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TURKMENISTAN'S PERMANENT NEUTRALITY: A PILLAR OF FOREIGN POLICY 

 

Abstract 

¢ǳǊƪƳŜƴƛǎǘŀƴΩǎ tŜǊƳŀƴŜƴǘ bŜǳǘǊŀƭƛǘȅ is the defining characteristic of its foreign policy, formally 

recognized by the United Nations on December 12, 1995. This unique diplomatic status commits the nation 

to non-interference in the internal affairs of other states, non-participation in military blocs or alliances, and 

non-hosting of foreign military bases. This article explores the historical context and legal foundation of 

Turkmenistan's neutrality, examines its practical application in regional and global diplomacy, and discusses 

its significance as a mechanism for promoting peace, stability, and sustainable development in Central Asia 

and beyond. 

Keywords:  

Turkmenistan, Permanent Neutrality, UN Recognition, Central Asia, Foreign Policy, Diplomacy,  

Conflict Resolution, Sustainable Development, Ashgabat. 

 

1. Historical Context and Legal Foundation 

Turkmenistan's pursuit of neutrality was a strategic choice made upon gaining independence in 1991, 

rooted in the desire to ensure sovereignty and stability in a geographically complex region. 

¶ 1995 UN Resolution: The status of Permanent Neutrality was enshrined in international law on 

December 12, 1995, when the UN General Assembly adopted Resolution 50/80 A, titled "Permanent 

Neutrality of Turkmenistan." This resolution, co-sponsored by 185 nations, formally recognized and 

ǎǳǇǇƻǊǘŜŘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŎƘƻǎŜƴ ǇŀǘƘΦ ¢Ƙƛǎ ǿŀǎ ŀ ƘƛǎǘƻǊƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ƳƻǾŜΣ ŀǎ ¢ǳǊƪƳŜƴƛǎǘŀƴ ōŜŎŀƳŜ ǘƘŜ 

first country whose permanent neutrality was recognized by the UN via a special resolution. 

¶ Constitutional Guarantee: The principles of neutrality are explicitly embedded in the Constitution of 

Turkmenistan, making them fundamental to all state actions and foreign relations. Domestically, neutrality 

is presented as the primary guarantor of national independence and peaceful development. 

нΦ /ƻǊŜ tǊƛƴŎƛǇƭŜǎ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴΩǎ bŜǳǘǊŀƭƛǘȅ 

¢ǳǊƪƳŜƴƛǎǘŀƴΩǎ ǇƻƭƛŎȅ ƛǎ ŀƴ ŀŎǘƛǾŜ ŀƴŘ ǇƻǎƛǘƛǾŜ ƴŜǳǘǊŀƭƛǘȅΣ ƳŜŀƴƛƴƎ ƛǘ ƛǎ ƴƻǘ ǇŀǎǎƛǾŜ ƛǎƻƭŀǘƛƻƴ ōǳǘ ŀ 

proactive commitment to international law and peace-building. The policy is guided by three main tenets: 

¶ Non-Participation in Conflicts: Turkmenistan pledges not to participate in military conflicts, inter-

state wars, or military alliances, thereby minimizing the risk of internal involvement in external geopolitical 

disputes. 

¶ Non-Interference: The state commits to respecting the sovereignty and territorial integrity of all 

nations and strictly adheres to the principle of non-interference in the internal affairs of other countries. 

¶ Diplomatic Facilitation: The nation uses its neutral status to offer its territory as a platform for 

peaceful negotiations and dialogue. The capital, Ashgabat, frequently hosts high-level international forums 
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and summits aimed at resolving regional issues, particularly those related to security, energy, and water 

management in Central Asia. 

3. Diplomatic Role in Central Asia and Beyond 

Turkmenistan leverages its neutral status to act as a reliable partner and a bridge between competing 

global and regional interests. 

¶ Energy and Transport Diplomacy: Given its immense natural gas reserves, Turkmenistan utilizes its 

neutrality to ensure the safe and stable transit of energy resources across multiple routes (diversification). 

The policy aids in securing international financing and support for major infrastructure projects, such as the 

TAPI gas pipeline (Turkmenistan-Afghanistan-Pakistan-India), which requires regional consensus and 

stability. 

¶ Preventive Diplomacy: The country actively works within the UN framework to promote preventive 

diplomacy, particularly concerning regional threats like terrorism, illicit drug trafficking, and cross-border 

environmental challenges (e.g., the Aral Sea crisis). By maintaining strict neutrality, Turkmenistan is seen as 

an impartial, credible broker in these often-contentious areas. 

4. Significance and Future Trajectory 

¢ƘŜ ǇƻƭƛŎȅ ƻŦ tŜǊƳŀƴŜƴǘ bŜǳǘǊŀƭƛǘȅ Ƙŀǎ ǎŜǊǾŜŘ ŀǎ ǘƘŜ ōŜŘǊƻŎƪ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴΩǎ ǎǘŀōƛƭƛǘȅ ŀƴŘ ƛǘǎ 

identity on the world stage for over two decades. 

¶ Security and Stability: In a region bordered by major powers and geopolitical flashpoints, neutrality 

has successfully shielded Turkmenistan from direct military tensions, allowing it to focus national resources 

on socio-economic development. 

¶ UN Recognition of the Importance of Neutrality: In 2017, the UN General Assembly passed a 

resolution declaring December 12 as the International Day of Neutrality, largely recognizing the success of 

the Turkmen model in facilitating regional peace and international cooperation. 

¶ Evolution of the Policy: While maintaining its core principles, Turkmenistan's neutrality is 

continuously evolving to address modern challenges. The current focus is increasingly on the "digital 

diplomacy" and "green diplomacy" components of its neutral status, promoting cooperation on cybersecurity 

and climate action as new frontiers for international dialogue. 

5. Conclusion 

¢ǳǊƪƳŜƴƛǎǘŀƴΩǎ tŜǊƳŀƴŜƴǘ bŜǳǘǊŀƭƛǘȅ ƛǎ ƳƻǊŜ ǘƘŀƴ ŀ ŘŜŎƭŀǊŀǘƛǾŜ ǎǘŀǘŜƳŜƴǘΤ ƛǘ ƛǎ ŀ ǇǊŀŎǘƛŎŀƭΣ 

internationally supported foreign policy doctrine that has actively contributed to regional stability and 

cooperative development. By upholding the principles of non-alignment and proactive diplomatic 

engagement, Turkmenistan serves as a vital model for how neutrality can be effectively employed to bridge 

divides and foster a peaceful global environment. 
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Abstract 

Arkadag City is a landmark urban development in Turkmenistan, designed and built from the ground 

up as a fully integrated "Smart City" and the new administrative center of Ahal Province. Inaugurated in 

2023, the city represents a powerful synthesis of modern technological solutions, sustainable development 

goals (SDGs), and traditional Turkmen architectural aesthetics. This article explores the innovative features 

that define Arkadag as a model for future urban centers, focusing on its advanced digital infrastructure, 

commitment to environmental sustainability, and unique status as a city of national importance. 

Keywords:  

Arkadag City, smart city, Turkmenistan, Sustainable Development Goals (SDGs), Ahal Province,  

Digital Infrastructure, Green City, Akhal-Teke, Urban Planning. 

 

1. Vision and Significance 

Arkadag City, whose name means "Protector" (in honor of the National Leader of the Turkmen people), 

is situated in the picturesque foothills of the Kopetdag mountains, approximately 30 kilometers southwest 

of the capital, Ashgabat. 

¶ Status of National Importance: Uniquely among Turkmen cities, Arkadag has been granted a special 

legal status as a city of state importance, underscoring its role as a national showcase for innovation and 

development. 

¶ Cost and Scale: The construction of the city's first phase involved a multi-billion dollar investment 

and included 336 avant-garde facilities, including administrative buildings, residential complexes, and social 

infrastructure. The city is planned for further expansion in a second phase, set for completion by 2027. 

2. The Smart and Digital Core 

The defining feature of Arkadag is the comprehensive integration of advanced information and 

communication technologies (ICT), establishing a seamlessly interconnected urban ecosystem. 

¶ Digital Connectivity: Arkadag is the first city in Turkmenistan with full 5G digital coverage and features 

an optical GPON fiber optic network, ensuring high-speed internet and telephony to every building. 

¶ Smart Systems: The city operates on a network of Internet of Things (IoT) systems, Artificial 

Intelligence (AI), and data analytics used to manage and optimize critical services: 

o Intelligent Traffic Management: Smart traffic lights and automated systems optimize vehicle flow 

and reduce congestion. 

o Smart Home Technology: Residential buildings are equipped with "smart home" features for 

remote control and efficient energy use. 

o Smart Utilities: Digital meters and remote monitoring systems track consumption of water, gas, and 

electricity, promoting resource efficiency. 

¶ Public Services: Digital platforms enable access to online public services, and a centralized 24-hour 

Q&A service center (via emergency number 112) integrates responses from ambulance, fire, and safety 

services. 
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3. Sustainability and "Green" Urbanism 

Arkadag City is strongly aligned with the United Nations Sustainable Development Goals (SDGs), 

particularly those related to sustainable urbanization and climate action. It has received international 

recognition for its ecological design. 

¶ Eco-Friendly Transport: The city strictly prioritizes electric vehiclesτincluding electric buses and 

electric taxisτsignificantly reducing carbon emissions and noise pollution within the city limits. 

¶ Renewable Energy: The urban design incorporates sustainable energy sources, including solar panels 

and wind turbines, integrated into residential and administrative buildings to reduce reliance on conventional 

power. 

¶ Green Building Practices: All structures are built with eco-friendly, energy-efficient materials. The 

architectural design includes thermal insulation to regulate interior temperatures and systems for water 

recycling and floodwater management for irrigation. 

¶ Green Corridors: Extensive parks, green corridors, and tree-planting programs enhance air quality 

and biodiversity, reflecting a commitment to harmony with the surrounding Kopetdag foothills. 

4. Architecture and Cultural Identity 

The architecture of Arkadag successfully blends futuristic functionality with deep cultural reverence 

for Turkmen heritage, maintaining a sense of national pride and continuity. 

¶ White Marble Aesthetic: Consistent with the modern national architecture of Turkmenistan, all 

buildings are faced with white marble, symbolizing purity and strength. 

¶ Symbolism: Architectural features and public squares often incorporate traditional Turkmen motifs, 

such as the eight-point star (symbolizing balance and cosmic order) and geometric patterns reminiscent of 

ancient cities and carpet designs. 

¶ Cultural Hubs: The city houses major cultural and educational institutions, including a State Drama 

Theater, the Museum of Arkadag City, and the National Museum of Turkmen Carpet and Handicrafts, 

designed to serve as centers for cultural preservation and community life. 

¶ Emphasis on the Horse: Recognizing the Akhal-Teke horse as a national emblem, the city features 

monuments, such as a large bronze sculpture of the famed horse Akhan, reinforcing the country's unique 

equestrian heritage. 

5. Conclusion and Future Development 

!ǊƪŀŘŀƎ /ƛǘȅ ǎǘŀƴŘǎ ŀǎ ŀ ōƻƭŘΣ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ŀƴ 

advanced, sustainable future. The successful completion of the first phase has established the city as a 

regional model for smart, environmentally responsible urban development. The ongoing second phase will 

further expand the city's capacity, adding industrial complexes, pharmaceutical production facilities, and a 

major medical cluster, ensuring that Arkadag grows not just as a residential area, but as a true hub for 

innovation, science, and economic diversification. 
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Abstract 

The Galkynysh National Equestrian Games Group (named for the Turkmen word meaning "Revival" or 

ϦwŜōƛǊǘƘϦύ ǎǘŀƴŘǎ ŀǎ ŀ ǇƻǿŜǊŦǳƭ ǎȅƳōƻƭ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴΩǎ ŘŜŜǇ ŎǳƭǘǳǊŀƭ ŎƻƴƴŜŎǘƛƻƴ ǘƻ ǘƘŜ ƘƻǊǎŜΣ ǇŀǊǘƛŎǳƭŀǊƭȅ 

the revered Akhal-Teke breed. This group is globally renowned for its breathtaking demonstrations of 

traditional Turkmen equestrian artistry, combining high-speed trick riding, intricate acrobatic feats, and 

masterful horsemanship. This article explores the cultural significance of Galkynysh, the demanding skills 

required of its riders, and the group's crucial role as a global cultural ambassador for Turkmenistan and its 

rich nomadic heritage. 

Keywords:  

Galkynysh, Turkmenistan, Akhal-Teke, Equestrian Games, Trick Riding, Horsemanship, 

 Cultural Heritage, Nomadic Traditions, Performance. 

 

1. The Akhal-Teke and Cultural Heritage 

The Galkynysh group is inextricably linked to the Akhal-Teke horse, a breed famed worldwide for its 

speed, stamina, and striking metallic sheen. In Turkmen culture, the Akhal-Teke is not merely an animal but 

a national treasure and a central component of the historical identity of the Turkmen people. 

¶ Symbol of National Pride: The horse is featured prominently on the national emblem of 

Turkmenistan, and the development and preservation of the Akhal-Teke breed is a state priority. The 

Galkynysh group serves as a living, dynamic exhibition of the bond between the nation and its horses. 

¶ Preserving Nomadic Skills: The performances by Galkynysh are rooted in the military and equestrian 

traditions of the historical Turkmen nomadic tribes. The skills demonstratedτsuch as firing weapons or 

retrieving objects from the ground at a full gallopτwere once necessary for survival and warfare across the 

steppes. 

2. Performance and Equestrian Artistry 

The performances delivered by the Galkynysh group are spectacular displays that fuse rigorous 

discipline with daring athleticism. 

¶ Trick Riding (Jigitovka): The central component of the Galkynysh show is jigitovka (trick riding). This 

involves riders performing complex acrobatics while the horse is moving at high speed. Feats include standing 

upright on the saddle, hanging upside down beneath the horse's belly, and performing somersaults and 

handstands on the horse's back. These stunts demand extraordinary balance, core strength, and, crucially, 

absolute trust and harmony between horse and rider. 

¶ Coordination and Choreography: The performances are intricately choreographed, often featuring 

dozens of horses and riders moving in precise formation. The movements are synchronized to traditional 

Turkmen music, creating a fast-paced, visually stunning spectacle that highlights both the collective discipline 

of the riders and the synchronized power of the herd. 

3. Training and the Rider-Horse Partnership 
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The level of skill achieved by the Galkynysh group requires an intense and specialized training regimen 

that focuses on partnership and mutual respect. 

¶ Demanding Rider Training: Riders begin training at a young age, developing exceptional physical 

fitness, flexibility, and courage. The demands of trick riding require mastering intricate movements while 

managing the power and speed of the Akhal-Teke. 

¶ The Bond: The training philosophy emphasizes a gentle, trusting relationship between the rider and 

the horse. The Akhal-Teke, known for its intelligence and sensitivity, must remain calm, disciplined, and 

responsive to subtle cues while its rider performs high-risk acrobatics. The success of the group is a testament 

to the effectiveness of their patient, consistent training methods that build a powerful, resilient partnership. 

4. Global Cultural Ambassador 

The Galkynysh group has become a critical cultural ambassador, representing Turkmenistan's heritage 

on the international stage. 

¶ International Recognition: Galkynysh has performed at major international festivals, equestrian 

shows, and cultural events around the world, earning numerous accolades and standing ovations. Their 

international tours effectively introduce the unique history of the Akhal-Teke and the equestrian traditions 

of Central Asia to global audiences. 

¶ tǊƻƳƻǘƛƴƎ ¢ƻǳǊƛǎƳ ŀƴŘ LŘŜƴǘƛǘȅΥ ¢ƘŜ ƎǊƻǳǇΩǎ Ǝƭƻōŀƭ Ǿƛǎƛōƛƭƛǘȅ ǊŜƛƴŦƻǊŎŜǎ ¢ǳǊƪƳŜƴƛǎǘŀƴΩǎ ƴŀǘƛƻƴŀƭ 

identity and attracts cultural tourism, emphasizing the nation's commitment to preserving its historical 

customs and its most celebrated living treasureτthe Akhal-Teke horse. 

5. Conclusion 

The Galkynysh National Equestrian Games Group embodies the spirit of revival and the enduring 

cultural significance of the horse in Turkmenistan. Through their daring acrobatics, breathtaking speed, and 

profound connection with the Akhal-Teke, they present a living legacy of nomadic horsemanship. Galkynysh 

serves not only as a source of national pride but as a dynamic, world-class artistic spectacle that powerfully 

communicates the rich heritage of the Turkmen people to the entire world. 
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THE PRODUCTIVITY OF LITHIUM METAL: MAXIMIZING ENERGY DENSITY FOR  

THE ELECTRIFICATION REVOLUTION 

 

Abstract 

Litium metal (Li metal) is widely recognized as the ultimate anode material for next-generation 

batteries due to its unparalleled theoretical specific capacity and the lowest electrochemical potential. This 

high productivity offers the potential to create rechargeable batteriesτknown as Lithium Metal Batteries 

(LMBs)τwith energy densities significantly exceeding current commercial Lithium-ion (Li-ion) technology 

(which use graphite anodes). Maximizing the practical productivity of Li metal is critical for achieving the 

high-performance targets necessary for long-range electric vehicles (EVs), advanced consumer electronics, 

and large-scale grid storage. However, the high reactivity of Li metal, which leads to uncontrolled deposition, 

rapid formation of unstable Solid Electrolyte Interphase (SEI), and dendritic growth, severely restricts its real-

world Coulombic Efficiency (CE) and cycle life. Consequently, the adoption, stability, and future direction of 

Li metal anode technology are elevated to the status of a core energy policy and materials science direction. 

This article examines the fundamental productivity advantages of the lithium metal anode and outlines the 

key challenges and modern materials engineering strategies necessary to maximize its practical performance 

and achieve the promised energy revolution. 

Keywords: 

litium metal anode, energy density, specific capacity, Coulombic Efficiency, dendrites, Solid Electrolyte 

Interphase, electrolytes, solid-state batteries, cycle life, litium productivity. 

 

The Fundamental Productivity Advantage 

The productivity of the Li metal anode is defined by its ability to store and release the maximum 

amount of charge per unit of mass and volume. This performance is quantified primarily by its specific 

capacity and its potential to maximize energy density. 

Core Productivity Impacts of Li Metal: 

¶ IƛƎƘŜǎǘ {ǇŜŎƛŦƛŎ /ŀǇŀŎƛǘȅΥ [ƛǘƛǳƳȅƶ ǇŜǎ ŀǘƻƳ ŀƎǊŀƳȅ ǿŜ ȇƻƪŀǊȅ ǿŀƭŜƴǎƛȇŀǎȅ ƻƶŀ ȇƻƪŀǊȅ ǀȊōƻƭǳǒƭȅ 

ƪǳǿǿŀǘȅ ōŜǊƳŅƎŜ ƳǸƳƪƛƴœƛƭƛƪ ōŜǊȇŅǊΣ ōǳ ƘŅȊƛǊƪƛ [ƛ-ƛƻƴ ōŀǘŀǊŜȇŀƭŀǊŘŀ ǳƭŀƴȅƭȇŀƴ ƎǊŀŦƛǘ ŀƴƻŘȅƴȅƶ ƴŀȊŀǊȅ ƛƶ 

ȇƻƪŀǊȅ ƎǀǊƪŜȊƛƧƛǎƛƴŘŜƴ Ƙŀǎ ȇƻƪŀǊȅŘȅǊΦ YǳǿǿŀǘŘŀƪȅ ōǳ ȇƻƪŀǊȅƭŀƴƳŀ ŜƴŜǊƎƛȇŀ ŘȅƪȅȊƭȅƎȅƴȅ ƎƻǿǳƭŀƴŘȅǊƳŀƎȅƶ 

esasy hereketlendirijisidir. 

¶ [ƻǿ !ƴƻŘŜ aŀǎǎΥ [ƛ ƳŜǘŀƭ Ǝǀƴƛ ŀƴƻŘ ƘǀƪƳǸƴŘŜ ǳƭŀƴȅƭȇŀƴŘȅƎȅ ǎŜōŅǇƭƛΣ ƛǒƧŜƶ ŘŅƭ Ƴŀǎǎŀ 

ƪƻƳǇƻƴŜƴǘƭŜǊƛƴŜ όƪǀǇƭŜƴœ ƎǊŀŦƛǘ ōƛƭŜƴ ǳƭŀƴȅƭȇŀƴ ǳƎƭŜǊƻŘ ōŀƎƭŀȇƧȅ ǿŜ ǘƻƪ ȇȅƎƴŀƎœȅ ȇŀƭȅύ ōƻƭŀƴ ȊŜǊǳǊƭȅƎȅ 

ŀǊŀŘŀƴ ŀȇȅǊȇŀǊΣ ōǳ ōƻƭǎŀ ōŀǘŀǊŜȇŀƴȅƶ ǳƳǳƳȅ ŀƎǊŀƳȅƴȅ Ƙŀǎ-Řŀ ŀȊŀƭŘȇŀǊ ǿŜ ǀƴǸƳœƛƭƛƪ ǇǊƻǎŜǎƛƴƛ 

ȇǀƴŜƪŜȇƭŜǒŘƛǊȇŅǊΦ 

¶ tƻǘŜƴǘƛŀƭ ŦƻǊ IƛƎƘ 9ƴŜǊƎȅ 5ŜƴǎƛǘȅΥ bŀȊŀǊȅ ǘŀȇŘŀƴΣ ƎǊŀŦƛǘ ŀƴƻŘȅƴȅ [ƛ ƳŜǘŀƭ ŀƴƻŘȅ ōƛƭŜƴ œŀƭǒȅǊƳŀƪΣ 

ōŀǘŀǊŜȇŀƴȅƶ ǳƳǳƳȅ ŜƴŜǊƎƛȇŀ ŘȅƪȅȊƭȅƎȅƴȅ ƘŅȊƛǊƪƛ ǎǀǿŘŀ Ǹœƛƴ œŅƎƛƴŘŜƴ Ƙŀǎ ȇƻƪŀǊȅ ƎǀǘŜǊƳŅƎŜ ǳƪȅǇƭȅŘȅǊΦ 
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 Key Challenges Restricting Practical Productivity (CE) 

¢ŜƻǊŜǘƛƪƛ ŀǊǘȅƪƳŀœƭȅƪƭŀǊŀ ƎŀǊŀƳŀȊŘŀƴΣ [ƛ ƳŜǘŀƭȅƴȅƶ ŀƳŀƭȅ ǀƴǸƳƭƛƭƛƎƛ Ŝǎŀǎŀƴ ƘŜƳ ǇŜǎ /ƻǳƭƻƳōƛŎ 

9ŦŦƛŎƛŜƴŎȅ ό/9ύ ƘǀƪƳǸƴŘŜ ȇǸȊŜ œȅƪȇŀƴ ŀȇƭŀƴȅǒ ŘǀǿǊǸƴŘŅƪƛ Ŝǎŀǎȅ ŜƭŜƪǘǊƻƘƛƳƛƪƛ ŘǳǊƴǳƪǎȅȊƭȅƪ ƳŜǎŜƭŜƭŜǊƛ ōƛƭŜƴ 

œŅƪƭŜƴȇŅǊΦ /9Σ ōƛǊ ŀȇƭŀǿŘŀ ǎŀƪƭŀƴȅƭŀƴ ȊŅǊȇŀŘȅƶ ƎƻȇōŜǊƛƭŜƴ ȊŅǊȇŀŘŀ ōƻƭŀƴ ƎŀǘƴŀǒȅƎȅŘȅǊ ǿŜ ǇŜǎ /9 [ƛ-ȅƶ 

ȅȊȅƎƛŘŜǊƭƛ ȇƛǘƛǊƛƭȇŅƴŘƛƎƛƴƛ ǿŜ ǎƛƪƭƛƶ ǀƳǊǸƴƛ ŀȊŀƭŘȇŀƴŘȅƎȅƴȅ ŀƶƭŀŘȇŀǊΦ 

Direction 1: Controlling Dendritic Growth and Safety 

½ŀǊȇŀŘ ōŜǊƳŜƪ ǿŀƎǘȅƴŘŀ ƭƛǘƛǳƳ œǀƪǸƴŘƛƭŜǊƛƴƛƶ ƎǀȊŜƎœƛƭƛƪǎƛȊ ǀǎƳŜƎƛ όŘŜƴŘǊƛǘƭŜǊύ ǳȊŀƪ ƳǀƘƭŜǘƭƛ 

ŘǳǊƴǳƪƭȅƭȅƪ ǿŜ ƘƻǿǇǎǳȊƭȅƪ Ǹœƛƴ ƛƶ ƳǀƘǸƳ ǇŅǎƎŜƭœƛƭƛƪŘƛǊΦ 

¶ 5ŜƴŘǊƛǘŜ CƻǊƳŀǘƛƻƴ ŀƴŘ {ƘƻǊǘ /ƛǊŎǳƛǘǎΥ ºȅƎƴŀƭŀƴŘŀΣ [ƛ ŀǘƻƳƭŀǊȅ ƪǀǇƭŜƴœ ǎŜǇŀǊŀǘƻǊŀ ŀǊŀƭŀǒȇŀƴ ƛƶƶŜ 

ƎǀǊƴǸǒƭƛ ƎǳǊƭǳǒƭŀǊŀ όŘŜƴŘǊƛǘƭŜǊŜύ ǀǎȇŅǊΣ ōǳ ōƻƭǎŀ ƛœŜǊƪƛ ƎȅǎƎŀ ȊȅƴƧȅǊƭŀǊŀ ǿŜ ƪŀǘŀǎǘǊƻŦƛƪ ǘŜǊƳƛƪƛ ƎŀœȅōŀǘŀƭƎŀ 

όȇŀƴƎȅƴκȇŀǊȅƭƳŀύ ƎŜǘƛǊȇŅǊΣ ōǳ ōƻƭǎŀ Ŝǎŀǎȅ ƘƻǿǇǎǳȊƭyk meselesidir. 

¶ ±ƻƭǳƳŜ 9ȄǇŀƴǎƛƻƴΥ [ƛ ƳŜǘŀƭȅƶ ŀȇǊȅƭƳŀƪκȇŀǇȅƭƳŀƪ ǇǊƻǎŜǎƛ ǳƭȅ ƎǀǿǊǸƳ ǸȇǘƎŜǒƳŜƭŜǊƛƴƛ ǀȊ ƛœƛƴŜ ŀƭȇŀǊΣ 

ōǳ ōƻƭǎŀ ƳŜƘŀƴƛƪƛ ōŀǎȅǒŀ ǿŜ ƎƻǊŀƎ ƎŀǘƭŀƪƭŀǊȅƴȅƶ ƘŜƳ-ŘŜ {ƻƭƛŘ 9ƭŜŎǘǊƻƭȅǘŜ LƴǘŜǊǇƘŀǎŜ ό{9Lύ ŘǀǿǸƭƳŜƎƛƴŜ 

ƎŜǘƛǊȇŅǊΦ 

Direction 1: Interface Engineering and Artificial SEI 

5ǳǊƴǳƪƭȅ ƛƴǘŜǊŦŜȇǎƛ ŘǀǊŜǘƳŜƪ [ƛ ǎŀǊǇ ŜŘƛƭƛǒƛƴƛ ƳƛƴƛƳŀƭ ŘŜǊŜƧŅ ŘǸǒǸǊȇŅǊ ǿŜ ŘŜƴŘǊƛǘƭŜǊƛƶ ǀǎƳŜƎƛƴƛ 

ƘŀȇŀƭƭŀŘȇŀǊΦ 

¶ !ǊǘƛŦƛŎƛŀƭ {9L [ŀȅŜǊǎΥ mƴŘǸǊƛƭŜƴ ōŀǘŀǊŜȇŀƴȅ ȇȅƎƴŀƳŀȊŘŀƴ ƻȊŀƭ [ƛ ƳŜǘŀƭȅƴȅƶ ȇǸȊǸƴŜ Ǝǀƴƛ ƎƻǊŀƎ 

ǀǊǘǸƪƭŜǊƛƴƛ όƳȅǎŀƭ ǸœƛƴΣ ǇƻƭƛƳŜǊΣ ƪŜǊŀƳƛƪŀ ȇŀ-Řŀ ƪƻƳǇƻȊƛǘ ƎŀǘƭŀƪƭŀǊȅύ ǳƭŀƴƳŀƪΦ .ǳ ǀƶǸƴŘŜƴ ŜƳŜƭŜ ƎŜƭŜƴ 

ƎŀǘƭŀƪΣ ǘŜōƛƎȅ ŘǀǊŜȇŅƴ {9L-den has gowy mehaniki durnuklylygy ǿŜ ƘƛƳƛƪƛ ōƛǘŀǊŀǇƭȅƎȅ ǸǇƧǸƴ ŜŘƛǇΣ ŘǳǊƴǳƪƭȅ 

ŀȇƭŀƴȅǒŀ ǿŜ ȇƻƪŀǊȅ ōŀǒƭŀƴƎȅœ /9-Ŝ ƎŜǘƛǊȇŅǊΦ 

o Example: !ƴƻŘŀ ōŜǊƪΣ ǀƶǸƴŘŜƴ ƭƛǘƘƛŀǎƛȇŀ ŜŘƛƭŜƴ Ǝŀǘȅ ŜƭŜƪǘǊƻƭƛǘ ƎŀǘƭŀƎȅ ƘǀƪƳǸƴŘŜ ƘŜǊŜƪŜǘ ŜŘȇŅƴΣ 

ōƛǊƳŜƶȊŜǒ [ƛ ȇȅƎƴŀƎȅƴŀ ȇƻƭ ƎǀǊƪŜȊȇŅƴ ƛƴœŜ Ǉƭȅƻƴƪŀ ǀǊǘǸƎƛƴƛ ǳƭŀƴƳŀƪΦ 

Conclusion 

[ƛǘƛǳƳ ƳŜǘŀƭȅƴȅƶ ǀƴǸƳƭƛƭƛƎƛ ƛƪƛ ƎȅǊŀǎȅ ȇƛǘƛ Ǝȅƭȅœ ȇŀƭȅŘȅǊΥ ƛƶ ȇƻƪŀǊȅ ƴŀȊŀǊȅ ƪǳǿǿŀǘȅ ƘǀŘǸǊƭŜȇŅǊΣ ǒƻƭ ōƛǊ 

ǿŀƎǘȅƶ ǀȊǸƴŘŜ ōŀǘŀǊŜȇŀ ȅƭƳȅƴŘŀ ƛƶ ǳƭȅ ŀƳŀƭȅ ŘǳǊƴǳƪƭȅƭȅƪ ƳŜǎŜƭŜǎƛƴƛ ŘǀǊŜŘȇŅǊΦ .ǳ ŘŜƶŀƎǊŀƳƭȅƭȅƎȅ ȇŜƶƛǇ 

ƎŜœƳŜƪ τ ȇƻƪŀǊȅ /ƻǳƭƻƳōƛŎ 9ŦŦƛŎƛŜƴŎȅ ƎŀȊŀƴƳŀƪ ǿŜ ŘŜƴŘǊƛǘƭŜǊƛ ōŀǎȅǇ ȇŀǘȅǊƳŀƪ τ 21-ƴƧƛ ŀǎȅǊȅƶ ŜƴŜǊƎŜǘƛƪŀ 

ǇǳŘŀƎȅƴŘŀƪȅ ǘŅǎƛǊƭƛ ƳŀǘŜǊƛŀƭ ƛƴȌŜƴŜǊœƛƭƛƎƛ ǎȅȇŀǎŀǘȅƴȅƶ Ƙŀƪȅƪȅ ǀƭœŜƎƛŘƛǊΦ DǀȊƭŜƎœƛƭŜǊ ǿŜ ǎŜƴŀƎŀǘ ƭƛŘŜǊƭŜǊƛ Ǹœƛƴ 

Ŝǎŀǎȅ ǳƎǳǊ ƘŀǎŀǇƭŀƴŀƴ Ǝƻǒŀ ǎǘǊŀǘŜƎƛȇŀ ōƻƭƳŀƭȅΥ ƘƻǿǇǎǳȊƭȅƪ ǿŜ ŘŜƴŘǊƛǘ ǀǎǸǒƛ ōƛƭŜƴ ƎǀǊŜǒƳŜƪ Ǹœƛn Solid-State 

9ƭŜŎǘǊƻƭȅǘŜǎ ό{{9ǎύ Ǝŀǘȅ Ƴŀȇŀ ƎƻȇǳƳƭŀǊȅƴȅ ƎƻȇƳŀƪΣ ǒƻƭ ōƛǊ ǿŀƎǘȅƶ ǀȊǸƴŘŜ ȊŜǊǳǊ ōƻƭŀƴ œŅƎŜ Ƙŀǎ ȇŀƪȅƴ 

ƛǘŜƪƭŜƳŜƪ Ǹœƛƴ ŜƳŜƭƛ {9L ǿŜ ǎǳǿǳƪ ŜƭŜƪǘǊƻƭƛǘ ŘƛȊŀȇƴȅƴȅ ƻǇǘƛƳƛȊƛǊƭŜƳŜƪΦ [ƛ ƳŜǘŀƭȅƴȅƶ ŅƎƛǊǘ ǳƭȅ ǀƴǸƳƭƛƭƛƎƛƴƛ 

ǸǎǘǸƴƭƛƪƭƛ ǳƭŀƴƳŀƪΣ Ǝƭƻōŀƭ ǘǊŀƴǎǇƻǊǘ ǿŜ ŜƴŜǊƎŜǘƛƪŀ ǳƭƎŀƳƭŀǊȅƴȅ ŘŜƪŀǊōƻƴƛȊƛǊƭŜƳŜƪ Ǹœƛƴ ƳǀƘǸƳ ōƻƭŀƴ 

ōŀǘŀǊŜȇŀ ǀƴŘǸǊƛƧƛƭƛƎƛƴŘŅƪƛ ƪǀǇŘŜƴ ƎŀǊŀǒȅƭŀƴ ōǀƪǸǒƛ ŘǳǊƳǳǒŀ ƎŜœƛǊƳŜƪŘŜ ƪŜǎƎƛǘƭŜȇƧƛ ŦŀƪǘƻǊ ōƻƭŀǊΦ 
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THE SIGNIFICANCE OF THE POMEGRANATE IN HUMAN HEALTH 

 

Abstract 

The pomegranate (Punica granatum) is a fruit of immense cultural significance and a powerful source 

of health-promoting compounds. Historically valued for its therapeutic properties, modern scientific research 

has confirmed the fruit's status as a superfood, rich in unique polyphenols, antioxidants, and anti-

inflammatory agents. This article details the crucial significance of the pomegranate in supporting various 

human physiological systems, focusing on its documented benefits for cardiovascular health, immune 

function, and cellular protection, underscoring its valuable role in a health-conscious diet. 

Keywords:  

pomegranate, punica granatum, antioxidants, polyphenols, cardiovascular health,  

anti-inflammatory, ellagitannins, health benefits. 

 

мΦ LƴǘǊƻŘǳŎǘƛƻƴΥ ¢ƘŜ tƻƳŜƎǊŀƴŀǘŜΩǎ bǳǘǊƛǘƛƻƴŀƭ tǊƻŦƛƭŜ 

The pomegranate is a fruit distinguished by its jewel-like arils (seeds and surrounding pulp) and its 

vibrant, deep-red color, which signals its high concentration of beneficial phytochemicals. The fruit, its juice, 

and its extracts have been utilized in traditional medicine across the Middle East, Asia, and the 

Mediterranean for centuries. 

¶ YŜȅ .ƛƻŀŎǘƛǾŜ /ƻƳǇƻǳƴŘǎΥ ¢ƘŜ ǇƻƳŜƎǊŀƴŀǘŜΩǎ ƘŜŀƭǘƘ ǇƻǿŜǊ ƛǎ ƭŀǊƎŜƭȅ ŀǘǘǊƛōǳǘŜŘ ǘƻ ƛǘǎ ǳƴƛǉǳŜ 

antioxidant profile, which includes: 

o Anthocyanins: Responsible for the fruit's deep red color, these are powerful antioxidants. 

o Ellagitannins: These compounds, particularly punicalagins, are unique to the pomegranate and 

are responsible for much of its antioxidant activity. In the gut, punicalagins are metabolized into highly 

beneficial compounds called urolithins. 

o Polyphenols: Pomegranate juice contains higher levels of antioxidants than most other fruit juices, 

red wine, and green tea. 

2. Significance for Cardiovascular Health 

¢ƘŜ Ƴƻǎǘ ŜȄǘŜƴǎƛǾŜƭȅ ǊŜǎŜŀǊŎƘŜŘ ŀǊŜŀ ƻŦ ǘƘŜ ǇƻƳŜƎǊŀƴŀǘŜΩǎ ƘŜŀƭǘƘ ōŜƴŜŦƛǘǎ ƛǎ ƛǘǎ ǇǊƻŦƻǳƴŘ ǇƻǎƛǘƛǾŜ 

effect on the cardiovascular system. 

¶ Blood Pressure Regulation: Regular consumption of pomegranate juice has been shown in clinical 

studies to help reduce high blood pressure (hypertension). This effect is thought to be mediated by the fruit's 

ability to act as a natural inhibitor of the angiotensin-converting enzyme (ACE), similar to some prescribed 

blood pressure medications. 

¶ Atherosclerosis and Arterial Health: Pomegranate antioxidants are highly effective at combating 
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oxidative stress, which is a key driver in the development of atherosclerosis (hardening of the arteries). By 

protecting LDL cholesterol from oxidative damage, pomegranate helps reduce the buildup of plaque in 

arterial walls, improving blood flow and overall arterial elasticity. 

¶ Improved Blood Flow: The fruit's compounds may help increase the production of nitric oxide (NO), 

a critical molecule that signals the smooth muscles surrounding blood vessels to relax, leading to vasodilation 

and improved circulation throughout the body. 

3. Anti-inflammatory and Cellular Protection 

Chronic inflammation is a root cause of many non-communicable diseases, and the pomegranate 

provides robust anti-inflammatory support. 

¶ Combating Chronic Inflammation: The powerful punicalagins and other antioxidants found in 

pomegranate have demonstrated an ability to inhibit pro-inflammatory signaling pathways in the body. This 

systemic reduction in inflammation is beneficial in managing conditions associated with chronic 

inflammation, such as certain types of arthritis and metabolic syndrome. 

¶ Antioxidant Defense: Pomegranate extracts have exceptional free-radical scavenging capacity. By 

neutralizing harmful free radicals, the fruit protects cellular DNA and lipids from oxidative damage, a process 

that is implicated in aging and the initiation of several chronic diseases, including certain cancers. 

4. Supporting Immune Function and General Wellness 

Beyond the cardiovascular system, the pomegranate contributes to overall vitality and robust immune 

function. 

¶ Antimicrobial Properties: Pomegranate extracts, particularly those derived from the peel, have been 

shown to possess antimicrobial and antifungal properties that can inhibit the growth of various harmful 

microorganisms. This traditional use is now being supported by laboratory studies. 

¶ Gut Health: As mentioned, the metabolism of pomegranate's ellagitannins by gut bacteria produces 

urolithins, which have their own range of beneficial, anti-inflammatory effects in the colon, suggesting a 

positive role in maintaining a healthy and balanced gut microbiome. 

5. Conclusion 

The pomegranate is far more than a delicious fruit; it is a nutritional powerhouse whose components 

offer significant therapeutic potential. Its high concentration of unique antioxidants, particularly 

punicalagins, provides excellent support for cardiovascular health, robust immune function, and protection 

against chronic inflammation. Ongoing scientific inquiry continues to validate the centuries-old traditional 

ǿƛǎŘƻƳ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǇƻƳŜƎǊŀƴŀǘŜΩǎ ǾŀƭǳŜΣ ŎƻƴŦƛǊƳƛƴƎ ƛǘǎ ƛƴŘƛǎǇŜƴǎŀōƭŜ ǎƛƎƴƛŦƛŎŀƴŎŜ ƛƴ ŀ ƳƻŘŜǊƴ, health-

focused diet. 
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SCIENCE AND ITS SIGNIFICANCE IN EDUCATION 

 

Abstract 

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

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

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

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

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

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

navigate a complex, data-driven world. 

Keywords:  

science education, scientific literacy, critical thinking, inquiry-based learning, educational methodology, 

evidence-based reasoning, STEM, scientific method. 

 

1. The Foundational Role of Science in Knowledge 

Science, as a body of knowledge, spans the natural world, from physics and chemistry to biology and 

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

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

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

an essential tool for separating verifiable fact from speculation. 

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

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

deeper understanding rather than accepting superficial answers. 

2. Science Education as a Tool for Critical Thinking 

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

of life, not just scientific disciplines. 

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

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

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

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

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

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

law, and everyday life. 

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

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

definitive answers are not always immediate or absolute. 

3. Modern Pedagogical Approaches in Science 

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

from traditional lecture formats. 

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

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

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

process authentic and mirrors the work of professional scientists. 

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

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

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

engineering design. 

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

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

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

4. Significance for Society and the Economy 

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

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

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

innovation. 

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

with major public policy issues such as climate change, public health crises, and technological ethics (e.g., AI 

and genetics). A society that understands risk, probability, and evidence is better equipped to make 

democratic decisions. 

5. Conclusion 

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

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

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

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

solving, and informed, resilient citizenship. 
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ACHIEVING PROGRESS THROUGH SCIENCE 

 

Abstract 

¢ƘŜ ŘƛŎǘǳƳ ǘƘŀǘ tǊƻƎǊŜǎǎ ƛǎ !ŎƘƛŜǾŜŘ ¢ƘǊƻǳƎƘ {ŎƛŜƴŎŜ ό¸ƭȅƳ ōƛƭŜƴ ǀǎǸǒ ƎŀȊŀƴȅƭȇŀǊύ ƛǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ 

truth driving modern global society. Science provides the systematic framework for discovery, innovation, 

and technological advancement, which are the primary engines of economic growth, social development, 

and improved quality of life. This article explores the direct mechanisms by which scientific research and 

scientific literacy translate into tangible progress, focusing on economic productivity, public health 

improvements, and the capacity of nations to address complex global challenges like sustainability and 

resource management. 

Keywords: 

 science, progress, economic growth, innovation, research and development (r&d), scientific literacy, 

technological advancement, sustainable development. 

 

1. Science as the Engine of Economic Productivity 

The most direct link between science and progress is through its impact on a nation's economy, 

specifically through increased productivity and the creation of new industries. 

¶ Innovation and R&D: Scientific research, particularly fundamental research (often conducted in 

universities and national labs), generates the basic knowledge that feeds into Research and Development 

(R&D). R&D transforms scientific concepts into practical applications, leading to patentable technologies, 

new products, and improved manufacturing processes. For example, discoveries in quantum mechanics laid 

the groundwork for the microchip, which now drives all digital economic activity. Investment in R&D is highly 

correlated with long-term Gross Domestic Product (GDP) growth. 

¶ Technological Advancement: Scientific breakthroughs in fields like materials science, computing, and 

genetics directly yield technological advancements. These advancements lead to labor-saving devices, more 

efficient energy production, and entirely new sectors (such as biotechnology and artificial intelligence), 

creating higher-wage jobs and increasing national wealth. 

2. Enhancing Human Development and Quality of Life 

Scientific progress offers profound social benefits, directly addressing human needs and improving 

longevity and well-being. 

¶ Public Health and Medicine: Advances in biology, chemistry, and medical science have dramatically 

increased life expectancy worldwide. The development of vaccines, antibiotics, advanced surgical 

techniques, and diagnostic tools are all direct results of scientific inquiry. Science allows societies to 

understand, prevent, and treat diseases, transforming health outcomes. 

¶ Food Security: Scientific progress in agricultural science (agronomy, genetic engineering, soil science) 
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has led to the Green Revolution and its successors. This research created high-yield, disease-resistant crop 

varieties, allowing food production to keep pace with population growth, thereby reducing global hunger 

and stabilizing societies. 

3. Science for Solving Global Challenges 

In the 21st century, major global problemsτfrom climate change to resource depletionτare highly 

complex and can only be solved through scientific understanding and technological innovation. 

¶ Sustainable Development: Scientific modeling provides accurate predictions of climate change and 

environmental degradation. This knowledge drives the development of solutions in renewable energy (solar, 

wind), carbon capture technology, and sustainable water management techniques. Progress toward the UN 

Sustainable Development Goals (SDGs) is fundamentally dependent on scientific and engineering 

breakthroughs. 

¶ Informed Decision-Making: A populace and a government that value scientific evidence are better 

equipped to make rational and effective policy decisions. Scientific literacy ensures that resources are 

allocated based on data and verifiable results rather than opinion or tradition, leading to more resilient and 

adaptive governance. 

4. Conclusion 

The pursuit of science is not merely an academic endeavor; it is the most powerful tool humanity 

possesses for achieving tangible, enduring progress. By fostering robust investment in Research and 

Development, promoting scientific literacy among its citizens, and ensuring that scientific findings are 

integrated into policy and practice, a nation secures its path toward a future defined by economic prosperity, 

enhanced health, and effective solutions to the most pressing global crises. The commitment to science is, 

therefore, a commitment to perpetual advancement. 
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ˢ͔͔͍ͣ͊ͤͤͨͫͦ͊ s ΦΣ ͨ ͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͟ ͊ͺ͔͒ͪ· ͋ ͙͙ͦͭ͊ͤ͟Σ  

ˢ͔͍ͭ͊͊ ̒ ΦΣ ͨ ͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͟ ͊ͺ͔͒ͪ· ͋ ͙͙ͦͭ͊ͤ͟Σ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͯ ͙͍͔͙͔ͤͪͫͭͭ ͙ ͔͙ͣͤ ˸ ͊ͻ͙ͭͯͣͯ͟͡Σ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟   

 

˸˩́˻˨̍ ˮ  ˨ ˻˴ˢ˭ˢ́˩˶̎˿́ˤˢ ˻ ˣ˹ˢ˾̂ˬ˩˹ˮ̒ ́ ˾ˢ˹˿˥˩˹˹˻˿́ˮ  

́˾ˢ˹˿̅˻˾˸ˮ˾˻ˤˢ˹˹̍̆ ˾ ˢ˿́˩˹ˮ˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˹͊ͫͭͦΎ΅͊Ύ ͫͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·ͣ ͔ͣͭͦ͒͊ͣ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͎͙͙͋ͦͦ͡ ͙ ͙͋ͦͻ͙͙͙ͣ, 

͙ͫͨͦ͡Έ͔ͯͣ͘·ͣ ͒͡Ύ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͙ ͙͊ͤ͊͊͘͡ ͙͔͎ͤͭͪ͊ͼ͙͙Σ Ή͔͙͙ͫͨͪͫͫ͟ ͙ ͔͍͙ͤ͊ͫ͒ͦ͊ͤ͡Ύ ͎͔͍ͭͪ͊ͤͫͤͦ ͍ 
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͎͔͔͙ͤͭ;͔͙ͫ͟ ͙ͣͦ͒ͺ͙ͼ͙͍ͪͦ͊ͤͤ·ͻ ό˥˸ύ ͔͙ͪ͊ͫͭͤΎͻΦ ˤ ͍͙ͯͫͦ͡Ύͻ ͪ͊ͫͭͯ΅͔͎ͦ ͎ͦ͋͊͡͡Έ͎ͤͦͦ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙ 

͔͔͙ͨͦͭͪ͋ͤ͡Ύ ͎͔ͭͪ͊ͤͫͤͤ·ͻ ͯ͟͡ΈͭͯͪΣ ͊ ͔ͭ͊͗͟ ͔ͯ͗ͫͭͦ;͔͙ͤΎ ͔͎ͪͯ͡Ύͭͦͪͤ·ͻ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͟ ͙͍͔ͣ͊ͪͪͦ͟͟ ͙ 

ͦͤͭͪͦ͟͡ΌΣ ͭͦ;͔ͤͦ ͙ ͔͔ͤ͊͒͗ͤͦ ͔͙͔ͦ͋ͤ͊ͪͯ͗ͤ ͎͔͙ͭͪ͊ͤͫͤͤͦͫͭ ͍͙ͫͭ͊ͤͦͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ ͊͒͊͘;͔͚Φ 

˻͍͚ͫͤͦͤͦ ͺͦͯͫ͟ ͔͔͒͊ͭͫ͡Ύ ͤ͊ ͙͔͚ͨͦͣͪ͊ͤͦ͘͡ ͼ͔͚ͨͤͦ ͔ͪ͊͟ͼ͙͙ ό˽̇˾ύ ͙ ͔͔ ͙ͣͦ͒ͺ͙͊͟ͼ͙Ύͻ ό˽̇˾ ͍ 

͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤΣ ͣͯ͡Έ͙͔ͭͨͫͤ͊͟͡Ύ ˽̇˾ύ ͊͟͟ ͦͦͭͦͣ͘͡ ͔ͫͭ͊ͤ͒͊ͪͭ ͒͡Ύ ͊͟;͔͍͔͎ͫͭͤͤͦͦ ͙ ͙ͦ͟͡;͔͍͔͎ͫͭͤͤͦͦ 

͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͔͙ͤͯͦͭ͒ͤ͟͡·ͻ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭΣ ͍͟͡Ό;͊Ύ ͨͪͦͣͦͭͦͪ· ό͙͔ͤ͊ͨͪͣͪΣ 

35S Cauliflower Mosaic Virus, CaMV 35SύΣ ͔͙ͭͪͣͤ͊ͭͦͪ· ό͙͔ͤ͊ͨͪͣͪΣ NOS-͔͙ͭͪͣͤ͊ͭͦͪ ͙͘ Agrobacterium 

tumefaciensύ ͙ ͍͔ͫͦ͋ͫͭͤͤͦ ͼ͔͔͍͡·͔ ͎͔ͤ·Φ ˨͙͔ͦͨͦͤͭ͡͡Έͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔ͣͭͦ͒· ͙͊ͤ͊͊͘͡ 

Ή͔͙͙ͫͨͪͫͫ͟ ͤ͊ ͍͔ͯͪͦͤ ͣ˾˹˴ όͦ͋ͪ͊ͭͤ͊Ύ ͙ͭͪ͊ͤͫͪͨ͟ͼ͙Ύ ˽̇˾Σ w¢-t/wύ ͙ ͤ͊ ͍͔ͯͪͦͤ ͔͋͊͟͡ 

ό͙ͣͣͯͤͦͺ͔͔ͪͣͤͭͤ·͚ ͙͊ͤ͊͘͡Σ ELISAΣ ͙ ˤ͔͔ͫͭͪͤ-͙͎͋ͦͭͭͤ͡ύΣ ͦͭͦͪ͟·͔ ͔͍ͨͪ͒ͦͫͭ͊͡ΎΌͭ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͙ͤͦͫͭ ͙͔͎͙͍͎ͤͭͪͪͦ͊ͤͤͦͦ ͎͔ͭͪ͊ͤͫͤ͊Φ ˢ͙ͤ͊͘͡ ͎͔͔͙ͤͭ;͔͚ͫͦ͟ ͙ͫͭ͊͋͡Έ͙ͤͦͫͭ ͙ ͔ͣͫͭ ͙͔͎ͤͭͪ͊ͼ͙͙ 

ͫ ͨͦͣͦ΅ΈΌ ͔͍ͣͭͦ͒ͦΣ ͙ͭ͊͟ͻ ͊͟͟ ͔ͫ ͍͔͙͍͙͔ͤͪͦ͊ͤ͟ ͙  SAFI-PCRΣ ͒ͦͨͦͤ͡Ύ͔ͭ ͔͒ͦ͊͊ͭ͘͟͡ΈͤͯΌ ͋͊ͯ͘Φ  

˴͡Ό;͔͍·͔ ͫ ͍ͦ͊͡: 

ͭͪ ͎͔͊ͤͫͤͤͦͫͭΈΣ ˥˸˻Σ ˽̇˾ ͍ ͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤΣ 9[L{!Σ ор{-ͨͪͦͣͦͭͦͪΣ bh{-͔͙ͭͪͣͤ͊ͭͦͪΣ ͔ͣͦͯ͟͡͡Ύͪͤ͊Ύ 

͙͎͙͋ͦͦ͡ΎΣ ͭͪ͊ͤͫͺ͙͍ͦͪͣͪͦ͊ͤͤ·͔ ͔͙ͪ͊ͫͭͤΎΦ 

 

Amannepesova A., Lecturer at the Department of Botany, 

Atayeva Y., Lecturer at the Department of Botany, 

Magtymguly Turkmen State University, 

Ashgabat, Turkmenistan 

 

METHODS AND EVIDENCE FOR DETECTING TRANSGENICITY OF TRANSFORMED PLANTS 

 

Annotation 

This article addresses the critically important molecular biology and biochemical methods employed 

for confirming and analyzing the integration, expression, and inheritance of transgenes in genetically 

modified (GM) plants. Given the increasing global production and consumption of transgenic crops, alongside 

tightening regulatory requirements for labeling and control, accurate and reliable detection of transgenicity 

is a fundamental task. The primary focus is placed on the Polymerase Chain Reaction (PCR) and its 

modifications (Real-Time PCR, Multiplex PCR) as the gold standard for the qualitative and quantitative 

detection of specific nucleotide sequences, including promoters (e.g., 35S Cauliflower Mosaic Virus, CaMV 

35S), terminators (e.g., NOS-terminator from Agrobacterium tumefaciens), and the target genes themselves. 

Furthermore, methods for expression analysis at the mRNA level (Reverse Transcription PCR, RT-PCR) and 

the protein level (Enzyme-Linked Immunosorbent Assay, ELISA, and Western Blotting) are discussed, 

providing evidence of the integrated transgene's functionality. Analysis of genetic stability and integration 

sites using techniques such as Sequencing and SAFI-PCR complements the evidence base. 

Keywords: 

transgenicity, GMO, Real-Time PCR, ELISA, 35S Promoter, NOS Terminator, 

 Molecular Biology, Transformed Plants, Biosafety. 

 

ˤ͍͔͔͙͔͒ͤΦ ˾ ͊ͪ͊͋ͦͭ͊͘͟ ͎ ͔͔͙ͤͭ;͔͙ͫ͟ ͣ ͙ͦ͒ͺ͙ͼ͙͍ͪͦ͊ͤͤ·ͻ ό˥˸ύ ͪ ͔͙͚͊ͫͭͤ ͨ ͔͍ͪ͒ͫͭ͊͡Ύ͔ͭ ͫ ͚ͦ͋ͦ ͦ ͒ͤͦ 

͙ ͙͔͔ͤ͊͋ͦ͘͡ ͤ͊͘;͙ͣ·ͻ ͙͔͙͚͒ͦͫͭ͗ͤ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͔͋ͦͭͻ͎͙͙ͤͦͦ͡Σ ͔͎ͨͪ͒͊͊͡Ύ ͪ ͔΄͔͙ͤΎ ͒͡Ύ ͨ ͍ͦ·΄͔͙ͤΎ 

͚͙ͯͪͦ͗͊ͤͦͫͭΣ ͚ͯͫͭͦ;͙͍͙ͦͫͭ  ͍͔͙͔ͪ͒ͭ͟͡ΎͣΣ ͎͔͙ͪ͋ͼ͙͒͊ͣ  ͙͔͎͙ͤ͋͊ͦͨͪ͡Ύͭͤ·ͣ ͍͙ͯͫͦ͡Ύͣ ͦͪͯ͗͊͟Ό΅͔ ͚

͔ͫͪ͒·Φ ˽ͪͦͼ͔ͫͫ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͍͍͔͔͙͙ͦ͒ͤ  ͍͎͔ͤͦͣ ͔͙ͪ͊ͫͭͤΎ ͎ͦ͒ͤͦͦ ͙͙͡ ͔ͤͫͦ͟͡Έ͙͟ͻ 

;͔ͯ͗ͪͦ͒ͤ·ͻ ͎͔͍ͤͦ ς ͎͔͍ͭͪ͊ͤͫͤͦ, ͦͭͦͪ͟·͔ ͦ͋·;ͤͦ ͙ͦ͒ͪͯ͟Όͭ ͔͔͗͊ͣ͡·͚ ͙ͨͪͤ͊͘͟Φ ˻͒ͤ͊ͦ͟Σ ͔ͯͫͨ΄ͤ͊Ύ 
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͙͔͎ͤͭͪ͊ͼ͙Ύ ͎͔ͭͪ͊ͤͫͤ͊ Ύ͍͡Ύ͔ͭͫΎ ͙͡΄Έ ͔͍ͨͪ·ͣ ΄͎͊ͦͣΤ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·ͣ Ύ͍͡Ύ͔ͭͫΎ ͨͦͯ͡;͔͙͔ͤ 

͔͍͔͙ͤͦͨͪͦͪ͗ͣ·ͻ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͔͎ͦ ͙ͫͭ͊͋͡Έ͎ͤͦͦ ͙͍͙ͨͪͫͯͭͫͭΎΣ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ Ή͔͙͙ͫͨͪͫͫ͟  ͙

͔͍͙ͤ͊ͫ͒ͦ͊ͤ͡Ύ  ͍͔ͨͦͫ͒ͯ͡Ό΅͙ͻ ͔͙ͨͦͦͤ͟͡ΎͻΦ  ʕ͔͔ͦͤͭͫͭ͟͟ ͎ͦ͋͊͡͡Έ͚ͤͦ ͎͍͙ͭͦͪͦ͡Σ ͙͔͙͋ͦ͋ͦͨ͊ͫͤͦͫͭ͘  ͙

ͫͦ͋͡Ό͔͙͒ͤΎ ͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ  ͙͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ ͔͎ͪͯ͡Ύͭͦͪͤ·ͻ ͔͍͙͚ͭͪ͋ͦ͊ͤ ό͙͔ͤ͊ͨͪͣͪΣ ͨ  ͙͍͔ͦͣ͊ͪͪͦ͟͟ 

˥˸˻ύΣ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ  ͍ ͭͦ;ͤ·ͻΣ ;͍͍͙͔ͯͫͭͭ͡Έͤ·ͻ  ͙ ͙͙͍ͫͭ͊ͤ͒͊ͪͭͪͦ͊ͤͤ͘·ͻ ͔ͣͭͦ͒͊ͻ ͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ 

͎͔͙ͭͪ͊ͤͫͤͤͦͫͭ ͨͦͫͭͦΎͤͤͦ ͍͔ͦͪ͊ͫͭ͊ͭ͘Φ ˿ͯ͡;͚͔͊ͤͦ ͙͙͡ ͔͔͔͔ͨͪ͒ͤ͊ͣͪͤͤͦ ͔ͫͣ΄͙͍͙͊ͤ ͔͎͔͎ͭͪ͊ͤͫͤͤͦͦ  ͙

͔͎͔͎ͤͭͪ͊ͤͫͤͤͦͦ ͣ ͔͙͊ͭͪ͊͊͡ ͭ ͔͔ͪ͋ͯͭ ͫ ͚ͭͪͦ͗͊΄͔͎ͦ ͟ ͦͤͭͪͦ͡Ύ ͤ  ͍͊ ͔ͫͻ Ήͭ͊ͨ͊ͻ ͨ ͙͍͍ͪͦͦ͒ͫͭ͊͘ ͙  ͨ ͔͔͙ͪͪ͊͋ͦͭ͟Φ 

˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͍͔͔ͫͦͪͣͤͤ·͔ ͤ͊ͯ;ͤ·͔ ͨͦ͒ͻͦ͒· ͒ͦ͗ͤ͡· ͦͻ͍͊ͭ·͍͊ͭΈ ͤ ͔ ͭͦ͡Έͦ͟ ͊͟;͔͍͔͔ͫͭͤͤͦ 

͍͔͔͙͔ͨͦ͒ͭͪ͗͒ͤ ͙ͤ͊͡;͙Ύ ͎͔ͭͪ͊ͤͫͤ͊Σ ͤ  ͦ  ͙͔͎ͦ ͙ͦ͟͡;͔͍͔͔ͫͭͤͤͦ ͔͔͔͙͔ͦͨͪ͒ͤ͡  ͍ͦ͋ͪ͊͘ͼ͔Σ  ͔͊ͭ͊͗͟ 

͔͒ͣͦͤͫͭͪ͊ͼ͙Ό ͔ ͎ͦ ͋ ͙͎͙ͦͦ͡;͔͚ͫͦ͟ ͊ ͙͍͙ͭͤͦͫͭ͟Φ  

˻͍ͫͤͦͤ͊Ύ ;͊ͫͭΈ. ˻͔͙͔͋ͤ͊ͪͯ͗ͤ ͎͔͙ͭͪ͊ͤͫͤͤͦͫͭ  ͍ͭͪ͊ͤͫͺ͙͍ͦͪͣͪͦ͊ͤͤ·ͻ ͔͙ͪ͊ͫͭͤΎͻ ͍ͦͫͤͦ·͍͔͊ͭͫΎ 

ͤ ͙͊ ͔ͪ͊ͪͻ͙;͔ͫͦͣ͟ ͨ ͦ͒ͻ͔ͦ͒Σ ͤ ͊;͙ͤ͊Ύ ͫ  ͨ ͪΎ͎ͣͦͦ ͊ ͙ͤ͊͊͘͡ ͎ ͔͚ͤͦͣͤͦ ˨ ˹˴Φ ˽ ͙͔ͦͣͪ͊ͤ͊͘͡Ύ ͼ͔ͨͤ͊Ύ ͪ ͔͊͟ͼ͙Ύ 

ό˽̇˾ύ  ͙͔ ͔͎ͣͤͦͦ;͙͔ͫͤͤ͡·͔ ͍͙͊ͪ͊ͼ͙͙ Ύ͍͡ΎΌͭͫΎ ͦͦͭ͘͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣ ͒͡Ύ ͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ 

͙ͣͦ͒ͺ͙͊͟ͼ͙͚Σ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͔͚ͫͦ ͍·͚ͫͦͦ͟ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ  ͙ ͔ͫͨͼ͙ͺ͙;͙ͤͦͫͭΦ ˨͡Ύ ͼ͔͔͚͡ 

͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙ ˥ -˸͔͙͚ͪ͊ͫͭͤ ˽̇-˾͙͊ͤ͊͘͡ ͍͔ͤ͊ͨͪ͊ͤ͡ ͤ ͔͙͔͊ͦ͋ͤ͊ͪͯ͗ͤ ͔ͭͪͻ ͟͡Ό;͔͍·ͻ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ 

Ή͔͔͍ͣͤͭͦ͡Σ ͦͭͦͪ͟·͔  ͍͍͙ͫͦͦͯͨͤͦͫͭ͟ ͍ͫͦͫͭ͊͡ΎΌͭ ͎͔ͭͪ͊ͤͫͤͤͯΌ ͦͤͫͭͪͯ͟͟ͼ͙ΌΥ ͨͪͦͣͦͭͦͪ·Σ ͔͙ͭͪͣͤ͊ͭͦͪ· 

 ͙͍͔ͫͦ͋ͫͭͤͤͦ ͼ͔͔͍͡·͔ ͎͔ͤ·Φ ˽͙ͪ͊ͭ͟;͔͙ͫ͟ ͍͔ͫ ͔ͦͣͣͪ͟;͔͙͔ͫ͟ ˥ -˸͔͙ͪ͊ͫͭͤΎ ͙ͫͨͦ͡Έͯ͘Όͭ ͔ͤͫͦ͟͡Έͦ͟ 

ͫͭ͊ͤ͒͊ͪͭͤ·ͻ ͔͎ͪͯ͡Ύͭͦͪͤ·ͻ Ή͔͔͍ͣͤͭͦ͡Φ ˹͙͔͔͊͋ͦ͡ ;͊ͫͭͦ ͙͍͔ͦ͋ͤ͊ͪͯ͗͊ͣ·ͣ ͨͪͦͣͦͭͦͪͦͣ Ύ͍͡Ύ͔ͭͫΎ 35S 

ͨͪͦͣͦͭͦͪ ͍ ͙ͪͯͫ͊ ͣ ͙͙ͦ͊͘͟ ͼ͍͔͚ͭͤͦ ͟ ͊ͨͯͫͭ· (CaMV 35S), ͟ ͦͭͦͪ·͚ ͦ ͔͔͋ͫͨ;͙͍͔͊ ͭ͟ ͙͙͍ͦͤͫͭͭͯͭͤͯΌΣ ͭ  ͔ͦ ͫͭΈ 

ͨͦͫͭͦΎͤͤͯΌΣ Ή͔͙ͫͨͪͫͫ͟Ό ͭ ͎͔ͪ͊ͤͫͤ͊ ͍  ͋ ͦ͡Έ΄͙͍͔ͤͫͭ ͭ ͔͚͊ͤ͟ ͪ ͔͙͊ͫͭͤΎΦ ́ ͙͙ͨ;ͤ·ͣ ͣ ͔͊ͪͪͦͣ͟ ͭ ͔͙ͪͣͤ͊ͼ͙͙ 

͙ͭͪ͊ͤͫͪͨ͟ͼ͙͙ Ύ͍͡Ύ͔ͭͫΎ NOS-͔͙ͭͪͣͤ͊ͭͦͪ ͙ ͘ Agrobacterium tumefaciens. ˻͔͙͔͋ͤ͊ͪͯ͗ͤ Ή͙ͭͻ ͍͒ͯͻ 

Ή͔͔͍ͣͤͭͦ͡Σ  ͔͊ͭ͊͗͟ ͎ͫ͊ͣͦͦ ͼ͔͔͍͎ͦͦ͡ ͎͔ͤ͊ ό͙͔ͤ͊ͨͪͣͪΣ ͎͔ͤ͊ ͚ͯͫͭͦ;͙͍͙ͦͫͭ  ͎͔͙ͪ͋͟ͼ͙͒͊ͣ cp4epsps ͙͙͡ 

͎͔ͤ͊ ͚ͯͫͭͦ;͙͍͙ͦͫͭ  ͟ ͔ͤ͊ͫͦͣ͟·ͣ cry ͙ ͘ Bacillus thuringiensis),  ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͔ͫͨͼ͙ͺ͙;ͤ·ͻ 

͙͎͔͙ͦͦͤͯͦͭ͒ͤ͟͡͡·ͻ ͚͔͍ͨͪ͊ͣͪͦΣ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͊͟;͔͍͔͔ͫͭͤͤͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͙ͤ͊͡;͙Ύ ͎͔͚ͭͪ͊ͤͫͤͤͦ 

ͦͤͫͭͪͯ͟͟ͼ͙͙ ͍  ͎ ͔͔ͤͦͣ ͪ ͔͙͊ͫͭͤΎΦ 

˻͒ͤ͊ͦ͟Σ ͒͡Ύ ͼ͔͔͚͡ ͔͎ͪͯ͡Ύ͎ͭͦͪͤͦͦ ͦͤͭͪͦ͟͡Ύ  ͙͙ͦ͟͡;͔͍͔͚ͫͭͤͤͦ ͦͼ͔͙ͤ͟Σ ;ͭͦ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙ͨͪ 

͔͔͔͙͙ͦͨͪ͒ͤ͡ ͔͔͙ͫͭͨͤ ͔ͫͣ΄͙͍͙͊ͤΎ ˥˸ ˻  ͙ͤ-͔˥˸ ˻ͨͪͦ͒ͯ͟ͼ͙͙Σ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ˽̇ ˾  ͍͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤ 

(qPCR). ̏ͭͦͭ ͔ͣͭͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͤ ͔ͭͦ͡Έͦ͟ ͍͔͙ͨͦ͒ͭͪ͒ͭΈ ͙ͤ͊͡;͙͔ ͎͔ͭͪ͊ͤͫͤ͊ ό͊͟;͔͍͔ͫͭͤͤ·  ͚͙͊ͤ͊͘͡ύΣ ͤ  ͦ  ͙

ͭͦ;ͤͦ ͙͔͙ͣͪͭ͘Έ ͔͎ͦ ͙ͦ͟͡;͔͍ͫͭͦ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͙ͦ͟͡;͔͍ͫͭ͊ Ή͎͔͎ͤ͒ͦͤͤͦͦ ό͍͔͔͎ͤͯͭͪͤͤͦΣ ͤ ͔

͙ͣͦ͒ͺ͙ͼ͙͍͎ͪͦ͊ͤͤͦͦύ ͎͔ͤ͊-͔ͪͺ͔͔ͪͤͫ͊  ͍ ͦ͋ͪ͊͘ͼ͔ ό͙ͦ͟͡;͔͍͔ͫͭͤͤ·͚ ͙͊ͤ͊͘͡ύΦ ˴͙ͦ͡;͔͍͔ͫͭͤͤ͊Ύ ˽̇ ˾

Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͒͡Ύ ͫͦ͋͡Ό͔͙͒ͤΎ ͔͎ͪͯ͡Ύͭͦͪͤ·ͻ ͎͍ͨͦͪͦͦ (͙͔ͤ͊ͨͪͣͪΣ 0,9% ͙͙͡ 5% 

͔͙ͫͦ͒ͪ͗͊ͤΎ ˥˸˻ύΦ ˨͡Ύ ͍͔͔͎ͦ͒ͤͦͪͣͤͤͦͦ ͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͔ͤͫͦ͟͡Έ͙͟ͻ ͎͔ͭͪ͊ͤͫͤͤ·ͻ ͫͦ͋·͙͚ͭ  ͍ͦ͒ͤͦͣ 

ͦ͋ͪ͊͘ͼ͔ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͣͯ͡Έ͙͔ͭͨͫͤ͊͟͡Ύ ˽̇˾Σ ;ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍ͨͦ·΄͔͊ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͙͎ͫͪͤͤ͊͟Φ 

˨͙͔ͦͨͦͤͭ͡͡Έͤ·ͣ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·ͣ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦͣ ͙ͫͭ͊͋͡Έ͙ͤͦͫͭ ͙͔͎ͤͭͪ͊ͼ͙͙  ͙͙ͯͤ͊͟͡Έ͙ͤͦͫͭ 

͎͔͎ͭͪ͊ͤͫͤͤͦͦ ͫͦ͋·͙ͭΎ ό͙͙͙ͤ͡ύ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͤ͊͘͡ ͺ͙͊ͤͪͯ͟͡Ό΅͙ͻ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ  ͍ ͔͔ͣͫͭ 

͙͔͎ͤͭͪ͊ͼ͙͙ ͎͔ͭͪ͊ͤͫͤ͊Σ ͒͡Ύ ;͔͎ͦ ͙͔ͨͪͣͤΎΌͭ ͙͔ͭ͊͟ ͔ͣͭͦ͒· ͊͟͟ ˽̇ ˾  ͙ͫ͊ͣͨ͡ͺ͙͊͟ͼ͙͔͚ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ 

ͺ͙͊ͤͪͯ͟͡Ό΅͙ͻ ͔͚ͦ͋͊ͫͭ͡ (SAFI-PCR) ͙͙͡ ͙͍͔͙͍ͤͪͭͪͦ͊ͤͤ͊Ύ ˽̇˾Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͫͦ͒͊ͭ͘Έ ͙ͯͤ͊͟͡Έͤ·͚ 

Ϧ͔ͣͦͯ͟͡͡Ύͪͤ·͚ ͔ͦͭͨ;͊ͭͦ͟Ϧ ͒͡Ύ ͎͊͗͒ͦͦ͟ ͔ͦͣͣͪ͟;͔͙ͫ͟ ͔͎ͦ͒ͦ͋ͪͤͤͦͦ ˥ -˸ͫͦ͋·͙ͭΎΦ ˽͙ͦͣͣͦ ͙͊ͤ͊͊͘͡ 

˨˹˴Σ ͦͭͦͪ͟·͚ ͙͡΄Έ ͒ͦ͊͘͟·͍͔͊ͭ ͙͍͙͔ͨͪͫͯͭͫͭ ͎͔͔͙ͤͭ;͔͎ͫͦͦ͟ ͔͙ͣ͊ͭͪ͊͊͡Σ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͔͍͙ͨͪ͒ͦͫͭ͊ͭΈ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟ ͎͔ͭͪ͊ͤͫͤ͊Φ ̏ͭͦ ͙͎͔͒ͦͫͭ͊ͭͫΎ ͔ͨͯͭͣ ͙͊ͤ͊͊͘͡ Ή͔͙͙ͫͨͪͫͫ͟ ͤ ͊

͍͔ͯͪͦͤ ͣ˾˹˴ ͙  ͔͋͊͟͡Φ ˢ͙ͤ͊͘͡ ͤ ͊ͯ ͍͔ͪͦͤ ͣ˾˹˴ ͨ ͍͙ͪͦͦ͒ͭͫΎ ͫ  ͨͦͣͦ΅ΈΌ ˽̇ ˾  ͚ͫͦ͋ͪ͊ͭͤͦ ͭ ͙ͪ͊ͤͫͪͨ͟ͼ͙͔͚ 

(RT-PCR), ͎͔͒ ͣ˾˹˴ ͫͤ͊;͊͊͡ ͔͔͍͙ͨͪͦ͒ͭͫΎ  ͍ ͔͔ͦͣͨͣͤͭ͊ͪͤͯ͟͡Ό ˨˹ ˴ ό͟˨˹˴ύΣ ͦͭͦͪ͊͟Ύ ͔͊ͭͣ͘ 

͙͊ͣͨ͡ͺ͙ͼ͙͔ͪͯͭͫΎ  ͙ͫͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ˽̇˾Φ ˻͔͙͔͋ͤ͊ͪͯ͗ͤ ͔ͫͨͼ͙ͺ͙;͔͚ͫͦ͟ ͣ˾˹˴ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭΣ ;ͭͦ 

͎͔ͭͪ͊ͤͫͤ ͤ  ͔ͭ ͦ͡Έͦ͟ ͙ ͔͎͙͍ͤͭͪͪͦ͊ͤΣ ͤ  ͙ͦ  ͊ ͙͍ͭͤͦ͟ ͭ ͙͙͔ͪ͊ͤͫͪ͋ͪͯͭͫ͟Ύ ͍  ͟ ͔ͭ͊͟͡ͻ ͪ ͔͙͊ͫͭͤΎΦ 

˭͊͟͡Ό;͔͙͔ͤΦ ˻͔͙͔͋ͤ͊ͪͯ͗ͤ ͎͔͙ͭͪ͊ͤͫͤͤͦͫͭ  ͍ ͭͪ͊ͤͫͺ͙͍ͦͪͣͪͦ͊ͤͤ·ͻ ͔͙ͪ͊ͫͭͤΎͻ Ύ͍͡Ύ͔ͭͫΎ 
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͎͍͔͍͚ͣͤͦͦͯͪͦͤͦ  ͙ͤ͊ͯ;ͤͦ ͫ ͚ͦ͗ͤͦ͡ ͊͒͊͘;͔͚Σ ͦͭͦͪ͊͟Ύ ͡ ͔͙͗ͭ  ͍ͦ ͍͔ͫͤͦ ͙͔͙͋ͦ͋ͦͨ͊ͫͤͦͫͭ͘Σ ͔͎ͪͯ͡Ύ͎ͭͦͪͤͦͦ 

ͦͤͭͪͦ͟͡Ύ ͙  ͘ ͊΅͙ͭ· ͨ ͍ͪ͊ ͙ ͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ ͫ ͍͔͙ͦ͋ͫͭͤͤͦͫͭ ͍  ͦ ͙͋͊ͫͭ͡ ͋ ͙͔ͦͭͻ͎͙͙ͤͦͦ͡Φ ˾ ͊ͪ͊͋ͦͭ͊ͤͤ͘·͔ ͙  

͙͙͍ͫͭ͊ͤ͒͊ͪͭͪͦ͊ͤͤ͘·͔ ͔ͣͭͦ͒· ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͎͙͙͋ͦͦ͡  ͙͙͋ͦͻ͙͙͙ͣ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͚ 

͍͔ͯͪͦͤΈ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭΣ ͔ͫͨͼ͙ͺ͙;͙ͤͦͫͭ  ͙͔͙ͤ͊͒͗ͤͦͫͭ ͒͡Ύ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙ ˥ -˸ͫͦ͋·͙͚ͭΦ ˽̇ ˾  ͍

͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤ (qPCR) Ύ͍͡Ύ͔ͭͫΎ ͔͔͙ͤ͊ͣͤͣ͘·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͒͡Ύ ͭͦ;͎ͤͦͦ ͙ͦ͟͡;͔͍͔͎ͫͭͤͤͦͦ 

͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͎͔͎ͭͪ͊ͤͫͤͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Σ ;ͭͦ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ͫͦ ͋͡Ό͔͙͒ͤΎ ͎͍ͨͦͪͦͦ ͙͍͙ͣ͊ͪͪͦ͟͟  ͙

ͦͤͭͪͦ͟͡Ύ ͔ͫͣ΄͙͍͙͊ͤΎΦ ˢ͙ͤ͊͘͡ ͔͎ͪͯ͡Ύͭͦͪͤ·ͻ Ή͔͔͍ͣͤͭͦ͡Σ ͙ͭ͊͟ͻ ͊͟͟ CaMV 35S ͨͪͦͣͦͭͦͪ  ͙ NOS-

͔͙ͭͪͣͤ͊ͭͦͪΣ ͙ͫͯ͗ͭ͡ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͍͚ͦͫͤͦͦ ͒͡Ύ ͙͙͎ͫͪͤͤ͊͟Φ ˨͊͡Έ͔͚ͤ΄͔͔ ͍͙͙͔ͪ͊ͭ͘ ͔͍ͣͭͦ͒ͦ 

͔͙ͦ͋ͤ͊ͪͯ͗ͤΎΣ ͍ ͟͡Ό;͊Ύ ͨ ͎͔͔ͦͤͦͤͦͣͤͦ͡ ͫ ͔͍͔͙͍͙͔ͤͪͦ͊ͤ͟ ͙  ͼ͙ͺ͍͔ͪͦͦ ͟ ͔͊ͨ͡Έ͔ͤͦ ˽ ̇ ˾(ddPCR) ͒ ͡Ύ ͋ ͔͔ͦ͡ 

ͭͦ;͎ͤͦͦ ͊͋ͫͦ͡Ό͎ͭͤͦͦ ͙ͦ͟͡;͔͍͔͎ͫͭͤͤͦͦ ͙͊ͤ͊͊͘͡Σ ͔͋ͯ͒ͭ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͍ͨͦ·΄͔͙ͤΌ ͨͪͦͪ͊͘;͙ͤͦͫͭ  ͙

Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟Φ  

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˥ͪΎ͍͒ͯͤͦ ˨ΦˢΦ ͙ ͒ͪΦ ˮ͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͎͔ͤͤͦ-͙ͣͦ͒ͺ͙ͼ͙͍ͪͦ͊ͤͤ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ 

͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎ ͍ ͙ͨ΅͔͍·ͻ ͨͪͦ͒ͯͭ͊͟ͻ ͙ ͫ·ͪΈ͔ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͎͙͎͔͔͍͎͒ͪͦͦͦ͡ ͙͎͔͙͎ͦͦͤͯͦͭ͒ͤͦͦ͟͡͡ 

͙ͣͪͦ͟;͙ͨ͊ κκ˸͔ͦͯ͟͡͡Ύͪͤ͊Ύ ͙͎͙͋ͦͦ͡ΎΦ ς 2011. ς ́ Φ прΦ ς ЅΦ сΦ ς ˿ Φ фто-983. 

2. ˨͙ͣͭͪΌ͍ͦ͊͟ ˸Φ̑Φ ͙ ͒ͪΦ ˤ͙͡Ύ͙͔ͤ Ή͔͙͙ͫͨͪͫͫ͟ ͎͔ͤ͊ ͔͎͎͔͎͙ͣͦͦ͋ͤ͊͡͡ ͊ ͙ͫͦ ͤ͊ ͪͦͫͭΣ ͒·ͻ͙͔͊ͤ ͙ 

͙͙͔͊ͤͭͦͫ͒͊ͤͭͤͦ͟ ͫͦͫͭͦΎ͙͔ͤ ͔͙͚ͪ͊ͫͭͤ ͭ͊͋͊͊͟ ͍ ͍͙ͯͫͦ͡Ύͻ ͍͔ͨͦͪ͗͒͊Ό΅͔͎ͦ ͔͚͍͙͒ͫͭΎ ͙͊͒ͣ͟Ύ 

κκ͙͙͎͙̅ͦͦ͘͡Ύ ͔͙͚ͪ͊ͫͭͤΦ ς 2011. ς ́ Φ руΦ ς ЅΦ сΦ ς ˿ Φ фмр-921. 

3. ̊ͯͣͤ·͚ ˤΦ˴Φ ˸͔ͦͯ͟͡͡Ύͪͤ͊Ύ ͙ ͔ͭͦ͟͡;ͤ͊Ύ ͙͎͙͋ͦͦ͡Ύ κκˤ͍͙͍͙͚͊ͦͫ͟͡ ͗ͯͪͤ͊͡ ͎͔͔͙͙ͤͭ͟ ͙ ͔͔ͫ͟͡ͼ͙͙Φ ς 

2018. ς ́ Φ ннΦ ς ЅΦ рΦ ς ˿ Φ пфт-497. 

ϭ ˢ͔͔͍ͣ͊ͤͤͨͫͦ͊ ˢΦΣ ˢ͔͍ͭ͊͊ ̒ΦΣ нлнр 
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MANAGING SCIENCE EDUCATION: STRATEGY, CURRICULUM, AND IMPLEMENTATION 

 

Abstract 

Science Education Management is the specialized administrative and pedagogical discipline concerned 

with effectively organizing, deploying, and evaluating resources to achieve high-quality scientific learning 

outcomes. This field moves beyond mere curriculum design to focus on the strategic implementation of 

science programs, including teacher development, laboratory infrastructure oversight, budget allocation, 

and continuous assessment alignment. This article examines the core components of effective science 

education management, emphasizing the critical role of leadership in fostering a culture of inquiry and 

ensuring equitable access to resources necessary for modern, practical scientific instruction. 

 

Keywords:  

science education management, curriculum implementation, laboratory management,  

teacher professional development, scientific literacy, educational leadership,  

resource allocation, assessment strategy. 

 

1. Strategic Planning and Curriculum Management 

Effective science education management begins with a clear vision and a systematic approach to 

curriculum delivery that aligns with national standards and pedagogical best practices. 

¶ Vision and Goal Setting: Management must establish a long-term vision focused on scientific literacy 

and critical thinking, rather than just content coverage. This involves aligning departmental goals with 

institutional and national educational standards (e.g., promoting STEM career pathways). 

¶ Curriculum Alignment: Managers ensure that the written curriculum (the plan), the taught 

curriculum (classroom instruction), and the assessed curriculum (tests and evaluations) are fully 

synchronized. This involves mapping learning objectives to specific pedagogical methods, such as Inquiry-

Based Learning (IBL), and ensuring consistency across different grade levels and subjects. 

¶ Resource Allocation and Budgeting: Science education often requires higher per-pupil spending due 

to the need for specialized materials. Management is responsible for strategic budgeting, prioritizing funds 

for consumable laboratory supplies, maintaining up-to-date technology (e.g., data sensors, microscopes), 

and funding teacher training. 

2. Infrastructure and Laboratory Management 
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The physical environment of science learning, particularly the laboratory, requires specialized 

management to ensure safety, functionality, and instructional effectiveness. 

¶ Safety and Compliance: Safety management is paramount. Science education leaders must ensure 

that all laboratories comply with stringent local and national safety regulations regarding chemical storage, 

waste disposal, ventilation, and emergency procedures. Regular inspections and safety training are 

mandatory. 

¶ Equipment and Inventory Control: Effective management involves systematic inventory of fragile and 

expensive equipment, managing stock levels of chemicals and biological specimens, and implementing a clear 

schedule for the maintenance, calibration, and replacement of apparatus. Well-maintained labs are essential 

for authentic experimental practice. 

¶ Technology Integration: Managers must oversee the integration of technologyτfrom educational 

software and simulation tools to digital data loggersτto enhance the learning experience. This includes 

ensuring adequate IT support and providing staff training on new technological tools. 

3. Human Capital and Professional Development 

The quality of science instruction is directly tied to the expertise and pedagogical skills of the teaching 

staff. Management plays a direct role in teacher capacity building. 

¶ Recruitment and Staffing: Managers seek to recruit science specialists with strong content 

knowledge and a commitment to modern, hands-on teaching methods. They also manage scheduling to 

optimize class sizes for lab work and ensure appropriate teacher loads. 

¶ Targeted Professional Development: Training is focused not just on new scientific content but 

primarily on pedagogical methods. This includes workshops on facilitating open-ended inquiry, integrating 

engineering design into science lessons, and using effective formative assessment techniques to gauge 

student conceptual understanding in real-time. 

¶ Mentorship and Coaching: Establishing mentorship programs for new or inexperienced science 

teachers is crucial. Experienced educators can provide guidance on laboratory management, safety 

protocols, and complex instructional strategies. 

Conclusion 

Effective Science Education Management is a complex leadership function that requires expertise in 

both educational theory and practical administration. By strategically allocating resources, prioritizing 

laboratory safety, investing in teacher capacity, and implementing assessment systems focused on inquiry 

and application, managers create the fertile ground necessary for students to achieve deep scientific literacy 

and become the problem-solvers of the future. 
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SCIENCE EDUCATION AND THE ENGINE OF INNOVATION 

 

Abstract 

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

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

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

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

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

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

complex global challenges. 

Keywords:  

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

entrepreneurship, technological advancement, creativity, problem-solving. 

 

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

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

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

predictors of its long-term innovative capacity. 

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

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

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

adapting to rapid technological change. 

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

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

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

patents, startups, and economic growth. 

2. Pedagogy that Cultivates Innovators 

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

must actively train students to think like inventors and researchers. 

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

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

resilienceτthe ability to learn from failure. 

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

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

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

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

3. Integrating Scientific and Entrepreneurial Skills 

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

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

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

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

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

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

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

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

entrepreneurial roles. 

4. Societal Impact and Addressing Global Challenges 

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

stewardship. 

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

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

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

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

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

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

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

is better equipped to embrace these necessary innovations. 

5. Conclusion 

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

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

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

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

can make to secure its future competitiveness and its capacity to contribute to global well-being. 
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THE ESSENTIAL ROLE OF SCIENCE AND KNOWLEDGE IN PRODUCTION AND INDUSTRY 

 

Abstract 

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

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

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

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

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

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

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

 

Keywords: 

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

quality control, automation, scientific literacy. 

 

1. Science as the Engine of Industrial Innovation 

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

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

services. 

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

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

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

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

lead. 

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

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

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

energy far beyond what is possible through trial-and-error methods. 

2. Knowledge and Productivity in Manufacturing 
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The integration of advanced knowledge into the production lifecycle is what distinguishes a modern, 

highly productive industry from a traditional one. 

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

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

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

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

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

grounded optimizations are crucial for increasing total factor productivity. 

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

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

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

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

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

3. The Significance of Human Capital and Continuous Learning 

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

applying and advancing scientific knowledge. 

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

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

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

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

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

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

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

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

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

4. Conclusion 

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

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

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

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

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

progress and secure economic leadership. 
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͔͙͍ͦͭͫ͗͊ͭ͡Έ ͫͦͫͭͦΎ͙͔ͤ ͫͦ͗ͤ͡·ͻ ͦ͋Ά͔͍ͭͦ͟ ͙ ͨͪͦͼ͔͍ͫͫͦΦ ˾͊ͪ͊͋ͦͭ͊͘͟ ͔͎ͦ ͤ͊ͯ;ͤ·ͻ ͍ͦͫͤͦ ͔ͤͦ͋ͻ͙ͦ͒ͣ͊ ͒͡Ύ 

͔͔ͦ͋ͫͨ;͔͙ͤΎ ͔͙ͤ͊͒͗ͤͦͫͭΣ ͭͦ;͙ͤͦͫͭ ͙ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͨͦͯ͡;͔͊ͣ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ 

ˤ ͍͔ͦͫͤͦ ͼ͙ͺ͍͎ͪͦͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ ͔͙͗ͭ͡ ͦͤ͟ͼ͔ͨͼ͙Ύ ͙͔͔ͤͭͪͤͭ͊ ͍͔΅͔͚ όLƴǘŜǊƴŜǘ ƻŦ ¢ƘƛƴƎǎύΦ 

˸͔͍ͤͦ͗ͫͭͦ ͺ͙͙͘;͔͙ͫ͟ͻ ͚͍ͯͫͭͪͦͫͭΣ ͙͙͡ ͒͊ͭ;͙͍ͦ͟Σ ͔͔ͤͨͪͪ·͍ͤͦ ͙ͫͦ͋ͪ͊Όͭ ͙ͤͺͦͪͣ͊ͼ͙Ό ͙͘ ͦͪͯ͗͊͟Ό΅͔͚ 

͔ͫͪ͒· ͙͙͡ ͫ ͙͔͎ͦͤͭͪͦͪͯͣͦͦ͟͡ ͦ͋Ά͔ͭ͊͟Φ ͙̏ͭ ͒͊ͤͤ·͔ ͎ͣͦͯͭ ͍͟͡Ό;͊ͭΈ ͔͔ͭͣͨͪ͊ͭͯͪͯΣ ͍͊͗ͤͦͫͭ͡ΈΣ 

͍͙͋ͪ͊ͼ͙ΌΣ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡ ͙͙͡ ͔͙ͨͦ͊͊ͭ͘͟͡ ͍͒ͦͪͦ͘ΈΎΦ 

˽͔͍ͪ·ͣ Ήͭ͊ͨͦͣ ͍ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͤ͊ͯ;ͤ·ͻ ͍ͦͫͤͦ Ύ͍͡Ύ͔ͭͫΎ ͔͎͙ͣͭͦ͒ͦͦ͡Ύ ͫ͋ͦͪ͊ ͒͊ͤͤ·ͻΦ ˹͔ͦ͋ͻ͙ͦ͒ͣͦ 

͔͔͙ͦͨͪ͒ͭ͡Έ ͙ͦͨͭͣ͊͡Έ͔ͤͦ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ ͙ ͙ͭͨ ͒͊ͭ;͙͍ͦ͟Φ ˤ͊͗ͤͦ ͯ;͙ͭ·͍͊ͭΈ ͭͦ;ͤͦͫͭΈ ͙͔͔͙͚ͣͪͤ͘Σ ;͊ͫͭͦͭͯ 

͙͔͙͒ͫͪͭ͊͘͟ͼ͙͙ ͙ ͍͙ͯͫͦ͡Ύ Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎΣ ;ͭͦ͋· ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ ͎͔ͨͦͪ΄͙ͤͦͫͭΦ 

˿͔͒ͯ͡Ό΅͙͚ ͟͡Ό;͔͍͚ͦ Ή͔͔ͣͤͭ͡ ς Ήͭͦ ͙͔ͫͫͭͣ· ͔͔ͨͪ͒͊;͙ ͒͊ͤͤ·ͻΦ ˿ͦ͋ͪ͊ͤͤ͊Ύ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͒ͦ͗ͤ͊͡ 

͋·ͭΈ ͔ͤ͊͒͗ͤͦ ͙ ͋·ͫͭͪͦ ͍͔͒ͦͫͭ͊ͤ͊͡ ͒ͦ ͼ͔ͤͭͪ͊ ͙ͦ͋ͪ͊͋ͦͭ͟Φ ˨͡Ύ Ή͎ͭͦͦ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͦ͋͊͡;ͤ·͔ 

͔ͭͻ͎͙͙ͤͦͦ͡ ͙ ͍·ͫͦͦͫͦͪͦͫͭͤ͟͟·͔ ͔͙ͫͭΦ ˣ͔ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͼ͔ͦͫͭͤͦͫͭ͡Έ ͔͔͍͔ͨͪ͒͊͊ͣ·ͻ ͒͊ͤͤ·ͻ Ύ͍͡ΎΌͭͫΎ 

͔͒ͫ͘Έ ͔͍͔͔ͨͪͦͫͭͨͤͤ·͙ͣ ͤ͊ͯ;ͤ·͙ͣ ͊͒͊͘;͙͊ͣΦ 

˴͡Ό;͔͍·ͣ ͤ͊ͯ;ͤ·ͣ ͋ͦͦͣ͟͡ Ύ͍͡Ύ͔ͭͫΎ ͦ͋ͪ͊͋ͦͭ͊͟ ͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻ ό.ƛƎ 5ŀǘŀύΦ ˸͙͍͊ͫͫ· 

͙ͤͺͦͪͣ͊ͼ͙͙Σ ͨͦͫͭͯͨ͊Ό΅͙͔ ͍ ͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤΣ ͔ͭͪ͋ͯΌͭ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ ͊ͪͻ͙͔ͭͭͯͪ͟ ͙ 

ͨͦ͒ͻ͍ͦ͒ͦΦ ˹͔ͦ͋ͻ͙ͦ͒ͣͦ ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ ͔ͣͭͦ͒· ͺ͙͡Έͭͪ͊ͼ͙͙ ΄ͯͣ͊Σ ͙ͤͦͪͣ͊͊͘͡ͼ͙͙ ͙ ͔͍͙͔ͨͪ͒͊ͪͭ͡Έ͎ͤͦͦ 

͙͊ͤ͊͊͘͡ ͒͊ͤͤ·ͻΦ 

˸͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͙͎͔ͪ͊ͭ ͼ͔ͤͭͪ͊͡ΈͤͯΌ ͪͦ͡Έ ͍ ͤ͊ͯ;ͤͦͣ ͙͙͎͔ͣͦͤͭͦͪͤΦ ˸͔͙ͦ͒͡ 
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͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͙͙ͦͨͫ͊ͤΎ ͤͦͪͣ͊͡Έ͎ͤͦͦ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͙͔ͫͫͭͣ· ͙ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͔͖ 

͍͔͔͙ͨͦ͒ͤΎΦ ˿ͦ͗ͤ͡·͔ ͙͔ͫͫͭͣ· ͔ͭͪ͋ͯΌͭ ͙ͫͦ͒͊ͤ͘Ύ ͎͙͙͋ͪ͒ͤ·ͻ ͔͔͚ͣͦ͒͡Σ ͫͦ;͔ͭ͊Ό΅͙ͻ ͺ͙͙͘;͔͙͔ͫ͟ ͊ͦͤ͘͟· 

͙ ͙͙ͫͭ͊ͭͫͭ;͔͙͔ͫ͟ ͔ͣͭͦ͒·Φ 

˽͔͙͙͍ͪ͒ͭͤ͊͟Ύ ͙͙͊ͤ͊ͭ͊͟͡ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ Ή͙ͭͻ ͔ͣͦ͒͡Ύͻ ͙ ͎͙͊ͦͪͭͣ͊͡ͻΦ ˻ͤ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͤ ͨͪͦͫͭͦ 

ͺ͙͙͍ͫͪͦ͊ͭ͟Έ ͔ͭͯ͟΅͔͔ ͫͦͫͭͦΎ͙͔ͤΣ ͤͦ ͙ ͎͙͍ͨͪͦͤͦͪͦ͊ͭ͘Έ ͍͙͙͔ͪ͊ͭ͘ ͫͦ͋·͙͚ͭΣ ͙͔ͤ͊ͨͪͣͪΣ ͍͔ͪͦΎͭͤͦͫͭΈ 

ͦͭ͊͊͘͟ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎΦ ̏ͭͦ ͔͔͍͙ͨͪͦ͒ͭ ͙͔ͫͫͭͣͯ ͙͘ ͔͙͍͎ͪ͊ͭͤͦͦ͟ ͔͙ͪ͗ͣ͊ ͍ ͙͍ͨͪͦ͊ͭͤ͟·͚Φ 

ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ όˮˮύ ͙ ͣ͊΄͙͔ͤͤͦ ͦ͋ͯ;͔͙͔ͤ Ύ͍͡ΎΌͭͫΎ ͙͔͙ͤͫͭͪͯͣͤͭ͊ͣ ͒͡Ύ ͔͙ͪ͊͊͘͡ͼ͙͙ 

͔͙͙͍͚ͨͪ͒ͭͤͦ͟ ͙͙͙͊ͤ͊ͭ͟͡Φ ˢ͎͙ͦͪͭͣ͡· ͦ͋ͯ;͔͙ͤΎ ͔͋͘ ͯ;͙͔ͭ͡Ύ ͎ͣͦͯͭ ͍·Ύ͍͡ΎͭΈ ͫͪ͟·ͭ·͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟Φ 

˻͙ͤ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͙͚͊ͤͦͣ͊͡ ͙ ͔͙͙ͤͭͨ;͎ͤͦͦ ͍͔͔͙ͨͦ͒ͤΎ ͙͔ͫͫͭͣ·Φ 

˹͊ͯ;ͤ·͔ ͍ͦͫͤͦ· ͍͙͊͒͊͡ͼ͙͙ ͙ ͍͔͙ͪͺ͙͊͟ͼ͙͙ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·ͻ ͙͔ͫͫͭͣ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·Φ 

˹͔ͦ͋ͻ͙ͦ͒ͣͦ ͒ͦ͊͊ͭ͘͟ΈΣ ;ͭͦ ͔ͪͯ͘͡Έͭ͊ͭ· ͙͙͎ͣͦͤͭͦͪͤ͊ ͭͦ;ͤͦ ͦͭͪ͊͗͊Όͭ ͔ͪ͊͡Έ͔ͤͦ ͫͦͫͭͦΎ͙͔ͤ ͦ͋Ά͔ͭ͊͟Φ ˨͡Ύ 

Ή͎ͭͦͦ ͍ͨͪͦͦ͒ΎͭͫΎ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͔ ͙ͫͨ·͙ͭ͊ͤΎ ͙ ͔͙͍͙͔ͭͫͭͪͦ͊ͤ ͎͙͍͊ͦͪͭͣͦ͡ ͤ͊ ͔ͪ͊͡Έͤ·ͻ ͙ ͙͔͙ͫͤͭͭ;͔͙ͫ͟ͻ 

͒͊ͤͤ·ͻΦ 

˾͊ͪ͊͋ͦͭ͊͘͟ ͎͙͍͊ͦͪͭͣͦ͡ ͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤ ͤ͊ ͍͔ͦͫͤͦ ͒͊ͤͤ·ͻ ͙͙͎ͣͦͤͭͦͪͤ͊ Ύ͍͡Ύ͔ͭͫΎ 

͙ͨͪ͊ͭ͟;͔͙ͫͣ͟ ͍·ͻͦ͒ͦͣ ͙͘ ͤ͊ͯ;ͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ͙̏ͭ ͎͙͊ͦͪͭͣ͡· ͒ͦ͗ͤ͡· ͋·ͭΈ ͫͨͦͫͦ͋ͤ· 

͍͙͊ͭͦͣ͊ͭ;͔͙ͫ͟ ͎͔͔͙͍ͤͪͪͦ͊ͭΈ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͙͙͡ ͙͍͙͍͊ͭͪͦ͊ͭ͟Έ ͍ͯͨͪ͊͡ΎΌ΅͙͔ ͔ͣͻ͙͊ͤͣ͘·Φ ˻͙ͤ ͒ͦ͗ͤ͡· 

ͯ;͙ͭ·͍͊ͭΈ ͍͔ͫ ͙͙ͪͫ͟ ͙ ͔͍͙ͨͦͫ͒ͫͭ͡ΎΦ 

˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͔͙ͫͣ͊ͤͭ;͔ͫͦͣͯ͟ ͙͙͎ͣͦͤͭͦͪͤͯΦ ˻ͤ ͍͟͡Ό;͔͊ͭ ͦ͋ͪ͊͋ͦͭͯ͟ 

͔͙͍ͤͫͭͪͯͭͯͪͪͦ͊ͤͤ͟·ͻ ͒͊ͤͤ·ͻΣ ͙ͭ͊͟ͻ ͊͟͟ ͔͍ͭͫͭͦ͟·͔ ͦͭ;͔ͭ·Σ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͙͙͡ ͍͙͔͒ͦΦ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ 

͎͙ͦ͋ͦ͊ͭͭΈ ;͙͍ͫͦ͡·͔ ͒͊ͤͤ·͔ ͔͚ͦͤͭͫͭͤͦ͟͟ ͙ͤͺͦͪͣ͊ͼ͙͔͚Φ 

˨͡Ύ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͫͦ͗ͤ͡·͙ͣ ͙͔͙ͫͫͭͣ͊ͣ ͔͔ͭͪ͋ͯͭͫΎ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͼ͙ͺ͍ͪͦ·ͻ ͍͚͙͍͒ͦͤͦ͟ ό5ƛƎƛǘŀƭ ¢ǿƛƴύΦ 

͙̇ͺ͍͚ͪͦͦ ͍͚͙͒ͦͤ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͍͙ͪͭͯ͊͡ΈͤͯΌ ͙ͦͨ͟Ό ͺ͙͙͘;͔͎ͫͦͦ͟ ͦ͋Ά͔ͭ͊͟Φ ˻ͤ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ 

͙ͫͣͯ͡Ύͼ͙͙ ͙ͪ͊͘͡;ͤ·ͻ ͫͼ͔͙͔͍ͤ͊ͪ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͪ͊͋ͦͭ· ͔͋͘ ͙ͪͫ͊͟ ͒͡Ύ ͔ͪ͊͡Έ͚ͤͦ ͙͔ͫͫͭͣ·Φ 

ˤ ͙ͦ͋͊ͫͭ͡ Ή͎͙ͦͦ͟͡;͔͎ͫͦͦ͟ ͙͙͎ͣͦͤͭͦͪͤ͊ ͤ͊ͯ;ͤ·͔ ͍ͦͫͤͦ· ͔ͫͦͫͪ͒ͦͭͦ;͔ͤ· ͤ͊ ͭͦ;ͤͦͣ 

͔͙͍͙͙ͦͭͫ͗͊ͤ͡ ͎͊ͪ͘Ύͤ͘ΎΌ΅͙ͻ ͍͔΅͔͍ͫͭΦ ˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡ ͍ ͊ͭͣͦͫͺ͔͔ͪ 

͙ ͍͔ͦ͒Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͦͼ͔͙ͤͭΈ ͙ͪͫ͟ ͒͡Ύ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· ͙ ͍͒ͦͪͦ͘ΈΎ ;͔͍͔ͦ͊͟͡Φ 

ˤ ͍͒ͪ͊ͦͦ͘ͻ͔͙͙ͪ͊ͤͤ ͼ͙ͺ͍͚ͪͦͦ ͙͙͎ͣͦͤͭͦͪͤ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͒͡Ύ ͔͎ͯ͒͊ͤͤͦͦ͡ ͔͙͍͙ͦͭͫ͗͊ͤ͡Ύ 

ͫͦͫͭͦΎ͙ͤΎ ͨ͊ͼ͙͔͍ͤͭͦΦ ˹͊ͯ;ͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͪ͊ͪ͊͋ͦͭͯ͘͟ ͎͙͍͊ͦͪͭͣͦ͡Σ ͫͨͦͫͦ͋ͤ·ͻ 

͎͙͍ͨͪͦͤͦͪͦ͊ͭ͘Έ ͦͫͭͪ·͔ ͫͦͫͭͦΎ͙ͤΎΦ ˹͙͔͊ͨͪͣͪΣ ͎͙͊ͦͪͭͣ͡· ͎ͣͦͯͭ ͔ͨͪ͒ͫ͊͘͟·͍͊ͭΈ ͙ͪͫ͟ ͔͔ͫͪ͒;͎ͤͦͦ 

͙ͨͪͫͭͯͨ͊ ͤ͊ ͍͔ͦͫͤͦ ͒͊ͤͤ·ͻ ͙ͤͦͫͣ·ͻ ͚͍ͯͫͭͪͦͫͭΦ 

˸͔͎͙ͭͪͦͦ͡;͔͔ͫͦ͟ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͼ͙ͺ͍͎ͪͦͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ τ Ήͭͦ ͤ͊ͯ;ͤ͊Ύ ͊͒͊͘;͊ ͨͦ ͔͔ͦ͋ͫͨ;͔͙ͤΌ 

͔͙͍͒ͤͫͭ͊ ͙ ͭͦ;͙ͤͦͫͭ ͙͔͔͙͚ͣͪͤ͘Φ ˹͔ͦ͋ͻ͙ͦ͒ͣͦ ͙͙͍ͫͭ͊ͤ͒͊ͪͭͪͦ͊ͭ͘Έ ͨͪͦͭͦͦ͟͡· ͫ͋ͦͪ͊ ͒͊ͤͤ·ͻ ͙ ͔ͣͭͦ͒· 

͙͍͙͊͋ͪͦ͟͟͡ ͒͊ͭ;͙͍ͦ͟Φ ̏ͭͦ ͎͙͔͊ͪ͊ͤͭͪͯͭ ͍͙ͫͦͨͦͫͭ͊ͣͦͫͭΈ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ 

ˮ͔ͤͭͪͺ͔͚ͫ· ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ ͨͦ͡Έ͍͔͔ͦ͊ͭͣ͘͡ ͔ͭ͊͗͟ ͔ͭͪ͋ͯΌͭ ͤ͊ͯ;͎ͤͦͦ ͨͦ͒ͻͦ͒͊Φ ˤ͙͙ͯ͊͊͘͘͡ͼ͙Ύ 

͒͊ͤͤ·ͻ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͙͙͙͍ͤͭͯͭͤͦ ͨͦͤΎ͚ͭͤͦ ͙ Ήͺͺ͔͙͍ͭͤͦ͟ ͔͔͍ͨͪ͒͊͊ͭΈ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͯΌ 

͙ͤͺͦͪͣ͊ͼ͙ΌΦ ˾͊ͪ͊͋͊ͭ͘·͍͊ΌͭͫΎ ͍ͤͦ·͔ ͔ͣͭͦ͒· ͙͔͙͍͚ͤͭͪ͊ͭͤͦ͟ ͙ ͔͚͒ͦͨͦͤͤͤͦ͡ ͔ͪ͊͡Έ͙ͤͦͫͭ ͒͡Ύ 

͔͙ͦͭͦ͋ͪ͊͗ͤΎ ͒͊ͤͤ·ͻΦ 

˹͊ͯ;ͤ·͔ ͍ͦͫͤͦ· ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͒͊ͤͤ·ͻ ͍ ͼ͙ͺ͍ͪͦͦͣ ͙͙͎͔ͣͦͤͭͦͪͤ ͍͟͡Ό;͊Όͭ ͙͎ͪͨͭͦͪ͊͟ͺ͙;͔ͫͯ͟Ό 

͊͘΅͙ͭͯ ͙ ͔ͣͭͦ͒· ͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͙͔͋ͪ͊ͭ͊͟͟Φ ̂;͙ͭ·͍͊Ύ ͙͙ͪͭ͟;ͤͦͫͭΈ ͔ͤͦͭͦͪ͟·ͻ ͙͙͎͍ͣͦͤͭͦͪͤͦ·ͻ ͙͔ͫͫͭͣΣ 

͊͘΅͙ͭ͊ ͦͭ ͔ͤͫ͊ͤ͟ͼ͙͙͍͎ͦͤͪͦ͊ͤͤͦͦ ͒ͦͫͭͯͨ͊ Ύ͍͡Ύ͔ͭͫΎ ͙͙͔ͨͪͦͪͭͭͦͣΦ 

 ˭ ͊͟͡Ό;͔͙͔ͤ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͤ͊ͯ;ͤ·ͻ ͍ͦͫͤͦ ͼ͙ͺ͍͎ͪͦͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ τ Ήͭͦ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͊͡Ύ 

ͦ͋͊ͫͭ͡ΈΦ ˻ͤ͊ ͦ͋Ά͔͙͒ͤΎ͔ͭ ͙ͤͺ͙ͦͪͣ͊ͭͯ͟Σ ͔͙ͣ͊ͭͣ͊ͭͯ͟Σ ͺ͙͙ͯ͘͟ ͙ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͔͔ͨͪ͒ͣͭͤ·͔ ͙ͤ͊ͤ͘ΎΦ ̏ͭͦ 

͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͙͔ͫͦ͒͊ͤ͘ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͻΣ ͔ͤ͊͒͗ͤ·ͻ ͙ ͙͍͊͒͊ͨͭͤ·ͻ ͙͔ͫͫͭͣ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͋ͯ͒ͯ΅͙ͣΦ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ  

1. ˢ͍͔ͪ;͔͍ͤͦ͟ ˤΦˮΦΣ ˭͔͍ͦͦͭ͊ͪ͡ ˤΦ ˤΦΣ ˾͔͎ͤ͊; ˤΦ ˢΦ ͔͔͙́ͦͪͭ;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͼ͙ͺ͍͎ͪͦͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊Φ 

ˤ͔͙ͫͭͤ͟ ˣͪΎ͎ͤͫͦͦ͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊Σ нлмтΦ 

2. ͔͍̊ͼ͍ͦ ̑ΦˢΦΣ ˴͔ͦͭ͡Έ͙͍ͤͦ͟ ˮΦ ˢΦ ͙̇ͺ͍ͪͦ·͔ ͍͚͙͙͒ͦͤ͟ ͙ ͋ͦ͡Έ΄͙͔ ͒͊ͤͤ·͔ ͍ ͍͔͙͙ͯͨͪ͊ͤ͡ 

͙͍͍͔ͨͪͦͦ͒ͫͭͤͤ͘·͙ͣ ͙͔͙ͫͫͭͣ͊ͣΦ ˽͔ͪͦ͋ͣ͡· ͍͔͙ͯͨͪ͊ͤ͡ΎΣ нлмфΦ 

3. ˢ͔͔͔͍ͫ͟͡ ˢΦ ˢΦΣ ˴͍ͯͭͯͦ͊͘ ̑Φ ˢΦ ˸͔͎͙ͭͦ͒ͦͦ͡;͔͙͔ͫ͟ ͔͊ͫͨͭ͟· ͔͙ͨͦͫͭͪͦͤΎ ͙͔ͫͫͭͣ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͎ͤͦͦ 

͙͙͎ͣͦͤͭͦͪͤ͊Φ ˮ͍͔͙ͫͭ͘Ύ ͍·ͫ΄͙ͻ ͯ;͔͋ͤ·ͻ ͍͔͔͙͚͊͒ͤ͘Φ ˽͙͔͙͔ͪ͋ͦͪͦͫͭͪͦͤΣ нлнмΦ 

4. 5ŀǾŜƴǇƻǊǘ ¢Φ IΦΣ 5ȅŎƘŞ WΦ .ƛƎ 5ŀǘŀ ƛƴ .ƛƎ /ƻƳǇŀƴƛŜǎΦ LƴǘŜǊƴŀǘƛƻƴŀƭ WƻǳǊƴŀƭ ƻŦ 5ŀǘŀ aƛƴƛƴƎΣ нлмоΦ 

5. Lu Y., Liu H. Digital Twin-driven smart manufacturing: an overview and promising directions. Journal of 

Manufacturing Systems, 2021. 

 ϭ ˸ͯͻ͔͍͊ͣͣ͒ͦ͊ ˢΦΣ ˨ͯͪ͒·ͣ·͍ͪ͊͒ͦ ̍ΦΣ ˿͍͊ͨ͊ͪͦ͊ ˢΦΣ ˣ͚͊ͪ͊ͣͣ·͍ͪ͊͒ͦ͊ ˻ΦΣ нлнр 

 

 

 

 

˻͔͔͙͔͍͒͋ͪ͒͊ ̊ Φ  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ 

ˢͻ͍ͯͤͦ ˾ Φ  

˿͔ͭͯ͒ͤͭΦ 

ˮ͙ͤͫͭͭͯͭ ͔͔͙ͭͦͣͣͯͤ͊͟͟͡ͼ͙͚ ͙ ͙ͤͺ͙͙ͦͪͣ͊ͭ͟ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͺ͙͙͘;͔͙͔ͫ͟ ͙ͨͪͤͼ͙ͨ·Σ ͔͗͊͡΅͙͔ ͍ ͍͔ͦͫͤͦ 

͍͔͔͚ͫͦͪͣͤͤͦ Ή͔͙͙ͭͪͦͤ͟͟͡ ͙ ͔͔ ͔͔͍͎ͨͪ͒ͦͦͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ τ ͤ͊ͤͦΉ͔͙͙ͭͪͦͤ͟͟͡Φ ˮ͎͊͊͘͡ΌͭͫΎ ͟͡Ό;͔͍·͔ 

ͨͦͤΎ͙ͭΎΣ ͊ͫ͊͟Ό΅͙͔ͫΎ ͍͙͔͙͒͗ͤΎ ͙͔͔͚ͤͦͫͭ͡ ͊ͪ͘Ύ͒͊ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͔ͫͪ͒͊ͻ ό͍͊ͯͯͣ͟Σ ͎͊͘·Σ ͍͔ͭͪ͒·͔ ͔ͭ͊͡ύΣ ͊ 

͔ͭ͊͗͟ ͙ͦͨͫ·͍͊ΌͭͫΎ ͺ͙͙͘;͔͙͔ͫ͟ Ύ͍͔͙ͤ͡Ύ ͍ ͍͙ͨͦͯͨͪͦͦ͒ͤ͊͟͡ͻ ͙ ͤ͊ͤͦͫͭͪͯͭͯͪ͊͟ͻΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ 

͔ͯ͒͡Ύ͔ͭͫΎ ͍͍͊ͤͭͦ͟·ͣ Ήͺͺ͔ͭ͊ͣ͟Σ ͦͭͦͪ͟·͔ ͍ͫͭ͊ͤͦΎͭͫΎ ͔͔ͦͨͪ͒͡ΎΌ΅͙͙ͣ ͙ͨͪ ͔͔ͨͪͻ͔ͦ͒ ͟ ͔͍ͤ͊ͤͦͣͭͪͦ·ͣ 

ͣ͊ͫ΄ͭ͊͋͊ͣΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

Ή͔͙ͭͪͦͤ͊͟͟͡Σ ͤ͊ͤͦΉ͔͙ͭͪͦͤ͊͟͟͡Σ ͍͙͙ͨͦͯͨͪͦͦ͒ͤ͟͡Σ ͍͍͊ͤͭͦ͟·͔ Ήͺͺ͔ͭ͟·Σ Ǉ-ƴ ͔͔ͨͪͻͦ͒Σ Ή͔͎͔͙ͤͪͭ;͔͙͔ͫ͟ 

ͦͤ͘·Σ ͙͔͙ͤͦͫͭ͡ ͊ͪ͘Ύ͒͊Σ ͤ͊ͤͦͫͭͪͯͭͯͪ͟·Σ ͙͙͋͊ͫͭ͡͡;͔͙͚ͫ͟ ͭͪ͊ͤͫͨͦͪͭΣ ͔͙͍͙͔ͭͯͤͤͪͦ͊ͤ͡Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˿͔͙͔ͭͪͣͭ͡Έ͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͙ͦ͋͊ͫͭ͡ ͙ͤͺ͙͙ͦͪͣ͊ͭ͟ ͙ ͍ͫΎ͙͘Σ ͔͍ͤͦͣͦ͗ͤͦ͘ 

͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͔͋͘ ͎͔ͨͪͦͪͫͫ͊ ͍ Ή͔͙͔ͭͪͦͤ͟͟͡Φ ˻ͭ ͍͊ͣͨͦ͡·ͻ ͚͍ͯͫͭͪͦͫͭ ͨͪͦ΄͎ͦͦ͡ ͍͔͊͟ ͒ͦ ͍͔͔ͫͦͪͣͤͤ·ͻ 

͙ͣͪͦͨͪͦ͟ͼ͔͍ͫͫͦͪͦΣ ͔ͫͦ͒ͪ͗͊΅͙ͻ ͙͙ͣ͊ͪ͒͡͡· ͙͍ͭͪ͊ͤͫͭͦͪͦ͘Σ ͨͯͭΈ Ήͭͦͭ ͋·͡ ͔͍ͦͤ͊ͣͤͦ͊ͤ͘ ͨͦͫͭͦΎͤͤ·ͣ 

͔ͯͣͤΈ΄͔͙͔ͤͣ ͔͍ͪ͊ͣͪͦ͘ ͙͍͊ͭͤ͟·ͻ Ή͔͔͍ͣͤͭͦ͡ ͙ ͦͭͪ͟·͙͔ͭͣ ͍ͤͦ·ͻ ͺ͙͙͘;͔͙ͫ͟ͻ Ύ͍͔͙͚ͤ͡Φ ˻͍͚ͫͤͦͦ Ή͎ͭͦͦ 

͍͙͙ͪ͊ͭ͘Ύ Ύ͍͡Ύ͔ͭͫΎ ͙͙͔ͨͦͤͣ͊ͤ ͙ ͙͔͔͙͔ͨͪͣͤͤ ͺ͙͙͘;͔͙ͫ͟ͻ ͍͊ͦͤͦ͘͟Σ ͙ͦͨͫ·͍͊Ό΅͙ͻ ͍͙͔͙͔͒͗ͤ ͙ 

͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ Ή͔͍ͭͪͦͤͦ͟͡ ͙ ͎͙͒ͪͯͻ ͙͔͔͚ͤͦͫͭ͡ ͊ͪ͘Ύ͒͊Φ 

˴͙͊ͫͫ͡;͔ͫ͊͟Ύ Ή͔͙ͭͪͦͤ͊͟͟͡Σ ͺ͙͍͍ͦͪͣͪͦ͊΄͊ΎͫΎ ͍ ·· ͍͔͔͟Σ ͙͍͋͊ͪͦ͊͊ͫ͘͡Έ ͤ͊ ͊ͦͤ͊͘͟ͻ ͙͊ͫͫ͟͡;͔͚ͫͦ͟ 

ͺ͙͙͙͘͟ ͙ Ή͔͙͙͙ͭͪͦ͒ͤ͊ͣ͟͟͡ ˸͍͔͊ͫ͊͟͡͡Φ ˻ͤ͊ ͔ͯͫͨ΄ͤͦ ͙ͦͨͫ·͍͊͊͡ ͍͔͔͙͔ͨͦ͒ͤ Ή͔͍ͭͪͦͤͦ͟͡ ͍ ͍͔͊ͯͯͣ͟ ͙ 

͎͊͊͘ͻ όΉ͔ͭͪͦͤͤͦ͟͡-ͯ͡;͔͍·͔ ͙ͭͪͯ͋͟Σ ͎͊ͦͪ͊ͪ͘͘Ύ͒ͤ·͔ ͙ͨͪ͋ͦͪ·ύΣ ͊ ͔ͭ͊͗͟ ͙ͣ͊ͪͦͫͦͨ͟͟;͔͙͔ͫ͟ Ύ͍͔͙ͤ͡Ύ ͍ 
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͍͔ͭͪ͒·ͻ ͔ͭ͊͡ͻΦ ˻͒ͤ͊ͦ͟ ͤ͊ͫͭͦΎ΅͙͚ ͨͪͦͪ·͍ ͙ͨͪͦͦ͘΄͔͡ ͫ ͦͭͪ͟·͙͔ͭͣ ͙ ͎͙ͯ͋ͦͣ͟͡ ͙ͯ͘;͔͙͔ͤͣ 

͍͙͍ͨͦͯͨͪͦͦ͒ͤͦ͟͡ ό͙ͭ͊͟ͻ ͊͟͟ ͔͙͚ͪͣͤ͟ ͙ ͎͔͙͚ͪͣ͊ͤύ ͙ ͙͔ͫͦ͒͊ͤͣ͘ ͙ͭͪ͊ͤͫͭͦͪ͊͘ ͍ ͔͔͙͔ͫͪ͒ͤ ·· ͍͔͊͟Φ ̏ͭͦ 

͙ͨͦͦ͗ͦ͡͡ ͤ͊;͊ͦ͡ Ήͨͦͻ͔ ͍͔͔ͭͪ͒ͦͭ͡Έ͚ͤͦ Ή͔͙͙ͭͪͦͤ͟͟͡Σ ͍͙͍ͨͦͦ͘͡ ͍ͫͦ͒͊͊ͭ͘Έ ͦͣͨ͊ͭͤ͟͟·͔ ͙ 

Ή͔͎ͤͪͦΉͺͺ͔͙͍ͭͤ͟·͔ ͙͔͎ͤͭͪ͊͡Έͤ·͔ ͫͻ͔ͣ·Φ 

˽͔͔ͪͻͦ͒ ͟ ͍͙͍͚ͨͦͯͨͪͦͦ͒ͤͦͦ͟͡ Ή͔͙͔ͭͪͦͤ͟͟͡ 

ˤ ͍͔ͦͫͤͦ ͍͙͍͚ͨͦͯͨͪͦͦ͒ͤͦͦ͟͡ Ή͔͙͙ͭͪͦͤ͟͟͡ ͔͗͊ͭ͡ ͔͙ͦͫͦ͋ͤͤͦͫͭ Ή͔͎͔͙ͤͪͭ;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟· 

͍͔ͭͪ͒·ͻ ͔ͭ͡Φ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͔͍ͣͭ͊ͦ͡͡ ͫ ;͙͊ͫͭ;ͤͦ ͔͚͊ͨͦͤͤͤͦ͘͡ ͚ͦͤͦ͘ ͍͙͙ͨͪͦͦ͒ͣͦͫͭ ͙ ͙͒Ή͔͙͍ͭͪͦ͟͟͡ ͫ 

΄͙͚ͪͦͦ͟ ͔͊ͨͪ͘΅͔͚ͤͤͦ ͚ͦͤͦ͘Σ ͍͙͙ͨͦͯͨͪͦͦ͒ͤ͟͡ ͙͔ͣΌͭ ͍͙͔ͫͪ͊ͤͭ͡Έͤͦ ͯͯ͘͟Ό ͔͊ͨͪ͘΅͔ͤͤͯΌ ͦͤͯ͘Φ ˽͙ͪ 

͚ͦͣͤ͊ͭͤͦ͟ ͔͔͔ͭͣͨͪ͊ͭͯͪ ͔͍ͭͨͦ͊͡Ύ Ή͔͎͙ͤͪΎ . ¢ ό͎͔͒ ƪψ.τ ͨͦͫͭͦΎͤͤ͊Ύ ˣͦ͡Έͼͣ͊ͤ͊Σ ¢τ ͊͋ͫͦ͡Όͭͤ͊Ύ 

͔͔ͭͣͨͪ͊ͭͯͪ͊ύ ͒ͦͫͭ͊ͭͦ;ͤ͊ ͒͡Ύ ͔͔ͨͪ͋ͪͦͫ͊ ;͙͊ͫͭ Ή͔͍ͭͪͦͤͦ͟͡ ͙͘ ͍͔͚͊ͤͭͤͦ͡ ͦͤ͘· ͍ ͦͤͯ͘ ͍͙͙ͨͪͦͦ͒ͣͦͫͭΦ 

̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͨͦΎ͍͔͙ͤ͡Ό ͍ͫͦ͋ͦ͒ͤ·ͻ Ή͔͍ͭͪͦͤͦ͟͡ ό͙͔͔͚ͤͦͫͭ͡ ͊ͪ͘Ύ͒͊ ͫ ͙ͦͭͪͼ͔͊ͭ͡Έͤ·ͣ ͤ͊ͦͣ͘͟ύ ͍ ͔ͦͤ͘ 

͍͙͙ͨͪͦͦ͒ͣͦͫͭ ͙ ͒·ͪͦ͟ ό͍ͯͫͦͤ͡·ͻ ͙͔͔͚ͤͦͫͭ͡ ͙͔ͨͦͦ͗ͭ͡͡Έ͎ͤͦͦ ͊ͪ͘Ύ͒͊ύ ͍ ͍͔͚͊ͤͭͤͦ͡ ͔ͦͤ͘Φ 

͍͔͙͔̂ͨͪ͊ͤ͡ ͍͙ͨͪͦͦ͒ͣͦͫͭΈΌ ͍͙͍ͨͦͯͨͪͦͦ͒ͤͦ͟͡ ͙͎͔͒ͦͫͭ͊ͭͫΎ ͔ͨͯͭͣ ͔͎͙͍͙ͪͦ͊ͤ͡Ύ τ ͍͔͙͒ͦ͋͊ͤ͡Ύ 

ͣ͊͡·ͻ ͙ͦ͟͡;͔͍ͫͭ ͙͔͔͚ͨͪͣͫΦ 

¶ ˨ͦͤͦͪͤ·͔ ͙͔͙ͨͪͣͫ ό͙͔ͤ͊ͨͪͣͪΣ ͺͦͫͺͦͪ ͍ ͔͙͙ͪͣͤ͟ύ ͫͦ͒͊͘Όͭ ͍͙ͨͦͯͨͪͦͦ͒ͤ͟͡ ƴ-͙ͭͨ͊ ͫ 

͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ Ή͔͚ͭͪͦͤͤͦ͟͡ ͍͙ͨͪͦͦ͒ͣͦͫͭΈΌΦ 

¶ ˢ͟ͼ͔ͨͭͦͪͤ·͔ ͙͔͙ͨͪͣͫ ό͙͔ͤ͊ͨͪͣͪΣ ͋ͦͪ ͍ ͔͙͙ͪͣͤ͟ύ ͫͦ͒͊͘Όͭ ͍͙ͨͦͯͨͪͦͦ͒ͤ͟͡ Ǉ-͙ͭͨ͊ ͫ 

͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͒·ͪͦ;͚ͤͦ ͍͙ͨͪͦͦ͒ͣͦͫͭΈΌΦ 

˴͡Ό;͔͍·ͣ Ή͔͔ͣͤͭͦͣ͡ ͍͔ͫͻ ͍͙͍ͨͦͯͨͪͦͦ͒ͤͦ͟͡·ͻ ͚͍ͯͫͭͪͦͫͭ Ύ͍͡Ύ͔ͭͫΎ Ǉ-ƴ ͔͔ͨͪͻͦ͒ τ ͎͙ͪ͊ͤͼ͊ 

͔ͣ͗͒ͯ ͦ͋͊ͫͭ͡Ύ͙ͣ ͫ Ǉ- ͙  ƴ-͙ͭͨͦͣ ͍͙͙ͨͪͦͦ͒ͣͦͫͭΦ ˹͊ Ήͭͦͣ ͔͔ͨͪͻ͔ͦ͒ ͍͙ͦͤ͊͘͟Όͭ Ή͔͙ͭͪ͟͡;͔͙͔ͫ͟ Ύ͍͔͙ͤ͡ΎΣ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ ͍·ͨͪΎ͔͙͔ͣͤ͡ ͭͦ͊͟ ό͙͒ͦ͒·ύ ͙ ͔͎ͦ ͙͔͙͔ͯͫͤ͡ ͙͙͡ ͦͣͣͯͭ͊͟ͼ͙Ό ό͙ͭͪ͊ͤͫͭͦͪ͘·ύΦ 

˾͔͙͔ͦ͗͒ͤ ˹͊ͤͦΉ͔͙͙ͭͪͦͤ͟͟͡ 

˹͊ͤͦΉ͔͙ͭͪͦͤ͊͟͟͡ ͍͙ͦͤ͊͘͟͡ ͊͟͟ ͎͙ͦ͡;͔͔ͫͦ͟ ͔͙͔ͨͪͦ͒ͦ͗ͤ͡ ͔͔ͭͤ͒ͤͼ͙͙ ͙͙ͣͤ͊ͭΌ͙ͪ͊͘ͼ͙͙ ͍ 

͙ͣͪͦ͟Ή͔͙͔ͭͪͦͤ͟͟͡Φ ˽͙ͪ ͒͊͡Έ͔͚ͤ΄͔ͣ ͔ͯͣͤΈ΄͔͙͙ͤ ͔͍ͪ͊ͣͪͦ͘ Ή͔͔͍ͣͤͭͦ͡ ͒ͦ ͣ͊ͫ΄͍ͭ͊͋ͦ ͨͦͪΎ͒͊͟ 

͔͍ͤ͊ͤͦͣͭͪͦ Σ ;ͭͦ ͍͙ͫͦͨͦͫͭ͊ͣͦ ͫ ͙͚͒ͤͦ͡ ͍ͦͤ͡· ͔͒ ˣ͚ͪͦ͡Ύ Ή͔ͭͪͦͤ͊͟͡Σ ͍ ͔͒ͦ͡ ͍ͫͭͯͨ͊Όͭ ͍͍͊ͤͭͦͦ͟-

͔ͣͻ͊ͤ ͙;͔͙͔ͫ͟ Ήͺͺ͔ͭ͟·Φ ˹͊ͤͦΉ͔͙ͭͪͦͤ͊͟͟͡Σ ͙ͭ͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ Ύ͍͡Ύ͔ͭͫΎ ͦ͋͊ͫͭ͡ΈΌ ͙ͤ͊ͯ͟ ͙ ͔ͭͻ͙͙ͤ͟Σ 

͙͊ͤͣ͊͘Ό΅͔͚ͫΎ ͙͔ͫͦ͒͊ͤͣ͘ ͙ ͙͔͍͙͔ͫͫ͒ͦ͊ͤͣ͡ Ή͔ͭͪͦͤͤ͟͡·ͻ ͙͍ͨͪ͋ͦͪͦΣ ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͦͭͦͪ͟·ͻ 

͍ͦͫͤͦ͊ͤͦ ͤ͊ Ή͙ͭͻ ͍͍͊ͤͭͦ͟·ͻ Ύ͍͔͙ͤ͡ΎͻΦ 

͙͙̅͘;͔͙͔ͫ͟ ͍ͦͫͤͦ· ˹͊ͤͦΉ͔͙͙ͭͪͦͤ͟͟͡ 

˴͍͍͊ͤͭͦ·͔ Ήͺͺ͔ͭ͟·Σ ͦͭͦͪ͟·͔ ͔͔ͪ͊ͤ ͣͦ͗ͤͦ ͋·ͦ͡ ͙͎͙͍ͤͦͪͪͦ͊ͭΈ ͍ ͪͯͨͤͦͣ͊ͫ͟΄ͭ͊͋ͤ·ͻ 

͚͍ͯͫͭͪͦͫͭ͊ͻΣ ͍ͫͭ͊ͤͦΎͭͫΎ ͔͔ͦͨͪ͒͡ΎΌ΅͙͙ͣ ͍ ͤ͊ͤͦΉ͔͙͔ͭͪͦͤ͟͟͡Υ 

¶ ˴͍͍͔͊ͤͭͦͦ ͎͙ͦͪ͊ͤ;͔͙͔ͤ ό͔͔ͪ͊ͣͪͤͦ͘ ͍͍͙͔͊ͤͭͦ͊ͤ͟ύΥ ˽͙ͪ ͔ͪ͊ͣͪ͊͘ͻΣ ͔ͣͤΈ΄͙ͻΣ ;͔ͣ ͙͒ͤ͊͡ ͍ͦͤ͡· 

Ή͔ͭͪͦͤ͊͟͡Σ ͔͎ͦ ͍͙͔͙͔͒͗ͤ ͎͙ͦͪ͊ͤ;͙͍͔͊ͭͫΎΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͔͙͒ͫͪͭͤͦͫͭ͟ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͍͔͚ͯͪͦͤΣ 

͎͙͊ͤ͊ͦ͡;͚ͤͦ ͍ͯͪͦͤΎͣ ͍ ͔͊ͭͦͣΦ ̏ͭͦ Ύ͍͔͙͔ͤ͡ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͍ ͍͍͊ͤͭͦ͟·ͻ Ύͣ͊ͻΣ ͍͍͊ͤͭͦ͟·ͻ ͙ͤͭΎͻ ͙ 

͍͍͊ͤͭͦ͟·ͻ ͭͦ;͊͟ͻ τ ͋ ͍͊ͦ͘·ͻ Ή͔͔ͣͤͭ͊͡ͻ ͤ͊ͤͦͫͭͪͯͭͯͪ͟Φ 

¶ ͔͙͍͙͔́ͯͤͤͪͦ͊ͤ͡Υ ̏ͭͦ ͍͍͊ͤͭͦͦ͟-͔ͣͻ͙͊ͤ;͔͔ͫͦ͟ Ύ͍͔͙͔ͤ͡Σ ͙ͨͪ ͦͭͦͪͦͣ͟ ;͙͊ͫͭͼ͊ όΉ͔ͭͪͦͤ͟͡ύ ͔ͣͦ͗ͭ 

͔͔͍ͨͪͦ͒ͦ͊ͭ͡Έ ͔ͨͦͭͤͼ͙͊͡Έͤ·͚ ͋͊ͪΈ͔ͪΣ ͔͒͊͗ ͔͙ͫ͡ ͔͔ ͙͔͙ͤͭ͟;͔ͫ͊͟Ύ Ή͔͎͙ͤͪΎ ͔ͣͤΈ΄͔ ͍·ͫͦͭ· Ή͎ͭͦͦ 

͋͊ͪΈ͔ͪ͊Φ ͔͙͍͙͔́ͯͤͤͪͦ͊ͤ͡ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍ ͙ͭ͊͟ͻ ͚͍ͯͫͭͪͦͫͭ͊ͻΣ ͊͟͟ ͔ͭͯͤͤ͡Έͤ·͔ ͙͒ͦ͒· ͙ ͙ͫ͊ͤͪͯ͟Ό΅͙͔ 

͔ͭͯͤͤ͡Έͤ·͔ ͙ͣͪͦͫͦͨ͟͟·Φ 

¶ ˣ͙͙͊ͫͭ͡͡;͔͙͚ͫ͟ ͭͪ͊ͤͫͨͦͪͭΥ ˤ ͤ͊ͤͦͫͭͪͯͭͯͪ͊͟ͻΣ ͎͔͒ ͙͒ͤ͊͡ ͍͎ͫͦ͋ͦ͒ͤͦͦ ͔͎ͨͪͦ͋͊ Ή͔ͭͪͦͤ͊͟͡ 

͍͙ͫͭ͊ͤͦͭͫΎ ͋ͦ͡Έ΄͔ ͔ͪ͊ͣͪ͊͘ ͎ͫ͊ͣͦͦ ͚͍ͯͫͭͪͦͫͭ͊Σ ͍͙͔͙͔͒͗ͤ Ή͔͍ͭͪͦͤͦ͟͡ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͔͋͘ ͔ͪ͊ͫͫΎ͙ͤΎΣ 

ͨͦ͒ͦ͋ͤͦ ͍͙͔͙͒͗ͤΌ ͙ͨͯ͡ ό͙͙͋͊ͫͭ͡͡;͔͔ͫͦ͟ ͍͙͔͙͔͒͗ͤύΦ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͒ͦͫͭ;Έ ͍͔ͫͪͻ͍·͙ͫͦ͟ͻ ͔͚ͫͦͪͦͫͭ͟ 

͔͔ͨͪ͟͡Ό;͔͙ͤΎΦ 

˽͔͔͙͍ͪͫͨͭ͟· ͙ ˽͙͔͔͙ͪͣͤͤΎ 

˹͊ͤͦΉ͔͙ͭͪͦͤ͊͟͟͡ ͦͭͪ͟·͍͔͊ͭ ͨͯͭΈ ͟ ͙ͫͦ͒͊ͤ͘Ό ͍͎ͤͦͦͦ ͔͙ͨͦͦͤ͟͡Ύ Ή͔ͭͪͦͤͤ͟͡·ͻ ͚͍ͯͫͭͪͦͫͭΥ 
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¶ ˿͍͔ͪͻ͋·͔͚͍ͫͭͪͦ͒ͫͭͯΌ΅͙͔ ͙ Ή͔͎ͤͪͦΉͺͺ͔͙͍ͭͤ͟·͔ ͙ͭͪ͊ͤͫͭͦͪ͘· ό͙͔ͤ͊ͨͪͣͪΣ ͤ͊ ͍͔ͦͫͤͦ 

͎͔ͯͪͦ͒ͤ͡·ͻ ͤ͊ͤͦͭͪͯ͋ͦ͟ ͙ ͎ͪ͊ͺ͔ͤ͊ύΦ 

¶ ˴͍͍͊ͤͭͦ·͔ ͦͣͨ͟ΈΌ͔ͭͪ·Σ ͙ͫͨͦ͡Έͯ͘Ό΅͙͔ ͙ͯ͋ͭ͟· ό͍͍͊ͤͭͦ͟·͔ ͙͋ͭ·ύ ͒͡Ύ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͍ͤͦ·ͻ 

͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ ͣͦ΅͔͚ͤͦͫͭΦ 

¶ ˹͔͊ͤͦͫͤͫͦͪ· ͫ ͍·͚ͫͦͦ͟ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈΌΦ 

¶ ˽͊ͣΎͭΈ ͍͎ͤͦͦͦ ͙ͭͨ͊ ό͙͔ͤ͊ͨͪͣͪΣ ͤ͊ ͍͔ͦͫͤͦ ͙͙͙ͫͨͤͭͪͦͤ͟Σ ͙ͫͨͦ͡Έͯ͘Ό΅͔͚ ͍͔ͫͦ͋ͫͭͤͤ·͚ ͔ͣͦͣͤͭ 

͙ͣͨͯ͡Έͫ͊ Ή͔ͭͪͦͤ͊͟͡ τ ͫ ͙ͨͤύΦ 

˽͙͙͔ͦͤͣ͊ͤ ͺ͙͙͘;͔͙ͫ͟ͻ ͍ͦͫͤͦΣ ͦͭ ͚ͦͤͤͦ͘ ͔͙͙ͭͦͪ ͍͙͍ͨͦͯͨͪͦͦ͒ͤͦ͟͡ ͒ͦ ͍͍͚͊ͤͭͦͦ͟ ͔ͣͻ͙͙͊ͤ͟ 

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

͙͔ͫͦ͒͊ͤͣ͘ ͔ͭͻ͎͙͚ͤͦͦ͡ ͋ͯ͒ͯ΅͔͎ͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˢ͎͔͔͍ ˮΦ ˸Φ ͙͙̅͘;͔͙͔ͫ͟ ͍ͦͫͤͦ· Ή͔͙͙ͭͪͦͤ͟͟͡ ͙ ͤ͊ͤͦΉ͔͙͙ͭͪͦͤ͟͟͡Φ ̂;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋Φ ˿͊ͤͭ͟-

˽͔͔͎ͭͪ͋ͯͪΥ ˶͊ͤΈΣ нлнлΦ 

2. ͙́ͣͦͺ͔͔͍ ˢΦ ˶Φ ͙͙̅͘;͔͙͔ͫ͟ ͍ͦͫͤͦ· Ή͔͙͙ͭͪͦͤ͟͟͡ ͙ ͤ͊ͤͦΉ͔͙͙ͭͪͦͤ͟͟͡Φ ̂;͔͙͋ͤ͟ ͒͡Ύ ͍͍ͯͦ͘Φ ˸͍ͦͫ͊͟Υ 

ˮ˹̅˾ˢ-˸Σ нлноΦ 

3. ˨͎͍ͪ͊ͯͤͦ ˤΦ ˽ΦΣ ˹͔͍͙ͦͤ͡ ˤΦ ˴Φ ˻͍ͫͤͦ· ͤ͊ͤͦΉ͔͙͙ͭͪͦͤ͟͟͡Φ ̂;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋Φ ˸͍ͦͫ͊͟Υ ͙͙̅ͣ͊ͭͭ͘͡Σ нлммΦ 

ϭ ˻͔͔͙͔͍͒͋ͪ͒͊ ̊Φ, s ͻ͍ͯͤͦ ˾Φ, 2025 
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AGRICULTURE: THE FOUNDATION OF CIVILIZATION AND MODERN CHALLENGES 

 

Abstract 

Agriculture is the practice of cultivating plants and livestock to sustain human life, serving as the 

foundation of settled civilization and global economies. Following its revolutionary shift during the Neolithic 

period, agriculture has evolved through continuous innovation, from the mechanization of the Industrial 

Revolution to the genetic and digital revolutions of the modern era. This article explores the core components 

of agriculture, its profound economic and social roles, and the critical challenges it faces today, including food 

security, environmental sustainability, and the necessity of adapting to climate change. 

Keywords:  

agriculture, food security, crop cultivation, livestock farming, sustainability, agribusiness,  

climate change, economic development. 

 

1. The Historical and Economic Significance 

Agriculture is defined as the science, art, and practice of cultivating the soil, producing crops, and 

raising livestock. It is not merely a source of food; it is a fundamental economic sector that employs a 

significant portion of the global workforce and drives national development. 

¶ The Neolithic Revolution: The transition from nomadic hunter-gatherer societies to settled farming 

communities, approximately 10,000 years ago, defined the start of agriculture. This shift allowed for 

population growth, specialization of labor, and the creation of permanent settlements, which are the basis 

of complex human societies. 

¶ Economic Impact: Agriculture provides the raw materials for numerous industries, including food 

processing, textiles, and biofuels. Its productivity directly impacts the stability and cost of living globally, and 

it remains a vital export sector for many developing nations. 

2. Core Components of Modern Agriculture 

Modern agriculture is a complex system involving the management of diverse natural and 

technological resources. 

2.1. Crop Production 

This segment involves the systematic management of plant growth, often categorized into key types: 

Arable Farming: Focuses on staple crops like cereals (wheat, rice, maize), which provide the majority 

of the world's calories. 

Horticulture: Focuses on high-value products like fruits, vegetables, and ornamental plants, often 

requiring intensive management and specialized conditions. 

Soil and Water Management: Modern practices rely on understanding soil science to maintain fertility 

(using fertilizers and crop rotation) and optimizing water use through techniques like drip irrigation to combat 

scarcity. 



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

 

 

44 

2.2. Livestock Farming 

This involves the raising of domesticated animals for meat, dairy, eggs, and fiber. 

Grazing Systems: Animals graze on pastureland. This is often less resource-intensive but requires large 

tracts of land. 

Intensive Systems: Animals are confined in specialized facilities for maximizing production efficiency 

(e.g., concentrated animal feeding operations, or CAFOs). While highly efficient, these systems face 

increasing scrutiny regarding animal welfare and environmental impact. 

3. Major Challenges in the 21st Century 

Agriculture faces unprecedented challenges driven by environmental and societal pressures, requiring 

continuous innovation. 

Food Security and Population Growth: The global population is projected to reach nearly 10 billion by 

2050, requiring a massive increase in food production. Achieving this while dealing with static or shrinking 

arable land and declining water resources is the primary challenge to global food security. 

Environmental Sustainability: Agriculture is both affected by and a major contributor to environmental 

degradation. Key issues include soil erosion, loss of biodiversity due to monoculture, and significant 

greenhouse gas emissions (methane from livestock, nitrous oxide from fertilizer use). Sustainable agriculture 

seeks methods, such as conservation tillage and agroecology, that minimize environmental harm and 

conserve natural resources. 

Climate Change Adaptation: Changing rainfall patterns, rising temperatures, and increased frequency 

of extreme weather events (droughts, floods) directly threaten crop yields. Farmers must invest in resilient 

crop varieties and implement sophisticated water management and risk mitigation strategies to adapt. 

4. The Role of Technology and Innovation 

Technology is central to overcoming modern agricultural challenges through the transition to Precision 

Agriculture. 

¶ Mechanization and Automation: Advanced machinery, from GPS-guided tractors to autonomous 

robotic planters, increases efficiency and reduces reliance on manual labor. 

¶ Biotechnology and Genetics: Genetic engineering and modern breeding techniques create crops that 

are more resilient to pests, diseases, and harsh climatic conditions, and that offer improved nutritional value. 

¶ Digital Farming (Agri-Tech): The use of sensors, satellite imagery, data analytics, and Artificial 

Intelligence (AI) allows farmers to monitor fields at a plant-by-plant level, leading to highly optimized 

application of water, fertilizer, and pesticides. This data-driven approach is key to improving profitability and 

reducing waste. 

5. Conclusion 

Agriculture remains the most critical industry for human survival and global stability. While historical 

advancements have consistently raised productivity, the convergence of population growth and 

environmental crises demands a renewed commitment to innovation. The future of agriculture lies in 

embracing sustainable practices and digital technologies that ensure high yields while protecting the planet's 

finite resources, securing food for future generations. 
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AGRICULTURE: SECURING FOOD IN AN ERA OF CHANGE 

 

Abstract 

Agriculture is the human endeavor of cultivating plants and rearing animals, acting as the bedrock of 

global food security and environmental stewardship. While historically defined by subsistence and 

mechanization, contemporary agriculture is grappling with unprecedented challenges, primarily driven by 

climate change, resource scarcity, and the demand for increased sustainable productivity. This article 

examines the dual role of agriculture as an economic engine and an ecological manager, detailing the pressing 

issues of resource consumption and environmental impact, and highlighting the transition to sustainable and 

digitally-driven farming systems required to feed a growing world population. 

Keywords: 

 agriculture, food security, sustainability, climate change adaptation, resource scarcity, sustainable 

agriculture, global food system, water use. 

 

1. The Global Footprint of Agriculture 

Agriculture is the single largest user of the Earth's terrestrial resources, making its management central 

to planetary health. Its influence extends far beyond the farm gate, shaping economies, landscapes, and 

resource availability. 

Land and Water Use: Farming utilizes approximately 37% of the planet's ice-free land surface. Critically, 

agriculture consumes roughly 70% of the world's freshwater withdrawals, making the efficiency of irrigation 

paramount in water-stressed regions. 

Economic Engine: The sector supports the livelihoods of billions globally. For many developing 

economies, agricultural commodities form the core of their exports and provide the primary source of 

employment, influencing national macroeconomic stability. 

2. Pressing Challenges in Resource Management 

The challenge for modern agriculture is achieving higher yields with fewer resources while 

simultaneously mitigating environmental damage. 

Water Scarcity and Quality: Over-abstraction of groundwater for irrigation is leading to aquifer 

depletion worldwide. Furthermore, the runoff of excess fertilizers (nitrogen and phosphorus) and pesticides 

contributes to eutrophication (excessive nutrient enrichment) of waterways and the creation of oceanic 

"dead zones," severely impacting aquatic biodiversity and human health. 

Soil Degradation: Unsustainable farming practices, such as excessive tillage and monoculture (planting 
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a single crop repeatedly), lead to soil erosion and the loss of essential organic carbon. Healthy topsoil, which 

is vital for crop productivity and water retention, is being lost at rates far exceeding its natural formation. 

Greenhouse Gas Emissions: Agriculture accounts for a significant portion of global greenhouse gas 

emissions. Methane is produced by livestock digestion (enteric fermentation), and nitrous oxide is released 

from the decomposition of nitrogen-based fertilizers. 

3. Adapting to Climate Change 

Climate change introduces volatility that directly threatens agricultural stability and output. 

Adaptation is no longer optional; it is essential for survival. 

Yield Volatility: Rising global temperatures and shifting weather patterns (e.g., prolonged droughts, 

intense flooding) introduce extreme variability into crop yields. Farmers must invest in more resilient 

infrastructure and implement sophisticated weather forecasting and risk management systems. 

Breeding for Resilience: Significant research is focused on genetic adaptation. Scientists are using 

advanced breeding techniques and biotechnology to develop crop varieties that are naturally tolerant to 

heat, drought, and salinity, ensuring food production can continue in increasingly harsh environments. 

Shifting Crop Zones: As climates warm, traditional growing regions for certain crops are shifting. This 

necessitates changes in infrastructure and agricultural investment in new areas, posing significant logistical 

and economic challenges. 

4. The Path to Sustainable and Smart Farming 

The future of agriculture lies in adopting practices that fall under the umbrella of Sustainable 

Intensificationτproducing more food from the same amount of land while reducing environmental impacts. 

Precision Agriculture (Agri-Tech): Technologies like Artificial Intelligence (AI), satellite imagery, and IoT 

sensors allow for highly granular management. Farmers can apply water and nutrients on a plant-by-plant 

basis, dramatically reducing waste and maximizing efficiency. 

Agroecology and Regenerative Practices: These approaches focus on working with natural processes. 

Practices such as cover cropping, reduced tillage, and diverse crop rotations enhance soil health, increase 

carbon sequestration in the soil, and reduce the need for synthetic chemicals. 

Alternative Protein Sources: Diversifying the food supply through plant-based proteins, lab-grown 

meat, and insect farming can reduce the intense land and resource pressure currently placed on traditional 

livestock operations. 

5. Conclusion 

Agriculture stands at a critical juncture. The demands of a growing population are colliding with the 

limits of planetary resources and the consequences of climate change. Success in the coming decades hinges 

on the widespread adoption of sustainable and digitally-enabled farming systems. By embracing scientific 

innovation and ecological stewardship, agriculture can fulfill its foundational role of securing global food 

supply while ensuring the long-term health of the planet. 
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THE IMPORTANCE OF CHLORELLA FOR LIVESTOCK: A SUSTAINABLE NUTRITIONAL AND HEALTH BOOSTER 

 

Abstract 

Chlorella, a genus of single-celled green microalgae, is emerging as a critical, sustainable feed additive 

for modern livestock and aquaculture. Its unparalleled nutritional profileτrich in high-quality protein, 

essential fatty acids (Omega-3s), vitamins, and potent antioxidantsτpositions it as an alternative to 

traditional, resource-intensive protein sources like soybean meal and fishmeal. The incorporation of Chlorella 

into animal diets (including poultry, swine, dairy cattle, and fish) is fundamentally changing the economics 

and sustainability of animal production. The driving forces are the need to enhance animal health (through 

immune modulation and gut health), improve feed conversion efficiency (FCE), and ultimately, increase the 

nutritional value of animal products (e.g., enriching eggs and milk with Omega-3s). The strategic importance 

of Chlorella extends beyond mere nutrition; it profoundly influences the sustainability of the supply chain 

(due to its low land and water requirements) and reduces reliance on antibiotics. Consequently, the research, 

scaling, and integration of microalgae-based feeds are elevated to the status of a core agricultural policy and 

nutritional science direction. This article examines the multifaceted role of Chlorella and outlines key benefits 

where its management is critical for a more efficient, healthier, and technologically advanced global livestock 

system. 

Keywords: 

chlorella, microalgae, livestock nutrition, feed additive, protein source, sustainability, Omega-3 fatty acids, 

immune booster, feed conversion efficiency (FCE), aquaculture feed. 

 

The Fundamental Role of Chlorella in Animal Nutrition 

Chlorella is not just a supplement; it is a nutritional powerhouse whose balanced composition offers a 

comprehensive solution to multiple dietary and health challenges in livestock management. 

Core Nutritional and Operational Impacts: 

¶ High-Quality Protein Source: Chlorella biomass typically contains high percentages of crude protein, 

featuring a complete amino acid profile, making it highly bioavailable. This directly substitutes expensive 

sources like fishmeal in aquaculture and soy in terrestrial livestock. 

o Example: Replacing a portion of the soybean meal in poultry feed with dried Chlorella to achieve 

equivalent protein intake while reducing dependence on commodity crops. 

¶ Essential Fatty Acid Enrichment (Omega-3s): The algae are rich in Polyunsaturated Fatty Acids 

(PUFAs), including desirable Omega-3s. When fed to animals, these fatty acids transfer to the end products. 
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o Example: Dairy cows fed Chlorella produce milk naturally enriched with healthy Omega-3s, adding 

premium value to the consumer product. 

¶ Vitamin and Mineral Density: Chlorella is a concentrated source of B-vitamins, iron, magnesium, and 

beta-carotene, often reducing the need for synthetic micronutrient additions. 

 Key Health and Performance Advantages 

The strategic focus on Chlorella is driven by its functional properties that actively improve animal 

health and optimize production efficiency. 

Direction 1: Enhancing Immune Function and Gut Health 

Chlorella acts as a potent immune modulator and prebiotic, reducing disease susceptibility and 

enhancing nutrient absorption. 

¶ Immune Modulation (Chlorella Growth Factor - CGF): Chlorella contains a unique complex of 

nucleotides and peptides known as CGF. CGF has been shown to stimulate immune cells, leading to improved 

resistance against pathogens. 

o Example: Poultry supplemented with Chlorella exhibit increased antibody production following 

vaccination and better survival rates when exposed to common bacterial challenges. 

¶ Gut Microbiome Support: The cell wall of Chlorella acts as a prebiotic fiber, supporting the growth of 

beneficial gut flora. A healthier gut reduces the incidence of common digestive issues. 

The scaling of Chlorella production addresses global agricultural concerns regarding resource use and 

environmental impact. 

¶ Resource Use Efficiency: Chlorella is cultivated using minimal land area and often utilizes non-potable 

water, making its production highly sustainable compared to traditional terrestrial crops. Furthermore, it 

efficiently sequesters carbon dioxide. 

¶ Antibiotic Replacement Strategy: By naturally strengthening the animal's immune system and 

promoting gut health, Chlorella offers a viable natural alternative to prophylactic antibiotics, aligning with 

global regulatory trends aimed at reducing antimicrobial resistance. 

o Example: Government subsidies supporting the transition from conventional antibiotic growth 

promoters to advanced natural additives like microalgae in swine and poultry operations. 

 Conclusion 

Chlorella is more than a novel ingredient; it is a strategic solution for the next generation of animal 

agriculture. Its application dictates the nutritional quality of our food, the resource efficiency of farming, and 

the health status of livestock populations. For animal nutritionists and farm managers, the key direction must 

be a calculated dual strategy: leveraging Chlorella's protein content to reduce reliance on costly commodity 

feeds, while simultaneously capitalizing on its bioactive properties to boost immunity and FCE. Mastering the 

scalable and cost-effective production and integration of microalgae-based feeds is the true measure of 

effective livestock management policy in the 21st century. 
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MELON COMPOTE TECHNOLOGY: FROM HOME PRESERVATION TO INDUSTRIAL PRODUCTION 

 

Abstract 

The production of high-quality melon compote requires specific technological management due to the 

fruit's inherent low acidity (pH 3.6ς4.2) and soft texture. This low pH level necessitates stringent acidity 

control (typically using citric acid) and thermal treatment to prevent microbial spoilage, particularly the 

growth of harmful bacteria like C. botulinum. Furthermore, processing must include blanching as a critical 

step to increase the melon's flesh density and prevent it from disintegrating during cooking and storage. This 

article details the essential steps for both small-scale home preservation and large-scale industrial canning 

(based on GOST standards), focusing on raw material requirements, syrup preparation, the pivotal role of 

blanching, pasteurization times based on container size, and strict quality indicators (pH 3.6ς4.2; dry matter 

14ς20%) necessary to ensure a safe, stable, and texturally sound final product. 

Keywords: 

melon compote, food preservation, blanching, pasteurization, citric acid, low-acid food, ph control,  

canning technology, gost standards. 

 

Home Preservation: Step-by-Step Guide 

The main goal at home is to maintain the firmness of the fruit and ensure adequate shelf stability. 

1. Raw Materials and Key Components 

For high-quality compote, select a ripe but firm melon (overripe fruit will disintegrate during heating). 

The essential components are Sugar (250ς350 g per 1 liter of water) and Citric Acid (0.3ς0.5 g/l), which is 

crucial for stabilizing the flavor, color, and preventing fermentation due to the melon's low natural acidity. 

Water is also required. 

2. Melon Preparation: The Key Step τ Blanching 

Blanching is vital to prevent the melon from overcooking and falling apart: 

Cleaning and Cutting: Wash the melon, cut it, remove the seeds and peel. Cut the flesh into standard 

2ς3 cm cubes or slices. 

Blanching: Immerse the pieces in boiling water (90ς95C) for 1ς2 minutes, and then immediately cool 

them rapidly in cold water. Blanching increases the density of the flesh and improves preservation. 

3. Syrup Preparation and Jar Filling 

¶ Syrup: Prepare the syrup by dissolving sugar and citric acid (0.3ς0.5 g/l). Bring the syrup to a boil and 

strain if necessary. 

¶ Filling: Place spices like vanilla, a pinch of cinnamon, or lemon zest at the bottom of the sterilized jars 

(optional). Fill the jars with melon pieces up to 60ς70% of their volume. 

¶ Sealing: Pour the hot syrup (90ς950C) over the fruit and immediately seal with lids. 

4. Pasteurization and Storage 
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Pasteurization prevents spoilage and fermentation. The required time at mathbf{85ς90C depends on 

the jar volume: 

¶ 0.5 l jar: 12ς15 minutes. 

¶ 1 l jar: 20 minutes. 

¶ 3 l jar: 30ς35 minutes. 

After pasteurization, cool the jars slowly at room temperature. Store the compote in a dark place at 

+5...+200 C for up to 1 year. 

Industrial Production Technology 

The process for small-scale industrial production follows strict standardization (based on GOST for 

similar products). 

1. Raw Material Requirements (Based on GOST) 

 ¢ƘŜ ƳŜƭƻƴ Ƴǳǎǘ ōŜ ǊƛǇŜΣ ŦƛǊƳΣ ǳƴŘŀƳŀƎŜŘΣ ŀƴŘ ƘŀǾŜ ŀ ŘǊȅ ƳŀǘǘŜǊ ŎƻƴǘŜƴǘ ƻŦ җ мн҈Φ {ǳƎŀǊ όDh{¢ нмς

94) and crystalline Citric Acid are required. The typical recipe for 10 kg of compote includes: 4.5 kg of melon 

flesh, 5.0 l of water, 1.8ς2.2 kg of sugar (for a 20ς35% syrup), and 5ς7 g of citric acid. 

2. Technological Process Overview 

  Sorting and Cleaning: Removing overripe/damaged fruit. Washing, often followed by optional 

sanitary treatment (e.g., 1ς2% soda solution) and rinsing. 

  Cutting and Blanching: Cutting melon into standard 20ς30 mm pieces. Blanching occurs in tunnels or 

vats for 1ς2 minutes at 90ς950C, followed by rapid cooling. 

 Heat Treatment and Storage: Immediate sealing (hermetization). Pasteurization is conducted in a 

water bath or autoclave at 85ς900C. Gradual cooling to 30ς350C. Storage at +5...+200C for up to 12 months. 

3. Quality Control Indicators 

¶ Appearance: Whole, firm pieces, no disintegration. 

¶ Physico-Chemical: Dry matter content: 14ς20%. pH of the product: 3.6ς4.2. Sugar mass fraction: 18ς

22%. 

Technologist Recommendations 

¶   Acidity Control is Critical: Maintaining the pH between 3.6ς4.2 is essential for preventing the 

growth of harmful bacteria (like C. botulinum) common in low-acid foods. 

¶   Flavor Enhancement: Compote flavor can be enhanced by combining melon with other fruits 

such as pear, apricot, or apple. Adding a little lemon juice or fresh ginger provides a brighter, more pleasant 

aroma. 

 Conclusion 

The production of high-quality melon compote, whether at home or industrially, relies on a precise 

technological sequence that specifically addresses the fruit's low acidity and soft structure. The success of 

the process hinges on blanching the fruit to maintain firmness and the careful addition of citric acid to ensure 

the final product pH is within the safe range of 3.6ς4.2. Adherence to these steps, followed by correct 

pasteurization and cooling, guarantees a delicious, stable, and safe preserved product with excellent flavor 

and texture. 

 References:  

1. GOST 32220 (or similar norms): Standards for drinking water quality. 

2. GOST 21ς94: Standard for granulated sugar (˿͊ͻ͊ͪ-͔ͨͫͦ͟). 

3. Technological Instructions and Maps used in the canning industry (General provisions). 

4. Food Safety and Preservation Handbooks: General references on low-acid food preservation and 

acidification principles (e.g., maintaining pH 3.6ς4.2). 

ϭ Saryyev Y., Janmuradova A., Ruslanova M., 2025 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζ! th{¢9wLhwLη                    ISSN (p) 2712-9462 / ISSN (e) 2541-8068                    Ѕ12 / 2025 

 

 

51 

Sazakov Serdarmuhammet, student. 

 Hudaynazarov Maksat, student. 

Yakubova Aybolek, lecturer 

Turkmen Agricultural university named after S.A. Niyazov 

Ashgabat, Turkmenistan 

 

SOWING THE SEEDS OF TOMORROW: ARTIFICIAL INTELLIGENCE IN AGRICULTURE 

 

Abstract 

Artificial Intelligence (AI) is fundamentally reshaping the agricultural sector, moving farming from 

intuition-based practices to data-driven precision. Faced with global challenges like climate change, 

population growth, and resource scarcity, the agricultural industry is leveraging AI tools, including machine 

learning (ML), computer vision, and predictive analytics, to optimize production. This article explores the 

primary applications of AI in modern farming, detailing how these technologies enhance resource efficiency, 

improve crop health monitoring, and automate labor-intensive tasks, while also addressing the challenges of 

adoption and highlighting the future trajectory of this critical convergence. 

Keywords: 

 artificial intelligence, agriculture, precision farming, machine learning, computer vision, crop monitoring, 

resource optimization, automation, sustainability. 

 

1. The Necessity of Digital Transformation in Farming 

Global food security faces a growing paradox: a rising world population demands significantly higher 

food yields, yet resources like arable land and fresh water are increasingly scarce. Furthermore, 

unpredictable weather patterns linked to climate change add considerable risk to farming operations. 

Artificial Intelligence emerges as a crucial solution, providing the tools necessary for precision agriculture. By 

analyzing massive datasets collected from the field, AI enables farmers to move away from uniform, large-

scale treatments to highly localized, plant-by-plant management, making farming operations smarter, more 

efficient, and more sustainable. 

2. Core Applications of AI in Precision Agriculture 

AI is transforming three major operational areas: resource management, crop health, and automation. 

2.1. Optimizing Resource Management and Input Costs 

AI-powered systems ensure that costly and environmentally sensitive inputs are applied only where 

and when they are needed, leading to substantial savings and reduced environmental impact. 

Smart Irrigation: AI algorithms integrate data from IoT sensors (measuring soil moisture and nutrient 

levels) with real-time weather forecasts to calculate the precise amount of water each section of a field 

requires. This precision irrigation dramatically conserves water and prevents over-saturation, which can lead 

to soil degradation and nutrient runoff. 

Fertilization and Nutrient Management: Machine learning models analyze historical yield data, soil 

composition maps, and aerial imagery to generate variable-rate fertilizer prescriptions. This prescriptive 

approach ensures that nutrients are delivered exactly where deficiencies are detected, optimizing the use of 

fertilizers and minimizing chemical runoff into waterways. 

2.2. Enhanced Crop Monitoring and Predictive Analytics 

AI's ability to process and interpret visual data at scale provides farmers with early, actionable insights 

that manual inspections cannot match, significantly reducing crop loss risks. 

Early Disease and Pest Detection: Drones and satellites capture high-resolution multispectral images 
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of crops. Computer vision algorithms analyze these images to detect minute changes in plant color, 

temperature, or size that indicate stress, disease, or pest infestation. The system can identify issuesτsuch 

as a specific mold or nutrient deficiencyτdays before visible symptoms appear to the human eye. This early 

detection allows for highly targeted treatment, often limited to a small area, thereby reducing the need for 

broad-spectrum chemical applications. 

Yield Forecasting: Predictive analytics models use deep learning to crunch together decades of 

historical yield data, current soil health, fertilizer input history, and local weather patterns. These models 

generate highly accurate yield forecasts, allowing farmers to make informed decisions about harvesting 

schedules, storage requirements, and aligning supply with market demand, which minimizes post-harvest 

waste. 

2.3. Automation and Agricultural Robotics 

Robotics, powered by AI, are taking over repetitive and labor-intensive tasks, addressing the persistent 

challenge of labor shortages in the sector. 

Autonomous Machinery: AI enables farm machinery, such as tractors and planters, to operate 

autonomously using GPS and sensor fusion. This allows for 24/7 operation with high precision. 

Precision Weeding and Harvesting: Advanced robots equipped with computer vision can identify 

individual weeds amidst crops. Technology like "See & Spray" then uses AI to direct micro-doses of herbicide 

onto the weed itself, reducing overall herbicide usage by up to 90%. Other specialized robots are being 

developed for delicate tasks like harvesting fragile crops (e.g., strawberries or tomatoes) with minimal 

damage. 

3. Challenges to AI Adoption in Agriculture 

Despite its vast potential, the widespread adoption of AI in agriculture faces several significant hurdles, 

particularly for small- and medium-sized farms. 

High Initial Investment: AI-powered solutionsτincluding sophisticated sensors, specialized drones, 

and autonomous machineryτrequire substantial upfront capital investment, creating a financial barrier for 

farmers operating on thin margins. 

Data and Infrastructure Gaps: AI models require large volumes of high-quality, unbiased data to be 

effective. Many farms, especially in remote areas, lack the necessary digital infrastructure, such as high-speed 

internet connectivity, to collect and transmit the data from IoT sensors to cloud-based AI platforms in real-

time. 

Technical Expertise: Utilizing complex AI software and robotics requires a certain level of technical 

literacy and training, which is often lacking in the existing agricultural workforce. 

4. The Future Trajectory: Agriculture 5.0 

The future of AI in agriculture points toward deeper integration and sustainability under the concept 

of Agriculture 5.0. 

Future trends include the development of digital twinsτvirtual representations of an entire farm or 

ecosystemτthat allow farmers to simulate different scenarios (e.g., changing planting density, delaying 

irrigation) to optimize outcomes before implementing changes in the physical field. 

Machine learning will be increasingly used in crop breeding to rapidly identify genes that confer 

resilience to new diseases or climate stressors, accelerating the development of superior seed varieties. 

As data becomes more abundant and AI platforms become more accessible and affordable, farming 

will become more resilient, productive, and environmentally sustainable, meeting the demands of a growing 

planet. 
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bidirectional nature of this connection is examined: from the practical role of mathematics as a tool for 

solving physical problems to its prophetic function, where abstract mathematical constructions anticipate 

the fundamental laws of the Universe.  

