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FABRICATION AND PROPERTIES OF ╒◊╞ MATERIAL 

 

Abstract 

ὅόὕ is a p-type semiconductor material of interest due to its great potential in solar energy 

conversion and catalysis, possessing a suitable band gap (ρȢω ςȢς Ὡὠ), a high visible light absorption 

coefficient, low cost, and non-toxicity. ὅόὕ thin films were fabricated using the simple thermal oxidation 

method. The material was characterized using Raman spectroscopy and X-ray Diffraction (XRD). 

 

Introduction 

ὅόὕ (Cuprous oxide, red color) possesses a cubic crystal structure with a body-centered cubic (BCC) 

unit cell. The Cu-Cu distance is σȢπς B and the O-O distance is σȢχ B. 

 

 
Figure 1 ς Unit cell of the ὅόὕ crystal lattice 

 

ὅόὕ is thermally stable (ρςτπᶼὅ melting point), soluble in acid/concentrated alkali, and easily 

oxidizes into ὅόὕ in humid air. In bulk form, Ὁ ςȢρτ Ὡὠ, absorbing photons with ‗ υψπ ὲά. In the 

nanometer range, Ὁ increases due to the size effect. 

Experimental Section 

Copper (ὅό) samples were cleaned with ρπϷ Ὄὅὰ and subsequently subjected to thermal oxidation 

in a horizontal furnace at three temperatures: ᶼἍ, ᶼἍ, and ᶼἍ for ρ Ὤέόὶ. 

Results and Discussion 

1. Raman Analysis 

 ̧ὅόὕ Signatures: Raman spectra at all temperatures showed characteristic ὅόὕ peaks at 

 Ἣἵ  and  Ἣἵ  (Ὕ ȟὝ  modes). These theoretically Raman-inactive modes appear due to 

point defects which break crystal symmetry, also giving ὅόὕ its intrinsic p-type semiconductor 

nature. 

 ̧ςππᶼὅ: The film was uniform and stable, showing only the ὅόὕ phase. 
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&ÉÇÕÒÅ ς  2ÁÍÁÎ ÓÃÁÔÔÅÒÉÎÇ ÓÐÅÃÔÒÕÍ ÏÆ #Õ/  ÃÁÌÃÉÎÅÄ ÁÔ ςππᶼ# ÆÏÒ φπ ÍÉÎÕÔÅÓ 

 

 ̧ςυπᶼὅ: A weak peak appeared at  Ἣἵ ὃ ), characteristic of the ὅόὕ phase. The resulting 

film was a mixed phase of ὅόὕ and ὅόὕ. 

 

 
Figure 3 ς Raman scattering spectrum of ὅόὕ calcined at ςυπὅ for 60 min]} 

 

 ̧σππᶼὅ: The intensity of the ὅόὕ peaks (ςωψ ὧά  and φςφ ὧά ) increased significantly, 

indicating a higher ὅόὕ ratio. This makes the material less suitable for solar cells due to the lower 

conductivity of ὅόὕ compared to ὅόὕ. 
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Figure 4 ς Raman scattering spectrum of ὅόὕ calcined at σππὅ for 60 minutes]} 

 

2. X-ray Diffraction (XRD) Analysis 

 ̧ςππᶼὅ: The XRD pattern confirmed a cubic crystalline ὅόὕ film. Peaks at σφȢυςᶼȟτσȢσυᶼ, and 

χτȢςπᶼ correspond to the (110), (111), and (311) faces. 

 ̧ The calculated lattice constant was ὥ τȢςχ B, consistent with previously published values. 

 ̧ςυπᶼὅ ÁÎÄ σππᶼὅ: The presence of the ὅόὕ phase was re-confirmed by additional XRD peaks. 

This result is consistent with the Raman analysis. The ὅόὕ phase fraction increased with increasing 

temperature. 
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Figure 5 ς X-ray diffraction patterns of ὅόὕ calcined at different temperatures (a) and magnified (b) 

 

Conclusion 

 ̧ὅόὕ thin films were successfully fabricated using the thermal oxidation method. 

 ̧ The optimal temperature is ςππᶼὅ for obtaining single-phase ὅόὕ films with a cubic structure. 

 ̧ Higher temperatures (ςυπᶼὅȟσππᶼὅ) result in the appearance of the ὅόὕ phase. 

 ̧ The fabricated material is potentially suitable for use as a multilayer structure in optoelectronic 

components. 
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STRATEGIES FOR COGNITIVE OPTIMIZATION: THE MULTIDIMENSIONAL CORRELATION BETWEEN 

PHYSICAL ACTIVITY, CONCENTRATION CONTROL, AND ACADEMIC PERFORMANCE 

 IN UNIVERSITY STUDENTS 

 

Abstract 

In the context of increasing academic pressure, this study investigates the impact of Physical Education 

(PE) on the cognitive and academic variables of university students. By employing a comparative 

experimental method between a group participating in regular exercise όҗо sessions/week) and a sedentary 

group (<1 session/week), the research collected data on concentration levels and Grade Point Average (GPA) 

over a 12-week period. Statistical analysis using t-tests revealed that the active group showed a significant 

breakthrough in concentration scores (increasing by 18.5%) and GPA (increasing by 9.4%) compared to the 

control group. Pearson correlation coefficients confirm the foundational role of physical health in driving 

intellectual efficiency. 

Keywords:  

oͫgnitive optimization, regular exercise, GPA, concentration ability, physical education. 

 

I. INTRODUCTION AND THEORETICAL FRAMEWORK 

1.1. Research Context 

In the modern educational landscape, university students face not only a massive volume of knowledge 

but also intense pressure from exams and high academic requirements. One of the most critical factors 

influencing learning efficiency is the ability to concentrate, which serves as the foundation for absorbing and 

processing information. In Vietnam, the evaluation of PE's impact on academic success has yet to be deeply 

researched. 

1.2. The Link Between Exercise and the Brain 

Physical activity is not merely a supplementary activity for physical health but also brings numerous 

mental and cognitive benefits11. International studies have indicated that physical activities help improve 

cognitive function, reduce stress, and enhance concentration, thereby raising academic performance12. 

Movement stimulates the production of neurotransmitters like dopamine and serotonin, which facilitate 

logical thinking and memory. 

II. DETAILED RESEARCH METHODOLOGY 

2.1. Subjects and Grouping 

The study was conducted on a sample of .  ρππ university students recruited from various 

disciplines within the same institution14: 

¶ PE Group (Experimental): Consists of 50 students participating in a regular PE program at least 3 

sessions per week throughout the semester. 

¶ Non-PE Group (Control): Consists of 50 students who did not participate in regular PE or 

participated very little (less than 1 session per week). 

2.2. Measurement Tools and Procedures 

To ensure objectivity, the study utilized a dual measurement system: 

1. Concentration Test: A standardized test (measured on a 0-100 scale) designed to evaluate 

attention span through timed calculation or multiple-choice exercises. 
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2. Academic Performance: Grade Point Average (GPA) for the semester, measured on a 10-point 

scale, sourced directly from the university's management system. 

The process was divided into three stages: Pre-study collection (Week 0), the 12-week intervention 

period, and Post-study analysis (Week 12). 

III. RESULTS AND STATISTICAL ANALYSIS 

3.1. Analysis of Changes in Concentration Ability 

Experimental data showed a clear distinction between the two groups after three months: 

¶ PE Group: The average score increased from φψȢυ  φȢσ to ψρȢς  υȢψ, representing a 18.5% 

improvement. 

¶ Non-PE Group: The score only rose slightly from 67.8 to 70.3, a mere 3.7% increase. 

¶ Significance: T-test results confirmed that the difference between the two groups after the study 

was statistically significant with Ð  πȢπυ. 

3.2. Impact on Academic Performance (GPA) 

The relationship between physical health and academic success was proven through specific figures: 

¶ The GPA of the PE group rose from χȢπς πȢφυ to χȢφψ πȢφρ (a 9.4% increase). 

¶ Conversely, the non-PE group only saw a slight increase of 1.8%, from 7.05 to 7.18. 

3.3. Correlation Analysis 

Using the Pearson correlation coefficient (Ò), the study established organic links between variables: 

¶ PE Participation P  Concentration Score (Ἲ  Ȣ ): Regular exercise is a strong predictor of better 

focus. 

¶ Concentration Score  PGPA (Ἲ  Ȣ ): This is the strongest correlation, confirming that high 

concentration is the direct engine for improved academic results. 

¶ PE Participation  PGPA (Ἲ  Ȣ ): Confirms the overall positive impact of physical activity on 

learning outcomes. 

IV. IN-DEPTH DISCUSSION 

4.1. Biological Mechanisms 

The superiority of the active group can be explained through neurobiology. Physical activity stimulates 

the production of dopamine and serotonin, which enhance focus and improve psychological well-being. This 

explains why students participating in regular PE tend to achieve better results. 

4.2. Educational Implications 

The results disprove the notion that time spent on PE "encroaches" on academic time. In reality, PE 

serves as a "catalyst" for cognitive functions, reducing the mental fatigue caused by prolonged study. 

V. CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

Regular participation in PE leads to significantly higher concentration levels and academic 

performance. On average, students in the PE group scored 7 points higher on concentration tests and 0.6 

points higher in GPA than their sedentary peers. 

5.2. Actionable Recommendations 

1. For Students: Actively engage in regular physical activities (at least 150 minutes per week) to 

optimize mental energy and learning efficiency. 

2. For Universities: Diversify PE programs to encourage student participation. 

o Integrate physical activities into official or extracurricular schedules to foster both physical and 

mental health. 

3. For Researchers: Expand the sample size and consider other factors such as nutrition and sleep to 

provide a more holistic view of human performance. 
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THE ROLE OF ECONOMICS IN THE TELECOMMUNICATIONS INDUSTRY: THE FOUNDATION 

 OF DEVELOPMENT AND TRANSFORMATION 

 

Annotation 

The telecommunications industry, as a critical infrastructure of the modern digital economy, 

represents a complex economic organism whose functioning and development are impossible without deep 

economic analysis and management. This article explores the multifaceted role of economics in the 

telecommunications sector. It examines the key economic characteristics of the industry, such as high fixed 

costs, economies of scale, and network externalities, which create natural monopoly tendencies and 

necessitate government regulation. The article analyzes economic pricing models, investment strategies in 

the face of rapid technological obsolescence (transition from 4G to 5G and prospects for 6G), and the financial 

dynamics of introducing new services (IoT, cloud services). Special attention is paid to the role of economic 

instruments in stimulating competition, regulating tariffs, managing scarce resources (radio spectrum), and 

assessing the socio-economic impact of network development. The article demonstrates that economics 

serves not only as a tool for maximizing operator profits but also as a basis for shaping public policy aimed at 

ensuring universal access to communications services, fostering innovation-driven growth, and safeguarding 

national digital security. 

Keywords:  

telecommunications economics, telecommunications industry, regulation of natural monopoly, network 

externalities, radio frequency spectrum, pricing, infrastructure investment, competition in the 

communications market, digital economy, socio-economic efficiency. 

 

1. Introduction: The Telecommunications Industry as an Object of Economic Research 

The modern telecommunications industry has ceased to be a narrowly technological sector providing 

telephony services. It has transformed into a foundational platform sector of the economy, enabling the 

functioning of financial systems, logistics, public administration, media, and social communications. 

Economic analysis in this field encompasses the micro-level (strategies of individual companies), meso-level 

(industry markets), and macro-level (contribution to GDP, digitalization). Economics sets the framework 

within which technological innovations become commercially viable and socially beneficial. 

2. Key Economic Characteristics of the Industry and Their Consequences 

The economics of telecommunications is defined by a number of unique characteristics shaping its 

market structure: 

1. High Sunk and Fixed Costs: Building network infrastructure (towers, cable routes, data centers) 

requires enormous initial investments that cannot be repurposed. Meanwhile, the marginal cost of 

connecting a new subscriber or transmitting an additional gigabyte of data is extremely low. This 

creates economies of scale and forms the basis for a natural monopoly at the network level, which 

historically has been the reason for strict government regulation or state ownership. 

2. Network Externalities (Metcalfe's Law): The utility of a network to each of its users increases 

ǇǊƻǇƻǊǘƛƻƴŀƭƭȅ ǘƻ ǘƘŜ ǎǉǳŀǊŜ ƻŦ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŎƻƴƴŜŎǘŜŘ ǎǳōǎŎǊƛōŜǊǎ όƴчύΦ ¢Ƙƛǎ ŎǊŜŀǘŜǎ ŀ ǇƻǎƛǘƛǾŜ ŦŜŜŘōŀŎƪ 
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loop: the more subscribers, the more valuable the network, which stimulates its growth but can also lead to 

the dominance of a single standard or operator. 

3. Scarcity and Economic Value of Key Resources: The radio frequency spectrum is a national asset, 

a non-reproducible and limited resource. The economic mechanisms for its allocation (contests, auctions, 

administrative assignment) directly influence the level of competition, the speed of new technology 

adoption, and state budget revenues. 

4. Rapid Technological Obsolescence: The lifecycle of technologies (3G, 4G, 5G) is 7-10 years, 

requiring constant reinvestment. Economics must provide answers to questions about payback periods, 

funding sources, and the management of parallel networks. 

3. Key Areas of Economic Analysis and Management 

3.1. Regulation and Antitrust Policy 

The goal is to balance stimulating operator investment with protecting consumer interests. 

Instruments include: 

¶ Tariff regulation (for dominant operators in markets with low competition). 

¶ Ensuring non-discriminatory access for competitors to the infrastructure (physical or virtual) of a 

dominant operator. 

¶ Functional separation (e.g., separating infrastructure and retail service operators). 

3.2. Pricing and Business Models 

Economics has moved from simple per-minute call charges to complex multi-tiered models: 

¶ The "all-you-can-eat" model (unlimited packages) to stimulate data consumption. 

¶ Differentiated pricing (QoS ς Quality of Service) for corporate clients and services with guaranteed 

low latency (IoT for drones, telemedicine). 

¶ Two-sided markets (platforms), where the operator connects subscribers and content providers, 

deriving benefits from both sides. 

3.3. Investment Analysis and Project Management 

Assessing the economic feasibility of deploying next-generation networks (5G/6G) in various regions 

(urban, rural) requires complex models that consider not only direct payback but also indirect benefits for 

related industries (smart cities, industrial internet). 

3.4. Assessment of Socio-Economic Efficiency (SEE) 

Telecommunications economics has moved beyond commercial efficiency. SEE methods are used to 

justify government programs to eliminate the "digital divide" (e.g., the "Eliminating the Digital Divide" project 

in Russia). They calculate the contribution of universal broadband access to GDP growth, improvements in 

education, healthcare, and public administration efficiency. 

4. Modern Challenges and the Role of Economic Tools 

¶ Transition to Ecosystem Models: Major operators are transforming into IT holdings, offering cloud, 

cybersecurity, and media services. Economics helps assess the synergy between different segments. 

¶ Competition with OTT Services: Operators are becoming a "pipe" for companies that extract the main 

profit (messengers, streaming platforms). Economic and regulatory debates about a "fair contribution" to 

infrastructure development are intensifying. 

¶ Globalization and National Security: The economic assessment of risks associated with using foreign 

network equipment (Huawei, Ericsson, Nokia) has become part of national technological and economic 

policy. 

Conclusion 

Economics is not merely an auxiliary discipline for telecommunications engineers but the strategic 

language used to formulate industry development goals, make regulatory decisions, and evaluate their 
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impact. It acts as a translator between technological possibilities and societal needs, between the commercial 

interests of companies and the goals of national development. The future of the telecommunications 

industry, especially in the context of 5G/6G development, the Internet of Things, and the metaverse, will be 

decisively shaped by how effectively economic models can balance innovation, investment, competition, and 

universal accessibility. 
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THE ROLE OF CYBERSECURITY IN THE COMMUNICATIONS SYSTEM: ENSURING  

RESILIENCE IN A HYPER-CONNECTED WORLD 

 

Annotation 

Modern communication systems form the critical circulatory system of the global digital economy, 

social infrastructure, and national security. As these systems evolve towards 5G/6G, IoT, and cloud-native 

architectures, their attack surface expands exponentially, transforming cybersecurity from a supportive 

function into a foundational design principle. This article examines the multifaceted and escalating role of 

cybersecurity within communications networks. It analyzes the unique threat landscape targeting core 

network functions, signaling protocols, and subscriber data. The paper explores the paradigm shift from 

perimeter-based defense to a holistic strategy encompassing Zero Trust Architecture (ZTA), Security by 

Design, and comprehensive Supply Chain Risk Management (SCRM). A critical evaluation of key cybersecurity 

frameworks and standards (e.g., NIST CSF, 3GPP specifications, GSMA security guidelines) is provided. 

Furthermore, the article delves into the technical and policy challenges of securing emerging technologies 

like Network Function Virtualization (NFV), Software-Defined Networking (SDN), and Open RAN, while 

addressing the critical interdependencies between cybersecurity, privacy regulations (e.g., GDPR), and 

national resilience. The conclusion posits that robust, intelligence-driven cybersecurity is now the essential 
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enabler of trust, innovation, and continuity in the communications ecosystem. 

Keywords:  

cybersecurity, communications security, 5G security, Zero Trust Architecture (ZTA), supply chain risk 

management (SCRM), network function virtualization (NFV), software-defined networking (SDN), 

 threat landscape, resilience, critical infrastructure protection. 

 

1. Introduction: From Periphery to Core 

The communications industry has undergone a radical transformation, shifting from providing simple 

connectivity to being the platform for everythingτgovernance, finance, healthcare, and industrial control. 

This centrality makes it a prime target for a diverse array of threat actors, including state-sponsored groups, 

cybercriminals, and hacktivists. Consequently, cybersecurity is no longer an IT add-on but a core operational 

and strategic imperative integrated into every layer of the network, from physical infrastructure to 

application services. A breach in communications security can cascade into catastrophic economic, social, 

and physical consequences. 

2. The Evolving Threat Landscape for Communications Networks 

Communications systems face a complex spectrum of threats that exploit both legacy vulnerabilities 

and new architectural complexities: 

¶ Network Core & Signaling Attacks: Exploitation of SS7 and Diameter signaling protocols for location 

tracking, call interception, and fraud. Attacks on the IP Multimedia Subsystem (IMS) and the 5G Core (5GC) 

network functions. 

¶ Denial-of-Service (DoS) & Distributed DoS (DDoS): Overwhelming network resources to disrupt 

service availability for extortion or to mask other intrusions. The massive scale of IoT botnets (e.g., Mirai) 

amplifies this threat. 

¶ Supply Chain Compromise: Insertion of malicious components or backdoors into hardware, software, 

or firmware from vendors, threatening the integrity of the entire network. This is a paramount concern in 

the geopolitical context of 5G deployment. 

¶ Data Breaches & Privacy Violations: Unauthorized access to vast repositories of sensitive subscriber 

data, Call Detail Records (CDRs), and metadata, enabling espionage, identity theft, and sophisticated social 

engineering. 

¶ Exploitation of Virtualization & Cloud Infrastructure: Attacks targeting the hypervisor, orchestration 

layers (like Kubernetes), or shared resources in NFV/SDN environments to achieve lateral movement or 

tenant escape. 

¶ Ransomware & Operational Technology (OT) Convergence: Targeting operational support systems 

(OSS/BSS) and the increasing interconnection between IT networks and industrial OT (e.g., in smart grids 

powered by cellular IoT) to halt operations. 

3. Foundational Cybersecurity Principles for Modern Networks 

To counter these threats, a strategic shift in security philosophy is required: 

¶ Security by Design & Default: Integrating security requirements from the initial architectural phase 

of network development, not as an afterthought. This includes rigorous code reviews, automated 

vulnerability testing in CI/CD pipelines, and secure configurations. 

¶ Zero Trust Architecture (ZTA): Moving beyond the obsolete "castle-and-moat" model. ZTA operates 

on the principle of "never trust, always verify," enforcing strict identity verification, least-privilege access, 

and micro-segmentation for every access request, regardless of origin (inside or outside the network). 

¶ Defense in Depth (Layered Security): Implementing multiple, overlapping security controls (physical, 
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network, host, application, data) to provide redundancy. If one layer is breached, others remain to thwart 

the attack. 

¶ Proactive Threat Intelligence & Hunting: Leveraging AI/ML for Security Information and Event 

Management (SIEM) and Security Orchestration, Automation, and Response (SOAR) to move from reactive 

incident response to proactive identification and mitigation of advanced persistent threats (APTs). 

4. Securing Next-Generation Architectural Paradigms 

New network technologies introduce specific security challenges and opportunities: 

¶ 5G Security: While 5G standards introduce improvements like enhanced subscriber authentication 

and network slicing isolation, they also create new risks. The security of network slicing (ensuring one slice 

cannot impact another), the exposure of network APIs to third parties, and the massive scale of IoT device 

security are critical foci. 

¶ NFV/SDN Security: The "softwarization" of network functions introduces risks like hypervisor 

vulnerabilities, orchestration layer attacks, and the need for immutable, verified software images. Security 

must be embedded into the MANO (Management and Orchestration) framework. 

¶ Open RAN (O-RAN) Security: The disaggregation of the RAN and the introduction of open interfaces 

(e.g., Open Fronthaul) increase the potential attack surface. Ensuring the integrity and confidentiality of 

traffic across multi-vendor interfaces and securing the RAN Intelligent Controller (RIC) are paramount 

challenges. 

5. The Regulatory and Governance Imperative 

Cybersecurity in communications is heavily shaped by a growing body of regulation and industry 

collaboration: 

¶ National Regulations & Critical Infrastructure Designation: Governments are mandating security 

requirements (e.g., NIST IoT Cybersecurity Labeling, EU's NIS2 Directive), conducting audits, and designating 

communications as Critical National Infrastructure (CNI), subject to stringent protection obligations. 

¶ Industry Standards & Collaboration: Bodies like 3GPP, GSMA (with its Network Equipment Security 

Assurance Scheme - NESAS), and ETSI are vital for developing globally consistent security standards and 

fostering information sharing through ISACs (Information Sharing and Analysis Centers). 

¶ Privacy by Design: Regulations like GDPR and CCPA force communications service providers (CSPs) to 

integrate data protection principles, such as data minimization and encryption, directly into their architecture 

and processes. 

6. Conclusion: Cybersecurity as the Enabler of Trust 

In the digital age, the value of a communications network is directly proportional to the trust placed in 

its security, reliability, and privacy. Cybersecurity has therefore transitioned from a cost center to a key 

competitive differentiator and a non-negotiable requirement for societal function. The future resilience of 

the global communications ecosystem depends on the continuous, collaborative evolution of security 

practicesτtechnologically through ZTA and AI-driven defenses, operationally through robust incident 

response, and strategically through resilient supply chains and international cooperation. Failing to prioritize 

cybersecurity is not merely a business risk; it is a direct threat to economic stability and public safety. 
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THE CONVERGENCE OF QUANTUM COMPUTING AND ARTIFICIAL INTELLIGENCE:  

A NEW PARADIGM IN COMPUTATIONAL SCIENCE 

 

Abstract 

As classical silicon-ōŀǎŜŘ ŎƻƳǇǳǘƛƴƎ ŀǇǇǊƻŀŎƘŜǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ƭƛƳƛǘǎ ŘŜŦƛƴŜŘ ōȅ aƻƻǊŜΩǎ [ŀǿΣ ǘƘŜ 

integration of quantum mechanics into computational theory represents the next frontier of technological 

evolution. This article explores the intersection of Quantum Computing (QC) and Artificial Intelligence (AI). 

We analyze how quantum bits (qubits) utilize superposition and entanglement to solve complex optimization 

problems that are currently intractable for classical binary systems. The discussion extends to the practical 

implications for cryptography, pharmaceutical modeling, and deep learning architectures. By examining 

current hardware limitations and algorithmic breakthroughs, this paper provides a comprehensive overview 

of how "Quantum Advantage" will redefine the landscape of computer science in the coming decade. 

Keywords:  

quantum computing, artificial intelligence, qubits, cryptography, machine learning, computational science. 

 

Introduction 

The history of computer technology has been a relentless pursuit of density and speed. For over half a 

century, the industry followed the trajectory set by Gordon Moore, doubling the number of transistors on a 

microchip approximately every two years. However, as we reach the scale of individual atoms, classical 

physics gives way to the unpredictable nature of quantum mechanics. This transition marks the birth of 

Quantum Information Science (QIS)τa field that does not merely aim to build faster computers, but 

fundamentally different ones. 
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The Classical Bottleneck 

Classical computers, regardless of their power, operate on a binary logic: bits are either 0 or 1. While 

this deterministic approach is perfect for accounting, word processing, and internet browsing, it struggles 

with "combinatorial explosions." When a problem requires analyzing trillions of possible permutationsτsuch 

as folding a protein or optimizing a global supply chainτclassical hardware must process these options 

sequentially or through limited parallelization. 

The Quantum Leap: Superposition and Entanglement 

Quantum computing leverages the principles of quantum mechanics to process information. Unlike a 

bit, a qubit can exist in a state of superposition, representing both 0 and 1 simultaneously. Furthermore, 

through entanglement, qubits can be linked such that the state of one instantaneously influences the state 

of another, regardless of distance. 

Mathematically, if we have $n$ qubits, they can represent $2^n$ states simultaneously. To put this in 

perspective, a quantum computer with only 300 perfectly stable qubits could represent more states than 

there are atoms in the observable universe. This exponential scaling is the "engine" behind the next scientific 

revolution. 

Quantum-Enhanced Artificial Intelligence 

The most promising synergy in modern science is the marriage of Quantum Computing and Artificial 

Intelligence (QAI). Modern AI, particularly Deep Learning, is incredibly resource-intensive. Training a large 

language model (LLM) requires massive data centers consuming megawatts of power. 

Quantum algorithms, such as the Quantum Approximate Optimization Algorithm (QAOA), have the 

potential to accelerate the training phase of neural networks by navigating the "loss landscape" more 

efficiently than classical gradient descent. By using quantum tunneling, these algorithms can "jump" through 

energy barriers to find the global minimum, preventing the AI from getting stuck in local optima. 

Practical Applications and the Future 

The implications are profound: 

1. Material Science: Simulating molecular interactions at the quantum level to create room-

temperature superconductors. 

2. Cybersecurity: While quantum computers threaten current RSA encryption, they also enable 

"Quantum Key Distribution" (QKD), which is theoretically unhackable. 

3. Climate Modeling: Simulating atmospheric carbon capture processes with high precision. 

However, we remain in the Noisy Intermediate-Scale Quantum (NISQ) era. Our current machines are 

prone to "decoherence"τwhere the quantum state collapses due to environmental interference like heat or 

electromagnetic waves. The challenge for the next five years is not just building more qubits, but building 

"logical qubits" through advanced error correction. 
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͎ͪ͊ͺ͙͙͟ ͙ͨͪ ͔ͨͦ͒͋ͦͪ ͣͦ΅͙ͤͦͫͭ ͍͙͎͔͒͊ͭ͡Ύ ͒͡Ύ ͔ͦͤͪͭͤ͟͟·ͻ ͍ͤ͊ͫͦͫͦΣ ͍͔͙ͤͭ͡Ύ͍ͭͦͪͦ ͙͙͡ ͍ͫͭ͊ͤͦ͟Φ 

˽͍ͯͫͦ͟·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͦͪͦͭͦ͊ͣͤͯͭ͘͟͟͟·ͻ ͍͙͎͔͔͚͒͊ͭ͡ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎ ͤ͊͘;͙͔ͭ͡Έͤ·͙ͣ 

͙͋ͪͦͫ͊ͣ͟ ͭͦ͊͟Σ ͔͍ͨͪ·΄͊Ό΅͙͙ͣ ͙ͤͦͣͤ͊͡Έͤ·͔ ͤ͊͘;͔͙ͤΎ ͍ ͨΎͭΈ ͙͙͡ ͔ͫͣΈ ͪ͊͘Φ ͙͔́͊͟ ͔͙͔ͪ͘͟ ͎͙ͤ͊ͪͯ͘͟ 

͎ͣͦͯͭ ͍·͘·͍͊ͭΈ ͨͪͦͫ͊͒ͯ͟ ͤ͊ͨͪΎ͔͙͗ͤΎ ͍ ͙ͨͭ͊Ό΅͔͚ ͔͙ͫͭ ͙ ͔͎͙͍ͤ͊ͭͤͦ ͍͙͡ΎͭΈ ͤ͊ ͎͙͔͒ͪͯ ͨͦ͒͟͡Ό;͔ͤͤ·͔ 

͚͍ͯͫͭͪͦͫͭ͊Φ ˨͡Ύ ͫͣΎ͎;͔͙ͤΎ ͨͯͫ͊͟ ;͊ͫͭͦ ͙͔ͨͪͣͤΎΌͭͫΎ ͚͍ͯͫͭͪͦͫͭ͊ ͍͎ͨ͊ͤͦͦ͡ ͨͯͫ͊͟ ͙͙͡ ͔͍͔͙ͨͪͦ͋ͪ͊ͦ͊ͭ͘͡ 

;͊ͫͭͦͭ·Σ ͦͭͦͪ͟·͔ ͔͔ͨͦͫͭͨͤͤͦ ͤ͊ͪ͊΅͙͍͊Όͭ ͤ͊ͨͪΎ͔͙͔͗ͤΦ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͔͋͗͊ͭ͘Έ ͯ͒͊ͪͤ·ͻ 

͔ͣͻ͙͊ͤ;͔͙ͫ͟ͻ ͎ͤ͊ͪͯͦ͘͟ ͤ͊ ͨͦ͒΄͙͙͙ͨͤ͟ ͙ ͔ͪ͒ͯͭͦͪ͟·Σ ͔͍ͨͪͦ͒͊͡Ύ ͔ͪͫͯͪͫ ͍͔͚ͫ ͙͔͙ͤͣ͊ͭ͟;͔͚ͫͦ͟ ͼ͔͙ͨΦ 

˿͍͔͔ͦͪͣͤͤ͊Ύ Ή͔͔ͭͪͦͣ͟͡ͻ͙͊ͤ͊͟ ͔͙ͫͭͪͣͭͫΎ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ Ή͙ͭ ͔͎͙͍ͤ͊ͭͤ·͔ ͺ͊ͭͦͪ͟· ͫ ͨͦͣͦ΅ΈΌ 

͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͻ ͙͔ͫͫͭͣ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ 

˻ͻ͔͙͔͊͗͒ͤ͡ ͍͙͎͔͒͊ͭ͡Ύ ͙͎͔ͪ͊ͭ ͙͙ͪͭ͟;͔ͫͯ͟Ό ͪͦ͡Έ ͍ ͫͦͻ͔͙͙ͪ͊ͤͤ ͼ͔͙ͦͫͭͤͦͫͭ͡ ͙ͦ͘͡Ύͼ͙͙ ͦ͋ͣͦͭͦ͟ 

ͫͭ͊ͭͦͪ͊ ͙ͨͪ ͙͔͒ͭ͡͡Έ͚ͤͦ ͔ͪ͊͋ͦͭΦ ˣͦ͡Έ΄͙͍ͤͫͭͦ ͫͭ͊ͤ͒͊ͪͭͤ·ͻ ͣ͊΄͙ͤ ͙͔ͣΌͭ ͊ͪ͘͟·͔ͭͦ ͙͔͙͔ͫͨͦͤͤ͡ ͫ 

͍͔ͤ΄͙ͤͣ ͍ͦ͋͒ͯͦͣ ͙ͨͪ ͨͦͣͦ΅͙ ͍͔͙ͤͭ͡Ύͭͦͪ͊Σ ͔͎ͤ͊ͫ͊͗ͤͤͦͦ ͤ͊ ͍͊͡Φ ˾͔͋ͪ͊ ͤ͊ ͔ͦͪͨͯͫ͟ ͫͭ͊ͭͦͪ͊ 

͍͔͙ͯ͡;͙͍͊Όͭ ͨͦ͡΅͊͒Έ ͔ͭͨͦͦͭ͒͊͡;͙Σ ͍ͨͦͦ͘͡ΎΎ Ήͺͺ͔͙͍ͭͤͦ͟ ͔͙͍ͪ͊ͫͫ͊ͭΈ ͔ͭͨͦ͡ ͍ ͦͪͯ͗͊͟Ό΅ͯΌ ͔ͫͪ͒ͯΦ ˽͙ͪ 

͔ͪ͊͋ͦͭ ͤ͊ ͙͙ͤ͘͟ͻ ͦ͋ͦͪͦͭ͊ͻ ;͔͔ͪ͘ ;͊ͫͭͦͭͤ·͚ ͔͍͔ͨͪͦ͋ͪ͊ͦ͊ͭ͘͡Έ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͍͔͎ͫͦ͋ͫͭͤͤͦͦ 

͍͔͙ͤͭ͡Ύͭͦͪ͊ ͔ͨ͊͒͊ͭΣ ;ͭͦ ͔͔ͭͪ͋ͯͭ ͍͙ͯͫͭ͊ͤͦ͟ ͔͍͙͙͎ͤ͊ͫͣͦͦ͘ ͦͻ͔͙͊͗͒ͤ͡ΎΦ ˽͔͔͎͔͍ͪͪ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͤͦ 

͙ͨͪ;͙͚ͤͦ ͍·ͻͦ͒͊ ͙͘ ͫͭͪͦΎ Ή͔͔ͭͪͦͣ͟͡ͻ͙͊ͤ;͔͙ͫ͟ͻ ͚͍ͯͫͭͪͦͫͭΣ ͨͦΉͭͦͣͯ ͔͔ͭͣͨͪ͊ͭͯͪͤ·͚ ͦͤͭͪͦ͟͡Έ ͚͔ͪ͊ͤ͟ 

͍͔͊͗ͤΦ 

˭͊΅͙ͭ͊ ͙͊ͫͤͻͪͦͤͤ·ͻ ͍͙͎͔͔͚͒͊ͭ͡ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͫ ͨͦͣͦ΅ΈΌ ͔ͦͣͨͫ͊͟͟͡ ͍͊ͨͨ͊ͪ͊ͭͦΣ 

͔͍ͨͪ͒ͦͭͪ͊΅͊Ό΅͙ͻ ͍͙͚͊͊ͪͤ·͔ ͔͙ͪ͗ͣ· ͪ͊͋ͦͭ·Φ ͔͍́ͨͦ͡·͔ ͔͔ͪ͡ ͔͎͙ͪ͊ͪͯΌͭ ͤ͊ ͙͔͒ͭ͡͡Έͤ·͔ ͔͔͎͙ͨͪͪͯ͘͟Σ 

ͦͭ͟͡Ό;͊Ύ ͙͙͔ͨͭ͊ͤ ͒ͦ ͎ͭͦͦΣ ͊͟͟ ͙ͦ͘͡Ύͼ͙Ύ ͤ͊;͔ͤͭ ͪ͊ͪͯ͘΄͊ͭΈͫΎΦ ˢ͍͙ͭͦͣ͊ͭ;͔͙͔ͫ͟ ͍·͟͡Ό;͔͙͊ͭ͡ 

͔ͦ͋ͫͨ ͔;͙͍͊Όͭ ͎͍͔͔ͣͤͦͤͤͦ ͫͪ͊͋͊ͭ·͍͙͔͊ͤ ͙ͨͪ ͙ͦͪͦͭ͟͟ͻ ͊ͣ͘·͙͊ͤ͟Ύͻ ͍ ͦ͋ͣͦͭ͊͟ͻ ͙͙͡ ͔͊͋͟͡Έͤ·ͻ ͙͙ͤ͡ΎͻΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͼ͙ͺ͍ͪͦ·͔ ͙͋ͦ͟͡ ͊͘΅͙ͭ· ͫͨͦͫͦ͋ͤ· ͔͙͍ͦͭͫ͗͊ͭ͡Έ ͔͔ͨͪͦͫ͟ ͺ͊͘Σ ͦ͋ͪ·͍ ͚ͦ͒ͤͦ ͙͘ ͺ͊͘ ͙ 

͙͍͔͙͔ͫͦͨͪͦͭͤ͡ ͙ͦ͘͡Ύͼ͙͙Φ ˽͍͙ͪ͊͡Έͤ͊Ύ ͚ͤ͊ͫͭͪͦ͊͟ ͊͘΅͙͚ͭͤͦ ͊ͨͨ͊ͪ͊ͭͯͪ· ͎͙͔͊ͪ͊ͤͭͪͯͭΣ ;ͭͦ 

͎͒ͦͪͦͦͫͭͦΎ΅͔͔ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ ͔ͤ ͔ͨͦͫͭͪ͊͒͊ͭ ͙ͨͪ ͍͙͍͔͙͙ͦͤͤͦͤ͘͟ ͔ͤ΄ͭ͊ͭͤ·ͻ ͙ͫͭͯ͊ͼ͙͚ ͤ͊ 

͙͍͍͔ͨͪͦͦ͒ͫͭ͘Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˤ ͊͘͟͡Ό;͔͙͔ͤ ͙ͫͭͦͭ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͔ͭͪͻͺ͊ͤ͘·͚ ͙͊ͫͤͻͪͦͤͤ·͚ ͍͙͎͔͒͊ͭ͡Έ ͔ͦͫͭ͊ͭͫΎ 

͔͔͍͚͔ͤͨͪͦ͒ͤͤ͘·ͣ ͨͦ ͫͦ;͔͙ͭ͊ͤΌ ͙͙ͫͭͦͣͦͫͭ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͙ͤͦͫͭΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͎͙͒ͪͯͻ ͙͍ͭͨͦ 

ͣ͊΄͙ͤΣ ζ͔͙͋͡;ΈΎ ͔ͭ͊͟͟͡η ͫͦͻͪ͊ͤΎ͔ͭ ͙͔͍͒ͪͫͭͦ͡ ͍ͦ ͍͔ͫͻ ͦͭͪ͊ͫ͡Ύͻ ͎ͤ͊ͪͦ͒ͤͦͦ ͻͦ͘Ύ͚͍ͫͭ͊Φ ˽ͪͦͫͭͦͭ͊ 

͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͍͙͔ͦͭͫͯͭͫͭ ͙ͫͪ͟Ύ΅͙ͻ ͍ͦͤͭ͊ͭͦ͟͟ ͙ ͍·ͫͦ͊͟Ύ ͔͔͎ͨͪͪͯͦ͘;ͤ͊Ύ ͫͨͦͫͦ͋ͤͦͫͭΈ ͔͒͊͡Όͭ ͔͎ͦ 

͙͔͒͊͡Έͤ·ͣ ͍·͋ͦͪͦͣ ͒͡Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͊͒͊͘;Φ ˽͙͙͔ͦͤͣ͊ͤ ͔͎ͦ ͚͍ͯͫͭͪͦͫͭ͊ ͙ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ 
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͊͗͒ͦͣͯ͟ ͔ͫͨͼ͙͙͊ͫͭͯ͡Σ ͪ͊͋ͦͭ͊Ό΅͔ͣͯ ͍ ͫͺ͔͔ͪ Ή͔ͭͪͦ͟͡Ή͔͎͔͙͙ͤͪͭ͟ ͙ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙͙Φ ˨͊͡Έ͔͚ͤ΄͊Ύ 

͙͔͎ͤͭͪ͊ͼ͙Ύ Ή͙ͭͻ ͣ͊΄͙ͤ ͫ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͙ͣ ͔ͫͭΎ͙ͣ ͭͦ͡Έͦ͟ ͔͙ͯͪͨͭ͟ ͙ͻ ͙ͨͦ͘ͼ͙͙ ͍ ͋ͯ͒ͯ΅͔ͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˴͊ͼͣ͊ͤ ˸Φ˸ΦΣ ͔͙̏ͭͪ͟͡;͔͙͔ͫ͟ ͣ͊΄͙ͤ·Υ ͯ;͔͙͋ͤ͟ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦ ͯ;͔͔͙͚ͪ͗͒ͤ ͔͔͎ͫͪ͒ͤͦ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ нлмтΦ 

2. ˴ͦͨ·͍ͦ͡ ˮΦ˽ΦΣ ˽͔͙͍͙͔ͪͦͭͪͦ͊ͤ͟ Ή͔͙ͭͪ͟͡;͔͙ͫ͟ͻ ͣ͊΄͙ͤΥ ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ ͒͡Ύ ͍͍ͯͦ͘Σ нлммΦ 

3. ˤͦ͡Έ͙͚ͫ͟ ˤΦ˩ΦΣ ͔͙̏ͭͪ͟͡;͔͙͔ͫ͟ ͣ͊΄͙ͤ· ͙ ͙ͣͪͦͣ͊͟΄͙ͤ·Υ ͯ;͔͙͋ͤ͟ ͙ ͙ͨͪ͊ͭͯͣ͟͟ ͒͡Ύ ͍͍ͯͦ͘Σ нлнмΦ 

4. ˸͔ͦͫ͊ͤͦ͟͟͡ ˤΦˤΦΣ ͔͙̏ͭͪ͟͡;͔͙͚ͫ͟ ͙͍ͨͪͦ͒Υ ͯ;͔͙͋ͤ͟ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦ ͯ;͔͔͙͚ͪ͗͒ͤ ͔͔͎ͫͪ͒ͤͦ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ нлмфΦ 

5. ˣ͔͍ͫͨ͊ͦ͡ ˤΦ̒ΦΣ ͔͙̏ͭͪ͟͡;͔͙͔ͫ͟ ͣ͊΄͙ͤ·Υ ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ ͒͡Ύ ͍͍͋͊͊͊ͪͦ͟͡Σ нлннΦ 

ϭ˥͍ͯͪ͋͊ͤͦ ˣΦ, s ͍ͭ͊ͣ͊ͤͦ͊ ̊ΦΣ ˴͔͍ͦͣͦ͊͟ ˥ΦΣ ˸͔͔͍ͪ͒ͦ ˸Φ, 2025 

 

 

 

 

͍̆͊ͤ͒͗͊ͤͦ ˻ͪ͊ͣ͘·ͪ͊ͭ ͎̒΄·͎͔͙͔͍͙͒͡;  

ζ͔͙͚́ͯͪͣͤͫ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭηΣ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ ́͊΄͊ͯ͘ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͔ͫͫ͒ͯ͡ΌͭͫΎ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ Ή͔͔ͣͤͭ͡·Σ ͙͔ͤͫͭͪͯͣͤͭ·Σ ͍·ͨͦͤ͡ΎΌ΅͙͔ ͙͔͒ͦͨͦͤͭ͡͡ΈͤͯΌ 

͙ ͔͙͙͍ͣͦ͒ͪͤͪͦ͊ͤͤͯ͘Ό ͺͯͤ͟ͼ͙͙ ͍ ͔ͫͭͪͯͭͯͪ͟ ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ 

͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͦͪͨͦͪ͊͟ͼ͙͙Φ ͔́͊͗͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͍ ͔ͫͭͪͯͭͯͪ͟ ͫͻ͔ͣ͊ ͙͔͎ͤͭͪ͊ͼ͙͙ ͨͪͦͼ͔͍ͫͫͦ 

͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌΦ  

͔̇͡Έ ͫͭ͊ͭΈ͙ ς ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ ͔͙͙͍ͣͦ͒ͪͤͪͦ͊ͤͤͯ͘Ό ͫͭͪͯͭͯͪͯ͟ ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͍ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡Φ ˭͊͒͊;͙ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ͙͙͍ͨͪͦ͊ͤ͊ͪͦ͊ͤ͘͡· ͙ 

͍͔ͫͪ͊ͤͤ· ͒͊ͤͤ·͔ ͨͪͦͼ͔͍ͫͫͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͍ ͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ ͦͪͨͦͪ͊͟ͼ͙ΎͻΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͙ͤ ͍ͤͦ͊ͼ͙ͦͤͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΣ ͔ͣͻ͙͊ͤͣ͘Σ ͨͪͦͼ͔ͫͫΣ ͙͍ͤͤͦ͊ͼ͙ΎΣ ͔ͤͺ͔͎͍ͭ͊ͦ͊͘Ύ ͦͭͪ͊ͫ͡ΈΣ  

ͦͪͨͦͪ͊͟ͼ͙ΎΣ ͫͻ͔ͣ͊Σ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͫͭͪͯͭͯͪ͊͟Σ ͙͔͎ͤͭͪ͊ͼ͙͙. 

 

˽͔ͪͦͭ͟ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͔ͤ ͍͔͎ͫ͒͊ ͔͍ͨͪ͒ͦͫͭ͊͡Ύ͔ͭ ͨͦͤ͡·͚ ͙ 

͔͍͊͒͊ͭͤ͟·͚ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ͔ͣͻ͙͊ͤͣ͘ ͯ ͍͔͙ͨͪ͊ͤ͡Ύ ͒͡Ύ ͦͪͨͦͪ͊͟ͼ͙͙Σ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͫͦ ͫͦ͗ͤͦͫͭ͡Ύ͙ͣ 

 ͍ͫ ͔ͭͪͯͭͯͪ͟ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ ˤ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡Σ ͊͟͟ ͙ ͍ ͎͚͒ͪͯͦ ͦ ͙ͭͪ͊ͫ͡ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Σ ͦͪͨͦͪ͊͟ͼ͙͙ 

͙͊ͤͣ͊͘ΌͭͫΎ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͍ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒Έ ͫ ͼ͔͡ΈΌ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͍͚ͦͫͤͦͤͦ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͭ͊͊͟Ύ ͔͎͙ͫͭͪ͊ͭΎ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͪ͊ͫ΄͙͔͙ͪͤΌ ͙͔͋ͤͫ͊͘ ͙ ͔͍͔͙ͨͪ͒ͦͫͭ͊ͤ͡Ό 

ͦͪͨͦͪ͊͟ͼ͙Ύͣ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͙ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤ·ͻ ͙͍͍ͨͪͦͦ͒ͫͭ͘Σ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͔͙͎ͣ͊ͪͭͤ͊͟ ͙  ͭΦ͒Φ  

ˮ͍ͤͤͦ͊ͼ͙Ύ ͦͻ͍͙͊ͭͭ ͪ͊ͤ͘·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ͍͔ͯͨͪ͊ͤ͡;͔ͫͯ͟ΌΦ ˣ͔͘ 

ͣͦ΅͎ͤͦͦ ͙ ͔͎͙ͫͭͪ͊ͭ;͔͎ͫͦͦ͟ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ ͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͙ͦͣͨ͊ͤ͟Ύ ͔ͤ ͔ͣͦ͗ͭ ͔͍͊͒͊ͭͤͦ͟ 

 ͙ ͔͋ͦͨ͊ͫͤͦ͘ ͊ͨͯͫ͊ͭ͘͟Έ ͍͙ͫͦ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͨͪͦͭ͟·Φ ˢͭͯ͊͟͡Έͤ͊Ύ ͔͙ͭͣ͊ͭ͊͟ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ 

͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙Ύ͙ͣ ͒͡Ύ ͡Ό͚͋ͦ ͫͺ͔ͪ· ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˤ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡ 

ͨͦ;͙ͭ ͍͔ͫ ͫͺ͔ͪ· ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͙ͪ͊ͯ͘͡ΌͭͫΎ ͫ ͨͦͣͦ΅ΈΌ ͙͍ͤͤͦ͊ͼ͙͎ͦͤͤͦͦ ͍͙͙ͪ͊ͭ͘ΎΦ ˴͊͗͒·͚ ͎ͦ͒ 
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͋Ό͔͒͗ͭ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͨͪͦͭͦ͟ ͍ ͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ ͦͪͨͦͪ͊͟ͼ͙Ύͻ ͖ͪ͊ͫͭͭ ͊͘ ͫ;͖ͭ ͔͍ͫͪ͒ͫͭ ͙͍͔͙ͤͫͭͼ͙͚ ͦͭ 

͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͙ͦͣͨ͊ͤ͟Ύ ͔͖͋ͪͭ ͤ͊ ͔ͫ͋Ύ ͋ͦ͡Έ΄ͯΌ ͍͔͍͔ͦͭͭͫͭͤͤͦͫͭΈ ͊͘ 

͙͔͙͔͒ͦͫͭ͗ͤ ͔ͯͫͨͻ͊ ͔ͨͦͫ͡ ͍͔͔͙ͤ͒ͪͤΎ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙͍ͤͤͦ͊ͼ͙͚ ͍ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡Φ ˮͭ͊͟Σ ͍ 

͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪ ͔ͤͦ͋ͻ͙ͦ͒ͣ· ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ͯ;ͤ·͔ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͤͦ ͙ ͔͍͔͊͒͊ͭͤͦ͟ 

͍͔͙͔ͯͨͪ͊ͤ͡ ͙͙ͣ ͫ ͨͦͣͦ΅ΈΌ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙ ͙ ͔͒͊͗ ͙͍ͤͤͦ͊ͼ͙͚Φ ͔̇͡Έ ͫͭ͊ͭΈ͙ ς Ήͭͦ ͪ͊ͪ͊͋ͦͭ͊͘͟ 

͔͙͙͍͚ͣͦ͒ͪͤͪͦ͊ͤͤͦ͘ ͫͭͪͯͭͯͪ͟· ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͍ 

͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡. 

˽͍ͦͫͭ͊ͤͦ͊͟ ͊͒͊͘;͙ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ˨͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͍͔͚ͨͦͫͭ͊ͤͤͦ͡ ͼ͔͙͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͍·͙ͨͦͤͭ͡Έ 

͔ͤͫͦ͟͡Έͦ͟ ͊͒͊͘;Υ ͙ͯ͘;͙ͭΈ ͔͙͙ͭͦͪ ͙ ͙͙ͨͪ͊ͭ͟͟ ͫͭͪͯͭͯͪ͟· ͔ͣͻ͙͍͊ͤͣͦ͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ 

ͦͪͨͦͪ͊͟ͼ͙͚Τ ͍·Ύ͍͙ͭΈ ͔ͨͪͦ͋ͣ͡· ͍ͫΎ͔͚͘ ͔ͣ͗͒ͯ Ή͔͔͙ͣͤͭ͊ͣ͡ ͍ ͔ͫͭͪͯͭͯͪ͟ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍͔͙ͯͨͪ͊ͤ͡ΎΤ 

͍ͦ͋ͦͫͤͦ͊ͭΈ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙Ό ͍ͫΎ͔͚͘ ͔ͣ͗͒ͯ Ή͔͔͙ͣͤͭ͊ͣ͡ ͍ ͔ͫͭͪͯͭͯͪ͟ ͙ ͫͻ͔ͣ· ͨͪͦͼ͔͍ͫͫͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌΤ ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ ͔͙͙͍ͣͦ͒ͪͤͪͦ͊ͤͤͯ͘Ό ͫͭͪͯͭͯͪͯ͟ ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ 

ͫͻ͔ͣͯ ͙͔͎ͤͭͪ͊ͼ͙͙ ͨͪͦͼ͔͍ͫͫͦ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ 

͔͔͙́ͦͪͭͦ͟-͙ͨͪ͊ͭ͟;͔ͫ͊͟Ύ ͍ͦͫͤͦ͊ ͫͭͪͯͭͯͪ͟· ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ 

͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌΥ ͙̏ͦͤͦͣ͟;͔͔ͫͦ͟ ͍͙͙͔ͪ͊ͭ͘ ͙ͫ͡Έͤͦ ͍͙͡Ύ͔ͭ ͤ͊ ͙͙ͨͦͭͯ͟͡ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ͦͣͨ͊ͤ͟Ύ͙ͣΦ ˤ 

ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͍͔͙͔ͯͨͪ͊ͤ͡ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͍ͻ͙ͦ͒ͭ ͍ ͍ͫͦͫͭ͊ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

ͦͪͨͦͪ͊͟ͼ͙͔͚ ͊͟͟ ͙ͦ͒ͤ ͙͘ ͎͍͊ͤ͡·ͻ ͙͙͔͍ͨͪͦͪͭͭͦ ͒͡Ύ ͪ͊ͫ΄͙͔͙ͪͤΎ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Σ ͨͪͦ͒͊͗ ͙ Ή͙͙ͦͤͦͣ͟͟ ͍ 

ͼ͔ͦͣ͡Φ ̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͪ͊͋ͦͭ· ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͍ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͔͔ͣͪ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͎͙͍ͦͪ͊ͤͦ͊ͤͤͦͫͭ͘ΈΌ 

͙͔ͫͫͭͣ· ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͍͙͊ͫ͘Ύ΅͔͚ ͦͭ ;͔͚ͭͦ͟ ͫͭͪͯͭͯͪ͟· ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͍͔ͫͻ ͔ ͔ Ή͔͔͍ͣͤͭͦ͡ ͍ 

͍͔͙͙ͤ͊ͨͪ͊ͤ͡ ͍·͚͋ͪ͊ͤͤͦ ͼ͔͙͡Φ 

ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͫͭͪͯͭͯͪ͊͟ ͍͔͙ͯͨͪ͊ͤ͡Ύ ς ͍ͫͦͦͯͨͤͦͫͭ͟Έ ͍͔ͤ͘Έ͔͍ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͤ͊ͻͦ͒Ύ΅͙ͻͫΎ ͍ͦ 

͍͙͍͊ͣͦͫ͘Ύ͙͘ ͙ ͫͦͨͦ͒;͙͔͙ͤͤͤͦͫͭ ͙ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͙ ͍͙͙͔ͪ͊ͭ͘ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͊͟͟ 

͔͙͎͒ͤͦͦ ͼ͔͎ͦͦ͡Φ ˮͭ͊͟Σ ͍͙͙͔ͪ͊ͭ͘ ͨͪͦͣ·΄͔͎ͤͤͦͦ͡ ͔͙ͨͪ͒ͨͪΎ͙ͭΎ ͒ͦ͗ͤͦ͡ ͋·ͭΈ ͔͔ͦ͋ͫͨ;͔ͤͦ ͊͘ ͫ;͔ͭ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͔ͣͻ͙͊ͤͣ͊͘ ͙͍ͤͤͦ͊ͼ͙͎ͦͤͤͦͦ ͍͙͙ͪ͊ͭ͘ΎΦ ˹͊ͪΎ͒ͯ ͫ Ή͙ͭͣΣ ͍ ͦ͋΅͔ͣ ͙ ͍ ͼ͔ͦͣ͡ 

͔ͣͻ͙͊ͤͣ͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ Ή͙͚ͦͤͦͣͦ͟͟ ͍͟͡Ό;͔͊ͭ ͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡Σ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·͔ ͫͭͪͯͭͯͪ͟· ͙ ͔ͣͭͦ͒· 

͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͊ ͔ͭ͊͗͟ ͙͍ͣͦͭ͊ͼ͙ΌΦ 

˿ͭͪͯͭͯͪ͊͟ ͙ ͔ͣͻ͙͊ͤͣ͘ Ύ͍͡ΎΌͭͫΎ ͍͙ͦͫͤͦ͊ͤΎ͙ͣ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͙ͤͦͫͭ ͡Ό͚͋ͦ ͙͔ͫͫͭͣ· ͍ 

͎͙ͦͪ͊ͤ͊͘ͼ͙ΎͻΣ ͫͭͪͯͭͯͪ͊͟ ͫ;͙͔ͭ͊ͭͫΎ ͦͪͨͯͫͦͣ͟Σ ͊ ͔ͣͻ͙͊ͤͣ͘ ς ͔͖ ͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͦͫͭΈΦ ˾͙͊ͫͫͣͦͭͪͣ ͔͔͋ͦ͡ 

ͨͦ͒ͪͦ͋ͤͦ ͫͭͪͯͭͯͪͯ͟ ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌΦ ˤ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡ 

ͫͯ΅͔͍ͫͭͯΌͭ ͪ͊ͤ͘·͔ ͔ͦͣͨͫ͟͟͡· ͊͒͊͘; ͙ ͨͪͦͼ͔͍ͫͫͦ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͦͭͦͪ͟·͔ ͔ͤ 

͍·ͨͦͤ͡ΎΌͭͫΎ ͫ ͍·͙ͫͦͣ͟ ͔ͯͫͨͻͦͣ ͔͋͘ ͔͍͚͊͒͊ͭͤͦ͟ ͫͭͪͯͭͯͪ͟· ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ ˨͡Ύ ͙͙ͨͦͤͣ͊ͤΎ 

͔͙͙ͭͦͪ ͙ ͙͙ͨͪ͊ͭ͟͟ ͚͒͊ͤͤͦ ͔͙͙ͭͣ͊ͭ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͨͦͤΎ͙͔ͭ ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͙ ͔͎ͦ ͫͭͪͯͭͯͪͯ͟Φ ˾͔ͯ͘͡Έͭ͊ͭ ͙͊ͤ͊͊͘͡ ͔͔͔͙͚ͦͨͪ͒ͤ͡ ͨͦͤΎ͙ͭΎ ζ͔ͣͻ͙͊ͤͣ͘ 

͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌη ͨͦ͊͊͘͟͡Σ ;ͭͦ ͔͙ͣͤͤΎ ͯ;͔ͤ·ͻ ͪ͊ͫͻͦ͒ΎͭͫΎΦ ˽ͦ ͙͎ͭͦ͊ͣ 

͍͔͙ͫͪ͊ͤͤΎ ͔͙͚ͣͤͤ ͯ;͔ͤ·ͻ ζ͔ͣͻ͙͊ͤͣ͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌη ς Ήͭͦ 

ζ͍ͫͦͦͯͨͤͦͫͭ͟Έ ͺͯͤ͟ͼ͙͚Σ ͔͍ͣͭͦ͒ͦΣ ͙ͨͪͤͼ͙͍ͨͦΣ ͔͍ͫͪ͒ͫͭΣ ͪ·;͎͍͊ͦΣ ͙͔͍ͤͫͭͪͯͣͤͭͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͫ ͼ͔͡ΈΌ ͍ͨͦ·΄͔͙ͤΎ ͔ͪͯ͘͡Έ͙͍͙ͭ͊ͭͤͦͫͭ ͙͍ͤͤͦ͊ͼ͙͚Σ ͍ ͭͦͣ ;͙͔ͫ͡ 

͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤͦ- ͯ ͍͔ͨͪ͊ͤ͡;͔͙ͫ͟ͻ ͙͍ͤͤͦ͊ͼ͙͚ηΦ 

ˤ ͍ͫΎ͙͘ ͫ Ή͚ͭͦ ͔͙͔͚ͭͦͪ ͙͙ͦͣͨ͊ͤ͟ ͙͍͔͙ͤͫͭͪͯΌͭ ͍ ͍͙͙͔ͪ͊ͭ͘ ͙ ͍ ͔͙͍͙͔ͨͪͦͭͪͦ͊ͤ͟ ͔͚͍͒ͫͭͯΌ΅͙ͻ 

ͫͭͪͯͭͯͪ͟ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͒͡Ύ ͍·͚ͫͦͦ͟ ͔ͪͯ͘͡Έ͙͍͙ͭ͊ͭͤͦͫͭ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ 

͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͍ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡ ς ͭ͊͟ ͤ͊͘·͍͔͊ͣ͊Ύ ζ͔͙͙͍ͣͦ͒ͪͤͪͦ͊ͤͤ͊͘Ύ ͫͭͪͯͭͯͪ͊͟ ͔ͣͻ͙͊ͤͣ͊͘ 

͍͔͙ͯͨͪ͊ͤ͡ΎηΦ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ ς ͍ ͊͗ͤ·͚ ͍͔ͯͨͪ͊ͤ͡;͔͙͚ͫ͟ ͪ·;͎͊ ͒͡Ύ ͦͭͪ͟·ͭ·ͻ 

͙͍ͤͤͦ͊ͼ͙͚Φ ˮͭ͊͟Σ ͍ ͍͔ͦͫͤͦ ͍͍͍͔͔͙ͤͦͦ͒ͤΎ ͔͙͗ͭ͡ ͔͎͙ͫͭͪ͊ͭΎ ͔ͪͦͤ͟ͺ͙͎ͯͪ͊ͼ͙͙ ͨͪͦͼ͔͍ͫͫͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙ 

͙͍ͦͪͨͦͪ͊ͭͤ͊͟Ύ ͙͊͋ͦͪ͊ͭͦͪ͡ΎΦ  

ˤ ͔͔ͦͭ͒͡ ˹ˮ˻˴˾ ͔ͫͭΈ ͙͙͊͋ͦͪ͊ͭͦͪ͡ ͍͒ͯͻ ͍͔͚ͯͪͦͤΥ ͙͍͙͙͒ͦͤ͊͘͡Έͤ·͔Σ ͪ͊ͪ͊͋͊ͭ͘·͍͊Ό΅͙͔ ͨͪͦ͒ͯͭ͟·Σ 

͙ ͙͍ͦͪͨͦͪ͊ͭͤ͊͟Ύ ͙͊͋ͦͪ͊ͭͦͪ͡ΎΣ ͪ͊ͪ͊͋͊ͭ͘·͍͊Ό΅͊Ύ ͔ͭͻ͎͙͙ͤͦͦ͡Φ ˩͎ͦ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ 
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͙͔͙͍ͦͪͤͭͪͦ͊ͤ͊ ͤ͊ ͙͍ͤͤͦ͊ͼ͙͙ ͎͋͊ͦ͒͊ͪ͡Ύ ͙ͣ͊ͭͪ;͚ͤͦ ͔ͫͭͪͯͭͯͪ͟Σ ͦͭͦͪ͊͟Ύ ͍ͫΎ͘·͍͔͊ͭ ͨΎͭΈ ͙͔͋ͤͫ͘-͎ͪͯͨͨ ͫ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͙ͣ ͔͙ͦͭ͒͊ͣ͡ ό˹ˮ˻˴˾Σ ;͔͍͔ͦ͡;͔͙͔ͫ͟ ͔ͪͫͯͪͫ·Σ ͋ͯͻ͎͔͙͚͊ͭͪͫ͟͡ ͯ;͔ͭ ͙ ͔͙͎ͣ͊ͪͭͤ͟ύΦ ˤ 

͔ͪͯ͘͡Έ͔ͭ͊ͭ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙͔͔͙ͣͤͤ͘Ύ ͪ͊ͤ͘·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙ͪ͊͘͡;͊ΌͭͫΎΦ ͙́͊ͣ͟ 

ͦ͋ͪ͊ͦͣ͘Σ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙͙͍ͨͪͦ͊ͤ͊ͪͦ͊ͭ͘͡Έ ͤ͊ ͙͔ͨͪ͊ͭ͟͟ ͔͚͍͒ͫͭͯΌ΅͙͔ ͫͭͪͯͭͯͪ͟· ͙ ͔ͣͻ͙͊ͤͣ͘· 

͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ ͦͪͨͦͪ͊͟ͼ͙͚Φ 

˾͔͊ͫͫͣͦͭͪͤ͊ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͍ͤͦ·ͻ ͦ΄͙͋ͦ͟ ͙ ͒͊͡Έ͔͚ͤ΄͙ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͍ Ή͙ͭͻ 

͍͔͙ͤ͊ͨͪ͊ͤ͡ΎͻΥ 

˻͍͔͙͔͋ͤͦͤ͡ ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͔͔ͭͪ͋ͯͭ ͼ͔͔͍͡·͔ 

͔͙ͨͦ͊͊ͭ͘͟͡ ͦͼ͔͙ͤ͟Φ ˹͙ ͍͔͎ͫ͒͊ ͙ͦͣͨ͊ͤ͟Ύ ͔͋ͯ͒ͭ ͍ ͙͔ͫ͡ ͪ͊ͫͫ;͙ͭ͊ͭΈ ͔ͤͦͭͦͪ͟·͔ ͔͙ͨͦ͊͊ͭ͘͟͡ ͙͘-͊͘ 

͍͙ͦͭͫͯͭͫͭΎ ͒͊ͤͤ·ͻΣ ͙͔ͤ͊ͨͪͣͪΣ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤͦ-͙͔͎ͤͭͪ͊ͼ͙͎ͦͤͤͦͦ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 

˴͙͙ͦͣͨ͊ͤ ͎ͣͦͯͭ ͨͯͭ͊ͭΈ ͺ͙͍ͤ͊ͤͫͦ·͔ ͙ͨͪ͋·͙͡ ͦͭ ͍͔͔͙ͤ͒ͪͤΎ ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡Ό ͔ͨͪͦͭͦͣ͟ ͙ 

ͦͭ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͦͪͨͦͪ͊͟ͼ͙͙ ͍ ͼ͔ͦͣ͡Φ ˩͙ͫ͡ ͙ͦͣͨ͊ͤ͟Ύ ͔ͤ ͔͋ͯ͒ͭ ͦ͋ͪ͊΅͊ͭΈ ͍͙͙͔ͤͣ͊ͤ ͤ͊ 

͍ͨͦ·΄͔͙͔ͤ ͔ͪͯ͘͡Έ͙͍͙ͭ͊ͭͤͦͫͭ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͔ͣͻ͙͊ͤͣ͊͘ ͍͙͙ͪ͊ͭ͘Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ 

͎ͭͦ͒͊ ͔ͤ ͔͋ͯ͒ͭ ͙͎͒ͦͫͭͤͯͭͦ ͙͙ͤ͊͟͟ͻ ͍·͙ͫͦ͟ͻ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·ͻ Ήͺͺ͔͍ͭͦ͟ ͙͍ͤͤͦ͊ͼ͙͚ ͍ ͼ͔ͦͣ͡Φ 

ˤ·͔͙͔ͨͦͤͤ͡ ͙͍ͤͤͦ͊ͼ͙͎ͦͤͤͦͦ ͔ͨͪͦͭ͊͟ ͔ͣͦ͗ͭ ͋·ͭΈ ͙͍͔ͨͪͦͫͭ͊ͤͦͤͦ͡ ͤ͊ ͡Ό͋ͦͣ Ή͔ͭ͊ͨ ͍͔͔͙ͤ͒ͪͤΎ 

͍ ͔ͣͻ͙͊ͤͣ͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͙͘-͊͘ ͎ͣͤͦͦͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͺͯͤ͟ͼ͙͙ ͦͼ͔͙ͤ͟ 

͍ ͔͙͙͍͚ͣͦ͒ͪͤͪͦ͊ͤͤͦ͘ ͔ͫͭͪͯͭͯͪ͟Φ ˸͔ͻ͙͊ͤͣ͘ ͔ͣͦ͗ͭ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͍·ͨͦͤ͡ΎͭΈ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͚ ͔ͨͪͦͭ͟ 

͙ ͦͼ͔͙͍ͤ͊ͭΈ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭΈ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭΈ 

͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤͦ-͍͔ͯͨͪ͊ͤ͡;͔͙ͫ͟ͻ ͙͍ͤͤͦ͊ͼ͙͚Φ 

˨͙͙ͤ͊ͣ;͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ ͪ·ͤ͊͟ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡ ͔͔ͭͪ͋ͯͭ ͨͦͫͭͦΎͤͤ·ͻ ͙͍ͤͤͦ͊ͼ͙͚Σ 

͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙ ͺͦͪͣ· ͙ ͙͍ͭͨͦ ͫͭͪͯͭͯͪ͟ ͙͔͋ͤͫ͘-ͨͪͦͼ͔͍ͫͫͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙Ύ͙ͣΦ ˿͔͎͙ͭͪ͊ͭΎ 

ͦͪͨͦͪ͊͟ͼ͙͚ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͍ ͪ͊ͤ͘·ͻ ͫͺ͔ͪ͊ͻΦ ˸͔͙ͦ͒ͪͤ͊͘ͼ͙Ύ 

ͦͪ ͎͙͊ͤ͊͘ͼ͙ͦͤͤͦ-͍͔ͯͨͪ͊ͤ͡;͔͙ͫ͟ͻ ͍ͫΎ͔͚͘ ͔ͣ͗͒ͯ Ή͔͔͙ͣͤͭ͊ͣ͡ ͍ ͔ͫͭͪͯͭͯͪ͟ ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ 

͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͙͎͔ͪ͊ͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͒͡Ύ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ 

ͪͦͫͭ͊ ͦͪͨͦͪ͊͟ͼ͙͙ ͍ ͼ͔ͦͣ͡Φ ˤ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͙͔͍͙͔ͫͫ͒ͦ͊ͤͣ͡ ͔͙͍ͣ͊ͭͪ͊ͦ͡ ͤ͊ͯ;͚ͤͦ ͙ͪ͊ͪ͊͋ͦͭ͘͟Σ ͊ ͔ͭ͊͗͟ 

ͫ ͼ͔͡ΈΌ ͍͔͔͙ͤ͒ͪͤΎ ͔͙͙͍͚ͣͦ͒ͪͤͪͦ͊ͤͤͦ͘ ͫͭͪͯͭͯͪ͟· ͔ͣͻ͙͊ͤͣ͊͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͍ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ 

ͦͪͨͦͪ͊͟ͼ͙͙ ͋·͊͡ ͍͔ͯͫͭ͊ͤͦͤ͊͡ ͍͙͍͊ͣͦͫ͘Ύ͘Έ ͔ͣ͗͒ͯ Ή͙ͦͤͦͣ͟;͔͙ͫͣ͟ ͍͙͙͔ͪ͊ͭͣ͘ ͙ Ή͙ͦͤͦͣ͟;͔͙ͫͣ͟ 

ͪͦͫͭͦͣ ͫ ͙͔͔͙͔ͨͪͣͤͤͣ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤͦ-͍͔ͯͨͪ͊ͤ͡;͔͙ͫ͟ͻ ͙͍ͤͤͦ͊ͼ͙͚ ͍ ͪ͊ͤ͘·ͻ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύͻ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͦͪͨͦͪ͊͟ͼ͙͙ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. ˿͎͙͍͊͒ͦ ˴Φ˥Φ ˸͔ͻ͙͊ͤͣ͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ Ή͙͚ͦͤͦͣͦ͟͟Υ ͫͭͪͯͭͯͪ͊͟ ͙ ͔͙͔ͫͦ͒ͪ͗͊ͤ ˴Φ˥Φ ˿͎͙͍͊͒ͦ 

ώ͔́ͫͭ͟ϐκκˤ͔͙͔ͫͭͯͨͤ͡Φ ˽ͯͭΈ ͟ ˹͊ͯͯ͟Φ ˸͍ͦͫ͊͟Υ ˤ͔͙ͫͭͤ͟ ͪͦͫ-͙͚͎ͫͫͦͦ͟ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙ͣΦ ͎Φ͍Φ 

˽͔͡ͻ͍͊ͤͦ͊Σ нлмоΦ сл-сс ͫΦ 

2. ˣ͔ͦͪ͗΄ ˢΦ˸Φ ˸͔ͻ͙͊ͤͣ͘ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ ͦͪͨͦͪ͊͟ͼ͙͚Υ 

͍ͨͦ·΄͔͙͔ͤ ͔ͪͯ͘͡Έ͙͍͙ͭ͊ͭͤͦͫͭ ˿˽˽˾ ώ͔́ͫͭ͟ϐ κ ˢΦ˸Φ ˣ͔ͦͪ͗΄ κκ ˾͔͎͙ͦͤ͊͡Έͤ·͔ ͔ͨͪͦ͋ͣ͡· ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ 

Ή͙͙ͦͤͦͣ͟͟Φ ς нлмуΦ Ѕ фόфрύΦ 25-36 ͫ . 

3. Junyeong Leea, Jinyoung Minb, Heeseok Leea The Effect of Organizational Structure on Open Innovation 

[͔́ͫͭ͟] / Junyeong Leea, Jinyoung Minb, Heeseok Leea // A Quadratic Equation. Information Technology and 

Quantitative Management. ς нлмсΦ Ѕ ЅмόмфύΦ 492-501 ͫ . 

4. Matriano M.T. Strategic Approach to Innovation Management and Strategic Changes to Improve 

Innovation Management [́ ͔ͫͭ͟] / M.T. Matriano // Advances in Social Sciences Research Journal. ς нлнмΦ Ѕ 

8(7). 323-329 ͫΦϭ  

5. ˣ͔ͦͪ͗΄ ˢΦ˸Φ ˢ͎͙͙ͦͪͭͣ͊͘͡ͼ͙Ύ ͨͪͦͼ͔͍ͫͫͦ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͙͍ͤͤͦ͊ͼ͙͚ͦͤͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ ͍ 

͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ ͦͪͨͦͪ͊͟ͼ͙Ύͻ ώ͔́ͫͭ͟ϐ κ ˢΦ˸Φ ˣ͔ͦͪ͗΄ κκ ˤ͔͙ͫͭͤ͟ ˤ͎ͦ͗ͫͦͦ͟͡ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙͔͙ͣͤ ˤΦ˹Φ 

͙́͊ͭ΅͔͍͊Φ ς 2018. 27-от ͫΦ 

ϭ ͍̆͊ͤ͒͗͊ͤͦ ˻Φ̒Φ, 2025 
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˿͔͚͙͔͍ͭ ˢ͊ͣ͡͡·ͪ͊ͭ ˿͊ͨ͊ͪ͒ͯͪ͒·͔͍͙; 

ζ͔͙͚́ͯͪͣͤͫ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭηΣ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ ́͊΄͊ͯ͘ 

˥͍ͦͭͯͪͦ͊ ͔̏ͤ͒͗͊ͤ ˣ͊͋·΄͍ͦͤ͊ 

ζ͔͙͚́ͯͪͣͤͫ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭηΣ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ ́͊΄͊ͯ͘ 

 

˿˻ˤ˾˩˸˩˹˹̍˩ ˸ˢ̊ˮ˹̍ ˮ ́˩̆˹˻˶˻˥ˮˮ ˿˩˶̎˿˴˻˸ ̆˻˭̒˯˿́ˤ˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͨͦ;͍͔ͤͤͦ-͎ͨͦͦ͒ͤ·ͻ ͍͙͚ͯͫͦ͡ ͫͭͪ͊ͤ· ͤ͊ ͤ͊ͯ;͚ͤͦ ͍͔ͦͫͤͦ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ 

͔ͤ͊͒͗ͤͦͫͭΈΣ ͚ͯͫͭͦ;͙͍ͦͫͭΈΣ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͪ͊͋ͦͭ·Σ ͪ͊ͫͻͦ͒ ͎ͦͪΌ;͔-ͫͣ͊ͦ͘;ͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͤͦͪͣ· 

͙ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭ ͙ͪ͊͘͡;ͤ·ͻ ͍͙͍͒ͦ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͙ ͍͚ͦ͒ͤͦ ͔ͭͻ͙͙ͤ͟ ͙ ͙͚ͦͪͯ͒Σ ͊ ͔ͭͻ͙ͤ͊͟ 

͙͔͔ͨͪͦ͋ͪͭ͊ͭͫΎ ͒͡Ύ ͤ͊΄͔͚ ͫͭͪ͊ͤ· ͤ͊ ͍͔ͦͫͤͦ ͨͦͯ͡;͔ͤͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͔ͫ ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ͊Ύ ͔ͭͻ͙ͤ͊͟Σ ͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ ͍ ͔ͫ͡Έͫͦͣ͟ ͻͦ͘Ύ͚͍͔ͫͭ. 

 

ˤ͔͔ͣͫͭ ͫ ͍·͔͙͔ͨͦͤͤͣ͡ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͻ ͔ͪͺͦͪͣ ͍ ͔ͫͭͪ͊ͤ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͎͍ͨͦ͒ͦͭͦ͊͟ ͍͎ͤͦͦͦ 

͔͙ͨͦͦͤ͟͡Ύ ͎͙͔͍͊ͪ͊ͪΣ ͔ͭͻ͙͍ͤͦ͟ ͙ ͙͔͔͍ͤ͗ͤͪͦΣ ͔ͯͣ͡·ͻ ͍ ͙ͦ͋͊ͫͭ͡ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͔ͣͻ͙͍͊ͤͦ͟Φ 

ˣ͎͊ͦ͒͊ͪ͡Ύ ͔ͦͪͤͤ͟·ͣ ͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘ΎͣΣ ͔ͯͫͨ΄͚ͤͦ ͔͙ͪ͊͊͘͡ͼ͙͙ ͍͚ͤͦͦ ͎͚͊ͪ͊ͪͤͦ ͙͙͙ͨͦͭ͟͡ ͎͍͊͡· 

͎͍ͦͫͯ͒͊ͪͫͭ͊Σ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͣ·ͣ ͍ ˢ˽˴Σ ͎͔ͣͤͦͦ ͔͔͒͊ͭͫ͡Ύ ͒͡Ύ ͔͔͙ͯͪͨͤ͟͡Ύ ͣ͊΄͙ͤͤͦͭͪ͊ͭͦͪͤ͟·ͻ ͍ͨ͊ͪͦ͟Σ 

ͦͭͦͪ͟·͔ ͨͦͨͦͤ͡ΎΌͭͫΎ ͣͦ΅ͤ·͙ͣ ͙͍͔ͯͤͪͫ͊͡Έͤ·͙ͣ ͣ͊΄͙͙ͤ͊ͣ ͍͔͔͚ͫͦͪͣͤͤͦ ͙ͣͦ͒ͺ͙͊͟ͼ͙͙Σ 

͍·͙͍͙͔ͫͦͦͨͪͦͦ͒ͭ͘͟͡Έ͚ͤͦ ͔ͭͻ͙͚ͤͦ͟Σ ͔ͨͪ͒ͤ͊ͤ͊͘;͔͚ͤͤͦ ͒͡Ύ ͙ͦ͋ͪ͊͋ͦͭ͟ ͨͦ;͍·Σ ͯͻͦ͒͊ ͊͘ ͔͍͙ͨͦͫ͊ͣΦ 

̏ͺͺ͔͙͍ͭͤͦ͟ ͙ͫͨͦ͡Έͯ͘Ύ ͔͔͍ͨͪ͒ͦ·͔ ͎͙͊ͤ͊ͦ͡ ͔ͪͤͦͯ͋ͦͪͦ͘;ͤ·ͻ ͚͍ͦͣ͋͊ͤͦ͟ ͙ ͻͦͨͦͯ͋ͦͪͦ͟͡;ͤ·ͻ ͣ͊΄͙ͤΣ 

͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤ·͔ ͎͔͎͊ͪ͊ͭ· ͍͔͔͎ͫͦͪͣͤͤͦͦ ͦ͋ͪ͊͘ͼ͊Σ ͔ͦͭ;͔͍͔ͫͭͤͤ·͔ ͔ͫ͡Έͻ͙͍͙͔͙ͦͨͪͦͦ͒ͭ͘͘͡ ͙͔ͣΌͭ 

͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍͔͍͔͔ͫͦͪͣͤͤͦ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ ͍͔ͫ ͎͔͊ͪͦͭͻ͔͙ͣͪͦͨͪΎ͙ͭΎΣ ͫͦ͋ͪ͊ͭΈ ͚ͯͪͦ͗͊Φ ͔́ͻ͙ͤ͊͟ ͋·͊͡ ͙ 

͖ͦͫͭ͊ͭͫΎ ͖͚ͤ͊͒͗ͤͦ ͚ͦͨͦͪͦ ͙ͨͪ ͍͔ͦ͒͘͡·͍͙͙͊ͤ ͻͦͨ͡;͙͊ͭͤ͊͟Σ ͨ΄͔͙ͤͼ·Σ ͍ͦͦ΅ͤ·ͻ ͙ ͎͙͒ͪͯͻ ͯ͟͡ΈͭͯͪΦ 

˭͔͊ͯͨ͊ͣ͊͟Ύ ͎͍ͦͫͯ͒͊ͪͫͭͦͣ ͔ͫ͡Έͻ͔ͦͭ͘ͻ͙ͤ͊͟ ͨͪͦͻ͙ͦ͒ͭ ͔͍͔ͨͦͦ͡ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍ ͨͦ;͍͔ͤͤͦ-

͙͙ͣ͊ͭ͟͡;͔͙ͫ͟ͻ ͍͙ͯͫͦ͡Ύͻ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Φ ˽͔ͦͫ͡ ͚ͨͦ͒ͦ͋ͤͦ ͍͔͙ͨͪͦͪ͟ ͤ͊ ͨͦ͡Ύ ͫͭͪ͊ͤ· ͊͘ ͨͪͦ΄͔͒΄͙͔ 

͎ͦ͒· ͋·͙͡ ͔͊ͯͨͤ͘͟͡· ͙͙ͨ͊ͪͭ ͚ͭ͊ͦ͟ ͔ͭͻ͙͙ͤ͟Σ ͊͟͟ ͨͪͦͨ͊΄͚ͤͦ ͭͪ͊ͭͦͪ͟ ζWƻƘƴ 5ŜŜǊŜ-унпр wηΣ 

ͣͤ ͎ͦͦͨͪͦͺ͙͡Έͤ·͚ ͔͔͙ͭͣ͊ͭ͡;͔͙͚ͫ͟ ͎͔͎͊ͪ͊ͭ ζWƻƘƴ 5ŜŜǊŜ-6175 Mη ͒͡Ύ ͔ͣ͗͒ͯΎ͚͒ͤͦ ͙ͦ͋ͪ͊͋ͦͭ͟ ͔͍͍ͨͦͫͦ 

ͻͦͨ͡;͙͊ͭͤ͊͟Σ ͔ͪͤͦͯ͋ͦͪͦ͘;ͤ·͚ ͚ͦͣ͋͊ͤ͟ ζWƻƘƴ 5ŜŜǊŜ ² рплη ͫ Ή͔ͭͪͦͤͤ͟͡·ͣ ͍͔͙͔ͯͨͪ͊ͤͣ͡Σ 

͍ͦͫΈ͙ͣͪΎ͒ͤ͊Ύ ͔ͫΎ͊͟͡ ͭͦ;͎ͤͦͦ ͔͍ͫ͊ ζaƻƴƻǎŜƳη ͙ ͔͍͙ͨͤͣ͊ͭ;͔ͫ͊͟Ύ ζhǊǘƘƳŀƴηΣ ͭͪ͊ͭͦͪ͟ ͦͭ /ƭŀŀǎ ζ!Ȅƛƻƴ-

урлηΣ ͔͊ͯͨͤͤ͘͟͡·͚ ͍ нлмтςнлму ͎͎Φ ˹͔ͫͦ͟͡Έͦ͟ ͔ͭ͡ ͍ ͔͍ͨͦͫͤͦͣ ͻͦͨ͡;͙͔͊ͭͤ͟ ͙͔ͨͪͣͤΎΌͭͫΎ ζͭͦ;͔;ͤ·͔η 

͍ͦͫΈ͙ͣͪΎ͒ͤ·͔ ͔ͫΎ͙͟͡ ͙ͣ͊ͪ͟ ζaƻƴƻǎŜƳ bD tƭǳǎ пηΣ ͫͨͦͫͦ͋ͤ·͔ ζͯ͊͒͟͡·͍͊ͭΈη ͔͔ͫͣͤ͊ ͤ͊ ͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ 

͎͙ͯ͋ͤͯ͡ ͤ͊ ͔͔͖ͦͨͪ͒ͤͤͦͣ͡ ͪ͊ͫͫͭͦΎ͙͙ͤ ͙ ͙ͨͪ Ήͭͦͣ ͯͨͦͭͤ͡ΎΌͭ ͨͦ;͍ͯΣ ͔ͫ͒ͯ͡Ύ ͔ͪ͡Έ͔ͺͯ ͔͙ͣͫͭͤͦͫͭΣ ;ͭͦ 

Ή͙ͦͤͦͣͭ͟ ͔͍͚ͨͦͫͤͦ ͔͙ͣ͊ͭͪ͊͡Σ ͖ͫͦ͒͊ͭ͘ ͎͙͋͊ͦͨͪ͡Ύͭͤ·͔ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͙ͨͪͦͪ͊ͫͭ͊ͤΎ ͍͔ͫͻ ͔ͫͣΎͤΦ ˤ нлмф 

͎ͦ͒ͯ Ήͭ͊ ͔ͫΎ͊͟͡ ͔ͯͫͨ΄ͤͦ ͨͪͦ΄͊͡ ͙ͫͨ·͙ͭ͊ͤΎ ͤ͊ ͨͦ͡Ύͻ ͫͭͪ͊ͤ·Σ ͍·͙͎ͪ·΄ͤͦ ͙ͦͭ͡;͊ΎͫΈ ͦͭ ͔͔ͪ͊ͤ 

͙͔ͨͪͣͤΎ͔ͣ·ͻ ;͔ͭ·͖ͪͻͪΎ͒ͤ·ͻ ͎͔͎͍͊ͪ͊ͭͦΣ ͨͦͫͦ͟͡Έͯ͟ ͙ͦ͒ͤ Ή͔ͣͨ͘͟͡Ύͪ ͍·ͨͦͤ͡Ύ͔ͭ ͪ͊͋ͦͭͯ ͍͒ͯͻ ͦ͋·;ͤ·ͻΦ 

́ͦ;ͤ·͚ ͔͍ͫ ͻͦͪͦ΄ ͔ͭͣΣ ;ͭͦ ͔ͨͦͫ͡ ͍ͫͻ͍ͦ͒ͦ ͔͙͚ͪ͊ͫͭͤ ͔ͦͭͨ͊͒͊ͭ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙ͻ ͔͙͍ͨͪͦͪ͗͊ͭΈΣ ;ͭͦ 

͍·͍͔ͫͦ͋ͦ͗͒͊ͭ ͪ͊͋ͦ;͙͔ ͙ͪͯ͟Σ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͊ͪͤ͒͊ͭͦͪͯ ͫΉ͙ͦͤͦͣͭ͟Έ ͔͍ͫͪ͒ͫͭ͊Φ  

ˤ͔͔ͣͫͭ ͫ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͔͚ ͙͔ͫͫͭͣ· ͔ͦͭ;͔͍͔͎ͫͭͤͤͦͦ ͎͊ͪͦͨͪͦͣ·΄͔͎ͤͤͦͦ͡ ͔ͦͣͨͫ͊͟͟͡Σ ͙͊ͯͨ͘͟͟ 

ͣ͊΄͙ͤ ͫ ͼ͙ͺ͍͚ͪͦͦ ζͤ͊;͙͚ͤͦ͟η ͍ͦͪͦͫ͊͘͡ ͍͔͍ͦͫͭͪ͋ͦ͊ͤͤͦͫͭΈ ͍ ͍·͍͙ͫͦͦ͊͟͟͡ͺ͙ͼ͙͍ͪͦ͊ͤͤ·ͻ 

͔ͫͨͼ͙͙͊ͫͭ͊͡ͻΣ ͔ͯͣΌ΅͙ͻ Ήͺͺ͔͙͍ͭͤͦ͟ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͙ ͙͍ͦ͋ͫͯ͗͊ͭ͡Έ ͔ͫ͡Έͻ͔ͦͭ͘ͻ͙ͤͯ͟ ͍͔͚ͤͦ΄͔͚ 

͙ͣͦ͒ͺ͙͊͟ͼ͙͙Σ ͍͔͊͒͡Ό΅͙ͻ ͼ͙ͺ͍ͪͦ·͙ͣ ͔ͭͻ͎͙ͤͦͦ͡Ύ͙ͣΦ  
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ˤ ͔́ͯͪͣͤͫͦͣ͟͟ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔ͫͭͤͤͦͣ ͙͙͔ͤͫͭͭͯͭ ͨͦ͒ ͍͍ͪͯͦͦ͒ͫͭͦͣ͟ ͦͨ·ͭͤ·ͻ ͔͍͔͔͚ͨͪͨͦ͒͊͊ͭ͡ 

͔ͫͭͯ͒ͤͭ· ͺ͊ͯ͟͡Έ͔ͭͭ͊ ͔ͣͻ͙͊ͤ͊͘ͼ͙͙ ͔ͫ͡Έ͎ͫͦͦ͟ ͻͦ͘Ύ͚͍ͫͭ͊ ͙ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ ͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ 

͙͍͙ͦ͋ͫͯ͗͊ͤ͡Ύ ͍͔͍ͦ͊͒͊͡Όͭ ͙ͨͪ͊ͭ͟;͔͙͙ͫͣ͟ ͍ͤ͊·͙͊ͣ͟ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͦ͋ͪ͊͘ͼ͙͊ͣ Ή͙͔ͫͨͯ͊ͭͪͯͣ͟͡·ͻ ͤ͊ 

ͨͦ͡Ύͻ ͫͭͪ͊ͤ· ͔ͫ͡Έͻͦͣ͊͘΄͙ͤ ͔͊ͪͯ͋͗ͤ͘·ͻ ͣ͊ͪͦ͟Σ ͙ͯ͘;͊Όͭ ͙ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ 

͔ͨ͊ͪ͊ͣͭͪ·Φ ˨͡Ύ Ή͎ͭͦͦ ͯ;͔͋ͤ͊Ύ ͋͊͊͘ ͎͔ͪ͊ͫͨͦ͊͊ͭ͡ ͔ͣͦ͒͡Ύ͙ͣ ͒͡Ύ ͔͒ͭ͊͡Έ͎ͤͦͦ ͙ͯ͘;͔͙ͤΎ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͍ͯͦ͘͡ 

͔ͪͤͦͯ͋ͦͪͦ͘;ͤ·ͻ ͚͍ͦͣ͋͊ͤͦ͟ ζ/ƭŀŀǎηΣ ζ¢ǳͫŀƴƻ-полηΣ ͍·ͨͯ΅͔ͤͤ·ͻ ͫ ͯ;͖ͭͦͣ ͔͔ͪͦͣͤ͒͊͟ͼ͙͚ ͔͙ͭͯͪͣͤͫ͟͟ͻ 

͔ͫͨͼ͙͙͍͊ͫͭͦ͡Σ ͙ͦͭ͡;͊Ό΅͙ͻͫΎ ͍·͚ͫͦͦ͟ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈΌΣ ͔͍͔ͣ͊ͤͪͤͤͦͫͭΈΌΣ ͎͙͙͒ͪͯͣ 

Ήͫͨͯ͊ͭ͊͟͡ͼ͙ͦͤͤ·͙ͣ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟Φ ̅ͯͤ͟ͼ͙͙ͦͤͪͯΌͭ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͔ ͯ;͔͋ͤ·͔ ͙͙͙͊ͯ͒ͭͦͪ ͨͦ 

͙ͯ͘;͔͙ͤΌ ͚͍ͯͫͭͪͦͫͭ͊Σ ͪ͊͋ͦͭ· ͙ ͙͍͙ͦ͋ͫͯ͗͊ͤ͡Ύ ͙ͪ͊͘͡;͚ͤͦ ͍·͙͍͙͔ͫͦͦͨͪͦͦ͒ͭ͘͟͡Έ͚ͤͦ ͔ͭͻ͙͙ͤ͟ ζ/ŀǎŜηΣ 

ζWƻƘƴ 5ŜŜǊŜηΣ ζYƻƳŀǘǎǳηΦ ˮ͔͔ͣͭͫΎ ͙͙͊ͯ͒ͭͦͪΎΣ ͎͔͒ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͔ͣ͊ͭ͟· ͫͦ ͍͔͙ͫͣ ͙͙ͨͪ͋ͦͪ͊ͣ 

͍ͭͪ͊ͭͦͪͦ͟ ͍͔ͫͻ ͣ͊ͪͦ͟ ͦͭ ˸͙͎ͤͫͦͦ͟ ͎ͭͪ͊ͭͦͪͤͦͦ͟ ͍͊ͦ͒͊͘ ό˾͔͙ͫͨͯ͋͊͟͡ ˣ͔͊ͪͯͫ͡ΈύΦ ˤ ͙͔͊͋ͤͭ͊͟ͻ 

͍͔ͯͫͭ͊ͤͦͤ͡· ͍͙͎͔͙͒͊ͭ͡ ͙ ͍ͦͫͤͦͤ·͔ ͙͔ͫͫͭͣ· ͍͙ͤͦͤͦ͟Σ ͔͙ͭͣ͊ͭ;͔͙͔ͫ͟ ͔ͫͭͤ͒·Σ ͎ͤ͊͡Ύ͒ͤ·͔ ͙ͨͦͫͦ͋ΎΣ 

ͫͦ͒͊ͤ͘· ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͔͍ͣͭͦ͒ͦ ͙ͫ͋ͦͪ͟ ͍͔͚ͤͦ΄͙ͻ ͍ͭͪ͊ͭͦͪͦ͟ ͙ ͙ ͻ ͎͔͎͍͊ͪ͊ͭͦΣ ͙ͻ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 

͙ ͙͍͙ͦ͋ͫͯ͗͊ͤ͡ΎΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͤ͊ ͍·ͫͦͦͣ͟ ͍͔ͯͪͦͤ ͍͙ͨͪͦͦ͒ͭΈ ͊͋ͦͪ͊ͭͦͪͤ͡·͔ ͙ ͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͊ͤ͘Ύ͙ͭΎΦ 

͔́͊͗͟ ͔ͫͭͯ͒ͤͭ· ͨͦͯ͡;͊Όͭ ͙ͤ͊ͤ͘Ύ ͦ ͔͔ͦͣͨͫ͟͟͡ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤ·ͻ ͙ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͔ͣͪΦ ˽ͦͦ΅͔͙͔ͪͤͣ 

ͯ͡;΄͙ͣ ͙ ͫͨͦͫͦ͋ͤ·ͣ ͔ͫͭͯ͒ͤͭ͊ͣ ͙ͫͯ͗ͭ͡ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍ͦ ͍͔ͪͣΎ ͔ͫͦͤͤ͘·ͻ ͙͚͊ͣͨ͊ͤ͟ ͍ ͻ͔͋ͦͯ͋ͦͪͦ͡;ͤͯΌ 

ͫͭͪ͊͒ͯ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͍ͯͨͪ͊͡ΎͭΈ ͚ͦͣ͋͊ͤͦͣ͟ ζ/ƭŀŀǎη ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͤ͊ ͔ͨͦ͡Φ 

 
˾͙ͫͯͤͦ͟ м ς ˾ ͊͋ͦ;͙͚ ͨͪͦͼ͔ͫͫ ͨ͊ͻ͎ͦͭͤͦͦ ͭͪ͊ͭͦͪ͊͟ /ƭŀŀǎ ζ!Ȅƛƻƴ-урлηΣ 

 

̂;͔͋ͤͦ-͙͍͍͔ͨͪͦͦ͒ͫͭͤͤ͊͘Ύ ͋͊͊͘ ͍ ͨͪͦͼ͔͔ͫͫ ͦ͋ͯ;͔͙ͤΎ ͔͍ͫͭͯ͒ͤͭͦ ͙ͫͯ͗ͭ͡ ͖ͤ͊͒͗ͤ·ͣ ͨͦ͒ͫͨͦͪΈ͔ͣΦ 

ˤ͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͦ͋ͯ;͔͙ͤΌ ͔͍ͫͭͯ͒ͤͭͦ ͙ͨͪ͊ͭ͟;͔͙ͫͣ͟ ͍ͤ͊·͊ͣ͟ ͨͦ ͔ͣͻ͙͔͊ͤ͟ ͍͔͍ͫͦͣͦ͗ͤ͘·ͻ 

͔ͫ͡Έͻͦͣ͊͘΄͙ͤ ͙͍͙͔͔͚ͨͪͦͦ͒ͭ͘͡ ͪ͊ͤ͘·ͻ ͫͭͪ͊ͤ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͙͍͔ͯͤͪͫ͊͡Έ͙ͤͦͫͭ ͙͚ͤ͊ͤ͘Φ ˹͊ 

ͣͻ͔͙͊ͤ;͔ͫͦͣ͟ ͺ͊ͯ͟͡Έ͔͔ͭͭ ͋·͡ ͎͙͍ͦͪ͊ͤͦ͊ͤ͘ ͔ͫͨͼͯͪͫ͟ ͫ ͯ;͙͔͊ͫͭͣ ͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡ ͙͍͔͎ͫͭͤͦͦ͘ ͍ ͙͔ͣͪ 

͙͍͙͔ͨͪͦͦ͒ͭ͘͡Ύ ͙͔ͫͭͪͦͭ͡Έ͚ͤͦ ͔ͭͻ͙͙ͤ͟ ς Ύ͚ͨͦͤͫͦ͟ ͙͙ͦͣͨ͊ͤ͟ ζYƻƳŀǘǎǳηΦ ˤ ͪ͊ͣ͊͟ͻ ͔͔͎͚͗ͦ͒ͤͦ 

͙͍͍͔͚ͨͪͦͦ͒ͫͭͤͤͦ͘ ͙͙ͨͪ͊ͭ͟͟ ͙͔͙ͣ͡ ͔ͣͫͭͦ ͙͔ͦͤ͊ͦͣͭ͘͟͡Έͤ·͔ ͍·͔͒͘· ͊͘ ͔ͪͯ͋͗Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͤ͊ ˸͙͙͚ͤͫ͟ 

ͭͪ͊ͭͦͪͤ͟·͚ ͍͊ͦ͒͘ ͫ ͼ͔͡ΈΌ ͎͔͙ͯͯ͋ͤ͡͡Ύ ͙ ͔͔͙͊ͪͨͤ͘͟͡Ύ ͔͔͙ͭͦͪͭ;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘Σ ͙ͯ͘;͔͙ͤΎ ͦͤͫͭͪͯ͟͟ͼ͙͙ 

͍ͤͦ·ͻ ͍ͭͪ͊ͭͦͪͦ͟ ͭΎ͎͍͎ͦͦͦ ͎͔͙ͯͫͤ;͎ͤͦͦ ͊ͫͫ͊͟͡ ͙ ͣ͊͡·ͻ ͎͙͍͊͋͊ͪͭͦΣ ;͔ͭ·͖ͪͻ͖ͦͫͤ͟͡·ͻ ͙ ͖ͭͪͻ͖ͦͫͤ͟͡·ͻ ͫ 

͍ͤͦ·͙ͣ ͣͦ΅ͤ·͙ͣ ͍͙͎͔͒͊ͭ͡Ύ͙ͣΦ ˮ͙ͫͭͦͪΎ ͍ͯ͊͘ ͍͟͡Ό;͔͊ͭ ͯ;͙͔͊ͫͭ ͍ ͊ͤ͘Ύ͙ͭΎͻ ͯ;͔͎͋ͤͦͦ ͼ͔ͤͭͪ͊ ͍ ͎͔ͦͪͦ͒ 

͍̒ͪͦͫ͊͡͡Έ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙Σ ͦ͋ͯ;͔͙͔ͤ ͤ͊ ͪ͊ͭͦͫͪͦ͟͟;ͤ·ͻ ͯͪͫ͊͟ͻ ͨͦ ͔ͭͻ͙͍͙ͦ͋ͫͯ͗͊ͤ͡Ό 

͔ͫ͡Έͻ͔ͦͭ͘ͻ͙͙ͤ͟ ͍ ˥͔͙͙ͪͣ͊ͤ ͙ ͍ͦ ̅ͪ͊ͤͼ͙͙ ͤ͊ ͙͍͍͔͚ͨͪͦͦ͒ͫͭͤͤͦ͘ ͔͋͊͘ ͙͙ͦͣͨ͊ͤ͟ ζ/ƭŀŀǎ Dƭƻōŀƭ ǎŀƭŜǎ 
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DƳōIηΦ ̏ͭͦ ͙ͨͦ͋ͯ͒ͦ͡ ͎͙ͣͤͦͻ ͣͦͦ͒͡·ͻ ͡Ό͔͚͒ ͊ͤ͘ΎͭΈͫΎ ͍͔ͫͦ͋ͫͭͤͤ·͙ͣ ͤ͊ͯ;ͤ·͙ͣ ͙ͪ͊ͪ͊͋ͦͭ͊ͣ͘͟Σ 

͍͙͍ͦͫ͊͊ͭΈ ͍ͤͦ·͔ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͫͭ͊ͦ͡ ͨͦ͒ͫͨͦͪΈ͔ͣ ͍ ͎͍͔ͨͦ͒ͦͭͦ͟ ͔ͪͺ͔͍ͪ͊ͭͦ ͙ ͙͒ͨͦͣͤ͡·ͻ 

ͪ͊͋ͦͭΦ ˤ·ͫͦ͊͟Ύ ͦͫͤ͊΅͖ͤͤͦͫͭΈ ͯ;͔͋ͤͦ-͙͍͍͔͚ͨͪͦͦ͒ͫͭͤͤͦ͘ ͋͊͘· ͍ͯ͊͘Σ ͔͔ͦͣͨͭͤͭͤͦͫͭ͟Έ 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊ ͙͒͊͡ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙ͦͣͨ͊ͤ͟Ύͣ-͖ͨ͊ͪͭͤͪ͊ͣ ͍͙ͨͪͦͦ͒ͭΈ ͙ͫͨ·͙ͭ͊ͤΎ ͍͙ͤͦͤͦ͟ 

͎͔͎͍͊ͪ͊ͭͦ ͤ͊ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·ͻ ͨͦ͡΅͊͒͊͟ͻ ͍ͯ͊͘Υ ͙͔ͤ͊ͨͪͣͪΣ ͋·͡ ͍͔͔ͨͪͦͪͤ ͔ͨͦͭͤͼ͙͊͡ 

ͻ͔͋ͦͯ͋ͦͪͦ͡;ͤ·ͻ ͚͍ͦͣ͋͊ͤͦ͟ ζ˸͔Ǝ͊-ослη ͙ ζ˸͔Ǝ͊-отлη ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͙͙ͦͣͨ͊ͤ͟ ζ/ƭŀŀǎηΦ ˤͦ ͍͔ͪͣΎ 

͙ͫͨ·͙͚ͭ͊ͤ ͋·͙͡ ͙ͯ͘;͔ͤ· ͍ͦͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ· ͪ͊͋ͦͭ· ͍͔ͫͻ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ ͎͔͎͊ͪ͊ͭ͊Σ ͨͦ 

͔ͪͯ͘͡Έͭ͊ͭ͊ͣ ͊ͨͪͦ͋͊ͼ͙͙ ͪ͊ͪ͊͋ͦͭ͊ͤ͘· ͤ͊ͯ;ͤͦ ͍ͦ͋ͦͫͤͦ͊ͤͤ·͔ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͒͡Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ Ή͙ͭͻ 

͔ͫ͡Έͻͦͣ͊͘΄͙ͤ ͍ ͔ͣͫͭͤ·ͻ ͨͦ;͍͔ͤͤͦ-͙͙ͣ͊ͭ͟͡;͔͙ͫ͟ͻ ͍͙ͯͫͦ͡ΎͻΦ  

ˤ ͙͙͔ͤͫͭͭͯͭ ͙͔͔ͣͭͫΎ ͒ͦͫͭͯͨ ͟ Ή͔͚ͭͪͦͤͤͦ͟͡ ͙͙͔͔͋͋ͦͭ͟͡Σ ͨͦ͒͟͡Ό;͖͚ͤͤͦ ͟ ͔͙ͫͭ ˮ͔͔ͤͭͪͤͭΦ 

͔̏ͭͪͦͤͤ͟͡·͔ ͍͙͊ͪ͊ͤͭ· ͯ;͔͚͋ͤͦ ͙͔ͭͪ͊ͭͯͪ͡·Σ ͙͚ͨͦͫͦ͋ ͍ͨͦͦ͘͡ΎΌͭ ͪ͊ͫ΄͙͙ͪͭΈ ͙ͤ͊ͤ͘Ύ ͍ ͙ͯ͘;͔͙͙ͤ ͔ͭͣ ͨͦ 

ͨͪͦͺ͙͡Έͤ·ͣ ͙͒ͫͼ͙͙ͨͤ͊ͣ͡Σ ͙ͦͤ͊ͦͣͭ͘͟ΈͫΎ ͫ ͍͔͔ͫͦͪͣͤͤ·͙ͣ ͔ͭͻ͙ͤ;͔͙͙ͫͣ͟ ͙ͪ͊ͪ͊͋ͦͭ͊ͣ͘͟Φ ˮͯ͘;͙͍ 

͋ͦ͡Έ΄͔ͦ ͙ͦ͟͡;͔͍ͫͭͦ ͤ͊ͯ;ͤ·ͻ ͍ͭͪͯ͒ͦ ͙ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙ͪ͊͘͡;ͤ·ͻ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟Σ 

͍ͨͦͫΎ΅͔ͤͤ·ͻ ͍ Ή͚ͭͦ ͔͔ͭͣΣ ͣ· ͙ͨͪ΄͙͡ ͟ ͍·͍ͦ͒ͯ. 

ˤ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͨͦ;͍͔ͤͤͦ-͎ͨͦͦ͒ͤ·ͻ ͍͙͚ͯͫͦ͡ ͫͭͪ͊ͤ· ͤ͊ ͤ͊ͯ;͚ͤͦ ͍͔ͦͫͤͦ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ 

͔ͤ͊͒͗ͤͦͫͭΈΣ ͚ͯͫͭͦ;͙͍ͦͫͭΈΣ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͪ͊͋ͦͭ·Σ ͪ͊ͫͻͦ͒ ͎ͦͪΌ;͔-ͫͣ͊ͦ͘;ͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡Σ ͤͦͪͣ· 

͙ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭ ͙ͪ͊͘͡;ͤ·ͻ ͍͙͍͒ͦ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͙ ͍͚ͦ͒ͤͦ ͔ͭͻ͙͙ͤ͟ ͙ ͙͚ͦͪͯ͒Σ ͊ ͔ͭͻ͙ͤ͊͟ 

͙͔͔ͨͪͦ͋ͪͭ͊ͭͫΎ ͒͡Ύ ͤ͊΄͔͚ ͫͭͪ͊ͤ· ͤ͊ ͍͔ͦͫͤͦ ͨͦͯ͡;͔ͤͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΦ ˨͡Ύ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍ 

ͤ͊ͪͦ͒ͤͦͻͦ͘Ύ͍͔ͫͭͤͤͦͣ ͔͔ͦͣͨͫ͟͟͡ ͫͭͪ͊ͤ· ͔ͨͪͦ͒ͦ͗͊ͭͫ͡Ύ ͙ͫͫ͡ ͔͍͙͔͒ͦ͊ͤ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͨͦͯ͡;͔͙ͤΎ 

͔͚ͦͤͯͪͤͭͦͫͨͦͫͦ͋ͤͦ͟͟Σ Ή͎͙ͦͦ͟͡;͚ͤͦΣ Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͍·͎͚ͦ͒ͤͦ ͨͪͦ͒ͯ͟ͼ͙͙. 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. ˽͙͍͔͍ͦ͊͡ ˻ΦˮΦΣ ˴͙͍ͦͫͭͦ͟ ˻Φ Φ ˮͫͨ·͙͔ͭ͊ͤ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͔ͭͻ͙͙ͤ͟ ͙ Ή͔͎͙͍ͤͪͦͫͦ͡·ͻ ͍ͯͫͭ͊ͤͦͦ͟Υ 

̂;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋Φ - ˿ ˽͋ΦΥ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ζ˶͊ͤΈηΣ нлмсΦ - 280c.  

2. ˥͙͍͙͚ͪ͋͊ͤͦͫ͟ ˢΦ˽Φ ˮͫͨ·͙͔ͭ͊ͤ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͔ͭͻ͙͙ͤ͟ όͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ύΦ - s ͣ͊ͭ͡·Υ ˴͊͘˹ˢ̂Σ 

ˮ͒͘Φ ζˢ͎͙͍͔͙͔ͪͦͯͤͪͫͭͭηΦ - 2009. - нму ͫΦ 

3. ˥˻˿́ нлфмр - нлммΦ ˸͔͎͍͔͗ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͫͭ͊ͤ͒͊ͪͭΦ ˮͫͨ·͙ͭ͊ͤΎ ͔ͫ͡Έͫͦ͟ͻͦ͘Ύ͚͍͔͚ͫͭͤͤͦ ͔ͭͻ͙͙ͤ͟Φ 

˸͔ͭͦ͒· ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͍͙͚ͯͫͦ͡ ͙ͫͨ·͙͚ͭ͊ͤΦ ς ˸ ΦΥ ˿͙ͭ͊ͤ͒͊ͪͭͤͺͦͪͣΣ нлмоΦ 

4. ˿͔͎͔͔͍ͪ ˤΦ˿ΦΣ ˥͔͔ͦͪ͒ͤͦ͟ ˻Φ ˤΦ ˾͊ͫ;͔ͭ Ήͫͨͯ͊ͭ͊͟͡ͼ͙ͦͤͤ·ͻΣ ͔ͭͻ͙ͤͦ͟-Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͙ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ 

͔͔͚ͨͦ͊͊ͭ͘͟͡ ͪ͊͋ͦͭ· ͣ͊΄͙ͤͤͦ-ͭͪ͊ͭͦͪͤ͟·ͻ ͎͔͎͍͊ͪ͊ͭͦΦ ς ˥ ͙ͦͪ͟ ˣ˥˿̆ˢ нлмпΦ 

5. ́ͪͯͺ͡Ύ͟ ˩ΦˤΦΣ ˴ͯͪ;͔ͤͦ͟ ˹Φ̑ΦΣ ͔͔͍́ͤͦ͟ ˢΦˢΦΣ ̒ͯ͟΄͔͍ ˤΦˤΦ ́ͦ;͔ͤͦ ͔ͫ͡Έ͔ͫͦ͟ ͻͦ͘Ύ͚͍ͫͭͦΥ ͯ;͔͙͋ͤ͟ ͒͡Ύ 

͍͍ͯͦ͘ ͨͦ͒ ͔ͪ͒͊͟ͼ͙͔͚ ˩Φ ˤΦ ́ͪͯͺ͡Ύ͊͟Φ - 2-͔ ͙͒͘ΦΣ ͔ͫͭͪΦ - ˿ ͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ˶͊ͤΈΣ нлнмΦ - рмн ͫΦ 

6. ́ͪͯͺ͡Ύ͟ ˩ΦˤΦ ́ͦ;͔ͤͦ ͔͔͔͙͔ͣ͒͘͡͡Υ ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ ͒͡Ύ ͍͍ͯͦ͘ κ ˩Φ ˤΦ ́ͪͯͺ͡Ύ͟Σ ˩Φ ˮΦ ͙͙́ͪͯ͋ͤ͡Φ - 3-͔ 

͙͒͘ΦΣ ͔ͫͭͪΦ - ˿ ͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ˶͊ͤΈΣ нлнмΦ - отс ͫΦ 

ϭ ˿͔͚͙͔͍ͭ ˢΦ˿Φ, ˥ ͍ͦͭͯͪͦ͊ ̏ΦˣΦ, 2025 
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˿͔͎͔͔͍ͪ͊ ˴͙͊ͪͤ͊ ˢ͔͔͍ͤ͒ͪͤ͊ 

ˢ͡Έ͔ͣͭΈ͔͍͙͚ͫ͟ ͺ͙͙͊͡͡ ͔ͦ͒͗͊͟͡͡ ˴ˮ̂ ͙͔͙ͣͤ ˤΦ ˥Φ ͙͙́ͣͪΎ͍ͫͦ͊ 

˹͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡ΈΥ ˴ͯ͊ͤ;͔͔͍͊͊͡ ˶͊ͤ͒·΄ ͙̊͊ͪ͘͟Ύ͍ͤͦͤ͊ 

ˢ͡Έ͔ͣͭΈ͔͍͙͚ͫ͟ ͺ͙͙͊͡͡ ͔ͦ͒͗͊͟͡͡ ˴ˮ̂ ͙͔͙ͣͤ ˤΦ ˥Φ ͙͙́ͣͪΎ͍ͫͦ͊ 

͎Φ ˢ͡Έ͔ͣͭΈ͔͍ͫ͟Σ ˾̅ 

 

́˾ˢ˹˿̅˻˾˸ˢ̇ˮ̒ ˿˻̇ˮˢ˶̎˹˻˯ ˿́˾̂˴́̂˾̍ ˾˻˿˿ˮ˯˿˴˻˥˻ ˻ˣ̋˩˿́ˤˢ 

 ʕ  ˴˻˹̇˩ XX ς ˹ ˢ̉ˢ˶˩ XXI ʕ ˩˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͔ͦͣͨͫͤ͟͟͡·͚ ͙͊ͤ͊͘͡ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ ͫͦͼ͙͊͡Έ͚ͤͦ ͫͭͪͯͭͯͪ͟· ͙͚͎ͪͦͫͫͫͦͦ͟ 

ͦ͋΅͔͍ͫͭ͊ ͍ ͔͙ͨͪͦ͒ ͫ ͦͤ͟ͼ͊ XX ͒ ͦ ͤ͊;͊͊͡ XXI ͍ ͔͊͟Φ ˢ͍ͭͦͪͦͣ ͍͔͔ͨͪͦ͒ͤͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Σ ͍͔͔ͤ͊ͨͪ͊ͤͤͦ͡ ͤ͊ 

͍·Ύ͍͔͙͔ͤ͡ ͺ͍͊ͭͦͪͦ͟Σ ͔͔͙͍ͦͨͪ͒͡΄͙ͻ ͙͙͒ͤ͊ͣͯ͟ ͫͦͼ͙͊͡Έ͚ͤͦ ͙ͫͭͪ͊ͭͺ͙͊͟ͼ͙͙ ͔ͨͦͫ͡ ͪ͊ͫͨ͊͒͊ ˿˿˿˾Σ ͙ ͤ͊ 

͙͊ͤ͊͘͡ ͎ͭͦͦΣ ͊͟͟ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͙ ͙͙ͨͦͭ͡;͔͙͔ͫ͟ ͔ͪͺͦͪͣ· ͍͙ͨͦ͡Ύ͙͡ ͤ͊ ͫͦͼ͙͊͡ΈͤͯΌ ͙ͣͦ͋͡ΈͤͦͫͭΈΣ 

͍͔ͯͪͦͤΈ ͔͍͔͍ͤͪ͊ͤͫͭ͊Σ ͨͦΎ͍͔͙͔ͤ͡ ͍ͤͦ·ͻ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͎ͪͯͨͨ ͙ ͙͔͔͙͔ͣͤͤ͘ ͻ͔͊ͪ͊ͭͪ͊͟ ͫͦͼ͙͊͡Έͤ·ͻ 
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TRANSFORMATION OF THE SOCIAL STRUCTURE OF RUSSIAN SOCIETY  

IN THE LATE 20TH AND EARLY 21ST CENTURY 

 

Abstract 

The article presents a comprehensive analysis of the transformation of the social structure of Russian 

society from the late 20th to the early 21st century. The study examines the key factors that shaped social 
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stratification during the post-Soviet transition and explores how political and economic reforms influenced 

social mobility, inequality, the emergence of new professional groups, and changes in social roles and status 

hierarchies. The research is relevant due to the fact that contemporary Russian society continues to be 

strongly affected by the structural shifts of the transitional era, which still require integrated historical and 

sociological interpretation. 

The study is based on official statistical data, nationwide sociological surveys, legal and institutional 

documents, and qualitative materials from focus groups comprising 32 participants of various age and 

professional backgrounds. The results demonstrate that the collapse of the Soviet system led to the 

disappearance of former status categories and the formation of new social layers, such as entrepreneurs, 

bureaucratic elites, specialists of the digital economy, and the precariat. It is shown that social mobility has 

decreased over the past decades, while inequality has become a stable and structurally embedded element 

of social reality. 

The findings allow the author to interpret the current social structure of Russia as heterogeneous, 

polarized, and strongly dependent on institutional arrangements, which has significant implications for 

ƳƻŘŜǊƴƛȊŀǘƛƻƴ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŦǳǘǳǊŜ ŘŜǾelopment. 

Keywords: 

Social structure, social mobility, inequality, post-Soviet Russia, stratification, modernization, precariat, 

entrepreneurship, digital economy, bureaucracy, social groups, labor market,  

historical dynamics, social transformation, social policy. 
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˾͔ͯ͘͡Έͭ͊ͭ· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ 

мΦ ˴ͪͯ΄͔͙͔ͤ ͍͔͚ͫͦͭͫͦ͟ ͔͙ͣͦ͒͡ ͫͦͼ͙͊͡Έ͚ͤͦ ͫͭͪͯͭͯͪ͟·Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔͔͚͙ͨͪͫͭͪͦ͟ όмфурς1991) 

˿͍͔͙͚ͦͭͫ͟ ˿ͦΌ͘ ͫͭͦͤͯͫ͟͡͡Ύ ͫ ͙͙ͪͫͦͣ͘͟ ͍ͯͨͪ͊͡Ύ͔͙ͣͦͫͭ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Σ ͙͔͙͔ͫͤ͗ͤͣ ͍͔͙͒ͦͪΎ ͟ 

͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣ ͙͙ͤͫͭͭͯͭ͊ͣ ͙ ͔ͦ͋ͫͼ͔͙͍͙͔ͤ͊ͤͣ ͍ͫͭ͊ͭͯͫͦΣ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͔͙͙ͨͪ͗ͤͣ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·͙ͣ 

͔͎͙͊ͭͦͪ͟Ύ͙ͣΦ 

ˢ͙ͤ͊͘͡ ͙͔͍ͤͭͪΈΌ ͯ;͙͍͊ͫͭͤͦ͟ ͫͭ͊ͪ΄͔͎ͦ ͍ͦͪ͊ͫͭ͊͘ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·͔͙͒ͭ͡Έ ͔ͤͫͦ͟͡Έͦ͟ ͻ͔͊ͪ͊ͭͪͤ͟·ͻ 

͔͔ͭͤ͒ͤͼ͙͚Υ 

 мΦ ˾͔͊͘͟Ύ ͔͍͒͊͡Έ͍͊ͼ͙Ύ ͨͪͦͺ͔͙͚ͫͫ ͫͦͼ͙͊͡Έ͚ͤͦ ͫͺ͔ͪ·Φ 

̂;͙͔ͭ͡ΎΣ ͙͔͔ͤ͗ͤͪ·Σ ͍ͪ͊;͙ ͔ͦͭͣ;͙͊͡ ͦ΅ͯ΅͔͙͔ͤ ζͫͦͼ͙͊͡Έ͎ͤͦͦ ͔͙ͨ͊͒ͤΎη ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ 

͔͍͔͙ͨͦ͒ͤͫͦͭͫͣ͘͟ ͔͙ͨͪͦ͒ͦͣΦ 

 нΦ ˻͔͙͔͋ͦͫͭͪͤ ͔ͨͪͦ͋ͣ͡· ͒ͦͻ͍ͦ͒ͦΦ 

˩͙ͫ͡ ͍ ˿˿˿˾ ͟͡Ό;͔͍·ͣ ͔ͪͫͯͪͫͦͣ ͋·͡ ͔ͤ ͒ͦͻͦ͒Σ ͊ ͒ͦͫͭͯͨ ͟ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡ΌΣ ͭͦ ͍ мффл-͔ ͎͍͊ͤ͡·ͣ 

͙͔͙͔ͪͭͪͣ͟ ͫͭ͊ͭͯͫ͊ ͙ͫͭ͊͡ ͔͒ͤΈ͎͙ τ Ύ͍͔͙͔ͤ͡Σ ͔͔ͪ͊ͤ ͔ͤ ͻ͔͔͊ͪ͊ͭͪͤͦ͟ ͒͡Ύ ͍͎ͣ͊ͫͫͦͦͦ ͙ͫͦͤ͊ͤ͘ΎΦ 

 оΦ ̂ͭͪ͊ͭ͊ ͍͔͙͒ͦͪΎ ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·ͣ ͎͙͊ͪ͊ͤͭΎͣΦ 

ˣͦ͡Έ΄͙͍ͤͫͭͦ ͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡ ͫͭ͊ͪ΄͔͎ͦ ͔͙ͨͦͦͤ͟͡Ύ ͍͙͙ͦͫͨͪͤͣ͊ͦ͡ ͙͔͔͙ͣͤͤ͘Ύ ͊͟͟ ͤ͊ͪͯ΄͔͙͔ͤ 

ͫͦͼ͙͊͡Έ͎ͤͦͦ ͎͍͒ͦͦͦͪ͊Σ ;ͭͦ ͔ͨͦ͗͘ ͙ͦͭͪ͊ͦͫ͘͡Έ ͤ͊ ͔͔ͨͦ͒͒ͪ͗͟ ͙͙͙ͨͦͭ͟͡ ͙͙ͫͭ͊͋͊͘͡ͼ͙͙ нллл-ͻΦ 

пΦ ˽ͦΎ͍͔͙͔ͤ͡ ͍ͤͦ·ͻ ͫͦͼ͙͊͡Έͤ·ͻ ͖͍ͫͦ͡Φ 

ˢ͙ͤ͊͘͡ ͙͙ͫͭ͊ͭͫͭ;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ ͙ ͺͦͯͫ͟-͎ͪͯͨͨ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·͔͙͒ͭ͡Έ ͔ͫ͒ͯ͡Ό΅͙͔ ͎ͪͯͨͨ·Υ 

рΦ ˹͍ͦ·͚ ͔͙͙͔ͨͪ͒ͨͪͤͣ͊ͭ͡Έ͙͚ͫ͟ ͚ͫͦ͡Φ 

ˤ͙ͦͤ͘͟ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙͍͙ͨͪ͊ͭ͊͘ͼ͙͙Σ ͫͤΎ͙ͭΎ ͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤ·ͻ ͋͊ͪΈ͔͍ͪͦ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 

ͪ·ͤͦ;͚ͤͦ Ή͙͙ͦͤͦͣ͟͟Φ 

˻͙ͭ͡;͙͔ͭ͡Έͤ·͔ ;͔ͪͭ·Υ 

- ͍ ·͙͚ͫͦ͟ ͒ͦͻͦ͒Τ 

- ͒ ͦͫͭͯͨ ͟ Ή͙ͦͤͦͣ͟;͔ͫͦͣͯ͟ ͙ Ό͙͙ͪ͒;͔ͫͦͣͯ͟ ͙͊ͨͭ͊ͯ͟͡Τ 

- ͫ ͍Ύ͘Έ ͫ ͙͙͙͍͊͒ͣͤͫͭͪ͊ͭͤ·͙ͣ ͙ͫͭͪͯͭͯͪ͊ͣ͟Φ 

˻͔͙͔͋ͫͯ͗͒ͤΥ 

мΦ ˻͍͔ͭͭ· ͤ͊ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έ͙͔ͫ͟ ͍ͦͨͪͦͫ·Φ ˹͍ͦ·͔ ͫͦͼ͙͊͡Έͤ·͔ ͎ͪͯͨͨ·Σ ͫͺ͙͍͍ͦͪͣͪͦ͊΄͙͔ͫΎ ͔ͨͦͫ͡ 

мффм ͎ͦ͒͊Σ ͍͟͡Ό;͊Όͭ ͔͙͙͔͔͚ͨͪ͒ͨͪͤͣ͊ͭ͡Σ ͋Ό͙ͪͦͪ͊ͭ͟ΌΣ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͍͚ͤͦͦ Ή͙͙ͦͤͦͣ͟͟ ͙ ͔͙ͨͪ͊ͪ͊ͭ͟Φ 

˴͊͗͒͊Ύ ͙͘ ͙ͤͻ ͙͔͔ͣͭ ͪ͊ͤ͘·͔ ͙ͭͨ· ͙͊ͨͭ͊͊͟͡ ͙ ͪ͊ͤͯ͘Ό ͔͔ͫͭͨͤΈ ͍͟͡Ό;͖͙ͤͤͦͫͭ ͍ ͫͦͼ͙͊͡Έͤ·͔ ͙͙ͤͫͭͭͯͭ·Φ 

˸͙ͦ͋͡ΈͤͦͫͭΈ ͙͙ͫͤ͊ͫ͘͡ΈΥ 

- ͍ ·ͪͦͫ͊͡ ͪͦ͡Έ ͍ͫΎ͔͚͘Τ 

- ͯ ͔ͣͤΈ΄͙ͦͫ͡Έ ͤ͊͘;͔͙͔ͤ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͍͙͊͟͡ͺ͙͊͟ͼ͙͙ ͍ ͪΎ͔͒ ͫͺ͔ͪΤ 

- ͯ ͙͙ͫ͊ͫ͡͡Έ ͨͦ͡Ύ͙ͪ͊͘ͼ͙Ύ ͔ͣ͗͒ͯ ζͼ͙ͺ͍ͪͦ·͙ͣη ͙ ζ͙ͭͪ͊͒ͼ͙ͦͤͤ·͙ͣη ͨͪͦͺ͔͙ͫͫΎ͙ͣΦ 

˿͔͎͙͙ͭͪ͊ͭ ͔͔͙ͤ͊ͫͤ͡Ύ ͙͔͙͙ͣͤͫ͘͡ΈΥ 

- ͣ ͖ͦͦ͒͗͡Έ ͙͔͙͔ͦͪͤͭͪͯͭͫΎ ͤ͊ ͎͙͋ͦͫͭ͟Έ ͙ ζͨͦͪͭͺ͔͡ΈͤͯΌ ͊ͤ͘ΎͭͦͫͭΈηΤ 

- ͫ ͭ͊ͪ΄͔͔ ͔͙͔ͨͦͦͤ͟͡ - ͤ ͊ ͙ͫͭ͊͋͡ΈͤͦͫͭΈΤ 

- ͫ ͔͙͚ͪ͒ͤ ͍ͦͪ͊ͫͭ͘ - ͤ ͊ ͋͊͊ͤͫ͡ ͔ͣ͗͒ͯ ͒ͦͻͦ͒ͦͣ ͙ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΌΦ 

нΦ ˿͍͔͙͔ͪ͊ͤͤ ͫ ͙͍ͦͨͯ͋ͦ͊ͤͤ͟͡·͙ͣ ͒͊ͤͤ·͙ͣΦ ˾͔ͯ͘͡Έͭ͊ͭ· ͎ͫͦ͊ͫͯ͡ΌͭͫΎ ͫ ͍·͍͙ͦ͒͊ͣ ˮ͔ͤͦͣ͘ͼ͔͍͊ ͦ 

ͭͦͣΣ ;ͭͦ ͙͚ͪͦͫͫͫ͊͟Ύ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙Ύ ͙ͤͦͫͭ ζ͙ͫͭͪ͊ͭͺ͙͊͟ͼ͙ͦͤͤͦ ͔͍͔ͤͪ͊ͤͦͣͪͤ·͚η ͻ͔͊ͪ͊ͭͪ͟ ώоΣ ͫΦ тпϐΦ 

˥͔͡Έͣ͊ͤ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͪͦ͡Έ ͎͍ͦͫͯ͒͊ͪͫͭ͊ ͊͟͟ ͟͡Ό;͔͍͎ͦͦ Ή͔͔ͣͤͭ͊͡ ͫͦͼ͙͊͡Έ͎ͤͦͦ ͔͎͙͍͙ͪͯͪͦ͊ͤ͡Ύ ώнΣ ͫΦ фмϐΣ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζ IN SITU η                    ISSN (p) 2411-7161 / ISSN (e) 2712-9500                    Ѕ12 / 2025 

 

 

39 

;ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͒͊ͤͤ·͙ͣ ͺͦͯͫ͟-͎ͪͯͨͨΦ 

͔́ͣ ͔ͤ ͔͔͔ͣͤ ͔ͪͯ͘͡Έͭ͊ͭ· ͦͭͪ͊͗͊Όͭ ͚ͯͫͭͦ;͙͍·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͙͚͚ͪͦͫͫͫͦ͟ ͫͦͼ͙͊͡Έ͚ͤͦ ͙͙͙͒ͤ͊ͣ͟Φ 

ˢ͍ͭͦͪ ͍·͔ͪ͊͗͊ͭ ͎͋͊ͦ͒͊ͪͤͦͫͭ͡Έ ͯ;͙͊ͫͭͤ͊ͣ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͊͘ ͎͍ͦͭͦͤͦͫͭΈ ͔͙ͨͦ͒ͭ͡ΈͫΎ ͙͡;ͤ·ͣ 

ͦͨ·ͭͦͣΣ ͔͎ͦ͊ͣ͟͡͡ ͨͦ ͙͙͊ͤ͊ͭ͡;͔͚ͫͦ͟ ͔ͪ͊͋ͦͭ τ ͊͘ ͔͙͔ͦ͋ͫͯ͗͒ͤ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫ͟ͻ ͍͍ͦͨͪͦͫͦΣ ͊ ͔ͭ͊͗͟ 

͎͙ͦͪ͊ͤ͊͘ͼ͙ΎͣΣ ͔͍͙͍ͨͪ͒ͦͫͭ͊΄͙ͣ ͒ͦͫͭͯͨ ͟ ͙͙ͫͭ͊ͭͫͭ;͔͙ͫͣ͟ ͔͙ͣ͊ͭͪ͊͊ͣ͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˿͔͔ͨͤͫͪΣ ˥Φ ˮͯ͘;͔͙͔ͤ ͫͦͼ͙͎͙͙ͦͦ͡ κ ˥Φ ˿͔͔ͨͤͫͪΤ ͔͔͍ͨͪͦ͒ ͫ ͎͙͚͎͊ͤͫͦͦ͟͡ ˸Φ ˥ͦ͡Έ͙͒ͫͣͭΦ ς ˿͊ͤͭ͟-

˽͔͔͎ͭͪ͋ͯͪΥ ˶͊ͤΈΣ нлмоΦ ς нрс ͫΦ 

нΦ ˮ͙ͫͭͦͪΎ ˾͙͙ͦͫͫ ͍ н ;Φ ̉Φ нΦ ̆̆ τ ͤ͊;͊ͦ͡ ··L ͍͔͊͟Υ ͯ;͔͙͋ͤ͟ ͒͡Ύ ͍͍ͯͦ͘ κ ˶ΦˮΦ ˿͔͔͙͍ͣͤͤͦ͊͟ ώ͙ ͒ͪΦϐ Τ 

͔ͪ͒͊͟ͼ͙Ύ ˶Φ ˮΦ ˿͔͔͙͍͚ͣͤͤͦͦ͟Φ τ 7-͔ ͙͒͘ΦΣ ͙ͫͨͪΦ ͙ ͒ͦͨΦ τ ˸͍ͦͫ͊͟Υ ͚̑ͪ͊ͭΣ нлннΦ τ ону ͫΦ κκ 

˻͍͔͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ ͨ͊ͭ͡ͺͦͪͣ͊ ͚̑ͪ͊ͭ ώ͚ͫ͊ͭϐΦ τ URL: https://urait.ru/bcode/470806. τ ˾͔͙͗ͣ ͒ͦͫͭͯͨ͊Υ 

͒͡Ύ ͍͙͊ͭͦͪ͘Φ ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡Φ τ ́ ͔ͫͭ͟Υ Ή͔ͭͪͦͤͤ͟͡·͚Φ 

оΦ ˽͔͍ͤͦ͟͡Σ ˻Φ ̑Φ ˮ͙ͫͭͦͪΎ ͍͔͚ͤͦ΄͔͎ͦ ͍͔͔͙ͪͣͤΥ ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ ͒͡Ύ ͍͍ͯͦ͘ κ ˻Φ ̑Φ ˽͔͍ͤͦ͟͡Φ τ 2-͔ ͙͒͘ΦΣ 

͙ͫͨͪΦ ͙ ͒ͦͨΦ τ ˸͍ͦͫ͊͟Υ ͚̑ͪ͊ͭΣ нлннΦ τ осу ͫΦ κκ ˻͍͔͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ ͨ͊ͭ͡ͺͦͪͣ͊ ͚̑ͪ͊ͭ ώ͚ͫ͊ͭϐΦ τ URL: 

https://urait.ru/bcode/495569. τ ˾ ͔͙͗ͣ ͒ͦͫͭͯͨ͊Υ ͒͡Ύ ͍͙͊ͭͦͪ͘Φ ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡Φ τ ́ ͔ͫͭ͟Υ Ή͔ͭͪͦͤͤ͟͡·͚Φ 

пΦ ˴͙͙͍ͪͦ͡͡Σ ˤΦ ˤΦ ˮ͙ͫͭͦͪΎ ˾͙͙ͦͫͫ ͍ н ;Φ ̉Φ нΦ ̆· ͍͔͟ τ ͤ ͊;͊ͦ͡ ··L ͍͔͊͟ Υ ͯ;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ ͒͡Ύ ͍͍ͯͦ͘ κ ˤΦ 

ˤΦ ˴͙͙͍ͪͦ͡͡Φ τ 8-͔ ͙͒͘ΦΣ ͔͔ͨͪͪ͊͋Φ ˮ ͒ͦͨΦ τ ˸͍ͦͫ͊͟Υ ͚̑ͪ͊ͭΣ нлннΦ τ нрт ͫΦ κκ ˻͍͔͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ 

ͨ͊ͭ͡ͺͦͪͣ͊ ͚̑ͪ͊ͭ ώ͚ͫ͊ͭϐΦ τ URL: https://urait.ru/bcode/471498. τ ˾͔͙͗ͣ ͒ͦͫͭͯͨ͊Υ ͒͡Ύ ͍͙͊ͭͦͪ͘Φ 

ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡Φ τ ́ ͔ͫͭ͟Υ Ή͔ͭͪͦͤͤ͟͡·͚Φ 

рΦ ˣ͍͙͚ͪ͊ͭ͊ͤͦͫ͟Σ ˿Φ˹Φ ˢ͙͙͙͍͔͒ͣͤͫͭͪ͊ͭͤͦ ͼ͔͍͙͔ͤͦͦ͋ͪ͊ͦ͊ͤ͘ ͙͙ͪͦͫͫΥ ͙͙ͫͭͦͪΎ ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͍͙͙ͪ͊ͭ͘Ύ κ 

˿Φ˹Φ ˣ͍͙͚ͪ͊ͭ͊ͤͦͫ͟Σ ˿Φ˹Φ ˭͚͍͊ͦ͊͟Φ - ˸ ΦΥ ˾͚ͯͫ͊ͤͫΣ нлмпΦ - 288 c. 

сΦ ˭ͦͦͭͯ͡ͻ͙ͤΣ ˸Φ̑Φ ˮ͙ͫͭͦͪΎ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ ͙ ͍͔ͤ΄͔͚ͤ ͙͙͙ͨͦͭ͟͡ ˾͙͙ͦͫͫ ͍ ˹͍͔ͦͦ ͍͔ͪͣΎΦ 

·L· ͍͔͟Υ ̂;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ κ ˸Φ̑Φ ˭ͦͦͭͯ͡ͻ͙ͤΣ ˤΦˢΦ ˥͔͎͙͔͍ͦͪΣ ˹Φ˥Φ ˥͔͎͙͔͍ͦͪ͊Φ - ˸ ΦΥ ˮͤͺͪ͊-˸Σ нлмтΦ - 384 c. 

тΦ ˴ͦ͘Έ͔ͣͤͦ͟Σ ˤΦ˸Φ ˮ͙ͫͭͦͪΎ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ ͙ ͍͔ͤ΄͔͚ͤ ͙͙͙ͨͦͭ͟͡ ˾͙͙ͦͫͫ όмспу-2010): 

̂;͔͙͋ͤ͟ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦ ͍͍ͯͦ͘ κ ˤΦ˸Φ ˴ͦ͘Έ͔ͣͤͦ͟Φ - ˸ ΦΥ ˢ͔ͫͨͭ͟ ˽͔ͪͫͫΣ нлмнΦ - 384 c. 

уΦ ˸͍͊ͪͦ͊͟Σ ˢΦ˹Φ ͙̏ͦͤͦͣ͟;͔ͫ͊͟Ύ ͙͙ͫͭͦͪΎ ˾͙͙ͦͫͫΥ ̂;͔͙͋ͤ͟ ͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦ κ ̑Φ˴Φ ͔͍̅͒ͯͦ͡Σ ˢΦ˹Φ ˸͍͊ͪͦ͊͟Σ 

ˢΦˤΦ ˿͔͙ͣͭ͊ͤͤΤ ˽ͦ͒ ͔ͪ͒Φ ̑Φ˴Φ ͔͍̅͒ͯͦ͊͡Φ - ˸ ΦΥ ͙͙̑ͤͭ-˨͊ͤ͊Σ нлмоΦ - 319 c. 

ϭ ˿͔͎͔͔͍ͪ͊ ˴ΦˢΦΣ нлнр 
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ˢ͍ͣͯͪ͊͒ͦ͊͟ ˥Φ  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡ΈΤ 

ˢ͎͍͊͒͗͊ͤͦ ˢΦ  

ͫͭ ͔ͯ͒ͤͭΤ 

˹ͯͪ·͔͡ ͍͊ ˹Φ  

ͫͭ ͔ͯ͒ͤͭΦ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͙ͤͫͭͭͯͭ Ή͙͙ͦͤͦͣ͟͟ ͙ ͍͔͙ͯͨͪ͊ͤ͡ΎΦ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˨͊ͤͤ͊Ύ ͫͭ͊ͭΈΎ ͙͙͔͊ͤ͊ͪͯͭ͘͡ ͎ͦ͋͊͡͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ ͙ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͔͔ͤͣͼ͎ͦͦ͟ 

Ύ͘·͊͟ ό5ŜǳǘǎŎƘύ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪΦ ˤ ͔͚ͤ ͔ͪ͊ͫͫͣͦͭͪͤ ͔͎ͦ ͫͭ͊ͭͯͫ ͊͟͟ ͦͺ͙ͼ͙͊͡Έ͎ͤͦͦ Ύ͘·͊͟ 

͍ ͔͙ͫͣ ͔͍͔͚͙ͪͦͨͫ͟ͻ ͫͭͪ͊ͤ͊ͻ ͙ ͊͟͟ ͍͎͊͗ͤͦͦ Ύ͘·͊͟ ͔ͣͤΈ΄͙͍ͤͫͭΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ 

Ή͙ͦͤͦͣ͟;͔ͫͦͣͯ͟ ͤ͊͘;͔͙ͤΌ ͔͔ͤͣͼ͎͍ͦͦͦͪ͟Ύ΅͔͎ͦ ͔͎͙ͪͦͤ͊ ό5-A-CH-[ύ ͊͟͟ ͟͡Ό;͔͍͎ͦͦ 

͙͍͎ͣͪͦͦͦ Ή͔ͫͨͦͪͭͪ͊͟ ͙ ͙͔͒ͪ͊͡ ͍ ͫͺ͔ͪ͊ͻ ͣ͊΄͙͔͙ͤͦͫͭͪͦͤΎ ͙ ͔ͭͻ͎͙͚ͤͦͦ͡Φ ˤ ͫͭ͊ͭΈ͔ ͔ͭ͊͗͟ 

ͨͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͯ͟͡Έͭͯͪͤ͊Ύ ͙ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ͊Ύ ͪͦ͡Έ Ύ͘·͊͟ ͍ ͙͍͚ͣͪͦͦ ͺ͙ͦͫͦ͡ͺ͙͙Σ ͔ͤ͊ͯ͟ ͙ 

͙͍͔ͫͯͫͫͭ͟Σ ͔͎ͦ ͤ͊͘;͙ͣͦͫͭΈ ͍ ˩͍͔͚ͪͦͨͫͦͣ͟ ˿ͦΌ͔͘Σ ͊ ͔ͭ͊͗͟ ͍͙͡Ύ͙͔ͤ ͍ ͼ͙ͺ͍ͪͦͦͣ 

͍͔ͨͪͦͫͭͪ͊ͤͫͭΦ ˾͔͊ͫͫͣͦͭͪͤ· ͔ͣͻ͙͊ͤͣ͘· ͔͚ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ͔͙ͨͦ͒͒ͪ͗͟ ͙ ͍͙͔͙ͨͪͦ͒͗ͤΎ Ύ͘·͊͟Σ 

͔͙͔ͪ͊ͯͣ͘͡·͔ ;͔͔ͪ͘ ˮ͙ͤͫͭͭͯͭ ˥͖͔ͭ ͙ ͙͔͙ͫͭͨͤ͒͊͡Έͤ·͔ ͎ͨͪͦͪ͊ͣͣ· ό5!!5ύΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͔͔ͤͣͼ͙͚͟ Ύ͘·͟Σ ͎ͦ͋͊͡͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤΣ Ή͙ͦͤͦͣ͊͟͟, D-A-CH-L, ͟ ͯ͡Έͭͯͪ͊Σ ͤ͊ͯ͊͟Σ  

ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙ΎΣ ͙͙ͤͫͭͭͯͭ ˥͖͔ͭΣ ˩͍͔͚͙͚ͪͦͨͫ͟ ˿ͦΌ͘Σ ͪ͊ ͔͙͔ͫͨͪͦͫͭͪ͊ͤͤΦ 

 

˹͔͔ͣͼ͙͚͟ Ύ͘·͟ ό5ŜǳǘǎŎƘ) τ ͙ͦ͒ͤ ͙͘ ͔͚ͪͯͨͤ͟΄͙ͻ Ύ͘·͍ͦ͟ ͙ͣͪ͊Σ ͙͔ͣΌ΅͙͚ 

ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͎͔͙͙ͦͨͦͭ͡;͔͔ͫͦ͟Σ Ή͙ͦͤͦͣ͟;͔͔ͫͦ͟ ͙ ͯ͟͡Έ͔ͭͯͪͤͦ ͍͙͡Ύ͙͔ͤΦ ˩͎ͦ ͤ͊͘;͔͙͔ͤ 

͍·ͻ͙ͦ͒ͭ ͔͒͊ͦ͟͡ ͊͘ ͔͔ͨͪ͒͡· ˥͔͙͙ͪͣ͊ͤΣ ͦͻ͍͊ͭ·͍͊Ύ ͔̇ͤͭͪ͊͡ΈͤͯΌ ˩͍ͪͦͨͯ ͙ ͍͙͡ΎΎ ͤ͊ ͙͍ͣͪͦͯΌ 

ͤ͊ͯͯ͟Σ ͔ͭͻ͙ͤͯ͟ ͙ ͙͍ͫͯͫͫͭͦ͟Φ 

˹͔͔ͣͼ͙͚͟ Ύ͘·͟ Ύ͍͡Ύ͔ͭͫΎ ͪͦ͒ͤ·ͣ ͙͙͡ ͍ͭͦͪ·ͣ Ύ͘·ͦͣ͟ ͒͡Ύ ͔͔͋ͦ͡ ;͔ͣ млл ͙͙͍ͣͦͤͦ͡͡ 

;͔͍͔ͦ͟͡ ͨͦ ͍͔ͫͣͯ ͙ͣͪͯΣ ;ͭͦ ͔͔͒͊ͭ͡ ͔͎ͦ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ Ύ͘·͍ͦ͟Φ 

¶ ˻ͺ͙ͼ͙͊͡Έͤ·͚ ˿ͭ͊ͭͯͫΥ ˹͔͔ͣͼ͙͚͟ Ύ͘·͟ ͙͔͔ͣͭ ͫͭ͊ͭͯͫ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͙͡ 

ͦͺ͙ͼ͙͊͡Έ͎ͤͦͦ Ύ͘·͊͟ ͍ ͔͙ͫͣ ͔͍͔͚͙ͪͦͨͫ͟ͻ ͫͭͪ͊ͤ͊ͻΣ ͦ͋ͪ͊ͯ͘Ό΅͙ͻ ͭ͊͟ ͤ͊͘·͍͔͔͊ͣͦ 

Ϧ͔͔ͤͣͼ͎͍ͦͦͦͪ͟Ύ΅͔͔ Ύ͒ͪͦϦ ό5-A-CH-L): 

o ˥͔͙ͪͣ͊ͤΎ ό˥͔͒ ͔͔ͤͣͼ͙͚͟ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͫͤͦͤ·ͣ Ύ͘·ͦͣ͟ύΦ 

o ˢ͍͙ͫͭͪΎΦ 

o ͍͔͚̊ͼ͙͊ͪΎ ό͙ͦ͒ͤ ͙͘ ;͔ͭ·͔ͪͻ ͦͺ͙ͼ͙͊͡Έͤ·ͻ Ύ͘·͍ͦ͟ύΦ 

o ˶͙ͻ͔ͭͤ΄͔͚ͭͤΦ 

o ˶Ό͔͎ͫͣ͋ͯͪ͟ ό͙ͦ͒ͤ ͙͘ ͔ͭͪͻ ͦͺ͙ͼ͙͊͡Έͤ·ͻ Ύ͘·͍ͦ͟ύΦ 

o ˣ͔͡Έ͎͙Ύ ό͙ͦ͒ͤ ͙͘ ͔ͭͪͻ ͦͺ͙ͼ͙͊͡Έͤ·ͻ Ύ͘·͍ͦ͟ύΦ 

o ˮ͙ͭ͊͡Ύ ό͍ ͔͎͙͔ͪͦͤ ̑͗ͤ·͚ ͙́ͪͦ͡ΈύΦ 

¶ ̒͘·͟ ˸͔ͤΈ΄͙͍ͤͫͭΥ ˹͔͔ͣͼ͙͚͟ ͫͦͻͪ͊ͤΎ͔ͭͫΎ ͊͟͟ Ύ͘·͟ ͔ͣͤΈ΄͙͍ͤͫͭ ͍ ˤͦͫͭͦ;͚ͤͦ ˩͍͔ͪͦͨ 

ό˽ͦ͡Έ΄͊Σ ˾͙ͦͫͫΎΣ ˾ͯͣ·͙ͤΎύΣ ˿͔͍͔͚ͪͤͦ ˢ͔͙͔ͣͪ͟ ό˿̊ˢΣ ˴͊ͤ͊͒͊ύ ͙ ͚̑͗ͤͦ ˢ͔͙͔ͣͪ͟ 

όˣ͙͙ͪ͊͘͡ΎΣ ˢ͎͔͙ͪͤͭͤ͊ύΣ ;ͭͦ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͙͎ͣͪ͊ͼ͙ͦͤͤͦͣ ͔͙͙ͤ͊ͫ͒͡Φ 

¶ ˮͯ͘;͔͙͔ͤ ͊͟͟ ˮ͎ͤͦͫͭͪ͊ͤͤͦͦΥ ˹͔͔ͣͼ͙͚͟ ͙ͫͭ͊͋͡Έͤͦ ͙͔͊ͤͣ͊ͭ͘ ͍͔ͭͦͪͦ ͙͙͡ ͔ͭͪͭΈ͔ 
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͔ͣͫͭͦ ͍ ˩͍͔ͪͦͨ ͙ ͍ͻ͙ͦ͒ͭ ͍ ;͙ͫͦ͡ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭͦ ͙ͯ͘;͔͊ͣ·ͻ ͙ͤͦͫͭͪ͊ͤͤ·ͻ Ύ͘·͍ͦ͟ ͍ ͙͔ͣͪΣ 

ͯͫͭͯͨ͊Ύ ͙͡΄Έ ͎͙͚͊ͤͫͦͣͯ͟͡Σ ͙ͫͨ͊ͤͫͦͣͯ͟ ͙ ͺͪ͊ͤͼͯͫͦͣͯ͘͟Φ 

͙̏ͦͤͦͣ͟;͔ͫ͊͟Ύ ͣͦ΅Έ ͔͔ͤͣͼ͎͍ͦͦͦͪ͟Ύ΅͙ͻ ͫͭͪ͊ͤ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͍·͔ͫͦͦ͟ ͙ͨͪ͊ͭ͟;͔͔ͫͦ͟ 

ͤ͊͘;͔͙͔ͤ ͔͔ͤͣͼ͎ͦͦ͟ Ύ͘·͊͟ ͍ ͙͔͔͋ͤͫ͘ ͙ ͎͍͔ͭͦͪͦ͡Φ 

¶ ͎͍́ͦͪͦ·͚ ˽͔͊ͪͭͤͪΥ ˥͔͙ͪͣ͊ͤΎ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͙͍ͣͪͦ·ͻ Ήͫͨͦͪͭͤ͟·ͻ 

͔͍͒ͪ͗͊Σ ͊ ͔͔ͤͣͼ͎͍ͦͦͦͪ͟Ύ΅͙͚ ͔͎͙ͪͦͤ ͍ ͼ͔ͦͣ͡ τ ͣͦ΅ͤ·͚ Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͼ͔ͤͭͪ ˩͍ͪͦͨ·Φ 

˭͙͔ͤ͊ͤ ͔͔ͤͣͼ͎ͦͦ͟ Ύ͘·͊͟ ͔͒͊ͭ ͤ͊͘;͙͔ͭ͡Έͤ·͔ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͍ ͎͍͔ͭͦͪͦ͡Σ ͎͙͙͔ͦͫͭ͟͡ ͙ 

͙͍͍͔ͨͪͦͦ͒ͫͭͤͤͦͣ͘ ͔͔ͫͭͦͪ͟Φ 

¶ ˹͊ͯ͊͟ ͙ ͔́ͻ͎͙͙ͤͦͦ͡Υ ˥͔͙ͪͣ͊ͤΎ ͙ ͍͔͚̊ͼ͙͊ͪΎ ͙͙͒ͪͯ͡Όͭ ͍ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͦͭͪ͊ͫ͡ΎͻΣ 

͙ͭ͊͟ͻ ͊͟͟ ͣ͊΄͙͔͙͔ͤͦͫͭͪͦͤΣ ͍͙͔͔͙͔͊ͭͦͣͦ͋ͫͭͪͦͤ͡Σ ͺ͊ͪͣ͊ͼ͔͍͙ͭ͊͟ ͙ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;͔ͤͦ 

͙͍͍ͨͪͦͦ͒ͫͭͦ͘Φ ˣͦ͡Έ΄͔ͦ ͙ͦ͟͡;͔͍ͫͭͦ ͔͍ͨ͊ͭͤͭͦ ͙ ͤ͊ͯ;ͤ·ͻ ͙ͨͯ͋͊͟͡ͼ͙͚ ͔ͫͦ͒͊ͭͫ͘Ύ ͤ͊ 

͔͔ͤͣͼͦͣ͟ Ύ͘·͔͟Φ 

¶ ˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͙ ˾͊͋ͦͭ͊Υ ˹͔͔ͣͼ͙͚͟ Ύ͘·͟ ͦͭͪ͟·͍͔͊ͭ ͒ͦͫͭͯͨ ͟ ͍·ͫͦͦ͊͟͟;͔͍͔ͫͭͤͤͦͣͯ 

͔͋ͫͨ͊ͭͤͦͣͯ͡ ͙͙͡ ͔͎ͤ͒ͦͪͦͦͣͯ ͍·ͫ΄͔ͣͯ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ό ͍ ˥͔͙͙ͪͣ͊ͤΣ ͊ ͔ͭ͊͗͟ ͟ ͙͍͔͔ͨͪ͊ͭ͟͡͡Έͤ·ͣ 

͊ͪ͟Έ͔ͪͤ·ͣ ͍ͦͣͦ͗ͤͦͫͭ͘Ύͣ ͍ ͔͍͔͚͙ͪͦͨͫ͟ͻ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͙ ͨͪͦͣ·΄͔ͤͤ͡·ͻ ͎͙͎͊ͤͭ͊ͻΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͔ͤͣͼ͙͚͟ Ύ͘·͟ ͫͦͻͪ͊ͤΎ͔ͭ ͍ͫͦΌ ͍·ͫͦͯ͟Ό ͤ͊͘;͙ͣͦͫͭΈ ͍ ··L ͍͔͔͟Φ ˻ͤ 

Ύ͍͡Ύ͔ͭͫΎ ͔ͤ ͨͪͦͫͭͦ ͔͍ͫͪ͒ͫͭͦͣ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͒͡Ύ ͙͔͔͚͗ͭ͡ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˩͍ͪͦͨ·Σ ͤͦ ͙ 

͟͡Ό;ͦͣ ͟ ͣͦ΅͔͚ͤ΄͔͚ Ή͙͔ͦͤͦͣ͟͟ ͙͔ͦͤͭͤͤͭ͊͟Σ ͟ ͎͔͚͋ͦ͊ͭ΄͔ͣͯ ͨ͊ͫͭͯ͡ ͙͍͚ͣͪͦͦ ͺ͙ͦͫͦ͡ͺ͙͙ ͙ 

͙ͤ͊ͯ͟Σ ͊ ͔ͭ͊͗͟ ͍͊͗ͤ·ͣ ͪ͊͋ͦ;͙ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͍ ͔͍͔͚͙ͪͦͨͫ͟ͻ ͙ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ 

ͫͭͪͯͭͯͪ͊͟ͻΦ ˩͎ͦ ͙ͯ͘;͔͙͔ͤ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͔͔ͦͤͯͪͤͭͤͦ͟͟ ͔͙ͨͪͣͯ΅͔͍ͫͭͦ ͤ͊ 

͙͍ͣͪͦͦͣ ͪ·͔ͤ͟ ͭͪͯ͒͊ ͙ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ ͫͺ͔͔ͪΦ 

ˮͯ͘;͔͙͔ͤ ͔͔ͤͣͼ͎ͦͦ͟ Ύ͘·͊͟ ͍ ͔͙͔́ͯͪͣͤͫͭ͊ͤ͟ ͙͔͊ͤͣ͊ͭ͘ ͍͔͊͗ͤͦ ͔ͣͫͭͦ ͍ ͙͔͔ͫͫͭͣ 

͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ ͔͎ͣ͗͒ͯͤ͊ͪͦ͒ͤͦͦ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭ͊Φ ̏ͭͦ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͙͍͊ͭͤͦ͟ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭͫΎ 

͊͟͟ ͤ͊ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤͦͣ ͍͔ͯͪͦͤΣ ͭ͊͟ ͙ ;͔͔ͪ͘ ͔͍ͨ͊ͪͭͤͪͫͭͦ ͫ ͍͔͒ͯ΅͙͙ͣ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ͙ͣ 

˥͔͙͙ͪͣ͊ͤ. 

˹͔͔ͣͼ͙͚͟ Ύ͘·͟ Ύ͍͡Ύ͔ͭͫΎ ͨͪͦͺ͙͙ͪͯ͡Ό΅͙ͣ ͔͔ͨͪ͒ͣͭͦͣ ͍ ͟͡Ό;͔͍·ͻ ͍ͯ͊͘ͻ ͫͭͪ͊ͤ·Υ 

¶ ͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˸͊ͻ͙ͭͯͣͯ͟͡Υ ˻͍͚ͫͤͦͤͦ ͼ͔ͤͭͪ 

͎͍͙ͨͦ͒ͦͭͦ͟ ͺ͙͎͍ͦͦͦ͡͡ ͙ ͔͍͔͔͚ͨͪͨͦ͒͊͊ͭ͡ ͔͔ͤͣͼ͎ͦͦ͟ Ύ͘·͊͟Φ 

¶ ͔͙͚́ͯͪͣͤͫ͟͟ ͤ͊ͼ͙ͦͤ͊͡Έͤ·͚ ͙͙ͤͫͭͭͯͭ ͙͍ͣͪͦ·ͻ Ύ͘·͍ͦ͟ ͙͔͙ͣͤ ˨Φ ˢ͙͊͒͘Υ ˭͔͒ͫΈ 

͎͍ͦͭͦΎͭ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έͤ·ͻ ͔͔͍ͨͪͦ͒;͙͍ͦ͟ ͙ ͯ;͙͔͔͚ͭ͡Σ ͙ͫͨͦ͡Έͯ͘Ύ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͙͙ͣͭͦ͒͟ 

͔͍͙ͨͪͨͦ͒͊͊ͤΎΦ 

¶ ˮ͙ͤͫͭͭͯͭ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ ˸ˮ˨ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Υ ˹͔͔ͣͼ͙͚͟ ͙ͯ͘;͔͊ͭͫΎ ͊͟͟ 

͙ͦ͒ͤ ͙͘ ͙͙͔ͨͪͦͪͭͭͤ·ͻ Ύ͘·͍ͦ͟ ͙͙͙͒ͨͦͣ͊ͭ͡Φ 

ˤ ͔͙͔́ͯͪͣͤͫͭ͊ͤ͟ ͺͯͤ͟ͼ͙͙͔ͦͤͪͯͭ ͪΎ͒ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ ͔͙ͫͪ͒ͤͻ ΄ͦ͟͡ ͫ 

͎͔ͯͯ͋ͤͤ͡͡·ͣ ͙ͯ͘;͔͙͔ͤͣ ͔͔ͤͣͼ͎ͦͦ͟ Ύ͘·͊͟Φ 

¶ ˤ͊͗ͤͯΌ ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͙͙ͤͼ͙͙͍͊ͭ͊ t!{/I όζ̊ͦ͟͡·Υ ͔ͨ͊ͪͭͤͪ· ͋ͯ͒ͯ΅͔͎ͦηύΦ ˹͔ͫͦ͟͡Έͦ͟ 

΄ͦ͟͡ ͍ ˢ΄ͻ͔͊͋͊͒ ͙ ͎͙͒ͪͯͻ ͍͔͊͡Ύͭ͊ͻ ͍ͻͦ͒Ύͭ ͍ Ήͭͯ ͎ͦ͋͊͡͡ΈͤͯΌ ͔ͫͭΈΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͯ͡;΄͙ͣ 

ͯ;͔͙ͤ͊ͣ͟ ͔͔͎͗ͦ͒ͤͦ ͍·͙͎ͪ·͍͊ͭΈ ͙͔͙͙ͫͭͨͤ͒ ͤ͊ Ύ͘·͍ͦ͟·͔ ͯͪͫ͟· ͍ ˥͔͙͙ͪͣ͊ͤΦ 

˾͍͙͙͊ͭ͘Ό Ύ͘·͊͟ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͫͭͪͯͭͯͪ͟·Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ ͔͙͊͊͒ͣ͟;͔͙͚ͫ͟ ͙ 

ͯ͟͡Έͭͯͪͤ·͚ ͔ͦ͋ͣͤΥ 

¶ 5!!5 ό˥͔ͪͣ͊ͤͫ͊͟Ύ ͫͯ͗͋͊͡ ͔͙͊͊͒ͣ͟;͔͙ͫ͟ͻ ͔͍ͦ͋ͣͤͦύΥ ˽͔͍ͪ͒ͦͫͭ͊͡Ύ͔ͭ ͦͤͫͯ͟͡Έͭ͊ͼ͙͙ ͙ 

͙͔͙͙ͫͭͨͤ͒ ͒͡Ύ ͔͙ͭͯͪͣͤͫ͟͟ͻ ͔͍ͫͭͯ͒ͤͭͦ ͙ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡Σ ͔͗͊͡Ό΅͙ͻ ͙ͨͪͦ͒ͦ͗ͭ͡Έ ͦ͋ͯ;͔͙͔ͤ 

͍ ͎͙͔ͣ͊ͫͭͪ͊ͭͯͪ ͙͙͡ ͔͒ͦͭͦͪ͊ͤͭͯͪ͟ ͍͍ͯͦ͘ ˥͔͙͙ͪͣ͊ͤΦ 

¶ ˮ͙ͤͫͭͭͯͭ ˥͖͔ͭ όDƻŜǘƘŜ-LƴǎǘƛǘǳǘύΥ ͔͔̉ͪ͘ ͍͚ͫͦ Ύ͘·͍͚ͦͦ͟ ͼ͔ͤͭͪ ͍ ˢ΄ͻ͔͊͋͊͒ ͍͙ͨͪͦͦ͒ͭ ͯͪͫ͟· 

͔͔ͤͣͼ͎ͦͦ͟ Ύ͘·͊͟ ͒͡Ύ ͍͔ͫͻ ͍͔͚ͯͪͦͤ ͙ ͙͙͔ͨͪͤͣ͊ͭ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͔ Ή͔͊ͣͤ͘͟· όͦͭ !м ͒ͦ /мύΦ 
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ˮ͔͔ͤͭͪͫ ͟ Ύ͘·ͯ͟ ͔ͨͦ͒ͪͨ͟͡Ύ͔ͭͫΎ ͙͍͙͔ͨͪͫͯͭͫͭͣ ͔͔ͤͣͼ͎ͦͦ͟ ͙͔͋ͤͫ͊͘ ͍ ͔͙͔́ͯͪͣͤͫͭ͊ͤ͟ 

ό͙ͭ͊͟ͻ ͙͚ͦͣͨ͊ͤ͟Σ ͊͟͟ Claas, Siemens, Rohde & SchwarzύΦ ˭͙͔ͤ͊ͤ Ύ͘·͊͟ ͦͭͪ͟·͍͔͊ͭ 

͍͙ͦͣͦ͗ͤͦͫͭ͘ ͒͡Ύ ͪ͊͋ͦͭ· ͍ ͔ͭͻ͙ͤ;͔͚ͫͦ͟ ͙ ͙͔͔͚ͤ͗ͤͪͤͦ ͫͺ͔ͪ͊ͻΦ ˩͔͎͗ͦ͒ͤͦ ͍͙ͨͪͦͦ͒ͣ·͔ ˨͙ͤ 

ͯ͟͡Έͭͯͪ· ˥͔͙͙ͪͣ͊ͤΣ ͦͤ͟ͼ͔ͪͭ· ͙ ͙ͤͦ͟ͺ͔͙͍͙ͫͭ͊͡ ͔͒͊͡Όͭ ͙ͯ͘;͔͙͔ͤ Ύ͘·͊͟ ͔͔͋ͦ͡ ͨͦͨͯ͡Ύͪͤ·ͣ 

͔͙ͫͪ͒ ͔͙ͣͦͦ͒͗͡Φ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˥͖͔ͭ-ˮ͙ͤͫͭͭͯͭΦ ˹͔͔ͣͼ͙͚͟ ͊͟͟ ͙ͤͦͫͭͪ͊ͤͤ·͚Υ ˿͙͙ͭ͊ͭͫͭ͊͟ ͙ ͔͔ͭͤ͒ͤͼ͙͙ ό˸Όͤͻ͔ͤΣ нлнпΣ ͫͭͪΦ 

15-35).  

