͊͋͗ͤ ͍͔͔͙ͭͪͤ͊ͪͤ·ͣ ͙ͣͯ΅͔͍ͫͭͦͣΣ ͔ͭͦ͗ ͋·ͦ͡ ͔͔ͨͪ͒ͯͫͣͦͭͪͤͦΦ ˻͋΅͔͙͍͔ͫͭͤͦ͘Σ ;ͭͦ ͔͔ͪ͊ͤ ˣ͡Όͻ͔ͪ 

ˤΦ˴Φ ͍ ͍͔ͫͦͫͭ͊ ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊ ˴͚ͪ͊ͫͤͦ ͙͙͊ͪͣ ͨͪͦ΄͔͡ ͨͯͭΈ ͦͭ ́Ό͔͙ͣͤ ͒ͦ ˣ͚͊͊͊͟͡Φ 

˶͔ͭͦͣ мфнм ͎Φ ͍ ˭͚͊͋͊͊͟͡Έ͔ ͙͊ͪͣΎ ˨ˤ˾ ͙ͨͪͤΎ͊͡ ͯ;͙͔͊ͫͭ ͍ ͎͔ͪ͊ͪͦͣ͘ ͺ͙͍͙͚ͦͪͣͪͦ͊ͤ ͋͊ͪͦͤ͊ 

͎͔̂ͤͪͤ͊ ˾Φ̅ΦΣ ͍͎ͭͦͪ΄͙ͻͫΎ ͫͦ ͫͭͦͪͦͤ· ˸͎͙͙ͦͤͦ͡ [21, ͫ Φ мосΤ рΣ ͫΦ умϐΦ ʕ  ͤ͊;͔͊͡ мфнн ͎Φ ͍ ˨ˤ˾ ͤ͊;͊ͫ͡Ύ ͍͍ͦ͒ 

͔͙͔͙͚ͫͦ͒ͤͤ 5-͚ ˴͚ͪ͊ͫͤͦ ͙͙͊ͪͣ ͙͘ ˿͙͙͙͋ͪ ͒͡Ύ ͙͔͙ͯͫͤ͡Ύ ͙ͨͦ͘ͼ͙͚ ˹͊ͪͦ͒ͤͦ-͔͍ͪͦ͡Όͼ͙͚ͦͤͤͦ ͙͙͊ͪͣΦ 

˽͔ͦͫ͡ ͔͍͋ͦ мл-мн ͺ͔͍ͪ͊͡Ύ мфнн ͎Φ ˹͊ͪͦ͒ͤͦ-͔͍ͪͦ͡Όͼ͙ͦͤͤ͊Ύ ͙͊ͪͣΎ ͍͘Ύ͊͡ ʕ ͦͦ͡;͔͍͊ͯ͟Φ ˴ ͙ΌͤΌ мфнн ͎Φ ͍ 

͍ͫΎ͙͘ ͫ ͔͎͙ͤ͋͊ͦͨͪ͡Ύ͚ͭͤͦ ͍͚ͦ͋ͫͭ͊ͤͦͦ͟ ͍͙ͤͯͭͪ ͙͙̒ͨͦͤ ͙ ͙ͨͪ ͨͪͦ͒ͦ͗͊͡Ό΅͙ͻͫΎ ͔͙ͨͦͪ͊͗ͤΎͻ ͍͚ͦͫ͟ 

ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎΣ Ύ͔ͨͦͤͫͦ͟ ͍͙͔ͦͣ͊ͤ͒ͦ͊ͤ͟ ͙ͨͪͤΎͦ͡ ͔ͪ΄͔͙͔ͤ ͦ ͍·͍͔ͦ͒ ͍͙ͫͦͻ ͍͚ͦͫ͟ ͙͘ ˽͙ͪͣͦͪΈΎΣ ͊ ͍ 

ͦͭ͟Ύ͔͋ͪ мфнн ͎ΦΣ ͍·͍͔͊͡Φ ˮ нрΦмлΦмфнн ;͙͊ͫͭ ˹͊ͪͦ͒ͤͦ - ͔͍ͪͦ͡Όͼ͙͚ͦͤͤͦ ͙͙͊ͪͣ ˨ˤ˾ ͍ͦ΄͙͡ ͍ͦ 

ˤ͙͍͊͒ͦͫͭͦ͟͡Φ ˻͙ͫͭ͊ͭ͟ ͔͍͋ͦ·ͻ ͺ͙͍͙͚ͦͪͣͪͦ͊ͤ ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎ ͯ΄͙͡ ͍ ˴͙͚ͭ͊ [21, ͫΦ мотϐΦ ˾͍͍ͯͦͦ͒ͫͭͦ͟ 

˨ˤ˾ ͍͔ͫͦͪ͟ ͙ͨͪͤΎͦ͡ ͔ͪ΄͔͙͔ͤ ͦ ͙͔͙͔͙͙ͨͪͫͦ͒ͤͤ ͟ ˾˿̅˿˾Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍ ͍͔͔͙ͭͪͤ͊ͪͤͦͣ ͔͔ͦ͋ͫͨ;͔͙͙ͤ ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣ ͙ ͔͍͋ͦ·ͻ 

ͺ͙͍͙͚ͦͪͣͪͦ͊ͤ ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎ ͍ ˿͔͔ͪ͒ͤͣ ˽͍ͦͦ͗͡Έ͔Σ ͤ͊ ͔̂ͪ͊͡ ͙ ͍ ˿͙͙͙͋ͪ ͋·ͦ͡ ͔ͤͣ͊ͦ͡ ͦ͋΅͙ͻ ;͔ͪͭΦ 

ˤ ;͙͊ͫͭͤͦͫͭΣ ͍͔͔͙ͭͪͤ͊ͪͤ·͔ ͍ͪ͊;͙ ͙ ͺ͔͡Έ͒΄͔ͪ· ͔͙ͦ͋ͻ ͫͭͦͪͦͤΣ ͊͟͟ ͙͔͙ͣ͡ ͍͙ͦͣͦ͗ͤͦͫͭ͘Σ ͔ͪ΄͙͊͡ 

͍ͦͨͪͦͫ· ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͍͒ͦͪͦ͘ΈΎ ͙ ͙ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭ ͎ͦͤͫͦͦ͟͟ ͍ͫͦͫͭ͊͊Σ Ή͙͙ͨͦͦͭ͘;͔͎ͫͦͦ͟ 

͎͋͊ͦͨͦͯ͡͡;͙Ύ ͍͙ͫͦͻ ͍͙͙ͦͤͫ͟ͻ ;͔͚͊ͫͭ ͙ ͔͙͔͙͚ͫͦ͒ͤͤΣ ͊ ͔ͭ͊͗͟Σ ͔͙ͫͤ͊͋͗ͤΎ ͍͔͔͙ͭͪͤ͊ͪͤ·ͣ ͙ͣͯ΅͔͍ͫͭͦͣΦ 

˻͙ͭ͡;͙Ύ ͋·͙͡ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͍͚͋ͦͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ́͊͟Σ ͙ͨͪͤͼ͙ͨ ͍͒ͦ͋ͪͦͦ͡Έ͙ͤͦͫͭ ͤ͊ ͤ͊;͊͡Έͤͦͣ Ή͔ͭ͊ͨ 

͔͍͙ͦͣͨͭͦ͊ͤ͟͟͡Ύ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣ ͙ͨͪ ͙͙ͣͦ͋͊͘͡ͼ͙͙Σ ͊ ͔ͭ͊͗͟ Ή͙ͤͭͯ͊ͣ͘͘ ͙ ͍͔ͪ͊ ͍ ͍͔͔ͫͭͦ͡ ͋ͯ͒ͯ΅͔͔ 

͍͙͔ͫͪ͊ͤͭ͡Έͤͦ ͣͦͦ͒͡·ͻ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Σ ͔ͤ ͙͔͍ͣ΄͙ͻ ͋ͦ͡Έ΄͎ͦͦ ͦͨ·ͭ͊ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ 

͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍͚ͦͫ͟Φ ˨͡Ύ ͺ͙͍͙͚ͦͪͣͪͦ͊ͤ ˣ͔͎ͦͦ͡ ͍͙͔͙͒͗ͤΎ ͋·ͦ͡ ͻ͔͊ͪ͊ͭͪͤͦ͟ ͙ͤ͊͡;͙͔ ͔ͫͪΈ͔ͤ͘·ͻ 

͙͍͔ͨͪͦͭͦͪ;͙͚ ͔ͣ͗͒ͯ ͪ͊ͤ͘·͙ͣ ͔͎ͦ ͯ;͙͙͊ͫͭͤ͊ͣ͟Σ ͙͔͍ͣ΄͙͙ͣ ͪ͊ͤ͘·͔ ͼ͔͙͡Σ ;ͭͦ ͫ͊͘͟·͍͊ͦͫ͡Έ ͤ͊ 

͍͔͔͙ͭͪͤ͊ͪͤͦͣ ͔͔ͦ͋ͫͨ;͔͙͙ͤΣ ͊ ͔ͭ͊͗͟ ͔ͨͦ͒͒ͪ͗͊͟Σ ͻͦͭΎ ͍ ͔ͪ͊ͤͦ͘ ͍͔ͪͣΎ ͨͦ-ͪ͊ͤͦͣͯ͘Σ ͫͦ ͫͭͦͪͦͤ· 

͍͍ͦͫͫͭ͊΄͔͎ͦ ͔̉ͻ͍ͦͫͦ͊͡ͼ͎ͦͦ͟ ͦͪͨͯͫ͊͟ ͙ Ύ͙ͨͦͤͫ͟ͻ ͍͚ͦͫ͟Φ ˤ ͻ͔ͦ͒ ͎ͪ͊ͪͦͣ͊͘ ͍͚ͦͫ͟ ˴ͦ͡;͊͊͟Σ ˴͚ͪ͊ͫͤͦ 

ˢ͙͔͚ͪͣ ͋·ͦ͡ ͊͘ͻ͍͊;͔ͤͦ ͔ͤͣ͊ͦ͡ ͭͪͦͺ͔͔͍Σ ͤ͊ͻ͙͍ͦ͒΄͙ͻͫΎ ͍ ͍͎͊ͦͤ͊ͻ ͤ͊ ͙͙͚́ͪ͊ͤͫͫ͋ͪͫͦ͟ ͎͙͙ͣ͊ͫͭͪ͊͡ ͙ 

ͪΎ͒ͦͣΣ ͎͔͒ ͒ͦ ͔͔ ͙ͨͪͻͦ͒͊ ͻͦ͘Ύ͚͙ͤ;͊͡ ͔̉ͻ͍ͦͫͦ͊͡ͼ͙͚͟ ͦͪͨͯͫ͟Φ ˤ ͭͦͣ ;͙͔ͫ͡ ͙ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͙ͣͯ΅͔͍ͫͭ͊Φ 

ˢ ͔ͭ͊͗͟ ͍͘Ύͭͦ ͍ ͔ͨͤ͡ ͎ͣͤͦͦ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Σ ͤ͊ͻ͙͍ͦ͒΄͙ͻͫΎ ͍ ͭΎ͔͗ͦͣ͡ ͔͙͙ͨͦͦ͗ͤ͡Σ 

͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͨͦͯ͡;͙͍ ͚͔ͪ͊ͤ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ ͨͦͣͦ΅ΈΣ ͎͍ͦͭͦ·ͻ ͨͪͦ͒ͦ͗͊ͭ͡Έ ͙͍ͨͪ·;ͤͯΌ ͪ͊͋ͦͭͯ ͨͦ 

͍͔͔͙ͭͪͤ͊ͪͤͦͣͯ ͔͔ͦ͋ͫͨ;͔͙ͤΌΣ ͔ͯ͗ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣΦ  

  ˿ ͙ͨͫͦ͟ ͙ ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͡ ͙͔ͭͪ͊ͭͯͪ·Υ 

1. ˣ͡Όͻ͔ͪ ˤΦ˴Φ ˿ͭ͊ͭΈ͙ ͙ ͔ͪ;͙Φ ς ˸ ΦΥ ˤ͔͙ͦͤ͒͊ͭ͘Σ мфсоΦ ς нон ͫΦ 

2. ˤ͍͊ͫͦ͡ ˹Φ ˴ͯͪͫ· ͍͔ͯͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΎ ͍͔͔͙ͭͪͤ͊ͪͤ·ͻ ͍ͪ͊;͔͚ ͍ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣ κκ˽͙ͪ͊ͭ͟;͔ͫ͊͟Ύ 

͍͔͔͙͙ͭͪͤ͊ͪΎ ͙ ͔͍͍ͦͤͦ͒ͫͭͦ͟Σ мфнрΣ ЅпόмнύΣ ͫΦ с-9. 

3. ˤ͍͊ͫͦ͡ ˹Φ ˹͊ ˤͦͫͭͦ;ͤͦͣ ͺ͔ͪͦͤͭ ͎͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ· κκ˽͙ͪ͊ͭ͟;͔ͫ͊͟Ύ ͍͔͔͙͙ͭͪͤ͊ͪΎΣ мфнуΣ Ѕ м-нΣ ͫΦ 

140-147. 
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4. ˤ͍͊ͫͦ͡ ˹Φ ̏ͭ͊ͨ· ͍͔͙ͫͭ͊ͤͦͤ͡Ύ ͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͔͒͊͡ ˾˴˴ˢ κκˤ͔͙ͫͭͤ͟ ͍͔͔͚ͫͦͪͣͤͤͦ ͍͔͔͙͙͙ͭͪͤ͊ͪΣ мфнтΣ 
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5. ˥͙͊ͤͤ ˢΦˤΦ ˽͙͍ͪͦͭ ͍͙ͫͦͻΥ ͦ͟͡;͍͙͔͊ͦͫ͟͟ ͎͔ͤ΄͙ͭ͊͋ͫͭ· ͤ͊ ͔ͫͯ͗͋͡ ˹͊ͪͦ͒ͤͦ-ͪ ͔͍ͦ͡Όͼ͙͚ͦͤͤͦ ͙͙͊ͪͣ 

˨͊͡Έ͔͍ͤͦͫͭͦ;͚ͤͦ ͔͙͙ͪͫͨͯ͋͟͡ ͍ мфнф-мфнм ͎͎Φ κκ˥ͪ͊͗͒͊ͤͫ͊͟Ύ ͍͚ͦͤ͊ ͍ ͨ͊ͣΎ͙ͭ ͎ͪͯͫͫͦͦ͟ ͔͊ͪͯ͋͗͘ΈΎΥ ͟ млл-
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͔͚ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;͚ͤͦ ͦͤ͟ͺ͔͔ͪͤͼ͙͙Φ ς ˸ ΦΥ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ˻˻˻ ζˤ͙ͺ͙ͫ͊͒͊ηΣ нлноΣ ͫΦ ул-87. 

6. ˨͍ͯ͒ͯ͊ͦ͟͡ ˢΦˢΦ ˴ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍ ˸͎͙͙ͦͤͦ͡ ͙ ͍ ͎͙ͨͦͪ͊ͤ;ͤ·ͻ ͔ͣͫͭ͊ͻ ˾͙͙ͦͫͫΣ ͍ ͍ͫΎ͙͘ ͫ 

͍͙͙͔ͪ͊ͭͣ͘ ͫ ͔ͤΌ ͎͍ͭͦͪͦ·ͻ ͫͤͦ΄͔͙͚ͤ κκˤ͔͙ͫͭͤ͟ ͦ͋΅͔͍͔͚ͫͭͤͤͦ ͍͔͔͙͙͙ͭͪͤ͊ͪΣ мфмоΣ Ѕ пΣ ͫΦ мтп-181. 