Keywords: 

mathematical physics, effectiveness of mathematics, non-Euclidean geometry, 

 group theory, quantum mechanics  
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¢ƘŜ ƛƴŦƻǊƳŀǝƻƴ ŎƻƴǘŀƛƴŜŘ ƘŜǊŜƛƴ ǎŜǊǾŜǎ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǇǊƻŦŜǎǎƛƻƴŀƭ ŎƻƳǇŜǘŜƴŎŜ ƻŦ ƳƛƭƛǘŀǊȅ ƘƛǎǘƻǊƛŀƴǎ 

ŀƴŘ ǳƴƛŦƻǊƳ ǎǇŜŎƛŀƭƛǎǘǎΦ 

YŜȅǿƻǊŘǎΥ 

!ǳǎǘǊƻπIǳƴƎŀǊƛŀƴ 9ƳǇƛǊŜΣ ǎǘŀũ ǎŜǊƎŜŀƴǘΣ ŎƛǊŎǳƭŀǊ ƻǊŘŜǊΣ ōǊŀƛŘΣ ǎǘŀǊΦ 

 

˹͔͙͍͊ͣͭ΄͊ΎͫΎ ͍ ͤ͊;͔͊͡ ͨͪͦ΄͎ͦͦ͡ ͔͙ͫͭͦͭ͡Ύ ͔͔ͭͤ͒ͤͼ͙Ύ ͟ ͍·͔͔͙͒ͤ͡Ό ͔͙ͫͪ͒ ͔ͯͤͭͪπͦ ͺ͙ͼ͔͍ͪͦ 

͔ͦͭ͒͡Έ͚ͤͦ ͎ͪͯͨͨ· ͫ ͔͍͔͙͔ͨͪ͒ͦͫͭ͊ͤͣ͡ ͔͚ ͦͫͦ͋·ͻ ͤ͊ͪͯ͗ͤ·ͻ ͙ͦͭ͡;͙͚Σ ͔͙͍ͪ͊ͦ͊ͤͤ͊͘͡Ύ ͍ ˾͙͚͚ͦͫͫͫͦ͟ 

͙͔͚ͣͨͪ͊ͭͦͪͫͦ͟ ͙͙͊ͪͣ ό͔͔͒͊͡ ς ˾ ˮˢύ ͔ͨͯͭͣ ͍͍͔͔͙͒ͤΎ ͍͙͊ͤ͘Ύ ͨͦ͒ͨͪ͊ͨͦͪ΅͙͊͟ όͨͦ͒ͻ͔͎ͦͪͯͤ͗ͦύ ό˽͙ͪ͊͘͟ 

ͨͦ ͍͔ͦͤͤͦͣͯ ͍͔͍͒ͦͣͫͭͯ ό͔͔͒͊͡ ς ˽ ˤˤύ ͦͭ ф ͣ͊ͪͭ͊ мфлс ͎ͦ͒͊ Ѕ мрсύ ώмϐΣ ͋·͊͡ ͔͙͍ͪ͊ͦ͊ͤ͊͘͡ ͫͨͯͫͭΎ 

͔ͤͫͦ͟͡Έͦ͟ ͔ͭ͡ ͙ ͍ ͫͯͻͦͨͯͭͤ·ͻ ͍͚ͦͫ͊͟ͻ ˢ͍ͫͭͪͦπʕ ͔͎͔͚ͤͪͫͦ͟ ͙͔͙͙ͣͨͪ ό͔͔͒͊͡ ς ˿ˤ ˢπʕ ˮύΦ  

͙̇ͪͯ͟͡Ύͪͤ·ͣ ͙ͨͪ͊ͦͣ͘͟ ό½ƛǊƪǳƭŀǊǾŜǊƻǊŘƴǳƴƎ !ōǘΦ нκ{ǘΦΣ bǊΦ мосллύ ͦͭ мт ͤͦΎ͋ͪΎ мфмо ͎ͦ͒͊ ͋·͡ 

ͦ͋ΆΎ͍͔ͤ͡ ͯ͊͘͟ ˩͎ͦ ˮ͔͎ͣͨͪ͊ͭͦͪͫͦͦ͟ ͙ ˴͔͍͎ͦͪͦͫͦͦ͟͡ ˤ͔͙͡;͔͍ͫͭ͊ ό͔͔͒͊͡ ς ̂ ͊͘͟ύ ͦͭ ф ͔ͫͤͭΎ͋ͪΎ ͦ͋ 

ͯ;͔͔͙͙ͪ͗͒ͤ ͍͚ͤͦͦ ͔͎͙͙͊ͭͦͪ͟ ͍͔ͦͤͤͦͫͯ͗͊͡΅͙ͻ ς ͍ ·ͫ΄͙ͻ ͔͍ͫͭͪͦ·ͻ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͔ͯͤͭͪπͦ ͺ͙ͼ͔͎ͪͫͦͦ͟ 

͍͙͊ͤ͘ΎΦ ˨͊ͤͤ͊Ύ ͔͎͙͊ͭͦͪ͟Ύ ͍͍͙ͦ͒͊ͫ͡Έ ͒͡Ύ ͯ ͔ͤͭͪπͦ ͺ͙ͼ͔͍ͪͦ ͔ͨͻͦͭͤ·ͻΣ ͔͎͔͙ͪͫ͟ͻΣ ͍͔͙͚͙͊͊ͪͫ͟͟͡ͻΣ 

͙͔͙͚͙͊ͪͭͪͫ͟͡͡ͻΣ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͙ ͦ͋ͦͤ͘·ͻ ;͊ͫͭΎͻ ͫ ͙͍͔͙͔ͨͪͫͦͤͣ ͙ͣ ͦ͋΅͔͎ͦ ͙͔͍͙ͤ͊ͣͤͦ͊ͤΎ ζ̊ͭ͊͋ͫπ

͔ͯͤͭͪπͦ ͺ͙ͼ͔ͪ·η ώнΣ {Φ мфрπмфсϐΦ ˽͙ͪ Ήͭͦͣ ͍ ͔ͨͻͦͭͤ·ͻΣ ͔͎͔͙ͪͫ͟ͻ ͙ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ;͊ͫͭΎͻ ͙ͦͤ ͒ͦ͗ͤ͡· ͋·͙͡ 
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͙͔͍ͣͤͦ͊ͭΈͫΎ ΄ͭ͊͋ͫπͅ ͔͡Έ͒ͺ͔͔͋͡Ύ͙ͣΣ ͍͔͙͚͙͊͊ͪͫ͟͟͡ͻ ͙ ͦ͋ͦͤ͘·ͻ ;͊ͫͭΎͻ ς ́ ͭ͊͋ͫπ͍ ͊ͻ͙͙ͣͫͭͪ͊ͣΣ 

͙͔͙͚͙͊ͪͭͪͫ͟͡͡ͻ ;͊ͫͭΎͻ ς ͔ͦ͋ͪπͅ ͔͚͔͍͔͔͙ͪͪͪ͊ͣ͟Φ   

˭͙ͤ͊͟ ͙ͪ͊͘͡;͙Ύ ΄ͭ͊͋ͫπͯ ͔ͤͭͪπͦ ͺ͙ͼ͔͍ͪͦ ͦ͋ͪ͊͘ͼ͊ мфмо ͎ͦ͒͊ ͍·͎͡Ύ͔͙͒͡ ͔ͫ͒ͯ͡Ό΅͙ͣ ͦ͋ͪ͊ͦͣ͘Υ  

мΦ ˭͙ͦͦͭͫͭ͡·͚ ΄͔͍ͦ͟͡·͚ ͺ͔͡Έ͒ͺ͔͔͋͡Έ͙͚ͫ͟ ͋͊ͫͦͤ ́ ͙͙͚ͪͤͦ мо ͣͣΣ ͊ͭ͊ͤͤ͘͟·͚ ͨͦ ͔͔͙͔ͫͪ͒ͤ 

͚ͨͦͦͫͦ͟͡ ;͔͎ͪͤͦͦ ͼ͍͔ͭ͊ ΄͙͙͚ͪͤͦ н ͣͣΦ ˣ͊ͫͦͤ ͤ͊΄͙͍͊ͫ͡Ύ ͨͦ ͔͔͔ͨͪ͒ͤͣͯ ͙ ͙͔ͤ͗ͤͣͯ ͪ͊͟Ό ͔͙ͨͭ͡ͼ· ͫ 

ͦͭͫͭͯͨͦͣ н ͣͣ ͦͭ ͔͔ ͔͍ͪ͊͟Φ ˴͊͗͒͊Ύ ͙͘ ͍͒ͯͻ ͙ͦͦͭͫͭ͘͡·ͻ ;͔͚͊ͫͭ ͋͊ͫͦͤ͊ ΄͙͙͚ͪͤͦ рΣр ͣͣ ͙͔ͣ͊͡ 

͙͎͎͊ͦͦ͋ͪ͊ͤ͘͘͘·͚ ͙ͪͫͯͤͦ͟Τ 

нΦ ˭͚ͦͦͭͦ͡ ͎͊ͯͤ͡ ́ ͙͙͚ͪͤͦ с ͣͣΣ ͤ͊΄͙͍͍͊΄͙͚ͫΎ ͤ͊ о ͣͣ ͍·΄͔ ͋͊ͫͦͤ͊Φ ˥͊ͯͤ͡ ͙͔ͣ͡ ͙ͪͫͯͤͦ͟ ͍ 

͍͙͔͒ ͍͔͚ͨͦͪͤͯͭͦ ͤ͊ флϲ ͙͚͊ͭͤͫͦ͟͡ ͍͋ͯ͟· ±Φ ˤ ͫͯ͡;͔͊ ͙ͤ͊͡;͙Ύ ͔͎͗ͭͦͦ͡ ͙͎ͨͪ͊͒ͤͦͦ͟͡ ͫͯͤ͊͟ ͔͙ͨͭ͡ͼ·Σ 

;ͭͦ͋· ͋͊ͫͦͤ ͙ ͎͊ͯͤ͡ ͔ͤ ͙͍͙ͫ͊ͫ͡͡ΈΣ ͔͍ͨͪ·͚ ͙͔ͣ͡ ͔͋ͯ͡Ό ͍·ͨͯ΄ͯ͟ ΄͙͙͚ͪͤͦ о ͣͣΤ 

оΦ ͙́ͪ ΄͔͙͔ͫͭͦͤ͟;ͤ·͔ ͔͋͡·͔ ͼ͔͙ͯͦ͒ͤ͡͡͡·͔1  ͍͔͒ͦ͘͘;͙͟Σ ͎͍ͪ͊ͫͨͦ͊͊͡΄͙͔ͫΎ ͍ ͔͔͔͚ͨͪ͒ͤ ;͙͊ͫͭ 

͔͙ͨͭ͡ͼ· ͔͎ͭͪͯͦ͡Έ͙ͤͦͣ͟Σ ͊͟͟ ͯ ͺ͔͡Έ͒ͺ͔͔͋͡Ύ ό˾͙ͫͯͤͦ͟ мύΦ  

˽ͦ ͍͔͚ͫ ͍͙͙͙͒ͣͦͫͭΣ ͙͔͒Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͺ͔͡Έ͒ͺ͔͔͋͡Έ͎ͫͦͦ͟ ͋͊ͫͦͤ͊ ͫ ͼ͍͔͚ͭͤͦ ͚ͨͦͦͫͦ͟͡ ͨͦ 

͔͔͙͔ͫͪ͒ͤ ͋·͊͡ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͙ͤ͊͡;͙͔ͣ ͎ͨͦ͒ͦ͋ͤͦͦ ͤ͊͊͘͟ ͙ͪ͊͘͡;͙Ύ ͯ ΄ͭ͊͋ͫπͅ ͔͡Έ͒ͺ͔͔͔͚͋͡ ͎͍͔ͦͤ͒͊Σ ͼ͍͔ͭ 

͙ͨͦͦͫ͟͡ ͯ ͦͭͦͪ͟·ͻ ͋·͡ ͔ͤ ;͔ͪͤ·͚Σ ͊ ͪ͊ͫͤ͟·͚ ώпΣ {Φ псуϐΦ ˤ͔͔ͣͫͭ ͫ Ή͙ͭͣΣ ͔ͤ͡Έ͘Ύ ͍͙ͨͪͦͦ͒ͭΈ ͎͙͊ͤ͊ͦ͡Ό 

͔ͣ͗͒ͯ ͙͙ͤͣ ͙ ͍͙͔͊ͤͣ͘ ΄ͭ͊͋πͅ ͔͡Έ͒ͺ͔͔͋͡ΎΣ ͍͍͔͔͒ͤͤ·ͣ ͍ мфмо ͎ͦ͒ͯ ͍ ͍ͫΎ͙͘ ͫ ͔ͭͣΣ ;ͭͦΣ ΄ͭ͊͋ͫπ

ͺ͔͡Έ͒ͺ͔͔͙͋͡ ͎͍͔ͦͤ͒͊Σ ͙ͫͨͦͤ͡ΎΎ ͊ͤ͟ͼ͔͡Ύ͙͔ͪͫ͟ ͦ͋Ύ͙͊ͤͤͦͫͭ͘Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͨͦ ͔͙͍͍͒ͦͨͪͦͦ͒ͫͭͯ͘͡ ͙ 

͙͍͔͙ͤͤͭ͊ͪ͊͘ͼ͙͙ ͙ͣͯ΅͔͍ͫͭ͊Σ ͨͦ ͙ͫͯͭ Ύ͍͡Ύ͙ͫ͡Έ ͔ͤ ͺ͍ͪͯͤͭͦ·͙ͣ ͔ͯͤͭπͪͦ ͺ͙ͼ͔͙ͪ͊ͣΣ ͊ ͍͔ͦͤͤ·͙ͣ 

;͙͍͙͙ͤͦͤ͊ͣ͟ ͔ͯͤͭͪπͦ ͺ͙ͼ͔͎ͪͫͦͦ͟ ͎ͪ͊ͤ͊ ώрΣ {Φ омΣ рплϐΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͫ;͙ͭ͊ͭΈ ͙ͻ ͙͔͔ͤ͊͋ͦ͡ ͙͙͋ͣ͘͟͡ 

͎͊ͤ͊ͦͦͣ͡ ͍ ˾ˮˢ ͔͔͍ͤͫͭͪͦ·ͻ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͫͭ͊ͪ΄͔͎ͦ ͪ͊ͪ͘Ύ͒͊ ͍·ͫ΄͔͎ͦ ͦ͊͒͊͟͡Φ ˽ͦ ͫͦͫͭͦΎ͙ͤΌ ͤ͊ мфлу 

͎ͦ͒ ͼ͍͔ͭ ͤ͊΄͙͍͙͟ ΄ͭ͊͋ͫπόͦͪͯ͗ͤ͟·ͻύπͅ ͔͡Έ͒ͺ͔͔͔͚͋͡ ͎͍͔ͦͤ͒͊ όIƻƴǾŞŘπ{ǘŀōǎπό.ŜȊƛǊƪǎπύ CŜƭŘǿŜōŜƭύ ͋·͡ 

ͯ͊͊ͤ͘͟ ͊͟͟ ͔͔ͫͪ͋ͪΎͤ·͚ ώсΣ {Φ рсϐΦ ˿ ͯ;͔ͭͦͣ ͎ͭͦͦΣ ;ͭͦΣ ͍ͦπͨ ͔͍ͪ·ͻΣ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͋͊ͫͦͤ͊ ͔͔ͫͪ͋ͪΎ͎ͤͦͦ 

ͼ͍͔ͭ͊ ͍͔ͣ͊ͦͪͦ͡ΎͭͤͦΣ ͙Σ ͍ͦπ͍ ͭͦͪ·ͻΣ ΄͙͎ͪͦͦͦ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍ ͔͙͊ͯͭͤͭ;ͤ·ͻ ͍͙͚͙͊ͫͭͪͫ͟ͻ 

͙ͯͤͺ͎͙ͦͪͣͦͦ͡;͔͙ͫ͟ͻ ͙ͫͭͦ;͙ͤ͊͟ͻ ͔͙͎͒ͤͦͦ ͔͙ͭͪͣͤ͊ ζ.ƻǊŘŜη όζ.ǀǊǘŎƘŜƴηΣ ζ.ǀǊŘŎƘŜƴηύ ͒͡ Ύ ͦ͋ͦͤ͊͘;͔͙ͤΎ 

͊͟͟ ͋͊ͫͦͤ͊Σ ͭ͊͟ ͙ ͎͊ͯͤ͊͡2 ͣ ͦ͗ͤͦ ͦͫͭͦͪͦ͗ͤͦ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ ͔ͪ;Έ ͍͔ͫπͭ ͙͊͟ ΄͊͡ ͦ ͔͔ͫͪ͋ͪΎͤͦͣ ͎͔͊ͯͤ͡Σ 

͊ ͔ͤ ͦ ͔͋͊ͫͦͤΦ  

ˤ ͦͭͤͦ΄͔͙͙ͤ ͙͔͍͙ͤ͊ͣͤͦ͊ͤΎ ΄ͭ͊͋ͫπͅ ͔͡Έ͒ͺ͔͔͔͚͋͡ ͎͍͔ͦͤ͒͊ ͔ͨͦͫ͡ ͍͍͔͔͙͒ͤΎ ͍ мфмо ͎ͦ͒ͯ ͔͎͙͙͊ͭͦͪ͟ 

΄ͭ͊͋ͫπͯ ͔ͤͭͪπͦ ͺ͙ͼ͔͍ͪͦ ͙͔͔ͣͭͫΎ ͙͍͔ͨͪͦͭͦͪ;͙͍͊Ύ ͙ͤͺͦͪͣ͊ͼ͙ΎΦ ˿ ͚ͦ͒ͤͦ ͫͭͦͪͦͤ·Σ ͙͔ͣΌͭͫΎ 

͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭ͊ ͦ ͔ͨͪͦͭͤͦͣ͟ ͍͙͙ͤ͊͊ͤ͘ ͒͡Ύ ͙ͤͻ ζ˻͔͋ͪπͅ ͔͡Έ͒ͺ͔͔͋͡Έη ώрΣ фоϐΦ ˿ ͎͚͒ͪͯͦ ͫͭͦͪͦͤ·Σ ͍ ͭͦͣ ͔͗ 

͙ͫͭͦ;͙͔ͤ͟ ͙͍ͨͪͦ͒ΎͭͫΎ ͍͔͔͙ͫ͒ͤΎ ͦ ͭͦͣΣ ;ͭͦ ͔΅͔ ͍ мфло ͎ͦ͒ͯ ΄ͭ͊͋ͫπͅ ͔͡Έ͒ͺ͔͔͙͋͡ ͎͍͔ͦͤ͒͊Σ ͙͍͊ͤͣ͊͘΄͙͔ 

͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤ·͔ ͙͒ͦ͗ͤͦͫͭ͡Σ ͋·͙͡ ͔͔͙͔͍ͨͪͣͤͦ͊ͤ· ͍ ζͺ͔͡Έ͒ͺ͔͔͔͚͋͡ ͨͦ ͯ;͔ͭͯη ό͔ͤͣΦ 

9ǾƛŘŜƴȊŦŜƭŘǿŜōŜƭύ ώрΣ {Φ рплϐΦ 

˽͙ͦͣͣͦ ͙ͤ͊͡;͙Ύ ΄ͭ͊͋ͫπͅ ͔͡Έ͒ͺ͔͔͔͚͋͡ ͍ ͎͍͔͔ͦͤ͒ ͙͍͔ͫͭͤͦ͘Σ ;ͭͦ ͼ͙ͪͯ͟͡Ύͪͤ·ͣ ͙ͨͪ͊ͦͣ͘͟ ͦͭ нп 

͔͊ͨͪ͡Ύ мфмм ͎ͦ͒͊ ό!ōǘΦ нκ{ǘΦΣ bǊΦ мтрфύ ͍ͦ ͙͔͙͔ͫͨͦͤͤ͡ ̂͊͊͘͟ ͦͭ мл ͣ͊ͪͭ͊ ͫ м ͣ͊Ύ ͍ ͪΎ͔͒ ͔ͨͻͦͭͤ·ͻ ͍ͨͦͦ͟͡ 

͋·͊͡ ͍͍͔͔͒ͤ͊ ͒ͦ͗ͤͦͫͭ͡Έ ΄ͭ͊͋ͫπͅ ͔͡Έ͒ͺ͔͔͋͡Ύ ώтΣ {Φ мпоϐΦ  

 

 
1 ʕ ͍͔͔͒ͤ· ͍ мфлм ͎ͦ͒ͯ ͍͔ͣͫͭͦ ͔͍ͭ͊ͤ͟·ͻΣ ͦ ;͔ͣ ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͼ͙ͪͯ͟͡Ύͪͤ·ͣ ͙ͨͪ͊ͦͣ͘͟ ͦͭ мо ͣ͊Ύ мфлм ͎ͦ͒͊ όAbth. 
13, Nr. 1138) [3, S. 75.].  
2 ʕ  ͼ͙͙͔ͭͪͯͣ·ͻ ͍ ͤ͊ͫͭͦΎ΅͔͚ ͔ͪ͊͋ͦͭ ͼ͙ͪͯ͟͡Ύͪͤ·ͻ ͙ͨͪ͊͊͘͟ͻ мфмо ͙ мфмп ͎͍ͦ͒ͦ ͒͡Ύ ͦ͋ͦͤ͊͘;͔͙ͤΎ ͋͊ͫͦͤ͊ ͙ ͎͊ͯͤ͊͡ 
ͤ͊ ͔͙ͨͭ͡ͼ͊ͻ ΄ͭ͊͋ͫ-͔ͯͤͭͪ-ͦͺ͙ͼ͔͍ͪͦ ͔ͭ͊͗͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͙ͯͤͺ͙ͼ͙͍ͪͦ͊ͤͤ·͚ ͔͙ͭͪͣͤ  ζBǀrtchenη όζ͔͔ͭͫͣ͊͟ηΣ 
ζ͔ͦͭ͒͊͟͡ηύΣ ͍ ͭͦ ͍͔ͪͣΎ ͊͟͟ ͍ ͋ͦ͡Έ΄͙͍͔ͤͫͭ ͔͙͊ͯͭͤͭ;ͤ·ͻ ͎͔͙ͪͣ͊ͤͫ͟ͻ ͙ͫͭͦ;͙͍ͤͦ͟ ͋͊ͫͦͤ ό͔ͭͫΈͣ͊ύ ͙ ͎͊ͯͤ͡ ͙͔͔ͣͤͯͭͫΎ 
ͨ -ͦͪ͊ͤͦͣͯ͘Υ ͒͡Ύ ͦ͋ͦͤ͊͘;͔͙ͤΎ ͔͍͎ͨͪͦͦ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͔͙ͭͪͣͤ ζBorteηΣ ͍͎ͭͦͪͦͦ ς ζTresseηΦ  
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˾͙ͫͯͤͦ͟ м ς ˻͋ͪ͊͘ͼ͍ͦ·͚ ͙ͪͫͯͤͦ͟ ͍ͤ͊ͦ͘͟ ͙ͪ͊͘͡;͙Ύ ͙͔͎ͤ͗ͤͦ ;͙ͤ͊ ΄ͭ͊͋ͫπͯ ͔ͤͭͪπͦ ͺ͙ͼ͔͎ͪͫͦͦ͟ 

 ͘ ͍͙͊ͤΎ ͦ͋ͪ͊͘ͼ͊ мфмо ͎ͦ͒͊ 

ˮͫͭͦ;͙ͤ͟Υ ώнΣ мфсϐΦ  

 

ˤ мфмп ͎ͦ͒ͯ ͼ͙ͪͯ͟͡Ύͪͤ·ͣ ͙ͨͪ͊ͦͣ͘͟ όtǊŅǎΦ bǊΦ сфстύ ͦͭ нл ͙ΌͤΎ ͋·͡ ͦ͋ΆΎ͍͔ͤ͡ ̂͊͘͟ ͦͭ н ͙ΌͤΎΣ 

͍͍͙͍ͦ͒΄͙͚Σ ͍ ;͙͔ͫ͡ ͨͪͦ;͙ͻ ͙͔͔͙͚ͣͤͤ͘ ͺ͔͚ͦͪͣͤͤͦ ͔ͦ͒͗͒· ͙ Ή͙͙͍͙ͨͪͦ͟͟ ͍͔ͦͤͤͦͫͯ͗͊͡΅͙ͻ ˿ˤ ˢπʕ ˮΣ 

͙͔͔͙ͣͤͤ͘Ύ ͍͔ͤ΄͔͎ͤͦ ͍͙͒͊ ͍ͤ͊ͦ͘͟ ͙ͪ͊͘͡;͙Ύ ΄ͭ͊͋ͫπͯ ͔ͤͭͪπͦ ͺ͙ͼ͔͍ͪͦ ώуΣ {Φ момϐΦ ˤͦπͨ ͔͍ͪ·ͻΣ ͒͊ͤͤ·ͣ 

͙͍ͤͦͪͣ͊ͭͤ·ͣ ͊ͭͦͣ͟ ͼ͔͙ͯͦ͒ͤ͡͡͡·͔ ͍͔͒͘͘· ͔͊ͣͤ͘Ύ͙ͫ͡Έ ΄͔͍ͦ͟͡·͙ͣΣ ͍ͦπ͍ ͭͦͪ·ͻΣ ͍͍͙ͦ͒ͦͫ͡Έ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͔ͫͪ͋ͪΎ͎ͤͦͦ ͎͊ͯͤ͊͡ ΄͙͙͚ͪͤͦ мо ͙ с ͣͣ ͫ ͙͎͎͊ͦͦ͋ͪ͊ͤ͘͘͘·ͣ ͙ͪͫͯͤͦͣ͟ ͍͔ͣͫͭͦ ͔͔ͪ͊ͤ 

͙ͫͨͦ͡Έ͍͍ͦ͊͘΄͔͎ͦͫΎ ͙͎ͦͦͭͫͭͦͦ͘͡ ΄͔͍͎ͦͦͦ͟͡ ͋͊ͫͦͤ͊ ΄͙͙͚ͪͤͦ мо ͣͣ ͙ ͎ͦͦͭͦͦ͘͡ ͎͊ͯͤ͊͡ ΄͙͙͚ͪͤͦ с ͣͣΦ  ˤ 

ͫͯ͡;͔͊ ͙ͤ͊͡;͙Ύ ͔͎͋ͦͦ͡ ͙͎ͨͪ͊͒ͤͦͦ͟͡ ͫͯͤ͊͟ ͔͙ͨͭ͡ͼ· ͙͙͚ͤ͗ͤ ͎͊ͯͤ͡ ΄͙͙͚ͪͤͦ мо ͣͣ ͙͔ͣ͡ ;͔ͪͤ·͚ ͊ͤͭ͟ 

΄͙͙͚ͪͤͦ о ͣͣ ό˾͙ͫͯͤͦ͟ нύΦ ͙̏ͭ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍ ͪΎ͔͒ ͫͯ͡;͔͍͊ ͻͦͪͦ΄ͦ ͔͊ͣͭͤ͘· ͤ͊ ͔ͨͦͪͭͪͭͤ·ͻ 

ͺ͎ͦͭͦͪ͊ͺ͙Ύͻ ΄ͭ͊͋ͫπͯ ͔ͤͭͪπͦ ͺ͙ͼ͔͍ͪͦ ό˾͙͙ͫͯͤ͟ оπпύΦ 

 

 
˾͙ͫͯͤͦ͟ н ς ˻͋ͪ͊͘ͼ͍ͦ·͚ ͙ͪͫͯͤͦ͟ ͍ͤ͊ͦ͘͟ ͙ͪ͊͘͡;͙Ύ ͙͔͎ͤ͗ͤͦ ;͙ͤ͊ ΄ͭ͊͋ͫπͯ ͔ͤͭͪπͦ ͺ͙ͼ͔͎ͪͫͦͦ͟  

͍͙͊ͤ͘Ύ ͦ͋ͪ͊͘ͼ͊ мфмп ͎ͦ͒͊Φ 

ˮͫͭͦ;͙ͤ͟Υ ώуΣ {Φ момϐΦ 
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˾͙ͫͯͤͦ͟ о ς ̊ͭ͊͋ͫπͅ ͔͡Έ͒ͺ͔͔͋͡Έ ˮ͎ͦ͊ͤͤ ͔́͊ͪͪ͟ όWƻƘŀƴƴ ¢ŀǊƪŜǊύ ͫͦ ͙ͤ͊͊ͣ͘͟ ͙ͪ͊͘͡;͙Ύ ͦ͋ͪ͊͘ͼ͊ мфмп ͎ͦ͒͊ 

ˮͫͭͦ;͙ͤ͟Υ ώфϐΦ  
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˾͙ͫͯͤͦ͟ п ς ̊ͭ͊͋ͫπͅ ͔͡Έ͒ͺ͔͔͋͡Έ ˮ͎ͦ͊ͤͤ ˣ͙͔͋ͪ όWƻƘŀƴƴ .ƛōŜǊύ ͫͦ ͙ͤ͊͊ͣ͘͟ ͙ͪ͊͘͡;͙Ύ ͦ͋ͪ͊͘ͼ͊ мфмп ͎ͦ͒͊ 

ˮͫͭͦ;͙ͤ͟Υ ώмлϐΦ  

 

ˤ мфмр ͎ͦ͒ͯ ͎ͫͦ͊ͫͤͦ͡ ͼ͙ͪͯ͟͡Ύͪͤͦͣͯ ͙ͨͪ͊ͯ͘͟ ͦͭ с ͙ΌͤΎ ό!ōǘΦ нκ{ǘΦΣ bǊΦ млуфтύΣ ͦͭͦͪ͟·͚ ͦ͋ΆΎ͍͡Ύ͡ 

̂͊͘͟ ͦͭ нл ͣ͊ΎΣ ͔͎͙͊ͭͦͪ͟Ύ ͍·ͫ΄͙ͻ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͔ͯͤͭͪπͦ ͺ͙ͼ͔͎ͪͫͦͦ͟ ͍͙͊ͤ͘Ύ ͋·͊͡ ͪ͊ͫ΄͙͔ͪͤ͊ ͊͘ ͫ;͔ͭ 

͍͍͔͔͙͒ͤΎ ͍͙͊ͤ͘Ύ ͔͙͔͊ͣͫͭͭ͘͡Ύ ͦͺ͙ͼ͔ͪ͊ ό͔ͤͣΦ hŶȊƛŜǊǎǎǘŜƭƭǾŜǊǘǊŜǘŜǊ3 Σ ͍͔͎ͤΦ ¢ƛǎȊǘƘŜƭȅŜǧŜǎΣ ͘ ͔͙͔͊ͣͫͭͭ͡Ύ 

ͦͺ͙ͼ͔ͪ͊ ͔͔͍ͪͪ͊͘4  όwŜǎŜǊǾŜƻŶȊƛŜǊǎǎǘŜƭƭǾŜǊǘǊŜǘŜǊύΣ ͔͙͔͊ͣͫͭͭ͘͡Ύ ͦͺ͙ͼ͔ͪ͊ ͊ͤ͒͡΄ͭͯͪͣ͊ 

ό[ŀƴŘǎǘǳǊƳƻŶȊƛŜǊǎǎǘŜƭƭǾŜǊǘǊŜǘŜǊύ ͍ ͔ͨͻͦͭͤ·ͻΣ ͔͍ͫͭͪͦ͟͡·ͻΣ ͍͔͙͚͙͊͊ͪͫ͟͟͡ͻΣ ͙͔͙͚͙͊ͪͭͪͫ͟͡͡ͻΣ ͔ͫ͊ͨͪͤ·ͻΣ 

 
3 ˹ ͙͔͔͊͋ͦ͡ ͙͙͋ͣ͘͟͡ ͎͊ͤ͊ͦͦͣ͡ Ή͎ͭͦͦ ͍͙͊ͤ͘Ύ ͍ ˾ˮˢ Ύ͍͡Ύͦͫ͡Έ ͍͙͔͊ͤ͘ ζ˭͊ͯͪΎ͒-ͨͪ͊ͨͦͪ΅͙͟ηΦ  
4 ˥ ͔ͪͣ͊ͤͦΎ͘·;ͤ·͚ ͔͙ͭͪͣͤ ζReserveη ͍ ͦͭͤͦ΄͔͙͙ͤ ͍͙͚͊ͤ͘ ͙ ;͙͍ͤͦ ͨͦ ͫͣ·ͫͯ͡ ͙͔͔ͤ͊͋ͦ͡ ͙͋ͦ͘͟͡ ͪͯͫͫͦ͟Ύ͘·;ͤͦͣͯ 
͔͙ͭͪͣͤͯ ζ˭͊ͨ͊ͫηΣ ͦ͒ͤ͊ͦ͟ ͍ ͍ͫΎ͙͘ ͫ ͙ͤ͊͡;͙͔ͣ ͊ͨ͊ͫͤ͘·ͻ ͔͔͙͚ͨͦ͒ͪ͊͒ͤ͘͡ όͪͦͭΣ Ή͍ͫ͊͒ͪͦͤͦ͟ ͙ ͭΦͨΦύ ͔͚͍͒ͫͭͯΌ΅͙ͻ 
;͔͚͊ͫͭΣ ͙͔͍͍ͣͤͦ͊΄͙ͻͫΎ ͫ ͙͍͚ͨͪͫͭ͊ͦ͟ 9ǊǎŀǘȊΣ ͙͔ͤ͊ͨͪͣͪΣ 9ǊǎŀǘȊ -YƻƳǇŀƴƛŜ ͍ ˿ˤ ˢ-ˤˮ ͙ ˥͔͚ͪͣ͊ͤͫͦ͟ ͙͔͙͙ͣͨͪΣ 
͔͙ͭͪͣͤ ζReserveη ͔͔͔ͦͪͪͭͤ͟͟ ͔͔͍͙ͨͪͦ͒ͭΈ ͔ͨͯͭͣ ͨͪΎ͚ͣͦ ͙͔ͭͪ͊ͤͫͭͪ͊͡ͼ͙͙Φ  
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͙͔ͨͦͤͪͤ·ͻ ͙ ͍͙͊͊ͼ͙ͦͤͤ·ͻ ;͊ͫͭΎͻ ό͔͚͍͒ͫͭͯΌ΅͙ͻΣ ͍͔͊ͤ͒ͪͤ͡·ͻ ͙ ͊ͤ͒͡΄͔ͭͯͪͣͤͤ·ͻύ ώммΣ {Φ ффϐΦ 

˭͔͙͔͙͊ͣͫͭͭ͡ ͦͺ͙ͼ͔͍ͪͦΣ ͍ ͦͭͦͪ͟·͔ ͙͍͙͙ͨͪͦͦ͒ͫ͘͡Έ ͙͔͔ͤ͊͋ͦ͡ ͫͨͦͫͦ͋ͤ·͔ ͔ͯͤͭͪπͦ ͺ͙ͼ͔ͪ·Σ ͋·͙͡ 

͙͍ͨͪ͊ͤ͘· ͍͙ͦͫͨͦͤͭ͡Έ ͔͒ͺ͙ͼ͙ͭ ͔ͫͯ͋͊ͭͪͤ͡πͦ ͺ͙ͼ͔͍ͪͦ ͙ ͺ͔͙ͤͪͻ͍ͦ5 ό͙͍ͦͣ͊ͤ͒ͪͦ͟ ͍͍͍ͦ͒ͦ͘6Φ ˭͔͙͔͊ͣͫͭͭ͡Ύͣ 

ͦͺ͙ͼ͔͍ͪͦ ͋·͙͡ ͍͔ͯͫͭ͊ͤͦͤ͡· ͙ͤ͊͘͟ ͙ͪ͊͘͡;͙Ύ ΄ͭ͊͋ͫπͯ ͔ͤͭͪπͦ ͺ͙ͼ͔͍ͪͦ ͫ ͔͚͊ͣͤͦ͘ ͔ͭͪͻ ΄͔͍ͦ͟͡·ͻ 

͍͔͒ͦ͘͘;͔͟ ͚ͦ͒ͤͦ ͚͊ͭͯͤͤͦ͡Σ ͨͦ ͺ͔ͦͪͣ ͫͻ͚ͦ͒ͤͦ ͫ ͍͚ͭ͊ͦͦ͟ ͯ ͺ͔͙ͤͪͻ͍ͦ ώммΣ .ŜǎǝƳƳǳƴƎŜƴ ŦǸǊ ŘƛŜ 

hŶȊƛŜǊǎǎǘŜƭƭǾŜǊǘǊŜǘŜǊΣ {Φ нϐ ό˾͙͙ͫͯͤ͟ рπсύΦ  

 

 
˾͙ͫͯͤͦ͟ р ς ˭͔͙͔͊ͣͫͭͭ͡Έ ͦͺ͙ͼ͔ͪ͊ ˣ͙͊ͫͯͫ͡ ͚̏ͪ͒͊ ό͔ͤͣΦ .ƭŀǎƛǳǎ 9ǊŘŜƛΣ ͍͔ ͎ͤΦ 9ǊŘŜƛ .ŀƭłȊǎύΦ мфмр 

ˮͫͭͦ;͙ͤ͟Υ ώмнϐΦ  

 
5 ˹ ͔ͫͣͦͭͪΎ ͤ͊ ͭͦΣ ;ͭͦ ͍͙͔͊ͤ͘ ζFŅhnrichη ;͊ͫͭͦ ͔͔͍͙ͨͪͦ͒ͭͫΎ ͤ͊ ͙͚ͪͯͫͫ͟ Ύ͘·͟ ͊͟͟ ζ˽ͪ͊ͨͦͪ΅͙͟ηΣ Ήͭͦ ͔ͤ ͍͔ͨͦͤ͡ 
͍͔ͪͤͦ ͫ ͯ;͔ͭͦͣ ͎ͭͦͦΣ ;ͭͦ ͍ ˿ˤ ˢ-ˤˮ ͺ͔͙ͤͪͻ ͋·͡ ͙͊ͤ͒͒͊ͭͦͣ͟ ͤ͊ ͔͍ͨͪ·͚ ͦͺ͙ͼ͔͙͚ͪͫ͟ ;͙ͤ ό͔͚͔ͭͤ͊ͤͭ͊͡ύΣ ͍ ͭͦ ͍͔ͪͣΎ 
͊͟͟ ͍ ˾ˮˢ ͨͪ͊ͨͦͪ΅͙͟ Ύ͍͡Ύͫ͡Ύ ͦͺ͙ͼ͔ͪͦͣ ͫ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͙ͣ ͤ͊ͪͯ͗ͤ·͙ͣ ͙ͦͭ͡;͙Ύ͙ͣΦ ́ͦΣ ;ͭͦ ͺ͔͙ͤͪͻ ͍ ͙͙͊ͪͣ ˢ-
ˤˮ ͔ͤ Ύ͍͡Ύͫ͡Ύ ͎͊ͤ͊ͦͦͣ͡ ͨͪ͊ͨͦͪ΅͙͊͟ ˾ˮˢ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͙ ͭͦͭ ͺ͊ͭ͟Σ ;ͭͦ ͒ͦ ͤͦΎ͋ͪΎ мфлу ͎ͦ͒͊ Ήͭͦ ͍͙͔͊ͤ͘ 
͙͔͍ͣͤͦ͊ͦͫ͡Έ ζ˴͔͊͒ͭ-͔͙͔͊ͣͫͭͭ͘͡Έ ͦͺ͙ͼ͔ͪ͊η όζKadett-hŦŦƛȊƛŜǊǎǎǘŜƭƭǾŜǊǘǊŜǘŜǊηύ ͙ ͙͍͙͍ͨͪͫ͊͊ͦͫ͡Έ ͍·͙ͨͯͫͤ͊ͣ͟͟ 
͔͙͊͒ͭͫ͟͟ͻ ΄ͦ͟͡Φ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͙͔͔ͤ͊͋ͦ͡ ͔ͦͪͪͭͤ͟͟·ͣ ͔͎ͦ ͎͊ͤ͊ͦͦͣ͡ ͍ ˾ˮˢ ͣͦ͗ͤͦ ͫ;͙ͭ͊ͭΈ ͍·͙ͨͯͫͤ͊͟͟ Ό͔͎ͤͪͫͦͦ͟͟ 
ͯ;͙͙͡΅͊ ͍͙͔͊ͤ͘ ͍ ͍͙͙͊ͤ͘ ͨͦ͒ͨͪ͊ͨͦͪ΅͙͊͟ όΉͫͭ͊ͤ͒͊ͪͭ-Ό͔ͤͪ͊͟Σ ͨͦ͒ͻ͔͎ͦͪͯͤ͗ͦύ ό˽ˤˤ ͦͭ нн ͍͎͊ͯͫͭ͊ муул ͎ͦ͒͊ Ѕ нрнΣ 
˽ˤˤ ͦͭ мп ͙ΌͤΎ мфлм ͎ͦ͒͊ Ѕ мфтύΦ 
6 ʕ  ͙͎͙͔ͦͪͤ͊͡ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘ ͔͙ͭͪͣͤ ζZugskommandantηΣ ͭΦ͔Φ ͙͡ͼͦ ͦͫͯ΅͔͍ͫͭ͡ΎΌ΅͔͔ ͍͙͔ͦͣ͊ͤ͒ͦ͊ͤ͟ ͍͍ͦ͒ͦͣ͘ ͍ 
͙ͦͭ͡;͙͔ ͦͭ ͔ͯͤͭͪ-ͦͺ͙ͼ͔͎ͪͫͦͦ͟ ͍͙͊ͤ͘Ύ ζZugsfǸhrerηΣ ͍ͯͫͦͤͦ͡ ͎͙͊ͤ͊ͦ͡;͎ͤͦͦ ͍͍ͦ͒ͤͦͣͯ͘ ͔ͯͤͭͪ-ͦͺ͙ͼ͔ͪͯ ͍ ˾ˮˢΦ   
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˾͙ͫͯͤͦ͟ с ς ˭͔͙͔͊ͣͫͭͭ͡Έ ͦͺ͙ͼ͔ͪ͊ ͙̆ͫ͊͡ όIƭƛǎŀύ 

ˮͫͭͦ;͙ͤ͟Υ ώмоϐΦ  

 

͙̇ͪͯ͟͡Ύͪͤ·ͣ ͙ͨͪ͊ͦͣ͘͟ ͦͭ п ͍͎͊ͯͫͭ͊ мфмт ͎ͦ͒͊ ό!ōǘΦ нκ{ǘΦΣ bǊΦ нпффрύ ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͦ 

͙͔͍͙͙ͤ͊ͣͤͦ͊ͤ ΄ͭ͊͋ͫπͯ ͔ͤͭͪπͦ ͺ͙ͼ͔͍ͪͦ ͍ ͔͎͔͙ͪͫ͟ͻ ;͊ͫͭΎͻ ΄ͭ͊͋ͫπͦ ͔͋ͪπ͔ ͎͔ͪΎ͙ͣΣ ;͊ͫͭΎͻ ͙͔͙͙͊ͪͭͪ͡͡ ς 

΄ͭ͊͋ͫπͅ ͔͚͔͍͔͔͙ͪͪͪ͊ͣ͟ ώмпΣ {Φ нптϐΦ  

ˤ ͭͦͣ ͔͗ ͔ͣͫΎͼ͔Σ ͼ͙ͪͯ͟͡Ύͪͤ·ͣ ͙ͨͪ͊ͦͣ͘͟ ͦͭ нм ͍͎͊ͯͫͭ͊ όtǊŅǎΦ bǊΦ мфоулύ ͒͡Ύ ͪΎ͒͊ ;͔͚͊ͫͭ ͋·͙͡ 

ͦ͋ΆΎ͍͔ͤ͡· ͔ͫ͒ͯ͡Ό΅͙͔ ͙͔͍͙ͤ͊ͣͤͦ͊ͤΎ ͍͙͚͊ͤ͘ ΄ͭ͊͋ͫπͯ ͔ͤͭͪπͦ ͺ͙ͼ͔͍ͪͦ ώмрΣ {Φ нроΣ .ŜƛƭŀƎŜ {Φ мϐΥ  

¶ ˿ ͔͍ͭͪͦ͟͡·͔ ό͎ͦͪͤͦπͫ ͔͍ͭͪͦ͟͡·͔ύ ;͙͊ͫͭ ς ́ͭ͊͋ͫπͅ ͔͡Έ͒ͺ͔͔͋͡ΈΤ 

¶  ˮ ͔͙͔ͣͨͪ͊ͭͦͪͫ͟ ͔͍ͫͭͪͦ͟͡·͔ ;͙͊ͫͭ όƪΦ ƪΦ YŀƛǎŜǊǎŎƘǸǘȊŜƴύ7 ς ́ͭ͊͋ͫπͦ ͔͋ͪπ͔ ͎͔ͪΈΤ 

¶ ˴ ͦͤͤ·͔ ͔͍ͫͭͪͦ͟͡·͔ ;͙͊ͫͭ ς ́ͭ͊͋ͫπ͍ ͊ͻ͙ͣͫͭͪΤ 

¶ ˽ ͔͍ͦ͡·͔ ͙ ͎ͦͪͤ·͔ ͙͔͙͚͙͔͊ͪͭͪͫ͟͡͡ ;͙͊ͫͭ ς ́ͭ͊͋ͫπͅ ͔͚͔͍͔͔ͪͪͪ͟8Φ  

ˤ ͊͘͟͡Ό;͔͙͔ͤ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͯͨͦͣΎͤͯͭΈ ͦ ͭͦͣΣ ;ͭͦ ͍ ͔͚͊͒ͤ͘ ;͙͊ͫͭ ͔͙ͨͭ͡ͼ ͍·ͫ΄͙ͻ ͔͍ͫͭͪͦ·ͻ ͙͙ͤ͗ͤͻ 

;͙͍ͤͦ ͔ͯͤͭͪπͦ ͺ͙ͼ͔͎ͪͫͦͦ͟ ͍͙͊ͤ͘Ύ ͎͙ͣͦ͡ ͎ͪ͊ͫͨͦ͊͊ͭ͡ΈͫΎ Ή͔ͣ͋ͣ͡· ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ ͟ ͚ͭͦ ͙͙͡ ͙͚ͤͦ 

͔ͫͯ͗͋͡ ͙͙͡ ͔ͫͨͼ͙͊͡Έ͙ͤͦͫͭ ό¢ǊǳǇǇŜƴŀōȊŜƛŎƘŜƴύΦ 

 
7  ˨ ͦ мс Ύ͍ͤ͊ͪΎ мфмт ͎ͦ͒͊ ς ͙͔ͣͨͪ͊ͭͦͪͫͦ͟-͔͍͙͔ͦͪͦͫ͟͟͡ ͔͔ͣ͘͡Έͤ·͔ ͔͍ͫͭͪͦ͟͡·͔ ;͙͊ͫͭ όk.k. LandesschǸtzen), 
͍ͻ͙͍ͦ͒΄͙͔ ͍ ͙͔ͣͨͪ͊ͭͦͪͫͦ͟-͔͍͙͚ͦͪͦͫ͟͟͡ ͍͔͊ͤ͒ͪ͡ ώмсΣ P. 50.] 
8 ʕ  ͍͔͎͔͙ͤͪͫ͟ͻ ;͊ͫͭΎͻ ͍͙͊ͤ͘Ύ ΄ͭ͊͋ͫ-͔ͯͤͭͪ-ͦͺ͙ͼ͔͍ͪͦ ͙͔͍͙ͣͤͦ͊ͫ͡Έ ͔ͫ͒ͯ͡Ό΅͙ͣ ͦ͋ͪ͊ͦͣ͘Υ ¢ǀǊȊǎǃǊƳŜǎǘŜǊ ό΄ͭ͊͋ͫ-
ͺ͔͡Έͺ͔͔͋͡ΈΣ ΄ͭ͊͋ͫ-͍͊ͻ͙ͣͫͭͪύΣ ¢ǀǊȊǎŦǃǾŀŘłǎȊ ό΄ͭ͊͋ͫ-͔ͦ͋ͪ-͔͎͔ͪΈύΣ ¢ǀǊȊǎǘǼȊƳŜǎǘŜǊ ό΄ͭ͊͋ͫ-ͺ͔͚͔͍͔͔ͪͪͪ͟ύ ώмтϐΦ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴Φ˹Φ ˿͎ͦͦͯ͋͡Φ ͔͍̊ͪͦͤ· όмутпτмфмпύ ͙ ͎ͨͦͦͤ· όмфлсτмфмпύ ͍͔ͫͪͻͫͪͦ;ͤͦͫͯ͗͊͡΅͙ͻ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ 

˾͙͚͚ͦͫͫͫͦ͟ ͙͔͚ͣͨͪ͊ͭͦͪͫͦ͟ ͙͙͊ͪͣ κκ ˸͙ͯͤ͒ͪΦ нлммΦ Ѕн όпύΦ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ 

ƘǧǇΥκκǾŜŘƻƳǎǘǾŀπǳƴƛŦƻǊƳŀΦǊǳκƳǳƴŘƛǊпκǎǾǎǊκƛƴŘŜȄΦƘǘƳƭ ˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ нуΦммΦнлнр ͎Φ  

нΦ ±ŜǊƻǊŘƴǳƴƎǎōƭŀǧ ŦǸǊ Řŀǎ ƪΦ ǳƴŘ ƪΦ IŜŜǊΦ bƻǊƳŀƭπǾŜǊƻǊŘƴǳƴƎŜƴΦ ррΦ {ǘǸŎƪ ǾƻƳ ннΦ bƻǾŜƳōŜǊ мфмоΦ  

оΦ ±ŜǊƻǊŘƴǳƴƎǎōƭŀǧ ŦǸǊ Řŀǎ ƪΦ ǳƴŘ ƪΦ IŜŜǊΦ bƻǊƳŀƭπǾŜǊƻǊŘƴǳƴƎŜƴΦ муΦ {ǘǸŎƪ ǾƻƳ мнΦ Wǳƴƛ мфлмΦ {ŜǇŀǊŀǘπ

!ǳǎƎŀōŜΦ  

пΦ {ǳǇǇƭŜƳŜƴǘ Ȋǳ ŘŜƴ ζaƛǧƘŜƛƭǳƴƎŜƴ ŘŜǎ ƪΦ ǳƴŘ ƪΦ YǊƛŜƎǎπ!ǊŎƘƛǾǎηΦ DŜǎŎƘƛŎƘǘŜ ŘŜǊ YΦ ǳƴŘ YΦ ²ŜƘǊƳŀŎƘǘΦ ±Φ 

.ŀƴŘΦ ²ƛŜƴΣ мфлоΦ унн ǎΦ  

рΦ DȅǀǊƎȅ {ŀƎǾŀǊƛΦ 5ƛŜ ǳƴƎŀǊƛǎŎƘŜ IƻƴǾŞŘΦ  ¦ƴƛŦƻǊƳƛŜǊǳƴƎ ǳƴŘ !ǳǎǊǸǎǘǳƴƎ ŘŜǊ ǳƴƎŀǊƛǎŎƘŜƴ [ŀƴŘǿŜƘǊ Ǿƻƴ 

мусу ōƛǎ мфмуΦ ²ƛŜƴΣ нлмлΦ стн ǎΦ  

сΦ WǳŘŜȄ aΦ ¦ƴƛŦƻǊƳŜƴΣ Řƛǎǝƴƪǝƻƴǎπ ǳƴŘ ǎƻƴǎǝƎŜ !ōȊŜƛŎƘŜƴ ŘŜǊ ƎŜǎŀƳƳǘŜƴ hŜǎǘŜǊǊŜƛŎƘΦπǳƴƎŀǊƛǎŎƘŜƴ 

²ŜƘǊƳŀŎƘǘ ƛƴ ǸōŜǊǎƛŎƘǘƭƛŎƘŜǊ CŀǊōŜƴπ5ŀǊǎǘŜƭƭǳƭƴƎ Ƴƛǘ ŜǊƭŅǳǘŜǊƴŘŜǊ .ŜǎŎƘǊŜƛōǳƴƎΦ CǸƴƊŜ !ǳƅŀƎŜΦ [ŜƛǇȊƛƎΣ 

мфлуΦ млр ǎΦΣ ну ¢ŀŦΦ 

тΦ ±ŜǊƻǊŘƴǳƴƎǎōƭŀǧ ŦǸǊ Řŀǎ ƪΦ ǳƴŘ ƪΦ IŜŜǊΦ bƻǊƳŀƭπǾŜǊƻǊŘƴǳƴƎŜƴΦ мтΦ {ǘǸŎƪ ǾƻƳ нфΦ !ǇǊƛƭ мфммΦ  

уΦ ±ŜǊƻǊŘƴǳƴƎǎōƭŀǧ ŦǸǊ Řŀǎ ƪΦ ǳƴŘ ƪΦ IŜŜǊΦ bƻǊƳŀƭπǾŜǊƻǊŘƴǳƴƎŜƴΦ омΦ {ǘǸŎƪ ǾƻƳ нтΦ Wǳƴƛ мфмпΦ  

9. ώ̏ ͔ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ ƘǘǘǇǎΥκκŘƛƎƛǘŀƭΦƻƴōΦŀŎΦŀǘκǊŜǇκƻǎŘκΚммлстмнс ˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ нуΦммΦнлнр ͎Φ  

10. ώ̏ ͔ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ ƘǘǘǇǎΥκκŘƛƎƛǘŀƭΦƻƴōΦŀŎΦŀǘκǊŜǇκƻǎŘκΚммлстCло ˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ нуΦммΦнлнр ͎Φ  

ммΦ ±ŜǊƻǊŘƴǳƴƎǎōƭŀǧ ŦǸǊ Řŀǎ ƪΦ ǳƴŘ ƪΦ IŜŜǊΦ bƻǊƳŀƭπǾŜǊƻǊŘƴǳƴƎŜƴΦ нпΦ {ǘǸŎƪ ǾƻƳ мнΦ Wǳƴƛ мфмрΦ  

12. ώ̏ ͔ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ ƘǘǘǇǎΥκκŘƛƎƛǘŀƭΦƻƴōΦŀŎΦŀǘκǊŜǇκƻǎŘκΚммлстмлп ˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ нуΦммΦнлнр ͎Φ  

13. ώ̏ ͔ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ ƘǘǘǇǎΥκκŘƛƎƛǘŀƭΦƻƴōΦŀŎΦŀǘκǊŜǇκƻǎŘκΚммнлфорф ˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ нуΦммΦнлнр ͎Φ  

мпΦ ±ŜǊƻǊŘƴǳƴƎǎōƭŀǧ ŦǸǊ Řŀǎ ƪΦ ǳƴŘ ƪΦ IŜŜǊΦ bƻǊƳŀƭπǾŜǊƻǊŘƴǳƴƎŜƴΦ отΦ {ǘǸŎƪ ǾƻƳ ммΦ !ǳƎǳǎǘ мфмтΦ  

мрΦ ±ŜǊƻǊŘƴǳƴƎǎōƭŀǧ ŦǸǊ ŘƛŜ ƪΦ ǳƴŘ ƪΦ [ŀƴŘǿŜƘǊΦ bƻǊƳŀƭπǾŜǊƻǊŘƴǳƴƎŜƴΦ ппΦ {ǘǸŎƪ ǾƻƳ уΦ {ŜǇǘŜƳōŜǊ мфмтΦ  

мсΦ ¢ƘŜ !ǳǎǘǊƛŀƴ aƻǳƴǘŀƛƴ ǘǊƻƻǇǎΥ ƘƛǎǘƻǊȅΣ ǳƴƛŦƻǊƳǎ ŀƴŘ ŜǉǳƛǇƳŜƴǘ ƻŦ ǘƘŜ !ǳǎǘǊƛŀƴ Ƴƻǳƴǘŀƛƴ ǘǊƻƻǇǎ ŦǊƻƳ 

мфлс ǘƻ мфмуΦ ±ƛŜƴƴŀΣ нллсΦ омр ǎΦ  

мтΦ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ ƘǧǇǎΥκκŘŜΦǿƛƪƛǇŜŘƛŀΦƻǊƎκǿƛƪƛκwŀƴƎŀōȊŜƛŎƘŜƴψŘŜǊψ҈/о҈.сǎǘŜǊǊŜƛŎƘƛǎŎƘπ

ǳƴƎŀǊƛǎŎƘŜƴψ{ǘǊŜƛǘƪǊ҈/о҈!пƊŜ ˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ нуΦммΦнлнр ͎Φ  

ϭ ˿͎ͦͦͯ͋͡ ˴Φ˹ΦΣ нлнр 

 

 

 

 

̂˨˴ фмоΦм 

͍̊ͯͤͦ͟ ˤ͙͙͊͒ͣͪ͡ ˹͙͔͍͙ͦ͊͟͡; 

˿͙͚͊ͣ͊ͪͫ͟ ͺ͔͔͒ͪ͊͡Έͤ·͚ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͚ͫ͟ ͼ͔ͤͭͪ ˾ˢ˹ 

͎Φ ˿ ͊ͣ͊ͪ͊Σ ˾̅ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙͙͙ͫͭͦͪ ͍͙͙ͪ͊ͭ͘Ύ ͔͗ͣ;͎ͯ͗ͤͦͦ ͨͪͦͣ·ͫ͊͡ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ 

XIX ͍Φ ˬ͔ͣ;ͯ͗ͤ·͚ ͨͪͦͣ·͔ͫ͡ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪ ͍ ·L· ͍͔͔͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͡ ͚ͫͦ͋ͦ ͍͊͗ͤ·͚ Ή͔͔ͣͤͭ͡ ͊͟͟ 

Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟Σ ͭ͊͟ ͙ ͯ͟͡Έ͚ͭͯͪͤͦ ͙͙͗ͤ͘ ͔͎͙ͪͦͤ͊Φ ̏ͭͦͭ ͍͙͒ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͋·͡ ͔ͭͫͤͦ ͍ͫΎ͊ͤ͘ ͫ 

͙ͨͪͪͦ͒ͤ·͙ͣ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ ͔͙ͣͫͭͤͦͫͭΣ ͎͚͋ͦ͊ͭͦ ͔͙ͪ͊ͣ͟ ͙ ͔͙ͦͪ͊ͣ͘Σ ͍ ͦͭͦͪ͟·ͻ ͙͙ͦ͋ͭ͊͡ ͨ ͔͍ͪͫͤͦͦ͒ͤ·͔ 

͔͗ͣ;ͯ͗ͤ·͔ ͣͦ͡͡Ό͙ͫ͟Φ ˮ͙ͫͭͦͪΎ ͨͪͦͣ·ͫ͊͡ ͔͗ͣ;͎ͯ͊ ͍ ͒͊ͤͤͦͣ ͔͎͙͔ͪͦͤ ͯͻ͙ͦ͒ͭ ͦͪͤ͟Ύ͙ͣ ͍ ͎ͯ͋ͦͯ͟͡Ό 
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͔͍͒ͪͤͦͫͭΈΣ ͦ͒ͤ͊ͦ͟ ͙͔ͣͤͤͦ ͍ ·L· ͍͔͔͟ ͦͤ ͙͎͒ͦͫͭ ͍͔͎ͫͦͦ ͪ͊ͫͼ͍͔ͭ͊Σ ͍ͫͭ͊ ͤ͊͘;͙͚ͣͦ ;͊ͫͭΈΌ ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͎ͣͫͭͤͦͦ ͔͔͙ͤ͊ͫͤ͡ΎΦ ˤ ͭͦ ͍͔ͪͣΎ ͔͗ͣ;͎ͯ ͼ͔͙ͤͫ͡Ύ ͔ͤ ͭͦ͡Έͦ͟ ͊͘ ͍ͫͦΌ ͪ͊ͫͦͭͯ͟Σ ͤͦ ͙ ͊͘ 

͙͍͙ͫͣͦ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΣ ;ͭͦ ͔͒͊ͦ͡͡ ͔͎ͦ ͍͔͍ͦͫͭͪ͋ͦ͊ͤͤ·ͣ ͊͟͟ ͤ͊ ͍͔͔ͤͯͭͪͤͤͣΣ ͭ͊͟ ͙ ͤ͊ ͍͔ͤ΄͔ͤͣ 

ͪ·ͤ͊͟ͻΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͫͨͦͫͦ͋͊ͣ ͒ͦ͋·;͙ ͔͗ͣ;͎ͯ͊Σ ͔͎ͦ ͔͙ͪ͊͊͘͡ͼ͙͙Σ ͤ͊͘;͔͙ͤΌ ͨͪͦͣ·ͫ͊͡ 

͒͡Ύ ͔ͣͫͭͤ·ͻ ͫͦͦ͋΅͔͍ͫͭΦ ˻͔ͭͣ;͔ͤ͊ ͤ͊͘;͙ͣͦͫͭΈ ͔͗ͣ;͎ͯ͊ ͍ ͙͙͗ͤ͘ ͍ͨͦͣͦͪͦΣ ͍ͫ͊͊ͣͦ ͙ ͎͙͒ͪͯͻ ͍ͤ͊ͪͦ͒ͦ 

˾͎ͯͫͫͦͦ͟ ˿͔͍͔ͪ͊Φ ˻͔͔͔ͨͪ͒ͤ͡· ͔ͣͫͭ͊ ͔͎ͦ ͒ͦ͋·;͙Σ ͍͔ͪͣΎ ͦͫͯ΅͔͍͔͙ͫͭͤ͡Ύ ͨͪͦͣ·ͫ͊͡Σ ͙ͭͪ͊͒ͼ͙͙Σ 

͍ͫΎ͊ͤͤ͘·͔ ͫ ͔͗ͣ;͎ͯͦͣΦ ˤ ͫͭ͊ͭΈ͔ ͙͍͔͔ͨͪ͒ͤ· ͍͔͔͙ͫ͒ͤΎ ͦ ͼ͔ͤ͊ͻ ͤ͊ ͔͗ͣ;͎ͯΣ ͊ͤ͊͊͟͡ͻ ͔͎ͦ ͔͙ͪ͊͊͘͡ͼ͙͙Φ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

˾͙͚ͯͫͫ͟ ˿͔͍͔ͪΣ ͨͪͦͣ·ͫ͡·Σ ͔͗ͣ;͎ͯΣ ͎͍ͭͦͪͦ͡ΎΣ ͙ͭͪ͊͒ͼ͙͙Σ ͨͦͣͦͪ·Σ ͫ͊͊ͣ·Σ Ύ͙ͪͣ͊ͪ͟Σ Ήͫͨͦͪͭ͟Φ 

 

ˮͯ͘;͔͙͔ͤ ͙͙͙ͫͭͦͪ ͔͗ͣ;͎ͯ͗ͤͦͦ ͨͪͦͣ·ͫ͊͡ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪ ͍ ·L· ͍͔͔͟ ͙͔͔ͣͭ ͦͫͦ͋ͯΌ 

͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͍ ͔͔ͦͤͭͫͭ͟͟ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍·͍͍ͦͦ͘ ͫͦͻ͔͙ͪ͊ͤͤΎ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͙ ͙͎ͨͪͪͦ͒ͤͦͦ ͔͙ͤ͊ͫ͒͡ΎΦ 

˽͙͙͔ͦͤͣ͊ͤ ͙͙ͫͭͦͪ;͔͙ͫ͟ͻ ͔͍͊ͫͨͭͦ͟ Ή͎ͭͦͦ ͨͪͦͣ·ͫ͊͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͤ͊͘;͙ͣͦͫͭΈ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ 

ͨͪͦͣ·͍ͫͦ͡ ͙ ͔͔͔ͪͣͫ͡ ͙ ͙ͻ ͍͙͡Ύ͙͔ͤ ͤ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͔͎͙ͪͦͤ͊͡Έ͚ͤͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭΦ ˴͔ͪͦͣ ͎ͭͦͦΣ ͙͊ͤ͊͘͡ 

Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡ ͨͪͦͣ·ͫ͊͡ ͔ͣͦ͗ͭ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ 

͚ͯͫͭͦ;͙͍͎ͦͦ ͙ͨͪͪͦ͒ͦͨͦ͡Έ͍͙ͦ͊ͤ͘ΎΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͚͒͊ͤͤͦ ͔ͭͣ· ͎͔ͨͦͣͦ͊ͭ ͔ͤ ͭͦ͡Έͦ͟ 

͍͔͙ͦͫͭͭΈ ͙ͣ͊ͦͯ͘͡;͔ͤͤ·͔ ͙ͫͭͪ͊ͤͼ· ͙͙͙ͫͭͦͪΣ ͤͦ ͙ ͨͦ͒;͔ͪͤͯͭ͟Έ ͍͊͗ͤͦͫͭΈ ͎͙͊ͪͣͦͤ;͎ͤͦͦ 

͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ;͔͍͔ͦ͊͟͡ ͙ ͙ͨͪͪͦ͒·Φ  

ˮ͔͔ͤͭͪͫ ͟ ͙͙͙ͫͭͦͪ ͔͗ͣ;͎ͯ͗ͤͦͦ ͨͪͦͣ·ͫ͊͡ ͨͪͦΎ͍͡Ύ͙͡ ͔ͦͭ;͔͍͔ͫͭͤͤ·͔ ͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ ͤ͊ 

ͨͪͦͭΎ͔͙͙͗ͤ ͔ͤͫͦ͟͡Έ͙͟ͻ ͍͔͍ͦ͟Φ ˹͙͔͔͊͋ͦ͡ ͤ͊͘;͙ͣ·͙ͣ ͔͍͒ͦͪͦ͡Όͼ͙ͦͤͤ·͙ͣ ͙ͪ͊͋ͦͭ͊ͣ Ύ͍͡ΎΌͭͫΎ 

͙ͨͯ͋͊͟͡ͼ͙͙ ˻Φ ˣ͔͎ͦͣͦͪͫͦͦ͟͡ όмусо ͎ΦύΣ ˹Φ˽Φ ˴͎͊͊ͤͫͦͦ͘͟ όмуфм ͎ΦύΣ ˢΦ˴Φ ͔͍̆ͪ͋ͭͦ͊ όмуфт ͎ΦύΣ ˮΦ  ˣ͔͔͍͊ͪͭͤ͊ 

όмфлн ͎ΦύΣ   ˹Φ̅Φ ˾ͦͣ͊ͤ;͔ͤͦ͟ όмфмн ͎Φύ ͙ ͒ͪΦ ˿ͭ͊ͭΈ͙Σ ͍ͨͦͫΎ΅͔ͤͤ·͔ ͨͪͦͣ·ͫͯ͡ ͔͗ͣ;͎ͯ͊ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪΣ 

͙͍͙ͨͯ͋ͦ͊ͫ͟͡͡Έ ͍ ζ˻͔ͦͤ͡ͼ͙͟ͻ ͎͔͙ͯ͋ͪͤͫ͟ͻ ͍͔͒ͦͣͦͫͭΎͻηΣ ζˢͪͻ͎͔͊ͤ͡Έ͙ͫ͟ͻ ͎͔͙ͯ͋ͪͤͫ͟ͻ ͍͔͒ͦͣͦͫͭΎͻηΣ 

ζˤ͔͙͔ͫͭͤ͟ ͪ·͋ͦͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡η ͊͘ ͪ͊ͤ͘·͔ ͎ͦ͒· ͙ ͭΦ͒Φ ˮ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙ͨͯ͋͊͟͡ͼ͙͚ ͔͔ͫ͒ͯͭ͡ 

͔͙ͦͭͣͭͭΈ ͫͭ͊ͭΈ͙ ˥Φ˴Φ ˤ͔͔ͪ΅͎͙ͤ͊ όмфнф ͎ΦύΣ ˢΦ ˩͍͙͍͒ͦͣͦ͊͟ όмфол ͎ΦύΣ ˮΦˤΦ ˥͔͍ͯͭͭͯ͊ όмфолΣ мфос ͎ΦύΣ ˮΦ˹Φ 

̂ͻ͍͊ͤͦ͊ όмфсс ͎ΦύΣ ˢΦˢΦ ˴͎ͦͪ͊ͦ όмфум ͎ΦύΣ ˢΦ ̅͊ͪͤ͊ όмффм ͎ΦύΣ ̑Φ˸Φ ˴͙͎ͪͭͫͦͦ͟ όнллс ͎ΦύΣ ́Φ˸Φ ˹ͦͫ͊ͤΈ όнллф 

͎ΦύΣ ̑ΦˤΦ ˣ͔͚ͫͨ͊ͦ͡Σ ˮΦ˹Φ ˣ͍ͦͦͭͦ͊͡ όнлмл ͎ΦύΣ ˩Φ˹Φ ˢͭ͡Ύ͍͚ͦͦ͟ όнлнм ͎ΦύΣ ˤΦ˿Φ ˴ͯ;ͦ͟ όнлнн ͎ΦύΣ ˩ΦˮΦ ˭·͔͍͚ͦ͡ 

όнлно ͎Φύ ͙ ͒ͪΦ  

ˤ XIX ͍ Φ ͔͗ͣ;͎ͯ ͒ͦ͋·͍͙͊͡ ͤ͊ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͔͙͙͙ͭͪͪͭͦͪ ˾͙͚͚ͦͫͫͫͦ͟ ͙͔͙͙ͣͨͪΦ ˹Φ̅Φ ˾ͦͣ͊ͤ;͔ͤͦ͟ ͍ 

͍͔͚ͫͦ ͔ͪ͊͋ͦͭ ͔͙ͦͭͣͭ͡ ͎͔͎ͦͪ͊ͺ͙Ό ͔͗ͣ;͎ͯ͗ͤͦͦ ͨͪͦͣ·ͫ͊͡Υ ˢͪͻ͎͔͊ͤ͡Έͫ͊͟ΎΣ ˻͔ͦͤ͡ͼ͊͟ΎΣ ˤ·͎͋ͦͪͫ͊͟ΎΣ 

˹͍͎ͦͦͪͦ͒ͫ͊͟ΎΣ ˽͔͔͎ͭͪ͋ͯͪͫ͊͟ΎΣ ˽͍ͫͦͫ͊͟͟ΎΣ ˤͦ͡·ͤͫ͊͟ΎΣ ͍̒ͪͦͫ͊ͫ͊͟͡ΎΣ ˤΎͭͫ͊͟ΎΣ ˴͊͊ͤͫ͊͘͟ΎΣ ˿͙͙ͣ͋ͪͫ͊͟ΎΣ 

˽͔ͪͣͫ͊͟Ύ ͙ ͎͙͔͒ͪͯ ͎͔͙͙ͯ͋ͪͤΣ ̏ͫͭ͡Ύ͙ͤ͒ΎΣ ˶͙ͺ͡Ύ͙ͤ͒Ύ ό˾ͦͣ͊ͤ;͔ͤͦ͟ ˹Φ̅ΦΣ ͫΦуύΦ ˾͔͔͊ͯͣͭͫ͘ΎΣ ͦ͋Ά͔ͣ· 

͒ͦ͋·;͙ ͔͗ͣ;͎ͯ͊ ͍ Ή͙ͭͻ ͔͎͙ͪͦͤ͊ͻ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͦͭ͡;͙͊ͫ͡ΈΦ ˻͒ͤ͊ͦ͟ ͫ͊ͣ͊ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͨͪͦͣ·ͫ͊͡ 

ͤ͊ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͔͙͙͙ͭͪͪͭͦͪ ͙͔͙͙ͣͨͪ ͍͙͔͔ͫ͒ͭ͡Έ͍͍ͫͭͦ͊͊͡ ͦ ͔͎ͦ ͤ͊͘;͙͙ͣͦͫͭ ͙ ͍͍͔ͦ͡;͔͙ͤͤͦͫͭ ͔͎ͣͫͭͤͦͦ 

ͫͦͦ͋΅͔͍ͫͭ͊Φ  

˽ͪͦͣ·͔ͫ͡ ͔͗ͣ;͎ͯ͊ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪ ͍ ·L· ͍͔͔͟ ͍ͦͫͤͦ·͍͊ͫ͡Ύ ͤ͊ ͒ͦ͋·;͔ ͔͗ͣ;͎ͯ͊ ͙͘ 

͔͍ͨͪͫͤͦͦ͒ͤ·ͻ ͣͦ͡͡Ό͍ͫͦ͟Σ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍͙͒͊ aŀǊƎŀǊƛǘƛŦŜǊŀ ƳŀǊƎŀǊƛǘƛŦŜǊŀΦ ͙̏ͭ ͣͦ͡͡Ό͙ͫ͟ ͙͙ͦ͋ͭ͊͡ 

͍ ;͙ͫͭ·ͻ ͙ ͨͪͦͻ͊͒ͤ͡·ͻ ͍ͦ͒͊ͻ ͔ͪ͟ ͙ ͔ͦͪ͘Σ ͙ͭ͊͟ͻ ͊͟͟ ˿͔͍͔ͪͤ͊Ύ ˨͍͙ͤ͊Σ ˽͙͔͎ͤ͊Σ ͎̑Σ ˿·ͫͦ͊͡Σ ˻͔͎ͤ͊ ͙ ͒ͪΦ 

ˢͪͻ͎͔͊ͤ͡Έͫ͊͟Ύ ͎͔͙ͯ͋ͪͤΎ ͫͭ͊͊͡ ͙ͦ͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͔͎͙͍ͪͦͤͦΣ ͎͔͒ ͒͊ͤͤ·͚ ͨͪͦͣ·͔ͫ͡ ͋·͡ ͔ͦͫͦ͋ͤͤͦ 

͍͙ͪ͊ͭ͘Φ ˬ͙͔͙ͭ͡ ͔͎͙ͪͦͤ͊ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͙͙͊ͤͣ͊ͫ͘͡Έ ͫ͋ͦͪͦͣ ͔͗ͣ;͎ͯ͊Σ ͦͭͦͪ͟·͚ ͙͎ͪ͊͡ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͙ͻ 

͔͔͔͚ͪͣͫͤͤͦ͡ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ͙̉ͫͭͦͭ͊ ͍ͦ͒· ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͚ͣͫͭͤͦ Ή͙͔ͦͫͫͭͣ͟· ͍͙ͫͦ͒͊͊͘͡ 

͎͙͋͊ͦͨͪ͡Ύͭͤ·͔ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͙͙ͦ͋ͭ͊ͤΎ ͣͦ͡͡Ό͍ͫͦ͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͙ͫͭ͊͋͡Έͤ·͔ ͙ͫͭͦ;͙͙ͤ͟ ͔͗ͣ;͎ͯ͊Φ ˴͔ͪͦͣ 

͎ͭͦͦΣ ͪͯͨͤ͟·͔ ͨͦͨͯ͡Ύͼ͙͙ ͔͗ͣ;͙ͯ͗ͤͼ· ͫͦͻ͙͙ͪ͊ͤͫ͡Έ ͤ͊ ˴ͦ͡Έͫͦͣ͟ ͍͔ͨͦͯͦͫͭͪͦ͡ ͙ ͍ ˴͔͙͙͊ͪ͡Σ ͍ ͭͦ ͍͔ͪͣΎ 

͊͟͟ ͔ͤ͋ͦ͡Έ΄͙͔ ͨͦͨͯ͡Ύͼ͙͙ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͙ͦ͋ͭ͊Όͭ ͍ ˢͪͻ͎͔͊ͤ͡Έ͚ͫͦ͟ ͙ ͚͊ͨ͊͒ͤͦ͘ ;͊ͫͭΎͻ 

˶͔͙͎͚ͤͤͪ͊͒ͫͦ͟ ͙ͦ͋͊ͫͭ͡ ό˸͊ͻ͍ͪͦΣ нлноΣ ͫΦ нύΦ ˮ͙ͫͭͦͪ;͔͙ͫ͟ ͔͍ͨͪ·͙ͣΣ ͭͦ͟ ͤ͊;͊͡ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ ͨͪͦͣ·͔ͫ͡ 
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͔͗ͣ;͎ͯ͊ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪΣ ͋·͙͡ ͫ͊͊ͣ·Σ ͦͭ ͦͭͦͪ͟·ͻ ͍ͤ͊·͙͟ ͨͪͦͣ·͍͚ͫͦͦ͡ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙͍͍͙͊ͣͫͭͦ͊͘͡ 

͔͊ͪ͟͡· ͙ ͙͔ͪͯͫͫ͟Φ  ˮ͔ͣͤͤͦ ͫ͊͊ͣ· ͎͙ͣͦ͡ ͒ͦ͋·͍͊ͭΈ ͙ͯͤ͊͟͡Έͤ·͚ ͪ͊ͫͤ͟·͚ ͔͗ͣ;͎ͯΣ ͦͭͦͪ͟·͚ ͼ͔͙ͤͫ͡Ύ 

͔ͦͫͦ͋ͤͤͦ ͍·ͫͦͦ͟Φ ˹͊ ͔͙͙͙ͭͪͪͭͦͪ ͔͗ ˴͔͙͙͊ͪ͡ ͒ͦ͋·͍͊ͫ͡Ύ ͍ ͍ͦͫͤͦͤͦͣ ͔͗ͣ;͎ͯ ͔͔͙ͫͪ͋ͪͫͭͦ-͔͎͋ͦͦ͡ ͙ 

͎͎ͦͯ͋ͦͦ͡ ͔ͦͭͭͤ͊͟Φ 

͔́ͻ͎͙ͤͦͦ͡Ύ ͒ͦ͋·;͙ ͔͗ͣ;͎ͯ͊ ͫͦͻͪ͊ͤΎ͊ͫ͡Έ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͍͔͍ͦ͟Φ ˽ͪͦͣ·͍͙͙ͫͦ͟͡ ͙ͫͨͦ͡Έ͍͙ͦ͊͘͡ 

͔ͫͨͼ͙͊͡Έͤ·͚ ͨͦͭ͡ ͫ ͍͔͙͔ͦͭͪͫͭͣΣ ;͔͔ͪ͘ ͔ͦͭͦͪͦ͟ ͍ ͍ͦ͒ͯ ͙ͦͨͯͫ͊͟͡ ͭͪͯ͋ͯΣ ͔ͫ͒͊ͤͤͯ͡Ό ͙͘ ͔͔͋ͪͫͭ·Φ ˿ 

ͨͦͣͦ΅ΈΌ Ή͚ͭͦ ͭͪͯ͋· ͙ ͍·͙͍͙ͫͣ͊ͭͪ͊͡ ͣͦ͡͡Ό͍ͫͦ͟ ͤ͊ ͔͒ͤ ͍͔ͦ͒ͦͣ͊Φ ˬ͔ͣ;͙ͯ͗ͤͼ ͍͙͒ͦͫͭ͊͊͡ ;͔ͪͨ͊ͦͣ͟Σ 

͙͔͔ͨͪͪͨͤͤ͟͡·ͣ ͟ ͔ͨ͊͟͡Σ ͙͙͡ ͔͊ͦͫͭͪͤͤ͘·ͣ ͦͦͣ͟͡Φ  

ˬ͔ͣ;ͯ͗ͤ·͚ ͨͪͦͣ·͔ͫ͡ ͍ XIX ͍͔͔͟ ͙͊ͤͣ͊͘͡ ͍͔͊͗ͤͦ ͔ͣͫͭͦ ͍ Ή͙͔ͦͤͦͣ͟͟ ͔ͣͫͭͤ·ͻ ͫͦͦ͋΅͔͍ͫͭ 

˾͎ͯͫͫͦͦ͟ ˿͔͍͔ͪ͊Φ ˤ ͙ͭ͊͟ͻ ͎͔͙ͯ͋ͪͤΎͻΣ ͊͟͟ ˢͪͻ͎͔͊ͤ͡Έͫ͊͟ΎΣ ˤ͎ͦͦͦ͒ͫ͊͟͡ΎΣ ˻͔ͦͤ͡ͼ͊͟Ύ ͒ͦ͋·;͊ ͔͗ͣ;͎ͯ͊ ͍ 

͔ͪ͊͟ͻ ͙ ͔ͦͪ͊͘ͻ ͙ͫͯ͗͊͡͡ ͤ͊͘;͙͔ͭ͡Έͤ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͒ͦͻͦ͒͊ ͒͡Ύ ͔ͪͫͭ͟ΈΎͤΦ ˨ΈΎ;͍ͤͦ ͔ͦͭͣ;͔͊ͭΣ ;ͭͦ 

ζͨͪͦͣ·͔ͫ͡ ͔͗ͣ;͎ͯ͊ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪ ͍ XIX ͍ ͔͔͟ ͋·͡ ͍͚͊͗ͤͦ ;͊ͫͭΈΌ Ή͙͙ͦͤͦͣ͟͟ ͔͎͙ͪͦͤ͊Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ 

͔͔ͣͫͭͤͦ ͔͔͙͔ͤ͊ͫͤ͡ ͔͍͙ͫͪ͒ͫͭ͊ͣ ͟ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΌ ͙ ͍ͫͨͦͫͦ͋ͫͭͯΎ ͍͙͙ͪ͊ͭ͘Ό ͎͍͙ͭͦͪͦ͡η όмфннΦ у ͫΦύΦ 

ˤ·ͫͦ͊͟Ύ ͼ͔ͤͤͦͫͭΈ ͔͗ͣ;͎ͯ͊ ͔͔ͦ͋ͫͨ;͙͍͊͊͡ ͫͨͪͦͫ ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ ͍͔͔ͤͯͭͪͤͤͣ ͪ·͔ͤ͟ ˾͙͙ͦͫͫΣ ͤͦ ͙ ͊͘ 

͔ͪͯ͋͗ͦͣΣ ;ͭͦ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͦ͡ ͔͔͙ͯͪͨͤ͟͡Ό ͎͍ͭͦͪͦ·ͻ ͍ͫΎ͔͚͘ ͙͔͙͙ͣͨͪ ͫ ͔͊ͪͯ͋͗ͤ͘·͙ͣ ͙ͫͭͪ͊ͤ͊ͣΦ 

͙̏ͦͤͦͣ͟;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟ΈΣ ͍ͫΎ͊ͤͤ͊͘Ύ ͫ ͨͪͦͣ·ͫͦͣ͡Σ ͦͻ͍͊ͭ·͍͊͊͡ ͔ͤ ͭͦ͡Έͦ͟ ͨͪͦͼ͔ͫͫ ͒ͦ͋·;͙Σ ͤͦ ͙ 

ͦ͋ͪ͊͋ͦͭͯ͟ ͔͗ͣ;͎ͯ͊Σ ͔͎ͦ ͔͙ͪ͊͊͘͡ͼ͙Ό ͤ͊ ͔ͣͫͭͤ·ͻ Ύͪͣ͊ͪ͊͟ͻ ͙ Ήͫͨͦͪͭ͟Σ ;ͭͦ ͍ ͼ͔ͦͣ͡ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͦ͡ 

Ή͙ͦͤͦͣ͟;͔ͫͦͣͯ͟ ͍͙͙ͪ͊ͭ͘Ό ͔͎͙ͪͦͤ͊Φ 

˹͊ ͔͙͙͙ͭͪͪͭͦͪ ˻͔ͦͤ͡ͼ͚ͦ͟ ͎͔͙͙ͯ͋ͪͤ ͔͗ͣ;͎ͯ ͒ͦ͋·͍͊ͫ͡Ύ ͍ ͔ͪ͊͟ͻ ˹͔͔͙ͣͤΣ ˽͊͗͊Σ ˽Ύ͡Έͣ͊Σ ́ͯ͋͊ ͙ 

͒ͪΦ ό˹͔ͫͦ͟͡Έͦ͟ ͍ͫͦ͡Σ ˿Φс-тύΦ ˴͔ͪͫͭΈΎ͔ͤ ͙͘ ͔ͫ͡Σ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͨͦ ͔͔͎͋ͪ͊ͣ ͯ͊͊ͤͤ͘͟·ͻ ͔ͪ͟Σ ͙͙͊ͤͣ͊ͫ͘͡Έ 

͒ͦ͋·;͔͚ ͔͗ͣ;͎ͯ͊ ͍ ͍͔ͫͦ͋ͦ͒ͤͦ ͍͔ͪͣΎΣ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ ͔͔ͭͨͦ͡ ͍͔ͪͣΎ ͎ͦ͒͊Υ ͍ ͙Ό͔͡ ͙ ͍͎͔͊ͯͫͭΦ ̉͊ͫͭͦ 

͔ͣͫͭͤ·͔ ͨͪͦͣ·͍͙͙ͫͦ͟͡ ͔ͤ ͙ͫͨͦ͡Έ͍͙ͦ͊͘͡ ͙͙ͤ͊͟͟ͻ ͔͍ͫͪ͒ͫͭ ͍ͦ͊͡Σ ͊ ͙͙͊ͤͣ͊ͫ͘͡Έ ͦ͋·;ͤ·ͣ 

͙͔ͫͦ͋ͪ͊ͭ͡Έ͍ͫͭͦͣΣ ͒ͦ͋·͍͊Ύ ͣͦ͡͡Ό͍ͫͦ͟ ͙ͪͯ͊ͣ͟ ͍͒ͦ͡Έ ͔͔͎͋ͪ͊Φ  

˨ͦͻͦ͒· ͦͭ ͔͗ͣ;͎ͯ͗ͤͦͦ ͨͪͦͣ·ͫ͊͡ ͔͔ͪ͊ͫͨͪ͒͡Ύ͙ͫ͡Έ ͔͙ͫͪ͒ ͙ͪ͊͘͡;ͤ·ͻ ͯ;͙͍͊ͫͭͤͦ͟ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͍͟͡Ό;͊Ύ ͒ͦ͋·ͭ;͙͍ͦ͟Σ ͎͍ͭͦͪͦͼ͔͍ ͙ ͔͔͔͙͍ͪͣͫͤͤͦ͟͡Σ ͙͊ͤͣ͊͘Ό΅͙ͻͫΎ ͚ͦ͋ͪ͊͋ͦͭͦ͟ ͔͗ͣ;͎ͯ͊Φ 

̏ͭͦͭ ͨͪͦͣ·͔ͫ͡ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊͡ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͦ͊͟͡͡Έͤ·ͻ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͫͭͪͯͭͯͪ͟Σ ͙ͭ͊͟ͻ ͊͟͟ ͔͙͊ͪͭ͡ ͙ 

͔͙͍ͦͦͨͪ͊ͭ͟·Σ ͔ͫͨͼ͙͙͙͍͍͊ͪͦ͊͘͡΄͙͔ͫΎ ͤ͊ ͒ͦ͋·;͔ ͙ ͔ͦ͋ͪ͊͋ͦͭ͟ ͔͗ͣ;͎ͯ͊Φ ˿͔͍ͪ͒ͫͭ͊Σ ͨͦͯ͡;͔ͤͤ·͔ ͦͭ 

͙ͨͪͦ͒͊͗ ͔͗ͣ;͎ͯ͊Σ ͙͎ͤͦ͒͊ ͍ͤ͊ͨͪ͊͡Ύ͙ͫ͡Έ ͤ͊ ͦ͋΅͔͍͔ͫͭͤͤ·͔ ͤͯ͗͒·Σ ͍͟͡Ό;͊Ύ ͙͔ͫͭͪͦͭ͡Έ͍ͫͭͦ ͼ͔͍͔͚ͪ͟ ͙ 

΄ͦ͟͡Σ ;ͭͦ ͨͦ͒;͔͙͍ͪ͊ͦ͟͡ ͔͎ͦ ͤ͊͘;͙ͣͦͫͭΈ ͒͡Ύ ͔ͣͫͭͤ·ͻ ͫͦͦ͋΅͔͍ͫͭΦ ˿ ͎͚͒ͪͯͦ ͫͭͦͪͦͤ·Σ ͍ XIX ς ͤ͊;͔͊͡ XX 

͍͍Φ ͍͙͍ͪ͊͊͊ͫ͘͡Έ ͔͍ͣͤͦ͊Ύ ͎͍ͭͦͪͦ͡Ύ ͍ͨͦͣͦͪͦ ͫ ˹͍͔͎͙͔͚ͦͪΣ ;ͭͦ ͔ͭ͊͗͟ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͦ͡ Ή͙ͦͤͦͣ͟;͔ͫͦͣͯ͟ 

͍͙͙ͪ͊ͭ͘Ό ͔͎͙ͪͦͤ͊ ό˴͔ͯͤ͘ͼ͍ͦΣ ώ͋Φ ͎ΦϐΦ о ͫΦύΦ 

ˬ͔ͣ;͎ͯ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪ ͙͊ͤͣ͊͘͡ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͍ ͯ͟͡Έ͚ͭͯͪͤͦ ͙͙͗ͤ͘ ͔͎ͣͫͭͤͦͦ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ 

ͦ͋͊͒͊͡͡ ͎͙ͯ͋ͦͣ͟͡ ͙͍͙ͫͣͦ͡;͔͙ͫͣ͟ ͤ͊͘;͔͙͔ͤͣΦ ˤ ͍͍͚ͨͪ͊ͦͫ͊ͤͦ͡ ͙ͭͪ͊͒ͼ͙͙ ͦͤ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͫ͡Ύ ͫ 

;͙͚ͫͭͦͭͦ ͙ ͒ͯͻ͍͚ͦͤͦ ͙͚ͫͦ͡Σ ;ͭͦ ͔͔͙ͦͨͪ͒ͦ͡͡ ͔͎ͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍ ͼ͔͍͚ͪͦͤͦ͟ ͍͙ͯͭ͊ͪΣ ͔͔ͦ͒͗͒ 

͍ͫΎ΅͔͙͔͔͚ͤͤͦͫͯ͗ͭ͡͡ ͙ ͎͙͒ͪͯͻ ͙͊ͭͪ͋ͯͭ͊ͻ ͔͙͎͙͚ͪͦͤͦ͘͡ ͙͙͗ͤ͘Φ ˤ ͚ͤ͊ͪͦ͒ͤͦ ͯ͟͡Έ͔ͭͯͪ ͔͗ͣ;͎ͯ ͫ;͙ͭ͊ͫ͡Ύ 

ͣͦ΅ͤ·ͣ ͔͔͎ͦ͋ͪͦͣΣ ͊͘΅͙΅͊Ό΅͙ͣ ͦͭ ͘͡·ͻ ͒ͯͻ͍ͦ ͙ ͙͍͔ͨͪ͊͟͡Ό΅͙ͣ ͎͋͊ͦͨͦͯ͡͡;͙͔Φ ͙̏ͭ ͍͚͍ͫͦͫͭ͊ 

ͤ͊ͻ͙͙ͦ͒͡ ͔͙͔ͦͭͪ͊͗ͤ ͍ ͙͙ͫͦ͒͊ͤ͘ ͔͍͊ͣͯͭͦ͡ ͙ ͔͔͎͍ͦ͋ͪͦΣ ͦͭͦͪ͟·͔ ͙ͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ ͊͟͟ ͍ ͍͔͔͍͚ͨͦͫ͒ͤͤͦ 

͙͙͗ͤ͘Σ ͭ͊͟ ͙ ͍ ͦͫͦ͋·ͻ ͦ͋ͪΎ͒͊ͻΦ ˴͔ͪͦͣ ͎ͭͦͦΣ ͔͗ͣ;͎ͯ ͙͎ͪ͊͡ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͍͔ͫ͊͒͋ͤ·ͻ ͙ͭͪ͊͒ͼ͙ΎͻΣ 

͙͍͙͙ͫͣͦͪͯ͘͡Ύ ͎͍͋ͦ͊ͭͫͭͦΣ ;͙ͫͭͦͭͯ ͙ ͫ;͊ͫͭΈ͔ ͔ͫͣΈ͙Φ ͙͔́͊͟ ͦ͋·;͙͊ ͨͦ͒;͔͙͍ͪ͊͟Όͭ ͙ͯͤ͊͟͡Έ͔ͤͦ ͔ͣͫͭͦ 

͔͗ͣ;͎ͯ͊ ͍ ͒ͯͻ͍͚ͦͤͦ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͙͙͗ͤ͘ ˾͎ͯͫͫͦͦ͟ ˿͔͍͔ͪ͊Σ ͔͒͊͡Ύ ͔͎ͦ ͔ͤͦͭΆ͔͔͚ͣͣͦ͡ ;͊ͫͭΈΌ 

ͯ͟͡Έ͎ͭͯͪͤͦͦ ͔͙ͤ͊ͫ͒͡Ύ ͔͎͙ͪͦͤ͊Φ  

ˬ͔ͣ;ͯ͗ͤ·͚ ͨͪͦͣ·͔ͫ͡ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪ ͍ ·L· ͍͔͔͟ ͦ͊͊͘͟͡ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ 

ͫͦͼ͙͊͡ΈͤͯΌ ͫͭͪͯͭͯͪͯ͟ ͙ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫͦͦ͋΅͔͍ͫͭ ͔͎͙ͪͦͤ͊Φ ˻͙͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͙͔͔͙͚ͣͤͤ͘ ͫͭ͊ͦ͡ 

ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ ͫͦͦ͋΅͔͍ͫͭΣ ͙ͭ͊͟ͻ ͊͟͟ ͔͙͊ͪͭ͡Φ ͙̏ͭ ͦ͋Ά͔͙͔͙͒ͤͤΎ ͔ͣͫͭͤ·ͻ ͙͔͔͚͗ͭ͡Σ 

ͫͦ͒͊ͤͤ͘·͔ ͒͡Ύ ͔͙͍͚ͦͭͤͦ͟͟͡͡ ͒ͦ͋·;͙ ͔͗ͣ;͎ͯ͊Σ ͍͍͙ͫͨͦͫͦ͋ͫͭͦ͊͡ ͔͔͙ͯͪͨͤ͟͡Ό ͫͦͼ͙͊͡Έ͎ͤͦͦ 
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͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͙ ͔ͦͦͨͪ͊͟ͼ͙͙Φ ˤ ͪ͊ͣ͊͟ͻ ͔͔͚͊ͪͭ͡ ͙ͨͪͦͫͻ͙ͦ͒͡ ͔ͦ͋ͣͤ ͙ͤ͊ͤ͘Ύ͙ͣ ͙ ͦͨ·ͭͦͣΣ ;ͭͦ 

͙͙͍ͯͫ͊ͦ͡͡ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͯ;͙͙͊ͫͭͤ͊ͣ͟ ͙ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͦ͡ ͍͙͙ͪ͊ͭ͘Ό ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͍ͤ͊·͍ͦ͟Σ 

͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͒͡Ύ ͔ͯͫͨ΄͚ͤͦ ͒ͦ͋·;͙Φ 

˾͔͎ͯ͡Ύͪͤ·͔ Ύ͙ͪͣ͊ͪ͟Σ ͤ͊ ͦͭͦͪ͟·ͻ ͔͙͍ͪ͊ͦ͘͡·͍͊ͫ͡Ύ ͔͗ͣ;͎ͯΣ ͙ͫͭ͊͡ ͍͊͗ͤ·͙ͣ ͙ͨͯͤͭ͊ͣ͟ 

͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͙ͪ͊͘͡;ͤ·ͻ ͫͦͼ͙͊͡Έͤ·ͻ ͎ͪͯͨͨΦ ˭͔͒ͫΈ ͍͔ͫͭͪ;͙͊ͫ͡Έ ͔ͪͫͭ͟ΈΎ͔ͤΣ ͯͨ͟ͼ· ͙ ͍͒ͦͪΎ͔ͤΣ ;ͭͦ 

͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͦ͡ ͔ͦ͋ͣͤͯ ͔ͤ ͭͦ͡Έͦ͟ ͍͙ͭͦ͊ͪ͊ͣΣ ͤͦ ͙ ͯ͟͡Έͭͯͪͤ·͙ͣ ͼ͔ͤͤͦͫͭΎ͙ͣΦ ˴͔ͯͤ͘ͼ͍ͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͭͦΣ 

;ͭͦ ˢͪͻ͎͔͊ͤ͡Έͫ͟ ͋·͡ ͍ͦͫͤͦ͊ͤ ͒͡Ύ ͎͍͙ͭͦͪͦ͡ ˾͙͙ͦͫͫ ͫ ͔͍͔͚͙͙ͪͦͨͫͣ͟ ͙ͫͭͪ͊ͤ͊ͣ ͍ ·±L-·±LL ͍͔͊͟ͻΣ ͊ ͍ ·L· - 

ͤ͊;͔͊͡ ·· ͍͔͍ͦ͟ ͍͙͍ͪ͊͊͊ͫ͘͡Έ ͔͍ͣͤͦ͊Ύ ͎͍ͭͦͪͦ͡Ύ ͍ͨͦͣͦͪͦ ͫ ˹͍͔͎͙͔͚ͦͪΦ ̏ͭͦ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟Σ ;ͭͦ 

͔͗ͣ;ͯ͗ͤ·͚ ͨͪͦͣ·͔ͫ͡ ͙͔ͣ͡ ͔ͤ ͭͦ͡Έͦ͟ ͦ͊͟͡͡Έ͔ͤͦΣ ͤͦ ͙ ͔͔ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊͘;͔͙͔ͤΦ ˾͍͙͙͔͊ͭ͘ ͨͪͦͣ·ͫ͊͡ 

͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͦ͡ ͫͦͼ͙͊͡Έ͚ͤͦ ͙ͣͦ͋͡Έ͙ͤͦͫͭΣ ͭ͊͟ ͊͟͟ ͨͦΎ͍͔͙͔ͤ͡ ͍ͤͦ·ͻ ͨͪͦͺ͔͙͚ͫͫΣ ͙ͭ͊͟ͻ ͊͟͟ ͔͗ͣ;͙͙ͯ͗ͤ͟ 

͙ ͦͼ͔ͤ΅͙͙͟ ͔͗ͣ;͎ͯ͊Σ ͦͭͪ͟·͍͊ͦ͡ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ ͊ͪ͟Έ͔͎ͪͤͦͦ ͪͦͫͭ͊ ͙ ͯͯ͡;΄͔͙ͤΎ 

͎͋͊ͦͫͦͫͭͦ͡Ύ͙ͤΎ ͔͔͙ͤ͊ͫͤ͡ΎΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͗ͣ;ͯ͗ͤ·͚ ͨͪͦͣ·͔ͫ͡ ͫͭ͊͡ ͍͊͗ͤ·ͣ ͺ͊ͭͦͪͦͣ͟Σ 

͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙ͣ ͙͔͔͙ͣͤͤ͘Ό ͫͦͼ͙͊͡Έ͚ͤͦ ͫͭͪͯͭͯͪ͟· ͙ ͔͔͙ͯͪͨͤ͟͡Ό ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔ͣ͗͒ͯ 

͙ͪ͊͘͡;ͤ·͙ͣ ͫͦ͡Ύ͙ͣ ͦ͋΅͔͍ͫͭ͊Φ 

ˤ ·L· ͍͔͔͟ ͒ͦ͋·;͊ ͔͗ͣ;͎ͯ͊ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪ ͫͭ͊͊͡ ͙ͦ͒ͤͣ ͙͘ ͤ͊͘;͙ͣ·ͻ ͨͪͦͣ·͍ͫͦ͡Σ 

͔ͫͦͫͪ͒ͦͭͦ;͔ͤͤ·ͣ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͤ͊ ͔ͪ͊͟ͻ ͙ ͔ͦͪ͊͘ͻΣ ͙ͭ͊͟ͻ ͊͟͟ ˻͔͎ͤ͊ ͙ ˽͔;ͦͪ͊Φ ˨ΈΎ;͍ͤͦ ͔ͦͭͣ;͔͊ͭΣ 

;ͭͦ ζ͍ ˢͪͻ͎͔͊ͤ͡Έ͚ͫͦ͟ ͎͔͙͙ͯ͋ͪͤΣ ͔ͤͫͣͦͭͪΎ ͤ͊ ͍ͫͯͪͦ·͔ ͙͙ͣ͊ͭ͟͡;͔͙͔ͫ͟ ͍͙ͯͫͦ͡ΎΣ ͙͍͊ͭͤͦ͟ ͍͙͍͙ͪ͊͊ͫ͘͡Έ 

͙ͪ͊͘͡;ͤ·͔ ͨͪͦͣ·ͫ͡·Σ ͍͟͡Ό;͊Ύ ͔͗ͣ;ͯ͗ͤ·͚η ό˨ΈΎ;͍ͤͦΣ мфннΦ мл ͫΦύΦ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͦ͊͊͘͟͡ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ 

͍͙͡Ύ͙͔ͤ ͤ͊ Ή͙͔ͦͫͫͭͣ͟· ͍͔͍ͦ͒ͦͣͦΣ ͎͔͒ ͙͙ͦ͋ͭ͊͡ ͔͗ͣ;͙ͯ͗ͤͼ· ς ͣͦ͡͡Ό͙ͫ͟ ͪͦ͒͊ aŀǊƎŀǊƛǘƛŦŜǊŀΦ 

ˮ͔͙͍ͤͭͤͫͤ·͚ ͨͪͦͣ·͔ͫ͡ ͙͍͙ͨͪͦ͒͡ ͟ ͪ͊ͪͯ͘΄͔͙ͤΌ ͙ͻ ͔͔͍͔ͫͭͫͭͤͤ·ͻ ͔ͣͫͭ ͙͙ͦ͋ͭ͊ͤΎΣ ;ͭͦ ͔͎͙͍ͤ͊ͭͤͦ 

ͫ͊͘͟·͍͊ͦͫ͡Έ ͤ͊ ;͙͔͙ͫͤͤͦͫͭ͡ Ή͙ͭͻ ͣͦ͡͡Ό͍ͫͦ͟ ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͤ͊ ͙͙͙͋ͦͪ͊ͤͦͦ͋ͪ͊͘͘ ͍ͦ͒ͤ·ͻ 

Ή͙͔ͦͫͫͭͣ͟Φ ˹͊ͪͯ΄͔͙͔ͤ Ή͙͔ͦͫͫͭͣ͟ ͍͔͍ͦ͒ͦͣͦ ͔ͭ͊͗͟ ͨͪͦΎ͍͡Ύͦͫ͡Έ ͍ ͯͻͯ͒΄͔͙͙ͤ ͊͟;͔͍ͫͭ͊ ͍ͦ͒·Σ ;ͭͦ ͍͙͡Ύͦ͡ 

ͤ͊ ͎͙͔͒ͪͯ ͍͙͒·Σ ͍͙͊ͫ͘Ύ΅͙͔ ͦͭ Ή͙ͭͻ Ή͙͔ͦͫͫͭͣ͟Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ;͔͔ͪͣͪͤ͊͘Ύ ͒ͦ͋·;͊ ͔͗ͣ;͎ͯ͊ ͙ͫͭͦ΅͊͊͡ 

͙ͨͪͪͦ͒ͤ·͔ ͔ͪͫͯͪͫ· ͙ ͍ͫͦ͒͊͊͊͘͡ ͎͒ͦͦͫͪͦ͡;ͤ·͔ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡·Σ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͦͭͦͪ͟·ͻ 

ͦ΅ͯ΅͙͊ͫ͡Έ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͎͙ͣͤͦͻ ͔ͭ͡Φ 

ˬ͔ͣ;ͯ͗ͤ·͚ ͨͪͦͣ·͔ͫ͡ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪ ͍ ·L· ͍͔͔͟ ͙ͦͭ͡;͊ͫ͡Ύ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͪͯ;ͤ·ͻ ͔͍ͣͭͦ͒ͦ 

͒ͦ͋·;͙Σ ͙ͭ͊͟ͻ ͊͟͟ ͫ͊;͙͟ ͙ ͔͙ͫͭΦ ͙̏ͭ ͙͔ͤͫͭͪͯͣͤͭ· ͍͍͙ͫͨͦͫͦ͋ͫͭͦ͊͡ ͙͙͙ͣͤͣ͊͘ͼ͙͙ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ 

ͦͪͯ͗͊͟Ό΅ͯΌ ͔ͫͪ͒ͯΣ ͨͦͫͦ͟͡Έͯ͟ ͔ͤ ͤ͊ͪͯ΄͙͊͡ Ή͙͔ͦͫͫͭͣͯ͟ ͍ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͔͔͙ͫͭͨͤΦ ͔́ͣ ͔ͤ ͔͔͔ͣͤΣ 

͍͙͔ͦͭͫͯͭͫͭ ͙͔͙ͫͫͭͣ͊ͭ;͔͎ͫͦͦ͟ ͨͦ͒ͻͦ͒͊ ͟ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ό ͨͦͨͯ͡Ύͼ͙͚ ͔͗ͣ;ͯ͗ͤ·ͻ ͣͦ͡͡Ό͍ͫͦ͟ 

͙͍͙ͨͪͦ͒ͦ͡ ͟ ͙ͻ ͦ͊͟͡͡Έͤͦͣͯ ͙ͫͭͦ΅͔͙ͤΌΦ ˤ ·L· ͍͔͔͟ ͨͪͦͣ·͔ͫ͡ ͔͗ͣ;͎ͯ͊ ͨͪͦ͒ͦ͗͊͡͡ ͍͙͍ͪ͊͊ͭ͘ΈͫΎΣ 

ͫͦͻͪ͊ͤΎΎ Ή͔͔ͣͤͭ͡· ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ ͯ͟͡Έͭͯͪ· ͙ ͔͔͔ͪͣͫ͡ όˤͦͫͭͪΎ͍ͦ͟Σ ˶͔͍͊ͨͭ͊Σ нлмнΦ м ͫΦύΦ  

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͗ͣ;ͯ͗ͤ·͚ ͨͪͦͣ·͔ͫ͡ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪ ͍ XIX ͍͔͔͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͡ ͚ͫͦ͋ͦ 

ͤ͊͘;͙ͣ·͚ ͯ͟͡Έͭͯͪͤ·͚ ͙ Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͺ͔͔ͤͦͣͤΣ ͦͭͦͪ͟·͚ ͦ͊͊͘͟͡ ͍͙͡Ύ͙͔ͤ ͤ͊ ͫͦͼ͙͊͡ΈͤͯΌ ͫͭͪͯͭͯͪͯ͟ ͙ 

͙ͭͪ͊͒ͼ͙͙ ͔͎ͣͫͭͤͦͦ ͔͔͙ͤ͊ͫͤ͡ΎΦ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͨͦ͊͊ͦ͘͟͡Σ ;ͭͦ ͒ͦ͋·;͊ ͔͗ͣ;͎ͯ͊ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊͊͡ ͍͙͙ͪ͊ͭ͘Ό 

͔͔͔ͪͣͫ͡Σ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ ͫͦͦ͋΅͔͍ͫͭ ͙ ͔͔͙ͯͪͨͤ͟͡Ό ͎͍ͭͦͪͦ·ͻ ͍ͫΎ͔͚͘Φ ˻͒ͤ͊ͦ͟ 

ͨͪͦͣ·͔ͫ͡ ͔ͭ͊͗͟ ͙͔ͣ͡ ͔͎͙͍ͤ͊ͭͤ·͔ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔͍͙ͨͦͫ͒ͫͭ͡ΎΣ ͙͔ͭ͊͟ ͊͟͟ ͙͔͙͔ͫͤ͗ͤ ;͙͔͙ͫͤͤͦͫͭ͡ 

ͣͦ͡͡Ό͍ͫͦ͟ ͙ ͯͻͯ͒΄͔͙͔ͤ ͫͦͫͭͦΎ͙ͤΎ ͍ͦ͒ͤ·ͻ Ή͙͔ͦͫͫͭͣ͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˣ͔͔͍͊ͪͭͤ ˮΦ ˻ ͪͯͫͫͦͣ͟ ͔͗ͣ;͎͔ͯ κκ ˨͔͍͙ͤͤ͟ ͔ͦͭ͒͊͡ ͙ͻ͙͎͙͙ͭͦͦ͡ ˮͣͨΦ ͪͯͫͫ͟Φ ͦ͋-͍͊ ͙͙͊ͣ͊ͭ͊͘͟͟͡ͼ͙͙ 

͙͍͗ͦͭͤ·ͻ ͙ ͔͙͚ͪ͊ͫͭͤΦ мфлнΦ ˤ·ͨΦ млΦ ˿Φ оно-335. 

2. ˣ͔͙͚ͦͣͦͪͫ͟͡ ˻Φ ˬ͔ͣ;ͯ͗ͤ·͔ ͨͪͦͣ·ͫ͡· ͤ͊ ͔͍͔ͫͪͤͦͣ ͔͔͎͋ͪͯ ˾͙͙ͦͫͫ κκ ˹͔͊ͪͦ͒ͤͦ ͎͍͋ͦ͊ͭͫͭͦΦ мусоΦ Ѕ 

мпсΦ ˿Φ руп-585. 

3. ˣ͎͍͔͊ͦ͡΅͔͙͚ͤͫ͟ ˴Φ ˬ͔ͣ;͎ͯ ͍ ˻͔ͦͤ͡ͼ͚ͦ͟ ͎͔͙͙ͯ͋ͪͤ κκ ˻͔ͦͤ͡ͼ͙͚͟ ͙ͫ͋ͦͪͤ͟Υ ˸͔͙͊ͭͪ͊͡· ͒͡Ύ ͙͙͙ͫͭͦͪΣ 

͎͔͎ͦͪ͊ͺ͙͙Σ ͙͙͙ͫͭ͊ͭͫͭ͟ ͙ Ή͎ͭͤͦͪ͊ͺ͙͙ ˻͔ͦͤ͡ͼ͎ͦͦ͟ ͪ͊͟ΎΦ ˤ·ͨΦ пΦ ˽͔͍ͭͪͦ͊ͦ͒ͫ͘͟Υ ˥ͯ͋Φ ͙́ͨΦΣ мфлнΦ ˿Φ мту - 

181. 
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4. ˤͦͫͭͪΎ͍ͦ͟ ˶ΦΣ ˶͔͍͊ͨͭ͊ ˥Φ ˴ͯ͡Έͭͯͪ͊ ͎ͪͯͫͫͦͦ͟ ˿͔͍͔ͪ͊Υ ͙ͭͪ͊͒ͼ͙͙ ͫͦͻ͔͙ͪ͊ͤͤΎ ͙ ͔ͨͪͦ͋ͣ͡· 

͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ κκ ˿͙͋ͦͪͤ͟ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͟ тр-͔͙ͭ͡Ό ˢͪͻ͎͔͊ͤ͡Έ͚ͫͦ͟ ͙ͦ͋͊ͫͭ͡Φ ˢͪͻ͎͔͊ͤ͡Έͫ͟Υ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ 

ˢͪͻ͎͔͊ͤ͡Έ͎ͫͦͦ͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͍͔͙͔ͯͤͪͫͭͭ͊Σ нлмнΦ  нрс ͫΦ 

5. ˥͊͒͡·΄͔͍͊ ˻Φ˴ΦΣ ˻͔͔͍ͤ͡ ˿Φ˨Φ ˾͙͙ͦͫͨͫ ˤ͎͚ͦͦͦ͒ͫͦ͟͡ ͎͔͙͙ͯ͋ͪͤΥ ͦͨ·ͭ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͎ͪΎ͍͔ͦ͘ͼ͙͟ͻ 

ͨͪΎͦ͟͡ κκ ͙́ͪ͊͒ͼ͙ͦͤͤ͊Ύ ͯ͟͡Έͭͯͪ͊ ˾͎ͯͫͫͦͦ͟ ˿͔͍͔ͪ͊Υ ͙͙ͫͭͦ͟ ͙ ͍͔͔ͫͦͪͣͤͤͦͫͭΈΥ ͙ͫ͋ͦͪͤ͟ ͔͙͍ͣ͊ͭͪ͊ͦ͡ 

ˤ͔͙͚͚ͫͪͦͫͫͫͦ͟ ͤ͊ͯ;ͤͦ-͙ͨͪ͊ͭ͟;͔͚ͫͦ͟ ͦͤ͟ͺ͔͔ͪͤͼ͙͙Σ ͍ͨͦͫΎ΅͔͚ͤͤͦ пр-͔͙ͭ͡Ό ͔ͣͯ͘Ύ ζ˸͊͡·͔ ˴͔ͦͪ͡·η 

όˢͪͻ͎͔͊ͤ͡Έͫ͟Σ у - мм ͙Ό͡Ύ нллф ͎ͦ͒͊ύΦ ˢͪͻ͎͔͊ͤ͡Έͫ͟Υ ˸͔͚ͯ͘ ζ˸͊͡·͔ ˴͔ͦͪ͡·ηΣ нлмлΦ  ˿Φ трΦ 

6. ˨ΈΎ;͍ͤͦ ˢΦ ˹Φ ˿͙ͨͫͦ͟ ͔͔ͤ͊ͫͤͤ͡·ͻ ͔ͣͫͭ ˢͪͻ͎͔͊ͤ͡Έ͚ͫͦ͟ ͎͔͙͙ͯ͋ͪͤ ͤ͊ м-͔ ͣ͊Ύ мфнн ͎ͦ͒͊Φ ˢͪͻ͎͔͊ͤ͡Έͫ͟Υ 

ˢͪͻ͎ͯ͋ͫͦΌ͘Σ мфннΦ омп ͫΦ 

7. ˴͙ͦͤͫ͊͘͟Ύ ˥Φ ˴Φ ˴ͯ͡Έͭ ͔͍͔ͣ͒͒Ύ ͙ ζ͔ͣ͘͡Ύ͚ͤͦ ͔͍͔ͣ͒͒ͦ͟η ͍ ͍͔͍͙ͪͦ͊ͤΎͻ ͙͔͔͚͗ͭ͡ ˴ͦͤͦ΄͎ͫͦͦ͟ ͚ͪ͊ͦͤ͊ 

ˢͪͻ͎͔͊ͤ͡Έ͚ͫͦ͟ ͙ͦ͋͊ͫͭ͡ κκ ͙́ͪ͊͒ͼ͙ͦͤͤ͊Ύ ͯ͟͡Έͭͯͪ͊ ˾͎ͯͫͫͦͦ͟ ˿͔͍͔ͪ͊Υ ͙͙ͫͭͦ͟ ͙ ͍͔͔ͫͦͪͣͤͤͦͫͭΈΥ ˿͙͋ͦͪͤ͟ 

͔͙͍ͣ͊ͭͪ͊ͦ͡ ˤ͔͙͚͚ͫͪͦͫͫͫͦ͟ ͤ͊ͯ;ͤͦ-͙ͨͪ͊ͭ͟;͔͚ͫͦ͟ ͦͤ͟ͺ͔͔ͪͤͼ͙͙Σ ͍ͨͦͫΎ΅͔͚ͤͤͦ 45-͔͙ͭ͡Ό ͔ͣͯ͘Ύ ζ˸͊͡·͔ 

˴͔ͦͪ͡·η όˢͪͻ͎͔͊ͤ͡Έͫ͟Σ у-мм ͙Ό͡Ύ нллф ͎ͦ͒͊ύΦ  ˢͪͻ͎͔͊ͤ͡Έͫ͟Υ ˸͔͚ͯ͘ ζ˸͊͡·͔ ˴͔ͦͪ͡·ηΣ нлмлΦ  ˿Φ отм-384. 

8. ˴͔ͯͤ͘ͼ͍ͦ ˨Φ˹Φ ˴ͯ͡Έͭͯͪͤͦ-͙͙͔ͭͯͪͫͭͫ͟ ͔͋ͪͤ͒· ˻͙͙ͦͤ͡ ͙ ˴͔͊ͪ͡Έ͎ͫͦͦ͟ ˽ͦͣͦͪΈΎ Ґ /ǳƭǘǳǊŀƭ ŀƴŘ ǘƻǳǊƛǎǘ 

ōǊŀƴŘǎ ƻŦ hƭƻƴƛŀ ŀƴŘ YŀǊŜƭƛŀƴ tƻƳŜǊŀƴƛŀ κ ˨Φ ˴͔ͯͤ͘ͼ͍ͦΦ ό͙́ͯͪͣ͘ ͙ ͯ͟͡Έͭͯͪ͊ύ κκ ˥͙͙ͦͫͭͤ;͔ͤͦ ͔͒ͦ͡Φ  нлноΦ 

-́Φ мфΣ Ѕ нΦ ˿Φ ммо-121. 

9. ˶͍ͦ͡Ύ ͔͗ͣ;͎ͯ͊ ͍ ˢͪͻ͎͔͊ͤ͡Έ͚ͫͦ͟ ͎͔͙͙ͯ͋ͪͤ κκ ˻͔ͦͤ͡ͼ͙͔͟ ͎͔͙͔ͯ͋ͪͤͫ͟ ͍͔͙͒ͦͣͦͫͭΦ мутнΦ Ѕ мсΦ ˿Φ мфмΦ 

10. ˶ ͍ͦ͡Ύ ͔͗ͣ;͎ͯ͊ ͍ ͪΦ ˴͔͔͙ͪͭΣ ˴͔͎ͣͫͦͦ͟ ͔ͯ͒͊͘ ˢͪͻ͎͔͊ͤ͡Έ͚ͫͦ͟ ͎͔͙͙ͯ͋ͪͤ κκ ˮ͍͔͙ͫͭ͘Ύ ˢ˻ˮ˾˿ Ѕ мтΦ мфмлΦ 

˿Φ тп-76. 

11. ˸ ͊ͻ͍ͪͦ !Φ!Φ ˩͍͔͚ͪͦͨͫ͊͟Ύ ͔͗ͣ;͙ͯ͗ͤͼ͊ όaŀǊƎŀǊƛǘƛŦŜǊŀ ƳŀǊƎŀǊƛǘƛŦŜǊŀ ό[Φύύ ͙ ͪ·͋· - ͻͦ͘Ύ͔͍͊ ͔͔ ͙͡;͙ͤͦ͟ 

͍ ͍ͦ͒ͤ·ͻ ͙͔ͫͫͭͣ͊ͻΣ ͙͔͎ͨͪ͊͡Ό΅͙ͻ ͟ ͍͔ͦ͒ͦͪ͊͒ͯ͘͡ ͔͚͍͋͊ͫͫͤͦ ˣ͙͙͊ͭ͟͡ ͙ ˤ͎͙ͦ͡ όͦ͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡·ύ κκ 

ˣ͙͎͙ͦͦ͡;͔͙͔ͫ͟ ͔ͪͫͯͪͫ· ˣ͔͎ͦͦ͡ ͣͦͪΎ ͙ ͍͔͙ͤͯͭͪͤͤͻ ͍͔͍ͦ͒ͦͣͦ ˩͍͔͚͎ͪͦͨͫͦͦ͟ ˿͔͍͔ͪ͊Φ ˸͔͙͊ͭͪ͊͡· ··±LLL 

͔ͣ͗͒ͯͤ͊ͪΦ ͦͤ͟ͺΦ ˽͔͍ͭͪͦ͊ͦ͒ͫ͘͟Σ нллфΦ ˿Φ опу-353. 

12. ˹ ͔ͫͦ͟͡Έͦ͟ ͍ͫͦ͡ ͦ ͍͔ͦ͡͡ ͔͗ͣ;͎ͯ͊ ͍ ˻͔ͦͤ͡ͼ͚ͦ͟ ͎͔͙͙ͯ͋ͪͤ κκ ˻͔ͦͤ͡ͼ͙͔͟ ͎͔͙͔ͯ͋ͪͤͫ͟ ͍͔͙͒ͦͣͦͫͭΦ муфпΦ 

ЅнΦ ˿Φс-7. 

13. ˻  ͤ͊ͻ͔͙͙ͦ͗͒ͤ ͔͗ͣ;͎ͯ͊ ˢͪͻ͎͔͊ͤ͡Έ͚ͫͦ͟ ͎͔͙͙ͯ͋ͪͤ ˻͔͎ͤ͗ͫͦͦ͟ ͔ͯ͒͊͘ ͍ ͔ͪ;͔͟ ˿͔ͦͣ͋ κκ ˥ͦͪͤ·͚ ͗ͯͪͤ͊͡Φ 

муосΦ Ѕ тΦ ˿Φ ппс-448. 

14. ˽ ͪͦͣ·͔ͫ͡ ͔͗ͣ;͎ͯ͊ ͍ ˢͪͻ͎͔͊ͤ͡Έ͚ͫͦ͟ ͎͔͙͙ͯ͋ͪͤ κκ ˮ͍͔͙ͫͭ͘Ύ ˢ˻ˮ˾˿Φ мфмпΦ ЅнлΦ ˿Φ сфуΦ 

15. ˾ ͦͣ͊ͤ;͔ͤͦ͟ ˹Φ̅Φ ˹͔ͫͦ͟͡Έͦ͟ ͍ͫͦ͡ ͦ ͪͯͫͫͦͣ͟ ͔͗ͣ;͎͔ͯΦ ˿˽͋ΦΥ ͙͎́ͨͦͪ͊ͺ͙Ύ ˥͍͎͊ͤͦͦ͡ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͔͍ͯ͒ͦ͡Σ мфмнΦ он ͫΦ 

16. ˾ ͍ͯͫͫͦ ˿Φ ˿͍ͦ͊ͪ͡Έ ͔͗ͣ;ͯ͗ͤ·͚ ͙͙͡ ˻͙͙͔ͨͫ͊ͤ ͔ͣͫͭ ͙ ͍ͦ͒Σ ͤ͊ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ˾͙͙ͦͫͫ ͤ͊ͻͦ͒Ύ΅͙ͻͫΎΣ ͍ 

͙ͦ͟ͻ ͍͙ͦͭͫ͡Ύ ͔͗ͣ;͎ͯΦ ˿˽͋ΦΥ ͙͎́ͨͦͪ͊ͺ͙Ύ ˨͔͔ͨ͊ͪͭ͊ͣͤͭ͊ ͎ͤ͊ͪͦ͒ͤͦͦ ͍͔ͨͪͦͫ΅͔͙ͤΎΣ мунфΦ ос ͫΦ 

17. ̆ ͔͍ͪ͋ͭͦ ˢΦ˴Φ ˽͔͙͔ͦͦ͗ͤ͡ ͔͗ͣ;͚ͯ͗ͤͦ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ͍ ˾͙͙ͦͫͫΦ ˿˽͋ΦΥ ͙͎́ͨͦͪ͊ͺ͙Ύ ˢΦˤΦ ˿͍͙ͯͦͪͤ͊Σ 

муфтΦ нт ͫΦ 

˥͍͊͊͡ мΦ ˮ ͙ͫͭͦͪͦ͟-ͯ͟͡Έ͔ͭͯͪͤͦ ͤ͊͘;͔͙͔ͤ ͔͗ͣ;͎ͯ͗ͤͦͦ ͨͪͦͣ·ͫ͊͡ ͤ͊ ˾ͯͫͫͦͣ͟ ˿͔͍͔͔ͪ 

1.1 ˮ ͫͭͦ;͙͙ͤ͟ ͙ ͔ͣͭͦ͒· ͒ͦ͋·;͙ ͔͗ͣ;͎ͯ͊ ͍ мф ͍͔͔͟ 

1.2 ̏ ͙ͦͤͦͣ͟;͔ͫ͊͟Ύ ͪͦ͡Έ ͨͪͦͣ·ͫ͊͡ ͍ ͙͙͗ͤ͘ ͔͎ͣͫͭͤͦͦ ͔͔͙ͤ͊ͫͤ͡Ύ 

1.3 ˴ ͯ͡Έͭͯͪͤ·͔ ͔͊ͫͨͭ͟· ͙ ͙ͭͪ͊͒ͼ͙͙Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͔͗ͣ;͎ͯͦͣ 

1.4 ʕ ͙͡Ύ͙͔ͤ ͨͪͦͣ·ͫ͊͡ ͤ͊ ͫͦͼ͙͊͡ΈͤͯΌ ͫͭͪͯͭͯͪͯ͟ ͙ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫͦͦ͋΅͔͍ͫͭ 

˥͍͊͊͡ нΦ ̏ ͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͊ͫͨͭ͟· ͔͗ͣ;͎ͯ͗ͤͦͦ ͨͪͦͣ·ͫ͊͡ 

2.1 ʕ ͔͚͍͙͔ͦ͒ͫͭ͘ ͨͪͦͣ·ͫ͊͡ ͤ͊ Ή͙͔ͦͫͫͭͣͯ͟ ͔͎͙ͪͦͤ͊ 

2.2 ˮ ͔͔͙͔ͣͤͤ͘ ͙͙͋ͦͪ͊ͤͦͦ͋ͪ͊͘͘Ύ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͒ͦ͋·;͙ ͔͗ͣ;͎ͯ͊ 

2.3 ˿ ͍͔͔ͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͫͦͻ͔͙ͪ͊ͤͤΌ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͙ ͙͎ͨͪͪͦ͒ͤͦͦ ͔͙ͤ͊ͫ͒͡Ύ 

2.4 ˽ ͔͙͊ͪ͊͡͡͡ ͔ͣ͗͒ͯ ͙͙ͫͭͦͪ;͔͙ͫͣ͟ ͨͪͦͣ·ͫͦͣ͡ ͙ ͍͔͔ͫͦͪͣͤͤ·͙ͣ Ή͎͙ͦͦ͟͡;͔͙͙ͫͣ͟ ͍·͍͙ͦ͊ͣ͘ 

ϭ̊ ͍ͯͤͦ͟ ˤ. .˹, 2025 
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ˣ͔ͪ͒·͔͍͊ ˢ͋͊ͭ ˹ͯͪ·͔͍ͤ͊ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΣ 

 ˮ ͙ͤͫͭͭͯͭ ͔͔͙ͭͦͣͣͯͤ͊͟͟͡ͼ͙͚ ͙ ͙ͤͺ͙͙ͦͪͣ͊ͭ͟ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

ζ˭˩˶˫˹̍˩η ˮ˹˹˻ˤˢ̇ˮ˻˹˹̍˩ ́˩̆˹˻˶˻˥ˮˮ ˴ˢ˴ ˮ˹˿́˾̂˸˩˹́ ̂˿́˻˯̉ˮˤ˻˥˻ ˾ˢ˭ˤˮ́ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͫͯ΅ͤͦͫͭΈ ͙ ͪͦ͡Έ ζ͔͖ͤ͘͡·ͻη ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ 

ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͚ͯͫͭͦ;͙͍͚ͦ ͔͙ͣͦ͒͡ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘ΎΦ ˽͙͍͙ͪͦ͒ͭͫΎ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ 

Ή͎͙ͦͦ͟͡;͔͙ͫ͟ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·ͻ ͙͍ͤͤͦ͊ͼ͙͚Σ ͙ͻ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͙ ͔ͣͻ͙͊ͤͣ͘· ͍͔͔͙ͤ͒ͪͤΎ ͍ 

ͨͪͦͣ·΄͔ͤͤͦͫͭ͡ΈΣ Ή͔͎͔͙ͤͪͭͯ͟Σ ͭͪ͊ͤͫͨͦͪͭ ͙ ͎ͦͪͦ͒ͫͯ͟Ό ͙ͤͺͪ͊ͫͭͪͯͭͯͪͯ͟Φ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͋͊ͪΈ͔ͪ·Σ 

͎͙ͦͪ͊ͤ;͙͍͊Ό΅͙͔ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ζ͔͖ͤ͘͡·ͻη ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙ ͔͎ͨͪ͒͊͊͡ΌͭͫΎ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͙ͻ 

͒͊͡Έ͔͚ͤ΄͔͎ͦ ͍͙͙ͪ͊ͭ͘ΎΦ ˽ͦ͊͊ͤͦ͘͟Σ ;ͭͦ ͍͔͔͙͔ͤ͒ͪͤ ͙ͭ͊͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͔͙ͫͤ͗ͤΌ 

͎͔͚͊ͤͭͪͦͨͦͤͤͦ ͎͙ͤ͊ͪͯ͘͟ ͤ͊ ͦͪͯ͗͊͟Ό΅ͯΌ ͔ͫͪ͒ͯΣ ͍ͨͦ·΄͔͙ͤΌ Ή͔͎ͤͪͦΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ 

͔͙ͦͤͯͪͤͭͦͫͨͦͫͦ͋ͤͦͫͭ͟͟ ͔͙ͨͪ͒ͨͪΎ͙͚ͭΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͔͖ͤ͘͡·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙͍ͤͤͦ͊ͼ͙͙Σ ͚ͯͫͭͦ;͙͍͔ͦ ͍͙͙͔ͪ͊ͭ͘Σ Ή͔͎ͤͪͦΉͺͺ͔͙͍ͭͤͦͫͭ͟ΈΣ 

͍͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·͔ ͙ͫͭͦ;͙͙ͤ͟ Ή͔͎͙͙ͤͪΣ Ή͎͙ͦͦ͟͡;͔͙͚ͫ͟ ͔͔͔ͣͤ͒͗ͣͤͭΣ  

͔͙͒͊ͪ͋ͦͤ͊͘͟ͼ͙ΎΣ ͼ͙ͪͯ͟͡Ύͪͤ͊Ύ Ή͙ͦͤͦͣ͊͟͟Φ 

 

˽͔͔ͪͻͦ͒ ͟ ͚ͯͫͭͦ;͙͍͚ͦ ͔͙ͣͦ͒͡ ͍͙͙ͪ͊ͭ͘Ύ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍͚ͦ ͊͒͊͘;͔͚ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͍͚ͣͪͦͦ 

Ή͙͙ͦͤͦͣ͟͟Φ ˾ͦͫͭ ͔͔͙ͨͦͭͪ͋ͤ͡Ύ ͔͍ͪͫͯͪͫͦΣ ͙͔͔͙͔ͣͤͤ͘ ͙ͣ͊ͭ͊͟͡Σ ͙ͫͭͦ΅͔͙͔ͤ ͙ͨͪͪͦ͒ͤ·ͻ ͍͊ͨ͊ͫͦ͘ ͙ 

ͯͻͯ͒΄͔͙͔ͤ Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͍͙ͦ͋ͫͭ͊ͤͦ͟ ͔ͭͪ͋ͯΌͭ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͍ͤͦ·ͻ ͨͦ͒ͻ͍ͦ͒ͦΦ ˤ Ή͙ͭͻ ͍͙ͯͫͦ͡Ύͻ 

͔ͦͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔ͨͪͦ͋ͪͭ͊Όͭ ζ͔͖ͤ͘͡·͔η ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ τ ͔ͭͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ ͔ͪ΄͔͙ͤΎΣ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ ͙͔͙͔ͫͤ͗ͤ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͦͪͯ͗͊͟Ό΅ͯΌ ͔ͫͪ͒ͯ ͙ ͪ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ 

͔͍ͪͫͯͪͫͦΦ 

ˮͻ ͍͔͔͙͔ͤ͒ͪͤ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͤ ͭͦ͡Έͦ͟ Ή͎͙ͦͦ͟͡;͔ͫͯ͟Ό ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΣ ͤͦ ͙ ͍͊͗ͤ·͚ 

Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͺ͊ͭͦͪ͟Σ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙͚ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙ ͔͚ͦͭͪ͊ͫ͡Σ ͙͔͙ͫͤ͗ͤΌ ͙͔͔͒ͪ͗͘͟ ͙ ͪͦͫͭͯ 

͔͙ͦͤͯͪͤͭͦͫͨͦͫͦ͋ͤͦͫͭ͟͟Φ ͔̇͡Έ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͙ τ ͔ͪ͊ͫͫͣͦͭͪͭΈ ͍ͦͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍͙͙ͪ͊ͭ͘Ύ 

ζ͘ ͔͖ͤ͡·ͻη ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙ͻ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ ͪͦ͡Έ ͍ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͫͺ͔͔ͪΦ 

мΦ ˽ͦͤΎ͙͔ͭ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ζ͔͖ͤ͘͡·ͻη ͙͍ͤͤͦ͊ͼ͙͚ 

ζ˭͔͖ͤ͡·͔η ͙͍ͤͤͦ͊ͼ͙͙ τ Ήͭͦ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͨͪͦ͒ͯ͟ͼ͙Ύ ͙ ͍͔ͯͨͪ͊ͤ͡;͔͙͔ͫ͟ ͙͙ͨͪ͊ͭ͟͟Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ 

ͤ͊ ͙͙͙ͣͤͣ͊͘ͼ͙Ό ͔͎͙͍͎ͤ͊ͭͤͦͦ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͦͪͯ͗͊͟Ό΅ͯΌ ͔ͫͪ͒ͯΦ ˴ ͙ͻ ͙ͦͭ͡;͙͔ͭ͡Έͤ·ͣ ͔ͦͫͦ͋ͤͤͦͫͭΎͣ 

ͦͭͤͦͫΎͭͫΎΥ 

͙͔͙͔ͫͤ͗ͤ ͍·͍͋ͪͦͫͦ ͙͍ͨ͊ͪͤͦ͟·ͻ ͎͍͊ͦ͘Τ 

ͫͦͪ͊͟΅͔͙͔ͤ ͔͔͙ͨͦͭͪ͋ͤ͡Ύ Ή͔͎͙͙ͤͪ ͙ ͫ·ͪΈΎΤ 

͔͍ͨͪ͒ͦͭͪ͊΅͔͙͔ͤ ͦͭͻ͍ͦ͒ͦ ͙ ͍͙͙͔ͪ͊ͭ͘ ͔͔͙ͨͪͪ͊͋ͦͭ͟Τ 

͍ͨͦ·΄͔͙͔ͤ Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Τ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·ͻ ͔͍ͪͫͯͪͫͦΦ 

͙̏ͭ ͙͍ͤͤͦ͊ͼ͙͙ ͺ͙ͦͪͣͪͯΌͭ ͍ͦͫͤͦͯ ζ͔͖͚ͤͦ͘͡ Ή͙͙ͦͤͦͣ͟͟η ͙ ͙͍͊ͭͤͦ͟ ͔͙͍ͨͦ͒͒ͪ͗͊ΌͭͫΎ 

͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͙ͣ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ͙ͣ ͙ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͙ͣ ͎͙ͨͪͦͪ͊ͣͣ͊ͣ ͔͙͒͊ͪ͋ͦͤ͊͘͟ͼ͙͙Φ 

нΦ ˻͍ͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ζ͔͖ͤ͘͡·ͻη ͔ͭͻ͎͙͚ͤͦͦ͡ 

нΦмΦ ˤ͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·͔ ͙ͫͭͦ;͙͙ͤ͟ Ή͔͎͙͙ͤͪ όˤˮ̏ύ 

˴͡Ό;͔͍ͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ ͔ͫͦͤ͡;ͤ·͔ Ή͔ͭͪͦͫͭ͊ͤ͟͡ͼ͙͙Σ ͍͔͍ͭͪͦ·͔ ͙ͭͯͪ͋ͤ·Σ ͙͎͍͋ͦ͊ͦ͘·͔ ͍͙ͯͫͭ͊ͤͦ͟Σ 

ͣ͊͡·͔ ˥̏˿ ͙ ͎͔͔ͦͭͪͣ͊͡Έͤ͊Ύ Ή͔͎͔͙ͤͪͭ͊͟Φ ˮͻ ͔͙ͨͪͣͯ΅͔͍ͫͭͦ τ ͙ͤ͊͘͟Ύ ͎͔ͯͪͦ͒ͤ͊͡Ύ ͙͔͙͍ͤͭͤͫͤͦͫͭΈ ͙ 
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͒ͦͫͭͯͨͤͦͫͭΈ ͔͍ͪͫͯͪͫͦΦ 

ˤ͔͔͙͔ͤ͒ͪͤ ˤˮ̏ ͍͔ͫͨͦͫͦ͋ͫͭͯͭΥ 

͙͔͙ͫͤ͗ͤΌ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙͔͎ͫͦͨ͊ͣͦͦ͟ ͙͍ͭͦͨ͊͡Τ 

ͫͦͪ͊͟΅͔͙ͤΌ ͍·͍͋ͪͦͫͦ ˿˻іΤ 

͔ͯͣͤΈ΄͔͙ͤΌ ͊ͭͪ͊ͭ͘ ͤ͊ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ Ή͔ͭͪͦ͟͡Ή͔͎͙͙ͤͪ ͍ ͎͒ͦͦͫͪͦ͡;ͤͦͣ ͔͙͔ͨͪͦ͒Φ 

нΦнΦ ͔͎̏ͤͪͦΉͺͺ͔͙͍ͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ 

˴ Ή͚ͭͦ ͎͔ͪͯͨͨ ͦͭͤͦͫΎͭͫΎ ͍͔͙͔ͫͭͦ͒ͦ͒ͤͦ ͍͔ͦͫ΅͔͙͔ͤΣ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͔ ͙͔ͫͫͭͣ· ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͙͒͊ͤ͘Ύ͙ͣΣ ͍·ͫͦͦ͟Ήͺͺ͔͙͍͔ͭͤͦ͟ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ ͙ ͔͙ͣ͊ͭͪ͊͡· ͫ ͙͚ͤͦ͘͟ ͔͍ͭͨͦͨͪͦͦ͒ͤͦͫͭ͡ΈΌΦ 

͔͎̏ͤͪͦΉͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͙ͨͪ͒ͨͪΎ͙ͭΎͣΥ 

͔ͯͣͤΈ΄͊ͭΈ ͔͔͙͔ͨͦͭͪ͋ͤ͡ Ή͔͎͙͙ͤͪ ͒ͦ олς50 %; 

͙ͫͤ͗͊ͭΈ Ήͫͨͯ͊ͭ͊͟͡ͼ͙ͦͤͤ·͔ ͊ͭͪ͊ͭ͘·Τ 

͍ͨͦ·΄͊ͭΈ Ή͎͙ͦͦ͟͡;͔ͫͯ͟Ό ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͙͔͋ͤͫ͘-ͨͪͦͼ͔͍ͫͫͦΦ 

нΦоΦ ζ̂ͣͤ·͚η ͙ Ή͎͙ͦͦ͟͡;ͤ·͚ ͭͪ͊ͤͫͨͦͪͭ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͍͟͡Ό;͊ΌͭΥ 

Ή͔͙͙ͭͪͦͣͦ͋͟͡͡ ͙ ͎͙͙͋ͪ͒ͤ·͔ ͍͙͙͊ͭͦͣͦ͋͡Τ 

ͦ͋΅͔͍͔ͫͭͤͤ·͚ ͭͪ͊ͤͫͨͦͪͭ ͤ͊ ͍͔ͦ͒ͦͪͦ͒Τ 

͙͔ͫͫͭͣ· ζ͎ͯͣͤͦͦη ͍͔͙ͯͨͪ͊ͤ͡Ύ ͭͪ͊ͺ͙ͦͣ͟Τ 

͙ͤͺͪ͊ͫͭͪͯͭͯͪͯ͟ ͒͡Ύ ͊ͪ͘Ύ͙͒͟ Ή͔ͭͪͦͭͪ͊ͤͫͨͦͪͭ͊͟͡Φ 

͔̏ͭͪͦͭͪ͊ͤͫͨͦͪͭ͟͡ ͙͔ͫͤ͗͊ͭ ͍͔ͯͪͦͤΈ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͍ͦ͒ͯ͘ͻ͊ ͍ ͎ͦͪͦ͒͊ͻ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͔ͨͪͻͦ͒ͯ ͟ 

͙͎͔͚ͤͦͯͪͦ͒ͤͦ͘͟͡ ͙ͣͦ͋͡Έ͙ͤͦͫͭΦ 

ζ˭͔͖ͤ͡·͔η ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͚ͯͫͭͦ;͙͍͎ͦͦ 

͍͙͙ͪ͊ͭ͘ΎΣ ͙͔͙͙ͫͤ͗ͤ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͙͍ͪͫͦ͟ ͙ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙ Ή͙͙ͦͤͦͣ͟͟Φ ˤ͔͔͙͔ͤ͒ͪͤ ͙ͭ͊͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ 

ͨͪͦͣ·΄͔ͤͤͦͫͭ͡ΈΣ ͭͪ͊ͤͫͨͦͪͭΣ Ή͔͎͔͙ͤͪͭͯ͟ ͙ ͔ͫ͡Έ͔ͫͦ͟ ͻͦ͘Ύ͚͍ͫͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔ͯͣͤΈ΄͔͙ͤΌ ͔͔͙ͨͦͭͪ͋ͤ͡Ύ 

͔͍ͪͫͯͪͫͦΣ ͙͔͙ͫͤ͗ͤΌ ͍·͍͋ͪͦͫͦ ͙ ͪ͊ͼ͙ͦͤ͊͡Έͤͦͣͯ ͦ͋ͪ͊΅͔͙ͤΌ ͫ ͦͭͻ͙ͦ͒͊ͣΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͫͯ΅͔͍ͫͭͯΌ΅͙͔ 

͔ͨͪͨΎ͍͙ͭͫͭΎΣ ͎ͦ͋͊͡͡Έͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙͍ͤͤͦ͊ͼ͙͙ ͍ͫͭ͊ͤͦΎͭͫΎ 

͔ͤͦͭΆ͔͔͚ͣͣͦ͡ ;͊ͫͭΈΌ ͔͚ͦͤͯͪͤͭͦͫͨͦͫͦ͋ͤͦ͟͟ ͙ ͍͔͔͚ͫͦͪͣͤͤͦ Ή͙͙ͦͤͦͣ͟͟. 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. ˽͔ͦͪͭͪ ˸ΦΣ ˤ͊ͤ ͔͒ͪ ˶͙͔ͤ͒ ˴Φ ͎͙̏ͦͦ͟͡;͔͙͔ͫ͟ ͙͍ͤͤͦ͊ͼ͙͙ ͙ ͔ͦͤͯͪͤͭͦͫͨͦͫͦ͋ͤͦͫͭ͟͟ΈΦ τ Harvard 

Business Review, 1995. 

2. ˻˻˹Φ ˨ͦ͊͒͟͡ ͦ ͦͤ͟ͼ͔ͨͼ͙͙ ͚ͯͫͭͦ;͙͍͎ͦͦ ͍͙͙ͪ͊ͭ͘ΎΦ τ New York: UN Publications, 2021. 

3. Geissdoerfer M. et al. The Circular Economy τ A new sustainability paradigm. τ Journal of Cleaner 

Production, 2017. 

ϭ x͔ͪ͒·͔͍͊ ˢ., 2025 
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͙͊ͤͭ;͙ͤͦͫͭ ͒ͦ ͍͔͔͙ͫͦͪͣͤͤͦͫͭΣ ͊ ͔ͭ͊͗͟ ͙ͻ ͯ͟͡Έ͔ͭͯͪͤͦΣ ͫͦͼ͙͊͡Έ͔ͤͦ ͙ ͙͙ͨͦͭ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΦ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙ͪͦ͡ ˸͔͎͗͒ͯͤ͊ͪͦ͒ͤͦͦ ͙͙͚͎ͦͣͨͫͦͦ͟͡ ͙͔ͦͣͭͭ͊͟Σ ͙ͨͪͤͼ͙ͨ͊ͣ ͙͙ͦͣͨͣ͊͘͡ ͙ 

͍͙͡Ύ͙ͤΌ ˻͙͙͚͙ͣͨͫ͟͡ͻ ͙͎ͪ ͤ͊ ͙͍͔ͣͪͦͦ ͙͍͔ͫͨͦͪͭͤͦ ͍͙͔͙͔͒͗ͤΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͦ͡ ͙͙͚͙͔ͣͨͫ͟ ͙͎ͪ·Σ ͙͙ͦͣͨͣ͘͡Σ ͫͨͦͪͭΣ ˸˻˴Σ ͙͊ͤͭ;ͤͦͫͭΈΣ ͍͔͔ͫͦͪͣͤͤͦͫͭΈΣ  

͔͔ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭͦΣ ͍ͣ͊ͫͫͦ͊Ύ ͯ͟͡Έͭͯͪ͊Φ 

 

˻͙͙͚͙͔ͣͨͫ͟͡ ͙͎ͪ· τ ͦ͒ͤͦ ͙͘ ͫ͊ͣ·ͻ ͤ͊͘;͙ͣ·ͻ ͙ ͣ͊ͫ΄ͭ͊͋ͤ·ͻ ͙͍ͫͨͦͪͭͤ·ͻ ͫͦ͋·͙͚ͭ 

͍͔͔͎ͫͦͪͣͤͤͦͦ ͙ͣͪ͊Φ ˮͻ ͙͙ͫͭͦͪΎ ͤ͊ͫ;͙ͭ·͍͔͊ͭ ͔͔͋ͦ͡ нулл ͔ͭ͡Σ ͤ͊;͙ͤ͊Ύ ͫ ͔͍͔͎͔͒ͪͤͪ;͔͙ͫ͟ͻ ͔͙͎͙ͪͦͤ͘͡·ͻ 

͔͍ͨͪ͊͒ͤͫͭ͘ ͍ ;͔ͫͭΈ ˭͔͍ͫ͊ ͙ ͊͊ͤ͘͟;͙͍͊Ύ ͍͔͔ͫͦͪͣͤͤ·͙ͣ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͙ͣ ͔͍͍͙ͫͦͪͤͦ͊ͤΎ͙ͣΣ 

ͦ͋Ά͔͙͒ͤΎΌ΅͙͙ͣ ͭ·ͫΎ;͙ ͔͍ͫͨͦͪͭͫͣͤͦ ͙͘ ͔ͫͦͭͤ ͫͭͪ͊ͤΦ ˻͙͙ͣͨ͊͒͊͡ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͤ ͭͦ͡Έͦ͟ 

͙͍͔ͫͨͦͪͭͤͦ ͫͦͫͭΎ͙͔͊ͤ͘Σ ͤͦ ͙ Ύ͍͔͙͔ͤ͡ ͙͍͚ͣͪͦͦ ͯ͟͡Έͭͯͪ·Σ ͍͙͡ΎΌ΅͔͔ ͤ͊ ͙͙ͨͦͭͯ͟͡Σ Ή͙ͦͤͦͣͯ͟͟Σ 

͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͔ ͦͭͤͦ΄͔͙ͤΎ ͙ ͦ͋΅͔͍͔ͫͭͤͤ·͔ ͼ͔͙ͤͤͦͫͭΦ 

͔̇͡Έ ͚͒͊ͤͤͦ ͪ͊͋ͦͭ· τ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͙͙ͫͭͦͪ;͔͙͚ͫ͟ ͨͯͭΈ ͍͙͙ͪ͊ͭ͘Ύ ˻͙͙͚͙ͣͨͫ͟͡ͻ ͙͎ͪ ͙ 

͙͙͍ͨͪͦ͊ͤ͊ͪͦ͊ͭ͘͡Έ ͙ͻ ͤ͊͘;͔͙͔ͤ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪΦ 

мΦ ˮ͙ͫͭͦͪΎ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ˻͙͙͚͙ͣͨͫ͟͡ͻ ͙͎ͪ 

мΦмΦ ˢ͙ͤͭ;ͤ·͔ ˻͙͙͚͙͔ͣͨͫ͟͡ ͙͎ͪ· 

˽͔͍ͪ·͔ ˻͙͙͚͙͔ͣͨͫ͟͡ ͙͎ͪ· ͨͪͦͻ͙͙ͦ͒͡ ͍ ͔͍͔͎͔͒ͪͤͪ;͔ͫͦͣ͟ ͎͔ͦͪͦ͒ ˻͙͙ͣͨ͡Ύ ͤ͊;͙ͤ͊Ύ ͫ ттс ͎ͦ͒͊ 

͒ͦ ͤΦ ΉΦ ˻͙ͤ ͍͙͙ͨͪͦͦ͒ͫ͡Έ ͊͗͒͟·͔ ;͔ͭ·͔ͪ ͎ͦ͒͊ ͙ ͔͍ͨͪ͒ͫͭ͊͡Ύ͙͡ ͚ͫͦ͋ͦ ͔ͤ ͨͪͦͫͭͦ ͙͍͔ͫͨͦͪͭͤͦ 

͔͍͍͙͔ͫͦͪͤͦ͊ͤΣ ͊ ͍͔͚͊͗ͤ΄͙͚ ͔͙͎͙ͪͦͤ͘͡·͚ ͙ ͯ͟͡Έͭͯͪͤ·͚ ͙ͨͪ͊͒ͤ͘͟Φ ˮ͎ͪ· ͍ͨͦͫΎ΅͙͊ͫ͡Έ ͎͋ͦͯ ˭͔͍ͫͯΣ ͊ ͙ͻ 

͍͔͔͙͔ͨͪͦ͒ͤ ͍ͫͦͨͪͦͦ͗͒͊ͦͫ͡Έ ͔͍͙͗ͪͭͦͨͪͤͦ΄͔͙ͤΎ͙ͣΣ ΄͔͍͙ͫͭΎ͙ͣ ͙ ͙ͪ͊͘͡;ͤ·͙ͣ ͙͙ͪͭͯ͊͊ͣ͡Φ 

ˤ ͎ͨͪͦͪ͊ͣͣͯ ͙͊ͤͭ;ͤ·ͻ ͙͎ͪ ͍ͻ͙͙ͦ͒͡ ͔ͫ͒ͯ͡Ό΅͙͔ ͍͙͒·Υ 

͔͎͋ ͤ͊ ͙ͪ͊͘͡;ͤ·͔ ͙͒ͫͭ͊ͤͼ͙͙Σ 

͋ͦͪΈ͋͊Σ 

͙ͨ͊ͤͪ͊ͭͦͤ͟ όͨͪͦͦ͋ͪ͊͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͫͣ΄͊ͤͤ·ͻ ͔͙͍͒ͤͦ͋ͦͪͫͭύΣ 

͔͙͔ͣͭ͊ͤ ͙͒ͫ͊͟ ͙ ͦͨ͟ΈΎΣ 

ͫ͊͟;͙͟ ͙ ͔͙ͦͫͤ͟͡;ͤ·͔ ͎͙ͦͤ͟Φ 

˿͔ͨͦͪͭͫͣͤ· ͔͍͍͙ͫͦͪͤͦ͊ͫ͡Έ ͔ͤ ͊͘ ͔͙ͣ͊ͭͪ͊͡Έͤ·͔ ͎ͤ͊ͪ͊͒·Σ ͊ ͊͘ ͙͍͍ͦͦ͟͡·͚ ͍͔ͤͦ͟ τ ͫ ͙͍ͣͦ͡ ;͔͙ͫͭ 

͙ ͍ͫ͊͡·Φ ˽͔͙͔͙ͦ͋͒ͭ͡ ͍͙͙ͫͭ͊ͤͦͫ͡Έ ͎͔ͪͦΎ͙ͣ ͍͙ͫͦͻ ͙͍ͨͦͫͦ͡Σ ͙ͻ ͙͔ͣͤ͊ ͍͔͍͔ͯͦ͟;͙͍͙͊ͫ͡Έ ͍ ͻ͙ͪͦͤ͊͟ͻΣ ͊ ͍ 

͎ͦͪͦ͒͊ͻ ͙ͣ ͍͙͙ͫͭ͊͡ ͙ͫͭ͊ͭͯΦ 

мΦнΦ ̂ͨ͊͒ͦ͟ ͙ ͔͊ͨͪͭ͘ ˻͙͙͚͙ͣͨͫ͟͡ͻ ͙͎ͪ 

˿ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͣ ͻ͙͙͍ͪͫͭ͊ͤͫͭ͊ ͤ͊͘;͔͙͔ͤ ˻͙͙͚͙ͣͨͫ͟͡ͻ ͙͎ͪ ͔͔ͨͦͫͭͨͤͤͦ ͔ͯͣͤΈ΄͊ͦͫ͡ΈΦ ˤ офп 

͎ͦ͒ͯ ͤΦ ΉΦ ͙͔ͣͨͪ͊ͭͦͪ ͔͙͚̅ͦ͒ͦͫ L ͔͙͊ͨͪͭ͘͡ ͙ͻ ͍͔͔͙͔ͨͪͦ͒ͤΣ ͫ;͙ͭ͊Ύ Ύ͘·;͔͙ͫͣ͟ ͦ͋ͪΎ͒ͦͣΦ ˹͊ ͎͙͔͒ͦ͡ 

͔͙ͫͭͦͭ͡Ύ ˻͙͙ͣͨ͊͒͊͡ ͙ͫ;͔͊͘͡ ͙͘ ͯ͟͡Έ͚ͭͯͪͤͦ ͙͙͗ͤ͘ ;͔͍͔ͦ͡;͔͍ͫͭ͊Φ 

нΦ ˤ͔͙͔ͦͪͦ͗͒ͤ͘ ˻͙͙͚͙ͣͨͫ͟͡ͻ ͙͎ͪ 

нΦмΦ ˾ͦ͡Έ ˽Έ͔ͪ͊ ͔͒ ˴͔͔ͯ͋ͪͭͤ͊ 

ˤ͙ͦͪͦ͒ͭ͘Έ ˻͙͙͚͙͔ͣͨͫ͟͡ ͙͎ͪ· ͯ͒͊ͦͫ͡Έ ͺͪ͊ͤͼͯͫͦͣͯ͘͟ ͦ͋΅͔͍͔ͫͭͤͤͦͣͯ ͔͒Ύ͔ͭ͡Ό ˽Έ͔ͪͯ ͔͒ 

˴͔͔ͯ͋ͪͭͤͯΣ ͦͭͦͪ͟·͚ ͫ;͙ͭ͊͡ ͫͨͦͪͭ ͍͊͗ͤ·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͍͙͙ͦͫͨͭ͊ͤΎ ͔͙ͣͦͦ͒͗͡ ͙ ͍͙͙ͪ͊ͭ͘Ύ 

͔͎ͣ͗͒ͯͤ͊ͪͦ͒ͤͦͦ ͙ͣͪ͊Φ 

ˤ муфп ͎ͦ͒ͯ ͋·͡ ͫͦ͒͊ͤ͘ ˸͔͗͒ͯͤ͊ͪͦ͒ͤ·͚ ͙͙͚͙͚ͦͣͨͫ͟͡ ͙͔ͦͣͭͭ͟ ό˸˻˴ύΣ ͊ ͔͍ͨͪ͊Ύ ͍͔͔ͫͦͪͣͤͤ͊Ύ 

˻͙͙ͣͨ͊͒͊͡ ͫͦͫͭͦΎ͊ͫ͡Έ ͍ ˢͺ͙ͤ͊ͻ ͍ муфс ͎ͦ͒ͯΦ ˤ ͔͚ͤ ͙ͨͪͤΎ͙͡ ͯ;͙͔͊ͫͭ ͦͦͦ͟͡ нрл ͔͍ͫͨͦͪͭͫͣͤͦ ͙͘ мп 

ͫͭͪ͊ͤΦ 

нΦнΦ ˾͍͙͙͔͊ͭ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ˻͙͙͚͙ͣͨͫ͟͡ͻ ͙͎ͪ 

˿ ͔ͭͻ ͨͦͪ ˻͙͙͚͙͔ͣͨͫ͟͡ ͙͎ͪ· ͤ͊͘;͙͔ͭ͡Έͤͦ ͪ͊ͫ΄͙͙͙ͪͫ͡Έ ͨͦ ͣ͊ͫ΄ͭ͊͋͊ͣΥ 

͍ ͎ͨͪͦͪ͊ͣͣ· ͍ͦ΄͙͡ ͔͒ͫΎ͙ͭ͟ ͍ͤͦ·ͻ ͍͙͍͒ͦ ͫͨͦͪͭ͊Σ 
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͍͔͙ͯ͡;͙ͦͫ͡Έ ͙ͦ͟͡;͔͍ͫͭͦ ͫͭͪ͊ͤ-ͯ;͙͊ͫͭͤͼΣ 

͙ͫͭ͊͡ ͔͎ͪͯ͡Ύͪͤͦ ͍͙ͨͪͦͦ͒ͭΈͫΎ ͙͙͔ͣͤ͘ ˻͙͙͚͙͔ͣͨͫ͟͡ ͙͎ͪ·Σ 

͋·͙͡ ͪ͊ͪ͊͋ͦͭ͊ͤ͘· ͙͙͚͙͔ͦͣͨͫ͟͡ ͙͍ͫͣͦ͡·Υ ͺ͎͊͡Σ ͔͍͙͒͘Σ ͎͙ͣͤΣ 

ͨͦΎ͍͙͊ͫ͡Έ ͙͙͚ͨ͊ͪ͊ͣͨͫ͊͟͡Ύ ͙ Όͤͦ΄͔ͫ͊͟Ύ ˻͙͙ͣͨ͊͒͊͡Φ 

оΦ ˭ͤ͊;͔͙͔ͤ ˻͙͙͚͙ͣͨͫ͟͡ͻ ͙͎ͪ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪ 

оΦмΦ ˿͙͍͔ͨͦͪͭͤͦ ͤ͊͘;͔͙͔ͤ 

˻͙͙ͣͨ͊͒͊͡ Ύ͍͡Ύ͔ͭͫΎ ͍͔ͪ΄͙͚ͤͦ ͙͍͎ͫͨͦͪͭͤͦͦ ͔͍ͣ͊ͫͭͪͫͭ͊Σ ͎͔͒ ͙ͫͦ͋ͪ͊ΌͭͫΎ ͯ͡;΄͙͔ ͔͊ͭͭ͡· ͙ͣͪ͊Φ 

̂;͙͔͊ͫͭ ͍ ˮ͎ͪ͊ͻ Ύ͍͡Ύ͔ͭͫΎ ͔ͣ;͚ͭͦ ͙͙͍ͣͦͤͦ͡͡ ͔͍ͫͨͦͪͭͫͣͤͦΦ ˻͙͙͚͔ͣͨͫͦ͟͡ ͍͙͔͙͔͒͗ͤ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͍͙͙ͪ͊ͭ͘Ό ͺ͙͙͘;͔͚ͫͦ͟ ͯ͟͡Έͭͯͪ·Σ ͨͦΎ͍͔͙ͤ͡Ό ͍ͤͦ·ͻ ͙͍ͫͨͦͪͭͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ ͔͙ͣͭͦ͒͟ ͎͍͙ͨͦ͒ͦͭͦ͟Φ 

оΦнΦ ˿ͦͼ͙͊͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ 

˻͙͙͚͙͔ͣͨͫ͟͡ ͙͎ͪ· ͍ͫͨͦͫͦ͋ͫͭͯΌͭΥ 

͔͔͙ͯͪͨͤ͟͡Ό ͔͎ͣ͗͒ͯͤ͊ͪͦ͒ͤͦͦ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘ΎΣ 

ͨͦͨͯ͡Ύ͙ͪ͊͘ͼ͙͙ ͍͎͒ͦͪͦͦͦ͘ ͦ͋ͪ͊͊͘ ͙͙͗ͤ͘Σ 

͔ͣ͗ͯ͟͡Έͭͯͪͤͦͣͯ ͔ͦ͋ͣͤͯΣ 

͍͙͙ͪ͊ͭ͘Ό ͔͎ͣͦͦ͒͗ͤͦͦ͡ ͫͨͦͪͭ͊Φ 

˻͙͙͚͙͔ͣͨͫ͟͡ ͙͎ͪ· ͨͪͦ΄͙͡ ͎͙͚͒ͦ͡ ͨͯͭΈ ͦͭ ͔͍͔͎͔͒ͪͤͪ;͔͎ͫͦͦ͟ ͔͙͎͙͎ͪͦͤͦͦ͘͡ ͙ͨͪ͊͒ͤ͊͘͟ ͒ͦ 

͔͚ͪͯͨͤ͟΄͔͎ͦ ͙͍͎ͣͪͦͦͦ ͙͍͎ͫͨͦͪͭͤͦͦ ͫͦ͋·͙ͭΎΦ ˮͻ ͤ͊͘;͔͙͔ͤ ͍·ͻ͙ͦ͒ͭ ͔͒͊ͦ͟͡ ͊͘ ͙ͪ͊ͣ͟ ͫͨͦͪͭ͊Σ ͦͻ͍͊ͭ·͍͊Ύ 

ͫͦͼ͙͊͡ΈͤͯΌΣ ͙͙ͨͦͭ͡;͔ͫͯ͟ΌΣ ͯ͟͡ΈͭͯͪͤͯΌ ͙ Ή͙ͦͤͦͣ͟;͔ͫͯ͟Ό ͫͺ͔ͪ·Φ ˻͙͙͚͔ͣͨͫͦ͟͡ ͍͙͔͙͔͒͗ͤ ͦ͋Ά͔͙͒ͤΎ͔ͭ 

;͔͍͔ͦ͡;͔͍ͫͭͦΣ ͎͙͔ͨͪͦͨ͊͊ͤ͒ͪͯͭ ͙ͣͪΣ ͒ͪͯ͗͋ͯ ͔ͣ͗͒ͯ ͤ͊ͼ͙Ύ͙ͣ ͙ ͔͔͙͔ͫͭͪͣͤ͡ ͟ ͎͙͊ͪͣͦͤ;ͤͦͣͯ ͍͙͙ͪ͊ͭ͘Ό 

͙͡;͙ͤͦͫͭΦ 

˿͔͎ͦ͒ͤΎ ˻͙͙͚͙͔ͣͨͫ͟͡ ͙͎ͪ· ͦͫͭ͊ΌͭͫΎ ͍͔͚͊͗ͤ΄͙ͣ ͙͍ͫͣͦͦͣ͡ ͔͎ͣ͗͒ͯͤ͊ͪͦ͒ͤͦͦ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭ͊ ͙ 

ͦ͋΅͙ͻ ;͔͍͔ͦ͡;͔͙ͫ͟ͻ ͼ͔͔͚ͤͤͦͫͭΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡· 

1. ˴͔͔ͯ͋ͪͭͤ ˽Φ ͔͒Φ ˻͙͙͚͙͔ͣͨͫ͟͡ ͔ͣͣͯ͊ͪ·Φ τ ˽ ͙͊ͪ͗Σ мфомΦ 

2. ˥͙͚͊͒͟͡ ̑Φ ˹Φ ˻͙͙͚͔ͣͨͫͦ͟͡ ͍͙͔͙͔͒͗ͤΥ ͙͙ͫͭͦͪΎ ͙ ͍͔͔ͫͦͪͣͤͤͦͫͭΈΦ τ ˸ ͍ͦͫ͊͟Υ ˿ͨͦͪͭΣ нлмсΦ 

3. ˸͔͗͒ͯͤ͊ͪͦ͒ͤ·͚ ͙͙͚͙͚ͦͣͨͫ͟͡ ͙͔ͦͣͭͭ͟Φ ˻ͺ͙ͼ͙͊͡Έͤ·͔ ͔͒ͦͯͣͤͭ͟· ͙ ͊ͪͻ͙͍· ˸˻˴Φ 

ϭ ̆͊͡͡·͔͍ ̊., 2025 
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THE IMPACT OF SOCIAL MEDIA ON ENGLISH LANGUAGE USE 

 

Abstract 

Social media platforms have exerted a transformative and multifaceted influence on contemporary 

English language use. These digital environments have created new linguistic spaces characterized by high-

speed communication and hybrid forms of interaction. Key changes include the emergence of a new style, 

often termed "Netspeak," which is distinguished by the widespread use of acronyms, emojis, and 

abbreviations (e.g., "lol," "brb"). This influence manifests both in informal communication, promoting 

linguistic economy and creativity, and in the infiltration of these network-based forms into more formal 

contexts. Studying this phenomenon requires analysis of sociolinguistic shifts, the impact on literacy and 

orthographic standards, and the role of social media in the dissemination of English as a global lingua franca. 

Key words:  

social media, English language, Netspeak, acronyms, abbreviations, emojis,  

sociolinguistics, literacy, lingua franca. 

 

Social media platforms have fundamentally reshaped the landscape of contemporary English language 

use. These digital spaces facilitate rapid, asynchronous, and global communication, leading to significant 

linguistic shifts that challenge traditional norms. The environment of instant messaging and short-form 

content drives the evolution of new, more efficient language styles. 

hƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳƳŜŘƛŀǘŜ ƛƳǇŀŎǘǎ ƛǎ ǘƘŜ ǊƛǎŜ ƻŦ ζbŜǘǎǇŜŀƪη ƻǊ ŎƻƳǇǳǘŜǊ-mediated communication 

style. This involves an extensive use of abbreviations and acronyms, such as "LOL" (laughing out loud), "BRB" 

(be right back), and "OMG" (oh my god). These forms prioritize speed and communicative efficiency over 

conventional spelling rules. 

The widespread adoption of emojis and emoticons represents another profound change. These visual 

cues function as substitutes for non-verbal communication elements, such as facial expressions and tone of 

voice, which are lost in text-based interactions. They add emotional nuance and complexity, effectively 

expanding the linguistic toolkit. 

Social media encourages orthographic simplification and phonetic spelling. Users frequently drop 

unnecessary letters, use phonetic representations of spoken language (e.g., "gonna," "wanna"), or 

intentionally misspelling words for comedic or expressive effect. This creative disregard for standards reflects 

the informal nature of the medium. 

The influence of social media extends beyond mere abbreviations to affect syntax and sentence 

structure. Messages often feature shorter sentences, fragmented clauses, and a reduced adherence to 

formal grammatical rules. The constraint of character limits, particularly on platforms like X (formerly 

Twitter), encourages conciseness. 

The distinction between written and spoken language has become blurred. Social media language 

often mimics the rhythm and spontaneity of spoken conversation, incorporating features like interjections, 

discourse markers, and rapid turn-taking. This hybridization creates a dynamic and fluid style of writing. 
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A significant debate revolves around the impact of social media on literacy and standard grammar. 

Critics argue that constant exposure to non-standard forms undermines formal writing skills and leads to a 

decline in general grammatical competency, especially among younger generations. 

However, many linguists argue that social media fosters a form of digital literacy. Users develop the 

skill of code-switching, easily shifting between highly informal digital styles and more formal, academic 

registers. This adaptability is seen as a complex linguistic competency. 

The platforms have also accelerated the diffusion of new vocabulary and slang. Terms originating in 

specific online subcultures or communities quickly enter mainstream usage. This rapid linguistic innovation 

makes the English lexicon more dynamic and reactive to current cultural trends. 

Social media amplifies the role of English as a global lingua franca. Interactions between non-native 

speakers often rely on simplified or core English vocabulary. This global, often non-native, usage further 

drives the evolution of the language, sometimes creating new regional variations. 

The immediacy of the medium promotes conversational convergence or alignment. Users tend to 

quickly adopt the linguistic style, vocabulary, and even punctuation habits of their immediate social network. 

This creates localized linguistic norms within large platforms. 

The use of capitalization and punctuation has taken on new semantic meaning. Excessive capitalization 

is often used to convey shouting or intense emotion. The deliberate omission or unconventional use of 

punctuation marks can indicate informality or a lack of seriousness. 

Emoji syntax is emerging as a novel area of study. The placement, sequence, and number of emojis can 

modify the meaning of a text string. Emojis can function as nouns, adjectives, or even complete 

conversational turns, creating a visually rich communicative layer. 

From a sociolinguistic perspective, social media interactions reflect and reinforce social identities. 

Users utilize specific linguistic features to signal group membership, cultural affiliation, and individual 

personality, leading to a proliferation of distinct sociolinguistics styles. 

The phenomenon of microblogging and the demand for brevity have necessitated the development of 

new narrative strategies. Users must condense complex thoughts or experiences into short, impactful posts, 

fostering a style reliant on implication and suggestive language. 

The impact is evident in professional and academic settings as well. Elements of the "Netspeak" style 

occasionally bleed into formal communications, such as emails or even essays. Educators and professionals 

grapple with setting boundaries for acceptable linguistic formality. 

The language of social media is subject to extremely fast change and obsolescence. Terms and trends 

that are popular one year may become obsolete or "cringe" the next. This rapid turnover makes the study of 

digital English a constantly evolving field. 

Conclusion 

Ultimately, social media is not degrading the English language but rather providing a vast, experimental 

laboratory. It demonstrates the language's inherent flexibility and resilience, allowing it to adapt to meet the 

unique demands of digital communication in the 21st century. 
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LEXICAL AND GRAMMATICAL PROBLEMS OF TRANSLATION 

 

Abstract 

Translation is a complex process of cross-lingual and cross-cultural communication that is inevitably 

fraught with a range of lexical and grammatical challenges. Lexical difficulties arise from differences in the 

semantic structure of words, the complete absence of direct equivalents (non-equivalent vocabulary), and 

issues related to polysemy, idioms, and terminological gaps. Grammatical problems are caused by the 

structural divergence of syntactic patterns, differences in categories such as tense, voice, and mood, as well 

as the variability of word order between the source language and the target language. Effective resolution of 

these problems requires the translator to possess not only a profound knowledge of both linguistic systems 

but also proficiency in various transformations (grammatical substitutions, omissions, additions) and 

translation techniques (calque, transliteration, descriptive translation). The ultimate goal is to achieve 

equivalence and adequacy in the translation while preserving its stylistic and pragmatic characteristics. 

Key words: 

 lexical problems, grammatical problems, equivalence, adequacy, non-equivalent vocabulary, 

transformations, idioms, syntactic structures. 

 

Translation, at its core, is an act of interlingual and intercultural transfer. The central challenge lies in 

recreating the message of the source language text in the target language text while preserving all relevant 

functional and stylistic qualities. This process is never straightforward, as it forces the translator to mediate 

between two fundamentally different linguistic systems. 

The difficulties inherent in translation can be broadly categorized into lexical problems and 

grammatical problems. Lexical problems deal with the meaning of individual words, phrases, and 

terminology. Grammatical problems concern the structural differences between languages, particularly in 

syntax and morphology. 

Lexical Challenges in Translation 

One of the most frequent lexical difficulties is dealing with non-equivalent vocabulary. These are words 

or concepts that exist in the source culture but lack a direct, single-word match in the target language. 

Examples often include culture-specific realities, food names, or specialized administrative terms. 

To overcome non-equivalence, translators rely on methods such as transliteration or transcription, 

where the word is borrowed and adapted to the target language's phonetic system. Alternatively, a 

descriptive translation or explication can be used to convey the full meaning. This ensures the target reader 

grasps the concept, even if the brevity of the original word is lost. 

Polysemy, or the existence of multiple meanings for a single word, poses another significant lexical 

hurdle. The translator must accurately determine the intended meaning based on the context of the specific 

sentence and the broader discourse. Mistaking the contextual meaning can lead to a fundamental error in 

the translated text's message. 
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Translating idioms and fixed expressions presents a unique challenge. Idioms, whose meaning cannot 

be deduced from the literal meaning of their constituent words (e.g., "to kick the bucket"), require either a 

functional equivalent in the target language. If no equivalent exists, the translator must resort to a non-

idiomatic, descriptive paraphrase to capture the original sense. 

False friends of the translator are words in two different languages that look or sound similar but have 

different meanings. For instance, the English word "magazine" and the French word "magasin" (store) are 

common pitfalls. Relying solely on visual or auditory similarity can lead to highly misleading and inaccurate 

lexical choices. 

Translating specialized terminology requires not only linguistic competence but also domain expertise. 

Technical, legal, or medical terms must be translated with absolute precision to maintain the professional 

integrity of the text. Terminological inconsistency or inaccuracy can have serious practical consequences. 

Grammatical Challenges in Translation 

Syntactic divergence is a major source of grammatical problems. Languages often have different rules 

regarding word order, dependency, and the use of complex sentences. For example, a Subject-Verb-Object 

(SVO) structure in one language may need to be entirely rearranged in a Subject-Object-Verb (SOV) language 

to sound natural. 

Differences in grammatical categories require the use of grammatical transformations. For instance, 

English has a rich system of modal verbs and tense-aspect distinctions that may be conveyed differently in 

other languages. A verbal category in the source language might need to be translated as an adjective or an 

adverb in the target language. 

The category of voice (active vs. passive) often requires careful handling. A common translation 

strategy involves changing a passive construction in the source language into an active one in the target 

language to achieve greater clarity or naturalness. This adjustment ensures the grammatical style fits the 

conventions of the target language. 

Handling nominalization (turning verbs into nouns) and verbalization (turning nouns into verbs) is 

another common grammatical challenge. Academic English often favors nominalization, while other 

languages may prefer a more dynamic, verb-heavy style. The translator must structurally restructure the 

sentence to maintain the original meaning. 

Translators frequently employ a strategy known as reduction or omission to solve structural 

redundancy. Certain function words, prepositions, or articles that are grammatically necessary in the source 

language may be unnecessary or even grammatically incorrect in the target language. This selective omission 

ensures a natural flow. 

Conversely, the technique of addition or specification is often necessary to satisfy the grammatical 

requirements of the target language. This involves adding words (e.g., articles, conjunctions, or prepositions) 

that were implied or grammatically absent in the source text. This is crucial for achieving grammatical well-

formedness. 

The core objective when addressing grammatical differences is achieving communicative equivalence. 

The translated text must not only be grammatically correct but must also elicit the same effect and meaning 

on the target reader as the original text did on the source reader. This often necessitates sacrificing literal 

structural correspondence. 

Ultimately, solving these lexical and grammatical problems relies heavily on the translator's ability to 

use translation transformations effectively. These systematic shifts allow the translator to move beyond 

simple word-for-word substitution. They are the tools for achieving adequacy and naturalness in the final 

product. 

The translator acts as a bridge, understanding that the meaning is not merely contained in the 
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individual lexical units but in the complex interplay of grammar, semantics, and pragmatics. Mastery of both 

the lexical and grammatical domains is the hallmark of a skilled and effective translator. 

 Conclusion 

The complexity of translation underscores that it is not a mechanical process of code-switching but 

rather a nuanced art grounded in robust linguistic science. The translator's work involves continuous 

problem-solving to minimize the inherent loss of meaning that occurs when crossing linguistic and cultural 

boundaries. 
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̂˨ ˴81 

ˣ͚͎͔͙͔͍͊ͪ͊ͣ͒͡ ˾ ͯͫͭ͊ͣ 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͙͔͍͊ͪͪ͊ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

ˮ˹˻˿́˾ˢ˹˹̍˩ ̒˭̍˴ˮ ˴ˢ˴ ˻˿˹˻ˤˢ ˸˩ˬ˴̂˶̎́̂˾˹˻˯ ˴˻˸˸̂˹ˮ˴ˢ̇ˮˮ 

 ˮ  ˽˾˻̅˩˿˿ˮ˻˹ˢ˶̎˹˻˯ ˽˻˨˥˻́˻ˤ˴ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙ͪͦ͡ ͙ͤͦͫͭͪ͊ͤͤ·ͻ Ύ͘·͍ͦ͟ ͍ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙Φ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙ͻ 

ͺͯͤ͟ͼ͙͙ ͍ ͔ͣ͗ͯ͟͡Έ͚ͭͯͪͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Σ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘ ͙ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͊ ͔ͭ͊͗͟ 

ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͎͍͙ͨͦ͒ͦͭͦ͟ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Φ 

 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͙ͤͦͫͭͪ͊ͤͤ·͚ Ύ͘·͟Σ ͔ͣ͗ͯ͟͡Έͭͯͪͤ͊Ύ ͙ͦͣͣͯͤ͊͟͟ͼ͙ΎΣ ͎͙ͦ͋͊͊͘͡͡ͼ͙ΎΣ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘Σ 

 ͨ ͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟ΈΦ 

 

˿͍͔͔͔ͦͪͣͤͤͦ ͍͙͙͔ͪ͊ͭ͘ ͦ͋΅͔͍ͫͭ͊ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͙͍͊ͭͤ͟·ͣ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭͣ͘ ͯ͟͡ΈͭͯͪΣ 

͔͙͔ͫͭͪͣͭ͡Έͤ·ͣ ͪ͊ͫ΄͙͔͙͔ͪͤͣ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ ͍ͦͤͭ͊ͭͦ͟͟ ͙ ͋·ͫͭͪ·ͣ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͣ ͔ͦ͋ͣͤͦͣΦ ˤ 

Ή͙ͭͻ ͍͙ͯͫͦ͡Ύͻ ͍͔͙͔͊͒ͤ͡ ͙ͤͦͫͭͪ͊ͤͤ·͙ͣ Ύ͘·͙͊ͣ͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͟͡Ό;͔͍·ͣ ͍͙͔ͯͫͦͣ͡ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ 

͙ͣͦ͋͡Έ͙ͤͦͫͭΣ ͔͙͊͊͒ͣ͟;͔͎ͫͦͦ͟ ͪͦͫͭ͊ ͙ ͔ͣ͗ͯ͟͡Έ͎ͭͯͪͤͦͦ ͍͙͙͙͊ͣͦͨͦͤͣ͊ͤ͘ΎΦ ˮͯ͘;͔͙͔ͤ ͙ͤͦͫͭͪ͊ͤͤ·ͻ 

Ύ͘·͍ͦ͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͊͟͟ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΣ ͤͦ ͙ ͊͟͟ ͔͎͙ͫͭͪ͊ͭ;͔͙͚ͫ͟ 

͔ͪͫͯͪͫ ͍͙͙ͪ͊ͭ͘Ύ ͙͡;͙ͤͦͫͭΦ 

ˮͤͦͫͭͪ͊ͤͤ·͚ Ύ͘·͟ ͺͯͤ͟ͼ͙͙͔ͦͤͪͯͭ ͊͟͟ ͙͔ͤͫͭͪͯͣͤͭ ͦ͋΅͔͙ͤΎΣ ͍ͨͦͦ͘͡ΎΌ΅͙͚ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ 
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ͨͪΎ͚ͣͦ ͔ͦ͋ͣͤ ͙ͤ͊ͤ͘Ύ͙ͣΣ ͙ͤͺͦͪͣ͊ͼ͙͔͚ ͙ ͯ͟͡Έͭͯͪͤ·͙ͣ ͫͣ·͙ͫ͊ͣ͡Φ ˻ͤ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͪ͊ͫ΄͙͔͙ͪͤΌ 

͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͎ͤͦͦ ͎ͪͯͦͦͪ͊͘͟Σ ͍͙͙ͪ͊ͭ͘Ό ͙͙͊ͤ͊ͭ͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡Ύ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͔͎ͭͦͪ͊ͤͭͤͦͦ͡ 

͍͙ͦͫͨͪΎ͙ͭΎ ͎͙ͣͤͦͦͦ͋ͪ͊͘Ύ ͯ͟͡ΈͭͯͪΦ ˨͡Ύ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͔ͫͨͼ͙͙͊ͫͭ͊͡ ͍͔͙͔͊͒ͤ͡ ͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·ͦͣ͟ 

Ύ͍͡Ύ͔ͭͫΎ ͔͔ͨͦ͊͊ͭͣ͘͟͡ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟ ͙ ͎͍͙ͦͭͦͤͦͫͭ ͟ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤͦͣͯ 

͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭͯΦ 

ˤ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͫͺ͔͔ͪ ͙ͤͦͫͭͪ͊ͤͤ·͚ Ύ͘·͟ ͍·ͨͦͤ͡Ύ͔ͭ ͎͙͙͍ͦͤͭͤͯ͟Ό ͙ ͫͦͼ͙ͦͯ͟͡ΈͭͯͪͤͯΌ 

ͺͯͤ͟ͼ͙͙Φ ˴͎͙͙͍ͦͤͭͤ͊Ύ ͺͯͤ͟ͼ͙Ύ ͍·͔ͪ͊͗͊ͭͫΎ ͍ ͍͙͙͙ͪ͊ͭ͘ Ύ͘·͍͎ͦͦͦ͟ ͙ ͎͙ͦ͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΣ 

͍͔͙͙ͦ͊͒ͤ͡ ͙͍͔ͯͤͪͫ͊͡Έͤ·͙ͣ ͯ;͔͋ͤ·͙ͣ ͍ͤ͊·͙͊ͣ͟Σ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ ͙ ͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈ 

͙ͤ ͺͦͪͣ͊ͼ͙ΌΦ ˿ͦͼ͙ͦͯ͟͡Έͭͯͪͤ͊Ύ ͺͯͤ͟ͼ͙Ύ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͯ͟͡Έ͚ͭͯͪͤͦ ͍͔͔͙ͦͫ͒ͦͣͤͤͦͫͭ͡Σ 

͙͙͔ͨͦͤͣ͊ͤ ͤͦͪͣΣ ͙ͭͪ͊͒ͼ͙͚Σ ͔͔͚ͣͦ͒͡ ͍͔͔͙ͨͦ͒ͤΎ ͎͙͒ͪͯͻ ͍ͤ͊ͪͦ͒ͦΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͦ͋ͯ;͔͙͔ͤ 

͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·͊ͣ͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͙͡;͙ͤͦͫͭ ͍ ͍͙ͯͫͦ͡Ύͻ ͎ͦ͋͊͡͡Έ͎ͤͦͦ ͦ͋΅͔͍ͫͭ͊Φ 

ˤ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ͤͦͫͭͪ͊ͤͤ·͚ Ύ͘·͟ ͦͭͪ͟·͍͔͊ͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ ͯ;͙͊ͫͭΎ ͍ 

͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ ͎ͨͪͦͪ͊ͣͣ͊ͻΣ ͤ͊ͯ;ͤ·ͻ ͔ͨͪͦͭ͊͟ͻ ͙ ͦͤ͟ͺ͔͔ͪͤͼ͙ΎͻΦ ˻͔ͫͦ͋ͤͤͦ ͤ͊͘;͙ͣ͊ ͔͎ͦ ͪͦ͡Έ ͍ ͫͺ͔ͪ͊ͻ 

͔͙ͣ͒ͼ͙ͤ·Σ Ή͙͙ͦͤͦͣ͟͟Σ ͔ͭͻ͙͙ͤ͟Σ ͙͍ͫͯͫͫͭ͊͟ ͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˨͡Ύ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Σ ͙͔ͤ͊ͨͪͣͪΣ 

͍͔͙͔͊͒ͤ͡ ͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·ͦͣ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͔͚͊ͪͯ͋͗ͤͦ͘ ͤ͊ͯ;͚ͤͦ ͙͔ͭͪ͊ͭͯͪ͡·Σ 

͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ ͔ͦ͋ͣͤ͊ ͙͙ͤ͟͡;͔͙ͫͣ͟ ͦͨ·ͭͦͣΦ ̏ͭͦ ͍ͨͦ·΄͔͊ͭ ͊͟;͔͍ͫͭͦ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͎͍͙ͨͦ͒ͦͭͦ͟ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ ͍ͫΎ͔͚͘Φ 

˸͔͙ͭͦ͒͊͟ ͦ͋ͯ;͔͙ͤΎ ͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·͊ͣ͟ ͙͔͙͍ͦͪͤͭͪͦ͊ͤ͊ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ 

͔͔ͦͣͨͭͤ͟ͼ͙͙Σ ͍͟͡Ό;͊Ό΅͔͚ Ύ͘·͍ͦ͟·͔Σ ͔ͪ;͔͍·͔Σ ͫͦͼ͙͊͡Έͤ·͔ ͙ ͔ͣ͗ͯ͟͡Έͭͯͪͤ·͔ ͔ͦͣͨͦͤͤͭ͟·Φ ˭͊͒͊;͔͚ 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͙͔ͫͦ͒͊ͤ͘ ͍͙͚ͯͫͦ͡ ͒͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͚ͯͫͭͦ;͙͍·ͻ ͍ͤ͊·͍ͦ͟ ͚ͯͫͭͤͦ ͙ 

͙ͨͫΈ͔͚ͣͤͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙Σ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ Ύ͘·͊͟ ͍ ͔ͪ͊͡Έͤ·ͻ ͙ͫͭͯ͊ͼ͙ΎͻΦ ˻͔ͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ 

͙͔ͨͪͦ͋ͪͭ͊Όͭ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͎͎͙ͨ͒͊ͦ;͔͙͔ͫ͟ ͔ͭͻ͎͙͙ͤͦͦ͡Υ ͙͔͙͍ͤͭͪ͊ͭͤ͟·͔ ͔ͣͭͦ͒·Σ ͔ͨͪͦͭͤ͟·͔ ͙͊͒͊ͤ͘ΎΣ 

ͼ͙ͺ͍ͪͦ·͔ ͔ͪͫͯͪͫ·Σ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͙ͫͭͯ͊ͼ͙͚Φ 

ˤ ͍͙ͯͫͦ͡Ύͻ ͙ͤͺͦͪͣ͊ͼ͙͚ͦͤͤͦ Ήͨͦͻ͙ ͍͔͙͔͊͒ͤ͡ ͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·ͦͣ͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͍͔͚͊͗ͤ΄͙ͣ 

Ή͔͔ͣͤͭͦͣ͡ ͼ͙ͺ͍͚ͪͦͦ ͎͙ͪ͊ͣͦͭͤͦͫͭΦ ˮ͔͔ͤͭͪͤͭ-͔ͫͪ͒͊ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ ͒ͦͫͭͯͨ ͟ ͎ͦ͋͊͡͡Έͤ·ͣ ͋͊͊ͣ͘ ͙͚ͤ͊ͤ͘Σ 

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͣ ͨ͊ͭ͡ͺͦͪͣ͊ͣ ͙ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͣ ͫͦͦ͋΅͔͍ͫͭ͊ͣΦ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͦ͋ͯ;͊Ό΅͙ͣͫΎ 

ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͪ͊ͫ΄͙ͪΎͭΈ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·͔ ͍ͤ͊·͙͟Σ ͯ;͍͍͊ͫͭͦ͊ͭΈ ͍ ͙͒ͫͭ͊ͤͼ͙ͦͤͤ·ͻ ͯͪͫ͊͟ͻ ͙ ͤ͊ͯ;ͤ·ͻ 

͔͔͍ͫͭ·ͻ ͔ͨͪͦͭ͊͟ͻΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͤͦͫͭͪ͊ͤͤ·͔ Ύ͘·͙͟ ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͍͔͔͎ͫͦͪͣͤͤͦͦ 

͔ͫͨͼ͙͙͊ͫͭ͊͡Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͔͎ͦ ͙͔͎ͤͭͪ͊ͼ͙Ό ͍ ͙͍͔ͣͪͦͦ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͔ͤͦ ͍ͨͪͦͫͭͪ͊ͤͫͭͦΦ ˮͻ ͙ͯ͘;͔͙͔ͤ 

͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͙͡;͙ͤͦͫͭΣ ͍ͨͦ·΄͔͙ͤΌ ͊͟;͔͍ͫͭ͊ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ ͪ͊ͫ΄͙͔͙ͪͤΌ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ 

͔͎ͣ͗͒ͯͤ͊ͪͦ͒ͤͦͦ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭ͊Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˤ͔͙͔͊͒ͤ͡ ͙ͤͦͫͭͪ͊ͤͤ·͙ͣ Ύ͘·͙͊ͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͍͙͙ͪ͊ͭ͘Ύ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ 

͙ ͔͙͊͊͒ͣ͟;͔͚ͫͦ͟ ͔͔͙ͦͣͨͭͤͭͤͦͫͭ͟Φ ˻ͤͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͒ͦͫͭͯͨ ͟ ͎ͦ͋͊͡͡Έͤͦͣͯ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦͣͯ 

͍ͨͪͦͫͭͪ͊ͤͫͭͯΣ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔ͣ͗ͯ͟͡Έͭͯͪͤͦͣͯ ͙͎͒͊ͦͯ͡ ͙ ͔ͯͪͨ͟͡Ύ͔ͭ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͔ ͍ͫΎ͙͘Φ ˤ ͍͙ͯͫͦ͡Ύͻ 

͍͔͔͎ͫͦͪͣͤͤͦͦ ͙ͣͪ͊ ͙ͯ͘;͔͙͔ͤ ͙ͤͦͫͭͪ͊ͤͤ·ͻ Ύ͘·͍ͦ͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͔ͤͦ͋ͻ͙͚ͦ͒ͣͦ ͍ͫͦͫͭ͊͡ΎΌ΅͔͚ ͔ͯͫͨ΄͚ͤͦ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͎͍͙ͨͦ͒ͦͭͦ͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. ˣ͙ͣ ˮΦ˶Φ ͔͙́ͦͪΎ ͙ ͙ͨͪ͊ͭ͊͟͟ ͦ͋ͯ;͔͙ͤΎ ͙ͤͦͫͭͪ͊ͤͤ·ͣ Ύ͘·͊ͣ͟Φ ς ˸ ΦΥ ˽͍͔ͪͦͫ΅͔͙͔ͤΣ нлмтΦ 

2. ͚̆ͯͭͦͪͫͦ͟ ˢΦˤΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Φ ς ˿ ˽͋ΦΥ ˽͙͔ͭͪΣ нлнлΦ 

3. Passov E.I. Communicative Method of Foreign Language Teaching. ς Moscow, 2016. 

ϭ ˣ͚͎͔͙͔͍͊ͪ͊ͣ͒͡ ˾., 2025 
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˥ͦ ˣ͙ͤΈ 

͒ͦͭͦͪ͟ ͺ͙ͦͫͦ͡ͺ͙͙ ό˾Ƙ5ύΣ ͫͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΣ  

̇͘Ύ͙͚ͤͫͯͫ͟ ͔͎͙ͦ͊ͤͦͦ͟͡;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ 

 

˿˾ˢˤ˹ˮ́˩˶̎˹˻˩ ˮ˿˿˶˩˨˻ˤˢ˹ˮ˩ ̒˭̍˴˻ˤ˻˯ ˽˻˶ˮ́ˮ˴ˮ ˣ˩˶ˢ˾̂˿ˮ ˮ ˴ˢ˭ˢ̆˿́ˢ˹ˢ9 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͍͙ͨͪͦͦ͒ͭͫΎ ͙͔͙ͫͫͭͣ͊ͭ;͔͙͚ͫ͟ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ Ή͍ͦ͡Όͼ͙͙ Ύ͘·͍͚ͦͦ͟ 

͙͙͙ͨͦͭ͟͡Σ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͔ ͔͙ͪ͊͊͘͡ͼ͙͙ ͙ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͙ͦͫͨͪΎ͙ͭΎ ͍ ˣ͔͙͊ͪͯͫ͡ ͙ ˴͊͊͘ͻ͔ͫͭ͊ͤ ͫ ͔ͣͦͣͤͭ͊ 

͔͔͙ͦ͋ͪͭͤΎ ͙͙ͣ ͔͍͙͙͙ͤ͊ͫͣͦͫͭ͘Φ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦΣ ͔ͤͫͣͦͭͪΎ ͤ͊ ͦ͋΅͔͔ ͙͙ͫͭͦͪ;͔͔ͫͦ͟ 

͔͙͔ͤ͊ͫ͒͡ ͙͙͍͙͒ͦͣͤͪͦ͊ͤΎ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟ ͍ ͍͔͙͚ͫͦͭͫ͟ ͔͙ͨͪͦ͒Σ ͙ͪ͊͘͡;͙Ύ ͍ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͍͔ͦ͡Σ 

ͦ͋΅͔͍͔ͫͭͤͤͦͣ ͔͔ͦͤͫͤͫͯͫ͟ ͙ ͎͔͔͎͙ͦͫͭͪ͊ͭ;͔ͫͦͣ͟ ͍·͔͋ͦͪ ͙͍͔͙ͨͪ͡ Ή͙ͭ ͫͭͪ͊ͤ· ͟ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͪ͊ͤ͘·ͣ 

ͯͪͫ͊ͣ͟ Ύ͘·͍͎ͦͦͦ͟ ͔͎͙͍͙ͪͯͪͦ͊ͤ͡ΎΦ ˣ͔͊ͪͯͫ͡Έ ͨͪͦ΄͊͡ ͨͯͭΈ ͦͭ ͙ͪ͊͒͊͟͡Έ͚ͤͦ ζ͔͙͋ͦͪͯͫ͊͘͡ͼ͙͙η ͟ ͙ͫͭͯ͊ͼ͙͙Σ 

͎ͦ͒͊͟ ͍ ͍͙ͯͫͦ͡Ύͻ ζ͍͒ͯΎ͘·;͙Ύη ͙͚ͪͯͫͫ͟ Ύ͘·͟ ͙͔͊ͤͣ͊ͭ͘ ͙ͨͦ͘ͼ͙Ό ͙͙͍͙͒ͦͣͤͪͦ͊ͤΎΣ ;ͭͦ ͙͖ͨͪ͒͊ͭ ͙͙͔ͨͦͭ͟͡ 

͔͔ͦ͋͊ͭ͟͡͡Έͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ ˴͊͊͘ͻͫͭ͊ͤ ͔͗ ͙͋ͪ͊͘͡ ͔͔ͨͦͫͭͨͤͤ·͚Σ ͎͙ͨͪ͊ͣ͊ͭ;ͤ·͚ ͙ ͻͦͪͦ΄ͦ ͺ͙͙͔ͤ͊ͤͫͪͯͣ·͚ 

ͯͪͫ͟ ζ͔͔͙ͯͪͨͤ͟͡Ύ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ Ύ͘·͊͟ηΣ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͍ͨͦ·΄͊Ύ ͫͭ͊ͭͯͫ ͊͊͘͟ͻ͎ͫͦͦ͟ Ύ͘·͊͟ ;͔͔ͪ͘ 

͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭͦΣ ͔͎͙ͫͭͪ͊ͭ;͔͔ͫͦ͟ ͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡ ͙ ͎ͪ͊ͺ͙;͔ͫͯ͟Ό ͔ͪͺͦͪͣͯΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

Ύ͘·͍ͦ͊͟Ύ ͙͙ͨͦͭ͊͟͡Τ ͤ͊ͼ͙ͦͤ͊͡Έͤ͊Ύ ͙͔͙͒ͤͭ;ͤͦͫͭΈΤ ˣ͔͊ͪͯͫ͡ΈΤ ˴͊͊͘ͻͫͭ͊ͤΤ ͍͙͔ͫͪ͊ͤͭ͡Έ͔ͤͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Φ 

 

Dǳƻ .ƛƴΣ 

tƘ5Σ {ŜƴƛƻǊ [ŜŎǘǳǊŜǊΣ WƛƴƎǎǳ hŎŜŀƴ ¦ƴƛǾŜǊǎƛǘȅ 

 

A COMPARATIVE STUDY OF LANGUAGE POLICY IN BELARUS AND KAZAKHSTAN 

 

!ōǎǘǊŀŎǘ 

¢Ƙƛǎ ǎǘǳŘȅ ǘŀƪŜǎ .ŜƭŀǊǳǎ ŀƴŘ YŀȊŀƪƘǎǘŀƴ ŀǎ ŎƻƳǇŀǊŀǘƛǾŜ ŎŀǎŜǎ ǘƻ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ ŜȄŀƳƛƴŜ ǘƘŜ ŜǾƻƭǳǘƛƻƴ 

ƻŦ ǘƘŜƛǊ ƭŀƴƎǳŀƎŜ ǇƻƭƛŎƛŜǎΣ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƳŜŀǎǳǊŜǎΣ ŀƴŘ ǎƻŎƛŜǘŀƭ ǊŜŎŜǇǘƛƻƴ ǎƛƴŎŜ ƛƴŘŜǇŜƴŘŜƴŎŜΦ ¢ƘŜ 

ǊŜǎŜŀǊŎƘ ŦƛƴŘǎ ǘƘŀǘ ŘŜǎǇƛǘŜ ǎƘŀǊƛƴƎ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ƭŜƎŀŎȅ ƻŦ wǳǎǎƛŀƴ ƭŀƴƎǳŀƎŜ ŘƻƳƛƴŀƴŎŜ ŦǊƻƳ ǘƘŜ {ƻǾƛŜǘ ŜǊŀΣ 

ǘƘŜ ǘǿƻ ŎƻǳƴǘǊƛŜǎ ƘŀǾŜ ŘƛǾŜǊƎŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴ ǘƘŜƛǊ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ƭŀƴƎǳŀƎŜ ƎƻǾŜǊƴŀƴŎŜ ŘǳŜ ǘƻ ŘƛŦŦŜǊƛƴƎ 

ƭŜǾŜƭǎ ƻŦ ǇƻƭƛǘƛŎŀƭ ǊŜǎƻƭǾŜΣ ǎƻŎƛŜǘŀƭ ŎƻƴǎŜƴǎǳǎΣ ŀƴŘ ƎŜƻǇƻƭƛǘƛŎŀƭ ǎǘǊŀǘŜƎƛŎ ƻǊƛŜƴǘŀǘƛƻƴǎΦ .ŜƭŀǊǳǎ Ƙŀǎ ŜȄǇŜǊƛŜƴŎŜŘ 

ŀ ǎƘƛŦǘ ŦǊƻƳ ǊŀŘƛŎŀƭ ά.ŜƭŀǊǳǎƛŀƴƛȊŀǘƛƻƴέ ǘƻ ǘƘŜ ŎǳǊǊŜƴǘ ŘƻƳƛƴŀƴŎŜ ƻŦ wǳǎǎƛŀƴ ǳƴŘŜǊ ŀ άōƛƭƛƴƎǳŀƭ ǎǘŀǘŜ ƭŀƴƎǳŀƎŜ 

ǊŜƎƛƳŜΣέ ǿƛǘƘ ƛǘǎ ǇƻƭƛŎȅ ǘǊŀƧŜŎǘƻǊȅ ŜȄƘƛōƛǘƛƴƎ ŀ ǇŜƴŘǳƭǳƳπƭƛƪŜ ǎǿƛƴƎΦ Lƴ ŎƻƴǘǊŀǎǘΣ YŀȊŀƪƘǎǘŀƴ Ƙŀǎ ǇǳǊǎǳŜŘ ŀ 

ƎǊŀŘǳŀƭΣ ǇǊŀƎƳŀǘƛŎΣ ŀƴŘ ǿŜƭƭπǊŜǎƻǳǊŎŜŘ ŘǊƛǾŜ ǘƻ ǊŜƛƴŦƻǊŎŜ ǘƘŜ ǎǘŀǘŜ ƭŀƴƎǳŀƎŜΣ ǎǘŜŀŘƛƭȅ ŜƭŜǾŀǘƛƴƎ ǘƘŜ ǎǘŀǘǳǎ ƻŦ 

YŀȊŀƪƘ ǘƘǊƻǳƎƘ ƭŜƎƛǎƭŀǘƛǾŜ ǇƭŀƴƴƛƴƎΣ ŦƛǎŎŀƭ ƎǳŀǊŀƴǘŜŜǎΣ ŀƴŘ ǎŎǊƛǇǘ ǊŜŦƻǊƳΦ 

YŜȅǿƻǊŘǎΥ  

ƭŀƴƎǳŀƎŜ ǇƻƭƛŎȅΤ ƴŀǘƛƻƴŀƭ ƛŘŜƴǘƛǘȅΤ .ŜƭŀǊǳǎΤ YŀȊŀƪƘǎǘŀƴΤ ŎƻƳǇŀǊŀǘƛǾŜ ǎǘǳŘȅΦ 

 

ˤ͍͔͔͙͔͒ͤ 

̒͘·͍ͦ͊͟Ύ ͙͙ͨͦͭ͊͟͡ Ύ͍͡Ύ͔ͭͫΎ ͔ͤ ͨͪͦͫͭͦ ͍ͦͨͪͦͫͦͣ Ύ͘·͍͎ͦͦͦ͟ ͙͍͙ͨ͊ͤͪͦ͊ͤ͡ΎΣ ͤͦ ͟͡Ό;͔͍·ͣ 

͔͊ͫͨͭͦͣ͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͎ͯ͋ͦͦ͟͡ ͦͭͪ͊͗͊Ό΅͙ͣ ͙͙ͨͦͭ͡;͔͙͔ͫ͟ ͦͭͤͦ΄͔͙ͤΎΣ ͼ͔ͤͤͦͫͭͤ·͔ 

͙͔ͦͪͤͭ͊ͼ͙͙ ͙ ͤ͊ͼ͙ͦͤ͊͡ΈͤͯΌ ͙͔͙͒ͤͭ;ͤͦͫͭΈΦ ˤ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦ͋͊͊͘͡͡ͼ͙͙ ͙ ͎͚ͯ͋ͦͦ͟͡ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ 

 
9̏ͭͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͺ͙͙͍ͤ͊ͤͫͪͦ͊ͦͫ͡Έ ˽͔ͪͦͭͦͣ͟ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͺ͙ͦͫͦ͡ͺ͙͙ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͤ͊ͯ͟ ͍ ͔ͦ͒͗͊͟͡͡ͻ ͙ 
͙͍͔͙͔ͯͤͪͫͭͭ͊ͻ ͍͙ͨͪͦͤͼ͙͙ ̇͘Ύͤͫͯόнлнл{W!мтлсύ  
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͎͔͙͙ͦͨͦͭ͡;͔͎ͫͦͦ͟ ͊ͤ͒͡΄͊ͺͭ͊ ͪ͊ͪ͊͋ͦͭ͊͘͟ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡ ͍ ͎ͣͤͦͦͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ͎͍ͦͫͯ͒͊ͪͫͭ͊ͻ 

͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͔͔͋ͫͨͪͼ͔͔͒ͤͭͤ·͙ͣ ͍·͍͙ͦ͊ͣ͘ ͙ ͍ͦͣͦ͗ͤͦͫͭ͘Ύ͙ͣΦ ˣ͔͊ͪͯͫ͡Έ ͙ ˴͊͊͘ͻͫͭ͊ͤ ͊͟͟ ͍͒͊ ͍͊͗ͤ·ͻ 

͎͍ͦͫͯ͒͊ͪͫͭ͊ ͔͍͙͚͎ͪ͊ͫͦͦ͘͟ ͔͎͙ͪͦͤ͊ ͙ͫͭͦͤͯͫ͟͡͡Έ ͔ͨͦͫ͡ ͔͔͙ͦ͋ͪͭͤΎ ͔͍͙͙͙ͤ͊ͫͣͦͫͭ͘ ͫͦ ͫͻ͙͙ͦ͗ͣ 

͔͙ͨͪͦ͋ͣ͊ͣ͡Υ ͦ͋͊ ͔͍͙ͯͤ͊ͫ͒ͦ͊͡͡ ͍͔ͫͦͭͫͯ͟Ό Ύ͘·͍ͦͯ͟Ό ͔ͣͦ͒͡ΈΣ ͎͔͒ ͙͚ͪͯͫͫ͟ Ύ͘·͟ ͺ͙͊ͭ͟;͔͙ͫ͟ ͍·ͨͦͤ͡Ύ͡ 

ͺͯͤ͟ͼ͙Ό ζΎ͘·͊͟ ͔ͣ͗ͤ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͦ͋΅͔͙ͤΎηΣ ͍ ͭͦ ͍͔ͪͣΎ ͊͟͟ ͔͙͚͋ͦͪͯͫͫ͟͡ ͙͙͡ ͊͊͘͟ͻ͙͚ͫ͟ Ύ͘·͙͟ ͍ 

͚ͪ͊ͤͦ͘ ͔͔͙ͫͭͨͤ ͋·͙͡ ͎͙͙͙͍ͣ͊ͪͤ͊ͪͦ͊ͤ͘͡· ͍ ͫͦͼ͙͊͡Έͤ·ͻ ͺͯͤ͟ͼ͙ΎͻΦ ˽͔ͦͫ͡ ͪ͊ͫͨ͊͒͊ ˿˿˿˾ ͍ͨͦ·΄͔͙͔ͤ 

ͫͭ͊ͭͯͫ͊ ͔͎͋ͦͪͯͫͫͦͦ͟͡ ͙ ͊͊͘͟ͻ͎ͫͦͦ͟ Ύ͘·͍ͦ͟ ͫͭ͊ͦ͡ ͍͊͗ͤ·ͣ ͙͙ͨͦͭ͡;͔͙ͫͣ͟ ͙͍ͫͣͦͦͣ͡ ͔͙ͨͦͫͭͪͦͤΎ ͍͚ͤͦͦ 

ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭ ͙ ͍͔͔͙ͯͭͪ͗͒ͤΎ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͍͔͔͙͔ͫͯͪͤͭͭ͊Φ ˻͒ͤ͊ͦ͟ ͊͘ ͔͙͔ͨͦͫ͒ͤ͡ ͙ͭͪ 

͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͯͪͫ͟· ͙ ͔ͪͯ͘͡Έͭ͊ͭ· Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡ ͍ ͍͒ͯͻ ͫͭͪ͊ͤ͊ͻ ͫͯ΅͔͍͔ͫͭͤͤͦ ͪ͊ͦ͘΄͙ͫ͡ΈΦ 

˿ͯ΅͔͍ͫͭͯΌ΅͙͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͙͍ͪ͊͊͘ΌͭͫΎ ͎͍͊ͤ͡·ͣ ͦ͋ͪ͊ͦͣ͘ ͨͦ ͔ͤͫͦ͟͡Έ͙ͣ͟ ͟͡Ό;͔͍·ͣ 

͍͔͙ͤ͊ͨͪ͊ͤ͡ΎͣΦ ˤͦπͨ ͔͍ͪ·ͻΣ Ήͭͦ ͙͊ͤ͊͘͡ ͙͙ͫͭͦͪ;͔͚ͫͦ͟ Ή͍ͦ͡Όͼ͙͙ ͙͙͙ͨͦͭ͟͡ ͙ ͔͖ ͍͙͒͗ͯ΅͙ͻ ͙ͫ͡Φ ̂;͖ͤ·͔ 

ό͙͔ͤ͊ͨͪͣͪΣ ̉Ήͤ ˿ΎͦΌ͚ ͙ ͒ͪΦ ώфϐΣ нлмнΤ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͎͍͊͡· ͍ ͪ͊͋ͦͭ͊ͻ ͨͦ͒ ͔ͪ͒͊͟ͼ͙͔͚ ˤ͊ͤ ̆ͯΉΎ ͙ ˤ͊ͤ 

̒͊ͤ͡ΈώмоϐΣ нлмрΤ ˿͍ͯͭ͊ͤͦ͡ ͙ ˿͙͍͊͋ͪͦ͊ώтϐΣ нлмуΤ YŜƭƭƴŜǊπIŜƛƴƪŜƭŜ ϧ [ŀƴŘŀǳώнϐΣ нлмнύ ͔ͫͭͪͣΎͭͫΎ 

͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͭ͘Έ ͨͯͭΈ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘ ͍ ͔͙ͦ͋ͻ ͫͭͪ͊ͤ͊ͻ ͫ ͍͔͎ͫͦͭͫͦͦ͟ ͔͙ͨͪͦ͒͊ ͒ͦ ͔͙ͨͪͦ͒͊ 

͔͍͙͙͙ͤ͊ͫͣͦͫͭ͘Σ ͙͙͊ͤ͊ͪͯ͘͡Όͭ ͍͙͡Ύ͙͔ͤ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͔͍͙͚ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ͙ ͙ͦͤͫͭͭͯ͟ͼ͙ͦͤͤ·ͻ ͔ͪͺͦͪͣ 

ό͙͔ͤ͊ͨͪͣͪΣ ͙ͦͤͫͭͭͯ͟ͼ͙͚ мфуф ͙ мффр ͎͍ͦ͒ͦύ ͤ͊ ͫͭ͊ͭͯͫ Ύ͘·͍ͦ͟ ό͔ͦͫͦ͋ͤͤͦ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟ύΣ ͪ͊ͫͪ͟·͍͊Ύ 

ͦ͋΅͙͚ ͨͪͦͼ͔ͫͫ ͔͔ͨͪͻͦ͒͊ ͙͙͙ͨͦͭ͟͡ ͦͭ ζ͙͔͙͙͍͎͒͊ͪͦ͊ͤͤͦͦ͘͡η ͙͍͙ͦͤͫͭͪͯͪͦ͊ͤ͟Ύ ͟ ζ͔͙͙ͪ͊ͫͭ͡;͚ͤͦη 

͔͙͍͔ͦͪͪͭͪͦ͟͟͟ όˤ͊ͤ ˶͙ώмпϐΣ нлмтύΦ ˤͦπ͍ ͭͦͪ·ͻΣ Ήͭͦ ͙ͯ͘;͔͙͔ͤ ͔͙ͫͦ͒ͪ͗͊ͤΎ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡Σ ͦͼ͔͙ͤ͟ 

͔ͭͯ͟΅͔͎ͦ ͫͦͫͭͦΎ͙ͤΎ ͙ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͙ͦͫͨͪΎ͙ͭΎΦ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ό͙͔ͤ͊ͨͪͣͪΣ ˸͊ ˶͙ͤ͊ώмнϐΣ нлмуΤ ˸͊ ˶͙ 

͙ ͒ͪώммϐΦΣ нлмуΤ ̉͗͊ͤ ͙̆ͯͤ͡ώмрϐΣ нлнлΤ ˴͙͊ͭ͊͡ώрϐΣ нлмлύ ͔͍ͨͦͫͪ͒ͫͭͦͣ ͔͍ͨͦ͡·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͙ ͙͊ͤ͊͊͘͡ 

͒͊ͤͤ·ͻ ͦ ͙ͨͫ·͍͊Όͭ ͔ͪ͊͡ΈͤͯΌ ͙ͫͭͯ͊ͼ͙Ό ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ Ύ͘·͍ͦ͟ ͍ ͍͙ͯͫͦ͡Ύͻ ͍͒ͯΎ͘·;͙Ύ ό͎ͣͤͦͦΎ͘·;͙ΎύΣ 

͙ͨͪ͊ͭͯ͟͟ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͫͺ͔͔ͪΣ ͊ ͔ͭ͊͗͟ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ ͙ͭͪͯ͒ͤͦͫͭ ͙͙͙ͨͦͭ͟͡ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 

ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭ ό˴͙͊ͭ͊͡ώрϐΣ нлмлύΣ ͙ͨͪ Ήͭͦͣ ͔ͦͫͦ͋ͤͤͦ ͎͖ͯͯ͋ͤͤͦ͡͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ 

ͺ͔͔ͤͦͣͤ ζ͔͙͔͙ͤͫͣͣͭͪ;͎ͤͦͦ ͍͒ͯΎ͘·;͙Ύη ͍ ˣ͔͙͊ͪͯͫ͡ ό˴͙͊ͭ͊͡ώрϐΣ нлмлύ ͙ ͙͙ͨͦͭ͊͟͡ ζ͖ͭͪͻΆΎ͘·;͙Ύη ͍ 

˴͊͊͘ͻ͔ͫͭ͊ͤΦ ˹͔͊ͦͤ͟ͼΣ Ήͭͦ ͍͍͔͔͙͔͒ͤ ͍͙͔ͫͪ͊ͤͭ͡Έ͚ͤͦ ͔͔͙͍ͨͪͫͨͭ͟· ͙ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡ ͨͦ ͔ͣͪ͊ͣΦ ˹͔ͦͭͦͪ͟·͔ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ό͙͔ͤ͊ͨͪͣͪΣ ́ͪ͊ͼΎ͟[8]Σ нлмсΤ ˥͊ͪͦ΄͊͟ ͙ ˾ͯ͒ͤ͜͟[4]Σ нлнлΤ ̆ͯ ̇͘ΎͤΈ͍Ή͚[10]Σ нлмфύ ͨ·ͭ͊ΌͭͫΎ 

͔͍ͨͦͫͪ͒ͫͭͦͣ ͔͍ͣ͗ͫͭͪ͊ͤͦ·ͻ ͍͔͙͚ͫͪ͊ͤͤ ό͙͔ͤ͊ͨͪͣͪΣ ͫ ˽ͦ͡Έ΄͔͚Σ ̂Ή͡Έͫͦͣ ͍ ˤ͔͙͙͙͙ͦ͋ͪͭ͊ͤ͟͡ύ ͙͙͡ 

ͦ͋ͦ͋΅͔͙ͤΎ ͙ͻ ͤ͊͘;͔͙ͤΎ ͒͡Ύ ˴͙ͭ͊Ύ ͔͍͙ͨͪ͒ͦͫͭ͊ͭΈ ͍͔ͤ΄͙͔ͤ ͙͔͙ͦͪͤͭͪ· ͙ ͙͔͙͒ ͒͡Ύ ͍͔ͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΎ 

͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͙͙ͨͦͭ͟͡Φ ˻͒ͤ͊ͦ͟ ͍ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͻ ͍͖ͫ ͔΅͖ ͔ͫͭΈ 

͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͒͡Ύ ͎͔͙ͯͯ͋ͤ͡͡Ύ ͍ ͔ͨ͊ͤ͡ ͙͔͙ͫͫͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͔͙ͫͪ͊ͤͤΎ ͍͔͙ͤͯͭͪͤͤͻ ͔ͣͻ͙͍͊ͤͣͦ͘ 