нΦ ͙̊ͣ͒ͭΣ ˴Φ˶Φ ͙̏ͦͤͦͣ͊͟͟ ͔͔ͤͣͼ͎͍ͦͦͦͪ͟Ύ΅͔͎ͦ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ͙ ͎ͦ͋͊͡͡Έͤ͊Ύ ͎͍ͭͦͪͦ͡Ύ 

όˣ͔͙ͪͤ͡Σ нлноΣ ͫͭͪΦ рр-80).  

оΦ ˨͔͔͙͚ͪ͒ͤͫ͘͟ ͔ͭͻ͙ͤ;͔͙͚ͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭΦ ˾ͦ͡Έ ͔͔ͤͣͼ͎ͦͦ͟ Ύ͘·͊͟ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ 

͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͤ͊ͯ͊͟ͻ ό˨͔͔ͪ͒ͤ͘Σ нлннΣ ͫͭͪΦ фл-110).  

пΦ ˩͍͔͚͙͚ͪͦͨͫ͟ ͼ͔ͤͭͪ Ύ͘·͍ͦ͟·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ˸͎ͤͦͦΎ͘·;͙͔ ˩˿ ͙ ͔ͣͫͭͦ ͔͔ͤͣͼ͎ͦͦ͟ Ύ͘·͊͟ 

όˣͪΌ͔ͫͫ͡ΈΣ нлнмΣ ͫͭͪΦ мнл-145).  

рΦ ͚̅ͪ͊Σ ̆Φ̂Φ ˴ͯ͡Έͭͯͪͤ·͚ ͦ͒͟Υ ˹͔͔ͣͼ͙͚͟ Ύ͘·͟ ͍ ͙͍͚ͣͪͦͦ ͺ͙ͦͫͦ͡ͺ͙͙ ͙ ͙͍͔ͫͯͫͫͭ͟ όˤ͔ͤ͊Σ 

нлнлΣ ͫͭͪΦ мтл-195). 

ϭ ˢ͍ͣͯͪ͊͒ͦ͊͟ ˥ΦΣ ˢ͎͍͊͒͗͊ͤͦ ˢΦΣ ˹ͯͪ͡·͔ ͍͊ ˹Φ, 2025 

 

 

 

 

˥͊ͪͪ·͔͍ ˢΦ 

ˢ͎͔͍͊ ˣΦ 

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ  

˾͔͔͎͒͗ͨͯ͡·͔͍͊ ˣΦ 

˿͔ͭͯ͒ͤͭ͊͟  

˸͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͔͙͊͊͒ͣ͟Ύ ͔͍͍ͦͤͦ͒ͫͭ͊͟ ͙͔͙ͣͤ ˢ͋͊ ˢ͔͍ͤͤ͊͊Φ 

ˢ͔͍͒͗͊͟ ̒Φ 

˿͔ͭͯ͒ͤͭ  

˽͔͎͎͙͒͊ͦ;͔͔ͫͦ͟ ͔͔͔ͫͪ͒ͤ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͔ͤͦ ͯ;͙͙͡΅͔  

͙͔͙ͣͤ ˣ͔͙ͪ͒ͣͯͻ͔͊ͣ͒͊ ˢ͔͍ͤͤ͊͊ ͎ͦͪͦ͒͊ ˢ͎ͪ͊͒͊͟Φ  

ˢ͎ͪ͊͒͊͟Φ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˸ˢ˴˾˻̏˴˻˹˻˸ˮ̉˩˿˴ˮ˩ ˽˻˴ˢ˭ˢ́˩˶ˮΥ ̅̂˹˨ˢ˸˩˹́ ˢ˹ˢ˶ˮ˭ˢ ˹ˢ̇ˮ˻˹ˢ˶̎˹˻˯ ̏˴˻˹˻˸ˮ˴ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͫͯ΅ͤͦͫͭΈ ͙ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͍ͦͫͤͦͤ·ͻ ͣ͊ͪͦ͟Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ 

͔͔͚ͨͦ͊͊ͭ͘͟͡Φ ˢ͙͙͔ͤ͊ͪͯͭͫ͘͡Ύ ͪͦ͡Έ ͍͍͎͊ͦͦͦ͡ ͍͔͔͎ͤͯͭͪͤͤͦ ͨͪͦ͒ͯͭ͊͟ όˤˤ˽ύΣ ͍ͯͪͦͤΎ ͙ͤͺ͡Ύͼ͙͙Σ 

͔͙͋ͪ͊͋ͦͭ͘ͼ· ͙ ͔͎ͨ͊ͭ͗ͤͦͦ͡ ͋͊͊ͤͫ͊͡ ͍ ͦͼ͔͔ͤ͟ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͫͦͫͭͦΎ͙ͤΎ ͎͍ͦͫͯ͒͊ͪͫͭ͊Φ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͍͙͍͊ͣͦͫ͘Ύ͙͘ Ή͙ͭͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͙ ͙ͻ ͤ͊͘;͔͙ͤΌ ͒͡Ύ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ Ήͺͺ͔͙͍͚ͭͤͦ͟ 

͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͙͙͙ͨͦͭ͟͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡:  

ͣ͊ͪͦ͟Ή͙ͦͤͦͣ͊͟͟Σ ͍͍͚͊ͦͦ͡ ͍͔͙͚ͤͯͭͪͤͤ ͨͪͦ͒ͯͭ͟Σ ͙ͤͺ͡Ύͼ͙ΎΣ ͔͙͋ͪ͊͋ͦͭ͘ͼ͊Σ Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͪͦͫͭΣ 

ͣ͊ͪͦ͟Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͔͙ͨͦ͊͊ͭ͘͟͡Σ ͍ͫͦͦͯͨͤ͟·͚ ͫͨͪͦͫΣ ͪ·ͤͦ;ͤ͊Ύ Ή͙ͦͤͦͣ͊͟͟Φ 
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ˤ͍͔͔͙͔͒ͤ 

˸͊ͪͦ͟Ή͙ͦͤͦͣ͊͟͟ τ Ήͭͦ ͔ͪ͊͒͘͡ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙ͤ͊ͯ͟Σ ͙ͯ͘;͊Ό΅͙͚ ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ 

Ή͙͙ͦͤͦͣ͟͟ ͊͟͟ ͔͙͎͒ͤͦͦ ͼ͔͎ͦͦ͡Φ ˨͡Ύ ͎ͭͦͦ ;ͭͦ͋· ͨͦͤΎͭΈΣ ͤ͊ͫͦ͟͡Έͦ͟ ͔ͯͫͨ΄ͤͦ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͎͍ͦͫͯ͒͊ͪͫͭͦΣ ͙ 

͙͔͊͟͟ ͔ͣͪ· ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͔͙ͨͪ͒ͨͪͤΎͭΈ ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͎͋͊ͦͫͦͫͭͦ͡Ύ͙ͤΎ ͎ͪ͊͗͒͊ͤΣ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ 

ͣ͊ͪͦ͟Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͔͙ͨͦ͊͊ͭ͘͟͡Φ ͙̏ͭ ͙͙ͤ͒͊ͭͦͪ͟· ͫͯ͗͊ͭ͡ ͍͔ͫͦͦ͋ͪ͊ͤ͘·ͣ ζ͔͋͊ͪͦͣͭͪͦͣηΣ 

͍ͨͦͦ͘͡ΎΌ΅͙ͣ ͙͔͙ͣͪͭ͘Έ ζ͔͔ͭͣͨͪ͊ͭͯͪͯη ͤ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ Ή͙͙ͦͤͦͣ͟͟Σ ͍·Ύ͍͙ͭΈ ͔͙ͨͪͦ͒· ͙͙ͪͫ͊͘͟ ͙͙͡ 

ͨͦ͒Ά͔ͣ͊Φ 

͔̇ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͍ ͙͔͔ͫͫͭͣ ͣ͊ͪͦ͟Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͙͔͊ͤͣ͊ͭ͘ ˤ͍͚͊ͦͦ͡ ˤ͔͙͚ͤͯͭͪͤͤ 

˽ͪͦ͒ͯͭ͟ όˤˤ˽ύΦ ˻ͤ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͪ·ͤͦ;ͤͯΌ ͙ͫͭͦͣͦͫͭΈ ͍͔ͫͻ ͔ͦͤ͟;ͤ·ͻ ͍͍ͭͦ͊ͪͦ ͙ ͎ͯͫͯ͡Σ 

͙͍͔͔ͨͪͦ͒ͤͤ͘·ͻ ͍͙ͤͯͭͪ ͫͭͪ͊ͤ· ͊͘ ͔͔͔ͦͨͪ͒ͤͤ͡·͚ ͔͙ͨͪͦ͒Φ ˤˤ˽ ͍ͨͦͦ͘͡Ύ͔ͭ ͦͼ͔͙ͤͭΈ ͦ͋΅͙͔ ͣ͊ͫ΄ͭ͊͋· 

͙͍͍ͨͪͦͦ͒ͫͭ͊͘Φ ˻͒ͤ͊ͦ͟ ͒͡Ύ ͔͔͋ͦ͡ ͭͦ;͎ͤͦͦ ͙͊ͤ͊͊͘͡ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͔ͨͦ͊͊ͭ͘͟͡Έ ˤˤ˽ ͤ͊ 

͒ͯ΄ͯ ͔͔͙ͤ͊ͫͤ͡ΎΦ ͙̏ͦͤͦͣͫͭ͟· ͙ͪ͊͘͡;͊Όͭ ͙ͤͦͣͤ͊͡Έͤ·͚ ˤˤ˽ όͪ͊ͫͫ;͙ͭ͊ͤͤ·͚ ͍ ͔ͭͯ͟΅͙ͻ ͼ͔ͤ͊ͻύ ͙ 

͔ͪ͊͡Έͤ·͚ ˤˤ˽ ό͔͙͍ͫͦͪͪͭͪͦ͊ͤͤ͟͟·͚ ͤ͊ ͍͔ͯͪͦͤΈ ͙ͤͺ͡Ύͼ͙͙ύΣ ;ͭͦ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤͦ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ 

͔ͪ͊͡Έ͎ͤͦͦ ͔ͭͣͨ͊ ͪͦͫͭ͊ Ή͙͙ͦͤͦͣ͟͟Φ 

ˤͭͦͪ·ͣ ͨͦ ͤ͊͘;͙͙ͣͦͫͭ ͙͙ͤ͒͊ͭͦͪͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͔ͯͪͦͤΈ ͙ͤͺ͡Ύͼ͙͙Φ ˽ͦ͒ ͙ͤͺ͡Ύͼ͙͔͚ ͙͔ͨͦͤͣ͊ͭͫΎ 

͚ͯͫͭͦ;͙͍͊Ύ ͔͔ͭͤ͒ͤͼ͙Ύ ͟ ͍ͨͦ·΄͔͙ͤΌ ͦ͋΅͔͎ͦ ͍ͯͪͦͤΎ ͼ͔ͤΦ ˹͔ͤ͊͘;͙͔ͭ͡Έͤ͊Ύ ͙ͤͺ͡Ύͼ͙Ύ ͫ;͙͔ͭ͊ͭͫΎ 

͙ͨͪͤ͊ͦͣ͘͟ ͍͚͒ͦͪͦͦ͘ Ή͙͙ͦͤͦͣ͟͟Σ ͙͙ͫͭͣͯͪͯ͡Ό΅͔͚ ͔͔͙͔ͨͦͭͪ͋ͤ͡Σ ͦ͒ͤ͊ͦ͟ ͍·ͫͦ͊͟Ύ ͙ͤͺ͡Ύͼ͙Ύ 

͔ͦ͋ͫͼ͔͙͍͔ͤ͊ͭ ͔͔͔͙ͫ͋ͪ͗ͤΎ ͎ͪ͊͗͒͊ͤ ͙ ͍͙ͤͦͫͭ ͔͙ͤͫͭ͊͋͡ΈͤͦͫͭΈ ͍ ͙͔͋ͤͫ͘-͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡Φ ͍͔͙͔̂ͨͪ͊ͤ͡ 

͙ͤͺ͡Ύͼ͙͔͚ ;͔͔ͪ͘ ͔ͣͦͤͭ͊ͪͤͯΌ ͙͙ͨͦͭͯ͟͡ ͼ͔ͤͭͪ͊͡Έͤ·ͻ ͍͋͊ͤͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͔͊ͫͨͭͦͣ͟ 

͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͣ͊ͪͦ͟Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͍͔͙ͪ͊ͤͦͫΎΦ 

˹͔ ͔͔͔ͣͤ ͍͔͊͗ͤ ͙͊ͤ͊͘͡ ͪ·ͤ͊͟ ͭͪͯ͒͊Σ ͎͔͒ ͍ͦͫͤͦͤ·ͣ ͔͔ͨͦ͊͊ͭͣ͘͟͡ ͍·͔ͫͭͯͨ͊ͭ ͍͔ͯͪͦͤΈ 

͔͙͋ͪ͊͋ͦͭ͘ͼ·Φ ˤ·ͫͦ͊͟Ύ ͔͙͋ͪ͊͋ͦͭ͘ͼ͊ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͔͙ͤ͒ͦͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͔͍ͪͫͯͪͫͦ ͫͭͪ͊ͤ· ͙ ͍͔͔͒ͭ ͟ 
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PHILOSOPHY OF ARTIFICIAL INTELLIGENCE BEYOND ETHICS: AN ONTOLOGICAL 

 AND EPISTEMOLOGICAL ANALYSIS 

 

Abstract 

wŜƭŜǾŀƴŎŜ  ¢ƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ŜǘƘƛŎŀƭ ƛǎǎǳŜǎ ƛƴ ǇǳōƭƛŎ ŘƛǎŎǳǎǎƛƻƴǎ ǊŜƭŀǘŜŘ ǘƻ ŀǊǘƛŦƛŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜ ƭƛƳƛǘǎ 

the philosophical framework, pushing to the background more fundamental questions about the nature of 

the mind, consciousness, and cognition that AI brings to the forefront. Therefore, a systematic exploration 

of the non-ethical aspects of AI philosophy is necessary. The purpose of this study is to analyze the key 

ontological and epistemological challenges that AI technologies pose to classical philosophical categories, 

and to subsequently construct a structured philosophical problem space based on these findings. The author 

presents a detailed analysis of five main problem areas: 1) the problem of machine consciousness and qualia 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζ IN SITU η                    ISSN (p) 2411-7161 / ISSN (e) 2712-9500                    Ѕ12 / 2025 

 

 

47 

within the computational paradigm. 2) the decentralization of the human mind and the pluralism of the 

concept of intelligenceΌ 3) the possibility of subjectivity without human participation. 4) Artificial intelligence 

(AI) requires a reevaluation of concepts such as creativity and free will, which are viewed through the lens of 

deterministic algorithms. 5) The emergence of a new ζblack boxη epistemology that challenges traditional 

criteria of knowledge and understanding. Ultimately, AI is presented as a philosophical catalyst that prompts 

a reconsideration of anthropocentric metaphysical assumptions. 

Keywords:  

philosophy of artificial intelligence, ontology of AI, machine consciousness, epistemology,  

subjectivity, intellectual pluralism, philosophical anthropology. 
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ͦ͋΅͔͍ͫͭͦΦ ˻͒ͤ͊ͦ͟ ;͔͔͔ͪͣͪͤͦ͘ ͍͙͙͔ͤͣ͊ͤ ͟ ͙ͤͣ ͔ͣͦ͗ͭ ͫͦ͒͊ͭ͘Έ ͍͔ͨ;͔͙͔͊ͭͤ͡Σ ;ͭͦ ͺ͙ͦͫͦ͡ͺ͔ͫͦ͟ 

ͤ͊͘;͔͙͔ͤ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͎͙ͦͪ͊ͤ;͙͍͔͊ͭͫΎ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͍͙ͦͨͪͦͫ͊ͣ ͔͎ͦ ͔ͤ͊͒͗͊͡΅͔͎ͦ 

͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘ΎΦ ˸͔͗͒ͯ ͔ͭͣΣ ͫ͊ͣ͊ ͙ͨͪͪͦ͒͊ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ς ͊͟͟ ͨͦͨ·͙ͭ͟ ͫͦ͒͊ͭ͘Έ 

͔͙͎͙ͤ͋ͦͦ͡;͔͙͚ͫ͟ ͙͔͔ͤͭͭ͟͡͡  ͔͋ͪͦͫ͊ͭ ͍·͍ͦ͘ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͣ ͫͨͦͫͦ͋͊ͣ ͺ͙ͦͫͦ͡ͺ͎ͫͦͦ͟ 

͔͔͔͙ͫ͊ͣͦͦͨͪ͒ͤ͡ΎΦ ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ ͍͙ͫͭ͊ͤͦͭͫΎ ͍͔͎ͫͦͦ ͪͦ͒͊ ζ͟ ͎͙͙͍ͦͤͭͤ·ͣ ͔ͪ͊ͦͣ͘͟͡η, 

͔ͦͭͦͪͦ͟ ͔ͦͭͪ͊͗͊ͭΣ ͙͔ͫ͊͗͊ͭ͟ ͙ ͔͔ͭͪ͋ͯͭ ͔͔ͨͪͦͼ͔͙ͤ͟ ͍ͦͫͤͦͤ·ͻ ͦͤ͟ͼ͔ͨͼ͙͚ ͚͊ͨ͊͒ͤͦ͘ ͣ·͙ͫ͡Σ ͍͟͡Ό;͊Ύ 

͙͔ͫͦͤ͊ͤ͘Σ ͪ͊ͯͣ͘Σ ͫͯ͋Ά͔ͭ͟Σ ͙͙͔ͨͦͤͣ͊ͤ ͙ ͍ͭͦͪ;͔͍ͫͭͦΦ ͔̇͡Έ Ή͚ͭͦ ͫͭ͊ͭΈ͙  ͍͙ͦͫͭ͊ͭΈ ͍ ͔ͫͭͦͪͦͤ ;͙ͫͭͦ 

͙ͨͪ͊ͭ͟;͔͙͔ͫ͟ ͙ Ή͙ͭ;͔͙͔ͫ͟ ͔͙ͫͦͦ͋ͪ͊͗ͤΎ ͙ ͙͙ͨͪͫͭͯͨͭΈ ͟ ͙ͯ͘;͔͙ͤΌ ͟͡Ό;͔͍·ͻ ͍͍ͦͨͪͦͫͦΣ ͊ͫ͊͟Ό΅͙ͻͫΎ 

͙ͨͪͪͦ͒· ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͙ ͎ͭͦͦΣ ͊͟͟ ͣ· ͙ͨͪͻ͙ͦ͒ͣ ͟ ͔͎ͦ ͙͙ͨͦͤͣ͊ͤΌΦ ˸͔ͭͦ͒ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

͍ͦͫͤͦ͊ͤ ͤ͊ ͺ͙ͦͫͦ͡ͺ͙ͫ͟ͻ ͪ͊ͣ͘·΄͔͙ͤ͡ΎͻΣ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤͦͣ ͙͔͊ͤ͊͘͡ ͙ ͙͔͔͙͙ͨͪͣͤͤ ͎͙͔͙ͨͦͭͭ;͔͙ͫ͟ͻ 

ͫͼ͔͙͔͍ͤ͊ͪ ͟ ͍͔͔ͫͦͪͣͤͤ·ͣ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫͣ͟ ͔͙ͪ͊͡ΎͣΦ 

мΦ ˽͔ͪͦ͋ͣ͊͡ ͙ͫͦͤ͊ͤ͘ΎΥ ͍·;͙͙͔ͫͭ͡͡Έͤ͊Ύ ͙͎ͨ͊ͪ͊͒ͣ͊ ͙ ͎͙ͪ͊ͤͼ· ͺͯͤ͟ͼ͙͙ͦͤ͊ͣ͊͘͡Φ 

˿ͨͦͪ· ͍͎ͦͪͯ͟ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͣ͊΄͙͎ͤͤͦͦ ͙ͫͦͤ͊ͤ͘Ύ Ύ͍͡ΎΌͭͫΎ ͨͪΎͣ·ͣ ͔͙͔ͨͪͦ͒ͦ͗ͤͣ͡ 

͙͊ͫͫ͟͡;͔͚ͫͦ͟ ͔ͨͪͦ͋ͣ͡· ͫͦͦͭͤͦ΄͔͙ͤΎ ͪ͊ͯͣ͊͘ ͙ ͔ͭ͊͡Φ ̅ͯͤ͟ͼ͙͙ͦͤ͊ͫͭͫ͊͟͡Ύ ͭͦ;͊͟ ͔͙ͪͤ͘ΎΣ 

͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ͊Ύ ͍ ͎͙͙͍͚ͦͤͭͤͦ͟ ͔ͤ͊ͯ͟Σ ͍͔͔ͯͭͪ͗͒͊ͭΣ ;ͭͦ ͙ͨͫͻ͙;͔͙͔ͫ͟ ͫͦͫͭͦΎ͙ͤΎ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͔ͤ 

͔͙ͣ͊ͭͪ͊ͦͣ͡Σ ͙͘ ͎ͦͭͦͪͦͦ͟ ͙ͦͤ ͔ͫ͒͊ͤ͡·Σ ͊ ͙ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͪͦ͡ΈΌ ͍ ͙͔͔ͫͫͭͣΦ ˿ Ή͚ͭͦ ͭͦ;͙͟ ͔͙ͪͤ͘ΎΣ 

͔͙ͫ͡ ͋· ͙͍͔ͫͯͫͫͭͤͤ͊͟Ύ ͔͚ͤͪͦͤͤ͊Ύ ͔ͫͭΈ ͙͎͒ͦͫͭ͊͡ ͍ͯͪͦͤΎ ͙ͫͦ͗ͤͦͫͭ͡Σ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ ͎͙͊ͤ͊ͦ͡;͎ͤͦͦ 

;͔͍͔ͦ͡;͔ͫͦͣͯ͟ ͎ͣͦͯ͘Σ ͭͦ ͨͦΎ͍͔͙͔ͤ͡ ͺ͔͔ͤͦͣͤ͊͡Έ͎ͤͦͦ ͦͨ·ͭ͊ ό͍͙͊͊͟͡ύ ͫͭ͊ͦ͡ ͋· ͔͙ͫ͡ ͔ͤ ͔͙͔ͤ͋͗ͤ͘·ͣΣ 

ͭͦΣ ͨͦ ͚͔͚ͪ͊ͤ͟ ͔͔ͣͪΣ ͎͙ͦ͡;͔͙ͫ͟ ͍ͦͣͦ͗ͤ͘·ͣ ώсΣ ͫΦ млнϐΦ ˻͒ͤ͊ͦ͟ ͍͔͔ͫͦͪͣͤͤ·͔ ͙͔ͫͫͭͣ· ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ 

͙͔͔ͤͭͭ͊͟͡͡Σ ͔ͦͫͦ͋ͤͤͦ ͔ͭΣ ͦͭͦͪ͟·͔ ͍ͦͫͤͦ͊ͤ· ͤ͊ ͎ͯ͋ͦͦͣ͟͡ ͦ͋ͯ;͔͙͙ͤΣ ͍͔͎ͦͨͪͦͪ͊Όͭ Ήͭͯ ͨͪΎͣͯΌ 

͎͙͊ͤ͊ͦ͡ΌΦ ˮͻ ͊ͪͻ͙͔ͭͭͯͪ͊͟ ͙ ͙ͨͪͤͼ͙ͨ· ͪ͊͋ͦͭ·Σ ͙͔ͭ͊͟ ͊͟͟ ͙͙ͦͨͭͣ͊͘ͼ͙Ύ ͺͯͤ͟ͼ͙͙ ͔ͨͦͭͪΈ ͤ͊ ͎ͦͪͦͣͤ·ͻ 

͙͍ͣ͊ͫͫ͊ͻ ͒͊ͤͤ·ͻΣ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͦͭ͡;͊ΌͭͫΎ ͦͭ ͙͎͙͋ͦͦ͡;͔͚ͫͦ͟ Ή͍ͦ͡Όͼ͙͙ ͙ ͺͯͤ͟ͼ͙͚ ͎ͣͦ͊͘Φ ˻ͭͫΌ͒͊ 

͍͙͔ͦͤ͊ͭ͘͟ ͍ͦͨͪͦͫΥ Ύ͍͡Ύ͔ͭͫΎ ͙͡ ͙͔ͫͦͤ͊ͤ͘ ͨͪͦͫͭͦ ͍͚͍ͫͦͫͭͦͣ ͡Ό͚͋ͦ ͒ͦͫͭ͊ͭͦ;ͤͦ ͚ͫͦ͗ͤͦ͡ ͙͔ͫͫͭͣ·Σ ͙͙͡ 

͔͗ ͦͤͦ ͔ͭͫͤͦ ͍ͫΎ͊ͤͦ͘ ͫ ͔ͦͫͦ͋ͤͤ·͙ͣ ͙͎͙͋ͦͦ͡;͔͙͙ͫͣ͟ ͨͪͦͼ͔͙ͫͫ͊ͣ ͍ ͎͔ͣͦ͘Κ ˭͔͙ͤ͊ͣͤͭ·͚ ͣ·͔ͫͤͤ͡·͚ 

Ή͔͙͔ͫͨͪͣͤͭ͟ ˨͗ͦͤ͊ ˿͖ͪ͊͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͍͔͔͙͔ͨͦ͒ͤΣ ͔ͦͭͦͪͦ͟ ͍·͎͡Ύ͙͒ͭ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͣ ͙ 

͙͎͔͒ͦͫͭ͊ͭͫΎ ͊͘ ͫ;͖ͭ ͙ͦ͋ͪ͊͋ͦͭ͟ ͺͦͪͣ͊͡Έͤ·ͻ ͙͍͍ͫͣͦͦ͡ όͭͦ ͔ͫͭΈΣ ͙͙ͫͤͭ͊ͫͫ͊͟ύΣ ͍͍͔ͦͫ ͔ͤ ͦͤ͊͘;͔͊ͭ ͙ͤ͊͡;͙Ύ 

͙͎ͨͦ͒ͤͤͦͦ͡ ͙͙ͨͦͤͣ͊ͤΎ ό͔͙͙ͫͣ͊ͤͭ͟ύ ͙Σ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦΣ ͙ͫͦͤ͊ͤ͘Ύ ώуΣ ͫΦ туϐΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ 

͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ ͔ͤ ͫͭͦ͡Έͦ͟ ͔ͪ΄͔͊ͭΣ ͫͦ͟͡Έͦ͟ ͤ͊͘;͙͔ͭ͡Έͤͦ ͦ͋ͦͫͭͪΎ͔ͭ ͍͒͊ͤΌΌ ͺ͙ͦͫͦ͡ͺͫͯ͟Ό 

͔ͨͪͦ͋ͣͯ͡Σ ͔͒͊͡Ύ Ή͙ͭ ͔͎ͤͦ͒͊͟ ͊͋ͫͭͪ͊ͭͤ͟·͔ ͫͨͦͪ· ͦ ͙͔ͨͪͪͦ͒ ͙ͫͦͤ͊ͤ͘Ύ ͦ;͔ͤΈ ͊ͭͯ͊͟͡Έͤ·͙ͣ ͒͡Ύ 
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͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ 

нΦ ˨͔ͼ͔͙ͤͭͪ͊͊͘͡ͼ͙Ύ ͪ͊ͯͣ͊͘ ͙ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·͚ ͨ͡Ό͙ͪ͊ͣ͘͡Φ 

ˮ͙ͫͭͦͪ;͔͙ͫ͟ ͨͦ͒ ͨͦͤΎ͙ͭΎ͙ͣ ζͪ ͊ͯͣ͘η ͙  ζ͙ ͔͔ͤͭͭ͟͡͡η ͍ ͔͎ͫ͒͊ ͔͍͙ͨͦ͒ͪ͊ͯͣ͊͘͡ ;ͭͦ-ͭͦ ;͔͍͔ͦ͡;͔͔ͫͦ͟Φ 

̏ͭͦͭ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·͚ ͤ͊ ;͔͍͔ͦ͊͟͡ ͨͦ͒ͻͦ͒ ͔͙͍͔ͨͪͦͫ͗͊ͭͫ͡Ύ ͊͟͟ ͍ ͺ͙ͦͫͦ͡ͺ͙ͫ͟ͻ ͔͔͔͙ͦͨͪ͒ͤ͡ΎͻΣ ͭ͊͟ ͙ ͍ 

͙͊ͫͫ͟͡;͔͙ͫ͟ͻ ͔ͭͫͭ͊ͻΣ ͙ͭ͊͟ͻ ͊͟͟ ͔ͭͫͭ ́ΈΌ͙͎ͪͤ͊Σ ͦͭͦͪ͟·͚ ͍͔ͨͪͦͪΎ͔ͭΣ ͔ͣͦ͗ͭ ͙͡ ͣ͊΄͙ͤ͊ ͙͙͙͍ͣͭͪͦ͊ͭΈ 

;͔͍͔ͦ͊͟͡ ώфΣ ͫΦ пм-прϐΦ ˻͒ͤ͊ͦ͟ ͍͔͔ͫͦͪͣͤͤ·͚ ͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͔ͦͤͪͭͤ͟͟·ͻ 

ͦ͋͊ͫͭ͡Ύͻ ό͙͎ͪ·Σ ͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ ͍ͦ͋ͪ͊ͦ͘Σ ͔͙ͨͪ͒ͫ͊͊ͤ͘͟ΎύΣ ͨͦ͊͘͟·͍͔͊ͭΣ ͊͟͟ ͊͒͊͘;͙ ͎ͣͦͯͭ ͋·ͭΈ ͔ͯͫͨ΄ͤͦ 

͔ͪ΄͔ͤ·Σ ͙ Ή͙ͭ ͔ͪ΄͔͙ͤΎ ͔ͤ ͍·͔ͭ͊͟Όͭ ͙͘ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͙ ͔ͤ ͨͦͻ͙ͦ͗ ͤ͊ ͔͎ͤͦ ͍ ͙ͨͪͤͼ͙͔ͨΦ 

˹͙͔͊ͨͪͣͪΣ ͎ͨͪͦͪ͊ͣͣ͊ !ƭǇƘŀDƻ ͤ͊΄͊͡ ͍͔ͫͦͪ΄͔ͤͤͦ ͍ͤͦ·͔Σ ζ͙ ͔ͤͦͨ͊ͤͭͤ͡·͔η ͔͎͙͙ͫͭͪ͊ͭ ͍ ͙͎͔ͪ ˥ͦΣ ͦ 

ͦͭͦͪ͟·ͻ ͡Ό͙͒ ͙͎ͤͦ͒͊͟ ͋· ͔ͤ ͙ͨͦ͒ͯͣ͊͡Φ ˣͦ͡Έ΄͙͔ Ύ͘·͍ͦ͟·͔ ͔͙ͣͦ͒͡ ͙ͨ΄ͯͭ ͔ͭͫͭ͟·Σ ͔ͤ ͦ͋͊͒͊͡Ύ 

;͔͍͔ͦ͡;͔͙ͫͣ͟ ͙͙͔ͨͦͤͣ͊ͤͣ ͙ͣͪ͊Φ ˤ͔ͫ Ήͭͦ ͎͍͙ͦͦͪͭ ͦ ͭͦͣΣ ;ͭͦ ͫͯ΅͔͍͔ͫͭͯͭ ͔͍ͣͤͦ͗ͫͭͦ ͙ͪ͊͘͡;ͤ·ͻ ͙͍ͭͨͦ 

͙͔͔ͤͭͭ͊͟͡͡ώнϐΦ ˻ͭͫΌ͒͊ ͔͔ͫ͒ͯͭ͡ ͺ͙ͦͫͦ͡ͺ͙͚ͫ͟ ͍·͍ͦ͒Υ ͤͯ͗ͤͦ ͔͔ͨͪͫͭ͊ͭΈ ͍͙͙ͦͫͨͪͤͣ͊ͭΈ ζͪ ͊ͯͣ͘η ͟ ͊͟ ͔ͤ;ͭͦ 

͔͙͔͒ͤͦ ͙ ͙͔͒͊͡Έ͔ͤͦ όͫͭ͊ͤ͒͊ͪͭύΣ ͊ ͤ͊;͊ͭΈ ͎͍͙ͦͦͪͭΈ ͦ ζͪ ͔͊ͯͣ͘η ͍ͦ ͔͍͔ͣͤͦ͗ͫͭͤͤͦͣ ;͙͔ͫ͡Σ ͊͟͟ ͦ ͼ͔ͦͣ͡ 

͔͔ͫͨͭͪ͟ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·ͻ Ύ͍͔͙͚ͤ͡ ώтΣ ͫΦ уф-фрϐΦ ˮ͔͔ͤͭͭ͟͡͡ ͋ͦ͡Έ΄͔ ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͔͙͚͒ͤͦΣ ͔͔͙͚ͤ͒ͣͦ͡ 

ͫͯ΅ͤͦͫͭΈΌΣ ͊ ͍͙ͫͭ͊ͤͦͭͫΎ ;͔ͣςͭ ͦΣ ;ͭͦ ͔ͣͦ͗ͭ ͨͪͦΎ͍͡ΎͭΈͫΎ ͙ ͫͯ΅͔͍͍ͫͭͦ͊ͭΈ ͍ ͍͔ͫͦͪ΄͔ͤͤͦ ͪ͊ͤ͘·ͻ ͙͔ͫͫͭͣ͊ͻ 

 ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻΣ ͼ͙ͺ͍ͪͦ·ͻ ͙͙͡ ͎͙͙͋ͪ͒ͤ·ͻΦ ̏ͭͦ ͍͊ͫͭ͊͘͡Ύ͔ͭ ͔͔͔ͨͪͫͣͦͭͪͭΈ ͤ͊΄͙ ͺ͙ͦͫͦ͡ͺ͙͔ͫ͟ ͍͎͘͡Ύ͒· 

ͤ͊ ;͔͍͔ͦ͊͟͡Σ ͦͭͦͪ͟·͔ ͍ͦͫͤͦ͊ͤ· ͤ͊ ͙͔͔͒Σ ;ͭͦ ͭͦ͡Έͦ͟ ;͔͍͔ͦ͡;͔͙͚ͫ͟ ͪ͊ͯͣ͘ ͙͔ͯͤ͊ͤ͟͡Φ 

оΦ ˿ͯ͋Ά͔͙͍ͭͤͦͫͭ͟Έ ͔͋͘ ζ̒ηΥ ͟ ͍ͦͨͪͦͫͯ ͦ ͭͦ;͔͟ ͔͙ͪͤ͘Ύ ͙͔ͫͫͭͣ·Φ 

͙́ͪ͊͒ͼ͙ͦͤͤ͊Ύ ͺ͙ͦͫͦ͡ͺͫ͊͟Ύ ͣ·ͫ͡ΈΣ ͤ͊;͙ͤ͊Ύ ͫ ͔͍͎͒͊ͪͭͦͫͦͦ͟͟ ζ̒  ͣ·ͫ͡ΌΣ ͔͍͔ͫ͒ͦ͊ͭ͡͡ΈͤͦΣ Ύ 

ͫͯ΅͔͍ͫͭͯΌη ͙ ͊͊ͤ͘͟;͙͍͊Ύ ͺ͔͔͎͙͔͚ͤͦͣͤͦͦ͡Σ ͍͔͎ͫ͒͊ ͔ͭͫͤͦ ͍ͫΎ͘·͍͊͊͡ ͫͯ͋Ά͔͙͍ͭͤͦͫͭ͟Έ ͫ ͔͙͒ͤ·ͣ 

;͍͍ͯͫͭͦͣ ͙ͫ͊ͣͦͫͦͤ͊ͤ͘Ύ ͙ ͔ͪͺ͔͙͍ͫͤ͟͡·ͣ ζ̒ηώоϐΦ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͍͙͔ͦͤ͊ͭ͘͟ ͍ͦͨͪͦͫΥ ͔ͣͦ͗ͭ ͙͡ ͙͔ͫͫͭͣ͊ 

͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͊͟͟ ͫͯ͋Ά͔ͭ͟ ͙͊ͣ͟͟-͙͋ͦ͡ ͤ͊͘;͙ͣ·ͣ ͦ͋ͪ͊ͦͣ͘Κ ˩͙ͫ͡ 

͍͙ͦͫͭ͊ͭΈ ͍ ͔ͫͭͦͪͦͤ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͙͡;͚ͤͦ ͙͙͙ͫͭͦͪ ͙ ͎͎ͯ͋ͦͦͦ͟͡Σ ͔͔ͤͨͪͪ·͍͎ͤͦͦ ͫ͊ͣͦͦ΅ͯ΅͔͙ͤΎΣ ͦͭͦͪ͟·͔ 

͙͔͍͙ͫͫ͒ͦ͊͡͡ ͙͔ͭ͊͟ ͺ͙ͦͫͦ͡ͺ·Σ ͊͟͟ ˥͔ͯͫͫͪ͡Έ ͙͙͡ Ή͙͔ͫͭͤ͘͟ͼ͙͙͊ͫͭ͡·Σ ͣ· ͔ͣͦ͗ͣ ͙ͦ͋ͪ͊ͭͭΈͫΎ ͟ ͔͔͋ͦ͡ 

ͨͪͦͫͭͦͣͯ ͔͔͔͙ͦͨͪ͒ͤ͡Ό ͫͯ͋Ά͔͙͍͙ͭͤͦͫͭ͟Φ ̏ͭͦͭ ͔͔͋ͦ͡ ͚ͨͪͦͫͭͦ ͍͎͘͡Ύ͒ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͫͯ͋Ά͔͙͍ͭͤͦͫͭ͟Έ ͊͟͟ 

͙ͯͤ͊͟͡Έͤ·͚ ͍͎͘͡Ύ͒ ͤ͊ ͙ͣͪΣ ͫͺ͙͍ͦͪͣͪͦ͊ͤͤ·͚ ͔ͦͤͪͭͤ͟͟·ͣ ͔͙͔ͨͦͦ͗ͤͣ͡ ͙͔ͫͫͭͣ·Σ ͔͔ ͨͪͦ΄͡·͙ͣ 

͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ͙ͣ ͙ ͍͔͙ͤͯͭͪͤͤͣ ͫͦͫͭͦΎ͙͔ͤͣΦ ˢ͍ͭͦͤͦͣͤ·͚ ˮˮ-͎͔͊ͤͭΣ ͦͭͦͪ͟·͚ ͯ;͙ͭͫΎ ͤ͊ ͍͔ͦͫͤͦ 

͍͔͎ͫͦ͋ͫͭͤͤͦͦ ͨͦͭͦ͊͟ ͒͊ͤͤ·ͻ ͙ ͔͙͔ͦͪͪͭͪͯͭ͟͟ ͍͔ͫͦ ͍͔͔͙͔ͨͦ͒ͤΣ ͨͦ ͙ͫͯͭΣ ͙͔͔ͣͭ ͭ͊ͯ͟Ό ζͭ ͦ;ͯ͟ ͔͙ͪͤ͘ΎηΦ ˩͎ͦ 

͔ͪ͊͟ͼ͙͙ ͤ͊ ͍ͤͦͯΌ ͙ͤͺͦͪͣ͊ͼ͙Ό ͔ͤ Ύ͍͡ΎΌͭͫΎ ͙͍͔ͯͤͪͫ͊͡Έͤ·͙ͣΤ ͙ͦͤ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͔͎ͦ ͙ͯͤ͊͟͡Έͤ·ͣ 

͔ͨͯͭͣ ͦ͋ͯ;͔͙ͤΎΦ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙͔͔͒ ζͨ ͪͦͭͦͫͯ͋Ά͔͙͍͙ͭͤͦͫͭ͟η ͙͙͡ ζͦ ͔ͨͪ͊ͼ͙͚ͦͤͤͦ ͫͯ͋Ά͔͙͍͙ͭͤͦͫͭ͟η  

͊͟;͔͍ͫͭͯΣ ͍͙ͦͤ͊͘͟Ό΅͔ͣͯ ͍ ͫͦ͗ͤ͡·ͻ ͙͔ͫͫͭͣ͊ͻΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͦ͋ͯ;͊ͭΈͫΎ ͙ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͍ͦ 

͍͙͔͚͍͙͙͊ͣͦ͒ͫͭ͘ ͫͦ ͍͔͚ͫͦ ͔͚ͫͪ͒ͦΦ ̆ͦͭΎ ͯ ͎ͭ͊ͦͦ͟ ͪͦ͒͊ ͫͯ͋Ά͔͙͍͙ͭͤͦͫͭ͟ ͔ͤͭ ͙͡;͚ͤͦ ͙͙͙ͫͭͦͪ ͙͙͡ ͚͊ͦ͟͟-

͙͋ͦ͡ Ή͙͔ͫͭͤ͘͟ͼ͙͊͡Έ͚ͤͦ ͼ͔͙͡Σ Ήͭͦ ͍͔ͫ ͔͗ ͔ͤ;ͭͦ ͋ͦ͡Έ΄͔͔Σ ;͔ͣ ͨͪͦͫͭͦ ͦ͋Ά͔͙͍ͭͤ͊͟Ύ ͦ͋ͪ͊͋ͦͭ͊͟ ͒͊ͤͤ·ͻΦ ˤ 

͔ͦͤ͟;ͤͦͣ ͫ;͔͔ͭΣ Ήͭͦ ͔͋ͪͦͫ͊ͭ ͍·͍ͦ͘ ͙ͭͪ͊͒ͼ͙ͦͤͤͦͣͯ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ό ͦ ͭͦͣΣ ;ͭͦ ͫͯ͋Ά͔͙͍ͭͤͦͫͭ͟Έ - Ήͭͦ 

͔ͤ;ͭͦ ͙ͫ͟͡Ό;͙͔ͭ͡Έ͔ͤͦ ͒͡Ύ ͡Ό͔͚͒ ͙͙͡ ͙͍͗·ͻ ͫͯ΅͔͍ͫͭΦ ώтΣ ͫΦ мон-140] 

пΦ ͍́ͦͪ;͔͍ͫͭͦ ͙ ͍ͫͦ͋ͦ͒͊ ͍͙ͦ͡ ͍ ͔͔ͦͤͭͫͭ͟͟ ͔͔͙͙͍͎͒ͭͪͣͤͪͦ͊ͤͤͦͦ ͎͙͊ͦͪͭͣ͊͡Φ 

˸͔͙ͦ͒͡ ͎͔͔͙͍͎ͤͪ͊ͭͤͦͦ ˮˮΣ ͦͭͦͪ͟·͔ ͫͦ͒͊͘Όͭ ͙͍͔͔͙ͨͪͦ͒ͤ͘Ύ ͙͍ͫͯͫͫͭ͊͟Σ ͣͯ͘·ͯ͟ ͙ ͙͔ͭͪ͊ͭͯͪͯ͡Σ 

͋ͪͦͫ͊Όͭ ͍·͍ͦ͘ ͙ͪͦͣ͊ͤͭ;͔ͫͦͣͯ͟ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ό ͦ ͭͦͣΣ ;ͭͦ ͍ͭͦͪ;͔͍ͫͭͦ  Ήͭͦ ͫͨͦͤͭ͊ͤͤ·͚ ͊ͭ͟ ͎͔͙ͤΎΣ 

͍͙͙͒͗ͣ·͚ ͍͚ͫͦ͋ͦ͒ͤͦ ͍͔͚ͦ͡Φ ͍́ͦͪ;͔͙͚ͫ͟ ͨͪͦͼ͔ͫͫ ˮˮ ͔͔ͨͪ͒ͫ͊ͯͣ͘͟Υ ͙ͨͪ ͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͚ͤ͊ͫͭͪͦ͊͟ͻ ͙ 

͍͍͙ͦ͒ͣ·ͻ ͒͊ͤͤ·ͻ ͔͊͒͊ͭͫ͘Ύ ͔ͪͯ͘͡Έͭ͊ͭΦ ˻͒ͤ͊ͦ͟ Ήͭ͊ ͔͔ͨͪ͒ͫ͊ͯͣͦͫͭ͘͟Έ ͙͡΄Έ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͫͻ͙͔ͦ͗ 

͍ͦͨͪͦͫ· ͦ ͭͦͣΣ ͊͟͟ ͔ͪ͊͋ͦͭ͊ͭ ;͔͍͔ͦ͡;͔ͫ͊͟Ύ ͔͙͍ͪ͊ͭͤͦͫͭ͟ΈώпϐΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͍͎͙ͤͪͦͦ͡Ύ ;͊ͫͭͦ ͫͦͤ͟͡Ύ͔ͭͫΎ 

͟ ͦ͋ΆΎ͔͙ͫͤͤΌ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦ ͊͟͟ ͔͔͙͙͍͒ͭͪͣͤͪͦ͊ͤͤ·ͻ ͙͙͡Σ ͨͦ ͚͔͚ͪ͊ͤ͟ ͔͔ͣͪΣ ͍͔͙ͫͦͣͫͭͣ·ͻ ͫ 

͔͔͙͙͒ͭͪͣͤͣͦͣ͘Φ ˩͙ͫ͡ ;͔͍͔ͦ͡;͔͙͚ͫ͟ ͎ͣͦ͘ ͔ͭ͊͗͟ Ύ͍͡Ύ͔ͭͫΎ ͔͔͙͙͍͚͒ͭͪͣͤͪͦ͊ͤͤͦ ͙͔͚ͫͫͭͣͦ όͻͦͭΎ ͙ 

͔͍͔ͤͪͦΎͭͤͦ ͚ͫͦ͗ͤͦ͡ ͙ ͍ ͚͊ͦ͟͟-ͭͦ ͔͔͙ͫͭͨͤ ͫͯ͡;͚͚͊ͤͦύΣ ͫͺ͙͍͚ͦͪͣͪͦ͊ͤͤͦ ͤ͊΄͙͙ͣ ͎͔͙ͤ͊ͣ ͙ ͦͨ·ͭͦͣΣ ͭͦ 

͙ͪ͊ͤ͘ͼ͊ ͔ͣ͗͒ͯ ζ͟ ͔͙͍ͪ͊ͭͤͦͫͭΈΌη ;͔͍͔ͦ͊͟͡ ͙ ζ͟ ͙ͦͣ͋ͤ͊ͭͦͪͤ·͙ͣη ͪ ͔ͯ͘͡Έ͙ͭ͊ͭ͊ͣ ˮˮ ͔ͣͦ͗ͭ ͊͘͟͡Ό;͊ͭΈͫΎ 
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ͨͪͦͫͭͦ ͍ ͭͦͣΣ ͤ͊ͫͦ͟͡Έͦ͟ ͙ͦͤ ͫͦ͗ͤ͡· ͙ ͭͪͯ͒ͤ· ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎΣ ͊ ͔ͤ ͍ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦͣ ͙ͪ͊͘͡;͙͙ ͍ 

ͭͦͣΣ ͫͯ΅͔͍͔ͫͭͯͭ ͙͡ ͙͙ͫͭͤͤ͊Ύ ͍ͫͦ͋ͦ͒͊Φ ˤ ͔ͦͤ͟;ͤͦͣ ͫ;͔͔ͭΣ ͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ ͦ͊͘͟·͍͔͊ͭͫΎ 

͙ͦͭ͡;͚ͤͦ ͔͚͊ͪͤͦ ͒͡Ύ ͍͔͙ͨͪͦͪ͟ ͺ͙ͦͫͦ͡ͺ͙ͫ͟ͻ ͙͔͚͒ ͦ ͍͔ͫͦ͋ͦ͒ ͍͙ͦ͡ ώсΣ ͫΦ мср-мтлϐΦ ˩͎ͦ ;͔ͭ͊͟Ύ 

͎͙͙͊ͦͪͭͣ͡;͔ͫ͊͟Ύ ͙ͨͪͪͦ͒͊ ͔͔͒͊ͭ͡ Ήͭͦͭ ͍ͦͨͪͦͫ ͦ;͔ͤΈ ͊ͭͯ͊͟͡Έͤ·ͣ ͙ ͦͫΎ͔͊ͣ͘·ͣΣ ͍͊ͫͭ͊͘͡ΎΎ ͊͒ͯͣ͊ͭ͘ΈͫΎΣ 

͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͙͡ ͤ͊΄͊ ͍͔ͪ͊ ͍ ͍͔ͫͦ͋ͫͭͤͤͯΌ ͍ͫͦ͋ͦ͒ͯ ͍͔͎ͫͦ ͙͡΄Έ ͎͙͙͍͚ͦͤͭͤͦ͟ ͙͡͡Ό͙͔͚͘Σ ͔͚ͨͦͪͦ͗͒ͤͤͦ 

ͤ͊΄͙ͣ ͔ͤͨͦͤ͡·ͣ ͙͙͔ͨͦͤͣ͊ͤͣ ͎ͭͦͦΣ ͊͟͟ ͤ͊ ͫ͊ͣͦͣ ͔͔͒͡ ͔ͪ͊͋ͦͭ͊ͭ ͤ͊΄ ͍͔ͫͦ͋ͫͭͤͤ·͚ ζ;͔ͪͤ·͚ Ύ΅͙͟η ς 

͎ͣͦ͘Φ 

рΦ ͙͔͎͙̏ͨͫͭͣͦͦ͡Ύ ζ;͔͎ͪͤͦͦ Ύ΅͙͊͟ηΥ ͙͔ͤ͊ͤ͘ ͔͋͘ ͙͙ͨͦͤͣ͊ͤΎΦ 

ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ ͔͋ͪͦͫ͊ͭ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͚ ͍·͍ͦ͘ ͤ͊΄͔ͣͯ ͙͙ͨͦͤͣ͊ͤΌ ͙͚ͤ͊ͤ͘Φ 

˥͙͔ͯ͋ͦ͟͡ ͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭ ͔͍ͨͪͦͫͻͦ͒ͤͦ ͍ͫͨͪ͊͡ΎΌͭͫΎ ͫ ͙͙ͭ͊ͣ͟ ͊͒͊͘;͙͊ͣΣ ͊͟͟ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙Σ 

͎͙͍͙͔ͨͪͦͤͦͪͦ͊ͤ͘ ͙ ͙͔ͫͦ͒͊ͤ͘ ͍͎ͤͦͦͦ ͔ͦͤͭͤͭ͊͟Φ ˻͒ͤ͊ͦ͟ ͙ͨͪ;͙ͤ·Σ ͔͗͊͡΅͙͔ ͍ ͍͔ͦͫͤͦ ͙ͻ ͔ͪ΄͔͙͚ͤΣ ;͊ͫͭͦ 

͔ͤΎͫͤ· ͔͒͊͗ ͙ͻ ͔ͫͦ͒͊ͭ͘͡ΎͣΦ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͙ͫͭͯ͊ͼ͙͙Σ ͦͭͦͪͯ͟Ό ͣ· ͔ͣͦ͗ͣ ͍ͤ͊͊ͭ͘Έ ζ͘ ͙͔ͤ͊ͤ ͔͋͘ 

͙͙ͨͦͤͣ͊ͤΎηΦ ˹͙͔͊ͨͪͣͪΣ ͙͔ͫͫͭͣ͊ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͔ͣͦ͗ͭ ζ͘ ͤ͊ͭΈηΣ ͊͟͟ ͙ͦ͋ͤ͊ͪͯ͗ͭΈ ͍ͪ͊ͦͯ͟Ό 

ͦͨͯͻͦ͡Έ ͤ͊ ͙͔͙͙ͦ͋ͪ͊͗ͤ͘Σ ͤͦ ͔ͤ ͔ͣͦ͗ͭ ͦ͋ΆΎ͙ͫͤͭΈ ͍͙ͨͪ͊͊͡Σ ͦͭͦͪ͟·ͣ ͦͤ͊ ͔͍ͫ͒ͦ͊͊͡͡Σ ͙͙͡ ͎͙ͦͯ͟͡Σ 

͔͗͊͡΅ͯΌ ͍ ͍͔ͦͫͤͦ ͔͔ ͍·͍͍ͦ͒ͦ ώмΣ ͫΦ оп-осϐΦ ͙́ͪ͊͒ͼ͙ͦͤͤ͊Ύ ͔͙ͭͦͪΎ ͙ͨͦͤ͊ͤ͘Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͙͔ͤ͊ͤ͘ ͊͟͟ 

ͻͦͪͦ΄ͦ ͍ͦ͋ͦͫͤͦ͊ͤͤͯΌ ͙͙ͫͭͤͤͯΌ ͍͔ͪͯΣ ͙ ͦͤ͊ ͔ͤΎ͍ͤͦ ͔͎͔ͨͪ͒ͨͦ͊͊ͭ͡Σ ;ͭͦ ͣ· ͔ͣͦ͗ͣ ͪ͊ͼ͙ͦͤ͊͡Έͤͦ 

͔͙ͨͪͦͫ͒ͭ͡Έ ͙ ͨͦͤΎͭΈ ͙ͨͪ;͙ͤ· Ή͚ͭͦ ͍͔ͪ·Φ ˻͒ͤ͊ͦ͟ ͙ͯ͘;͔͙͔ͤ ͙͚ͤ͊ͤ͘ ˮˮ ͒ͦ͗ͤͦ͡ ͯ;͙ͭ·͍͊ͭΈ ͼ͔ͤͤͦͫͭΈ 

͙͚ͤ͊ͤ͘ ͎͎͒ͪͯͦͦ ͪͦ͒͊Υ ͔͍͔ͨͦ͒ͪ͊ͯͣ͊ͣ͘·ͻΣ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ͻΣ Ήͺͺ͔͙͍ͭͤ͟·ͻΣ ͦͭͦͪ͟·͔ ͭͪͯ͒ͤͦ ͍·͙ͪ͊ͭ͘Έ 

͍͙ͫͦ͊ͣ͡Φ ̏ͭͦͭ ͙ͭͨ ͙͚ͤ͊ͤ͘ ͔ͤ ͍·͔ͪ͊͗͊ͭͫΎ ͍ ;͔͙ͭ͟ͻ ͺ͙͍ͦͪͣͯͪͦ͊͟͡ͻΤ ͍͔ͣͫͭͦ Ή͎ͭͦͦ ͙ͦͤ ͤ͊ͻͦ͒ΎͭͫΎ ͍ͦ 

͍͔͔͚ͤͯͭͪͤͤ ͔ͫͭͪͯͭͯͪ͟ ͔͙ͣͦ͒͡Σ ͔͔ ͍ͫΎ͘Ύͻ ͙ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͚ͤ͊ͫͭͪͦ͊͟ͻΦ ̏ͭͦ ͔ͫͦ͒͊ͭ͘ ͨ͊ͪ͊͒ͦͫ͟Υ ͡Ό͙͒ 

͙ͫͦ͒͊͘͡ ͙͔ͤͫͭͪͯͣͤͭ·Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͙͍ͤ͊͊ͨ͊ͭ͟͡Έ ͙ͤ͊ͤ͘Ύ ͙ ͙͍͔͊ͭ͘͟͡Έ ͫͪ͟·ͭ·͔ ͙͔͙͒ ͙͘ ͒͊ͤͤ·ͻΣ ͤͦ 

Ή͙ͭͣ ͙͔ͤͫͭͪͯͣͤͭ͊ͣ ͔ͤ ͻ͍͔͊ͭ͊ͭ ͙ͫ͊ͣͦͫͦͤ͊ͤ͘Ύ ͙͙͡ ͙͙ͨͦͤͣ͊ͤΎ ͍͙ͫͦͻ ͍͔ͫͦ͋ͫͭͤͤ·ͻ ͙͚ͤ͊ͤ͘Φ ̏ͭͦ 

ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙ͫͦ͒͊ͤ͘Ύ ͍͚ͤͦͦ ͙ͦ͋͊ͫͭ͡  ζΉ͙͔͎͙͙ͨͫͭͣͦͦ͡ ;͔͎ͪͤͦͦ Ύ΅͙͊͟ηΣ ͒͡Ύ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͎ͭͦͦΣ ͊͟͟ ͣ· ͔ͣͦ͗ͣ ͎͔͔͙͍ͤͪͪͦ͊ͭΈΣ ͍͔ͨͪͦͪΎͭΈ ͙ ͍͔͒ͦͪΎͭΈ ͙ͤ͊ͤ͘ΎͣΣ ͨͦͯ͡;͔͊ͣ·ͣ ͫ 

ͨͦͣͦ΅ΈΌ Ή͙ͭͻ ͔ͤͨͪͦͪ͊͘;ͤ·ͻΣ ͤͦ ͣͦ΅ͤ·ͻ ͙͔ͫͫͭͣ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ώтΣ ͫΦ мрл-155]. 

˭͊͟͡Ό;͔͙͔ͤ 

˽͍͔͔ͪͦ͒ͤͤ·͚ ͙͊ͤ͊͘͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͺ͙ͦͫͦ͡ͺ͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͍ ͔ͦͪͤ͟ 

͍·ͻ͙ͦ͒ͭ ͊͘ ͙ͪ͊ͣ͟ Ή͙ͭ;͔͙ͫ͟ͻ ͔͙͚ͫͦͦ͋ͪ͊͗ͤΦ ˮˮ ͍·͔ͫͭͯͨ͊ͭ ͍ ͊͟;͔͍͔ͫͭ ͣͦ΅͎ͤͦͦ ͎͙ͦͤͭͦͦ͡;͔͎ͫͦͦ͟ ͙ 

Ή͙͔͎͙ͨͫͭͣͦͦ͡;͔͎ͫͦͦ͟ ͙͊ͭ͊͊ͭͦͪ͊͘͟͡Σ ͦͭͦͪ͟·͚Υ 

мΦ ˤ͔ͦͪͦ͗͒͊ͭ͘ ͙͊ͫͫ͟͡;͔͙͔ͫ͟ ͔ͣͭ͊ͺ͙͙͘;͔͙͔ͫ͟ ͍ͦͨͪͦͫ· ό͙͔ͭ͊͟ ͊͟͟ ͔ͨͪͦ͋ͣ͊͡ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ 

ͪ͊ͯͣ͊͘ ͙ ͔ͭ͊͡Σ ͍ͫͦ͋ͦ͒͊ ͍͙ͦ͡ ͙͍ͨͪͦͭ ͔͔͙͙͒ͭͪͣͤͣ͊͘ύ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻ ͍͙ͯͫͦ͡ΎͻΦ 

нΦ ͔͔́ͪ͋ͯͭ ͦͭ͊͊ͭ͘͟ΈͫΎ ͦͭ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͪ͊ͯͣ͊͘ ͊͟͟ ͔͙͍͔͎͒ͤͫͭͤͤͦͦ ͙͍͔ͯͤͪͫ͊͡Έ͎ͤͦͦ 

͙͔͙ͦͪͤͭͪ͊ ͙ ͍͔ͣͫͭͦ Ή͎ͭͦͦ ͍·͔ͫͭͯͨ͊ͭ ͊͘ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͔ͤͦ ͙͔ͪ͊ͤͦͦ͋ͪ͊͘͘Φ 

оΦ ˿͍͔ͨͦͫͦ͋ͫͭͯͭ ͔͔ͨͪͦͼ͔͔ͤ͟ ͙ͭ͊͟ͻ ͨͦͤΎ͙͚ͭΣ ͊͟͟ ͫͯ͋Ά͔͙͍ͭͤͦͫͭ͟ΈΣ ͔͙͍ͪ͊ͭͤͦͫͭ͟Έ ͙ ͙ͤ͊ͤ͘ΎΣ ͔͔ͨͪͻͦ͒Ύ 

͟ ͔͔͋ͦ͡ ͯͨͪͦ΅͔ͤͤ·ͣ ͙ ͙ͨͪ͊ͭ͟;ͤ·ͣ ͔͔͔͙ͦͨͪ͒ͤ͡ΎͣΦ 

пΦ ˽͔ͦͪͦ͗͒͊ͭ ͍ͤͦ·͔ ͙ͦ͋͊ͫͭ͡ ͺ͙ͦͫͦ͡ͺ͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ ͙͔ͤ͊ͨͪͣͪΣ ͙ͯ͘;͔͙͔ͤ ͎ͭͦͦΣ ͊͟͟ ͣ· 

͙͔ͨͦͤͣ͊ͣ ͙͔ͫͫͭͣ·Σ ͦͭͦͪ͟·͔ ͔͔͎ͤͦ͟͡ ͙͔͔͙͍ͤͭͪͨͪͭͪͦ͊ͭΈΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͺ͙ͦͫͦ͡ͺ͙Ύ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͍͙͔ͦͤ͊ͭ͘͟ ͔ͤ ͨͪͦͫͭͦ ͊͟͟ ͔ͪ͊͒͘͡ 

͙͚ͨͪ͊͒ͤͦ͟͡ ͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ Ή͙͙ͭ͟Σ ͤͦ ͙ ͊͟͟ ͍͔͙͔ͦͪͦ͗͒ͤ͘ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ ͺ͙ͦͫͦ͡ͺ͚ͫͦ͟ ͣ·͙ͫ͡ ͍ 

͍͔ͦͭͭ ͤ͊ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·͚ ͤ͊ ;͔͍͔ͦ͊͟͡ ͍·͍ͦ͘Σ ͙ͫͻͦ͒Ύ΅͙͚ ͦͭ ͔͙͎͙ͤ͋ͦͦ͡;͔͎ͫͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡Φ ͔͔́ͪ͋ͯͭ 

͍ͤͦ·ͻ ͔͎͙ͣͭͦ͒ͦͦ͡;͔͙ͫ͟ͻ ͙͔͍ͨͪͣͦώрϐΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˣ͍ͯ͒͊ͤͦ ˤΦ˥ΦΣ ˾͙ͦͤ͘ ˤΦ˸Φ ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ ͙ Ή͙͔͎͙ͨͫͭͣͦͦ͡Ύ ζ;͔͎ͪͤͦͦ Ύ΅͙͊͟ηΥ ͍ͤͦ·͔ ͍·͍ͦ͘· 

κκ ˤͦͨͪͦͫ· ͺ͙ͦͫͦ͡ͺ͙͙Φ ς 2022. ς Ѕ рΦ ς ˿ Φ опς45. 

нΦ ˨͙͍͊ͤͦ͊͡Σ ˸ΦˮΦ ͙̅ͦͫͦ͡ͺ͙Ύ ͙ ͍͔͔ͫͦͪͣͤͤ·͔ ͎͙͙͍ͦͤͭͤ͟·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͦ͋ ͙͚ͤͦ όͫͯ͋Ά͔͙͍͚ͭͤͦ͟ύ 
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͔ͪ͊͡Έ͙ͤͦͫͭ ͙͍͗ͦͭͤ·ͻ κ ˸ΦˮΦ ˨͙͍͊ͤͦ͊͡Σ ˹ΦˤΦ ˮ͍ͫ͊ͦ͊͟ κκ ˤ͔͙ͫͭͤ͟ ˥˥˹́̂Φ ˥͙ͯͣ͊ͤͭ͊ͪͤ·͔ ͙ ͫͦͼ͙͊͡Έͤͦ-

Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ ͙ͤ͊ͯ͟Φ ς 2025. ς ́ Φ нмΣ Ѕ оόпмύΦ ς ˿ Φ су-81. ς EDN JVXLAS. 

оΦ ˨͙͍͊ͤͦ͊͡Σ ˸ΦˮΦ ˻͎͙ͤͭͦͦ͡;͔͙͚ͫ͟ ͙ ͎͔͎͙ͤͦͫͦͦ͡;͔͙͚ͫ͟ ͔͊ͫͨͭ͟ ͫͯ͋Ά͔͙͍͙ͭͤͦͫͭ͟ ͍ ͨͪͦͼ͔͔ͫͫ ͤ͊ͯ;͎ͤͦͦ 

͙ͨͦͤ͊ͤ͘Ύ κ ˸ΦˮΦ ˨͙͍͊ͤͦ͊͡Σ ˤΦˤΦ ˽͙͍ͦͭͤͦ͟͡Σ ˹ΦˤΦ ˽͙͍ͦͭͤͦ͟͡ κκ ˹͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͒ͦͪͦ͘Έ͔Φ ς 2023. ς Ѕ нΦ ς 

˿Φ рр-58. ς DOI 10.34853/NZ.2023.23.85.001. ς EDN QHUWTW. 

пΦ ˨͙͍͊ͤͦ͊͡Σ ˸Φ ˮΦ ͔͔̅ͤͦͣͤ ͍ͭͦͪ;͔͍ͫͭ͊ ͍ ͔͔ͦͤͭͫͭ͟͟ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Υ ͔ͨͪͦ͋ͣ͡· ͙ 

͔͔͙͍ͨͪͫͨͭ͟· ͙ͻ ͔ͪ͊ͪ͘΄͔͙ͤΎ κ ˸ΦˮΦ ˨͙͍͊ͤͦ͊͡Σ ˹ΦˤΦ ˽͙͍ͦͭͤͦ͟͡ κκ ͔͍͔̉ͦ͟͡ ͍ͭͦͪ;͔͙͚ͫ͟Υ ͺ͙ͦͫͦ͡ͺ͙ΎΣ 

͙ͨͫͻ͎͙ͦͦ͡Ύ ͙ ͫͦͼ͙͎͙ͦͦ͡Ύ ͍ͭͦͪ;͔͍ͫͭ͊Υ ˸͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͊͡Ύ ͔͙͍ͦͭͤ͊͟͟͡͡Ύ 

͎ͣͦͤͦͪ͊ͺ͙ΎΣ ˾͎͊ͯ͊͘Σ лр ͔ͫͤͭΎ͋ͪΎ ς му  нлнл ͎ͦ͒͊ κ ˿͍͙͔͙ͦͫͭ͊ͭ͡Σ ͔ͪ͒͊ͭͦͪ͟·Υ ˸Φ ͔͡ ̊͊ͤͫͦΣ ˮΦ̏Φ 

˿͍ͦͦͦͫ͊͟͟͡ΎΦ ς ˹ ͙ͼͼ͊-˿͙ͼ͙͙͡Ύ-˸͍ͦͫ͊͟Υ ̏ͤͼ͙͔͙ͦͨ͒ͫͭ͟͡-˸͙͊ͫͣͯͣ͟Σ нлнмΦ ς ˿ Φ фн-102. ς EDN EWYNML. 

рΦ ˨͙͍͊ͤͦ͊͡Σ ˸Φ ˮΦ ˨͙͙ͤ͊ͣ;͔ͫ͊͟Ύ ͎͙ͦͤͭͦͦ͡ΎΥ ͔ͨͪͦ͋ͣ͊͡ ͔͔ͨͪ͒ͣͭ͊ ͙ ͔ͣͭͦ͒͊ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ κ ˸Φ ˮΦ 

˨͙͍͊ͤͦ͊͡Σ ˢΦ ˿Φ ˤ͙͊ͫ͡Έ͔͍͊Σ ˮΦ ˮΦ ˴ͦ͋Ύ͍ͦ͊͟ κκ ˿ͦͼ͙͎͙ͦͦ͡ΎΦ ς 2021. ς Ѕ нΦ ς ˿ Φ ноу-244. ς EDN WMHXZM. 

6. ˨ ͔͔ͤͤͭͭ ˨Φ ˤ͙͒· ͙ͨͫͻ͙͙͟Υ ˹͊ ͙ͨͯͭ ͟ ͙͙ͨͦͤͣ͊ͤΌ ͙ͫͦͤ͊ͤ͘Ύ κ ͔ͨͪΦ ͫ ͎͊ͤ͡Φ ς ˸ ΦΥ ˮ͔͒Ύ-˽ ͔ͪͫͫΣ нллпΦ ς муп ͫΦ 

тΦ ˴͍ͦͪͫ͊ͦ͟ ˿Φ ˹ΦΣ ˿͙͙ͨͪͤ͊ ˿Φ ˥Φ ͙̅ͦͫͦ͡ͺ͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡Υ ͎ͣͦͤͦͪ͊ͺ͙ΎΦ ς ˸ ΦΥ 

ˮͤͺͪ͊-˸Σ нлмтΦ ς мфу ͫΦ 

уΦ ˿͖ͪ͡ ˨͗Φ ˿͙͔ͦͤ͊ͤ͘Σ ͎ͣͦ͘ ͙ ͎ͨͪͦͪ͊ͣͣ· κκ ˢ͙͙ͤ͊ͭ͡;͔ͫ͊͟Ύ ͺ͙ͦͫͦ͡ͺ͙ΎΥ ˮ͋ͪ͊ͤͤ͘·͔ ͔ͭͫͭ͟·Φ ς ˸ΦΥ ˮ͒͘-

͍ͦ ˸˥̂Σ мффоΦ ς ˿ Φ плς52. 

фΦ ́ΈΌ͙͎ͪͤ ˢΦ ˸͔ͦ͗ͭ ͙͡ ͣ͊΄͙ͤ͊ ͣ·͙ͫͭ͡ΈΚ κκ ˽͔ͪͦ͋ͣ͡· ͺ͙ͦͫͦ͡ͺ͙͙ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡Φ 

͔͙̆ͪͫͭͦͣ͊ͭΎΦ ς ˸ ΦΥ ˮ͒͘-͍ͦ ˸˥̂Σ нллрΦ ς ˿ Φ пм-67. 

ϭ˥͙ͪͦ͒ͯ͋͘ ˩ΦˤΦΣ нлнр 

 

 

 

 

˴͙ͪΌͻ͙ͤ͊ ˴͙ͪ͊ ˤ͙͙͍͊͒ͣͪͦͤ͊͡ 

̅˥ˣ˻̂ ˤ˻ ζ˴͙͚ͯ͋͊ͤͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͎͊ͪ͊ͪͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˮΦ ́Φ ͙͙́ͪͯ͋ͤ͊͡ηΣ 

 ͎ͦͪͦ͒ ˴ͪ͊ͫͤͦ͒͊ͪΣ ˾͙ͦͫͫΎ 

˹͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡ΈΥ ˨͙͍͊ͤͦ͊͡ ˸͙͊ͪͤ͊ ˮ͍͍͊ͤͦͤ͊ 

̅˥ˣ˻̂ ˤ˻ ζ˴͙͚ͯ͋͊ͤͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͎͊ͪ͊ͪͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˮΦ ́Φ ͙͙́ͪͯ͋ͤ͊͡ηΣ  

͎ͦͪͦ͒ ˴ͪ͊ͫͤͦ͒͊ͪΣ ˾͙ͦͫͫΎ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͔͍͔͚ͨͪ͒ͫͭ͊ͤͤͦ͡ ͫͭ͊ͭΈ͔ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͫͦͼ͙͊͡Έͤͦπͅ ͙ͦͫͦ͡ͺ͙͚ͫ͟ ͙͊ͤ͊͘͡ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙͙ 

;͔͍͔ͦ͊͟͡ ͍ ͍͙ͯͫͦ͡Ύͻ ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙͙Φ ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͣ 

͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͔ͭͻ͎͙͚ͤͦͦ͡ ͤ͊ ͫͦͼ͙͊͡Έͤ·͔ ͫͭͪͯͭͯͪ͟·Σ ͙͔͎͙͒ͦͦ͡Ό ͙ ͎͙͙͍ͦͤͭͤ͟·͔ ͨͪͦͼ͔ͫͫ·Φ ͔̇͡Έ ͪ͊͋ͦͭ· 

τ ͍ ·Ύ͍͙ͭΈ ͟͡Ό;͔͍·͔ ͎͙͊ͤͭͪͦͨͦͦ͡;͔͙͔ͫ͟ ͍·͍ͦ͘· ͙ ͙͍͔ͨͪͦͭͦͪ;͙Ύ ͼ͙ͺ͍͚ͪͦͦ Ήͨͦͻ͙Φ ˤ ͊͟;͔͍͔ͫͭ 

͔͎͙ͣͭͦ͒ͦͦ͡;͔͚ͫͦ͟ ͍ͦͫͤͦ· ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͙͔͙͒͊ͭ͟͡;͔͙͚ͫ͟Σ ͙͔ͫͫͭͣͤ·͚ ͙ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͨͦ͒ͻͦ͒·Σ 

͊ ͔ͭ͊͗͟ ͺ͙ͦͫͦ͡ͺͫͦ͟π͟ ͙͍͙͙͚ͦͣͨ͊ͪ͊ͭͫͭͫ͟ ͙͊ͤ͊͘͡Φ ˾͔ͯ͘͡Έͭ͊ͭ· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ͨͦ͊͊͘͟͡Σ ;ͭͦ 

ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙Ύ ͍͔͔͒ͭ ͟ ͔͙͔͎͙ͪ͒ͦͦ͊͘͡ͼ͙͙ ͦ͋΅͔͍ͫͭ͊ ;͔͔ͪ͘ ͔͔͍ͫͭ·͔ ͫͭͪͯͭͯͪ͟· ͙ ͍͙ͯ͊͘͡Έͤ·͔ ͦ͒͟·Σ 

ͺ͙ͦͪͣͪͯΎ ͎͙͙͋ͪ͒ͤͯΌ ͫͯ͋Ά͔ͭͤͦͫͭ͟ΈΦ ͔́ͻ͎͙͙ͤͦͦ͡ ˮˮΣ ͔͚͍͒ͫͭͯΎ ͊͟͟ ζ;͖ͪͤ·͔ Ύ΅͙͙͟ηΣ ͍ͫͭ͊Ύͭ ͨͦ͒ 

͔͙͔ͫͦͣͤͤ ͙͊ͫͫ͟͡;͔͙͔ͫ͟ ͙͔͙͙ͪͭͪ͟ ͙͙ͫͭͤ· ͙ ͪ͊ͼ͙ͦͤ͊͡Έ͙ͤͦͫͭΦ ˣ·͡ ͔ͭ͊͗͟ ͍ ·Ύ͍͔ͤ͡ ͙ ͙͙͍ͨͪͦ͊ͤ͊ͪͦ͊ͤ͘͡ 

ͺ͔͔ͤͦͣͤ ͙ͦͣͣͦ͒͟ͺ͙͊͟ͼ͙͙ ͙ͫͦͤ͊ͤ͘ΎΣ ͙ͨͪ ͦͭͦͪͦͣ͟ ͍͙͙͔ͤͣ͊ͤ ͙ ͒͊ͤͤ·͔ ;͔͍͔ͦ͊͟͡ ͍ͫͭ͊ͤͦΎͭͫΎ ͍ͭͦ͊ͪͦͣΣ 
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;ͭͦ ͍͔͔͒ͭ ͟ ͎͙͙͍ͦͤͭͤͦͣͯ͟ ͔͙ͪ͊ͫͫͦͤ͡Ό ͙ ͎ͯͪͦ͊ͣ͘ ͼ͙ͺ͍ͪͦͦͣͯ ͍͔͔͙͔ͫͯͪͤͭͭͯΦ ˤ ͊͘͟͡Ό;͔͙͙ͤ ͔͔͒͊ͭͫ͡Ύ 

͍·͍ͦ͒ ͦ ͭͦͣΣ ;ͭͦ ͎͍͊ͤ͡·ͣ ͍ͦͨͪͦͫͦͣ ͺ͙ͦͫͦ͡ͺ͙͙ ͍͙ͫͭ͊ͤͦͭͫΎ ͫͦͻ͔͙͔ͪ͊ͤͤ ;͔͍͔ͦ͡;͔͚ͫͦ͟ 

͙͙͍͙ͤ͒͒ͯ͊͡Έ͙ͤͦͫͭ ͙ ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΦ ˢ͍ͭͦͪ ͍͔͔ͯͭͪ͗͒͊ͭΣ ;ͭͦ ͔ͤͦ͋ͻ͙ͦ͒ͣ͊ ͪ͊ͪ͊͋ͦͭ͊͘͟ ͤ ͍͚ͦͦ 

Ή͙͙ͭ͟ ͙ ͍͍ͨͪ͊ͦ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͒͡Ύ ͊͘΅͙ͭ· ͙͡;͙ͤͦͫͭ ͍ ͍͙ͯͫͦ͡Ύͻ ͙͙ͫͣ͋ͦ͊͘ ͫ ͍ͤͦ·͙ͣ ͔ͭͻ͎͙ͤͦͦ͡Ύ͙ͣΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͺ͙ͦͫͦ͡ͺ͙Ύ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙ΎΣ ͙͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡Σ ͔͙͔͎͙ͪ͒ͦͦ͊͘͡ͼ͙ΎΣ 

͙ͦͣͣͦ͒͟ͺ͙͊͟ͼ͙ΎΣ ͎͙͙͊ͦͪͭͣ͡;͔͔ͫͦ͟ ͍͔͙͔ͯͨͪ͊ͤ͡Σ ͎͙͙͋ͪ͒ͤ·͚ ͙͔͔ͤͭͭ͟͡͡Σ ͼ͙ͺ͍ͪͦ͊Ύ ͎͙͊ͤͭͪͦͨͦͦ͡ΎΣ 

ͫͦͼ͙͊͡Έͤ͊Ύ ͔ͪ͊͡ΈͤͦͫͭΈΣ ͎͙͙͍ͦͤͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Φ 

 

YƛǊȅǳƪƘƛƴŀ YƛǊŀ ±ƭŀŘƛƳƛǊƻǾƴŀ 

CŜŘŜǊŀƭ {ǘŀǘŜ .ǳŘƎŜǘŀǊȅ 9ŘǳŎŀǝƻƴŀƭ Lƴǎǝǘǳǝƻƴ ƻŦ IƛƎƘŜǊ 9ŘǳŎŀǝƻƴ 

 ϦYǳōŀƴ {ǘŀǘŜ !ƎǊŀǊƛŀƴ ¦ƴƛǾŜǊǎƛǘȅ ƴŀƳŜŘ ŀƊŜǊ LΦ ¢Φ ¢ǊǳōƛƭƛƴϦΣ 

 YǊŀǎƴƻŘŀǊΣ wǳǎǎƛŀ 

{ǳǇŜǊǾƛǎƻǊΥ 5ŀƴƛƭƻǾŀ aŀǊƛƴŀ LǾŀƴƻǾƴŀ 

CŜŘŜǊŀƭ {ǘŀǘŜ .ǳŘƎŜǘŀǊȅ 9ŘǳŎŀǝƻƴŀƭ Lƴǎǝǘǳǝƻƴ ƻŦ IƛƎƘŜǊ 9ŘǳŎŀǝƻƴ 

 ϦYǳōŀƴ {ǘŀǘŜ !ƎǊŀǊƛŀƴ ¦ƴƛǾŜǊǎƛǘȅ ƴŀƳŜŘ ŀƊŜǊ LΦ ¢Φ ¢ǊǳōƛƭƛƴϦΣ 

 YǊŀǎƴƻŘŀǊΣ wǳǎǎƛŀ 
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!ōǎǘǊŀŎǘ 

Lƴ ǘƘŜ ŀǊǝŎƭŜ ǇǊŜǎŜƴǘŜŘΣ ƛǘ ƛǎ ŎŀǊǊƛŜŘ ƻǳǘ ǘƻ ǘƘŜ ǇƘƛƭƻǎƻǇƘƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ ƘǳƳŀƴ ǘǊŀƴǎŦƻǊƳŀǝƻƴ ƛƴ ǘƘŜ 

ŎƻƴŘƛǝƻƴǎ ƻŦ ŘƛƎƛǘŀƭƛȊŀǝƻƴΦ ¢ƘŜ ǊŜƭŜǾŀƴŎŜ ƻŦ ǘƘŜ ǎǘǳŘȅ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ǎƻŎƛŀƭ 

ǎǘǊǳŎǘǳǊŜǎΣ ƛŘŜƻƭƻƎȅ ŀƴŘ ŎƻƎƴƛǝǾŜ ǇǊƻŎŜǎǎŜǎΦ ¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘŜ ǿƻǊƪ ƛǎ ǘƻ ƛŘŜƴǝŦȅ ƪŜȅ ŀƴǘƘǊƻǇƻƭƻƎƛŎŀƭ 

ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ŎƻƴǘǊŀŘƛŎǝƻƴǎ ƻŦ ǘƘŜ ŘƛƎƛǘŀƭ ŜǊŀΦ Lƴ ǘƘŜ ōŜƴŎƘ ƻŦ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ōŀǎƛǎΣ ŘƛŀƭŜŎǝŎŀƭΣ ǎȅǎǘŜƳƛŎ 

ǳȊŘƛǎŎƛǇƭƛƴŀǊȅ ŀǇǇǊƻŀŎƘŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ǇƘƛƭƻǎƻǇƘƛŎŀƭ ŀƴŘ ŎƻƳǇŀǊŀǝǾŜ ŀƴŀƭȅǎƛǎ ŀǊŜ ǳǎŜŘΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǎǘǳŘȅ 

ǎƘƻǿŜŘ ǘƘŀǘ ŘƛƎƛǝȊŀǝƻƴ ƭŜŀŘǎ ǘƻ ǊŜƛŘŜƻƭƻƎƛŎŀƭ ŎƻƳƳǳƴƛǘȅ ǘƘǊƻǳƎƘ ƴŜǘǿƻǊƪ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ Ǿƛǎǳŀƭ ŎƻŘŜǎΣ 

ŦƻǊƳƛƴƎ ƘȅōǊƛŘ ŜƴƎƛƴŜŜǊƛƴƎΦ !L ǘŜŎƘƴƻƭƻƎƛŜǎ ŀŎǝƴƎ ŀǎ ōƭŀŎƪ ōƻȄŜǎ ŀǊŜ ǉǳŜǎǝƻƴŜŘ ōȅ ǘƘŜ ƴƻƴπŎƭŀǎǎƛŎŀƭ ŎǊƛǘŜǊƛŀ 

ƻŦ ǘǊǳǘƘ ŀƴŘ ǊŀǝƻƴŀƭƛǘȅΦ ¢ƘŜ ǇƘŜƴƻƳŜƴƻƴ ƻŦ ŎƻƳƳƻŘƛȊƛƴƎ ŎƻƴǎŎƛƻǳǎƴŜǎǎ ǿŀǎ ŀƭǎƻ ǊŜǾŜŀƭŜŘΣ ǿƘŜǊŜ ŀǧŜƴǝƻƴ 

ŀƴŘ ŘŀƴƴŜŎƘŜƭƻǾŜƪ ōŜŎƻƳŜ ŀ ŎƻƳƳƻŘƛǘȅ ǘƘŀǘ ƭŜŀŘǎ ǘƻ ŎƻƎƴƛǝǾŜ ŘƛǾŜǊƎŜƴŎŜ ŀƴŘ ǘƘǊŜŀǘǎ ǘƻ ǘƘŜ ǎƻǾŜǊŜƛƎƴǘȅΦ 

¢ƘŜ ŎƻƴŎƭǳǎƛƻƴ ƛǎ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜ Ƴŀƛƴ ǉǳŜǎǝƻƴ ƻŦ ǘƘŜƻǇƘȅƛŀ ƛǎ ǘƘŜ ǇǊŜǎŜǊǾŀǝƻƴ ƻŦ ƘǳƳŀƴ ƛƴŘƛǾƛŘǳŀƭƛǘȅ 

ŀƴŘ ŎǊƛǝŎŀƭπǘƘƛƴƪƛƴƎΦ ¢ƘŜ ŀǳǘƘƻǊ ŀǊƎǳŜǎ ǘƘŀǘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƴŜǿ ŜǘƘƛŎǎ ŀƴŘ ƭŜƎŀƭ ǎȅǎǘŜƳǎ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ 

ǇǊƻǘŜŎǘ ǘƘŜ ǇŜǊǎƻƴŀƭƛǘȅ ƛƴ ǘŜǊƳǎ ƻŦ ǎȅƳōƛƻǎƛǎ ǿƛǘƘ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

YŜȅǿƻǊŘǎΥ 

ǇƘƛƭƻǎƻǇƘȅ ƻŦ ǘŜŎƘƴƻƭƻƎȅΣ ŘƛƎƛǘŀƭƛȊŀǝƻƴΣ ŀǊǝŬŎƛŀƭ ƛƴǘŜƭƭƛƎŜƴŎŜΣ ǊŜπƛŘŜƻƭƻƎƛȊŀǝƻƴΣ ŎƻƳƳƻŘƛŬŎŀǝƻƴΣ 

ŀƭƎƻǊƛǘƘƳƛŎ ƎƻǾŜǊƴŀƴŎŜΣ ƘȅōǊƛŘ ƛƴǘŜƭƭƛƎŜƴŎŜΣ ŘƛƎƛǘŀƭ ŀƴǘƘǊƻǇƻƭƻƎȅΣ ǎƻŎƛŀƭ ǊŜŀƭƛǘȅΣ ŎƻƎƴƛǝǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

ˤ ͍͔͔͚ͫͦͪͣͤͤͦ ͤ͊ͯ;͚ͤͦ ͙͔͔ͭͪ͊ͭͯͪ͡ ͦ͋΅͔͙ͨͪͤ͊ͤͤͦ͘Σ ;ͭͦ ͼ͙ͺ͍ͪͦ͊Ύ ͔͍ͪͦ͡Όͼ͙Ύ ͭͪ͊ͤͫͺ͙͔ͦͪͣͪͯͭ 

͔ͤ ͭͦ͡Έͦ͟ ͙͔ͤͫͭͪͯͣͤͭ· ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͤͦ ͙ ͎͙ͦͤͭͦͦ͡;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͫͦͼ͙͊͡Έ͚ͤͦ ͔ͪ͊͡Έ͙ͤͦͫͭ ͙ 

Ή͙͔ͫͭͤ͘͟ͼ͙͊͡Έͤ·͔ ͍͙ͯͫͦ͡Ύ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͋·͙ͭΎ ώуΣ ͫΦ прϐΦ ˴͊͟ ͔ͦͭͣ;͊͡ ˸͙͊ͪͭͤ ͚͔͎͎͔̆͊͒ͪΣ ζͫͯ΅ͤͦͫͭΈ 

͔ͭͻ͙͙ͤ͟ ͍͍͔ͦͫ ͔ͤ ͔ͫͭΈ ;ͭͦπͭ ͦ ͔ͭͻ͙ͤ;͔͔ͫͦ͟η ώмнΣ ͫΦ слϐΣ ;ͭͦ ͍ ͚ͨͦͤͦ͡ ͔͔ͣͪ ͙ͦͭͤͦͫͭͫΎ ͟ ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙͙Σ 

ͦͭͦͪ͊͟Ύ ͍͙ͫͭ͊ͤͦͭͫΎ ͍͚ͤͦͦ ͔͚ͫͪ͒ͦ ͙͙ͦ͋ͭ͊ͤΎΣ ͙͍͊ͭͤͦ͟ ͙ͦͤͫͭͪͯͪͯ͟Ό΅͔͚ ͙͔ͫͦͤ͊ͤ͘Σ ͍͔͔͙͔ͨͦ͒ͤ ͙ 

ͫͦͼ͙͊͡Έͤ·͔ ͍ͫΎ͙͘Φ ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͎͒͊ͤͤͦͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͦͫͣ·͔͙ͫͤ͡Ύ 
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͔͚ͤͪͦͺ͙͙͎͙ͦͦ͘͡;͔͎ͫͦͦ͟ ͙ ͙ͨͫͻ͎͙ͦͦ͡;͔͎ͫͦͦ͟ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͔ͭͻ͎͙͚ͤͦͦ͡ ͤ͊ ͙͔ͫͦͤ͊ͤ͘ ώтϐΣ ͙͊ͤ͊͊͘͡ ͍ͤͦ·ͻ 

ͺͦͪͣ ͙͔͎͙͒ͦͦ͡;͔͎ͫͦͦ͟ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ ͍ ͼ͙ͺ͍ͪͦͦͣ ͍͔ͨͪͦͫͭͪ͊ͤͫͭ ώммΣ ͫΦ ммнϐΣ ͊ ͔ͭ͊͗͟ Ή͙ͭ;͔͙ͫ͟ͻ 

͍͍ͦͨͪͦͫͦΣ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ˮˮΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͼ͔͡Έ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͙ τ ͦ ͫͯ΅͔͍͙ͫͭͭΈ ͫͦͼ͙͊͡Έͤͦπ

ͺ͙ͦͫͦ͡ͺ͙͚ͫ͟ ͙͊ͤ͊͘͡ ͍͙͡Ύ͙ͤΎ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͤ͊ ͦ͋΅͔͍ͫͭͦ ͙ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͔ͤͦ ͙͔ͫͦͤ͊ͤ͘Φ ˨͡Ύ 

͙͔͙͒ͦͫͭ͗ͤΎ ͍͔͚ͨͦͫͭ͊ͤͤͦ͡ ͼ͔͙͡ ͔ͪ΄͊ΌͭͫΎ ͔ͫ͒ͯ͡Ό΅͙͔ ͊͒͊͘;͙Υ мύ ͙͙͍ͨͪͦ͊ͤ͊ͪͦ͊ͭ͘͡Έ ͺ͔͔ͤͦͣͤ 

ͼ͙ͺ͍͚ͪͦͦ ͔͙͔͎͙ͪ͒ͦͦ͊͘͡ͼ͙͙Τ нύ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͍·͍ͦ͘ ˮˮ ͙͊ͫͫ͟͡;͔͚ͫͦ͟ ͪ͊ͼ͙ͦͤ͊͡Έ͙ͤͦͫͭΤ оύ ͪ͊ͫͪ͟·ͭΈ 

ͨͪͦͼ͔ͫͫ ͙ͦͣͣͦ͒͟ͺ͙͊͟ͼ͙͙ ;͔͍͔ͦ͊͟͡Τ пύ ͦͼ͔͙ͤͭΈ ͫͦͼ͙͊͡Έͤ·͔ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͎͙͙͊ͦͪͭͣ͡;͔͎ͫͦͦ͟ 

͍͔͙ͯͨͪ͊ͤ͡ΎΦ ˸͔͎͙ͭͦ͒ͦͦ͡;͔ͫͯ͟Ό ͍ͦͫͤͦͯ ͍ͫͦͫͭ͊͡ΎΌͭ ͙͔͙͒͊ͭ͟͡;͔͙͚ͫ͟ ͙ ͙͔ͫͫͭͣͤ·͚ ͨͦ͒ͻͦ͒·Σ ͊ ͔ͭ͊͗͟ 

͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͙͔ͫͤͭ͘ ͒͊ͤͤ·ͻ ͫͦͼ͙͊͡Έ͚ͤͦ ͺ͙ͦͫͦ͡ͺ͙͙ ͙ ͎͙͙͍ͦͤͭͤ͟·ͻ ͤ͊ͯ͟Φ 

мΦ ˾͔͙͔͎͙͒ͦͦ͊͘͡ͼ͙Ύ ͙ͨͯ͋͡;͎ͤͦͦ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ ͍ ͼ͙ͺ͍ͪͦͯΌ Ήͨͦͻͯ 

˽ͪͦͼ͔ͫͫ· ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙͙ ͙͍͔͙ͨͪ͡ ͟ ͨ͊ͪ͊͒ͦͫ͊͟͡Έͤͦͣͯ ͺ͔͔ͤͦͣͤͯ τ ͔͙͔͎͙ͪ͒ͦͦ͊͘͡ͼ͙͙ 

ͦ͋΅͔͍͔͚ͫͭͤͤͦ ͙͙͗ͤ͘ ͔ͨͦͫ͡ ͔͙͍ͨͪͦ͒ͦ ͍͎ͨͪͦͦ͊͘͡΄͖͚ͤͤͦ ͔͙͔͎͙͒͒ͦͦ͊͘͡ͼ͙͙Φ ˿͔͔͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ 

͙͔͎͙͒ͦͦ͡;͔͙͔ͫ͟ ͙ͨͦͫ͊ͤ͡Ύ ͔͎ͫͦ͒ͤΎ ͺ͙ͦͪͣͪͯΌͭͫΎ ͍ ͎͙ͦͪͦͤͭ͊͘͡Έͤ·ͻ ͔ͫͭΎͻΣ ͎͋ͦ͊͡ͻ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͔͙ͣ͒͊ 

ώпϐΣ ;ͭͦ ͔͔͒͊ͭ͡ ͙͔͎͙͒ͦͦ͡;͔͙͚ͫ͟ ͊ͤ͒͡΄͊ͺͭ ͺ͎͔͙͍ͪ͊ͣͤͭͪͦ͊ͤͤ·ͣ ώммΣ ͫΦ мрлϐΦ ˴ ;͙ͫͯ͡ ͟͡Ό;͔͍·ͻ ;͔ͪͭ 

͎͒͊ͤͤͦͦ ͨͪͦͼ͔ͫͫ͊ ͣͦ͗ͤͦ ͔͙ͦͭͤͫͭ ͔ͫ͒ͯ͡Ό΅͙͔Υ 

¶ ˤπͦͨ ͔͍ͪ·ͻΣ ͍͙͙ͯ͊͊͘͘͡ͼ͙Ό ͍ͦ͒ͦ͟Υ ͫͦ͗ͤ͡·͔ ͙͔͙͒ ͍ͯͨ͊ͦ͟·͍͊ΌͭͫΎ ͍ Ήͣͦͼ͙ͦͤ͊͡Έͤ·͔ 

͍͙ͯ͊͘͡Έͤ·͔ ͦ͋ͪ͊͘· ό͔ͣͣ·Σ ͙ͤͺ͎ͦͪ͊ͺ͙ͯ͟ύΣ ;ͭͦ ͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͙͍ͨͦͦͣͯ͟͡ ͣ·΄͔͙ͤ͡ΌΦ 

¶ ˤπ͍ͦ ͭͦͪ·ͻΣ ͎͙͙͙͋ͪ͒͊͘ͼ͙Ό ͫͯ͋Ά͔͙ͭͤͦͫͭ͟Υ ͫͯ͋Ά͔ͭͦͣ͟ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͍͙ͫͭ͊ͤͦͭͫΎ ͎͙͙͋ͪ͒ 

ζ;͔͍͔ͦ͟͡ Ҍ ͫͣ͊ͪͭͺͦͤ Ҍ ͎͙͊ͦͪͭͣ͡ηΦ ˢ͎͙ͦͪͭͣ͡· ͨ͊ͭ͡ͺͦͪͣΣ ͔͔ͨͪͫ͒ͯ͡Ό΅͙͔ ͔ͦͣͣͪ͟;͔͙͔ͫ͟ ͼ͔͙͡Σ 

͍ͫͭ͊ͤͦΎͭͫΎ ͎͔͙͊ͤͭ͊ͣ ͙͔͎͙͒ͦͦ͡;͔͚ͫͦ͟ ͔͎͔ͫͣͤͭ͊ͼ͙͙ ώнϐΦ 

¶ πʕͭ ͔ͪͭΈ͙ͻΣ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ζ͎͙͙͊ͦͪͭͣ͡;͔͙ͫ͟ͻ ͨͯ͘·͔͚ͪηΥ ͨͦ͡Έ͍͔ͦ͊ͭ͘͡Έ ͦ͊͘͟·͍͔͊ͭͫΎ ͍ 

͙͙͍͚ͦͪͦ͊ͤͤͦ͘͡ ͙ͤͺͦͪͣ͊ͼ͙͚ͦͤͤͦ ͔͔ͫͪ͒Σ ͍͔ͨͦ͒ͭͪ͗͒͊Ό΅͔͚ ͔͎ͦ ͔͔͙ͯ͋͗͒ͤΎΣ ;ͭͦ ͙͙͍͔ͯͫ͊ͭ͡ 

ͦ͋΅͔͍͔ͫͭͤͤͯΌ ͨͦ͡Ύ͙ͪ͊͘ͼ͙Ό ͙ ͙͔ͫͤ͗͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͍͎ͦͤͫͭͪͯͭͤͦͦ͟͟ ͙͎͒͊ͦ͊͡ ώфΣ ͫΦ снϐΦ 

ˮͫͻͦ͒Ύ ͙͘ ͍·΄͔͎ͫ͊͊ͤͤͦͦ͘͟Σ ͣͦ͗ͤͦ ͊͘͟͡Ό;͙ͭΈΣ ;ͭͦ ͼ͙ͺ͍͔ͪͦͦ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͍͙ͫͭ͊ͤͦͭͫΎ ͔͚͊ͪͤͦ 

͋ͦͪΈ͋· ͎͙͙͊ͦͪͭͣ͡;͔͙ͫ͟ ͍ͯͨͪ͊͡Ύ͔ͣ·ͻ ͙͍͍ͤ͊ͪͪ͊ͭͦΣ ͎͔͒ ͊͒͊͘;͊ ͙͙ͪͭ͟;͔͚ͫͦ͟ ͔ͪͺ͔͙͙ͫ͟͡ ͤ͊͘;͙͔ͭ͡Έͤͦ 

ͯͫͦ͗ͤ͡Ύ͔ͭͫΎΦ 

нΦ ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ ͙ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ͙ͨͦͤ͊ͤ͘Ύ 

˾͍͙͙͔͊ͭ͘ ˮˮΣ ͔ͦͫͦ͋ͤͤͦ ͍ ͺ͔ͦͪͣ ͔͚͔͔͚ͤͪͦͫͭΣ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͙ͪ͊͒͊͟͡Έͤ·͚ ͍·͍ͦ͘ ͒͡Ύ ͺ͙ͦͫͦ͡ͺ͙ͫ͟ͻ 

͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͦ ͙͙ͫͦͤ͊ͤ͘ ͙ ͪ͊ͼ͙ͦͤ͊͡Έ͙ͤͦͫͭΦ ˤ͊͗ͤͦ ͨͦ͒;͔ͪͤͯͭ͟ΈΣ ;ͭͦ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͚͔͙ͤͪͦͫͭ 

Ύ͍͡ΎΌͭͫΎ ζ;͖ͪͤ·͙ͣ Ύ΅͙͙͊ͣ͟ηΥ ͙ͻ ͍͔ͤͯͭͪͤͤΎΎ ͎͙ͦ͊͟͡ ͙ͨͪͤΎ͙ͭΎ ͔ͪ΄͔͙͚ͤ ;͊ͫͭͦ ͔ͤ ͖ͨͦ͒͒͊ͭͫΎ 

͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ώмϐΦ ̏ͭͦΣ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͔ͨͦͪͦ͗͒͊ͭ ͪΎ͒ ͟͡Ό;͔͍·ͻ ͔ͨͪͦ͋ͣ͡Σ ͙ͭ͊͟ͻ ͊͟͟Υ 

ϊ ˴͙͙ͪͫ͘ ͙͔͙͔͍ͪͭͪ͟ ͙͙ͫͭͤ·Υ ͔͚͔͙ͤͪͦͫͭ ͔ͤ ͍͔͎ͫ͒͊ ͔ͪ΄͊Όͭ ͊͒͊͘;͙ ͔͙͍͒͒ͯͭͤͦ͟Σ ͊ ͎͔͔͙ͤͪͪͯΌͭ 

͙͙ͫͭ͊ͭͫͭ;͔͙ͫ͟ ͍ͨͪ͊͒ͦͨͦ͒ͦ͋ͤ·͚ ͍͔ͦͭͭΦ ˮͻ ͍·͍ͦ͒· ͫͦ͗ͤͦ͡ ͍͔͙ͪͺ͙ͼ͙͍ͪͦ͊ͭΈ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͣ ͖ͨͯͭͣΣ ;ͭͦ 

͍͙ͫͭ͊ͭ ͨͦ͒ ͔͙͔ͫͦͣͤͤ ͙͊ͫͫ͟͡;͔͙͔ͫ͟ ͙͔͙͙ͪͭͪ͟ ͤ͊ͯ;͙ͤͦͫͭΦ 

¶ ʕ ͦͨͪͦͫ ͦ ͙͔ͨͪͪͦ͒ ͍ͭͦͪ;͔͍ͫͭ͊Υ ͫͨͦͫͦ͋ͤͦͫͭΈ ˮˮ ͎͔͔͙͍ͤͪͪͦ͊ͭΈ ͔ͭͫͭ͟·Σ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͙ ͣͯ͘·ͯ͟ 

͍͊ͫͭ͊͘͡Ύ͔ͭ ͔͔͙͍ͨͪͫͣ͊ͭͪ͊ͭΈ ͙ͯͤ͊͟͡ΈͤͦͫͭΈ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͍ͭͦͪ;͔͍ͫͭ͊ώсϐΦ 

¶ ˽ ͔ͪͦ͋ͣ͊͡ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭΥ ͔ͤͨͪͦͪ͊͘;ͤͦͫͭΈ ͔͚͔͔͚ͤͪͦͫͭ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͍͔͙͔ͯͫͭ͊ͤͦͤ͡ 

͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭ ͊͘ ͙ͻ ͔ͪ΄͔͙ͤΎΣ ͍͔͒Ύ ͟ ͙ͪͫ͊ͣ͟ ͭ͊͟ ͤ͊͘·͍͔͚͊ͣͦ ζ͎͙͙͊ͦͪͭͣ͡;͔͚ͫͦ͟ ͔͍͔͙͍͙ͤͫͨͪ͊͒ͦͫͭ͡η 

ώтϐΦ 

̏ͭͦͭ ͍·͍ͦ͘ ͙͍͙ͨͪͦ͒ͭ ͙͔͍͔͔͚ͫͫ͒ͦ͊ͭ͡͡ ͟ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͪ͊ͫ΄͙͔͙ͪͤΎ ͨͦͤΎ͙ͭΎ ͪ͊ͯͣ͊͘ ͙ ͍͔͖͒ͭ ͟ 

͙͙͙͒ͫͯͫͫ͟ ͦ ζ͔ͤ;͔͍͔ͦ͡;͔͙ͫ͟ͻη ͺͦͪͣ͊ͻ ͪ͊ͼ͙ͦͤ͊͡Έ͙ͤͦͫͭΦ ˻͒ͤ͊ͦ͟ ͙ͫͭͦͭ ͎͙ͫͦ͊ͫͭ͡ΈͫΎ ͫ ͔͙ͭͣ ͍͙͊ͭͦͪ͊ͣΣ 

ͦͭͦͪ͟·͔ ͎ͨͦ͊͊͡ΌͭΣ ;ͭͦ ͎͙͊ͤͭͪͦͨͦͦ͡;͔ͫ͊͟Ύ ͫͯ΅ͤͦͫͭΈ ;͔͍͔ͦ͊͟͡ τ ͔ ͎ͦ ͔͔ͭͫͤͦͫͭ͡ΈΣ ͙ ͙ͫͭͦͪ;ͤͦͫͭΈΣ 

ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ ͫͣ·͔͙ͫͦͨͦͪͦ͗͒ͤ͡Ό τ ͦ ͖ͫͭ͊ͭͫΎ ͙ͯͤ͊͟͡Έͤ·ͣ ͒ͦͫͭͦΎ͙͔ͤͣΣ ͔ͦͭͦͪͦ͟ ͔ͭͻ͎͙͙ͤͦͦ͡ ͔͔ͫͦͪ͟ 

͍ͫͭ͊Ύͭ ͨͦ͒ ͍ͦͨͪͦͫΣ ;͔ͣ ͍͙͍ͦͫͨͪͦͦ͒͘Ύͭ ώфΣ ͫΦ срϐΦ 

оΦ ˴͙ͦͣͣͦ͒ͺ͙͊͟ͼ͙Ύ ͙ͫͦͤ͊ͤ͘Ύ ͙ ͍ͤͦ͊Ύ ͫͦͼ͙͊͡Έͤ͊Ύ ͔ͪ͊͡ΈͤͦͫͭΈ 
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͙̇ͺ͍ͪͦ͊Ύ Ή͙ͦͤͦͣ͊͟͟ ͙͍͔ͨͪ͊͡ ͟ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤͦͣͯ ͙͔͔͙ͣͤͤ͘Ό ͫͭ͊ͭͯͫ͊ ;͔͍͔ͦ͊͟͡Υ ͙͘ ͫͯ͋Ά͔ͭ͊͟ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͦͤ ͔͍ͨͪͪ͊΅͔͊ͭͫΎ ͍ ͔͖ ͔ͪͫͯͪͫΦ ̏ͭͦͭ ͨͪͦͼ͔ͫͫΣ ͙͍͔ͫͭͤ͘·͚ ͊͟͟ ͙ͦͣͣͦ͒͟ͺ͙͊͟ͼ͙Ύ όͦͭ ͎͊ͤ͡Φ 

/ƻƳƳƻŘƛǘȅ τ ͍ͭͦ͊ͪύΣ ͍ ͼ͙ͺ͍ͪͦͯΌ Ήͨͦͻͯ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ;͔͔ͪ͘ ͔ͫ͒ͯ͡Ό΅͙͔ ͔ͣͻ͙͊ͤͣ͘·Υ 

мΦ ́ͦ ͍͙͊ͪ͊͘ͼ͙Ό ͍͙͙ͤͣ͊ͤΎΥ ͙͔͋ͤͫ͘πͣ ͔ͦ͒͡Έ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͨ͊ͭ͡ͺͦͪͣ ͍ͦͫͤͦ͊ͤ͊ ͤ͊ ͔ͨͪͦ͒͊͗ 

͔͎ͪ͊ͣͤͦͦ͟͡ ͒ͦͫͭͯͨ͊ ͟ ͍͙͙ͤͣ͊ͤΌ ͨͦ͡Έ͍͔͔͚ͦ͊ͭ͘͡Φ ˨͙͚͊ͤ͘ ͙͔ͤͭͪͺ͔͚͍ͫͦ ͙͙͙͍ͦͨͭͣͪͦ͊ͤ͘ ͒͡Ύ ͔͎ͦ 

͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ ͔͙ͯ͒ͪ͗͊ͤΎΦ 

нΦ ˴͙͙͊ͨͭ͊͊͘͡ͼ͙Ό ͒͊ͤͤ·ͻΥ ͡Ό͔͋ͦ ͼ͙ͺ͍͔ͪͦͦ ͔͚͍͙͔͒ͫͭ ͍͙ͫͭ͊ͤͦͭͫΎ ͙ͫͭͦ;͙ͤͦͣ͟ ͒͊ͤͤ·ͻΣ ͦͭͦͪ͟·͔ 

͔͍ͨͪͪ͊΅͊ΌͭͫΎ ͍ ͼ͙ͺ͍ͪͦ·͔ ͨͪͦͺ͙͙͡ ͒͡Ύ ͎͙͍͙ͨͪͦͤͦͪͦ͊ͤ͘Ύ ͙ ͍͔͙ͯͨͪ͊ͤ͡Ύ ͍͔͔͙͔ͨͦ͒ͤͣΦ 

оΦ ˢ͎͙͙ͦͪͭͣ͊͘͡ͼ͙Ό ͭͪͯ͒͊Υ ͨ͊ͭ͡ͺ͔ͦͪͣͤͤ͊Ύ Ή͙ͦͤͦͣ͊͟͟ ͨͦ͒;͙ͤΎ͔ͭ ͙ͪ͊͋ͦͭͤ͊͟ ͎͙͔ͦ͟͡ ͎͙͍͊ͦͪͭͣͦ͡Σ 

ͦͼ͔͙͍ͤ͊Ό΅͙ͻ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ ͙͒ͭͯ͟Ό΅͙ͻ ͔ͭͣͨΣ ;ͭͦ ͊͘;͊ͫͭͯΌ ͙͡΄͔͊ͭ ͔͎ͦ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͫͦͼ͙͊͡Έͤ·ͻ 

͎͙͚͊ͪ͊ͤͭ ώмлΣ ͫΦ молϐΦ 

̂͊͊ͤͤ͘͟·͔ ͨͪͦͼ͔ͫͫ· ͙ͦͤͫͭͪͯͪͯ͟Όͭ ͍ͤͦͯΌ ͫͦͼ͙͊͡ΈͤͯΌ ͔ͪ͊͡ΈͤͦͫͭΈΣ ͒͡Ύ ͚ͦͭͦͪͦ͟ ͻ͔͊ͪ͊ͭͪͤ͟· 

͔ͫ͒ͯ͡Ό΅͙͔ Ύ͍͔͙ͤ͡ΎΥ 

¶ ˴ ͎͙͙͍͔ͦͤͭͤͦ ͔͙͔ͪ͊ͫͫͦͤ͡ ͤ͊ ͔ͭͻΣ ͭͦ͟ ͔ͦ͋͊͒͊ͭ͡ ͍͙ͪ͊ͭ͘·͙ͣ ͼ͙ͺ͍ͪͦ·͙ͣ ͍ͤ͊·͙͊ͣ͟ ͙ ͙͙ͪͭ͟;͔͙ͫͣ͟ 

ͣ·΄͔͙͔ͤͣ͡Σ ͙ ͔ͭͻΣ ͭͦ͟ ͍͙ͫͭ͊ͤͦͭͫΎ ͦ͋Ά͔ͭͦͣ͟ ͙ͣ͊ͤͨͯ͡Ύͼ͙͙ ώоΣ ͫΦ флϐΦ 

¶ ́ ͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ͙͔͙͒ͤͭ;͙ͤͦͫͭ ͍ ͫͭͦͪͦͤͯ ͎͙͚͋ͦ͟Σ ͔ͨͪͺ͙͍͚ͦͪͣ͊ͭͤͦ ͔͙ͣͦ͒͡Σ ͍͙͙͚͊ͫͣͦ͘ ͦͭ 

͎͙͙͊ͦͪͭͣ͡;͔͚ͫͦ͟ ͍͙͊͒͊͡ͼ͙͙ ό͚͙͊͟͡Σ ͙ͨͦ͒ͨͫ;͙͙͟ύΦ 

¶ ̂ ͎ͪͦ͊͘ ͼ͙ͺ͍͎ͪͦͦͦ ͍͔͔͙͔ͫͯͪͤͭͭ͊ ͙͡;͙ͤͦͫͭ ͙͘π͘ ͊ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͒͊ͤͤ·ͻ ͍ ͪͯ͊͟ͻ ͦͪͨͦͪ͊͟ͼ͙͚Σ 

ͫͦ͒͊͘Ό΅͔͚ ͙͙ͪͫ͟ ͭͦͭ͊͡Έ͎ͤͦͦ ͤ͊͋͡Ό͔͙͒ͤΎ ͙ ͦͤͭͪͦ͟͡Ύ ώнϐΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˽͍͔͖ͪͦ͒ͤͤ·͚ ͙͊ͤ͊͘͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͫ͒͊ͭ͡Έ ͔ͫ͒ͯ͡Ό΅͙͔ ͍·͍ͦ͒·Φ ͙̇ͺ͍ͪͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ͫͭ͊ͤͦΎͭͫΎ 

ζ͊ͪͻ͙͔͙ͭͭͦͪ͊ͣ͟η ͫͦͼ͙͊͡Έ͚ͤͦ ͔ͪ͊͡Έ͙ͤͦͫͭΣ ;Έ͖ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͙ͤͦͫͭ ͙͍͔͊ͣ͋͊ͤͭͤ͡·͚ ͻ͔͊ͪ͊ͭͪ͟Υ ͙ͦͤ 

ͦͭͪ͟·͍͊Όͭ ͍ͤͦ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘Σ ͤͦ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͫͦ͒͊͘Όͭ ͔ͫͪΈ͖ͤ͘·͔ ͎ͯͪͦ͘· ͍͙͙͊ͭͦͤͦͣ ͙͡;͙ͤͦͫͭΦ 

˹͙͔͔͊͋ͦ͡ ͙ͪ͊͒͊͟͡Έͤ·͚ ͍·͍ͦ͘ ͙ͫͻ͙ͦ͒ͭ ͦͭ ͔ͤͨͪͦͪ͊͘;ͤ·ͻ ͙͔ͫͫͭͣ ˮˮΣ ͔͙͙ͨͪͦ͋ͣ͊ͭͪͯ͘͡Ό΅͙ͻ 

͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͨͦͤΎ͙ͭΎ ͙͙ͫͭͤ· ͙ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭΦ 

ˤ Ή͚ͭͦ ͍ͫΎ͙͘Σ ͎͍͊ͤ͡·͚ ͺ͙ͦͫͦ͡ͺ͙͚ͫ͟ ͍ͦͨͪͦͫ ͍͔͔͙ͫͦͪͣͤͤͦͫͭ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͫͦͻ͔͙͙ͪ͊ͤͤ 

;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͙͍͙ͨͪͫͯͭͫͭΎ ͍ ͙͔ͣͪΣ ͎͔͒ ͍͙͙͔ͤͣ͊ͤ ͍ͯͨͪ͊͡Ύ͔ͭͫΎΣ ͊ ͔ͪ΄͔͙ͤΎ ͔͎ͨͪ͒͊͊͡ΌͭͫΎ ͎͙͙͊ͦͪͭͣ͊ͣ͡ 

ͣ͊΄͙ͤΦ 

ˤ ͊͟;͔͍͔ͫͭ ͔͔͙͍ͨͪͫͨͭ͟ ͒͊͡Έ͔͚ͤ΄͙ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͣͦ͗ͤͦ ͍·͔͙͒ͭ͡ΈΥ 

мΦ ˾͊ͪ͊͋ͦͭͯ͘͟ Ή͙͙ͭ͟ ͎͙͙͎͋ͪ͒ͤͦͦ ͙͔͔ͤͭͭ͊͟͡͡Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͔͚ ͙͙͔ͨͪͦͪͭͭ ;͔͍͔ͦ͡;͔͙ͫ͟ͻ 

ͼ͔͔͚ͤͤͦͫͭΦ 

нΦ ͙͍̅ͦͪͣͯͪͦͯ͟͡ ͍ͦͫͤͦ ͼ͙ͺ͍͎ͪͦͦͦ ͎͙ͯͣ͊ͤͣ͊͘Σ ͔͊ͪͨ͘͟͡ΎΌ΅͔͎ͦ ͍ͨͪ͊͊ ͤ͊ ͙͍ͨͪ͊ͭͤͦͫͭΈΣ 

ͦ͋ΆΎ͙ͫͤͣͦͫͭΈ ͎͙͍͊ͦͪͭͣͦ͡ ͙ ͙ͨͫͻ͎͙ͦͦ͡;͔ͫͯ͟Ό ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΦ 

оΦ ˽͔͔͙͔ͪͦ͒ͦͤ͡ ͎͙͙͍͎ͦͤͭͤͦͦ͟ ͔͙ͪ͊ͫͫͦͤ͡Ύ ;͔͔ͪ͘ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ό ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ͫͭͦͪͦͤͯ 

͍͙͙ͪ͊ͭ͘Ύ ͔ͣͭ͊πͤ ͍͊·͍ͦ͟Υ ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΣ ͺ͙ͦͫͦ͡ͺ͚ͫͦ͟ ͔ͪͺ͔͙͙ͫ͟͡ ͙ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͟ 

ͫͣ·͔͙ͫͦͨͦͪͦ͗͒ͤ͡ΌώрϐΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙Ύ ͔͔ͨͪ͒ͫͭ͊ͭ ͊͟͟ ͔ͨͦ͡ ͙͍͋ͭ· ͊͘ ͦ͋ͪ͊͘ ;͔͍͔ͦ͊͟͡ ͍͊ͭͪ͊͘΄͔͎ͤͦ ͒ͤΎΣ ͎͔͒ 

ͺ͙ͦͫͦ͡ͺ͙Ύ ͙͍ͨͪ͊ͤ͊͘ ͋·ͭΈ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έͤ·ͣ ͦͣͨ͟ŀͫ ͦͣΣ ͙ͤ͊ͨͦͣͤ͊Ό΅͙ͣΣ ;ͭͦ ͼ͔͡ΈΌ ͎͔ͨͪͦͪͫͫ͊ 

͒ͦ͗ͤͦ͡ ͍ͦͫͭ͊͊ͭΈͫΎ ͪ͊ͫ΄͙͔͙͔ͪͤ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͍ͫͦ͋ͦ͒· ͙ ͙͍͒ͦͫͭͦͤͫͭ͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˣͯ͒ͯ΅͔͔ L¢πͭ ͔ͻ͎͙͚ͤͦͦ͡ ͙ ͙ͻ ͍͙͡Ύ͙͔ͤ ͤ͊ ͦ͋΅͔͍ͫͭͦ κκ {ƪȅŜƴƎΦǊǳΦ ς нлнрΦ ς ¦w[Υ ƘǧǇǎΥκκǎƪȅŜƴƎΦǊǳκƛǘπ

ƛƴŘǳǎǘǊȅκƛǘκƭǳŎƘǎƘƛŜπƛǘπǘŜƘƴƻƭƻƎƛƛπƛπƛƘπǾƭƛȅŀƴƛŜπƴŀπōǳŘǳǎƘŎƘŜŜκ ό͒͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎΥ ммΦмнΦнлнрύΦ 

нΦ ˤ͙͡Ύ͙͔ͤ ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͤ͊ ͟͡Ό;͔͍·͔ ͫͦͼ͙͊͡Έͤ·͔ ͨͪͦͼ͔ͫͫ· κκ {ƴƻōΦǊǳΦ ς нлнрΦ ς ¦w[Υ 

ƘǧǇǎΥκκǎƴƻōΦǊǳκǇǊƻŬƭŜκпмнумлκōƭƻƎκолфмурпκ ό͒͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎΥ ммΦмнΦнлнрύΦ 

оΦ ˤ͍ͦͪͦͤͦ ˸Φ ˤΦ ˹͔ͦͭͦͪ͟·͔ ͔͊ͫͨͭ͟· ͼ͙ͺ͍͙ͪͦ͊͘ͼ͙͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΥ ͎ͦ͒ нлнр κκ ͙̇ͺ͍ͪͦ͊Ύ 
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͎͙͙͙ͯͣ͊ͤͭ͊ͪͫͭ͊͟ ͙ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ ͍͙͙ͦ͋ͪ͊ͦ͊ͤ͘ ό5I¢9 нлнрύΥ ͫ͋Φ ͔͚ͫͭ͊ͭ ±L ˸͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͤ͊ͯ;ͤͦπ

͙ͨͪ͊ͭ͟;͔͚ͫͦ͟ ͦͤ͟ͺ͔͔͙͙ͪͤͤΦ ς ˸ΦΥ ˸˥˽˽̂Σ нлнрΦ ς ˿Φ урςфрΦ 

пΦ ˨͙͍͊ͤͦ͊͡ ˸ΦˮΦ ˮͤͺͦͪͣ͊ͼ͙ͦͤͤ͊Ύ ͍͚ͦͤ͊ ͊͟͟ ͔ͪ͊͡ΈͤͦͫͭΈ κκ ˮ͙ͫͭͦͪ;͔ͫ͊͟Ύ ͙ ͫͦͼ͙͊͡Έͤͦπ

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ͊Ύ ͣ·ͫ͡ΈΦ ς нлмнΦ ς Ѕ оΦ ς ˿Φ ннфπномΦ ς 95b t!wLb±Φ 

рΦ ˨͙͍͊ͤͦ͊͡ ˸ΦˮΦΣ ˽͙͍ͦͭͤͦ͟͡ ˹ΦˤΦ ́ͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍ ͍͙ͯͫͦ͡Ύͻ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ 

͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ κκ ˤ·ͫ΄͔͔ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͙͔ͣͪΥ ͙͙ͫͭͦͪΎ ͙ ͔͔͙͍ͨͪͫͨͭ͟·Υ 

˸͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͊͡Ύ ͔͙͍ͦͭͤ͊͟͟͡͡Ύ ͎ͣͦͤͦͪ͊ͺ͙ΎΣ ˹͙ͼͼ͊π˿ ͙ͼ͙͙͡Ύπ˸ ͦͫ ͍͊͟Σ лсςнт 

͔͒͊͋ͪ͟Ύ нлнл ͎ͦ͒͊ κ ˿͍͙͔͙ͦͫͭ͊ͭ͡ ͙ ͔ͪ͒͊ͭͦͪ͟· aΦ ˶͔  ̊͊ͤͫͦΣ ˮΦ̏Φ ˿͍ͦͦͦͫ͊͟͟͡ΎΦ ς ˸ ͍ͦͫ͊͟Υ 

̏ͤͼ͙͔͙ͦͨ͒ͫͭ͟͡π˸ ͙͊ͫͣͯͣ͟Σ нлнлΦ ς ˿Φ молπмппΦ ς 95b ½v{t5·Φ 

сΦ ˨͙͍͊ͤͦ͊͡ ˸Φ ˮΦΣ ˽͙͍ͦͭͤͦ͟͡ ˹Φ ˤΦ ͔͔̅ͤͦͣͤ ͍ͭͦͪ;͔͍ͫͭ͊ ͍ ͔͔ͦͤͭͫͭ͟͟ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Υ 

͔ͨͪͦ͋ͣ͡· ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͙ͻ ͔ͪ͊ͪ͘΄͔͙ͤΎ κκ ͔͍͔̉ͦ͟͡ ͍ͭͦͪ;͔͙͚ͫ͟Υ ͺ͙ͦͫͦ͡ͺ͙ΎΣ ͙ͨͫͻ͎͙ͦͦ͡Ύ ͙ ͫͦͼ͙͎͙ͦͦ͡Ύ 

͍ͭͦͪ;͔͍ͫͭ͊Υ ˸͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͊͡Ύ ͔͙͍ͦͭͤ͊͟͟͡͡Ύ ͎ͣͦͤͦͪ͊ͺ͙ΎΣ ˾͎͊ͯ͊͘Σ лр ͔ͫͤͭΎ͋ͪΎ ς му  

нлнл ͎ͦ͒͊ κ ˿͍͙͔͙ͦͫͭ͊ͭ͡Σ ͔ͪ͒͊ͭͦͪ͟·Υ ˸Φ ͔͡ ̊͊ͤͫͦΣ ˮΦ̏Φ ˿͍ͦͦͦͫ͊͟͟͡ΎΦ ς ˹ ͙ͼͼ͊π˿ ͙ͼ͙͙͡Ύπ˸ ͍ͦͫ͊͟Υ 

̏ͤͼ͙͔͙ͦͨ͒ͫͭ͟͡π˸ ͙͊ͫͣͯͣ͟Σ нлнмΦ ς ˿Φ фнπмлнΦ ς 95b 9²¸ba[Φ 

тΦ ˴͔ͭ͊͟͡ ͙ͫͦͤ͊ͤ͘ΎΦ ˴͊͟ ͙ͫͦͨͪ͊ͫ͊͟ΌͭͫΎ ͎͙ͪ͊ͤ ͪ͊ͯͣ͊͘ ͙ ͔͙͋ͯͣ͘Ύ ͍ ͍͔͔ͫͦͪͣͤͤͦͣ ͦ͋΅͔͍͔ͫͭ κκ ˹͍ͦ͊Ύ 

͎͔͊ͭ͊͘Φ ς нлнрΦ ς мф ͊ͨͪΦ ς ¦w[Υ ƘǧǇǎΥκκƴƻǾŀȅŀƎŀȊŜǘŀΦǊǳκŀǊǝŎƭŜǎκнлнрκлпκмфκƪƭŜǘƪŀπǎƻȊƴŀƴƛƛŀ ό͒͊ͭ͊ 

ͦ͋ͪ͊΅͔͙ͤΎΥ ммΦмнΦнлнрύΦ 

уΦ ˽ͦ ͙͍͊ͪͨͦ͊͟͡ ˩ΦˤΦ ˤ͔͚͍͙͔ͦ͒ͫͭ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙ͤͺͦͪͣ͊ͼ͙ͦͤͤͦπ͙ͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͤ͊ 

͙͔ͫͦͤ͊ͤ͘ ;͔͍͔ͦ͊͟͡ ͙ ͙͍͙͔ͦͤͫͭͪͯͪͦ͊ͤ͟ ͫͦͼ͙͊͡Έ͚ͤͦ ͔ͪ͊͡Έ͙ͤͦͫͭΥ ͙͒ͫΦ Χ ͒ͦͭ͟Φ ͺ͙ͦͫ͡Φ ͤ͊ͯ͟Φ ς нлммΦ ς оол ͫΦ 

фΦ ˾͙ͦͫͫͯͫ ˽ΦˢΦ ͔͍͔̉ͦ͡;͔͍ͫͭͦ ͍ ͼ͙ͺ͍ͪͦͯΌ Ήͨͦͻͯ κκ ˹͊ͯ͊͟Σ ͔ͭͻ͙ͤ͊͟Σ ͦ͋΅͔͍ͫͭͦΦ ς нлнрΦ ς ́Φ олΣ Ѕ мΦ ς ˿ Φ 

руςсуΦ 

млΦ ˿ͯͻ͔͍͊ͪ ˸ΦˤΦ ˹͊ͯ͊͟ ͙ ͯ͟͡Έͭͯͪ͊ ͍ ͼ͙ͺ͍ͪͦͯΌ Ήͨͦͻͯ κκ ͙̏ͦͤͦͣ͊͟͟ ͙ ͫͦͼ͙ͯͣΦ ς нлнрΦ ς Ѕ нΦ ς ˿ Φ мнпς

морΦ 

ммΦ ˿͍ͯͫͦ͡ ˮΦ ˤΦ ˾͔͙͔͎͙͒ͦͦ͊͘͡ͼ͙Ύ ͼ͙ͺ͍͎ͪͦͦͦ ͦ͋΅͔͍ͫͭ͊Υ ͙͒ͫΦ Χ ͒ͦͭ͟Φ ͺ͙ͦͫ͡Φ ͤ͊ͯ͟Φ ς нлнсΦ ς оуп ͫΦ 

мнΦ ͚͔͎͎͔̆͊͒ͪ ˸Φ ˤͦͨͪͦͫ ͦ ͔ͭͻ͙͔ͤ͟ κκ ͚͔͎͎͔̆͊͒ͪ ˸Φ ˤ͔ͪͣΎ ͙ ͋·͙͔ͭΥ ˿ͭ͊ͭΈ͙ ͙ ͍·͔͙ͫͭͯͨͤ͡ΎΦ ς ˸ ΦΥ 

˾͔͙ͫͨͯ͋͊͟͡Σ мффоΦ ς ˿Φ ннмςноуΦ 

ϭ˴͙ͪΌͻ͙ͤ͊ ˴ΦˤΦΣ нлнр 
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ANALYZING STUDENTS' BARRIERS AND MOTIVATIONS IN LEARNING PHYSICAL EDUCATION 

 

Abstract 

This study aims to identify the barriers and motivations influencing university students' participation 

in Physical Education (PE) courses and propose solutions to enhance the course's effectiveness. Data was 

collected from 600 students across four universities in Hanoi and Da Nang using a questionnaire with a 5-

point Likert scale and in-depth interviews. Multiple regression analysis revealed that the main barriers 

significantly reducing participation were lack of time (‍  πȢςψȟὴ  πȢπρ), poor facilities (‍  πȢςςȟὴ 

 πȢπυ), and social stigma (‍  πȢρψȟὴ  πȢπυ). Conversely, the primary motivations included improving 

health (χςȢσϷ), socializing with friends (υτȢρϷ), and grade pressure (σςȢφϷ). The research highlights the 

importance of raising awareness about the benefits of PE, upgrading facilities, and designing more flexible 

curricula to promote student engagement. 

Keywords: 

 Participation Motivation, Physical Activity, Barriers, Physical Education, 

 Students, Influencing Factors. 

 

1. Introduction 

Physical Education (PE) plays a vital role in students' holistic development, enhancing physical health, 

concentration, and mental well-being (Ha et al., 2019). However, student participation remains low due to 

various constraints. Common barriers include lack of motivation, gender bias, and poor facilities (Smith & 

Lee, 2020). Conversely, motivations can include improving health, socializing, or achieving high grades (Chen, 

2021). This study aims to clearly identify the primary barriers and motivations influencing students' decision 

to participate in PE, proposing suitable solutions to enhance teaching effectiveness. 

2. Methodology 

2.1. Study Subjects 

The sample consisted of 600 university students (320 female, 280 male) from four universities in Hanoi 

and Da Nang, representing diverse academic fields. 

2.2. Data Collection Tools and Analysis 

¶ Questionnaire: Included 25 items using a 5-point Likert scale to measure the impact of barriers and 

motivations. 

¶ In-Depth Interviews: Conducted with 15 students to gather qualitative reasons. 

¶ Data Analysis: Utilized Descriptive Statistics, T-test/ANOVA (for group comparison, e.g., by 

gender), and Multiple Regression (to determine the magnitude of influence of each factor). 

3. Results and Discussion 

3.1. Primary Barriers to PE Participation 

Lack of time was the most common barrier (65.4%). Multiple regression analysis confirmed it was the 

strongest barrier (ὄ  Ȣ ȟ▬  Ȣ ). 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζ IN SITU η                    ISSN (p) 2411-7161 / ISSN (e) 2712-9500                    Ѕ12 / 2025 

 

 

57 

Barrier Prevalence (%) Regression Coefficient (ɓ) p-value 

Lack of Time 65.4 0.28 <0.01 

Poor Facilities 48.7 0.22 <0.05 

Gender Bias/Stigma 34.2 0.18 <0.05 

Fear of Injury 22.5 0.12 0.08 

 

¶ Lack of Time: Students (especially those in technical/economic fields) prioritize academics and part-

time work, aligning with Chen's (2021) findings. 

¶ Poor Facilities: Nearly half ( ȢϷ) cited cramped courts, outdated equipment, and lack of diverse 

sports as a significant deterrent. 

¶ Gender Bias: 34.2% cited gender stereotypes (e.g., viewing football/basketball as unsuitable for 

women). Chi-square testing (Ⱶό  Ȣȟ▬  Ȣ ) showed a significant difference in this barrier 

between male and female students. 

3.2. Motivation for PE Participation 

Improving health was the largest motivation (72.3% overall). 

Motivation Male (%) Female (%) Regression Coefficient (ɓ) p-value 

Improving Health 68.5 76.1 -0.34 <0.01 

Socializing with Friends 60.3 47.8 -0.27 <0.05 

Grade Pressure 28.9 36.4 -0.19 <0.05 

Love of Sports 40.2 22.6 0.14 0.07 

 

¶ Improving Health: This was the strongest positive factor in the regression (B = -0.34, p < 0.01). 

Female students were more motivated by health benefits (76.1% vs 68.5% male). 

¶ Socializing: Important for 54.1% of students, particularly males (60.3%). 

¶ Grade Pressure: A significant motivator, especially for female and first-year students (45.2%). This 

suggests many view PE as a mandatory requirement rather than a voluntary health pursuit. 

3.3. Multiple Regression Analysis Summary 

The multivariate regression confirmed that Lack of Time was the strongest factor suppressing 

participation (\beta = 0.28), while Improving Health was the strongest factor promoting it (\beta = -0.34). 

The negative sign on the motivation factors signifies that increased motivation correlates with a reduction in 

perceived barriers to participation. 

Factor Regression Coefficient (ɓ) p-value Impact Summary 

Lack of Time 0.28 <0.01 Strongest Barrier 

Improving Health -0.34 <0.01 Strongest Motivation (Negative correlation with barriers) 

Poor Facilities 0.22 <0.05 Moderate Barrier 

Socializing -0.27 <0.05 Moderate Motivation 

Social Stigma 0.18 <0.05 Minor Barrier 

Grade Pressure -0.19 <0.05 Minor Motivation 

 

3.4. Discussion Summary 

Findings confirm that time constraint is the biggest hurdle (Chen, 2021). Gender bias (Smith & Lee, 

2020) and poor facilities significantly restrict female participation and overall interest. While grade pressure 

does motivate participation, it risks reducing genuine interest in PE's long-term health benefits. Effective PE 

programs must focus on reducing structural barriers (time, facilities) and amplifying awareness of health 

benefits. 
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4. Conclusion and Recommendations 

4.1. Conclusion 

This study successfully identified the primary barriers and motivations influencing university students' 

participation in Physical Education (PE) courses. The key findings are: 

¶ Significant Barriers: Lack of time, poor facilities, and gender bias/stigma significantly limit student 

participation. 

¶ Main Motivations: Improving health and socializing with friends are the strongest drivers for 

engagement. 

4.2. Recommendations 

Based on the research findings, several solutions are proposed to enhance the effectiveness of the PE 

curriculum: 

¶ Facilities Improvement: 

o Construct multi-functional courts and expand training spaces. 

o Provide more equipment and diverse sports gear. 

¶ PE Program Flexibility: 

o Allow students to register for PE courses with flexible scheduling options to fit their academic 

timetables. 

o Expand the selection of sports to match diverse student preferences. 

¶ Communication and Awareness Change: 

o Organize workshops and seminars on the long-term benefits of PE. 

o Encourage student participation in sports clubs to boost social interaction and intrinsic 

motivation. 
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ˮ͎͙͍͋ͪ͊ͣͦ͊ ˾͊ͤͦ ˢ͋͒ͯ΄͍ͯͯͪͦͤ͊͟ 

͙͚̆ͯ͒͗͊ͤ͒ͫ͟ ͎ ͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔̂ͤͪͫͭͭ ͙͔͙ͣͤ ͔͙͊͊͒ͣ͊͟͟ ˣͦ͋ͦ͒͗ͦͤ͊ ˥͊ͺ͍ͯͪͦ͊  

͎Φ ̆ͯ͒͗͊ͤ͒Σ ͙͙́͊͒͗ͫͭ͊ͤ͟  

 

˻ ˹˩˴˻́˻˾̍̆ ˽˾ˮ˭˹ˢ˴ˢ̆ ˻˽˾˩˨˩˶˩˹ˮ̒ ˤ ˢ˹˥˶ˮ˯˿˴˻˸ ˮ ˾̂˿˿˴˻˸ ̒˭̍˴ˢ̆ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͊͟͟ ͍͔͔͎ͭͦͪͦͫͭͨͤͤͦͦ ;͔ͤ͊͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͍ 
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ON SOME FEATURES OF THE ATTRIBUTE IN ENGLISH AND RUSSIAN 

 

Abstract 

The article examines the features of the attribute as a secondary sentence element in Russian and 

English. Its syntactic and semantic functions, structural characteristics, and position relative to the modified 

word are analyzed. Special attention is given to its comparison with other sentence elements, the role of the 

attribute in forming a complete representation of an object or person, as well as its communicative and 

constructive functions. Examples from literary texts are provided, and differences in the expression of 

attributes in different languages are considered. The study has both theoretical and practical significance, 

emphasizing the importance of examining attributive relations for understanding the structure and 

expressiveness of language. 
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͔͔ͨͪ͒ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͣΤ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͔ͤͦ ͍ ͙͔ͪͦ͒ͭ͡Έͤͦͣ ͔͔ͨ͊͒͗Σ ͔͔ͦͨͪ͒͡ΎΎ ͎͔͒ͪͯͦ 

͔͍͙͔ͫͯ̈́ͫͭͭ͡Έ͔ͤͦΣ ͔ͭ͊͗͟ ͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͔͔ͨͪ͒ ͙ͤͣΦ ˹͔͊ͪ;͙͔ ͔ͨͪ͒΄͔͍͔ͫͭͯͭ ͎͎͊ͦͯ͡͡ ͙͙͡ 

͙͎͔ͨͪ͊͊ͭ͡͡ΈͤͦͣͯΣ ͊ ͔͙͔͒ͦͨͦͤͤ͡ τ ͎ ͎͊ͦͯ͡͡Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͨͪ͒΄͔͍ͫͭͯΌ΅͙͚ ͔ͨͦ͒͗͊͡΅͔ͣͯ ͔͙ͨͪ͒͊ͭ͟ 

͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͭͪ͋ͯͭͦͣΦ 

˽͙ͦ͘ͼ͙Ύ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͔ͤ ͙͔ͣͤ͘Ύ͔ͭ ͔͎ͦ ͺͯͤ͟ͼ͙͚Υ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͔ͣͫͭ͊ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡ ͦͤͦ 

͔ͨͪͦ͒ͦ͗͊ͭ͡ ͦ͋ͦͤ͊͘;͊ͭΈ ͙͙ͨͪͤ͊͘͟ ͔͔ͨͪ͒ͣͭ͊Φ ˶͙͎͍͙ͤͫͭ· ͨͦ-ͪ͊ͤͦͣͯ͘ ͔͔ͦͨͪ͒͡ΎΌͭ ͙͊ͭͪ͋ͯͭΥ 

˶Φ˿Φ ˣ͊ͪͻ͍ͯ͒͊ͪͦ ͔ͭͪ͊ͭͯͭ͟ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͊͟͟ ͍͔͔ͭͦͪͦͫͭͨͤͤ·͚ ;͔ͤ͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΣ ͍͙͙͊ͫͣ͘·͚ ͦͭ 

ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ͙͙͡ ͙͍͎ͫͯ͋ͫͭ͊ͤͭͤͦͦ ͔͙͔͙ͣͫͭͦͣͤΎ ͙ ͦ͋ͦͤ͊͘;͊Ό΅͙͚ ͙ͨͪͤ͊͘͟ ͔͔ͨͪ͒ͣͭ͊ ώˣ͊ͪͻ͍ͯ͒͊ͪͦΣ 

1973: 359]. ˻ ͔͔͔͙͔ͨͪ͒ͤ͡ ͔ͭ͊͗͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ;͊ͫͭΈ ͙͔͎ͣͤͤͦͦ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΣ ͔ͤͫͯ΅͊Ύ 

͙͙͍͊ͭͪ͋ͯͭͤ·͚ ͙ͨͪͤ͊͘͟ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦΦ 

ˤ ͙ͦͭ͡;͙͔ ͦͭ ͔͎ͫ͊ͯͣͦͦ͘͟Σ ͔ͦͭͦͪͦ͟ ͔ͦ͋͊͒͊ͭ͡ ͔͙͙͍ͨͪ͒͊ͭͤ͟·ͣ ͙ͨͪͤ͊ͦͣ͘͟ ͙ ͙ͫͭͦͭ ͙͡΄Έ ͍ ͙ͨͦ͘ͼ͙͙ 

͔ͨͦ͒͗͊͡΅͔͎ͦΣ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͔ͣͦ͗ͭ ͙͊ͤͣ͊ͭ͘Έ ͡Ό͋ͯΌ ͙͙ͫͤͭ͊ͫ͟;͔ͫͯ͟Ό ͺͯͤ͟ͼ͙Ό ͙͔ͦͭͤͦͫͭ͡Έͤͦ 

ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ώˮ͍͍͊ͤͦ͊Σ мфумΥ нлмϐΦ 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͎͔ͨͦͣͦ͊ͭ ͙ͦͭ͡;͙ͭΈ ͔͔ͨͪ͒ͣͭ ͦͭ ͎͙͒ͪͯͻΣ ͪ͊ͫͪ͟·ͭΈ ͔͎ͦ ͊͟;͔͍ͫͭ͊Σ ͺͦͪͣͯ ͙ 

͔͙͔ͫͦ͒ͪ͗͊ͤΣ ͍ͫͦ͒͊͊͘Ύ ͨͦͤ͡·͚ ͦ͋ͪ͊͘Φ ̂ ͔ͨͦ͒͗͊͡΅͔͎ͦ ͔ͣͦ͗ͭ ͋·ͭΈ ͔ͤͫͦ͟͡Έͦ͟ ͔͔͔͙͚ͦͨͪ͒ͤ͡Σ ͔͙ͫͪ͒ 

ͦͭͦͪ͟·ͻ ͦ͒ͤͦ ͟͡Ό;͔͍͔ͦΣ ͦͫͭ͊͡Έͤ·͔ ͯͭͦ;ͤΎΌͭ ͔͎ͦ ͫͣ·ͫ͡Φ ˯Φ ˣ͊͊͡΄΄͊ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟Σ ;ͭͦ ͔͔͔͙͔ͦͨͪ͒ͤ͡ 

͔ͤ ͔ͣͦ͗ͭ ͫͯ΅͔͍͍ͫͭͦ͊ͭΈ ͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦΣ ͦͤͦ ͍͔͎ͫ͒͊ ͍͔ͫͦͨͪͦͦ͗͒͊ͭ ͎͚͒ͪͯͦ ;͔ͤ͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΣ ͦ͋ͪ͊ͯ͘Ύ 

͔ͭͫͤͯΌ ͍ͫΎ͘ΈΣ ͨͦ͒ͦ͋ͤͯΌ ͫͦ͗ͤͦͣͯ͡ ͍ͫͦͯ͡ ώˣ͊͊͡΄΄͊Σ мфртΥ нпрϐ ˻Φ˿Φ ˢͻ͍ͣ͊ͤͦ͊ ώˢͻ͍ͣ͊ͤͦ͊Σ мфссΥ нфлϐ ͙ 

ˤΦˤΦ ˤ͙͎͍ͤͦͪ͊͒ͦ ώˤ͙͎͍ͤͦͪ͊͒ͦΣ мфрпΥ сϐ ͔ͭ͊͗͟ ͔ͦͭͣ;͊Όͭ ͔ͤͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦͫͭΈ ͔͔͔͙ͦͨͪ͒ͤ͡ΎΣ ͔͎ͦ 

͍͙͙͊ͫͣͦͫͭ͘Έ ͙ ͺͯͤ͟ͼ͙Ό ͙͙ͦͨͫ͊ͤΎ ͊͟;͔͍ͫͭΣ ͙͍ͨͪͤ͊ͦ͘͟ ͙ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͦ͋Ά͔ͭ͊͟Φ 

˿ͭͪͯͭͯͪͤ͟·͙ͣ ͙͙ͨͪͤ͊͊ͣ͘͟ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ Ύ͍͡ΎΌͭͫΎ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·ͻ ͙ ͙ͤ͊͡;͙͔ ͍͙͙͊ͫͣ͘·ͻ ͍ͫͦ͡Σ ͍͙͡ΎΌ΅͙ͻ ͤ͊ ͔͎ͦ ͙ͨͦ͘ͼ͙Ό ό͔ͨͪ- ͙͙͡ ͙ͨͦͫͭͨͦ͘ͼ͙ΌύΦ 
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˹͙͔͊ͨͪͣͪΣ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͍͔͔ͪ͊ͪͤͯͭͦ͘ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͫ ͍͙͙͊ͫͣ͘·͙ͣ ͍͙ͫͦ͊ͣ͡ ;͊ͫͭͦ ͍͙ͫͭ͊ͭͫΎ ͔ͨͦͫ͡ 

ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦΥ  

It was a very small room, overcrowded with furniture of the style which the French know as Louis 

Philippe (S. Maugham). ς ̏ͭͦ ͋·͊͡ ͔ͣ͊ͤ͡Έ͊͟Ύ ͦͣͤ͊ͭ͊͟Σ ͍͔ͦ͋ͫͭ͊ͤͤ͊͡Ύ ͔͔ͣ͋͡ΈΌ ͍ ͙͔ͫͭ͡Σ ͦͭͦͪ͟·͚ 

ͺͪ͊ͤͼͯ͊ͣ͘ ͙͍͔͔ͫͭͤ͘ ͊͟͟ ˶͙ͯ ͙͙̅ͨͨ͡͡Φ 

ˢΦˮΦ ˿͙͙ͣͪͤͼ͙͚͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͙͙͍͊ͭͪ͋ͯͭͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͍ ͊͟;͔͍͔ͫͭ ͍͙͚ͦ͋ͪ͊ͦ͊ͤ͘Σ ͍ͫΎ͘Έ ͍ 

ͦͭͦͪ͟·ͻ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ͔͚ͭͫͤͦ ͍ ͍͔͙͙ͫͪ͊ͤͤ ͫ ͙ͤ·͙ͣ ͍͙͙͒͊ͣ ͍ͫͦͦͫͦ͡;͔͙͚ͭ͊ͤ ώ˿͙͙ͣͪͤͼ͙͚͟Σ 

мфртΥ мтпϐΦ ˻͔͔͙͔ͨͪ͒ͭ͡͡Έͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͍ ͙ͫͯ͡ Ή͎ͭͦͦ ͍·ͫͭͯͨ͊Όͭ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡ ͊͟͟ ͔͙͔ͤ͟ 

ͼ͔͡Έͤ·͔ ͔͙͙͒ͤͼ·Φ ˿ͦ͒͊͘ΌͭͫΎ ͙ͦͤ ͙ͨͪ ͨͦͣͦ΅͙ ͙͔͙͔͙ͨͪͫͦ͒ͤͤΎ ͟ ͔͙ͭͪͣͤͯΣ ͦ͋ͦͤ͊͘;͊Ό΅͔ͣͯ ͍͔ͪͦ͒ͦͦ 

ͨͦͤΎ͙͔ͭΣ ͯͭͦ;ͤΎΌ΅͙ͻ ͙͍ͨͪͤ͊ͦ͘͟ ͒͡Ύ ͙͔͔͙ͨͪͦ͋ͪͭͤΎ ͍͙͍͒ͦ·ͻ ͨͦͤΎ͙͚ͭΣ ͦ͋Ά͔͙͔͒ͤͤͤ·ͻ ͫ ͙ͫͻͦ͒ͤ·ͣΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͨͦΎ͍͡ΎΌͭͫΎ ͭ͊͟ ͤ͊͘·͍͔͊ͣ·͔ ͍͔ͫͪͤͯͭ·͔ ͔͔͔͙ͦͨͪ͒ͤ͡ΎΣ ͯ͊͘͟·͍͊Ό΅͙͔ ͤ͊ ͔͎ͦ 

͔ͫͨͼ͙ͺ͙;͔͙͚ͫ͟ ͙ͨͪͤ͊͘͟ ͙ ͦ͋ͦ͋΅͊Ό΅͙͔ ͔͒͊ͤͤͦ ͨͦͤΎ͙͔ͭΦ ̏ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ό 

͔͙͎͙ͭͪͣͤͦͦ͡;͔͙ͫ͟ͻ ͎͔ͤ͒͘Σ ͍͟͡Ό;͊Ό΅͙ͻ ͍ ͔ͫ͋Ύ ͎ͣͤͦͦ;͙͔ͫͤͤ͡·͔ ͍͙͙ͪ͊ͤͦ͒ͤͦͫͭ͘ ͎ͯ͊͊ͤͤͦͦ͘͟ Ύ͍͔͙ͤ͡ΎΦ 

ˢ͙͙͍ͭͪ͋ͯͭͤ·͔ ͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͊͟͟ ͼ͔͡Έͤ·͔ ͔͙͙͒ͤͼ·Σ ͯͭͦ;ͤΎΌ΅͙͔ ͍͔ͪͦ͒ͦͦ 

ͨͦͤΎ͙͔ͭ ͙ ͺ͙ͦͪͣͪͯΌ΅͙͔ ͍͙͍͒ͦ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟Φ ˤ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·ͻ ͔ͭͫͭ͊͟ͻ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͔͒͡ΎͭͫΎ ͤ͊ 

͙͙͔ͦͨͫ͊ͤΣ ͻ͔͙͙͊ͪ͊ͭͪͫͭͯ͟͟ ͙ ͍͔͙͔ͫͪ͊ͤͤΦ ˻͙͙͔ͨͫ͊ͤ ͺ͙͙͔ͫͪͯͭ͟ ͍͔ͤ΄͙͔ͤ ͙͙ͨͪͤ͊͘͟ ͒͡Ύ ͙ͦͭ͡;͙Ύ ͔͔ͨͪ͒ͣͭ͊Σ 

͊ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͔ͦͭͪ͊͗͊ͭ ͍͔͙͔ͤͯͭͪͤͤ ͊͟;͔͍ͫͭ͊Φ 

ˤ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͫͦͻͪ͊ͤΎ͔ͭ ͔͙ͫͣ͊ͤͭ;͔ͫͯ͟Ό ͙ ͙͙ͫͤͭ͊ͫ͟;͔ͫͯ͟Ό ͺͯͤ͟ͼ͙͙ ͔͍͙͙ͤ͊ͫͣͦ͘ 

ͦͭ ͙ͨͦ͘ͼ͙͙Φ ˻ͤͦ Ύ͍͡Ύ͔ͭͫΎ ͍͙͙͊ͫͣ͘·ͣ ;͔ͤͦͣ͡Σ ͔͙ͫͦ͒ͤΎΎͫΈ ͫ ͔͔ͦͨͪ͒͡Ύ͔ͣ·ͣ ͍ͫͦͦͣ͡ ;͔͔ͪ͘ ͙ͨͪͣ·͙͔͊ͤ͟ 

͙ ͍·ͨͦͤ͡Ύ͔ͭ ͙͍ͦͤͫͭͪͯͭͤͯ͟͟Ό ͙ ͙͙͍ͦͣͣͯͤ͊ͭͤͯ͟͟Ό ͺͯͤ͟ͼ͙͙Υ ͔͎ͦ ͍͙͔ͦͭͫͯͭͫͭ ͔͔͒͊ͭ͡ ͔͔͙͔ͨͪ͒ͦ͗ͤ͡ 

ͫͣ·͍ͫͦͦ͡ ͔ͤͨͦͤ͡·ͣΦ ˤ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͙͔͔ͤ͊͋ͦ͡ ͔͎ͦ͟͡ ͫͦ;͔ͭ͊ΌͭͫΎ ͙͍ͫͦ͗ͤͦͨͪͦͦ͒ͤ͘͡·͔ 

͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·͔ ͙ͭͨ͊ ōƭǳŜ-ŜȅŜŘΣ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͔ ͍·͔͙ͪ͊͗ͤΎͣ ǿƛǘƘ ōƭǳŜ ŜȅŜǎΣ ͦ͋ͦͤ͊͘;͊Ό΅͙͔ ͍͔ͤ΄͙͔ͤ 

͙ ͍͔͙͔ͤͯͭͪͤͤ ͙͙ͨͪͤ͊͘͟ ;͔͍͔ͦ͊͟͡Σ ͔͔ͨͪ͒ͣͭ͊ ͙͙͡ Ύ͍͔͙ͤ͡ΎΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͔͔͙͔ͦͨͪ͒ͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ·ͣ Ή͔͔ͣͤͭͦͣ͡ Ύ͘·͊͟ ͙ ͍·ͨͦͤ͡Ύ͔ͭ ͟͡Ό;͔͍ͯΌ 

͙͙͍͊ͭͪ͋ͯͭͤͯΌ ͺͯͤ͟ͼ͙ΌΥ ͦͤͦ ͪ͊ͫͪ͟·͍͔͊ͭ ͍͚͍ͫͦͫͭ͊Σ ͊͟;͔͍ͫͭ͊ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͔͍ͨͪ͒ͣͭͦΣ Ύ͍͔͙͚ͤ͡ ͙ 

͡Ό͔͚͒Σ ͍ͫͦ͒͊͊͘Ύ ͔ͨͦͤͦ͡ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͦ ͙ͤͻΦ ˿͙͙ͤͭ͊ͫ͟;͔ͫ͊͟Ύ ͪͦ͡Έ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͎͙͋͊͟Υ ͦͤͦ ͔ͣͦ͗ͭ 

͙͊ͤͣ͊ͭ͘Έ ͙ͪ͊͘͡;ͤ·͔ ͙ͨͦ͘ͼ͙͙ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦΣ ͦ͒ͤ͊ͦ͟ ͫͦͻͪ͊ͤΎ͔ͭ ͍͙ͫͦ ͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ 

͙ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·͔ ͺͯͤ͟ͼ͙͙Φ ˿ͭͪͯͭͯͪͤ͟·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͍͙͊ͫ͘Ύͭ ͦͭ ͣͦͪͺ͎͙͙ͦͦ͡ ͙ 

͙ͤ͊͡;͙Ύ ͍͙͙͊ͫͣ͘·ͻ ͍ͫͦ͡Σ ;ͭͦ ͍͙͡Ύ͔ͭ ͤ͊ ͔͎ͦ ͔ͨͪ- ͙͙͡ ͙ͨͦͫͭͨͦ͘ͼ͙ΌΣ ͔ͦͫͦ͋ͤͤͦ ͍ ͙ͪ͊͘͡;ͤ·ͻ Ύ͘·͊͟ͻΦ 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͊͟͟ ͍͔͔ͭͦͪͦͫͭͨͤͤ·͚ ;͔ͤ͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͔ͭͫͤͦ ͍ͫΎ͊ͤͦ͘ ͫ ͔͔ͦͨͪ͒͡Ύ͔ͣ·ͣ ͍ͫͦͦͣ͡Σ ͤͦ 

͙͎ͤͦ͒͊͟ ͔ͤ ͍·͔ͫͭͯͨ͊ͭ ͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦΤ ͦͤͦ ͎ͦ͋ͦ͊΅͔͊ͭ ͔͔͙͔ͨͪ͒ͦ͗ͤ͡ ͫͣ·ͫͦͣ͡ ͙ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͎ͦ 

͍͔͊ͪ͘΄͖ͤͤͦͫͭΈΦ ̅ͯͤ͟ͼ͙͙ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͎͎ͣͤͦͦͪ͊ͤͤ·Υ ͦͤͦ ͍·ͨͦͤ͡Ύ͔ͭ ͙͍ͦͤͫͭͪͯͭͤͯ͟͟Ό ͙ 
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SIMILARITY OF NATIVE AMERICAN LANGUAGES WITH THE PROTO-TURKIC LANGUAGE 

 

Abstract 

The article provides a comparative and typological analysis of the indigenous languages of North 

America and the Proto-Turkic language reconstructed based on the Orkhon inscriptions and the Codex 

Cumanicus. The study aims to identify structural, morphological, and semantic parallels that do not claim to 

prove genetic relatedness. Special attention is given to agglutinative morphology, SOV word order, the 

system of postpositions, and the absence of gender categories. The comparison is accompanied by a cultural 

and religious context (shamanism, the cult of the sky, and the image of the supreme spirit), which is viewed 

as a result of universal cognitive processes. The work is based on data from linguistics, archaeogenetics, and 

comparative studies. 
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ͨͪ͊ͭΌ͎ͪͫͦͦ͟͟ Ύ͘·͊͟ ͙͔͒͊ͭͪͯͭͫΎ ͙͙͙͔ͨͪ͋ͭ͘͡͡Έͤͦ ͦͤ͟ͼͦͣ LL τ ͤ ͊;͊ͦͣ͡ L ͭ·ͫΎ;͔͔͙ͭ͡Ύ ͒ͦ ͤΦ ΉΦΣ ͊ ͦ͋͊ͫͭ͡Έ 

͔͎ͦ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͍ͫΎ͘·͍͊Όͭ ͫ ͔͙͙ͭͪͪͭͦͪΎ͙ͣ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘Σ ͍͟͡Ό;͊Ύ ˢ͚ͭ͊͡Σ ˤͦͫͭͦ;ͤ·͚ 
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˾͍͙͙͔͊ͭ͘ ͨͪ͊ͭΌ͎ͪͫͦͦ͟͟ Ύ͘·͊͟ ͙ͨͪͦͫͻ͙ͦ͒ͦ͡ ͍ ͍͙ͯͫͦ͡Ύͻ ͔ͭͫͤ·ͻ ͍ͦͤͭ͊ͭͦ͟͟ ͫ ͔͍͔͒ͪͤͯͪ͊͡Έ͙͙ͫͣ͟Σ 
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ͭΌ͚ͪͫͦ͟͟ Ύ͘·͍͚ͦͦ͟ Ή͍ͦ͡Όͼ͙͙Φ 

˻͍ͫͤͦͤ·͙ͣ ͙ͫͭͦ;͙͙ͤ͊ͣ͟ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͨͪ͊ͭΌ͎ͪͫͦͦ͟͟ ͔͙ͨͪͦ͒͊ ͫͯ͗͊ͭ͡ ͙͔ͪ͊ͤͤ ͙ͨͫΈ͔ͣͤͤ·͔ 

ͨ͊ͣΎ͙͙ͭͤ͟Υ ͦͪͻͦͤ-͔͙͔͚͙͔ͤͫͫ͟ ͙͙ͤ͊͒ͨͫ ό±LLL ͍Φύ ͙ ͔͔͋ͦ͡ ͙͚ͨͦ͒ͤ͘ ζ˴͔ͦ͒ͫ͟ ˴͙ͯͣ͊ͤͯͫ͟η ό·LLLς·L± ͍͍ΦύΦ ̆ͦͭΎ 

Ή͙ͭ ͔ͭͫͭ͟· ͦͭͤͦͫΎͭͫΎ ͟ ͪ͊ͤ͘·ͣ ͍͔͔ͪͣͤͤ·ͣ ͨ͊ͫͭ͊ͣ͡Σ ͙ͦͤ ͦͭͪ͊͗͊Όͭ ͦ͋΅͙͔ ͫͭͪͯͭͯͪͤ͟·͔ ;͔ͪͭ·Σ 

͍ͦͫͻͦ͒Ύ΅͙͔ ͟ ͔͔͋ͦ͡ ͔͍͔͒ͪͤͣͯ ͫͦͫͭͦΎ͙ͤΌ Ύ͘·͊͟Φ ˤ ͦͪͻ͙ͦͤͫ͟ͻ ͙ͤ͊͒ͨͫΎͻΣ ͙͔ͤ͊ͨͪͣͪΣ ͺ͙͙ͫͪͯ͟ΌͭͫΎ 

͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ Ή͔͔ͣͤͭ͡· ͙ ͔͔ͫͣ͟͡·Σ ͦͭͦͪ͟·͔ ͫͦͻͪ͊ͤΎΌͭ ͨͪ͊ͭΌ͙͔ͪͫ͟͟ ͙ͦͪͤ͟ όǘŜƺǊƛ ς ζ͔ͤ͋ͦΣ ͎͋ͦηΤ ǎǳō 

ς ζ͍ͦ͒͊ηΤ ŜǊ ς ζ;͔͍͔ͦ͟͡ηΤ ŀǘŀ ς ζ͔ͦͭͼη). 
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ό͔ͨͦ͒͗͊͡΅͔͔ τ ͔͙͔͒ͦͨͦͤͤ͡ τ ͔͔ͫ͊ͯͣͦ͘͟ύΣ ͊ ͙ͤ͊͡;͙͔ ͔͎͍ͨͦͫͦͦ͡͡ ͙ ͫͯͺͺ͙͍ͫͦ͟ ͙ͨͪͭΎ͔͗͊ͭ͡Έ͙ͤͦͫͭ 

͙͍ͨͪ͒͊͊ͦ͡ Ύ͘·ͯ͟ ͙͙͊ͤ͊ͭͦ͟͡-͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ 

˿ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͎͔͎ͦͪ͊ͺ͙;͔͎ͫͦͦ͟ ͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎΣ ͨͪ͊ͭΌ͙͔ͪͫ͟͟ ͔͔ͨͣͤ͊͡Σ ͨͦ ͊ͪͻ͔͎͙ͦͦ͡;͔͙ͫͣ͟ 

͒͊ͤͤ·ͣΣ ͔ͤ͊ͫ͡Ύ͙͡ ͔͙͙ͭͪͪͭͦͪΌΣ ͦͻ͍͊ͭ·͍͊Ό΅ͯΌ ˢ͚ͭ͊͡Σ ˸͙͙ͤͯͫͤͫͯ͟Ό ͍͙ͦͭͦͤͯ͟͡ ͙ ͔͙ͫͭͨ ˿͔͔͚ͪ͒ͤ ˢ͙͙͘Φ 

ˤ ͔ͨͦͫ͒ͯ͡Ό΅͙͔ ͍͔͊͟ ͙ͻ ͙͎ͣͪ͊ͼ͙͙ ͙͍͔͙ͨͪ͡ ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͦ͋΄͙͚ͪͤͦ ͭΌ͚ͪͫͦ͟͟ ͚͔ͦͯͣͤ͟· τ ͦͭ 

˶Ύͦ͒ͯͤ͊ ͤ͊ ͍͔ͦͫͭͦ͟ ͒ͦ ˽͙ͪ;͔ͪͤͦͣͦͪΈΎ ͤ͊ ͔͊ͨ͊͒͘Φ ̏ͭ͊ ͙͙͒ͤ͊ͣ͊͟ ͫͦ͒͊͊͘͡ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ 

ͫ ͎ͣͤͦͦ;͙͔ͫͤͤ͡·͙ͣ Ήͭͤͦͯ͟͡Έͭͯͪͤ·͙ͣ ͙͔͙ͫͫͭͣ͊ͣΣ ͍͟͡Ό;͊Ύ ͔͍͙͔͒ͪͤ ͙͙͙͔ͫ͋ͪͫ͟ ͙ ͯͪ͊ͦ͡-͚͙͔͊ͭ͊ͫ͟͡ 

ͦ͋΅͙ͤͦͫͭΣ ͦͭͦͪ͟·͔ ͎͙ͣͦ͡ ͋·ͭΈ ͍͔ͤͦͣ͘ ͔ͣ͗͒ͯ ˩͍͙͔͚ͪ͊͘ ͙ ͔͍͔͔͙͙͙ͫͪͦ͊ͣͪ͊ͤͫͣ͟͟ ͔͎͙͙ͪͦͤ͊ͣ ͒ͦ ͤ͊;͊͊͡ 

͎ͦͦ͡ͼ͔ͤ͊Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͨͪ͊ͭΌ͙͚ͪͫ͟͟ Ύ͘·͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͤ ͭͦ͡Έͦ͟ ͍͔͚͊͗ͤ΄͙͚ ͦ͋Ά͔ͭ͟ ͙͙ͫͭͦͪͦ͟-

͙͎͍͙͙ͤͫͭ͡;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡Σ ͤͦ ͙ ͤ͊͘;͙ͣ·͚ Ή͔͔ͣͤͭ͡ ͍ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͔͍͙͒ͪͤͻ ͍ͦͤͭ͊ͭͦ͟͟ ͔ͣ͗͒ͯ 

͙ͤ͊ͪͦ͒͊ͣ ˩͍͙͚͎ͪ͊ͫͦͦ͘͟ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Φ ˩͎ͦ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟ ͙ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͫͦ͒͊͘Όͭ 

͍ͦͫͤͦͯ ͒͡Ύ ͔ͨͦͫ͒ͯ͡Ό΅͔͎ͦ ͍͔͙ͫͦͨͦͫͭ͊ͤ͡Ύ ͫ Ύ͘·͙͊ͣ͟ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͔͔͊ͫͨͭ͟ 
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ͫͭͪͯͭͯͪͤ͟·ͻ ͙͍͔͙͚ͯͤͪͫ͊͡ ͙ ͔ͨ͊ͪ͊͡͡͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ Ύ͘·͍͎ͦͦͦ͟ ͍͙͙ͪ͊ͭ͘ΎΦ 

˴͔ͦͪͤͤ·͔ ͔͙͊ͣͪ͊ͤ͟ͼ· ͙ ͙͎ͣͪ͊ͼ͙͙ ͙͘ ˢ͙͙͘ 

˿͍͔͔ͦͪͣͤͤ·͔ ͒͊ͤͤ·͔ ͊ͪͻ͔͎͙͙ͦͦ͡Σ ͎͔͔͙͙ͤͭ͟ ͙ ͎͙͙͊ͤͭͪͦͨͦͦ͡ ͍͔ͨͦ͒ͭͪ͗͒͊ΌͭΣ ;ͭͦ ͔͔͙͔͊ͫͤ͘͡ 

ˢ͔͙͙ͣͪ͟ ͙ͨͪͦͫͻ͙ͦ͒ͦ͡ ͙͘ ˢ͙͙͘ ͍ ͔͔͚ͨͦ͒ͤͨͫͭͦ͘͡ͼ͔͍ͤͦͯΌ ΉͨͦͻͯΣ ͔͙͔ͨͪ͒ͨͦͦ͗ͭ͡͡Έͤͦ ;͔͔ͪ͘ ͭ͊͟ 

ͤ͊͘·͍͔͊ͣ·͚ ˣ͔͙͎͙͚͙͚ͪͤͫ͟ ͫͯͻͦͨͯͭͤ·͚ ͣͦͫͭ τ ͭ ͔͙͙ͪͪͭͦͪΌΣ ͔͙ͫͦ͒ͤΎ͍΄ͯΌ ˤͦͫͭͦ;ͤͯΌ ˿͙͙͋ͪΈ ͙ ˢ͡Ύͫͯ͟ 

͍ ͔͙ͨͪͦ͒ ͙͔͎ͨͦͤ͗ͤͤͦͦ ͍ͯͪͦͤΎ ˸͙͍͎ͪͦͦͦ ͔ͦ͊ͤ͊͟Φ ̏ͭ͊ ͎͙͔ͨͦͭ͊͘Σ ͍͔͍ͨͪ·͔ ͍·͍͙͒ͤͯͭ͊Ύ ͍ ·L· ͍͔͔͟ ͙ 

͍͔͍͙͙ͨͦͫ͒ͫͭ͡ ͍͔͖ͨͦ͒ͭͪ͗͒ͤͤ͊Ύ ͔͎͔͔͙ͨ͊ͦͤͭ͡;͔͙͙ͫͣ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ͙ͣΣ ͦ͋ΆΎͫͤΎ͔ͭ ͊͟͟ 

ͻ͎͙ͪͦͤͦͦ͡;͔͙͔ͫ͟Σ ͭ͊͟ ͙ ͯ͟͡Έͭͯͪͤ·͔ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͔͍͙͙͒ͪͤͣ ͨͦͨͯ͡Ύͼ͙Ύ͙ͣ ˿͔͍͔ͪͦ-ˤͦͫͭͦ;͚ͤͦ ˢ͙͙͘ ͙ 

͔ͦͪͤͤ͟·͙ͣ ͙ͤ͊ͪͦ͒͊ͣ ˢ͔͙͙ͣͪ͟Φ 

˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔͙ͨͦͫ͒ͤ͡ͻ ͔͒ͫΎ͙͔͙͚ͭͭ͡ όwŜƛŎƘΣ нлмуΤ ²ŀƴƎ Ŝǘ ŀƭΦΣ нлнмύ ͨͦ͊͘͟·͍͊ΌͭΣ 

;ͭͦ ͤ͊͘;͙͔ͭ͡Έͤ͊Ύ ;͊ͫͭΈ ͔͎ͦͪͤͤͦͦ͟ ͔͔͙ͤ͊ͫͤ͡Ύ ͔͙ͦ͋ͻ ˢ͔͙ͣͪ͟ ͙ͦͭͤͦͫͭͫΎ ͟ ͎͎͔͊ͨͦͪͯͨͨ͡ vΣ ͔ͭ͊͗͟ 

͖͚ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦ ͔͙ͫͪ͒ ͍ͤ͊ͪͦ͒ͦ ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘Φ ˤ͔͔ͭͦͪͦͫͭͨͤͤͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ ͙͙͙ͤ͡ 

͎͎͊ͨͦͪͯͨͨ͡· /Σ ͺ͙͙ͫͪͯ͟Ό΅͙͔ͫΎ ͊͟͟ ͯ ͔ͤͦͭͦͪ͟·ͻ ͭΌͪͦ͟Ύ͘·;ͤ·ͻ ͙ ͎ͭͯͤͯͫͦ-ͣ͊ͤΈ;͙͗ͯͪͫ͟ͻ ͨͦͨͯ͡Ύͼ͙͚ 

˩͍͙͙ͪ͊͘Σ ͭ͊͟ ͙ ͯ ͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ ͙͔͚͙ͤ͒ͫ͟ͻ ͎ͪͯͨͨΦ ͙̏ͭ ͒͊ͤͤ·͔ ͍ͨͦͦ͘͡ΎΌͭ ͔͙ͨͪ͒ͨͦͦ͗ͭ͡ΈΣ ;ͭͦ 

͔͙ͨͪ͒͟ ͙͔͚ͤ͒ͼ͔͍ ͔͙͙ͦͭ͒ͫ͡͡Έ ͦͭ ͙͙͊͊ͭͫ͘͟ͻ ͨͦͨͯ͡Ύͼ͙͚ ͙͔ͨͪͣͪͤͦ мрςнл ͭ·ͫΎ; ͔ͭ͡ ͤ͊͊͒͘Σ ͎͊͒ͦͦ͘͡ ͒ͦ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍͔ͫͦ͋ͫͭͤͤͦ ͨͪ͊ͭΌ͎ͪͫͦͦ͟͟ ΉͭͤͦΎ͘·͍͎ͦͦͦ͟ ͔ͦͣͨͫ͊͟͟͡Φ ˻͒ͤ͊ͦ͟ ͙ͤ͊͡;͙͔ ͦ͋΅͙ͻ 

͊ͪͻ͙͊;ͤ·ͻ ͙͍ͨͪͤ͊ͦ͘͟ ͍ Ύ͘·͔͟ ͙ ͯ͟͡Έ͔ͭͯͪ ͔ͣͦ͗ͭ ͦͭͪ͊͗͊ͭΈ ͔ͤ ͨͪΎ͔ͣͦ ͍ͪͦ͒ͫͭͦΣ ͊ ͫͦͻ͔͙͔ͪ͊ͤͤ ͔͍͙͒ͪͤͻ 

͙͍͔͙͚ͯͤͪͫ͊͡Σ ͙ͨͪͫͯ΅͙ͻ ͙͚ͨͪ͊͊͊ͭͫͦ͘͟ ͯ͟͡Έ͚ͭͯͪͤͦ ͙ͭͪ͊͒ͼ͙͙Φ 

ˢͪͻ͔͎͙ͦͦ͡;͔͙͔ͫ͟ ͤ͊ͻ͙ͦ͒͟ ͤ͊ ͫͭͦΎͤ͊͟ͻ ˸͊͡Έͭ͊ ͙ ˣ͔͊͡Ύ ˥ͦͪ͊ όˮͪͯͭͫ͊͟͟Ύ ͦ͋͊ͫͭ͡ΈύΣ ͦͭͤͦͫΎ΅͙͔ͫΎ ͟ 

͍͔ͪͻ͔ͤͣͯ ͔͙ͨ͊ͦͭͯ͡͡Σ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͎͙͊ͤͭͪͦͨͦͦ͡;͔͔ͫͦ͟ ͫͻ͍ͦ͒ͫͭͦ ͫ ͔͍͙͙͒ͪͤͣ ͙͔ͦ͋ͭ͊ͭ͡Ύ͙ͣ ˢ͔͙͙ͣͪ͟Φ 

˾Ύ͒ Ή͔͔͍ͣͤͭͦ͡ ͔͙ͣ͊ͭͪ͊͡Έ͚ͤͦ ͯ͟͡Έͭͯͪ· τ ͙͔ͭ͊͟ ͊͟͟ ͔ͦͪͤ͊ͣͤͭ͊͡Έͤ·͔ ͙͍ͣͦͭ·Σ ͙ͭͨ· ͯͪ͊͟΄͔͙͚ͤΣ 

ͫͨͦͫͦ͋· ͙ͦ͋ͪ͊͋ͦͭ͟ ͙ͦͫͭ͟ τ ͭ ͔͊͗͟ ͔͔͙ͨͪ͊͟͟͡ΌͭͫΎ ͫ ͙ͭͪ͊͒ͼ͙Ύ͙ͣ ͔͍ͨͪ·ͻ ͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ ͯ͟͡ΈͭͯͪΣ 

͙͔ͤ͊ͨͪͣͪΣ ͔͙͊͒ͤͫ͟͟͡ͻ ͙ ͔͚͙͊͒͊ͫ͟͟͟͡͡ͻ ͔͍ͦͣͨͫͦ͟͟͡Φ 

˿ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͙͎͍͙͙͙ͤͫͭ͟͡Σ Ύ͘·͙͟ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ ͙ͦͭ͡;͊ΌͭͫΎ ;͔͍ͪ͘·;͚͊ͤ·ͣ 

͙͔ͪ͊ͤͦͦ͋ͪ͊ͣ͘͘Σ ͦ͒ͤ͊ͦ͟ ͔͙ͫͪ͒ ͙ͤͻ ͍·͔͒͡ΎΌͭͫΎ ͙͎͙ͭͨͦͦ͡;͔͙͔ͫ͟ ;͔ͪͭ·Σ ͫͻͦ͒ͤ·͔ ͫ ͯͪ͊ͦ͡-͚͙͙͊ͭ͊ͫͣ͟͡ ͙ 

ͨͪ͊ͭΌ͙͙ͪͫͣ͟͟ ͙͔͙ͫͫͭͣ͊ͣΥ 

ς ͊ ͎͎͡Ό͙ͭͤ͊ͼ͙Ύ ͊͟͟ ͍͚ͦͫͤͦͤͦ ͙ͨͪͤͼ͙ͨ ͍͍͙ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡ΎΤ 

ς ͤ ͙͊͡;͙͔ ͎͙͙͊ͪͣͦͤ ͎͊ͫͤ͡·ͻ ͍ ͔ͦͭ͒͡Έͤ·ͻ Ύ͘·͊͟ͻ ό͙͔ͤ͊ͨͪͣͪΣ ͯ ͍ͤ͊͊ͻͦ ͙ ;͔͙ͪͦ͟ύΤ 

ς ͙ ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͨͦͫͭͨͦ͘ͼ͙͙ ͙ ͫͯͺͺ͙͍ͫͦ͟ ͒͡Ύ ͍·͔͙ͪ͊͗ͤΎ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͦͭͤͦ΄͔͙͚ͤΤ 

ς ͭ ͔͔ͤ͒ͤͼ͙Ύ ͟ {h±-ͨͦͪΎ͒ͯ͟ ͍ͫͦ͡ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡Φ 

̆ͦͭΎ ͨͦ͒ͦ͋ͤ·͔ ͙͙ͨͪͤ͊͘͟ ͙ͫ͊ͣ ͨͦ ͔͔ͫ͋ ͔ͤ ͒ͦ͊͘͟·͍͊Όͭ ͎͔͔͙ͤͭ;͔͎ͫͦͦ͟ ͍ͪͦ͒ͫͭ͊ Ύ͘·͍ͦ͟Σ ͙ͦͤ 

͍ͨͦͦ͘͡ΎΌͭ ͎͍͙ͦͦͪͭΈ ͦ ͙͎͙ͭͨͦͦ͡;͔ͫͦͣ͟ ͫͻ͍͔ͦ͒ͫͭΣ ͔ͦͭͦͪͦ͟ ͔ͣͦ͗ͭ ͋·ͭΈ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͦ͋΅͙ͻ 

͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟ ͍͙͙ͪ͊ͭ͘Ύ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·ͻ ͫͭͪͯͭͯͪ͟ ͤ͊ ͙ͪ͊ͤͤͻ Ήͭ͊ͨ͊ͻ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͔ͪ;͙Φ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͯ͟͡Έͭͯͪͤ·͔ ͙ ͔͙͎͙ͪͦͤ͘͡·͔ Ή͔͔ͣͤͭ͡·Σ ͙͔ͭ͊͟ ͊͟͟ ΄͙͙͊ͣ͊ͤͫͭ;͔͙͔ͫ͟ ͙͙ͨͪ͊ͭ͟͟Σ ͯ͟͡Έͭ 

˹͔͋͊ ͙ ͔͍ͨͪ͒ͦ͟Σ ͙ͫ͊ͪ͊͊͘͟͡ͼ͙Ύ ͎ͦͤΎ ͙ ͍ͦ͒·Σ ͍͔ͫͭͪ;͊ΌͭͫΎ ͊͟͟ ͯ ͔͍͙͒ͪͤͻ ͙͙͙ͫ͋ͪͫ͟ͻ ͍ͤ͊ͪͦ͒ͦΣ ͭ͊͟ ͙ ͯ 

͎͙ͣͤͦͻ ͔͖ͨͣͤ͡ ˿͔͍͔͚ͪͤͦ ˢ͔͙͙ͣͪ͟Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͒ͯͻ͍ͦͤͯΌ ͯ͟͡Έͭͯͪͯ ͙͔͚ͤ͒ͼ͔͍ ͍ 

͔͔ͦͤͭͫͭ͟͟ ͦ͋΅͔͎ͦ ͔͍͔͙͎ͫͪͦ͊͊ͭͫͦͦ͘͟ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͎ͪͯ͊͟Σ ͫͺ͙͍͍ͦͪͣͪͦ͊΄͔͎ͦͫΎ ͒ͦ ͦͦͤ͟;͔͊ͭ͡Έ͎ͤͦͦ 

͔͔͙ͪ͊ͫͫͤ͡Ύ ͨͦͨͯ͡Ύͼ͙͚ ͨͦ ͔ͦ͋ ͫͭͦͪͦͤ· ˣ͔͙͎͙͙ͪͤΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͨͪͦͫͻ͔͙͔ͦ͗͒ͤ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ ͍ͫΎ͊ͤͦ͘ ͫ ͙͎ͣͪ͊ͼ͙ͦͤͤ·͙ͣ ͨͪͦͼ͔͙ͫͫ͊ͣ 

͔͎ͨͦ͒ͤͦ͘ ͔͙ͨ͊ͦͭ͊͡͡Σ ͙ͨͪͦͫͻ͙͍ͦ͒΄͙͙ͣ ͙͘ ˿͔͍͔ͪͦ-ˤͦͫͭͦ;͚ͤͦ ˢ͙͙͘Φ ͙̏ͭ ͙͎ͣͪ͊ͼ͙͙ ͔ͤ ͭͦ͡Έͦ͟ 

͔͔͙͙ͦͨͪ͒͡͡ ͎͙͊ͤͭͪͦͨͦͦ͡;͔͙͚ͫ͟ ͙ͭͨ ͔͔͙ͤ͊ͫͤ͡Ύ ˹͍͎ͦͦͦ ˿͍͔ͭ͊Σ ͤͦ ͙ ͙͙͊ͦ͗͘͡͡ ͔ͨͦͭͤͼ͙͊͡Έͤ·͔ 

ͫͭͪͯ ͭͯͪͤ͟·͔ ͔͙ͨ͊ͪ͊͡͡͡ ͍ Ύ͘·͍͚ͦͦ͟ ͙ ͯ͟͡Έ͚ͭͯͪͤͦ ͙͔ͫͫͭͣ͊ͻΣ ͦͭͦͪ͟·͔ ͔͎ͫͦ͒ͤΎ ͎ͣͦͯͭ ͋·ͭΈ ͔͔ͨͪ͒ͣͭͦͣ 

͍͙͔ͫͪ͊ͤͭ͡Έͤͦ-͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡ ͫ ͨͪ͊ͭΌ͙ͪͫͣ͟͟ Ύ͘·͍ͦ͟·ͣ ͔ͦͣͨͫͦͣ͟͟͡Φ 

ˤ͔͙͔ͦ͟͡ ͔͔͔͔͙͔ͨͪͫͤ͡ ͍ͤ͊ͪͦ͒ͦ ͙ ͍ͦͣͦ͗ͤ͘·͔ Ύ͘·͍ͦ͟·͔ ͦͤͭ͊ͭ͟͟· 

˽͔͙ͪͦ͒Σ ͙͍͔ͫͭͤ͘·͚ ͍ ͙͙͙ͫͭͦͪ ͊͟͟ ˤ͔͙͔ͦ͟͡ ͔͔͔͔͙͔ͨͪͫͤ͡ ͍ͤ͊ͪͦ͒ͦ όL±ς±LL ͍͍Φ ͤΦ ΉΦύΣ ͔͍ͦͤ͊ͣͤͦ͊͘͡ 
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ͣ͊ͫ΄ͭ͊͋ͤ·͔ ͙͎ͣͪ͊ͼ͙ͦͤͤ·͔ ͨͪͦͼ͔ͫͫ·Σ ͍͊ͭͪͦͤͯ͘΄͙͔ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͍͔ͫΈ ˩͍͙͚͙͚ͪ͊ͫ͘͟ ͙͔ͦͤͭͤͤͭ͟ τ ͦͭ 

͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘ ͒ͦ ˩͍ͪͦͨ·Φ ͙̏ͭ ͔͔͍͙͔͙ͨͪ͒͗ͤΎΣ ͤ͊;͍͊΄͙͔ͫΎ ͫ ͙͍͙͊ͭͤͦͫͭ͟ ͎͙ͯͤͤͫ͟ͻΣ ͊ ͔͔ͨͦ͒ͤ͘ 

ͭΌ͙ͪͫ͟͟ͻ ͙ ͍͙͊͊ͪͫ͟ͻ ͔͖ͨͣͤ͡Σ ͍͙ͫͦͨͪͦͦ͗͒͊ͫ͡Έ ͙͔͙͍ͤͭͤͫͤ·͙ͣ ͯ͟͡Έͭͯͪͤ·͙ͣ ͙ Ύ͘·͍ͦ͟·͙ͣ ͙ͦͤͭ͊ͭ͊ͣ͟͟Σ 

͔ͪͯ͘͡Έͭ͊ͭͦͣ ͦͭͦͪ͟·ͻ ͫͭ͊ͦ͡ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍ͤͦ·ͻ Ή͙ͭͤ;͔͙ͫ͟ͻ ͦ͋΅͔͚ͤͦͫͭ ͙ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ Ύ͘·͍ͦ͟·ͻ 

͙͊ͪͭͤ͟ ͔͎͙ͪͦͤ͊Φ 

˨͡Ύ ͨͪ͊ͭΌ͎ͪͫͦͦ͟͟ ΉͭͤͦΎ͘·͍͎ͦͦͦ͟ ͙͍ͣ͊ͫͫ͊ ͒͊ͤͤ·͚ ͔͙ͨͪͦ͒ ͫͭ͊͡ ͟͡Ό;͔͍·ͣ ͍ ͔ͨ͊ͤ͡ ͪ͊ͫ΄͙͔͙ͪͤΎ 

͔͊ͪ͊͊͡Φ ˮ͔ͣͤͤͦ ͎ͭͦ͒͊ ͭΌ͙͔ͪͫ͟͟ ͔͔ͨͣͤ͊͡Σ ͫͺ͙͍͍ͦͪͣͪͦ͊΄͙͔ ͙͔ͪ͊ͤͤ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͔ ͦ͋Ά͔͙͔͙͒ͤͤΎ τ 

˥ͦͭ͟Ό͙͚ͪͫ͟͟ ͎͊͊ͤ͊ͭ͟Σ ˭͊ͨ͊͒ͤͦ-ͭΌ͙͚ͪͫ͟͟ ͎͊͊ͤ͊ͭ͟Σ ͙͚̆͊͊ͪͫ͘͟ ͎͊͊ͤ͊ͭ͟ τ ͤ͊;͙͊͡ ͪ͊ͫͨͪͦͫͭͪ͊ͤΎͭΈͫΎ ͤ͊ 

͊ͨ͊͒͘Σ ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Ύ ͫ ͯͪ͊ͦ͡-͚͙͙͊ͭ͊ͫͣ͟͡Σ ͙͙͙ͪ͊ͤͫͣ͟ ͙ ͺ͙ͤͤͦ-͎͙͙ͯͦͪͫͣ͟ ͨͦͨͯ͡Ύͼ͙Ύ͙ͣΦ ̏ͭͦ ͔ͤ 

ͭͦ͡Έͦ͟ ͙ͯͫͦͪͦ͟͡ ͙͍͔͎͔͒ͪͤͼ͙Ό ͍͙ͤͯͭͪ ͭΌ͎ͪͫͦͦ͟͟ ͙ͣͪ͊Σ ͤͦ ͙ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͦ͡ ͔ͦ͋ͣͤͯ ͯ͟͡Έͭͯͪͤ·͙ͣ ͙ 

Ύ͘·͍ͦ͟·͙ͣ Ή͔͔͙ͣͤͭ͊ͣ͡ ͤ͊ ͦ͋΄͙͚ͪͤͦ ͔͙͙͙ͭͪͪͭͦͪ ͦͭ ˢͭ͊͡Ύ ͒ͦ ˽͙ͪ;͔ͪͤͦͣͦͪΈΎΦ 

̆ͦͭΎ ͫ͊ͣͦ ˤ͔͙͔ͦ͟͡ ͔͔͔͔͙͔ͨͪͫͤ͡ ͔ͤ ͙͔ͣͦ͡ ͨͪΎ͎ͣͦͦ ͦͭͤͦ΄͔͙ͤΎ ͟ ͔͔͙͊ͫͤ͘͡Ό ˢ͔͙͙ͣͪ͟ ό͔ͦͭͦͪͦ͟ 

͍͔͊ͪ͘΄͙ͦͫ͡Έ ͊͘ ͭ·ͫΎ;͔͔͙ͭ͡Ύ ͒ͦ ͔͎ͤͦύΣ ͙͔ͣͤͤͦ ͍ Ήͭͦͭ ͔͙ͨͪͦ͒ ͙͙͍͔ͯͫ͊ͭͫ͡Ύ ͦͤͭ͊ͭͤ͊͟͟Ύ ͦͤ͊͘ ͔͍͙͒ͪͤͻ 

͔͍͔͙͙ͫͪͦ͊͊ͭͫ͘͟ͻ ͍ͤ͊ͪͦ͒ͦΣ ;Έ͙ ͯ͟͡Έͭͯͪͤ·͔ ͙ͭͪ͊͒ͼ͙͙ ͎͙ͣͦ͡ ͍ͦͫͻ͙ͦ͒ͭΈ ͟ ͔ͭͣ ͔͗ ͊ͪͻ͙͊;͔͙ͫͣ͟ ͨ͊ͫͭ͊ͣ͡Σ 

;ͭͦ ͙ ͯ ͔͍ͨͪ͒ͦ͟ ͙͔͚͙ͤ͒ͫ͟ͻ ͔͖ͨͣͤ͡Φ ˹͔ͦͭͦͪ͟·͔ ͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ όCƻǊǘŜǎŎǳŜΣ мффуΤ {ǘŀǊƻǎǘƛƴΣ нллрύ 

͔ͦͭͣ;͊ΌͭΣ ;ͭͦ ͙͎͍͙͙ͤͫͭ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͨͪ͊ͭΌ͎ͪͫͦͦ͟͟ Ύ͘·͊͟ τ ͍ ;͙͊ͫͭͤͦͫͭΣ ͎͎͊͡Ό͙ͭͤ͊ͼ͙ΎΣ 

͎͙͊ͪͣͦͤΎ ͎͊ͫͤ͡·ͻ ͙ ͙͙ͫͤͭ͊ͫ͟;͔͙͚ͫ͟ ͨͦͪΎ͒ͦ͟ {h± τ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͔͙ͨ͊ͪ͊͡͡͡ ͫ Ύ͘·͍ͦ͟·͙ͣ 

͙͔͙ͫͫͭͣ͊ͣΣ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͙ͣ ͍ ͔͍͔͙ͫͪͦ͊͊ͭͫͦͣ͘͟ ͔͔͊ͪ͊͡Σ ͍͟͡Ό;͊Ύ ͔͍͙͔͒ͪͤ ͔͙͙͔ͨ͊ͦ͊͊ͭͫ͘͟͡ ͙ 

;ͯͦͭͫͦ͟͟-͊ͣ͟;͙͔͊ͭͫ͟ Ύ͘·͙͟Φ ͙̏ͭ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͙ͣͦ͡ ͋·ͭΈ ;͊ͫͭΈΌ ͦ͋΅͔͎ͦ ͔͍͙͚͎ͪ͊ͫͦͦ͘͟ Ύ͘·͍͎ͦͦͦ͟ 

ͨͦΎͫ͊Σ ͔ͨͪ͒΄͔͍͍͍ͫͭͦ͊΄͔͎ͦ ͔͔͙ͪ͊͒ͤ͘͡Ό ͙͎ͣͪ͊ͼ͙ͦͤͤ·ͻ ͍ͨͦͭͦͦ͟ ;͔͔ͪ͘ ˣ͔͙͎͙ͪͤΌΦ 

˿ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͯ͟͡Έ͚ͭͯͪͤͦ ͙͙͙ͫͭͦͪΣ ͒͊ͤͤ·͚ ͔͙ͨͪͦ͒ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͔͔͙͔ͯͪͨͤͣ͟͡ 

΄͙͙͊ͣ͊ͤͫͭ;͔͙ͫ͟ͻ ͙͍͔͙͚ͣͪͦͦͪͤ͘͘ ͙ ͨͦ;͙͙͔ͭ͊ͤͣ ͔͔͎ͤ͋ͫͤͦͦ ͔͍͋ͦ͗ͫͭ͊ τ ͔͎͙́ͤͪ ͯ ͭΌ͍ͪͦ͟Σ ͊ ͔ͭ͊͗͟ 

͎͙͊ͤ͊ͦ͡;ͤ·ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͯ ͎ͭͯͤͯͫͦ-ͣ͊ͤΈ;͙͗ͯͪͫ͟ͻ ͙ ͙͙͙ͫ͋ͪͫ͟ͻ ͍ͤ͊ͪͦ͒ͦΦ ̏ͭ͊ ͙͔ͫͫͭͣ͊ ͍͔͍͙͚ͪͦ͊ͤΣ 

͍ͦͫͤͦ͊ͤͤ͊Ύ ͤ͊ ͙͔͔͒ ͍͔ͪͻ͔͎ͤͦ ͔ͤ͋͊ ͙ ͒ͯͻ͍ͦ-͍͙͔͔͚ͨͦͪͦͭ͟͡ ͙ͨͪͪͦ͒·Σ ͤ͊ͻ͙ͦ͒ͭ ͔͙ͨ͊ͪ͊͡͡͡ ͍ ͔͙͎͙ͪͦͤ͘͡·ͻ 

͙͔ͫͫͭͣ͊ͻ ͔ͦͪͤͤ͟·ͻ ͍ͤ͊ͪͦ͒ͦ ˿͔͍͔͚ͪͤͦ ˢ͔͙͙ͣͪ͟ ό͙͔ͤ͊ͨͪͣͪΣ ͯ ͔͖ͨͣͤ͡ ͒͊ͦͭ͊͟ ͙ ͙ͪ͟ύΦ ˽͔͙͊ͪ͊ͣ͘͡͡͡ ͔ͤ 

ͦ͋Ύ͔͊ͭ͘͡Έͤͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͨͪΎͣͯΌ ͔͔͍͔ͨͪͣͫͭͤͤͦͫͭΈΣ ͤͦ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͎͙ͯ͋ͤͤ͡·ͻ ͙͍͔͙ͯͤͪͫ͊͡Ύͻ 

΄͙͙͊ͣ͊ͤͫͭ;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΣ ͍͙ͦͤ͘͟΄͙ͻ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͫͻ͔͎ͦ͗ͦ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ;͔͍͔ͦ͊͟͡ ͫͦ ͔͚ͫͪ͒ͦΦ 

˹͔ͦͭͦͪ͟·͔ ͎͔͔͙ͤͭ;͔͙͔ͫ͟ ͔͙ͣͦ͒͡ ͔ͭ͊͗͟ ͒ͦͨͯͫ͊͟Όͭ ͫͦͻ͔͙͔ͪ͊ͤͤ ζ͔͍͔͙͎ͫͪͦ͊͊ͭͫͦͦ͘͟ ͫͯ͋ͫͭͪ͊ͭ͊η ͯ 

͍ͤ͊ͪͦ͒ͦΣ ͯ;͍͍͍͊ͫͭͦ͊΄͙ͻ ͍ ͔͔͋ͦ͡ ͙ͨͦ͒ͤ͘ͻ ͔͍͙͚͙ͪ͊ͫ͘͟ͻ ͙͎ͣͪ͊ͼ͙ΎͻΦ ˹͙͔͙ͦͫͭ͡ ͎͎͊ͨͦͪͯͨͨ͡ v ͙ /Σ ͔͔ͪ͊ͤ 

͙͍ͨͦͤͯ͟΄͙͔ ˢ͙͘Ό ͍ ͔͚ͨͫͭͦ͡ͼ͔͔ͤΣ ͎͙ͣͦ͡ ͙͔ͣͭΈ ͦ͋΅͙͚ ͔͍ͨͪ͒ͦ͟·͚ ͨͯ͡ ͫ ͙͙ͪ͊ͤͤͣ ͚͙͙͊ͭ͊ͫͣ͟͡ 

ͨͦͨͯ͡Ύͼ͙Ύ͙ͣΣ ͦͭ ͦͭͦͪ͟·ͻ ͔ͨͦ͗͘ ͍·͔͙͙͒ͫ͡͡Έ ͨͪ͊ͭΌ͙͔ͪͫ͟͟ ͎ͪͯͨͨ·Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͯ͘;͔͙͔ͤ Ή͙ͭͻ 

͔͍͙͒ͪͤͻ ͍ͫΎ͔͚͘ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ Ύ͘·͍ͦͯ͟Ό ͙ ͯ͟͡ΈͭͯͪͤͯΌ Ή͍ͦ͡Όͼ͙Ό ͔ͤ ͙͙͍ͦͪͦ͊ͤͤͦ͘͡Σ ͊ ͊͟͟ 

;͊ͫͭΈ ΄͙͎ͪͦͦͦ͟ ͔͍͙͚͎ͪ͊ͫͦͦ͘͟ ͙͎ͣͪ͊ͼ͙͎ͦͤͤͦͦ ͙ͦͤͭͤͯͯͣ͊͟Φ 

ˮͭ͊͟Σ ˤ͔͙͊͟͡Ύ ͙͎ͣͪ͊ͼ͙Ύ ͍ͤ͊ͪͦ͒ͦ ͔ͤ ͭͦ͡Έͦ͟ ͔͔͙ͦͨͪ͒͊͡͡ ͎͙ͪ͊ͤͼ· ͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ 

͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͭΌ͙ͪͫ͟͟ͻ ͔͖ͨͣͤ͡Σ ͤͦ ͙ ͙ͦͭͪ͊͊͘͡ ͎͙ͯ͋ͤͤ͡·͔ ͨͪͦͼ͔ͫͫ·Σ ͯͻͦ͒Ύ΅͙͔ ͦͪͤ͟Ύ͙ͣ ͍ ͔΅͖ 

͔͔͋ͦ͡ ͔͍͙͔͒ͪͤ ͙͎ͣͪ͊ͼ͙͙ ͔͎ͨͦ͒ͤͦ͘ ͔͚ͨͫͭͦ͡ͼ͔ͤ͊Φ ˤ Ήͭͦͣ ͔͔ͦͤͭͫͭ͟͟ ͍͔͙͔ͫͦͨͦͫͭ͊ͤ͡ ͨͪ͊ͭΌ͎ͪͫͦͦ͟͟ Ύ͘·͊͟ 

ͫ Ύ͘·͙͊ͣ͟ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ ͔͔ͫ͒ͯͭ͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͔ͤ ͊͟͟ ͙ͨͦͫ͟ ͨͪΎ͎ͣͦͦ ͍ͪͦ͒ͫͭ͊Σ ͊ ͊͟͟ ͨͦͨ·ͭͯ͟ 

͔͙͍ͪͦͤͫͭͪͯͪͦ͊ͭ͟Έ ͔͍͙͔͒ͪͤ ͙͎͙ͭͨͦͦ͡;͔͙͔ͫ͟ ͙ ͯ͟͡Έͭͯͪͤ·͔ ͍ͫΎ͙͘Σ ͫͺ͙͍͍ͦͪͣͪͦ͊΄͙͔ͫΎ ͤ͊ ͺ͔ͦͤ ͦ͋΅͙ͻ 

͙͎ͣͪ͊ͼ͙ͦͤͤ·ͻ ͙ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͍͙͚ͯͫͦ͡ ͔͍͔͎ͫͪͤͦͦ ͨͦΎͫ͊ ˩͍͙͙ͪ͊͘ ͙ ˢ͔͙͙ͣͪ͟Φ 

͔͙̅ͦͤͭ;͔͙͔ͫ͟ ͙ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͍͔͙ͫͦͨ͊͒ͤΎ 

˻͙͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͙͔ͨͪͣ;͔͊ͭ͡Έͤ·ͻ ͍͔͙͚ͤ͊ͨͪ͊ͤ͡ ͒͡Ύ ͍͔͙ͫͦͨͦͫͭ͊ͤ͡Ύ ͨͪ͊ͭΌ͎ͪͫͦͦ͟͟ Ύ͘·͊͟ ͫ 

Ύ͘·͙͊ͣ͟ ͔ͦͪͤͤ͟·ͻ ͍ͤ͊ͪͦ͒ͦ ˿͔͍͔͚ͪͤͦ ˢ͔͙͙ͣͪ͟ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͤ͊͘͡ ͙ͻ ͺ͔͙ͦͤͭ;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟· ͙ 

ͣͦͪͺ͎͙ͦͦ͡;͔͎ͫͦͦ͟ ͫͭͪͦΎΦ ˽͙ͪ ͍͖ͫͣ ͙ͪ͊͘͡;͙͙ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎ Ή͙ͭ ͙͔ͫͫͭͣ· ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͪΎ͒ 

͙͎͙ͭͨͦͦ͡;͔͙ͫ͟ͻ ͫͻ͍ͦ͒ͫͭΣ ͻ͔͊ͪ͊ͭͪͤ͟·ͻ ͒͡Ύ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·ͻ Ύ͘·͍ͦ͟Φ 

мΦ ˢ͎͎͡Ό͙ͭͤ͊ͼ͙Ύ ͙ ͍͍͙͔ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡ 
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˴͊͟ ͍ ͨͪ͊ͭΌͪͫͦͣ͟͟Σ ͭ͊͟ ͙ ͍ ͎͙ͣͤͦͻ ͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ Ύ͘·͊͟ͻ ό͍ͤ͊͊ͻͦΣ ;͔͙ͪͦ͟Σ ͒͊ͦͭ͊͟ύ 

͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͦͭͤͦ΄͔͙ͤΎ ͍·ͪ͊͗͊ΌͭͫΎ ͖ͨͯͭͣ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͎ͤͦͦ ͙͔͙͔͙ͨͪͫͦ͒ͤͤΎ ͊ͺͺ͙͍ͫͦ͟ ͟ 

͍͔ͦͫͤͦΦ ˽͙ͪ Ήͭͦͣ ͊͗͒͟·͚ ͣͦͪͺ͔ͣͤ·͚ Ή͔͔ͣͤͭ͡ ͫͦͻͪ͊ͤΎ͔ͭ ͍͔͔ͫͦ͋ͫͭͤͤͦ ͤ͊͘;͔͙͔ͤ ͙ ͺͦͪͣͯΣ ;ͭͦ ͙͖ͨͪ͒͊ͭ 

͙͔͔ͫͫͭͣ ͍·ͫͦͯ͟Ό ͔͎ͪͯ͡ΎͪͤͦͫͭΈΦ 

ˤ ͦͪͻ͙ͦͤͫ͟ͻ ͙ͤ͊͒ͨͫΎͻ ͍͔ͫͭͪ;͊ΌͭͫΎ ͺͦͪͣ· ͙ͭͨ͊ ōƛƭƎŜ-ƭƛƎ όζͣͯ͒ͪ·͚η Ҧ ζͣͯ͒ͪ·͚-ͦ͋͊͒͊͡Ό΅͙͚ηύΣ 

͎͔͒ -lig τ ͫ ͯͺͺ͙ͫ͟ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ ͙͙͡ ͙ͨͪͤ͊͊͘͟Φ ˢ͎͙ͤ͊ͦ͡;ͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͍ Ύ͘·͔͟ ͍ͤ͊͊ͻͦΣ 

͙͔ͤ͊ͨͪͣͪ ŀǎƘƪƛƛ ƱƛȊƘ ƴƛƛ ό͍͋ͯ͟Φ ζͣ͊͡Έ;͙͟-;͔ͪͤ·͚η Ҧ ζ;͔͙͚ͪͤͦͦ͗͟ ͣ͊͡Έ;͙͟ηύΣ ͎͔͒ ͍͚ͭͦͪͦ Ή͔͔ͣͤͭ͡ ͔ͭ͊͗͟ 

͍·͔ͪ͊͗͊ͭ ͊͟;͔͍͔ͫͭͤͤ·͚ ͙ͨͪͤ͊͘͟ ;͔͔ͪ͘ ͣͦͪͺ͔͔ͣͤͦ ͙͔͙͔͙͔ͨͪͫͦ͒ͤͤΦ 

нΦ ͔͙̅ͦͤͭ;͔͙͔ͫ͟ ;͔ͪͭ· ͙ ͎͙͊ͪͣͦͤΎ ͎͊ͫͤ͡·ͻ 

˨͡Ύ ͨͪ͊ͭΌ͎ͪͫͦͦ͟͟ Ύ͘·͊͟ ͻ͔͊ͪ͊ͭͪͤ͊͟ ͎͙͊ͪͣͦͤΎ ͎͊ͫͤ͡·ͻ τ ͎͍͙͔ͫͦ͊ͫͦ͊ͤ͡ ͎͊ͫͤ͡·ͻ ͦͪͤ͟Ύ ͙ 

͊ͺͺ͙͍ͫͦ͟ ͨͦ ͪΎ͒ͯ ͙ ͙͙͊͋͊͊͘͡͡ͼ͙͙ όŀςŅΣ ƻςǀΣ ǳςǸύΦ ˤ ͪΎ͔͒ Ύ͘·͍ͦ͟ ˿͔͍͔͚ͪͤͦ ˢ͔͙͙ͣͪ͟ ό͔ͦͫͦ͋ͤͤͦ ͯ ;͔͙ͪͦ͟ 

͙ ͙ͫͯύ ͺ͙͙ͫͪͯ͟ΌͭͫΎ ͫͻ͙͔ͦ͗ ͔ͣͻ͙͊ͤͣ͘· τ ͺ͎͙ͦͤͦͦ͡;͔͙͔ͫ͟ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͤ͊ ͫͦ;͔͙͔ͭ͊ͤ ͎͊ͫͤ͡·ͻ ͍͙ͤͯͭͪ 

͍ͫͦ͊͡Σ ;ͭͦ ͖ͫͦ͒͊ͭ͘ ͎͙͊ͤ͊ͦ͡;ͤ·͔ ͙͙ͪͭͣͦ͟-͍͍ͯͦ͘͟·͔ ͫͭͪͯͭͯͪ͟·Φ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͊͟͟ ͨͪ͊ͭΌ͙͚ͪͫ͟͟Σ ͭ͊͟ ͙ ͔ͤͦͭͦͪ͟·͔ ͔͙͙͔͊ͣͪ͊ͤͫ͟͟ Ύ͘·͙͟ ͭΎ͎͔ͦͭΌͭ ͟ ͦͭͪ͟·ͭ·ͣ ͎ͫͦ͊ͣ͡ 

͙ ͍͙ͦͭͫͯͭͫͭΌ ͤ͊;͊͡Έͤ·ͻ ͔ͫͭ;͔͙͚ͤ ͎ͫͦ͊ͫͤ͡·ͻΣ ;ͭͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͙͙͔͋͘͟͡ ͔͔ͭͤ͒ͤͼ͙͙ ͺ͔͙ͦͤͭ;͔͚ͫͦ͟ 

Ή͍ͦ͡Όͼ͙͙ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·ͻ ͙͔ͫͫͭͣΦ 

оΦ ˿͙͙ͤͭ͊ͫ͟;͔͙͚ͫ͟ ͨͦͪΎ͒ͦ͟ ͙ ͣͦͪͺ͎͙ͦͦ͡Ύ 

˨͡Ύ ͔͙ͦ͋ͻ ͙͔ͫͫͭͣ ͙͙ͭͨ;͔ͤ ͨͦͪΎ͒ͦ͟ ͍ͫͦ͡ {h± ό͔ͨͦ͒͗͊͡΅͔͔ ς ͔͙͔͒ͦͨͦͤͤ͡ ς ͔͔ͫ͊ͯͣͦ͘͟ύ ͙ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͨͦͫͭͨͦ͘ͼ͙͚ ͍͔ͣͫͭͦ ͔͎͍ͨͪ͒ͦͦ͡Υ 

 ω ͦͪͻͦͤͫ͊͟Ύ ͺͦͪͣ͊Υ YŀƎŀƴ ȅŜǊ ǘŜƺǊƛ ǉŀ ǉǳǘ ōŜǊǘƛ τ ζ˹͔͋ͦ ͒͊ͦ͡ ͎͊͊ͤͯ͟ ͫ;͊ͫͭΈ͔ ͔͙ͣ͘͡ηΤ 

 ω ͒͊ͦͭ͊͟Υ ²ƛőŀǑŀ Ƴŀƺƪŀ ǿƽǘŜ ƪǘŜ τ ζ͔͍͔̉ͦ͟͡ ͔͒ͯ ͔͋ͯ͒ͭ-͔ͫͭΈη ό͍͋ͯ͊͟͡Έͤ·͚ ͨͦͪΎ͒ͦ͟ύΦ 

͔́͊ͦ͟ ͔ͫͭͪͯͭͯͪͤͦ͟ ͫͻ͍ͦ͒ͫͭͦ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟ ͙͍͔ͯͤͪͫ͊͡ΈͤͦͫͭΈ ͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ͻ ͔͔͚ͣͦ͒͡Σ 

ͻ͔͊ͪ͊ͭͪͤ͟·ͻ ͒͡Ύ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·ͻ Ύ͘·͍ͦ͟ ͫ ͍͙͚ͪ͊ͭͦ͘ ͙͔͚ͫͫͭͣͦ ͫͯͺͺ͙ͫ͊͟ͼ͙͙Φ 

пΦ ˿͍͔͙͔ͦͨͦͫͭ͊ͤ͡ ͔ͦͭ͒͡Έͤ·ͻ ͔͔ͫͣ͟͡ 

˽͙͔ͪͣ;͙͔͊ͤΥ ͍͔͙ͫͦͨ͊͒ͤΎ ͍ ͚͒͊ͤͤͦ ͙ͭ͊͋͡ͼ͔ ͔ͤ ͭͪ͊ͭͯ͟ΌͭͫΎ ͊͟͟ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͦ ͎͔͔͙ͤͭ;͔͎ͫͦͦ͟ 

͍ͪͦ͒ͫͭ͊Σ ͊ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͍ ͊͟;͔͍͔ͫͭ ͙͎͙ͭͨͦͦ͡;͔͙ͫ͟ͻ ͎͙͚͊ͤ͊ͦ͡Σ ͍͔ͦ͋ͯͫͦͤͤ͡͡·ͻ 

ͦ͋΅͙͙ͣ ͔͔ͭͤ͒ͤͼ͙Ύ͙ͣ ͍ ͍͙͙͙ͪ͊ͭ͘ ͍͔ͯͦͨͦ͒ͪ͊͗͊ͭ͘͟͡Έͤ·ͻ ͙ ͍͋͊ͦ͘·ͻ ͔͔ͫͣ͟͡Φ 

 

рΦ ˭͊͟͡Ό;͔͙͔ͤ ͟ ͔ͪ͊͒ͯ͘͡ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͎͍͙͙ͤͫͭ͡;͔͔ͫͦ͟ ͍͔͙͔ͫͦͨͦͫͭ͊ͤ͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͨͪ͊ͭΌ͙͚ͪͫ͟͟ Ύ͘·͟ ͙ Ύ͘·͙͟ ͪΎ͒͊ 

͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ ͍ͤ͊ͪͦ͒ͦ ͦ͋͊͒͊͡Όͭ ͫͻͦ͒ͤ·͙ͣ ͫͭͪͯͭͯͪͤ͟·͙ͣ ͙͙ͨͪͤ͊͊ͣ͘͟ τ ͎͎͊͡Ό͙ͭͤ͊ͼ͙͔͚Σ 

͎͙͔͚͊ͪͣͦͤ ͎͊ͫͤ͡·ͻΣ ͨͦͪΎ͒ͦͣ͟ ͍ͫͦ͡ {h± ͙ ͣͦͪͺ͔͚ͣͤͦ ͔͎ͪͯ͡ΎͪͤͦͫͭΈΌΦ ͙̏ͭ ͦ͋΅͙͔ ;͔ͪͭ· ͦͭͪ͊͗͊Όͭ ͔ͤ 

Ѕ ˽ͪ͊ͭΌͪͫ͊͟͟Ύ 
ͺͦͪͣ͊ 

ˮͫͭͦ;͙ͤ͟ 
ό˻ͪͻͦͤ κ /ƻŘŜȄ 

Cumanicus) 

˽͔͊ͪ͊͡͡͡Έ ͍ 
͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ 

Ύ͘·͊͟ͻ 

ˣ͙͚͗͊͡΄͔͔ ͤ͊͘;͔͙͔ͤ ˴͔͙͚ͦͣͣͤͭ͊ͪ 

1 ǘŜƺǊƛ τ ζ͔ͤ͋ͦΣ 
͎͋ͦη 

˻ͪͻͦͤ aŀƴƛǘƻǳ ό͎͙͊ͦͤͤ͟͡Φύ 
κ ¸ŀǘŀƘŜȅ ό͍ͤ͊͊ͻͦΣ 
ζ͒ͯͻΣ ͔ͤ͋ͦηύ 

͍͔ͪͻ͍͔ͦͤͦ ͔͍͋ͦ͗ͫͭͦΣ 
͔ͤ͋ͦ 

˿ͻ͍ͦ͒ͫͭͦ ͔͙ͫͣ͊ͤͭ;͔͔ͫͦ͟ τ 
͙͔͒Ύ ͔͔͎ͤ͋ͫͤͦͦ ͒ͯͻ͊ 

2 ata τ ζ͔ͦͭͼη ˻ͪͻͦͤ ŀŘŀ ό;͔͙ͪͦ͟ ζ͔ͦͭͼΣ 
ͫͭ͊ͪ΄͙͚ηύ 

͙͔ͪͦ͒ͭ͡Έ ͔͙̅ͦͤͭ;͔͔ͫͦ͟ ͙ 
͔͙ͫͣ͊ͤͭ;͔͔ͫͦ͟ ͍͔͙͔ͫͦͨ͊͒ͤ 
͙͎͙ͭͨͦͦ͡;͔͎ͫͦͦ͟ ͻ͔͊ͪ͊ͭͪ͊͟ 

3 er τ ζ;͔͍͔ͦ͟͡Σ 
͍͙ͦͤη 

˻ͪͻͦͤ ƛǊŞ ό͒͊ͦͭ͊͟ 
ζͣͯ͗;͙ͤ͊ηύ 

ͣͯ͗;͙ͤ͊Σ ;͔͍͔ͦ͟͡ ˽͔͊ͪ͊͡͡͡Έ͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ 
ͦͪͤ͟Ύ er / ir 

4 sub τ ζ͍ͦ͒͊η ˻ͪͻͦͤ ǎǳ┴ ό͙ͫͯύ κ ǎƘǳ 
ό͍ͤ͊͊ͻͦύ 

͍ͦ͒͊ ˤ͔ͦͣͦ͗ͤͦ͘ ͔͙͔ͦͭͪ͊͗ͤ 
͔͍͔͚͒ͪͤ 
ͦͤͦͣ͊ͭͦͨͦΉ͙ͭ;͔͚ͫͦ͟ ͍ͦͫͤͦ· 

5 ok τ ζ͔ͫͭͪ͊͡η Codex 
Cumanicus 

ƻƪŀ ό;͔͙ͪͦ͟ ζ͍ͦ͒͊Σ 
ͨͦͭͦ͟ηύ 

˿͔ͭͪ͊͡ κ ͨͦͭͦ͟ ˿͔͙ͣ͊ͤͭ;͔͙͚ͫ͟ ͍͙͎ͫ͒ 
ζ͍͙͔͙͔͒͗ͤ Ҧ ͔ͨͦͭ͡η 
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͎͔͔͙ͤͭ;͔ͫͯ͟Ό ͍ͫΎ͘ΈΣ ͊ ͔͔ͫͦͪ͟ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·ͻ 

Ύ͘·͍ͦ͟Σ ͍͙ͦͤ͘͟΄͙͔ ͍ ͍͙ͯͫͦ͡Ύͻ ͫͻ͔͎ͦ͗ͦ ͎͙͙͍͎ͦͤͭͤͦͦ͟ ͙ Ή͎͙ͦͦ͟͡;͔͎ͫͦͦ͟ ͦͨ·ͭ͊ ͔͍͙͒ͪͤͻ ͫͦͦ͋΅͔͍ͫͭΦ 

ˢ͙ͤ͊͘͡ ͨͦ ζ˴͔ͦ͒ͫͯ͟ ˴͙ͯͣ͊ͤͯͫͯ͟η ͙ Ύ͘·͊ͣ͟ ˿͔͍͔͚ͪͤͦ ˢ͔͙͙ͣͪ͟ 

 
ˮ͡͡Όͫͭͪ͊ͼ͙Ύ ͫ ͙͔͙͔ͦ͋ͪ͊͗ͤͣ͘ ͎ͨͦͨͯ͊Ύ ͙͘ /ƻŘŜȄ /ǳƳŀƴƛŎǳǎ όͦ͟Φ моло ͎ΦΣ ˤ͔͔ͤͼ͙ΎύΦ ˿͙ͭͪ͊ͤͼ͊ ͙͘ 

͙͊ͭͤͫͦ͟͡-͔͙ͨͪͫ͒ͫͦ͟-͎ͯͣ͊ͤͫͦͦ͟͟ ͍ͫͦ͊ͪ͡ΎΣ ͦͭͪ͊͗͊Ό΅͊Ύ ͍ͫͦ͊ͪͤͯ͡Ό ͫͭͪͯͭͯͪͯ͟  

͙ ͙͔ͪ͊ͤͤ Ή͔͔ͣͤͭ͡· ͍͙ͯ͊͘͡Έ͎ͤͦͦ ͦ͋ͯ;͔͙ͤΎΦ 
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˻͙͒ͤͣ ͙͘ ͍͔͚͊͗ͤ΄͙ͻ ͙ͨͫΈ͔ͣͤͤ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ ͨͦ ͨͪ͊ͭΌͪͫͦͣͯ͟͟ Ύ͘·͍ͦͦͣͯ͟ ͔͙ͤ͊ͫ͒͡Ό Ύ͍͡Ύ͔ͭͫΎ 

ζ/ƻŘŜȄ /ǳƳŀƴƛŎǳǎη τ ͍͒ͯΎ͘·;ͤ·͚ ͙͊ͭͤͫͦ͟͡-͔͙ͨͪͫ͒ͫͦ͟-͙͚ͯͣ͊ͤͫ͟͟ ͍ͫͦ͊ͪ͡Έ ͙ ͙ͫ͋ͦͪͤ͟ ͔͍ͭͫͭͦ͟Σ 

ͫͦ͒͊ͤͤ͘·͚ ͦͦͦ͟͡ ͦͤ͟ͼ͊ ·LLL ͍͔͊͟ ͒͡Ύ ͤͯ͗͒ ͙͊ͭͦ͟͡;͔͙ͫ͟ͻ ͙͙͔͍ͣͫͫͦͤͪͦ ͙ ͯͨ͟ͼ͍ͦΦ ̆ͦͭΎ ͨ͊ͣΎ͙ͭͤ͟ 

͔ͦͭͪ͊͗͊ͭ ͔ͯ͗ ͙͚ͨͦ͒ͤ͘ Ήͭ͊ͨ ͍͙͙ͪ͊ͭ͘Ύ ͎ͯͣ͊ͤͫͦͦ͟͟ ό͙ͨ͟;͎͊ͫͦͦ͟͟ύ ͙͔͒͊ͭ͊͟͡Σ ͔͎ͦ ͔͙ͫ͊͟͟͡ ͙ ͎͙ͪ͊ͣͣ͊ͭ͊͟ 

ͫͦͻͪ͊ͤΎΌͭ ͎͙͔ͣͤͦ ͊ͪͻ͙͊ͣ͘·Σ ͍ͦͫͻͦ͒Ύ΅͙͔ ͟ ͨͪ͊ͭΌ͚ͪͫͦ͟͟ ͍͔ͦͫͤͦΦ 

˽͔͙͊ͪ͊͡͡͡ ͔ͣ͗͒ͯ ͔͙ͣ͊ͭͪ͊ͦͣ͡ ζ/ƻŘŜȄ /ǳƳŀƴƛŎǳǎη ͙ ͙ͫͭͪͯͭͯͪ͊ͣ͟ ͔ͤͦͭͦͪ͟·ͻ Ύ͘·͍ͦ͟ ͔ͦͪͤͤ͟·ͻ 

͍ͤ͊ͪͦ͒ͦ ˢ͔͙͙ͣͪ͟ ό͍ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒Έ τ ͍ͤ͊͊ͻͦΣ ;͔͙ͪͦ͟Σ ͒͊ͦͭ͊͟Σ ͎͙͙͊ͦͤͤͫ͟͟͡ͻύ ͍ͨͦͦ͘͡ΎΌͭ ͍͔͙ͨͪͦͫͭ 

͙͎͙ͭͨͦͦ͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡Σ ͍·Ύ͍͡ΎΌ΅͙͚ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͙ͨͪͤͼ͙ͨ· ͎͙ͪ͊ͣͣ͊ͭ;͔͎ͫͦͦ͟ ͫͭͪͦΎΦ 

мΦ ˸͔͙͔ͫͭͦͣͤͤ·͔ ͙͔ͫͫͭͣ· ͙ ͔͎͙͙͊ͭͦͪ͟ ͙͡ͼ͊ 

ˤ ͯͣ͊ͤͫͦͣ͟͟ Ύ͘·͔͟Σ ͎ͫͦ͊ͫͤͦ͡ ζ/ƻŘŜȄ /ǳƳŀƴƛŎǳǎηΣ ͙͡;ͤ·͔ ͔͙͔͙ͣͫͭͦͣͤΎ ͙͔ͣΌͭ ;͖͙͔ͭ͟ 

ͣͦͪͺ͔ͣͤ·͔ ͺͦͪͣ·Υ 

˶͙ͼͦ    ˴ ͙͚ͯͣ͊ͤͫ͟    ˽ ͔͔͍ͪͦ͒ 

м ͔͒Φ         men   Ύ 

н ͔͒Φ         sen   ͭ· 

о ͔͒Φ         ol   ͦͤ κ ͦͤ͊ 

ˤ Ύ͘·͊͟ͻ ͒͊ͦͭ͊͟ ͙ ͍ͤ͊͊ͻͦ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͎͙͊ͤ͊ͦ͡;ͤ͊Ύ ͙͎ͭͪͪ͊͒ͤ͊Ύ ͙͔ͫͫͭͣ͊ ͔͙͔͙͚ͣͫͭͦͣͤΣ 

͍ͦͫͤͦ͊ͤͤ͊Ύ ͤ͊ ͙ͪ͊͘͡;͔͙͙ͤ ͙͡ͼ͊Σ ͤͦ ͔ͤ ͪͦ͒͊Υ 

ω ͒͊ͦͭ͊͟Υ ƳƛȅŜ τ ζΎηΣ ƴƛȅŜ τ ζͭ·ηΣ ƘŜ τ ζͦͤκͦͤ͊ηΤ 

ω ͍ͤ͊͊ͻͦΥ ǎƘƛ- όΎύΣ ƴƛ- όͭ·ύΣ ōƛ- όͦͤκͦͤ͊ύΦ 

˿ͻ͍ͦ͒ͫͭͦ ͣͦͪͺ͔ͣͤ·ͻ ͍ͦͫͤͦ όƳς / nς / bς ͙ ͙͡ ǎς / mς / oςύ ͣͦ͗ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͊͟͟ ͫͭͪͯͭͯͪͤ͟·͚ 

͙͍͔͙ͯͤͪͫ͊ͣ͘͡Σ ͻ͔͊ͪ͊ͭͪͤ͟·͚ ͒͡Ύ Ύ͘·͍ͦ͟ ͫ ͙͍͊ͭͤ͟·ͣ ͙͡;ͤ·ͣ ͫͨͪΎ͔͙͔͗ͤͣΣ ͎͔͒ ͙͍͍͔͙͔ͨͪͦͭͦͨͦͫͭ͊ͤ͡ 

͙͡ͼ͊ ͍·͔ͪ͊͗ͤͦ ;͔͔ͪ͘ ͎ͫͦ͊ͫͤ͡·͔-͔ͣ͊ͪͪ͟·Φ 

нΦ ˿͙͔ͫͭͣ͊ ;͙͙͔ͫͭ͡͡Έͤ·ͻ 

˴͙͔ͯͣ͊ͤͫ͟ ;͙͙͔ͫͭ͡͡Έͤ·͔ ͍ ζ/ƻŘŜȄ /ǳƳŀƴƛŎǳǎη ό͙͔ͨͪͣͪͤͦύΥ 

1 τ bir, 2 τ eki, 3 τ ǸœΣ п τ ǘǀǊǘΣ р τ ōŜǑΣ мл τ on. 

̂ ͪΎ͒͊ ͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ Ύ͘·͍ͦ͟ ͍͔ͫͭͪ;͔͊ͭͫΎ ͔͒ͫΎ͙ͭ;ͤ͊Ύ ͙͔ͫͫͭͣ͊ ͫ ͙͚͋ͦ͘͟͡ ͣͦͪͺ͔͚ͣͤͦ 

͔͎ͪͯ͡ΎͪͤͦͫͭΈΌ ͙ ͍͙͔ͦͭͫͯͭͫͭͣ ͔ͦͭ͒͡Έ͎ͤͦͦ ͍ͫͦ͊͡ ͒͡Ύ ζͤͦ͡ΈηΦ ˹͙͔͊ͨͪͣͪΣ ͍ ;͔͙ͪͦ͟Υ 

1 τ saquu, 2 τ tali, 3 τ tsoi, 4 τ nvgi, 5 τ hisgi, 10 τ sgohi. 

̆ͦͭΎ ͍͍ͯͦ͘͟·͔ ͺͦͪͣ· ͙ͪ͊͘͡;ͤ·Σ ͫͭͪͯͭͯͪͤͦ͟ ͦ͋͊ ͙ͭͨ͊ ͙͔ͫͫͭͣ ͦͭͪ͊͗͊Όͭ ͣͦͤͦͣͦͪͺͤ·͔ ͍ͦͫͤͦ· ͙ 

͍͙͔ͦͭͫͯͭͫͭ ͙ͦͣͨͦͭͤ͘͟·ͻ ͺͦͪͣ ͒͡Ύ ;͙͔ͫ͡ мς10 τ ;ͭͦ ͙͙ͭͨ;ͤͦ ͒͡Ύ ͙ͪ͊ͤͤͻ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·ͻ Ύ͘·͍ͦ͟Σ 

͍͙͍͍ͪ͊͊͘΄͙ͻͫΎ ͍͔ͤ ͍͙͡Ύ͙ͤΎ ͙͔͍͔͚͚ͤ͒ͦͪͦͨͫͦ͟ ͫ;͔͚ͭͤͦ ͔͙ͣͦ͒͡Φ 

˸ͦͪͺ͔ͣͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ ͙ ͍͍͙͔ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡ 

ˤ ζ/ƻŘŜȄ /ǳƳŀƴƛŎǳǎη ͤ͊͘;͙͔ͭ͡Έͤ͊Ύ ;͊ͫͭΈ ͍ͫͦͦ͡ͺͦͪͣ ͙ͫͭͪͦͭͫΎ ͨͦ ͔͙ͣͦ͒͡Υ 

͔ͦͪͤ͟Έ Ҍ ͔͙͍͒ͪ͊ͼ͙ͦͤͤ·͚ ͫͯͺͺ͙ͫ͟ Ҍ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͚ͫ͟ ͔ͨͦ͊͊ͭ͘͟͡ΈΦ 

˹͙͔͊ͨͪͣͪΥ 

 ω ŀǘ-ƭƠǉ τ ζͦͤͤ͟·͚η όͦͭ ŀǘ τ ζͦ͡΄͊͒Έη Ҍ ͫͯͺͺΦ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ -ƭƠǉύΣ 

 ω ŜǊ-lik τ ζ͚ͣͯ͗ͫͦ͟Σ ;͔͍͔ͦ͡;͔͙͚ͫ͟ηΦ 

ˤ Ύ͘·͔͟ ͒͊ͦͭ͊͟ ͎͙͊ͤ͊ͦ͡;ͤ·͔ ͙ͨͪͤͼ͙ͨ· ͔͙͍ͪ͊ͦ͊ͤ͘͡·Σ ͙͔ͤ͊ͨͪͣͪΣ ͍ ͍͔ͫͦ͡ ǿƛőŀ-Ǒŀ τ ζ;͔͍͔ͦ͟͡η 

ό͍͋ͯ͟Φ ζ͙͍͚͗ͦ-ͫͯ΅ͤͦͫͭΈηύΣ ͎͔͒ ǿƛőŀ- τ ͟ ͔ͦͪͤΈ ͫͦ ͤ͊͘;͔͙͔ͤͣ ζ͙͍͚͗ͦη ͙ -Ǒŀ τ ͟ ͙͊ͫͫ͡ͺ͙͊ͭͦͪ͟ ͙͡ͼ͊Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͦ͋͊ Ύ͘·͊͟ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͎͎͊͡Ό͙͙͍͔ͭͤ͊ͭͤͦ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ ͫͣ·͍ͫͦ͡ ͫ ;͖͙ͭͣ͟ 

͎͙ͪ͊ͪ͊ͤ͘;͔͙͔ͤͣ ͔͍͚ͦͪͤͦ͟ ͙ ͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ ͣͦͪͺ͔ͣ· τ ͍͚͍ͫͦͫͭͦΣ ͔ͦͭͦͪͦ͟ ͍ ͚ͫͭͪͯͭͯͪͤͦ͟ ͙͎͙͙ͭͨͦͦ͡ 

͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͊͟͟ ζ͖͗ͫͭ͊͟Ύ ͣͦͪͺ͔ͣͤ͊Ύ ͔͎͔͙͍ͫͣͤͭͪͦ͊ͤͤͦͫͭΈηΦ 

пΦ ˶͔͙ͫͦ͟͟-͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͔͙ͨ͊ͪ͊͡͡͡ 
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рΦ ˥͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͔͎͙͙͊ͭͦͪ͟ 

˻͔͋ ͙͔ͫͫͭͣ· ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎΥ 

 ω ͍͙͔ͦͭͫͯͭͫͭͣ ͔͎͙͙͊ͭͦͪ͟ ͪͦ͒͊Τ 

 ω ͍·͔͙͔ͪ͊͗ͤͣ ;͙ͫ͊͡ ;͔͔ͪ͘ ͫͯͺͺ͙ͫ͊͟ͼ͙Ό όŀǘ-lar τ ζͦ͡΄͙͊͒ηύΤ 

 ω ͔͙͔ͫͦͤͤͣ͟͡ ͨͦ ͔ͨ͊͒͗͊ͣ ;͔͔ͪ͘ ͙ͨͦͫͭͨͦ͘ͼ͙ͦͤͤ·͔ ͔ͣ͊ͪͪ͟· όŜǾ-ge τ ζ͍ ͒ͦͣηύΤ 

 ω ͍͙͚ͪ͊ͭͦ͘ ͙͔͚ͫͫͭͣͦ ͎͍͊ͦͦ͘͡ ͙ ͊ͦ͗ͤ͘͡·ͻ ͎͎͊ͦ͡͡Έͤ·ͻ ͺͦͪͣ όōŀǊ- τ ζ͙͙͒ͭη κ ōŀǊ-ŘƠ τ ζͨͦ΄͖͡ηύΦ 

˽ͦ͒ͦ͋ͤ͊Ύ ͎͙ͪ͊ͣͣ͊ͭ;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͙͍͔ͦ͋ͤ͊ͪͯ͗͊ͭͫΎ ͙ ͍ Ύ͘·͊͟ͻ ͒͊ͦͭ͊͟ ͙ ͍ͤ͊͊ͻͦΣ ͎͔͒ 

͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͦͭͤͦ΄͔͙ͤΎ ͔͔ͨͪ͒͊ΌͭͫΎ ͨͦͫͭͺ͙͙ͫ͊ͣ͟ ͙ ͔ͫͯ͗͋ͤ͡·͙ͣ ;͙͊ͫͭͼ͙͊ͣΣ ͊ ͨͦͪΎ͒ͦ͟ ͍ͫͦ͡ 

͙ͫͭ͊͋͡Έͤͦ {h±Φ 

сΦ ˭͊͟͡Ό;͔͙͔ͤ ͟ ͔ͪ͊͒ͯ͘͡ 

˿͍͔͙͔ͦͨͦͫͭ͊ͤ͡ ͒͊ͤͤ·ͻ ζ/ƻŘŜȄ /ǳƳŀƴƛŎǳǎη ͙ Ύ͘·͍ͦ͟ ͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ ͍ͤ͊ͪͦ͒ͦ ͍ͨͦͦ͘͡Ύ͔ͭ 

͍·Ύ͍͙ͭΈ ͔͙ͫͪΌ ͫͭͪͯͭͯͪͤ͟·ͻ ͍͔͙͚ͫͦͨ͊͒ͤ ͍ ͔͙͔͚ͣͫͭͦͣͤͤͦ ͙͔͔ͫͫͭͣΣ ͍͍͙͙ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡Σ 

ͣͦͪͺ͎͙ͦͦ͡;͔͚ͫͦ͟ ͎͎͊͡Ό͙ͭͤ͊ͼ͙͙ ͙ ͙͔ͭͨ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͔͎͙͚͊ͭͦͪ͟Φ ͙̏ͭ ͫͻ͍ͦ͒ͫͭ͊ ͔ͤ ͯ͊͘͟·͍͊Όͭ ͤ͊ 

ͨͪ Ύ͔ͣͦ ͍ͪͦ͒ͫͭͦΣ ͦ͒ͤ͊ͦ͟ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͣͦͪͺ͎͙ͦͦ͡;͔͚ͫͦ͟ 

͎͙ͦͪ͊ͤ͊͘ͼ͙͙ Ύ͘·͍ͦ͟Σ ͫͺ͙͍͍ͦͪͣͪͦ͊΄͙ͻͫΎ ͍ ͍͙ͯͫͦ͡Ύͻ ͍͔͚ͨͪͦͫͭͪ͊ͤͫͭͤͤͦ ͙ͦ͘͡Ύͼ͙͙Σ ͤͦ ͙ͨͪ ͫͻ͙ͦ͗ͻ 

͎͙͙͍ͦͤͭͤ͟·ͻ ͙ ͫͦͼ͙ͦͯ͟͡Έͭͯͪͤ·ͻ ͔ͣͦ͒͡Ύͻ ͍͙ͦͫͨͪΎ͙ͭΎ ͙ͣͪ͊Φ 

нΦоΦ ˴ͯ͡Έͭͯͪͤͦ-͔͙͎͙ͪͦͤ͘͡·͔ ͔͙ͨ͊ͪ͊͡͡͡Υ ͔͎͙́ͤͪ ͙ ͔͍͋ͦ͗ͫͭ͊ ͔ͦͪͤͤ͟·ͻ ͍ͤ͊ͪͦ͒ͦ ˢ͔͙͙ͣͪ͟ 

ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͯ͟͡Έͭͯͪͤͦ-͔͙͎͙ͪͦͤ͘͡·ͻ ͙͔ͫͫͭͣ ͔͍͔͒ͪͤͭΌ͙ͪͫ͟͟ͻ ͍ͤ͊ͪͦ͒ͦ ͙ ͔ͦͪͤͤ͟·ͻ ͔͖ͨͣͤ͡ 

˿͔͍͔͚ͪͤͦ ˢ͔͙͙ͣͪ͟ ͍·Ύ͍͡Ύ͔ͭ ͪΎ͒ ͙͎͙ͭͨͦͦ͡;͔͙ͫ͟ͻ ͙ ͙͍͙ͫͣͦ͡;͔͙ͫ͟ͻ ͍͔͙͚ͫͦͨ͊͒ͤΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͍ ͪ͊ͣ͊͟ͻ ͍͙͔ͫͪ͊ͤͭ͡Έ͚ͤͦ ͙ͣͺ͎͙͙ͦͦ͡Φ ͙̏ͭ ͔͙ͨ͊ͪ͊͡͡͡ ͦͭͪ͊͗͊Όͭ ͫͻͦ͒ͤ·͔ 

͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͔͔ͤ͋Σ ͒ͯͻ͊ͻΣ ͙͔ͨͪͪͦ͒ ͙ ͔͔ͣͫͭ ;͔͍͔ͦ͊͟͡ ͍ͦ ˤ͔͔͚ͫͤͤͦ͡Φ 

мΦ ˤ͔ͪͻ͍͔ͦͤͦ ͔͍͋ͦ͗ͫͭͦ ͔ͤ͋͊ 

ˤ ͨͪ͊ͭΌ͚ͪͫͦ͟͟ ͙ͭͪ͊͒ͼ͙͙ ͼ͔ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͙͔͊ͤͣ͊ͭ͘ ͯ͟͡Έͭ ͔͎͙́ͤͪ ό¢ŜƺǊƛύ τ ͔͍͋ͦ͗ͫͭ͊ ͔ͤ͋͊Σ 

͍ͦͨͦ͡΅͊Ό΅͔͎ͦ ͍͔ͪͻ͍ͦͤͯΌ ͙ͫͯ͡Σ ͫͯ͒Έ͋ͯ ͙ ͙͍͚ͣͪͦͦ ͨͦͪΎ͒ͦ͟Φ ˤ ͙ͤ͊͒ͨͫΎͻ ͤ͊ ˻ͪͻ͔ͦͤ ͔͎͙́ͤͪ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ 

͊͟͟ ͙ͫͭͦ;͙ͤ͟ ͍͙͊ͫͭ͡ ͙ ͙͙͗ͤ͘Υ 

ά¢ŜƺǊƛ ǘŜƎ ¢ŜƺǊƛŘŜ ōƻƭƳƤǒ ¢ǸǊƪ .ƛƭƎŜ YŀƎŀƴέ τ ζ˽ͦ ͍͔ͦ͡ ˹͔͋͊ ͫͭ͊͡ ͎͊͊ͤͦͣ͟ ͣͯ͒ͪ·͚ ͭΌͪ͟ηΦ 

ˤ ͎͙͊ͤ͊ͦ͡;ͤ·ͻ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύͻ ͯ ͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ ͍ͤ͊ͪͦ͒ͦ ͍͔ͫͭͪ;͔͊ͭͫΎ ͺ͙͎ͯͪ͊ aŀƴƛǘƻǳ όͯ 

͎͙͍͊ͦͤͤͦ͟͡ύ ͙͙͡ ²ŀƪŀƴ ¢ŀƴƪŀ όͯ ͙ͫͯύ τ ζ͍͔͙͙͚͟͡ ͒ͯͻηΣ ͙ͦ͋ͭ͊Ό΅͙͚ ͤ͊ ͔͔ͤ͋ ͙ ͍ͯͨͪ͊͡ΎΌ΅͙͚ ͍͔͙ͫͣ 

ͫͯ΅͔͍͙ͫͭ͊ͣΦ 

˿͍͔͙͔ͪ͊ͤͤ ͨͦ͊͘͟·͍͔͊ͭ ͦ͋΅ͯΌ ͔ͣͦ͒͡ΈΥ ͍͔ͪͻ͍͔ͦͤͦ ͔͙͋͘͡;͔ͤͦ ͔͔͔ͤ͋ͫͤͦ ͤ͊;͊ͦ͡Σ ͦ͋Ά͔͙͒ͤΎΌ΅͔͔ 

ͫ͊ͪ͊͟͡Έ͔ͤͦ ͙ ͙͔ͨͪͪͦ͒ͤͦΦ 

˻͔͋ ͙͔ͫͫͭͣ· ͍͔͎ͦͭͪ͊Όͭ ͖͔͗ͫͭͦ͟ ͊ͤͭͪͦͨͦͣͦͪͺ͔ͤͦ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ ͔͍͋ͦ͗ͫͭ͊Σ ;ͭͦ ͙͎͙ͭͨͦͦ͡;͔͙ͫ͟ 

͙ͪͦ͒ͤͭ ͙ͻ ͫ ͙͙ͪ͊ͤͤͣ ͺ͙ͦͪͣ͊ͣ ͔͙͙ͣͦͤͦͭͫͭ;͔͎ͫͦͦ͟ ΄͙͊ͣ͊ͤͣ͊͘Φ 

нΦ ˨ͯͻ͙-͔͙͙ͨͦͫͪ͒ͤ͟ ͙ ͯ͟͡Έͭ ͔͍ͨͪ͒ͦ͟ 

˴͊͟ ͍ ͭΌͪͫͦͣ͟͟Σ ͭ͊͟ ͙ ͍ ͔͍͔͔͙ͫͪͦ͊ͣͪ͊ͤͫͦͣ͟͟ ͒ͯͻ͍ͦͤͦͣ ͔͔ͦͣͨͫ͟͟͡ ͫͯ΅͔͍͔ͫͭͯͭ ͚ͫͦ͡ ͒ͯͻ͍ͦ-

Ѕ ˿͍ͦͦ͡ ͍ 
ζ/ƻŘŜȄ 
/ǳƳŀƴƛŎǳǎη 

˽͔͔͍ͪͦ͒ ˽͔͊ͪ͊͡͡͡Έ ͍ Ύ͘·͊͟ͻ 
͙͔͚ͤ͒ͼ͔͍ 

˭ͤ͊;͔͙͔ͤ ˴͔͙͚ͦͣͣͤͭ͊ͪ 

1 ƪǸő ͙ͫ͊͡Σ ͣͦ΅Έ ƪǳǘǎ ό͍ͤ͊͊ͻͦ τ 
ζ͙͔͗ͤͤͤ͊͘Ύ 
Ή͔͎͙ͤͪΎηύ 

˿͙͊͡ ˿ͻ͍ͦ͒ͫͭͦ ͺ͔͙͙ͦͤͭ͟ ͙ ͔͙͙ͫͣ͊ͤͭ͟ 

2 ana ͣ͊ͭΈ ƛƴŀ ό͒͊ͦͭ͊͟ τ ͣ ͊ͭΈύ ˸͊ͭΈ ˿͍͔͙͔ͦͨ͊͒ͤ ͨͦ ͦͪͤ͟Ό ͙ ͫͣ·ͫͯ͡ 

3 od ͎ͦͦͤΈ ƛǎƘ ό͍ͤ͊͊ͻͦύ κ ƻǘƛ 
ό͙ͫͯύ 

˻͎ͦͤΈ ˿ͻͦ͒ͤ͊Ύ ͦͤͦͣ͊ͭͦͨͦΉ͙ͭ͊͟ 

4 ǘŀǑ ͔͊ͣͤ͟Έ ǘłǎƘ ό͍ͤ͊͊ͻͦ τ 
͔͊ͣͤ͟Έύ 

˴͔͊ͣͤΈ ˭͍͍ͯͦ͊͟Ύ ͙ ͔͙ͫͣ͊ͤͭ;͔ͫ͊͟Ύ 
͔ͨ͊ͪ͊͡͡͡Έ 

5 qara ;͖ͪͤ·͚ ƪŀƭŀ ό;͔͙ͪͦ͟ τ 
;͖ͪͤ·͚ύ 

;͖ͪͤ·͚ ˤ͔ͦͣͦ͗ͤͦ͘ ͔͙͔ͦͭͪ͊͗ͤ 
ͨͪ͊ͺͦͪͣ· k-r/ l 
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͔͙͍ͨͦͫͪ͒ͤͦ͟ ͔ͣ͗͒ͯ ͙ͣͪͦͣ ͡Ό͔͚͒ ͙ ͔ͤ͋ͦͣΦ 

̂ ͔͍͙͒ͪͤͻ ͭΌ͍ͪͦ͟ Ήͭͦ ͔ͪ-ͫͯ͋͊ͪ͡ τ ͒ͯͻ͙ ͔͙ͣ͘͡ ͙ ͍ͦ͒·Σ ͍͊ͪ͊͊ͪ͟͡ τ ͒ͯ΄͙ ͔͍ͨͪ͒ͦ͟Σ ͦͻͪ͊ͤΎΌ΅͙͔ 

͍ͨͦͭͦͣͦ͟Φ 

ˤ ͙ͭͪ͊͒ͼ͙Ύͻ ͍ͤ͊͊ͻͦ ͙ ͒͊ͦͭ͊͟ ͫͻͦ͗ͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ Iƻƭȅ tŜƻǇƭŜ ͙͙͡ ǎǇƛǊƛǘ ƎǳŀǊŘƛŀƴǎ τ ͻ͙͔͙ͪ͊ͤͭ͡ 

͔͔͙ͨͣͤ͡Σ ͨͪͦΎ͍͡ΎΌ΅͙͔ͫΎ ͍ ͙ͨͪͪͦ͒ͤ·ͻ ͺͦͪͣ͊ͻΦ 

͔́͊ͦ͟ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͦ ͍͙͍͊ͣͦͫ͘Ύ͙͘ ͔͍ͨͪ͒ͦ͟Σ ͙ͨͪͪͦ͒· ͙ ;͔͍͔ͦ͊͟͡ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ 

͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͊ͪͻ͔͙͍ͭͨͦ ΄͙͊ͣ͊ͤͫ͟ͻ ͯ͟͡ΈͭͯͪΦ 

оΦ ˿͙͍ͣͦ͡ ͦͪ͊͡ ͙ ͍͔͙ͪͭ͊͟͡Έͤ͊Ύ ͎͙ͦͫͣͦͦ͟͡Ύ 

ˤ ͔͙ͦ͋ͻ ͙ͭͪ͊͒ͼ͙Ύͻ ͖ͦͪ͡ ͙͔͊ͤͣ͊ͭ͘ ͼ͔ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͊͟͟ ͙͍ͫͣͦ͡ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͔ͤ͋ͦͣ ͙ ͔͖͚ͣ͘͡Φ 

ˤ ͦͪͻ͚ͦͤͫͦ͟ ͙ͣͺ͎͙͙ͦͦ͡ ͖ͦͪ͡ τ ͨ ͙ͦͫ͊ͤͤ͟͡ ͔͎͙́ͤͪΣ ͯ͊͘͟·͍͊Ό΅͙͚ ͨͯͭΈ ͍͙͔ͨͪ͊ͭ͡ΌΦ 

̂ ͔͖ͨͣͤ͡ ͙ͫͯ ͙ ;͔͙ͪͦ͟ ͖ͦͪ͡ ͔ͭ͊͗͟ ͍·͔ͫͭͯͨ͊ͭ ͊͟͟ ƳŜǎǎŜƴƎŜǊ ƻŦ ǘƘŜ DǊŜŀǘ {ǇƛǊƛǘ τ ͨ ͔͙ͦͫͪ͒ͤ͟ ͔ͣ͗͒ͯ 

͔͖͚ͣ͘͡ ͙ ͍·ͫ΄͙͙ͣ ͙͙ͫ͊ͣ͡Σ ͯ;͍͊ͫͭͯΌ΅͙͚ ͍ ͙ͪͭͯ͊͊͡ͻ ͦ;͙΅͔͙ͤΎ ͙ ͍ͨͦͫΎ΅͔͙ͤΎΦ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͍͔͙ͪͭ͊͟͡Έͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ ͙ͣͪ͊ τ ͙ͭͪ ͍ͯͪͦͤΎ ό͔ͤ͋ͦΣ ͔ͣ͘͡ΎΣ ͔ͨͦ͒ͣͤ͘·͚ ͙ͣͪύ τ 

͊͘ͺ͙͙͍ͫͪͦ͊ͤ͊͟ ͙ ͍ ͦͪͻ͙ͦͤͫ͟ͻ ͔ͭͫͭ͊͟ͻΣ ͙ ͍ ͙ͣͺ͊ͻ ͒͊ͦͭ͊͟Φ ̏ͭͦ ͔ͦͭͪ͊͗͊ͭ ͦ͋΅ͯΌ ͙͔͍͙͚ͤ͒ͦͪ͊ͫͯ͘͟Ό 

͎͙ͦͫͣͦͦ͟͡;͔ͫͯ͟Ό ͔ͣͦ͒͡ΈΣ ͙͍ͪ͊ͫͨͪͦͫͭͪ͊ͤ΄ͯΌͫΎ ͔͍͙͙ͤ͊ͫͣͦ͘ ͍ ͪ͊ͤ͘·ͻ ͔͎͙ͪͦͤ͊ͻΦ 

пΦ ˾ͦ͡Έ ΄͊ͣ͊ͤ͊ ͙ ͦͤ͟ͼ͔ͨͼ͙Ύ ͒ͯͻ͍͎ͦͤͦͦ ͔ͨͯͭ΄͔͍͙ͫͭΎ 

̂ ͭΌ͍ͪͦ͟ ΄͊ͣ͊ͤ ό͊ͣ͟Σ ͋͊ͫ͟·ύ τ ͼ͔ͤͭͪ͊͡Έͤ͊Ύ ͺ͙͎ͯͪ͊ ͔͙͎͙͚ͪͦͤͦ͘͡ ͙͙ͨͪ͊ͭ͟͟Σ ͔͙ͨͦͫͪ͒ͤ͟ ͔ͣ͗͒ͯ 

͡Ό͒Έ͙ͣ ͙ ͒ͯͻ͙͊ͣΦ ˻ͤ ͍͔ͫͦͪ΄͔͊ͭ ͒ͯͻ͍͔ͦͤͦ ͔ͨͯͭ΄͔͍͙͔ͫͭ όǳœƳŀǉ ȅƻƭƤύ ͟ ͔͎͙́ͤͪ ͒͡Ύ ͙ͫͼ͔͔͙ͤ͡ΎΣ 

ͨͪͦͪͦ;͔͍ͫͭ͊ ͙͙͡ ͊͘΅͙ͭ· ͔͔͙ͨͣͤ͡Φ 

ˤ ͯ͟͡Έͭͯͪ͊ͻ ͙͔͚ͤ͒ͼ͔͍ ͎͙͊ͤ͊ͦ͡;ͤͯΌ ͪͦ͡Έ ͍·ͨͦͤ͡Ύ͔ͭ ƳŜŘƛŎƛƴŜ Ƴŀƴ ͙͙͡ ǎǇƛǊƛǘǳŀƭ ƘŜŀƭŜǊΣ 

͙ͫͨͦ͡Έͯ͘Ό΅͙͚ ͭͪ͊ͤͫΣ ͔͙͔ͨͤ ͙ ͋͊ͪ͊͋͊ͤΣ ;ͭͦ͋· ͦ͋΅͊ͭΈͫΎ ͫ ͒ͯͻ͙͊ͣΦ 

ˤ ͙ͦ͋ͦͻ ͫͯ͡;͊Ύͻ ͙͙ͨͪ͊ͭ͟͟ ͫͭͪͦΎͭͫΎ ͤ͊ ͙͔͔͒ ͍ͦͫͻ͔͙ͦ͗͒ͤΎ ͟ ͔ͤ͋ͯ ͙ ͙͍͙ͫͣͦ͡;͔ͫͦͣ͟ ζ͔ͨͦͭ͡Ŝ ͒ͯ΄͙ηΣ 

;ͭͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͙͍͔ͯͤͪͫ͊͡ΈͤͦͫͭΈ ΄͚͊ͣ͊ͤͫͦ͟ ͔͙ͣͦ͒͡ ͣ·΄͔͙ͤ͡ΎΦ 

рΦ ˿͊ͪ͊͟͡Έͤ·͔ ͼ͍͔ͭ͊ ͙ Ή͔͔ͣͤͭ͡· 

ˤ ͙ͦ͋ͦͻ ͯ͟͡Έͭͯͪͤ·ͻ ͦ͒͊͟ͻ ͍·͔͒͡ΎΌͭͫΎ ͙ͦ͒ͤ ͙ ͔ͭ ͔͗ ͙͍͙ͫͣͦ͡;͔͙͔ͫ͟ ͼ͍͔ͭ͊Υ 

 ω ͙͙͚ͫͤ τ ͤ ͔͋ͦΣ ͒ͯͻ͍ͦͤ͊Ύ ;͙ͫͭͦͭ͊ όƪǀƪ ¢ŜƺǊƛ κ ōƭǳŜ ǎƪȅ ǎǇƛǊƛǘǎύΣ 

 ω ͔͋͡·͚ τ ͙ ͙ͫͭͤ͊ ͙ ͍͔ͫͭΣ 

 ω ;͖ͪͤ·͚ τ ͫ ͙͊͡ ͙ ͚ͭ͊ͤ͊Φ 

˿͙͊ͪ͊͊͘͟͡ͼ͙Ύ ;͔ͭ·͖ͪͻ ͫͭͦͪͦͤ ͍͔ͫͭ͊ ͙ ͍ͫΎ΅͔ͤͤ·ͻ ;͙͔ͫ͡ όпΣ тΣ фύ ͔ͭ͊͗͟ ͍͔ͫͭͪ;͔͊ͭͫΎ ͍ ͔͙ͦ͋ͻ 

͙͔ͫͫͭͣ͊ͻΥ ͯ ͭΌ͍ͪͦ͟ τ ζ͔͍͒ΎͭΈ ͫ·͍ͤͦ ͔ͤ͋͊ηΣ ͯ ͙ͫͯ τ ζ;͔ͭ·͔ͪ ͍͔ͭͪ͊ ͙ͣͪ͊ηΦ 

сΦ ˭͊͟͡Ό;͔͙͔ͤ ͟ ͔ͪ͊͒ͯ͘͡ 

˿ͻ͍ͦ͒ͫͭͦ ͔͙͎͙ͪͦͤ͘͡·ͻ ͔͍͔͙͚ͨͪ͒ͫͭ͊ͤ͡ ͔͍͙͒ͪͤͻ ͭΌ͍ͪͦ͟ ͙ ͔ͦͪͤͤ͟·ͻ ͍ͤ͊ͪͦ͒ͦ ˢ͔͙͙ͣͪ͟ 

ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͔͔ͨͪ͗͒ ͍͔͎ͫͦ ͍ ͔ͫͭͪͯͭͯͪ͟ ͎͙ͦͫͣͦͦ͟͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΥ ͔͔͔ͤ͋ͫͤͦ ͔͍͋ͦ͗ͫͭͦΣ ͒ͯͻ͙ 

͙ͨͪͪͦ͒·Σ ͯ͟͡Έͭ ͔͍ͨͪ͒ͦ͟ ͙ ΄͊ͣ͊ͤ-͔͙ͨͦͫͪ͒ͤ͟Φ ͙̏ͭ ͔͙ͨ͊ͪ͊͡͡͡ ͔ͤ ͔͎ͨͪ͒ͨͦ͊͊͡Όͭ ͙͙ͫͭͦͪ;͔͚ͫͦ͟ ͍ͫΎ͙͘Σ ͤͦ 

͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ΄͙͊ͣ͊ͤͫ͟ͻ ͔͙͙ͣͦͤͦͭͫͭ;͔͙ͫ͟ͻ ͙͔ͫͫͭͣΣ 

͍͙͍ͦͤ͊͘͟΄͙ͻ ͔͍͙͙ͤ͊ͫͣͦ͘ ͍ ͯ͟͡Έͭͯͪ͊ͻΣ ͔ͭͫͤͦ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͙͚ͨͪͪͦ͒ͤͦ ͔͚ͫͪ͒ͦΦ 

ˮ͙ͫͭͦͪͦ͟-͎͙͊ͤͭͪͦͨͦͦ͡;͔͙͚ͫ͟ ͔ͦͤͭͫͭ͟͟ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔͍͙͒ͪͤͻ ͙͎ͣͪ͊ͼ͙͚ ˩͍͙͙ͪ͊͘ ͙ ˢ͔͙͙ͣͪ͟ ͍ͨͦͦ͘͡ΎΌͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ 

ͫͻ͍ͦ͒ͫͭ͊ ͍ Ύ͘·͍ͦ͟·ͻ ͙ ͯ͟͡Έͭͯͪͤ·ͻ ͙͔ͫͫͭͣ͊ͻ ͔ͤ ͊͟͟ ͫͯ͡;͚͊ͤ·͔ ͍͔͙ͫͦͨ͊͒ͤΎΣ ͊ ͊͟͟ ͔ͪͯ͘͡Έͭ͊ͭ ͦ͋΅͙ͻ 

Ή͍ͦ͡Όͼ͙ͦͤͤ·ͻ ͍͙͚ͯͫͦ͡ ;͔͍͔ͦ͡;͔͙ͫ͟ͻ ͦ͋΅͔͍ͫͭΣ ͍͙͍͍ͪ͊͊͘΄͙ͻͫΎ ͍ ͪ͊ͤ͘·ͻ ;͊ͫͭΎͻ ͔ͨ͊ͤͭ͡·Φ 

ˤ ;͙͊ͫͭͤͦͫͭΣ ͎͙͔ͨͦͭ͊͘ ͦ ͙ͪ͊ͤͤͻ ͔͔͔͔͙ͨͪͫͤ͡Ύͻ ͍ͤ͊ͪͦ͒ͦ ͙͘ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘ ͍ ˿͔͍͔ͪͦ-ˤͦͫͭͦ;ͤͯΌ 

˿͙͙͋ͪΈΣ ͊ ͔͊ͭͣ͘ ;͔͔ͪ͘ ˣ͔͙͎͙ͪͤΌ ͍ ˢ͔͙ͣͪͯ͟ ͦͭͪ͟·͍͔͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͒͡Ύ ͙͊ͤ͊͊͘͡ ͦͤͭ͊ͭͤ͟͟·ͻ ͙ 

͙͎͙ͭͨͦͦ͡;͔͙ͫ͟ͻ ͔͔͚ͨ͊ͪ͊͡͡͡ ͍ Ύ͘·͊͟ͻ ͙ ͯ͟͡Έ͔ͭͯͪΦ 

ˮ͙ͫͭͦͪͦ͟-͎͙͊ͤͭͪͦͨͦͦ͡;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ͟ Ή͚ͭͦ ͔͔ͭͣ ͙͔͋͊ͪͯͭͫ͘Ύ ͤ͊ ͖ͭͪͻ ͙ͫͭͦ;͙ͤ͊͟ͻ ͒͊ͤͤ·ͻΥ 

1. s ͪͻ͔͎͙ͦͦ͡;͔͙ͫ͟ͻ ό͔͙ͣ͊ͭͪ͊͡Έͤ·͔ ͔ͫ͒͡· ͙͎ͣͪ͊ͼ͙͚ ;͔͔ͪ͘ ˣ͔͙͎͙ͪͤΌύΤ 
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2. ˽ ͔͎͔͔͙͊ͦͤͭ͡;͔͙ͫ͟ͻ ό˨˹˴-͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔͍͙͒ͪͤͻ ͨͦͨͯ͡Ύͼ͙͚ύΤ 

3. ˿ ͍͙͔ͪ͊ͤͭ͡Έͤͦ-ͯ͟͡Έͭͯͪͤ·ͻ όͫͻ͍ͦ͒ͫͭ͊ ͍ ͙͍͙͔ͫͣͦ͟͡Σ ͔͔ͦͪͤ͊ͣͤͭΣ ͎͙͙ͦͫͣͦͦ͟͡ύΦ 

ˤ͔͙͊͟͡Ύ ͙͎ͣͪ͊ͼ͙Ύ ͙ ͎͙͔ͨͦͭ͊͘ ͔͙͎͙͚͎͋ͪͤͫͦͦ͟ ͙ͨͯͭ 

˿͎ͦ͊ͫͤͦ͡ ͊ͪͻ͔͎͙ͦͦ͡;͔͙ͫͣ͟ ͙ ͔͎͔͎ͨ͊ͦͦͪ͊͡ͺ͙;͔͙ͫͣ͟ ͒͊ͤͤ·ͣΣ ˣ͔͙͎͙͚͙͚ͪͤͫ͟ ͔͔ͨͪ΄͔͔͟ όͤ·͔ͤ 

͙͍ͨͪͦ͡ ͔ͣ͗͒ͯ ͚̉ͯͦͭͦ͟͟ ͙ ˢ͡Ύ͚ͫͦ͟ύ ͍ ͔͙ͨͪͦ͒· ͔͔͔͙ͦ͒ͤͤ͡Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͡ ͚ͫͦ͋ͦ ͫͯ΄ͯΣ ͔͙ͫͦ͒ͤΎ͍΄ͯΌ 

ˢ͙͘Ό ͙ ˿͔͍͔ͪͤͯΌ ˢ͔͙ͣͪͯ͟Φ 

˻ͦͦ͟͡ нлςмр ͭ·ͫΎ; ͔ͭ͡ ͤ͊͊͒͘ ͎ͪͯͨͨ· ͦͻ͙͍ͦͭͤͦ͟-͙͔͔͚ͫͦ͋ͪ͊ͭ͡Σ ͔ͤ͊ͫ͡Ύ͍΄͙͔ ˿͙͙͋ͪΈΣ ͤ͊;͙͊͡ 

͔͔͔ͨͦͫͭͨͤͤͦ ͍͙͔͙͔ͨͪͦ͒͗ͤ ͤ͊ ͍ͦͫͭͦ͟Σ ͔ͫ͒ͯ͡Ύ ͊͘ ͙͎ͣͪ͊ͼ͙͔͚ ͙͍͗ͦͭͤ·ͻΦ ͙̏ͭ ͎ͪͯͨͨ·Σ ͍͔ͪͦΎͭͤͦΣ 

͔͍ͨͪ͒ͫͭ͊͡Ύ͙͡ ͚ͫͦ͋ͦ ͪ͊ͤͦͪͦ͒ͤ͘·͔ ͔͔ͨͣͤ͊͡ ͔͙͎ͨ͊ͦ͊͊ͭͫͦͦ͘͟͡ ͙ͭͨ͊Σ ;͊ͫͭΈ ͦͭͦͪ͟·ͻ ͎ͣͦ͊͡ ͙͔ͣͭΈ ͒͊͡Έ͔͔ͤ 

͙ͨͪͦͫͻ͔͙͔ͦ͗͒ͤ ͙͘ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘Φ 

˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔͙ͨͦͫ͒ͤ͡ͻ ͔ͭ͡ ό͙͔ͤ͊ͨͪͣͪΣ ͪ͊͋ͦͭ· wŜƛŎƘ Ŝǘ ŀƭΦΣ нлмфΤ CƭŜƎƻƴǘƻǾ Ŝǘ ŀƭΦΣ 

нлнмύ ͨͦ͊͘͟·͍͊ΌͭΣ ;ͭͦ ͔͙ͨͪ͒͟ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ ͔͚͍͙͔͒ͫͭͭ͡Έͤͦ ͍ͫΎ͊ͤ͘· ͫ ͔͍͙͙͒ͪͤͣ 

ͨͦͨͯ͡Ύͼ͙Ύ͙ͣ ˤͦͫͭͦ;͚ͤͦ ˿͙͙͙͋ͪΣ ͯ ͦͭͦͪ͟·ͻ ͔ͦ͋ͤ͊ͪͯ͗ͤ· ͔ͤ͋ͦ͡Έ΄͙͔ ͔ͫ͒͡· ͼ͔ͤͭͪ͊͡Έͤͦ-͙͙͊͊ͭͫ͘͟ͻ 

͔͍ͦͣͨͦͤͤͭͦ͟Φ 

˻͒ͤ͊ͦ͟ Ή͙ͭ ͒͊ͤͤ·͔ ͔ͤ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ ͊ͦͣ͟͟-͙͋ͦ͡ ͨͪΎͣͦͣ Ήͭͤͦͯ͟͡Έͭͯͪͤͦͣ ͍͔ͪͦ͒ͫͭ ͔ͣ͗͒ͯ 

͔͍͔͒ͪͤͭΌ͙ͪ͊ͣ͟ ͙ ͔͙͙͙͊ͣͪ͊ͤͫͣ͟͟ ͙͔͚ͤ͒ͼ͙͊ͣ τ ͔ͣ͗͒ͯ ͙͙ͤͣ ͔͎ͨͪͦ͊͡Όͭ ͔͒ͫΎ͙ͭ͟ ͭ·ͫΎ; ͔ͭ͡ Ή͍ͦ͡Όͼ͙͙ 

͙ ͔͍ͣͤͦ͗ͫͭͦ ͔͍͙͙ͤ͊ͫͣ͘·ͻ ͍͔͍͔͚ͭ ͙͎ͣͪ͊ͼ͙͚Φ 

͔́ͣ ͔ͤ ͔͔͔ͣͤΣ ͫͭͪͯͭͯͪͤ͟·͔ ͔͙ͨ͊ͪ͊͡͡͡ ͍ Ύ͘·͔͟ ͙ ͙͍͙͔ͫͣͦ͟͡ ό͙͔ͤ͊ͨͪͣͪΣ ͯ͟͡Έͭ ͔ͤ͋͊Σ ͔ͦͪͤ͊ͣͤͭ·Σ 

͔ͭͦͭͣͤ·͔ ͙͍͗ͦͭͤ·͔Σ ͎͎͊͡Ό͙ͭͤ͊ͼ͙Ύ ͍ ͎͙͔ͪ͊ͣͣ͊ͭ͟ύ ͎ͣͦͯͭ ͋·ͭΈ ͦ͋ΆΎ͔ͫͤͤ· ͙͔ͣͤͤͦ ͎͙ͯ͋ͤͤ͡·ͣ ͦ͋΅͙ͣ 

͙ͨͪͦͫͻ͔͙͔ͦ͗͒ͤͣ ͎͙͙͍ͦͤͭͤ͟·ͻ ͔͔͚ͣͦ͒͡ ͯ ͙ͪ͊ͤͤͻ ͔͍͙͚͙ͪ͊ͫ͘͟ͻ ͙ ͔͙͙͊ͣͪ͊ͤͫ͟͟ͻ ͨͦͨͯ͡Ύͼ͙͚Φ 

˽͔͎͙͊ͦ͊ͤͭͪͦͨͦͦ͡͡;͔͙͔ͫ͟ ͙ ͯ͟͡Έͭͯͪͤ·͔ ͔͔͖͙ͨͪͪͫͭ͟͟ 

˹͔ͦͭͦͪ͟·͔ ͊ͪͻ͔͎͙ͦͦ͡;͔͙͔ͫ͟ ͤ͊ͻ͙ͦ͒͟ τ ͭ ͙͔͊͟ ͊͟͟ ͔͙͍ͦͪͤ͊ͣͤͭͪͦ͊ͤͤ·͔ ͙ͦͫͭ͟ ͙͘ ͫͭͦΎ͙ͤ͟ ˸͊͡Έͭ͊ 

ό˿͙͙͋ͪΈΣ нп ͭ·ͫΦ ͔ͭ͡ ͒ͦ ͤΦ ΉΦύ ͙͙͡ ͤ͊ͫ͊͟͡Έͤ·͔ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ΄͍͊ͣ͊ͤͦ ͫ ͎͍ͦͦͤ͡·͙ͣ ͙ͯ͋ͦͪ͊ͣΣ 

͙ͤ͊ͨͦͣͤ͊Ό΅͙͙ͣ ͙͔ͨͦ͒ͤ͘ ͭΌ͙͔ͪͫ͟͟ ͙͍ͫͣͦ͡·Σ τ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ ͭͦͣΣ ;ͭͦ Ή͔͔ͣͤͭ͡· ͔͎ͪ͊ͤͤͦ 

͔͍͙͚͎ͪ͊ͫͦͦ͘͟ ͙͍͙ͫͣͦͣ͊͘͡ ͎͙ͣͦ͡ ͺ͙͍ͦͪͣͪͦ͊ͭΈͫΎ ͔΅͖ ͒ͦ ͔͔͙ͪ͊͒ͤ͘͡Ύ ͍͔͍͔͚ͭΣ ͙͘ ͦͭͦͪ͟·ͻ ͔ͨͦ͗͘ 

͍͙͙ͦͤ͘͟͡ ͙͙͔͊͊ͭͫ͘͟ ͙ ͔͙͙͔͊ͣͪ͊ͤͫ͟͟ ͯ͟͡Έͭͯͪ·Φ 

̏ͭ͊ ͎͙͔ͨͦͭ͊͘ ͔ͤ ͍͔͔ͯͭͪ͗͒͊ͭ ͦ͋΅ͯΌ Ή͙ͭͤ;ͤͦͫͭΈΣ ͤͦ ͔͒ͦͨͯͫ͊ͭ͟Σ ;ͭͦ ͙͔͒Ύ ͔͔͎ͤ͋ͫͤͦͦ ͒ͯͻ͊Σ 

΄͎͊ͣ͊ͤͫͦͦ͟ ͔͙ͨͦͫͪ͒ͤ͊͟ ͙ ͖ͭͪͻ;͎͊ͫͭͤͦͦ ͙ͣͪ͊ ͍ͦͫͻ͙ͦ͒ͭ ͟ ͔͙͚͒ͤͦ ͎͙͙͍͚ͦͤͭͤͦ͟ ͔͙ͣͦ͒͡ ͔͎ͨͦ͒ͤͦ͘ 

͔͙ͨ͊ͦͭ͊͡͡Σ ͦͭͦͪ͊͟Ύ ͔͊ͭͣ͘ ͍͙͍ͪ͊͊͊ͫ͘͡Έ ͔͍͙͙ͤ͊ͫͣͦ͘ ͍ ˢ͙͙͘ ͙ ˢ͔͙͔ͣͪ͟Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͙͎͙͚͋ͪͤͫ͊͟Ύ ͎͙͔ͨͦͭ͊͘ ͍ ͫͦ;͔͙͙ͭ͊ͤ ͫ ͙͎͍͙͙ͤͫͭ͡;͔͙͙ͫͣ͟ ͙ ͙ͣͺ͎͙ͦͦ͡;͔͙͙ͫͣ͟ 

͒͊ͤͤ·͙ͣ ͖ͫͦ͒͊ͭ͘ ͙ͪ͊ͣ͟ ͒͡Ύ ͎ͦͫͭͦͪͦ͗ͤͦͦΣ ͤͦ ͍͎ͦ͋ͦͫͤͦ͊ͤͤͦͦ ͔͔͙ͨͪ͒ͨͦͦ͗ͤ͡ΎΥ ͙͎͙ͭͨͦͦ͡;͔͙͔ͫ͟ 

͍͔͙ͫͦͨ͊͒ͤΎ ͔ͣ͗͒ͯ ͨͪ͊ͭΌ͚ͪͫͦ͟͟ ͙ ͔͍͔͔͙͚ͫͪͦ͊ͣͪ͊ͤͫͦ͟͟ ͯ͟͡Έͭͯͪͤͦ-Ύ͘·͍͚ͦͦ͟ ͙ͭͪ͊͒ͼ͙͔͚ ͦͭͪ͊͗͊Όͭ ͔ͤ 

͙͙ͫͭͦͪ;͔ͫͯ͟Ό ͔͔ͨͪ͒͊;ͯΣ ͊ ͎͙͔ͯ͋ͤͤͦ͡ ͫͻ͍ͦ͒ͫͭͦ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡Ύ ͙ ͙͍͙ͫͣͦ͡;͔͎ͫͦͦ͟ ͍͙ͦͫͨͪΎ͙ͭΎ 

͙ͣͪ͊Σ ͔͍͔ͯͤ͊ͫ͒ͦ͊ͤͤͦ͡ ͦͭ ͔͍͙͒ͪͤͻ ͔͍͙͚͙ͪ͊ͫ͘͟ͻ ͨͦͨͯ͡Ύͼ͙͚Φ 

˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͎͙͊ͤͭͪͦͨͦͦ͡;͔͙͔ͫ͟ ͒͊ͤͤ·͔ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͎͔͔͙ͨ͊ͦͤͭ͊͟͡ ͫͯ΅͔͍͔ͫͭͤͤͦ ͨͪͦΎ͙ͫͤ͊͡ ͙͊ͪͭͤͯ͟ ͙ͪ͊ͤͤͻ ͙͎ͣͪ͊ͼ͙͚ ͍ ˩͍͙͙ͪ͊͘ ͙ 

͔͔͙͊ͫͤ͘͡Ύ ˢ͔͙͙ͣͪ͟Φ ˢ͙ͤ͊͘͡ ͔͍͙͒ͪͤͻ ͎͔͍ͤͦͣͦ ͨͦ͊͊͘͟͡Σ ;ͭͦ ͔͍ͨͪ͒ͦ͟·͔ ͨͦͨͯ͡Ύͼ͙͙ ͔ͦͪͤͤ͟·ͻ 

͔͙͊ͣͪ͊ͤ͟ͼ͔͍ ͔͙͙ͦͭ͒ͫ͡͡Έ ͦͭ ͍ͦͫͭͦ;͙͙ͤͦ͊͊ͭͫ͘͟ͻ ͔͍ͨͪ͒ͦ͟ ͍ ͎͚ͯ͋ͦͦ͟͡ ͔͍͙͒ͪͤͦͫͭ τ ͦͼ͔͙ͤ͟ ͙͍͒͊ͭͪͦͦ͟ 

ͯ͊͘͟·͍͊Όͭ ͤ͊ ͤ͊;͊͡Έͤ·͚ ͪ͊ͪ͘·͍ ͨͦͪΎ͒͊͟ ͔͒ͫΎ͍ͭͦ͟ ͭ·ͫΎ; ͔ͭ͡ ͤ͊͊͒͘Σ ͊ ͔ͦͭ͒͡Έͤ͊Ύ ͙͙ͤ͡Ύ ζ˨͔͍͙ͪͤͻ 

ˣ͔͙͎͙͚ͪͤͼ͔͍η ό!ƴŎƛŜƴǘ .ŜǊƛƴƎƛŀƴǎύ ͺ͙͍ͦͪͣͪͦ͊͊ͫ͡Έ ͙͔ͨͪͣͪͤͦ ͍ ͔͔ͨͪͦͣ͗ͯͭ͟ Ϥннςму ͭ·ͫΦ ͔ͭ͡ ͤ͊͊͒͘Φ ͙̏ͭ 

͔ͪͯ͘͡Έͭ͊ͭ· ͙ͦͨͪ͊ΌͭͫΎ ͤ͊ ͔͍͔͙͍͙͔ͫͤͪͦ͊ͤ͟ ͔͍͙͒ͪͤͻ ͦ͋ͪ͊͘ͼ͍ͦ ͙͘ ͍ͦͫͭͦ;͚ͤͦ ˣ͔͙͎͍͚ͪͤͦͦ ͙ͦ͋͊ͫͭ͡ ͙ 

ˢ͡Ύ͙ͫ͟Φ   

ˢ͙ͤ͊͘͡· ͍͊ͭͦͻͭͦͤͤ·ͻ ͔ͦͣͨͦͤͤͭ͟Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͤ͊ ͍͔ͦͫͤͦ ͤ͊ͻ͙ͦ͒͟ ͍͔ͪͻ͔͔͙͙ͤͨ͊ͦͭ͡͡;͔͎ͫͦͦ͟ 

͙͙͍͙ͤ͒͒͊ a!-м όaŀƭΩǘŀύ ͙͘ ͚̑͗ͤͦ ˿͙͙͙͋ͪΣ ͙ͨͦ͊͊͘͟͡ ͍͊͒͟͡ ͔͔͙ͤ͊ͫͤ͡Ύ ζ͔͍͙͒ͪͤͻ ͔͍͔͔͍͙͚ͫͪͦͪ͊͘ͼ͔͍η ͍ 

͎͔͔͙ͤͭ;͔͙͚ͫ͟ ͨͯ͡ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙ ͔͍͙͒ͪͤͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ τ ͭͦ ͔ͫͭΈ ͯ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ ͔ͫͭΈ 
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͎͔͔͙ͤͭ;͔͙͔ͫ͟ ͙͙ͨͪͤ͊͘͟Σ ͍ͦͫͻͦ͒Ύ΅͙͔ ͟ ͨͦͨͯ͡Ύͼ͙ΎͣΣ ͋·͍΄͙ͣ ͤ͊ ͔͙͙͙ͭͪͪͭͦͪ ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ 

ˢ͙͙͘ ͍ ͔ͨͦ͒ͤͣ͘ ͔͚ͨͫͭͦ͡ͼ͔͔ͤΦ ̏ͭͦ ͔ͤ ͦͤ͊͘;͔͊ͭ ͨͪΎ͚ͣͦ ͯ͟͡Έͭͯͪͤͦ-͙͎͍͙͙ͤͫͭ͡;͔͚ͫͦ͟ ͔͔͍͔͙ͨͪͣͫͭͤͤͦͫͭΣ 

ͤͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ ͔͍͙͔͒ͪͤ ͔͎͒ͣͦͪ͊ͺ͙;͔͙͔ͫ͟ ͍ͫΎ͙͘ ˩͍͙͙ͪ͊͘ ͙ ˹͍͎ͦͦͦ ˿͍͔ͭ͊Φ   

Y-˨˹˴ ό͎͎͊ͨͦͪͯͨͨ͊͡ vύ ͙ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͨͦ ˩͍͙͙ͪ͊͘ 

˽ͦ ͚ͣͯ͗ͫͦ͟ ͙͙͙ͤ͡ ό¸-˨˹˴ύ ͯ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ ͙͙͔͒ͦͣͤͪͯͭ ͎͎͊ͨͦͪͯͨͨ͊͡ v-

aнпнΣ ͦͭͦͪ͊͟Ύ ͙͔͔ͣͭ ͙͔͊͊ͭͫͦ͘͟ ͙ͨͪͦͫͻ͔͙͔ͦ͗͒ͤ ͙ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͫͯ͋͊͒͊͟͟͡ͻ ͍ 

͔̇ͤͭͪ͊͡Έ͚ͤͦ ͙ ˿͔͍͔͚ͪͤͦ ˢ͙͙͘Φ ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͺ͙͎͔͎ͦͦͪ͊͡ͺ͙͙ ͎͎͊ͨͦͪͯͨͨ͡· v ͨͦ͊͘͟·͍͊Όͭ ͔͖ 

ͪ͊ͫͨͪ ͔͙͔ͦͫͭͪ͊ͤͤ ͨͦ ˩͍͙͙ͪ͊͘ ͫ ͼ͔ͤͭͪͦͣ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎ ͍ ͚ͪ͊ͦͤ͊ͻ ͔̇ͤͭͪ͊͡Έ͚ͤͦκ͚̑͗ͤͦ ˿͙͙͙͋ͪ ͙ 

ˢͭ͊͡ΎΣ ͦͭͯ͒͊͟ ;͙͊ͫͭ ͙͔͔͚ͤͦͫͭ͡ ͎͙ͣͦ͡ ͯ;͍͍͊ͫͭͦ͊ͭΈ ͍ ͔͔͚ͨͦ͒ͤͨͫͭͦ͘͡ͼ͔͍ͤͦ·ͻ ͙͎ͣͪ͊ͼ͙Ύͻ ;͔͔ͪ͘ ˣ͔͙͎͙ͪͤΌΦ 

˿ͭͪͯͭͯͪ͊͟ ͍ͨͦ͒͊͒ͦ͟͡ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͔͍͒ͪͤΌΌ ͖ͪ͊ͫͫͦͤͤͦͫͭ͡Έ ͙ ͤ͊ ͔͍͔ͣͤͦ͗ͫͭͤͤ·͔ ͔͍͙͔͒ͪͤ ͍͔͍͙ͭΣ ͊ ͔ͤ 

ͤ͊ ͔͍͔͔ͤ͒͊ͤ ͍͔ͣ͊ͫͫͦͦ ͔͔͔ͨͪͣ΄͔͙͔ͤΣ ͔ͦͭͦͪͦ͟ ͎ͣͦͦ͡ ͋· ͍ͫΎ͊ͭ͘Έ ͨͪ͊ͭΌ͙͔ͪͫ͟͟ ͨͦͨͯ͡Ύͼ͙͙ ͤ͊ͨͪΎͣͯΌ ͫ 

ͨͦͨͯ͡Ύͼ͙Ύ͙ͣ ͔͍ͨͪ·ͻ ͔͔ͨͦͫͤ͡ͼ͔͍ ˢ͔͙͙ͣͪ͟ ͍ ͙͙ͫͭͦͪ;͔ͫͯ͟Ό ΉͨͦͻͯΦ   

ˢ͎͙ͤͭͪͦͨͦͦ͡;͔͙͔ͫ͟ ͤ͊ͻ͙ͦ͒͟ ͙ ͔͙ͣ͊ͭͪ͊͡ ͯ͟͡Έͭͯͪ· 

˽͔͎͙͊ͦ͊ͤͭͪͦͨͦͦ͡͡;͔͙͔ͫ͟ ͙ ͊ͪͻ͔͎͙ͦͦ͡;͔͙͔ͫ͟ ͒͊ͤͤ·͔ ό͙͔ͤ͊ͨͪͣͪΣ ͔͙͍ͦͪͤ͊ͣͤͭͪͦ͊ͤͤ·͔ ͦͫͭ͟Ύͤ·͔ 

͙͔͙͒͘͡ΎΣ ͤ͊ͫ͊͟͡Έͤ·͔ ͙͔͙ͦ͋ͪ͊͗ͤ͘ΎΣ ͔ͦͣͨͫ͟͟͡· ͎͔͔͙͚ͨͦͪ͋ͤ ͍ ˿͙͙͙͋ͪ ͙ ͍ͦͫͭͦ;͚ͤͦ ˣ͔͙͎͍͚ͪͤͦͦ ͔ͦͤ͘ύ 

ͺ͙͙ͫͪͯ͟Όͭ ͪΎ͒ ͦ͋΅͙ͻ Ή͔͔͍ͣͤͭͦ͡ ͔͙ͣ͊ͭͪ͊͡Έ͚ͤͦ ͯ͟͡Έͭͯͪ· ͯ ͔͔͚ͨͦ͒ͤͨͫͭͦ͘͡ͼ͔͍ͤͦ·ͻ ͙ ͎ͦͦ͡ͼ͔͍ͤͦ·ͻ 

ͨͦͨͯ͡Ύͼ͙͚ ˿͙͙͙͋ͪ ͙ ͙ͪ͊ͤͤͻ ͯ͟͡Έͭͯͪ ˿͔͍͔͚ͪͤͦ ˢ͔͙͙ͣͪ͟Φ ͙̏ͭ ͤ͊ͻ͙ͦ͒͟ ͍͔ͨͦ͒ͭͪ͗͒͊Όͭ ͙ͤ͊͡;͙͔ 

͍ͦͤͭ͊ͭͦ͟͟ ͙ ͫͻ͙ͦ͗ͻ ͔ͭͻ͎͙ͤͦͦ͡;͔͙ͫ͟ͻκͯ͟͡Έͭͯͪͤ·ͻ ͙ͨͪ͊ͭ͟͟ ͤ͊ ΄͙͚ͪͦͦ͟ ͔͍͙͚ͪ͊ͫͦ͘͟-͔͙͎͙͚͚͋ͪͤͫͦ͟ ͙ͦͫΣ 

ͤͦ ͔ͤ ͒͊Όͭ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭ ͯ͟͡Έ͚ͭͯͪͤͦ ͔͔ͨͪ͒͊;͙ ͍ ͙͙ͫͭͦͪ;͔͔ͫͦ͟ ͍͔ͪͣΎ ͔ͣ͗͒ͯ ͺ͙ͦͪͣͪͯΌ΅͙͙ͣͫΎ 

ͨͪ͊ͭΌ͙͙ͪͫͣ͟͟ ͎͙ͪͯͨͨ͊ͣ ό͙͙ͣͦͤ͡͡· ͔ͭ͡ ͔ͦͭ͒͡Ύ͔ͭ Ήͭ͊ͨ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͨͪ͊ͭΌ͚ͪͫͦ͟͟ 

Ή͙͎͍͙͙ͭͤͦͤͫͭ͡;͔͚ͫͦ͟ ͦ͋΅͙ͤͦͫͭ ͦͭ Ήͨͦͻ͙ ͔͍ͨͪ·ͻ ͙͎ͣͪ͊ͼ͙͚ ͍ ˢ͔͙ͣͪͯ͟ύΦ   

ˮ͔͔ͤͭͪͨͪͭ͊ͼ͙Ύ ͍ ͙͎͍͙͙ͤͫͭ͡;͔ͫͦͣ͟ ͙ ͯ͟͡Έͭͯͪͤͦͣ ͔͔ͦͤͭͫͭ͟͟ 

˿ͯͣͣ͊ͪͤͦΣ ͔͎͔͔͙ͨ͊ͦͤͭ͊͟͡ ͙ ͎͙͊ͤͭͪͦͨͦͦ͡Ύ ͨͦ͊͘͟·͍͊Όͭ ͔ͫ͒ͯ͡Ό΅͔͔Υ 

 мΦ ˽͔͙ͪ͒͟ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ ͍ͦͫͻͦ͒Ύͭ ͟ ͔͍͔ͫͪͦ-͙͙͊͊ͭͫͣ͘͟ ͨͦͨͯ͡Ύͼ͙ΎͣΣ ͙ ͎͔͔͙ͤͭ;͔͙͚ͫ͟ 

͍͊͒͟͡ ͙͘ ͔̇ͤͭͪ͊͡Έ͚ͤͦκ˿͔͍͔͚ͪͤͦ ˢ͙͙͘ ͍͔͖ͨͦ͒ͭͪ͗͒ͤΦ   

 нΦ ͎͙̆ͪͦͤͦͦ͡;͔͙͔ͫ͟ ͙ͪ͊ͣ͟ ͪ͊ͫͻ͔͙ͦ͗͒ͤΎ ό͔͒ͫΎ͙ͭ͟ ͭ·ͫΎ; ͔ͭ͡ ͤ͊͊͒͘ύ ͔͒͊͡Όͭ ͚͔ͪ͊ͤ͟ 

͍͔ͣ͊ͦͪͦ͡Ύ͚ͭͤͦ ͔͔ͨͪ͒͊;ͯ ͍͚ͫͦͫͭ͊ͤͦ ͔͙͙ͫ͟͟͡ ͙͙͡ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ ͦͭ ͙͙ͫͭͦͪ;͔͙ͫ͟ 

͔͙͔͎ͪͦͤͫͭͪͯͪͯͣͦͦ͟ ͨͪ͊ͭΌ͎ͪͫͦͦ͟͟ ͔͔͎ͨͣͤͤͦͦ͡ ͔ͦͣͨͫ͊͟͟͡ όͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͎ͦͭͦͪͦͦ͟ ͙͔͒͊ͭͪͯͭͫΎ 

͎ͦͪ͊͒ͦ͘ ͔͚ͨͦ͒ͤ͘΄͙͙ͣ Ή͙ͭ͊ͨ͊ͣύ ͤ͊ͨͪΎͣͯΌ ͍ Ύ͘·͙͟ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍Φ   

 оΦ ˹͊͋͡Ό͔͒͊ͣ·͔ ͙͎͍͙͙ͤͫͭ͡;͔͙͔ͫ͟ ͙ ͙ͣͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͙ͨ͊ͪ͊͡͡͡ ͼ͔͔͔͔ͫͦͦ͋ͪ͊ͤ͘͡ ͦ͋ΆΎͫͤΎͭΈ 

͔ͭͪͣΎ ͍ͦͣͦ͗ͤ͘·͙ͣ ͔ͣͻ͙͙͊ͤͣ͊ͣ͘ όͦͭͦͪ͟·͔ ͔ͤ ͍͙͙͊ͣͦͫ͘͟͡Ό;͊Όͭ ͎͒ͪͯ ͎͒ͪͯ͊ύΥ ό͊ύ ͫͦͻ͔͙͔ͪ͊ͤͤ ͔͍͙͒ͪͤͻ 

͊ͪͻ͙͊;ͤ·ͻ ;͔ͪͭΣ ͦ͋΅͙ͻ ͒͡Ύ ͔͍͙͚͙ͨͪ͊ͪ͊ͫ͘͟ͻκ͔͙͙ͨͪ͊ͨ͊ͦ͊͊ͭͫ͘͟͡ͻ ͨͦͨͯ͡Ύͼ͙͚Τ ό͋ύ ͙͎͙ͭͨͦͦ͡;͔ͫ͊͟Ύ 

͍͔͎͔ͦͤͪͤ͟ͼ͙Ύ ͍͔͍͙͔ͫ͒ͫͭ͡ ͫͻͦ͒ͤ·ͻ ͫͦͼ͙ͦ-Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͍͙͚ͯͫͦ͡Τ ό͍ύ ͔͍ͯͤ͊ͫ͒ͦ͊ͤͤ͡·͔ Ή͔͔ͣͤͭ͡· 

ζͫͯ͋ͫͭͪ͊ͭ͊η ͦͭ ͔͍͙͒ͪͤͻ ͨͦͨͯ͡Ύͼ͙͚Σ ͦͭͦͪ͟·͔ ͎͔͔͙ͤͭ;͔͙ͫ͟ ͙ ͯ͟͡Έͭͯͪͤͦ ͍ͫΎ͊ͤ͘· ͫ ͔͎͙͙ͪͦͤ͊ͣ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͊͟͟ ͔͙͙͊ͣͪ͊ͤͫ͟͟ͻΣ ͭ͊͟ ͙ ͔͍͙͚͙ͪ͊ͫ͘͟ͻ ͙͙͚ͤ͡Φ   

˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͙ ͎͙͊ͤͭͪͦͨͦͦ͡;͔͙͔ͫ͟ ͒͊ͤͤ·͔ ͍͔ͨͦ͒ͭͪ͗͒͊Όͭ ͔͍͙͔͒ͪͤ ͔͎͒ͣͦͪ͊ͺ͙;͔͙͔ͫ͟ ͍ͫΎ͙͘ 

͔ͣ͗͒ͯ ˿͙͙͋ͪΈΌ κ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͔͚͘ ͙ ˿͔͍͔͚ͪͤͦ ˢ͔͙͚ͣͪͦ͟Σ ͤͦ ͔ͤ ͒͊Όͭ ͍͙͚ͦͫͤͦ͊ͤ ͒͡Ύ ͍·͍ͦ͒͊ ͦ 

ͨͪΎͣͦͣΣ ͙͙ͫͭͦͪ;͔͙ͫ͟ ͔ͨͦ͒ͤͣ͘ ͙͎͍͙͙ͤͫͭ͡;͔ͫͦͣ͟ ͍͔ͪͦ͒ͫͭ ͔ͣ͗͒ͯ ͨͪ͊ͭΌ͙ͪͫͣ͟͟ ͙ 

͔͔͙͙͙ͦͪͤͤͦ͊ͣͪ͊ͤͫͣ͟͟͟ Ύ͘·͙͊ͣ͟Φ ˤ͔ͣͫͭͦ Ή͎ͭͦͦ ͙ͦͤ ͔ͨͦ͒ͪͨ͟͡ΎΌͭ ͔͔͙͔ͨͪ͒ͨͦͦ͗ͤ͡ ͦ ͎͙ͯ͋ͤͤ͡·ͻ ͦ͋΅͙ͻ 

͔ͨͪ͒ͨͦͫ·͊͟͡ͻ ό͔͎͒ͣͦͪ͊ͺ͙;͔͙ͫ͟ͻΣ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͙ ͯ͟͡Έͭͯͪͤ·ͻύΣ ͦͭͦͪ͟·͔ ͎͙ͣͦ͡ ͙͍͔͙ͨͪͫͭ ͟ 

͔͍͙͙ͤ͊ͫͣͦͣͯ͘ ͍͙͍͔͙ͦͤͤͦͤ͘͟Ό ͫͻ͙ͦ͗ͻ ͙͎͙ͭͨͦͦ͡;͔͙ͫ͟ͻ ;͔ͪͭ ͙ ͙ͣͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͍ͦ͋ͪ͊ͦ͘Φ ˨͡Ύ 

͙͎͍͙͙͙ͤͫͭ͟͡ Ήͭͦ ͦͤ͊͘;͔͊ͭΥ ͔͔ͫ͒ͯͭ͡ ͙ͦͨͪ͊ͭΈͫΎ ͤ͊ ͎͙͚ͫͭͪͦ ͍͙͔ͫͪ͊ͤͭ͡Έͤͦ-͙͙ͫͭͦͪ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ 

όͺ͎͙ͦͤͦͦ͡;͔͙͔ͫ͟ ͍͔͍͙ͫͦͦͭͭͫͭΎΣ ͔͎ͪͯ͡Ύͪͤ͊Ύ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Ύ ͍͍ͯͦ͘͟·ͻ ͙͔͔͙͚ͣͤͤ͘Σ ͙͔͙ͫͫͭͣ͊ͭ;͔͙͔ͫ͟ 

͔͙ͨ͊ͪ͊͡͡͡ύΣ ͊ ͎͔͔͙ͤͭ͊͟ ͙ ͊ͪͻ͔͎͙ͦͦ͡Ύ ͔͒ͫ͘Έ ͙͎ͪ͊Όͭ ͪͦ͡Έ ͔ͦͤͭͫͭͯ͊͟͟͡Έ͎ͤͦͦΣ ͔ͤ ͍͔ͨͦ͒ͭͪ͗͒͊Ό΅͔͎ͦΣ ͤͦ 

ͦ͋ΆΎͫͤΎΌ΅͔͎ͦ ͺͦͤ͊Φ 
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˴ͯ͡Έͭͯͪͤ·͔ ͔͙ͨ͊ͪ͊͡͡͡Υ ͔͎͙͍ͭͤͪ͊ͤͫͭͦ ͙ ΄͙͊ͣ͊ͤͣ͘ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ 

˻͙͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔͊ͣͭͤ͘·ͻ ͔͍͊ͫͨͭͦ͟ ͙ͨͪ ͍͔͙͙ͫͪ͊ͤͤ ͔͍͔͒ͪͤͭΌ͚ͪͫͦ͟͟ ͙ ͔͙͚͊ͣͪ͊ͤͫͦ͟͟ ͯ͟͡Έͭͯͪ 

Ύ͍͡Ύ͔ͭͫΎ ͫͻ͍ͦ͒ͫͭͦ ͙ͻ ͔͙͎͙ͪͦͤͦ͘͡-͙ͣͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͙͔ͫͫͭͣΦ ˮ ͍ ͔͎͙͍͔ͭͤͪ͊ͤͫͭΣ ͙ ͍ ΄͙͊ͣ͊ͤͫ͟ͻ ͍͔͍͙ͪͦ͊ͤΎͻ 

͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͙͙͔͋͘͟͡ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͙ͭͪͦ;͚ͤͦ ͔ͫͭͪͯͭͯͪ͟ ͙ͣͪ͊Σ ͍͔ͪͻ͍ͦͤͦͣ 

͔͔ͤ͋ͫͤͦͣ ͒ͯͻ͔Σ ͊ ͔ͭ͊͗͟ ͦ ΄͔͊ͣ͊ͤ ͊͟͟ ͔͙͔ͨͦͫͪ͒ͤ͟ ͔ͣ͗͒ͯ ͡Ό͒Έ͙ͣ ͙ ͒ͯͻ͙͊ͣ ͙ͨͪͪͦ͒·Φ 

ˤ ͔͍͔͒ͪͤͭΌ͙ͪͫ͟͟ͻ ͙ͫͭͦ;͙ͤ͊͟ͻΣ ͍͟͡Ό;͊Ύ ͙͙ͤ͊͒ͨͫ ˻ͪͻͦͤ-˩͙͔ͤͫΎΣ ͔ͤͦ͒ͤͦͪ͊ͭͤͦ͟ ͙͔ͯͨͦͣͤ͊ͭͫΎ 

͔͎͙́ͤͪ τ ͍͔ͪͻ͍͔ͦͤͦ ͔͔͔ͤ͋ͫͤͦ ͔͍͋ͦ͗ͫͭͦΣ ͦͭ ͍͙ͦ͡ ͎ͦͭͦͪͦͦ͟ ͍͙͙͊ͫͭ͘ ͫͯ͒Έ͋͊ ͍͙͔͔͚ͨͪ͊ͭ͡ ͙ ͍ͤ͊ͪͦ͒ͦΦ ˤ 

˴Ό͡Έ͔͎͙ͭͤͫͦͣ͟ ͨ͊ͣΎ͙͔ͭͤ͟ ό±LLL ͍Φύ ͎͍͙ͦͦͪͭͫΎΥ 

ά«ȊŜ ƪǀƪ ¢ŜƴƎǊƛ ŀǎǊŀ ȅŀƎƛȊ ȅŜǊ ƪƤƭƤƴŘǳƪŘŀΣ ƛƪƛƴ ŀǊŀ ƪƛǒƛ ƻƎƭƤ ƪƤƭƤƴƳƤǒέ τ 

ά˴͎ͦ͒͊ ͍͔ͤ͊ͪͻͯ ͋·ͦ͡ ͫͦ͒͊ͤͦ͘ ˹͔͋ͦ-͔͎͙́ͤͪ ͙ ͍͙ͤͯ͘ ͖ͭͣͤ͊Ύ ˭͔ͣ͡ΎΣ ͔ͣ͗͒ͯ ͙͙ͤͣ ͋·͡ ͫͦ͒͊ͤ͘ 

;͔͍͔ͦ͟͡Φέ 

̏ͭͦ ͎͙ͦͫͣͦͦ͟͡;͔͔ͫͦ͟ ͍͙͔͙͔͒ͤ ͨͦ;͙ͭ ͙͔͙͒ͤͭ;ͤͦ ͙ͣͺ͊ͣ ͎͙ͣͤͦͻ ͍ͤ͊ͪͦ͒ͦ ˿͔͍͔͚ͪͤͦ ˢ͔͙͙ͣͪ͟ τ 

͙͔ͤ͊ͨͪͣͪΣ ͔͖ͨͣͤ͡ ͊ͦͭ͊͟͡Σ ͙ͫͯ ͙ ;͔͙ͪͦ͟Σ ͎͔͒ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ;͔͍͔ͦ͊͟͡ ͔ͭ͊͗͟ ͔ͨͦͣ΅͔͊ͭͫΎ ͔ͣ͗͒ͯ ˹͔͋ͦͣ 

͙ ˭͔͖͚ͣ͡Σ ͊ ͔͔͔ͤ͋ͫͤͦ ͔͍͋ͦ͗ͫͭͦ ό;͊ͫͭͦ ͤ͊͘·͍͔͔͊ͣͦ ²ŀƪỜłƺ ¢Ờłƺƪŀ τ ζˤ͔͙͊͟͡Ύ ͚ͭ͊ͤ͊η ͙͙͡ ζˤ͔͙͙͚͟͡ 

͒ͯͻηύ ͔͔ͤ͊͒ͤͦ͡ ͺͯͤ͟ͼ͙͔͚ ͍͔ͪͻ͍͎ͦͤͦͦ ͨͦͪΎ͒͊͟ ͙ ͙͔͚͗ͤͤͤͦ͘ ͙ͫ͡·Φ 

˽ͦ͒ͦ͋ͤͦ ͔͎͙ͭͤͪ͊ͤͫͦͣͯ͟ ͯ͟͡ΈͭͯΣ ͍͔͍͙ͪͦ͊ͤΎ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ ͙͙ͫͭͪͦͫ͡Έ ͍͎ͦͪͯ͟ 

͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͖ͭͪͻ ͙͍ͣͪͦΥ 

 ω ͍͔ͪͻ͔͎ͤͦ ό͔͔͎ͤ͋ͫͤͦͦΣ ͒ͯͻ͍͎ͦͤͦͦύΣ 

 ω ͔͔͎ͫͪ͒ͤͦ ό͔͎ͣͤͦͦ͘Σ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ύΣ 

 ω ͙͔͎ͤ͗ͤͦ ό͔͎ͨͦ͒ͣͤͦͦ͘Σ ͍ͫΎ͎͊ͤͤͦͦ͘ ͫ ͒ͯͻ͙͊ͣ ͙ ͔ͫͣͪͭΈΌύΦ 

̊͊ͣ͊ͤ όƪŀƳ ͯ ͭΌ͍ͪͦ͟ύ ͙͎ͪ͊͡ ͭͯ ͔͗ ͪͦ͡ΈΣ ;ͭͦ ͙ ƳŜŘƛŎƛƴŜ Ƴŀƴ ͯ ͙͔͚ͤ͒ͼ͔͍Υ ͦͤ ͍ͦͫͻ͙ͦ͒͡ ͟ ͔ͤ͋ͯ ͍ 

͔ͭͪ͊ͤͫΣ ͦ͋΅͊ͫ͡Ύ ͫ ͒ͯͻ͙͊ͣ ͙͍͗ͦͭͤ·ͻ ͙ ͙͙ͨͪͤͦͫ͡ ͔͍͗ͪͭ· ͒͡Ύ ͫͦͻ͔͙ͪ͊ͤͤΎ ͎͙͙͊ͪͣͦͤ ͙ͣͪ͊Φ 

˻͋ͪ͊͘ ΄͊ͣ͊ͤ͊Σ ͙ͫͨͦ͡Έͯ͘Ό΅͔͎ͦ ͋͊ͪ͊͋͊ͤΣ ͙͍͗ͦͭͤ·͔ ͔ͭͦͭͣ· ͙ ͔͙͔ͨͤΣ ͨͦ;͙ͭ ͙͍͔͔ͯͤͪͫ͊ͤ͡ ͙ 

͔ͦͭͪ͊͗͊ͭ ͊ͪͻ͔͙͙ͭͨ;͔͔ͫͦ͟ ͍͙ͦͫͨͪΎ͙͔ͭ ͍ͫΎ͙͘ ;͔͍͔ͦ͊͟͡ ͫ ͦͫͣͦͫͦͣ͟ ;͔͔ͪ͘ ͍ͯ͘͟ ͙ ͙ͪͭͣΦ 

˿͙͍͙ͣͦ͊͟͡ ͙ ͒ͯͻ͍ͦͤ·͔ ͔͙ͨ͊ͪ͊͡͡͡ 

˸͎͙͔ͤͦ ͙͍ͫͣͦ͡· ͔͎͙͍ͭͤͪ͊ͤͫͭ͊ τ ͫͦͤ͡ͼ͔Σ ͖ͦͪ͡Σ ͎ͦͪ͊Σ ͦͤ͟Έ τ ͤ͊ͻͦ͒Ύͭ ͍͙ͫͦ ͎͙͊ͤ͊ͦ͡ ͯ 

͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ ͔͖ͨͣͤ͡Φ 

 ω ˻͖ͪ͡ ͯ ͭΌ͍ͪͦ͟ ͙͍͙͙͍ͫͣͦͪͦ͊͘͡͡ ͔͎͙́ͤͪ ͙ ͙ͫͯ͡ ͔ͤ͋͊Σ ͊ ͯ ͙͔͚ͤ͒ͼ͔͍ ͖ͦͪ͡ τ ͍͔͙ͫͭͤ͟ ˤ͔͙͎ͦͦ͟͡ 

͒ͯͻ͊Σ ͔͙ͨͦͫͪ͒ͤ͟ ͔ͣ͗͒ͯ ͙͙ͣͪ͊ͣΦ 

 ω ˥ͦͪ͊ ό͙͔ͤ͊ͨͪͣͪΣ ̂ͦ͟͟Σ ́ΎͤΈ-̊͊ͤΈύ ͫ;͙ͭ͊͊ͫ͡Έ ͔ͣͫͭͦͣ ͙͙͔͙ͨͪ͋͗ͤ͡Ύ ͟ ͔ͤ͋ͯ τ ͨ ͦ͒ͦ͋ͤͦ ͭͦͣͯΣ ͊͟͟ 

ͯ ͔͖ͨͣͤ͡ ͍ͤ͊͊ͻͦ ͙͙͡ ͊ͨ͊;͔͚ ͍ͫΎ΅͔ͤͤ·͔ ͎ͦͪ· ͔͍ͨͪ͒ͫͭ͊͡Ύ͙͡ ͦͫΈ ͙ͣͪ͊ όŀȄƛǎ ƳǳƴŘƛύΦ 

 ω ˴ͦͤΈΣ ͻͦͭΎ ͙ ͍͍ͦͭͫͯͭͫͭͦ͊͡ ͍ ˢ͔͙͔ͣͪ͟ ͒ͦ ·±L ͍͔͊͟Σ ͍·ͨͦͤ͡Ύ͡ ͙͍͙ͫͣͦ͡;͔ͫͯ͟Ό ͺͯͤ͟ͼ͙Ό ͯ ͭΌ͍ͪͦ͟Σ 

ͫͻͦ͒ͤͯΌ ͫ ͪͦ͡ΈΌ ͔ͦͤ͡Έ͙ͻ ͒ͯͻ͍ͦ ͙ ͔ͭͦͭͣͤ·ͻ ͙͍͗ͦͭͤ·ͻ ͯ ͙͔͚ͤ͒ͼ͔͍ τ ͨ ͍͙͍ͪͦͦ͒ͤͦ͟ ͔ͣ͗͒ͯ ͙͙ͣͪ͊ͣΦ 

ˤ ͙ͦ͋ͦͻ ͯ͟͡Έͭͯͪͤ·ͻ ͎ͪͯ͊͟ͻ ͍͊͗ͤͯΌ ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͯ͟͡Έͭ ͔͍ͨͪ͒ͦ͟Υ ͒ͯ΄͙ ͔ͯͣͪ΄͙ͻ ͨͪͦ͒ͦ͗͊͡Όͭ 

͍͙͡ΎͭΈ ͤ͊ ͙͗ͤ͘Έ ͍ͨͦͭͦͣͦ͟Σ ͊ ͙ͪͭͯ͊͡· ͨ͊ͣΎ͙ͭ ͫͯ͗͊ͭ͡ ͔͙ͨͦ͒͒ͪ͗͊ͤΌ ͎͙͙͊ͪͣͦͤ ͔ͣ͗͒ͯ ͔͙ͨͦͦͤ͟͡Ύ͙ͣΦ 

˿͍͔͙ͦͨ͊͒ͤΎ ͔ͣ͗͒ͯ ͔͎͙͍ͭͤͪ͊ͤͫͭͦͣ ͙ ΄͙͊ͣ͊ͤͣͦͣ͘ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ ͔ͤ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ 

ͨͪΎͣͦͣ ͙͍͍͙͙͊ͣͫͭͦ͊ͤ͘ ͙͙͡ ͦ͋΅͔ͣ ͙ͨͪͦͫͻ͔͙͙ͦ͗͒ͤΦ 

˿͍͔͔ͦͪͣͤͤ·͔ Ή͎ͭͤͦͪ͊ͺ· ό9ƭƛŀŘŜΣ мфрмΤ IƻǇǇłƭΣ нллтύ ͦ͋ΆΎͫͤΎΌͭ Ή͙ͭ ͔͙ͨ͊ͪ͊͡͡͡ ;͔͔ͪ͘ 

͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͎͙͙͍ͦͤͭͤ͟·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟Υ 

 ω ͫͻͦ͒ͤ·͔ ͙ͨͪͪͦ͒ͤ·͔ ͍͙ͯͫͦ͡Ύ ό͔͙ͫͭͨΣ ͎ͦͪ·Σ ͍͙ͪ͊ͤͤ·Σ ͍͙͙͊ͫͣͦͫͭ͘Έ ͦͭ ͦͻͦͭ· ͙ ͍͍ͫͦͭͦͦ͒ͫͭ͊͟ύΤ 

 ω ͦ͋΅͙͔ ͫͦͼ͙͊͡Έͤ·͔ ͫͭͪͯͭͯͪ͟· ό͔͔͚ͨͣͤͤͦ͡ ͯ͊͒͟͡Σ ͯ͟͡Έͭ ͍ͦ͗͒ΎΣ ͍ͫΎ͘Έ ͫ ͙͚ͨͪͪͦ͒ͦύΤ 

 ω ͊ͪͻ͔͙͙ͭͨ;͔ͫͯ͟Ό ͔ͣͦ͒͡Έ ΄͊ͣ͊ͤ͊ ͊͟͟ ͔͙ͨͦͫͪ͒ͤ͊͟Σ ͍͙ͦͤ͊͘͟Ό΅ͯΌ ͔͍͙͙ͤ͊ͫͣͦ͘ ͍ ͯ͟͡Έͭͯͪ͊ͻΣ ͎͔͒ 

;͔͍͔ͦ͟͡ ͙΅͔ͭ ͒ͯͻ͍ͦͤ·͚ ͦͤͭ͊ͭ͟͟ ͫ ͙͚ͨͪͪͦ͒ͦΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͯ͟͡Έͭͯͪͤ·͔ ͍͔͙ͫͦͨ͊͒ͤΎ ͔ͣ͗͒ͯ ͔͎͙͚ͭͤͪ͊ͤͫͦ͟ ͙ ͔͙͚͊ͣͪ͊ͤͫͦ͟͟ ΄͚͊ͣ͊ͤͫͦ͟ 

͙ͭͪ͊͒ͼ͙͔͚ ͦͭͪ͊͗͊Όͭ ͔ͨ͊ͪ͊͡͡͡Έ͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ ͒ͯͻ͍͎ͦͤͦͦ ͦͨ·ͭ͊Σ ͊ ͔ͤ ͙͙ͫͭͦͪ;͔ͫͯ͟Ό ͔͔͍͔ͨͪͣͫͭͤͤͦͫͭΈΦ 
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˻͙ͤ ͨͦ͒;͔͙͍ͪ͊͟Όͭ ͙͍͔ͯͤͪͫ͊͡ΈͤͦͫͭΈ ;͔͍͔ͦ͡;͔͚ͫͦ͟ ͔͙͎͙͚ͪͦͤͦ͘͡ ͣ·͙ͫ͡ ͙ ͔͙͒ͣͦͤͫͭͪͪͯΌͭΣ ͊͟͟ ͍ ͪ͊ͤ͘·ͻ 

;͊ͫͭΎͻ ͙ͣͪ͊ ͺ͙͍͙ͦͪͣͪͦ͊ͫ͡Έ ͫͻͦ͒ͤ·͔ ͙͍ͫͣͦ͡· ͙ ͦ͋ͪ͊͘· ;͔͔ͪ͘ ͦ͋΅͙͔ ͊ͪͻ͔͙͙ͭͨ;͔͙͔ͫ͟ ͫͭͪͯͭͯͪ͟· 

͙ͫͦͤ͊ͤ͘ΎΦ 

˶͙͎͍͙͙ͤͫͭ;͔͙͔ͫ͟ ͔͙ͨ͊ͪ͊͡͡͡ ͙ ͙͎͙ͭͨͦͦ͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ 

όͤ͊ ͔͙͔ͣ͊ͭͪ͊͡ ζ/ƻŘŜȄ /ǳƳŀƴƛŎǳǎη ͙ ͦͪͻ͙ͦͤͫ͟ͻ ͨ͊ͣΎ͙͍ͭͤͦ͟ύ 

˨͡Ύ ͙͙ͨͦͤͣ͊ͤΎ ͍ͦͣͦ͗ͤ͘·ͻ ͫͻ͍ͦ͒ͫͭ ͔ͣ͗͒ͯ ͨͪ͊ͭΌ͙ͪͫͣ͟͟ Ύ͘·ͦͣ͟ ͙ Ύ͘·͙͊ͣ͟ ͔ͦͪͤͤ͟·ͻ ͍ͤ͊ͪͦ͒ͦ 

ˢ͔͙͙ͣͪ͟ ͍͔͊͗ͤ ͔ͤ ͙ͨͦͫ͟ ͫͯ͡;͚͊ͤ·ͻ ͍͔͙͚ͫͦͨ͊͒ͤ ͍ ͍ͫͦ͊͡ͻΣ ͊ ͙͊ͤ͊͘͡ ͫͭͪͯͭͯͪͤ͟·ͻ ͙ ͙͎͙ͭͨͦͦ͡;͔͙ͫ͟ͻ 

͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟Φ 

˹͙͔͔͊͋ͦ͡ ͔͔͔͙͍ͪͨͪͤͭ͊ͭͤ͘·͙ͣ ͙ͫͭͦ;͙͙ͤ͊ͣ͟ ͒͡Ύ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙ ͔͎ͪ͊ͤͤͦ ͭΌ͎ͪͫͦͦ͟͟ Ύ͘·͊͟ 

Ύ͍͡ΎΌͭͫΎ ͦͪͻ͙͔ͦͤͫ͟ ͙͙ͤ͊͒ͨͫ ±LLL ͍͔͊͟ ͙ ζ/ƻŘŜȄ /ǳƳŀƴƛŎǳǎη ·LLL ͍͔͊͟Σ ͦͭͪ͊͗͊Ό΅͙͔ ͔͍͙͔͒ͪͤ 

ͺ͔͙ͦͤͭ;͔͙͔ͫ͟ ͙ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ;͔ͪͭ·Φ 

˿͍͔͙͔ͪ͊ͤͤ ͍͙ͨͪͦͦ͒ͭͫΎ ͔ͤ ͒͡Ύ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ ͍ͪͦ͒ͫͭ͊Σ ͊ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͔ͨ͊ͪ͊͡͡͡Έͤ·ͻ ͔͔ͭͤ͒ͤͼ͙͚ 

͍ Ύ͘·͍ͦͦͣ͟ ͍͙͙͙ͪ͊ͭ͘ ͙ ͍ͦͣͦ͗ͤ͘·ͻ ͙͍͔͙͚ͯͤͪͫ͊͡Σ ͻ͔͊ͪ͊ͭͪͤ͟·ͻ ͒͡Ύ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·ͻ Ύ͘·͍ͦ͟ ˩͍͙͙ͪ͊͘ ͙ 

ˢ͔͙͙ͣͪ͟Φ 

˽ͦ͒ͦ͋ͤ·͔ ͙͎͙ͭͨͦͦ͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ͨͦͦ͘͡ΎΌͭ ͍·͔͙͒ͭ͡Έ ͍ͨͦͭͦͪΎΌ΅͙͔ͫΎ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ 

͙ ͙͙ͫͤͭ͊ͫ͟;͔͙͔ͫ͟ ͫͻ͔ͣ·Σ ͍͙ͦͤ͘͟΄͙͔ ͍ ͪ͊ͤ͘·ͻ ͔͎͙ͪͦͤ͊ͻ ͔͍͙͙ͤ͊ͫͣͦ͘Σ ͤͦ ͤ͊ ͍͔ͦͫͤͦ ͫͻ͙ͦ͗ͻ ͎͙͙͍ͦͤͭͤ͟·ͻ 

͙ ͯ͟͡Έͭͯͪͤ·ͻ ͍͙͚ͯͫͦ͡Φ 

˴ ;͙ͫͯ͡ ͙ͭ͊͟ͻ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͙͍ͨͪͤ͊ͦ͘͟ ͦͭͤͦͫΎͭͫΎ ͎͎͊͡Ό͙ͭͤ͊ͼ͙ΎΣ ͎͙͊ͪͣͦͤΎ ͎͊ͫͤ͡·ͻΣ 

͙ͨͦͫͭͨͦ͘ͼ͙ͦͤͤ·͚ ͚ͫͭͪͦΣ ͺ͙͙͍ͫͪͦ͊ͤͤ͟·͚ ͨͦͪΎ͒ͦ͟ ͍ͫͦ͡ ό{h±ύ ͙ ͍͙ͪ͊ͭ͊͘Ύ ͔͙͍͒ͪ͊ͼ͙ͦͤͤ͊Ύ ͣͦͪͺ͎͙ͦͦ͡ΎΦ 

͎͙̅ͦͤͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ ͙͔͙͙ͪͭͪ͟ ͍͔͙ͫͦͨͦͫͭ͊ͤ͡Ύ 

˽͙ͪ ͙͔͊ͤ͊͘͡ ͺ͔͙ͦͤͭ;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟· ͦͪͻ͙ͦͤͫ͟ͻ ͔͍ͭͫͭͦ͟ ͙ ζ/ƻŘŜȄ /ǳƳŀƴƛŎǳǎη ͣͦ͗ͤͦ ͍·͔͙͒ͭ͡Έ 

ͪΎ͒ ͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟Σ ͍ͫͦͨ͊͒͊Ό΅͙ͻ ͫ ͙͎͙͔͚ͭͨͦͦ͡ ͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ Ύ͘·͍ͦ͟Φ 

 мΦ ˥͙͊ͪͣͦͤΎ ͎͊ͫͤ͡·ͻΦ 

ˤ ͨͪ͊ͭΌͪͫͦͣ͟͟ Ύ͘·͔͟ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͙͔ͫͫͭͣͤ͊Ύ ͎͙͊ͪͣͦͤΎ ͎͊ͫͤ͡·ͻΣ ͙ͨͪ ͚ͦͭͦͪͦ͟ ͎͊ͫͤ͡·͔ ͍͙ͤͯͭͪ 

͍ͫͦ͊͡ ͎ͫͦ͊ͫͯ͡ΌͭͫΎ ͨͦ ͪΎ͒ͯ ͙ ͙͙͊͋͊͊͘͡͡ͼ͙͙Φ ˢ͎͙ͤ͊ͦ͡;ͤ·͔ Ύ͍͔͙ͤ͡Ύ ͍͔ͫͭͪ;͊ΌͭͫΎ ͍ ͔ͤͦͭͦͪ͟·ͻ Ύ͘·͊͟ͻ 

͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ ͔͖ͨͣͤ͡ ό͙͔ͤ͊ͨͪͣͪΣ ͯ ͙ͫͯ ͙ ;͔͙ͪͦ͟ύΣ ͎͔͒ ͔ͭ͊͗͟ ͔͙͍ͨͪͦͫ͗͊͡ΌͭͫΎ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͤ͊ 

ͫͦ;͔͙͔ͭ͊ͤ ͔͔͖ͦͨͪ͒ͤͤ͡·ͻ ͎͊ͫͤ͡·ͻ ͍ ͔͔ͨͪ͒͊͡ͻ ͎ͦ͒ͤͦͦ ͦͪͤ͟Ύ ͙͙͡ ͍ͫͦ͊͡Φ 

˻͒ͤ͊ͦ͟Σ ͍ ͙ͦͭ͡;͙͔ ͦͭ ͭΌ͙ͪͫ͟͟ͻ Ύ͘·͍ͦ͟Σ ͍ ͔͙͙͊ͣͪ͊ͤͫ͟͟ͻ ͙͔ͫͫͭͣ͊ͻ Ήͭͦ Ύ͍͔͙͔ͤ͡ ͔͔͔ͣͤ ͎͔ͫͭͪͦͦ ͙ 

;͊΅͔ ͍ͫΎ͊ͤͦ͘ ͫ ͺ͔͙ͦͤͭ;͔͚ͫͦ͟ ͙͙͊ͫͫͣ͡Ύͼ͙͔͚Σ ͊ ͔ͤ ͫ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫͣ͟ ͍͙ͨͪ͊ͦͣ͡Φ 

 нΦ ˿͎͍ͦͦ͊͡Ύ ͫͭͪͯͭͯͪ͊͟Φ 

ˤ ͨͪ͊ͭΌ͙ͪͫ͟͟ͻ ͨ͊ͣΎ͙ͭͤ͊͟ͻ ͔ͨͪͦ͋͊͒͊͡Όͭ ͦͭͪ͟·ͭ·͔ ͎͙ͫͦ͡ ό/±Σ /±/ύΣ ͔͙ͪ͒͟ ͔ͫͭ;͔͙ͤΎ ͎ͫͦ͊ͫͤ͡·ͻΣ 

;ͭͦ ͔͔͒͊ͭ͡ ͫͭͪͯͭͯͪͯ͟ ͍ͫͦ͊͡ ͺ͔͙ͦͤͭ;͔͙ͫ͟ ζ;͙͚ͫͭͦη ͙ ͙͙ͪͭͣ;͚ͤͦΦ ˽ͦͻ͙͔ͦ͗ ͔͔ͭͤ͒ͤͼ͙͙ ͙͍ͦ͋ͤ͊ͪͯ͗͊ΌͭͫΎ 

͍ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·ͻ Ύ͘·͊͟ͻ ˢ͔͙͙ͣͪ͟Σ ͎͔͒ ͔ͭ͊͗͟ ͻ͔͊ͪ͊ͭͪͤ͟· ͙͔ͦͪͦͭ͟͟Σ ͔͎ͦ͟͡ ͙͙͔͊ͪͭͯͪͯͣ͟͡·͔ ͎͙ͫͦ͡Φ 