7. ˨͍ͯ͒ͯ͊ͦ͟͡ ˢΦˢΦ ˴ ͍͔͔͙͚ͭͪͤ͊ͪͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍ ˸͎͙͙ͦͤͦ͡ ͙ ͍ ͎͙ͨͦͪ͊ͤ;ͤ·ͻ ͔ͣͫͭ͊ͻ ˾͙͙ͦͫͫΣ ͍ ͍ͫΎ͙͘ ͫ 

͍͙͙͔ͪ͊ͭͣ͘ ͫ ͔ͤΌ ͎͍ͭͦͪͦ·ͻ ͫͤͦ΄͔͙͚ͤ όͦͦͤ͟;͙͔͊ͤύ κκˤ͔͙ͫͭͤ͟ ͦ͋΅͔͍͔͚ͫͭͤͤͦ ͍͔͔͙͙͙ͭͪͤ͊ͪΣ мфмоΣ Ѕ рΣ ͫΦ 

239-246. 

8. ˩͍͔͔ͫͤͦ͟ ˿Φ˿Φ ˿ͭͦ ͔ͭ͡ ͤ͊͊͒͘ ͙ ͔͔ͭͨͪΈ κκˤ͔͙ͫͭͤ͟ ͦ͋΅͔͍͔͚ͫͭͤͤͦ ͍͔͔͙͙͙ͭͪͤ͊ͪΣ мфмоΣ Ѕ сΣ ͫΦ нтм-286. 

9. ˮ͘ ͙͙͙ͫͭͦͪ ˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ· ͍ ˿˿˿˾Φ ˿͙͋ͦͪͤ͟ ͔͍͒ͦͯͣͤͭͦ͟ ͙ ͔͙͍ͣ͊ͭͪ͊ͦ͡Φ ́ͦͣ мΦ ˸͚͊ мфму ς ͣ ͊ͪͭ 

1919. ς ˸ ΦΥ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ζ˿͍͔ͦͭͫ͊͟Ύ ˾͙ͦͫͫΎηΣ мфслΦ ς уон ͫΦ 

10. ˮ ͙ͫͭͦͪΎ ͭ·͊͡ ˾͙͚͙ͦͫͫͫ͟ͻ ˤ͔ͦͦͪͯ͗ͤͤ·ͻ ͙ͫ͡ ό·±LLL-·· ͍͍ΦύΦ ˴͙͎ͤ͊ ͍ͭͦͪ͊ΎΦ ́·͡ ˴͚ͪ͊ͫͤͦ ˢ͙͙ͪͣ ͍ͦ ͍͔ͪͣΎ 

˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ· ͙ ͍ ͔͍͔ͣ͗ͦͤͤ·͚ ͔͙ͨͪͦ͒Φ ˽ͦ͒ ͔ͪ͒Φ ˤ͙͙͍ͤͦ͊͡ ˸ΦˢΦ ς ˿ Φ˽͔͔͎ͭͪ͋ͯͪΣ нлллΦ ς ооо ͫΦ 

11. ˴  ͦͭͪ͟·͙ͭΌ ͪ͊͋ͦͭ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡;͔͚ͫͦ͟ ͙͙͊͋ͦͪ͊ͭͦͪ͡ ˤ͔͍͔ͦͤͭͯͨͪ͊ ˾˴˴ˢ ͍ ˶͔͙͎͔ͤͤͪ͊͒ 

κκ˽͙ͪ͊ͭ͟;͔ͫ͊͟Ύ ͍͔͔͙͙ͭͪͤ͊ͪΎ ͙ ͔͍͍ͦͤͦ͒ͫͭͦ͟Σ мфнпΣ Ѕ нΣ ͫΦ ун-84. 

12. ˴ ͎͙͊ͯͤ͡ ˤΦˮΦ ˽͔͍ͪ·͔ ͔͔͒ͪͭ͟· ͙ ͍͔͙ͨͦͫͭ͊ͤͦͤ͡Ύ ˿͍͔͎ͦͭͫͦͦ͟ ͍͙͔ͨͪ͊ͭ͡Έ͍ͫͭ͊ ͦ ͍͙͙͙ͪ͊ͭ͘ 

͙͍͍͍͗ͦͭͤͦͦ͒ͫͭ͊Σ ͍͔͔͙͙͙ͭͪͤ͊ͪΣ ͣΎ͚ͫͤͦ ͙ ͣͦͦ͡;͚ͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ͍ ˿˿˿˾Φ ς ˸ΦΥ ˸͍͙͚ͦͫͦͫ͟͟ 

͔ͭͻ͎͙ͤͦͦ͡;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ ͣΎ͚ͫͤͦ ͙ ͣͦͦ͡;͚ͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Σ мфтнΦ ς тс ͫΦ 

13. ˴ ͍͔͍͙͚ͦ͊ͫ͟͡ ˮΦ˸Φ ˴ ͍ͦͨͪͦͫͯ ͦ ͍͔͔͚ͫͦͪͣͤͤͦ ͍͚ͨͯͤͭͦͦ͟ ͍͔͔͙͙͙ͭͪͤ͊ͪ ͙ ͦ ͔͔͗͊ͭ͡͡Έͤ·ͻ ͯͯ͡;΄͔͙ͤΎͻ 

͍ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔͔͚ͨͦͫ͒ͤ͡ κκˤ͔͙ͫͭͤ͟ ͦ͋΅͔͍͔͚ͫͭͤͤͦ ͍͔͔͙͙͙ͭͪͤ͊ͪΣ мфмрΣ Ѕ мрΣ ͫΦ рут-591. 

14. ˴ ͍ͦͪͦͨͦ ˤΦ˸Φ ˮ͙ͫͭͦͪΎ ͍͔͔͙͙͙ͭͪͤ͊ͪ ͍ ˿˿˿˾Φ ς ˸ΦΥ ˥͍͔͔ͦͫͯ͒͊ͪͫͭͤͤͦ ͙͔͒͊ͭ͘͡Έ͍ͫͭͦ 

͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͙͔ͭͪ͊ͭͯͪ͡·Σ мфрпΦ ς ост ͫΦ 

15. ˹ ͍͊ͯͣͦ ˩Φ˻Φ ˨͔Ύ͔ͭ͡ΈͤͦͫͭΈ ͙͙ͣͦ͋͊͘͡ͼ͙͎ͦͤͤͦͦ ͔ͦͭ͒͊͡ м-͚ ͙͙͊ͪͣ ˤͦͫͭͦ;͎ͤͦͦ ͺͪͦͤͭ͊ ͨͦ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͊ͨ͊ͫͤ͘·ͻ ;͔͚͊ͫͭ ͍ мфму-мфмф ͎͎Φ κκˮ͍͔͙ͫͭ͘Ύ ˿͎͊ͣ͊ͪͫͦͦ͟ ͤ͊ͯ;͎ͤͦͦ ͼ͔ͤͭͪ͊ ˾ˢ˹Σ ͭΦ мсΣ Ѕ 
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20. ̇ ͙͙ͨͤ͟ ̑Φ˹Φ ˢ͙ͤͭ͋ͦ͡Έ΄͔͍͙͙͔ͫͭͫ͟ ͔͙ͪ͗ͣ· ͤ͊ ˨͊͡Έ͔ͤͣ ˤ͔ͦͫͭͦ͟ ˾͙͙ͦͫͫ ͍ ͔͙ͨͪͦ͒ ˥͚ͪ͊͗͒͊ͤͫͦ͟ 
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˥͚ͪ͊͗͒͊ͤͫͦ͟ ͍͚ͦͤ· ͤ͊ ˨͊͡Έ͔ͤͣ ˤ͔ͦͫͭͦ͟Φ ˿͙͋ͦͪͤ͟ ͤ͊ͯ;ͤ·ͻ ͔͚ͫͭ͊ͭΦ ς ̆ ͍͊͋͊ͪͦͫ͟Υ ͍͙͚̆͊͋͊ͪͦͫ͟ ͔͍͚ͪ͊ͦ͟ 

͔͍͔ͪ͊͒͟;͔͙͚ͫ͟ ͔͚ͣͯ͘ ͙ͣΦ ˹ΦˮΦ ˥͔͍ͪͦ͒ͦ͊͟Σ мфффΣ ͫΦ ммф-146. 