ͪ͊ͫͻ͔͙ͦ͗͒ͤΎ ͔͚ͨͯͭ ͙͙͙ͨͦͭ͟͡ ͍͒ͯͻ ͫͭͪ͊ͤΣ ͭ΅͔͊ͭ͡Έ͎ͤͦͦ ͔͙͍͙ͦͭͫ͗͊ͤ͡Ύ ͔͙ͨͦͫ͒ͤ͡ͻ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ 

͔͔ͭͤ͒ͤͼ͙͚Σ ;ͭͦ ͙ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͒͡Ύ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͍͙͙ͪ͊ͭ͘Ύ ͎͒͊ͤͤͦͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ 

͔̇͡Έ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͙ τ ͨ ͔ͯͭͣ ͙͔͙ͫͫͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͔͙ͫͪ͊ͤͤΎ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡ ˣ͔͙͊ͪͯͫ͡ ͙ 

˴͊͊͘ͻͫͭ͊ͤ͊ ͎ͯ͋ͦͦ͟͡ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͔ͫ͒ͯ͡Ό΅͙͔ ͍ͦͨͪͦͫ·Υ ˽͙ͪ ͫͻ͔ͦ͗ͣ ͙͙ͫͭͦͪ;͔ͫͦͣ͟ ͺ͔ͦͤΣ ͙͔͊͟͟ ͟͡Ό;͔͍·͔ 

͔͔͔ͨͪͣͤͤ·͔ ͍͙͙ͦ͋ͯͫͦ͡͡ ͪ͊ͫͻ͔͙͔ͦ͗͒ͤ ͍ ͯͪͫ͊͟ͻ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡ ͍ ͍͒ͯͻ ͫͭͪ͊ͤ͊ͻΚ ˴͊͟ 

͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Όͭ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͙͙ͨͦͭ͡;͔͙ͫ͟ͻ ͔͍͒ͦͯͣͤͭͦ͟Σ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͙ͪ͊͊͘͡ͼ͙͙ ͙ 

ͦ͋ͪ͊ͭͤ͊Ύ ͍ͫΎ͘Έ ͦͭ ͦ͋΅͔͍ͫͭ͊Σ ͍ ͔ͦͤ͟;ͤͦͣ ͫ;͔͔ͭ ͔͔ͦͨͪ͒͡ΎΎ ͙͔͔͙ͣͤͤ͘Ύ ͍ Ύ͘·͍͚ͦͦ͟ ͙͙͔ͨͦͭ͟͡Κ 

нΦ ˮ͙ͫͭͦͪ;͔͔ͫͦ͟ ͔͙͔ͤ͊ͫ͒͡ ͙ Ύ͘·͍ͦ͊͟Ύ Ή͙͔ͦͫͫͭͣ͊͟Υ ͍ͦͫͤͦ͊ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙͙͙ͨͦͭ͟͡ 

̒͘·͍ͦ͊͟Ύ ͙͙ͨͦͭ͊͟͡ ˣ͔͙͊ͪͯͫ͡ ͙ ˴͊͊͘ͻͫͭ͊ͤ͊ ͔͔ͯͦͪͤͤ͊͟ ͍ ͙ͻ ͙ͯͤ͊͟͡Έͤͦͣ ͙͙ͫͭͦͪ;͔ͫͦͣ͟ ͔͙͙ͤ͊ͫ͒͡ ͙ 

͚ͫͦ͗ͤͦ͡ Ύ͘·͍͚ͦͦ͟ Ή͙͔͔ͦͫͫͭͣ͟Φ ˹͔ͫͣͦͭͪΎ ͤ͊ ͙ͪ͊͘͡;͙Ύ ͍ ͔ͦͤͪͭͤ͟͟·ͻ ͙͙ͫͭͦͪ;͔͙ͫ͟ͻ ͨͪͦͼ͔ͫͫ͊ͻΣ ͔ͦ͋ 

ͫͭͪ͊ͤ· ͙ͫͨ·͙ͭ͊͡ ͙ͫ͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͍͔͚ͫͦͭͫͦ͟ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡ ͙ ͙ͫͭͦͤͯͫ͟͡͡Έ ͫͦ ͚ͫͦ͗ͤͦ͡ 

͎ͣͤͦͦͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙ ͎ͣͤͦͦΎ͘·;͚ͤͦ ͔ͪ͊͡ΈͤͦͫͭΈΌΣ ;ͭͦ ͍͙ͫͦͫͭ͊ͦ͡ ͦ͋΅ͯΌ ͍ͦͭͨͪ͊ͤͯΌ ͭͦ;ͯ͟ ͒͡Ύ 

͙ͪ͊ͪ͊͋ͦͭ͘͟ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡Φ 

̒͘·͍ͦ͊͟Ύ Ή͙͔ͦͫͫͭͣ͊͟ ˣ͔͙͊ͪͯͫ͡ ͫͺ͙͍ͦͪͣͪͦ͊͊ͫ͡Έ ͨͦ͒ ͍͙͡Ύ͙͔ͤͣ ͫͦ͗ͤ͡·ͻ ͙͙ͫͭͦͪ;͔͙ͫ͟ͻ 

ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͚Φ ˴͊͟ ͫͭͪ͊ͤ͊ ˤͦͫͭͦ;͚ͤͦ ˩͍ͪͦͨ·Σ ͦͤ͊ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͍ͻ͙ͦ͒͊͡ ͍ ͍ͫͦͫͭ͊ ˤ͔͙͎ͦͦ͟͡ 
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ͤ͟Ύ͔͍͗ͫͭ͊ ˶͙͍͎ͭͦͫͦͦ͟Σ ˾͙͚͚ͦͫͫͫͦ͟ ͙͔͙͙ͣͨͪ ͙ ˿˿˿˾Σ ͙ Ήͭ͊ ͙͙ͫͭͦͪΎ ζͨͦ͒;͙͔͙ͤͤΎη ͎ͯ͋ͦͦ͟͡ 

ͫͺ͙͍ͦͪͣͪͦ͊͊͡ ͔͔ Ύ͘·͍͚ͦͦ͟ ͊ͤ͒͡΄͊ͺͭΦ ˤ ͔͙ͨͪͦ͒ ˤ˴˶ ͔͙͚ͫͭ͊ͪͦ͋ͦͪͯͫͫ͟͡ Ύ͘·͟ ͙ͫͨͦ͡Έ͍ͦ͊ͫ͘͡Ύ ͊͟͟ 

ͦͺ͙ͼ͙͊͡Έͤ·͚Σ ͤͦ ͍͔͍͙͙ͨͦͫ͒ͫͭ͡ ͎ͤ͊͒ͦͦ͡ ͋·͡ ͍͔ͨͦ͒͊ͤ͡Φ ˽͙͙ͦͭ͊͟͡ ζ͙ͪͯͫͺ͙͊͟ͼ͙͙η ͍ ˾͙͚͚ͦͫͫͫͦ͟ 

͙͔͙͙ͣͨͪ ͔΅͔ ͋ͦ͡Έ΄͔ ͎͙ͦͪ͊ͤ;͙͊͡ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͒͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ͔͎͋ͦͪͯͫͫͦͦ͟͡ Ύ͘·͊͟Φ ˤ ͍͔͙͚ͫͦͭͫ͟ ͔͙ͨͪͦ͒Σ 

ͻͦͭΎ ͺͦͪͣ͊͡Έͤͦ ͍͎ͨͪͦͦ͊͘͡΄͊ͦͫ͡Έ ͍͔͍ͪ͊ͤͫͭͦ Ύ͘·͍ͦ͟ ͍ͤ͊ͪͦ͒ͦ ˿˿˿˾Σ ͙͚ͪͯͫͫ͟ Ύ͘·͟ ͊͟͟ ζΎ͘·͟ 

͔ͣ͗ͤ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͦ͋΅͔͙ͤΎη ͦ͋͊͒͊͡͡ ͙͍͙͔͎͙͍ͨͪͪͦ͊ͤͤ͡·ͣ ͫͭ͊ͭͯͫͦͣΣ ;ͭͦ ͙͍͔ͨͪͦ͡ ͟ ͔ͫͪΈ͔͚ͤͦ͘ 

͎͙͙ͣ͊ͪͤ͊͊͘͡ͼ͙͙ ͔͎͋ͦͪͯͫͫͦͦ͟͡ Ύ͘·͊͟ ͍ ͦ͋΅͔͍͔͚ͫͭͤͤͦ ͙͙͗ͤ͘Φ ̏ͭ͊ ͙͔͒ͭ͡͡Έͤ͊Ύ ͙͙ͫͭͦͪ;͔ͫ͊͟Ύ ͙͔ͤͪͼ͙Ύ 

͙͍͔ͨͪ͊͡ ͟ ͭͦͣͯΣ ;ͭͦ ͔͒͊͗ ͔ͨͦͫ͡ ͔͔͙ͦ͋ͪͭͤΎ ͔͍͙͙͙ͤ͊ͫͣͦͫͭ͘ ͙ ͙ͨͪ ͔͔ͨͦ͒͒ͪ͗͟ ͎͍ͦͫͯ͒͊ͪͫͭ͊ ͔͋ͦͪͯͫͫͦͣͯ͟͡ 

Ύ͘·ͯ͟ ͋·ͦ͡ ͭͪͯ͒ͤͦ ͋·ͫͭͪͦ ͍͍͙ͦͫͫͭ͊ͤͦͭΈ ͍͙ͫͦ ͫͦͼ͙͊͡Έͤ·͔ ͺͯͤ͟ͼ͙͙Φ 

̒͘·͍ͦ͊͟Ύ Ή͙͔ͦͫͫͭͣ͊͟ ˴͊͊͘ͻͫͭ͊ͤ͊ ͔ͭ͊͗͟ ͨͪͦ΄͊͡ ͫͦ͗ͤͯ͡Ό ͙͙ͫͭͦͪ;͔ͫͯ͟Ό Ή͍ͦ͡Όͼ͙ΌΦ ˴͊͟ ͫͦΌͤ͊͘Ύ 

͔͙ͪͫͨͯ͋͊͟͡ ˿˿˿˾Σ ˴͊͊͘ͻͫͭ͊ͤ ͒ͦ ͔͍͙͙͙ͤ͊ͫͣͦͫͭ͘ ͎͔͒ͦͦ͡ ͍͔ͪͣΎ ͤ͊ͻ͙ͦ͒ͫ͡Ύ ͍ Ύ͘·͍͚ͦͦ͟ ͔͔ͫͪ͒ ͫ 

͙͙͍͙͔͒ͦͣͤͪͦ͊ͤͣ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟Φ ˿͍͔ͦͭͫ͊͟Ύ Ύ͘·͍ͦ͊͟Ύ ͙͙ͨͦͭ͊͟͡ ͙͍͔ͨͪ͊͡ ͟ ͎͙͙ͣ͊ͪͤ͊͊͘͡ͼ͙͙ ͊͊͘͟ͻ͎ͫͦͦ͟ 

Ύ͘·͊͟Σ ͙͚ͪͯͫͫ͟ ͫͭ͊͡ ͊͋ͫͦ͡Όͭͤͦ ͙͙͒ͦͣͤͪͯΌ΅͙ͣ Ύ͘·ͦͣ͟ ͍ ͙͙ͨͦͭ͡;͔͚ͫͦ͟Σ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙ 

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͫͺ͔ͪ͊ͻΦ ̏ͭͦ ͙͙ͫͭͦͪ;͔͔ͫͦ͟ ͔͙͔ͤ͊ͫ͒͡ ͎ͯ͋ͦͦ͟͡ ͍͙ͨͦ͡Ύͦ͡ ͤ͊ Ύ͘·͍ͦͯ͟Ό ͙͙ͨͦͭͯ͟͡ 

͔͍͙͙͎ͤ͊ͫͣͦͦ͘ ˴͊͊͘ͻͫͭ͊ͤ͊Υ ͻͦͭΎ ͊͊͘͟ͻ͙͚ͫ͟ Ύ͘·͟ ͋·͡ ͍͎ͨͪͦͦ͊͘͡΄͔ͤ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣΣ ͔͎ͦ ͫͦͼ͙͊͡Έͤ·͔ 

ͺͯͤ͟ͼ͙͙ ͋·͙͡ ͎͙ͦͪ͊ͤ;͔ͤ· ͙ ͔͍͙ͭͪ͋ͦ͊͡ ͙͍͎͊ͭͤͦͦ͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ ͒͡Ύ ͔͔͎ͨͦͫͭͨͤͤͦͦ 

͍ͨͦ·΄͔͙ͤΎ ͫͭ͊ͭͯͫ͊Φ ˤ ͙ͦͭ͡;͙͔ ͦͭ ˣ͔͙͊ͪͯͫ͡Σ ˴͊͊͘ͻͫͭ͊ͤ τ ͫͭͪ͊ͤ͊ ͫ ͔͔͋ͦ͡ ;͔ͣ мол Ή͙ͭͤͦͫ͊ͣΣ ͎͔͒ Ύ͘·͍͔ͦͦ͟ 

͙͔ͪ͊ͤͦͦ͋ͪ͊͘͘ ͔͔͋ͦ͡ ͍·͔ͪ͊͗ͤͦΣ ;ͭͦ ͍͒ͦ͋͊͡Ύ͔ͭ ͙ͫͦ͗ͤͦͫͭ͡ ͍ ͪ͊ͪ͊͋ͦͭͯ͘͟ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡Φ 

оΦ ͍̏ͦ͡Όͼ͙͙ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡Υ ͔͙ͦ͋͊ͤ͟͡Ύ ͔ͣ͗͒ͯ ͙͔͒͊ͦͣ͡ ͙ ͔ͪ͊͡ΈͤͦͫͭΈΌ 

͍̏ͦ͡Όͼ͙Ύ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡ ˣ͔͙͊ͪͯͫ͡ ͙ ˴͊͊͘ͻͫͭ͊ͤ͊ ͔ͨͦͫ͡ ͔͔͙ͦ͋ͪͭͤΎ ͔͍͙͙͙ͤ͊ͫͣͦͫͭ͘ 

͔͙͔͒ͣͦͤͫͭͪͪͯͭ ;͔ͪͭ· ͔͙͚ͦ͋͊ͤ͟͡ ͔ͣ͗͒ͯ ͙͔͒͊ͦͣ͡ ό͔͙͔ͨͦͫͭͪͦͤ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭύ ͙ 

͔ͪ͊͡ΈͤͦͫͭΈΌ ό͙͍ͫͦ͗͡΄͊ΎͫΎ Ύ͘·͍ͦ͊͟Ύ ͙ͫͭͯ͊ͼ͙ΎύΣ ͤͦ ͫͭͪ͊ͤ· ͙͙͋ͪ͊͘͡ ͪ͊ͤ͘·͔ ͙ͨͯͭ ͙ ͙ͪͭͣ·Σ ;ͭͦ ͙͍͔ͨͪͦ͡ 

͟ ͙ͪ͊͘͡;ͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭ͊ͣΦ 

̒͘·͍ͦ͊͟Ύ ͙͙ͨͦͭ͊͟͡ ˣ͔͙͊ͪͯͫ͡ ͔͔͙ͨͪ͗͊͡ ͔͙͔ͪ͘͟ ͔͙ͦ͋͊ͤ͟͡ΎΣ ͚ͨͪͦ͒Ύ ͙ͭͪ Ήͭ͊ͨ͊Υ ζ͍͙͔͙͔ͨͪͦ͒͗ͤ 

͔͎͋ͦͪͯͫͫͦͦ͟͡ Ύ͘·͊͟ τ ͍ ͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͫͭ͊ͭͯͫ͊ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟ τ ͨ ͙ͦͫ͟ ͣΎ͎͎ͦͦ͟ ͋͊͊ͤͫ͊͡ ͔ͣ͗ͯ 

͔͙͋ͦͪͯͫͫͣ͟͡ Ύ͘·ͦͣ͟ ͙ ͙ͪͯͫͫͣ͟ Ύ͘·ͦͣ͟ηΦ 

˭͊ͦͤ͟ ζ˻ Ύ͘·͊͟ͻη мффл ͎ͦ͒͊ ͍͙ͯͫͭ͊ͤͦ͡ ͔͙͚͋ͦͪͯͫͫ͟͡ Ύ͘·͟ ͍ ͊͟;͔͍͔ͫͭ ͔͙͍͔͎͒ͤͫͭͤͤͦͦ 

͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦΣ ;ͭͦ ͋·ͦ͡ ͙͔ͯͫͤͦ͡ ͔ͨͦͫ͡ ͔͔͙ͦ͋ͪͭͤΎ ͔͍͙͙͙ͤ͊ͫͣͦͫͭ͘ ͍ мффм ͎ͦ͒ͯΦ ˤ Ήͭͦͭ ͔͙ͨͪͦ͒ 

͙ͨͪͦͦ͘΄͊͡ ͍ͭͦͪ͊Ύ ͍ͦͤ͊͡ ζ͔͙͋ͦͪͯͫ͊͘͡ͼ͙͙ηΣ ͍͔ͤ͊ͨͪ͊ͤͤ͊͡Ύ ͤ͊ ͋·͔ͫͭͪͦ ͍ͨͦ·΄͔͙͔ͤ ͫͭ͊ͭͯͫ͊ 

͎ͦͫͯ͒ ͍͔͎͊ͪͫͭͤͤͦͦ Ύ͘·͊͟Υ ͍͔ͫ ΄ͦ͟͡Έͤ·͔ ͎ͨͪͦͪ͊ͣͣ· ͒ͦ͗ͤ͡· ͋·͙͡ ͔͍ͨͪͨͦ͒͊͊ͭΈͫΎ ͭͦ͡Έͦ͟ ͤ͊ 

͔͋ͦͪͯͫͫͦͣ͟͡Σ ͦͺ͙ͼ͙͊͡Έͤ·͔ ͔͒ͦͯͣͤͭ͟· ͔ͭ͊͗͟ ͒ͦ͗ͤ͡· ͋·͙͡ ͍͔͙ͫͭͫΈ ͤ͊ ͔͋ͦͪͯͫͫͦͣ͟͡Φ ̏ͭ͊ ͙͙ͨͦͭ͊͟͡ 

͒͊͊͡ ͪ͊ͭͦͫͪͦ͟͟;ͤ·͚ ͔͊ͣͭͤ͘·͚ Ήͺͺ͔ͭ͟Υ ͙͔ͤ͊ͨͪͣͪΣ ͍ мффпκмффр ͯ;͔͋ͤͦͣ ͎ͦ͒ͯ ͔͔͋ͦ͡ тр҈ 

͔͍͙͍ͨͪͦ͊ͫͫͤͦ͟͟͡ ͯ;͙͙ͫ͡Έ ͤ͊ ͔͋ͦͪͯͫͫͦͣ͟͡Σ ͙͙ͭͪ͊͗ ͙͙͚͒͊ͤ͘ ͤ͊ ͔͋ͦͪͯͫͫͦͣ͟͡ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍·͙ͪͦͫ͡[6]Φ 

˻͒ͤ͊ͦ͟ ͔ͭ͊ͦ͟ ͙ͪ͊͒͊͟͡Έ͔ͤͦ ͙͔͔͙͔ͣͤͤ͘ ͙͎͙͍ͤͦͪͪͦ͊ͦ͡ ΄͙ͪͦͯ͟Ό ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟ ͍ 

ͦ͋΅͔͍͔ͫͭ ͙ ͍·͍͊ͦ͘͡ ͔͍ͤ͒ͦͦ͡Έ͍ͫͭͦ ;͙͊ͫͭ ͔͔͙ͤ͊ͫͤ͡ΎΦ 

ˤ мффр ͎ͦ͒ͯ ͨͦ ͙͙ͤͼ͙͙͍͔͊ͭ ͔͙͔ͨͪ͒ͤͭ͊͘ ˶ͯ͊͟΄͔ͤͦ͟ ͍ ˣ͔͙͊ͪͯͫ͡ ͋·͡ ͍͔͔ͨͪͦ͒ͤ ͔ͪͺ͔͔ͪͤ͒ͯͣΣ ͤ͊ 

ͦͭͦͪͦͣ͟ ͍ͨͦ͒͊͡ΎΌ΅͔͔ ͋ͦ͡Έ΄͙͍ͤͫͭͦ ͍·ͫ͊͊ͦͫ͘͟͡Έ ͊͘ ͙͙͔ͨͪ͒͊ͤ ͪͯͫͫͦͣͯ͟ Ύ͘·ͯ͟ ͍͎ͪ͊ͤͦͦ ͫ ͔͙͋ͦͪͯͫͫͣ͟͡ 

ͫͭ͊ͭͯͫ͊ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ Ύ͘·͊͟Φ ˮ͔͔ͣͤͤͤ͘·͚ ͍ мффу ͎ͦ͒ͯ ˭͊ͦͤ͟ ζ˻ Ύ͘·͊͟ͻη ͦͺ͙ͼ͙͊͡Έͤͦ ͍͙ͯͫͭ͊ͤͦ͡ 

͍͒ͯΎ͘·;͙͔Φ ˻͒ͤ͊ͦ͟ ͙ͨͪ͊ͭ͊͟͟ Ή͎ͭͦͦ ͔͙ͨͪͦ͒͊ ͺ͙͊ͭ͟;͔͙ͫ͟ ͙͔ͨͪͦ͋ͪ͊͡ ;͔ͪͭ· ζ͔͙ͪͪͯͫͺ͙͊͟ͼ͙͙ηΦ 

˥͍ͦͫͯ͒͊ͪͫͭͦ ͔͔ͨͪͫͭ͊ͦ͡ ͙͍͊ͭͤͦ͟ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͍͙͙͔ͪ͊ͭ͘ ͔͎͋ͦͪͯͫͫͦͦ͟͡ Ύ͘·͊͟Σ ͍͔ͣͫͭͦ Ή͎ͭͦͦ ͤ͊;͍͊ 

͍͙͎ͨͪͦ͒͊ͭΈ ͙͚ͪͯͫͫ͟ ͨͦ ͍͔͚ͫ ͔ͫͭͪ͊ͤΦ ˾͙͚ͯͫͫ͟ ͫͭ͊͡ ͺ͙͊ͭ͟;͔͙ͫͣ͟ ͪ͊͋ͦ;͙ͣ Ύ͘·ͦͣ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͻ 

͎͍ͦͪ͊ͤͦΣ ͊ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͒͡Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔͎͋ͦͪͯͫͫͦͦ͟͡ ͍ ͙ͨͯ͋͡;͚ͤͦ ͫͺ͔͔ͪ ͔ͪͦ͘͟ ͙ͫͦͪ͊ͭͦͫ͟͡ΈΦ 

˴͙͙ͪͫ͘ ͤ͊ ͙͔̂ͪ͊ͤ͟ ͍ нлмп ͎ͦ͒ͯ ͫͭ͊͡ ͍͊͗ͤ·ͣ ͍ͨͦͦͪͦͭͤ·ͣ ͨͯͤͭͦͣ͟Φ ˥͔͙͙ͦͨͦͭ͡;͔͙͔ͫ͟ ͨͦͭͪΎ͔͙ͫͤΎ 

͍͙͙͊ͫͭ͊͘͡ ͔͙͔͋ͦͪͯͫͫ͟͡ ͍͙͊ͫͭ͡ ͔͔͔ͨͪͫͣͦͭͪͭΈ ͍ͦͨͪͦͫ· ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭ ͙ ͯ͟͡Έ͚ͭͯͪͤͦ 

͔͙͋ͦͨ͊ͫͤͦͫͭ͘Σ ͤ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͙͔ͫ͊ͣͦͫͦͤ͊ͤ͘ ͔͊ͣͭͤͦ͘ ͙͙ͯͫͦͫ͡͡ΈΣ ͤ͊;͊͡ ͨͪͦΎ͍͡ΎͭΈͫΎ ͨͪͦͼ͔ͫͫ 
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ζ͔͔͚ͯͣͪͤͤͦ ͔͔͙ͪ͋ͦͪͯͫ͊͘͡ͼ͙͙ηΦ ˥͍ͦͫͯ͒͊ͪͫͭͦ ͫͭ͊ͦ͡ ͋ͦ͡Έ΄͔ ͍͙͙ͤͣ͊ͤΎ ͔ͯ͒͡ΎͭΈ ͔ͣͫͭͯ ͔͎͋ͦͪͯͫͫͦͦ͟͡ 

Ύ͘·͊͟ ͍ ͙͙ͫͦͤ͊ͤ͘ ͎ͪ͊͗͒͊ͤΣ ͔ͤͦͭͦͪ͟·͔ ͔͔͎ͭͨͪͦͪ͊ͣͣ͡· ͙ ͯ͟͡Έͭͯͪͤ·͔ ͨͪͦ͒ͯͭ͟· ͤ͊ ͔͋ͦͪͯͫͫͦͣ͟͡ ͍͍ͤͦΈ 

ͨͦͯ͡;͙͙͡ ͍͙͙͔ͤͣ͊ͤΣ ͒ͦ͡Ύ ͙ͨͯ͋͊͟͡ͼ͙͚ ͤ͊ ͪ·͔ͤ͟ ͔ͭ͊͗͟ ͍͔͙ͯ͡;͙͊ͫ͡ΈΦ ˻͒ͤ͊ͦ͟ Ήͭͦͭ ͨͪͦͼ͔ͫͫ ͙ͤͦͫ͡ 

͔͔ͯͣͪͤͤ·͚ ͙ ͔͔ͨͦͫͭͨͤͤ·͚ ͻ͔͊ͪ͊ͭͪ͟ ͙ ͔ͤ ͔ͨͦͦ͋͊͟͡͡ ͙͙͒ͦͣͤͪͯΌ΅͔͎ͦ ͔͙ͨͦͦ͗ͤ͡Ύ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟Φ ˤ 

нлно ͎ͦ͒ͯ ͍ ͊ͦͤ͘͟ ͦ Ύ͘·͊͟ͻ ͋·͙͡ ͍͔͔ͤͫͤ· ͙͔͔͙ͣͤͤ͘ΎΣ ;ͭͦ ͺ͙͊ͭ͟;͔͙ͫ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔͎͙ͫͭͪ͊ͭΌ 

ͺͦͪͣ͊͡Έ͎ͤͦͦ ͪ͊ͫ΄͙͔͙ͪͤΎ ͍·͋ͦͪ͊ ͙ͨͪ ͺ͙͊ͭ͟;͔ͫͦͣ͟ ͔͔͙͙͊ͪͨͤ͘͟͡ ͫͯ΅͔͍ͫͭͯΌ΅͔͎ͦ ͫͭ͊ͭͯͫ͊Σ ͙͔ͫͫͭͣͤͦ 

͔ͯͪͨ͟͡ΎΌ΅ͯΌ ͫͭ͊ͭͯͫ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟ ͙ͨͪ ͫͦͻ͔͙͙ͪ͊ͤͤ ͍͙͙͙͒ͣͦͫͭ ζ͍͒ͯΎ͘·;͚ͤͦ ͫͭͪ͊ͤ·ηΦ ͙̉͊ͫͭ;ͤ·͔ 

͙ͯͫͭͯͨ͟ ͍ ͦͭͤͦ΄͔͙͙ͤ Ύ͘·͍ͦ͟ ͔ͣͤΈ΄͙͍ͤͫͭΣ ͙͍ͤ͊ͨͪͦͭΣ ͨͦ͒;͔͙͍ͪ͊͟Όͭ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ ͊͘΅͙ͭ· 

͔͎͋ͦͪͯͫͫͦͦ͟͡ Ύ͘·͊͟Σ ͦͭͪ͊͗͊Ύ ͔͙ͦ͋͊ͤ͟͡Ύ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭ ͔ͣ͗͒ͯ ζ͔͍͔͙͒ͫͦͭ͊͘ͼ͙͔͚η ͙ 

ζ͙͚͙ͨͪͦͪͦͫͫͫͣ͟ ͎͙ͨͪ͊ͣ͊ͭͣͦͣ͘ηΦ 

ˤ ͙ͦͭ͡;͙͔ ͦͭ ͔͙ͪ͘͟ͻ ͔͙͚ͦ͋͊ͤ͟͡ ͍ ˣ͔͙͊ͪͯͫ͡Σ Ύ͘·͍ͦ͊͟Ύ ͙͙ͨͦͭ͊͟͡ ˴͊͊͘ͻͫͭ͊ͤ͊ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔͔͋ͦ͡ 

͔͔ͨͦͫͭͨͤͤ·͚Σ ͔͔ͤͨͪͪ·͍ͤ·͚ ͙ ͎͙ͨͪ͊ͣ͊ͭ;ͤ·͚ ͨͪͦͼ͔ͫͫ ͔͙͍͙ͦͪͪͭͪͦ͟͟͟Σ ͎͍͚͊ͤͦ͡ ͼ͔͡ΈΌ ͎ͦͭͦͪͦͦ͟ 

Ύ͍͡Ύ͔ͭͫΎ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔ͤͦ ͍ͨͦ·΄͔͙͔ͤ ͫͭ͊ͭͯͫ͊ ͊͊͘͟ͻ͎ͫͦͦ͟ Ύ͘·͊͟ ͙ͨͪ ͫͦͻ͔͙͙ͪ͊ͤͤ ͫͦͼ͙͊͡Έ͚ͤͦ 

͙ͫͭ͊͋͡Έ͙ͤͦͫͭΦ ˿ͪ͊ͯ͘ ͔ͨͦͫ͡ ͔͔͙ͦ͋ͪͭͤΎ ͔͍͙͙͙ͤ͊ͫͣͦͫͭ͘ ˴͊͊͘ͻͫͭ͊ͤ ͔͙͍ͦͨͪ͊ͭͤͦ ͍͎͙ͨͪͦͦ͊ͫ͘͡͡ ͊͊͘͟ͻ͙͚ͫ͟ 

Ύ͘·͟ ͔͙͍͔͒ͤͫͭͤͤ·ͣ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣΣ ;ͭͦ ͦͭͪ͊͗͊ͦ͡ ͙͙ͨͦͭ͡;͔͔ͫͦ͟ ͔͔͙͔ͤ͊ͣͪͤ ζ͔͙͒ͪͯͫͺ͙͊͟ͼ͙͙ηΦ 

˻͒ͤ͊ͦ͟Σ ;ͭͦ͋· ͯ;͔ͫͭΈ ͙͔͔ͤͭͪͫ· ͎ͣͤͦͦ;͙͔͎ͫͤͤͦͦ͡ ͪͯͫͫͦ͟Ύ͘·;͎ͤͦͦ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ ͫͦͻ͙ͪ͊ͤͭΈ 

͔͍͔͒ͪͯ͗ͫͭͤͤ·͔ ͦͭͤͦ΄͔͙ͤΎ ͫ ˾͙͔͚ͦͫͫΣ ͍ͤͦ͊Ύ ˴͙ͦͤͫͭͭͯͼ͙Ύ мффр ͎ͦ͒͊ ͙ͨͪͤ͊͊͘͡ ͊͘ ͙ͪͯͫͫͣ͟ Ύ͘·ͦͣ͟ ͍ͨͪ͊ͦ 

ζˤ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύͻ ͙ ͎ͦͪ͊ͤ͊ͻ ͔͎ͣͫͭͤͦͦ ͍͔͙ͫ͊ͣͦͯͨͪ͊ͤ͡Ύ ͍͔ͤ͊ͪ͊ͤ ͫ ͊͊͘͟ͻ͙ͫͣ͟ 

ͦͺ͙ͼ͙͊͡Έͤͦ ͔ͯͨͦͭͪ͋͡Ύ͔ͭͫΎ ͙͚ͪͯͫͫ͟ Ύ͘·͟ηΣ ͔͍͙͍ͨͪ͒ͦͫͭ͊ ͔ͣͯ ͫͭ͊ͭͯͫ Ύ͘·͊͟ ͦͺ͙ͼ͙͊͡Έ͎ͤͦͦ ͦ͋΅͔͙ͤΎΦ ̏ͭ͊ 

͔ͣͪ͊ ͔ͯͫͨ΄ͤͦ ͤ͊΄͊͡ ͋͊͊ͤͫ͡ ͔ͣ͗͒ͯ ͔͙͔ͨͦͫͭͪͦͤͣ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙͔͙͒ͤͭ;͙ͤͦͫͭ ͙ ͔͙͔ͨͦ͒͒ͪ͗͊ͤͣ 

ͫͦͼ͙͊͡Έ͚ͤͦ ͙ͫͭ͊͋͡Έ͙ͤͦͫͭΦ 

˽͍͙͔ͪ͊ͭ͡Έ͍ͫͭͦ ˴͊͊͘ͻͫͭ͊ͤ͊ ;͔͔ͪ͘ ͪΎ͒ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͎ͨͪͦͪ͊ͣͣ ͙͔ͫͫͭͣͤͦ ͍͙͎ͨͪͦ͒͊ͦ͡ ͊͊͘͟ͻ͙͚ͫ͟ 

Ύ͘·͟Φ ˹͙͔͊ͨͪͣͪΣ ͍͙͍ͫͭͯͨ΄͙͚ ͍ ͙ͫͯ͡ ͍ нлмо ͎ͦ͒ͯ ͍ͤͦ·͚ ˭͊ͦͤ͟ ζ˻ Ύ͘·͊͟ͻη ͔͒͊͗ ͔͒ͭ͊͡Έͤͦ 

͔͎͔͙͍ͪ͊ͣͤͭͪͦ͊͡͡ ͔͙͔ͪ͊ͫͨͦͦ͗ͤ͡ ό͔͍ͫ͊͡ ͙͙͡ ͍͔ͫͪͻͯ ͒͡Ύ ͊͊͘͟ͻ͎ͫͦͦ͟ύ ͙ ͔ͪ͊ͣͪ͘ ΄͙ͪͺͭ͊ ͍͒ͯͻ Ύ͘·͍ͦ͟ ͍ 

͙ͨͯ͋͡;͚ͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Σ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍ͨͦ·͙͍ͫ ͙͙ͫͨͦͤͣͦͫͭ͡Έ ͊ͦͤ͊͘͟ ͙ ͔͔ͦ͋ͫͨ;͙͍ ͍͙ͯ͊͘͡Έͤ·͚ 

͙͙͔ͨͪͦͪͭͭ ͊͊͘͟ͻ͎ͫͦͦ͟ Ύ͘·͊͟Φ 

ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͎ͦ͒· ˴͊͊͘ͻͫͭ͊ͤ ͔͙͍ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊͡ ͎͔͔ͣͤͦͦͣͪͤͦ ͙ ͔͎͙ͫͭͪ͊ͭ;͔͔ͫͦ͟ ͍͙͔͙͔͒ͤ ͍ 

ͫͺ͔͔ͪ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡Σ ;͔ͭͦ͟ ͫͺ͙͍͍ͦͪͣͯͪͦ͊͡ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡ΈͤͯΌ ͼ͔͡Έ ζ͔ͭͪͻΆΎ͘·;͙Ύη ό͊͊͘͟ͻ͙͚ͫ͟Σ 

͙͚ͪͯͫͫ͟Σ ͎͙͚͙͚͊ͤͫ͟͡ύΣ ͍͔ͤ͊ͨͪ͊ͤͤͯ͡Ό ͤ͊ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙͔ͫͫͭͣ· ͍͙͙ͦͫͨͭ͊ͤΎ ͎ͪ͊͗͒͊ͤΣ ͔͔͚ͯͦͪͤͤͤͦ͟ ͍ 

ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͯ͟͡Έ͔ͭͯͪ ͙ ͦ͋͊͒͊͡Ό΅͔͚ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͙ͣ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·͙ͣ ͔͔ͦͣͨͭͤ͟ͼ͙Ύ͙ͣΦ 

˻͍͔͔͒ͤͦͪͣͤͤͦΣ ͒͡Ύ ͔͔͙ͯͪͨͤ͟͡Ύ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͍͔͔͙͔ͫͯͪͤͭͭ͊ ͙ ͯ͟͡Έ͚ͭͯͪͤͦ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͙ͤͦͫͭΣ 

˴͊͊͘ͻͫͭ͊ͤ ͙͙ͤͼ͙͙͍ͪͦ͊͡ ͎ͯ͋ͦͯ͟͡Ό ͔ͪͺͦͪͣͯ ͎ͪ͊ͺ͙;͔͚ͫͦ͟ ͙͔ͫͫͭͣ· τ ͨ ͔͔ͦͫͭͨͤͤ·͚ ͔͔ͨͪͻͦ͒ ͊͊͘͟ͻ͚ͫͦ͟ 

͙ͨͫΈ͔͙ͣͤͤͦͫͭ ͫ ͙͙͙ͪ͟͡͡ͼ· ͤ͊ ͙͙͊ͭͤ͡ͼͯΦ ͙̏ͭ ͔ͣͪ· ͦͭͪ͊͗͊Όͭ ͎͒ͦͦͫͪͦ͡;ͤ·͚Σ ͙͔ͫͫͭͣͤ·͚ ͻ͔͊ͪ͊ͭͪ͟ 

Ύ͘·͍͎ͦͦͦ͟ ͙͍͙ͨ͊ͤͪͦ͊ͤ͡Ύ ͍ ͔ͫͭͪ͊ͤΦ ˻͒ͤ͊ͦ͟ ͨͪͦͼ͔ͫͫ ͎ͪ͊ͺ͙;͔͚ͫͦ͟ ͔ͪͺͦͪͣ· ͔ͤ ͋·͡ ͎͙͊͒ͣ͟͡Φ 

˻͙͍ͨͯ͋ͦ͊ͤͤ͊͟͡Ύ ͍ нлнм ͎ͦ͒ͯ ͔ͨͦͫ͒ͤ͡ΎΎ ͍͔͙ͪͫΎ ͊͡ͺ͍͙͊ͭ͊ ͫ;͙͔ͭ͊ͭͫΎ ζͦͦͤ͟;͔͊ͭ͡Έ͚ͤͦηΣ ͤͦ ͎ͪ͊ͺ͙͟ 

͔͙ͪ͊͊͘͡ͼ͙͙ ͋·͡ ͔͙͍ͫͦͪͪͭͪͦ͊ͤ͟͟ ͤ͊ ͨͦΉ͔ͭ͊ͨͤͦ ͍͔͔͙͔ͤ͒ͪͤ ͫ нлно ͨͦ нлом ͎ͦ͒Φ ˽͔͙͔ͪ͒ͤͭ͘ ˴͊ͫ·ͣπ

ˬͦͣ͊ͪͭ ͔͍́ͦ͊͟Σ ͨͦ͒;͔͙͍ͪ͊͟Ύ ͔ͪ΄͙ͣͦͫͭΈ ͍ ͍͙͔͙͙ͨͪͦ͒͗ͤ ͔ͪͺͦͪͣ·Σ ͔ͭ͊͗͟ ͯ͊͊͘͟͡ ͤ͊ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ 

͎ͦͫͭͦͪͦ͗ͤͦͦΣ ͔͔͎ͨͦͫͭͨͤͤͦͦ ͨͦ͒ͻͦ͒͊ ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͫ ͦͼ͙͊͡Έ͚ͤͦ ͊͒͊ͨͭ͊ͼ͙͙ ͙ ͯ͟͡Έ͚ͭͯͪͤͦ 

͙ͫͭ͊͋͡Έ͙ͤͦͫͭΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ Ύ͘·͍ͦ͊͟Ύ ͙͙ͨͦͭ͊͟͡ ˴͊͊͘ͻͫͭ͊ͤ͊ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ;͔ͪͭ· ͍͍͔͚͒ͯͤ͊ͨͪ͊ͤͤͦ͡ ͔͎͙͙ͫͭͪ͊ͭΥ 

ͫ ͚ͦ͒ͤͦ ͫͭͦͪͦͤ·Σ ;͔͔ͪ͘ ζ͔ͭͪͻΆΎ͘·;͔ͤͦ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘η ͦͤ͊ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ ͦͭͪ͟·͍͔͊ͭͫΎ ͙ͣͪͯΣ ͫ ͎͚͒ͪͯͦ 

τ ͨ ͔͍ͦͫͪ͒ͫͭͦͣ ͔ͪͺͦͪͣ· ͎ͪ͊ͺ͙͙͟ ͔ͯͪͨ͟͡Ύ͔ͭ ͤ͊ͼ͙ͦͤ͊͡ΈͤͯΌ ͙͔͙͒ͤͭ;ͤͦͫͭΈΦ ̏ͭͦͭ ͨͯͭΈ ͔ͦͭͪ͊͗͊ͭ ͊͟͟ 

͔͔͙͔ͫͭͪͣͤ͡ ͟ ͍͙͊ͭͦͤͦͣ͊͘ͼ͙͙ ͍ Ύ͘·͍͚ͦͦ͟ ͙͔͎͙͙͒ͦͦ͡ ͫͭͪ͊ͤ ͍͔͎ͨͦͫͭͫͦͭͫͦͦ͟ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Σ ͭ͊͟ ͙ 

͙͙ͨͦͭ͡;͔͙͔ͫ͟ ͙͙ͯͫ͡Ύ ͨͦ ͙͍͙͋͊͊ͤͫͪͦ͊ͤ͡Ό ͯ͟͡Έ͎ͭͯͪͤͦͦ ͔͙ͤ͊ͫ͒͡Ύ ͙ ͔͔͚ͨͦͭͪ͋ͤͦͫͭ ͙͔ͤͭͪͤ͊ͼ͙͙ͦͤ͊͊͘͡ͼ͙͙ 

͍ ͎ͦ͋͊͡͡Έͤͦͣ ͔͔ͦͤͭͫͭ͟͟Φ ˴͔͙͍͙ͦͪͪͭͪͦ͟͟ ͙ ͫͨͦͪ· ͍ ͨͪͦͼ͔͔ͫͫ ͔ͪͺͦͪͣ ͪ͊ͫͪ͟·͍͊Όͭ ͔ͭͻ͙ͤ;͔͙͔ͫ͟Σ 
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ͫͦͼ͙͊͡Έͤ·͔ ͙ ͙͙ͨͦͭ͡;͔͙͔ͫ͟ ͍·͍ͦ͘·Σ ͫ ͦͭͦͪ͟·͙ͣ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ Ύ͘·͍͔ͦͦ͟ ͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡ ͤ͊ ͙͔ͨͪ͊ͭ͟͟Φ 

пΦ ˭͔͊ͦͤͦ͒͊ͭ͟͡Έͤ·͔ ͙ͪ͊ͣ͟ ͙ ͔ͣͻ͙͊ͤͣ͘· ͔͙ͪ͊͊͘͡ͼ͙͙Υ ͪ͊ͪ͘·͍ ͔ͣ͗͒ͯ ͔ͭͫͭͦͣ͟ ͙ ͔ͪ͊͡ΈͤͦͫͭΈΌ 

̆ͦͭΎ ͔ͦ͋ ͫͭͪ͊ͤ· ͍͙͙ͯͫͭ͊ͤͦ͡ ͙ͪ͊ͣ͟ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡ ;͔͔ͪ͘ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭͦΣ ͫͯ΅͔͍ͫͭͯΌͭ 

͔͊ͣͭͤ͘·͔ ͙ͪ͊͘͡;͙Ύ ͍ ͎͙ͫͭͪͦͦͫͭ ͍͍ͨͪ͊ͦ·ͻ ͔͍ͭͫͭͦ͟Σ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͙ͪ͊͊͘͡ͼ͙͙ ͙ ͔ͦͤ͟;ͤ·ͻ 

ͫͦͼ͙͊͡Έͤ·ͻ ͔ͪͯ͘͡Έͭ͊ͭ͊ͻΦ 

пΦм ˣ͔͊ͪͯͫ͡ΈΥ ͪ͊ͫͨ͡·͍;͊ͭͦͫͭΈ ͊ͦͤ͊͘͟ ͙ ͙͍ͨ͊ͫͫͤͦͫͭΈ ͙͔͙ͫͨͦͤͤ͡Ύ 

˭͊ͦͤ͟ ˾͔͙͙ͫͨͯ͋͟͡ ˣ͔͊ͪͯͫ͡Έ ζ˻ Ύ͘·͊͟ͻηΣ ͻͦͭΎ ͙ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭ͡ ͍͚͚͒ͦͤͦ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͫͭ͊ͭͯͫ 

͔͎͋ͦͪͯͫͫͦͦ͟͡ ͙ ͎ͪͯͫͫͦͦ͟ Ύ͘·͍ͦ͟ ͙ ͦ͋Ύ͘·͍͔͊ͭ ͎ͦͫͫͯ͗͊͡΅͙ͻ ͍͔͊͒ͭ͡Έ ͙͙ͦ͋ͦͣΣ ͔͙ͫͦ͒ͪ͗ͭ ;͔͊ͫͭͦ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͫͦΌ͊͘ ζ͙͙͡η ͍ ͔͔ͭͫͭ͟Σ ;ͭͦ ͺ͙͊ͭ͟;͔͙ͫ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͤ͊ ͙͔ͨͪ͊ͭ͟͟ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͭͦ͡Έͦ͟ ͙ͦ͒ͤ 

͙͘ Ύ͘·͍ͦ͟Σ ͍ͫͦ͒͊͊͘Ύ ͍͍͔ͨͪ͊ͦͦ ͍ͯ͒ͦ͋ͫͭͦ ͒͡Ύ ͣͦͤͦͨͦ͡Έ͎ͤͦͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͎ͪͯͫͫͦͦ͟Φ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

ͤ͊͘;͙͔ͭ͡Έͤͦͣͯ ͪ͊ͪ͘·͍ͯ ͔ͣ͗͒ͯ ͔ͭͫͭͦͣ͟ ͊ͦͤ͊͘͟ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͔ͪ͊͡ΈͤͦͫͭΈΌΥ Ό͙͙ͪ͒;͔͔ͫͦ͟ ͍͒ͯΎ͘·;͔ͤͦ 

͍͔͍ͪ͊ͤͫͭͦ ͙͍ͨͪͦͭ ͺ͙͊ͭ͟;͔͎ͫͦͦ͟ ͙͙͍͙͒ͦͣͤͪͦ͊ͤΎ ͎ͪͯͫͫͦͦ͟Φ 

̉ͭͦ ͔͊ͫ͊ͭͫ͟Ύ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͙ͪ͊͊͘͡ͼ͙͙Σ ͍ ˣ͔͙͊ͪͯͫ͡ ͍͔ͦͭͫͯͭͫͭͯͭ ͙ͫ͡Έͤ·͚ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͚ 

͎ͦͪ͊ͤΣ ͍͔͍͔ͦͭͭͫͭͤͤ·͚ ͊͘ ͙͔͙͔ͫͨͦͤͤ͡ ͙ ͙͙͎ͣͦͤͭͦͪͤ ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡Φ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ 

͟ ͺ͔͔ͤͦͣͤͯ ζ͙͍͚ͨ͊ͫͫͤͦ ͙͙͊ͫͫͣ͡Ύͼ͙͙ηΣ ͎ͦ͒͊͟ ͙͙ͨͦͭ͊͟͡ ͔͔ͫ͒ͯͭ͡ ͫͦͼ͙͊͡Έ͚ͤͦ ͙͔ͤͪͼ͙͙ ͙͙͍͙͒ͦͣͤͪͦ͊ͤΎ 

͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟Σ ͊ ͔ͤ ͙͍͊ͭͤͦ͟ ͍͙͎͔ͨͪͦ͒͊ͭ ͔͙͚͋ͦͪͯͫͫ͟͡Φ ˽ͦ ͒͊ͤͤ·ͣ ͊͘ нлму ͎ͦ͒Σ ͒ͦ͡Ύ ͔͎͋ͦͪͯͫͫͦͦ͟͡ Ύ͘·͊͟ 

͍ ˿˸ˮ ͍ͫͦͫͭ͊͡Ύ͊͡ ͙͡΄Έ пΣф҈Σ ͍ ͙ͨͫΈ͔͚ͣͤͤͦ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ τ тΣу҈Σ ;ͭͦ 

ͤ͊͘;͙͔ͭ͡Έͤͦ ͙͔ͤ͗ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟[1]Φ 

пΦн ˴͊͊͘ͻͫͭ͊ͤΥ ͔ͦͤͪͭͤͦͫͭ͟͟Έ ͊ͦͤ͊͘͟ ͙ ͙͍͊ͭͤͦͫͭ͟Έ ͔͙ͪ͊͊͘͡ͼ͙͙ 

˭͊ͦͤ͟ ˴͊͊͘ͻͫͭ͊ͤ͊ ζ˻ Ύ͘·͊͟ͻη ͙ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͙ͤͣ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͔ ͎ͨͪͦͪ͊ͣͣ· ͺ͙ͦͪͣͯͪͯ͡ΌͭͫΎ 

͔͔͋ͦ͡ ͔ͦͤͪͭͤͦ͟͟ ͙ ͙͔͙͍ͣͨͪ͊ͭͤͦΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͨͪͦ;ͤͯΌ ͍͍ͨͪ͊ͦͯΌ ͍ͦͫͤͦͯ ͒͡Ύ ͔͙ͪ͊͊͘͡ͼ͙͙ Ύ͘·͍͚ͦͦ͟ 

͙͙͙ͨͦͭ͟͡Φ ̉ͭͦ ͔͔͋ͦ͡ ͍͊͗ͤͦΣ ͍͙͔ͨͪ͊ͭ͡Έ͍ͫͭͦ ˴͊͊͘ͻͫͭ͊ͤ͊ ͔͙͍ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊ͦ͡ ͙ͫ͡ΈͤͯΌ ͍ͦ͡Ό ͟ 

͙͔͙ͫͨͦͤͤ͡Ό ͙ ͍·͔͙͒ͦ͡͡ ͤ͊͘;͙͔ͭ͡Έͤ·͔ ͺ͙͍ͤ͊ͤͫͦ·͔ ͔ͪͫͯͪͫ·Φ 

ˤ ;͙͊ͫͭ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͙ͪ͊͊͘͡ͼ͙͙ ˴͊͊͘ͻͫͭ͊ͤ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔ͤͦ ͍͙͔͙͔ͨͪͦ͒͗ͤ 

͙͙͙ͨͦͭ͟͡ ;͔͔ͪ͘ ͙͔ͫͦ͒͊ͤ͘ ͔ͫͨͼ͙͊͡Έ͎ͤͦͦ ˴͙͔ͦͣͭͭ͊ ͨͦ ͍͙͙ͪ͊ͭ͘Ό Ύ͘·͍ͦ͟ ͙ ͔͙ͪ͊͊͘͡ͼ͙Ό ͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ 

ͼ͔͔͍͡·ͻ ͎ͨͪͦͪ͊ͣͣΦ ζ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͎ͨͪͦͪ͊ͣͣ· ͨͦ ͔͙ͪ͊͊͘͡ͼ͙͙ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡ ͍ ˾͔͙͔ͫͨͯ͋͟͡ 

˴͊͊͘ͻͫͭ͊ͤ ͤ͊ нлнлπнлнр ͎ͦ͒·η ͍͙ͫͭ͊ͭ ͼ͔͙͡Υ ͍͔͙͒ͦͫͭ ͒ͦ͡Ό ͎ͪ͊͗͒͊ͤΣ ͍͔͊͒͡Ό΅͙ͻ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣ 

Ύ͘·ͦͣ͟Σ ͒ͦ фр҈Σ ͒ͦ͡Ό ͔ͦͤͭͤͭ͊͟ ͤ͊ ͊͊͘͟ͻͫͦͣ͟ Ύ͘·͔͟ τ ͒ͦ тл҈ ͙ ͍͔͊ͪ͘΄͙ͭΈ ͔͔ͨͪͻͦ͒ ͤ͊ ͙͙͊ͭͤ͡ͼͯΦ ˹͊ Ήͭͯ 

͎ͨͪͦͪ͊ͣͣͯ ͍·͔͔͒ͤ͡ ͋Ό͔͒͗ͭ ͦͦͦ͟͡ пм ͙͙ͣͦͤ͊͡͡ ͍͒ͦ͊ͪͦ͡͡Σ ͔ͫͨͼ͙͊͡Έͤͦ ͒͡Ύ ͍͙͔͙ͨͪͦ͒͗ͤΎ 

͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ Ύ͘·͊͟[6]Φ ˿͊ͣͦ ͨͦ ͔͔ͫ͋ ͔ͭ͊ͦ͟ ͨͦͫͭͦΎ͔ͤͤͦ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͺ͙͙͍͙͔ͤ͊ͤͫͪͦ͊ͤ 

͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔ͪ΄͙ͣͦͫͭΈ ͎͍ͦͫͯ͒͊ͪͫͭ͊Σ ͙ ͻͦͭΎ ͙͔͙͔͒ͦͫͭ͗ͤ Ή͙ͭͻ ͼ͔͔͚͡ ͫͦͨͪΎ͔͗ͤͦ ͫ ͍·͍͙ͦ͊ͣ͘Σ ͙ͻ 

͙ͤ͊͡;͙͔ ͫ͊ͣͦ ͨͦ ͔͔ͫ͋ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣ ͎ͦͪ͊ͤ͊ͣ ͍͔ͫͻ ͍͔͚ͯͪͦͤ ;͔͙͔ͭ͟ ͙͔͙ͦͪͤͭͪ· ͒͡Ύ 

͔͚͍͙͚͒ͫͭΦ 

рΦ ˻͋΅͔͍͔ͫͭͤͤ͊Ύ ͍ͦͫͤͦ͊ ͙ ͫͦͼ͙͊͡Έͤ·͚ ͙ͦͭ͟͟͡Υ ͟͡Ό; ͟ ͔ͯͫͨͻͯ ͙͙͡ ͍ͨͪͦ͊ͯ͡ ͙͙͙ͨͦͭ͟͡ 

˴͔ͦͤ;ͤ͊Ύ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡ ͍͙͙͊ͫͭ͘ ͔ͤ ͭͦ͡Έͦ͟ ͦͭ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ 

͙͍͙ͨ͊ͤͪͦ͊ͤ͡ΎΣ ͤͦ ͙ ͦͭ ͦͭͤͦ΄͔͙ͤΎ ͙ ͍͔͔͍ͨͦͫ͒ͤͤ·ͻ ͙ͨͪ͊ͭ͟͟ ͔͔͙ͤ͊ͫͤ͡ΎΦ ˤ Ήͭͦͣ ͔͔͊ͫͨͭ͟ ͙ͪ͊͘͡;͙Ύ ͍ 

ͦͭͤͦ΄͔͙͙ͤ ͎ͪ͊͗͒͊ͤ ͍͒ͯͻ ͫͭͪ͊ͤ ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤͦͣͯ ͙ ͪͯͫͫͦͣͯ͟ Ύ͘·͊ͣ͟ ͎ͯ͋ͦͦ͟͡ ͍͙ͨͦ͡Ύ͙͡ ͤ͊ ͟ ͯͪͫ· 

͙͙͙ͨͦͭ͟͡Φ 

рΦм ˣ͔͊ͪͯͫ͡ΈΥ ˾͊ͫͻ͔͙͔ͦ͗͒ͤ ͔ͣ͗͒ͯ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͔͚ ͫ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣ Ύ͘·ͦͣ͟ ͙ ͙͍ͨͪ·;͚ͦ͟ 

͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 

̆ͦͭΎ ͔͔͙ͨͪͨͫΈ нлмф ͎ͦ͒͊ ͨͦ͊͊͊͘͟͡Σ ;ͭͦ ͤ͊͘;͙͔ͭ͡Έͤ͊Ύ ;͊ͫͭΈ ͔͍͋ͦͪͯͫͦ͡ ͫ;͙͔ͭ͊ͭ ͔͙͚͋ͦͪͯͫͫ͟͡ Ύ͘·͟ 

ͪͦ͒ͤ·ͣΣ ͍ ͍͔͔͍͚ͨͦͫ͒ͤͤͦ ͙͙͗ͤ͘ ͍ͨͦ͒͊͡ΎΌ΅͔͔ ͋ͦ͡Έ΄͙͍ͤͫͭͦ ό͔ͦͫͦ͋ͤͤͦ ͍ ͎ͦͪͦ͒͊ͻύ ͙͍ͨͪ·ͦ͟͡ 

͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͙͚ͪͯͫͫ͟ Ύ͘·͟Φ ˤ ˣ͔͙͊ͪͯͫ͡ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͎͋ͦͪͯͫͫͦͦ͟͡ Ύ͘·͊͟ ͙͎ͤͦ͒͊ ͔͒͊͗ 

͍͙͙͔ͦͫͨͪͤͣ͊ͭͫΎ ͊͟͟ ͍·͔͙͔ͪ͊͗ͤ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͙ͨͦ͘ͼ͙͙Σ ͊ͫͫͦͼ͙͙͔͚ͪͯͣͦ ͫ ͙ͦͨͨͦ͘ͼ͙͔͚Σ ;ͭͦ ͍ 

͔͔͔͚ͦͨͪ͒ͤͤͦ͡ ͔͔͙ͫͭͨͤ ͔ͨͪͨΎ͍͔ͭͫͭͯͭ ͔͎ͦ ͔͔͍͔ͫͭͫͭͤͤͦͣͯ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΌ ͔͙ͫͪ͒ ͦ͋·;ͤ·ͻ ͎ͪ͊͗͒͊ͤΦ 
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̆ͦͭΎ ͎͔͙͙ͦͨͦͭ͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͎͙ͣͦ͡ ͍ ͔͚ͤͦͭͦͪͦ͟ ͔͔͙ͫͭͨͤ ͙͙͍ͫͭͣͯͪͦ͊ͭ͡Έ ͦ͋΅͔͍͔ͫͭͤͤͯΌ 

͙͔͙͒ͤͭͺ͙͊͟ͼ͙Ό ͫ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣ Ύ͘·ͦͣ͟Σ ͨͦ ͫͦͫͭͦΎ͙ͤΌ ͤ͊ нлнр ͎ͦ͒ ͔ͤͭ ͍͙͔͊ͭͦͪͭͭͤ·ͻ ͣ͊ͫ΄ͭ͊͋ͤ·ͻ 

͒͊ͤͤ·ͻ ͍ͦͨͪͦͫͦΣ ͭͦ;ͤͦ ͙͔ͣͪ͘ΎΌ΅͙ͻ Ή͙ͭ ͙͔͔͙ͣͤͤ͘ΎΦ ˤ͔ͫͦ͋΅͔͔ ͙ͨͪͤΎ͙͔ͭ ͙ ͙͍ͨͪ·;͊͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 

͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟ ͔͔͙͔ͤ͊ͫͤͣ͡ Ύ͍͡ΎΌͭͫΎ ͚ͫ͊ͣͦ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ ͫͦͼ͙͊͡Έ͚ͤͦ ͙ͨͪ;͙͚ͤͦ ͔ͤͯ͒͊;͙ 

͙͙͙ͨͦͭ͟͡ ζ͔͙͋ͦͪͯͫ͊͘͡ͼ͙͙η ͙ ͙͙͍͙͒ͦͣͤͪͦ͊ͤΎ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟ ͍ ͍͙ͯͫͦ͡Ύͻ ͍͒ͯΎ͘·;͙ΎΦ 

рΦн ˴͊͊͘ͻͫͭ͊ͤΥ ͫͦͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͎͙ͦͪ͒ͦͫͭ ͊͘ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ Ύ͘·͟ ͙ ͎͙ͨͪ͊ͣ͊ͭ;ͤ·ͻ 

͔͔͚ͨͦͭͪ͋ͤͦͫͭ 

ˤ ˴͊͊͘ͻ͔ͫͭ͊ͤ ͍͎ͨͪͦͦ͊͘͡΄͔͙͔ͤ ͊͊͘͟ͻ͎ͫͦͦ͟ Ύ͘·͊͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣ ͙͔͔ͣͭ ΄͙ͪͦͯ͟Ό ͦ͋΅͔͍͔ͫͭͤͤͯΌ 

͔ͨͦ͒͒ͪ͗ͯ͟Σ ͔ͦͫͦ͋ͤͤͦ ͔͙ͫͪ͒ ͊͊͘͟ͻ͎ͫͦͦ͟ Ήͭͤͦͫ͊Σ ͎͔͒ ͙ͯ͘;͔͙͔ͤ ͙ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ Ύ͘·͊͟ 

͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͨͪͦΎ͍͔͙͔ͤ͡ ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͎͙ͦͪ͒ͦͫͭ ͙ ͙͙ͨ͊ͭͪͦͭͣ͊͘Φ ˻͍͔͔͒ͤͦͪͣͤͤͦ ͔͔͙͔ͤ͊ͫͤ͡ ͍ 

ͼ͔ͦͣ͡ ͔ͦͫͦͤ͊ͭ͘ ͙ͨͪ͊ͭ͟;͔ͫͯ͟Ό ͼ͔ͤͤͦͫͭΈ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟ ͊͟͟ Ύ͘·͊͟ ͔ͣ͗ͤ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͦ͋΅͔͙ͤΎ ͙ 

͍͎͊͗ͤͦͦ ͊ͤ͊͊͟͡ ͨͦͯ͡;͔͙ͤΎ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͙͙ͨͦͭ͊͟͡ ͍͙͔ͨͪ͊ͭ͡Έ͍ͫͭ͊ ͨͦ ͍͙͔͙ͨͪͦ͒͗ͤΌ 

͊͊͘͟ͻ͎ͫͦͦ͟ Ύ͘·͊͟ ͨͦͯ͡;͙͊͡ ͙͙͍ͨͦͭͤ͘·͚ ͙ͦͭ͟͟͡ ͦ͋΅͔͍ͫͭ͊ ͙ ͔ͤ ͍·͍͊͊͘͡ ͪͯͨͤͦͣ͊ͫ͟΄͎ͭ͊͋ͤͦͦ 

ͫͦͼ͙͊͡Έ͎ͤͦͦ ͙͍ͨͪͦͭͦͫͭͦΎ͙ͤΎΦ ˨͔͊͗ ͨͦ ͭ͊ͦͣͯ͟ ͍͊͗ͤͦͣͯ ͍ͦͨͪͦͫͯΣ ͊͟͟ ͎ͪ͊ͺ͙;͔ͫ͊͟Ύ ͔ͪͺͦͪͣ͊Σ ͻͦͭΎ 

͎͙ͪ͊ͤͦ͊ͫ͘͡Ύ ͫͯ΅͔͍ͫͭͯΌͭΣ ͦ͋΅͔͍͔ͫͭͤͤ͊Ύ ͙͙͒ͫͯͫͫ͟Ύ ͔ͫͦͫͪ͒ͦͭͦ;͔ͤ͊ ͎͍͊ͤ͡·ͣ ͦ͋ͪ͊ͦͣ͘ ͤ͊ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻ 

ͫͦ͗ͤͦͫͭ͡Ύͻ ͙ ͊ͭͪ͊ͭ͊͘ͻ ͔͔ͨͪͻͦ͒͊Σ ͊ ͔ͤ ͤ͊ ͙ͦͭͪͼ͙͙͊ͤ ͚ͫ͊ͣͦ ͔ͪͺͦͪͣ·Φ ˽͎͙ͪ͊ͣ͊ͭ;͔ͤͦ ͦͭͤͦ΄͔͙͔ͤ 

͔͔͙ͤ͊ͫͤ͡Ύ ˴͊͊͘ͻͫͭ͊ͤ͊ ͟ Ύ͘·͍ͦͦͣͯ͟ ͍ͦͨͪͦͫͯ ͫͦ͒͊ͦ͘͡ ͎͙͋͊ͦͨͪ͡ΎͭͤͯΌ ͫͦͼ͙͊͡ΈͤͯΌ ͔ͫͪ͒ͯ ͒͡Ύ ͍͔͔͙ͨͪͦ͒ͤΎ 

͎͍ͦͫͯ͒͊ͪͫͭͦͣ ͔͔͚ͨͦͫͭͨͤͤͦ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡Φ ˿ ͫͦͼ͙͊͡Έ͚ͤͦ ͔͔ͭͤ͒ͤͼ͙͙Σ ͙͔ͦ͗͒͊ͭͫΎΣ ;ͭͦ ͫͦͻ͙ͪ͊ͤͭͫΎ 

͙ͨͦ͘ͼ͙Ύ ͫͦͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ ͔͙ͨͦ͒͒ͪ͗͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ Ύ͘·͊͟ ͙ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έ͎ͤͦͦ ͫͨͪͦͫ͊ ͤ͊ ͙͚ͪͯͫͫ͟ 

Ύ͘·͟Φ 

сΦ ˭͊͟͡Ό;͔͙͔ͤ 

˿͙͔͔ͫͭͣͤͦ ͍͔͙͔ͫͪ͊ͤͤ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡ ˣ͔͙͊ͪͯͫ͡ ͙ ˴͊͊͘ͻͫͭ͊ͤ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͫ͒͊ͭ͡Έ ͔ͫ͒ͯ͡Ό΅͙͔ 

͍·͍ͦ͒·Υ 

ˮ͙ͫͭͦͪ;͔ͫ͊͟Ύ ͙͔ͤͪͼ͙Ύ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͙ ͎͙ͦͪ͊ͤ;͔͙͔ͤͣ ͙͙͙ͨͦͭ͟͡Φ ˻͔͋ ͫͭͪ͊ͤ· ͔͍͙ͯͤ͊ͫ͒ͦ͊͡͡ 

͍͔͔ͫͦͭͫͦ͟ Ύ͘·͍͔ͦͦ͟ ͔͙͔ͤ͊ͫ͒͡ ͫ ͙ͫ͡Έͤ·͙ͣ ͙ͨͦ͘ͼ͙Ύ͙ͣ ͎ͪͯͫͫͦͦ͟ Ύ͘·͊͟Φ ˣ͔͊ͪͯͫ͡Έ ͙͘π͘ ͊ ͔͔͋ͦ͡ ͎͚ͯ͋ͦͦ͟͡ 

͙͙͙ͫͭͦͪ ζ͙ͪͯͫͺ͙͊͟ͼ͙͙η ͫͭͦͤͯ͊ͫ͟͡͡Έ ͫ ͋ͦ͡Έ΄͙ͣ ͙͍͔͙͔ͫͦͨͪͦͭͤͣ͡ ͍͔͙ͦͪͦ͗͒ͤ͘Ό ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ 

Ύ͘·͊͟Φ ˴͊͊͘ͻͫͭ͊ͤΣ ͻͦͭΎ ͙ ͫͭͦͤͯͫ͟͡͡Ύ ͫ ͨͦͻ͙͙ͦ͗ͣ ͔͙ͨͪͦ͋ͣ͊ͣ͡Σ ͔ͦ͋͊͒͊ͭ͡ ͔͔͋ͦ͡ ͙ͫ͡Έ͚ͤͦ ͍͔͔͚ͤͯͭͪͤͤ 

͙͚ͫͦ͡ ͒͡Ύ ͍͔͙ͦͪͦ͗͒ͤ͘Ύ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ Ύ͘·͊͟ ͎͋͊ͦ͒͊ͪ͡Ύ ͙ͯͤ͊͟͡Έ͚ͤͦ ͦ͟;͔͍͚ͦ ͯ͟͡Έ͚ͭͯͪͤͦ ͙ͭͪ͊͒ͼ͙͙ 

͙ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͔͍͙͙ͤ͊ͫͣͦͣͯ͘ ͤ͊ͼ͙ͦͤ͊͡Έͤͦͣͯ ͙ͫ͊ͣͦͫͦͤ͊ͤ͘ΌΦ 

˿͔͔ͭͨͤΈ ͍͔͍͙ͫͦͦͭͭͫͭΎ ͙ͪͭͣ͊ ͔͙ͪ͊͊͘͡ͼ͙͙ ͙͙͙ͨͦͭ͟͡ ͫͦͼ͙͊͡Έ͚ͤͦ ͔ͪ͊͡Έ͙ͤͦͫͭ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͔ͯͫͨͻ ͙͙͡ 

͍ͨͪͦ͊͡Φ ˾͙͊͒͊͟͡Έͤ͊Ύ ζ͔͙͋ͦͪͯͫ͊͘͡ͼ͙Ύη ͤ͊;͊͊͡ мффлπͻ ͍ ˣ͔͙͊ͪͯͫ͡ ͔͔ͨͦͭͪͨ͊͡ ͔ͤͯ͒͊;ͯ ͙͘π͘ ͊ ͦͭͪ·͍͊ ͦͭ 

ͫͦͼ͙͊͡Έ͚ͤͦ ͔ͪ͊͡Έ͙ͤͦͫͭΣ ͎ͭͦ͒͊ ͊͟͟ ͔ͨͦͫ͒ͯ͡Ό΅͊Ύ ͙͙ͨͦͭ͊͟͡ ͋·͊͡ ͙ͫ͡΄ͦͣ͟ ͙͍͚ͨ͊ͫͫͤͦΣ ;ͭͦ ͙͍͔ͨͪͦ͡ ͟ 

͎ͫͭ͊ͤ͊ͼ͙͙ ͍͙͙ͪ͊ͭ͘Ύ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ Ύ͘·͊͟Φ ˢ ˴͊͊͘ͻͫͭ͊ͤ ͙͋ͪ͊͘͡ ͎͙ͨͪ͊ͣ͊ͭ;ͤͯΌΣ ͔͔ͨͦͫͭͨͤͤͯΌ 

͔͎͙ͫͭͪ͊ͭΌ ͫ ͨͦͫͭͦΎͤͤ·ͣ ͺ͙͙͍͙͔ͤ͊ͤͫͪͦ͊ͤͣΣ ͍ͯ͊͗͊Ύ ͔ͪ͊͡ΈͤͦͫͭΈ ͙ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͍͙͎ͨͪͦ͒͊ΎͫΈ ͟ ͼ͔͙͡Σ 

͙͎͍͒ͦͫͭͤͯ ͔͔͋ͦ͡ ͔͊ͣͭͤ͘·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ ̏ͭͦ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͔ͯͫͨ΄ͤ͊Ύ Ύ͘·͍ͦ͊͟Ύ ͙͙ͨͦͭ͊͟͡ ͔͔ͭͪ͋ͯͭ 

ͤ͊ͻ͔͙ͦ͗͒ͤΎ ͎ͭͦͤͦͦ͟ ͋͊͊ͤͫ͊͡ ͔ͣ͗͒ͯ ͙͔͙͙͒͊ͫͭ͡;͔͙͙ͫͣ͟ ͼ͔͡Ύ͙ͣ ͤ͊ͼ͙͔͙͔ͫͭͪͦͭ͡Έ͍ͫͭ͊ ͙ ͎͙ͨͪ͊ͣ͊ͭ;ͤ·͙ͣ 

͔ͨͦͭͪ͋ͤͦͫͭΎ͙ͣ ͫͦͼ͙͊͡Έ͚ͤͦ ͙ͫͭ͊͋͡Έ͙ͤͦͫͭΦ 

˥͔͙͙ͦͨͦͭ͊͟͡ Ύ͍͡Ύ͔ͭͫΎ ͍͔ͤ΄͙ͤͣ ͺ͊ͭͦͪͦͣ͟Σ ͦͭͦͪ͟·͚ ͔ͤ͡Έ͘Ύ ͔ͤ ͯ;͙ͭ·͍͊ͭΈΦ ˮ͔͎ͤͭͪ͊ͼ͙Ύ ˣ͔͙͊ͪͯͫ͡ ͫ 

˾͙͔͚ͦͫͫ ͍ ͙͙ͨͦͭ͡;͔͚ͫͦ͟Σ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙ ͍͔͚ͦͤͤͦ ͫͺ͔ͪ͊ͻ ͔͔͒͊ͭ͡ ͔͔ Ύ͘·͍ͦͯ͟Ό ͙͙ͨͦͭͯ͟͡ ͙ͫ͡Έͤͦ 

͍͙͙͚͊ͫͣͦ͘ ͦͭ ͦͭͤͦ΄͔͙͚ͤ ͫ ˾͙͔͚ͦͫͫΣ ͎͙ͦͪ͊ͤ;͙͍͊Ύ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͒͡Ύ ζ͔͙͒ͪͯͫͺ͙͊͟ͼ͙͙ηΦ ˴͊͊͘ͻͫͭ͊ͤ 

͍͙ͨͪͦͦ͒ͭ ͎͍͔ͣͤͦͦͭͦͪͤ͟·͔ ͙͍ͫ͋͊͊ͤͫͪͦ͊ͤͤ͡·͔ ͔ͣͪ·Σ ;ͭͦ ͔͒͊ͭ ͔ͣͯ ͋ͦ͡Έ΄͔ ͍͙͙͊ͭͦͤͦͣ ͍ Ύ͘·͍͚ͦͦ͟ 

͙͙͔ͨͦͭ͟͡Φ ˥͔͙͙ͦͨͦͭ͡;͔͙͔ͫ͟ ͨͦͭͪΎ͔͙ͫͤΎ ͔ͨͦͫ͡ нлмп ͙ нлнн ͎͍ͦ͒ͦ ͔͊ͣͭͤͦ͘ ͍͙ͨͦ͡Ύ͙͡ ͤ͊ Ύ͘·͍ͦͯ͟Ό 

͍͔ͨͦͫͭͯ͟ ͔͙ͦ͋ͻ ͫͭͪ͊ͤΣ ͨͦ͒;͔͍ͪͤͯ͟ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ Ύ͘·͊͟ ͊͟͟ ͙͍ͫͣͦ͊͡ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͍͔͔͙͔ͫͯͪͤͭͭ͊Φ 

͙͙͍͙͔̅ͤ͊ͤͫͪͦ͊ͤ ͙ ͙͙ͤͫͭͭͯͼ͙ͦͤ͊͡Έͤ·͔ ͎͙͙͊ͪ͊ͤͭ Ύ͍͡ΎΌͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͣ ͍͙͔ͯͫͦͣ͡ 

͔͙ͪ͊͊͘͡ͼ͙͙ Ύ͘·͍͚ͦͦ͟ ͙͙͙ͨͦͭ͟͡Φ ͚̂ͫͭͦ;͙͍·͚ ͎͔ͨͪͦͪͫͫ ˴͊͊͘ͻͫͭ͊ͤ͊ ͍ ͍͙͔͙͙ͨͪͦ͒͗ͤ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ 
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Ύ͘·͊͟ ͔ͭͫͤͦ ͍ͫΎ͊ͤ͘ ͫ ͙͔ͫͦ͒͊ͤͣ͘ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ ͎͍ͦͪ͊ͤͦΣ ͚ͪ͊ͪ͊͋ͦͭͦ͘͟ ͔͒ͭ͊͡Έͤ·ͻ ͍ͨ͊ͤͦ͡ ͙ 

͍·͔͔͙͔͒ͤͣ͡ ͤ͊͘;͙͔ͭ͡Έ͎ͤͦͦ ͋Ό͔͒͗ͭ͊Φ ˣ͔͊ͪͯͫ͡Έ ͔͗ ͙͘π͘ ͊ ͍͙ͦͭͫͯͭͫͭΎ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ 

͙͙ͤͫͭͭͯͼ͙ͦͤ͊͡Έͤ·ͻ ͙ ͔ͪͫͯͪͫͤ·ͻ ͎͙͚͊ͪ͊ͤͭ ͍ͦ ͎ͣͤͦͦͣ ͍͙ͦͫͭ͊͊͡ ͍ͫͦΌ Ύ͘·͍ͦͯ͟Ό ͙͙ͨͦͭͯ͟͡ ͤ͊ ͎͔͋ͯͣ͊Φ 

ˤ ͙͎͔ͭͦΣ ͪ͊ͫͻ͔͙͔ͦ͗͒ͤ ͍ Ύ͘·͍͚ͦͦ͟ ͙͙͔ͨͦͭ͟͡ ˣ͔͙͊ͪͯͫ͡ ͙ ˴͊͊͘ͻͫͭ͊ͤ͊ Ύ͍͡Ύ͔ͭͫΎ ͔ͪͯ͘͡Έͭ͊ͭͦͣ 

͎ͫͦ͗ͤͦͦ͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔͍ͣͤͦ͗ͫͭ͊ ͺ͍͊ͭͦͪͦ͟Υ ͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ ͔͙ͤ͊ͫ͒͡ΎΣ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͍͙ͦ͡Σ 

ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͔ͦͤͫͤͫͯͫ͊͟Σ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͙ ͎͔͙͙ͦͨͦͭ͡;͔͚ͫͦ͟ ͔ͫͪ͒·Φ ζ˽͔͔ͦͫͭͨͤͤ͊Ύ 

͔ͣͦ͒͡Έ ͔͔͙ͯͪͨͤ͟͡Ύη ˴͊͊͘ͻͫͭ͊ͤ͊ ͙ͫͯ͗ͭ͡ ͙͔ͨͪͣͪͦͣ ͒͡Ύ ͎ͣͤͦͦͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ͎͍ͦͫͯ͒͊ͪͫͭ ͦ ͭͦͣΣ ͊͟͟ 

͍ͨͦ·΄͊ͭΈ ͫͭ͊ͭͯͫ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ Ύ͘·͊͟Σ ͫͦͻͪ͊ͤΎΎ ͫͦͼ͙͊͡ΈͤͯΌ ͙ͫͭ͊͋͡ΈͤͦͫͭΈΦ ζ˴͔͔ͦ͋͊ͭ͡͡Έͤ͊Ύ 

͔ͣͦ͒͡Έη ˣ͔͙͊ͪͯͫ͡ ͔͗ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͪ͊ͭͦͫͪͦ͟͟;ͤ·͔ ͯ͊͘͟· ͔͋͘ ΄͙͎ͪͦͦͦ͟ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͔ͦͤͫͤͫͯͫ͊͟ 

͙ ͚ͯͫͭͦ;͙͍͚ͦ ͙͙ͨͦͭ͡;͔͚ͫͦ͟ ͍͙ͦ͡ ͔ͤ ͎ͣͦͯͭ ͙͔͙ͣͤͭ͘Έ ͎ͯ͋ͦͦ͟͡ ͔͙͍ͯͦͪͤ͟΄ͯΌͫΎ Ύ͘·͍ͦͯ͟Ό ͙ͫͭͯ͊ͼ͙ΌΦ ˻ͨ·ͭ 

͙ ͙ͯͪͦ͟ ͔͙ͦ͋ͻ ͫͭͪ͊ͤΣ ͔͔ͤͫͦͣͤͤͤͦΣ ͙͔ͣΌͭ ͎͔ͯ͋ͦͦ͟͡ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͎͙͒ͪͯͻ ͫͭͪ͊ͤ ͙ͣͪ͊Σ ͙͍ͫͭ͊͊͟͡Ό΅͙ͻͫΎ 

ͫͦ ͫͻ͙͙ͦ͗ͣ ͍·͍͙ͦ͊ͣ͘Φ 

̏ͭͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͺ͙͙͍ͤ͊ͤͫͪͦ͊ͦͫ͡Έ ˽͔ͪͦͭͦͣ͟ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͺ͙ͦͫͦ͡ͺ͙͙ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͤ͊ͯ͟ ͍ 

͔ͦ͒͗͊͟͡͡ͻ ͙ ͙͍͔͙͔ͯͤͪͫͭͭ͊ͻ ͍͙ͨͪͦͤͼ͙͙ ̇͘Ύͤͫͯόнлнл{W!мтлсύ.  

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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͔͔͔͍̅͒ͦͫ͊ ˢ͙ͤ͊ͫͭ͊ͫΎ ˻͔͎͍ͦͤ͊͡ 

˿͔ͭͯ͒ͤͭ 

 ˸ ͎ͤͦͦͨͪͦͺ͙͡Έ͎ͤͦͦ ˴͔ͦ͒͗͊͡͡ ˽͔͔͎ͤͤͫͦͦ͘͟ ˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͍͔͙͔̂ͤͪͫͭͭ͊Φ 

˹͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡ΈΥ ˢ͍͋͒ͯͫ͊͊ͣͦ͊͡ ˸͔͙͒ͤ͊ ̊͊ͻ͙͍ͪͯͭ͒ͤͦͤ͊Σ 

 ͨ ͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ˿˽˻Σ ͔͔͙͔ͦͭ͒ͤ͡ ζ͙̏ͦͤͦͣ͊͟͟ ͙ ͍ͨͪ͊ͦη 

˽͔͔͙͚ͤͤͫ͘͟ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔̂ͤͪͫͭͭΣ  

˽͔ͤ͊͘Σ ˾͙ͦͫͫΎ 

 

˿̂˨˩ˣ˹̍˩ ˭ˢ˨˩˾ˬ˴ˮΥ ˴ˢ˴ ̂˿˴˻˾ˮ́̎ ˥˾ˢˬ˨ˢ˹˿˴ˮ˯ ˽˾˻̇˩˿˿Κ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͔ͨͪͦ͋ͣ͡· ͔ͫͯ͒͋ͤ·ͻ ͔͔͊͒ͪ͗͘͟ ͍ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͨͪͦͼ͔ͫͫ͊ͻ ͙ 

͔͔͙ͨͪ͒ͦ͗ͤ͡Ό Ήͺͺ͔͙͍ͭͤ͟·ͻ ͔ͣͪ ͨͦ ͔͙ͯͫͦͪͤ͟Ό ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͔͒͡Φ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͙ͨͪ;͙ͤ· 

͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͙͔͒ͭ͡͡Έͤ·ͻ ͍ͫͪͦͦ͟ ͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭ͊Σ ͔͎ͨͪ͒͊͊͡ΌͭͫΎ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·͔Σ 

ͨͪͦͼ͔ͫͫͯ͊͡Έͤ·͔ ͙ ͔ͭͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ ͔ͪ΄͔͙ͤΎΣ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ ͍ͨͦ·΄͔͙͔ͤ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͚ͫͯ͒͋ͤͦ 

͙͔ͫͫͭͣ·Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙͔͔͙ͨͪͣͤͤΌ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ ͍͔ͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΌ 

͍͍͎ͨͪ͊ͦͦͦ ͔͎͙͍͙ͪͯͪͦ͊ͤ͡ΎΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔ͫͯ͒͋ͤ·͔ ͔͙͊͒ͪ͗͘͟Σ ͎͙͔ͪ͊͗͒͊ͤͫ͟ ͨͪͦͼ͔ͫͫ·Σ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͍͙ͨͪ͊ͦͫͯ͒ΎΣ  

͍͍ͨͪ͊ͦ·͔ ͔ͪͺͦͪͣ·Σ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ 

 

˭͔͙͊͒ͪ͗͟ ͍ ͫͯ͒͊ͻ Ύ͍͡ΎΌͭͫΎ ͚ͫ͊ͣͦ ͔ͫͪΈ͖͚ͤͦ͘ ͔͚ͨͪͦ͋ͣͦ͡ ͙͔ͫͫͭͣ· ͍͙ͨͪ͊ͦͫͯ͒ΎΣ ͙ͫͤ͗͊Ύ ͔͖ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΦ ˣ͔͔ͦ͡ ͎ͭͦͦΣ ͙͔͒ͭ͡͡Έ͔ͤͦ ͔͙͔ͪ͊ͫͫͣͦͭͪͤ ͔͒͡ ͙͍͙ͨͪͦ͒ͭ ͟ ͤ͊ͪͯ΄͔͙ͤΌ ͍ͨͪ͊Σ ͙͡΄͔͊ͭ ͡Ό͔͚͒ 

͍͙ͦͣͦ͗ͤͦͫͭ͘ ͨͦͯ͡;͙ͭΈ ͭͦΣ ;ͭͦ ͙ͣ ͙ͨͪ;͙͔ͭ͊ͭͫΎΣ ͙ ͍͔͙ͯ͡;͙͍͔͊ͭ ͎ͤ͊ͪͯͯ͘͟ ͤ͊ ͫͯ͒·Φ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͋ͯ͒ͯͭ 

͍·Ύ͍͔ͤ͡· ͍ͦͫͤͦͤ·͔ ͙ͨͪ;͙ͤ· ͔͔͊͒ͪ͗͘͟ ͍ ͫͯ͒͊ͻ ͙ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͔ͤͦͭͦͪ͟·͔ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͨͦ 

͔͙ͯͫͦͪͤ͟Ό ͔ͫͯ͒͋ͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΦ  

̏ͭ͊ ͫͭ͊ͭΈΎ ͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤ͊ ͒͡Ύ ΄͙͎ͪͦͦͦ͟ ͎ͪͯ͊͟ ;͙͔͔͚ͭ͊ͭ͡Σ ͙͔͔ͤͭͪͫͯΌ΅͙ͻͫΎ Ό͙͔ͪͫͨͪͯ͒ͤͼ͙͔͚ ͙ 

͔ͫͯ͒͋ͤ·͙ͣ ͨͪͦͼ͔͙ͫͫ͊ͣΣ ͦͭ ͙ͨͪ͊ͭͯ͟͟Ό΅͙ͻ Ό͙͍ͪͫͭͦ ͒ͦ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ ͍ ͙ͦ͋͊ͫͭ͡ ͍ͨͪ͊͊Σ ͔͍ͫͭͯ͒ͤͭͦ-

Ό͙͍ͪͫͭͦ ͙ ͍͔ͫͻ ͪΎ͍͒ͦ·ͻ ͎ͪ͊͗͒͊ͤΣ ͦͭͦͪ͟·ͻ ͻͦͭΈ ͔͎ͤͣͤͦͦ ͙͔͔͔ͤͭͪͫͯͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͤ͊΄͔͚ 

͔ͦͭ;͔͍͔͚ͫͭͤͤͦ ͔͚ͫͯ͒͋ͤͦ ͙͔ͫͫͭͣ·Φ 

˽ͦͤΎ͙͔ͭ ͙ ͙ͨͪ;͙ͤ· ͔ͫͯ͒͋ͤ·ͻ ͔͔͊͒ͪ͗͘͟ ͍ ͎ͪ͊͗͒͊ͤͫͦͣ͟ ͨͪͦͼ͔͔ͫͫ 

˿͔ͯ͒͋ͤ·͔ ͔͙͊͒ͪ͗͘͟ ς Ήͭͦ ͫͯ͡;͙͊ ͔͍͎ͤͦ͋ͦͫͤͦ͊ͤͤͦͦ ͊ͭ͘Ύ͎͙͍͙͊ͤΎ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͔͒͊͡Σ ͦͭͦͪ͟·͔ ͍ 

͍͙ͫͦͦͯͨͤͦͫͭ͟ ͍ͫͦͫͭ͊͡ΎΌͭ ͍͒ͦͦ͡Έͤͦ ͤ͊͘;͙͔ͭ͡Έͤ·͚ ͔͍ͨͪ·΄͔͙͔ͤ ͎ͪ͊ͯͣͤͦͦ͘ ͫͪͦ͊͟ ͔͎ͫͯ͒͋ͤͦͦ 

͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭ͊Φ ˨͎͙͙ͪͯͣ ͍͙ͫͦ͊ͣ͡Σ ͙͔͔ͣͭͫΎ ͍ ͍͙͒ͯΣ ͎ͦ͒͊͟ ͻͦ͒ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͔͒͊͡ ͔͊ͣ͒͘͡Ύ͔ͭͫΎΣ 

ͦͭͫͭͯͨ͊Ύ ͦͭ ͍͔ͯͫͭ͊ͤͦͤͤ͡·ͻ ͍ͫͪͦͦ͟ ͙ ͙ͨͪͤͼ͙͍ͨͦ ͋·ͫͭͪͦͭ· ͙͍͍ͫͯ͒ͦͨͪͦͦ͒ͫͭ͊͘Φ 

̏ͭͦ ͙ͦͭͪͼ͔͊ͭ͡Έͤͦ ͍͙͡Ύ͔ͭ ͤ͊ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͍ͨͪ͊ ͙ ͊ͦͤͤ͘͟·ͻ ͙͔͔͍ͤͭͪͫͦ ͯ;͙͍͊ͫͭͤͦ͟ ͔͎ͫͯ͒͋ͤͦͦ ͨͪͦͼ͔ͫͫ͊Σ 

ͭ͊͟ ͊͟͟ ͤ͊ͪͯ΄͔͊ͭ ͊͟͟ ͙ͨͪͤͼ͙ͨ ͨͪͦͼ͔ͫͫͯ͊͡Έ͚ͤͦ Ή͙͙ͦͤͦͣ͟Σ ͭ͊͟ ͙ ͍ͨͪ͊ͦ ͤ͊ ͔ͫͯ͒͋ͤͯΌ ͊͘΅͙ͭͯΦ 

˥͍͊ͤ͊͡Ύ ͙ͨͪ;͙ͤ͊ ͙ͭ͊͟ͻ ͦͭͫͪͦ;͔͟ ς ͍·ͫͦ͊͟Ύ ͎͔͊ͪͯ͗ͤͤͦͫͭ͘Έ ͍ͫͯ͒ͦΣ ͍·͍͊ͤͤ͊͘Ύ ͍͔͙ͯ͡;͔͙͔ͤͣ 

͙ͦ͟͡;͔͍ͫͭ͊ ͎͙ͪ͊͗͒͊ͤͫ͟ͻ ͔͒͡Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͪͯͨͤ͟·ͻ ͔͔ͤ͊ͫͤͤ͡·ͻ ͨͯͤͭ͊͟ͻ ͙ ͦ͋͊ͫͭ͡ΎͻΦ 

˿͙ͭͯ͊ͼ͙Ύ ͦͫͦ͗ͤ͡Ύ͔ͭͫΎ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤ·ͣ ͙ͦ͟͡;͔͍ͫͭͦͣ ͙͍ͪ͊͋ͦͭͤͦ͟ ͊ͨͨ͊ͪ͊ͭ͊ ͫͯ͒͊Φ ˹͔ͦͭͦͪ͟·͔ ͔͒͊͡ 

͔ͭͪ͋ͯΌͭ ͦ͋ͫͭͦΎ͔ͭ͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡Σ ͙͍͔ͨͪ͡;͔͙ͤΎ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Σ ͍͙͔͔͔͚ͫ͒ͭ͡ ͙ ͎͙͒ͪͯͻ ͙͡ͼΦ ͔̉ͣ ͔͔ͫͦ͗ͤ͡ 

͔͒ͦ͡Σ ͔ͭͣ ͋ͦ͡Έ΄͔ ͍͔͔͙ͪͣͤ ͔͔ͨͦͭͪ͋ͯͭͫΎ ͒͡Ύ ͍·͔͔͙ͤͫͤΎ ͔ͪ΄͔͙ͤΎΦ ˹͙͔͊ͨͪͣͪΣ ͫͨͦͪ· ͦ ͍͔ͨͪ͊ 

͍͔͙ͫͦ͋ͫͭͤͤͦͫͭΦ 

̉͊ͫͭͦ ͔ͫͯ͒͋ͤ·͔ ͔͙͊ͫ͒͊ͤ͘Ύ ͦͭ͊͒͟͡·͍͊ΌͭͫΎ ͙͘-͊͘ ͔͔ͤͤ͊͒͗͊͡΅͔͎ͦ ͍͔͔͙ͯ͒ͦͣͤ͡Ύ ͯ;͙͍͊ͫͭͤͦ͟ 

͙͍͍ͫͯ͒ͦͨͪͦͦ͒ͫͭ͊͘Φ ˩͙ͫ͡ ͫͭͦͪͦͤ͊ ͔ͤ ͋·͊͡ ͍͔͔ͯ͒ͦͣͤ͊͡ ͦ ͔͙͙͊ͫ͒͊ͤ͘ ͙͙͡ ͨͦͯ͡;͙͊͡ ͍͔͔͙͔ͯ͒ͦͣͤ͡ ͨͦ͒ͤͦ͘Σ 
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ͫͯ͒ ͦ͋Ύ͊ͤ͘ ͙ͦͭͦ͗ͭ͡Έ ͔͙͔͊ͫ͒͊ͤ͘Σ ;ͭͦ ͍͙͊ͭͦͣ͊ͭ;͔͙ͫ͟ ͔͍͔ͨͪͦ͒͊ͭ͡ ͫͪͦ͟ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͔͒͊͡Φ 

˹͔͊͟;͔͍͔͔ͫͭͤͤͦ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͙͔͔͍ͤͭͪͫͦ ͙ͫͭͦͪͦͤ͊ͣ ͔ͭ͊͗͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔ͫͯ͒͋ͤ·ͣ ͔͊͒ͪ͗͊ͣ͘͟Φ 

˹͔ͦͭͦͪ͟·͔ ͍͊͒ͦ͊ͭ͟· ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦ ͎͍͔ͨͦ͒ͦͭͦͤ͡· ͟ ͨͪͦͼ͔ͫͫͯΣ ͔͍ͨͪ͒ͦͫͭ͊͡ΎΌͭ ͔ͤͨͦͤ͡·͔ 

͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ ͙͙͡ ͔͍͙ͤͨͪ͊͡Έͤͦ ͺ͙ͦͪͣͯͪͯ͡Όͭ ͔͍͙ͭͪ͋ͦ͊ͤΎΣ ;ͭͦ ͍·͔ͤͯ͗͒͊ͭ ͫͯ͒ ͊ͨͪ͊͘΄͙͍͊ͭΈ 

͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔ ͔͙ͣ͊ͭͪ͊͡· ͙ ͍͙ͨͪͦͦ͒ͭΈ ͍ͨͦͭͦͪͤ·͔ ͫͯ͡΄͙͊ͤΎΦ 

˽͔͍͙ͦͫ͒ͫͭ͡Ύ ͔ͫͯ͒͋ͤ·ͻ ͔͔͊͒ͪ͗͘͟ 

˿͔ͯ͒͋ͤ·͔ ͔͙͊͒ͪ͗͘͟ ͦ͊͘͟·͍͊Όͭ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͔͎͙͍͔ͤ͊ͭͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͍͔ͫͻ ͯ;͙͍͊ͫͭͤͦ͟ 

͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊ ͙ ͦ͋΅͔͍ͫͭͦ ͍ ͼ͔ͦͣ͡Φ ˤͦͭ ͔ͤͦͭͦͪ͟·͔ ͟͡Ό;͔͍·͔ ͔͍͙ͨͦͫ͒ͫͭ͡ΎΥ   

˹͊ͪͯ΄͔͙͔ͤ ͍ͨͪ͊ ͎ͪ͊͗͒͊ͤΥ ˭͔͙͊͒ͪ͗͟ ͤ͊ͪͯ΄͊Όͭ ͍ͨͪ͊ͦ ͎ͪ͊͗͒͊ͤ ͤ͊ ͍͔͙͍͔ͫͨͪ͊͒ͦ͡ ͔͔ͫͯ͒͋ͤͦ 

͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭͦ ͍ ͪ͊ͯͣͤ͘·͔ ͙ͫͪͦ͟Σ ͔͔͊ͪͨͤͤ͘͟͡·ͻ ͍ ˴͙ͦͤͫͭͭͯͼ͙͙ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ ͙ 

͔͖ͨͦ͒ͪͨͤͤ͟͡·ͻ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͙ͣ ͎͍͙͒ͦͦͦͪ͊ͣΦ ˨͙͔ͭ͡͡Έͤ·͔ ͙ͫͪͦ͟ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͍ͫͨͦͪͦ ͫͦ͒͊͘Όͭ 

͔ͫͭͪͫͫ ͙ ͔͔͔͔ͤͦͨͪ͒ͤͤͦͫͭ͡Έ ͊͟͟ ͒͡Ύ ͙ͫͭͼ͍ͦΣ ͭ͊͟ ͙ ͒͡Ύ ͍͔ͦͭͭ;͙͍ͦ͟Σ ͔͎͙͍ͤ͊ͭͤͦ ͫ͊͘͟·͍͊ΎͫΈ ͤ͊ ͙ͻ 

͙ͨͫͻ͎͙ͦͦ͡;͔ͫͦͣ͟ ͎͋͊ͦͨͦͯ͡͡;͙͙Φ 

͍͔͙̂͡;͔͙͔ͤ ͙͔͔͒ͪ͗͘͟Υ ˭͊ͭΎ͎͙͍͙͔͊ͤ ͔ͫͯ͒͋ͤ·ͻ ͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭΣ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͙͍͙ͨͪͦ͒ͭ ͟ ͪͦͫͭͯ 

ͪ͊ͫͻ͍ͦ͒ͦΦ ˿ͭͦͪͦͤ͊ͣ ͙ͨͪͻ͙ͦ͒ͭͫΎ ͦͨ͊͡;͙͍͊ͭΈ ͎͙ͯͫͯ͡ ͍͍͊͒ͦ͊ͭͦ͟Σ ͦͨ͊͡;͙͍͊ͭΈ Ή͔͙ͫͨͪͭ͘͟· ͙ ͎͔ͣͤͦͦ ͎͔͒ͪͯͦΦ 

˽͙ͦͣͣͦ ͨͦͫͭͦΎͤͤͦ ͪ͊ͫͭͯ΅͙ͻ ͔͙ͣ͊ͭͪ͊͡Έͤ·ͻ ͊ͭͪ͊ͭ͘Σ ͍͔͙ͯ͡;͙͍͔͊ͭͫΎ ͙ ͍͔͔ͪͣͤͤ͊Ύ ͎ͤ͊ͪͯ͊͘͟Σ ͨͦͫͦ͟͡Έͯ͟ 

ͫͭͦͪͦͤ͊ͣ ͙ͨͪͻ͙ͦ͒ͭͫΎ ͍͔ͦͭ͊ͭ͟͡ΈͫΎ ͦͭ ͍͚ͦͫͤͦͤͦ ͪ͊͋ͦͭ·Φ 

˽ͦ͒ͪ·͍ ͍͔͙͒ͦͪΎ ͟ ͍͙ͨͪ͊ͦͫͯ͒ΌΥ ˨͙͔ͭ͡͡Έͤ·͔ ͔͙͊͒ͪ͗͘͟ ͍ ͫͯ͒͊ͻ ͙ͫͤ͗͊Όͭ ͍͔ͯͪͦͤΈ ͍͔͙͒ͦͪΎ 

͎ͪ͊͗͒͊ͤ ͟ ͔͚ͫͯ͒͋ͤͦ ͙͔͔ͫͫͭͣΦ ˶Ό͙͒ ͤ͊;͙ͤ͊Όͭ ͍͙͙ͦͫͨͪͤͣ͊ͭΈ ͫͯ͒· ͊͟͟ ͔ͤΉͺͺ͔͙͍ͭͤ͟·͔ ͙ 

͔͍͔͙͍ͤͫͨͪ͊͒͡·͔ ͎ͦͪ͊ͤ·Φ 

˿ͦͼ͙͊͡Έͤ͊Ύ ͤ͊ͨͪΎ͔͗ͤͤͦͫͭΈΥ ˻͍͙͔ͭͫͯͭͫͭ ͋·͎ͫͭͪͦͦ ͔ͪ͊ͪ͘΄͔͙ͤΎ ͦͤ͟ͺ͙͍ͭͦ͟͡ ͙͙͍͔ͯͫ͊ͭ͡ 

ͫͦͼ͙͊͡ΈͤͯΌ ͤ͊ͨͪΎ͔͗ͤͤͦͫͭΈΦ ˹͙͔͔͊͋ͦ͡ ͔͊ͣͭͤͦ͘ Ήͭͦ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͔͔͚ͫͣͤ·ͻ ͪ͊͒ͦͪ͊͘ͻΣ ͍ͭͪͯ͒ͦ·ͻ 

ͫͨͦͪ͊ͻ ͙ ͍ͦͨͪͦͫ͊ͻΣ ͊ͫ͊͟Ό΅͙ͻͫΎ ͙͗͡ΈΎΣ ͎͔͒ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͔ͤͦ ͙͙͔ͦ͗͒͊ͤ ͔ͪ΄͔͙ͤΎ ͫͨͦͫͦ͋ͤͦ ͙ͨͦͪͦ͒ͭΈ 

͙ͦͭͪͼ͔͊ͭ͡Έͤ·͔ ;͍͍ͯͫͭ͊ ͙ ͎͙ͯͫͯͯ͋ͭΈ ͍͙͊ͣͦͦͭͤͦ͘΄͔͙ͤΎ ͔ͣ͗͒ͯ ͙ͫͭͦͪͦͤ͊ͣ ͦͤ͟ͺ͙ͭ͊͟͡Φ 

̉ͭͦ͋· ͯͯ͡;΄͙ͭΈ ͙ ͙ͯͫͦͪͭ͟Έ ͎͙͚ͪ͊͗͒͊ͤͫ͟ ͨͪͦͼ͔ͫͫΣ ͼ͔͔ͫͦͦ͋ͪ͊ͤͦ͘͡ ͙ͨͪͤΎͭΈ ͪΎ͒ ͔ͣͪΣ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͤ͊ ͙͙ͦͨͭͣ͊͘ͼ͙Ό ͨͪͦͼ͔͒ͯͪ· ͙ ͍ͨͦ·΄͔͙͔ͤ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͍͍ͫͯ͒ͦͨͪͦͦ͒ͫͭ͊͘Φ ˹͙͔͗ 

͙͍͔͔ͨͪ͒ͤ· ͔ͦͤͪͭͤ͟͟·͔ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΥ 

ˢ͍͙ͭͦͣ͊ͭ͊͘ͼ͙Ύ ͙ ͼ͙ͺ͍ͪͦ͊Ύ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ͙͍͍ͫͯ͒ͦͨͪͦͦ͒ͫͭ͊͘ 

͔͙̇͡Υ 

- ˻ ͔͔͋ͫͨ;͙ͭΈ ͋·ͫͭͪ·͚ ͔ͦ͋ͣͤ ͙ͤͺͦͪͣ͊ͼ͙͔͚ ͔ͣ͗͒ͯ ͯ;͙͙͊ͫͭͤ͊ͣ͟ ͨͪͦͼ͔ͫͫ͊Φ 

- ˿ ͙͙ͤͭ͘Έ ͋Ό͙ͪͦͪ͊ͭ͟;͔͙͔ͫ͟ ͔ͨͪͨΎ͍͙ͭͫͭΎΦ 

- ̂ ͙ͫͦͪͭ͟Έ ͎͍ͨͦ͒ͦͭͦͯ͟ ͙ ͨͦ͒͊;ͯ ͔͍͒ͦͯͣͤͭͦ͟Φ 

˻͍ͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ 

- ˽ ͦͤͦͫͭ͡ΈΌ ͔͔͚͙ͨͪͭ ͤ͊ Ή͔ͭͪͦͤͤͯ͟͡Ό ͺͦͪͣͯ ͨͦ͒͊;͙ ͙͍ͫͦ͟Σ ͊͘Ύ͍͔͙͚ͤ͡ ͙ ͨͪͦ;͙ͻ ͔͍͒ͦͯͣͤͭͦ͟Φ 

- ˿ͦ͒͊ͭ͘Έ ͔͙͒ͤͯΌ ͍͙͙͍͊ͭͦͣ͊ͭͪͦ͊ͤͤͯ͘Ό ͋͊ͯ͘ ͒͊ͤͤ·ͻ ͔͒͡Σ ͍ͨͦͦ͘͡ΎΌ΅ͯΌ ͔͙͍ͦͨͪ͊ͭͤͦ ͨͦͯ͡;͊ͭΈ 

͙ͤͺͦͪͣ͊ͼ͙Ό ͦ͋ͦ ͍͔ͫͻ ͙ͫͭ͊͒Ύͻ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͎͊͗͒ͦͦ͟ ͔͒͊͡Φ 

- ˮ͔͎ͤͭͪ͊ͼ͙Ύ Ή͔ͭͪͦͤͤ͟͡·ͻ ͔͍͙͍ͫͪͫͦΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ ͒ͦͫͭͯͨ ͟ ͔͒ͦͯͣͤͭ͊ͣ͟ ͙ ͨͪͦͭͦͦ͊ͣ͟͡ 

͔͙͚͊ͫ͒͊ͤ͘ ͔ͯ͒͊ͤͤͦ͡Φ  

˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͎͙ͤ͊ͪͯ͘͟ ͤ͊ ͔͚ͫͯ͒ ͙ ͙͍ͪ͊͋ͦͭͤͦ͟ ͊ͨͨ͊ͪ͊ͭ͊ ͫͯ͒͊ 

͔͙̇͡Υ 

- ˾ ͎͙͊ͪͯͭ͘͘Έ ͔͚ͫͯ͒Σ ͙͙ͫͤͭ͘Έ ;͙ͫͦ͡ ͔͒͡ ͤ͊ ͎ͦ͒ͤͦͦ ͙ͫͦͭͪͯ͒ͤ͊͟Φ 

- ˽ ͍ͦ·͙ͫͭΈ ͨͪͦͺ͔͙͙ͫͫͦͤ͊ͣ͘͡ ͔͚͎ͫͯ͒ͫͦͦ͟ ͦͪͨͯͫ͊͟Φ 

˻͍ͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ 

- ˾͊ͫ΄͙͙ͪͭΈ ΄ͭ͊ͭ ͍͊ͨͨ͊ͪ͊ͭͦ ͍ͫͯ͒ͦ ͔ͨͯͭͣ ͍͍͔͔͙͒ͤΎ ͍ͤͦ·ͻ ͔͚͒ͦ͗ͤͦͫͭ͡ ͨͦͣͦ΅͙͍ͤͦ͟ ͔͚ͫͯ͒Σ 

ͦͭͦͪ͟·͔ ͋ͯ͒ͯͭ ͙͊ͤͣ͊ͭ͘ΈͫΎ ͎͙ͦͪ͊ͤ͊͘ͼ͙͚ͦͤͤͦ ͚ͪ͊͋ͦͭͦΦ 
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- ˮͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͔͒͡Σ ͙ͫ͟͡Ό;͊Ό΅͙͔ ͔͔ͨͪͦͫ͟ ͎͙ͤ͊ͪͯ͘͟ ͤ͊ 

͔ͦͭ͒͡Έͤ·͔ ͔͔͙ͨͦ͒ͪ͊͒ͤ͘͡ΎΦ 

- ˽ ͍͔͙ͪͦͫͭ ͔͊ͭͭͫͭ͊ͼ͙Ό ͔͚ͫͯ͒ ͫ ͼ͔͡ΈΌ ͍ͨͦ·΄͔͙ͤΎ ͙ͻ ͍͙͊͟͡ͺ͙͊͟ͼ͙͙ ͙ ͔͔ͦͣͨͭͤ͟ͼ͙͙Φ 

̂ͨͪͦ΅͔͙͔ͤ ͨͪͦͼ͔ͫͫͯ͊͡Έͤ·ͻ ͤͦͪͣ ͙ ͺ͙ͦͪͣ͊͊͘͡ͼ͙͙ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͟ ͔͒͊ͣ͡ 

͔͙̇͡Υ 

- ˿ ͔͒͊ͭ͡Έ ͔ͫͯ͒͋ͤ·͚ ͨͪͦͼ͔ͫͫ ͔͔͔ͣͤ ͊ͨͯͭ͊ͤͤ͘·ͣ ͙ ͒ͦͫͭͯͨͤ·ͣ ͎ͪ͊͗͒͊ͤ͊ͣΦ 

- ˮ ͫ͟͡Ό;͙ͭΈ ͫͯ͡;͙͊ ͙͙͘͡΄͔͚ͤ ͍͙ͦͦͭ͟͡·Φ 

˻͍ͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ 

- ˽ ͔͔͔ͪͫͣͦͭͪͭΈ ͍͙ͨͪ͊͊͡ ͍͔͙ͫͦͫͭ͊ͤ͡Ύ ͙͍ͫͦ͟·ͻ ͊͘Ύ͍͔͙͚ͤ͡Σ ͙͍ͯͨͪͦͫͭ ͙ͻ ͫͭͪͯͭͯͪͯ͟ ͙ ͔͙͔ͫͦ͒ͪ͗͊ͤΦ 

- ̂ ͍͙ͫͭ͊ͤͦͭΈ ͔͙͒ͤ·͔ ͫͭ͊ͤ͒͊ͪͭ· ͦͺ͔͙ͦͪͣͤ͡Ύ ͔͒ͦͯͣͤͭ͊͟ͼ͙͙Σ ͦ͋Ύ͔͊ͭ͘͡Έͤ·͔ ͒͡Ύ ͍͔ͫͻ ͙ͤͫͭ͊ͤͼ͙͚Φ 

- ˸ ͙͙͙͙͍ͤͣͪͦ͊ͭ͘Έ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͔͋ͫͦͤ͟;ͤ·ͻ ͍͙͚ͦ͋͗͊ͦ͊ͤ͡ ͙ ͍͔͔ͤͫͯ͒͋ͤ·ͻ ͙ͣ͊ͤͨͯ͡Ύͼ͙͚Σ ͍͍ͦ͒Ύ 

͎͙͔ͫͭͪͦ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͤ͊ ͦ͋ͪ͊΅͔͙͔ͤ ͫ ͍ͨͦͭͦͪͤ·͙ͣ ͙͙ͫ͊ͣ͟Φ 

˿͙͙͍͙͔ͭͣͯͪͦ͊ͤ͡ ͔͎͒ͦͫͯ͒͋ͤͦͦ ͔͎͙͍͙ͯͪͯͪͦ͊ͤ͡Ύ ͍ͫͨͦͪͦ 

͔͙̇͡Υ 

- ˿ ͙ͦͪ͊ͭͭ͟Έ ͙ͦ͟͡;͔͍ͫͭͦ ͦ͋ͪ͊΅͔͙͚ͤ ͍ ͫͯ͒Φ 

- ˽ ͔͍͙ͪ͒ͦͫͭ͊ͭΈ ͫͭͦͪͦͤ͊ͣ ͙͔ͤͫͭͪͯͣͤͭ· ͙͎ͣͪͤͦͦ ͔ͪ͊ͪ͘΄͔͙ͤΎ ͦͤ͟ͺ͙ͭ͊͟͡Φ 

˻͍ͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ 

- ʕ ͍͔͙ͫͭ ͦ͋Ύ͔͊ͭ͘͡Έ͔ͤͦ ͍͔͔͙͔ͨͪͦ͒ͤ ͙͙͙͔ͨͪͣͪͭ͡Έ͚ͤͦ ͨͪͦͼ͔͒ͯͪ· ͔͔ͨͪ͒ ͨͦ͒͊;͔͚ ͙ͫ͊͟ ͍ ͫͯ͒Φ 

- ˽ͦͦ΅ͪΎͭΈ ͊͘͟͡Ό;͔͙͔ͤ ͙͍ͣͪͦ·ͻ ͎ͫͦ͊͡΄͔͙͚ͤΣ ͍ͦͫͦ͋ͦ͗͒͊Ύ ͫͭͦͪͦͤ· ͦͭ ͯͨ͊ͭ͡· ͎ͦͫͨͦ΄͙ͤ͡· ͙͙͡ 

͙ͫͤ͗͊Ύ ͔ͪ͊ͣͪ͘ ͔ͫͯ͒͋ͤ·ͻ ͪ͊ͫͻ͍ͦ͒ͦΦ 

- ˤ͔͔͙͔ͤ͒ͪͤ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͙ͣ͒͊ͼ͙͙ ͙ ͔͔͎͍͍ͨͪͦͦͪͦΣ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͣ·ͻ ͍͙͊͟͡ͺ͙ͼ͙͍ͪͦ͊ͤͤ·͙ͣ 

͔ͫͨͼ͙͙͙͊ͫͭ͊ͣ͡Φ 

ˮ͔͔͙͔ͣͤͤ͘ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͦͼ͔͔ͤ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍͔͚ͫͭͤͤͦ ͋͊͘· 

͔͙̇͡Υ 

- ˮ ͔͋͗͊ͭ͘Έ ͙͔͒ͭ͡͡Έ͎ͤͦͦ ͙͙ͦ͗͒͊ͤΎ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͺ͍͊ͭͦ͟Φ 

- ˸͙͊ͫͣ͊͟͡Έͤͦ Ήͺͺ͔͙͍ͭͤͦ͟ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͙͔ͣΌ΅͙͔ͫΎ ͔ͪͫͯͪͫ·Φ ˻͍ͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ 

- ˻͎͙ͪ͊ͤ;͙ͭΈ ͙͔͔͙͔ͨͪͣͤͤ Ή͔͙ͫͨͪͭ͘͟· ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͫͯ͡;͊Ύ͙ͣΣ ͔͚͍͙͔͒ͫͭͭ͡Έͤͦ ͔ͭͪ͋ͯΌ΅͙͙ͣ 

͔ͫͨͼ͙͊͡Έͤ·ͻ ͙͚ͨͦͤ͊ͤ͘Φ 

- ˽͔͔ͪͻͦ͒ ͟ ͔͙͒ͤͦͣͯ ͫͭ͊ͤ͒͊ͪͭͯ ͦͼ͔͙ͤ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͍͔͙ͫͣ ͔ͫͯ͒͋ͤ·͙ͣ ͙ͤͫͭ͊ͤͼ͙Ύ͙ͣΦ 

- ˭ ͔͊ͨͪͭ ͔͙ͤͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔͔ͪ͊ͤ ͍͔͔ͨͪͦͪͤͤ·ͻ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ ͍ͨͦͭͦͪͤͦ ͔͋͘ ͍͔͙ͫ͟ͻ ͍͙͚ͦͫͤͦ͊ͤΦ 

˻͎͙ͪ͊ͤ͊͘ͼ͙Ύ ͦ͋ͯ;͔͙ͤΎ ͙ ͍ͨͦ·΄͔͙ͤΎ ͍͙͊͟͡ͺ͙͊͟ͼ͙͙ ͍͍͊͒ͦ͊ͭͦ͟ ͙ Ό͙͍ͪͫͭͦ 

͔͙̇͡Υ 

- ˽ ͍ͦ·͙ͫͭΈ ͊͟;͔͍ͫͭͦ Ό͙͙ͪ͒;͔͚ͫͦ͟ ͨͦͣͦ΅͙ ͔͔͙ͤ͊ͫͤ͡ΌΦ 

- ˻ ͋ͯ;͙ͭΈ ͍͍͊͒ͦ͊ͭͦ͟ ͍͙ͨͪ͊͡Έͤͦ ͔͍ͨͪ͒ͫͭ͊͡ΎͭΈ ͙͔͔ͤͭͪͫ· ͍͔͙͔͔͚͒ͦͪͭ͡ ͍ ͔ͫͯ͒Φ 

˻͍ͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ 

- ˾͔͎ͯ͡Ύ͔ͪͤͦ ͦ͋ͯ;͔͙͔ͤ ͙ ͔͔͎͍ͨͪͨͦ͒ͦͭͦ͊͟ ͍͍͊͒ͦ͊ͭͦ͟Σ ͔͍͔͙͔ͨͪ͒ͦͫͭ͊ͤ͡ ͙ͣ ͍͔͚ͤͦ΄͙ͻ ͍͔͔͙͚ͫ͒ͤ ͦ 

͙͔ͨͪ͊ͭ͟͟ ͙͔͔͙ͨͪͣͤͤΎ ͍͊ͦͤͦ͘͟Φ 

- ˽͙͍͔ͪ͡;͔͙͔ͤ ͦͨ·ͭͤ·ͻ ͙ͨͪ͊ͭͯ͟͟Ό΅͙ͻ Ό͙͍ͪͫͭͦ ͟ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͍ͯͪͫͦ͟ ͙ 

͔͙͎͍ͭͪͤͤͦΦ 

- ˻͋Ύ͔͊ͭ͘͡Έ͔ͤͦ ͨͪͦͻ͔͙͔ͦ͗͒ͤ ͔͍ͭͫͭͦ ͤ͊ ͙͔ͤ͊ͤ͘ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭ͊ ͙ ͔͙͔ͯͣͤ ͙͔ͨͪͣͤΎͭΈ ͔͎ͦ ͤ͊ 

͙͔ͨͪ͊ͭ͟͟Φ 

ˤ͍͔͔͙͔͒ͤ ͔ͫͨͼ͙͊͡Έ͚ͤͦ ͦͭ;͔͙ͭͤͦͫͭ ͙ ͦͤͭͪͦ͟͡Έ ͫͦ͋͡Ό͔͙͒ͤΎ ͍ͫͪͦͦ͟ 

͔͙̇͡Υ 

- ˮ ͫ͟͡Ό;͔͙͔ͤ ͔͍ͤͦͨͪ͊͒͊ͤͤ·ͻ ͔͔͊͒ͪ͗͘͟Φ 

- ̉ ͔͔ͭͦ͟ ͔͙͍͙͔ͦͭͫ͗͊ͤ͡ Ή͍ͭ͊ͨͦ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͔͒͡Φ 
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˻͍ͫͤͦͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ 

- ͙̅ͦͪͣ͊͊͘͡ͼ͙Ύ ͙͔͙͔͍ͪͭͪ͟ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͪ͊ͯͣͤ͘·ͻ ͍ͫͪͦͦ͟ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͔͒͡Φ 

- ˿͍͔͙͔ͦͫͭ͊ͤ͡ ͔͔͔͗ͣͫΎ;͚ͤͦ ͦͭ;͔͙ͭͤͦͫͭ ͨͦ ͊͗͒ͦͣͯ͟ ͔͒ͯ͡ ͫ ͙͔ͯ͊͊ͤͣ͘͟ ͔ͦͤͪͭͤ͟͟·ͻ ͔͚͍͙͚͒ͫͭ ͙ 

͙͙͔ͨͪͤͣ͊ͣ·ͻ ͔ͪ΄͔͙͚ͤΦ 

- ʕ ͔͙͔ͦͦ͗ͤ͘͡ ͔ͨͪͫͦͤ͊͡Έ͚ͤͦ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭ ͤ͊ ͍͙͔͔͚ͪͯͦͦ͒ͭ͟͡ ͍ͫͯ͒ͦ ͊͘ ͔ͤͫͦ͋͡Ό͔͙͔͒ͤ ͍ͫͪͦͦ͟Φ 

˽͙͔ͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ͔ͫͯ͒͋ͤ·ͻ ͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭ - ͔ͫͪΈ͔ͤ͘·͚ ͔ͤ͒ͦͫͭ͊ͭͦ͟ ͍͔͔͚ͫͦͪͣͤͤͦ Ό͙ͫͭͼ͙͙Σ 

͙ͫͤ͗͊Ό΅͙͚ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭΈ ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͙͍͍ͫͯ͒ͦͨͪͦͦ͒ͫͭ͊͘Φ ˨͊ͤͤ͊Ύ ͪ͊͋ͦͭ͊ ͍͙ͫͭ͊͊͡ ͼ͔͡ΈΌ 

͔͔͙ͦͨͪ͒ͭ͡Έ ͎͍͊ͤ͡·͔ ͺ͊ͭͦͪ͟·Σ ͍·͘·͍͊Ό΅͙͔ ͊ͭ͘Ύ͎͙͍͙͔͊ͤ ͔ͫͯ͒͋ͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͙ ͔͙ͨͪ͒ͦ͗ͭ͡Έ ͙ͨͯͭ ͙ͻ 

͔͔͙ͨͪͦ͒ͦͤ͡ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˥͙͚ͪ͊͗͒͊ͤͫ͟ ͨͪͦͼ͔ͫͫͯ͊͡Έͤ·͚ ͔ͦ͒ͫ͟͟ ˾̅ ͦͭ мпΦммΦнллн Ѕ моу-̅˭Φ 

2. ˴͙ͦͤͫͭͭͯͼ͙Ύ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ όмффоύΦ 

3. ˸ͦͻ͍ͦ ˢΦˢΦ ͙ ͒ͪΦ ˥͙͚ͪ͊͗͒͊ͤͫ͟ ͨͪͦͼ͔ͫͫ ˾͙͙ͦͫͫΥ ͯ;͔͙͋ͤ͟Φ ˸ΦΣ нлмтΦ 

4. ˾͔΄͔͙͍ͭͤͦ͊͟ ˮΦ ˤΦΣ ͍̒ͪͦ͟ ˤΦ ˤΦ ˥͙͚ͪ͊͗͒͊ͤͫ͟ ͨͪͦͼ͔ͫͫΥ ͯ;͔͙͋ͤ͟Φ ˸ΦΣ нлнлΦ 

5. ˻͙ͫͦͤ͊͟ ˥Φ˶Φ ˥͙͚ͪ͊͗͒͊ͤͫ͟ ͨͪͦͼ͔ͫͫΦ ˻͋΅͊Ύ ;͊ͫͭΈΦ ́ͦͣͫ͟Σ нллоΦ 

6. ˣ͊ͪ΅͔͍͙͚ͫ͟ ˣΦ˸Φ ˿͔ͯ͒͋ͤ·͔ ͔͙͊͒ͪ͗͘͟Υ ͙ͨͪ;͙ͤ· ͙ ͙ͨͯͭ ͔͔͙ͨͪͦ͒ͦͤ͡Ύ κ ˣΦ˸Φ ˣ͊ͪ΅͔͍͙͚ͫ͟Φ τ ˸ ͍ͦͫ͊͟Υ 

͙̑ͪͫͭΆΣ нлмуΦ  

7. ˮ͍͍͊ͤͦ ˢΦˢΦΣ ˽͔͍ͭͪͦ ˿Φ˿Φ ˽͔ͪͦ͋ͣ͡· ͔͚ͫͯ͒͋ͤͦ ͙͔ͫͫͭͣ· ͙ ͫͨͦͫͦ͋· ͍ͨͦ·΄͔͙ͤΎ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ 

͍͙ͨͪ͊ͦͫͯ͒Ύ κ ˢΦˢΦ ˮ͍͍͊ͤͦΣ ˿Φ˿Φ ˽͔͍ͭͪͦΦ τ ˿ ˽͋ΦΥ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ˹͔ͫͭͦͪΣ нлнлΦ  

ϭ̅ ͔͔͔͍͒ͦͫ͊ ˢ. .˻, 2025 
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PEDAGOGY: THE ART AND SCIENCE OF TEACHING AND LEARNING 

 

Abstract 

Pedagogy is the professional discipline that encompasses the theory and practice of education. Far 

more than just teaching methods, it is a deliberate, informed approach that considers how students learn, 

the cultural context of the classroom, and the ethical responsibilities of the educator. This article explores 

the central role of pedagogical theory, examines the crucial shift from traditional (teacher-centered) to 

modern (learner-centered) paradigms, and discusses key pedagogical strategiesτsuch as constructivism and 

inquiry-based learningτessential for fostering deep conceptual understanding, critical thinking, and lifelong 

learning in students. 

Keywords: 

 pedagogy, education theory, learner-centered, constructivism, instructional design, 

 critical thinking, learning styles, active learning. 

 

1. Defining Pedagogy: Theory and Practice 

Pedagogy is derived from the Greek words paidos (child) and agogos (leader), originally meaning "the 

art of leading the child." Today, it is understood as the science and art of teaching. 

¶ Theoretical Foundation: Pedagogy draws heavily on fields like developmental psychology, cognitive 

science, and sociology to understand how knowledge is acquired and how social and emotional factors 

influence learning. It seeks to answer fundamental questions, such as: What does it mean to know 

something? And how should knowledge be transmitted ethically and effectively? 

¶ The Educator's Role: An effective educator is a pedagogue who consciously designs learning 

experiencesτselecting appropriate content, structuring activities, and assessing outcomesτbased on 

established principles of learning, rather than relying solely on intuition or tradition. 

2. Paradigm Shift: From Transmission to Construction 

Modern pedagogy marks a significant departure from older models of education. 

2.1. Traditional (Teacher-Centered) Model 

The traditional model viewed the student as a passive recipient (empty vessel) and the teacher's role 
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as the authority responsible for the transmission of facts. Instruction relied heavily on lectures, rote 

memorization, and high-stakes testing. This model often succeeds at fact recall but frequently fails to develop 

critical analysis and the ability to apply knowledge flexibly. 

2.2. Modern (Learner-Centered) Model 

The modern, learner-centered paradigm is rooted in constructivism, the theory that learners actively 

construct their own knowledge and meaning based on their existing experiences and beliefs. In this view, the 

teacher acts as a facilitator or guide who designs rich learning environments and challenges students to solve 

authentic problems, thereby building deeper, more robust conceptual understanding. 

3. Key Pedagogical Strategies 

Contemporary pedagogy favors active learning strategies that engage the student cognitively and 

socially. 

¶ Inquiry-Based Learning (IBL): This methodology centers instruction around open-ended questions or 

real-world problems. Students formulate hypotheses, gather information, analyze data, and draw 

conclusions. IBL moves students away from simply finding the "right answer" to developing research skills 

and confidence in tackling complexity. 

¶ Collaborative and Cooperative Learning: Students work together in groups on specific tasks. This 

strategy not only reinforces academic content but also develops crucial social and communication skills, 

fostering peer teaching and different perspectives. 

¶ Differentiated Instruction: Recognizing that students have diverse backgrounds, readiness levels, and 

learning needs, this approach requires the educator to modify the content, process, and product of learning 

to meet individual requirements. This ensures all students are appropriately challenged and supported. 

4. Assessment and Instructional Design 

Pedagogy informs not just how subjects are taught, but how learning is assessed and curricula are 

structured. 

¶ Formative Assessment: Unlike summative assessment (which measures learning at the end), 

formative assessment is an ongoing process used to monitor student learning and provide immediate 

feedback. Its purpose is purely diagnosticτto guide the teacher on where instruction needs adjustment and 

to help the student understand how to improve. 

¶ Backward Design: A common pedagogical approach to instructional design where educators start 

with the desired learning outcomes (what students should know and be able to do), then determine 

acceptable evidence of learning (assessment), and finally design the instruction necessary to achieve those 

results. 

5. Conclusion 

Pedagogy is the indispensable core of effective education. By continually integrating research from 

cognitive science and adapting instructional practices to diverse learner needs, the field ensures that 

education remains relevant, equitable, and successful. The shift towards learner-centered, constructivist 

approaches is crucial for equipping students with the critical thinking, adaptability, and intellectual resilience 

required to thrive in the complex, rapidly changing world of the 21st century. 
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TEACHING AT SECONDARY SCHOOLS: STRATEGIES FOR ENGAGEMENT AND GROWTH 

 

Abstract 

Teaching at the secondary level (typically ages 11-18) is a unique and complex professional challenge 

that sits at the intersection of content mastery, adolescent psychology, and dynamic classroom management. 

Effective secondary teaching transcends simple information delivery; it focuses on developing critical 

thinking, fostering genuine engagement, and preparing students for higher education and professional life. 

This article explores the core pedagogical strategies, classroom management techniques, and professional 

demands essential for success when educating adolescents. 

Keywords: 

 secondary education, pedagogy, adolescent development, inquiry-based learning, classroom management, 

student engagement, critical thinking, differentiation. 

 

1. Understanding the Secondary Learner 

Secondary students are undergoing significant cognitive, social, and emotional development. 

Successful teaching must be aligned with these developmental stages: 

¶ Cognitive Development: Adolescents begin to think more abstractly and hypothetically. They move 

beyond concrete operations to develop the capacity for sophisticated critical thinking and logical reasoning. 

Teachers must design activities that challenge students to analyze, synthesize, and evaluate complex ideas. 

¶ Social and Emotional Growth: Students are highly attuned to peer relationships and are actively 

defining their identity. Teaching must incorporate Social-Emotional Learning (SEL), fostering competencies 

like self-awareness, responsible decision-making, and relationship skills. Building a positive student-teacher 

relationship is paramount, as students are more likely to engage with content when they feel respected and 

understood by the instructor. 

2. Modern Pedagogical Approaches for Engagement 
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To keep pace with complex subjects and students' increasing need for relevance, modern secondary 

teaching utilizes highly interactive, student-centered methods. 

¶ Inquiry-Based Learning (IBL): Instead of lectures providing answers, IBL encourages students to pose 

questions, design investigations, and construct their own understanding. This mirrors real-world scientific 

and scholarly processes, making the learning active and meaningful. 

¶ Project-Based Learning (PBL): Students learn core content by working on extended, real-world 

projects that require research, collaboration, and public presentation. For example, history students might 

design a museum exhibit, or science students might engineer a sustainable solution for a local problem. 

¶ Differentiation: Recognizing the wide range of skills and prior knowledge in a single secondary class, 

teachers must employ differentiated instruction. This involves adjusting the content (what is taught), the 

process (how students learn it), and the product (how students demonstrate mastery) to meet individual 

needs. 

¶ Flipped Classroom Model: This model uses technology to deliver content (lectures, readings) outside 

of class, reserving valuable class time for active learning, discussion, problem-solving, and collaborative work 

guided by the teacher. 

3. Effective Classroom Management and Environment 

A productive learning environment in a secondary setting relies heavily on proactive management 

strategies that emphasize respect and clear expectations. 

¶ Establish Clear Routines and Expectations: From the first day, clearly communicated and consistently 

enforced rules, routines, and consequences create a predictable and safe environment. Involving students in 

the process of setting classroom guidelines can increase their sense of ownership ("buy-in"). 

¶ Build Relationships: The most effective management tool is a strong, positive relationship with 

students. Greeting students at the door, showing interest in their lives outside of academics, and maintaining 

a fair and empathetic demeanor significantly reduces disruptive behavior. 

¶ Active and Positive Reinforcement: Focus on promoting desired behavior through positive 

reinforcement (praise, rewards) rather than relying solely on corrective discipline. When disruption occurs, 

address the specific behavior quickly and quietly without punishing the entire class. 

¶ Engaging Lessons: The best way to prevent misbehavior is to ensure the content is relevant, 

challenging, and engaging. Lessons that are hands-on, incorporate choice, and utilize technology naturally 

minimize off-task behavior. 

The rewarding complexity of teaching secondary students lies in guiding them through their 

intellectual and personal awakening, equipping them with the academic knowledge and critical skills 

necessary to thrive in an increasingly complex world. 
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EQUINE SCIENCE EDUCATION: BRIDGING THEORY AND PRACTICE 

 

Abstract 

Equine Science Education is a specialized, interdisciplinary field that applies fundamental scientific 

principlesτincluding biology, nutrition, genetics, and veterinary medicineτto the care, management, and 

training of horses. The significance of this education lies in its ability to produce graduates equipped with 

both the theoretical knowledge required for scientific research and the practical skills necessary for 

professional management in the equine industry. This article examines the core components of equine 

science curricula, highlights the importance of experiential learning, and discusses the diverse career 

pathways available to those with a specialized scientific understanding of the horse. 

 

Keywords: 

 equine science education, horse management, veterinary medicine, equine nutrition, equine genetics, 

animal science, experiential learning, horse industry. 

 

1. The Interdisciplinary Nature of Equine Science 

Equine Science is inherently interdisciplinary, drawing heavily from fundamental life sciences to 

address the unique physiology and management needs of horses. 

¶ Core Scientific Foundations: Curricula typically provide strong grounding in Animal Biology, focusing 

specifically on equine anatomy, physiology, and pathology. Students study Equine Nutrition, learning to 

formulate balanced diets based on the horse's age, workload, and health status, using principles of 

biochemistry and metabolism. 

¶ Genetics and Reproduction: A significant component involves Equine Genetics, crucial for breeding 

programs aimed at optimizing desirable traits (e.g., speed, temperament, disease resistance), alongside 

detailed study of reproductive physiology and assisted reproductive technologies. 

¶ Veterinary Applications: While not training veterinarians, the curriculum teaches students to 

recognize signs of illness, manage minor ailments, administer first aid, and effectively communicate with 

veterinary professionals, emphasizing preventative health protocols. 

2. Pedagogy: Integrating Science and Practical Skills 

Effective Equine Science Education relies on pedagogy that seamlessly integrates rigorous academic 
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knowledge with hands-on, practical application. 

¶ Experiential Learning: A hallmark of the field is the heavy emphasis on experiential learning. Students 

routinely participate in laboratory work focusing on feed analysis and biomechanics, but also engage in 

mandatory practical sessions involving horse handling, training, stable management, and first aid. Many 

programs require students to complete internships or manage educational herds. This hands-on experience 

is critical for bridging theoretical knowledge (e.g., ideal saddle fit) with practical outcomes (assessing a saddle 

on a specific horse). 

¶ Biomechanical Analysis: Education now frequently incorporates modern technology, such as motion-

capture cameras and pressure sensors, to scientifically analyze the horse's movement and performance. 

Students learn to use these tools to assess gait symmetry, detect subtle lameness, and optimize training 

programs for maximum athletic efficiency while minimizing injury risk. 

3. Career Pathways and Industry Significance 

Graduates with a degree in Equine Science are equipped for diverse, knowledge-intensive roles across 

the global horse industry. 

¶ Management and Consulting: Graduates often move into high-level management positions in 

breeding operations, performance stables, equestrian facilities, and racing organizations. They apply 

scientific knowledge to make evidence-based decisions regarding herd health, nutrition programs, personnel 

management, and financial oversight. 

¶ Support Industries: The scientific specialization opens doors to careers in industries that support the 

horse, such as pharmaceutical sales, feed formulation, nutritional consulting, and diagnostic laboratory work. 

These roles require the technical understanding to interpret scientific data and advise clients on complex 

health and performance matters. 

¶ Research and Education: A degree in Equine Science provides a solid foundation for pursuing 

advanced degrees (Master's or Ph.D.) in areas like animal science, veterinary public health, or comparative 

physiology, contributing to the ongoing body of knowledge that improves horse welfare and performance 

globally. 

4. Conclusion 

Equine Science Education plays an indispensable role in professionalizing the care and management of 

horses. By successfully integrating life sciences with essential practical skills, these programs produce 

scientifically literate graduates capable of addressing the complex challenges facing the horse industry, 

ensuring that future advancements in animal welfare, nutrition, and performance are driven by rigorous, 

evidence-based practices. 
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 PRINCIPLES AND METHODS OF FORENSIC MEDICAL DIAGNOSTICS 

 

Abstract 

Forensic medical diagnostics is a key discipline aimed at establishing facts of legal significance. It 

encompasses scientific and applied methods for analyzing human condition, injuries, causes of death, and 

other relevant factors in legal proceedings. This article discusses the main principles of forensic medical 

diagnostics, the classification of methods, their capabilities and limitations. Particular attention is paid to 

modern developments, interdisciplinary integration, and the need for standardized procedures to improve 

the reliability of expert conclusions. 
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ˤ͙ͯ͊͘͡Έͤ·͔ ͙ ͙ͦͨͭ;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΤ 

˾͔͎͔͎͙ͤͭͤͦͦ͡;͔͙͔ͫ͟ ͙ ͼ͙ͺ͍ͪͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Τ 

ˢ͙ͤ͊͘͡ ͺ͙͙ͦ͘͟-ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͚͍ͫͦͫͭ ͔͙͍ͣ͊ͭͪ͊ͦ͡Φ 

˶͊͋ͦͪ͊ͭͦͪͤ·͔ ͙ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͔ͣͭͦ͒· 

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͦ͋ͪ͊͘ͼ͍ͦΤ 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Τ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ 

ˮ͔͙͒ͤͭͺ͙͊͟ͼ͙ͦͤͤ·͔ ͔ͣͭͦ͒· 

ˢ͎͙ͤͭͪͦͨͦͦ͡;͔͙͔ͫ͟ ͙ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒·Τ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͼ͙ͺ͍ͪͦ·ͻ ͋͊͘ ͒͊ͤͤ·ͻΤ 
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˻ͼ͔ͤ͊͟ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͙͍ͨͪͤ͊ͦ͘͟ ͙͡;͙ͤͦͫͭΦ 

͙̇ͺ͍ͪͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ 

˻͋ͪ͊͋ͦͭ͊͟ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ 

˿͙͙ͭ͊ͭͫͭ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͒͊ͤͤ·ͻΤ 

˸͔͙͍͙͔ͦ͒ͪͦ͊ͤ͡ ͙ ͎͙͍͙͔ͨͪͦͤͦͪͦ͊ͤ͘Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍͙͙ͪ͊ͭ͘Ύ 

˽͙͔͔͙͔ͪͣͤͤ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͒͡Ύ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙Τ 

˾͊ͪ͊͋ͦͭ͊͘͟ ͍ͤͦ·ͻ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͔͍ͣͭͦ͒ͦΤ 

͙͔͙͔̂ͫͤ͡ ͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊Τ 

˿͙ͭ͊ͤ͒͊ͪͭ͊͘ͼ͙Ύ ͙ ͙ͯͤͺ͙͊͟ͼ͙Ύ ͨͪͦͼ͔͒ͯͪΤ 

˽͍ͦ·΄͔͙͔ͤ ͍͔͙͒ͦͫͭͦͪͤͦͫͭ Ή͔ͫͨͪͭͤ͟·ͻ ͊͘͟͡Ό;͔͙͚ͤΦ 

ˤ·͍ͦ͒· ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

˿͔ͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͍͚͊͗ͤͦ ͍͚ͦͫͤͦͦ ͍͙͔͙͔ͨͪ͊ͦͨͪͣͤͭ͡Έ͚ͤͦ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 

ˢ͎͙͙ͦͪͭͣ͊͘͡ͼ͙Ύ ͔͍ͣͭͦ͒ͦ ͙ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ͨͦ·΄͊Όͭ ͭͦ;ͤͦͫͭΈ ͙ 

ͦ͋Ά͔͙͍ͭͤͦͫͭ͟Έ ͊͘͟͡Ό;͔͙͚ͤΦ 

˽͔͔͙͍ͪͫͨͭͤ͟·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ ͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙ͦͤͤ·ͻ ͔͍ͣͭͦ͒ͦΣ 

͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙Ύ Ή͔͙ͫͨͪͭ͘͟Σ ͍͔͔͙͔ͤ͒ͪͤ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ 

͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͙ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ 

˭͊͟͡Ό;͔͙͔ͤΦ 

˽͙ͪͤͼ͙ͨ· ͙ ͔ͣͭͦ͒· ͔ͫͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͦ͋Ά͔͙͍͔ͭͤͦ͟ ͙ ͤ͊ͯ;͔ͤͦ 

͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͺ͍͊ͭͦ͟Σ ͙͔ͣΌ΅͙ͻ Ό͙͙ͪ͒;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ 

͙͙͍ͫͭ͊ͤ͒͊ͪͭͪͦ͊ͤͤ͘·͔ ͨͦ͒ͻͦ͒· ͍ͨͦͦ͘͡ΎΌͭ ͍ͨͦ·͙ͫͭΈ ͍͔͒ͦͫͭͦͪͤͦͫͭΈ Ή͔ͫͨͪͭͤ͟·ͻ ͊͘͟͡Ό;͔͙͚ͤ ͙ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔ͫͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͙ͨͪ͊ͭ͟͟Φ 

˿͙ͨͫͦ͟ ͙ ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͡ ͙͔ͭͪ͊ͭͯͪ·: 

1. Busuttil A., Madea B. Handbook of Forensic Medicine. Wiley-Blackwell. 

нΦ {ŀǳƪƪƻ tΦΣ YƴƛƎƘǘ .Φ YƴƛƎƘǘΩǎ CƻǊŜƴǎƛŎ tŀǘƘƻƭƻƎȅΦ CRC Press. 

оΦ ˮ͔͍ͫ͊ ̑ΦˮΦ ˿͔ͯ͒͋ͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Υ ͯ;͔͙͋ͤ͟Φ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Φ 

пΦ ˴͔͍ͤͦ͡ ˤΦˢΦ ˻͍ͫͤͦ· ͔ͫͯ͒͋ͤͦ-͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟Φ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Φ 

5. Madea B. Principles of Forensic Medicine. Academic Press. 

ϭ s͍ͣ͊ͤͦ x . .s, 2025 

 

 

 

 

̂˨ ˴616.5                 

ˢ͍ͣ͊ͤͦ͊ ˶Φ˾Φ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͦ͗ͤ͟·ͻ ͙ ͍͔͔͙ͤͪ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ͙͙͙͎ͭͦ͡ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͔͙͎͔͙͒ͨͣͤͭͪͯΌ΅͔͔ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͙ͦ͗͟Σ ͍ ͍͔ͦͫͤͦ 
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͎ͦͭͦͪͦͦ͟ ͔͙͗ͭ͡ ͔͔͙͍͔ͫͭͤͦ͟͡ ͪ͊ͪͯ͘΄͔͙͔ͤ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔͙͔ͯ͋͒ͭ͡Έͤͦ 

͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ ͎ͣͤͦͦͺ͊ͭͦͪͤͦͣ͟ Ή͙͎͔͔͔ͭͦͨ͊ͭͦͤ͘ ͫ ͙͙͒ͦͣͤͪͯΌ΅͔͚ ͪͦ͡ΈΌ ͙͊ͯͭͦͣͣͯͤͤ·ͻ 

͔ͣͻ͙͍͊ͤͣͦ͘Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͙͍ͨͪͦͭ Ή͙ͭͻ ͙͎͔ͨͣͤͭͤ·ͻ ͔ͭͦ͟͟͡Φ ̏ͭ͊ ͙͊ͯͭͦͣͣͯͤͤ͊Ύ ͔ͪ͊͟ͼ͙Ύ ͔ͭͫͤͦ ͫ ͍Ύ͊ͤ͊͘ 

ͫ ͎͔͔͙ͤͭ;͔͚ͫͦ͟ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ΈΌΣ ͦ ;͔ͣ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͫͯ͡;͙͊ ͔͔͚͎ͫͣͤͦͦ ͍͙͙͙͎ͭͦ͡ ͙ 

͊ͫͫͦͼ͙͊ͼ͙Ύ ͫ ͔͔͔ͦͨͪ͒ͤͤ͡·͙ͣ ͙ͦͯͫ͊ͣ͟͡Σ ͙͙ͭ͊ͣ͟ ͊͟͟ ͎͔ͤ·Σ ͙ͦͤͭͪͦͪͯ͟͡Ό΅͙͔ ͙ͣͣͯͤͤ·͚ ͍͔ͦͭͭ 

ό͙͔ͤ͊ͨͪͣͪΣ I[!ύ ͙ ͯ;͍͊ͫͭͯΌ΅͙͔ ͍ ͙͎͔͔͔͋ͦͤ͘ ͔ͣ͊ͤͦͫͦͣ͡ ό¢¸wΣ h/!нύΦ ˴͔ͪͦͣ ͎ͭͦͦΣ ͍͊͗ͤͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ 

͙͙͍ͦͫ͒͊ͭͤ͟·͚ ͔ͫͭͪͫͫΣ ͦͭͦͪ͟·͚ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͙ͤ͊ͦͨͤ͟͡Ό ͙ͭͦͫ͟;ͤ·ͻ ͔͙͍ͣͭ͊͋ͦͭͦ͡ ͍ ͔ͣ͊ͤͦ͡ͼ͙ͭ͊ͻ ͙ ͙ͻ 

͔ͨͦͫ͒ͯ͡Ό΅͔ͣͯ ͊ͨͦͨͭͦͯ͘Σ ͊ ͔ͭ͊͗͟ ͙͒ͫͺͯͤ͟ͼ͙Ύ ͙ͣͣͯͤͤ·ͻ ͔ͭͦ͟͟͡Σ ͍ ;͙͊ͫͭͤͦͫͭ /5уҌ ́-͙ͣ͡ͺͦͼ͙͍ͭͦΣ 

ͦͭͦͪ͟·͔ ͙͍͊ͭͤͦ͟ ͯ;͍͊ͫͭͯΌͭ ͍ ͪ͊ͪͯ͘΄͔͙͙ͤ ͙͎͔ͨͣͤͭͤ·ͻ ͔ͭͦ͟͟͡Φ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔ͣ͊ͤͦ͡ͼ͙ͭ·Σ ͙͙͔͊ͯͭͦͣͣͯͤͭͭΣ ͎͔͔͙ͤͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ΈΣ 

 ͦ ͙͙͍ͫ͒͊ͭͤ͟·͚ ͔ͫͭͪͫͫΣ /5уҌ ́-͙ͣ͡ͺͦͼ͙ͭ·Σ ͊ͨͦͨͭͦ͘. 

 

ˤ͙͙͙͎ͭͦ͡ ς Ήͭͦ ͔͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͙ͦ͗͟Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͔ͫΎ ͙͔͔͚ͨͪͦ͋ͪͭͤͤͦ 

͔͔͚ͨͦͭͪ ͙͎͔ͨͣͤͭ͊ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͪ͊ͪͯ͘΄͔͙ͤΎ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦΦ ̏ͭͦ ͫͦͫͭͦΎ͙͔ͤ ͍͙͡Ύ͔ͭ ͤ͊ ͍͔ͤ΄͙͚ͤ ͍͙͒ ͙ 

͔ͣͦ͗ͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͫͤ͗͊ͭΈ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͙͍͔͊ͭͤͦ͟ ͙ͯ͘;͔͙͔ͤΣ ͭͦ;ͤ·͔ 

͔ͣͻ͙͊ͤͣ͘·Σ ͊ͨͯͫ͊͘͟Ό΅͙͔ ͍͙͙͔ͪ͊ͭ͘ ͍͙͙͙͎ͭͦ͡Σ ͒ͦ ͦͤ͟ͼ͊ ͔ͤ ͍·Ύ͔ͫͤͤ·Φ ˣͦ͡Έ΄͙͍ͤͫͭͦ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ 

ͫͦͤ͟͡ΎΌͭͫΎ ͟ ͣͯ͡Έ͙ͭͺ͚͊ͭͦͪͤͦ͟ ͔͙͙ͭͦͪ ͍͙͙ͪ͊ͭ͘ΎΦ 

˻͍͚ͫͤͦͤͦ ͦͤ͟ͼ͔ͨͼ͙͔͚ Ύ͍͡Ύ͔ͭͫΎ ͔͙ͭͦͪΎΣ ͎ͫͦ͊ͫͤͦ͡ ͚ͦͭͦͪͦ͟ ͍͙͙͙͎ͭͦ͡ ͙͔͔ͣͭ ͙ͫ͡ΈͤͯΌ 

͙͊ͯͭͦͣͣͯͤͤͯΌ ͙ͨͪͪͦ͒ͯΦ ˮͣͣͯͤͤ͊Ύ ͙͔ͫͫͭͣ͊ ͨͦ ͦ΄͙͔͋͟ ͔ͪ͊ͫͨͦͤ͊ͭ͘ ͔ͣ͊ͤͦ͡ͼ͙ͭ· ͊͟͟ ;͔ͯ͗ͪͦ͒ͤ·͔ 

ͦ͋Ά͔ͭ͟· ͙ ͔͊ͭ͊ͯͭ͟ ͙ͻΦ ˨͔ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦͣ Ή͚ͭͦ ͔͙͙ͭͦͪ ͫͯ͗͊ͭ͡ ͙ͤͺ͙͡Έͭͪ͊ͭ·Σ ͫͦͫͭͦΎ΅͙͔ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ 

͙͘ ͼ͙͙ͭͦͭͦͫ͟;͔͙ͫ͟ͻ /5уҌ ́-͙ͣ͡ͺͦͼ͙͍ͭͦΣ ͔ͦ͋ͤ͊ͪͯ͗ͤͤ·͔ ͍ ͦ;͎͊͊ͻ ͔͙ͨͦͪ͊͗ͤΎΦ ͙̏ͭ ͔͙ͭ͟͟͡ ͙͎ͪ͊Όͭ 

͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͪ͊ͪͯ͘΄͔͙͙ͤ ͙͎͔ͨͣͤͭͤ·ͻ ͔ͭͦ͟͟͡Φ 

͙͙̇ͭͦͭͦͫ͟;͔͙͔ͫ͟ ́-͙ͣ͡ͺͦͼ͙ͭ· ͍·͍ͫͦ͋ͦ͗͒͊Όͭ ͔ͨͪͺ͙ͦͪͤ ͙ ͎͙ͪ͊ͤͣ͘ .Σ ͦͭͦͪ͟·͔ ͍·͘·͍͊Όͭ 

͊ͨͦͨͭͦ͘ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦΦ ˴͔ͪͦͣ ͎ͭͦͦΣ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͍ͨͦ·΄͔ͤͤ͊Ύ Ή͔͙ͫͨͪͫͫ͟Ύ ͙͔ͤͭͪͺ͔ͪͦͤ͊-͎͊ͣͣ͊ όLCb- 

$\ƎŀƳƳŀϷύ ͙ ͎͙͒ͪͯͻ ͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͼ͙͙͍ͭͦͤͦ͟Φ ͙̏ͭ ͔ͣͦͯ͟͡͡· ͫͦ͒͊͘Όͭ ͎͔͙͍͊ͪͫͫͤͯΌ ͙͔ͣͪͦͫͪ͒ͯ͟Σ 

͔͍͔͙ͤͫͦͣͫͭͣͯΌ ͫ ͍·͙͍͙͔͗͊ͤͣ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦΦ ˮ͔͙͍ͤͭͤͫͤͦͫͭΈ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊ ͔͙͔ͦͪͪͪͯͭ͟͡ ͫ 

͙͍͊ͭͤͦͫͭ͟ΈΌ ͙ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͣ ͍͙͙͙͎ͭͦ͡Φ 

ˤ͊͗ͤ·ͣ ͍͔͔͙͔ͨͦ͒ͭͪ͗͒ͤͣ ͙͎͊ͯͭͦͣͣͯͤͤͦͦ ͫͭ͊ͭͯͫ͊ Ύ͍͡Ύ͔ͭͫΎ ;͊ͫͭ͊Ύ ͊ͫͫͦͼ͙͊ͼ͙Ύ ͍͙͙͙͎ͭͦ͡ ͫ 

͎͙͙͒ͪͯͣ ͙͊ͯͭͦͣͣͯͤͤ·͙ͣ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣΦ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·Σ ͙͔ͭ͊͟ 

͊͟͟ ͙͔͙͙ͭͪͦ͒ͭ ̆͊΄͙ͣͦͭͦ ͙ ͔͋ͦͤ͘͡Έ ˥͔͚͍ͪͫ͊Φ ͔́͊͗͟ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͙ͦͣͦͪ͋͒ͤͦͫͭ͟Έ ͫ ͔͙ͨͪͤͼ͙͚ͦͤͦ͘ 

͔͙͔͚͊ͤͣΣ ͔͍͙ͪͣ͊ͭͦ͒ͤ·ͣ ͙͊ͪͭͪͭͦͣ ͙ ͫ͊ͻ͊ͪͤ·ͣ ͙͔͒͊͋ͭͦͣ м-͎ͦ ͙ͭͨ͊Φ ͙̏ͭ ͒͊ͤͤ·͔ ͯ͊͘͟·͍͊Όͭ ͤ͊ ͦ͋΅͙͚ 

͙͒ͫ͋͊͊ͤͫ͡ ͙͚ͣͣͯͤͤͦ ͙͔ͫͫͭͣ·Φ 

˽͙ͦͣͣͦ ͙͎͙ͣͣͯͤͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙͚ͤΣ ͤ͊͘;͙͔ͭ͡ΈͤͯΌ ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͎͔͔͙ͤͭ;͔ͫ͊͟Ύ 

͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ΈΦ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͦͦͦ͟͡ нлςол҈ ͨ͊ͼ͙͔͍ͤͭͦ ͙͔ͣΌͭ ͔͔͚ͫͣͤ·͚ 

͔͊ͤ͊ͣͤ͘ ͍͙͙͙͎ͭͦ͡Φ ̏ͭͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͔͔ͤ͊ͫ͒ͯͣ͡·͚ ͔ͦͣͨͦͤͤͭ͟ ͍ Ή͙͎͙͙ͭͦͦ͡ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ ˹͔͊ͫ͒ͯ͡ΌͭͫΎ 

͔ͤ ͫ͊ͣͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͊ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡Έ ͟ ͤ͊ͪͯ΄͔͙ͤΌ ͙͔͎ͣͣͯͤͦͪͯ͡Ύͼ͙͙Φ 

̂;͔ͤ·͔ ͙͔͙͒ͤͭͺ͙ͼ͙͍͙ͪͦ͊͡ ͔ͤͫͦ͟͡Έͦ͟ ͍ͦͯͫͦ͟͡ ͙ ͎͔͍ͤͦΣ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͍ͨͦ·΄͔ͤͤ·ͣ ͙ͪͫͦͣ͟ 

͍͙͙ͪ͊ͭ͘Ύ ͍͙͙͙͎ͭͦ͡Φ ˿͔͙ͪ͒ ͙ͤͻ ͎͔ͤ·Σ ͯ;͍͊ͫͭͯΌ΅͙͔ ͍ ͔͎ͪͯ͡Ύͼ͙͙ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊Σ ͙͔ͭ͊͟ ͊͟͟ HLA 

ό͔ͦͣͨͫ͟͟͡ ͙͎͔͍͊ͤͭͤͦ ͔͍͚ͭ͊ͤͦ͟ ͍͔͙͙ͫͦͣͫͭͣͦͫͭύΦ ˾͙͊͘͡;ͤ·͔ ͔͙͊͡͡͡ HLA ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤ· ͫ ͍ͨͦ·΄͔͚ͤͤͦ 

͍͙͙ͦͫͨͪͣ;͙͍ͦͫͭΈΌ ͟ ͔͍͙͊͋ͦ͊ͤ͘͡ΌΦ ̏ͭͦ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͎͔͔͙ͤͭ;͔ͫͯ͟Ό ͍ͦͫͤͦͯ ͙͚͊ͯͭͦͣͣͯͤͤͦ ͔ͪ͊͟ͼ͙͙Φ 

˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͎͔ͤ͊ͣΣ ͙ͦ͒ͪͯ͟Ό΅͙ͣ ͔͙͋͟͡ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦ ͙ ͯ;͍͊ͫͭͯΌ΅͙ͣ ͍ ͙ͻ 

͙͙͔͔͋ͦͫͤͭ͘Φ ˹͙͔͊ͨͪͣͪΣ ͎͔ͤ TYRΣ ͙ͦ͒ͪͯ͟Ό΅͙͚ ͙͙ͭͪͦͤ͊ͯ͘͘Σ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͍ͦͫͤͦͤ·ͻ ͙ͣ΄͔͔͚ͤ 

͙͎͊ͯͭͦͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊Φ ˸ͯͭ͊ͼ͙͙ ͙͙͡ ͙ͨͦͣͦͪ͡ͺ͙ͣ͘· ͍ Ήͭͦͣ ͙ ͨͦ͒ͦ͋ͤ·ͻ ͎͔ͤ͊ͻ ͎ͣͦͯͭ ͔͒͊ͭ͡Έ 

͔ͣ͊ͤͦ͡ͼ͙ͭ· ͔͔͋ͦ͡ ͯΎ͍͙ͣ͘·͙ͣΦ ˮ͔͔͙ͣͤͤ͘Ύ ͍ ͔ͫͭͪͯͭͯͪ͟ ͔͋͊͟͡ ͎ͣͦͯͭ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͔͎ͦ ͔͍͙ͤͨͪ͊͡Έͤͦͣͯ 
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͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ό ͙͚ͣͣͯͤͤͦ ͙͔͔ͫͫͭͣΦ 

͔́͊͗͟ ͙ͯ͘;͔͊ͭͫΎ ͎͔ͤ NALP1Σ ͦͭͦͪ͟·͚ ͯ;͍͔͊ͫͭͯͭ ͍ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͨͪͦͼ͔ͫͫ͊ͻ ͙ ͔͊ͨͦͨͭͦ͘Φ 

˽͙ͦͣͦͪ͡ͺ͙ͣ͘· Ή͎ͭͦͦ ͎͔ͤ͊ ͔ͭ͊͗͟ ͋·͙͡ ͍ͫΎ͊ͤ͘· ͫ ͎͔͔͙͍͚ͤͪ͊ͦ͊ͤͤͦ͘͡ ͺ͚ͦͪͣͦ ͍͙͙͙͎ͭͦ͡Φ ͙̏ͭ 

͎͔͔͙ͤͭ;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͎ͣͦͯͭ ͍͙͡ΎͭΈ ͤ͊ ͎ͨͦͪͦ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͔ͭͦ͟͟͡ ͟ ͔ͫͭͪͫͫͯΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͦͤ 

͍͔ͦͫͤͤͦ͟ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͙͙ͤͼ͙͊ͼ͙͙ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˨͎ͪͯ͊Ύ ͟͡Ό;͔͍͊Ύ ͦͤ͟ͼ͔ͨͼ͙Ύ τ ͔͙ͭͦͪΎ ͙͙͍͎ͦͫ͒͊ͭͤͦͦ͟ ͔ͫͭͪͫͫ͊Φ ˸͔͊ͤͦ͡ͼ͙ͭ· ͍ Ή͙͔͙͔ͨ͒ͪͣͫ 

ͨͦͫͭͦΎͤͤͦ ͍͔͎ͨͦ͒ͪ͊ΌͭͫΎ ͍͔͚͍͙ͦ͒ͫͭ͘Ό ͯ͡Έͭͪ͊ͺ͙͔͍͎ͦͭͦͦͦ͡ ͙ͯ͘͡;͔͙ͤΎΦ ̏ͭͦ ͔͔͒͊ͭ͡ ͙ͻ ͯΎ͍͙ͣ͘·͙ͣ ͟ 

͔͙ͤ͊ͦͨͤ͟͡Ό ͙͍͊ͭͤ͟·ͻ ͺͦͪͣ ͙ͫͦͪͦ͒͊͟͡ όˢ̅˴ύΦ ̂ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͍͙͙͙͎ͭͦ͡ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͙͔͙͔ͫͤ͗ͤ 

͙͙͚͊ͤͭͦͫ͒͊ͤͭͤͦ͟ ͊͘΅͙ͭ·Φ 

˹͔͙͔͊ͦͨͤ͟͡ ˢ̅˴ ͙ ͔͔͙͔ͨͪͫͤͦ͟ ͙͔͙͔ͦͫͤ͟͡ ͙͙͍ͨ͒ͦ͡ ͍ ͔ͣ͊ͤͦ͡ͼ͙ͭ͊ͻ ͔͊ͨͯͫ͊ͭ͘͟ ͊ͫ͊͒͟͟ 

͍͔͔͙͚ͨͦͪ͗͒ͤΦ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͤ͊͘·͍͔͊ͭͫΎ ͺ͔͔ͤͦͣͤ͊͡Έͤ·͚ ͙͙͍ͦͫ͒͊ͭͤ͟·͚ ͔ͫͭͪͫͫΦ ˻ͤ ͙͍͙ͨͪͦ͒ͭ ͟ 

͍͔͔͙ͨͦͪ͗͒ͤΌ ˨˹˴Σ ͔͍͋ͦ͟͡ ͙ ͙͙ͨ͒ͤ͡·ͻ ͔ͣͣ͋ͪ͊ͤ ͔ͭͦ͟͟͡Φ ˤ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦ Ήͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͔͔͍͔͔͚ͨͪ͗͒ͪͣͤͤͦ ͎͙͔͙͋͡ ό͊ͨͦͨͭͦͯ͘ύ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦΦ 

˻͙͙͍ͫ͒͊ͭͤ͟·͚ ͔ͫͭͪͫͫ ͔ͭ͊͗͟ ͔ͣͦ͗ͭ ͍͙͡ΎͭΈ ͤ͊ ͙ͣͣͯͤͤ·͚ ͍͔ͦͭͭΦ ˽͍͔͔ͦͪ͗͒ͤͤ·͔ ͔ͣ͊ͤͦ͡ͼ͙ͭ· 

͎ͣͦͯͭ ͍·͔͒͡ΎͭΈ ͙͎ͫͤ͊͡· ͙ͦͨ͊ͫͤͦͫͭ ό5!atǎύΦ ͙̏ͭ ͙͎ͫͤ͊͡·Σ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͙͍͔ͨͪ͊͟͡Όͭ ͙ ͙͍͙͊ͭͪͯ͟Όͭ 

͙ͣͣͯͤͤ·͔ ͔͙ͭ͟͟͡Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͙͍ͦͫ͒͊ͭͤ͟·͚ ͔ͫͭͪͫͫ ͍·͔ͫͭͯͨ͊ͭ ͊͟͟ ͙͎͎͔ͭͪͪ ͙͚͊ͯͭͦͣͣͯͤͤͦ 

͔ͪ͊͟ͼ͙͙Φ 

˹͔͍ͪͤͦ-Ή͙ͤ͒ͦͪͤͤ͊͟Ύ ͔͙ͭͦͪΎ ͔ͭ͊͗͟ ͔͎͔ͨͪ͒͊͊ͭ͡ ͦ͋ΆΎ͔͙͔ͫͤͤ ͎͔͔ͨ͊ͭͦͤ͊͘ ͍͙͙͙͎ͭͦ͡Φ 

̏ͣͦͼ͙ͦͤ͊͡Έͤ·͚ ͔ͫͭͪͫͫ ͙ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͔͙ͨͪͺ͔͙ͪ;͔͙ͫ͟ͻ ͔͍͍ͤͪͦ ;͊ͫͭͦ ͔ͨͪ͒΄͔͍ͫͭͯΌͭ ͨͦΎ͍͔͙ͤ͡Ό ͍ͤͦ·ͻ 

ͦ;͎͍͊ͦΦ ̏ͭͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͪͦ͡Έ ͔͚ͤͪͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͔͙͍ͣ͒͊ͭͦͪͦ ͍ ͍͙͙͙ͪ͊ͭ͘ ͔͙͋ͦͤ͘͡Φ ˹͔͚͔͙ͪͦͨͨͭ͒·, 

͙͔ͭ͊͟ ͊͟͟ ͫͯ͋ͫͭ͊ͤͼ͙Ύ tΣ ͎ͣͦͯͭ ͍͙͡ΎͭΈ ͤ͊ ͍·͙͍͔͗͊ͣͦͫͭΈ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦΦ 

ˮͯ͘;͔͙͔ͤ Ή͚ͭͦ ͔͙͙ͭͦͪ ͨͦ͊͊ͦ͘͟͡Σ ;ͭͦ ͍ ͦ;͎͊͊ͻ ͍͙͙͙͎ͭͦ͡ ͍ͨͦ·΄͔͊ͭͫΎ ͍͔ͯͪͦͤΈ ͔͚͙͔͍ͤͪͦͭͪ͊ͤͫͣͭͭͪͦΣ 

ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ ͙ͭͦͫ͟;ͤ·͙ͣ ͒͡Ύ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦΦ ˹͙͔͊ͨͪͣͪΣ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͡ ͙ ͊ͼ͔͙ͭ͡ͻ͙ͦͤ͡ ͎ͣͦͯͭ 

͍·͘·͍͊ͭΈ ͦ͊͟͡͡Έͤ·͚ ͔ͫͭͪͫͫΦ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͔͙ͯͫͤ͡Ό ͙͙͍͎ͦͫ͒͊ͭͤͦͦ͟ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔ͭͦ͟͟͡Φ 

ˤ͙͍͊ͣͦͫ͘Ύ͘Έ ͔͍͚ͤͪͤͦ ͙ ͙͎͔͚ͨͣͤͭͤͦ ͙͔ͫͫͭͣ Ύ͍͡Ύ͔ͭͫΎ ͚ͫͦ͗ͤͦ͡ ͙ ͎͎͚ͣͤͦͦͪ͊ͤͤͦΦ 

˹͊ͪͯ΄͔͙͔ͤ ͎͔͙͙͊͒͘ ͙ ͙͎ͣͪ͊ͼ͙͙ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦ ͔ͭ͊͗͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͺ͊ͭͦͪ͟ ͎͔͔ͨ͊ͭͦͤ͊͘Φ 

˽͔͎͔ͪ͒ͨͦ͊͊ͭͫ͡ΎΣ ;ͭͦ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͍͙͙͙͎ͭͦ͡ ͤ͊ͪͯ΄͔ͤ͊ ͍ͫΎ͘Έ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦ ͫ ͔͙ͪ͊ͭͤͦ͟ͼ͙͙ͭ͊ͣ ͙ 

͋͊͊͘͡Έ͚ͤͦ ͔͚ͣͣ͋ͪ͊ͤͦΦ ̏ͭͦ ͔ͣͦ͗ͭ ͋·ͭΈ ͍ͫΎ͊ͤͦ͘ ͫ ͔͒ͺ͔͙ͭ͊ͣ͟ ͔͍͋ͦ͟͡ ͔ͭͦ͟͡;͚ͤͦ ͎͔͙͙͊͒͘Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ 

͔ͣ͊ͤͦ͡ͼ͙ͭ· ͎ͣͦͯͭ ͔͎͡;͔ ͔ͦͭ͒͡ΎͭΈͫΎ ͙ ͍͔͎ͨͦ͒ͪ͊ͭΈͫΎ ͔͊ͭ͊͟Φ 

˸͔ͦͯ͟͡͡Ύͪͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ͨͦ͊͊͘͟͡ ͙͔͙͔ͫͤ͗ͤ Ή͔͙͙ͫͨͪͫͫ͟ ͺ͍͊ͭͦͪͦ͟ ͪͦͫͭ͊ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦΦ 

̅͊ͭͦͪ͟·Σ ͙͔ͭ͊͟ ͊͟͟ {/C ό{ǘŜƳ /Ŝƭƭ CŀŎǘƻǊύ ͙ ōCDC όōŀǎƛŎ CƛōǊƻōƭŀǎǘ DǊƻǿǘƘ CŀŎǘƻǊύΣ ͔ͤͦ͋ͻ͙ͦ͒ͣ· ͒͡Ύ 

͙ͨͪͦ͡ͺ͔ͪ͊ͼ͙͙ ͙ ͍·͙͍͙͗͊ͤΎ ͔ͭͦ͟͟͡Φ ˹͔͒ͦͫͭ͊ͭͦ͟ Ή͙ͭͻ ͭͪͦͺ͙;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟ ͔͔͒͊ͭ͡ ͔ͣ͊ͤͦ͡ͼ͙ͭ· ͔͔͋ͦ͡ 

;͍͍͙͔ͯͫͭͭ͡Έͤ·͙ͣ ͟ ͡Ό͋·ͣ ͍͔ͨͦͪ͗͒͊Ό΅͙ͣ ͍͔͚͍͙ͦ͒ͫͭ͘ΎͣΦ ̏ͭͦ ͙͙͍͔ͯͫ͊ͭ͡ Ήͺͺ͔ͭ͟ ͙͚͊ͯͭͦͣͣͯͤͤͦ 

͎͔͙͙͊ͪͫͫΦ 

˭͊͟͡Ό;͔͙͔ͤ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ Ή͙͎͔͔ͭͦͨ͊ͭͦͤ͘ ͍͙͙͙͎ͭͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͎ͫͦ͗ͤͦͦ͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ 

͔͍ͣͤͦ͗ͫͭ͊ ͺ͍͊ͭͦͪͦ͟Φ ˻͍ͫͤͦͤ·͙ͣ ͍͔ͤ͘ΈΎ͙ͣ ͎͔͔ͨ͊ͭͦͤ͊͘ Ύ͍͡ΎΌͭͫΎ ͎͔͔͙ͤͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ΈΣ 

ͤ͊ͪͯ΄͔͙͔ͤ ͙͚ͣͣͯͤͤͦ ͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡ ͙ ͻ͙ͪͦͤ;͔͙͚ͫ͟ ͙͙͍ͦͫ͒͊ͭͤ͟·͚ ͔ͫͭͪͫͫΦ ˤ͔ͫ Ή͙ͭ ͺ͊ͭͦͪ͟· ͫͻͦ͒ΎͭͫΎ ͍ 

͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦ ͟ ͎͙͔͙͋͡ ͔ͣ͊ͤͦ͡ͼ͙͍ͭͦΦ ˽͙͙͔ͦͤͣ͊ͤ Ή͚ͭͦ ͎͔ͣͤͦͦͫͭͯͨͤ;͚͊ͭͦ ͔͙ͣͦ͒͡ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ 

͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͍ͤͦ·ͻ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͎͙͚ͫͭͪ͊ͭΦ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ  

1. ˾͙͍͙ͤ͟ ˤΦ˶Φ ͙ ͒ͪΦ ˤ͙͙͙͎ͭͦ͡Υ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ͋ Ή͙͎͔͔͔ͭͦͨ͊ͭͦͤ͘ ͙ ͍ͤͦ·͔ ͨͦ͒ͻͦ͒· ͟ 

͔͙͙ͭͪ͊ͨΦ ˤ͔͙ͫͭͤ͟ ͔͎͙͙͒ͪͣ͊ͭͦͦ͡ ͙ ͍͔͔͎͙͙ͤͪͦͦ͡Σ нлнмΦ 

2. Gauthier Y., Ezzedine K. Vitiligo: Management and Therapy. Blackwell Publishing, 2012. 
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ϭ ˢ͍ͣ͊ͤͦ͊ ˶Φ˾ΦΣ нлнр 

 

 

 

 

̂˨ ˴616.5                 

ˢ͍ͣ͊ͤͦ͊ ˶Φ˾Φ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͦ͗ͤ͟·ͻ ͙ ͍͔͔͙ͤͪ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˴˶ˢ˿˿ˮ̅ˮ˴ˢ̇ˮ̒ ˮ ˴˶ˮ˹ˮ˴˻-˸˻˾̅˻˶˻˥ˮ̉˩˿˴ˮ˩ ̅˻˾˸̍ ˸ˮ˴˻˭˻ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˸͙ͦ͘͟· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͦ͋΄͙ͪͤͯΌ ͎ͪͯͨͨͯ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍·͘·͍͔͊ͣ·ͻ 

͎͔ͨ͊ͭͦͤͤ·͙ͣ ͙ ͍ͯͫͦͤͦ͡-͎͔ͨ͊ͭͦͤͤ·͙ͣ ͎͙͙ͪ͋͊ͣΦ ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͙ͻ ͙ͯ͘;͔͙ͤΎ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ΄͙͚ͪͦͦ͟ 

͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈΌ ͙ ͙ͨͦͣͦͪ͡ͺ͙ͣͦͣ͘ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡Φ ˤ ͍͔ͦͫͤͦ ͦ͋΅͔͙ͨͪͤΎ͚ͭͦ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͙͍ͣͦͦ͘͟ ͔͙͗ͭ͡ ͎͙ͯ͋ͤ͊͡ ͔͙ͨͦͪ͊͗ͤΎ ͔͚ͭ͊ͤ͟Φ ˤ·͔͒͡ΎΌͭ ͔͙ͪ͊ͭͦͣͦ͘͟͟· ό͔͙͔ͨͦͪ͊͗ͤ 

͎͍͎ͪͦͦͦͦ ͫͦ͡Ύ Ή͙͔͙ͨ͒ͪͣͫ͊Σ ͙͔ͤ͊ͨͪͣͪΣ ͪ͊ͤͦ͘ͼ͍͔ͭͤ·͚ ͙͡΄͚͊ύΣ ͔͒ͪͣ͊ͭͦͺ͙͙͙ͭ ό͔͙͔ͨͦͪ͊͗ͤ Ή͙͔͙ͨ͒ͪͣͫ͊Σ 

͍ͦͦͫ͡ ͙ ͎͔͚ͤͦͭΣ ͍͟͡Ό;͊Ύ ͙͙ͣͪͦͫͨͦͪ͟Ό ͙ ͙ͭͪͻͦͺ͙͙ͭΌύΣ ͙͊ͤ͒͒ͦ͘͟· ό͔͙͔ͨͦͪ͊͗ͤ ͙͙ͫͫͭ͘͡·ͻ ͦ͋ͦͦ͡;͔͟Σ 

͙ͦ͗͟ ͙ ͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦύ ͙ ͎͙͔ͯ͋ͦ͟͡ ό͙͔ͫͫͭͣͤ·͔ύ ͙ͣͦ͘͟· ό͔͙͔ͨͦͪ͊͗ͤ ͔͒ͪͣ· ͙ ͔ͨͦ͒͗͊͡΅͙ͻ 

͔͚ͭ͊ͤ͟ύΦ ˴͙͙ͤͦ͟͡-ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͺͦͪͣ· ͍͊ͪΈ͙ͪͯΌͭ ͦͭ ͍͔ͨͦͪͻ͎ͤͦͫͭͤͦͦ ΄͔ͯ͡΄͔͙ͤΎ ͒ͦ ͭΎ͔͗͡·ͻ 

Ύ͍͔ͤͤͦ͘-͔͙ͤͪͦͭ͟;͔͙ͫ͟ͻ ͔͙͚ͨͦͪ͊͗ͤΦ ́ͦ;͔ͤͦ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͺͦͪͣ· ͙ͣͦ͊͘͟ ͙ ͍͙͍͚͒ͦͦ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ 

͍͙͔ͦ͋ͯ͒ͭ͘͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͍͙͔ͯͫͦͣ͡ ͒͡Ύ ͤ͊ͤ͊͘;͔͙ͤΎ ͔͍͚͊͒͊ͭͤͦ͟ ͙ Ήͺͺ͔͙͍͚ͭͤͦ͟ 

͙͊ͤͭͺ͎ͯͤ͊͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͣ ͙ͦ͘͟·Σ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΎΣ ͔͙ͪ͊ͭͦͣͦ͘͟͟·Σ ͔͒ͪͣ͊ͭͦͺ͙͙͙ͭΣ ͙͊ͤ͒͒ͦ͘͟·Σ ͎͙͔ͯ͋ͦ͟͡ ͙ͣͦ͘͟·Σ ͙͙ͤͦ͟͟͡-

ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͺͦͪͣ·Σ ͙͊ͤͭͺ͎ͯͤ͊͡Έͤ͊Ύ ͔͙ͭͪ͊ͨΎ. 

 

˸͙ͦ͘͟·Σ ͙͙͡ ͎͙͍ͪ͋ͦ͟·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ Ύ͍͡ΎΌͭͫΎ ͙͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ 

͙ͤͺ͔͟ͼ͙͚ ;͔͍͔ͦ͊͟͡Φ ˻͙ͤ ͍·͘·͍͊ΌͭͫΎ ͙ͪ͊͘͡;ͤ·͙ͣ ͍͙͙͒͊ͣ ͎͙͍ͪ͋ͦΣ ͫͨͦͫͦ͋ͤ·͙ͣ ͙͙͍ͨ͊ͪ͊ͭͪͦ͊ͭ͘Έ ͍ 

͔ͦ͗͟Σ ͙͙ͫͫͭ͘͡·ͻ ͦ͋ͦͦ͡;͊͟ͻΣ ͍ͦͦͫ͊͡ͻΣ ͎ͤͦͭΎͻ ͙ ͔͒͊͗ ͍͔͙ͤͯͭͪͤͤͻ ͎ͦͪ͊ͤ͊ͻΦ ˿͔ͨͭͪ͟ ͙͙ͤ͟͡;͔͙ͫ͟ͻ 

ͨͪͦΎ͍͔͙͚ͤ͡ Ή͙ͭͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͚͔ͪ͊ͤ͟ ΄͙ͪͦ͟Σ ;ͭͦ ͔͔ͭͪ͋ͯͭ ;͔͚ͭͦ͟ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙͙ ͒͡Ύ ͼ͔͔͚͡ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΎΦ ˤ ͔͍͔͔͎͙͙͒ͪͣ͊ͭͦͤͪͦͦ͡ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙͍ͣͦͦ͘͟ ͍ͦͫͤͦ͊ͤ͊ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ 

ͤ͊ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͙ ͎͙͔ͯ͋ͤ͡ ͔͙ͨͦͪ͊͗ͤΎΦ 

͙́ͪ͊͒ͼ͙ͦͤͤͦ ͙ͣͦ͘͟· ͔͒͡Ύͭ ͤ͊ ;͔ͭ·͔ͪ ͍ͦͫͤͦͤ·͔ ͎ͪͯͨͨ·Φ ̏ͭ͊ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͋·ͫͭͪͦ 

͔͔͙ͦͨͪ͒ͭ͡Έ ͔͔ͫͭͨͤΈ ͙͍͙͍͙ͤ͊ͤͦͫͭ͘ ͍͙͔ͦ͋ͯ͒ͭ͘͡ΎΦ ˤ·͔͒͡ΎΌͭ ͍͔ͨͦͪͻͤͦͫͭͤ·͔Σ ͙͙͡ ͔͙ͪ͊ͭͦͣͦ͘͟͟·Τ ͙ͣͦ͘͟· 

͙ͦ͗͟Σ ͍ͦͦͫ͡ ͙ ͎͔͚ͤͦͭΣ ͙͙͡ ͔͒ͪͣ͊ͭͦͺ͙͙͙ͭΤ ͙͊ͤ͒͒ͦ͘͟·Τ ͙ ͎͙͔ͯ͋ͦ͟͡Σ ͙͙͡ ͙͔ͫͫͭͣͤ·͔ ͙ͣͦ͘͟·Φ ˴͊͗͒͊Ύ 

͎ͪͯͨͨ͊ ͙͔͔ͣͭ ͍͙ͫͦ ͻ͔͊ͪ͊ͭͪͤ͟·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͔͔ͨ͊ͭͦͤ͊͘ ͙ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͔ͭ;͔͙ͤΎΦ 

˴͔͙ͪ͊ͭͦͣͦ͘͟· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙͔͔ͤ͊͋ͦ͡ ͍͔ͨͦͪͻͤͦͫͭͤ·͔ ͎͙͍ͪ͋ͦ͟·͔ ͙ͤͺ͔͟ͼ͙͙Φ ˻͙ͤ 
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ͨͦͪ͊͗͊Όͭ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͎͍͚ͪͦͦͦ ͚ͫͦ͡ Ή͙͔͙ͨ͒ͪͣͫ͊Σ ͔ͤ ͍·͘·͍͊Ύ ͙ͨͪ Ήͭͦͣ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͚ͤͦ ͔ͪ͊͟ͼ͙͙Φ 

˭͔͍͙͊͋ͦ͊ͤ͡Ύ Ή͚ͭͦ ͎ͪͯͨͨ·Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͔ͤ ͊ͪ͊ͤ͘͘· ͙ ͔ͤ ͍·͘·͍͊Όͭ ͙͒ͫͦͣ͟ͺͦͪͭ͊ ͯ ͨ͊ͼ͙͔ͤͭ͊Φ 

ˤ͙͔͙ͦ͋ͯ͒ͭ͘͡ ͙ͨͭ͊ΌͭͫΎ ͭͦ͡Έͦ͟ ͔͙ͪ͊ͭͤͦͣ͟ ͍͔ͨͦͪͻͤͦͫͭͤ·ͻ ͔͍ͫͦ͡ ͙ͦ͗͟Φ 

͙͙́ͨ;ͤ·ͣ ͙͔ͨͪͣͪͦͣ ͔͙ͪ͊ͭͦͣͦ͊͘͟͟ Ύ͍͡Ύ͔ͭͫΎ ͪ͊ͤͦ͘ͼ͍͔ͭͤ·͚ ό͔͍͙ͦͭͪͯ͋͒ͤ·͚ύ ͙͡΄͚͊Φ ˩͎ͦ 

͍͙͔͔ͦ͋ͯ͒ͭͣ͘͡ Ύ͍͡Ύ͔ͭͫΎ ͔͒ͪͦ͗͗ͨͦ͒ͦ͋ͤ·͚ ͎͙ͪ͋ Malassezia furfurΣ ͦͭͦͪ͟·͚ Ύ͍͡Ύ͔ͭͫΎ ;͊ͫͭΈΌ 

ͤͦͪͣ͊͡Έ͚ͤͦ ͙ͣͪͦ͟ͺͦͪ͡·Φ ˴͙͙ͤ͡;͔͙ͫ͟ ͦͤ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͍͙͔͒ ͔͙ͣ͟͡ͻ ͨΎ͔ͭͤ ͙ͪ͊͘͡;͎ͤͦͦ ͼ͍͔ͭ͊ ς ͦͭ 

͍͔ͫͭͦ͡-͙ͦͪ͟;͔͍͎ͤͦͦ ͒ͦ ͍͎ͪͦͦͦͦ͘ ͙ ͔͎͋ͦͦ͡Φ ˻;͎͙͊ ͙ͦ͊ͯ͘͟͡͡ΌͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͤ͊ ͍͔ͪͻ͔͚ͤ ;͙͊ͫͭ 

͍͙ͭͯͦ͡΅͊Φ 

˨͔ͪͣ͊ͭͦͺ͙͙͙ͭ ό͙͙͡ ͔͙͒ͪͣ͊ͭͦͣͦ͘͟·ύ ς Ήͭͦ ͍ͭͦͪ͊Ύ ͙ ͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ͊Ύ ͎ͪͯͨͨ͊ 

͎͙͍ͪ͋ͦ͟·ͻ ͙ͤͺ͔͟ͼ͙͚Φ ˻͙ͤ ͍·͘·͍͊ΌͭͫΎ ͎͙͙ͪ͋͊ͣ-͔͒ͪͣ͊ͭͦͺ͙͙ͭ͊ͣ ͍ͪͦ͒ͦ Trichophyton, Microsporum ͙ 

EpidermophytonΦ ͙̏ͭ ͎͙ͪ͋· ͫͨͦͫͦ͋ͤ· ͪ͊ͪͯ͘΄͊ͭΈ ͔͙ͪ͊ͭͤ͟ ͍ͦͦͫ͡Σ ͎͔͚ͤͦͭ ͙ ͍͔ͨͦͪͻ͎ͤͦͫͭͤͦͦ ͫͦ͡Ύ 

Ή͙͔͙ͨ͒ͪͣͫ͊Φ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͺͦͪͣ· ͔͒ͪͣ͊ͭͦͺ͙͙͚ͭ ͍͙͊ͫ͘Ύͭ ͦͭ ͙ͦ͊͊͘͟͡͡ͼ͙͙Φ ˹͙͔͊ͨͪͣͪΣ ͙ͣͦ͘͟ ͫͭͦͨ 

όΉ͙͔ͨ͒ͪͣͦͺ͙͙ͭΎύ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ΄͔ͯ͡΄͔͙͔ͤͣΣ ͔ͭͪ΅͙͙ͤ͊ͣ ͙ ͯ͒ͦͣ͘ ͍ ͔ͣ͗ͨ͊͡Έͼ͔͍·ͻ ͫ͊͒͊͟͟͡ͻ ͙ ͤ͊ 

ͨͦ͒ͦ΄͍͊ͻΦ ˽͙ͪ ͍͙͙ͦͭͫͯͭͫͭ ͔͡;͔͙ͤΎ ͦͤ ͔ͣͦ͗ͭ ͎͔͙͍ͨͪͦͪͫͫͪͦ͊ͭΈΣ ͍·͘·͍͊Ύ ͍͔͙ͯ͘͟͡· ͙ Ή͙͙ͪͦ͘Φ 

˻͙ͤͻ͙ͦͣͦ͘͟ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔͙͔ͪͫͭͤͭͤ͘·ͻ ͺͦͪͣ ͔͒ͪͣ͊ͭͦͺ͙͙͙ͭΣ ͙ͨͪ ͚ͦͭͦͪͦ͟ 

ͨͦͪ͊͗͊ΌͭͫΎ ͎͔͍ͤͦͭ·͔ ͙ͨ͊ͫͭͤ͡·Φ ˹͎͙ͦͭ ͍ͫͭ͊ͤͦΎͭͫΎ ͯͭͦ͡΅͔ͤͤ·͙ͣΣ ͪͦ͟΄͊΅͙͙ͣͫΎΣ ͔ͣͤΎΌͭ ͼ͍͔ͭ ͤ͊ 

͔͗ͭ͡·͚Σ ͔ͫͪ·͚ ͙͙͡ ͙ͦͪ͟;͔͍ͤ·͚Φ ̏ͭͦ ͔ͤ ͭͦ͡Έͦ͟ ͔͙ͦͫͣͭ͟;͔͙͚ͫ͟ ͔͒ͺ͔ͭ͟Σ ͤͦ ͙ ͨͦͫͭͦΎͤͤ·͚ ͙ͫͭͦ;͙ͤ͟ 

͙ͤͺ͔͟ͼ͙͙ ͒͡Ύ ͎ͫ͊ͣͦͦ ͨ͊ͼ͙͔ͤͭ͊ ͙ ͦͪͯ͗͊͟Ό΅͙ͻΦ 

˸͙͙ͪͦͫͨͦͪ͟Ύ ͙ ͙ͭͪͻͦͺ͙͙ͭΎ ς Ήͭͦ ͔͒ͪͣ͊ͭͦͺ͙͙͙ͭΣ ͨͦͪ͊͗͊Ό΅͙͔ ͎͊͒ͯ͟͡Ό ͦ͗ͯ͟ ͙ ͍ͦͦͫ͡·Φ ˨͡Ύ 

͙͙͙ͣͪͦͫͨͦͪ͟ ͻ͔͊ͪ͊ͭͪͤ͟· ͎ͦͪͯ͟͡·͔Σ ;͔ͭͦ͟ ͦ;͔ͪ;͔ͤͤ·͔ ͦ;͎͙͊ ͫ ͦ͋͊ͣ͡·͍͙͔͊ͤͣ ͍ͦͦͫ͡ ͤ͊ ͍·͔ͫͦͭ пςс ͣͣΦ 

͙́ͪͻͦͺ͙͙ͭΎ ;͊ͫͭͦ ͙͔͔ͣͭ ͔͔͋ͦ͡ ͍·͔ͪ͊͗ͤͤͯΌ ͍͙͔ͦͫͨ͊ͭ͡͡ΈͤͯΌ ͔ͪ͊͟ͼ͙Ό ͙ ͔ͣͦ͗ͭ ͙͙ͨͪͤͣ͊ͭΈ ͎͙͔ͯ͋ͦ͟͡ 

ͺͦͪͣ·Φ 

˴͙͊ͤ͒͒ͦ͘· ͍·͘·͍͊ΌͭͫΎ ͔͒ͪͦ͗͗ͨͦ͒ͦ͋ͤ·͙ͣ ͎͙͙ͪ͋͊ͣ ͪͦ͒͊ CandidaΣ ;͊΅͔ ͍͔͎ͫͦ Candida albicans. 