 оΦ ˿͎ͦ͊ͫͤ͡·͔ ͙ ͙ͻ ͙ͨͦ͘ͼ͙ͦͤͤ͊Ύ ͙ͫͭ͊͋͡ΈͤͦͫͭΈΦ 

˻ͪͻͦͤͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͙ͦͭ͡;͊͊ͫ͡Έ ͚ͯͫͭͦ;͙͍ͦͫͭΈΌ ͎ͫͦ͊ͫͤ͡·ͻ ͺ͔ͦͤͣ ͍ ͤ͊;͔͊͡ ͙ ͦͤ͟ͼ͔ ͦͪͤ͟Ύ 

ό͙͔ͤ͊ͨͪͣͪΣ ƪΣ ǘΣ ǎύΣ ;ͭͦ ͔͎ͦ͋͡;͊ͦ͡ ͊ͺͺ͙ͫ͊͟ͼ͙ΌΦ ˽͔͊ͪ͊͡͡͡Έͤ·͔ Ύ͍͔͙ͤ͡Ύ ͍͔ͫͭͪ;͊ΌͭͫΎ ͍ ͪΎ͔͒ 

͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ Ύ͘·͍ͦ͟Σ ͎͔͒ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͣͦͪͺ͔ͣ· ͙͔͙ͨͪͫͦ͒ͤΎΌͭͫΎ ͔͋͘ ͙͔͔͙ͣͤͤ͘Ύ ͔͍ͦͪͤ͟·ͻ 

͎ͫͦ͊ͫͤ͡·ͻΦ 

̏ͭͦ ͔ͦͭͪ͊͗͊ͭ ͫͻ͙͚ͦ͗ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·͚ ͙ͨͪͤͼ͙ͨ ͺ͎͙ͦͤͦͦ͡;͔͚ͫͦ͟ ͙ͫͭ͊͋͡Έ͙ͤͦͫͭΣ ͻͦͭΎ 

͙͙ͫͭͦͪ;͔͙ͫ͟ ͙͔ͫͫͭͣ· ͺ͙͍͙ͦͪͣͪͦ͊ͫ͡Έ ͔͍͙͙ͤ͊ͫͣͦ͘Φ 

 пΦ ˸͔͎͙ͭͦ͒ͦͦ͡;͔͙͔ͫ͟ ͙ͨͪͤͼ͙ͨ· ͙͊ͤ͊͊͘͡Φ 

˽͙ͪ ͙͎͙ͭͨͦͦ͡;͔ͫͦͣ͟ ͍͔͙͙ͫͪ͊ͤͤ ͍͊͗ͤͦ ͙ͪ͊͘͡;͊ͭΈ ͙͙ͫͭͦͪ;͔͙͔ͫ͟ ͍͔͍͙ͫͦͦͭͭͫͭΎ όͯ͊͘͟·͍͊Ό΅͙͔ ͤ͊ 

͍ͦͣͦ͗ͤͯ͘Ό ͍ͫΎ͘Έύ ͙ ͫͭͪͯͭͯͪͤ͟·͔ ͍͔͙ͫͦͨ͊͒ͤΎΣ ͍͙ͦͤ͘͟΄͙͔ ͔͍͙͙ͤ͊ͫͣͦ͘Φ 

˽ͦΉͭͦͣͯ ͙ͨͪ ͍͔͙͙ͫͦͨͦͫͭ͊ͤ͡ ͺ͎͙ͦͤͦͦ͡;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ ͔ͤͦ͋ͻ͙ͦ͒ͣͦΥ 

 ω ͍͔ͨͪͦͪΎͭΈ ͔͎ͪͯ͡ΎͪͤͦͫͭΈ ͍͍ͯͦ͘͟·ͻ ͍͔͍͙͚ͫͦͦͭͭͫͭ ͍ ͋ͦ͡Έ΄ͦͣ ;͙͔ͫ͡ ͍ͫͦ͡Τ 
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 ω ͯ;͙ͭ·͍͊ͭΈ ͍͔ͦͣͦ͗ͤͦ͘ ͍͙͡Ύ͙͔ͤ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͍͍͔ͯͦͦ͋ͪ͊ͦ͊ͭ͘͘͟͡Έͤ·ͻ ͔͔͚͊ͦͤͦͣͪͤͦͫͭ͘͟ 

ό͙͔ͤ͊ͨͪͣͪΣ ͔ͨͪ͒ͨͦ;͔͙͔ͭͤ ͖͎͙͟͡ͻ ͎͍ͫͦͦ͡ύΤ 

 ω ͙͔͎͋͊ͭ͘Έ ͍·͍͍ͦ͒ͦ ͦ ͍͔ͪͦ͒ͫͭ ͤ͊ ͍͔ͦͫͤͦ ͔͙͙͒ͤ;ͤ·ͻ ͍͔͙͚ͫͦͨ͊͒ͤΣ ͔ͦͫͦ͋ͤͤͦ ͍ ͙ͦͪͦͭ͟͟ͻ ͙ 

;͊ͫͭͦͭͤ·ͻ ͍ͫͦ͊͡ͻ ό͙ͭͨ͊ ŀǘŀΣ ŀƴŀΣ ǎǳ ͙ ͭΦ ͒ΦύΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͺ͎͙ͦͤͦͦ͡;͔͙͔ͫ͟ ͔͙ͨ͊ͪ͊͡͡͡ ͔ͣ͗͒ͯ ͨͪ͊ͭΌ͙ͪͫͣ͟͟ ͙ ͔͍͔͔͙͙͙ͫͪͦ͊ͣͪ͊ͤͫͣ͟͟ 

Ύ͘·͙͊ͣ͟ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔ͤ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͎͔͔͙ͤͭ;͔͚ͫͦ͟ ͍ͫΎ͙͘Σ ͊ ͔͔ͫͦͪ͟ ͙͔ͨͪͣͪ ͍͔͎͔͎ͦͤͪͤͭͤͦͦ͟ 

͍͙͙ͪ͊ͭ͘Ύ ͍͍͚ͯͦͦ͘͟ ͫͭͪͯͭͯͪ͟· ͍ ͍͙ͯͫͦ͡Ύͻ ͙͙͋͘͟͡ͻ ͎͙͙͍ͦͤͭͤ͟·ͻ ͙ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͔͔ͭͤ͒ͤͼ͙͚Φ 

˸ͦͪͺ͎͙ͦͦ͡ΎΥ ͎͎͊͡Ό͙ͭͤ͊ͼ͙Ύ ͙ ͍͍͙͔ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡ 

˸ͦͪͺ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͨͪ͊ͭΌ͎ͪͫͦͦ͟͟ Ύ͘·͊͟Σ ͖ͦͭͪ͊͗ͤͤ͊Ύ ͍ ͦͪͻ͙ͦͤͫ͟ͻ ͙ͤ͊͒ͨͫΎͻ ͙ ζ/ƻŘŜȄ 

/ǳƳŀƴƛŎǳǎηΣ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͙͊ͫͫ͟͡;͔ͫͯ͟Ό ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤͯΌ ͔ͣͦ͒͡ΈΥ ͟ ͔͙͔ͤͣͤͤͦͣͯ͘ ͦͪͤ͟Ό 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤͦ ͙͔͙ͨͪͫͦ͒ͤΎΌͭͫΎ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͫͯͺͺ͙ͫ͟·Σ ͊͗͒͟·͚ ͙͘ ͦͭͦͪ͟·ͻ ͔͖ͤͫͭ ͦ͒ͤͦ 

ͦ͟ ͔͔ͤͪͭͤͦ͟ ͤ͊͘;͔͙͔ͤΦ 

ˢ͎͙ͤ͊ͦ͡;ͤ͊Ύ ͙͔ͫͫͭͣ͊ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͍ͦ ͎͙ͣͤͦͻ Ύ͘·͊͟ͻ ͔ͦͪͤͤ͟·ͻ ͍ͤ͊ͪͦ͒ͦ ˢ͔͙͙ͣͪ͟Σ ͔ͦͫͦ͋ͤͤͦ ͍ 

͎͙͚͊ͦͤͤͫͦ͟͟͡Σ ͙͚ͫͯ͊ͤͫͦ͟ ͙ ͤ͊-͔͔͒ͤ ͍͔͍ͭΎͻΦ 

˻͔͋ ͙͔ͫͫͭͣ· ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎΥ 

ω ͎͚ͫͭͪͦͦ ͙͔͚ͤͤͦͫͭ͡ΈΌ ͣͦͪͺ͔ͣΣ 

ω ͍·͚ͫͦͦ͟ ͔͔ͨͪ͒ͫ͊ͯͣͦͫͭ͘͟ΈΌ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͺͦͪͣΣ 

ω ͫͦͻ͔͙͔ͪ͊ͤͤͣ ͦͪͤ͟Ύ ͔͋͘ ͺ͔͙ͦͤͭ;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘Σ 

ω ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͫͯͺͺ͙͍ͫͦ͟ ͒͡Ύ ͍·͔͙ͪ͊͗ͤΎ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡Σ ;͙ͫ͊͡Σ ͍͔͔͙ͪͣͤ ͙ ͔ͨ͊͒͗͊Φ 

˻͒ͤ͊ͦ͟ ͍͊͗ͤͦ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͫͻ͍ͦ͒ͫͭͦ ͔͒ͫ͘Έ ͙͔͔ͣͭ ͙͎͙ͭͨͦͦ͡;͔͙͚ͫ͟ ͻ͔͊ͪ͊ͭͪ͟Φ ˢ͎͎͡Ό͙ͭͤ͊ͼ͙Ύ τ Ήͭͦ 

͙͍͔ͯͤͪͫ͊͡Έͤ·͚ ͙ͨͪͤͼ͙ͨΣ ͫͨͦͫͦ͋ͤ·͚ ͍͙ͦͤ͊ͭ͘͟Έ ͔͍͙͙ͤ͊ͫͣͦ͘ ͍ ͪ͊ͤ͘·ͻ Ύ͘·͍ͦ͟·ͻ ͔ͫͣΈΎͻΣ ͔ͦͫͦ͋ͤͤͦ ͍ 

͍͙ͯͫͦ͡Ύͻ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͙͙͍ͦͪͦ͊ͤͤ͘͡·ͻ ͔͔ͨͣͤͤ͡·ͻ ͫͦͦ͋΅͔͍ͫͭ ͫ ͎͚͋ͦ͊ͭͦ ͚ͯͫͭͤͦ ͙ͭͪ͊͒ͼ͙͔͚ ͙ ͔͋͘ 

͙͔͒ͭ͡͡Έ͚ͤͦ ͙ͨͫΈ͔͚ͣͤͤͦ ͺ͙ͫ͊͟ͼ͙͙Φ 

˿͍͙͔ͪ͊ͤͭ͡Έͤ͊Ύ ͙ͭ͊͋͡ͼ͊ ό͙͡͡Ό͙͍ͫͭͪ͊ͭͤ͊ΎΣ ͙͎͙ͭͨͦͦ͡;͔ͫ͊͟Ύύ 

 

ˤ·͍ͦ͒  

1Φ ˢ͎͎͡Ό͙ͭͤ͊ͼ͙Ύ ͍ ͔͙ͦ͋ͻ ͙ͭͪ͊͒ͼ͙Ύͻ ͍·ͨͦͤ͡Ύ͔ͭ ͎͙͊ͤ͊ͦ͡;ͤͯΌ ͺͯͤ͟ͼ͙Ό τ ͍ ·͔ͪ͊͗͊ͭ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ 

Ѕ ˿͔͙ͣ͊ͤͭ͊͟ ˽ͪ͊ͭΌ͔ͪͫͦ͟͟ 
͍ͫͦͦ͡ ό˻ͪͻͦͤκ 
˴͔ͦ͒ͫ͟ 
˴͙ͯͣ͊ͤͯͫ͟ύ 

˽͙͔ͪͣͪ ͙͘ Ύ͘·͍ͦ͟ 
͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ 

͙͎́ͨͦͦͦ͡;͙͔ͫͦ͟ 
ͫͻ͍ͦ͒ͫͭͦ 

˴͔͙͚ͦͣͣͤͭ͊ͪ 

1 ˹͔͋ͦ κ ˨ͯͻ TŜƺǊƛ ²ŀƪŀƴ ¢ŀƴƪŀ ό͊ͦͭ͊͟͡ύ ˿ͻͦ͒ͤ͊Ύ ͔͙ͫͣ͊ͤͭ͊͟ 
ό͍͔ͪͻ͍ͦͤ·͚ ͒ͯͻύ 

͔͙̅ͦͤͭ͊͟ ͙ͪ͊͘͡;ͤ͊Σ ͤͦ ͦͤ͟ͼ͔ͨͭ 
͙͔͙͒ͤͭ;͔ͤ 

2 ˻͔ͭͼ Ata ŀŘŀ κ ŀǘŀ ό;͔͙ͪͦ͟Σ ͒͊ͦͭ͊͟ύ ˽ͪͦͫͭ͊Ύ ͫͭͪͯͭͯͪ͊͟  
CV-CV 

ˤ͔ͦͣͦ͗ͤͦ͘ ͙͍͔ͯͤͪͫ͊͡Έ͔ͤͦ 
͙ͨͪͦͫͻ͔͙͔ͦ͗͒ͤ 

3 ˸͊ͭΈ Ana ƛƴŀ ό͙ͫͯύ ˾͔͙͒ͯͨ͊͟͡ͼ͙Ύ 
ͤ͊;͊͡Έ͚ͤͦ ͎͚͊ͫͤͦ͡ 

͙͙́ͨ;͔ͤͦ ͒͡Ύ ͔͚͒ͭͫͦ͟ ͔ͪ;͙ Ҧ 
͙͍͔͙ͯͤͪͫ͊͡Ύ 

4 ˤͦ͒͊ Su ǎƘǳ κ ǎƛǳ ό͍ͤ͊͊ͻͦΣ ͙ͫͯύ ˻͙͍͒ͤ͊ͦ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ 
CV 

ˤ͔ͪͦΎͭͤ͊ ͔ͦͤͦͣ͊ͭͦͨΎ 

5 ˻͎ͦͤΈ Ot ish κ ƛǘ όΌ͗ͤ·͔ ͙ͫͯύ ˴ͪ͊ͭ͊͟Ύ ͔͍ͦͪͤ͊͟Ύ 
ͺͦͪͣ͊ 

ˤͦͣͦ͗ͤ͊͘ ͫͯ͡;͚͊ͤ͊Ύ 
͍͔͎͔ͦͤͪͤ͟ͼ͙Ύ 

6 ˭͔ͣ͡Ύ Yer ȅŜǊƛ ό;͔͙ͪͦ͟ύ ˻͋΅͙͚ ͔ͦͪͤ͟Έ ζȅŜǊ-η ˽͔͊ͪ͊͡͡͡Έ ͨͦ ͦͪͤ͟ΌΣ ͤͦ ͔ͤ 
͔͎ͪͯ͡ΎͪͤͦͫͭΈ 

7 ͔͍͔̉ͦ͟͡ Er ƛǊ κ ŜŜǊ ό͙ͫͯΣ ͙ͪ͟ύ ˿ͻͦ͒ͤ·͚ ͔ͦͪͤ͟Έ ͙ 
͔͙ͫͣ͊ͤͭ͊͟ 

ˤ͔ͦͣͦ͗ͤ͘ ͦ͋΅͙͚ ͊ͪͻ͙͊;ͤ·͚ 
͔ͦͪͤ͟Έ 

8 ˿ͦͤ͡ͼ͔ KǸƴ ƪǳƴŀ κ ƪǳƴƛ ό͍ͤ͊͊ͻͦΣ ͻ͙ͦͨύ ˿͍͔͙͔ͦͨ͊͒ͤ ͍ͦͫͤͦ· 
kun- 

˸͔ͦ͗ͭ ͋·ͭΈ ͙͍͔ͯͤͪͫ͊͡Έͤ͊Ύ 
͔͍ͦͪͤ͊͟Ύ ͔ͣͦ͒͡Έ 

9 ˴͔͊ͣͤΈ Tŀǒ ǘŀǎ κ ǘŀȊƘƛ ό;ͦͭͦ͟ύ ˽ͦͻͦ͗͊Ύ ͫͭͪͯͭͯͪ͊͟ ͙ 
ͤ͊͘;͔͙͔ͤ 

ˤͦͣͦ͗ͤͦ͘ ͙͎͙ͭͨͦͦ͡;͔͔ͫͦ͟ 
͍͔͙͔ͫͦͨ͊͒ͤ 

10 ˥ͦͪ͊ Tag ǘŀƎŀ κ ǘŀǉŀ ό͙ͫͯΣ ͔͟;ͯ͊ύ ˿ͻͦ͒ͤ͊Ύ ͺͦͪͣ͊ ˴͍͔͎͔͔ͦͤͪͤͭͤͦ ͍͙͙͔ͪ͊ͭ͘ ͍ 
͙ͨͪͪͦ͒ͤ·ͻ ͔͙ͭͪͣͤ͊ͻ 
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ͦͭͤͦ΄͔͙ͤΎ ͔͋͘ ͙͔͔͙ͣͤͤ͘Ύ ͦͪͤ͟ΎΦ 

нΦ ͔͙̅ͦͤͭ;͔͙͔ͫ͟ ͍͔͙ͫͦͨ͊͒ͤΎ ͔ͦͭ͒͡Έͤ·ͻ ͍ͫͦ͡ ό͙͔ͤ͊ͨͪͣͪΣ ǎǳΣ ŀǘŀΣ ŜǊύ ͔ͤ ͎ͣͦͯͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ 

͊͟͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ ͍ͪͦ͒ͫͭ͊Τ ͙ͦͤ ͦͭͪ͊͗͊Όͭ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͺ͔͙ͦͤͭ;͔͎ͫͦͦ͟ ͯͨͪͦ΅͔͙ͤΎ 

͙ ͎͙ͦͪ͊ͤ;͔ͤͤ·͚ ͤ͊͋ͦͪ ͍ͦͣͦ͗ͤ͘·ͻ ͍͍ͯͦ͘͟·ͻ ͙ͦͣ͋ͤ͊͟ͼ͙͚Φ 

оΦ ˿͍͔͙ͦͨ͊͒ͤΎ ͔͙͙ͫͣ͊ͤͭ͟ ͍ ͍͚͋͊ͦͦ͘ ͔͙͔ͫ͟͟͡ ό͔ͤ͋ͦΣ ͫͦͤ͡ͼ͔Σ ;͔͍͔ͦ͟͡ύ ͣͦ͗ͤͦ ͦ͋ΆΎ͙ͫͤͭΈ ;͔͔ͪ͘ 

ͫͻ͍ͦ͒ͫͭͦ ͙͍͔͙ͣͪͦͦͪͤ͘͘Ύ ͙ ͯ͟͡Έ͎ͭͯͪͤͦͦ ͔ͦͤͭͫͭ͊͟͟Σ ͊ ͔ͤ ;͔͔ͪ͘ ͨͪΎ͔ͣͦ ͔͍͙͔ͤ͊ͫ͒ͦ͊ͤ͡Φ 

˿͙͙ͤͭ͊ͫͫ͟ ͙ ͫͭͪͯͭͯͪ͊͟ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ 

мΦ ˻͋΅͙͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ 

˽ͪ͊ͭΌ͙͚ͪͫ͟͟ Ύ͘·͟Σ ͨͦ ͒͊ͤͤ·ͣ ͦͪͻ͙ͦͤͫ͟ͻ ͙͔͚ͤ͊͒ͨͫ ό±LLL ͍Φύ ͙ ͔͙ͫ͟͡;͔͙ͫ͟ͻ ͺ͎͔͍ͪ͊ͣͤͭͦ /ƻŘŜȄ 

/ǳƳŀƴƛŎǳǎ ό·LLL ͍ΦύΣ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͙͙ͭͨ;ͤ·͚ ͨͦͪΎ͒ͦ͟ ͍ͫͦ͡ {h± ό͔ͨͦ͒͗͊͡΅͔͔ τ ͔͙͔͒ͦͨͦͤͤ͡ τ 

͔͔ͫ͊ͯͣͦ͘͟ύΦ 

˽͙͔ͪͣͪ ͙͘ ˻ͪͻ͙ͦͤͫ͟ͻ ͙͔͚ͤ͊͒ͨͫΥ 

YǸƭ ǘƛƎƛƴ ŀƴǘŀ ōŀǊŘƠ τ ζ˴Ό͡Έ ͔͎͙́ͤ ͭͯ͒͊ ͨͦ΄͖͡ηΦ 

́͊͊͟Ύ ͫͭͪͯͭͯͪ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͻ͔͚͊ͪ͊ͭͪͤͦ͟ ͒͡Ύ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·ͻ Ύ͘·͍ͦ͟Σ ͎͔͒ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ 

ͦͭͤͦ΄͔͙ͤΎ ͍·ͪ͊͗͊ΌͭͫΎ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟Σ ͊ ͨͦͪΎ͒ͦ͟ ͍ͫͦ͡ ͙͎͔ͪ͊ͭ ͪͦ͡Έ ͯͭͦ;͔͙ͤͤΎΣ ͊ ͔ͤ ͍ͦͫͤͦ· 

͙͙ͫͤͭ͊ͫͫ͊͟Φ 

ˤͦ ͎͙ͣͤͦͻ Ύ͘·͊͟ͻ ͔ͦͪͤͤ͟·ͻ ͍ͤ͊ͪͦ͒ͦ ˿͔͍͔͚ͪͤͦ ˢ͔͙͙ͣͪ͟ τ ͔ͦͫͦ͋ͤͤͦ ͍ ͔ͫͣΈΎͻ ͙͚ͫͯ͊ͤͫͦ͟Σ ͤ͊-

͔͔͒ͤ ͙ Όͭͦ-͊ͼ͔͚ͭͫͦ͟͟ τ ͔ͭ͊͗͟ ͔͔ͨͪͦ͋͊͒͊ͭ͡ ͨͦͪΎ͒ͦ͟ {h±Σ ͔͔ͤͪ͒ͦ͟ ͒ͦͨͦͤ͡Ύ͔ͣ·͚ ͙ͨͦͫͭͨͦ͘ͼ͙Ύ͙ͣ 

͍͔ͣͫͭͦ ͔͎͍ͨͪ͒ͦͦ͡Φ 

˽͙͔ͪͣͪ ͙͘ Ύ͘·͊͟ ͍ͤ͊͊ͻͦ όͤ͊-͔͔͒ͤύΥ 

!ǎƘƪƛƛ ŀǘΩŞŞŘ ȅƛǎƘǘŊȳŊȳΩ τ ζ˸ ͊͡Έ;͙͟ ͔͍͒ͦ;ͯ͟ ͍͙͙͒ͭη ό͍͋ͯ͟Φ ζͣ͊͡Έ;͙͟ ͔͍͒ͦ;ͯ͟ ͍͙͙͒ͭηύΦ 

͔́͊ͦ͟ ͔ͫͭͪͯͭͯͪͤͦ͟ ͫͻ͍ͦ͒ͫͭͦ ͯ͊͘͟·͍͔͊ͭ ͔ͤ ͤ͊ ͎͔͔͙ͤͭ;͔ͫͯ͟Ό ͍ͫΎ͘ΈΣ ͊ ͤ͊ ͔ͨ͊ͪ͊͡͡͡Έ͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ 

͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ͻ ͔͍ͨ͊ͭͭͪͤͦ ͍ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·ͻ ͙͔ͫͫͭͣ͊ͻΦ 

нΦ ˽͙ͦͫͭͨͦ͘ͼ͙͙ ͙ ͙͊͘ͺ͔ͭͤ·͔ ͦͤͫͭͪͯ͟͟ͼ͙͙ 

ˤ ͨͪ͊ͭΌͪͫͦͣ͟͟ Ύ͘·͔͟ ͍͙͙͔͊ͫͣͦ͘ ͍ͫͦͦ͡ ͔ͨͪ͒΄͔͍͔ͫͭͯͭ ͎͍͊ͤͦͣͯ͡Υ 

bodun begi τ ζͤ͊ͪͦ͒ͤ·͚ ͍ͦ͗͒Έη ό͍͋ͯ͟Φ ζ͍ͦ͗͒Έ ͤ͊ͪͦ͒͊ηύΦ 

ˢ͎͙ͤ͊ͦ͡;ͤ͊Ύ ͔ͣͦ͒͡Έ ͍͔ͫͭͪ;͔͊ͭͫΎ ͙ ͍ ͪΎ͔͒ ͔͙͙͊ͣͪ͊ͤͫ͟͟ͻ Ύ͘·͍ͦ͟Σ ͙͔ͤ͊ͨͪͣͪΣ ͯ ͒͊ͦͭ͊͟ ͙͙͡ ;͔͙ͪͦ͟Σ 

͎͔͒ ͙ͨͪͭΎ͔͗͊ͭ͡Έͤ͊Ύ ͦͤͫͭͪͯ͟͟ͼ͙Ύ ͔ͭ͊͗͟ ͍·͙͍͔ͫͭͪ͊͊ͭͫΎ ͨͦ ͙ͨͪͤͼ͙ͨͯ ζ͔͔ͦͨͪ͒͡Ύ͔͔ͣͦ Ҍ 

͔͔ͦͨͪ͒͡ΎΌ΅͔͔ηΦ 

̏ͭͦ ͔ͦͭͪ͊͗͊ͭ ͦ͋΅ͯΌ ͎͙͙͍ͦͤͭͤͯ͟Ό ͔͎͙ͫͭͪ͊ͭΌΥ ͔͙ͦͤͪͭ͊͘͟͟ͼ͙Ύ ͙͖͒ͭ ͔ͨͦͫ͡ ͦ͋ͦͤ͊͘;͔͙ͤΎ ͫͯ΅͙ͤͦͫͭΣ 

;ͭͦ ͎͙ͦ͡;ͤͦ ͒͡Ύ Ύ͘·͍ͦ͟ ͫ ͍·͙ͫͦͣ͟ ͍͔ͯͪͦͤͣ ͣͦͪͺ͎͙ͦͦ͡;͔͚ͫͦ͟ ͙ͤͺ͙͍͙ͦͪͣ͊ͭͤͦͫͭΦ 

оΦ ˻͍͙͔ͭͫͯͭͫͭ ͎͙ͪ͊ͣͣ͊ͭ;͔͎ͫͦͦ͟ ͪͦ͒͊ ͙ ͙͔͚͊ͪͭ͟͡ 

˹͙ ͨͪ͊ͭΌ͙͚ͪͫ͟͟Σ ͙ͤ ͋ͦ͡Έ΄͙͍ͤͫͭͦ ͔͍͔͔͙͙ͫͪͦ͊ͣͪ͊ͤͫ͟͟ͻ Ύ͘·͍ͦ͟ ͔ͤ ͦ͋͊͒͊͡Όͭ ͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ 

͔͎͙͔͚͊ͭͦͪ͟ ͪͦ͒͊ ͙ ͙͔͚ͫͫͭͣͦ ͙͔͚͊ͪͭ͟͡Φ 

˻͍͙͔ͭͫͯͭͫͭ Ή͚ͭͦ ͔͎͙͙͊ͭͦͪ͟ ͔͙͔ͦͣͨͤͫͪͯͭͫ͟ΎΥ 

ω ͙͔͚ͫͫͭͣͦ ͊ͺͺ͙͍ͫͦ͟ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡Σ 

ω ͔͙͙͒ͭ͟;͔͙͙ͫͣ͟ ;͙͊ͫͭͼ͙͊ͣ ό͎͊ͤ͊ͦ͡ ͙͔͚͊ͪͭ͟͡ ͍ ͙͙ͫͤͭ͊ͫ͟;͔͚ͫͦ͟ ͺͯͤ͟ͼ͙͙ύΣ 

ω ͊ ͔ͭ͊͗͟ ͎͍͙͔ͫͦ͊ͫͦ͊ͤͣ͡ ͨͦ ;͙ͫͯ͡ ͙ ͙͡ͼͯΦ 

́͊͊͟Ύ ζΉ͙ͦͤͦͣ͟Ύ ͎͙͙ͪ͊ͣͣ͊ͭ͟η ͖ͫͦ͒͊ͭ͘ ͣͦͪͺ͎͙ͦͦ͡;͔ͫͯ͟Ό ͎͙͋ͦͫͭ͟Έ ͙ ͙͙͍͔ͯͫ͊ͭ͡ ͤ͊͘;͔͙͔ͤ 

͔ͦͤͭͫͭ͊͟͟Σ ;ͭͦ ͔ͭ͊͗͟ ͙͎͙ͭͨͦͦ͡;͔͙ͫ͟ ͙͔ͫ͋͗͊ͭ͡ Ή͙ͭ Ύ͘·͙͟Φ 

пΦ ˤ͔͊ͤͭͤͦͫͭ͡Έ ͙ ͎͎͊ͦ͡͡Έͤ͊Ύ ͙͒ͦͣͤ͊ͤͭͤͦͫͭΈ 

˴͊͟ ͍ ͨͪ͊ͭΌͪͫͦͣ͟͟Σ ͭ͊͟ ͙ ͍ Ύ͘·͊͟ͻ ͔͙͙͊ͣͪ͊ͤͫ͟͟ͻ ͔͖ͨͣͤ͡Σ ͔͔͙͔ͨͪ͒ͦ͗ͤ͡ ͦ͋·;ͤͦ ͙ͫͭͪͦͭͫΎ ͍͎ͦͪͯ͟ 

͎͎͊ͦ͡͡Έ͎ͤͦͦ ͼ͔ͤͭͪ͊Σ ͦͭͦͪ͟·͚ ͔͙ͫͦ͒ͪ͗ͭ ͙ͣ͊ͫͣ͊͟͡Έ͔ͤͦ ͙ͦ͟͡;͔͍ͫͭͦ ͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ ͙ͤͺͦͪͣ͊ͼ͙͙Υ ͙͡ͼͦΣ 

;͙ͫͦ͡Σ ͍͔ͪͣΎΣ ͍͙͒Σ ͣͦ͒͊͡ΈͤͦͫͭΈ ͙ ͔͒͊͗ ͫͯ͋Ά͔ͭ͟κͦ͋Ά͔ͭ͟Φ 

˹͙͔͊ͨͪͣͪΣ ͍ Ύ͘·͔͟ ͍ͤ͊͊ͻͦ ͦ͒ͤ͊ ͎͎͊ͦ͡͡Έͤ͊Ύ ͺͦͪͣ͊ ͔ͣͦ͗ͭ ͔͔͍ͨͪ͒͊͊ͭΈ ͫͣ·ͫ͡ ͼ͔͎ͦͦ͡ 
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͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΣ ͎͙͊ͤ͊ͦ͡;ͤͦ ͦͪͻͦͤͫͦͣͯ͟Υ 

ōŀǊŘƠ τ ζόͦͤύ ͨͦ΄͖͡ηΣ ͎͔͒ -ŘƠ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͨͪͦ΄͔͒΄͔͔ ͍͔ͪͣΎ ͙ ͍͔ͫͦͪ΄͖ͤͤͦͫͭΈ ͔͚͍͙͒ͫͭΎΦ 

̏ͭͦ ͍͚͍ͫͦͫͭͦ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͎͎͊ͦ͡͡ΈͤͯΌ ͙͒ͦͣͤ͊ͤͭͤͦͫͭΈ ͙ ͣͦͤͦͣͦͪͺ͔͔ͣͤͦ Ύ͒ͪͦ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ τ 

ͦ͋΅ͯΌ ;͔ͪͭͯ ͎͎͊͡Ό͙͙͍ͭͤ͊ͭͤ·ͻ ͙ ͙͙͔͙ͨͦͫͤͭͭ͡;͔͙ͫ͟ͻ ͙͔ͫͫͭͣΦ 

рΦ ˤ·͍ͦ͒ ͨͦ ͔ͪ͊͒ͯ͘͡ пΦо 

 1. SOV-ͨͦͪΎ͒ͦ͟Σ ͙ͨͦͫͭͨͦ͘ͼ͙͙Σ ͎͎͊ͦ͡͡Έͤ͊Ύ ͙͒ͦͣͤ͊ͤͭͤͦͫͭΈ ͙ ͍͙͔ͦͭͫͯͭͫͭ ͪͦ͒͊ ͍͔ͫͭͪ;͊ΌͭͫΎ ͊͟͟ ͍ 

ͨͪ͊ͭΌͪͫͦͣ͟͟Σ ͭ͊͟ ͙ ͍ Ύ͘·͊͟ͻ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍Φ 

 нΦ ͙̏ͭ ͫͻ͍ͦ͒ͫͭ͊ ͦ͋ΆΎͫͤΎΌͭͫΎ ͙͎͙ͭͨͦͦ͡;͔͚ͫͦ͟ ͍͔͎͔ͦͤͪͤ͟ͼ͙͔͚Σ ͊ ͔ͤ ͎͔͔͙ͤͭ;͔͙ͫͣ͟ ͍ͪͦ͒ͫͭͦͣΦ 

 оΦ ˻͋΅͙͔ ͫͭͪͯͭͯͪͤ͟·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͦͭͪ͊͗͊Όͭ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͎͎͊͡Ό͙ͭͤ͊ͼ͙͙ ͙ 

Ή͙ͦͤͦͣ͟Ό ͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭΣ ͍͚͍͔ͫͦͫͭͤͤ·͔ Ύ͘·͊ͣ͟ ͫ ͎͚͋ͦ͊ͭͦ ͣͦͪͺ͎͙͔͚ͦͦ͡ ͙ ͚ͯͫͭͤͦ ͯ͟͡Έ͚ͭͯͪͤͦ 

͙ͭͪ͊͒ͼ͙͔͚Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˽͍͔͖ͪͦ͒ͤͤ·͚ ͙͊ͤ͊͘͡ ͨͦ͊͊͘͟͡Σ ;ͭͦ ͫͻ͍ͦ͒ͫͭ͊ ͔ͣ͗͒ͯ Ύ͘·͙͊ͣ͟ ͔ͦͪͤͤ͟·ͻ ͍ͤ͊ͪͦ͒ͦ ˢ͔͙͙ͣͪ͟ ͙ 

ͨͪ͊ͭΌ͙ͪͫͣ͟͟ Ύ͘·ͦͣ͟Σ ͍͙͔͔͊ͫ͒ͭ͘͡Έ͍͍ͫͭͦ͊ͤͤ·ͣ ͍ ͨ͊ͣΎ͙ͭͤ͊͟ͻ ˻ͪͻͦͤ͊ ͙ /ƻŘŜȄ /ǳƳŀƴƛŎǳǎΣ ͤͦͫΎͭ 

͙͎͙ͭͨͦͦ͡;͔͙͚ͫ͟Σ ͊ ͔ͤ ͎͔͔͙ͤͭ;͔͙͚ͫ͟ ͻ͔͊ͪ͊ͭͪ͟Φ 

˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙ ͙͙ͫͤͭ͊ͫ͟;͔͙͔ͫ͟ ͔͙ͨ͊ͪ͊͡͡͡ τ ͙͔ͭ͊͟ ͊͟͟ ͎͎͊͡Ό͙ͭͤ͊ͼ͙ΎΣ ͨͦͪΎ͒ͦ͟ ͍ͫͦ͡ {h±Σ 

͍͙͔ͦͭͫͯͭͫͭ ͎͙ͪ͊ͣͣ͊ͭ;͔͎ͫͦͦ͟ ͪͦ͒͊ ͙ ͙ͤ͊͡;͙͔ ͙ͨͦͫͭͨͦ͘ͼ͙͚ τ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ ͫͻͦ͒ͤ·ͻ ͫͭͪͯͭͯͪͤ͟·ͻ 

͙ͨͪͤͼ͙ͨ͊ͻ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͔ͪ;͙Σ ͍͙ͦͤ͊͘͟Ό΅͙ͻ ͍ ͍͙ͯͫͦ͡Ύͻ ͫͻ͙ͦ͗ͻ ͙͙ͫͭͦͪͦ͟-ͯ͟͡Έͭͯͪͤ·ͻ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭΦ 

˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͙ ͊ͪͻ͔͎͙ͦͦ͡;͔͙͔ͫ͟ ͒͊ͤͤ·͔ ͔ͤ ͍͔ͨͦ͒ͭͪ͗͒͊Όͭ ͔͔͍͔͎ͤͨͦͫͪ͒ͫͭͤͤͦͦ ͦͤͭ͊ͭ͊͟͟ ͔ͣ͗͒ͯ 

͔͍͔͒ͪͤͭΌ͙͙ͪͫͣ͟͟ ͔͔͙ͨͣͤ͊ͣ͡ ͙ ͔ͦͪͤͤ͟·͙ͣ ͙ͤ͊ͪͦ͒͊ͣ ˢ͔͙͙ͣͪ͟Σ ͦ͒ͤ͊ͦ͟ ͒ͦͨͯͫ͊͟Όͭ ͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ 

͔͍͙͒ͪͤͻ ͙͎ͣͪ͊ͼ͙ͦͤͤ·ͻ ͍ͦͤ͡ ;͔͔ͪ͘ ˿͔͍͔ͪͦ-ˤͦͫͭͦ;ͤͯΌ ˢ͙͘ΌΣ ͦͭͦͪ͟·͔ ͎͙ͣͦ͡ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͙͎͍͙͙ͤͫͭ͡;͔͙ͫ͟ͻ ͙ ͯ͟͡Έͭͯͪͤ·ͻ ;͔ͪͭΦ 

˿͔͙ͣ͊ͤͭ;͔͙͔ͫ͟ ͍͔͙ͫͦͨ͊͒ͤΎ ͍ ͍͚͋͊ͦͦ͘ ͔͙͔ͫ͟͟͡ ό͙͔ͤ͊ͨͪͣͪΣ ŀǘŀ τ ͦ ͔ͭͼΣ ǎǳ τ ͍ ͦ͒͊Σ ƪǸƴ τ ͫ ͦͤ͡ͼ͔ύ 

͔͔ͫͦͪ͟ ͦͭͪ͊͗͊Όͭ ͎͙ͦͪ͊ͤ;͔ͤͤ·͚ ͤ͊͋ͦͪ ͺ͔͙ͦͤͭ;͔͙ͫ͟ ͔͔͍͔ͫͭͫͭͤͤ·ͻ ͫͦ;͔͙͚ͭ͊ͤ ͙ ͦ͋΅͔;͔͍͔ͦ͡;͔͙ͫ͟ͻ 

ͨͦͤΎ͙͚ͭΣ ;͔ͣ ͨͪΎ͔ͣͦ ͍ͪͦ͒ͫͭͦΦ 

ˢ͎͙ͤ͊ͦ͡;ͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͙ ͍ ͙ͣͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡ΎͻΥ ͯ͟͡Έͭ ͔ͤ͋͊Σ ͒ͯͻ͍ͦ 

͔͍ͨͪ͒ͦ͟Σ ΄͙͊ͣ͊ͤͣ͘ ͙ ͙͍͙ͫͣͦͣ͘͡ ͦͪ͊͡ ͙ ͫͦͤ͡ͼ͊ ͍͔ͫͭͪ;͊ΌͭͫΎ ͯ ͎͙ͣͤͦͻ ͔͍͙͒ͪͤͻ ͦ͋΅͔͍ͫͭ ͙ ͦ͋ΆΎͫͤΎΌͭͫΎ 

ͫͻͦ͒ͤ·͙ͣ ͎͙͙͍ͦͤͭͤ͟·͙ͣ ͔ͣͻ͙͙͊ͤͣ͊ͣ͘ ͙ͣͺ͍ͦͭͦͪ;͔͍ͫͭ͊Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͎͙͔ͨͦͭ͊͘ ͦ ζͨͪ͊ͭΌͪͫͦͣ͟͟ ͔͔ͫ͒͡η ͍ Ύ͘·͊͟ͻ ͙ ͙ͣͺ͊ͻ ͔ͦͪͤͤ͟·ͻ ͔͙͊ͣͪ͊ͤ͟ͼ͔͍ 

͔ͣͦ͗ͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈͫΎ ͍ ͪ͊ͣ͊͟ͻ ͍͙͔ͫͪ͊ͤͭ͡Έͤͦ-͙͎͙ͭͨͦͦ͡;͔͎ͫͦͦ͟ ͨͦ͒ͻͦ͒͊Σ ͤͦ ͔ͤ ͊͟͟ ͔͒ͦ͊͊ͭ͘͟͡Έ͍ͫͭͦ 

͍ͪͦ͒ͫͭ͊Φ 

˻ͤ͊ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͙͔͔ͤͭͪͫͤ·͚ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͡·͚ ͺ͔͔ͤͦͣͤΣ ͔͙ͫͦ͒ͤΎΌ΅͙͚ 

͙͎͍͙͙ͤͫͭͯ͟͡Σ Ή͎͙ͭͤͦͦ͡Ό ͙ ͊ͪͻ͔͎͔͔͙ͦͤͭͯ͟Σ ͙ ͔ͣͦ͗ͭ ͙ͫͯ͗ͭ͡Έ ͙͔ͨͪͣͪͦͣ ͎ͭͦͦΣ ͊͟͟ ͙͙͍ͦͪͦ͊ͤͤ͘͡·͔ 

ͯ͟͡Έͭͯͪ· ͔͔ͤͪ͒ͦ͟ ͙ͨͪͻͦ͒Ύͭ ͟ ͫͻ͙ͦ͗ͣ Ύ͘·͍ͦ͟·ͣ ͙ ͒ͯͻ͍ͦͤ·ͣ ͔ͣͦ͒͡ΎͣΣ ͦͭͪ͊͗͊Ό΅͙ͣ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ 

͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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уΦ 5ȅōƻΣ !Φ±Φ ˶͙͎͍͙͙ͤͫͭ;͔͙͔ͫ͟ ͦͤͭ͊ͭ͟͟· ͙ͪ͊ͤͤͻ ͭΌ͍ͪͦ͟Υ ͔͙ͫ͟͡;͔͙͚ͫ͟ ͺͦͤ͒Φ τ ˸ΦΥ ˤͦͫͭͦ;ͤ͊Ύ 

͙͔ͭͪ͊ͭͯͪ͊͡Σ нллтΦ 
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млΦ ˸͍͊ͦ͡Σ ˿Φ ˩Φ ˽͊ͣΎ͙͙ͭͤ͟ ͔͍͔͒ͪͤͭΌ͚ͪͫͦ͟͟ ͙ͨͫΈ͔͙ͣͤͤͦͫͭΦ τ ˸ Φτ˶ΦΥ ˮ͒͘-͍ͦ ˢ˹ ˿˿˿˾Σ мфрмΦ 
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ˮ͔͍ͫͣ͊ͭͯͦ͡͡ ͔͚͚̆ͯͫͤ͋ͦ ˻;͙͍͙ͦ͡; 

͙͚̆ͯ͒͗͊ͤ͒ͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔̂ͤͪͫͭͭ ͙͔͙ͣͤ ͔͙͊͊͒ͣ͊͟͟ ˣͦ͋ͦ͒͗ͦͤ͊ ˥͊ͺ͍ͯͪͦ͊ 

͎Φ ̆ͯ͒͗͊ͤ͒Σ ͙͙́͊͒͗ͫͭ͊ͤ͟ 

 

́˩˻˾˩́ˮ̉˩˿˴ˮ˩ ˻˿˹˻ˤ̍ ˮ˭̂̉˩˹ˮ̒ ˽˩˾̅˩˴́ˢ ˤ ̒˭̍˴ˢ̆ ˿ ˾ˢ˭˶ˮ̉˹˻˯ 

 ˥ ˾ˢ˸˸ˢ́ˮ̉˩˿˴˻˯ ˿́˾̂˴́̂˾˻˯ 

 

ˢͤ ͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͔͔͙ͭͦͪͭ;͔͙ͫͣ͟ ͍ͦͫͤͦ͊ͣ ͙ͯ͘;͔͙ͤΎ ͔ͨͪͺ͔ͭ͊͟ ͍ Ύ͘·͊͟ͻ ͫ ͙ͪ͊͘͡;͚ͤͦ 

͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ ͚ͫͭͪͯͭͯͪͦ͟Φ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍·͔͙ͪ͊͗ͤΎ ͔ͨͪͺ͔͎ͭͤͦͦ͟ ͤ͊͘;͔͙ͤΎ ͍ 

Ύ͘·͊͟ͻ ͫ ͺͦͪͣ͊͡Έͤͦ ͔͖͚͊ͪͨͤͤͦ͘͟͡ ͔͎͙͔͚͊ͭͦͪ͟ ͔ͨͪͺ͔ͭ͊͟ ͙ ͍ Ύ͘·͊͟ͻΣ ͎͔͒ ͔͒͊ͤͤͦ ͤ͊͘;͔͙͔ͤ ͔͔͖ͨͪ͒͊ͭͫΎ 

͔͍ͨͦͫͪ͒ͫͭͦͣ ͎͙͒ͪͯͻ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͙͙͡ ͔͙ͫͦ͟͟͡-͔ͦͤͭͫͭͯ͊͟͟͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭΦ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ-͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔ͨͪͺ͔ͭ͊͟Σ ͔͎ͦ ͫͦͦͭͤͦ΄͔͙͔ͤ ͫ ͔͎͙͊ͭͦͪ͟Ύ͙ͣ ͍͔͔͙ͪͣͤ ͙ 
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͍͙͒͊Σ ͊ ͔ͭ͊͗͟ ͨͪͦͼ͔ͫͫ· ͙͙ͫͭͦͪ;͔͚ͫͦ͟ Ή͍ͦ͡Όͼ͙͙ ͔ͨͪͺ͔ͭͤ͟·ͻ ͺͦͪͣΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ 

͙͎͙ͭͨͦͦ͡;͔ͫͦͣͯ͟ ͙ ͍͙͔ͫͪ͊ͤͭ͡Έͤͦͣͯ ͨͦ͒ͻͦ͒͊ͣΣ ͊ ͔ͭ͊͗͟ ͦͤ͟ͼ͔ͨͼ͙Ύͣ ͔ͦͭ;͔͍͔ͫͭͤͤ·ͻ ͙ ͔͊ͪͯ͋͗ͤ͘·ͻ 

͙͎͍͙͍ͤͫͭͦ͡Σ ͍ ;͙͊ͫͭͤͦͫͭ ˢΦˮΦ ˿͙͙ͣͪͤͼ͎ͦͦ͟Σ ˻Φ ˩͔͔ͫͨͪͫͤ͊ ͙ ˹Φ̅Φ ˮ͔ͪͭͤΈ͔͍͚ͦΦ ˨͔͔͊ͭͫ͡Ύ ͍·͍ͦ͒ ͦ 

͙͙͒ͤ͊ͣ;͔ͫͦͣ͟ ͻ͔͔͊ͪ͊ͭͪ͟ ͔ͨͪͺ͔ͭ͊͟ ͊͟͟ ͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ ͔͎͙͙͊ͭͦͪ͟Σ ͚ͫͨͦͫͦ͋ͤͦ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ 

͔ͫͭͪͯͭͯͪ͟ ͔͎ͦͤͪͭͤͦͦ͟͟ Ύ͘·͊͟ ͙ͨͪ ͫͦͻ͔͙͙ͪ͊ͤͤ ͦ͋΅͔͎ͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ Ύ͒ͪ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

͔ͨͪͺ͔ͭ͟Σ ͔͎͙͊ͭͦͪ͟Ύ ͍͔͔͙ͪͣͤΣ ͍͙͒ ͎͎͊ͦ͊͡͡Σ ͔͊ͫͨͭͯ͊͟͡ΈͤͦͫͭΈΣ ͎͙ͪ͊ͣͣ͊ͭ;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ Ύ͘·͊͟Σ 

͙͎͙ͭͨͦͦ͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡Σ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͔͙ͫͣ͊ͤͭ͊͟Σ ͎͎͊ͦ͡͡Έͤ·͔ ͺͦͪͣ·Σ ͙͙ͫͭͦͪ;͔ͫ͊͟Ύ Ή͍ͦ͡Όͼ͙ΎΦ 
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THEORETICAL FOUNDATIONS FOR THE STUDY OF THE PERFECT IN LANGUAGES  

WITH DIFFERENT GRAMMATICAL STRUCTURES 

 

Abstract 

The article focuses on the theoretical foundations of the study of the perfect in languages with 

different grammatical structures. It examines the ways perfect meaning is expressed in languages with a 

formally established perfect category as well as in languages where this meaning is conveyed through other 

grammatical or lexical-contextual means. The functional and semantic characteristics of the perfect, its 

correlation with the categories of tense and aspect, and the processes of historical evolution of perfect forms 

are analyzed. Special attention is paid to typological and comparative approaches, as well as to the 

theoretical views of prominent linguists, including A. I. Smirnitsky, O. Jespersen, and N. F. Irtenyeva. The 

article concludes that the perfect should be regarded as a dynamic grammatical category capable of adapting 

to the structure of a particular language while preserving a common functional core. 

Keywords: 
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ˤ͍͔͔͙͔͒ͤ  

˽͔ͪͦ͋ͣ͊͡ ͔ͨͪͺ͔ͭ͊͟ ͙͔͊ͤͣ͊ͭ͘ ͍͔͊͗ͤͦ ͔ͣͫͭͦ ͍ ͙ͯ͘;͔͙͙ͤ ͍͔͔ͪͣͤͤͦ-͔͊ͫͨͭͯ͊͟͡Έ͚ͤͦ ͙͔ͫͫͭͣ· 

͎͎͊ͦ͊͡͡Σ ͨͦͫͦ͟͡Έͯ͟ ͒͊ͤͤ͊Ύ ͔͎͙͊ͭͦͪ͟Ύ ͔ͦͭͪ͊͗͊ͭ ͔ͫͦ͗ͤͦ͡ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͎͙ͪ͊ͣͣ͊ͭ;͔͎ͫͦͦ͟ ͍͔͔͙ͪͣͤΣ 

͍͙͒͊ ͙ ͔͙͙ͫͣ͊ͤͭ͟ ͍·ͫ͊͘͟·͍͙͊ͤΎΦ ˿ͭͪͯͭͯͪ͊͟ ͍͔͔ͪͣͤͤ·ͻ ͺͦͪͣ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͔ͣ͗͒ͯ ͺͦͪͣ͊͡Έͤ·͙ͣ 

͔ͨͦ͊͊ͭ͘͟͡Ύ͙ͣ ͍͔͔͙ͪͣͤ ͙ ͙ͻ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤ·ͣ ͦͫͣ·͔͙͔ͫͤͣ͡ ͔ͤ ͍͔͎ͫ͒͊ ͫͯ΅͔͍͔ͫͭͯͭ ͔ͨͦͤͦ͡ ͍͔͍͙͔ͫͦͦͭͭͫͭΦ 

˽͔ͪͺ͔ͭ͟Σ ͊͟͟ ͦͫͦ͋͊Ύ ͎͎͊ͦ͡͡Έͤ͊Ύ ͺͦͪͣ͊ ͙͙͡ ͙͔ͫͫͭͣ͊ ͺͦͪͣΣ ͙ͫͯ͗ͭ͡ ͔͍ͫͪ͒ͫͭͦͣ ͍·͔͙ͪ͊͗ͤΎ 

͍͔͊ͪ͘΄͖͙ͤͤͦͫͭ ͔͚͍͙͒ͫͭΎΣ ͔͎ͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͙ ͍ͫΎ͙͘ ͨͪͦ΄͔͒΄͔͎ͦ ͫͦ͋·͙ͭΎ ͫ ͤ͊ͫͭͦΎ΅͙ͣ ͔ͣͦͣͤͭͦͣΦ 

˻͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡·Φ 

˽͔ͪͦ͋ͣ͊͡ ͔ͨͪͺ͔ͭ͊͟ ͙ ͔͎ͦ ͔ͣͫͭ͊ ͍ ͙͔͔ͫͫͭͣ ͎͎͊ͦ͡͡Έͤ·ͻ ͍͔͖ͪͣͤ ͨͦͯ͡;͙͊͡ ΄͙͔ͪͦͦ͟ ͍͔ͦͫ΅͔͙͔ͤ ͍ 

ͭͪͯ͒͊ͻ ͔ͦͭ;͔͍͔ͫͭͤͤ·ͻ ͙ ͔͊ͪͯ͋͗ͤ͘·ͻ ͙͎͍͙͍ͤͫͭͦ͡Φ ˻͙͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·ͻ Ύ͍͡Ύ͔ͭͫΎ ͨͦ͒ͻͦ͒ ˢΦˮΦ 

˿͙͙ͣͪͤͼ͎ͦͦ͟Σ ͦͭͦͪ͟·͚ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͔ͨͪͺ͔ͭ͟ ͔ͤ ͊͟͟ ͔ͦͭ͒͡ΈͤͯΌ ͺͦͪͣͯΣ ͊ ͊͟͟ ͼ͔ͯ͡Ό ͙͔ͫͫͭͣͯ 

͎͎͊ͦ͡͡Έͤ·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚Σ ͦ͋Ά͔͙͖͒ͤͤͤ·ͻ ͦ͋΅͙ͣ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫͣ͟ ͤ͊͘;͔͙͔ͤͣ ͍͔͊ͪ͘΄͖͙ͤͤͦͫͭ ͔͚͍͙͒ͫͭΎ 

͙ ͔͎ͦ ͍ͫΎ͙͘ ͫ ͤ͊ͫͭͦΎ΅͙ͣ ͔ͣͦͣͤͭͦͣΦ ̂;͖ͤ·͚ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟ ͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͯΌ ͎ͣͤͦͦͤ͊͘;ͤͦͫͭΈ ͔ͨͪͺ͔ͭ͊͟ 

͙ ͔͎ͦ ͫͨͦͫͦ͋ͤͦͫͭΈ Ή͍ͦ͡Όͼ͙͙͍ͦͤͪͦ͊ͭΈ ͍ ͪ͊ͣ͊͟ͻ Ύ͘·͍͚ͦͦ͟ ͙͔ͫͫͭͣ·. 

˿ͯ΅͔͍͔ͫͭͤͤ·͚ ͍͊͒͟͡ ͍ ͙ͯ͘;͔͙͔ͤ ͍͔͔ͪͣͤͤ·ͻ ͺͦͪͣ ͎͙͚͎͊ͤͫͦͦ͟͡ ͎͎͊ͦ͊͡͡ ͍͖ͤͫ ˻Φ ˩͔͔ͫͨͪͫͤΦ ˻ͤ 
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͙͙ͪͭ͟;͔͙ͫ͟ ͙ͦͭͤͦͫͫ͡Ύ ͟ ͍͟͡Ό;͔͙ͤΌ ͋ͯ͒ͯ΅͔͎ͦ ͍͔͔͙ͪͣͤ ͍ ͙͔ͫͫͭͣͯ ͍͔͖ͪͣͤΣ ͯ͊͘͟·͍͊Ύ ͤ͊ ͫͦͻ͔͙͔ͪ͊ͤͤ 

ͣͦ͒͊͡Έͤ·ͻ ͤ͊͘;͔͙͚ͤ ͯ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έͤ·ͻ ͎͎͍͊ͦͦ͡͡ ǎƘŀƭƭ ͙ ǿƛƭƭΦ ˩͎ͦ ͪ͊͋ͦͭ· ͍͊͗ͤ· ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ 

͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͺͦͪͣ ͎͎͊ͦ͊͡͡ ͙ ͫͦͦͭͤͦ΄͔͙ͤΎ ͍͔͔ͪͣͤͤ·ͻ ͙ ͣͦ͒͊͡Έͤ·ͻ ͤ͊͘;͔͙͚ͤΣ ;ͭͦ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ 

͍ͫΎ͊ͤͦ͘ ͫ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ͔ͨͪͺ͔ͭ͊͟Φ 

ˤ ͭͪͯ͒͊ͻ ˹Φ̅Φ ˮ͔ͪͭͤΈ͔͍͚ͦ ͔ͨͪͺ͔ͭ͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͍ ͪ͊ͣ͊͟ͻ ͙͔ͫͫͭͣ· ͺͯͭͯͪ͊͡Έͤ·ͻ ͺͦͪͣ ͙ ͙ͻ 

͔͖͙ͫͦͦͭͤͫͤͤͦͫͭ ͫ ͤ͊ͫͭͦΎ΅͙ͣ ͙ ͨͪͦ΄͔͒΄͙ͣ ͍͔͔͔ͪͣͤͣΦ ˢ͍ͭͦͪ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟ ͨͦ͒;͙͖ͤͤͤ·͚ ͻ͔͊ͪ͊ͭͪ͟ 

͋ͯ͒ͯ΅͙ͻ ͺͦͪͣ ͙ ͙ͻ ͍͙͙͊ͫͣͦͫͭ͘Έ ͦͭ ͍͔͔͚ͪͣͤͤͦ ͍ͦͫͤͦ·Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͎͔ͯ͋͗͡ ͦͫͣ·͙ͫͭ͡Έ 

͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͔ͨͪͺ͔ͭ͊͟ ͫ ͎͙͙͒ͪͯͣ ͍͔͔ͪͣͤͤ·͙ͣ ͔͎͙͊ͭͦͪ͟Ύ͙ͣΦ 

˭ͤ͊;͙͔ͭ͡Έ͔ͤͦ ͍͙͙͔ͤͣ͊ͤ ͍ ͙͎͍͙͙ͤͫͭ͡;͔͙ͫ͟ͻ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͻ ͔ͯ͒͡Ύ͔ͭͫΎ ͔ͭ͊͗͟ ͙͙ͫͭͦͪͦ͟-

͙͎͙ͭͨͦͦ͡;͔ͫͦͣͯ͟ ͔͊ͫͨͭͯ͟ ͔ͨͪͺ͔ͭ͊͟Φ ˤ ͪ͊͋ͦͭ͊ͻΣ ͍ͨͦͫΎ΅͖ͤͤ·ͻ ͙͒͊ͻ͙ͪͦͤ;͔ͫͦͣͯ͟ ͍͙͙ͪ͊ͭ͘Ό ͎͎͊ͦ͡͡Έͤ·ͻ 

ͺͦͪͣΣ ͨͦ͊͊ͤͦ͘͟Σ ;ͭͦ ͔ͨͪͺ͔ͭ͟ ͍ͦ ͎͙ͣͤͦͻ Ύ͘·͊͟ͻ ͨͪͦ΄͖͡ ͨͯͭΈ ͦͭ ͫͭ͊ͭ͊͡Έ͎ͤͦͦ ͤ͊͘;͔͙ͤΎ ͟ ͊͟ͼ͙ͦͤ͊͡ΈͤͦͣͯΣ 

ͪ͊ͫ΄͙ͪΎΎ ͍͚ͫͦ ͔͙ͫͣ͊ͤͭ;͔͙͚ͫ͟ ͙͒͊ͨ͊ͦͤ͘Φ ˻ͫͦ͋ͦ ͔ͦͭͣ;͔͊ͭͫΎ ͙͍͍͔͙͔ͨͪͦͭͦͨͦͫͭ͊ͤ͡ ͔ͨͪͺ͔ͭ͊͟ ͙ ͎ͨͪͦͫͭͦͦ 

ͨͪͦ΄͔͒΄͔͎ͦ ͍͔͔͙ͪͣͤ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟Σ ͎͔͒ ͔ͨͪͺ͔ͭ͟ ͫͦͻͪ͊ͤΎ͔ͭ ͔ͪͯ͘͡Έ͙͍͔ͭ͊ͭͤͦ ͙ ͙ͤ͟͡Ό͙͍͔ͤͦ͘ 

ͤ͊͘;͔͙͔ͤ ͙ ͔ͤ ͫͦ;͔͔ͭ͊ͭͫΎ ͫ ͭͦ;͚ͤͦ ͍͔͔͚ͪͣͤͤͦ ͙ͦ͊͊͘͟͡͡ͼ͙͔͚Φ 

ˤ ͪ͊ͤͦͫͭͪͯͭͯͪͤ͘͟·ͻ Ύ͘·͊͟ͻ ͔ͨͪͺ͔ͭ͟ ͔͙͔ͪ͊ͯͭͫ͘͡Ύ ͨͦ-ͪ͊ͤͦͣͯ͘Υ ͍ ͙ͦ͒ͤͻ ͦͤ ͙͔͔ͣͭ ;͖͔ͭͦ͟ 

ͺͦͪͣ͊͡Έ͔ͤͦ ͍·͔͙͔ͪ͊͗ͤΣ ͍ ͎͙͒ͪͯͻ τ ͔͔͖ͨͪ͒͊ͭͫΎ ͫ ͨͦͣͦ΅ΈΌ ͙ͤ·ͻ ͎͎͊ͦ͡͡Έͤ·ͻ ͺͦͪͣ ͙͙͡ 

͔ͦͤͭͫͭͯ͊͟͟͡Έͤ·ͻ ͙ ͔͙ͫ͟͡;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭΦ ̏ͭͦ ͍͙͍͔ͦ͋ͯͫͦ͊ͭ͡͡ ͔ͤͦ͒ͤͦͤ͊͘;ͤͦͫͭΈ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͙ ͔͔ͭͪ͋ͯͭ 

͔͎ͦͣͨͫͤͦͦ͟͟͡ ͙͊ͤ͊͊͘͡Σ ͯ;͙ͭ·͍͊Ό΅͔͎ͦ ͊͟͟ ͣͦͪͺ͎͙ͦͦ͡;͔ͫͯ͟Ό ͎͙ͦͪ͊ͤ͊͘ͼ͙ΌΣ ͭ͊͟ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ-

͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔ͨͪͺ͔ͭ͊͟Φ ˿͍͙͔ͪ͊ͤͭ͡Έͤͦ-͙͎͙ͭͨͦͦ͡;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͔ͨͪͺ͔ͭ͟ ͔ͤ ͊͟͟ ͙ͫͭ͊ͭ;ͤͯΌ ͔͎͙͊ͭͦͪ͟ΌΣ ͊ ͊͟͟ ͙͙͒ͤ͊ͣ;͔ͫͯ͟Ό ͙͔ͫͫͭͣͯΣ ͍͔͔ͨͦ͒ͪ͗ͤͤͯΌ 

͙͙ͫͭͦͪ;͔͙ͫͣ͟ ͙͔͔͙ͣͤͤ͘Ύͣ ͙ ͊͒͊ͨͭ͊ͼ͙͙ ͍ ͪ͊ͣ͊͟ͻ ͔͎ͦͤͪͭͤͦͦ͟͟ Ύ͘·͊͟Φ 

˿ͭͪͯͭͯͪ͊͟ ͔͙ͨͦͫͭͪͦͤΎ ͍͔͔ͪͣͤͤ·ͻ ͺͦͪͣ ͍ ͙ͻ ͍ͫΎ͙͘ ͫ ͍͙͒ͦͣ ͎͎͊ͦ͊͡͡ ͔͙͔͒ͣͦͤͫͭͪͪͯͭΣ ;ͭͦ ͔ͣ͗͒ͯ 

͙ͪ͊͘͡;ͤ·͙ͣ ͔͎͙͊ͭͦͪ͟Ύ͙ͣ ͍͔͔͙ͪͣͤ ͔ͤ ͍͔͎ͫ͒͊ ͫͯ΅͔͍͔ͫͭͯͭ ͨͦͤ͊͡Ύ ͙͔͙͒ͤͭ;ͤͦͫͭΈ ͊͟͟ ͍ ͎͙ͪ͊ͣͣ͊ͭ;͔ͫͦͣ͟ 

͍·͔͙͙ͪ͊͗ͤΣ ͭ͊͟ ͙ ͍ ͦͤ͟ͼ͔ͨͭͯ͊͡Έͤͦͣ ͍͙ͦͫͨͪΎ͙͙ͭ ͔͔͙͒ͤ͡Ύ ͤ͊ͫͭͦΎ΅͔͎ͦ ͍͔͔͙ͪͣͤΦ ˽͔ͪͺ͔ͭ͟Σ ͊͟͟ ͦͫͦ͋͊Ύ 

͎͎͊ͦ͡͡Έͤ͊Ύ ͺͦͪͣ͊Σ ΄͙ͪͦͦ͟ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͍ Ύ͘·͊͟ͻ ͫ ͍͙͚ͪ͊ͭͦ͘ ͙͔͚ͫͫͭͣͦ ͎͎͊ͦ͡͡Έͤ·ͻ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ 

͔͎͙͚͊ͭͦͪ͟Σ ͎͔͒ ͦͤ ͍·ͨͦͤ͡Ύ͔ͭ ͺͯͤ͟ͼ͙͙ ͍·͔͙ͪ͊͗ͤΎ ͍͔͊ͪ͘΄͖͙ͤͤͦͫͭ ͔͚͍͙͒ͫͭΎΣ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͙͙͡ ͍ͫΎ͙͘ 

ͨͪͦ΄͔͒΄͔͎ͦ ͫ ͤ͊ͫͭͦΎ΅͙ͣ ώмΣ ͫΦ орϐΦ ˹͙͊͡;͙͔ ͚ͭ͊ͦ͟ ͺͦͪͣ· ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔͋ͦ͡ ͭͦ;ͤͦ ͙͍ͦ͒ͪͦ͊ͭ͟Έ 

͍͔͔ͪͣͤͤ·͔ ͙ ͔͊ͫͨͭͯ͊͟͡Έͤ·͔ ͤ͊͘;͔͙ͤΎΣ ;ͭͦ ͔͎ͦ͋͡;͔͊ͭ ͔͙ͫͣ͊ͤͭ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͙ ͙͙ͫͤͭ͊ͫ͟;͔ͫͯ͟Ό 

͙ͫͭͪͯͭͯͪ͊͘͟ͼ͙Ό ͍·ͫ͊͘͟·͍͙͚͊ͤΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͯ͘;͔͙͔ͤ ͔ͨͪͺ͔ͭ͊͟ ͍ ͪ͊ͤͦͫͭͪͯͭͯͪͤ͘͟·ͻ Ύ͘·͊͟ͻ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͊͟͟ ͫͻ͍ͦ͒ͫͭ͊Σ 

ͭ͊͟ ͙ ͙ͪ͊͘͡;͙Ύ ͍ ͫͨͦͫͦ͋͊ͻ ͍·͔͙ͪ͊͗ͤΎ ͍͔͔ͪͣͤͤ·ͻ ͙ ͔͊ͫͨͭͯ͊͟͡Έͤ·ͻ ͔͎͙͚͊ͭͦͪ͟ ώрΣ ͫΦ фсϐΦ ˤ ͙ͭ͊͟ͻ ͫ ͯ͡;͊Ύͻ 

͒͡Ύ ͍·͔͙ͪ͊͗ͤΎ ͎͙͊ͤ͊ͦ͡;ͤ·ͻ ͤ͊͘;͔͙͚ͤ ͎ͣͦͯͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͎͙͔͒ͪͯ ͎͎͊ͦ͡͡Έͤ·͔ ͺͦͪͣ· ό͙͔ͤ͊ͨͪͣͪΣ 

ͨͪͦͫͭ·͔ ͨͪͦ΄͔͒΄͙͔ ͍͔͔ͪͣͤ͊ ͫ ͔ͦͤͭͫͭͯ͊͟͟͡Έͤ·͙ͣ ͔͙ͣ͊ͪͪ͊ͣ͟ύ ͙͙͡ ͔͙ͫ͟͡;͔͙͔ͫ͟ ͔͍ͫͪ͒ͫͭ͊Σ ͍͟͡Ό;͊Ύ 

͔ͤ͊ͪ;͙ΎΣ ͍͔͔ͪͣͤͤ·͔ ͔͙ͯ͊͊ͭ͘͟͡ ͙ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έͤ·͔ ͦͤͫͭͪͯ͟͟ͼ͙͙Φ ˻͒ͤ͊ͦ͟ ͍͔ͤ ͔ͦͤͭͫͭ͊͟͟ ͙͔ͭ͊͟ ͺͦͪͣ· 

͎ͣͦͯͭ ͋·ͭΈ ͔ͤͦ͒ͤͦͤ͊͘;ͤ·͙ͣΣ ;ͭͦ ͖ͫͦ͒͊ͭ͘ ͔͔͖ͦͨͪ͒ͤͤ͡·͔ ͙ͭͪͯ͒ͤͦͫͭ ͍ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͙ ͔͔ͭͪ͋ͯͭ 

͍͙͔ͤͣ͊ͭ͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡ ͊͟͟ ͣͦͪͺ͎͙ͦͦ͡;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟·Σ ͭ͊͟ ͙ ͔͙ͫͣ͊ͤͭ;͔͚ͫͦ͟ ͎͙ͤ͊ͪͯ͘͟ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͯ͘;͔͙͔ͤ ͔ͨͪͺ͔ͭ͊͟ ͍ ͪ͊ͤͦͫͭͪͯͭͯͪͤ͘͟·ͻ Ύ͘·͊͟ͻ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͊͟͟ ͫͻ͍ͦ͒ͫͭ͊Σ 

ͭ͊͟ ͙ ͙ͪ͊͘͡;͙Ύ ͍ ͫͨͦͫͦ͋͊ͻ ͍·͔͙ͪ͊͗ͤΎ ͍͔͔ͪͣͤͤ·ͻ ͙ ͔͊ͫͨͭͯ͊͟͡Έͤ·ͻ ͔͎͙͚͊ͭͦͪ͟Φ ˿͍͙͔ͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ 

ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ ͙ͤ͊͡;͙͔ ͙͙͡ ͍͙͔ͦͭͫͯͭͫͭ ͺͦͪͣ͊͡Έͤ·ͻ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͔͍ͣ͊ͪͪͦ͟ ͔ͨͪͺ͔ͭ͊͟ ͔ͤ ͍͔͎ͫ͒͊ 

͔ͦͭͪ͊͗͊ͭ ͔ͪ͊͡Έ͔ͤͦ ͙ͤ͊͡;͙͔ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔͙ͫͣ͊ͤͭ;͔͎ͫͦͦ͟ ͤ͊͘;͔͙ͤΎΣ ͊ ͙͡΄Έ ͯ͊͘͟·͍͔͊ͭ ͤ͊ 

͙ͪ͊͘͡;͙͔ ͔͎͙͚ͫͭͪ͊ͭ ͔͎ͦ ͙͍͙ͦ͒ͪͦ͊ͤ͟ΎΦ ̏ͭͦ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͍͊͗ͤͦͫͭΈ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͔ͨͪͺ͔ͭ͊͟ ͔ͤ ͭͦ͡Έͦ͟ 

͊͟͟ ͺͦͪͣ͊͡Έ͚ͤͦ ͔͎͙͙͊ͭͦͪ͟Σ ͤͦ ͙ ͊͟͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͔͙͙͒ͤͼ·Σ ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Ό΅͔͚ ͫ ͎͙͙͒ͪͯͣ 

͎͎͊ͦ͡͡Έͤ·͙ͣ ͺ͙ͦͪͣ͊ͣ ͙ ͔ͦͤͭͫͭͯ͊͟͟͡Έͤ·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣ Ύ͘·͊͟Φ 

˴ ͙͔ͨͪͣͪͯΣ ͎͙͚͊ͤͫ͊͟͡Ύ ͎͎͊ͦ͡͡Έͤ͊Ύ ͺͦͪͣ͊ ͨͪͦ΄͔͒΄͔͎ͦ ͍͔͔͙ͪͣͤ ζƘŀǎ ƎƻƴŜ ς ͋͊ͪͦͣ͊͒͊ ͪ͊ͺͭη 

͙͔͔ͣͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͋·ͭΈΣ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͔ͦͤͭͫͭ͊͟͟Σ ͊͟͟ ͔ͨͪͺ͔͚ͭͤͦ͟ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͔͚ ζŎŀƭƭ ƭŀǘŜǊΣ he 
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has gone ς ͔͒ͪͭ͊ͪ ͎͊ͤ͘ ͔͊ͤ͒͘Σ  ͋͊ ͪͦͣ͊͒͊ ͪ͊ͺͭηΣ ͭΦ͔Φ ͭ͊͟ ͙ ͔͔ͤͨͪͺ͔͚ͭͤͦ͟ άLast Monday he has gone out 

of the house at 10-oclock in the morning ς ͙͊ͭ͊ͅ ͎ͯ͊͘΄ͭ͊Σ ͙ͪ͘ ͒ͯ΄͔͊ͤ͋Σ ͙ͫͦ͊ͭ ͙͒͊ ͫͯ͋,  ͊͘ ͻͦͤ͊ 

͋͊ͪͦͣ͊͒͊ ͪ͊ͺͭη ς ͫͦͦ͋΅͔͊ͭͫΎ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͦ ͔ͤͦͭͦͪͦͣ͟ ͺ͔͊ͭ͟ ͍ ͨͪͦ΄ͦͣ͡Σ ͤͦ ͔ͤ ͦ ͙ͫͭͯ͊ͼ͙͙ ͍ 

ͤ͊ͫͭͦΎ΅͙͚ ͔ͣͦͣͤͭΦ 

ˮ͘ ͍·΄͔͙͔͎ͦ͗ͤͤͦͦ͘͡ ͔͔ͫ͒ͯͭ͡Σ ;ͭͦ ͙͔ͦͨͫ͊ͤͤͦ ͤ͊͘;͔͙͔ͤ ͔ͨͪͺ͔ͭ͊͟ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͫͤͦͤ·ͣΣ ͦ͒ͤ͊ͦ͟ 

ͦͤͦ ͔͒͊ͦ͟͡ ͔ͤ ͙ͫ;͔ͪͨ·͍͔͊ͭ ͍͔ͫΈ ͔ͫͨͭͪ͟ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ͻ ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ ͚͒͊ͤͤͦ ͎͎͊ͦ͡͡Έ͚ͤͦ ͺͦͪͣ·Φ ˤ 

͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ ͔ͨͪͺ͔ͭͤ͟·͔ ͺͦͪͣ·Σ ͊͘ͺ͙͙͍ͫͪͦ͊ͤͤ͟·͔ ͍ Ύ͘·͊͟ͻ ͙ͣͪ͊Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͦ͊͘͟·͍͊ΌͭͫΎ 

͔ͯ͗ ͍ ͚ͭͦ ͙͙͡ ͙͚ͤͦ ͔͔ͣͪ Ή͍ͦ͡Όͼ͙͙͍͍ͦͤͪͦ͊΄͙͙ͣ ͦͭ ζΉ͎ͭ͊ͦͤͤͦͦ͡η ͔ͨͪͺ͔ͭ͊͟Σ ͭͦ ͔ͫͭΈ ͦͭ ͺͦͪͣ·Σ 

͙ͤ͊͘;͊͡Έͤͦ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͚ͫΎ ͍·͔͙͔ͪ͊͗ͤͣ ͍͔͊ͪ͘΄͖͎ͤͤͦͦ ͔͚͍͙͒ͫͭΎ ͫ ͔ͪͯ͘͡Έͭ͊ͭͦͣΣ ͍ͫΎ͊ͤͤ͘·ͣ ͫ 

ͤ͊ͫͭͦΎ΅͙ͣ ͔ͣͦͣͤͭͦͣΦ ˤ ͨͪͦͼ͔͔ͫͫ ͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙ Ύ͘·͍͚ͦͦ͟ ͙͎͙ͭͨͦͦ͊͘͡ͼ͙͙ ͔ͨͪͺ͔ͭ͟ ͔ͣͦ͗ͭ 

ͪ͊ͫ΄͙ͪΎͭΈ ͙͙͡ ͔ͫͣ΅͊ͭΈ ͍͖ͫͦ ͤ͊͘;͔͙͔ͤΣ ͦͻ͍͊ͭ·͍͊Ύ ͍ͤͦ·͔ ͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͦͤ͘· ς ͙͔ͭ͊͟ ͊͟͟ ͍·͔͙͔ͪ͊͗ͤ 

ͦͨ·ͭ͊Σ ͍ͨͦͭͦͪΎ͔͙ͣͦͫͭ ͔͚͍͙͒ͫͭΎΣ ͍͔͊ͪ͘΄͖͙ͤͤͦͫͭ ͫͦ͋·͙ͭΎ ͍ ͨͪͦ΄ͦͣ͡ ͔͋͘ ͊͟ͼ͔ͤͭ͊ ͤ͊ ͔ͪͯ͘͡Έͭ͊ͭΣ 

Ήͣͦͼ͙ͦͤ͊͡Έͤͦ-ͦͼ͔ͤͦ;ͤ·͔ ͔͙ͦͭͭͤ͟Σ ͊ ͙͎ͤͦ͒͊ ͙ ͣͦ͒͊͡Έͤ·͔ ͺͯͤ͟ͼ͙͙Φ 

˿͔͔͒ͯͭ͡ ͨͦ͒;͔ͪͤͯͭ͟ΈΣ ;ͭͦ ͤ͊ ͙ͪ͊ͤͤͻ ͙ͫͭ͊͒Ύͻ ͎ͭ͊ͦͦ͟ ͔͙ͫͣ͊ͤͭ;͔͎ͫͦͦ͟ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ 

͔͍͙ͨͪͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ ͔ͤ ͙͔ͣΌͭ ͒ͦͫͭ͊ͭͦ;ͤ·ͻ ͍͙͚ͦͫͤͦ͊ͤ ͍͔ͯͭͪ͗͒͊ͭΈΣ ;ͭͦ ͔ͨͪͺ͔ͭͤ͟·͔ ͺͦͪͣ· 

͍ ͒͊ͤͤͦͣ Ύ͘·͔͟ ͯͭͪ͊;͔ͤ·Φ ˹͊ͦ͋ͦͪͦͭΣ ͙ͦͤ ͨͪͦ͒ͦ͗͊͡Όͭ ͍·ͨͦͤ͡ΎͭΈ ͍͊͗ͤ·͔ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͙ 

͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·͔ ͺͯͤ͟ͼ͙͙Σ ͙͡΄Έ ͙͔ͣͤ͘ΎΎ ͔͔ͫͭͨͤΈ ͙͙͡ ͔ͫͨͼ͙ͺ͙ͯ͟ ͍͔͎ͫͦͦ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͫͣ·ͫ͡ 

͍·ͫ͊͘͟·͍͙͊ͤΎΦ ͙͔́͊͟ ͙͔͔͙ͣͤͤ͘Ύ ͎ͣͦͯͭ ͨͪͦΎ͍͡ΎͭΈͫΎ ͍ ͙͔͔͙͙ͣͤͤ͘ ͫͦ;͔͙͚ͭ͊ͤ ͫ ͍͔͔ͪͣͤͤ·͙ͣ ͙͙͡ 

͔͊ͫͨͭͯ͊͟͡Έͤ·͙ͣ ͔ͨͦ͊͊ͭ͘͟͡Ύ͙ͣΣ ͍ ͔͔͔͔͔͙͙ͨͪͪ͊ͫͨͪ͒ͤ͡ ͔͚ͪͦ͡ ͔ͣ͗͒ͯ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έͤ·͙ͣ ͎͎͙͊ͦ͊ͣ͡͡ ͙ 

͍ͦͫͤͦͤ·͙ͣ ͺ͙ͦͪͣ͊ͣΣ ͊ ͔ͭ͊͗͟ ͍ ͙͒͊ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͍͙͎ͫ͒͊ͻ ͍ ͣͦͪͺ͎͙ͦͦ͡;͔͚ͫͦ͟ ͔ͫͭͪͯͭͯͪ͟Φ 

˽ͦ͒ͦ͋ͤ·͚ ͨͦ͒ͻͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͔ͨͪͺ͔ͭ͟ ͊͟͟ ͙͙͒ͤ͊ͣ;͔ͫͯ͟Ό ͔͎͙͊ͭͦͪ͟ΌΣ ͦͭͦͪ͊͟Ύ 

͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͫͦͻͪ͊ͤΎ͔ͭ ͍͋͊ͦ͘·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ζ͙͊ͫͫ͟͡;͔͎ͫͦͦ͟η ͔ͨͪͺ͔ͭ͊͟ ͙ ͙͔͊͒͊ͨͭͪͯͭͫΎ ͟ 

͔ͦͫͦ͋ͤͤͦͫͭΎͣ ͔͚ͦͤͪͭͤͦ͟͟ Ύ͘·͍͚ͦͦ͟ ͙͔ͫͫͭͣ·Φ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͍ ͍͙͔ͫͪ͊ͤͭ͡Έͤͦ-͙͎͙ͭͨͦͦ͡;͔ͫͦͣ͟ 

͙͔͊ͤ͊͘͡Σ ͎͔͒ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͤ͊͘;͙͔ͭ͡Έͤ·͔ ͙ͪ͊͘͡;͙Ύ ͔ͣ͗͒ͯ Ύ͘·͙͊ͣ͟ ͫ ͺͦͪͣ͊͡Έͤͦ ͍͙͚ͪ͊ͭͦ͘ ͙͔͚ͫͫͭͣͦ 

͔ͨͪͺ͔ͭ͊͟ ͙ Ύ͘·͙͊ͣ͟Σ ͎͔͒ ͔͎ͦ ͍·͔͙͔ͪ͊͗ͤ ͙͎͔͒ͦͫͭ͊ͭͫΎ ͊͘ ͫ;͖ͭ ͙ͦͣ͋ͤ͊͟ͼ͙͚ ͎͙͒ͪͯͻ ͎͎͊ͦ͡͡Έͤ·ͻ ͺͦͪͣ ͙͙͡ 

͔ͦͤͭͫͭͯ͊͟͟͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭΦ ͚́͊ͦ͟ ͙͊ͤ͊͘͡ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͯ;͙ͭ·͍͊ͭΈ ͔ͤ ͭͦ͡Έͦ͟ 

ͺͦͪͣ͊͡Έͤ·͔ ͨͪͦΎ͍͔͙ͤ͡Ύ ͔ͨͪͺ͔ͭ͊͟Σ ͤͦ ͙ ͔͎ͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔Σ ͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͙ ͔ͦͤͭͫͭͯ͊͟͟͡Έͤ·͔ 

͔͊ͫͨͭ͟·Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͎͔ͯ͋͗͡ ͨͦͤΎͭΈ ͔ͣͻ͙͊ͤͣ͘· ͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ Ή͍ͦ͡Όͼ͙͙ ͙ ͙͍͔ͯͤͪͫ͊͡Έͤ·͔ 

͔͔ͭͤ͒ͤͼ͙͙ ͍ ͍͙͙͙ͪ͊ͭ͘ ͍͔͔ͪͣͤͤ·ͻ ͔͎͙͚͊ͭͦͪ͟Φ 

ˢΦˮΦ ˿͙͙ͣͪͤͼ͙͚͟ ͨͦ͒ ͔ͨͪͺ͔ͭͦͣ͟ ͙͔ͨͦͤͣ͊ͭ ͍ͫΌ ͙͔ͫͫͭͣͯ ͎͎͊ͦ͡͡Έͤ·ͻ ͺͦͪͣΣ ͦͭͦͪ͟·͔ ͍͟͡Ό;͊Όͭ 

ͨͪΎ͔ͣͦ ͫͦ;͔͙͔ͭ͊ͤ ͙ͨͪ;͙͊ͫͭΎ ͨͪͦ΄͔͒΄͔͎ͦ ͍͔͔͙ͪͣͤ ͫ ͚͊ͦ͟͟-͙͋ͦ͡ ͺ͚ͦͪͣͦ ͎͎͊ͦ͊͡͡ ζƘŀǾŜη ͙͙͡ 

͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ Ήͭͦ ͙ͨͪ;͙͔͊ͫͭ ͫ͊ͣͦ ͨͦ ͔͔ͫ͋Σ ͫͦͻͪ͊ͤΎΎ ͙ͨͪ Ήͭͦͣ ͭͦ ͔͗ ͎͙ͪ͊ͣͣ͊ͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΣ 

͔ͦͭͦͪͦ͟ ͻ͔͊ͪ͊ͭͪͤͦ͟ ͒͡Ύ ͔͔͍͔͎ͤͨͦͫͪ͒ͫͭͤͤͦͦ ͫͦ;͔͙ͭ͊ͤΎ ͫ ͎͎͊ͦͦͣ͡͡ ζƘŀǾŜηΦ ώпΣ ͫΦ пплϐ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͨͪͺ͔ͭ͟ ͍ ͙͙͙ͨͦͤͣ͊ͤ ˢΦˮΦ ˿͙͙ͣͪͤͼ͎ͦͦ͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͔ͤ ͊͟͟ ͔͙͙͒ͤ;ͤ͊Ύ 

͎͎͊ͦ͡͡Έͤ͊Ύ ͺͦͪͣ͊Σ ͊ ͊͟͟ ͔ͦͣͨͫ͟͟͡ ͍͙͍͊ͣͦͫ͘Ύ͊ͤͤ͘·ͻ ͦͤͫͭͪͯ͟͟ͼ͙͚Σ ͦ͋Ά͔͙͖͒ͤͤͤ·ͻ ͦ͋΅͙ͣ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͣ ͤ͊͘;͔͙͔ͤͣΦ ˻͍ͫͤͦͤ͊Ύ ͺͯͤ͟ͼ͙Ύ Ή͙ͭͻ ͦͤͫͭͪͯ͟͟ͼ͙͚ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͍·͔͙͙ͪ͊͗ͤ 

͍͔͊ͪ͘΄͖͎ͤͤͦͦ ͔͚͍͙͒ͫͭΎΣ ͙͔ͣΌ΅͔͎ͦ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͙͙͡ ͔ͪͯ͘͡Έͭ͊ͭ·Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ ͤ͊ͫͭͦΎ΅͙ͣ ͔ͣͦͣͤͭͦͣΦ 

˽͙ͪ Ήͭͦͣ ͔ͨͪͺ͔ͭ͟ ͔ͣͦ͗ͭ ͍·ͨͦͤ͡ΎͭΈ ͙ ͎͙͔͒ͪͯΣ ͔͔͋ͦ͡ ͙͔ͭͦͤ͟ ͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͙ͪͦ͡Σ ͍͟͡Ό;͊Ύ ͙͔ͯ͊͊ͤ͘͟ ͤ͊ 

͙͡;ͤ·͚ ͦͨ·ͭ ͎͍ͦͦͪΎ΅͔͎ͦΣ ͍ͨͦͭͦͪΎ͔ͣͦͫͭΈ ͫͦ͋·͙ͭΎ ͍ ͨͪͦ΄ͦͣ͡Σ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤͦͫͭΈ ͙͙͡ Ήͣͦͼ͙ͦͤ͊͡Έͤͦ-

ͦͼ͔ͤͦ;ͤ·͚ ͔ͦͭͭͤͦ͟ ͔͚͍͙͒ͫͭΎΦ 

˿ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͙͙ͫͭͦͪͦ͟-͙͎͙ͭͨͦͦ͡;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡Σ ͨͦ͒ͻͦ͒ ˢΦˮΦ ˿͙͙ͣͪͤͼ͎ͦͦ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͙͔͒ͭΈ 

͔ͨͪͺ͔ͭ͟ ͔ͤ ͊͟͟ ͙ͫͭ͊ͭ;ͤͯΌ ͔͎͙͊ͭͦͪ͟ΌΣ ͊ ͊͟͟ ͙͙͒ͤ͊ͣ;͔ͫͯ͟Ό ͙͔ͫͫͭͣͯΣ ͦͭͦͪ͊͟Ύ ͍ ͙ͪ͊͘͡;ͤ·ͻ Ύ͘·͊͟ͻ ͔ͣͦ͗ͭ 

Ή͍ͦ͡Όͼ͙͙͍ͦͤͪͦ͊ͭΈ ͨͦ ͪ͊ͤ͘·ͣ ͔͙ͭͪ͊ͭͦͪ͟ΎͣΦ ˹͙͔͊ͨͪͣͪΣ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͔ͨͪͺ͔ͭͤ͟·͔ ͺͦͪͣ· ͫ 

ζƘŀǾŜη ͙ ͙ͨͪ;͙͔͊ͫͭͣ ͨͪͦ΄͔͒΄͔͎ͦ ͍͔͔͙ͪͣͤ ͫͦͻͪ͊ͤΎΌͭ ͍͚ͦͫͤͦͤͦ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤ·͚ ͫͣ·ͫ͡Σ ͤͦ 

͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͎ͣͦͯͭ ͍·ͪ͊͗͊ͭΈ ͦͨ·ͭ ͙͙͡ ͫͦ͋·͙ͭΎΣ ͙ͨͪͦͦ͘΄͔͒΄͙͔ ͍ ͔͍͔ͤ͒͊ͤͣ ͨͪͦ΄ͦͣ͡Φ ˤ ͎͙͒ͪͯͻ 
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Ύ͘·͊͟ͻΣ ͎͔͒ ͍͔ͦͭͫͯͭͫͭͯͭ ͺͦͪͣ͊͡Έͤ͊Ύ ͔͎͙͊ͭͦͪ͟Ύ ͔ͨͪͺ͔ͭ͊͟Σ ͎͙͊ͤ͊ͦ͡;͔ͤͦ ͤ͊͘;͔͙͔ͤ ͙͎͔͒ͦͫͭ͊ͭͫΎ ;͔͔ͪ͘ 

ͫͦ;͔͙ͭ͊ͤΎ ͎ͨͪͦͫͭͦͦ ͨͪͦ΄͔͒΄͔͎ͦ ͍͔͔͙ͪͣͤΣ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έͤ·ͻ ͎͎͍͊ͦͦ͡͡ ͙͙͡ ͔ͦͤͭͫͭͯ͊͟͟͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭΣ 

;ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ ͙͍͔ͯͤͪͫ͊͡ΈͤͦͫͭΈ ͙ ͎͙͋ͦͫͭ͟Έ ͔ͨͪͺ͔͚ͭͤͦ͟ ͔͙͙ͫͣ͊ͤͭ͟Φ 

˿͔͔͒ͯͭ͡ ͔ͭ͊͗͟ ͨͦ͒;͔ͪͤͯͭ͟ΈΣ ;ͭͦ ͙͔͔ͫͫͭͣͤͦ ͙͙͔ͨͦͤͣ͊ͤ ͔ͨͪͺ͔ͭ͊͟ ͊͟͟ ͔ͦͣͨͫ͊͟͟͡ ͺͦͪͣ ͍ͨͦͦ͘͡Ύ͔ͭ 

ͯ;͙ͭ·͍͊ͭΈ ͔͎ͦ Ή͍ͦ͡Όͼ͙ͦͤͤ·͔ ͙͔͔͙ͣͤͤ͘ΎΦ ˨͔͊͗ ͔͙ͫ͡ ͔ͦͭ͒͡Έͤ·͔ ͺͦͪͣ· ͤ͊;͙ͤ͊Όͭ ͪ͊ͫ΄͙ͪΎͭΈ ͍͖ͫͦ 

ͤ͊͘;͔͙͔ͤ ͍ ͫͭͦͪͦͤͯ ͍ͤͦ·ͻ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ͻ ͦͤ͘ ͙͙͡ ;͙͊ͫͭ;ͤͦ ͯͭͪ͊;͙͍͊Όͭ ͙ͫͻͦ͒ͤ·͚ ͔ͪͯ͘͡Έ͙͍ͭ͊ͭͤ·͚ 

͔ͦͭͭͤͦ͟Σ Ήͭͦ ͔ͤ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ζ͔ͯͭͪ͊ͭη ͔͎͙͙͊ͭͦͪ͟ ͔ͨͪͺ͔ͭ͊͟ ͍ Ύ͘·͔͟Φ ˿͔͔ͦͪ͟Σ ͦͤͦ ͔ͦͭͪ͊͗͊ͭ 

͊͒͊ͨͭ͊ͼ͙Ό ͔͎͙͙͊ͭͦͪ͟ ͟ ͔͚ͦͤͪͭͤͦ͟͟ ͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ ͙ ͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ ͙͔͔ͫͫͭͣΣ ͊ ͔ͭ͊͗͟ ͟ 

͔ͨͦͭͪ͋ͤͦͫͭΎͣ Ύ͘·͍͚ͦͦ͟ ͙͙ͨͪ͊ͭ͟͟Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͦͤ͟ͼ͔ͨͼ͙Ύ ˢΦˮΦ ˿͙͙ͣͪͤͼ͎ͦͦ͟ ͖ͦͫͭ͊ͭͫΎ ͍͚͊͗ͤͦ ͊͟͟ ͒͡Ύ ͙͙ͫͭͦͪͦ͟-͍͙͔ͫͪ͊ͤͭ͡Έ͎ͤͦͦ 

͙͊ͤ͊͊͘͡Σ ͭ͊͟ ͙ ͒͡Ύ ͙͎͙ͭͨͦͦ͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ ͨͦͫͦ͟͡Έͯ͟ ͦͤ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͔ͨͪͺ͔ͭ͟ ͊͟͟ 

͔ͦͣͨͫ͟͟͡ ͺͦͪͣ ͫ ͦ͋΅͙ͣ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͣ Ύ͒ͪͦͣ ͙ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͫ ͍͙͙͍͊ͪ͊ͭͤ·͙ͣ ͔͙ͫͣ͊ͤͭ;͔͙͙ͫͣ͟ 

͙ ͙͙ͫͤͭ͊ͫ͟;͔͙͙ͫͣ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ͙ͣ ͍ ͪ͊ͤ͘·ͻ Ύ͘·͊͟ͻΦ 

˻Φ ˩͔͔ͫͨͪͫͤ ͔ͤ ͫ;͙͔ͭ͊ͭ ͼ͔͔ͫͦͦ͋ͪ͊ͤ͘͡·ͣ ͍͟͡Ό;͊ͭΈ ͺͦͪͣͯ CǳǘǳǊŜ ͍ ͙͔ͫͫͭͣͯ ͍͔͔ͪͣͤͤ·ͻ ͺͦͪͣΣ 

ͫ;͙ͭ͊ΎΣ ;ͭͦ ͫͦͻ͔͙͔ͪ͊ͤͤ ͯ ǎƘŀƭƭΣ ǿƛƭƭ ͣͦ͒͊͡Έͤ·ͻ ͤ͊͘;͔͙͚ͤ ͔ͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͺͦͪͣ· ͫ ͙͙ͤͣ ͊͟͟ 

;͙ͫͭ·͔ ͺͦͪͣ· ͋ͯ͒ͯ΅͔͎ͦ ͍͔͔͙ͪͣͤΦ ώнΣ ͫΦплпϐ ˻͒ͤ͊ͦ͟ ͦͤ ͔͒ͦͨͯͫ͊ͭ͟Σ ;ͭͦ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ Ή͙ͭ ͎͎͊ͦ͡͡· 

͎ͣͦͯͭ ͙͙ͨͪ͋͗͊ͭ͡ΈͫΎ ͟ ͺͯͤ͟ͼ͙͙ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έͤ·ͻ ͎͎͍͊ͦͦ͡͡Σ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ ͒͡Ύ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ 

͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͺͦͪͣ ͎͎͊ͦ͊͡͡Φ 

˿ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ˹Φ̅Φ ˮ͔ͪͭͤΈ͔͍͚ͦ ͤ͊΄͔͡ ͔͙͔ͦͭͪ͊͗ͤ ͍͎͘͡Ύ͒ ͤ͊ ͺͯͭͯͪ͊͡Έͤ·͔ ͺͦͪͣ· ͊͟͟ ͤ͊ 

ͨͦ͒;͙͔ͤͤͤ·͔ ͺͦͪͣ·Σ ζǘƘŜ CǳǘǳǊŜ ƭƴŘŜŦƛƴƛǘŜΣ ǘƘŜ CǳǘǳǊŜ /ƻƴǘƛƴǳƻǳǎΣ ǘƘŜ CǳǘǳǊŜ tŜǊŦŜŎǘΣ ǘƘŜ CǳǘǳǊŜ tŜǊŦŜŎǘ 

/ƻƴǘƛƴǳƻǳǎΣ ͨͦ ͔͙ͣͤͤΌ ͍͊ͭͦͪ͊Σ ͙͔ͫͫͭͣ͊ ͋ͯ͒ͯ΅͙ͻ ͍͔͔ͪͣͤΣ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͤ͊ͫͭͦΎ΅͙ͣ ͍͔͔͔ͪͣͤͣΣ ͊ ͍͔ͫ 

ͪ͊ͪ͘Ύ͒· ǘƘŜ CǳǘǳǊŜ-in-the-Past, Future-in-the-Past-Indefinite, the Future-in-the-Past Continuous, the 

Future-in-the- Past Perfect Continuous, the Future-in-the-Past Perfect τ ͙͔ͫͫͭͣ͊ ͋ͯ͒ͯ΅͙ͻ ͍͔͔ͪͣͤΣ 

͍ͫΎ͊ͤͤ͘·ͻ ͫ ͨͪͦ΄͔͒΄͙ͣηΦ ώоΣ ͫΦ ннп] 

˸ͦ͗ͤͦ ͦ͋ͦͤ͊͘;͊ͭΈ ͨͯͭΈ ͎͒͊ͤͤͦͦ ͔͍ͨͪͪ͊΅͔͙ͤΎ ͙ͭ͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Υ ζ˩͙ͫ͡ ͫͯ͋Ά͔ͭͦͣ͟Σ ͙ͣ 

ό͙ͨͪ;͙͔͊ͫͭͣύ ͦ͋ͦͤ͊͘;͔͎͊ͣͦͦΣ ͦ͊͘͟·͍͊ͦͫ͡Έ ͔ͨͦ͒͗͊͡΅͔͔ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΣ ͭͦ Ήͭͦ ͔ͨͦ͒͗͊͡΅͔͔ ͋·ͦ͡ 

ͫͯ͋Ά͔ͭͦͣ͟ ͙ ζƘŀǾŜη ͍ ͺ͔ͦͪͣ ͔͔ͨͪͤͫ͊͘ ͙͙͡ ͔͔͙ͨͪͭͪͭ͊Σ ͙ ζ͍͔ͫͦͪ΄͔͎ͤͤͦͦη ͙͍͎ͨ͊ͫͫͤͦͦ ͙ͨͪ;͙͊ͫͭΎΦ 

˽͔͔͔ͦͫ͒ͤ͡Σ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ ͔͔͋ͦ͡ ͫͯ΅͔͍͔͔ͫͭͤͤͦΣ ;͔ͣ ζƘŀǾŜηΣ ͫͭ͊ͦ͡ ͭΎ͎͔ͦͭͭΈ ͟ ͫͯ͋Ά͔ͭͯ͟ ͦ͋ͦͤ͊͘;͔͎͊ͣͦͦ 

͙ͣ ͔͚͍͙͒ͫͭΎ ͔͔͋ͦ͡Σ ;͔ͣ ͟ ͦ͋Ά͔ͭͯ͟Τ Ήͭͦ ͭΎ͎͔͙͔ͦͭͤ ͍͙ͦ͋ͯͫͦͦ͡͡ ͙͔͔͙͔ͣͤͤ͘ ͙ͨͦ͘ͼ͙͙ ͙Σ ͍ ͦͤ͟ͼ͔ ͦͤ͟ͼ͍ͦΣ 

͙͍͔ͨͪͦ͡ ͟ ͍͙͎ͫ͒ͯ ς ͔͔ͨͪͦͫͣ·͔͙͔ͫͤ͡ ͙ͨͪ;͙͊ͫͭΎ ͍ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͫ ζƘŀǾŜη ͍ ͺͦͪͣͯ ͍·͔͙ͪ͊͗ͤΎ ͔͚͍͙͒ͫͭΎ 

ͫͯ͋Ά͔ͭ͊͟-͔ͨͦ͒͗͊͡΅͔͎ͦΦ 

˿͍͔͔ͦͪͣͤͤ·͚ ͔ͨͪͺ͔ͭ͟ ͍ ͦ͋΅͔ͣ ͍͙͍͙ͦͫͨͪͦͦ͒ͭ͘ Ή͍ͦ͡Όͼ͙Ό ͦͭ ͫͭ͊ͭ͊͡Έ͙ͤͦͫͭ ͟ ͊͟ͼ͙ͦͤ͊͡Έ͙ͤͦͫͭΣ 

ͦ͒ͤ͊ͦ͟ ͍ ͙ͪ͊͘͡;ͤ·ͻ Ύ͘·͊͟ͻ ͔ͤ ͍ ͙͍͚ͦ͒ͤ͊ͦͦ͟ ͔͔ͣͪΦ ́͊͟Σ ͎͙͚͙͚͊ͤͫ͟͡ όtǊŜǎŜƴǘ tŜǊŦŜŎǘύ - ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ 

͍͒ͦͦ͡Έͤͦ Ύͫͤͦ ͙͍͍͔ͨͪͦͭͦͨͦͫͭ͊ͤ͡ ͔͔ͤͨͪͺ͔ͭͤͦͣͯ͟ ͔͔͙ͨͪͭͪͭͯ όtŀǎǘ LƴŘŜŦƛƴƛǘŜύΦ ͔̆͊ͪ͊ͭͪͤ͟· 

͔͍͔͙ͤͫͦͣͫͭͣͦͫͭΈ ͎͙͚͎͊ͤͫͦͦ͟͡ ͔ͨͪͺ͔ͭ͊͟ ͫ ͡Ό͚͋ͦ ͭͦ;͚ͤͦ ͙ͦ͊͊͘͟͡͡ͼ͙͔͚ ͨͪͦ΄͔͒΄͔͎ͦ ͫͦ͋·͙ͭΎ ͍ͦ 

͍͔͔͙ͪͣͤΣ ͊ ͔ͭ͊͗͟ ͫ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍͙ͫͭ͊ͣ ͊ͦͤ͘͟;͔͎ͤͤͦͦ ͔͙ͨͪͦ͒͊ ό͍͔ͪͦ͒ ȅŜǎǘŜǊŘŀȅύ ͙ ͭ͊͟ ͤ͊͘·͍͔͔͊ͣͦ 

͙ͤ͟͡Ό͙͍͔ͤͦ͘ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͨͪ ͦ͋ͦͤ͊͘;͔͙͙ͤ ͙ͫͭͯ͊ͼ͙͙Σ ͔ͦͭͦͪͦ͟ ͤ͊;͊ͦͫ͡Έ ͍ ͨͪͦ΄ͦͣ͡ ͙ 

ͨͪͦ͒ͦ͗͊͡Ό΅͔͚ͫΎ ͍ ͤ͊ͫͭͦΎ΅͔ͣ όL ƘŀǾŜ ƭƛǾŜŘ ƘŜǊŜ ŦƻǊ ǘŜƴ ȅŜŀǊǎύΦ 

ˤ·͍ͦ͒· 

˽͔ͪͺ͔ͭ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦ͗ͤͯ͡Ό ͙ ͎͔ͣͤͦͦ͊ͫͨͭͤͯ͟Ό ͎͙ͪ͊ͣͣ͊ͭ;͔ͫͯ͟Ό ͔͎͙͊ͭͦͪ͟ΌΣ 

ͤ͊ͻͦ͒Ύ΅ͯΌͫΎ ͤ͊ ͔͔͔ͨͪͫ;͔͙͙ͤ ͍͔͔ͪͣͤͤ·ͻ ͙ ͍͙͍͒ͦ·ͻ ͤ͊͘;͔͙͚ͤ ͙ ͦͭͪ͊͗͊Ό΅ͯΌ ͍ͫΎ͘Έ ͨͪͦ΄͔͒΄͔͎ͦ 

͔͚͍͙͒ͫͭΎ ͫ ͤ͊ͫͭͦΎ΅͙ͣ ͔ͣͦͣͤͭͦͣΦ ˹͙͊͡;͙͔ ͙͙͡ ͍͙͔ͦͭͫͯͭͫͭ ͺͦͪͣ͊͡Έͤͦ ͍·͔͚ͪ͊͗ͤͤͦ ͔͎͙͙͊ͭͦͪ͟ 

͔ͨͪͺ͔ͭ͊͟ ͍ Ύ͘·͔͟ ͔ͤ ͍͔͎ͫ͒͊ ͤ͊ͨͪΎͣͯΌ ͔͙͔ͦͪͪͪͯͭ͟͡ ͫ ͙ͤ͊͡;͙͔ͣ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͔͎ͦ ͔͙ͫͣ͊ͤͭ;͔͎ͫͦͦ͟ 
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͙͙͡ ͔ͦͤͭͫͭͯ͊͟͟͡Έͤͦ-͔͙ͫ͟͡;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭΦ ˿͍͙͔ͪ͊ͤͭ͡Έͤͦ-͙͎͙ͭͨͦͦ͡;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͨͦ͊͘͟·͍͔͊ͭΣ ;ͭͦ 
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EXPRESSIVE MEANS OF SPEECH IN A LITERARY TEXT 

 

Abstract 

The article examines expressive means of speech in a literary text as a key tool for creating imagery 

and emotional richness in works of fiction. The role of lexical, phonetic, and stylistic devices in character 
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ǇƻǊǘǊŀȅŀƭΣ ŎƻƴǾŜȅƛƴƎ ǘƘŜ ŀǳǘƘƻǊΩǎ ƛƴǘŜƴǘΣ ŀƴŘ ǎƘŀǇƛƴƎ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ǿǊƛǘƛƴƎ ǎǘȅƭŜ ƛǎ ŀƴŀƭȅȊŜŘΦ {ǇŜŎƛŀƭ ŀǘǘŜƴǘƛƻƴ 

is paid to tropes and figures of speech, their classifications, and their functions in literary discourse. Metaphor 

is considered as one of the central expressive devices, its types and significance in constructing artistic 

ƛƳŀƎŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘƻǎŜ ƛƴ ŎƘƛƭŘǊŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜΦ ¢ƘŜ ǎǘǳŘȅ ŜƳǇƘŀǎƛȊŜǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŜȄǇǊŜǎǎƛǾŜ ƭŀƴƎǳŀƎŜ 

means as a fundamental way of achieving aesthetic impact on the reader. 

Keywords: 

literary text, expressive means of speech, tropes, figures of speech, metaphor,  

stylistic devices, imagery, emotional expressiveness. 

  

ˤ͍͔͔͙͔͒ͤ 

͔͍͔̆ͯ͒ͦ͗ͫͭͤͤ͊Ύ ͙͔ͭͪ͊ͭͯͪ͊͡ τ Ήͭͦ ͦͫͦ͋͊Ύ ͺͦͪͣ͊ ͍͔͎ͫͦͫͤͦͦ͡ ͙͍ͫͯͫͫͭ͊͟Σ ͍ ͚ͦͭͦͪͦ͟ ͊͗͒͊͟Ύ ͔͒ͭ͊͡Έ 

͙ͫͯ͗ͭ͡ ͙ͫͦ͒͊ͤ͘Ό ͍·͙͔ͪ͊ͭ͘͡Έ͎ͤͦͦ ͦ͋ͪ͊͊͘Φ ˻͙͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͔͍ͫͪ͒ͫͭ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔͔͚ͨͪͫͦͤ͊͗ 

Ύ͍͡Ύ͔ͭͫΎ ͔ͨͦͪͭͪͭΣ ͦͭͦͪ͟·͚ ͍͙͔͚͍͔͊ͣͦ͒ͫͭͯͭ͘ ͫ ͔͚͍͙͒ͫͭΎ͙ͣΣ ͣ·ͫ͡Ύ͙ͣΣ ͔͙ͤ͊ͫͭͪͦͤΎ͙ͣ ͎͔͔͍ͪͦΣ ͙͎͙͒͊ͦ͊ͣ͡ 

͙ ͙͙͔ͦͨͫ͊ͤͣ ͦͪͯ͗͊͟Ό΅͔͚ ͍͙ͦ͋ͫͭ͊ͤͦ͟Φ ˤ·͙͔ͪ͊ͭ͘͡ΈͤͦͫͭΈ ͔ͭͫͭ͊͟ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭͫΎ Ύ͘·͍ͦ͟·͙ͣ 

͔͍͙ͫͪ͒ͫͭ͊ͣΣ ͔͙ͫͪ͒ ͦͭͦͪ͟·ͻ ͍͔͊͗ͤͦ ͔ͣͫͭͦ ͙͊ͤͣ͊͘Όͭ ͭͪͦͨ· ͙ ͺ͙͎ͯͪ· ͔ͪ;͙Φ ͙͔̏ͨͭͭ·Σ ͔ͣͭ͊ͺͦͪ·Σ 

͙ͦ͡ͼ͔͍͔͙ͭͦͪͤΎΣ ͎͙͔ͨͪ͋ͦ͡·Σ ͊ ͔ͭ͊͗͟ ͙͙͙ͫͭͫͭ͡;͔͙͔ͫ͟ ͙͖ͨͪͣ· - ͊ ͙͔ͤͭͭ͊͘Σ ͊ͤ͊ͺͦͪ͊Σ ͙͍͔͙ͤͪͫΎ - ͯ ͙͙͍ͫ͊͡Όͭ 

Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͙ ͎ͨͦͣͦ͊Όͭ ͎͔ͯ͋͗͡ ͪ͊ͫͪ͟·ͭΈ ͻ͔͊ͪ͊ͭͪ͟· ͎͔͔͍ͪͦΦ ́ͪͦͨ· ό͍ͫͦͦ͡ ζͭͪͦͨη ͍ 

͔͔͍͔ͨͪͦ͒ ͫ ͎͔ͪ;͔͎ͫͦͦ͟ ͦͤ͊͘;͔͊ͭ ζͦ͋ͦͪͦͭηύ ͫͦ͒͊͘Όͭ ͦ͋ͪ͊ͤͦͫͭ͘Έ ;͔͔ͪ͘ ͔͔ͨͪͤͦͫ ͤ͊͘;͔͙ͤΎΣ ͊ ͺ͙͎ͯͪ· ͔ͪ;͙ 

͙͙͍ͯͫ͊͡Όͭ Ήͣͦͼ͙ͦͤ͊͡Έͤ·͚ ͭͦͤ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΦ ͔͙̅ͦͤͭ;͔͙͔ͫ͟ ό͙͔͊ͭͪ͊͡͡ͼ͙ΎΣ ͊ͫͫͦͤ͊ͤͫύΣ ͔͙ͫ͟͡;͔͙͔ͫ͟ 

ό͙͙ͫͤͦͤͣ·Σ ͙͊ͤͭͦͤͣ·Σ ͔ͣͭ͊ͺͦͪ·ύ ͙ ͙͙͙ͫͭͫͭ͡;͔͙͔ͫ͟ ͔͍ͫͪ͒ͫͭ͊ ό͎͙͔ͨͪ͋ͦ͊͡Σ ͙ͭͦͭ͊͡Σ ͊ͤ͊ͺͦͪ͊ύ 

͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭͫΎ ͒͡Ύ ͙͔͎ͫͫͭͣͤͦͦ ͙ͯ͘;͔͙ͤΎ Ύ͘·͊͟Φ 

˻͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡·Φ 

ˮ͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ ͙ͦ͋͊ͫͭ͡ ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦ ͙͔ͭͪ͊ͭͯͪ͡· ͙ ͙͙͙͙ͫͭͫͭ͟͡ ͨͦ͒;͔͙͍ͪ͊͟Όͭ ͍͊͗ͤͦͫͭΈ 

͍·͙͔ͪ͊ͭ͘͡Έͤͦ-͙͙͔ͦ͋ͪ͊ͭ͘͘͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭ Ύ͘·͊͟ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͦ͋ͪ͊͊͘Φ ˤΦ ˤΦ ˥͔͍͙ͯͪ; 

͍·͔͒͡Ύ͔ͭ ͪ͊ͤ͘·͔ ͍͙͒· ͔ͣͭ͊ͺͦͪ τ ͨ ͪͦͫͭͯΌΣ ͫͦ͗ͤͯ͡Ό ͙ ζ͔ͫͭͪ΄ͯΌͫΎηΣ ͨͦ͒;͔͙͍ͪ͊͟Ύ ͙ͻ ͪͦ͡Έ ͍ ͔͔ͨͪ͒͊;͔ 

͍͔͔͎ͤͯͭͪͤͤͦ ͙ͣͪ͊ ͔͔͚ͨͪͫͦͤ͊͗ ώпΣ ͫΦ отϐΦ ̑Φ ˸Φ ˿͔͔͍ͪ͋ͤ͟ ͔͎͔ͨͪ͒͊͊ͭ͡ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ό ͍·͙͔ͪ͊ͭ͘͡Έͤ·ͻ 

͔͍ͫͪ͒ͫͭ ͤ͊ ͙ͦ͟͡;͔͍͔ͫͭͤͤ·͔ ͙ ͊͟;͔͍͔ͫͭͤͤ·͔ ͺ͙͎ͯͪ·Σ ͍͟͡Ό;͊Ύ ͎͙͔ͨͪ͋ͦͯ͡Σ ͙ͭͦͭͯ͡Σ ͔͙͙ͣͭͦͤͣΌΣ ͔ͣͭ͊ͺͦͪͯ 

͙ ͙͙ͪͦͤΌ ώтΣ ͫΦ ннϐΦ ˨͎͙͔ͪͯ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͦͭͣ;͊Όͭ ͤ͊͘;͙ͣͦͫͭΈ ͍ͭͪͦͨͦ ͙ ͺ͙͎ͯͪ ͔ͪ;͙ τ Ή͙͔͍ͨͭͭͦΣ 

͙ͦ͡ͼ͔͍͔͙͚ͭͦͪͤΣ ͙͔͊ͤͭͭ͘Σ ͊ͤ͊ͺͦͪ ͙ ͙͍͔͙͚ͤͪͫ τ ͒͡Ύ ͙͔͙ͯͫͤ͡Ύ Ήͣͦͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙ ͎ͦ͋ͪ͊ͤͦͦ͘ 

͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͔ͭͫͭ͊͟ ώмΣ ͫΦ мнпςморΤ нΣ ͫΦ нллΤ сΣ ͫΦ мфрϐΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͔ͭͪ͊ͭͯͪ͊͡ ͙ ͙͙͙ͫͭͫͭ͊͟͡ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊Όͭ ͍·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͊͟͟ ͟͡Ό;͔͍͚ͦ 

͙͔ͤͫͭͪͯͣͤͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͦ͋ͪ͊͊͘Σ Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͤ͊ͫ·΅͔͙ͤͤͦͫͭ ͔ͭͫͭ͊͟ ͙ 

ͪ͊ͫͪ͟·͙ͭΎ ͻ͔͊ͪ͊ͭͪ͊͟ ͔͔͚ͨͪͫͦͤ͊͗Σ ;ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͍ ͔͚͒ͭͫͦ͟ ͙ ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦ ͙͔͔ͭͪ͊ͭͯͪ͡Φ 

˸͔ͭ͊ͺͦͪ͊Σ ͊͟͟ ͫͪ͟·͔ͭͦ ͍͔͙͔ͫͪ͊ͤͤΣ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤ͊ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͍͙ͯ͊͘͡Έͤ·ͻ ͙ Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͻ 

͍ͦ͋ͪ͊ͦ͘Σ ͍ͨͦͦ͘͡ΎΎ ͔͔ͨͪ͒͊ͭΈ ͍͔͙͚ͤͯͭͪͤͤ ͙ͣͪ ͔͔͚ͨͪͫͦͤ͊͗ ͙ ͦͼ͔ͤͯ͟ ͫͦ͋·͙͚ͭΦ ˤ·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ 

Ύ͘·͊͟ ͙͍͔ͯͤͪͫ͊͡Έͤ·Υ ͙ͦͤ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͍ ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦ ͙͔͔ͭͪ͊ͭͯͪ͡Σ ͤͦ ͙ ͍ ͤ͊ͯ;͚ͤͦΣ 

͙ͨͯ͋͡ͼ͙͙ͫͭ;͔͚ͫͦ͟ ͙ ͎͙͒ͪͯͻ ͙ͫͭ͡ΎͻΣ ͺ͙ͦͪͣͪͯΎ Ύ͙͔ͪ͟Σ Ήͣͦͼ͙ͦͤ͊͡Έͤͦ ͤ͊ͫ·΅͔ͤͤ·͔ ͔ͭͫͭ͟·Φ 

͔͍͔̆ͯ͒ͦ͗ͫͭͤͤ͊Ύ ͙͔ͭͪ͊ͭͯͪ͊͡ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦͫͦ͋ͯΌ ͺͦͪͣͯ ͍͔͎ͫͦͫͤͦͦ͡ ͙͍ͫͯͫͫͭ͊͟Σ ͍ ͚ͦͭͦͪͦ͟ 

͊͗͒͊͟Ύ ͔͒ͭ͊͡Έ ͙ͫͯ͗ͭ͡ ͔͍ͫͪ͒ͫͭͦͣ ͙ͫͦ͒͊ͤ͘Ύ ͍·͙͔ͪ͊ͭ͘͡Έ͎ͤͦͦ ͦ͋ͪ͊͊͘Φ ˻͙͒ͤͣ ͙͘ ͍͔͚͊͗ͤ΄͙ͻ Ή͔͔͍ͣͤͭͦ͡ ͍ 

Ήͭͦͣ ͨͪͦͼ͔͔ͫͫ Ύ͍͡Ύ͔ͭͫΎ ͔ͨͦͪͭͪͭ ͎͔ͪͦΎΣ ͦͭͦͪ͟·͚ ͍ ͔͔ͦͤͭͫͭ͟͟ ͙͍͔͔͙ͨͪͦ͒ͤ͘Ύ ͺͯͤ͟ͼ͙͙͔ͦͤͪͯͭ ͍ ͔͚ͭͫͤͦ 

͍͙͍͊ͣͦͫ͘Ύ͙͘ ͫ ͎͙͙͒ͪͯͣ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣΥ ͔͚͍͙͒ͫͭΎ͙ͣΣ ͣ·ͫ͡Ύ͙ͣ ͙ ͔͙ͤ͊ͫͭͪͦͤΎ͙ͣ 

͔͔͚ͨͪͫͦͤ͊͗Σ ͙͎͙͒͊ͦ͊ͣ͡Σ ͙͙͔ͦͨͫ͊ͤͣ ͙ͨͪͪͦ͒· ͙ ͍͙ͦ͋ͫͭ͊ͤͦ͟Φ ˤ·͙͔ͪ͊ͭ͘͡ΈͤͦͫͭΈ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͔ͭͫͭ͊͟ 

͔͔ͦ͋ͫͨ;͙͍͔͊ͭͫΎ ͔ͭ͊͗͟ Ύ͘·͍ͦ͟·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣΣ ͔͙ͫͪ͒ ͦͭͦͪ͟·ͻ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͙͊ͤͣ͊͘Όͭ ͙͙͙ͫͭͫͭ͡;͔͙͔ͫ͟ 

͙͖ͨͪͣ·Σ ͭͪͦͨ· ͙ ͺ͙͎ͯͪ· ͔ͪ;͙Φ 

˿͍ͦͦ͡Σ ͔͎ͦ ͍ͯ͘;͙͔͊ͤ ͙ ͦ͋ͪ͊ͤͦͫͭ͘ΈΣ ͔͙ͫ͟͡;͔͙͔ͫ͟ ͙ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͍ͫͭ͊ͤͦΎͭͫΎ 
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͙͔͙ͤͫͭͪͯͣͤͭ͊ͣΣ ͫ ͨͦͣͦ΅ΈΌ ͦͭͦͪ͟·ͻ ͙͔ͨͫ͊ͭ͡Έ ͖ͫͦ͒͊ͭ͘ ͙ͯͤ͊͟͡Έͤ·͚ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·͚ ͙ͣͪΦ ͙͔̏ͨͭͭ·Σ 

͔ͣͭ͊ͺͦͪ·Σ ͙ͦ͡ͼ͔͍͔͙ͭͦͪͤΎΣ ͎͙͔ͨͪ͋ͦ͡·Σ ͊ ͔ͭ͊͗͟ ͺ͙͎ͯͪ· ͔ͪ;͙ τ ͙͔͊ͤͭͭ͘·Σ ͊ͤ͊ͺͦͪ·Σ ͙͍͔͙͙ͤͪͫ τ 

͙͙͍ͯͫ͊͡Όͭ Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͔ͭͫͭ͊͟ ͙ ͍ͨͦͦ͘͡ΎΌͭ ͎͔ͯ͋͗͡ ͪ͊ͫͪ͟·ͭΈ ͻ͔͊ͪ͊ͭͪ͟· ͎͔͔͍ͪͦΦ ˤ 

ͪ͊ͣ͊͟ͻ ͙͙͙͙ͫͭͫͭ͟͡ ͍·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͊͟͟ ͙͔ͤͫͭͪͯͣͤͭ·Σ ͙͎͒ͦͫͭ͊Ό΅͙͔ 

͔͔͖͚ͦͨͪ͒ͤͤͦ͡ ͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ ͼ͔͙͡ ͍͊ͭͦͪ͊Σ ͊ ͙ͻ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͤ͊ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟Σ ͔͙ͫ͟͡;͔͙͔ͫ͟ ͙ 

͙͙͙ͫͭͫͭ͡;͔͙͔ͫ͟ Ή͔͔ͣͤͭ͡· ͎͔ͨͦͣͦ͊ͭ ͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͭ͘Έ ͎͋ͦ͊ͭ·͚ ͔͊ͪͫͤ͊͡ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ Ύ͘·͊͟Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͯ͘;͔͙͔ͤ ͍·͙͔ͪ͊ͭ͘͡Έͤͦ-͙͙͔ͦ͋ͪ͊ͭ͘͘͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭ ͔ͪ;͙Σ ͔ͦͫͦ͋ͤͤͦ ͔ͣͭ͊ͺͦͪ· ͙ 

͎͙͒ͪͯͻ ͍ͭͪͦͨͦΣ ͍ͨͦͦ͘͡Ύ͔ͭ ͨͦͤΎͭΈΣ ͊͟͟ ͙͔ͭͪ͊ͭͯͪ͊͡ ͺ͙͔ͦͪͣͪͯͭ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·͚ ͦ͋ͪ͊͘ ͙ ͔͔͖ͨͪ͒͊ͭ 

͍͔͙͚ͤͯͭͪͤͤ ͙ͣͪ ͔͔͚ͨͪͫͦͤ͊͗Σ ͔͒͊͡Ύ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·͚ ͔ͭͫͭ͟ ͙͍͗·ͣΣ ͦ͋ͪ͊ͤ͘·ͣ ͙ Ήͣͦͼ͙ͦͤ͊͡Έͤͦ 

ͤ͊ͫ·΅͔ͤͤ·ͣΦ 

͔͍͔̆ͯ͒ͦ͗ͫͭͤͤ͊Ύ ͙͔ͭͪ͊ͭͯͪ͊͡ ͍ ͔ͤͦͭͦͪͦͣ͟ ͙͙͙ͨͦͤͣ͊ͤ Ύ͍͡Ύ͔ͭͫΎ ͍͔ͫͦͫͤ͡·ͣ ͙͍ͫͯͫͫͭͦͣ͟Σ ͍ ͦͭͦͪͦͣ͟ 

͔ͨͦͪͭͪͭ ͍·͔ͫͭͯͨ͊ͭ ͚ͦ͒ͤͦ ;͊ͫͭΈΌ ͍ ͔͍ͫͪ͒ͫͭ͊ͻ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟Σ ͦͭͦͪ͟·͔ ͔ͯͨͦͭͪ͋͡ΎΌͭͫΎ ͍ 

͙ͦͣͨͦ͘͟ͼ͙ͦͤͤͦͣ ͔͙͍͔͒ͤͫͭ ͫ ͎͙͙͒ͪͯͣ ͔͍͙ͫͪ͒ͫͭ͊ͣΦ ͙͙́͊ͣ͟ ͙͔ͭͪ͊ͭͯͪͤ͡·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣ ͍ 

͙͍͔͔͙ͨͪͦ͒ͤ͘Ύͻ ͎ͣͦͯͭ ͍·ͫͭͯͨ͊ͭΈ ͔͚͍͙͒ͫͭΎ ͍ ͫΌ͔͔͗ͭΣ ͣ·͙ͫ͡ ͙ ͔͙ͤ͊ͫͭͪͦͤΎ ͎͔͔͍ͪͦΣ ͙͎͙͒͊ͦ͡Σ ͙͙͔ͦͨͫ͊ͤ 

͙ͨͪͪͦ͒·Σ ͍͙ͦ͋ͫͭ͊ͤͦ͟Φ ˤ·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ Ύ͘·͊͟Σ ͙͔ͭ͊͟ ͊͟͟ ͙͙͙ͫͭͫͭ͡;͔͙͔ͫ͟ ͙͖ͨͪͣ·Σ ͭ͊͟ ͔͗ 

Ύ͍͡ΎΌͭͫΎ ͎͍͊ͤ͡·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣΣ ͫ ͨͦͣͦ΅ΈΌ ͎ͦͭͦͪͦͦ͟ ͙͔͙ͨͫ͊ͭ͡ ͙ͨͪ͒͊Όͭ ͔͔ͨͪ͒ͣͭͯ ͔͔͖͎ͦͨͪ͒ͤͤͦͦ͡ 

ͻ͔͊ͪ͊ͭͪ͊͟Σ ͤ͊ͨͦͤ͡ΎΎ ͔͎ͦ ;͔ͪͭ· ͔͍͙ͤͨͦͭͦͪͣ·ͣ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͣ ͙͔ͫͭͣ͡Φ ˶͔͙ͫ͊͟͟ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͫͤͦͤ·ͣ 

͙ͫͭͦ;͙ͤͦͣ͟ ͍·͙͔ͪ͊ͭ͘͡Έ͙ͤͦͫͭΣ ͦͭͦͪ͊͟Ύ ͔ͦ͋͊͒͊ͭ͡ ͋ͦ͡Έ΄͙͙ͣ ͍ͦͣͦ͗ͤͦͫͭ͘Ύ͙ͣ ͒͡Ύ ͙͔͙ͯͫͤ͡Ύ 

Ήͣͦͼ͙ͦͤ͊͡Έ͙ͤͦͫͭΣ ͙ͦ͋ͪ͊ͤͦͫͭ͘ ͔ͪ;͙Φ ζ˶͙͔ͭͪ͊ͭͯͪͤ·͚ Ύ͘·͟ Ύ͍͡Ύ͔ͭͫΎ Ύ͘·ͦͣ͟ ͙͔ͭͪ͊ͭͯͪ͡· ͍ ΄͙ͪͦͦͣ͟ 

ͫͣ·͔ͫ͡ Ή͎ͭͦͦ ͍ͫͦ͊͡ όͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦΣ ͤ͊ͯ;͚ͤͦΣ ͙ͨͯ͋͡ͼ͙͙ͫͭ;͔͚ͫͦ͟ ͙ ͭΦ ͨΦύΣ ;͔ͣ ͙ ͦ͋ΆΎͫͤΎΌͭͫΎ ͔͎ͦ 

͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͊͟;͔͍ͫͭ͊η ώмΣ ͫΦ ррϐΦ  

ˤ·͙͔ͪ͊ͭ͘͡Έͤͦ-͙͙͔ͦ͋ͪ͊ͭ͘͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ Ύ͘·͊͟ ς Ήͭͦ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͔ ͭͪͦͨ· ͙ ͺ͙͎ͯͪ· ͔ͪ;͙Φ 

˿͍ͦͦ͡ ζͭͪͦͨη ͍ ͔͔͍͔ͨͪͦ͒ ͫ ͎͔ͪ;͔͎ͫͦͦ͟ ͦͤ͊͘;͔͊ͭ ζͦ͋ͦͪͦͭηΣ ͭͦ ͔ͫͭΈ Ήͭͦ ͔͊ͦ͟͟-ͭͦ ͍·͔͙͔ͪ͊͗ͤ ͙͙͡ ͍ͫͦͦ͡Σ 

͔͔͔ͯͨͦͭͪ͋ͤͤͦ͡ ͍ ͔͔ͨͪͤͦͫͤͦͣ ͤ͊͘;͔͙͙ͤΦ ́ͪͦͨ ͊͟͟ ͙͙͔ͦ͋ͪ͊ͭ͘͘͡Έͤͦ-͍·͙͔ͪ͊ͭ͘͡Έ͔ͤͦ ͔͍ͫͪ͒ͫͭͦ ͍ 

͙͔͔ͭͪ͊ͭͯͪ͡ ͍͊ͭͦͪ ͙ͫͨͦ͡Έ͔ͯͭ͘ ͒͡Ύ ͋ͦ͡Έ΄͔͚ ͙ͦ͋ͪ͊ͤͦͫͭ͘Φ ͙͔̏ͨͭͭ·Σ ͔ͣͭ͊ͺͦͪ·Σ ͙ͦ͡ͼ͔͍͔͙ͭͦͪͤΎΣ 

͎͙͔ͨͪ͋ͦ͡· ͙ ͎͙͔͒ͪͯ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤ·͔ ͙͔ͨͪͣ· ͦͭͤͦͫΎͭͫΎ ͟ ͭͪͦͨ͊ͣΦ ͙͎̅ͯͪ· ͔ͪ;͙ ς Ήͭͦ ͔ͪ;͔͍·͔ ͦ͋ͦͪͦͭ·Σ 

͙͙͍ͯͫ͊͡Ό΅͙͔ Ήͣͦͼ͙ͦͤ͊͡Έͤ·͚ ͭͦͤ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΦ ˢ͙͔ͤͭͭ͊͘Σ Ή͙ͨͺͦͪ͊Σ ͙͍͔͙ͤͪͫΎ ͙ ͎͙͔ͣͤͦ ͎͙͔͒ͪͯ ς Ήͭͦ 

͙͙͔ͦ͋ͪ͊ͭ͘͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͍ ͙͔͔ͭͪ͊ͭͯͪ͡Σ ͦͭͤͦͫΎ΅͙͔ͫΎ ͟ ͙͙͙ͫͭͫͭ͡;͔ͫͦͣͯ͟ ͙͔ͨͪͣͯ ͨͦ͒ ͦ͋΅͙ͣ 

͙͔͍͙͔ͤ͊ͣͤͦ͊ͤͣ ζͺ͙͎ͯͪ· ͔ͪ;͙η ώнΣ ͫΦ нллϐΦ  

˻͋Ά͔ͭͦͣ͟ ͙ͯ͘;͔͙ͤΎ ͎͙͙ͪ͊ͣͣ͊ͭ͟Σ ͺ͔͙͙ͦͤͭ͟Σ ͙͙͙͙ͫͭͫͭ͟͡ Ύ͍͡ΎΌͭͫΎ ͔͙ͫ͟͡;͔͙͔ͫ͟Σ 

ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟Σ ͙͙ͫͤͭ͊ͫ͟;͔͙͔ͫ͟Σ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟ ͍·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ Ύ͘·͊͟Φ ˤ ͙͙͙͔ͫͭͫͭ͟͡ 

͍·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͫ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͙ͻ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͙ͫͭ͡Ύͻ ͔ͪ;͙, 

͊͟͟ ͙͙͙ͫͭͫͭ͡;͔͎ͫͦͦ͟ ͙͔ͨͪͣ͊Φ ˢ͍ͭͦͪ ͍ ͍͖ͫͦͣ ͙͍͔͔͙͙ͨͪͦ͒ͤ͘ ͙ͫͨͦ͡Έ͔ͯͭ͘ ͔ͦͭ͒͡Έͤ·͔ ͙͙͙ͫͭͫͭ͡;͔͙͔ͫ͟ 

͙͔ͨͪͣ· ͫ ͼ͔͡ΈΌ ͙͔͙͒ͦͫͭ͗ͤΎ ͚ͭͦ ͙͙͡ ͙͚ͤͦ ͙͙͍͚ͦͣͣͯͤ͊ͭͤͦ͟͟ ͼ͔͙͡ ώсΣ ͫΦ мфрϐΦ  

́͊͟Σ ͍·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͔ͪ;͙ ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭͫΎ ͤ͊ ͎ͪͯͨͨ·Υ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟ ό͙͔͊ͭͪ͊͡͡ͼ͙ΎΣ 

͊ͫͫͦͤ͊ͤͫΣ ͔ͦͤͦͣ͊ͭͦͨΎύΣ ͔͙ͫ͟͡;͔͙͔ͫ͟ ό͙͊ͤͭͦͤͣ·Σ ͎͙͔ͨͪ͋ͦ͊͡Σ ͙͙ͦ͊ͦͤ͊ͣ͘͘͟͟͡·Σ ͙ ͎͙͔͒ͪͯύΣ 

͙͙͙ͫͭͫͭ͡;͔͙͔ͫ͟ ό͍͊ͭͦͪͫ͊͟Ύ ͨͯͤͭͯ͊͟ͼ͙ΎΣ ͊ͤ͊ͺͦͪ͊Σ ͙͔͊ͤͭͭ͊͘Τ ͍͙ͦͫ͟͡ͼ͔͊ͭ͡Έͤ·͔ ;͙͊ͫͭͼ·Σ ͎ͪ͊͒͊ͼ͙ΎΣ 

͙͍͔͙ͤͪͫΎΣ Ή͙ͨͺͦͪ͊ ͙ ͎͙͔͒ͪͯύΦ ̑Φ˸Φ ˿͔͔͍ͪ͋ͤ͟ ͔͎͔ͨͪ͒͊͊ͭ͡ ͙͊ͫͫ͟͡ͺ͙ͼ͙͍ͪͦ͊ͭΈ ͍͔ͦͫͤͦͤͦ ͔͔͙͔͒ͤ͡ 

͔ͫ͒ͯ͡Ό΅͙ͣ ͦ͋ͪ͊ͦͣ͘Υ  

мΦ ˴͙ͦ͡;͔͍͔ͫͭͤͤ·͔ ͺ͙͎ͯͪ·Φ ˮ͔ͣΌͭ ͨͦ͒͊ͫͫ͟͡· ͔͍͔͙ͨͪͯ͡;͔͙ͤΎ ͙ ͔͔ͨͪͯͣͤΈ΄͔͙ͤΎΦ ˤ ͒͊ͤͤ·͚ ͊ͫͫ͟͡ 

ͺ͙͎ͯͪ ͦͭͤͦͫΎͭ ͎͙͔ͨͪ͋ͦͯ͡Σ ͙ͭͦͭͯ͡Φ  

нΦ ˴͊;͔͍͔ͫͭͤͤ·͔ ͺ͙͎ͯͪ·Σ ͦͭͦͪ͟·͔ ͍͟͡Ό;͊Όͭ ͍ ͔ͫ͋Ύ ͙ͭͪ ͙ͭͨ͊ ͔͔͙͔͍͙ͨͪͣͤͦ͊ͤΎΥ  

͊ύ ͔ͪͨ ͔ͤͦͫΣ ͦͭͦͪ͟·͚ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͔͙ͫͣ͗ͤͦͫͭΣ ͤ͊ ͔ͪ͊͡Έ͚ͤͦ ͍ͫΎ͙͘ ͔ͣ͗͒ͯ ͤ͊͘·͍͔͊ͣ·ͣ 

ͦ͋Ά͔ͭͦͣ͟ ͙ ͦ͋Ά͔ͭͦͣ͟ ό͔͙͙ͣͭͦͤͣΎύΤ  
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͋ύ ͔ͨ ͔ͪͤͦͫΣ ͦͭͦͪ͟·͚ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͫͻ͔͙ͦ͗ͫͭ ͍͒ͯͻ ͦ͋Ά͔͍ͭͦ͟Σ ͔ͣ͗͒ͯ ͦͭͦͪ͟·͙ͣ ͔ͤ ͫͯ΅͔͍͔ͫͭͯͭ 

͔ͪ͊͡Έ͚ͤͦ ͍ͫΎ͙͘ ό͔ͣͭ͊ͺͦͪ͊ύΤ  

͍ύ ͔ͨ ͔ͪͤͦͫΣ ͦͭͦͪ͟·͚ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͔ͦͤͭͪ͊ͫͭ͟ ͍͒ͯͻ ͙͔͒͊ͣͭͪ͊͡Έͤͦ ͙͍ͨͪͦͭͦͨͦͦ͗ͤ͡·ͻ ͦ͋Ά͔͍ͭͦ͟ 

ό͙͙ͪͦͤΎύ ώтΣ ͫΦ ннϐΦ  

˿͔͙ͪ͒ ͔͍ͫͪ͒ͫͭ ͍·͙͔ͪ͊ͭ͘͡Έ͙ͤͦͫͭ ͔ͪ;͙ ͦͫͦ͋ͦ ͍·͔͒͡ΎΌͭͫΎ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟ ͔͍ͫͪ͒ͫͭ͊ 

͍·͙͔ͪ͊ͭ͘͡Έ͙ͤͦͫͭΦ  

˨͊ͤͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͔ͪ;͔͍͚ͦ ͍·͙͔ͪ͊ͭ͘͡Έ͙ͤͦͫͭ ς ͙ͦ͒ͤ ͙͘ ͫ͊ͣ·ͻ ͙ͫ͡Έͤ·ͻ ͍ͫͨͦͫͦ͋ͦ ͔ͪ;͔͍͎ͦͦ 

͍͔͚͍͙ͦ͒ͫͭ͘ΎΣ ͭ͊͟ ͊͟͟ ͤ͊ ͍͔ͯͪͦͤ ͙ͨͦ͒ͫͦͤ͊ͤ͘Ύ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͦ΅ͯ΅͔͙͔ͤ ͍͍͎ͯͦͦͦ͘͟ ͦ͋ͪ͊͊͘ ͍ͫͦ͊͡Υ 

͙͔͊ͭͪ͊͡͡ͼ͙ΎΣ ͔ͦͤͦͣ͊ͭͦͨΎΦ 

ˤ ͎͔ͪͯͨͨ ͔͙ͫ͟͡;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭ ͍·͙͔ͪ͊ͭ͘͡Έ͙ͤͦͫͭ ͔ͪ;͙ ͔͔ͫ͒ͯͭ͡ ͍·͔͒͡ΎͭΈΥ ͙͊ͤͭͦͤͣ·Σ ͔͎͙͊ͦͪ͡͡ΎΣ 

Ή͍ͺ͔͙ͣͣ͘Σ ͙͙ͦ͊ͦͤ͊ͣ͘͘͟͟͡·Σ ͙͙ͫͤͦͤͣ·Σ ͙ͦ͡ͼ͔͍͔͙͔ͭͦͪͤΣ Ή͙͔ͨͭͭΣ ͦͼ͔ͤͦ;ͤ͊Ύ ͔͙ͫ͊͟͟͡Σ ͍͔͙͔ͫͪ͊ͤͤΣ 

͔ͣͭ͊ͺͦͪ͊Φ  

˹͊ ͔͎ͫͦ͒ͤΎ΄͙͚ͤ ͔͒ͤΈΣ ͔ͣͭ͊ͺͦͪ͊ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͊͟͟ ζͫͪ͟·͔ͭͦ ͍͔͙͔ͫͪ͊ͤͤΣ ͔ͦͭͦͪͦ͟ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ 

͔ͨͯͭͣ ͙͔͔͙ͨͪͣͤͤΎ ͍͙ͤ͊͊ͤ͘Ύ ͎ͦ͒ͤͦͦ ͔͔ͨͪ͒ͣͭ͊ ͟ ͎͒ͪͯͦͣͯη ώмΣ ͫΦ мнпϐΦ  

ˤΦˤΦ ˥͔͍͙ͯͪ; ͔ͨͦ͒ͪ͊͒͘͡ΎΎ ͔ͣͭ͊ͺͦͪͯΣ ͤ͊ ͨͪͦͫͭͯΌΣ ͫͦ͗ͤͯ͡Ό ͙ ζ͔ͫͭͪ΄ͯΌͫΎ ͔ͣͭ͊ͺͦͪͯηΦ ˽͔͙͚ͦͫ͒ͤ͡ 

͍͙͒ ͔ͣͭ͊ͺͦͪ· ΄͙ͪͦͦ͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͍ ͍͔͔͍͚ͨͦͫ͒ͤͤͦ ͔ͪ;͙Σ ͙͍ͯͭͪ͊ͭ ͍ͫͦΌ ͔͍ͨͪͦͤ͊;͊͡ΈͤͯΌ 

͍·͙͔ͪ͊ͭ͘͡ΈͤͦͫͭΈΣ ;͊ͫͭͦ ͔ͨͪͦ͋ͪ͊ͯ͘ΌͭͫΎ ͍ͦ ͺ͔͎͙ͪ͊ͦͦͣ͘͘͡· ώпΣ ͫΦ отϐΦ  

͔͔͙͔̂ͨͦͭͪ͋ͤ͡ ͔ͣͭ͊ͺͦͪ ͙͔ͨͫ͊ͭ͡Ύ͙ͣ ͦ͋ΆΎͫͤΎ͔ͭ ͙ͻ ͼ͔͡Έ ͙͙ͯͫͭ͡Έ ͍·͙͔ͪ͊ͭ͘͡ΈͤͦͫͭΈ ͔ͪ;͙ 

͔͔͚ͨͪͫͦͤ͊͗Σ ͫͦ͒͊ͭ͘Έ ͦͼ͔ͤͯ͟ ͙͊ͪͭͤ͟· ͔͎ͦ ͙͙͗ͤ͘Σ ͔͔ͨͪ͒͊ͭΈ ͍͔͙͚ͤͯͭͪͤͤ ͙ͣͪ ͎͔͔͍ͪͦΦ ˿ ͨͦͣͦ΅ΈΌ 

͔ͣͭ͊ͺͦͪ ͍͊ͭͦͪ ͖ͫͦ͒͊ͭ͘ ͦ͋ͪ͊͘Σ ;͔͔ͪ͘ ͦͭͦͪ͟·͚ ͔͔͖ͨͪ͒͊ͭ ͻ͔͍͔͔ͯ͒ͦ͗ͫͭͤͤͦ ͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͦ ͔͔ͨͪ͒ͣͭ͊ͻ ͙ 

Ύ͍͔͙ͤ͡ΎͻΦ ́͊͟ ͔͗ ͙ͪ͊͘͡;͊Όͭ ͍͖ͪ͊ͪͤͯͭͯ͘Ό ͔ͣͭ͊ͺͦͪͯΣ ͚ͦͭͦͪͦ͟ ͍͚͍͔ͫͦͫͭͤͤͦ ͔͔͔͔͙͔ͨͪͤͫͤ ͍͚͍ͫͦͫͭ ͎ͦ͒ͤͦͦ 

͔͔ͨͪ͒ͣͭ͊ ͨͦ ͙ͨͪͤͼ͙ͨͯ ͫͻ͍ͦ͒ͫͭ͊ ͙͙͡ ͦͤͭͪ͊ͫͭͯ͟ ώрϐΦ  

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔ͣͭ͊ͺͦͪ͊ Ύ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ·ͣ ͔͍ͫͪ͒ͫͭͦͣ ͍ ͨͪͦͼ͔͔ͫͫ ͙ͫͦ͒͊ͤ͘Ύ ͍͙ͯ͊͘͡Έ͎ͤͦͦ ͦ͋ͪ͊͊͘ 

͔ͨͪͫͦͤ͊͗͊ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΣ ͔ͦͫͦ͋ͤͤͦ ͔͎͒ͭͫͦͦ͟Φ  

˸͔ͭ͊ͺͦͪ͊ ς ;͔ͪͭ͊ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͔ͭͫͭ͊͟Σ ͦͭͦͪ͊͟Ύ ͭ͊͟ ͔͗ ͍·͔ͫͭͯͨ͊ͭ ͍͚ͦͫͤͦͤͦ ͺ͙͎͚ͯͪͦ ͔ͪ;͙Φ ˿ 

ͨͦͣͦ΅ΈΌ ͎͒͊ͤͤͦͦ ͙͙͙ͫͭͫͭ͡;͔͎ͫͦͦ͟ ͙͖ͨͪͣ͊Σ ͍͊ͭͦͪ ͻ͔͙͔͊ͪ͊ͭͪͯͭ͘͟ ͎͔͔͍ͪͦ ͖ͨͯͭͣ ͔͔͔͔͙ͨͪͤͫͤΎ ͤ͊ ͔͎ͤͦ 

;͙ͯ͗ͻ ͙͍ͨͪͤ͊ͦ͘͟Σ ͨͦ͒;͖͙͍ͪ͊͟Ύ ͔͔͖ͦͨͪ͒ͤͤ͡·͔ ͫͻ͍ͦ͒ͫͭ͊Φ  

˴ ͙͙͙ͫͭͫͭ͡;͔͙ͫͣ͟ ͔͍ͫͪ͒ͫͭ͊ͣ ͍·͙͔ͪ͊ͭ͘͡Έ͙ͤͦͫͭ ͔ͪ;͙ ͦͭͤͦͫΎͭΥ ͦͫ͟ΌͣͦͪͦͤΣ ͔͙͙ͣͭͦͤͣΎΣ ͙͔ͫͤ͒ͦ͟ͻ͊Σ 

͔͙ͨͪͺͪ͊͘Σ ͊͡͡Ό͙͘ΎΣ ͺ͔͎͙ͪ͊ͦͦͣ͘͘͡·Σ ͊͊ͣ͋ͯͪ͟͡Σ ͎ͪ͊͒͊ͼ͙ΎΣ ͙͙ͪͦͤΎΣ ͙͊ͤͭͦͤͦͣ͊͘ΎΣ ͎͙͔ͨͪ͋ͦ͊͡Σ ͙ͭͦͭ͊͡Σ 

͊ͤ͊ͺͦͪ͊ ͙ Ή͙ͨͺͦͪ͊Φ  

ζ́ͪͦͨ· ς Ήͭͦ ͔͙ͫ͟͡;͔͙͔ͫ͟ ͙͙͔ͦ͋ͪ͊ͭ͘͘͡Έͤͦ-͍·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊Σ ͫ ͨͦͣͦ΅ΈΌ ͦͭͦͪ͟·ͻ ͍ͫͦͦ͡ 

͙͙͡ ͍ͫͦͦͫͦ͡;͔͙͔ͭ͊ͤ ͔ͯͨͦͭͪ͋͡Ύ͔ͭͫΎ ͍ ͔͔ͨͪͤͦͫͤͦͣ ͤ͊͘;͔͙͙ͤΦ ˿ͯͭΈ ͒͊ͤͤ·ͻ ͔͍ͫͪ͒ͫͭ ͙ͫͦͫͭͦͭ ͍ 

͍͔͙͙ͫͦͨͦͫͭ͊ͤ͡ ͨͦͤΎ͙͚ͭΣ ͔͍͔ͨͪ͒ͫͭ͊ͤͤ͡·ͻ ͍ ͙ͭͪ͊͒ͼ͙ͦͤͤͦͣ ͔͔͙͙ͯͨͦͭͪ͋ͤ͡ ͔͙ͫ͟͡;͔͚ͫͦ͟ ͔͙͙͒ͤͼ· ͙ 

͔͔͍͔ͨͪ͒͊͊ͣ·ͻ Ή͚ͭͦ ͔͗ ͔͙͙͒ͤͼ͔͚ ͍ ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦ ͔ͪ;͙ ͺͯͤ͟ͼ͙͙η ώмΣ ͫΦ морϐΦ 

ˤ·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ Ύ͘·͊͟ Ύ͍͡ΎΌͭͫΎ ͟͡Ό;͔͍·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͍ͭͦͪ;͔͍ͫͭ͊Φ 

˻͙ͤ ͎ͨͦͣͦ͊Όͭ ͍͊ͭͦͪͯ ͍ͫͦ͒͊͊ͭ͘Έ ͦ͋ͪ͊͘·Σ ͔͔͍ͨͪ͒͊͊ͭΈ ͍͔͙͚ͤͯͭͪͤͤ ͙ͣͪ ͔͔͚ͨͪͫͦͤ͊͗ ͙ ͺ͙͍ͦͪͣͪͦ͊ͭΈ 

Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͙ͦͫͨͪΎ͙͔ͭ ͔ͭͫͭ͊͟ ͯ ;͙͔ͭ͊ͭ͡ΎΦ ́ͪͦͨ· ͙ ͺ͙͎ͯͪ· ͔ͪ;͙ ͍·ͨͦͤ͡ΎΌͭ ͙ͪ͊͘͡;ͤ·͔ ͺͯͤ͟ͼ͙͙Φ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͍·͙͔ͪ͊ͭ͘͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭ ͔͎ͦ͋͡;͔͊ͭ ͙ͻ ͙͔͔ͫͫͭͣͤͦ ͙ͯ͘;͔͙͔ͤΦ ˾͔͔͙͔͊͒ͤ͘͡ ͤ͊ 

͙ͦ͟͡;͔͍͔ͫͭͤͤ·͔ ͙ ͊͟;͔͍͔ͫͭͤͤ·͔ ͺ͙͎ͯͪ·Σ ͭͪͦͨ· ͙ ͙͙͙ͫͭͫͭ͡;͔͙͔ͫ͟ ͙͖ͨͪͣ· ͍ͨͦͦ͘͡Ύ͔ͭ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Ύͣ 

͙ ;͙͔ͭ͊ͭ͡Ύͣ ͎͔ͯ͋͗͡ ͨͦͤΎͭΈ ͪͦ͡Έ ͎͊͗͒ͦͦ͟ Ή͔͔ͣͤͭ͊͡ ͍ ͻ͔͍͔ͯ͒ͦ͗ͫͭͤͤͦͣ ͙͍͔͔͙͙ͨͪͦ͒ͤ͘Φ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ 

͍·͙͔ͪ͊ͭ͘͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭ Ύ͘·͊͟ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͍ ͔͚͒ͭͫͦ͟ ͙͔͔ͭͪ͊ͭͯͪ͡Φ ͔͔̉ͪ͘ ͔ͣͭ͊ͺͦͪ· ͙ ͎͙͔͒ͪͯ ͭͪͦͨ· 

͍͊ͭͦͪ ͺ͙͔ͦͪͣͪͯͭ ͎ͤ͊͡Ύ͒ͤ·͔ ͦ͋ͪ͊͘· ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ Ήͣͦͼ͙ͦͤ͊͡Έͤͦͣͯ ͍͙ͦͫͨͪΎ͙ͭΌ ͔ͭͫͭ͊͟Σ ;ͭͦ ͔͔͒͊ͭ͡ 

͙͍͔͔͙͔ͨͪͦ͒ͤ͘ ͔͔͋ͦ͡ ͒ͦͫͭͯͨͤ·ͣ ͙ ͙͔͔ͤͭͪͫͤ·ͣ ͒͡Ύ ͔͖ͪ͋ͤ͊͟Φ ˤ·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ Ύ͍͡ΎΌͭͫΎ 

͙͍͔ͯͤͪͫ͊͡Έͤ·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣΦ ˻͙ͤ ͙͔ͨͪͣͤΎΌͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͍ ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦ ͙͔͔ͭͪ͊ͭͯͪ͡Σ ͤͦ ͙ ͍ 

ͤ͊ͯ;͚ͤͦΣ ͙ͨͯ͋͡ͼ͙͙ͫͭ;͔͚ͫͦ͟ ͙ ͎͙͒ͪͯͻ ͙ͫͭ͡Ύͻ ͔ͪ;͙Σ ;ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭ ͙ͻ ͤ͊͘;͔͙͔ͤ ͒͡Ύ Ήͺͺ͔͙͍͚ͭͤͦ͟ 

͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͙ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͙͙͊ͯ͒ͭͦͪΌΦ 
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ˤ·͍ͦ͒·Φ  

ˤ·͙͔ͪ͊ͭ͘͡Έͤ·͔ ͔͍ͫͪ͒ͫͭ͊ Ύ͘·͊͟ Ύ͍͡ΎΌͭͫΎ ͟͡Ό;͔͍·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͍ͭͦͪ;͔͍ͫͭ͊Σ 

͍ͨͦͦ͘͡ΎΎ ͍͊ͭͦͪͯ ͍ͫͦ͒͊͊ͭ͘Έ ͙͍͗·͔ ͦ͋ͪ͊͘· ͙ ͔͔͍ͨͪ͒͊͊ͭΈ ͍͔͙͚ͤͯͭͪͤͤ ͙ͣͪ ͔͔͚ͨͪͫͦͤ͊͗Φ ́ͪͦͨ· 

ό͔ͣͭ͊ͺͦͪ·Σ Ή͙͔ͨͭͭ·Σ ͙ͦ͡ͼ͔͍͔͙ͭͦͪͤΎΣ ͎͙͔ͨͪ͋ͦ͡·ύ ͙ ͺ͙͎ͯͪ· ͔ͪ;͙ ό͙͔͊ͤͭͭ͊͘Σ ͊ͤ͊ͺͦͪ͊Σ ͙͍͔͙ͤͪͫΎ ͙ ͒ͪΦύ 

͙͙͍ͯͫ͊͡Όͭ Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͙ ͔ͦ͋ͪ͊ͤͦ͘ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͔ͭͫͭ͊͟Σ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͙ͯͤ͊͟͡Έ͎ͤͦͦ 

͙ͫͭ͡Ύ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΦ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͍·͙͔ͪ͊ͭ͘͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭ ͤ͊ ͺ͔͙ͦͤͭ;͔͙͔ͫ͟Σ ͔͙ͫ͟͡;͔͙͔ͫ͟ ͙ 

͙͙͙ͫͭͫͭ͡;͔͙͔ͫ͟ Ή͔͔ͣͤͭ͡·Σ ͊ ͔ͭ͊͗͟ ͔͔͙͔͒ͤ͡ ͤ͊ ͙ͦ͟͡;͔͍͔ͫͭͤͤ·͔ ͙ ͊͟;͔͍͔ͫͭͤͤ·͔ ͺ͙͎ͯͪ·Σ ͯͨͪͦ΅͔͊ͭ ͙ͻ 

͙͔͔ͫͫͭͣͤͦ ͙ͯ͘;͔͙͔ͤ ͙ ͙͙͔ͨͦͤͣ͊ͤ ͙ͪͦ͡ ͎͊͗͒ͦͦ͟ Ή͔͔ͣͤͭ͊͡ ͍ ͙͔ͭͪ͊ͭͯͪͤͦͣ͡ ͔͔ͭͫͭ͟Φ ˤ·͙͔ͪ͊ͭ͘͡Έͤ·͔ 

͔͍ͫͪ͒ͫͭ͊ ͙͍͔ͯͤͪͫ͊͡Έͤ· ͙ ͙͔ͨͪͣͤΎΌͭͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͍ ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦΣ ͤͦ ͙ ͍ ͤ͊ͯ;͚ͤͦΣ ͙ͨͯ͋͡ͼ͙͙ͫͭ;͔͚ͫͦ͟ 

͙ ͎͙͒ͪͯͻ ͙ͫͭ͡Ύͻ ͔ͪ;͙Σ ;ͭͦ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͙ ͻ ͤ͊͘;͔͙͔ͤ ͒͡Ύ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͙ͦͣͣͯͤ͊͟͟ͼ͙͙ ͙ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ 

͙͙͊ͯ͒ͭͦͪΌΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˢͪͤͦ͡Έ͒Σ ˮΦˤΦ ˿͙͙͙ͭͫͭ͊͟͡Φ ˿͍͔͔ͦͪͣͤͤ·͚ ͎͙͚͙͚͊ͤͫ͟͡ Ύ͘·͟ κ ˮΦˤΦ ˢͪͤͦ͡Έ͒Φ ς 10-͔ ͙͒͘Φ ς ˸ Φ Υ ͙̅ͤͭ͊͡ Υ 

˹͊ͯ͊͟Σ нлмлΦ ς оуп ͫΦ  

2. ˣ͍͊ͪ͊ͤͦΣ ˢΦ˹Φ ˶͙͎͍͙͙ͤͫͭ;͔ͫ͊͟Ύ Ή͔͙ͫͨͪͭ͊͘͟ ͔ͭͫͭ͊͟ κ ˢΦ˹Φ ˣ͍͊ͪ͊ͤͦΦ ς ˸ Φ Υ ͙̅ͤͭ͊͡-˹͊ͯ͊͟Σ нллтΦ ς нус ͫΦ  

3. ˤ͙͎͍ͤͦͪ͊͒ͦΣ ˤΦ˿Φ ˶͔͙ͫ͟;͔͙͔ͫ͟ ͍ͦͨͪͦͫ· ͔͔͍ͨͪͦ͒͊ ͻ͔͍͔͚ͯ͒ͦ͗ͫͭͤͤͦ ͨͪͦ͘· κ ˤΦ˿Φ ˤ͙͎͍ͤͦͪ͊͒ͦΦ ς ˸Φ Υ 

ˮ͒͘-͍ͦ ˸˥̂Σ мфтуΦ ς мтп ͫΦ  

4. ˥͔͍͙ͯͪ;Σ ˤΦˤΦ 9ƴƎƭƛǎƘ {ǘȅƭƛǎǘƛŎǎΦ ˿͙͙͙ͭͫͭ͊͟͡ ͎͊ͤ͡Φ Ύ͘Φ κ ˤΦˤΦ ˥͔͍͙ͯͪ;Φ ς 2-͔ ͙͒͘ΦΣ ͙ͫͨͪΦ ς ˸Φ Υ ͙̅ͤͭ͊͡ Υ 

˹͊ͯ͊͟Σ нллтΦ ς муо ͫΦ  

5. ˶͙͍͙͍ͭͤͦ͊Σ ˤΦˤΦ ˣ͍͊ͦ͘·͔ ͙͔ͨͪͣ· ͙ͫͦ͒͊ͤ͘Ύ ͙ͦ͋ͪ͊ͤͦͫͭ͘ ͍ ͪͦͣ͊ͤ͊ͻ ˾ΉΎ ˣͪΉ͔͙͒͋ͪ ζˤ͙ͤͦ ͙͘ 

͍ͦ͒ͯ͊ͤ;͙͍ͦ͟η ͙ ζпрм ͎͍ͪ͊͒ͯͫͦ ͨͦ ͺ͔͎͔͚͊ͪͤͭͯη κ ˤΦˤΦ ˶͙͍͙͍ͭͤͦ͊κκ ˮ͍͔͙ͫͭ͘Ύ ˤ͎͎͎ͦͦͪ͊͒ͫͦͦ͟͡ 

͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͎͎͙ͨ͒͊ͦ;͔͎ͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊Φ ς URL : https://cyberleninka.ru/article/n/bazovye-

priemy-sozdaniya-obraznosti-v-romanah reya-bredberi-vino-iz-oduvanchikov-i-451-po-ŦŀǊŜƴƎŜȅǘǳ ό͒͊ͭ͊ 

ͦ͋ͪ͊΅͔͙ͤΎ Υ ноΦлмΦнлмсύ 

6. ˹͔͔͍ͯͨͦͦ͊͟Σ ˮΦ˥Φ ͚̂͊͡Έ͒ κκ ˮ͙ͫͭͦͪΎ ͎͙͚͚͊ͤͫͦ͟͡ ͙͔ͭͪ͊ͭͯͪ͡·Φ ́Φ оΦ ς ˸Φ Υ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ˢ͔͙͙͊͒ͣ͟ 

˿˿˿˾Σ мфруΦ ς отс ͫΦ  

7. ˿͔͔͍ͪ͋ͤ͟Σ ̑Φ˸Φ ˻͍ͫͤͦ· ͙͙͙͙ͫͭͫͭ͟͡ ͎͊ͤ͡Φ Ύ͘·͊͟ κ ̑Φ˸Φ ˿͔͔͍ͪ͋ͤ͟Φ ς 2-͔ ͙͒͘ΦΣ ͙ͫͨͪΦ ς ˸Φ Υ ˻˻˻ 

ζˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ ˢ͔ͫͭͪ͡ΈηΣ нллоΦ ς нор ͫΦ  
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ˢͤ ͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟Σ 

͔͎ͦ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͔͎͙͙͊ͭͦͪ͟ ͙ ͫͨͦͫͦ͋· ͍·͔͙ͪ͊͗ͤΎ ͔͔͙ͨͪ͒ͣͭͤͦͫͭΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ 

͔͎͙͊ͭͦͪ͟Ύͣ ;͙ͫ͊͡Σ ͔ͨ͊͒͗͊Σ ͪͦ͒͊ ͙ ͦ͒ͯ΄͔͍͖͙ͤͤͦͫͭ͡Σ ͊ ͔ͭ͊͗͟ ͙ͪ͊͘͡;͙Ό ͔ͣ͗͒ͯ ͍͔ͫͦ͋ͫͭͤͤ·͙ͣ ͙ 

͙ͤ͊ͪͼ͔͊ͭ͡Έͤ·͙ͣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͙ͣΦ ˢ͙͙ͤ͊ͪͯ͘͡ΌͭͫΎ ͫͨͦͫͦ͋· ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͍͔͎ͣͤͦ͗ͫͭͤͤͦͦ ;͙ͫ͊͡ ͙ 

͍͔͎ͦͫͤͤͦͦ͟ ͔ͨ͊͒͗͊Σ ͔͙͍͒ͪ͊ͼ͙Ύ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ ͦͭ ͎͎͍͊ͦͦ͡͡ ͙ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·ͻΣ ͊ ͔ͭ͊͗͟ ͙ͻ ͪͦ͡Έ ͍ 
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MORPHOLOGICAL FEATURES OF THE NOUN IN THE ENGLISH LANGUAGE 

 

Abstract 

The article examines the morphological features of nouns in the English language, their grammatical 

categories, and ways of expressing nominality. Special attention is given to the categories of number, case, 

gender, and animacy, as well as the distinction between proper and common nouns. The study analyzes the 

formation of plural and possessive forms, derivation of nouns from verbs and adjectives, and their role in 

word formation. The work highlights similarities and differences between the English and Russian noun 

systems and demonstrates the influence of grammatical categories on the syntactic and semantic structure 

of sentences. 