ϭ ˸͍͔͔͍͊ͭ ˻Φ̑ΦΣ нлнр 
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̂˨˴ туΦлм 

˿͎͔͙͔͍͊ͨ͊ͪ͒͡ ˻ͫͣ͊ͤ 

͔ͫͭͯ͒ͤͭ 

͔́ͯͪͣͤͫ͊͟͟Ύ ͤ͊ͼ͙ͦͤ͊͡Έͤ͊Ύ ͔͍͙ͦͤͫͪ͊ͭͦͪ͟Ύ ͙͔͙ͣͤ ˸͙͊ ˴͙͔͍͚ͯͦ͡ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˹͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡ΈΥ ˿·ͭ͒·ͻ͍ͦ ̒ͯͨͣ͟·ͪ͊ͭ 

ͫͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 

͔́ͯͪͣͤͫ͊͟͟Ύ ͤ͊ͼ͙ͦͤ͊͡Έͤ͊Ύ ͔͍͙ͦͤͫͪ͊ͭͦͪ͟Ύ ͙͔͙ͣͤ ˸͙͊ ˴͙͔͍͚ͯͦ͡ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˾˻˶̎ ˥ˢ˾˸˻˹ˮˮ ˤ ˸̂˭̍˴ˢ˶̎˹˻˸ ˮ˿˴̂˿˿́ˤ˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͤ͊͘;͔͙͔ͤ ͎͙͙͊ͪͣͦͤ ͊͟͟ ͟͡Ό;͔͍͎ͦͦ ͔ͦͣͨͦͤͤͭ͊͟ ͣͯ͘·͊͟͡Έ͎ͤͦͦ Ύ͘·͊͟Σ 

͔͔ͦͨͪ͒͡ΎΌ΅͔͎ͦ ͍·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΦ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͙͙ͫͭͦͪ;͔͙͔ͫ͟ Ήͭ͊ͨ· 

͍͙͙ͪ͊ͭ͘Ύ ͎͙͙͊ͪͣͦͤΣ ͔͔ ͺͯͤ͟ͼ͙͙ ͍ ͙͔͔ͫͫͭͣ ͣͯ͘·͊͟͡Έ͎ͤͦͦ ͣ·΄͔͙ͤ͡Ύ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍͙͡Ύ͙ͤΎ ͤ͊ 

ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤͯΌ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙ΌΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͎͙͊ͪͣͦͤΎΣ ͣͯ͘·͊͟͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͊͒͡Σ ͍͔͙ͪͭ͊͟͡ΈΣ ͙ͦͣͨͦ͘͟ͼ͙ΎΣ ͣͯ͘·͊͟͡Έ͔ͤͦ ͣ·΄͔͙͔ͤ͡Σ ͙ͤͭͦͤ͊ͼ͙ΎΦ 

 

˥͙͊ͪͣͦͤΎ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͔͎͙͚͊ͭͦͪ͟ ͣͯ͘·͊͟͡Έ͎ͤͦͦ ͙͍ͫͯͫͫͭ͊͟Σ 

ͺ͙ͦͪͣͪͯΌ΅͔͚ ͍͔͙ͪͭ͊͟͡Έͤ·͚ ͙ ͙ͤͭͦͤ͊ͼ͙ͦͤͤͦ-ͫͭͪͯͭͯͪͤ͟·͚ ͊ͪ͊ͫ͟͟ ͣͯ͘·͊͟͡Έ͎ͤͦͦ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΦ ˹͊ 

ͨͪͦͭΎ͔͙͙͗ͤ ͍͔͍ͦ͟ ͦͤ͊ ͍·ͫͭͯͨ͊͊͡ ͔ͤ ͭͦ͡Έͦ͟ ͔͍ͫͪ͒ͫͭͦͣ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍͍͎ͯͦͦͦ͘͟ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Σ ͤͦ ͙ 

͍͔͚͊͗ͤ΄͙ͣ Ή͔͔ͣͤͭͦͣ͡ ͣͯ͘·͊͟͡Έͤͦ-Ή͔͙ͫͭͭ;͔͚ͫͦ͟ ͦͤ͟ͼ͔ͨͼ͙͙Φ ˣ͎͊ͦ͒͊ͪ͡Ύ ͎͙͙͊ͪͣͦͤ ͙ͦͣͨͦͭͦͪ͘͟ 

ͨͦͯ͡;͔͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍ͫͦ͒͊͊ͭ͘Έ Ήͣͦͼ͙ͦͤ͊͡Έͤ·͔ ͫͦͫͭͦΎ͙ͤΎΣ ͔͙͍ͣͦ͒ͪͦ͊ͭ͡Έ ͎͙͒ͪ͊ͣ͊ͭͯͪΌ 

͙͍͔͔͙ͨͪͦ͒ͤ͘Ύ ͙ ͺ͙͍ͦͪͣͪͦ͊ͭΈ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·͚ ͦ͋ͪ͊͘Φ 

˾͍͙͙͔͊ͭ͘ ͎͙͙͊ͪͣͦͤ ͍ ͙͍͚ͣͪͦͦ ͣͯ͘·͊͟͡Έ͚ͤͦ ͯ͟͡Έ͔ͭͯͪ ͨͪͦ΄ͦ͡ ͫͦ͗ͤ͡·͚ ͙ ͎ͣͤͦͦͦ͋ͪ͊ͤ͘·͚ ͨͯͭΈΦ 

˩͔ ͙͙ͫͭͦ͟ ͔͙͍ͨͪͦͫ͗͊͡ΌͭͫΎ ͍ ͙͊ͤͭ;͙ͤͦͫͭΣ ͎͔͒ ͍͔͍ͨͪ·͔ ͋·͙͡ ͫͺ͙͍ͦͪͣͯͪͦ͊ͤ͡· ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ 

ͫͦͦͭͤͦ΄͔͙͙ͤ ͙͔͍͍ͤͭͪ͊ͦ͡ ͊͟͟ Ή͔͔ͣͤͭ͊ͪͤ͡·ͻ ͫͭͪͯͭͯͪ͟Φ ˤ Ήͨͦͻͯ ˿͔͔͍͔͍ͪ͒ͤͦ͟ΈΎ ͙ ˤ͔͙ͦͪͦ͗͒ͤ͘Ύ 

͎͙͊ͪͣͦͤ;͔͔ͫͦ͟ ͣ·΄͔͙͔ͤ͡ ͔͔ͨͦͫͭͨͤͤͦ ͯͫͦ͗ͤ͡Ύͦͫ͡ΈΣ ͔͔ͨͪͻͦ͒Ύ ͦͭ ͣͦ͒͊͡Έ͚ͤͦ ͙͔ͫͫͭͣ· ͟ ͭͦͤ͊͡Έ͚ͤͦΦ 

͍͔͔͙͔̂ͭͪ͗͒ͤ ͣ͊͗ͦͪͤͦ-͙͚ͣͤͦͪͤͦ ͙͔ͫͫͭͣ· ͍ ·±LLς·±LLL ͍͍Φ ͫͭ͊ͦ͡ ͔͔ͨͪͦͣͤ͡·ͣ Ήͭ͊ͨͦͣΥ ͎͙͊ͪͣͦͤΎ 

͙͔ͨͪͦ͋ͪ͊͡ ͎͙ͦ͡;͔ͫͯ͟Ό ͍͔͊ͪ͘΄͔ͤͤͦͫͭΈ ͙ ͎͙͔ͫͭͪͦ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟Σ ͍ͦͫͤͦ͊ͤͤ·͔ ͤ͊ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ 

ͦͭͤͦ΄͔͙ͤΎͻΦ 

ˤ ͙͊ͫͫ͟͡;͔ͫͯ͟Ό Ήͨͦͻͯ ͎͙͊ͪͣͦͤΎ ͫͭ͊͊͡ ͍͚ͦͫͤͦͦ ͎͙͒ͪ͊ͣ͊ͭͯͪ;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘ΎΣ ;ͭͦ ͔ͦͫͦ͋ͤͤͦ Ύͪͦ͟ 