͙̏ͭ ͎͙ͪ͋· Ύ͍͡ΎΌͭͫΎ ͍ͯͫͦͤͦ͡-͎͔ͨ͊ͭͦͤͤ·͙ͣ ͙ ͍·͘·͍͊Όͭ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͭͦ͡Έͦ͟ ͙ͨͪ ͙͔͙͙ͫͤ͗ͤ ͦ͋΅͔͚ ͙͙͡ 

͔͚ͣͫͭͤͦ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ ͎͙ͦͪ͊ͤͣ͊͘Φ ˴͙͊ͤ͒͒ͦ͘· ͎ͣͦͯͭ ͋·ͭΈ ͊͟͟ ͍͔ͨͦͪͻͤͦͫͭͤ·͙ͣΣ ͭ͊͟ ͙ ͙͔ͫͫͭͣͤ·͙ͣΦ 

˴͙͊ͤ͒͒ͦ͘ ͙͙ͫͫͭ͘͡·ͻ ͦ͋ͦͦ͡;͔͟ ό͙͔ͤ͊ͨͪͣͪΣ ͦͪͦͺ͙͎͔͊ͪͤ͊͡Έͤ·͚ ͙͙͡ ͍ͯ͡Έ͍͍͎͙ͦ͊ͤ͊͡Έͤ·͚ύ 

ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͍͙͔͒ ͔͎͋ͦͦ͡Σ ͍͙͎ͭͦͪͦ͗ͫͭͦͦ ͔ͤ͊ͭ͊͡ ͙ ͎͙͔͔͙͙ͨͪͣΦ ˻ͤ ;͊ͫͭͦ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͤ͊ ͺ͔ͦͤ 

͙͙͙͔͙͙͊ͤͭ͋ͦͭͦͭͪ͊ͨ͟ ͙͙͡ ͙͔ͣͣͯͤͦ͒ͺ͙ͼ͙ͭͤ·ͻ ͫͦͫͭͦΎ͙͚ͤΦ ˽͍͔ͦͪͻͤͦͫͭͤ·͚ ͙͊ͤ͒͒ͦ͘͟ ͙ͦ͗͟ ͙͔ͦ͊ͯͭͫ͘͟͡͡Ύ 

͍ ͪͯͨͤ͟·ͻ ͫ͊͒͊͟͟͡ͻΦ 

˴͙͙ͤ͡;͔͙ͫ͟ ͙͊ͤ͒͒ͦ͘͟ ͫ͊͒ͦ͟͟͡ ͨͪͦΎ͍͡Ύ͔ͭͫΎ Ύͪͦ͟-͚ͪ͊ͫͤͦ͟Σ ͍͚͊͗ͤͦ͡Σ ͔͋ͫͭ͡Ύ΅͔͚ Ή͙͔͚ͪͦ͘ ͫ 

;͔͙͙ͭͣ͟ ͎͙ͪ͊ͤͼ͙͊ͣΦ ˤ͎ͦͪͯ͟ ͍͎ͦͫͤͦͤͦͦ ͦ;͎͊͊ ;͊ͫͭͦ ͙͍ͦ͋ͤ͊ͪͯ͗͊ΌͭͫΎ ͔͙͔ͣ͟͡ ͨ͊ͨͯ͡· ͙ ͨͯͫͭͯ͡·Σ 

ͤ͊͘·͍͔͊ͣ·͔ Ϧ͔͍͙ͦͭͫ͊ͣϦΦ ̏ͭͦ ͙ͦͭ͡;͔͊ͭ ͙͊ͤ͒͒ͦ͘͟ ͦͭ ͔͒ͪͣ͊ͭͦͺ͙͙͚ͭΣ ͦͭͦͪ͟·͔ ͦ͋·;ͤͦ ͔ͤ ͙͔ͣΌͭ ͙ͭ͊͟ͻ 

͔͙ͫ͊ͭͭͤ͡͡·ͻ Ή͔͔͍ͣͤͭͦ͡Φ 

˥͙͔ͯ͋ͦ͟͡ ό͙͔ͫͫͭͣͤ·͔ύ ͙ͣͦ͘͟· ς Ήͭͦ ͙͔͔ͤ͊͋ͦ͡ ͭΎ͔͗͊͡Ύ ͎ͪͯͨͨ͊ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˻͙ͤ ͍·͘·͍͊ΌͭͫΎ 

͎͙͙ͪ͋͊ͣΣ ͦͭͦͪ͟·͔ ͙ͨͪͦͤ͊͟Όͭ ;͔͔ͪ͘ ͦ͗ͯ͟ ͙͙͡ ͒·ͻ͔͊ͭ͡Έͤ·͔ ͙ͨͯͭ ͙ ͫͨͦͫͦ͋ͤ· ͨͦͪ͊͗͊ͭΈ ͍͔͙͔ͤͯͭͪͤͤ 

͎ͦͪ͊ͤ· ͙ ͙͔ͫͫͭͣ·Φ ͙̏ͭ ͙ͤͺ͔͟ͼ͙͙ ;͊΅͔ ͍͔͎ͫͦ ͍͔ͫͭͪ;͊ΌͭͫΎ ͯ ͙͡ͼ ͫ ͍·͔ͪ͊͗ͤͤ·ͣ ͙͔ͣͣͯͤͦ͒ͺ͙ͼ͙ͭͦͣΦ 

˽͙͔ͪͣͪ· ͎͙ͯ͋ͦ͟͡ͻ ͙͍ͣͦͦ͘͟ ͍͟͡Ό;͊Όͭ ͎͙ͫͭͦͨ͊ͣͦ͘͘͡Σ ͦ͟͟ͼ͙͙͙͙͒ͦ͒ͦͣͦ͘͟ ͙ ͙͋͊ͫͭͦͣͦ͘͟͡Φ ˻͙ͤ 

;͊ͫͭͦ ͙ͣ͊ͫͪͯ͟ΌͭͫΎ ͨͦ͒ ͎͙͔͒ͪͯ ͙͔ͫͫͭͣͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͍͟͡Ό;͊Ύ ͔͔ͭͯ͋ͪͯ͘͟͡ ͙͙͡ ͎͙ͦͤͦͦ͟͡;͔͙͔ͫ͟ 

ͨͪͦͼ͔ͫͫ·Φ ˽͔͙͔ͦͪ͊͗ͤ ͙ͦ͗͟ ͙ͨͪ ͙ͤͻ Ύ͍͡Ύ͔ͭͫΎ ͍͙ͭͦͪ;ͤ·ͣΣ ͦͭͪ͊͗͊Ύ ͙͔͔ͫͫͭͣͤͦ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ 

͙ͤͺ͔͟ͼ͙͙Φ 

˿͙ͨͦͪͦͭͪͻͦ͘ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͫͫ͟͡;͔͙ͫͣ͟ ͙͔ͨͪͣͪͦͣ ͎ͨͦ͒ͦ͗ͤͦͦ͟ ͙ͣͦ͊͘͟Φ ˻ͤ ͍͙͔ͦͤ͊ͭ͘͟ ͔ͨͦͫ͡ ͍ͭͪ͊ͣ· 

͙ͦ͗͟Σ ;͔͔ͪ͘ ͦͭͦͪͯ͟Ό ͙͔ͨͪͦͤ͊ͭ͟ ͎͙ͪ͋ Sporothrix schenckiiΦ ˴͙͙ͤ͡;͔͙ͫ͟ ͦͤ ;͊ͫͭͦ ͔͔ͨͪͦͭ͊ͭ͟ ͍ ͍͙͔͒ 

ͼ͔ͨͦ;͙͟ ͨͦ͒ͦ͗ͤ͟·ͻ ͍ͯͦ͘͡Σ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎΌ΅͙ͻͫΎ ͨͦ ͻͦ͒ͯ ͙ͣ͡ͺ͙͊ͭ;͔͙ͫ͟ͻ ͍ͫͦͫͯ͒ͦΦ 

͙̆ͪͦͣͦͣͦ͘͟ ό͙͙͡ ͻ͙ͪͦͣͦ͋͊ͫͭͦͣͦ͘͟͡ύ ς ͔΅͔ ͙ͦ͒ͤ ͨͦ͒ͦ͗ͤ͟·͚ ͙ͣͦ͘͟Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͙͚ͫΎ 
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͔͔ͣ͒ͤͤ͡·ͣ ͍͙͙͔ͪ͊ͭͣ͘Φ ˹͊ ͔ͦ͗͟ ͨͦΎ͍͡ΎΌͭͫΎ ͨͦͭͤ͡·͔Σ ͍͋ͦͪͦ͒͊;͊ͭ·͔ ͋͡Ύ΄͙͟ ͙͙͡ ͯ͘͡·Σ ͦͭͦͪ͟·͔ ͫͦ 

͍͔͔͔ͪͣͤͣ ͎ͣͦͯͭ ͙͘ΆΎ͍͘͡ΎͭΈͫΎΦ ˻ͤ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͍ ͙ͭͪͦͨ;͔͙ͫ͟ͻ ͙ ͙ͫͯ͋ͭͪͦͨ;͔͙ͫ͟ͻ ͔͎͙ͪͦͤ͊ͻΦ 

́ͦ;ͤ͊Ύ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͙͙ͤͦ͟͟͡-ͣͦͪͺ͎͙ͦͦ͡;͔͚ͫͦ͟ ͺͦͪͣ· ͙ͣͦ͊͘͟ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ͊ ͒͡Ύ 

͍͙ͨͪ͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Φ ˻ͤ͊ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͦ͋Ά͔ͣ ͔ͤͦ͋ͻ͙͎ͦ͒ͣͦͦ ͎͊͋ͦͪ͊ͭͦͪͤͦͦ͡ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ 

˹͙͔͊ͨͪͣͪΣ ͙ͨͪ ͔͙ͪ͊ͭͦͣͦ͊͘͟͟ͻ ͒ͦͫͭ͊ͭͦ;ͤͦ ͙͙͙ͣͪͦͫͦͨ͟͟Σ ͎ͭͦ͒͊ ͊͟͟ ͒͡Ύ ͎͙ͯ͋ͦ͟͡ͻ ͙͍ͣͦͦ͘͟ ͔ͤͦ͋ͻ͙ͦ͒ͣ͊ 

ͯ͟͡Έͭͯͪ͊ ͙ ͔͎͙ͫͪͦͦ͡;͔͙͔ͫ͟ ͔ͭͫͭ·Φ 

˴͔ͦͣͨͫͤ͟͡·͚ ͨͦ͒ͻͦ͒Σ ͯ;͙ͭ·͍͊Ό΅͙͚ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͙͊ͪͭͤͯ͟Σ ͎͙ͯ͋ͤͯ͡ ͔͙ͨͦͪ͊͗ͤΎ ͙ ͍͙͍͒ͦͯΌ 

͙͔ͨͪͤ͊͒͗ͤͦͫͭ͡Έ ͎͙ͪ͋͊Σ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔ͯͫͨͻ ͍ ͋ͦͪΈ͔͋ ͫ Ή͙͙ͭͣ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͙ͣ ͙ ;͊ͫͭͦ 

͔ͪͼ͙͙͍͙͒ͪͯΌ΅͙͙ͣ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣΦ ˽͙͙͔ͦͤͣ͊ͤ Ή͙ͭͻ ͙ͪ͊͘͡;͙͚ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͒͡Ύ ͡Ό͎͋ͦͦ 

͔ͫͨͼ͙͙͊ͫͭ͊͡Φ 

 ˭ ͊͟͡Ό;͔͙͔ͤ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙͍ͣͦͦ͘͟ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͔͍͔͔͎͙͙͒ͪͣ͊ͭͦͤͪͦͦ͡Φ ˻ͤ͊ ͍ͨͦͦ͘͡Ύ͔ͭ 

͍ͪ͊;ͯ ͋·ͫͭͪͦ ͙ͫͯͭ͘Έ ͎ͪͯ͟ ͍ͦͣͦ͗ͤ͘·ͻ ͍͙͔͔͚ͦ͋ͯ͒ͭ͘͡ ͙ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͍͙͍͊ͪ͊ͤͭͦΦ ̏ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͍ͨͦ·΄͔͊ͭ ͍͔ͪͦΎͭͤͦͫͭΈ ͍·͋ͦͪ͊ ͔͍͚͊͒͊ͭͤͦ͟ ͙ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͙͍͎͙͍͚ͨͪͦͭͦͪ͋ͦͦ͟ ͔͙͙ͭͪ͊ͨ. 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ  

1. ˴͊΄͙ͤ͟ ˽Φ ˹ΦΣ ͔͍̊͊ͦ͟͟͡ ˹Φ ˨Φ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͨͦ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͎͙͙ͣͦͦ͟͡Φ ˸͔͙͒ͼ͙ͤ͊Σ мфтуΦ 

2. ˿͔͎͔͔͍ͪ ̑Φ ˤΦΣ ˿͔͎͔͔͍ͪ ˢΦ ̑Φ ˥͙͍ͪ͋ͦ͟·͔ ͙ͤͺ͔͟ͼ͙͙Υ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚Φ ˣ͙ͤͦͣΣ нллуΦ 

3. Elewski B. E. Onychomycosis: Pathogenesis, Diagnosis, and Management. Clinical Microbiology Reviews, 

1998. 

4. ˢ͙ͪͺ͍ͦ ˿Φ ˿ΦΣ ˢͭ͊ͻ͍͊ͤͦ ̊Φ ̏Φ ˸͙ͦ͘͟· ͫͭͦͨΥ ͍ͦͨͪͦͫ· Ή͙͎͙͙ͭͦͦ͡Σ ͎͔͔ͨ͊ͭͦͤ͊͘Σ ͙͙͙ͤ͟͟͡ ͙ ͔͡;͔͙ͤΎΦ 

́͊΄͔ͤͭ͟Σ нлмтΦ 

5. Gupta A. K., Foley K. A. Contemporary Approaches to the Classification, Diagnosis, and Treatment of Tinea 

Capitis. Dermatologic Clinics, 2017. 

 ϭ ˢ͍ͣ͊ͤͦ͊ ˶Φ˾ΦΣ нлнр 

 

 

 

 

̂˨ ˴616.5                 

ˢ͍ͣ͊ͤͦ͊ ˶Φ˾Φ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͦ͗ͤ͟·ͻ ͙ ͍͔͔͙ͤͪ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˽͙ͫͦͪ͊͘ ς Ήͭͦ ͔ͤ ͭͦ͡Έͦ͟ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͔ͦ͗ͤͦ͟ ͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͤͦ ͙ ͙͔͔ͫͫͭͣͤͦ 

͙͍͙͔ͣͣͯͤͦͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͫͦͫͭͦΎ͙͔ͤΦ ˩͎ͦ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·ͣ ͙͔ͫͫͭͣͤ·ͣ ͨͪͦΎ͍͔͙͔ͤͣ͡ Ύ͍͡Ύ͔ͭͫΎ 

͙͙ͨͫͦͪ͊ͭ;͔͙͚ͫ͟ ͙͊ͪͭͪͭ ό˽ͫˢύΣ ͦͭͦͪ͟·͚ ͔ͨͦͪ͊͗͊ͭ ͍ͫͯͫͭ͊· ͙ ͔͙͙ͨͪ͊ͪͭͯ͟͡Ύͪͤ·͔ ͙ͭ͊ͤ͟Σ ͙͍ͨͪͦ͒Ύ ͟ 

͔͙͚ͤͦ͋ͪ͊ͭͣͦ ͔͒ͫͭͪͯ͟ͼ͙͙ ͙ ͙͍͙͙ͤ͊͒͊͘͡ͼ͙͙Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͙ͨͫͦͪ͊͘ ͔ͭͫͤͦ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤ ͫ ͪΎ͒ͦͣ 

͔ͫͪΈ͔ͤ͘·ͻ ͙ͦͣͦͪ͋͒ͤ͟·ͻ ͫͦͫͭͦΎ͙͚ͤΣ ͍͟͡Ό;͊Ύ ͔͙ͣͭ͊͋ͦ͡;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣΣ ͙͔͙͔ͦ͗ͪͤΣ ͔͔ͫͪ͒;ͤͦ-

͙ͫͦͫͯ͒ͫͭ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ό͙΄͔͙ͣ;͔ͫ͊͟Ύ ͔͋ͦͤ͘͡Έ ͔ͫͪ͒ͼ͊Σ ͔͔͊ͭͪͦͫͪͦ͘͟͡ύΣ ͊ ͔ͭ͊͗͟ ͙ͨͫͻͦͫͦͼ͙͊͡Έͤ·͔ 

ͤ͊ͪͯ΄͔͙ͤΎ ό͔͔͙͒ͨͪͫͫΎ ͙ ͔͍ͭͪͦ͗ͤͦͫͭΈύΦ ̏ͭ͊ ͙͔ͫͫͭͣͤ͊Ύ ͙ͨͪͪͦ͒͊ ͔͔ͭͪ͋ͯͭ ͦ͋Ύ͔͊ͭ͘͡Έ͎ͤͦͦ 
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͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊Σ ͍͟͡Ό;͊Ό΅͔͎ͦ ͍͔͔ͫͦͣͫͭͤͦ ͍͔͔͙͔͒ͤ ͨ͊ͼ͙͔͍ͤͭͦ ͔͎͙͒ͪͣ͊ͭͦͦ͊ͣ͡Σ 

͔͍͎͙ͪͣ͊ͭͦͦ͊ͣ͡Σ ͙͎͙͊ͪ͒ͦͦ͊ͣ͟͡ ͙ ͎͙͙͒ͪͯͣ ͔ͫͨͼ͙͙͙͊ͫͭ͊ͣ͡Φ ˾͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟ ˽ͫˢ ͙ ͍͔͍͔͔ͫͦͪͣͤͤ͊Ύ 

͔ͦͪͪ͟͟ͼ͙Ύ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ Ύ͍͡ΎΌͭͫΎ ͟͡Ό;͔͍·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟ ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͎ͨͪͦͤͦ͊͘Σ 

͙͔͙ͫͤ͗ͤΎ ͙͔͎ͫͫͭͣͤͦͦ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͙ ͍ͨͦ·΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͨ ͙ͫͦͪ͊͘Σ ͙͙ͨͫͦͪ͊ͭ;͔͙͚ͫ͟ ͙͊ͪͭͪͭΣ ͙ͦͣͦͪ͋͒ͤͦͫͭ͟ΈΣ ͔͙ͣͭ͊͋ͦ͡;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣΣ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·͔ 

͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͨͦ͒ͻͦ͒Φ 

 

˽͙ͫͦͪ͊͘ ς Ήͭͦ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͔ͦͭͦͪͦ͟ ͎͙͍͔͊ͭͪ͊͊ͭ͘ ͔ͤ ͭͦ͡Έͦ͟ ͦ͗ͯ͟Σ 

ͤͦ ͙ ͍͔ͫΈ ͎͙ͦͪ͊ͤͣ͘Φ ˿͔͎ͦ͒ͤΎ ͙ͨͫͦͪ͊͘ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͙͔ͫͫͭͣͤ͊Ύ ͔͋ͦͤ͘͡ΈΣ ͍͔ͦ͋ͯͫͦͤͤ͊͡͡Ύ 

ͻ͙ͪͦͤ;͔͙ͫͣ͟ ͙ͣͣͯͤͤ·ͣ ͍͔͙͔ͦͫͨ͊ͤͣ͡Φ ̏ͭͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ͔ͣͦ͗ͭ ͨͪͦΎ͍͡ΎͭΈͫΎ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͎ͦͪ͊ͤ͊ͻ ͙ 

͙͔ͫͫͭͣ͊ͻΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͙ͦͣͦͪ͋͒ͤ͟·ͻ ͫͦͫͭͦΎ͙͚ͤΦ ́͊͊͟Ύ ͙͔ͫͫͭͣͤͦͫͭΈ ͔͔ͭͪ͋ͯͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ 

͙ ΄͙͎ͪͦͦͦ͟ ͍͎͘͡Ύ͒͊ ͤ͊ ͨ͊ͼ͙͔ͤͭ͊Φ 

˿͊ͣ·ͣ ͔ͫͪΈ͔ͤ͘·ͣ ͙ ͙͍͙͙͙ͤ͊͒ͪͯ͘͡Ό΅͙ͣ ͙͔ͫͫͭͣͤ·ͣ ͨͪͦΎ͍͔͙͔ͤͣ͡ ͙ͨͫͦͪ͊͊͘ Ύ͍͡Ύ͔ͭͫΎ 

͙͙ͨͫͦͪ͊ͭ;͔͙͚ͫ͟ ͙͊ͪͭͪͭ ό˽ͫˢύΦ ˻ͤ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͙͔ͨͪͣͪͤͦ ͯ ол҈ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͦ͗ͤ͟·͙ͣ ͨͪͦΎ͍͔͙ͤ͡Ύ͙ͣΦ 

˽ͫˢ ͔ͣͦ͗ͭ ͔ͨͪ͒΄͔͍͍ͫͭͦ͊ͭΈ ͦ͗ͤ͟·ͣ ͍·ͫ·͙ͨ͊ͤΎͣΣ ͍͙͍ͪ͊͊ͭ͘ΈͫΎ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͫ ͙͙ͤͣ ͙͙͡Σ ;͊΅͔ ͍͔͎ͫͦΣ 

;͔͔ͪ͘ ͔ͤͫͦ͟͡Έͦ͟ ͔ͭ͡ ͔ͨͦͫ͡ ͔͒͋Όͭ͊ ͙ͨͫͦͪ͊͊͘Φ ˾͔͔͊ͤͤ ͍·Ύ͍͔͙͔ͤ͡ ˽ͫˢ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ 

͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͪ͊ͪͯ͘΄͔͙ͤΎ ͍͍ͫͯͫͭ͊ͦΦ 

˴͙͙ͤ͡;͔͙ͫ͟ ˽ͫˢ ͚͔ͪ͊ͤ͟ ͎͔͔͎͔͔ͭͪͦͤͤ ͙ ͍͟͡Ό;͔͊ͭ ͔ͤͫͦ͟͡Έͦ͟ ͺͦͪͣΦ ˤ·͔͒͡ΎΌͭ ͙͔͙͊ͫͣͣͭͪ;ͤ·͚ 

͙͎͙ͦͦ͊ͪͭͪͭ͡Σ ͙͔͙ͫͣͣͭͪ;ͤ·͚ ͙͙ͨͦ͊ͪͭͪͭ͡Σ ͔͙͔ͨͦͪ͊͗ͤ ͙͒ͫͭ͊͡Έͤ·ͻ ͔ͣ͗ͺ͎͍͊͊ͤͦ͡·ͻ ͍͍ͫͯͫͭ͊ͦ ͙ 

͙͙ͫͨͦͤ͒ͭ͡Φ ˻͚ͫͦ͋ͦ ͺ͚ͦͪͣͦ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͣͯͭͪͯ͡Ό΅͙͚ ͙͊ͪͭͪͭΣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͙͚ͫΎ ͭΎ͔͚͗ͦ͡ 

͔͒ͫͭͪͯ͟ͼ͙͔͚Φ ˨͙͎͙͊ͤͦͫͭ͊͟ ˽ͫˢ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ ͙ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ͦͤͤ·ͻ ͙͔͙͔͍ͪͭͪ͟Σ ͙ͭ͊͟ͻ ͊͟͟ /!{t!w ό/ƭ!{ǎƛŦƛŎŀǘƛƻƴ ŎǊƛǘŜǊƛŀ ŦƻǊ tǎƻǊƛŀǘƛŎ !wǘƘǊƛǘƛǎύΦ 

˻͚͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·ͻ ͎ͪͯͨͨ ͙ͦͣͦͪ͋͒ͤ͟·ͻ ͫͦͫͭͦΎ͙͚ͤ Ύ͍͡Ύ͔ͭͫΎ ͔͙ͣͭ͊͋ͦ͡;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣ 

ό˸˿ύΦ ˻ͤ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͙͊͋͒ͦͣͤ͊͡Έ͔ͤͦ ͙͔͙͔ͦ͗ͪͤΣ ͔͙͊ͪͭͪ͊͡ΈͤͯΌ ͎͙͔͔͙ͨͪͭͤ͘ΌΣ ͙͙͙͔͙͒ͫͨ͒ͣ͡Ό ͙ 

ͤ͊ͪͯ΄͔͙͔ͤ ͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡ ͟ ͎͡Ό͔ͦ͘͟Φ ˾͔͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ˸˿ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙ͨͫͦͪ͊ͦͣ͘ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͍·΄͔Σ ;͔ͣ ͍ ͦ͋΅͔͚ ͨͦͨͯ͡Ύͼ͙͙Φ ͙̆ͪͦͤ;͔͔ͫͦ͟ ͙͔͔ͫͫͭͣͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙ͨͪ ͙͔ͨͫͦͪ͊͘ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ 

ͪͦ͡Έ ͍ ͎͔͔͔ͨ͊ͭͦͤ͘ ˸˿Φ 

˿͍Ύ͘Έ ͔ͣ͗͒ͯ ͙ͨͫͦͪ͊ͦͣ͘ ͙ ˸˿ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͦ͋΅͙͙ͣ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͙ͣ ͔͙͙ͣ͒͊ͭͦͪ͊ͣΦ 

˽͍͙͔ͪͦͦͫͨ͊ͭ͡͡Έͤ·͔ ͼ͙͙ͭͦͤ͟·Σ ͙͔ͭ͊͟ ͊͟͟ ̅˹˻-$\ŀƭǇƘŀϷ όͺ͊ͭͦͪ͟ ͔ͤͪͦ͊͘͟ ͦͨͯͻ͙ͦ͡-͊͡Έͺ͊ύ ͙ 

͙͔͔͚͙ͤͭͪͤ͟͡·Σ ͤ͊ͪͯ΄͊Όͭ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͔͚ͭ͊ͤ͟ ͟ ͙͙ͤͫͯͤͯ͡Φ ̏ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό 

͙͙͔͙͔͙ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡Σ ͦͭͦͪ͊͟Ύ Ύ͍͡Ύ͔ͭͫΎ ͼ͔ͤͭͪ͊͡Έͤ·ͣ ͍͔ͤͦͣ͘ ͔͙ͣͭ͊͋ͦ͡;͔͎ͫͦͦ͟ ͙ͫͤ͒ͪͦͣ͊Φ 

͔̂ͫͨ΄͔ͤͦ ͔͡;͔͙͔ͤ ͙ͨͫͦͪ͊͊͘ ͔ͣͦ͗ͭ ͯͯ͡;΄͊ͭΈ ͔͙ͣͭ͊͋ͦ͡;͔͙͔ͫ͟ ͔͙ͨͦ͊͊ͭ͘͟͡Φ 

˿͔͔ͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ό˿˿˭ύ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͍ͦͫͤͦͤͯΌ ͙ͨͪ;͙ͤͯ ͔͙ͫͣͪͭͤͦͫͭ ͔͙ͫͪ͒ 

ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͭΎ͔͗͡·ͣ ͙ͨͫͦͪ͊ͦͣ͘Φ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͙΄͔͙ͣ;͔ͫ͊͟Ύ ͔͋ͦͤ͘͡Έ ͔ͫͪ͒ͼ͊Σ ͙ͤͺ͊ͪͭ͟ ͙ͣͦ͊ͪ͒͊͟ ͙ 

͙ͤͫͯ͡ΈͭΦ ͙̆ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ ͯͫͦͪ͟Ύ͔ͭ ͍͙͙͔ͪ͊ͭ͘ ͙ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͔͔͊ͭͪͦͫͪͦ͊͘͟͡Φ ˽͙ͫͦͪ͊͘ 

͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͔͍͙͙ͤ͊ͫͣ͘·͚ ͺ͊ͭͦͪ͟ ͙ͪͫ͊͟ ͍͙͙ͪ͊ͭ͘Ύ ˿˿˭Φ 

ˤ·͙͚ͫͦ͟ ͙ͪͫ͟ ˿˿˭ ͔͔ͭͪ͋ͯͭ ͙͍͎͊ͭͤͦͦ͟ ͙͎͙͊ͪ͒ͦͦ͟͡;͔͎ͫͦͦ͟ ͙͙͎ͫͪͤͤ͊͟Φ ˹͔ͦ͋ͻ͙ͦ͒ͣͦ ͔͎ͪͯ͡Ύͪͤͦ 

͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͔͙͊ͪͭͪ͊͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡Σ ͍͔ͯͪͦͤΈ ͙͙͍ͨ͒ͦ͡ ͙ ͎͡Όͦ͘͟· ͍ ͍͙ͪͦ͟Φ ˿͍͔͍͔͔͔ͦͪͣͤͤͦ 

͍·Ύ͍͔͙͔ͤ͡ ͙ ͔ͦͪͪ͟͟ͼ͙Ύ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟ ˿˿˭ ͒ͦ͗ͤ͡· ͫͭ͊ͭΈ ;͊ͫͭΈΌ ͙͎ͪͯͭͤͤͦͦ ͍͔͔͙͒ͤΎ ͨ͊ͼ͙͔ͤͭ͊Φ 

˨͔͎͙ͪͣ͊ͭͦͦ͡ ͒ͦ͗ͤ͡· ͙͍͊ͭͤͦ͟ ͍͙͔͚͍͍͊ͣͦ͒ͫͭͦ͊ͭ͘Έ ͫ ͙͎͙͊ͪ͒ͦͦ͊ͣ͟͡Φ 

˽͙ͫͦͪ͊͘ ͔ͭͫͤͦ ͍ͫΎ͊ͤ͘ ͫ ͙͔͙͔ͦ͗ͪͤͣΣ ͔ͦͭͦͪͦ͟ ͫ͊ͣͦ ͨͦ ͔͔ͫ͋ Ύ͍͡Ύ͔ͭͫΎ ͣͦ΅ͤ·ͣ ͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·ͣ 

ͫͦͫͭͦΎ͙͔ͤͣΦ ˬ͙͍ͪͦ͊Ύ ͭ͊ͤ͟Έ ό͔ͦͫͦ͋ͤͤͦ ͍͙ͫͼ͔ͪ͊͡Έͤ͊Ύύ Ύ͍͡Ύ͔ͭͫΎ ͙͍͊ͭͤ͟·ͣ Ή͙ͤ͒ͦͪͤͤ͟·ͣ ͎ͦͪ͊ͤͦͣΦ ˻ͤ͊ 

ͨͪͦ͒ͯͼ͙͔ͪͯͭ ͙͙͊͒ͨͦͤ͟·Σ ͦͭͦͪ͟·͔ ͔͙͍ͨͦ͒͒ͪ͗͊Όͭ ͙͔͔ͫͫͭͣͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡Φ ˻͙͔͙͔͗ͪͤ ͯͭΎ͔͗͡Ύ͔ͭ 

͔ͭ;͔͙͔ͤ ͙ͨͫͦͪ͊͊͘ ͙ ͙͔ͫͤ͗͊ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͎ͦ ͔͡;͔͙ͤΎΦ 

˨͎͙ͪͯͣ ͍͊͗ͤ·ͣ ͙ͦͣͦͪ͋͒ͤ͟·ͣ ͫͦͫͭͦΎ͙͔ͤͣ Ύ͍͡ΎΌͭͫΎ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙͟΄͔;͙ͤ͊͟ 
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όˤ˭˴ύΦ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͔͋ͦͤ͘͡Έ ˴ͪͦͤ͊ ͙ ͔͔ͤͫͨͼ͙ͺ͙;͔͙͚ͫ͟ Ύ͍͔ͤͤ͘·͚ ͙ͦͭ͟͡Φ ˻͋΅͙͔ ͎͔͔͙ͤͭ;͔͙͔ͫ͟ 

ͺ͊ͭͦͪ͟· ͙ ͦ͋΅͙͔ ͙ͣͣͯͤͤ·͔ ͙ͨͯͭΣ ͙͔ͭ͊͟ ͊͟͟ ͨͯͭΈ ˮ˶-ноκ́Ϸ\ text{}_{\ǘŜȄǘϑIϒϒмтϷΣ ͦ͋Ά͔͙͒ͤΎΌͭ Ή͙ͭ ͍͒͊ 

͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ ̏ͭͦͭ ͺ͊ͭ͟ ͙͔͔ͣͭ ͋ͦ͡Έ΄͔ͦ ͤ͊͘;͔͙͔ͤ ͙ͨͪ ͍·͔͋ͦͪ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͭ ͔͙͙ͪ͊ͨΦ 

˹͊ͪͯ΄͔͙ͤΎ ͙ͨͫͻͦΉͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͫͺ͔ͪ· ͔ͭ͊͗͟ Ύ͍͡ΎΌͭͫΎ ͔ͤͦͭΆ͔͔͚ͣͣͦ͡ ;͊ͫͭΈΌ ͙ͨͫͦͪ͊͊͘Φ 

ˤ·ͫͦ͊͟Ύ ;͊ͫͭͦͭ͊ ͔͔͙͙͒ͨͪͫͫΣ ͔͍ͭͪͦ͗ͤ·ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͙ͦ͘͡Ύͼ͙͙ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͯ Ή͙ͭͻ 

ͨ͊ͼ͙͔͍ͤͭͦΦ ˤ͙͙͒ͣ·͔ ͦ͗ͤ͟·͔ ͨͪͦΎ͍͔͙ͤ͡Ύ ͙ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͔ͭ;͔͙͔ͤ ͔͙͋ͦͤ͘͡ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍͙͡ΎΌͭ ͤ͊ 

ͫ͊ͣͦͦͼ͔ͤͯ͟ ͙ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘Φ ˽͙ͫͻ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͔ͨͦ͒͒ͪ͗͊͟ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͍͟͡Ό;͔ͤ͊ ͍ ͨ͊ͤ͡ ͔͡;͔͙ͤΎΦ 

˿͙͔͔ͫͭͣͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙ͨͪ ͙͔ͨͫͦͪ͊͘ ͔ͣͦ͗ͭ ͔ͭ͊͗͟ ͍͙͡ΎͭΈ ͤ͊ ͔ͨ;͔ͤΈΦ ̂ ͨ͊ͼ͙͔͍ͤͭͦ ͍ͨͦ·΄͔ͤ͊ 

;͊ͫͭͦͭ͊ ͔͎ͤ͊ͦͦ͟͡͡Έ͚ͤͦ ͙͍͚͗ͪͦͦ ͔͙͋ͦͤ͘͡ ͔ͨ;͔͙ͤ ό˹ˢˬˣ˽ύΦ ˹ˢˬˣ˽ ;͊ͫͭͦ ͫͦ;͔͔ͭ͊ͭͫΎ ͫ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫͣ͟ 

͙ͫͤ͒ͪͦͣͦͣΦ ˸͙͙͎ͦͤͭͦͪͤ ͺͯͤ͟ͼ͙͙ ͔ͨ;͔͙ͤ ͍͔͊͗ͤΣ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͤ͊ͤ͊͘;͔͙͙ͤ ͙͔ͫͫͭͣͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΣ 
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Abstract 

Aim: To summarize modern concepts of the pathogenesis, early diagnosis, and evidence-based 

nephroprotective strategies for diabetic kidney disease (DKD). 
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͙͙͍ͦͫ͒͊ͭͤͦͣͯ͟ ͔ͫͭͪͫͫͯ ͙ ͻ͙ͪͦͤ;͔ͫͦͣͯ͟ ͍͔͙ͦͫͨ͊ͤ͡ΌΦ 

ϊ ˤ͙ͤͯͭͪͯ͋ͦ͟͡;͍ͦ͊͟Ύ ͎͙͔͔͙ͨͪͭͤ͘Ύ ό͔͍͙͔ͫ͒ͫͭ͡ ͙͒ͫ͋͊͊ͤͫ͊͡ ͭͦͤͯͫ͊ ͙ͨͪͤͦͫΎ΅͔͚ ͙ ͍·ͤͦͫΎ΅͔͚ 

͔͙͊ͪͭͪͦ͡ύ ͙͍͙ͨͪͦ͒ͭ ͟ ͔ͣͻ͙͊ͤ;͔ͫͦͣͯ͟ ͔ͫͭͪͫͫͯΣ ͎͙͔ͨͪͺ͙͡Έͭͪ͊ͼ͙͙ ͙Σ ͍ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦΣ ͟ ͔ͫͪͦͯ͘͟͡ 

ͯ͋ͦ͟͡;͍ͦ͟Φ 

ϊ ˢ͙͍ͭ͊͟ͼ͙Ύ ͍͙ͤͯͭͪͨͦ;͔;͚ͤͦ ˾ˢˢ˿ ͙ ͙͔͙͙ͣͤͪ͊ͦͦͪͭͦ͒ͤ͟͟͡·ͻ ͔ͪͼ͔͍ͨͭͦͪͦ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ 

͍ ͍͙͙͙ͪ͊ͭ͘ ͍͔͙ͦͫͨ͊ͤ͡ΎΣ ͺ͙͋ͪͦ͊͘ ͙͔͙ͤͭͪͫͭͼ͙Ύ ͙ ͔͙͙͙ͨͪͦͭͤͯͪΦ 

ϊ ˹͊ͪͯ΄͔͙͔ͤ ͔ͪ͊͋ͫͦͪ͋ͼ͙͙ ͙ͤ͊ͭͪΎ ͙ ͎͡Όͦ͘͟· ͍ ͙ͨͪͦͫͣ͊͟͡Έͤ·ͻ ͊ͤ͊͟͡Έͼ͊ͻ ͔ͭͫͤͦ ͍ͫΎ͊ͤͦ͘ ͫ 

ͯ͋ͦ͟͡;͍͚ͦͦ͟ ͙͒ͫͺͯͤ͟ͼ͙͔͚Σ ;ͭͦ ͦ͋ΆΎͫͤΎ͔ͭ ͭͦ;ͯ͟ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͙˹˥˶́-2 [4]. 

нΦ ˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΎΥ ͦͭ ͊͡Έ͙͙͙͋ͯͣͤͯͪ ͟ ˿˴̅ 

˿͎ͦ͊ͫͤͦ͡ ͍͔͔ͫͦͪͣͤͤ·ͣ ͔͔ͪͦͣͤ͒͊͟ͼ͙ΎͣόY5LDhΣ нлнлΤ ˾͙͚͙͔ͦͫͫͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙Σ нлнмύΣ 

͙͎͙͒͊ͤͦͫͭ͊͟ ˨ˣ˽ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͍͒ͯͻ ͟͡Ό;͔͍·ͻ ͔ͣ͊ͪͪ͊͟ͻΥ 

мΦ ˢ͡Έ͙͙͋ͯͣͤͯͪΎΥ ˻͔͔͔͙͔ͨͪ͒ͤ͡ ̂ˢ˴ ͍ ͍͚ͪ͊ͦͦ͘ ͨͦͪͼ͙͙ ͣͦ;͙Φ ˿͙͙ͭ͊͒Υ !м όͤͦͣͦ͊͡Έ͙͙͋ͯͣͤͯͪΎΣ ғол 

͎ͣκ͎ύΣ !н ό͙ͣͪͦ͊͟͡Έ͙͙͋ͯͣͤͯͪΎΣ ол-олл ͎ͣκ͎ύΣ !о όͣ͊ͪͦ͊͟͡Έ͙͙͋ͯͣͤͯͪΎΣ Ҕолл ͎ͣκ͎ύΦ 

нΦ ˿ͦͪͦͫͭ͟Έ ͯ͋ͦ͟͡;͍͚ͦͦ͟ ͺ͙͡Έͭͪ͊ͼ͙͙ ό˿˴̅ύΥ ˾͊ͫ;͔ͭ ͨͦ ͺ͔ͦͪͣͯ͡ /Y5-9tLΦ ˿͙͙ͭ͊͒ ̆ˣ˽Υ Dм όҗфлύΣ Dн 

(60-89), G3a (45-59), G3b (30-44), G4 (15-нфύΣ Dр όғмрύ ͣ͡κ͙ͣͤκмΦтоͣчΦ 

˴͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͊Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ Y5LDh όͨͦ ͙ͫͭ͊͒Ύͣ ˿˴̅ ͙ ͊͡Έ͙͙͙͋ͯͣͤͯͪύ ͍ͨͦͦ͘͡Ύ͔ͭ 

͙ͫͭͪ͊ͭͺ͙ͼ͙͍ͪͦ͊ͭΈ ͙ͪͫ͟ ͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΎ ͙ ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͔͙ͫͣͪͭͤͦͫͭ ό͙͔ͤ͊ͨͪͣͪΣ ͙ͫͭ͊͒Ύ 

Dоŀ!о ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͦ;͔ͤΈ ͍·͙͚ͫͦ͟ ͙ͪͫ͟ύ ͙ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͒͡Ύ ͙ͨͪͤΎ͙ͭΎ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔ͪ΄͔͙͚ͤ 

[5]. 

оΦ ˿͔͎͙͙ͭͪ͊ͭ ͔ͤͺ͔͙͍͚ͪͦͨͪͦͭͭͤͦ͟ ͔͙͙ͭͪ͊ͨΥ Ήͪ͊ ζ͚͚ͭͪͦͤͦ ͋ͦ͊͒͟͡·η 

оΦмΦ ˮ͎͙͙ͤ͋ͭͦͪ· ˹˥˶́-н ό͙˹˥˶́-нΥ ͎͙͒͊ͨ͊͡ͺ͙ͦͤ͘͡Σ Ή͎͙ͣͨ͊͡ͺ͙ͦͤ͘͡Σ ͎͙͊ͤ͊͟͡ͺ͙ͦͤ͘͡ύΦ 

͍̒͡ΎΌͭͫΎ ͔͙ͨͪͨ͊ͪ͊ͭ͊ͣ ͔͍͎ͨͪͦͦ ͍·͋ͦͪ͊ ͙ͨͪ ˨ˣ˽ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ˿˨ н ͙ͭͨ͊ ͙ ˿˴̅җнр ͣ͡κ͙ͣͤΦ ˮͻ 

Ήͺͺ͔ͭ͟·Υ 

ϊ ˹͔ͺ͔͙͍ͪͦͨͪͦͭͭͤ͟·͚Υ ˭͔͔͙͔͊ͣ͒ͤ͡ ͙͔͙ͫͤ͗ͤΎ ˿˴̅ ͙ ͙͔͙͔ͫͤ͗ͤ ͙ͪͫ͊͟ ͍͙͙ͪ͊ͭ͘Ύ ́˽˹ ͤ͊ ол-40% 

ό͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ /w959b/9Σ 5!t!-CKD, EMPA-KIDNEY). 

ϊ ˴͙͔͙͍͊ͪ͒ͦͨͪͦͭͭͤ͟·͚Υ ˿͙͔͙͔ͤ͗ͤ ͙ͪͫ͊͟ ͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙ ͨͦ ͍ͨͦͦ͒ͯ ͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ 

͙ ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͔͙ͫͣͪͭΦ 

ϊ ˸͔ͻ͙͊ͤͣ͘ ͍ͫΎ͊ͤ͘ ͔ͤ ͭͦ͡Έͦ͟ ͫ ͯͯ͡;΄͔͙͔ͤͣ ͎͙͔͙ͣ͟͡;͔͎ͫͦͦ͟ ͦͤͭͪͦ͟͡ΎΣ ͤͦ ͙ ͫͦ ͙͔͙͔ͫͤ͗ͤͣ 

͍͙ͤͯͭͪͯ͋ͦ͟͡;͍͎ͦͦͦ͟ ͍͔͙͒͊ͤ͡ΎΣ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·ͣ ͙ ͙͊ͤͭͺ͙͙͋ͪͦͭ;͔͙ͫͣ͟ ͔͚͍͙͔͒ͫͭͣ ώсϐΦ 

оΦнΦ ˢ͎͙ͤͭ͊ͦͤͫͭ· ͔ͪͼ͔͍ͨͭͦͪͦ ͟ ͙͔͙͙ͣͤͪ͊ͦͦͪͭͦ͒͊ͣ͟͟͡ ό͔͔͙ͤͫͭͪͦ͒ͤ·͔Υ ͺ͚͔͔͊ͤͪͤͦͤύΦ 

˽͔ͪͨ͊ͪ͊ͭ ͫ ͒ͦ͊͊ͤͤ͘͟·ͣ ͙͊ͤͭͺ͙͙͋ͪͦͭ;͔͙ͫͣ͟ ͔͚͍͙͔͒ͫͭͣ ͤ͊ ͨͦ;͙͟ ͙ ͔ͫͪ͒ͼ͔Φ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

FIDELIO-5Y5 ͙ CLD!wh-5Y5 ͙ͨͦ͊͊͘͟͡Σ ;ͭͦ ͺ͚͔͔͊ͤͪͤͦͤΣ ͍͔͒ͦ͋͊ͤͤ͡·͚ ͟ ͚ͫͭ͊ͤ͒͊ͪͭͤͦ ͔͙͙ͭͪ͊ͨ ό͍͟͡Ό;͊Ύ 

͙ˢ˽̅κˣ˾ˢύΣ ͍͔͒ͦͫͭͦͪͤͦ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΎ ˨ˣ˽ ͙ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·ͻ ͫͦ͋·͙͚ͭΣ 

͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͙ͤ͊͡;͙Ύ ͊͡Έ͙͙͙͋ͯͣͤͯͪΦ ͔͔́ͪ͋ͯͭ ͦͤͭͪͦ͟͡Ύ ͍ͯͪͦͤΎ ͙͊͟͡Ύ ώтϐΦ 

оΦоΦ ˣͦ͊͒͊͟͡ ˾ˢˢ˿ ό͙ˢ˽̅ ͙͙͡ ˣ˾ˢύΦ 

˻͔ͫͭ͊ͭͫΎ ͙͋͊ͫͦͣ͘ ͔͙͙ͭͪ͊ͨΦ ˹ ͊ͤ͊͘;͊ΌͭͫΎ ͙ͨͪ ͙ͤ͊͡;͙͙ ͔͙͙ͨͪͫͫͭͪͯΌ΅͔͚ ͊͡Έ͙͙͙͋ͯͣͤͯͪ ͔͒͊͗ ͙ͨͪ 

ͤͦͪͣ͊͡Έͤͦͣ ˢ˨Φ ˮ͔ͣΌͭ ͒ͦ͊͊ͤͤ͘͟·͚ ͙͔͙͙͊ͤͭͨͪͦͭͤͯͪ;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟ ͙ ͔͊ͣ͒͘͡ΎΌͭ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ 

̆ˣ˽Φ 

оΦпΦ ˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͦͤͭͪͦ͟͡Ύ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟Φ 

ϊ ˥͙͔͙ͣ͟͡ΎΥ ͔͔͍͚̇ͦ͡ Iō!мŎ ͙͙͍͙͔ͤ͒͒ͯ͊ͤ͡ όͦ͋·;ͤͦ ғтΣл-тΣр҈ύΣ ͫ ͙͔͎͙͔͋͊ͤͣ͘ ͎͙͎͙͔͙͚ͨͦͣ͟͡Φ 

ϊ ˢ͔͙ͪͭͪ͊͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡Υ ͔͔͍͚̇ͦ͡ ͍͔ͯͪͦͤΈ ғмолκул ͣͣ ͪͭΦ ͫͭΦ ͤ͊ ͺ͔ͦͤ ͔ͤͺ͔͙͍͚ͪͦͨͪͦͭͭͤͦ͟ 

͔͙͙ͭͪ͊ͨΦ 

ϊ ˶͙͙ͨ͒ͤ·͚ ͔ͫͨͭͪ͟Υ ˿͙ͭ͊ͭͤ· ͒͡Ύ ͙͔͙ͫͤ͗ͤΎ ͔͔ͫͪ͒;ͤͦ-͙͎ͫͦͫͯ͒ͫͭͦͦ ͙ͪͫ͊͟Φ 
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ˢ͔͍ͤͤ͊͊ ˻ ͎͎͔ͯ͡͡Έ͙͒,  

ͫͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ˽͎͙͊ͭͦͦ͡;͔͚ͫͦ͟ ͙͙͎͙͙̅ͦͦ͘͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˽ˢ́˻˶˻˥ˮ̉˩˿˴ˢ̒ ̅ˮ˭ˮ˻˶˻˥ˮ̒ ˻˾˥ˢ˹ˮ˭˸ˢ ̉˩˶˻ˤ˩˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

 ˽ ͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡Ύ ς Ήͭͦ ͤ͊ͯ͊͟ ͦ ͤ͊ͪͯ΄͔ͤͤ·ͻ ͺͯͤ͟ͼ͙Ύͻ ͙ͨͪ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΣ ͙ͯ͘;͊Ό΅͊Ύ 

͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘·Σ ͔͗͊͡΅͙͔ ͍ ͍͔ͦͫͤͦ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͍ͫͣͨͭͦͣͦΦ ˻ͤ͊ ͍͙ͤ͊ͦ͒ͭ ͣͦͫͭ ͔ͣ͗͒ͯ 

ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͙ͣ ͙ͤ͊ͯ͊ͣ͟ ό͙͔͚͊ͤ͊ͭͦͣΣ ͺ͙͙͎͙͔͚ͦͦ͘͡ύ ͙ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͔͙ͣ͒ͼ͙͚ͤͦΣ ͺ͙ͦͯͫͪͯ͟ΎͫΈ ͤ͊ 

ͭͦͣΣ ͊͟͟ ͤͦͪͣ͊͡Έͤ·͔ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͙͔ͣͤ͘ΎΌͭͫΎ ͨͦ͒ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͍ͭͪ͊ͣΣ ͙ͤͺ͔͟ͼ͙͚ ͙͙͡ 

͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟Φ ˤ Ή͚ͭͦ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͟͡Ό;͔͍·͔ ͦͤ͟ͼ͔ͨͼ͙͙ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Σ 

͔ͪ͊ͫͫͣͦͭͪͤ· ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͔ͭͦ͟͡;͎ͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎΣ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͙ ͔ͦͣͨͤͫ͊ͭͦͪͤ͟·͔ 

͔ͪ͊͟ͼ͙͙ ͎͙ͦͪ͊ͤͣ͊͘ ͤ͊ ͔ͫͭͪͫͫΣ ͊ ͔ͭ͊͗͟ ͙ͨͪͦ͡͡Ό͙͍ͫͭͪͪͦ͊ͤͦΣ ͊͟͟ Ή͙ͭ ͔ͣͻ͙͊ͤͣ͘· ͙͍ͨͪͦ͒Ύͭ ͟ 

ͤ͊͋͡Ό͔͒͊ͣ·ͣ ͙ͨͪͤ͊͊ͣ͘͟ ͙ ͙ͫͣͨͭͦͣ͊ͣ ͔͙͋ͦͤ͘͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͎͙ͨ͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΣ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΣ ͎͔ͦͣͦͫͭ͊͘Σ ͔ͭͦ͟͡;͔ͤͦ ͍͔͔͙͔ͨͦͪ͗͒ͤΣ ͍͔͙͔ͦͫͨ͊ͤ͡Σ 

͔ͦͣͨͤͫ͊ͭͦͪͤ͟·͔ ͔ͣͻ͙͊ͤͣ͘·Σ ͔͋ͦͤ͘͡ΈΣ ͔ͪ͊͟ͼ͙Ύ ͤ͊ ͔ͫͭͪͫͫΦ 

 

мΦ ˤ͍͔͔͙͔͒ͤ 

˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΣ ;͊ͫͭͦ ͫͦͪ͊͟΅͔͊ͣ͊Ύ ͒ͦ ͨ͊ͭͦͺ͙͙͎͙͙ͦͦ͘͡Σ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭ͟;͔͙ͫ͟ 

͍͚͊͗ͤͦ ͦ͋͊ͫͭ͡ΈΌΣ ͦͭͦͪ͊͟Ύ ͔͙ͫͭͪͣͭͫΎ ͦ͋ΆΎ͙ͫͤͭΈΣ ͨͦ;͔ͣͯ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͍·͘·͍͔͊ͭ ͔͔͔ͦͨͪ͒ͤͤ͡·͔ 

Ήͺͺ͔ͭ͟· ͍ ͎͙͔ͦͪ͊ͤͣ͘Φ ˻ͤ͊ ͙͔͔ͫͫ͒ͯͭ͡ ͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘ΎΣ ͙ͨͪͦͫͻͦ͒Ύ΅͙͔ ͤ͊ ͔ͣͦͯ͟͡͡ΎͪͤͦͣΣ 

͔ͭͦ͟͡;ͤͦͣΣ ͔͍ͭ͊ͤͦͣ͟ ͙ ͙͔ͫͫͭͣͤͦͣ ͍ͯͪͦͤΎͻΣ ͎ͦ͒͊͟ ͎͙ͦͪ͊ͤͣ͘ ͔͔ͨͪͻ͙ͦ͒ͭ ͙͘ ͫͦͫͭͦΎ͙ͤΎ ͍͒ͦͪͦ͘ΈΎ 
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ό͎͔ͦͣͦͫͭ͊͊͘ύ ͍ ͫͦͫͭͦΎ͙͔ͤ ͔͙͋ͦͤ͘͡Φ ˽͙͙͔ͦͤͣ͊ͤΣ ͨͦͯ͡;͔͔ͤͤͦ ͍ Ή͚ͭͦ ͙ͦ͋͊ͫͭ͡Σ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ 

͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͨͦͫͦ͟͡Έͯ͟ ͦͤͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͙ͤ͟͡ͼ͙ͫͭ͊ͣ ͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈ ͊͋ͦͪ͊ͭͦͪͤ͡·͔ 

͒͊ͤͤ·͔ ͙ ͙ͫͣͨͭͦͣ· τ ͙͔ͭ͊͟ ͊͟͟ ͙͡ͻͦͪ͊͒͊͟Σ ͔ͦͭ͟ ͙͙͡ ͎͙͔͔͙ͨͪͭͤ͘Ύ τ ͔ͤ ͊͟ ͟ ͙͙͍ͦͪͦ͊ͤͤ͘͡·͔ ͫͦ͋·͙ͭΎΣ 

͊ ͊͟͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͔͗͊͡΅͙ͻ ͍ ͍͔ͦͫͤͦ ͤ͊ͪͯ΄͔ͤͤ·ͻ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΦ 

нΦ ˹͊ͪͯ΄͔͙͔ͤ ˥͔ͦͣͦͫͭ͊͊͘ ͙ ˸͔ͻ͙͊ͤͣ͘· ˴͔ͭͦ͡;͎ͤͦͦ ˽͍͔͔͙ͦͪ͗͒ͤΎ 

˽͔͙͔ͦ͒͒ͪ͗͊ͤ ͙ͫͭ͊͋͡Έ͚ͤͦ ͍͔͔͚ͤͯͭͪͤͤ ͔ͫͪ͒·Σ ͙͙͡ ͎͔ͦͣͦͫͭ͊͊͘Σ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͤͦ ͺͯͤ͟ͼ͙͔͚ 

ͤͦͪͣ͊͡Έ͚ͤͦ ͺ͙͙͎͙͙ͦͦ͘͡Φ ˣ͔ͦͤ͘͡Έ ͤ͊;͙͔ͤ͊ͭͫΎΣ ͎ͦ͒͊͟ ͔ͫͭͪͫͫͦͪ τ ͋ͯ͒Έ ͭͦ ͻ͙͙ͣ;͔͙͚ͫ͟Σ ͺ͙͙͘;͔͙͚ͫ͟Σ 

͙ͤͺ͔͟ͼ͙ͦͤͤ·͚ ͙͙͡ ͎͔͔͙ͤͭ;͔͙͚ͫ͟ τ ͨ ͍ͦ͒͊͡Ύ͔ͭ ͎͔͙ͦͣͦͫͭ͊ͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͎͙ͦͪ͊ͤͣ͊͘Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ 

͟ ͔ͭͦ͟͡;͚ͤͦ ͙͒ͫͺͯͤ͟ͼ͙͙ ͙͙͡ ͍͔͔͙ͨͦͪ͗͒ͤΌΦ ˴͔ͭͦ͡;͔ͤͦ ͍͔͔͙͔ͨͦͪ͗͒ͤ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͭͨͪ͊ͤͦ ͭͦ;͚ͦ͟ ͒͡Ύ 

͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΦ ˴͔͙ͭ͟͡ ͔͎͙ͪ͊ͪͯΌͭ ͤ͊ ͔ͫͭͪͫͫ ͨͦ-ͪ͊ͤͦͣͯ͘Υ ͙ͦͤ ͎ͣͦͯͭ 

͍͔͎ͨͦ͒ͪͤͯͭΈͫΎ ͊͒͊ͨͭ͊ͼ͙͙ ό͙͔ͤ͊ͨͪͣͪΣ ͎͙͔ͨͪͭͪͦͺ͙͙Σ ͙͙͡ ͍͔͙ͯ͡;͔͙ͤΌ ͔ͭͦ͟͟͡Σ ͍ ͔͔ͫͪ͒;͚ͤͦ ͣ·΄ͼ͔ ͙ͨͪ 

͙͔͒ͭ͡͡Έͤͦͣ ͍·ͫͦͦͣ͟ ͍ͪͦ͟Ύͤͦͣ ͍͔͙͙͒͊ͤ͡ύΣ ͙ͦ͋ͪ͊ͭͣͦͣͯ ͍͔͔͙ͨͦͪ͗͒ͤΌ ό͙͔ͤ͊ͨͪͣͪΣ ͔ͦͭͯ͟ ͔͙ͭ͟͟͡ ͙͘-͊͘ 

͍͔͔͎ͪͣͤͤͦͦ ͔ͤ͒ͦͫͭ͊ͭ͊͟ ͙ͫͦͪͦ͒͊͟͡ύ ͙͙͡ ͔͙ͤͦ͋ͪ͊ͭͣͦͣͯ ͍͔͔͙ͨͦͪ͗͒ͤΌΣ ͔ͦͭͦͪͦ͟ ͙͍͙ͨͪͦ͒ͭ ͟ ͔ͭͦ͟͡;͚ͤͦ 

͎͙͔͙͋͡ ;͔͔ͪ͘ ͔ͤͪͦ͘͟ ό͔͙͔ͤͦͤͭͪͦͪͯͣ͟͡·͚Σ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͪ͊ͪ͘·͍ ͔͙ͭ͟͟͡ύ ͙͙͡ ͊ͨͦͨͭͦ͘ 

ό͎͙͍͔͊ͨͪͦͪ͊ͣͣͪͦ͊ͤͤͦ͘Σ ͙͔͔ͦͤͭͪͦͪͯͣͦ͟͡ ͔ͭͦ͟͡;͔ͤͦ ͙͚͍ͫ͊ͣͦͯ͋ͫͭͦύΦ ˹͙͔͔͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͣ 

͔ͣͻ͙͊ͤͣͦͣ͘ ͍͔͔͙ͨͦͪ͗͒ͤΎ Ύ͍͡Ύ͔ͭͫΎ ͎͙͙ͨͦͫ͟Ύ ό͙͔ͫͦͪͦ͒ͤͦ͟͡ ͎͙͔ͦͦ͒͊ͤ͡ύΣ ͦͭͦͪ͊͟Ύ ͤ͊ͪͯ΄͔͊ͭ 

ͫͨͦͫͦ͋ͤͦͫͭΈ ͔͙ͭ͟͟͡ ͙͍͙ͨͪͦͦ͒ͭ͘Έ ˢ́̅Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͊ͫ͊͒ͯ͟͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ 

˴͡Ό;͔͍͚ͦ ͙͔͚ͫͫͭͣͤͦ ͔ͪ͊͟ͼ͙͔͚ ͤ͊ ͔ͭͦ͟͡;͔ͤͦ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͙͙͡ ͍͔͙͔ͭͦͪ͗ͤ ͎͔͍ͨ͊ͭͦͤͦ Ύ͍͡Ύ͔ͭͫΎ 

͍͔͙͔ͦͫͨ͊ͤ͡Φ ̏ͭͦͭ ͫͦ͗ͤ͡·͚Σ ͙͙͍ͫͦͦͪ͒ͤͪͦ͊ͤͤ͟·͚ ͨͪͦͼ͔ͫͫ Ύ͍͡Ύ͔ͭͫΎ ͍͔͚͊͗ͤ΄͙ͣ ͊͘΅͙ͭͤ·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘ 

͎͙ͦͪ͊ͤͣ͊͘Σ ͙͍ͨͪ͊ͤͤ͘·ͣ ͙͍ͦ͊ͦ͊ͭ͘͟͡͡Έ ͍͔͔͙͔ͨͦͪ͗͒ͤΣ ͙ͯͫͭͪ͊ͤͭΈ offending ͎͔͊ͤͭ ͙ ͙͙ͤͼ͙͙͍ͪͦ͊ͭΈ 

͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡Φ ˤ͙͔ͦͫͨ͊ͭ͡͡Έͤ͊Ύ ͔ͪ͊͟ͼ͙Ύ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ·ͣ ͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤͣ 

ͻ͙͙ͣ;͔͙ͫ͟ͻ ͔͙͍ͣ͒͊ͭͦͪͦ ό͙͔ͤ͊ͨͪͣͪΣ ͎͙͙͍ͫͭ͊ͣͤͦΣ ͼ͙͙͍ͭͦͤͦ͟Σ ͎͙͍ͨͪͦͫͭ͊͊ͤ͒ͤͦ͡ύΣ ͦͭͦͪ͟·͔ ͍·͘·͍͊Όͭ ͙ͭͪ 

͙͊ͫͫ͟͡;͔͙ͫ͟ͻ ͙ͫͦͫͯ͒ͫͭ·ͻ ͙͔͔͙ͣͤͤ͘ΎΥ ͍͙͊ͦ͒͊ͭ͊͘͡ͼ͙Ό ό͙͍ͨͪͦ͒Ύ΅ͯΌ ͟ ͔͙ͨͦͪ͊ͫͤͤ͟Ό ͙ ͗͊ͪͯύΣ 

͍ͨͦ·΄͔ͤͤͯΌ ͙ͨͪͦͤͼ͔͊ͣͦͫͭΈ ͍ͫͦͫͯ͒ͦ ό͍·͘·͍͊Ό΅ͯΌ ͔ͯͭ;ͯ͟ ͙͙͗͒ͦͫͭ͟ ͙ ͔ͦͭ͟κ͔ͦͭ;ͤͦͫͭΈύ ͙ 

͔͙͍͙͔ͪͪͯͭͪͦ͊ͤ͟ ͔͚ͦ͟͡ͼ͙͍ͭͦ ό͔͋͡·ͻ ͍ͪͦ͟Ύͤ·ͻ ͔͔ͭ͡ͼύ ͟ ͔ͣͫͭͯ ͍͔͔͙ͨͦͪ͗͒ͤΎΦ ͙̏ͭ ͫͦ͋·͙ͭΎ ͍ͫͦͫͭ͊͡ΎΌͭ 

͍ͦͫͤͦͯ ͎ͦͫͭͪͦͦ ͍͔͙ͦͫͨ͊ͤ͡ΎΦ ˩͙ͫ͡ ͍͔ͪ͒ͦͤͦͫͤ·͚ ͙ͫͭͣͯ͡ ͫͦͻͪ͊ͤΎ͔ͭͫΎΣ ͔ͪ͊͟ͼ͙Ύ ͔ͣͦ͗ͭ ͔͔͚͙ͨͪͭ ͍ 

ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͔ͦͭͦͪͦ͟ ͔͔͔ͣͤ ͊͘΅͙ͭͤͦ ͙ ;͊ͫͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͪ͊ͪͯ͘΄͔͙ͤΌ ͔͚ͭ͊ͤ͟Σ ͺ͙͋ͪͦͯ͘ 

͙ ͎͔͔ͨ͊ͭͦͤͯ͘ ͙ͭ͊͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͊͟͟ ͔͍͙ͪͣ͊ͭͦ͒ͤ·͚ ͙͊ͪͭͪͭ ͙ ͔͔͊ͭͪͦͫͪͦ͘͟͡Φ ˽͙͙͔ͦͤͣ͊ͤ ͙͎ͫͤ͊͡Έͤ·ͻ 

͔͚ͨͯͭ ͍ ͪ͊ͣ͊͟ͻ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͚ͤͦ ͔ͪ͊͟ͼ͙͙ ͙͔͔ͣͭ ͔͍͔͔͔ͨͪͦͫͭͨͤͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ 

Ήͺͺ͔͙͍ͭͤ͟·ͻ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦ ͔͡;͔͙ͤΎΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡Ύ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ·͚ ͨ͊ͤ͡ ͒͡Ύ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Σ 

͔͙͙͒ͭ͊ͪͯ͘͡Ύ ͙͒ͫͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͙ͨͯͭΣ ͔͗͊͡΅͙͔ ͍ ͍͔ͦͫͤͦ ͔͔͋ͦͤͤͤ͘͡·ͻ ͫͦͫͭͦΎ͙͚ͤΦ ˻ͭ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ 

͔ͣͻ͙͍͊ͤͣͦ͘ ͔ͭͦ͟͡;͚ͤͦ ͔͙ͫͣͪͭ ͒ͦ ͫͦ͗ͤ͡·ͻΣ ͣͯ͡Έ͙͎ͭͦͪ͊ͤͤ·ͻ ͔ͦͣͨͤͫ͊ͭͦͪͤ͟·ͻ ͔ͪ͊͟ͼ͙͚Σ ͤ ͊͋͡Ό͔͒͊ͣ·ͻ 

͙ͨͪ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΣ ͙ͭ͊͟ͻ ͊͟͟ ͙͔͒͊͋ͭ ͙͙͡ ͔͔ͫͪ͒;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΣ Ήͭ͊ ͦ͋͊ͫͭ͡Έ 

͔͎͔ͨͪ͒͊͊ͭ͡ ͍͔ͦͫͤͦͤͦ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ ͒͡Ύ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭΦ ˽ͪͦ͒ͦ͗͊͡Ύ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ 

ͭͦ;͔ͤͦ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔ͣ͗͒ͯ ͔ͫͭͪͫͫͦͣΣ ͎͔͔͙͚ͤͭͦ͟ ͙ ͦͪͯ͗͊͟Ό΅͔͚ ͔͚ͫͪ͒ͦΣ ͎͙ͨ͊ͭͦͦ͡;͔ͫ͊͟Ύ 

ͺ͙͙͎͙ͦͦ͘͡Ύ ͔ͦͫͭ͊ͤͭͫΎ ͍ͦͫͤͦͤ·ͣ ͍͙͎͔͔͒͊ͭͣ͡ ͍ ͍·Ύ͍͔͙͙ͤ͡ ͤ ͍ͦ·ͻ ͼ͔͔͚͡ ͒͡Ύ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΎΣ ;ͭͦ 

͍ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦ ͯͯ͡;΄͙ͭ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔ͪͯ͘͡Έͭ͊ͭ·Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡Ύ ό˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύύ τ Ήͭͦ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͊Ύ ͤ͊ͯ͊͟Σ ͦͭͦͪ͊͟Ύ ͙͔͔ͫͫ͒ͯͭ͡ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ ͍ ͎͙͔ͦͪ͊ͤͣ͘ ;͔͍͔ͦ͊͟͡Σ ͍͙ͦͤ͊͘͟Ό΅͙͔ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͙͋ͦͤ͘͡ ͙͙͡ ͍ͭͪ͊ͣ·Φ 

˻ͤ͊ ͙ͫͯ͗ͭ͡ ͙͙ͪͭ͟;͔͙ͫͣ͟ ͍͔ͤͦͣ͘ ͔ͣ͗͒ͯ ͍ͦͫͤͦͤ·͙ͣ ͙͎͙͋ͦͦ͡;͔͙͙ͫͣ͟ ͙ͤ͊ͯ͊ͣ͟ ό͙͔ͤ͊ͨͪͣͪΣ ͔ͭͦ͟͡;͚ͤͦ 

ͺ͙͙͎͙͔͚ͦͦ͘͡ύ ͙ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͔͙ͣ͒ͼ͙͚ͤͦΣ ͔ͫͭͪͣΎͫΈ ͦ͋ΆΎ͙ͫͤͭΈ ͔ͣͻ͙͊ͤͣ͘· ͤ͊ͪͯ΄͔͙ͤΎ ͎͔ͦͣͦͫͭ͊͊͘Σ 

ͦͭͦͪ͟·͔ ͙͍ͨͪͦ͒Ύͭ ͟ ͙͙ͤ͟͡;͔͙ͫͣ͟ ͙ͨͪͤ͊͊ͣ͘͟ ͙ ͙ͫͣͨͭͦͣ͊ͣ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ 

͍͔ͫͦ͋Ά͔ͣ͡Ό΅͙͚ ͦ͋ͦͪ͘ ͟͡Ό;͔͍·ͻ ͦͤ͟ͼ͔ͨͼ͙͚ ͨ͊ͭͦͺ͙͙͎͙͙ͦͦ͘͡Σ ͫ ͊͟ͼ͔ͤͭͦͣ ͤ͊ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ 

ͨͪͦͼ͔ͫͫ· ͔ͭͦ͟͡;͎ͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎΣ ͎͙͍ͦͪ͊ͤͦ͊ͤͤͯ͘Ό ͔ͪ͊͟ͼ͙Ό ͍͔͙ͦͫͨ͊ͤ͡Ύ ͙ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͔Σ ͤͦ 

;͊ͫͭͦ ͫ͊ͣͦͪ͊ͪͯ͘΄͙͔ͭ͡Έͤ·͔Σ ͙͔ͫͫͭͣͤ·͔ ͔ͦͣͨͤͫ͊ͭͦͪͤ͟·͔ ͔ͣͻ͙͊ͤͣ͘· ͎͙ͦͪ͊ͤͣ͊͘Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΣ ͎͔ͦͣͦͫͭ͊͘Σ ͔ͭͦ͟͡;͔ͤͦ ͍͔͔͙͔ͨͦͪ͗͒ͤΣ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͔ͦͣͨͤͫ͊ͭͦͪͤ͟·͔ ͔ͣͻ͙͊ͤͣ͘·Σ 

͎͔͔ͨ͊ͭͦͤ͘ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͎͙͙ͨͦͫ͟ΎΣ ͎ͦͪ͊ͤͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΦ 

 

мΦ ˤ͍͔͔͙͔͒ͤΥ ˴ͦͤͼ͔ͨͼ͙Ύ ˽͊ͭͦͺ͙͙͎͙͙ͦͦ͘͡ 

˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘ΎΣ ͦͭͦͪ͟·͔ ͙ͨͪͦͫͻͦ͒ΎͭΣ ͎ͦ͒͊͟ ͎͙ͦͪ͊ͤͣ͘ 

ͦͭͦͤ͟͡Ύ͔ͭͫΎ ͦͭ ͍͔͎ͫͦͦ ͤͦͪͣ͊͡Έ͎ͤͦͦΣ ͍͎͒ͦͪͦͦͦ͘ ͫͦͫͭͦΎ͙ͤΎ ό͎͔ͦͣͦͫͭ͊͊͘ύΦ ̏ͭͦ ͙͙͒ͤ͊ͣ;ͤ͊Ύ ͦ͋͊ͫͭ͡ΈΣ 

ͦͭͦͪ͊͟Ύ ͙͔͔ͫͫ͒ͯͭ͡ ͊ͫ͊͒͟͟ ͫͦ͋·͙͚ͭΣ ͙͙ͤͼ͙͙͍ͪͦ͊ͤͤ·ͻ ͍͔ͪ͒ͦͤͦͫͤ·ͣ ͙ͫͭͣͯͦͣ͡ όΉ͙͎͙͔͚ͭͦͦ͡ύΣ ͙ 

͔͙͍͔ͨͪͦͫ͗͊ͭ͡ ͔ͨͦͫ͒ͯ͡Ό΅͙͔ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͙ ͫͭͪͯͭͯͪͤ͟·͔ ͙͔͔͙ͣͤͤ͘Ύ ͤ͊ ͍͔ͫͻ ͍ͯͪͦͤΎͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 

τ ͦͭ ͔ͣͦͯ͟͡͡ ͙ ͎͔ͦͪ͊ͤ͡͡ ͒ͦ ͔ͭͦ͟͟͡Σ ͔͚ͭ͊ͤ͟Σ ͎͍ͦͪ͊ͤͦ ͙ ͼ͔͡·ͻ ͙͔ͫͫͭͣ ͎͙ͦͪ͊ͤͣ͊͘Φ ˽͙͙͔ͦͤͣ͊ͤ Ή͙ͭͻ 

͔ͣͻ͙͍͊ͤͣͦ͘ τ ͙͔ͤ͊ͨͪͣͪΣ ͨͦ;͔ͣͯ ͙͍͊͋ͦͪͦ͊ͤͤ͊͘͟͡Ύ ͔͙͊ͪͭͪΎ ͍·͘·͍͔͊ͭ ͋ͦ͡Έ ͍ ͎͙ͪͯ͒ ό͔͙ͫͭͤͦ͊ͪ͒͟Όύ τ 

͙͔͔ͣͭ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͊͟͟ ͒͡Ύ ͙͎͙͙͒͊ͤͦͫͭ͟ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͭ͊͟ ͙ ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͼ͔͔͍͔ͤ͊ͨͪ͊ͤͤ͡͡·ͻ 

͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͎͙͚ͫͭͪ͊ͭΦ 

нΦ ˴͔ͭͦ͡;ͤ͊Ύ ˻͍ͫͤͦ͊ ˣ͔͙ͦͤ͘͡Υ ˽͍͔͔͙͔ͦͪ͗͒ͤ ͙ ˢ͒͊ͨͭ͊ͼ͙Ύ 

ˤ͔ͫ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͤ͊;͙ͤ͊ΌͭͫΎ ͤ͊ ͔ͭͦ͟͡;ͤͦͣ ͍͔ͯͪͦͤΣ ͎ͦ͒͊͟ ͔͙ͭ͟͟͡ ͍͔͎ͨͦ͒ͪ͊ΌͭͫΎ 

͔ͫͭͪͫͫͯΣ ͔͍ͨͪ·΄͊Ό΅͔ͣͯ ͙ͻ ͫͨͦͫͦ͋ͤͦͫͭΈ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͤͦͪͣ͊͡ΈͤͯΌ ͺͯͤ͟ͼ͙ΌΦ 

¶ ˹͊ͪͯ΄͔͙͔ͤ ˥͔ͦͣͦͫͭ͊͊͘Υ ˴͔͙ͭ͟͡ ͨͦͫͭͦΎͤͤͦ ͪ͊͋ͦͭ͊Όͭ ͤ͊͒ ͔͙͔ͨͦ͒͒ͪ͗͊ͤͣ ͍͔͎ͫͦͦ ͍͔͔͎ͤͯͭͪͤͤͦ 

͋͊͊ͤͫ͊͡Φ ˽͍͔͔͙͔ͦͪ͗͒ͤ ͙ͨͪͦͫͻ͙ͦ͒ͭΣ ͎ͦ͒͊͟ ͍͔ͤ΄͙͚ͤ ͔ͫͭͪͫͫͦͪ ό͙͔ͤ͊ͨͪͣͪΣ ͔ͤ͒ͦͫͭ͊ͭͦ͟ ͙ͫͦͪͦ͒͊͟͡Σ 

ͻ͙͙ͣ;͔͙͔ͫ͟ ͙ͭͦͫͤ͟·Σ ͙ͪ͊͒͊ͼ͙Ύύ Ύ͍͡Ύ͔ͭͫΎ ͙ͫ͡΄ͦͣ͟ ͙ͫ͡Έͤ·ͣ ͙͙͡ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έͤ·ͣ ͒͡Ύ ͔͙ͭ͟͟͡Φ 

˹͙͔͔͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘ Ύ͍͡Ύ͔ͭͫΎ ͎͙͙ͨͦͫ͟Ύ ό͙͔ͫͦͪͦ͒ͤͦ͟͡ ͎͙͔ͦͦ͒͊ͤ͡ύΣ ͦͭͦͪ͊͟Ύ 
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͔ͨͪͨΎ͍͔ͭͫͭͯͭ ͍·͔ͪ͊͋ͦͭ͟ ͙ͣͭͦͻ͙ͦͤ͒ͪΎ͙ͣ ͒ͦͫͭ͊ͭͦ;͎ͤͦͦ ͙ͦ͟͡;͔͍ͫͭ͊ ˢ́̅ ͔͍ͨͦͫͪ͒ͫͭͦͣ ͙͙͔ͦͫͭ͟͡͡Έ͎ͤͦͦ 

ͺͦͫͺ͙͙͍͙ͦͪͪͦ͊ͤ͡ΎΦ ̏ͭͦͭ ͔͒ͺ͙ͼ͙ͭ Ή͔͎͙͙ͤͪ ͋·ͫͭͪͦ ͤ͊ͪͯ΄͔͊ͭ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͔ ͺͯͤ͟ͼ͙͙Σ ͙͔ͭ͊͟ ͊͟͟ 

͙͍͊ͭͤͦͫͭ͟Έ ͙͚ͤ͊ͭͪ-͙͔͍͎͊ͦͦ͟͡ ͤ͊ͫͦͫ͊Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͔ͦͭͯ͟ ͔͙ͭ͟͟͡ ͙ ͙ͦͤͤͦͣͯ ͙͒ͫ͋͊͊ͤͫͯ͡Φ 

¶ ˴͔ͭͦ͡;ͤ·͔ ˾͔͊͟ͼ͙͙Υ ˴͔͙ͭ͟͡ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͙ͭͪ ͍ͦͫͤͦͤ·ͻ ͍͔ͦͭͭ͊ ͤ͊ ͔ͫͭͪͫͫΥ  

o ˢ͒͊ͨͭ͊ͼ͙ΎΥ ˩͙ͫ͡ ͔ͫͭͪͫͫ ͻ͙ͪͦͤ;͔͙͚ͫ͟Σ ͤͦ ͔͔ͯͣͪͤͤ·͚Σ ͔͙ͭ͟͟͡ ͎ͣͦͯͭ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎΣ ͙͔ͣͤ͘ΎΎ 

͍͚ͫͦ ͔ͪ͊ͣͪ͘ ό͎͙͔ͨͪͭͪͦͺ͙Ύ ͙͙͡ ͊ͭͪͦͺ͙Ύύ ͙͙͡ ͍͔ͫͦ ͙ͦ͟͡;͔͍ͫͭͦ ό͎͙͔͙ͨͪͨ͊͘͡ΎύΦ ˹͙͔͊ͨͪͣͪΣ ͔͙ͭ͟͟͡ 

͔͔ͫͪ͒;͚ͤͦ ͣ·΄ͼ· ͍͔͎ͨͦ͒ͪ͊ΌͭͫΎ ͎͙͔ͨͪͭͪͦͺ͙͙ ͍ ͍͔ͦͭͭ ͤ͊ ͻ͙ͪͦͤ;͔ͫͯ͟Ό ͎͙͔͔͙ͨͪͭͤ͘ΌΦ 

o ˻͙͔͋ͪ͊ͭͣͦ ˽͍͔͔͙͔ͦͪ͗͒ͤΥ ˩͙ͫ͡ ͔ͫͭͪͫͫͦͪ ͋·ͫͭͪͦ ͯͫͭͪ͊ͤΎ͔ͭͫΎΣ ͔ͭ͊͟͟͡ ͔ͣͦ͗ͭ ͍͍͙ͦͫͫͭ͊ͤͦͭΈͫΎΦ 

˻͋·;ͤͦ Ήͭͦ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͊͟͟ ͔ͭͦ͟͡;ͤ·͚ ͔ͦͭ͟Φ 

o ˹͔͙͔ͦ͋ͪ͊ͭͣͦ ˽͍͔͔͙͔ͦͪ͗͒ͤ ό˴͔ͭͦ͡;ͤ͊Ύ ˥͙͔͋͡ΈύΥ ˩͙ͫ͡ ͔ͫͭͪͫͫ Ύ͍͡Ύ͔ͭͫΎ ͍ͨͦ͒͊͡ΎΌ΅͙ͣΣ ͔ͭ͊͟͟͡ 

͙͔ͯͣͪ͊ͭΦ ̏ͭͦ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͍͒ͯͣΎ ͙ͪ͊͘͡;ͤ·͙ͣ ͨͯͭΎ͙ͣΥ ͔ͤͪͦ͘͟ ό͔͙͔ͤͦͤͭͪͦͪͯͣ͟͡·͚Σ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ 

ͪ͊ͪ͘·͍ύ ͙͙͡ ͊ͨͦͨͭͦ͘ ό͙͔͔ͦͤͭͪͦͪͯͣͦ͟͡Σ ͎͙͍͔͊ͨͪͦͪ͊ͣͣͪͦ͊ͤͤͦ͘ ͔ͭͦ͟͡;͔ͤͦ ͙͚͍ͫ͊ͣͦͯ͋ͫͭͦύΦ 

оΦ ˤ͔͙͔ͦͫͨ͊ͤ͡Υ ˭͊΅͙ͭ͊ ˻͎͙ͪ͊ͤͣ͊͘ ͙ ˽͊͊͟͡ ͦ ˨͍ͯͻ ˴ͦͤͼ͊ͻ 

ˤ͔͙͔ͦͫͨ͊ͤ͡ τ Ήͭͦ ͔͔ͨͪ͒ͫ͊ͯͣ͘͟·͚Σ ͙͔ͫͫͭͣͤ·͚ ͍͔ͦͭͭ ͤ͊ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͔͚ͭ͊ͤ͟ ͙͙͡ ͙ͤͺ͔͟ͼ͙ΌΦ ̆ͦͭΎ 

͙ͤ͊͘;͊͡Έͤͦ ͦͤͦ Ύ͍͡Ύ͔ͭͫΎ ͊͘΅͙ͭͤ·ͣΣ ͙ͨͪ ͨͦ͡ͻ͚ͦ ͔͎ͪͯ͡Ύͼ͙͙ ͦͤͦ ͔ͣͦ͗ͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ 

͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΌ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

¶ ˻͔ͫͭͪͦ ˤ͔͙͔ͦͫͨ͊ͤ͡Υ ̏ͭ͊ ͔͔͔ͤͣ͒ͤͤ͊͡ΎΣ ͍͔͔ͪ͊ͭͦͪͣͤͤ͊͟͟Ύ ͔ͪ͊͟ͼ͙Ύ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ 

͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤͣ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͔͙͍ͣ͒͊ͭͦͪͦ όͼ͙͙͍ͭͦͤͦ͟Σ ͎͙͙͍ͫͭ͊ͣͤͦύΣ ͦͭͦͪ͟·͔ ͍·͘·͍͊Όͭ 

͍͙͊ͦ͒͊ͭ͊͘͡ͼ͙Ό ό͍͔͙ͯ͡;͔͙͔ͤ ͍ͪͦͦͭͦ͊͟͟Σ ͙͍ͨͪͦ͒Ύ΅͔͔ ͟ ͔͙ͨͦͪ͊ͫͤͤ͟Ό ͙ ͗͊ͪͯύ ͙ ͍ͨͦ·΄͔ͤͤͯΌ 

͙ͨͪͦͤͼ͔͊ͣͦͫͭΈ ͍ͫͦͫͯ͒ͦ ό͍·͘·͍͊Ό΅ͯΌ ͔ͯͭ;ͯ͟ ͙͙͗͒ͦͫͭ͟Σ ͙͍ͨͪͦ͒Ύ΅ͯΌ ͟ ͔ͦͭͯ͟κ͙ͨͪͨͯͻ͙ͦͫͭ͡ύΦ ˻͍ͫͤͦͤ͊Ύ 

ͼ͔͡Έ ͙ͫͦͫͭͦͭ ͍ ͭͦͣΣ ;ͭͦ͋· ͙͍͔ͨͪ͡;Έ ͔͚ͦ͟͡ͼ͙ͭ· ό͔͋͡·͔ ͍ͪͦ͟Ύͤ·͔ ͔ͭ͡Έͼ͊ύ ͒͡Ύ ͔͙ͯͫͭͪ͊ͤͤΎ ƻŦŦŜƴŘƛƴƎ 

͎͔͊ͤͭ͊Φ ̏ͭͦͭ ͙͙͍ͫͦͦͪ͒ͤͪͦ͊ͤͤ͟·͚ ͊͘΅͙ͭͤ·͚ ͔ͣͻ͙͊ͤͣ͘ ͔ͤͦ͋ͻ͙ͦ͒ͣ ͒͡Ύ ͙͍͔͙͊͗ͤ͘͡Ύ ͪ͊ͤ ͙ ͦ;͙͙ͫͭ͟ ͦͭ 

͎͔͍ͨ͊ͭͦͤͦΦ 

¶ ͙̆ͪͦͤ;͔͔ͫͦ͟ ˤ͔͙͔ͦͫͨ͊ͤ͡Υ ˩͙ͫ͡ ͍͙ͭͪ͊ͣͪͯΌ΅͙͚ ͺ͊ͭͦͪ͟ ό͙͔ͤ͊ͨͪͣͪΣ ͚ͫͭͦ͊͟Ύ ͙ͤͺ͔͟ͼ͙ΎΣ 

͙͊ͯͭͦͣͣͯͤͤ͊Ύ ͊ͭ͊͊͟ ͙͙͡ ͙͔ͤͦͪͦ͒ͤͦ ͔ͭͦ͡ύ ͔ͤ ͔ͣͦ͗ͭ ͋·ͭΈ ͔ͯͫͭͪ͊ͤͤΣ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͨͪͦͼ͔ͫͫ 

͔͔ͨͪͻ͙ͦ͒ͭ ͍ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͫͦͫͭͦΎ͙͔ͤΦ ͙̆ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ ͍͟͡Ό;͔͊ͭ ͙͚ͤͦ ͔ͭͦ͟͡;ͤ·͚ ͍ͫͦͫͭ͊ 

όͣ͊ͪ͟ ͦͺ͎͙͊Σ ͙ͣ͡ͺͦͼ͙ͭ·ύ ͙ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͍͔͔ͦ͒ͤͦͪͣͤͤ·ͣ ͪ͊ͪͯ͘΄͔͙͔ͤͣ ͔͚ͭ͊ͤ͟ ͙ ͨͦͨ·͚ͭͦ͟ 

͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ όͺ͙͋ͪͦ͘κͪͯ͋ͼ͔͍͙͔͊ͤύΦ ͙̆ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫͣ͟ 

͔ͦͣͨͦͤͤͭͦͣ͟ ͍ͦͫͤͦͤ·ͻ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͍͟͡Ό;͊Ύ ͔͔͊ͭͪͦͫͪͦ͘͟͡Σ ͪ͊͟ ͙ 

͔͚͔͎͔͔͙͍ͤͪͦ͒ͤͪ͊ͭͤ·͔ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊Φ ˽͙͙͔ͦͤͣ͊ͤ ͎ͭͦͦΣ ͊͟͟ ͔ͪ͊ͪ͘΄͙ͭΈ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡Σ 

Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͤͦ ͊͒͊͘;͔͚ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙͙ͭͪ͊ͨΦ 

пΦ ˿͙͔ͫͭͣͤ·͚ ˿͔ͭͪͫͫ ͙ ˨͔͙͍͊͒͊ͨͭͤ͊͘Ύ ˴͔ͦͣͨͤͫ͊ͼ͙Ύ 

˴͎ͦ͒͊ ͔͍͙ͨͪ;ͤ·͔ ͎ͦͪ͊ͤͤ·͔ ͙͔ͫͫͭͣ· ͍·ͻͦ͒Ύͭ ͙͘ ͫͭͪͦΎΣ ͎͙ͦͪ͊ͤͣ͘ ͙͍͙͔͊ͭͪͯͭ͟ ͣͦ΅ͤ·͔ 

͔ͦͣͨͤͫ͊ͭͦͪͤ͟·͔ ͔ͣͻ͙͊ͤͣ͘·Σ ͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤͤ·͔ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙͔͔͔͗ͤͦ͋ͫͨ͘;͙͍͊Ό΅͙ͻ ͺͯͤ͟ͼ͙͚Σ 

;͊ͫͭͦ ͍ͫͦ͒͊͊͘Ύ ͙ͨͪ Ήͭͦͣ ͎͒ͦͦͫͪͦ͡;ͤͯΌ ͎͙ͨ͊ͭͦͦ͡ΌΦ 

¶ ˿͔͔ͪ͒;ͤͦ-˿͙ͦͫͯ͒ͫͭ͊Ύ ˴͔ͦͣͨͤͫ͊ͼ͙Ύ ό˽͙͔ͪͣͪΥ ˿͔͔ͪ͒;ͤ͊Ύ ˹͔͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈύΥ ˽͙ͪ ͚͚͊ͫͭͦͤͦ͘ 

͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ό˭˿˹ύ ͙͔ͫͤ͗ͤͤ͊Ύ ͤ͊ͫͦͫͤ͊Ύ ͫͨͦͫͦ͋ͤͦͫͭΈ ͔ͫͪ͒ͼ͊ ͎͔ͯͪͦ͗͊ͭ ͍͔͒ͦͫͭ͊͟ 

͙ͫͦͪͦ͒͊͟͡ ͍ ͙͔ͫͫͭͣͯΦ ˻͎͙ͪ͊ͤͣ͘ ͔͙͔ͦͣͨͤͫͪͯͭ͟ Ήͭͦ ͔ͨͯͭͣ ͙͍͊ͭ͊͟ͼ͙͙ ˾͔͙ͤͤ-ˢ͎͙͔͙ͤͦͭͤͤ͘-

ˢ͡Έ͔͍͚͒ͦͫͭͪͦͤͦͦ ˿͙͔ͫͭͣ· ό˾ˢˢ˿ύ ͙ ͙͙ͫͣͨ͊ͭ;͔͚ͫͦ͟ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Φ ̆ͦͭΎ ˾ˢˢ˿ ͙ͤ͊͘;͊͡Έͤͦ ͎͔ͨͦͣͦ͊ͭ 

͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͍ͪͦ͟Ύ͔ͤͦ ͍͔͙͔͒͊ͤ͡Σ ͍ͫͨͦͫͦ͋ͫͭͯΎ ͔͔͊͒ͪ͗͘͟ ͙ͫͦ͡ ͙ ͍ͦ͒·Σ ͔͔ ͙͔͒ͭ͡͡Έͤ͊Ύ ͙͍͊ͭ͊͟ͼ͙Ύ 

͍͔͙ͯ͡;͙͍͔͊ͭ ͦ͋΅͙͚ ͦ͋Ά͔ͣ ͍͙ͪͦ͟ ͙ ͙͔͔ͫͫͭͣͤͦ ͙͔ͫͦͫͯ͒ͫͭͦ ͙͍͔͙͔ͫͦͨͪͦͭͤ͡Σ ͍͎ͦ͊͊͘͡Ύ ͔΅͔ ͋ͦ͡Έ΄ͯΌΣ 

͎͙ͨ͊ͭͦͦ͡;͔ͫͯ͟Ό ͎ͤ͊ͪͯͯ͘͟ ͤ͊ ͔ͯ͗ ͔͍ͦͫ͊͋͡΄͔͔ ͔ͫͪ͒ͼ͔Φ ˿͔͔ͪ͒;ͤ͊Ύ ͣ·΄ͼ͊ ͔ͭ͊͗͟ ͍͔͎͔ͨͦ͒ͪ͊ͭͫΎ 

͔͙͍͚͒͊͒͊ͨͭͤͦ͘ ͎͙͔ͨͪͭͪͦͺ͙͙Σ ͫͭͪͯͭͯͪͤͦͣͯ͟ ͙͔͔͙ͣͤͤ͘ΌΣ ͔ͦͭͦͪͦ͟ ͍ ͔ͦͤ͟;ͤͦͣ ͙͎͔ͭͦ ͍͙ͫͭ͊ͭ ͨͦ͒ ͎ͯͪͦͯ͘ 

͔͔ ͺͯͤ͟ͼ͙ΌΣ ͯͫͦͪ͟ΎΎ ͍͙͙͔ͪ͊ͭ͘ ͔͙͋ͦͤ͘͡Φ 

¶ ˨·ͻ͔͊ͭ͡Έͤ͊Ύ ͙ ˽ͦ;͔;ͤ͊Ύ ˴͔ͦͣͨͤͫ͊ͼ͙ΎΥ ˽͙ͪ ͤ͊ͪͯ΄͔͙ͤΎͻ ͙ͫͦͭͤͦ͟͡-΅͔ͦ͡;͎ͤͦͦ ͋͊͊ͤͫ͊͡ ό͙ͭ͊͟ͻ 
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͊͟͟ ͔͙ͣͭ͊͋ͦ͡;͔͙͚ͫ͟ ͊ͼ͙͒ͦ͘ύ ͒·ͻ͔͊ͭ͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊ ͋·ͫͭͪͦ ͔͙͔ͦͣͨͤͫͪͯͭ͟ Ήͭͦ ͔ͨͯͭͣ ͍͔͙ͯ͡;͔͙ͤΎ ;͊ͫͭͦͭ· 

͒·ͻ͙͊ͤΎ ό͎͙͔͍͔͙ͨͪͤͭ͡Ύͼ͙ΎύΣ ;ͭͦ͋· ͋·ͫͭͪͦ ͍·͒ͯͭΈ /hн ό͙ͫͦͭ͊͟͡ύ ˽ͦ;͙͟ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͔͔͋ͦ͡ 

͔͔ͣ͒ͤͤͯ͡ΌΣ ͔͔͋ͦ͡ ͚ͯͫͭͦ;͙͍ͯΌ ͔ͦͣͨͤͫ͊͟ͼ͙ΌΣ ͍͔͙ͯ͡;͙͍͊Ύ Ή͔ͫͪ͟͟ͼ͙Ό ͙͍ͦͤͦ I ͙ ͔͙ͪ͊͋ͫͦͪ͋ͪͯΎ I/о 

ό͙͋͊ͪ͋ͦͤ͊ͭ͟Σ ͍͙͔ͦͫͤͦ͊ͤύΦ ˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ͦ͋ΆΎͫͤΎ͔ͭΣ ͨͦ;͔ͣͯ ͨͦͨ·ͭ͊͟ ͎͙ͦͪ͊ͤͣ͊͘ ͙͍͙ͫͨͪ͊ͭΈ ͦ͒ͤͯ 

͔ͨͪͦ͋ͣͯ͡ ό͊ͼ͙͒ͦ͘ύ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͍͙͔͒ ͙ͫͣͨͭͦͣ͊ όͯ;͊΅͔͔ͤͤͦ ͒·ͻ͙͔͊ͤύΦ 

рΦ ˭͊͟͡Ό;͔͙͔ͤ 

˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡Ύ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ ͍ͦͫͤͦͯ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ ͔͍͙͊͋ͦ͊ͤ͘͡Φ 

́΅͔͊ͭ͡Έͤͦ ͔͙͙͒ͭ͊ͪͯ͘͡Ύ ͔ͣͻ͙͊ͤͣ͘·Σ ͫ ͨͦͣͦ΅ΈΌ ͦͭͦͪ͟·ͻ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͙͔ͫͫͭͣ· ͍·ͻͦ͒Ύͭ ͙͘ ͫͭͪͦΎ τ 

ͦͭ ͔͍ͨͪͦͤ͊;͊͡Έ͎ͤͦͦ ͔ͭͦ͟͡;͎ͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͒ͦ ͔ͨͦͫ͒ͯ͡Ό΅͙ͻ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͙ ͙͔ͫͫͭͣͤ·ͻ ͔ͪ͊͟ͼ͙͚ 

τ ͦͤ͊ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ ͎͙ͦ͡;͔ͫͯ͟Ό ͋͊ͯ͘ ͒͡Ύ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͎͙ͫͭͪ͊ͭ;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ 

͒͡Ύ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Φ ˨͊͡Έ͔͚ͤ΄͙͔ ͙͔͙͒ͦͫͭ͗ͤΎ ͍ Ή͚ͭͦ ͙ͦ͋͊ͫͭ͡ ͙͔ͣΌͭ ͔ͪ΄͊Ό΅͔͔ 

ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ ͦͭͪ͟·͙͚ͭ ͍ ͤ͊͘;͙ͣ·͔ ͯͯ͡;΄͔͙ͤΎ ͍͒ͦͪͦ͘ΈΎ ;͔͍͔ͦ͊͟͡ ͙ 

͍͔͙ͯͨͪ͊ͤ͡Ύ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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       ˢ͔͍ͤͤ͊͊ ˻͎͎͔͙ͯ͒͡͡Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

ˢ̂́˻ˮ˸˸̂˹˹ˢ̒ ́˾ˮˢ˨ˢΥ ˽ˢ́˻˥˩˹˩́ˮ̉˩˿˴ˮ˩ ˤ˭ˢˮ˸˻˿ˤ̒˭ˮ ˮ ˴˶ˮ˹ˮ̉˩˿˴˻˩ ˭˹ˢ̉˩˹ˮ˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͺ͔͔ͤͦͣͤ ζ͙͚͊ͯͭͦͣͣͯͤͤͦ ͙ͭͪ͊͒·η ς ;͚͊ͫͭͦ ͍͔͚ͫͦͣͫͭͤͦ ͍͔ͫͭͪ;͔͙͊ͣͦͫͭ 

͔ͭͪͻ ͙͊ͯͭͦͣͣͯͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Υ ͙͎͊ͯͭͦͣͣͯͤͤͦͦ ͙͔͙͙ͭͪͦ͒ͭ͊ ό͙͔͙͙ͭͪͦ͒ͭ͊ ̆͊΄͙ͣͦͭͦύΣ ͼ͔͙͙͙͊͟͡ ͙ 

͙͎͊ͯͭͦͣͣͯͤͤͦͦ ͎͙͊ͫͭͪͭ͊ ό͔͙ͨͪͤͼ͙͚ͦͤͦ͘ ͔͙͙͊ͤͣύΦ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͪͦ͡Έ ͦ͋΅͙ͻ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟Σ 

͍ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒Έ ͎͙͍͊ͨͦͭͨͦ͡ I[!π5vн ͙ I[!π5vуΣ ͙ ͫͻ͙ͦ͗ͻ ͙͎͙ͣͣͯͤͦͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Σ 

͙͍ͨͪͦ͒Ύ΅͙ͻ ͟ ͔͔ͨͦͭͪ ͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡ ͟ ͔͔ͭ͊ͤͫͨ͟ͼ͙ͺ͙;͔͙ͫͣ͟ ͙͎͔͊ͤͭͤ͊ͣΦ ˢ͙͙͔ͤ͊ͪͯͭͫ͘͡Ύ ͙͙ͤ͟͡;͔ͫ͊͟Ύ 

ͤ͊͘;͙ͣͦͫͭΈ ͙ͫͤ͒ͪͦͣ͊ ͙͎ͨͦ͊ͤ͒ͯ͡͡͡Ύ͚ͪͤͦ ͙͚͊ͯͭͦͣͣͯͤͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ нπ͎ ͦ ͙ оπ͎ ͦ ͙͍ͭͨͦΣ ͍ ͫͭͪͯͭͯͪͯ͟ 

ͦͭͦͪ͟·ͻ ͍ͻͦ͒Ύͭ ͒͊ͤͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͍ͦͨͪͦͫ͊ͣ ͙͙͎ͫͪͤͤ͊͟Υ ͙ͨͪ ͍·Ύ͍͔͙͙ͤ͡ 

͎ͦ͒ͤͦͦ ͔ͦͣͨͦͤͤͭ͊͟ ͙ͭͪ͊͒· ͔͔͍ͪͦͣͤ͒ͦ͊ͤͦ͟ ͼ͔͔͍͔͔ͤ͊ͨͪ͊ͤͤͦ͡͡ ͔͍͙͔ͦ͋ͫ͒ͦ͊ͤ͡ ͤ͊ ͙ͤ͊͡;͙͔ ͎͙͒ͪͯͻΦ 

˾͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͔ͫͪΈ͔ͤ͘·͔ ͔͙ͦͫͦ͗ͤͤ͡ΎΣ ͙͔ͭ͊͟ ͊͟͟ ͎͙͙͔ͨͦͭͪͦ͘Σ ͔͒ͺ͙ͼ͙ͭ 

͍͙͙ͭ͊ͣͤ͊ .мнΣ ͔͔͔͗ͦ͒͘͡ͺ͙ͼ͙ͭͤ͊Ύ ͔͙͊ͤͣΎΣ ͔ͦͫͭͦͨͦͪͦ͘ ͙ ͍ͨͦ·΄͔ͤͤ·͚ ͙ͪͫ͟ ͙ͣ͡ͺͦͣ· ͙͟΄͔;͙ͤ͊͟Φ ˤ 

ͫͭ͊ͭΈ͔ ͔͔͒͊ͭͫ͡Ύ ͍·͍ͦ͒ ͦ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊ ͟ ͍͔͔͙͒ͤΌ ͨ͊ͼ͙͔͍ͤͭͦ ͫ 
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͙͚͊ͯͭͦͣͣͯͤͤͦ ͎͙͔͚ͨ͊ͭͦͦ͡ ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͎͒ͦͦͫͪͦ͡;͎ͤͦͦ ͎ͨͪͦͤͦ͊͘ ͙ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͙͊ͯͭͦͣͣͯͤͤ͊Ύ ͙ͭͪ͊͒͊Σ ͙͔͙͙ͭͪͦ͒ͭ ̆͊΄͙ͣͦͭͦΣ ͼ͔͙͙͊͟͡ΎΣ ͙͊ͯͭͦͣͣͯͤͤ·͚ ͎͙͊ͫͭͪͭΣ ͔͙ͨͪͤͼ͙ͦͤ͊͘Ύ 

͔͙͊ͤͣΎΣ ͙ͫͤ͒ͪͦͣ ͙͎ͨͦ͊ͤ͒ͯ͡͡͡Ύ͚ͪͤͦ ͙͚͊ͯͭͦͣͣͯͤͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ό{t!L5ύΣ I[!π͎ ͙͊ͨͦͭͨ͡·Σ 

͔͔͔ͨͪͪͫͭͤ͟·͚ ͙͙͔ͣͣͯͤͭͭΣ ͙͙͎ͫͪͤͤ͟Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙ͨͪ͊ͭ͊͟͟ ͍͔ͫ ;͊΅͔ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͺ͔͔ͤͦͣͤͦͣΣ ͎ͦ͒͊͟ ͯ ͎ͦ͒ͤͦͦ 

ͨ͊ͼ͙͔ͤͭ͊ ͙͎͙͔͒͊ͤͦͫͭͪͯͭͫΎ ͔ͤͫͦ͟͡Έͦ͟ ͙͊ͯͭͦͣͣͯͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˻͚͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ 

͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͙ ͙͙ͤ͟͡;͔͙ͫ͟ ͤ͊͘;͙ͣ·ͻ ͊ͫͫͦͼ͙͊ͼ͙͚ Ύ͍͡Ύ͔ͭͫΎ ͭ͊͟ ͤ͊͘·͍͔͊ͣ͊Ύ ζ͙͊ͯͭͦͣͣͯͤͤ͊Ύ 

͙ͭͪ͊͒͊ηΣ ͍͟͡Ό;͊Ό΅͊Ύ ͔͙͔ͨͦͪ͊͗ͤ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·Σ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͔͗ͯ͒͊͟͡ ͙ ͎ͭͦͤͦͦ͟ 

͙͟΄͔;͙ͤ͊͟Φ ˽͙͙͔ͦͤͣ͊ͤ ͦ͋΅͙ͻ ͎͔͔͙ͨ͊ͭͦͤͭ;͔͙ͫ͟ͻ ͍ͦͫͤͦ Ή͚ͭͦ ͙ͭͪ͊͒· ͙͔͔ͣͭ ͟͡Ό;͔͍͔ͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ 

͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͔ͦͣͨͫͤ͟͟͡·ͻ ͔͎͙͚ͫͭͪ͊ͭ 

͔͡;͔͙ͤΎΦ 

˴͔ͦͣͨͦͤͤͭ· ͙ͭͪ͊͒·Υ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

мΦ ˢ͙ͯͭͦͣͣͯͤͤ·͚ ͙͔͙͙ͭͪͦ͒ͭ ό͙͔͙͙́ͪͦ͒ͭ ̆͊΄͙ͣͦͭͦύΦ ̆ ͙ͪͦͤ;͔͔ͫͦ͟ ͎͔ͦͪ͊ͤͦͫͨͼ͙ͺ͙;͔͔ͫͦ͟ 

͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͙ͨͪ ͦͭͦͪͦͣ͟ ͔͙͍͊ͯͭͦͪ͊ͭͤ͟·͔ ¢π͡ ͙ͣͺͦͼ͙ͭ· ͙ ͙͔͊ͤͭͭ͊͡ ό͟ ͙͔͔͙͔ͭͪͦͨͪͦͫ͒͊͘͟ ς s π́́ ˽˻ ͙ 

͙͔͎͙ͭͪͦͦ͋ͯͤͯ͡͡ ς s π́́ ˥ύ ͍·͘·͍͊Όͭ ͔͒ͫͭͪͯ͟ͼ͙Ό ͺ͙͍ͦͯͦ͟͡͡͡ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·Φ ˮͫͻͦ͒ͦͣ Ύ͍͡Ύ͔ͭͫΎ 

͎͔͙ͨͪͦͪͫͫͪͯΌ΅͙͚ ͎͙͙͔ͨͦͭͪͦ͘Φ 

нΦ ͔͙͙̇͊͟͡Ύ ό͎͡Ό͔͍ͭͤͦ͊Ύ Ή͔͙ͤͭͪͦͨ͊ͭΎύΦ s ͙͔ͯͭͦͣͣͯͤͤͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͔͔͊ͨͯͫ͊ͣͦ͘͟ 

͔͔͙͔ͯͨͦͭͪ͋ͤͣ͡ ͎͡Ό͔ͭͤ͊ ͯ ͎͔͔͙ͤͭ;͔͙ͫ͟ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͙͡ͼΦ ͔͙͔̆͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͊ͭͪͦͺ͙͔͚ ͍͙ͦͪͫͤͦ͟ 

͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͚ͭͦͤͦ͟ ͙͟΄͙͟Σ ͍·͍͚͊ͤͤͦ͘ ͙͚ͣͣͯͤͤͦ ͔ͪ͊͟ͼ͙͔͚ ͙͍ͨͪͦͭ ͔͍͚ͭ͊ͤͦ͟ ͎͙ͭͪ͊ͤͫͯͭ͊ͣͤ͊͘͡· 

όǘ¢DύΦ ˽ͪͦΎ͍͡Ύ͔ͭͫΎ ͙ͫͤ͒ͪͦͣͦͣ ͣ͊͡Έ͊͋ͫͦͪ͋ͼ͙͙ ͙ ΄͙͙ͪͦͣ͟ ͔ͫͨͭͪͦͣ͟ ͍͔͙ͤ͟΄͔;ͤ·ͻ ͙͍ͫͣͨͭͦͣͦΦ 

оΦ ˢ͙ͯͭͦͣͣͯͤͤ·͚ ͎͙͊ͫͭͪͭ ό͔͙ͨͪͤͼ͙ͦͤ͊͘Ύ ͔͙͊ͤͣΎύΦ ̆ ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙͙͚ͫͫͭͦ͘͡ 

ͦ͋ͦͦ͡;͙͟ ͔͗ͯ͒͊͟͡Σ ͔͍͔ͦͨͦͫͪ͒ͦ͊ͤͤͦ ͙͔͙͊ͯͭͦ͊ͤͭͭ͊ͣ͡ ͟ ͙͔ͨ͊ͪͭ͊͡Έͤ·ͣ ͔ͭ͊ͣ͟͟͡ ͙ ͍͔͔ͤͯͭͪͤͤͣͯ ͺ͊ͭͦͪͯ͟ 

˴͊ͫ͊͡Φ ˽͙͍͙ͪͦ͒ͭ ͟ ͊ͭͪͦͺ͙͙ ͺͯͤ͒͊͡Έ͎ͤͦͦ ͔ͦͭ͒͊͡ ͔͗ͯ͒͊͟͡Σ ͤ͊ͪͯ΄͔͙ͤΌ ͔͔ͫͪ͟ͼ͙͙ ͫͦ͡Ύ͚ͤͦ ͙ͫͦͭ͟͡· 

ό͊ͻ͎͙͙ͦͪ͒ͪ͡Ύύ ͙ ͍͔͔͎ͤͯͭͪͤͤͦ ͺ͊ͭͦͪ͊͟Σ ;ͭͦ ͍͔͡;͔ͭ ͊͘ ͚ͫͦ͋ͦ ͔͒ͺ͙ͼ͙ͭ ͍͙͙ͭ͊ͣͤ͊ .мн ͙ ͔͎ͣ͊ͦ͋͊ͫͭͤͯ͡͡Ό 

͔͙͊ͤͣΌΦ 

˽͎͔͔͙͊ͭͦͤͭ;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͊ͫͫͦͼ͙͊ͼ͙͙Υ ͦ͋΅ͤͦͫͭΈ ͔ͣͻ͙͍͊ͤͣͦ͘ 

˻͋Ά͔͙͔͙͔͒ͤͤ Ή͙ͭͻ ͔ͭͪͻ ͎͙͚ͤͦͦͦ͘͡ ͍ ͔͙͒ͤ·͚ ͙͙ͤͦ͟͟͡πͨ ͎͔͔͙͊ͭͦͤͭ;͔͙͚ͫ͟ ͔ͦͣͨͫ͟͟͡ ͦ͋ΆΎͫͤΎ͔ͭͫΎ 

͔ͤͫͦ͟͡Έ͙͙ͣ͟ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟Υ 

¶ ˥͔͔͙ͤͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ΈΦ ˹ ͙͔͔͊͋ͦ͡ ͤ͊͘;͙ͣ·͚ ͦ͋΅͙͚ ͺ͊ͭͦͪ͟ ς ͎ ͙͊ͨͦͭͨ͡· I[! 

͊ͫͫ͊͟͡ LLΥ I[!π5vн ό5v!мϝлрΣ 5v.мϝлнύ  ͙I[!π5vу ό5v!мϝлоΣ 5v.мϝлолнύΦ ͙̏ͭ ͔͙͊͡͡͡ ͙ͦ͒ͪͯ͟Όͭ 

͔ͣͦͯ͟͡͡·Σ ͦͭͦͪ͟·͔ ͫ ͍·͚ͫͦͦ͟ ͊ͺͺ͙ͤͤͦͫͭΈΌ ͔͔͙ͨͪͤͭͪͯ͘Όͭ ͔͙ͨͨͭ͒ͤ·͔ ͙͎͔͊ͤͭͤ· ό͎͡Ό͔ͭͤ ͙ͨͪ ͼ͔͙͙͙͊͟͡Σ 

͙͎͔͊ͯͭͦ͊ͤͭͤ· ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡· ͙ ͔͗ͯ͒͊͟͡ύ ¢πͻ͔͔ͨͪ͊ͣ͡Σ ͊ͨͯͫ͊͘͟Ύ ͙ͣͣͯͤͤ·͚ ͍͔ͦͭͭΦ ˹͙͔ͦͫͭ͡Έ͍ͫͭͦ 

Ή͙ͭͻ ͎͙͍͊ͨͦͭͨͦ͡ ͎ͣͤͦͦͪ͊ͭͤͦ͟ ͍ͨͦ·΄͔͊ͭ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͍͔ͫͻ ͔ͭͪͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

¶ ͔͔̅ͤͦͣͤ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͙͙͙ͣͣͪ͟Φ ˿ ͔ͭͪͯͭͯͪͤͦ͟ ͫͻ͍ͦ͒ͫͭͦ ͔ͣ͗͒ͯ Ή͎͔ͦͤͤ͘͟·͙ͣ ͙͎͔͙͊ͤͭͤ͊ͣ 

ό͙͔ͤ͊ͨͪͣͪΣ ͔͙͙ͨͨͭ͒͊ͣ ͎͡Ό͔ͭͤ͊ ͙͙͡Σ ͨͦ ͔ͤͦͭͦͪ͟·ͣ ͒͊ͤͤ·ͣΣ ͔͙͋͊ͣ͟͡ ͙ͣͪͦ͋ͤ͟·ͻ ͎͔͍ͨ͊ͭͦͤͦύ ͙ 

͙͎͔͙͊ͯͭͦ͊ͤͭͤ͊ͣ ͎͙ͦͪ͊ͤͣ͊͘ ό͎͙͚ͭͪ͊ͤͫͯͭ͊ͣͤ͊ͦ͘͡Σ ͔ͪͼ͔͙ͨͭͦͪ͊ͣ ͙͔ͭͪͦͼ͙͍ͭͦ ͙ ͙͔ͨ͊ͪͭ͊͡Έͤ·ͻ ͔ͭͦ͟͟͡ύ 

͔ͣͦ͗ͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ ͔͔͔͚ͨͪͪͫͭͤͦ͟ ͙͍͊ͭ͊͟ͼ͙͙ ͔͙͍͊ͯͭͦͪ͊ͭͤ͟·ͻ ͙ͣ͡ͺͦͼ͙͍ͭͦΦ 

¶ ˹͊ͪͯ΄͔͙͔ͤ ͙͚ͣͣͯͤͤͦ ͔͎ͪͯ͡Ύͼ͙͙Φ ʕ  ͍͔ͦͫͤͦ ͍͔ͫͻ ͔ͭͪͻ ͔͔͚͋ͦͤ͘͡ ͔͙͗ͭ͡ ͔͒ͺ͔ͭ͟ ͺͯͤ͟ͼ͙͙ 

͔͎ͪͯ͡Ύͭͦͪͤ·ͻ ¢π͡ ͙ͣͺͦͼ͙͍ͭͦ ό¢ǊŜƎύΣ ;ͭͦ ͍͔͔͒ͭ ͟ ͔͔ͨͦͭͪ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͙ ͔͙ͨͪͺ͔͙ͪ;͔͚ͫͦ͟ ͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡ 

͙ ͔͍͙ͤͦͣͦ͗ͤͦͫͭ͘ ͍͙ͨͦ͒͊ͭΈ ͎͔͙͍͊ͯͭͦ͊ͪͫͫͤ·͚ ͦͤ͟͡ ͙ͣ͡ͺͦͼ͙͍ͭͦΦ 

¶ ˾ͦ͡Έ ͎͙ͭͪ͊ͤͫͯͭ͊ͣͤ͊͘͡·Φ ̅ ͔͔ͪͣͤͭ ͔͍ͭ͊ͤ͊͟Ύ ͎͙ͭͪ͊ͤͫͯͭ͊ͣͤ͊͊͘͡ όǘ¢Dύ Ύ͍͡Ύ͔ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͎͍͊ͤ͡·ͣ 

͙͎͔͊ͯͭͦ͊ͤͭͤͦͣ ͙ͨͪ ͼ͔͙͙͙͊͟͡Σ ͤͦ ͙ ͙͎͔ͪ͊ͭ ͪͦ͡Έ ͍ ͔͔ͨͪͤͭ͊͘ͼ͙͙ ͎͡Ό͔ͭͤ͊ ͙͚ͣͣͯͤͤͦ ͙͔͔ͫͫͭͣΦ ˿ͯ΅͔͍ͫͭͯΌͭ 
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͒͊ͤͤ·͔ ͦ ͔͔͔͚ͨͪͪͫͭͤͦ͟ ͔͙͍͙ͪ͊ͭͤͦͫͭ͟ ͙͔͊ͤͭͭ͡ ͟ ǘ¢D ͫ ͎͙͙͒ͪͯͣ ͙ͦ͘ͺ͙ͦͪͣ͊ͣ ͺ͔͔ͪͣͤͭ͊Σ 

͙͍ͨͪͫͯͭͫͭͯΌ΅͙͙ͣ ͍ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͔͗͘͡ ͙ ͎͙͒ͪͯͻ ͭ͊ͤ͟ΎͻΣ ;ͭͦ ͔ͣͦ͗ͭ ͙ͫͯ͗ͭ͡Έ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͣ 

͍ͫΎͯ͘Ό΅͙ͣ ͍͔ͤͦͣ͘Φ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙ ͙ͨͪͤͼ͙ͨ· ͙͙͎ͫͪͤͤ͊͟ 

ˢ͙ͯͭͦͣͣͯͤͤ͊Ύ ͙ͭͪ͊͒͊ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͫͫ͟͡;͔͙ͫͣ͟ ͨͪͦΎ͍͔͙͔ͤͣ͡ ˿ ͙ͤ͒ͪͦͣ͊ ͙͎ͨͦ͊ͤ͒ͯ͡͡͡Ύ͚ͪͤͦ 

͙͚͊ͯͭͦͣͣͯͤͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ό{t!L5ύ оπ͎ ͦ ͙ͭͨ͊ ό͙ͭͨ оˤΣ ͎ͦ͒͊͟ ͫͦ;͔ͭ͊ΌͭͫΎ ˢˮ́ ͙ ͼ͔͙͙͊͟͡ΎΣ ͙͙͡ о˿ ς 

ˢˮ́ ͙ ͙͊ͯͭͦͣͣͯͤͤ·͚ ͎͙͊ͫͭͪͭύΦ ˽͙͙͔ͦͤͣ͊ͤ Ή͚ͭͦ ͊ͫͫͦͼ͙͊ͼ͙͙ ͙͔͒ͭͯͭ͟ ͦ͋Ύ͔͊ͭ͘͡Έͤ·͚ ͫ ͙͙͎͍ͪͤͤͦ͟·͚ 

ͨͦ͒ͻͦ͒Υ 

мΦ ̂ ͍͔ͫͻ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͍͔͍ͨͪ·͔ ͙͎͙͍͚͒͊ͤͦͫͭͪͦ͊ͤͤͦ ͼ͔͙͙͔͚͊͟͡ ͤ ͔ͦ͋ͻ͙ͦ͒ͣͦ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ 

͍͔ͯͪͦͤΈ ́́˥Σ ˢ́π́˽˻ ͙ ͫ·͍ͦͪͦͭͦ;͎ͤͦͦ ͍͙͙ͭ͊ͣͤ͊ .мнΣ ͎͙͊ͫͭͪͤπмт ͙ ͙͔͊ͤͭͭ͊͡ ͟ ͙͔ͨ͊ͪͭ͊͡Έͤ·ͣ ͔ͭ͊ͣ͟͟͡Φ 

нΦ ̂ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͊ ͙ͯͭͦͣͣͯͤͤ·ͣ ͙͔͙͙ͭͪͦ͒ͭͦͣΣ ͔ͦͫͦ͋ͤͤͦ ͫ ͔ͪͺ͔ͪ͊ͭͪͤ͟·ͣ ͟ ͔͡;͔͙ͤΌ 

͔͍͙͙ͦͭͪͦͫͤͦͣ͟͡ ͎͙͙͔ͨͦͭͪͦͦͣ͘Σ ͚ͯͨͦͪͤͦ ͔͔͔͗ͦ͒͘͡ͺ͙ͼ͙͚ͭͤͦ ͔͙͔͚͊ͤͣ ͙͙͡ ͔͔ͤͫͨͼ͙ͺ͙;͔͙͙ͫͣ͟ 

͔͗ͯ͒ͦ͡;ͤͦπ͟ ͙΄͔;ͤ·͙ͣ ͙͙ͫͣͨͭͦͣ͊ͣΣ ͔͔ͫ͒ͯͭ͡ ͙ͫ͟͡Ό;͊ͭΈ ͼ͔͙͙͊͟͡Ό ό͔͎͙ͫͪͦͦ͡ΎΥ ͙͔͊ͤͭͭ͊͡ ͟ ǘ¢D LƎ!Σ 

ͦ͋΅͙͚ LƎ!ύ ͙ ͙͊ͯͭͦͣͣͯͤͤ·͚ ͎͙͊ͫͭͪͭΦ 

оΦ ̂ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͊ ͙ͯͭͦͣͣͯͤͤ·ͣ ͎͙͊ͫͭͪͭͦͣ ͤ ͔ͦ͋ͻ͙ͦ͒ͣͦ ͔͎ͪͯ͡Ύͪͤͦ ͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͺͯͤ͟ͼ͙Ό 

΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡· ͙ ͔ͪ͊ͫͫͣͦͭͪͭΈ ͍ͦͨͪͦͫ ͦ ͙͙͎͔ͫͪͤͤ͟ ͤ͊ ͼ͔͙͙͊͟͡ΌΦ 

˾͔͔͊ͤͤ ͍·Ύ͍͔͙͔ͤ͡ ͔͍ͦͣͨͦͤͤͭͦ͟ ͙ͭͪ͊͒· ͍ͨͦͦ͘͡Ύ͔ͭΥ 

¶ ˿͍͔͍͔͔ͦͪͣͤͤͦ ͤ͊;͊ͭΈ ͔͎͋͘͡Ό͔͍ͭͤͦͯΌ ͙͔͒ͭͯ ͙ͨͪ ͼ͔͙͙͙͊͟͡Φ 

¶ ˴͔͙͍ͦͪͪͭͪͦ͊ͭ͟Έ ͒ͦͯ͘ ͔͍͙͙ͦͭͪͦͫͤ͊͟͡ ͫ ͯ;͔ͭͦͣ ͙ͫͤ͒ͪͦͣ͊ ͣ͊͡Έ͊͋ͫͦͪ͋ͼ͙͙Φ 

¶ ˹͊ͤ͊͘;͙ͭΈ ͔͙͔͊ͣͫͭͭ͘͡ΈͤͯΌ ͔͙ͭͪ͊ͨΌ ͍͙͙ͭ͊ͣͤͦͣ .мн ͒ͦ  ͍͙͙ͪ͊ͭ͘Ύ ͔͍͎͙ͤͪͦͦ͡;͔͙ͫ͟ͻ 

͔͙͚ͦͫͦ͗ͤͤ͡Φ 

¶ ˴͙͍ͦͤͭͪͦͪͦ͊ͭ͡Έ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͚ͤͪͦΉ͙ͤ͒ͦͪͤͤ͟·ͻ ͦͨͯͻ͔͚ͦ͡ ό͊ͪ͟ͼ͙͙͍ͤͦ͒ͦύ ͔͗ͯ͒͊͟͡ ͙ 

͙ͣ͡ͺͦͣ·Σ ͊ͫͫͦͼ͙͙͍͚ͪͦ͊ͤͤͦ ͫͦ ͙͙ͫͫͭ͘͡·͙ͣ ͦ͋ͦͦ͡;͙͊ͣ͟ όa![¢π͡ ͙ͣͺͦͣ͊ύΦ 

˭͊͟͡Ό;͔͙͔ͤ 

ˢ͙ͯͭͦͣͣͯͤͤ͊Ύ ͙ͭͪ͊͒͊ ό͙͔͙͙ͭͪͦ͒ͭ ̆͊΄͙ͣͦͭͦΣ ͼ͔͙͙͊͟͡ΎΣ ͙͊ͯͭͦͣͣͯͤͤ·͚ ͎͙͊ͫͭͪͭύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ 

͚ͫͦ͋ͦ Ύ͙͚ͪ͟ ͙͔ͨͪͣͪ ͙͙͙ͨͦ͊ͯͭͦͣͣͯͤͤͦͫͭ͡Σ ͍͚ͦͫͤͦ͊ͤͤͦ ͤ͊ ͦ͋΅͙ͤͦͫͭ ͎͔͔͙ͤͭ;͔͎ͫͦͦ͟ ͺͦͤ͊ ͙ 

͙͎͔͔ͣͣͯͤͦͨ͊ͭͦͤ͊͘Φ ˨͡Ύ ͙͙ͤ͟͡ͼ͙͍ͫͭͦ ͙͔ͦͫͦͤ͊ͤ͘ Ή͚ͭͦ ͔͚ͭͫͤͦ ͍ͫΎ͙͘ Ύ͍͡Ύ͔ͭͫΎ ͎͊ͦͦͣ͘͡ ͙͍͚͊ͭͤͦ͟ 

͙͎͙͒͊ͤͦͫͭ;͔͚ͫͦ͟ ͙ͨͦ͘ͼ͙͙Φ ˿͙͔ͫͭͣͤ·͚ ͙͙͎ͫͪͤͤ͟ ͤ͊ ͍ͫͦͨͯͭͫͭͯΌ΅͙͔ ͙͊ͯͭͦͣͣͯͤͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ͨͪ 

͍·Ύ͍͔͙͙ͤ͡ ͎ͦ͒ͤͦͦ ͙͘ ͔͍ͦͣͨͦͤͤͭͦ͟ ͙ͭͪ͊͒· ͔͒ͦ͗ͤ͡ ͫͭ͊ͭΈ ͫͭ͊ͤ͒͊ͪͭͦͣ ͙ͦ͊͊ͤ͘͟Ύ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙Φ 

̏ͭͦ ͔͔ͭͪ͋ͯͭ ͔͎ͭͫͤͦͦ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ Ή͙͎͍ͤ͒ͦͪͤͦͦͦ͟͡Σ ͎͊ͫͭͪͦΉ͔͎͍ͤͭͪͦͦͦ͡Σ ͙͎͍ͣͣͯͤͦͦͦ͡ ͙ ͍ͪ͊;͔͚ 

ͦ͋΅͔͚ ͙͙ͨͪ͊ͭ͟͟ ͙ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙͔ͤ ͔ͫͪΈ͔ͤ͘·ͻ ͔͒ͺ͙ͼ͙ͭͤ·ͻ ͫͦͫͭͦΎ͙͚ͤ ͙ ͯͯ͡;΄͔͙͔ͤ 

͎͒ͦͦͫͪͦ͡;͎ͤͦͦ ͎ͨͪͦͤͦ͊͘ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴͔͍ͦͤͤͦ͟ ˤΦˮΦΣ ˹͍͙ͦͼ͙͚͟ ˤΦˤΦΣ ˿͙͍ͣͪͤͦ͊ ˻ΦˤΦ ˢ͙ͯͭͦͣͣͯͤͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ 

˹͍͙͙ͦͦͫ͋ͪͫ͟Υ ˹͊ͯ͊͟Σ нлмуΦ ς прс ͫΦ 

нΦ ˨͔͍͒ͦ ˮΦˮΦΣ ˸͔͡Έ͙ͤ;͔ͤͦ͟ ˥ΦˢΦΣ ͔͔͍̅͊͒ ˤΦˤΦ ͙͎͙̏ͤ͒ͦͪͤͦͦ͟͡ΎΦ ˹͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟Φ ˸ΦΥ 

˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнлΦ ς мммн ͫΦ 

оΦ ˮ͍͊΄͙ͤ͟ ˤΦ́ΦΣ ͔͙̊ͨͭͯͤ͡ ˢΦˢΦΣ ˸͔͍͊ ˮΦˤΦ ͙ ͒ͪΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ˾͙͚͚ͦͫͫͫͦ͟ 

͎͊ͫͭͪͦΉ͔͎͙ͤͭͪͦͦ͡;͔͚ͫͦ͟ ͊ͫͫͦͼ͙͊ͼ͙͙ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ ͼ͔͙͙͙͊͟͡ ͯ ͍ͪͦͫ͘͡·ͻΦ ˾͙͚͙͚ͦͫͫͫ͟ 

͗ͯͪͤ͊͡ ͎͊ͫͭͪͦΉ͔͎͙͙ͤͭͪͦͦ͡Σ ͎͔͎͙͙ͨ͊ͭͦͦ͡Σ ͎͙͙ͦͦͨͪͦͭͦͦ͟͟͡͡Φ нлнмΤомόнύΥ туπфуΦ 

пΦ YŀƘŀƭȅ DΦWΦΣ CǊƻƳƳŜǊ [Φ tƻƭȅƎƭŀƴŘǳƭŀǊ ŀǳǘƻƛƳƳǳƴŜ ǎȅƴŘǊƻƳŜǎΦ W 9ƴŘƻŎǊƛƴƻƭ LƴǾŜǎǘΦ нлмуΤпмόмύΥ фмπфуΦ 

рΦ [ƛƻƴǝǊƛǎ aΦLΦΣ aŀȊƻƪƻǇŀƪƛǎ 9Φ9Φ ! ŎƻƴŎƛǎŜ ǊŜǾƛŜǿ ƻŦ IŀǎƘƛƳƻǘƻ ǘƘȅǊƻƛŘƛǝǎ όI¢ύ ŀƴŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ 

ƛƻŘƛƴŜΣ ǎŜƭŜƴƛǳƳΣ ǾƛǘŀƳƛƴ 5 ŀƴŘ ƎƭǳǘŜƴ ƻƴ ǘƘŜ ŀǳǘƻƛƳƳǳƴƛǘȅ ŀƴŘ ŘƛŜǘŀǊȅ ƳŀƴŀƎŜƳŜƴǘ ƻŦ I¢ ǇŀǝŜƴǘǎΦ tƻƛƴǘǎ 

ǘƘŀǘ ƴŜŜŘ ƳƻǊŜ ƛƴǾŜǎǝƎŀǝƻƴΦ IŜƭƭ W bǳŎƭ aŜŘΦ нлмтΤнлόмύΥ рмπрсΦ 

ϭ s͔͍ͤͤ͊͊ ˻ΦΣ  нлнр 
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       ˢ͔͍ͤͤ͊͊ ˻͎͎͔͙ͯ͒͡͡Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˿ˮ˹˨˾˻˸ ˨ˢ̂˹ˢΥ ̏́ˮ˻˶˻˥ˮ̒Σ ˴˶ˮ˹ˮ̉˩˿˴ˢ̒ ̅˩˹˻́ˮ˽ˮ˭ˢ̇ˮ̒Σ  

˸˩˨ˮ˴˻π˿ ˻̇ˮˢ˶̎˹˻˩ ˿˻˽˾˻ˤ˻ˬ˨˩˹ˮ˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͙ͤ͒ͪͦͣ ˨͊ͯͤ͊ ό˿˨ύ ς ͤ ͙͔͔͊͋ͦ͡ ;͊ͫͭͦ ͙͎͙͔͒͊ͤͦͫͭͪͯͣ͊Ύ ͻͪͦͣͦͫͦͣͤ͊Ύ ͙͊ͤͦͣ͊͡Ύ ͯ ;͔͍͔ͦ͊͟͡Σ 

͍͙ͦͤ͊͘͟Ό΅͊Ύ ͍͔͍͙͔ͫ͒ͫͭ͡ ͙͙͙ͭͪͫͦͣ ͨͦ нмπ͚  ͻ͔ͪͦͣͦͫͦͣΦ ˤ ͚ͦ͋ͦͪͤͦ͘ ͫͭ͊ͭΈ͔ ͔͒ͭ͊͡Έͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ 

ͼ͙͎͔͔͙ͭͦͤͭ;͔͙͔ͫ͟ ͍͙͊ͪ͊ͤͭ· ˿˨Υ ͫͭ͊ͤ͒͊ͪͭͤ͊Ύ ͙͙ͭͪͫͦͣΎ нм όфп҈ύΣ ͭͪ͊ͤͫͦ͊͟͡ͼ͙ͦͤͤ͊Ύ όп҈ύ ͙ ͙ͣͦ͊͘;ͤ͊Ύ 

όн҈ύ ͺͦͪͣ·Σ ͊ ͔ͭ͊͗͟ ͪͦ͡Έ ͔͙͎ͣ͊ͭͪͤͫͦͦ͟ ͍ͦͪ͊ͫͭ͊͘ ͊͟͟ ͟͡Ό;͔͍͎ͦͦ ͺ͊ͭͦͪ͊͟ ͙ͪͫ͊͟Φ ˽ͦ͒ͪͦ͋ͤͦ ͙ͦͨͫ͊ͤ͊ 

ͻ͔͊ͪ͊ͭͪͤ͊͟Ύ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͺ͔͙͙ͤͦͭͨ͊͘ͼ͙ΎΣ ͍͟͡Ό;͊Ύ ͙͒ͣͦͪ͘ͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙͙ͨͪͤ͊͘͟Σ ͍͔ͪͦ͗͒ͤͤ·͔ 

͙ͨͦͪͦ͟ ͔ͫͪ͒ͼ͊ ό͔ͦͫͦ͋ͤͤͦ ͙͍͔͙͊ͭͪͦͤͭͪͯ͟͡Ύͪͤ·͚ ͊ͤ͊͟͡ύΣ ͤ͊ͪͯ΄͔͙ͤΎ ͫͦ ͫͭͦͪͦͤ· ͔͗ͯ͒ͦ͡;ͤͦπ͟ ͙΄͔;͎ͤͦͦ 

ͭͪ͊ͭ͊͟Σ Ή͙͙͙ͤ͒ͦͪͤͦͨ͊ͭ͟ ό͎͙͙͔ͨͦͭͪͦ͘ύΣ ͎͙ͨ͊ͭͦͦ͡Ό ͎͍ͦͪ͊ͤͦ ;͍͍ͯͫͭ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͍͎͙ͤͪͦͦ͡;͔͎ͫͦͦ͟ 

͍͙͙ͪ͊ͭ͘ΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͎͙͙͍ͦͤͭͤͦͣͯ͟ ͨͪͦͺ͙͡ΌΥ ͍͙͔͊ͪ͊͋͡Έ͚ͤͦ ͔͔͙ͫͭͨͤ 

͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͻ ͤ͊ͪͯ΄͔͙͚ͤΣ ͙͔ͦͭͤͦͫͭ͡Έ͚ͤͦ ͫͦͻ͙ͪ͊ͤͤͦͫͭ ͫͦͼ͙͊͡Έͤͦπ͟ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟·ͻ ͍ͤ͊·͍ͦ͟ ͙ 

͔ͫͨͼ͙ͺ͙;͔͙ͫͣ͟ ͨͪͦͺ͙͡Ύͣ ͦ͋ͯ;͔͙ͤΎΦ ˤ ͫͭ͊ͭΈ͔ ͨͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͍͊͗ͤͦͫͭΈ ͔ͨͪͤ͊ͭ͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ 

ό͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͟·͚ ͙͙͎ͫͪͤͤ͟Σ ͔͙͍͙͍͔ͤͤ͊ͤͦ͘ ͔ͨͪͤ͊ͭ͊͡Έ͔ͤͦ ͔͙͍͙͔ͭͫͭͪͦ͊ͤΣ ͙͍͙͍ͤ͊ͤ͘·͔ ͔ͣͭͦ͒·ύ ͙ 

ͨͦͫͭͤ͊ͭ͊͡Έ͎ͤͦͦ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͙͙͊ͪͦͭͨͦͣ͟Φ ˻͍͚ͫͤͦͤͦ ͊͟ͼ͔ͤͭ ͔ͫ͒͊ͤ͡ ͤ͊ ͙ͨͪͤͼ͙ͨ͊ͻ 

ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͍͔͙ͫͦͨͪͦͦ͗͒ͤΎΣ ͔͎ͪ͊ͤͤͦ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Σ ͙ͤ͟͡Ό͙͍͎ͤͦͦ͘ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ 

ͫͦͼ͙͊͡Έ͚ͤͦ ͙͔͎ͤͭͪ͊ͼ͙͙Σ ͦͭͦͪ͟·͔ Ύ͍͡ΎΌͭͫΎ ͍͚ͦͫͤͦͦ ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘Σ ͍ͨͦ·΄͔͙ͤΎ 

͍͙͙͊ͭͦͤͦͣ ͙ ͔͙ͪ͊͊͘͡ͼ͙͙ ͔ͨͦͭͤͼ͙͊͊͡ ͡Ό͔͚͒ ͫ ͙ͫͤ͒ͪͦͣͦͣ ˨͊ͯͤ͊Φ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ 

͔͔ͭͤ͒ͤͼ͙͙ ͙ ͎ͨͪͦͤͦ͘· ͍ ͙ͦ͋͊ͫͭ͡ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͔͙ͨͦ͒͒ͪ͗͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͙ͫͤ͒ͪͦͣ ˨͊ͯͤ͊Σ ͙͙ͭͪͫͦͣΎ нмΣ ͻͪͦͣͦͫͦͣͤ͊Ύ ͙͊ͤͦͣ͊͡ΎΣ ͙͙͊ͪͦͭͨ͟Σ ͍͔ͪͦ͗͒ͤͤ·͔ ͙ͨͦͪͦ͟ ͍͙͙ͪ͊ͭ͘ΎΣ 

͙͍͔͙͊ͭͪͦͤͭͪͯ͟͡Ύͪͤ·͚ ͊ͤ͊͟͡Σ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͔ ͤ͊ͪͯ΄͔͙ͤΎΣ ͔ͨͪͤ͊ͭ͊͡Έͤ·͚ ͙͙͎ͫͪͤͤ͟Σ ͔͔ͪ͊ͤͤ 

͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭͦΣ ͔͙ͣ͒ͦ͟πͫ ͦͼ͙͊͡Έ͔ͤͦ ͍͔͙͔ͫͦͨͪͦͦ͗͒ͤΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˿͙ͤ͒ͪͦͣ ˨͊ͯͤ͊ ό˿˨Σ ͙͙ͭͪͫͦͣΎ ͨͦ ͻ͔ͪͦͣͦͫͦͣ нмύ ͔ͦͫͭ͊ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͫ͊ͣ·ͻ ͙͍͔ͫͭͤ͘·ͻ ͙ 

͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͙ͨͪ;͙ͤ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͻ ͤ͊ͪͯ΄͔͙͚ͤ ͙ ͔ͦͣͨͫͤ͟͟͡·ͻ ͤ͊ͪͯ΄͔͙͚ͤ 

͍͒ͦͪͦ͘ΈΎ ͯ ;͔͍͔ͦ͊͟͡Φ ˤ͔͍ͨͪ·͔ ͙͔ͫͫͭͣͤͦ ͙ͦͨͫ͊ͤͤ·͚ ͙͙͋ͪͭ͊ͤͫͣ͟ ͍ͪ͊;ͦͣ ˨͗ͦͤͦͣ ˶Ή͎ͤ͒ͦͤͦͣ ˨͊ͯͤͦͣ ͍ 

мусс ͎ͦ͒ͯΣ ͙͙ͫͭͤͤ͊Ύ Ή͙͎͙ͭͦͦ͡Ύ ς ͤ ͙͊͡;͙͔ ͙͔͒ͦͨͦͤͭ͡͡Έ͚ͤͦ нмπ͚  ͻͪͦͣͦͫͦͣ· ς ͋ ·͊͡ ͍͔ͯͫͭ͊ͤͦͤ͊͡ 

ˬ͔ͪͦͣͦͣ ˶͔͔͗ͤͦͣ ͙͡΄Έ ͍ мфрф ͎ͦ͒ͯΦ ˾͔͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ˿˨ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͍ ͔͔ͫͪ͒ͤͣ м ͤ͊ тллπмллл 

͙͍͔͗ͦͪͦ͗͒ͤͤ·ͻΣ ͦ͒ͤ͊ͦ͟ Ήͭͦͭ ͔ͨͦ͊͊ͭ͘͟͡Έ ͤ͊ͨͪΎͣͯΌ ͍͙͙͊ͫͭ͘ ͦͭ ͍ͯͪͦͤΎ ͍͙͙ͪ͊ͭ͘Ύ ͔ͨͪͤ͊ͭ͊͡Έ͚ͤͦ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͍ ͔͎͙͔ͪͦͤΦ ˿˨ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͤ ͨͪͦͫͭͦ ͤ͊͋ͦͪ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͔ͨͪͦ͋ͣ͡Σ ͊ ͙ͯͤ͊͟͡Έ͔ͤͦ 

͎͔͔͙ͤͭ;͔͔ͫͦ͟ ͫͦͫͭͦΎ͙͔ͤΣ ͔ͭͪ͋ͯΌ΅͔͔ ͔͎ͦͣͨͫͤͦͦ͟͟͡Σ ͔͙͙͍͎ͨͪͫͦͤ͊ͪͦ͊ͤͤͦͦ͘͡ ͙ ͙͔͎ͨͦ͗ͤͤͤͦͦ͘ ͨͦ͒ͻͦ͒͊ ͟ 

͍͔͙ͫͦͨͪͦͦ͗͒ͤΌΦ 

͙͎͙̏ͭͦͦ͡Ύ ͙ ͼ͙͎͔͔͙ͭͦͤͭ;͔͙͔ͫ͟ ͍͙͊ͪ͊ͤͭ· 

ˤ ͍͔ͦͫͤͦ ͎͔͔ͨ͊ͭͦͤ͊͘ ͔͙͗ͭ͡ ͙ͤ͊͡;͙͔ ͙͔͒ͦͨͦͤͭ͡͡Έ͎ͤͦͦ ͎͔͔͙ͤͭ;͔͎ͫͦͦ͟ ͔͙ͣ͊ͭͪ͊͊͡ ͨͦ нмπ͚  

ͻ͔ͪͦͣͦͫͦͣΦ ˤ·͔͒͡ΎΌͭ ͙ͭͪ ͍ͦͫͤͦͤ·ͻ ͼ͙͎͔͔͙ͭͦͤͭ;͔͙ͫ͟ͻ ͍͙͊ͪ͊ͤͭ͊Υ 

мΦ ˿ͭ͊ͤ͒͊ͪͭͤ͊Ύ ͙͙ͭͪͫͦͣΎ нм όͦͦͦ͟͡ фп҈ ͫͯ͡;͔͍͊ύΦ ˽ ͙ͪͦͫͻ͙ͦ͒ͭ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔ͤͪ͊ͫͻ͔͙ͦ͗͒ͤΎ 

ͻͪͦͣͦͫͦͣ ͍ͦ ͍͔ͪͣΎ ͔͚ͣͦ͊͘ ό;͊΅͔ ͍͔͎ͫͦ ͍ ͔͙͚ͣ͊ͭͪͤͫͦ͟ Ύ͚ͼ͔͔͔ͭ͟͟͡Σ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͔͍ͨͪͦͣ ͔͔͙͙͒ͤ͡ύΦ ˤ 
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͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙͎ͦͭ͊͘ ͨͦͯ͡;͔͊ͭ ͙ͭͪ ͨͦͤ͡·͔ нмπ͔  ͻͪͦͣͦͫͦͣ· όптΣ··ΣҌнм ͙͙͡ птΣ·¸ΣҌнмύΦ ˾͙ͫ͟ ͤ͊ͨͪΎͣͯΌ 

͔͙͔ͦͪͪͪͯͭ͟͡ ͫ ͍ͦͪ͊ͫͭͦͣ͘ ͔͙ͣ͊ͭͪΥ ͦͭ мΥмрлл ͯ ͔͗ͤ΅͙ͤ нл ͔ͭ͡ ͒ͦ мΥрл ͯ ͔͗ͤ΅͙ͤ пр ͔ͭ͡Φ 

нΦ ́ͪ͊ͤͫͦ͊͟͡ͼ͙ͦͤͤ·͚ ͍͙͊ͪ͊ͤͭ όͦͦͦ͟͡ п҈ύΦ ˶ ͙΄͙͚ͤ ͔͙ͣ͊ͭͪ͊͡ нмπ͚  ͻͪͦͣͦͫͦͣ· ͙͔ͨͪͪͨ͟͡Ύ͔ͭͫΎ 

όͭͪ͊ͤͫͦ͡ͼ͙͔ͪͯͭͫΎύ ͟ ͎͚͒ͪͯͦ ͻ͔ͪͦͣͦͫͦͣΣ ;͊΅͔ ͍͔͎ͫͦ ͟ мпπ͚  ώǘόмпΤнмύϐΣ ͔͔ͪ͗ ς ͟ моΣ мрΣ нн ͙͙͡ нмπ͚ Φ ˻͋΅͔͔ 

;͙ͫͦ͡ ͻͪͦͣͦͫͦͣ ς псΣ ͤͦ ͎͔͔͙ͤͭ;͔͙͚ͫ͟ ͔͙ͣ͊ͭͪ͊͡ нмπ͚  ͻͪͦͣͦͫͦͣ· ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͍ ͔ͭͪͻ ͙ͦͨ͟ΎͻΦ ˤ Ϥрл҈ 

ͫͯ͡;͔͍͊ ͭ͊͊͟Ύ ͭͪ͊ͤͫͦ͊͟͡ͼ͙Ύ ͔͔ͤ͊ͫ͒ͯͭͫ͡Ύ ͦͭ ͎ͦ͒ͤͦͦ ͙͘ ͙͔͔͚ͪͦ͒ͭ͡πͤ ͙͔͔͚ͦͫͭ͡ ό͙͍ͫ͋͊͊ͤͫͪͦ͊ͤͤ͊͡Ύ 

ͭͪ͊ͤͫͦ͊͟͡ͼ͙ΎύΣ ;ͭͦ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͎͔͔͙ͤͭ;͔͎ͫͦͦ͟ ͦͤͫͯ͟͡Έ͙͍͙ͭͪͦ͊ͤΎ ͔ͫͣΈ͙Φ 

оΦ ˸͙ͦ͊͘;ͤ·͚ ͍͙͊ͪ͊ͤͭ όͦͦͦ͟͡ н҈ύΦ ˻ ͔͋ͪ͊ͯͭͫ͘Ύ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔ͤ ͪ ͊ͫͻ͔͙ͦ͗͒ͤΎ ͤ͊ ͙ͪ͊ͤͤͻ ͙ͫͭ͊͒Ύͻ 

͔͔͙͒ͤ͡Ύ ͔ͯ͗ ͫͺ͙͍͍ͦͪͣͪͦ͊΄͔͚ͫΎ ͙͎ͦͭ͘·Φ ˤ ͎͙͔ͦͪ͊ͤͣ͘ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͙͍ͨͪͫͯͭͫͭͯΌͭ ͍͔͒ ͙͙͙ͤ͡ ͔ͭͦ͟͟͡Υ 

ͫ ͤͦͪͣ͊͡Έͤ·ͣ όпсύ ͙ ͙ͭͪͫͦͣͤ·ͣ όптύ ͙͙͊ͪͦͭͨͦͣ͟Φ ͔͙̅ͤͦͭͨ ͙ͨͪ ͙ͣͦ͊͘ͼ͙͔ͣ͘Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͔͔͔ͣͤ 

͍·͔ͪ͊͗ͤΣ ͊ ͎͙͙͍ͦͤͭͤ͟·͔ ͺͯͤ͟ͼ͙͙ ͎ͣͦͯͭ ͋·ͭΈ ͍·΄͔Σ ;ͭͦ ͍͙͙͊ͫͭ͘ ͦͭ ͨͪͦͨͦͪͼ͙͙ ͔ͨͦͪ͊͗ͤͤ·ͻ ͔ͭͦ͟͟͡Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έ͚ͤͦ ͙ ͍͟͡Ό;͔͊ͭ ͨͦͫͭͤ͊ͭ͊͡Έ͔ͤͦ ͼ͙͎͔͔͙ͭͦͤͭ;͔͔ͫͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ 

ό͙͙͙͍͙͔͊ͪͦͭͨͪͦ͊ͤ͟ύ ͙ͣ͡ͺͦͼ͙͍ͭͦ ͔͙ͨͪͺ͔͙ͪ;͔͚ͫͦ͟ ͍͙ͪͦ͟Φ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͺ͔͙͙ͤͦͭͨ͊͘ͼ͙Ύ ͙ ͍ͫͦͨͯͭͫͭͯΌ΅͙͔ ͫͦͫͭͦΎ͙ͤΎ 

͔͙̅ͤͦͭͨ ˿˨ ͍·ͫͦͦ͟ ͍͙͔͔͊ͪ͊͋ͤ͡Σ ͤͦ ͙͔͔ͣͭ ͪΎ͒ ͻ͔͊ͪ͊ͭͪͤ͟·ͻ ;͔ͪͭΦ 

¶ ˨͙ͣͦͪ͘ͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙͙ͨͪͤ͊͘͟Υ ͋ ͪ͊ͻ͙ͼ͔ͺ͙͊͡ΎΣ ͯͨͦ͡΅͔ͤͤ·͚ ͨͪͦͺ͙͡Έ ͙͡ͼ͊Σ ͎͙ͣͦͤͦͦ͒ͤ͡·͚ 

͔ͪ͊ͪ͘͘ ͎͊ͤ͘͡·ͻ ΅͔͔͚͡Σ Ή͙ͨ͊ͤͭ͟Σ ͨΎͭͤ͊ ˣͪͯ΄ͺ͙͡Έ͒͊ ͤ͊ ͔ͪ͊͒ͯ͗͟Σ ͦͭͪ͟·ͭ·͚ ͪͦͭΣ ͎͙ͣ͊ͪͦͦͫͫ͟͡Ύ ό;͊ͫͭͦ 

͙͔ͦͭͤͦͫͭ͡Έͤ͊ΎύΣ ͦͪͦͭ͊͟͟Ύ ΄͙ͪͦ͊͟Ύ ΄͔ΎΣ ͔͔ͨͦͨͪ;ͤ͊Ύ ͊͒ͦͤͤ͊͡Ύ ͫ͊͒͊͟͟͡ όζ͔ͦ͋͘ΈΎͤΈΎη ͫ͊͒͊͟͟͡ύΣ 

͋ͪ͊ͻ͙͙͙͒͊ͭ͟͡ΎΣ ͙͙͙ͤͦ͒͊ͭ͟͟͡͡Ύ ± ͨ͊ ͡Έͼ͊Φ 

¶ ˤ͔ͪͦ͗͒ͤͤ·͔ ͙ͨͦͪͦ͟ ͔ͫͪ͒ͼ͊ όˤ˽˿ύΥ ͍ ͔ͫͭͪ;͊ΌͭͫΎ ͯ плπсл҈ ͨ͊ͼ͙͔͍ͤͭͦΦ ˹͙͔͔͊͋ͦ͡ 

ͻ͔͔͊ͪ͊ͭͪͤ͟ ͨ ͦͤ͡·͚ ͙͍͔͙͊ͭͪͦͤͭͪͯ͟͡Ύͪͤ·͚ ͊ͤ͊͟͡ όˢπʕ͟ ͊ͤ͊͡Σ ͙͙͡ ͔͒ͺ͔ͭ͟ Ή͙ͤ͒ͦ͊ͪ͒͊͟͡Έͤ·ͻ ͨͦ͒ͯ΄͔͟ύΦ 

͔́͊͗͟ ;͊ͫͭ· ͔͒ͺ͔ͭ͟· ͔͔ͣ͗͗ͯ͒ͦ͡;͍͚ͦͦ͟ ͙ ͔͔͔͚ͣ͗ͨͪ͒ͫͪ͒ͤͦ ͔͔͎ͨͪͦͪͦ͒ͦ͟Σ ͦͭͪ͟·ͭ·͚ ͔͙͊ͪͭͪ͊͡Έͤ·͚ 

ͨͪͦͭͦ ͟Σ ͔ͭͭͪ͊͒͊ ̅͊ͦ͡͡Φ ˤ˽˿ ς ͍͔͒ͯ΅͊Ύ ͙ͨͪ;͙ͤ͊ ͔͚ͪ͊ͤͤ ͔͚͒ͭͫͦ͟ ͔͙ͫͣͪͭͤͦͫͭ ͙ͨͪ ˿˨Φ 

¶ ˬ͔ͯ͒ͦ͡;ͤͦπ͟ ͙΄͔;ͤ·͔ ͙͙͊ͤͦͣ͊͡ ό͒ͦ мл҈ύΥ ͊ ͔͙ͭͪ͘Ύ ͍͔͒ͤ͊͒ͼ͙͔͚͊ͭͨͪͫͭͤͦ ͙͟΄͙͟ ό͙͔͔ͤ͊͋ͦ͡ 

;͊ͫͭͦύΣ ͔͋ͦͤ͘͡Έ ˥͙ͪ΄͎ͨͪͯͤ͊Σ ͔͊ͤͦͪͭ͊͟͡Έͤ·͔ ͙͙͊ͤͦͣ͊͡Φ 

¶ ͙̏ͤ͒ͦͪͤͤ͟·͔ ͤ͊ͪͯ΄͔͙ͤΎΥ ͍ ͔ͪͦ͗͒ͤͤ·͚ ͙͙͡ ͙͔͔ͨͪͦ͋ͪͭͤͤ·͚ ͎ ͙͙͔ͨͦͭͪͦ͘ όмрπнл҈ύΣ 

͍ͨͦ·΄͔ͤͤ·͚ ͙ͪͫ͟ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊ мπ͎ ͦ ͙ͭͨ͊Σ ͙͔͙͔ͦ͗ͪͤΦ 

¶ ˽͎͙͊ͭͦͦ͡Ύ ͎͍ͦͪ͊ͤͦ ;͍͍ͯͫͭΥ ͫ ͙͔͙͔ͤ͗ͤ ͫͯ͡ͻ͊ ό͙͍ͦͤ͒ͯͭͤ͊͟͟Ύ ͙͙͡ ͔͚͔ͤͪͦͫͤͫͦͪͤ͊Ύ ͎ͭͯͦͯͻͦͫͭΈύΣ 

͊ͭ͊ͪ͊ͭ͊͟͟Σ ͎͙͔ͦͫͦ͊͘͟͡Σ ͙͙͊ͤͦͣ͊͡ ͔ͪͺͪ͊͟ͼ͙͙Σ ͙͍ͦ͋ͫͭͪͯͭͤ͟·͔ ͊ͨͤͦΉ ͍ͦ ͔ͫͤ ό͍͔͍͙͔ͫ͒ͫͭ͡ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ 

͔͙ͫͭͪͦͤΎ ͙͡ͼ͔͍͎ͦͦ ͔͔ͫͭ͊͟͡ ͙ ͎͙͙ͣ͊ͪͦͦͫͫ͟͡ύΦ 

¶ ˥͔͎͙ͣ͊ͭͦͦ͡;͔͙͔ͫ͟ ͤ͊ͪͯ΄͔͙ͤΎΥ ͭ ͙ͪ͊ͤͭͦͪͤ͘·͚ ͙͔͙ͣͦͨͪͦ͡͡ͺ͔͙͍ͪ͊ͭͤ·͚ ͙ͫͤ͒ͪͦͣ 

͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ ͙ ͍ͨͦ·΄͔ͤͤ·͚ ͙ͪͫ͟ ͎ͦͫͭͪͦͦ ͔͎͙͎ͣ͊͊ͪͦ͋͊ͫͭͤͦͦ͟͡ ͔͚ͦ͊͘͟͡ ό͍ млπнл ͪ͊͘ ͍·΄͔Σ ;͔ͣ ͍ 

ͨͦͨͯ͡Ύͼ͙͙ύΦ 

¶ ˹͔͍͎͙ͪͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭΥ ͣ ·΄͔;ͤ͊Ύ ͎͙͙ͨͦͭͦͤΎ ό͔ͤͦͤ͊ͭ͊͡Έͤ·͚ ͔͙ͨͪͦ͒ύΣ ͔͊͒ͪ͗͊͘͟ 

͎ͣͦͭͦͪͤͦͦ ͍͙͙ͪ͊ͭ͘ΎΣ ͍ͨͦ·΄͔ͤͤ·͚ ͙ͪͫ͟ ͙ͤͺ͙͊ͤͭ͡Έͤ·ͻ ͍ͫͨ͊ͣͦ͘ ͙ Ή͙͔͙͙ͨͨͫ͡Φ ̂ ͍ͪͦͫ͘͡·ͻ ;͊ͫͭͦ 

͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͔͋ͦͤ͘͡Έ ˢ͡Έͼ͎͔͚͔ͣͪ͊ ͫ ͙ͪ͊ͤͤͣ ͤ͊;͊ͦͣ͡ ό͟ плπрл ͎ͦ͒͊ͣύΣ ͍ͫΎ͊ͤͤ͊͘Ύ ͫ ͙ͦ͊͊͘͟͡͡ͼ͙͔͚ ͎͔ͤ͊ 

͙͙͎͊ͣͦ͒ͤͦͦ͡ ͔ͨͪ͒΄͔͍͔͙ͫͭͤͤ͊͟ ό!ttύ ͤ͊ нмπ͚  ͻ͔ͪͦͣͦͫͦͣΦ 

˴͎͙͙͍͔ͦͤͭͤͦ ͍͙͙͔ͪ͊ͭ͘ ͙ ͙ͨͫͻ͎ͦͦͦ͡πͨ ͔͎͎͙͒͊ͦ;͔͔ͫͦ͟ ͍͔͙͔ͫͦͨͪͦͦ͗͒ͤ 

ˮ͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͔ ͤ͊ͪͯ΄͔͙ͤΎ ͙ͨͪ ˿˨ ͙͔ͣΌͭ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ς ͦ ͭ ͔͎͚ͦ͟͡ ͒ͦ ͭΎ͔͚͗ͦ͡ ͔͔͙ͫͭͨͤΣ 

͙ͨͪ Ήͭͦͣ ͙ͣͦ͊͘;ͤ·͚ ͍͙͊ͪ͊ͤͭ ;͊ͫͭͦ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤ ͫ ͔͔͋ͦ͡ ͍·͙͙ͫͦͣ͟ ͔ͨͦ͊͊ͭ͘͟͡Ύ͙ͣΦ ˴͎͙͙͍ͦͤͭͤ·͚ 

ͨͪͦͺ͙͡Έ ͔ͫͨͼ͙ͺ͙;͔ͤΥ 

¶ ˻͙͔ͭͤͦͫͭ͡Έͤͦ ͯ͡;΄͔ ͍͙ͪ͊ͭ͘· ͍ ͙ͯ͊͘͡Έͤͦπͨ ͍͔͔ͪͦͫͭͪ͊ͤͫͭͤͤͦ ͍͙ͦͫͨͪΎ͙͔ͭΣ ͔ͨͦ͒ͪ͊͗͊ͭ͡Έͤ·͔ ͙ 

ͫͦͼ͙͊͡Έͤͦπ͟ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟·͔ ͍ͤ͊·͙͟Φ 

¶ ˤ·͔ͪ͊͗ͤͤ·͔ ͙ͭͪͯ͒ͤͦͫͭ ͤ ͊͋͡Ό͒͊ΌͭͫΎ ͍ ͍͔ͪ͋͊͡Έ͚ͤͦ ͍͔͔͚ͪ͊ͭͦͪͣͤͤͦ͟͟ ͨ͊ͣΎ͙ͭΣ ͫͯ͡ͻ͔ͦͪ;͔͍ͦͣ 

͍͙ͦͫͨͪΎ͙͙ͭΣ ͊͋ͫͭͪ͊ͭͤͦͣ͟ ͣ·΄͔͙͙ͤ͡ ͙ ͙͍͙͙ͨ͊ͤͪͦ͊ͤ͡Φ 
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¶ ˾͔;Έ ;͊ͫͭͦ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͫ ͔͚͊͒ͪ͗ͦ͘͟Σ ͫͭͪ͊͒͊Όͭ ͎͙ͪ͊ͣͣ͊ͭ͊͟ ͙ ͙͊ͪͭͯ͟͡Ύͼ͙ΎΦ 

˴͔͎ͪ͊ͯͦ͡Έͤ·ͣ ͔͊ͣͤͣ͟ ͨ ͦͣͦ΅͙ Ύ͍͡Ύ͔ͭͫΎ ͪ ͔͔͊ͤͤ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭͦ όͫ ͔͍ͨͪ·ͻ ͔ͣͫΎͼ͔͍ ͙͙͗ͤ͘ύΣ 

͍͟͡Ό;͊Ό΅͔͔ ͺ͙͙͘;͔ͫͯ͟ΌΣ ͎͔͙ͦͦͨ͒͡;͔ͫͯ͟ΌΣ ͔͎͎͙ͨ͒͊ͦ;͔ͫͯ͟Ό ͙ ͙ͨͫͻ͎͙ͦͦ͡;͔ͫͯ͟Ό ͔ͨͦ͒͒ͪ͗ͯ͟Φ 

ˮͤ͟͡Ό͙͍͔ͤͦ͘ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͫ ͙͍͚͊͒͊ͨͭͪͦ͊ͤͤͦ ͎͚ͨͪͦͪ͊ͣͣͦΣ ͦ͋ͯ;͔͙͔ͤ ͫͦͼ͙͊͡Έͤͦπ͋ ·͍ͭͦ·ͣ ͍ͤ͊·͊ͣ͟ ͙ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ͊Ύ ͎͍ͨͦ͒ͦͭͦ͊͟ ͍ͨͦͦ͘͡ΎΌͭ ͋ͦ͡Έ΄͙͍ͤͫͭͯ ͡Ό͔͚͒ ͫ ˿˨ ͙͒ͦͫͭ;Έ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͔͔͙ͫͭͨͤ 

ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͙ͤͦͫͭΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˿͙ͤ͒ͪͦͣ ˨͊ͯͤ͊ ς Ήͭͦ ͎͔͔͙ͤͭ;͔͙ͫ͟ ͔͔͙͙͍͔͒ͭͪͣͤͪͦ͊ͤͤͦ ͫͦͫͭͦΎ͙͔ͤ ͫ ΄͙͙ͪͦͣ͟ ͔ͫͨͭͪͦͣ͟ 

ͨͪͦΎ͍͔͙͚ͤ͡Φ ˻͍͙͔ͭͫͯͭͫͭ ͤ͊ ͔͎ͫͦ͒ͤΎ΄͙͚ͤ ͔͒ͤΈ Ή͙͚ͭͦͭͪͦͨͤͦ ͔͙͙ͭͪ͊ͨ ͔͙͔ͦͣͨͤͫͪͯͭͫ͟Ύ 

͍·ͫͦͦ͟Ήͺͺ͔͙͍ͭͤ͟·͙ͣ ͔͙ͣͭͦ͒͊ͣ ͔ͦͪͪ͟͟ͼ͙͙ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͎͙͚ͨ͊ͭͦͦ͡ ͙ ͍͙͚ͪ͊ͭͦ͘ ͙͔͚ͫͫͭͣͦ ͙ͨͫͻ͎ͦͦͦ͡π

͔͎͎͙ͨ͒͊ͦ;͔͚ͫͦ͟ ͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͔͙ͨͦ͒͒ͪ͗͟Φ ˾͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͙͙͍͙͙͙͍͔ͤ͒͒ͯ͊ͪͦ͊ͤͤͦ͘͡ ͔͙ͣ͒ͼ͙͔ͤͫͦ͟ 

ͤ͊͋͡Ό͔͙͔͒ͤ ͙ ͙͔ͫͦ͒͊ͤ͘ ͙ͤ͟͡Ό͙͍͚ͤͦ͘ ͔ͫͪ͒· Ύ͍͡ΎΌͭͫΎ ͍ͦͫͤͦͤ·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟Σ ͍ͨͦͦ͘͡ΎΌ΅͙͙ͣ ͡Ό͒Ύͣ 

ͫ ͙͙͔͚ͭͪͫͦͣ нм ͍͔͙ͫͭ ͨͦͤͦ͡ͼ͔ͤͤͯΌΣ ͙͍͊ͭͤͯ͟Ό ͙ ͚͒ͦͫͭͦͤͯΌ ͙͗ͤ͘Έ ͍ ͦ͋΅͔͍͔ͫͭΦ ˨͊͡Έ͔͚ͤ΄͙͔ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͙͙͔ͨͦͤͣ͊ͤ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍͙͡Ύ͙ͤΎ ͎͔͍ͤͦ нмπ͚  ͻͪͦͣͦͫͦͣ· 

ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͺ͔͙ͤͦͭͨ͊ ͙ ͙ͨͦͫ͟ ͔͍ͣͭͦ͒ͦ ͔ͦͪͪ͟͟ͼ͙͙ ͎͙͙͍ͦͤͭͤ͟·ͻ ͺͯͤ͟ͼ͙͚Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˣͦ;͍ͦ͟ ˹Φ˽ΦΣ ˽ͯ͘·͔͍ͪ ˤΦ˽ΦΣ ˿͙͙ͣͪͤͻ͙ͤ͊ ˿ΦˢΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͎͔͔͙ͤͭ͊͟Φ ̂;͔͙͋ͤ͟Φ пπ͔  ͙͒͘Φ ˸ΦΥ ˥̏˻́ˢ˾π

˸͔͙͒͊Σ нлмтΦ ς рфн ͫΦ 

нΦ ˨͔͙͍ͣͦ͊͟ ˹Φ˿ΦΣ ˶͙͊ͨͤ͊ ˢΦ˿Φ ˸͔͙͒ͦ͟π͎ ͔͔͙ͤͭ;͔͔ͫͦ͟ ͦͤͫͯ͟͡Έ͙͍͙͔ͭͪͦ͊ͤ ͙ͨͪ ͙͔ͫͤ͒ͪͦͣ ˨͊ͯͤ͊Φ 

˸͔͙ͭͦ͒;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙Φ ˸ΦΥ ̅˥ˣ˹̂ ζ˸˥˹̇ηΣ нлмуΦ 

оΦ ˴͍ͦͦ͊͘͡ ˿ΦˮΦΣ ˨͔͙͍ͣͦ͊͟ ˹Φ˿ΦΣ ˿͔͍ͣ͊ͤͦ͊ ˩ΦΣ ˣ͙͙͍ͤͤͦ͊͟͡ ˻Φ˩Φ ˹͔͍͔͊ͫ͒ͫͭͤͤ͡·͔ ͙ͫͤ͒ͪͦͣ· ͙ ͔͙ͣ͒ͦ͟π

͎͔͔͙ͤͭ;͔͔ͫͦ͟ ͦͤͫͯ͟͡Έ͙͍͙͔ͭͪͦ͊ͤΦ ˢͭ͊ͫ͡πͫ ͍ͨͪ͊ͦ;͙ͤ͟Φ оπ͔  ͙͒͘Φ ˸ΦΥ ˽͙ͪ͊ͭ͊͟͟Σ нлмсΦ 

пΦ .ǳƭƭ aΦWΦ ϧ ǘƘŜ /ƻƳƳƛǧŜŜ ƻƴ DŜƴŜǝŎǎΦ IŜŀƭǘƘ {ǳǇŜǊǾƛǎƛƻƴ ŦƻǊ /ƘƛƭŘǊŜƴ ǿƛǘƘ 5ƻǿƴ {ȅƴŘǊƻƳŜΦ tŜŘƛŀǘǊƛŎǎΦ 

нлннΤмрлόмύΥ ŜнлннлртлмлΦ όˢ͙͍͒͊ͨͭͪͦ͊ͤͤ·͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ;͊ͫͭͦ ͙ͨͯ͋ͯ͟͡ΌͭͫΎ ͍ 

ͪͯͫͫͦ͟Ύ͘·;ͤ·ͻ ͦ͋ͦͪ͊͘ͻύΦ 

ϭ s͔͍ͤͤ͊͊ ˻ΦΣ нлнр 

 

 

 

 

       ˢ͔͍ͤͤ͊͊ ˻͎͎͔͙ͯ͒͡͡Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˾˩ˤ˸ˢ́˻ˮ˨˹̍˯ ˢ˾́˾ˮ́Υ ˿˻ˤ˾˩˸˩˹˹̍˩ ˤ˭˥˶̒˨̍ ˹ˢ ˽ˢ́˻˥˩˹˩˭Σ  

˨ˮˢ˥˹˻˿́ˮ˴̂ ˮ ˿́˾ˢ́˩˥ˮˮ ˶˩̉˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˾͔͍͙ͣ͊ͭͦ͒ͤ·͚ ͙͊ͪͭͪͭ ό˾ˢύ ς ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͙͔͔ͫͫͭͣͤͦ ͙͔͊ͯͭͦͣͣͯͤͤͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ 

͔͙͙͔ͫͦ͒ͤͭ͡Έ͚ͤͦ ͙ͭ͊ͤ͟ ͫ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤ·ͣ ͔͙͔ͨͦͪ͊͗ͤͣ ͔͙ͣ͟͡ͻ ͔͙ͨͪͺ͔͙ͪ;͔͙ͫ͟ͻ ͍͍ͫͯͫͭ͊ͦ ͨͦ ͙ͭͨͯ 

Ή͙͍ͪͦͤͦ͘π͒ ͔͙͍͎ͫͭͪͯͭͤͦͦ͟ ͙͙ͨͦ͊ͪͭͪͭ͊͡Φ ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͒͊ͤͤ·͔ ͦ͋ Ή͙͎͙͙ͭͦͦ͡ 

͙ ͎͔͔͔ͨ͊ͭͦͤ͘ ˾ˢΣ ͍ ͍͔ͦͫͤͦ ͦͭͦͪ͟·ͻ ͔͙͗ͭ͡ ͔ͫͦ͗ͤͦ͡ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͎͔͔͙ͤͭ;͔͚ͫͦ͟ 

͔͔͙ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ ό͎͔ͤ· I[!π5w.мΣ t¢tbннύ ͙ ͺ͍͊ͭͦͪͦ͟ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· ό͔͙͔ͯͪͤ͟Σ ͙ͤͺ͔͟ͼ͙͙Σ 

͙ͣͪͦ͟ͺͦͪ͊͡ ͙͟΄͔;͙ͤ͊͟ύΣ ͙͍ͨͪͦ͒Ύ΅͔͔ ͟ ͤ͊ͪͯ΄͔͙ͤΌ ͙͚ͣͣͯͤͤͦ ͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡Φ ˨͔ͭ͊͡Έͤͦ ͙ͦͨͫ͊ͤ· 
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͟͡Ό;͔͍·͔ ͎͔͔͙ͨ͊ͭͦͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘·Υ ͙͍͊ͭ͊͟ͼ͙Ύ ͼ͙͙͍͎ͭͦͤͦͦͦ͟ ͊ͫ͊͒͊͟͟ ͫ ͙͙͒ͦͣͤͪͯΌ΅͔͚ ͪͦ͡ΈΌ 

ͺ͊ͭͦͪ͊͟ ͔ͤͪͦ͊͘͟ ͦͨͯͻ͙ͦ͡πh  ό̅˹π˻h ύΣ ͙͔͔͚͙͍ͤͭͪͤͦ͟͡πмΣ πс ͙ πмтΣ ͙͍͙ͫͤͦͭ ͫ ͎͙͔͙͔͚ͨͪͨ͊͘͡ ͙͍͙ͫͤͦ͊͡Έ͚ͤͦ 

ͦ͋ͦͦ͡;͙͟Σ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͨ͊ͤͤͯͫ͊ ͙ ͎͔͙ͨͪͦͪͫͫͪͯΌ΅͊Ύ ͔͒ͫͭͪͯ͟ͼ͙Ύ ͻͪΎ΅͊ ͙ ͙ͦͫͭ͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ 

͔͔ͯ͒ͤͦ͡ ͍͔͔ͫͦͪͣͤͤ·ͣ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫͣ͟ ͙͔͙ͪͭͪ͟Ύͣ ό!/wκ9¦[!wΣ нлмлύΣ ͍͟͡Ό;͊Ό΅͙ͣ ͔͎͙ͫͪͦͦ͡;͔͙͔ͫ͟ 

͔ͣ͊ͪͪ͟· όˢ̇̇˽Σ ˾̅ύ ͙ ͔ͣͭͦ͒· ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ό̂˭ˮΣ ˸˾́Σ ͔͎͔͎ͪͤͭͤͦͪ͊ͺ͙ΎύΦ ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ 

Ή͍ͦ͡Όͼ͙Ύ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͎͙͚ͫͭͪ͊ͭ ς ͦ ͭ ͦͤ͟ͼ͔ͨͼ͙͙ ζ͔͔͍͙ͭͪ͊ͨͭ;͔͎ͫͦͦ͟ ͦͤ͊͟η ͙ ͙ͨͪͤͼ͙ͨ͊ ζ¢ǊŜŀǘπǘƻπ

¢ŀǊƎŜǘη ͒ͦ ͔͙͙͍͎ͨͪͫͦͤ͊ͪͦ͊ͤͤͦͦ͘͡ ͨͦ͒ͻͦ͒͊ ͫ ͙͔͔͙͔ͨͪͣͤͤͣ ͙͔͙ͫͤͭͭ;͔͙ͫ͟ͻ όŎǎ5a!w5ǎύ ͙ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ 

όō5a!w5ǎύ ͔͋ͦͤ͘͡Έπͣ ͙ͦ͒ͺ͙ͼ͙ͪͯΌ΅͙ͻ ͙͔͍͙͊ͤͭͪͣ͊ͭ;͔͙ͫ͟ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΣ ͊ ͔ͭ͊͗͟ ͎͔ͭ͊ͪͭͤ·ͻ 

͙͔͙ͫͤͭͭ;͔͙ͫ͟ͻ 5a!w5ǎ όǘǎ5a!w5ǎύΦ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͍͊͗ͤͦͫͭΈ ͔͚ͪ͊ͤͤ ͎͔͙͍͚͊ͪͫͫͤͦ ͔͙͙ͭͪ͊ͨ ͒͡Ύ 

͙͔͙͒ͦͫͭ͗ͤΎ ͔͙͙͙ͪͣͫͫ ͙͙͡ ͙͚ͤͦ͘͟ ͙͍͙͊ͭͤͦͫͭ͟ ͔͙͋ͦͤ͘͡Σ ͫͦͻ͔͙ͪ͊ͤͤΎ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙ͫͨͦͫͦ͋ͤͦͫͭ 

ͨ͊ͼ͙͔ͤͭ͊ ͙ ͯͯ͡;΄͔͙ͤΎ ͎͒ͦͦͫͪͦ͡;͎ͤͦͦ ͎ͨͪͦͤͦ͊͘Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͍͙ͪͣ͊ͭͦ͒ͤ·͚ ͙͊ͪͭͪͭΣ ͙͔͊ͯͭͦͣͣͯͤͤͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͼ͙͙ͭͦͤ͟·Σ ͙͔͊ͤͭͭ͊͡ ͟ ͼ͙͙͙͍ͭͪͯͤͪͦ͊ͤͤ͡͡·ͣ 

͔͙ͨͨͭ͒͊ͣ όˢ̇̇˽ύΣ ͙͍͙ͫͤͦͭΣ ͨ͊ͤͤͯͫΣ ͙͋͊ͫͤ͘·͔ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· όˣ˽ˤ˽ύΣ 

͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͔ͨͪͨ͊ͪ͊ͭ·Σ ͙͎͙͙ͤ͋ͭͦͪ· ̒ͤͯͫπ͟ ͙ͤ͊͘Σ ͔͎͙ͫͭͪ͊ͭΎ ζ¢ǊŜŀǘπǘƻπ¢ŀǊƎŜǘηΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˾͔͍͙ͣ͊ͭͦ͒ͤ·͚ ͙͊ͪͭͪͭ ͔ͦͫͭ͊ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͙ ͫͦͼ͙͊͡Έͤͦ ͤ͊͘;͙ͣ·ͻ 

͙͊ͯͭͦͣͣͯͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͨͦͪ͊͗͊Ύ ͙͔ͨͪͣͪͤͦ лΦрςм҈ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ͣͪ͊Φ ͙̆ͪͦͤ;͔͔ͫͦ͟ 

͎͔͙ͨͪͦͪͫͫͪͯΌ΅͔͔ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙͍͙ͫͤͦ͊͡Έ͚ͤͦ ͦ͋ͦͦ͡;͙͟ ͍͍ͫͯͫͭ͊ͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙ͻ ͔͒ͺͦͪͣ͊ͼ͙͙Σ ͔ͯͭͪ͊ͭ 

ͺͯͤ͟ͼ͙͙Σ ͚͚ͫͭͦͦ͟ ͙͍͙͙ͤ͊͒͊͘͡ͼ͙͙ ͙ ͫͦͪ͊͟΅͔͙ͤΌ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦ ͤ͊ оςмл ͔ͭ͡ 

͍͔͍͙͔ͫ͒ͫͭ͡ ͔͔ͫͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·ͻ ͙ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˽͔͙͔ͦͫ͒ͤ͡ ͍͒͊ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ 

͔͍͙ͦͤ͊ͣͤͦ͊ͫ͘͡Έ ͔͍ͪͦ͡Όͼ͙͔͚ ͍ ͙͙͙ͨͦͤͣ͊ͤ ͎͔͔ͨ͊ͭͦͤ͊͘ ͙ ͔͡;͔͙͙ͤ ˾ˢΣ ;ͭͦ ͙͊ͪ͒ͤ͊͟͡Έͤͦ ͙͔͙ͣͤͦ͘͡ 

͎ͨͪͦͤͦ͘ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ͨͪ ͍͙͙ͯͫͦ͡ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͙ ͔͍͚͊͒͊ͭͤͦ͟ ͔͙͙ͭͪ͊ͨΦ 

͙͎͙̏ͭͦͦ͡Ύ ͙ ͎͔͔ͨ͊ͭͦͤ͘Υ ͦͭ ͎͔͔͙͙ͤͭ͟ ͒ͦ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊ 

˾͍͙͙͔͊ͭ͘ ˾ˢ Ύ͍͡Ύ͔ͭͫΎ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͎ͫͦ͗ͤͦͦ͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͙ ͔͍ͫͪ͒ͦ·ͻ ͺ͍͊ͭͦͪͦ͟Φ 

¶ ˥͔͔͙ͤͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ΈΥ s ͫͫͦͼ͙͊ͼ͙Ύ ͫ ͎͔͙ͤ͊ͣ I[!π5w.мΣ ͔ͤͫͯ΅͙͙ͣ ͦ͋΅͙͚ Ή͙ͨͭͦͨ 

ό{9ύΣ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙͚ͣͦΦ {9 ͫͨ ͍͔ͦͫͦ͋ͫͭͯͭ ͔͔ͨͪͤͭ͊͘ͼ͙͙ ͼ͙͙͙͍ͭͪͯͤͪͦ͊ͤͤ͡͡·ͻ ͔͙͍ͨͨͭ͒ͦ ¢π

͙ͣ͡ͺͦͼ͙ͭ͊ͣΣ ͊ͨͯͫ͊͘͟Ύ ͙͊ͯͭͦͣͣͯͤͤ·͚ ͍͔ͦͭͭΦ ˤ͊͗ͤͯΌ ͪͦ͡Έ ͔ͭ͊͗͟ ͙͎ͪ͊Όͭ ͙ͨͦͣͦͪ͡ͺ͙ͣ͘· ͤ π͔I[! ͎͔͍ͤͦ 

όt¢tbннΣ {¢!¢пΣ ¢w!Cмπ/рύΦ 

¶ ̅͊ͭͦͪ͟· ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Υ ˴ ͔͙͔ͯͪͤ ς ͫ͊ͣ·͚ ͣͦ΅ͤ·͚ ͙͘ ͍͔ͯͫͭ͊ͤͦͤͤ͡·ͻ ͍͔ͤ΄͙ͤͻ ͺ͍͊ͭͦͪͦ͟Σ 

͔ͦͫͦ͋ͤͤͦ ͯ ͙͔͔͚ͤͦͫͭ͡ {9Φ ˻ͤͦ ͙ͤ͒ͯͼ͙͔ͪͯͭ ͼ͙͙͙͍͙͔ͭͪͯͤͪͦ͊ͤ͡͡ ͔͍͋ͦ͟͡ ͍ ͔͎ͦ͡;͚ͤͦ ͙ͭ͊ͤ͟Σ ;ͭͦ ͔ͣͦ͗ͭ 

ͫͭ͊ͭΈ ͍ͨͯͫͦ͟·ͣ ͔ͣͦͣͤͭͦͣ ͒͡Ύ ͍·͙ͪ͊͋ͦͭ͟ ˢ̇̇˽Φ ͔́͊͗͟ ͙ͯ͘;͔͊ͭͫΎ ͪͦ͡Έ ͔͙͙ͨͪͦ͒ͦͤͭͭ͊ όtƻǊǇƘȅǊƻƳƻƴŀǎ 

ƎƛƴƎƛǾŀƭƛǎύΣ ͙͙ͣͪͦ͋ͦͣ͊͟ ͙͟΄͔;͙ͤ͊͟ ͙ ͔͙ͪͫͨͪ͊ͭͦͪͤ·ͻ ͙ͤͺ͔͟ͼ͙͚Φ 

¶ ˮ͎͔͔ͣͣͯͤͦͨ͊ͭͦͤ͘Υ ̇ ͔ͤͭͪ͊͡Έͤ·ͣ ͫͦ͋·͙͔ͭͣ Ύ͍͡Ύ͔ͭͫΎ ͔ͨͦͭͪΎ ͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡ ͟ ͍͔ͫͦ͋ͫͭͤͤ·ͣ 

ͼ͙͙͙͍ͭͪͯͤͪͦ͊ͤͤ͡͡·ͣ ͔͋͊ͣ͟͡Φ ˢ͔͙͍ͯͭͦͪ͊ͭͤ͟·͔ /5пҌ ¢πͻ͔͔ͨͪ͡· ͙͍͙͊ͭͪͯ͟Όͭ ˤπ͡ ͙ͣͺͦͼ͙ͭ·Σ 

ͨͪͦ͒ͯͼ͙ͪͯΌ΅͙͔ ͙͔͊ͯͭͦ͊ͤͭͭ͊͡ όˢ̇̇˽Σ ˾̅ύΣ ͙ ͣ͊ͪͦ͟ͺ͎͙͊Φ ˤ ͙͍͙ͫͤͦ͊͡Έ͚ͤͦ ͦ͋ͦͦ͡;͔͟ ͺ͙͔ͦͪͣͪͯͭͫΎ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͙ͤͺ͙͡Έͭͪ͊ͭΣ ͫͦͫͭͦΎ΅͙͚ ͙͘ ͣ͊ͪͦ͟ͺ͎͍͊ͦΣ ́π ͙ πʕ͟ ͔ͭͦ͟͡Σ ͨ͊ͣͦ͘͡ͼ͙͍ͭͦ ͙ 

ͺ͙͋ͪͦ͋͊ͫͭͦͨͦ͒ͦ͋ͤ͡·ͻ ͙͍͙ͫͤͦͦͼ͙͍ͭͦ όC[{ύΦ ˢ͙͍͙͍ͭͪͦ͊ͤͤ͟·͔ C[{ ͙ ͣ͊ͪͦ͟ͺ͎͙͊ ͨͪͦ͒ͯͼ͙ͪͯΌͭ 

͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·͔ ͼ͙͙ͭͦͤ͟· ό̅˹˻πh Σ ˮ π˶мΣ ˮ˶πсΣ ˮ˶πмтύΣ ͦͭͦͪ͟·͔Υ 

мΦ ˽͔͙͍ͦ͒͒ͪ͗͊Όͭ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡Φ 

нΦ ˿͙͙ͭͣͯͪͯ͡Όͭ ͎͙͔͙ͨͪͨ͊͘͡Ό ͙͍͙͙ͫͤͦ ͙ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͎͔͙͍͚͊ͪͫͫͤͦ ͙ͭ͊ͤ͟ ς ͨ ͊ͤͤͯͫ͊Φ 

оΦ ˢ͙͍͙ͭͪͯ͟Όͭ ͔ͦͫͭͦ͊ͫͭ͟͡· ό;͔͔ͪ͘ ͙͔ͫͫͭͣͯ w!bYκw!bY[ύΣ ͙͍ͨͪͦ͒Ύ ͟ ͦͫͭͤ͟·ͣ Ή͙ͪͦ͘ΎͣΦ 

пΦ ˮͤ͒ͯͼ͙ͪͯΌͭ ͍·ͪ͊͋ͦͭͯ͟ ͔ͨͪͦͭ͊͘Σ ͪ͊ͪͯ͘΄͊Ό΅͙ͻ ͻͪΎ΅Φ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͙ ͙͎͙͒͊ͤͦͫͭ͊͟ 
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¶ ˴͙͙ͤ͊͟͡Υ ˹ ͊;͊ͦ͡ ͔ͣͦ͗ͭ ͋·ͭΈ ͊͟͟ ͔͔ͨͦͫͭͨͤͤ·ͣΣ ͭ͊͟ ͙ ͦͫͭͪ·ͣΦ ͔͔̆͊ͪ͊ͭͪͤ͟ ͙͔͙ͫͣͣͭͪ;ͤ·͚ 

͙͙ͨͦ͊ͪͭͪͭ͡ ͫ ͔͔͋ͦͤͤͤͦͫͭ͘͡ΈΌΣ ͙ͨͪͨͯͻͦͫͭ͡ΈΌ ͙ ͔͔͚ͯͭͪͤͤ ͍ͫͦ͊ͤͤͦͫͭ͟ΈΌ όҔол ͙ͣͤΦύ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ 

͙ͨͪͦͫͣ͊͟͡Έͤ·ͻ ͔ͣ͗ͺ͎͍͊͊ͤͦ͡·ͻΣ ͨΎͫͭͤͦπͅ ͎͍͊͊ͤͦ͡·ͻΣ ͯ͡;͔͊ͨ͘Ύͫͭͤ·ͻ ͙ ͨ͡Ό͔ͫͤͺ͎͍͊͊ͤͦ͡·ͻ ͍͍ͫͯͫͭ͊ͦΦ 

ˤͦͣͦ͗ͤ͘· ͙͔ͫͫͭͣͤ·͔ ͨͪͦΎ͍͔͙ͤ͡ΎΥ ͔͍͙ͪͣ͊ͭͦ͒ͤ·͔ ͔͙ͯ͘͟͡Σ ͍͙͊ͫͯͭ͟͡Σ ͔͙ͫͪͦͭ͘·Σ ͔͙͔ͨͦͪ͊͗ͤ ͔͎͙͟͡ͻ 

όͺ͙͋ͪͦ͘ύΣ ͔ͫͪ͒ͼ͊Σ ͎͊͘͡Σ ͙ͫͤ͒ͪͦͣ ͔͎͔̊ͪͤ͊Φ 

¶ ˨͙͎͙͊ͤͦͫͭ͊͟ ό˴͙͔͙͙ͪͭͪ !/wκ9¦[!wΣ нлмлύΥ ˿ ͙͔ͫͭͣ͊ ͍͋͊ͦ͡͡ όҗс ͍͋͊ͦ͡͡ ͔ͤͦ͋ͻ͙ͦ͒ͣ· ͒͡Ύ 

͙͎͒͊ͤͦ͊͘ύΥ 

мΦ ˽͔͙͔ͦͪ͊͗ͤ ͍͍ͫͯͫͭ͊ͦ όмςр ͍͋͊ͦ͡͡ύΥ ͙ͦ͟͡;͔͍ͫͭͦ ͙ ͔ͪ͊ͣͪ͘ ͔ͨͦͪ͊͗ͤͤ·ͻ ͍͍ͫͯͫͭ͊ͦΦ 

нΦ ˿͔͎͙ͪͦͦ͡Ύ όлςо ͋͊͊͡͡ύΥ ˢ̇̇˽ ͙ ˾̅ ό͍ ͍·ͫͦͦͣ͟ ͙͔ͭͭͪύΦ 

оΦ ˻ͫͭͪͦͺ͍͊ͦ͘·͔ ͔͙ͨͦ͊͊ͭ͘͟͡ όлςм ͋͊͡͡ύΥ ͍ͨͦ·΄͔ͤͤ·͔ ˿˻̏ ͙͙͡ ˿˾ˣΦ 

пΦ ˨͙͔ͭ͡͡ΈͤͦͫͭΈ ͙͍ͫͣͨͭͦͣͦ όлςм ͋͊͡͡ύΥ җс ͔͔ͤ͒͡ΈΦ 

¶ ˮ͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ ͔ͣͭͦ͒·Υ ̂ ˭ˮ ͙  ˸ ˾ ́ς ζ͚ͦͦͭͦ͘͡ ͫͭ͊ͤ͒͊ͪͭη ͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙͍͙ͫͤͦͭ͊ ͙ 

Ή͙͚ͪͦ͘ ͒ͦ ͙ͻ ͔͎͔͎͙ͪͤͭͤͦͦ͡;͔͎ͫͦͦ͟ ͨͦΎ͍͔͙ͤ͡ΎΦ ˾ ͔͎͔͎ͤͭͤͦͪ͊ͺ͙Ύ ͟ ͙͔͚ͫͭ ͙ ͫͭͦͨ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͦͼ͔͙ͤ͟ 

͙͙ͫͭ͊͒ ͙ ͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΎ ͔͒ͫͭͪͯ͟ͼ͙͙Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔͎͙͙ͫͭͪ͊ͭ ͔͡;͔͙ͤΎ 

͔̇͡Έ ͔͙͙ͭͪ͊ͨ ς ͒ ͙͔͙͔ͦͫͭ͗ͤ ͔͙͙͙ͪͣͫͫ ͙͙͡ ͙͚ͤͦ͘͟ ͙͍͙͊ͭͤͦͫͭ͟ ͔͙͋ͦͤ͘͡Σ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙͔ͤ 

ͫͭͪͯͭͯͪͤ͟·ͻ ͍͔͔͙͚ͨͦͪ͗͒ͤ ͙ ͫͦͻ͔͙͔ͪ͊ͤͤ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘Φ ˿͔͎͙ͭͪ͊ͭΎ ζ˶͔;͔͙͔ͤ ͒ͦ ͙͔͙͒ͦͫͭ͗ͤΎ ͼ͔͙͡η 

ό¢ǊŜŀǘπǘƻπ¢ŀǊƎŜǘύ ͨ ͔͎͔ͪ͒ͨͦ͊͊ͭ͡ ͙͍͊ͭͤ͟·͚ ͙͙͎ͣͦͤͭͦͪͤ ό5!{нуΣ /5!LΣ {5!Lύ ͙ ;͊ͫͭͯΌ ͔ͦͪͪ͟͟ͼ͙Ό ͔͙͙ͭͪ͊ͨ 

͙ͨͪ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͣ ͍͔͔ͦͭͭΦ 

˿͔ͭͯͨͤ;͊ͭ·͚ ͨͦ͒ͻͦ͒ ͟ ͺ͔͙͙͊ͪͣ͊ͦͭͪ͊ͨ͟Υ 

мΦ ˽͔͍ͪ͊Ύ ͙͙ͤ͡Ύ ς ζ˿͍ͭ͊ͪͭͦ͊Ύη ͔͙ͭͪ͊ͨΎΥ ˸ ͔͔ͭͦͭͪͫ͊ͭ͟ ς ζ͚ͦͦͭͦ͘͡ ͫͭ͊ͤ͒͊ͪͭη ͙ ͔͎ͪ͊ͯͦ͟͡Έͤ·͚ 

͔͊ͣͤ͟Έ ͔͡;͔͙ͤΎΦ ˹͊ͤ͊͘;͔͊ͭͫΎ ͫͪ͊ͯ͘ ͔ͨͦͫ͡ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ ͙͎͒͊ͤͦ͊͘ ͍ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͫ ͺ͙͔͍͚ͦͦ͡ ͙͚ͫͦͭͦ͟͡Φ 

˽͙ͪ ͔͔͔͙͙ͤͨͪͤͦͫͣͦͫͭ ͙͙͡ ͙͍͙ͨͪͦͭͦͨͦ͊͊ͤ͘͟Ύͻ ς ͔͡ͺ͙ͯͤͦͣ͒͡Σ ͫͯ͡Έͺ͙͊ͫ͊͊ͤ͘͡Φ 

нΦ ˴͔ͦͪͪ͟ͼ͙Ύ ͔͙͙ͭͪ͊ͨ ͙ͨͪ ͔ͤ͒ͦͫͭ͊ͭͦ;͚ͤͦ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟Υ 

o ˿ͻ͔ͣ͊ ζ{ǘŜǇπǳǇηΥ ˽ ͙ͪ ͔ͤΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͙͙ͣͦͤͦͭͪ͊ͨ ͔͔ͣͭͦͭͪͫ͊ͭͦͣ͟ ͍͒ͦ͋͊͡Ύ͔ͭͫΎ ͔ͨͪͨ͊ͪ͊ͭ 

͙͘ ͎͚͒ͪͯͦ ͎ͪͯͨͨ·Φ 

o ˤ͙͊ͪ͊ͤͭ· ͙͙͍͚ͦͣ͋ͤͪͦ͊ͤͤͦ͟ ͔͙͙ͭͪ͊ͨΥ 

Á Ŏǎ5a!w5ǎ Ҍ ˥͡Ό͙͙ͦͦͪͭͦ͒͟͟͟· ό˥˴ύΥ ˹ ͙͙͔͘͟ ͒ͦ͘· ˥˴ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͊͟͟ ζͣͦͫͭη ͒͡Ύ ͋·͎ͫͭͪͦͦ 