Keywords 

noun, English language, grammatical categories, number, case, gender, animacy, proper and common 

nouns, morphology, word formation 

 

ˤ͍͔͔͙͔͒ͤ 

˿ͯ΅͔͍͙͔ͫͭͭ͡Έ͔ͤͦ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͍ͦͫͤͦͤ·ͻ ;͔͚͊ͫͭ ͔ͪ;͙ ͊͟͟ ͍ ͪͯͫͫͦͣ͟Σ ͭ͊͟ ͙ ͍ ͎͙͚͊ͤͫͦͣ͟͡ 

Ύ͘·͊͟ͻΦ ˻ͤͦ ͍·ͨͦͤ͡Ύ͔ͭ ͟͡Ό;͔͍ͯΌ ͺͯͤ͟ͼ͙Ό ς ͦ͋ͦͤ͊͘;͔͙͔ͤ ͔͔͍ͨͪ͒ͣͭͦΣ Ύ͍͔͙͚ͤ͡Σ ͔͚͍͙͚͒ͫͭΣ ͙͍͗·ͻ 

ͫͯ΅͔͍ͫͭ ͙ ͊͋ͫͭͪ͊ͭͤ͟·ͻ ͨͦͤΎ͙͚ͭΦ ˥͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͔͎͙͙͊ͭͦͪ͟ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ͦͭͪ͊͗͊Όͭ ͔͎ͦ ͤ͊͘;͔͙͔ͤ 

͔͔͙ͨͪ͒ͣͭͤͦͫͭ ͙ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͎͍͙͔ͫͦ͊ͫͦ͊ͤ͡ ͫ ͎͙͙͒ͪͯͣ ;͔͙ͤ͊ͣ͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΦ ˮͯ͘;͔͙͔ͤ 

͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͊͟͟ ͫͻ͍ͦ͒ͫͭ͊Σ ͭ͊͟ ͙ ͙ͪ͊͘͡;͙Ύ ͫ 

͚ͪͯͫͫͦ͟ ͙͔͚ͫͫͭͣͦΣ ;ͭͦ ͍͊͗ͤͦ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ ͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟· ͙ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͔͙ͨͦͫͭͪͦͤΎ 

͍·ͫ͊͘͟·͍͙͚͊ͤ ͤ͊ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟Φ 

˽͔ͪͦ͋ͣ͊͡ ͙ͯ͘;͔͙ͤΎ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͔͎͙͚͊ͭͦͪ͟ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ͨͦ͒ͪͦ͋ͤͦ ͍͔ͦͫ΅͔ͤ͊ ͍ ͪ͊͋ͦͭ͊ͻ 

͔ͦͭ;͔͍͔ͫͭͤͤ·ͻ ͙ ͔͊ͪͯ͋͗ͤ͘·ͻ ͙͎͍͙͍ͤͫͭͦ͡Φ ˤ ;͙͊ͫͭͤͦͫͭΣ ˸ΦˮΦ ˴͊ͼ͔ͤ͡Έͫͦͤ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͔͎͙͙͊ͭͦͪ͟ 

;͙ͫ͊͡Σ ͪͦ͒͊ ͙ ͔ͨ͊͒͗͊ ͊͟͟ ͍ͦͫͤͦͤ·͔ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͙͙ͨͪͤ͊͘͟ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦΣ ͔ͦͭͣ;͊Ύ ͙ͻ ͍͙͡Ύ͙͔ͤ 

ͤ͊ ͙͙ͫͤͭ͊ͫ͟;͔ͫͯ͟Ό ͫͭͪͯͭͯͪͯ͟ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΦ ˽ͦ ͔͙ͣͤͤΌ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡ΎΣ ͤ͊͘;͔͙͔ͤ ͔͔͙ͨͪ͒ͣͭͤͦͫͭ 

Ύ͍͡Ύ͔ͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͣ ͙ ͙ͨͪͫͯ΅͙ͣ ͍͔ͫͣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͣΣ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͔͎ͦͤͪͭͤͦͦ͟͟ Ύ͘·͊͟Φ 

ˤ ͎͊ͤͦ͡Ύ͘·;͚ͤͦ ͙͎͍͙͙͔ͤͫͭ͟͡ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ ͙ͯ͘;͊ΌͭͫΎ ͫ ͊͟ͼ͔ͤͭͦͣ ͤ͊ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

ͣͦͪͺ͎͙ͦͦ͡;͔͎ͫͦͦ͟ ͦͺ͔͙ͦͪͣͤ͡ΎΣ ͔͎͙͊ͭͦͪ͟Ό ;͙ͫ͊͡ ͙ ͫͨͦͫͦ͋· ͍·͔͙ͪ͊͗ͤΎ ͔ͨ͊͒͗͊Φ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͎ͪͯͫͫͦͦ͟ 

Ύ͘·͊͟Σ ͎͙͚͙͚͊ͤͫ͟͡ ͔ͤ ͔ͦ͋͊͒͊ͭ͡ ͚ͨͦͤͦ͡ ͙͔͚ͫͫͭͣͦ ͍ͪͦ͒ͦ·ͻ ͦͦͤ͟;͙͚͊ͤΣ ͊ ͔͎͙͊ͭͦͪ͟Ύ ͔ͨ͊͒͗͊ ͨͪͦΎ͍͡Ύ͔ͭͫΎ 

͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ;͔͔ͪ͘ ͙ͨͪͭΎ͔͗͊ͭ͡ΈͤͯΌ ͺͦͪͣͯ όϥǎύ ͙͙͡ ͍͔ͦͫͤͤ͟·͔ ͔͙͔͙ͣͫͭͦͣͤΎΦ ˴͔͎͙͊ͭͦͪΎ 

ͦ͒ͯ΄͔͍͖͙ͤͤͦͫͭ͡ ͔ͭ͊͗͟ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ;͔͔ͪ͘ ͔͙͔͙ͣͫͭͦͣͤΎ ͙ ͔ͦͭ͒͡ΈͤͯΌ ͔͙ͫͯ͟͟͡Σ ;ͭͦ 

͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ ͯ;͔͙͋ͤ͊͟ͻ ͙ ͎͙ͪ͊ͣͣ͊ͭ͊͟ͻ ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟ ώпΣ рϐΦ 

˿ͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙ ͊͟͟ ͙͍ͨͪͦ͒ͯͭͤ͊͟Ύ ;͊ͫͭΈ ͔ͪ;͙ ͍ ͍͍͙͙ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡Φ ˸͎͙͔ͤͦ 
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͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ ͔ͦͭͣ;͊ΌͭΣ ;ͭͦ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͍ͤͦ·ͻ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ ͦͭ ͎͎͍͊ͦͦ͡͡ ͙ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·ͻ ͔ͤ 

͙͔ͣͤ͘Ύ͔ͭ ͙ͻ ͍͋͊ͦ͘·͔ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͺͦͪͣ·Σ ͤͦ ͪ͊ͫ΄͙ͪΎ͔ͭ ͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͍͙ͦͣͦ͗ͤͦͫͭ͘ Ύ͘·͊͟Φ 

ˤ͊͗ͤ·ͣ ͔͊ͫͨͭͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͙ͪ͊͘͡;͙͔ ͔ͣ͗͒ͯ ͍͔ͫͦ͋ͫͭͤͤ·͙ͣ ͙ ͙ͤ͊ͪͼ͔͊ͭ͡Έͤ·͙ͣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͙ͣΦ 

˿͍͔ͦ͋ͫͭͤͤ·͔ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ ͙ͯ͘;͙͊ͫ͡Έ ͍ ͔͔ͦͤͭͫͭ͟͟ ͙͙ͦͤͦͣ͊ͫͭ͟ ͙ ͙͙͙ͭͦͨͦͤͣ͟ ό͙͔ͤ͊ͨͪͣͪΣ ͍͙ͫͦ͊ͪ͡ 

͙͡;ͤ·ͻ ͙ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͙͖ͣͤύΣ ͎ͭͦ͒͊ ͊͟͟ ͙ͤ͊ͪͼ͔͊ͭ͡Έͤ·͔ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔͎͙͊ͭͦͪ͟ΌΣ 

͙͔ͣͤ͘Ύ͔ͣͯΌ ͨͦ ;͙ͫͯ͡ ͙ ͦ͋͊͒͊͡Ό΅ͯΌ ͻ͔͊ͪ͊ͭͪͤ͟·͙ͣ ͦͪͺ͎ͦͪ͊ͺ͙;͔͙͙ͫͣ͟ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙͔ͭͪ͊ͭͯͪ͊͡ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭΣ ;ͭͦ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͔͎͙͙͊ͭͦͪ͟ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ς 

;͙ͫͦ͡Σ ͔ͨ͊͒͗Σ ͪͦ͒Σ ͦ͒ͯ΄͔͍͖ͤͤͦͫͭ͡Έ ͙ ͙͔ͨͪͤ͊͒͗ͤͦͫͭ͡Έ ς ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 

͙͙ͫͤͭ͊ͫ͟;͔͚ͫͦ͟ ͙ ͔͙ͫͣ͊ͤͭ;͔͚ͫͦ͟ ͫͭͪͯͭͯͪ͟· ͍·ͫ͊͘͟·͍͙͊ͤΎΣ ͊ ͙ͪ͊͘͡;͙͔ ͔ͣ͗͒ͯ ͍͔ͫͦ͋ͫͭͤͤ·͙ͣ ͙ 

͙ͤ͊ͪͼ͔͊ͭ͡Έͤ·͙ͣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͙ͣ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͤ͊ ͔ͤͫͦ͟͡Έ͙͟ͻ ͍ͯͪͦͤΎͻ ͙͊ͤ͊͊͘͡ Ύ͘·͊͟Φ 

ˮͣΎ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͔ͤͦ ς Ήͭͦ ;͊ͫͭΈ ͔ͪ;͙Σ ͦ͋ͦͤ͊͘;͊Ό΅͊Ύ ͔͔ͨͪ͒ͣͭ ͙ ͍·ͪ͊͗͊Ό΅͊Ύ ͔͎͙͊ͭͦͪ͊͟͡Έ͔ͤͦ 

͎͙ͪ͊ͣͣ͊ͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͔͔͙ͨͪ͒ͣͭͤͦͫͭ ͍ ;͊ͫͭͤ·ͻ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͔͎͙͊ͭͦͪ͟Ύͻ 

ͦ͒ͯ΄͔͍͖͙ͤͤͦͫͭ͡κ͔ͤͦ͒ͯ΄͔͍͖͙ͤͤͦͫͭ͡Σ ͪͦ͒͊Σ ;͙ͫ͊͡ ͙ ͔ͨ͊͒͗͊Φ ˿ͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ ͤ͊͘·͍͊Όͭ ͔͔ͨͪ͒ͣͭ· ͍ 

΄͙ͪͦͦͣ͟ ͫͣ·͔ͫ͡Σ ͭͦ ͔ͫͭΈ ͔ͤ ͭͦ͡Έͦ͟ ͔ͦͤͪͭͤ͟͟·͔ ͔͔ͨͪ͒ͣͭ· ͦͪͯ͗͊͟Ό΅͔͚ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭΣ ͙ͻ 

͍͙ͫͦͦͯͨͤͦͫͭ͟ ͙͙͡ ͍ͫͦͫͭ͊ͤ·͔ ;͙͊ͫͭΣ ͤͦ ͙ ͙͍͗·ͻ ͫͯ΅͔͍ͫͭΣ ͊ ͔ͭ͊͗͟ ͔͚͍͙͒ͫͭΎ ͙ ͫͦͫͭͦΎ͙ͤΎ ͍ ͍͔ͦͭ͡;͔͙͙ͤ ͦͭ 

͙ͻ ͙͍͙͔͔͚ͨͪͦͦ͒ͭ͘͡Σ ͍͚͍ͫͦͫͭ͊ ͙ ͙ͦ͟͡;͔͍ͫͭ͊ ͍ ͍͔ͦͭ͡;͔͙͙ͤ ͦͭ ͙ͻ ͙͔͔͚ͤͦͫͭ͡Φ ˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͤ͊͘;͔͙͔ͤ 

͔͔͙ͨͪ͒ͣͭͤͦͫͭ ς Ήͭͦ ͍͔ͦͭ͡;͖͔ͤͤͦ ͎͙ͪ͊ͣͣ͊ͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΣ ͍͚͍͔͔ͫͦͫͭͤͤͦ ͍͔ͫͣ ͔͋͘ ͙ͫ͟͡Ό;͔͙ͤΎ 

ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͣΦ 

ˤ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ όƴƻǳƴǎύ ͍·ͨͦͤ͡ΎΌͭ ͎͙͊ͤ͊ͦ͡;ͤͯΌ ͺͯͤ͟ͼ͙Ό ς ͙ͦͤ 

ͦ͋ͦͤ͊͘;͊Όͭ ͔͔ͨͪ͒ͣͭ·Σ ͡Ό͔͚͒Σ Ύ͍͔͙ͤ͡ΎΣ ͊͟;͔͍ͫͭ͊Σ ͫͦͫͭͦΎ͙ͤΎ ͙ ͊͋ͫͭͪ͊ͭͤ͟·͔ ͨͦͤΎ͙ͭΎΦ ˻͒ͤ͊ͦ͟ 

͎͙ͪ͊ͣͣ͊ͭ;͔ͫ͊͟Ύ ͙͔ͫͫͭͣ͊ ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟ ͙ͦͭ͡;͔͊ͭͫΎ ͦͭ ͚ͪͯͫͫͦ͟Φ ́͊͟Σ ͍ ͎͙͚͊ͤͫͦͣ͟͡ ͔ͤͭ ͔͎͙͙͊ͭͦͪ͟ 

ͪͦ͒͊ ͒͡Ύ ͍͔ͫͻ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ ό͔ͪͦͣ͟ ͍·͔͚ͪ͊͗ͤͤͦ ͔͙ͫͣ͊ͤͭ;͔͙ͫ͟ ;͔͔ͪ͘ ͔͙͔͙ͣͫͭͦͣͤΎΥ ƘŜΣ ǎƘŜΣ ƛǘύΣ ͙ 

͔ͨ͊͒͗ ͍·͔ͪ͊͗͊ͭͫΎ ͎͍͊ͤ͡·ͣ ͦ͋ͪ͊ͦͣ͘ ;͔͔ͪ͘ ͙ͨͪͭΎ͔͗͊ͭ͡ΈͤͯΌ ͺͦͪͣͯ όϥǎύ ͙͙͡ ͍͔ͦͫͤͤ͟·͔ ͔͙͔͙ͣͫͭͦͣͤΎΣ ͊ 

͔ͤ ͙͔͚ͫͫͭͣͦ ͦͦͤ͟;͙͚͊ͤΦ ˴͔͎͙͊ͭͦͪΎ ;͙ͫ͊͡ ͍·͔ͪ͊͗͊ͭͫΎ ͨͪͦ΅͔ ς ;͔͔ͪ͘ ͍͔͙͔͒ͦ͋͊ͤ͡ ͦͦͤ͟;͙͊ͤΎ -ǎ ͙͙͡ -es 

͒͡Ύ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͍͔͎ͣͤͦ͗ͫͭͤͤͦͦ ;͙ͫ͊͡Σ ͊ ͔͎͙͊ͭͦͪ͟Ύ ͦ͒ͯ΄͔͍͖͙ͤͤͦͫͭ͡ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͎͍͊ͤ͡·ͣ ͦ͋ͪ͊ͦͣ͘ 

͍ ͔͙͔͙ͣͫͭͦͣͤΎͻ ͙ ͔͔͖͚ͦͨͪ͒ͤͤͦ͡ ͔͙͔ͫ͟͟͡Φ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͤ͊͘;͔͙͔ͤ ͔͔͙ͨͪ͒ͣͭͤͦͫͭ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ 

ͫͦͻͪ͊ͤΎ͔ͭͫΎΣ ͤͦ ͫͨͦͫͦ͋· ͔͎ͦ ͎͙ͪ͊ͣͣ͊ͭ;͔͎ͫͦͦ͟ ͍·͔͙ͪ͊͗ͤΎ ͙ͦͭ͡;͊ΌͭͫΎ ͦͭ ͚ͪͯͫͫͦ͟ ͙͔ͫͫͭͣ·Φ 

˿ͯ΅͔͍͙͔ͫͭͭ͡Έ͔ͤͦ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͟͡Ό;͔͍·ͻ ;͔͚͊ͫͭ ͔ͪ;͙ ͎͙͚͎͊ͤͫͦͦ͟͡ Ύ͘·͊͟Σ ͍·ͨͦͤ͡ΎΎ 

ͺͯͤ͟ͼ͙Ό ͦ͋ͦͤ͊͘;͔͙ͤΎ ͔͔͍ͨͪ͒ͣͭͦΣ ͙͍͗·ͻ ͫͯ΅͔͍ͫͭΣ Ύ͍͔͙͚ͤ͡Σ ͔͚͍͙͚͒ͫͭ ͙ ͊͋ͫͭͪ͊ͭͤ͟·ͻ ͨͦͤΎ͙͚ͭΦ ˴͊͟ ͙ ͍ 

ͪͯͫͫͦͣ͟ Ύ͘·͔͟Σ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͔ͤͦ ͍·͔ͪ͊͗͊ͭ ͔͎͙͊ͭͦͪ͊͟͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ ͔͔͙ͨͪ͒ͣͭͤͦͫͭΣ ͦ͒ͤ͊ͦ͟ ͫͨͦͫͦ͋· 

͔͎ͦ ͎͙ͪ͊ͣͣ͊ͭ;͔͎ͫͦͦ͟ ͦͺ͔͙ͦͪͣͤ͡Ύ ͍ ͎͙͚͊ͤͫͦͣ͟͡ ͙͔ͣΌͭ ͍͙ͫͦ ͔͙ͦͫͦ͋ͤͤͦͫͭΦ 

˴͔͎͙͊ͭͦͪΎ ;͙ͫ͊͡ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͤͦ ͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ ͔͎͙͔͚͊ͭͦͪ͟ ͎͙͚͎͊ͤͫͦͦ͟͡ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦΦ 

˿ͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ ͎ͣͦͯͭ ͋·ͭΈ ͔͙͍͔͎͒ͤͫͭͤͤͦͦ όsingularύ ͙ ͔͍͔͎ͣͤͦ͗ͫͭͤͤͦͦ ;͙ͫ͊͡ όplural). 

˸͔͍͔͔ͤͦ͗ͫͭͤͤͦ ;͙ͫͦ͡ ͦ͋·;ͤͦ ͔ͦ͋ͪ͊ͯͭͫ͘Ύ ͍͔͙͔͒ͦ͋͊ͤͣ͡ ͦͦͤ͟;͙͊ͤΎ -ǎ ͙͙͡ -es: ōƻƻƪ Ҧ ōƻƻƪǎΣ ōƻȄ Ҧ 

boxesΦ ˽͙ͪ Ήͭͦͣ ͫͯ΅͔͍ͫͭͯΌͭ ͔͍͙ͤͨͪ͊͡Έͤ·͔ ͺͦͪͣ·Υ Ƴŀƴ Ҧ ƳŜƴΣ ŎƘƛƭŘ Ҧ ŎƘƛƭŘǊŜƴΣ ƳƻǳǎŜ Ҧ ƳƛŎŜ. 

˴͔͎͙͊ͭͦͪΎ ;͙ͫ͊͡ ς Ήͭͦ ͎͙ͪ͊ͣͣ͊ͭ;͔ͫ͊͟Ύ ͔͎͙͊ͭͦͪ͟Ύ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦΣ ͍·ͪ͊͗͊Ό΅͊Ύ ͦͭͤͦ΄͔͙͔ͤ 

͔͔ͨͪ͒ͣͭ͊ ͟ ͔͙͙͒ͤ;ͤͦͣͯ ͙͙͡ ͔͍͔ͣͤͦ͗ͫͭͤͤͦͣͯ ͙ͦ͟͡;͔͍ͫͭͯΦ ˻ͤ͊ Ύ͍͡Ύ͔ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έ͚ͤͦ ͒͡Ύ ͍͔ͫͻ 

ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ ͙ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ;͔͔ͪ͘ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͺͦͪͣ·Σ ͊ ͔ͭ͊͗͟ ͍͙͡Ύ͔ͭ ͤ͊ ͙͙ͫͤͭ͊ͫ͟;͔͔ͫͦ͟ 

͎͍͙͔ͫͦ͊ͫͦ͊ͤ͡ ͫ ͎͙͙͒ͪͯͣ ;͔͙ͤ͊ͣ͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΦ ˴͔ͪͦͣ ͎ͭͦͦΣ ͔͎͙͊ͭͦͪ͟Ύ ;͙ͫ͊͡ ͙͎͔ͪ͊ͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ 

͔͙ͫͦ͟͟͡-͔͙ͫͣ͊ͤͭ;͔ͫͦͣ͟ ͙͍͙͙ͨ͊ͤͪͦ͊ͤ͡ ͍·ͫ͊͘͟·͍͙͊ͤΎΣ ͍ͨͦͦ͘͡ΎΎ ͭͦ;ͤͦ ͦ͋ͦͤ͊͘;͊ͭΈ ͙ͦ͟͡;͔͍ͫͭͦ 

ͦ͋Ά͔͍ͭͦ͟ ͙ ͔ͦͪͪͭͤͦ͟͟ ͙ͫͭͪͦͭΈ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͍ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͙ͫͣ͟ ͙ͤͦͪͣ͊ͣ ͎͙͚͎͊ͤͫͦͦ͟͡ 

Ύ͘·͊͟Φ ˤ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͙ͪ͊͘͡;͊ΌͭΥ ͔͙͍͔͔͒ͤͫͭͤͤͦ ;͙ͫͦ͡ όǎƛƴƎǳƭŀǊύ τ ͦ ͋ͦͤ͊͘;͔͊ͭ ͙ͦ͒ͤ ͦ͋Ά͔ͭ͟Σ ͙͡ͼͦ 

͙͙͡ Ύ͍͔͙͔ͤ͡Τ ͔͍͔͔ͣͤͦ͗ͫͭͤͤͦ ;͙ͫͦ͡ όǇƭǳǊŀƭύ τ ͦ͋ͦͤ͊͘;͔͊ͭ ͍͒͊ ͙ ͔͔͋ͦ͡ ͦ͋Ά͔ͭ͊͟ ͙͙͡ Ύ͍͔͙ͤ͡ΎΦ 

˻͔͋ͪ͊ͯͭͫ͘ΎΥ 

˴͔͎͙͊ͭͦͪΎ ;͙ͫ͊͡ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͙͙ͫͤͭ͊ͫ͟;͔͙ͫ͟ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͎͍͙͙ͫͦ͊ͫͦ͊ͤ͡ ͫ ͎͎͊ͦͦͣ͡-
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͔ͫ͊ͯͣ͘͟·ͣΥ The cat sleeps / The cats sleepΤ ͔͔͙͔ͦͨͪ͒ͭ͡͡Ύ͙ͣ ͙ ͔͙͔͙ͣͫͭͦͣͤΎ͙ͣΥ this book / these books, 

that man / those menΤ ώпΣ ǇΦ мноϐ ͍ ͔ͤͦͭͦͪ͟·ͻ ͫͯ͡;͊Ύͻ ;͙ͫͦ͡ ͍͙͡Ύ͔ͭ ͤ͊ ͎͍͙͔ͫͦ͊ͫͦ͊ͤ͡ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·ͻ ͙ 

͙ͦ͟͡;͔͍͔ͫͭͤͤ·ͻ ͍·͔͙͚ͪ͊͗ͤΣ ͙͔ͤ͊ͨͪͣͪΥ many books, few ideas. 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͎͙͊ͭͦͪ͟Ύ ;͙ͫ͊͡ ͍·ͨͦͤ͡Ύ͔ͭ ͍͚͒ͦͤͯΌ ͺͯͤ͟ͼ͙ΌΥ 

1. ˿͔͙ͣ͊ͤͭ;͔ͫͯ͟Ό τ ͦ ͋ͦͤ͊͘;͔͊ͭ ͙ͦ͟͡;͔͍ͫͭͦ ͔͔͍ͨͪ͒ͣͭͦΣ Ύ͍͔͙͚ͤ͡ ͙͙͡ ͙͡ͼΦ 

2. ˿͙͙ͤͭ͊ͫ͟;͔ͫͯ͟Ό τ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͎͙ͪ͊ͣͣ͊ͭ;͔͔ͫͦ͟ ͎͍͙͔ͫͦ͊ͫͦ͊ͤ͡ ͫ ͎͙͙͒ͪͯͣ ;͔͙ͤ͊ͣ͡ 

͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΣ ͍͙͡ΎΎ ͤ͊ ͍͙ͨͪ͊͡ΈͤͦͫͭΈ ͔͙ͨͦͫͭͪͦͤΎ ͍·ͫ͊͘͟·͍͙͊ͤΎ ͙ ͍͙ͦͫͨͪΎ͙͔ͭ ͙ͤͺͦͪͣ͊ͼ͙͙Φ 

˴͔͎͙͊ͭͦͪΎ ͔ͨ͊͒͗͊ ͍ ͎͙͚͊ͤͫͦͣ͟͡ ͍·͔ͪ͊͗ͤ͊ ͎͙ͦͪ͊ͤ;͔ͤͤͦΦ ˻͍ͫͤͦͤ͊Ύ ͺͦͪͣ͊ ͍͔͎ͦͫͤͤͦͦ͟ ͔ͨ͊͒͗͊ ς 

͙ͨͪͭΎ͔͗͊ͭ͡Έͤ·͚ όΨǎύΥ WƻƘƴΩǎ ōƻƻƪΣ ǘƘŜ ŘƻƎΩǎ ǘŀƛƭΦ ˨͡Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ ͺͦͪͣ͊ ͍͔͎ͦͫͤͤͦͦ͟ 

͔ͨ͊͒͗͊ ͍͔ͫͦͨ͊͒͊ͭ ͫ ͙͔͙͔ͣͤͭ͡Έͤ·ͣΥ ǘƘŜ ǘŀōƭŜ Ҧ ǘƘŜ ǘŀōƭŜ. 

˸ΦˮΦ ˴͊ͼ͔ͤ͡Έͫͦͤ ͍͟͡Ό;͔͊ͭ ͔͎͙͙͊ͭͦͪ͟ ;͙ͫ͊͡Σ ͪͦ͒͊ ͙ ͔ͨ͊͒͗͊ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ώмϐ 

˿ͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͙͍͊ͭͤͦ͟ ͯ;͍͊ͫͭͯΌͭ ͍ ͍͍͙͙ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡Φ ˻͙ͤ ͎ͣͦͯͭ 

͍ͦ͋ͪ͊ͦ͘·͍͊ͭΈͫΎ ͦͭ ͎͎͍͊ͦͦ͡͡Υ ŘŜǾŜƭƻǇƳŜƴǘ ҥ ŘŜǾŜƭƻǇΣ ͦͭ ͙͎͔ͨͪ͊͊ͭ͡͡Έͤ·ͻΥ ƘŀǇǇƛƴŜǎǎ ҥ ƘŀǇǇȅΦ ˨͔͙͍ͪ͊ͼ͙Ύ 

͍͙͡Ύ͔ͭ ͤ͊ ͔͙ͫͣ͊ͤͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΣ ͔ͤ ͙͔ͣͤ͘ΎΎ ͙ͨͪ Ήͭͦͣ ͍͋͊ͦ͘·͔ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͺͦͪͣ·Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͔͎͙͙͊ͭͦͪ͟ ͎͙͚͎͊ͤͫͦͦ͟͡ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ς ;͙ͫͦ͡Σ ͪͦ͒Σ ͔ͨ͊͒͗Σ 

ͦ͒ͯ΄͔͍͖ͤͤͦͫͭ͡Έ ͙ ͙͔ͨͪͤ͊͒͗ͤͦͫͭ͡Έ τ ͦͭͪ͊͗͊Όͭ ͊͟͟ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟Σ ͭ͊͟ ͙ ͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ;͙͊ͫͭ ͔ͪ;͙Φ  

˿͍͔ͦ͋ͫͭͤͤ·͔ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ τ Ήͭͦ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔Σ Ύ͍͡ΎΌ΅͙͔ͫΎ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͙ͣ 

͙͔͍͙ͤ͊ͣͤͦ͊ͤΎ͙ͣ ͔͔͍ͨͪ͒ͣͭͦΣ ͙͡ͼ ͙͙͡ Ύ͍͔͙͚ͤ͡Φ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎΥ ͙͔ͣͤ͊Σ ͦͭ;͔͍ͫͭ͊Σ ͍͙ͨͪͦ͘΅͊ ͙ ͺ͙͙͙͊ͣ͡ 

͡Ό͔͚͒Σ ͙͟͡;͙͟ ͙͍͗ͦͭͤ·ͻΣ ͍͙ͤ͊͊ͤ͘Ύ ͎͔͎ͦͪ͊ͺ͙;͔͙ͫ͟ͻ ͦ͋Ά͔͍ͭͦ͟Σ ͙͊ͫͭͪͦͤͦͣ;͔͙͔ͫ͟ ͍͙ͤ͊͊ͤ͘ΎΣ ͍͙ͤ͊͊ͤ͘Ύ 

͔͍ͫͪ͒ͫͭ ͔͔͍͙͔͙ͨͪ͒͗ͤΎΣ ͯ;͔͔͙͚ͪ͗͒ͤΣ ͔͙ͨͪ͒ͨͪΎ͙͚ͭΣ ͦ͋΅͔͍ͫͭΣ ͦ͋Ά͔͙͔͙͚͒ͤͤΣ ͎͍ͦͪ͊ͤͦ ͔ͨ;͙͊ͭΣ 

͙͍͔͔͙͚ͨͪͦ͒ͤ͘ ͙͔ͭͪ͊ͭͯͪ͡· ͙ ͙͍ͫͯͫͫͭ͊͟Σ ͙͙ͫͭͦͪ;͔͙ͫ͟ͻ Ήͨͦͻ ͙ ͫͦ͋·͙͚ͭΣ ͙͍ͨͪ͊͒ͤͦ͘͟ ͙ ͔ͤͦͭͦͪ͟·͔ ͎͙͔͒ͪͯ 

͎ͪͯͨͨ· ͙͔͍͙͚ͤ͊ͣͤͦ͊ͤΦ 

˿͍͔ͦ͋ͫͭͤͤ·͔ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͔ͤ ͍͟͡Ό;͊ΌͭͫΎ ͍ ͦ͋·;ͤ·͔ ͍ͭͦͦ͟͡·͔ ͍͙ͫͦ͊ͪ͡ Ύ͘·͊͟Σ 

ͦ͒ͤ͊ͦ͟ ͫͯ΅͔͍ͫͭͯΌͭ ͔ͫͨͼ͙͊͡Έͤ·͔ ͍͙ͫͦ͊ͪ͡ ͍͔ͫͦ͋ͫͭͤͤ·ͻ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ ό͙͔ͤ͊ͨͪͣͪΣ ͙͙ͭͦͨͦͤͣ;͔͙͔ͫ͟ 

͍͙ͫͦ͊ͪ͡Σ ͍͙ͫͦ͊ͪ͡ ͙͡;ͤ·ͻ ͙͖ͣͤΣ ͙͙͊ͤͭͪͦͨͦͤͣ;͔͙͔ͫ͟ ͙ ͙ͦͤͦͣ͊ͫͭ;͔͙͔ͫ͟ ͍ͫͨͪ͊ͦ;͙͙ͤ͟ύΦ 

ˤ ͙ͪͦ͡ ͍͔ͫͦ͋ͫͭͤͤ·ͻ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ ͎ͣͦͯͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͔ͤ ͭͦ͡Έͦ͟ ͔ͦͭ͒͡Έͤ·͔ ͍ͫͦ͊͡Σ ͤͦ ͙ 

͍ͫͦͦͫͦ͡;͔͙ͭ͊ͤΎΣ ͊ ͙͎ͤͦ͒͊ ͔͒͊͗ ͼ͔͡·͔ ͔͔͙ͨͪ͒ͦ͗ͤ͡ΎΣ ͔͙ͫ͡ ͙ͦͤ ͍·ͨͦͤ͡ΎΌͭ ͺͯͤ͟ͼ͙Ό ͦ͋ͦͤ͊͘;͔͙ͤΎ 

͙ͯͤ͊͟͡Έ͎ͤͦͦ ͦ͋Ά͔ͭ͊͟Φ ˽͙ͪ Ήͭͦͣ ͍ ͔ͨͦͤͦ͡ ͙͔͍͙͔ͤ͊ͣͤͦ͊ͤ ͔͔ͨͪ͒ͣͭ͊ ͔ͣͦ͗ͭ ͍ͻ͙ͦ͒ͭΈ ͔͎ͦ ͙ͤ͊ͪͼ͔͊ͭ͡Έ͔ͤͦ 

͍͙͔ͤ͊͊ͤ͘Σ ͙͔ͤ͊ͨͪͣͪΥ Mount Everest, the River Thames, the University of Oxford. 

˹͙͊ͪͼ͔͊ͭ͡Έͤ·͔ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ ͦ͋ͦͤ͊͘;͊Όͭ ͔͔ͨͪ͒ͣͭ ͙͘ ͪΎ͒͊ ͦ͒ͤͦͪͦ͒ͤ·ͻ ͦ͋Ά͔͍ͭͦ͟Σ ͨͦͤΎ͙͚ͭ 

͙͙͡ ͍͔΅͔͍ͫͭΦ ˻͍͚ͫͤͦͤͦ ͎͙ͪ͊ͣͣ͊ͭ;͔͚ͫͦ͟ ͔ͦͫͦ͋ͤͤͦͫͭΈΌ ͙ͤ͊ͪͼ͔͊ͭ͡Έͤ·ͻ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ Ύ͍͡Ύ͔ͭͫΎ 

͙͔͔͙͔ͣͤͤ͘ ͨͦ ;͙ͫ͊ͣ͡Σ ͔͙ͫ͡ ͤ͊ Ήͭͦ ͔ͤ ͤ͊͊͒͟͡·͍͊ΌͭͫΎ ͔͙ͫͣ͊ͤͭ;͔͙͔ͫ͟ ͎͙ͦͪ͊ͤ;͔͙ͤΎ όwater ͔ͤ ͙͔͔ͣͭ 

͔͍͔͎ͣͤͦ͗ͫͭͤͤͦͦ ;͙ͫ͊͡Σ ōƻƻƪǎ Ҧ ōƻƻƪ τ ͔͍͔͔ͣͤͦ͗ͫͭͤͤͦύΦ ˻͍͚ͫͤͦͤͦ ͦͪͺ͎ͦͪ͊ͺ͙;͔͚ͫͦ͟ ͔ͦͫͦ͋ͤͤͦͫͭΈΌ 

Ύ͍͡Ύ͔ͭͫΎ ͙͙͔ͤ͊ͨͫ͊ͤ ͫͦ ͫͭͪͦ;͚ͤͦ ͍͋ͯ͟·Σ ͊͘ ͙ͫ͟͡Ό;͔͙͔ͤͣ ͫͯ͡;͔͍͊ ͤ͊;͊͊͡ ͔͔͙ͨͪ͒ͦ͗ͤ͡Ύ ͙͙͡ 

͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍ ͍͔ͫͦͫͭ͊ ͍͔ͫͦ͋ͫͭͤͤ·ͻ ͍͙͚ͤ͊͊ͤ͘Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͪ͊͘͡;͙͔ ͔ͣ͗͒ͯ ͍͔ͫͦ͋ͫͭͤͤ·͙ͣ ͙ ͙ͤ͊ͪͼ͔͊ͭ͡Έͤ·͙ͣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͙ͣ 

ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͤ͊ ͔͙ͫͣ͊ͤͭ;͔ͫͦͣ͟Σ ͎͙ͪ͊ͣͣ͊ͭ;͔ͫͦͣ͟ ͙ ͦͪͺ͎ͦͪ͊ͺ͙;͔ͫͦͣ͟ ͍ͯͪͦͤΎͻΥ ͔͙ͫͣ͊ͤͭ;͔͙͚ͫ͟ 

͍͔ͯͪͦͤΈΥ ͍͔ͫͦ͋ͫͭͤͤ·͔ ͦ͋ͦͤ͊͘;͊Όͭ ͙ͯͤ͊͟͡Έͤ·͔ ͦ͋Ά͔ͭ͟·Σ ͙ͤ͊ͪͼ͔͊ͭ͡Έͤ·͔ ς ͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡ ͊ͫͫ͊͟͡ 

ͦ͋Ά͔͟ ͍ͭͦΤ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͚ͫ͟ ͍͔ͯͪͦͤΈΥ ͙ͤ͊ͪͼ͔͊ͭ͡Έͤ·͔ ͙͔ͣͤ͘ΎΌͭͫΎ ͨͦ ;͙ͫ͊ͣ͡Σ ͍͔ͫͦ͋ͫͭͤͤ·͔ ;͊΅͔ 

ͫͦͻͪ͊ͤΎΌͭ ͺͦͪͣͯ ͔͙͍͔͎͒ͤͫͭͤͤͦͦ ;͙ͫ͊͡Τ ͦͪͺ͎ͦͪ͊ͺ͙;͔͙͚ͫ͟ ͍͔ͯͪͦͤΈΥ ͍͔ͫͦ͋ͫͭͤͤ·͔ ͙ͨ΄ͯͭͫΎ ͫ ͎͍͚͊͊ͤͦ͘͡ 

͍͋ͯ͟·Σ ͙ͤ͊ͪͼ͔͊ͭ͡Έͤ·͔ ς ͫ ͦ ͫͭͪͦ;͚ͤͦ ώнΣ ǇΦ пуΤ оΣ ǇΦ ммнϐΦ 

ˤ·͍ͦ͒· 

˿ͯ΅͔͍͙͔ͫͭͭ͡Έ͔ͤͦ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟Σ ͊͟͟ ͙ ͍ ͪͯͫͫͦͣ͟Σ ͍·͔ͪ͊͗͊ͭ ͔͎͙͊ͭͦͪ͊͟͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ 

͔͔͙ͨͪ͒ͣͭͤͦͫͭΣ ͦ͋ͦͤ͊͘;͊Ύ ͔͔ͨͪ͒ͣͭ·Σ Ύ͍͔͙ͤ͡ΎΣ ͊͟;͔͍ͫͭ͊Σ ͔͚͍͙͒ͫͭΎ ͙ ͊͋ͫͭͪ͊ͭͤ͟·͔ ͨͦͤΎ͙ͭΎΦ ˻͍ͫͤͦͤ·͙ͣ 
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͎͙ͪ͊ͣͣ͊ͭ;͔͙͙ͫͣ͟ ͔͎͙͊ͭͦͪ͟Ύ͙ͣ Ύ͍͡ΎΌͭͫΎ ;͙ͫͦ͡Σ ͔ͨ͊͒͗Σ ͪͦ͒ ό;͙͊ͫͭ;ͤͦ ;͔͔ͪ͘ ͔͙͔͙ͣͫͭͦͣͤΎύ ͙ 

ͦ͒ͯ΄͔͍͖ͤͤͦͫͭ͡ΈΣ ͊͗͒͊͟Ύ ͙͘ ͦͭͦͪ͟·ͻ ͍͙͡Ύ͔ͭ ͤ͊ ͔͙ͫͣ͊ͤͭͯ͟ ͙ ͙͙ͫͤͭ͊ͫͫ͟ ͍·ͫ͊͘͟·͍͙͊ͤΎΦ ˴͔͎͙͊ͭͦͪΎ ;͙ͫ͊͡ 

͙͎͔ͪ͊ͭ ͼ͔ͤͭͪ͊͡ΈͤͯΌ ͪͦ͡ΈΣ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͎͍͙͔ͫͦ͊ͫͦ͊ͤ͡ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·ͻ ͫ ͎͎͙͊ͦ͊ͣ͡͡Σ ͔͙͔͙ͣͫͭͦͣͤΎ͙ͣ ͙ 

͔͔͙͔ͦͨͪ͒ͭ͡͡Ύ͙ͣΦ ˽͔͊͒͗ ͍·͔ͪ͊͗ͤ ͍ ͎͙͚͊ͤͫͦͣ͟͡ Ύ͘·͔͟ ͎͙ͦͪ͊ͤ;͔ͤͤͦΣ ͎͍͊ͤ͡·ͣ ͦ͋ͪ͊ͦͣ͘ ;͔͔ͪ͘ 

͙ͨͪͭΎ͔͗͊ͭ͡ΈͤͯΌ ͺͦͪͣͯΦ ˿ͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͔ ͙͍͊ͭͤͦ͟ ͯ;͍͊ͫͭͯΌͭ ͍ ͍͍͙͙ͫͦͦͦ͋ͪ͊ͦ͊ͤ͘͡Σ ͫͦͻͪ͊ͤΎΎ ͍͙ͫͦ 

͍͋͊ͦ͘·͔ ͎͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊Φ 

˾͙͊͘͡;͙͔ ͔ͣ͗͒ͯ ͍͔ͫͦ͋ͫͭͤͤ·͙ͣ ͙ ͙ͤ͊ͪͼ͔͊ͭ͡Έͤ·͙ͣ ͫͯ΅͔͍͙͔ͫͭͭ͡Έͤ·͙ͣ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͤ͊ 

͔͙ͫͣ͊ͤͭ;͔ͫͦͣ͟Σ ͎͙ͪ͊ͣͣ͊ͭ;͔ͫͦͣ͟ ͙ ͦͪͺ͎ͦͪ͊ͺ͙;͔ͫͦͣ͟ ͍ͯͪͦͤΎͻΥ ͍͔ͫͦ͋ͫͭͤͤ·͔ ͦ͋ͦͤ͊͘;͊Όͭ ͙ͯͤ͊͟͡Έͤ·͔ 

ͦ͋Ά͔ͭ͟· ͙ ͙ͨ΄ͯͭͫΎ ͫ ͎͍͚͊͊ͤͦ͘͡ ͍͋ͯ͟·Σ ͎ͭͦ͒͊ ͊͟͟ ͙ͤ͊ͪͼ͔͊ͭ͡Έͤ·͔ ς ͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡ ͊ͫͫ͊͟͡ ͦ͋Ά͔͍ͭͦ͟ ͙ 

͙͔ͣͤ͘ΎΌͭͫΎ ͨͦ ;͙ͫ͊ͣ͡Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͯ͘;͔͙͔ͤ ͎͙ͪ͊ͣͣ͊ͭ;͔͙ͫ͟ͻ ͔͎͙͚͊ͭͦͪ͟ ͎͙͚͎͊ͤͫͦͦ͟͡ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦ ͍ͨͦͦ͘͡Ύ͔ͭ 

͎͔ͯ͋͗͡ ͨͦͤΎͭΈ ͫͭͪͯͭͯͪͯ͟ Ύ͘·͊͟Σ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͍͙ͫͦ͊ͫͦ͊ͤ͡Ύ ͍ͫͦ͡ ͍ ͔͔͙͙ͨͪ͒ͦ͗ͤ͡ ͙ ͫͨͦͫͦ͋· ͔͔ͨͪ͒͊;͙ 

ͤ͊͘;͔͙ͤΎ ͔͔͙ͨͪ͒ͣͭͤͦͫͭ ͙ ͙ͦ͟͡;͔͍ͫͭ͊Σ ;ͭͦ ͍͊͗ͤͦ ͊͟͟ ͒͡Ύ ͔͔͙ͭͦͪͭ;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡Σ ͭ͊͟ ͙ ͒͡Ύ 

͙ͨͪ͊ͭ͟;͔͎ͫͦͦ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ Ύ͘·͊͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˴͊ͼ͔ͤ͡Έͫͦͤ ˸ΦˮΦ ˥͙ͪ͊ͣͣ͊ͭ;͔͙͔ͫ͟ ͔͎͙͙͊ͭͦͪ͟ ͙͔͙ͣͤ ͫͯ΅͔͍͙͔ͫͭͭ͡Έ͎ͤͦͦΦ - ˸ΦΥ ˤ·ͫ΄͊Ύ ΄ͦ͊͟͡Σ мфтмΦ - 

ону ͫΦ 

2. ˿ͭͪΉ͎ͤ x . A Student Grammar of English. - London: Longman, 1969. - 480 p. 

3. ˽ͦͯͭͫͣ͊ X. English Grammar. - London: Longman, 1985. -512 p. 

4. Huddleston R., Pullum G.K. The Cambridge Grammar of the English Language. - Cambridge: Cambridge 
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Abstract  

The article discusses issues related to the legal regulation of the inheritance contract in the Russian 

Federation. The author conducted a comprehensive study aimed at identifying the problems that arise when 

applying the inheritance contract, and proposed recommendations for improving the legal regulation. The 

focus is on analyzing the provisions of the Civil Code of the Russian Federation that regulate the inheritance 

contract, as well as the judicial practice that reflects the specifics of its application. The author concludes that 

it is necessary to amend the current legislation to eliminate the identified contradictions and ensure the unity 

of law enforcement practice. The work is based on qualitative research conducted among notaries and 

lawyers working with inheritance cases. The article contains conclusions and recommendations aimed at 

improving the stability and transparency of the legal regulation of inheritance contracts. 
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ˮͫͻͦ͒Ύ ͙͘ ͨͦͯ͡;͔ͤͤ·ͻ ͒͊ͤͤ·ͻΣ ͔͎͔ͨͪ͒͊͊ͭͫ͡Ύ ͔ͫ͒ͯ͡Ό΅͔͔ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͒͊͡Έ͔͚ͤ΄͔͚ ͪ͊͋ͦͭ·Υ 

мΦ ˹͔ͦ͋ͻ͙ͦ͒ͣͦ ͪ͊ͪ͊͋ͦͭ͊ͭ͘Έ ͔͙͒ͤ·͔ ͫͭ͊ͤ͒͊ͪͭ· ͍͙ͭͦͦ͊ͤ͟͡Ύ ͤͦͪͣ ˥͎ͪ͊͗͒͊ͤͫͦͦ͟ ͔ͦ͒ͫ͊͟͟ ˾̅Σ 

͔͎͙ͪͯͪͯ͡Ό΅͙ͻ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·͚ ͎͍͒ͦͦͦͪΣ ͫ ͼ͔͡ΈΌ ͙͔͙ͫͤ͗ͤΎ ͙͍ͪͫͦ͟ ͙͍ͨͪͦͦ͊͘͡ ͙ ͍͒ͯͫͣ·͔͙ͫͤͤͦͫͭ͡Φ 

нΦ ˿͔͔͒ͯͭ͡ ͯͭͦ;͙ͤͭΈ ͨͪͦͼ͔͒ͯͪͯ ͊͘͟͡Ό;͔͙ͤΎΣ ͙͔͔͙ͣͤͤ͘Ύ ͙ ͔ͨͪͪ͊͟΅͔͙ͤΎ ͔͍͔͎ͤ͊ͫ͒ͫͭͤͤͦͦ͡ 

͎͍͒ͦͦͦͪ͊Σ ͍ͫͦ͒͊͘ ;͔ͭͯ͟Ό ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ΄͎͍͊ͦΣ ͙͙͙͙ͣͤͣͪͯ͘Ό΅ͯΌ ͍͙͍͔͙͔ͦͤͤͦͤ͘͟ ͍͍ͨͪ͊ͦ·ͻ 

ͦͤ͟ͺ͙͍ͭͦ͟͡Φ 

оΦ ˿͙ͭͦͭ ͔͙ͯ͒ͭ͡Έ ͔ͦͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͣͪ͊ͣ ͎͍͚ͤ͊ͦͦͦ͡ ͔͙ͨͦ͒͒ͪ͗͟Σ ͔͎ͦ͋͡;͊Ό΅͙ͣ ͔͋ͪͣΎ 

͎͍ͤ͊ͦͦ͡·ͻ ͍·ͨ͊ͭ͡ ͒͡Ύ ͎ͪ͊͗͒͊ͤΣ ͊͘͟͡Ό;͊Ό΅͙ͻ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·͔ ͎͍͒ͦͦͦͪ·Φ 

пΦ ˤ͊͗ͤͦ ͍͔͙ͫͭ ͙͍͊ͭͤͯ͟Ό ͍͔͙͔ͨͪͦͫͭͭ͡Έͫͯ͟Ό ͙͊ͣͨ͊ͤ͟Ό ͔͙ͫͪ͒ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡ ͒͡Ύ 

ͨͦͨͯ͡Ύ͙ͪ͊͘ͼ͙͙ ͙͙ͤͫͭͭͯͭ͊ ͔͍͔͎ͤ͊ͫ͒ͫͭͤͤͦͦ͡ ͎͍͒ͦͦͦͪ͊ ͙ ͍ͨͦ·΄͔͙ͤΎ ͔͎ͦ ͍͔͙ͯͤ͊͊ͣͦͫͭ͘Φ 

͙̏ͭ ΄͎͙͊ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͙͔ͫͦ͒͊ͤ͘ ͎͙͋͊ͦͨͪ͡Ύͭͤ·ͻ ͍͙͚ͯͫͦ͡ ͒͡Ύ ͤͦͪͣ͊͡Έ͎ͤͦͦ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ 
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͙͙ͤͫͭͭͯͭ͊ ͔͍͔͎ͤ͊ͫ͒ͫͭͤͤͦͦ͡ ͎͍͒ͦͦͦͪ͊ ͙ ͔͙͔ͯͫͭͪ͊ͤͤ ͔ͭͯ͟΅͙ͻ ͔ͨͪͦ͋ͣ͡ ͍ ͍͙͔͙͔ͨͪ͊ͦͨͪͣͤͭ͡Έ͚ͤͦ 

͙͔ͨͪ͊ͭ͟͟Φ 

 x ͎͙͊ͦ͒͊ͪͤͦͫͭ͡ 

ˢ͍ͭͦͪ ͙͔͔ͫͪͤͤ͟ ͎͔͋͊ͦ͒͊ͪͤ͡ ͔ͫͨͼ͙͙͊ͫͭ͊ͣ͡-͙ͨͪ͊ͭ͊ͣ͟͟Σ ͯ;͍͍͍͊ͫͭͦ͊΄͙ͣ ͍ ͔ͫ͋ͦͪ Ή͙͙ͣͨͪ;͔͙ͫ͟ͻ 

͒͊ͤͤ·ͻ ͙ ͍·͙͍ͪ͊͘΄͙ͣ ͎͍ͦͭͦͤͦͫͭΈ ͔͙ͨͦ͒ͭ͡ΈͫΎ ͍͙͙ͫͦͣ ͤ͊͋͡Ό͔͙͒ͤΎ͙ͣ ͙ ͔͔ͪͦͣͤ͒͊͟ͼ͙Ύ͙ͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˥͙͚ͪ͊͗͒͊ͤͫ͟ ͔ͦ͒ͫ͟͟ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ ό;͊ͫͭΈ ͔ͭͪͭΈΎύ ͦͭ нсΦммΦнллм Ѕ мпс-̅˭ ό͔ͪ͒Φ ͦͭ 

муΦлнΦнлнлύ κκ ˿˽˿ ζ˴ͦͤͫͯ͡Έͭ͊ͤͭ ˽͡ΌͫηΦ 

нΦ ˢ͔͔͔͍ͫ͟͡ ˿Φ˿Φ ˥͔ͪ͊͗͒͊ͤͫͦ͟ ͍ͨͪ͊ͦΥ ̂;͔͙͋ͤ͟Φ τ ˿ ˽͋ΦΥ ˽͙͔ͭͪΣ нлмфΦ τ пул ͫΦ 

оΦ ˨͔͔ͣͤͭΈ͔͍ ˢΦ̅Φ ˿͔ͯ͒͋ͤ͊Ύ ͙ͨͪ͊ͭ͊͟͟ ͨͦ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·ͣ ͔͒͊ͣ͡Φ τ ˸ ΦΥ ˹ͦͪͣ͊Σ нлнлΦ τ онл ͫΦ 

пΦ ͔͎͍͔̉ͦ͊͒͘ ˶ΦˢΦ ˹͍ͦ·͔ ͔͊ͫͨͭ͟· ͔͍͔͎ͤ͊ͫ͒ͫͭͤͤͦͦ͡ ͍ͨͪ͊͊ ͍ ˾͙͙ͦͫͫ κκ ˤ͔͙ͫͭͤ͟ ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͍ͨͪ͊͊Φ τ 

2021. τ Ѕ оΦ τ ˿ Φ ммрς125. 

рΦ ͔͍̋ͪ͋͊ͦ͟ ˨ΦˤΦ ˹͔͍͔͔͊ͫ͒ͫͭͤͤͦ͡ ͍ͨͪ͊ͦΥ ͯ;͔͋ͤͦ-͔͙ͣͭͦ͒;͔͔ͫͦ͟ ͙͔ͨͦͫͦ͋Φ τ ˹͍͙͙ͦͦͫ͋ͪͫ͟Υ 

˹͍͙͙͙͚ͦͦͫ͋ͪͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ Ή͙͙ͦͤͦͣ͟͟ ͙ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ нлннΦ τ мсл ͫΦ 

ϭ˴ͪͦ;͊ ˮ. .˹, 2025 
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˨͗ͯͣ͊ͣ·͍ͪ͊͒ͦ͊ ˸͊ͪ͊͡  

͔ͫͭͯ͒ͤͭ͊͟ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͎͎͙ͨ͒͊ͦ;͔͙͚ͫ͟ ͙͙ͤͫͭͭͯͭ ͙͔͙ͣͤ ˿Φ˿͔͚͙͒  

͔́ͯͪͣͤ͊͋͊͒͟Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˾˻˶̎ ˿̉ˮ́ˢ˶˻˴ ˤ ˾ˢ˭ˤˮ́ˮˮ ˾˩̉ˮ ˨˩́˩˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿ͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͙͊ͤ͊ͯ͘͡ ͙ͪͦ͡ ͫ;͙ͭ͊ͦ͟͡ ͍ ͍͙͙͙ͪ͊ͭ͘ ͔ͪ;͙ ͔͔͚͒ͭ ͒ͦ΄ͦ͟͡Έ͎ͤͦͦ ͙ ͣ͊͒͡΄͔͎ͦ 

΄ͦ͟͡Έ͎ͤͦͦ ͍ͦͪ͊ͫͭ͊͘Φ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͫ;͙͙ͭ͊͟͡ ͊͟͟ Ή͔͔ͣͤͭ͡ ͔͎͒ͭͫͦͦ͟ ͺͦ͡Έͦͪ͊͟͡ ͙ Ήͺͺ͔͙͍͔ͭͤͦ͟ 

͔͎͎͙ͨ͒͊ͦ;͔͔ͫͦ͟ ͔͍ͫͪ͒ͫͭͦ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔ͪ;͔͍·ͻ ͍ͤ͊·͍ͦ͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͍͙͡Ύ͙ͤΌ 

͙ͪͭͣ͊Σ ͙ͪͺͣ· ͙ ͍ͨͦͭͦͪΎ͔͙ͣͦͫͭ ͔ͭͫͭ͊͟ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͺ͔͙ͦͤͣ͊ͭ;͔͎ͫͦͦ͟ ͫͯ͡ͻ͊Σ ͍͎ͫͦ͊ͪͤͦͦ͡ ͊ͨ͊ͫ͊͘ ͙ 

͍ͫΎ͚ͤͦ͘ ͔ͪ;͙Φ ˽ͦ͊͊ͤͦ͘͟ ͤ͊͘;͔͙͔ͤ ͫ;͙ͭ͊ͦ͟͡ ͍ ͙͍͙͊ͭ͊͘͟ͼ͙͙ ͔ͪ;͔͍͚ͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͫͦͼ͙͙͊͊͘͡ͼ͙͙ ͙ 

Ήͣͦͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͔͔͚͒ͭΦ ˻͔ͭͣ;͔͊ͭͫΎ ͼ͔͔ͫͦͦ͋ͪ͊ͤͦͫͭ͘͡Έ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͫ;͙ͭ͊ͦ͟͡ ͍ 

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͙͔ͨͪ͊ͭ͟͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͫ;͙͙ͭ͊͟͡Σ ͔͒ͭͫ͊͟Ύ ͔ͪ;ΈΣ ͍͙͙͔ͪ͊ͭ͘ ͔ͪ;͙Σ ͔͙͚͒ͭͫ͟ ͺͦ͡Έͦͪ͟͡Σ ͺ͔͙ͦͤͣ͊ͭ;͔͙͚ͫ͟ ͫͯ͡ͻΣ  

͍ͫͦ͊ͪͤ͡·͚ ͊ͨ͊ͫ͘Σ ͒ͦ΄ͦ͟͡Έͤ·͚ ͍ͦͪ͊ͫͭ͘Σ ͙͎͍ͪͦ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ. 

 

˿;͙͙ͭ͊͟͡ Ύ͍͡ΎΌͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͔͍͔͚͒ͪͤ΄͙ͻ ͍͗͊ͤͪͦ ͔͎͒ͭͫͦͦ͟ ͺͦ͡Έͦͪ͊͟͡Φ ˻͙ͤ ΄͙ͪͦͦ͟ 

͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͙͎͍͚ͪͦͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͔͚͒ͭΦ ˿;͙͙ͭ͊͟͡ ͍ͫͦͨͪͦͦ͗͒͊Όͭ ͍͙ͨͦ͒͗ͤ·͔ ͙ ͫΌ͔͗ͭͤͦ-͔͍ͪͦ͡·͔ 

͙͎ͪ·Φ ˮͻ ͍ͦͫͤͦͤ͊Ύ ͺͯͤ͟ͼ͙Ύ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͔͔͔͙͙ͪ͊ͫͨͪ͒ͤ͡ ͔͚ͪͦ͡Φ ˻͒ͤ͊ͦ͟ ͤ͊͘;͔͙͔ͤ ͫ;͙ͭ͊ͦ͟͡ ͔ͤ 

͎͙ͦͪ͊ͤ;͙͍͔͊ͭͫΎ ͙͎͍͚ͪͦͦ ͊͒͊͘;͔͚Φ ˻͙ͤ ͦ͊͘͟·͍͊Όͭ ͫͯ΅͔͍͔͔ͫͭͤͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͔ͪ;͔͍͔ͦ ͍͙͙͔ͪ͊ͭ͘ ͔͔͚͒ͭΦ 

˾͔;Έ ͺ͙͔ͦͪͣͪͯͭͫΎ ͍ ͨͪͦͼ͔͔ͫͫ ͙͍͎͊ͭͤͦͦ͟ ͦ͋΅͔͙ͤΎΦ ˿;͙͙ͭ͊͟͡ ͙͙ͫͭͣͯͪͯ͡Όͭ ͔ͪ;͔͍ͯΌ ͙͍͊ͭͤͦͫͭ͟Έ ͔͖ͪ͋ͤ͊͟Φ 

˻͙ͤ ͨͦ͋ͯ͗͒͊Όͭ ͔͔͚͒ͭ ͟ ͎͍͙͍͙ͨͪͦͦ͊ͪ͊ͤΌ ͔ͭͫͭ͊͟ ͍ͫͯ͡ͻΦ ˽͍͔͙͔ͦͭͦͪͤ ͍ͫͦ͡ ͙ ͍͍ͯͦ͘͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͍͙͙ͪ͊ͭ͘Ό ͙͊ͪͭͯ͟͡Ύͼ͙͎ͦͤͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊Φ ˾͙͙ͭͣ;͔ͫ͊͟Ύ ͫͭͪͯͭͯͪ͊͟ ͫ;͙ͭ͊ͦ͟͡ ͔͎ͦ͋͡;͔͊ͭ ͙͙͔͊ͨͦͣͤ͊ͤ͘ ͔ͭͫͭ͊͟Φ 

˾͙ͺͣ͊ ͙͙͍͔ͯͫ͊ͭ͡ ͙͔͔ͤͭͪͫ ͔͖ͪ͋ͤ͊͟ ͟ ͔ͪ;͙Φ ˿;͙͙ͭ͊͟͡ ͍͙͍ͪ͊͊͘Όͭ ;͍͍ͯͫͭͦ ͙ͪͭͣ͊Φ ͍͍̉ͯͫͭͦ ͙ͪͭͣ͊ ͔ͭͫͤͦ 

͍ͫΎ͊ͤͦ͘ ͫ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ ͍͙ͨͪ͊͡Έ͚ͤͦ ͔ͪ;͙Φ ˾͔͎ͯ͡Ύ͔ͪͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͫ;͙ͭ͊ͦ͟͡ ͯͯ͡;΄͔͊ͭ ͙͒͟ͼ͙ΌΦ 

˨͔͙ͭ ͯ;͊ͭͫΎ ͍͙ͨͪ͊͡Έͤͦ ͙͙ͨͪͦͤͦͫͭ͘Έ ͍͙ͯ͘͟Φ ˿;͙͙ͭ͊͟͡ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͍͙͙ͪ͊ͭ͘Ό ͺ͔͙ͦͤͣ͊ͭ;͔͎ͫͦͦ͟ ͫͯ͡ͻ͊Φ 

͔͙̅ͦͤͣ͊ͭ;͔͙͚ͫ͟ ͫͯ͡ͻ ͔ͤͦ͋ͻ͙ͦ͒ͣ ͒͡Ύ ͙ͪ͊͘͡;͔͙ͤΎ ͍͍ͯͦ͘͟ ͔ͪ;͙Φ ˩͎ͦ ͍͙͙͔ͪ͊ͭ͘ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ 

͔ͯͫͨ΄͎ͤͦͦ ͦ͋ͯ;͔͙ͤΎ ;͔͙ͭͤΌ ͙ ͙ͨͫΈͣͯΦ ˿;͙͙ͭ͊͟͡ ͎ͨͦͣͦ͊Όͭ ͔͒ͭΎͣ ͙ͪ͊͘͡;͊ͭΈ ͫͻͦ͒ͤ·͔ ͍͙ͯ͘͟Φ ˻͙ͤ 

ͺ͙ͦͪͣͪͯΌͭ ͍ͤ͊·͙͟ ͍͍͎ͯͦͦͦ͘͟ ͙͊ͤ͊͊͘͡Φ ˶͔͙ͫ͟;͔͙͚ͫ͟ ͍ͫͦͫͭ͊ ͫ;͙ͭ͊ͦ͟͡ ͎ͦ͋ͦ͊΅͔͊ͭ ͍ͫͦ͊ͪͤ͡·͚ ͊ͨ͊ͫ͘Φ ˤ 

͔͔ͭͫͭ͟ ͫ;͙ͭ͊ͦ͟͡ ͍͔ͫͭͪ;͊ΌͭͫΎ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͔ ͍ͫͦ͊͡ ͙ ͍·͔͙ͪ͊͗ͤΎΦ ˸͎͙͔ͤͦ ͙͘ ͙ͤͻ ͤͦͫΎͭ ͦ͋ͪ͊ͤ͘·͚ 

ͻ͔͊ͪ͊ͭͪ͟Φ ̏ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͎ͦ͋ͪ͊ͤͦͦ͘ ͣ·΄͔͙ͤ͡ΎΦ ˨͔͙ͭ ͍͙͍ͯͫ͊͊Όͭ ͍ͤͦ·͔ ͍ͫͦ͊͡ ͍ ͙͎͍͚ͪͦͦ 

ͺ͔ͦͪͣΦ ˮ͎ͪ͊ ͔͎ͦ͋͡;͔͊ͭ ͨͪͦͼ͔ͫͫ ͦ͋ͯ;͔͙ͤΎΦ ˿;͙͙ͭ͊͟͡ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͍ͫΎ͚ͤͦ͘ ͔ͪ;͙Φ ˨͔͙ͭ 

ͯ;͊ͭͫΎ ͍·͙͍ͫͭͪ͊͊ͭΈ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͍ͫͦ͡Φ ˻͙ͤ ͍͙͍ͯͫ͊͊Όͭ ͫͭͪͯͭͯͪͯ͟ ͨͪͦͫͭ·ͻ ͔͔͙͚ͨͪ͒ͦ͗ͤ͡Φ 

˽͍ͦͭͦͪΎ͔ͣͦͫͭΈ ͔ͭͫͭ͊͟ ͔͊ͪͨ͘͟͡Ύ͔ͭ ͔ͪ;͔͍·͔ ͔͙ͣͦ͒͡Φ ˿;͙͙ͭ͊͟͡ ͍͙͍ͪ͊͊͘Όͭ ͨ͊ͣΎͭΈΦ ˭͙͙͔͊ͨͦͣͤ͊ͤ 

͙ͦͪͦͭ͟͟ͻ ͔͍ͭͫͭͦ͟ ͔͙͔ͭͪͤͪͯͭ ͍͔͔ͪ͊ͭͦͪͣͤͤͯ͟͟Ό ͙ ͎͍͔͔͒ͦͦͪͣͤͤͯ͡Ό ͨ͊ͣΎͭΈΦ ˾͍͙͊ͭ͊͘Ύ ͨ͊ͣΎͭΈ 

͙͔ͨͦͦ͗ͭ͡͡Έͤͦ ͍͙͡Ύ͔ͭ ͤ͊ ͔ͪ;ΈΦ ˿;͙͙ͭ͊͟͡ ͺ͙ͦͪͣͪͯΌͭ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·͔ ͍ͤ͊·͙͟Φ ˨͔͙ͭ ͯ;͊ͭͫΎ ͫͯ͡΄͊ͭΈ 

͎͒ͪͯ ͎͒ͪͯ͊Φ ˻͙ͤ ͗͒ͯͭ ͍͔͚ͫͦ ͦ;͔͔͙ͪ͒ ͍ ͙͎͔ͪΦ ̏ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͙͎͙͒͊ͦ͡;͔͚ͫͦ͟ ͔ͪ;͙Φ 

˿͍͔͔ͦͣͫͭͤͦ ͎͍͙͍͙͔ͨͪͦͦ͊ͪ͊ͤ ͔ͭͫͭ͊͟ ͔ͯͪͨ͟͡Ύ͔ͭ ͍ͤ͊·͙͟ ͦ͋΅͔͙ͤΎΦ ˿;͙͙ͭ͊͟͡ ͫͦ͒͊͘Όͭ ͙͔ͨͦͦ͗ͭ͡͡Έͤ·͚ 

Ήͣͦͼ͙ͦͤ͊͡Έͤ·͚ ͺͦͤΦ ̏ͣͦͼ͙ͦͤ͊͡Έͤ͊Ύ ͍͍͔ͦ͡;͖ͤͤͦͫͭΈ ͙͙͍͔ͯͫ͊ͭ͡ ͔ͪ;͔͍ͯΌ ͙͍͊ͭͤͦͫͭ͟ΈΦ ˨͔͙ͭ ͙ͫͨ·ͭ·͍͊Όͭ 

ͪ͊͒ͦͫͭΈ ͦͭ ͯ;͙͊ͫͭΎ ͍ ͙͎͔ͪΦ 

 ˽ ͙͔ͦͦ͗ͭ͡͡Έͤ·͔ Ήͣͦͼ͙͙ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͯ͡;΄͔ͣͯ ͍͔͙ͯͫͦͤΌ ͔ͪ;͙Φ ˿;͙͙ͭ͊͟͡ ͎ͨͦͣͦ͊Όͭ ͔͔ͨͪͦ͒ͦͭ͡Έ 

͔ͪ;͔͍ͯΌ ͔͊ͫͭͤ͘;͙͍ͦͫͭΈΦ ˻͙ͤ ͒͊Όͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͎͍͙ͦͦͪͭΈ ͍ ͔͙͍͔ͦͭ͟͟͡͡Φ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͒͡Ύ 
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͊ͣͤͯͭ͘͟·ͻ ͔͔͚͒ͭΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͫ;͙ͭ͊ͦ͟͡ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͫͦͼ͙͙͊͊͘͡ͼ͙͙Φ ˨͔͙ͭ ͯ;͊ͭͫΎ 

͍͙͔͚͍͍͊ͣͦ͒ͫͭͦ͊ͭ͘Έ ͍ ͎͔ͪͯͨͨΦ ˾͔;Έ ͍͙ͫͭ͊ͤͦͭͫΎ ͔͍ͫͪ͒ͫͭͦͣ ͦ͋΅͔͙ͤΎ ͙ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭ͊Φ ˿;͙͙ͭ͊͟͡ 

͍͙͍ͪ͊͊͘Όͭ ͙ͤͭͦͤ͊ͼ͙ͦͤͤͯΌ ͍·͙͔ͪ͊ͭ͘͡ΈͤͦͫͭΈΦ ˨͔͙ͭ ͯ;͊ͭͫΎ ͔ͣͤΎͭΈ ͔ͭͣͨ ͙ ͎ͪͦͣͦͫͭ͟Έ ͔ͪ;͙Φ ̏ͭͦ ͯͯ͡;΄͔͊ͭ 

͍·͙͔ͪ͊ͭ͘͡ΈͤͦͫͭΈ ͍·ͫ͊͘͟·͍͙͚͊ͤΦ ˮͤͭͦͤ͊ͼ͙Ύ ͙͎͔ͪ͊ͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͙͙͙ͨͦͤͣ͊ͤ ͫͣ·ͫ͊͡Φ ˿;͙͙ͭ͊͟͡ 

͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͍͙͙ͪ͊ͭ͘Ό ͎͙ͦ͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΦ ˹͔ͦͭͦͪ͟·͔ ͔ͭͫͭ͟· ͔ͫͦ͒ͪ͗͊ͭ Ή͔͔ͣͤͭ͡· ͫ;͖ͭ͊Φ ̏ͭͦ 

ͦ͋Ά͔͙͒ͤΎ͔ͭ ͔ͪ;͔͍͔ͦ ͙ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͍͙͙͔ͪ͊ͭ͘Φ ˿;͙͙ͭ͊͟͡ ͎ͣͦͯͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˻͙ͤ ͙͔ͨͪͣͤΎΌͭͫΎ ͤ͊ ͊ͤ͘Ύ͙ͭΎͻ ͍ ͔͒ͭͫͦͣ͟ ͫ͊͒ͯΦ ˽͔͎͎͙͒͊ͦ ͙ͫͨͦ͡Έͯ͘Όͭ ͙ͻ ͒͡Ύ ͔ͪ;͔͍͚ͦ 

͙͙ͪ͊ͣͤ͘͟Φ ˿;͙͙ͭ͊͟͡ ͨͦ͒ͻͦ͒Ύͭ ͒͡Ύ ͪ͊ͤ͘·ͻ ͍ͦͪ͊ͫͭͤ͘·ͻ ͎ͪͯͨͨΦ ͔́ͫͭ͟· ͎ͣͦͯͭ ͯͫͦ͗ͤ͡ΎͭΈͫΎ ͫ ͍ͦͪ͊ͫͭͦͣ͘Φ 

̏ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔͔ͨͦͫͭͨͤͤͦ ͍͙͙͔ͪ͊ͭ͘ ͔ͪ;͙Φ ˹͊ͪͦ͒ͤ·͔ ͫ;͙͙ͭ͊͟͡ ͫͦͻͪ͊ͤΎΌͭ ͯ͟͡Έͭͯͪͤ·͔ ͙ͭͪ͊͒ͼ͙͙Φ 

˻͙ͤ ͤ͊ͦͣ͘͟Ύͭ ͔͔͚͒ͭ ͫ ͯͫͭͤ·ͣ ͤ͊ͪͦ͒ͤ·ͣ ͍ͭͦͪ;͔͍ͫͭͦͣΦ ̏ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͯ͟͡Έ͚ͭͯͪͤͦ 

͙͔͙͒ͤͭ;͙ͤͦͫͭΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͫ;͙͙ͭ͊͟͡ ͔ͭ͊͗͟ ͙͔ͣΌͭ ͔͎͎͙ͨ͒͊ͦ;͔ͫͯ͟Ό ͼ͔ͤͤͦͫͭΈΦ ˻͙ͤ ͦͭͪ͊͗͊Όͭ 

͙͔͔ͤͭͪͫ· ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͔͚͒ͭΦ ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͫ;͙ͭ͊ͦ͟͡ ͔͔͒͊ͭ͡ ͦ͋ͯ;͔͙͔ͤ ͔͔͋ͦ͡ ͍͔͔ͯ͊ͭ͟͡͡Έͤ·ͣΦ ˻͙ͤ 

ͦ͋Ά͔͙͒ͤΎΌͭ ͙͎ͪͯ ͙ ͦ͋ͯ;͔͙͔ͤΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͫ;͙͙ͭ͊͟͡ Ύ͍͡ΎΌͭͫΎ Ήͺͺ͔͙͍ͭͤ͟·ͣ ͔͍ͫͪ͒ͫͭͦͣ ͍͙͙ͪ͊ͭ͘Ύ 

͔ͪ;͙Φ ˮͻ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔ͦͣͨͫͤͦͣͯ͟͟͡ ͍͙͙ͪ͊ͭ͘Ό ͔͖ͪ͋ͤ͊͟Φ ˿;͙͙ͭ͊͟͡ ͺ͙ͦͪͣͪͯΌͭ 

͔ͪ;͔͍·͔Σ ͎͙͙͍ͦͤͭͤ͟·͔ ͙ ͫͦͼ͙͊͡Έͤ·͔ ͍ͤ͊·͙͟Φ ˮͻ ͪͦ͡Έ ͍ ͍͙͙͙ͪ͊ͭ͘ ͔͚͒ͭͫͦ͟ ͔ͪ;͙ Ύ͍͡Ύ͔ͭͫΎ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ 

͙ ͎͎͚ͣͤͦͦͪ͊ͤͤͦΦ  

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͫ;͙ͭ͊ͦ͟͡ ͍ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͙͔ͨͪ͊ͭ͟͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͯ;͙ͭ·͍͊ͭΈ ͍ͦͪ͊ͫͭͤ͘·͔ ͙ 

͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͔͚͒ͭΦ ˴͙͔ͦͪͦͭ͟ ͙ ͨͪͦͫͭ·͔ ͔ͭͫͭ͟· ͨͦ͒ͻͦ͒Ύͭ ͒͡Ύ ͔͎ͪ͊ͤͤͦ ͒ͦ΄ͦ͟͡Έ͎ͤͦͦ 

͍ͦͪ͊ͫͭ͊͘Φ ˣ͔͔ͦ͡ ͫͦ͗ͤ͡·͔ ͫ;͙͙ͭ͊͟͡ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͔ͪ͊͋ͦͭ ͫ ͔͒ͭΈ͙ͣ ͫͭ͊ͪ΄͔͎ͦ ͍ͦͪ͊ͫͭ͊͘Φ ̏ͭͦ 

͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔͔ͨͦͫͭͨͤͤͦ ͔͙͔ͯͫͦ͗ͤͤ͡ ͔ͪ;͔͍͚ͦ ͎͙ͤ͊ͪͯ͘͟Φ ˿;͙͙ͭ͊͟͡ ͎ͣͦͯͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͊͟͟ ͔͍ͫͪ͒ͫͭͦ 

͔ͦͪͪ͟͟ͼ͙͙ ͔ͪ;͔͍·ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ ˻͙ͤ Ήͺͺ͔͙͍ͭͤ͟· ͙ͨͪ ͍͙͙͙ͪ͊ͭ͘ ͔ͭͣͨ͊ ͔ͪ;͙ ͙ ͍͙ͨ͊ͤͦͫͭ͡ ͍·ͫ͊͘͟·͍͙͚͊ͤΦ 

˾͔͎ͯ͡Ύ͔ͪͤͦ ͎͍͙͍͙͔ͨͪͦͦ͊ͪ͊ͤ ͙͙ͪͭͣ;͔͙ͫ͟ͻ ͔͍ͭͫͭͦ͟ ͙͔ͫͤ͗͊ͭ ͤ͊ͨͪΎ͔͙͔͗ͤ ͔ͪ;͔͍͎ͦͦ ͊ͨͨ͊ͪ͊ͭ͊Φ ˿;͙͙ͭ͊͟͡ 

͎ͨͦͣͦ͊Όͭ ͺ͙͍ͦͪͣͪͦ͊ͭΈ ͍͙ͨͪ͊͡Έ͔ͤͦ ͒·ͻ͙͔͊ͤ ͍ͦ ͍͔ͪͣΎ ͔ͪ;͙Φ ˨·ͻ͔͊ͭ͡Έͤ͊Ύ ͙ͦͦͪ͒ͤ͊͟ͼ͙Ύ ͍͊͗ͤ͊ ͒͡Ύ 

;͖͎ͭͦͦ͟ ͙ͨͪͦͤͦ͘΄͔͙ͤΎΦ ˤ͟͡Ό;͔͙͔ͤ ͫ;͙ͭ͊ͦ͟͡ ͍ ͎͔͙ͦͦͨ͒͡;͔ͫͯ͟Ό ͪ͊͋ͦͭͯ ͍ͨͦ·΄͔͊ͭ ͙͍ͣͦͭ͊ͼ͙Ό ͔͔͚͒ͭΦ 

ˮ͎͍ͪͦ͊Ύ ͺͦͪͣ͊ ͙͔ͫͤ͗͊ͭ ͫͭͪ͊ͻ ͦ΄͙͙͋͟Φ ˨͔͙ͭ ͙͍͔͔͊ͭͤ͟ ͍͟͡Ό;͊ΌͭͫΎ ͍ ͔ͪ;͔͍ͯΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΦ ˿;͙͙ͭ͊͟͡ 

͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͫ͊ͣͦͦͤͭͪͦ͟͡Ύ ͔ͪ;͙Φ ˾͔͖͋ͤͦ͟ ͯ;͙ͭͫΎ ͔͙ͫ͒ͭ͡Έ ͊͘ ͍͙ͨͪ͊͡ΈͤͦͫͭΈΌ 

͙ͨͪͦͤͦ͘΄͔͙ͤΎΦ ˾͍͙͙͔͊ͭ͘ ͫ͊ͣͦͦͤͭͪͦ͟͡Ύ ͙͔ͨͦͦ͗ͭ͡͡Έͤͦ ͍͙͡Ύ͔ͭ ͤ͊ ͦ͋΅ͯΌ ͔ͪ;͔͍ͯΌ ͯ͟͡ΈͭͯͪͯΦ ˿;͙͙ͭ͊͟͡ 

͎ͣͦͯͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͍ ͔͔͚ͫͣͤͦͣ ͍͙͙͙ͦͫͨͭ͊ͤΦ ˿͍͔͔ͦͣͫͭͤͦ ͎͍͙͍͙͔ͨͪͦͦ͊ͪ͊ͤ ͔ͭͫͭ͊͟ ͔ͯͪͨ͟͡Ύ͔ͭ 

Ήͣͦͼ͙ͦͤ͊͡ΈͤͯΌ ͍ͫΎ͘Έ ͔ͣ͗͒ͯ ͍ͪͦͫ͘͡·͙ͣ ͙ ͔͒ͭΈ͙ͣΦ ˨ͦͣ͊΄ͤΎΎ ͔ͪ;͔͍͊Ύ ͙ͨͪ͊ͭ͊͟͟ ͙͙͍͔ͯͫ͊ͭ͡ Ήͺͺ͔ͭ͟ 

ͦ͋ͯ;͔͙ͤΎΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͫ;͙͙ͭ͊͟͡ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙͍͔ͯͤͪͫ͊͡Έ͔ͤͦ ͔͍ͫͪ͒ͫͭͦ ͔ͪ;͔͍͎ͦͦ ͍͙͙ͪ͊ͭ͘ΎΦ 

ˮͻ ͔͎͎͙ͨ͒͊ͦ;͔͙͚ͫ͟ ͔ͨͦͭͤͼ͙͊͡ ͖ͦͫͭ͊ͭͫΎ ͊ͭͯ͊͟͡Έͤ·ͣ ͍ ͍͔͔ͫͦͪͣͤͤ·ͻ ͍͙ͯͫͦ͡ΎͻΦ ˨͙͔ͦͨͦͤͭ͡͡Έ͔ͤͦ 

͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͫ;͙ͭ͊ͦ͟͡ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͙͍ͨͪͦͦ͘͡Έ͎ͤͦͦ ͍͙͙ͤͣ͊ͤΎ ͯ ͔͔͚͒ͭΦ ˤͦ ͍͔ͪͣΎ 

͎͍͙͍͙ͨͪͦͦ͊ͪ͊ͤΎ ͔ͭͫͭ͊͟ ͔͖ͪ͋ͤͦ͟ ͦͤ͟ͼ͔͙͔ͤͭͪͪͯͭͫΎ ͤ͊ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͍ͫͦ͡Φ ̏ͭͦ ͺ͙͔ͦͪͣͪͯͭ ͍ͤ͊·͟ 

ͯ͒ ͔͙ͪ͗͊ͤΎ ͍͙͙ͤͣ͊ͤΎ ͤ͊ ͔ͪ;͔͍͚ͦ ͊͒͊͘;͔Φ ˿;͙͙ͭ͊͟͡ ͔ͭ͊͗͟ ͍͙͍ͪ͊͊͘Όͭ ͫͯ͡ͻ͍͔ͦͦ ͍͙ͦͫͨͪΎ͙͔ͭΦ ˨͔͙ͭ ͯ;͊ͭͫΎ 

͍͙͙ͦͫͨͪͤͣ͊ͭΈ ͔ͪ;Έ ͤ͊ ͫͯ͡ͻ ͙ ͍͙͍͙ͦͫͨͪͦͦ͒ͭ͘Έ ͔͖ ͭͦ;ͤͦΦ ˿ͯ͡ͻ͍ͦ͊Ύ ͨ͊ͣΎͭΈ ͙͍͊ͭͤͦ͟ ͔͚͍͔͊͒ͫͭͯͭͫ͘Ύ ͍ 

ͨͪͦͼ͔͔ͫͫ ͙͙͊ͨͦͣͤ͊ͤ͘Ύ ͔ͭͫͭ͊͟Φ ˾͍͙͙͔͊ͭ͘ ͫͯ͡ͻ͍͚ͦͦ ͨ͊ͣΎ͙ͭ ͙͔ͨͦͦ͗ͭ͡͡Έͤͦ ͔ͦͭͪ͊͗͊ͭͫΎ ͤ͊ ͊͟;͔͍͔ͫͭ ͚ͯͫͭͤͦ 

͔ͪ;͙Φ ˿;͙͙ͭ͊͟͡ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͍͙ͨͪ͊͡Έ͎ͤͦͦ ͔ͭͣͨ͊ ͔ͪ;͙Φ ˻͙ͤ ͎ͨͦͣͦ͊Όͭ ͙͔͎͋͊ͭ͘Έ 

;͔͔͚ͪͣͪͤͦ͘ ͔ͨͦͫͨ΄͙ͤͦͫͭ ͙͙͡ ͔͔͙͊ͣ͒ͤͤͦͫͭ͘͡ ͍·ͫ͊͘͟·͍͙͚͊ͤΦ ˾͔͎ͯ͡Ύͪͤ͊Ύ ͙ͨͪ͊ͭ͊͟͟ ͯͯ͡;΄͔͊ͭ ͍ͨ͊ͤͦͫͭ͡Έ 

͔ͪ;͙Φ ˾͙͙ͭͣ;͔ͫ͊͟Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ ͔ͭͫͭ͊͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͎͍͚ͫͦ͊ͫͦ͊ͤͤͦ͡ ͔ͪ͊͋ͦͭ ͒·ͻ͙͊ͤΎ ͙ ͙͊ͪͭͯ͟͡Ύͼ͙͙Φ ̏ͭͦ 

͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͍ ͒ͦ΄ͦ͟͡Έͤͦͣ ͍͔ͦͪ͊ͫͭ͘Φ ˿;͙͙ͭ͊͟͡ ͙͙ͫͭͣͯͪͯ͡Όͭ ͍ͭͦͪ;͔͔ͫͦ͟ ͍͔͙͔ͦͦ͋ͪ͊͗ͤΦ ˨͔͙ͭ 

͔͔ͤͪ͒ͦ͟ ͙ͨͪ͒ͯͣ·͍͊Όͭ ͍͔ͫͦ͋ͫͭͤͤ·͔ ͍͙͊ͪ͊ͤͭ· ͔ͭͫͭ͊͟Φ ˿͙͔ͦ͒͊ͤ͘ ͍ͤͦ·ͻ ͫ;͙ͭ͊ͦ͟͡ ͍͙͍͔ͪ͊͊ͭ͘ ͔ͪ;͔͍͔ͦ 

͍ͭͦͪ;͔͍ͫͭͦΦ ̏ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͍͊ͭͤͦͣͯ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό ͍͎ͫͦ͊ͪͤͦͦ͡ ͊ͨ͊ͫ͊͘Φ ˾͔;͔͍͊Ύ 

ͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦͫͭΈ ͔͖ͪ͋ͤ͊͟ ͔͔ͨͦͫͭͨͤͤͦ ͍͔ͦͪ͊ͫͭ͊ͭ͘Φ ˿;͙͙ͭ͊͟͡ ͎ͣͦͯͭ ͙ͫͯ͗ͭ͡Έ ͍͚ͦͫͤͦͦ ͒͡Ύ ͙͎͍͒͊ͦͦ͡ ͙ 

͙͙ͣͤ-͙͎ͪΦ ˻͙ͤ ͪ͊ͫ΄͙ͪΎΌͭ ͙͙͍ͦͣͣͯͤ͊ͭͤ͟͟·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͔͖ͪ͋ͤ͊͟Φ ˤ ͨͪͦͼ͔͔ͫͫ ͙͎ͪ· ͔͙͒ͭ ͯ;͊ͭͫΎ 

͍·ͪ͊͗͊ͭΈ ͍͙ͫͦ ͣ·͙ͫ͡Φ ̏ͭͦ ͔ͯͪͨ͟͡Ύ͔ͭ ͍ͤ͊·͙͟ ͎ͯͫͭͤͦͦ ͦ͋΅͔͙ͤΎΦ ˿;͙͙ͭ͊͟͡ ͎ͨͦͣͦ͊Όͭ ͺ͙͍ͦͪͣͪͦ͊ͭΈ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζ IN SITU η                    ISSN (p) 2411-7161 / ISSN (e) 2712-9500                    Ѕ12 / 2025 

 

 

99 

͙͔ͨͦͦ͗ͭ͡͡Έ͔ͤͦ ͦͭͤͦ΄͔͙͔ͤ ͟ ͔ͪ;͙Φ ˻͙ͤ ͔͒͊͡Όͭ ͨͪͦͼ͔ͫͫ ͦ͋ͯ;͔͙ͤΎ ͔͔͍͔ͫͭͫͭͤͤ·ͣ ͙ ͙͔͔ͤͭͪͫͤ·ͣΦ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͫ;͙ͭ͊ͦ͟͡ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͎͙͊ͪͣͦͤ;ͤͦͣͯ ͍͙͙ͪ͊ͭ͘Ό ͔ͪ;͙ ͙ ͙͡;͙ͤͦͫͭ ͔͖ͪ͋ͤ͊͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˣ͍͙ͦ͗ͦ; ˶ ΦˮΦ ˶͙;ͤͦͫͭΈ ͙ ͔͖ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍ ͔͒ͭͫͦͣ͟ ͍͔ͦͪ͊ͫͭ͘Φ ˸͍ͦͫ͊͟Σ ˽͔͎͎͙͒͊ͦ͊͟Σ нллуΦ 

2. ˤ·͎͙͚ͦͭͫ͟ ˶Φ˿Φ ˸·΄͔͙͔ͤ͡ ͙ ͔ͪ;ΈΦ ˸͍ͦͫ͊͟Σ ˶͙͙͊͋ͪͤͭΣ нлмфΦ 

3. ˶͔ͦͤͭΈ͔͍ ˢΦ˹Φ ˽͙ͫͻ͎͙ͦͦ͡Ύ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˸͍ͦͫ͊͟Σ ˿ͣ·ͫ͡Σ нлмтΦ 

ϭ˨ ͗ͯͣ͊ͣ·͍ͪ͊͒ͦ͊ ˸ ., 2025 

 

 

 

 

˻͍͔͎͔͙͔͍͒͘͡ ˹͎͔͙ͯͪ͒͡  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ  

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˸͊ͻ͙ͭͯͣͯ͟͡  

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˥͙͙ͯͣ͊ͤͫͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ͍ ͔͎͎͙͔ͨ͒͊ͦ͟ ͙͔͙͍ͦͪͤͭͪͦ͊ͤ ͤ͊ ͙͙͔ͨͪͤ͊ͤ͘ ͙͡;͙ͤͦͫͭ ͦ͋ͯ;͊Ό΅͔͎ͦͫΎ 

͍·ͫ΄͔͚ ͼ͔ͤͤͦͫͭΈΌ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ ˨͊ͤͤ·͚ ͨͦ͒ͻͦ͒ ͊͟ͼ͔͙͔ͤͭͪͯͭ ͍͙͙͔ͤͣ͊ͤ ͤ͊ 

͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͔ͨͦͭͪ͋ͤͦͫͭΎͻΣ ͍ͦͣͦ͗ͤͦͫͭ͘Ύͻ ͙ ͍͔͔ͤͯͭͪͤͤͣ ͔ͨͦͭͤͼ͙͔͊͡ ͔͖ͪ͋ͤ͊͟Φ ˤ ͫͭ͊ͭΈ͔ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔͔͙ͭͦͪͭ;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͎͙͙ͯͣ͊ͤͫͭ;͔͚ͫͦ͟ ͔͎͎͙͙ͨ͒͊ͦ͟Σ ͔͖ ͟͡Ό;͔͍·͔ ͙ͨͪͤͼ͙ͨ· ͙ 

ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͍͔͔͚ͫͦͪͣͤͤͦ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͚ͤͦ ͙͙ͨͪ͊ͭ͟͟Φ ˽ͦ͊͊ͤ͊͘͟ ͪͦ͡Έ ͔͎͎ͨ͒͊ͦ͊ ͊͟͟ ͖ͨ͊ͪͭͤͪ͊ ͙ 

͍͙ͤ͊ͫͭ͊ͤ͊͟Σ ͫͦ͒͊͘Ό΅͔͎ͦ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͔͙ͫ͊ͣͦͪ͊͊͘͡ͼ͙͙ ͙ ͙͡;͎ͤͦͫͭͤͦͦ ͪͦͫͭ͊ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ 

˽ͦ͒;͖͙͍͔ͪ͊ͭͫ͟Ύ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͎͙͙ͯͣ͊ͤͫͭ;͔͎ͫͦͦ͟ ͨͦ͒ͻͦ͒͊ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͙ͣͦ͒ͪͤ͊͘ͼ͙͙ ͙͔ͫͫͭͣ· 

͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͎͙͙ͯͣ͊ͤͫͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒Σ ͔͎͎͙ͨ͒͊ͦ͊͟Σ ͙͡;ͤͦͫͭͤͦ-͙͔͙͍͔ͦͪͤͭͪͦ͊ͤͤͦ ͦ͋ͯ;͔͙͔ͤΣ ͍͙͙͔ͦͫͨͭ͊ͤΣ 

 ͪ ͍͙͙͔͊ͭ͘ ͙͡;͙ͤͦͫͭΣ ͔͎͎͙ͨ͒͊ͦ;͔͔ͫͦ͟ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘. 

 

˥͙͙ͯͣ͊ͤͫͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ͍ ͔͎͎͙͔ͨ͒͊ͦ͟ ͫͺ͙͍ͦͪͣͪͦ͊ͫ͡Ύ ͊͟͟ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡Σ ͙͔͙͍͔ͦͪͤͭͪͦ͊ͤͤͦ ͤ͊ 

͙͡;ͤͦͫͭΈ ͦ͋ͯ;͊Ό΅͔͎ͦͫΎΦ ˻ͤ ͍ͦͫͤͦ͊ͤ ͤ͊ ͙͔͒Ύͻ ͍͔͙ͯ͊͗ͤΎ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͙͍͒ͦͫͭͦͤͫͭ͊Φ ˤ ͼ͔͔ͤͭͪ 

͎͙͙ͯͣ͊ͤͫͭ;͔͚ͫͦ͟ ͔͎͎͙͙ͨ͒͊ͦ͟ ͤ͊ͻ͙ͦ͒ͭͫΎ ͔͖ͪ͋ͤͦ͟ ͊͟͟ ͙ͯͤ͊͟͡Έͤ͊Ύ ͙͡;ͤͦͫͭΈΦ ˴͊͗͒·͚ ͦ͋ͯ;͊Ό΅͙͚ͫΎ 

͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͙͔ͤͦͫͭ͡Έ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͔͚ͫͨͦͫͦ͋ͤͦͫͭ ͙ ͔͔͚ͨͦͭͪ͋ͤͦͫͭΦ ˻͍͔͋ͪ͊ͦ͊ͭ͘͡Έͤ·͚ 

ͨͪͦͼ͔ͫͫ ͙ͫͭͪͦͭͫΎ ͫ ͯ;͖ͭͦͣ Ή͙ͭͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭΦ ˥͙͙ͯͣ͊ͤͫͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ͙͍͍ͨͪͦͭͦͨͦͫͭ͊͡Ύ͔ͭͫΎ 

͍͙͊ͭͦͪͭ͊ͪͤ·ͣ ͔ͣͭͦ͒͊ͣ ͦ͋ͯ;͔͙ͤΎΦ ˻ͤ ͙ͫ͟͡Ό;͔͊ͭ ͖͔͗ͫͭͦ͟ ͍͔͙͔͒͊ͤ͡ ͙ ͙͔͙͔ͨͪͤͯ͗͒ͤΦ ˻͍͚ͫͤͦͤͦ ͼ͔͡ΈΌ 

ͦ͋ͯ;͔͙ͤΎ ͍͙ͫͭ͊ͤͦͭͫΎ ͍͙͙͔ͪ͊ͭ͘ ͙͡;͙ͤͦͫͭΦ ˭͙ͤ͊ͤΎ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͊͟͟ ͔͍ͫͪ͒ͫͭͦ ͍͙͙ͪ͊ͭ͘ΎΣ ͊ ͔ͤ ͊͟͟ 

ͫ͊ͣͦͼ͔͡ΈΦ ˽͔͎͎͒͊ͦ ͍ ͎͙͙ͯͣ͊ͤͫͭ;͔͚ͫͦ͟ ͔͙ͣͦ͒͡ ͍·͔ͫͭͯͨ͊ͭ ͖ͨ͊ͪͭͤͪͦͣ ͦ͋ͯ;͊Ό΅͔͎ͦͫΎΦ ˻ͤ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

ͪ͊ͫͪ͟·͙ͭΌ ͍͔͔͎ͤͯͭͪͤͤͦ ͔ͨͦͭͤͼ͙͊͊͡ ͔͖ͪ͋ͤ͊͟Φ ˤ͊͗ͤ·ͣ ͙ͨͪͤͼ͙ͨͦͣ Ύ͍͡Ύ͔ͭͫΎ ͍͔͙͔͒ͦͪ ͔ͣ͗͒ͯ ͔͎͎ͨ͒͊ͦͦͣ 

͙ ͯ;͔͙ͤͦͣ͟Φ ˨͍͔͙͔ͦͪ ͖ͫͦ͒͊ͭ͘ ͎͙͋͊ͦͨͪ͡ΎͭͤͯΌ ͙ͨͫͻ͎͙ͦͦ͡;͔ͫͯ͟Ό ͊ͭͣͦͫͺ͔ͪͯΦ ̏ͣͦͼ͙ͦͤ͊͡Έͤ·͚ ͦͣ͟ͺͦͪͭ 

ͫ;͙͔ͭ͊ͭͫΎ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ ͍͙͔ͯͫͦͣ͡ ͦ͋ͯ;͔͙ͤΎΦ ˥͙͙ͯͣ͊ͤͫͭ;͔ͫ͊͟Ύ ͔͎͎͙ͨ͒͊ͦ͊͟ ͯ;͙ͭ·͍͔͊ͭ Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ 

ͫͦͫͭͦΎ͙͔ͤ ͦ͋ͯ;͊Ό΅͙ͻͫΎΦ ˽͙͔ͦͦ͗ͭ͡͡Έͤ·͔ Ήͣͦͼ͙͙ ͙͙͍ͯͫ͊͡Όͭ ͙͍ͣͦͭ͊ͼ͙Ό ͟ ͦ͋ͯ;͔͙ͤΌΦ ˤ͔ͤͯͭͪͤͤΎΎ 

͙͍ͣͦͭ͊ͼ͙Ύ ͙͔͔ͣͭ ͙͙͔ͨͪͦͪͭͭ ͤ͊͒ ͍͔ͤ΄͙ͤͣ ͔ͦͤͭͪͦͣ͟͡Φ ˻͋ͯ;͊Ό΅͙͚ͫΎ ͍͙ͫͭ͊ͤͦͭͫΎ ͙͍͊ͭͤ͟·ͣ ͯ;͙͊ͫͭͤͦͣ͟ 

͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έ͎ͤͦͦ ͨͪͦͼ͔ͫͫ͊Φ ˿͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦͫͭΈ Ύ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ·ͣ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͦ͋ͯ;͔͙ͤΎΦ 
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˥͙͙ͯͣ͊ͤͫͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͍͔͍͔͙ͦͭͭͫͭͤͤͦͫͭΦ ˾͔͖͋ͤͦ͟ ͯ;͙ͭͫΎ ͍ͦͫͦͤ͊͊ͭ͘Έ 

͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͍͙ͫͦͻ ͔͚͍͙͚͒ͫͭΦ ˤ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤͦͣ ͨͪͦͼ͔͔ͫͫ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ ͫ͊ͣͦͦͼ͔͔ͤ͟Φ 

˿͊ͣͦͦͼ͔ͤ͊͟ ͍͙͡Ύ͔ͭ ͤ͊ ͍͔͔ͯͪͤͤͦͫͭΈ ͍ ͔͔ͫ͋Φ ˥͙͙ͯͣ͊ͤͫͭ;͔ͫ͊͟Ύ ͔͎͎͙ͨ͒͊ͦ͊͟ ͺ͙͔ͦͪͣͪͯͭ ͙͙͍͔ͨͦͭͤͦ͘ 

ͦͭͤͦ΄͔͙͔ͤ ͟ ͦ͋ͯ;͔͙ͤΌΦ ˮ͙͍͙ͤ͒͒ͯ͊͡Έͤ·͚ ͔ͭͣͨ ͍͙͙ͪ͊ͭ͘Ύ ͙͖ͨͪͤ͊ͭͫ͘Ύ ͚ͤͦͪͣͦΦ ˿͍͔͙͔ͪ͊ͤͤ ͦ͋ͯ;͊Ό΅͙ͻͫΎ 

͔ͣ͗͒ͯ ͚ͫͦ͋ͦ ͔ͤ ͨͦͦ΅ͪΎ͔ͭͫΎΦ ˻ͼ͔ͤ͊͟ ͍͔ͤ͊ͨͪ͊ͤ͊͡ ͤ͊ ͔ͨͦ͒͒ͪ͗ͯ͟ ͙ ͍͙͙͔ͪ͊ͭ͘Φ ˻΄͙͙͋͟ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ 

͊͟͟ ;͊ͫͭΈ ͦ͋ͯ;͔͙ͤΎΦ ˽͔͎͎͒͊ͦ ͎͔ͨͦͣͦ͊ͭ ͙͙͍͊ͤ͊ͪͦ͊ͭ͘͡Έ ͦ΄͙͙͋͟Φ ̏ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͔ͪͺ͔͙͙ͫ͟͡Φ 

˾͔ͺ͔͙ͫ͟͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͙͡;͎ͤͦͫͭͤͦͦ ͪͦͫͭ͊Φ ˥͙͙ͯͣ͊ͤͫͭ;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͍͙͙ͪ͊ͭ͘Ό ͙͙ͪͭ͟;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡ΎΦ ˻͋ͯ;͊Ό΅͙͔ͫΎ ͯ;͊ͭͫΎ ͍·ͪ͊͗͊ͭΈ ͍͔͔ͫͦ͋ͫͭͤͤͦ ͔͙͔ͣͤͤΦ ˨͙͎͊ͦ͡ 

͙͔͊ͤͣ͊ͭ͘ ͼ͔ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͍ ͦ͋ͯ;͔͙͙ͤΦ ˨͙͎͊ͦ͡ ͺ͙͔ͦͪͣͪͯͭ ͯ͟͡Έͭͯͪͯ ͦ͋΅͔͙ͤΎΦ ˽͔͎͎͙͒͊ͦ;͔͔ͫͦ͟ 

͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͙ͫͭͪͦͭͫΎ ͤ͊ ͙ͫͦͭͪͯ͒ͤ;͔͍͔ͫͭΦ ˿͙ͦͭͪͯ͒ͤ;͔͍ͫͭͦ ͍ͨͦ·΄͔͊ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͦ͋ͯ;͔͙ͤΎΦ 

˥͙͙ͯͣ͊ͤͫͭ;͔ͫ͊͟Ύ ͔͎͎͙ͨ͒͊ͦ͊͟ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭ ͍ͭͦͪ;͔ͫͯ͟Ό ͙͍͊ͭͤͦͫͭ͟ΈΦ ͍́ͦͪ;͔͍ͫͭͦ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ 
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3. ˶͔ͦͤͭΈ͔͍ ˢΦ˹Φ ˨͔Ύ͔ͭ͡ΈͤͦͫͭΈΦ ˿͙͔ͦͤ͊ͤ͘Φ ˶͙;ͤͦͫͭΈΦ ˸͍ͦͫ͊͟Σ ˿ͣ·ͫ͡Σ нлмтΦ 

4. ˾͔ͦ͒͗ͪͫ ˴Φ ˿͍ͦ͋ͦ͒͊ ͯ;͙ͭΈͫΎΦ ˸͍ͦͫ͊͟Σ ˿ͣ·ͫ͡Σ нлмсΦ 

ϭ˻ ͍͔͎͔͙͔͍͒͘͡ ˹ ., 2025 
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̂˨˴ смсΦсмπлтф 

ˢ͔͍ͣ͊ͣͣ͒ͦ͊͟ ˢΦ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͔͍͙͙ͨͪͦͨ͒ͭ͟ ͍͔͙ͤͯͭͪͤͤͻ ͔͔͚͋ͦͤ͘͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

 ͙ ͣΦ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 

 

ˢ˹ˢ˶ˮ˭ ˸˻̉ˮ ˴ˢ˴ ˥˶ˢˤ˹̍˯ ˴˻˸˽˻˹˩˹́ ˽˾ˮ ˨ˮˢ˥˹˻˿́ˮ˴˩ ˽˻̉˩̉˹̍̆ ˭ˢˣ˻˶˩ˤˢ˹ˮ˯ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˢ͙ͤ͊͘͡ ͣͦ;͙ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͙ ͙͔͔ͤ͊͋ͦ͡ ͙ͤͺ͙͍ͦͪͣ͊ͭͤ·ͻ ͔͍ͣͭͦ͒ͦ ͚͊͋ͦͪ͊ͭͦͪͤͦ͡ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͨͦ;͔͟ ͙ ͣͦ;͔͍·͔͙͔͒ͭ͡͡Έ͚ͤͦ ͙͔ͫͫͭͣ·Φ ˣ͎͊ͦ͒͊ͪ͡Ύ ͔ͨͪͦͫͭͦͭ ͍·͔͙ͨͦͤͤ͡ΎΣ 

͙͒ͦͫͭͯͨͤͦͫͭ ͙ ͍·͚ͫͦͦ͟ ͙͎͙͒͊ͤͦͫͭ;͔͚ͫͦ͟ ͼ͔͙ͤͤͦͫͭ ͦͤ ΄͙ͪͦͦ͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͊͟͟ ͍ ͚͊ͣ͋ͯ͊ͭͦͪͤͦ͡Σ ͭ͊͟ ͙ 

͍ ͫͭ͊ͼ͙͚ͦͤ͊ͪͤͦ ͙͔ͨͪ͊ͭ͟͟Φ ˤ ͫͭ͊ͭΈ͔ ͨͦ͒ͪͦ͋ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ 

ͣͦ;͙Σ ͙͎͙͒͊ͤͦͫͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͺ͙͙ͦ͘͟πͻ͙͙ͣ;͔͙ͫ͟ͻ ͙ ͙͙ͣͪͦͫͦͨ͟͟;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡Σ ͪͦ͡Έ ͙͊ͤ͊͊͘͡ 

ͣͦ;͙ ͍ ͔ͪ͊ͤͤͣ ͍·Ύ͍͔͙͙ͤ͡ ͨͦ;͔;͚ͤͦ ͎͙͙ͨ͊ͭͦͦ͡Σ ͙͙͒ͤ͊ͣ;͔ͫͦͣ͟ ͤ͊͋͡Ό͔͙͙͒ͤ ͙ ͦͼ͔͔ͤ͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ 

͔͡;͔͙ͤΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͊ͤ ͙͊͘͡ ͣͦ;͙Σ ͨͦ;͔;ͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͔ͤͺ͎͙ͪͦͦ͡ΎΣ ͊͋ͦͪ͊ͭͦͪͤ͊͡Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Σ  

͔͙͙ͨͪͦͭͤͯͪΎΣ ͎͔͙ͣ͊ͭͯͪΎΣ ͦͫ͊͒ͦ͟ ͣͦ;͙Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˽ͦ;͙͟ Ύ͍͡ΎΌͭͫΎ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·ͣ ͎ͦͪ͊ͤͦͣΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͣ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͍ͦ͒ͤͦπ

Ή͔͙͎ͭͪͦͭͤͦͦ͟͡͡ ͋͊͊ͤͫ͊͡Σ ͙ͫͦͭͤͦ͟͡π̈́ ͔ͦ͡;͎ͤͦͦ ͍͍͔͙ͪ͊ͤͦͫΎ ͙ ͍·͍͔͔͙͔͒ͤ ͍ͨͪͦ͒ͯͭͦ͟ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭΦ 

˭͔͍͙͊͋ͦ͊ͤ͡Ύ ͨͦ;͔͟ ;͊ͫͭͦ ͍͙͍ͪ͊͊͘ΌͭͫΎ ͔͔ͨͦͫͭͨͤͤͦ ͙ ͙͔͒ͭ͡͡Έ͔ͤͦ ͍͔ͪͣΎ ͎ͣͦͯͭ ͔ͨͪͦͭ͊ͭ͟Έ ͔͙͋ͫͫͣͨͭͦͣͤͦΣ 

;ͭͦ ͤ͊͘;͙͔ͭ͡Έͤͦ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͙ͻ ͪ͊ͤͤΌΌ ͙͎͙͒͊ͤͦͫͭͯ͟Φ 

ˤ Ή͚ͭͦ ͍ͫΎ͙͘ ͙͊ͤ͊͘͡ ͣͦ;͙ ͙͔͊ͤͣ͊ͭ͘ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͔͙ͫͪ͒ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦΣ ͨͦͫͦ͟͡Έͯ͟ 

͙͔͔͙ͣͤͤ͘Ύ ͔͔ ͍ͫͦͫͭ͊͊ ͤ͊ͨͪΎͣͯΌ ͦͭͪ͊͗͊Όͭ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͫͦͫͭͦΎ͙͔ͤ ͔ͤͺ͍ͪͦͤͦΦ ˮ͔ͣͤͤͦ ͨͦΉͭͦͣͯ 

͙͊ͤ͊͘͡ ͣͦ;͙ ͫ;͙͔ͭ͊ͭͫΎ ͍͋͊ͦ͘·ͣ ͙ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͙͔͍͙͔ͫͫ͒ͦ͊ͤͣ͡ ͙ͨͪ ͔͙͙ͨͦ͒ͦͪͤ͘ ͤ͊ ͎͙ͨ͊ͭͦͦ͡Ό ͨͦ;͔͟Φ 

͙͙͎͙̅ͦͦ͘͡;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ ͍ͫͦͫͭ͊͊ ͣͦ;͙ 

˽ͪͦͼ͔ͫͫ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͣͦ;͙ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͍ ͔ͤͺͪͦͤ͊ͻ ͙ ͍͟͡Ό;͔͊ͭ ͙ͭͪ ͍͙͍͊ͣͦͫ͘Ύ͊ͤͤ͘·ͻ Ήͭ͊ͨ͊Υ 

˴ͯ͋ͦ͡;͍ͦ͊͟Ύ ͺ͙͡Έͭͪ͊ͼ͙ΎΣ 

˴͊ͤ͊͡Έͼ͔͍͊Ύ ͔ͪ͊͋ͫͦͪ͋ͼ͙ΎΣ 

˴͊ͤ͊͡Έͼ͔͍͊Ύ ͔͔ͫͪ͟ͼ͙ΎΦ 

˹͊ ͊͗͒ͦͣ͟ ͙͘ Ή͙ͭͻ Ή͍ͭ͊ͨͦ ͍ͦͣͦ͗ͤ͘· ͤ͊ͪͯ΄͔͙ͤΎΣ ͦͭͦͪ͟·͔ ͙͍ͨͪͦ͒Ύͭ ͟ ͙͔͔͙ͣͤͤ͘Ό ͊͟;͔͍͔͎ͫͭͤͤͦͦ 

͙ ͙ͦ͟͡;͔͍͔͎ͫͭͤͤͦͦ ͍ͫͦͫͭ͊͊ ͣͦ;͙Φ ˨͔͊͗ ͙͙ͣͤͣ͊͡Έͤ·͔ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͔͙ͦͭͦͤͤ͟͡Ύ ͍ ͔ͪ͊͋ͦͭ ͨͦ;͔͟ 

ͤ͊ͻͦ͒Ύͭ ͔͙͔ͦͭͪ͊͗ͤ ͍ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͔ͨͦ͊͊ͭ͘͟͡Ύͻ ͙͊ͤ͊͊͘͡ ͣͦ;͙Φ 

˭ͤ͊;͔͙͔ͤ ͦ͋΅͔͎ͦ ͙͊ͤ͊͊͘͡ ͣͦ;͙ ͍ ͔ͤͺ͎͙͙ͪͦͦ͡ 

˻͋΅͙͚ ͙͊ͤ͊͘͡ ͣͦ;͙ Ύ͍͡Ύ͔ͭͫΎ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͣ ͔ͣͭͦ͒ͦͣΣ ͍ͨͦͦ͘͡ΎΌ΅͙ͣ ͨͦͯ͡;͙ͭΈ ͙ͤͺͦͪͣ͊ͼ͙Ό ͦ 

ͫͦͫͭͦΎ͙͙ͤ ͔ͤ ͭͦ͡Έͦ͟ ͨͦ;͔͟Σ ͤͦ ͙ ͍͔͎ͫͦ ͎͙ͦͪ͊ͤͣ͊͘ ͍ ͼ͔ͦͣ͡Φ ˻ͤ ͍͟͡Ό;͔͊ͭ ͔ͦͣͨͫͤͯ͟͟͡Ό ͦͼ͔ͤͯ͟ 

ͺ͙͙͘;͔͙ͫ͟ͻΣ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͙ ͙͙ͣͪͦͫͦͨ͟͟;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͣͦ;͙Φ 

˻͔ͫͦ͋ͤͤͦͫͭΈ ͎͒͊ͤͤͦͦ ͔ͣͭͦ͒͊ ͊͘͟͡Ό;͔͊ͭͫΎ ͍ ͭͦͣΣ ;ͭͦ ͦͤ ͔ͣͦ͗ͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͊͟͟ ͒͡Ύ 

͔͍͙ͨͪ;͎ͤͦͦ ͙͙͎ͫͪͤͤ͊͟Σ ͭ͊͟ ͙ ͒͡Ύ ͎͔͚ͯͯ͋ͤͤͦ͡͡ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͙͙͒ͤ͊ͣ;͔͎ͫͦͦ͟ ͤ͊͋͡Ό͔͙͒ͤΎΦ 

͙͙̅͘;͔͙͔ͫ͟ ͔͙ͨͦ͊͊ͭ͘͟͡ ͣͦ;͙ ͙ ͙ͻ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ 

͍͔̇ͭ ͙ ͨͪͦͪ͊͘;ͤͦͫͭΈ 

͍͔̇ͭ ͣͦ;͙ ͍͙͙͊ͫͭ͘ ͦͭ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͙͎͔͍ͨͣͤͭͦ ͙ ͔ͣͦ͗ͭ ͙͔ͣͤ͘ΎͭΈͫΎ ͙ͨͪ ͙ͪ͊͘͡;ͤ·ͻ 
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͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙ͤΎͻΦ ˽͔͙͔ͦͣͯͭͤͤ ͣͦ;͙ ;͊ͫͭͦ ͍ͫΎ͊ͤͦ͘ ͫ ͙ͤ͊͡;͙͔ͣ ͔ͭͦ͟͡;ͤ·ͻ Ή͔͔͍ͣͤͭͦ͡Σ ͔͚ͫͦ͡ 

͙͙͡ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ 

˻͙͔ͭͤͦͫͭ͡Έͤ͊Ύ ͨͦͭͤͦͫͭ͡Έ 

˻͙͔ͭͤͦͫͭ͡Έͤ͊Ύ ͨͦͭͤͦͫͭ͡Έ ͣͦ;͙ ͔ͦͭͪ͊͗͊ͭ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙ͦͤͤͯΌ ͫͨͦͫͦ͋ͤͦͫͭΈ ͨͦ;͔͟Φ ˩͔ ͙͔͙͔ͫͤ͗ͤ 

ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͤ͊ͪͯ΄͔͙͔ͤ ͺͯͤ͟ͼ͙͙ ͊ͤ͊͟͡Έͼ͔͍Σ ͎ͭͦ͒͊ ͊͟͟ ͍ͨͦ·΄͔͙͔ͤ ͔ͣͦ͗ͭ ͤ͊͋͡Ό͒͊ͭΈͫΎ ͙ͨͪ 

͔͍͙͍͙͙ͦ͋ͦ͗͊ͤ͘ ͙͙͡ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙ͤΎͻΦ 

͙͙̆ͣ;͔͙͔ͫ͟ ͔͙ͨͦ͊͊ͭ͘͟͡ ͣͦ;͙ 

ˣ͔ͦ͟͡ 

˽ͦΎ͍͔͙͔ͤ͡ ͔͋͊͟͡ ͍ ͣͦ;͔ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·ͻ ͙͍ͨͪͤ͊ͦ͘͟ ͔͙ͨͦͪ͊͗ͤΎ ͨͦ;͔͟Φ 

˽͔͙͙ͪͦͭͤͯͪΎ ͔ͣͦ͗ͭ ͍͙͔͔ͫ͒ͭ͡Έ͍͍ͫͭͦ͊ͭΈ ͦ ͍͔͔͙͙ͨͦͪ͗͒ͤ ͯ͋ͦ͟͡;͍͎ͦͦͦ͟ ͺ͙͡Έͭͪ͊ ͙͙͡ ͊ͤ͊͟͡Έͼ͔͍͎ͦͦ 

͊ͨͨ͊ͪ͊ͭ͊Φ 

˾͔͊͟ͼ͙Ύ ͔ͫͪ͒· όǇIύ 

ˮ͔͔͙͔ͣͤͤ͘ ͙͙ͫͦͭͤͦͫͭ͟͡ ͣͦ;͙ ͔ͦͭͪ͊͗͊ͭ ͫͨͦͫͦ͋ͤͦͫͭΈ ͨͦ;͔͟ ͔͙͍ͨͦ͒͒ͪ͗͊ͭΈ ͙ͫͦͭͤͦ͟͡π̈́ ͔ͦ͡;͔ͤͦ 

͍͍͔͙͔ͪ͊ͤͦͫ ͙ ͔ͣͦ͗ͭ ͙͔ͣͭΈ ͙͎͙͒͊ͤͦͫͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙ͨͪ ͙ͪ͊͘͡;ͤ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡Ύͻ ͨͦ;͔͟ ͙ ͔ͦ͋ͣͤͤ·ͻ 

ͤ͊ͪͯ΄͔͙ͤΎͻΦ 

˨͎͙͔ͪͯ ͔͙ͨͦ͊͊ͭ͘͟͡ 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͎͡Όͦ͘͟·Σ ͔͍ͭͦͤͦ͟·ͻ ͔ͭ͡Σ ͙͙͙͋ͪͯ͋ͤ͊͡ ͙ ͙͙͎͔ͯͪͦ͋ͤͦͤ͊͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͡ΎͭΈ 

͍ͫͦͨͯͭͫͭͯΌ΅͙͔ ͤ͊ͪͯ΄͔͙ͤΎ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭ ͙ ͦͼ͔͙͍ͤ͊ͭΈ ͙͔͔ͫͫͭͣͤͦ ͍͙͡Ύ͙͔ͤ ͨͦ;͔;͚ͤͦ ͎͙͙ͨ͊ͭͦͦ͡Φ 

˸͙͙ͪͦͫͦͨ͟͟;͔͔ͫͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͦͫ͊͒͊͟ ͣͦ;͙ 

˴͔ͭͦ͡;ͤ·͔ Ή͔͔ͣͤͭ͡· 

˻͔͙͔͋ͤ͊ͪͯ͗ͤ Ή͙ͪͭͪͦͼ͙͍ͭͦ ͙ ͔͚ͦ͟͡ͼ͙͍ͭͦ ͍ ͔ͦͫ͊͒͟ ͣͦ;͙ Ύ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ·ͣ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫͣ͟ 

͙ͨͪͤ͊ͦͣ͘͟Φ ˮͻ ͙ͦ͟͡;͔͍ͫͭͦΣ ͺͦͪͣ͊ ͙ ͻ͔͊ͪ͊ͭͪ͟ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͍ͨͦͦ͘͡ΎΌͭ ͙ͫͯ͒ͭΈ ͦ ͙ͦ͊͊͘͟͡͡ͼ͙͙ 

͎͙ͨ͊ͭͦͦ͡;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊Φ 

͙͙̇ͤ͒ͪ͡· 

͙͙̇ͤ͒ͪ͡· ͺ͙ͦͪͣͪͯΌͭͫΎ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͍ ͨͦ;͔;ͤ·ͻ ͊ͤ͊͟͡Έͼ͊ͻΣ ;ͭͦ ͔͔͒͊ͭ͡ ͙ͻ ͙ͤ͊͡;͙͔ 

͍·͔ͫͦͦͫͨ͟ͼ͙ͺ͙;ͤ·ͣ ͙ͨͪͤ͊ͦͣ͘͟ ͔͙ͨͦͪ͊͗ͤΎ ͨͦ;͔;͚ͤͦ ͔ͨ͊ͪͤͻ͙ͣ·Φ 

˿͙ͦ͡ ͙ ͙ͪͫͭ͊͟͡͡· 

ˤ·Ύ͍͔͙͔ͤ͡ ͔͚ͫͦ͡ ͍ ͣͦ;͔ ͙͔͔ͣͭ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͦͼ͔͙ͤ͟ ͔ͦ͋ͣͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͙ ͙ͪͫ͊͟ 

ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͣͦ;͔͔͚͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡Φ 

ˢ͙ͤ͊͘͡ ͣͦ;͙ ͊͟͟ ͔ͣͭͦ͒ ͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟ 

˻͙͒ͤͣ ͙͘ ͎͍͊ͤ͡·ͻ ͔͙ͨͪͣͯ΅͔͍ͫͭ ͙͊ͤ͊͊͘͡ ͣͦ;͙ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍·Ύ͍͔͙ͤ͡Ύ ͎͙͙ͨ͊ͭͦͦ͡ ͤ͊ 

͙͙͒ͦͤ͟͡;͔͚ͫͦ͟ ͙͙ͫͭ͊͒Φ ˤͦ ͎͙ͣͤͦͻ ͫͯ͡;͊Ύͻ ͙͔͔͙ͣͤͤ͘Ύ ͍ ͣͦ;͔ ͨͦΎ͍͡ΎΌͭͫΎ ͎͊͒ͦͦ͘͡ ͒ͦ ͙͙ͤ͟͡;͔͙ͫ͟ͻ 

ͨͪͦΎ͍͔͙͚ͤ͡ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͙͔͔͙͚ͣͤͤ͘ ͙͋ͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͔͔͚ͨͦ͊͊ͭ͘͟͡ ͍͙ͪͦ͟Φ 

˾͔͔͊ͤͤ ͍·Ύ͍͔͙͔ͤ͡ ͙ͭ͊͟ͻ ͙͔͔͙͚ͣͤͤ͘ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͔͍͔͔ͫͦͪͣͤͤͦ ͤ͊;͊ͭΈ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙͔ͫ͟ ͙ 

͔͡;͔͋ͤ·͔ ͔͙ͣͪͦͨͪΎ͙ͭΎΦ 

˾ͦ͡Έ ͙͊ͤ͊͊͘͡ ͣͦ;͙ ͍ ͙͙͒ͤ͊ͣ;͔ͫͦͣ͟ ͤ͊͋͡Ό͔͙͙͒ͤ 

˽͙ͪ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͊͋ͦ͊ͤ͘͡Ύͻ ͨͦ;͔͟ ͙͊ͤ͊͘͡ ͣͦ;͙ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͦͼ͔͙ͤ͟ ͙͍͙͊ͭͤͦͫͭ͟ 

͎͙ͨ͊ͭͦͦ͡;͔͎ͫͦͦ͟ ͨͪͦͼ͔ͫͫ͊ ͙ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͙͙ͭͪ͊ͨΦ ˾͔͎ͯ͡Ύ͔ͪͤͦ ͔͊͋ͦͪ͊ͭͦͪͤͦ͡ ͤ͊͋͡Ό͔͙͔͒ͤ ͍ͨͦͦ͘͡Ύ͔ͭ 

͍·Ύ͍͡ΎͭΈ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͔͙͍ͦͪͪͭͪͦ͊ͭ͟͟Έ ͔͡;͔͋ͤͯΌ ͙ͭ͊ͭͯ͟͟Φ 

˽͔͙ͪͣͯ΅͔͍ͫͭ͊ ͙͊ͤ͊͊͘͡ ͣͦ;͙ ͔͔ͨͪ͒ ͎͙͙͒ͪͯͣ ͔͙ͣͭͦ͒͊ͣ 

ˢ͙ͤ͊͘͡ ͣͦ;͙ ͔ͦ͋͊͒͊ͭ͡ ͪΎ͒ͦͣ ͫͯ΅͔͍͔ͫͭͤͤ·ͻ ͔͙ͨͪͣͯ΅͔͍ͫͭΥ 

˹͔͙͍͙͍ͤ͊ͤͦͫͭ͘ΈΤ 

͙̏ͦͤͦͣ͟;͔ͫ͊͟Ύ ͒ͦͫͭͯͨͤͦͫͭΈΤ 

ˤ·ͫͦ͊͟Ύ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈΤ 

ˤͦͣͦ͗ͤͦͫͭ͘Έ ;͎͊ͫͭͦͦ ͍͔͙ͨͦͭͦͪͤΎΤ 
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ˮͤͺ͙͍ͦͪͣ͊ͭͤͦͫͭΈ ͤ͊ ͙ͪ͊ͤͤͻ ͙ͫͭ͊͒Ύͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

͙̏ͭ ͊͟;͔͍ͫͭ͊ ͔͒͊͡Όͭ ͔͎ͦ ͔͔͙ͤ͊ͣͤͣ͘·ͣ ͔ͣͭͦ͒ͦͣ ͍ ͔ͤͺ͎͙ͪͦͦ͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ 

˴͔ͦͣͨͫͤ͟͡·͚ ͨͦ͒ͻͦ͒ ͟ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 

˨͡Ύ ͍͙ͨͪ͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ͍͊͗ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ͭΈ ͔͙ͨͦ͊͊ͭ͘͟͡ ͙͊ͤ͊͊͘͡ ͣͦ;͙ ͍ ͍͙ͫͦͦͯͨͤͦͫͭ͟ ͫ 

͙͙ͤ͟͡;͔͙͙ͫͣ͟ ͒͊ͤͤ·͙ͣ ͙ ͔ͪͯ͘͡Έ͙ͭ͊ͭ͊ͣ ͎͙͒ͪͯͻ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ 

͚́͊ͦ͟ ͨͦ͒ͻͦ͒ ͍ͨͦ·΄͔͊ͭ ͭͦ;ͤͦͫͭΈ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͔͋͗͊ͭ͘Έ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͦ΄͙͋ͦ͟Φ 

˭͊͟͡Ό;͔͙͔ͤ 

ˢ͙ͤ͊͘͡ ͣͦ;͙ Ύ͍͡Ύ͔ͭͫΎ ͎͍͊ͤ͡·ͣ ͙ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͙͎͙͙͒͊ͤͦͫͭ͟ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

ͨͦ;͔͟Φ ˻ͤ ͔ͦͭͪ͊͗͊ͭ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͫͦͫͭͦΎ͙͔ͤ ͔ͤͺ͍ͪͦͤͦΣ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͡ΎͭΈ ͙͔ͪ͊ͤͤ ͙͙ͨͪͤ͊͘͟ 

͎͙͙ͨ͊ͭͦͦ͡ ͙ ͦͫͯ΅͔͍ͫͭ͡ΎͭΈ ͦͤͭͪͦ͟͡Έ ͊͘ ͔ͭ;͔͙͔ͤͣ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ ͙͔̊ͪͦͦ͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͊ͤ͊͊͘͡ ͣͦ;͙ 

͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͚ͪ͊ͤͤ ͙͎͙͔͒͊ͤͦͫͭ͟Σ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͯͯ͡;΄͔͙ͤΌ ͎ͨͪͦͤͦ͊͘ ͙ͨͪ ͨͦ;͔;ͤ·ͻ 

͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ͔͔͍́͊ͪ ˩Φ˸Φ ˹͔ͺ͎͙ͪͦͦ͡ΎΦ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмтΦ 

нΦ ˥͔͍ͯͫ ˩ΦˮΦΣ ˴͍͍ͦͤͦ͊ͦ͡ ˢΦ˹Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͔ͤͺ͎͙ͪͦͦ͡ΎΦ τ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлмфΦ 

оΦ WƻƘƴǎƻƴ wΦWΦΣ CŜŜƘŀƭƭȅ WΦΣ CƭƻŜƎŜ WΦ /ƻƳǇǊŜƘŜƴǎƛǾŜ /ƭƛƴƛŎŀƭ bŜǇƘǊƻƭƻƎȅΦ сǘƘ ŜŘΦΣ 9ƭǎŜǾƛŜǊΣ нлмфΦ 

пΦ CƻƎŀȊȊƛ DΦ.Φ ¢ƘŜ ¦ǊƛƴŀǊȅ {ŜŘƛƳŜƴǘΦ hȄŦƻǊŘ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΣ нлмлΦ 

рΦ Dǳȅǘƻƴ !Φ/ΦΣ Iŀƭƭ WΦ9Φ ¢ŜȄǘōƻƻƪ ƻŦ aŜŘƛŎŀƭ tƘȅǎƛƻƭƻƎȅΦ 9ƭǎŜǾƛŜǊΣ нлнмΦ 

ϭ ˢ͔͍ͣ͊ͣͣ͒ͦ͊͟ ˢΦΣ нлнр 

 

 

 

 

̂˨˴ смсΦосπлт 

ˢ͔͍ͣ͊ͣͣ͒ͦ͊͟ ˢΦ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͔͍͙͙ͨͪͦͨ͒ͭ͟ ͍͔͙ͤͯͭͪͤͤͻ ͔͔͚͋ͦͤ͘͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

 ͙ ͣΦ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 

 

ˮ˿˿˶˩˨˻ˤˢ˹ˮ˩ ˽˩̉˩˹ˮΥ ˽ˢ˶̎˽ˢ̇ˮ̒Σ ˽˩˾˴̂˿˿ˮ̒ ˮ ˢ̂˿˴̂˶̎́ˢ̇ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

͙͙̅͊͘͟͡Έͤ·͔ ͣ ͔ͭͦ͒· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͨ;͔͙ͤ ͦͫͭ͊ΌͭͫΎ ͍͔͚͊͗ͤ΄͔͚ ;͊ͫͭΈΌ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ 

͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡Ύ ͨ͊ͼ͙͔ͤͭ͊Σ ͔ͤͫͣͦͭͪΎ ͤ͊ ΄͙͔ͪͦͦ͟ ͍͔͔͙͔ͤ͒ͪͤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͙ 

͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͔͍ͣͭͦ͒ͦ ͙͎͙͙͒͊ͤͦͫͭ͟Φ ˽͊͡Έͨ͊ͼ͙ΎΣ ͔͙ͨͪͯͫͫ͟Ύ ͙ ͊ͯͫͯ͟͡Έͭ͊ͼ͙Ύ ͍ͨͦͦ͘͡ΎΌͭ ͍ͪ͊;ͯ ͨͦͯ͡;͙ͭΈ 

͔͍͙ͨͪ;ͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙Ό ͦ ͔ͪ͊ͣͪ͊͘ͻΣ ͔͙͙ͨͦͦ͗ͤ͡Σ ͙͔ͦͤͫͫͭͤ͟ͼ͙͙ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦͣ ͫͦͫͭͦΎ͙͙ͤ ͔ͨ;͔͙ͤΦ 

ˤ ͫͭ͊ͭΈ͔ ͨͦ͒ͪͦ͋ͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͔͙͙ͣͭͦ͒͟ ͺ͙͙͊͘͟͡Έ͎ͤͦͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͨ;͔͙ͤΣ ͙ͻ 

͙͎͙͒͊ͤͦͫͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΣ ͊ ͔ͭ͊͗͟ ͪͦ͡Έ ͒͊ͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͍ ͔͚ͦͣͨͫͤͦ͟͟͡ ͦͼ͔͔ͤ͟ ͫͦͫͭͦΎ͙ͤΎ 

͎͔͙͙͚ͨ͊ͭͦ͋͊ͪͤͦ͡ ͙͔ͫͫͭͣ·Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͔ͨ ;͔ͤΈΣ ͺ͙͙͊͘͟͡Έ͔ͤͦ ͔͍͙͔ͦ͋ͫ͒ͦ͊ͤ͡Σ ͨ͊͡Έͨ͊ͼ͙ΎΣ ͔͙ͨͪͯͫͫ͟ΎΣ ͊ͯͫͯ͟͡Έͭ͊ͼ͙ΎΣ 

 ͎͔͔͎͙ͨ͊ͭͦͣ͊͡ΎΣ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Φ 

 

ˤ͍͔͔͙͔͒ͤ 

˽͔;͔ͤΈ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͔͚ͪͯͨͤ͟΄͙ͻ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤͦ ͙͔͔ͤ͊͋ͦ͡ ͫͦ͗ͤ͡·ͻ ͎͍ͦͪ͊ͤͦ 

;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͎͙ͦͪ͊ͤͣ͊͘Φ ˻ͤ͊ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͨͪͦͼ͔ͫͫ͊ͻ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭΣ ͔͙͒ͭͦͫ͊͟͟ͼ͙͙Σ 
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͙͔ͫͤͭ͊͘ ͔͍͋ͦ͟͡Σ ͔͎ͪͯ͡Ύͼ͙͙ ͎͔͍͎ͯͦ͒ͤͦͦ͡ ͙ ͙͙͎ͨ͒ͤͦͦ͡ ͔ͦ͋ͣͤ͊Σ ͊ ͔ͭ͊͗͟ ͍ ͙͚ͣͣͯͤͤͦ ͊͘΅͙͔ͭ ͎͙ͦͪ͊ͤͣ͊͘Φ 

˭͔͍͙͊͋ͦ͊ͤ͡Ύ ͔ͨ;͔͙ͤ ΄͙ͪͦͦ͟ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ· ͙ ͔͔ͤͪ͒ͦ͟ ͔ͨͪͦͭ͊͟Όͭ ͔͙͋ͫͫͣͨͭͦͣͤͦ ͤ͊ ͙ͪ͊ͤͤͻ ͙ͫͭ͊͒ΎͻΦ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͍·ͫͦͦͭͦ͟;ͤ·ͻ ͔͍ͣͭͦ͒ͦ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙Σ ͺ͙͙͊͘͟͡Έ͔ͤͦ ͔͍͙͔ͦ͋ͫ͒ͦ͊ͤ͡ ͔ͨ;͔͙ͤ 

ͫͦͻͪ͊ͤΎ͔ͭ ͍ͫͦΌ ͙͎͙͒͊ͤͦͫͭ;͔ͫͯ͟Ό ͼ͔ͤͤͦͫͭΈΦ ˻ͤͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͪ͊;ͯ ͫͺ͙͍ͦͪͣͪͦ͊ͭΈ ͔͍ͨͪͦͤ͊;͊͡Έ͔ͤͦ 

͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͦ ͫͦͫͭͦΎ͙͙ͤ ͎ͦͪ͊ͤ͊ ͙ ͔͔͙ͦͨͪ͒ͭ͡Έ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͎͔͎ͯͯ͋ͤͤͦͦ͡͡ 

͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡ΎΦ 

˭ͤ͊;͔͙͔ͤ ͺ͙͙͊͘͟͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͨ;͔͙ͤ 

͙͙̅͊͘͟͡Έͤ·͔ ͔ͣͭͦ͒· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ Ύ͍͡ΎΌͭͫΎ ͍͚ͦͫͤͦͦ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͣ·΄͔͙ͤ͡Ύ ͍ͪ͊;͊Φ ˻͙ͤ 

͍ͨͦͦ͘͡ΎΌͭ ͍·Ύ͍͙ͭΈ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ ͔ͨ;͔͙ͤ ͔͋͘ ͙͔͔͙ͨͪͣͤͤΎ ͚ͫͦ͗ͤͦ͡ ͊ͨͨ͊ͪ͊ͭͯͪ·Σ 

͔ͦͫͦ͋ͤͤͦ ͤ͊ Ή͔ͭ͊ͨ ͔͍͙ͨͪ;͎ͤͦͦ ͦͫͣͦͭͪ͊ ͨ͊ͼ͙͔ͤͭ͊Φ 

˴ ͍ͦͫͤͦͤ·ͣ ͔ͣͭͦ͒͊ͣ ͺ͙͙͊͘͟͡Έ͎ͤͦͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͨ;͔͙ͤ ͦͭͤͦͫΎͭͫΎΥ 

˻ͫͣͦͭͪΣ ˽͊͡Έͨ͊ͼ͙ΎΣ ˽͔͙ͪͯͫͫ͟ΎΣ ˢͯͫͯ͟͡Έͭ͊ͼ͙ΎΦ 

˴͊͗͒·͚ ͙͘ Ή͙ͭͻ ͔͍ͣͭͦ͒ͦ ͒ͦͨͦͤ͡Ύ͔ͭ ͎͒ͪͯ ͎͒ͪͯ͊ ͙ ͔͒͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͨͦͯ͡;͙ͭΈ ͔ͦͣͨͫͤͯ͟͟͡Ό 

͙ͤͺͦͪͣ͊ͼ͙Ό ͦ ͫͦͫͭͦΎ͙͙ͤ ͎ͦͪ͊ͤ͊Φ 

ˢͤ͊ͭͦͣͦπͅ ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔ͨͪ͒ͨͦͫ·͙͟͡ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͨ;͔͙ͤ 

˽͔;͔ͤΈ ͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ ͍ͨͪ͊ͦͣ ͔͔ͨͦ͒ͪ͋ͪΈ͔ ͙ ;͙͊ͫͭ;ͤͦ ͍ Ή͙͎ͨ͊ͫͭͪ͊͡Έ͚ͤͦ 

͙ͦ͋͊ͫͭ͡Φ ˤ ͔ͤͦͪͣ ͙͙͚ͤ͗ͤ ͚ͪ͊͟ ͔ͨ;͔͙ͤ ͔ͣͦ͗ͭ ͋·ͭΈ ͔͒ͦͫͭͯͨͤ ͨ͊͡Έͨ͊ͼ͙͙Σ ͔ͦͫͦ͋ͤͤͦ ͯ ͙͡ͼ ͔͙͊ͫͭͤ;͔͎ͫͦͦ͟ 

͔͔͙ͭͦͫͦ͗ͤ͡͡ΎΦ 

˻͔͙ͫͦ͋ͤͤͦͫͭ ͔͙ͪ͊ͫͨͦͦ͗ͤ͡Ύ ͔ͨ;͔͙ͤΣ ͔͔ ͨͦͭͤͦͫͭ͡Έ ͙ ͍͙ͨͦ͒͗ͤͦͫͭΈ ͙ͨͪ ͒·ͻ͙͙͊ͤ ͫͦ͒͊͘Όͭ ͍͙ͯͫͦ͡Ύ 

͒͡Ύ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎ ͨ͊͡Έͨ͊ͼ͙͙ ͙ ͔͙͙ͨͪͯͫͫ͟Φ ˽͙ͪ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔ͫͫ͊ͻ ͙͔ͣͤ͘ΎΌͭͫΎ 

͔ͪ͊ͣͪ͘·Σ ͺͦͪͣ͊ ͙ ͙͔ͦͤͫͫͭͤ͟ͼ͙Ύ ͎ͦͪ͊ͤ͊Σ ;ͭͦ ͔ͦͭͪ͊͗͊ͭͫΎ ͤ͊ ͒͊ͤͤ·ͻ ͺ͙͙͊͘͟͡Έ͎ͤͦͦ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡ΎΦ 

˽͊͡Έͨ͊ͼ͙Ύ ͔ͨ;͔͙ͤΣ ˭ͤ͊;͔͙͔ͤ ͨ͊͡Έͨ͊ͼ͙͙ 

˽͊͡Έͨ͊ͼ͙Ύ ͔ͨ;͔͙ͤ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͙ͤͺ͙͍ͦͪͣ͊ͭͤ·ͻ ͔͍ͣͭͦ͒ͦ ͺ͙͙͊͘͟͡Έ͎ͤͦͦ 

͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡ΎΦ ˻ͤ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͔͙ͦͨͪ͒ͭ͡ΈΥ 

˾͔͊ͣͪ͘· ͔ͨ;͔͙ͤΣ ͻ͔͊ͪ͊ͭͪ͟ ͪ͊͟ΎΣ ͙͔ͦͤͫͫͭͤ͟ͼ͙ΌΣ ͔͔͋ͦͤͤͤͦͫͭ͘͡ΈΣ ͍͙ͨͦ͒͗ͤͦͫͭΈ ͙ͨͪ ͒·ͻ͙͙͊ͤΣ 

͔͙ͣͭͦ͒͊͟ ͨ͊͡Έͨ͊ͼ͙͙ 

˹͙͔͔͊͋ͦ͡ ͔͚ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦ Ύ͍͡Ύ͔ͭͫΎ ͔͙ͣͭͦ͒͊͟ ͎͚ͯ͋ͦͦ͟͡ ͫͦ͟͡Έ͘Ύ΅͔͚ ͨ͊͡Έͨ͊ͼ͙͙ ͨͦ ˻͋ͪ͊͘ͼ͍ͦͯς

˿͔ͭͪ͊͗ͫͦ͟Φ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍͙ͨͪͦͦ͒ͭͫΎ ͍ ͔͙͙ͨͦͦ͗ͤ͡ ͨ͊ͼ͙͔ͤͭ͊ ͔͗͊͡ ͤ͊ ͙͔ͫͨͤ ͫ ͔ͪ͊ͫͫ͊͋ͤͤ͡͡·͙ͣ 

ͣ·΄ͼ͙͊ͣ ͋ͪΌ΄͚ͤͦ ͔͙ͫͭͤ͟Φ ˤͪ͊; ͎͔ͪ͊ͫͨͦ͊͊ͭ͡ ͪͯͯ͟ ͍ ͍ͨͪ͊ͦͣ ͔͔ͨͦ͒ͪ͋ͪΈ͔ ͙ ͙ͫͤͻ͙͙͔ͪͦͤͪͯͭ͘ ͨ͊͡Έͨ͊ͼ͙Ό 

ͫ ͒·ͻ͙͔͊ͤͣ ͨ͊ͼ͙͔ͤͭ͊Φ ˹͊ ͍·͔ͫͦͭ ͍͒ͦͻ͊ ͙͙͚ͤ͗ͤ ͚ͪ͊͟ ͔ͨ;͔͙ͤ ͔ͦͨͯͫ͊ͭͫ͟Ύ ͙ ͍͙ͫͭ͊ͤͦͭͫΎ ͒ͦͫͭͯͨͤ·ͣ ͒͡Ύ 

ͨ͊͡Έ͚ͨ͊ͭͦͪͤͦ ͦͼ͔͙ͤ͟Φ 

˽͊͡Έͨ͊ͭͦͪͤ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔ͨ;͔͙ͤ 

˽͙ͪ ͨ͊͡Έͨ͊ͼ͙͙ ͦͼ͔͙͍ͤ͊ΌͭͫΎ ͔ͫ͒ͯ͡Ό΅͙͔ ͔ͨ͊ͪ͊ͣͭͪ·Υ 

˽͔͙͔ͦͦ͗ͤ͡ ͙͔͎ͤ͗ͤͦ ͪ͊͟ΎΤ ̅ͦͪͣ͊ ͪ͊͟Ύ όͦͫͭͪ·͚Σ ͎͔͊ͪͯͤͤ͘͟͡·͚ύΤ ˽͍͔ͦͪͻͤͦͫͭΈ ό͎͊͒͊͟͡Ύ ͙͙͡ 

͎͙͋ͯͪͫͭ͊ΎύΤ ˽ͦͭͤͦͫͭ͡Έ όͣΎ͎͊͟ΎΣ ͨͦͭͤ͊͡ΎΣ ͔͙͊ͣͤͫͭ͊͟ΎύΤ ˣ͔͔ͦͤͤͤͦͫͭ͘͡ΈΦ 

ˮ͔͔͙͔ͣͤͤ͘ Ή͙ͭͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔ͣͦ͗ͭ ͯ͊͘͟·͍͊ͭΈ ͤ͊ ͙ͪ͊͘͡;ͤ·͔ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ·Φ 

˽͔͙ͪͯͫͫ͟Ύ ͔ͨ;͔͙ͤΦ ˽͔͙ͪͯͫͫ͟Ύ ͔ͨ;͔͙ͤ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͔͔ ͎͙ͪ͊ͤͼ ͙ ͔͍ͪ͊ͣͪͦ͘Φ ̏ͭͦͭ 

͔ͣͭͦ͒ ͔ͦͫͦ͋ͤͤͦ ͍͔͊͗ͤ ͍ ͫͯ͡;͊ΎͻΣ ͎ͦ͒͊͟ ͨ͊͡Έͨ͊ͼ͙Ύ ͔͊ͭͪͯ͒ͤͤ͊͘ ͙͙͡ ͔͍ͤͦͣͦ͗ͤ͊͘Φ 

˸͔͙ͭͦ͒͊͟ ͔͙͙ͨͪͯͫͫ͟ ˽͔͙ͪͯͫͫ͟Ύ ͔ͨ;͔͙ͤ ͍͙ͨͪͦͦ͒ͭͫΎ ͨͦ ͎ͭͦͨͦͪ͊ͺ͙;͔͙ͫͣ͟ ͙͙ͤ͡ΎͣΥ 

͔͔ͫͪ͒ͤ͟͡Ό;͙;͚ͤͦΣ ͔͔͔͚ͨͪ͒ͤ ͨͦ͒ͣ·΄͔;͚ͤͦ ͙ ͔͙͚ͫͪ͒ͤͤͦ ͙͙ͤ͡ΎͣΦ ˻͔͔ͨͪ͒͡ΎΌͭͫΎ ͍͔ͪͻͤΎΎ ͙ ͙ͤ͗ͤΎΎ 

͎͙ͪ͊ͤͼ· ͔ͨ;͔ͤͦ;͚ͤͦ ͙ͭͯͨͦͫͭΦ 

˾͙͊͘͡;͊ΌͭΥ ˢ͋ͫͦ͡ΌͭͤͯΌ ͔ͨ;͔ͤͦ;ͤͯΌ ͭͯͨͦͫͭΈΣ ˻͙͔ͭͤͦͫͭ͡ΈͤͯΌ ͔ͨ;͔ͤͦ;ͤͯΌ ͭͯͨͦͫͭΈΦ ˻ͼ͔ͤ͊͟ 

͔͍ͪ͊ͣͪͦ͘ ͔ͨ;͔͙ͤ 

˹͊ ͍͙͙ͦͫͤͦ͊ͤ ͔ͨͪͯͭͦͪͤ͟·ͻ ͒͊ͤͤ·ͻ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͍·ͫͦͭ͊ ͔ͨ;͔ͤͦ;͚ͤͦ ͙ͭͯͨͦͫͭΦ ͍͔͙̂͡;͔͙͔ͤ ͙͙͡ 

͔ͯͣͤΈ΄͔͙͔ͤ ͔͍ͪ͊ͣͪͦ͘ ͔ͨ;͔͙ͤ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͙͎͙͒͊ͤͦͫͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙ ͔ͦͭͪ͊͗͊ͭ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ 

ͫͦͫͭͦΎ͙͔ͤ ͎ͦͪ͊ͤ͊Φ 
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ˢͯͫͯ͟͡Έͭ͊ͼ͙Ύ ͔ͨ;͔͙ͤ ˭ͤ͊;͔͙͔ͤ ͊ͯͫͯ͟͡Έͭ͊ͼ͙͙ 

ˢͯͫͯ͟͡Έͭ͊ͼ͙Ύ ͔ͨ;͔͙ͤ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͔͔ͪ͗Σ ͦ͒ͤ͊ͦ͟ ͍ ͪΎ͔͒ ͫͯ͡;͔͍͊ ͦͤ͊ ͔ͣͦ͗ͭ ͒͊ͭΈ ͙͔͒ͦͨͦͤͭ͡͡ΈͤͯΌ 

͙͎͙͒͊ͤͦͫͭ;͔ͫͯ͟Ό ͙ͤͺͦͪͣ͊ͼ͙ΌΦ ˸͔͙ͭͦ͒͊͟ ͊ͯͫͯ͟͡Έͭ͊ͼ͙͙ 

ˢͯͫͯ͟͡Έͭ͊ͼ͙Ύ ͍͙ͨͪͦͦ͒ͭͫΎ ͫ ͨͦͣͦ΅ΈΌ ͺ͔ͦͤͤ͒ͦͫͦͨ͊͟ ͍ ͙ͦ͋͊ͫͭ͡ ͍͎ͨͪ͊ͦͦ ͔͔ͨͦ͒ͪ͋ͪΈΎΦ ˻ͼ͔͙͍͔ͤ͊ͭͫΎ 

͙ͤ͊͡;͙͔ ͙͙͡ ͍͙͔ͦͭͫͯͭͫͭ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ΄͍ͯͣͦΦ 

˨͙͎͙͊ͤͦͫͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ 

ˤ·Ύ͍͔͙͔ͤ͡ ͙ͫͦͫͯ͒ͫͭ·ͻ ΄͍ͯͣͦ ͤ͊͒ ͔ͨ;͔ͤΈΌ ͔ͣͦ͗ͭ ͯ͊͘͟·͍͊ͭΈ ͤ͊ ͙͔͙͔ͯͫͤ͡ ͍ͪͦͦͭͦ͊͟͟ ͙͙͡ ͙ͤ͊͡;͙͔ 

͙ͫͦͫͯ͒ͫͭ·ͻ ͙͔͔͙͚ͣͤͤ͘Φ ̆ͦͭΎ ͒͊ͤͤ·͚ ͔ͣͭͦ͒ ͔ͤ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͫͤͦͤ·ͣΣ ͦͤ ͒ͦͨͦͤ͡Ύ͔ͭ ͒͊ͤͤ·͔ ͨ͊͡Έͨ͊ͼ͙͙ ͙ 

͔͙͙ͨͪͯͫͫ͟Φ 

˴͔ͦͣͨͫͤ͊͟͡Ύ ͦͼ͔ͤ͊͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͺ͙͙͊͘͟͡Έ͎ͤͦͦ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡Ύ 

˨͡Ύ ͍͙ͨͪ͊͡Έ͚ͤͦ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͒͊ͤͤ·ͻ ͺ͙͙͊͘͟͡Έ͎ͤͦͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔ͨ;͔͙ͤ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ 

ͯ;͙ͭ·͍͊ͭΈΥ 

˻͋΅͔͔ ͫͦͫͭͦΎ͙͔ͤ ͨ͊ͼ͙͔ͤͭ͊Σ ˴͙ͦͤͫͭͭͯͼ͙ͦͤ͊͡Έͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭΣ ˨͊ͤͤ·͔ ͔͊ͤ͊ͣͤ͊͘Σ ˾͔ͯ͘͡Έͭ͊ͭ· 

͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ 

́ͦ͡Έͦ͟ ͔ͦͣͨͫͤ͟͟͡·͚ ͨͦ͒ͻͦ͒ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͨͦ·͙ͫͭΈ ͙͎͙͒͊ͤͦͫͭ;͔ͫͯ͟Ό ͭͦ;ͤͦͫͭΈ ͙ ͙͔͋͗͊ͭ͘Έ 

ͦ΄͙͋ͦ;ͤ·ͻ ͍·͍͍ͦ͒ͦΦ ˾ͦ͡Έ ͺ͙͙͊͘͟͡Έ͎ͤͦͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ 

͙͙̅͊͘͟͡Έ͔ͤͦ ͔͍͙͔ͦ͋ͫ͒ͦ͊ͤ͡ ͔ͨ;͔͙ͤ ͔ͦͫͭ͊ͭͫΎ ͔ͤͦͭΆ͔͔͚ͣͣͦ͡ ;͊ͫͭΈΌ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͦͫͣͦͭͪ͊Φ ˻ͤͦ 

ͺ͙͔ͦͪͣͪͯͭ ͍ͦͫͤͦͯ ͒͡Ύ ͒͊͡Έ͔͚ͤ΄͔͚ ͙͎͙͒͊ͤͦͫͭ;͔͚ͫͦ͟ ͙͙ͭ͊ͭ͟͟ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͍͙͙ͪ͊ͭ͘Ό ͙͙ͤ͟͡;͔͎ͫͦͦ͟ 

ͣ·΄͔͙ͤ͡Ύ ͯ ͍ͪ͊;͊Φ ˻͔ͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͍͔͙͔͊͒ͤ͡ Ή͙͙ͭͣ ͔͙ͣͭͦ͒͊ͣ ͤ͊ Ήͭ͊ͨ͊ͻ ͔͍͙ͨͪ;͚ͤͦ ͣ ͔͙͒ͼ͙͚ͤͫͦ͟ 

ͨͦͣͦ΅͙ ͙ ͍ ͍͙ͯͫͦ͡Ύͻ ͎͙ͦͪ͊ͤ;͔ͤͤ·ͻ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͔͍ͪͫͯͪͫͦΦ 

˭͊͟͡Ό;͔͙͔ͤΦ ˽͊͡Έͨ͊ͼ͙ΎΣ ͔͙ͨͪͯͫͫ͟Ύ ͙ ͊ͯͫͯ͟͡Έͭ͊ͼ͙Ύ ͔ͨ;͔͙ͤ Ύ͍͡ΎΌͭͫΎ ͍͊͗ͤ·͙ͣ ͙ ͒ͦͫͭͯͨͤ·͙ͣ 

͔͙ͣͭͦ͒͊ͣ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡ΎΦ ˻͙ͤ ͍ͨͦͦ͘͡ΎΌͭ ͨͦͯ͡;͙ͭΈ ͼ͔ͤͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙Ό ͦ ͫͦͫͭͦΎ͙͙ͤ 

͔ͨ;͔͙ͤΣ ͍·Ύ͍͙ͭΈ ͔͙ͦͭͦͤͤ͟͡Ύ ͦͭ ͤͦͪͣ· ͙ ͔͔͙ͦͨͪ͒ͭ͡Έ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͒͊͡Έ͔͚ͤ΄͔͎ͦ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡ΎΦ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͺ͙͙͊͘͟͡Έͤ·͔ ͔ͣͭͦ͒· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

͔ͨ;͔͙ͤ ͫͦͻͪ͊ͤΎΌͭ ͍ͫͦΌ ͊ͭͯ͊͟͡ΈͤͦͫͭΈ ͙ ͙ͨͪ͊ͭ͟;͔ͫͯ͟Ό ͤ͊͘;͙ͣͦͫͭΈΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˻͋ͪ͊͘ͼ͍ͦ ˤΦ˽ΦΣ ˿͔ͭͪ͊͗ͫͦ͟ ˹Φ˨Φ ͙͙̅͘;͔͙͔ͫ͟ ͔ͣͭͦ͒· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦΦ τ ˸ ΦΥ 

˸͔͙͒ͼ͙ͤ͊Σ нлмсΦ 

нΦ ͔̊ͪͦ͟͡ ̊ΦΣ ˨͙ͯ͡ ˨͗Φ ˭͔͍͙͊͋ͦ͊ͤ͡Ύ ͔ͨ;͔͙ͤ ͙ ͔͗͡;ͤ·ͻ ͔͚ͨͯͭΦ τ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлмуΦ 

оΦ IŀǊǊƛǎƻƴΩǎ tǊƛƴŎƛǇƭŜǎ ƻŦ LƴǘŜǊƴŀƭ aŜŘƛŎƛƴŜΦ нмǎǘ ŜŘΦ aŎDǊŀǿπIƛƭƭΣ нлннΦ 

пΦ ˽ͦ͒·͍ͣͦ͊ ˿Φ˨Φ ˣ͔͙ͦͤ͘͡ ͔ͨ;͔͙ͤΦ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмфΦ 

рΦ ˥͔͍ͯͫ ˩ΦˮΦΣ ˴͍͍ͦͤͦ͊ͦ͡ ˢΦ˹Φ ˽͔͔͍͙ͪͦͨ͒ͭ͊͟ ͍͔͙ͤͯͭͪͤͤͻ ͔͔͚͋ͦͤ͘͡Φ τ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнлΦ 

ϭ ˢ͔͍ͣ͊ͣͣ͒ͦ͊͟ ˢΦΣ нлнр 

 

 

 

 

̂˨˴ смнΦун 

ˢ͡;͔͍ͦ͟ ˢͣͯ͟ͻ͔͊ͣͣͭ ˥͔͚͙͍͙ͯͪ͋͊ͤͫ͒ͦ; 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͍͎͙͙ͤͪͦͦ͡ ͙ ͔͚ͤͪͦͻ͙͎͙͙ͪͯͪΣ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ s΄ͻ͊͋͊͒ 

 

ˢ˹ˢ́˻˸˻π̅ ˮ˭ˮ˻˶˻˥ˮ̉˩˿˴ˮ˩ ˻˿˻ˣ˩˹˹˻˿́ˮ ˴˻˾̍ ˣ˻˶̎̊ˮ̆ ˽˻˶̂̊ˢ˾ˮ˯ ˥˻˶˻ˤ˹˻˥˻ ˸˻˭˥ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˴ͦͪ͊ ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪ ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ Ύ͍͡Ύ͔ͭͫΎ ͫͭͪͯͭͯͪͤͦ͟πͅ ͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͍͚ͦͫͤͦͦ 
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͍·ͫ΄͙ͻ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͙ ͔ͫͤͫͦͪͤ·ͻ ͺͯͤ͟ͼ͙͚ ;͔͍͔ͦ͊͟͡Φ ˻ͤ͊ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙͔͎ͤͭͪ͊ͼ͙Ό ͔͚ͫͤͫͦͪͤͦ 

͙ͤͺͦͪͣ͊ͼ͙͙Σ ͔͎ͪͯ͡Ύͼ͙Ό ͍͙͔͙͚͒͗ͤΣ ͎͙͙͍ͦͤͭͤͯ͟Ό ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΣ ͔ͪ;Έ ͙ Ήͣͦͼ͙ͦͤ͊͡Έͤ·͔ ͔ͪ͊͟ͼ͙͙Φ 

ˢͤ͊ͭͦͣͦπͅ ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͦͪ͟·Σ ͔͖ ͙ͫͦͫͭ͊͡Ύ ͫͭͪͯͭͯͪ͊͟Σ ͔͚ͤͪͦͻ͙͙ͣ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͙ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͙ͦ͊͊͘͟͡͡ͼ͙Ύ ͔͔ͦͨͪ͒͡ΎΌͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ͦ͋ͪ͊͋ͦͭ͟ ͙ͤͺͦͪͣ͊ͼ͙͙ ͙ ͊͒͊ͨͭ͊ͼ͙Ό 

͎͙ͦͪ͊ͤͣ͊͘ ͟ ͍͔ͤ΄͔͚ͤ ͔͔ͫͪ͒Φ ˿ͭ͊ͭΈΎ ͨͦ͒ͪͦ͋ͤͦ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭ ͔͙͔ͫͭͪͦͤ ͦͪ͟·Σ ͺͯͤ͟ͼ͙͙ ͔ͦͭ͒͡Έͤ·ͻ ͖͍ͫͦ͡ 

͙ ͦͤ͘Σ ͊ͫͫͦͼ͙͙͍͊ͭͤ·͔ ͍ͫΎ͙͘Σ ͔͚ͤͪͦͻ͙͙ͣ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͙ ͤ͊͘;͔͙͔ͤ Ή͙ͭͻ ͙͚ͤ͊ͤ͘ ͒͡Ύ ͙͙ͨͦͤͣ͊ͤΎ 