͔ͦͭͪ͊͗ͤͦ ͍ ͍ͭͦͪ;͔͍͔ͫͭ ˯Φ ˥͚͊͒ͤ͊Σ ˤΦ ˢΦ ˸ͦͼ͊ͪͭ͊ ͙ ˶Φ ˣ͔ͭͻ͍͔ͦͤ͊Φ ˤ Ήͭͦͭ ͔͙ͨͪͦ͒ ͍͙ͤͯͭͪ ͎͙͙͊ͪͣͦͤ 

ͺ͙͔ͦͪͣͪͯͭͫΎ ͙͔ͫͫͭͣ͊ ͚ͯͫͭͦ;͙͍͔͚ͦͫͭ ͙ ͔͚ͤͯͫͭͦ;͙͍͔͚ͦͫͭΣ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͦͭͦͪ͟·ͻ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ 

ͤ͊ͨͪΎ͔͙͔͗ͤ ͙ ͪ͊ͪ͘Ύ͒ͯ͟Σ ͍ͫͦ͒͊͊͘Ύ ͍͔ͤͯͭͪͤͤΌΌ ͙͙͒ͤ͊ͣͯ͟ ͣͯ͘·͊͟͡Έ͚ͤͦ ͺͦͪͣ·Φ ˻͍͔͔͒ͤͦͪͣͤͤͦ 

͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͔͙ͭͣ͊ͭ;͔ͫ͊͟Ύ ͪ͊͋ͦͭ͊Σ ͍ ͚ͦͭͦͪͦ͟ ͎͙͊ͪͣͦͤΎ ͍·͔ͫͭͯͨ͊ͭ ͚ͦͨͦͪͦ ͒͡Ύ ͙͍͎ͣͦͭͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͙ 

͊ͪͻ͙͔͙͙ͭͭͦͤ͟͟Φ 

·L· ͍͔͟ ͔͍ͦͤ͊ͣͤͦ͊ͫ͘͡Ύ ͙͔͙͍ͤͭͤͫͤ·ͣ ͪ͊ͫ΄͙͔͙͔ͪͤͣ ͎͙͊ͪͣͦͤ;͔͎ͫͦͦ͟ Ύ͘·͊͟Φ ˤ͔ͦͪ͊ͫͭ͊ͭ͘ ͪͦ͡Έ 

ͻ͙ͪͦͣ͊ͭͣ͊͘Σ ͨͦΎ͍͡ΎΌͭͫΎ ͍ͤͦ·͔ ͙ͭͨ· ͍͊ͦͪ͒ͦ͟͟·ͻ ͫͭͪͯͭͯͪ͟Σ ͙͙͍͔ͯͫ͊ͭͫ͡Ύ ͙͙͍͙͙ͤ͒͒ͯ͊͊͘͡ͼ͙Ύ 

͍·͙͔ͪ͊ͭ͘͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭΦ ˥͙͊ͪͣͦͤΎ ͍͙ͫͭ͊ͤͦͭͫΎ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤ·ͣ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·ͣ ͺ͊ͭͦͪͦͣ͟Σ 

ͫͨͦͫͦ͋ͤ·ͣ ͔͔͍ͨͪ͒͊͊ͭΈ ͔͚ͫͦ͗ͤ͡΄͙͔ ͙ͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͭͭͤ͟Φ ͍́ͦͪ;͔͍ͫͭͦ ̅Φ ͔̊ͦͨͤ͊Σ ˾Φ ˤ͎͔͊ͤͪ͊Σ ̅Φ 

˶͙ͫͭ͊ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͦͭͻͦ͒ ͦͭ ͎͙ͫͭͪͦͻ ͙͊ͫͫ͟͡;͔͙ͫ͟ͻ ͤͦͪͣΣ ;ͭͦ ͍͔͔͒ͭ ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͍͎ͤͦͦͦ 

Ή͔͙ͫͭͭ;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΦ 
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ˤ ·· ͍͔͔͟ ͣͯ͘·͊͟͡Έͤ͊Ύ ͎͙͊ͪͣͦͤΎ ͔͔͙͍͔ͨͪ͗͊ͭ ͙͊ͪ͒ͤ͊͟͡Έͤ·͔ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˤ Ήͭͦͭ ͔͙ͨͪͦ͒ 

͍͙ͦͤ͊͘͟Όͭ ͙͔ͫͫͭͣ·Σ ͪ͊ͪͯ͘΄͊Ό΅͙͔ ͙ͭͪ͊͒ͼ͙ͦͤͤͯΌ ͭͦͤ͊͡ΈͤͦͫͭΈΥ ͊ͭͦͤ͊͡ΈͤͦͫͭΈΣ ͔͒ͦ͒͊͟ͺ͙ͦͤΎΣ 

͙ͫͦͤͦͪ͊͟Σ ͍͒͗͊ͦ͊͘Ύ ͎͙͊ͪͣͦͤΎΣ ͔͙͙͔ͣͦ͒ͪͤͫͭͫ͟ ͺͦͪͣ· ͍͊͒ͦ͡·ͻ ͫͭͪͯͭͯͪ͟Φ ˴͔͊͗͒ͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ 

ͨͪ ͔͎͔͒͊͊ͭ͡ ͍͔ͫͦ͋ͫͭͤͤͯΌ ͦͤ͟ͼ͔ͨͼ͙Ό ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍͍͎ͯͦͦͦ͘͟ ͔͙ͣ͊ͭͪ͊͊͡Σ ͤͦ ͙ͨͪ Ήͭͦͣ ͫͦͻͪ͊ͤΎ͔ͭͫΎ 

ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͊Ύ ͪͦ͡Έ ͎͙͙͊ͪͣͦͤ ͊͟͟ ͔͍ͫͪ͒ͫͭ͊ ͯͨͦͪΎ͒ͦ;͙͍͙͊ͤΎ ͣͯ͘·͊͟͡Έ͎ͤͦͦ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Φ 

ˤ ͣͯ͘·͊͟͡Έͤͦͣ ͙͍͔ͫͯͫͫͭ͟ ͍ͤ͊ͪͦ͒ͦ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘ ͎͙͊ͪͣͦͤΎ ͙͔͔ͣͭ ͔ͫͨͼ͙ͺ͙ͯ͟Σ ͍ͫΎ͊ͤͤͯ͘Ό ͫ 

ͣͦ͒͊͡Έͤͦ-͍͚͊͒ͦͦ͡ ͍͚ͦͫͤͦͦ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͣͯ͘·͙͟Φ ˤ ͔ͭͯͪͣͤͫͦͣ͟͟ ͣͯ͘·͊͟͡Έͤͦͣ ͔͙͙ͤ͊ͫ͒͡Σ 

͙ͦͨͪ͊Ό΅͔ͣͫΎ ͤ͊ ƳǳƪŀƳœȅƭȅƪ ȇǀǊŜƭƎŜƭŜǊƛΣ ͚ͯͫͭͦ;͙͍·͔ ͍͊͒ͦ͡·͔ ͫͭͪͯͭͯͪ͟· ͺ͙ͦͪͣͪͯΌͭ ͍ͦͫͤͦͯ 

͔͙ͣͦ͒͡;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘ΎΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͔͙͔ͨͪͦ͋͊͒͊ͤ͡ ͎ͦͣͦͺͦͤͤͦ-͎͙͊ͪͣͦͤ;͔͎ͫͦͦ͟ ͫͭͪͦΎ ͍ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͣͯ͘·͔͟ ··ς··L ͍͍ΦΣ ͤ͊ͪͦ͒ͤ͊Ύ ͣͦ͒͊͡ΈͤͦͫͭΈ ͔ͨͪͦ͒ͦ͗͊ͭ͡ ͙͍͊ͭͤͦ͟ ͍͙͡ΎͭΈ ͤ͊ 

͎͙͊ͪͣͦͤ;͔͙͚ͫ͟ Ύ͘·͟ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͍ͦͣͨͦͭͦͪͦ͘͟ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Φ ˿͍ͦͫͭ͊ ͎͎͙ͣͤͦͦͦͦͫ͡ΎΣ ͍͊͒ͦ͡·͔ 