͍͔͙ͨͦ͒͊ͤ͡Ύ ͙͍ͫͣͨͭͦͣͦ ͒ͦ ͤ͊;͊͊͡ ͔͚͍͙͒ͫͭΎ Ŏǎ5a!w5ǎΦ 

Á Ŏǎ5a!w5ǎ Ҍ ˣ͙͎͙ͦͦ͡;͔͙͔ͫ͟ ͔ͨͪͨ͊ͪ͊ͭ· όō5a!w5ǎύΥ ˨ ͍͔͙͔ͦ͋͊ͤ͡ ͟ ͔͔ͣͭͦͭͪͫ͊ͭͯ͟Φ ˴ ͙ͤͣ 

ͦͭͤͦͫΎͭͫΎΥ 

Á ˮ͎͙͙ͤ͋ͭͦͪ· ̅˹˻πh ό͙ ͤͺ͙͙ͫͣ͊͋͟͡Σ ͙͊͒͊ͣͯͣ͊͋͡Σ Ή͔ͭ͊ͤͪͼ͔ͨͭ ͙ ͒ͪΦύ ς ͤ ͙͔͔͊͋ͦ͡ ͙ͯ͘;͔ͤͤ͊Ύ 

͎ͪͯͨͨ͊Φ 

Á ˮ͎͙͙ͤ͋ͭͦͪ ͦ͟πͫ ͙ͭͣͯ͡Ύͼ͙͙ ¢π͟ ͔ͭͦ͟͡ ό͊͋͊ͭ͊ͼ͔ͨͭύΦ 

Á ˮ͎͙͙ͤ͋ͭͦͪ· ˮ˶πс όͭͦͼ͙͙ͯͣ͊͋͘͡ύΦ 

Á ˮ͎͙͙ͤ͋ͭͦͪ ˤπ͟ ͔ͭͦ͟͡ ό͙͙ͪͭͯͫͣ͊͋͟ύΦ 

Á ˮ͎͙͙ͤ͋ͭͦͪ· ̒ͤͯͫπ͟ ͙ͤ͊͘ όǘǎ5a!w5ǎύΥ ́ ͦͺ͊ͼ͙͙͙ͭͤ͋Σ ͙͋͊ͪͼ͙͙͙ͭͤ͋Σ ͯͨ͊͒͊ͼ͙͙͙ͭͤ͋Φ 

˽͙͔ͪͣͤΎΌͭͫΎ ͔ͨͪͦͪ͊͡ΈͤͦΣ ͙͋ͦͪͯ͟͡Όͭ ͍͙͔ͤͯͭͪͭͦ͟͡;ͤ·͔ ͙͎ͫͤ͊͡Έͤ·͔ ͙ͨͯͭ ͼ͙͙͍ͭͦͤͦ͟Φ 

оΦ ˹͔ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΥ ˶ ͔;͔͋ͤ͊Ύ ͺ͙ͯ͘͟͡Έͭͯͪ͊Σ Ή͎͔͙ͪͦͭͪ͊ͨΎΣ ͔͙͍͙͔ͦͪͭͪͦ͊ͤ͘Σ 

͙ͨͫͻ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͔ͨͦ͒͒ͪ͗͊͟Σ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙ΎΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˾͔͍͙ͣ͊ͭͦ͒ͤ·͚ ͙͊ͪͭͪͭ ͔͔ͨͪͫͭ͊͡ ͋·ͭΈ ͔͍͙͔͊͋ͦ͊ͤͣ͘͡ ͫ ͔͙͔ͤ͋͗ͤ͘·ͣ ͙ͫͻͦ͒ͦͣ ͍ ͙͍͙ͤ͊͒ͤͦͫͭ͡ΈΦ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͍͎͙ͪͣ͊ͭͦͦ͡ΎΣ ͍͔ͦͦͪͯ͗ͤͤ͊Ύ ͎͙͙ͯ͋ͦͣ͟͡ ͙ͤ͊ͤ͘Ύ͙ͣ ͎͔͔ͨ͊ͭͦͤ͊͘Σ ͍·ͫͦͦͭͦ͟;ͤ·͙ͣ ͔͙ͣͭͦ͒͊ͣ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ΄͙͙ͪͦͣ͟ ͔͊ͪͫͤ͊ͦͣ͡ ͍·ͫͦͦ͟Ήͺͺ͔͙͍ͭͤ͟·ͻ ͎͔ͭ͊ͪͭͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΣ ͍ͨͦͦ͘͡Ύ͔ͭ 
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͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͔͋ͦͤ͘͡Έ ͯ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͨ͊ͼ͙͔͍ͤͭͦΦ ˴͡Ό; ͟ ͔ͯͫͨͻͯ ς ͪ ͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͎͔͙͍͊ͪͫͫͤ͊Ύ 

͍ͫͭ͊ͪͭͦ͊Ύ ͔͙ͭͪ͊ͨΎ ͙ ͔͔ͤͯͦͤͤͦ͟͡ ͔͍͙͔ͫ͒ͦ͊ͤ͡ ͔͎͙͙ͫͭͪ͊ͭ ζ¢ǊŜŀǘπǘƻπ¢ŀǊƎŜǘη ͍ ͪ͊ͣ͊͟ͻ ͔͙ͨ͊ͪͭͤͪͫ͟ͻ 

ͦͭͤͦ΄͔͙͚ͤ ͔ͣ͗͒ͯ ͍ͪ͊;ͦͣ ͙ ͨ͊ͼ͙͔ͤͭͦͣΦ ˣͯ͒ͯ΅͙͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙Ό 

͙͔͍͋ͦͣ͊ͪͪͦ͟ ͒͡Ύ ͔͙ͨͪ͒͟ͼ͙͙ ͍͔ͦͭͭ͊ ͤ͊ ͔͙ͭͪ͊ͨΌΣ ͙͔͙͔͒ͦͫͭ͗ͤ ͔͔͋ͦ͡ ͎͚ͯ͋ͦͦ͟͡ ͔͙͙͙ͪͣͫͫ ͙ ͪ͊ͪ͊͋ͦͭͯ͘͟ 

͔͍ͣͭͦ͒ͦ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͍͔͔ͨͦͪ͗͒ͤͤ·ͻ ͔͚ͭ͊ͤ͟Φ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˹͍͊ͫͦͤͦ ˩Φ˶ΦΣ ˴͔͔͍͊ͪ͊ͭ ˨Φ˩ΦΣ ˣ͍͊͊͋͊ͤͦ͊͡ ˾Φ˸Φ ˾͔͍͙ͣ͊ͭͦ͒ͤ·͚ ͙͊ͪͭͪͭΦ ˤ ͤ͟ΦΥ ˾͔͍͎͙ͣ͊ͭͦͦ͡ΎΦ 

˹͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟Φ ˽ͦ͒ ͔ͪ͒Φ ˩Φ˶Φ ˹͍͊ͫͦͤͦ͊Φ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлннΦ ˿Φ опрςпонΦ 

нΦ ˿͙͍ͣͪͤͦ ˢΦˤΦΣ ͔̏ͪ͒ͫ ̊Φ̅Φ ˾͙͚͊ͤͤ ͔͍͙ͪͣ͊ͭͦ͒ͤ·͚ ͙͊ͪͭͪͭΥ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͔͡;͔͙͔ͤΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ 

͔͍͎͙ͪͣ͊ͭͦͦ͡ΎΦ нлнлΤмпόмύΥ тлςтуΦ 

оΦ aŎLƴƴŜǎ LΦ.ΦΣ {ŎƘŜǧ DΦ ¢ƘŜ ǇŀǘƘƻƎŜƴŜǎƛǎ ƻŦ ǊƘŜǳƳŀǘƻƛŘ ŀǊǘƘǊƛǝǎΦ b 9ƴƎƭ W aŜŘΦ нлммΤосрόноύΥ ннлрςмфΦ 

ό˴͙͊ͫͫ͡;͔͙͚ͫ͟ ͦ͋ͦͪ͘Σ ͔͒ͦͫͭͯͨͤ ͍ ͔͔͍͔ͨͪͦ͒ύΦ 

ϭ s͔͍ͤͤ͊͊ ˻ΦΣ нлнр 

 

 

 

 

       ˢͤͤ͊ͣ·͍ͪ͊͒ͦ͊ ˸͔͔ͪ͒͗ͤ ͙͔́ͪ͟΄͍ͦͤ͊Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΦ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

́˻˴˿ˮ˴˻˶˻˥ˮ̒Υ ̅̂˹˨ˢ˸˩˹́ˢ˶̎˹̍˩ ˽˾ˮ˹̇ˮ˽̍Σ ˿˻ˤ˾˩˸˩˹˹̍˩ ˹ˢ˽˾ˢˤ˶˩˹ˮ̒  

ˮ ˤ̍˭˻ˤ̍ ˢ˹́˾˻˽˻˥˩˹˹˻˯ ̏˽˻̆ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

͙͎͙́ͦͫͦͦ͟͟͡Ύ ς ͣ ͔͙͗͒ͫͼ͙͙ͨͤ͊ͪͤ͊͡Ύ ͤ͊ͯ͊͟Σ ͙ͯ͘;͊Ό΅͊Ύ ͍͚͍ͫͦͫͭ͊Σ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎΣ 

͊͟;͔͍͔ͫͭͤͤͯΌ ͙ ͙ͦ͟͡;͔͍͔ͫͭͤͤͯΌ ͦͼ͔ͤͯ͟ ͙ͭͦͫ͟;͙ͤͦͫͭ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭ ͙ ͺ͙͙͘;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟Σ ͊ 

͔ͭ͊͗͟ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͍͙͙ͪ͊ͭ͘ΎΣ ͔ͭ;͔͙ͤΎ ͙ ͙ͫͻ͍ͦ͒ͦ ͙͙ͤͭͦͫ͊͟͟ͼ͙͚Φ ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ Ή͍ͦ͡Όͼ͙Ύ 

͙͎͙͙ͭͦͫͦͦ͟͟͡ ͦͭ Ή͙͙ͣͨͪ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘ ͦ Ύ͒͊ͻ ͒ͦ ͚ͫͦ͗ͤͦ͡ ͙͔͚ͫͫͭͣͤͦ ͙ͤ͊ͯ͟Φ ˾͔͊ͫͫͣͦͭͪͤ· ͔͔ 

ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͔ͪ͊͒͘͡·Υ ͦ͋΅͊Ύ ͙͎͙ͭͦͫͦͦ͟͟͡Ύ ό͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͙͙͔͙͙ͭͦͫͦͤͭ͟͟͟͟ ͙ 

͙͙͙͙ͭͦͫͦ͒ͤ͊ͣ͟͟͟ύΣ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͎͙ͭͦͫͦͦ͟͟͡Ύ ό͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͔͡;͔͙͔ͤ ͍͔͙͚ͦͭͪ͊ͤ͡ύΣ Ή͎͙ͦͦ͟͡;͔ͫ͊͟Ύ 

͙͎͙ͭͦͫͦͦ͟͟͡Ύ ό͍͙͡Ύ͙͔ͤ ͨͦ͡͡Ό͍ͭ͊ͤͭͦ ͤ͊ Ή͙͔ͦͫͫͭͣ͟· ͙ ͍͒ͦͪͦ͘Έ͔ ;͔͍͔ͦ͊͟͡ύ ͙ ͍͔͔ͫͦͪͣͤͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ 

ς ͣ ͔ͦͯ͟͡͡Ύͪͤ͊ΎΣ ͙͎͙ͤ͊ͤͦͭͦͫͦͦ͟͟͡ΎΣ ͺ͙͎͙͊ͪͣ͊ͦͭͦͫͦͦ͟͟͟͡ΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙ͨͪͤͼ͙ͨ͊ͣ 

ͦͼ͔͙ͤ͟ ͙ͪͫ͊͟Σ ͍͟͡Ό;͊Ό΅͙ͣ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙Ό ͙ͦͨ͊ͫͤͦͫͭΣ ͦͼ͔ͤͯ͟ ͍͙͙͙͊ͫͣͦͫͭ͘ ζ͒ͦ͊͘πΉͺͺ͔ͭ͟ηΣ ͦͼ͔ͤͯ͟ 

Ή͙ͫͨͦ͘͟ͼ͙͙ ͙ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͙ͪͫ͊͟Σ ͦͭͦͪ͟·͔ Ύ͍͡ΎΌͭͫΎ ͍͚ͦͫͤͦͦ ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͎͙͎͙͔͙ͤ;͔͙ͫ͟ͻ 

͙͍͍ͤͦͪͣ͊ͭͦ ό˽˨˴Σ ˻ˣ̂ˤύ ͙ ͙͍ͤͦͪͣ͊ͭͤͦπͨ ͍͍ͪ͊ͦ·ͻ ͍͊ͭͦ͟Φ ˻͔ͭ͒͡Έͤͦ ͦ͋ͫͯ͗͒͊ΌͭͫΎ ͊ͭͯ͊͟͡Έͤ·͔ ͍·͍ͦ͘· 

͍͔͔͙ͫͦͪͣͤͤͦͫͭΥ ͙͎͙ͭͦͫͦͦ͟͟͡Ύ ͙͔ͨͦͣͪͤ͡·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͙ ͙͙ͣͪͦͨ͊ͫͭ͊͟͟͡Σ ͦͼ͔ͤ͊͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ 

͔͙͍ͤ͊ͤͦͣ͊ͭͪ͊ͦ͡Σ ͯͣͯ͟͡Ύ͙͍ͭͤ·͚ Ήͺͺ͔ͭ͟ ͔͙͙͍ͫͤͦ͋ͦͭͦ͟͟ ͍ ͣ͊͡·ͻ ͒ͦ͊͘ͻ όζ͔͚ͦͭ͟͟͡Έͤ·͚ Ήͺͺ͔ͭ͟ηύΣ ͊ 

͔ͭ͊͗͟ ͔ͨͪͦ͋ͣ͡· ͙͙͙͎͋ͦͣͦͤͭͦͪͤ͊ ͙ ͔͔͙͔ͨͪ͒ͯͨͪ͒ͭ͡Έ͚ͤͦ ό͔͍͔͙͍͚ͨͪͤͭͤͦύ ͙͎͙͙ͭͦͫͦͦ͟͟͡Φ ˨͔͔͊ͭͫ͡Ύ 

͍·͍ͦ͒ ͦ ͟͡Ό;͔͍͚ͦ ͙ͪͦ͡ ͙͎͙͙ͭͦͫͦͦ͟͟͡ ͍ ͦ ͔͔͋ͫͨ;͔͙͙ͤ ͻ͙͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Σ ͦͻ͔ͪ͊ͤ ͍͒ͦͪͦ͘ΈΎ 

͔͔͙ͤ͊ͫͤ͡Ύ ͙ ͊͘΅͙͔ͭ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· ͍ ͍͙ͯͫͦ͡Ύͻ ͙͔͙ͤͭͤͫͺ͙͊͟ͼ͙͙ ͔ͭͻ͎͔͚ͤͦͤͤͦ ͎͙ͤ͊ͪͯ͘͟Φ 
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˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͭ ͙͎͙ͦͫͦͦ͟͟͡ΎΣ ͙ͭͦͫ͊ͤͭ͟͟Σ ͔͙͙ͫͤͦ͋ͦͭ͟͟Σ ͙͙͔͙ͭͦͫͦͤͭ͊͟͟͟͟Σ ͙͙͙ͭͦͫͦ͒ͤ͊ͣ͊͟͟͟Σ ͔ͣͻ͙͊ͤͣ͘ ͙ͭͦͫ͟;͔͎ͫͦͦ͟ 

͔͚͍͙͒ͫͭΎΣ ͒ͦ͊͘πΉͺͺ͔ͭ͟Σ ͙ͪͫ͟π͊ ͫŜͫǎǎƳŜƴǘΣ ͎͙͎͙͔͙ͤ;͔͙͚ͫ͟ ͙͍ͤͦͪͣ͊ͭΣ 

 ͟ ͙͙ͤ͡;͔ͫ͊͟Ύ ͙͎͙ͭͦͫͦͦ͟͟͡ΎΣ Ή͙͎͙ͦͭͦͫͦͦ͟͟͟͡ΎΦ 

 

ˤ͍͔͔͙͔͒ͤΥ ͦͭ ζ͙ͤ͊ͯ͟ ͦ Ύ͒͊ͻη ͟ ͔ͤ͊ͯ͟ ͦ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ 

ˮ͙ͫͭͦͪ;͔͙ͫ͟ ͙͎͙ͭͦͫͦͦ͟͟͡Ύ ͍͙ͦͤ͊͘͟͡ ͊͟͟ ͯ;͔͙͔ͤ ͦ Ύ͒͊ͻ όͦͭ ͎͔ͪ;Φ ζǘƻȄƛŎƻƴη ς Ύ͒ ͙ ζƭƻƎƻǎη ς ͯ;͔͙͔ͤύΣ 

ͤͦ ͔͔ ͍͔͔ͫͦͪͣͤͤ·͔ ͙ͪ͊ͣ͟ ͤ͊͘;͙͔ͭ͡Έͤͦ ΄͙͔ͪΦ ˻ͤ͊ ͙ͫͯ͗ͭ͡ ͤ͊ͯ;ͤ·ͣ ͺ͔ͯͤ͒͊ͣͤͭͦͣ ͒͡Ύ ͦͼ͔͙ͤ͟ ͙ 

͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͙ͪͫ͊ͣ͟Σ ͍ͫΎ͊ͤͤ͘·͙ͣ ͫ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭ ͍ ͡Ό͚͋ͦ ͫ ͺ͔͔ͪ ;͔͍͔ͦ͡;͔͚ͫͦ͟ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΥ ͔͙ͣ͒ͼ͙͔ͤΣ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Σ ͔ͫ͡Έͫͦͣ͟ ͻͦ͘Ύ͚͍͔ͫͭΣ ͋·ͭͯΦ ˽͊ͪ͊͒ͦͫ͟ ˽͊ͪ͊ͼ͔͡Έͫ͊ ό·±L ͍Φύ ς 

ζˤ͔ͫ ͔ͫͭΈ Ύ͒Σ ͙ ͙ͤ;ͭͦ ͔ͤ ͙͡΄͔ͤͦ Ύ͍͙͙͒ͦͭͦͫͭΤ ͦ͒ͤ͊ ͙͡΄Έ ͒ͦ͊͘ ͔͔͒͊ͭ͡ Ύ͒ ͔͔ͤ͊ͣͭͤ͘·ͣη ς ͦ ͔ͫͭ͊ͭͫΎ 

͔͎ͪ͊ͯͦ͟͡Έͤ·ͣ ͔͊ͣͤͣ͟ ͙ͤ͊ͯ͟Φ ˿͔͎ͦ͒ͤΎ ͙͎͙ͭͦͫͦͦ͟͟͡Ύ ͪ ͔΄͔͊ͭ ͊͒͊͘;͙ ͔ͤ ͭͦ͡Έͦ͟ ͔͙ͫͨ͊ͫͤΎ ͙͙͗ͤ͘ ͙ͨͪ 

ͦͫͭͪ·ͻ ͍͔͙ͦͭͪ͊ͤ͡ΎͻΣ ͤͦ ͙ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͔ͦͭ͒͊ͤͤ͡·ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡ ͻ͙ͪͦͤ;͔͚ͫͦ͟ Ή͙ͫͨͦ͘͟ͼ͙͙ ͟ 

͙͙ͤͣ͘͟ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύͣ ͭ·ͫΎ; ͍ͤͦ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΣ ͙͔͙͔ͫͤͭͪͯͣ͘·ͻ ͔͔͎͗ͦ͒ͤͦΦ 

͔̅ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͙ͨͪͤͼ͙ͨ· ͙ ͔ͪ͊͒͘͡· ͙͎͙͙ͭͦͫͦͦ͟͟͡ 

мΦ ˻͋΅͊Ύ ͙͎͙ͭͦͫͦͦ͟͟͡ΎΥ ˮ ͯ͘;͔͊ͭ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͎͙ͦͪ͊ͤͣ͊͘ ͙ 

͙͍ͭͦͫ͊ͤͭͦ͟͟Φ 

o ́ ͙͙͔͙ͦͫͦͤͭ͊͟͟͟͟Υ ͦ ͙ͨͫ·͍͔͊ͭ ͫͯ͒Έ͋ͯ Ύ͒͊ ͍ ͎͙͔ͦͪ͊ͤͣ͘Υ ͍ͫ͊ͫ·͍͙͔͊ͤ ό͊͋ͫͦͪ͋ͼ͙ΎύΣ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡Σ 

͙͋ͦͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ό ό͔͙ͣͭ͊͋ͦͣ͘͡Σ ;͊ͫͭͦ ͫ ͯ;͙͔͊ͫͭͣ ͼ͙ͭͦͻͪͦͣ͊ tπпрлύ ͙ ͍·͍͔͔͙͔͒ͤ όΉ͔ͫͪ͟͟ͼ͙ΎύΦ 

o ́ ͙͙͙ͦͫͦ͒ͤ͊ͣ͊͟͟͟Υ ͙ ͔͔ͫͫ͒ͯͭ͡ ͔ͣͻ͙͊ͤͣ͘· ͙ͭͦͫ͟;͔͎ͫͦͦ͟ ͔͚͍͙͒ͫͭΎ ͤ͊ ͔ͣͦͯ͟͡͡ΎͪͤͦͣΣ ͔ͭͦ͟͡;ͤͦͣ 

͙ ͎ͦͪ͊ͤͤͦͣ ͍ͯͪͦͤΎͻΦ ˴͡Ό;͔͍·͔ ͨͦͤΎ͙ͭΎΥ ζ͙ͣ΄͔ͤΈη ͔͚͍͙͒ͫͭΎ ό͔ͪͼ͔ͨͭͦͪ·Σ ͺ͔͔ͪͣͤͭ·Σ ˨˹˴ύΣ ͍͙͒· 

͔͚͍͙͒ͫͭΎ ό͔͔ͣͫͭͤͦΣ ͔͙͍͔ͪͦͪ͋ͭͤͦ͘Σ ͔ͪͺ͔͔ͭͦͪͤͦ͟͡ύΣ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͙ ͔͔ͤͫͨͼ͙ͺ͙;͔͙͔ͫ͟ Ήͺͺ͔ͭ͟·Φ 

o ˴ ͙ͦ͡;͔͍͔ͫͭͤͤ·͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟Υ ͦ ͍ͫͤͦͤ͊Ύ ͙͍ͪ͊͟Ύ ζ͒ͦ͊͘πΉͺͺ͔ͭ͟ηΣ ͨͦͤΎ͙ͭΎ ͎͍͚ͨͦͪͦͦͦ ͒ͦ͘·Σ 

[5љєΣ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͙ͭͦͫ͟;͙ͤͦͫͭΣ ͯͣͯ͟͡Ύͼ͙͙ ό͔͙ͣ͊ͭͪ͊͡Έ͚ͤͦ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦύΦ 

нΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͎͙ͭͦͫͦͦ͟͟͡ΎΥ ˽ ͙ͪ͊ͭ͟;͔ͫ͊͟Ύ ͦͭͪ͊ͫ͡ΈΣ ͙͊ͤͣ͊͘Ό΅͊ΎͫΎ ͙͎͙͚͒͊ͤͦͫͭͦ͟ ό͔͊ͤ͊ͣͤ͘Σ 

͙͙ͤ͊͟͟͡Σ ͙ͭͦͫͦ͟͟πͻ͙͙ͣ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ύΣ ͔͡;͔͙͔ͤͣ ό͙͊ͤͭ͒ͦͭͤ͊Ύ ͔͙ͭͪ͊ͨΎΣ ͔ͣͭͦ͒· ͙͍͚͊ͭͤͦ͟ 

͔͙͒ͭͦͫ͊͟͟ͼ͙͙ύ ͙ ͨͪͦͺ͙͙͚͊ͭͦ͟͟͡ ͦͫͭͪ·ͻ ͙ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͍͔͙͚ͦͭͪ͊ͤ͡Φ ˤ͔͚͊͗ͤ΄͙͚ ͙ͨͪͤͼ͙ͨ ς 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͙͍͊ͤͭ͒ͦͭͦΣ ͔͚͍͒ͫͭͯΌ΅͙ͻ ͨͦ ͙ͨͪͤͼ͙ͨ͊ͣ ͻ͙͙ͣ;͔͎ͫͦͦ͟Σ ͙͋ͦͻ͙͙ͣ;͔͎ͫͦͦ͟ 

͙͙͡ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͎ͫͦͦ͟ ͎͙͊ͤͭ͊ͦͤͣ͊͘Φ 

оΦ ͎͙̏ͦͦ͟͡;͔ͫ͊͟Ύ ͙͎͙ͭͦͫͦͦ͟͟͡Ύ ό͙͎͙̏ͦͭͦͫͦͦ͟͟͟͡ΎύΥ ˮ ͯ͘;͔͊ͭ ͙ͫͭͦ;͙͙ͤ͟Σ ͙ͨͯͭ ͙͎ͣͪ͊ͼ͙͙Σ 

ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ό ͙ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ Ήͺͺ͔ͭ͟· ͎͊ͪ͘Ύͤ͘ΎΌ΅͙ͻ ͍͔΅͔͍ͫͭ όͨͦ͡͡Ό͍ͭ͊ͤͭͦύ ͍ Ή͙͔ͦͫͫͭͣ͊͟ͻΣ ͙ͻ 

͔͔ͨͪͤͦͫ ͨͦ ͙ͨ΅͔͍·ͣ ͼ͔ͨΎͣ ͙ ͔ͦͭ͒͊ͤͤ͡·͔ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͒͡Ύ ͙͋ͦͭ·Σ ͍͟͡Ό;͊Ύ ;͔͍͔ͦ͊͟͡Φ ͔̇ͤͭͪ͊͡Έ͔ͤͦ 

͔ͣͫͭͦ ͙͊ͤͣ͊͘Όͭ ͨͦͤΎ͙ͭΎ ͙͋ͦ͊ͯͣͯ͟͟͡Ύͼ͙͙Σ ͙͎͙͋ͦͣ͊ͤͺ͙͊͟ͼ͙͙ ͙ Ήͦ͟ͼ͙͒͊Φ 

пΦ ˽ͪͦͺ͙͙͊ͭ͟͡;͔ͫ͊͟Ύ ό͎͙͎͙͔͙ͤ;͔ͫ͊͟Ύύ ͙͎͙ͭͦͫͦͦ͟͟͡ΎΥ ˹ ͊ ͍͔ͦͫͤͦ ͒͊ͤͤ·ͻ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟ ͤ͊ 

͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙͍͗ͦͭͤ·ͻ ͙ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭ͡ ͙͔͙͙ͪͭͪ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ 

˾͔ͯ͘͡Έͭ͊ͭͦͣ ͔͔ ͪ͊͋ͦͭ· Ύ͍͡ΎΌͭͫΎ ͎͙͎͙͔͙ͤ;͔͙͔ͫ͟ ͙͍ͤͦͪͣ͊ͭ·Υ ͔͔ͨͪ͒͡Έͤͦ ͙͒ͦͨͯͫͭͣ·͔ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ 

ό˽˨˴ύ ͍ ͍ͦ͒ͯ͘ͻ͔ ͪ͊͋ͦ;͔͚ ͦͤ͘· ͙ ͊ͭͣͦͫͺ͔ͪͤͦͣ ͍ͦ͒ͯ͘ͻ͔Σ ͍͔ͦ͒Σ ͨͦ;͍͔Τ ͙͒ͦͨͯͫͭͣ·͔ ͦͫͭ͊ͭͦ;ͤ·͔ 

͙ͦ͟͡;͔͍ͫͭ͊ ό˨˻˴ύ ͍ ͙ͨ΅͔͍·ͻ ͨͪͦ͒ͯͭ͊͟ͻΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͍·͍ͦ͘· ͙ ͍ͤͦ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ 

¶ ˸͔ͦͯ͟͡͡Ύͪͤ͊Ύ ͙͎͙ͭͦͫͦͦ͟͟͡ΎΥ ˮ ͔͔ͫͫ͒ͯͭ͡ ͔͍͙ͨͪ;ͤ·͔ ͔ͣͦͯ͟͡͡Ύͪͤ·͔ ͫͦ͋·͙ͭΎΣ ͙͙ͤͼ͙͙ͪͯΌ΅͙͔ 

͙ͭͦͫ͟;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫ ό͙͙͔ͦͫͭ͟͡͡Έͤ·͚ ͔ͫͭͪͫͫΣ ͍͔͔͙͔ͨͦͪ͗͒ͤ ˨˹˴Σ ͊ͨͦͨͭͦ͘Σ ͤ͊ͪͯ΄͔͙͔ͤ ͙͎ͫͤ͊͡Έͤ·ͻ 

͔͚ͨͯͭύΣ ͙ ͎͔͔͙ͤͭ;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ όͺ͎͔͔͙͊ͪͣ͊ͦͤͭ͊͟͟Σ ͙ͨͦͣͦͪ͡ͺ͙ͣ͘· 

͎͔͍ͤͦ ͔͙͒ͭͦͫ͊͟͟ͼ͙͙ύΦ 
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¶ ˹͙͎͙͊ͤͦͭͦͫͦͦ͟͟͡ΎΥ ˻ ͼ͔͙͍͔ͤ͊ͭ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͙͙ͪͫ͟ ͔͙͍ͤ͊ͤͦͣ͊ͭͪ͊ͦ͡Σ ;Έ͙ ͍͚͍ͫͦͫͭ͊ ό͍·ͫͦ͊͟Ύ 

͔ͪ͊͟ͼ͙ͦͤͤ͊Ύ ͫͨͦͫͦ͋ͤͦͫͭΈΣ ͫͨͦͫͦ͋ͤͦͫͭΈ ͙ͨͪͦͤ͊ͭ͟Έ ;͔͔ͪ͘ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͋͊ͪΈ͔ͪ·ύ ͎ͣͦͯͭ ͙ͦͭ͡;͊ͭΈͫΎ ͦͭ 

͍͚͍ͫͦͫͭ ͙ͣ͊ͪͦͫͦͨ͟͟;͔͙ͫ͟ͻ ͎͍͊ͤ͊ͦͦ͡Φ 

¶ ͙͎͙́ͦͫͦͦ͟͟͡Ύ ζ͔͚ͦͭ͟͟͡Έ͎ͤͦͦ Ήͺͺ͔ͭ͊͟ηΥ ˽ ͔ͪͦ͋ͣ͊͡ ͦͼ͔͙ͤ͟ ͙͙͍͎ͦͣ͋ͤͪͦ͊ͤͤͦͦ͟ ͔͚͍͙͒ͫͭΎ 

͔͍ͣͤͦ͗ͫͭ͊ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭΣ ͙͍ͨͪͫͯͭͫͭͯΌ΅͙ͻ ͍ ͦͪͯ͗͊͟Ό΅͔͚ ͔͔ͫͪ͒ ͍ ͎͍ͫͯ͋ͨͦͪͦͦ·ͻ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙ΎͻΣ 

͎ͦ͒͊͟ ͙ͻ ͍͔͔ͫͦͣͫͭͤͦ ͔͚͍͙͔͒ͫͭ ͔ͣͦ͗ͭ ͋·ͭΈ ͙͔͎͙ͫͤͪ;ͤ·ͣΦ 

¶ ͙͎͙́ͦͫͦͦ͟͟͡Ύ ͙͙ͣͪͦͨ͊ͫͭ͊͟͟͡ ͙ ͙͔͍ͨͦͣͪͦ͡Υ ˮ ͯ͘;͔͙͔ͤ ͎͒ͦͦͫͪͦ͡;ͤ·ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ 

;͙͊ͫͭͼ ͙ͨ͊ͫͭ͊͟͡ ͙ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͒ͦ͋͊ͦ͟ ͟ ͔ͤͣͯ όͺͭ͊͊ͭ͡·Σ ͙͋ͫͺ͔ͤͦ͡ ˢύ ͤ͊ ͍͒ͦͪͦ͘Έ͔ ;͔͍͔ͦ͊͟͡ ͙ 

Ή͙͔ͦͫͫͭͣ͟·Φ 

¶ ˣ͙͙͙͎ͦͣͦͤͭͦͪͤΥ ˮ ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͔͍ͣ͊ͪͪͦ͟ όͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ ͙ͭͦͫ͊ͤͭ͊͟͟ ͙͙͡ ͔͎ͦ 

͔͙͍ͣͭ͊͋ͦͭͦ͡ ͍ ͙͔͋ͦͫͪ͒͊ͻΣ ͔ͣ͊ͪͪ͟· ͙ͪ͊ͤͤͻ ͙͋ͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͙͎͍ͫ͒ͦύ ͒͡Ύ ͦͼ͔͙ͤ͟ ͔ͪ͊͡Έ͚ͤͦ Ή͙ͫͨͦ͘͟ͼ͙͙ 

͙ ͙͙͒ͦͤ͟͡;͔͙ͫ͟ͻ Ήͺͺ͔͍ͭͦ͟ ͯ ;͔͍͔ͦ͊͟͡Φ 

˸͔͎͙ͭͦ͒ͦͦ͡Ύ ͦͼ͔͙ͤ͟ ͙ͪͫ͊͟ όwƛǎƪ !ǎǎŜǎǎƳŜƴǘύ 

̏ͭͦ ͙͔͙ͫͫͭͣ͊ͭ;͔͙͚ͫ͟ ͤ͊ͯ;ͤ·͚ ͨͪͦͼ͔ͫͫΣ ͔͗͊͡΅͙͚ ͍ ͍͔ͦͫͤͦ ͙ͨͪͤΎ͙ͭΎ ͔͎͙ͪͯͪͯ͡Ό΅͙ͻ ͔ͪ΄͔͙͚ͤΦ 

˿͙ͦͫͭͦͭ ͙͘ ;͔ͭ·͔ͪͻ Ή͍ͭ͊ͨͦΥ 

мΦ ˮ͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͙ͦͨ͊ͫͤͦͫͭΥ ˻ ͔͔͔͙͔ͨͪ͒ͤ͡ ͔ͨͦͭͤͼ͙͊͡Έͤͦ ͍͔ͪ͒ͤ·ͻ ͍͚͍ͫͦͫͭ ͍͔΅͔͍ͫͭ͊ ό͙͊ͤ͊͘͡ 

͙͔ͭͪ͊ͭͯͪ͡·Σ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͒͊ͤͤ·͔ύΦ 

нΦ ˻ͼ͔ͤ͊͟ ͍͙͙͙͊ͫͣͦͫͭ͘ ζ͒ͦ͊͘πΉͺͺ͔ͭ͟ηΥ ˴ ͙ͦ͡;͔͍͔ͫͭͤͤ͊Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͍͙͍͊ͣͦͫ͘Ύ͙͘ ͔ͣ͗͒ͯ 

͚͒ͦͦ͘ ͙ ͍͔ͪͦΎͭͤͦͫͭΈΌ ͙͙͡ ͭΎ͔͗ͫͭΈΌ Ήͺͺ͔ͭ͊͟Φ 

оΦ ˻ͼ͔ͤ͊͟ Ή͙ͫͨͦ͘͟ͼ͙͙Υ s ͙ͤ͊͘͡ ͍͔͚ͯͪͦͤΣ ͔͚ͨͯͭΣ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͙ ;͊ͫͭͦͭ· ͍͔͚͍͙ͦ͒ͫͭ͘Ύ 

͍͔΅͔͍ͫͭ͊ ͤ͊ ͼ͔͔͍ͯ͡Ό ͨͦͨͯ͡Ύͼ͙ΌΦ 

пΦ ͔͙͙̆͊ͪ͊ͭͪͫͭ͊͟͟ ͙ͪͫ͊͟Υ ˮ ͔͎ͤͭͪ͊ͼ͙Ύ ͒͊ͤͤ·ͻ ͔͍ͨͪ·ͻ ͔ͭͪͻ Ή͍ͭ͊ͨͦ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ 

͍͔ͪͦΎ͙ͭͤͦͫͭ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͔͎͙͍͎ͤ͊ͭͤͦͦ Ήͺͺ͔ͭ͊͟ ͍ ͔ͦͤͪͭͤ͟͟·ͻ ͍͙ͯͫͦ͡ΎͻΣ ͍͟͡Ό;͊Ύ ͦͼ͔ͤͯ͟ 

͔͔͔͔͔͚ͤͦͨͪ͒ͤͤͦͫͭ͡Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͙͎͙ͭͦͫͦͦ͟͟͡Ύ ͭͪ͊ͤͫͺ͙͍ͦͪͣͪͦ͊͊ͫ͡Έ ͙͘ ͙ͤ͊ͯ͟Σ ͙ͦͤͫͭ͊ͭͪͯ͟Ό΅͔͚ ͺ͊ͭ͟ ͍͔͙ͦͭͪ͊ͤ͡ΎΣ ͍ 

͎͙ͨͪͦͤͦͫͭ;͔ͫͯ͟Ό ͙ ͔͍͔͙͍ͨͪͤͭͤͯΌ ͙͒ͫͼ͙͙ͨͤͯ͡Σ ͙͎ͪ͊Ό΅ͯΌ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͙͔͔ͫͫͭͣ ͎ͦ͋͊͡͡Έ͚ͤͦ 

ͻ͙͙ͣ;͔͚ͫͦ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ ˩͔ ͊͒͊͘;͙ ͔͎ͫͦ͒ͤΎ ς ͤ ͔ ͭͦ͡Έͦ͟ ͙͍͙͙͍͒ͪͦ͊ͭ͟͡Έ ͔͍͙ͨͦͫ͒ͫͭ͡ΎΣ ͤ ͦ ͙ 

͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͫ͊ͣͯ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍͔͎ͪ͒ͤͦͦ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͔ͨͯͭͣ ͤ͊ͯ;ͤͦ ͍͎ͦ͋ͦͫͤͦ͊ͤͤͦͦ ͙͍͙ͤͦͪͣͪͦ͊ͤΎΣ 

͙͙͎ͫͪͤͤ͊͟ ͍ͤͦ·ͻ ͔͙͔͙͚ͫͦ͒ͤͤ ͙ ͙͙͎ͣͦͤͭͦͪͤ͊ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ ˤ Ήͨͦͻͯ ͎͔͎͊ͤͭͪͦͨͦͤͤͦͦ ͔͙͎ͨͪͫͫͤ͊Σ 

͙͔ͫͤͭ͊͘ ͍ͤͦ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͙ ͪͦͫͭ͊ ͻ͙͙ͣ;͔͚ͫͦ͟ ͎͙ͤ͊ͪͯ͘͟ ͤ͊ ͙͋ͦͫͺ͔ͪͯ ͪ ͦ͡Έ ͙͎͙͙ͭͦͫͦͦ͟͟͡ ͊͟͟ 

͙͔͎ͤͭͪ͊͡Έ͚ͤͦ ͙ͤ͊ͯ͟Σ ͍ͫΎ͘·͍͊Ό΅͔͚ ͻ͙͙ͣΌΣ ͙͎͙͋ͦͦ͡ΌΣ ͔͙ͣ͒ͼ͙ͤͯ ͙ Ή͎͙ͦͦ͟͡ΌΣ ͔͋ͯ͒ͭ ͭͦ͡Έͦ͟ ͍ͦͪ͊ͫͭ͊ͭ͘ΈΦ 

ˣͯ͒ͯ΅͔͔ ͊͘ ͍͙͙͔ͪ͊ͭͣ͘ ͔͍ͣͭͦ͒ͦ ƛƴ ǎƛƭƛŎƻ όͦͣͨ͟ΈΌ͔͔ͭͪͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ύΣ ͍·͙͍͙͔ͫͦͦͨͪͦͦ͒ͭ͘͟͡Έ͎ͤͦͦ 

͙͙͎ͫͪͤͤ͊͟ ͙ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͦͼ͔͙ͤ͟ ͙͍ͪͫͦ͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˶͎͙ͯͤ͘ ˮΦ˿ΦΣ ˿͊ͤͦͼ͙͚͟ ˮΦˤΦ ˻͋΅͊Ύ ͙͎͙ͭͦͫͦͦ͟͟͡ΎΦ ̂;͔͙͋ͤ͟Φ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлнмΦ ς ртс ͫΦ 

нΦ ˶͙ͦͨ͊ͭͤ ˻Φ˩ΦΣ ˴͙͙͊ͤͤ͊͡ ˹Φ˸ΦΣ ˸͔͍ͦ͗͊ ˤΦˢΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͎͙ͭͦͫͦͦ͟͟͡ΎΦ ̂;͔͙͋ͤ͟ ͒͡Ύ ͍͍ͯͦ͘Φ рπ͔  ͙͒͘Φ 

˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнлΦ ς рмн ͫΦ 

оΦ ˣͦ͡Έ΄͍͊ͦ͟ ˢΦ˸ΦΣ ˴ͪͯͭΈͦ͟ ˤΦ˹Φ ͎͙̏ͦͦ͟͡;͔ͫ͊͟Ύ ͙͎͙ͭͦͫͦͦ͟͟͡Ύ ͙ ͦͼ͔ͤ͊͟ ͙ͪͫ͊͟ ͒͡Ύ ͍͒ͦͪͦ͘ΈΎ ͔͔͙ͤ͊ͫͤ͡ΎΦ 

˸ΦΥ ˽͔ͪͦΣ нлмфΦ ς пул ͫΦ 

пΦ ˴͍͊ͫͫ͊ͤ͒ͪͦ͊ ˻ΦˤΦΣ ͙͙̆͊ͣ͒ͯͤ͊͡͡ ˥Φ˾Φ ό͔ͪ͒Φύ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͨͪͦ͋ͣ͡· ͙͎͙͙ͭͦͫͦͦ͟͟͡Φ ˸͎ͦͤͦͪ͊ͺ͙ΎΦ 

˿˽͋ΦΥ ˹ˮˮ ˥͙͎͙͔ͤ·Σ ͨͪͦͺ͎͙͙ͨ͊ͭͦͦ͡ ͙ Ή͎͙͙ͦͦ͟͡ ;͔͍͔ͦ͊͟͡Σ нлннΦ 

рΦ YƭŀŀǎǎŜƴ /Φ5Φ όŜŘΦύ /ŀǎŀǊŜǧ ŀƴŘ 5ƻǳƭƭΩǎ ¢ƻȄƛŎƻƭƻƎȅΥ ¢ƘŜ .ŀǎƛŎ {ŎƛŜƴŎŜ ƻŦ tƻƛǎƻƴǎΦ фǘƘ ŜŘΦ aŎDǊŀǿπIƛƭƭ 

9ŘǳŎŀǝƻƴΣ нлмфΦ ό˴͙͊ͫͫ͡;͔͙͚ͫ͟ ͙͍͚ͣͪͦͦ ͯ;͔͙͋ͤ͟Σ ͒ͦͫͭͯͨͤ· ͔͔͍ͨͪͦ͒· ͔ͨͪ͒·͒ͯ΅͙ͻ ͙͙͚͒͊ͤ͘ύΦ 

ϭ sͤͤ͊ͣ·͍ͪ͊͒ͦ͊ ˸Φ́ΦΣ нлнр 
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       ˢͪ͊΄͔͍͊ ˣ͊ͻ͊ͪ ˾͔͔͍͒͗ͨͦͤŀΣ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˶˩˴ˢ˾˿́ˤ˩˹˹̍˩ ˾ˢ˿́˩˹ˮ̒Υ ˻́ ̏́˹˻ˣ˻́ˢ˹ˮ̉˩˿˴ˮ̆ ́˾ˢ˨ˮ̇ˮ˯ ˴ ˸˻˶˩˴̂˶̒˾˹̍˸ ˸ˮ̊˩˹̒˸ 

 ˮ  ˿́ˢ˹˨ˢ˾́ˮ˭ˮ˾˻ˤˢ˹˹̍˸ ̅ˮ́˻˽˾˩˽ˢ˾ˢ́ˢ˸ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͎͍͔͍͔ͣͤͦͦͯͪͦͤͦ ͤ͊͘;͔͙͔ͤ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͙͚ͪ͊ͫͭͤ ͊͟͟ ͔͙ͤͫͫΎ͔͎͊ͣͦͦ͟ 

͙ͫͭͦ;͙ͤ͊͟ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͔͙͔͙͚ͫͦ͒ͤͤ όˣˢ˿ύ ͒͡Ύ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ· ͙ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ 

ˢ͙͙͔ͤ͊ͪͯͭͫ͘͡Ύ ͙͙ͫͭͦͪ;͔͙͚ͫ͟ ͔ͦͤͭͫͭ͟͟Υ ͦͭ Ή͙͙ͣͨͪ;͔͎ͫͦͦ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ 

͙͔ͫͫͭͣ͊ͻ ό͊Ό͍͔ͪ͒͊Σ ͙ͭͪ͊͒ͼ͙ͦͤͤ͊Ύ ͙͚ͭ͊ͫ͊͟͟Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ ͔ͭͯͪͣͤͫ͊͟͟Ύ ͤ͊ͪͦ͒ͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊ύ ͒ͦ ͤ͊ͯ;͚ͤͦ 

͍͔͙ͪͺ͙͊͟ͼ͙͙ ͙ͻ Ήͺͺ͔͍ͭͦ͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͍ͦͫͤͦͤ·ͣ ͊ͫͫ͊ͣ͟͡ ˣˢ˿ ό͙͊͊ͦ͒͟͡͡·Σ 

ͺ͍͙͊ͦͤͦ͒͡·Σ ͔͔͙ͭͪͨͤͦ͒·Σ ͺ͔ͤͦ͡Έͤ·͔ ͙ͫͦͭ͟͡·Σ ͙ͨͦͫ͊͡ͻ͙͊ͪ͒·ύ ͙ ͙ͻ ͔ͦͤͪͭͤ͟͟·ͣ ͔ͣͦͯ͟͡͡Ύͪͤ·ͣ 

͔ͣͻ͙͊ͤͣ͊ͣ͘ ͔͚͍͙͒ͫͭΎ ͤ͊ ͍͔ͯͪͦͤ ͔ͭͦ͟͟͡ ͙ ͎͍ͦͪ͊ͤͦΥ ͣͦ͒ͯ͡Ύͼ͙Ύ ͺ͔͔͙͍͚ͪͣͤͭ͊ͭͤͦ ͙͍͙͊ͭͤͦͫͭ͟ ό͙͔ͤ͊ͨͪͣͪΣ 

͙͎͙͙͍͙͔ͤ͋ͪͦ͊ͤ ͼ͙͙͎͔ͦͦͫͤ͊͘͟͟͡· ͙ ͙͙͎͔ͨͦͫͤ͊͘͟͡·ύΣ ͍͙͡Ύ͙͔ͤ ͤ͊ ͙͎ͫͤ͊͡Έͤ·͔ ͙ͨͯͭ όbCπˁ.Σ bǊŦнύΣ 

͙͙͊ͤͭͦͫ͒͊ͤͭͤ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟ΈΣ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫ ͪ ͔ͼ͔͙ͨͭͦͪ͊ͣ ό˥ˢ˸˴Σ ͔͙͍ͫͪͦͭͦͤͤͦ·͔ύ ͙ ͙͊ͤ͊͊ͣ͟͡Φ 

˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤ͊Ύ ͙ͪ͊ͤ͘ͼ͊ ͔ͣ͗͒ͯ ͙͔͎͙ͫͤͪ;͔͙ͫͣ͟ ͔͚͍͙͔͒ͫͭͣ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ Ήͫͭͪ͊ͭ͊͟͟ 

ό͎͔͒ ͫͯͣͣ͊ͪͤ·͚ Ήͺͺ͔ͭ͟ ͔͍ͨͪ·΄͔͊ͭ ͔͚͍͙͔͒ͫͭ ͔ͦͭ͒͡Έͤ·ͻ ͔͍ͦͣͨͦͤͤͭͦ͟ύ ͙ ͍·͔͔͒ͤͤ͡·ͣ ;͙ͫͭ·ͣ 

͙͍͊ͭͤ͟·ͣ ͍͔΅͔͍ͫͭͦͣΦ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙͙͎ͫͪͤͤ͊͟Σ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙ ͙ 

͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙͙ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͫ·ͪΈΎΣ ͊ ͔ͭ͊͗͟ ͔ͨͪͦ͋ͣ͡·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΌΥ ͍ͦͣͦ͗ͤ͊͘Ύ 

͙ͭͦͫ͟;ͤͦͫͭΈΣ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫ ͙͔͙ͫͤͭͭ;͔͙͙ͫͣ͟ ͔͍͙͊ͪͫͭ͊ͣ͟͡ όͺ͙͔͙͊ͪͣ͊ͦͤͭ͟͟;͔͙͔ͫ͟ ͙ 

ͺ͙͙͊ͪͣ͊ͦ͒ͤ͊ͣ͟;͔͙͔ͫ͟ύΣ ͍͙͔͊ͪ͊͋͡ΈͤͦͫͭΈ ͫ ͍ͦͫͭ͊͊ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͍͙͚ͯͫͦ͡ ͙͙ͨͪͦͪ͊ͫͭ͊ͤ͘ΎΦ ˨͔͔͊ͭͫ͡Ύ 

͍·͍ͦ͒ ͦ ͭͦͣΣ ;ͭͦ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͺ͙͔͙͙ͭͦͭͪ͊ͨ ͍ ͔͙ͣ͒ͼ͙ͤͫͯ͟Ό ͙ͨͪ͊ͭͯ͟͟ ͔͔ͭͪ͋ͯͭ 

͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊Σ ͦ͋Ά͔͙͒ͤΎΌ΅͔͎ͦ ͺ͙ͭͦͻ͙͙ͣΌΣ ͔ͣͦͯ͟͡͡ΎͪͤͯΌ ͺ͎͙͊ͪͣ͊ͦͦ͟͡Ό ͙ 

͙͙ͤ͟͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ Ήͺͺ͔͙͍ͭͤ͟·ͻΣ ͔͋ͦͨ͊ͫͤ͘·ͻ ͙ ͙͙͍ͫͭ͊ͤ͒͊ͪͭͪͦ͊ͤͤ͘·ͻ 

ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔͙ͪ͊ͫͭͤΎΣ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͔ ͔͙͔͙ͫͦ͒ͤͤΎ όˣˢ˿ύΣ ͺ͙͔͙ͭͦͭͪ͊ͨΎΣ Ή͙ͭͤͦ͋ͦͭ͊ͤ͊͟Σ 

͙͔͎͙ͫͤͪͣ͘Σ ͔ͣͦͯ͟͡͡Ύͪͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎΣ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙ΎΣ ͺ͙͔͙͊ͪͣ͊ͦͤͭ͊͟͟͟Σ 

 ͙͔ͭͦͨͪͨ͊ͪ͊ͭͅ·Σ ͙͊͊ͦ͒͟͡͡·Σ ͺ͍͙͊ͦͤͦ͒͡·Φ 

 

ˤ͍͔͔͙͔͒ͤΥ ͍͔;ͤ·͚ ͫͦΌ͘ ͔͙͚ͪ͊ͫͭͤ ͙ ͍͒ͦͪͦ͘ΈΎ 

˿ ͔͍͔͚͒ͪͤ΄͙ͻ ͍͔͔ͪͣͤ ͔͙ͪ͊ͫͭͤΎ ͙͙ͫͯ͗͡͡ ;͔͍͔ͦͯ͟͡ ͔ͤ ͭͦ͡Έͦ͟ ͙ͫͭͦ;͙ͤͦͣ͟ ͙ͨ΅͙Σ ͤͦ ͙ ͔͍͚ͨͪͦ 

͔͚͊ͨͭͦ͟Φ ͙͙̏ͣͨͪ;͔͙͔ͫ͟ ͙ͤ͊ͤ͘Ύ ͦ ͔͡;͔͋ͤ·ͻ ͍͚͍ͫͦͫͭ͊ͻ ͍ͭͪ͊Σ ͔ͦͪͤ͟Έ͔͍Σ ͼ͍͔͍ͭͦ͟ ͙ ͍ͨͦ͒ͦ͡Σ ͔ͤ͊ͦͨͤͤ͟͡·͔ 

͔͙ͨͦͦͤ͟͡Ύ͙ͣ ͤ͊ͪͦ͒ͤ·ͻ ͼ͔͙͔͔͚ͭ͡͡Σ ͍͙͙ͫͦͫͭ͊͡ ͍ͦͫͤͦͯ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͔͙ͣ͒ͼ͙ͤΦ ˿͔͎ͦ͒ͤΎΣ ͍ Ήͨͦͻͯ 

͙͔͙ͫͤͭͭ;͔͚ͫͦ͟ ͻ͙͙͙ͣ ͙ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͎͙͙͋ͦͦ͡Σ ͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔͙ͪ͊ͫͭͤΎ ͔ͤ ͙͙ͯͭͪ͊ͭ͡ ͍͔͚ͫͦ 

͊ͭͯ͊͟͡Έ͙ͤͦͫͭΦ ˹͙͍͊ͨͪͦͭΣ ͙ͦͤ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙ͯͤ͊͟͡ΈͤͯΌ ζ͙͙͔͋͋ͦͭͯ͟͡η ͫͦ͗ͤ͡·ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ 

ͫͭͪͯͭͯͪ͟Σ Ή͍ͦ͡Όͼ͙ͦͤͤͦ ͦͭͦ͋ͪ͊ͤͤ·ͻ ͒͡Ύ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ ͙͎͙͋ͦͦ͡;͔͙͙ͫͣ͟ ͙͔͙ͫͫͭͣ͊ͣΣ ;ͭͦ ͦͭͪ͟·͍͔͊ͭ 

͔͎͙͋ͪ͊ͤ͘;ͤ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ ͦͭͪ͟·͙ͭΎ ͍ͤͦ·ͻ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭ ͙ ͙ͫͦ͒͊ͤ͘Ύ ͔ͦͣͨͫͤ͟͟͡·ͻ 

ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΦ 

͙͙̆ͣ;͔͔ͫͦ͟ ͙͔ͪ͊ͤͦͦ͋ͪ͊͘͘ ͊͟͟ ͍ͦͫͤͦ͊ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͎ͫͦͦ͟ ͔͚͍͙͒ͫͭΎ 

˶͔;͔͋ͤ·͚ Ήͺͺ͔ͭ͟ ͔͙͚ͪ͊ͫͭͤ ͍͔ͦ͋ͯͫͦͤ͡͡ ͔ͦͣͨͫͦͣ͟͟͡ ͍͙ͭͦͪ;ͤ·ͻ ͔͙͍ͣͭ͊͋ͦͭͦ͡ ς xˢ˿Σ ͦͭͦͪ͟·͔ ͔ͤ 

ͯ;͍͊ͫͭͯΌͭ ͤ͊ͨͪΎͣͯΌ ͍ ͍ͦͫͤͦͤͦͣ ͔͔ͦ͋ͣͤΣ ͤͦ ͍·ͨͦͤ͡ΎΌͭ ͊͘΅͙ͭͤ·͔ ͙ ͙͎ͫͤ͊͡Έͤ·͔ ͺͯͤ͟ͼ͙͙ ͯ ͎ͫ͊ͣͦͦ 
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͔͙ͪ͊ͫͭͤΎΦ ˻͍ͫͤͦͤ·͔ ͊ͫͫ͟͡·Υ 

мΦ ˢ͙͊ͦ͒͟͡͡· όͣͦͪͺ͙ͤΣ ͔͙ͦ͒ͤ͟ όͣ͊͟ ͍ͫͤͦͭͦͪͤ·͚ύΣ ͙͊ͭͪͦͨͤ ό͍ͪ͊ͫ͊͊͟͟ύΣ ͍͙͙ͤ͋͊ͫͭͤ͡ ό͍͙͋͊ͪͤͦ͟ 

͍ͪͦͦ͘·͚ύύΥ s ͔ͦͭͫͦ͒ͪ͗͊͘΅͙͔ ͔͙͔͙ͫͦ͒ͤͤΎΣ ;͊ͫͭͦ ͦ͋͊͒͊͡Ό΅͙͔ ͍·͔ͪ͊͗ͤͤ·ͣ ͙ͨͫͻͦͭͪͦͨͤ·ͣΣ 

͊ͤ͊͡Έ͎͔͙ͭ;͔͙ͫͣ͟ ͙͙͡ ͙͙ͫͨ͊ͣͦͭ͘͡;͔͙ͫͣ͟ ͔͚͍͙͔͒ͫͭͣ ͊͘ ͫ;͔ͭ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ ͔͚͔ͤͪͦͪͼ͔͙ͨͭͦͪ͊ͣ ͙ 

͙ͦͤͤ·͙ͣ ͙͊ͤ͊͊ͣ͟͡Φ 

нΦ ͍͙̅͊ͦͤͦ͒͡· ό͍͔ͪ͟ͼ͔͙ͭͤΣ ͙ͪͯͭͤΣ ͔͊ͭ͟ͻ͙ͤ·ύΥ ̊ ͙ͪͦͦ͟ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͔ ͙ͨͦ͡ͺ͔ͤͦ͡· ͫ 

ͣͦ΅͚ͤͦ ͙͙͚͊ͤͭͦͫ͒͊ͤͭͤͦ͟Σ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͚ͤͦ ό͙͎͙͙͍͙͔ͤ͋ͪͦ͊ͤ ̇˻˥πнΣ ̅˹˻πh ύΣ 

͙͊ͨ͟͡͡Ύ͔ͪͦͯͪͨ͟͡ΎΌ΅͔͚ ͙ ͔ͨͦͭͤͼ͙͊͡Έͤͦ ͔͚ͦͤͦͨͪͦͭͭͦͪͤͦ͟͟ ͙͍͊ͭͤͦͫͭ͟ΈΌΦ 

оΦ ͔͔͙́ͪͨͤͦ͒· ό͔͙͙͙͊ͪͭͣͤͤ͘ όͨͦ͡·ͤΈ ͔ͦ͒ͤͦͭͤ͡ΎΎύΣ ͭ͊ͫͦ͟͡ ό͙ͭͫύΣ ͎͙͎͙ͤͦ͒͟͡· ό͎͙͎ͤͦ͟ 

͙͋ͦ͋͊͡ύύΥ ˻ ͋΄͙ͪͤ·͚ ͊ͫͫ͟͡ ͔͙͔͙͚ͫͦ͒ͤͤΣ ͍͟͡Ό;͊Ό΅͙͚ Ήͺ͙ͪͤ·͔ ͣ͊ͫ͊͡Φ ˻͋͊͒͊͡Όͭ 

͙͍ͨͪͦͭͦͣ͊͡Ύ͙͚ͪͤ·ͣΣ ͙͍ͨͪͦͭͦͦͨͯͻ͔͍ͦ͡·ͣΣ ͤͦͦͭͪͦͨͤ·ͣΣ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·ͣ ͔͚͍͙͔͒ͫͭͣΦ 

пΦ ͔̅ͤͦ͡Έͤ·͔ ͙ͫͦͭ͟͡· ό͎͍͊ͦ͊͡͡ΎΣ ͙͍ͪͦͣ͊ͪͤͦ͊͘ΎΣ ͙ͫ͊͡ͼ͙͍ͦ͊͡Ύ ό͙͍͍ͦ͊Ύ ͦͪ͊͟ύύΥ ˽ ͪͦΎ͍͡ΎΌͭ 

͙͔͙͊ͤͭͫͨͭ;͔͙͔ͫ͟Σ ͙͗͊ͪͦͨͦͤ͗͊Ό΅͙͔ ͙ ͍Ύ͗ͯ΅͙͔ ͍͚͍ͫͦͫͭ͊Φ 

рΦ ˽͙ͦͫ͊͡ͻ͙͊ͪ͒· όΉͻ͙ͤ͊ͼ͙ͤ όΉͻ͙ͤ͊ͼ͔Ύ ͨͯͪͨͯͪͤ͊ΎύΣ ͙͙ͫ͘͡ ό͔͚͊ͭ͡ ͔͍͔͊ͪͫͭͤͤ͟͡·͚ύύΥ ˻ ͋͊͒͊͡Όͭ 

͙͙ͣͣͯͤͦͣͦ͒ͯͪͯ͡Ό΅͙ͣΣ ͍͙͍ͦ͋ͦ͊͊͟͡Ό΅͙ͣΣ ͔͙͙ͨͪ͋ͦͭ;͔͙ͫͣ͟ ͔͚͍͙͔͒ͫͭͣΦ 

˸͔ͦͯ͟͡͡Ύͪͤ·͔ ͙ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͎͙ͦͪ͊ͤͣ͘ ;͔͍͔ͦ͊͟͡ 

˨͔͚͍͙͔ͫͭ ˣˢ˿ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ;͔͔ͪ͘ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘·Υ 

¶ ˽͙͍͍͙͔ͪͦͭͦͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͔͚͍͙͔͒ͫͭΥ ˸ ͎͙͔ͤͦ ͺ͍͙͊ͦͤͦ͒͡· ͙ ͔͔͙ͭͪͨͤͦ͒· ͍ͨͦ͒͊͡ΎΌͭ ͟͡Ό;͔͍·͔ 

͔͙ͣ͒͊ͭͦͪ· ͍͔͙ͦͫͨ͊ͤ͡Ύ ς Ύ͔͒ͪͤ·͚ ͺ͊ͭͦͪ͟ ͊ͨͨ͊͟π. όbCπˁ.ύ ͙ ͼ͙͙͎͔ͦͦͫͤ͊ͯ͘͟͟͡πн ό̇˻˥πнύΣ ͙ͫͤ͗͊Ύ 

͍·ͪ͊͋ͦͭͯ͟ ͎͙͍ͨͪͦͫͭ͊͊ͤ͒ͤͦ͡ ͙ ͼ͙͙͍ͭͦͤͦ͟Φ 

¶ ˢ͙͙ͤͭͦͫ͒͊ͤͭͤ͊͟Ύ ͊͘΅͙ͭ͊Υ ˿ ͔͙͔͙ͦ͒ͤͤΎ ͫ ͺ͔ͤͦ͡Έͤ·͙ͣ ͎͙ͪͯͨͨ͊ͣ ͫͨͦͫͦ͋ͤ· ͔͚͙͍ͤͭͪ͊ͦ͊ͭ͘͡Έ 

͙͍͊ͭͤ͟·͔ ͺͦͪͣ· ͙ͫͦͪͦ͒͊͟͡ όˢ̅˴ύΣ ͻ͔͙͍͊ͭͪͦ͊ͭ͡Έ ͙ͦͤ· ͔͍ͣͭ͊ͦ͡͡ ͙ ͙͍͙͍͊ͭͪͦ͊ͭ͟Έ Ή͎͔ͤ͒ͦͤͤͯΌ 

͙͙͊ͤͭͦͫ͒͊ͤͭͤͯ͟Ό ͙͔ͫͫͭͣͯ ;͔͔ͪ͘ ͨͯͭΈ bǊŦнκ!w9Σ ͊͘΅͙΅͊Ύ ͔͙ͭ͟͟͡ ͦͭ ͙͙͔ͦͫͭ͟͡͡Έ͎ͤͦͦ ͔ͫͭͪͫͫ͊ ς ͦ ͍ͫͤͦ· 

͔͙ͫͭ͊ͪͤΎ ͙ ͎͙ͣͤͦͻ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

¶ ˹͔͚͔ͪͦͭͪͦͨͤͦ ͔͚͍͙͔͒ͫͭΥ s ͙͊ͦ͒͟͡͡· ͙ ͔͔͙ͭͪͨͤͦ͒· ͎ͣͦͯͭ ͙͍ͣͦ͒ͯͪͦ͊ͭ͡Έ ͙͍͊ͭͤͦͫͭ͟Έ ˥ˢ˸˴π

͔͎͙ͪ;͔͚ͫͦ͟Σ ͻ͙͔͎͙ͦͤͪ͡;͔͚ͫͦ͟ ͙ ͙͔͎͙ͣͦͤͦ͊ͣͤͪ;͔͚ͫͦ͟ ͙͔ͫͫͭͣΣ ͦ͊͘͟·͍͊Ύ ͔͙͍ͫ͒͊ͭͤ·͚ ό͍͔͙͊ͪ͊ͤ͊͡ύΣ 

͙͙͙͊ͤͫͦͭ͟͡;͔͙͚ͫ͟ ό͔͙ͣͫͫ͊͡ύ ͙͙͡ ͙͙ͫͭͣͯͪͯ͡Ό΅͙͚ ό͔͗ͤΈ΄͔ͤΈΣ ͎͙͎ͤͦ͟ύ Ήͺͺ͔ͭ͟Φ 

¶ ˴͙͔͔͊ͪ͒ͦͨͪͦͭͭͦͪͤͦ͟ ͔͚͍͙͔͒ͫͭΥ ̅ ͍͙͊ͦͤͦ͒͡· ͔ͯͪͨ͟͡ΎΌͭ ͙ͫͦͫͯ͒ͫͭ·͚ Ή͔͙͚ͤ͒ͦͭ͡Σ ͯͯ͡;΄͊Όͭ 

͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙ΌΣ ͙ͫͤ͗͊Όͭ ͎͔͎͊ͪ͊ͼ͙Ό ͭͪͦͣ͋ͦͼ͙͍ͭͦ ͙ ͍͔ͯͪͦͤΈ ζͨͦ͡ͻ͎ͦͦη ͻ͔͔͙ͦͫͭͪͤ͊͡ ό˶˽˹˽ύΦ 

¶ ˮͣͣͯͤͦͣͦ͒ͯ͡Ύͼ͙ΎΥ ˽ ͙ͦͫ͊͡ͻ͙͊ͪ͒· ͔ͤͦͭͦͪ͟·ͻ ͔͙͚ͪ͊ͫͭͤ όΉͻ͙ͤ͊ͼ͔ΎΣ ͎͊ͫͭͪ͊͊͡ύ ͔͔ͤͫͨͼ͙ͺ͙;͔͙ͫ͟ 

͙͙ͫͭͣͯͪͯ͡Όͭ ͺ͎͊ͦͼ͙ͭͦ͘ ͙ ͙͍͊ͭͤͦͫͭ͟Έ ͤ͊ͭͯͪ͊͡Έͤ·ͻ ͙͔͍ͪͦ͟͡͡ όbYπ͟ ͔ͭͦ͟͡ύΦ 

˽͙ͪͤͼ͙ͨ ͙͔͎͙ͫͤͪͣ͊͘Υ ͼ͔͔ͦ͡ ͋ͦ͡Έ΄͔ ͫͯͣͣ· ;͔͚͊ͫͭ 

͔̅ͯͤ͒͊ͣͤͭ͊͡Έ͔ͤͦ ͙ͦͭ͡;͙͔ ͺ͙͔͙͙ͭͦͭͪ͊ͨ ͦͭ ͙͔͔͙ͨͪͣͤͤΎ ͙͔͙ͫͤͭͭ;͔͙ͫ͟ͻ ͔͍ͣͦͤͦͨͪͨ͊ͪ͊ͭͦ 

ς Ήͺͺ͔ͭ͟ ͙͔͎͙ͫͤͪͣ͊͘Φ ˴͔ͦͣͨͫ͟͡ ˣˢ˿ ͍ Ή͔ͫͭͪ͊ͭ͟͟ ͔ͣͦ͗ͭΥ 

мΦ ˻͍͔͔͒ͤͦͪͣͤͤͦ ͍͔͚͍͍ͦ͒ͫͭͦ͊ͭ͘Έ ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͙ͣ΄͔͔͚ͤ ͎͙ͨ͊ͭͦͦ͡;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊ 

όͣͯ͡Έ͙͎͔ͭͭ͊ͪͭͤ͊Ύ ͔͙ͭͪ͊ͨΎύΦ 

нΦ ̂ͯ͡;΄͊ͭΈ ͙͋ͦ͒ͦͫͭͯͨͤͦͫͭΈ ͟͡Ό;͔͍͎ͦͦ ͙͍͎͊ͭͤͦͦ͟ ͍͔΅͔͍ͫͭ͊ ό͙͔ͤ͊ͨͪͣͪΣ ͙͔͙ͨͨͪͤ ͙͘ ;͔͎ͪͤͦͦ 

͔ͨͪͼ͊ ͍͔͙ͯ͡;͙͍͔͊ͭ ͙͋ͦ͒ͦͫͭͯͨͤͦͫͭΈ ͙ͯͪͯͣͤ͊͟͟ύΦ 

оΦ ˿ͣΎ͎;͊ͭΈ ͨͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟· ͙ͦ͒ͤͻ ͔͍ͦͣͨͦͤͤͭͦ͟ ͊͘ ͫ;͔ͭ ͎͙͒ͪͯͻΦ 

̏ͭͦ ͔͔͒͊ͭ͡ ͙͔ͪ͊ͫͭͭ͡Έͤ·͔ Ήͫͭͪ͊ͭ͟͟· ͔ͦͫͦ͋ͤͤͦ ͼ͔ͤͤ·͙ͣ ͒͡Ύ ͔͡;͔͙ͤΎ ͔ͦͣͨͫͤ͟͟͡·ͻΣ 

ͣͯ͡Έ͙ͭͺ͊ͭͦͪͤ͟·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ό͔͙ͣͭ͊͋ͦ͡;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣΣ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ύΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͍·͍ͦ͘·Υ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙ΎΣ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͔͒ͦ͊͊ͭ͘͟͡ΈͤͦͫͭΈ 

мΦ ˿͙ͭ͊ͤ͒͊ͪͭ͊͘ͼ͙ΎΥ ˴ ͙͙ͪͭ;͔͙ͫ͟ ͍͊͗ͤ·͚ Ήͭ͊ͨΦ ˢ͙͍ͭͤͦͫͭ͟Έ ͺ͙͔ͭͦͨͪͨ͊ͪ͊ͭ͊ ͒ͦ͗ͤ͊͡ ͋·ͭΈ 

͙ͫͭ͊͋͡Έ͚ͤͦ ͙ ͍͙͍͙͚ͦͫͨͪͦͦ͒ͣͦ͘Φ ˨͙͎͔ͦͫͭ͊ͭͫΎ ͔ͨͯͭͣ ͦͤͭͪͦ͟͡Ύ ͫ·ͪΈΎ όD!/t ς ͔ͤ͊͒͗͊͡΅͊Ύ 

͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ͊Ύ ͙ ͫ͋ͦͪͤ͊Ύ ͙ͨͪ͊ͭ͊͟͟ύΣ Ήͫͭͪ͊͟͟ͼ͙͙ ͙ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͔ͣ͊ͪͪͤ͟·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΦ 
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нΦ ˣ͔ͦͨ͊ͫͤͦͫͭ͘ΈΥ ζ˹͊ͭͯͪ͊͡Έ͔ͤͦη ͔ͤ ͦͤ͊͘;͔͊ͭ ͔͔͋ͦͨ͊ͫͤͦ͘Φ ˹͔ͦ͋ͻ͙ͦ͒ͣ ͯ;͔ͭ ͍͚ͦͣͦ͗ͤͦ͘ 

͎͔͙ͨ͊ͭͦͭͦͫ͟;͙ͤͦͫͭ ό͙͙͙͙͍ͨͪͪͦ͒ͤͦ͘͡·͔ ͙͊͊ͦ͒͟͡͡·ύΣ ͔ͤͺ͙ͪͦͭͦͫ͟;͙ͤͦͫͭΣ ͔͎͔͙͊ͪͤͤͦͫͭ͡͡Φ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ς ͡ ͔͍͔͊ͪͫͭͤͤ͟·ͣ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύͣ ό͍͔͚ͪͦ͋ͦ͘ ͨͪͦ͒·ͪΎ͍͔ͤͤ͡·͚ ͙ͤ͒ͯͼ͙͔ͪͯͭ ͼ͙ͭͦͻͪͦͣ 

tпрлΣ ͔ͪͦ͘͟ ͙ͫͤ͗͊Ύ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͎͙ͣͤͦͻ ͔ͪͼ͔ͨͭͯͪͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦύΦ 

оΦ ˨͔ͦ͊͊ͭ͘͟͡Έͤ͊Ύ ͋͊͊͘Υ ˽ ͔͔ͪͻͦ͒ ͦͭ ͙ͭͪ͊͒ͼ͙͎ͦͤͤͦͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙͔ͤ 

͔͔ͭͪ͋ͯͭ ͍͔͔͙ͨͪͦ͒ͤΎ ͙͙͍ͪ͊ͤ͒ͦͣͪͦ͊ͤͤ͘·ͻ ͙͔ͦͤͭͪͦͪͯͣ͟͡·ͻ ͙ͫͨ·͙͚ͭ͊ͤ ό˾˴ˮύΣ ͊͟͟ ͒͡Ύ ͔ͦͭ͒͡Έͤ·ͻ 

͔͙͚ͪ͊ͫͭͤ ό͙͔ͤ͊ͨͪͣͪΣ Ήͫͭͪ͊ͭ͟͟ ͙ͫͭ͡Έ͔͍ ͙͊ͪͭ΄ͦ͊͟ ͙ͨͪ ͙͔͙͙͒ͫͨͨͫύΣ ͭ͊͟ ͙ ͒͡Ύ ͙ͻ ͙ͦͣ͋ͤ͊͟ͼ͙͚Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͙ͪ͊ͫͭͤΎ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔͋ͫͼ͔ͤͤ·͚ ͔ͪͫͯͪͫ ͒͡Ύ ͍͔͔͎ͫͦͪͣͤͤͦͦ 

͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΣ ͍·ͫͭͯͨ͊Ύ ͊͟͟ ͙ͫͭͦ;͙ͤ͟ ͍ͤͦ·ͻ ͔ͣͦͯ͟͡͡ ͒͡Ύ ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͔͚ͫͦ͟ ͙͙͙ͤ͒ͯͫͭͪ ό͙͔ͤ͊ͨͪͣͪΣ 

͔͙͙͙͊ͪͭͣͤͤ͘ύΣ ͭ͊͟ ͙ ͍͚ͦͫͤͦͦ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͔ͦͣͨͫͤ͟͟͡·ͻ ͙͙͍ͫͭ͊ͤ͒͊ͪͭͪͦ͊ͤͤ͘·ͻ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦ ͫ 

͎͔ͣͤͦͦͦͣͨͦͤͤͭͤ͟·ͣ ͙ ͙͔͎͙ͫͤͪ;͔͙ͫͣ͟ ͔͚͍͙͔͒ͫͭͣΦ ˣͯ͒ͯ΅͔͔ ͺ͙͔͙͙ͭͦͭͪ͊ͨ ͔͙͗ͭ͡ ͍ ͙͔͎ͤͭͪ͊ͼ͙͙ ͎͙ͯ͋ͦ͟͡ͻ 

Ή͙ͭͤͦ͋ͦͭ͊ͤ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘Σ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͺ͙ͭͦͻ͙͙ͣ;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡Σ ͔ͣͦͯ͟͡͡Ύͪͤͦπ

͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͚͍͙͒ͫͭΎ ͙ ͎͙ͫͭͪͦͻ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙ͫͨ·͙͚ͭ͊ͤΦ ͚́͊ͦ͟ ͨͦ͒ͻͦ͒ 

͍͙ͨͦͦͭ͘͡ ͔͔͍͔͙ͨͪͫͭ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͼ͔͔͋ͤ͡·ͻ ͔͙͚ͪ͊ͫͭͤ ͙͘ ͙ͦ͋͊ͫͭ͡ ͚ͤ͊ͪͦ͒ͤͦ ͔͙ͣ͒ͼ͙ͤ· ͍ ͫͺ͔ͪͯ 

͍͚ͦͫͤͦ͊ͤͤͦ ͤ͊ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ͻ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙ͤ͊ͯ͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͙ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͒͡Ύ 

ͨ͊ͼ͙͔ͤͭ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˿͊ͣ·͙ͤ͊͡ ˮΦˢΦΣ ͍͔͍̒ͦ͟͡ ˥Φ˽Φ ͎͙̅͊ͪͣ͊ͦͤͦ͘͟ΎΦ ˶͔͍͔͔͊ͪͫͭͤͤͦ͟ ͫ·ͪΈ͔ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͙ ͙͍͎͗ͦͭͤͦͦ 

͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎΦ ̂;͔͙͋ͤ͟Φ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнлΦ ς срс ͫΦ 

нΦ ˴͙ͯͪͤ͟ ˤΦˢΦ ͎͙̅͊ͪͣ͊ͦͤͦ͘͟ΎΦ ̂;͔͙͋ͤ͟ ͒͡Ύ ͍͍ͯͦ͘Φ пπ͔  ͙͒͘Φ ˿͊ͣ͊ͪ͊Υ ˻ͺͦͪͭΣ нлнмΦ ς мнту ͫΦ 

оΦ .ŀǊƴŜǎ WΦΣ !ƴŘŜǊǎƻƴ [Φ!ΦΣ tƘƛƭƭƛǇǎƻƴ WΦ5Φ IŜǊōŀƭ aŜŘƛŎƛƴŜǎΦ пǘƘ ŜŘΦ tƘŀǊƳŀŎŜǳǝŎŀƭ tǊŜǎǎΣ нлмнΦ 

ό͔̅ͯͤ͒͊ͣͤͭ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͨͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͺ͙͔͙͙ͭͦͭͪ͊ͨύΦ 

пΦ IŜƛƴǊƛŎƘ aΦΣ .ŀǊƴŜǎ WΦΣ tǊƛŜǘƻπDŀǊŎƛŀ WΦΣ Ŝǘ ŀƭΦ CǳƴŘŀƳŜƴǘŀƭǎ ƻŦ tƘŀǊƳŀŎƻƎƴƻǎȅ ŀƴŘ tƘȅǘƻǘƘŜǊŀǇȅΦ оǊŘ ŜŘΦ 

9ƭǎŜǾƛŜǊΣ нлмуΦ 

ϭ sͪ͊΄͔͍͊ ˣΦ˾ΦΣ нлнр 

 

 

 

 

       ˢͭ͊͋͊͡͡·͔͍͊ ˸͊Ύ ˢͭ͊΄͔͍ͤ͊Σ  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΦ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

̏˽ˮ˨˩˸ˮ˻˶˻˥ˮ̒ ˤ ̏˽˻̆̂ ˣ˻˶̎̊ˮ̆ ˨ˢ˹˹̍̆ ˮ ˥˶˻ˣˢ˶̎˹̍̆ ˤ̍˭˻ˤ˻ˤΥ ˻́ ˮ˭̂̉˩˹ˮ̒ 

˾ˢ˿˽˾˩˨˩˶˩˹ˮ̒ ˴ ˽˾˻˥˹˻˭ˮ˾˻ˤˢ˹ˮ̑ ˿ˮ˿́˩˸ ˭˨˻˾˻ˤ̎̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͍͔͔ͦͪͣͤͤ͊Ύ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡Ύ ͔͔͙͍͔ͨͪ͗͊ͭ ͔͎͙ͣͭͦ͒ͦͦ͡;͔ͫͯ͟Ό ͔͍ͪͦ͡Όͼ͙ΌΣ ͭͪ͊ͤͫͺ͙ͦͪͣͪͯΎͫΈ ͙͘ 

͙ͤ͊ͯ͟Σ ͙ͦͨͫ·͍͊Ό΅͔͚ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͔͔͚͋ͦͤ͘͡Σ ͍ ͙͔͔ͤͭͭͯ͊͟͡͡͡ΈͤͯΌ ͍ͦͫͤͦͯ ͒͡Ύ 

͍͔͙ͯͨͪ͊ͤ͡Ύ ͍͒ͦͪͦ͘Έ͔ͣ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͙͍ͪͫͦ͟Φ ˤ ͫͭ͊ͭΈ͔ ͙͙͔͊ͤ͊ͪͯͭͫ͘͡Ύ Ή͍ͦ͡Όͼ͙Ύ 

Ή͙͔͙͎͙͙ͨ͒ͣͦͦ͡ ͦͭ ͙͊ͫͫ͟͡;͔͙ͫ͟ͻ ͪ͊͋ͦͭ ˨͗ͦͤ͊ ˿ͤͦͯ ͨͦ ͻ͔͔ͦͪ͡ ͒ͦ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͍ ͙ͦ͋͊ͫͭ͡ 

͔ͣͦͯ͟͡͡Ύ͚ͪͤͦΣ ͼ͙ͺ͍͚ͪͦͦ ͙ ͙͙ͤ͟͡;͔͚ͫͦ͟ Ή͙͔͙͎͙͙ͨ͒ͣͦͦ͡Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ 

͔͎͙ͣͭͦ͒ͦͦ͡;͔ͫͦͣͯ͟ ͊ͨͨ͊ͪ͊ͭͯΥ ͙͚͒͊ͤ͊ͣ͘ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ό͎ͦͦͪͭͤ͟·͚Σ ͫͯ͡;͚͊π͟ ͦͤͭͪͦ͡ΈΣ ͨ ͔͔͔ͪͪͫͭͤ͟·͚ύΣ 
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͙͔͙ͪͭͪ͟Ύͣ ͙ͨͪ;͙ͤͤͦπͫ ͔͍͔͚͒ͫͭͤͤͦ͡ ͍ͫΎ͙͘ ˣͪΉ͒ͺͦͪ͒͊ ͙̆͊͡͡ ͙ ͔ͨͪͦ͋ͣ͊ͣ͡ ͔ͫͣ΄͙͍͊Ό΅͙ͻ ͺ͍͊ͭͦͪͦ͟ ͙ 

͙͔͙ͫͫͭͣ͊ͭ;͔͙ͫ͟ͻ ͦ΄͙͋ͦ͟ όōƛŀǎύΦ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍·͍ͦ͘· ··L ͍͔͊͟Υ ͔͙ͨ͊ͤ͒ͣΎ /h±L5πмф ͊͟͟ ͔ͫͭͪͫͫπͭ ͔ͫͭ 

͒͡Ύ ͎ͦ͋͊͡͡Έͤ·ͻ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙ͫ͟ͻ ͙͔ͫͫͭͣΣ ͪͦͫͭ ͔͔͙͋ͪͣͤ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͘ ͔͍͙͚͊͋ͦ͊ͤ͡ ό˹ˮ˭ύ ͍ 

͍͙ͯͫͦ͡Ύͻ ͔͎͒ͣͦͪ͊ͺ͙;͔͎ͫͦͦ͟ ͔͔ͨͪͻͦ͒͊ ͙ ͔͙ͫͭ͊ͪͤΎ ͔͔͙ͤ͊ͫͤ͡ΎΣ ͊ ͔ͭ͊͗͟ ͙͙ͫͤ͒ͪͦͣͦͣ͊͟ ς ͙ ͯ͘;͔͙͔ͤ 

͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͙͍ͫͤ͒ͪͦͣͦ ͙ ͙͙ͦͣͦͪ͋͒ͤͦͫͭ͟Φ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͪͦ͡Έ ͋ͦ͡Έ΄͙ͻ 

͒͊ͤͤ·ͻ ό.ƛƎ 5ŀǘŀύ ͙͘ Ή͔ͭͪͦͤͤ͟͡·ͻ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͊ͪͭ͟Σ ͎͔ͤͦͣͤ·ͻ ͋ ͙͍ͦ͋͊ͤͦ͟Σ ͙ͤͦͫͣ·ͻ ͚͍ͯͫͭͪͦͫͭ ͙ 

ͫͦͼ͙͊͡Έͤ·ͻ ͔͔͚ͫͭΣ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͙͔͎ͤͭͪ͊ͼ͙͙ ͔͍ͣͭͦ͒ͦ ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͙ ͙ͫͦ͒͊ͤ͘Ύ ͫͦ͗ͤ͡·ͻ 

͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͚ͣͦ͒͡ ό͎͔͔͊ͤͭͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ύΦ ˿ͭ͊ͭΈΎ ͔͔͒͊ͭ͡ ͍·͍ͦ͒ ͦ ͭͦͣΣ ;ͭͦ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡Ύ 

͔͎ͫͦ͒ͤΎ ς Ήͭͦ ͔ͤ ͭͦ͡Έͦ͟ ͙͔ͤͫͭͪͯͣͤͭ ͙͙͎ͪͫͤͦͦ͘͟ ͔͎͙͍͙ͪ͊ͪͦ͊ͤΎΣ ͤͦ ͙ ͟͡Ό;͔͍͊Ύ ͤ͊ͯ͊͟ ͒͡Ύ ͔͙ͨͦͫͭͪͦͤΎ 

͔͙͙͍ͨͪ͒ͭͤ͟·ͻΣ ͔͍͔͙͍ͨͪͤͭͤ·ͻ ͙ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͘͡·ͻ ͙͔ͫͫͭͣ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͒ͦͪͦ͘ΈΎΣ ͍ͦͫͤͦ͊ͤͤ·ͻ 

ͤ͊ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭ͊ͻ ό9ǾƛŘŜƴŎŜπ.ŀǎŜŘ tǳōƭƛŎ IŜŀƭǘƘύΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 Ή͙͔͙͎͙ͨ͒ͣͦͦ͡ΎΣ ͦ͋΅͔͍͔͔ͫͭͤͤͦ ͍͒ͦͪͦ͘Έ͔Σ ͙͚͒͊ͤ͘ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͎ͦͦͪͭͤ͟·͚ ͙͊ͤ͊͘͡Σ ͙ͨͪ;͙ͤͤͦͫͭΈΣ 

͋ͦ͡Έ΄͙͔ ͒͊ͤͤ·͔ ό.ƛƎ 5ŀǘŀύΣ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ό˹ˮ˭ύΣ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡Σ 

 ͨ ͔͙͊ͤ͒ͣΎΣ ͙͙ͫͤ͒ͪͦͣͦͣ͊͟Φ 

 

ˤ͍͔͔͙͔͒ͤΥ ͦͭ ͊ͪͭ͟· ͟ ͎͙͊ͦͪͭͣͯ͡ 

͙͔͙͎͙̏ͨ͒ͣͦͦ͡ΎΣ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͔͔ͦͨͪ͒͡Ύ͔ͣ͊Ύ ͊͟͟ ͤ͊ͯ͊͟ ͦ ͔͊ͦͤͦͣͪͤͦͫͭ͘͟Ύͻ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͙ 

͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͍ ͨͦͨͯ͡Ύͼ͙ΎͻΣ ͔͎ͫͦ͒ͤΎ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͔͔͋ͫͨͪͼ͔͔͒ͤͭͤ·͙ͣ ͍·͍͙ͦ͊ͣ͘ ͙ 

͍ͦͣͦ͗ͤͦͫͭ͘Ύ͙ͣΦ ˩͙ͫ͡ ͍ ·L· ͍͔͔͟ ˨͗ͦͤ ˿ͤͦͯ ͍͙͍ͦͫͭ͊ͤ͊͊͡͡ ͻ͔ͦͪͯ͡Σ ͙ͫͤͣ͊Ύ ͪͯ;ͯ͟ ͫ ͍ͦ͒Ύ͎ͤͦͦ ͤ͊ͫͦͫ͊ ͤ͊ 

ˣͪͦ͒πͫ ͙ͭͪͭΣ ͭͦ ͍͔͔ͫͦͪͣͤͤ·͚ Ή͙͔͙͎ͨ͒ͣͦͦ͡ ͔͒ͦ͗ͤ͡ ζ͍͙͍ͦͫͭ͊ͤ͊͊ͭ͡Έη ͔͙͙ͨ͊ͤ͒ͣ ͫ ͨͦͣͦ΅ΈΌ ͙͊ͤ͊͊͘͡ 

͙ͣͦ͋͡Έ͙ͤͦͫͭ ͔͔͙ͤ͊ͫͤ͡Ύ ͨͦ ͒͊ͤͤ·ͣ ͍ͫͦͭͦ·ͻ ͔͍ͦͨͪ͊ͭͦͪͦΣ ͍·Ύ͍͡ΎͭΈ ͙͔ͪ͊ͤͤ ͔ͣ͊ͪͪ͟· 

͔͚͔͎͔͔͙͍ͤͪͦ͒ͤͪ͊ͭͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͍ ͙͋ͦ͋͊ͤ͊͟ͻ ͙͙͍ͣͦͤͦ͡͡ ͦ͋ͪ͊͘ͼ͍ͦ ͙ ͎͙͍ͨͪͦͤͦͪͦ͊ͭ͘Έ ͎ͤ͊ͪͯͯ͘͟ ͤ͊ 

͙͔ͫͫͭͣͯ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ ͫ ͨͦͣͦ΅ΈΌ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ͻ ͔͔͚ͣͦ͒͡Φ ̏ͭͦ ͔͔ͨͪͻͦ͒ ͦͭ ͔͔͙͍͎ͪͭͪͦͫͨͭͤͦͦ͟ 

͙͙ͦͨͫ͊ͤΎ ͟ ͙͍ͨͪͦ͊ͭͤͦͣͯ͟ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ό ͙ ͔͍͔ͨͪͤͼ͙͙Φ 

˸͔͎͙ͭͦ͒ͦͦ͡;͔͙͚ͫ͟ ͊ͪ͊ͫ͟͟Υ ͎ͫͭͪͦͦͫͭΈ ͙ ͔͒ͦ͊͊ͭ͘͟͡ΈͤͦͫͭΈ 

˿͔ͪ͒ͼ͔͍͙͚ͤͦ Ή͙͔͙͎͙͙ͨ͒ͣͦͦ͡ ͔ͦͫͭ͊ͭͫΎ ͔͔ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙͚ͫ͟ ͊ͨͨ͊ͪ͊ͭΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͚ 

͔͒ͦ͊͊ͭ͘͟͡ΈͤͦͫͭΈ ͍·͍͍ͦ͒ͦΦ 

мΦ ˨͙͚͊ͤ͘· ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Υ 

o ˴͎ͦͦͪͭͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ζ˻ͭ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͟ ͙ͫͻͦ͒ͯηΦ ˹͊͋͡Ό͔͙͔͒ͤ ͊͘ ͎͚ͪͯͨͨͦ ό͎͚ͦͦͪͭͦ͟ύ 

͍͒ͦͪͦ͘·ͻ ͡Ό͔͚͒ ͫ ͙ͪ͊͘͡;͚ͤͦ Ή͙ͫͨͦ͘͟ͼ͙͔͚ ό͙͔ͤ͊ͨͪͣͪΣ ͯͪ͟Ύ΅͙͔κ͔ͤͯͪ͟Ύ΅͙͔ύ ͍ ͔ͭ;͔͙͔ͤ ͍͔͔͙ͪͣͤ ͒͡Ύ 

ͦͼ͔͙ͤ͟ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Φ ˽͍ͦͦ͘͡ΎΌͭ ͪ͊ͫͫ;͙ͭ·͍͊ͭΈ ͦ ͙͔ͭͤͦͫͭ͡Έͤ·͚ ͙ͪͫ͟ όwwύΦ 

o ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ζͫͯ͡;͚͊π͟ ͦͤͭͪͦ͡ΈηΥ ζ˻ͭ ͙ͫͻͦ͒͊ ͟ ͍͔͚͍͙ͦ͒ͫͭ͘ΌηΦ ˿͍͔͙͔ͪ͊ͤͤ ͎ͪͯͨͨ· ͋ͦ͡Έͤ·ͻ 

όζͫͯ͡;͙͊ηύ ͫ ͎͚ͪͯͨͨͦ ͍͒ͦͪͦ͘·ͻ όζͦͤͭͪͦ͟͡Έηύ ͤ͊ ͔͔ͨͪ͒ͣͭ ͙ͤ͊͡;͙Ύ ͍ ͔͔͊ͤ͊ͣͤ͘ ͙ͯ͘;͔͎͊ͣͦͦ ͺ͊ͭͦͪ͊͟ 

͙ͪͫ͊͟Φ ˽͍ͦͦ͘͡ΎΌͭ ͪ͊ͫͫ;͙ͭ·͍͊ͭΈ ͦ ͭͤͦ΄͔͙͔ͤ ΄͍͊ͤͫͦ όhwύΦ ˴͙͙ͪͭ;͔͙ͫ͟ ͍͊͗ͤ· ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͔͙ͪ͒͟ͻ 

͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

o ˽͔͔ͦͨͪ;ͤ·͔ όͪͦͫͫ͟πͫ ͔͟ͼ͙ͦͤͤ·͔ύ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ζ˿͙ͤͣͦ͟η ͨͦͨͯ͡Ύͼ͙͙ ͍ ͔͔͔ͦͨͪ͒ͤͤ͡·͚ 

͔ͣͦͣͤͭ ͍͔͔͙ͪͣͤ ͒͡Ύ ͦͼ͔͙ͤ͟ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭ ͔͙͋ͦͤ͘͡ ͙ ͍ͫΎ͊ͤͤ͘·ͻ ͺ͍͊ͭͦͪͦ͟Φ 

нΦ ͍͔͙͔̂ͫͭ͊ͤͦͤ͡ ͙ͨͪ;͙ͤͤͦπͫ ͔͍͔͚͒ͫͭͤͤͦ͡ ͍ͫΎ͙͘Υ ˴ ͙͔͙͙ͪͭͪ ˣͪΉ͒ͺͦͪ͒͊ ͙̆͊͡͡ ό͙ͫ͊͡ ͍ͫΎ͙͘Σ 

ͨͦͫͭͦΎ͍ͤͫͭͦΣ ͔ͫͨͼ͙ͺ͙;ͤͦͫͭΈΣ ͍͔͔ͪͣͤͤ͊Ύ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈΣ ͙͎͙͋ͦͦ͡;͔͙͚ͫ͟ ͎͙͔ͪ͊͒ͤͭΣ 

͍͙͔ͨͪ͊͒ͦͨͦ͒ͦ͋Σ ͎͍ͫͦ͊ͫͦ͊ͤͤͦͫͭ͡ΈΣ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͒͊ͤͤ·͔Σ ͎͙͊ͤ͊ͦ͡Ύύ ͦͫͭ͊ΌͭͫΎ ͍͊͗ͤ·ͣ 

ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣΣ ͔ͦͫͦ͋ͤͤͦ ͍ ΉͨͦͻͯΣ ͎ͦ͒͊͟ ͔ͦͪͪ͟͡Ύͼ͙͙ ͍ ͋ͦ͡Έ΄͙ͻ ͒͊ͤͤ·ͻ ͔ͤ ͦͤ͊͘;͊Όͭ 

͙ͨͪ;͙͙ͤͤͦͫͭΦ 

оΦ ˣͦͪΈ͋͊ ͫ ͦ΄͙͙͋͊ͣ͟Υ ˴ ͡Ό;͔͍͊Ύ ͊͒͊͘;͊ ς ͣ ͙͙͙ͤͣ͊͘ͼ͙Ύ ͙͔͙ͫͫͭͣ͊ͭ;͔͙ͫ͟ͻ ͦ΄͙͋ͦ͟ όōƛŀǎύΥ 

ͦ΄͙͙͋͟ ͦͭ͋ͦͪ͊Σ ͦ΄͙͙͋͟ ͙͔͔͙ͣͪͤ͘ΎΣ ͔ͫͣ΄͙͍͊Ό΅͙͔ ͺ͊ͭͦͪ͟· όŎƻƴŦƻǳƴŘŜǊǎύΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͙͙ͫ͊ͭ͘͟Έ 
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͙͙ͫͭͤͤͯΌ ͍ͫΎ͘ΈΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒·Σ ͙͔ͭ͊͟ ͊͟͟ ͎ͣͤͦͦͺ͊ͭͦͪͤ͟·͚ ͔͎͔͙ͪͪͫͫͦͤͤ·͚ ͙͊ͤ͊͘͡Σ 

͙ͫͭͪ͊ͭͺ͙͊͟ͼ͙Ύ ͙ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͔͔͔ͨͪͣͤͤ·ͻΣ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͙ͻ ͯ;͔ͭΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͍·͍ͦ͘· ͙ ͍ͤͦ·͔ ͎͙ͦͪͦͤͭ͘· 

мΦ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡Ύ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ό˹ˮ˭ύΥ ˿ ͍͙͎͒ ͙͎ͨ͊ͪ͊͒ͣ· ͦͭ ͦͫͭͪ·ͻ ͙ͤͺ͔͟ͼ͙͚ 

͟ ͻ͙ͪͦͤ;͔͙ͫͣ͟ ͔͋ͦͤ͘͡Ύͣ ό͔͔ͫͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·͔Σ ͎͙ͦͤͦͦ͟͡;͔͙͔ͫ͟Σ ͙͔͒͊͋ͭύΦ ˢ͟ͼ͔ͤͭ ͤ͊ ͔ͦͣͨͫͤ͟͟͡·ͻ 

͍͔͔ͨͦ͒ͤ;͔͙ͫ͟ͻΣ ͫͦͼ͙͊͡Έͤ·ͻ όͫͦͼ͙͊͡Έͤ·͔ ͔͔͙͒ͭͪͣͤ͊ͤͭ· ͍͒ͦͪͦ͘ΈΎύ ͙ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͺ͊ͭͦͪ͊͟ͻ ͙ͪͫ͊͟Σ 

͔͚͍͒ͫͭͯΌ΅͙ͻ ͍ ͔ͭ;͔͙͔ͤ ͔͒ͫΎ͙͔͙͚ͭͭ͡Φ ˤ͙͔ͦͤ͊ͭ͘͟ ͍ͤͦ͊Ύ ͦ͋͊ͫͭ͡Έ ς ͟ ͙͙ͤ͡;͔ͫ͊͟Ύ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡ΎΣ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͊Ύ ͋͊ͯ͘ ͒͡Ύ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ 

нΦ ˸͔ͦͯ͟͡͡Ύͪͤ͊Ύ ͙ ͎͔͔͙ͤͭ;͔ͫ͊͟Ύ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡ΎΥ ˮ ͔͎ͤͭͪ͊ͼ͙Ύ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͔͍ͣͭͦ͒ͦΦ 
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FEATURES OF STROKE COURSE IN PATIENTS WITH DIABETES MELLITUS: 

 PATHOGENETIC RELATIONSHIPS AND CLINICAL IMPLICATIONS 

 

Abstract 

Objective: To analyze the features of pathogenesis, clinical presentation, diagnosis, treatment, and 

outcomes of acute cerebrovascular accident (stroke) in patients with comorbid diabetes mellitus (DM). 

Keywords 

Stroke; diabetes mellitus; hyperglycemia; cerebrovascular complications;  

pathogenesis; outcome; comorbidity. 
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͍͙͙ͪ͊ͭ͘Ύ ͙ͤͫͯ͡Έͭ͊ ͍ н-п ͪ͊͊͘Σ ͙ͨͪ;͔ͣ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͔ͣͦͦ͗͡ рр ͔ͭ͡ Ήͭͦͭ ͙ͪͫ͟ ͔ͣͦ͗ͭ ͋·ͭΈ ͍·΄͔ ͍ мл ͪ͊͘ 

ώнϐΦ ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͔ͨͪͦ͋ͣ͡· ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͔ͤ ͭͦ͡Έͦ͟ ͍·͚ͫͦͦ͟ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈΌ ͙ͦ͋ͦͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ 

ͤͦ ͙ ͔ͭͣΣ ;ͭͦ ͙ͤ͊͡;͙͔ ˿˨ ͔ͦͪͤͤ͟·ͣ ͦ͋ͪ͊ͦͣ͘ ͔ͣͤΎ͔ͭ ͎͔͔ͨ͊ͭͦͤ͘Σ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͙ ͙ͫͻͦ͒· 

͙ͤͫͯ͡Έͭ͊Σ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͔ͫͨͼ͙͊͡Έ͎ͤͦͦ ͨͦ͒ͻͦ͒͊ ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌΦ ͔̇͡ΈΌ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͙ Ύ͍͡Ύ͔ͭͫΎ 

͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙Ύ ͍͔͔ͫͦͪͣͤͤ·ͻ ͒͊ͤͤ·ͻ ͦ͋ ͔ͦͫͦ͋ͤͤͦͫͭΎͻ ͔ͭ;͔͙ͤΎ ͙ͤͫͯ͡Έͭ͊ ͤ͊ ͺ͔ͦͤ ˿˨Φ 

˻͍ͫͤͦͤ͊Ύ ;͊ͫͭΈ 

мΦ ˽͎͔͔͙͊ͭͦͤͭ;͔͙͔ͫ͟ ͍͙͍͊ͣͦͫ͘Ύ͙͘ ˿˨ ͙ ͙ͤͫͯ͡Έͭ͊ 

˸͔ͻ͙͊ͤͣ͘·Σ͔͍ͨͦͫͪ͒ͫͭͦͣ ͦͭͦͪ͟·ͻ ˿˨ ͍͔͙ͯ͡;͙͍͔͊ͭ ͙ͪͫ͟ ͙ ͯͭΎ͔͗͡Ύ͔ͭ ͔ͭ;͔͙͔ͤ ͙ͤͫͯ͡Έͭ͊Σ 

͎ͣͤͦͦͺ͊ͭͦͪͤ͟·Υ 

ϊ ˸͎͙͙͊ͪͦ͊ͤͦͨ͊ͭ͟ΎΥ ͔͔̂ͫͦͪͤͤͦ͟ ͍͙͙͔ͪ͊ͭ͘ ͔͔͊ͭͪͦͫͪͦ͊͘͟͡ ͫ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ ͔͙ͤͫͭ͊͋͡Έͤ·ͻΣ 

͙͙ͨ͒͡-͎͋ͦ͊ͭ·ͻ ͔͔͙͊ͭͪͦͫͪͦͭ͟͡;͔͙ͫ͟ͻ ͋͡Ύ΄͔͟ ͍ ͎͙ͣ͊ͫͭͪ͊͡Έͤ·ͻ ͔͙͊ͪͭͪΎͻ ͎͍ͦͦ͡·Φ ˤ·͙͚ͫͦ͟ ͙ͪͫ͟ ͔͙͊ͪͭͪͦ-

͔͙͊ͪͭͪ͊͡Έͤ·ͻ Ή͙͚ͣ͋ͦ͡Φ 

ϊ ˸͙͎͙͙ͪͦ͊ͤͦͨ͊ͭ͟ΎΥ ˥͙͙͊ͤͦ͘͡ ͙ ͯͭͦ͡΅͔͙͔ͤ ͋͊͊͘͡Έͤ·ͻ ͔ͣͣ͋ͪ͊ͤ ͼ͔͔ͪ͋ͪ͊͡Έͤ·ͻ ͙͍ͣͪͦͫͦͫͯ͒ͦ͟Σ 

;ͭͦ ͤ͊ͪͯ΄͔͊ͭ ͔͎͊ͯͭͦͪͯ͡Ύͼ͙Ό ͎͍͎ͣͦͦͦͦ͘ ͍ͪͦͦͭͦ͊͟͟ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͊ͯͤ͊ͪͤ͟͡·ͻ ͙ͤͫͯ͡Έ͍ͭͦ ͙ 

͔͚͔ͦ͊ͪͦ͊͘͟͡Φ 

ϊ ͔͙̏ͤ͒ͦͭ͊͡͡Έͤ͊Ύ ͙͒ͫͺͯͤ͟ͼ͙ΎΥ ˿͙͔͙͔ͤ͗ͤ ͨͪͦ͒ͯ͟ͼ͙͙ ͙ͦͫ͒͊͟ ͊ͦͭ͊͘Σ ͍ͨͦ·΄͔͙͔ͤ ͍͙͊ͦͦͤͫͭͪ͘͟͟ͼ͙͙ 

͙ ͎͔͎ͨͪͦͭͪͦͣ͋ͦͤͤͦͦ ͔ͨͦͭͤͼ͙͊͊͡ ͙͚ͫͦͫͯ͒ͫͭͦ ͔͙ͫͭͤ͟Φ 

ϊ ˿ͦͫͭͦΎ͙͔ͤ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͙ ͙͙͍͎ͦͫ͒͊ͭͤͦͦ͟ ͔ͫͭͪͫͫ͊Φ 

ϊ ˹͊ͪͯ΄͔͙ͤΎ ͎͔ͣͦͫͭ͊͊͘Υ ˥͙͔͎ͨͪͦ͊ͯ͟͡Ύͼ͙ΎΣ ͍ͨͦ·΄͔͙͔ͤ ͎͔͎͊ͪ͊ͼ͙͙ ͭͪͦͣ͋ͦͼ͙͍ͭͦΣ ͙͔͙͔ͫͤ͗ͤ 

ͺ͙͙͙͙͋ͪͤͦͭ͡;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟Φ 

ϊ ˴͙͊ͪ͒͊͡Έͤ·͔ ͔͙ͦͫͦ͗ͤͤ͡Ύ ˿˨Υ ͙͙̅͋ͪ͡͡Ύͼ͙Ύ ͔͔͙͚ͨͪ͒ͫͪ͒Σ ͙͔͙͒͊͋ͭ;͔ͫ͊͟Ύ ͙͙͙͊ͪ͒ͦͣͦͨ͊ͭ͟ΎΣ 

͍ͨͦ·΄͊Ό΅͙͔ ͙ͪͫ͟ ͙͊ͪ͒ͦ͟Ή͙ͣ͋ͦ͡;͔͎ͫͦͦ͟ ͙ͤͫͯ͡Έͭ͊ ώоϐΦ 

нΦ ˴͙͙ͤͦ͟͡-͔͍͎͙ͤͪͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ͤͫͯ͡Έͭ͊ ͙ͨͪ ˿˨ 

ϊ ˽͔͙͔ͪͦ͋͊͒͊ͤ͡ ͙΄͔͙ͣ;͔͎ͫͦͦ͟ ͙ͤͫͯ͡Έͭ͊ ό͒ͦ ур-фл҈ ͫͯ͡;͔͍͊ύΣ ;͊ͫͭͦ ͨͦ ͙ͭͨͯ ͎͊ͯͤ͊ͪͤͦͦ͟͡ ͙͙͡ 

͔͙͊ͭͪͦͭͪͦͣ͋ͦͭ;͔͎ͫͦͦ͟Φ 

ϊ ˣ͔͔ͦ͡ ͭΎ͔͗͡·͚ ͔͍͎͙ͤͪͦͦ͡;͔͙͚ͫ͟ ͔͒ͺ͙ͼ͙ͭ ͤ͊ ͔ͣͦͣͤͭ ͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͙ ͨͦ ΄͊͊ͣ͟͡ bLI{{ ͙ Ƴw{Φ 

ϊ ζ˿͔ͭͪͭ͊Ύηκ͙͙͊ͭͨ;ͤ͊Ύ ͙͊ͪͭͤ͊͟Υ ˤͦͣͦ͗ͤ͘· ͔ͤͣ·͔ ͙ͤͺ͊ͪͭ͟· ͙͙͡ ͙ͤͺ͊ͪͭ͟· ͫ ͙͙͊ͭͨ;͚ͤͦ ͦ;͎͍͚͊ͦͦ 

͙͙͚ͫͣͨͭͦͣ͊ͭͦ͟Σ ;ͭͦ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͪ͊ͤͤΌΌ ͙͎͙͒͊ͤͦͫͭͯ͟Φ 

ϊ ˿ͦͤͤͦͫͭ͟͡Έ ͟ ͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΌ ͔͍͎͙ͤͪͦͦ͡;͔͎ͫͦͦ͟ ͔͒ͺ͙ͼ͙ͭ͊ ͍ ͦͫͭͪͦͣ ͔͙͔ͨͪͦ͒ 

ό͎͔͙͔͔ͨͪͦͪ͒ͤͭͤͦ ͔ͭ;͔͙͔ͤύΦ 

ϊ ˤ·ͫͦ͊͟Ύ ;͊ͫͭͦͭ͊ ͔͙͚ͦͫͦ͗ͤͤ͡Υ ˻͔ͭ͟ ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘Σ ͎͔͎͙ͣͦͪͪ͊;͔ͫ͊͟Ύ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ͙ͤͺ͊ͪͭ͊͟Σ 

͙͔͙͔͙͔ͨͪͫͦ͒ͤͤ ͙ͤͺ͔͟ͼ͙͚ ό͔͍͙ͨͤͣͦͤΎΣ ˮ˸˽ύ ͤ͊ ͺ͔ͦͤ ͙ͣͣͯͤͤ·ͻ ͤ͊ͪͯ΄͔͙͚ͤ ͙ͨͪ ˿˨ ώпϐΦ 

оΦ ˾ͦ͡Έ ͎͙͔͎͙͔͙͙ͨͪͣ͟͡ ͍ ͦͫͭͪͦͣ ͔͙͔ͨͪͦ͒ ͙ͤͫͯ͡Έͭ͊ 

˻ͫͭͪ͊Ύ ͎͙͔͎͙͔͙ͨͪͣ͟͡Ύό͍͔ͯͪͦͤΈ ͎͡Όͦ͘͟· ͍͙ͪͦ͟ ҔтΦу ͣͣͦ͡Έκ͡ύ ͔͎͙͙͔ͪͫͭͪͪͯͭͫΎ ͯ пл-60% 

ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙΄͔͙ͣ;͔͙ͫͣ͟ ͙ͤͫͯ͡ΈͭͦͣΣ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͙ͤ͊͡;͙Ύ ˿˨ ͍ ͔͔͊ͤ͊ͣͤ͘Φ ˻ͤ͊ Ύ͍͡Ύ͔ͭͫΎ 

͔͍͙͙ͤ͊ͫͣ͘·ͣ ͔͙ͨͪ͒ͭͦͪͦͣ͟Υ 

ϊ ͍͔͙̂͡;͔͙ͤΎ ͦ͋Ά͔ͣ͊ ͙ͤͺ͊ͪͭ͊͟ ͎ͣͦ͊͘Φ 

ϊ ̂ͻͯ͒΄͔͙ͤΎ ͔ͦ͊ͭͪ͊͟͡͡͡Έ͎ͤͦͦ ͍ͪͦͦͭͦ͊͟͟Φ 

ϊ ˽͍ͦ·΄͔͙ͤΎ ͙ͪͫ͊͟ ͎͔͎͙ͣͦͪͪ͊;͔͚ͫͦ͟ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͔ͨͦͫ͡ ͙͙ͭͪͦͣ͋ͦͫ͊͘͡κͭͪͦͣ͋Ή͙͙ͭͦͣ͟Φ 

ϊ ˣ͔͔ͦ͡ ͍·͚ͫͦͦ͟ ͔ͭ͊͡͡Έ͙ͤͦͫͭ ͙ ͭΎ͔͚͗ͦ͡ ͙͍͙͙ͤ͊͒͊͘͡ͼ͙͙ ;͔͔ͪ͘ о ͔ͣͫΎͼ͊ ͔ͨͦͫ͡ ͙ͤͫͯ͡Έͭ͊ ώрϐΦ 

пΦ ˻͔͙ͫͦ͋ͤͤͦͫͭ ͔͡;͔͙ͤΎ ͙ ͍͙ͭͦͪ;͚ͤͦ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ 

ϊ ˴ͦͤͭͪͦ͡Έ ͎͙͔͙͙ͣ͟͡ ͍ ͦͫͭͪͦͣ ͔͙͔ͨͪͦ͒Υ ˾͔͔͔ͦͣͤ͒ͯͭͫ͟Ύ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͼ͔͔͍͎ͦͦ͡ ͍ͯͪͦͤΎ ͎͙͔͙͙ͣ͟͡ 

͍ ͙͔͒͊ͨ͊ͦͤ͘ сΦм-млΦл ͣͣͦ͡Έκ͡ ͫ ͨͦͣͦ΅ΈΌ ͍͙͍͔ͤͯͭͪͤͤ·ͻ ͙ͤͺ͙͚ͯ͘ ͙͙ͤͫͯͤ͊͡Σ ͙͔͎͋͊͘Ύ ͊͟͟ ͎͙͔ͨͪ-Σ ͭ͊͟ ͙ 

͎͙͎͙͔͙͙ͨͦͣ͟͡Φ 

ϊ ͙͙́ͪͦͣ͋ͦͭ͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΥ ˹͙͊͡;͙͔ ˿˨ ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͙͍͙͔ͨͪͦͭͦͨͦ͊͊ͤͣ͘͟ ͟ ͙͔ͫͫͭͣͤͦͣͯ 
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͙͙ͭͪͦͣ͋ͦͫͯ͘͡ ό͔͊ͭͨ͊͊͘͡͡ύΣ ͦ͒ͤ͊ͦ͟ ͔͔ͭͪ͋ͯͭ ͭ΅͔͊ͭ͡Έ͎ͤͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ ͎͙͔͙͙ͣ͟͡ ͙͘-͊͘ ͍ͨͦ·΄͔͎ͤͤͦͦ 

͙ͪͫ͊͟ ͍͙͙ͪͦͦ͘͟͡Ύ͙͚ͤΦ 

ϊ ˤ͙ͭͦͪ;ͤ͊Ύ ͔͍͔͊ͪͫͭͤͤ͊͟͡Ύ ͨͪͦͺ͙͙͊ͭ͊͟͟͡Υ ˽͙͙͔ͪͦͪͭͭ ͔ͦͭ͒͊ͭͫΎ ͙͎͔͎͚͊ͤͭ͊ͪ͊ͤͭͤͦ ͔͙͙ͭͪ͊ͨ 

ό͊ͼ͔͙͙ͭͫ͊͡͡ͼ͙͍ͦ͊͡Ύ ͙ͫͦͭ͊͟͡Σ ͙͎͔ͦͨ͒ͦͪ͟͡͡ύ ͙͙͡ ͙͎͊ͤͭͦ͊ͯ͟͡Ύ͚ͤͭͤͦ ό͙ͨͪ ̅˽ύΦ ˿͙ͭ͊ͭͤ· ό͍͙͊ͭͦͪ͊ͫͭ͊ͭͤΣ 

͍͙ͪͦͯ͊ͫͭ͊ͭͤ͘ύ ͨͦ͊͊ͤ͘͟· ͍ ͍·͙ͫͦ͟ͻ ͒ͦ͊͘ͻ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͙ͫͻ͎ͦ͒ͤͦͦ ͍ͯͪͦͤΎ ͻ͔͔͙ͦͫͭͪͤ͊͡Φ 

ϊ ˮ͔͙ͤͭͤͫͺ͙͊͟ͼ͙Ύ ͦͤͭͪͦ͟͡Ύ ˿˨Υ ˽͔ͦͫ͡ ͙͙ͫͭ͊͋͊͘͡ͼ͙͙ ͫͦͫͭͦΎ͙ͤΎ ͔͔͍ͪͦͣͤ͒ͦ͊ͤ͟ ͔͔ͨͪͻͦ͒ ͤ͊ 

͙͙͍͙ͤ͒͒ͯ͊͡ΈͤͯΌ ͫͻ͔ͣͯ ͫ͊ͻ͙͊ͪͦͫͤ͗͊Ό΅͔͚ ͔͙͙ͭͪ͊ͨ ͫ ͼ͔͔͍͡·ͣ ͍͔ͯͪͦͤͣ Iō!мŎ ғтΦл҈ ό͍ ͔ͦͭ͒͡Έͤ·ͻ 

ͫͯ͡;͊Ύͻ ғуΦр҈ύΣ ͫ ͔ͨͪ͒ͨͦ;͔͙͔ͭͤͣ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͫ ͒ͦ͊͊ͤͤ͘͟·ͣ ͙͊ͪ͒ͦ͟- ͙ ͼ͔͔͍ͪ͋ͪͦ͊ͫͯ͟͡Ύͪͤ·ͣ 

͔͙͍ͨͪͦͭͭͤ͟·ͣ ͔͚͍͙͔͒ͫͭͣ ό͙͎͙͙ͤ͋ͭͦͪ· ˹˥˶́-нΣ ͎͙͊ͦͤͫͭ· ˥˽˽-1) [6]. 

˿͙ͨͫͦ͟ ͙ ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͡ ͙͔ͭͪ͊ͭͯͪ·: 

1. Dedov I.I., Shestakova M.V., Vikulova O.K. Epidemiology of diabetes mellitus in Russian Federation: clinical 

and statistical report according to the federal diabetes registry. Diabetes Mellitus. 2017;20(1):13-41. DOI: 

10.14341/DM8664. 

2. Pan Y., et al. Diabetes mellitus and risk of stroke: a meta-analysis of prospective studies. Eur J Epidemiol. 

2017;32(9):793-804. DOI: 10.1007/s10654-017-0247-x. 

3. Grysiewicz R.A., et al. Epidemiology of ischemic and hemorrhagic stroke: incidence, prevalence, mortality, 

and risk factors. Neurol Clin. 2008;26(4):871-95. DOI: 10.1016/j.ncl.2008.07.003. 

4. Ergul A., et al. Cerebral neovascularization in diabetes: implications for stroke recovery and beyond. J Cereb 

Blood Flow Metab. 2014;34(4):553-63. DOI: 10.1038/jcbfm.2014.18. 

5. Capes S.E., et al. Stress hyperglycemia and prognosis of stroke in nondiabetic and diabetic patients: a 

systematic overview. Stroke. 2001;32(10):2426-32. DOI: 10.1161/hs1001.096194. 

6. American Diabetes Association. 10. Cardiovascular Disease and Risk Management: Standards of Medical 

Care in Diabetesτ2023. Diabetes Care. 2023;46(Suppl 1):S158-S190. DOI: 10.2337/dc23-S010. 
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̂˨ ˴616.5                 

ˣ͔͙͔͍ͪ͒͊ ˻Φ  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ  

˸͔͗͒ͯͤ͊ͪͦ͒ͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͔ͤͺ͙ͭ ͙ ͎͊͊͘ ͙͔͙ͣͤ ͎̒΄·͎͔͙͒͡ ˴͔͍͊͊͊͟ 

˭͍͊ͣ͊ͤͦ͊ ˢΦˢΦ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

ˤ˻˭˨˩˯˿́ˤˮ̒ ˭ˢ˥˾̒˭˹˩˹ˮ̒ ˤ˻˭˨̂̆ˢ ˻́ ˹˩̅́˩˨˻ˣ̍̉ˮ ˹ˢ ˭˨˻˾˻ˤ̎˩ ̉˩˶˻ˤ˩˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˹͔ͺ͔ͭ͒ͦ͋·;͊ Ύ͍͡Ύ͔ͭͫΎ ͤ͊͘;͙ͣ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͊ͭͣͦͫͺ͔͎ͪͤͦͦ ͍ͦ͒ͯ͘ͻ͊Σ 

͔͍ͨͪ͒ͫͭ͊͡ΎΌ΅͔͎ͦ ͔ͫͪΈ͔ͤͯ͘Ό ͎ͯͪͦͯ͘ ͒͡Ύ ͍͒ͦͪͦ͘ΈΎ ͔͔͙ͤ͊ͫͤ͡ΎΣ ͙͍ͨͪͦ͗͊Ό΅͔͎ͦ ͍͙͙͋͘͡ ͪ͊ͪ͊͋ͦͭͦ͘͟Φ 

˻͍ͫͤͦͤ·͔ ͎͊ͪ͘Ύ͙͔͙ͤͭ͘͡ ͍͟͡Ό;͊Όͭ ͔ͭͯ͡;͙͔ ͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͔͙͔͙ͫͦ͒ͤͤΎ ό˶˻˿ύΣ ͙͔ͭ͊͟ ͊͟͟ ͔͋ͤͦ͘͡ ͙ ͭͦͯͦ͡͡Σ 

͔͍ͫͪͦͦ͒ͦͪͦ͒ όIн{ύΣ ͙͙͒ͦͫ͒͟ ͔ͫͪ· ό{hнύΣ ͙ͦͫ͒͟· ͊ͦͭ͊͘ όbhȄύ ͙ ͍͔ͭͪ͒·͔ ;͙͊ͫͭͼ· όtaύΦ ˤ͔͚͍͙͔ͦ͒ͫͭ͘ Ή͙ͭͻ 

͙ͭͦͫ͟;ͤ·ͻ ͍͔΅͔͍ͫͭ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͦ ͫ ͍ͨͦ·΄͔ͤͤ·ͣ ͙ͪͫͦͣ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͙ͪͫͨͪ͊ͭͦͪͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 
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ό͊ͫͭͣ͊Σ ͻ͙ͪͦͤ;͔ͫ͊͟Ύ ͙͍ͦ͋ͫͭͪͯͭͤ͊͟Ύ ͔͋ͦͤ͘͡Έ ͔͎͙͟͡ͻύΣ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·ͻ ͎͙͚ͨ͊ͭͦͦ͡ ό͙ͤͺ͊ͪͭ͟·Σ 

͙ͤͫͯ͡Έͭ·ύ ͙ ͔͍͎͙ͤͪͦͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ ˶˻˿Σ ͍ ;͙͊ͫͭͤͦͫͭΣ ͦ͋͊͒͊͡Όͭ ͊ͤ͟ͼ͔͎͔ͪͦͤͤ·ͣ ͙ ͎͔ͣͯͭ͊ͤͤ·ͣ 

͔͚͍͙͔͒ͫͭͣΦ ˨͎ͦͦͫͪͦ͡;͔ͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ Ή͎ͭͦͦ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͔͙ͫͤ͗ͤΌ 

͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͙ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘Σ ͊ ͔ͭ͊͗͟ ͔͔ͭͪ͋ͯͭ ͙͔͙ͯͫͤ͡Ύ Ή͎͙ͦͦ͟͡;͔͎ͫͦͦ͟ ͙͙͎ͣͦͤͭͦͪͤ͊ ͙ 

͙ͪ͊ͪ͊͋ͦͭ͘͟ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͔ͣͪ ͊͘΅͙ͭ· ͍͒ͦͪͦ͘ΈΎ ͔͔͙ͤ͊ͫͤ͡ΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔ͤͺ͔ͭ͒ͦ͋·;͊Σ ͎͊ͪ͘Ύ͔͙͔ͤͤ͘ ͍ͦ͒ͯ͘ͻ͊Σ ͔ͭͯ͡;͙͔ ͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͔͙͔͙ͫͦ͒ͤͤΎΣ ͔͍ͫͪͦͦ͒ͦͪͦ͒Σ ͍͔ͭͪ͒·͔ 

;͙͊ͫͭͼ·Σ ͔͙ͪͫͨͪ͊ͭͦͪͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͊ͤ͟ͼ͔͎͔͔ͪͦͤͤͦ ͔͚͍͙͔͒ͫͭΣ ͍͒ͦͪͦ͘Έ͔ ;͔͍͔ͦ͊͟͡Φ 

 

˹͔ͺ͔ͭ͒ͦ͋·;͊ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͔͍ͫͭͦͪͦ͟ ͙͍͚ͣͪͦͦ Ή͙͙ͦͤͦͣ͟͟Σ ͤͦ ͙ͨͪ Ήͭͦͣ ͦͤ͊ 

͍·͔ͫͭͯͨ͊ͭ ͤ͊͘;͙͔ͭ͡Έͤ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ ͔́ͻ͎͙ͤͦͦ͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ·Σ 

͍ͫΎ͊ͤͤ͘·͔ ͫ ͔͙͔͋ͯͪͤͣΣ Ήͫͨͯ͊ͭ͊͟͡ͼ͙͔͚ ͍͙ͫ͊͗ͤ͟ ͙ ͙͍͚ͭͪ͊ͤͫͨͦͪͭͪͦͦ͟Σ ͙͍ͨͪͦ͒Ύͭ ͟ ͙͍ͣ͊ͫͫͤͦͣͯ ͍·͋ͪͦͫͯ 

͍͔ͪ͒ͤ·ͻ ͍͔΅͔͍ͫͭ ͍ ͊ͭͣͦͫͺ͔ͪͤ·͚ ͍ͦ͒ͯ͘ͻΦ ͙̏ͭ ͍·͋ͪͦͫ· ͫͦ͒͊͘Όͭ ͔ͫͪΈ͔ͤ͘·͔ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͔͙ͣ͒ͦ͟-

͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡·Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͍͒ͦͪͦ͘ΈΌ ͡Ό͔͚͒Σ ͙͍ͨͪͦ͗͊Ό΅͙ͻ ͍ 

͔͔͍͔͚ͤͨͦͫͪ͒ͫͭͤͤͦ ͙͙͋ͦͫͭ͘͡ ͦͭ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ ͙ ͔ͤͺ͔͔͔ͭͨͪͪ͊͋͊ͭ·͍͊Ό΅͙ͻ ͔͍ͦͣͨͫͦ͟͟͡Φ 

˻͍ͫͤͦͤ·͔ ͎͊ͪ͘Ύ͙͔͙ͤͭ͘͡ ͍ͦ͒ͯ͘ͻ͊Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͔ͤͺ͔ͭ͒ͦ͋·;͔͚Σ ͍͟͡Ό;͊Όͭ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ 

ͻ͙͙ͣ;͔͙ͫ͟ͻ ͔͙͔͙͚ͫͦ͒ͤͤΦ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͔ͭͯ͡;͙͔ ͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͔͙͔͙ͫͦ͒ͤͤΎ ό˶˻˿ύΣ ͙͔ͭ͊͟ ͊͟͟ ͔͋ͤͦ͘͡Σ 

ͭͦͯͦ͡͡ ͙ ͙ͫͦ͟͡͡·Φ ͔́͊͗͟ ͍ ͊ͭͣͦͫͺ͔ͪͯ ͨͦͫͭͯͨ͊Όͭ ͔͍ͫͪͦͦ͒ͦͪͦ͒ όIн{ύΣ ͙͙͒ͦͫ͒͟ ͔ͫͪ· (SO2ύΣ ͙ͦͫ͒͟· ͊ͦͭ͊͘ 

(NOxύ ͙ ͎ͯ͊ͪͤ·͚ ͎͊͘ ό/hύΦ ˭ͤ͊;͙͔ͭ͡ΈͤͯΌ ͦͨ͊ͫͤͦͫͭΈ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͙ ͍͔ͭͪ͒·͔ ;͙͊ͫͭͼ· όtaύΦ 

˿͔͍ͪͦͦ͒ͦͪͦ͒ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͙ͭͦͫ͟;ͤ·ͻ ͔͍ͦͣͨͦͤͤͭͦ͟Σ ͍·͋ͪ͊ͫ·͍͔͊ͣ·ͻ ͙ͨͪ ͒ͦ͋·;͔ 

ͭ͊͟ ͤ͊͘·͍͔͚͊ͣͦ ζ͙͚ͫͦ͟͡ ͔ͤͺ͙ͭηΦ ˨͔͊͗ ͍ ͙͙ͤ͘͟ͻ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύͻ ͦͤ ͍·͘·͍͔͊ͭ ͔͙͔ͪ͊͒ͪ͊͗ͤ͘ ͙͙ͫͫͭ͘͡·ͻ 

ͦ͋ͦͦ͡;͔͟ ͎͊͘͡ ͙ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΦ ˽͙ͪ ͍·͙ͫͦ͟ͻ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύͻ ͔͍ͫͪͦͦ͒ͦͪͦ͒ ͍͙ͫͭ͊ͤͦͭͫΎ 

͔͚͙ͤͪͦͭͦͫ͟;ͤ·ͣ Ύ͒ͦͣΦ ̏ͭͦ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͔͔ͨͦͭͪ ͙ͫͦͤ͊ͤ͘ΎΣ ͎͔͔͙ͯͤͭͤΌ ͒·ͻ͙͊ͤΎ ͙ ͔ͭ͊͡͡Έͤͦͣͯ 

͙ͫͻͦ͒ͯΦ 

˶͔ͭͯ;͙͔ ͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͔͙͔͙ͫͦ͒ͤͤΎ ό˶˻˿ύΣ ͍ ;͙͊ͫͭͤͦͫͭ ͔͋ͤͦ͘͡Σ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔ͦͭ͒͡ΈͤͯΌ 

͎ͯͪͦͯ͘Φ ˣ͔ͤͦ͘͡ Ύ͍͡Ύ͔ͭͫΎ ͙ͨͪͤ͊ͤͤ͘·ͣ ͊ͤ͟ͼ͔͎͔ͪͦͤͦͣ ͒͡Ύ ;͔͍͔ͦ͊͟͡Φ  

ˤ·͋ͪͦͫ· ͙͍ͦͫ͒ͦ͟ ͊ͦͭ͊͘ ͍ ͊ͭͣͦͫͺ͔ͪͯ ͔ͭ͊͗͟ ͔ͤͫͯͭ ͤ͊͘;͙͔ͭ͡Έͤ·͔ ͙͙ͪͫ͟ ͒͡Ύ ͍͒ͦͪͦ͘ΈΎΦ ͙̏ͭ ͎͊͘· 

Ύ͍͡ΎΌͭͫΎ ͔͙ͨͪͯͪͫͦͪ͊ͣ͟ ͒͡Ύ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͦͦͤ͊͘ ͍ ͙͔ͨͪͣͤͦͣ͘ ͔ͫͦ͡Φ ˻ͦͤ͘ ς Ήͭͦ ͣͦ΅ͤ·͚ ͙͙͔ͦͫͭ͟͡͡ΈΣ 

ͦͭͦͪ͟·͚ ͍͔͔ͨͦͪ͗͒͊ͭ ͙ͭ͊ͤ͟ ͔͎͙͟͡ͻΦ ˻ͤ ͍·͘·͍͔͊ͭ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͒·ͻ͙͔͊ͤ ͙ ͙͔ͫͤ͗͊ͭ 

͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ ͔͙ͪͫͨͪ͊ͭͦͪͤ·ͣ ͙ͤͺ͔͟ͼ͙ΎͣΦ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͙ͦͫ͒͟· ͊ͦͭ͊͘ ͍ͫͭͯͨ͊Όͭ ͍ ͔ͪ͊͟ͼ͙Ό ͫ ͎͙͙͒ͪͯͣ ͎͊ͪ͘Ύ͙͔ͤͭ͘͡Ύ͙ͣΣ ͦ͋ͪ͊ͯ͘Ύ ͍͙ͭͦͪ;ͤ·͔ 

͍͔ͭͪ͒·͔ ;͙͊ͫͭͼ·Φ ̏ͭͦ ͎ͯͫͯͯ͋͡Ύ͔ͭ ͦ͋΅ͯΌ ͙͊ͪͭͤͯ͟ ͎͊ͪ͘Ύ͔͙ͤͤ͘ΎΦ ˤ͒·ͻ͙͔͊ͤ ͙͍ͦͫ͒ͦ͟ ͊ͦͭ͊͘ ͫ͊ͣͦ ͨͦ ͔͔ͫ͋ 

͍·͘·͍͔͊ͭ ͔͙͔ͪ͊͒ͪ͊͗ͤ͘ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΦ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͊͟΄͡Ό ͙ ͔͙ͦ͋ͦͫͭͪͤΌ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ 

͔͍͙͚͊͋ͦ͊ͤ͘͡ ͔͎͙͟͡ͻΦ 

˿͔ͪΈ͔ͤ͘·ͣΣ ͻͦͭΎ ͙ ͔͔͔ͣͤ ͦ;͔͍͙͒ͤ·ͣΣ ͔͍͙͔ͨͦͫ͒ͫͭͣ͡ Ύ͍͡Ύ͔ͭͫΎ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͙ͨͫͻͦͫͦͼ͙͊͡Έ͔ͤͦ 

͎͋͊ͦͨͦͯ͡͡;͙͔ ͔͔͙ͤ͊ͫͤ͡ΎΦ ˽ͦͫͭͦΎͤͤ·͚ ͫͭͪ͊ͻ ͊͘ ͍͔ͫͦ ͍͒ͦͪͦ͘Έ͔ ͙ ͍͒ͦͪͦ͘Έ͔ ͔͔͚͒ͭ ͍·͘·͍͔͊ͭ ͻ͙ͪͦͤ;͔͙͚ͫ͟ 

͔ͫͭͪͫͫΦ ͍͔̊ͯͣͦͦ ͎͊ͪ͘Ύ͔͙͔ͤͤ͘Σ ͙ͫͻͦ͒Ύ΅͔͔ ͦͭ ͙͍͍͔ͨͪͦͦ͒ͫͭͤͤ͘·ͻ ͦ͋Ά͔͍ͭͦ͟Σ ͔ͭ͊͗͟ ͍͙ͤͦͫͭ ͍͚ͫͦ ͍͊͒͟͡Φ 

͙̆ͪͦͤ;͔͙͚ͫ͟ ͔ͫͭͪͫͫ ͙ ͔͍ͭͪͦ͗ͤͦͫͭΈ ͎ͣͦͯͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ ͍͙͙ͪ͊ͭ͘Ό ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭ ͙ 

͙͔͙ͫͤ͗ͤΌ ͦ͋΅͔͎ͦ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘Φ ˹͔͎͙͍͔͊ͭͤͦ ͍͙ͦͫͨͪΎ͙͔ͭ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· ͯͻͯ͒΄͔͊ͭ ͫͦͤ ͙ 

ͫͦͼ͙͊͡ΈͤͯΌ ͊͒͊ͨͭ͊ͼ͙ΌΦ ͙̏ͭ ͺ͊ͭͦͪ͟· ;͊ͫͭͦ ͔ͤ͒ͦͦͼ͔͙͍ͤ͊ΌͭͫΎ ͙ͨͪ ͦͼ͔͔ͤ͟ ͦ͋΅͔͎ͦ ͯ΅͔ͪ͋͊ ͍͒ͦͪͦ͘ΈΌΦ 

͎̂͊ͪͤ·͚ ͎͊͘ Ύ͍͡Ύ͔ͭͫΎ ͔΅͔ ͙ͦ͒ͤͣ ͨͪͦ͒ͯͭͦͣ͟ ͔͎ͤͨͦͤͦͦ͡ ͎͙ͫͦͪ͊ͤΎΣ ͍·͋ͪ͊ͫ·͍͔͊ͣ·ͣ ͙ͨͪ ͔ͪ͊͋ͦͭ 

͔ͤͺ͔ͭͨͪͦͣ·͍͎ͫͦͦͦ͡ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎΦ ˻ͤ ͍ͫΎ͘·͍͔͊ͭͫΎ ͫ ͎͔͎͙ͣͦͦ͋ͤͦͣ͡ ͍͙ͪͦ͟Σ ͦ͋ͪ͊ͯ͘Ύ 

͙͎͔͎͙͊ͪ͋ͦͫͣͦͦ͋ͤ͟͟͡Φ ̏ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙͔ͫͤ͗͊ͭ ͫͨͦͫͦ͋ͤͦͫͭΈ ͍͙ͪͦ͟ ͔͔͙ͨͪͤͦͫͭΈ ͙ͫͦͪͦ͒͟͡ ͟ ͭ͊ͤ͟ΎͣΦ 

͙̆ͪͦͤ;͔͔ͫͦ͟ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͔͒͊͗ ͙͙ͤ͘͟ͻ ͍͔͚ͯͪͦͤ ͎͎ͯ͊ͪͤͦͦ ͎͊͊͘ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͻ͙ͪͦͤ;͔͚ͫͦ͟ 

͎͙͙͙ͨͦͫ͟ ό͙ͫͦͪͦ͒ͤͦͣͯ͟͡ ͎͙ͦͦ͒͊ͤ͡ΌύΦ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͦͨ͊ͫͤͦ ͒͡Ύ ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ ͙ ͔͔ͫͪ͒;͚ͤͦ ͣ·΄ͼ·Φ 

˿͙ͣͨͭͦͣ· ͍͟͡Ό;͊Όͭ ͎͍ͦͦͤ͡·͔ ͙͋ͦ͡Σ ͎͍͔͙͔ͦͦͦͪͯ͗ͤ͟͡ ͙ ͦ͋΅ͯΌ ͫ͊͋ͦͫͭ͡ΈΦ 
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˹͔ͦ͋ͻ͙ͦ͒ͣͦ ͯ;͙ͭ·͍͊ͭΈ ͙ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͍ͦ͒ͤ·͔ ͔ͪͫͯͪͫ·Σ ͦͭͦͪ͟·͔ ͔ͭͫͤͦ ͍ͫΎ͊ͤ͘· ͫ ͍͒ͦͪͦ͘Έ͔ͣ 

;͔͍͔ͦ͊͟͡Φ ˭͎͊ͪΎ͔͙͔ͤͤ͘ ͍ͦ͒ͯ͘ͻ͊ ͙ͭͦͫ͟;ͤ·͙ͣ ͙ͦͫ͊͒͊ͣ͟ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ό ͙ͫͭͦ;͙͍ͤͦ͟ 

͙ͨͭΈ͔͍͚ͦ ͍ͦ͒·Φ ˽͔͔͙͔ͦͭͪ͋ͤ͡ ͚ͭ͊ͦ͟ ͍ͦ͒· ͔ͫͦ͒͊ͭ͘ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔ ͙͙ͪͫ͟ ͒͡Ύ ͍͒ͦͪͦ͘ΈΎΦ 

˭͎͊ͪΎ͔͙͔ͤͤ͘ ͍ͦ͒· ͔ͣͦ͗ͭ ͫͭ͊ͭΈ ͙ͨͪ;͙͚ͤͦ ͔͗ͯ͒ͦ͡;ͤͦ-͙͟΄͔;ͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙ ͤ͊ͪͯ΄͔͙͚ͤ 

ͺͯͤ͟ͼ͙͚ ͔ͨ;͔͙ͤ ͙ ͨͦ;͔͟Φ ˤ͔ͪ͒ͤ·͔ ͍͔΅͔͍ͫͭ͊ ͎ͣͦͯͭ ͨͦͨ͊͒͊ͭΈ ͍ ͙ͨ΅͔͍ͯΌ ͼ͔ͨΈΦ ̏ͭͦ ͍͔͙ͯ͡;͙͍͔͊ͭ ͙ͪͫ͟ 

ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͍͔͙ͦͭͪ͊ͤ͡Ύ ͯ ͔͎ͣͫͭͤͦͦ ͔͔͙ͤ͊ͫͤ͡ΎΦ 

˨͡Ύ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͊͘΅͙ͭ· ͍͒ͦͪͦ͘ΈΎ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͍͔͔͙͔ͤ͒ͪͤ ͙ͨͪͤͼ͙ͨ͊ ͔͙ͨͪ͒ͦͫͭͦͪͦ͗ͤͦͫͭΦ ˻ͤ 

͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡ ͙ͨͪͤΎ͙͔ͭ ͔ͣͪ ͨͦ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΌ ͎͊ͪ͘Ύ͔͙ͤͤ͘ΎΣ ͔͒͊͗ ͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ ͚ͨͦͤͦ͡ ͤ͊ͯ;͚ͤͦ 

͍͔͔͙ͯͪͤͤͦͫͭ ͍ ͔͔͙ͫͭͨͤ ͔͎ͦ ͍͔ͪ͒͊Φ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͊ͭͯ͊͟͡Έͤͦ ͙ͨͪ ͔ͪ͊͋ͦͭ ͫ ͙͍͔ͫͭͤ͘·͙ͣ ͊ͤ͟ͼ͔͎͔͙ͪͦͤ͊ͣΦ 

ˤ͔͔͙͔ͤ͒ͪͤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍ͫͭ͊ͤ͒͊ͪͭͦ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙ ͎͙͚ͫͭͪͦ ͦͤͭͪͦ͟͡Έ ͊͘ ͔ͭͻ͎͙ͤͦͦ͡;͔͙͙ͫͣ͟ 

ͨͪͦͼ͔͙ͫͫ͊ͣ Ύ͍͡ΎΌͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έͤ·͙ͣ ͔͙ͣͪ͊ͣΦ ˽͔͔ͪͻͦ͒ ͤ͊ ͔͔͋ͦ͡ Ή͎͙ͦͦ͟͡;ͤ·͔ ͔ͣͭͦ͒· ͙͙ͯͭ͊͘͡ͼ͙͙ 

͎ͨͦͨͯͭͤͦͦ ͎͊͊͘Φ ̏ͭͦ ͔ͨͦͣͦ͗ͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͫͦͪ͊ͭͭ͟Έ ͍·͋ͪͦͫ· ͔ͭͯ͡;͙ͻ ͎͙ͦͪ͊ͤ;͔͙ͫ͟ͻ ͔͙͔͙͚ͫͦ͒ͤͤ ͙ 

͙͙͒ͦͫ͒͊͟ ͔ͫͪ·Φ 

 ˭ ͊͟͡Ό;͔͙͔ͤ 

˨͙͙ͦͫ͒͟ ͔ͫͪ· ό{hнύ ͙ͨͪ ͔ͦͤͭ͊ͭ͟͟ ͫ ͍͎͚͊ͦ͡ ͍ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͨͯͭΎͻ ͔ͦ͋ͪ͊ͯͭ͘ ͔͙ͫͪͤͫͭͯΌ ͙ͫͦͭͯ͟͡Φ ̏ͭͦ 

͙͍͙ͨͪͦ͒ͭ ͟ ͍·͔ͪ͊͗ͤͤͦͣͯ ͔͙ͪ͊͒ͪ͊͗ͤ͘Ό ͋ͪͦͤͻ͍ͦ ͙ ͔͎͙͟͡ͻΦ ˨͙͔ͭ͡͡Έ͔ͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͙͙͒ͦͫ͒͊͟ ͔ͫͪ· 

Ύ͍͡Ύ͔ͭͫΎ ͺ͊ͭͦͪͦͣ͟ ͙ͪͫ͊͟ ͍͙͙ͪ͊ͭ͘Ύ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͊ͫͭͣ· ͙ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͙͍͚ͦ͋ͫͭͪͯͭͤͦ͟ ͔͙͋ͦͤ͘͡ ͔͎͙͟͡ͻ 

ό̆˻ˣ˶ύΦ ˻͔ͫͭͪͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͍·͘·͍͔͊ͭ ͋ͪͦͤͻͦͫͨ͊ͣ͘Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ  

1. ˣͯ΄͔͍ͭͯ͊ ˴Φ ˢΦΣ ˿ͯ͡;͊ͤͦ͟ ˮΦ ˿Φ ˸͔ͭͦ͒· ͙ ͙͔͙͙ͪͭͪ͟ ͦͼ͔͙ͤ͟ ͫͦͫͭͦΎ͙ͤΎ ͍͒ͦͪͦ͘ΈΎ ͔͔͙ͤ͊ͫͤ͡Ύ ͍ ͍ͫΎ͙͘ ͫ 

͎͊ͪ͘Ύ͔͙͔ͤͤͣ͘ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ ˸͔͙͒ͼ͙ͤ͊Σ мфтфΦ 

2. ˾͔͍͙; ˣΦ ˢΦ ˭͎͊ͪΎ͔͙͔ͤͤ͘ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· ͙ ͍͒ͦͪͦ͘Έ͔ ͔͔͙ͤ͊ͫͤ͡ΎΥ ˤ͍͔͔͙͔͒ͤ ͍ Ή͎͙ͦͦ͟͡;͔ͫͯ͟Ό 

Ή͙͔͙͎͙ͨ͒ͣͦͦ͡ΌΦ ˸̇̅̏˾Σ нллмΦ 

3. ˩ͺ͙͍ͣͦ͊ ˹Φ ˤΦ ͙ ͒ͪΦ ˻ͼ͔ͤ͊͟ ͙ͪͫ͊͟ ͍͒ͦͪͦ͘ΈΌ ͔͔͙ͤ͊ͫͤ͡ΎΣ ͙͍ͨͪͦ͗͊Ό΅͔͎ͦ ͍ ͔ͦͤ͘ ͍͙͡Ύ͙ͤΎ ͔͙ͨͪ͒ͨͪΎ͙͚ͭ 

͔ͤͺ͔ͭ͒ͦ͋·;͙Φ ˥͙͎͙͔ͤ͊ ͙ ͙͙ͫ͊ͤͭ͊ͪΎΣ нлмуΦ 

4. Pope C. A., Dockery D. W. Health effects of fine particulate air pollution: Lines that connect. Journal of the 

Air & Waste Management Association, 2006. 

5. Curtis L. G., Warrender K. K. Oil and Gas Operations and Public Health: A Review of the Evidence. Current 

Environmental Health Reports, 2016. 

ϭx ͔͙͔͍ͪ͒͊ ˻Φ, ˭ ͍͊ͣ͊ͤͦ͊ ˢΦˢΦΣ нлнр 

 

 

 

 

̂˨˴ смтΦт 

ˣ͔͙͔͍ͪ͒͊ ˥Φ́Φ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͎͊ͤ͘͡·ͻ ͔͔͚͋ͦͤ͘͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͙ͣΦ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒Φ 

 

ˣ˶ˮ˭˻˾̂˴˻˿́̎ ˴ˢ˴ ˥˶˻ˣˢ˶̎˹ˢ̒ ˽˾˻ˣ˶˩˸ˢ ˻̅́ˢ˶̎˸˻˶˻˥ˮˮΥ  

˹˻ˤ̍˩ ˥˻˾ˮ˭˻˹́̍ ˨ˮˢ˥˹˻˿́ˮ˴ˮ ˮ ́˩˾ˢ˽ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˣ͙ͦͪͯͦͫͭ͘͟͡Έ ό͙͙ͣͦͨΎύ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͤ͊ͪͯ΄͔͙͚ͤ ͔ͪͺͪ͊͟ͼ͙͙ ͙ 



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

͍͔͙ͯ͡;͔͙ͤΌ ;͙ͫ͊͡ ͖ͦͫͦ͗ͤͤͤ͡·ͻ ͺͦͪͣΣ ;ͭͦ ͔͔͒͊ͭ͡ ͔ͨͪͦ͋ͣͯ͡ ͫͦͼ͙͊͡Έͤͦ ͤ͊͘;͙͚ͣͦΦ ˤ ͫͭ͊ͭΈ͔ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͒͊ͤͤ·͔ ͦ ͙ͨͪ;͙ͤ͊ͻ ͙ ͔ͣͻ͙͊ͤͣ͊͘ͻ ͍͙͙ͪ͊ͭ͘Ύ ͙͙͙ͣͦͨΣ ͙͙͊ͤ͊ͪͯ͘͡ΌͭͫΎ 

ͺ͊ͭͦͪ͟· ͙ͪͫ͊͟Σ ͔͔͍ͨͪ͒ͦ·͔ ͔ͣͭͦ͒· ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͊ ͔ͭ͊͗͟ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͔͡;͔͙ͤΌ ͙ 

͔͔͙͊ͣ͒ͤ͘͡Ό ͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΎ ͙͙͙ͣͦͨΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͙͙ͣͦͨΎΣ ͙͋ͦͪͯͦͫͭ͘͟͡ΈΣ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͎͙ͦͪͭͦͪ͊ͭͦͦ͟͡ΎΣ ͙͊ͭͪͦͨͤΣ  

͎͔͙ͨͪͦͪͫͫͪͯΌ΅͊Ύ ͙͙ͣͦͨΎΣ ͔͊ͪͤ͊͘͡Ύ ͔ͦͪͪ͟͟ͼ͙Ύ 

 

.ŜǊŘƛȅŜǾŀ DΦ¢Φ 

{ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴ ƴŀƳŜŘ ŀƊŜǊ aȅǊŀǘ DŀǊǊȅŜǾ 

!ǎƘƎŀōŀǘΣ ¢ǳǊƪƳŜƴƛǎǘŀƴ 

 

aLhtL! !{ ! D[h.![ htI¢I![ah[hDL/ /I![[9bD9Υ b9² IhwL½hb¢{ Lb 5L!Dbh{L{ !b5 ¢I9w!t¸ 

 

!ōǎǘǊŀŎǘ 

aȅƻǇƛŀ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ǊŜŦǊŀŎǝǾŜ ŜǊǊƻǊǎ ŀƴŘ Ƙŀǎ ōŜŎƻƳŜ ŀ Ǝƭƻōŀƭ ŜǇƛŘŜƳƛŎ ƛƴ ǊŜŎŜƴǘ 

ŘŜŎŀŘŜǎΦ ¢ƘŜ ƛƴŎǊŜŀǎƛƴƎ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ƳȅƻǇƛŀ ŀƴŘ ƛǘǎ ŎƻƳǇƭƛŎŀǝƻƴǎ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ǎƛƎƴƛŬŎŀƴŎŜ ƻŦ ǘƘŜ ǇǊƻōƭŜƳ 

ŦƻǊ ƳƻŘŜǊƴ ƻǇƘǘƘŀƭƳƻƭƻƎȅΦ ¢Ƙƛǎ ŀǊǝŎƭŜ ǊŜǾƛŜǿǎ ŎǳǊǊŜƴǘ Řŀǘŀ ƻƴ ǘƘŜ ŜǝƻƭƻƎȅ ŀƴŘ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ƳȅƻǇƛŀ 

ŘŜǾŜƭƻǇƳŜƴǘΣ ŀƴŀƭȅȊŜǎ Ǌƛǎƪ ŦŀŎǘƻǊǎΣ ŜȄǇƭƻǊŜǎ ŀŘǾŀƴŎŜŘ ŘƛŀƎƴƻǎǝŎ ǘŜŎƘƴƛǉǳŜǎΣ ŀƴŘ ǇǊŜǎŜƴǘǎ ƛƴƴƻǾŀǝǾŜ 

ŀǇǇǊƻŀŎƘŜǎ ǘƻ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ƳȅƻǇƛŀ ǇǊƻƎǊŜǎǎƛƻƴ ŎƻƴǘǊƻƭΦ 

YŜȅǿƻǊŘǎΥ 

ƳȅƻǇƛŀΣ ǊŜŦǊŀŎǝǾŜ ŜǊǊƻǊΣ ŘƛŀƎƴƻǎƛǎΣ ƻǊǘƘƻƪŜǊŀǘƻƭƻƎȅΣ ŀǘǊƻǇƛƴŜΣ ǇǊƻƎǊŜǎǎƛǾŜ ƳȅƻǇƛŀΣ ƭŀǎŜǊ ŎƻǊǊŜŎǝƻƴΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˣ͙ͦͪͯͦͫͭ͘͟͡Έ τ ͤ ͊ͪͯ΄͔͙͔ͤ ͔ͪͺͪ͊͟ͼ͙͙Σ ͙ͨͪ ͦͭͦͪͦͣ͟ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ ͺ͙͔ͦͯͫͪͯͭͫ͟Ύ ͔͔ͨͪ͒ 

͔ͫͭ;͚͊ͭͦ͟Σ ;ͭͦ ͍·͘·͍͔͊ͭ ͯͻͯ͒΄͔͙͔ͤ ͔͙ͪͤ͘Ύ ͤ͊ ͒͊͡Έ͔͔ͤ ͪ͊ͫͫͭͦΎ͙͔ͤΦ ˽ͦ ͒͊ͤͤ·ͣ ˤ͔͙͚ͫͣͪͤͦ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΣ ͟ нлрл ͎ͦ͒ͯ ͙͙͔͚ͣͦͨ ͋ͯ͒ͯͭ ͫͭͪ͊͒͊ͭΈ ͦͦͦ͟͡ рл҈ ͔͔͙ͤ͊ͫͤ͡Ύ ͔ͨ͊ͤͭ͡·Φ 

͔́͊ͦ͟ ͔͙͔ͫͭͪͣͭ͡Έ͔ͤͦ ͍͔͙ͯ͡;͔͙͔ͤ ͍ͫΎ͘·͍͊Όͭ ͫ ͙ͯͪ͋͊ͤ͊͘ͼ͙͔͚Σ ͍ͨͦ·΄͔͚ͤͤͦ ͙͔ͪͭ͘͡Έ͚ͤͦ ͎͚ͤ͊ͪͯͦ͘͟ ͙ 

͔ͤ͒ͦͫͭ͊ͭͦͣ͟ ͔͔͍͔͎ͫͭͫͭͤͤͦͦ ͍͔ͦͫ΅͔͙ͤΎΦ 

˿͔͎ͦ͒ͤΎ ͙͙ͣͦͨΎ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͊͟͟ ͚ͨͪͦͫͭͦ ͔͒ͺ͔ͭ͟ ͔ͪͺͪ͊͟ͼ͙͙Σ ͤͦ ͙ ͊͟͟ 

͔ͨͦͭͤͼ͙͊͡Έ͔ͤͦ ͎͔͙ͨͪͦͪͫͫͪͯΌ΅͔͔ ͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͔ͦͭͦͪͦ͟ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͭΎ͖͗͡·ͣ ͔͙ͦͫͦ͗ͤͤ͡ΎͣΥ 

͙͙ͣͦͨ;͔͚ͫͦ͟ ͙͙ͣ͊ͯͦͨ͊ͭ͟͡Σ ͙ͫͭͦͤ;͔͙ͤΌ ͔ͫͭ;͙͊ͭ͟Σ ͚͔ͦͭͫͦ͟͡ ͔ͫͭ;͙͊ͭ͟ ͙ ͔͒͊͗ ͔͔ͫͨͦͭ͡Φ 

мΦ ͙͎͙̏ͭͦͦ͡Ύ ͙ ͎͔͔ͨ͊ͭͦͤ͘ ͙͙͙ͣͦͨ 

мΦмΦ ˥͔͔͙ͤͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡Έ 

˾ͦ͡Έ ͔͍͔͙ͤ͊ͫ͒ͫͭͤͤͦͫͭ͡ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͎ͣͤͦͦ;͙͔ͫͤͤ͡·͙ͣ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ͙ͣΥ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ 

͙͙͙ͣͦͨ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍·΄͔Σ ͔͙ͫ͡ ͙ͦ͒ͤ ͙͙͡ ͦ͋͊ ͙͔ͪͦ͒ͭ͡Ύ ͙͔ͣΌͭ ͔͒͊ͤͤͦ ͤ͊ͪͯ΄͔͙͔ͤΦ 

ˮ͔͙͒ͤͭͺ͙ͼ͙͍ͪͦ͊ͤͦ ͔͔͋ͦ͡ нлл ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͍ͦͯͫͦ͟͡Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͔ͦͤͭͪͦͣ͟͡ ͪͦͫͭ͊ ͎͎͊ͤͦͦ͘͡ Ύ͋ͦ͊͟͡Φ 

мΦнΦ ˤ͔͚͍͙͔ͦ͒ͫͭ͘ ͺ͍͊ͭͦͪͦ͟ ͔ͫͪ͒· 

˴͡Ό;͔͍·͔ ͍͔ͤ΄͙͔ͤ ͺ͊ͭͦͪ͟·Υ 

˨͙͔ͭ͡͡Έͤ͊Ύ ͪ͊͋ͦͭ͊ ͤ͊ ͙͋ͦͣ͘͟͡ ͪ͊ͫͫͭͦΎ͙͙ͤΣ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͫͣ͊ͪͭͺ͍ͦͤͦ ͙ ͨ͊ͤ͡΄͔͍ͭͦΣ 

˹͔͒ͦͫͭ͊ͭͦ͟ ͔ͨͪ͋·͍͙͊ͤΎ ͤ͊ ͍͔͔ͫ͗ͣ ͍ͦ͒ͯ͘ͻ͔Σ 

˹͙͙͚͘͟ ͍͔ͯͪͦͤΈ ͔͔͍͔͎ͫͭͫͭͤͤͦͦ ͍͔ͦͫ΅͔͙ͤΎΣ 

˽ͦ͡ͻ͊Ύ ͦͫ͊ͤ͊͟ ͙ ͔͍͙ͤͨͪ͊͡Έͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͪ͊͋ͦ;͔͎ͦ ͔ͣͫͭ͊Φ 
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˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͔͔͔͍͔͗͒ͤͤͦ ͔ͨͪ͋·͍͙͔͊ͤ ͔͔͚͒ͭ ͤ͊ ͙ͯ͡ͼ͔ ͦͭ н ͒ͦ о 

;͍͊ͫͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙͙͙ͣͦͨΦ 

мΦоΦ ˣ͙͔ͦͣͻ͙͊ͤ;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͎͎͊ͤͦͦ͘͡ Ύ͋ͦ͊͟͡ 

˻͍͚ͫͤͦͤͦ ͔ͣͻ͙͊ͤͣ͘ ͍͙͙ͪ͊ͭ͘Ύ ͙͙͙ͣͦͨ τ ;͔͔͔ͪͣͪͤͦ͘ ͙͔͙͔ͯ͒ͤͤ͡ ͔͔͔ͨͪ͒ͤπ͘ ͔͚͊͒ͤ ͙ͦͫ ͎͊͊͘͡Φ ̏ͭͦ 

͙͍͙ͨͪͦ͒ͭ ͟ ͔͔ͨͪͪ͊ͫͭΎ͔͙͗ͤΌ ͦ͋ͦͦ͡;͔͟ ͎͎͊ͤͦͦ͘͡ Ύ͋ͦ͊͟͡Σ ͙͔͔͙ͣͤͤ͘Ό ͫͭͪͯͭͯͪ͟· ͔ͫͭ;͙͊ͭ͟ ͙ ͯͻͯ͒΄͔͙ͤΌ 

͔͖ ͙͙ͨͭ͊ͤΎΣ ;ͭͦ ͍ͨͦ·΄͔͊ͭ ͙ͪͫ͟ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

нΦ ˨͙͎͙͊ͤͦͫͭ͊͟ ͙͙͙ͣͦͨΥ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ 

нΦмΦ ˤ͙͔͙ͦͣͭͪ͘Ύ 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͦͫͭͪͦͭ· ͔͙ͪͤ͘Ύ Ύ͍͡Ύ͔ͭͫΎ ͔͍͙ͨͪ;ͤ·ͣ Ήͭ͊ͨͦͣ ͙͎͙͙͒͊ͤͦͫͭ͟Φ ˿͙͔͙͔ͤ͗ͤ ͦͫͭͪͦͭ· ͤ͊ 

ͪ͊ͫͫͭͦΎ͙͙ͤ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͫͤͦͤ·ͣ ͙͙ͤ͟͡;͔͙ͫͣ͟ ͨͪͦΎ͍͔͙͔ͤͣ͡ ͙͙͙ͣͦͨΦ 

нΦнΦ ˾͔ͺ͔͙ͪ͊ͭͦͣͭͪ͟Ύ ͙ ͙͙ͫ͊ͫͦͨ͟͟Ύ 

͙̏ͭ ͔ͣͭͦ͒· ͍ͨͦͦ͘͡ΎΌͭ ͔͔͙ͦͨͪ͒ͭ͡Έ ͭͦ;ͤͯΌ ͔͔ͫͭͨͤΈ ͙͙͙ͣͦͨ ͙ ͍·Ύ͍͙ͭΈ ͍ͫͦͨͯͭͫͭͯΌ΅͙͚ 

͙͎͙͊ͫͭͣ͊ͭͣ͘ 

нΦоΦ ˻ͺͭ͊͡Έ͙ͣͦͫͦͨ͟Ύ ͙ ͦͫͣͦͭͪ ͎͎͊ͤͦͦ͘͡ ͒ͤ͊ 

˹͔ͦ͋ͻ͙ͦ͒ͣ· ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͔͙͚ͦͫͦ͗ͤͤ͡Υ ͔͙ͨͪͺ͔͙ͪ;͔͙ͫ͟ͻ ͙͒ͫͭͪͦͺ͙͚Σ ͪ͊ͪ͘·͍͍ͦ ͔ͫͭ;͙͊ͭ͟Σ 

͙͙ͣͦͨ;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘ ͣ͊ͯ͟͡·Φ 

нΦпΦ ˻˴́ ό͙ͦͨͭ;͔ͫ͊͟Ύ ͎͔͔ͦͪͤͭͤ͊͟Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύύ 

˿͍͔͔ͦͪͣͤͤ·͚ ͔ͣͭͦ͒ Ή͔͎ͫͨͪͭͤͦͦ͟ ͍ͯͪͦͤΎΦ ˽͍ͦͦ͘͡Ύ͔ͭ ͦͼ͔͙ͤͭΈ ͫͦͫͭͦΎ͙͔ͤ ͔ͫͭ;͙͊ͭ͟Σ ͔͍͙͎ͫͭͦ͒ͤͦͦ͟͡ 

͔ͭ͊͡Σ ͣ͊ͯ͟͡·Φ 

нΦрΦ ̂˭ˮ ͙ ͙͔͙͋ͦͣͭͪΎ ͎͊͊͘͡ 

˻͍͚ͫͤͦͤͦ ͔ͣͭͦ͒ ͙͎͙͙͒͊ͤͦͫͭ͟ ͎͔͙ͨͪͦͪͫͫͪͯΌ΅͔͚ ͙͙͙ͣͦͨΦ ˮ͔͔͙͔ͣͪͤ͘ ͙͒ͤ͡· ͎͎͊ͤͦͦ͘͡ Ύ͋ͦ͊͟͡ 

͍ͨͦͦ͘͡Ύ͔ͭ ͔͙͍ͦͭͫ͗͊ͭ͡Έ ͙͙͒ͤ͊ͣͯ͟ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

оΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͔͡;͔͙ͤΎ ͙ ͦͤͭͪͦ͟͡Ύ ͙͙͙ͣͦͨ 

оΦмΦ ˻͙ͨͭ;͔ͫ͊͟Ύ ͔ͦͪͪ͟͟ͼ͙Ύ 

˴͙͊ͫͫ͡;͔͙͔ͫ͟ ͔ͣͭͦ͒·Υ ˻;͙͟Σ ˸Ύ͎͙͔͟ ͦͤͭ͊ͭͤ͟͟·͔ ͙ͤ͘͡·Φ 

ˤ ͔͔͔ͨͦͫ͒ͤ͡ ͍͔ͪͣΎ ͨͦͨͯ͡Ύͪͤ· ͣͯ͡Έ͙ͭͺͦ͊͟͡Έͤ·͔ ͙ͤ͘͡·Σ ͦͭͦͪ͟·͔ ͙͒ͦ͊͊͘͟͡ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͍ 

͔͔͙͙͊ͣ͒ͤ͘͡ ͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΎΦ 

 

оΦнΦ ˻͔͎͙ͪͭͦͪ͊ͭͦͦ͟͡Ύ όͤͦ;ͤ·͔ ͙ͤ͘͡·ύ 

˻͔͎͙ͪͭͦͪ͊ͭͦͦ͟͡;͔͙͔ͫ͟ ͙ͤ͘͡· ͔͍ͤ͊͒͊ΌͭͫΎ ͤ͊ ͤͦ;Έ ͙ ͍͔͔ͪͣͤͤͦ ͙͔ͣͤ͘ΎΌͭ ͙͍͙ͪͤͯ͘͟ ͎͍͙ͪͦͦͼ·Σ 

͍ͨͦͦ͘͡ΎΎ ͨ͊ͼ͙͔ͤͭͯ ͍͙͔͒ͭΈ ͻͦͪͦ΄ͦ ͍ ͔ͭ;͔͙͔ͤ ͒ͤΎ ͔͋͘ ͙͙ͦͨͭ͟Φ 

̏ͭͦͭ ͔ͣͭͦ͒ ͫ;͙͔ͭ͊ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͫ͊ͣ·ͻ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͒͡Ύ ͔͙ͭͦͪͣͦ͗ͤΎ ͪͦͫͭ͊ ͎͎͊ͤͦͦ͘͡ Ύ͋ͦ͊͟͡ ͯ 

͔͔͚͒ͭΦ 

оΦоΦ ˢ͙ͭͪͦͨͤ ͙͙ͤ͘͟ͻ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͚ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ лΦлмςлΦлр҈ ͙͊ͭͪͦͨͤ͊ τ ͤ͊ͯ;ͤͦ ͍͔͖ͨͦ͒ͭͪ͗͒ͤͤ·͚ ͔ͣͭͦ͒ ͔͔͙͊ͣ͒ͤ͘͡Ύ 

͎͔͙͍͙ͨͪͦͪͫͫͪͦ͊ͤΎ ͙͙͙ͣͦͨΦ ˽͔ͪͨ͊ͪ͊ͭ ͍͔͚͍͔ͦ͒ͫͭͯͭ͘ ͤ͊ ͊ͦͣͦ͒͊͟͟ͼ͙ͦͤͤ·͚ ͊ͨͨ͊ͪ͊ͭ ͙ ͔ͯͣͤΈ΄͔͊ͭ 

͙ͫͭͣͯ͡· ͒͡Ύ ͙͔͙ͯ͒ͤͤ͡Ύ ͎͊͊͘͡Φ 

оΦпΦ ˶͔͊ͪͤ͊͘Ύ ͔ͦͪͪ͟͟ͼ͙Ύ ͔͙ͪͤ͘Ύ 

˸͔ͭͦ͒·Υ [!{LYΣ twYΣ {aL[9 

ˮͫͨͦ͡Έͯ͘ΌͭͫΎ ͯ ͍ͪͦͫ͘͡·ͻ ͔ͨͦͫ͡ ͙͙ͫͭ͊͋͊͘͡ͼ͙͙ ͔ͪͺͪ͊͟ͼ͙͙Φ ˴͔͙ͦͪͪͭͪͯ͟Όͭ ͔͙͔ͪͤ͘Σ ͤͦ ͔ͤ ͍͙͡ΎΌͭ 

ͤ͊ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͙͙͙ͣͦͨΦ 

оΦрΦ ͙͎͙̆ͪͯͪΎ ͍·͚ͫͦͦ͟ ͙͙͙ͣͦͨ 

˽͙ͪ ͍·͔ͪ͊͗ͤͤ·ͻ ͺͦͪͣ͊ͻΥ 

ˮͣͨ͊ͤͭ͊͡ͼ͙Ύ ͺ͙͊͟;ͤ·ͻ ͙ͤ͘͡Σ 

˭͔͊ͣͤ͊ ͨͪͦͪ͊͘;͎ͤͦͦ ͻ͙ͪͯͫͭ͊͊͟͡Σ 
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͔̂ͪͨ͟͡ΎΌ΅͙͔ ͔ͦͨͪ͊ͼ͙͙ ͤ͊ ͔͔ͫͪ͟͡ ό͔͙ͫͪͦͨ͊ͫͭ͊͟͟͡͡ύΦ 

пΦ ˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͙ ͦ͋΅͔͍͔ͫͭͤͤ·͔ ͔ͣͪ· 

˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͙͙͙ͣͦͨ ͍͟͡Ό;͔͊ͭΥ 

˻͙͙ͨͭͣ͊͘ͼ͙Ό ͙͔ͪͭ͘͡Έͤ·ͻ ͎ͤ͊ͪͯͦ͘͟Σ 

˿ͦ͋͡Ό͔͙͔͒ͤ ͔͙ͪ͗ͣ͊ ζнлςнлςнлη ό͊͗͒͟·͔ нл ͙ͣͤͯͭ ͔ͫͣͦͭͪͭΈ ͍͒͊͡Έ нл ͔ͫͯͤ͒͟ ͤ͊ нл ͺ͍ͯͭͦύΣ 

˾͔͎ͯ͡Ύͪͤ·͔ ͦͫͣͦͭͪ· ͯ ͦͺͭ͊͡Έ͎ͣͦͦ͊͡Σ 

͍͔͙̂͡;͔͙͔ͤ ͍͔͔͙ͪͣͤΣ ͍͔͖͎ͨͪͦ͒ͤͤͦͦ ͤ͊ ͦͭͪ͟·ͭͦͣ ͍ͦ͒ͯ͘ͻ͔Σ 

˽͍͙ͪ͊͡Έ͔ͤͦ ͍͔ͦͫ΅͔͙͔ͤ ͪ͊͋ͦ;͔͎ͦ ͔ͣͫͭ͊Σ 

˻͎͙ͪ͊ͤ;͔͙͔ͤ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͫͣ͊ͪͭͺ͍ͦͤͦ ͯ ͔͔͚͒ͭΦ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͔ ͎ͨͪͦͪ͊ͣͣ· ͔ͤͦͭͦͪ͟·ͻ ͫͭͪ͊ͤ ό˿͙͎ͤ͊ͨͯͪΣ ˴͙͚ͭ͊ύ ͔ͯ͗ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ͭ͊͟ͻ ͔ͣͪΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˸͙͙ͦͨΎ ͍͙ͫͭ͊ͤͦͭͫΎ ͎ͦ͋͊͡͡Έ͚ͤͦ ͔͚ͨͪͦ͋ͣͦ͡ ͦͺͭ͊͡Έ͎͙͙ͣͦͦ͡Σ ͔ͭͪ͋ͯΌ΅͔͚ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊Φ 

˽͙͙͔ͦͤͣ͊ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͖ ͍͙͙ͪ͊ͭ͘ΎΣ ͍͔͔͙͔ͤ͒ͪͤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͙͔͔͙͔ͨͪͣͤͤ 

͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ͨͦͦ͘͡ΎΌͭ Ήͺͺ͔͙͍ͭͤͦ͟ ͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

ˤ͊͗ͤͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ ͙ ͔͔ͪ͊ͤͤ ͍·Ύ͍͔͙͔ͤ͡ ͤ͊ͪͯ΄͔͙͚ͤΣ ͔ͦͫͦ͋ͤͤͦ ͍ ͔͒ͭͫͦͣ͟ ͍͔ͦͪ͊ͫͭ͘Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͙͒ͦͫͭ͗ͤΎ ͙ͤ͊ͯ͟ ͦͭͪ͟·͍͊Όͭ ͍ͤͦ·͔ ͎͙ͦͪͦͤͭ͘· ͍ ͔͙͙ͭͪ͊ͨ ͙͙͙ͣͦͨ ͙ ͍ͨͦͦ͘͡ΎΌͭ 

ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͯ͡;΄͙ͭΈ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ²ƻǊƭŘ IŜŀƭǘƘ hǊƎŀƴƛȊŀǝƻƴΦ ¢ƘŜ LƳǇŀŎǘ ƻŦ aȅƻǇƛŀ ŀƴŘ IƛƎƘ aȅƻǇƛŀΦ ²Ih wŜǇƻǊǘΣ нлмфΦ 

нΦ aƻǊƎŀƴ LΦDΦΣ wƻǎŜ YΦ!Φ aȅƻǇƛŀ ŀƴŘ ǘƘŜ ƳƻŘŜǊƴ ƭƛŦŜǎǘȅƭŜΦ [ŀƴŎŜǘΦ нлмфΤ отфόфунтύΥ мтофςмтпуΦ 

оΦ ²ŀƭƭƛƴŜ WΦWΦ aȅƻǇƛŀ /ƻƴǘǊƻƭΥ ! wŜǾƛŜǿΦ 9ȅŜ ϧ /ƻƴǘŀŎǘ [ŜƴǎΦ нлнлΤ псόоύΥ мнфςмосΦ 

пΦ 5ƻƭƎƛƴ 9Φ ¢ƘŜ aȅƻǇƛŀ .ƻƻƳΦ bŀǘǳǊŜΦ нлмрΤ рмфΥ нтсςнтуΦ 

рΦ ͍̉ͯͨͪͦ ˢΦ˨ΦΣ ˹͔͔͍ͫͭͪͦ ˢΦ˽Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͦͺͭ͊͡Έ͎͙ͣͦͦ͡ΎΦ τ ˸͍ͦͫ͊͟Υ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнлΦ 

сΦ ˿͍͊;͔ͤͦ͟ ˩ΦˢΦ ˽͎͔͙ͪͦͪͫͫͪͯΌ΅͊Ύ ͙͙ͣͦͨΎ ͯ ͔͔͚͒ͭΥ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͔͡;͔͙͔ͤΦ ˤ͔͙ͫͭͤ͟ ͦͺͭ͊͡Έ͎͙͙ͣͦͦ͡Φ 

нлнмΤ мотόрύΥ онςплΦ 

тΦ DƛũƻǊŘ YΦ aȅƻǇƛŀ ƳŀƴŀƎŜƳŜƴǘ ƛƴ ŎƭƛƴƛŎŀƭ ǇǊŀŎǝŎŜΦ hǇǘƻƳŜǘǊȅ ŀƴŘ ±ƛǎƛƻƴ {ŎƛŜƴŎŜΦ нлннΤ ффόпύΥ нпрςнрпΦ 

ϭ ˣ͔͙͔͍ͪ͒͊ ˥Φ́ΦΣ нлнр 

 

 

 

 

˥͍͊͒͊ͣͦ ˻Φ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͙͙͎͎͙͙ͦͭͦͪͤͦ͊ͪͤͦͦ͡͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

̅ˢ˾ˮ˹˥ˮ́Υ ˤ˻˿˽ˢ˶˩˹ˮ˩Σ ́˾˩ˣ̂̑̋˩˩ ˤ˹ˮ˸ˢ˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

͙͎͙̅͊ͪͤͭ ς Ήͭͦ ͔͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͙ 

͙ͣ͡ͺ͙͚ͦ͒ͤͦ ͙ͭ͊ͤ͟ ͎͙ͦͭ͟͡Φ ˿ͭ͊ͭΈΎ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦ͋ͦͪ͘ ͺ͙͎͙͊ͪͤͭ͊Σ ͍͟͡Ό;͊Ύ ͔͎ͦ Ή͙͎͙ͭͦͦ͡ΌΣ 

͎͔͔ͨ͊ͭͦͤ͘Σ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΌΣ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡ΎΣ ͔ͣͭͦ͒· ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͍ͦͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ· 

͔͡;͔͙ͤΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͫ ͎͙͙͒ͪͯͣ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣ 

͍͔ͪͻ͙ͤͻ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭ ͙ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫͣ͟ ͔ͣͪ͊ͣΦ ͔̇͡Έ ͫͭ͊ͭΈ͙ ς ͔͍͙ͨͪ͒ͦͫͭ͊ͭΈ ͊ͭͯ͊͟͡ΈͤͯΌΣ 
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ͨͦ͒ͪͦ͋ͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙Ό ͦ ͺ͙͎͙͔͊ͪͤͭ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ ͍͔͔͙ͦͫ͒ͦͣͤͤͦͫͭ͡ ͙ ͔͔ͦ͋ͫͨ;͔͙ͤΎ 

͍͔͍͔͔͎ͫͦͪͣͤͤͦͦ ͦ͋ͪ͊΅͔͙ͤΎ ͊͘ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅ΈΌΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͺ͙͎͙͊ͪͤͭΣ ͎ͦͭ͊͟͡Σ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͋ͦ͡Έ ͍ ͎͔ͦͪ͡Σ ͍͙ͪͯͫΣ ͔͙͙͋͊ͭͪ͟Σ ͔ͫͭͪͨͭͦͦ͟͟͟Σ  

͔͡;͔͙͔ͤΣ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ 

 

ˤ͍͔͔͙͔͒ͤ 

͙͎͙̅͊ͪͤͭ όͦͭ ͎͔ͪ;Φ ǇƘŀǊȅƴȄ ς ͎ͦͭ͊͟͡ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͊͟͟ ͔͙ͫͪ͒ ͍ͪͦͫ͘͡·ͻΣ ͭ͊͟ ͙ ͔͙ͫͪ͒ ͔͔͚͒ͭΦ ̏ͭͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͙ 

͙ͣ͡ͺ͙͚ͦ͒ͤͦ ͙ͭ͊ͤ͟ ͎͙ͦͭ͟͡Σ ͔ͦͭͦͪͦ͟ ͔ͣͦ͗ͭ ͔ͨͪͦͭ͊ͭ͟Έ ͊͟͟ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤ͊Ύ ͎͙ͤͦͦͦ͘͡;͔ͫ͊͟Ύ ͔͙͙͒ͤͼ͊Σ 

ͭ͊͟ ͙ ͋·ͭΈ ͙ͦ͒ͤͣ ͙͘ ͙͍ͫͣͨͭͦͣͦ ͔͔͋ͦ͡ ΄͙͎ͪͦͦͦ͟ ͙͔͎ͫͫͭͣͤͦͦ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͙͔ͤ͊ͨͪͣͪΣ ͚ͦͫͭͪͦ 

͔͙͚ͪͫͨͪ͊ͭͦͪͤͦ ͍͙͚ͪͯͫͤͦ ͙ͤͺ͔͟ͼ͙͙ ό˻˾ˤˮύ ͙͙͡ ͙ͤͺ͔͟ͼ͙͎ͦͤͤͦͦ ͔ͣͦͤͦͤͯͦ͊͘͟͡Φ ˽ͦ ͙ͪ͊͘͡;ͤ·ͣ 

Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙ͫͣ͟ ͒͊ͤͤ·ͣΣ ͋ͦ͡Έ ͍ ͎͔ͦͪ͡ ς ͟͡Ό;͔͍͚ͦ ͙ͫͣͨͭͦͣ ͺ͙͎͙͊ͪͤͭ͊ ς Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ 

͍͔͒ͯ΅͙ͻ ͙ͨͪ;͙ͤ ͦ͋ͪ͊΅͔͙͚ͤ ͊͘ ͚͊ͣ͋ͯ͊ͭͦͪͤͦ͡ ͨͦͣͦ΅ΈΌΦ ˤ ͻ͔ͦͦ͒ͤͦ͡ ͍͔ͪͣΎ ͎ͦ͒͊ ͔͍͔͊͋ͦ͊ͣͦͫͭ͘͡Έ 

ͺ͙͎͙͊ͪͤͭͦͣΣ ͔ͦͫͦ͋ͤͤͦ ͍͙͚ͪͯͫͤͦ Ή͙͎͙͙ͭͦͦ͡Σ ͔ͪͦ͘͟ ͍͔ͦͪ͊ͫͭ͊ͭ͘Σ ;ͭͦ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͫͯ͟;͔ͤͤͦͫͭΈΌ 

͔͔͙ͤ͊ͫͤ͡Ύ ͍ ͊ͪ͘͟·ͭ·ͻ ͔ͨͦͣ΅͔͙ͤΎͻ ͙ ͔ͫͦͤͤ͘·ͣ ͔͙͔ͦͫ͊͋ͤͣ͡͡ ͙͙͔ͣͣͯͤͭͭ͊Φ 

͙͎͙̏ͭͦͦ͡Ύ ͙ ͎͔͔ͨ͊ͭͦͤ͘ 

˽͍ͦ͒͊͡ΎΌ΅͔͔ ͋ͦ͡Έ΄͙͍ͤͫͭͦ ͫͯ͡;͔͍͊ ͎ͦͫͭͪͦͦ ͺ͙͎͙͊ͪͤͭ͊ ό͒ͦ тл-фр҈ύ ͙͔ͣΌͭ ͍͙ͪͯͫͤͯΌ Ή͙͎͙ͭͦͦ͡ΌΦ 

˹͙͔͔͊͋ͦ͡ ;͊ͫͭ·͙ͣ ͍͙͔ͦ͋ͯ͒ͭ͘͡Ύ͙ͣ Ύ͍͡ΎΌͭͫΎΥ 

¶ ˾͙͍͙ͤͦͪͯͫ· 

¶ ˴͍͙ͦͪͦͤ͊ͪͯͫ· 

¶ ˢ͔͍͙͒ͤͦͪͯͫ· 

¶ ˤ͙ͪͯͫ· ͎͙ͪͨͨ͊ ͙ ͎͙ͨ͊ͪ͊ͪͨͨ͊ 

¶ ˤ͙ͪͯͫ ̏ͨ΄͔͚ͭͤ͊-ˣ͊ͪͪ ό͙ͤͺ͔͟ͼ͙ͦͤͤ·͚ ͔ͣͦͤͦͤͯͦ͘͟͡ύ 

¶ ˤ͙ͪͯͫ ͎ͨͪͦͫͭͦͦ ͎͔͔ͪͨͫ͊ 

ˣ͔͙͊ͭͪ͊͟͡Έͤ·͚ ͺ͙͎͙͊ͪͤͭ ͍͔ͫͭͪ;͔͊ͭͫΎ ͔͔ͪ͗ όͦ͋·;ͤͦ р-мр҈ ͫͯ͡;͔͍͊ ͯ ͍ͪͦͫ͘͡·ͻ ͙ мр-ол҈ ͯ ͔͔͚͒ͭύΣ 

ͤͦ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͋ͦ͡Έ΄ͯΌ ͦͨ͊ͫͤͦͫͭΈ ͙͘-͊͘ ͔ͨͦͭͤͼ͙͊͡Έͤ·ͻ ͔ͫͪΈ͔ͤ͘·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˥͍͊ͤ͡·ͣ 

͔͙͋͊ͭͪ͊͟͡Έͤ·ͣ ͍͙͔͔ͦ͋ͯ͒ͭͣ͘͡ Ύ͍͡Ύ͔ͭͫΎ ōŜǘŀ-͎͔͙͙ͣͦͭ͡;͔͙͚ͫ͟ ͔ͫͭͪͨͭͦͦ͟͟͟ ͎ͪͯͨͨ· ˢ ό{ǘreptococcus 

ǇȅƻƎŜƴŜǎύΦ ˾͔͔͗ ͍͔ͫͭͪ;͊ΌͭͫΎ IŀŜƳƻǇƘƛƭǳǎ ƛƴŦƭǳŜƴȊŀŜΣ aƻǊŀȄŜƭƭŀ ŎŀǘŀǊǊƘŀƭƛǎΣ /ƘƭŀƳȅŘƻǇƘƛƭŀ ǇƴŜǳƳƻƴƛŀŜ ͙ 

Mycoplasma pneumoniae. 