ͤͦͪͣ͊͡Έ͚ͤͦ ͙ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͎ͣͦ͊͘Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͦ͟ ͪ͊ ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪΣ ͎͍͚ͦͦͤͦ͡ ͎ͣͦ͘Σ ͔͚ͤͪͦͺ͙͙͎͙ͦͦ͘͡ΎΣ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͙ͦ͊͊͘͟͡͡ͼ͙ΎΣ 

 ͤ ͔͚ͪͦͤ·Σ ͙ͫͤ͊ͨͫ·Σ ͊ͫͫͦͼ͙͙͍͊ͭͤ·͔ ͦͤ͘·Σ ͎͙͙͍ͦͤͭͤ͟·͔ ͺͯͤ͟ͼ͙͙ 

 

!ƭŎƘŜƪƻǾ !ƪƳǳƘŀƳƳŜǘ DǳǊōŀƴǎŜȅƛŘƻǾƛŎƘ 

{ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴ ƴŀƳŜŘ ŀƊŜǊ aȅǊŀǘ DŀǊǊȅȅŜǾΣ   

!ǎƘƎŀōŀǘΣ ¢ǳǊƪƳŜƴƛǎǘŀƴ 

 

!b!¢haL/![ !b5 tI¸{Lh[hDL/![ C9!¢¦w9{ hC ¢I9 /9w9.w![ /hw¢9· hC ¢I9 .w!Lb 

 

!ōǎǘǊŀŎǘ 

¢ƘŜ ŎŜǊŜōǊŀƭ ŎƻǊǘŜȄ ƛǎ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ŀƴŘ ŦǳƴŎǝƻƴŀƭ ōŀǎƛǎ ƻŦ ƘƛƎƘŜǊ ƘǳƳŀƴ ŎƻƎƴƛǝǾŜ ŀƴŘ ǎŜƴǎƻǊȅ 

ŦǳƴŎǝƻƴǎΦ Lǘ ƛƴǘŜƎǊŀǘŜǎ ǎŜƴǎƻǊȅ ƛƴŦƻǊƳŀǝƻƴΣ ǊŜƎǳƭŀǘŜǎ ƳƻǾŜƳŜƴǘǎΣ ŎƻƎƴƛǝƻƴΣ ǎǇŜŜŎƘΣ ŀƴŘ ŜƳƻǝƻƴŀƭ 

ǊŜǎǇƻƴǎŜǎΦ !ƴŀǘƻƳƛŎŀƭ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ŎƻǊǘŜȄΣ ƛǘǎ ƭŀȅŜǊŜŘ ƻǊƎŀƴƛȊŀǝƻƴΣ ƴŜǳǊƻŎƘŜƳƛŎŀƭ 

ǇǊƻǇŜǊǝŜǎΣ ŀƴŘ ŦǳƴŎǝƻƴŀƭ ƭƻŎŀƭƛȊŀǝƻƴ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŜŶŎƛŜƴŎȅ ƻŦ ƛƴŦƻǊƳŀǝƻƴ ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ŀŘŀǇǘŀǝƻƴ ǘƻ 

ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦ ¢Ƙƛǎ ŀǊǝŎƭŜ ǇǊƻǾƛŘŜǎ ŀ ŘŜǘŀƛƭŜŘ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ŎƻǊǝŎŀƭ ǎǘǊǳŎǘǳǊŜΣ ŦǳƴŎǝƻƴǎ ƻŦ ŘƛũŜǊŜƴǘ ƭŀȅŜǊǎ 

ŀƴŘ ǊŜƎƛƻƴǎΣ ŀǎǎƻŎƛŀǝǾŜ ŎƻƴƴŜŎǝƻƴǎΣ ƴŜǳǊƻŎƘŜƳƛŎŀƭ ƳŜŎƘŀƴƛǎƳǎΣ ŀƴŘ ǘƘŜƛǊ ǎƛƎƴƛŬŎŀƴŎŜ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ 

ƴƻǊƳŀƭ ŀƴŘ ǇŀǘƘƻƭƻƎƛŎŀƭ ōǊŀƛƴ ŀŎǝǾƛǘȅΦ 

YŜȅǿƻǊŘǎΥ 

ŜͫǊŜōǊŀƭ ŎƻǊǘŜȄΣ ōǊŀƛƴΣ ƴŜǳǊƻǇƘȅǎƛƻƭƻƎȅΣ ŦǳƴŎǝƻƴŀƭ ƭƻŎŀƭƛȊŀǝƻƴΣ ƴŜǳǊƻƴǎΣ  

ǎȅƴŀǇǎŜǎΣ ŀǎǎƻŎƛŀǝǾŜ ŀǊŜŀǎΣ ŎƻƎƴƛǝǾŜ ŦǳƴŎǝƻƴǎΦ 

 

˻͋΅͊Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͦͪ͟· ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪ 

˴ͦͪ͊ ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪ ͨͦͪ͟·͍͔͊ͭ ͍ͫΌ ͍͔ͨͦͪͻͤͦͫͭΈ ͎ͣͦ͊͘Σ ͺ͙ͦͪͣͪͯΎ ͔͔ͫͪͦ ͍͔΅͔͍ͫͭͦ 

ͭͦ͡΅͙͚ͤͦ ͦͭ н ͒ͦ п ͣͣΦ ˻ͤ͊ ͔͙ͫͦ͒ͪ͗ͭ ͙͔ͨͪͣͪͤͦ мсςнл ͙͙͍ͣ͊ͪ͒ͦ͡͡ ͔͚͍ͤͪͦͤͦΣ ͍ͫΎ͊ͤͤ͘·ͻ ͔ͣ͗͒ͯ ͚ͫͦ͋ͦ 

͚ͫͦ͗ͤͦ͡ ͔ͫͭΈΌ ͙͙ͫͤ͊ͨͭ;͔͙ͫ͟ͻ ͔͙͔͙͚ͫͦ͒ͤͤΦ ͙̏ͭ ͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͍·ͫͦͯ͟Ό 

ͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͯΌ ͖ͣͦͫͭ͟Έ ͦͪ͟· ͙ ͔͖ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ ͙͔͎ͤͭͪ͊ͼ͙͙ ͚ͪ͊ͤͦͦ͋ͪ͊ͤͦ͘͘ ͔͚ͫͤͫͦͪͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Φ 

˽͍͔ͦͪͻͤͦͫͭΈ ͦͪ͟· ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͙͋ͦͪͦ͒͊ͣ͘ ͙ ͙͍͙͙͙ͤ͊ͣ͘͡Σ ;ͭͦ ͍͔͙ͯ͡;͙͍͔͊ͭ ͨͦ͡΅͊͒Έ ͔͖ 

͍͔ͨͦͪͻ͙ͤͦͫͭ ͙ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͪ͊ͣ͘΅͊ͭΈ ͋ͦ͡Έ΄͔ ͔͚͍ͤͪͦͤͦ ͍ ͎͙ͦͪ͊ͤ;͔ͤͤͦͣ ͦ͋Ά͖͔ͣ ;͔͔͚ͪͨͤͦ ͙ͦͪͦ͋͟͟Φ 

˻͍ͫͤͦͤ·͔ ͋ͦͪͦ͒͘· όͼ͔ͤͭͪ͊͡Έͤ͊ΎΣ ͔͊ͭͪ͊͡͡Έͤ͊ΎΣ ͔͔ͭͣͤͤͦπ͘ ͊ͭ·ͦ͡;ͤ͊Ύύ ͙ ͙͍͙͙ͤ͘͡· όͦ͋ͤ͊͡ΎΣ ͔͔ͭͣͤͤ͊ΎΣ 

͍͙ͫͦ;ͤ͊ΎΣ ͊ͭ͘·ͦ͡;ͤ͊Ύύ ͙͎ͪ͊Όͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͔͚ͦ͋͊ͫͭ͡Φ 

˿͙ͦͫͭ͊͡Ύ ͫͭͪͯͭͯͪ͊͟ ͦͪ͟· 

˴ͦͪ͊ ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪ ͙ͫͦͫͭͦͭ ͙͘ ΄͔͙ͫͭ ͖͍ͫͦ͡Υ 

мΦ ˸͔ͦͯ͟͡͡Ύͪͤ·͚ ͚ͫͦ͡ όLύ τ ͫ ͔͙ͦ͒ͪ͗ͭ ͎͙ͦͪͦͤͭ͊͘͡Έͤͦ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·͔ ͔͙͒ͤ͒ͪͭ· ͙ ͊ͫͦͤ͟·Σ 

͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔͚ͣ͗ͤͪͦͤͤ·͔ ͍ͫΎ͙͘ ͍ ͔͔ͨͪ͒͊͡ͻ ͦͪ͟·Φ 

нΦ ˤ͔ͤ΄͙͚ͤ ͔͙ͪͤͫͭ͘·͚ ͚ͫͦ͡ όLLύ τ ͯ ;͍͔͊ͫͭͯͭ ͍ ͊ͫͫͦͼ͙͙͍͚͊ͭͤͦ ͔ͦ͋ͪ͊͋ͦͭ͟ ͔͚ͫͤͫͦͪͤͦ 

͙ͤͺͦͪͣ͊ͼ͙͙Φ 

оΦ ˽͙͙ͪ͊ͣ͒ͤ·͚ ͚ͫͦ͡ όLLLύ τ ͅ ͙͔ͦͪͣͪͯͭ ͊ͫͫͦͼ͙͙͍͊ͭͤ·͔ ͙ ͙ͦͣͫͫͯͪ͊͟͡Έͤ·͔ ͔ͨͪͦ͟ͼ͙͙Σ 

͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍ͫΎ͘Έ ͔ͣ͗͒ͯ ͨͦͯ͡΄͙͊ͪΎ͙ͣΦ 
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пΦ ˤ͔͙͚ͤͯͭͪͤͤ ͔͙ͪͤͫͭ͘·͚ ͚ͫͦ͡ όL±ύ τ ͦ ͍͚ͫͤͦͤͦ ͚ͫͦ͡ ͍͙ͦͫͨͪΎ͙ͭΎ ͔͚ͫͤͫͦͪͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Σ 

ͨͦͫͭͯͨ͊Ό΅͔͚ ͙͘ ͭ͊͊ͣͯͫ͊͡Φ 

рΦ ˤ͔͙͚ͤͯͭͪͤͤ ͙͙ͨͪ͊ͣ͒ͤ·͚ ͚ͫͦ͡ ό±ύ τ ͅ ͙͔ͦͪͣͪͯͭ Ήͺͺ͔͔ͪͤͭͤ·͔ ͔ͨͪͦ͟ͼ͙͙ ͟ ͍ͨͦ͒ͦͪͦ͟͟·ͣ 

ͫͭͪͯͭͯͪ͊ͣ͟ ͙ ͙ͫͨͤͤͦͣͯ ͎ͣͦͯ͘Σ ͯ;͍͔͊ͫͭͯͭ ͍ ͔ͦͤͭͪͦ͟͡ ͙͍ͨͪͦͦ͘͡Έͤ·ͻ ͍͙͔͙͚͒͗ͤΦ 

сΦ ˿͚ͦ͡ ͣͯ͡Έ͙ͭͨͦ͡Ύͪͤ·ͻ ͔ͭͦ͟͟͡ ό±Lύ τ ͪ ͔͎͙͔ͯͪͯͭ͡ ͦ͋ͪ͊ͭͤ·͔ ͍ͫΎ͙͘ ͫ ͭ͊͊ͣͯͫͦͣ͡Σ ͯ;͍͔͊ͫͭͯͭ ͍ 

ͣͦ͒ͯ͡Ύͼ͙͙ ͔͚ͫͤͫͦͪͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Φ 

˴͊͗͒·͚ ͚ͫͦ͡ ͙ͦͭ͡;͔͊ͭͫΎ ͙ͦ͟͡;͔͍ͫͭͦͣ ͔͚͍ͤͪͦͤͦΣ ͙ͻ ͣͦͪͺ͎͙͔͚ͦͦ͡ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ 

͔ͫͨͼ͙͙͊͊͘͡ͼ͙͔͚Φ ˽͙͙ͪ͊ͣ͒ͤ·͔ ͔͚ͤͪͦͤ· ± ͫ͡ ͦΎ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤ· ͒͡Ύ ͍͙͎͔͒͊ͭ͡Έ͚ͤͦ ͺͯͤ͟ͼ͙͙Σ ͊ ͚ͫͦ͡ L± 

τ ͒͡Ύ ͔͎ͫͤͫͦͪͤͦͦ ͍͙ͦͫͨͪΎ͙ͭΎΦ 

̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ͙ͦ͊͊͘͟͡͡ͼ͙Ύ ͦͤ͘ ͦͪ͟· 

˴ͦͪ͊ ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪ ͔͙͒ͭͫ͡Ύ ͤ͊ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͦͤ͘·Υ 

˿͔ͤͫͦͪͤ·͔ ͦͤ͘· τ ͍ ͙͙ͦͫͨͪͤͣ͊Όͭ ͙ͤͺͦͪͣ͊ͼ͙Ό ͦͭ ͎͍ͦͪ͊ͤͦ ;͍͍ͯͫͭΥ ͔͙͔ͪͤ͘ ό͊ͭ͘·ͦ͡;ͤ͊Ύ ͒ͦ͡ΎύΣ 

ͫͯ͡ͻ ό͍͙ͫͦ;ͤ͊Ύ ͒ͦ͡ΎύΣ ͙ͭ͊ͭ͟͡Έͤ·͔ ͦ΅ͯ΅͔͙ͤΎ ό͔͔ͭͣͤͤ͊Ύ ͒ͦ͡ΎύΣ ͍ͯͫ͟ ό͙ͤͫͯ͊͡ύΦ 

˸ͦͭͦͪͤ·͔ ͦͤ͘· τ ͟ ͙ͦͤͭͪͦͪͯ͡Όͭ ͙͍ͨͪͦͦ͘͡Έͤ·͔ ͍͙͔͙͒͗ͤΎΣ ͙ͦ͊ͯ͘͟͡͡ΌͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ 

͚ͦ͋ͤͦ͡ ͔͒ͦ͡ ό͔ͨͪͼ͔ͤͭͪ͊͡Έͤ͊Ύ ͙͍͙͙ͤ͊͘͡ύΦ 

ˢͫͫͦͼ͙͙͍͊ͭͤ·͔ ͦͤ͘· τ ͙ ͔͎͙ͤͭͪͪͯΌͭ ͔ͫͤͫͦͪͤͯΌ ͙ ͣͦͭͦͪͤͯΌ ͙ͤͺͦͪͣ͊ͼ͙ΌΣ ͯ;͍͊ͫͭͯΌͭ ͍ 

͎͙͙͍ͦͤͭͤ͟·ͻ ͨͪͦͼ͔ͫͫ͊ͻΣ ͙͍͙͙ͨ͊ͤͪͦ͊ͤ͡Σ ͨ͊ͣΎ͙ͭ ͙ ͔ͪ;͙Φ 

˶͔͍͔ͦ ͨͦͯ͡΄͙͔͊ͪ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͦ͘͡ ͤ͊ Ύ͘·͍ͦ͟·ͻ ͙ ͙͙͊ͤ͊ͭ͡;͔͙ͫ͟ͻ ͺͯͤ͟ͼ͙ΎͻΣ ͍͔ͨͪ͊ͦ τ ͤ ͊ 

͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͣ ͍͙ͦͫͨͪΎ͙͙ͭ ͙ ͍͙ͯ͊͘͡Έͤͦπͣ ͚ͦͭͦͪͤͦ ͙ͦͦͪ͒ͤ͊͟ͼ͙͙Φ 

˹͔͚ͪͦͻ͙͙ͣ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͦͪ͟· 

˹͔͚ͪͦͤ· ͦͪ͟· ͙ͫͨͦ͡Έͯ͘Όͭ ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘·͔ ͔͚͙͔ͤͪͦͭͪ͊ͤͫͣͭͭͪ·Υ 

˥ͯͭ͊ͣ͊ͭ͡ τ ͍͚ͦͫͤͦͤͦ ͍ͦ͋ͯ͗͒͊͘Ό΅͙͚ ͔͚͙͔ͤͪͦͭͪ͊ͤͫͣͭͭͪΦ 

˥ˢ˸˴ τ ͎͍͊ͤ͡·͚ ͭͦͪͣͦ͘Ύ΅͙͚ ͔͚͙͔ͤͪͦͭͪ͊ͤͫͣͭͭͪΣ ͔͎͙͔ͪͯͪͯͭ͡ ͙͍͊ͭͤͦͫͭ͟Έ ͔͚ͤͪͦͤͤ·ͻ ͔͔͚ͫͭΦ 

ˢͼ͔͙ͭ͡ͻ͙ͦͤ͡Σ ͒ͦͺ͙͊ͣͤΣ ͔͙ͫͪͦͭͦͤͤΣ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͡ τ ͣ ͙ͦ͒ͯͪͯ͡Όͭ ͎͙͙͍ͦͤͭͤ͟·͔ ͺͯͤ͟ͼ͙͙Σ 

Ήͣͦͼ͙ͦͤ͊͡Έͤ·͔ ͔ͪ͊͟ͼ͙͙Σ ͨ͊ͣΎͭΈ ͙ ͦ͋ͯ;͔͙͔ͤΦ 

˹͔͚ͪͦͻ͙͙ͣ;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͦͪ͟· ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͖ ͙ͨ͊ͫͭ͡;ͤͦͫͭΈΣ ͙͍͊͒͊ͨͭͤͦͫͭΈ ͙ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ 

ͦ͋ͯ;͔͙ͤΌΦ ˮ͔͔͙ͣͤͤ͘Ύ ͍ͯͪͦͤΎ ͔͚͙͔͍ͤͪͦͭͪ͊ͤͫͣͭͭͪͦ ͍ͫΎ͊ͤ͘· ͫ ͎͙͙͍ͦͤͭͤ͟·͙ͣ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣ ͙ 

͙ͨͫͻ͙;͔͙͙ͫͣ͟ ͚͍͙ͪ͊ͫͫͭͪͦͫͭ͊ͣΦ 

ˢͫͫͦͼ͙͙͍͊ͭͤ·͔ ͦͤ͘· ͙ ͍·ͫ΄͙͔ ͺͯͤ͟ͼ͙͙ 

ˢͫͫͦͼ͙͙͍͊ͭͤ·͔ ͙ͦ͋͊ͫͭ͡ ͦͪ͟· ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͙͔͎ͤͭͪ͊ͼ͙Ό ͔͚ͫͤͫͦͪͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙ ͫ ͣͦͭͦͪͤ·͙ͣ 

ͺͯͤ͟ͼ͙Ύ͙ͣΣ ͯ;͍͊ͫͭͯΌͭ ͍Υ 

˸·΄͔͙͙ͤ͡ ͙ ͙͍͙͙ͨ͊ͤͪͦ͊ͤ͡ ͔͚͍͙͚͒ͫͭΤ 

͙͍͙͙̅ͦͪͣͪͦ͊ͤ ͨ͊ͣΎ͙ͭ ͙ ͦ͋ͯ;͔͙͙ͤΤ 

˾͔;͔͍·ͻ ͺͯͤ͟ͼ͙ΎͻΤ 

ˤ͙ͦͫͨͪΎ͙͙ͭ Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͙ͤͺͦͪͣ͊ͼ͙͙Φ 

˽͍͔͔͙ͦͪ͗͒ͤΎ ͊ͫͫͦͼ͙͙͍͊ͭͤ·ͻ ͦͤ͘ ͙͍ͨͪͦ͒Ύͭ ͟ ͎͙͙͍ͦͤͭͤ͟·ͣ ͙ ͍͔͔ͨͦ͒ͤ;͔͙ͫͣ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ͣΣ 

͍͟͡Ό;͊Ύ ͊ͺ͙͊͘ΌΣ ͙͊ͨͪ͊ͫ͟Ό ͙ ͎͙͊ͤͦ͘ΌΦ 

˿͍Ύ͙͘ ͦͪ͟· ͫ ͍ͨͦ͒ͦͪͦ͟͟·͙ͣ ͙ͫͭͪͯͭͯͪ͊ͣ͟ 

˴ͦͪ͊ ͍͙͔͚͍͔͊ͣͦ͒ͫͭͯͭ͘ ͫ ͭ͊͊ͣͯͫͦͣ͡Σ ͋͊͊͘͡Έͤ·͙ͣ ͎͎͙͊ͤ͡Ύ͙ͣΣ ͎͙ͨͨͦ͊ͣͨͦͣ͟ ͙ ͔ͣͦ͗͘;ͦͣ͟Σ 

ͺ͙ͦͪͣͪͯΎ ͫͦ͗ͤ͡·͔ ͔͚ͤͪͦͤͤ·͔ ͔͙ͫͭΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ ͣͦͭͦͪͤͯΌ ͙ͦͦͪ͒ͤ͊͟ͼ͙ΌΣ ͔ͫͤͫͦͪͤͯΌ 

͙͔͎ͤͭͪ͊ͼ͙Ό ͙ ͔͎ͪͯ͡Ύͼ͙Ό Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͻ ͫͦͫͭͦΎ͙͚ͤΦ 

˽͙͊ͫͭ͡;ͤͦͫͭΈ ͙ ͙͍͊͒͊ͨͭͤ·͔ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͦͪ͟· 

˽͙͊ͫͭ͡;ͤͦͫͭΈ ͦͪ͟· ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔͚͍ͤͪͦͤͦ ͺ͙͍ͦͪͣͪͦ͊ͭΈ ͍ͤͦ·͔ ͙͙ͫͤ͊ͨͭ;͔͙͔ͫ͟ 

͍ͫΎ͙͘Σ ͔͙͍ͦͣͨͤͫͪͦ͊ͭ͟Έ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͙ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ ͙͔ͣͤ͘ΎΌ΅͙ͣͫΎ ͍͙ͯͫͦ͡Ύͣ ͔ͫͪ͒·Φ ̏ͭ͊ 

ͫͨͦͫͦ͋ͤͦͫͭΈ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͦ͋ͯ;͔͙ͤΎΣ ͙͙͊ͨͦͣͤ͊ͤ͘Ύ ͙ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͺͯͤ͟ͼ͙͚ ͔ͨͦͫ͡ ͍ͭͪ͊ͣΦ 

˭ͤ͊;͔͙͔ͤ ͙͚ͤ͊ͤ͘ ͦ ͔ͦͪ͟ ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪ 
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˽͙͙͔ͦͤͣ͊ͤ ͊ͤ͊ͭͦͣͦπͅ ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͦͪ͟· ͍͊͗ͤͦ ͒͡ΎΥ 

ˮ͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͒͊ͤͤ·ͻ ͔͚͍͙͙ͤͪͦͯ͊͊͘͘͡ͼ͙͙Τ 

˽͙͍͙͊ͤͪͦ͊ͤ͡Ύ ͔͚ͤͪͦͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭΤ 

˾͙͊ͪ͊͋ͦͭ͘͟ ͔͍ͣͭͦ͒ͦ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙ ͔ͨͦͫ͡ ͙ͤͫͯ͡Έͭ͊Σ ;͔͔ͪͨͤͦπͣ ͎͍ͦͦ͘·ͻ ͍ͭͪ͊ͣΤ 

ˮͯ͘;͔͙ͤΎ ͔ͣͻ͙͍͊ͤͣͦ͘ ͎͙͙͍ͦͤͭͤ͟·ͻ ͺͯͤ͟ͼ͙͚ ͙ ͙ͨͫͻ͙;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴͊ͨ͊ͤ͡ ˨ Φ͗ bŜǳǊƻǎŎƛŜƴŎŜΥ 9ȄǇƭƻǊƛƴƎ ǘƘŜ .ǊŀƛƴΦ ²ƻƭǘŜǊǎ YƭǳǿŜǊΣ нлмфΦ 

нΦ .ŜŀǊ aΦCΦΣ /ƻƴƴƻǊǎ .Φ²ΦΣ tŀǊŀŘƛǎƻ aΦ!Φ bŜǳǊƻǎŎƛŜƴŎŜΥ 9ȄǇƭƻǊƛƴƎ ǘƘŜ .ǊŀƛƴΦ [ƛǇǇƛƴŎƻǧΣ нлнмΦ 

оΦ ˿͔͔ͭͨ͊ͤͤͦ͟ ˿Φ˸Φ ˹͔͚ͪͦͺ͙͙͎͙ͦͦ͘͡Ύ ;͔͍͔ͦ͊͟͡Φ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмуΦ 

пΦ tǳǊǾŜǎ 5Φ 9ǘ ŀƭΦ bŜǳǊƻǎŎƛŜƴŎŜΣ сǘƘ ŜŘΦ hȄŦƻǊŘ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΣ нлмуΦ 

рΦ YŀƴŘŜƭ 9ΦwΦ Ŝǘ ŀƭΦ tǊƛƴŎƛǇƭŜǎ ƻŦ bŜǳǊŀƭ {ŎƛŜƴŎŜΣ сǘƘ ŜŘΦ aŎDǊŀǿπIƛƭƭΣ нлнмΦ 

сΦ aƻǳƴǘŎŀǎǘƭŜ ±Φ.Φ ¢ƘŜ /ŜǊŜōǊŀƭ /ƻǊǘŜȄΦ IŀǊǾŀǊŘ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΣ мффуΦ 

ϭ ˢ͡;͔͍ͦ͟ ˢΦ˥ΦΣ нлнр 

 

 

 

 

̂˨˴ смсΦуΥсмсΦуф 

ˢ͡;͔͍ͦ͟ ˢΦ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͍͎͙͙ͤͪͦͦ͡ ͙ ͔͚ͤͪͦͻ͙͎͙͙ͪͯͪΣ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

 ͙ ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͨͦͤΎ͙͔ͭ ͎͙ͤͦͫ͊͘ τ ͍·ͫ΄͔͚ ͙ͨͫͻ͙;͔͚ͫͦ͟ ͺͯͤ͟ͼ͙͙Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͔͚ 

͍͙͔ͯͤ͊͊ͤ͘ ͔͔͍ͨͪ͒ͣͭͦ ͙ Ύ͍͔͙͚ͤ͡ ͦͪͯ͗͊͟Ό΅͔͎ͦ ͙ͣͪ͊Φ ˻͙ͨͫ·͍͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͍͙͒· ͎͙͚͊ͤͦ͘Σ ͙ͻ 

͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΎΣ ͙ͨͪ;͙ͤ· ͍͙͙ͪ͊ͭ͘Ύ ͙ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡ΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔ͣͭͦ͒͊ͣ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡Ύ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͔͙ͨͦͪ͊͗ͤΎ͙ͣ ͦͪ͟· ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘Φ ˽ͦ͒;͖͙͍͔ͪ͊ͭͫ͟Ύ 

ͤ͊͘;͔͙͔ͤ ͔͎ͪ͊ͤͤͦ ͍·Ύ͍͔͙ͤ͡Ύ ͎͙͚͊ͤͦ͘ ͒͡Ύ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͔͚͔͙͙ͤͪͦͪ͊͋ͭ͊͡ͼ͙͙ ͙ ͫͦͻ͔͙ͪ͊ͤͤΎ ͊͟;͔͍ͫͭ͊ 

͙͙͗ͤ͘Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͎͙ͤͦͫ͘Σ ͎͙͊ͤͦ͘ΎΣ ͙͔ͪͭ͘͡Έͤ͊Ύ ͎͙͊ͤͦ͘ΎΣ ͫͯ͡ͻ͍ͦ͊Ύ ͎͙͊ͤͦ͘ΎΣ ͙ͭ͊ͭ͟͡Έͤ͊Ύ ͎͙͊ͤͦ͘ΎΣ 

 ͤ ͔͚͙ͪͦͨͫͻ͎͙ͦͦ͡ΎΣ ͙͎͙͒͊ͤͦͫͭ͊͟. 

 

ˤ͍͔͔͙͔͒ͤ 

˥͙ͤͦͫ͘ όͦͭ ͎͔ͪ;Φ ζƎƴƻǎƛǎη τ ͙͔ͤ͊ͤ͘Σ ͙͔ͨͦͤ͊ͤ͘ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͍·ͫ΄ͯΌ ͙ͨͫͻ͙;͔ͫͯ͟Ό 

ͺͯͤ͟ͼ͙ΌΣ ͦͭͦͪ͊͟Ύ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍͙͔ͯͤ͊͊ͤ͘ ͦ͋Ά͔͍ͭͦ͟Σ ͙ͻ ͍͚͍ͫͦͫͭΣ ͔͚͍͙͚͒ͫͭ ͙ ͤ͊͘;͔͙͚ͤΦ ̏ͭ͊ ͺͯͤ͟ͼ͙Ύ 

Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͟͡Ό;͔͍·ͻ ͍ͫͦͫͭ͊͡ΎΌ΅͙ͻ ͍͙ͦͫͨͪΎ͙ͭΎΣ ͤ͊ͪΎ͒ͯ ͫ ͍͙͙͔ͤͣ͊ͤͣΣ ͨ͊ͣΎͭΈΌ ͙ ͣ·΄͔͙͔ͤͣ͡Φ 

ˢ͎͙͙ͤͦ͘ τ Ήͭͦ ͤ͊ͪͯ΄͔͙ͤΎ ͎͙ͤͦͫ͊͘Σ ͍͙ͦͤ͊͘͟Ό΅͙͔ ͍͔͍͙͔ͫ͒ͫͭ͡ ͔͙ͨͦͪ͊͗ͤΎ ͦͪ͟· ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ 

͙ͨͪ ͙ͤͫͯ͡Έͭ͊ͻΣ ;͔͔ͪͨͤͦ-͎͍ͣͦͦ͘·ͻ ͍ͭͪ͊ͣ͊ͻΣ ͔͚͔͎͔͔͙͍ͤͪͦ͒ͤͪ͊ͭͤ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡Ύͻ ͙͙͡ ͦͨͯͻͦ͡ΎͻΦ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͎͙͚͊ͤͦ͘ ͍͙͊ͫ͘Ύͭ ͦͭ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͔͙ͨͦͪ͊͗ͤΎ ͙ ͔͎ͦͤͪͭͤͦͦ͟͟ ͍͙͒͊ ͎͙ͤͦͫ͊͘Σ 

ͦͭͦͪ͟·͚ ͤ͊ͪͯ΄͔ͤΦ 

ˮͯ͘;͔͙͔ͤ ͎͙͍ͤͦͫͦ͘ ͙ ͎͙͚͊ͤͦ͘ ͍͊͗ͤͦ ͒͡Ύ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͔͚͙ͤͪͦͨͫͻ͎͙͙ͦͦ͡Σ ͔͍͎͙͙ͤͪͦͦ͡ ͙ 
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͔͙͙ͪ͊͋ͭ͊͡ͼ͙͚ͦͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ 

˽ͦͤΎ͙͔ͭ ͙ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͎͙͍ͤͦͫͦ͘ 

˥͙ͤͦͫ͘ ͍͟͡Ό;͔͊ͭ ͍ ͔ͫ͋Ύ ͔ͤͫͦ͟͡Έͦ͟ ͍͙͍͒ͦ ͍͙ͯͤ͊͊ͤ͘ΎΥ 

˭͙͔ͪͭ͡Έͤ·͚ ͎͙ͤͦͫ͘ τ ͫ ͨͦͫͦ͋ͤͦͫͭΈ ͍ͯͤ͊͊ͭ͘Έ ͔͔ͨͪ͒ͣͭ· ͙ ͙͡ͼ͊ ͨͦ ͙ͻ ͍͔ͤ΄͔ͤͣͯ ͍͙͒ͯΦ 

˿ͯ͡ͻ͍͚ͦͦ ͎͙ͤͦͫ͘ ό͙͎͙͊ͯ͒ͦͤͦͫ͘ύ τ ͪ ͍͙͔͊ͫͨͦͤ͊͊ͤ͘ ͍͍ͯͦ͘͟Σ ͔ͪ;͙ ͙ ͣͯ͘·͙͟Φ 

͙́͊ͭ͟͡Έͤ·͚ ͎͙ͤͦͫ͘ ό͔͔͎͙͊ͫͭͪͦͤͦͫ͘ύ τ ͫ ͨͦͫͦ͋ͤͦͫͭΈ ͍ͯͤ͊͊ͭ͘Έ ͔͔ͨͪ͒ͣͭ· ͤ͊ ͦ΅ͯͨΈ ͔͋͘ ͙͔ͪͭ͘͡Έ͎ͤͦͦ 

ͦͤͭͪͦ͟͡ΎΦ 

˽͍͔ͪͦͫͭͪ͊ͤͫͭͤͤ·͚ ͎͙ͤͦͫ͘ τ ͍ ͙ͦͫͨͪΎ͙͔ͭ ͙ ͙͔͙͍ͦͪͤͭͪͦ͊͟ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΦ 

ˤ͔͔͚ͪͣͤͤͦ ͎͙ͤͦͫ͘ τ ͫͨͦͫͦ͋ͤͦͫͭΈ ͙ͪ͊͘͡;͊ͭΈ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͫͦ͋·͙͚ͭ ͙ ͍͔͔ͪͣͤͤ·͔ 

͙͔͍ͤͭͪ͊͡·Φ 

˴͊͗͒·͚ ͍͙͒ ͎͙ͤͦͫ͊͘ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭͫΎ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·͙ͣ ͙ͦͤ͊ͣ͘ ͦͪ͟· ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘Σ 

͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ ͔͔͚ͭͣͤͤͦΣ ͍͙ͫͦ;͚ͤͦ ͙ ͊ͭ͘·ͦ͡;͚ͤͦ ͒ͦ͡ΎͻΦ 

ˤ͙͒· ͎͙͚͊ͤͦ͘ 

ˢ͎͙͙ͤͦ͘ ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭͫΎ ͨͦ ͣͦ͒͊͡ΈͤͦͫͭΎͣ ͍͙ͦͫͨͪΎ͙ͭΎΥ 

мΦ ˭͙͔ͪͭ͡Έͤ·͔ ͎͙͙͊ͤͦ͘ 

˽͊ͼ͙͔ͤͭ ͔ͤ ͔ͫͨͦͫͦ͋ͤ ͍ͯͤ͊͊ͭ͘Έ ͔͔ͨͪ͒ͣͭ·Σ ͙͡ͼ͊ ͙͙͡ ͼ͍͔ͭ͊ ͙ͨͪ ͫͦͻ͚ͪ͊ͤͤͦ ͺͯͤ͟ͼ͙͙ ͔͙ͪͤ͘ΎΦ 

˽͙͔ͪͣͪ·Υ 

ˢ͔ͨͨͪͼ͔͙͍ͨͭͤ͊Ύ ͙͔ͪͭ͘͡Έͤ͊Ύ ͎͙͊ͤͦ͘Ύ τ ͔ͤͫͨͦͫͦ͋ͤͦͫͭΈ ͦ͋Ά͔͙͒ͤΎͭΈ Ή͔͔ͣͤͭ͡· ͔͔ͨͪ͒ͣͭ͊ ͍ 

ͼ͔ͦͫͭͤ͡·͚ ͦ͋ͪ͊͘Φ 

ˢͫͫͦͼ͙͙͍͊ͭͤ͊Ύ ͙͔ͪͭ͘͡Έͤ͊Ύ ͎͙͊ͤͦ͘Ύ τ ͨ͊ͼ͙͔ͤͭ ͍͙͙͒ͭ ͔͔ͨͪ͒ͣͭΣ ͤͦ ͔ͤ ͔ͣͦ͗ͭ ͙͔͙͒ͤͭͺ͙ͼ͙͍ͪͦ͊ͭΈ 

͔͎ͦ ͤ͊ͤ͊͘;͔͙͔ͤΦ 

нΦ ˿ͯ͡ͻ͍ͦ·͔ ͎͙͙͊ͤͦ͘ 

˹͊ͪͯ΄͔͙͔ͤ ͍͙ͪ͊ͫͨͦͤ͊͊ͤ͘Ύ ͍͍ͯͦ͘͟ ͙ͨͪ ͤͦͪͣ͊͡Έͤͦͣ ͫͯ͡ͻ͔Φ ˤ͙͒·Υ 

ˤ͔ͪ͋͊͡Έͤ͊Ύ ͙͎͙͊ͯ͒͊ͤͦ͘Ύ τ ͤ ͔ͫͨͦͫͦ͋ͤͦͫͭΈ ͍ͯͤ͊͊ͭ͘Έ ͍ͫͦ͊͡ ͙ ͔ͪ;ΈΦ 

˸ͯ͘·͊͟͡Έͤ͊Ύ ͎͙͊ͤͦ͘Ύ τ ͤ ͔ͫͨͦͫͦ͋ͤͦͫͭΈ ͍ͯͤ͊͊ͭ͘Έ ͤ͊ͦͣͯ͘͟Ό ͣͯ͘·ͯ͟ ͙͙͡ ͔͙͙ͣͦ͒͡Φ 

оΦ ͙́͊ͭ͟͡Έͤ·͔ ͎͙͙͊ͤͦ͘ 

˹͊ͪͯ΄͔͙͔ͤ ͍͙ͯͤ͊͊ͤ͘Ύ ͔͔͍ͨͪ͒ͣͭͦ ͤ͊ ͦ΅ͯͨΈ ͙ͨͪ ͫͦͻ͚ͪ͊ͤͤͦ ͙ͭ͊ͭ͟͡Έ͚ͤͦ ;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭΥ 

ˢ͔͔͎͙ͫͭͪͦͤͦͫ͘ τ ͔ͤͫͨͦͫͦ͋ͤͦͫͭΈ ͔͔͙ͦͨͪ͒ͭ͡Έ ͺͦͪͣͯΣ ͔ͪ͊ͣͪ͘· ͙͙͡ ͍͚͍ͫͦͫͭ͊ ͔͔ͨͪ͒ͣͭ͊ ;͔͔ͪ͘ 

ͦͫΎ͙͔͊ͤ͘Φ 

пΦ ˽͍͔ͪͦͫͭͪ͊ͤͫͭͤͤ·͔ ͙ ͙͍ͦͤͫͭͪͯͭͤ͟͟·͔ ͎͙͙͊ͤͦ͘ 

˹͊ͪͯ΄͔͙͔ͤ ͍͙ͦͫͨͪΎ͙ͭΎ ͙ ͙͔͙͍͙ͦͪͤͭͪͦ͟ ͍ ͍͔ͨͪͦͫͭͪ͊ͤͫͭΦ ˽͙͔ͪͣͪΥ ͨ͊ͼ͙͔ͤͭ ͔ͤ ͔ͣͦ͗ͭ ͍͙ͨͪ͊͡Έͤͦ 

ͫͦ͋ͪ͊ͭΈ ͨͪͦͫͭͯΌ ͦͤͫͭͪͯ͟͟ͼ͙Ό ͙͙͡ ͙͔͙͍ͦͪͤͭͪͦ͊ͭΈͫΎ ͍ ͔ͦͣͤ͊ͭ͟Φ 

рΦ ˿͔ͣ΄͊ͤͤ·͔ ͺͦͪͣ· 

˴͙ͦͣ͋ͤ͊ͼ͙͙ ͙ͪ͊͘͡;ͤ·ͻ ͍͙͍͒ͦ ͎͙͚͊ͤͦ͘ ͍͔ͫͭͪ;͊ΌͭͫΎ ͙ͨͪ ͦ͋΄͙ͪͤ·ͻ ͔͙ͨͦͪ͊͗ͤΎͻ ͦͪ͟· ͎ͣͦ͊͘Σ 

͙͔ͤ͊ͨͪͣͪΣ ͙ͨͪ ͙ͤͫͯ͡Έͭ͊ͻ ͙͙͡ ;͔͔ͪͨͤͦ-͎͍ͣͦͦ͘·ͻ ͍ͭͪ͊ͣ͊ͻΦ 

˽͙ͪ;͙ͤ· ͍͙͙ͪ͊ͭ͘Ύ ͎͙͚͊ͤͦ͘ 

˻͍ͫͤͦͤ·͔ ͙ͨͪ;͙ͤ· ͍͟͡Ό;͊ΌͭΥ 

˿͙ͦͫͯ͒ͫͭ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ τ ͙ ͤͫͯ͡Έͭ·Σ ͙΄͔͙ͣ;͔͙͔ͫ͟ ͦ;͎͙͊ ͍ ͔ͦͪ͟Φ 

͔͔̉ͪͨͤͦ-͎͍ͣͦͦ͘·͔ ͍ͭͪ͊ͣ· τ ͡ ͦ͊͟͡Έͤ·͔ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͦͪ͟·Φ 

˻ͨͯͻ͙ͦ͡ ͎ͣͦ͊͘ τ ͎ ͙ͦͣ͡·Σ ͔ͣͭ͊ͫͭ͊͘·Φ 

˹͔͚͔͎͔͔͙͍ͪͦ͒ͤͪ͊ͭͤ·͔ ͔͙͋ͦͤ͘͡ τ ͋ ͔ͦͤ͘͡Έ ˢ͡Έͼ͎͔͚͔ͣͪ͊Σ ͔͔͒ͣͤͼ͙ΎΦ 

͙͔͙̏ͨͨͫ͡Ύ ͙ ͦ;͎͍͊ͦ·͔ ͎͙ͫͯ͒ͦͪͦ τ ͤ ͊ͪͯ΄͔͙ͤΎ ͍͙ͦͫͨͪΎ͙ͭΎ ͙ ͨ͊ͣΎ͙ͭΦ 

˶͙ͦ͊͊͘͟͡ͼ͙Ύ ͔͙ͨͦͪ͊͗ͤΎ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͙ͭͨ ͎͙͙͊ͤͦ͘Υ ͙͔ͤ͊ͨͪͣͪΣ ͔͙͔ͨͦͪ͊͗ͤ ͍͚ͨͪ͊ͦ ͊ͭ͘·ͦ͡;͚ͤͦ 

͙͒ͦ͡ ;͊ͫͭͦ ͍·͘·͍͔͊ͭ ͙͔ͪͭ͘͡ΈͤͯΌ ͎͙͊ͤͦ͘ΌΣ ͔͍ͦͫͭͦͪͦͤͤ͡ΎΎ ͔͔ͭͣͤͤ͊Ύ ͦͪ͊͟ τ ͭ ͙͊ͭ͟͡ΈͤͯΌ ͎͙͊ͤͦ͘ΌΦ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͎͙͚͊ͤͦ͘ ͍͟͡Ό;͔͊ͭΥ 
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˹͔͍͎͙ͪͦͦ͡;͔͙͚ͫ͟ ͦͫͣͦͭͪ τ ͦ ͼ͔ͤ͊͟ ͔ͫͤͫͦͪͤ·ͻ ͺͯͤ͟ͼ͙͚ ͙ ͙͙ͣͦͭͦͪ͟Φ 

˹͔͚͙ͪͦͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔ͭͫͭ·Υ 

˾͍͙͔͊ͫͨͦͤ͊͊ͤ͘ ͔͔͍ͨͪ͒ͣͭͦ ͨͦ ͔͙ͪͤ͘ΌΣ ͫͯ͡ͻͯ ͙͙͡ ͦͫΎ͙͊ͤ͘ΌΦ 

͍͙͔̂ͤ͊͊ͤ͘ ͙͡ͼ ͙ ͍͍ͯͦ͘͟Φ 

˽͍͔ͪͦͫͭͪ͊ͤͫͭͤͤ·͔ ͙ ͙͍ͦͤͫͭͪͯͭͤ͟͟·͔ ͙͊͒͊ͤ͘ΎΦ 

ˮ͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ ͔ͣͭͦ͒·Υ 

˸˾́ ͙ ˴́ ͒͡Ύ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͔͙ͨͦͪ͊͗ͤΎΦ 

̏̏˥ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ 

˶͔;͔͙͔ͤ ͙ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙Ύ 

ˢ͎͙͙ͤͦ͘ ;͊ͫͭͦ ͔ͭͪ͋ͯΌͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊Υ 

˸͔͙͔͔͒͊ͣͤͭͦͤͦ͘͟ ͔͡;͔͙͔ͤ τ ͍ ͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͎͍͎ͣͦͦͦͦ͘ ͍ͪͦͦͦ͋ͪ͊͟΅͔͙ͤΎΣ ͔͚͔ͤͪͦͨͪͦͭͭͦͪ͟·Φ 

˹͔͚͙ͪͦͨͫͻ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙Ύ τ ͭ ͔͙͍ͪͤͪͦ͊͟ ͨ͊ͣΎ͙ͭΣ ͍͙͙ͤͣ͊ͤΎ ͙ ͍͙ͯͤ͊͊ͤ͘Ύ ͦ͋Ά͔͍ͭͦ͟Φ 

˶͎͔͙ͦͦͨ͒;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎ ͙ͨͪ ͍͔ͪ͋͊͡Έͤ·ͻ ͤ͊ͪͯ΄͔͙ͤΎͻΦ 

͎͔͙̏ͪͦͭͪ͊ͨΎ τ ͯ ͯ͡;΄͔͙͔ͤ ͍ͤ͊·͍ͦ͟ ͦͫΎ͔͊ͭ͘͡Έ͎ͤͦͦ ͙ ͍͔͎ͨͪͦͫͭͪ͊ͤͫͭͤͤͦͦ ͍͙ͦͫͨͪΎ͙ͭΎΦ 

̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙ ͍͙͙͊ͫͭ͘ ͦͭ ͔͎ͪ͊ͤͤͦ ͍·Ύ͍͔͙ͤ͡Ύ ͎͙͙͊ͤͦ͘ ͙ ͭΎ͔͙͗ͫͭ ͔͙ͨͦͪ͊͗ͤΎΦ 

˭͊͟͡Ό;͔͙͔ͤΥ 

˥͙ͤͦͫ͘ Ύ͍͡Ύ͔ͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ ͺͯͤ͟ͼ͙͔͚ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͔͚ 

͍͙ͦͫͨͪΎ͙͔ͭ ͙ ͍͙͔ͯͤ͊͊ͤ͘ ͦͪͯ͗͊͟Ό΅͔͎ͦ ͙ͣͪ͊Φ ˢ͎͙͙ͤͦ͘ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͤ͊ͪͯ΄͔͙ͤΎ 

Ή͚ͭͦ ͺͯͤ͟ͼ͙͙Σ ͦͭͦͪ͟·͔ ͫͯ΅͔͍͔ͫͭͤͤͦ ͍͙͡ΎΌͭ ͤ͊ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ ˴͔ͦͣͨͫͤ͊͟͡Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ 

͙ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤ͊͡Ύ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙Ύ ͍ͨͦͦ͘͡ΎΌͭ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͙ ͍͍͙ͦͫͫͭ͊ͤͦͭΈ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͍ͤ͊·͙͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˶͙ͯͪΎ ˢΦ˾Φ ˹͔͚͙ͪͦͨͫͻ͎͙ͦͦ͡ΎΦ ς ˸ ΦΥ ˢ͔͙͊͒ͣ͟;͔͙͚ͫ͟ ͔ͨͪͦͭ͟Σ нлнлΦ 

2. ˴͎͍ͦͣͦͦͪͦ͡ ˸Φ˸Φ ˹͊ͪͯ΄͔͙ͤΎ ͍͙ͦͫͨͪΎ͙ͭΎ ͙ ͎͙͙͊ͤͦ͘Φ ς ˸ ΦΣ нлмфΦ 

3. Damasio A. Human Brain and Behavior. ς Oxford, 2018. 

4. Benton A.L., Tranel D. Neuropsychological Assessment. ς Oxford, 2019. 

5. Kandel E.R., Schwartz J.H. Principles of Neural Science. ς McGraw-Hill, 2021. 

ϭ ˢ͡;͔͍ͦ͟ ˢΦΣ нлнр 

 

 

 

 

ˢ͡;͔͍ͦ͟ ˢͣͯ͟ͻ͔͊ͣͣͭ ˥͔͚͙͍͙ͯͪ͋͊ͤͫ͒ͦ; 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

  ͎ Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˨͗ͯͣ͊ͣ·͍ͪ͊͒ͦ ˽͍͊͊ͤ͡ 

˿͔ͭͯ͒ͤͭΣ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊. 

 ͎ Φ s ΄ͻ͊͋͊͒, ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

 

˿˻ˤ˾˩˸˩˹˹̍˩ ˹˩˯˾˻̆ˮ˾̂˾˥ˮ̉˩˿˴ˮ˩ ˿́˾ˢ́˩˥ˮˮ ˽˾ˮ ˨˩˥˩˹˩˾ˢ́ˮˤ˹˻˸ ˮ ˮ˿́˸ˮ̉˩˿˴˻˸ 

˿˽˻˹˨ˮ˶˻˶ˮ˿́˩˭˩ ˽˻̒˿˹ˮ̉˹˻˥˻ ˻́˨˩˶ˢ ˽˻˭ˤ˻˹˻̉˹ˮ˴ˢΥ  

˻ˣ˭˻˾ ́ˢ˴́ˮ˴ˮΣ ˸˩́˻˨˻ˤ ˮ ˾˩˭̂˶̎́ˢ́˻ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͙͙͔ͨͦͤ͒ͦͫͭ͘͡͡ τ ͎͙ͨ͊ͭͦͦ͡;͔͔ͫͦ͟ ͔ͫͣ΅͔͙͔ͤ ͍·΄͔͔͗͊͡΅͔͎ͦ ͍ͨͦͦͤ͊͘͟ ͙͔ͦͭͤͦͫͭ͡Έͤͦ 

͙͔͔ͤ͗͗͊͡΅͔͎ͦ τ Ύ͍͡Ύ͔ͭͫΎ ;͚͊ͫͭͦ ͙ͨͪ;͙͚ͤͦ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͙͋ͦ͡ ͍ ͙͔ͫͨͤ ͙ ͔͚͎͔͚ͤͪͦͤͤͦ 
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MODERN NEUROSURGICAL STRATEGIES FOR DEGENERATIVE AND ISTHMIC LUMBAR 

SPONDYLOLISTHESIS: A REVIEW OF TACTICS, TECHNIQUES, AND OUTCOMES 

 

Abstract 

Spondylolisthesis, a pathological displacement of one vertebra over another, is a common cause of 

chronic low back pain and neurogenic claudication. When conservative therapy fails, neurosurgical 

intervention becomes the treatment of choice; however, there is no unified approach to selecting the extent 

of surgery. 
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Spondylolisthesis, neurosurgery, transpedicular fixation, interbody fusion 

Tlif/ tlif (transforaminal lumbar interbody fusion), decompression, lumbar spine 
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MODERN NEUROSURGICAL MANAGEMENT OF IDIOPATHIC TRIGEMINAL NEURALGIA: A COMPARATIVE 

ANALYSIS OF THE EFFICACY AND SAFETY OF MICROVASCULAR DECOMPRESSION  

AND STEREOTACTIC RADIOSURGERY 

 

Abstract 

Idiopathic trigeminal neuralgia (TN, Fothergill's disease) is one of the most severe chronic pain 

syndromes. Despite the efficacy of carbamazepine, a significant proportion of patients develop resistance or 

intolerance to therapy, necessitating surgical intervention. The choice between the "gold standard" ς 

microvascular decompression (MVD) and the modern minimally invasive alternative ς stereotactic 

radiosurgery (SRS, Gamma Knife) remains a clinical dilemma. 

Keywords: 

trigeminal neuralgia, fothergill's disease, microvascular, decompression, stereotactic radiosurger, gamma 

knife, neurovascular conflict, neurosurgery, chronic pain. 
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͍·͔ͫͦͦ͒ͦͤͦ͘͟ ͦ͋ͯ͡;͔͙͔ͤ ͔ͦͪ͟΄͊͟ ͫ ͼ͔͡ΈΌ ͍͔͙ͨͦ͒͊ͤ͡Ύ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͙ͣͨͯ͡Έͫ͊ͼ͙͙ ώсϐΦ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͔ͤ͊ͦͨͤͤ͟͡·͚ ͙͙ͤ͟͡;͔͙͚ͫ͟ ͦͨ·ͭΣ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͎͒ͦͦͫͪͦ͡;ͤ·ͻ 

͙ͫͻ͍ͦ͒ͦ Ή͙ͭͻ ͙ͨͪͤͼ͙͙ͨ͊͡Έͤͦ ͪ͊ͤ͘·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͦͫͭ͊ΌͭͫΎ ͊ͭͯ͊͟͡Έͤ·͙ͣΦ ͔̇͡Έ ͤ͊ͫͭͦΎ΅͔͎ͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

ς ͍͔͙ͨͪͦͫͭ ͍͙͔ͫͪ͊ͤͭ͡Έͤ·͚ ͙͊ͤ͊͘͡ ͔ͦͭ͒͊ͤͤ͡·ͻ ό͒ͦ р ͔ͭ͡ύ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ˸ˤ˨ ͙ ˿˾̆ ͨͦ ͙͔͙ͪͭͪ͟Ύͣ 

Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ό͔ͨͦͤͦ͡ ͙͍͙͔ͯͨͪͦ͊ͤ͟ ͙͋ͦ͡ ͔͋͘ ͙͔ͨͪͣ͊ ͔͍ͨͪͨ͊ͪ͊ͭͦύ ͙ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ όͫͭͪͯͭͯͪ͊͟ ͙ 

;͊ͫͭͦͭ͊ ͔͙͚ͦͫͦ͗ͤͤ͡ύΦ 

˸͔͙͊ͭͪ͊͡· ͙ ͔ͣͭͦ͒· 

˨͙͚͊ͤ͘ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ˾͔͔͙͍͔ͭͪͦͫͨͭͤͦ͟ ͍͙͔ͫͪ͊ͤͭ͡Έ͔ͤͦ ͎͔ͦͦͪͭͤͦ͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Φ 

˴͙͔͙͙ͪͭͪ ͍͟͡Ό;͔͙ͤΎΥ 

мΦ ˨͙͎͊ͤͦ͘ ͙͊ͫͫ͟͡;͔͚ͫͦ͟ ˹́˹ ͎ͫͦ͊ͫͤͦ͡ ͙͔͙ͪͭͪ͟Ύͣ ˸͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͎͍͚ͦͦͤͦ͡ 

͙͋ͦ͡ όL/I5-3). 

нΦ ˽͍͔͔͙͔ͦ͒ͭͪ͗͒ͤ ˹ˤ˴ ͤ͊ ͍·͔ͫͦͦͪ͊ͪ͘͟΄͊Ό΅͔͚ ˸˾́ όо́ύ ͍ ͔͙ͪ͗ͣ͊ͻ /L{{κCL9{¢! ͙ о5-TOF. 

оΦ ˹͔͒ͦͫͭ͊ͭͦ;ͤ͊Ύ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ όͫͦͻ͔͙͔ͪ͊ͤͤ ͙͋ͦ͡ Ҕп ͍͋͊ͦ͡͡ ͨͦ ˤˢ̊ύ ͙͙͡ ͔͔͔͙ͤͨͪͤͦͫͣͦͫͭΈ 
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͔͙͙ͭͪ͊ͨ ͊͟͟ ͙͙ͣͤͣͯͣ ͍͒ͯͣΎ ͙͍͊ͤͭͦͤͯ͟͡Έ͙ͫ͊ͤͭ͊ͣ ͍ ͔͍͊͒͊ͭͤ͟·ͻ ͒ͦ͊͘ͻΦ 

пΦ ˻͍͙͔ͭͫͯͭͫͭ ͒͊ͤͤ·ͻ ͊͘ ͍͙ͭͦͪ;ͤͯΌ ˹́˹ όͦͨͯͻͦ͡ΈΣ ͔͙͔͙͙͒ͣͤ͊͘͡ͼ͙ΎύΦ 

˴͙͔͙͙ͪͭͪ ͙ͫ͟͡Ό;͔͙ͤΎΥ ˿͙͙ͣͨͭͦͣ͊ͭ;͔ͫ͊͟Ύ ˹́˹Σ ͔ͨͪ͒΄͔͍ͫͭͯΌ΅͙͔ ͔͙͍͒ͫͭͪͯͭͤ͟·͔ ͔ͦͨͪ͊ͼ͙͙ ͤ͊ 

͚͙ͭͪͦͤ;ͤͦͣ ͔͍͔ͤͪ ό͙͙ͪͦͭͦͣ͘ΎύΣ ͭΎ͔͗͡·͔ ͙ͨͫͻ͙;͔͙͔ͫ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊Σ ͎͙͙͍ͦͤͭͤ͟·͔ ͤ͊ͪͯ΄͔͙ͤΎΦ 

͙͎͙̆ͪͯͪ;͔͙͔ͫ͟ ͔͙͙ͣͭͦ͒͟Υ 

мΦ ˥ͪͯͨͨ͊ ˸ˤ˨ όƴҐмнпύΥ ˻͔ͨͪ͊ͼ͙Ύ ͍·ͨͦͤ͡Ύ͊ͫ͡Έ ͙͘ ͔͙͎͍͙͎ͪͭͪͦͫͣͦ͒ͤͦͦ ͒ͦͫͭͯͨ͊ ͍ ͔͙͙ͨͦͦ͗ͤ͡ ͙ͫ͒Ύ 

͙͙͡ ζͤ͊ ͋ͦͯ͟ηΦ ˽͔ͦͫ͡ ͙͙͙ͪ͊ͤͦͭͦͣ͟ ͙ ͙ͣͪͦ͟ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͍ͻͦ͒͊ ͍ ͔ͣͦͫͭͦͣͦ͗͘;͍ͦ͟·͚ ͎ͯͦ͡ 

͙͍͙ͨͪͦͦ͒͊ͫ͘͡Έ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͦͤ͟ͺ͙ͭͯ͟͡Ό΅͔͎ͦ ͫͦͫͯ͒͊ ό͔͙͙͊ͪͭͪ ͙͙͡ ͍͔ͤ·ύΦ ˨͔͔͙ͦͣͨͪͫͫ͟Ύ 

ͦͫͯ΅͔͍ͫͭ͡Ύ͊ͫ͡Έ ͔ͨͯͭͣ ͍͙ͯͫͭ͊ͤͦ͟ ͔ͭͺ͍͎ͦͤͦͦͦ͡ ͔ͨͪͦͭͭͦͪ͊͟ ͔ͣ͗͒ͯ ͫͦͫͯ͒ͦͣ ͙ ͔ͦͪ͟΄ͦͣ͟ ͔͍ͤͪ͊Φ ˤ ͫͯ͡;͔͊ 

͍͔͚ͤͦͤͦ͘ ͔͙͙ͦͣͨͪͫͫ͟ ͍·ͨͦͤ͡Ύ͊ͫ͡Έ ͎ͦ͊ͯ͟͡Ύͼ͙Ύ ͙ ͔͔͔ͨͪͫ;͔͙͔ͤ ͍͔ͤ·Φ 

нΦ ˥ͪͯͨͨ͊ ˿˾̆ όƴҐфлύΥ ˶͔;͔͙͔ͤ ͍͙ͨͪͦͦ͒ͦͫ͡Έ ͤ͊ ͙͔͔ͫͫͭͣ ζ˥͊ͣͣ͊-ͤͦ͗η ό9ƭŜƪǘŀύΦ ˽͔ͦͫ͡ ͺ͙ͫ͊͟ͼ͙͙ 

͔͔͙ͫͭͪͦͭ͊ͫ͟;͔͚ͫͦ͟ ͪ͊ͣ· ͍·ͨͦͤ͡Ύ͊ͫ͡Έ ˸˾́-͍͙͙ͯ͊͊͘͘͡ͼ͙ΎΦ ˸͙΄͔ͤΈΌ Ύ͍͡Ύͫ͡Ύ ͔ͦͪ͟΄ͦ͟ ͚͙ͭͪͦͤ;͎ͤͦͦ 

͔͍ͤͪ͊ ͍ ͔ͦͤ͘ ͍ͻͦ͒͊ ͍ ͣͦͫͭ όw9½ύΦ ˿͔ͪ͒ͤΎΎ ͙ͣ͊ͫͣ͊͟͡Έͤ͊Ύ ͒ͦ͊͘ ͍ͫͦͫͭ͊͡Ύ͊͡ ул ˥ͪ ό͙͒͊ͨ͊ͦͤ͘ тл-фл ˥ͪύΣ 

͙ͦ͒ͦ͊͘͘ ς рл҈Φ ˤͫΎ ͨͪͦͼ͔͒ͯͪ͊ ͍͙ͨͪͦͦ͒͊ͫ͡Έ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͍͎ͦ͒ͤͦ͒ͤͤͦͦ ͫͭ͊ͼ͙ͦͤ͊ͪ͊Φ 

̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͡;͔͙ͤΎΥ 

ϊ ˾͙͔͊ͤͤ ͔ͪͯ͘͡Έͭ͊ͭ· όм ͔ͣͫΎͼύΥ ˤ ͎͔ͪͯͨͨ ˸ˤ˨ фрΣн҈ ͨ͊ͼ͙͔͍ͤͭͦ ͙͎͙͒ͦͫͭ͡ .bL-LκLLΣ ͍ ͎͔ͪͯͨͨ ˿˾̆ ς 

тмΣм҈ όǇғлΣлмύΦ ˤ͊͗ͤͦ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ Ήͺͺ͔ͭ͟ ˿˾̆ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͔͔ͨͦͫͭͨͤͤͦΣ ͍ ͔͔ͫͪ͒ͤͣ ͍ ͔ͭ;͔͙͔ͤ м-3 

͔ͣͫΎͼ͔͍Φ 

ϊ ˻͔ͭ͒͊ͤͤ͡·͔ ͔ͪͯ͘͡Έͭ͊ͭ· όр ͔ͭ͡ύΥ ˴͙͍ͪ͊Ύ ͔͔͋ͪ͘ͼ͙͙͍͚͒ͤͦ ͍·͙͍͔͙͗͊ͣͦͫͭ ό͔͙͔ͨͦ͒͒ͪ͗͊ͤ .bL-I) 

ͨͦ͊͊͊͘͟͡ ͙͙ͫͭ͊ͭͫͭ;͔͙ͫ͟ ͤ͊͘;͙͔ͣͦ ͔͙ͨͪͣͯ΅͔͍ͫͭͦ ˸ˤ˨Φ ˴ р-ͣͯ ͎ͦ͒ͯ .bL-L ͫͦͻ͙͙ͪ͊ͤ͡ ууΣр҈ ͨ͊ͼ͙͔͍ͤͭͦ 

͔ͨͦͫ͡ ˸ˤ˨ ͙͍ͨͪͦͭ руΣо҈ ͔ͨͦͫ͡ ˿˾̆ ό[ƻƎ-Ǌŀƴƪ ǘŜǎǘΣ ǇғлΣллмύΦ ˿͔͔͔ͪ͒ͤ ͍͔ͪͣΎ ͒ͦ ͔ͪͼ͙͙͍͒͊ ͍ ͎͔ͪͯͨͨ ˿˾̆ 

͍͙ͫͦͫͭ͊ͦ͡ оуҕс ͔ͣͫΎͼ͔͍Φ 

˻͔͙ͫͦ͗ͤͤ͡ΎΥ 

ϊ ˥ͪͯͨͨ͊ ˸ˤ˨Υ ˽͔ͪͻͦ͒Ύ΅͙͔ ͔͙ͦͫͦ͗ͤͤ͡Ύ ό͔ͪ͊ͪ͘΄͙͍΄͙͔ͫΎ ͍ ͔ͭ;͔͙͔ͤ с ͔ͣͫΦύ ͍͟͡Ό;͙͊͡ ͔ͨ͊ͪ͘ 

͙͡ͼ͔͍͎ͦͦ ͔͍ͤͪ͊ όмΣс҈ύΣ ͙͔͙͔ͫͤ͗ͤ ͫͯ͡ͻ͊ όоΣн҈ύΣ ͎͍ͦͦͤͯ͡Ό ͋ͦ͡Έ όпΣл҈ύΣ ͙͍͔ͦͪ͟͡Ό όнΣп҈ύΦ ˿͚͙͔ͭͦ͟ 

͔͙ͦͫͦ͗ͤͤ͡ΎΥ ͎͙͔͔͙ͨͫͭ͘Ύ ͍ ͔ͦͤ͘ ͙͔͍ͤͤͪ͊ͼ͙͙ ς уΣм҈ ό͍͔ͫ ͫͯ͡;͙͊ ͔͎͚ͦ͟͡ ͔͔͙ͫͭͨͤύΣ ͔͔͙͊ͤͫͭ͘Ύ ŘƻƭƻǊƻǎŀ ς 0 

ͫͯ͡;͔͍͊Φ ˶͔ͭ͊͡ΈͤͦͫͭΈ ς 0%. 

ϊ ˥ͪͯͨͨ͊ ˿˾̆Υ ˻͍ͫͤͦͤ·ͣ ͔͙͔ͦͫͦ͗ͤͤͣ͡ ͋·͙͡ ͔ͫͤͫͦͪͤ·͔ ͤ͊ͪͯ΄͔͙ͤΎΦ ˹͍ͦ·͔ ͙͙͡ ͙͙͍ͯͫ͡΄͙͔ͫΎ 

͙͔͔͙͙͒ͫͭ͘͘κ͎͙͔͔͙͙ͨͫͭ͘ ͙͡ͼ͊ ͔ͦͭͣ;͔ͤ· ͯ нмΣм҈ ͨ͊ͼ͙͔͍ͤͭͦΣ ͍ нΣн҈ ͫͯ͡;͔͍͊ ς ͫ Ή͔͔͙ͣͤͭ͊ͣ͡ ͔͔͙͙͊ͤͫͭ͘ 

ŘƻƭƻǊƻǎŀΦ ˿ͯͻͦͫͭΈ ͎͊͊͘͡ ό͔ͪ͒ͯ͟ͼ͙Ύ ͔ͫͦͨͪͦ͒ͯ͘͟͡ͼ͙͙ύ ς сΣт҈Φ ˨͎͙ͪͯͻ ͔͍͎͙ͤͪͦͦ͡;͔͙ͫ͟ͻ ͔͒ͺ͙ͼ͙͍ͭͦ ͔ͤ 

͔͎͙͙͍͊ͪͫͭͪͪͦ͊ͤͦ͘Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. Headache Classification Committee of the International Headache Society (IHS). The International 

/ƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ IŜŀŘŀŎƘŜ 5ƛǎƻǊŘŜǊǎΣ оǊŘ ŜŘƛǘƛƻƴ κκ /ŜǇƘŀƭŀƭƎƛŀΦ нлмуΦ ±ƻƭΦ оуΦ Ѕ мΦ tΦ мς211. 

2. Janetta P.J. Arterial compression of the trigeminal nerve at the pons in patients with trigeminal neuralgia 

// Journal of Neurosurgery. 1967. Vol. 26. P. 159ς162. 

оΦ ˿͍͙͍ͫͭͦ ˤΦˤΦΣ ˥͚͊͒͊ͪ ˣΦˤΦ ˹͔͚͍ͪͦ͊ͫͯ͟͡Ύͪͤ·͚ ͦͤ͟ͺ͙ͭ͟͡ ͍ ͎͔͔͔ͨ͊ͭͦͤ͘ ͔͍͎͙͙ͤͪ͊͡ ͚͙ͭͪͦͤ;͎ͤͦͦ ͔͍ͤͪ͊Υ 

͍͔͔ͫͦͪͣͤͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ κκ ˤͦͨͪͦͫ· ͔͚ͤͪͦͻ͙͎͙͙ͪͯͪ ͙ͣΦ ˹. .˹ ˣ͔ͯͪ͒ͤͦ͟. 2019. ́Φ уоΦ Ѕ рΦ .˿ 102ς

110. 

4. Bendtsen L. et al. European Academy of Neurology guideline on trigeminal neuralgia // European Journal 

of Neurology. 2019. Vol. 26. P. 831ς849. 

5. Barker F.G. et al. The long-term outcome of microvascular decompression for trigeminal neuralgia // New 

England Journal of Medicine. 1996. Vol. 334. P. 1077ς1083. 

6. Kondziolka D. et al. Stereotactic radiosurgery for trigeminal neuralgia: a multiinstitutional study using the 

gamma unit // Journal of Neurosurgery. 1996. Vol. 84. P. 940ς945. 
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тΦ ˽͍͍͊ͦ͊͡ ́ΦˤΦΣ ˥͙ͪ΄͙ͤ ˨ΦˢΦ ˻͔ͭ͒͊ͤͤ͡·͔ ͔ͪͯ͘͡Έͭ͊ͭ· ͙͍ͣͪͦ͊ͫͯ͟͟͡Ύ͚ͪͤͦ ͔͔͙͙͒ͦͣͨͪͫͫ͟ ͙ͨͪ ͔͍͎͙͙ͤͪ͊͡ 

͚͙ͭͪͦͤ;͎ͤͦͦ ͔͍ͤͪ͊ όнл-͔͙͚ͭͤ͡ ͦͨ·ͭύ κκ ˹͔͚ͪͦͻ͙͎͙ͪͯͪΎΦ нлнлΦ Ѕ пΦ .˿ 23ς31. 

ϭ ˢ͡;͔͍ͦ͟ ˢΦ˥ΦΣ нлнр 

 

 

 

 

ˢ͡;͔͍ͦ͟ ˢͣͯ͟ͻ͔͊ͣͣͭ ˥͔͚͙͍͙ͯͪ͋͊ͤͫ͒ͦ; 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

  ͎ Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˿́˾ˢ́˩˥ˮˮ ̆ˮ˾̂˾˥ˮ̉˩˿˴˻˥˻ ˶˩̉˩˹ˮ̒ ˨˩˥˩˹˩˾ˢ́ˮˤ˹˻˥˻ ˽˻̒˿˹ˮ̉˹˻˥˻ ˿́˩˹˻˭ˢ 

˽˻˭ˤ˻˹˻̉˹˻˥˻ ˴ˢ˹ˢ˶ˢΥ ˿˾ˢˤ˹ˮ́˩˶̎˹̍˯ ˢ˹ˢ˶ˮ˭ ̏̅̅˩˴́ˮˤ˹˻˿́ˮ  

˨˩˴˻˸˽˾˩˿˿ˮˤ˹̍̆ ˸˩́˻˨ˮ˴ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˨͔͎͔͔͙͍ͤͪ͊ͭͤ·͚ ͨͦΎ͙ͫͤ;ͤ·͚ ͔ͫͭͤͦ͘ ͍ͨͦͦͤͦ͘;͎ͤͦͦ ͊ͤ͊͊͟͡ ό˨˽˿˽˴ύ Ύ͍͡Ύ͔ͭͫΎ ͍͔͒ͯ΅͔͚ ͙ͨͪ;͙͚ͤͦ 

͔͚͎͔͚ͤͪͦͤͤͦ ͔͔͔ͨͪͣ͗͊Ό΅͔͚ͫΎ ͻͪͦͣͦͭ· ͙ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͔͍͎͋ͦͦͦ͡ ͙ͫͤ͒ͪͦͣ͊ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫͭ͊ͪ΄͔ сл 

͔ͭ͡Φ ˽͙ͪ ͔ͤΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͍͙͍͚ͦͤͫͪ͊ͭͤͦ͟ ͔͙͙ͭͪ͊ͨ ζͦͦͭ͘͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣη ͔ͦͫͭ͊ͭͫΎ ͻ͙͎͙ͪͯͪ;͔ͫ͊͟Ύ 

͔͔͙͒ͦͣͨͪͫͫ͟ΎΣ ͦ͒ͤ͊ͦ͟ ͙ͦͨͭͣ͊͡Έͤ·͚ ͦ͋Ά͔ͣ ͙ ͔ͣͭͦ͒ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ ͦͫͭ͊ΌͭͫΎ ͔͔ͨͪ͒ͣͭͦͣ ͙͙͚͒ͫͯͫͫ͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 
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SURGICAL MANAGEMENT STRATEGIES FOR DEGENERATIVE LUMBAR SPINAL CANAL STENOSIS: 

 A COMPARATIVE ANALYSIS OF DECOMPRESSION TECHNIQUES 

 

Abstract 

Degenerative lumbar spinal stenosis (DLSS) is a leading cause of neurogenic intermittent claudication 

and chronic pain syndrome in patients over 60 years of age. When conservative therapy is ineffective, surgical 

decompression remains the "gold standard"; however, the optimal extent and method of intervention 

remain a subject of debate. 

Keywords: 

spinal canal stenosis, lumbar spine, neurogenic claudication, decompression, laminectomy, 

hemilaminectomy, ulbd(unilateral laminotomy for bilateral decompression),  

postoperative instability, microsurgery. 
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SURGICAL CORRECTION OF CRANIOSYNOSTOSIS IN INFANTS: A COMPARATIVE ANALYSIS  

OF THE EFFICACY OF OPEN AND ENDOSCOPIC TECHNIQUES 

 

Abstract 

Craniosynostosis is a congenital pathology characterized by the premature fusion of one or more 

cranial sutures, leading to progressive skull deformity, risk of intracranial hypertension, and impaired 

psychomotor development. Surgical correction is the only radical treatment method. The current central 

debate in pediatric neurosurgery is the choice between traditional open reconstructive operations 

(cranioplasty) and minimally invasive endoscopic techniques. 

Keywords: 

rͫaniosynostosis, pediatric neurosurgery, endoscopic strip craniectomy, cranioplasty, fronto-orbital 

reconstruction, scaphocephaly, plagiocephaly, cranial orthosis (helmet therapy) intracranial hypertension. 
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ͦͭͪ͟·ͭ·ͻ ͔͙͍ͪͦͤͫͭͪͯͭͤ͟͟·ͻ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ ό͙͙ͪ͊ͤͦͨ͊ͫͭ͊͟͟͡Σ ͺͪͦͤͭͦ-͙ͦͪ͋ͭ͊͡Έͤ͊Ύ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙ΎύΣ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͤ͊ ͔͔ͦ͒ͤͦͣͦͣͤͭͤͦ ͔͙͔ͯͫͭͪ͊ͤͤ ͔͒ͺͦͪͣ͊ͼ͙͙ ͙ ͍͔͙ͯ͡;͔͙͔ͤ ͦ͋Ά͔ͣ͊ ;͔͔͚ͪͨͤͦ ͙ͦͪͦ͋͟͟ 

ώрϐΦ ͙̏ͭ ͔ͦͨͪ͊ͼ͙͙Σ ͔͍͋ͯͫͦͤͦ͘͡Σ Ήͺͺ͔͙͍ͭͤ͟·Σ ͤͦ ͫͦͨͪΎ͔͗ͤ· ͫͦ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ͍͙ͭͪ͊ͣ͊ͭ;ͤͦͫͭΈΌΣ ͙ͪͫͦͣ͟ 

͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙͚ͦͤͤͦ ͍͔͙ͪͦͦͨͦͭͪ͟Σ ͙͔͒ͭ͡͡Έͤ·ͣ ͔ͨͪ͋·͍͙͔͊ͤͣ ͍ ͫͭ͊ͼ͙͔ͦͤ͊ͪ ͙ ͔͊ͣͭͤ͘·ͣ 

͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤ·ͣ ͪͯ͋ͼͦͣΦ 
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ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͍͒͊ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͨͦͯ͡;͙͊͡ ͍͙͙͔ͪ͊ͭ͘ ͦͤ͟ͼ͔ͨͼ͙Ύ ͙͍͙͍͚ͣ͊ͦͤ͊ͤͦ͘͡ ͻ͙͎͙͙ͪͯͪ 

͙͙͍ͪ͊ͤͦͫͤͦͫͭͦͦ͘͟Σ ͍͚ͦͫͤͦͦ ͚ͦͭͦͪͦ͟ Ύ͍͡Ύ͔ͭͫΎ Ή͙ͤ͒ͦͫͦͨ͟;͔ͫ͊͟Ύ ͔͔ͪ͘͟ͼ͙Ύ ͙͙͍͎ͫͤͦͫͭͦͪͦ͊ͤͤͦͦ͘ ΄͍͊ 

ό͔ͫͭͪͨͭΉ͙ͭͦͣ͟Ύύ ͍ ͔ͪ͊ͤͤͣ ͍͔ͦͪ͊ͫͭ͘ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ ͔ͦͪͪ͟͟ͼ͙͔͚ ͺͦͪͣ· ͪ͊ͫͭͯ΅͔͎ͦ ;͔͔ͪͨ͊ ͫ ͨͦͣͦ΅ΈΌ 

͙͙͍͙ͤ͒͒ͯ͊͡Έ͎ͤͦͦ ͙ͪ͊ͤ͊͟͡Έ͎ͤͦͦ ͔ͦͪͭ͊͘ ό΄͔ͣ͡-͔͙͙ͭͪ͊ͨύ ώсϐΦ ˨͊ͤͤ͊Ύ ͔͙ͣͭͦ͒͊͟ ͍ͨͦͦ͘͡Ύ͔ͭ 

͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ ͻ͙͎͙ͪͯͪ;͔ͫͯ͟Ό ͍ͭͪ͊ͣͯΣ ͦ͒ͤ͊ͦ͟ ͔ͨͪ͒ΆΎ͍͡Ύ͔ͭ ͍·͙͔ͫͦ͟ ͔͍͙ͭͪ͋ͦ͊ͤΎ ͟ ͍ͦͪ͊ͫͭͤ͘·ͣ 

͙ͨͦ͊͊ͤ͘͟Ύͣ ͙ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭͯ ͫ ͔ͫͣΈ͔͚ ͨ͊ͼ͙͔ͤͭ͊ ͍ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤͦͣ ͔͙͔ͨͪͦ͒ ώтϐΦ 

ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͼ͔͡ΈΌ ͤ͊ͫͭͦΎ΅͔͎ͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ Ύ͍͙ͦͫ͡Έ ͍͔͔͙͔ͨͪͦ͒ͤ ͍͙͔ͫͪ͊ͤͭ͡Έ͎ͤͦͦ ͙͊ͤ͊͊͘͡ 

Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟Σ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Σ ͔͙ͦͫͣͭ͟;͔͙ͫ͟ͻ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͍͒ͯͻ ͍ͦͫͤͦͤ·ͻ 

ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͔͎͙͚ͫͭͪ͊ͭ τ Ή͙ͤ͒ͦͫͦͨ͟;͔͚ͫͦ͟ ͔ͫͭͪͨͭΉ͙͙ͭͦͣ͟ ͙ ͦͭͪ͟·͚ͭͦ ͙͙͙ͪ͊ͤͦͨ͊ͫͭ͟͟͡ τ ͙ͨͪ 

͔ͦͪͪ͟͟ͼ͙͙ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·ͻ ͺͦͪͣ ͔͔͙ͤͣͭͦͨ;͔͙ͫ͟ͻ ͙͙͍ͪ͊ͤͦͫͤͦͫͭͦͦ͘͟ ͯ ͔͔͚͒ͭ ͔͍͎ͨͪͦͦ ͎ͦ͒͊ ͙͙͗ͤ͘Φ 

˴͙͔͙͙ͪͭͪ ͍͟͡Ό;͔͙ͤΎΥ 

ϊ ˨͔͙ͭ ͍ ͍͔ͦͪ͊ͫͭ͘ ͒ͦ мн ͔ͣͫΎͼ͔͍ ͤ͊ ͔ͣͦͣͤͭ ͔ͦͨͪ͊ͼ͙͙Φ 

ϊ ˮ͙͍ͦͪͦ͊ͤͤ͘͡·͚ ͔͔͙ͤͣͭͦͨ;͔͙͚ͫ͟ ͙͙ͪ͊ͤͦͫͤͦͫͭͦ͘͟ ό͎͙ͫ͊ͭͭ͊͡Έͤ·͚Σ ͙͚ͦ͒ͤͦͫͭͦͪͦͤͤ ͙͙͡ 

͍͙͚͒ͯͫͭͦͪͦͤͤ ͦͪͦͤ͊ͪͤ͟·͚Σ ͡Ύ͍͙ͣ͋͒ͦ͒ͤ·͚ύΣ ͍͔͔ͨͦ͒ͭͪ͗͒ͤͤ·͚ ͙͙ͤ͟͡;͔͙ͫ͟ ͙ ͒͊ͤͤ·͙ͣ о5-

ͦͣͨ͟ΈΌ͔͚ͭͪͤͦ ͎ͭͦͣͦͪ͊ͺ͙͙ ό˴́ύ ;͔͔ͪͨ͊Φ 

ϊ ˻͍͙͔ͭͫͯͭͫͭ ͙ͫͤ͒ͪͦͣ͊͡Έ͚ͤͦ ͎͙͙ͨ͊ͭͦͦ͡ ͙ ͭΎ͔͗͡·ͻ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ̇˹˿Φ 

͙͎͙̆ͪͯͪ;͔͙͔ͫ͟ ͔͙͙ͣͭͦ͒͟Υ 

мΦ ˥ͪͯͨͨ͊ мΥ ͙̏ͤ͒ͦͫͦͨ͟;͔ͫ͊͟Ύ ͔ͫͭͪͨͭΉ͙ͭͦͣ͟Ύ όƴҐпнύΦ ˻͔ͨͪ͊ͼ͙Ύ ͍·ͨͦͤ͡Ύ͊ͫ͡Έ ͔͒ͭΎͣ ͍ ͍͔ͦͪ͊ͫͭ͘ ͒ͦ 

с ͔ͣͫΦ ό͔͙͚ͫͪ͒ͤ ͍ͦͪ͊ͫͭ͘ оΣуҕмΣн ͔ͣͫΦύΦ ͔͔̉ͪ͘ ͙͙ͣͤͣ͊͡Έͤ·͚ ͦ͗ͤ͟·͚ ͔ͪ͊ͪ͘͘ όнςо ͫͣύ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ 

Ήͤ͒ͦͫͦͨ͊͟ олϲ ͙͍͙ͨͪͦͦ͒͊ͫ͘͡Έ ͔͙ͫͯ͋ͨͪͦͫͭ͊͡Έͤ͊Ύ ͙͔͒ͫͫ͟ͼ͙Ύ ͙ ͔ͨͦͤͦ͡ ͙͔ͫͫ;͔͙͔ͤ ͙͙͍͎ͫͤͦͫͭͦͪͦ͊ͤͤͦͦ͘ 

΄͍͊ ͤ͊ ͍͔ͫͣ ͔͎ͦ ͨͪͦͭΎ͔͙͙͗ͤ ͫ ͊͘ͻ͍͊ͭͦͣ м ͫͣ ͙͔ͨͪ͗͊͡΅͔͚ ͤͦͪͣ͊͡Έ͚ͤͦ ͙ͦͫͭ͟ ͨͦ ͪ͊͟ΎͣΦ ˽͔ͦͫ͡ ͔ͦͨͪ͊ͼ͙͙ 

ό;͔͔ͪ͘ тςмл ͔͚͒ͤύ ͤ͊;͙ͤ͊͊ͫ͡Έ ͔͔͙ͦͪͭͦͭͪ͊ͨ͘Ύ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͣ ͙ͪ͊ͤ͊͟͡Έͤ·ͣ ΄͔ͣͦͣ͡ ͫ ͔ͦͪͪ͟͟ͼ͙͔͚ 

͊͗͒͟·͔ пςс ͔͔ͤ͒͡Έ ͍ ͔ͭ;͔͙͔ͤ сςмн ͔ͣͫΎͼ͔͍Φ 

нΦ ˥ͪͯͨͨ͊ нΥ ˻ͭͪ͟·ͭ͊Ύ ͔͙͍ͪͦͤͫͭͪͯͭͤ͊͟͟Ύ ͙͙ͪ͊ͤͦͨ͊ͫͭ͊͟͟͡ όƴҐосύΦ ˤ·ͨͦͤ͡Ύ͊ͫ͡Έ ͔͒ͭΎͣ ͫͭ͊ͪ΄͔ с 

͔ͣͫΦ ό͔͙͚ͫͪ͒ͤ ͍ͦͪ͊ͫͭ͘ уΣрҕнΣп ͔ͣͫΦύ ͙͙͡ ͙ͨͪ ͙ͤ͊͡;͙͙ ͍·͔͚ͪ͊͗ͤͤͦ ͔͒ͺͦͪͣ͊ͼ͙͙Φ ˽͙ͪ ͎͙ͫ͊ͭͭ͊ͪͤͦͣ 

͙͔ͫͤͦͫͭͦ͘ τ ͔ͭͻ͙ͤ͊͟ tƛ-͙͙ͨ͊ͫͭ͟͡ ͙͙͡ ͎͙ͫ͊ͭͭ͊͡Έ͚ͤͦ ͙͙͙ͪ͊ͤͦͨ͊ͫͭ͟͟͡Τ ͙ͨͪ ͦͪͦͤ͊ͪͤͦͣ͟ τ ͺͪͦͤͭͦ-

͙ͦͪ͋ͭ͊͡Έͤ͊Ύ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙Ύ ͫ ͍·͍͙͔͙͔͒͗ͤͣ ͍͔ͤͭͪ͊͡Έ͎ͤͦͦ ͪ͊͟Ύ ͙ͦͪ͋ͭ·Φ ˮͫͨͦ͡Έ͍͙ͦ͊ͫ͘͡Έ 

͔͙͔ͪͦͪ͋ͪͯͣ͘·͔ ͺ͙ͫ͊͟ͼ͙ͦͤͤ·͔ ͙͔ͫͫͭͣ·Φ ˻͔͔͙ͪͭͦͭͪ͊ͨ͘Ύ ͍ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤͦͣ ͔͙͔ͨͪͦ͒ ͔ͤ 

͙͔ͨͪͣͤΎ͊ͫ͡ΈΦ 

˻ͼ͔ͤ͊͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΥ 

ϊ ˢ͔͙ͤͭͪͦͨͦͣͭͪ;͔ͫ͊͟Ύκ͔͎͔͎͙ͪͤͭͤͦͦ͡;͔ͫ͊͟ΎΥ ˮ͔͔͙͔ͣͪͤ͘ ;͔͔͎ͪͨͤͦͦ ͙͔ͤ͒͟ͼ͊ ό̉ˮΣ ͦͭͤͦ΄͔͙͔ͤ 

΄͙͙ͪͤ· ͟ ͙͔͒ͤ͡ ;͔͔ͪͨ͊Σ ҈ύΣ ͙͊ͤ͊͘͡ ͺͦͪͣ· ͨͦ о5-˴́ ͫ ͔͙͔ͨͦͫͭͪͦͤͣ о5-͔͔͚ͣͦ͒͡ ͍ ͙͙͔͒ͤ͊ͣ͟ ό͒ͦ 

͔ͦͨͪ͊ͼ͙͙Σ ;͔͔ͪ͘ с ͙ му ͔ͣͫΦύΦ 

ϊ ̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊ΎΥ ˿͙͙͎ͪͤͤ͟ ͤ͊ ͙͙ͨͪͤ͊͘͟ ˤ̉˥ ό͒͊ͤͤ·͔ ͦͫͣͦͭͪ͊ ͦͺͭ͊͡Έ͎ͣͦͦ͊͡Σ ͍͟͡Ό;͊Ύ 

ͫͦͫͭͦΎ͙͔ͤ ͎͎͊ͤͦͦ͘͡ ͒ͤ͊ύΣ ͦͼ͔ͤ͊͟ ͙ͨͫͻ͎ͦͣͦͭͦͪͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ͨͦ ΄͔͊͟͡ .ŀȅƭŜȅ {ŎŀƭŜǎ ƻŦ LƴŦŀƴǘ ŀƴŘ ¢ƻŘŘƭŜǊ 

Development, Third Edition (BSID-LLLύ ͍ ͍͔ͦͪ͊ͫͭ͘ нп ͔ͣͫΦ 

ϊ ˴͙͙ͤ͡;͔ͫ͊͟ΎΥ ˨͙͔ͭ͡͡ΈͤͦͫͭΈ ͔ͦͨͪ͊ͼ͙͙Σ ͦ͋Ά͔ͣ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙͚ͦͤͤͦ ͍͔͙ͪͦͦͨͦͭͪ͟ όͣ͡κ͎͟ ͣ͊ͫͫ· 

͔ͭ͊͡ύΣ ͙͔͒ͭ͡͡ΈͤͦͫͭΈ ͔ͨͪ͋·͍͙͊ͤΎ ͍ ˻˾ˮ́ ͙ ͫͭ͊ͼ͙͔ͦͤ͊ͪΣ ;͊ͫͭͦͭ͊ ͙ͤͭͪ͊- ͙ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤ·ͻ 

͔͙͚ͦͫͦ͗ͤͤ͡Σ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍ ͔͔ͪͦͨͪ͊ͼ͙͙Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·: 

1. Governale L.S. Craniosynostosis // Pediatric Neurology. 2015. Vol. 53. P. 394ς401. 

нΦ ˿͔͎͔͔͍ͪ ˴Φ˿ΦΣ ˽ͦ͡Ύ͙͚ͤͫ͟ ˨ΦˢΦ ˤ͙ͤͯͭͪ;͔͔ͪͨͤ͊Ύ ͎͙͔͔͙ͨͪͭͤ͘Ύ ͙ͨͪ ͙͙ͪ͊ͤͦͫͤͦͫͭͦ͊͘͟ͻΥ ͎͔͔ͨ͊ͭͦͤ͘Σ 

͙͎͙͒͊ͤͦͫͭ͊͟Σ ͙ͭ͊ͭ͊͟͟ ͍͔͔͙͒ͤΎ κκ ˤͦͨͪͦͫ· ͔͚ͤͪͦͻ͙͎͙͙ͪͯͪ ͙ͣΦ ˹. .˹ x ͔ͯͪ͒ͤͦ͟. 2020. ́Φ упΦ Ѕ сΦ .˿ 78ς86. 

3. Johnson D., Wilkie A.O.M. Craniosynostosis // European Journal of Human Genetics. 2011. Vol. 19. P. 369ς

376. 
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4. Wilkie A.O.M. et al. Prevalence and complications of single-gene and chromosomal disorders in 

craniosynostosis // Pediatrics. 2010. Vol. 126. P. e391ςe400. 

5. Fearon J.A. et al. The timing of physiologic closure of the metopic suture: a review of 159 patients using 

reconstructed 3D CT scans // The Journal of Craniofacial Surgery. 2011. Vol. 22. P. 191ς196. 

6. Jimenez D.F., Barone C.M. Endoscopic craniectomy for early surgical correction of sagittal craniosynostosis 

// Journal of Neurosurgery. 1998. Vol. 88. P. 77ς81. 

тΦ ˮ͙͍ͨͨͦͭͦ͡ ˶Φ̑ΦΣ ˴͙ͣ ˢΦˤΦ ˾͊ͤͤΎΎ Ή͙ͤ͒ͦͫͦͨ͟;͔ͫ͊͟Ύ ͔ͦͪͪ͟͟ͼ͙Ύ ͙͙͍ͪ͊ͤͦͫͤͦͫͭͦͦ͘͟Υ мл-͔͙͚ͭͤ͡ ͦͨ·ͭ κκ 

˨͔ͭͫ͊͟Ύ ͻ͙͎͙ͪͯͪΎΦ нлмфΦ ́Φ ноΦ Ѕ оΦ ˿Φ мопς139. 

ϭ ˢ͡;͔͍ͦ͟ ˢΦ˥ΦΣ нлнр 

 

 

 

 

̂˨˴ мрфΦфмΥсмнΦунм 

ˢ͡;͔͍ͦ͟ ˢΦ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͍͎͙͙ͤͪͦͦ͡ ͙ ͔͚ͤͪͦͻ͙͎͙͙ͪͯͪΣ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟  

͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 

 

˸˩́˻˨̍ ˮ˿˿˶˩˨˻ˤˢ˹ˮ̒ ˤ̍˿̊˩˯ ˹˩˾ˤ˹˻˯ ˨˩̒́˩˶̎˹˻˿́ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͤ͊ͯ;͚ͤͦ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͔ͦͣͨͫͤ͟͟͡·͚ ͦ͋ͦͪ͘ ͔͍ͣͭͦ͒ͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ;͔͍͔ͦ͊͟͡ ͙ ͙͍͗ͦͭͤ·ͻΦ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙͊ͫͫ͟͡;͔͙͔ͫ͟ ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͨͦ͒ͻͦ͒·Σ 

ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·͔ ˮΦ˽Φ ˽͍͍͊ͦ͡·ͣΣ ͊ ͔ͭ͊͗͟ ͍͔͔ͫͦͪͣͤͤ·͔ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔Σ ͔͚͍͙͙ͤͪͦͯ͊͊͘͘͡ͼ͙ͦͤͤ·͔Σ 

͔͚͙ͤͪͦͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙ ͔ͣͦͯ͟͡͡Ύͪͤͦ-͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͔ͣͭͦ͒·Φ ˢ͙͙͔ͤ͊ͪͯͭͫ͘͡Ύ ͤ͊͘;͔͙͔ͤ ͎͊͗͒ͦͦ͟ 

͔ͣͭͦ͒͊ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍͔͙ͦ͋ͯ͗͒ͤ͘Ύ ͙ ͔͙ͭͦͪͣͦ͗ͤΎΣ ͨ͊ͣΎ͙ͭΣ ͣ·΄͔͙ͤ͡ΎΣ Ήͣͦͼ͙͚ ͙ 

͍͔͔͙ͨͦ͒ͤΎΦ ˽ͦ͒;͖͙͍͔ͪ͊ͭͫ͟Ύ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊ ͍ 

͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 

 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͍·ͫ΄͊Ύ ͔͍ͤͪͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΣ ͦͪ͊͟ ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘Σ ͍ͯͫͦͤ͡·͔ ͔ͪͺ͔ͫ͟͡·Σ  

Ή͔ͭͪͦ͟͡ͺ͙͙͎͙ͦͦ͘͡ΎΣ ͔͚͍͙͙ͤͪͦͯ͊͊͘͘͡ͼ͙ΎΣ ͔͚͙ͤͪͦͨͫͻ͎͙ͦͦ͡Ύ 

 

ˤ͍͔͔͙͔͒ͤ 

ˤ·ͫ΄͊Ύ ͔͍ͤͪͤ͊Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ όˤ˹˨ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͙͔͔ͤ͊͋ͦ͡ ͫͦ͗ͤ͡·͚ ͍͔ͯͪͦͤΈ 

ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· ͙ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͊͒͊ͨͭ͊ͼ͙Ό ͎͙ͦͪ͊ͤͣ͊͘ ͟ 

͙͔ͣͤ͘ΎΌ΅͙ͣͫΎ ͍͙ͯͫͦ͡Ύͣ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ ˴ ͨͪͦΎ͍͔͙ͤ͡Ύͣ ˤ˹˨ ͦͭͤͦͫΎͭͫΎ ͙͔ͫͦͤ͊ͤ͘Σ ͣ·΄͔͙͔ͤ͡Σ 

ͨ͊ͣΎͭΈΣ ͔ͪ;ΈΣ Ήͣͦͼ͙͙ ͙ ͼ͔͔͍͔͔ͤ͊ͨͪ͊ͤͤͦ͡͡ ͍͔͔͙͔ͨͦ͒ͤΦ 

ˮͯ͘;͔͙͔ͤ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙͔͔ͣͭ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ 

͔͚ͤͪͦͺ͙͙͎͙͙ͦͦ͘͡Σ ͔͙ͣ͒ͼ͙ͤ·Σ ͙ͨͫͻ͎͙͙ͦͦ͡ ͙ ͔͎͎͙͙ͨ͒͊ͦ͟Φ ˾͊ͪ͊͋ͦͭ͊͘͟ ͙ ͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͔͍ͣͭͦ͒ͦ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ˤ˹˨ ͍͙͙ͨͦͦ͘͡͡ ͍͙ͯͫͭ͊ͤͦͭΈ ͔͙͊ͦͤͦͣͪͤͦͫͭ͘͟ ͪ͊͋ͦͭ· ͦͪ͟· ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪ 

͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ ͙ ͪ͊ͫͪ͟·ͭΈ ͔ͣͻ͙͊ͤͣ͘· ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍ͯͫͦͤ͡·ͻ ͔ͪͺ͔͍ͫͦ͟͡Φ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͚͒͊ͤͤͦ ͔ͭͣ· ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͪͦͫͭͦͣ ͖͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭ ͔͍ͤͪͤͦ-͙ͨͫͻ͙;͔͙ͫ͟ͻ 

͚͍ͪ͊ͫͫͭͪͦͫͭ ͙ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈΌ ͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟ ͤ͊ͪͯ΄͔͙͚ͤ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 

ˮ͙ͫͭͦͪ;͔͙͔ͫ͟ ͔͊ͫͨͭ͟· ͙ͯ͘;͔͙ͤΎ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 

˻͍͙ͫͤͦͦͨͦͦ͗ͤͦͣ͟͡ ͯ;͔͙ͤΎ ͦ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ Ύ͍͡Ύ͔ͭͫΎ ˮΦ˽Φ ˽͍͍͊ͦ͡Φ ˮͣ ͋·͡ 
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ͪ͊ͪ͊͋ͦͭ͊ͤ͘ ͔ͣͭͦ͒ ͍ͯͫͦͤ͡·ͻ ͔ͪͺ͔͍ͫͦ͟͡Σ ͦͭͦͪ͟·͚ ͫͭ͊͡ ͍͚ͦͫͤͦͦ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έ͎ͤͦͦ ͙ͯ͘;͔͙ͤΎ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͦͪ͟· ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘Φ ˽͍͍͊ͦ͡ ͒ͦ͊͊͘͟͡Σ ;ͭͦ ͍͔͔͙͔ͨͦ͒ͤ ͎͙ͦͪ͊ͤͣ͊͘ ͺ͙͔ͦͪͣͪͯͭͫΎ ͤ͊ 

͍͔ͦͫͤͦ ͍͔͔ͪͣͤͤ·ͻ ͔͍ͤͪͤ·ͻ ͍ͫΎ͔͚͘Φ 

ˣͦ͡Έ΄͚ͦ ͍͊͒͟͡ ͍ ͍͙͙͔ͪ͊ͭ͘ ͯ;͔͙ͤΎ ͦ ˤ˹˨ ͍͔͙ͤͫ͡ ˮΦ˸Φ ˿͔;͔͍ͤͦΣ ˢΦˢΦ ̂ͻ͙͚ͭͦͣͫ͟ ͙ ˢΦ˾Φ ˶͙ͯͪΎΦ ˮͻ 

ͭͪͯ͒· ͙͙͊ͦ͗͘͡͡ ͍ͦͫͤͦ· ͔ͪͺ͔͚ͭͦͪͤͦ͟͡ ͔͙͙ͭͦͪΣ ͯ;͔͙ͤΎ ͦ ͙͔͒ͦͣͤ͊ͤͭ ͙ ͔͚͙ͤͪͦͨͫͻ͎͙͙ͦͦ͡Φ ˮ͙ͫͭͦͪ;͔͙͚ͫ͟ 

ͨͦ͒ͻͦ͒ ͍͙ͨͦͦ͘͡͡ ͫͺ͙͍ͦͪͣͪͦ͊ͭΈ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͺͯͤ͟ͼ͙Ύͻ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͔͍͚ͤͪͤͦ 

͙͔ͫͫͭͣ·Φ 

˻͍ͫͤͦͤ·͔ ͙ͨͪͤͼ͙ͨ· ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ 

ˤ ͍͔ͦͫͤͦ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͔͗͊ͭ͡ ͨͪͦͼ͔ͫͫ· ͍͔͙ͦ͋ͯ͗͒ͤ͘Ύ ͙ ͔͙ͭͦͪͣͦ͗ͤΎΣ ͦͭͦͪ͟·͔ 

͔ͨͪͦͭ͊͟Όͭ ͍ ͔ͦͪ͟ ͋ͦ͡Έ΄͙ͻ ͨͦͯ͡΄͙͚͊ͪΦ ˮͻ ͙ͫ͊͡Σ ͍͙ͨͦ͒͗ͤͦͫͭΈ ͙ ͍͍͔ͯͪ͊ͤͦ΄͔ͤͤͦͫͭΈ ͔͔ͦͨͪ͒͡ΎΌͭ 

͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ·Φ 

ˤ͊͗ͤ·͙ͣ ͙ͨͪͤͼ͙͙ͨ͊ͣ ˤ˹˨ Ύ͍͡ΎΌͭͫΎ ͙͔ͫͫͭͣͤͦͫͭΈΣ ͙ͨ͊ͫͭ͡;ͤͦͫͭΈ ͙ ͙͙͒ͤ͊ͣ;ͤͦͫͭΈΦ ˹͔͍ͪͤ͊Ύ 

͙͔ͫͫͭͣ͊ ͫͨͦͫͦ͋ͤ͊ ͙͔ͣͤ͘ΎͭΈ ͍ͫͦΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͍͙͚ͯͫͦ͡ ͍͔ͤ΄͔͚ͤ ͔ͫͪ͒·Σ ;ͭͦ 

͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͦ͋ͯ;͔͙͔ͤ ͙ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍ͤͦ·ͻ ͺͦͪͣ ͍͔͔͙ͨͦ͒ͤΎΦ 

͔͙͔̏ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͔ͣͭͦ͒· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

͔͙͔̏ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͔ͣͭͦ͒· Ύ͍͡ΎΌͭͫΎ ͍͋͊ͦ͘·͙ͣ ͍ ͙ͯ͘;͔͙͙ͤ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ 

˻͍ͫͤͦͤ·ͣ ͙͘ ͙ͤͻ Ύ͍͡Ύ͔ͭͫΎ ͔ͣͭͦ͒ ͍ͯͫͦͤ͡·ͻ ͔ͪͺ͔͍ͫͦ͟͡Σ ͍ͨͦͦ͘͡ΎΌ΅͙͚ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͨͪͦͼ͔ͫͫ· ͦ͋ͯ;͔͙ͤΎΣ 

ͨ͊ͣΎ͙ͭ ͙ ͊͒͊ͨͭ͊ͼ͙͙Φ 

͔͙͔̏ͫͨͪͣͤͭ͟· ͍ͨͪͦͦ͒ΎͭͫΎ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͙ͪ͊͘͡;ͤ·ͻ ͙͔͔͚ͪ͊͒ͪ͊͗ͭ͘͡ ό͙͔ͪͭ͘͡Έͤ·ͻΣ ͫͯ͡ͻ͍ͦ·ͻΣ 

͙ͭ͊ͭ͟͡Έͤ·ͻύΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͦͼ͔͙ͤͭΈ ͫͦͪͦͫͭ͟Έ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͍͔͔ͪͣͤͤ·ͻ ͍ͫΎ͔͚͘ ͙ ͚ͯͫͭͦ;͙͍ͦͫͭΈ 

͍ͯͫͦͤ͡·ͻ ͔ͪͺ͔͍ͫͦ͟͡Φ ˨͊ͤͤ·͚ ͔ͣͭͦ͒ ΄͙ͪͦͦ͟ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͍ ͺ͙͙͎͙͙ͦͦ͘͡Σ ͙ͨͫͻ͎͙͙ͦͦ͡ ͙ ͔͎͎͙͔ͨ͒͊ͦ͟Φ 

˸͔ͭͦ͒ ͤ͊͋͡Ό͔͙͒ͤΎ ͙ ͍͔͔ͨͦ͒ͤ;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡ 

˸͔ͭͦ͒ ͤ͊͋͡Ό͔͙͒ͤΎ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͔͔͍͔ͫͭͫͭͤͤ·ͻ ͺͦͪͣ ͍͔͔͙ͨͦ͒ͤΎ ;͔͍͔ͦ͊͟͡ ͙ 

͙͍͗ͦͭͤ·ͻΦ ˻ͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͦͼ͔͙ͤͭΈ ͔ͪ͊͟ͼ͙Ό ͎͙ͦͪ͊ͤͣ͊͘ ͤ͊ ͙ͪ͊͘͡;ͤ·͔ ͍͔ͤ΄͙͔ͤ ͙ ͍͔͙͔ͤͯͭͪͤͤ ͙ͫͭͣͯ͡· 

͔͋͘ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡ΎΦ 

˽͍͔͔ͦ͒ͤ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ΄͙ͪͦͦ͟ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Σ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͙ͯ͘;͔͙͙ͤ 

͔͔͚͒ͭΣ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͔͍͎͙ͤͪͦͦ͡;͔͙͙ͫͣ͟ ͙ ͙ͨͫͻ͙;͔͙͙ͫͣ͟ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣΦ ˻ͤ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ 

͔͙ͦͫͦ͋ͤͤͦͫͭ Ήͣͦͼ͙ͦͤ͊͡Έ͚ͤͦ ͫͺ͔ͪ·Σ ͙͍ͣͦͭ͊ͼ͙͙ ͙ ͙͍͊͒͊ͨͭͤ·ͻ ͔ͪ͊͟ͼ͙͚Φ 

͔̏ͭͪͦ͟͡ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔ͣͭͦ͒· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

͔̏ͭͪͦ͟͡ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔ͣͭͦ͒· ͙͊ͤͣ͊͘Όͭ ͍͔͊͗ͤͦ ͔ͣͫͭͦ ͍ ͙ͯ͘;͔͙͙ͤ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ 

͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ Ή͔ͭͪͦ͟͡Ήͤͼ͔ͺ͎͊ͦͪ͊͡ͺ͙Ύ ό̏̏˥ύΣ ͍·͍͊ͤͤ͘·͔ ͔ͨͦͭͤͼ͙͊͡· ͙ 

Ή͔͙͎ͭͪͦͣͦͪ͊͟͡ͺ͙ΎΦ 

̏̏˥ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͎͙͙͍ͪͫͭͪͪͦ͊ͭΈ ͙͋ͦΉ͔͙ͭͪ͟͡;͔ͫͯ͟Ό ͙͍͊ͭͤͦͫͭ͟Έ ͎ͣͦ͊͘ ͙ ͦͼ͔͙͍ͤ͊ͭΈ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͫͦͫͭͦΎ͙͔ͤ ͙ͪ͊͘͡;ͤ·ͻ ͔͎ͦ ͔͍ͦͭ͒ͦ͡Φ ˿ ͨͦͣͦ΅ΈΌ ͎͒͊ͤͤͦͦ ͔ͣͭͦ͒͊ ͙ͯ͘;͊ΌͭͫΎ ͨͪͦͼ͔ͫͫ· 

ͫͤ͊ ͙ ͍͍͙͋ͦ͒ͪͫͭͦ͊ͤΎΣ ͍͙͙ͤͣ͊ͤΎΣ ͨ͊ͣΎ͙ͭ ͙ Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͻ ͔ͪ͊͟ͼ͙͚Φ 

˹͔͚͍͙͙ͪͦͯ͊͊͘͘͡ͼ͙ͦͤͤ·͔ ͔ͣͭͦ͒· 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͔͚͍͙͙ͤͪͦͯ͊͊͘͘͡ͼ͙͙Σ ͙͔ͭ͊͟ ͊͟͟ ͎͙ͣ͊ͤͭͤͦ-͔ͪͦͤ͊ͤͫͤ͊͘Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ό˸˾́ύΣ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ˸˾́ ͙ ͙ͨͦͭͪͦͤͤͦ͘-Ή͙͙ͣͫͫͦͤͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ό˽̏́ύΣ ͤ͊͘;͙͔ͭ͡Έͤͦ ͪ͊ͫ΄͙͙͙ͪ͡ 

͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ˤ˹˨Φ 

̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤ͊Ύ ˸˾́ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͡ΎͭΈ ͦͤ͘· ͎ͣͦ͊͘Σ ͙͍͙͊ͭͪͯ͟Ό΅͙͔ͫΎ ͙ͨͪ ͍·͔͙͙ͨͦͤͤ͡ 

͎͙͙͍ͦͤͭͤ͟·ͻ ͊͒͊͘;Φ ͙̏ͭ ͔ͣͭͦ͒· ΄͙ͪͦͦ͟ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͤ͊ͯ;ͤ·ͻ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͻ ͙ ͙͙ͤ͟͡;͔͚ͫͦ͟ 

͙͎͙͔͒͊ͤͦͫͭ͟Φ 

˹͔͚͙ͪͦͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔ͣͭͦ͒· 

˹͔͚͙ͪͦͨͫͻ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔ͣͭͦ͒·Σ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·͔ ˢΦ˾Φ ˶͙͔͚ͯͪΣ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͙ͯ͘;͔͙͔ͤ 
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˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͎ͦ͋͊͡͡Έ͚ͤͦ ͔͚ͨͪͦ͋ͣͦ͡ ͙͙͙͔͙͔͙͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ 

͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ ͙́ͪ͊͒ͼ͙ͦͤͤ·͔ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ͔ͭͪΎΌͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΣ ;ͭͦ 

͙͙͔ͫͭͣͯͪͯͭ͡ ͙ͨͦͫ͟ ͍ͤͦ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͋ͦͪΈ͔͋ ͫ ͙ͤͺ͔͟ͼ͙Ύ͙ͣΦ ˹͊ͤͦ;͙͊ͫͭͼ· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ 

͔͔͙͍͔ͨͪͫͨͭͤͦ͟ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡Σ ͦ͋͊͒͊͡Ό΅͔͔ ͙ͯͤ͊͟͡Έͤ·͙ͣ ͺ͙͙ͦ͘͟-ͻ͙͙ͣ;͔͙͙ͫͣ͟ ͍͚͍͙ͫͦͫͭ͊ͣΣ 

͍ͨͦͦ͘͡ΎΌ΅͙͙ͣ ͔͔͍ͨͪͦ͒ͦ͊ͭ͡Έ ͊͘΅͙ͭͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ 

ˢ͙͙ͤͭͣͪͦ͋ͤ͟·͔ ͔͙ͤ͊ͤͦͣ͊ͭͪ͊͡· ͎ͣͦͯͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ ͍ ͍͔ͫͦͫͭ͊ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΣ 

ͨͦͪ͟·͙͚ͭ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͙͔͙͚͒͘͡Σ ͊ ͔ͭ͊͗͟ ͍ ͊͟;͔͍͔ͫͭ ͔͍ͫͪ͒ͫͭ ͒͡Ύ ͔͙͒ͤ͘ͺ͔͟ͼ͙͙ ͙ ͔͙͙ͫͭͪ͊͘͡ͼ͙͙Φ 

ˮͯ͘;͔͙͔ͤ ͙ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͚͍͙͒ͫͭΎ ͍͊͗ͤͦ ͒͡Ύ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͙ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ 

͙͔ͨͪ͊ͭ͟͟Φ ˿ͯ΅͔͍ͫͭͯΌͭ ͔ͫ͒ͯ͡Ό΅͙͔ ͔͙ͣ͒ͼ͙͙ͤͫ͟ ͤ͊͘;͙ͣ·͔ ͙ͭͨ· ͙͙͊ͤͭͣͪͦ͋ͤ͟·ͻ ͤ͊ͤͦ;͙͊ͫͭͼΥ 

мΦ ˹͊ͤͦ;͙͊ͫͭͼ· ͔͔ͫͪ͋ͪ͊ όAgNPs) 

˹͊ͤͦ;͙͊ͫͭͼ· ͔͔ͫͪ͋ͪ͊ Ύ͍͡ΎΌͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ͙ͯ͘;͔ͤͤ·͙ͣ ͙ ΄͙ͪͦͦ͟ ͙͔ͨͪͣͤΎ͔ͣ·͙ͣ ͍ ͔͙ͣ͒ͼ͙͔ͤΦ 

˻͙ͤ Ήͺͺ͔͙͍ͭͤ͟· ͙͍ͨͪͦͭ ͎͙͔ͪ͊ͣͨͦͦ͗ͭ͡͡Έͤ·ͻ ͙ ͎͙ͪ͊ͣͦͭͪͼ͔͊ͭ͡Έͤ·ͻ ͔͙͚͋͊ͭͪ͟Σ ͎͙͍ͪ͋ͦ ͪͦ͒͊ Candida ͙ 

͔ͤͦͭͦͪ͟·ͻ ͍͙͍ͪͯͫͦΦ ˹͊ͤͦ;͙͊ͫͭͼ· ͔͔ͫͪ͋ͪ͊ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͔͙ͣ͒ͼ͙͔ͤ ͍ ͊͟;͔͍͔ͫͭ ͙͔͙͊ͤͭͫͨͭ;͔͙ͫ͟ͻ 

͍ͨͦΎͦ͘͟ ͙ ͎͙͎͔͔͚͒ͪͦ͡ ͒͡Ύ ͔͡;͔͙ͤΎ ͎͍ͦ͗ͦͦ ͙ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͪ͊ͤΣ ͒͡Ύ ͨͦͪ͟·͙ͭΎ ͔͍͊ͭͭͦͪͦ͟Σ Ή͔͍ͤ͒ͦͨͪͦͭͦ͘ 

͙ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͙͔͍ͤͫͭͪͯͣͤͭͦΦ 

нΦ ˹͊ͤͦ;͙͊ͫͭͼ· ͙ͦͫ͒͊͟ ͼ͙ͤ͊͟ όZnO) 

ZnO-ͤ͊ͤͦ;͙͊ͫͭͼ· ͨͪͦΎ͍͡ΎΌͭ ͍·͔ͪ͊͗ͤͤͯΌ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡ΈͤͯΌ ͙͍͊ͭͤͦͫͭ͟Έ ͙ ͙͔ͦͭͤͦͫͭ͡Έͤͦ 

͙ͤͯ͘͟Ό ͼ͙͙ͭͦͭͦͫ͟;ͤͦͫͭΈ ͙ͨͪ ͙͔ͦͤͭͪͦͪͯͣ͟͡·ͻ ͒ͦ͊͘ͻΦ ˽͙͔ͪͣͤΎΌͭͫΎ ͍ ͔͙ͣ͒ͼ͙͔ͤ ͍ ͊͟;͔͍͔ͫͭ 

͔͎͙͒ͪͣ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΣ ͙͍ͪ͊ͤͦ͊͗͘͡ΎΌ΅͙ͻ ͔͍ͫͪ͒ͫͭ ͙ ͒͡Ύ ͙͙͎͊ͤͭͣͪͦ͋ͤͦͦ͟ ͨͦͪ͟·͙ͭΎ 

͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͯ ͚͍ͫͭͪͦͫͭΦ 

оΦ ˹͊ͤͦ;͙͊ͫͭͼ· ͔͙ͣ͒ ͙ ͙ͦͫ͒͊͟ ͔͙ͣ͒ όCu, CuO) 

˸͔͒Έ ͔ͦ͋͊͒͊ͭ͡ ͣͦ΅ͤ·ͣ ͔͙͋͊ͭͪ͟ͼ͙͒ͤ·ͣ ͔͚͍͙͔͒ͫͭͣΣ ͔ͦͫͦ͋ͤͤͦ ͍ ͦͭͤͦ΄͔͙͙ͤ ͎͙ͦͫͨͭ͊͡Έͤ·ͻ 

͎͔͍ͨ͊ͭͦͤͦΦ ˻͙͋͊ͫͭ͡ ͙ͻ ͙͔͔͙ͨͪͣͤͤΎ ͍ ͔͙ͣ͒ͼ͙͔ͤ - Ήͭͦ ͙͙͊ͤͭͣͪͦ͋ͤ͟·͔ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͍ ͔͡;͔͋ͤ·ͻ 

ͯ;͔͔͙ͪ͗͒ͤΎͻΣ ͨͦͪ͟·͙ͭΎ ͙͙͔ͣͨ͊ͤͭͪͯͣ͡·ͻ ͚͍ͯͫͭͪͦͫͭΣ ͔ͨͦͭͤͼ͙͊͡Έͤ·͔ ͙͍͍͙ͨͪͦͭͦͪͯͫͤ·͔ ͔͙ͣ͊ͭͪ͊͡·Φ 
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пΦ ͎͔̂ͪͦ͒ͤ͡·͔ ͔͙ͤ͊ͤͦͣ͊ͭͪ͊͡· ό͎ͪ͊ͺ͔ͤΣ ͎͔ͯͪͦ͒ͤ͡·͔ ͙ͤ͊ͤͦͭͪͯ͋͟ύ 

͙̏ͭ ͔͙ͣ͊ͭͪ͊͡· ͨͪͦΎ͍͡ΎΌͭ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έͤ·͔ ͍͚͍ͫͦͫͭ͊ ͊͘ ͫ;͖ͭ ͔ͣͻ͙͊ͤ;͔͎ͫͦͦ͟ ͍͔͔͙ͨͦͪ͗͒ͤΎ 

͔ͣͣ͋ͪ͊ͤ ͙ ͙͎͙͙͍͙ͤ͋ͪͦ͊ͤΎ ͎͔͙͙͊͒͘ ͔͙͚͋͊ͭͪ͟Φ ˽͔͔͙͍ͪͫͨͭ͟· ͙ͻ ͙͔͔͙ͨͪͣͤͤΎ ς Ήͭͦ ͙͍͔͙͋ͦͫͦͣͫͭͣ·͔ 

ͨͦͪ͟·͙ͭΎ ͙͍ͣͨ͊ͤͭ͊ͭͦ͡Σ ͊ ͔ͭ͊͗͟  ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙ͻ ͍ ͊͟;͔͍͔ͫͭ  ͙͔͔͚ͤͦͫͭ͡ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͫͪ͒ͫͭΦ 

 ˴ ͊͗͒·͚ ͙ͭͨ ͤ͊ͤͦ;͙͊ͫͭͼ ͔ͦ͋͊͒͊ͭ͡ ͔ͫͨͼ͙ͺ͙;͔͙͙ͫͣ͟ ͔ͣͻ͙͙͊ͤͣ͊ͣ͘ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͙ ͔ͫͨͭͪͦͣ͟ 

͙͍͙͊ͭͤͦͫͭ͟ ͙͍ͨͪͦͭ ͙ͪ͊͘͡;ͤ·ͻ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ 

˻͍ͫͤͦͤ·͔ ͣ ͔ͻ͙͊ͤͣ͘· ͙͙͎͊ͤͭͣͪͦ͋ͤͦͦ͟ ͔͚͍͙͒ͫͭΎ ͤ͊ͤͦ;͙͊ͫͭͼΥ 

мΦ ˽͍͔͔͙͔ͦͪ͗͒ͤ ͔ͭͦ͟͡;ͤ·ͻ ͔ͣͣ͋ͪ͊ͤ τ ͤ͊ͤͦ;͙͊ͫͭͼ· ͍ͫΎ͘·͍͊ΌͭͫΎ ͫ ͙͙ͨ͒ͤ͡·͙ͣ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ 

͔ͣͣ͋ͪ͊ͤ·Σ ͍·͘·͍͊Ύ ͔͖ ͔ͨͪͺͦͪ͊ͼ͙Ό ͙ ͔ͨͦͭͪΌ ͼ͔͙ͦͫͭͤͦͫͭ͡Φ 

нΦ ˥͔͔ͤͪ͊ͼ͙Ύ ͔͙͍ͪ͊ͭͤ͟·ͻ ͙ͫͦͪͦ͒ͤ͟͡·ͻ ͍͙͍͒ͦ όROS) τ ͙ͦͫ͒ͤ͟·͔ ͤ͊ͤͦ;͙͊ͫͭͼ· ͙ͤ͒ͯͼ͙ͪͯΌͭ 

͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͍ͫͦ͋ͦ͒ͤ·ͻ ͙͍ͪ͊͒͊ͦ͟͡Σ ͦͭͦͪ͟·͔ ͍͔ͨͦͪ͗͒͊Όͭ ͔͙͋͟͡Σ ͙͙ͨ͒͡· ͙ ͔͙͍ͤͯͤͦ͟͡·͔ ͙ͫͦͭ͟͡·Φ 

оΦ ˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫ ˨˹˴ ͙ ͔͙͋͊ͣ͟͡ τ ͤ͊ͤͦ;͙͊ͫͭͼ· ͫͨͦͫͦ͋ͤ· ͍ͫΎ͘·͍͊ͭΈͫΎ ͫ ͔͙͍ͤͯͤͦ͟͡·͙ͣ 

͙͙ͫͦͭ͊ͣ͟͡Σ ͤ͊ͪͯ΄͊Ύ ͔͙ͪͨ͊͟͡ͼ͙Ό ͙ ͙ͭͪ͊ͤͫͪͨ͟ͼ͙ΌΣ ͊ ͔ͭ͊͗͟ ͙͎͙͙͍ͤ͋ͪͦ͊ͭΈ ͺ͔͔ͪͣͤͭ·Φ 

пΦ ˮͤ͒ͯ͟ͼ͙Ύ ͊ͨͦͨͭͦ͊͘ ͙ ͔ͭͦ͟͡;͎ͤͦͦ ͔ͫͭͪͫͫ͊ τ ͊ ͙͍͙͔ͭͪͯͭ͟ ͙͎ͫͤ͊͡Έͤ·͔ ͙ͨͯͭΣ ͙͍ͨͪͦ͒Ύ΅͙͔ ͟ ͎͙͔͙͋͡ 

͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ 

˿͍͔͔ͦͣͫͭͤͦ ͔͚͍͙͔͒ͫͭ Ή͙ͭͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍·ͫͦͯ͟Ό Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͍ͨͪͦͭ 

͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Σ ͍͟͡Ό;͊Ύ ΄ͭ͊ͣͣ·Σ ͚ͯͫͭͦ;͙͍·͔ ͟ ͙͙͙͊ͤͭ͋ͦͭ͊ͣ͟Φ ˹͊ͤͦ;͙͊ͫͭͼ· ͨͪͦΎ͍͡ΎΌͭ ͙͍͊ͭͤͦͫͭ͟Έ 

͙͍ͨͪͦͭ ͎͙͔ͪ͊ͣͨͦͦ͗ͭ͡͡Έͤ·ͻ ͙ ͎͙ͪ͊ͣͦͭͪͼ͔͊ͭ͡Έͤ·ͻ ͔͙͚͋͊ͭͪ͟Φ ˹͙͔͊ͨͪͣͪΣ AgNPs Ήͺͺ͔͙͍ͭͤ͟· ͙͍ͨͪͦͭ 

Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosaΦ ˸͔ͻ͙͊ͤͣ͘· ͍͟͡Ό;͊ΌͭΥ ͪ͊ͪͯ͘΄͔͙͔ͤ 

͔ͣͣ͋ͪ͊ͤΣ ͙͎͙͙͍͙͔ͤ͋ͪͦ͊ͤ ͺ͔͔͍ͪͣͤͭͦ ͙ ͍͔͙͔ͨͦ͒͊ͤ͡ ͔͙ͣͭ͊͋ͦͣ͊͘͡ ͔ͭͦ͟͟͡Φ 

˻͙ͫ͒ͤ͟·͔ ͤ͊ͤͦ;͙͊ͫͭͼ·Σ ͙͔ͭ͊͟ ͊͟͟ ZnO NPsΣ ͦ͋͊͒͊͡Όͭ ͺ͙͙ͦͭͦ͊ͭ͊ͭ͟͡;͔͚ͫͦ͟ ͙͍͊ͭͤͦͫͭ͟ΈΌ ͙ 

͎͔͔͙ͤͪͪͯΌͭ ROS ͨͦ͒ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͍͔ͫͭ͊Σ ;ͭͦ ͍ͨͦ·΄͔͊ͭ ͙ͻ ͔͙͋͊ͭͪ͟ͼ͙͒ͤ·͚ Ήͺͺ͔ͭ͟Φ ˹͊ͤͦ;͙͊ͫͭͼ· 

Ήͺͺ͔͙͍ͭͤ͟· ͙͍ͨͪͦͭ ͎͙͍ͪ͋ͦ͟·ͻ ͎͔͍ͨ͊ͭͦͤͦ όCandida spp., Aspergillus sppΦύ ͊͘ ͫ;͖ͭ ͪ͊ͪͯ͘΄͔͙ͤΎ ͔ͭͦ͟͡;͚ͤͦ 

͔͙ͫͭͤ͟ ͙ ͙͔͔͙ͣͤͤ͘Ύ ͙ͨͪͦͤͼ͔͙͊ͣͦͫͭ ͔ͣͣ͋ͪ͊ͤ·Φ ˹͔ͦͭͦͪ͟·͔ ͔͙ͣͭ͊͡͡;͔͙͔ͫ͟ ͤ͊ͤͦ;͙͊ͫͭͼ· όAgNPs, 

AuNPsύ ͙͎͙͙ͤ͋ͪͯΌͭ ͍͙ͪͯͫͤͯΌ ͔͙ͪͨ͊͟͡ͼ͙ΌΣ ͍ͫΎ͘·͍͊ΎͫΈ ͫ ͔͙͋͊ͣ͟͡ ͦ͋ͦͦ͡;͙͟ ͍͙ͪͯͫ͊ ͙͙͡ ͙͋ͦͪͯ͟͡Ύ 

͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫ ͔ͭͦ͟͡;ͤ·͙ͣ ͔ͪͼ͔͙ͨͭͦͪ͊ͣΣ ;ͭͦ ͔͔͒͊ͭ͡ ͙ͻ ͔͔͙͍ͨͪͫͨͭͤ͟·͙ͣ ͙͍͙͊ͤͭͪͯͫͤ·͙ͣ ͎͔͙͊ͤͭ͊ͣΦ 

˽͔͙ͪͣͯ΅͔͍͙ͫͭ͊ͣ ͙͔͔͙ͨͪͣͤͤΎ ͤ͊ͤͦ;͙͊ͫͭͼ Ύ͍͡Ύ͔ͭͫΎΥ ΄͙͙͚ͪͦ͟ ͔ͫͨͭͪ͟ ͔͚͍͙͒ͫͭΎΣ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 

͙͍ͨͪͦͭ ͔͙͔ͪͫͭͤͭͤ͘·ͻ ΄͍ͭ͊ͣͣͦΣ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͫͦ;͔͙ͭ͊ͤΎ ͫ ͙͙͙͙͊ͤͭ͋ͦͭ͊ͣ͟ ͒͡Ύ ͙͔͎͙ͫͤͪ;͔͎ͫͦͦ͟ Ήͺͺ͔ͭ͊͟Φ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͔͔͙͍ͨͪͫͨͭͤͦͫͭ͟ΈΣ ͤ͊ͤͦ;͙͊ͫͭͼ· ͎ͣͦͯͭ ͍·͘·͍͊ͭΈ ͼ͙͙ͭͦͭͦͫ͟;͔͙͔ͫ͟ Ήͺͺ͔ͭ͟·Σ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͔ͪ͊͟ͼ͙͙ ͙ ͔͙͔ͤ͊ͦͨͤ͟͡ ͍ ͭ͊ͤ͟ΎͻΦ ˽͔ͦͭͤͼ͙͊͡Έͤ·͔ ͙͙ͪͫ͟ ͍͟͡Ό;͊ΌͭΥ ͍͔͔͙͔ͨͦͪ͗͒ͤ 

͔ͭͦ͟͟͡ Ή͙͔͙ͨͭ͡Ύ ͙ Ή͔͙ͤ͒ͦͭ͡ΎΤ ͍͙͡Ύ͙͔ͤ ͤ͊ ͙͙ͣͪͦ͋ͦͭͯ͟Τ ͙͔ͫͫͭͣͤͯΌ ͙ͭͦͫ͟;ͤͦͫͭΈ ͙ͨͪ ͔͙͔ͤͦͤͭͪͦͪͯͣͦͣ͟͡ 

͙͔͔͙͙ͨͪͣͤͤΦ  ˤ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͻ ͔ͦͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ ͍͙͙͒ͦͦ͊ͫͣ͘͘·ͣ Ήͺͺ͔ͭ͊ͣ͟Σ 

͙ͣͦ͒ͺ͙͊͟ͼ͙͙ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͤ͊ͤͦ;͙͊ͫͭͼ ͙ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͙͍͔͙͋ͦͫͦͣͫͭͣ·ͻ ͨͦͪ͟·͙͚ͭΦ  
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PHYTOPREPARATIONS AS MODULATORS OF BACTERIAL ANTIBIOTIC RESISTANCE MECHANISMS  

 

Abstract 

Bacterial antibiotic resistance is one of the most serious global public.  

health threats of the 21st century. The rapid increase in antibiotic-resistant bacterial strains leads to 

reduced effectiveness of conventional antibacterial therapy, prolonged treatment duration, and increased 

mortality from infectious diseases. Therefore, the search for new strategies to overcome resistance, including 

the use of natural compounds, is highly relevant. Phytopreparationsτplant-derived medicinal productsτare 

of particular interest due to their multi-target mechanisms of action, ability to influence key resistance 

pathways, and potential to enhance antibiotic efficacy. This article provides a detailed analysis of the main 

mechanisms of antibiotic resistance, the modulatory effects of phytopreparations, plant bioactive 

compounds, experimental evidence, and prospects for clinical application of plant-based adjuvants in 

antimicrobial therapy. 

Keywords: 

 phytopreparations, antibiotic resistance, bacteria, efflux pumps, biofilms, 

 phytochemical compounds, synergy, antimicrobial therapy. 
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͔ͣͻ͙͍͊ͤͣͦ͘ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔͙͔ͣͤͤ͘ ͙ͣ΄͔͙ͤ ͔͚͍͙͒ͫͭΎ ͙͙͙͊ͤͭ͋ͦͭ͊͟Σ ͙ͨͪ ͦͭͦͪͦͣ͟ ͫͭͪͯͭͯͪ͊͟ ͔ͭͦ͟͡;ͤ·ͻ 

͔͍ͦͣͨͦͤͤͭͦ͟ ͔͙͚͋͊ͭͪ͟ ͙ͣͦ͒ͺ͙ͼ͙͔ͪͯͭͫΎ ͙ͭ͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ;ͭͦ ͙͙͙͊ͤͭ͋ͦͭ͟ ͔ͭͪΎ͔ͭ ͫͨͦͫͦ͋ͤͦͫͭΈ 

͍ͫΎ͘·͍͊ͭΈͫΎ ͫ ͙͙ͤͣΦ 

˨͎͙ͪͯͣ ͍͊͗ͤ·ͣ ͔ͣͻ͙͊ͤͣͦͣ͘ Ύ͍͡Ύ͔ͭͫΎ ͙͍͊ͭͤ͟·͚ Ήͺͺ͡Όͫ͟ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟ τ ͍·͍͔͔͙͔͒ͤ 
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͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͍͔΅͔͍ͫͭ ͙͘ ͔͙͋͊ͭͪ͊͟͡Έ͚ͤͦ ͔͙ͭ͟͟͡ ͫ ͨͦͣͦ΅ΈΌ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ ͭͪ͊ͤͫͨͦͪͭͤ·ͻ 

͙͔ͫͫͭͣΦ ˿ͯ΅͔͍͔ͫͭͤͤͯΌ ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͙ ͺ͔͔͙͍ͪͣͤͭ͊ͭͤ͊Ύ ͙͙͍ͤ͊ͭ͊͟ͼ͙Ύ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Σ ͙ͨͪ ͚ͦͭͦͪͦ͟ 

͔͙͙͋͊ͭͪ͟ ͙͔͙ͫͤͭͪͯ͘Όͭ ͺ͔͔ͪͣͤͭ·Σ ͪ͊ͪͯ͘΄͊Ό΅͙͔ ͔ͣͦͯ͟͡͡· ͔ͨͪͨ͊ͪ͊ͭ͊Φ ˨͙͔ͦͨͦͤͭ͡͡Έͤ·ͣ ͺ͊ͭͦͪͦͣ͟ 

͚ͯͫͭͦ;͙͍͙ͦͫͭ Ύ͍͡Ύ͔ͭͫΎ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͙͖͋ͦͨͤͦ͟͡Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ ͔͙͍ͦͭͤͯ͟͟͡͡Ό ͊͘΅͙ͭͯ ͔͙͚͋͊ͭͪ͟ ͦͭ 

͔͚͍͙͒ͫͭΎ ͙͙͊ͤͭͣͪͦ͋ͤ͟·ͻ ͔͍ͫͪ͒ͫͭΦ 

˸͙ͦ͒ͯͪͯ͡Ό΅͔͔ ͔͚͍͙͔͒ͫͭ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΦ 

͙͔̅ͭͦͨͪͨ͊ͪ͊ͭ· ͫͨͦͫͦ͋ͤ· ͍͔͚͍͍ͦ͒ͫͭͦ͊ͭ͘Έ ͫͪ͊ͯ͘ ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͔ͣͻ͙͍͊ͤͣͦ͘ 

͙͙͙͔͙͔͙͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟Φ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͙͔͙ͫͤͭͭ;͔͙ͫ͟ͻ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͤ͊ 

ͦ͒ͤͯ ͔ͦͤͪͭͤͯ͟͟Ό ͙ͣ΄͔ͤΈΣ ͙͔ͪ͊ͫͭͭ͡Έͤ·͔ ͔͙͔͙ͫͦ͒ͤͤΎ ͦ͋͊͒͊͡Όͭ ͎ͣͤͦͦͼ͔͔͍͡·ͣ Ήͺͺ͔ͭͦͣ͟Φ ˻͙ͤ ͎ͣͦͯͭ 

͍ͨͦ·΄͊ͭΈ ͙ͨͪͦͤͼ͔͊ͣͦͫͭΈ ͔ͭͦ͟͡;͚ͤͦ ͔͙ͫͭͤ͟ ͔͙͚͋͊ͭͪ͟Σ ͙ͫͤ͗͊Ύ ͋͊ͪΈ͔ͪ ͒͡Ύ ͙͍͔͙ͨͪͦͤͤͦͤ͟Ύ 

͙͙͙͍͊ͤͭ͋ͦͭͦ͟ ͍ͤͯͭͪΈ ͔͙ͭ͟͟͡Φ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͺ͙͔ͭͦͨͪͨ͊ͪ͊ͭ· ͫͨͦͫͦ͋ͤ· ͍ͨͦ͒͊͡ΎͭΈ ͙͍͊ͭͤͦͫͭ͟Έ Ήͺͺ͡Όͫ͟-ͨͦͣͨΣ ͔ͭͣ ͫ͊ͣ·ͣ 

͍͔͙ͯ͡;͙͍͊Ύ ͍͙͔ͤͯͭͪͭͦ͟͡;ͤͯΌ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Φ ˹͔ͦͭͦͪ͟·͔ ͙͔ͪ͊ͫͭͭ͡Έͤ·͔ ͍͔΅͔͍ͫͭ͊ 

͍͙͡ΎΌͭ ͤ͊ ͔͎ͪͯ͡Ύͼ͙Ό Ή͔͙͙ͫͨͪͫͫ͟ ͎͔͍ͤͦ ͚ͯͫͭͦ;͙͍͙ͦͫͭΣ ͙ͫͤ͗͊Ύ ͫͨͦͫͦ͋ͤͦͫͭΈ ͔͙͚͋͊ͭͪ͟ ͙͍͊͒͊ͨͭͪͦ͊ͭΈͫΎ ͟ 

͔͍͔͊ͪͫͭͤͤͦͣͯ͟͡ ͍͔͚͍͙ͦ͒ͫͭ͘ΌΦ ˣ͎͊ͦ͒͊ͪ͡Ύ Ήͭͦͣͯ ͺ͙͔ͭͦͨͪͨ͊ͪ͊ͭ· ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͊͟͟ ͔͔͙͍ͨͪͫͨͭͤ͟·͔ 

͊͒ΆΌ͍͊ͤͭ· ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨΦ 

ˣ͙͎͙ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͔ ͍͔΅͔͍ͫͭ͊ ͔͙͚ͪ͊ͫͭͤΦ 

ˢ͙͙͔ͤͭͣͪͦ͋ͤͦ͟ ͙ ͙ͣͦ͒ͯͪͯ͡Ό΅͔͔ ͔͚͍͙͔͒ͫͭ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͙ͤ͊͡;͙͔ͣ ͙ͪ͊͘͡;ͤ·ͻ 

͍͊ͫͫͦ͟͡ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·ͻ ͔͙͔͙͚ͫͦ͒ͤͤΦ ͍͙̅͊ͦͤͦ͒͡· ͦ͋͊͒͊͡Όͭ ͍·͔͚ͪ͊͗ͤͤͦ ͙͙͚͊ͤͭͦͫ͒͊ͤͭͤͦ͟ 

͙͍͊ͭͤͦͫͭ͟ΈΌ ͙ ͫͨͦͫͦ͋ͤ· ͤ͊ͪͯ΄͊ͭΈ ͙͔ͫͤͭ͘ ͔͙͍ͤͯͤͦ͟͡·ͻ ͙ͫͦͭ͟͡ ͔͙͚͋͊ͭͪ͟Φ ͔͔͙́ͪͨͤͦ͒· ͙ Ήͺ͙ͪͤ·͔ 

ͣ͊ͫ͊͡ ͍͔ͨͦͪ͗͒͊Όͭ ͙͙ͨ͒ͤ͡·͔ ͔ͣͣ͋ͪ͊ͤ· ͙ͣͪͦ͋ͤ͟·ͻ ͔ͭͦ͟͟͡Σ ͍·͘·͍͊Ύ ͔ͯͭ;ͯ͟ ͙͍ͦͤͦ ͙ ͔͙͍ͣͭ͊͋ͦͭͦ͡Φ 

ˢ͙͊ͦ͒͟͡͡· ͙͎͙͙ͤ͋ͪͯΌͭ ͺ͔͔ͪͣͤͭͤ·͔ ͙͔ͫͫͭͣ· ͔͙͚͋͊ͭͪ͟Σ ͊ ͙ͨͦ͡ͺ͔ͤͦ͡· ͙ ͙ͭ͊ͤͤ· ͫͨͦͫͦ͋ͤ· 

͍ͫΎ͘·͍͊ͭΈ ͔͙͋͟͡ ͙ ͙ͦͤ· ͔͍ͣͭ͊ͦ͡͡Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͔ ͒͡Ύ ͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ 

˿ͦ;͔͙͔ͭ͊ͤ Ή͙ͭͻ Ήͺͺ͔͍ͭͦ͟ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍·͔͔ͪ͊͗ͤͤͦ ͍͔͙͔ͨͦ͒͊ͤ͡ ͪͦͫͭ͊ ͔͙͚͋͊ͭͪ͟ ͙ ͍ͨͦ·΄͔͙͔ͤ 

;͍͍͙͔ͯͫͭͭ͡Έ͙ͤͦͫͭ ͟ ͙͙͙͊ͤͭ͋ͦͭ͊ͣ͟Φ 

˾͔͙͊ͫͭͤΎ ͫ ͒ͦ͊͊ͤͤ͘͟·ͣ ͙͔͎͙ͫͤͪͣͦͣ͘ ͫ ͙͙͙͙͊ͤͭ͋ͦͭ͊ͣ͟Φ 

˽͔͙ͪͣͯ΅͔͍ͫͭ͊ ͙ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͙͔͔͙ͨͪͣͤͤΎ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦΦ 

˻͍ͫͤͦͤ·͙ͣ ͔͙ͨͪͣͯ΅͔͍͙ͫͭ͊ͣ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦ Ύ͍͡ΎΌͭͫΎ ͙͔ͨͪͪͦ͒ͤͦ ͙ͨͪͦͫͻ͔͙͔ͦ͗͒ͤΣ ΄͙͙͚ͪͦ͟ 

͔ͫͨͭͪ͟ ͔͚͍͙͒ͫͭΎ ͙ ͙͙͚ͤ͘͟ ͙ͪͫ͟ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘Φ ˻͒ͤ͊ͦ͟ ͫͯ΅͔͍ͫͭͯΌͭ ͙ ͎͙ͦͪ͊ͤ;͔͙ͤΎΣ 

͍ͫΎ͊ͤͤ͘·͔ ͫ ͍͙͔͊ͪ͊͋͡ΈͤͦͫͭΈΌ ͍ͫͦͫͭ͊͊ ͙͔ͪ͊ͫͭͭ͡Έ͎ͤͦͦ ͫ·ͪΈΎΣ ͍͙͔ͦͭͫͯͭͫͭͣ ͔͙͒ͤ·ͻ ͍ͫͭ͊ͤ͒͊ͪͭͦ ͙ 

͍ͦͣͦ͗ͤ͘·͙ͣ ͔͍͔͊ͪͫͭͤͤ͟͡·͙ͣ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ͙ͣΦ 

˨͡Ύ ΄͙͎ͪͦͦͦ͟ ͍͔͔͙ͤ͒ͪͤΎ ͺ͙͔͍ͭͦͨͪͨ͊ͪ͊ͭͦ ͍ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͙ͨͪ͊ͭͯ͟͟ ͔͔ͭͪ͋ͯͭͫΎ ͪ͊ͪ͊͋ͦͭ͊͘͟ 

͙͙͍ͫͭ͊ͤ͒͊ͪͭͪͦ͊ͤͤ͘·ͻ ͺͦͪͣΣ ͍͔͔͙͔ͨͪͦ͒ͤ ͣ͊ͫ΄ͭ͊͋ͤ·ͻ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͙ ͙͔ͫͦ͒͊ͤ͘ ;͖͙ͭ͟ͻ 

͔͔ͪͦͣͤ͒͊͟ͼ͙͚ ͨͦ ͙͔͔͙ͨͪͣͤͤΌΦ 

͙͔̅ͭͦͨͪͨ͊ͪ͊ͭ· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔͔͙͍͔ͨͪͫͨͭͤͦ͟ ͍͔͙͔ͤ͊ͨͪ͊ͤ͡ ͍ ͋ͦͪΈ͔͋ ͫ 

͙͙͙͔͙͔͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ΈΌ ͔͙͚͋͊ͭͪ͟Φ ˮͻ ͫͨͦͫͦ͋ͤͦͫͭΈ ͙͍ͣͦ͒ͯͪͦ͊ͭ͡Έ ͟͡Ό;͔͍·͔ ͔ͣͻ͙͊ͤͣ͘· 

͚ͯͫͭͦ;͙͍͙ͦͫͭΣ ͙͙͍ͯͫ͊ͭ͡Έ ͔͚͍͙͔͒ͫͭ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟ ͙ ͙ͫͤ͗͊ͭΈ ͔͍͔͊ͪͫͭͤͤͯ͟͡Ό ͎ͤ͊ͪͯͯ͘͟ ͔͔͒͊ͭ͡ ͙ͻ ͼ͔ͤͤ·ͣ 

͔ͦͣͨͦͤͤͭͦͣ͟ ͔͚ͦͣͨͫͤͦ͟͟͡ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨΦ ˨͊͡Έ͔͚ͤ΄͙͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍ ͙ͦ͋͊ͫͭ͡ 

ͺ͙ͭͦͻ͙͙͙ͣ ͙ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ ͍ͨͦͦ͘͡Ύͭ ͪ͊ͫ΄͙͙ͪͭΈ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͙͔͔͙ͨͪͣͤͤΎ 

͙͔ͪ͊ͫͭͭ͡Έͤ·ͻ ͔͍ͫͪ͒ͫͭ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙͔ͤΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴͙͔͔͍ͫ͊͡ ́Φ ˶ΦΣ ˶·͔ͫͤͦ͟ ˤΦ ˹Φ ͙͔͙̅ͭͦͭͪ͊ͨΎΥ ͍͔͔ͫͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͙ ͔͔͙͍ͨͪͫͨͭ͟· ͍͙͙ͪ͊ͭ͘ΎΦ τ ˸ΦΥ 

˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмфΦ τ омн ͫΦ τ URL: https:// www.geotar.ru/catalog/ fitoterapiya 

нΦ ˥͍ͪͦͣͦ͊ ˻Φ ˢΦΣ ́ͦͪ΄͙ͤ ˮΦ ̑Φ ˣ͙͎͙ͦͦ͡;͔͙ͫ͟ ͙͍͊ͭͤ͟·͔ ͍͔΅͔͍ͫͭ͊ ͔͙͚ͪ͊ͫͭͤΥ ͻ͙͙ͣΎ ͙ ͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΦ τ 

˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмуΦ τ пну ͫΦ τ URL: https:// www.medknigaservis.ru/books/ fitohimiya 
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̂˨ ˴327                   

ˢ͔ͤͤ͊͋ͪ͒·͔͍͊ ˸ΦΣ ˿͊ͪ·͔͍͊ ˥Φ 

˿ͭ͊ͪ΄͙͔ ͔͍͔͙ͨͪͨͦ͒͊͊ͭ͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

̅ˮ́˻˹̇ˮ˨˹˻˩ ˨˩˯˿́ˤˮ˩ ˻́ˤˢ˾ˢ ̇ˤ˩́˴˻ˤ ˾˻˸ˢ̊˴ˮ ˢ˽́˩̉˹˻˯ 

 ʕ  ˻́˹˻̊˩˹ˮˮ ˹˩˴˻́˻˾̍̆ ˸ˮ˴˾˻˻˾˥ˢ˹ˮ˭˸˻ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˶͔;͔͋ͤ·͔ ͍͚͍ͫͦͫͭ͊ ͪͦͣ͊΄͙͟ ͫ ͍͙͒͊ͤͻ ͍͔͔ͪͣͤ ͍ Ή͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·ͻ ͙ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͍͙ͯͫͦ͡Ύͻ 

͒ͦ͊͊ͤ͘͟·Φ  ˤ ͻ͙͙ͣ;͔͙͚ͫ͟ ͍ͫͦͫͭ͊ ͪͦͣ͊΄͙͟ ͍ͻͦ͒Ύͭ ͔͍͙͔͔͙ͫͫͭͪͨͤͦ͒͟·Σ ͔͙ͫͭͪͦ͒·Σ ͙͊͊ͦ͒͟͡͡·Σ 

͎͡Ό͙ͦ͒͘͟·Σ ͺ͍͙͊ͦͤͦ͒͡· ͙ ͎͙͔͒ͪͯ ͍͔΅͔͍ͫͭ͊. ˹ ͙͊͡;͙͔ ͍ ͼ͍͔ͭ͊͟ͻ ͒ͦͫͭ͊ͭͦ;͎ͤͦͦ ͙ͦ͟͡;͔͍ͫͭ͊ ͺ͍͙͍͊ͦͤͦ͒ͦ͡ 

͔ͤ͊͒͡Ύ͔ͭ ͔͙͔ͪ͊ͫͭͤ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έ͚ͤͦΣ ͙͍͙͚͊ͤͭͪͯͫͤͦ ͙ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͚ͤͦ ͙͍͊ͭͤͦͫͭ͟ΈΌΦ ˸· 

͍͙͙ͨͪͦͦ͒͡ ͙͙͎͙ͣͪͦ͋ͦͦ͟͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͫ ͪͦͣ͊΄͚ͦ͟ - ͙ͦ͒ͤͣ ͙͘ ͔͙͚ͪ͊ͫͭͤΣ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ ͫ 

͍͙͒͊ͤͻ ͍͔͔ͪͣͤ ͍ ͚ͤ͊ͪͦ͒ͤͦ ͙ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͙ ͒ͦ ͤ͊ͫͭͦΎ΅͔͎ͦ ͍͔͔͙ͪͣͤ ͔ͤ ͔ͨͦͭͪΎ͍΄͙ͣ ͍ͫͦΌ 

ͼ͔ͤͤͦͫͭΈΦ ˤ ͔͊ͨͭ;͚ͤͦ ͔͙ͫͭ ͔͙͔ͪ͊ͯͣ͘͡·͔ ͼ͍͔͙ͭ͟ ͪͦͣ͊΄͙͟ (Flores Chamomillae) ͦ ͋͊͒͊͡ΌͭΣ ͊͟͟ ͯ͊͊ͤͦ͘͟ ͍ 

͙ͤͫͭͪͯ͟ͼ͙͙ ͨͦ ͙͔͔͙ͨͪͣͤͤΌΣ ͔͙͒ͤ͘ͺ͙ͼ͙ͪͯΌ΅͙ͣΣ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·ͣΣ ͔͋ͦͯͭͦ͡͡ΎΌ΅͙ͣ ͙ 

͎͙͙͒ͪͯͣ ͍͚͍͙ͫͦͫͭ͊ͣΣ ͦ͒ͤ͊ͦ͟ ͙͎ͤ͊ͦͦ͟͟ ͙͙ͯͨͦͣͤ͊ͤΎ ͦ͋ ͙͙͚͊ͤͭͣͪͦ͋ͤͦ͟ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͔ͤͭΦ ˸· ͙ͯ͘;͙͊͡ 

͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έͤ·͔ ͍͚͍ͫͦͫͭ͊ Ή͎ͭͦͦ ͔͙ͪ͊ͫͭͤΎΦ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͺ͙ͭͦͤͼ͙͔͒ͤͦ ͔͚͍͙͔͒ͫͭΣ ͍ͦͭ͊ͪ ͼ͍͔͍ͭͦ͟Σ ͪͦͣ͊΄͊͟ ͔͊ͨͭ;ͤ͊ΎΣ aŀǘǊƛŎŀǊƛŀ ŎƘŀƳƻƳƛƭƭŀΣ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟·Σ 

͙͙͊ͤͭͣͪͦ͋ͤ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟ΈΣ ͔͙͙͋͊ͭͪͦͫͭ͊ͭ͟;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟Σ ͎͔ͨ͊ͭͦͤͤ͊Ύ 

 ͣ ͙ͪͦ͟ͺͦͪ͊͡Σ ͙͔ͪ͊ͫͭͭ͡Έͤ·͔ ͙͔͙͙͊ͤͭͫͨͭ͟. 

 

ˤ ͔ͪ͊͋ͦͭ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͍͍͙͍͊ͭͦ͊ͪͦ͊ͤͤ͟͡·͔ ͙ͨͪ лΣр ͊ͭͣΦ ͍ ͔ͭ;͔͙͔ͤ нл ͙ͣͤͯͭ м-5%-ͤ·͔ ͍ͪ͊ͫͭͦͪ· 

͍ͦͭ͊ͪ͊ ͼ͍͔͍ͭͦ͟ ͪͦͣ͊΄͙͟Φ ˤ ͊͟;͔͍͔ͫͭ ͔ͭͫͭ-ͯ͟͡Έͭͯͪ ͍͘Ύͭ· ͎͙͔ͪ͊ͣͨͦͦ͗ͭ͡͡Έͤ·͔ ͫͨͦͪͦͦ͋ͪ͊ͯ͘Ό΅͙͔ 

΄ͭ͊ͣͣ· Bacillus cereus, Bacillus subtilis ͙ ͔ͤͫͨͦͪͦͦ͋ͪ͊ͯ͘Ό΅͙͚ ͙ͣͪͦ͋͟ Staphylococcus aureus нлфΣ ͊ 

͔ͭ͊͗͟ ͎͙ͪ͊ͣͦͭͪͼ͔͊ͭ͡Έͤ͊Ύ ͔ͤͫͨͦͪͦͦ͋ͪ͊ͯ͘Ό΅͊Ύ ͙͟΄͔;ͤ͊Ύ ͨ͊ͦ͡;͊͟ Escherichia coli M-мт ͍ ͔͍ͨͦͫͤ·ͻ 

͒ͦ͊͘ͻ ͫ млн ͨͦ млу ό;͙ͫͦ͡ ͔ͭͦ͟͟͡Σ ͔ͫͦ͒ͪ͗͊΅͙ͻͫΎ ͍ м ͣ͡ ͙͚ͣͪͦ͋ͤͦ͟ ͍͍͔͙ͫ͘ύΦ ˸͙͙͎͙ͪͦ͋ͦͦ͟͡;͔͙͔ͫ͟ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͙͙ͨͪͦͦ͒ͫ͡Έ ͨͦ ͦ͋΅͔͙ͨͪͤΎ͚ͭͦ ͔͙͔ͣͭͦ͒͟Φ 

ˮͫͨ·ͭ͊ͤͤ·͚ ͍ͦͭ͊ͪ ͼ͍͔͍ͭͦ͟ ͪͦͣ͊΄͙͟ ͨͪͦΎ͍͙͡ ͍ͫͦΌ ͙͙͊ͤͭͣͪͦ͋ͤͯ͟Ό ͙͍͊ͭͤͦͫͭ͟Έ ͍ ͦͭͤͦ΄͔͙͙ͤ 

͔ͤͦͭͦͪ͟·ͻ ͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡ ͫͨͦͪͦͦ͋ͪ͊ͯ͘Ό΅͔͚ ͙ͣͪͦ͟ͺͦͪ͡· ͙ ͔ͤͫͨͦͪͦͦ͋ͪ͊ͯ͘Ό΅͙ͻ ͔͙͚͋͊ͭͪ͟Φ 

ˤ͔ͫ ͍ͪ͊ͫͭͦͪ· ͔ͨͪͨ͊ͪ͊ͭ͊ ͙ͦ͊͊͘͟͡ ͔͙͋͊ͭͪ͟ͼ͙͔͒ͤͦ ͔͚͍͙͔͒ͫͭ ͤ͊ млн-млс ͔͍ͨͦͫͤ·͔ ͒ͦ͘· Bacillus 

cereus, ͍ ͦͭͤͦ΄͔͙͙ͤ Bacillus subtilis ͍·Ύ͍͔ͤ͡· ͔ͤ͋ͦ͡Έ΄͙͔ ͙ͪ͊͘͡;͙ΎΥ м҈-ͤ·͚ ͔ͨͪͨ͊ͪ͊ͭ ͦ͊͊͘͟͡ 

͎͙͔ͯ͋ͭ͡Έ͔ͤͦ ͔͚͍͙͔͒ͫͭ ͤ͊ млн-млр ͒ͦ͘· Ή͎ͭͦͦ ͙ͣͪͦ͋͊͟Σ ͤ͊ млс- ͙ͫ͡Έͤͦ ͍·͔͔ͪ͊͗ͤͤͦ 
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͔͙͙͋͊ͭͪͦͫͭ͊ͭ͟;͔͔ͫͦ͟ ͔͚͍͙͔͒ͫͭΤ н҈-ͤ·͚ ͔͗ ͍ͦͭ͊ͪ ͤ͊ ͒ͦ͘· млн-млр ͔͚͍͍͒ͫͭͦ͊͡ ͔͙͋͊ͭͪ͟ͼ͙͒ͤͦΣ ͊ ͤ͊ млсΣ 

млт ͔ͦ͋ͤ͊ͪͯ͗ͤ ͙ͫ͡Έͤͦ ͍·͔ͪ͊͗ͤͤ·͚ ͔͙͙͋͊ͭͪͦͫͭ͊ͭ͟;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟ (͙ͪͫΦмΦ). 