͙ͤͭͦͤ͊ͼ͙͙Σ ͻ͔͊ͪ͊ͭͪͤ͟·͔ ͔ͭͭͪ͊ͻͦͪ͒· ͙ ͙ͭͨ· ͔͍ͯͫͭͦ ͺ͙ͦͪͣͪͯΌͭ ͍͔ͯͤ͊͊ͣ͘·͚ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͙ͫͭ͡ΈΦ 

˥͙͊ͪͣͦͤΎ ͍ ͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͣͯ͘·͊͟͡Έ͎ͤͦͦ 

ͣ·΄͔͙ͤ͡Ύ ͯ;͊΅͙ͻͫΎΦ ˩͔ ͙ͯ͘;͔͙͔ͤ ͍͙͍͔ͪ͊͊ͭ͘ ͫͨͦͫͦ͋ͤͦͫͭΈ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ ͫͭͪͯͭͯͪͯ͟ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΣ 

͙ͨͦͤͣ͊ͭΈ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͙͙͒ͪ͊ͣ͊ͭͯͪ ͙ ͍·Ύ͍͡ΎͭΈ ͍͔͙͔ͤͯͭͪͤͤ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ Ή͔͔͙ͣͤͭ͊ͣ͡ ͙ͦͣͨͦ͘͟ͼ͙͙Φ 

˻͍͔͙͔ͫͦͤ ͎͙͙͊ͪͣͦͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͋ͯ͒ͯ΅͙ͣ ͣͯ͘·͊ͤͭ͊ͣ͟ ͋·ͭΈ ͔͔͋ͦ͡ ͔͔ͦͣͨͭͤͭͤ͟·͙ͣ ͙͙͔ͫͨͦͤͭ͡͡Ύ͙ͣΣ 

ͫͨͦͫͦ͋ͤ·͙ͣ ͟ ͎ͯ͋ͦͦͣͯ͟͡ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤͦͣͯ ͍͙ͭͦͦ͊ͤ͟͡ΌΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˥͙͊ͪͣͦͤΎΣ Ύ͍͡ΎΎͫΈ ͙͔ͫͫͭͣͦͦ͋ͪ͊ͯ͘Ό΅͙ͣ Ή͔͔ͣͤͭͦͣ͡ ͣͯ͘·͊͟͡Έ͎ͤͦͦ ͣ·΄͔͙ͤ͡ΎΣ ͔ͨͪͦ͒ͦ͗͊ͭ͡ 

͙͎ͪ͊ͭΈ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤͦͣ ͍͙͙͙ͪ͊ͭ͘ ͙͍͚ͣͪͦͦ ͙ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͣͯ͘·͊͟͡Έ͚ͤͦ ͯ͟͡Έͭͯͪ·Φ 

˩͔ ͙͙ͫͭͦͪ;͔ͫ͊͟Ύ Ή͍ͦ͡Όͼ͙ΎΣ ͫͭͪͯͭͯͪͤ͟·͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͙ ͍·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͔͒͊͡Όͭ 

͎͙͊ͪͣͦͤΌ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͣͯ͘·͊͟͡Έ͚ͤͦ ͍·͙͔ͪ͊ͭ͘͡Έ͙ͤͦͫͭ ͙ ͍͔͚͊͗ͤ΄͙ͣ ͦ͋Ά͔ͭͦͣ͟ 

͙ͯ͘;͔͙ͤΎ ͍ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤͦͣ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ͍̆ͦͦͨͦ͡ ̑Φ ˹Φ ˥͙͊ͪͣͦͤΎΦ ͔͔͙́ͦͪͭ;͔͙͚ͫ͟ ͯͪͫ͟Φ τ ˸ ΦΥ ˴͙ͦͣͨͦͭͦͪ͘Σ нллоΦ 

2. ͔̇ͯͪͣ͊ͤ͟͟ ˤΦ ˢΦ ˿͔͙͔ͭͪͦͤ ͣͯ͘·͊͟͡Έͤ·ͻ ͙͍͔͔͙͚ͨͪͦ͒ͤ͘Φ τ ˸ ΦΥ ˸ͯ͘·͊͟Σ мфутΦ 

3. ́Ό͙ͤ͡ ̑Φ ˹Φ ̂;͔͙͔ͤ ͦ ͎͙͙͊ͪͣͦͤΦ τ ˿ ˽͋ΦΥ ˶͊ͤΈΣ нлмлΦ 

ϭ ˿·ͭ͒·ͻ͍ͦ ̒ΦΣ ˿͎͔͙͔͍͊ͨ͊ͪ͒͡ ˻ΦΣ нлнр 

 

 

 

 

̂˨˴Υ тум 

˿·ͭ͒·ͻ͍ͦ ̒ͯͨͣ͟·ͪ͊ͭ 

ͫͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 

͔́ͯͪͣͤͫ͊͟͟Ύ ͤ͊ͼ͙ͦͤ͊͡Έͤ͊Ύ ͔͍͙ͦͤͫͪ͊ͭͦͪ͟Ύ ͙͔͙ͣͤ ˸͙͊ ˴͙͔͍͚ͯͦ͡ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͤ͊ͯ;ͤ·͔ ͙ ͙͙ͫͭͦͪ;͔͙͔ͫ͟ ͙ͫͭͦ;͙͙ͤ͟Σ ͍ͨͦͫΎ΅͔ͤͤ·͔ ͔ͭͯͪͣͤͫͦͣͯ͟͟ 

ͣͯ͘·͊͟͡Έͤͦͣͯ ͙͍ͫͯͫͫͭͯ͟Φ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭ͊ ͔ͨͯͭ΄͔͍͔͙͍ͫͭͤͤͦ͟ ͙ ͍͍͔͍ͦͫͭͦͦ͒ͦ͟Σ 

ͨͦ͒;͖͙͍͔ͪ͊ͭͫ͟Ύ ͤ͊͘;͙ͣͦͫͭΈ ͙ͭͪ͊͒ͼ͙͚Σ ͚ͯͫͭͤͦ ͔͍͔͙ͤ͊ͫ͒ͫͭͤͤͦͫͭ͡ ͙ ͙ͯͤ͊͟͡Έ͎ͤͦͦ ͣͯ͘·͊͟͡Έ͎ͤͦͦ 

͙͍͔͙ͣͪͦͦͪͤ͘͘Ύ ͔͎ͭͯͪͣͤͫͦͦ͟͟ ͤ͊ͪͦ͒͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡ 

͔ͭͯͪͣͤͫ͊͟͟Ύ ͣͯ͘·͊͟Σ ͙ͫͭͦ;͙͙ͤ͟Σ ͙͙ͫͭͦͪΎΣ ˤ͔͙͊ͣ͋ͪΣ ͙ͭͪ͊͒ͼ͙ΎΣ ͙͍ͫͯͫͫͭͦ͟Φ 
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͔͔́ͯͪͣͤͫͦ͟͟ ͣͯ͘·͊͟͡Έ͔ͤͦ ͙͍ͫͯͫͫͭͦ͟ ͙͍͒͊ͤ͊͘ ͙͍͔ͨͪ͊ͦ͟͡͡ ͍͙͙͔ͤͣ͊ͤ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡Σ 

͔ͨͯͭ΄͔͍͔͙͍ͫͭͤͤͦ͟ ͙ ͍͍͔͍ͦͫͭͦͦ͒ͦ͟Σ ͔͙͍ͫͭͪͣ΄͙ͻͫΎ ͨͦͤ͊ͭ͘Έ ͒ͯͻ͍ͦͤ·͚ ͙ͣͪ ͙ ͯ͟͡ΈͭͯͪͤͯΌ ͔ͫͨͼ͙ͺ͙ͯ͟ 

͍ͤ͊ͪͦ͒ͦ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘Φ ˻͙͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͼ͔ͤͤ·ͻ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭΣ ͦͭͤͦͫΎ΅͙ͻͫΎ ͟ ·L· ͍͔ͯ͟Σ 