˽͙ͦͣͣͦ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͎͔͍͊ͤͭͦΣ ͺ͙͎͙͊ͪͤͭ ͔ͣͦ͗ͭ ͋·ͭΈ ͍·͍͊ͤ͘ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟Υ 

¶ ˾͊͒ͪ͊͗͊͘Ό΅͙͔ ͺ͊ͭͦͪ͟·Υ ͍͒·ͻ͙͔͊ͤ ͫͯͻ͎ͦͦΣ ͎ͦͪΎ;͔͎ͦ ͙͙͡ ͎͊ͪ͘Ύ͔͎ͤͤͤͦͦ͘ ͍ͦ͒ͯ͘ͻ͊ όͨ·͡ΈΣ ͒·ͣΣ 

ͻ͙͙ͣ;͔͙͔ͫ͟ ͙͔͙ͫͨ͊ͪͤΎύΦ 

¶ ˢ͔͎͙ͪ͡͡ΎΥ ͔ͪ͊͟ͼ͙Ύ ͤ͊ ͨ·͡ΈͼͯΣ ΄͔ͪͫͭΈ ͙͍͗ͦͭͤ·ͻΣ ͙ͨ΅͔͍·͔ ͨͪͦ͒ͯͭ͟·Φ 

¶ ͍͙́ͪ͊ͣ͊ͭ;͔͙͔ͫ͟ ͍͔͔͙ͨͦͪ͗͒ͤΎΥ ͔ͣͻ͙͊ͤ;͔͔ͫͦ͟ ͙͙͡ ͔͙ͭͪͣ;͔͔ͫͦ͟ ͍͔͚͍͙͔ͦ͒ͫͭ͘Φ 

¶ ˥͊ͫͭͪͦΉͦ͘ͺ͎͔͊͊͡Έͤ·͚ ͔ͪͺ͡Όͫ͟ ό˥̏˾ˣύΥ ͊͋ͪͦͫ͘ ͙͎ͫͦͭͤͦͦ͟͡ ͔͙͎ͫͦ͒ͪ͗ͣͦͦ ͔͗ͯ͒͊͟͡ ͍ ͎ͦͭͯ͟͡Σ 

͍·͘·͍͊Ό΅͙͚ ͻ͙͙ͣ;͔͙͚ͫ͟ ͎ͦ͗ͦ ͙ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡Φ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ 

͙͎͙̅͊ͪͤͭ ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭ ͨͦ ͔ͭ;͔͙ͤΌ ͙ ͻ͔͊ͪ͊ͭͪͯ͟ ͍͔͙ͦͫͨ͊ͤ͡ΎΥ 

1. ˽ͦ ͔ͭ;͔͙ͤΌΥ 

o ˻ͫͭͪ·͚ ͺ͙͎͙͊ͪͤͭΥ ͍͙͔ͦͤ͊ͭ͘͟ ͍͔ͤ͊ͨͤͦ͘Σ ͙͒ͭͫ͡ΎΣ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͔ͤ ͔͔͋ͦ͡ т-мл ͔͚͒ͤΦ 

o ͙̆ͪͦͤ;͔͙͚ͫ͟ ͺ͙͎͙͊ͪͤͭΥ ͙͔͒ͭ͡͡Έ͔ͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͫ ͔͙͙ͨͪͦ͒͊ͣ ͔͙͚ͦ͋ͦͫͭͪͤ ͙ ͔͙͙͚ͪͣͫͫΦ ˸͔ͦ͗ͭ 

͋·ͭΈ ͊ͭ͊ͪ͊͟͡Έͤ·ͣΣ ͊ͭͪͦͺ͙;͔͙ͫͣ͟ ͙͙͡ ͎͙͔ͨͪͭͪͦͺ͙;͔͙ͫͣ͟Φ 

2. ˽ͦ Ή͙͎͙͙ͭͦͦ͡Υ 

o ˤ͙ͪͯͫͤ·͚ 
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o ˣ͔͙͊ͭͪ͊͟͡Έͤ·͚ ό͔͍ͫͭͪͨͭͦͦͦ͟͟͟·͚ύ 

o ˥͙͍ͪ͋ͦ͟·͚ ό͙͊ͤ͒͒ͦͤ͘͟·͚ύ 

o ˢ͔͎͙ͪ͡͡;͔͙͚ͫ͟ 

o ͍͙́ͪ͊ͣ͊ͭ;͔͙͚ͫ͟ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͎ͦͫͭͪͦͦ ͺ͙͎͙͊ͪͤͭ͊ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔ͫ͒ͯ͡Ό΅͙͙ͣ ͙͙ͫͣͨͭͦͣ͊ͣΥ 

¶ ˣͦ͡Έ ͙κ͙͙͡ ͔ͨͪ΄͔͙͔ͤ ͍ ͎͔ͦͪ͡Υ ͙͙͍ͯͫ͊͡ΌͭͫΎ ͙ͨͪ ͎͙͙ͦͭ͊ͤ͡ ό͙ͦ͒ͤͦͺ͎͙͊Ύύ ͙͙͡ ͙ͨͪ ͎͍͔ͪ͊ͦͦͪ͘Φ 

¶ ˿ͯͻ͚ͦ ͊͟΄͔͡ΈΥ ;͊ͫͭ·͚Σ ͔͙͍ͤͨͪͦ͒ͯͭͤ͟·͚Σ ͔ͪͺ͔ͭͦͪͤ͟͡·͚Σ ͍·͍͊ͤͤ͘·͚ ͔͙͔ͪ͊͒ͪ͊͗ͤͣ͘ ͙͙͚ͫͫͭͦ͘͡Φ 

¶ ˻΅ͯ΅͔͙͔ͤ ζͦͣ͊͟͟η ͙͙͡ ͙͎ͤͦͪͦ͒ͤͦͦ ͔ͭ͊͡ ͍ ͎͔ͦͭ͟͡Φ 

¶ ˽͍ͦ·΄͔͙͔ͤ ͔͔ͭͣͨͪ͊ͭͯͪ· ͔ͭ͊͡Υ ;͊΅͔ ͫͯ͋ͺ͔͙͋ͪ͡Έͤ͊Ύ ό͒ͦ отΦл - отΦр ϲ˿ύ ͙ͨͪ ͍͙ͪͯͫͤͦͣ 

ͺ͙͎͙͔͊ͪͤͭΣ ͤͦ ͔ͣͦ͗ͭ ͋·ͭΈ ͙ ͍·͚ͫͦͦ͟ ό͒ͦ оф ϲ˿ ͙ ͍·΄͔ύ ͙ͨͪ ͔͍͚ͫͭͪͨͭͦͦͦͦ͟͟͟ Ή͙͎͙͙ͭͦͦ͡Φ 

¶ ˻͋΅͙͔ ͙ͫͣͨͭͦͣ· ͙͙ͤͭͦͫ͊͟͟ͼ͙͙Υ ͫ͊͋ͦͫͭ͡ΈΣ ͔͎͙͔ͤ͒ͦͣͦ͊ͤΣ ͎͍ͦͦͤ͊͡Ύ ͋ͦ͡ΈΦ 

˽͙ͪ ͺ͙͎͙͙͊ͪͤͦͫͦͨ͟ ό͔ͦͫͣͦͭͪ ͎͙ͦͭ͟͡ύ ͙͍͔ͦ͋ͤ͊ͪͯ͗͊ͭͫΎ ͎͙͔͔͙ͨͪͣΎ ό͔͙͔ͨͦͪ͊ͫͤͤ͟ύ ͙͙͚ͫͫͭͦ͘͡ 

ͦ͋ͦͦ͡;͙͟ ͔͚͊͒ͤ͘ ͔͙ͫͭͤ͟ ͎͙ͦͭ͟͡Σ Ύ͘·;͊͟ ͙ ͔ͤ͋ͤ·ͻ ͔͒ͯ͗͟Φ ˸͎ͦͯͭ ͋·ͭΈ ͍͙͒ͤ· ͍͔͙ͯ͡;͔ͤͤ·͔ ͙ ͔ͦͭ;ͤ·͔ 

͙ͣ͡ͺ͙ͦ͒ͤ·͔ ͎ͪ͊ͤͯ͡·Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ˶͔;͔͙͔ͤ 

˨͙͎͊ͤͦ͘ ͺ͙͎͙͊ͪͤͭ͊ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭͫ͡Ύ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ͔͊ͤ͊ͣͤ͊͘Σ ͗͊ͦ͋͡ ͨ͊ͼ͙͔ͤͭ͊ ͙ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 

ͺ͙͎͙͙͊ͪͤͦͫͦͨ͟Φ ˴͙͙ͪͭ;͔͙ͫ͟ ͍͊͗ͤ·ͣ Ύ͍͡Ύ͔ͭͫΎ ͙ͫ͟͡Ό;͔͙͔ͤ ͔͍͚ͫͭͪͨͭͦͦͦͦ͟͟͟ Ή͙͎͙͙ͭͦͦ͡ ό͒͡Ύ 

ͤ͊ͤ͊͘;͔͙ͤΎ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͔͙͚ͦͫͦ͗ͤͤ͡ύΣ ͦͭͦͪ͊͟Ύ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎΥ 

¶ ͔̏ͫͨͪͫͫ͟-͔ͭͫͭͦͣ ͤ͊ ͔ͫͭͪͨͭͦͦ͟͟͟ ͎ͪͯͨͨ· ˢ ό{ǘǊŜǇǘ ! ͔ͭͫͭύΦ 

¶ ˣ͔͙͎͙͊ͭͪͦͦ͟͡;͔͙ͫͣ͟ ͔͍ͨͦͫͦͣ ͣ͊͊͘͟ ͙͘ ͔͍͊͘Φ 

˶͔;͔͙͔ͤ ͍ ͋ͦ͡Έ΄͙͍͔ͤͫͭ ͫͯ͡;͔͍͊ ͙ͤͦͫͭ ͙͙ͫͣͨͭͦͣ͊ͭ;͔͙͚ͫ͟ ͻ͔͊ͪ͊ͭͪ͟Σ ͨͦͫͦ͟͡Έͯ͟ ͦͫͭͪ·͚ ͍͙ͪͯͫͤ·͚ 

ͺ͙͎͙͊ͪͤͭ ͨͪͦͻ͙ͦ͒ͭ ͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦΥ 

¶ ˸͔͔ͫͭͤͦ ͔͡;͔͙͔ͤΥ 

o ˽͙͔ͦͦͫ͊ͤ͟͡ ͎ͦͪ͊͡ ͙͔͙͊ͤͭͫͨͭ;͔͙͙ͫͣ͟ ͍͙ͪ͊ͫͭͦͪ͊ͣ ό͔͍ͫͦ͡·͔Σ ͍ͭͪ͊Ύͤ·͔ ͙ͤ͊ͫͭͦύΦ 

o ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͣͫͭͤ·ͻ ͙͔͙͍͊ͤͭͫͨͭͦ͟ ͙ ͔͔͙͍͊ͤͫͭͭͦ͟ ͍ ͍͙͔͒ ͔͔͒ͤ͡ͼ͍ͦΣ ͙ͨ͊ͫͭͦ͟͡ ͙ ͔͔͍ͫͨͪ ͒͡Ύ 

͔͎ͦ͋͡;͔͙ͤΎ ͙͋ͦ͡Φ 

¶ ˻͋΅͔͔ ͔͡;͔͙͔ͤΥ 

o ˻͙͋͡Έ͔ͤͦ ͔͔ͭͨͦ͡ ͙ͨͭΈ͔Φ 

o ˹͔͔͙ͫͭͪͦ͒ͤ·͔ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ό˹˽ˤ˽Σ ͙͔ͤ͊ͨͪͣͪΣ ͨ͊ͪ͊ͼ͔ͭ͊ͣͦ͡ ͙͙͡ 

͙͋ͯͨͪͦͺ͔ͤύ ͒͡Ύ ͙͔͙ͫͤ͗ͤΎ ͔͔ͭͣͨͪ͊ͭͯͪ· ͙ ͔ͯͣͤΈ΄͔͙ͤΎ ͙͋ͦ͡Φ 

¶ ˢ͙͔͙ͤͭ͋͊ͭͪ͊͟͡Έͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ˿͎ͭͪͦͦ ͨͦ͊͊ͤ͊͘͟ ͭͦ͡Έͦ͟ ͙ͨͪ ͍͔͔ͨͦ͒ͭͪ͗͒ͤͤͦͣ ͔͍ͫͭͪͨͭͦͦͦͦͣ͟͟͟ 

ͺ͙͎͙͔͊ͪͤͭ ό͎͙͊ͤͤ͊ύΦ ˽͔͙ͪͨ͊ͪ͊ͭ͊ͣ ͍·͋ͦͪ͊ Ύ͍͡ΎΌͭͫΎ ͔͙ͨͤͼ͙͙ͤ͡͡· ͙͙͡ ͙ͣ͊ͪͦ͒͟͡· ͙ͨͪ ͙ͤ͊͡;͙͙ 

͔͎͙͙͊ͪ͡͡Φ 

˹͔͍͔ͦ͋ͦͫͤͦ͊ͤͤͦ ͙͔͔͙͔ͨͪͣͤͤ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟ ͙ͨͪ ͍͙͚ͪͯͫͤͦ ͙ͤͺ͔͟ͼ͙͙ ͔ͤ ͭͦ͡Έͦ͟ ͔ͤΉͺͺ͔͙͍ͭͤͦ͟Σ 

ͤͦ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͙͙͙͔͙͔͙͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟Φ 

˽ͪͦͺ͙͙͊ͭ͊͟͟͡ 

˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͺ͙͎͙͊ͪͤͭ͊ ͍͟͡Ό;͔͊ͭ ͦ͋΅͙͔ ͔ͣͪ· ͔͔͙ͯͪͨͤ͟͡Ύ ͙͙͔ͣͣͯͤͭͭ͊Σ ͙͔ͭ͊͟ ͊͟͟ ͍͒ͦͪͦ͘·͚ 

ͦ͋ͪ͊͘ ͙͙͗ͤ͘Σ ͨͦͤͦ͡ͼ͔͔ͤͤͦ ͙͙͔ͨͭ͊ͤ ͙ ͙͍͙͔͊͊͊ͤ͘͟͡Φ ˤ͊͗ͤ· ͔ͭ͊͗͟Υ ͙͔͎͙͔͋͊ͤ͘ ͍ͦͤͭ͊ͭͦ͟͟ ͫ ͋ͦ͡Έͤ·͙ͣ 

˻˾ˤˮΣ ;͔͊ͫͭͦ ͣ·ͭΈ͔ ͪͯ͟Σ ͔͍͔͊͒͊ͭͤͦ͟ ͍͔͙͔ͯ͊͗ͤͤ͡ ͍ͦ͒ͯ͘ͻ͊ ͍ ͙͗͡·ͻ ͔ͨͦͣ΅͔͙ͤΎͻ ͙ ͦͭ͊͘͟ ͦͭ ͔͙ͯͪͤ͟Ύ ͙ 

ͪ͊͒ͪ͊͗͊͘Ό΅͙ͻ ͍͔΅͔͍ͫͭΦ 

͙͎͙̅͊ͪͤͭ ς Ήͭͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͔ͦͭͦͪͦ͟ ͔͔ͭͪ͋ͯͭ ͍͙͔ͤͣ͊ͭ͡Έ͎ͤͦͦ ͦͭͤͦ΄͔͙ͤΎ ͟ ͙ͫͣͨͭͦͣ͊ͣ ͙Σ ͙ͨͪ 

͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭΣ ͦͤͫͯ͟͡Έͭ͊ͼ͙͙ ͔ͫͨͼ͙͙͊ͫͭ͊͡ ͒͡Ύ ͙ͫ͟͡Ό;͔͙ͤΎ ͔͙͋͊ͭͪ͊͟͡Έ͚ͤͦ ͺͦͪͣ· ͙ ͍͔͍͔͔͎ͫͦͪͣͤͤͦͦ 

͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͍ͦͣͦ͗ͤ͘·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˹͙͙͙ͭͤ͟ ˻Φ˹Φ ˭͔͍͙͊͋ͦ͊ͤ͡Ύ ͍͔ͪͻ͙ͤͻ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΦ нлнмΦ ˸͍ͦͫ͊͟Υ ˸͔͙͒ͼ͙ͤ͊Φ 
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2. ˿͍͙͙͍ͪ͒ͦ ˢΦ˽ΦΣ ˽͔͍ͭͪͦ͊ ˮΦ˶Φ ˻͙͙͎͎͙ͭͦͪͤͦ͊ͪͤͦͦ͡͡ΎΥ ˮ͋ͪ͊ͤͤ͘·͔ ͔͟͡ͼ͙͙Φ нлмфΦ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ 

̏˶ˣˮ-˿˽͋Φ 

3. ˴͍ͦͦ͘͡ ˸ΦˢΦ ˻ͫͭͪ·͔ ͔͙ͪͫͨͪ͊ͭͦͪͤ·͔ ͙ͤͺ͔͟ͼ͙͙ ͯ ͔͔͚͒ͭΦ нлннΦ ˾͍ͦͫͭͦ-ͤ-͊˨ͦͤͯΥ ͔͙̅ͤͫ͟Φ 

4. ˥͚͙͊ͫͤͫ͊͟Ύ ˤΦ˴ΦΣ ˬ͍͔͍ͯͪ͊͡ ˮΦ́Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡Ύ ͙ ͙͙͊ͤͭͣͪͦ͋ͤ͊͟Ύ ͔͙ͭͪ͊ͨΎΦ нлнлΦ 

˸͍ͦͫ͊͟Υ ˥̏˻́ˢ˾-˸͔͙͒͊Φ 

5. ˮ͍͍͊ͤͦ ˿Φ˶Φ ͙̆ͪͦͤ;͔͙͔ͫ͟ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͎͙ͦͭ͟͡Φ нлноΦ ˹͍͙͙ͦͦͫ͋ͪͫ͟Υ ˹͊ͯ͊͟Φ 

ϭ ˥ ͍͊͒͊ͣͦ ˻Φ, 2025 

 

 

 

 

̂˨ ˴616.5                 

˥͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿Φ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

̅ˮ˭ˮ˻˶˻˥ˮ̒ ̇˩˹́˾ˢ˶̎˹˻˯ ˮ ˽˩˾ˮ̅˩˾ˮ̉˩˿˴˻˯ ˹˩˾ˤ˹˻˯ ˿ˮ˿́˩˸̍ ̉˩˶˻ˤ˩˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˹͔͍ͪͤ͊Ύ ͙͔ͫͫͭͣ͊ ;͔͍͔ͦ͊͟͡ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔͚ͫͦ͗ͤ͡΄ͯΌ ͙͔ͪ͊ͪͻ͙;͔ͫͯ͟Ό ͫͭͪͯͭͯͪͯ͟Σ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅ͯΌ ͔͎ͪͯ͡Ύͼ͙Ό ͍͔ͫͻ ͺͯͤ͟ͼ͙͚ ͎͙ͦͪ͊ͤͣ͊͘Σ ͔͎ͦ ͊͒͊ͨͭ͊ͼ͙Ό ͟ ͔ͣͤΎΌ΅͙ͣͫΎ ͍͙ͯͫͦ͡Ύͣ ͔ͫͪ͒· 

͙ ͔͙ͪ͊͊͘͡ͼ͙Ό ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˮͯ͘;͔͙͔ͤ ͔͔ ͺ͙͙͎͙͙ͦͦ͘͡ Ύ͍͡Ύ͔ͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ 

͊͒͊͘;͔͚Φ ͔̇ͤͭͪ͊͡Έͤ͊Ύ ͔͍ͤͪͤ͊Ύ ͙͔ͫͫͭͣ͊ ό̇˹˿ύΣ ͍͟͡Ό;͊Ό΅͊Ύ ͎͍͚ͦͦͤͦ͡ ͙ ͙͚ͫͨͤͤͦ ͎ͣͦ͘Σ ͍͔ͦͭ;͔͊ͭ ͊͘ 

͙͔͎ͤͭͪ͊ͼ͙Ό ͔͚ͫͤͫͦͪͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Σ ͙ͨͪͤΎ͙͔ͭ ͔ͪ΄͔͙͚ͤ ͙ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍͔ͦͭͭͤ·ͻ ͔ͪ͊͟ͼ͙͚Φ 

˽͔͙ͪͺ͔͙ͪ;͔ͫ͊͟Ύ ͔͍ͤͪͤ͊Ύ ͙͔ͫͫͭͣ͊ ό˽˹˿ύΣ ͫͦͫͭͦΎ΅͊Ύ ͙͘ ͔͍͍ͤͪͦ ͙ ͎͎͙͔͍͊ͤ͡Σ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍͒ͯͫͭͦͪͦͤͤΌΌ 

͍ͫΎ͘Έ ̇˹˿ ͫ ͎͙ͦͪ͊ͤ͊ͣ ͙ ͭ͊ͤ͟Ύ͙ͣΦ ˴͡Ό;͔͍·͙ͣ ͔ͣͻ͙͙͊ͤͣ͊ͣ͘ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͔͙ͦ͋ͻ ͙͔ͫͫͭͣ Ύ͍͡ΎΌͭͫΎ 

͎͔͔ͤͪ͊ͼ͙Ύ ͙ ͍͔͔͙͔ͨͪͦ͒ͤ ͔͍͎ͤͪͤͦͦ ͙ͣͨͯ͡Έͫ͊ ό͔ͨͦͭͤͼ͙͊͊͡ ͔͚͍͙͒ͫͭΎύΣ ͙͙ͫͤ͊ͨͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒͊;͊ 

͙ͤͺͦͪͣ͊ͼ͙͙ ͔͍ͨͦͫͪ͒ͫͭͦͣ ͔͚͔͙͍ͤͪͦͣ͒͊ͭͦͪͦ ͙ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͫͦ͗ͤ͡·ͻ ͔ͪͺ͔ͭͦͪͤ͟͡·ͻ ͎͒ͯΦ ˽͙͙͔ͦͤͣ͊ͤ 

ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͙ͨͪͤͼ͙͍ͨͦ ͪ͊͋ͦͭ· ̇˹˿ ͙ ˽˹˿ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ͔͙ͣ͒ͼ͙ͤ·Σ ͨͦͫͦ͟͡Έͯ͟ ͔͙͗ͭ͡ ͍ 

͍͔ͦͫͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΎ ͔͍͎͙ͤͪͦͦ͡;͔͙ͫ͟ͻΣ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͙ ͙ͫͦͣ͊ͭ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͤ ͔͍ͪͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ̇˹˿Σ ˽˹˿Σ ͔͍ͤͪͤ·͚ ͙ͣͨͯ͡ΈͫΣ ͔ͨͦͭͤͼ͙͊͡ ͔͚͍͙͒ͫͭΎΣ 

 ͫ ͙͙ͤ͊ͨͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒͊;͊Σ ͔͚͔͙ͤͪͦͣ͒͊ͭͦͪ·Σ ͔ͪͺ͔ͭͦͪͤ͊͟͡Ύ ͎͒ͯ͊Φ 

 

˹͔͍ͪͤ͊Ύ ͙͔ͫͫͭͣ͊ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤͯΌ ͔ͫͭΈΣ ͦͭͦͪ͊͟Ύ ͙͙͔ͦͦͪ͒ͤͪͯͭ͟ 

͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͍͔ͫͻ ͙͔ͫͫͭͣ ͎͙ͦͪ͊ͤͣ͊͘Φ ˻ͤ͊ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ;͔͍͔ͦ͊͟͡ ͫ ͍͔ͤ΄͔͚ͤ ͔͚ͫͪ͒ͦΣ 

͍͙ͦͫͨͪΎ͙͔ͭ ͙͍ͫͭͣͯͦ͡Σ ͙ͻ ͙͊ͤ͊͘͡ ͙ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͔͍͊͒͊ͭͤ͟·ͻ ͍͔͍ͦͭͭͦΦ ˿͚ͭͪͯͭͯͪͤͦ͟ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ 

͔͙͙͒ͤͼ͔͚ Ή͚ͭͦ ͙͔ͫͫͭͣ· Ύ͍͡Ύ͔ͭͫΎ ͔͚ͤͪͦͤ ς ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͊͘͡Ύ ͔ͭ͊͟͟͡Σ ͫͨͦͫͦ͋ͤ͊Ύ ͎͔͔͙͍ͤͪͪͦ͊ͭΈ ͙ 

͍͙ͨͪͦͦ͒ͭΈ Ή͔͙ͭͪ͟͡;͔͙͔ͫ͟ ͙͎ͫͤ͊͡·Φ 

̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ ͔͍ͤͪͤ͊Ύ ͙͔ͫͫͭͣ͊ ͔͙͒ͭͫ͡Ύ ͤ͊ ͼ͔ͤͭͪ͊͡ΈͤͯΌ ό̇˹˿ύ ͙ ͔͙ͨͪͺ͔͙ͪ;͔ͫͯ͟Ό ό˽˹˿ύΦ ̇˹˿ 

͍͟͡Ό;͔͊ͭ ͎͍͚ͦͦͤͦ͡ ͙ ͙͚ͫͨͤͤͦ ͎ͣͦ͘Σ ͦͭͦͪ͟·͔ ͫͯ͗͊ͭ͡ ͍ͦͫͤͦͤ·͙ͣ ͼ͔͙ͤͭͪ͊ͣ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙ͤͺͦͪͣ͊ͼ͙͙ ͙ 

͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤΦ ˽˹˿ ͙ͫͦͫͭͦͭ ͙͘ ͔͍͍ͤͪͦΣ ͔͙ͫͦ͒ͤΎΌ΅͙ͻ ̇˹˿ ͫ ͔ͪͼ͔͙ͨͭͦͪ͊ͣΣ ͣ·΄ͼ͙͊ͣ ͙ ͔͔͙͗͊ͣ͘͡Φ 

̏ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍͒ͯͫͭͦͪͦͤͤΌΌ ͍ͫΎ͘ΈΦ 

˴͡Ό;͔͍·ͣ ͨͪͦͼ͔ͫͫͦͣ ͍ ͔͍͚ͤͪͤͦ ͙͔͔ͫͫͭͣ Ύ͍͡Ύ͔ͭͫΎ ͎͔͔ͤͪ͊ͼ͙Ύ ͔͍͎ͤͪͤͦͦ ͙ͣͨͯ͡Έͫ͊Σ ͙͙͡ 
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͔ͨͦͭͤͼ͙͊͊͡ ͔͚͍͙͒ͫͭΎΦ ̏ͭͦ ͋·͔ͫͭͪͦΣ ͙͔ͭͪ͊ͤͭͦͪͤͦ͘ ͙͔͔͙͔ͣͤͤ͘ ͔͎ͣͣ͋ͪ͊ͤͤͦͦ ͔ͨͦͭͤͼ͙͊͊͡ ͔͚ͤͪͦͤ͊Φ ˤ 

͍͔ͦͫͤͦ ͔ͨͦͭͤͼ͙͊͊͡ ͔͚͍͙͒ͫͭΎ ͔͙͗ͭ͡ ͙͙͔͋ͪ͊ͭ͘͡Έ͔ͤͦ ͦͭͪ͟·͙͔ͭ ͙ ͊ͪ͘͟·͙͔ͭ ͔ͨͦͭͤͼ͙͍͙͙͊͊ͫͣ͘͡·ͻ ͙ͦͤͤ·ͻ 

͍͊ͤ͊ͦ͟͡Σ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͙͔͍ͤ͊ͭͪ·ͻ ͙ ͙͔͍͊͟͡·ͻΦ 

ˤ ͫͦͫͭͦΎ͙͙ͤ ͨͦͦ͟Ύ ͔ͣͣ͋ͪ͊ͤ͊ ͔͚ͤͪͦͤ͊ ͨͦ͡Ύ͙͍ͪͦ͊ͤ͊͘Σ ͙ ͔͔ ͔ͨͦͭͤͼ͙͊͡ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͦͦͦ͟͡ ҍтл ͣˤΦ 

ˤ͔͙͔ͦ͋ͯ͗͒ͤ͘Σ ͔͍ͨͪ·΄͊Ό΅͔͔ ͎͍ͨͦͪͦͦ·͚ ͍͔ͯͪͦͤΈΣ ͍·͘·͍͔͊ͭ ͍͙͔͊ͤͦͦ͋ͪ͊ͤͦ͘͡ ͦͭͪ͟·͙͔ͭ ͙͔͍ͤ͊ͭͪ·ͻ 

͍͊ͤ͊ͦ͟͡Φ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͋·͚ͫͭͪͦ ͔͒ͨͦ͡Ύ͙ͪ͊͘ͼ͙͙ ͔ͣͣ͋ͪ͊ͤ· ͙ ͙͍͔͙͙ͤͪͫ ͊ͪ͘Ύ͒͊Φ ˭͔͊ͭͣ ͙͔͍ͤ͊ͭͪ·͔ 

͊ͤ͊͟͡· ͙͙͍͙ͤ͊ͭͪͯ͟ΌͭͫΎΣ ͙ ͦͭͪ͟·͍͊ΌͭͫΎ ͙͔͍͊͟͡·͔ ͊ͤ͊͟͡·Σ ͊ͨͯͫ͊͘͟Ύ ͔ͪͨͦ͡Ύ͙ͪ͊͘ͼ͙Ό ͙ ͍͍ͦͪ͊͘΅͔͙͔ͤ ͟ 

͔ͨͦͭͤͼ͙͊ͯ͡ ͨͦͦ͟ΎΦ 

˽͍͔͔͙͔ͪͦ͒ͤ ͔͍͎ͤͪͤͦͦ ͙ͣͨͯ͡Έͫ͊ ͨͦ ͊ͫͦͤͯ͟ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͨͦ ͙ͨͪͤͼ͙ͨͯ ζ͍͔ͫ ͙͙͡ ͙ͤ;͔͎ͦηΦ ˿ͦͪͦͫͭ͟Έ 

͍͔͔͙ͨͪͦ͒ͤΎ ͍͙͙͊ͫͭ͘ ͦͭ ͙͔͒͊ͣͭͪ͊ ͊ͫͦͤ͊͟ ͙ ͙ͤ͊͡;͙Ύ ͙͔͙͍͚ͣͤͦͦ͡ ͦ͋ͦͦ͡;͙͟Φ ˤ ͙͔͙͙͙͍ͣͤͪͦ͊ͤͤ͘͡·ͻ 

͍ͦͦͤ͊͟͡ͻ ͙ͣͨͯ͡Έͫ ͔͔͔ͨͪ͒͊ͭͫΎ ͫ͊͡Έͭ͊ͭͦͪͤͦ όͫ͊͟;ͦͦ͋ͪ͊ͤͦ͘͟ύ ς ͦͭ ͎ͦ͒ͤͦͦ ͔͔ͨͪͻ͍͊ͭ͊ ˾͍͊ͤΈ͔ ͟ ͎͒ͪͯͦͣͯΦ 

̏ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͫͦͪ͟Ύ͔ͭ ͔͔ͨͪ͒͊;ͯ ͙ͤͺͦͪͣ͊ͼ͙͙Φ 

˽͔͔ͪ͒͊;͊ ͙ͤͺͦͪͣ͊ͼ͙͙ ͦͭ ͎ͦ͒ͤͦͦ ͔͚ͤͪͦͤ͊ ͟ ͎͒ͪͯͦͣͯ ͙͙͡ ͟ Ήͺͺ͔͚ͭͦͪͤͦ͟ ͔͔ͭ͟͟͡ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͍ 

͙ͫͤ͊ͨͫ͊ͻΦ ˣͦ͡Έ΄͙͍ͤͫͭͦ ͙͍ͫͤ͊ͨͫͦ ͍ ̇˹˿ Ύ͍͡ΎΌͭͫΎ ͻ͙͙ͣ;͔͙͙ͫͣ͟Φ ˤ ͙ͤͻ ͔ͨͦͭͤͼ͙͊͡ ͔͚͍͙͒ͫͭΎΣ ͙͎͒ͦͫͭ͊Ύ 

͔͙͙ͨͪͫͤ͊ͨͭ;͔͚ͫͦ͟ ͔͙͙ͭͪͣͤ͊͡Σ ͍·͘·͍͔͊ͭ ͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤ ͔͚͔͙͍ͤͪͦͣ͒͊ͭͦͪͦ ͍ ͙͙ͫͤ͊ͨͭ;͔ͫͯ͟Ό ΅͔͡ΈΦ 

˹͔͚͔͙ͪͦͣ͒͊ͭͦͪ· ͍ͫΎ͘·͍͊ΌͭͫΎ ͫ ͔ͪͼ͔͙ͨͭͦͪ͊ͣ ͤ͊ ͙͙ͨͦͫͭͫͤ͊ͨͭ;͔͚ͫͦ͟ ͔͔ͣͣ͋ͪ͊ͤΦ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

ͦͭͪ͟·͙ͭΌ ͙͙͡ ͊ͪ͘͟·͙ͭΌ ͙ͦͤͤ·ͻ ͍͊ͤ͊ͦ͟͡Φ ˿͙͙ͤ͊ͨͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒͊;͊ ͔ͣͦ͗ͭ ͋·ͭΈ ͍ͦ͋ͯ͗͒͊͘Ό΅͔͚ 

ό͙͔ͤ͊ͨͪͣͪΣ ͫ ͯ;͙͔͊ͫͭͣ ͎ͯͭ͊ͣ͊ͭ͊͡ύ ͙͙͡ ͚ͭͦͪͣͦͤͦ͘ όͫ ͯ;͙͔͊ͫͭͣ ˥ˢ˸˴ύΦ ́ͦͪͣͦͤ͘·͔ ͙ͫͤ͊ͨͫ· ͙͙ͪͭ͟;͔͙ͫ͟ 

͍͊͗ͤ· ͒͡Ύ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ;͔͔͚ͪͣͪͤͦ͘ ͙͍͊ͭ͊͟ͼ͙͙ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Φ 

˿͙͚ͨͤͤͦ ͎ͣͦ͘ ͍·ͨͦͤ͡Ύ͔ͭ ͍͔͒ ͍ͦͫͤͦͤ·͔ ͺͯͤ͟ͼ͙͙Υ ͔ͪͺ͔ͭͦͪͤͯ͟͡Ό ͙ ͍͙͍ͨͪͦͦ͒ͤͦͯ͟ΌΦ 

˾͔ͺ͔ͭͦͪͤ͊͟͡Ύ ͺͯͤ͟ͼ͙Ύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͦͫͯ΅͔͍͔͙͙ͫͭͤ͡ ͨͪͦͫͭ·ͻ ͍͙͎͔͒͊ͭ͡Έͤ·ͻ ͙ ͍͔͎͔͙͍ͭ͊ͭͤ·ͻ 

͔ͪͺ͔͍ͫͦ͟͡Φ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͔ͦͤͤ͟͡·͚ ͔ͪͺ͔ͫ͟͡ ͙ ͔ͪͺ͔ͫ͟͡· ͎͙͙ͫ͋͊ͤΎΦ ˽͍͙͍ͪͦͦ͒ͤͦ͊͟Ύ ͺͯͤ͟ͼ͙Ύ 

͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍ͫΎ͘Έ ͔ͣ͗͒ͯ ͎͍ͦͦͤ͡·ͣ ͎ͣͦͦͣ͘ ͙ ͔͙ͨͪͺ͔͙͔͚ͪΦ 

˥͍͚ͦͦͤͦ͡ ͎ͣͦ͘ ς Ήͭͦ ͍·ͫ΄͙͚ ͙͔͎͙ͤͭͪͪͯΌ΅͙͚ ͼ͔ͤͭͪ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Φ ˻ͤ ͙ͫͦͫͭͦͭ ͙͘ ͍ͫͭͦ͊͡Σ 

͔ͣͦ͗͘;͊͟Σ ͔ͨͪͦͣ͗ͯͭͦ;͎ͤͦͦ ͎ͣͦ͊͘ ͙ ͔ͦͤ͟;͎ͤͦͦ ͎ͣͦ͊͘ ό͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪύΦ ˴͊͗͒͊Ύ ͔͎ͦ ;͊ͫͭΈ 

͍·ͨͦͤ͡Ύ͔ͭ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͙ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͔ ͺͯͤ͟ͼ͙͙Φ 

˿͍ͭͦ͡ ͎ͣͦ͊͘ ό͎͍ͨͪͦ͒ͦͦ͊ͭ͡·͚ ͎ͣͦ͘Σ ͣͦͫͭ ͙ ͔͙͚ͫͪ͒ͤ ͎ͣͦ͘ύ ͔͎͙͔ͪͯͪͯͭ͡ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͔ ͺͯͤ͟ͼ͙͙Φ 

˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͒·ͻ͙͔͊ͤΣ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΣ ͎͙͔ͦͭ͊ͤ͡ ͙ ͔͍͙͔͗͊ͤΦ ˻ͤ ͔ͭ͊͗͟ ͔͙ͫͦ͒ͪ͗ͭ 

Ύ͒ͪ͊ ;͔͔ͪͨͤ·ͻ ͔͍͍ͤͪͦ ͙ Ύ͍͡Ύ͔ͭͫΎ ͼ͔ͤͭͪͦͣ ͎͙ͣͤͦͻ ͙͔͙͍ͦͪͤͭͪͦͦ;ͤ·ͻ ͔ͪͺ͔͍ͫͦ͟͡Φ 

˸͔ͦ͗͘;ͦ͟ ͍͔ͦͭ;͔͊ͭ ͊͘ ͙ͦͦͪ͒ͤ͊͟ͼ͙Ό ͍͙͔͙͚͒͗ͤΣ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͨͦ͘· ͙ ͣ·΄͔;͎ͤͦͦ ͭͦͤͯͫ͊Φ ˻ͤ 

ͨͦͯ͡;͔͊ͭ ͙ͤͺͦͪͣ͊ͼ͙Ό ͦͭ ͍͔͙ͫͭ͋ͯ͡Ύ͎ͪͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊Σ ͣ·΄ͼ ͙ ͍͍ͫͯͫͭ͊ͦΦ ˸͔ͦ͗͘;ͦ͟ ͔͙͔ͦͪͪͭͪͯͭ͟͟ ͙ 

ͯͭͦ;ͤΎ͔ͭ ͍͙͎͔͒͊ͭ͡Έͤ·͔ ͎ͨͪͦͪ͊ͣͣ·Σ ͨͦͫͭͯͨ͊Ό΅͙͔ ͙͘ ͦͪ͟· ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪΦ 

˽͔ͪͦͣ͗ͯͭͦ;ͤ·͚ ͎ͣͦ͘ ͍͟͡Ό;͔͊ͭ ͭ͊͊ͣͯͫ͡ ͙ ͎͙ͨͦͭ͊͊ͣͯͫ͡Φ ́͊͊ͣͯͫ͡ ͙ͫͯ͗ͭ͡ ͔ͦͭͦͪͦͣ͟͟͡͡ ͙ 

͔ͪͭͪ͊ͤͫ͡Ύͼ͙͚ͦͤͤͦ ͫͭ͊ͤͼ͙͔͚ ͒͡Ύ ͍͔ͫͻ ͔ͫͤͫͦͪͤ·ͻ ͙͎͍ͫͤ͊ͦ͡Σ ͔ͪͦͣ͟ ͦ͋ͦͤΎ͔ͭ͡Έͤ·ͻΦ ˻ͤ ͍ͤ͊ͨͪ͊͡Ύ͔ͭ ͙ͻ ͍ 

͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͙ͦ͋͊ͫͭ͡ ͦͪ͟·Φ 

˥͙ͨͦͭ͊͊ͣͯͫ͡ Ύ͍͡Ύ͔ͭͫΎ ͼ͔ͤͭͪ͊͡Έͤ·ͣ ͍͔ͤͦͣ͘ ͍͔͎͔͙͍͚ͭ͊ͭͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· ͙ Ή͙͚ͤ͒ͦͪͤͤͦ͟ 

͔͎ͪͯ͡Ύͼ͙͙Φ ˻ͤ ͙͔ͦͤͭͪͦͪͯͭ͟͡ ͔͔ͭͣͨͪ͊ͭͯͪͯ ͔ͭ͊͡Σ ͍ͦ͒ͤ·͚ ͋͊͊ͤͫ͡Σ ͎ͦͦ͒͡Σ ͤ͊ͫ·΅͔͙͔ͤ ͙ ͫͦͤΦ ˥͙ͨͦͭ͊͊ͣͯͫ͡ 

͔ͭ͊͗͟ ͔͎͙͔ͪͯͪͯͭ͡ ͺͯͤ͟ͼ͙Ό ͎͙ͨͦͺ͙͊͘Φ 

˴ͦͪ͊ ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪ ς Ήͭͦ ͔ͣͫͭͦ ͍·ͫ΄͙ͻ ͔͍ͤͪͤ·ͻ ͺͯͤ͟ͼ͙͚Φ ˻ͤ͊ ͍͔ͦͭ;͔͊ͭ ͊͘ ͙͔ͫͦͤ͊ͤ͘Σ ͔ͪ;ΈΣ 

ͨ͊ͣΎͭΈΣ ͣ·΄͔͙͔ͤ͡Σ ͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡ ͙ ͙͍ͨͪͦͦ͘͡Έͤ·͔ ͍͙͔͙͒͗ͤΎΦ ˴ͦͪ͊ ͔͙͒ͭͫ͡Ύ ͤ͊ ;͔ͭ·͔ͪ ͙͒ͦ͡Υ ͦ͋ͤͯ͡ΌΣ 

͔͔ͭͣͤͤͯΌΣ ͍͙ͫͦ;ͤͯΌ ͙ ͊ͭ͘·ͦ͡;ͤͯΌΦ 

˶ͦ͋ͤ͊Ύ ͒ͦ͡Ύ ͍͔ͦͭ;͔͊ͭ ͊͘ ͙͙͔ͫͨͦͤͭ͡͡Έͤ·͔ ͺͯͤ͟ͼ͙͙Σ ͙͔ͭ͊͟ ͊͟͟ ͙ͨͪͤΎ͙͔ͭ ͔ͪ΄͔͙͚ͤΣ ͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡ 

͙ ͦͤͭͪͦ͟͡Έ ͍͔͔͙ͨͦ͒ͤΎΦ ˤ ͔͚ͤ ͤ͊ͻͦ͒ΎͭͫΎ ͣͦͭͦͪͤ·͔ ͦͤ͘·Σ ͙͙ͤͼ͙͙ͪͯΌ΅͙͔ ͙͍ͨͪͦͦ͘͡Έͤ·͔ ͍͙͔͙͒͗ͤΎΦ 

˽͍͔͔͙͔ͦͪ͗͒ͤ Ή͚ͭͦ ͙ͦ͋͊ͫͭ͡ ͙͍͙ͨͪͦ͒ͭ ͟ ͤ͊ͪͯ΄͔͙ͤΎͣ ͙͡;͙ͤͦͫͭ ͙ ͙͙͔ͫͨͦͤͭ͡͡Έ͚ͤͦ ͙͒ͫͺͯͤ͟ͼ͙͙Φ 

͔͔́ͣͤͤ͊Ύ ͒ͦ͡Ύ ͦ͋ͪ͊͋͊ͭ·͍͔͊ͭ ͔ͫͦͣ͊ͭͦͫͤͫͦͪͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙ΌΣ ͍͟͡Ό;͊Ύ ͙͍͔͙͔ͨͪͦͫͤͦͤ͟Σ ͋ͦ͡ΈΣ 
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͔͔ͭͣͨͪ͊ͭͯͪͯ ͙ ͙ͨͪͦͨͪͦͼ͔ͨͼ͙ΌΦ ˻ͤ͊ ͔ͭ͊͗͟ ͯ;͍͔͊ͫͭͯͭ ͍ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͙͔ͦͪͤͭ͊ͼ͙͙ ͙ ͍͙ͦͫͨͪΎ͙͙ͭ 

ͫͻ͔ͣ· ͔ͭ͊͡Φ ˹͊ͪͯ΄͔͙͔ͤ ͔͔ ͺͯͤ͟ͼ͙͚ ͔ͣͦ͗ͭ ͍·͍͊ͭ͘Έ ͎͙͊ͤͦ͘Ό ͙ ͙͊ͨͪ͊ͫ͟ΌΦ 

ˤ͙ͫͦ;ͤ͊Ύ ͒ͦ͡Ύ ͍ͫΎ͊ͤ͊͘ ͫͦ ͫͯ͡ͻ͍ͦ·ͣ ͍͙ͦͫͨͪΎ͙͔ͭͣΣ ͨ͊ͣΎͭΈΌ ͙ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤͣ͘ ͔ͪ;͙ όͦͤ͊͘ 

ˤ͔͙͔ͪͤ͟ύΦ ˤ ͔͚ͤ ͔ͪ͊ͫͨͦͦ͗ͤ͡· ͼ͔ͤͭͪ· ͙ͦ͋ͪ͊͋ͦͭ͟ Ήͣͦͼ͙͚Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͙͙ͣ͋͡;͔͚ͫͦ͟ ͙͔͚ͫͫͭͣͦΦ 

˽͍͔͔͙͔ͦͪ͗͒ͤ ͔ͣͦ͗ͭ ͍·͍͊ͭ͘Έ ͫͯ͡ͻ͍ͦ·͔ ͎͊͡͡Όͼ͙ͤ͊ͼ͙͙ ͙ ͤ͊ͪͯ΄͔͙ͤΎ ͨ͊ͣΎ͙ͭΦ 

˭͊ͭ·ͦ͡;ͤ͊Ύ ͒ͦ͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͔͍͙ͨͪ;ͤ·ͣ ͼ͔ͤͭͪͦͣ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙͔ͪͭ͘͡Έ͚ͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ˭͔͒ͫΈ 

͙ͨͪͦͫͻ͙ͦ͒ͭ ͙͊ͤ͊͘͡ ͺͦͪͣ·Σ ͼ͍͔ͭ͊ ͙ ͍͙͔͙͒͗ͤΎ ͦ͋Ά͔͍ͭͦ͟Φ ˽͍͔͔͙͔ͦͪ͗͒ͤ Ή͚ͭͦ ͦͪ͟· ͙͍͙ͨͪͦ͒ͭ ͟ 

͙ͪ͊͘͡;ͤ·ͣ ͍͙͒͊ͣ ͔ͫͨͦͭ͡· ͙͙͡ ͤ͊ͪͯ΄͔͙ͤΎͣ ͙͔ͪͭ͘͡Έ͎ͤͦͦ ͍͙ͦͫͨͪΎ͙ͭΎΦ 

˽͔͙ͪͺ͔͙ͪ;͔ͫ͊͟Ύ ͔͍ͤͪͤ͊Ύ ͙͔ͫͫͭͣ͊ ό˽˹˿ύ ͍͟͡Ό;͔͊ͭ ͙ͫͦͣ͊ͭ;͔͙͚ͫ͟ ͙ ͍͔͎͔͙͍ͭ͊ͭͤ·͚ ͔ͦͭ͒͡·Φ 

˿͙ͦͣ͊ͭ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͙͔ͦͤͭͪͦͪͯͭ͟͡ ͙͍ͨͪͦͦ͘͡Έͤ·͔ ͍͙͔͙͒͗ͤΎ ͔͔ͫͭͤ͟͡·ͻ ͣ·΄ͼ ͙ ͙͔ͫͦ͋ͪ͊ͭ ͔ͫͤͫͦͪͤͯΌ 

͙ͤͺͦͪͣ͊ͼ͙Ό ͦͭ ͙ͦ͗͟ ͙ ͍͍ͫͯͫͭ͊ͦΦ ˻ͤ͊ Ύ͍͡Ύ͔ͭͫΎ Ϧ͚ͦͫͦͤ͊ͤͤͦ͘Ϧ ;͊ͫͭΈΌ ˽˹˿Φ 

 ˭ ͊͟͡Ό;͔͙͔ͤ 

ˤ͔͎͔͙͍ͭ͊ͭͤ͊Ύ ό͍͊ͭͦͤͦͣͤ͊Ύύ ͔͍ͤͪͤ͊Ύ ͙͔ͫͫͭͣ͊ ͔͎͙͔ͪͯͪͯͭ͡ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦΣ 

͎͙͊͒͟͡ͻ ͣ·΄ͼ ͙ ͔͔͗͘͡Φ ˻ͤ͊ ͔ͪ͊͋ͦͭ͊ͭ ͔͙͍ͤͨͪͦͦ͘͡Έͤͦ ͙ ͔͙͒ͭͫ͡Ύ ͤ͊ ͙͙ͫͣͨ͊ͭ;͔͙͚ͫ͟Σ ͙͙ͨ͊ͪ͊ͫͣͨ͊ͭ;͔͙͚ͫ͟ 

͙ ͔͙͙ͣͭ͊ͫͣͨ͊ͭ;͔͙͚ͫ͟ ͔ͦͭ͒͡·Φ ͙̏ͭ ͔ͦͭ͒͡· ͔͚͍͒ͫͭͯΌͭ ͎͙͙͊ͤͭ͊ͦͤͫͭ;͔͙ͫ͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ  

1. ͙̊ͣ͒ͭ ˾Φ ̅ΦΣ ͔͍́ͫ ˥Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Υ ͍ о-ͻ ͭͦͣ͊ͻΦ ˸͙ͪΣ нллрΦ 

2. ˹ͦ͒ͪ͊͘;͔͍ ˢΦ ˨Φ ͙͙͎͙̅ͦͦ͘͡Ύ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Φ ˢ͔͙͊͒ͣ͟ΎΣ нллуΦ 

3. Guyton A. C., Hall J. E. Textbook of Medical Physiology. Saunders, 2021. 

4. Ganong W. F. Review of Medical Physiology. McGraw-Hill Education, 2019. 

5. ˴ͦͫͭΌ͟ ˽Φ ˥Φ ͙ ͒ͪΦ ͙͙͎͙̅ͦͦ͘͡Ύ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Φ ˤ·ͫ΄͊Ύ ΄ͦ͊͟͡Σ мфууΦ 

ϭ˥ ͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿ΦΣ нлнр 
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˥͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿Φ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

̅ˮ˭ˮ˻˶˻˥ˮ̒ ˨̍̆ˢ́˩˶̎˹˻˯ ˿ˮ˿́˩˸̍ ̉˩˶˻ˤ˩˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˨·ͻ͔͊ͭ͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͎͔ͦͣͦͫͭ͊͘ ͎͙ͦͪ͊ͤͣ͊͘ ͔ͨͯͭͣ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ 

͎͍͎͊ͦͦͦ͘ ͍ͫͦͫͭ͊͊ ͍͙ͪͦ͟Φ ˩͔ ͍ͦͫͤͦͤ͊Ύ ͺͯͤ͟ͼ͙Ύ ς Ήͭͦ ͎͔͊ͦͦ͋ͣͤ͘Σ ͦͭͦͪ͟·͚ ͍͟͡Ό;͔͊ͭ ͎ͨͦͦ͡΅͔͙͔ͤ 

͙ͫͦͪͦ͒͊͟͡ ό˻нύ ͙ ͔͙͔ͯ͒͊ͤ͡ ͎͔͙͎ͯͫͦͦ͟͡͡ ͎͊͊͘ ό/hнύΦ ͙͙͎͙̅ͦͦ͘͡Ύ ͒·ͻ͙͊ͤΎ ͦͻ͍͊ͭ·͍͔͊ͭ ͔ͤͫͦ͟͡Έͦ͟ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΥ ͍͔ͤ΄͔͔ͤ ͒·ͻ͙͔͊ͤ ό͍͔͙ͤͭ͡Ύͼ͙Ύ ͔͎͙͟͡ͻύΣ ͙͒ͺͺ͙ͯ͘Ύ ͎͍͊ͦ͘ ;͔͔ͪ͘ 

͊͡Έ͍͔ͦ͡Ύͪͤͦ-͙͊ͨ͟͡͡ΎͪͤͯΌ ͔ͣͣ͋ͪ͊ͤͯ ͙ ͭͪ͊ͤͫͨͦͪͭ ͎͍͊ͦ͘ ͍ͪͦ͟ΈΌΦ ˤ͔͙ͤͭ͡Ύͼ͙Ύ ͔͎͙͔ͪͯͪͯͭͫ͡Ύ 

͒·ͻ͔͊ͭ͡Έͤ·ͣ ͼ͔ͤͭͪͦͣ ͍ ͍͔ͫͭͦ͡ ͎ͣͦ͊͘Σ ͦͭͦͪ͟·͚ ͨͦͯ͡;͔͊ͭ ͙͎ͫͤ͊͡· ͦͭ ͼ͔ͤͭͪ͊͡Έͤ·ͻ ͙ ͔͙ͨͪͺ͔͙ͪ;͔͙ͫ͟ͻ 

ͻ͔͔ͣͦͪͼ͔͍ͨͭͦͪͦΣ ;͍͍͙͔ͯͫͭͭ͡Έͤ·ͻ ͟ ͙͔͔͙ͣͤͤ͘Ό ͨ͊ͪͼ͙͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡Ύ hн ͙ /hнΦ ˽͙͙͔ͦͤͣ͊ͤ Ή͙ͭͻ 

͔ͣͻ͙͍͊ͤͣͦ͘Σ ͍͟͡Ό;͊Ύ ͔ͣͻ͙͊ͤͯ͟ ͒·ͻ͙͊ͤΎΣ ͔͎ͦ͡;ͤ·͔ ͦ͋Ά͔ͣ· ͙ ͔͎ͪͯ͡Ύͼ͙Ό ͎͍͎͊ͦͦͦ͘ ͍ͫͦͫͭ͊͊Σ ͙͙ͪͭ͟;͔͙ͫ͟ 
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͍͊͗ͤͦ ͒͡Ύ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΎ ͔͙ͪͫͨͪ͊ͭͦͪͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͙ͭ͊͟ͻ ͊͟͟ ͊ͫͭͣ͊Σ ̆˻ˣ˶ ͙ ͒·ͻ͔͊ͭ͡Έͤ͊Ύ 

͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͒·ͻ͔͊ͭ͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͎͔͊ͦͦ͋ͣͤ͘Σ ͍͔͙ͤͭ͡Ύͼ͙ΎΣ ͙͒ͺͺ͙ͯ͘ΎΣ ͭͪ͊ͤͫͨͦͪͭ ͎͍͊ͦ͘Σ  

͒·ͻ͔͊ͭ͡Έͤ·͚ ͼ͔ͤͭͪΣ ͻ͔͔ͣͦͪͼ͔ͨͭͦͪ·Σ ˻нΣ /hн. 

 

˨·ͻ͔͊ͭ͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͫ͊ͣ·ͻ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·ͻ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͙͙͗ͤ͘ ͙ 

͎͔ͦͣͦͫͭ͊͊͘Φ ˩͖ ͎͍͊ͤ͊͡Ύ ͺͯͤ͟ͼ͙Ύ τ ͔͔ͦ͋ͫͨ;͔͙͔ͤ ͎͙ͦͪ͊ͤͣ͊͘ ͙ͫͦͪͦ͒ͦͣ͟͡ όhнύ ͙ ͔͙͔ͯ͒͊ͤ͡ ͙͘ ͔͎ͤͦ 

͔ͦͤ͟;͎ͤͦͦ ͨͪͦ͒ͯͭ͊͟ ͔͙ͣͭ͊͋ͦͣ͊͘͡Σ ͎͔͙͎ͯͫͦͦ͟͡͡ ͎͊͊͘ ό/hнύΦ ̏ͭͦͭ ͨͪͦͼ͔ͫͫΣ ͤ͊͘·͍͔͊ͣ·͚ ͎͔͊ͦͦ͋ͣͤͦͣ͘Σ 

͙ͨͪͦͫͻ͙ͦ͒ͭ ͔͔ͤͨͪͪ·͍ͤͦ ͙ ͔͔ͭͪ͋ͯͭ ;͔͚ͭͦ͟ ͙ͦͦͪ͒ͤ͊͟ͼ͙͙ ͔͍ͣͤͦ͗ͫͭ͊ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Φ 

͙͙͎͙̅ͦͦ͘͡;͔͙ͫ͟ ͨͪͦͼ͔ͫͫ ͒·ͻ͙͊ͤΎ ͣͦ͗ͤͦ ͔͙ͪ͊͒ͭ͘͡Έ ͤ͊ ͙ͭͪ ͟͡Ό;͔͍·ͻ Ήͭ͊ͨ͊Φ ˽͔͍ͪ·͚ ς ͍͔ͤ΄͔͔ͤ 

͒·ͻ͙͔͊ͤΣ ͙͙͡ ͍͔͙ͤͭ͡Ύͼ͙ΎΣ ͔ͦͭͦͪͦ͟ ͍͟͡Ό;͔͊ͭ ͔ͦ͋ͣͤ ͎͍͊ͦ͘ ͔ͣ͗͒ͯ ͊ͭͣͦͫͺ͔͚ͪͦ ͙ ͔͎͙͙ͣ͟͡Φ ˤ͚ͭͦͪͦ ς 

͙͒ͺͺ͙ͯ͘Ύ ͎͍͊ͦ͘ ͔ͣ͗͒ͯ ͊͡Έ͍͔͙ͦ͊ͣ͡ ͙ ͍ͪͦ͟ΈΌ ͔͎ͦ͡;ͤ·ͻ ͙͊ͨ͟͡͡Ύ͍ͪͦΦ ͔͙͚́ͪͭ ς ͭͪ͊ͤͫͨͦͪͭ ͎͍͊ͦ͘ ͍ͪͦ͟ΈΌ 

͟ ͭ͊ͤ͟Ύͣ ͙ ͦ͋ͪ͊ͭͤͦΦ 

ˤ͔ͤ΄͔͔ͤ ͒·ͻ͙͔͊ͤ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͊͘ ͫ;͔ͭ ͼ͙͙͟͡;͔͙ͫ͟ͻ ͍͙͔͙͚͒͗ͤ ς ͍ ͒ͦͻ͊ ό͙͙ͤͫͨͪ͊ͼ͙͙ύ ͙ ͍·͒ͦͻ͊ 

όΉ͙ͫͨͪ͊͟ͼ͙͙ύΦ ˤ͒ͦͻ Ύ͍͡Ύ͔ͭͫΎ ͙͍͊ͭͤ͟·ͣ ͨͪͦͼ͔ͫͫͦͣΣ ͔͔ͦ͋ͫͨ;͙͍͔͊ͣ·ͣ ͫͦͪ͊͟΅͔͙͔ͤͣ ͍ͦͫͤͦͤ·ͻ 

͒·ͻ͔͊ͭ͡Έͤ·ͻ ͣ·΄ͼΥ ͙͒͊ͺ͎ͪ͊ͣ· ͙ ͤ͊ͪͯ͗ͤ·ͻ ͔͔͔ͣ͗ͪ͋ͪͤ·ͻ ͣ·΄ͼΦ ˿ͦͪ͊͟΅͔͙͔ͤ Ή͙ͭͻ ͣ·΄ͼ 

͍͔͙ͯ͡;͙͍͔͊ͭ ͦ͋Ά͔ͣ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡Φ ̏ͭͦ ͔ͫͦ͒͊ͭ͘ ͙ͦͭͪͼ͔͊ͭ͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡ ͍ ͔͍ͨͪ͊͡͡Έ͚ͤͦ ͙ͨͦͦͫͭ͡Φ 

͍͔͙̂͡;͔͙͔ͤ ͦ͋Ά͔ͣ͊ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡ ͙͍͙ͨͪͦ͒ͭ ͟ ͪ͊ͫ΄͙͔͙ͪͤΌ ͔͎͙͟͡ͻΦ ˤ͙͔͎ͤͯͭͪͦ͡;͔ͤͦ ͍͔͙͔͒͊ͤ͡ 

͍͙ͫͭ͊ͤͦͭͫΎ ͙͔ͤ͗ ͊ͭͣͦͫͺ͔͎ͪͤͦͦΦ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͍ͦ͒ͯ͘ͻ ͙͍ͨ͊ͫͫͤͦ ͔ͨͦͫͭͯͨ͊ͭ ͍ ͒·ͻ͔͊ͭ͡Έͤ·͔ ͙ͨͯͭΦ ˤ·͒ͦͻ ͍ 

ͫͦͫͭͦΎ͙͙ͤ ͨͦͦ͟Ύ Ύ͍͡Ύ͔ͭͫΎ ͙͍ͨ͊ͫͫͤ·ͣ ͨͪͦͼ͔ͫͫͦͣΦ ˻ͤ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͊͘ ͫ;͔ͭ ͔͙ͪ͊ͫͫ͊͋ͤ͡͡Ύ ͒·ͻ͔͊ͭ͡Έͤ·ͻ 

ͣ·΄ͼ ͙ Ή͙͊ͫͭ͡;͔͚ͫͦ͟ ͭΎ͎͙ ͔͎͙͟͡ͻ ͙ ͎͚ͪͯ͒ͤͦ ͔͙ͭ͟͟͡Φ 

˽͙ͪ ͺ͙͍ͦͪͫͪͦ͊ͤͤͦͣ ͒·ͻ͙͙͊ͤ ͙͙͡ ͺ͙͙͘;͔͚ͫͦ͟ ͎͔ͤ͊ͪͯ͘͟ ͍ ͨͪͦͼ͔ͫͫ ͍͟͡Ό;͊ΌͭͫΎ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έͤ·͔ 

͒·ͻ͔͊ͭ͡Έͤ·͔ ͣ·΄ͼ·Φ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͣ·΄ͼ· ΄͔͙ ό͔͙ͫͭͤ͡;ͤ·͔ύ ͙ ͎͙ͪͯ͒Φ ͙͍̅ͦͪͫͪͦ͊ͤͤ·͚ ͍·͒ͦͻ 

͍͙ͫͭ͊ͤͦͭͫΎ ͙͍͊ͭͤ͟·ͣ ͨͪͦͼ͔ͫͫͦͣΦ ˻ͤ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭͫΎ ͫͦͪ͊͟΅͔͙͔ͤͣ ͍͔͙ͤͯͭͪͤͤͻ ͔͔͔ͣ͗ͪ͋ͪͤ·ͻ ͣ·΄ͼ ͙ 

ͣ·΄ͼ ͋ͪΌ΄͎ͤͦͦ ͔ͨͪͫͫ͊Φ 

ˤ͚͊͗ͤͦ ͻ͔͙͙͚͊ͪ͊ͭͪͫͭͦ͟͟ ͍͔͙ͤͭ͡Ύͼ͙͙ Ύ͍͡ΎΌͭͫΎ ͔͎ͦ͡;ͤ·͔ ͦ͋Ά͔ͣ· ͙ ͔͙ͣͦͫͭ͟Φ ˨·ͻ͔͊ͭ͡Έͤ·͚ 

ͦ͋Ά͔ͣ ς Ήͭͦ ͦ͋Ά͔ͣ ͍ͦ͒ͯ͘ͻ͊Σ ͍͒·ͻ͔͊ͣ·͚ ͙ ͍·͒·ͻ͔͊ͣ·͚ ͙ͨͪ ͚ͫͨͦͦͤͦͣ͟ ͒·ͻ͙͙͊ͤΦ ˬ͙͔ͤͤͤ͊͘Ύ ͔ͣͦͫͭ͟Έ 

͔͎͙͟͡ͻ όˬ˩˶ύ ς ͣ ͙͊ͫͣ͊͟͡Έͤ·͚ ͦ͋Ά͔ͣ ͍ͦ͒ͯ͘ͻ͊Σ ͦͭͦͪ͟·͚ ͣͦ͗ͤͦ ͍·͒ͦͻͤͯͭΈ ͔ͨͦͫ͡ ͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ ͍͒ͦͻ͊Φ 

͙̏ͭ ͔ͨ͊ͪ͊ͣͭͪ· ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͦͼ͔͙ͤ͟ ͺͯͤ͟ͼ͙͙ ͔͎͙͟͡ͻΦ 

ˤ͚ͭͦͪͦ Ήͭ͊ͨ ς ͙͒ͺͺ͙ͯ͘Ύ ͎͍͊ͦ͘ ς ͙ͨͪͦͫͻ͙ͦ͒ͭ ;͔͔ͪ͘ ͭͦͤ;͚͊΄ͯΌ ͊͡Έ͍͔ͦ͡Ύͪͤͦ-͙͊ͨ͟͡͡ΎͪͤͯΌ 

͔ͣͣ͋ͪ͊ͤͯΦ ̏ͭ͊ ͔ͣͣ͋ͪ͊ͤ͊ ͙͔͔ͣͭ ͎ͦͪͦͣͤͯΌ ͫͯͣͣ͊ͪͤͯΌ ͨͦ͡΅͊͒ΈΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ Ήͺͺ͔͙͍ͭͤ͟·͚ ͦͤͭ͊ͭ͟͟Φ 

˨͍͙͔͙͔͗ͤ hн ͙  /hн ͨ ͙ͪͦͫͻ͙ͦ͒ͭ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͊͘ ͫ;͔ͭ ͙ͪ͊ͤ͘ͼ· ͨ͊ͪͼ͙͊͡Έͤ·ͻ ͍͔͙͚͒͊ͤ͡Φ 

O2 ͨ ͔͔ͪͻ͙ͦ͒ͭ ͙͘ ͊͡Έ͍͔ͦ͡Σ ͎͔͒ ͔͎ͦ ͨ͊ͪͼ͙͊͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡ ͍·͔ͫͦͦ͟ όͦͦͦ͟͡ млл ͣͣ ͪͭΦ ͫͭΦύΣ ͍ ͍ͪͦ͟Έ 

͙͊ͨ͟͡͡Ύ͍ͪͦΣ ͎͔͒ ͦͤͦ ͙͔ͤͦ͘͟ όͦͦͦ͟͡ пл ͣͣ ͪͭΦ ͫͭΦύΦ /hнΣ ͤ͊ͦ͋ͦͪͦͭΣ ͙͒ͺͺ͙͔ͯͤ͒ͪͯͭ ͙͘ ͍͙ͪͦ͟Σ ͎͔͒ ͔͎ͦ 

͍͔͙͔͒͊ͤ͡ ͍·΄͔ όͦͦͦ͟͡ пс ͣͣ ͪͭΦ ͫͭΦύΣ ͍ ͊͡Έ͍͔ͦ͡· όͦͦͦ͟͡ пл ͣͣ ͪͭΦ ͫ ͭΦύΦ ˨͙ͺͺ͙ͯ͘Ύ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͋·ͫͭͪͦ ͙ 

Ήͺͺ͔͙͍ͭͤͦ͟Φ 

͔͙͚́ͪͭ Ήͭ͊ͨ ς ͭͪ͊ͤͫͨͦͪͭ ͎͍͊ͦ͘ ͍ͪͦ͟ΈΌΦ ˻ͦͦ͟͡ фу҈ ͙ͫͦͪͦ͒͊͟͡ ͙͔ͭͪ͊ͤͫͨͦͪͭͪͯͭͫΎ ͍ ͍͙ͪͦ͟Σ ͋ͯ͒ͯ;͙ 

͍ͫΎ͊ͤͤ͘·ͣ ͫ ͎͔͎͙ͣͦͦ͋ͤͦͣ͡ ͍ Ή͙ͪͭͪͦͼ͙ͭ͊ͻΦ ˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͙͎͔͎͙ͦͫͣͦͦ͋ͤ͊͟͡ ς Ήͭͦ ͙ͦ͋ͪ͊ͭͣ·͚ ͨͪͦͼ͔ͫͫΦ 

˴͙͍ͪ͊Ύ ͙͒ͫͫͦͼ͙͊ͼ͙͙ ͙͎͔͎͙ͦͫͣͦͦ͋ͤ͊͟͡ ͨͦ͊͘͟·͍͔͊ͭ ͔͎ͦ ͍ͫͪͦ͒ͫͭͦ ͟ hн ͨ ͙ͪ ͙ͪ͊͘͡;ͤ·ͻ ͍͙ͯͫͦ͡ΎͻΦ 

˿͍ͪͦ͒ͫͭͦ ͎͔͎͙ͣͦͦ͋ͤ͊͡ ͟ hн ͍͙͙͊ͫͭ͘ ͦͭ ͦ͊͟͡͡Έͤ·ͻ ͍͙͚ͯͫͦ͡ ͍ ͭ͊ͤ͟ΎͻΦ ˤ ͭ͊ͤ͟ΎͻΣ ͎͔͒ /hн, 

͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ ͙ͫͦͭͤͦͫͭ͟͡Έ ͍·΄͔Σ ͍ͫͪͦ͒ͫͭͦ ͎͔͎͙ͣͦͦ͋ͤ͊͡ ͟ hн ͙͔ͫͤ͗͊ͭͫΎΦ ̏ͭͦ ͔͎ͦ͋͡;͔͊ͭ ͦͭ͒͊;ͯ 

͙ͫͦͪͦ͒͊͟͡ ͔ͭ͊ͣ͟͟͡Φ ̏ͭͦͭ Ήͺͺ͔ͭ͟ ͙͍͔͔ͫͭͤ͘ ͊͟͟ Ήͺͺ͔ͭ͟ ˣͦͪ͊Φ 
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͎͔͙̂ͫ͟͡͡·͚ ͎͊͘ ͙͔ͭͪ͊ͤͫͨͦͪͭͪͯͭͫΎ ͍ͪͦ͟ΈΌ ͔ͭͪͣΎ ͙ͫͨͦͫͦ͋͊ͣΦ ˽͙͔ͪͣͪͤͦ тҍмл҈ /hн ͍͔ͪ͊ͫͭͦͪͤͦ ͍ 

͔ͨ͊ͣ͘͡Φ ˻ͦͦ͟͡ нлҍол҈ ͍ͫΎ͊ͤͦ͘ ͫ ͎͔͎͙ͣͦͦ͋ͤͦͣ͡ ͍ ͍͙͔͒ ͙͎͔͎͙͊ͪ͋͊ͣͤͦͣͦͦ͋ͤ͊͟͡Φ ˻͍ͫͤͦͤ͊Ύ ;͊ͫͭΈΣ 

слҍтл҈Σ ͔͔͙ͨͪͤͦͫͭͫΎ ͍ ͍͙͔͒ ͙͋͊ͪ͋ͦͤ͊ͭ͟-͙͍ͦͤͦ όI/hоҍ). 

˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͙͋͊ͪ͋ͦͤ͊ͭ͟-͙͍ͦͤͦ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͍͙ͤͯͭͪ Ή͙ͪͭͪͦͼ͙͍ͭͦ ͫ ͯ;͙͔͊ͫͭͣ ͺ͔͔ͪͣͤͭ͊ 

͎͙͊ͪ͋ͦ͊ͤ͒ͪ͊͘͟·Φ ̏ͭͦͭ ͔ͣͻ͙͊ͤͣ͘ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͋ͯͺ͔͚ͪͤͦ ͙͔͔ͫͫͭͣ ͍͙ͪͦ͟Φ ˻ͤ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭ 

ͨͦͫͭͦΎ͍ͤͫͭͦ ǇI ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͊ͼ͙͒ͦ͘Φ 

˾͔͎ͯ͡Ύͼ͙Ύ ͒·ͻ͙͊ͤΎ ς ͫͦ͗ͤ͡·͚ ͔͚͎ͤͪͦͯͣͦͪ͊͡Έͤ·͚ ͨͪͦͼ͔ͫͫΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͚ ͊͒͊ͨͭ͊ͼ͙Ό 

͍͔͙ͤͭ͡Ύͼ͙͙ ͟ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫͣ͟ ͔ͨͦͭͪ͋ͤͦͫͭΎͣΦ ˥͍͊ͤ͡·͚ ͼ͔ͤͭͪ ͔͎ͪͯ͡Ύͼ͙͙ ς ͒·ͻ͔͊ͭ͡Έͤ·͚ ͼ͔ͤͭͪ ς 

͔ͪ͊ͫͨͦͦ͗ͤ͡ ͍ ͎͍ͨͪͦ͒ͦͦ͊ͭͦͣ͡ ͎͔ͣͦ͘ ͙ ͣͦͫͭͯΦ ˻ͤ ͎͔͔͙͔ͤͪͪͯͭ ͙͙ͪͭͣ;͔͙͔ͫ͟ ͙ͣͨͯ͡Έͫ·Σ ͍ͯͨͪ͊͡ΎΌ΅͙͔ 

͒·ͻ͔͊ͭ͡Έͤ·͙ͣ ͣ·΄ͼ͙͊ͣΦ 

ˢ͙͍ͭͤͦͫͭ͟Έ ͒·ͻ͔͊ͭ͡Έ͎ͤͦͦ ͼ͔ͤͭͪ͊ ͙͔ͣͦ͒ͯͪͯͭͫ͡Ύ ͙ͤͺͦͪͣ͊ͼ͙͔͚ ͦͭ ͻ͔͔ͣͦͪͼ͔͍ͨͭͦͪͦΦ ͔̇ͤͭͪ͊͡Έͤ·͔ 

ͻ͔͔ͣͦͪͼ͔ͨͭͦͪ· ͔ͪ͊ͫͨͦͦ͗ͤ͡· ͍ ͍͔ͫͭͦ͡ ͎ͣͦ͊͘Φ ˻͙ͤ ͙͔͔ͤ͊͋ͦ͡ ;͍͍͙͔ͯͫͭͭ͡Έͤ· ͟ ͙͔͔͙ͣͤͤ͘Ό 

ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ IҌ ͍ ͙͎͍͚ͫͨͤͤͦͣͦͦͦ͘ ͙͙͗͒ͦͫͭ͟Σ ͦͭͦͪ͊͟Ύ ͔ͦͭͪ͊͗͊ͭ ͍͔ͯͪͦͤΈ /hн ͍  ͍͙ͪͦ͟Φ 

˽͔͙ͪͺ͔͙ͪ;͔͙͔ͫ͟ ͻ͔͔ͣͦͪͼ͔ͨͭͦͪ· ͔ͪ͊ͫͨͦͦ͗ͤ͡· ͍ ͙͊ͪͦͭ͒ͤ͟·ͻ ͔ͭ͡Έͼ͊ͻ ͙ ͎͔͒ͯ ͊ͦͪͭ·Φ ˻͙ͤ ͔͔͋ͦ͡ 

;͍͍͙͔ͯͫͭͭ͡Έͤ· ͟ ͔ͪͦͣͯ͘͟ ͙͔͙ͫͤ͗ͤΌ ͨ͊ͪͼ͙͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡Ύ hн ͍ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͍͙ͪͦ͟Φ ˻͙ͤ 

͙͍͙͊ͭͪͯ͟ΌͭͫΎ ͙ͨͪ ͎͙͔͙͙ͨͦͫͣ͟ ͙ ͨͦͫ·͊͡Όͭ ͙͎ͫͤ͊͡· ͍ ͒·ͻ͔͊ͭ͡Έͤ·͚ ͼ͔ͤͭͪΣ ͙͙͍ͯͫ͊͡Ύ ͍͔͙ͤͭ͡Ύͼ͙ΌΦ 

˸͔ͻ͔͊ͤͦͪͼ͔ͨͭͦͪ· ͍ ͔͎͙͟͡ͻ ό͙͔ͤ͊ͨͪͣͪΣ ͔ͪͼ͔ͨͭͦͪ· ͪ͊ͫͭΎ͔͙͗ͤΎύ ͔ͭ͊͗͟ ͍͙͡ΎΌͭ ͤ͊ ͒·ͻ͙͔͊ͤΦ ˻͙ͤ 

͙͍͙͊ͭͪͯ͟ΌͭͫΎ ͙ͨͪ ͙͋͘·ͭͦ;ͤͦͣ ͪ͊ͫͭΎ͔͙͙͗ͤ ͔͎ͦ͡;͚ͤͦ ͙ͭ͊ͤ͟Φ ̏ͭͦ ͍·͘·͍͔͊ͭ ͔͙͔ͭͦͪͣͦ͗ͤ ͍͒ͦͻ͊ ς ͪ ͔ͺ͔ͫ͟͡ 

˥͔͙͎ͪͤ͊-ˣ͔͚͔ͪͪ͊Φ ̏ͭͦ ͊͘΅͙ͭͤ·͚ ͔ͣͻ͙͊ͤͣ͘Σ ͔͍ͨͪ͒ͦͭͪ͊΅͊Ό΅͙͚ ͔͔ͨͪͪ͊ͫͭΎ͔͙͔͗ͤ ͔͎͙͟͡ͻΦ 

˨·ͻ͔͊ͭ͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊ ͔ͭ͊͗͟ ͍·ͨͦͤ͡Ύ͔ͭ ͍͊͗ͤͯΌ ͔ͤ͒·ͻ͔͊ͭ͡ΈͤͯΌ ͺͯͤ͟ͼ͙ΌΣ ͯ;͍͊ͫͭͯΎ ͍ 

͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙Φ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͔͊ͣͭͤͦ͘ ͯ ͙͍͗ͦͭͤ·ͻΣ ͤͦ ͙ ͯ ;͔͍͔ͦ͊͟͡ ;͔͔ͪ͘ ͙͔͙͔ͫͨ͊ͪͤ ͍ͦ͒· ͫ 

͍͔ͨͦͪͻ͙ͤͦͫͭ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͔ͭͨͦͦͭ͒͊͡;͊Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͔͎͙͔͟͡ ͯ;͍͊ͫͭͯΌͭ ͍ 

͔͙͔ͣͭ͊͋ͦͣ͘͡ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭΦ 

˹͙͔͊ͨͪͣͪΣ ͔͎͙͔͟͡ ͫͯ͗͊ͭ͡ ͔ͣͫͭͦͣ ͙͙͍ͤ͊ͭ͊͟ͼ͙͙ ͔ͤͦͭͦͪ͟·ͻ ͎͍ͦͪͣͦͤͦΦ ͔́͊͗͟ ͍ Ή͔͙͙ͤ͒ͦͭ͡ 

͔͎ͦ͡;ͤ·ͻ ͙͊ͨ͟͡͡Ύ͍ͪͦ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͙͍͊ͭ͊͟ͼ͙Ύ ͎͙͔͙͊ͤͦͭͤͤ͊͘ L ͍ ͎͙͔͙͊ͤͦͭͤͤ͘ LLΦ ̏ͭͦ ͙͔͔ͣͭ ͨͪΎ͔ͣͦ 

ͦͭͤͦ΄͔͙͔ͤ ͟ ͔͎ͪͯ͡Ύͼ͙͙ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ 

˹͊ͪͯ΄͔͙ͤΎ ͍ ͡Ό͋ͦͣ ͙͘ ͍͔ͤ͘Έ͔͍ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͙͔ͫͫͭͣ· ͎ͣͦͯͭ ͙͍͔͙ͨͪͫͭ ͟ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ 

͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ ̏ͭͦ ͫͦͫͭͦΎ͙͔ͤΣ ͙ͨͪ ͦͭͦͪͦͣ͟ ͙͔ͫͫͭͣ͊ ͔ͤ ͫͨͦͫͦ͋ͤ͊ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͤͦͪͣ͊͡Έͤ·͚ 

͎͍͊ͦ͘·͚ ͍ͫͦͫͭ͊ ͍͙ͪͦ͟Φ ˻ͤͦ ͔͔ͭͪ͋ͯͭ ͔͔͔͚ͤͣ͒ͤͤͦ͡ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͔ͦͪͪ͟͟ͼ͙͙Φ 

˽͙͙͔ͦͤͣ͊ͤ ͙ͭͦͤ͟ͻ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͔͎͙ͪͯͪͯ͡Ό΅͙ͻ ͍͔͙ͤͭ͡Ύͼ͙ΌΣ ͙͒ͺͺ͙ͯ͘Ό ͙ 

ͭͪ͊ͤͫͨͦͪͭ ͎͍͊ͦ͘Σ ͔ͤͦ͋ͻ͙ͦ͒ͣͦΦ ˻ͤͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ Ήͺͺ͔͙͍ͭͤ͟·͔ ͔͎͙͙ͫͭͪ͊ͭ ͔͡;͔͙ͤΎ 

͔͙ͪͫͨͪ͊ͭͦͪͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ͙͙͎͙̅ͦͦ͘͡Ύ ͒·ͻ͙͊ͤΎ ς Ήͭͦ ͍ͦͫͤͦ͊ ͒͡Ύ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͨͯ͡Έ͎͙͙ͣͦͤͦͦ͡Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˤ͔͎͔͙͍ͭ͊ͭͤ͊Ύ ό͍͊ͭͦͤͦͣͤ͊Ύύ ͔͍ͤͪͤ͊Ύ ͙͔ͫͫͭͣ͊ ͔͎͙͔ͪͯͪͯͭ͡ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦΣ 

͎͙͊͒͟͡ͻ ͣ·΄ͼ ͙ ͔͔͗͘͡Φ ˻ͤ͊ ͔ͪ͊͋ͦͭ͊ͭ ͔͙͍ͤͨͪͦͦ͘͡Έͤͦ ͙ ͔͙͒ͭͫ͡Ύ ͤ͊ ͙͙ͫͣͨ͊ͭ;͔͙͚ͫ͟Σ ͙͙ͨ͊ͪ͊ͫͣͨ͊ͭ;͔͙͚ͫ͟ 

͙ ͔͙͙ͣͭ͊ͫͣͨ͊ͭ;͔͙͚ͫ͟ ͔ͦͭ͒͡·Φ ͙̏ͭ ͔ͦͭ͒͡· ͔͚͍͒ͫͭͯΌͭ ͎͙͙͊ͤͭ͊ͦͤͫͭ;͔͙ͫ͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ  

1. ˥͚͊ͭͦͤ ˢΦ ˴ΦΣ ̆ͦ͡͡ ˨͗Φ ̏Φ ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ ˶͎ͦͦͫͺ͔ͪ͊Σ нллуΦ 

2. ˢ͙͍ͨͦ͡ ˹Φ ˹Φ ˻͍ͫͤͦ· ͺ͙͙͎͙͙ͦͦ͘͡ ͒·ͻ͙͊ͤΎΦ ˸͔͙͒ͼ͙ͤ͊Σ мфулΦ 

3. ͙̊ͣ͒ͭ ˾Φ ̅ΦΣ ͔͍́ͫ ˥Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Υ ͍ о-ͻ ͭͦͣ͊ͻΦ ˸͙ͪΣ нллрΦ 

4. West J. B. Pulmonary Physiology: The Essentials. Lippincott Williams & Wilkins, 2021. 

5. ˹ͦ͒ͪ͊͘;͔͍ ˢΦ ˨Φ ͙͙͎͙̅ͦͦ͘͡Ύ ͒·ͻ͙͊ͤΎΦ ̏˴˿˸˻Σ нлмнΦ 

ϭ˥ ͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿ΦΣ нлнр 
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̂˨ ˴616.5                 

˥͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿Φ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

̅ˮ˭ˮ˻˶˻˥ˮ̒ ˹˩˾ˤ˹˻˯ ˿ˮ˿́˩˸̍ ˥˻˶˻ˤ˹˻˥˻ ˸˻˭˥ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˥͍͚ͦͦͤͦ͡ ͎ͣͦ͘ Ύ͍͡Ύ͔ͭͫΎ ͍·ͫ΄͙ͣ ͼ͔ͤͭͪͦͣ ͙͔͎ͤͭͪ͊ͼ͙͙ ͙ ͔͎ͪͯ͡Ύͼ͙͙ ͍͔ͫͻ ͺͯͤ͟ͼ͙͚ ͎͙ͦͪ͊ͤͣ͊͘Σ 

͔͔ͦ͋ͫͨ;͙͍͊Ύ ͔͎ͦ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫ ͦͪͯ͗͊͟Ό΅͔͚ ͔͚ͫͪ͒ͦ ͙ ͺ͙ͦͪͣͪͯΎ ͫͦ͗ͤ͡·͔ ͺͦͪͣ· ͍͔͔͙ͨͦ͒ͤΎΦ 

͙͙͎͙̅ͦͦ͘͡Ύ ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ ͔ͫͦͫͪ͒ͦͭͦ;͔ͤ͊ ͤ͊ ͙ͯ͘;͔͙͙ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ̏ͭͦ 

͍͟͡Ό;͔͊ͭ ͍͙ͦͫͨͪΎ͙͔ͭΣ ͙͊ͤ͊͘͡ ͔ͫͤͫͦͪͤ·ͻ ͙͎͍ͫͤ͊ͦ͡ ͙ ͎͔͔ͤͪ͊ͼ͙Ό ͣͦͭͦͪͤ·ͻ ͦͣ͊ͤ͒͟Φ ˻ͤ ͙ͫͦͫͭͦͭ ͙͘ 

͔ͤͫͦ͟͡Έ͙͟ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͔͍ͦͭ͒ͦ͡Υ ͍ͫͭͦ͊͡ ͎ͣͦ͊͘ ό͔͎ͪͯ͡Ύͼ͙Ύ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͻ ͺͯͤ͟ͼ͙͚ύΣ ͔ͣͦ͗͘;͊͟ 

ό͙ͦͦͪ͒ͤ͊͟ͼ͙Ύ ͍͙͔͙͚͒͗ͤύΣ ͔ͨͪͦͣ͗ͯͭͦ;͎ͤͦͦ ͎ͣͦ͊͘ όͭ͊͊ͣͯͫ͡ ͙ ͎͙ͨͦͭ͊͊ͣͯͫ͡ύ ͙ ͦͪ͟· ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪ 

ό͍·ͫ΄͊Ύ ͔͍ͤͪͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈύΦ ˴͡Ό;͔͍·͙ͣ ͨͪͦͼ͔͙ͫͫ͊ͣ Ύ͍͡ΎΌͭͫΎ ͙͙ͫͤ͊ͨͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒͊;͊ 

͙ͤͺͦͪͣ͊ͼ͙͙Σ ͙ͨ͊ͫͭ͡;ͤͦͫͭΈ ͔͚ͤͪͦͤͤ·ͻ ͔͔͚ͫͭ ό͍ͦͫͤͦ͊ ͨ͊ͣΎ͙ͭ ͙ ͦ͋ͯ;͔͙ͤΎύ ͙ ͙͔͎͙͍ͤͭͪ͊ͭͤ͊Ύ 

͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͦͪ͟·Φ ˽͙͙͔ͦͤͣ͊ͤ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ ͙ ͔͎ͦ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͟ 

͊͒͊ͨͭ͊ͼ͙͙ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ͔͍͎͙͙ͤͪͦͦ͡Σ ͙ͨͫͻ͙͙͙͊ͭͪ ͙ ͎͙͙͍ͦͤͭͤ͟·ͻ ͤ͊ͯ͟Φ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͎ ͍͚ͦͦͤͦ͡ ͎ͣͦ͘Σ ͦͪ͊͟ ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪΣ ͔ͣͦ͗͘;ͦ͟Σ ͙͙ͫͤ͊ͨͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒͊;͊Σ ͔͍ͤͪͤ·͚ ͙ͣͨͯ͡ΈͫΣ 

͙ͨ͊ͫͭ͡;ͤͦͫͭΈΣ ͍·ͫ΄͊Ύ ͔͍ͤͪͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΣ ͙͔͎ͤͭͪ͊ͼ͙Ύ. 

 

˥͍͚ͦͦͤͦ͡ ͎ͣͦ͘ ς Ήͭͦ ͫ͊ͣ·͚ ͫͦ͗ͤ͡·͚ ͙ ͍·͎͙͍ͫͦͦͦͪ͊ͤͦ͊ͤͤ͘͟·͚ ͎ͦͪ͊ͤ ͍ ͔͔ͭ͡ ;͔͍͔ͦ͊͟͡Σ 

Ύ͍͡ΎΌ΅͙͚ͫΎ ͼ͔ͤͭͪͦͣ ͍͔͚ͫ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Φ ˩͎ͦ ͺ͙͙͎͙ͦͦ͘͡Ύ ͦͻ͍͊ͭ·͍͔͊ͭ ͨͪͦͼ͔ͫͫ· ͍͙ͦͫͨͪΎ͙ͭΎΣ 

͙͔͎ͤͭͪ͊ͼ͙͙Σ ͙͊ͤ͊͊͘͡ ͙ͤͺͦͪͣ͊ͼ͙͙ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍͔͔ͨͦ͒ͤ;͔͙ͫ͟ͻ ͔ͪ͊͟ͼ͙͚Φ ˻ͤ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ 

ͫͦͤ͊͘ ͙͔ͤΣ ͨ͊ͣΎͭΈΣ ͣ·΄͔͙͔ͤ͡Σ Ήͣͦͼ͙͙ ͙ ͦͤͭͪͦ͟͡Έ ͤ͊͒ ͍͔͙ͫͣ ͍͙ͭ͊͡Έͤ·͙ͣ ͺͯͤ͟ͼ͙Ύ͙ͣ ͎͙ͦͪ͊ͤͣ͊͘Φ 

ˤ ͍͔ͦͫͤͦ ͪ͊͋ͦͭ· ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ ͔͙͗ͭ͡ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͔͚͍ͤͪͦͤͦΣ ͦͭͦͪ͟·͔ ͔͙͍ͦ͋ͣͤ͊ΌͭͫΎ 

Ή͔͙ͭͪ͟͡;͔͙͙ͫͣ͟ ͙ ͻ͙͙ͣ;͔͙͙ͫͣ͟ ͙͎͙ͫͤ͊͊ͣ͡Φ ˽͔͔ͪ͒͊;͊ ͙ͤͺͦͪͣ͊ͼ͙͙ ͔ͣ͗͒ͯ ͔͚͙ͤͪͦͤ͊ͣ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͍ 

͙ͫͤ͊ͨͫ͊ͻΦ ˿ͦͪͦͫͭ͟Έ ͙ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͙ͫͤ͊ͨͭ;͔͚ͫͦ͟ ͔͔ͨͪ͒͊;͙ ͔͔ͦͨͪ͒͡ΎΌͭ ͫͦͪͦͫͭ͟Έ ͙ͦ͋ͪ͊͋ͦͭ͟ 

͙ͤͺͦͪͣ͊ͼ͙͙ ͙ ͫͨͦͫͦ͋ͤͦͫͭΈ ͎ͣͦ͊͘ ͟ ͦ͋ͯ;͔͙ͤΌΦ 

̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ ͎͍͚ͦͦͤͦ͡ ͎ͣͦ͘ ͔͙͒ͭͫ͡Ύ ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͟͡Ό;͔͍·ͻ ͫͭͪͯͭͯͪ͟Φ ˴͊͗͒͊Ύ ͙͘ ͙ͤͻ 

͍·ͨͦͤ͡Ύ͔ͭ ͎ͫͭͪͦͦ ͔͔͔ͦͨͪ͒ͤͤ͡·͔ ͺͯͤ͟ͼ͙͙Σ ͤͦ ͙ͨͪ Ήͭͦͣ ͍͔ͫ ͙ͦͤ ͔ͭͫͤͦ ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘ΌͭΦ ˤ·͔͒͡ΎΌͭ 

͍ͫͭͦ͡ ͎ͣͦ͊͘Σ ͔ͣͦ͗͘;ͦ͟Σ ͔ͨͪͦͣ͗ͯͭͦ;ͤ·͚ ͎ͣͦ͘ ͙ ͦͪͯ͟ ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪΦ 

˿͍ͭͦ͡ ͎ͣͦ͊͘ ό͎͍ͨͪͦ͒ͦͦ͊ͭ͡·͚ ͎ͣͦ͘Σ ͣͦͫͭ ͙ ͔͙͚ͫͪ͒ͤ ͎ͣͦ͘ύ Ύ͍͡Ύ͔ͭͫΎ ͔͍͔͚͒ͪͤ΄͔͚ ;͊ͫͭΈΌ ͎ͣͦ͊͘Φ ˻ͤ 

͔͎͙͔ͪͯͪͯͭ͡ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͔ ͺͯͤ͟ͼ͙͙Σ ͙͔ͭ͊͟ ͊͟͟ ͒·ͻ͙͔͊ͤΣ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͙ 

͎͙͔ͦͭ͊ͤ͡Φ ˤ ͔ͤͣ ͔ͪ͊ͫͨͦͦ͗ͤ͡· Ύ͒ͪ͊ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ;͔͔ͪͨͤ·ͻ ͔͍͍ͤͪͦΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ ͙͔͍ͤͤͪ͊ͼ͙Ό 

͎͍ͦͦ͡· ͙ ΄͔͙Φ 

˸͔ͦ͗͘;ͦ͟ ͔ͪ͊ͫͨͦͦ͗ͤ͡ ͍ ͔͚͊͒ͤ͘ ;͔͔͚ͪͨͤͦ Ύ͔ͣ͟ ͙ ͍͔ͦͭ;͔͊ͭ ͊͘ ͙ͦͦͪ͒ͤ͊͟ͼ͙Ό ͍͙͔͙͚͒͗ͤ ͙ 

͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͍͍͔͙ͪ͊ͤͦͫΎΦ ˻ͤ ͔ͤ ͙͙ͤͼ͙͙͔ͪͯͭ ͍͙͔͙͔͒͗ͤΣ ͤͦ ͨͦͫͭͦΎͤͤͦ ͔͙͔ͦͪͪͭͪͯͭ͟͟ ͍͙͎͔͒͊ͭ͡Έͤ·͔ 

ͦͣ͊ͤ͒͟·Σ ͨͦͫͭͯͨ͊Ό΅͙͔ ͙͘ ͦͪ͟·Φ ˻ͤ ͨͦͯ͡;͔͊ͭ ͔ͫͤͫͦͪͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙Ό ͦͭ ͣ·΄ͼ ͙ ͍͍ͫͯͫͭ͊ͦΦ 

˽͔ͪͦͣ͗ͯͭͦ;ͤ·͚ ͎ͣͦ͘ ͍͟͡Ό;͔͊ͭ ͭ͊͊ͣͯͫ͡ ͙ ͎͙ͨͦͭ͊͊ͣͯͫ͡Φ ́͊͊ͣͯͫ͡ ͙ͫͯ͗ͭ͡ ͎͍͚͊ͤͦ͡ 

͔ͪͭͪ͊ͤͫ͡Ύͼ͙͚ͦͤͤͦ ͫͭ͊ͤͼ͙͔͚Φ ˻ͤ ͺ͙͡Έ͔ͭͪͯͭ ͙ ͍ͤ͊ͨͪ͊͡Ύ͔ͭ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͍ͫΌ ͔ͫͤͫͦͪͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙Ό 

ό͔ͪͦͣ͟ ͦ͋ͦͤΎ͔ͭ͡Έ͚ͤͦύ ͍ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͦͤ͘· ͦͪ͟· ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪΦ 

˥͙ͨͦͭ͊͊ͣͯͫ͡ Ύ͍͡Ύ͔ͭͫΎ ͍·ͫ΄͙ͣ ͼ͔ͤͭͪͦͣ ͍͔͎͔͙͍͚ͭ͊ͭͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· ͙ Ή͙͚ͤ͒ͦͪͤͤͦ͟ 
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͔͎ͪͯ͡Ύͼ͙͙Φ ˻ͤ ͙͔ͦͤͭͪͦͪͯͭ͟͡ ͎͔ͦͣͦͫͭ͊͘Σ ͍͟͡Ό;͊Ύ ͔͔ͭͣͨͪ͊ͭͯͪͯ ͔ͭ͊͡Σ ;͍͍ͯͫͭͦ ͎ͦͦ͒͊͡ ͙ ͗͊͗͒·Σ ͊ ͔ͭ͊͗͟ 

ͼ͙ͪ͊͒ͤ͟·͔ ͙ͪͭͣ·Φ ˥͙ͨͦͭ͊͊ͣͯͫ͡ ͔ͭͫͤͦ ͍ͫΎ͊ͤ͘ ͫ ͎͙ͨͦͺ͙ͦͣ͘Σ ͍ͯͨͪ͊͡ΎΎ ͍͔͚ͫ ͎ͦͪͣͦͤ͊͡Έ͚ͤͦ ͦͫΈΌ 

͎͙ͦͪ͊ͤͣ͊͘Φ 

˶͙͙ͣ͋;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ς Ήͭͦ ͔ͦͣͨͫ͟͟͡ ͫͭͪͯͭͯͪ͟Σ ͍͟͡Ό;͊Ό΅͙͚ ͎͙ͨͨͦ͊ͣͨ͟ ͙ ͙͔͍͙͔ͣͤ͒͊͒ͤͦ͡ ͔ͭͦ͡Φ 

˻ͤ͊ ͍͔ͦͭ;͔͊ͭ ͊͘ Ήͣͦͼ͙͙Σ ͙͍ͣͦͭ͊ͼ͙Ό ͙ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͨ͊ͣΎ͙ͭΦ ˥͙ͨͨͦ͊ͣͨ͟ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͔͊͗ͤ ͒͡Ύ 

͙ͦͤͫͦ͒͊͟͡ͼ͙͙ ͪ͊ͭͦͫͪͦ͟͟;͚ͤͦ ͨ͊ͣΎ͙ͭ ͍ ͎͍͔͔͒ͦͦͪͣͤͤͯ͡ΌΦ 

˴ͦͪ͊ ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪ ς Ήͭͦ Ή͍ͦ͡Όͼ͙ͦͤͤͦ ͫ͊ͣ·͚ ͚ͣͦͦ͒ͦ͡ ͙ ͫͦ͗ͤ͡·͚ ͔ͦͭ͒͡ ͎ͣͦ͊͘Φ ˻ͤ͊ 

͍͔ͦͭ;͔͊ͭ ͊͘ ͍·ͫ΄ͯΌ ͔͍ͤͪͤͯΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΥ ͙͔ͫͦͤ͊ͤ͘Σ ͔ͪ;ΈΣ ͔͊͋ͫͭͪ͊ͭͤͦ͟ ͣ·΄͔͙͔ͤ͡ ͙ ͙͍ͨͪͦͦ͘͡Έͤ·͔ 

͍͙͔͙͒͗ͤΎΦ ˴ͦͪ͊ ͙͔͔ͣͭ ͙ͫͦͫͭͯ͡Ό ͫͭͪͯͭͯͪͯ͟ ͙ ͔͙͒ͭͫ͡Ύ ͤ͊ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͦͤ͘·Φ 

˶ͦ͋ͤ͊Ύ ͒ͦ͡Ύ ͍͔ͦͭ;͔͊ͭ ͊͘ ͙͙͔ͫͨͦͤͭ͡͡Έͤ·͔ ͺͯͤ͟ͼ͙͙Φ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡Σ ͙ͨͪͤΎ͙͔ͭ 

͔ͪ΄͔͙͚ͤΣ ͫ͊ͣͦͦͤͭͪͦ͟͡Έ ͙ ͪ͊͋ͦ;͊Ύ ͨ͊ͣΎͭΈΦ ˤ ͔͚ͤ ͔ͪ͊ͫͨͦͦ͗ͤ͊͡ ͣͦͭͦͪͤ͊Ύ ͦͪ͊͟Σ ͦͭͦͪ͊͟Ύ ͙͙ͤͼ͙͙͔ͪͯͭ 

͙͍ͨͪͦͦ͘͡Έͤ·͔ ͍͙͔͙͒͗ͤΎ ͔ͭ͊͡Φ 

͔͔́ͣͤͤ͊Ύ ͒ͦ͡Ύ ς Ήͭͦ ͼ͔ͤͭͪ ͙ͦ͋ͪ͊͋ͦͭ͟ ͔͚ͫͦͣ͊ͭͦͫͤͫͦͪͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ˻ͤ͊ ͍͙͙͔ͦͫͨͪͤͣ͊ͭ 

ͦͫΎ͙͔͊ͤ͘Σ ͋ͦ͡ΈΣ ͔͔ͭͣͨͪ͊ͭͯͪͯ ͙ ͔͙͔ͨͦͦ͗ͤ͡ ͔ͭ͊͡ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΦ ˻ͤ͊ ͔ͭ͊͗͟ ͯ;͍͔͊ͫͭͯͭ ͍ ͙͔͎ͤͭͪ͊ͼ͙͙ 

͔ͫͤͫͦͪͤ·ͻ ͒͊ͤͤ·ͻ ͙ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͙͔ͦͪͤͭ͊ͼ͙͙Φ 

ˤ͙ͫͦ;ͤ͊Ύ ͒ͦ͡Ύ ͍͔͍͔ͦͭͭͫͭͤͤ͊ ͊͘ ͫͯ͡ͻ͍͔ͦͦ ͍͙ͦͫͨͪΎ͙͔ͭ ͙ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ ͫͦ͗ͤ͡·ͻ ͫͯ͡ͻ͍ͦ·ͻ 

͍ͦ͋ͪ͊ͦ͘Φ ˭͔͒ͫΈ ͔ͭ͊͗͟ ͔ͪ͊ͫͨͦͦ͗ͤ͡· ͟͡Ό;͔͍·͔ ͼ͔ͤͭͪ·Σ ͯ;͍͊ͫͭͯΌ΅͙͔ ͍ ͔ͦ͋ͪ͊͋ͦͭ͟ Ύ͘·͊͟ ͙ 

ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͎͍͔͔͚͒ͦͦͪͣͤͤͦ͡ ͨ͊ͣΎ͙ͭΣ ͔ͭͫͤͦ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͎͙ͨͨͦ͊ͣͨͦͣ͟Φ 

˭͊ͭ·ͦ͡;ͤ͊Ύ ͒ͦ͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͔͍͙ͨͪ;ͤ·ͣ ͼ͔ͤͭͪͦͣ ͙͔ͪͭ͘͡Έ͚ͤͦ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙ͤͺͦͪͣ͊ͼ͙͙Φ ˻ͤ͊ 

͙͙͔ͨͪͤͣ͊ͭ ͙ ͙͙͔͊ͤ͊ͪͯͭ͘͡ ͙͎ͫͤ͊͡·Σ ͨͦͫͭͯͨ͊Ό΅͙͔ ͦͭ ͔ͫͭ;͙͊ͭ͟ ͎͊͊͘͡Φ ˾͙͊͘͡;ͤ·͔ ͙ͦ͋͊ͫͭ͡ ͊ͭ͘·ͦ͡;͚ͤͦ 

ͦͪ͟· ͔ͫͨͼ͙͙͙͊ͪͯ͘͡ΌͭͫΎ ͤ͊ ͍͙͙ͪ͊ͫͨͦͤ͊͊ͤ͘ ͺͦͪͣ·Σ ͍͙͔͙͒͗ͤΎ ͙ ͼ͍͔ͭ͊Φ 

˻͚͒ͤͦ ͙͘ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͻ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͎ͣͦ͊͘ Ύ͍͡Ύ͔ͭͫΎ ͙ͨ͊ͫͭ͡;ͤͦͫͭΈΦ ̏ͭͦ 

ͫͨͦͫͦ͋ͤͦͫͭΈ ͔͚ͤͪͦͤͤ·ͻ ͔͔͚ͫͭ ͙͔ͣͤ͘ΎͭΈͫΎ ͙ ͔͎͙͍ͪͦͪ͊ͤͦ͘·͍͊ͭΈͫΎ ͨͦ͒ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͦͨ·ͭ͊Φ 

˽͙͊ͫͭ͡;ͤͦͫͭΈ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͦ͋ͯ;͔͙ͤΎ ͙ ͨ͊ͣΎ͙ͭΦ 

˹͔͚ͪͦͤͤ͊Ύ ͙ͨ͊ͫͭ͡;ͤͦͫͭΈ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ;͔͔ͪ͘ ͔ͣͻ͙͊ͤͣ͘· ͎͍͔͔͚͒ͦͦͪͣͤͤͦ͡ ͔ͨͦͭͤͼ͙͊ͼ͙͙ ͙ 

͎͍͔͔͚͒ͦͦͪͣͤͤͦ͡ ͔͔͙͙͒ͨͪͫͫ ͍ ͙ͫͤ͊ͨͫ͊ͻΦ ͙̏ͭ ͨͪͦͼ͔ͫͫ· ͙͔ͣͤ͘ΎΌͭ ͙ͫͯ͡ ͙͙ͫͤ͊ͨͭ;͔͚ͫͦ͟ ͍ͫΎ͙͘Φ ˮ͔͔͙ͣͤͤ͘Ύ 

͍ ͙͙ͫͤ͊ͨͭ;͔͚ͫͦ͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ Ύ͍͡ΎΌͭͫΎ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͍͚ͦͫͤͦͦ ͒͡Ύ ͙͙͊ͨͫ͘ ͙ͤͺͦͪͣ͊ͼ͙͙. 

ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͨͦͯ͡΄͙͚͊ͪ ͔ͭ͊͗͟ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͔͊ͫͨͭͦͣ͟ ͺ͙͙͎͙͙ͦͦ͘͡ ͎ͣͦ͊͘Φ ˶͔͍͔ͦ 

ͨͦͯ͡΄͙͔͊ͪ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͫ;͙͔ͭ͊ͭͫΎ ͙͒ͦͣͤ͊ͤͭͤ·ͣ ͒͡Ύ ͔ͪ;͙Σ ͎͙͙ͦ͟͡ ͙ ͙͊ͤ͊͊͘͡Φ ˽͍͔ͪ͊ͦ ͨͦͯ͡΄͙͔͊ͪ 

͔͔ͨͪͦ͋͊͒͊ͭ͡ ͍ ͔ͦ͋ͪ͊͋ͦͭ͟ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Σ Ήͣͦͼ͙͚ ͙ ͍ͭͦͪ;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΦ 

˻͋͊ ͨͦͯ͡΄͙͊ͪΎ ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Όͭ ;͔͔ͪ͘ ͪͯͨͤ͟·͚ ͨͯ;ͦ͟ ͔͍ͤͪͤ·ͻ ͍ͦͦͦͤ͟͡ ς ͣ ͙͔ͦͦͫͭͦ͘͡ ͔ͭͦ͡Φ ˻ͤͦ 

͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͨͦͫͭͦΎͤͤ·͚ ͔ͦ͋ͣͤ ͙ͤͺͦͪͣ͊ͼ͙͔͚ ͔ͣ͗͒ͯ ͍͒ͯͣΎ ͍͙͙ͨͦͦͤ͊ͣ͡ ͎ͣͦ͊͘Φ ˽͍͔͔͙͔ͦͪ͗͒ͤ Ή͚ͭͦ 

͍ͫΎ͙͘ ͙͍͙ͨͪͦ͒ͭ ͟ ͺ͔͔ͤͦͣͤͯ ͪ͊ͫ΅͔͔͎ͨͤͤͦͦ͡ ͎ͣͦ͊͘Φ 

͙͙͎͙̅ͦͦ͘͡Ύ ͫͤ͊ ς Ήͭͦ ͔΅͔ ͙ͦ͒ͤ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ·͚ ͔͊ͫͨͭ͟ ͪ͊͋ͦͭ· ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘Φ ˿ͦͤ 

͔͎͙͔ͪͯͪͯͭͫ͡Ύ ͍ͫͭͦͦͣ͡ ͎ͣͦ͊͘ ͙ ͎͙ͨͦͭ͊͊ͣͯͫͦͣ͡Φ ˤ·͔͒͡ΎΌͭ ͺ͊͘· ͋·͎ͫͭͪͦͦ ͫͤ͊ όw9aύ ͙ ͔͔͎ͣ͒ͤͤͦͦ͡ ͫͤ͊ 

(NREM). 

˿ͦͤ ͔ͤͦ͋ͻ͙ͦ͒ͣ ͔ͤ ͭͦ͡Έͦ͟ ͒͡Ύ ͦͭ͒·ͻ͊Σ ͤͦ ͙ ͒͡Ύ ͙ͦͤͫͦ͒͊͟͡ͼ͙͙ ͨ͊ͣΎ͙ͭ ͙ ͦ;͙͙ͫͭ͟ ͎ͣͦ͊͘Φ ˤ ͺ͔͊͘ 

͎͎ͯ͋ͦͦͦ͟͡ ͔͔͎ͣ͒ͤͤͦͦ͡ ͫͤ͊ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͍͊ͨ͊ͫͦ͘Φ w9a-ͫͦͤΣ ͍͔ͪͦΎͭͤͦΣ 

ͯ;͍͔͊ͫͭͯͭ ͍ Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͔ͦ͋ͪ͊͋ͦͭ͟ ͙ ͍͙͔͙ͫͤͦ͒ͤΎͻΦ 

ˮ͔͎͙͍ͤͭͪ͊ͭͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͎ͣͦ͊͘ ͍ͨͦͦ͘͡Ύ͔ͭ ͦ͋Ά͔͙͒ͤΎͭΈ ͙ͤͺͦͪͣ͊ͼ͙Ό ͙͘ ͙ͪ͊͘͡;ͤ·ͻ ͔ͫͤͫͦͪͤ·ͻ 

͙͔ͫͫͭͣΦ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͔ͫͦ͒͊ͭ͘ ͼ͔͔ͦͫͭͤͦ͡ ͍͙ͦͫͨͪΎ͙͔ͭ ͦͪͯ͗͊͟Ό΅͔͎ͦ ͙ͣͪ͊Φ ˻ͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͺ͙͍ͦͪͣͪͦ͊ͭΈ 

ͫͦ͗ͤ͡·͔Σ ͼ͔͔͍͔ͤ͊ͨͪ͊ͤͤ͡͡·͔ ͍͔͔ͨͦ͒ͤ;͔͙͔ͫ͟ ͊ͭ͟· ͙ ͙͍͊͒͊ͨͭͤ·͔ ͔ͪ͊͟ͼ͙͙Φ 

 ˭ ͊͟͡Ό;͔͙͔ͤ 

˽͙͙͔ͦͤͣ͊ͤ ͺ͙͙͎͙͙ͦͦ͘͡ ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ͔͙ͣ͒ͼ͙ͤ·Φ ˭͙͔ͤ͊ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ 

͔͎ͦ ͪ͊͋ͦͭ· ͍ͨͦͦ͘͡Ύ͔ͭ ͪ͊ͪ͊͋͊ͭ͘·͍͊ͭΈ ͔ͣͭͦ͒· ͔͡;͔͙ͤΎ ͔͍͎͙ͤͪͦͦ͡;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˿Ό͒͊ ͍ͻͦ͒Ύͭ 
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͔͋ͦͤ͘͡Έ ˽͙͊ͪͤͫͦͤ͊͟Σ ͔͋ͦͤ͘͡Έ ˢ͡Έͼ͎͔͚͔ͣͪ͊Σ ͊ ͔ͭ͊͗͟ ͙ͨͫͻ͙;͔͙͔ͫ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ  

1. ˥͚͊ͭͦͤ ˢΦ ˴ΦΣ ̆ͦ͡͡ ˨͗Φ ̏Φ ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ ˶͎ͦͦͫͺ͔ͪ͊Σ нллрΦ 

2. ͙̊ͣ͒ͭ ˾Φ ̅ΦΣ ͔͍́ͫ ˥Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Υ ͍ о-ͻ ͭͦͣ͊ͻΦ ˸͙ͪΣ нллрΦ 

3. ˹ͦ͒ͪ͊͘;͔͍ ˢΦ ˨Φ ͙͙͎͙̅ͦͦ͘͡Ύ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Φ ˢ͔͙͊͒ͣ͟ΎΣ нллуΦ 

4. Kandel E. R., Schwartz J. H., Jessell T. M. Principles of Neural Science. McGraw-Hill Education, 2013. 

5. Shepherd G. M. Neurobiology. Oxford University Press, 1994. 

ϭ˥ ͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿ΦΣ нлнр 

 

 

 

 

̂˨ ˴616.5                 

˥͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿Φ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

̅ˮ˭ˮ˻˶˻˥ˮ̒ ̋ˮ́˻ˤˮ˨˹˻˯ ˬ˩˶˩˭̍ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

͙͍͙̋ͭͦ͒ͤ͊Ύ ͔͔͗͊͘͡ ς Ήͭͦ ͔͚ͪͯͨͤ͟΄͊Ύ Ή͙ͤ͒ͦͪͤͤ͊͟Ύ ͔͔͗͊͘͡Σ ͙͎ͪ͊Ό΅͊Ύ ͼ͔ͤͭͪ͊͡ΈͤͯΌ ͪͦ͡Έ ͍ 

͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͎͔ͦͣͦͫͭ͊͊͘ ͙ ͔͎ͪͯ͡Ύͼ͙͙ ͔͙ͣͭ͊͋ͦͣ͊͘͡ ͍ ͎͙͔ͦͪ͊ͤͣ͘Φ ˻͍ͫͤͦͤ͊Ύ ͔͔ ͺͯͤ͟ͼ͙Ύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ 

͙͔͔ͫͤͭ͘ ͙ ͔͔ͫͪ͟ͼ͙͙ ͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦ ¢о ς ͙͚͙͙ͭͪͦ͒ͭͪͦͤͤ ͙ ¢п ς ͙͙ͭͪͦͫͤ͟ύΦ ˨͡Ύ ͙͔ͫͤͭ͊͘ Ή͙ͭͻ 

͎͍ͦͪͣͦͤͦ ͙͙ͪͭ͟;͔͙ͫ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣ ͚ͦ͒Φ ͙͔͙́ͪͦ͒ͤ·͔ ͎ͦͪͣͦͤ· ͔͎͙ͪͯͪͯ͡Όͭ ͫͦͪͦͫͭ͟Έ ͍͎ͦͫͤͦͤͦͦ ͔ͦ͋ͣͤ͊Σ 

͍͙͡ΎΌͭ ͤ͊ ͔͔͙͔ͨͦͭͪ͋ͤ͡ ͙ͫͦͪͦ͒͊͟͡Σ ͔͎͔͔ͭͪͣͦͤ͘ ͙ ͙ͦͤͭͪͦͪͯ͟͡Όͭ ͍͙͙͔ͪ͊ͭ͘ ͙ ͙͒ͺͺ͔͔ͪͤͼ͙͍ͪͦͯ͟ ͔͚ͭ͊ͤ͟Σ 

͔ͦͫͦ͋ͤͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· ͍ ͔ͪ͊ͤͤͣ ͍͔ͦͪ͊ͫͭ͘Φ ˾͔͎ͯ͡Ύͼ͙Ύ ͚ͫ͊ͣͦ ͔͔͗͘͡· ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͨͦ ͙ͦͫ 

͎͙ͨͦͭ͊͊ͣͯͫ͡-͎͙ͨͦͺ͙͘-΅͙͍͙ͭͦ͒ͤ͊Ύ ͔͔͗͊͘͡ ;͔͔ͪ͘ ͙͔͙ͭͪͦͭͪͦͨͤ-͙͙͙͎ͪͤ͘͡-͎ͦͪͣͦͤ ό́˾˥ύ ͙ ͙͔ͭͪͦͭͪͦͨͤ·͚ 

͎ͦͪͣͦͤ ό́́˥ύΦ ˹͊ͪͯ΄͔͙ͤΎ Ή͚ͭͦ ͚ͫͦ͗ͤͦ͡ ͔͎ͪͯ͡Ύ͚ͭͦͪͤͦ ͙ͦͫ ͙͍ͨͪͦ͒Ύͭ ͟ ͙ͭ͊ͣ͟ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͣ 

͎͙ͨ͊ͭͦͦ͡ΎͣΣ ͊͟͟ ͎͙͙͔ͨͦͭͪͦ͘ ό͔ͤ͒ͦͫͭ͊ͭͦ͟ ͎͍ͦͪͣͦͤͦύ ͙ ͎͙͔͙͔ͨͪͭͪͦ͘ ό͙͋͘·ͭͦ͟ ͎͍ͦͪͣͦͤͦύΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

΅͙͍͙ͭͦ͒ͤ͊Ύ ͔͔͗͊͘͡Σ ͙͔͙ͭͪͦ͒ͤ·͔ ͎ͦͪͣͦͤ·Σ ͙͙ͭͪͦͫͤ͟Σ ͙͚͙͙ͭͪͦ͒ͭͪͦͤͤΣ  

͚ͦ͒Σ ́́˥Σ ͔͙ͣͭ͊͋ͦͣ͘͡Σ ͎͙͙͔ͨͦͭͪͦ͘Σ ͎͙͔͙͔ͨͪͭͪͦ͘Φ 

 

͙͍͙̋ͭͦ͒ͤ͊Ύ ͔͔͗͊͘͡ Ύ͍͡Ύ͔ͭͫΎ ͔͚ͪͯͨͤ͟΄͔͚ ͔͔͚͗ͦ͘͡ ͍͔͔͚ͤͯͭͪͤͤ ͔͔ͫͪ͟ͼ͙͙ ͍ ͎͙͔ͦͪ͊ͤͣ͘ ;͔͍͔ͦ͊͟͡Φ 

˻ͤ͊ ͔ͪ͊ͫͨͦͦ͗ͤ͊͡ ͍ ͙ͦ͋͊ͫͭ͡ ΄͔͙Σ ͔͔ͨͪ͒ ͭͪ͊ͻ͔͔͚Σ ͙ ͙͔͔ͣͭ ͺͦͪͣͯ ͋͊͋ͦ;͙͟Φ ˩͖ ͍ͦͫͤͦͤ͊Ύ ͪͦ͡Έ 

͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͙͔͔ͫͤͭ͘ ͙ ͔͔ͫͪ͟ͼ͙͙ ͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦ ς ͙͙ͭͪͦͫͤ͊͟ ό́пύ ͙ ͙͚͙͙ͭͪͦ͒ͭͪͦͤͤ͊ ό́оύΦ ͙̏ͭ 

͎ͦͪͣͦͤ· ͙͔ͣΌͭ ͔ͪ΄͊Ό΅͔͔ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͦ͋΅͔͎ͦ ͨͦͫͭͦΎ͍ͤͫͭ͊ ͍͔͔͚ͤͯͭͪͤͤ ͔ͫͪ͒· 

͎͙ͦͪ͊ͤͣ͊͘Φ 

͙͔͙́ͪͦ͒ͤ·͔ ͎ͦͪͣͦͤ· ͙͔͙ͫͤͭͪͯ͘ΌͭͫΎ ͍ ͺ͙ͦͯ͊͟͡͡͡ͻ ͔͔͗͘͡·Φ ͙̅ͦͯ͟͡͡͡· τ Ήͭͦ ͫͺ͔͙ͪ;͔͙͔ͫ͟ 

ͫͭͪͯͭͯͪ͟·Σ ͍·ͫͭ͊ͤͤ͡·͔ Ή͙͔͙ͨͭ͊͡͡Έͤ·͙ͣ ͔͙ͭ͊ͣ͟͟͡Φ ˤ͙ͤͯͭͪ ͺ͙͍ͦͯͦ͟͡͡͡ ͤ͊ͻ͙ͦ͒ͭͫΎ ͙ͦͦ͒͟͡͡Σ ͍͚ͦͫͤͦͤͦ 

͔ͦͣͨͦͤͤͭ͟ ͎ͦͭͦͪͦͦ͟ τ ͟ ͪͯͨͤ·͚ ͔͋ͦ͟͡ ͙͔͎͙ͭͪͦͦ͋ͯͤ͡͡Φ ͙͔͎͙́ͪͦͦ͋ͯͤ͡͡ ͙ͫͯ͗ͭ͡ ͙ͣ͊ͭͪͼ͔͚ ͒͡Ύ ͙͔ͫͤͭ͊͘ ͙ 

ͻ͔͙ͪ͊ͤͤΎ ͎͍ͦͪͣͦͤͦΦ 

˴͡Ό;͔͍·ͣ ͙ͣͪͦ͟Ή͔͔ͣͤͭͦͣ͡Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ ͒͡Ύ ͙͔ͫͤͭ͊͘ ͎͍ͦͪͣͦͤͦΣ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒Φ 

͙̅ͦͯ͟͡͡͡Ύͪͤ·͔ ͔͙ͭ͟͟͡ ͙͍͊ͭͤͦ͟ ͊͘ͻ͍͊ͭ·͍͊Όͭ ͚ͦ͒ ͙͘ ͍͙ͪͦ͟ ͫ ͨͦͣͦ΅ΈΌ ͔ͫͨͼ͙͊͡Έ͎ͤͦͦ ͙͚ͤ͊ͭͪ-͚͎ͦ͒ͤͦͦ 
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͙͔ͫͣͨͦͪͭͪ͊Φ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͤ͊͘·͍͔͊ͭͫΎ ͚ͦ͒ͤ·ͣ ͤ͊ͫͦͫͦͣ ͙ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͚ͦ͒͊ ͍͙ͤͯͭͪ 

͔͔͗͘͡·Σ ͍ ͪ͊͘· ͔͍ͨͪ·΄͊Ό΅ͯΌ ͔͎ͦ ͔͙͔ͫͦ͒ͪ͗͊ͤ ͍ ͔ͨ͊ͣ͘͡ ͍͙ͪͦ͟Φ 

˭͊ͻ͍͊;͔ͤͤ·͚ ͚ͦ͒ ͔͊ͭͣ͘ ͙ͦͫ͟͡Ύ͔ͭͫΎ ͙ ͙͔͙ͨͪͫͦ͒ͤΎ͔ͭͫΎ ͟ ͔ͣͦͯ͊ͣ͟͡͡ ͙͔͎͙ͭͪͦͦ͋ͯͤ͊͡͡Φ ̏ͭ͊ ͔ͪ͊͟ͼ͙Ύ 

ͤ͊͘·͍͔͊ͭͫΎ ͚͙͍͙͔ͦ͒ͪͦ͊ͤͣ ͙͙͍ͭͪͦͤͦ͘·ͻ ͍ͦͫͭ͊ͭͦ͟ ͙͔͎͙ͭͪͦͦ͋ͯͤ͊͡͡Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͦ͋ͪ͊ͯ͘ΌͭͫΎ 

͔ͨͪͦͣ͗ͯͭͦ;ͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎΥ ͚͙͙ͣͦͤͦͦ͒ͭͪͦͤ͘ ͙ ͙͚͙͙͒ͦ͒ͭͪͦͤ͘Φ 

˽͔ͦͫ͡ ͚͙͍͙ͦ͒ͪͦ͊ͤΎ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͔ͦͤ͒ͤͫ͊͟ͼ͙Ύ ͍͒ͯͻ ͚͙͍ͦ͒ͪͦ͊ͤͤ·ͻ ͙͙͍ͭͪͦͤͦ͘·ͻ ͍ͦͫͭ͊ͭͦ͟Φ ˽͙ͪ 

͔ͦͤ͒ͤͫ͊͟ͼ͙͙ ͙͚͙͙͒ͦ͒ͭͪͦͤ͊͘ ͙ ͚͙͙ͣͦͤͦͦ͒ͭͪͦͤ͊͘ ͔ͦ͋ͪ͊ͯͭͫ͘Ύ ͙͚͙͙ͭͪͦ͒ͭͪͦͤͤ ό́оύΦ ˽͙ͪ ͔ͦͤ͒ͤͫ͊͟ͼ͙͙ 

͍͒ͯͻ ͙͚͙͙͍͒ͦ͒ͭͪͦͤͦ͘ ͔ͦ͋ͪ͊ͯͭͫ͘Ύ ͙͙ͭͪͦͫͤ͟ ό́пύΦ 

˿͙͔͙͍ͤͭͪͦ͊ͤͤ͘·͔ ͙͔͙ͭͪͦ͒ͤ·͔ ͎ͦͪͣͦͤ· ͦͫͭ͊ΌͭͫΎ ͍ͫΎ͊ͤͤ͘·͙ͣ ͫ ͙͔͎͙ͭͪͦͦ͋ͯͤͦͣ͡͡ ͙ ͻͪ͊ͤΎͭͫΎ ͍ 

͙͔ͦͦ͒͟͡͡Φ ˽͙ͪ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͙ͻ ͍·͍͔͙ͫͦ͋ͦ͗͒ͤΎ ͺ͙ͦͯ͟͡͡͡Ύͪͤ·͔ ͔͙ͭ͟͟͡ ͊͘ͻ͍͊ͭ·͍͊Όͭ ͙ͦͦ͒͟͡͡ ͔ͨͯͭͣ 

Ήͤ͒ͦͼ͙ͭͦ͊͘Φ ͔͔̅ͪͣͤͭ· ͙ͦͫͦͣ͘͡ ͪ͊ͫ΅͔ͨ͡ΎΌͭ ͙͔͎͙ͭͪͦͦ͋ͯͤ͡͡Φ 

ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ Ή͎ͭͦͦ ͪ͊ͫ΅͔͔͙ͨͤ͡Ύ ͍ͫͦ͋ͦ͒ͤ·͔ ͎ͦͪͣͦͤ· ́п ͙ ́о ͍·͍ͫͦ͋ͦ͗͒͊ΌͭͫΎ ͍ ͍ͪͦ͟ΈΦ ˤ 

͍͔ͪͦͦͭͦ͟͟ ͍ͨͦ͒͊͡ΎΌ΅͔͔ ͋ͦ͡Έ΄͙͍ͤͫͭͦ ͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦ ͙ͭͪ͊ͤͫͨͦͪͭͪͯΌͭͫΎ ͍ ͍ͫΎ͊ͤͤͦͣ͘ ͍͙͔͒Φ 

˻͙ͤ ͙͔͔ͨͪͪͨͤ͟͡· ͟ ͔ͫͨͼ͙ͺ͙;͔͙ͫͣ͟ ͔͋͊ͣ͟͡Σ ͍ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒Έ ͟ ͙͙ͭͪͦͫͤ͟-͍ͫΎ͘·͍͊Ό΅͔ͣͯ ͎͙ͦ͋ͯͤͯ͡͡Φ 

͙͙́ͪͦͫͤ͟ ό́пύ ͍ͫͦͫͭ͊͡Ύ͔ͭ ͦͦͦ͟͡ ͔͍͒Ύͤͦͫͭ͊ ͨͪͦͼ͔͍ͤͭͦ ͦͭ ͦ͋΅͔͎ͦ ͙ͦ͟͡;͔͍ͫͭ͊ ͔͔͙͔ͫͪͭͪͯͣ͟·ͻ 

͎͍ͦͪͣͦͤͦΦ ˻͒ͤ͊ͦ͟ ͙͚͙͙ͭͪͦ͒ͭͪͦͤͤ ό́оύ ͔ͦ͋͊͒͊ͭ͡ ͎ͦͪ͊͒ͦ͘ ͋ͦ͡Έ΄͔͚ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͙͍͊ͭͤͦͫͭ͟ΈΌΦ ˤ 

͔͙ͨͪͺ͔͙ͪ;͔͙ͫ͟ͻ ͭ͊ͤ͟Ύͻ ͋ͦ͡Έ΄͊Ύ ;͊ͫͭΈ ́п ͔͔ͨͪͦ͋ͪ͊ͯͭͫ͘Ύ ͍ ͙͍͊ͭͤ͟·͚ ́оΦ 

˽͔͍͙͔ͪͦ͋ͪ͊ͦ͊ͤ͘ ́п ͍ ́о ͙ͨͪͦͫͻ͙ͦ͒ͭ ͫ ͨͦͣͦ΅ΈΌ ͺ͔͔͍ͪͣͤͭͦ ͔͚͙͒ͦ͒ͤ͊͘Φ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ͍ͨͦͦ͘͡Ύ͔ͭ 

͔͎͙͍ͪͯͪͦ͊ͭ͡Έ ͦ͊͟͡͡ΈͤͯΌ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͙͍͎͊ͭͤͦͦ͟ ͎ͦͪͣͦͤ͊ ͍ ͭ͊ͤ͟ΎͻΦ ́о Ύ͍͡Ύ͔ͭͫΎ ͎ͦͪͣͦͤͦͣΣ ͦͭͦͪ͟·͚ 

͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͍͙͔͚͍͔͊ͣͦ͒ͫͭͯͭ͘ ͫ Ύ͔͒ͪͤ·͙ͣ ͔ͪͼ͔͙ͨͭͦͪ͊ͣ ͔ͭͦ͟͟͡Φ 

˻͍ͫͤͦͤ͊Ύ ͺ͙͙͎͙ͦͦ͘͡;͔ͫ͊͟Ύ ͪͦ͡Έ ͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦ τ ͪ ͔͎ͯ͡Ύͼ͙Ύ ͍͎ͦͫͤͦͤͦͦ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭΦ 

˻͙ͤ ͍ͨͦ·΄͊Όͭ ͔͔͙͔ͨͦͭͪ͋ͤ͡ ͙ͫͦͪͦ͒͊͟͡ ͙ ͍·ͪ͊͋ͦͭͯ͟ ͔ͭͨ͊͡ ͋ͦ͡Έ΄͙͍ͤͫͭͦͣ ͔ͭͦ͟͟͡ ͎͙ͦͪ͊ͤͣ͊͘Φ ̏ͭͦͭ 

ͨͪͦͼ͔ͫͫ ͤ͊͘·͍͔͊ͭͫΎ ͔͎͔͔ͭͪͣͦͤͦͣ͘ ͙ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͔͊͗ͤ ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͔͔ͭͣͨͪ͊ͭͯͪ· ͔ͭ͊͡Φ 

͙͔͙́ͪͦ͒ͤ·͔ ͎ͦͪͣͦͤ· ͍͔͙ͯ͡;͙͍͊Όͭ ͫͦͪͦͫͭ͟Έ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͔ͪ͊͟ͼ͙͚Φ ˻͙ͤ 

͙͙ͫͭͣͯͪͯ͡Όͭ ͙͊ͭ͊͋ͦͣ͘͟͡ ͎͔͍͍ͯͦ͒ͦ͡ ͙ ͙͍͗ͪͦΣ ͙͙͍ͯͫ͊͡Ύ ͪ͊ͫͨ͊͒ ͎͙͎͔ͦͤ͊͟͡ ͙ ͙͙͍ͨ͒ͦ͡Φ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

͍͔͙ͯ͡;͔͙ͤΌ ͙͒ͦͫͭͯͨͤͦͫͭ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͍ͫͯ͋ͫͭͪ͊ͭͦ ͒͡Ύ ͔ͭͦ͟͡;ͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΦ 

˻͔ͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͎ͦͪͣͦͤ· ͙͔ͣΌͭ ͒͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͙͒ͺͺ͔͔ͪͤͼ͙͍͙ͪͦ͟ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· ͍ ͔͒ͭͫͦͣ͟ 

͙ ͍͙ͤͯͭͪͯͭͪͦ͋ͤͦͣ ͔͙ͨͪͦ͒͊ͻΦ ˨͔ͺ͙ͼ͙ͭ ͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦ ͍ Ήͭͦ ͍͔ͪͣΎ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͙ͤͦ͋ͪ͊ͭͣ·ͣ 

ͤ͊ͪͯ΄͔͙ͤΎͣ ͙ͨͫͻ͙;͔͎ͫͦͦ͟ ͙ ͺ͙͙͘;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘ΎΦ ̏ͭͦ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͍͊͗ͤͦͫͭΈ ͙͙͎ͫͪͤͤ͊͟ 

͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ ͤ͊ ͍͔ͪͦ͗͒ͤͤ·͚ ͔ͤ͒ͦͫͭ͊ͭͦ͟ ͎͍ͦͪͣͦͤͦΦ 

˾͔͎ͯ͡Ύͼ͙Ύ ͚ͫ͊ͣͦ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡· ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͨͦ ͙ͨͪͤͼ͙ͨͯ ͙ͦͭͪͼ͔͊ͭ͡Έ͚ͤͦ ͚ͦ͋ͪ͊ͭͤͦ 

͍ͫΎ͙͘ ;͔͔ͪ͘ ͎͙ͨͦͭ͊͊ͣͦ͡-͎͙ͨͦͺ͙͊ͪͤͦ͘-͙͔͙ͭͪͦ͒ͤͯΌ ͦͫΈΦ ˥͙ͨͦͭ͊͊ͣͯͫ͡ ͔͔͙͔ͫͪͭͪͯͭ͟ ͙͔͙ͭͪͦͭͪͦͨͤ-

͙͙͙͎ͪͤ͘͡-͎ͦͪͣͦͤΦ ̏ͭͦͭ ͎ͦͪͣͦͤ ͔͚͍͔͒ͫͭͯͭ ͤ͊ ͔͔ͨͪ͒ͤΌΌ ͒ͦ͡Ό ͎͙ͨͦͺ͙͊͘Φ 

˥͙ͨͦͺ͙͘ ͍ ͍͔ͦͭͭ ͤ͊ Ήͭͦͭ ͎ͦͪͣͦͤ ͍·͔͒͡Ύ͔ͭ ͙͔ͭͪͦͭͪͦͨͤ·͚ ͎ͦͪͣͦͤ ό́́˥ύΦ ́́˥ Ύ͍͡Ύ͔ͭͫΎ ͎͍͊ͤ͡·ͣ 

͙ͫͭͣͯ͡Ύͭͦͪͦͣ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·Φ ˻ͤ ͍ͫΎ͘·͍͔͊ͭͫΎ ͫ ͔ͪͼ͔͙ͨͭͦͪ͊ͣ ͤ͊ ͺ͙ͦͯ͟͡͡͡Ύͪͤ·ͻ ͔ͭ͊͟͟͡ͻΦ 

˿͍Ύ͘·͍͙͔͊ͤ ͙͔͎ͭͪͦͭͪͦͨͤͦͦ ͎ͦͪͣͦͤ͊ ͙͙͔ͫͭͣͯͪͯͭ͡ ͍͔ͫ Ήͭ͊ͨ· ͙͔ͫͤͭ͊͘ ͙ ͔͔ͫͪ͟ͼ͙͙ ͙͔͙ͭͪͦ͒ͤ·ͻ 

͎͍ͦͪͣͦͤͦΦ ˻ͤ ͙͙͍͔ͯͫ͊ͭ͡ ͊͘ͻ͍͊ͭ ͚ͦ͒͊Σ ͚͙͍͙͔ͦ͒ͪͦ͊ͤ ͙ ͪ͊ͫ΅͔͔͙͔ͨͤ͡ ͙͔͎͙ͭͪͦͦ͋ͯͤ͊͡͡Φ ˽ͦ͒ ͔͎ͦ ͍͙͡Ύ͙͔ͤͣ 

͔ͭ͊͗͟ ͍͔͙ͯ͡;͙͍͔͊ͭͫΎ ͔ͪ͊ͣͪ͘ ͙ ;͙ͫͦ͡ ͺ͙ͦͯ͟͡͡͡Ύͪͤ·ͻ ͔ͭͦ͟͟͡Φ 

͍͔̂ͪͦͤΈ ͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦ ͍ ͍͙ͪͦ͟Σ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͙͎͙͙͔ͤ͋ͪͯͭ ͔͔ͫͪ͟ͼ͙Ό ͙͔͎ͭͪͦͭͪͦͨͤͦͦ 

͎ͦͪͣͦͤ͊ ͎͙ͨͦͺ͙ͦͣ͘Φ ˻ͤ ͔ͭ͊͗͟ ͙ͭͦͪͣͦͭ͘ ͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤ ͙͙͙͎ͪͤ͘͡-͎ͦͪͣͦͤ͊ ͎͙ͨͦͭ͊͊ͣͯͫͦͣ͡Φ ̏ͭͦ 

͎͙͔͊ͪ͊ͤͭͪͯͭ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͎͍ͦͪͣͦͤͦ ͍ ͙ͯ͘͟ͻ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͔͔ͨͪ͒͊͡ͻΦ 

˹͊ͪͯ΄͔͙͔ͤ Ή͚ͭͦ ͚ͫͦ͗ͤͦ͡ ͔͎ͪͯ͡Ύ͚ͭͦͪͤͦ ͙͔ͫͫͭͣ· ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͎͙͚ͨ͊ͭͦͦ͡ ΅͙͍͙͚ͭͦ͒ͤͦ 

͔͔͗͘͡·Φ ˥͙͙͔ͨͦͭͪͦ͘ ς Ήͭͦ ͫͦͫͭͦΎ͙͔ͤ ͔ͤ͒ͦͫͭ͊ͭͦ;͚ͤͦ ͨͪͦ͒ͯ͟ͼ͙͙ ͎͍ͦͪͣͦͤͦΦ ˻ͤͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͔͙͊ͣ͒ͤ͘͡Ό 

͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭΣ ͍Ύ͙ͦͫͭ͡Σ ͤ͊͋ͦͪͯ ͍͔ͫ͊ ͙ ͙͔͙ͫͤ͗ͤΌ ;͊ͫͭͦͭ· ͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤ. 

˥͙͔͙͔ͨͪͭͪͦ͘ ό͙͔͙ͭͪͦͭͦͫͦ͘͟͟ύ ς ΉͭͦΣ ͙͍ͤ͊ͨͪͦͭΣ ͙͋͘·ͭͦ;ͤ͊Ύ ͨͪͦ͒ͯ͟ͼ͙Ύ ͎͍ͦͪͣͦͤͦΦ ˻ͤ ͍·͘·͍͔͊ͭ 
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͔͙͔ͯͫͦͪͤ͟ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭΣ ͙͔͙͔ͫͤ͗ͤ ͣ͊ͫͫ· ͔ͭ͊͡Σ ͯ;͊΅͔͔ͤͤͦ ͔ͫͪ͒ͼ͔͙͔͙͔͋ͤ ͙ ͍ͨͦ·΄͔ͤͤͯΌ 

͔͍ͤͪͦͤͦͫͭ͘ΈΦ ˻͋͊ ͫͦͫͭͦΎ͙ͤΎ Ύ͍͡ΎΌͭͫΎ ͔ͫͪΈ͔ͤ͘·͙ͣ Ή͙ͤ͒ͦͪͤͤ͟·͙ͣ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣΦ 

˽͙ͦͣͣͦ ͍ͦͫͤͦͤ·ͻ ͎͍ͦͪͣͦͤͦΣ ͍ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͔͗͘͡ ͔ͫͭΈ ͨ͊ͪ͊ͺ͙ͦͯ͟͡͡͡Ύͪͤ·͔ ˿-͔͙ͭ͟͟͡Φ ˻͙ͤ 

͍·ͪ͊͋͊ͭ·͍͊Όͭ ͎ͦͪͣͦͤ ͊͟͡Έͼ͙͙ͭͦͤͤΦ ˴͊͡Έͼ͙͙ͭͦͤͤ ͯ;͍͔͊ͫͭͯͭ ͍ ͔͎ͪͯ͡Ύͼ͙͙ ͔ͦ͋ͣͤ͊ ͊͟͡Έͼ͙Ύ ͍ ͎͙͔ͦͪ͊ͤͣ͘Φ 

˴͊͡Έͼ͙͙ͭͦͤͤ ͙͔ͫͤ͗͊ͭ ͍͔ͯͪͦͤΈ ͊͟͡Έͼ͙Ύ ͍ ͍͙ͪͦ͟Σ ͙͎͙͙ͤ͋ͪͯΎ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͔ͭͦ͟͟͡Σ ͪ͊ͪͯ͘΄͊Ό΅͙ͻ 

ͦͫͭͤͯ͟Ό ͭ͊ͤ͟ΈΦ ˻͒ͤ͊ͦ͟ ͔͎ͦ ͪͦ͡Έ ͍ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͤͦͪͣ͊͡Έ͎ͤͦͦ ͔ͦ͋ͣͤ͊ ͊͟͡Έͼ͙Ύ ͯ ͍͎ͪͦͫͦͦ͘͡ ;͔͍͔ͦ͊͟͡ ͔ͤ 

ͫͭͦ͡Έ ͍͔͙͊͟͡Φ ˥͍͊ͤ͡·ͣ ͔͎ͪͯ͡Ύͭͦͪͦͣ ͔ͦ͋ͣͤ͊ ͊͟͡Έͼ͙Ύ Ύ͍͡Ύ͔ͭͫΎ ͎ͨ͊ͪ͊ͭͦͪͣͦͤΦ 

 ˭ ͊͟͡Ό;͔͙͔ͤ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ΅͙͍͙ͭͦ͒ͤ͊Ύ ͔͔͗͊͘͡ Ύ͍͡Ύ͔ͭͫΎ ͍͔͚͊͗ͤ΄͙ͣ ͎ͦͪ͊ͤͦͣΣ ͔͎͙ͪͯͪͯ͡Ό΅͙ͣ 

Ή͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͙ ͔͍͚ͭͨͦͦ͡ ͋͊͊ͤͫ͡Φ ˩͖ ͎ͦͪͣͦͤ· ͍͙͡ΎΌͭ ͤ͊ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͊͗͒ͯ͟Ό ͔ͭͯ͟͟͡ ͔ͭ͊͡Φ 

͙͙͎͙̅ͦͦ͘͡Ύ Ή͚ͭͦ ͔͔͗͘͡· Ύ͍͡Ύ͔ͭͫΎ ͔͎ͪ͊ͯͦ͟͡Έͤ·ͣ ͔͊ͣͤͣ͟ Ή͙͎͙͙ͤ͒ͦͪͤͦͦ͟͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ  

1. ́͊͟;͔ͤͦ͟ ˣΦˮΦ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Υ ̂;͔͙͋ͤ͟Φ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нллфΦ 

2. ˽͍͙͚ͦͪͦͫ͟͟ ˤΦ˸ΦΣ ˴ͦͪͦͭΈͦ͟ ˥Φ̅Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Υ ̂;͔͙͋ͤ͟Φ ˸͔͙͒ͼ͙ͤ͊Σ нллтΦ 

3. ˴͙ͦͫͼ͙͚͟ ˥ΦˮΦ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Φ ˸͔͙͒ͼ͙ͤ͊Σ мфурΦ 

4. ˿͍ͯ͒͊ͦ͟ ˴ΦˤΦ ˹ͦͪͣ͊͡Έͤ͊Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ ˴ͯͪͫ ͺ͙͙͎͙͙ͦͦ͘͡ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͙͔ͫͫͭͣΦ ˸͔͙͒ͼ͙͔ͤͫͦ͟ 

͙ͤͺͦͪͣ͊ͼ͙͔ͦͤͤͦ ͎͔͍͊ͤͭͫͭͦΣ нллсΦ 

5. ˩ͪͦͺ͔͔͍ ˹Φ˽ΦΣ ˽͙͚͊ͪͫ͊͟Ύ ˩Φ˹Φ ͙͙͎͙̅ͦͦ͘͡Ύ Ή͙͚ͤ͒ͦͪͤͤͦ͟ ͙͔ͫͫͭͣ·Φ ˿͔ͨͼ˶͙ͭΣ нллфΦ 

ϭ˥ ͎ͯͪ͋͊ͤͯ͡·͔͍ ˣΦ˿ΦΣ нлнр 

 

 

 

 

˫͒͊͡΄͍ͦ͊ ˸Φ́Φ   

˽͔͍͔ͪͨͦ͒͊͊ͭ͡ΈΦ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˸˩˨ˮ̇ˮ˹˿˴ˢ̒ ̆ˮ˸ˮ̒Υ ˹ˢ ˿́̍˴˩ ˹ˢ̂˴ˮ ˮ ˭˨˻˾˻ˤ̎̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͻ͙͙ͣΎ τ Ήͭͦ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͊͡Ύ ͤ͊ͯ;ͤ͊Ύ ͦ͋͊ͫͭ͡ΈΣ ͔͗͊͡΅͊Ύ ͤ͊ ͔͔͔ͨͪͫ;͔͙͙ͤ 

ͻ͙͙͙ͣΣ ͙͎͙͙͋ͦͦ͡ ͙ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ ˻ͤ͊ ͔ͫͦͫͪ͒ͦͭͦ;͔ͤ͊ ͤ͊ ͦͭͪ͟·͙͙ͭΣ ͔ͪ͊ͪ͊͋ͦͭ͘͟Σ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͙ 

͙͍͍͔ͨͪͦͦ͒ͫͭ͘ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͍ ͊͟;͔͍͔ͫͭ 

͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭ ͒͡Ύ ͨͪͦͺ͙͙͙͊ͭ͟͟͡Σ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΎ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˤ ͫͭ͊ͭΈ͔ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͟͡Ό;͔͍·͔ ͔͊ͫͨͭ͟· ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͻ͙͙͙ͣΣ ͍͟͡Ό;͊Ύ ͍ͦͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ·Σ ͔ͣͭͦ͒· 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͔͔ ͔ͪ΄͊Ό΅ͯΌ ͪͦ͡Έ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͍͒ͪ͊ͦͦ͘ͻ͔͙͙ͪ͊ͤͤΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ 

ͨͪͦͼ͔ͫͫͯ ͙͚͒͊ͤ͊͘ ͔͍͊ͪͫͭ͟͡ ό͎͒ͪ͊-͙͚͒͊ͤ͊͘ύΣ ͔ͣͻ͙͊ͤͣ͊ͣ͘ ͔͚͍͙͒ͫͭΎ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͤ͊ ͔ͣͦͯ͟͡͡Ύͪͤͦͣ 

͍͔ͯͪͦͤ ͙ ͍͙͡Ύ͙ͤΌ ͍͙͙͙͊ͫͣͦͫͭ͘ ζͫͭͪͯͭͯͪ͊͟-͙͍͊ͭͤͦͫͭ͟Έη όv{!wύ ͤ͊ ͪ͊ͪ͊͋ͦͭͯ͘͟ ͍ͤͦ·ͻ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ 

͎͔͍͊ͤͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͻ͙͙ͣΎΣ ͔͍͔͊ͪͫͭͤͤ͟͡·͔ ͔͍ͫͪ͒ͫͭ͊Σ ͙͚͒͊ͤ͘ ͔͍͊ͪͫͭ͟͡Σ ͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΣ ǉǎŀǊΣ ͙͙͍͋ͦ͊ͭͤ͟·͔ 

͔͙͔͙ͫͦ͒ͤͤΎΣ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͔͍͊ͪͫͭ͟͡Σ ͎͙ͦͪ͊ͤ;͔͙͚ͫ͟ ͙͔ͫͤͭ͘Σ ͔͙ͣͭ͊͋ͦͣ͘͡Σ ͙͎͙ͭͦͫͦͦ͟͟͡Ύ. 
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ˤ͍͔͔͙͔͒ͤ 

˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͻ͙͙ͣΎ ό͎͊ͤ͡Φ Medicinal ChemistryύΣ ͨͦ ͍͔͚ͫͦ ͙ͫͯͭΣ Ύ͍͡Ύ͔ͭͫΎ ͔͎ͪ͊ͯͦ͟͡Έͤ·ͣ ͔͊ͣͤͣ͟ 

͍͔͔͚ͫͦͪͣͤͤͦ ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͔͚ͫͦ͟ ͙͙͙ͤ͒ͯͫͭͪ ͙ ͔͙ͣ͒ͼ͙ͤ·Φ ̏ͭͦ ͔ͤ ͨͪͦͫͭͦ ͔ͪ͊͒͘͡ ͻ͙͙͙ͣΣ ͊ ͫͦ͗ͤ͊͡Ύ 

͙͔͎͙͍ͤͭͪ͊ͭͤ͊Ύ ͙͒ͫͼ͙͙ͨͤ͊͡Σ ͦͭͦͪ͊͟Ύ ;͔͔ͪͨ͊ͭ ͙ͤ͊ͤ͘Ύ ͙͘ ͎͙ͦͪ͊ͤ;͔͚ͫͦ͟Σ ͔͎͙ͤͦͪ͊ͤ;͔͚ͫͦ͟Σ ͺ͙͙͘;͔͚ͫͦ͟ ͙ 

͍·;͙͙͔ͫͭ͡͡Έ͚ͤͦ ͻ͙͙͙ͣΣ ͦ͋Ά͔͙͒ͤΎΎ ͙ͻ ͫ ͎͙ͯ͋ͦͣ͟͡ ͙͙͔ͨͦͤͣ͊ͤͣ ͙͋ͦͻ͙͙͙ͣΣ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͎͙͙͋ͦͦ͡Σ 

ͺ͎͙͙͊ͪͣ͊ͦͤͦ͘͟Σ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ ͙ ͙͎͙͙ͭͦͫͦͦ͟͟͡Φ 

˩͔ ͍ͦͫͤͦͤ͊Ύ ͼ͔͡Έ τ ͦͭͪ͟·͙͔ͭ ͙ ͙͔ͫͦ͒͊ͤ͘ ͍ͤͦ·ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͔͙͔͙͚ͫͦ͒ͤͤΣ ͫͨͦͫͦ͋ͤ·ͻ 

͙͍ͣͦ͒ͯͪͦ͊ͭ͡Έ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͍ ͎͙͔ͦͪ͊ͤͣ͘ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͔͔͍͙ͭͪ͊ͨͭ;͔͎ͫͦͦ͟ Ήͺͺ͔ͭ͊͟Φ 

ˮ͙ͫͭͦͪ;͔͙ͫ͟ ;͔͍͔ͦ͡;͔͍ͫͭͦ ͎ͨͦ͊͊ͦͫ͡͡Έ ͤ͊ ͙ͨͪͪͦ͒ͤ·͔ ͍͔΅͔͍ͫͭ͊ ό͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦΣ ͙͍͎͗ͦͭͤͦͦ ͙ 

͙͔ͣͤͪ ͊͡Έ͎ͤͦͦ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎύ ͒͡Ύ ͔͡;͔͙ͤΎ ͔͔͚͋ͦͤ͘͡Φ ˻͒ͤ͊ͦ͟ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ͎͙ͦͪ͊ͤ;͔͚ͫͦ͟ ͻ͙͙͙ͣ ͙ 

͙͙͔ͨͦͤͣ͊ͤͣ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ ͍ͦͫͤͦ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͺͦͯͫ͟ ͔͙ͫͣͫͭͫ͡Ύ ͤ͊ ͪ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͙͚͒͊ͤ͘ ͙ ͙͔ͫͤͭ͘ 

͍ͤͦ·ͻ ͔ͣͦͯ͟͡͡Φ 

˭͊͒͊;͙ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͻ͙͙͙ͣ 

˿͔ͨͼ͙͙͊ͫͭ͡· ͍ ͙ͦ͋͊ͫͭ͡ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͻ͙͙͙ͣ ͔ͪ΄͊Όͭ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͊͒͊͘;Σ ͍ ͭͦͣ ;͙͔ͫ͡Υ 

1. ˻ͭͪ͟·͙͔ͭ ͍ͤͦ·ͻ ͍͔͒ͯ΅͙ͻ ͔͙͔͙͚ͫͦ͒ͤͤΥ ˮ͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͔ͣͦͯ͟͡͡ ͫ ͔ͨͦͭͤͼ͙͊͡Έ͚ͤͦ 

͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͙͍͊ͭͤͦͫͭ͟ΈΌ ό͙͙͎ͫͪͤͤ͟ ͙ͨͪͪͦ͒ͤ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟Σ ͙ͦͣ͋ͤ͊ͭͦͪͤ͊͟Ύ ͻ͙͙ͣΎΣ 

͍·͙͍͙͔ͫͦͦͨͪͦͦ͒ͭ͘͟͡Έͤ·͚ ͙͙͎ͫͪͤͤ͟ύΦ 

2. ˻͙͙ͨͭͣ͊͘ͼ͙Ύ ͍͔͒ͯ΅͙ͻ ͔͙͔͙͚ͫͦ͒ͤͤ όv{!wύΥ ̂ͯ͡;΄͔͙͔ͤ ͍͚͍ͫͦͫͭ ͔ͦ͋ͤ͊ͪͯ͗ͤͤ·ͻ ͔ͣͦͯ͟͡͡Φ ̏ͭͦ 

͍͟͡Ό;͔͊ͭ ͙ͣͦ͒ͺ͙͊͟ͼ͙Ό ͻ͙͙ͣ;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟· ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ ͙͍͙͊ͭͤͦͫͭ͟ ό ǇƻǘŜƴŎȅύΣ ͔͔͙͍͙ͫͭͤͦͫͭ͟͡Σ 

͙͙͋ͦ͒ͦͫͭͯͨͤͦͫͭ ͙ ͙͔͙ͫͤ͗ͤΎ ͙ͭͦͫ͟;͙ͤͦͫͭΦ ̏ͭͦͭ ͨͪͦͼ͔ͫͫ ;͊ͫͭͦ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ ͙ͯ͘;͔͙͔ͤ ͍͙͙͙͊ͫͣͦͫͭ͘ 

ζͫͭͪͯͭͯͪ͊͟-͙͍͊ͭͤͦͫͭ͟Έη όvǳŀƴǘƛǘŀǘƛǾŜ {ǘǊǳŎǘǳǊŜ-!ŎǘƛǾƛǘȅ wŜƭŀǘƛƻƴǎƘƛǇΣ v{!wύΣ ͎͔͒ ͔͙ͣ͊ͭͣ͊ͭ;͔͙ͫ͟ 

͔͙͔ͣͦ͒ͪͯͭͫ͡Ύ ͍ͫΎ͘Έ ͔ͣ͗͒ͯ ͻ͙͙ͣ;͔͚ͫͦ͟ ͚ͫͭͪͯͭͯͪͦ͟ ͙ ͙͎͙͋ͦͦ͡;͔͙ͫͣ͟ Ήͺͺ͔ͭͦͣ͟Φ 

3. ˮͯ͘;͔͙͔ͤ ͔ͣͻ͙͊ͤͣ͊͘ ͔͚͍͙͒ͫͭΎΥ ˻͔͔͔͙͔ͨͪ͒ͤ͡ ͎ͭͦͦΣ ͊͟͟ ͔͍͔͔͊ͪͫͭͤͤͦ͟͡ ͔͍ͫͪ͒ͫͭͦ 

͍͙͔͚͍͔͊ͣͦ͒ͫͭͯͭ͘ ͫ ͔ͣͦͯ͟͡͡Ύͪͤ·͙ͣ ͙ͣ΄͔ͤΎ͙ͣ ͍ ͎͙͔ͦͪ͊ͤͣ͘ ό͙͔ͤ͊ͨͪͣͪΣ ͔ͪͼ͔͙ͨͭͦͪ͊ͣΣ ͺ͔͔͙ͪͣͤͭ͊ͣΣ 

͙ͦͤͤ·͙ͣ ͙͊ͤ͊͊ͣ͟͡ύΦ 

4. ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ !5a9¢-͍͚͍ͫͦͫͭΥ ˮͯ͘;͔͙͔ͤ !͋ͫͦͪ͋ͼ͙͙ ό͍ͫ͊ͫ·͍͙͊ͤΎύΣ 5͙͙ͫͭͪ͋ͯͼ͙͙ 

ό͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡ΎύΣ a͔͙ͭ͊͋ͦͣ͊͘͡ ό͔͍ͨͪͪ͊΅͔͙ͤΎύ ͙ 9͔ͫͪ͟͟ͼ͙͙ ό͍·͍͔͔͙͒ͤΎύ ͔ͨͦͭͤͼ͙͊͡Έ͎ͤͦͦ ͔ͨͪͨ͊ͪ͊ͭ͊Σ ͊ 

͔ͭ͊͗͟ ͔͎ͦ ͙́ͦͫ͟;͙ͤͦͫͭΦ ͙̏ͭ ͺ͙͔͙͊ͪͣ͊ͦͤͭ͟͟;͔͙͔ͫ͟ ͙ ͙͎͙ͭͦͫͦͦ͟͟͡;͔͙͔ͫ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙͙ͪͭ͟;͔͙ͫ͟ 

͍͊͗ͤ· ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͎ͭͦͦΣ ͔ͫͭ͊ͤͭ ͙͡ ͔͙͔͙͔ͫͦ͒ͤͤ ͔͋ͦͨ͊ͫͤ͘·ͣ ͙ Ήͺͺ͔͙͍ͭͤ͟·ͣ ͔͍͊ͪͫͭͦͣ͟͡Φ 

˾ͦ͡Έ ͙͚͒͊ͤ͊͘ ͔͍͊ͪͫͭ͟͡ ό˨͎ͪ͊-͙͚͒͊ͤ͊͘ύ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͻ͙͙ͣΎ ͍ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͔͔͙ͫͭͨͤ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ ͎͒ͪ͊-͙͚͒͊ͤ͘ ό͙͙͡ 

͙͚͒͊ͤ͘ ͔͍͊ͪͫͭ͟͡ύ τ ͍͔ͤ͊ͨͪ͊ͤͤ͡·͚Σ ͊ ͔ͤ ͫͯ͡;͚͊ͤ·͚ ͨͦ͒ͻͦ͒ ͟ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͍ͤͦ·ͻ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ 

͎͔͍͊ͤͭͦΦ ˻ͤ ͔ͣͦ͗ͭ ͋·ͭΈΥ 

¶ ˹͊ ͍͔ͦͫͤͦ ͫͭͪͯͭͯͪ͟· ͙ͣ΄͔͙ͤ ό{ǘǊǳŎǘǳǊŜ-.ŀǎŜŘ 5ǊǳƎ 5ŜǎƛƎƴΣ {.55ύΥ ˮͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͊ͤͤ·͔ ͦ 

͔ͭͪͻ͔͚ͣͪͤͦ ͔ͫͭͪͯͭͯͪ͟ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙ͣ΄͔͙ͤ ό͙͔ͤ͊ͨͪͣͪΣ ͔͋͊͟͡ύ ͒͡Ύ ͦͣͨ͟ΈΌ͔͎ͭͪͤͦͦ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ 

͙ ͔͙͍͙ͨͪͦͭͪͦ͊ͤ͟Ύ ͔ͣͦͯ͟͡͡Σ ͦͭͦͪ͟·͔ ͋ͯ͒ͯͭ ͔͔ͦͣͨͣͤͭ͊ͪͤͦ͟͡ ͍ͫΎ͘·͍͊ͭΈͫΎ ͫ ͙͍͊ͭͤ͟·ͣ ͼ͔ͤͭͪͦͣΦ 

¶ ˹͊ ͍͔ͦͫͤͦ ͙͎͊ͤ͒͊͡ ό[ƛƎŀƴŘ-.ŀǎŜŘ 5ǊǳƎ 5ŜǎƛƎƴΣ [.55ύΥ ˽͙͔ͪͣͤΎ͔ͭͫΎΣ ͎ͦ͒͊͟ ͔ͭͪͻ͔ͣͪͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ 

͙ͣ΄͔͙ͤ ͔͙͍͔ͤͫͭͤ͊͘Σ ͤͦ ͔ͫͭΈ ͒͊ͤͤ·͔ ͦ ͔ͤͫͦ͟͡Έ͙͟ͻ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͔ͣͦͯ͊͟͡͡ͻ ό͙͎͊ͤ͒͊͡ͻύΦ 

˿ͦ͒͊͘ΌͭͫΎ ͺ͊ͪͣ͊ͦ͟ͺͦͪͤ·͔ ͔͙ͣͦ͒͡Σ ͙ͦͨͫ·͍͊Ό΅͙͔ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͔ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ·͔ ͙ Ή͔ͭͪͦͤͤ͟͡·͔ 

͍͚͍ͫͦͫͭ͊ ͒͡Ύ ͙͍͙͊ͭͤͦͫͭ͟Φ 

͙̏ͭ ͔ͣͭͦ͒·Σ ͍ ͫͦ;͔͙͙ͭ͊ͤ ͫ ͍·;͙͙͔ͫͭ͡͡Έ͚ͤͦ ͻ͙͙͔͚ͣΣ ͍ͨͦͦ͘͡ΎΌͭ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙ͫͦͪ͊ͭͭ͟Έ ͍͔ͪͣΎ ͙ 

͙ͫͭͦͣͦͫͭΈ ͨͪͦͼ͔ͫͫ͊ ͙ͪ͊ͪ͊͋ͦͭ͘͟Σ ͦͭͦͪ͟·͚ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͙͔͊ͤͣ͊ͭ͘ ͔͒ͫΎͭΈ ͙ ͔͔͋ͦ͡ ͔ͭ͡ ͙ ͍͟͡Ό;͔͊ͭ ͭ·ͫΎ;͙ 

Ή͔͙͔͍ͫͨͪͣͤͭͦ͟Φ 

ˤ͙͍͊ͣͦͫ͘Ύ͘Έ ͫ ͺ͎͙͔͚͊ͪͣ͊ͦͦ͟͡ ͙ ͺ͊ͪͣ͊ͼ͔͍͙ͭ;͔͚ͫͦ͟ ͻ͙͙͔͚ͣ 

ˤ͊͗ͤͦ ͙ͪ͊͘͡;͊ͭΈ ͔͙ͣ͒ͼ͙ͤͫͯ͟Ό ͻ͙͙ͣΌ ͦͭ ͔ͫͣ͗ͤ·ͻ ͙͒ͫͼ͙͙ͨͤ͡Φ ̅͊ͪͣ͊ͼ͔͍͙ͭ;͔ͫ͊͟Ύ ͻ͙͙ͣΎ ͍ ͔͔͋ͦ͡ 
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΄͙ͪͦͦͣ͟ ͫͣ·͔ͫ͡ ͦͻ͍͊ͭ·͍͔͊ͭ ͨͦͯ͡;͔͙͔ͤΣ ͙͊ͤ͊͘͡Σ ͙ͫͭ͊ͤ͒͊ͪͭ͊͘ͼ͙Ό ͙ ͦͤͭͪͦ͟͡Έ ͊͟;͔͍ͫͭ͊ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ 

ͫͯ͋ͫͭ͊ͤͼ͙͚Φ ͎͙̅͊ͪͣ͊ͦͦ͟͡Ύ ͔͗ ͙ͯ͘;͔͊ͭ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔͍͔͎͊ͪͫͭͤͤͦͦ͟͡ ͔͍ͫͪ͒ͫͭ͊ ͫ ͎͙ͦͪ͊ͤͣͦͣ͘Σ ͔͎ͦ 

Ήͺͺ͔ͭ͟·Σ ͔ͣͻ͙͊ͤͣ͘ ͔͚͍͙͒ͫͭΎ ͙ ͙ͭͦͫ͟;ͤͦͫͭΈΦ 

˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͻ͙͙ͣΎ ͍·͔ͫͭͯͨ͊ͭ ͍ ͙ͪͦ͡ Ϧͣͦͫͭ͊ϦΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͻ͙͙ͣ;͔ͫͯ͟Ό ͍ͦͫͤͦͯ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ 

͍ͤͦ·ͻ ͔ͣͦͯ͟͡͡Σ ͦͭͦͪ͟·͔ ͔͊ͭͣ͘ ͨͦ͒ͪͦ͋ͤͦ ͙͔ͫͫ͒ͯ͡ΌͭͫΎ ͺ͎͙͊ͪͣ͊ͦͦ͊ͣ͟͡Φ ˣ͔͘ ͎͎ͯ͋ͦͦͦ͟͡ ͻ͙͙ͣ;͔͎ͫͦͦ͟ 

͙͔ͫͤͭ͊͘ ͙ ͙͙ͨͦͤͣ͊ͤΎ ͫͭͪͯͭͯͪ͟·-͙͍͙͊ͭͤͦͫͭ͟ ͔͍ͤͦͣͦ͗ͤͦ͘ ͔͔ͦ͋ͫͨ;͙ͭΈ ͨͦͭͦ͟ ͍ͤͦ·ͻΣ ͯͯ͡;΄͔ͤͤ·ͻ 

͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͙͍͊ͤ͒͒͊ͭͦ͟Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͒͡Ύ ͋ͦͪΈ͋· ͫ ͨͦͫͭͦΎͤͤͦ ͔ͣͤΎΌ΅͙͙ͣͫΎ ͍·͍͙ͦ͊ͣ͘ ͍ ͙ͦ͋͊ͫͭ͡ 

͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΣ ͙͙ͭ͊ͣ͟ ͊͟͟ ͙͙͙͔͙͔͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟Έ ͙ ͍ͤͦ·͔ ͍͙ͪͯͫͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˹͙͔͍ͦ͊͊͟͡Σ ˻ΦˤΦ ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͻ͙͙ͣΎ ͙ ͍ͦͫͤͦ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ нлннΦ ˸͍ͦͫ͊͟Υ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ 

ζ˽͔ͪͦͫͨͭ͟ηΦ 

2. ˸͊΄͍͙͚ͦͫ͟͟Σ ˸Φ˨Φ ˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͍ͫͪ͒ͫͭ͊Φ нлнлΦ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ˹͍ͦ͊Ύ ˤͦͤ͊͡Φ 

3. ˭͍ͯ͋ͦ͟Σ ˤΦ ˮΦ ˻͎͙ͪ͊ͤ;͔ͫ͊͟Ύ ͻ͙͙ͣΎ ͍ ͔͙ͣ͒ͼ͙͔ͤΦ нлмуΦ ˹͍͙͙ͦͦͫ͋ͪͫ͟Υ ˹͊ͯ͊͟Φ 

4. ˴ͯͪͼΣ ˢΦ ˶ΦΣ ϧ ˭͔ͺ͙͍ͪͦΣ ˹Φ ˿Φ ˤ͍͔͔͙͔͒ͤ ͍ ͔͙ͣ͒ͼ͙ͤͫͯ͟Ό ͻ͙͙ͣΌΦ нлмрΦ ˸͍ͦͫ͊͟Υ ˸˥̂Φ 

5. ˥ͪͦͣ·ͦ͟Σ ˢΦ ˸Φ ˾͊ͼ͙ͦͤ͊͡Έͤ·͚ ͙͚͒͊ͤ͘ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭΦ нлнмΦ ˸͙ͤͫ͟Υ ˤ·ͫ΄͊Ύ ΄ͦ͊͟͡Φ 

ϭ ˫ ͒͊͡΄͍ͦ͊ ˸Φ́Φ, 2025 

 

 

 

 

       ˴͔΄͙͍ͦ͊͟ ˨͔͔͗ͪͤ ˸͔͍ͪ͒͊ͤͦͤ͊Σ  

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͙͒ͭͫ͟ͻ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͔͚͋ͦͤ͘͡Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͔ͦͣͨͫͤ͟͟͡·͚ ͙͊ͤ͊͘͡ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͙ͤͺ͔͟ͼ͙͚ͦͤͤͦ ͎͙͙ͨ͊ͭͦͦ͡ 

ͯ ͔͔͚͒ͭ ͍ Ήͨͦͻͯ ͍͔ͫͦ͋΅͔͚ ͍͊͟ͼ͙ͤ͊ͼ͙͙Σ ͙͙͙͔͙͔͙͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ ͙ ͙͔͔͙ͣͤͤ͘Ύ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ 

ͺ͍͊ͭͦͪͦ͟Φ ˨͔͙͚ͭͫ͟ ͎͙ͦͪ͊ͤͣ͘ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔ͤ ͊͟͟ ͙͍ͨ͊ͫͫͤ·͚ ͦ͋Ά͔ͭ͟ ͙ͤͺ͔͟ͼ͙͙Σ ͊ ͊͟͟ ͙͙͒ͤ͊ͣ;ͤ͊Ύ 

͙͎͙ͣͣͯͤͦͦ͡;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊Σ ;Έ͙ ͍ͦͪ͊ͫͭͤ͘·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ όͺ͔͔ͤͦͣͤ ζ͙͍͎ͤ͊ͤͦͦη ͙͙͔ͣͣͯͤͭͭ͊Σ Ήͭ͊ͨ· 

͍͔͙ͫͭ͊ͤͦͤ͡Ύ ͙͙ͣͪͦ͋ͦͣ͊͟Σ ͙ͭͪ͊ͤͭͦͪͤ͘·͔ ͙͔ͣͣͯͤͦ͒ͺ͙ͼ͙ͭ· ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘ύ ͔͔͔ͨͪ͒ͦͨͪ͒͡ΎΌͭ 

͔ͫͨͼ͙ͺ͙ͯ͟ ͔ͭ;͔͙ͤΎΣ ͔ͫͨͭͪ͟ ͍͙͔͔͚ͦ͋ͯ͒ͭ͘͡ ͙ ͙ͪͫ͟ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˢ͙͙͔ͤ͊ͪͯͭͫ͘͡Ύ ͨ͊ͪ͊͒ͦͫ͟ ͍͔͔͚ͫͦͪͣͤͤͦ 

Ή͙͔͙͎͙͙ͨ͒ͣͦͦ͡Υ ͔ͯͫͨ΄ͤ͊Ύ Ή͙͙ͣͤ͊͡ͼ͙Ύ ͙͙͡ ͦͤͭͪͦ͟͡Έ ͤ͊͒ ͎͙͙ͣͤͦͣ ζ͍ͯͨͪ͊͡Ύ͔ͣ·͙ͣη ͙ͤͺ͔͟ͼ͙Ύ͙ͣ 

όͦͪ͟ΈΣ ͙͙͔͙ͨͦͦͣͭ͡͡Σ ͙͒ͺ͔͙ͭͪΎύ ͍ͫͦͨͪͦͦ͗͒͊ΌͭͫΎ ͪͦͫͭͦͣ ͤ͊͘;͙͙ͣͦͫͭ ͙͙ͦͨͨͦͪͭͯͤͫͭ;͔͙ͫ͟ͻΣ 

͍͙ͤͯͭͪ͋ͦ͡Έ͙ͤ;ͤ·ͻ ͙ ͔͔͚͋ͦͤ͘͡ ͫ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͦͤͭ͊ͭͤ͟͟·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘ ͔͔ͨͪ͒͊;͙ 

όΉ͔͍͙ͤͭͪͦͪͯͫͤ·͔ ͙ͤͺ͔͟ͼ͙͙Σ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͚ ͔ͣͦͤͦͤͯͦ͘͟͡Σ ͎͔͎͙ͪͨ͊ͤͤ͊ύΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ 

͔ͨͪͦ͋ͣ͊ͣ͡ ͍ͨͦͫͭ͊͟ͼ͙ͤ͊͡Έ͚ͤͦ Ήͪ·Υ ͺ͔͔ͤͦͣͤͯ ζͨͦ͒ͪ·͍͊ ͙͙͔ͣͣͯͤͭͭ͊η όƛƳƳǳƴŜ ŘŜōǘύ ͊͟͟ ͍ͦͣͦ͗ͤͦͣͯ͘ 

ͺ͊ͭͦͪͯ͟ ͍͔ͫͨͫ͊͟͡ ͔͙ͪͫͨͪ͊ͭͦͪͤ·ͻ ͙ͤͺ͔͟ͼ͙͚ ͔ͨͦͫ͡ ͫͤΎ͙ͭΎ ͙͍ͨͪͦͭͦΉ͙͔͙ͨ͒ͣ;͔͙ͫ͟ͻ ͎͙ͦͪ͊ͤ;͔͙͚ͤΣ ͊ ͔ͭ͊͗͟ 

ͪͦͫͭͯ ;͙ͫ͊͡ ͍ͦͭ͊ͦ͘͟ ͦͭ ͍͊͟ͼ͙ͤ͊ͼ͙͙ ͙ ͍ͫΎ͊ͤͤ͘·ͣ ͫ Ή͙ͭͣ ͙ͪͫ͊ͣ͟ ͍͍ͦͪ͊ͭ͊͘ ͙͔ͦͤͭͪͦͪͯͣ͟͡·ͻ ͙ͤͺ͔͟ͼ͙͚Φ 

˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ ό˽̇˾πͣ ͯ͡Έ͙͔͙ͭͨ͊ͤ͡Σ Ή͔ͫͨͪͫͫ͟πͭ ͔ͫͭ·ύ ͙ ͔͙͙ͭͪ͊ͨ 

ͫ ͙ͨͦ͘ͼ͙͚ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ·Σ ͊ ͔ͭ͊͗͟ ͔͎͙͙ͫͭͪ͊ͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͦͤͭͪͦ͟͡ΎΣ ͦ͋Ά͔͙͒ͤΎΌ΅͙͔ 

͔ͫͨͼ͙ͺ͙;͔ͫͯ͟Ό ͨͪͦͺ͙͙͊ͭͯ͟͟͡ ό͔͊ͤ͒͊ͪ͟͡Έ ͙͍͙͍ͨͪͦ͟ύΣ ͔͔ͤͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͔ͣͪ· ͙ ͍͔͙͔ͯͨͪ͊ͤ͡ 
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͙͙͚͊ͤͭͣͪͦ͋ͤͦ͟ ͔͙͔͚ͭͪ͊ͨΦ ˨͔͔͊ͭͫ͡Ύ ͍·͍ͦ͒ ͦ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊Σ 

ͦ͋Ά͔͙͒ͤΎΌ΅͔͎ͦ ͔͙͙ͨ͒͊ͭͪΌΣ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡ΌΣ ͙͎͙ͣͣͯͤͦͦ͡Ό ͙ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͺ͎͙͊ͪͣ͊ͦͦ͟͡ΌΣ ͒͡Ύ 

Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͙͍ͨͪͦͭͦͫͭͦΎ͙ͤΎ ͙ͤͺ͔͟ͼ͙Ύͣ ͍ ͔͙͙ͨ͒͊ͭͪ;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙͔͒ͭͫ͟ ͙ͤͺ͔͟ͼ͙͙Σ ͍ͦͪ͊ͫͭͤ͊͘Ύ ͙͎͙ͣͣͯͤͦͦ͡ΎΣ ͔͊ͤ͒͊ͪ͟͡Έ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͙͍͙͍ͨͪͦ͟Σ 

Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙͚ͫ͟ ͤ͊͒ͦͪ͘Σ ͙͙ͦͨͨͦͪͭͯͤͫͭ;͔͙͔ͫ͟ ͙ͤͺ͔͟ͼ͙͙Σ ͔͙ͪͫͨͪ͊ͭͦͪͤͦπͫ ͙ͤͼ͙͙ͭ͊͡Έͤ·͚ ͍͙ͪͯͫ 

ό˾˿ˤύΣ ͍͊͟ͼ͙͙͔ͤͦͦͤͭͪͦͪͯͣ͟͡·͔ ͙ͤͺ͔͟ͼ͙͙Σ ͙͙͙͔͙͔͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ΈΣ ͍ͨͦͫͭ͊͟ͼ͙ͤ͊͡Έͤ͊Ύ Ήͪ͊Φ 

 

ˤ͍͔͔͙͔͒ͤΥ ˮ͔ͣͤ͘ΎΌ΅͙͚ͫΎ ͊ͤ͒͡΄͊ͺͭ ͙ͤͺ͔͟ͼ͙͚ͦͤͤͦ ͎ͯͪͦ͘· 

ˮͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ͭͪ͊͒ͼ͙ͦͤͤͦ ͙͊ͤͣ͊͘Όͭ ͍͔͒ͯ΅͔͔ ͔ͣͫͭͦ ͍ ͔ͫͭͪͯͭͯͪ͟ ͔͚͒ͭͫͦ͟ 

͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Φ ˻͒ͤ͊ͦ͟ ͍ ··L ͍͔͔͟ ͙ͻ ͔ͫͨͭͪ͟Σ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͤ͊͘;͙ͣͦͫͭΈ ͙ ͨͦ͒ͻͦ͒· ͟ ͦͤͭͪͦ͟͡Ό 

͔͔͔͙ͨͪͭͪͨ͡ ͫͯ΅͔͍͔ͫͭͤͤͯΌ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙ΌΦ ͙́ͪͯͣͺ ͍͊͟ͼ͙ͤͦͨͪͦͺ͙͙͙͊ͭ͟͟͡Σ ͊͊ͦͫ͘͟͡Έ ͋·Σ ͍͙ͦͭͦ͒ͤͯ͡ 

͎ͯͪͦͯ͘ ͔͔ͫͣͪͭ͡Έͤ·ͻ Ή͙͔͙͚ͨ͒ͣ ͍ ͨͪͦ΄͔ͦ͡Σ ͤͦ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͍·Ύ͍͙͡ ͍ͤͦ·͔ ͍·͍ͦ͘·Υ ͪͦͫͭ 

͔͍ͤ͊͟ͼ͙͍ͤͦͯͨͪ͊͡Ύ͔ͣ·ͻ ͙ͤͺ͔͟ͼ͙͚Σ ͙͔͔͙͔ͣͤͤ͘ ͔͍ͨ͊ͭͭͪͤͦ ͙͙͙͔͙͔͙͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ ͙ ͨͦΎ͍͔͙͔ͤ͡ 

͍ͤͦ·ͻ ͙͎͙ͣͣͯͤͦͦ͡;͔͙ͫ͟ͻ ͍ͨ͊ͪ͊͒ͦͫͦ͟Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͙͙ͨ͒͊ͭͪΎ ͔͔ͭͪ͋ͯͭ ͔͔ͨͪͦͫͣ·͔͙ͫͤ͡Ύ 

͙ͤͺ͔͟ ͼ͙͚ͦͤͤͦ ͎͙͙ͨ͊ͭͦͦ͡ ͔ͤ ͊͟͟ ͤ͊͋ͦͪ͊ ͎͙͚ͤͦͦͦ͘͡Σ ͊ ͊͟͟ ͎ͫͦ͗ͤͦͦ͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͍͙͍ͪ͊͊͘Ό΅͔͚ͫΎ 

͙͚ͣͣͯͤͤͦ ͙͔ͫͫͭͣ· ͔͔ͪ͋ͤ͊͟ ͫ ͨͦͫͭͦΎͤͤͦ ͔ͣͤΎΌ΅͔͚ͫΎ ͙͚ͣͪͦ͋ͤͦ͟ ͔͚ͫͪ͒ͦΦ 

мΦ ˮ͎͙ͣͣͯͤͦͦ͡;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͯΎ͍͙͙ͣͦͫͭ͘ ͙ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ ͔͎͒ͭͫͦͦ͟ ͎͙ͦͪ͊ͤͣ͊͘ 

˻͔͙ͫͦ͋ͤͤͦͫͭ ͙ͤͺ͔͟ͼ͙͎ͦͤͤͦͦ ͨͪͦͼ͔ͫͫ͊ ͯ ͔͔͚͒ͭ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦ ͍ͫΎ͊ͤ͘· ͫͦ ͍͔͙͔ͫͭ͊ͤͦͤͣ͡ 

͙͙͔ͣͣͯͤͭͭ͊Φ 

¶ ́ͪ͊ͤͫͨ͊͡ͼ͔ͤͭ͊ͪͤ·͚ ͙͙͔ͣͣͯͤͭͭ ͙ ζ͙͎͙ͣͣͯͤͦͦ͡;͔͔ͫͦ͟ ͦͤͦ͟ηΥ ˭ ͊΅͙ͭ͊ ͍͔ͤͦͦͪͦ͗͒ͤͤ·ͻ 

͔͙͙͙ͣ͊ͭͪͤͫͣ͟ LƎD ͔ͫͣͤΎ͔ͭͫΎ ͔͙ͨͪͦ͒ͦͣ ͺ͙͙͎͙ͦͦ͘͡;͔͚ͫͦ͟ ͎͙͎͎͙͔͙͙ͨͦ͊ͣͣ͊ͦ͋ͯͤͣ͡͡ ͍ оπс ͔ͣͫΎͼ͔͍Σ ;ͭͦ 

͔͔ͦͨͪ͒͡Ύ͔ͭ ͍·ͫͦͯ͟Ό ͍͙͙ͦͫͨͪͣ;͙͍ͦͫͭΈ ͟ ͪΎ͒ͯ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͙ͤͺ͔͟ͼ͙͚ ό͔͍ͨͤͣͦͦ͟͟͟Σ ͎͔ͣͦͺ͙͡Έͤ͊Ύ 

ͨ͊ͦ͡;͊͟ύΦ 

¶ ζ˹͙͍͊ͤͦͫͭΈη ͙͍͎͊͒͊ͨͭͤͦͦ ͙͙͔ͣͣͯͤͭͭ͊Υ ˻ ͍͙͔ͭͫͯͭͫͭ ͙͎͙ͣͣͯͤͦͦ͡;͔͚ͫͦ͟ ͨ͊ͣΎ͙ͭ ͟ ͋ͦ͡Έ΄͙͍ͤͫͭͯ 

͙͎͔͍͊ͤͭͤͦ ͦ͋ΆΎͫͤΎ͔ͭ ͍·ͫͦͯ͟Ό ͙͔͙͍ͤͭͤͫͤͦͫͭΈ ͙ ͙͙͊ͭͨ;ͤͦͫͭΈ ͔͍͙ͨͪ;ͤ·ͻ ͙ͤͺ͔͟ͼ͙͚ ό͙͔ͤ͊ͨͪͣͪΣ ͍͔ͭͪΎͤ͊Ύ 

ͦͫͨ͊ ͯ ͍ͪͦͫ͘͡·ͻ ͔͔ͨͪͦͭ͊ͭ͟ ͭΎ͔͔͔͗͡ύΦ 

¶ ˿͍͔͙͔ͭ͊ͤͦͤ͡ ͙͙ͣͪͦ͋ͦͣ͊͟Υ ̅ ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙͟΄͔;͚ͤͦ ͙ ͔͙͚ͪͫͨͪ͊ͭͦͪͤͦ ͙͙ͣͪͦ͋ͦͭ͟· ͍ ͔͍ͨͪ·͔ 

͎ͦ͒· ͙͙͗ͤ͘ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ζͦ͋ͯ;͔͙ͤΎη ͙͚ͣͣͯͤͤͦ ͙͔ͫͫͭͣ·Σ ͤ͊ͪͯ΄͔͙ͤΎ Ή͎ͭͦͦ ͨͪͦͼ͔ͫͫ͊ ό;͊ͫͭ·͚ 

͙͔ͨͪͣ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Σ ͔͔͍ͫ͊ͪͦ͟ ͔ͫ;͔͙͔ͤύ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤ· ͫ ͙ͪͫͦͣ͟ ͙ͤͺ͔͟ͼ͙͚ ͙ ͔͎͙͚͊ͪ͡͡Φ 

¶ ˢͤ͊ͭͦͣͦπͅ ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭΥ x ͔͔ͦ͡ ͙͔ͯ͘͟ ͒·ͻ͔͊ͭ͡Έͤ·͔ ͙ͨͯͭ ͔͎ͨͪ͒ͪ͊ͫͨͦ͊͊͡Όͭ ͟ 

͙͍ͦ͋ͫͭͪͯͭͤ͟·ͣ ͔͙ͦͫͦ͗ͤͤ͡Ύͣ ͙ͨͪ ˻˾ˤˮΤ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͙ͫͭͪͦͤΎ ͎͔ͣ͊ͭͦπΉͤͼ͔ͺ͙͊͡;͔͎ͫͦͦ͟ ͋͊ͪΈ͔ͪ͊ 

͔͎ͦ͋͡;͊Όͭ ͔͚͙͍͙ͤͪͦͤ͊͘Ό ͔ͤͦͭͦͪ͟·ͻ ͍͙͍ͪͯͫͦ όΉ͔͍͙ͤͭͪͦͪͯͫ·ύΦ 

нΦ ˿͍͔͔ͦͪͣͤͤ·͔ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙͔ͫ͟ ͔ͭͪͤ͒·Υ ͍ͤͦ·͔ ͙͙͔ͨͪͦͪͭͭ· 

͔̂ͫͨͻ͙ ͍͊͟ͼ͙ͤ͊ͼ͙͙ ͙ͪ͊͒͊͟͡Έͤͦ ͙͔͙͙ͣͤ͘͡ ͫͭͪͯͭͯͪͯ͟ ͙ͤͺ͔͟ͼ͙͚ͦͤͤͦ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Φ 

¶ ˴͙͔ͦͤͭͪͦͪͯͣ͡·͔ ͙ͤͺ͔͟ͼ͙͙ ͨͦ͒ ͎͚ͯͪͦͦ͘Υ ˶ ͦ͊͟͡Έͤ·͔ ͍ͫͨ·΄͙͟ ͙ͦͪ͟Σ ͦ͟͟͡Ό΄͊ ͙ ͪ͊ͫͤͯ͟ͻ͙ ͍ 

ͫͭͪ͊ͤ͊ͻ ͫ ͙͙ͤͣ͘͟ ͦͻ͍͊ͭͦͣ ͍͊͟ͼ͙ͤ͊ͼ͙͔͚ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͻͪͯͨͦͫͭ͟Έ ͙͎͒ͦͫͭͤͯͭ·ͻ ͔ͯͫͨͻ͍ͦ ͙ ͦͨ͊ͫͤͦͫͭΈ 

͙͙͍͙͍͊ͤͭͨͪͦ;ͤ·ͻ ͔͙͚ͤ͊ͫͭͪͦͤΦ 

¶ ˶͙͔͒ͪ· ͔ͤΉ͙͔͙ͨ͒ͣ;͔͚ͫͦ͟ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Υ 

o ˾͔͙ͫͨͪ͊ͭͦͪͤͦπͫ ͙ͤͼ͙͙ͭ͊͡Έͤ·͚ ͍͙ͪͯͫ ό˾˿ˤύΥ ʕ ͔͒ͯ΅͊Ύ ͙ͨͪ;͙ͤ͊ ͋ͪͦͤͻ͙͙͍ͦͭͦ͡ ͙ ͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͚ 

ͯ ͔͔͚͒ͭ ͔͍͎ͨͪͦͦ ͎ͦ͒͊ ͙͙͗ͤ͘Φ ˾͊ͪ͊͋ͦͭ͊͘͟ ͙ ͍͔͔͙͔ͤ͒ͪͤ ͣͦͤͦͦͤ͊͟͡͡Έͤ·ͻ ͙͔͊ͤͭͭ͡ ͙ ͔͙͙ͣ͊ͭͪͤͫ͟ͻ ͍͊͟ͼ͙ͤ 

ς ͨͪͦͪ·͍͔ͤͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡Φ 

o ͔͍͙̏ͤͭͪͦͪͯͫͤ·͔ ͙ͤͺ͔͟ͼ͙͙ ό͍͟͡Ό;͊Ύ ͎͔͎͙ͪͨ͊ͤͤͯΣ Ύ΅ͯͪͦͨͦ͒ͦ͋ͤ·͚ ͙ͫͤ͒ͪͦͣύΥ ˽ ͙͔ͪͦ͋ͪͭ͊Όͭ 

ͣ͊ͫ΄ͭ͊͋· ͎͎͙ͪͯͦͦ͒͟͡;͎ͤͦͦ ͼ͙͙͍͙ͪͯͪͦ͊ͤ͟͡Ύ ͫ ͙ͨͦͣͦͪ͡ͺ͚ͤͦ ͙͙͚ͤͦ͟͟͡Φ 

o ˤ͙ͪͯͫ ̏ͨ΄͔͚ͭͤ͊πx ͊ͪͪ όˤ̏ˣύΥ ˸ ͙͊ͤͺ͔ͫͭ͊ͼ͙Ύ ͙ͤͺ͔͟ͼ͙͎ͦͤͤͦͦ ͔ͣͦͤͦͤͯͦ͊͘͟͡ ͔ͫͣ΅͔͊ͭͫΎ ͤ͊ 
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͔͔͋ͦ͡ ͙͚ͪ͊ͤͤ ͍ͦͪ͊ͫͭ͘Σ ;͊ͫͭͦ ͔ͨͪͦͭ͊͟Ύ ͨͦ͒ ͚ͣ͊ͫͦ͟ ͋͊ͤ͊͡Έ͚ͤͦ ͎͙͊ͤͤ·Σ ;ͭͦ ͦͫͦ͗ͤ͡Ύ͔ͭ ͙͎͙͒͊ͤͦͫͭͯ͟ ͙ 

͍ͨͦ·΄͔͊ͭ ͙ͪͫ͟ ͔͔͍͎ͤ͊͒͊ͭͤͦͦ͟ ͤ͊ͤ͊͘;͔͙ͤΎ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Φ 

¶ ˤ͙ͤͯͭͪ͋ͦ͡Έ͙ͤ;ͤ·͔ ͙ͤͺ͔͟ͼ͙͙Υ ʕ ·͙͚ͫͦ͟ ͙ͪͫ͟ ͯ ͔͔͚͒ͭ ͔͔͙͚ͦͭ͒ͤ͡ ͔͙ͪ͊ͤͣ͊ͼ͙͙Σ ͎͔͎͙͙ͦͤͦͣ͊ͭͦͦ͟͡Σ 

;ͭͦ ͍ͫΎ͊ͤͦ͘ ͫ ͙͔͒ͭ͡͡Έͤ·͙ͣ ͙͍͙͍ͤ͊ͤ͘·͙ͣ ͨͪͦͼ͔͙͒ͯͪ͊ͣ ͙ ͙͔͙͔͚ͣͣͯͤͦͫͯͨͪͫͫΦ 

¶ ͔͔̅ͤͦͣͤ ζͨͦ͒ͪ·͍͊ ͙͙͔ͣͣͯͤͭͭ͊η όLƳƳǳƴŜ 5ŜōǘύΥ ˥ ͙͔ͨͦͭ͊͘Σ ͦ͋ΆΎͫͤΎΌ΅͊Ύ ͍͔ͫͨͫ͟͡ 

͔͙ͪͫͨͪ͊ͭͦͪͤ·ͻ ͙ͤͺ͔͟ͼ͙͚ ͔ͨͦͫ͡ ͫͤΎ͙ͭΎ ͙͊ͪ͊ͤͭͤͤ͟·ͻ ͔ͣͪ ͙͔͙͔ͫͤ͗ͤͣ ͔͔͍͔͚ͫͭͫͭͤͤͦ ͙͚ͣͣͯͤͤͦ 

ζ͔͙͍͙ͭͪͤͪͦ͟η ͙͘π͘ ͊ ͎͙ͦͪ͊ͤ;͔ͤͤ·ͻ ͍ͦͤͭ͊ͭͦ͟͟ ͫ ͎͔͙ͨ͊ͭͦͤ͊ͣΦ 

оΦ ˨͙͎͙͊ͤͦͫͭ;͔͙͔ͫ͟ ͙ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͔ͫ͟ ͔͎͙͙ͫͭͪ͊ͭΥ ͭͦ;ͤͦͫͭΈ ͙ ͔ͫ͒ͪ͗͊ͤͤͦͫͭΈ 

¶ ˨͙͎͙͊ͤͦͫͭ͊͟Υ ˿ ͔ͣ΅͔͙͔ͤ ͦͭ ͙͙ͤͦ͟͟͡πΉ͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͚ͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟ ͟ Ή͙͎͙ͭͦͦ͡;͔͚ͫͦ͟ 

͍͔͙ͪͺ͙͊͟ͼ͙͙Φ ͙͔̊ͪͦͦ͟ ͍͔͔͙͔ͤ͒ͪͤ ͣ ͯ͡Έ͙͔ͭͨͫͤ͟͡·ͻ ˽̇˾πͨ ͔͔͚͊ͤ͡ ͒ ͡Ύ ͙ͫͤ͒ͪͦͣ͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ 

˻˾ˤˮΣ ͎͊ͫͭͪͦΉ͔͙͍ͤͭͪͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͋·ͫͭͪͦ ͙͔͙͒ͤͭͺ͙ͼ͙͍ͪͦ͊ͭΈ ͍͙͔ͦ͋ͯ͒ͭ͘͡ΎΣ ͫͦͪ͊͟΅͊Ύ ͔͔ͤͤͯ͗ͤͦ 

ͤ͊ͤ͊͘;͔͙͔ͤ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Φ 

¶ ͔͙́ͪ͊ͨΎΥ 

o ˽͙ͪͤͼ͙ͨ ͎ͪ͊ͯͣͤͦͦ͘ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Υ x ͦͪΈ͋͊ ͫ ͔͙͔ͪͫͭͤͭͤͦͫͭ͘ΈΌΦ ˽͍ͦ͒͊͡ΎΌ΅͔͔ 

͋ͦ͡Έ΄͙͍ͤͫͭͦ ͔͙͒ͭͫ͟ͻ ͙ͤͺ͔͟ͼ͙͚ ς ͍ ͙͚ͪͯͫͤͦ Ή͙͎͙͙ͭͦͦ͡Φ ˹͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͎͎ͫͭͪͦͦͦ ͍͙ͦ͋ͦͫͤͦ͊ͤΎ 

ͤ͊ͤ͊͘;͔͙ͤΎ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨΦ 

o ͙̏ͭͦͭͪͦͨͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ˾ ͊ͫ΄͙͔͙͔ͪͤ ͔͊ͪͫͤ͊͊͡ ͙͍͍͙ͨͪͦͭͦͪͯͫͤ·ͻ ͔͍ͫͪ͒ͫͭ ό͔ͦ͘͡Έ͙͍͙ͭ͊ͣͪ ͙ͨͪ 

͎͙͔ͪͨͨΣ ͊ͼ͙͍͙ͦͪ͟͡ ͙ͨͪ ͎͔͔ͪͨͫπ͍ ͙ͪͯͫͤ·ͻ ͙ͤͺ͔͟ͼ͙ΎͻύΦ ˤ͊͗ͤͦͫͭΈ ͔͎ͪ͊ͤͤͦ ͤ͊;͊͊͡Φ 

o ˿͙͙ͣͨͭͦͣ͊ͭ;͔ͫ͊͟Ύ ͙ ͎͔͔͙ͨ͊ͭͦͤͭ;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΥ s ͔͍͒͊ͭͤ͊͟Ύ ͎͙͒ͪ͊ͭ͊ͼ͙ΎΣ ͔͙ͪͫͨͪ͊ͭͦͪͤ͊Ύ 

͔ͨͦ͒͒ͪ͗͊͟Σ ͙͗͊ͪͦͨͦͤ͗͊Ό΅͙͔ ό͙͋ͯͨͪͦͺ͔ͤΣ ͨ͊ͪ͊ͼ͔ͭ͊ͣͦ͡ύ ς ͍ͦͫͤͦ͊ ͔͡;͔͙ͤΎ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ 

͔͔ͤͦͫͦ͗ͤͤͤ͡·ͻ ͙ͤͺ͔͟ͼ͙͚Φ 

пΦ ˿͔͎͙͙ͭͪ͊ͭ ͦͤͭͪͦ͟͡ΎΥ ͦͭ ͍͊͟ͼ͙ͤ͊ͼ͙͙ ͟ ͍͔͙ͯͨͪ͊ͤ͡Ό ͔͚ͫͪ͒ͦ 

¶ ˾͊ͫ΄͙͔ͪͤͤ·͚ ͔͊ͤ͒͊ͪ͟͡Έ ͙͍͙͍ͨͪͦ͟Υ ˴ ͡Ό;͔͍͚ͦ ͙͔ͤͫͭͪͯͣͤͭΦ ˢͭͯ͊͟͡Έͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ς 

͍͟͡Ό;͔͙͔ͤ ͍͊͟ͼ͙ͤ ͙͍ͨͪͦͭ ˾˿ˤΣ ͍͙͚ͪͦͭ͊ͪͯͫͤͦΣ ͔͙͎͍͚ͣͤͤͦͦͦͦ͟͟͟ ͙ͤͺ͔͟ͼ͙͚Σ ˤ˽̉Φ 

¶ ˹͔͔ͫͨͼ͙ͺ͙;͔ͫ͊͟Ύ ͨͪͦͺ͙͙͊ͭ͊͟͟͡Υ ˥ ͙͎͙͔͙ͤ;͔͔ͫͦ͟ ͍͙͙͔ͦͫͨͭ͊ͤΣ ͎͔ͪͯ͒ͤͦ ͍͙͍͙͔ͫ͊ͪͣ͊ͤ͟͡Σ 

ͫͦ͋͡Ό͔͙͔͒ͤ ͙ͫ͊ͤͭ͊ͪͤͦπΉ͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͎ͫͦͦ͟ ͔͙ͪ͗ͣ͊ ͍ ͎͙͍ͦͪ͊ͤͦ͊ͤͤ͘·ͻ ͔͙͍ͦͭ͊͟͟͡͡ͻΦ 

¶ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡;͔͙͚ͫ͟ ͤ͊͒ͦͪ͘Υ ˸ ͙͙͎ͦͤͭͦͪͤ ͼ͙͙ͪͯͪͯ͟͡Ό΅͙ͻ ΄͍ͭ͊ͣͣͦΣ ͙ͻ ͙͎͔͚͊ͤͭͤͤͦ 

͙͔ͣͤ͘;͙͍͙ͦͫͭ ͙ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͟ ͙͍͙ͨͪͦͭͦͣͪͦ͋ͤ͟·ͣ ͔ͨͪͨ͊ͪ͊ͭ͊ͣ ͒͡Ύ ͔͙͍͚ͦͨͪ͊ͭͤͦ ͔ͦͪͪ͟͟ͼ͙͙ 

͔͔ͪͦͣͤ͒͊͟ͼ͙͚Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˨͔͙͔ͭͫ͟ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͔͎ͫͦ͒ͤΎ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙͙͒ͤ͊ͣ;ͤͯΌ ͦ͋͊ͫͭ͡Έ ͤ͊ ͫͭ·͔͟ 

͙͎͙͙ͣͣͯͤͦͦ͡Σ ͙͙͎͙͙ͣͪͦ͋ͦͦ͟͡ ͙ ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͒ͦͪͦ͘ΈΎΦ ̂ͻͦ͒ ͦͭ ͔͙͍͚ͪ͊ͭͤͦ͟ ͔͙ͣͦ͒͡ ͔͡;͔͙ͤΎ ͟ 

͙͍͚ͨͪͦ͊ͭͤͦ͟ ͔͎͙͙ͫͭͪ͊ͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͦͤͭͪͦ͟͡ΎΣ ͍͚ͦͫͤͦ͊ͤͤͦ ͤ͊ ͎ͯ͋ͦͦͣ͟͡ ͙͙͙ͨͦͤͣ͊ͤ ͍͚ͦͪ͊ͫͭͤͦ͘ 
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GASTROINTESTINAL BLEEDING: CURRENT ALGORITHMS FOR DIAGNOSIS AND SURGICAL MANAGEMENT 

 

Abstract 

Gastrointestinal bleeding(GIB) remains one of the most common causes of emergency hospitalization 

in surgical departments and poses a serious challenge in emergency medicine due to high mortality rates (up 

to 10% in acute massive bleeding).  
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Ήͺͺ͔͙͍ͭͤ͟·ͣ ͙ͨͪ Ύ͍͔ͤͤ͘·ͻ ͍͔ͪͦͦͭ͟;͔͙ͤΎͻ ώсϐΦ 

  ϊ ˤ͙͔͊ͪͦͤͦ͘͟ ͍͔ͪͦͦͭ͟;͔͙͔ͤΥ ͔͔̏ͫͭͪͤͤͦ͟ Ή͙ͤ͒ͦͫͦͨ͟;͔͔ͫͦ͟ ͙͎͙͍͙͔ͪͦ͊ͤ͡ ͍͙͊ͪͦͤͦ͘͟-

ͪ͊ͫ΄͙͔ͪͤͤ·ͻ ͍͔ͤ ͙ͨ΅͔͍ͦ͒͊ ό̏˶ύ Ύ͍͡Ύ͔ͭͫΎ ͔ͣͭͦ͒ͦͣ ͍·͋ͦͪ͊Φ ˽͙ͪ ͔ͤͯ͒͊;͔ ς ͍ͯͫͭ͊ͤͦ͊͟ ͦͤ͒͊͘ 

˿͔͎͔ͤͫͭ͊ͤ͊͟-ˣ͡Ή͚ͣͦͪ͊͟ ͙͙͡ Ή͍ͤ͒ͦ͊ͫͯ͟͡Ύͪͤ·͔ ͔ͦͨͪ͊ͼ͙͙ ό¢Lt{ ς ͭͪ͊ͤͫΌ͎ͯ͡Ύ͔ͪͤͦ ͍͙͔ͤͯͭͪͨ;͔ͤͦ;͔ͤͦ 

͙͔͔ͨͦͪͭͦͫͫͭͣͤͦ ΄͙͍͙͔ͯͤͭͪͦ͊ͤύΦ 

ϊ ̏ͭ͊ͨ пΥ ͙͎͙̆ͪͯͪ;͔͔ͫͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭͦ ς ͨ ͙ͦ͊͊ͤ͘͟Ύ ͙ ͍·͋ͦͪ ͔ͣͭͦ͒͊Φ 

  ˽ ͙ͦ͊͊ͤ͘͟Ύ ͟ Ή͔͚ͫͭͪͤͤͦ͟ ͔ͦͨͪ͊ͼ͙͙Υ 

  мΦ ˹͔ͯ͒͊;͊ Ή͙ͤ͒ͦͫͦͨ͟;͔͎ͫͦͦ͟ ͎͔ͣͦͫͭ͊͊͘ ό͔͙͙ͨͪͫͫͭͪͯΌ΅͔͔ ͙͙͡ ͔ͪͼ͙͙͍͙͒ͪͯΌ΅͔͔ ͍͔ͪͦͦͭ͟;͔͙͔ͤύΦ 

  нΦ ˸͙͍͔͊ͫͫͤͦ ͍͔ͪͦͦͭ͟;͔͙͔ͤ ͫ ͔͙ͤͫͭ͊͋͡Έ͚ͤͦ ͎͔͙͙͚ͣͦ͒ͤ͊ͣͦ͟Σ ͔ͤ ͙͔͔ͯͨͪͯͣͦ͟ 

͔͙ͪ͊ͤͣ͊ͼ͙ͦͤͤ·͙ͣ ͔͙ͣͪͦͨͪΎ͙ͭΎ͙ͣ ό΄ͦ͟ LLL-L± ͫͭΦύΦ 

  оΦ ˻͔ͫͦ͗ͤͤͤ͡·͔ Ύ͍͘· ό͔ͨͪͺͦͪ͊ͼ͙ΎΣ ͔͔ͨͤͭͪ͊ͼ͙ΎύΣ ͫͦ;͔ͭ͊Ό΅͙͔ͫΎ ͫ ͍͔ͪͦͦͭ͟;͔͙͔ͤͣΦ 

  пΦ ˴͍͔ͪͦͦͭ;͔͙͔ͤ ͙͘ ͦͨͯͻ͙ͦ͡ ˬ˴́Φ 

  ̆ ͙͎͙ͪͯͪ;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒·Υ 

  ϊ ˽͙ͪ Ύ͍͔͘ ͔͗ͯ͒͊͟͡κ͍͔͒ͤ͊͒ͼ͙͔͚͊ͭͨͪͫͭͤͦ ͙͟΄͙͟Υ ˮ͙ͫͭͦͪ;͔͙ͫ͟ ͍·ͨͦͤ͡Ύ͊ͫ͡Έ ͍͍ͫͭͦͦ͊͡Ύ 

͍͎͙͊ͦͭͦͣΎ ͫ ͙͙͚ͨͦͪͦͨ͊ͫͭͦ͟͡͡ ͙ ͨͪͦ΄͙͍͙͔͊ͤͣ ͍ͪͦͦͭͦ͟;͊΅͔͎ͦ ͫͦͫͯ͒͊ ͙͙͡ ͔͔ͪ͘͟ͼ͙Ύ ͔͗ͯ͒͊͟͡Φ ˤ 

͍͔͔͚ͫͦͪͣͤͤͦ ͙͔ͨͪ͊ͭ͟͟ ͙ͨͪ ͍·ͫͦͦͣ͟ ͔ͦͨͪ͊ͼ͙ͦͤͤͦͣ ͙͔ͪͫ͟ ͔ͣͦ͗ͭ ͋·ͭΈ ͍·͔ͨͦͤͤ͊͡ ͔͔͔͙͍ͫͯͨͪͫͭͤ͊͟͡Ύ 

Ή͙ͣ͋ͦ͊͘͡ͼ͙Ύ ͔͙͙͊ͪͭͪ ό͙͔͚ͤ͗ͤ ͔͔ͨ͊ͤͪ͊ͭͦ͒ͯͦ͒ͤ͊͟͡Έ͚ͤͦΣ ͔͍͚ͦ͡ ͔͗ͯ͒ͦ͡;͚ͤͦύ ͍ ͍͙ͯͫͦ͡Ύͻ 

͎͙͎͊ͤͦͪ͊ͺ͙;͔͚ͫͦ͟ ͔ͦͨͪ͊ͼ͙͚ͦͤͤͦ ς ͔ͣͭͦ͒ ζͻ͙͎͙͙ͪͯͪ ͔͋͘ ͔ͪ͊ͪ͊͘͘ηΦ ˽͙ͪ ͔ͤΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͙͡ 

͔͙ͤ͒ͦͫͭͯͨͤͦͫͭ Ή͍ͤ͒ͦ͊ͫͯ͟͡Ύͪͤ·ͻ ͔͍ͣͭͦ͒ͦ ͍·ͨͦͤ͡Ύ͔ͭͫΎ ͙͊ͨ͊ͪͦͫͦͨ͟͡;͔͔ͫͦ͟ ͙͙͡ ͦͭͪ͟·͔ͭͦ ͨͪͦ΄͙͍͙͔͊ͤ 

Ύ͍͘· όͯ͡Έͼ͔ͪͪ͊ͺ͙Ύύ ͫ ͍͚ͦͣͦ͗ͤͦ͘ ͍͎͙͔͚͊ͦͭͦͣΦ 

  ϊ ˽͙ͪ ͍ͪͦͦͭͦ͟;͊΅͔ͣ ͔ͪ͊͟ ͔͗ͯ͒͊͟͡Υ ˽ͦ͊͊ͤ͊͘͟ ͔͔ͪ͘͟ͼ͙Ύ ͔͗ͯ͒͊͟͡ ͙͙͡ ͎͊ͫͭͪΉ͙ͭͦͣ͟Ύ ό͍ 

͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͦ͊͊͘͟͡͡ͼ͙͙ύ ͫ ͙ͣ͡ͺ͙͔ͦ͒ͫͫ͟ͼ͙͔͚Φ ˽͙͙͍͊͊ͭͤ͡͡·͔ ͔ͦͨͪ͊ͼ͙͙ όͨͪͦ΄͙͍͙͔͊ͤ ͦͨͯͻ͙ͦ͡ύ 

͍·ͨͦͤ͡ΎΌͭͫΎ ͚͔ͪ͊ͤ͟ ͔ͪ͒ͦ͟ ͙ͨͪ ͍·ͫͦͦͣ͟ ͙͔ͪͫ͟ ͙ͪ͊͒͊͟͡Έ͎ͤͦͦ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Φ 

  ϊ ˽͙ͪ ͍͔ͪͦͦͭ͟;͔͙ͤΎͻ ͙͘ ͙͙ͤ͗ͤͻ ͔͍ͦͭ͒ͦ͡ ˬ˴́Υ ˽͔ͦͫ͡ ͙͙ͦͦͤͦͫͦͨ͟͟͡ ͫ ͨͦͨ·͚ͭͦ͟ ͎͔ͣͦͫͭ͊͊͘ 
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ό͙͙͍͙͔ͨͪͦ͊ͤ͟͡Σ ͎ͦ͊ͯ͟͡Ύͼ͙Ύύ ͙ͨͪ ͔ͤͯ͒͊;͔ ͍·ͨͦͤ͡Ύ͔ͭͫΎ ͔͔ͪ͘͟ͼ͙Ύ ͙͟΄͙͟ ό;͊΅͔ ͙͊ͨ͊ͪͦͫͦͨ͟͡;͔ͫ͊͟Ύύ ͫ 

͔͙͔ͤ͊ͦ͗ͤͣ͡ ͊ͤ͊ͫͭͦͣͦ͊͘ ͙͙͡ ͦͦͫͭͦͣ͟͡·Σ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͫͦͫͭͦΎ͙ͤΎ ͙͟΄͙͟ ͙ ͔͙͔ͨͪͭͦͤ͊͡Έ͚ͤͦ 

͍͙ͦ͋ͫͭ͊ͤͦ͟Φ 

  ϊ ˽͙ͪ ͨͪͦͺͯͤ͘·ͻ ͍͔ͪͦͦͭ͟;͔͙ͤΎͻ ͙͘ ͚ͭͦͤͦ͟ ͙͟΄͙͟ ό;͊ͫͭͦ ͤ͊ ͨͦ;͍͔ ͎͙͙͙͚͊ͤͦ͒ͫͨ͊͘͡ύ ͔ͣͭͦ͒ͦͣ 

͍·͋ͦͪ͊ Ύ͍͡Ύ͔ͭͫΎ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙ͦͤͤ͊Ύ Ή͔͙ͤͭͪͦͫͦͨ͟ΎΦ 

  ˽ ͔ͪͦ͋ͣ͊͡ ζǎŜŎƻƴŘ-ƭƻƻƪη ό͍͚ͨͦͭͦͪͤͦ ͔͍͙͙͙ͪ͘ύΦ ˽͔ͦͫ͡ ͔ͯͫͨ΄͎ͤͦͦ Ή͙ͤ͒ͦͫͦͨ͟;͔͎ͫͦͦ͟ ͎͔ͣͦͫͭ͊͊͘ 

͍·͎ͫͦͦͦ͟ ͙ͪͫ͊͟ όCƻǊǊŜǎǘ L-LLŀύ ͍ ͍ͨ͊ͤͦͦͣ͡ ͨͦͪΎ͔͒͟ ;͔͔ͪ͘ н-п ͔͔͙ͤ͒͡ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͔ͪ͊ͫͫͣͦͭͪͤ͊ 

͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙ͪ͊͒͊͟͡Έ͎ͤͦͦ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͔͡;͔͙ͤΎ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ό͙͔ͤ͊ͨͪͣͪΣ ͔͔ͪ͘͟ͼ͙͙ ͙ͨͪ Ύ͍͔͘Σ 

͔͚ͦͫͦ͗ͤͤͤͦ͡ ͍͔ͪͦͦͭ͟;͔͙͔ͤͣ ͙͙͡ ͔͙͔͚ͪͫͭͤͭͤͦ͘ ͟ ͔͙͙ͭͪ͊ͨύ ͒͡Ύ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͔ͪͼ͙͙͍͍͒ͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. Barkun A.N., Bardou M., Kuipers E.J. et al. International consensus recommendations on the management 

of patients with nonvariceal upper gastrointestinal bleeding. Ann Intern Med. 2010;152(2):101-113. 