ˤ͔ͫ ͙ͫͨ·ͭ͊ͤͤ·͔ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͔ͨͪͨ͊ͪ͊ͭ͊ ͍ ͦͭͤͦ΄͔͙͙ͤ ͫͭ͊ͺ͙ͦͦ͊͟͟͟͡ ͙ͨͦ͊͊͘͟͡ ͍·͔ͪ͊͗ͤͤͯΌ 

͙͙͊ͤͭͣͪͦ͋ͤͯ͟Ό ͙͍͊ͭͤͦͫͭ͟ΈΦ мΣ нΣ о҈-ͤ·͔ ͍ͪ͊ͫͭͦͪ· ͔͍ͫͪ͒ͫͭ͊ ͤ͊ ͒ͦ͘· млн-105, 4%-ͤ·͚ ͔ͨͪͨ͊ͪ͊ͭ ͤ͊ ͙ͦ͒ͤ 

ͨͦͪΎ͒ͦ͟ ͍·΄͔ όмлсύΣ р҈-ͤ·͚ ͔΅͔ ͤ͊ ͦ͒ͤͯ ͒ͦͯ͘ όмлтύ ͔͚͍͍͙͒ͫͭͦ͊͡ ͔͙͋͊ͭͪ͟ͼ͙͒ͤͦΣ ͊ ͤ͊ млу ς 

͔͙͙͋͊ͭͪͦͫͭ͊ͭ͟;͔͙ͫ͟Φ   

˨͔͚͍͙͔ͫͭ ͍ͦ͒ͤ·ͻ ͍͍ͪ͊ͫͭͦͪͦ ͍ͦͭ͊ͪ͊ ͼ͍͔͍ͭͦ͟ ͔͙ͪ͊ͫͭͤΎ ͍ ͦͭͤͦ΄͔͙͙ͤ ͙͟΄͔;͚ͤͦ ͨ͊ͦ͡;͙͟ ͋·ͦ͡ 

͍·͔ͪ͊͗ͤͦ ͔͔ͫ͊͋͡Σ ;͔ͣ ͟ ͫͭ͊ͺ͙ͦͦͯ͟͟͟͡Φ ˤ ͍ͦͫͤͦͤͦͣ ͤ͊ Ήͭͦͭ ͙ͣͪͦ͋͟ ͍͔ͫ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͔ͨͪͨ͊ͪ͊ͭ͊ 

͔͚͍͍͙͒ͫͭͦ͊͡ ͔͙͙͋͊ͭͪͦͫͭ͊ͭ͟;͔͙ͫ͟Φ мΣ нΣ о҈-ͤ·͔ ͍ͦͭ͊ͪ· ͤ͊ млн-млп ͔͍ͨͦͫͤ·͔ ͒ͦ͘· ͔͙͙͋͊ͭͪ͟ ͙ͨͦ͊͊͘͟͡ 

͙ͫ͡Έͤͦ ͍·͔ͪ͊͗ͤͤ·͚ ͔͙͙͋͊ͭͪͦͫͭ͊ͭ͟;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟Σ ͊ ͤ͊ ͦͫͭ͊͡Έͤ·͔ ͒ͦ͘· ͙ͣͪͦ͋͊͟ ͨͪͦΎ͍͙͙͡ 

͔͙͙͋͊ͭͪͦͫͭ͊ͭ͟;͔ͫͯ͟Ό ͙͍͊ͭͤͦͫͭ͟ΈΦ пΣр҈-ͤ·͔ ͍ͪ͊ͫͭͦͪ· ͙ͫͨ·͔͎ͭͯͣͦͦ ͔͍ͫͪ͒ͫͭ͊ ͍ ͦͭͤͦ΄͔͙͙ͤ ͒ͦ͘· млн 

ͨͪͦΎ͍͙͙͡ ͎͙͔ͯ͋ͭ͡Έ͔ͤͦΣ мло-105- ͙ͫ͡Έͤͦ ͍·͔͔ͪ͊͗ͤͤͦ ͔͙͙͋͊ͭͪͦͫͭ͊ͭ͟;͔͔ͫͦ͟ ͔͚͍͙͔͒ͫͭΦ ˹͊ млс-108 

͔͍ͨͦͫͤ·͔ ͒ͦ͘· ͙ͣͪͦ͋͊͟ ͍·Ύ͍͔ͤ͡ ͔͙͙͋͊ͭͪͦͫͭ͊ͭ͟;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟Φ 

ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͍͔͔ͨͪͦ͒ͤͤ·ͻ ͙ͫͨ·͙͚ͭ͊ͤ ͣͦ͗ͤͦ ͔ͫ͒͊ͭ͡Έ ͍·͍ͦ͒Σ ;ͭͦ ͍ͦͭ͊ͪ ͼ͍͔͍ͭͦ͟ ͪͦͣ͊΄͙͟ ͍ 

ͦͭͤͦ΄͔͙͙ͤ ͍͘Ύͭ·ͻ ͍ ͦͨ·ͭ ͫͨͦͪͦͦ͋ͪ͊ͯ͘Ό΅͙ͻ ͙ ͔ͤͫͨͦͪͦͦ͋ͪ͊ͯ͘Ό΅͙ͻ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟ ͨͪͦΎ͍͡Ύ͔ͭ 

͙͙͊ͤͭͣͪͦ͋ͤͯ͟Ό ͙͍͊ͭͤͦͫͭ͟ΈΦ ˿͔͔͒ͯͭ͡ ͨͦ͒;͔ͪͤͯͭ͟ΈΣ ;ͭͦ ͔ͨͪͨ͊ͪ͊ͭ ͦ͊͘͟·͍͔͊ͭ ͔͔͋ͦ͡ ͍·͔͔ͪ͊͗ͤͤͦ 

͙͙͔͊ͤͭͣͪͦ͋ͤͦ͟ ͔͚͍͙͔͒ͫͭ ͤ͊ ͎͙͔ͪ͊ͣͨͦͦ͗ͭ͡͡Έͤ·͔ ͙ͣͪͦ͋͟· όBacillus cereus, Bacillus subtilis, 

Staphylococcus aureus нлфύΣ ;͔ͣ ͤ͊ ͎͙ͪ͊ͣͦͭͪͼ͔͊ͭ͡Έͤ·͔ ͔͙͙͋͊ͭͪ͟Φ ˴͙΄͔;ͤ͊Ύ ͨ͊ͦ͡;͊͟ όEscherichia coli M-

мтύ ͙͔ͨͪͣͤΎ͊ͫ͡Έ ͍ ͍͙͔͒ Ή͙͙ͯ͋ͦͭ͊͟Φ ˴͊͟ ͍͙ͨͪ͊ͦ͡Σ Ήͭͦͭ ͙ͣͪͦ͋͟Σ ͋ͯ͒ͯ;͙ ͟ ͔ͦͣͤͫ͊ͦͣ͡ ό͔ͤ ͙͙ͨͪͤͦͫͭ ͍͔ͪ͒͊ύ 

͙ ͙ͣͯͭͯ͊ͫͭͦͣ͡ ό͙͙ͨͪͤͦͫͭ ͨͦ͡Έͯ͘ύ ͤͦͪͣ͊͡Έ͚ͤͦ ͙ͣͪͦ͟ͺͦͪ͡· ͙͟΄͔;͙ͤ͊͟ ͚ͯͫͭͦ;͙͍ ͟ ͺ͊ͭͦͪ͊ͣ͟ ͍͔ͤ΄͔͚ͤ 

͔ͫͪ͒·Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͙ ͟ ͙ͫͨ·ͭ͊ͤͤͦͣͯ ͔ͨͪͨ͊ͪ͊ͭͯΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˽ͦͯ͡;͔ͤͤ·͔ ͒͊ͤͤ·͔ ͙ͦͤͫͭ͊ͭͪͯ͟Όͭ ͺ͊ͭ͟ ͙ͤ͊͡;͙Ύ ͙͙͊ͤͭͣͪͦ͋ͤ͟·ͻ ͍͚͍ͫͦͫͭ ͯ ͍ͦͭ͊ͪ͊ ͼ͍͔͍ͭͦ͟ 

ͪͦͣ͊΄͙͟Φ ˢ͙͔͙ͤͭ͋͊ͭͪ͊͟͡Έͤ͊Ύ ͙͍͊ͭͤͦͫͭ͟Έ ͔͎ͦ ͍͙͙͊ͫͭ͘ ͦͭ ͍͙͒͊Σ ͔͍ͨͦͫͤ·ͻ ͒ͦ͘ ͙ ͔ͣͫͭ ͔ͨͪ͋·͍͙͊ͤΎ 

ό͙͍͋ͦͭͦͨͦύ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Σ ͊ ͔ͭ͊͗͟ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͚ ͔ͨͪͨ͊ͪ͊ͭ͊Φ ˤ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ 

͔͎ͦ͒ͦͫͭͯͨͤ͟͡·͔ ͼ͍͔͙ͭ͟ ͪͦͣ͊΄͙͟ ͍ ͍͙͔͒ ͍ͦͭ͊ͪ͊ ͣͦ͗ͤͦ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ ͒͡Ύ ͔͡;͔͙ͤΎ ͎͚ͤͦͤͦ-

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͙͚ͨͦͪ͊͗ͤ ͙ͦ͗͟Σ ͍·͍͊ͤͤ͘·ͻ ͎͔ͨ͊ͭͦͤͤ·ͣ ͫͭ͊ͺ͙ͦͦͦͣ͟͟͟͡ ͙ ͙ͨ΅͔͍·ͻ 

͙͙ͭͦͫͦͤ͟͟ͺ͔͟ͼ͙͚Σ ͍ Ή͙͎͙͙ͭͦͦ͡ ͦͭͦͪ͟·ͻ ͎ͣͦͯͭ ͙͎ͪ͊ͭΈ ͪͦ͡Έ Bacillus cereus ͙ Ή͔͙͎͔ͤͭͪͦͭͦͫͤͤ͟·͔ 

ͫͭ͊ͺ͙͙ͦͦ͟͟͟͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ƎǳǊōŀƴƎǳƭȅ .ŜǊŘƛƳǳƘŀƳŜŘƻǿΦ ¢ǸǊƪƳŜƴƛǎǘŀƴȅƶ ŘŜǊƳŀƴƭȅƪ ǀǎǸƳƭƛƪƭŜǊƛΦ IV ƪƛǘŀǇΣ !ǒƎŀōŀǘΣ нлмнΦ -  99-100 sah. 

2. Matricaria chamomilla L. is an accepted name (͎͊ͤ͡.). The Plant List (2010). Version 1. Published on the 

Internet; http://www.theplantlist.org/. Royal Botanic Gardens, Kew and Missouri Botanical Garden (2010).  

3. ˣ͔͔͍ͤͦͫ͊͟͡Ύ ˶Φ ˸ΦΣ ˣͯ͒͊ͤͼ͔͍ ˢΦ ˶Φ ˾ ͦ͒ тоΦ aŀǘǊƛŎŀǊƛŀ L. τ ˾ ͦͣ͊΄͊͟ κκ ˾͙͔͊ͫͭͭ͡Έͤ·͔ ͔ͪͫͯͪͫ· ˾͙͙ͦͫͫΥ 

˨͙ͦͪ͊ͫͭͯ͟΅͙͔ ͼ͍͔͍ͭͦ͟·͔ ͔͙ͪ͊ͫͭͤΎΣ ͙ͻ ͔ͦͣͨͦͤͤͭͤ͟·͚ ͍ͫͦͫͭ͊ ͙ ͙͎͙͋ͦͦ͡;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ κ ˻͍ͭΦ ͔ͪ͒Φ ˢΦ 

˶Φ ˣͯ͒͊ͤͼ͔͍Φ τ ˿ ˽͋Φτ˸ΦΥ ͍͙́ͦ͊ͪ΅͔͍ͫͭͦ ͤ͊ͯ;ͤ·ͻ ͙͙͚͒͊ͤ͘ ˴˸˴Σ нлмоΦ τ ́Φ рΦ ˿͔͔͚͍ͣͫͭͦ Asteraceae 

(Compositae), ͟ .ͤ 2. ˾ ͦ͒· Echinops τ Youngia. τ ˿ . 60τ65. τ 312 ͫ . τ 700 Ή͘͟.  

4. ˣ͙͍ͤͦ͊͡ ˴Φ ̅Φ ͙ ͒ͪΦ ˾ ͦͣ͊΄͊͟ ͔͊ͨͭ;ͤ͊Ύ ό˾ͦͣ͊΄͊͟ ͦ͋ͦ͒ͪ͊ͤͤ͊Ύύ κκ x ͙ͦͭ͊ͤͦ͟-ͺ͎͙͊ͪͣ͊ͦͤͦͫͭ͟;͔͙͚ͫ͟ 

͍ͫͦ͊ͪ͡Έ Υ ˿͍ͨͪ͊Φ ͙͔ͨͦͫͦ͋ κ ˽ͦ͒ ͔ͪ͒Φ ˴Φ̅Φ ˣ͙͍͚ͤͦͦ͡Σ ˥ Φ˽Φ ͍͔͍̒ͦ͊͟͡. τ ˸ ΦΥ ˤ·ͫ΄Φ ΄͟ΦΣ мффлΦ τ ˿Φ 232τ

233.  

5. ˴͊ͪͪ·͔͍ ˸Φ˻Φ ˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͙ͪ͊ͫͭͤΎ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟Φ - s ΄ͻ͊͋͊͒Φ мффсΦ ς ˿ Φмфм-194. 

6. ˸͍ͯͪ͊Έ͖͍͊ ˨ΦˢΦΣ ˿͊ͣ·͙ͤ͊͡ ˮΦˢΦΣ ͍͔͍̒ͦ͟͡ ˥Φ˽Φ ̇ ͍͔͙ͭ͟ ͪͦͣ͊΄͙͟ τ Flores Chamomillae // 

͎͙̅͊ͪͣ͊ͦͤͦ͘͟ΎΥ ̂;͔͋ͤ κ ̂;͔͋Φ ͙ͭ͡ΦΤ ͒͡Ύ ͫͭͯ͒Φ ͺ͊ͪͣΦ ͍͍ͯͦ͘Φ τ 4-͔ ͙͒͘ΦΣ ͔͔ͨͪͪ͊͋Φ ͙ ͒ͦͨΦ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ 

2002. τ ˿ Φ 259.  

7. ˾͙͔͊ͫͭͭ͡Έͤ·͔ ͔ͪͫͯͪͫ· ˾͙͙ͦͫͫΥ ˨͙ͦͪ͊ͫͭͯ͟΅͙͔ ͼ͍͔͍ͭͦ͟·͔ ͔͙ͪ͊ͫͭͤΎΣ ͙ͻ ͔ͦͣͨͦͤͤͭͤ͟·͚ ͍ͫͦͫͭ͊ ͙ 

http://www.theplantlist.org/tpl/record/gcc-103038
http://www.theplantlist.org/
http://herba.msu.ru/shipunov/school/books/botaniko-farmakognost_slovar1990.djvu
http://herba.msu.ru/shipunov/school/books/botaniko-farmakognost_slovar1990.djvu
https://ru.wikipedia.org/wiki/%D0%AF%D0%BA%D0%BE%D0%B2%D0%BB%D0%B5%D0%B2,_%D0%93%D0%B5%D0%BD%D0%BD%D0%B0%D0%B4%D0%B8%D0%B9_%D0%9F%D0%B0%D0%B2%D0%BB%D0%BE%D0%B2%D0%B8%D1%87
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͙͎͙͋ͦͦ͡;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟Έ κ˻͍ͭΦ ͔ͪ͒Φ ˢΦ ˶Φ ˣͯ͒͊ͤͼ͔͍Φ - ˿˽͋Φ - ˸ΦΥ ͍͙́ͦ͊ͪ΅͔͍ͫͭͦ ͤ͊ͯ;ͤ·ͻ ͙͙͚͒͊ͤ͘ ˴˸˴Σ 

2013. - ́ Φ рΦ ˿͔͔͚͍ͣͫͭͦ Asteraceae (Compositae), ͤ͟. 2. ˾ ͦ͒· Echinops -Youngia. - ˿ . 3-5. - 312 ͫ . - 700 Ή͘͟.  

8. ͍́ͯͪͦ͊ ˢΦ˨ΦΣ ˿͙͍͊ͨͦ͗ͤͦ͊͟ ̏Φ˹Φ ˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͙ͪ͊ͫͭͤΎ ˿˿˿˾ ͙ ͙ͻ ͙͔͔͙͔ͨͪͣͤͤΦ - ˸͔͙͒ͼ͙ͤ͊Φ мфунΦ 

ς ˿ Φмсм-162. 

9. ͙͔͙̅ͭͦͭͪ͊ͨΎ ͫ ͍͙ͦͫͤͦ͊ͣ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Υ ˿͍ͨͪ͊ͦ;͙ͤ͟ κ ˽ͦ͒ ͔ͪ͒Φ ˤΦ ˥Φ ˴͔ͯͫ͊͟Φ τ ˸ ΦΥ 

˸͔͙͒ͼ͙ͤ͊Σ мфффΦ τ ˿ Φ 64.   

ϭs ͔ͤͤ͊͋ͪ͒·͔͍͊ ˸ΦΣ ˿͊ͪ·͔͍͊ ˥ΦΣ нлнр 

 

 

 

 

̂˨˴ смсΦотф-008.64-06:618.3 

ˢͤͤ͊ͣͯͻ͔͍͊ͣͣ͒ͦ͊ ˻Φ 

˭͍͔͊͒ͯΌ΅͊Ύ ͊͟ͺ͔͚͒ͪͦ Ή͙͎͙͙ͤ͒ͦͪͤͦͦ͟͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟  

͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 

 

˿ˢ̆ˢ˾˹̍˯ ˨ˮˢˣ˩́ ˮ ˣ˩˾˩˸˩˹˹˻˿́̎Υ ˴˶ˮ˹ˮ˴˻-˽ˢ́˻̅ˮ˭ˮ˻˶˻˥ˮ̉˩˿˴ˮ˩ ˢ˿˽˩˴́̍Σ 

˻˿˶˻ˬ˹˩˹ˮ̒ ˮ ˿˻ˤ˾˩˸˩˹˹̍˩ ˿́˾ˢ́˩˥ˮˮ ˤ˩˨˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˹͊ͯ;ͤ͊Ύ ͫͭ͊ͭΈΎ ͍ͨͦͫΎ΅͔ͤ͊ ͔ͦͣͨͫͤͦͣͯ͟͟͡ ͙͊ͤ͊ͯ͘͡ ͔ͨͪͦ͋ͣ͡· ͫͦ;͔͙ͭ͊ͤΎ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊ ͙ 

͔͔͔͙͋ͪͣͤͤͦͫͭΦ ˾͙͍͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͎͔͔͙ͨ͊ͭͦͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͤ͊ͪͯ΄͔͙ͤΎ ͎͔͍͎ͯͦ͒ͤͦͦ͡ ͔ͦ͋ͣͤ͊ ͯ 

͔͔͔͋ͪͣͤͤ·ͻΣ ͍͙͡Ύ͙͔ͤ ͎͙͔͎͙͔͙͙ͨͪͣ͟͡ ͤ͊ ͎͙ͦͪ͊ͤͣ͘ ͔͙ͣ͊ͭͪ ͙ ͍͙͙͔ͪ͊ͭ͘ ͨͦ͒͊͡Σ ͊ ͔ͭ͊͗͟ ͙͙ͤ͟͡;͔͙͔ͫ͟ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ͪ͊͘͡;ͤ·ͻ ͺͦͪͣ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͎͔ͫͭ͊ͼ͙ͦͤͤͦͣͯ 

ͫ͊ͻ͊ͪͤͦͣͯ ͙͔͒͊͋ͭͯΣ ͍ͦͨͪͦͫ͊ͣ ͔͚ͪ͊ͤͤ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙ ͔͡;͔͙ͤΎΦ ˽͔͍͔ͪ͒ͫͭ͊ͤ͡· 

͍͔͔ͫͦͪͣͤͤ·͔ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͍͔͔͙͒ͤΌ ͔͔͔͙͋ͪͣͤͤͦͫͭΣ ͍ͪͦ͒ͦ ͙ ͔͍͎ͨͦͫͪͦ͒ͦͦͦ͡ ͔͙ͨͪͦ͒͊ ͯ  ͔͗ͤ΅͙ͤ ͫ 

ͫ͊ͻ͊ͪͤ·ͣ ͙͔͒͊͋ͭͦͣΦ ˽ͦ͒;͖͙͍͔ͪ͊ͭͫ͟Ύ ͤ͊͘;͙ͣͦͫͭΈ ͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊ ͒͡Ύ ͙͔͙ͫͤ͗ͤΎ 

͔͙͚ͣ͊ͭͪͤͫͦ͟ ͙ ͔͙ͨͪͤ͊ͭ͊͡Έ͚ͤͦ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭΣ ͔͔͔͋ͪͣͤͤͦͫͭΈΣ ͎͔ͫͭ͊ͼ͙ͦͤͤ·͚ ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭΣ  

͙͙͔͙͔ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ΈΣ ͔͙ͦͫͦ͗ͤͤ͡ΎΣ ͔͙ͨͪͤ͊ͭ͊͡Έͤ·͔ ͙ͫͻͦ͒·. 

 

ˤ͍͔͔͙͔͒ͤ 

˿͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͊ͭͯ͊͟͡Έͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ ˽ͦ 

͒͊ͤͤ·ͣ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·ͻ Ή͙͔͙͎͙ͨ͒ͣͦͦ͡;͔͙ͫ͟ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͎͒͊ͤͤͦͦ 

͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͔ͤͯͦͤͤͦ͟͡ ͍͔ͦͪ͊ͫͭ͊ͭ͘Σ ͍͟͡Ό;͊Ύ ͔͗ͤ΅͙ͤ ͔͎͒ͭͦͪͦ͒ͤͦͦ ͍ͦͪ͊ͫͭ͊͘Φ ˤ ͍ͫΎ͙͘ ͫ Ή͙ͭͣ ͍͖ͫ ;͊΅͔ 

͍͔ͫͭͪ;͊ΌͭͫΎ ͫͯ͡;͙͊ ͔͔͔͙͋ͪͣͤͤͦͫͭ ͤ͊ ͺ͔ͦͤ ͔ͯ͗ ͫͯ΅͔͍ͫͭͯΌ΅͔͎ͦ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊ ͙͙͡ ͍͙͙ͪ͊ͭ͘Ύ 

͎͔ͫͭ͊ͼ͙͎ͦͤͤͦͦ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊Φ 

ˣ͔͔͔ͪͣͤͤͦͫͭΈ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦͫͭͦΎ͙͔ͤ ͺ͙͙͎͙ͦͦ͘͡;͔͚ͫͦ͟ ͙͙͔͙͔͙ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡Σ ;ͭͦ 

͖ͫͦ͒͊ͭ͘ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͔ ͙ͭͪͯ͒ͤͦͫͭ ͍ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͤͦͪͣ͊͡Έ͎ͤͦͦ ͍ͯͪͦͤΎ ͎͙͔͙͙ͣ͟͡Φ ˿ͦ;͔͙͔ͭ͊ͤ 

͔͔͔͙͋ͪͣͤͤͦͫͭ ͙ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊ ͫͯ΅͔͍͔ͫͭͤͤͦ ͍ͨͦ·΄͔͊ͭ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͙͚ͦͫͦ͗ͤͤ͡ ͊͟͟ ͫͦ ͫͭͦͪͦͤ· 

͔͙ͣ͊ͭͪΣ ͭ͊͟ ͙ 

ͫͦ ͫͭͦͪͦͤ· ͨͦ͒͊͡Σ ;ͭͦ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͍·ͫͦͯ͟Ό ͔͙ͣ͒ͼ͙ͤͫͯ͟Ό ͙ ͫͦͼ͙͊͡ΈͤͯΌ ͤ͊͘;͙ͣͦͫͭΈ ͚͒͊ͤͤͦ 

͔ͨͪͦ͋ͣ͡·Φ 

͔̇͡ΈΌ ͤ͊ͫͭͦΎ΅͔͚ ͫͭ͊ͭΈ͙ Ύ͍͡Ύ͔ͭͫΎ ͍͔͔͔ͫͫͭͦͪͦͤͤ ͔͙͔ͪ͊ͫͫͣͦͭͪͤ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͔ͭ;͔͙ͤΎ 
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͔͔͔͙͋ͪͣͤͤͦͫͭ ͙ͨͪ ͫ͊ͻ͊ͪͤͦͣ ͙͔͔͒͊͋ͭΣ ͙͊ͤ͊͘͡ ͍ͦͣͦ͗ͤ͘·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ ͍͔͔ͫͦͪͣͤͤ·ͻ 

ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͍͔͔͙͒ͤΌ ͙ͭ͊͟ͻ ͨ͊ͼ͙͔ͤͭͦ͟Φ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ Ή͙͎͙ͭͦͦ͡Ύ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊ 

˿͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ τ Ήͭͦ ͎ͪͯͨͨ͊ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͙ͻͫΎ 

͚ͯͫͭͦ;͙͍͚ͦ ͎͙͔͎͙͔͙͔͚ͨͪͣ͟͡Σ ͍͔͚ͦ͋ͯͫͦͤͤͦ͡͡ ͤ͊ͪͯ΄͔͙͔ͤͣ ͔͔ͫͪ͟ͼ͙͙ ͙͙ͤͫͯͤ͊͡Σ ͔͎ͦ ͔͚͍͙͒ͫͭΎ ͙͙͡ 

ͫͦ;͔͙͔ͭ͊ͤͣ ͙ͦ͋ͦͻ ͔ͣͻ͙͍͊ͤͣͦ͘Φ 

ˤ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͍·͔͒͡ΎΌͭ ͔ͫ͒ͯ͡Ό΅͙͔ ͍ͦͫͤͦͤ·͔ ͺͦͪͣ·Υ 

ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ м-͎ͦ ͙ͭͨ͊Τ 

ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ н-͎ͦ ͙ͭͨ͊Τ 

͎͔ͫͭ͊ͼ͙ͦͤͤ·͚ ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭΤ 

͎͙͔͒ͪͯ ͔ͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͺͦͪͣ· ͙͔͒͊͋ͭ͊Φ 

˿͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ м-͎ͦ ͙ͭͨ͊ ͙͔͔ͣͭ ͙͊ͯͭͦͣͣͯͤͤͯΌ ͙ͨͪͪͦ͒ͯ ͙ ͔͔ͭͪ͋ͯͭ ͨͦͫͭͦΎ͚ͤͤͦ 

͙͙͔͙͙ͤͫͯͤͦͭͪ͊ͨ͡Φ ˨͙͔͊͋ͭ н-͎ͦ ͙ͭͨ͊ ͍ͫΎ͊ͤ͘ ͫ ͙͙͔͙͔ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ΈΌ ͙ ;͊΅͔ ͍͔ͫͭͪ;͔͊ͭͫΎ ͯ ͔͗ͤ΅͙ͤ ͫ 

͙͔͙͔ͦ͗ͪͤͣΦ ˥͔ͫͭ͊ͼ͙ͦͤͤ·͚ ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͍ͦ ͍͔ͪͣΎ ͔͔͔͙͋ͪͣͤͤͦͫͭ ͍͔͍͙͔ͫ͒ͫͭ͡ 

͎ͦͪͣͦͤ͊͡Έͤ·ͻ ͙͔͔͙͚ͣͤͤ͘ ͙Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͔͎͔͙͔ͪͪͫͫͪͯͭ ͔ͨͦͫ͡ ͍ͪͦ͒ͦΦ 

˽͊ͭͦͺ͙͙͎͙ͦͦ͘͡Ύ ͔͔͔͙͋ͪͣͤͤͦͫͭ ͙ͨͪ ͫ͊ͻ͊ͪͤͦͣ ͙͔͔͒͊͋ͭ 

ˤͦ ͍͔ͪͣΎ ͔͔͔͙͋ͪͣͤͤͦͫͭ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͤ͊͘;͙͔ͭ͡Έͤ͊Ύ ͎ͦͪͣͦͤ͊͡Έͤ͊Ύ ͔͔͚ͨͪͫͭͪͦ͊͟ ͎͙ͦͪ͊ͤͣ͊͘ 

͔͗ͤ΅͙ͤ·Φ ˽͊͡ͼ͔ͤͭ͊ͪͤ·͔ ͎ͦͪͣͦͤ·Σ ͙͔ͭ͊͟ ͊͟͟ ͨ͊͡ͼ͔ͤͭ͊ͪͤ·͚ ͎͔͊ͭͦͤ͟͡Σ Ή͎͔ͫͭͪͦͤ·Σ ͎͔͔ͨͪͦͫͭͪͦͤ ͙ 

͙ͦͪͭͦ͘͟͡Σ ͙ͫͤ͗͊Όͭ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͔͚ͭ͊ͤ͟ ͟ ͙͙ͤͫͯͤͯ͡Φ 

̂ ͔͗ͤ΅͙ͤ ͫ ͫ͊ͻ͊ͪͤ·ͣ ͙͔͒͊͋ͭͦͣ ͒͊ͤͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ ͙͍ͨͪͦ͒Ύͭ ͟ ͍·͔͚ͪ͊͗ͤͤͦ ͎͙͔͎͙͔͙͙ͨͪͣ͟͡Φ 

˽͍ͦ·΄͔ͤͤ·͚ ͍͔ͯͪͦͤΈ ͎͡Όͦ͘͟· ͍·͘·͍͔͊ͭ Ή͔͙ͤ͒ͦͭ͊͡͡ΈͤͯΌ ͙͒ͫͺͯͤ͟ͼ͙ΌΣ ͙͎͙͙ͣͪͦ͊ͤͦͨ͊ͭ͟Ό ͙ 

ͤ͊ͪͯ΄͔͙͔ͤ ͨ͊͡ͼ͔͎ͤͭ͊ͪͤͦͦ ͍ͪͦͦͭͦ͊͟͟Φ ˤ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͯͻͯ͒΄͔͊ͭͫΎ ͍͒ͦͫͭ͊͊͟ ͙ͫͦͪͦ͒͊͟͡ ͙ ͙͔ͨͭ͊ͭ͡Έͤ·ͻ 

͍͔΅͔͍ͫͭ ͟ ͨͦ͒ͯ͡Σ ;ͭͦ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͔͔͊͒ͪ͗͘͟ ͙͙͡Σ ͤ͊ͦ͋ͦͪͦͭΣ ͙͋͘·ͭͦ;ͤͦͣͯ ͪͦͫͭͯ ͨͦ͒͊͡Φ 

ˤ͙͡Ύ͙͔ͤ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊ ͤ͊ ͎͙ͦͪ͊ͤͣ͘ ͔͔͔͚͋ͪͣͤͤͦ ͔͗ͤ΅͙ͤ· 

ˣ͔͔͔ͪͣͤͤ·͔ ͔͗ͤ΅͙ͤ· ͫ ͫ͊ͻ͊ͪͤ·ͣ ͙͔͒͊͋ͭͦͣ ͍ͻͦ͒Ύͭ ͍ ͎ͪͯͨͨͯ ͍·͎ͫͦͦͦ͟ ͙ͪͫ͊͟ ͨͦ ͍͙͙ͪ͊ͭ͘Ό 

͊ͯ͟΄͔͙ͪͫ͟ͻ ͙ Ή͎͔͙ͫͭͪ͊ͤͭ͊͟͡Έͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˹͙͔͔͊͋ͦ͡ ;͊ͫͭͦ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͙͚ͨͦ͒ͤ͘ ͎͔ͫͭͦ͘Σ 

͔͙͊ͪͭͪ͊͡Έͤ͊Ύ ͎͙͔͔͙ͨͪͭͤ͘ΎΣ ͔͙͊ͤͣΎ ͙ ͙ͤͺ͔͟ͼ͙͙ ͣͦ;͔͍·͍ͦ͒Ύ΅͙ͻ ͔͚ͨͯͭΦ 

˻ͫͦ͋ͯΌ ͦͨ͊ͫͤͦͫͭΈ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͎͔͙͍͙͔ͨͪͦͪͫͫͪͦ͊ͤ ͙͔͙͒͊͋ͭ;͔͚ͫͦ͟ ͔ͤͺ͙͙ͪͦͨ͊ͭ ͙ ͔͙͙͙ͪͭͤͦͨ͊ͭΦ 

˽͍ͦ·΄͔ͤͤ͊Ύ ͎ͤ͊ͪͯ͊͘͟ ͤ͊ ͨͦ;͙͟ ͙ ͙ͫͦͫͯ͒ͫͭͯΌ ͙͔ͫͫͭͣͯ ͍ͦ ͍͔ͪͣΎ ͔͔͔͙͋ͪͣͤͤͦͫͭ ͔ͣͦ͗ͭ ͙͍͙ͨͪͦ͒ͭΈ ͟ 

ͯͻͯ͒΄͔͙ͤΌ ͫͦͫͭͦΎ͙ͤΎ ͨ͊ͼ͙͔͙ͤͭ͟ ͙ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭ ͒ͦͫͪͦ;͎ͤͦͦ ͔ͪͦ͒ͦͪ͊ͪ͘΄͔͙ͤΎΦ 

˻͔͙ͫͦ͗ͤͤ͡Ύ ͫͦ ͫͭͦͪͦͤ· ͨͦ͒͊͡ ͙ ͍͖͎ͤͦͦͪͦ͗͒ͤͤͦͦ 

˥͙͔͎͙͔͙ͨͪͣ͟͡Ύ ͔͙ͣ͊ͭͪ ͦ͊͘͟·͍͔͊ͭ ͨͪΎ͔ͣͦ ͔͎͔͔ͭͪ͊ͭͦͤͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͨͦ͒͡Σ ͔ͦͫͦ͋ͤͤͦ ͍ 

͔͍ͨͪͦͣ ͙͔͔ͭͪͣͫͭͪ ͔͔͔͙͋ͪͣͤͤͦͫͭΦ ˽͍ͦ·΄͔͊ͭͫΎ ͙ͪͫ͟ ͍͖ͪͦ͗͒ͤͤ·ͻ ͍ͨͦͪͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͔ͫͪ͒;ͤͦ-

͙͚ͫͦͫͯ͒ͫͭͦΣ ͔͍͚ͤͪͤͦ ͙ ͦͨͦͪͤͦ-͍͙͎͔͒͊ͭ͡Έ͚ͤͦ ͙͔ͫͫͭͣΦ 

˻͙͒ͤͣ ͙͘ ͻ͔͊ͪ͊ͭͪͤ͟·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ Ύ͍͡Ύ͔ͭͫΎ ͙͔͙͒͊͋ͭ;͔ͫ͊͟Ύ ͺ͔͙ͭͦͨ͊ͭΎΣ ͨͪͦΎ͍͡ΎΌ΅͊ΎͫΎ 

͙͔͚ͣ͊ͪͦͫͦͣ͟Σ ͎͔͎͙͔͚ͦͪ͊ͤͦͣ͊͡ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͔͔ͤͪͦͫͭ͘͡ΈΌ ͎͍ͦͪ͊ͤͦΦ ˤ ͔ͤͦͤ͊ͭ͊͡Έͤͦͣ ͔͙͔ͨͪͦ͒ ͯ 

͙ͭ͊͟ͻ ͔͔͚͒ͭ ;͊ͫͭͦ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͎͙͎͙͔͙ͨͦͣ͟͡ΎΣ ͒·ͻ͔͊ͭ͡Έͤ·͔ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ ͙ ͤ͊ͪͯ΄͔͙ͤΎ 

Ή͔͙͎ͭͪͦͭͤͦͦ͟͡͡ ͋͊͊ͤͫ͊͡Φ 

˥͔ͫͭ͊ͼ͙ͦͤͤ·͚ ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭΥ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͙͙ͤ͊͟͟͡ 

˥͔ͫͭ͊ͼ͙ͦͤͤ·͚ ͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ Ύ͍͡Ύ͔ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ͖͚ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦ ͺ͚ͦͪͣͦ ͤ͊ͪͯ΄͔͙ͤΎ 

͎͔͍͎ͯͦ͒ͤͦͦ͡ ͔ͦ͋ͣͤ͊ ͍ͦ ͍͔ͪͣΎ ͔͔͔͙͋ͪͣͤͤͦͫͭΦ ˭͔͍͙͔͊͋ͦ͊ͤ͡ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͍͔͍͙͔ͫ͒ͫͭ͡ ͺ͙͙͎͙ͦͦ͘͡;͔͚ͫͦ͟ 

͙͙͔͙͔͙ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭ ʲ-͔ͭͦ͟͟͡ ͔ͨͦ͒͗ͯ͒ͦ͡;͚ͤͦ ͔͔͗͘͡·Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ ˥˿˨ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͍͔͔͙͙ͨͪͦ͒ͤ ͙͙͎͍ͫͪͤͤͦ͟·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ ͍͟͡Ό;͊Ύ 

͔͔͔͙͔ͦͨͪ͒ͤ͡ ͍ͯͪͦͤΎ ͎͡Όͦ͘͟· ͤ͊ͭͦ΅͊͟ ͙ ͔ͨͪͦͪ͊͡Έͤ·͚ ͎͡Ό͔ͦͦͭͦͪ͊ͤͭͤ͘͟͡·͚ ͔ͭͫͭΦ ˻͍͙͔ͭͫͯͭͫͭ 

͍·͔͚ͪ͊͗ͤͤͦ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͙͙ͫͣͨͭͦͣ͊ͭ͟ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟ ͍͊͗ͤͦͫͭΈ ͔͎ͪͯ͡Ύ͎ͪͤͦͦ ͎͊͋ͦͪ͊ͭͦͪͤͦͦ͡ 

ͦͤͭͪͦ͟͡ΎΦ 
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˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͔͡;͔͙ͤΎ ͙ ͦͤͭͪͦ͟͡Ύ 

˻͍͚ͫͤͦͤͦ ͼ͔͡ΈΌ ͔͡;͔͙ͤΎ ͔͔͔͋ͪͣͤͤ·ͻ ͫ ͫ͊ͻ͊ͪͤ·ͣ ͙͔͒͊͋ͭͦͣ Ύ͍͡Ύ͔ͭͫΎ ͙͔͙͔͒ͦͫͭ͗ͤ ͙ 

͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͎͙͔͙͙ͤͦͪͣͦͣ͟͡Φ ˹͔͔͙͔ͣ͒͊ͣͤͭͦͤ͊͘͟Ύ ͔͙ͭͪ͊ͨΎ ͍͟͡Ό;͔͊ͭ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤͦ ͨͦ͒ͦ͋ͪ͊ͤͤͯΌ 

͙͔͒ͭͯΣ ͦͤͭͪͦ͟͡Έ ͣ͊ͫͫ· ͔ͭ͊͡ ͙ ͔͔ͯͣͪͤͤͯΌ ͺ͙͙͘;͔ͫͯ͟Ό ͙͍͊ͭͤͦͫͭ͟ΈΦ 

˽͙ͪ ͔ͤ͒ͦͫͭ͊ͭͦ;͚ͤͦ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͔͔͙͙͒ͭͦͭͪ͊ͨ ͤ͊ͤ͊͘;͔͊ͭͫΎ ͙͙͔͙ͤͫͯͤͦͭͪ͊ͨ͡ΎΦ ˿͍͔͔ͦͪͣͤͤ·͔ 

ͫͻ͔ͣ· ͍͍͔͔͙͒ͤΎ ͙͙ͤͫͯͤ͊͡ ͍ͨͦͦ͘͡ΎΌͭ ͙ͣ͊ͫͣ͊͟͡Έͤͦ ͙͙͙ͨͪ͋ͭ͘͡Έ ͍͔ͯͪͦͤΈ ͎͙͔͙͙ͣ͟͡ ͟ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫͣ͟ 

ͤ͊͘;͔͙ͤΎͣ ͙ ͙͙ͫͤͭ͘Έ ͙ͪͫ͟ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

ˤ͔͔͙͔͒ͤ ͍ͪͦ͒ͦ ͙ ͔͍ͨͦͫͪͦ͒ͦ͡·͚ ͔͙ͨͪͦ͒ 

ˤ·͋ͦͪ ͔ͣͭͦ͒͊ ͔ͪͦ͒ͦͪ͊ͪ͘΄͔͙ͤΎ ͍͙͙͊ͫͭ͘ ͦͭ ͫͦͫͭͦΎ͙ͤΎ ͔͙ͣ͊ͭͪΣ ͨͦ͒͊͡ ͙ ͔͔͙ͫͭͨͤ ͔ͦͣͨͤͫ͊͟ͼ͙͙ 

ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊Φ ˤ ͪΎ͔͒ ͫͯ͡;͔͍͊ ͨͦ͊͊ͤͦ͘͟ ͍͔ͨ͊ͤͦͦ͡ ͔͔͍ͫ͊ͪͦ͟ ͔ͫ;͔͙͔ͤΦ ˤͦ ͍͔ͪͣΎ ͍ͪͦ͒ͦ ͔ͤͦ͋ͻ͙ͦ͒ͣ 

͎͙͚ͫͭͪͦ ͦͤͭͪͦ͟͡Έ ͍ͯͪͦͤΎ ͎͡Όͦ͘͟· ͍ ͍͙ͪͦ͟Φ 

ˤ ͔͍ͨͦͫͪͦ͒ͦͦͣ͡ ͔͙͔ͨͪͦ͒ ͯ ͔͗ͤ΅͙ͤ ͫ ͎͔ͫͭ͊ͼ͙ͦͤͤ·ͣ ͙͔͒͊͋ͭͦͣ ͍ ͋ͦ͡Έ΄͙͍͔ͤͫͭ ͫͯ͡;͔͍͊ 

͙ͨͪͦͫͻ͙ͦ͒ͭ ͙ͤͦͪͣ͊͊͘͡ͼ͙Ύ ͎͔͍͎ͯͦ͒ͤͦͦ͡ ͔ͦ͋ͣͤ͊Φ ˻͒ͤ͊ͦ͟ ͙͔ͭ͊͟ ͨ͊ͼ͙͔͙ͤͭ͟ ͦͫͭ͊ΌͭͫΎ ͍ ͎͔ͪͯͨͨ ͍·͎ͫͦͦͦ͟ 

͙ͪͫ͊͟ ͍͙͙ͪ͊ͭ͘Ύ ͫ͊ͻ͎͊ͪͤͦͦ ͙͔͒͊͋ͭ͊ н-͎ͦ ͙ͭͨ͊ ͙ ͤͯ͗͒͊ΌͭͫΎ ͍ ͒͊͡Έ͔͚ͤ΄͔ͣ ͤ͊͋͡Ό͔͙͙͒ͤΦ 

˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͙ ͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡ ͔͔͔͙͋ͪͣͤͤͦͫͭ 

˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ͨͪ ͫ͊ͻ͊ͪͤͦͣ ͙͔͔͒͊͋ͭ ͤ͊;͙͔ͤ͊ͭͫΎ ͤ͊ Ή͔ͭ͊ͨ ͙͍͙ͨ͊ͤͪͦ͊ͤ͡Ύ 

͔͔͔͙͋ͪͣͤͤͦͫͭΦ ˤ͊͗ͤ·ͣ ͍͙͔ͯͫͦͣ͡ Ύ͍͡Ύ͔ͭͫΎ ͙͔͙͔͒ͦͫͭ͗ͤ ͚͚ͫͭͦͦ͟ ͔ͦͣͨͤͫ͊͟ͼ͙͙ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͒ͦ ͊͘;͙͊ͭΎΦ 

˾͔͎ͯ͡Ύ͔ͪͤͦ ͔͙ͣ͒ͼ͙͔ͤͫͦ͟ ͤ͊͋͡Ό͔͙͔͒ͤ ͙ ͦ͋ͯ;͔͙͔ͤ ͨ͊ͼ͙͔ͤͭͦ͟ ͙ͨͪͤͼ͙ͨ͊ͣ ͫ͊ͣͦͦͤͭͪͦ͟͡Ύ ͙͎ͪ͊Όͭ 

͟͡Ό;͔͍ͯΌ ͪͦ͡ΈΦ 

˭͊͟͡Ό;͔͙͔ͤΥ 

˿͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͦͫͦ͗ͤ͡Ύ͔ͭ ͔ͭ;͔͙͔ͤ ͔͔͔͙͋ͪͣͤͤͦͫͭΣ ͦ͒ͤ͊ͦ͟ ͙ͨͪ ͍͔͔ͫͦͪͣͤͤͦͣ 

͍͔ͯͪͦͤ ͔͙ͣ͒ͼ͙ͤ· ͍ͦͣͦ͗ͤͦ͘ ͙͔͙͔͒ͦͫͭ͗ͤ ͎͙͋͊ͦͨͪ͡Ύͭͤ·ͻ ͔͙͙ͣ͊ͭͪͤͫ͟ͻ ͙ ͔͙ͨͪͤ͊ͭ͊͡Έͤ·ͻ ͙ͫͻ͍ͦ͒ͦΦ 

˴͔ͦͣͨͫͤ͟͡·͚ ͨͦ͒ͻͦ͒Σ ͪ͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͔͍͔͊͒͊ͭͤͦ͟ ͔͡;͔͙͔ͤ Ύ͍͡ΎΌͭͫΎ ͍ͦͫͤͦͤ·͙ͣ ͍͙ͯͫͦ͡Ύ͙ͣ 

͔ͯͫͨ΄͎ͤͦͦ ͍͔͔͙͒ͤΎ ͔͔͔͙͋ͪͣͤͤͦͫͭ ͯ ͔͗ͤ΅͙ͤ ͫ ͫ͊ͻ͊ͪͤ·ͣ ͙͔͒͊͋ͭͦͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˨͔͍͒ͦ ˮΦˮΦΣ ͔͍̊ͫͭ͊ͦ͊͟ ˸ΦˤΦ ˿͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭΦ ς ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлнмΦ 

2. ˢ͚͊ͣ͊͘͡Ύͤ ̏Φ˴Φ ˢͯ͟΄͔͍ͪͫͭͦΦ ς ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлнлΦ 

3. American Diabetes Association. Standards of Medical Care in Diabetes. ς 2022. 

4. Hod M., et al. Pregnancy and diabetes mellitus. ς Int. J. Gynecol. Obstet., 2019. 

5. WHO. Hyperglycaemia first detected in pregnancy. ς Geneva, 2013. 

ϭ ˢͤͤ͊ͣͯͻ͔͍͊ͣͣ͒ͦ͊ ˻ΦΣ нлнр 
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ˢ͔͍ͭ͊͊ ˢΦ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· Ή͙͎͙͙ͤ͒ͦͪͤͦͦ͟͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

 ͙ ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 

 

˥ˮ˽˻́ˮ˾˩˻˭ ˮ ˥ˮ˽˩˾́ˮ˾˩˻˭Υ ˴˶ˮ˹ˮ̉˩˿˴ˮ˩ ˽˾˻̒ˤ˶˩˹ˮ̒ ˮ ˸˩́˻˨̍ ˴˻˾˾˩˴̇ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͤ͊ͯ;͚ͤͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙͔͔ͤ͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͔ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ 

ͤ͊ͪͯ΄͔͙ͤΎ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡· τ ͎͙͙͔ͨͦͭͪͦ͘ ͙ ͎͙͔͙͔ͨͪͭͪͦ͘Φ ˻͍͔ͫ΅͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͙ͨͪ;͙ͤ· 
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͍͙͙ͪ͊ͭ͘Ύ ͒͊ͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͙ͻ ͎͔͔ͨ͊ͭͦͤ͘Σ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͙ ͍͙͡Ύ͙͔ͤ ͤ͊ ͙ͪ͊͘͡;ͤ·͔ ͎ͦͪ͊ͤ· 

͙ ͙͔ͫͫͭͣ· ͎͙ͦͪ͊ͤͣ͊͘Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͍͔͔ͫͦͪͣͤͤ·ͣ ͔ͣͭͦ͒͊ͣ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔ͦͪͪ͟͟ͼ͙͙ 

͙͔͙͚ͭͪͦ͒ͤͦ ͙͒ͫͺͯͤ͟ͼ͙͙Φ ˽ͦ͒;͖͙͍͔ͪ͊ͭͫ͟Ύ ͍͊͗ͤͦͫͭΈ ͔͎ͪ͊ͤͤͦ ͍·Ύ͍͔͙ͤ͡Ύ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ΅͙͍͙͚ͭͦ͒ͤͦ 

͔͔͗͘͡· ͙ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊ ͟ ͔͡;͔͙ͤΌ ͫ ͼ͔͡ΈΌ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͯͯ͡;΄͔͙ͤΎ ͊͟;͔͍ͫͭ͊ 

͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

΅͙͍͙ͭͦ͒ͤ͊Ύ ͔͔͗͊͘͡Σ ͎͙͙͔ͨͦͭͪͦ͘Σ ͎͙͔͙͔ͨͪͭͪͦ͘Σ ͙͔͙ͭͪͦ͒ͤ·͔ ͎ͦͪͣͦͤ·Σ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͡;͔͙͔ͤ. 

 

ˤ͍͔͔͙͔͒ͤ 

˭͔͍͙͊͋ͦ͊ͤ͡Ύ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡· ͙͊ͤͣ͊͘Όͭ ͦ͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͔ͣͫͭ ͔͙ͫͪ͒ Ή͙ͤ͒ͦͪͤͤ͟·ͻ 

͎͙͚ͨ͊ͭͦͦ͡ ͙ ΄͙ͪͦͦ͟ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤ· ͍ͦ ͍͖ͫͣ ͙͔ͣͪΦ ˹͊ͪͯ΄͔͙ͤΎ ͺͯͤ͟ͼ͙͙ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡· 

ͦ͊͘͟·͍͊Όͭ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͔ͦ͋ͣͤ ͍͔΅͔͍ͫͭΣ ͪ͊͋ͦͭͯ ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦΣ ͔͍͚ͤͪͤͦ ͙ 

͔͙͍͚ͪͨͪͦ͒ͯͭͤͦ͟ ͙͔ͫͫͭͣΦ ˹͙͔͔͊͋ͦ͡ ;͊ͫͭͦ ͍͔ͫͭͪ;͊Ό΅͙͙ͣͫΎ ͺ͙ͦͪͣ͊ͣ ͙͔͙͚ͭͪͦ͒ͤͦ ͙͒ͫͺͯͤ͟ͼ͙͙ 

Ύ͍͡ΎΌͭͫΎ ͎͙͙͔ͨͦͭͪͦ͘ ͙ ͎͙͔͙͔ͨͪͭͪͦ͘Φ 

ˢͭͯ͊͟͡ΈͤͦͫͭΈ ͚͒͊ͤͤͦ ͔ͭͣ· ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͪͦͫͭͦͣ ͔͍͔͙͊͋ͦ͊ͣͦͫͭ͘͡Σ ͔͔ͤͫͨͼ͙ͺ͙;ͤͦͫͭΈΌ 

͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡ ͙ ͍·͙ͫͦͣ͟ ͙ͪͫͦͣ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ͨͪ ͍͙͙ͦͭͫͯͭͫͭ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ 

͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΎΦ ˮͯ͘;͔͙͔ͤ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͙ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͔ͦͪͪ͟͟ͼ͙͙ 

͒͊ ͤͤ·ͻ ͫͦͫͭͦΎ͙͚ͤ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͙ͨͪ͊ͭ͟;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΦ 

͔̇͡ΈΌ ͤ͊ͫͭͦΎ΅͔͚ ͫͭ͊ͭΈ͙ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͤ͊͘͡ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͨͪͦΎ͍͔͙͚ͤ͡ ͎͙͙͔ͨͦͭͪͦ͊͘ ͙ ͎͙͔͙͔ͨͪͭͪͦ͊͘Σ 

͊ ͔ͭ͊͗͟ ͔͙͔ͪ͊ͫͫͣͦͭͪͤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͙ͻ ͔͡;͔͙ͤΌ ͙ ͨͪͦͺ͙͙͔͊ͭ͟͟͡Φ 

ˢͤ͊ͭͦͣͦ-ͺ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡· 

͙͍͙̋ͭͦ͒ͤ͊Ύ ͔͔͗͊͘͡ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͟͡Ό;͔͍·ͻ ͎͍ͦͪ͊ͤͦ Ή͙͚ͤ͒ͦͪͤͤͦ͟ ͙͔ͫͫͭͣ·Φ ˻ͤ͊ 

͔ͪ͊ͫͨͦͦ͗ͤ͊͡ ͤ͊ ͔͔͔͚ͨͪ͒ͤ ͍͔ͨͦͪͻ͙ͤͦͫͭ ΄͔͙ ͙ ͙ͫͦͫͭͦͭ ͙͘ ͍͒ͯͻ ͔͚͒ͦ͡Σ ͔͙͖ͫͦ͒ͤͤͤ·ͻ ͔͔ͨͪ΄͔͚ͦͣ͟Φ 

˻͍͚ͫͤͦͤͦ ͺͯͤ͟ͼ͙͔͚ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡· Ύ͍͡Ύ͔ͭͫΎ ͙͔ͫͤͭ͘ ͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦ τ ͙͙ͭͪͦͫͤ͊͟ ό́пύ ͙ 

͙͚͙͙ͭͪͦ͒ͭͪͦͤͤ͊ ό́оύΣ ͦͭͦͪ͟·͔ ͔͎͙ͪͯͪͯ͡Όͭ ͔ͦ͋ͣͤ ͍͔΅͔͍ͫͭΣ ͪͦͫͭ ͙ ͍͙͙͔ͪ͊ͭ͘ ͎͙ͦͪ͊ͤͣ͊͘Φ 

˿͔͔ͪ͟ͼ͙Ύ ͎͍ͦͪͣͦͤͦ ͙͔ͦͤͭͪͦͪͯͭͫ͟͡Ύ ͙͔ͭͪͦͭͪͦͨͤ·ͣ ͎ͦͪͣͦͤͦͣ ͎͙ͨͦͺ͙͊͘ ό́́˥ύ ͨͦ ͙ͨͪͤͼ͙ͨͯ 

͚ͦ͋ͪ͊ͭͤͦ ͍ͫΎ͙͘Φ ˹͊ͪͯ΄͔͙͔ͤ ͎͒͊ͤͤͦͦ ͔ͣͻ͙͊ͤͣ͊͘ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͙ͪ͊ͭ͘Ό ͎͙ͨͦ- ͙͙͡ ͎͙͔ͨͪͺͯͤ͟ͼ͙͙ 

΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·Φ 

˥͙͙͔ͨͦͭͪͦ͘Υ ͙ͨͪ;͙ͤ· ͙ ͎͔͔ͨ͊ͭͦͤ͘ 

˥͙͙͔ͨͦͭͪͦ͘ τ Ήͭͦ ͙͙ͤ͟͡;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣΣ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͚ ͔ͤ͒ͦͫͭ͊ͭͦ;͚ͤͦ ͨͪͦ͒ͯ͟ͼ͙͔͚ 

͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦΦ ˹͙͔͔͊͋ͦ͡ ;͚͊ͫͭͦ ͙ͨͪ;͙͚ͤͦ Ύ͍͡Ύ͔ͭͫΎ ͙͊ͯͭͦͣͣͯͤͤ·͚ ͙͔͙͙ͭͪͦ͒ͭΦ ˴ ͎͙͒ͪͯͣ 

͙ͨͪ;͙ͤ͊ͣ ͦͭͤͦͫΎͭͫΎ ͔͒ͺ͙ͼ͙ͭ ͚ͦ͒͊Σ ͻ͙͎͙ͪͯͪ;͔͔ͫͦ͟ ͔͙͔ͯ͒͊ͤ͡ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·Σ ͙͚͔͙ͪ͊͒ͦͦ͒ͭͪ͊ͨΎ ͙ 

͙͖ͨͪͣ ͔ͤͦͭͦͪ͟·ͻ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ 

˹͔͒ͦͫͭ͊ͭͦ͟ ͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͔͙͊ͣ͒ͤ͘͡Ό ͔ͦ͋ͣͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͙͔͙ͫͤ͗ͤΌ 

Ή͔͎͔͙ͤͪͭ;͔͎ͫͦͦ͟ ͔ͦ͋ͣͤ͊ ͙ ͤ͊ͪͯ΄͔͙ͤΌ ͺͯͤ͟ͼ͙͚ ͙ͪ͊͘͡;ͤ·ͻ ͎͍ͦͪ͊ͤͦ ͙ ͙͔ͫͫͭͣΦ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͎͙͙͔ͨͦͭͪͦ͊͘ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͎͙͙͔ͨͦͭͪͦ͊͘ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͔͔ͨͦͫͭͨͤͤͦ ͙ ;͊ͫͭͦ ͙ͤͦͫͭ ͔͔ͤͫͨͼ͙ͺ͙;͔͙͚ͫ͟ 

ͻ͔͊ͪ͊ͭͪ͟Φ ˽͊ͼ͙͔ͤͭ· ͗͊ͯ͡ΌͭͫΎ ͤ͊ ͦ͋΅ͯΌ ͫ͊͋ͦͫͭ͡ΈΣ ͍ͨͦ·΄͔ͤͤͯΌ ͯͭͦͣ͡Ύ͔ͣͦͫͭΈΣ ͙͍ͫͦͤͦͫͭ͡ΈΣ ͙͔͙͔ͫͤ͗ͤ 

ͨ͊ͣΎ͙ͭ ͙ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͍͙͙ͤͣ͊ͤΎΦ ͔̆͊ͪ͊ͭͪͤ͟·͙ͣ ͙͙ͫͣͨͭͦͣ͊ͣ Ύ͍͡ΎΌͭͫΎ ͍͔͙ͯ͡;͔͙͔ͤ ͣ͊ͫͫ· ͔ͭ͊͡Σ 

͖ͦͭ;ͤͦͫͭΈ ͙͡ͼ͊ ͙ ͔ͦͤ͟;͔͚ͤͦͫͭΣ ͫͯͻͦͫͭΈ ͙ͦ͗͟ ͙ ͦͣͦͫͭ͟͡Έ ͍ͦͦͫ͡Φ 

˿ͦ ͫͭͦͪͦͤ· ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͙͔ͫͫͭͣ· ͤ͊͋͡Ό͒͊ΌͭͫΎ ͙͙͋ͪ͊͒͊ͪ͒͟Ύ ͙ ͔͙͊ͪͭͪ͊͡Έͤ͊Ύ 

͎͙͔͙ͨͦͭͤ͘ΎΦ ̂ ͔͗ͤ΅͙ͤ ͍ͦͣͦ͗ͤ͘· ͤ͊ͪͯ΄͔͙ͤΎ ͔ͣͤͫͭͪͯ͊͡Έ͎ͤͦͦ ͼ͙͊͟͡ ͙ ͙͔͙͔ͫͤ͗ͤ ͺ͔͙ͪͭ͡Έ͙ͤͦͫͭΦ ˽͙ͪ 

͙͔͒ͭ͡͡Έͤͦͣ ͔ͭ;͔͙͙ͤ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͍ͨͦ·΄͔͊ͭͫΎ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͔͊ͭͪͦͫͪͦ͊͘͟͡ ͙ ͔͔ͫͪ͒;͚ͤͦ 

͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΦ 
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˥͙͔͙͔ͨͪͭͪͦ͘Υ ͙ͨͪ;͙ͤ· ͙ ͎͔͔ͨ͊ͭͦͤ͘ 

˥͙͔͙͔ͨͪͭͪͦ͘ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦͫͭͦΎ͙͔ͤΣ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͔ͫΎ ͙͋͘·ͭͦ;͚ͤͦ ͨͪͦ͒ͯ͟ͼ͙͔͚ 

͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦΦ ˹͙͔͔͊͋ͦ͡ ͖͚ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦ ͙ͨͪ;͙͚ͤͦ Ύ͍͡Ύ͔ͭͫΎ ͙͒ͺͺͯͤ͘·͚ ͙ͭͦͫ͟;͔͙͚ͫ͟ ͦ͋͘ 

ό͔͋ͦͤ͘͡Έ ˥͔͚͍ͪͫ͊ύΦ ͔́͊͗͟ ͎͙͔͙͔ͨͪͭͪͦ͘ ͔ͣͦ͗ͭ ͍͙͍ͪ͊͊ͭ͘ΈͫΎ ͙ͨͪ ͙ͭͦͫ͟;͔ͫͦͣ͟ ͎͍ͣͤͦͦͯͦͦͣ͘͡ ͔ͦ͋͘ ͙ 

͙͔͙͙ͭͪͦ͒ͭ͊ͻΦ 

ˮ͋͘·ͭͦ͟ ͙͔͙ͭͪͦ͒ͤ·ͻ ͎͍ͦͪͣͦͤͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͙ͯͫͦͪͤ͟Ό ͔ͦ͋ͣͤͤ·ͻ ͨͪͦͼ͔͍ͫͫͦΣ ͍ͨͦ·΄͔͚ͤͤͦ 

͎͔ͤ͊ͪͯ͘͟ ͤ͊ ͔͔ͫͪ͒;ͤͦ-͙ͫͦͫͯ͒ͫͭͯΌ ͙ ͔͍ͤͪͤͯΌ ͙͔ͫͫͭͣ·Σ ͊ ͔ͭ͊͗͟ ͟ ͤ͊ͪͯ΄͔͙ͤΌ ͔͔͎ͭͪͣͦͪͯ͡Ύͼ͙͙Φ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͎͙͔͙͔ͨͪͭͪͦ͊͘ 

˥͙͔͙͔ͨͪͭͪͦ͘ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͍·͔͚ͪ͊͗ͤͤͦ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͙͚ͫͣͨͭͦͣ͊ͭͦ͟Φ ˽͊ͼ͙͔ͤͭ· ͔ͦͭͣ;͊Όͭ 

͙͔ͪ͊͒ͪ͊͗ͭ͘͡ΈͤͦͫͭΈΣ ͔͍ͭͪͦ͗ͤͦͫͭΈΣ ͔͙͋ͫͫͦͤͤͼͯΣ ͔ͭͪͣͦͪ ͪͯ͟ ͙ ͍ͨͦ·΄͔ͤͤͯΌ ͙͍ͨͦͭͦͫͭ͡ΈΦ ˹͔ͫͣͦͭͪΎ ͤ͊ 

ͻͦͪͦ΄͙͚ ͔͙͊ͨͨͭͭΣ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͙͔͙͔ͫͤ͗ͤ ͣ͊ͫͫ· ͔ͭ͊͡Φ 

˿ͦ ͫͭͦͪͦͤ· ͔͔ͫͪ͒;ͤͦ-͙͚ͫͦͫͯ͒ͫͭͦ ͙͔ͫͫͭͣ· ͔ͦͭͣ;͊ΌͭͫΎ ͭ͊ͻ͙͙͊ͪ͒͟ΎΣ ͙͙͙͊ͪͭͣ ͙ ͍ͨͦ·΄͔͙͔ͤ 

͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡ΎΦ ̉͊ͫͭͦ ͍·Ύ͍͡Ύ͔ͭͫΎ Ήͦ͘͟ͺͭ͊͡ΈͣΣ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͙͚͊ͯͭͦͣͣͯͤͤͦ ͙͔ͨͪͪͦ͒ 

͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ ̂ ͔͗ͤ΅͙ͤ ͍ͦͣͦ͗ͤ͘· ͤ͊ͪͯ΄͔͙ͤΎ ͔ͣͤͫͭͪͯ͊͡Έ͎ͤͦͦ ͼ͙͊͟͡Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙͎͙͙͒͊ͤͦͫͭ͟ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͎͙͙͔ͨͦͭͪͦ͊͘ ͙ ͎͙͔͙͔ͨͪͭͪͦ͊͘ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͒͊ͤͤ·ͻ ͙ ͔ͪͯ͘͡Έͭ͊ͭ͊ͻ 

͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Φ ˻͍ͫͤͦͤ·͙ͣ ͔ͨͦ͊͊ͭ͘͟͡Ύ͙ͣ Ύ͍͡ΎΌͭͫΎ ͍͔ͯͪͦͤΈ ́́˥Σ ͍ͫͦ͋ͦ͒ͤ·ͻ ́о ͙ ́п ͍ 

͍͙ͪͦ͟Φ ˨͙͔ͦͨͦͤͭ͡͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͙͔͊ͤͭͭ͡ ͟ ͙͔͙͚ͭͪͦ͒ͤͦ ͔͙͔ͨͪͦͫ͒͊͘͟ ͙ 

͙͔͎͙ͭͪͦͦ͋ͯͤͯ͡͡Φ 

ˮ͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ ͔ͣͭͦ͒· ͍͟͡Ό;͊Όͭ ͯ͡Έ͍͍͔ͭͪ͊ͯͦͦ͘͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ΅͙͍͙͚ͭͦ͒ͤͦ ͔͔͗͘͡·Σ 
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MORPHOLOGICAL MANIFESTATIONS OF CELLULAR STRESS AND ADAPTATION 

 

Abstract 

Cellular stress is a universal response of the organism to adverse exogenous and endogenous factors. 

In response to damaging influences, cells activate adaptive mechanisms aimed at preserving structural 

integrity and functional activity. When compensatory capacities are exceeded, dystrophic and necrotic 

changes develop. This article examines the morphological manifestations of cellular stress and adaptation at 

the cellular, tissue, and organ levels, their pathogenetic mechanisms, and diagnostic significance in 
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pathological anatomy. Special attention is paid to reversible and irreversible forms of cellular damage and 

their role in disease development. 

Keywords:  

cellular stress, adaptation, pathological anatomy, dystrophy, hypertrophy, atrophy, ultrastructural changes. 
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͔͙ͣͭ͊ͨ͊͘͡ΎΦ ͙̏ͭ ͨͪͦͼ͔ͫͫ· ͎ͣͦͯͭ ͋·ͭΈ ͊͟͟ ͺ͙͙͎͙ͦͦ͘͡;͔͙͙ͫͣ͟Σ ͭ͊͟ ͙ ͎͙ͨ͊ͭͦͦ͡;͔͙͙ͫͣ͟Φ ˤ ͍͙ͯͫͦ͡Ύͻ 

͙͔͒ͭ͡͡Έ͎ͤͦͦ ͙͙͡ ͙͔͙͍͎ͤͭͤͫͤͦͦ ͔ͫͭͪͫͫ͊ ͊͒͊ͨͭ͊ͼ͙ͦͤͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͙ͫͭͦ΅͊ΌͭͫΎΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

͍͙͙ͪ͊ͭ͘Ό ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͙ͭ͟͟͡ ͙ ͔ͨͦͫ͒ͯ͡Ό΅͙ͣ ͫͭͪͯͭͯͪͤ͟·ͣ ͤ͊ͪͯ΄͔͙ͤΎͣΦ 

˸ͦͪͺ͎͙ͦͦ͡Ύ ͙ͦ͋ͪ͊ͭͣ·ͻ ͍͔͔͙͚ͨͦͪ͗͒ͤ ͔͙ͭ͟͟͡Φ 

˻͙͋ͪ͊ͭͣ·͔ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͙ͭ͟͟͡ ͻ͔͙͊ͪ͊ͭͪͯ͘͟ΌͭͫΎ ͙͔͔͙ͣͤͤ͘Ύ͙ͣΣ ͦͭͦͪ͟·͔ ͙ͨͪ ͔͙͙ͯͫͭͪ͊ͤͤ 

͍͔ͨͦͪ͗͒͊Ό΅͔͎ͦ ͺ͊ͭͦͪ͊͟ ͎ͣͦͯͭ ͨͦͤͦͫͭ͡ΈΌ ͔͎͔͙͍ͪͪͫͫͪͦ͊ͭΈΦ ˹͊ ͍͔͍ͫͭͦͦͣ ͍͔ͯͪͦͤ ͟ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ 

͔ͣͯͭͤͦ ͤ͊͋ͯͻ͙͔͊ͤΣ ͍͊ͯͦ͟͡Έͤ͊Ύ ͙͒ͫͭͪͦͺ͙ΎΣ ͔͙ͪͤͫͭ͊͘Ύ ͙͒ͫͭͪͦͺ͙Ύ ͼ͙ͭͦͨ͊ͣ͘͡·Φ ͙̏ͭ ͙͔͔͙ͣͤͤ͘Ύ 

ͦͭͪ͊͗͊Όͭ ͤ͊ͪͯ΄͔͙͔ͤ ͍ͦ͒ͤͦ-Ή͔͙͎ͭͪͦͭͤͦͦ͟͡͡ ͙ Ή͔͎͔͙ͤͪͭ;͔͎ͫͦͦ͟ ͔ͦ͋ͣͤ͊Φ 

˹͊ ͯ͡Έͭͪ͊ͫͭͪͯͭͯͪͤͦͣ͟ ͍͔ͯͪͦͤ ͍·Ύ͍͡ΎΌͭͫΎ ͤ͊͋ͯͻ͙͔͊ͤ ͙ͣͭͦͻ͙͚ͦͤ͒ͪΣ ͪ͊ͫ΄͙͔͙͔ͪͤ ͼ͙͔ͫͭͪͤ 

Ή͙ͤ͒ͦͨ͊ͣ͊ͭ͘͡;͔͎ͫͦͦ͟ ͔͙ͪͭͯͯͣ͊͟͡Σ ͙͒ͫͫͦͼ͙͊ͼ͙Ύ ͙ͪ͋ͦͫͦͣΦ ̒͒ͪͦ ͙ͨͪ Ήͭͦͣ ͫͦͻͪ͊ͤΎ͔ͭ ͼ͔ͦͫͭͤͦͫͭ͡ΈΣ 

ͻ͙ͪͦͣ͊ͭͤ ͔͔͖ͪ͊ͫͨͪ͒ͤ͡ ͍͔ͪ͊ͤͦͣͪͤͦΦ ˽ͦ͒ͦ͋ͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ ;͊ͫͭͦ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͙ͨͪ ͎͙͙͙ͨͦͫ͟Σ 

͙ͤ ͙ͭͦͫ͊͟͟ͼ͙Ύͻ ͙ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙ͤΎͻΦ 

̂͡Έͭͪ͊ͫͭͪͯͭͯͪͤ͟·͔ ͨͪͦΎ͍͔͙ͤ͡Ύ ͔ͭͦ͟͡;͎ͤͦͦ ͔ͫͭͪͫͫ͊Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· Ή͔͚ͭͪͦͤͤͦ͟͡ ͙͙͙ͣͪͦͫͦͨ͟͟ ͍ͨͦͦ͘͡ΎΌͭ ͍·Ύ͍͙ͭΈ ͙͔ͪ͊ͤͤ ͙͙ͨͪͤ͊͘͟ 

͔ͭͦ͟͡;͎ͤͦͦ ͔ͫͭͪͫͫ͊Φ ˴ ͙ͤͣ ͦͭͤͦͫΎͭͫΎ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͔ͣͣ͋ͪ͊ͤ ͎͔ͦͪ͊ͤ͡͡Σ ͙͔͔͙͔ͣͤͤ͘ ͺͦͪͣ· 

͙ͣͭͦͻ͙͚ͦͤ͒ͪΣ ͙͔͙͔ͫͤ͗ͤ ͙ͦ͟͡;͔͍ͫͭ͊ ͙ͪͫͭ͟Σ ͔͙͔ͤ͊ͦͨͤ͟͡ ͙͊ͯͭͦͦͫͦͣ͘͡Φ ͙̏ͭ ͙͔͔͙ͣͤͤ͘Ύ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ 

ͦ͋ ͊͟ ͙͍ͭ͊ͼ͙͙ ͊ͯͭͦͺ͎͙͙͊ τ ͦ ͎͒ͤͦͦ ͙͘ ͟͡Ό;͔͍·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔ͭͦ͟͡;͚ͤͦ ͊͒͊ͨͭ͊ͼ͙͙Φ 

ˢͯͭͦͺ͎͙͊Ύ ͙͎͔ͪ͊ͭ ͍͚͍͔͒ͦͫͭͤͤͯΌ ͪͦ͡ΈΥ ͫ ͚ͦ͒ͤͦ ͫͭͦͪͦͤ·Σ ͦͤ͊ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͙ͯͭ͊͘͡ͼ͙͙ 

͍͔͖ͨͦͪ͗͒ͤͤ·ͻ ͫͭͪͯͭͯͪ͟Σ ͫ ͎͚͒ͪͯͦ τ ͙ͨͪ ;͔͔͚ͪͣͪͤͦ͘ ͙͍͊ͭ͊͟ͼ͙͙ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͎͙͔͙͋͡ ͔͙ͭ͟͟͡Φ 

˸ͦͪͺ͎͙ͦͦ͡;͔͔ͫͦ͟ ͍·Ύ͍͔͙͔ͤ͡ ͊ͯͭͦͺ͎͙͊;͔͙ͫ͟ͻ ͍͔͚͊ͯͦ͟͡ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͙ͨͪ ͦͼ͔͔ͤ͟ ͔͔͙ͫͭͨͤ 

͔ͭͦ͟͡;͎ͤͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎΦ 
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˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͺͦͪͣ· ͔ͭͦ͟͡;͚ͤͦ ͊͒͊ͨͭ͊ͼ͙͙Φ 

˥͙͔ͨͪͭͪͦͺ͙Ύ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͍͔͙ͯ͡;͔͙͔ͤͣ ͔͍ͪ͊ͣͪͦ͘ ͔ͭͦ͟͟͡ ͊͘ ͫ;͖ͭ ͙͔͎ͯͫͤͤͦͦ͡ ͙͔ͫͤͭ͊͘ 

ͫͭͪͯͭͯͪͤ͟·ͻ Ή͔͔͍ͣͤͭͦ͡Φ ˸ͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ ͦͤ͊ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍͔͙ͯ͡;͔͙͔ͤͣ ͦ͋Ά͖ͣ͊ ͼ͙ͭͦͨ͊ͣ͘͡· ͙ Ύ͒ͪ͊Φ 

ˢͭͪͦͺ͙ΎΣ ͙͍ͤ͊ͨͪͦͭΣ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͔ͯͣͤΈ΄͔͙͔ͤͣ ͔͍ͪ͊ͣͪͦ͘ ͔ͭͦ͟͟͡ ͙ ͙͔͙͔ͫͤ͗ͤͣ ͙ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͚ͤͦ 

͙͍͙͊ͭͤͦͫͭ͟Φ 

˸͔͙ͭ͊ͨ͊͘͡Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔͊ͣͤͯ͘ ͎ͦ͒ͤͦͦ ͍͙͒͊ ͙͒ͺͺ͔͔ͪͤͼ͙͍͚ͪͦ͊ͤͤͦ ͙ͭ͊ͤ͟ ͎͙͒ͪͯͣΣ ͔͔͋ͦ͡ 

͚ͯͫͭͦ;͙͍·ͣ ͟ ͔͚͍͙͒ͫͭΌ ͍͔ͨͦͪ͗͒͊Ό΅͔͎ͦ ͺ͊ͭͦͪ͊͟Φ ̆ͦͭΎ ͔͙ͣͭ͊ͨ͊͘͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͊͒͊ͨͭ͊ͼ͙͚ͦͤͤͦ ͔ͪ͊͟ͼ͙͔͚Σ 

ͦͤ͊ ͍ͨͦ·΄͔͊ͭ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙͙͙͒ͫͨ͊͘͡ ͙ ͦͨͯͻ͔͍͎ͦͦͦ͡ ͪͦͫͭ͊Σ ;ͭͦ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟ ͔͖ ͙͙ͤͦ͟͟͡-

ͣͦͪͺ͎͙ͦͦ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΦ 

˽͔͔ͪͻͦ͒ ͊͒͊ͨͭ͊ͼ͙͙ ͍ ͍͔͔͙͔ͨͦͪ͗͒ͤΦ 

˽͙ͪ ͙͔͒ͭ͡͡Έͤͦͣ ͙͙͡ ;͔͔ͪͣͪͤͦͣ͘ ͍͔͚͍͙͙ͦ͒ͫͭ͘ ͔ͫͭͪͫͫͦͪ͊ ͊͒͊ͨͭ͊ͼ͙ͦͤͤ·͔ ͔ͣͻ͙͊ͤͣ͘· 

ͯͭͪ͊;͙͍͊Όͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΦ ˤ Ή͙ͭͻ ͍͙ͯͫͦ͡Ύͻ ͍͙͍ͪ͊͊͘ΌͭͫΎ ͔͙ͤͦ͋ͪ͊ͭͣ·͔ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͙ͭ͟͟͡Σ 

͍ͫͦͨͪͦͦ͗͒͊Ό΅͙͔ͫΎ ͍·͔ͪ͊͗ͤͤ·͙ͣ ͣͦͪͺ͎͙ͦͦ͡;͔͙͙ͫͣ͟ ͙͔͔͙ͣͤͤ͘Ύ͙ͣΦ ˻͍ͫͤͦͤ·͙ͣ ͙͙ͨͪͤ͊͊ͣ͘͟ 

͔͙͙ͤͦ͋ͪ͊ͭͣͦͫͭ Ύ͍͡ΎΌͭͫΎ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͙ͨ͊ͣ͊ͭ͘͡;͔͚ͫͦ͟ ͔ͣͣ͋ͪ͊ͤ·Σ ͪ͊ͪͯ͘΄͔͙͔ͤ ͙ͣͭͦͻ͙͚ͦͤ͒ͪ ͙ 

͙͔͔͙ͣͤͤ͘Ύ Ύ͔͎͒ͪͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊Φ 

͔̒͒ͪͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ ͍͟͡Ό;͊Όͭ ͙͙͊ͪͦͨͤͦ͘͟͟Σ ͙͔͙͊ͪͦͪͫͫ͟͟ ͙ ͙͙͙͊ͪͦͫ͘͟͡Σ ͦͭͦͪ͟·͔ Ύ͍͡ΎΌͭͫΎ 

ͣͦͪͺ͎͙ͦͦ͡;͔͙͙ͫͣ͟ ͔͙ͣ͊ͪͪ͊ͣ͟ ͔ͭͦ͟͡;͚ͤͦ ͎͙͔͙͋͡Φ ͙̏ͭ ͙͔͔͙ͣͤͤ͘Ύ ͔͗͊ͭ͡ ͍ ͍͔ͦͫͤͦ ͍͙͙ͪ͊ͭ͘Ύ ͔ͤͪͦ͊͘͟ ͙ 

͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͔͍ͭ͊ͤ͟·ͻ ͙ ͎ͦͪ͊ͤͤ·ͻ ͍͔͔͙͚ͨͦͪ͗͒ͤΦ 

˨͙͎͙͊ͤͦͫͭ;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘Φ 

˸ͦͪͺ͎͙ͦͦ͡;͔ͫ͊͟Ύ ͦͼ͔ͤ͊͟ ͔ͭͦ͟͡;͎ͤͦͦ ͔ͫͭͪͫͫ͊ ͙ ͊͒͊ͨͭ͊ͼ͙͙ ͙͔͔ͣͭ ͋ͦ͡Έ΄͔ͦ ͤ͊͘;͔͙͔ͤ ͍ 

͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͙͙͊ͤ͊ͭͦͣ ͙ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ˽ͦ ͻ͔͊ͪ͊ͭͪͯ͟ ͙͔͔͙͚ͣͤͤ͘ ͣͦ͗ͤͦ ͙ͫͯ͒ͭΈ ͦ 

͙͔͒ͭ͡͡Έ͙ͤͦͫͭ ͙ ͙͔͙͍͙ͤͭͤͫͤͦͫͭ ͍͔ͨͦͪ͗͒͊Ό΅͔͎ͦ ͺ͊ͭͦͪ͊͟Σ ͊ ͔ͭ͊͗͟ ͦ ͎͔ͨͪͦͤͦ͘ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

ˤ·Ύ͍͔͙͔ͤ͡ ͙ͦ͋ͪ͊ͭͣ·ͻ ͺͦͪͣ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͯ͊͘͟·͍͔͊ͭ ͤ͊ ͔ͨͦͭͤͼ͙͊͡ΈͤͯΌ ͍ͦͣͦ͗ͤͦͫͭ͘Έ 

͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͺͯͤ͟ͼ͙͙ ͎ͦͪ͊ͤ͊Σ ͎ͭͦ͒͊ ͊͟͟ ͙͙ͨͪͤ͊͘͟ ͔͙͎ͤͦ͋ͪ͊ͭͣͦͦ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͍͙͔͔ͫ͒ͭ͡Έ͍ͫͭͯΌͭ ͦ 

͔͎͙ͤ͋͊ͦͨͪ͡Ύͭͤͦͣ ͙ͫͻ͔ͦ͒Φ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͙ͨͪ ͙͔͊ͤ͊͘͡ ͙͙͚͎͋ͦͨͫͤͦͦ ͙ ͔ͦͨͪ͊ͼ͙͎ͦͤͤͦͦ ͔͙ͣ͊ͭͪ͊͊͡Φ 

˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͔ͭͦ͟͡;͎ͤͦͦ ͔ͫͭͪͫͫ͊ ͙ ͊͒͊ͨͭ͊ͼ͙͙ ͦͭͪ͊͗͊Όͭ ͫͦ͗ͤ͡·͔ ͔ͣͻ͙͊ͤͣ͘· 

͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔͙ͭ͟͟͡ ͫ ͔͎͙ͤ͋͊ͦͨͪ͡Ύͭͤ·͙ͣ ͺ͙͊ͭͦͪ͊ͣ͟ ͔ͫͪ͒·Φ ˢ͒͊ͨͭ͊ͼ͙ͦͤͤ·͔ ͔ͪ͊͟ͼ͙͙ ͍͔ͤ͊ͨͪ͊ͤ͡· 

ͤ͊ ͫͦͻ͔͙͔ͪ͊ͤͤ ͙͔͙͗ͤͫͨͦͫͦ͋ͤͦͫͭ͘Σ ͦ͒ͤ͊ͦ͟ ͙ͨͪ ͙ͻ ͙ͫͭͦ΅͔͙͙ͤ ͍͙͍ͪ͊͊͘ΌͭͫΎ ͙͒ͫͭͪͦͺ͙;͔͙͔ͫ͟ ͙ 

͔͙ͤͪͦͭ͟;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘ΎΦ ˮͯ͘;͔͙͔ͤ Ή͙ͭͻ ͨͪͦͼ͔͍ͫͫͦ ͙͔͔ͣͭ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ 

͙͙ͨͦͤͣ͊ͤΎ ͎͔͔ͨ͊ͭͦͤ͊͘ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙ ͦͼ͔͙ͤ͟ ͙ͻ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͔ͭ;͔͙ͤΎΦ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎ 

͍ͨͦͦ͘͡Ύ͔ͭ ͦ͋Ά͔͙͍ͭͤͦ͟ ͦͼ͔͙ͤͭΈ ͎͙ͪ͊ͤͼͯ ͔ͣ͗͒ͯ ͊͒͊ͨͭ͊ͼ͙͔͚ ͙ ͍͔͔͙͔ͨͦͪ͗͒ͤͣΣ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ 

͔͊ͫͨͭͦͣ͟ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˿͍ͭͪͯͦ͟ ˢΦ ˮΦΣ ˿͔͍ͪͦ ˤΦ ˤΦ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΥ ͯ;͔͙͋ͤ͟Φ τ 6-͔ ͙͒͘ΦΣ ͔͔ͨͪͪ͊͋Φ ͙ ͒ͦͨΦ τ ˸ΦΥ 

˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмфΦ τ уул ͫΦ τ URL: https:// www.geotar.ru/product/ ISBN9785970449344 

нΦ ˭͚͊ͪ͊ͭΈΎͤͼ ˻Φ ˤΦΣ ˸͙͙ͤ͒ͤ͊͡ ˢΦ ̒Φ ˻͋΅͊Ύ ͎͙ͨ͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΦ τ ˸ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлнлΦ τ 

рпп ͫΦ τ URL: https:// www.geotar.ru/product/ ISBN9785970459558 

оΦ ˽͍͊ͯͦ͟ ˤΦ ˿ΦΣ ͙͍̆ͭͪͦ ˹Φ ˴Φ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΥ ͊ͭ͊ͫ͡Φ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмуΦ τ прс ͫΦ τ URL: 

https:// www.medknigaservis.ru/product/atlas-patologicheskaya-anatomiya 

пΦ ˾͙ͦ͋͋ͤͫ ˿Φ ˶ΦΣ ˴ͦͭͪ͊ͤ ˾Φ ˿Φ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎ ͔͔͚͋ͦͤ͘͡ ;͔͍͔ͦ͊͟͡Υ ͍ н ͭΦ τ ˽͔ͪΦ ͫ ͎͊ͤ͡Φ τ ˸ΦΥ 

˶͎ͦͦͫͺ͔ͪ͊Σ нлнмΦ τ ́ Φ мΦ τ снп ͫΦΤ ́Φ нΦ τ спл ͫΦ τ URL: https:// logosphere.ru/catalog/ robbins 

рΦ ˴͎ͦ͊ͤ ˩Φ ˢΦ ˴͔ͭͦ͡;͔ͤͦ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͙ ͊͒͊ͨͭ͊ͼ͙ΎΥ ͣͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͍ͦͫͤͦ·Φ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмтΦ 

τ омн ͫΦ τ URL: https:// www.medknigaservis.ru/product/kogan-kletochnoe-povrezhdenie 

ϭx ͔͙͔͍ͪ͒ ̊Φ˴Φ, 2025 
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       ˣΎ΄͙͍ͣͦ͊ ͙̅ͪΌ͊͘ ˣΎ΄͙͍ͣͦͤ͊Σ  

˴͊ͺ͔͒ͪ͊ ͦ͗ͤ͟·ͻ ͍͔͔͎͙ͤͪͦͦ͡;͔͙ͫ͟ͻ ͔͔͚͋ͦͤ͘͡ ŀͫ ͙͔ͫͫͭͤͭΦ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

 ͙ ͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

ˢ́˻˽ˮ̉˩˿˴ˮ˯ ˨˩˾˸ˢ́ˮ́ ˤ ˨˩́˿˴˻˸ ˤ˻˭˾ˢ˿́˩Υ ˿˻ˤ˾˩˸˩˹˹̍˩  

˽˾˩˨˿́ˢˤ˶˩˹ˮ̒ ˻ ˨ˮˢ˥˹˻˿́ˮ˴˩ ˮ ́˩˾ˢ˽ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˢ͙ͭͦͨ;͔͙͚ͫ͟ ͔͙͒ͪͣ͊ͭͭ όˢͭ˨ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͔ͪͼ͙͙͍͙͒ͪͯΌ΅͔͔ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͔ͤͦ 

͔͍͙͔͊͋ͦ͊ͤ͘͡ ͙ͦ͗͟Σ ͙ͣ͊ͤͺ͔͙ͫͭͪͯΌ΅͔͔Σ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͍ ͔ͪ͊ͤͤͣ ͔͒ͭͫͦͣ͟ ͍͔ͦͪ͊ͫͭ͘Φ ˤ ͍͔ͦͫͤͦ ͎͔͔ͨ͊ͭͦͤ͊͘ 

͔͙͗ͭ͡ ͔ͫͦ͗ͤͦ͡ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͎͔͔͙ͤͭ;͔͚ͫͦ͟ ͔͔͙ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡Σ ͤ͊ͪͯ΄͔͙͚ͤ ͋͊ͪΈ͔͚ͪͤͦ ͺͯͤ͟ͼ͙͙ 

͙ͦ͗͟Σ ͙͎͙ͣͣͯͤͦͦ͡;͔͚ͫͦ͟ ͙͔͎͒ͫͪͯ͡Ύͼ͙͙ ͫ ͔͙͔ͨͪͦ͋͊͒͊ͤͣ͡ ¢Ƙнπͦ ͍͔ͭͭ͊ ͙ ͺ͍͊ͭͦͪͦ͟ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ 

ˢͭ˨ Ύ͍͡Ύ͔ͭͫΎ ͔͒͋Όͭͤ·ͣ ͨͪͦΎ͍͔͙͔ͤͣ͡ ζ͙͊ͭͦͨ;͔͎ͫͦͦ͟ ͣ͊ͪ΄͊ηΣ ͍ͨͦ·΄͊Ύ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͎͙͊ͪ͡͡;͔͎ͫͦͦ͟ 

͙͙ͪͤͭ͊ ͙ ͋ͪͦͤͻ͙͊͡Έ͚ͤͦ ͊ͫͭͣ· ͍ ͒͊͡Έ͔͚ͤ΄͔ͣΦ ˤ ͫͭ͊ͭΈ͔ ͨͦ͒ͪͦ͋ͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· ͙͙ͤ͟͡;͔͙͔ͫ͟ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͍ͦͪ͊ͫͭͤ͘·ͻ ͔͙͍ͨͪͦ͒ͦ ό͔ͣ͊͒ͤ͡;͔ͫ͊͟ΎΣ ͔͒ͭͫ͊͟ΎΣ 

͍ͨͦ͒ͪͦͫͭͦ͊͟Ύ ͙͙ͫͭ͊͒ύΣ ͙͔͙͙ͪͭͪ͟ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Φ ˻ͫͦ͋·͚ ͊͟ͼ͔ͤͭ 

͔ͫ͒͊ͤ͡ ͤ͊ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙ͨͪͤͼ͙ͨ͊ͻ ͔͚ͦͣͨͫͤͦ͟͟͡Σ ͔ͫͭͯͨͤ;͚͊ͭͦ ͔͙͙ͭͪ͊ͨΣ ͍͟͡Ό;͊Ό΅͔͚ ͔͔͔͍͗͒ͤͤ·͚ 

͍͋͊ͦ͘·͚ ͯͻͦ͒ ͊͘ ͔͚ͦ͗͟ όΉ͔ͣͦͤͭ͡·ύΣ ͦͤͭͪͦ͟͡Έ ͯ͒͊͘Σ ͤ͊ͪͯ͗ͤͯΌ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡ΈͤͯΌ ͔͙ͭͪ͊ͨΌ 

ό͙ͭͦͨ;͔͙͔ͫ͟ ͎͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͟͟͟·Σ ͙͎͙͙ͤ͋ͭͦͪ· ͊͟͡Έͼ͙͔͍͙ͤͪͤ͊ύ ͙ ͙͔͔ͫͫͭͣͤͦ ͔͡;͔͙͔ͤ ͙ͨͪ ͭΎ͔͗͡·ͻ 

ͺͦͪͣ͊ͻΦ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ ͍͊͗ͤͦͫͭΈ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ ͎ͨͪͦͪ͊ͣͣ ͒͡Ύ ͨ͊ͼ͙͔͍ͤͭͦ ͙ ͙ͻ ͔͔͚ͫͣ ͊͟͟ 

͔ͤͦͭΆ͔͔͚ͣͣͦ͡ ;͙͊ͫͭ ͔ͯͫͨ΄͎ͤͦͦ ͎͒ͦͦͫͪͦ͡;͎ͤͦͦ ͦͤͭͪͦ͟͡Ύ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͙͊ͭͦͨ;͔͙͚ͫ͟ ͔͙͒ͪͣ͊ͭͭΣ ͔͙͒ͭΣ ͎͔͔ͨ͊ͭͦͤ͘Σ ͦ͗ͤ͟·͚ ͋͊ͪΈ͔ͪΣ ͺ͙͎͎͙͊ͪͤ͡Σ ͯ͒͘Σ Ή͔ͣͦͤͭ͡·Σ 

 ͙ͭͦͨ;͔͙͔ͫ͟ ͎͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͟͟͟·Σ ͙͎͙͙ͤ͋ͭͦͪ· ͊͟͡Έͼ͙͔͍͙ͤͪͤ͊Σ ͙͊ͭͦͨ;͔͙͚ͫ͟ ͣ͊ͪ΄Φ 

 

мΦ ˤ͍͔͔͙͔͒ͤ 

ˢ͙ͭͦͨ;͔͙͚ͫ͟ ͔͙͒ͪͣ͊ͭͭ όˢͭ˨) ς ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

͙ͦ͗͟ ͯ ͔͔͚͒ͭΣ ͦͭͦͪ͟·ͣ ͫͭͪ͊͒͊Όͭ ͒ͦ нл҈ ͔͔͚͒ͭ ͍ ͍͙ͪ͊ͭ͘·ͻ ͫͭͪ͊ͤ͊ͻΦ ˩͎ͦ ͤ͊;͊ͦ͡ ͍ ур-фл҈ ͫͯ͡;͔͍͊ 

͙ͨͪͻ͙ͦ͒ͭͫΎ ͤ͊ ͔͍ͨͪ·͔ р ͔ͭ͡ ͙͙͗ͤ͘Φ ˭͔͍͙͔͊͋ͦ͊ͤ͡ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙͔ͫͤ͗͊ͭ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͔͔ͪ͋ͤ͊͟ ͙ ͍͔͚ͫ 

͔ͫͣΈ͙Σ ͨ ͙͍͙ͪͦ͒ͭ ͟ ͫͦͼ͙͊͡Έ͚ͤͦ ͔͒͊͒͊ͨͭ͊͘ͼ͙͙Σ ͤ͊ͪͯ΄͔͙ͤΎͣ ͫͤ͊ ͙ ͙ͨͫͻͦΉͣͦͼ͙ͦͤ͊͡Έͤ·ͣ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ͣΦ 

˽͙͙͔ͦͤͣ͊ͤ ͣͯ͡Έ͙ͭͺ͚͊ͭͦͪͤͦ͟ ͙ͨͪͪͦ͒· ˢͭ˨ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;ͦͣ ͟ Ήͺͺ͔͙͍ͭͤͦͣͯ͟ ͔͡;͔͙ͤΌ ͙ 

ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

нΦ ˽͎͔͔͊ͭͦͤ͘Υ ͍͔͔ͫͦͪͣͤͤ·͚ ͍͎͘͡Ύ͒ 

˽͎͔͔͊ͭͦͤ͘ ˢͭ˨ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ζͨͦͪͦ;ͤ·͚ ͎ͪͯ͟ηΣ ͍ ͦͭͦͪͦͣ͟ ͼ͔ͤͭͪ͊͡ΈͤͯΌ ͪͦ͡Έ ͙͎ͪ͊Όͭ ͍͒͊ 

͍͙͍͊ͣͦͫ͘Ύ͊ͤͤ͘·ͻ ͨͪͦͼ͔ͫͫ͊Υ 

1. ˥͔͔͙ͤͭ;͔͙ͫ͟ ͔͔͙͙͍͔͒ͭͪͣͤͪͦ͊ͤͤͦ ͤ͊ͪͯ΄͔͙͔ͤ ͋͊ͪΈ͔͚ͪͤͦ ͺͯͤ͟ͼ͙͙ ͙ͦ͗͟Φ ˸ ͯͭ͊ͼ͙͙ ͎͔ͤ͊ 

ͺ͙͎͎͙͊ͪͤ͊͡ όFLGύΣ ͟͡Ό;͔͍͎ͦͦ ͔͋͊͟͡Σ ͯ;͍͊ͫͭͯΌ΅͔͎ͦ ͍ ͔͙ͭͪͣͤ͊͡Έ͚ͤͦ ͙͒ͺͺ͔͔ͪͤͼ͙͍͔ͪͦ͟ ͔͙ͪ͊ͭͤͦ͟ͼ͙͍ͭͦ 

͙ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͎͍͎ͪͦͦͦͦ ͫͦ͡ΎΣ ͍·Ύ͍͡ΎΌͭͫΎ ͯ нл-рл҈ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͭΎ͔͗͡·ͣ ˢͭ˨Φ ˨͔ͺ͙ͼ͙ͭ ͺ͙͎͎͙͊ͪͤ͊͡ 

͙͍͙ͨͪͦ͒ͭ ͟ ͔͒ͺ͔ͭͯ͟ Ή͙͔ͨ͒ͪͣ͊͡Έ͎ͤͦͦ ͋͊ͪΈ͔ͪ͊Υ 

o  ˽ ͍ͦ·΄͔͚ͤͤͦ ͭͪ͊ͤͫΉ͙͔ͨ͒ͪͣ͊͡Έ͚ͤͦ ͔͔ͨͦͭͪ ͍ͦ͒· ό͔ͫͪͦ͘͟Σ ͫͯͻͦͫͭΈύΦ 

o  ˻ ͔͎͋͡;͔ͤͤͦͣͯ ͙͍͔͙ͨͪͦͤͤͦͤ͟Ό ͔͎͔͍͊ͪͤͦ͡͡ όͨ·͔͍͡·ͻ ͔͟͡΅͔͚Σ ͨ·͡Έͼ·Σ ͙ͣͪͦ͋ͤ͟·ͻ ͙͎͔͍͊ͤͭͤͦύΣ 

͙͔͔͚ͪ͊͒ͪ͊͗ͭ͘͡ ͙ ͎͔͍ͨ͊ͭͦͤͦΦ 

2. ˮ͎͙ͣͣͯͤͦͦ͡;͔ͫ͊͟Ύ ͙͔͎͒ͫͪͯ͡Ύͼ͙ΎΦ ˽ ͙͍͔͙͔ͪͦͤͤͦͤ͟ ͔͎͔͍͊ͪͤͦ͡͡ ;͔͔ͪ͘ ͍͔͔ͨͦͪ͗͒ͤͤ·͚ ͋͊ͪΈ͔ͪ 
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͙͍͙͔͊ͭͪͯͭ͟ ͙ͣͣͯͤͤ·͔ ͔͙ͭ͟͟͡ Ή͙͔͙ͨ͒ͪͣͫ͊ ό͔͙ͪ͊ͭͤͦ͟ͼ͙ͭ·Σ ͔͙ͭ͟͟͡ ˶͎͔͎͊ͤͪ͊ͤͫ͊ύΣ ;ͭͦ ͔͊ͨͯͫ͊ͭ͘͟ ¢Ƙн-

͙ͣͣͯͤͤ·͚ ͍͔ͦͭͭ ͫ ͍ͨͦ·΄͔͚ͤͤͦ ͍·͚ͪ͊͋ͦͭͦ͟ ͙͔͔͚͙͍ͤͭͪͤͦ͟͡ όL[-4, IL-13, IL-омύΦ ͙̏ͭ ͼ͙͙ͭͦͤ͟·Υ 

o  ˽ ͔͙͍ͦ͒͒ͪ͗͊Όͭ ͍͔͙͔ͦͫͨ͊ͤ͡Φ 

o  ̂ ͎͔ͤͭ͊Όͭ ͙͔ͫͤͭ͘ ͔͍͋ͦ͟͡ ͎ͦ͗ͤͦͦ͟ ͋͊ͪΈ͔ͪ͊Σ ͎ͯͫͯͯ͋͡ΎΎ ͔͎ͦ ͔͒ͺ͔ͭ͟Φ 

o IL-31 Ύ͍͡Ύ͔ͭͫΎ ͍ͦͫͤͦͤ·ͣ ͔͙ͣ͒͊ͭͦͪͦͣ ͯ͒͊͘Σ ͦͭͦͪ͟·͚ ͍͙ͫͭ͊ͤͦͭͫΎ ͼ͔ͤͭͪ͊͡Έͤ·ͣ ͙ͫͣͨͭͦͣͦͣ ͙ 

͙͎͎͔ͭͪͪͦͣ ͔͙͚ͦ͋ͦͫͭͪͤ όͼ͙͟͡ ζͯ͒͘ςͪ ͊ͫ;͔ͫ·ηύΦ 

3. ˸͙ͪͦ͋ͤ͟·͚ ͺ͊ͭͦͪ͟Φ ˹ ͊ͪͯ΄͔͙͔ͤ ͋͊ͪΈ͔ͪ͊ ͙ ͙͔͔͙ͣͤͤ͘Ύ ͎ͦ͗ͤͦͦ͟ ǇI ͍ͫͨͦͫͦ͋ͫͭͯΌͭ 

͙ͦͦͤ͊͘͟͡ͼ͙͙ ͙ͦ͗͟ Staphylococcus aureusΣ ͦͭͦͪ͟·͚ ͍·͔͒͡Ύ͔ͭ ͔͙͎͔ͫͯͨͪ͊ͤͭͤ·Σ ͔͙͍ͨͦ͒͒ͪ͗͊Ό΅͙͔ 

ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡Φ 

оΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͙ ͍ͦͪ͊ͫͭͤ͘·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ 

͔́;͔͙͔ͤ ˢͭ˨ ͙͚ͫͭ͊͒ͤͦ ͙ ͍͙͙͊ͫͭ͘ ͦͭ ͍ͦͪ͊ͫͭ͊͘ ͨ͊ͼ͙͔ͤͭ͊Υ 

¶ ˸͔͊͒ͤ͡;͔ͫ͊͟Ύ ͙ͫͭ͊͒Ύ ό͒ͦ н ͔ͭ͡ύΥ ˻ ͔ͫͭͪͦ ͙͙͡ ͔ͨͦ͒ͦͫͭͪͦ ͍͔͙͔ͦͫͨ͊ͤ͡Φ ˽͔ͪͦ͋͊͒͊͡Όͭ 

Ή͙͔ͪͭͣ͊ͭͦͤ͘·͔ ͦ;͎͙͊Σ ͨ͊ͨͯ͡·Σ ͍͔͙ͯ͘͟͡·Σ ͙͔ͣͦͤͯͭ͟Σ ͔ͫͪͦͤ͘·͔ ͙ͦͪ͟͟Φ ˶͙ͦ͊͊͘͟͡ͼ͙ΎΥ ΅͔͙͟Σ ͦ͋͡Σ 

͎͙͔ͪ͊͋͊ͭ͘͡Έͤ·͔ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔ͦͤ͟;͔͚ͤͦͫͭΣ ͍͙ͦͦͫͫͭ͊͡Ύ ;͊ͫͭΈ ͎͍ͦͦ͡·Φ ˤ ͨͪͦͼ͔ͫͫ ͔ͤ ͍͍͔ͦ͊͟͡ΌͭͫΎ 

͎ͤͦͫͦͯ͋ͤ·͚ ͔͎ͭͪͯͦ͡Έ͙ͤ͟ ͙ ͦ͋͊ͫͭ͡Έ ͨͦ͒ ͎͙ͨͦ͒ͯͤͦͣ͘͟Φ 

¶ ˨͔ͭͫ͊͟Ύ ͙ͫͭ͊͒Ύ όн-мн ͔ͭ͡ύΥ ˽ ͪͦͼ͔ͫͫ ͍͙ͫͭ͊ͤͦͭͫΎ ͔͔͋ͦ͡ ͫͯͻ͙ͣΣ ͙͡ͻ͔͙ͤͦ͒ͤ·ͣΦ ˽͔ͪͦ͋͊͒͊͡Όͭ 

ͨ͊ͨͯ͡·Σ ͙͡ͻ͔͙ͤͺ͙͊͟ͼ͙Ύ όͯͭͦ͡΅͔͙͔ͤ ͙ͦ͗͟ ͫ ͙͔͙͔ͯͫͤͣ͡ ͔͔ ͙ͪͫͯͤ͊͟ύΣ Ή͙ͫͦͪ͊͟͟ͼ͙͙ όͪ͊ͫ;͔ͫ·ύΦ ͙͙́ͨ;ͤ͊Ύ 

͙ͦ͊͊͘͟͡͡ͼ͙ΎΥ ͎͙͔ͫ͋͊ͭ͡Έͤ·͔ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͔ͦͤ͟;͔͚ͤͦͫͭ ό͔͍ͦͭ͟͡·͔ ͙ ͔ͨͦ͒ͦͤͤ͟͡·͔ ͙ͫ͊͒͟͟͡ύΣ ΄͔ΎΣ 

͊ͨ͘ΎͫͭΈΎΣ ͎͔ͦͤͦͫͭͦͨͤ͡·͔ ͍ͫͯͫͭ͊·Φ 

¶ ˽͍ͦ͒ͪͦͫͭͦ͊͟Ύ ͙ ͍ͪͦͫ͊͘͡Ύ ͙ͫͭ͊͒Ύ όͫ мн ͔ͭ͡ύΥ ʕ ·͔ͪ͊͗ͤͤ͊Ύ ͙͡ͻ͔͙ͤͺ͙͊͟ͼ͙ΎΣ ͫͯͻͦͫͭΈΣ Ή͙ͫͦͪ͊͟͟ͼ͙͙Φ 

˶͙ͦ͊͊͘͟͡ͼ͙ΎΥ ͎͙͔ͫ͋͊ͭ͡Έͤ·͔ ͍͔ͨͦͪͻ͙ͤͦͫͭΣ ͙͡ͼͦΣ ΄͔ΎΣ ͍͔ͪͻͤΎΎ ;͊ͫͭΈ ͍͙ͭͯͦ͡΅͊Φ 

пΦ ˨͙͎͙͊ͤͦͫͭ͊͟ ͙ ͙͎͙͒͊ͤͦͫͭ;͔͙͔ͫ͟ ͙͔͙͙ͪͭͪ͟ 

˨͙͎͊ͤͦ͘ ˢͭ˨ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭͫ͡Ύ ͙͙ͤ͟͡;͔͙ͫ͟Φ ˹͙͔͔͊͋ͦ͡ ΄͙ͪͦͦ͟ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͟ ͙͔͙͙ͪͭͪ WΦ aΦ IŀƴƛŦƛƴ 

͙ DΦ wŀƧƪŀ όмфулΣ ͙ͣͦ͒ͺ͙ͼ͙͍ͪͦ͊ͤͤ·͔ύΦ ˨͡Ύ ͍͙ͨͦͫͭ͊ͤͦ͟ ͙͎͒͊ͤͦ͊͘ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙ͤ͊͡;͙͔ 3 

ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͻ ͙  ͤ ͔ ͔͔͔ͣͤ о ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͟ ͙͔͙͔͍ͪͭͪΦ 

¶ ˻͍ͫͤͦͤ·͔ όͦ͋Ύ͔͊ͭ͘͡Έͤ·͔ύΥ мύ ˭ͯ͒Τ нύ ͙͙́ͨ;ͤ͊Ύ ͣͦͪͺ͎͙ͦͦ͡Ύ ͙ ͙ͦ͊͊͘͟͡͡ͼ͙Ύ ͍·ͫ·͙͚ͨ͊ͤΤ оύ 

͙̆ͪͦͤ;͔͔ͫͦ͟ ͔ͪͼ͙͙͍͙͒ͪͯΌ΅͔͔ ͔ͭ;͔͙͔ͤΦ 

¶ ˨͙͔ͦͨͦͤͭ͡͡Έͤ·͔Υ ˴ ͔ͫͪͦ͘ όͫͯͻͦͫͭΈύΣ ͤ͊;͊ͦ͡ ͍ ͔ͪ͊ͤͤͣ ͔͒ͭͫͦͣ͟ ͍͔ͦͪ͊ͫͭ͘Σ LƎ9-͔͙͙͙ͫͤͫ͋͊͘͡ͼ͙Ύ 

ό͍ͨͦ·΄͔͙͔ͤ ͦ͋΅͔͎ͦ ͙ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ LƎ9ύΣ ͫͦͤͤͦͫͭ͟͡Έ ͟ ͦ͗ͤ͟·ͣ ͙ͤͺ͔͟ͼ͙ΎͣΣ ͻ͔͚͙ͭ͡Σ ͙ͫ͊͒͟͟͡ ˨͔ͤΈ͔-

˸͎ͦͪ͊ͤ͊ ό͎͙ͨͦ͒͊ͤ͘͡;ͤ·͔ ͙ͫ͊͒͟͟͡ύΣ ͔͋͡·͚ ͔͎͒ͪͣͦͪ͊ͺ͙ͣ͘ ͙ ͒ͪΦ 

˨͙ͺͺ͔͔ͪͤͼ͙͊͡Έͤ·͚ ͙͎͒͊ͤͦ͘ ͨ ͍ͪͦͦ͒Ύͭ ͫ ͔͔͚ͫ͋ͦͪͤ·ͣ ͙ ͦͤͭ͊ͭͤ͟͟·ͣ ͔͙͒ͪͣ͊ͭͭͦͣΣ ;͔͚ͫͦͭͦ͟Σ 

͙ͻ͙ͭͦͦͣ͘Σ ͙ͨͫͦͪ͊ͦͣ͘Σ ͙͔ͣͣͯͤͦ͒ͺ͙ͼ͙ͭͤ·͙ͣ ͫͦͫͭͦΎ͙ͤΎ͙ͣΦ 

рΦ ˽͙ͪͤͼ͙ͨ· ͔͚ͦͣͨͫͤͦ͟͟͡ ͔͙͙ͭͪ͊ͨ 

˶͔;͔͙͔ͤ ˢͭ˨ Ύ͍͡Ύ͔ͭͫΎ ͔ͫͭͯͨͤ;͊ͭ·ͣ ͙ ͍͙͙͊ͫͭ͘ ͦͭ ͭΎ͔͙͗ͫͭ ͔ͭ;͔͙ͤΎ ό{/hw!5Σ 9!{LύΦ 

1. ˣ͙͊ͫͤ͊͘Ύ ͔͙ͭͪ͊ͨΎ όΉͭ͊ͨ мύ ς ͦ ͍ͫͤͦ͊ ͔͡;͔͙ͤΎ ͙ͨͪ ͡Ό͚͋ͦ ͔͔͙ͫͭͨͤ ͭΎ͔͙͗ͫͭΥ 

o  ˩ ͔͔͍͔͗͒ͤͤͦ ͙͔͔͙͔ͨͪͣͤͤ Ή͔͍ͣͦͤͭͦ͡ όн-о ͪ͊͊͘ ͍ ͔͒ͤΈ ͙ ͔ͨͦͫ͡ ͙ͯͨ͊ͤ͟ΎύΦ ̏ ͭͦ ͔ͤ ͔͙ͦͫͣͭ͊͟͟Σ ͊ 

͔͍͊ͪͫͭͦ͟͡Σ ͍͍͙͍ͦͫͫͭ͊ͤ͊͊͡Ό΅͔͔ ͙͙ͨ͒ͤ͡·͚ ͋͊ͪΈ͔ͪΣ ͔ͯͣͤΈ΄͊Ό΅͔͔ ͫͯͻͦͫͭΈ ͙ ͯ͒͘Φ ˮͫͨͦ͡Έͯ͘ΌͭͫΎ ͔ͪͣ͟·Σ 

͙ͣ͊͘Σ ͦͫ͡Έͦͤ·Φ 

o  ̂ ͔͙͔ͫͭͪ͊ͤͤ ͙͎͎͔͍ͭͪͪͦΥ ̈́ ͊͒Ύ΅͙͚ ͯͻͦ͒ ͊͘ ͔͚ͦ͗͟ όͣΎ͎͙͔͟ ͣͦΌ΅͙͔ ͔͍ͫͪ͒ͫͭ͊Σ ͔ͭͨ͊͡Ύ ͍ͦ͒͊ύΣ 

ͤͦ΄͔͙͔ͤ ͻͦͨ͡;͚͊ͭͦ͋ͯͣ͊͗ͤͦ ͔ͦ͒͗͒·Σ ͦͤͭͪͦ͟͡Έ ͙͙ͣͪͦͣ͊ͭ͊͟͟͡ όͨͪͦͻ͊͒ͤ͡·͚ ͍͊͗ͤ͡·͚ ͍ͦ͒ͯ͘ͻύΦ 

o  ˻ ͍͔͋ͪ͊ͦ͊ͭ͘͡Έͤ·͔ ͎ͨͪͦͪ͊ͣͣ· όζ̊ͦ͟͡· ͙͙͊ͭͦͨηύΦ 

2. ͔͙́ͪ͊ͨΎ ͔͙͚ͦ͋ͦͫͭͪͤΥ 

o  ̏ ͭ͊ͨ н ό͔͎͔ͦ͟͡ ͔͙͔ͦ͋ͦͫͭͪͤύΥ ́ ͙ͦͨ;͔͙͔ͫ͟ ͙͎͙͙ͤ͋ͭͦͪ· ͊͟͡Έͼ͙͔͍͙ͤͪͤ͊ ό͙͔͙ͨͣͪͦͣͯͫ͟͡Σ 

͙ͭ͊ͪͦͣͯͫ͟͡ύ ͒͡Ύ ;͍͍͙͔ͯͫͭͭ͡Έͤ·ͻ ͦͤ͘ ό͙͡ͼͦΣ ΄͔ΎΣ ͙ͫ͊͒͟͟͡ύ ͙͙͡ ͫ͊͋͡·͔κ͔͔ͯͣͪͤͤ·͔ ͙ͭͦͨ;͔͙͔ͫ͟ 

͎͡Ό͙͔͙ͦͦͪͭͦͫͭͪͦ͒͟͟͟· ό́˥˴˿ύ ͙ͦͪͦͭͣ͟͟ ͯͪͫͦͣ͟ όр-т ͔͚͒ͤύΦ 
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o  ̏ ͭ͊ͨ о ό͔͔͔ͯͣͪͤͤͦ ͔͙͔ͦ͋ͦͫͭͪͤύΥ ́ ˥˴˿ ͔͔͚ͫͪ͒ͤ ͙ͫ͡· ό͔͙͔͙ͣͭͨͪ͒ͤͦͦͤ͊͘͡ ͊ͼ͔ͨͦͤ͊ͭΣ ͔ͣͦͣͭ͊ͦͤ͊͘ 

ͺͯͪͦ͊ͭύ ͯͪͫͦͣ͟ ͒ͦ мп ͔͚͒ͤΦ 

o  ̏ ͭ͊ͨ п όͭΎ͔͔͗ͦ͡Σ ͔͙͔͔ͪͫͭͤͭͤͦ͘ ͔ͭ;͔͙͔ͤύΥ 

Á ˿͙͡Έͤ·͔ ́˥˴˿Φ 

Á ˿͙͔ͫͭͣͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ̇ ͙͙ͦͫͨͦͪͤ͟͡ ˢΣ ͔͔ͣͭͦͭͪͫ͊ͭ͟Σ ͙͙͊͊ͭͦͨͪͤ͘ ό͎ͫͭͪͦͦ ͨͦ ͙ͨͦ͊͊ͤ͘͟ΎͣύΦ 

Á ˥͔ͤͤͦ-͙͔͔ͤ͗ͤͪͤ·͔ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͔ͨͪͨ͊ͪ͊ͭ·Υ ˨ ͙ͯͨͯͣ͊͋͡ ς ͣͦͤͦͦͤ͊͟͡͡Έ͔ͤͦ ͙͔͊ͤͭͭͦ͡Σ 

͙͋ͦͪͯ͟͡Ό΅͔͔ ͔ͪͼ͔ͨͭͦͪ· L[-п ͙ L[-моΣ ζ͚ͦͦͭͦ͘͡ ͫͭ͊ͤ͒͊ͪͭη ͒͡Ύ ͔͡;͔͙ͤΎ ͭΎ͔͎͗ͦͦ͡ ˢͭ˨ ͯ ͔͔͚͒ͭ ͫ с ͔ͭ͡Φ 

Á ͔͙̅ͦͭͦͭͪ͊ͨΎ όͯͦͨͦͦͫͤ͊͘͟͡Ύ ¦±.-омм ͤͣύΦ 

3. ˴ͦͤͭͪͦ͡Έ ͯ͒͊͘Υ s ͙͎͙͙ͤͭͫͭ͊ͣͤͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· м-͎ͦ ͔͙ͨͦͦͤ͟͡Ύ ͎ͣͦͯͭ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈͫΎ 

͙ͦͪͦͭͣ͟͟ ͯͪͫͦͣ͟ ͤ͊ ͤͦ;Έ ͙͘-͊͘ ͔͙͍͎ͫ͒͊ͭͤͦͦ Ήͺͺ͔ͭ͊͟ ό͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͫͤ͊ύΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͔͔͙͍ͤͫ͒͊ͭͤ·͔ 

͙͎͙͙͊ͤͭͫͭ͊ͣͤͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ͦ͊͘͟·͍͊Όͭ ͫ͊͋͡·͚ Ήͺͺ͔ͭ͟ ͤ͊ ͯ͒͘ ͙ͨͪ ˢͭ˨Σ ͭ͊͟ ͊͟͟ ͦͤ ͔͍ͦͨͦͫͪ͒ͦ͊ͤ ͔ͤ 

ͭͦ͡Έͦ͟ ͎͙͙ͫͭ͊ͣͤͦͣΦ 

˭͊͟͡Ό;͔͙͔ͤ 

ˢ͙ͭͦͨ;͔͙͚ͫ͟ ͔͙͒ͪͣ͊ͭͭ ͯ ͔͔͚͒ͭ ς Ήͭͦ ͎ͣͤͦͦͺ͔͊ͭͦͪͤͦ͟ ͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͔ͭͪ͋ͯΌ΅͔͔ ͦͭ ͍ͪ͊;͊ 

͔͎ͦͣͨͫͤͦͦ͟͟͡Σ ͔͙͙͍͎ͨͪͫͦͤ͊ͪͦ͊ͤͤͦͦ͘͡ ͨͦ͒ͻͦ͒͊ ͙ ͔͙ͨ͊ͪͭͤͪͫ͟ͻ ͦͭͤͦ΄͔͙͚ͤ ͫ ͔ͫͣΈ͔͚ ͨ͊ͼ͙͔ͤͭ͊Φ 

˽͙͙͔ͦͤͣ͊ͤ ͟͡Ό;͔͍͚ͦ ͙ͪͦ͡ ͤ͊ͪͯ΄͔͙ͤΎ ͎ͦ͗ͤͦͦ͟ ͋͊ͪΈ͔ͪ͊ ͙ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊ ͔͙ͫͣͫͭͦ͡ ͙͎ͨ͊ͪ͊͒ͣͯ 

͔͡;͔͙ͤΎ ͦͭ ͙ͫ͟͡Ό;͙͔ͭ͡Έͤͦ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨ ͟ ͦ͋Ύ͔͊ͭ͘͡Έͤͦͣͯ ͨͦͫͭͦΎͤͤͦͣͯ ͯͻͦ͒ͯ ͫ 

ͨͦͣͦ΅ΈΌ Ή͔͍ͣͦͤͭͦ͡Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͎͙ͫͭͪ͊ͭΎΣ ͍ͦͫͤͦ͊ͤͤ͊Ύ ͤ͊ ͙ͨͪͤͼ͙ͨ͊ͻ ͔ͫͭͯͨͤ;͚͊ͭͦ ͔͙͙ͭͪ͊ͨ ͙ 

͍͔ͨͪͦͫ΅͔͙ͤΎΣ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͒ͦͫͭ;Έ ͎͒ͦͦͫͪͦ͡;͎ͤͦͦ ͦͤͭͪͦ͟͡Ύ ͤ͊͒ ͔͍͙͔͊͋ͦ͊ͤͣ͘͡Σ ͯͯ͡;΄͙ͭΈ ͊͟;͔͍ͫͭͦ 

͙͙͗ͤ͘ ͔͔ͪ͋ͤ͊͟ ͙Σ ͍ͦͣͦ͗ͤͦ͘Σ ͍͙ͨͦ͡ΎͭΈ ͤ͊ ͔ͭ;͔͙͔ͤ ͙͊ͭͦͨ;͔͎ͫͦͦ͟ ͣ͊ͪ΄͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ζˢ͙ͭͦͨ;͔͙͚ͫ͟ ͔͙͒ͪͣ͊ͭͭ ͯ ͔͔͚͒ͭηΦ ˸͙͍ͤ͒ͪ͊͘ ˾͙͙ͦͫͫΣ нлнмΦ 

нΦ ˹͍͊ͣ͊ͦ͊͘πx ͍͊ͪ͊ͤͦ͊ ˶Φ˿ΦΣ ̏ͺ͔͙͔͍ͤ͒͊ ˴Φ˩ΦΣ ˤ͙΄͔͍ͤ͊ ˩ΦˢΦ ͙ ͍ͫͦ͊ͭΦ ˢ͙ͭͦͨ;͔͙͚ͫ͟ ͔͙͒ͪͣ͊ͭͭΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣ͗͒ͯͤ͊ͪͦ͒ͤ·͔ ͙ ͙͚͙͔ͪͦͫͫͫ͟ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ς ͫ ͙͔͎͙ͤͪΎ ͙͚ͤ͊ͤ͘Φ 

˽͔͙͙͒͊ͭͪ;͔ͫ͊͟Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΦ нлнлΤмтόоύΥ нмнςннуΦ 

оΦ ²ŜƛŘƛƴƎŜǊ {ΦΣ .ŜŎƪ [Φ!ΦΣ .ƛŜōŜǊ ¢ΦΣ Ŝǘ ŀƭΦ !ǘƻǇƛŎ ŘŜǊƳŀǝǝǎΦ bŀǘǳǊŜ wŜǾƛŜǿǎ 5ƛǎŜŀǎŜ tǊƛƳŜǊǎΦ нлмуΤпόмύΥ мΦ 

ϭ xΎ΄͙͍ͣͦ͊ ̅ΦxΦΣ нлнр 

 

 

 

 

˥͍͊͒͊ͣͦ ̊͊ͤ͊͊ͪ͘ ˹͍͙͊͊ͪͦ͘; 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ  

 ͎ Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

˨͗ͯͣ͊ͣ·͍ͪ͊͒ͦ ˽͍͊͊ͤ͡ 

˿͔ͭͯ͒ͤͭΣ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊.  

͎Φ s ΄ͻ͊͋͊͒, ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

 

˨ˮˢ˥˹˻˿́ˮ˴ˢ ˮ ̆ˮ˾̂˾˥ˮ̉˩˿˴ˢ̒ ́ˢ˴́ˮ˴ˢ ˽˾ˮ ˽˾˻˹ˮ˴ˢ̑̋ˮ̆ ˮ ́̂˽̍̆ ́˾ˢˤ˸ˢ̆ ˬˮˤ˻́ˢ 

 ˿  ˽˻ˤ˾˩ˬ˨˩˹ˮ˩˸ ˽ˢ˾˩˹̆ˮ˸ˢ́˻˭˹̍̆ ˻˾˥ˢ˹˻ˤ ˮ ˴ˮ̊˩̉˹ˮ˴ˢΥ ˢ˹ˢ˶ˮ˭ ̏˴˿́˾˩˹˹̍̆ 

ˤ˸˩̊ˢ́˩˶̎˿́ˤ ˤ ́˾ˢˤ˸ˢ́˻˶˻˥ˮ̉˩˿˴˻˸ ̇˩˹́˾˩ ˽˩˾ˤ˻˥˻ ̂˾˻ˤ˹̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 
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DIAGNOSIS AND SURGICAL MANAGEMENT OF PENETRATING AND BLUNT ABDOMINAL TRAUMA WITH 

INJURY TO PARENCHYMAL ORGANS AND INTESTINE: ANALYSIS OF EMERGENCY 

 INTERVENTIONS IN A LEVEL I TRAUMA CENTER 

 

Abstract 

Abdominal trauma with injury to internal organs remains one of the leading causes of mortality in the 

structure of polytrauma, requiring rapid diagnosis, accurate assessment of severity, and immediate decision-

making regarding surgical management. Blunt trauma poses particular difficulty, as the absence of an obvious 

wound tract can lead to diagnostic errors and delay in life-saving intervention. 
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ͨͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ !!{¢Φ ˽͍͔͔͙ͦͪ͗͒ͤΎ ͙͟΄͔;͙ͤ͊͟ ͙͊ͫͫ͟͡ͺ͙ͼ͙͍͙ͪͦ͊ͫ͡Έ ͊͟͟ ͔ͨͪͺͦͪ͊ͼ͙ΎΣ ͪ͊ͪ͘·͍ 

͔͔͔͙ͣͤͭͪ͘ΎΣ ͦͭͪ·͍Φ 

͙͎͙̆ͪͯͪ;͔ͫ͊͟Ύ ͙ͭ͊ͭ͊͟͟Υ 

ϊ ͔̏ͫͭͪͤͤ͊͟Ύ ͙͊ͨ͊ͪͦͭͦͣ͡Ύ ς ͍·ͨͦͤ͡Ύ͊ͫ͡Έ ͙ͨͪΥ ͊ύ ͎͔͙͙ͣͦ͒ͤ͊ͣ;͔͚ͫͦ͟ ͔͙ͤͫͭ͊͋͡Έ͙ͤͦͫͭΣ ͔ͤ 

͍͔ͦͭ;͊Ό΅͔͚ ͤ͊ ͙ͤͺ͙ͯͦͤͤͯ͘Ό ͔͙ͭͪ͊ͨΌΤ ͋ύ Ύ͍ͤ·ͻ ͙ͨͪͤ͊͊͘͟ͻ ͔͙͙ͨͪͭͦͤͭ͊Τ ͍ύ ͙͔ͨͦͦ͗ͭ͡͡Έͤͦͣ ͔ͪͯ͘͡Έ͔ͭ͊ͭ 

C!{¢ ͙ͨͪ ͙ͨͪͦͤ͊͟Ό΅͔ͣ ͔͙͙ͪ͊ͤͤΦ 

ϊ ˨͙͎͙͊ͤͦͫͭ;͔ͫ͊͟Ύ ͙͊ͨ͊ͪͦͫͦͨ͟͡Ύ ς ͙͍ͪ͊ͫͫͣ͊ͭͪ͊͊ͫ͡Έ ͊͟͟ ͊͡Έ͔͙͍ͭͪͤ͊ͭ͊ ͯ ͙ͫͭ͊͋͡Έͤ·ͻ ͨ͊ͼ͙͔͍ͤͭͦ ͫ 

͙͔ͫͦͣͤͭ͡Έͤ·͙ͣ ͒͊ͤͤ·͙ͣ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡Ύ ͒͡Ύ ͙͙͙ͣͤͣ͊͘ͼ͙͙ ;͙ͫ͊͡ ͔͎͙͍ͤ͊ͭͤ·ͻ ͙͚͊ͨ͊ͪͦͭͦͣ͡Φ 

ϊ 5ŀƳŀƎŜ /ƻƴǘǊƻƭ {ǳǊƎŜǊȅ ό5/{ύΥ ˽͙ͦ͊͊ͤ͘͟Ύ ς ζ͔ͭ͊͡͡Έͤ͊Ύ ͙ͭͪ͊͒͊ηΥ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͔ͭ͊͡ ғорϲ/Σ ͪ˹ ғтΦнΣ 

͎͙ͦ͊ͯͦͨ͊ͭ͟͡Ύ όˢ̉́ˤ Ҕсл ͔ͫ͟ύΦ ˽͔͍ͪ·͚ Ήͭ͊ͨΥ ͍͔͔ͪͣͤͤ·͚ ͦͤͭͪͦ͟͡Έ ͍͔ͪͦͦͭ͟;͔͙ͤΎ όͭ͊ͣͨͦͤ͊͒͊Σ ͙ͫͦͫͯ͒ͫͭ·͔ 

΄ͯͤͭ·ύΣ ͔͔ͪ͘͟ͼ͙Ύ ͔͙͔ͤ͗ͤͫͨͦͫͦ͋ͤ͘·ͻ ͯ;͍͊ͫͭͦ͟ ͙͟΄͔;͙ͤ͊͟ ͔͋͘ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͊ͤ͊ͫͭͦͣͦ͊͘ ό͍·͍͔͔͙͔͒ͤ 

ͫͭͦͣύΣ ͍͔͔͔ͪͣͤͤͦ ͊ͪ͘͟·͙͔ͭ ͋ͪΌ΄͚ͤͦ ͙ͨͦͦͫͭ͡ ͍͊ͯͯͣ͟-͙͙͍͊ͫͫͫͭͪͦ͊ͤͤ·ͣ ͔ͣͭͦ͒ͦͣ ό±!/-͔͙ͭͪ͊ͨΎύΦ 
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˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͎͙ ͎͙͔ͤ͊ ͙ͨͦͦͫͭ͡ ͪͭ͊Σ ͙͔͊ͪͫ͟Σ ͨ͊ͪͦ͒ͦͤͭΣ ͚ͯ͋ͤͦ͘ ͖ͤ͊ͭ͡Σ ͨͪͦͺ͙͙͊ͭ͊͟͟͡Σ ͎͙ͫͭͦͣ͊ͭͦͦ͡;͔͔ͫͦ͟ ͍͒ͦͪͦ͘Έ͔Φ 
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!ōǎǘǊŀŎǘ 

LƴŘƛǾƛŘǳŀƭ ƻǊŀƭ ƘȅƎƛŜƴŜ ƛǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ŎƻƳǇƻƴŜƴǘ ƛƴ ǘƘŜ ǇǊŜǾŜƴǝƻƴ ƻŦ ŘŜƴǘŀƭ ŎŀǊƛŜǎ ŀƴŘ ǇŜǊƛƻŘƻƴǘŀƭ 

ŘƛǎŜŀǎŜǎΣ ǿƘƛŎƘ ǊŜƳŀƛƴ ŀƳƻƴƎ ǘƘŜ Ƴƻǎǘ ǇǊŜǾŀƭŜƴǘ ƻǊŀƭ ƘŜŀƭǘƘ ǇǊƻōƭŜƳǎ ǿƻǊƭŘǿƛŘŜΦ tǊƻǇŜǊ Řŀƛƭȅ ƻǊŀƭ ŎŀǊŜ 

ǊŜŘǳŎŜǎ ŘŜƴǘŀƭ ǇƭŀǉǳŜ ŀŎŎǳƳǳƭŀǝƻƴΣ ƭƛƳƛǘǎ ƳƛŎǊƻōƛŀƭ ŀŎǝǾƛǘȅΣ ŀƴŘ ƘŜƭǇǎ Ƴŀƛƴǘŀƛƴ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ƛƴǘŜƎǊƛǘȅ ƻŦ 

ǘŜŜǘƘ ŀƴŘ ǇŜǊƛƻŘƻƴǘŀƭ ǝǎǎǳŜǎΦ ¢Ƙƛǎ ŀǊǝŎƭŜ ǊŜǾƛŜǿǎ ǘƘŜ ǘƘŜƻǊŜǝŎŀƭ ŦƻǳƴŘŀǝƻƴǎ ƻŦ ƻǊŀƭ ƘȅƎƛŜƴŜΣ ǘƘŜ ǊƻƭŜ ƻŦ 

ƳƛŎǊƻōƛŀƭ ōƛƻŬƭƳ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŘŜƴǘŀƭ ŘƛǎŜŀǎŜǎΣ ŀƴŘ ǘƘŜ ǇǊŜǾŜƴǝǾŜ ǎƛƎƴƛŬŎŀƴŎŜ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ƘȅƎƛŜƴŜ 

ǇǊŀŎǝŎŜǎ ƛƴ ƳŀƛƴǘŀƛƴƛƴƎ ƻǊŀƭ ŀƴŘ ƻǾŜǊŀƭƭ ƘŜŀƭǘƘΦ 

YŜȅǿƻǊŘǎΥ 

Ǌͦŀƭ ƘȅƎƛŜƴŜΣ ŘŜƴǘŀƭ ŎŀǊƛŜǎΣ ǇŜǊƛƻŘƻƴǘŀƭ ŘƛǎŜŀǎŜǎΣ ŘŜƴǘŀƭ ǇƭŀǉǳŜΣ ǇǊŜǾŜƴǝƻƴΣ ƻǊŀƭ ƘŜŀƭǘƘ 

 

ˤ͍͔͔͙͔͒ͤΦ ˭͔͍͙͊͋ͦ͊ͤ͡Ύ ͍ͯ͋ͦ͘ ͙ ͔͚ͭ͊ͤ͟ ͨ͊ͪͦ͒ͦͤͭ͊ Ύ͍͡ΎΌͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͔͙ͣ͒ͦ͟π

ͫͦͼ͙͊͡Έͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͦ͋΅͔͍ͫͭ͊Φ ˤ·ͫͦ͊͟Ύ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͙͔͊ͪͫ͊͟ ͙ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͖͔͒ͫͤ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͍ͦ ͍͔ͫͻ ͍ͦͪ͊ͫͭͤ͘·ͻ ͎ͪͯͨͨ͊ͻ ͙ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍͙͡Ύ͔ͭ ͤ͊ 

͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ;͔͍͔ͦ͊͟͡Φ 

˻͍ͫͤͦͤ·ͣ ͺ͊ͭͦͪͦͣ͟ ͙ͪͫ͊͟ ͍͙͙ͪ͊ͭ͘Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͎͙ͫͭͦͣ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ Ύ͍͡Ύ͔ͭͫΎ 

͔ͤ͒ͦͫͭ͊ͭͦ;ͤ͊Ύ ͙͙͡ ͔͍͙ͤͨͪ͊͡Έͤ͊Ύ ͎͙͎͙͔ͤ͊ ͙ͨͦͦͫͭ͡ ͪͭ͊Φ ˮ͔ͣͤͤͦ ͨͦΉͭͦͣͯ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ͊Ύ ͎͙͎͙͔ͤ͊ 

͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͍͋͊ͦ͘·͚ ͙ ͙͔͔ͤ͊͋ͦ͡ ͒ͦͫͭͯͨͤ·͚ ͔ͣͭͦ͒ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͎͙ͫͭͦͣ͊ͭͦͦ͡;͔͚ͫͦ͟ 

͎͙͙ͨ͊ͭͦͦ͡Φ 

˽ͦͤΎ͙͔ͭ ͙ ͤ͊͘;͔͙͔ͤ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͎͙͎͙͔ͤ· ͙ͨͦͦͫͭ͡ ͪͭ͊ 

ˮ͙͍͙ͤ͒͒ͯ͊͡Έͤ͊Ύ ͎͙͎͙͔ͤ͊ ͙ͨͦͦͫͭ͡ ͪͭ͊ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͦͣͨͫ͟͟͡ ͔͔͔͍͗͒ͤͤ·ͻ ͔͙ͣͪͦͨͪΎ͙͚ͭΣ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͤ͊ ͔͙͔ͯ͒͊ͤ͡ ͎ͯ͋ͤͦͦ͘ ͖ͤ͊ͭ͊͡Σ ͍ͦͫͭ͊ͭͦ͟ ͙ͨ΅͙ ͙ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟ ͫ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͍ͯ͋ͦ͘Σ 

͖͔͒ͫͤ ͙ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͙ͨͦͦͫͭ͡ ͪͭ͊Φ 

˽͍͙ͪ͊͡Έͤ͊Ύ ͎͙͎͙͔ͤ͊ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭΥ ˿͙͔͙͔ͤ͗ͤ ͔͙͋͊ͭͪ͊͟͡Έ͚ͤͦ ͔͔͖͙ͦ͋ͫͣͤͤͤͦͫͭΤ 

˽͔͔͔͙͔ͪ͒ͯͨͪ͗͒ͤ ͔͙͔͙͒ͣͤͪ͊͊͘͡ͼ͙͙ Ή͙ͣ͊͡Τ ˽ͪͦͺ͙͙͊ͭͯ͟͟͡ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͍ ͭ͊ͤ͟Ύͻ 

ͨ͊ͪͦ͒ͦͤͭ͊Τ ˿ͦͻ͔͙͔ͪ͊ͤͤ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙ Ή͔͙ͫͭͭ;͔͎ͫͦͦ͟ ͫͦͫͭͦΎ͙ͤΎ ͯ͋ͦ͘;͔͡Ό͚ͫͭͤͦ ͙͔ͫͫͭͣ·Φ 

˸͙ͪͦ͋ͤ͟·͚ ͚ͯ͋ͤͦ͘ ͖ͤ͊ͭ͡ ͊͟͟ ͍͚ͦͫͤͦͤͦ Ή͙͎͙ͭͦͦ͡;͔͙͚ͫ͟ ͺ͊ͭͦͪ͟ 

˭͚ͯ͋ͤͦ ͖ͤ͊ͭ͡ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͙͖͋ͦͨͤͯ͟͡Σ ͫͦͫͭͦΎ΅ͯΌ ͙͘ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Σ ͍ͨͪͦ͒ͯͭͦ͟ ͙ͻ 

͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ ͎͙ͦͪ͊ͤ;͔͙ͫ͟ͻ ͔͍ͦͣͨͦͤͤͭͦ͟ ͫ͡Όͤ·Φ ˻ͤ Ύ͍͡Ύ͔ͭͫΎ ͎͍͊ͤ͡·ͣ Ή͙͎͙ͭͦͦ͡;͔͙ͫͣ͟ 

ͺ͊ͭͦͪͦͣ͟ ͍͙͙ͪ͊ͭ͘Ύ ͙͔͊ͪͫ͊͟ ͙ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͨ͊ͪͦ͒ͦͤͭ͊Φ 

˽͙ͪ ͔ͤ͒ͦͫͭ͊ͭͦ;͚ͤͦ ͎͙͎͙͔͔ͤ ͖ͤ͊ͭ͡ ͔͔ͨͦͫͭͨͤͤͦ ͙͔͙͔ͣͤͪ͊ͯͭͫ͘͡Ύ ͙ ͔͍ͨͪͪ͊΅͔͊ͭͫΎ ͍ ͚ͯ͋ͤͦ͘ ͔͊ͣͤ͟ΈΣ 

ͦͭͦͪ͟·͚ ͙͙͍͔ͯͫ͊ͭ͡ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͨͪͦͼ͔ͫͫ· ͙ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͫ͊ͣͦͦ;͙΅͔͙͔ͤ ͍ͯ͋ͦ͘Φ 

˾ͦ͡Έ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͎͙͎͙͔ͤ· ͍ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͙͔͊ͪͫ͊͟ 

˴͙͔͊ͪͫ ͍ͯ͋ͦ͘ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͙͔͒ͭ͡͡Έ͎ͤͦͦ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͎͙ͦͪ͊ͤ;͔͙ͫ͟ͻ ͙ͫͦͭ͟͡Σ 

ͦ͋ͪ͊ͯ͘Ό΅͙ͻͫΎ ͙ͨͪ ͔͙͔ͣͭ͊͋ͦͣ͘͡ ͎͔͍͍ͯͦ͒ͦ͡ ͙͎͙͙ͣͪͦͦͪ͊ͤͣ͊ͣ͘͟ ͎ͯ͋ͤͦͦ͘ ͖ͤ͊ͭ͊͡Φ ˾͔͎ͯ͡Ύ͔ͪͤͦ ͔͙͔ͯ͒͊ͤ͡ 

͖ͤ͊ͭ͊͡ ͙͔ͫͤ͗͊ͭ ͙ͫͦͭͤͯ͟͡Ό ͎ͤ͊ͪͯͯ͘͟ ͤ͊ Ήͣ͊͡Έ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͔͖ ͔͙͔͙͒ͣͤͪ͊͊͘͡ͼ͙ΌΦ 

ˮ͙͍͙ͤ͒͒ͯ͊͡Έͤ͊Ύ ͎͙͎͙͔ͤ͊ ͍͔ͫͨͦͫͦ͋ͫͭͯͭΥ 

˿ͦͻ͔͙ͪ͊ͤͤΌ ͙͔͙ͣͤͪ͊͊͘͡ͼ͙͙ Ή͙ͣ͊͡Τ 

͔̂ͣͤΈ΄͔͙ͤΌ ͙ͦ͟͡;͔͍ͫͭ͊ ͙͔͎͔͊ͪͫͦͤͤ͟·ͻ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Τ 

˽͍ͦ·΄͔͙ͤΌ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͙͔͙ͪͣͤͪ͊ͯ͘͡Ό΅͙ͻ ͨͪͦͼ͔͍ͫͫͦΦ 
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͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͔͔͍͗͒ͤͤ·͚ ͯͻͦ͒ ͊͘ ͙ͯ͋͊ͣ͘ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͺ͊ͭͦͪͦͣ͟ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ 

͙͔͊ͪͫ͊͟Φ 

˭ͤ͊;͔͙͔ͤ ͎͙͎͙͔ͤ· ͙ͨͦͦͫͭ͡ ͪͭ͊ ͍ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͨ͊ͪͦ͒ͦͤͭ͊ 

˭͔͍͙͊͋ͦ͊ͤ͡Ύ ͨ͊ͪͦ͒ͦͤͭ͊Σ ͍͟͡Ό;͊Ύ ͎͙͎͙͍͙ͤͭ ͙ ͙ͨ͊ͪͦ͒ͦͤͭͭΣ ͍͙͍ͪ͊͊͘ΌͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ 

͍͔͍͙͔ͫ͒ͫͭ͡ ͻ͙ͪͦͤ;͔͎ͫͦͦ͟ ͍͔͙ͦͫͨ͊ͤ͡ΎΣ ͍·͍͎͊ͤͤͦͦ͘ ͙ͣͪͦ͋ͤ͟·ͣ ͖ͤ͊ͭͦͣ͡Φ 

˹͔͒ͦͫͭ͊ͭͦ;ͤ͊Ύ ͎͙͎͙͔ͤ͊ ͙͍͙ͨͪͦ͒ͭ ͟Υ 

ˤ͔͙ͦͫͨ͊ͤ͡Ό ͖͔͒ͫͤΤ 

˴͍ͪͦͦͭͦ;͙͍͙ͦͫͭΤ 

˾͊ͪͯ͘΄͔͙ͤΌ ͍ͫΎͦ͘;͎ͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ ͯ͋͊͘Τ 

͙͍͙̅ͦͪͣͪͦ͊ͤΌ ͨ͊ͪͦ͒ͦͤͭ͊͡Έͤ·ͻ ͍͊ͪͣ͊ͤͦ͟Φ 

˿͙͔͙ͫͭͣ͊ͭ;͔͔ͫͦ͟ ͫͦ͋͡Ό͔͙͔͒ͤ ͎͙͎͙͔͙ͤ;͔͙ͫ͟ͻ ͔͙ͣͪͦͨͪΎ͙͚ͭ ͍ͨͦͦ͘͡Ύ͔ͭ ͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͍͙͙͔ͪ͊ͭ͘ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͙͔͔͙͚ͣͤͤ͘ ͙ ͫͦͻ͙ͪ͊ͤͭΈ ͦͨͦͪͤ·͚ ͊ͨͨ͊ͪ͊ͭ ͍ͯ͋ͦ͘Φ 

˻͍ͫͤͦͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͎͙͎͙͔ͤ· ͙ͨͦͦͫͭ͡ ͪͭ͊ 

˴ ͍ͦͫͤͦͤ·ͣ ͔͍ͫͪ͒ͫͭ͊ͣ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͎͙͎͙͔ͤ· ͦͭͤͦͫΎͭͫΎΥ 

˭ͯ͋ͤ·͔ ΅͖͙ͭ͟Τ ˭ͯ͋ͤ·͔ ͨ͊ͫͭ·Τ ˭ͯ͋ͤ·͔ ͙͙ͤͭΤ ˮ͙͎ͪͪ͊ͭͦͪ·Τ 

˻͙͍͔͙ͨͦ͊ͫ͊ͭ͟͡͡ ͒͡Ύ ͙ͨͦͦͫͭ͡ ͪͭ͊Φ 

˾͊ͼ͙ͦͤ͊͡Έͤ·͚ ͍·͋ͦͪ ͙ ͍͙ͨͪ͊͡Έ͔ͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ Ή͙ͭͻ ͔͍ͫͪ͒ͫͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍ͨͦ·΄͊Όͭ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͎͙ͫͭͦͣ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

͔́ͻ͙ͤ͊͟ ͙ ͔͎ͪͯ͡ΎͪͤͦͫͭΈ ͎͙͎͙͔͙ͤ;͔͙ͫ͟ͻ ͨͪͦͼ͔͒ͯͪ 

̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͎͙͎͙͔ͤ· ͙ͨͦͦͫͭ͡ ͪͭ͊ ͍͙͙͊ͫͭ͘ ͔ͤ ͭͦ͡Έͦ͟ ͦͭ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ ͔͍ͫͪ͒ͫͭΣ ͤͦ ͙ ͦͭ 

͍͙ͨͪ͊͡Έ͚ͤͦ ͔ͭͻ͙͙ͤ͟ ;͙͙ͫͭ͟ ͍ͯ͋ͦ͘Φ ˹͔͒ͦͫͭ͊ͭͦ;͔ͤͦ ͍͔ͪͣΎ ;͙͙ͫͭ͟ ͙͙͡ ͔͍͙ͤͨͪ͊͡Έͤ·͔ ͍͙͔͙͒͗ͤΎ ͙ͫͤ͗͊Όͭ 

ͨͪͦͺ͙͙͊ͭ͟͡;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟Φ 

˾͔͔͔ͦͣͤ͒ͯͭͫ͟ΎΥ ͙͙̉ͫͭͭΈ ͯ͋͘· ͔ͤ ͔͔͔ͣͤ ͍͒ͯͻ ͪ͊͘ ͍ ͔͒ͤΈΤ ͔̂͒͡ΎͭΈ ͍͙͙͔ͤͣ͊ͤ ͍͔ͫͣ ͍͔ͨͦͪͻͤͦͫͭΎͣ 

͍ͯ͋ͦ͘Τ ˾͔͎ͯ͡Ύͪͤͦ ͦ;͙΅͊ͭΈ ͔ͣ͗ͯ͋ͤ͘·͔ ͔͙ͨͪͦͣ͗ͯͭ͟Φ 

͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͍͙ͨͪ͊͡Έͤ·ͻ ͎͙͎͙͔͙ͤ;͔͙ͫ͟ͻ ͍ͤ͊·͍ͦ͟ Ύ͍͡Ύ͔ͭͫΎ ͍͚͊͗ͤͦ ͊͒͊͘;͔͚ ͨͪͦͺ͙͙͊ͭ͟͡;͔͚ͫͦ͟ 

͎͙͙ͫͭͦͣ͊ͭͦͦ͡Φ 

ˮ͙͍͙ͤ͒͒ͯ͊͡Έͤ͊Ύ ͎͙͎͙͔ͤ͊ ͙ ͦ͋΅͔͔ ͍͒ͦͪͦ͘Έ͔ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͨͦ͒ͭͪ͗͒͊Όͭ ͍ͫΎ͘Έ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙ͨͦͦͫͭ͡ ͪͭ͊ ͫ ͪΎ͒ͦͣ ͙͔ͫͫͭͣͤ·ͻ 

͎͙͚ͨ͊ͭͦͦ͡Φ ͙̆ͪͦͤ;͔͙͔ͫ͟ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͨͪͦͼ͔ͫͫ· ͍ ͔ͨ͊ͪͦ͒ͦͤͭ ͎ͣͦͯͭ ͦ͊͘͟·͍͊ͭΈ ͔͎͙͍͔ͤ͊ͭͤͦ ͍͙͡Ύ͙͔ͤ 

ͤ͊ ͦ͋΅͔͔ ͫͦͫͭͦΎ͙͔ͤ ͎͙ͦͪ͊ͤͣ͊͘Φ 

˽͔͙͔ͦ͒͒ͪ͗͊ͤ ͎͙͎͙͔ͤ· ͙ͨͦͦͫͭ͡ ͪͭ͊ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͔͙ͫͤ͗ͤΌ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͚ͤͦ ͎͙ͤ͊ͪͯ͘͟ ͙ 

ͯͯ͡;΄͔͙ͤΌ ͦ͋΅͔͎ͦ ͍͒ͦͪͦ͘ΈΎΣ ;ͭͦ ͨͦ͒;͖͙͍͔ͪ͊ͭ͟ ͔͖ ͔͙ͣ͗͒ͫͼ͙͙͔ͨͤ͊ͪͤͦ͡ ͤ͊͘;͔͙͔ͤΦ 

˽ͪͦͺ͙͙͊ͭ͟͡;͔ͫ͊͟Ύ ͪͦ͡Έ ͦ͋ͯ;͔͙ͤΎ ͎͙͎͙͔͔ͤ ͙ͨͦͦͫͭ͡ ͪͭ͊ 

˻͙͒ͤͣ ͙͘ ͍͔͚͊͗ͤ΄͙ͻ ͔͍͊ͫͨͭͦ͟ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ Ύ͍͡Ύ͔ͭͫΎ ͦ͋ͯ;͔͙͔ͤ ͔͔͙ͤ͊ͫͤ͡Ύ ͍͙ͨͪ͊͊ͣ͡ 

͙͙͍͙ͤ͒͒ͯ͊͡Έ͚ͤͦ ͎͙͎͙͔ͤ·Φ ͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͎ͦͫͦͤ͊ͤͤͦͦ͘ ͦͭͤͦ΄͔͙ͤΎ ͟ ͯͻͦ͒ͯ ͊͘ ͨͦͦͫͭ͡ΈΌ ͪͭ͊ ͒ͦ͗ͤͦ͡ 

ͤ͊;͙ͤ͊ͭΈͫΎ ͫ ͔͎ͪ͊ͤͤͦ ͍ͦͪ͊ͫͭ͊͘ ͙ ͨͪͦ͒ͦ͗͊ͭ͡ΈͫΎ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ ͍͔͚ͫ ͙͙͗ͤ͘Φ 

˭͊͟͡Ό;͔͙͔ͤΦ ˮ͙͍͙ͤ͒͒ͯ͊͡Έͤ͊Ύ ͎͙͎͙͔ͤ͊ ͙ͨͦͦͫͭ͡ ͪͭ͊ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ 

͙͔͊ͪͫ͊͟ ͙ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͨ͊ͪͦ͒ͦͤͭ͊Φ ˾͔͎ͯ͡Ύͪͤ·͚ ͙ ͍͙ͨͪ͊͡Έͤ·͚ ͯͻͦ͒ ͊͘ ͙ͯ͋͊ͣ͘ ͍ͨͦͦ͘͡Ύ͔ͭ ͤ͊͘;͙͔ͭ͡Έͤͦ 

͙͙ͫͤͭ͘Έ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͎͙ͫͭͦͣ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͫͦͻ͙ͪ͊ͤͭΈ ͍͒ͦͪͦ͘Έ͔ ͙ͨͦͦͫͭ͡ ͪͭ͊ ͙ 

ͯͯ͡;΄͙ͭΈ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘Φ ˹͔ͫͣͦͭͪΎ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍ͣͭͦ͒ͦ ͔͡;͔͙ͤΎΣ ͨͪͦͺ͙͙͊ͭ͊͟͟͡ 

͖ͦͫͭ͊ͭͫΎ ͙͔͔ͤ͊͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟·ͣ ͙ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ ͼ͔͔ͫͦͦ͋ͪ͊ͤ͘͡·ͣ ͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡ ͎͙͙ͫͭͦͣ͊ͭͦͦ͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˶͔ͦͤͭΈ͔͍ ˤΦ˴Φ ˽ͪͦͺ͙͙͊ͭ͟͡;͔ͫ͊͟Ύ ͎͙ͫͭͦͣ͊ͭͦͦ͡ΎΦ τ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнлΦ 

нΦ ˴ͯ͘Έ͙ͣͤ͊ ̏Φ˸Φ ˥͙͎͙͔ͤ͊ ͙ͨͦͦͫͭ͡ ͪͭ͊Φ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ нлмфΦ 

оΦ CŜƧŜǊǎƪƻǾ hΦΣ YƛŘŘ 9Φ 5Ŝƴǘŀƭ /ŀǊƛŜǎΥ ¢ƘŜ 5ƛǎŜŀǎŜ ŀƴŘ Lǘǎ /ƭƛƴƛŎŀƭ aŀƴŀƎŜƳŜƴǘΦ ²ƛƭŜȅΣ нлмрΦ 
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пΦ bŜǿƳŀƴ aΦDΦ Ŝǘ ŀƭΦ /ŀǊǊŀƴȊŀΩǎ /ƭƛƴƛŎŀƭ tŜǊƛƻŘƻƴǘƻƭƻƎȅΦ 9ƭǎŜǾƛŜǊΣ нлнмΦ 

рΦ !ȄŜƭǎǎƻƴ tΦ tǊŜǾŜƴǝǾŜ aŀǘŜǊƛŀƭǎΣ aŜǘƘƻŘǎ ŀƴŘ tǊƻƎǊŀƳǎΦ vǳƛƴǘŜǎǎŜƴŎŜΣ нлмтΦ 

ϭ ˥͎͔͙͔͍ͯ͒͡͡ ˥ΦΣ нлнр 

 

 

 

 

̂˨˴ смсΦомпπллнπлроΦн 

˥͎͔͙͔͍ͯ͒͡͡ ˥Φ 

˴͙͊ͤ͒͒͊ͭ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Σ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͙ͦͪͭͦͨ͒;͔͚ͫͦ͟ ͙ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͎͙͙ͫͭͦͣ͊ͭͦͦ͡Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

 ͙ ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 

 

˸˻˶˻̉˹̍˩ ˭̂ˣ̍ ˮ ˮ̆ ˾˻˶̎ ˤ ̅˻˾˸ˮ˾˻ˤˢ˹ˮˮ ˭˨˻˾˻ˤ̎̒ ˭̂ˣ˻̉˩˶̑˿́˹˻˯ ˿ˮ˿́˩˸̍ ˾˩ˣ˫˹˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˸ͦͦ͡;ͤ·͔ ͯ͋͘· Ύ͍͡ΎΌͭͫΎ ͍͊͗ͤ·ͣ ͊ͤ͊ͭͦͣͦπͅ ͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͣ Ή͔͔ͣͤͭͦͣ͡ ͯ͋ͦ͘;͔͡Ό͚ͫͭͤͦ 

͙͔ͫͫͭͣ· ͔͖ͪ͋ͤ͊͟ ͙ ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͔͍͔͗͊ͭ͡Έ͚ͤͦ ͺͯͤ͟ͼ͙͙Σ ͔ͪ;͙Σ ͍͙ͨͪ͊͡Έ͎ͤͦͦ 

͙ͨͪͯͫ͊͟ ͙ ͎͙͊ͪͣͦͤ;͎ͤͦͦ ͍͙͙ͪ͊ͭ͘Ύ ;͔͡Ό͔͚ͫͭΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͍͔͔ͪͣͤͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Σ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ 

͔͔͍͔͔ͨͪ͗͒ͪͣͤͤ͊Ύ ͯͭͪ͊ͭ͊ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ ͎ͣͦͯͭ ͙͍͔͙ͨͪͫͭ ͟ ͚͙ͫͭͦͣ͟ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͣ ͙ 

͙ͦͪͭͦ͒ͦͤͭ;͔͙ͫͣ͟ ͤ͊ͪͯ΄͔͙ͤΎͣΦ ˤ ͫͭ͊ͭΈ͔ ͨͦ͒ͪͦ͋ͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· ͊ͤ͊ͭͦͣͦπͅ ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘Σ Ήͭ͊ͨ· ͙ͻ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͙ ͔ͨͪͦͪ͘·͍͙͊ͤΎΣ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͙ 

ͨͪͦͺ͙͙͊ͭ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΣ ͊ ͔ͭ͊͗͟ ͙ͻ ͍͙͡Ύ͙͔ͤ ͤ͊ ͦ͋΅͔͔ ͫͦͫͭͦΎ͙͔ͤ ͍͒ͦͪͦ͘ΈΎ ͔͖ͪ͋ͤ͊͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͣͦ ͦ͡;ͤ·͔ ͯ͋͘·Σ ͔͒ͭͫ͊͟Ύ ͎͙ͫͭͦͣ͊ͭͦͦ͡ΎΣ ͯ͋ͦ͘;͔͡Όͫͭͤ͊Ύ ͙͔ͫͫͭͣ͊Σ ͔ͨͪͦͪ͘·͍͙͔͊ͤ ͍ͯ͋ͦ͘Σ  

͙ͨͪͯͫ͟Σ ͊͟ ͙͔ͪͫΣ ͨͪ ͦͺ͙͙͊ͭ͊͟͟͡Φ 

 

twLa!w¸ ¢99¢I !b5 ¢I9Lw wh[9 Lb ¢I9 59±9[hta9b¢ hC ¢I9 /IL[5Ω{ 59b¢hC!/L![ {¸{¢9a 

 

!ōǎǘǊŀŎǘ 

tǊƛƳŀǊȅ ǘŜŜǘƘ ŀǊŜ ŀƴ ŜǎǎŜƴǝŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ŎƘƛƭŘΩǎ ŘŜƴǘƻŦŀŎƛŀƭ ǎȅǎǘŜƳ ŀƴŘ Ǉƭŀȅ ŀ ŎǊǳŎƛŀƭ ǊƻƭŜ ƛƴ 

ƳŀǎǝŎŀǝƻƴΣ ǎǇŜŜŎƘ ŘŜǾŜƭƻǇƳŜƴǘΣ ƻŎŎƭǳǎƛƻƴ ŦƻǊƳŀǝƻƴΣ ŀƴŘ Ƨŀǿ ƎǊƻǿǘƘΦ 5ŜǎǇƛǘŜ ōŜƛƴƎ ǘŜƳǇƻǊŀǊȅΣ ŘƛǎŜŀǎŜǎ 

ŀƴŘ ǇǊŜƳŀǘǳǊŜ ƭƻǎǎ ƻŦ ǇǊƛƳŀǊȅ ǘŜŜǘƘ Ƴŀȅ ƭŜŀŘ ǘƻ ǎƛƎƴƛŬŎŀƴǘ ŦǳƴŎǝƻƴŀƭ ŀƴŘ ƻǊǘƘƻŘƻƴǝŎ ŎƻƳǇƭƛŎŀǝƻƴǎΦ ¢Ƙƛǎ 

ŀǊǝŎƭŜ ǇǊƻǾƛŘŜǎ ŀƴ ŜȄǘŜƴǎƛǾŜ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ŀƴŀǘƻƳƛŎŀƭ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŦŜŀǘǳǊŜǎ ƻŦ ǇǊƛƳŀǊȅ ǘŜŜǘƘΣ ǎǘŀƎŜǎ ƻŦ 

ǘƘŜƛǊ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŜǊǳǇǝƻƴΣ ǘƘŜƛǊ ŦǳƴŎǝƻƴŀƭ ŀƴŘ ǇǊŜǾŜƴǝǾŜ ǎƛƎƴƛŬŎŀƴŎŜΣ ŀƴŘ ǘƘŜƛǊ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ƻǾŜǊŀƭƭ 

ƘŜŀƭǘƘ ƻŦ ǘƘŜ ŎƘƛƭŘΦ 

YŜȅǿƻǊŘǎΥ 

tǊƛƳŀǊȅ ǘŜŜǘƘΣ ǇŜŘƛŀǘǊƛŎ ŘŜƴǝǎǘǊȅΣ ŘŜƴǘƻŦŀŎƛŀƭ ǎȅǎǘŜƳΣ ǘƻƻǘƘ ŜǊǳǇǝƻƴΣ ƻŎŎƭǳǎƛƻƴΣ ŘŜƴǘŀƭ ŎŀǊƛŜǎΣ ǇǊŜǾŜƴǝƻƴ 

 

ˣ͙͎͙ͦͦ͡;͔ͫ͊͟Ύ ͪͦ͡Έ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ 

˸ͦͦ͡;ͤ·͔ ͯ͋͘· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔͍ͨͪ·͚ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ͔ͦͣͨͭ͟͟͡ ͍ͯ͋ͦ͘Σ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͚ ͊͒͊ͨͭ͊ͼ͙Ό ͔͖ͪ͋ͤ͊͟ ͟ ͍͔͚ͤͯͭͪͦ͋ͤͦ ͙͙͗ͤ͘Φ ˻͙ͤ ͯ;͍͊ͫͭͯΌͭ ͍ ͔͔͔ͨͪͪ͊͋ͦͭ͟ ͙ͨ΅͙Σ 

ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͍͙ͨͪ͊͡Έͤ·ͻ ͙ͨ΅͔͍·ͻ ͙͍ͨͪ·;͔͟ ͙ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͨͦͤͦ͡ͼ͔͔ͤͤͦ ͔͙͔ͨͦͫͭͯͨͤ͡ 

͙͔ͨͭ͊ͭ͡Έͤ·ͻ ͍͔΅͔͍ͫͭΣ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͒͡Ύ ͪͦͫͭ͊ ͙ ͍͙͙ͪ͊ͭ͘Ύ ͎͙ͦͪ͊ͤͣ͊͘Φ 
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˴͔ͪͦͣ ͎ͭͦͦΣ ͣͦͦ͡;ͤ·͔ ͯ͋͘· ͙͎ͪ͊Όͭ ͍͊͗ͤͯΌ ͪͦ͡Έ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͙͊ͪͭͯ͟͡Ύͼ͙͎ͦͤͤͦͦ ͊ͨͨ͊ͪ͊ͭ͊ ͙ 

͍͙͙͙ͪ͊ͭ͘ ͔ͪ;͙Φ ˹͊ͪͯ΄͔͙͔ͤ ͼ͔͙ͦͫͭͤͦͫͭ͡ ͎ͯ͋ͤͦͦ͘ ͪΎ͒͊ ͔ͣͦ͗ͭ ͔͎͙͍ͤ͊ͭͤͦ ͫ͊͊ͭ͘͟ΈͫΎ ͤ͊ ͙ͨͪͦͤͦ͘΄͔͙͙ͤ 

͍͍ͯͦ͘͟ ͙ ͔ͪ;͔͍ͦͣ ͍͙͙͙ͪ͊ͭ͘ ͔͖ͪ͋ͤ͊͟Φ 

ˢͤ͊ͭͦͣͦπͅ ͙͙͎͙ͦͦ͘͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ 

˸ͦͦ͡;ͤ·͔ ͯ͋͘· ͙ͦͭ͡;͊ΌͭͫΎ ͦͭ ͨͦͫͭͦΎͤͤ·ͻ ͪΎ͒ͦͣ ͣͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭΦ ̏ͣ͊͡Έ ͙ 

͔͙͒ͤͭͤ ͙͔ͣΌͭ ͔ͣͤΈ΄ͯΌ ͭͦ͡΅͙ͤͯ ͙ ͔͔ͫͭͨͤΈ ͙͔͙ͣͤͪ͊͊͘͡ͼ͙͙Σ ;ͭͦ ͍͙͍͔ͦ͋ͯͫͦ͊ͭ͡͡ ͍ͨͦ·΄͔ͤͤͯΌ 

͙ͨͪͦͤͼ͔͊ͣͦͫͭΈ ͍͖ͭͪ͒·ͻ ͔͚ͭ͊ͤ͟ ͯ͋͊͘Φ 

˽ͯ͡Έͨ͊ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͋ͦ͡Έ΄͙͙ͣ ͔͙ͪ͊ͣͪ͊ͣ͘ ͙ ͎͋ͦ͊ͭ·ͣ ͍͔͙͔ͪͦͦͫͤ͊͋͗ͤͣ͟Φ 

̏ͭͦ ͦ͋ΆΎͫͤΎ͔ͭ ͍ͨͦ·΄͔ͤͤͯΌ ;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͙ ͫͦͤͤͦͫͭ͟͡Έ ͟ ͋·ͫͭͪͦͣͯ ͍͙͙ͪ͊ͭ͘Ό ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ 

ͨͪͦͼ͔͍ͫͫͦ ͙ͨͪ ͔͙͙ͨͦͪ͊͗ͤ ͍͖ͭͪ͒·ͻ ͔͚ͭ͊ͤ͟Φ 

˴͙ͦͪͤ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ ͔͔͋ͦ͡ ͙͔ͭͦͤ͟ ͙ ΄͙ͪͦͦ͟ ͍͔ͪ͊ͫͫͭ͊ͤͤ͡·͔Σ ;ͭͦ ͍ͫΎ͊ͤͦ͘ ͫ ͔͙͔ͪ͊ͫͨͦͦ͗ͤͣ͡ 

͊͘;͍͊ͭͦ͟ ͨͦͫͭͦΎͤͤ·ͻ ͍ͯ͋ͦ͘ ͙ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͙ͻ ͤͦͪͣ͊͡Έ͎ͤͦͦ ͍͙͙ͪ͊ͭ͘ΎΦ 

͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ ͍ Ή͙ͣ͋ͪͦͤ͊͡Έͤͦͣ ͔͙͔ͨͪͦ͒ 

˭͊͊͒͊͟͟͡ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ ͤ͊;͙͔ͤ͊ͭͫΎ ͤ͊ ͙ͪ͊ͤͤͻ Ήͭ͊ͨ͊ͻ ͍͙͎ͤͯͭͪͯͭͪͦ͋ͤͦͦ ͍͙͙ͪ͊ͭ͘ΎΦ ˹͊ Ήͭͦͣ Ή͔ͭ͊ͨ 

͙ͨͪͦͫͻ͙ͦ͒ͭ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͯ͋ͤ͘·ͻ ͙ͨ͊ͫͭͤͦ͟͡ ͙ ͊͘;͍͊ͭͦ͟ ͋ͯ͒ͯ΅͙ͻ ͍ͯ͋ͦ͘Φ ˹͊ͪͯ΄͔͙ͤΎ ͍͙͎ͤͯͭͪͯͭͪͦ͋ͤͦͦ 

͍͙͙ͪ͊ͭ͘ΎΣ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͔͙ͣ͊ͭͪ ͙ ͔͒ͺ͙ͼ͙ͭ ͙ͣͪͦ͟Ή͔͔͍ͣͤͭͦ͡ ͎ͣͦͯͭ ͔͎͙͍ͤ͊ͭͤͦ ͍͙͡ΎͭΈ ͤ͊ 

ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͍͖ͭͪ͒·ͻ ͔͚ͭ͊ͤ͟ ͍ͯ͋ͦ͘Φ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͫͦͫͭͦΎ͙͔ͤ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ ͍ͦ ͎ͣͤͦͦͣ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͍͙ͯͫͦ͡Ύ͙ͣ ͔ͨͪͤ͊ͭ͊͡Έ͎ͤͦͦ 

͍͙͙ͪ͊ͭ͘ΎΦ 

˽͔ͪͦͪ͘·͍͙͔͊ͤ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ 

˽͔ͪͦͪ͘·͍͙͔͊ͤ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ Ύ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ·ͣ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫͣ͟ Ήͭ͊ͨͦͣ ͍͙͙ͪ͊ͭ͘Ύ ͔͖ͪ͋ͤ͊͟Φ 

˻ͤͦ ͤ͊;͙͔ͤ͊ͭͫΎΣ ͊͟͟ ͍͙ͨͪ͊ͦ͡Σ ͍ ͍͔ͦͪ͊ͫͭ͘ сςу ͔ͣͫΎͼ͔͍ ͙ ͍͔͊ͪ͘΄͔͊ͭͫΎ ͟ нΣрςо ͎ͦ͒͊ͣΦ 

˿͙ͪͦ͟ ͙ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͔ͨͪͦͪ͘·͍͙͊ͤΎ ͎ͣͦͯͭ ͍͊ͪΈ͙͍ͪͦ͊ͭΈΣ ͦ͒ͤ͊ͦ͟ ͤ͊͘;͙͔ͭ͡Έͤ·͔ 

͔͙ͦͭͦͤͤ͟͡Ύ ͔ͭͪ͋ͯΌͭ ͍͙͙ͤͣ͊ͤΎΣ ͭ͊͟ ͊͟͟ ͎ͣͦͯͭ ͋·ͭΈ ͙ͨͪͤ͊ͦͣ͘͟ ͦ͋΅͔͙ͫͦͣ͊ͭ;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ 

̅ͯͤ͟ͼ͙ͦͤ͊͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ 

˸ͦͦ͡;ͤ·͔ ͯ͋͘· ͔͔ͦ͋ͫͨ;͙͍͊ΌͭΥ 

˽ͦͤͦ͡ͼ͔ͤͤͯΌ ͔͍͔͗͊ͭ͡ΈͤͯΌ ͺͯͤ͟ͼ͙ΌΤ 

˾͍͔͔͊ͤͦͣͪͤͦ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͔͍͔͗͊ͭ͡Έ͚ͤͦ ͎͙ͤ͊ͪͯ͘͟Τ 

˿͙ͭͣͯ͡Ύͼ͙Ό ͪͦͫͭ͊ ;͔͡Ό͔͚ͫͭΤ 

͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͔ͣ͗;͔͡Όͫͭͤ·ͻ ͫͦͦͭͤͦ΄͔͙͚ͤΦ 

˽͙ͪ ͍͙͙ͦͭͫͯͭͫͭ ͙͙͡ ͪ͊ͪͯ͘΄͔͙͙ͤ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ ͔͍͔͗͊ͭ͡Έͤ͊Ύ ͎ͤ͊ͪͯ͊͘͟ ͔͔ͪ͊ͫͨͪ͒͡Ύ͔ͭͫΎ 

͔͍͔ͤͪ͊ͤͦͣͪͤͦΣ ;ͭͦ ͔ͣͦ͗ͭ ͙͍͔͙ͨͪͫͭ ͟ ͔͒ͺͦͪͣ͊ͼ͙Ύͣ ;͔͡Ό͔͚ͫͭΦ 

˾ͦ͡Έ ͣͦͦ͡;ͤ·ͻ ͍ͯ͋ͦ͘ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͙ͨͪͯͫ͊͟ 
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POLYCYSTIC OVARY SYNDROME: MODERN ASPECTS OF PATHOGENESIS, DIAGNOSIS, AND PERSONALIZED 

MANAGEMENT STRATEGIES FROM ENDOCRINOLOGY AND GYNECOLOGY  

 

Abstract 

Polycystic ovary syndrome (PCOS) is the most common heterogeneous endocrine disorder in women 
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of reproductive age and the leading cause of anovulatory infertility. The pathogenesis of the disease remains 

incompletely understood and involves a complex interaction of insulin resistance, hyperandrogenism, 

impaired neuroendocrine regulation, and genetic predisposition. The relevance of the problem is determined 

not only by reproductive disorders but also by long-term metabolic risks. 