Ύ͍͡ΎΌͭͫΎ ͭͪͯ͒· ͍͔͎͔͎ͤͪͫͦͦ͟ ͯ;͔͎ͤͦͦ-͍͍͔ͦͫͭͦͦ͒͊͟ ˢ͙͙ͪͣͤΎ ˤ͔͙͊ͣ͋ͪΣ ͍͙͍ͦͫͭ͊΄͔͎ͦ ͨͦ͒ͪͦ͋ͤ·͔ 

͙͙ͦͨͫ͊ͤΎ ͔͎ͭͯͪͣͤͫͦͦ͟͟ ͋·ͭ͊Σ ͙ͭͪ͊͒ͼ͙͚ ͙ ͣͯ͘·͊͟͡Έ͎ͤͦͦ ͔͙ͤ͊ͫ͒͡ΎΦ ˩͎ͦ ͔͊ͣ͘;͙͔͊ͤ ͦ ͭͦͣΣ ;ͭͦ 

͙͔͙͔ͫͨͦͤͤ͡ ͋͊ ·ͤ τ ͔͙͔ͨͤ ͨͦ͒ ͍͔͙͔ͫͦͨͪͦͦ͗͒ͤ ŘǳǘŀǊ ͫ ͙͍͔͔͙ͨͪͦ͒ͤ͘Ύ͙ͣ ͦ ˥͎ͦͪͦ͡· ͙ ˸͎͊ͭ·͎ͣͯ͡·Σ 

Ύ͍͡Ύ͔ͭͫΎ ͒͡Ύ ͔ͭͯͪͣͤ͟ ͍·ͫ΄͔͚ ͺ͚ͦͪͣͦ Ή͔͙ͫͭͭ;͔͎ͫͦͦ͟ ͔͙ͤ͊ͫ͊͗͒ͤ͡ΎΣ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͍͔͊͗ͤͦ 

ͤ͊ͯ;͔ͤͦ ͤ͊͋͡Ό͔͙͔͒ͤΣ ͪ͊ͫͪ͟·͍͊Ό΅͔͔ ͎ͯ͋ͦͯ͟͡Ό ͍ͫΎ͘Έ ͤ͊ͪͦ͒͊ ͫ ͙͍ͫͯͫͫͭͦͣ͟Φ 

ˢ͙͙ͪͣͤΌ ˤ͔͙͊ͣ͋ͪ όмуонςмфмоύΣ ͍·ͪͦͫ΄͔ͣͯ ͍ ͔ͤͨͪͦͫͭ·ͻ ͙͔͗ͤͤͤ͘·ͻ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊ͻΣ ͋·͙͡ 

͍͚͍͔ͫͦͫͭͤͤ· ͙ͫ͟͡Ό;͙͔ͭ͡Έͤ͊Ύ ͭΎ͎͊ ͟ Ύ͘·͊ͣ͟ ͙ ͤ͊ͯ;ͤͦͣͯ ͙ͨͦͤ͊ͤ͘ΌΦ ˻͍͙͍ͫͦ ͔͍ͣͤͦ͗ͫͭͦ ͔͍͔͚͙ͪͦͨͫ͟ͻ ͙ 

͍ͦͫͭͦ;ͤ·ͻ Ύ͘·͍ͦ͟Σ ͦͤ ͔͙ͫͭͪͣͫ͡Ύ ͙ͯ͘;͙ͭΈ ͯ͟͡Έͭͯͪ· ͍ͤ͊ͪͦ͒ͦ ˢ͙͙͘ ;͔͔ͪ͘ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤ·͚ ͙͍͚͗ͦ ͦͨ·ͭΦ 

ˤ ͔͙͍͙͙ͨͪ͒ͫͦ͡ ͟ ͍͔ͫͦͣͯ ͭͪͯ͒ͯ ζ˽͔ͯͭ΄͔͍͙͔ͫͭ ͨͦ ˿͔͔͚ͪ͒ͤ ˢ͙͙͘η ͦͤ ͨͦ͒;͖͙͍ͪ͊͟͡ ͙͔͔ͤͭͪͫ ͟ 

͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΌ ͍͔͎͔͎ͤͪͫͦͦ͟ Ύ͘·͊͟ ͙ ͔͎ͦ ͍ͦͣͦ͗ͤ͘·ͣ ͍ͫΎ͘Ύͣ ͫ ͭΌ͙͙ͪͫͣ͟͟ ͙͙͙͒ͦͣ͊ͣΣ ;ͭͦ ͫͭ͊ͦ͡ 

͙ͫͭͣͯͦͣ͡ ͒͡Ύ ͙͍͚ͪͫͦ͊ͤͤͦ͟ Ή͔͙ͫͨ͒͟ͼ͙͙ ͨͦ͒ ͍͙͒ͦͣ ͔͍͙͒ͪ΄͊Φ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͙ͦͨ͊ͫͤͦͫͭΣ ͍͍ͫͦͨͪͦͦ͗͒͊΄͙͔ ͔͎ͦ ͨͯͭΈΣ ˤ͔͙͊ͣ͋ͪ ͍ ͔ͭ;͔͙͔ͤ ͔ͤͫͦ͟͡Έ͙͟ͻ ͔ͣͫΎͼ͔͍ ͙͗͡ 

͔͙ͫͪ͒ ͔ͭͯͪͣͤ͟Σ ͙ͯ͘;͊Ύ ͙ͻ ͋·͍ͭͦͯΌ ͯ͟͡ΈͭͯͪͯΣ ͦ͋΅͔͍͔͔ͫͭͤͤͦ ͚͍ͯͫͭͪͦͫͭͦΣ ͯͫͭͤ·͔ ͙ͭͪ͊͒ͼ͙͙ ͙Σ ;ͭͦ 

͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦΣ ͣͯ͘·͊͟͡Έͤ·͔ ͺͦͪͣ·Φ ˩͎ͦ Ή͎ͭͤͦͪ͊ͺ͙;͔͙͔ͫ͟ ͙͙ͦͨͫ͊ͤΎ ŘǳǘŀǊ ͊͟͟ ͍͎ͦͫͤͦͤͦͦ 

͙͔ͤͫͭͪͯͣͤͭ͊Σ ͦ͋͊͒͊͡Ό΅͔͎ͦ ͣΎ͎͙ͣ͟Σ ͋͊ͪͻ͙͊ͭͫͭ·ͣ ͍ͯ͘;͙͔͊ͤͣΣ ͦͭͪ͊͗͊Όͭ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ 

͎͎͙͙ͦͪ͊ͤͦͦ͡ ͔ͭͯͪͣͤ͟Φ ˻ͤ ͔ͦͭͣ;͊͡ ͔ͭͻ͙ͤͯ͟ ͙͔͙ͫͨͦͤͤ͡ΎΣ ͔͎ͨͪ͒ͨͦ͊͊͡Ό΅ͯΌ ͔͙͔͒ͤͦ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͪͯ͟Σ 

ͦͫͦ͋ͯΌ ͔ͣ͊ͤͪͯ ζ͙͊ͫ͊ͤ͟Ύη ͫͭͪͯͤ ͙ ͎ͯ͋ͦͯ͟͡Ό ͍·͙͔ͪ͊ͭ͘͡ΈͤͦͫͭΈ ͔ͭͣ͋ͪ͊Φ ˽ͦ͒;͖͙͍ͪ͊ͦͫ͟͡Έ ͙ ͔ͦͫͦ͋ͦ 

͔͙͔ͨͦͦ͗ͤ͡ ōŀƎǒȅΣ ͦͭͦͪ͟·͔ ͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ ͍͔͙͔ͯ͊͗ͤͣ ͙ ͨͦ;͔ͭͦͣΣ ͋ͯ͒ͯ;͙ ͙͔ͤͦͫͭ͡Ύ͙ͣ Ήͨͦͫ͊Σ ͨͦΉ͙͙͘ ͙ 