2. ˥ ͔͡Έͺ͊ͤ͒ .x .˾, ˣ͔͍͙ͯͪͤ; .˿ .˭, ͔̇͊ͪͤͦ͟ .˿ .ʕ  ͙͒ .ͪ ˽ͪͦͭͦͦ͟͡ ͍͔͔͙͒ͤΎ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͍͔ͪͦͦͭ͟;͔͙͔ͤͣ ͙͘ 

͍͔ͪͻ͙ͤͻ ͔͍ͦͭ͒ͦ͡ ͔͗ͯ͒ͦ͡;ͤͦ-͙͟΄͔;͎ͤͦͦ ͭͪ͊ͭ͊͟Φ ˢͤͤ͊͡· ͻ͙͎͙͙ͪͯͪΦ нлмпΤόоύΥр-12. 

оΦ ˮ͍͊΄͙ͤ͟ ˤΦ́ΦΣ ˸͔͍͊ ˮΦˤΦΣ ˻ͻͦ͋͡·͙ͫͭͤ ˢΦˤΦ ͙ ͒ͪΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ˾͙͚͚ͦͫͫͫͦ͟ 

͎͊ͫͭͪͦΉ͔͎͙ͤͭͪͦͦ͡;͔͚ͫͦ͟ ͊ͫͫͦͼ͙͊ͼ͙͙ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ Ύ͍͔͚ͤͤͦ͘ ͔͙͋ͦͤ͘͡Φ ˾ˬ˥˥˴. 

2020;30(1):50-70. 

4. Rockall T.A., Logan R.F., Devlin H.B., Northfield T.C. Risk assessment after acute upper gastrointestinal 

haemorrhage. Gut. 1996;38(3):316-321. 

5. Forrest J.A., Finlayson N.D., Shearman D.J. Endoscopy in gastrointestinal bleeding. Lancet. 

1974;2(7877):394-397. 

сΦ ˿͍͔͊͡Έ͔͍ ˤΦ˿ΦΣ ˽͔ͭͯͻ͍ͦ ˤΦˢΦΣ ˥͙͔͍ͪ͒ͤ ˤΦ˹Φ ͔̏ͫͭͪͤͤ͊͟Ύ Ή͙ͤ͒ͦͫͦͨ͟Ύ ͍ ͙͊͋͒ͦͣͤ͊͡Έ͚ͤͦ ͻ͙͎͙͙ͪͯͪΦ ˸.: 

˸ˮ ;s 2015. 400 ͫ. 

7. Strate L.L., Gralnek I.M. ACG Clinical Guideline: Management of Patients With Acute Lower Gastrointestinal 

Bleeding. Am J Gastroenterol. 2016;111(4):459-474. 

ϭ ˸͔͍͊ͣͤͦ͊ ́ Φ ˴ΦΣ нлнр 

      

 

 

 

  ˸͊ ͔͍ͣͣ͒ͦ ˸͔͊ͣͣͭ ˻͎ͪͫͯ͡·͔͍͙;Σ  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΦ  

ˣ͔͎͙͔͍͡ ˸ͯͻ͔͊ͣͣͭΣ  

͔ͫͭͯ͒ͤͭΦ 

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

̏˽ˮ˨˩˸ˮ˻˶˻˥ˮ̉˩˿˴ˮ˯ ˢ˹ˢ˶ˮ˭ ˴ˮ̊˩̉˹̍̆ ˮ˹̅˩˴̇ˮ˻˹˹̍̆ ˭ˢˣ˻˶˩ˤˢ˹ˮ˯Υ 

 ˿ ˻ˤ˾˩˸˩˹˹̍˩ ˢ˿˽˩˴́̍ ˮ ˨˩́˩˾˸ˮ˹ˢ˹́̍ ˾ˮ˿˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͍͙ͨͪͦͦ͒ͭͫΎ ͔ͦͣͨͫͤ͟͟͡·͚ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͦͫͭͪ·ͻ ͙͟΄͔;ͤ·ͻ 

͙ͤͺ͔͟ͼ͙͚ ό˻˴ˮύ ͤ͊ ͍͔͔ͫͦͪͣͤͤͦͣ Ή͔ͭ͊ͨΦ ͔̇͡Έ ͪ͊͋ͦͭ· τ ͍ ·Ύ͍͔͙͔ͤ͡ ͍ͦͫͤͦͤ·ͻ ͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟ 

͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎΣ ͟͡Ό;͔͍·ͻ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟ ͙ ͙͙͙͒ͤ͊ͣ͟ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͨͦͨͯ͡Ύͼ͙ͦͤͤ·ͻ 

͙ ͔͙͙ͭͪͪͭͦͪ͊͡Έͤ·ͻ ͎ͪͯͨͨ͊ͻΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͙͊ͤ͊ͯ͘͡ ͫͭͪͯͭͯͪ͟· ͎͔͍ͨ͊ͭͦͤͦ ό͍͙ͪͯͫͤ·ͻΣ 
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͔͙͋͊ͭͪ͊͟͡Έͤ·ͻΣ ͙ͨ͊ͪ͊ͭ͊ͪͤ͘·ͻύΣ ͍͚ͦͪ͊ͫͭͤͦ͘ ͙ ͔͚ͫͦͤͤͦ͘ ͙͙͙͒ͤ͊ͣ͟Σ ͊ ͔ͭ͊͗͟ ͍͙͡Ύ͙ͤΌ ͫͦͼ͙͊͡Έͤͦπ

Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͙ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͔͔͙͒ͭͪͣͤ͊ͤͭΦ ˹͊ ͍͔ͦͫͤͦ ͒͊ͤͤ·ͻ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͎ͫͦͦ͟ ͤ͊͒ͦͪ͊͘ ͙ 

ͤ͊ͯ;͚ͤͦ ͙͔ͭͪ͊ͭͯͪ͡· ͔͙͍ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊ͤ· ͙͙͔ͨͪͦͪͭͭͤ·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͒͡Ύ ͍͔ͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΎ 

ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͔ͣͪ ͙ ͙͔ͫͫͭͣ· Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͎ͫͦͦ͟ ͦͤͭͪͦ͟͡ΎΦ ˾͔ͯ͘͡Έͭ͊ͭ· ͨͦ͒;͔͙͍ͪ͊͟Όͭ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙͒ͺͺ͔͔ͪͤͼ͙͍͎ͪͦ͊ͤͤͦͦ ͨͦ͒ͻͦ͒͊ ͟ ͤ͊͒ͦͪͯ͘ ͫ ͯ;͔ͭͦͣ ͔ͣͤΎΌ΅͔͚ͫΎ Ή͙͎͙ͭͦͦ͡;͔͚ͫͦ͟ 

ͫͭͪͯͭͯͪ͟· ͙ ͎ͦ͋͊͡͡Έͤ·ͻ ͍·͍͍ͦͦ͘Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

ͦͫͭͪ·͔ ͙͟΄͔;ͤ·͔ ͙ͤͺ͔͟ͼ͙͙ ό˻˴ˮύΣ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙͚ͫ͟ ͤ͊͒ͦͪ͘Σ ͺ͊ͭͦͪ͟· ͙ͪͫ͊͟Σ ͔͍͔͊͋ͦ͊ͣͦͫͭ͘͡ΈΣ 

Ή͙͎͙ͭͦͦ͡;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟Σ ͍͙ͪͦͭ͊ͪͯͫΣ ͍͙ͤͦͪͦͪͯͫΣ ͫ͊͡Έ͔͔ͣͦͤ͘͡͡Σ 

 Ή͙͔͙ͨ͒ͣ;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫΣ ͨͪͦͺ͙͙͊ͭ͊͟͟͡Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˻ͫͭͪ·͔ ͙͟΄͔;ͤ·͔ ͙ͤͺ͔͟ͼ͙͙ ό˻˴ˮύ ͦͫͭ͊ΌͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͊ͭͯ͊͟͡Έͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͎ͦ͋͊͡͡Έ͎ͤͦͦ 

ͦ͋΅͔͍͔͎ͫͭͤͤͦͦ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΣ ͍͙͍ͦ͋ͯͫͦ͊͡͡Ύ ͤ͊͘;͙͔ͭ͡Έͤ·͚ Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͯ΅͔ͪ͋ ͙ ͎ͤ͊ͪͯͯ͘͟ ͤ͊ 

͙͔ͫͫͭͣ· ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͎͔ͨͪͦͪͫͫ ͍ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙͙ͤΣ ͍͔ͯͪͦͤΈ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡ 

ͫͦͻͪ͊ͤΎ͔ͭͫΎ ͤ͊ ͍·͙ͫͦ͟ͻ ͔ͨͦ͊͊ͭ͘͟͡ΎͻΣ ͔ͦͫͦ͋ͤͤͦ ͍ ͯΎ͍͙ͣ͘·ͻ ͎ͪͯͨͨ͊ͻ ͔͔͙ͤ͊ͫͤ͡ΎΦ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡;͔͙͚ͫ͟ 

͙͊ͤ͊͘͡Σ ͍͟͡Ό;͊Ό΅͙͚ ͦͼ͔ͤͯ͟ ͎͔͔͚ͣͤͦͦͭͤ͡ ͙ ͍͙͎͍͚ͤͯͭͪͦ͒ͦͦ ͙͙͙͒ͤ͊ͣ͟Σ ͔͙͙ͭͪͪͭͦͪ͊͡Έ͎ͤͦͦ 

͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͙ ͫͭͪͯͭͯͪ͟· ͍͙͔͔͚ͦ͋ͯ͒ͭ͘͡Σ Ύ͍͡Ύ͔ͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭͦͣ ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ Ήͺͺ͔͙͍ͭͤ͟·ͻ 

͍͔ͯͨͪ͊ͤ͡;͔͙ͫ͟ͻ ͔ͪ΄͔͙͚ͤΦ ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͪ͊͋ͦͭ· ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͙͔͔͙͔ͣͤͤͣ͘ ͔ͫͨͭͪ͊͟ ͙͙͒ͦͣͤͪͯΌ΅͙ͻ 

͎͔͍ͨ͊ͭͦͤͦΣ ͨͦΎ͍͔͙͔ͤͣ͡ ͍ͤͦ·ͻ ΄͍ͭ͊ͣͣͦ ͫ ͍ͨͦ·΄͔͚ͤͤͦ ͍͙͔ͪͯͤͭͤͦͫͭ͡ΈΌ ͙ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ 

͚ͯͫͭͦ;͙͍͙ͦͫͭ ͟ ͙͙͊ͤͭͣͪͦ͋ͤ͟·ͣ ͔ͨͪͨ͊ͪ͊ͭ͊ͣΣ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͨͦͫͭͦΎ͎ͤͤͦͦ ͍͔͙ͦ͋ͤͦͤ͡Ύ ͙͚ͤ͊ͤ͘ ͦ ͻ͔͔͊ͪ͊ͭͪ͟ 

Ή͙͔͙ͨ͒ͣ;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊Φ 

˸͔͙͊ͭͪ͊͡· ͙ ͔ͣͭͦ͒· 

ˤ ͍͔ͦͫͤͦ ͙͊ͤ͊͊͘͡ ͔͗͊ͭ͡ ͒͊ͤͤ·͔ ͦͺ͙ͼ͙͊͡Έ͚ͤͦ ͙͙͙ͫͭ͊ͭͫͭ͟ ˤ͔͙͚ͫͣͪͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ 

͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ όˤ˻˭ύ ͙ ͤ͊ͼ͙ͦͤ͊͡Έͤ·ͻ ͙͔ͫͫͭͣ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͎ͫͦͦ͟ ͤ͊͒ͦͪ͊͘ όͤ͊ ͙͔͔ͨͪͣͪ ͫͭͪ͊ͤ ˿˹˥ύΣ 

͔͔͙͍ͪͭͪͦͫͨͭͤ͟·͔ ͦ͋ͦͪ͘· ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡ ͊͘ ͔͙ͨͪͦ͒ нлмрπнлно ͎͎Φ ˽͙͔ͪͣͤΎ͙ͫ͡Έ ͔ͣͭͦ͒· ͙͔ͦͨͫ͊ͭ͡Έ͚ͤͦ 

Ή͙͔͙͎͙͙ͨ͒ͣͦͦ͡Υ ͪ͊ͫ;͔ͭ ͙͔͙͍ͤͭͤͫͤ·ͻ ͙ Ή͔͙͍ͫͭͤͫͤ͟·ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡Σ ͦͼ͔ͤ͊͟ ͍ͦͪ͊ͫͭͤͦ͘πͨ ͍͚ͦͦͦ͡ 

ͫͭͪͯͭͯͪ͟· ͔͍͊͋ͦ͘͡΄͙ͻΣ ͙͊ͤ͊͘͡ ͔͙ͫͦͤͤͦͫͭ͘Φ ˮͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ ͔ͣͭͦ͒· ͙͙ͫͭ͊ͭͫͭ;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡ ͒͡Ύ 

͍·Ύ͍͔͙ͤ͡Ύ ͔ͦͪͪ͟͡Ύͼ͙͚ ͔ͣ͗͒ͯ ͍͔ͯͪͦͤͣ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡ ͙ ͙ͫ͊ͤͭ͊ͪͤͦπ͎ ͙͎͙͔͙ͤ;͔͙͙ͫͣ͟ ͍͙ͯͫͦ͡Ύ͙ͣΦ 

͔́͊͗͟ ͍͔͔ͨͪͦ͒ͤ ͙͔͙ͫͫͭͣ͊ͭ;͔͙͚ͫ͟ ͦ͋ͦͪ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͤ͊ͯ;ͤ·ͻ ͙ͨͯ͋͊͟͡ͼ͙͚ ͍ ͋͊͊͘ͻ ͒͊ͤͤ·ͻ tǳōaŜŘΣ 

/ȅōŜǊ[ŜƴƛƴƪŀΣ Ŝ[ƛōǊŀǊȅΦ 

˾͔ͯ͘͡Έͭ͊ͭ· ͙ ͔͙͔ͦ͋ͫͯ͗͒ͤ 

мΦ ͙͎͙̏ͭͦͦ͡;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͙ ͙͙͒ͤ͊ͣ͊͟Φ ˹ ͊͋͡Ό͔͒͊ͭͫΎ ͦͭ;͔͙͍ͭ͊͡Ύ ͔͔ͭͤ͒ͤͼ͙Ύ ͟ ͍͔͙ͯ͡;͔͙ͤΌ 

͙͒ͦ͡ ͍͙ͪͯͫͤ·ͻ ͎͔͍ͨ͊ͭͦͤͦ ͍ ͦ͋΅͔͚ ͔ͫͭͪͯͭͯͪ͟ ˻˴ˮΦ ˾͍͙ͦͭ͊ͪͯͫͤ͊Ύ ͙ ͍͙ͤͦͪͦͪͯͫͤ͊Ύ ͙ͤͺ͔͟ͼ͙͙ Ύ͍͡ΎΌͭͫΎ 

͍͔͒ͯ΅͙͙ͣ ͙ͨͪ;͙͙ͤ͊ͣ ͙ͫͨͦͪ͊͒;͔͚ͫͦ͟ ͙ ͍ͫͨ·΄͔;͚ͤͦ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Σ ͔ͦͫͦ͋ͤͤͦ ͔͙ͫͪ͒ ͔͔͚͒ͭ ͒ͦ р ͔ͭ͡Φ 

˿͔͙ͪ͒ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͙ͤͺ͔͟ͼ͙͚ ͚ͯͫͭͦ;͙͍ͦ ͙͙͒ͪͯ͡Όͭ ͫ͊͡Έ͔͔ͣͦͤ͘͡͡· ͙ ͙͔͙͊ͣͨͦ͋͊ͭͪͦ͘͟͟͡Σ ͙ͨͪ Ήͭͦͣ 

͔ͦͭͣ;͔͊ͭͫΎ ͪͦͫͭ ͫͯ͡;͔͍͊Σ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·ͻ ͫ ͔͔͙͔ͨͦͭͪ͋ͤͣ͡ ͍ͨͪͦ͒ͯͭͦ͟ ͙͍͍͍͗ͦͭͤͦͦ͒ͫͭ͊ όͣΎͫ͊ ͙ͨͭͼ·Σ 

Ύ͙ͼύΦ ͙͎͔͔̊͘͡͡ ό͙͔͔͙͒ͤͭͪ͘Ύύ ͔͎͙͙͔ͪͫͭͪͪͯͭͫΎ ͔͔ͪ͗Σ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ ͺ͔ͦͪͣ͊ͭ ͦ͊͟͡͡Έͤ·ͻ ͍ͫͨ·΄͔͟ 

͙ͨͪ ͤ͊ͪͯ΄͔͙ͤΎͻ ͍͔͙ͦ͒ͦͫͤ͊͋͗ͤΎΦ 

нΦ ˤͦͪ͊ͫͭͤ͊͘Ύ ͙ ͔ͫͦͤͤ͊͘Ύ ͔ͫͨͼ͙ͺ͙͊͟Φ ˸ ͙͊ͫͣ͊͟͡Έͤ·͔ ͔͙ͨͦ͊͊ͭ͘͟͡ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡ 

͔͎͙͙ͪͫͭͪͪͯΌͭͫΎ ͍ ͔͚͒ͭͫͦ͟ ͍͚ͦͪ͊ͫͭͤͦ͘ ͎͔ͪͯͨͨ мπс ͔ͭ͡Σ ;ͭͦ ͍ͫΎ͊ͤͦ͘ ͫ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ ͙͙͔ͣͣͯͤͭͭ͊ ͙ 

͍͔͔͙ͨͦ͒ͤΎΦ ˨͡Ύ ͍͙ͪͯͫͤ·ͻ ˻˴ˮ ͻ͔͊ͪ͊ͭͪͤ͊͟ ͍·͔ͪ͊͗ͤͤ͊Ύ ͔͔ͦͫͤͤπ͘ ͙ͣͤΎΎ ͔ͫͦͤͤͦͫͭ͘ΈΣ ͍ ͭͦ ͍͔ͪͣΎ ͊͟͟ ͒͡Ύ 

͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ όͫ͊͡Έ͔͔ͣͦͤ͘͡͡ύ τ ͔͔ͭͤ͡πͦ ͔͙͚ͫͤͤ ͨͦ͒Ά͔ͣΣ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͚ ͔͔ͭͣͨͪ͊ͭͯͪͤ·͙ͣ 

͍͙ͯͫͦ͡Ύ͙ͣΣ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙͙ͣ ͔͙ͪ͊ͣͤͦ͗ͤ͘Ό ͙͍ͣͪͦ͋ͦ͟ ͍ ͨͪͦ͒ͯͭ͊͟ͻ ͙͙ͨͭ͊ͤΎΦ 

оΦ ̅͊ͭͦͪ͟· ͙ͪͫ͊͟ ͙ ͙ͨͯͭ ͔͔ͨͪ͒͊;͙Φ ˴ ͡Ό;͔͍·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟ ͙ͪͫ͊͟ ͦͫͭ͊ΌͭͫΎΥ 

o ˽͙΅͔͍͚ͦΥ ͯ ͔͔͙͔ͨͦͭͪ͋ͤ͡ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦ ͔͙ͭͪͣ;͔͙ͫ͟ ͦ͋ͪ͊͋ͦͭ͊ͤͤ·ͻ ͍ͨͪͦ͒ͯͭͦ͟Σ ͤ͊ͪͯ΄͔͙͔ͤ 
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͍͙͚ͯͫͦ͡ ͻ͔͙ͪ͊ͤͤΎΦ 

o ˤͦ͒ͤ·͚Υ ͙ ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͔͚ͤ͋ͦͨ͊ͫͤͦ͘ ͍ͦ͒· ͒͡Ύ ͙ͨͭΈΎ ͙ ͋·͍ͭͦ·ͻ ͤͯ͗͒Φ 

o ˴ͦͤͭ͊ͭͤͦ͟π͋ ·͍͚ͭͦͦΥ ͦ ͔ͫͦ͋ͤͤͦ ͔͊ͭͯ͊ͤ͟͡ ͍ ͎͙͍ͦͪ͊ͤͦ͊ͤͤ͘·ͻ ͔͙͒ͭͫ͟ͻ ͔͙͍ͦͭ͊͟͟͡͡ͻ ͙ ͔ͫͣΈΎͻ ͙ͨͪ 

͍͙ͪͯͫͤ·ͻ ˻˴ˮΦ 

o ˿ͦͼ͙͊͡ΈͤͦπΉ͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͔͔͙͒ͭͪͣͤ͊ͤͭ·Υ ͤ ͙͙͚͘͟ ͍͔ͯͪͦͤΈ ͙͚ͫ͊ͤͭ͊ͪͤͦ ͯ͟͡Έͭͯͪ·Σ 

ͫͯ͟;͔ͤͤͦͫͭΈ ͙͍͙ͨͪͦ͗͊ͤΎΣ ͔ͤ͒ͦͫͭͯͨͤͦͫͭΈ ͔͚͋ͦͨ͊ͫͤͦ͘ ͙ͨͭΈ͔͍͚ͦ ͍ͦ͒· ͔͙ͦͪͪͪͯ͟͡Όͭ ͫ ͔͔͋ͦ͡ ͍·͙͙ͫͦͣ͟ 

͍ͯͪͦͤΎ͙ͣ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Φ 

пΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͍·͍ͦ͘·Φ ˴  ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͎͙ͦ͋͊͊͘͡͡ͼ͙Ύ ͙ͨ΅͔͍·ͻ ͼ͔ͨͦ;͔͟Σ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͊Ύ 

͋·ͫͭͪͦͣͯ ͔͍ͣ͗ͫͭͪ͊ͤͦͦͣͯ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΌ ͎͔͍ͨ͊ͭͦͤͦΤ ͪͦͫͭ ͙͙͙͔͙͔͙͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ ͯ 

͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͍͙͔͔͚ͦ͋ͯ͒ͭ͘͡Τ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍ͤͦ·ͻ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͍͙͍͊ͪ͊ͤͭͦ ͍͙͍ͪͯͫͦ ό͙͔ͤ͊ͨͪͣͪΣ 

΄ͭ͊ͣͣ ͍ͦ ͍͙ͤͦͪͦͪͯͫ͊ DLLΦпύΤ ͙ͫͦ͗ͤͦͫͭ͡ ͍ ͚͊͋ͦͪ͊ͭͦͪͤͦ͡ ͍͔͙ͪͺ͙͊͟ͼ͙͙ ͍͔ͫͻ ͫͯ͡;͔͍͊ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˽͍͔͔ͪͦ͒ͤͤ·͚ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͚ͫͦ͗ͤͦ͡ ͙ ͙͙͒ͤ͊ͣ;͚ͤͦ ͙͔ͨͪͪͦ͒ 

͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͙͟΄͔;ͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˨͙͙͍͙͔ͦͣͤͪͦ͊ͤ ͍͙ͪͯͫͤ·ͻ ͎͔͍͊ͤͭͦ ͙ ͙͔͔͙͔ͣͤͤ͘ ͔͍ͨ͊ͭͭͪͤͦ 

͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͙ͤͺ͔͟ͼ͙͚ ͔ͭͪ͋ͯΌͭ ͨͦͫͭͦΎ͚ͤͤͦ ͊͒͊ͨͭ͊ͼ͙͙ ͙͔ͫͫͭͣ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͎ͫͦͦ͟ ͤ͊͒ͦͪ͊͘Σ 

ͦͭͦͪ͊͟Ύ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͙͔͙͍ͦͪͤͭͪͦ͊ͤ͊ ͤ͊ ͔͙͍͔ͦͨͪ͊ͭͤͦ ͍·Ύ͍͔͙͔ͤ͡ ͙ ͔ͣͦͯ͟͡͡Ύͪͤͦπ͎ ͔͔͙ͤͭ;͔͙͚ͫ͟ 

͙͙͎ͣͦͤͭͦͪͤ ͼ͙͙ͪͯͪͯ͟͡Ό΅͙ͻ ΄͍ͭ͊ͣͣͦΦ ˽͙͙͔ͪͦͪͭͭͤ·͙ͣ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ͙ͣ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ Ύ͍͡ΎΌͭͫΎΥ 

мΦ ˿ͦ͋͡Ό͔͙͔͒ͤ ͙ͫ͊ͤͭ͊ͪͤͦπ͎ ͙͎͙͔͙ͤ;͔͙ͫ͟ͻ ͤͦͪͣ ͤ͊ ͍͔ͫͻ Ήͭ͊ͨ͊ͻ ͙ͨ΅͔͍͚ͦ ͼ͔ͨͦ;͙͟ όͦͭ ͺ͔ͪͣ· ͒ͦ 

ͫͭͦ͊͡ύΦ 

нΦ ͙͔̊ͪͦͦ͟ ͍͔͔͙͔ͤ͒ͪͤ ͔ͫͨͼ͙ͺ͙;͔͚ͫͦ͟ ͍͊͟ͼ͙ͤͦͨͪͦͺ͙͙͙͊ͭ͟͟͡ ό͍͙ͪͦͭ͊ͪͯͫͤ͊Ύ ͍͊͟ͼ͙ͤ͊ύΦ 

оΦ ˽͍͔͔͙͔ͪͦ͒ͤ ͼ͔͔͍͔͚ͤ͊ͨͪ͊ͤͤͦ͡͡ ͙ͫ͊ͤͭ͊ͪͤͦπͨ ͍͔͙͔ͪͦͫͭͭ͡Έ͚ͤͦ ͪ͊͋ͦͭ· ͔͙ͫͪ͒ ͔͔͙ͤ͊ͫͤ͡ΎΣ 

͔ͦͫͦ͋ͤͤͦ ͔͙ͫͪ͒ ͙͔͔͚ͪͦ͒ͭ͡ ͔͔͚͒ͭ ͣ͊͒͡΄͔͎ͦ ͍ͦͪ͊ͫͭ͊͘Φ 

пΦ ͔͔͙͔̂ͪͨͤ͟͡ ͔ͨͦͭͤͼ͙͊͊͡ ͚͊͋ͦͪ͊ͭͦͪͤͦ͡ ͋͊͘· ͒͡Ύ ͙͎ͪͯͭͤͤͦͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔͍ͣͭͦ͒ͦ ˽̇˾π

͙͎͙͙͒͊ͤͦͫͭ͟Φ 

рΦ ˾͍͙͙͔͊ͭ͘ ͔͔ͣ͗ͫͭͦͪ͊͟͡Έ͎ͤͦͦ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭ͊ ͔ͣ͗͒ͯ ͙ͫͯ͗͋͊ͣ͡ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΣ 

͍͔͔͙͎ͭͪͤ͊ͪͤͦͦ ͤ͊͒ͦͪ͊͘ ͙ ͦͤͭͪͦ͟͡Ύ ͊͟;͔͍ͫͭ͊ ͙ͨ΅͔͍·ͻ ͍ͨͪͦ͒ͯͭͦ͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˻͙ͤ΅͔ͤͦ͟ ˥Φ˥ΦΣ ˣ͙ͪͦ͟ ˹ΦˮΦΣ ˽͍͙͚ͦͪͦͫ͟͟ ˤΦˮΦ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡Ύ ͙ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͙͋ͦͤ͘͡Φ ̂;͔͙͋ͤ͟ ͒͡Ύ 

͍͍ͯͦ͘Φ τ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнлΦ τ ртс ͫΦ 

нΦ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͨͦ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔ͫͦͣͯ͟ ͤ͊͒ͦͪͯ͘ ͊͘ ͦͫͭͪ·͙ͣ ͙͟΄͔;ͤ·͙ͣ ͙ͤͺ͔͟ͼ͙Ύ͙ͣΦ ˤ͔͙ͫͣͪͤ͊Ύ 

͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ όˤ˻˭ύΣ нлмтΦ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ 

ƘǧǇǎΥκκŀǇǇǎΦǿƘƻΦƛƴǘκƛǊƛǎκƘŀƴŘƭŜκмлссрκнрфмср 

оΦ ˽͍͙͚ͦͪͦͫ͟͟ ˤΦˮΦΣ ˸͔͔͍͊͡ ˤΦˤΦ ˮͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͙͋ͦͤ͘͡ ͙ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡ΎΦ τ оπ͔  ͙͒͘Φ τ ˸ΦΥ ˥̏˻́ˢ˾π

˸͔͙͒͊Σ нлмсΦ τ мллу ͫΦ 

пΦ ˩͍͗ͦ͊͡ ˩ΦˣΦΣ ˨͔͙ͣͤ͊ ̑ΦˤΦΣ ˴ͯͻ͔͍͙ͭ; ˢΦˤΦ ͙ ͒ͪΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͎ͫͦͦ͟ 

ͨͪͦͼ͔ͫͫ͊ ͦͫͭͪ·ͻ ͙͟΄͔;ͤ·ͻ ͙ͤͺ͔͟ͼ͙͚ ͍ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ κκ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡Ύ ͙ 

ˤ͊͟ͼ͙ͤͦͨͪͦͺ͙͙͊ͭ͊͟͟͡Φ τ нлнмΦ τ ́Φ нлΣ Ѕ нΦ τ ˿Φ мрπноΦ 

рΦ YƛǊƪ aΦ5ΦΣ tƛǊŜǎ {ΦaΦΣ .ƭŀŎƪ wΦ9Φ Ŝǘ ŀƭΦ ²ƻǊƭŘ IŜŀƭǘƘ hǊƎŀƴƛȊŀǝƻƴ 9ǎǝƳŀǘŜǎ ƻŦ ǘƘŜ Dƭƻōŀƭ ŀƴŘ wŜƎƛƻƴŀƭ 

5ƛǎŜŀǎŜ .ǳǊŘŜƴ ƻŦ нн CƻƻŘōƻǊƴŜ .ŀŎǘŜǊƛŀƭΣ tǊƻǘƻȊƻŀƭΣ ŀƴŘ ±ƛǊŀƭ 5ƛǎŜŀǎŜǎΣ нлмлΥ ! 5ŀǘŀ {ȅƴǘƘŜǎƛǎ κκ t[h{ 

aŜŘƛŎƛƴŜΦ τ нлмрΦ τ ±ƻƭΦ мнόмнύΦ τ ŜмллмфнмΦ 

сΦ !ƘƳŜŘ {ΦaΦΣ Iŀƭƭ !ΦWΦΣ wƻōƛƴǎƻƴ !Φ9Φ Ŝǘ ŀƭΦ Dƭƻōŀƭ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ƴƻǊƻǾƛǊǳǎ ƛƴ ŎŀǎŜǎ ƻŦ ƎŀǎǘǊƻŜƴǘŜǊƛǝǎΥ ŀ 

ǎȅǎǘŜƳŀǝŎ ǊŜǾƛŜǿ ŀƴŘ ƳŜǘŀπŀƴŀƭȅǎƛǎ κκ ¢ƘŜ [ŀƴŎŜǘ LƴŦŜŎǝƻǳǎ 5ƛǎŜŀǎŜǎΦ τ нлмпΦ τ ±ƻƭΦ мпόуύΦ τ tΦ тнрπтолΦ 

тΦ ˮͤͺ͔͟ͼ͙ͦͤͤ͊Ύ ͔͍͔͊͋ͦ͊ͣͦͫͭ͘͡Έ ͍ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ ͙ ͫͭͪ͊ͤ͊ͻ ˿˹˥Φ ˿͙͙ͭ͊ͭͫͭ;͔͙͔ͫ͟ ͔͙ͣ͊ͭͪ͊͡· 

˾͔ͦͫͨͦͭͪ͋ͤ͊͒ͦͪ͊͘Σ нлмуπнлнн ͎͎Φ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ ƘǧǇǎΥκκǿǿǿΦǊƻǎǇƻǘǊŜōƴŀŘȊƻǊΦǊǳ 

ϭ ˸͔͍͊ͣͣ͒ͦ ˸Φ˻ΦΣ x͔͎͙͔͍͡ ˸ΦΣ нлнр 
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ͨͦ ͍ͦ͘͡Ύ͔ͭ ͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͭ͘Έ ͙ͤͺͦͪͣ͊ͼ͙Ό ͦ ͎͔͔͔ͨ͊ͭͦͤ͘ ͙ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͔ͦͫͦ͋ͤͤͦͫͭΎͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͊ͻ͙ͦͤ͒ͪͦͨ͊͘͡ΎΣ ͎͔͔͙ͤͭ;͔͙͔ͫ͟ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͔͔ͫͭͤ͟͡·͔ ͙͙͊ͤͦͣ͊͡Σ  

͙͎͙͒͊ͤͦͫͭ͊͟, ͡ ͔;͔͙͔ͤ, ͪ ͔͙͙͊͋ͭ͊͡ͼ͙Ύ. 

 

Mammedov H 

State Medical University of Turkmenistan named after Myrat Garryev 
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ACHONDROPLASIA 

 

Abstract 

Achondroplasia is the most common form of inherited skeletal dysplasia, characterized by impaired 

bone growth, distinctive skeletal anomalies, and specific facial features. This article discusses the causes and 

mechanisms of achondroplasia, clinical manifestations, diagnostic methods, and modern approaches to 

patient management. Particular attention is given to genetic aspects, possibilities of prenatal diagnosis, and 

recommendations for comprehensive rehabilitation. Literature analysis allows systematizing information 

about the pathogenesis and clinical characteristics of the disease. 

Keywords: 

 achondroplasia, genetic disorders, skeletal anomalies, diagnosis, treatment, rehabilitation. 

 

ˢͻ͙ͦͤ͒ͪͦͨ͊͘͡Ύ ͙ͦͭͤͦͫͭͫΎ ͟ ͎͔ͪͯͨͨ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·ͻ ͦͫͭͤ͟·ͻ ͙͙͚͒ͫͨ͊͘͡Σ ͍͔ͫͭͪ;͊Ό΅͙ͻͫΎ ͫ 

;͚͊ͫͭͦͭͦ ͦͦͦ͟͡ м ͤ͊ мр лллςпл ллл ͍͖ͤͦͦͪͦ͗͒ͤͤ·ͻΦ ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͔ͭͣ· ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎΥ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͍͔͔͙͒ͤΎ ͨ͊ͼ͙͔͍ͤͭͦΤ 

͎͔͔͙ͤͭ;͔͚ͫͦ͟ ͙͚ͨͪͪͦ͒ͦ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΤ 

͍ͦͣͦ͗ͤͦͫͭ͘ΈΌ ͔͚ͦͣͨͫͤͦ͟͟͡ ͔͙͙ͭͪ͊ͨ ͙ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙Τ 
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͔̇͡Έ ͪ͊͋ͦͭ· τ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙Ύ ͒͊ͤͤ·ͻ ͦ ͎͔͔͔ͨ͊ͭͦͤ͘Σ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔͊ͪͭͤ͟ ͙ ͍͔͔ͫͦͪͣͤͤ·ͻ 

͔ͣͭͦ͒͊ͻ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͍͔͔͙͒ͤΎ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͊ͻ͙͔͚ͦͤ͒ͪͦͨ͊͘͡Φ 

˻͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡· 
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˴͙͔ͦͪͦͭ͟ ͔ͦͤ͟;͙ͤͦͫͭΣ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪͦͫͣ͊͟͡Έͤ·͔ ͔ͦͭ͒͡·Τ 

˸͊ͪͦ͟ͼ͔ͺ͙͊͡Ύ ͫ ͻ͔͊ͪ͊ͭͪͤ͟·͙ͣ ;͔͙ͪͭ͊ͣ ͙͡ͼ͊Τ 

ˤͦͣͦ͗ͤ͘·͔ ͔͍͎͙ͤͪͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͗ͤͤ͡Ύ ό͍͔͙͔ͫ͒͊ͤ͡ ͙͎ͫͨͤͤͦͦ ͎ͣͦ͊͘Σ ͎͙͒ͪͦͼ͔ͺ͙͊͡ΎύΤ 

˿͔͔ͭͤ͟͡·͔ ͔͒ͺͦͪͣ͊ͼ͙͙ ό͙͟ͺͦ͘Σ ͦͪ͒ͦ͘͡Σ ͙͙͍͔͙ͫͪͤ͟͡Ύ ͍ͨͦͦͤͦ͘;͙ͤ͊͟ύΦ 

оΦ ˨͙͎͙͊ͤͦͫͭ;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· 

˴͙͙ͤ͡;͔͙͔ͫ͟Υ ͦͼ͔ͤ͊͟ ͪͦͫͭ͊Σ ͨͪͦͨͦͪͼ͙͚ ͔ͭ͊͡Σ ͦͫͣͦͭͪ ͙͡ͼ͊ ͙ ͔ͦͤ͟;͔͚ͤͦͫͭΤ 

˾͔͎͔͎͙ͤͭͤͦͦ͡;͔͙͔ͫ͟Υ ͙͙ͭͨ;ͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ ͔͚ͦͫͭ͟Τ 

˥͔͔͙ͤͭ;͔͙͔ͫ͟Υ ͔ͣͦͯ͟͡͡Ύͪͤͦ-͎͔͔͙ͤͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͭͫͭͪͦ͊ͤ ͒͡Ύ ͍͔͔͙ͨͦ͒ͭͪ͗͒ͤΎ ͣͯͭ͊ͼ͙͙ CDCwоΤ 

˽͔ͪͤ͊ͭ͊͡Έͤ·͔Υ ͯ͡Έ͍͍ͭͪ͊ͯͦ͊͘͟Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͔ͣͦͯ͟͡͡Ύͪͤ·͚ ͙͊ͤ͊͘͡ ͨͦ͒͊͡ ͙ͨͪ ͙ͤ͊͡;͙͙ 

ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟Φ 

пΦ ˤ͔͔͙͔͒ͤ ͨ͊ͼ͙͔͍ͤͭͦ 

мΦ ˸ͯ͡Έ͙͙ͭ͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͨͦ͒ͻͦ͒Υ ͍͔ͫͦͣͫͭͤ͊Ύ ͪ͊͋ͦͭ͊ ͔͙͍ͨ͒͊ͭͪͦΣ ͔͍ͦͪͭͦͨ͒ͦΣ ͔͍͎͍ͤͪͦͦͦ͡Σ 

͎͔͔͙͍ͤͭͦ͟Τ 

нΦ ˴͔ͦͪͪ͟ͼ͙Ύ ͔͙͚ͦͫͦ͗ͤͤ͡Υ ͔͡;͔͙͔ͤ ͙ͫͦͦ͊͘͟͡Σ ͦͪ͒ͦ͊͘͡Σ ͔͚ͤͪͦͻ͙͎͙ͪͯͪ;͔͙͔ͫ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ ͙ͨͪ 

͍͔͙͙ͫ͒͊ͤ͡ ͙͎ͫͨͤͤͦͦ ͎ͣͦ͊͘Τ 

оΦ ˾͔͙͙͊͋ͭ͊͡ͼ͙ΎΥ ͺ͙͙͔͙ͦͭͪ͊ͨ͘ΎΣ ˶̅˴Σ ͙ͨͫͻ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͔ͨͦ͒͒ͪ͗͊͟Τ 

пΦ ˥͔͔͙ͤͭ;͔͔ͫͦ͟ ͦͤͫͯ͟͡Έ͙͍͙͔ͭͪͦ͊ͤΥ ͒͡Ύ ͙͔͔͚ͪͦ͒ͭ͡ ͙ ͔͔͚ͫͣ ͫ ͙ͪͫͦͣ͟ ͔͔ͨͪ͒͊;͙ ͣͯͭ͊ͼ͙͙Φ 

рΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ 

ˤ͙ͦͣͦ͗ͤͦͫͭ͘ ͎͔͚ͭ͊ͪͭͤͦ ͔͙͙ͭͪ͊ͨ CDCwоΤ 

˽͙͔͔͙͔ͪͣͤͤ ͪͦͫͭ͊ ͎͍ͦͪͣͦͤͦ ͯ ͔ͦͭ͒͡Έͤ·ͻ ͨ͊ͼ͙͔͍ͤͭͦΤ 

˾͍͙͙͔͊ͭ͘ ͔͍ͣͭͦ͒ͦ ͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͤ͊͋͡Ό͔͙͒ͤΎΤ 

ˮ͙͍͙͙ͤ͒͒ͯ͊͊͘͡ͼ͙Ύ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙ͦͤͤ·ͻ ͎ͨͪͦͪ͊ͣͣΦ 
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ˤ·͍ͦ͒· ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

ˢͻ͙ͦͤ͒ͪͦͨ͊͘͡Ύ τ ͎͔͔͙ͤͭ;͔͔ͫͦ͟ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͫ ͻ͔͊ͪ͊ͭͪͤ͟·͙ͣ ͙͙ͤ͟͡;͔͙͙ͫͣ͟ ͙ 

͔͎͔͎͙ͪͤͭͤͦͦ͡;͔͙͙ͫͣ͟ ͙͙ͨͪͤ͊͊ͣ͘͟Τ 

˾͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͔ͨͤ͊ͪͤͦ͡ ͤ͊͋͡Ό͔͙͔͒ͤ ͍ͨͦ·΄͊Όͭ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ 

ͨ͊ͼ͙͔͍ͤͭͦΤ 

˽͔͔͙͍ͪͫͨͭͤ͟·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Υ ͎͔ͭ͊ͪͭͤ͊Ύ ͔͙ͭͪ͊ͨΎΣ ͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͔͍ͣͭͦ͒ͦ 

͔ͨͪͤ͊ͭ͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͙͙͍͙͙ͤ͒͒ͯ͊͊͘͡ͼ͙Ύ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙ͦͤͤ·ͻ ͎ͨͪͦͪ͊ͣͣΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˴͔ͦͣͨͫͤ͟͡·͚ ͨͦ͒ͻͦ͒ ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͍͔͔͙͒ͤΌ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͊ͻ͙͔͚ͦͤ͒ͪͦͨ͊͘͡ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ 

͍͔͍͔͔͔ͫͦͪͣͤͤͦ ͍·Ύ͍͔͙͔ͤ͡ ͔͙͚ͦͫͦ͗ͤͤ͡Σ ͔ͦͪͪ͟͟ͼ͙Ό ͔͔ͫͭͤ͟͡·ͻ ͔͒ͺͦͪͣ͊ͼ͙͚ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙Ό 

͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙Φ ˥͔͔͙ͤͭ;͔ͫ͊͟Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͣͯ͡Έ͙͙ͭ͒ͫͼ͙͙͔ͨͤ͊ͪͤͦ͡ ͤ͊͋͡Ό͔͙͔͒ͤ Ύ͍͡ΎΌͭͫΎ ͟͡Ό;͔͍·͙ͣ 

Ή͔͔͙ͣͤͭ͊ͣ͡ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͙ͨͪ͊ͭ͟͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. Horton W.A., Hall J.G., Hecht J.T. Achondroplasia. Lancet. 

2. Thompson D.M. Molecular Genetics of Achondroplasia. Journal of Medical Genetics. 

3. Pauli R.M. Achondroplasia: A Comprehensive Clinical Review. Orphanet Journal of Rare Diseases. 

4. Superti-Furga A., Unger S. Skeletal Dysplasias: Diagnosis and Management. τ Springer. 

5. Genetic Counseling and Prenatal Diagnosis in Achondroplasia. American Journal of Medical Genetics. 

ϭ ˸͔͍͊ͣͣ͒ͦ ̆ΦΣ нлнр 

 

 

 

 

̂˨˴ смсΦнпу 

˸͔͙͍ͦ͊͘͡ ˨͗Φ˥Φ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͎͙ͦͫͨͭ͊͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨ ͫ ͯͪͫͦͣ͟ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 
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˨ˮˢ˥˹˻˿́ˮ˴˩ ˮ ˶˩̉˩˹ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͒͊ͤͤ·͔ ͦ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͔͊ͫͭͣ τ ͦ ͒ͤͦͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ 

͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΦ ˻͍͔ͫ΅͊ΌͭͫΎ ͍ͦͨͪͦͫ· ͎͔͔ͨ͊ͭͦͤ͊͘Σ 

͍͟͡Ό;͊Ύ ͔͎͙͊ͪ͡͡;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͎͙͔͔͙͍ͨͪͪ͊ͭͤͦͫͭ͟Έ ͋ͪͦͤͻ͍ͦ ͙ ͔͔͙͍͙͔ͪͣͦ͒ͪͦ͊ͤ͡ ͒·ͻ͔͊ͭ͡Έͤ·ͻ 

͔͚ͨͯͭΦ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͍͔͔ͫͦͪͣͤͤ·͔ ͙͎͙͒͊ͤͦͫͭ;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒·Σ ͍ ;͙͊ͫͭͤͦͫͭ ͙͔͙ͫͨͪͦͣͭͪΎΣ 

͙ͨ͟ͺ͔͙ͦͯͣͭͪ͡Ύ ͙ ͔͎͎͙͊ͪͦͦ͡͡͡;͔͔ͫͦ͟ ͔͙͍͙͔ͭͫͭͪͦ͊ͤΦ ˻͔ͭ͒͡Έ͔ͤͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͍͔͔ͫͦͪͣͤͤ·ͣ 

͔ͣͭͦ͒͊ͣ ͔͙͙ͭͪ͊ͨΥ ͙͎ͤ͊͡Ύͼ͙ͦͤͤ·ͣ ͎͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͊ͣ͟͟͟Σ ʲіπ͊ ͎͙ͦͤͫͭ͊ͣΣ ͎͙͊ͤͭ͊ͦͤͫͭ͊ͣ 

͔͚͙͔͍ͦͭͪͤͦ͟͡·ͻ ͔ͪͼ͔͍ͨͭͦͪͦ ͙ ͙͎͙͋ͦͦ͡;͔͙ͫͣ͟ ͔ͨͪͨ͊ͪ͊ͭ͊ͣΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ˣͪͦͤͻ͙͊͡Έͤ͊Ύ ͊ͫͭͣ͊Σ ͍͔͙͔ͦͫͨ͊ͤ͡ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΣ ͎͙͔͔͙͍ͨͪͪ͊ͭͤͦͫͭ͟Έ ͋ͪͦͤͻ͍ͦΣ ͙͎͙͒͊ͤͦͫͭ͊͟Σ 

͙͎ͤ͊͡Ύͼ͙ͦͤͤ·͔ ͎͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͟͟͟·Σ ʲіπ͊ ͎͙ͦͤͫͭ·Σ ͙͎͙͋ͦͦ͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΦ 
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!ōǎǘǊŀŎǘ 

¢ƘŜ ŀǊǝŎƭŜ ǊŜǾƛŜǿǎ ŎǳǊǊŜƴǘ ƪƴƻǿƭŜŘƎŜ ƻƴ ōǊƻƴŎƘƛŀƭ ŀǎǘƘƳŀΣ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ŎƘǊƻƴƛŎ 

ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜǎΦ ¢ƘŜ ǇŀǇŜǊ ƘƛƎƘƭƛƎƘǘǎ ƪŜȅ ŀǎǇŜŎǘǎ ƻŦ ǇŀǘƘƻƎŜƴŜǎƛǎΣ ƛƴŎƭǳŘƛƴƎ ŀƭƭŜǊƎƛŎ ƛƴƅŀƳƳŀǝƻƴΣ 

ōǊƻƴŎƘƛŀƭ ƘȅǇŜǊǊŜǎǇƻƴǎƛǾŜƴŜǎǎΣ ŀƴŘ ŀƛǊǿŀȅ ǊŜƳƻŘŜƭƛƴƎΦ aƻŘŜǊƴ ŘƛŀƎƴƻǎǝŎ ŀǇǇǊƻŀŎƘŜǎ ǎǳŎƘ ŀǎ ǎǇƛǊƻƳŜǘǊȅΣ 

ǇŜŀƪ ƅƻǿ ƳŜŀǎǳǊŜƳŜƴǘΣ ŀƴŘ ŀƭƭŜǊƎȅ ǘŜǎǝƴƎ ŀǊŜ ŘƛǎŎǳǎǎŜŘΦ {ǇŜŎƛŀƭ ŀǧŜƴǝƻƴ ƛǎ ƎƛǾŜƴ ǘƻ ƳƻŘŜǊƴ ǘƘŜǊŀǇŜǳǝŎ 

ǎǘǊŀǘŜƎƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ƛƴƘŀƭŜŘ ŎƻǊǝŎƻǎǘŜǊƻƛŘǎΣ і̡πŀƎƻƴƛǎǘǎΣ ƭŜǳƪƻǘǊƛŜƴŜ ǊŜŎŜǇǘƻǊ ŀƴǘŀƎƻƴƛǎǘǎΣ ŀƴŘ ōƛƻƭƻƎƛŎ 

ŀƎŜƴǘǎΦ 

YŜȅǿƻǊŘǎΥ 

ōǊƻƴŎƘƛŀƭ ŀǎǘƘƳŀΣ ŀƛǊǿŀȅ ƛƴƅŀƳƳŀǝƻƴΣ ōǊƻƴŎƘƛŀƭ ƘȅǇŜǊǊŜǎǇƻƴǎƛǾŜƴŜǎǎΣ ŘƛŀƎƴƻǎƛǎΣ 

 ƛƴƘŀƭŜŘ ŎƻǊǝŎƻǎǘŜǊƻƛŘǎΣ і̡πŀƎƻƴƛǎǘǎΣ ōƛƻƭƻƎƛŎŀƭ ǘƘŜǊŀǇȅΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˣͪͦͤͻ͙͊͡Έͤ͊Ύ ͊ͫͭͣ͊ όˣˢύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ 

͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΣ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͔͔ͫΎ Ή͙͙ͨͦ͒͊ͣ͘ ͙͚ͦ͋ͪ͊ͭͣͦ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͦ͋ͫͭͪͯ͟ͼ͙͙Φ 

˭͔͍͙͔͊͋ͦ͊ͤ͡ ͙͔͔ͣͭ ͋ͦ͡Έ΄ͯΌ ͫͦͼ͙͊͡ΈͤͯΌ ͤ͊͘;͙ͣͦͫͭΈ ͙ ͖ͦͫͭ͊ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͙ͨͪ;͙ͤ ͙͔͙ͫͤ͗ͤΎ 

͊͟ ;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͙͔͙͒ͦͫͭ͗ͤΎ ͔͙ͣ͒ͼ͙ͤ·Σ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͊ͫͭͣ· 

͔ͨͪͦ͒ͦ͗͊ͭ͡ ͙ͪ͊ͫͭΣ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͍͔ͫͦͪ΄͔͍͍͙ͤͫͭͦ͊ͤΎ ͔͍ͣͭͦ͒ͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΎΦ 

мΦ ˽͎͔͔͊ͭͦͤ͘ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͊ͫͭͣ· 

˽͎͔͔͊ͭͦͤ͘ ˣˢ Ύ͍͡Ύ͔ͭͫΎ ͎ͣͤͦͦͺ͊ͭͦͪͤ͟·ͣ ͙ ͍͟͡Ό;͔͊ͭ ͎͔͔͙ͤͭ;͔͙͔ͫ͟Σ ͙͎͙ͣͣͯͤͦͦ͡;͔͙͔ͫ͟ ͙ 

Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͦͣͨͦͤͤͭ͟·Φ 

мΦмΦ ˢ͔͎͙ͪ͡͡;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ 

̂ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͨ͊ͼ͙͔͍ͤͭͦ ͊ͫͭͣ͊ ͙͔͔ͣͭ ͙͊ͭͦͨ;͔ͫͯ͟Ό ͙ͨͪͪͦ͒ͯΦ ˴ͦͤͭ͊ͭ͟ ͫ ͔͎͔͙͊ͪͤ͊ͣ͡͡ ͍·͘·͍͔͊ͭ 

͙͍͊ͭ͊͟ͼ͙Ό ¢Ƙнπ͡ ͙ͣͺͦͼ͙͍ͭͦΣ ͦͭͦͪ͟·͔ ͙͙ͫͭͣͯͪͯ͡Όͭ ͍·ͪ͊͋ͦͭͯ͟ LƎ9Φ ˽͔ͦͫ͒ͯ͡Ό΅͔͔ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ LƎ9 ͫ 

ͭͯ;ͤ·͙ͣ ͔͙ͭ͊ͣ͟͟͡ ͙͍͙ͨͪͦ͒ͭ ͟ ͙ͻ ͔͎͒ͪ͊ͤͯ͡Ύͼ͙͙ ͙ ͍·͍͔͙ͫͦ͋ͦ͗͒ͤΌ ͔͙͍ͣ͒͊ͭͦͪͦ ͍͔͙ͦͫͨ͊ͤ͡ΎΥ ͎͙͙ͫͭ͊ͣͤ͊Σ 

͔͚͙͔͍ͦͭͪͤͦ͟͡Σ ͎͙͍ͨͪͦͫͭ͊͊ͤ͒ͤͦ͡Φ 

мΦнΦ ˥͙͔͔͙͍ͨͪͪ͊ͭͤͦͫͭ͟Έ ͋ͪͦͤͻ͍ͦ 

͙̆ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ ͍ͨͦ·΄͔͊ͭ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͋ͪͦͤͻ͙͊͡Έ͎ͤͦͦ ͔͔͍͒ͪ͊ ͟ ͙ͪ͊͘͡;ͤ·ͣ 

͙͔ͪ͊͒ͪ͊͗ͭ͘͡ΎͣΣ ͍͟͡Ό;͊Ύ ͻͦͦ͒ͤ͡·͚ ͍ͦ͒ͯ͘ͻΣ ͺ͙͙͘;͔ͫͯ͟Ό ͎ͤ͊ͪͯͯ͘͟ ͙ ͻ͙͙ͣ;͔͙͔ͫ͟ ͎͔͊ͤͭ·Φ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

;͊ͫͭ·ͣ Ή͙ͨͦ͒͊ͣ͘ ͋ͪͦͤͻͦͫͨ͊ͣ͊͘Φ 

мΦоΦ ˾͔͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭ 

˨͙͔ͭ͡͡Έ͔ͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ͍·͘·͍͔͊ͭ ͯͭͦ͡΅͔͙͔ͤ ͋͊͊͘͡Έ͚ͤͦ ͔ͣͣ͋ͪ͊ͤ·Σ ͎͙͔ͨͪͭͪͦͺ͙Ό ͎͚͊͒ͦ͟͡ 

ͣͯͫͯ͊ͭͯͪ͟͡· ͙ ͍ͨͦ·΄͔͙͔ͤ ͔͔ͫͪ͟ͼ͙͙ ͙͙ͫ͘͡Φ ͙̏ͭ ͙͔͔͙ͣͤͤ͘Ύ ͔͒͊͡Όͭ ͦ͋ͫͭͪͯ͟ͼ͙Ό ͔͔͔ͣͤ ͙͚ͦ͋ͪ͊ͭͣͦ ͙ 

͍ͨͦ·΄͊Όͭ ͭΎ͔͗ͫͭΈ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

нΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ 

˨͙͎͙͊ͤͦͫͭ͊͟ ˣˢ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͫͦ;͔͙͙ͭ͊ͤ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ ͙ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦΦ 

нΦмΦ ˿͙͔͙ͨͪͦͣͭͪΎ 

˻͍ͫͤͦͤ·ͣ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫͣ͟ ͔ͭͫͭͦͣ Ύ͍͡Ύ͔ͭͫΎ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͦ͋Ά͖ͣ͊ ͺ͙͍͎ͦͪͫͪͦ͊ͤͤͦͦ ͍·͒ͦͻ͊ ͊͘ 

͔͍ͨͪͯΌ ͔ͫͯͤ͒ͯ͟ ό˻̅ˤѕύΦ ˻͙͋ͪ͊ͭͣͦͫͭΈ ͦ͋ͫͭͪͯ͟ͼ͙͙ ͔ͨͦͫ͡ ͙͎ͤ͊͡Ύͼ͙͙ ʲіπ͊ ͎͙ͦͤͫͭ͊ Ύ͍͡Ύ͔ͭͫΎ ͻ͔͊ͪ͊ͭͪͤ͟·ͣ 

͙ͨͪͤ͊ͦͣ͘͟ ͊ͫͭͣ·Φ 
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нΦнΦ ˽͙͟ͺ͔͙ͦͯͣͭͪ͡Ύ 

˽͍ͦͦ͘͡Ύ͔ͭ ͦͼ͔͙͍ͤ͊ͭΈ ͍͙͔͊ͪ͊͋͡ΈͤͦͫͭΈ ͙͍͚ͨͦͦ͟ ͙ͫͦͪͦͫͭ͟ ͍·͒ͦͻ͊ ό˽˿ˤύΣ ;ͭͦ ͎͔ͨͦͣͦ͊ͭ 

͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͔ͭ;͔͙͔ͤ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͍·Ύ͍͡ΎͭΈ ͙͎͎͔ͭͪͪ·Φ 

нΦоΦ ˢ͔͎͎͙ͪͦͦ͡͡͡;͔͔ͫͦ͟ ͔͙͍͙͔ͭͫͭͪͦ͊ͤ 

˴ͦ͗ͤ·͔ ͨͪͦ͋· ͙ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͔ͫͨͼ͙ͺ͙;͔͎ͫͦͦ͟ LƎ9 ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͙ͨͪ;͙ͤͤͦπ

ͤ͊͘;͙ͣ·ͻ ͔͎͔͍͊ͪͤͦ͡͡Φ 

оΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͔͡;͔͙ͤΎ 

˶͔;͔͙͔ͤ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͊ͫͭͣ· ͍͟͡Ό;͔͊ͭ ͙͋͊ͫͤͯ͘Ό ͙ ͙͙ͫͣͨͭͦͣ͊ͭ;͔ͫͯ͟Ό ͔͙ͭͪ͊ͨΌΦ 

оΦмΦ ˮ͎ͤ͊͡Ύͼ͙ͦͤͤ·͔ ͎͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͟͟͟· όˮ˥˴˿ύ 

ˮ˥˴˿ ͦͫͭ͊ΌͭͫΎ ͦͦͭ͘͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣ ͔͡;͔͙ͤΎ ˣˢΦ ˻͙ͤ ͔ͯͣͤΈ΄͊Όͭ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͙ͫͤ͗͊Όͭ ;͊ͫͭͦͭͯ 

͔͙͚ͦ͋ͦͫͭͪͤ ͙ ͯͯ͡;΄͊Όͭ ͺͯͤ͟ͼ͙Ό ͖͎͙͟͡ͻΦ 

оΦнΦ ɰіπ͊ ͎͙ͦͤͫͭ· 

ω ˴͎ͦͪͦͭͦͦ͟ ͔͚͍͙͒ͫͭΎ ό˴˨ˣˢύ τ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͙͍͙ͯͨͪͦ͊ͤ͟Ύ ͙͍ͨͪͫͭͯͨͦΦ 

ω ˨͙͔ͭ͡͡Έ͎ͤͦͦ ͔͚͍͙͒ͫͭΎ ό˨˨ˣˢύ τ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͫͦ;͔͙͙ͭ͊ͤ ͫ ˮ˥˴˿ ͒͡Ύ ͦͤͭͪͦ͟͡Ύ ͙͍ͫͣͨͭͦͣͦΦ 

оΦоΦ ˢ͎͙ͤͭ͊ͦͤͫͭ· ͔͚͙͔͍ͦͭͪͤͦ͟͡·ͻ ͔ͪͼ͔͍ͨͭͦͪͦ 

˽͔ͪͨ͊ͪ͊ͭ· Ή͚ͭͦ ͎ͪͯͨͨ· Ήͺͺ͔͙͍ͭͤ͟· ͙ͨͪ ͖͎͚ͦ͟͡ ͔͙͙ͨͪͫͫͭͪͯΌ΅͔͚ ͔͊ͫͭͣ ͙ ͙ͨͪ ͔͔͔͙͙ͤͨͪͤͦͫͣͦͫͭ 

ˮ˥˴˿Φ 

оΦпΦ ˣ͙͎͙ͦͦ͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎ 

˿͍͔͔ͦͪͣͤͤ·͔ ͣͦͤͦͦͤ͊͟͡͡Έͤ·͔ ͙͔͊ͤͭͭ͊͡ ό͙ͦͣ͊ͯͣ͊͋͘͡Σ ͔͙ͣͨͦͯͣ͊͋͘͡Σ ͙͒ͯͨͯͣ͊͋͡ύ ͙͔ͨͪͣͤΎΌͭͫΎ 

͙ͨͪ ͭΎ͖͚͗ͦ͡ ͔͙͔͚ͤͦͤͭͪͦͪͯͣͦ͟͡ ͔͊ͫͭͣΦ ˻͙ͤ ͙͋ͦͪͯ͟͡Όͭ ͟͡Ό;͔͍·͔ ͍͔ͤ͘ΈΎ ͙͎ͣͣͯͤͤͦͦ ͍͔͙ͦͫͨ͊ͤ͡ΎΦ 

пΦ ˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͙ ͦͤͭͪͦ͟͡Έ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ 

̏ͺͺ͔͙͍ͭͤ͟·͚ ͦͤͭͪͦ͟͡Έ ͊ͫͭͣ· ͔͔ͭͪ͋ͯͭΥ 

ω ͔͙ͯͫͭͪ͊ͤͤΎ ͙͎͎͔͍ͭͪͪͦΣ 

ω ͔͎ͪͯ͡Ύ͎ͪͤͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ ͺͯͤ͟ͼ͙͙ ͖͎͙͟͡ͻΣ 

ω ͫͦ͋͡Ό͔͙͒ͤΎ ͙͍͔͔͙ͨͪͪ͗ͤͤͦͫͭ ͔͙͙ͭͪ͊ͨΣ 

ω ͦ͋ͯ;͔͙ͤΎ ͨ͊ͼ͙͔ͤͭ͊ ͍͙ͨͪ͊͡Έ͚ͤͦ ͔ͭͻ͙͔ͤ͟ ͙͎ͤ͊͡Ύͼ͙͙Φ 

˴͔ͦͣͨͫͤ͟͡·͚ ͨͦ͒ͻͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙͙ͫͤͭ͘Έ ;͊ͫͭͦͭͯ ͔͙͚ͦ͋ͦͫͭͪͤ ͙ ͯͯ͡;΄͙ͭΈ ͊͟;͔͍ͫͭͦ 

͙͙͗ͤ͘Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˣͪͦͤͻ͙͊͡Έͤ͊Ύ ͊ͫͭͣ͊ Ύ͍͡Ύ͔ͭͫΎ ͻ͙ͪͦͤ;͔͙ͫͣ͟ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͣ ͔͍͙͔͊͋ͦ͊ͤͣ͘͡Σ ͔ͭͪ͋ͯΌ΅͙ͣ 

͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊ ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒·Σ ͍͟͡Ό;͊Ύ ˮ˥˴˿Σ 

͙͙͍ͦͣ͋ͤͪͦ͊ͤͤͯ͟Ό ͔͙ͭͪ͊ͨΌ ͙ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͔ͨͪͨ͊ͪ͊ͭ·Σ ͍ͨͦͦ͘͡ΎΌͭ ͙͒ͦͫͭ;Έ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͦͤͭͪͦ͟͡Ύ 

͙͍ͫͣͨͭͦͣͦ ͙ ͙͙ͫͤͭ͘Έ ͙ͪͫ͟ ͔͙͚ͦ͋ͦͫͭͪͤΦ ˾͍͙͙͔͊ͭ͘ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͔͙ͣ͒ͼ͙ͤ· ͦͭͪ͟·͍͔͊ͭ 

͔͔͙͍ͨͪͫͨͭ͟· ͒͡Ύ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͔͡;͔͙ͤΎ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙ͪ͊͘͡;ͤ·͙ͣ ͺ͔͙͙ͤͦͭͨ͊ͣ ͊ͫͭͣ·Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˥ͦ͋͊͡͡Έͤ͊Ύ ͙͙ͤͼ͙͙͍͊ͭ͊ ͨͦ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͔͊ͫͭͣ όDLb!ύΦ ˻ͭ;͔ͭ DLb! нлнпΥ ˿͔͎͙ͭͪ͊ͭΎ ͙͎͙͙͒͊ͤͦͫͭ͟Σ 

͔͡;͔͙ͤΎ ͙ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͊ͫͭͣ·Φ 

нΦ ̉ͯ;͙͊ͤ͡ ˢΦ ˥ΦΣ ˢ͍͔͔͍͒ ˿Φ ˹ΦΣ ˹͔ͤ͊΄͔͍͊ ˹Φ ˸Φ ˣͪͦͤͻ͙͊͡Έͤ͊Ύ ͊ͫͭͣ͊Υ ͍͔͔͔ͫͦͪͣͤͤͦ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͦ 

͎͔͔͔ͨ͊ͭͦͤ͘ ͙ ͔͙͙ͭͪ͊ͨΦ τ ˸͍ͦͫ͊͟Υ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлннΦ τ осу ͫΦ 

оΦ ˾͙͚͔ͦͫͫͫͦ͟ ͔͙͔ͪͫͨͪ͊ͭͦͪͤͦ ͦ͋΅͔͍ͫͭͦΦ ͔͔̅͒ͪ͊͡Έͤ·͔ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͍͔͔͙͒ͤΌ 

ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͚͊ͫͭͣͦΦ нлноΦ 

пΦ Dƭƻōŀƭ LƴƛǝŀǝǾŜ ŦƻǊ !ǎǘƘƳŀ όDLb!ύΦ Dƭƻōŀƭ {ǘǊŀǘŜƎȅ ŦƻǊ !ǎǘƘƳŀ aŀƴŀƎŜƳŜƴǘ ŀƴŘ tǊŜǾŜƴǝƻƴΦ нлнп ¦ǇŘŀǘŜΦ 

рΦ .ŀǊƴŜǎ tΦWΦ tŀǘƘƻǇƘȅǎƛƻƭƻƎȅ ƻŦ ŀƭƭŜǊƎƛŎ ƛƴƅŀƳƳŀǝƻƴΦ WƻǳǊƴŀƭ ƻŦ !ƭƭŜǊƎȅ ŀƴŘ /ƭƛƴƛŎŀƭ LƳƳǳƴƻƭƻƎȅΦ нлмуΤ 

мпмόпύΥ мпсоςмптлΦ 

сΦ IƻƭƎŀǘŜ {Φ¢ΦΣ ²ŜƴȊŜƭ {Φ 9ΦΣ tƻǎǘƳŀ 5Φ {Φ !ǎǘƘƳŀ ǇƘŜƴƻǘȅǇŜǎ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΦ [ŀƴŎŜǘΦ нлмфΤ отпόфсуоύΥ 

ммлрςмммтΦ 
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тΦ tŀǾƻǊŘ LΦ5ΦΣ .ŜŀǎƭŜȅ wΦΣ !Ǝǳǎǝ !Φ tǊŜŎƛǎƛƻƴ ƳŜŘƛŎƛƴŜ ƛƴ ǎŜǾŜǊŜ ŀǎǘƘƳŀΦ 9ǳǊƻǇŜŀƴ wŜǎǇƛǊŀǘƻǊȅ WƻǳǊƴŀƭΦ нлнлΤ 

ррόпύΥ мфлмфуфΦ 

уΦ aŀǊǝƴŜȊ CΦ5Φ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ǿƘŜŜȊƛƴƎ ŘƛǎƻǊŘŜǊǎ ŀƴŘ ŀǎǘƘƳŀ ƛƴ ǇǊŜǎŎƘƻƻƭ ŎƘƛƭŘǊŜƴΦ tŜŘƛŀǘǊƛŎǎΦ нлнмΤ 

мпуόнύΥ ŜнлнмлрмнΦ 

фΦ .ƻǳƭŜǘ [ΦπtΦΣ hΩ.ȅǊƴŜ tΦaΦ !ǎǘƘƳŀ ŘƛŀƎƴƻǎƛǎ ŀƴŘ ǘǊŜŀǘƳŜƴǘΦ bŜǿ 9ƴƎƭŀƴŘ WƻǳǊƴŀƭ ƻŦ aŜŘƛŎƛƴŜΦ нлннΤ оусΥ 

мфпмςмфрнΦ 
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POSTOPERATIVE INFECTIONS 

 

Abstract 

Postoperative infections are among the most common complications of surgical interventions, 

increasing hospital stay and the risk of adverse outcomes. This article discusses the causes of postoperative 

infections, their pathogenesis, and modern methods of prevention and treatment. Particular attention is paid 
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to comprehensive strategies for complication prevention, early diagnosis, risk factor assessment, and 

adherence to aseptic and antiseptic standards. Based on literature analysis, general principles for patient-

management algorithms are proposed to minimize morbidity and improve surgical outcomes. 

Keywords: 

postoperative infection, prevention, treatment, surgical complications,  

infection control, management algorithms. 
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пΦ ˽͙ͪ ͍͙͍͔͙͙ͦͤͤͦͤ͘͟ ͙ͤͺ͔͟ͼ͙͙Υ ͦͼ͔ͤ͊͟ ͭΎ͔͙͗ͫͭΣ ͍·͋ͦͪ ͔ͦͣͨͫͤ͟͟͡·ͻ ͔͡;͔͋ͤ·ͻ ͔ͣͪΣ ͦͤͭͪͦ͟͡Έ 

͙͙͙͒ͤ͊ͣ͟Σ ͔͙͍ͦͪͪͭͪͦ͊͟͟͟ ͙͙ͭ͊ͭ͟͟Φ 

рΦ ˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͙ͤͺ͔͟ͼ͙͙Υ ͫͦ͋͡Ό͔͙͔͒ͤ ͙ͫ͊ͤͭ͊ͪͤͦ-Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙ͫ͟ͻ 

ͤͦͪͣΣ ͦ͋ͯ;͔͙͔ͤ ͔ͨͪͫͦͤ͊͊͡ ͙ ͨ͊ͼ͙͔͍ͤͭͦΦ 

рΦ ˭ͤ͊;͔͙͔ͤ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊ 

˴͔ͦͣͨͫͤ͊͟͡Ύ ͔͎͙ͫͭͪ͊ͭΎ ͍ͨͦͦ͘͡Ύ͔ͭΥ 

͙ͫͤ͗͊ͭΈ ;͊ͫͭͦͭͯ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤ·ͻ ͙ͤͺ͔͟ͼ͙͚Τ 

͔ͯͣͤΈ΄͊ͭΈ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ͫͭ͊ͼ͙͎ͦͤ͊ͪͤͦͦ ͔͡;͔͙ͤΎΤ 

͍ͨͦ·΄͊ͭΈ ͊͟;͔͍ͫͭͦ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͨͦͣͦ΅͙Τ 

ͯͯ͡;΄͊ͭΈ ͎ͨͪͦͤͦ͘ ͙ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͨ͊ͼ͙͔͍ͤͭͦΦ 

ˤ·͍ͦ͒· ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

˽͔͔ͦͫͦͨͪ͊͡ͼ͙ͦͤͤ·͔ ͙ͤͺ͔͟ͼ͙͙ Ύ͍͡ΎΌͭͫΎ ͔ͫͪΈ͖͚ͤͦ͘ ͔͚ͨͪͦ͋ͣͦ͡ ͻ͙͎͙͙ͪͯͪΤ 

ˢ͎͙͙͙͍ͦͪͭͣͪͦ͊ͤͤ͘͡·͚ ͨͦ͒ͻͦ͒ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙͔͙͔ͫͤ͗ͤ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Τ 

˹͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙͔͎ͤͭͪ͊ͼ͙͙ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͨͪͦͺ͙͙͙͊ͭ͟͟͡Σ ͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ 

͔͡;͔͙ͤΎΤ 

˽͔͔͙͍ͪͫͨͭͤ͟·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͍ͤͦ·ͻ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͍ͨͪͦͭͦͦͦ͟͡Σ ͙͊ͤ͊͘͡ 

ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟Σ ͍͔͔͙͔ͤ͒ͪͤ ͼ͙ͺ͍ͪͦ·ͻ ͙͔ͫͫͭͣ ͦͤͭͪͦ͟͡Ύ ͫͦͫͭͦΎ͙ͤΎ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˭͊͟͡Ό;͔͙͔ͤΦ 

˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͙ ͍͔͍͔͔͔ͫͦͪͣͤͤͦ ͔͡;͔͙͔ͤ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤ·ͻ ͙ͤͺ͔͟ͼ͙͚ Ύ͍͡ΎΌͭͫΎ ͟͡Ό;͔͍·͙ͣ 

Ή͔͔͙ͣͤͭ͊ͣ͡ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ ˢ͎͙͙ͦͪͭͣ͊͘͡ͼ͙Ύ ͨͦ͒ͻ͍ͦ͒ͦ ͙ ͫͦ͋͡Ό͔͙͔͒ͤ ͍ͫͭ͊ͤ͒͊ͪͭͦ ͔͙͙͊ͫͨͭ͟ 

͙ ͙͔͙͙͊ͤͭͫͨͭ͟ ͍ͨͦ·΄͊Όͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͨͦͣͦ΅͙ ͙ ͙ͫͤ͗͊Όͭ ͙ͪͫ͟ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˴͔ͦͣͨͫͤ͟͡·͚ ͨͦ͒ͻͦ͒Σ ͍ͦͫͤͦ͊ͤͤ·͚ ͤ͊ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͋͊͘Σ ͖ͦͫͭ͊ͭͫΎ ͍͚ͦͫͤͦͦ ͍͔͔͚ͫͦͪͣͤͤͦ 

ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͙͙ͨͪ͊ͭ͟͟Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˮͤͺ͊ͪͭ͟ ͔ͫͪ͒ͼ͊ ͖ͦͫͭ͊ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͙ͨͪ;͙ͤ ͔͙ͫͣͪͭͤͦͫͭ ͍ͦ ͍͖ͫͣ 

͙͔ͣͪΣ ͎͙͍͊ͭͪ͊͊͘Ύ ͨ͊ͼ͙͔͍ͤͭͦ ͙ͪ͊͘͡;ͤ·ͻ ͍ͦͪ͊ͫͭͤ͘·ͻ ͎ͪͯͨͨ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͖͍ͫͦ͡Φ ˾ͦͫͭ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟Σ 

͍ͫΎ͊ͤͤ͘·ͻ ͫ ͦ͋ͪ͊ͦͣ͘ ͙͙͗ͤ͘Σ ͔͍ͫͭͪͫͫͦ·͙ͣ ͎͙ͤ͊ͪͯ͊ͣ͘͟Σ ͎͙͙͙͔͚ͨͦ͒ͤ͊ͣ ͙ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣ ͙͙͎ͨ͒ͤͦͦ͡ 

͔ͦ͋ͣͤ͊Σ ͔͔͒͊ͭ͡ ͔ͨͪͦ͋ͣͯ͡ ͙ͤͺ͊ͪͭ͊͟ ͔ͦͫͦ͋ͤͤͦ ͊ͭͯ͊͟͡Έ͚ͤͦΦ ͔̇͡ΈΌ ͚͒͊ͤͤͦ ͪ͊͋ͦͭ· Ύ͍͡Ύ͔ͭͫΎ 

͔͔ͦͣͨͫͤͦ͟͟͡ ͔͙͔ͪ͊ͫͫͣͦͭͪͤ ͟͡Ό;͔͍·ͻ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Σ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡ ͙ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ͤͺ͊ͪͭ͊͟ ͙ͣͦ͊ͪ͒͊͟Σ ͊ ͔ͭ͊͗͟ ͙͊ͤ͊͘͡ ͔͎͙͚ͫͭͪ͊ͭ ͨͪͦͺ͙͙͙͊ͭ͟͟͡Σ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͤ͊ ͔ͯͣͤΈ΄͔͙͔ͤ ͍͔ͪͦΎ͙ͭͤͦͫͭ ͍͙͙ͪ͊ͭ͘Ύ ͚ͦͫͭͪͦ ͚ͦͪͦͤ͊ͪͤͦ͟ ͎͙͙ͨ͊ͭͦͦ͡Φ 

˸͔͎͙ͭͦ͒ͦͦ͡;͔ͫ͊͟Ύ ͍ͦͫͤͦ͊ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͟͡Ό;͔͊ͭ ͦ͋ͦͪ͘ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͍͍ͪͯͦͦ͒ͫͭ͟Σ ͙͙ͫͭ͊ͭͫͭ;͔͙ͫ͟ͻ 

͒͊ͤͤ·ͻ ͙ ͤ͊ͯ;ͤ·ͻ ͙ͨͯ͋͊͟͡ͼ͙͚Σ ͍ͨͦͫΎ΅͖ͤͤ·ͻ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·ͣ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͣΦ ˻͍ͫͤͦͤ·͔ 

͔ͪͯ͘͡Έͭ͊ͭ· ͫͦͫͭͦΎ͙͡ ͍ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙͙ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟ ͙ ͦͼ͔͔ͤ͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ 

͔͎ͪ͊ͤͤͦ ͍·Ύ͍͔͙ͤ͡Ύ ͙ͤͺ͊ͪͭ͊͟Σ ͍͟͡Ό;͊Ύ ͙͔͋ͦͣ͊ͪͪ͟·Σ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ ͔ͣͭͦ͒· ͙ ͙͙ͤ͟͡;͔͙͔ͫ͟ ΄͊͟͡·Φ 

˿͔͒͊ͤ͡ ͍·͍ͦ͒ ͦ ͭͦͣΣ ;ͭͦ ͍͔͍͔͔ͫͦͪͣͤͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͍ ͫͦ;͔͙͙ͭ͊ͤ ͫ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙͙ͫͣ͟ 

͔͙ͣͪͦͨͪΎ͙ͭΎ͙ͣ ͙ ͙ͣͦ͒ͺ͙͊͟ͼ͙͔͚ ͦ͋ͪ͊͊͘ ͙͙͗ͤ͘ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͍͙͔ͯͫͦͣ͡ ͙͔͙ͫͤ͗ͤΎ ͔͙ͫͣͪͭͤͦͫͭ 

ͦͭ ͙ͤͺ͊ͪͭ͊͟ ͔ͫͪ͒ͼ͊Φ όҒмлол ͍ͤ͊ͦ͘͟ύ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͙ ͤͺ͊ͪͭ͟Τ ͙ͣͦ͊ͪ͒͟Τ ͙͎͙͒͊ͤͦͫͭ͊͟Τ ͨͪͦͺ͙͙͊ͭ͊͟͟͡Τ ͦͪͦͤ͊ͪͤ͟·͔ ͔͙͙͊ͪͭͪΤ 

 ͅ ͊ͭͦͪ͟· ͙ͪͫ͊͟Τ ͎͔͔ͨ͊ͭͦͤ͘Τ ͔͡;͔͙͔ͤ. 

 

ˮͤͺ͊ͪͭ͟ ͔ͫͪ͒ͼ͊Σ ͔͍ͨͪ͒ͫͭ͊͡ΎΌ΅͙͚ ͚ͫͦ͋ͦ ͔ͦͫͭͪͦ ͤ͊ͪͯ΄͔͙͔ͤ ͎ͦͪͦͤ͊ͪͤͦͦ͟ ͍ͪͦͦͦ͋ͪ͊͟΅͔͙ͤΎ ͫ 

͔ͨͦͫ͒ͯ͡Ό΅͙ͣ ͔ͤͪͦͦͣ͘͟ ͯ;͊ͫͭ͊͟ ͔͔ͫͪ͒;͚ͤͦ ͣ·΄ͼ·Σ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͎͙ͣͤͦͻ ͔͒ͫΎ͙͔͙͚ͭͭ͡ ͖ͦͫͭ͊ͭͫΎ 

͚ͦ͒ͤͦ ͙͘ ͼ͔ͤͭͪ͊͡Έͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͎͙͙͊ͪ͒ͦͦ͟͡Φ ˹͔ͫͣͦͭͪΎ ͤ͊ ͫͯ΅͔͍͔ͫͭͤͤ·͚ ͎͔ͨͪͦͪͫͫ ͍ 

͍͙͙͙ͪ͊ͭ͘ ͔͍ͣͭͦ͒ͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΎΣ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͙ͤͺ͊ͪͭ͊͟ ͙ͣͦ͊ͪ͒͊͟ ͔ͤͯͦͤͤͦ͟͡ ͖ͪ͊ͫͭͭΣ 

;ͭͦ ͍ͫΎ͊ͤͦ͘ ͊͟͟ ͫ ͔͎͒ͣͦͪ͊ͺ͙;͔͙͙ͫͣ͟ ͙͔͔͙ͣͤͤ͘Ύ͙ͣΣ ͭ͊͟ ͙ ͫ ͍͔͙ͯ͡;͔͙͔ͤͣ ͎͙ͤ͊ͪͯ͘͟ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟Σ 

͍ͫΎ͊ͤͤ͘·ͻ ͫ ͦ͋ͪ͊ͦͣ͘ ͙͙͗ͤ͘ ͍͔͔͎ͫͦͪͣͤͤͦͦ ;͔͍͔ͦ͊͟͡Φ ˿ͦ͗ͤͦͫͭ͡Έ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͫͦ;͔͙͙ͭ͊ͤ 

͎ͣͤͦͦͦ͋ͪ͊ͤ͘·ͻ ͙ͨͪ;͙ͤΣ ͍͙͙͍͙͊ͪ͊ͭͤͦͫͭ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡ ͙ ͎͙ͦͪ͊ͤ;͔͎ͤͤͦͦ ͍͔͔͎ͪͣͤͤͦͦ ͦͤ͊͟ 

͒͡Ύ ͙ͦ͊͊ͤ͘͟Ύ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙Φ ˽ͦ Ή͚ͭͦ ͙ͨͪ;͙͔ͤ ͙ͯ͘;͔͙͔ͤ ͙ͤͺ͊ͪͭ͊͟ ͔ͫͪ͒ͼ͊ 

͔ͨͪͦ͒ͦ͗͊ͭ͡ ͍ͦͫͭ͊͊ͭΈͫΎ ͊ͭͯ͊͟͡Έ͚ͤͦ ͊͒͊͘;͔͚ ͔͙ͣ͒ͼ͙ͤ·Σ ͍͔͚ͤ͊ͨͪ͊ͤͤͦ͡ ͤ͊ ͫͦͻ͔͙͔ͪ͊ͤͤ ͙͙͗ͤ͘ 

͙͙͍ͣͦͤͦ͡͡ ͨ͊ͼ͙͔͍ͤͭͦ ͨͦ ͍͔ͫͣͯ ͙ͣͪͯΦ 

˻͙͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͺ͍͊ͭͦͪͦ͟Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͻ ͍͙͙͔ͪ͊ͭ͘ ͙ͤͺ͊ͪͭ͊͟ ͔ͫͪ͒ͼ͊Σ Ύ͍͡Ύ͔ͭͫΎ ͔͔͊ͭͪͦͫͪͦ͘͟͡ 

ͦͪͦͤ͊ͪͤ͟·ͻ ͔͙͚͊ͪͭͪΣ ͦͭͦͪ͟·͚ ͺ͙͔ͦͪͣͪͯͭͫΎ ͔͔ͨͦͫͭͨͤͤͦ ͨͦ͒ ͍͙͡Ύ͙͔ͤͣ ͤ͊ͪͯ΄͔͙͚ͤ ͙͙͎ͨ͒ͤͦͦ͡ ͔ͦ͋ͣͤ͊Σ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͔͙ͯͪͤ͟ΎΣ ͔͍ͫͭͪͫͫͦ·ͻ ͺ͍͊ͭͦͪͦ͟ ͙ ͔͍͔͚ͤ͊ͫ͒ͫͭͤͤͦ͡ ͔͔͙ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡Φ 

˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͔͔͙͊ͭͪͦͫͪͦͭ͟͡;͔͙ͫ͟ͻ ͋͡Ύ΄͔͟Σ ͫͦͤͤ͟͡·ͻ ͟ ͪ͊ͪ͘·͍ͯΣ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͔ͤ͊ͨͤͦͣͯ͘ ͔͔ͨͪͪ͟·͙ͭΌ 

͍͔ͨͪͦͫͭ͊ ͔͙͙͊ͪͭͪ ͙ ͔ͨͪͪ͊͟΅͔͙ͤΌ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟Ύ ͔͔͖͚ͦͨͪ͒ͤͤͦ͡ ͦͤ͘· ͙ͣͦ͊ͪ͒͊͟Φ ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͎ͦ͒· 

͍͙͙͔ͤͣ͊ͤ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ ͔ͭ͊͗͟ ͙͍͔ͨͪ͊͟͡Όͭ ͔ͤͫͭ͊ͤ͒͊ͪͭͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͍͙͙ͪ͊ͭ͘Ύ ͙ͤͺ͊ͪͭ͊͟Σ ͍͟͡Ό;͊Ύ 

ͦͪͦͤ͊ͪͤ͟·͚ ͍͊ͦͫͨ͊ͣ͘͘Σ ͭͪͦͣ͋ͦΉ͙ͣ͋ͦ͡ΌΣ ͙͍ͣͪͦ͊ͫͯ͟͟͡ΎͪͤͯΌ ͙͒ͫͺͯͤ͟ͼ͙Ό ͙ ͫͦ;͔͔ͭ͊ͤͤͦ ͔͚͍͙͔͒ͫͭ 

͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͎͔͔ͨ͊ͭͦͤ͘ ͙ͤͺ͊ͪͭ͊͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ 

͎͔ͣͤͦͦͦͣͨͦͤͤͭͤ͟·͚ ͨͪͦͼ͔ͫͫΣ ͍͟͡Ό;͊Ό΅͙͚ ͙͔ͫͫͭͣͤ·͔Σ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔Σ ͙ͫͦͫͯ͒ͫͭ·͔ ͙ ͔ͭͦ͟͡;ͤ·͔ 
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͙͔͔͙ͣͤͤ͘ΎΦ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͙ͤͺ͊ͪͭ͊͟ ͔ͫͪ͒ͼ͊ ͖ͦͫͭ͊ͭͫΎ ͚ͪ͊ͤͦͦ͋ͪ͊ͤͦ͘͘Σ ;ͭͦ ͔͔ͤͪ͒ͦ͟ ͙͍͙ͨͪͦ͒ͭ ͟ 

͔ͨͦ͒ͤͣͯ͘ ͦ͋ͪ͊΅͔͙ͤΌ ͊͘ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅ΈΌΦ ˴͙͊ͫͫ͡;͔͙ͫͣ͟ ͙ͫͣͨͭͦͣͦͣ Ύ͍͡Ύ͔ͭͫΎ ͙͔͙͍ͤͭͤͫͤ͊Ύ 

͍͒͊Ύ΅͊Ύ ͙͙͡ ͎͗ͯ;͊Ύ ͋ͦ͡Έ ͊͘ ͎͙͚ͪͯ͒ͤͦΣ ͙͙͙ͪͪ͊͒ͪͯΌ΅͊Ύ ͍ ͔͍ͯ͡Ό ͪͯͯ͟Σ ͔ͨ͡;ͦ ͙͙͡ ͙ͤ͗ͤΌΌ ;͔͡ΌͫͭΈΦ 

˻͒ͤ͊ͦ͟ ͍͖ͫ ;͊΅͔ ͍͔ͫͭͪ;͊ΌͭͫΎ ͙͙͊ͭͨ;ͤ·͔ ͺͦͪͣ·Σ ͔ͦͫͦ͋ͤͤͦ ͯ ͔͗ͤ΅͙ͤΣ ͙ͨͦ͗͡·ͻ ͨ͊ͼ͙͔͍ͤͭͦ ͙ ͙͡ͼ ͫ 

ͫ͊ͻ͊ͪͤ·ͣ ͙͔͒͊͋ͭͦͣΦ ˴ ͙ͭ͊ͣ͟ ͨͪͦΎ͍͔͙ͤ͡Ύͣ ͦͭͤͦͫΎͭͫΎ ͦ͒·΄͊͟Σ ͫ͊͋ͦͫͭ͡ΈΣ ͭͦ΄ͤͦͭ͊Σ ͙͒ͫͦͣ͟ͺͦͪͭ ͍ 

͙͍͔͗ͦͭ ͙͙͡ ͍͙͔ͦͭͫͯͭͫͭ ͙͋ͦ͡ ͍͍͔ͦͫΦ ˤ Ή͚ͭͦ ͍ͫΎ͙͘ ͔ͦͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͍ͨͦ·΄͔͙͔ͤ 

͍͔͖͙ͦͫ͒ͦͣͤͤͦͫͭ͡ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ ͍ͪ͊;͔͚ ͔͍͙ͨͪ;͎ͤͦͦ ͍͔ͤ͊͘ ͦ ͍͙͔͊ͪ͊͋͡Έ͙ͤͦͫͭ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͔ͭ;͔͙ͤΎΣ 

;ͭͦ͋· ͍͔͍͔͔ͫͦͪͣͤͤͦ ͍ͤ͊ͨͪ͊͡ΎͭΈ ͨ͊ͼ͙͔͍ͤͭͦ ͤ͊ Ή͔ͫͭͪͤͤͯ͟Ό ͙͎͙͒͊ͤͦͫͭͯ͟Φ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ͤͺ͊ͪͭ͊͟ ͔ͫͪ͒ͼ͊ ͍ͦͫͤͦ͊ͤ͊ ͤ͊ ͫͦ;͔͙͙ͭ͊ͤ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͍ͨͪͤ͊ͦ͘͟Σ 

Ή͔͙͎ͭͪͦ͊ͪ͒ͦͪ͊͟͟͡ͺ͙;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘ ͙ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡Φ ͔͙͎̏ͭͪͦ͊ͪ͒ͦͪ͊͟͟͡ͺ͙Ύ ͍ͨͦͦ͘͡Ύ͔ͭ 

͍·Ύ͍͙ͭΈ ͤ͊ͪͯ΄͔͙͔ͤ ͔ͪͨͦ͡Ύ͙ͪ͊͘ͼ͙͙Σ ͨͦ͒Ά͖ͣ ͔͎͔ͫͣͤͭ͊ ST ͙ ͙͡ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͎͙ͨ͊ͭͦͦ͡;͔͎ͫͦͦ͟ ͯ͋͘ͼ͊ Q, 

;ͭͦ ͙ͫͯ͗ͭ͡ ͟͡Ό;͔͍·ͣ ͔ͣ͊ͪͪͦͣ͟ ͎ͦͫͭͪͦͦ ͎ͦͪͦͤ͊ͪͤͦͦ͟ ͫͦ͋·͙ͭΎΦ ˤ͔͚͊͗ͤ΄͙ͣ ͍͔͔͙͔ͨͦ͒ͭͪ͗͒ͤͣ 

͙ͤͺ͊ͪͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͍ͨͦ·΄͔͙͔ͤ ͍ͯͪͦͤΎ ͙͔͍͋ͦͣ͊ͪͪͦ͟ ͔ͤͪͦ͊͘͟ ͙ͣͦ͊ͪ͒͊͟Σ ͔͔ͨͪ͗͒ ͍͔͎ͫͦ ͙͍ͭͪͦͨͦͤͤͦΣ 

ͦͭͦͪ͟·͔ ͦ͋͊͒͊͡Όͭ ͍·͚ͫͦͦ͟ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈΌ ͙ ͔ͫͨͼ͙ͺ͙;ͤͦͫͭΈΌΦ ˨͙͔ͦͨͦͤͭ͡͡Έͤͦ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ 

͔ͣͭͦ͒· ͍͙͙ͯ͊͊͘͘͡ͼ͙͙Σ ͍͟͡Ό;͊Ύ Ήͻ͙͎ͦ͊ͪ͒ͦͪ͊͟ͺ͙ΌΣ ͦͣͨ͟ΈΌ͔ͭͪͤͯΌ ͎ͭͦͣͦͪ͊ͺ͙Ό ͙ ͦͪͦͤ͊ͪͤͯ͟Ό 

͎͙͎͊ͤͦͪ͊ͺ͙ΌΣ ͍ͨͦͦ͘͡ΎΌ΅͙͔ ͦͼ͔͙ͤͭΈ ͫͦͫͭͦΎ͙͔ͤ ͍ͫͦͫͯ͒ͦ ͙ ͔͔ͫͭͨͤΈ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͔ͫͪ͒;͚ͤͦ ͣ·΄ͼ·Φ ˤ 

͍͙ͯͫͦ͡Ύͻ ͔͚ͤͦͭͦ͗ͤͦ͡ ͔͙ͣ͒ͼ͙ͤ· ͍͊͗ͤ·ͣ ͍͙ͫͭ͊ͤͦͭͫΎ ͙͙͙ͣͤͣ͊͘ͼ͙Ύ ͍͔͔͙ͪͣͤ ͔ͣ͗͒ͯ ͨͦΎ͍͔͙͔ͤͣ͡ 

͙͍ͫͣͨͭͦͣͦ ͙ ͤ͊;͊ͦͣ͡ ͔͡;͔͙ͤΎΣ ;ͭͦ ͤ͊ͨͪΎͣͯΌ ͍͙͡Ύ͔ͭ ͤ͊ ͍·͙͍͔͗͊ͣͦͫͭΈΦ 

˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͙ͤͺ͊ͪͭ͊͟ ͔ͫͪ͒ͼ͊ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·ͣ ͫͨͦͫͦ͋ͦͣ ͙͔͙ͫͤ͗ͤΎ 

͔͙ͫͣͪͭͤͦͫͭ ͙ ͖͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˻͍͔ͫͤͦͤͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ 

ͨͪͦͺ͙͙͊ͭ͟͡;͔͚ͫͦ͟ ͔͎͙͙ͫͭͪ͊ͭ ͍ͫΎ͊ͤͦ͘ ͫ ͙ͣͦ͒ͺ͙͊͟ͼ͙͔͚ ͦ͋ͪ͊͊͘ ͙͙͗ͤ͘Υ ͦͭ͊ͦͣ͘͟ ͦͭ ͔͙ͯͪͤ͟ΎΣ ͔ͦͤͭͪͦͣ͟͡ 

͍͔ͫ͊Σ ͔͎ͪͯ͡Ύ͚ͪͤͦ ͺ͙͙͘;͔͚ͫͦ͟ ͙͍͊ͭͤͦͫͭ͟ΈΌΣ ͙͔͙͔ͫͤ͗ͤͣ ͍ͯͪͦͤΎ ͻ͔͔͙ͦͫͭͪͤ͊͡ ͙ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ 

˸͔͙͔͒͊ͣͤͭͦͤ͊͘͟Ύ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ ͍͟͡Ό;͔͊ͭ ͙͔͔͙͔ͨͪͣͤͤ ͙͍ͫͭ͊ͭͤͦΣ ͙͎͔͎͍͊ͤͭ͊ͪ͊ͤͭͦ ͙ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͒͡Ύ 

ͦͤͭͪͦ͟͡Ύ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘Σ ;ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔ͯͣͤΈ΄͔͊ͭ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͔͊ͭͪͦͫͪͦ͊͘͟͡ ͙ 

͍ͨͦͭͦͪͤ·ͻ ͦͪͦͤ͊ͪͤ͟·ͻ ͫͦ͋·͙͚ͭΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͔ͪ͊ͤͤͣͯ ͍·Ύ͍͔͙ͤ͡Ό ͔͙͍ͨͪ͒ͭͦͪͦ͟ 

͙ͤͺ͊ͪͭ͊͟Σ ͙ͭ͊͟ͻ ͊͟͟ ͙͙͙͔͙͒ͫͨ͒ͣ͡ΎΣ ͙͙͔͙͔ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ΈΣ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙ 

͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͙͎ͨ͒ͤͦͦ͡ ͔ͦ͋ͣͤ͊Φ 

˽͙ͪ ͙͔͊ͤ͊͘͡ ͍͔͔ͫͦͪͣͤͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͍͙ͫͭ͊ͤͦͭͫΎ ͦ;͔͍͙͒ͤ·ͣΣ ;ͭͦ ͟͡Ό;͔͍·ͣ Ή͔͔ͣͤͭͦͣ͡ ͍ ͋ͦͪΈ͔͋ 

ͫ ͙ͤͺ͊ͪͭͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͙͔͎ͤͭͪ͊ͼ͙Ύ ͨͪͦͺ͙͙͙͊ͭ͟͟͡Σ ͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ 

͔͍ͪ͊ͫͯ͟͡Ύ͙ͪ͊͘ͼ͙͙Φ ˻͒ͤ͊ͦ͟ ͫͯ΅͔͍͔ͫͭͯͭ ͔ͨͪͦ͋ͣ͊͡ ͔ͤ͒ͦͫͭ͊ͭͦ;͚ͤͦ ͙ͤͺ͙͍͙ͦͪͣͪͦ͊ͤͤͦͫͭ ͨ͊ͼ͙͔͍ͤͭͦ ͦ 

͔͍ͨͪ·ͻ ͙ͨͪͤ͊͊͘͟ͻ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͦ ͍͙͡Ύ͙͙ͤ ͙ͣͦ͒ͺ͙ͼ͙͔ͪͯͣ·ͻ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟Φ ˴͔ͪͦͣ ͎ͭͦͦΣ ͫͦͼ͙͊͡Έͤͦ-

Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͍͙ͯͫͦ͡ΎΣ ͍͔ͯͪͦͤΈ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· ͙ ͒ͦͫͭͯͨͤͦͫͭΈ ͙͎͙͊ͪ͒ͦͦ͟͡;͔͚ͫͦ͟ 

ͨͦͣͦ΅͙ ͦͫͭ͊ΌͭͫΎ ͤ͊͘;͙ͣ·͙ͣ ͎͙ͦͪ͊ͤ;͙͍͊Ό΅͙͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͫͭͪ͊ͤ͊ͻ ͫ ͍͙͍ͪ͊͊͘Ό΅͔͚ͫΎ 

͙͔͚ͫͫͭͣͦ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ ˮ͔ͣͤͤͦ ͨͦΉͭͦͣͯ ͔͔ͭͪ͋ͯͭͫΎ ͙͔͔ͫͫͭͣͤͦ ͯͯ͡;΄͔͙͔ͤ ͍͔͙͔ͨͪͦͫͭͭ͡Έ͙ͫ͟ͻ 

͎ͨͪͦͪ͊ͣͣ ͙ ͙͒ͦͫͭͯͨͤͦͫͭ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͤ͊͋͡Ό͔͙͒ͤΎΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͨͪͦ͋ͣ͊͡ ͙ͤͺ͊ͪͭ͊͟ ͔ͫͪ͒ͼ͊ ͙ͤͦͫͭ ͔ͦͣͨͫͤ͟͟͡·͚ ͻ͔͊ͪ͊ͭͪ͟ ͙ ͔͔ͭͪ͋ͯͭ 

͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͒;͖͙͍ͪ͊͟Όͭ ͍͊͗ͤͦͫͭΈ ͔͎ͪ͊ͤͤͦ 

͍·Ύ͍͔͙ͤ͡Ύ ͙ͫͦͫͯ͒ͫͭ·ͻ ͙͔͔͙͚ͣͤͤ͘Σ ͔͙ͨͪͫͦͤͺ͙ͼ͙͍͚ͪͦ͊ͤͤͦ ͦͼ͔͙ͤ͟ ͙ͪͫ͊͟ ͙ ͙͔͙ͯͫͤ͡Ύ 

ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫ͟ͻ ͔͙ͣͪͦͨͪΎ͙͚ͭΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͫͯ΅͔͍͔ͫͭͤͤ·͔ ͙͔͙͒ͦͫͭ͗ͤΎ ͙͎͙͙͊ͪ͒ͦͦ͟͡Σ ͔ͦͤ͟;ͤ·͚ 

͔ͪͯ͘͡Έͭ͊ͭ ͔͡;͔͙ͤΎ ͍ͦ ͎ͣͤͦͦͣ ͍͙͙͊ͫͭ͘ ͦͭ ͍͔͍͔͔͙ͫͦͪͣͤͤͦͫͭ ͦ͋ͪ͊΅͔͙ͤΎ ͊͘ ͨͦͣͦ΅ΈΌΣ ͙͒ͫͼ͙͙ͨͤ͡· 

ͨ͊ͼ͙͔ͤͭ͊ ͙ ͊͟;͔͍ͫͭ͊ ͨͪͦͺ͙͙͙͊ͭ͟͟͡Σ ;ͭͦ ͔͔͒͊ͭ͡ ͯ;͙͔͊ͫͭ ͦ͋΅͔͍ͫͭ͊ ͍ ͋ͦͪΈ͔͋ ͫ ͙ͤͺ͊ͪͭͦͣ͟ ͫͭͦ͡Έ ͔͗ 

ͤ͊͘;͙ͣ·ͣΣ ͊͟͟ ͙ ͍͙͙͔ͪ͊ͭ͘ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ 

˨͙͔ͦͨͦͤͭ͡͡Έ͔ͤͦ ͙͙͔ͨͦͤͣ͊ͤ ͔ͨͪͦ͋ͣ͡· ͙ͤͺ͊ͪͭ͊͟ ͔ͫͪ͒ͼ͊ ͔͍ͤͦͣͦ͗ͤͦ͘ ͔͋͘ ͙͊ͤ͊͊͘͡ ͔͔͋ͦ͡ 

͎͙ͯ͋ͦ͟͡ͻ ͫͦͼ͙͊͡Έͤͦ-͙ͨͫͻ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͙ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͔ͨͪ͒ͨͦͫ·ͦ͟͡Σ ͦͭͦͪ͟·͔ ͔͔ͨͦͫͭͨͤͤͦ ͺ͙ͦͪͣͪͯΌͭ 

ͨͦ;͍ͯ ͒͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ͚ͦͫͭͪͦ ͚ͦͪͦͤ͊ͪͤͦ͟ ͎͙͙ͨ͊ͭͦͦ͡Φ ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͎ͦ͒· ͯ;͖ͤ·͔ ͍͖ͫ ;͊΅͔ ͨͦ͒;͖͙͍ͪ͊͟ΌͭΣ 
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;ͭͦ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙ͤͺ͊ͪͭ͊͟ τ Ήͭͦ ͔ͤ ͔͔ͦ͒ͤͦͣͦͣͤͭͤͦ ͫͦ͋·͙͔ͭΣ ͊ ͔ͪͯ͘͡Έͭ͊ͭ ͔͙ͤ͊ͦͨͤ͟͡Ύ ͔͍ͣͤͦ͗ͫͭ͊ 

͔ͤ͋ͦ͡Έ΄͙ͻ ͤ͊ͪͯ΄͔͙͚ͤΣ ͔͊͗͒ͦ͟ ͙͘ ͦͭͦͪ͟·ͻ ͨͦ ͔ͦͭ͒͡Έ͙ͤͦͫͭ ͔ͤ ͍͙͙͔ͦͫͨͪͤͣ͊ͭͫΎ ;͔͍͔ͦͦͣ͟͡ ͊͟͟ 

͎ͯͪͦ͗͊Ό΅͔͔Φ ˽͔͔͔ͦͫͭͨͤͤͦ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͙͚ͫͦͫͯ͒ͫͭͦ ͔͙ͫͭͤ͟Σ ͔͙ͦ͋͊ͤ͟͡Ύ ͍ͯͪͦͤΎ ͻ͔͔͙ͦͫͭͪͤ͊͡Σ 

ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͙͔͙͔ͫͤ͗ͤ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͔͚ͭ͊ͤ͟ ͟ ͙͙ͤͫͯͤͯ͡Σ ͔͔͎ͤͪͯ͡Ύͪͤ·͚ ͫͦͤΣ 

Ήͣͦͼ͙ͦͤ͊͡Έͤ·͔ ͔͔͎͙ͨͪͪͯ͘͟ ͙ ͍͙ͣ͊ͦͨͦ͒͗ͤ͡·͚ ͦ͋ͪ͊͘ ͙͙͗ͤ͘ ͫͦ͒͊͘Όͭ ͺͦͤΣ ͤ͊ ͦͭͦͪͦͣ͟ ͙ͦ͒ͤ 

͍ͨͪͦͦͼ͙ͪͯΌ΅͙͚ ͺ͊ͭͦͪ͟ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͭΎ͖͗ͦͣͯ͡ ͔͔ͫͪ͒;ͤͦͣͯ ͫͦ͋·͙ͭΌΦ ˮ͔ͣͤͤͦ Ήͭͦͭ ͙͔͒ͭ͡͡Έͤ·͚ 

ͫͪ͟·ͭ·͚ ͔͙ͨͪͦ͒ ͔͔͒͊ͭ͡ ͙ͤͺ͊ͪͭ͟ ͔ͦͫͦ͋ͤͤͦ ͍ͦ͊ͪͤ͟·ͣΥ ͨ͊ͼ͙͔ͤͭ ͫͯ͋Ά͔͙͍ͭͤͦ͟ ;͍͍͔ͯͫͭͯͭ ͔ͫ͋Ύ 

ζ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͍͒ͦͪͦ͘·ͣηΣ ͍ ͭͦ ͍͔ͪͣΎ ͊͟͟ ͦͪͦͤ͊ͪͤ͟·͔ ͔͙͙͊ͪͭͪ ͔ͯ͗ ͍͔͎ͨͦ͒ͪ͊ΌͭͫΎ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫͣ͟ 

͙͔͔͙ͣͤͤ͘ΎͣΦ 

˹͔ ͔͔͔ͣͤ ͍͔͊͗ͤ ͙ ͭͦͭ ͺ͊ͭ͟Σ ;ͭͦ ͔ͭͯ͟΅͙͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͎͔͔͔ͨ͊ͭͦͤ͘ ͙ͤͺ͊ͪͭ͊͟ ͔ͫͣ΅͊ΌͭͫΎ ͦͭ 

;͙ͫͭͦ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ͙͙ͨͦͤͣ͊ͤΎ ͙͊ͯͨͦͪ͘͟͟ ͫͦͫͯ͒͊ ͟ ͔ͦͣͨͫͤͦͣͯ͟͟͡ ͙͔ͫͫͭͣͤͦͣͯ ͍͎͘͡Ύ͒ͯΦ ˿͔͎ͦ͒ͤΎ ͍͖ͫ 

͋ͦ͡Έ΄͔ ͒͊ͤͤ·ͻ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭΣ ;ͭͦ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ͊Ύ ͙͔ͫͫͭͣ͊ ͔ͭͫͤͦ ͍͙͔͚͍͔͊ͣͦ͒ͫͭͯͭ͘ ͫ ͙͚ͣͣͯͤͤͦΣ 

Ή͙͚ͤ͒ͦͪͤͤͦ͟ ͙ ͔͍͚ͤͪͤͦ ͙͔͙ͫͫͭͣ͊ͣΦ ˿͔ͭͪͫͫͦͪͤ·͔ ͎ͦͪͣͦͤ·Σ ͙͔ͭ͊͟ ͊͟͟ ͙ͦͪͭͦ͘͟͡ ͙ ͔͙͊͒ͪͤ͊ͤ͡Σ ͫͨͦͫͦ͋ͤ· 

ͯͫͦͪ͟ΎͭΈ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͔͔͊ͭͪͦͫͪͦ͊͘͟͡Σ ͍ͨͦ·΄͊ͭΈ ͍Ύͦͫͭ͘͟Έ ͍͙ͪͦ͟ ͙ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ 

͍ͭͪͦͣ͋ͦΦ ˮͣͣͯͤͤ·͔ ͔͙ͭ͟͟͡Σ ͯ;͍͊ͫͭͯΌ΅͙͔ ͍ ͻ͙ͪͦͤ;͔ͫͦͣ͟ ͍͔͙͙ͦͫͨ͊ͤ͡ ͙͚ͫͦͫͯ͒ͫͭͦ ͔͙ͫͭͤ͟Σ ͙͎ͪ͊Όͭ 

͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͔͙ͤͫͭ͊͋͡Έ͙ͤͦͫͭ ͔͔͙͊ͭͪͦͫͪͦͭ͟͡;͔͚ͫͦ͟ ͋͡Ύ΄͙͟Φ  

ˮͤͺ͊ͪͭ͟ ͔ͫͪ͒ͼ͊ ͖ͦͫͭ͊ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͦͨ͊ͫͤ·ͻ ͙ ͫͦͼ͙͊͡Έͤͦ ͤ͊͘;͙ͣ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

͍͔͔͙ͫͦͪͣͤͤͦͫͭΦ ˢ͙ͤ͊͘͡ ͙ͨͪ;͙ͤΣ ͎͔͔ͨ͊ͭͦͤ͊͘Σ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͙ ͔͍ͣͭͦ͒ͦ ͙͎͙͙͒͊ͤͦͫͭ͟ 

ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͍͚ͦͫͤͦͤͦ ͔͚ͨͪͦ͋ͣͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͔͔ͨͦ͒ͤ͘ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ ͙ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤ͊Ύ 

ͨͪͦͺ͙͙͊ͭ͟͡;͔ͫ͊͟Ύ ͎͍ͨͦ͒ͦͭͦ͊͟ ͔͔͙ͤ͊ͫͤ͡ΎΦ ˨͡Ύ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͙͔͙ͫͤ͗ͤΎ ͔͙ͫͣͪͭͤͦͫͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ 

ͫͦ;͔͙͔ͭ͊ͤ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻΣ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͙ ͫͦͼ͙͊͡Έͤͦ-͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·ͻ ͔ͣͪΦ ˤ͔͚͊͗ͤ΄͙ͣ ͍·͍ͦ͒ͦͣ 

Ύ͍͡Ύ͔ͭͫΎ ͭͦΣ ;ͭͦ ͎ͪ͊ͣͦͭͤ͊Ύ ͙ͣͦ͒ͺ͙͊͟ͼ͙Ύ ͦ͋ͪ͊͊͘ ͙͙͗ͤ͘ ͙ ͔͔ͪ͊ͤͤ ͍·Ύ͍͔͙͔ͤ͡ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟ ͫͨͦͫͦ͋ͤ· 

͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͤ͊͘;͙͔ͭ͡ΈͤͯΌ ;͊ͫͭΈ Ή͙͍ͨͦ͒ͦ͘ ͙ͤͺ͊ͪͭ͊͟Σ ͊ ͍͔͍͔͔ͫͦͪͣͤͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͫͯ΅͔͍͔ͫͭͤͤͦ 

͍ͨͦ·΄͔͊ͭ ΄͊ͤͫ· ͤ͊ ͎͙͋͊ͦͨͪ͡Ύͭͤ·͚ ͙ͫͻͦ͒Φ ˮ͔͎ͤͭͪ͊ͼ͙Ύ Ή͙ͭͻ ͨͦ͒ͻ͍ͦ͒ͦ ͖ͦͫͭ͊ͭͫΎ ͟͡Ό;͔͍·ͣ 

͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͍͙͙ͪ͊ͭ͘Ύ ͙͎͙͊ͪ͒ͦͦ͟͡;͔͚ͫͦ͟ ͨͦͣͦ΅͙Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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2. Libby P. Atherosclerosis: Pathogenesis, Diagnosis, and Treatment. τ Oxford, 2020. 

3. Gersh B., O'Gara P. Management of Acute Myocardial Infarction. τ London, 2021. 

4. Thakore S. Clinical Cardiology: Current Practice. τ New York, 2018. 
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˸·͍ͪ͊͒ͦ͊ ˸͊Ύ ˿͊ͻ͔͍͒ͦͤ͊ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡ΈΣ ͒ͦͭͦͪ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˾͔͎ͯ͡Ύͼ͙Ύ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡Ύ όˢ˨ύ τ Ήͭͦ ͫͦ͗ͤ͡·͚ ͎͔͙ͦͣͦͫͭ͊ͭ;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫΣ 
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͔ͤͦ͋ͻ͙ͦ͒ͣ·͚ ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͔͍͎͊͒͊ͭͤͦͦ͟ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟Ύ ͍͔ͫͻ ͎͍ͦͪ͊ͤͦ ͙ ͔͚ͭ͊ͤ͟Φ ͙͙͎͙̅ͦͦ͘͡;͔͙͔ͫ͟ 

͔ͣͻ͙͊ͤͣ͘· ͔͎ͪͯ͡Ύͼ͙͙ ͔͒͡ΎͭͫΎ ͤ͊ ͪ͊ͭͦͫͪͦ͟͟;ͤ·͔ ό͔͍ͤͪͤ·͔ ͙ ͔ͪͺ͔ͭͦͪͤ͟͡·͔Σ ͙͔ͤ͊ͨͪͣͪΣ 

͔͋͊ͪͦͪͼ͔ͨͭͦͪ·ύ ͙ ͎͒ͦͦͫͪͦ͡;ͤ·͔ ό͎ͯͣͦͪ͊͡Έͤ·͔ ͙ ͨͦ;͔;ͤ·͔ύΦ ͔̇ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͍ ͎͒ͦͦͫͪͦ͡;͚ͤͦ 

͔͎ͪͯ͡Ύͼ͙͙ ͙͔͊ͤͣ͊ͭ͘ ͔͙ͪͤͤ-͎͙͔͙͊ͤͦͭͤͤ͘-͊͡Έ͔͍͒ͦͫͭͪͦͤͦ͊Ύ ͙͔ͫͫͭͣ͊ ό˾ˢˢ˿ύΦ ̏ͭ͊ ͙͔ͫͫͭͣ͊ ͙͍͙͔͊ͭͪͯͭͫ͟Ύ 

͙ͨͪ ͙͔͙͙ͫͤ͗ͤ ͨͦ;͔;͎ͤͦͦ ͍ͪͦͦͭͦ͊͟͟ ͙ ͍͔͙͒͊ͤ͡ΎΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͍·͍͔͙ͫͦ͋ͦ͗͒ͤΌ ͔͙ͪͤͤ͊Φ ˾͔͙ͤͤ 

͙͙͔͊ͭ͊ͪͯͭ͘͟͡ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͎͙͔͙͊ͤͦͭͤͤ͊͘ LLΣ ͦͭͦͪ͟·͚ Ύ͍͡Ύ͔ͭͫΎ ͣͦ΅ͤ·ͣ ͍͙͊ͦͦͤͫͭͪͭͦͪͦͣ͘͟͟ ͙ 

͙ͫͭͣͯ͡Ύͭͦͪͦͣ ͍·͍͔͙ͫͦ͋ͦ͗͒ͤΎ ͊͡Έ͔͒ͦͫͭͪͦͤ͊Φ ˢ͡Έ͔͒ͦͫͭͪͦͤΣ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͍͔͙ͯ͡;͙͍͔͊ͭ 

͔ͪ͊͋ͫͦͪ͋ͼ͙Ό ͙ͤ͊ͭͪΎ ͙ ͍ͦ͒· ͍ ͨͦ;͊͟ͻΦ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙͍͊ͭ͊͟ͼ͙͙ ˾ˢˢ˿ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͍ͨͦ·΄͔͙͔ͤ ͦ͋΅͔͎ͦ 

͔͙ͨͪͺ͔͙ͪ;͔͎ͫͦͦ͟ ͙͎ͫͦͫͯ͒ͫͭͦͦ ͙͍͔͙ͫͦͨͪͦͭͤ͡Ύ ͙ ͦ͋Ά͔ͣ͊ ͼ͙͙ͪͯͪͯ͟͡Ό΅͔͚ ͍͙ͪͦ͟Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

͙͙ͫͭ͊͋͊͘͡ͼ͙͙ ͙ ͍ͨͦ·΄͔͙ͤΌ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ ˽͙͙͔ͦͤͣ͊ͤ ͙͒ͫͺͯͤ͟ͼ͙͙ ˾ˢˢ˿ ͙͙ͪͭ͟;͔͙ͫ͟ 

͍͊͗ͤͦ ͒͡Ύ ͎͔͔ͨ͊ͭͦͤ͊͘ ͙ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͎ͫͦͦ͟ ͔͡;͔͙ͤΎ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͊ ͔͙ͪͭͪ͊͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡Σ ͎͔ͦͣͦͫͭ͊͘Σ ˾ˢˢ˿Σ ͔͙ͪͤͤΣ ͎͙͔͙͊ͤͦͭͤͤ͘ LLΣ  

͊͡Έ͔͒ͦͫͭͪͦͤΣ ͍͙͊ͦͦͤͫͭͪ͘͟͟ͼ͙ΎΣ ͎͙͔͔͙ͨͪͭͤ͘ΎΦ 

 

ˢ͔͙ͪͭͪ͊͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡ όˢ˨ύ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔͗ͫͭͦ͟ ͔͎͙͔ͪͯͪͯͣ͡·ͻ 

ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͦͤͫͭ͊ͤͭ͟ ͍ ͎͙͔ͦͪ͊ͤͣ͘ ;͔͍͔ͦ͊͟͡Φ ˽͔͙͔ͦ͒͒ͪ͗͊ͤ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ 

͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͔͍͎͊͒͊ͭͤͦͦ͟ ͍ͪͦͦͭͦ͊͟͟ ͦ͟ ͍͔ͫͣ ͎ͦͪ͊ͤ͊ͣΦ ˨͍͔͙͔͊ͤ͡ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͍͒ͯͣΎ ͍ͦͫͤͦͤ·͙ͣ 

ͺ͙͊ͭͦͪ͊ͣ͟Υ ͔͔ͫͪ͒;ͤ·ͣ ͍·͋ͪͦͫͦͣ όͦ͋Ά͔ͣͦͣ ͍͙ͪͦ͟Σ ͍·͋ͪ͊ͫ·͍͔͊ͣ·ͣ ͔ͫͪ͒ͼ͔ͣ ͊͘ ͙ͣͤͯͭͯύ ͙ ͦ͋΅͙ͣ 

͔͙ͨͪͺ͔͙ͪ;͔͙ͫͣ͟ ͙ͫͦͫͯ͒ͫͭ·ͣ ͙͍͔͙͔ͫͦͨͪͦͭͤͣ͡Φ 

˸͔ͻ͙͊ͤͣ͘· ͔͎ͪͯ͡Ύͼ͙͙ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡Ύ ͔͒͡ΎͭͫΎ ͤ͊ ͪ͊ͭͦͫͪͦ͟͟;ͤ·͔ ͙ ͎͒ͦͦͫͪͦ͡;ͤ·͔Φ 

˴ͪ͊ͭͦͫͪͦ͟;ͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͫͪ͊͋͊ͭ·͍͊Όͭ ͋·ͫͭͪͦΣ ͍ ͔ͭ;͔͙͔ͤ ͔ͫͯͤ͒͟ ͙͙͡ ͙ͣͤͯͭΣ ͒͡Ύ ͎͍͔͚ͣͤͦͤͤͦ 

͔ͦͪͪ͟͟ͼ͙͙ ͍͔͙͒͊ͤ͡ΎΦ ˻͙ͤ ͍͟͡Ό;͊Όͭ ͔͍ͤͪͤ·͔ ͔ͪͺ͔ͫ͟͡· ͫ ͯ;͙͔͊ͫͭͣ ͔͋͊ͪͦͪͼ͔͍ͨͭͦͪͦ ͙ 

ͻ͔͔ͣͦͪͼ͔͍ͨͭͦͪͦΦ 

˴͡Ό;͔͍·͙ͣ ͙ͫͭͪͯͭͯͪ͊ͣ͟ ͪ͊ͭͦͫͪͦ͟͟;͚ͤͦ ͔͎ͪͯ͡Ύͼ͙͙ Ύ͍͡ΎΌͭͫΎ ͔͋͊ͪͦͪͼ͔ͨͭͦͪ·Σ ͔ͪ͊ͫͨͦͦ͗ͤͤ͡·͔ ͍ 

͎͔͒ͯ ͊ͦͪͭ· ͙ ͙͊ͪͦͭ͒ͤ͟·ͻ ͙ͫͤͯͫ͊ͻΦ ˻͙ͤ ͨͦͫͭͦΎͤͤͦ ͙ͣͦͤͭͦͪΎͭ ͍͔ͯͪͦͤΈ ͍͔͙͒͊ͤ͡Ύ ͙ ͔͔ͨͪ͒͊Όͭ 

͙ͤͺͦͪͣ͊ͼ͙Ό ͍ ͍͙͎͔ͫͦͫͯ͒ͦ͒͊ͭ͡Έͤ·͚ ͼ͔ͤͭͪ ͍ͫͭͦ͊͡ ͎ͣͦ͊͘Φ ˽͙ͪ ͍ͨͦ·΄͔͙͙ͤ ͍͔͙͒͊ͤ͡Ύ ͙ͦͤ ͨͦͫ·͊͡Όͭ 

͙͎ͫͤ͊͡·Σ ͍·͘·͍͊Ύ ͙͙͋ͪ͊͒͊ͪ͒͟Ό ͙ ͪ͊ͫ΄͙͔͙͔ͪͤ ͍ͫͦͫͯ͒ͦΦ 

˨͎ͦͦͫͪͦ͡;ͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͍ͫͭͯͨ͊Όͭ ͍ ͔͚͍͙͔͒ͫͭ ;͔͔ͪ͘ ;͊ͫ· ͙͙͡ ͙͒ͤ ͙ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͙ͫͭ͊͋͡Έͤ·͚ 

͎͔ͦͣͦͫͭ͊͘ ˢ˨Φ ͙̏ͭ ͔ͣͻ͙͊ͤͣ͘· ͍ ͍ͦͫͤͦͤͦͣ ͎ͯͣͦͪ͊͡Έͤ·͔ ͙ ͨͦ;͔;ͤ·͔Σ ͍͙͡ΎΌ΅͙͔ ͤ͊ ͦ͋Ά͔ͣ 

ͼ͙͙ͪͯͪͯ͟͡Ό΅͔͚ ͍͙ͪͦ͟Φ ͔̇ͤͭͪ͊͡Έͤ·ͣ ͍͔ͤͦͣ͘ ͎͒ͦͦͫͪͦ͡;͚ͤͦ ͔͎ͪͯ͡Ύͼ͙͙ Ύ͍͡Ύ͔ͭͫΎ ͔͙ͪͤͤ-͎͙͔͙͊ͤͦͭͤ͘ -ͤ

͊͡Έ͔͍͒ͦͫͭͪͦͤͦ͊Ύ ͙͔ͫͫͭͣ͊ ό˾ˢˢ˿ύΦ 

˾͔͙ͤͤ-͎͙͔͙͊ͤͦͭͤͤ͘-͊͡Έ͔͍͒ͦͫͭͪͦͤͦ͊Ύ ͙͔ͫͫͭͣ͊ ς Ήͭͦ ͣͦ΅ͤ͊Ύ ͎ͦͪͣͦͤ͊͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͍͔ͦͭ;͊Ό΅͊Ύ 

͊͘ ͦͤͭͪͦ͟͡Έ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡Ύ ͙ ͋͊͊ͤͫ͡ ͙͙͗͒ͦͫͭ͟ ͙ Ή͔͙͍ͭͪͦͭͦ͟͡͡Φ ̏ͭ͊ ͙͔ͫͫͭͣ͊ ͙͍͙͔͊ͭͪͯͭͫ͟Ύ ͙ͨͪ 

͔͙͙ͦ͋ͤ͊ͪͯ͗ͤ ͨͦ;͙͊ͣ͟ ͙͔͙ͫͤ͗ͤΎ ͨͦ;͔;͎ͤͦͦ ͍ͪͦͦͭͦ͊͟͟ ͙͙͡ ͔͙ͨ͊͒ͤΎ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ 

˿͙͔͙͔ͤ͗ͤ ͍͙͒ͦͫͭ͊͟ ͙ͤ͊ͭͪΎ ͟ ͙͒ͫͭ͊͡Έͤ·ͣ ͊ͤ͊͟͡Έͼ͊ͣ ͔ͭ͊͗͟ Ύ͍͡Ύ͔ͭͫΎ ͙ͫͭͣͯͦͣ͡Φ 

˴͔͙ͭ͟͡ Ό͎͔ͫͭ͊ͦͣͪͯ͟͡͡Ύ͎ͪͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ ͨͦ;͔͟ ͔͎͙ͪ͊ͪͯΌͭ ͤ͊ Ή͙ͭ ͙ͫͭͣͯ͡·Φ ˻͙ͤ ͍·͍ͫͦ͋ͦ͗͒͊Όͭ 

͔͙͙ͨͪͦͭͦͭ͡;͔͙͚ͫ͟ ͺ͔͔ͪͣͤͭ ͔͙ͪͤͤ ͍ ͍ͪͦͦͭͦ͟͟Φ ˾͔͙ͤͤ Ύ͍͡Ύ͔ͭͫΎ ͔͍ͨͪ·ͣ ͙ ͎͙ͦͪ͊ͤ;͙͍͊Ό΅͙ͣ ͫͦͪͦͫͭ͟Έ 

ͺ͔͔ͪͣͤͭͦͣ ͍ Ή͚ͭͦ ͼ͔͙ͨΦ ˩͎ͦ ͔͔ͫͪ͟ͼ͙Ύ ς ͟ ͡Ό;͔͍͚ͦ ͔ͣͦͣͤͭ ͙͍͊ͭ͊͟ͼ͙͙ ͍͔͚ͫ ͙͔ͫͫͭͣ·Φ 

ˤ ͍͔ͪͦͦͭͦ͟͟ ͔͙ͪͤͤ ͍͔͚͍͔ͦ͒ͫͭͯͭ͘ ͤ͊ ͪͯͨͤ͟·͚ ͔͋ͦ͟͡Σ ͦͭͦͪ͟·͚ ͙͔͙͔ͫͤͭͪͯͭͫ͘Ύ ͍ ͔ͨ;͔͙ͤΣ ς 

͎͙͔͙͎͔͊ͤͦͭͤͤͦͤ͘Φ ˽ͦ͒ ͔͚͍͙͔͒ͫͭͣ ͔͙ͪͤͤ͊ ͎͙͔͙͎͔͊ͤͦͭͤͤͦͤ͘ ͔͔ͨͪͦ͋ͪ͊ͯͭͫ͘Ύ ͍ ͔͙͍ͤ͊ͭͤ͟·͚ ͔͙ͨͨͭ͒ ς 

͎͙͔͙͊ͤͦͭͤͤ͘ LΦ ̏ͭͦͭ ͔͙ͨͨͭ͒ ͔ͦ͋͊͒͊ͭ͡ ͙͙ͣͤͣ͊͡Έ͚ͤͦ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͙͍͊ͭͤͦͫͭ͟ΈΌΦ 

˨͡Ύ ͎ͭͦͦ ;ͭͦ͋· ͙͔ͫͫͭͣ͊ ͦ͊͊͊͘͟͡ ͍͔ͫͦ ͔͚͍͙͔͒ͫͭΣ ͎͙͔͙͊ͤͦͭͤͤ͘ L ͔͒ͦ͗ͤ͡ ͋·ͭΈ ͔͍ͨͪͦ͋ͪ͊ͦ͊ͤ͘ ͍ 

͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͚ ͎͙͔͙͊ͤͦͭͤͤ͘ LLΦ ̏ͭͦ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͎͋͊ͦ͒͊ͪ͡Ύ ͔͚͍͙͒ͫͭΌ 

͎͙͔͙͔͍͊ͤͦͭͤͤͨͪͪ͊͘΅͊Ό΅͔͎ͦ ͺ͔͔ͪͣͤͭ͊ όˢ˽̅ύΦ ˢ˽̅ ͔͙ͫͦ͒ͪ͗ͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ Ή͔͙͙ͤ͒ͦͭ͡ 

͍ͫͦͫͯ͒ͦ ͔͎͙͟͡ͻΣ ͤͦ ͔ͭ͊͗͟ ͙ ͍ ͎͙͒ͪͯͻ ͭ͊ͤ͟ΎͻΦ 
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ˢ͎͙͔͙ͤͦͭͤͤ͘ LL Ύ͍͡Ύ͔ͭͫΎ ͼ͔ͤͭͪ͊͡Έͤ·ͣ ͙ ͫ͊ͣ·ͣ ͣͦ΅ͤ·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͍͔͚ͫ ͙͔ͫͫͭͣ·Φ ̏ͭͦ ͙ͦ͒ͤ 

͙͘ ͫ͊ͣ·ͻ ͙ͫ͡Έͤ·ͻ ͍͙͍͊ͦͦͤͫͭͪͭͦͪͦ͘͟͟ ͍ ͎͙͔ͦͪ͊ͤͣ͘Φ ˿͍Ύ͘·͍͊ΎͫΈ ͫͦ ͍͙͙ͫͦͣ ͔ͪͼ͔͙ͨͭͦͪ͊ͣ ͤ͊ ͎͙͊͒͟͡ͻ 

ͣ·΄ͼ͊ͻ ͍ͫͦͫͯ͒ͦΣ ͦͤ ͍·͘·͍͔͊ͭ ͙ͻ ͋·͔ͫͭͪͦ ͔͙͔ͫͯ͗ͤΦ 

˿͙͍ͦͫͯ͒ͦͫͯ͗͊Ό΅͔͔ ͔͚͍͙͔͒ͫͭ ͎͙͔͙͊ͤͦͭͤͤ͊͘ LL ͙͍͙ͨͪͦ͒ͭ ͟ ͔ͪͦͣͯ͘͟ ͍͔͙ͯ͡;͔͙ͤΌ ͦ͋΅͔͎ͦ 

͔͙ͨͪͺ͔͙ͪ;͔͎ͫͦͦ͟ ͙͎ͫͦͫͯ͒ͫͭͦͦ ͙͍͔͙ͫͦͨͪͦͭͤ͡ΎΦ ̏ͭͦ ͔͔͔ͤͣ͒ͤͤͦ͡ ͍·͘·͍͔͊ͭ ͍ͨͦ·΄͔͙͔ͤ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ 

͍͔͙͒͊ͤ͡ΎΦ ˨͊ͤͤ·͚ Ήͺͺ͔ͭ͟ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͍ͦͫͤͦͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Σ ͫ ͨͦͣͦ΅ΈΌ ͦͭͦͪ͟·ͻ ˾ˢˢ˿ 

͍͍͙͍͔ͦͫͫͭ͊ͤ͊͊ͭ͡ ͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ͟Φ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͎͙͔͙͊ͤͦͭͤͤ͘ LL ͦ͊͘͟·͍͔͊ͭ ͨͪΎ͔ͣͦ ͔͚͍͙͔͒ͫͭ ͤ͊ ͦͪͯ͟ ͤ͊͒ͨͦ;͔;͙͍ͤͦ͟Φ ˻ͤ ͙͙͔ͫͭͣͯͪͯͭ͡ 

͔͔ͫͪ͟ͼ͙Ό ͎ͦͪͣͦͤ͊ ͊͡Έ͔͒ͦͫͭͪͦͤ͊ ͙͘ ͯ͋ͦ͟͡;͍͚ͦͦ͟ ͦͤ͘· ͦͪ͟·Φ ̏ͭͦͭ ͎ͦͪͣͦͤ Ύ͍͡Ύ͔ͭͫΎ ͔ͫ͒ͯ͡Ό΅͙ͣ 

͍͊͗ͤ·ͣ ͍͔ͤͦͣ͘ ͍ ͎͒ͦͦͫͪͦ͡;͚ͤͦ ͔͎ͪͯ͡Ύͼ͙͙Φ 

ˢ͡Έ͔͒ͦͫͭͪͦͤ τ Ήͭͦ ͙͔͙͙ͣͤͪ͊ͦͦͪͭͦ͒͟͟͡Σ ͦͭͦͪ͟·͚ ͔͚͍͔͒ͫͭͯͭ ͤ͊ ͨͦ;͔;ͤ·͔ ͊ͤ͊͟͡Έͼ·Φ ˻ͤ 

͙͙͍͔ͯͫ͊ͭ͡ ͔ͪ͊͋ͫͦͪ͋ͼ͙Ό ͙ͤ͊ͭͪΎ ͙ ͍ͦ͒· ͙͘ ͔͍͙ͨͪ;͚ͤͦ ͣͦ;͙ ͦ͋ͪ͊ͭͤͦ ͍ ͍ͪͦ͟ΈΦ ˻͍͔͔͒ͤͦͪͣͤͤͦ ͦͤ 

͙͙͔ͫͭͣͯͪͯͭ͡ Ή͔ͫͪ͟͟ͼ͙Ό ͙͊͟͡ΎΦ 

͔͙͔̂͒ͪ͗͊ͤ ͙ͤ͊ͭͪΎ ͙ ͍ͦ͒· ͍ ͎͙͔ͦͪ͊ͤͣ͘ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͔͙ͯ͡;͔͙ͤΌ ͦ͋Ά͔ͣ͊ ͼ͙͙ͪͯͪͯ͟͡Ό΅͔͚ ͍͙ͪͦ͟ 

ό˻̇˴ύΦ ˽͍ͦ·΄͔͙͔ͤ ˻̇˴Σ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͍͔͙ͯ͡;͙͍͔͊ͭ ͍͔ͤͦͤ͘·͚ ͍͍ͦͪ͊ͭ͘ ͟ ͔ͫͪ͒ͼͯΦ ̏ͭͦ ͍ͨͦ·΄͔͊ͭ 

͔͔ͫͪ͒;ͤ·͚ ͍·͋ͪͦͫ ͙Σ ͊͟͟ ͔͍͙͔ͫ͒ͫͭ͡Σ ͔͙͊ͪͭͪ͊͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡Φ 

ˢ͎͙͔͙ͤͦͭͤͤ͘ LL ͔ͭ͊͗͟ ͍͙͡Ύ͔ͭ ͤ͊ ͼ͔ͤͭͪ͊͡ΈͤͯΌ ͔͍ͤͪͤͯΌ ͙͔ͫͫͭͣͯΦ ˻ͤ ͔͚͍͔͒ͫͭͯͭ ͤ͊ ͼ͔ͤͭͪ· ͗͊͗͒· 

͍ ͎͍ͦͦͤͦͣ͡ ͎͔ͣͦ͘Φ ̏ͭͦ ͙͙͔ͫͭͣͯͪͯͭ͡ ͔͔͙͔ͨͦͭͪ͋ͤ͡ ͍ͦ͒·Σ ;ͭͦ ͙͔͒ͦͨͦͤͭ͡͡Έͤͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͔͙ͯ͡;͔͙ͤΌ 

ͦ͋Ά͔ͣ͊ ͼ͙͙ͪͯͪͯ͟͡Ό΅͔͚ ͍͙ͪͦ͟Φ 

ˤ͙͡Ύ͙͔ͤ ͎͙͔͙͊ͤͦͭͤͤ͊͘ LL ͤ͊ ͨͦ;͙͟ ͍͟͡Ό;͔͊ͭ ͙ ͨͪΎ͔ͣͦ ͔͙͔ͫͯ͗ͤ Ήͺͺ͔͔ͪͤͭͤ·ͻ ͔͙͊ͪͭͪͦ͡ ͨͦ;͔;͎ͤͦͦ 

ͯ͋ͦ͟͡;͊͟Φ ̏ͭͦ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭ ͍͙ͤͯͭͪͯ͋ͦ͟͡;͍͔ͦͦ͟ ͍͔͙͔͒͊ͤ͡Φ ͚́͊ͦ͟ ͔ͣͻ͙͊ͤͣ͘ ͎͔ͨͦͣͦ͊ͭ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ 

ͫͦͪͦͫͭ͟Έ ͯ͋ͦ͟͡;͍͚ͦͦ͟ ͺ͙͡Έͭͪ͊ͼ͙͙ ͔͒͊͗ ͙ͨͪ ͙͔͙͙ͫͤ͗ͤ ͙͔͎ͫͫͭͣͤͦͦ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͒ ͍͔͙͊ͤ͡ΎΦ 

˨͙ͫͺͯͤ͟ͼ͙Ύ ˾ˢˢ˿ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͍͙͙ͪ͊ͭ͘Ύ ͎͙ͣͤͦͻ ͺͦͪͣ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘Φ 

͔͔̉ͪͣͪͤ͊͘ΎΣ ͔͔͍ͤ͊͒͊ͭͤ͊͟Ύ ͙͍͊ͭ͊͟ͼ͙Ύ Ή͚ͭͦ ͙͔ͫͫͭͣ· ͍·͘·͍͔͊ͭ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍ͨͦ·΄͔͙͔ͤ ͙͎ͫͦͫͯ͒ͫͭͦͦ 

͙͍͔͙ͫͦͨͪͦͭͤ͡Ύ ͙ ͙͋͘·ͭͦ;ͤͯΌ ͔͊͒ͪ͗ͯ͘͟ ͙͙͗͒ͦͫͭ͟Φ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͚͚ͫͭͦͦ͟ ͎͙͔͔͙͙ͨͪͭͤ͘Φ 

˸͔͙͔͔͒͊ͣͤͭͦͤͦ͘͟ ͔͡;͔͙͔ͤ ͎͙͔͔͙͙ͨͪͭͤ͘ ;͊ͫͭͦ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͙͍͙͔͋ͦͪͦ͊ͤ͟͡ ˾ˢˢ˿Φ ͙̊ͪͦͦ͟ 

͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͙͎͙͙ͤ͋ͭͦͪ· ˢ˽̅ ό͙͋ͦͪͯ͟͡Όͭ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͎͙͔͙͊ͤͦͭͤͤ͊͘ LLύ ͙ ͋ͦ͊ͭͦͪ͟͡· ͔ͪͼ͔͍ͨͭͦͪͦ 

͎͙͔͙͊ͤͦͭͤͤ͊͘ LLΦ ͙̏ͭ ͔ͨͪͨ͊ͪ͊ͭ· Ύ͍͡ΎΌͭͫΎ ͍ͦͫͤͦͤ·͙ͣ ͍ ͙͎͙͊ͪ͒ͦͦ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ˾ˢˢ˿ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͚͊͗ͤͦ ͎ͯͣͦͪ͊͡Έ͚ͤͦ ͔͔͚ͨͭ͡ ͙ͦͭͪͼ͔͊ͭ͡Έ͚ͤͦ ͚ͦ͋ͪ͊ͭͤͦ 

͍ͫΎ͙͘Φ ˻ͤ͊ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͎͒ͦͦͫͪͦ͡;͔ͤͦ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͔͍͎͊͒͊ͭͤͦͦ͟ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ ˿͙͔ͫͭͣ͊ 

͎͙͔͊ͪ͊ͤͭͪͯͭ ͔ͨͪͺ͙ͯ͘Ό ͨͦ;͔͟ ͙ ͎͙͒ͪͯͻ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͻ ͎͍ͦͪ͊ͤͦΦ 

 ˭ ͊͟͡Ό;͔͙͔ͤ 

ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ˾ˢˢ˿ ͫ ͔͍͚ͤͪͤͦ ͙͔͚ͫͫͭͣͦΣ ͎͙͙͒ͪͯͣ ͎͙ͦͪͣͦͤ͊ͣ ό͙͔ͤ͊ͨͪͣͪΣ ͍͔͙͊ͦͨͪͫͫͤͦͣ͘ύ ͙ 

ͨͦ;͙͊ͣ͟ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͭͦͤͯ͟Ό ͙ ͔ͤ͊͒͗ͤͯΌ ͔͎ͪͯ͡Ύͼ͙ΌΦ ̏ͭͦ ͔ͫͦ͗ͤͦ͡ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ 

͍͒ͦͪͦ͘ΈΎ ͍ͫͦͫͯ͒ͦ ͙ ͍͔͚ͫ ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͙͔ͫͫͭͣ·Φ ˽͙͙͔ͦͤͣ͊ͤ Ή͚ͭͦ ͺ͙͙͎͙͙ͦͦ͘͡ ͤ ͔ͦ͋ͻ͙ͦ͒ͣͦ ͒͡Ύ 

͙͙ͤ͟͡;͔͚ͫͦ͟ ͔͙ͣ͒ͼ͙ͤ·Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ  

1. ˥͚͊ͭͦͤ ˢΦ ˴ΦΣ ̆ͦ͡͡ ˨͗Φ ̏Φ ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ ˶͎ͦͦͫͺ͔ͪ͊Σ нллрΦ 

2. ͙̊ͣ͒ͭ ˾Φ ̅ΦΣ ͔͍́ͫ ˥Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Υ ͍ о-ͻ ͭͦͣ͊ͻΦ ˸͙ͪΣ нллрΦ 

3. ˩΄͎͙ͯͤ͊ ˾Φ ˹Φ ˾͔͙ͤͤ-͎͙͔͙͊ͤͦͭͤͤ͘-͊͡Έ͔͍͒ͦͫͭͪͦͤͦ͊Ύ ͙͔ͫͫͭͣ͊ ͙ ͔͔ ͪͦ͡Έ ͍ ͎͔͔͔ͨ͊ͭͦͤ͘ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ 

͎͙͔͙͙ͨͪͭͦͤΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͨͪͦ͋ͣ͡· ͙ͤ͊ͯ͟ ͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ нлмрΦ 

4. Laragh J. H., Brenner B. M. Hypertension: Pathophysiology, Diagnosis, and Management. Raven Press, 

1995. 

5. Oparil S., Schmieder R. E. New approaches in the pharmacological treatment of hypertension. The Lancet, 

2015. 

ϭ˸ ·͍ͪ͊͒ͦ͊ ˸Φ˿ΦΣ нлнр 
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̂˨ ˴616.5                 

˸·͍ͪ͊͒ͦ͊ ˸͊Ύ ˿͊ͻ͔͍͒ͦͤ͊ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡ΈΣ ͒ͦͭͦͪ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˥˻˸˩˻˿́ˢ˭ ˥˶̑˴˻˭̍Υ ˾˻˶̎ ˮ˹˿̂˶ˮ˹ˢ ˮ ˥˶̑˴ˢ˥˻˹ˢ ˤ ˸˩́ˢˣ˻˶ˮ˭˸˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˥͔ͦͣͦͫͭ͊͘ ͎͡Όͦ͘͟· ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͎ͫͭͪͦͦ ͔͎͙͔ͪͯͪͯͣ͡·͚ ͺ͙͙͎͙ͦͦ͘͡;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫΣ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·͚ ͤ͊ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͎͡Όͦ͘͟· ͍ ͍͙ͪͦ͟ ͍ ͯͦͣ͘͟ ͙͔͒͊ͨ͊ͦͤ͘Φ ̏ͭͦ ͙͙ͪͭ͟;͔͙ͫ͟ 

͍͊͗ͤͦΣ ͨͦͫͦ͟͡Έͯ͟ ͎͡Όͦ͊͘͟ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͫͤͦͤ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ Ή͔͎͙͙ͤͪ ͒͡Ύ ͔ͭͦ͟͟͡Σ ͔ͦͫͦ͋ͤͤͦ ͒͡Ύ ͔͍͚ͤͪͤͦ 

͙͔ͫͫͭͣ·Φ ͔̇ͤͭͪ͊͡Έͤ͊Ύ ͪͦ͡Έ ͍ Ή͚ͭͦ ͔͎ͪͯ͡Ύͼ͙͙ ͙͔͙ͨͪͤ͊͒͗ͭ͡ ͍͒ͯͣ ͎͙͙͊ͤͭ͊ͦͤͫͭ;͔͙ͫͣ͟ ͎ͦͪͣͦͤ͊ͣΣ 

͔͔͙͔ͫͪͭͪͯͣ͟·ͣ ͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ ͔͔͚͗ͦ͘͡Υ ͙͙ͤͫͯͤͯ͡ ͙ ͎͡Ό͎͊ͦͤͯ͟Φ ˮ͙ͤͫͯͤ͡ ό͔͔͙͔ͫͪͭͪͯͭͫ͟Ύ ōŜǘŀ-

͔͙ͭ͊ͣ͟͟͡ύ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͤ͊͋ͦ͡;͔͙ͫͣ͟ ͎ͦͪͣͦͤͦͣΣ ͙ͫͤ͗͊Ό΅͙ͣ ͍͔ͯͪͦͤΈ ͎͡Όͦ͘͟· ͍ ͍͙ͪͦ͟ ͔ͨͯͭͣ 

͙ͫͭͣͯ͡Ύͼ͙͙ ͔͔ ͎ͨͦͦ͡΅͔͙ͤΎ ͭ͊ͤ͟Ύ͙ͣ όͣ·΄ͼ͙͊ͣΣ ͙͍͚͗ͪͦͦύ ͙ ͙͊ͨ͊ͫ͊ͤ͘Ύ ͍ ͍͙͔͒ ͎͙͎͔ͦͤ͊͟͡ ͍ ͔ͨ;͔͙ͤΦ 

˥͡Ό͎͊ͦͤ͟ ό͔͔͙͔ͫͪͭͪͯͭͫ͟Ύ ŀƭǇƘŀ-͔͙ͭ͊ͣ͟͟͡ύ ς ͙͊ͭ͊͋ͦ͟͡;͔͙͚ͫ͟ ͎ͦͪͣͦͤΣ ͍ͨͦ·΄͊Ό΅͙͚ ͍͔ͯͪͦͤΈ ͎͡Όͦ͘͟· 

͔ͨͯͭͣ ͙ͫͭͣͯ͡Ύͼ͙͙ ͎͙͎͔͙ͦͤͦ͊͘͟͡͡ ͙ ͎͡Ό͔͎͔͔ͦͤͦͤ͊͘͟ ͍ ͔ͨ;͔͙ͤΦ ˹͊ͪͯ΄͔͙͔ͤ ͋͊͊ͤͫ͊͡ ͔ͣ͗͒ͯ Ή͙͙ͭͣ 

͎͙ͦͪͣͦͤ͊ͣ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊ ͙ ͎͙͒ͪͯͻ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΦ ˽͙͙͔ͦͤͣ͊ͤ 

͙ͻ ͙͙͍͎ͫͦͦͪ͒ͤͪͦ͊ͤͤͦͦ͟ ͔͚͍͙͒ͫͭΎ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͤͦͪͣ͊͡Έ͎ͤͦͦ ͙ ͎͙ͨ͊ͭͦͦ͡;͔͎ͫͦͦ͟ 

͔͙ͣͭ͊͋ͦͣ͊͘͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͎͔ͦͣͦͫͭ͊͘ ͎͡Όͦ͘͟·Σ ͙͙ͤͫͯͤ͡Σ ͎͡Ό͎͊ͦͤ͟Σ ͔ͨͦ͒͗ͯ͒ͦ͡;ͤ͊Ύ ͔͔͗͊͘͡Σ ͔͙ͣͭ͊͋ͦͣ͘͡Σ  

͎͙͎͔ͦͤ͟͡Σ ͎͙͎͔͙ͦͤͦ͘͟͡͡Σ ͎͡Ό͔͎͔͔ͦͤͦͤ͘͟Σ ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭΦ 

 

˥͔ͦͣͦͫͭ͊͘ ͎͡Όͦ͘͟· ς Ήͭͦ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͚ ͨͪͦͼ͔ͫͫΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͚ ͨͦͫͭͦΎ͍ͤͫͭͦ 

ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͎͡Όͦ͘͟· ͍ ͍͙ͪͦ͟ ͍ ͙ͯ͘͟ͻ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͔͔ͨͪ͒͊͡ͻΦ ˽͔͙͔ͦ͒͒ͪ͗͊ͤ Ή͎ͭͦͦ ͋͊͊ͤͫ͊͡ 

͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦΣ ͨͦͫͦ͟͡Έͯ͟ ͎͡Όͦ͊͘͟ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͫͤͦͤ·ͣ Ή͔͎͔͙ͤͪͭ;͔͙ͫͣ͟ ͫͯ͋ͫͭͪ͊ͭͦͣ ͒͡Ύ 

͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͔ͭͦ͟͟͡Φ ˹͔͍ͪͤ͊Ύ ͙͔ͫͫͭͣ͊ ͙ Ή͙ͪͭͪͦͼ͙ͭ·Σ ͍ ;͙͊ͫͭͤͦͫͭΣ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͨͦͤͦͫͭ͡ΈΌ ͍͙͊ͫ͘Ύͭ ͦͭ 

ͨͦͫͭͦΎ͎ͤͤͦͦ ͔͙ͫͤ͊͋͗ͤΎ ͎͡Ό͚ͦͦ͘͟Φ 

̏ͭͦͭ ͫͦ͗ͤ͡·͚ ͎͔͙ͦͣͦͫͭ͊ͭ;͔͙͚ͫ͟ ͔ͣͻ͙͊ͤͣ͘ ͔͎͙͔ͪͯͪͯͭͫ͡Ύ ͎͙ͦͪͣͦͤ͊ͣΣ ͦͭͦͪ͟·͔ ͔͚͍͒ͫͭͯΌͭ ͨͦ 

͙ͨͪͤͼ͙ͨͯ ͙ͦͭͪͼ͔͊ͭ͡Έ͚ͤͦ ͚ͦ͋ͪ͊ͭͤͦ ͍ͫΎ͙͘Φ ˥͍͊ͤ͊͡Ύ ͪͦ͡Έ ͍ Ή͚ͭͦ ͔͎ͪͯ͡Ύͼ͙͙ ͍͙ͦͭͦ͒ͭͫΎ ͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ 

͔͔͔͗͘͡Σ ͊ ͭͦ;͔͔ͤΣ ͔͖ Ή͙͚ͤ͒ͦͪͤͤͦ͟ ;͙͊ͫͭ ς ͍ͦͫͭͪͦ͊ͣ͟ ˶͎͔͎͊ͤͪ͊ͤͫ͊Φ ˻͙ͤ ͔ͫͦ͒ͪ͗͊ͭ ŀƭpha-͔͙ͭ͟͟͡Σ 

ͨͪͦ͒ͯͼ͙ͪͯΌ΅͙͔ ͎͡Ό͎͊ͦͤ͟Σ ͙ ōŜǘŀ -͔͙ͭ͟͟͡Σ ͨͪͦ͒ͯͼ͙ͪͯΌ΅͙͔ ͙͙ͤͫͯͤ͡Φ 

ˮ͙ͤͫͯͤ͡ ς Ήͭͦ ͎͍͊ͤ͡·͚ ͙͊ͤ͊͋ͦ͡;͔͙͚ͫ͟ ͎ͦͪͣͦͤΣ ͍·ͪ͊͋͊ͭ·͍͔͊ͣ·͚ ōŜǘŀ -͔͙ͭ͊ͣ͟͟͡ ͍ ͍͔ͦͭͭ ͤ͊ 

͍ͨͦ·΄͔͙͔ͤ ͍ͯͪͦͤΎ ͎͡Όͦ͘͟· ͍ ͍͙ͪͦ͟ ό͙͔ͤ͊ͨͪͣͪΣ ͔ͨͦͫ͡ ͙͔ͨͪͣ͊ ͙ͨ΅͙ύΦ ˩͎ͦ ͍ͦͫͤͦͤ͊Ύ ͊͒͊͘;͊ ς ͙͙ͫͤͭ͘Έ 

ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͎͡Όͦ͘͟·Φ ˻ͤ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͎͡Όͦ͘͟· ͭ͊ͤ͟Ύ͙ͣ ͙ ͔͔ ͙͊ͨ͊ͫ͊ͤ͘ΌΦ 

ˮ͙ͤͫͯͤ͡ ͔͚͍͔͒ͫͭͯͭ ͤ͊ ͋ͦ͡Έ΄͙͍ͤͫͭͦ ͔ͭͦ͟͟͡ ͎͙ͦͪ͊ͤͣ͊͘Σ ͍ͫΎ͘·͍͊ΎͫΈ ͫͦ ͔ͫͨͼ͙ͺ͙;͔͙͙ͫͣ͟ 

͔ͪͼ͔͙ͨͭͦͪ͊ͣΦ ˤ ͣ·΄͔;͚ͤͦ ͙ ͙͍͚͗ͪͦͦ ͭ͊ͤ͟Ύͻ ͦͤ ͙͙͔ͫͭͣͯͪͯͭ͡ ͔͔͔ͨͪͣ΅͔͙͔ͤ ͖͍ͭͪ͊ͤͫͨͦͪͭͪͦ ͎͡Όͦ͘͟· 

όD[¦¢пύ ͤ͊ ͔ͭͦ͟͡;ͤͯΌ ͔ͣͣ͋ͪ͊ͤͯΦ ̏ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍͔͙ͯ͡;͙͍͔͊ͭ ͎ͨͦͦ͡΅͔͙͔ͤ ͎͡Όͦ͘͟· ͔͙ͭ͊ͣ͟͟͡ ͙͘ 

͍ͪͦͦͭͦ͊͟͟Φ 

ˤ ͔ͨ;͔͙ͤ ͙͙ͤͫͯͤ͡ ͦ͊͘͟·͍͔͊ͭ ͎͔͔ͣͤͦͦͫͭͦͪͦͤͤ ͔͚͍͙͔͒ͫͭΦ ˻ͤ ͙͙͔ͫͭͣͯͪͯͭ͡ ͨͪͦͼ͔ͫͫ ͎͙͎͔͔ͦͤ͊͘͟͡ ς 

͙͔ͫͤͭ͘ ͎͙͎͔ͦͤ͊͟͡ ͙͘ ͙͋͘·ͭ͊͟ ͎͡Όͦ͘͟·Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͨ;͔͙ͤ Ήͺͺ͔͙͍ͭͤͦ͟ ͊ͨ͊ͫ͊ͭ͘Έ ͎͡Όͦͯ͘͟Φ ˮ͙ͤͫͯͤ͡ 

͔ͭ͊͗͟ ͙͎͙͙͔ͤ͋ͪͯͭ ͨͪͦͼ͔ͫͫ·Σ ͍͔͒ͯ΅͙͔ ͟ ͍·͍͔͙ͫͦ͋ͦ͗͒ͤΌ ͎͡Όͦ͘͟·Φ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͙͙ͤͫͯͤ͡ ͙͙͔ͫͭͣͯͪͯͭ͡ ͙͔ͫͤͭ͘ ͙͍͗ͪͦ ό͙͎͔͔ͨͦͤ͘͡ύ ͍ ͙͍͚͗ͪͦͦ ͙ͭ͊ͤ͟Φ ˻ͤ ͔ͭ͊͗͟ 
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͙͙͍͔ͯͫ͊ͭ͡ ͎ͨͦͦ͡΅͔͙͔ͤ ͙͙͊ͣͤͦͫͦͭ͟͡ ͙ ͙͔ͫͤͭ͘ ͔͍͋ͦ͟͡Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͙ͤͫͯͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͎ͦͪͣͦͤͦͣ 

͔͙ͤ͊ͦͨͤ͟͡Ύ ͙ ͪͦͫͭ͊Φ 

˥͡Ό͎͊ͦͤ͟ ς Ήͭͦ ͎͍͊ͤ͡·͚ ͙͊ͭ͊͋ͦ͟͡;͔͙͚ͫ͟ ͎ͦͪͣͦͤΣ ͍·ͪ͊͋͊ͭ·͍͔͊ͣ·͚ Ϸ\alpha$-͔͙ͭ͊ͣ͟͟͡ ͍ ͍͔ͦͭͭ ͤ͊ 

͙͔͙͔ͫͤ͗ͤ ͍ͯͪͦͤΎ ͎͡Όͦ͘͟· ͍ ͍͙ͪͦ͟ ό͙͔ͤ͊ͨͪͣͪΣ ͍ͦ ͍͔ͪͣΎ ͎͙ͦͦ͒͊ͤ͡Ύ ͙͙͡ ͺ͙͙͘;͔͚ͫͦ͟ ͎͙ͤ͊ͪͯ͘͟ύΦ ˩͎ͦ 

͍ͦͫͤͦͤ͊Ύ ͺͯͤ͟ͼ͙Ύ ς ͨ ͍ͦ·͙ͫͭΈ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͎͡Όͦ͘͟·Φ ˻ͤ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͎͙ͦͪ͊ͤͣ͘ ͭ ͙͍ͦͨͦͣ͡ ͍ ͔͙ͨͪͦ͒· 

͔ͣ͗͒ͯ ͙͔͙ͨͪͣ͊ͣ ͙ͨ΅͙Φ 

˻͍ͫͤͦͤ͊Ύ ͙ͣ΄͔ͤΈ ͎͡Ό͎͊ͦͤ͊͟ ς ͔ͨ;͔ͤΈΦ ˻ͤ ͙͙͔ͫͭͣͯͪͯͭ͡ ͍͒͊ ͟͡Ό;͔͍·ͻ ͨͪͦͼ͔ͫͫ͊Φ ˽͔͍ͪ·͚ ς 

͎͙͎͔͙ͦͤͦ͘͟͡͡Σ ͭͦ ͔ͫͭΈ ͪ͊ͫ΅͔͔͙͔ͨͤ͡ ͔͎͊ͨ͊ͫͤͤͦͦ͘ ͍ ͔ͨ;͔͙ͤ ͎͙͎͔ͦͤ͊͟͡ ͒ͦ ͎͡Όͦ͘͟·Φ ˥͡Όͦ͊͘͟ ͔͊ͭͣ͘ 

͍·͍͔ͫͦ͋ͦ͗͒͊ͭͫΎ ͍ ͍ͪͦͦͭͦ͟͟Φ 

ˤ͚ͭͦͪͦ ͍͊͗ͤ·͚ ͨͪͦͼ͔ͫͫΣ ͙͙͔ͫͭͣͯͪͯͣ͡·͚ ͎͡Ό͎͊ͦͤͦͣ͟Σ ς ͎͡Ό͔͎͔͔ͦͤͦͤ͘͟Φ ̏ͭͦ ͙͔ͫͤͭ͘ ͎͡Όͦ͘͟· ͙͘ 

͔ͤ ͎͔͍ͯͦ͒ͤ͡·ͻ ͔ͨͪ͒΄͔͍͔͙͍ͫͭͤͤͦ͟Φ ˴ ͙ͭ͊ͣ͟ ͔ͨͪ͒΄͔͍͔͙ͫͭͤͤ͊ͣ͟ ͦͭͤͦͫΎͭͫΎ ͙͙͊ͣͤͦͫͦͭ͟͡·Σ ͣͦͦ͡;ͤ͊Ύ 

͙ͫͦͭ͊͟͡ ͙ ͎͙͡ͼ͔ͪͦ͡Φ ˥͡Ό͔͎͔͔ͦͤͦͤ͘͟ Ύ͍͡Ύ͔ͭͫΎ ͙͔͒ͭ͡͡Έͤ·ͣΣ ͤͦ ͣͦ΅ͤ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͎͡Όͦ͘͟·Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͙ͤͫͯͤ͡ ͙ ͎͡Ό͎͊ͦͤ͟ ͔͚͍͒ͫͭͯΌͭ ͊͟͟ ͎͙͊ͤͭ͊ͦͤͫͭ·Σ ͤͦ ͙ͻ ͙͙͍͔ͫͦͦͪ͒ͤͪͦ͊ͤͤͦ͟ 

͔͚͍͙͔͒ͫͭ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙͚ͭͦͤ͟ ͋͊͊ͤͫ͡ ͎͡Όͦ͘͟·Φ ˮ͙ͤͫͯͤ͡ ͙͙͔͒ͦͣͤͪͯͭ ͔ͨͦͫ͡ ͔͒·Σ ͍ͫͨͦͫͦ͋ͫͭͯΎ 

͙͊ͨ͊ͫ͊ͤ͘Ό Ή͔͎͙͙ͤͪΦ ˥͡Ό͎͊ͦͤ͟ ͙͙͔͒ͦͣͤͪͯͭ ͍ͦ ͍͔ͪͣΎ ͎͙ͦͦ͒͊ͤ͡ΎΣ ͙͙ͣͦ͋ͯ͘͡Ύ ͊ͨ͊ͫ͘·Φ 

˽͙ͦͣͣͦ Ή͙ͭͻ ͍͒ͯͻ ͟͡Ό;͔͍·ͻ ͎͍ͦͪͣͦͤͦΣ ͍ ͔͎ͪͯ͡Ύͼ͙͙ ͎͡Όͦ͘͟· ͯ;͍͊ͫͭͯΌͭ ͙ ͎͙͔͒ͪͯ ͎ͦͪͣͦͤ·Φ ˴ ͙ͤͣ 

ͦͭͤͦͫΎͭͫΎ ͙ͦͪͭͦ͘͟͡Σ ͔͙͊͒ͪͤ͊ͤ͡ όΉ͙͔ͨͤͺ͙ͪͤύ ͙ ͎ͦͪͣͦͤ ͪͦͫͭ͊Φ ˤ͔ͫ ͙ͦͤ Ύ͍͡ΎΌͭͫΎ ͙ͦͤͭͪͤͫͯ͟͡Ύͪͤ·͙ͣ 

͎͙ͦͪͣͦͤ͊ͣΣ ͭͦ ͔ͫͭΈ ͍ͨͦ·΄͊Όͭ ͍͔ͯͪͦͤΈ ͎͡Όͦ͘͟·Φ 

ˢ͔͙͒ͪͤ͊ͤ͡ όΉ͙͔ͨͤͺ͙ͪͤύ ͍·͍͔ͫͦ͋ͦ͗͒͊ͭͫΎ ͙ͨͪ ͔͔ͫͭͪͫͫ ͙ ͺ͙͙͘;͔͚ͫͦ͟ ͎͔ͤ͊ͪͯ͘͟Φ ˻ͤ ͋·ͫͭͪͦ 

͙͙͔ͣͦ͋ͯͭ͘͡ ͊ͨ͊ͫ͘· ͎͡Όͦ͘͟·Φ ˻ͤ ͙͙͍͔ͯͫ͊ͭ͡ ͎͙͎͔͙ͦͤͦ͘͟͡͡ ͍ ͔ͨ;͔͙ͤ ͙ ͣ·΄ͼ͊ͻΦ ̏ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ 

͎͙ͦͪ͊ͤͣͯ͘ ͔͔͔ͤͣ͒ͤͤ͡·͚ ͙ͨͪͭͦ͟ Ή͔͎͙͙ͤͪ ͒͡Ύ ͔ͪ͊͟ͼ͙͙ ͤ͊ ͔ͫͭͪͫͫΦ 

˴͙ͦͪͭͦ͘͡ ς ͎ͦͪͣͦͤ ͔ͫͭͪͫͫ͊Σ ͦͭͦͪ͟·͚ ͔͚͍͔͒ͫͭͯͭ ͔͔͋ͦ͡ ͔͔ͣ͒ͤͤͦ͡Σ ͤͦ ͙͔͒ͭ͡͡ΈͤͦΦ ˻ͤ ͙͙͍͔ͯͫ͊ͭ͡ 

͙͊ͭ͊͋ͦͣ͘͟͡ ͔͍͋ͦ͟͡Φ ˽ͪͦ͒ͯͭ͟· Ή͎ͭͦͦ ͪ͊ͫͨ͊͒͊ ό͙͙͊ͣͤͦͫͦͭ͟͡·ύ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͔ͨ;͔ͤΈΌ ͒͡Ύ 

͎͡Ό͔͎͔͔ͦͤͦͤ͊͘͟Φ ̏ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙ͫͭ͊͋͡Έͤ·͚Σ ͻͦͭΎ ͙ ͔͔͋ͦ͡ ͔͔ͣ͒ͤͤ͡·͚ ͨͦ͒Ά͔ͣ ͍ͯͪͦͤΎ ͎͡Όͦ͘͟·Φ 

˹͊ͪͯ΄͔͙͔ͤ ͎͔ͦͣͦͫͭ͊͊͘ ͎͡Όͦ͘͟· ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊Φ ˽͙ͪ ͙͔͔͒͊͋ͭ м-͎ͦ ͙ͭͨ͊ 

͙ͨͪͦͫͻ͙ͦ͒ͭ ͙͔͊ͯͭͦͣͣͯͤͤͦ ͪ͊ͪͯ͘΄͔͙͔ͤ ōŜǘŀ -͔ͭͦ͟͟͡Φ ̏ͭͦ ͍·͘·͍͔͊ͭ ͊͋ͫͦ͡Όͭͤ·͚ ͔͒ͺ͙ͼ͙ͭ ͙͙ͤͫͯͤ͊͡Φ 

˽͙ͪ ͙͔͔͒͊͋ͭ н-͎ͦ ͙ͭͨ͊ ͍ͦͫͤͦͤ·ͣ ͔͒ͺ͔ͭͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͙͙͔͙͔ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ΈΦ ˴͔͙ͭ͟͡-͙ͣ΄͔͙ͤ 

͔͔ͨͪͫͭ͊Όͭ ͔͍͊͒͊ͭͤͦ͟ ͔͎͙͍ͪ͊ͪͦ͊ͭΈ ͤ͊ ͙͙ͤͫͯͤ͡Φ ̉͊ͫͭͦ Ήͭͦ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͙͔ͦͭͤͦͫͭ͡Έͤ·ͣ ͔͒ͺ͙ͼ͙ͭͦͣ 

͙͙ͤͫͯͤ͊͡Φ 

ˮ͙͔͙͔ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡Έ ͙͍͙ͨͪͦ͒ͭ ͟ ͔ͦͣͨͤͫ͊ͭͦͪͤͦͣͯ͟ ͍͔͙ͯ͡;͔͙ͤΌ ͔͔ͫͪ͟ͼ͙͙ ͙͙ͤͫͯͤ͊͡ ōŜǘŀ-

͔͙ͭ͊ͣ͟͟͡Φ ˿ͦ ͍͔͔͔ͪͣͤͣ ōŜǘŀ -͔͙ͭ͟͟͡ ͙ͫͭͦ΅͊ΌͭͫΎΣ ͙ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͎͙͔͎͙͔͙ͨͪͣ͟͡ΎΦ ̏ͭͦ ͫͦͫͭͦΎ͙͔ͤ ͔ͭͫͤͦ 

͍ͫΎ͊ͤͦ͘ ͫ ͙͔͙͔ͦ͗ͪͤͣ ͙ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫͣ͟ ͙ͫͤ͒ͪͦͣͦͣΦ 

˽͙ͦͣͣͦ ͎ͦͪͣͦͤ͊͡Έ͚ͤͦ ͔͎ͪͯ͡Ύͼ͙͙Σ ͋ͦ͡Έ΄͔ͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͙ ͍͔͎͊ͭͦͪͯ͡Ύͼ͙Ύ ͎͡Όͦ͘͟·Φ ˿͙͊ͣ 

͔͙ͭ͟͟͡ ōŜǘŀ -͔ͭͦ͟͟͡ ;͍͍ͯͫͭͯΌͭ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͎͡Όͦ͘͟·Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͣ ͋·ͫͭͪͦ ͙͍͊͒͊ͨͭͪͦ͊ͭΈ 

͔͔ͫͪ͟ͼ͙Ό ͙͙ͤͫͯͤ͊͡ ͟ ͔ͭͯ͟΅͙ͣ ͔ͨͦͭͪ͋ͤͦͫͭΎͣΦ 

˹͔͔ͨͪͪ·͍ͤ·͚ ͎͔ͦͣͦͫͭ͊͘ ͎͡Όͦ͘͟· ͊͘΅͙΅͔͊ͭ ͎ͣͦ͘ ͦͭ ͎͙͎͙͔͙͙ͨͦͣ͟͡ ό͙͙͚ͤ͘͟ ͍͔ͯͪͦͤΈ ͎͡Όͦ͘͟·ύΣ 

ͦͭͦͪ͊͟Ύ ͔ͣͦ͗ͭ ͍·͍͊ͭ͘Έ ͦͣͯ͟Φ ˻ͤ ͔ͭ͊͗͟ ͊͘΅͙΅͔͊ͭ ͎͙ͦͪ͊ͤͣ͘ ͦͭ ͙͔͒ͭ͡͡Έ͚ͤͦ ͎͙͔͎͙͔͙͙ͨͪͣ͟͡ ό͍·͙͚ͫͦ͟ 

͍͔ͯͪͦͤΈ ͎͡Όͦ͘͟·ύΦ ͙̆ͪͦͤ;͔ͫ͊͟Ύ ͎͙͔͎͙͔͙ͨͪͣ͟͡Ύ ͍͔͔ͨͦͪ͗͒͊ͭ ͫͦͫͯ͒· ͙ ͔͍ͤͪ·Φ 

 ˭ ͊͟͡Ό;͔͙͔ͤ 

ˮͯ͘;͔͙͔ͤ ͺ͙͙͎͙͙ͦͦ͘͡ ͎͔ͦͣͦͫͭ͊͊͘ ͎͡Όͦ͘͟· ͔͒͊ͭ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͙ͤ͊ͤ͘Ύ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ 

͎͔͔ͨ͊ͭͦͤ͊͘ ͙͔͒͊͋ͭ͊Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͪ͊ͪ͊͋͊ͭ͘·͍͊ͭΈ ͍ͤͦ·͔ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒·Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ 

͙͔͎͙͒͊͋ͭͦͦ͡Ύ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ Ή͚ͭͦ ͎ͦͪͣͦͤ͊͡Έ͚ͤͦ ͙ ͔͙ͣͭ͊͋ͦ͡;͔͚ͫͦ͟ ͎͙͙͊ͪͣͦͤΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˥͚͊ͭͦͤ ˢΦ ˴ΦΣ ̆ͦ͡͡ ˨͗Φ ̏Φ ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ ˶͎ͦͦͫͺ͔ͪ͊Σ нллрΦ 

2. ͙̊ͣ͒ͭ ˾Φ ̅ΦΣ ͔͍́ͫ ˥Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Υ ͍ о-ͻ ͭͦͣ͊ͻΦ ˸͙ͪΣ нллрΦ 
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3. ˨͔͍͒ͦ ˮΦ ˮΦ ͙ ͒ͪΦ ͙͎͙̏ͤ͒ͦͪͤͦͦ͟͡ΎΦ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлнлΦ 

4. Ganong W. F. Review of Medical Physiology. McGraw-Hill Education, 2019. 

5. Marks A. D., Smith C. M., Lieberman M. Marks' Basic Medical Biochemistry: A Clinical Approach. Lippincott 

Williams & Wilkins, 2017. 

ϭ˸ ·͍ͪ͊͒ͦ͊ ˸Φ˿ΦΣ нлнр 

 

 

 

 

̂˨ ˴616.5                 

˸·͍ͪ͊͒ͦ͊ ˸͊Ύ ˿͊ͻ͔͍͒ͦͤ͊ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡ΈΣ ͒ͦͭͦͪ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

̏˶˩˴́˾˻̅ˮ˭ˮ˻˶˻˥ˮ̒ ˿˩˾˨̇ˢ ˮ ˾˩˥̂˶̒̇ˮ̒ ˿˩˾˨˩̉˹˻˥˻ ̇ˮ˴˶ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

͔̏ͭͪͦ͟͡ͺ͙͙͎͙ͦͦ͘͡Ύ ͔ͫͪ͒ͼ͊ ͙ͯ͘;͔͊ͭ ͔ͣͻ͙͊ͤͣ͘· ͎͔͔ͤͪ͊ͼ͙͙ ͙ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ 

͍͔͙ͦ͋ͯ͗͒ͤ͘ΎΣ ͔ͦͭͦͪͦ͟ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͔͎ͦ ͙͔ͫͦͪ͊ͭͭ͟͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟Φ ˿͔ͪ͒ͼ͔ ͔ͦ͋͊͒͊ͭ͡ ͍͚͍ͫͦͫͭͦͣ 

͍͙͊ͭͦͣ͊ͭͣ͊͘ ͎͋͊ͦ͒͊ͪ͡Ύ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͣ ͔͚͔͚͔ͨͫͣͪͤ͟·ͣ ͔ͭ͊ͣ͟͟͡ ͙͙ͫͤͦ͊ͭͪ͊͡Έ͎ͤͦͦ ό͙͍͎ͫͤͯͫͦͦͦύ 

ͯ͊͘͡Φ ˿͙͍ͤͯͫͦ·͚ ͔ͯ͘͡ ͖͊͒͊ͭ͘ ͙ͪͭͣΣ ͎͔͔͙ͤͪͪͯΎ ͔ͨͦͭͤͼ͙͊͡· ͔͚͍͙͒ͫͭΎΣ ͦͭͦͪ͟·͔ ͔͊ͭͣ͘ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎΌͭͫΎ 

ͨͦ ͍ͨͪͦͦ͒Ύ΅͔͚ ͙͔͔ͫͫͭͣ ͔ͫͪ͒ͼ͊ ό͙͍͔͙͊ͭͪͦͤͭͪͯ͟͡Ύͪͤ·͚ ͔ͯ͘͡Σ ͨͯ;ͦ͟ ˥͙ͫ͊Σ ͍ͦͦͤ͊͟͡ ˽͙ͯͪͤ͟Έ͔ύΦ ̏ͭͦ 

ͯͨͦͪΎ͒ͦ;͔͔ͤͤͦ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͍͔͙ͦ͋ͯ͗͒ͤ͘Ύ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙ͫͤͻ͔ͪͦͤͤͦ ͫͦͪ͊͟΅͔͙͔ͤ ͔͔͙͚ͨͪ͒ͫͪ͒Σ ͊ 

͔͊ͭͣ͘ ͙ ͔͗ͯ͒ͦ͡;͍ͦ͟Σ ͺ͙ͦͪͣͪͯΎ ͔͔ͫͪ͒;ͤ·͚ ͼ͙͟͡Φ ˾͔͎ͯ͡Ύͼ͙Ύ ͔͔ͫͪ͒;͎ͤͦͦ ͼ͙͊͟͡ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ 

͍͔͎͔͙͍͚ͭ͊ͭͤͦ ͔͍͚ͤͪͤͦ ͙͔͚ͫͫͭͣͦ ό͙͙ͫͣͨ͊ͭ;͔͙͚ͫ͟ ͙ ͙͙ͨ͊ͪ͊ͫͣͨ͊ͭ;͔͙͚ͫ͟ ͔ͦͭ͒͡·ύ ͙ ͎ͯͣͦͪ͊͡Έͤ·͙ͣ 

ͺ͙͊ͭͦͪ͊ͣ͟Σ ͦͭͦͪ͟·͔ ͙͔ͣͤ͘ΎΌͭ ;͊ͫͭͦͭͯ ͙ ͙ͫͯ͡ ͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤ ͍ ͍͔ͦͭͭ ͤ͊ ͔͙ͣͭ͊͋ͦ͡;͔͙͔ͫ͟ 

͔͙ͨͦͭͪ͋ͤͦͫͭ ͎͙ͦͪ͊ͤͣ͊͘Φ ˽͙͙͔ͦͤͣ͊ͤ Ή͙ͭͻ Ή͔͙ͭͪ͟͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͒͡Ύ 

͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ Ή͔͙͎ͭͪͦ͊ͪ͒ͦͪ͊ͣͣ͟͟͡· ό̏˴˥ύ ͙ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙͙͚͊ͪͭͣΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

Ή͔ͭͪͦ͟͡ͺ͙͙͎͙ͦͦ͘͡ΎΣ ͔ͫͪ͒ͼ͔Σ ͍͙͊ͭͦͣ͊ͭͣ͘Σ ͔͚͔͚͔ͨͫͣͪ͟·Σ ͙͍ͫͤͯͫͦ·͚ ͔ͯ͘͡Σ ͍ͨͪͦͦ͒Ύ΅͊Ύ ͙͔ͫͫͭͣ͊Σ 

͔ͨͦͭͤͼ͙͊͡ ͔͚͍͙͒ͫͭΎΣ ͔͔ͫͪ͒;ͤ·͚ ͼ͙͟͡Σ ͍͔͎͔͙͍ͭ͊ͭͤ͊Ύ ͔͍ͤͪͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͙͙͙͊ͪͭͣΦ 

 

˿͔ͪ͒ͼ͔ ς Ήͭͦ ͙ͯͤ͊͟͡Έͤ·͚ ͤ͊ͫͦͫͤ·͚ ͎ͦͪ͊ͤΣ ͦͭͦͪ͟·͚ ͔ͪ͊͋ͦͭ͊ͭ ͎͋͊ͦ͒͊ͪ͡Ύ ͎͔͔͙͔ͫ͊ͣͦͤͪͪͯͣͦͣͯ 

Ή͔͙ͭͪ͟͡;͔ͫͦͣͯ͟ ͙ͣͨͯ͡ΈͫͯΦ ͔̏ͭͪͦ͟͡ͺ͙͙͎͙ͦͦ͘͡Ύ ͔ͫͪ͒ͼ͊ ͙ͯ͘;͔͊ͭ ͔ͣͻ͙͊ͤͣ͘· ͍͙͍͔͙ͦͤͤͦͤ͘͟ΎΣ 

͍͔͔͙ͨͪͦ͒ͤΎ ͙ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ Ή͎ͭͦͦ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͍͔͙ͦ͋ͯ͗͒ͤ͘ΎΦ ˻ͤͦ Ύ͍͡Ύ͔ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ 

͍͙͔ͯͫͦͣ͡ ͒͡Ύ ͔ͨͦͫ͒ͯ͡Ό΅͔͎ͦ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ͫͦͪ͊͟΅͔͙ͤΎΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͔͎ͦ ͤ͊ͫͦͫͤͯΌ ͺͯͤ͟ͼ͙ΌΦ 

˥͍͊ͤ͡·ͣ ͍͚͍ͫͦͫͭͦͣ ͔ͫͪ͒ͼ͊ Ύ͍͡Ύ͔ͭͫΎ ͍͙͊ͭͦͣ͊ͭͣ͘Φ ̏ͭͦ ͫͨͦͫͦ͋ͤͦͫͭΈ ͎ͫ͊ͣͦͦ ͔ͫͪ͒ͼ͊ ͎͔͔͙͍ͤͪͪͦ͊ͭΈ 

͙͙ͪͭͣ;͔͙͔ͫ͟ Ή͔͙ͭͪ͟͡;͔͙͔ͫ͟ ͙ͣͨͯ͡Έͫ· ͔͋͘ ͍͔ͤ΄͙ͤͻ ͔͍ͤͪͤ·ͻ ͙͙͡ ͎ͯͣͦͪ͊͡Έͤ·ͻ ͙͍ͫͭͣͯͦ͡Φ ˢ͍͙ͭͦͣ͊ͭͣ͘ 

͙ͨͪͫͯ΅ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͣ ͔ͭ͊ͣ͟͟͡ ͍ͨͪͦͦ͒Ύ΅͔͚ ͙͔ͫͫͭͣ·Φ ˻ͤ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔ͤͨͪͪ·͍ͤͦͫͭΈ ͙ 

͔͎ͪͯ͡ΎͪͤͦͫͭΈ ͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤΦ 

˻͍ͫͤͦͤ·ͣ ͍͙͔͔ͦ͒ͭͣ͡ ͙ͪͭͣ͊ ό͔͚͔͚͔ͨͫͣͪͦͣ͟ύ Ύ͍͡Ύ͔ͭͫΎ ͙͙ͫͤͦ͊ͭͪ͊͡Έͤ·͚ ό͙͍ͫͤͯͫͦ·͚ύ ͔ͯ͘͡Σ 

͔ͪ͊ͫͨͦͦ͗ͤͤ͡·͚ ͍ ͍ͨͪ͊ͦͣ ͔͔͙͙ͨͪ͒ͫͪ͒Φ ˴͔͙ͭ͟͡ Ή͎ͭͦͦ ͯ͊͘͡ ͦ͋͊͒͊͡Όͭ ͚ͫ͊ͣͦ ͍·͚ͫͦͦ͟ ;͚͊ͫͭͦͭͦ 

͚ͫͨͦͤͭ͊ͤͤͦ ͙͙͒͊ͫͭͦ͡;͔͚ͫͦ͟ ͔͒ͨͦ͡Ύ͙ͪ͊͘ͼ͙͙Φ ˻͙ͤ ͊͒͊͘Όͭ ͤͦͪͣ͊͡Έͤ·͚ ͙ͪͭͣ ͔ͫͪ͒ͼ͊ ς ͫ ͙͍ͤͯͫͦ·͚ ͙ͪͭͣΦ 

˿ͨͦͫͦ͋ͤͦͫͭΈ ͔͚͔͚͔ͨͫͣͪͤ͟·ͻ ͔ͭͦ͟͟͡ ͟ ͍͔͙ͫ͊ͣͦͦ͋ͯ͗͒ͤ͘Ό ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͦͫͦ͋·͙ͣ ͙ͦͤͤ·͙ͣ 
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͙ͭͦ͊ͣ͟Σ ͙͍͔ͫͭͤ͘·͙ͣ ͊͟͟ ζ͔ͫͣ΄͚ͤͦ ͭͦ͟η όLŦύΦ ̏ͭͦͭ ͭͦ͟Σ ͨͪͦͨͯͫ͊͟Ύ ͙ͦͤ· ͙ͤ͊ͭͪΎ ͙ ͙͊͟͡ΎΣ ͔͔ͣ͒ͤͤͦ͡ 

͔͒ͨͦ͡Ύ͙͔ͪͯͭ͘ ͔ͣͣ͋ͪ͊ͤͯ ͍ ͺ͔͊͘ ͙͒͊ͫͭͦ͡·Φ ˨͙͔͙͔ͦͫͭ͗ͤ ͎͍͎ͨͦͪͦͦͦͦ ͔ͨͦͭͤͼ͙͊͊͡ ͔͊ͨͯͫ͊ͭ͘͟ ͔ͨͦͭͤͼ͙͊͡ 

͔͚͍͙͒ͫͭΎΦ 

˽͔ͦͭͤͼ͙͊͡ ͔͚͍͙͒ͫͭΎ ͍ ͔ͭ͊͟͟͡ͻ ͪ͊͋ͦ;͔͎ͦ ͙ͣͦ͊ͪ͒͊͟ ό͔͔͙͚ͨͪ͒ͫͪ͒ ͙ ͔͗ͯ͒ͦ͡;͍ͦ͟ύ ͙ͦͭ͡;͔͊ͭͫΎ ͦͭ 

͔ͨͦͭͤͼ͙͊͊͡ ͍ ͔͚͔͚͔ͨͫͣͪͤ͟·ͻ ͔ͭ͊͟͟͡ͻΦ ˻ͤ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͙ͤ͊͡;͙͔ͣ ͺ͊͘· ͨ͊ͭͦ͡Σ ͦͭͦͪ͊͟Ύ ͍͔ͦ͋ͯͫͦͤ͊͡͡ 

͔͔ͣ͒ͤͤ͡·ͣ ͍ͻͦ͒Ύ΅͙ͣ ͭͦͦͣ͟ ͙͍ͦͤͦ ͊͟͡Έͼ͙Ύ ;͔͔ͪ͘ ͊͟͡Έͼ͙͔͍·͔ ͊ͤ͊͟͡·Φ ˽͊ͭͦ͡ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ 

͙͔͒ͭ͡͡ΈͤͦͫͭΈ ͫͦͪ͊͟΅͔͙ͤΎΦ 

͔͙̏ͭͪ͟͡;͔͙͚ͫ͟ ͙ͣͨͯ͡ΈͫΣ ͎͔͔͙͍ͤͪͪͦ͊ͤͤ·͚ ͍ ͙͍ͫͤͯͫͦͦͣ ͔ͯ͘͡Σ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎ͔ͭͫΎ ͨͦ ͔͔͙ͨͪ͒ͫͪ͒ΎͣΣ 

͍·͘·͍͊Ύ ͙ͻ ͫͦͪ͊͟΅͔͙͔ͤΦ ˭͔͊ͭͣ ͦͤ ͙͎͔͒ͦͫͭ͊ͭ ͙͍͔͙͊ͭͪͦͤͭͪͯ͟͡Ύ͎ͪͤͦͦ όˢˤύ ͯ͊͘͡Φ ˢˤ-͔ͯ͘͡ Ύ͍͡Ύ͔ͭͫΎ 

͔͙͍͔͒ͤͫͭͤͤ·ͣ Ή͔͙ͭͪ͟͡;͔͙ͫͣ͟ ͣͦͦ͋΅͔͙͔ͤͣ ͔ͣ͗͒ͯ ͔͔͙ͨͪ͒ͫͪ͒Ύ͙ͣ ͙ ͔͗ͯ͒ͦ͡;͙͊ͣ͟Φ 

ˢ͙͍͔͙ͭͪͦͤͭͪͯ͟͡Ύͪͤ·͚ ͔ͯ͘͡ ͍·ͨͦͤ͡Ύ͔ͭ ͺͯͤ͟ͼ͙Ό ͔͔͙͊ͣ͒ͤ͘͡Ύ ͍͔͔͙ͨͪͦ͒ͤΎ ͙ͣͨͯ͡Έͫ͊Φ ̏ͭͦ 

͔͔͙͔͊ͣ͒ͤ͘͡ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ͺ͙͙͎͙͙ͦͦ͘͡ ͔ͫͪ͒ͼ͊Φ ˻ͤͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ ͍͔͔ͪͣͤͤȳͯΌ 

͔͊͒ͪ͗ͯ͘͟Σ ;ͭͦ͋· ͔͔͙ͨͪ͒ͫͪ͒Ύ ͔͙ͯͫͨ͡ ͨͦͤͦͫͭ͡ΈΌ ͙ͫͦͪ͊ͭͭ͟ΈͫΎΦ ˽ͦͤͦͫͭ͡ΈΌ ͙͍ͫͦͪ͊ͭ͟΄͙͔ͫΎ ͔͔͙ͨͪ͒ͫͪ͒Ύ 

͔͍ͯͫͨ͊Όͭ ͔͔ͨͪ͊͟;͊ͭΈ ͍ͪͦ͟Έ ͍ ͔͗ͯ͒ͦ͡;͙͟ ͒ͦ ͤ͊;͊͊͡ ͙ͻ ͫͦͪ͊͟΅͔͙ͤΎΦ 

˽͔ͦͫ͡ ˢˤ-ͯ͊͘͡ ͍͔͙͔ͦ͋ͯ͗͒ͤ͘ ͔͔͔ͨͪ͒͊ͭͫΎ ͤ͊ ͨͯ;ͦ͟ ˥͙ͫ͊Φ ˭͔͊ͭͣ ͦͤͦ ͋·ͫͭͪͦ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎ͔ͭͫΎ ͨͦ 

͍ͦͦͤ͊ͣ͟͡ ˽͙ͯͪͤ͟Έ͔Σ ͦͭͦͪ͟·͔ ͙ͨͪͦͤ͘·͍͊Όͭ ͙ͣͦ͊ͪ͒͟ ͔͗ͯ͒ͦ͡;͍ͦ͟Φ ˤͦͦͤ͊͟͡ ˽͙ͯͪͤ͟Έ͔ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ 

ͨͦ;͙ͭ ͍͔͔͔ͦ͒ͤͦͪͣͤͤͦ ͍͔͙͔ͦ͋ͯ͗͒ͤ͘ ͍͔ͫͻ ͔ͭͦ͟͟͡ ͔͗ͯ͒ͦ͡;͍ͦ͟Φ 

̏ͭͦ ͋·͔ͫͭͪͦ ͙ ͙ͫͤͻ͔ͪͦͤͤͦ ͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͎͙͔͊ͪ͊ͤͭͪͯͭ Ήͺͺ͔͙͍͔ͭͤͦ͟ ͙ ͣͦ΅͔ͤͦ ͫͦͪ͊͟΅͔͙͔ͤ 

͔͗ͯ͒ͦ͡;͍ͦ͟Φ ˿ͦͪ͊͟΅͔͙͔ͤ ͔͗ͯ͒ͦ͡;͍ͦ͟ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͙ͫͤͯ͘ ͍͍͔ͪͻΦ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͨͦͤͦ͡ 

͙͎ͤ͊ͭ͘Έ ͍ͪͦ͟Έ ͍ ͊ͦͪͭͯ ͙ ͔͎ͦ͡;ͤͯΌ ͔͙͊ͪͭͪΌΦ 

˿͔͔ͪ͒;ͤ·͚ ͼ͙͟͡ ς Ήͭͦ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͫͦ͋·͙͚ͭΣ ͙ͨͪͦͫͻͦ͒Ύ΅͙ͻ ͦͭ ͤ͊;͊͊͡ ͎ͦ͒ͤͦͦ ͔͔ͫͪ͒;͎ͤͦͦ 

ͫͦͪ͊͟΅͔͙ͤΎ ͒ͦ ͤ͊;͊͊͡ ͔ͫ͒ͯ͡Ό΅͔͎ͦΦ ˻ͤ ͙ͫͦͫͭͦͭ ͙͘ ͙ͫͫͭͦ͡· όͫͦͪ͊͟΅͔͙ͤΎύ ͙ ͙͒͊ͫͭͦ͡· ό͔͙ͪ͊ͫͫ͊͋ͤ͡͡ΎύΦ 

˨͙͔ͭ͡͡ΈͤͦͫͭΈ ͼ͙͊͟͡ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ;͚͊ͫͭͦͭͦ ͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤΦ 

˿͙ͫͭͦ͊͡ ͔͗ͯ͒ͦ͡;͍ͦ͟ ͤ͊;͙͔ͤ͊ͭͫΎ ͫ ͺ͊͘· ͙͍ͦͦ͘͡Ό͙ͣ;͔͎ͫͦͦ͟ ͫͦͪ͊͟΅͔͙ͤΎΦ ˤ Ήͭͦͭ ͔ͣͦͣͤͭ ͍͔͙͔͒͊ͤ͡ 

͍ ͔͗ͯ͒ͦ͡;͊͟ͻ ͋·ͫͭͪͦ ͔ͤ͊ͪ͊ͫͭ͊ͭ ͙ͨͪ ͊ͪ͘͟·ͭ·ͻ ͊ͨ͊ͤ͊͟͡ͻΦ ˭͔͊ͭͣ ͔ͤ͊ͫͭͯͨ͊ͭ ͺ͊͊͘ ͙͎͙ͤ͊ͤ͘ΎΣ ͎ͦ͒͊͟ 

ͨͦͯͯͤͤ͡͡·͔ ͊ͨ͊ͤ͟͡· ͦͭͪ͟·͍͊ΌͭͫΎΦ 

˨͙͊ͫͭͦ͊͡ ς Ήͭͦ ͺ͊͊͘ ͔͙ͪ͊ͫͫ͊͋ͤ͡͡ΎΣ ͍ͦ ͍͔ͪͣΎ ͚ͦͭͦͪͦ͟ ͔͗ͯ͒ͦ͡;͙͟ ͤ͊ͨͦͤ͡ΎΌͭͫΎ ͍ͪͦ͟ΈΌΦ ˻ͤ͊ 

ͤ͊;͙͔ͤ͊ͭͫΎ ͫ ͙͍ͦͦ͘͡Ό͙ͣ;͔͎ͫͦͦ͟ ͔͙ͪ͊ͫͫ͊͋ͤ͡͡ΎΦ ˨͔͔͊͡ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͺ͊͊͘ ͋·͎ͫͭͪͦͦΣ ͊ ͔͊ͭͣ͘ ͔͔͎ͣ͒ͤͤͦͦ͡ 

͔͙ͤ͊ͨͦͤͤ͡ΎΦ 

˹͊ͪͯ΄͔͙͔ͤ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͙͙͡ ͙ͪͭͣ͊ Ή͔͙ͭͪ͟͡;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟ ͤ͊͘·͍͔͊ͭͫΎ ͙͙͔͚͊ͪͭͣΦ 

ˢ͙͙͙ͪͭͣ ͎ͣͦͯͭ ͍͙ͦͤ͊ͭ͘͟Έ ͙͘-͊͘ ͔͍ͫ͋ͦ ͍ ͔ͪ͊͋ͦͭ ͔͚͔͚͔͍ͨͫͣͪͦ͟Φ ͔́͊͗͟ ͙ͦͤ ͎ͣͦͯͭ ͋·ͭΈ ͍·͍͊ͤ͘· 

ͤ͊ͪͯ΄͔͙ͤΎ͙ͣ ͍͔͔͙ͨͪͦ͒ͤΎ ͙ͣͨͯ͡Έͫ͊Φ 

͔͙͎̏ͭͪͦ͊ͪ͒ͦͪ͊ͣͣ͊͟͟͡ ό̏˴˥ύ Ύ͍͡Ύ͔ͭͫΎ ͎ͪ͊ͺ͙;͔͚ͫͦ͟ ͙͊ͨͫ͘ΈΌ Ή͔͙ͭͪ͟͡;͔͙ͫ͟ͻ ͔ͨͦͭͤͼ͙͍͊ͦ͡ ͔ͫͪ͒ͼ͊Σ 

͔͎͙͙͔ͪͫͭͪͪͯͣ·ͻ ͤ͊ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔ͭ͊͡Φ ˻ͤ͊ ͔ͦͭͪ͊͗͊ͭ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔ͤͦ ͍͔͙͔ͦ͋ͯ͗͒ͤ͘ ͔͔͙͚ͨͪ͒ͫͪ͒Σ ˢˤ-

ͯ͊͘͡ ͙ ͔͗ͯ͒ͦ͡;͍ͦ͟Φ ˢ͙ͤ͊͘͡ ͺͦͪͣ· ͯ͋͘ͼ͍ͦ ͙ ͙͔͍͍ͤͭͪ͊ͦ͡ ̏˴˥ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͎͙͍͒͊ͤͦͫͭͪͦ͊ͭΈ ͙͙͙͊ͪͭͣΦ 

˾͔͎ͯ͡Ύͼ͙Ύ ͔͔ͫͪ͒;͎ͤͦͦ ͼ͙͊͟͡ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͔͍ͨͦͫͪ͒ͫͭͦͣ ͍͔͎͔͙͍͚ͭ͊ͭͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· ͙ 

͎ͯͣͦͪ͊͡Έͤ·ͻ ͺ͍͊ͭͦͪͦ͟Φ ̏ͭ͊ ͔͎ͪͯ͡Ύͼ͙Ύ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͊͒͊ͨͭ͊ͼ͙Ό ͪ͊͋ͦͭ· ͔ͫͪ͒ͼ͊ ͟ ͔ͣͤΎΌ΅͙ͣͫΎ 

͔ͨͦͭͪ͋ͤͦͫͭΎͣ ͎͙ͦͪ͊ͤͣ͊͘Φ ˾͔͎ͯ͡Ύͭͦͪͤ·͔ ͼ͔ͤͭͪ· ͔ͪ͊ͫͨͦͦ͗ͤ͡· ͍ ͎͍ͨͪͦ͒ͦͦ͊ͭͦͣ͡ ͎͔ͣͦ͘Φ 

˿͙͙ͣͨ͊ͭ;͔͙͚ͫ͟ ͔ͦͭ͒͡ ͍͔͎͔͙͍͚ͭ͊ͭͤͦ ͙͔ͫͫͭͣ· ͙͙͍͔ͯͫ͊ͭ͡ ͪ͊͋ͦͭͯ ͔ͫͪ͒ͼ͊Φ ˻ͤ ͍·͍͔ͫͦ͋ͦ͗͒͊ͭ 

͔͙ͤͦͪ͊͒ͪͤ͊ͤ͡Φ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͔͙ͯ͡;͔͙ͤΌ ;͊ͫͭͦͭ· ͙ ͙ͫ͡· ͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤ ό͙͔ͨͦͦ͗ͭ͡͡Έͤ·͚ 

ͻͪͦͤͦͭͪͦͨͤ·͚ ͙ ͙ͤͦͭͪͦͨͤ·͚ Ήͺͺ͔ͭ͟·ύΦ 

˽͙͙͊ͪ͊ͫͣͨ͊ͭ;͔͙͚ͫ͟ ͔ͦͭ͒͡ ό;͔͔ͪ͘ ͋ͯ͗͒͊͡Ό΅͙͚ ͔͍ͤͪύ ͔͊ͣ͒͘͡Ύ͔ͭ ͪ͊͋ͦͭͯ ͔ͫͪ͒ͼ͊Φ ˻ͤ 

͍·͍͔ͫͦ͋ͦ͗͒͊ͭ ͊ͼ͔͙ͭ͡ͻ͙ͦͤ͡Φ ̏ͭͦ ͍·͘·͍͔͊ͭ ͙͔͙͔ͫͤ͗ͤ ;͊ͫͭͦͭ· ͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤ ͙ ͔ͯͣͤΈ΄͔͙͔ͤ 

͍͙͊ͭͦͣ͊ͭͣ͊͘ ό͙ͦͭͪͼ͔͊ͭ͡Έͤ·͚ ͻͪͦͤͦͭͪͦͨͤ·͚ Ήͺͺ͔ͭ͟ύΦ 

˥ͯͣͦͪ͊͡Έͤ͊Ύ ͔͎ͪͯ͡Ύͼ͙Ύ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͫ ͨͦͣͦ΅ΈΌ ͼ͙͙ͪͯͪͯ͟͡Ό΅͙ͻ ͍ ͍͙ͪͦ͟ ͎͍ͦͪͣͦͤͦΦ 
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ˢ͔͙͒ͪͤ͊ͤ͡ ͙ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͡ ͙͘ ͤ͊͒ͨͦ;͔;͙͍ͤͦ͟ ͦ͊͘͟·͍͊Όͭ ͙͙͔͙ͫͣͨ͊ͭͦͣͣͭ;͔͔ͫͦ͟ ͔͚͍͙͔͒ͫͭΣ ͯͫͦͪ͟ΎΎ 

͔ͫͪ͒ͼ͔Φ ͙͔͙́ͪͦ͒ͤ·͔ ͎ͦͪͣͦͤ· ͔ͭ͊͗͟ ͙͙͍ͯͫ͊͡Όͭ ͔͔ͫͪ͒;ͤͯΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΦ 

ˮ͔͔͙͔ͣͤͤ͘ ;͊ͫͭͦͭ· ͔͔ͫͪ͒;ͤ·ͻ ͫͦͪ͊͟΅͔͙͚ͤ ͙ ͎ͯ͒͊ͪͤͦͦ ͦ͋Ά͔ͣ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͫͪ͒ͼͯ 

͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ ͺ͙͙͘;͔͚ͫͦ͟ ͎͔ͤ͊ͪͯ͘͟Φ ˽͙ͪ ͎͔ͤ͊ͪͯ͘͟ ͍͔͙ͯ͡;͙͍͔͊ͭͫΎ ͙͙ͫͣͨ͊ͭ;͔͙͚ͫ͟ ͭͦͤͯͫ ͙ 

͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤ ͔͊ͭ͟ͻ͙͍ͦ͊ͣͤͦ͡Φ ̏ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍͒ͦͫͭ͊ͯ͟ ͋ͦ͡Έ΄͔͎ͦ ͙ͦ͟͡;͔͍ͫͭ͊ ͙ͫͦͪͦ͒͊͟͡ ͟ 

ͪ͊͋ͦͭ͊Ό΅͙ͣ ͣ·΄ͼ͊ͣΦ 

 ˭ ͊͟͡Ό;͔͙͔ͤ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͫͦ͗ͤ͊͡Ύ Ή͔ͭͪͦ͟͡ͺ͙͙͎͙ͦͦ͘͡Ύ ͔ͫͪ͒ͼ͊ ͎͙͔͊ͪ͊ͤͭͪͯͭ ͔͎ͦ Ήͺͺ͔͙͍͔ͭͤͦ͟ 

ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͊͟͟ ͤ͊ͫͦͫ͊Φ ͔̉ͭ͊͟Ύ ͙ͦͦͪ͒ͤ͊͟ͼ͙Ύ ͍͙͊ͭͦͣ͊ͭͣ͊͘Σ ͍͔͔͙ͨͪͦ͒ͤΎ ͙ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ͼ͙͊͟͡ 

͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ͊Φ ˹͊ͪͯ΄͔͙ͤΎ ͍ Ή͙ͭͻ ͨͪͦͼ͔ͫͫ͊ͻ ͍͔͎ͫ͒͊ ͦͭͪ͊͗͊ΌͭͫΎ ͤ͊ ͫͦͫͭͦΎ͙͙ͤ ͍͔͎ͫͦ ͎͙ͦͪ͊ͤͣ͊͘Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ  

1. ˥͚͊ͭͦͤ ˢΦ ˴ΦΣ ̆ͦ͡͡ ˨͗Φ ̏Φ ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ ˶͎ͦͦͫͺ͔ͪ͊Σ нллрΦ 

2. ͙̊ͣ͒ͭ ˾Φ ̅ΦΣ ͔͍́ͫ ˥Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Υ ͍ о-ͻ ͭͦͣ͊ͻΦ ˸͙ͪΣ нллрΦ 

3. ˽͍͙͚ͦͪͦͫ͟͟ ˤΦ ˸ΦΣ ˴ͦͪͦͭΈͦ͟ ˥Φ ̅Φ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Υ ̂;͔͙͋ͤ͟Φ ˸͔͙͒ͼ͙ͤ͊Σ нллтΦ 

4. ˴͙ͦͫͼ͙͚͟ ˥Φ ˮΦ ͙͙͎͙̅ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Φ ˸͔͙͒ͼ͙ͤ͊Σ мфурΦ 

5. Kandel E. R., Schwartz J. H., Jessell T. M. Principles of Neural Science. McGraw-Hill Education, 2013. 

ϭ˸ ·͍ͪ͊͒ͦ͊ ˸Φ˿ΦΣ нлнр 

 

 

 

 

̂˨˴Υ смсΦнп 

˹͍͊͊ͪͦ͘ ˢΦ˿Φ 

˿͔ͭͯ͒ͤͭ п-͎ͦ ͯͪͫ͊͟ ͔͡;͔͎͋ͤͦͦ ͺ͔͊ͯͭͭ͊͟͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˹͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡ΈΥ ˥ͯͪ͋͊ͤ͊͡·͔͍ ˿ΦˢΦ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͺ͊ͯ͟͡Έ͔͚ͭͭͫͦ͟ ͔͙͙ͭͪ͊ͨΣ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˽͔͍͙͙ͤͣͦͤ ͔ͫͣ΄͚͊ͤͤͦ Ή͙͎͙͙ͭͦͦ͡Σ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͔ ͍͔͔ͦ͒ͤͦͪͣͤͤ·ͣ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ 

͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͙ ͍͙ͪͯͫͤ·ͻ ͎͔͍ͨ͊ͭͦͤͦΣ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͦ͒ͤͯ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͫͦ͗ͤ͡·ͻ ͺͦͪͣ 

͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͙͔ͫͫͭͣ·Φ ˿ͦ;͔͔ͭ͊ͤͤͦ ͔͚͍͙͔͒ͫͭ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟ ͙͙͍͔ͯͫ͊ͭ͡ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͨͪͦͼ͔ͫͫΣ ͯͫͦͪ͟Ύ͔ͭ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͔͙͋ͦͤ͘͡ ͙ ͍ͨͦ·΄͔͊ͭ ͙ͪͫ͟ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˤ ͫͭ͊ͭΈ͔ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͔͔ͨ͊ͭͦͤ͊͘Σ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡ΎΣ ͙͎͙͒͊ͤͦͫͭ;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒· ͙ 

͎͙͊ͦͪͭͣ͡· ͍͔͔͙͒ͤΎ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͔͙͋͊ͭͪ͊͟͡Έͤͦ-͍͙ͪͯͫͤ·͙ͣ ͔͍͙ͨͤͣͦͤΎ͙ͣΦ ͔́͊͗͟ ͍͙ͨͪͦͦ͒ͭͫΎ ͙͊ͤ͊͘͡ 

͍͔͔ͫͦͪͣͤͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ ͍ͨͦͫΎ΅͖ͤͤ·ͻ Ή͙͔͙͎͙͙ͨ͒ͣͦͦ͡ ͙ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͙ͤͺ͔͟ͼ͙͚ ͒·ͻ͔͊ͭ͡Έͤ·ͻ 

͔͚ͨͯͭΦ ˾͊͋ͦͭ͊ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟ ͤ͊͘;͙ͣͦͫͭΈ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊ ͙ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙ 

Ή͙͎͙ͭͦͦ͡;͔͎ͫͦͦ͟ ͺ͊ͭͦͪ͊͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͔͍͙ͨͤͣͦͤΎΣ ͔ͫͣ΄͊ͤͤ·͔ ͙ͤͺ͔͟ͼ͙͙Σ ͔͙͋͊ͭͪ͊͟͡Έͤͦ-͍͙ͪͯͫͤ͊Ύ ͙ͤͺ͔͟ͼ͙ΎΣ  

͙͎͙͒͊ͤͦͫͭ͊͟Σ ͎͙͊ͦͪͭͣ͡· ͍͔͔͙͒ͤΎΣ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͔ͭ;͔͙͔ͤΦ 
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PNEUMONIA OF MIXED ETIOLOGY 

 

Abstract 

Mixed-etiology pneumonia, caused by the simultaneous impact of bacterial and viral pathogens, is one 

of the most complex forms of respiratory infections. The combined activity of microorganisms intensifies 

inflammation, accelerates disease progression, and increases the risk of complications. This article discusses 

the pathogenesis, clinical features, diagnostic approaches, and management algorithms for patients with 

bacterial-viral pneumonias. An analysis of recent studies on epidemiology and classification of respiratory 

infections is also presented. The study emphasizes the importance of a comprehensive approach and timely 

identification of the etiological factor. 

Keywords: 

 pneumonia, mixed infections, bacterial-viral infection, diagnostics, management algorithms, clinical course. 

 

˽͔͍͙ͤͣͦͤΎ ͖ͦͫͭ͊ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͙ͨͪ;͙ͤ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡ ͙ ͔͙ͫͣͪͭͤͦͫͭ ͔͙ͫͪ͒ 

͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΦ ˽͔͍͙͙ͤͣͦͤ ͔ͫͣ΄͚͊ͤͤͦ Ή͙͎͙͙ͭͦͦ͡Σ ͍͙ͦͤ͊͘͟Ό΅͙͔ ͙ͨͪ 

͍͔͔ͦ͒ͤͦͪͣͤͤͦͣ ͍͔͚͍͙͙ͦ͒ͫͭ͘ ͍͙ͪͯͫͤ·ͻ ͙ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͎͔͍ͨ͊ͭͦͤͦΣ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙͔͔ͤ͊͋ͦ͡ 

ͭΎ͖͗ͯ͡Ό ͺͦͪͣͯ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͔ͭͣ· ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎΥ 

ͪͦͫͭͦͣ ;͊ͫͭͦͭ· ͔ͫͣ΄͊ͤͤ·ͻ ͙ͤͺ͔͟ͼ͙͚Τ 

͍·͚ͫͦͦ͟ ͍͔ͪͦΎͭͤͦͫͭΈΌ ͔͙͚ͦͫͦ͗ͤͤ͡Τ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͭͦ;͚ͤͦ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Τ 

͍͊͗ͤͦͫͭΈΌ ͎͙͙͊ͦͪͭͣ͊͘͡ͼ͙͙ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͍͔͔͙͒ͤΌ ͨ͊ͼ͙͔͍ͤͭͦΦ 

͔̇͡Έ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ τ ͙͊ͤ͊͘͡ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͔͙͋͊ͭͪ͊͟͡Έͤͦ-͍͙ͪͯͫͤ·ͻ ͔͍͙͚ͨͤͣͦͤΣ ͦ͋ͦ͋΅͔͙͔ͤ 

͒͊ͤͤ·ͻ ͙͔ͭͪ͊ͭͯͪ͡· ͙ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙͔͎ͫͫͭͣͤͦͦ ͨͦ͒ͻͦ͒͊ ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͍͔͔͙͒ͤΌ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˻͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡· 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͍͙ͪͯͫͤ͊Ύ ͙ͤͺ͔͟ͼ͙Ύ ;͊ͫͭͦ ͙ͫͯ͗ͭ͡ ͍ͨͯͫͦ͟·ͣ 

ͺ͊ͭͦͪͦͣ͟ ͒͡Ύ ͔͙͋͊ͭͪ͊͟͡Έ͚ͤͦ ͔͙ͫͯͨͪͤͺ͔͟ͼ͙͙Φ ˹͙͔͔͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͔ ͍͙ͪͯͫͤ·͔ ͍͙͔͙ͦ͋ͯ͒ͭ͘͡Υ 

͔͙ͪͫͨͪ͊ͭͦͪͤͦ-͙ͫͤͼ͙͙ͭ͊͡Έͤ·͚ ͍͙ͪͯͫΣ ͍͙ͪͯͫ· ͎͙ͪͨͨ͊ ͙ ͎͙ͨ͊ͪ͊ͪͨͨ͊Σ ͍͙ͦͪͦͤ͊ͪͯͫ͟·Σ ͔͍͙͊͒ͤͦͪͯͫ·Φ 

ˣ͔͙͊ͭͪ͊͟͡Έͤ͊Ύ ͺͦͪ͊͡ ͍͟͡Ό;͔͊ͭΥ 

Streptococcus pneumoniae; 

Haemophilus influenzae; 

Staphylococcus aureus; 

͙͙͊ͭͨ;ͤ·͔ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟·Φ 

˿͔ͣ΄͊ͤͤ·͔ ͺͦͪͣ· ͔ͨͪͦͭ͊͟Όͭ ͭΎ͔͔͔͗͡ ͙ ͔ͭͪ͋ͯΌͭ ͍͙͔ͤͣ͊ͭ͡Έ͎ͤͦͦ ͤ͊͋͡Ό͔͙͒ͤΎΦ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͍͔͍͔͔ͫͦͪͣͤͤ͊Ύ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͎͔͍ͨ͊ͭͦͤͦ ͙ ͙͒ͺͺ͔͔ͪͤͼ͙͊ͼ͙Ύ Ή͙͎͙͙ͭͦͦ͡ ͯͯ͡;΄͊Όͭ 

͎ͨͪͦͤͦ͘Φ 

˻͍ͫͤͦͤ͊Ύ ;͊ͫͭΈ 

˸͔͎͙ͭͦ͒ͦͦ͡Ύ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 
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ˢ͙ͤ͊͘͡ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͔ͭͪ͊ͭͯͪ͡·Τ 

˿͍͙͔ͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻΣ ͍͙ͪͯͫͤ·ͻ ͙ ͔ͫͣ΄͊ͤͤ·ͻ ͔͍͙͚ͨͤͣͦͤΤ 

˿͙͔͙ͫͭͣ͊ͭ͊͘ͼ͙Ύ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡ ͙ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦΤ 

͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͦ͋ͦ͋΅͖ͤͤ·ͻ ͎͙͍͊ͦͪͭͣͦ͡ ͍͔͔͙͒ͤΎ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˾͔ͯ͘͡Έͭ͊ͭ· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

˽͎͔͔͊ͭͦͤ͘ 

ˤ͙ͪͯͫ· ͍͔ͨͦͪ͗͒͊Όͭ Ή͙͔͙͚ͨͭ͡ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΣ ͔͎ͦ͋͡;͊Ύ ͔͙͋͊ͭͪ͊͟͡Έ͔ͤͦ ͙͍͔͙͔ͨͪͦͤͤͦͤ͟Τ 
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TREATMENT STRATEGY FOR DIC-SYNDROME IN LIVER CIRRHOSIS 

 

Abstract 

Disseminated intravascular coagulation (DIC) is a severe complication of liver cirrhosis, significantly 

increasing the risk of bleeding and worsening patient outcomes. This article discusses the pathogenesis of 

DIC in cirrhotic patients, risk factors, modern diagnostic approaches, and treatment algorithms. Particular 

attention is paid to a comprehensive strategy, including correction of coagulopathy, replacement therapy, 

hemostasis monitoring, and individualized treatment. Based on literature analysis, key principles of patient 

management are formulated to reduce complications and improve treatment outcomes. 
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TARGETED THERAPY IN ONCOLOGY: FROM MOLECULAR TARGETS TO PRECISION MEDICINE 

 

Abstract 

Targeted therapy represents a revolutionary approach in the treatment of malignant neoplasms,based 

on the selective impact on specific molecular targets critical for the growth, survival, and metastasis of tumor 

cells. Unlike classical cytotoxic chemotherapy, this strategy blocks key oncogenic pathways with minimal 

effect on healthy tissues, significantly increasing the therapeutic index and improving treatment tolerability. 

This article provides a systematic review of the main classes of targeted drugs: low-molecular-weight kinase 

inhibitors, monoclonal antibodies, and antibody-drug conjugates.  

Keywords 

targeted therapy,molecular targets, tyrosine kinase inhibitors, monoclonal antibodies, 

 precision oncology, drug resistance, personalized medicine, malignant neoplasms. 
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мΦ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ͎͔ͭ͊ͪͭͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ 

˻͍ͫͤͦͤ·͔ ͊ͫͫ͟͡· ͎͔ͭ͊ͪͭͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͍͟͡Ό;͊ΌͭΥ 

мΦ ˹͙͔ͦͣͦͯ͘͟͟͡͡Ύͪͤ·͔ ͙͎͙͙ͤ͋ͭͦͪ· ͙ͤ͊͘͟ όǘȅǊƻǎƛƴŜ ƪƛƴŀǎŜ ƛƴƘƛōƛǘƻǊǎΣ ¢YLύΥ ˽͙ͪͦͤ͊͟Όͭ ͍ͤͯͭͪΈ 

͔͙ͭ͟͟͡ ͙ ͍ͫΎ͘·͍͊ΌͭͫΎ ͫ ˢ́̅-͍ͫΎ͘·͍͊Ό΅͙ͣ ͔͒ͦͣͤͦͣ ͙ͤ͊͘͟Σ ͙͋ͦͪͯ͟͡Ύ ͺͦͫͺ͙͙͍͙͔ͦͪͪͦ͊ͤ͡ ͙ ͙͍͊ͭ͊͟ͼ͙Ό 

͙͎ͫͤ͊͡Έͤ·ͻ ͔͚ͨͯͭ ό͙͔ͤ͊ͨͪͣͪΣ 9DCwΣ ![YΣ ./w-!.[Σ .w!CύΦ ˽͙͔ͪͣͪ·Υ ͙͙͙ͣ͊ͭͤ͋Σ Ή͙͙ͪͦͭͤ͋͡Σ ͙͙͙ͪͦͭͤ͋͘͟Σ 

͍͔ͣͯͪ͊ͺ͔͙ͤ͋Φ 

нΦ ˸ͦͤͦͦͤ͊͟͡͡Έͤ·͔ ͙͔͊ͤͭͭ͊͡ όƳ!ōύΥ ˿͍Ύ͘·͍͊ΌͭͫΎ ͫ ͍͔͔ͤͭͦ͟͡;ͤ·͙ͣ ͔͙͒ͦͣͤ͊ͣ ͔ͪͼ͔͍ͨͭͦͪͦ ͤ͊ 
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͍͔ͨͦͪͻ͙ͤͦͫͭ ͦͨͯͻ͔͍ͦ͡·ͻ ͔ͭͦ͟͟͡Σ ͙͋ͦͪͯ͟͡Ύ ͙͎͊ͤ͒͡-͍͙͙͊ͫͣͯ͘Ό ͙͍͊ͭ͊͟ͼ͙Ό ό͙͎͙͙ͤ͋ͭͦͪ· 9DCw ς 

ͼ͔͙ͭͯͫͣ͊͋͟Σ I9wн ς ͭͪ͊ͫͭͯͯͣ͊͋͘ύ ͙͙͡ ͦͫͯ΅͔͍ͫͭ͡ΎΎ ͙͔͍ͣͣͯͤͦͦͨͦͫͪ͒ͦ͊ͤͤͯΌ ͼ͙͙ͭͦͭͦͫ͟;ͤͦͫͭΈ ό!5//ύΦ 

ˢ͙͎͙͎͔ͤͭ͊ͤͦͤͤ·͔ ͙͔͊ͤͭͭ͊͡ ό͔͍͋͊ͼ͙ͯͣ͊͋͘ύ ͙͋ͦͪͯ͟͡Όͭ ±9DCΣ ͤ͊ͪͯ΄͊Ύ ͔͎͙͎͔͔ͤͦ͊ͤͦͤ͘ [3]. 

оΦ ˴ͦͤΆΌ͎͙͍ͪͦ͊ͤͤ·͔ ͙͔͊ͤͭͭ͊͡ όŀƴǘƛōƻŘȅ-ŘǊǳƎ ŎƻƴƧǳƎŀǘŜǎΣ !5/ύΥ ˽͔͍ͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ 

ζ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͔ͪ͊ͭ͟·ηΣ ͫͦͫͭͦΎ΅͙͔ ͙͘ ͣͦͤͦͦͤ͊͟͡͡Έ͎ͤͦͦ ͙͔͊ͤͭͭ͊͡Σ ͼ͙͙ͭͦͭͦͫ͟;͔͎ͫͦͦ͟ ͎͔͊ͤͭ͊ 

όͨΉ͚ͦͯ͒͊͡ύ ͙ ͙͔ͤͪ͊͟͡Φ ˢ͙͔ͤͭͭͦ͡ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍͒ͦͫͭ͊ͯ͟ ͍·͙ͫͦͦͭͦͫ͟͟;͎ͤͦͦ ͻ͙͙͔ͣͦͨͪͨ͊ͪ͊ͭ͊ 

͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͍ ͦͨͯͻ͔͍ͦͯ͡Ό ͔ͭͯ͟͟͡ ό͙͔ͤ͊ͨͪͣͪΣ ͭͪ͊ͫͭͯͯͣ͊͋͘ Ή͙ͣͭ͊ͤͤ͘Σ Ήͤͻ͔ͪͭͯύ ώпϐΦ 

2Φ ˽͔ͪͦ͋ͣ͊͡ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ ͟ ͎͔͚ͭ͊ͪͭͤͦ ͔͙͙ͭͪ͊ͨ 

˾͍͙͙͔͊ͭ͘ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ ό͔͍͙ͨͪ;͚ͤͦ ͙͙͡ ͍͙ͭͦͪ;͚ͤͦύ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͫͤͦͤ·ͣ ͎͙ͦͪ͊ͤ;͔͙͔ͤͣ 

Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͎͔ͭ͊ͪͭͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ ˸͔ͻ͙͊ͤͣ͘· ͍͟͡Ό;͊ΌͭΥ 

ϊ ˤ͙͍͔͙͔ͦͤͤͦͤ͘͟ ͍ͤͦ·ͻ ͣͯͭ͊ͼ͙͚ ͍ ͎͔͔ͤ-͙ͣ΄͔͙ͤ ό͙͔ͤ͊ͨͪͣͪΣ ¢тфлa ͒͡Ύ 9DCwΣ ͊ͭͪͯ͒ͤ͘ΎΌ΅͊Ύ 

͍ͫΎ͘·͍͙͔͊ͤ ¢YL м-н ͔͙ͨͦͦͤ͟͡ΎύΦ 

ϊ ˢ͙͍ͭ͊͟ͼ͙Ύ ͦ͋ͻͦ͒ͤ·ͻ ͙͎ͫͤ͊͡Έͤ·ͻ ͔͚ͨͯͭ ό͙͔ͤ͊ͨͪͣͪΣ ͙͍͊ͭ͊͟ͼ͙Ύ a9¢ ͙͙͡ I9wн ͙ͨͪ ͙͎͙͙͍͙͙ͤ͋ͪͦ͊ͤ 

EGFR). 

ϊ ͔͙͙̅ͤͦͭͨ;͔ͫ͊͟Ύ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ό͙͔ͤ͊ͨͪͣͪΣ ͔͔ͨͪͻͦ͒ ͦͭ ͔͔͔ͤͣͦͭͦ͟͟͡͡;͎ͤͦͦ ͟ 

͔͔ͣͦͭͦ͟͟͡͡;ͤͦͣͯ ͪ͊ͯ͟ ͔͎͎ͦͦ͟͡ύ ώрϐΦ 

ˣͦͪΈ͋͊ ͫ ͔͙͔ͪͫͭͤͭͤͦͫͭ͘ΈΌ ͍͔͔͒ͭͫΎ ;͔͔ͪ͘ ͪ͊ͪ͊͋ͦͭͯ͘͟ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͔ͫ͒ͯ͡Ό΅͙ͻ ͔͙͚ͨͦͦͤ͟͡Σ 

ͫͨͦͫͦ͋ͤ·ͻ ͔͔͍ͨͪͦ͒ͦ͊ͭ͡Έ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ό͙͔͙͙ͦͫͣͪͭͤ͋ ͙ͨͪ ¢тфлaҌύΣ ͙ ͔͎͙͚ͫͭͪ͊ͭ ͙͙͍͎ͦͣ͋ͤͪͦ͊ͤͤͦͦ͟ 

͙͎͙͙͍͙ͤ͋ͪͦ͊ͤΎ ͔ͤͫͦ͟͡Έ͙͟ͻ ͔͚ͨͯͭ ͍͔͔ͦ͒ͤͦͪͣͤͤͦΦ 

3Φ ˾ͦ͡Έ ͔ͣͦͯ͟͡͡Ύͪͤͦ-͎͔͔͙ͤͭ;͔͎ͫͦͦ͟ ͔͙͍͙ͭͫͭͪͦ͊ͤΎ 

̏ͺͺ͔͙͍͔ͭͤͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͎͔͚ͭ͊ͪͭͤͦ ͔͙͙ͭͪ͊ͨ ͔͍ͤͦͣͦ͗ͤͦ͘ ͔͋͘ ͔͚ͦͣͨͫͤͦ͟͟͡ ͙͎͙͙͒͊ͤͦͫͭ͟Φ 

˿ͭ͊ͤ͒͊ͪͭͦͣ ͫͭ͊ͦ͡ ͍͔͔͙͔ͨͪͦ͒ͤ ͙͎͙ͣͣͯͤͦͫͭͦͻ͙͙ͣ;͔͎ͫͦͦ͟ όˮ˥̆ύ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ό͙͔ͤ͊ͨͪͣͪΣ I9wнΣ t5-L1), 

ͺ͔ͯͦͪͫ͡ͼ͔͚ͤͭͤͦ ͎͙͙͙͋ͪ͒͊͘ͼ͙͙ ƛƴ ǎƛǘǳ όCL{IΣ ͒͡Ύ ![YΣ wh{мύ ͙ ͍·͙͍͙͔ͫͦͦͨͪͦͦ͒ͭ͘͟͡Έ͎ͤͦͦ 

͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟Ύ ͍͎ͤͦͦͦ ͔͙ͨͦͦͤ͟͡Ύ όbD{ύ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ΄͙͎ͪͦͦͦ͟ ͔ͫͨͭͪ͊͟ ͣͯͭ͊ͼ͙͚Σ ͔͔͔ͨͪͫͭͪͦ͟ ͙ 

͙͔͙͚ͣͪͦͫ͊ͭͭͤͦ͟͡͡ ͔͙ͤͫͭ͊͋͡Έ͙ͤͦͫͭ όa{Lύ ͙͘ ͔ͤ͋ͦ͡Έ΄͎ͦͦ ͦ͋ͪ͊͘ͼ͊ ͙ͭ͊ͤ͟ ͙͙͡ ͼ͙͙ͪͯͪͯ͟͡Ό΅͔͚ 

ͦͨͯͻ͔͍͚ͦͦ͡ ˨˹˴ όͭ͟˨˹˴ύ ώсϐΦ 

˿͙ͨͫͦ͟ ͙ ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͡ ͙͔ͭͪ͊ͭͯͪ·:  

1. Hanahan D., Weinberg R.A. Hallmarks of cancer: the next generation. Cell. 2011;144(5):646-674. DOI: 

10.1016/j.cell.2011.02.013 

нΦ ˽ͦ͡Ύ͍ͦ͟ ˤΦˮΦΣ ́Ό͡Ύ͙ͤ͒ͤ ˿ΦˢΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙ͨͪͤͼ͙ͨ· ͎͔͚ͭ͊ͪͭͤͦ ͔͙͙ͭͪ͊ͨ ͙ͫͦ͒ͤ͡·ͻ ͦͨͯͻ͔͚ͦ͡Φ 

˭ͦ͊͟͡;͔͍͔ͫͭͤͤ·͔ ͦͨͯͻ͙ͦ͡Φ нлмуΤуόоύΥр-12. DOI: 10.18027/2224-5057-2018-8-3-5-12 

оΦ ˿͍ͦͪ͟ͼ͍ͦ͊ ˸Φ̑ΦΣ ˴͊ͪ͊;͙͚ͯͤͫ͟ ˢΦˮΦ ˸ͦͤͦͦͤ͊͟͡͡Έͤ·͔ ͙͔͊ͤͭͭ͊͡ ͍ ͎͙͙ͦͤͦͦ͟͡Υ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ͙ 

͙͙ͤ͟͡;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͎͔͎͙ͦͤͦͣ͊ͭͦͦ͟͡Ύ. 2020;13(4):405-416. DOI: 10.21320/2500-

2139-2020-13-4-405-416 

пΦ .ŜŎƪ !ΦΣ DƻŜǘǎŎƘ [ΦΣ 5ǳƳƻƴǘŜǘ /ΦΣ /ƻǊǾŀƠŀ bΦ {ǘǊŀǘŜƎƛŜǎ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ ǘƘŜ ƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ŀƴǘƛōƻŘȅ-

drug conjugates. Nat Rev Drug Discov. 2017;16(5):315-337. DOI: 10.1038/nrd.2016.268 

рΦ ˿͔͍ͪͦ͊ ˻ΦˤΦΣ ˸͙͔͔ͦͫͤͦ͟ ̅ΦˤΦ ˸͔ͻ͙͊ͤͣ͘· ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ ͟ ͎͔ͭ͊ͪͭͤ·ͣ ͔ͨͪͨ͊ͪ͊ͭ͊ͣΥ ͦͭ ͔͙͙ͭͦͪ ͟ 

͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ˽͙ͪ͊ͭ͟;͔ͫ͊͟Ύ ͦ ͎͙ͤͦͦ͟͡Ύ. 2022;23(1):32-45. 

6. Allegra C.J., et al. American Society of Clinical Oncology Provisional Clinical Opinion: Testing for KRAS Gene 

Mutations in Patients With Metastatic Colorectal Carcinoma to Predict Response to Anti-Epidermal Growth 

Factor Receptor Monoclonal Antibody Therapy. J Clin Oncol. 2009;27(12):2091-2096. DOI: 

10.1200/JCO.2009.21.9170 

ϭ ˾ͦ͘·͔͍͊ ˥ . .́, 2025 
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˾ͦ͘·͔͍͊ ˥ ͯͤ;͊ ́ ͚ͦ͡·͔͍ͤ͊ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊. 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ ˢ΄ͻ͊͋͊͒ 

 

́˻̉˹ˢ̒ ˥ˮ˿́˻˽ˢ́˻˶˻˥ˮ̒ ˮ ˸˻˶˩˴̂˶̒˾˹ˢ̒ ˽ˢ́˻˶˻˥ˮ̒ ˤ ˻˹˴˻˶˻˥ˮˮΥ ˮ˹́˩˥˾ˢ̇ˮ̒ 

́˩̆˹˻˶˻˥ˮ˯ ˨˶̒ ˽˩˾˿˻˹ˢ˶ˮ˭ˮ˾˻ˤˢ˹˹˻˯ ˸˩˨ˮ̇ˮ˹̍ 

 

ˢͤ ͤͦͭ͊ͼ͙Ύ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈΦ ̏ͪ͊ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͎͙͙ͦͤͦͦ͟͡ ͔͔ͭͪ͋ͯͭ ͔͔ͨͪͻͦ͒͊ ͦͭ ͙ͭͪ͊͒ͼ͙͚ͦͤͤͦ 

ͣͦͪͺ͎͙ͦͦ͡;͔͚ͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟ ͟ ͔ͦͣͨͫͤͦͣͯ͟͟͡ ͙͊ͤ͊ͯ͘͡ ͦͨͯͻ͙ͦ͡Σ ͙͔͎͙ͤͭͪͪͯΌ΅͔ͣͯ ͒͊ͤͤ·͔ ͦ ͔͖ 

͎͙͎͙ͫͭͦͦ͡;͔ͫͦͣ͟ ͔͙͙ͫͭͪͦͤΣ ͔ͣͦͯ͟͡͡Ύͪͤͦ-͎͔͔͙ͤͭ;͔ͫͦͣ͟ ͨͪͦͺ͙͔͡ ͙ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ͻ ͙͔͙ͣͪͦͦͪͯ͗ͤ͟͟ΎΦ 

́ͦ;ͤ͊Ύ ͎͙͎͙ͫͭͦͨ͊ͭͦͦ͡Ύ ͙ ͔ͣͦͯ͟͡͡Ύͪͤ͊Ύ ͎͙ͨ͊ͭͦͦ͡Ύ Ύ͍͡ΎΌͭͫΎ ͟͡Ό;͔͍·͙ͣ ͙͒ͫͼ͙͙͙ͨͤ͊ͣ͡Σ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͙ͣ Ήͭͦͭ ͔͔ͨͪͻͦ͒Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͣͦ ͔ͯ͟͡͡Ύͪͤ͊Ύ ͎͙ͨ͊ͭͦͦ͡ΎΣ ͼ͙ͺ͍ͪͦ͊Ύ ͎͙ͨ͊ͭͦͦ͡ΎΣ ͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡Σ ͣͯ͡Έ͙͔ͭͨͫͤ͊͟͡Ύ 

͙͎͙ͣͣͯͤͦͫͭͦͻ͙͙ͣΎΣ ͔͍͔͙͍͙͔ͫͤͪͦ͊ͤ͟ ͍͎ͤͦͦͦ ͔͙ͨͦͦͤ͟͡Ύ όbD{ύΣ ͦͨͯͻ͔͍͔ͦͦ͡ ͙͔͙͔ͣͪͦͦͪͯ͗ͤ͟͟Σ 

͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͊͘͡Ύ ͎͙ͦͤͦͦ͟͡ΎΣ ͙͔͋ͦͣ͊ͪͪ͟·Φ 

 

Rozyeva Gunca Toylievna 
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PRECISION HISTOPATHOLOGY AND MOLECULAR PATHOLOGY IN ONCOLOGY:  

TECHNOLOGY INTEGRATION FOR PERSONALIZED MEDICINE 

 

Abstract 

Relevance. The era of personalized oncology requires a transition from traditional morphological 

diagnosis to a comprehensive analysis of the tumor, integrating data on its histological structure, molecular 

genetic profile, and microenvironment characteristics. Precision histopathology and molecular pathology are 

the key disciplines enabling this transition. 

Keywords: 

 molecular pathology, digital pathology, artificial intelligence, next-generation sequencing (NGS), tumor 

microenvironment, biomarkers, personalized oncology, targeted therapy, immunotherapy. 

 

ˤ͍͔͔͙͔͒ͤ 

˴͙͊ͫͫ͡;͔ͫ͊͟Ύ ͎͙͎͙ͫͭͦͨ͊ͭͦͦ͡ΎΣ ͍ͦͫͤͦ͊ͤͤ͊Ύ ͤ͊ ͍͔͍͚ͫͭͦͦ ͙͙͙ͣͪͦͫͦͨ͟͟ ͙ ͚ͫͭ͊ͤ͒͊ͪͭͤͦ 

͙͎͙ͣͣͯͤͦͫͭͦͻ͙͙͙ͣ όˮ˥̆ύΣ ͔ͦͫͭ͊ͭͫΎ ͦͦͭ͘͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣ ͔͍͙ͨͪ;͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͦͨͯͻ͔͚ͦ͡Φ ˻͒ͤ͊ͦ͟ 

ͪ͊ͫͭͯ΅͙͔ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͎͙͙ͦͤͦͦ͟͡ ͔͙͙͍͎ͨͪͫͦͤ͊ͪͦ͊ͤͤͦͦ͘͡ ͨͦ͒ͻͦ͒͊ ͍·Ύ͍͙͙͡ ͔͔ ͎͙ͦͪ͊ͤ;͔͙ͤΎΥ 

ͫͯ͋Ά͔͙͍ͭͤͦͫͭ͟Έ ͦͼ͔͙ͤ͟Σ ͙ͨͦͯͦ͟͡͡;͔͍͔ͫͭͤͤ·͚ ͻ͔͊ͪ͊ͭͪ͟ ͙͊ͤ͊͊͘͡ ͙ ͔͍ͤͦͣͦ͗ͤͦͫͭ͘Έ ͍͔͔͚ͦ͒ͤͦͪͣͤͤͦ 

ͦͼ͔͙ͤ͟ ͔͍ͣͤͦ͗ͫͭ͊ ͙͔͍͋ͦͣ͊ͪͪͦ͟ ͍ ͙ͻ ͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͣ ͔͔ͦͤͭͫͭ͟͟Φ ˸͔ͦͯ͟͡͡Ύͪͤ͊Ύ ͎͙ͨ͊ͭͦͦ͡ΎΣ 

͍͙ͦͤ͘͟΄͊Ύ ͤ͊ ͫͭ·͔͟ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͎͙͙͋ͦͦ͡Σ ͎͔͔͙͙ͤͭ͟ ͙ ͙ͤͺ͙͙ͦͪͣ͊ͭ͟Σ ͙͍ͨͪ͊ͤ͊͘ ͔͔ͨͪͦ͒ͦͭ͡Έ Ή͙ͭ 

͋͊ͪΈ͔ͪ·Φ ˴ͦͤͼ͔ͨͼ͙Ύ ζͭͦ;͚ͤͦ ͎͙͎͙͙ͫͭͦͨ͊ͭͦͦ͡η ͔͍͔ͨͦ͒ͪ͊ͯͣ͊ͭ͘ ͙͔͎ͤͭͪ͊ͼ͙Ό ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·ͻ 

͔͍ͣͭͦ͒ͦ ͣͦͪͺ͎͙ͦͦ͡;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡ ͫ ͎͙ͯ͋ͦͣ͟͡ ͔ͣͦͯ͟͡͡Ύͪͤ·ͣ ͨͪͦͺ͙͙͍͙͔ͪͦ͊ͤͣ͡Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͤ 

ͭͦ͡Έͦ͟ ͍͙ͯͫͭ͊ͤͦͭΈ ͎͙ͤͦͦͦ͘͡;͔͙͚ͫ͟ ͙͎͒͊ͤͦ͘Σ ͤͦ ͙ ͍·Ύ͍͙ͭΈ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͔ͫ͟ ͙ͣ΄͔͙ͤΣ ͎͙͍ͫͨͪͦͤͦͪͦ͊ͭ͘Έ 

͔ͭ;͔͙͔ͤ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͍͔ͦͭͭ ͤ͊ ͔͡;͔͙͔ͤΦ ͔̇͡Έ ͤ͊ͫͭͦΎ΅͔͎ͦ ͦ͋ͦͪ͊͘ τ ͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͍͔͔͔ͫͦͪͣͤͤͦ 
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ͫͦͫͭͦΎ͙͔ͤ ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͍͙͙ͪ͊ͭ͘Ύ ͭͦ;͚ͤͦ ͎͙͎͙͙ͫͭͦͨ͊ͭͦͦ͡ ͙ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͎͙͙ͨ͊ͭͦͦ͡ ͍ ͔͔ͦͤͭͫͭ͟͟ 

͔͍͙͚ͭͪ͋ͦ͊ͤ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ· ͙ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͔͔ͪͦͣͤ͒͊͟ͼ͙͚Φ 

мΦ ͙̇ͺ͍ͪͦ͊Ύ ͎͙ͨ͊ͭͦͦ͡Ύ ͙ ͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡Υ ͦͭ ͊ͪͻ͙͍͊ͼ͙͙ ͟ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤͦͣͯ ͙͊ͤ͊ͯ͘͡ 

͙̇ͺ͍ͪͦ͊Ύ ͎͙ͨ͊ͭͦͦ͡Ύό̇˽ύΣ ͨͪͦͼ͔ͫͫ ͦͼ͙ͺ͍͙ͪͦ͟ ͎͙͎͙ͫͭͦͦ͡;͔͙ͫ͟ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͫ ͙͔ͫͦ͒͊ͤͣ͘ ͼ͔͡Έͤ·ͻ 

͚͍ͫ͊͒ͦ͡ όǿƘƻƭŜ ǎƭƛŘŜ ƛƳŀƎŜǎΣ ²{LύΣ ͫͭ͊͊͡ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫͣ͟ ͺ͔ͯͤ͒͊ͣͤͭͦͣ ͒͡Ύ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ 

͔ͫͨͼ͙͊͡Έ͙ͤͦͫͭΦ 

ϊ ˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ͔͔ͭͦͤͫͯ͟͡͡Έͭ͊ͼ͙͙Υ ²{L ͍ͨͦͦ͘͡ΎΌͭ ͍͙ͨͪͦͦ͒ͭΈ ͔ͯ͒͊ͤͤ͡·͔ ͙͙ͦͤͫͯͣ͟͡·Σ ͫͦͪ͊͟΅͊Ύ 

͍͔ͪͣΎ ͙ ͍ͨͦ·΄͊Ύ ͒ͦͫͭͯͨͤͦͫͭΈ Ή͔͎ͫͨͪͭͤͦͦ͟ ͔͙ͣͤͤΎΦ 

ϊ ˾͙͙͊͒ͦͣ͊͟ ͙ ͎͙ͨ͊ͭͦ͊͟Υ ˢ͎͙ͦͪͭͣ͡· ͣ͊΄͙͎ͤͤͦͦ ͦ͋ͯ;͔͙ͤΎ ͙͍͔͊͘͟͡Όͭ ͙͘ ²{L ͙ͫͦͭͤ ͙ ͭ·ͫΎ;͙ 

͙ͦ͟͡;͔͍͔ͫͭͤͤ·ͻ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͙͍ͨͪͤ͊ͦ͘͟ ό͔ͭͫͭͯͪ͊͟Σ ͺͦͪͣ͊ Ύ͔͒ͪΣ ͊ͪͻ͙͔͙ͭͭͦͤ͊͟͟ ͙ͭ͊ͤ͟ύΦ ͙̏ͭ 

͒͊ͤͤ·͔Σ ͔͙ͤͪ͊͘͡;͙ͣ·͔ ͒͡Ύ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͎͊͊͘͡Σ ͔͙ͦͪͪͪͯ͟͡Όͭ ͫ ͔ͣͦͯ͟͡͡Ύͪͤ·͙ͣ ͙͙ͨͦ͒ͭͨ͊ͣ ͦͨͯͻ͔͚ͦ͡Σ 

͎ͨͪͦͤͦͦͣ͘ ͙ ͍͔ͦͭͭͦͣ ͤ͊ ͔͙ͭͪ͊ͨΌΦ ˹͙͔͊ͨͪͣͪΣ ͎͙ͨ͊ͭͦ;͔͙͔ͫ͟ ͎͙͊ͦͪͭͣ͡· ͫͨͦͫͦ͋ͤ· ͔ͨͪ͒ͫ͊͘͟·͍͊ͭΈ ͫͭ͊ͭͯͫ 

ͣͯͭ͊ͼ͙͚ ͍ ͎͔ͤ͊ͻ 9DCwΣ .w!C ͙͙͡ ͙͔͙ͣͪͦͫ͊ͭͭͤͯ͟͡͡Ό ͔͙ͤͫͭ͊͋͡ΈͤͦͫͭΈ όa{Lύ ͨͦ ͫͭ͊ͤ͒͊ͪͭͤ·ͣ ͦͪ͊ͫ͊ͣ͟͟ 

͎͔͙͙ͣ͊ͭͦͫͤͦͣ͟͡ ͙ Ή͙ͦͤͦͣ͘ ώмϐΦ 

ϊ ˤ͎͔ͫͨͦͣͦ͊ͭ͡Έͤ·͔ ͙͔ͫͫͭͣ· ͒͡Ύ ͎ͨ͊ͭͦͦ͊͡Υ ˮˮ-͎͙͊ͦͪͭͣ͡· ͒͡Ύ ͍͙͊ͭͦͣ͊ͭ;͔͎ͫͦͦ͟ ͔͙ͦ͋ͤ͊ͪͯ͗ͤΎ ͙ 

ͨͦ͒ͫ;͔ͭ͊ ͙͍ͣͭͦͦ͘Σ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙ ͦͨͯͻ͔͍ͦ͡·ͻ ͔ͭͦ͟͟͡Σ ͦͼ͔͙ͤ͟ ͔͔͙ͫͭͨͤ ͫͭͪͦͣ͊͡Έ͚ͤͦ ͔ͪ͊͟ͼ͙͙ ͙͙͡ 

͙ͤͺ͙͡Έͭͪ͊ͼ͙͙ ͙ͣ͡ͺͦͼ͙͙ͭ͊ͣ ό͙͔ͤ͊ͨͪͣͪΣ ͒͡Ύ ͦͼ͔͙ͤ͟ ͙͎ͣͣͯͤͤͦͦ ͫ;͔ͭ͊ ς LƳƳǳƴƻǎŎƻǊŜ ͍ 

͔ͦͦͪͭ͊͟͟͡͡Έͤͦͣ ͔ͪ͊͟ύ ώнϐΦ ̏ͭͦ ͙͔ͫͤ͗͊ͭ ͫͯ͋Ά͔͙͍ͭͤͦͫͭ͟Έ ͙ ͍͔͙ͯ͡;͙͍͔͊ͭ ͍͙͍͙ͦͫͨͪͦͦ͒ͣͦͫͭ͘Έ ͦͼ͔͙ͤ͟Φ 

нΦ ˸ͯ͡Έ͙͔ͭͨͫͤ͟͡·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ ͙͊ͤ͊͘͡ ͦͨͯͻ͔͍͎ͦͦͦ͡ ͙͔͙ͣͪͦͦͪͯ͗ͤ͟͟Ύ 

˻ͨͯͻ͔͍͔ͦͦ͡ ͙͔͙͔ͣͪͦͦͪͯ͗ͤ͟͟ό¢a9ύ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͎͔͙͙ͨͪͦͪͫͫ ͦͨͯͻ͙ͦ͡ ͙ ͍͔͔ͦͭͭ ͤ͊ 

͙͔͙ͣͣͯͤͦͭͪ͊ͨΌΦ ˩͎ͦ ͙͊ͤ͊͘͡ ͔͔ͭͪ͋ͯͭ ͍͔͔͚ͦ͒ͤͦͪͣͤͤͦ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͔͍ͣͤͦ͗ͫͭ͊ ͔ͭͦ͟͡;ͤ·ͻ ͔͍ͣ͊ͪͪͦ͟Φ 

ϊ ˸ͯ͡Έ͙͔ͭͨͫͤ͊͟͡Ύ ͙͎͙ͣͣͯͤͦͫͭͦͻ͙͙ͣΎκ͙ͣͣͯͤͦͺ͔ͯͦͪͫ͡ͼ͔ͤͼ͙Ύ όƳLI/κƳLCύΥ ͔́ͻ͎͙͙ͤͦͦ͡ ό/h59·Σ 

tƘŜƴƻǇǘƛŎǎΣ aǳƭǘƛǇƭŜȄ LI/ύ ͍ͨͦͦ͘͡ΎΌͭ ͙ͦͪ͊ͫͭ͟Έ ͙ͦ͒ͤ ͔ͫͪ͘ ͙ͭ͊ͤ͟ мл-рлҌ ͙͔͙͊ͤͭͭ͊ͣ͡ ͫ ͙ͪ͊͘͡;ͤ·͙ͣ 

ͺͯͦͪͦ͡ͻ͙ͪͦͣ͊ͣΦ ˽͔ͦͫ͒ͯ͡Ό΅͊Ύ ͦͣͨ͟Έ͔ͭͪͤ͊Ύ ͙͊ͤ͊͘͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍͊ͪͭͪͦ͊ͭ͟Έ ͍͔͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ 

͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͙ͪ͊͘͡;ͤ·ͻ ͙͍ͭͨͦ ͔ͭͦ͟͟͡ όͦͨͯͻ͔͍ͦ͡·͔Σ ¢-͙ͣ͡ͺͦͼ͙ͭ·Σ .-͙ͣ͡ͺͦͼ͙ͭ·Σ ͣ͊ͪͦ͟ͺ͎͙͊Σ 

ͺ͙͋ͪͦ͋͊ͫͭ͡·ύ ͙ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ ͙ͻ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ όζ͔͍ͫͦͫ͒ͫͭͦ ͔ͭͦ͟͟͡η ς cell neighborhood analysis) [3]. 

ϊ ˽͍͔ͪͦͫͭͪ͊ͤͫͭͤͤ͊Ύ ͙͙ͭͪ͊ͤͫͪͨͭͦͣ͊͟͟ ό{Ǉŀǘƛŀƭ ¢ǊŀƴǎŎǊƛǇǘƻƳƛŎǎύΥ ˸͔ͭͦ͒· ό±ƛǎƛǳƳΣ DŜƻaȄύ 

͍ͨͦͦ͘͡ΎΌͭ ͨͦͯ͡;͙ͭΈ ͒͊ͤͤ·͔ ͦ͋ Ή͔͙͙ͫͨͪͫͫ͟ ͔ͫͦͭͤ ͙͙͡ ͭ·ͫΎ; ͎͔͍ͤͦ ͫ ͙͍ͨͪΎ͚ͦ͘͟ ͟ ͔ͦͤͪͭͤ͟͟·ͣ 

ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫͣ͟ ͦ͋͊ͫͭ͡Ύͣ ͤ͊ ͔͔ͫͪ͘ ͙ͭ͊ͤ͟Φ ̏ͭͦ ͔͍ͪͦ͡Όͼ͙ͦͤͤ·͚ ͨͦ͒ͻͦ͒ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͎͔͔͎͔͙ͭͪͦͤͤͦͫͭ 

ͦͨͯͻ͙ͦ͡ ͙ ͍ͫΎ͙͘ ͺ͔͙ͤͦͭͨ͊ ͔ͭͦ͟͟͡ ͫ ͙ͻ ͔ͣͦͯ͟͡͡Ύͪͤ·ͣ ͨͪͦͺ͙͔ͣ͡ ͍ ͙͊ͤ͊ͭͦͣ;͔ͫͦͣ͟ ͔͔ͦͤͭͫͭ͟͟ ώпϐΦ 

ϊ ˸͊ͫͫ-ͼ͙͔͙ͭͦͣͭͪΎ ͫ ͍͙͙ͯ͊͊͘͘͡ͼ͙͔͚ όLƳŀƎƛƴƎ aŀǎǎ /ȅǘƻƳŜǘǊȅΣ La/ύΥ ˮͫͨͦ͡Έ͔ͯͭ͘ ͙͔͊ͤͭͭ͊͡Σ 

͔ͣ;͔ͤͤ·͔ ͔͙ͣͭ͊͊ͣ͡͡Σ ͙ ͔͔͒ͭ͟ͼ͙Ό ͔ͣͭͦ͒ͦͣ ͣ͊ͫͫ-͔͔͙͙ͫͨͭͪͦͣͭͪ͟ ͤ͊ ͔͍ͭ͊ͤ͟·ͻ ͔ͫͪ͊͘ͻΦ ˽͍ͦͦ͘͡Ύ͔ͭ 

͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ ͒ͦ пл ͔͍ͣ͊ͪͪͦ͟ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͔͋͘ ͔ͨͪͦ͋ͣ͡ ͔ͫͨͭͪ͊͟͡Έ͎ͤͦͦ ͔͔ͨͪͪ͟·͙ͭΎΣ ͻ͔͊ͪ͊ͭͪͤ͟·ͻ 

͒͡Ύ ͺ͔ͯͦͪͫ͡ͼ͔ͤͼ͙͙ ώрϐΦ 

оΦ ˸͔ͦͯ͟͡͡Ύͪͤͦ-͎͔͔͙ͤͭ;͔͙͚ͫ͟ ͨͪͦͺ͙͙͍͙͔ͪͦ͊ͤ͡Υ ͦͭ ͔͙͙͒ͤ;ͤ·ͻ ͣͯͭ͊ͼ͙͚ ͟ ͔ͦͣͨͫͤ͟͟͡·ͣ ͔ͨ͊ͤ͡Ύͣ 

˿͔͍͔͙͍͙͔ͤͪͦ͊ͤ͟ ͍͎ͤͦͦͦ ͔͙ͨͦͦͤ͟͡ΎόbD{ύ Ύ͍͡Ύ͔ͭͫΎ ͼ͔ͤͭͪ͊͡Έͤ·ͣ ͔ͣͭͦ͒ͦͣ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ 

͎͙͙ͨ͊ͭͦͦ͡Φ 

ϊ ˽͔͙͊ͤ͡ bD{Υ ˤ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͙͙͒ͦͣͤͪͯΌͭ ͼ͔͔͍͡·͔ ͔͙ͨ͊ͤ͡ ό͔ͦͣͨͫͤ͟͟͡·͔ ͎͔ͤͦͣͤ·͔ 

ͨͪͦͺ͙͙͡ ς /DtύΣ ͦͻ͍͊ͭ·͍͊Ό΅͙͔ ͟͡Ό;͔͍·͔ ͎͔ͤ·Σ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·͔ ͫ ͎͙ͦͤͦͦ͟͡;͔͙͙ͫͣ͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣΦ 

˻͙ͤ ͍·Ύ͍͡ΎΌͭ ͔͙ͦ͒ͤͦͤͯͦͭ͒ͤ͟͡·͔ ͔͊ͣͤ͘·Σ ͙͔͙ͤ͒͡Σ ͍͙͊ͪ͊ͼ͙͙ ;͙ͫ͊͡ ͙͚ͦͨ͟ ͎͔͍ͤͦ ό/b±ύ ͙ ͎͔ͤͤ·͔ 

͔͔͚͙ͨͪͫͭͪͦ͟ όͺΈΌ͔͗ͤ·ύΦ ˿ͭ͊ͤ͒͊ͪͭͦͣ ͫͭ͊ͦ͡ ͍͟͡Ό;͔͙͔ͤ ͍ ͙͊ͤ͊͘͡ ͙͔͍͋ͦͣ͊ͪͪͦ͟ ͒͡Ύ ͙͔͙͙ͣͣͯͤͦͭͪ͊ͨΥ 

TMB (tumor mutational burden), MSI/MMR. 

ϊ ˬ͙͒ͦͫͭͤ͊͟Ύ ͙͙͋ͦͨͫΎΥ ˢ͙ͤ͊͘͡ ͼ͙͙ͪͯͪͯ͟͡Ό΅͔͚ ͦͨͯͻ͔͍͚ͦͦ͡ ˨˹˴ όͼͭ˨˹˴ύ ͔ͣͭͦ͒ͦͣ bD{ Ύ͍͡Ύ͔ͭͫΎ 

͔͙͍͙͍ͤͤ͊ͤ͘·ͣ ͔͙͔͒ͦͨͦͤͤͣ͡ ͟ ͔͍͚ͭ͊ͤͦ͟ ͙͙͙͋ͦͨͫΦ ˽͙͔ͪͣͤΎ͔ͭͫΎ ͒͡Ύ ͙͙͒ͤ͊ͣ;͔͎ͫͦͦ͟ ͙͙͎ͣͦͤͭͦͪͤ͊Σ 

͍·Ύ͍͔͙ͤ͡Ύ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘Σ ͦͼ͔͙ͤ͟ ͙͙ͣͤͣ͊͡Έ͚ͤͦ ͦͫͭ͊ͭͦ;͚ͤͦ ͔͙͋ͦͤ͘͡ ό˸˻ˣύ ͙ ͍ ͫͯ͡;͊ΎͻΣ ͎ͦ͒͊͟ 

͔͍ͭ͊ͤ͊͟Ύ ͙͙͋ͦͨͫΎ ͔ͤ͒ͦͫͭͯͨͤ͊ ώсϐΦ 
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ϊ ͙͎͔͔͙̏ͨͤͭ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡Υ ˻͔͔͔͙͔ͨͪ͒ͤ͡ ͨͪͦͺ͙͡Ύ ͔͙͙͍͙ͣͭͪͦ͊ͤ͡Ύ ˨˹˴ ͙͔͔ͨͪͦ͋ͪͭ͊ͭ ͍͔͊͗ͤͦ 
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Abstract 

Bacterial and viral conjunctivitis are among the most common ophthalmological conditions and have 

ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ǇŀǘƛŜƴǘǎΩ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜΦ 5ƛŦŦŜǊŜƴŎŜǎ ƛƴ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘΣ ŎƭƛƴƛŎŀƭ ŦŜŀǘǳǊŜǎΣ 

and course of the disease require a differentiated diagnostic and management approach. This article 

examines the main characteristics of bacterial and viral conjunctivitis, their typical symptoms, general 

diagnostic approaches, and the principles of developing treatment algorithms. 

Keywords: 

conjunctivitis, bacterial infection, viral infection, ophthalmology, diagnostics, treatment algorithm. 
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IDIOPATHIC INFLAMMATORY MYOPATHIES: MODERN CONCEPTS OF CLASSIFICATION, DIAGNOSIS AND 

TREATMENT (ON THE EXAMPLE OF DERMATOMYOSITIS AND POLYMYOSITIS) 

 

Abstract 

Idiopathic inflammatory myopathies(IIM) are a heterogeneous group of systemic autoimmune 

diseases characterized primarily by lesions of the striated muscles with the development of symmetrical 

proximal muscle weakness. The article details two key nosological forms - dermatomyositis (DM) and 

polymyositis (PM).  

Keywords 

Idiopathic inflammatory myopathies, dermatomyositis, polymyositis, myositis-specific autoantibodies, 

myopathy, immunosuppressive therapy, intravenous immunoglobulins, interstitial lung disease. 
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ϊ !ƴǘƛ-a5!рΥ ͔͔̆͊ͪ͊ͭͪͤ͟ ͒͡Ύ ͙͙͊ͣͦͨ͊ͭ;͔͎ͫͦͦ͟κ͎͙͙͙ͨͦͣͦͨ͊ͭ;͔͎ͫͦͦ͟ ˨˸ ͫ ͙͙ͣͤͣ͊͡Έͤ·ͣ 

ͣ·΄͔;ͤ·ͣ ͍͔͙͔ͦͫͨ͊ͤͣ͡Σ ͤͦ ͫ ͍·͙ͫͦͣ͟ ͙ͪͫͦͣ͟ ͋·͎͔͙ͫͭͪͦͨͪͦͪͫͫͪͯΌ΅͔͚ ˮˣ˶ ͙ Ύ͍͔ͤͤͦ͘-

͔͙ͤͪͦͭ͟;͔͎ͫͦͦ͟ ͔͙ͨͦͪ͊͗ͤΎ ͙ͦ͗͟Φ 

ϊ !ƴǘƛ-¢LCмʴΥ ͔́ͫͤͦ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤ ͫ ͔͙ͨ͊ͪ͊ͤͦͨ͊ͫͭ͡;͔͙ͫͣ͟ ˨˸Σ ͔ͦͫͦ͋ͤͤͦ ͯ ͍ͪͦͫ͘͡·ͻ ͨ͊ͼ͙͔͍ͤͭͦΣ 

;ͭͦ ͔͔ͭͪ͋ͯͭ ͦ͋Ύ͔͊ͭ͘͡Έ͎ͤͦͦ ͙ͦͤͦͨͦͫ͊͟͟Φ 

ϊ !ƴǘƛ-{wt ͙ !ƴǘƛ-IaD/wΥ ˿͍Ύ͊ͤ͘· ͫ ͭΎ͔͗͡·ͣ ͙ͣͣͯͤͦ-͔͍ͦͨͦͫͪ͒ͦ͊ͤͤ·ͣ ͔͙͙ͤͪͦͭͪͯ͘͟Ό΅͙ͣ 

͙͙ͣͦͭͦͣ͘Σ ͋·ͫͭͪͦ ͎͔͙ͨͪͦͪͫͫͪͯΌ΅͔͚ ͣ·΄͔;͚ͤͦ ͫ͊͋ͦͫͭ͡ΈΌ ͙ ͍·͙ͫͦͣ͟ ͍͔ͯͪͦͤͣ ˴̅˴Φ ˻͍͔ͭͭ ͤ͊ 

ͫͭ͊ͤ͒͊ͪͭͤͯΌ ͔͙ͭͪ͊ͨΌ ;͊ͫͭͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͔ͤΦ 

ϊ !ƴǘƛ-Mi-нΥ ˴͙͊ͫͫ͡;͔͙͚ͫ͟ ͺ͔͙ͤͦͭͨ ˨˸ ͫ ͻ͔͊ͪ͊ͭͪͤ͟·͙ͣ ͦ͗ͤ͟·͙ͣ ͨͪͦΎ͍͔͙ͤ͡Ύ͙ͣ ό͙ͫͣͨͭͦͣ 

˥ͦͭͭͪͦͤ͊Σ ±- ͙  ΄͊͡Έ-͙ͤ͊͘͟ύ ͙Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͻͦͪͦ΄͙ͣ ͍͔ͦͭͭͦͣ ͤ͊ ͔͙ͭͪ͊ͨΌΦ 

нΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͙͎͙͔͒͊ͤͦͫͭ͟ 

˨͙͎͙͊ͤͦͫͭ͊͟ ˮˤ˸ ͙ͤͦͫͭ ͔ͦͣͨͫͤ͟͟͡·͚ ͻ͔͊ͪ͊ͭͪ͟Υ 

мΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͦͼ͔ͤ͊͟Υ ˿͙͔͙ͣͣͭͪ;ͤ͊Ύ ͫ͊͋ͦͫͭ͡Έ ͍ ͙ͨͪͦͫͣ͊͟͡Έͤ·ͻ ͎ͪͯͨͨ͊ͻ ͣ·΄ͼ όͭͪͯ͒ͤͦ ͍ͫͭ͊ͭΈ 

ͫͦ ͫͭͯ͊͡Σ ͨͦ͒ͤΎͭΈ ͙ͪͯ͟ύΣ ͦ͗ͤ͟·͔ ͙͙ͨͪͤ͊͘͟ ˨˸ ό͎͔͙ͦͭͪͦͨͤ͊͡Ύ ͫ·ͨΈΣ ͨ͊ͨͯ͡· ˥ͦͭͭͪͦͤ͊ύΣ ͙͔ͫͫͭͣͤ·͔ 

ͨͪͦΎ͍͔͙ͤ͡Ύ ό͙͒ͫͺ͎͙͊ΎΣ ͦ͒·΄͊͟ύΦ 
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нΦ ˶͊͋ͦͪ͊ͭͦͪͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ˭ͤ͊;͙͔ͭ͡Έ͔ͤͦ ό͍ р-рл ͪ͊͘ύ ͍ͨͦ·΄͔͙͔ͤ ͍ͯͪͦͤΎ ͣ·΄͔;ͤ·ͻ 

ͺ͔͔͍ͪͣͤͭͦ ς ͔͙ͪ͊ͭͤ͟ͺͦͫͺ͙ͦͤ͊͘͟· ό˴̅˴ύΣ ͊͡Έ͒ͦ͊͘͡·Σ ˶˨˥Σ ˢ˶́Σ ˢ˿́Φ ˻͋Ύ͔͔͊ͭͤ͘͡ ͙͙͎ͫͪͤͤ͟ a{! 

͔ͣͭͦ͒ͦͣ ͙͙͎ͣͣͯͤͦ͋ͦͭͭͤ͊͡ ͙͙͡ ͙͔͚͎ͤͤͦͦ͡ ͙͙ͣͣͯͤͦ͊ͤ͊͊͘͡Φ 

оΦ ˮ͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ ͔ͣͭͦ͒·Υ 

   ϊ ˸˾́ ͣ·΄ͼ ό͔͋͒ͪ͊κ͔ͨ͡;͔͍͎ͦͦ ͨͦΎͫ͊ύΥ ˽͍ͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͔ͦͭ͟Σ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙ ͺ͙͋ͪͦ͘ ͣ·΄ͼ ͒ͦ 

͍͔͔͙ͨͪͦ͒ͤΎ ͙͙͙͋ͦͨͫΣ ͍·͋ͪ͊ͭΈ ͙͔͔ͤ͊͋ͦ͡ ͔ͨͦͪ͊͗ͤͤ·͚ ͯ;͊ͫͭͦ͟ ͒͡Ύ ͊͋ͦͪ͊͘ ͔͙ͣ͊ͭͪ͊͊͡Σ ͦͼ͔͙ͤͭΈ 

͙͍͊ͭͤͦͫͭ͟Έ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͍͔ͦͭͭ ͤ͊ ͔͡;͔͙͔ͤ ώнϐΦ 

пΦ ˸ͦͪͺ͎͙ͦͦ͡;͔͔ͫͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙͋ͦͨͭ͊ͭ͊ ͣ·΄ͼ·Υ ˻͔ͫͭ͊ͭͫΎ ζͦͦͭ͘͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣηΦ ˽͙ͪ ˨˸ 

ͻ͔͊ͪ͊ͭͪͤ͟· ͔͙͍ͨͪ͊ͫͯ͟͡Ύͪͤ͊Ύ ͙ ͔͙ͨͪͺ͊ͫͼ͙ͯ͟͡Ύͪͤ͊Ύ ͊ͭͪͦͺ͙ΎΣ ͙ͤͺ͙͡Έͭͪ͊ͼ͙Ύ .-͔͙ͭ͊ͣ͟͟͡ ͙ /5пҌ 

͙ͣ͡ͺͦͼ͙͙ͭ͊ͣΦ ˨͡Ύ ˽˸ ͙͙ͭͨ;ͤͦ Ή͙͙ͤ͒ͦͣ͊͘͡Έ͔ͤͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ͫ ͙ͤͺ͙͡Έͭͪ͊ͼ͙͔͚ /5уҌ ¢-͙ͣ͡ͺͦͼ͙͙ͭ͊ͣΣ 

͙͍͙ͤ͊ͪͯ͘Ό΅͙͙ͣ ͔͍͔͔ͤͨͦͪ͗͒ͤͤ·͔ ͣ·΄͔;ͤ·͔ ͍ͦͦͤ͊͟͡Φ 

оΦ ˽͙ͪͤͼ͙ͨ· ͔͙͙ͭͪ͊ͨ ͙ ͍ͤͦ·͔ ͔ͣͭͦ͒· ͔͡;͔͙ͤΎ 

˶͔;͔͙͔ͤ ˮˤ˸ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͍͔͙͔ͨͦ͒͊ͤ͡ ͙͎ͣͣͯͤͤͦͦ ͍͔͙ͦͫͨ͊ͤ͡ΎΣ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͣ·΄͔;͚ͤͦ 

͙ͫ͡· ͙ ͦͤͭͪͦ͟͡Έ ͙͔ͫͫͭͣͤ·ͻ ͨͪͦΎ͍͔͙͚ͤ͡Φ 

ϊ ˽͔͍ͪ͊Ύ ͙͙ͤ͡Ύ ͔͙͙ͭͪ͊ͨΥ ˤ·͙͔ͫͦ͟ ͒ͦ͘· ͎͡Ό͙͙͍ͦͦͪͭͦ͒ͦ͟͟͟ ό˥˴ύ ό͔͙ͨͪ͒ͤͦͦͤ͘͡ лΦтр-м ͎ͣκ͎͟κͫͯͭύ ͫ 

͔ͨͦͫ͒ͯ͡Ό΅͙ͣ ͔͔ͣ͒ͤͤ͡·ͣ ͙͔͙͔ͫͤ͗ͤͣΦ ˨͡Ύ ͙͔͙ͫͤ͗ͤΎ ͯͣͯ͟͡Ύ͙͍͚ͭͤͦ ͒ͦ͘· ˥˴ ͙ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ 

͔͙͙͙ͪͣͫͫ ͫ ͔͍ͨͪ·ͻ ͔͔ͤ͒͡Έ ͤ͊ͤ͊͘;͔͊ͭͫΎ ͙͋͊ͫͤ͘·͚ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·͚ ͔ͨͪͨ͊ͪ͊ͭ όˣ˽ˤ˽ύ: 

͔͔ͣͭͦͭͪͫ͊ͭ͟ όмр-нр ͎ͣκ͔ͤ͒ύ ͙͙͡ ͙͙͊͊ͭͦͨͪͤ͘ όн-о ͎ͣκ͎͟κͫͯͭύ ώоϐΦ 

ϊ ͔͙́ͪ͊ͨΎ ͍͚ͭͦͪͦ ͙͙͙ͤ͡Υ ˽͙ͪ ͔ͤΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͙͡ ͔͔͔͙͙ͤͨͪͤͦͫͣͦͫͭ ˣ˽ˤ˽ ͔͍͚ͨͪͦ ͙͙͙ͤ͡ 

͙͔ͨͪͣͤΎΌͭ ͙ͣͦ͟ͺ͔ͤͦ͊ͭ͊͡ ͣͦͺ͔͙ͭ͡ όн-о ͎κͫͯͭύΣ ͙ͭ͊ͪͦͣͯͫ͟͡ ͙͙͡ ͼ͙͙ͦͫͨͦͪͤ͟͡Φ 

ϊ ˽͔ͪͨ͊ͪ͊ͭ· ͔͔͍ͪͪ͊͘ ͙ ͙͎͙͋ͦͦ͡;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΥ 

 ϊ ˤ͙͍͔ͤͯͭͪͤͤ·͔ ͙͎͙ͣͣͯͤͦͦ͋ͯͤ͡͡· όˤˤˮ˥ύΥ ˤ·ͫͦͦ͟Ήͺͺ͔͙͍ͭͤ͟· ͙ͨͪ ͔͙͔ͪͫͭͤͭͤ͘·ͻ ͦ͗ͤ͟·ͻ ͙ 

ͣ·΄͔;ͤ·ͻ ͨͪͦΎ͍͔͙ͤ͡Ύͻ ˨˸Σ ͙͒ͫͺ͎͙͙͊Φ ˾͔͙͗ͣΥ н ͎κ͎͟ ͤ͊ ͯͪͫ͟ ͫ ͍͍͔͔͙͔͒ͤͣ ͍ ͔ͭ;͔͙͔ͤ н-р ͔͚͒ͤΣ 

͍͔͙͔ͨͦͭͦͪͤ ͊͗͒͟·͔ п-у ͔͔ͤ͒͡ΈΦ 

  ϊ ˾͙͙ͭͯͫͣ͊͋͟ ό͙͊ͤͭ-/5нл ͣͦͤͦͦͤ͊͟͡͡Έ͔ͤͦ ͙͔͊ͤͭͭͦ͡ύΥ ˾͔͔͍ͦͣͤ͒ͦ͊ͤ͟ ͙ͨͪ ͭΎ͔͗ͦͣ͡Σ 

͔ͪͺ͔ͪ͊ͭͪͤͦͣ͟ ͔ͭ;͔͙͙ͤΣ ͔ͦͫͦ͋ͤͤͦ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙͙͔͊ͤͭͫͤͭͭ͊ͤ͘·ͣ ͙ͫͤ͒ͪͦͣͦͣ ͙ ŀƴǘƛ-SRP-͙͙ͣͦͭͦͣ͘ ώпϐΦ 

  ϊ W!Y-͙͎͙͙ͤ͋ͭͦͪ· όͭͦͺ͊ͼ͙͙͙ͭͤ͋Σ ͙͋͊ͪͼ͙͙͙ͭͤ͋ύΥ ˽ͦΎ͍͡Ύ͔ͭͫΎ ͍͔ͫ ͋ͦ͡Έ΄͔ ͒͊ͤͤ·ͻ ͦ͋ ͙ͻ 

Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ͨͪ ͔ͪͺ͔ͪ͊ͭͪͤ͟·ͻ ͺͦͪͣ͊ͻ ˮˤ˸Σ ͔ͦͫͦ͋ͤͤͦ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤͤ·ͻ ͫ ŀƴǘƛ-a5!р ͙ 

͙͔͙ͤͭͪͫͭͼ͙͊͡Έͤ·ͣ ͔͙͔ͨͦͪ͊͗ͤͣ ͔͎͙͟͡ͻΣ ͦͭͪ͟·͍͊Ύ ͍ͤͦ·͔ ͔͔͙͍ͨͪͫͨͭ͟· ͍ ͔͡;͔͙͙ͤ ώрϐΦ 

˿͙ͨͫͦ͟ ͙ ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͡ ͙͔ͭͪ͊ͭͯͪ·:  

1. Lundberg I.E., et al. 2017 European League Against Rheumatism/American College of Rheumatology 

classification criteria for adult and juvenile idiopathic inflammatory myopathies and their major subgroups. 

Annals of the Rheumatic Diseases. 2017;76(12):1955-1964. DOI: 10.1136/annrheumdis-2017-211468 

2. ˸ ͊ͫ͡Ύ͙͚ͤͫ͟ s . .˶, ˹ ͍͊ͫͦͤͦ ˩ . .˶ ˿ ͍͔͔ͦͪͣͤͤ͊Ύ ͍ ͙͙ͯ͊͊͘͘͡ͼ͙Ύ ͍  ͒ ͙͎͙͔͊ͤͦͫͭ͟ ͍ ͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͣ ͙͙͚ͦͨ͊ͭ: 

ͺͦͯͫ͟ ͤ  ͊ͣ ͎͙͊ͤͭͤͦ-͔͚ͪͦͤ͊ͤͫͤͦ͘ ͭ ͎ͦͣͦͪ͊ͺ͙͙. ˹ ͊ͯ;ͤͦ-͙ͨͪ͊ͭ͟;͔ͫ͊͟Ύ ͔͍͎͙ͪͣ͊ͭͦͦ͡ΎΦ нлнмΤрфόоύΥнср-271. 

DOI: 10.14412/1995-4484-2021-265-271 

оΦ ˸͍͊ͯͪͦ͘ ˤΦˮΦΣ ˶͙͊͡ ˢΦ˸Φ ˮ͙͙͒ͦͨ͊ͭ;͔͙͔ͫ͟ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͙͙͙ͣͦͨ͊ͭΥ ͙͙ͤ͊͟͟͡Σ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͡;͔͙͔ͤΦ 

˾˸ .ˬ 2019;27(10):34-40. 

4. Oddis C.V., et al. Rituximab in the treatment of refractory adult and juvenile dermatomyositis and adult 

polymyositis: a randomized, placebo-phase trial. Arthritis & Rheumatology. 2013;65(2):314-324. DOI: 

10.1002/art.37754 

рΦ ˽͊ͤ͊ͺ͙͙͒ͤ͊ ˢΦ˿ΦΣ ˸͙͔͔͍ͦͫ ˿ΦˤΦ ˽͙͔͔͙͔ͪͣͤͤ ͙͎͙͙͍ͤ͋ͭͦͪͦ Ύͤͯͫ-͙ͤ͊͘͟ ͙ͨͪ ͔ͪͺ͔ͪ͊ͭͪͤ͟·ͻ ͙͔ͫͫͭͣͤ·ͻ 

͙͊ͯͭͦͣͣͯͤͤ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΥ ͍ͤͦ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡Ύ ͙ ͔͙ͭͪ͊ͨΎΦ 

2022;31(1):45-52. DOI: 10.32756/0869-5490-2022-1-45-52 

ϭ ͚́ͦ;·͔͍ ˥Φ˥ΦΣ 2025 
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͚́ͦ;·͔͍ ˥͔͡Έ͙͒ͣ·ͪ͊ͭ ˥͊ͪΎ͎͒·͔͍͙;  

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊. 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ ˢ΄ͻ͊͋͊͒ 

 

˽˾ˮ˸˩˹˩˹ˮ˩ ˮ˹˥ˮˣˮ́˻˾˻ˤ ˮ˹́˩˾˶˩˯˴ˮ˹ˢ-мт ˮ W!Y-ˮ˹˥ˮˣˮ́˻˾˻ˤ ̂ ˽ˢ̇ˮ˩˹́˻ˤ ˿ 

ˮ˸˸̂˹˻ˤ˻˿˽ˢ˶ˮ́˩˶̎˹̍˸ˮ ˾˩ˤ˸ˢ́ˮ̉˩˿˴ˮ˸ˮ ˭ˢˣ˻˶˩ˤˢ˹ˮ̒˸ˮΣ ˾˩̅˾ˢ˴́˩˾˹̍˸ˮ ˴ 

́˩˾ˢ˽ˮˮ ˮ˹˥ˮˣˮ́˻˾ˢ˸ˮ ̅˹˻Υ ̏̅̅˩˴́ˮˤ˹˻˿́̎ ˮ ˣ˩˭˻˽ˢ˿˹˻˿́̎ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͍·ͫͦͯ͟Ό Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͎͙͙͍ͤ͋ͭͦͪͦ ͺ͊ͭͦͪ͊͟ ͔ͤͪͦ͊͘͟ ͦͨͯͻ͙ͦ͡-͊͡Έͺ͊ ό͙̅˹˻ύ ͙ͨͪ 

͙͊ͫ͊͟͡Έͤͦͣ ͙͙͔ͫͨͦͤ͒ͦ͊ͪͭͪͭ͡ ό͊ͫ͟˿ͨˢύΣ ͙͙ͨͫͦͪ͊ͭ;͔ͫͦͣ͟ ͙͔͊ͪͭͪͭ ό˽ͫˢύ ͙ ͔͍͙ͪͣ͊ͭͦ͒ͤͦͣ ͙͔͊ͪͭͪͭ ό˾ˢύΣ 

ͤ͊͘;͙͔ͭ͡Έͤ͊Ύ ;͊ͫͭΈ ͨ͊ͼ͙͔͍ͤͭͦ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͔͍͙ͨͪ;ͤͯΌ ͙͙͡ ͍͙ͭͦͪ;ͤͯΌ ͔ͤΉͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͚͒͊ͤͤͦ 
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THE USE OF INTERLEUKIN-17 INHIBITORS AND JAK INHIBITORS IN PATIENTS WITH IMMUNE-

INFLAMMATORY RHEUMATIC DISEASES REFRACTORY TO TNF INHIBITOR THERAPY: 

 EFFICACY AND SAFETY 

 

Abstract 

Despite the high efficacy of tumor necrosis factor-alpha inhibitors(TNFi) in axial spondyloarthritis 

(axSpA), psoriatic arthritis (PsA), and rheumatoid arthritis (RA), a significant proportion of patients 

demonstrate primary or secondary ineffectiveness of this therapy. The article presents an analysis of modern 

treatment strategies for patients refractory to TNFi therapy, focusing on drugs with alternative mechanisms 

of action: interleukin-17 inhibitors (IL-17i) and Janus kinase inhibitors (JAK inhibitors). The molecular 

mechanisms of resistance to TNFi and the rationale for the use of these drug classes are considered.  

Keywords 

therapy refractoriness,TNF inhibitors, interleukin-17 inhibitors, secukinumab, ixekizumab, JAK inhibitors, 

tofacitinib, axial spondyloarthritis, psoriatic arthritis, rheumatoid arthritis, secondary inefficacy. 
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ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͔ͨͪ͒΄͔͍ͫͭͯΌ΅͔͚ ͔ͤΉͺͺ͔͙͍ͭͤͦͫͭ͟ΈΌ ͙̅˹˻Σ Ήͺͺ͔͙͍ͭͤͦ͟ ͍͔͚͍ͦ͒ͫͭͯ͘Ύ ͤ͊ ͍ͫͯͫͭ͊ͤ·͔, 

ͦ͗ͤ͟·͔ ͙ Ή͔͙ͤͭͫͤ͘·͔ ͨͪͦΎ͍͔͙ͤ͡ΎΦ 

пΦ ˿͍͙͔ͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͙ ͺ͊ͭͦͪ͟· ͍·͋ͦͪ͊ ͔ͨͪͨ͊ͪ͊ͭ͊ 

ˤ·͋ͦͪ ͔ͣ͗͒ͯ ͙˶-мт ͙ W!Y-͙͎͙͙ͤ͋ͭͦͪͦͣ ͍͙͙͊ͫͭ͘ ͦͭ ͔ͨͪͦ͋͊͒͊͡Ό΅͔͚ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͊ͪͭͤ͟· ͙ 

ͨͪͦͺ͙͡Ύ ͙͙ͦͣͦͪ͋͒ͤͦͫͭ͟Υ 

ϊ ˽͙ͪ ͙͙͍͙͙͒ͦͣͤͪͦ͊ͤ ͎ͦ͗ͤͦͦ͟ ͙ͨͫͦͪ͊͊͘Σ ͙͊ͫ͊͟͡Έ͚ͤͦ ͙͙͙ͫͣͨͭͦͣ͊ͭ͟ ͙ Ή͔͙ͤͭͭ͊͘ ͔ͨͪ͒ͨͦ;͔͙͔ͭͤ 
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͔ͣͦ͗ͭ ͍ͦͭ͒͊͊ͭΈͫΎ ͙˶-мт ͙͎͙͙ͤ͋ͭͦͪ͊ͣ ͍͍͙͒ͯ ͙ͻ ͍·͒͊Ό΅͔͚ͫΎ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͔ͣͤͤͦ ͍ Ή͙ͭͻ ͔͒ͦͣͤ͊ͻΦ 

ϊ ˽͙ͪ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͔͙ͨͪͺ͔͙ͪ;͔ͫͦͣ͟ ͙͔͊ͪͭͪͭΣ ͙ͤ͊͡;͙͙ ͙͔ͫͫͭͣͤ·ͻ ͨͪͦΎ͍͔͙͚ͤ͡ ό͙͔ͤ͊ͨͪͣͪΣ 

͍ͨͦ·΄͔͙͔ͤ ͦͫͭͪͦͺ͍͊ͦ͘·ͻ ͔͙͍͍ͪ͊ͭͦ͟ύ ͙͙͡ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡Ύͻ ͙͟΄͔;͙ͤ͊͟ 

͎ͣͦͯͭ ͋·ͭΈ ͔͔͋ͦ͡ ͔ͨͪ͒ͨͦ;͙͔ͭͭ͡Έͤ· W!Y-͙͎͙͙ͤ͋ͭͦͪ· ͍ ͙ͫͯ͡ ͔͔͋ͦ͡ ΄͙͎ͪͦͦͦ͟ ͔ͫͨͭͪ͊͟ ͼ͙͙͍͚ͭͦͤͦͦ͟ 

͋ͦ͊͒͟͡·Φ 

ϊ ˽ͪͦͺ͙͡Έ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Υ ˨͡Ύ ͙˶-мт ͙͎͙͙͍ͤ͋ͭͦͪͦ ͻ͔͔͊ͪ͊ͭͪͤ͟ ͍ͨͦ·΄͔ͤͤ·͚ ͙ͪͫ͟ ͙͊ͤ͒͒ͦͤ͘͟·ͻ 

͙ͤͺ͔͟ͼ͙͚ ͙ ͔͙ͦ͋ͦͫͭͪͤΎ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͎ͤͦͦ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙͟΄͔;͙ͤ͊͟Φ ˨͡Ύ W!Y-͙͎͙͙͍ͤ͋ͭͦͪͦΣ ͔ͦͫͦ͋ͤͤͦ ͍ 

ͫͭ͊ͪ΄͙ͻ ͍ͦͪ͊ͫͭͤ͘·ͻ ͎ͪͯͨͨ͊ͻ ͙ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙͍͊ͪ͒ͦ͊ͫͯ͟͟͡Ύͪͤ·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟ ͙ͪͫ͊͟Σ ͭ ͔͔ͪ͋ͯͭ ͍͙͙ͤͣ͊ͤΎ 

͔ͨͦͭͤͼ͙͊͡Έ͔ͤͦ ͍ͨͦ·΄͔͙͔ͤ ͙ͪͫ͊͟ ͔ͫͪΈ͔ͤ͘·ͻ ͙ͤͺ͔͟ͼ͙͚Σ ͙͙ͦͨͨͦͪͭͯͤͫͭ;͔͙ͫ͟ͻ ͙ͤͺ͔͟ͼ͙͚ ό͎͔͔ͪͨͫ-͔ͦͫͭͪ͘ύΣ 

͍͔ͤͦͤ͘·ͻ ͭͪͦͣ͋ͦΉ͙͚ͣ͋ͦ͡ ͙ ͣ͊͗ͦͪͤ·ͻ ͍͔͊͒ͪͫͤ·ͻ ͙͍͊ͪ͒ͦ͊ͫͯ͟͟͡Ύͪͤ·ͻ ͫͦ͋·͙͚ͭ όa!/9ύΣ ͦ ;͔ͣ 

͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͒͊ͤͤ·͔ ͙͔͍͔ͨͦͫͭͫͫ͒ͦ͊ͭ͡͡Έ͎ͫͦͦ͟ ͙͙͎ͣͦͤͭͦͪͤ͊ ώ4]. 

˿͙ͨͫͦ͟ ͙ ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͡ ͙͔ͭͪ͊ͭͯͪ·:  

1. McInnes I.B., Schett G. Pathogenetic insights from the treatment of rheumatoid arthritis. The Lancet. 

2017;389(10086):2328-2337. DOI: 10.1016/S0140-6736(17)31472-1 

2. Marzo-Ortega H., et al. Secukinumab in patients with active ankylosing spondylitis after TNF inhibitor 

treatment: 3-year efficacy and safety results from the phase III MEASURE 2 study. RMD Open. 

2021;7(3):e001713. DOI: 10.1136/rmdopen-2021-001713 

3. Taylor P.C., et al. Baricitinib versus Placebo or Adalimumab in Rheumatoid Arthritis. New England Journal 

of Medicine. 2017;376(7):652-662. DOI: 10.1056/NEJMoa1608345 

4. Ytterberg S.R., et al. Cardiovascular and Cancer Risk with Tofacitinib in Rheumatoid Arthritis. New England 

Journal of Medicine. 2022;386(4):316-326. DOI: 10.1056/NEJMoa2109927 

ϭ ͚́ͦ;·͔͍ ˥ . .˥, 2025 

 

 

 

 

͍̆͊ͤͦ͊ ˥Φ˥Φ  

˭͍͔͊͒ͯΌ΅͊Ύ ͊͟ͺ͔͚͒ͪͦ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˽ˢ́˻˶˻˥ˮ̉˩˿˴ˢ̒ ̅ˮ˭ˮ˻˶˻˥ˮ̒ ˤ ··L ˤ˩˴˩Υ ˻́ ˸˻˶˩˴̂˶ ˴ ˽˩˾˿˻˹ˢ˶ˮ˭ˮ˾˻ˤˢ˹˹˻˯ ˸˩˨ˮ̇ˮ˹˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡Ύ όͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύύ ͍ ··L ͍͔͔͟ ͔͔͔͍͔ͨͪͭͪͨ͊ͭ ͙ͪ͊͒͊͟͡Έͤ·͔ ͙͔͔͙ͣͤͤ͘ΎΣ 

ͭͪ͊ͤͫͺ͙ͦͪͣͪͯΎͫΈ ͙͘ ͙͊ͫͫ͟͡;͔͚ͫͦ͟ ͦ͋΅͔͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͒ͫͼ͙͙ͨͤ͡· ͍ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤͯΌ ͤ͊ͯͯ͟Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͫͦͫͪ͒ͦͭͦ;͔ͤ· ͤ͊ ͔ͣͦͯ͟͡͡Ύͪͤͦ-͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͔ͣͻ͙͊ͤͣ͊͘ͻ ͍͙͙ͪ͊ͭ͘Ύ 

͔͔͚͋ͦͤ͘͡Σ ͙ͯ͘;͔͙͙ͤ ͙ͪͦ͡ ͙͙ͣͪͦ͋ͦͣ͊͟Σ Ή͙͎͔͔͙ͨͤͭ;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟ ͙ ͔ͭͦ͟͡;͎ͤͦͦ ͔ͫͭͪͫͫ͊Φ ͙̏ͭ ͨͪͦͪ·͍· 

ͦͭͪ͟·͍͊Όͭ ͨͯͭΈ ͟ ͙ͫͦ͒͊ͤ͘Ό ͍ͤͦ·ͻ ͎͔ͭ͊ͪͭͤ·ͻ ͔͙͚ͭͪ͊ͨ ͙ ͍͙͙ͪ͊ͭ͘Ό ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ 

ό͔ͨͪͼ͙͙͚ͦͤͤͦ͘ύ ͔͙ͣ͒ͼ͙ͤ·Σ ͎͔͒ ͔͡;͔͙͔ͤ ͍ͦͫͤͦ͊ͤͦ ͤ͊ ͙ͯͤ͊͟͡Έͤͦͣ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔ͫͦͣ͟ ͨͪͦͺ͙͔͡ 

͎͊͗͒ͦͦ͟ ͨ͊ͼ͙͔ͤͭ͊Φ 

 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡ 

ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΣ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͊͘͡Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ ͔ͣͦͯ͟͡͡Ύͪͤ·͔ ͔ͣͻ͙͊ͤͣ͘·Σ ͍͔͙͔ͦͫͨ͊ͤ͡Σ 

͔ͭͦ͟͡;ͤ·͚ ͔ͫͭͪͫͫΣ ͙͙ͣͪͦ͋ͦͣ͟Σ ͎͔ͭ͊ͪͭͤ͊Ύ ͔͙ͭͪ͊ͨΎΣ Ή͙͎͔͔͙ͨͤͭ͊͟. 
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ˤ͍͔͔͙͔͒ͤ 

˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡Ύ ς ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ͊Ύ ͔͙ͣ͒ͦ͟-͙͎͙͋ͦͦ͡;͔ͫ͊͟Ύ ͤ͊ͯ͊͟Σ ͙ͯ͘;͊Ό΅͊Ύ 

͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͍͙͍͔͙ͦͤͤͦͤ͘͟ΎΣ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͙ͫͻͦ͒͊ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͔͔͚͋ͦͤ͘͡ ͙ ͙͍ͭͨͦ·ͻ 

ͤ͊ͪͯ΄͔͙͚ͤ ͺͯͤ͟ͼ͙͚ ͍ ͎͙͔ͦͪ͊ͤͣ͘Φ ˹͊ ͨͪͦͭΎ͔͙͙͗ͤ ·· ͍͔͊͟ ͦͤ͊ ͫͺ͙͍ͦͪͣͪͦ͊͊͡ ͍ͦͫͤͦͯ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ 

͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͦͭ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͒ͦ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭ·ͻΦ ˻͒ͤ͊ͦ͟ ͔͙͔ͤ͊ͫͭͯͨͤ͡ ··L ͍͔͊͟Σ 

͔͍͔ͦͤ͊ͣͤͦ͊ͤͤͦ͘ ͔͍ͪͦ͡Όͼ͙͔͚ ͍ ͎͔͙͔ͤͦͣ͟Σ ͔͙͔ͨͪͦͭͦͣ͟ ͙ ͙͙͋ͦͤͺ͙͔ͦͪͣ͊ͭ͟Σ ͍·͍͔ͦ͡ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ό ͤ͊ 

͍͔ͫͦͪ΄͔ͤͤͦ ͍ͤͦ·͚ ͍͔ͯͪͦͤΈΦ 

ˤ ͨͪͦ΄ͦͣ͡ ͍͔͔͟ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ;͊ͫͭͦ ͍ͦͫͤͦ·͍͙͊ͫ͡Έ ͤ͊ ͤ͊͋͡Ό͔͙͒ͤΎͻ ͊͘ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͙ͣ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣ ͤ͊ ͍͔ͯͪͦͤ ͎͍ͦͪ͊ͤͦ ͙ ͙͔ͫͫͭͣΦ ˿͔͎ͦ͒ͤΎ ͺͦͯͫ͟ ͔͙ͫͣͫͭͫ͡Ύ ͤ͊ 

͔ͣͦͯ͟͡͡Ύͪͤ·͔ ͙ ͔ͭͦ͟͡;ͤ·͔ ͫͦ͋·͙ͭΎΣ ͦͭͦͪ͟·͔ ͔͗͊ͭ͡ ͍ ͍͔ͦͫͤͦ Ή͙ͭͻ ͤ͊ͪͯ΄͔͙͚ͤΦ ˾͊ͫ΄͙ͺ͍ͪͦ͊͟ ͎͔ͤͦͣ͊ 

;͔͍͔ͦ͊͟͡ ͒͊͊͡ ͙͔ͤͫͭͪͯͣͤͭ· ͒͡Ύ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͔͔͔͚ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ ͙ ͣͯͭ͊ͼ͙͚Σ 

͙͙ͤͼ͙͙ͪͯΌ΅͙ͻ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ·Φ ̏ͭͦ ͙͍͔ͨͪͦ͡ ͟ ͙͎ͨ͊ͪ͊͒ͣ͊͡Έͤͦͣͯ ͍͙͎ͫ͒ͯΥ ͦͭ ͙͙ͦͨͫ͊ͤΎ Ϧ͊͟͟Ϧ 

͔͋ͦͤ͘͡Έ ͔͔ͨͪͦͭ͊ͭ͟Σ ͟ ͙͙ͨͦͤͣ͊ͤΌ Ϧͨͦ;͔ͣͯϦ ͦͤ͊ ͍͙͔ͦͤ͊ͭ͘͟ ͤ͊ ͫ͊ͣͦͣ ͔ͪ͊ͤͤͣΣ ͔ͣͦͯ͟͡͡Ύͪͤͦͣ ͍͔ͯͪͦͤΦ 

˴͡Ό;͔͍·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͍͙͙ͪ͊ͭ͘Ύ 

1. ˸͔ͦͯ͟͡͡Ύͪͤ͊Ύ ͙ ͔ͭͦ͟͡;ͤ͊Ύ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΥ 

o ˨͙ͫͺͯͤ͟ͼ͙Ύ ͙ͣͭͦͻ͙͚ͦͤ͒ͪΥ ˮͯ͘;͔͙͔ͤ ͙ͪͦ͡ ͤ͊ͪͯ΄͔͙͚ͤ Ή͔͎͔͙ͤͪͭ;͔͎ͫͦͦ͟ ͔͙ͣͭ͊͋ͦͣ͊͘͡ ͍ 

͍͙͙͙ͪ͊ͭ͘ ͔͚͔͎͔͔͙͍ͤͪͦ͒ͤͪ͊ͭͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ό͙͔ͤ͊ͨͪͣͪΣ ͔͋ͦͤ͘͡Έ ˽͙͊ͪͤͫͦͤ͊͟Σ ˢ͡Έͼ͎͔͚͔ͣͪ͊ύΣ ͙͔͒͊͋ͭ͊ 

͙ ͔͙ͫͭ͊ͪͤΎΦ 

 

2. ˤ͔͙͔ͦͫͨ͊ͤ͡ ͊͟͟ ͙͍͔ͯͤͪͫ͊͡Έͤ·͚ ͎͙ͨ͊ͭͦͦ͡;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫΥ 

o ˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ··L ͍͔͊͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍Ύ͔ͦͭͯ͟͡΅͔͔ ͍͔͙͔ͦͫͨ͊ͤ͡ 

ό͍͔͙͔ͨ͊ͪ͊ͦͫͨ͊ͤ͡ύ ͊͟͟ ͟͡Ό;͔͍͚ͦ ͺ͊ͭͦͪ͟ ͔͙ͫͭ͊ͪͤΎ ͙ ͍͙͙ͪ͊ͭ͘Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·ͻ 

͔͍͙͚͊͋ͦ͊ͤ͘͡Υ ͙͔͙ͦ͗ͪͤΎΣ ͙͔͒͊͋ͭ͊ н-͎ͦ ͙ͭͨ͊Σ ͔͔͊ͭͪͦͫͪͦ͊͘͟͡Σ ͙ ͔͒͊͗ ͔͔͙͙͒ͨͪͫͫΦ ˮ͔ͫͫ͒ͯ͡ΌͭͫΎ 

͔ͣͻ͙͊ͤͣ͘· ͔͔ͨͪͻͦ͒͊ ͎ͦͫͭͪͦͦ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͍ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͙ ͪͦ͡Έ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͼ͙͙͍ͭͦͤͦ͟Φ 

3. ˸͙͙ͪͦ͋ͦͣ͟ ͙ ͦͫΈ Ϧ͙͟΄͔;͙ͤ͟-͎ͦͪ͊ͤϦΥ 

o ˻ͭͪ͟·ͭ͊ ͙ ͙͍͊ͭͤͦ͟ ͙ͯ͘;͔͊ͭͫΎ ͪͦ͡Έ ͙͙ͣͪͦ͋ͦͣ͊͟ ͙͟΄͔;͙ͤ͊͟ ͍ ͣͦ͒ͯ͡Ύͼ͙͙ ͙͚ͣͣͯͤͤͦ ͙͔ͫͫͭͣ·Σ 

͔͙ͣͭ͊͋ͦͣ͊͘͡ ͙ ͔͒͊͗ ͪ͊͋ͦͭ· ͎ͣͦ͊͘ όͦͫΈ Ϧ͙͟΄͔;͙ͤ͟-͎ͣͦ͘ϦύΦ ˮ͔͔͙͔ͣͤͤ͘ ͍ͫͦͫͭ͊͊ ͔͙͋͊ͭͪ͊͟͡Έ͚ͤͦ ͺͦͪ͡· 

ό͙͙͒ͫ͋ͦ͘ύ ͙͔ͨͪͤ͊ͭͫ͘Ύ ͍͊͗ͤ·ͣ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙ͫͣ͟ ͍͔ͤͦͣ͘ ͍ ͍͙͙͙ͪ͊ͭ͘ ͙͊ͯͭͦͣͣͯͤͤ·ͻ ͔͔͚͋ͦͤ͘͡Σ 

͔͎͙͚͊ͪ͡͡ ͙ ͔͙ͣͭ͊͋ͦ͡;͔͎ͫͦͦ͟ ͙ͫͤ͒ͪͦͣ͊Φ 

4. ͙͎͔͔͙̏ͨͤͭ͊͟ ͙ ͔͍ͫͪ͒ͦ·͔ ͺ͊ͭͦͪ͟·Υ 

o ˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ͙͍͊ͭͤͦ͟ ͙͔͔ͫͫ͒ͯͭ͡Σ ͊͟͟ ͺ͊ͭͦͪ͟· ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Σ ͙͙ͨͭ͊ͤΎ ͙ ͦ͋ͪ͊͘ ͙͙͗ͤ͘ 
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͎ͣͦͯͭ ͙͔ͣͤ͘ΎͭΈ Ή͔͙ͫͨͪͫͫ͟Ό ͎͔͍ͤͦ ͔͋͘ ͙͔͔͙ͣͤͤ͘Ύ ͚ͫ͊ͣͦ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ˨˹˴ όΉ͙͎͔͔͙ͨͤͭ;͔͙͔ͫ͟ 

͙ͣͦ͒ͺ͙͊͟ͼ͙͙Σ ͙͔ͭ͊͟ ͊͟͟ ͔͙͙͍͙͔ͣͭͪͦ͊ͤ͡ ˨˹˴ύΦ ̏ͭͦ ͦ͋ΆΎͫͤΎ͔ͭΣ ͨͦ;͔ͣͯ ͍͒͊ ;͔͍͔ͦ͊͟͡ ͫ ͙͍͚ͦ͒ͤ͊ͦͦ͟ 

͎͔͔͙ͤͭ;͔͚ͫͦ͟ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ΈΌ ͎ͣͦͯͭ ͨͦ-ͪ͊ͤͦͣͯ͘ ͔͎͙͍ͪ͊ͪͦ͊ͭΈ ͤ͊ ͙ͦ͒ͤ ͙ ͭͦͭ ͔͗ ͎͙ͨ͊ͭͦͦ͡;͔͙͚ͫ͟ 

͙ͫͭͣͯ͡Φ 

5. ́ͪ͊ͤͫ͡Ύͼ͙ͦͤͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊ ͙ ͔͙ͨͪͫͦͤ͊͊͘͡ͼ͙ΎΥ 

o ˿͍͔͔ͦͪͣͤͤ͊Ύ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ς Ήͭͦ ͍͙͎͔͒͊ͭ͡Έ ͭͪ͊ͤͫ͡Ύͼ͙͚ͦͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ ˽͙͙͔ͦͤͣ͊ͤ 

͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ ͔͒ͺ͔͍ͭͦ͟ ͯ ͔͎ͦͤͪͭͤͦͦ͟͟ ͨ͊ͼ͙͔ͤͭ͊ ό͙͔ͤ͊ͨͪͣͪΣ ͍·Ύ͍͔͙͔ͤ͡ ͔͎ͦͤͪͭͤͦͦ͟͟ 

͙͎ͫͤ͊͡Έ͎ͤͦͦ ͙ͨͯͭΣ ͙͍͙͍͎͊ͭͪͦ͊ͤͤͦͦ͟ ͍ ͔͎ͦ ͦͨͯͻ͔͍ͦ͡·ͻ ͔ͭ͊͟͟͡ͻύ ͍ͨͦͦ͘͡Ύ͔ͭ ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ ͎͔ͭ͊ͪͭͤͯΌ 

͔͙ͭͪ͊ͨΌ ς ͨ ͔ͪͨ͊ͪ͊ͭ·Σ ͦͭͦͪ͟·͔ ͔͚͍͒ͫͭͯΌͭ ͙ͨͪͼ͔͡Έͤͦ ͤ͊ Ήͭͦ ͍͔ͤͦ͘ ͎͔͔ͨ͊ͭͦͤ͊͘Σ ͙͙͙͙ͣͤͣͪͯ͘Ύ ͨͦ͋ͦ;ͤ·͔ 

Ήͺͺ͔ͭ͟·Φ ̏ͭͦ ͙ ͔ͫͭΈ ͫͯͭΈ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ό͔ͨͪͼ͙͙͚ͦͤͤͦ͘ύ ͔͙ͣ͒ͼ͙ͤ·Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˢ͒ͦ ˢΦ˨ΦΣ ˽͍͊ͯͦ͟ ˤΦ˿Φ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΥ ̂;͔͙͋ͤ͟Φ п-͔ ͙͒͘ΦΣ ͔͔ͨͪͪ͊͋Φ ͙ ͒ͦͨΦ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ 

2000. 

2. ˭͚͊;͙͟ ˢΦ̊ΦΣ ͙͍̉ͯͪͦ͡ ˶Φ˽Φ ˻͍ͫͤͦ· ͦ͋΅͔͚ ͎͙͙ͨ͊ͭͦͦ͡Φ ̉͊ͫͭΈ LΦ ˻͍ͫͤͦ· ͦ͋΅͔͚ ͎͙͙ͤͦͦͦ͘͡Φ ˿˽͋ΦΥ ̏˶ˣˮ-

˿˽͋Σ нллтΦ 

3. ˶͙͍͙ͭͼ͙͚͟ ˽Φ̅Φ ˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΥ ̂;͔͙͋ͤ͟Φ р-͔ ͙͒͘ΦΣ ͙ͫͨͪΦ ͙ ͒ͦͨΦ ˸ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмсΦ 

4. ˹͔͊͊ͪͤͦ͘͟ ˥ΦˮΦΣ ˴͙΄ͯͤ͟ ˢΦˢΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͦͼ͔ͤ͊͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ˸ΦΥ 

˸͔͙͒ͼ͙ͤ͊Σ нлллΦ 

5. ˤͦͪͦ͋Έ͔͍ ˢΦˮΦΣ ˶·͔ͫͤͦ͟ ˤΦˤΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͎͔͎͙ͣ͊ͭͦͦ͡ΎΦ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚Φ ˸ΦΥ ˽͙ͪ͊ͭ͟;͔ͫ͊͟Ύ 

͔͙ͣ͒ͼ͙ͤ͊Σ нлмоΦ 

ϭ ͍̆͊ͤͦ͊ ˥Φ˥Φ, 2025 

 

 

 

 

͍̆͊ͤͦ͊ ˥Φ˥Φ  

˭͍͔͊͒ͯΌ΅͊Ύ ͊͟ͺ͔͚͒ͪͦ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͺ͙͙͎͙͙ͦͦ͘͡Φ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˽ˢ́˻˶˻˥ˮ̉˩˿˴ˢ̒ ̅ˮ˭ˮ˻˶˻˥ˮ̒Υ ˹ˢ̂˴ˢ ˻ ˣ˻˶˩˭˹ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΣ ͙͙͡ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΣ Ύ͍͡Ύ͔ͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ ͔͙ͣ͒ͦ͟-

͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ ͙͒ͫͼ͙͙͚ͨͤͦ͡Σ ͙ͯ͘;͊Ό΅͔͚ ͦ͋΅͙͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͍͙͍͔͙ͦͤͤͦͤ͘͟ΎΣ ͍͙͙ͪ͊ͭ͘Ύ ͙ ͙ͫͻͦ͒͊ 

͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ ͙ ͔͔͚͋ͦͤ͘͡Φ ˻ͤ͊ ͙͔͔ͫͫ͒ͯͭ͡ ͙ͨͪ;͙ͤͤͦ-͔͍͔ͫ͒ͫͭͤͤ͡·͔ ͍ͫΎ͙͘Σ ͔͗͊͡΅͙͔ ͍ 

͍͔ͦͫͤͦ ͤ͊ͪͯ΄͔͙͚ͤ ͺͯͤ͟ͼ͙͚ ͎͙ͦͪ͊ͤͣ͊͘Σ ͎͍ͦͪ͊ͤͦ ͙ ͔ͭͦ͟͟͡Σ ͊ ͔ͭ͊͗͟ ͔ͣͻ͙͊ͤͣ͘· ͔ͦͣͨͤͫ͊͟ͼ͙͙ ͙ 

͊͒͊ͨͭ͊ͼ͙͙Φ ˿ͭ͊ͭΈΎ ͍͔ͦͫ΅͔͊ͭ ͔͔ͨͪ͒ͣͭ ͙ ͊͒͊͘;͙ ͨ͊ͭͦͺ͙͙͎͙͙ͦͦ͘͡Σ ͔͖ ͤ͊͘;͙ͣͦͫͭΈ ͒͡Ύ ͔͙ͣ͒ͼ͙ͤ· ͙ 

͔ͫͣ͗ͤ·ͻ ͤ͊ͯ͟Σ ͊ ͔ͭ͊͗͟ ͫͭͪͯͭͯͪͯ͟ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͎ͫͦͦ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΣ ͔͋ͦͤ͘͡ΈΣ ͎͙ͨ͊ͭͦͦ͡;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫΣ Ή͙͎͙ͭͦͦ͡ΎΣ ͎͔͔ͨ͊ͭͦͤ͘Σ ͔ͦͣͨͤͫ͊͟ͼ͙ΎΣ 

 ͊ ͒͊ͨͭ͊ͼ͙ΎΣ ͎͔ͦͣͦͫͭ͊͘Σ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ ͺͯͤ͟ͼ͙͚. 

 

ˤ͍͔͔͙͔͒ͤ 

˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡Ύτ Ήͭͦ ͣͦͫͭ ͔ͣ͗͒ͯ ͔͔͙ͭͦͪͭ;͔͚ͫͦ͟ ͙ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͔͙ͣ͒ͼ͙͚ͤͦΦ ˻ͤ͊ 
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͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͤ͊ͯͯ͟Σ ͦͭͦͪ͊͟Ύ ͔ͤ ͨͪͦͫͭͦ ͙͔ͦͤͫͭ͊ͭͪͯͭ͟ ͺ͊ͭ͟ ͔͙͋ͦͤ͘͡Σ ͤͦ ͙ ͔͙ͫͭͪͣͭͫΎ ͨͦͤΎͭΈΣ 

ͨͦ;͔ͣͯ ͙ ͊͟͟ ͔͋ͦͤ͘͡Έ ͍͙͍͔ͪ͊͊ͭͫ͘ΎΦ ˩͖ ͍ͦͫͤͦͤ͊Ύ ͼ͔͡Έ τ ͪ͊ͫͪ͟·ͭΈ ͦ͋΅͙͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͍͙͙ͪ͊ͭ͘Ύ 

͔͙͋ͦͤ͘͡ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͔͖ ͔͎ͦͤͪͭͤͦͦ͟͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͍ ͭͦͣ ͙͙͡ ͙ͤͦͣ ͎͔ͦͪ͊ͤ ͙͙͡ ͙͔͔ͫͫͭͣΦ 

˽͔͔ͪ͒ͣͭͦͣ ͙ͯ͘;͔͙ͤΎ ͨ͊ͭͦͺ͙͙͎͙͙ͦͦ͘͡ Ύ͍͡ΎΌͭͫΎ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ·Σ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ 

ͫͦͫͭͦΎ͙ͤΎ ͙ ͔͙͋ͦͤ͘͡Φ 

¶ ˽͎͙͊ͭͦͦ͡;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫ τ Ήͭͦ ͔͊ͦͤͦͣͪͤ͊͘͟ΎΣ ͔͔͙ͫͭͪͦͭͨͤ͊ΎΣ ͤͦ ͊͟;͔͍͔ͫͭͤͤͦ ͍ͤͦ͊Ύ ͔ͪ͊͟ͼ͙Ύ 

͎͙ͦͪ͊ͤͣ͊͘ ͤ͊ ͔͚͍͙͔͒ͫͭ ͍͔ͨͦͪ͗͒͊Ό΅͔͎ͦ ͺ͊ͭͦͪ͊͟ ό͙͔ͤ͊ͨͪͣͪΣ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͙͡ͻͦͪ͊͒͊͟Σ ͦͨͯͻ͔͍ͦ͡·͚ 

ͪͦͫͭύΦ ˻ͤ ͙͍͔͔ͯͤͪͫ͊ͤ͡ ͙ ͔ͣͦ͗ͭ ͤ͊͋͡Ό͒͊ͭΈͫΎ ͙ͨͪ ͪ͊ͤ͘·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΦ 

¶ ˽͎͙͊ͭͦͦ͡;͔͔ͫͦ͟ ͫͦͫͭͦΎ͙͔ͤ τ Ήͭͦ ͔͔ͣ͒ͤͤͦ͡ ͍͙͍ͪ͊͊͘Ό΅͔͔ͫΎΣ ͙͔͒ͭ͡͡Έͤͦ ͫͯ΅͔͍ͫͭͯΌ΅͔͔ ͙ 

͚͔ͫͭͦͦ͟ ͤ͊ͪͯ΄͔͙͔ͤ ͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ ό͙͔ͤ͊ͨͪͣͪΣ ͍͙ͨͦͫͭͭͪ͊ͣ͊ͭ;͔͙͚ͫ͟ ΄ͦ͟Σ ͼ͙ͪͪͦ͘ ͔ͨ;͔͙ͤύΦ 

¶ ˣ͔ͦͤ͘͡Έ τ Ήͭͦ ͊͟;͔͍͔ͫͭͤͤͦ ͍͔ͤͦͦ ͫͦͫͭͦΎ͙͔ͤ ͎͙ͦͪ͊ͤͣ͊͘Σ ͍͙ͦͤ͊͘͟Ό΅͔͔ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ 

͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͍͔ͨͦͪ͗͒͊Ό΅͙ͻ ͺ͍͊ͭͦͪͦ͟ ͙ ͊͘΅͙ͭͤͦ-͙͙͔ͨͪͫͨͦͫͦ͋ͭ͡Έͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Σ 

ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͔ͫΎ ͤ͊ͪͯ΄͔͙͔ͤͣ ͎͔ͦͣͦͫͭ͊͊͘Σ ͙͔͙͔ͫͤ͗ͤͣ ͙ͭͪͯ͒ͦͫͨͦͫͦ͋ͤͦͫͭ ͙ ͎͙ͦͪ͊ͤ;͔͙͔ͤͣ 

͊͒͊ͨͭ͊ͼ͙͙ ͟ ͦͪͯ͗͊͟Ό΅͔͚ ͔͔ͫͪ͒Φ 

˻͍ͫͤͦͤ·͙ͣ ͔͙ͪ͊͒͊ͣ͘͡ ͨ͊ͭͦͺ͙͙͎͙͙ͦͦ͘͡ Ύ͍͡ΎΌͭͫΎΥ 

1. ˻͋΅͊Ύ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΥ ˮͯ͘;͔͊ͭ ͙͍ͭͨͦ·͔ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ό͍͔͙͔ͦͫͨ͊ͤ͡Σ ͙͡ͻͦͪ͊͒͊͟Σ 

͔͎͙͊ͪ͡͡ΎΣ ͤ͊ͪͯ΄͔͙ͤΎ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭ ͙ ͍ͪͦͦͦ͋ͪ͊͟΅͔͙ͤΎΣ ΄ͦ͟ύ ͙ ͦ͋΅͙͔ ͍ͦͨͪͦͫ· Ή͙͎͙͙ͭͦͦ͡ όͯ;͔͙͔ͤ ͦ 

͙ͨͪ;͙ͤ͊ͻ ͔͙͋ͦͤ͘͡ύ ͙ ͎͔͔ͨ͊ͭͦͤ͊͘ όͯ;͔͙͔ͤ ͦ ͔ͣͻ͙͊ͤͣ͊͘ͻ ͍͙͙ͪ͊ͭ͘Ύ ͔͙͋ͦͤ͘͡ύΦ 

2. ̉͊ͫͭͤ͊Ύ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ό͙͙͡ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ͎͍ͦͪ͊ͤͦ ͙ ͙͔ͫͫͭͣύΥ ˮ͔͔ͫͫ͒ͯͭ͡ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͙ ͍͙͙ͪ͊ͭ͘Ύ ͎͙͙ͨ͊ͭͦͦ͡ ͍ ͔ͦͤͪͭͤ͟͟·ͻ ͎ͦͪ͊ͤ͊ͻ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͙͔ͫͫͭͣ͊ͻ ό͒·ͻ͔͊ͭ͡Έ͚ͤͦΣ 

͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦΣ ͔͍͚ͤͪͤͦΣ Ή͙͚ͤ͒ͦͪͤͤͦ͟ ͙ ͒ͪΦύΦ 

˸͔͎͙ͭͦ͒ͦͦ͡Ύ ˽͊ͭͦͺ͙͙͎͙͙ͦͦ͘͡ 

˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤͦͣ ͔͔ͣͭͦ͒Φ ˤ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͍͙ͯͫͦ͡Ύͻ ͤ͊ 

͙͍͗ͦͭͤ·ͻ ͔ͣͦ͒͡Ύͻ ͍͙͍ͦͫͨͪͦͦ͒͘ΎͭͫΎ ό͔͙ͣͦ͒ͪͯ͡ΌͭͫΎύ ͔ͭ ͙͙͡ ͙ͤ·͔ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͙͙͡ 

͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͒ͭ͊͡Έͤͦ ͙ͯ͘;͙ͭΈ ͙ͻ ͔ͣͻ͙͊ͤͣ͘· ͍ ͙͔ͦͤͭͪͦͪͯͣ͟͡·ͻ ͍͙ͯͫͦ͡ΎͻΦ ͚́͊ͦ͟ 

ͨͦ͒ͻͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͙ͦͭ͒ͭ͡Έ ͙ͨͪ;͙ͤͯ ͦͭ ͔͍͙ͫ͒ͫͭ͡ΎΣ ͦͼ͔͙ͤͭΈ ͪͦ͡Έ ͔ͦͭ͒͡Έͤ·ͻ ͍͔ͤ͘Έ͔͍ ͎͔͔ͨ͊ͭͦͤ͊͘ ͙ 

͍͔͙ͨͪͦͪͭΈ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔ͨͦͭͤͼ͙͊͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦ ͔͡;͔͙ͤΎΦ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ͔ͭͫͤͦ ͙͔͎͙͍ͤͭͪͪͦ͊ͤ͊ ͫ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͎͙͔͚͋ͦͦ͡Σ ͎͔͔͙͚ͤͭͦ͟Σ 

͙͋ͦͻ͙͙͔͚ͣ ͙ ͙͎͙͔͚ͣͣͯͤͦͦ͡Φ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͔͍ͨͪ͒ͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙ͭ͊͟ͻ ͊͟͟ ͎͔ͤͦͣͤ·͔ ͙ 

͔͙ͨͪͦͭͦͣͫͤ͟·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͡ΎͭΈ ͔ͣͦͯ͟͡͡Ύͪͤ·͔ ͔͒ͺ͔ͭ͟·Σ ͔͗͊͡΅͙͔ ͍ ͍͔ͦͫͤͦ 

͔͋ͦ͘͡ ͔͚ͤΣ ͙ ͪ͊ͪ͊͋͊ͭ͘·͍͊ͭΈ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͘͡·͔ ͨͦ͒ͻͦ͒· ͟ ͔͙͙ͭͪ͊ͨΦ 

˭ͤ͊;͔͙͔ͤ ͒͡Ύ ˸͔͙͒ͼ͙ͤ· 

˽͙͙͔ͦͤͣ͊ͤ ͎͔͔ͨ͊ͭͦͤ͊͘ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;ͦͣ ͟ ͔ͪ͊ͪ͊͋ͦͭ͘͟ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͔͡;͔͙ͤΎΦ 

¶ ͙̏ͭͦͭͪͦͨͤ͊Ύ ͔͙ͭͪ͊ͨΎ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͔͙͔ͯͫͭͪ͊ͤͤ ͙ͨͪ;͙ͤ· ͔͙͋ͦͤ͘͡ όΉ͙͎͙͙ͭͦͦ͡ύΦ 

¶ ˽͎͔͔͙͊ͭͦͤͭ;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͔ͨͪͪ·͍͙͔͊ͤ ͙͙͡ ͔͙͔ͦͫ͊͋ͤ͡͡ ͟͡Ό;͔͍·ͻ ͍͔ͤ͘Έ͔͍ 

͔ͣͻ͙͊ͤͣ͊͘ ͍͙͙ͪ͊ͭ͘Ύ ͔͙͋ͦͤ͘͡ ό͎͔͔ͨ͊ͭͦͤ͊͘ύΦ 

˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͎͔ͨͦͣͦ͊ͭ ͍ͪ͊;ͯ ͔ͤ ͨͪͦͫͭͦ ͍͙ͨͦͫͭ͊ͭΈ ͙͎͒͊ͤͦ͘Σ ͤͦ ͙ ͨͦͤΎͭΈΣ ͙͔͊͟͟ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͤ͊ͪͯ΄͔͙ͤΎ ͙͍͔͙ͨͪ͡ ͟ ͍͙͙ͪ͊ͭ͘Ό ͙͍ͫͣͨͭͦͣͦΣ ;ͭͦ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ͍·͋ͦͪ͊ 

͙͔͔ͤ͊͋ͦ͡ ͪ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ ͔͎͙͙ͫͭͪ͊ͭ ͔͡;͔͙ͤΎΦ ˨͙ͫͼ͙͙ͨͤ͊͡ ͔ͭ͊͗͟ ͙͎͔ͪ͊ͭ ͔ͪ΄͊Ό΅ͯΌ ͪͦ͡Έ ͍ ͙͙͙ͨͦͤͣ͊ͤ 

͔ͣͻ͙͍͊ͤͣͦ͘ ͔ͦͣͨͤͫ͊͟ͼ͙͙ ͙ ͊͒͊ͨͭ͊ͼ͙͙ τ ͨͪͦͼ͔͍ͫͫͦΣ ͫ ͨͦͣͦ΅ΈΌ ͦͭͦͪ͟·ͻ ͎͙ͦͪ͊ͤͣ͘ ͨ·͔ͭ͊ͭͫΎ 

͍͍͙ͦͫͫͭ͊ͤͦͭΈ ͤ͊ͪͯ΄͔ͤͤ·͚ ͎͔ͦͣͦͫͭ͊͘Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˭͚͊;͙͟ ˢΦ ̊ΦΣ ͙͍̉ͯͪͦ͡ ˶Φ ˽Φ ˻͋΅͊Ύ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ όͫ ͍͙ͦͫͤͦ͊ͣ ͙͎͙͙ͣͣͯͤͦͨ͊ͭͦͦ͡ύΦ ̏˶ˣˮ-˿˽͋Φ нллуΦ 

˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

2. ˶͙͍͙ͭͼ͙͚͟ ˽Φ ̅Φ ˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΦ ˥̏˻́ˢ˾-˸͔͙͒͊Φ нлноΦ ˸͍ͦͫ͊͟Φ 

3. ˤ͍ͦͦ͟͡ ˤΦ ˽Φ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͎͙ͦͦ͘͡ΎΦ ˸͔͙͒ͼ͙͔ͤͫͦ͟ ͙ͤͺͦͪͣ͊ͼ͙͔ͦͤͤͦ ͎͔͍͊ͤͭͫͭͦΦ нлмнΦ ˸͍ͦͫ͊͟Φ 
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4. ˴ͦͫͭΌ͟ ˽Φ ˥ΦΣ ˴ͪ·͍͙͚͗͊ͤͦͫ͟ ˥Φ ˹Φ ό͔ͪ͒Φύ ˻͋΅͊Ύ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΦ ˸͔͙͒ͼ͙ͤ͊Φ нллрΦ ˴͙͔͍Φ 

5. ˽ͦͪΎ͙͒ͤ ˤΦ ˥Φ ό͔ͪ͒Φύ ˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΦ ̅ͦͪͯͣΦ ннлмфΦ ˸͍ͦͫ͊͟Φ 

ϭ ̆ ͍͊ͤͦ͊ ˥Φ˥Φ, 2025 

 

 

 

 

͍̆ͦ͒͗͊ͣͦ͊ ̏ΦˣΦ  

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͙͙͎͎͙͙ͦͭͦͪͤͦ͊ͪͤͦͦ͡͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˾ˮ˹ˮ́Υ ˤ˿˩˻ˣ̌˩˸˶̑̋ˮ˯ ˻ˣ˭˻˾ ˭ˢˣ˻˶˩ˤˢ˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˨͊ͤͤ͊Ύ ͫͭ͊ͭΈΎ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͨͦ͒ͪͦ͋ͤ·͚ ͦ͋ͦͪ͘ ͙͙ͪͤͭ͊ τ ͪ ͔͎͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͦ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ 

͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͙ͨͦͦͫͭ͡ ͤͦͫ͊Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͎ͦͫΎ ͍͔͙͔ͦͫͨ͊ͤͣ͡Σ ͔ͦͭͦͣ͟ ͙ ͎͙͔͔͔ͨͪͫͪ͟ͼ͙͔͚Φ 

˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ Ή͙͎͙ͭͦͦ͡ΎΣ ͎͔͔ͨ͊ͭͦͤ͘Σ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ό͔͎͙͊ͪ͡͡;͔͙͚ͫ͟Σ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͚Σ 

͍͊ͦͣͦͭͦͪͤ͘·͚ ͙ ͎͙͔͒ͪͯ ͺͦͪͣ·ύΣ ͍ͦͫͤͦͤ·͔ ͙ͫͣͨͭͦͣ·Σ ͍͔͔ͫͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͨͦ͒ͻͦ͒· ͟ 

͔͡;͔͙ͤΌΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙ͫͣ͟ ͔ͣͪ͊ͣΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͙͙ͪͤͭΣ ͤ͊ͫͣͦͪ͟Σ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙͙͚ͫͫͭͦ͘͡ ͤͦͫ͊Σ ͔͎͙͊ͪ͡͡;͔͙͚ͫ͟ ͙͙ͪͤͭΣ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͚ ͙͙ͪͤͭΣ 

͍͊ͦͣͦͭͦͪͤ͘·͚ ͙͙ͪͤͭΣ ͤ͊͊͘͡Έͤ͊Ύ ͦ͋ͫͭͪͯ͟ͼ͙ΎΣ ͎͙͔͔͔ͨͪͫͪ͟ͼ͙ΎΣ ͙͎͙͙͊ͤͭͫͭ͊ͣͤͤ·͔  

͔ͨͪͨ͊ͪ͊ͭ·Σ ͙ͭͦͨ;͔͙͔ͫ͟ ͎͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͟͟͟·Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˾͙͙ͤͭΣ ͙͙͡ ͍ ͔ͨͪͦͫͭͦͪ;͙͙ ͤ͊ͫͣͦͪ͟Σ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭͦ ͍͔ͫͭͪ;͊Ό΅͙ͻͫΎ 

͔͍͙͚͊͋ͦ͊ͤ͘͡ ͍͔ͪͻ͙ͤͻ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͔͚ͨͯͭΦ ˽ͦ ͙ͫͯͭΣ Ήͭͦ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͙ͨͦͦͫͭ͡ ͤͦͫ͊Σ 

͔ͦͭͦͪͦ͟ ͔ͣͦ͗ͭ ͋·ͭΈ ͍·͍͊ͤͦ͘ ͔͍ͣͤͦ͗ͫͭͦͣ ͺ͍͊ͭͦͪͦ͟Σ ͍͟͡Ό;͊Ύ ͍͙ͪͯͫ·Σ ͔͙͙͋͊ͭͪ͟Σ ͔͎͔͊ͪͤ͡͡·Σ 

͙͔͔͙ͣͤͤ͘Ύ ͔͔ͭͣͨͪ͊ͭͯͪ· ͙ ͍͙͊͗ͤͦͫͭ͡Σ ͊ ͔ͭ͊͗͟ ͔͔ͤͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͙͔͙ͪ͊͒ͪ͊͗ͭ͘͡Φ ̏ͭͦ ͫͦͫͭͦΎ͙͔ͤ ͔ͤ 

ͭͦ͡Έͦ͟ ͍͒ͦͫͭ͊͡Ύ͔ͭ ͤ͊͘;͙͔ͭ͡Έͤ·͚ ͙͒ͫͦͣ͟ͺͦͪͭΣ ͤͦ ͙ ͔ͣͦ͗ͭ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙ͫͤ͗͊ͭΈ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘Σ ͍͙͡ΎΎ 

ͤ͊ ͫͦͤΣ ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭΈΣ ͦ͋ͦͤΎ͙͔ͤ ͙ ͦ͋΅͔͔ ͫ͊ͣͦ;͍͍͙͔ͯͫͭΦ 

˾͔͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͙͙ͪͤͭ͊ ;͔͍ͪ͘·;͚͊ͤͦ ͍·ͫͦ͊͟Φ ˻ͫͭͪ·͚ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͚ ͙͙ͪͤͭΣ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ 

͍͙͚ͪͯͫͤͦ Ή͙͎͙͙ͭͦͦ͡Σ Ύ͍͡Ύ͔ͭͫΎ ;͊ͫͭΈΌ ͙ͫͤ͒ͪͦͣ͊ ͨͪͦͫͭͯ͒· ͙ ͎͙ͪͨͨ͊Σ ͙ ͊͗͒͟·͚ ;͔͍͔ͦ͟͡ ͔͔͙ͨͪͤͦͫͭ ͔͎ͦ ͍ 

͔͔ͫͪ͒ͤͣ ͔ͤͫͦ͟͡Έͦ͟ ͪ͊͘ ͍ ͎ͦ͒Φ ͙̆ͪͦͤ;͔͙͔ͫ͟ ͺͦͪͣ·Σ ͍ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͎͙͊ͪ͡͡;͔͙͚ͫ͟ ͙͙ͪͤͭ όˢ˾ύΣ 

͙͔͙ͨͪͦ͋ͪ͡ ͣ͊ͫ΄ͭ͊͋· Ή͙͔͙͙ͨ͒ͣ ͍ ͍͙ͪ͊ͭ͘·ͻ ͫͭͪ͊ͤ͊ͻΣ ͨͦͪ͊͗͊ΎΣ ͨͦ ͔ͤͦͭͦͪ͟·ͣ ͦͼ͔ͤ͊ͣ͟Σ ͦͭ мл҈ ͒ͦ ол҈ 

͔͔͙ͤ͊ͫͤ͡ΎΦ ˢ˾ ͙͊ͫͫ͟͡ͺ͙ͼ͙͔ͪͯͭͫΎ ˤ͔͙͚ͫͣͪͤͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙͔͚ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎ όˤ˻˭ύ ͊͟͟ ͎ͦ͋͊͡͡Έͤ͊Ύ 

͔ͨͪͦ͋ͣ͊͡ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΣ ͨͦͫͦ͟͡Έͯ͟ ͦͤ ;͊ͫͭͦ ͊ͫͫͦͼ͙͙͍ͪͦ͊ͤ ͫ ͚͊ͫͭͣͦ όͦͤ͟ͼ͔ͨͼ͙Ύ Ϧ͔͙͒ͤ·͔ 

͒·ͻ͔͊ͭ͡Έͤ·͔ ͙ͨͯͭΣ ͔͙͔͒ͤͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡Ϧύ ͙ ͙͙ͫͤͯͫͭͦͣΦ 

͙͎͙̏ͭͦͦ͡Ύ ͙ ˽͎͔͔͊ͭͦͤ͘ 

͙͎͙̏ͭͦͦ͡;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· ͙͙ͪͤͭ͊ ͎ͣͤͦͦͦ͋ͪ͊ͤ͘· ͙ ͍͙͍ͦ͋ͯͫͦ͊͡͡Όͭ ͔͎ͦ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͺͦͪͣͯΦ 

1. ˮͤͺ͔͟ͼ͙ͦͤͤ·͚ ͙͙ͪͤͭ ό˻˾ˤˮύΥ ̉͊΅͔ ͍͔͎ͫͦ ͍·͘·͍͔͊ͭͫΎ ͔͙ͪͫͨͪ͊ͭͦͪͤ·͙ͣ ͍͙͙ͪͯͫ͊ͣ 

ό͙͍͙ͪͤͦͪͯͫ·Σ ͔͍͙͊͒ͤͦͪͯͫ·Σ ͍͙ͪͯͫ· ͎͙ͪͨͨ͊ ͙ ͎͙ͨ͊ͪ͊ͪͨͨ͊ύΦ ˤ͙ͪͯͫ· ͍͔ͨͦͪ͗͒͊Όͭ Ή͙͔͙ͨͭ͊͡͡Έͤ·͔ ͔͙ͭ͟͟͡ 

͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟Σ ͍·͘·͍͊Ύ ͍͙͔ͦͫͨ͊ͭ͡͡ΈͤͯΌ ͔ͪ͊͟ͼ͙ΌΣ ͔ͦͭ͟ ͙ ͍͔͙ͯ͡;͔͙͔ͤ ͍·͙ͪ͊͋ͦͭ͟ ͙͙ͫ͘͡Φ 

2. ˢ͔͎͙ͪ͡͡;͔͙͚ͫ͟ ͙͙ͪͤͭΥ ˤ͙͔ͦͤ͊ͭ͘͟ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔ͪ͊͟ͼ͙͙ ͎͙͔ͨͪ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͔͔͔͎ͤͣ͒ͤͤͦͦ͡ 

͙ͭͨ͊ ό͙ͭͨ Lύ ͤ͊ ͙͎ͤ͊͡Ύͼ͙ͦͤͤ·͔ ͔͎͔͊ͪͤ͡͡· όͨ·͡Έͼ͊ ͔͙͚ͪ͊ͫͭͤΣ ͫͨͦͪ· ͎͙͍ͪ͋ͦΣ ΄͔ͪͫͭΈ ͙͍͗ͦͭͤ·ͻΣ ͔͟͡΅͙ 
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͒ͦͣ͊΄͔͚ͤ ͨ·͙͡ύΦ ˽͙ͪ ͔ͦͤͭ͊ͭ͟͟ ͔͎͔͊ͪͤ͊͡͡ ͫ ͔͙͙͙͙͍͚ͫͤͫ͋ͪͦ͊ͤͤͦ͘͡ ͙͙͚ͫͫͭͦ͘͡ ͙ͨͪͦͫͻ͙ͦ͒ͭ 

͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤ ͔͙͍ͣ͒͊ͭͦͪͦ ͍͔͙ͦͫͨ͊ͤ͡ΎΣ ͍ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒Έ ͎͙͙ͫͭ͊ͣͤ͊Σ ͙͘ ͭͯ;ͤ·ͻ ͔ͭͦ͟͟͡Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ 

͟ ͍͙͊ͦ͒͊ͭ͊͘͡ͼ͙͙ όͪ͊ͫ΄͙͔͙ͪͤΌ ͍ͫͦͫͯ͒ͦύΣ ͍͔͙ͯ͡;͔͙ͤΌ ͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ ͙͊ͨ͟͡͡Ύ͍ͪͦΣ ͔ͦͭͯ͟ ͙ 

͎͙͔͔͔ͨͪͫͪ͟ͼ͙͙ ͙͙ͫͫͭ͘͡·ͻ ͔͔͗͘͡Φ 

3. ˤ͊ͦͣͦͭͦͪͤ͘·͚ ό͔͔͎͙ͤ͊ͪ͡͡;͔͙͚ͫ͟Σ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·͚ύ ͙͙ͪͤͭΥ ˽͎͔͔͊ͭͦͤ͘ ͍ͫΎ͊ͤ͘ ͫ ͤ͊ͪͯ΄͔͙͔ͤͣ 

͔͎ͪͯ͡Ύͼ͙͙ ͭͦͤͯͫ͊ ͍͔ͪͦͤͦͫͤ͟·ͻ ͍ͫͦͫͯ͒ͦ ͍ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͔͟ ͤͦͫ͊ ͍͔͎͔͙͍͚ͭ͊ͭͤͦ ͔͍͚ͤͪͤͦ ͙͔͚ͫͫͭͣͦΦ 

˿͙͙ͫͭ͊͘͡Ύ ͍͙ͫͭ͊ͤͦͭͫΎ ;͔͔ͪͣͪͤͦ͘ ͔͙͍͚ͪ͊ͭͤͦ͟ ͤ͊ ͔͔ͤͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͙͎͎͔ͭͪͪ·Σ ͙͔ͭ͊͟ ͊͟͟ ͔͙͔ͪ͘͟ ͊ͨ͊͘ͻ͙Σ 

ͻͦͦ͒ͤ͡·͚ ͍ͦ͒ͯ͘ͻΣ ͒·ͣΣ Ήͣͦͼ͙ͦͤ͊͡Έͤ·͚ ͔ͫͭͪͫͫΣ ͙͙͡ ͎ͦͪͣͦͤ͊͡Έͤ·͔ ͙͔͔͙ͣͤͤ͘ΎΦ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ 

˿͎ͦ͊ͫͤͦ͡ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͣ ͔ͦͤͫͤͫͯͫ͊ͣ͟Σ ͙͙ͪͤͭ ͔ͨͦ͒ͪ͊͒͘͡Ύ͔ͭͫΎ ͨͦ Ή͙͎͙͙ͭͦͦ͡ ͙ ͔ͭ;͔͙ͤΌΥ 

¶ ˻ͫͭͪ·͚ ͙͙ͪͤͭΥ ˻͋·;ͤͦ ͙ͤͺ͔͟ͼ͙͚ͦͤͤͦ ͙ͨͪͪͦ͒·Σ ͙͒ͭͫ͡Ύ ͒ͦ мл-мп ͔͚͒ͤΦ 

¶ ͙̆ͪͦͤ;͔͙͚ͫ͟ ͙͙ͪͤͭΥ ˨͙ͭͫ͡Ύ ͔͔͋ͦ͡ мн ͔͔ͤ͒͡ΈΦ 

o ͙̆ͪͦͤ;͔͙͚ͫ͟ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͚ ͙͙ͪͤͭ 

o ͙̆ͪͦͤ;͔͙͚ͫ͟ ͔͎͙͊ͪ͡͡;͔͙͚ͫ͟ ͙͙ͪͤͭΥ 

Á ˮ͔͙͙ͤͭͪͣͭͭͪͯΌ΅͙͚ ό͔ͫͦͤͤ͘·͚ύΥ ˿͙ͣͨͭͦͣ· ͔͔͔ͣͤ п ͔͚͒ͤ ͍ ͔͔ͤ͒͡Ό ͙͙͡ ͔͔͔ͣͤ п ͔͔ͤ͒͡Έ ͍ 

͎ͦ͒ͯΦ 

Á ˽͔͙͙ͪͫͫͭͪͯΌ΅͙͚ ό͎͎͙ͪͯͦͦ͒͟͡;ͤ·͚ύΥ ˿͙ͣͨͭͦͣ· ͔͔͋ͦ͡ п ͔͚͒ͤ ͍ ͔͔ͤ͒͡Ό  ͙͔͔͋ͦ͡ п ͔͔ͤ͒͡Έ ͍ 

͎ͦ͒ͯΦ 

o ͙̆ͪͦͤ;͔͙͚ͫ͟ ͔͔͎͙ͤ͊ͪ͡͡;͔͙͚ͫ͟ ͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·͚ ͙͙ͪͤͭ ό˹ˢ˹ˮ˾ύΥ ˤ͟͡Ό;͔͊ͭ ͍͊ͦͣͦͭͦͪͤ͘·͚Σ 

͔͙͔ͣ͒͊ͣͤͭͦͤ͘͟·͚ ό͍·͍͊ͤͤ͘·͚ ͔͔͙͔ͦͯͨͦͭͪ͋ͤͣ͘͡͡ ͙͍ͫͦͫͯ͒ͦͫͯ͗͊Ό΅͙͙ͣ ͊ͨ͟͡Ύ͙ͣύΣ ͎ͦͪͣͦͤ͊͡Έͤ·͚Σ 

͊ͭͪͦͺ͙;͔͙͚ͫ͟ ͙ ͎͙͔͒ͪͯ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͺͦͪͣ·Φ 

˽͍͙ͪ͊͡Έͤ͊Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͙ ͙͙͔ͨͦͤͣ͊ͤ ͎͔͔ͨ͊ͭͦͤ͊͘ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ· ͒͡Ύ ͍·͋ͦͪ͊ 

Ήͺͺ͔͙͍͚ͭͤͦ͟ ͔͎͙͙ͫͭͪ͊ͭ ͔͡;͔͙ͤΎΦ ˿͍͔͍͔͔͔ͦͪͣͤͤͦ ͦ͋ͪ͊΅͔͙͔ͤ ͟ ͍ͪ͊;ͯ ͙ ͭͦ;ͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͍ͨͦͦ͘͡ΎΌͭ 

͔ͤ ͭͦ͡Έͦ͟ ͙ͯͫͭͪ͊ͤͭΈ ͔͙ͤͨͪΎͭͤ·͔ ͙ͫͣͨͭͦͣ·Σ ͤͦ ͙ ͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͍ͦͣͦ͗ͤ͘·͔ ͔͙ͦͫͦ͗ͤͤ͡ΎΣ ͙͔ͭ͊͟ ͊͟͟ 

͙͙ͫͤͯͫͭΣ ͙ͦͭͭ ͙ ͍͙͙͔ͪ͊ͭ͘ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͊ͫͭͣ·Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˹͙͙͍ͦ͟ ˹Φ˹Φ ˿͔͡Έ͔ͫͦ͟ ͻͦ͘Ύ͚͍ͫͭͦ ͙ ͔͎͙͊ͪ͡͡;͔͙͔ͫ͟ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ нлнлΦ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

2. ˢ͡Ύ͍͙͚ͣͦͫ͟ ˤΦˤΦΣ ˥ͪΎ͔͍͘ ˢΦ˨Φ ˻͙͙͎͎͙ͭͦͪͤͦ͊ͪͤͦͦ͡͡ΎΥ ˹͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟Φ нлноΦ ˸͍ͦͫ͊͟Υ 

˥̏˻́ˢ˾-˸͔͙͒͊Φ 

3. ˶͙ͦͨ͊ͭͤ ˢΦ˿ΦΣ ˽͙͍ͫͯͤͦ͟ ˥Φ˭Φ ˾͙͙ͤͭΥ ͍͔͔ͫͦͪͣͤͤ·͚ ͍͎͘͡Ύ͒ ͤ͊ ͔ͨͪͦ͋ͣͯ͡Φ нлмуΦ ˢͫͭͪ͊ͻ͊ͤΈΥ ˢ˥˸ˢΦ 

4. ˹͔͔͍ͪͦ ˤΦ˾Φ ˢ͔͎͎͙ͪͦͦ͡͡͡Ύ ͙ ͙͎͙ͣͣͯͤͦͦ͡Ύ ͍ ͙͔ͨͪ͊ͭ͟͟ ͍ͪ͊;͊Φ нлнмΦ ˩͔͙͎͊ͭͪͤ͋ͯͪ͟Υ ̂˥˸ˢΦ 

5. ˴͍ͦͦ͘͡ ˤΦ˿ΦΣ ͙͔͍̊ͤͦ͊͟͡ ˤΦˤΦ ˭͔͍͙͊͋ͦ͊ͤ͡Ύ ͤͦͫ͊ ͙ ͍ͦͦͦͤͦͫͦ͟͡·ͻ ͨ͊ͯ͘ͻΦ нлннΦ ͍͔́ͪΈΥ ́˥˸̂Φ 

                                                                ϭ ̆ ͍ͦ͒͗͊ͣͦ͊ ̏ΦˣΦ, 2025 

 

 

 

 

͍̆ͦ͒͗͊ͣͦ͊ ̏ΦˣΦ  

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͙͙͎͎͙͙ͦͭͦͪͤͦ͊ͪͤͦͦ͡͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

́˾˻˸ˣ˻˭ ˤ˩˹˻˭˹̍̆ ˿ˮ˹̂˿˻ˤ ́ˤ˩˾˨˻˯ ˸˻˭˥˻ˤ˻˯ ˻ˣ˻˶˻̉˴ˮΥ  

˴˶ˮ˹ˮ̉˩˿˴˻˩ ˭˹ˢ̉˩˹ˮ˩ ˮ ˿˻ˤ˾˩˸˩˹˹̍˩ ˽˻˨̆˻˨̍ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

́ͪͦͣ͋ͦ͘ ͍͔ͤͦͤ͘·ͻ ͙͍ͫͤͯͫͦ ͍͖͚ͭͪ͒ͦ ͎͍͚ͣͦͦͦ͘ ͦ͋ͦͦ͡;͙͟ ό́ˤ˿ ́˸˻ύΣ ͙͙͡ ͼ͔͔ͪ͋ͪ͊͡Έͤ·͚ ͍͔ͤͦͤ͘·͚ 
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ͭͪͦͣ͋ͦ͘ ό̇ˤ́ύΣ Ύ͍͡Ύ͔ͭͫΎ ͔͚ͪ͒ͦ͟Σ ͤͦ ͔ͨͦͭͤͼ͙͊͡Έͤͦ ͚ͦͨ͊ͫͤͦ ͒͡Ύ ͙͙͗ͤ͘ ͺ͚ͦͪͣͦ ͤ͊ͪͯ΄͔͙ͤΎ ͎͍͎ͣͦͦͦͦ͘ 

͍ͪͦͦͦ͋ͪ͊͟΅͔͙ͤΎΦ ˻ͤ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͚͊ͯͨͦͪͦ͘͟͟ ͍͔ͤͦͤ͘·ͻ ͙͍ͫͤͯͫͦ ͙ͭͪͦͣ͋͊ͣΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

ͯͻͯ͒΄͔͙ͤΌ ͍͔͎ͤͦͤͦͦ͘ ͦͭͭͦ͊͟ ͦͭ ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘Σ ͍ͨͦ·΄͔͙ͤΌ ͍͙ͤͯͭͪ;͔͔͎ͪͨͤͦͦ ͍͔͙͒͊ͤ͡Ύ όˤ̉˨ύ ͙Σ ͊͟͟ 

͔͍͙͔ͫ͒ͫͭ͡Σ ͟ ͍͙͙ͪ͊ͭ͘Ό ͔ͦͭ͊͟ ͎ͣͦ͊͘Σ ͔ͨ͊ͪͤͻ͙ͣ͊ͭͦͤ͘·ͻ ͍͙͙ͪͦͦ͘͟͡Ύ͙͚ͤ ͙ ͦ;͎͍͚͊ͦͦ ͔͍͎͙ͤͪͦͦ͡;͔͚ͫͦ͟ 

͙͙͙ͫͣͨͭͦͣ͊ͭ͟Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͙ͦͭ͡;͔͊ͭͫΎ ͤ͊͘;͙͔ͭ͡Έͤ·ͣ ͙ͨͦͣͦͪ͡ͺ͙ͣͦͣ͘Σ ;ͭͦ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ 

͍͔͍͔͔ͫͦͪͣͤͤͯΌ ͙͎͙͒͊ͤͦͫͭͯ͟Φ ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙͊ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍͔͚ͤͦͤͦ͘ 

͙͔ͫͫͭͣ· ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘Σ ͟͡Ό;͔͍·͔ ͺ͊ͭͦͪ͟· ͙ͪͫ͊͟ ͙ Ή͙͎͙ͭͦͦ͡;͔͙͔ͫ͟ ͙ͨͪ;͙ͤ·Σ ͎͔͔ͨ͊ͭͦͤ͘Σ 

ͪ͊ͤͦͦ͋ͪ͊ͤ͊͘͘Ύ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟Σ ͊ ͔ͭ͊͗͟ ͍͔͔ͫͦͪͣͤͤ·͔ ͙ͨͪͤͼ͙ͨ· ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΎ ́ˤ˿ 

́˸˻Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͼ͔͔ͪ͋ͪ͊͡Έͤ·͚ ͍͔ͤͦͤ͘·͚ ͭͪͦͣ͋ͦ͘Σ ͭͪͦͣ͋ͦ͘ ͙͍ͫͤͯͫͦΣ ͙ͫͤͯͫ-ͭͪͦͣ͋ͦ͘Σ ͍͙ͤͯͭͪ;͔͔ͪͨͤ͊Ύ 

 ͎ ͙͔͔͙ͨͪͭͤ͘ΎΣ ͙͎͊ͤͭͦ͊ͯ͟͡Ύͤͭ·Σ ͔͚͍͙͙ͤͪͦͯ͊͊͘͘͡ͼ͙Ύ. 

 

ˤ͍͔͔͙͔͒ͤ 

́ͪͦͣ͋ͦ͘ ͍͔ͤͦͤ͘·ͻ ͙͍ͫͤͯͫͦ ͍͖͚ͭͪ͒ͦ ͎͍͚ͣͦͦͦ͘ ͦ͋ͦͦ͡;͙͟ ό́ˤ˿ ́˸˻ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦͫͦ͋ͯΌ 

ͺͦͪͣͯ ͙ͤͫͯ͡Έͭ͊Σ ͍͔ͫͭͪ;͊Ό΅ͯΌͫΎ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔͔ͪ͗Σ ;͔ͣ ͔͙͊ͪͭͪ͊͡Έͤ·͚ ͙΄͔͙ͣ;͔͙͚ͫ͟ ͙͙͡ 

͎͔͎͙ͣͦͪͪ͊;͔͙͚ͫ͟ ͙ͤͫͯ͡ΈͭΦ ˩͎ͦ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͔ͤͦ͒ͤͦͪͦ͒ͤ͊Σ ͦ͒ͤ͊ͦ͟ ;͊΅͔ ͍͔͎ͫͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ 

͙͎͙͔͒͊ͤͦͫͭͪͯͭͫΎ ͯ ͙͡ͼ ͍ ͍͔ͦͪ͊ͫͭ͘ ͦͭ нл ͒ͦ рл ͔ͭ͡Σ ͙ͨͪ Ήͭͦͣ ͔͗ͤ΅͙ͤ· ͍͔͔ͨͦ͒ͪ͗ͤ· ͔ͣͯ ͋ͦ͡Έ΄͔Σ 

͔ͦͫͦ͋ͤͤͦ ͍ ͍ͫΎ͙͘ ͫ ͔͔͔͋ͪͣͤͤͦͫͭΈΌΣ ͙ͪͦ͒͊ͣ ͙ ͙͖ͨͪͣͦͣ ͦͪ͊͡Έͤ·ͻ ͦͤͭͪ͊͟ͼ͔͙͍͍ͨͭͦΦ 

ˤ͔ͤͦͤ͊͘Ύ ͙͔ͫͫͭͣ͊ ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ ͙ͯͤ͊͟͡Έͤ͊ ͙ ͙ͫͦͫͭͦͭ ͙͘ ͍͒ͯͻ ͍ͦͫͤͦͤ·ͻ ͔͍ͦͣͨͦͤͤͭͦ͟Υ 

͎͍ͣͦͦ͘·ͻ ͍͔ͤ ό͍͔ͨͦͪͻͤͦͫͭͤ·ͻ ͙ ͎͙ͯ͋ͦ͟͡ͻύ ͙ ͍͔ͤͦͤ͘·ͻ ͙͍ͫͤͯͫͦ ͍͖͚ͭͪ͒ͦ ͎͍͚ͣͦͦͦ͘ ͦ͋ͦͦ͡;͙͟Φ ˿͙ͤͯͫ· τ 

Ήͭͦ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ͔ͣ͗͒ͯ ͙͙ͫͭ͊ͣ͟͡ ͍͖͚ͭͪ͒ͦ ͎͍͚ͣͦͦͦ͘ ͦ͋ͦͦ͡;͙͟Σ ͨͦ ͦͭͦͪ͟·ͣ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͤͦ 

ͦͭͭͦ͟ ͍͔͚ͤͦͤͦ͘ ͍͙ͪͦ͟ ͙͘ ͙ͨͦͦͫͭ͡ ;͔͔ͪͨ͊ ͍ͦ ͍͔͙͔ͤͯͭͪͤͤ Ύ͔ͪͣͤ·͔ ͍͔ͤ·Φ ˴ ͙͔͔ͤ͊͋ͦ͡ ͪͯͨͤ͟·ͣ ͙ ;͊ͫͭͦ 

͔ͨͦͪ͊͗͊ͣ·ͣ ͙ͫͤͯͫ͊ͣ ͦͭͤͦͫΎͭͫΎ ͍͔ͪͻ͙͚ͤ ͎͙ͫ͊ͭͭ͊͡Έͤ·͚Σ ͔͔ͨͦͨͪ;ͤ·͔ ͙ ͙͎͍͙ͫͣͦ͒ͤ·͔ ͙ͫͤͯͫ·Σ ͊ ͔ͭ͊͗͟ 

͍͔͊ͪͤͦͤ͘͟·͔ ͙ͫͤͯͫ· 

 

ˢ͙ͤ͊ͭͦͣ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ ͎͔͔ͨ͊ͭͦͤ͘ 

́ͪͦͣ͋ͦ͘ ͙͍ͫͤͯͫͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͙ͪͭ͟;͔ͫͦͣͯ͟ ͤ͊ͪͯ΄͔͙ͤΌ ͍͔͎ͤͦͤͦͦ͘ ͦͭͭͦ͊͟Σ ;ͭͦ ͍·͘·͍͔͊ͭ 

͍͔ͤͦͤ͘·͚ ͚͊ͫͭͦ͘ ͙ ͍ͨͦ·΄͔͙͔ͤ ͍͔͙͒͊ͤ͡Ύ ͍ ͙͔͔ͫͫͭͣ ͎͍ͣͦͦ͘·ͻ ͍͔ͤΦ ̏ͭͦΣ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͍ͨͪͦͦͼ͙͔ͪͯͭΥ 
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1. ˽͍ͦ·΄͔͙͔ͤ ͍͙ͤͯͭͪ;͔͔͎ͪͨͤͦͦ ͍͔͙͒͊ͤ͡Ύ όˤ̉˨ύΥ ˹͊ͪͯ΄͔͙͔ͤ ͍ͫ͊ͫ·͍͙͊ͤΎ ͙͎͍͚ͫͨͤͤͦͣͦͦͦ͘ 

͙͙͗͒ͦͫͭ͟ ό͙͍ͦͪ͊͟͡ύ ͙͘-͊͘ ͍·͎ͫͦͦͦ͟ ͍͔͎ͤͦͤͦͦ͘ ͍͔͙͒͊ͤ͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘ ͍͙͙ͪ͊ͭ͘Ύ 

͍͙ͤͯͭͪ;͔͔͚ͪͨͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘Φ 

2. ˻͔ͭ͟ ͣͦ ͎͊͘Υ ˹͊ ͺ͔ͦͤ ͊ͫͭͦ͘Ύ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͼ͙͙ͭͦͭͦͫ͟;͔͙͚ͫ͟ ͙ ͍͎͔͊ͦͤͤ͘·͚ ͔ͦͭ͟ ͔ͨ͊ͪͤͻ͙ͣ· 

͎ͣͦ͊͘Φ 

3. ˥͔͎͙ͣͦͪͪ͊;͔͙͔ͫ͟ ͦͫ ͔͙ͦ͗ͤͤ͡ΎΥ ˾͊ͪ͘·͍ ͔͔͔ͨͪͨͦͤͤͤ͡·ͻ ͍͔ͤ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ 

͔ͨ͊ͪͤͻ͙ͣ͊ͭͦͤͦͣͯ͘ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΌ ό͍͙ͭͦͪ;ͤͦͣͯ ͍͙͎͍ͤͯͭͪͣͦͦͦͣͯ͘ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΌύ ͙͙͡ 

ͫͯ͋͊ͪ͊ͻ͙ͤͦ͒͊͡Έͤͦͣͯ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΌΣ ;ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͻͯ͒΄͔͊ͭ ͎ͨͪͦͤͦ͘Φ 

͙͎͙̏ͭͦͦ͡Ύ ͙ ͺ͊ͭͦͪ͟· ͙ͪͫ͊͟ 

ˤ ͙ͦͭ͡;͙͔ ͦͭ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͙ͤͫͯ͡Έͭ͊Σ ́ˤ˿ ́˸˻ ;͊ͫͭͦ ͙͔͔ͣͭ ;͔ͭͯ͟Ό ͙ͨͪ;͙ͤͤͦ-͔͍͔ͫ͒ͫͭͤͤͯ͡Ό 

͍ͫΎ͘ΈΦ ˻͍ͫͤͦͤ·͔ Ή͙͎͙ͭͦͦ͡;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· ͍͟͡Ό;͊ΌͭΥ 

¶ ˮͤͺ͔͟ͼ͙ͦͤͤ·͔ ˭͔͍͙͊͋ͦ͊ͤ͡ΎΥ ˮͤͺ͔͟ͼ͙͙ ˶˻˾-͎͍ͦͪ͊ͤͦ ό͙͙ͫͤͯͫͭ·Σ ͙ͦͭͭ·Σ ͙͙ͣ͊ͫͭͦ͒ͭ·ύΣ ͊ ͔ͭ͊͗͟ 

͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͨͪͦͼ͔ͫͫ· ͤ͊ ͙͡ͼ͔ ͙ ͍ ͙ͦͪ͋ͭ͊͡Έ͚ͤͦ ͙ͦ͋͊ͫͭ͡ ͎ͣͦͯͭ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎͭΈͫΎ ͤ͊ ͙͔͋͗͊͘͡͡΅͙͔ 

͙ͫͤͯͫ· ό͙͔ͤ͊ͨͪͣͪΣ ͭͪͦͣ͋ͦ͘ ͍͔͎͊ͪͤͦͤͦͦ͘͟ ͙ͫͤͯͫ͊ ;͊ͫͭͦ ͍ͫΎ͊ͤ͘ ͫ ͙ͤͺ͔͟ͼ͙͔͚ ͍ͦͦͦͤͦͫͦ͟͡·ͻ ͨ͊ͯ͘ͻύΦ 

¶ ˿ͦͫͭͦΎ͙ͤΎ ˥͙͔͎ͨͪͦ͊ͯ͟͡Ύͼ͙͙ ό́ͪͦͣ͋ͦͺ͙͙͙͡ύΥ 

o ˥͔͔͙ͤͭ;͔͙͔ͫ͟Υ ˨͔ͺ͙ͼ͙ͭ ͔͙͍ͨͪͦͭͤͦ / ͙ {Σ ͙͙͊ͤͭͭͪͦͣ͋ͤ͊ LLLΣ ͣͯͭ͊ͼ͙Ύ ͺ͊ͭͦͪ͊͟ ± ˶͔͚͔͒ͤ͊Φ 

o ˽͙͔͔ͪͦ͋ͪͭͤͤ·͔Υ ˣ͔͔͔ͪͣͤͤͦͫͭΈ ͙ ͔͍͚ͨͦͫͪͦ͒ͦͦ͡ ͔͙ͨͪͦ͒Σ ͙͔ͨͪͣ ͦͪ͊͡Έͤ·ͻ ͦͤͭͪ͊͟ͼ͔͙͍͍ͨͭͦΣ 

ͦ͊͘͟͡;͔͍͔ͫͭͤͤ·͔ ͍͍͙ͤͦͦͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͙͔ͫͫͭͣͤ·͔ ͙͊ͯͭͦͣͣͯͤͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

¶ ˿͙͔ͫͭͣͤ·͔ ˭͔͍͙͊͋ͦ͊ͤ͡ΎΥ ˤ͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙͟΄͔;͙ͤ͊͟Σ ͔ͤͦͭͦͪ͟·͔ ͍͙͒· ͔͙͚͊ͤͣΦ 

¶ ͍́ͪ͊ͣ·Υ ͔͔̉ͪͨͤͦ-͎͍ͣͦͦ͘·͔ ͍ͭͪ͊ͣ·Σ ͔ͦͫͦ͋ͤͤͦ ͫ ͍͔͔͙͔ͨͦͪ͗͒ͤͣ ͍͙ͦͫͤͦ͊ͤΎ ;͔͔ͪͨ͊Φ 

¶ ͎͔̒ͭͪͦͤͤ·͔ ˽͙ͪ;͙ͤ·Υ ˻͔͙ͫͦ͗ͤͤ͡Ύ ͔͚ͤͪͦͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭΦ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ˴͙͊ͪͭͤ͊ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ́ˤ˿ ́˸˻ ͙ͦͭ͡;͔͊ͭͫΎ ͔͔ͤͫͨͼ͙ͺ͙;ͤͦͫͭΈΌ ͙ ͙ͨͦͣͦͪ͡ͺ͙ͣͦͣ͘Σ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ 

͍͚ͦͫͤͦͤͦ ͙ͨͪ;͙͚ͤͦ ͔͙͊͒ͪ͗͘͟ ͙͎͙͙͒͊ͤͦͫͭ͟Φ ˤ·͔͒͡ΎΌͭ ͔ͤͫͦ͟͡Έͦ͟ ͍ͦͫͤͦͤ·ͻ ͙͍ͫͤ͒ͪͦͣͦΥ 

1. ˿͙ͤ͒ͪͦͣ ˤ͙ͤͯͭͪ;͔͔͚ͪͨͤͦ ˥͙͔͔͙͙ͨͪͭͤ͘Υ 

o ˿͙͡Έͤ͊ΎΣ ͎͔͙ͨͪͦͪͫͫͪͯΌ΅͊Ύ ͎͍ͦͦͤ͊͡Ύ ͋ͦ͡Έ ό͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·͚ ͙ͫͣͨͭͦͣύΣ ;͊ͫͭͦ ͙͙͍ͯͫ͊͡Ό΅͊ΎͫΎ 

͙ͨͪ ͺ͙͙͘;͔͚ͫͦ͟ ͎͔ͤ͊ͪͯ͘͟ ͙͙͡ ͙͔͔͙͙ͣͤͤ͘ ͔͙ͨͦͦ͗ͤ͡Ύ ͔ͭ͊͡Φ 

o ́ͦ΄ͤͦͭ͊ ͙ ͍ͪͦͭ͊Φ 

o ˻͔ͭ͟ ͙͒ͫ͊͟ ͙͔ͪͭ͘͡Έ͎ͤͦͦ ͔͍ͤͪ͊ ό͚͊ͫͭͦͤ͘·͚ ͙͒ͫ͟ύΦ 

2. ˻;͎͍͊ͦ·͚ ˹͔͍͎͙ͪͦͦ͡;͔͙͚ͫ͟ ˨͔ͺ͙ͼ͙ͭΥ 

o ˥͔͙͔ͣͨ͊ͪ͘ όͫ͊͋ͦͫͭ͡Έ ͍ ͔ͦͤ͟;ͤͦͫͭΎͻύΣ ͤ͊ͪͯ΄͔͙͔ͤ ͔ͪ;͙Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͔͙͔ͨͦͪ͊͗ͤͣ ͙͔ͨͪ͗͊͡΅͙ͻ 

͟ ͙͍ͭͪͦͣ͋ͪͦ͊ͤͤͦͣͯ ͙ͫͤͯͫͯ ͯ;͍͊ͫͭͦ͟ ͎ͣͦ͊͘Φ 

o ˿͎͙ͯ͒ͦͪͦκ͙͔͙̏ͨͨͭ͡;͔͙͚ͫ͟ ˿͙ͤ͒ͪͦͣΥ ̉͊ͫͭͦ ͍͙ͦͤ͊͘͟Όͭ ͙ͨͪ ͔ͭͪͦͣ͋ͦ͘ ͍͔ͪͻ͔͎ͤͦ ͎͙ͫ͊ͭͭ͊͡Έ͎ͤͦͦ 

͙ͫͤͯͫ͊Φ 

3. ˽͔͙͔ͦͪ͊͗ͤ ͔͔̉ͪͨͤ·ͻ ˹͔͍͍ͪͦΥ ͔̆͊ͪ͊ͭͪͤͦ͟ ͒͡Ύ ͭͪͦͣ͋ͦ͊͘ ͍͔͎͊ͪͤͦͤͦͦ͘͟ ͙ͫͤͯͫ͊Σ ͨͪͦΎ͍͡Ύ͔ͭͫΎ 

ͤ͊ͪͯ΄͔͙͔ͤͣ ͍͙͔͙͚͒͗ͤ ͎͊͘͡ όͦͺͭ͊͡Έ͔͎͙ͣͦͨ͡ΎύΣ ͍͔͙͔͒ͦͤͣ ͔͙ͪͤ͘Ύ ό͙͙͒ͨͦͨ͡ΎύΣ ͔ͦͭͦͣ͟ ͍͔͟ ͙ 

͙ͦͪ͋ͭ͊͡Έ͚ͤͦ ͙ͦ͋͊ͫͭ͡Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ˶͔;͔͙͔ͤ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͍ͦͫͤͦ͊ͤ͊ ͤ͊ ͫͦ;͔͙͙ͭ͊ͤ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ ͙ ͔͚͍͙͙ͤͪͦͯ͊͊͘͘͡ͼ͙͙Φ 

¶ ˸͎͙͊ͤͭͤͦ-͔ͪͦͤ͊ͤͫͤ͊͘Ύ ͍͔͎ͤͦͪ͊ͺ͙Ύ ό˸˾-͍͔͎ͤͦͪ͊ͺ͙Ύύ ͙ ˴ͦͣͨΈΌ͔ͭͪͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ͫ 

͍͔͎ͤͦͪ͊ͺ͙͔͚ ό˴́-͍͔͎ͤͦͪ͊ͺ͙Ύύ Ύ͍͡ΎΌͭͫΎ ζͦͦͭ͘͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣη ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͍ͨͦͦ͘͡ΎΎ 

͍͙͙͙͍ͯ͊ͪͦ͊ͭ͘͘͡Έ ͭͪͦͣ͋ ͙ ͍͙͔ͦͭͫͯͭͫͭ ͍ͪͦͦͭͦ͊͟͟ ͍ ͙͔ͫͤͯͫΦ 

¶ ˹͙͍͊ͭͤ͊Ύ ˴́ ͔ͣͦ͗ͭ ͍·Ύ͍͙ͭΈ ͙͙ͨͪͤ͊͘͟ ͎͔͎͙ͣͦͪͪ͊;͔͎ͫͦͦ͟ ͙ͤͺ͊ͪͭ͊͟ ͙͙͡ ͎͙͔͔ͨͪ͒ͤͫͤ·͚ 

όͨͦͭͤ͡·͚ύ ͭͪͦͣ͋ ͍ ͙͔ͫͤͯͫ ό͙ͫͣͨͭͦͣ ζ͔͒͡Έͭ͊-ͤ͊͊͘͟ηύΦ 

¶ ˶͊͋ͦͪ͊ͭͦͪͤ·͔ ͔ͭͫͭ· ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͍·Ύ͍͔͙͔ͤ͡ ͙ͨͪ;͙ͤ ͭͪͦͣ͋ͦ͊͘ ό͙͙͎ͫͪͤͤ͟ ͤ͊ ͭͪͦͣ͋ͦͺ͙͙͙͡ύΦ 
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˶͔;͔͙͔ͤ ́ˤ˿ ́˸˻ Ύ͍͡Ύ͔ͭͫΎ ͔ͤͦͭͦ͗ͤ͡·ͣ ͙ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙͔ͤ ͪͦͫͭ͊ ͭͪͦͣ͋͊Σ 

͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͨͪͦͻ͙͙ͦ͒ͣͦͫͭ ͙͍ͫͤͯͫͦ ͙ ͙͍͙͔ͯͨͪͦ͊ͤ͟ ͙͔͎͗ͤͯͪͦ͗͊͘Ό΅͙ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ ό͍ͨͦ·΄͔͎ͤͤͦͦ 

ˤ̉˨Σ ͎ͫͯ͒ͦͪͦύΦ 

¶ ˢ͙͎ͤͭͦ͊ͯ͟͡Ύͤͭͤ͊Ύ ͔͙́ͪ͊ͨΎΥ ˽͙͔͔͙͔ͪͣͤͤ ͙͔ͤͦͣͦͯ͘͟͟͡͡Ύͪͤ·ͻ ό˹˸˥ύ ͙͙͡ 

͔ͤͺͪ͊͟ͼ͙͙͍͎ͦͤͪͦ͊ͤͤͦͦ ͎͔͙ͨ͊ͪͤ͊ ό˹̅˥ύ τ ͔͎ͪ͊ͯͦ͟͡Έͤ·͚ ͔͊ͣͤ͟Έ ͔͡;͔͙ͤΎΣ ͔͒͊͗ ͙ͨͪ ͙ͤ͊͡;͙͙ 

͍͙͎͍͎ͤͯͭͪͣͦͦͦͦ͘ ͍͙͙ͪͦͦ͘͟͡Ύ͙ͤΎΣ ͭ͊͟ ͊͟͟ ͙͎͊ͤͭͦ͊ͯ͟͡Ύͤͭ· ͔͍ͨͪ͒ͦͭͪ͊΅͊Όͭ ͒͊͡Έ͔͚ͤ΄͔͔ 

͔͙͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ ͭͪͦͣ͋ͦ͊͘Φ ˭͔͊ͭͣ ͍͙ͨͪͦͦ͒ͭͫΎ ͔͔ͨͪͻͦ͒ ͤ͊ ͔ͨͪͦͪ͊͡Έͤ·͔ ͙͎͊ͤͭͦ͊ͯ͟͡Ύͤͭ· ͒͡Ύ 

͍͙ͭͦͪ;͚ͤͦ ͨͪͦͺ͙͙͙͊ͭ͟͟͡Φ 

¶ ˿͙͙ͣͨͭͦͣ͊ͭ;͔ͫ͊͟Ύ ͔͙́ͪ͊ͨΎΥ ˽͙͍ͪͦͭͦͫͯ͒ͦͪͦ͗ͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ·Σ ͔͙ͣͪͦͨͪΎ͙ͭΎ ͨͦ ͙͔͙ͫͤ͗ͤΌ 

͍͙ͤͯͭͪ;͔͔͎ͪͨͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ 

¶ ͙͙́ͪͦͣ͋ͦͭ͡;͔ͫ͊͟Ύ ͔͙́ͪ͊ͨΎΥ ˤ ͔͙ͪ͒͟ͻ ͫͯ͡;͊Ύͻ ό͙ͨͪ ͙͍ͣ͊ͫͫͤͦͣ ͔ͭͪͦͣ͋ͦ͘ ͙ ͔ͤΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ 

͎͔͙ͨ͊ͪͤ͊ύ ͔ͣͦ͗ͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͔ͣͫͭͤ·͚ ͙͙ͭͪͦͣ͋ͦͫ͘͡ ͙͙͡ ͔ͣͻ͙͊ͤ;͔ͫ͊͟Ύ ͭͪͦͣ͋Ή͙ͭͦͣ͟ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˿͍ͦͪ͟ͼ͍ͦ͊ ˤΦˮΦΣ ˴͍ͦ͊͡Έ;ͯ͟ ˤΦˤΦ ͔͔̇ͪ͋ͪ͊͡Έͤ·͚ ͍͔ͤͦͤ͘·͚ ͭͪͦͣ͋ͦ͘Υ ͍͍ͪͯͦͦ͒ͫͭͦ͟Φ τ ˸ ͍ͦͫ͊͟Υ ˥̏˻́ˢ˾-

˸͔͙͒͊Σ нлннΦ 

2. ˥͔͍ͯͫ ˩ΦˮΦΣ ˴͍͍ͦͤͦ͊ͦ͡ ˢΦ˹ΦΣ ˥͔ͻͭ ˢΦ ˣΦ ˹͔͍͎͙ͪͦͦ͡Ύ ͙ ͔͚ͤͪͦͻ͙͎͙ͪͯͪΎΥ ͯ;͔͙͋ͤ͟Φ τ 5-͔ ͙͒͘Φ τ ˿͊ͤͭ͟-

˽͔͔͎ͭͪ͋ͯͪΥ ˿͔ͨͼ˶͙ͭΣ нлнмΦ 

3. ͙̊ͣ͒ͭ ˩ΦˤΦ ˿͍ͨͪ͊ͦ;͙ͤ͟ ͨͦ ͔͍͎͙͙ͤͪͦͦ͡Φ τ ˸ ͍ͦͫ͊͟Υ ˸͔͙͒ͼ͙ͤ͊Σ нлмфΦ 

4. ˸͍͊͊ͪͦ͟ ˢΦˤΦΣ ˽͔͍ͭͪͦ͊ ˻Φ˶Φ ˻͍ͫͤͦ· ͙͙ͤ͟͡;͔͚ͫͦ͟ ͎͔͙͎͙͙ͣͦͫͭ͊ͦͦ͘͡Φ τ ˾͍ͦͫͭͦ-ͤ-͊˨ͦͤͯΥ ͔͙̅ͤͫ͟Σ 

2023. 

5. ˤ͔͔ͪ΅͎͙͊ͤ ˹ΦˤΦΣ ˿͙ͯͫͤ͊͡ ˭ΦˢΦΣ ˽͙͍ͪ͊͒ͦ ˸Φ ˢΦ ˮͤͫͯ͡ΈͭΥ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚Φ τ ˸͍ͦͫ͊͟Υ ˮ˸ˢ-

˽˾˩˿˿Σ нлму. 

ϭ ̆ ͍ͦ͒͗͊ͣͦ͊ ̏ΦˣΦ, 2025 
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