ͣͯ͘·͊͟͡Έ͎ͤͦͦ ͔͙ͤ͊ͫ͒͡ΎΦ 

ˮ͙ͫͭͦͪ;͔͙͔ͫ͟ ͙ͫͭͦ;͙͙ͤ͟ ͔͙͒ͣͦͤͫͭͪͪͯΌͭΣ ;ͭͦ ͔͔ͭͯͪͣͤͫͦ͟͟ ͣͯ͘·͊͟͡Έ͔ͤͦ ͙͍ͫͯͫͫͭͦ͟ ͍͙͍ͪ͊͊ͦͫ͘͡Έ 

͍ ͔͚ͭͫͤͦ ͍ͫΎ͙͘ ͫ ͨͦΉ͙ͭ;͔͚ͫͦ͟ ͙ͭͪ͊͒ͼ͙͔͚Σ ͙͍͔͙͔ͣͪͦͦͪͤͣ͘͘ ͙ ͫͦͼ͙͊͡Έͤ·ͣ ͚͍ͯͫͭͪͦͫͭͦͣ ͤ͊ͪͦ͒͊Φ ˸ͯ͘·͊͟ 

͍·ͫͭͯͨ͊͊͡ ͔ͤ ͭͦ͡Έͦ͟ ͺ͚ͦͪͣͦ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͍·͔͙ͪ͊͗ͤΎΣ ͤͦ ͙ ͔͍ͫͪ͒ͫͭͦͣ ͭͪ͊ͤͫ͡Ύͼ͙͙ ͍͍͔ͤͪ͊ͫͭͤͤ·ͻ 

ͼ͔͔͚ͤͤͦͫͭΣ Ή͙ͨ;͔͙ͫ͟ͻ ͫΌ͔͍͗ͭͦΣ ͯ͟͡Έ͚ͭͯͪͤͦ ͨ͊ͣΎ͙ͭ ͙ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭΦ ˣ͊ ·͔ͤͫͦ͟ 

͙͍ͫͯͫͫͭͦ͟ ͦ͋Ά͔͙͒ͤΎͦ͡ ͣͯ͘·͊ͤͭ͊͟ ͙ ͫͯ͡΄͔͊ͭ͡Ύ ͍ ͦ͋΅ͯΌ Ήͣͦͼ͙ͦͤ͊͡Έͤͦ-͒ͯͻ͍ͦͤͯΌ ͫͺ͔ͪͯΣ ͎͔͒ ͔͊͗͒ͦ͟ 

͙͔͙͔ͫͨͦͤͤ͡ ͍͙ͫͭ͊ͤͦͦͫ͡Έ ͊ͭͦͣ͟ ͔͙͍͎ͦͭͤͦͦ͟͟͡͡ ͔͔͙͍͙ͨͪ͗͊ͤΎΦ 

˹͊ͯ;͔ͤͦ ͙ͯ͘;͔͙͔ͤ ͔͚ͭͯͪͣͤͫͦ͟͟ ͣͯ͘·͙͟ ͍ ͔ͨͦͫ͒ͯ͡Ό΅͙͔ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͙ͨͪͦ͒ͦ͗ͦ͡͡ ͙͙ͤ͡ΌΣ 

ͤ͊;͊ͭͯΌ ͍͍͔͙ͦͫͭͦͦ͒͊ͣ͟ ·L· ͍͔͊͟Σ ͙ ͫͺ͙͍ͦͪͣͪͦ͊ͦ͡ ͔ͦͣͨͫͤ͟͟͡·͚ ͨͦ͒ͻͦ͒Σ ͍͟͡Ό;͊Ό΅͙͚ Ή͎ͭͤͦͪ͊ͺ͙ΌΣ 

ͺ͙͎͙ͦͦ͡͡ΌΣ ͣͯ͘·͙͔ͦͤ͊ͤ͘͟ ͙ ͯ͟͡Έ͎͙ͭͯͪͦͦ͡ΌΦ ˢ͙ͤ͊͘͡ ͙͙ͫͭͦͪ;͔͙ͫ͟ͻ ͙ͫͭͦ;͙͍ͤͦ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ 

͚ͯͫͭͦ;͙͍ͦͫͭΈ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͺͦͪͣΣ ͎͍͋ͦ͊ͭͫͭͦ ͍͊͒ͦ͡·ͻ ͫͭͪͯͭͯͪ͟Σ ͍͔͙͔ͫͦͦ͋ͪ͊͘ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έ͚ͤͦ 

ͺ͊ͭͯͪ͟· ͙ ͙ͯͤ͊͟͡ΈͤͦͫͭΈ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͣ·΄͔͙ͤ͡ΎΣ ͙ͨͪͫͯ΅͔͎ͦ ͔ͭͯͪͣͤͫͦͣͯ͟͟ ͤ͊ͪͦ͒ͯΦ 

˭͊͟͡Ό;͔͙͔ͤ 

ˢ͙ͤ͊͘͡ ͤ͊ͯ;ͤ·ͻ ͙ ͙͙ͫͭͦͪ;͔͙ͫ͟ͻ ͙ͫͭͦ;͙͍ͤͦ͟ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͔͔ͭͯͪͣͤͫͦ͟͟ ͣͯ͘·͊͟͡Έ͔ͤͦ ͙͍ͫͯͫͫͭͦ͟ 

ͺ͙͍ͦͪͣͪͦ͊ͦͫ͡Έ ͊͟͟ ͫͦ͗ͤ͊͡Ύ ͯ͟͡Έͭͯͪͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͍ ͚ͦͭͦͪͦ͟ ͔͙͔ͫͦ͒ͤͤ· ͨͦΉ͙͘ΎΣ ΉͨͦͫΣ 

͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ͊Ύ ͙ͭͪ͊͒ͼ͙Ύ ͙ ͒ͯͻ͍ͦͤ·͔ ͼ͔͙ͤͤͦͫͭ ͤ͊ͪͦ͒͊Φ ˿͍͙͔͔͒ͭ͡Έ͍ͫͭ͊ ͔ͨͯͭ΄͔͍͔͙͍ͫͭͤͤͦ͟Σ ͍ 

;͙͊ͫͭͤͦͫͭ ˢ͙͙ͪͣͤΎ ˤ͔͙͊ͣ͋ͪΣ Ύ͍͡ΎΌͭͫΎ ͍͊͗ͤ·͙ͣ ͔͙͒ͦͯͣͤͭ͊ͣ͟Σ ͍ͨͦͦ͘͡ΎΌ΅͙͙ͣ ͔͙ͨͪͦͫ͒ͭ͡Έ ͎͙ͯ͋ͤͯ͡ 

͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͫͦͻ͙ͪ͊ͤͭΈ ͍͔͔͙ͫ͒ͤΎ ͦ ͨͪͦ΄ͦͣ͡Σ ͦͭͦͪ͟·͔ ͫͯ͗͊ͭ͡ ͍͚ͦͫͤͦͦ ͒͡Ύ ͒͊͡Έ͔͚ͤ΄͔͎ͦ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͨͦͨͯ͡Ύ͙ͪ͊͘ͼ͙͙ ͔͚ͭͯͪͣͤͫͦ͟͟ ͣͯ͘·͊͟͡Έ͚ͤͦ ͯ͟͡Έͭͯͪ·Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. ˤ͔͙͊ͣ͋ͪ ˢΦ ˽͔ͯͭ΄͔͍͙͔ͫͭ ͨͦ ˿͔͔͚ͪ͒ͤ ˢ͙͙͘Φ ς ˿ ˽͋ΦΣ мустΦ 

2. ˥͍ͯͪ͋͊ͤͦ͊ ˨͗Φ ͔́ͯͪͣͤͫ͊͟͟Ύ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͙͔͒͊ͭ͘͡Έͫ͊͟Ύ ͫͯ͗͋͊͡Φ s ΄ͻ͊͋͊͒ нлмнΦ 

3. ˥͍͊ͨͯͪͦ ˸Φ ˢ΄ͻ͊͋͊͒ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ζ̍͡·ͣη нлмсΦ 

ϭ ˿·ͭ͒·ͻ͍ͦ ̒ΦΣ нлнр 