Keywords: 

oͪlycystic ovary syndrome (pcos), hyperandrogenism, insulin resistance, oligoanovulation, metformin,  

combined oral contraceptives (cocs), phenotype, rotterdam criteria, female infertility. 
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˶˥κ̅˿˥ Ҕн-нΦр ώрϐΦ ˮ͙͔͙͔ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡Έ ͙͎͔ͪ͊ͭ ͼ͔ͤͭͪ͊͡ΈͤͯΌ ͪͦ͡ΈΣ ͭ͊͟ ͊͟͟ ͎͙͔͙͙͔͙ͨͪͤͫͯͤͣ͡Ύ 

͔ͨͦͭͤͼ͙͔ͪͯͭ ͙͔ͫͤͭ͘ ͎͔͍͊ͤ͒ͪͦͤͦ ͍ ͔ͭ͊͟-͔ͭ͊͟͟͡ͻ Ύ͙;͙͍ͤͦ͟ ͙ ͙͔ͫͤ͗͊ͭ ͨͪͦ͒ͯ͟ͼ͙Ό ͎͙ͦ͋ͯͤ͊͡͡Σ 

͍ͫΎ͘·͍͊Ό΅͔͎ͦ ͍ͨͦͦ͡·͔ ͎ͦͪͣͦͤ· ό˥˿˽˥ύΣ ͍͔͙ͯ͡;͙͍͊Ύ ͺͪ͊͟ͼ͙Ό ͙͎͋ͦ͒ͦͫͭͯͨͤͦͦ ͔͔ͭͫͭͦͫͭͪͦͤ͊ ώсϐΦ 

ˤ·͋ͦͪ ͔͔͍͙ͭͪ͊ͨͭ;͔͚ͫͦ͟ ͙͙ͭ͊ͭ͟͟ ͙ͨͪ ˿˽˴̒ Ύ͍͡Ύ͔ͭͫΎ ͚ͫͦ͗ͤͦ͡ ͊͒͊͘;͔͚ ͙ ͍͙͙͊ͫͭ͘ ͦͭ ͍͔͒ͯ΅͙ͻ 

͗͊ͦ͋͡ ͨ͊ͼ͙͔͙ͤͭ͟ ό͔͙͔͋ͫͨͦ͒͡Σ ͎͙͙ͪͫͯͭͣ͘Σ ͤ͊ͪͯ΄͔͙ͤΎ ͼ͙͊͟͡ύΣ ͺ͔͙ͤͦͭͨ͊ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͙ͤ͊͡;͙Ύ 

͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ ˻͍ͫͤͦͤ·͙ͣ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ͙ͣ ͔͙͙ͭͪ͊ͨ Ύ͍͡ΎΌͭͫΎΥ ͙͔͙͔ͫͤ͗ͤ 

͙͙͔͙͔͙ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ ό͔ͣͭͺ͙ͦͪͣͤΣ ͙ͣͦ͒ͺ͙͊͟ͼ͙Ύ ͦ͋ͪ͊͊͘ ͙͙͗ͤ͘ύΣ ͍͔͙͔ͨͦ͒͊ͤ͡ ͎͙͔͎͔͙͙ͨͪ͊ͤ͒ͪͦͤ ͙ 

͔͎ͪͯ͡Ύͼ͙Ύ ͔ͣͤͫͭͪͯ͊͡Έ͎ͤͦͦ ͼ͙͊͟͡ ό͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͟·͔ ͦͪ͊͡Έͤ·͔ ͦͤͭͪ͊͟ͼ͔͙͍ͨͭ·Σ ͙͎͔͊ͤͭ͊ͤ͒ͪͦͤ·ύΣ 

͙ͤ͒ͯ͟ͼ͙Ύ ͍ͦͯ͡Ύͼ͙͙ ό͙ͦͣ͟͡ͺ͔ͤ͊ ͼ͙ͭͪ͊ͭΣ ͔ͭͪͦͦ͘͡͡Σ ͎͙ͦͤ͊͒ͦͭͪͦͨͤ·ύ ώтϐΦ 

͔̇͡ΈΌ ͤ͊ͫͭͦΎ΅͔͎ͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ Ύ͍͙ͫ͡Ύ ͔ͦͣͨͫͤ͟͟͡·͚ ͙͊ͤ͊͘͡ ͙͙ͤͦ͟͟͡-͊͋ͦͪ͊ͭͦͪͤ͡·ͻ 

͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͙ͪ͊͘͡;ͤ·ͻ ͺ͔͙͍ͤͦͭͨͦ ˿˽˴̒ ͙ ͦͼ͔ͤ͊͟ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙͒ͺͺ͔͔ͪͤͼ͙͍͚ͪͦ͊ͤͤͦ 

͔͔͍͙ͭͪ͊ͨͭ;͔͚ͫͦ͟ ͔͎͙͙ͫͭͪ͊ͭΣ ͯ;͙ͭ·͍͊Ό΅͔͚ ͔ͨͪͦ͋͊͒͊͡Ό΅͙͔ ͤ͊ͪͯ΄͔͙ͤΎΦ 

˸͔͙͊ͭͪ͊͡· ͙ ͔ͣͭͦ͒· 

˨͙͚͊ͤ͘ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ ˽͔͙͍͔ͪͦͫͨͭͤͦ͟ ͤ͊͋͡Ό͔͒͊ͭ͡Έ͔ͤͦ ͦ͒ͤͦͼ͔͍͔ͤͭͪͦͦ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Φ 

˴͙͔͙͙ͪͭͪ ͍͟͡Ό;͔͙ͤΎΥ 

ϊ ˬ͔ͤ΅͙ͤ· ͔͙͍͎ͪͨͪͦ͒ͯͭͤͦͦ͟ ͍ͦͪ͊ͫͭ͊͘ όму-ор ͔ͭ͡ύΦ 

ϊ ˨͙͎͊ͤͦ͘ ˿˽˴̒Σ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙͚ ͙͔͙ͪͭͪ͟Ύͣ ˾͔͎ͦͭͭͪ͒͊ͣͫͦͦ͟ ͔ͦͤͫͤͫͯͫ͊͟ όнллоύΦ 

ϊ ˽͙͔ͦ͒ͨͫ͊ͤͤͦ ͙ͤͺ͙͍͔ͦͪͣͪͦ͊ͤͤͦ ͎͙͔ͫͦ͊ͫ͡Φ 

˴͙͔͙͙ͪͭͪ ͙ͫ͟͡Ό;͔͙ͤΎΥ 

ϊ ˣ͔͔͔ͪͣͤͤͦͫͭΈ ͙ ͊ͭ͊͟͡ͼ͙ΎΦ 

ϊ ˭͔͍͙͊͋ͦ͊ͤ͡ΎΣ ͙͙͙ͣͭͪͯΌ΅͙͔ ˿˽˴̒ ό͍͔ͪͦ͗͒ͤͤ͊Ύ ͎͙͔͙ͨͪͨ͊͘͡Ύ ͤ͊͒ͨͦ;͔;͙͍ͤͦ͟Σ ͎͔͊ͤ͒ͪͦͤ-

͔͔͙ͫͪͭͪͯ͟Ό΅͙͔ ͦͨͯͻ͙ͦ͡Σ ͙ͫͤ͒ͪͦͣ ˴ͯ΄͙͎ͤ͊Σ ͎͙͔͙͔͙ͨͪͨͪͦ͊ͭͤͣ͟͡ΎύΦ 
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ϊ ́Ύ͔͗͊͡Ύ ͙ͫͦͣ͊ͭ;͔ͫ͊͟Ύ ͎͙ͨ͊ͭͦͦ͡Ύ όͫ͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭ м ͙ͭͨ͊Σ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͔ͨ;͔͙ͤ ͙ ͨͦ;͔͟ ͍ 

͙͙ͫͭ͊͒ ͔͔͒ͦͣͨͤͫ͊͟ͼ͙͙ύΦ 

ϊ ˽͙͔ͪͣ ͎ͦͪͣͦͤ͊͡Έͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͍ ͔ͭ;͔͙͔ͤ ͔͙ͨͦͫ͒ͤ͡ͻ о ͔ͣͫΎͼ͔͍ ͒ͦ ͍͟͡Ό;͔͙ͤΎ ͍ 

͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Φ 

˸͔ͭͦ͒· ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡ΎΥ 

мΦ ˴͙͙ͤ͡;͔͙͔ͫ͟Υ ˢ͔͙ͤͭͪͦͨͦͣͭͪΎ όͪͦͫͭΣ ͍͔ͫΣ ˮ˸́Σ ͦͪͯ͗ͤͦͫͭ͟Έ ͙͙ͭ͊͡ύΣ ͦͼ͔ͤ͊͟ ͎͙͙ͪͫͯͭͣ͊͘ ͨͦ ΄͔͊͟͡ 

͔͙̅ͪͪͣ͊ͤ͊-˥͍͔ͦ͡͡Ύ όƳCDύΦ 

нΦ ˥ͦͪͣͦͤ͊͡Έͤ·͚ ͨͪͦͺ͙͡Έ όͤ͊ о-р ͔͒ͤΈ ͚ͫͨͦͤͭ͊ͤͤͦ ͙͙͡ ͙ͤ͒ͯͼ͙͍͚ͪͦ͊ͤͤͦ ͔ͣͤͫͭͪͯ͊ͼ͙͙ύΥ ˶˥Σ ̅˿˥Σ 

͙ͨͪͦ͊ͭͤ͟͡Σ Ή͙ͫͭͪ͊͒ͦ͡Σ ͦ͋΅͙͚ ͙ ͍ͫͦ͋ͦ͒ͤ·͚ ͔͔ͭͫͭͦͫͭͪͦͤΣ ͔͙͊ͤ͒ͪͦͫͭͤ͒ͦͤΣ ͔͎͙͒͒ͪͦΉ͙͔ͨ͊ͤ͒ͪͦͫͭͪͦͤ-

ͫͯ͡Έͺ͊ͭ ό˨˥̏ˢ-˿ύΣ ͙͊ͤͭͣΌ͔͍ͪͦ͡͡ ͎ͦͪͣͦͤ όˢ˸˥ύΣ ͙͔ͭͪͦͭͪͦͨͤ·͚ ͎ͦͪͣͦͤ ό́́˥ύΣ ˥˿˽˥Φ ˮ͔ͤ͒ͫ͟ ͍ͫͦ͋ͦ͒ͤ·ͻ 

͎͔͍͊ͤ͒ͪͦͤͦ όˮ˿ˢύ ͪ͊ͫͫ;͙ͭ·͍͊ͫ͡Ύ ͨͦ ͺ͔ͦͪͣͯ͡Φ 

оΦ ˸͔͙ͭ͊͋ͦ͡;͔͙͚ͫ͟ ͨͪͦͺ͙͡ΈΥ ˥͡Όͦ͊͘͟ ͙ ͙͔͙͍ͣͣͯͤͦͪ͊ͭͤ͟·͚ ͙͙ͤͫͯͤ͡ ͤ͊ͭͦ΅͊͟ ͫ ͪ͊ͫ;͔ͭͦͣ 

͙͔ͤ͒ͫ͊͟ Iha!-Lw ό͎͔͙ͦͣͦͫͭ͊ͭ;͔͚ͫͦ͟ ͔͙ͣͦ͒͡ ͦͼ͔͙ͤ͟ ͙͙͔͙͔͙ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ύΤ ͙͙ͨ͒ͤ͡·͚ ͔ͫͨͭͪ͟ 

όͦ͋΅͙͚ ͻ͔͔͙ͦͫͭͪͤ͡Σ ˶˽˹˽Σ ˶˽ˤ˽Σ ͙͎͙ͭͪ͡ͼ͔͙ͪ͒·ύΦ 

пΦ ̂͡Έ͍͍͔ͭͪ͊ͯͦͦ͘͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͎͍ͦͪ͊ͤͦ ͎ͣ͊ͦͦ͡ ͭ͊͊͘ όͤ͊ о-р ͔͒ͤΈ ͼ͙͊͟͡ύ ͍͎͙ͭͪ͊ͤͫ͊ͤ͊͡Έͤ·ͣ 

͒͊ͭ;͙ͦͣ͟Υ ͙͔͔͙͔ͣͪͤ͘ ͦ͋Ά͔ͣ͊ Ύ͙;͙͍ͤͦ͟Σ ͨͦ͒ͫ;͔ͭ ͙ͦ͟͡;͔͍ͫͭ͊ ͊ͤͭͪ͊͡Έͤ·ͻ ͺ͙͍ͦͯͦ͟͡͡͡ ό!C/ύΦ 

͔͔͍͙́ͪ͊ͨͭ;͔͙͔ͫ͟ ͎ͪͯͨͨ·Υ ˤ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͺ͔͙ͤͦͭͨ͊ ͙ ͍͔͒ͯ΅͙ͻ ͼ͔͔͚͡ ͔͡;͔͙ͤΎ ό͔ͦͪͪ͟͟ͼ͙Ύ 

͎͙͔͎͔͙͙ͨͪ͊ͤ͒ͪͦͤκͼ͙͊͟͡Σ ͙ͤ͒ͯ͟ͼ͙Ύ ͍ͦͯ͡Ύͼ͙͙Σ ͙͔͙͔ͫͤ͗ͤ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͙͍ͪͫͦ͟ύ ͨ͊ͼ͙͔͙ͤͭ͟ ͔ͨͦͫ͡ 

͔͎ͦͣͨͫͤͦͦ͟͟͡ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡Ύ ͋·͙͡ ͔͔͔ͪ͊ͫͨͪ͒ͤ͡· ͍ ͎ͪͯͨͨ· ͒͡Ύ с-͔ͣͫΎ;͚ͤͦ ͔͙͙ͭͪ͊ͨΥ 

ϊ ˥ͪͯͨͨ͊ м ό˴˻˴ύΥ ˴͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ·͔ ͦͪ͊͡Έͤ·͔ ͦͤͭͪ͊͟ͼ͔͙͍ͨͭ·Σ ͔ͫͦ͒ͪ͗͊΅͙͔ Ή͙͙ͭͤ͡Ή͙ͫͭͪ͊͒ͦ͡ ͙ 

͎͔͎͔ͨͪͦͫͭ͊ͤ ͫ ͙͎͔͚͊ͤͭ͊ͤ͒ͪͦͤͤͦ ͙͍͊ͭͤͦͫͭ͟ΈΌ ό͙͔͒ͪͦͫͨͪͤͦͤΣ ͙͔͎͔͒ͤͦͫͭΣ ͼ͙͔ͨͪͦͭͪͦͤ͊ ͊ͼ͔ͭ͊ͭύΦ 

˹͊ͤ͊͘;͙͊ͫ͡Έ ͨ͊ͼ͙͔ͤͭ͊ͣ͟Σ ͔ͤ ͙ͨ͊ͤͪͯ͡Ό΅͙ͣ ͔͔͔͋ͪͣͤͤͦͫͭΈΣ ͫ ͼ͔͡ΈΌ ͔͎ͪͯ͡Ύͼ͙͙ ͼ͙͊͟͡ ͙ ͔͡;͔͙ͤΎ 

͎͙͙ͪͫͯͭͣ͊͘κ͔͊ͤ͟Φ 

ϊ ˥ͪͯͨͨ͊ н ό˸͔ͭͺ͙ͦͪͣͤύΥ ˸͔ͭͺ͙ͦͪͣͤ ͍ ͔͔ͨͦͫͭͨͤͤͦ ͍͔͙ͯ͡;͙͍͊Ό΅͔͚ͫΎ ͔͒ͦ͘ ͒ͦ мрлл-нллл ͎ͣκͫͯͭΦ 

˹͊ͤ͊͘;͊ͫ͡Ύ ͨ͊ͼ͙͔ͤͭ͊ͣ͟ ͫ ͍·͔͚ͪ͊͗ͤͤͦ ͙͙͔͙͔ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡ΈΌ όIha!-Lw ҔнΦтύ ͙κ͙͙͡ ͙ͨ͊ͤͪͯ͡Ό΅͙ͣ 

͔͔͔͋ͪͣͤͤͦͫͭΈΦ 

ϊ ˥ͪͯͨͨ͊ о ό˴˻˴ Ҍ ˸͔ͭͺ͙ͦͪͣͤύΥ ˴͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͊Ύ ͔͙ͭͪ͊ͨΎΦ ˹͊ͤ͊͘;͊͊ͫ͡Έ ͨ͊ͼ͙͔ͤͭ͊ͣ͟ ͫ ͨͦͤ͡·ͣ 

ͺ͔͙ͤͦͭͨͦͣ ˢΣ ͫͦ;͔ͭ͊Ό΅͙ͣ ͍·͔ͪ͊͗ͤͤ·͔ ͙͙ͨͪͤ͊͘͟ ͎͙͔͎͔͙͙ͨͪ͊ͤ͒ͪͦͤ ͙ ͙͙͔͙͔͙ͤͫͯͤͦͪͫͭͤͭͤͦͫͭ͘͡Φ 

ϊ ˥ͪͯͨͨ͊ п ό˸͙ͦ͒ͺ͙͊͟ͼ͙Ύ ͦ͋ͪ͊͊͘ ͙͙͗ͤ͘ τ ˸˻ˬύΥ ˮ͙͍͙͙͙͍ͤ͒͒ͯ͊ͪͦ͊ͤͤ͊͘͡Ύ ͎ͨͪͦͪ͊ͣͣ͊Σ 

͍͟͡Ό;͊Ό΅͊Ύ ͎͙͙͚ͨͦ͊ͦͪͤͯ͟͡Ό ͙͔͒ͭͯ ͫ ͎͙ͦͪ͊ͤ;͔͙͔ͤͣ ͨͪͦͫͭ·ͻ ͎͔͍͍ͯͦ͒ͦ͡ ͙ ͤ͊ͫ·΅͔ͤͤ·ͻ ͙͍͗ͪͦ ͙ 

͊Ήͪͦ͋ͤ·͔ ͺ͙͙͘;͔͙͔ͫ͟ ͎͙ͤ͊ͪͯ͘͟ ͔ͤ ͔͔͔ͣͤ мрл ͙ͣͤκ͔ͤ͒Φ ˾͔͔͍ͦͣͤ͒ͦ͊ͤ͊͟ ͍͔ͫͣ ͨ͊ͼ͙͔ͤͭ͊ͣ͟ ͫ ͙͋͘·ͭͦ;͚ͤͦ 

͚ͣ͊ͫͫͦ ͔ͭ͊͡ όˮ˸́ җнр ͎͟κͣчύ ͙ ͙͔͙͔ͦ͗ͪͤͣ ͊͟͟ ͍͋͊ͦ͊͘Ύ ͔͙ͭͪ͊ͨΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 
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ϭ ˥·͡·;͔͍ͣ͊ͣͣ͒ͦ͊ ˸Φ̊ΦΣ нлнр 

 

 

 

 

˨͎͍ͦͦ͊͡ ́͊ͭΈΎͤ͊ ˤ͙͙͍͊͒ͣͪͦͤ͊͡ 

˽͔͙͚ͪͣͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ͔͙͊͊͒ͣ͊͟͟ ˩Φ ˢΦ ˤ͎͔͊ͤͪ͊ 

˥͙͍͊ͪͨͦ͊ ˢ͙ͤ͊͡ ˮ͙͍ͪͦͤ͊͟ 

˽͔͙͚ͪͣͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ͔͙͊͊͒ͣ͊͟͟ ˩Φ ˢΦ ˤ͎͔͊ͤͪ͊ 

˹͊ͯ;ͤ·͚ ͍͙͔ͪͯͦͦ͒ͭ͟͡ΈΥ ˽͔͍ͭͪͦ ˸͙͊ͫͣ͟ ˩͍͎͔ͤΈ͔͍͙; 

˽͔͙͚ͪͣͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ͔͙͊͊͒ͣ͊͟͟ ˩Φ ˢΦ ˤ͎͔͊ͤͪ͊ 

͎Φ ˽͔ͪͣΈΣ ˾̅ 

 

˾˻ˣ˻́πs ˿˿ˮ˿́ˮ˾˻ˤˢ˹˹ˢ̒ ̆ˮ˾̂˾˥ˮ̒ ˤ ˽˾˻̅ˮ˶ˢ˴́ˮ˴˩ ˿ˮ˹˨˾˻˸ˢ ˽˻˿́̆˻˶˩̇ˮ˿́̏˴́˻˸ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˿͙ͤ͒ͪͦͣ ͨͦͫͭͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͫͦͫͭͦΎ͙͔ͤΣ ͍͙͍ͪ͊͊͘Ό΅͔͔ͫΎ ͔ͨͦͫ͡ 

ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͔͙ͯ͒͊ͤ͡Ύ ͔͗͡;͎ͤͦͦ ͨͯ͘·ͪΎ ͙ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͔ͫΎ ͫͦͻ͔͙͔ͪ͊ͤͤͣ ͙͙͡ ͍͙͍͔͙͔ͦͤͤͦͤͣ͘͟ 

͙͊͋͒ͦͣͤ͊͡Έͤ·ͻ ͔͚͋ͦ͡ ͙ ͙͔͙͒ͫͨͨͫ;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ 

͔͙ͣͭͦ͒͟Σ ;͊ͫͭͦͭ͊ ͎͒͊ͤͤͦͦ ͙ͫͤ͒ͪͦͣ͊ ͖ͦͫͭ͊ͭͫΎ ͙ͫͭ͊͋͡Έͤͦ ͍·͚ͫͦͦ͟Σ ;ͭͦ ͍͙͍͔ͦ͋ͯͫ͊͊ͭ͡͡ ͔͎ͦ ͙͙ͤ͟͡;͔ͫͯ͟Ό 

͙ ͫͦͼ͙͊͡ΈͤͯΌ ͤ͊͘;͙ͣͦͫͭΈΦ ˤ ͊͟;͔͍͔ͫͭ ͦ͋Ά͔ͭ͊͟ ͒͡Ύ ͔͙ͪ͊ͫͫͣͦͭͪͤΎ ͍͙͊ͭͦͪ͊ͣ ͋·͡ ͍·͔͔͒ͤ͡ ͔ͣͭͦ͒ ͪͦ͋ͦͭπ

͙͙͍͚͊ͫͫͫͭͪͦ͊ͤͤͦ ͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟Φ ̏ͭͦͣͯ ͙ͨͦͫͯ͗͡͡ ͪΎ͒ ͙ͨͪ;͙ͤΥ ͨ ͔ͦͭͤͼ͙͊͡Έͤͦ ͔͔͋ͦ͡ ͍·ͫͦ͊͟Ύ 

ͭͦ;ͤͦͫͭΈ ͙ͣ͊ͤͨͯ͡Ύͼ͙͚Σ ͯͯ͡;΄͔ͤͤ͊Ύ ͍͙͙ͯ͊͊͘͘͡ͼ͙Ύ ͔ͦͨͪ͊ͼ͙͎ͦͤͤͦͦ ͨͦ͡Ύ ͙ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍·͔͙ͨͦͤͤ͡Ύ 

͔͔͋ͦ͡ ͙͊ͤ͊ͭͦͣ;͎ͤͦͦ ͍·͔͔͙͒ͤ͡Ύ ͫͭͪͯͭͯͪ͟ ͎͔͔ͨ͊ͭͦ͒ͯͦ͒ͤ͊͡Έ͚ͤͦ ͍ͫΎ͙͘͟Φ ˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͋·ͦ͡ ͍͔͔ͨͪͦ͒ͤͦ 

͖ͨͯͭͣ ͙͙͊ͤ͊ͭ͡;͔͎ͫͦͦ͟ ͦ͋ͦͪ͊͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͚͙ͪͦͫͫͫ͟ͻ ͙ ͔͊ͪͯ͋͗ͤ͘·ͻ ͙͔ͭͪ͊ͭͯͪͤ͡·ͻ ͙ͫͭͦ;͙͍ͤͦ͟Φ 

˿͔͙ͦ͒͊ͭ͘͡ ͫͭ͊ͭΈ͙ ͍·Ύ͍͙͙͡ ͔ͫ͒ͯ͡Ό΅͙͔ ͔͙ͨͦͦ͗ͤ͡ΎΥ ͔ͭͻ͙ͤ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ͪͦ͋ͦͭ;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ 

͎ͣͦͯͭ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͙͙͙ͣͤͣ͊͘ͼ͙͙ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙͚ͦͤͤͦ ͍͙ͭͪ͊ͣ͊ͭ͊͘ͼ͙͙ ͔͚ͭ͊ͤ͟ ͍ ͙͙ͪͭ͟;͔͚ͫͦ͟ ͔ͦͤ͘Τ 

͙͔ͣΌ΅͙͔ͫΎ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͒͊ͤͤ·͔ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͔͔ͭͤ͒ͤͼ͙Ό ͟ ͫͦͪ͊͟΅͔͙ͤΌ ͙͒ͤ͡· ͯ͟͡Έ͙ͭ ͨͯ͘·͎ͪͤͦͦ 

ͨͪͦͭͦ͊͟ ͙ ͯͯ͡;΄͔͙ͤΌ ͙ͪ͊ͤͤͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͙ͫͻ͍ͦ͒ͦ ͙ͨͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͪͦ͋ͦͭπ͊ ͙͙͍͚ͫͫͫͭͪͦ͊ͤͤͦ 

͔ͭͻ͎͙͙ͤͦͦ͡Φ ˮͫͻͦ͒Ύ ͙͘ ͨͦͯ͡;͔ͤͤ·ͻ ͒͊ͤͤ·ͻ ͣͦ͗ͤͦ ͙ͫͯ͒ͭΈΣ ;ͭͦ ͒͊͡Έ͔͚ͤ΄͔͔ ͙ͯ͘;͔͙͔ͤ ͙ͪͦ͡ 

͙ͪͦ͋ͦͭ;͔͚ͫͦ͟ ͻ͙͎͙͙ͪͯͪ ͍ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͖ͦͭ͒͊ͤͤ͡·ͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ Ύ͍͡Ύ͔ͭͫΎ 

͊ͭͯ͊͟͡Έͤ·ͣ ͍͔͙͔ͤ͊ͨͪ͊ͤͣ͡ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͊͋͒ͦͣͤ͊͡Έ͚ͤͦ ͻ͙͎͙͙ͪͯͪΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͙ͫ ͤ͒ͪͦͣ ͨͦͫͭͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟Φ ͔̆ͦ͡ͼ͙ͫͭΉ͙ͭͦͣ͟ΎΦ ˶͙͊ͨ͊ͪͦͫͦͨ͟;͔ͫ͊͟Ύ ͻ͔ͦ͡ͼ͙ͫͭΉ͙ͭͦͣ͟ΎΦ ˾ͦ͋ͦͭπ

͙͙͍͊ͫͫͫͭͪͦ͊ͤͤ͊Ύ ͻ͙͎͙ͪͯͪΎΦ ˢͨͨͨ͊ͪ͊ͭ 5ŀ ±ƛƴŎƛΦ ˬ͔͡;ͤ·͚ ͨͯ͘·ͪΈΦ ˴ͯ͡ΈͭΎ ͔͗͡;͎ͤͦͦ ͨͯ͘·ͪΎΦ 

 

¢ŀǘȅŀƴŀ 5ƻƭƎƻǾŀ ±Φ 

tŜǊƳ {ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƴŀƳŜŘ ŀƊŜǊ !ŎŀŘŜƳƛŎƛŀƴ 9Φ !Φ ²ŀƎƴŜǊ 

!ƭƛƴŀ DŀǊƛǇƻǾŀ LΦ 

tŜǊƳ {ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƴŀƳŜŘ ŀƊŜǊ !ŎŀŘŜƳƛŎƛŀƴ 9Φ !Φ ²ŀƎƴŜǊ 

{ǳǇŜǊǾƛǎƻǊΥ aŀȄƛƳ tŜǘǊƻǾ 9Φ 

tŜǊƳ {ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƴŀƳŜŘ ŀƊŜǊ !ŎŀŘŜƳƛŎƛŀƴ 9Φ !Φ ²ŀƎƴŜǊ 
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!ōǎǘǊŀŎǘ 

tƻǎǘŎƘƻƭŜŎȅǎǘŜŎǘƻƳȅ ǎȅƴŘǊƻƳŜ ƛǎ ŀ ŎƭƛƴƛŎŀƭ ŎƻƴŘƛǝƻƴ ǘƘŀǘ ŘŜǾŜƭƻǇǎ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǎǳǊƎƛŎŀƭ ǊŜƳƻǾŀƭ ƻŦ 

ǘƘŜ ƎŀƭƭōƭŀŘŘŜǊ ŀƴŘ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ǇŜǊǎƛǎǘŜƴŎŜ ƻǊ ƻƴǎŜǘ ƻŦ ŀōŘƻƳƛƴŀƭ Ǉŀƛƴ ŀƴŘ ŘȅǎǇŜǇǝŎ ŘƛǎƻǊŘŜǊǎΦ 

5ŜǎǇƛǘŜ ŀŘǾŀƴŎŜǎ ƛƴ ǎǳǊƎƛŎŀƭ ǘŜŎƘƴƛǉǳŜǎΣ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ ǘƘƛǎ ǎȅƴŘǊƻƳŜ ǊŜƳŀƛƴǎ ŎƻƴǎƛǎǘŜƴǘƭȅ ƘƛƎƘΣ 

ƘƛƎƘƭƛƎƘǝƴƎ ƛǘǎ ǎƛƎƴƛŬŎŀƴǘ ŎƭƛƴƛŎŀƭ ŀƴŘ ǎƻŎƛŀƭ ǊŜƭŜǾŀƴŎŜΦ ¢Ƙƛǎ ǎǘǳŘȅ ŦƻŎǳǎŜǎ ƻƴ ǊƻōƻǘπŀǎǎƛǎǘŜŘ ŎƘƻƭŜŎȅǎǘŜŎǘƻƳȅ 

ŀǎ ǘƘŜ ǎǳōƧŜŎǘ ƻŦ ƛƴǾŜǎǝƎŀǝƻƴΦ ¢ƘŜ ǊŀǝƻƴŀƭŜ ŦƻǊ ǘƘƛǎ ŎƘƻƛŎŜ ƛƴŎƭǳŘŜǎ ǘƘŜ ǘŜŎƘƴƛǉǳŜϥǎ ǇƻǘŜƴǝŀƭ ŦƻǊ ƎǊŜŀǘŜǊ 

ǇǊƻŎŜŘǳǊŀƭ ǇǊŜŎƛǎƛƻƴΣ ŜƴƘŀƴŎŜŘ ǾƛǎǳŀƭƛȊŀǝƻƴ ƻŦ ǘƘŜ ǎǳǊƎƛŎŀƭ ŬŜƭŘΣ ŀƴŘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŀŎƘƛŜǾŜ ƳƻǊŜ ŀƴŀǘƻƳƛŎŀƭ 

ŘƛǎǎŜŎǝƻƴ ƻŦ ǘƘŜ ǎǘǊǳŎǘǳǊŜǎ ǿƛǘƘƛƴ ǘƘŜ ƘŜǇŀǘƻŘǳƻŘŜƴŀƭ ƭƛƎŀƳŜƴǘΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǘƘǊƻǳƎƘ ŀƴ 

ŀƴŀƭȅǝŎŀƭ ǊŜǾƛŜǿ ƻŦ ŎƻƴǘŜƳǇƻǊŀǊȅ wǳǎǎƛŀƴ ŀƴŘ ƛƴǘŜǊƴŀǝƻƴŀƭ ƭƛǘŜǊŀǘǳǊŜΦ ¢ƘŜ ŀǳǘƘƻǊǎ ŜǎǘŀōƭƛǎƘŜŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

ƪŜȅ ŬƴŘƛƴƎǎΥ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ŦŜŀǘǳǊŜǎ ƻŦ ǊƻōƻǝŎ ǎȅǎǘŜƳǎ Ƴŀȅ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ƳƛƴƛƳƛȊŀǝƻƴ ƻŦ ƛƴǘǊŀƻǇŜǊŀǝǾŜ ǝǎǎǳŜ 

ǘǊŀǳƳŀ ƛƴ ŎǊƛǝŎŀƭ ȊƻƴŜǎΤ ŜȄƛǎǝƴƎ ŎƭƛƴƛŎŀƭ Řŀǘŀ ƛƴŘƛŎŀǘŜ ŀ ǘǊŜƴŘ ǘƻǿŀǊŘ ǊŜŘǳŎǝƻƴ ƛƴ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ŎȅǎǝŎ ŘǳŎǘ 

ǎǘǳƳǇ ŀƴŘ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ŜŀǊƭȅ ŦǳƴŎǝƻƴŀƭ ƻǳǘŎƻƳŜǎ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ ǊƻōƻǘπŀǎǎƛǎǘŜŘ ǘŜŎƘƴƻƭƻƎȅΦ .ŀǎŜŘ ƻƴ 

ǘƘŜ ŀƴŀƭȅȊŜŘ ŘŀǘŀΣ ƛǘ Ŏŀƴ ōŜ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ŦǳǊǘƘŜǊ ƛƴǾŜǎǝƎŀǝƻƴ ƛƴǘƻ ǘƘŜ ǊƻƭŜ ƻŦ ǊƻōƻǝŎ ǎǳǊƎŜǊȅ ƛƴ ǇǊŜǾŜƴǝƴƎ 

ƭƻƴƎπǘŜǊƳ ŦǳƴŎǝƻƴŀƭ ŎƻƳǇƭƛŎŀǝƻƴǎ ǊŜǇǊŜǎŜƴǘǎ ŀ ǊŜƭŜǾŀƴǘ ŀƴŘ ƛƳǇƻǊǘŀƴǘ ŘƛǊŜŎǝƻƴ ƛƴ ƳƻŘŜǊƴ ŀōŘƻƳƛƴŀƭ 

ǎǳǊƎŜǊȅΦ 

YŜȅǿƻǊŘǎΥ 

tƻǎǘŎƘƻƭŜŎȅǎǘŜŎǘƻƳȅ {ȅƴŘǊƻƳŜΦ /ƘƻƭŜŎȅǎǘŜŎǘƻƳȅΦ [ŀǇŀǊƻǎŎƻǇƛŎ /ƘƻƭŜŎȅǎǘŜŎǘƻƳȅΦ wƻōƻǘπ!ǎǎƛǎǘŜŘ {ǳǊƎŜǊȅΦ 

5ŀ ±ƛƴŎƛ {ǳǊƎƛŎŀƭ {ȅǎǘŜƳΦ DŀƭƭōƭŀŘŘŜǊΦ /ȅǎǝŎ 5ǳŎǘ {ǘǳƳǇΦ 

 

ˢͭͯ͊͟͡ΈͤͦͫͭΈΦ ˽͔ͪͦ͋ͣ͊͡ ͙ͫͤ͒ͪͦͣ͊ ͨͦͫͭͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟ ͫͦͻͪ͊ͤΎ͔ͭ ͍ͫͦΌ ͤ͊͘;͙ͣͦͫͭΈ ͍ ͙͔ͨͪ͊ͭ͟͟ 

͙͊͋͒ͦͣͤ͊͡Έͤ·ͻ ͻ͙͎͍ͪͯͪͦ ͔͒͊͗ ͍ Ήͨͦͻͯ ͙͍͙͍ͣ͊ͦͤ͊ͤ͘͡·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ ˨͔͊ͤͤͦ ͫͦͫͭͦΎ͙͔ͤ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ 

͚ͫͦ͋ͦ ͔ͦͣͨͫ͟͟͡ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͙ ͎͙ͦͪ͊ͤ;͔͙ͫ͟ͻ ͚͍ͪ͊ͫͫͭͪͦͫͭΣ ͍͙ͦͤ͊͘͟Ό΅͙ͻ ͔ͨͦͫ͡ ͔͙ͯ͒͊ͤ͡Ύ ͔͗͡;͎ͤͦͦ 

ͨͯ͘·ͪΎΣ ͙ ͨͪͦΎ͍͡ΎΌ΅͔͔ͫΎ ͋ͦ͡ΈΌ ͍ ͍ͨͪ͊ͦͣ ͔͔ͨͦ͒ͪ͋ͪΈ͔Σ ͙͔͙͔͚͒ͫͨͨͫΣ ͔͔͔͙ͤͨͪͤͦͫͣͦͫͭΈΌ ͙͚͗ͪͤͦ ͙ͨ΅͙ 

ώуΣ ͫ нрнϐΦ ˾͖͊ͫͨͪͦͫͭͪ͊ͤͤͤͦͫͭΈ ͙ͫͤ͒ͪͦͣ͊Σ ͨͦ ͒͊ͤͤ·ͣ ͙ͪ͊͘͡;ͤ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟Σ ͍͊ͪΈ͙͔ͪͯͭ ͦͭ мл҈ ͒ͦ ол҈ 

͔͙ͫͪ͒ ͍͔ͫͻ ͨ͊ͼ͙͔͍ͤͭͦΣ ͔͔͖ͨͪͤͫ΄͙ͻ ͻ͔ͦ͡ͼ͙ͫͭΉ͙ͭͦͣ͟Ό ώмΣ ͫ мтмлϐΦ  

˽͎͔͔͊ͭͦͤ͘ ͙ͫͤ͒ͪͦͣ͊ ͎ͣͤͦͦͺ͔͊ͭͦͪͤ͟Φ ˿͔͙ͪ͒ ͟͡Ό;͔͍·ͻ ͙ͨͪ;͙ͤ ͍·͔͒͡ΎΌͭ ͔ͭͻ͙ͤ;͔͙͔ͫ͟ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ͍·͔͙ͨͦͤͤ͡Ύ ͔ͦͨͪ͊ͼ͙͙Υ ͙͋͘·ͭͦ;ͤͯΌ ͭͪ͊͟ͼ͙Ό ͎͔͔ͨ͊ͭͦ͒ͯͦ͒ͤ͊͡Έ͚ͤͦ ͍ͫΎ͙͘͟Σ ͙͍ͨͪͦ͒Ύ΅ͯΌ ͟ 

͙͒ͫͺͯͤ͟ͼ͙͙ ͫͺ͙͔ͤͭͪ͊͟ ˻͙͒͒Τ ͔͙ͭͪͣ;͔͔ͫͦ͟ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͔͚ͭ͊ͤ͟ ͙ͨͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ 

Ή͔͎ͭͪͦͦ͊ͯ͟͟͡͡Ύͼ͙͙Τ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙͋͘·ͭͦ;͚ͤͦ ͯ͟͡Έ͙ͭ ͨͯ͘·͎ͪͤͦͦ ͨͪͦͭͦ͊͟ ώрΣ ͫ опϐΦ ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ 

͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͔ͭͻ͙͙ͤ͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͙ͦ͒ͤ ͙͘ ͍ͦͫͤͦͤ·ͻ ͔͚ͨͯͭ 

ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͎͒͊ͤͤͦͦ ͔͙ͦͫͦ͗ͤͤ͡ΎΦ 

͙́ͪ͊͒ͼ͙ͦͤͤ͊Ύ ͙͊ͨ͊ͪͦͫͦͨ͟͡;͔ͫ͊͟Ύ ͻ͔ͦ͡ͼ͙ͫͭΉ͙ͭͦͣ͟ΎΣ Ύ͍͡ΎΎͫΈ ζͦͦͭ͘͡·ͣ ͫͭ͊ͤ͒͊ͪͭͦͣηΣ ͙͔͔ͣͭ ͪΎ͒ 

͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͎͙ͦͪ͊ͤ;͔͙͚ͤΥ ͍͒ͯͻ͔ͣͪͤ͊Ύ ͍͙͙ͯ͊͊͘͘͡ͼ͙ΎΣ ͎͙ͦͪ͊ͤ;͔ͤͤ͊Ύ ͔͔ͫͭͨͤΈ ͍ͫͦ͋ͦ͒· ͙͔͍ͤͫͭͪͯͣͤͭͦΣ 

ͺ͙͙͎͙ͦͦ͘͡;͔͙͚ͫ͟ ͔ͭͪͣͦͪ ͻ͙͎ͪͯͪ͊Φ ˤ͔͔͙͔ͤ͒ͪͤ ͪͦ͋ͦͭπ͊ ͙͙͍ͫͫͫͭͪͦ͊ͤͤ·ͻ ͙͔ͫͫͭͣΣ ͙ͭ͊͟ͻ ͊͟͟ 5ŀ ±ƛƴŎƛΣ 

͔͔͙ͭͦͪͭ;͔͙ͫ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍͔͙͍ͤͪͦ͊ͭ͡Έ Ή͙ͭ ͔͙ͤ͒ͦͫͭ͊ͭ͟ ͊͘ ͫ;͖ͭ ͖ͭͪͻ͔͚ͣͪͤͦ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͍·͚ͫͦͦ͟ 

;͖͙ͭͦͫͭ͟Σ ͙͔͍ͤͫͭͪͯͣͤͭͦ ͫ ͔ͫͣΈΌ ͔͔ͫͭͨͤΎ͙ͣ ͍ͫͦ͋ͦ͒· ͙ ͙͔ͫͫͭͣ· ͺ͙͡Έͭͪ͊ͼ͙͙ ͔ͭͪͣͦͪ͊ ώсΣ ͫ пуϐΦ 

͔̇͡ΈΌ ͤ͊ͫͭͦΎ΅͔͎ͦ ͙͙͊ͤ͊ͭ͡;͔͎ͫͦͦ͟ ͦ͋ͦͪ͊͘ ͙ͨͦͫͯ͗͊͡͡ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙Ύ ͒͊ͤͤ·ͻ ͦ ͔ͨͦͭͤͼ͙͊͡Έ͚ͤͦ 

͙ͪͦ͡ ͪͦ͋ͦͭπ͊ ͙͙͍͚ͫͫͫͭͪͦ͊ͤͤͦ ͻ͙͎͙͙ͪͯͪ ͍ ͙͔͙͙ͫͤ͗ͤ ;͊ͫͭͦͭ· ͍͙͙ͪ͊ͭ͘Ύ ͙ͫͤ͒ͪͦͣ͊ ͨͦͫͭͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟ 

;͔͔ͪ͘ ͙ͨͪͣͯ͘ ͔͖ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͔͙ͨͪͣͯ΅͔͍ͫͭΦ ˥͍͊ͤ͡·ͣ ͍͔ͨͦͫͭ͊ͤͤ͡·ͣ ͍ͦͨͪͦͫͦͣ Ύ͍͡Ύ͔ͭͫΎΥ ζ˻͋͊͒͊͡Όͭ ͙͡ 

͔ͭͻ͙ͤ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙ͪͦ͋ͦͭ;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ ͔ͪ͊͡Έͤ·ͣ ͔ͨͦͭͤͼ͙͊ͦͣ͡ ͒͡Ύ ͙͙͙ͣͤͣ͊͘ͼ͙͙ 

͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙ͦͤͤ·ͻ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟ ͍͙͙ͪ͊ͭ͘Ύ ͙ͫͤ͒ͪͦͣ͊ ͨͦͫͭͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟ΚηΦ 

˸͔ͭͦ͒·Φ ˻͋͊ͫͭ͡ΈΌ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ Ύ͍͡Ύ͔ͭͫΎ ͊ͭͯ͊͟͡Έͤ·͚ ͔ͪ͊͒͘͡ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͻ͙͎͙͙ͪͯͪ τ 

͍͔͔͙͔ͤ͒ͪͤ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·ͻ ͔͍ͣͭͦ͒ͦ ͍ ͙͊͋͒ͦͣͤ͊͡ΈͤͯΌ ͻ͙͎͙ͪͯͪΌΦ ˣ·͡ ͍͔͖ͨͪͦ͒ͤ ͙͙͊ͤ͊ͭ͡;͔͙͚ͫ͟ 
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ͦ͋ͦͪ͘ ͍͔͔ͫͦͪͣͤͤ·ͻ ͤ͊ͯ;ͤ·ͻ ͙ͨͯ͋͊͟͡ͼ͙͚ ͊͘ ͔͙ͨͪͦ͒ нлмуπнлнп ͎͎ΦΣ ͍ͨͦͫΎ΅͖ͤͤ·ͻ ͍ͦͨͪͦͫ͊ͣ ͙͔͔͙ͨͪͣͤͤΎ 

ͪͦ͋ͦͭπ͊ ͙͙͍͚ͫͫͫͭͪͦ͊ͤͤͦ ͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟ ͙ ͔͖ ͍͙͡Ύ͙ͤΌ ͤ͊ ͖ͦͭ͒͊ͤͤ͡·͔ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͔ͪͯ͘͡Έͭ͊ͭ·Φ 

˽͙ͦͫ͟ ͙͔ͭͪ͊ͭͯͪ͡· ͦͫͯ΅͔͍ͫͭ͡Ύͫ͡Ύ ͍ ͋͊͊͘ͻ ͒͊ͤͤ·ͻ tǳōaŜŘΣ Ŝ[ƛōǊŀǊȅΣ ˴͙͔͋ͪ˶͔͙ͤͤ͊͟Φ ˴͙͔͙ͪͭͪΎ͙ͣ ͦͭ͋ͦͪ͊ 

͙͙ͫͯ͗͡͡Υ ͙ͭͨ ͙ͨͯ͋͊͟͡ͼ͙͙ ό͙͙ͤ͟͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͦ͋ͦͪ͘·Σ ͔ͣͭ͊π͊ ͙ͤ͊͘͡·ύΣ ͔͔͍ͪ͊ͤͭͤͦͫͭ͡Έ ͔͔ͭͣΣ 

͙ͤ͊͡;͙͔ ͒͊ͤͤ·ͻ ͦ͋ ͖ͦͭ͒͊ͤͤ͡·ͻ ͙ͫͻͦ͒͊ͻΦ ˢ͙ͤ͊ͯ͘͡ ͍͔͎͙ͨͦ͒ͪͫ͡Έ нл ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·ͻΣ ͨͦ ͔͙ͣͤͤΌ 

͍͍͊ͭͦͪͦΣ ͙ͫͭͦ;͙͍ͤͦ͟Φ 

˾͔ͯ͘͡Έͭ͊ͭ·Φ ˢ͙ͤ͊͘͡ ͙͔ͭͪ͊ͭͯͪͤ͡·ͻ ͒͊ͤͤ·ͻ ͍͙ͨͦͦ͘͡͡ ͙͍ͫͭͪͯͭͯͪͪͦ͊ͭ͟Έ ͔ͨͦͭͤͼ͙͊͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ 

͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͔͙ͨͪͣͯ΅͔͍ͫͭ ͙ͪͦ͋ͦͭ;͔͚ͫͦ͟ ͙͔ͫͫͭͣ· ͤ͊ ͟͡Ό;͔͍·͔ ͺ͊ͭͦͪ͟· ͙ͪͫ͊͟ 

ͨͦͫͭͻ͔ͦ͡ͼ͙ͫͭΉ͙ͭͦͣ͟;͔͎ͫͦͦ͟ ͙ͫͤ͒ͪͦͣ͊Φ 

мΦ ˽͍ͦ·΄͔ͤͤ͊Ύ ͭͦ;ͤͦͫͭΈ ͙ ͍͙͊ͭͪ͊ͣ͊ͭ;ͤͦͫͭΈΦ ˤ ͔ͣͭ͊π͊ ͙͔ͤ͊͘͡ hΩ/ƻƴƴƻǊ 5Φ.Φ Ŝǘ ŀƭΦ όнлннύ 

ͯ͊͘͟·͍͔͊ͭͫΎΣ ;ͭͦ ͪͦ͋ͦͭπ͊ ͙͙͍ͫͫͫͭͪͦ͊ͤͤ͊Ύ ͔ͭͻ͙ͤ͊͟ ͊ͫͫͦͼ͙͙͔ͪͯͭͫΎ ͫͦ ͙͙ͫͭ͊ͭͫͭ;͔͙ͫ͟ ͤ͊͘;͙ͣ·ͣ 

͙͔͙͔ͫͤ͗ͤͣ ͙͙ͣͪͦͫͦͨ͟͟;͔͙ͫ͟ͻ ͙͍ͨͪͤ͊ͦ͘͟ ͔͙ͭͪͣ;͔͎ͫͦͦ͟ ͍͔͔͙ͨͦͪ͗͒ͤΎ ͔͚ͭ͊ͤ͟ ͍ ͙ͦ͋͊ͫͭ͡ ͔͎ͭͪͯͦ͡Έ͙ͤ͊͟ 

˴͊ͦ͡ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͙͊ͨ͊ͪͦͫͦͨ͟͡;͔͙ͫͣ͟ ͒ͦͫͭͯͨͦͣ ώпΣ ͫ нффлϐΦ 

нΦ ˴ͦͤͭͪͦ͡Έ ͙͒ͤ͡· ͯ͟͡Έ͙ͭ ͨͯ͘·͎ͪͤͦͦ ͨͪͦͭͦ͊͟Φ ˤ ͔͔͙͍ͪͭͪͦͫͨͭͤͦͣ͟ ͍͙͔ͫͪ͊ͤͭ͡Έͤͦͣ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ 

YƛƳ {Φ Ŝǘ ŀƭΦ όнлнмύ ͔͙͍ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊ͤͦΣ ;ͭͦ ͔ͫͪ͒ͤΎΎ ͙͒ͤ͊͡ ͍͔͚ͦͫͭ͊ͤͤͦ͡ ͯ͟͡Έ͙ͭ ͨͯ͘·͎ͪͤͦͦ ͨͪͦͭͦ͊͟ ͙ͨͪ 

ͪͦ͋ͦͭπ͊ ͙͙͍͚ͫͫͫͭͪͦ͊ͤͤͦ ͻ͙͎͙͙ͪͯͪ ͋·͊͡ ͍͔͒ͦͫͭͦͪͤͦ ͦͪͦ͟;͔Σ ;͔ͣ ͙ͨͪ ͙͊ͨ͊ͪͦͫͦͨ͟͡;͔͚ͫͦ͟ 

ͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟ ώоΣ ͫ нслϐΦ ̏ͭͦ ͍ͫΎ͘·͍͔͊ͭͫΎ ͍͙͊ͭͦͪ͊ͣ ͫ ͯͯ͡;΄͔͚ͤͤͦ ͍͙͙ͯ͊͊͘͘͡ͼ͙͔͚ ͙ ͔͍͔ͣ͊ͤͪͤͤͦͫͭΈΌ 

͙͔͍ͤͫͭͪͯͣͤͭͦΣ ͍ͨͦͦ͘͡ΎΌ΅͙ͻ ͍·͙ͨͦͤͭ͡Έ ͙͔͒ͫͫ͟ͼ͙Ό ͙͔͋͗͡ ͟ ΄͔͚͔͟ ͔͗͡;͎ͤͦͦ ͨͯ͘·ͪΎΦ 

оΦ ̅ͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͙ͫͻͦ͒·Φ ˤ ͔͙͍ͨͪͦͫͨͭͤͦͣ͟ ͎ͦͦͪͭͤͦͣ͟ ͙͔͍͙͙ͫͫ͒ͦ͊ͤ͡ DǳǇǘŀ !Φ Ŝǘ ŀƭΦ όнлноύ 

;͔͔ͪ͘ с ͔ͣͫΎͼ͔͍ ͤ͊͋͡Ό͔͙͒ͤΎ ͨ͊ͼ͙͔ͤͭ· ͔ͨͦͫ͡ ͪͦ͋ͦͭπ͊ ͙͙͍͚ͫͫͫͭͪͦ͊ͤͤͦ ͻ͙͎͙͙ͪͯͪ ͔͔ͪ͗ ͔ͨͪ͒ΆΎ͍͡Ύ͙͡ 

͗͊ͦ͋͡·Σ ͻ͔͊ͪ͊ͭͪͤ͟·͔ ͒͡Ύ ͙͙͎͋͊ͪͤͦͦ͡ ͙ͭͨ͊ ͨͦͫͭͻ͔ͦ͡ͼ͙ͫͭΉ͙ͭͦͣ͟;͔͎ͫͦͦ͟ ͙ͫͤ͒ͪͦͣ͊Σ ͨͦ ͫ ͍͔͙ͪ͊ͤͤΌ ͫ 

͎͚ͪͯͨͨͦ ͙͊ͨ͊ͪͦͫͦͨ͟͡;͔͚ͫͦ͟ ͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟ ώнΣ ͫ мнрϐΦ 

пΦ ˻͎͙ͪ͊ͤ;͔͙ͤΎΦ ˤ ͦ͋ͦͪ͊͘ͻΣ ͍ͨͦͫΎ΅͖ͤͤ·ͻ Ή͙ͦͤͦͣ͟;͔͙ͫͣ͟ ͔͊ͫͨͭ͊ͣ͟Σ ͔ͤͦ͒ͤͦͪ͊ͭͤͦ͟ ͔ͦͭͣ;͔͊ͭͫΎΣ 

;ͭͦ ͍·ͫͦ͊͟Ύ ͙ͫͭͦͣͦͫͭΈ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎ ͙ ͪ͊ͫͻͦ͒ͤ·ͻ ͔͙͍ͣ͊ͭͪ͊ͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͤ͊͘;͙ͣ·ͣ ͋͊ͪΈ͔ͪͦͣ ͒͡Ύ 

΄͙͎ͪͦͦͦ͟ ͍͔͔͙ͤ͒ͪͤΎ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͙ͨͪ͊ͭͯ͟͟Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͍͙ͯͫͦ͡Ύͻ ͔͎͙ͪͦͤ͊͡Έͤ·ͻ 

͔͡;͔͋ͤ·ͻ ͯ;͔͔͙͚ͪ͗͒ͤ ώтΣ ͫ мфϐΦ 

ˤ·͍ͦ͒·Φ ˽ͦ ͔ͪͯ͘͡Έͭ͊ͭ͊ͣ ͍͔͖͎ͨͪͦ͒ͤͤͦͦ ͙͙͊ͤ͊ͭ͡;͔͎ͫͦͦ͟ ͦ͋ͦͪ͊͘ ͋·ͦ͡ ͍͔ͯͫͭ͊ͤͦͤͦ͡Σ ;ͭͦ ͔ͨͪͦ͋ͣ͊͡ 

ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙ͫͤ͒ͪͦͣ͊ ͨͦͫͭͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟ ͫͦͻͪ͊ͤΎ͔ͭ ͍·ͫͦͯ͟Ό ͊ͭͯ͊͟͡ΈͤͦͫͭΈΦ ˤ·Ύ͍͔ͤͦ͡Σ ;ͭͦ 

͔ͭͻ͙ͤ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͪͦ͋ͦͭπ͊ ͙͙͍ͫͫͫͭͪͦ͊ͤͤ·ͻ ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ τ ͖ͭͪͻ͔ͣͪͤ͊Ύ ͍͙͙ͯ͊͊͘͘͡ͼ͙ΎΣ 

͍ͨͦ·΄͔ͤͤ͊Ύ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͙ ͭͦ;ͤͦͫͭΈ ͙͔͍ͤͫͭͪͯͣͤͭͦ τ ͫ ͦ͒͊͘Όͭ ͔͔͙ͭͦͪͭ;͔͙͔ͫ͟ ͔ͨͪ͒ͨͦͫ·͙͟͡ ͒͡Ύ 

͍·͔͙ͨͦͤͤ͡Ύ ͔͔͋ͦ͡ ͙͊ͤ͊ͭͦͣ;͚ͤͦ ͙ ͍͙͊ͭͪ͊ͣ͊ͭ;͚ͤͦ ͙͔͒ͫͫ͟ͼ͙͙ ͍ ͙ͦ͋͊ͫͭ͡ ͎͔͔ͨ͊ͭͦ͒ͯͦ͒ͤ͊͡Έ͚ͤͦ ͍ͫΎ͙͘͟Φ 

ˮ͔ͣΌ΅͙͔ͫΎ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͒͊ͤͤ·͔Σ ͻͦͭΎ ͙ ͔ͤ ͍͔͎ͫ͒͊ ͦ͒ͤͦͤ͊͘;ͤ·Σ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ͔͔ͭͤ͒ͤͼ͙Ό ͟ 

ͯͯ͡;΄͔͙ͤΌ ͙ͪ͊ͤͤͻ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͙ͫͻ͍ͦ͒ͦ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͙ͭ͊͟ͻ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͔͍ͨ͊ͪ͊ͣͭͪͦΣ ͊͟͟ ͙͒ͤ͊͡ 

ͯ͟͡Έ͙ͭ ͨͯ͘·͎ͪͤͦͦ ͨͪͦͭͦ͊͟Φ ˤ͔͒ͯ΅͙ͣ ͎͙ͦͪ͊ͤ;͔͙͔ͤͣ ͤ͊ ͍͔͔ͫͦͪͣͤͤͦͣ Ή͔ͭ͊ͨ ͦͫͭ͊ΌͭͫΎ Ή͙ͦͤͦͣ͟;͔͙͔ͫ͟ 
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мΦ /ƘƻƭŜ{ {ǘǳŘȅ DǊƻǳǇΦ tƻǇǳƭŀǝƻƴπōŀǎŜŘ ŎƻƘƻǊǘ ǎǘǳŘȅ ƻŦ ƻǳǘŎƻƳŜǎ ŦƻƭƭƻǿƛƴƎ ŎƘƻƭŜŎȅǎǘŜŎǘƻƳȅ ŦƻǊ ōŜƴƛƎƴ 

ƎŀƭƭōƭŀŘŘŜǊ ŘƛǎŜŀǎŜǎ κκ .Ǌ W {ǳǊƎΦ нлмсΦ ±ƻƭΦ млоόмнύΦ tΦ мтлпπмтмрΦ 

нΦ DǳǇǘŀΣ !ΦΣ Ŝǘ ŀƭΦ CǳƴŎǝƻƴŀƭ ƻǳǘŎƻƳŜǎ ŀƊŜǊ ǊƻōƻǝŎ ŎƘƻƭŜŎȅǎǘŜŎǘƻƳȅΥ ŀ ǇǊƻǎǇŜŎǝǾŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ 

ǇƻǎǘŎƘƻƭŜŎȅǎǘŜŎǘƻƳȅ ǎȅƴŘǊƻƳŜ ǎȅƳǇǘƻƳǎ κκ W wƻōƻǘ {ǳǊƎΦ нлноΦ ±ƻƭΦ мтόмύΦ tΦ мноπмнфΦ 

оΦ YƛƳΣ {ΦΣ Ŝǘ ŀƭΦ /ƻƳǇŀǊƛǎƻƴ ƻŦ ŎȅǎǝŎ ŘǳŎǘ ǎǘǳƳǇ ƭŜƴƎǘƘ ƛƴ ǊƻōƻǝŎ ǾŜǊǎǳǎ ƭŀǇŀǊƻǎŎƻǇƛŎ ŎƘƻƭŜŎȅǎǘŜŎǘƻƳȅΥ ŀ 
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ͻ͔ͦ͡ͼ͙ͫͭΉ͙͚ͭͦͣ͟ ͍ ͔͎͙ͪͦͤ͊͡Έͤͦͣ ͼ͔͔ͤͭͪΥ ͙͊ͤ͊͘͡ ͙͍͚ͪͦ͟ ͦ͋ͯ;͔͙ͤΎ ͙ ͙͚͋͗͊͡΄͙ͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ κκ 

͙̏ͤ͒ͦͫͦͨ͟;͔ͫ͊͟Ύ ͻ͙͎͙ͪͯͪΎΦ нлнмΦ ́Φ нтΣ Ѕ нΦ ˿Φ прπрмΦ 

тΦ ͔͍̅͒ͦͪͦ ˢΦˤΦΣ ˴͙͍͊ͪͣͦ ˸Φ̊Φ ͙̏ͦͤͦͣ͟;͔͙͔ͫ͟ ͔͊ͫͨͭ͟· ͍͔͔͙ͤ͒ͪͤΎ ͙ͪͦ͋ͦͭ;͔͙ͫ͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ 

͙͊͋͒ͦͣͤ͊͡ΈͤͯΌ ͻ͙͎͙ͪͯͪΌ κκ ͙̏ͦͤͦͣ͊͟͟ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ нлннΦ Ѕ оόммнύΦ ˿Φ мрπннΦ 

уΦ ͔͍̊ͫͭͦͨ͊ͦ͡ ˢΦ˩ΦΣ ́ͪͯͻ͊ͤ ˨ΦˮΦ ˿͙ͤ͒ͪͦͣ ͨͦͫͭͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟Υ ͍͔͔ͫͦͪͣͤͤ·͔ ͍͎͘͡Ύ͒· ͤ͊ ͙͎͙͒͊ͤͦͫͭͯ͟ 

͙ ͔͡;͔͙͔ͤ κκ ˢͪͻ͙͍ ͍͔͔͚ͤͯͭͪͤͤ ͔͙ͣ͒ͼ͙ͤ·Φ нлмфΦ ́Φ фΣ Ѕ пΦ ˿Φ нрнπнслΦ 
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INFLUENCE OF REGIONAL ANESTHESIA ON POSTOPERATIVE RECOVERY 

 

Abstract 

Regional anesthesia is widely used in modern surgery to reduce pain, decrease opioid requirements, 

and accelerate postoperative recovery. The effectiveness of regional anesthesia depends on the type of 

surgery, location of the block, and morphophysiological characteristics of the patient. This article discusses 

the types of regional anesthesia, its effects on hemodynamics, respiratory function, bowel motility, and 

length of hospital stay. Pathophysiological mechanisms and tissue changes associated with the use of 

regional anesthesia are also analyzed. 

Keywords:  

regional anesthesia, postoperative recovery, nerve block, opioid load, surgery, pathophysiology. 
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˸͔ͻ͙͊ͤͣ͘ ͔͚͍͙͒ͫͭΎ ͙ ͨ͊ͭͦͺ͙͙͎͙ͦͦ͘͡ΎΦ 

˾͔͎͙ͦͤ͊͡Έͤ͊Ύ ͔͔͙͊ͤͫͭ͘Ύ ͙͔͋ͦͪͯͭ͟͡ ͔͔ͨͪ͒͊;ͯ ͔͍͋ͦ͡·ͻ ͙͎͍ͫͤ͊ͦ͡ ͨͦ ͊ͺͺ͔͔ͪͤͭͤ·ͣ ͔͍ͤͪͤ·ͣ 

͍ͦͦͤ͊ͣ͟͡Σ ;ͭͦ ͙͔ͫͤ͗͊ͭ ͙͍͊ͭ͊͟ͼ͙Ό ͙͙ͫͣͨ͊ͭ;͔͚ͫͦ͟ ͔͍͚ͤͪͤͦ ͙͔ͫͫͭͣ· ͙ ͔ͯͣͤΈ΄͔͊ͭ ͔͍ͫͭͪͫͫͦͯΌ ͔ͪ͊͟ͼ͙Ό 

͎͙ͦͪ͊ͤͣ͊͘Φ ̏ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟Υ 

͙͙ͫͭ͊͋͊͘͡ͼ͙͙ ͎͔͙͙͙ͣͦ͒ͤ͊ͣ͟Σ 

͙͔͙ͫͤ͗ͤΌ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙͎ͦͤͤͦͦ ͙͊ͭ͊͋ͦͣ͊͘͟͡Σ 

͔ͯͣͤΈ΄͔͙ͤΌ ͍·͔͙ͪ͊͗ͤͤͦͫͭ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͚ͤͦ ͔ͪ͊͟ͼ͙͙Σ 

͔͙ͯͫͦͪͤ͟Ό ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͙͙ͣͦͭͦͪ͟ ͙͟΄͔;͙ͤ͊͟ ͙ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͺͯͤ͟ͼ͙͙Φ 

˸ͦͪͺ͎͙ͦͦ͡;͔͙ͫ͟ ͋ͦ͊͒͊͟͡ ͔͍͍ͤͪͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͔͙ͫͤ͗ͤΌ ͖ͦͭ͊͟ ͙ ͯͯ͡;΄͔͙ͤΌ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙ 

͍ ͔ͦͤ͘ ͔ͦͨͪ͊ͼ͙͙Φ 

ˤ͙͡Ύ͙͔ͤ ͤ͊ ͔͍͚͋ͦͦ͡ ͙ͫͤ͒ͪͦͣ ͙ ͙͙ͦͨͦ͒ͤͯΌ ͎ͤ͊ͪͯͯ͘͟Φ 

˾͔͎͙ͦͤ͊͡Έͤ͊Ύ ͔͔͙͊ͤͫͭ͘Ύ ͤ͊͘;͙͔ͭ͡Έͤͦ ͔ͯͣͤΈ΄͔͊ͭ ͍·͔ͪ͊͗ͤͤͦͫͭΈ ͙͋ͦ͡ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙͎ͦͤͤͦͦ 

͔͙ͨͪͦ͒͊Φ ˿͙͔͙͔ͤ͗ͤ ͔͍͎͋ͦͦͦ͡ ͙ͫͤ͒ͪͦͣ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͯͣͤΈ΄͙ͭΈ ͒ͦͯ͘ ͙͙ͦͨͦ͒ͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΣ ;ͭͦ 

͔ͯͣͤΈ΄͔͊ͭ ͙ͪͫ͟ ͔͙͚ͪͫͨͪ͊ͭͦͪͤͦ ͔͔͙͙͒ͨͪͫͫΣ ͭͦ΄ͤͦͭ· ͙ ͔͔͎͊ͣ͒ͤͤͦͦ͘͡ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͙͟΄͔;͙ͤ͊͟. 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͔͎͙ͪͦͤ͊͡Έͤ͊Ύ ͔͔͙͊ͤͫͭ͘Ύ Ύ͍͡Ύ͔ͭͫΎ Ήͺͺ͔͙͍ͭͤ͟·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ 
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ͣͯ͡Έ͙ͭͣͦ͒͊͡Έ͚ͤͦ ͊ͤ͊͡Έ͎͔͙͙͘ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͯͯ͡;΄͔͙ͤΌ ͙ͫͻ͍ͦ͒ͦ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Φ 

ˤ͙͡Ύ͙͔ͤ ͤ͊ ͎͔͙͙ͣͦ͒ͤ͊ͣͯ͟ ͙ ͒·ͻ͔͊ͭ͡ΈͤͯΌ ͺͯͤ͟ͼ͙ΌΦ 

˾͔͎͙ͦͤ͊͡Έͤ͊Ύ ͔͔͙͊ͤͫͭ͘Ύ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͦͤͭͪͦ͟͡Έ ͤ͊͒ ͎͔͙͙͚ͣͦ͒ͤ͊ͣͦ͟Σ ͔͍ͨͪ͒ͦͭͪ͊΅͊Ύ ͔͙͔ͪ͘͟ 

ͫ͊͟;͙͟ ͍͔͙͒͊ͤ͡Ύ ͙ ͭ͊ͻ͙͙͊ͪ͒͟ΌΣ ͻ͔͊ͪ͊ͭͪͤ͟·͔ ͒͡Ύ ͦ͋΅͔͚ ͔͔͙͙͊ͤͫͭ͘Φ ˣͦ͊͒͊͟͡ ͙͙ͫͣͨ͊ͭ;͔͙ͫ͟ͻ ͔͍͍ͤͪͦ 

͙͔ͫͤ͗͊ͭ ͔͙ͨͪͺ͔͙ͪ;͔͔ͫͦ͟ ͙͍͔͙͔ͫͦͨͪͦͭͤ͡ ͍ͫͦͫͯ͒ͦ ͙ ͔ͯͣͤΈ΄͔͊ͭ ͙ͪͫ͟ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

˽͙ͪ ͙ͫͨͤ͊͡Έ͚ͤͦ ͙ Ή͙ͨ͒ͯͪ͊͡Έ͚ͤͦ ͔͔͙͙͊ͤͫͭ͘ ͤ͊͋͡Ό͔͒͊ͭͫΎ ͯͯ͡;΄͔͙͔ͤ ͍͔͙ͤͭ͡Ύͼ͙͙ ͖͎͙͟͡ͻ ͊͘ ͫ;͖ͭ 

͙͔͙ͫͤ͗ͤΎ ͙͋ͦ͡ ͙ͨͪ ͒·ͻ͔͊ͭ͡Έͤ·ͻ ͍͙͔͙͒͗ͤΎͻΣ ;ͭͦ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͔͍͙͙ͨͤͣͦͤ ͙ ͔͔͍͊ͭͭ͊ͦ͘͟͡Φ 

ˤ͙͡Ύ͙͔ͤ ͤ͊ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͙͙ͣͦͭͦͪ͟ ͙͟΄͔;͙ͤ͊͟Φ 

˾͔͎͙ͦͤ͊͡Έͤ͊Ύ ͔͔͙͊ͤͫͭ͘Ύ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͔͋ͦ͡ ͋·ͫͭͪͦͣͯ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ό ͔͙ͨͪͫͭ͊͡Έ͙͙ͭ͟ 

͙͟΄͔;͙ͤ͊͟ ͔ͨͦͫ͡ ͙͊͋͒ͦͣͤ͊͡Έͤ·ͻ ͔ͦͨͪ͊ͼ͙͚Φ ˿͙͔͙͔ͤ͗ͤ ͙͙͚ͦͨͦ͒ͤͦ ͎͙ͤ͊ͪͯ͘͟ ͙ ͔ͯͣͤΈ΄͔͙͔ͤ 

͙͙ͫͣͨ͊ͭ;͔͚ͫͦ͟ ͙ͫͭͣͯ͡Ύͼ͙͙ ͙͟΄͔;͙ͤ͊͟ ͯͫͦͪ͟ΎΌͭ ͔͎͔͔ͪͤͪ͊ͼ͙Ό ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟Σ ͔ͯͣͤΈ΄͊Όͭ ͙ͪͫ͟ 

͔͔ͨͦͫͦͨͪ͊͡ͼ͙͚ͦͤͤͦ ͙͟΄͔;͚ͤͦ ͔ͤͨͪͦͻ͙͙ͦ͒ͣͦͫͭ ͙ ͯͯ͡;΄͊Όͭ ͙͙͔ͨͭ͊ͤ ͨ͊ͼ͙͔ͤͭ͊Φ 

˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙ ͔͍ͭ͊ͤ͟·͔ ͔͊ͫͨͭ͟·Φ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͎͙ͪͦͤ͊͡Έ͚ͤͦ ͔͔͙͙͊ͤͫͭ͘ ͙͔ͫͤ͗͊ͭ ͦ͊͟͡͡Έͤ·͚ ͖ͦͭ͟Σ ͍͔͙͔ͦͫͨ͊ͤ͡ ͙ ͔ͤͪͦ͘͟ ͔͚ͭ͊ͤ͟ ͍ 

͔ͦͤ͘ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Φ ˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͨͦ͊͘͟·͍͊Όͭ ͔͔͋ͦ͡ ͋·ͫͭͪͯΌ 

͔ͪͨ͊ͪ͊ͼ͙Ό ͔ͨ͊ͪͤͻ͙ͣ͊ͭͦͤ͘·ͻ ͙ ͔͙͙͔ͫͦ͒ͤͭ͡Έͤͦͭ͊ͤͤ͟·ͻ Ή͔͔͍ͣͤͭͦ͡Σ ͯͯ͡;΄͔͙͔ͤ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙ ͙ 

͙͔͙͔ͫͤ͗ͤ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙͎ͦͤͤͦͦ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͎ͤͦͦ ͍͔ͦͭͭ͊Φ 

͙̏ͭ ͨͪͦͼ͔ͫͫ· ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͔ͯͣͤΈ΄͔͙ͤΌ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͯͫͦͪ͟ΎΌͭ 

͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͺͯͤ͟ͼ͙͙ ͎͍ͦͪ͊ͤͦΦ 

˭͊͟͡Ό;͔͙͔ͤΦ 

˾͔͎͙ͦͤ͊͡Έͤ͊Ύ ͔͔͙͊ͤͫͭ͘Ύ ͦ͊͘͟·͍͔͊ͭ ͙͔ͨͦͦ͗ͭ͡͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙͔ͦͤͤͦ 

͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͊͘ ͫ;͖ͭ ͙͔͙ͫͤ͗ͤΎ ͙͋ͦ͡Σ ͔ͯͣͤΈ΄͔͙ͤΎ ͙͙͚ͦͨͦ͒ͤͦ ͎͙ͤ͊ͪͯ͘͟Σ ͙͙ͫͭ͊͋͊͘͡ͼ͙͙ 

͎͔͙͙͙ͣͦ͒ͤ͊ͣ͟ ͙ ͔͙ͯͫͦͪͤ͟Ύ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͙͙ͣͦͭͦͪ͟ ͙͟΄͔;͙ͤ͊͟Φ ˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͙͔͔͙ͣͤͤ͘Ύ 

͔͚ͭ͊ͤ͟ ͍͔ͨͦ͒ͭͪ͗͒͊Όͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͋ͦ͊͒͟͡· ͍ ͯͯ͡;΄͔͙͙ͤ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙͙ ͙ ͔͙͍ͪͨ͊ͪ͊ͭͤ·ͻ 

ͨͪͦͼ͔͍ͫͫͦΦ ˽͙͔͔͙͔ͪͣͤͤ ͔͎͙ͪͦͤ͊͡Έ͚ͤͦ ͔͔͙͙͊ͤͫͭ͘ Ύ͍͡Ύ͔ͭͫΎ ͍͊͗ͤ·ͣ ͔ͦͣͨͦͤͤͭͦͣ͟ ͍͔͔͚ͫͦͪͣͤͤͦ 

ͻ͙͎͙͙ͪͯͪ ͙ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔͔͋ͦ͡ ͔͔͋ͦͨ͊ͫͤͦ͘ ͙ ͋·͔ͫͭͪͦ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ ͨ͊ͼ͙͔͍ͤͭͦΦ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˿͍ͭͪͯͦ͟ ˢΦˮΦΣ ˿͔͍ͪͦ ˤΦˤΦ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΥ ͯ;͔͙͋ͤ͟Φ τ 6-͔ ͙͒͘ΦΣ ͔͔ͨͪͪ͊͋Φ ͙ ͒ͦͨΦ τ ˸ΦΥ 
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оΦ ˸͊ͻ͍ͦ ˢΦ ˢΦΣ ˶͔͍͊ͨͭ ˤΦ ˮΦ ˢ͙ͤ͊ͭͦͣΎ ;͔͍͔ͦ͊͟͡Φ ́ͦͣ нΥ ͍͔͙͔ͤͯͭͪͤͤ ͎ͦͪ͊ͤ·Φ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлнмΦ 
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̂˨˴смс 

˸͔͍ͦ͊͡͡ ˢͭ͊ ˢ͍͙ͣ͊ͤͦ; 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͦ͋΅͔͚ ͻ͙͎͙͙ͪͯͪ 

͔͙͚́ͯͪͣͤͫ͟͟ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ˢ΄ͻ͊͋͊͒ 

 

̆ˮ˾̂˾˥ˮ̉˩˿˴ˢ̒ ́ˢ˴́ˮ˴ˢ ˽˾ˮ ́˾ˢˤ˸ˢ̆ ˿˩˶˩˭˫˹˴ˮ ˮ ˽˩̉˩˹ˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

͍́ͪ͊ͣ· ͔͔͖͙ͫͤ͘͟͡ ͙ ͔ͨ;͔͙ͤ Ύ͍͡ΎΌͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭ·ͻ ͙ͨͪ;͙ͤ ͍͔͔͎ͤͯͭͪͤͤͦ 

͍͔ͪͦͦͭ͟;͔͙ͤΎ ͙ͨͪ ͙͊͋͒ͦͣͤ͊͡Έ͚ͤͦ ͍͔ͭͪ͊ͣΦ ˸ͦͪͺ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ Ή͙ͭͻ ͎͍ͦͪ͊ͤͦΣ ͙ͻ 

͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ͟ ͙ ͙͊ͤ͊ͭͦͣ;͔ͫ͊͟Ύ ͎ͭͦͨͦͪ͊ͺ͙Ύ ͔͔ͦͨͪ͒͡ΎΌͭ ͙ͭ͊ͭͯ͟͟ ͻ͙͎͙ͪͯͪ;͔͎ͫͦͦ͟ ͍͔ͣ΄͔͊ͭ͡Έ͍ͫͭ͊Φ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͻ͙͎͙ͪͯͪΎ ͙͔͙͍ͦͪͤͭͪͦ͊ͤ͊ ͤ͊ ͫͦͻ͔͙͔ͪ͊ͤͤ ͎ͦͪ͊ͤ͊ ͙ͨͪ ͙͙ͣͤͣ͊͡Έͤͦ ͍͚ͦͣͦ͗ͤͦ͘ 

͙͍͙͍͙ͤ͊ͤͦͫͭ͘Σ ͦͤͭͪͦ͟͡Έ ͎͔ͣͦͫͭ͊͊͘ ͙ ͔͔͔͙͔ͨͪ͒ͯͨͪ͗͒ͤ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ ˤ ͫͭ͊ͭΈ͔ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͍͔͔͙͚ͨͦͪ͗͒ͤ ͔͔͖͙ͫͤ͘͟͡ ͙ ͔ͨ;͔͙ͤΣ ͙ͨͪͤͼ͙ͨ· ͙͎͙͙͒͊ͤͦͫͭ͟Σ 
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SURGICAL MANAGEMENT OF SPLEEN AND LIVER INJURIES 

 

Abstract 

Injuries of the spleen and liver are among the most common causes of internal bleeding in abdominal 

trauma. The morphological features of these organs, their blood supply, and anatomical location determine 

the surgical approach. Modern surgery focuses on organ preservation, minimal invasiveness, hemorrhage 

control, and prevention of postoperative complications. This article discusses the classification of spleen and 

liver injuries, diagnostic principles, surgical and conservative approaches, and morphological changes in 

tissues following trauma. 
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       ˸ͦͣͣ·͔͍͊ ˻͎ͯ͡΄͙͙ͪͤΣ  

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͺ͙͙͙͘͟ ͙ ͙ͤͺ͙͙ͦͪͣ͊ͭ͟Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͺ͙͙͊͘͟ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔͙ͣ͗͒ͫͼ͙͙ͨͤ͊ͪͤͯ͡Ό ͦ͋͊ͫͭ͡Έ ͙ͤ͊ͯ͟Σ ͍ ͚ͦͭͦͪͦ͟ 

͙ͨͪͤͼ͙ͨ· ͙ ͔ͣͭͦ͒· ͺ͙͙͙͘͟ ͙͔ͨͪͣͤΎΌͭͫΎ ͒͡Ύ ͔ͪ΄͔͙ͤΎ ͊͒͊͘; ͔͙ͣ͒ͼ͙ͤ· ͙ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ ˻ͤ͊ 

͙ͫͯ͗ͭ͡ ͍ͫΎͯ͘Ό΅͙ͣ ͍͔ͤͦͣ͘ ͔ͣ͗͒ͯ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͙ͣ ͺ͙͙͘;͔͙͙ͫͣ͟ ͙͊ͦͤ͊ͣ͘͟ ͙ ͙͙ͤ͟͡;͔͚ͫͦ͟ 

͙͚ͨͪ͊ͭͦ͟͟Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͤ͊ͯ;ͤͯΌ ͍ͦͫͤͦͯ ͒͡Ύ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ ͙ ͔͡;͔͋ͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Φ ˤ 

ͫͭ͊ͭΈ͔ ͔͒͊ͭͫΎ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͙ ͪ͊ͫͪ͟·͍͔͊ͭͫΎ ͔͔ͨͪ͒ͣͭͤ͊Ύ ͦ͋͊ͫͭ͡Έ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͺ͙͙͙͘͟Σ ͦͻ͍͊ͭ·͍͊Ό΅͊Ύ 

ͺ͙͙͘;͔ͫͯ͟Ό ͙͎͙͒͊ͤͦͫͭͯ͟ όͯ͡;͔͍ͯΌΣ ͯ͡Έ͍͍ͭͪ͊ͯͦͯ͘͟ΌΣ ͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͯΌύΣ ͺ͙͙͔͙ͦͭͪ͊ͨ͘Ό ͙ 

͔͙͙ͪ͊͋ͭ͊͡ͼ͙ΌΣ ͊ ͔ͭ͊͗͟ Ύ͔͒ͪͤͯΌ ͔͙ͣ͒ͼ͙ͤͯ ͙ ͯ͡;͔͍ͯΌ ͔͙ͭͪ͊ͨΌΦ ˨͔ͭ͊͡Έͤͦ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͟͡Ό;͔͍·͔ 

͔ͪ͊͒͘͡·Υ ͺ͙͙͊͘͟ ͙͙͙ͦͤͪͯ͘Ό΅͙ͻ ͙ ͔͙͙͙ͤͦͤͪͯ͘Ό΅͙ͻ ͙ͯ͘͡;͔͙͚ͤΣ ͙͔͋ͦͣͻ͙͊ͤ͊͟Σ ͙͙͋ͦ͊ͯͫͭ͊͟͟Σ ͙͙͋ͦͦͨͭ͊͟ 

͙ ͙ͻ ͙ͨͪ͊ͭ͟;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤΦ ˻ͫͦ͋·͚ ͊͟ͼ͔ͤͭ ͔ͫ͒͊ͤ͡ ͤ͊ ͙ͪͦ͡ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͺ͙͙͊͘͟ ͊͟͟ ͟͡Ό;͔͍͎ͦͦ 

͔ͫͨͼ͙͙͊ͫͭ͊͡Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͔͎ͦ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΣ ͦͤͭͪͦ͟͡Έ ͊͟;͔͍ͫͭ͊ ͙ ͪ͊ͪ͊͋ͦͭͯ͘͟ ͍ͤͦ·ͻ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ 

͔ͭͻ͎͙͚ͤͦͦ͡Φ ˿ͭ͊ͭΈΎ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟Σ ;ͭͦ ͒͊͡Έ͔͚ͤ΄͙͚ ͎͔ͨͪͦͪͫͫ ͍ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͔͙ͣ͒ͼ͙͔ͤΣ 

͙͙͙͍͙͍͚ͣͤͤ͊ͤͦ͘ ͻ͙͎͙͙ͪͯͪ ͙ ͔͙͔ͭͪ͊ͤͦͫͭ͟ ͔͍͔ͤͦͣͦ͗ͤ͘ ͔͋͘ ͎͚ͯ͋ͦͦ͟͡ ͙͔͎ͤͭͪ͊ͼ͙͙ ͺ͙͙͘;͔͙ͫ͟ͻ ͙͚ͤ͊ͤ͘Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͺ͙͙͊͘͟Σ ͯ͡;͔͍͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͯ͡;͔͍͊Ύ ͔͙ͭͪ͊ͨΎΣ ͙ͪ͊͒͊ͼ͙ͦͤͤ͊Ύ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΣ 

 ͙͙͊͘͟ͅ ̂˭ˮΣ ͎͙ͣ͊ͤͭͤͦπͪ ͔ͦͤ͊ͤͫͤ͊͘Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ό˸˾́ύΣ ͙͔͋ͦͣͻ͙͊ͤ͊͟Σ  

͙͔͙͒ͦͣͭͪ͘ΎΣ Ύ͔͒ͪͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊Σ ͔͙ͭͪ͊ͤͦͫͭ͊͟Φ 
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мΦ ˤ͍͔͔͙͔͒ͤΥ ˻͔͔͔͙͔ͨͪ͒ͤ͡ ͙ ͔͔ͨͪ͒ͣͭͤ͊Ύ ͦ͋͊ͫͭ͡Έ 

˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͺ͙͙͊͘͟ τ Ήͭͦ ͙ͨͪ͊͒ͤ͊͟͡Ύ ͤ͊ͯ;ͤ͊Ύ ͙͒ͫͼ͙͙ͨͤ͊͡Σ ͦͭͦͪ͊͟Ύ ͙ͫͨͦ͡Έ͔ͯͭ͘ ͦͤ͟ͼ͔ͨͼ͙͙Σ 

͔ͣͭͦ͒· ͙ ͔ͭͻ͎͙͙ͤͦͦ͡ ͺ͙͙͙͘͟ ͒͡Ύ ͨͪͦͺ͙͙͙͊ͭ͟͟͡Σ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΎ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˩͔ ͪͦ͡Έ ͍ 

͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙͔ͤ ͔͍ͤͦͣͦ͗ͤͦ͘ ͔͔ͨͪͦͼ͔͙ͤͭΈΥ ͦͭ ͎ͨͪͦͫͭͦͦ ͙͔͔͙ͣͪͤ͘Ύ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡Ύ 

͒ͦ ͔͚ͫͦ͗ͤ͡΄͙ͻ ͔͍ͣͭͦ͒ͦ ͚ͨͪͦͭͦͤͤͦ ͔͙͙ͭͪ͊ͨ ͪ͊͊͟ τ ͍ ͔ͫ ͙͔͋͊ͪͯͭͫ͘Ύ ͤ͊ ͺ͙͙͘;͔͙ͫ͟ͻ ͙ͨͪͤͼ͙ͨ͊ͻΦ 

˽͔͔ͪ͒ͣͭͤ͊Ύ ͦ͋͊ͫͭ͡Έ ͦͻ͍͊ͭ·͍͔͊ͭ ͙ͭͪ ͍ͦͫͤͦͤ·ͻ ͍͔͙ͤ͊ͨͪ͊ͤ͡ΎΥ 

1. ˨͙͎͙͊ͤͦͫͭ͊͟Υ ˾ ͊ͪ͊͋ͦͭ͊͘͟ ͙ ͙͔͔͙͔ͨͪͣͤͤ ͔͍ͣͭͦ͒ͦ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͙ ͙͔͔͙͚ͣͪͤ͘ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ 

͙ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͎͙ͨ͊ͭͦͦ͡;͔͙ͫ͟ͻ ͫͦͫͭͦΎ͙͚ͤΦ 

2. ͔͙́ͪ͊ͨΎΥ ˮ ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͺ͙͙͘;͔͙ͫ͟ͻ ͎͔͍͊ͤͭͦ ό͙ͯ͘͡;͔͙ͤΎΣ ͯ͡Έ͍ͭͪ͊ͯ͊͘͟Σ Ή͔͙ͭͪ͟͡;͔͙ͫ͟ͻ ͙ 

͎͙ͣ͊ͤͭͤ·ͻ ͔͚ͨͦ͡ύ ͒͡Ύ ͔͡;͔͙ͤΎ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

3. ˣ͔ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͦͤͭͪͦ͟͡Έ ͊͟;͔͍ͫͭ͊Υ ˻ ͔͔͋ͫͨ;͔͙͔ͤ ͙ͪ͊͒͊ͼ͙͚ͦͤͤͦ ͙ ͦ͋΅͔͚ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ 

ͨ͊ͼ͙͔͍ͤͭͦ ͙ ͔ͨͪͫͦͤ͊͊͡Σ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͭͦ;͙ͤͦͫͭ ͙ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎΦ 

нΦ ˴͡Ό;͔͍·͔ ͔ͪ͊͒͘͡· ͙ ͙ͻ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ 

нΦмΦ ͙͙̅͊͘͟ ͙͙͙ͦͤͪͯ͘Ό΅͙ͻ ͙ͯ͘͡;͔͙͚ͤ ό͔͎͔͍͔ͪͤͭͤͦͫͦ͟Σ ͎͊ͣͣ͊-͙ͯ͘͡;͔͙͔ͤύ 

̏ͭͦ ͍ͦͫͤͦ͊ ͡ ͯ;͔͍͚ͦ ͙͎͙͙͒͊ͤͦͫͭ͟ ό͔͎͔͎ͪͤͭͤͦͪ͊ͺ͙ΎΣ ͦͣͨ͟ΈΌ͔ͭͪͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ τ ˴́Σ 

ͺ͡Ό͎ͦͪͦͪ͊ͺ͙Ύύ ͙ ͡ ͯ;͔͍͚ͦ ͔͙͙ͭͪ͊ͨΦ ˸͔͙͒ͼ͙͙͚ͤͫ͟ ͺ͙͙͘͟ ͪ͊ͫͫ;͙ͭ·͍͔͊ͭ ͒ͦͯ͘ ͦ͋ͯ͡;͔͙ͤΎ ͒͡Ύ ͨ͊ͼ͙͔ͤͭ͊Σ 

͙͔ͨ͊ͤͪͯͭ͡ ͔͡;͔͙͔ͤΣ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͙ͪ͊͒͊ͼ͙ͦͤͤͯΌ ͊͘΅͙ͭͯ ͙ ͙͔͊͋ͪͯͭ͟͡ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤΦ ˨ ͙͔͙ͦͣͭͪ͘Ύ τ 

ͭͦ;͔ͤͦ ͙͔͔͙͔ͣͪͤ͘ ͎ͨͦͦ͡΅͔͚ͤͤͦ ͒ͦ͘· τ Ύ͍͡Ύ͔ͭͫΎ ͔͎ͪ͊ͯͦ͟͡Έͤ·ͣ ͔͊ͣͤͣ͟ ͊͟͟ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͔͙͙ͭͪ͊ͨΣ 

ͭ͊͟ ͙ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘Φ 

¶ ˴́Υ ˮ ͫͨͦ͡Έ͔ͯͭ͘ ͔͎͔͍͔ͪͤͭͤͦͫͦ͟ ͙ͯ͘͡;͔͙͔ͤ ͙ ͫͦ͗ͤ͡·͔ ͎͙͊ͦͪͭͣ͡· ͔ͪͦͤͫͭͪͯ͟͟ͼ͙͙ ͒͡Ύ ͨͦͯ͡;͔͙ͤΎ 

3D-͙͔͙͚ͦ͋ͪ͊͗ͤ͘Φ 

¶ ˶ͯ;͔͍͊Ύ ͔͙ͭͪ͊ͨΎΥ ʕ ·ͫͦͦͭͦ͟;͔ͤͦ ͍͔͔͙͔ͨͦ͒͒ͤ ͙͙͙ͦͤͪͯ͘Ό΅͔͎ͦ ͙ͯ͘͡;͔͙ͤΎ ͟ ͦͨͯͻ͙ͦ͡ ͒͡Ύ ͔͔ 

ͪ͊ͪͯ͘΄͔͙ͤΎ ͙ͨͪ ͙͙͙ͣͤͣ͊͘ͼ͙͙ ͍͔ͪ͒͊ ͍͒ͦͪͦ͘·ͣ ͭ͊ͤ͟Ύͣ ό͔ͭͻ͎͙͙ͤͦͦ͡ Law¢Σ LDw¢Σ ͔͔͙ͫͭͪͦͭ͊ͫ͟;͔ͫ͊͟Ύ 

͙ͪ͊͒ͦͻ͙͎͙ͪͯͪΎύΦ 

нΦнΦ ͙͙̅͊͘͟ ͔͙͙͙ͤͦͤͪͯ͘Ό΅͙ͻ ͙ͯ͘͡;͔͙͚ͤ ͙ ͔͚ͨͦ͡ 

¶ ˸͎͙͊ͤͭͤͦ-͔ͪͦͤ͊ͤͫͤ͊͘Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ ό˸˾́ύΥ ˻ ͍ͫͤͦ͊ͤ͊ ͤ͊ Ύ͍͔͙͙ͤ͡ Ύ͔͎͒ͪͤͦͦ ͎͙͎ͣ͊ͤͭͤͦͦ 

͔ͪͦͤ͊ͤͫ͊͘Φ ˸ͦ΅͔ͤͦ ͨͦͫͭͦΎ͔ͤͤͦ ͎͙͔ͣ͊ͤͭͤͦ ͔ͨͦ͡Σ ͎͙͔ͪ͊͒ͤͭͤ·͔ ͨͦ͡Ύ ͙ ͙ͪ͊͒ͦ;͊ͫͭͦͭͤ·͔ ͙ͣͨͯ͡Έͫ· 

͍ͨͦͦ͘͡ΎΌͭ ͨͦͯ͡;͊ͭΈ ͔͒ͭ͊͡Έͤ·͔ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͣΎ͎͙͟ͻ ͔͚ͭ͊ͤ͟ ͔͋͘ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͙͙ͦͤͪͯ͘Ό΅͔͎ͦ 

͙ͯ͘͡;͔͙ͤΎΦ 

¶ ̂͡Έ͍͍ͭͪ͊ͯͦ͊͘͟Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ό̂˭ˮύΥ ˮ ͫͨͦ͡Έ͔ͯͭ͘ ͍͚͍ͫͦͫͭ͊ ͔͙ͦͭͪ͊͗ͤΎ όΉͻͦύ ͍·ͫͦͦ͟;͊ͫͭͦͭͤ·ͻ 

͍͍ͯͦ͘͟·ͻ ͍ͦͤ͡ ͦͭ ͎͙ͪ͊ͤͼ ͔͚ͭ͊ͤ͟Φ ˨͔͎ͦͨͨͪͦͪ͊͡ͺ͙Ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͦͼ͔͙͍ͤ͊ͭΈ ͫͦͪͦͫͭ͟Έ ͍ͪͦͦͭͦ͊͟͟Φ 

ˣ͔ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͒ͦͫͭͯͨͤͦͫͭΈ ͔͙ͫ͒͊͡͡ ̂˭ˮ ͙ͦ͒ͤͣ ͙͘ ͫ͊ͣ·ͻ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͔͍ͣͭͦ͒ͦΦ 

¶ ˻͙ͨͭ;͔ͫ͊͟Ύ ͺ͙͙͊͘͟ ό͔͊ͪ͘͡· ͍ ͔͙ͣ͒ͼ͙͔ͤύΥ ˶ ͔͊ͪ͘· ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͍ ͻ͙͎͙͙ͪͯͪ ό͎ͦ͊ͯ͟͡Ύͼ͙ΎΣ 

͔ͪ͊ͫͫ;͔͙͔ͤ ͔͚ͭ͊ͤ͟ύΣ ͔͎͙͙ͦͫͣͭͦͦ͟͡Σ ͦͺͭ͊͡Έ͎͙͙ͣͦͦ͡ ό͔ͦͪͪ͟͟ͼ͙Ύ ͔͙ͪͤ͘Ύύ ͙ ͙͎͙͔͒͊ͤͦͫͭ͟ ό͔͙ͫͨͭͪͦͫͦͨ͟͟ΎΣ 

͙ͦͨͭ;͔ͫ͊͟Ύ ͎͔͔ͦͪͤͭͤ͊͟Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ τ ˻ ˴́ύΦ 

нΦоΦ ˣ͙͔ͦͣͻ͙͊ͤ͊͟ 

ˮͯ͘;͔͊ͭ ͔ͣͻ͙͊ͤ;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͔͚ͭ͊ͤ͟ ͙ ͎͍ͦͪ͊ͤͦΣ ͊ ͔ͭ͊͗͟ ͔ͣͻ͙͊ͤͯ͟ ͍͙͔͙͒͗ͤΎ ͔ͭ͊͡Φ 

˽͙͔ͪͣͤΎ͔ͭͫΎ ͙ͨͪ ͔͙͍͙͙ͨͪͦͭͪͦ͊ͤ͟ ͔͍ͨͪͦͭͦ͘ ͙ ͙͍ͣͨ͊ͤͭ͊ͭͦ͡Σ ͙͔͊ͤ͊͘͡ ͨͦͻ͙ͦ͒͟Σ ͍ ͙͍͚ͫͨͦͪͭͤͦ ͔͙ͣ͒ͼ͙͔ͤΣ 

͔ͪ͊ͪ͊͋ͦͭ͘͟ ͔͍ͫͪ͒ͫͭ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͙ ͙ ͦͼ͔͔ͤ͟ ͙͍ͪͫͦ͟ ͍͙ͭͪ͊ͣ͊ͭͣ͊͘Φ 

нΦпΦ ͔̒͒ͪͤ͊Ύ ͔͙ͣ͒ͼ͙ͤ͊ 

˻͋Ά͔͙͒ͤΎ͔ͭ ͺ͙͙ͯ͘͟Σ ͻ͙͙ͣΌ ͙ ͔͙ͣ͒ͼ͙ͤͯΦ ˤ ͎͙ͦͪ͊ͤͣ͘ ͍͍ͦ͒ΎͭͫΎ ͙ͪ͊͒ͦͺ͔͊ͪͣͨͪͨ͊ͪ͊ͭ· ό͔ͣ;͔ͤͤ·͔ 

͙͙͙ͪ͊͒ͦͤͯ͒͊ͣ͟͡ ͔ͣͦͯ͟͡͡·ύΣ ͦͭͦͪ͟·͔ ͙͍ͤ͊͊ͨ͊͟͡ΌͭͫΎ ͍ ͔͔͔ͦͨͪ͒ͤͤ͡·ͻ ͎ͦͪ͊ͤ͊ͻ ͙͙͡ ͭ͊ͤ͟ΎͻΦ ˿ ͨͦͣͦ΅ΈΌ 

͎͊ͣͣ͊-͔͊ͣͪ͟ όͦ͒ͤͦͺͦͭͦͤͤ͊Ύ Ή͙͙ͣͫͫͦͤͤ͊Ύ ͦͣͨ͟ΈΌ͔ͭͪͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ τ ˻̅̏˴́ύ ͙͙͡ ͙ͨͦͭͪͦͤͤͦ͘-
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Ή͙͙ͣͫͫͦͤͤ·ͻ ͎ͭͦͣͦͪ͊ͺ͍ͦ ό˽̏́ύ ͍͙͙͙͔ͯ͊ͪͯͭͫ͘͘͡Ύ ͔ͤ ͙͊ͤ͊ͭͦͣΎΣ ͊ ͅ ͯͤ͟ͼ͙Ύ ͙ ͔͙ͣͭ͊͋ͦͣ͘͡ ό͙͔ͤ͊ͨͪͣͪΣ 

͙͍͊ͭͤͦͫͭ͟Έ ͦͨͯͻ͔͍ͦ͡·ͻ ͔ͭͦ͟͟͡ύΦ ˽ ̏́-˴  ͙́  ˽ ̏́-˸˾ ́Ύ͍͡ΎΌͭͫΎ Ύͪ;͚͊΄͙͙ͣ ͙͔͙ͨͪͣͪ͊ͣ ͭ ͔͙͙ͪ͊ͤͦͫͭ͟ τ 

ͦ͋Ά͔͙͔͙͒ͤͤΎ ͙͎͙͙͒͊ͤͦͫͭ͟ ͙ ͔͙͙ͭͪ͊ͨΦ 

оΦ ˾ͦ͡Έ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͺ͙͙͊͘͟ ͍ ͙͙͔ͤ͟͟͡ 

˸͔͙͒ͼ͙͙͚ͤͫ͟ ͺ͙͙͘͟ τ Ήͭͦ ͔ͤ ͨͪͦͫͭͦ ͙͔͔ͤ͗ͤͪ ͙͙͡ ͺ͙͙͘͟-͔͔͙ͭͦͪͭ͟Φ ̏ͭͦ 

͍·͍͙ͫͦͦ͊͟͟͡ͺ͙ͼ͙͍ͪͦ͊ͤͤ·͚ ͔ͫͨͼ͙͙͊ͫͭ͡Σ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ·͚ ͍ ͙͙ͤ͟͡;͔ͫͯ͟Ό ͦͣ͊ͤ͒ͯ͟Φ ˩͎ͦ ͟͡Ό;͔͍·͔ 

ͺͯͤ͟ͼ͙͙Υ 

¶ ͙͙̅ͦ͘͟-͔ͭͻ͙ͤ;͔͔ͫͦ͟ ͔͔ͦ͋ͫͨ;͔͙͔ͤΥ ʕ ͍ͦ͒ ͍ Ήͫͨͯ͊ͭ͊͟͡ͼ͙ΌΣ ͙͔ͨͪͣͦ;ͤ·͔ ͙ ͔͙͙ͨͪͦ͒;͔͙͔ͫ͟ 

͙ͫͨ·͙ͭ͊ͤΎ ͎ͫͦ͗ͤͦͦ͡ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎΦ 

¶ ˨͙͔͙ͦͣͭͪ͘;͔͔ͫͦ͟ ͙͍͙͔ͨ͊ͤͪͦ͊ͤ͡ ͙ ͦͤͭͪͦ͟͡ΈΥ ˾ ͊ͫ;͔ͭ ͙ ͙͔͔͙͔ͣͪͤ͘ ͒ͦ͘ ͦ͋ͯ͡;͔͙ͤΎ ͍ ͯ͡;͔͍͚ͦ 

͔͙͙ͭͪ͊ͨ ͙ ͙͎͙͔͒͊ͤͦͫͭ͟Φ 

¶ ˾͙͊͒͊ͼ͙ͦͤͤ͊Ύ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΥ ˾ ͊ͪ͊͋ͦͭ͊͘͟ ͔ͣͪ ͊͘΅͙ͭ·Σ ͙͙͎ͣͦͤͭͦͪͤ ͒ͦ͘ ͦ͋ͯ͡;͔͙ͤΎ ͔ͨͪͫͦͤ͊͊͡Σ 

͍͔͔͙͔͒ͤ ͔͒ͦͯͣͤͭ͊͟ͼ͙͙Φ 

¶ ˹͊ͯ;ͤͦ-͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡Έͫ͊͟Ύ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΥ ̂ ;͙͔͊ͫͭ ͍ ͔ͪ͊ͪ͊͋ͦͭ͘͟ ͙ ͍͔͔͙͙ͤ͒ͪͤ ͍ͤͦ·ͻ ͔͍ͣͭͦ͒ͦ ͙ 

͊ͨͨ͊ͪ͊ͭͯͪ·Φ 

¶ ˻͋ͯ;͔͙͔ͤΥ ˽ ͎͍ͦ͒ͦͭͦ͊͟ ͍ͪ͊;͔͚-͙͎͍ͪ͊͒ͦͦͦ͡Σ ͔͎͔͎͍ͪͤͭͤͦͦͦ͡ ͙ ͙ͪ͊͒͊ͼ͙ͦͤͤ·ͻ ͔͔͍͍ͭͪ͊ͨͭͦΦ 

пΦ ˣͯ͒ͯ΅͔͔ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͺ͙͙͙͘͟Υ ͔͔͙͍ͨͪͫͨͭͤ͟·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ 

¶ ˽ͪͦͭͦͤͤ͊Ύ ͙ ͙ͦͤͤ͊Ύ ͔͙ͭͪ͊ͨΎΥ ˮ ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͨͯ;͍ͦ͟ ͭΎ͔͗͡·ͻ ͊ͪ͘Ύ͔͗ͤͤ·ͻ ;͙͊ͫͭͼ ͒͡Ύ ͔΅͔ 

͔͔͋ͦ͡ ͭͦ;͎ͤͦͦ ͔͡;͔͙ͤΎ ͦͨͯͻ͔͚ͦ͡Φ 

¶ ͔͙́ͪ͊ͤͦͫͭ͊͟Υ ˿ ͙͔ͦ͒͊ͤ͘ ͙ͪ͊͒ͦͺ͔͍͊ͪͣͨͪͨ͊ͪ͊ͭͦΣ ͦͭͦͪ͟·͔ ͍͔͔ͦ͒ͤͦͪͣͤͤͦ ͙͎͙͒͊ͤͦͫͭͪͯΌͭ ό͔ͤͫͯͭ 

͙͎͙͒͊ͤͦͫͭ;͔͙͚ͫ͟ ͙͙ͪ͊͒ͦͤͯ͒͟͡ύ ͙ ͔͡;͊ͭ ό͔ͤͫͯͭ ͔͔͍͙ͭͪ͊ͨͭ;͔͙͚ͫ͟ ͙͙ͪ͊͒ͦͤͯ͒͟͡ύ ͦͨͯͻͦ͡ΈΦ 

¶ ˮ͍͔ͫͯͫͫͭͤͤ͟·͚ ͙͔͔ͤͭͭ͟͡͡ ͙ ͣ͊΄͙͔ͤͤͦ ͦ͋ͯ;͔͙͔ͤΥ s ͍͙ͭͦͣ͊ͭ͊͘ͼ͙Ύ ͙͊ͤ͊͊͘͡ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ 

ό͔͎͔ͫͣͤͭ͊ͼ͙Ύ ͦͨͯͻ͔͚ͦ͡Σ ͪ͊ͤͤΎΎ ͙͎͙͒͊ͤͦͫͭ͊͟ύΣ ͙͙ͦͨͭͣ͊͘ͼ͙Ύ ͍ͨ͊ͤͦ͡ ͯ͡;͔͍͚ͦ ͔͙͙ͭͪ͊ͨΦ 

¶ ˹͔͙͊ͤͦͣ͒ͼ͙ͤ͊Υ ˾ ͊ͪ͊͋ͦͭ͊͘͟ ͤ͊ͤͦ;͙͊ͫͭͼ ͒͡Ύ ͼ͔͔͍͚ͦ͡ ͍͙͒ͦͫͭ͊͟ ͔͍͊ͪͫͭ͟͡ ͙ ͎͙͔͔͙͙ͨͪͭͪͣΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͺ͙͙͊͘͟ Ύ͍͡Ύ͔ͭͫΎ ͔ͤ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έ͚ͤͦΣ ͊ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͚ͤͦ ͙ ͍͙͒͗ͯ΅͔͚ ͙͚ͫͦ͡ 

͎͔ͨͪͦͪͫͫ͊ ͍ ͍͒ͪ͊ͦͦ͘ͻ͔͙͙ͪ͊ͤͤΦ ˻ͤ͊ ͭͪ͊ͤͫͺ͙͔ͦͪͣͪͯͭ ͊͋ͫͭͪ͊ͭͤ͟·͔ ͺ͙͙͘;͔͙͔ͫ͟ ͊ͦͤ͘͟· ͍ ͔ͦͤͪͭͤ͟͟·͔ 

͙͔ͤͫͭͪͯͣͤͭ· ͒͡Ύ ͔͙ͫͨ͊ͫͤΎ ͙͔͚͗ͤ͘ ͙ ͯͯ͡;΄͔͙ͤΎ ͔͔ ͊͟;͔͍ͫͭ͊Φ ˿͙͙ͣ͋ͦ͘ ͺ͙͙͙͘͟Σ ͙͔͔͙͙ͤ͗ͤͪ, 

͙ͤͺ͙͙ͦͪͣ͊ͭ͟ ͙ ͔͙ͣ͒ͼ͙ͤ·Σ ͍ͦͨͦ͡΅͔ͤͤ·͚ ͍ Ή͚ͭͦ ͙͒ͫͼ͙͙͔ͨͤ͡Σ ͦͭͪ͟·͍͔͊ͭ ͨ ͯͭΈ ͟ ͔͙ͣ͒ͼ͙͔ͤ ͋ͯ͒ͯ΅͔͎ͦ τ 

͍·ͫͦͦͭͦ͟;͚ͤͦΣ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͙ ͙͙ͣͤͣ͊͡Έͤͦ ͙͍͙͍͚ͤ͊ͤͦ͘Φ ˣ͔͘ ͎͎ͯ͋ͦͦͦ͟͡ ͙͙ͨͦͤͣ͊ͤΎ 

͙ͨͪͤͼ͙͍ͨͦ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͺ͙͙͙͘͟ ͔͍ͤͦͣͦ͗ͤͦ͘ ͙ͤ ͎ͪ͊ͣͦͭͤͦ ͙͔ͨͪͣͤΎͭΈ ͫͯ΅͔͍ͫͭͯΌ΅͙͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͙ͤ 

͍ͫͦ͒͊͊ͭ͘Έ ͍ͤͦ·͔Φ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˨͔͔ͦͤ͡ ˹Φ˹Φ ˻͍ͫͤͦ· ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͺ͙͙͙͘͟Φ ς ˸ΦΥ ͙͙̅ͣ͊ͭͭ͘͡Σ нлмуΦ 

нΦ ˾͔͙͍ͣͦ͘ ˢΦ˹ΦΣ ˸͙͊ͫͤ͊͟ ˢΦ˥ΦΣ ˽͔ͦͭ͊ͨͤͦ͟ ˢΦ̒Φ ˸͔͙͒ͼ͙ͤͫ͊͟Ύ ͙ ͙͎͙͋ͦͦ͡;͔ͫ͊͟Ύ ͺ͙͙͊͘͟Φ уπ͔  ͙͒͘Φ ς ˸ ΦΥ 

˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнлΦ 

оΦ ͙͙̅͘;͔͙͔ͫ͟ ͍ͦͫͤͦ· ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͎͙͙͒͊ͤͦͫͭ͟Φ ˽ͦ͒ ͔ͪ͒Φ ˿ΦˮΦ ̊͊ͤ͒·͋·Φ ς ˿˽͋ΦΥ ˽͙͔ͦͭ͡ͻ͙ͤ͊͟Σ нлмфΦ 

пΦ /ƘŜǊǊȅ {ΦwΦΣ {ƻǊŜƴǎƻƴ WΦ!ΦΣ tƘŜƭǇǎ aΦ9Φ tƘȅǎƛŎǎ ƛƴ bǳŎƭŜŀǊ aŜŘƛŎƛƴŜΦ рǘƘ ŜŘΦ ς 9ƭǎŜǾƛŜǊΣ нлнмΦ 

рΦ YƘŀƴ CΦaΦΣ Dƛōōƻƴǎ WΦtΦ YƘŀƴϥǎ ¢ƘŜ tƘȅǎƛŎǎ ƻŦ wŀŘƛŀǝƻƴ ¢ƘŜǊŀǇȅΦ сǘƘ ŜŘΦ ς ²ƻƭǘŜǊǎ YƭǳǿŜǊΣ нлмфΦ 

сΦ ˾͍͍ͯͦͦ͒ͫͭͦ͟ ͨͦ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͺ͙͙͔͘͟Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͔͙͒ͦͣͭͪ͘ΎΦ ˤ˻˭Σ ˸ˢ˥ˢ́̏Φ ς ʕ͔ͤ͊Υ ˸ˢ˥ˢ́̏Σ нлнлΦ 

тΦ ˤ͔͋͋ ˿Φ ͙͙̅͊͘͟ ͍͙͙ͯ͊͊͘͘͡ͼ͙͙ ͍ ͔͙ͣ͒ͼ͙͔ͤΦ ˤ нπͻ ͭͦͣ͊ͻΦ ς ˸ΦΥ ͔́ͻͤͦͫͺ͔ͪ͊Σ нлмтΦ 

ϭ ˸ͦͣͣ·͔͍͊ ˻ΦΣ нлнр 
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˸͍ͯͪ͊ͭͦ͊ ˸ͯ͋͊ͪ͊͟ ˨͔͍͗ͦͪ͊ͤ͊ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ 

 ͎ Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

ˢ͔͍ͭ͊͊ ˥ͯ͡Έͤ͊͋͊ͭ 

˿͔ͭͯ͒ͤͭΣ ˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊. 

 ͎ Φ s ΄ͻ͊͋͊͒, ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

 

ˤ̍ˣ˻˾ ̆ˮ˾̂˾˥ˮ̉˩˿˴˻˯ ́ˢ˴́ˮ˴ˮ ˽˾ˮ ˽˻˶˹˻˸ ˤ̍˽ˢ˨˩˹ˮˮ ˽˾̒˸˻˯ ˴ˮ̊˴ˮ ό˾˩˴́ˢ˶̎˹˻˸ 

˽˾˻˶ˢ˽˿˩ύ ̂ ˤ˭˾˻˿˶̍̆Υ ˿˾ˢˤ˹ˮ́˩˶̎˹̍˯ ˢ˹ˢ˶ˮ˭ ̏̅̅˩˴́ˮˤ˹˻˿́ˮ 

 s ˣ˨˻˸ˮ˹ˢ˶̎˹̍̆ ˮ ˽˾˻˸˩ˬ˹˻˿́˹̍̆ ˻˽˩˾ˢ̇ˮ˯ 

 

 s ͤͤͦͭ͊ͼ͙Ύ 

˽͔ͦͤͦ͡ ͍·͔͙͔ͨ͊͒ͤ ͨͪΎ͚ͣͦ ͙͟΄͙͟ ό͔ͪͭ͊͟͡Έͤ·͚ ͨͪͦ͊ͨͫ͡ύ τ Ήͭͦ ͙͍͙͙͙ͤ͊͒ͪͯ͘͡Ό΅͔͔ 

͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙ͫͤ͗͊Ό΅͔͔ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦ ͙ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͔ͫΎ ͍·ͻ͔͙͔ͦ͗͒ͤͣ 

͍͔ͫͻ ͔͍ͫͦ͡ ͨͪΎ͚ͣͦ ͙͟΄͙͟ ;͔͔ͪ͘ ͊ͤ͊͡Έ͔ͤͦ ͍͔͙͔ͦͭͪͫͭΦ ˹͔ͫͣͦͭͪΎ ͤ͊ ͙ͤ͊͡;͙͔ ͔͔͋ͦ͡ нлл ͙ͦͨͫ͊ͤͤ·ͻ 

ͻ͙͎͙ͪͯͪ;͔͙ͫ͟ͻ ͔͙ͣͭͦ͒͟Σ ͍·͋ͦͪ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͫͨͦͫͦ͋͊ ͔ͦͪͪ͟͟ͼ͙͙ ͔ͦͫͭ͊ͭͫΎ ͙͙͒ͫͯͫͫͦͤͤ͟·ͣ ͙ ͍͙͙͊ͫͭ͘ 
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CHOICE OF SURGICAL STRATEGY FOR COMPLETE RECTAL PROLAPSE IN ADULTS: A COMPARATIVE 

ANALYSIS OF THE EFFICACY OF ABDOMINAL AND PERINEAL APPROACHES 

 

Abstract 

Complete rectal prolapse is a debilitating condition that significantly reduces patients' quality of life, 

characterized by the protrusion of all layers of the rectum through the anal canal. Despite over 200 described 

surgical techniques, the choice of optimal correction method remains controversial and depends on the 

patient's age, comorbidities, severity of pelvic floor dysfunction, and the presence of concomitant fecal 

incontinence or constipation. 

Keywords 

Rectal Prolapse, Mesh Rectopexy, Delorme's Procedure, Perineal Proctoplasty,  

Fecal Incontinence, Laparoscopic Surgery, Pelvic Floor Dysfunction 
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˻ͼ͔ͤ͊͟ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦΥ 

ϊ ˽͔͍͙ͪ;ͤ·͔ ͔ͦͤ͟;ͤ·͔ ͭͦ;͙͟Υ 
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̂˨˴ рлпΦоΥомсΦоопΦрс 

˻͍͔͔͙͔͍͋ͪ͒͊͘ ˶Φ˿Φ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ Ή͎͙͙ͦͦ͟͡ ͙ ͎͙͎͙͔ͤ·Σ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

 ͙ ͣΦ ˸ͯͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Σ ˢ΄ͻ͊͋͊͒ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˭͎͊ͪΎ͔͙͔ͤͤ͘ ͊ͭͣͦͫͺ͔͎ͪͤͦͦ ͍ͦ͒ͯ͘ͻ͊ ͍ ͔͎͙ͣ͊ͨͦͫ͊͡ͻ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͦͫͭͪ·ͻ 

Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͔ͨͪͦ͋ͣ͡ ͍͔͔͙ͫͦͪͣͤͤͦͫͭΣ ͦ͊͘͟·͍͊Ό΅͔͚ ͫͯ΅͔͍͔͔ͫͭͤͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͍͒ͦͪͦ͘Έ͔ ͔͔͙ͤ͊ͫͤ͡Ύ 

͙ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘Φ ˤ·ͫͦ͊͟Ύ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ύ ͨͪͦͣ·΄͔ͤͤ͡·ͻ ͦ͋Ά͔͍ͭͦ͟Σ ͭͪ͊ͤͫͨͦͪͭͤ·ͻ ͍ͨͦͭͦͦ͟ ͙ ͨͦͭͤ͊͡Ύ 



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

 

 

168 

͚͊ͫͭͪͦ͊͘͟ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͔͙ͤ͊ͦͨͤ͟͡Ό ͍͔ͪ͒ͤ·ͻ ͎͊ͪ͘Ύͤ͘ΎΌ΅͙ͻ ͍͔΅͔͍ͫͭ ͍ ͍ͦ͒ͯ͘ͻ͔Φ ˤ ͫͭ͊ͭΈ͔ 

͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͙ͫͭͦ;͙͙ͤ͟ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͊ͭͣͦͫͺ͔͎ͪͤͦͦ ͍ͦ͒ͯ͘ͻ͊ ͍ ͔͎͙ͣ͊ͨͦͫ͊͡ͻΣ ͙ͻ 

ͻ͙͙ͣ;͔͙͚ͫ͟ ͍ͫͦͫͭ͊Σ ͍͙͡Ύ͙͔ͤ ͤ͊ ͍͒ͦͪͦ͘Έ͔ ;͔͍͔ͦ͊͟͡ ͙ ͦͪͯ͗͊͟Ό΅ͯΌ ͔ͫͪ͒ͯΣ ͊ ͔ͭ͊͗͟ ͫͦͼ͙͊͡Έͤͦπ

Ή͟ ͎͙ͦͦ͡;͔͙͔ͫ͟ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͙ͯͪ͋͊ͤ͊͘ͼ͙͙Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͊͘ ͎ͪΎ͔͙͔ͤͤ͘ ͍ͦ͒ͯ͘ͻ͊Σ ͔͎͙ͣ͊ͨͦͫ͡Σ ͊ͭͣͦͫͺ͔ͪͤ·͔ ͎͊ͪ͘Ύ͙͔͙ͤͭ͘͡Σ  

͙ͯͪ͋͊ͤ͊͘ͼ͙ΎΣ Ή͎͙ͦͦ͟͡ΎΣ ͒͘ ͍ͦͪͦΈ͔ ͔͔͙ͤ͊ͫͤ͡ΎΦ 

!ōǎǘǊŀŎǘ 

!ƛǊ tƻƭƭǳǝƻƴ ƛƴ aŜƎŀŎƛǝŜǎ ŀǎ ŀ aŀƧƻǊ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ {ƻŎƛŀƭ tǊƻōƭŜƳΦ 

 

!ƛǊ Ǉƻƭƭǳǝƻƴ ƛƴ ƳŜƎŀŎƛǝŜǎ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǇǊŜǎǎƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻōƭŜƳǎ ƻŦ ǘƘŜ ƳƻŘŜǊƴ ǿƻǊƭŘΣ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ŀũŜŎǝƴƎ ǇǳōƭƛŎ ƘŜŀƭǘƘ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜΦ IƛƎƘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ŦŀŎƛƭƛǝŜǎΣ ƛƴǘŜƴǎƛǾŜ 

ǘǊŀŶŎΣ ŀƴŘ ŘŜƴǎŜ ǳǊōŀƴ ŘŜǾŜƭƻǇƳŜƴǘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ƘŀǊƳŦǳƭ Ǉƻƭƭǳǘŀƴǘǎ ƛƴ ǘƘŜ 

ŀǘƳƻǎǇƘŜǊŜΦ ¢Ƙƛǎ ŀǊǝŎƭŜ ǊŜǾƛŜǿǎ ǘƘŜ Ƴŀƛƴ ǎƻǳǊŎŜǎ ƻŦ ŀƛǊ Ǉƻƭƭǳǝƻƴ ƛƴ ƳŜƎŀŎƛǝŜǎΣ ǘƘŜƛǊ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴΣ 

ƛƳǇŀŎǘ ƻƴ ƘǳƳŀƴ ƘŜŀƭǘƘ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΣ ŀƴŘ ǘƘŜ ǎƻŎƛƻπŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ǳǊōŀƴƛȊŀǝƻƴΦ 

YŜȅǿƻǊŘǎΥ 

ƛ͊Ǌ ǇƻƭƭǳǝƻƴΣ ƳŜƎŀŎƛǘȅΣ ŀǘƳƻǎǇƘŜǊƛŎ ǇƻƭƭǳǘŀƴǘǎΣ ǳǊōŀƴƛȊŀǝƻƴΣ ŜƴǾƛǊƻƴƳŜƴǘΣ ǇǳōƭƛŎ ƘŜŀƭǘƘ 

˽ͦͤΎ͙͔ͭ ͔͎͙ͣ͊ͨͦͫ͊͡ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͎͚ͦͪͦ͒ͫͦ͟ ͔ͫͪ͒·Φ 

 

˸͔͎͙͊ͨͦͫ͡ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͪͯͨͤͦ͟ ͙͙͍͔ͯͪ͋͊ͤͪͦ͊ͤͤͦ͘ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͫ ͍·͚ͫͦͦ͟ ͨͦͭͤͦͫͭ͡ΈΌ 

͔͔͙ͤ͊ͫͤ͡ΎΣ ͍͙͚ͪ͊ͭͦ͘ ͨͪͦͣ·΄͔͚ͤͤͦ͡ ͙ ͚ͭͪ͊ͤͫͨͦͪͭͤͦ ͙ͤͺ͚ͪ͊ͫͭͪͯͭͯͪͦ͟Φ ͙͔́͊͟ ͎ͦͪͦ͒͊ Ύ͍͡ΎΌͭͫΎ 

ͼ͔͙ͤͭͪ͊ͣ Ή͙ͦͤͦͣ͟;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟Σ ͦ͒ͤ͊ͦ͟ ͙ͻ ͙͔͙͍͔ͤͭͤͫͤͦ ͍͙͙͔ͪ͊ͭ͘ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͤ͊͘;͙͔ͭ͡Έ͚ͤͦ 

͎͔͚͊ͤͭͪͦͨͦͤͤͦ ͎͚ͤ͊ͪͯͦ͘͟ ͤ͊ ͦͪͯ͗͊͟Ό΅ͯΌ ͔ͫͪ͒ͯΦ 

˻͚͒ͤͦ ͙͘ ͟͡Ό;͔͍·ͻ ͔ͨͪͦ͋ͣ͡ ͔͎͙͍ͣ͊ͨͦͫͦ͡ Ύ͍͡Ύ͔ͭͫΎ ͯͻͯ͒΄͔͙͔ͤ ͊͟;͔͍ͫͭ͊ ͊ͭͣͦͫͺ͔͎ͪͤͦͦ ͍ͦ͒ͯ͘ͻ͊Σ 

͍ͫΎ͔͊ͤͤͦ͘ ͫ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͔͚ ͙ͫͭͦ;͙͍ͤͦ͟ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͤ͊ ͎͙ͦͪ͊ͤ;͔͚ͤͤͦ ͔͙͙͙ͭͪͪͭͦͪΦ 

˻͍ͫͤͦͤ·͔ ͙ͫͭͦ;͙͙ͤ͟ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͍ͦ͒ͯ͘ͻ͊ ͍ ͔͎͙ͣ͊ͨͦͫ͊͡ͻ 

˥͍͊ͤ͡·ͣ ͙ͫͭͦ;͙ͤͦͣ͟ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͊ͭͣͦͫͺ͔͎ͪͤͦͦ ͍ͦ͒ͯ͘ͻ͊ ͍ ͪͯͨͤ͟·ͻ ͎ͦͪͦ͒͊ͻ Ύ͍͡Ύ͔ͭͫΎ 

͍͙͊ͭͦͣͦ͋͡Έͤ·͚ ͭͪ͊ͤͫͨͦͪͭΦ ˤ·͋ͪͦͫ· ͍·ͻͦͨͤ͡·ͻ ͎͍͊ͦ͘ ͔ͫͦ͒ͪ͗͊ͭ ͙ͦͫ͒͟· ͊ͦͭ͊͘Σ ͎ͯ͊ͪͤ·͚ ͎͊͘Σ ͍͖ͭͪ͒·͔ 

;͙͊ͫͭͼ· ͙ ͔ͭͯ͡;͙͔ ͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͔͙͔͙ͫͦ͒ͤͤΎΦ 

˭ͤ͊;͙͔ͭ͡Έͤ·͚ ͍͊͒͟͡ ͍ ͎͊ͪ͘Ύ͔͙͔ͤͤ͘ ͍ͦ͒ͯ͘ͻ͊ ͍ͤͦͫΎͭ ͔ͭ͊͗͟ ͨͪͦͣ·΄͔ͤͤ͡·͔ ͔͙ͨͪ͒ͨͪΎ͙ͭΎΣ 

͔ͭͨͦ͡Ή͔ͭͪͦͫͭ͊ͤ͟͡ͼ͙͙Σ ͙͔ͫͭͪͦͭ͡Έͤ·͔ ͦ͋Ά͔ͭ͟· ͙ ͙͔ͫͫͭͣ· ͔͙ͦͭͦͨͤ͡ΎΦ ˤ ͍͙ͯͫͦ͡Ύͻ ͚ͨͦͭͤͦ͡ ͚͙͊ͫͭͪͦ͘͟ 

͎͊ͪ͘Ύͤ͘ΎΌ΅͙͔ ͍͔΅͔͍ͫͭ͊ ͙͍ͤ͊͊ͨ͊͟͡ΌͭͫΎ ͙ ͙͔͒ͭ͡͡Έ͔ͤͦ ͍͔ͪͣΎ ͫͦͻͪ͊ͤΎΌͭͫΎ ͍ ͙͔ͨͪͣͤͦͣ͘ ͔ͫͦ͡ 

͊ͭͣͦͫͺ͔ͪ·Φ 

͙͙̆ͣ;͔͙͚ͫ͟ ͍ͫͦͫͭ͊ ͊ͭͣͦͫͺ͔ͪͤ·ͻ ͎͊ͪ͘Ύ͙͔͔͚ͤͭ͘͡ 
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͎ͯ͋ͦͦ͟͡ ͍ ͒·ͻ͔͊ͭ͡Έͤ·͔ ͙ͨͯͭ ͙ ͦ͊͘͟·͍͊ͭΈ ͙͔͔ͫͫͭͣͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͤ͊ ͎͙ͦͪ͊ͤͣ͘Φ 
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˨͙͔ͭ͡͡Έ͔ͤͦ ͍͔͚͍͙͔ͦ͒ͫͭ͘ ͎͊ͪ͘Ύ͖͎ͤͤͤͦͦ͘ ͍ͦ͒ͯ͘ͻ͊ ͍ͫΎ͊ͤͦ͘ ͫ ͍ͨͦ·΄͔ͤͤ·ͣ ͙ͪͫͦͣ͟ ͍͙͙ͪ͊ͭ͘Ύ 

͔͍͙͚͊͋ͦ͊ͤ͘͡ ͒·ͻ͔͊ͭ͡Έ͚ͤͦ ͙ ͔͔ͫͪ͒;ͤͦπͫ ͙͚ͦͫͯ͒ͫͭͦ ͙͔ͫͫͭͣΦ ˭͎͊ͪΎ͔͙͔ͤͤ͘ ͊ͭͣͦͫͺ͔ͪ· ͍͔ͫͨͦͫͦ͋ͫͭͯͭ 

͔͙ͦ͋ͦͫͭͪͤΌ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͙͔͙ͫͤ͗ͤΌ ͙͙͔ͣͣͯͤͭͭ͊ ͙ ͍͔͙ͯ͡;͔͙ͤΌ ͦ͋΅͔͚ ͔͙ͫͣͪͭͤͦͫͭΦ 

˻ͫͦ͋ͦ ͯΎ͍͙ͣ͘·͙ͣ ͎͙ͪͯͨͨ͊ͣ ͔͔͙ͤ͊ͫͤ͡Ύ Ύ͍͡ΎΌͭͫΎ ͔͙͒ͭΣ ͙ͨͦ͗͡·͔ ͡Ό͙͒ ͙ ͙͡ͼ͊ ͫ ͻ͙ͪͦͤ;͔͙͙ͫͣ͟ 

͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣΦ 
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͎͙̏ͦͦ͟͡;͔͙͔ͫ͟ ͔͍͙ͨͦͫ͒ͫͭ͡Ύ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͍ͦ͒ͯ͘ͻ͊ 

˭͎͊ͪΎ͔͙͔ͤͤ͘ ͊ͭͣͦͫͺ͔͎ͪͤͦͦ ͍ͦ͒ͯ͘ͻ͊ ͦ͊͘͟·͍͔͊ͭ ͔͎͙͍͔ͤ͊ͭͤͦ ͍͙͡Ύ͙͔ͤ ͔ͤ ͭͦ͡Έͦ͟ ͤ͊ ͍͒ͦͪͦ͘Έ͔ 

;͔͍͔ͦ͊͟͡Σ ͤͦ ͙ ͤ͊ Ή͙͔ͦͫͫͭͣ͟·Φ ˻ͤͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͔͎͒ͪ͊͒͊ͼ͙͙ ͔͖ͤ͘͡·ͻ ͔͙͚ͤ͊ͫ͊͗͒ͤΣ ͙ͫͦͭͤ͟͡·ͣ 

ͦͫ͊͒͊ͣ͟Σ ͙͔͔͙ͣͤͤ͘Ό ͙͙ͣͪͦͣ͊ͭ͊͟͟͡ ͙ ͯͻͯ͒΄͔͙ͤΌ ͫͦͫͭͦΎ͙ͤΎ ͨͦ;͍ ͙ ͍ͦ͒ͤ·ͻ ͔͍ͪͫͯͪͫͦΦ 

˿ͦͼ͙͊͡Έͤ·͔ ͔͊ͫͨͭ͟· ͔ͨͪͦ͋ͣ͡· ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͍ͦ͒ͯ͘ͻ͊ 

˽͔ͪͦ͋ͣ͊͡ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͍ͦ͒ͯ͘ͻ͊ ͍ ͔͎͙ͣ͊ͨͦͫ͊͡ͻ ͙͔͔ͣͭ ͍·͔ͪ͊͗ͤͤ·͚ ͫͦͼ͙͊͡Έͤ·͚ ͻ͔͊ͪ͊ͭͪ͟Φ 

͎͙̏ͦͦ͟͡;͔͔ͫͦ͟ ͔͎ͤ͋͊ͦͨͦͯ͡͡;͙͔ ͙͔ͫͤ͗͊ͭ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘Σ ͍͙͡Ύ͔ͭ ͤ͊ ͭͪͯ͒ͦͫͨͦͫͦ͋ͤͦͫͭΈ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ 

͍͔͙ͯ͡;͙͍͔͊ͭ ͎ͤ͊ͪͯͯ͘͟ ͤ͊ ͙͔ͫͫͭͣͯ ͍͒ͪ͊ͦͦ͘ͻ͔͙ͪ͊ͤͤΎΦ 

˴͔ͪͦͣ ͎ͭͦͦΣ Ή͎͙ͦͦ͟͡;͔͔ͫͦ͟ ͔͍͔͍ͤͪ͊ͤͫͭͦ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͍ ͭͦͣΣ ;ͭͦ ͙͔͔ͤ͊͋ͦ͡ ͎͊ͪ͘Ύ͖ͤͤͤ͘·͔ ͚ͪ͊ͦͤ· 

;͊ͫͭͦ ͍ͫͦͨ͊͒͊Όͭ ͫ ͔͙͙ͭͪͪͭͦͪΎ͙ͣ ͙͍͙ͨͪͦ͗͊ͤΎ ͫͦͼ͙͊͡Έͤͦ ͯΎ͍͙ͣ͘·ͻ ͎ͪͯͨͨΦ 

˽͙ͯͭ ͙͔͙ͫͤ͗ͤΎ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͍ͦ͒ͯ͘ͻ͊ ͍ ͔͎͙ͣ͊ͨͦͫ͊͡ͻ 

˿͙͔͙͔ͤ͗ͤ ͍ͯͪͦͤΎ ͎͊ͪ͘Ύ͔͙ͤͤ͘Ύ ͍ͦ͒ͯ͘ͻ͊ ͔͔ͭͪ͋ͯͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊Σ ͍͟͡Ό;͊Ό΅͔͎ͦ ͍͙͙͔ͪ͊ͭ͘ 

Ή͎͙ͦͦ͟͡;͔͙ͫ͟ ;͙͎ͫͭͦͦ ͭͪ͊ͤͫͨͦͪͭ͊Σ ͍͔͔͙͔ͤ͒ͪͤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͦ;͙͙ͫͭ͟ ͍·͍͋ͪͦͫͦΣ ͪ͊ͫ΄͙͔͙͔ͪͤ 

͔͖ͤ͘͡·ͻ ͦͤ͘ ͙ ͍ͨͦ·΄͔͙͔ͤ Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͯ͟͡Έͭͯͪ· ͔͔͙ͤ͊ͫͤ͡ΎΦ 

ˤ͊͗ͤͯΌ ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ Ή͎͙ͦͦ͟͡;͔ͫ͊͟Ύ ͙͙ͨͦͭ͊͟͡ ͙ ͔͔ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ͙ͫͦͭͪͯ͒ͤ;͔͍ͫͭͦ 

͍ ͙ͦ͋͊ͫͭ͡ ͦͻͪ͊ͤ· ͊ͭͣͦͫͺ͔͎ͪͤͦͦ ͍ͦ͒ͯ͘ͻ͊Φ 

˭ͤ͊;͔͙͔ͤ ͙͙͎ͣͦͤͭͦͪͤ͊ ͊͟;͔͍ͫͭ͊ ͊ͭͣͦͫͺ͔͎ͪͤͦͦ ͍ͦ͒ͯ͘ͻ͊ 

˿͙͔͙ͫͭͣ͊ͭ;͔͙͚ͫ͟ ͙͙͎ͣͦͤͭͦͪͤ ͫͦͫͭͦΎ͙ͤΎ ͊ͭͣͦͫͺ͔͎ͪͤͦͦ ͍ͦ͒ͯ͘ͻ͊ ͍ͨͦͦ͘͡Ύ͔ͭ ͍͔͍͔͔ͫͦͪͣͤͤͦ 

͍·Ύ͍͡ΎͭΈ ͔͍ͨͪ·΄͔͙͔ͤ ͙͒ͦͨͯͫͭͣ·ͻ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͚ ͎͊ͪ͘Ύͤ͘ΎΌ΅͙ͻ ͍͔΅͔͍ͫͭ ͙ ͙͙ͨͪͤͣ͊ͭΈ ͔ͣͪ· ͨͦ ͊͘΅͙͔ͭ 

͍͒ͦͪͦ͘ΈΎ ͔͔͙ͤ͊ͫͤ͡ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˾͔͍͙; ˣΦˢΦ ͎͙̏ͦͦ͟͡Ύ ;͔͍͔ͦ͊͟͡ ͙ ͍͒ͦͪͦ͘Έ͔ ͔͔͙ͤ͊ͫͤ͡ΎΦ τ ˸ΦΥ ˢ͔͙͊͒ͣ͟ΎΣ нлмфΦ 

нΦ ˮͪ͊͘Ή͡Έ ̑ΦˢΦ ͎͙̏ͦͦ͟͡Ύ ͙ ͙͙͎ͣͦͤͭͦͪͤ ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Φ τ ˸ΦΥ ˥͙͔͔͙͒ͪͦͣͭͦ͒͊ͭ͘Σ нлмуΦ 

оΦ ²ƻǊƭŘ IŜŀƭǘƘ hǊƎŀƴƛȊŀǝƻƴΦ !ƛǊ tƻƭƭǳǝƻƴ ŀƴŘ IŜŀƭǘƘΦ ²IhΣ нлнмΦ 

пΦ {ŜƛƴŦŜƭŘ WΦIΦΣ tŀƴŘƛǎ {ΦbΦ !ǘƳƻǎǇƘŜǊƛŎ /ƘŜƳƛǎǘǊȅ ŀƴŘ tƘȅǎƛŎǎΦ ²ƛƭŜȅΣ нлмсΦ 

рΦ ¦b9tΦ !ƛǊ tƻƭƭǳǝƻƴ ƛƴ ǘƘŜ ²ƻǊƭŘΩǎ aŜƎŀŎƛǝŜǎΦ ¦ƴƛǘŜŘ bŀǝƻƴǎΣ нлнлΦ 

ϭ ˻͍͔͔͙͔͍͋ͪ͒͊͘ ˶Φ˿ΦΣ нлнр 

 

 

 

 

       ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ͯ͡Έͤ͊ͪ͊Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͙͊ͤ͒͒͊ͭ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˨ˮ̂˾˩́ˮ˴ˮΥ ˻˿˹˻ˤ̍ ˽˾ˮ˸˩˹˩˹ˮ̒ ˤ ˴˶ˮ˹ˮ̉˩˿˴˻˯ ˽˾ˢ˴́ˮ˴˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˨͙͔͙͙ͯͪͭ͟ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͦ͒ͤͯ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ;͊ͫͭͦ ͤ͊ͤ͊͘;͔͊ͣ·ͻ ͎ͪͯͨͨ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ 

͔͍ͫͪ͒ͫͭ ͍ ͙͍͚ͣͪͦͦ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ˮͻ ͍͔ͦͫͤͦͤͦ ͔͔͍͙ͭͪ͊ͨͭ;͔͔ͫͦ͟ ͔͚͍͙͔͒ͫͭ ͍͔ͤ͊ͨͪ͊ͤͦ͡ ͤ͊ 

͙͔͙͔ͯͫͤ͡ Ή͔ͫͪ͟͟ͼ͙͙ ͙ͤ͊ͭͪΎ ͙ ͍ͦ͒· ͨͦ;͙͊ͣ͟Σ ;ͭͦ ͍͙͍͔ͦ͋ͯͫ͊͊ͭ͡͡ ͙ͻ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͔͡;͔͙͙ͤ 

͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘Σ ͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;͙ͤͦͫͭΣ ͔ͦͭ;ͤ·ͻ ͙͍ͫͤ͒ͪͦͣͦ ͙ͪ͊͘͡;͎ͤͦͦ ͎͔͔ͤ͊͘ ͙ 

͔ͤͦͭͦͪ͟·ͻ Ή͔͙ͭͪͦͭͤ͟͡͡·ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͙͔͙͙͍ͫͫͭͣ͊ͭͪͦ͊ͤͤ͘·͚ ͦ͋ͦͪ͘ 

͍͔͔͚ͫͦͪͣͤͤͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͙͔͙͍͒ͯͪͭͦ͟Σ ͔͙͙͍͒ͭ͊ͪͦ͊ͤ͘͡· ͔ͣͦͯ͟͡͡Ύͪͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͙ͻ ͔͚͍͙͒ͫͭΎ ͤ͊ 
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͍͔ͯͪͦͤ ͙ͪ͊͘͡;ͤ·ͻ ͔͎͔͍ͫͣͤͭͦ ͔ͤͺͪͦͤ͊Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙ͨͪͤͼ͙ͨ͊ͣ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ 

͙͔͔͙ͨͪͣͤͤΎ ͔ͦͭ͒͡Έͤ·ͻ ͎ͪͯͨͨ ό͙͙ͭ͊͒ͤ͘·͔Σ ͔͔͍ͨͭ͡·͔Σ ͙͚͔͔͎͊ͫ͋ͪ͊͟͡Ό΅͙͔ ͙͔͙͙͒ͯͪͭ͟Σ ͎͙͊ͤͭ͊ͦͤͫͭ· 

͙͔͙͙ͣͤͪ͊ͦͦͪͭͦ͒ͤ͟͟͡·ͻ ͔ͪͼ͔͍ͨͭͦͪͦύ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͎͙ͤͦͦͦ͘͡;͔͚ͫͦ͟ ͺͦͪͣ·Σ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ 

ͫͦͫͭͦΎ͙ͤΎ ͨͦ;͔͟ ͙ ͔͔ͫͪ͒;ͤͦπͫ ͙͎ͦͫͯ͒ͫͭͦͦ ͙ͪͫ͊͟Φ ˾͔͊ͫͫͣͦͭͪͤ· ͍ͦͫͤͦͤ·͔ ͨͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟·Σ ͍ͫΎ͊ͤͤ͘·͔ 

ͫ ͤ͊ͪͯ΄͔͙͔ͤͣ Ή͔͙͎ͭͪͦͭͤͦͦ͟͡͡ ͋͊͊ͤͫ͊͡ ͙ ͔͙ͣͭ͊͋ͦ͡;͔͙͙ͫͣ͟ ͚͍͙ͪ͊ͫͫͭͪͦͫͭ͊ͣΣ ͊ ͔ͭ͊͗͟ ͔͎͙͙ͫͭͪ͊ͭ ͙ͻ 

ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙ ͔ͦͪͪ͟͟ͼ͙͙Φ ˻͍͔ͫ΅͔ͤ· ͍ͦͨͪͦͫ· ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ ͟ ͙͔͙͒ͯͪͭ;͔͚ͫͦ͟ ͔͙͙ͭͪ͊ͨ ͙ ͙ͨͯͭ ͔͔ 

͔͔͙ͨͪͦ͒ͦͤ͡ΎΦ ˿ͭ͊ͭΈΎ ͔ͨͪ͒ͤ͊ͤ͊͘;͔ͤ͊ ͒͡Ύ ͔͔͍͍ͭͪ͊ͨͭͦΣ ͙͎͍͊ͪ͒ͦͦͦ͟͡Σ ͔ͤͺ͎͍ͪͦͦͦ͡ ͙ ͍ͪ͊;͔͚ ͎͙͒ͪͯͻ 

͔ͫͨͼ͙͊͡Έ͔͚ͤͦͫͭΣ ͔ͫͭͪͣΎ΅͙ͻͫΎ ͟ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͺ͔͙͙͊ͪͣ͊ͦͭͪ͊ͨ͟ ͫ ͙ͨͦ͘ͼ͙͚ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ ͔͙ͣ͒ͼ͙ͤ·Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͒ ͙͔͙͙ͯͪͭ͟Σ ͙͙ͭ͊͒ͤ͘·͔ ͙͔͙͙͒ͯͪͭ͟Σ ͔͔͍ͨͭ͡·͔ ͙͔͙͙͒ͯͪͭ͟Σ ͙͚͔͔͎͊ͫ͋ͪ͊͟͡Ό΅͙͔ ͙͔͙͙͒ͯͪͭ͟Σ ͺ͔͙ͯͪͦͫͣ͒Σ 

͔͔ͫͪ͒;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΣ ͔͙͊ͪͭͪ͊͡Έͤ͊Ύ ͎͙͔͔͙ͨͪͭͤ͘ΎΣ ͔ͦͭ;ͤ·͚ ͙ͫͤ͒ͪͦͣΣ ͎͙͙͔͙ͨͦ͊ͣ͟͡ΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˨͙͔͙͙ͯͪͭ͟ όͣͦ;͔͎ͦͤͤ·͔ ͔͍ͫͪ͒ͫͭ͊ύ τ Ήͭͦ ͔ͨͪͨ͊ͪ͊ͭ·Σ ͦͭͦͪ͟·͔ ͍͔͙ͯ͡;͙͍͊Όͭ ͫͦͪͦͫͭ͟Έ 

͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͣͦ;͙ ͙ Ή͔ͫͪ͟͟ͼ͙Ό ͨͦ;͙͊ͣ͟ ͍͔ͪ͊ͫͭͦͪͤͤ·ͻ Ή͔͙͍ͭͪͦͭͦ͟͡͡Σ ͔͔ͨͪ͗͒ ͍͔͎ͫͦ ͙ͤ͊ͭͪΎ όbŀяύ ͙ 

ͻͦͪ͊͡ ό/ƭѐύΦ ˭͊ ͫ;͔ͭ ͙͔͙ͫͤ͗ͤΎ ͦ͋Ά͔ͣ͊ ͼ͙͙ͪͯͪͯ͟͡Ό΅͔͚ ͨ͊ͣ͘͡· ͙ ͦ͋΅͔͎ͦ ͔͙ͫͦ͒ͪ͗͊ͤΎ ͙ͤ͊ͭͪΎ ͍ 

͎͙͔ͦͪ͊ͤͣ͘ ͙ͦͤ ͦ͊͘͟·͍͊Όͭ ͣͦ΅͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͙͔ͫͫͭͣͤͯΌ ͎͔͙͙ͣͦ͒ͤ͊ͣͯ͟Σ ;ͭͦ ͙ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͙ͻ 

΄͙͔ͪͦͦ͟ ͙͔͔͙͔ͨͪͣͤͤΦ ˻ͭͪ͟·͙͔ͭ ͙ ͍͔͔͙͔ͤ͒ͪͤ ͍ ͙ͨͪ͊ͭͯ͟͟ ͙ͪ͊͘͡;ͤ·ͻ ͍͊ͫͫͦ͟͡ ͙͔͙͍͒ͯͪͭͦ͟ ͫͭ͊ͦ͡ 

͔͍ͪͦ͡Όͼ͙ͦͤͤ·ͣ ͫͦ͋·͙͔ͭͣ ͍ ͙͎͙͙͊ͪ͒ͦͦ͟͡ ͙ ͔ͤͺ͎͙͙ͪͦͦ͡Σ ͫͯ΅͔͍͔ͫͭͤͤͦ ͯͯ͡;΄͙͍ ͎ͨͪͦͤͦ͘ ͙ ͊͟;͔͍ͫͭͦ 

͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΌ ͙ ͎͙͔͙ͨͪͭͦͤ;͔͚ͫͦ͟ ͔͋ͦͤ͘͡ΈΌΦ ˻͒ͤ͊ͦ͟ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ 

͙ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͔͙͙ͭͪ͊ͨ ͙͔͙͙͒ͯͪͭ͊ͣ͟ ͤ͊ͨͪΎͣͯΌ ͍͙͊ͫ͘Ύͭ ͦͭ ͎͎ͯ͋ͦͦͦ͟͡ ͙͙ͨͦͤͣ͊ͤΎ ͙ͻ 

ͺ͙͙͙͊ͪͣ͊ͦ͒ͤ͊ͣ͟͟Σ ͺ͙͔͙͙͊ͪͣ͊ͦͤͭ͟͟͟ ͙ ͔ͨͦͭͤͼ͙͊͡Έͤ·ͻ ͔͔͔ͤ͗͊ͭ͡͡Έͤ·ͻ Ύ͍͔͙͚ͤ͡Φ 

мΦ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͙͔͙͍͒ͯͪͭͦ͟ ͍ͦͫͤͦ͊ͤ͊ ͤ͊ ͭͦ;͔͟ ͙ͻ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͍ ͔ͤͺ͔ͪͦͤΣ ;ͭͦ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͙ͫͯ͡ ͙ 

ͻ͔͊ͪ͊ͭͪ͟ Ήͺͺ͔ͭ͊͟Φ 

мΦмΦ ˽͔͔͍ͭ͡·͔ ͙͔͙͙͒ͯͪͭ͟ όͺ͔͙ͯͪͦͫͣ͒Σ ͔͙ͭͦͪ͊ͫͣ͒Σ ͔͙͋ͯͣͭ͊ͤ͒Σ Ή͙͍ͭ͊ͪͤͦ͊͟Ύ ͙ͫͦͭ͊͟͡ύΦ 

¶ ˸͔ͫͭͦ ͔͚͍͙͒ͫͭΎΥ ʕ ͦͫͻͦ͒Ύ΅͊Ύ ;͊ͫͭΈ ͔͙ͨͭ͡ ˥͔͔ͤ͡ όͭͦͫͭ͡·͚ ͔͎͔ͫͣͤͭύΦ ˣ͙ͦͪͯ͟͡Όͭ bŀя-Yя-н/ƭѐ 

͔ͦͭͪ͊ͤͫͨͦͪͭͪ͟ όbY//нύ ͤ͊ ͙͊ͨ͊͟͡Έ͚ͤͦ ͔͔ͣͣ͋ͪ͊ͤ ͔ͭͦ͟͟͡Φ 

¶ ̏ͺͺ͔ͭ͟Υ ˹ ͙͔͔͊͋ͦ͡ ͣͦ΅ͤ·͚ ͙͔͙͒ͯͪͭ;͔͙͚ͫ͟ ͙ ͙͚͔͙ͤ͊ͭͪͯͪͭ;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟ όΉ͔ͫͪ͟͟ͼ͙Ύ ͒ͦ нл-25% 

ͺ͙͡Έ͔͎ͭͪͯͣͦͦ bŀяύΦ ͍͔͙̂͡;͙͍͊Όͭ Ή͔ͫͪ͟͟ͼ͙Ό YяΣ /ŀчяΣ aƎчяΦ ˻͋͊͒͊͡Όͭ ͍͔͙͙ͤͦ͒͊ͭͪͯ͡Ό΅͙ͣ ͔͚͍͙͔͒ͫͭͣ 

ό͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͍͙͍͔ͤͯͭͪͤͤͦͣ ͍͍͔͔͙͙͒ͤύΣ ;ͭͦ ͔ͨͪ͒΄͔͍͔ͫͭͯͭ ͙͔͒ͯͪͯ͘Φ 

¶ ͙͔͙̅͊ͪͣ͊ͦͤͭ͊͟͟͟Υ x ·͔ͫͭͪͦ ͤ͊;͊ͦ͡ ͔͚͍͙͒ͫͭΎ ό͍κ͍ τ р ͙ͣͤΣ ǇŜǊ ƻǎ τ 30-сл ͙ͣͤύΦ ˴ͦͪͦͭ͊͟Ύ 

͙͔ͨͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ όп-с ;͍͊ͫͦ ͒͡Ύ ͺ͔͙ͯͪͦͫͣ͒͊Σ ͒ͦ мн ;͍͊ͫͦ ͒͡Ύ ͔͙ͭͦͪ͊ͫͣ͒͊ύΦ ͔͙́ͦͪ͊ͫͣ͒ ͔ͦ͋͊͒͊ͭ͡ 

ͯ͡;΄͔͚ ͙͋ͦ͒ͦͫͭͯͨͤͦͫͭΈΌ ͙ ͔͔ͨͪ͒ͫ͊ͯͣ͘͟·ͣ Ήͺͺ͔ͭͦͣ͟Φ 

мΦнΦ ͙͙́͊͒ͤ͘·͔ ͙ ͙͙ͭ͊͒ͦͨͦ͒ͦ͋ͤ͘·͔ ͙͔͙͙͒ͯͪͭ͟ ό͎͙͒ͪͦͻ͙͙ͦͪͦͭ͊͒͘͡Σ ͻ͙ͦͪͭ͊͒ͦͤ͡͡Σ ͙͙ͤ͒͊ͨ͊ͣ͒Σ 

͔ͣͭͦ͊ͦͤ͘͡ύΦ 

¶ ˸͔ͫͭͦ ͔͚͍͙͒ͫͭΎΥ ˨ ͙ͫͭ͊͡Έͤ·͚ ͙͍͙͚ͭͦ͘ ͔͊ͤ͊͟͡ͼ ό͙͚ͪ͊ͤͤ ͔͎͔ͫͣͤͭύΦ ˣ͙ͦͪͯ͟͡Όͭ bŀя-/ƭѐ 

͔ͦͭͪ͊ͤͫͨͦͪͭͪ͟ όb//ύΦ 

¶ ̏ͺͺ͔ͭ͟Υ ̂ ͔͔ͣͪͤͤ͊Ύ ͙ͫ͊͡ όΉ͔ͫͪ͟͟ͼ͙Ύ р-мл҈ bŀяύΦ ͔̂ͣͤΈ΄͊Όͭ Ή͔ͫͪ͟͟ͼ͙Ό /ŀчя ό͍ ͙ͦͭ͡;͙͔ ͦͭ 

͔͔͍ͨͭ͡·ͻύΦ ˨͙͔ͭ͡͡Έͤ·͚ ͎͙͔͙͍ͨͦͭͤͤ͘·͚ Ήͺͺ͔ͭ͟Σ ͍ͫΎ͊ͤͤ͘·͚ ͔ͤ ͭͦ͡Έͦ͟ ͫ ͙͔͒ͯͪͦͣ͘Σ ͤͦ ͙ ͫ ͨͪΎͣ·ͣ 

͍͙͙͊ͦ͒͊ͭͪͯ͘͡Ό΅͙ͣ ͔͚͍͙͔͒ͫͭͣ ό͔ͦͫͦ͋ͤͤͦ ͯ ͙͙ͤ͒͊ͨ͊ͣ͒͊ύΦ ˸͎ͦͯͭ ͍·͘·͍͊ͭΈ ͎͙͙͔͙ͨͦ͊ͣ͟͡ΌΣ 

͎͙͔͙͔͙ͨͪͯͪͣ͟ΌΣ ͤ͊ͪͯ΄͔͙͔ͤ ͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡ ͟ ͎͡Ό͔ͦ͘͟Φ 

¶ ˻͔͙ͫͦ͋ͤͤͦͫͭΥ ̆ ͙ͦͪͭ͊͒ͦͤ͡͡ ͙ ͔ͣͭͦ͊ͦͤ͘͡ Ήͺͺ͔͙͍ͭͤ͟· ͙ͨͪ ͔͔ͯͣͪͤͤͦͣ ͙͔͙͙ͫͤ͗ͤ ͙ͫͦͪͦͫͭ͟ 

ͯ͋ͦ͟͡;͍͚ͦͦ͟ ͺ͙͡Έͭͪ͊ͼ͙͙ ό˿˴̅ ғ ол ͣ͡κ͙ͣͤύΣ ͎ͭͦ͒͊ ͊͟͟ ͎͙͒ͪͦͻ͙͙ͦͪͦͭ͊͒͘͡ ͔ͭͪΎ͔ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΦ 

мΦоΦ ˴͙͚͔͔͎͊ͫ͋ͪ͊͡Ό΅͙͔ ͙͔͙͙͒ͯͪͭ͟Φ 
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¶ ͊ύ ˢ͎͙ͤͭ͊ͦͤͫͭ· ͙͔͍ͤ͊ͭͪ·ͻ ͍͊ͤ͊ͦ͟͡ ό͙͙͊ͣͦͪ͒͡Σ ͙͔͔ͭͪ͊ͣͭͪͤύΦ 

o ˸͔ͫͭͦ ͙ ͔ͣͻ͙͊ͤͣ͘Υ ˿ ͙͔ͦ͋ͪ͊ͭ͡Έͤ·͔ ͭͪͯ͋ͦ;͙͟Φ ˣ͙ͦͪͯ͟͡Όͭ Ή͙͔͙ͨͭ͊͡͡Έͤ·͔ ͙͔͍ͤ͊ͭͪ·͔ ͊ͤ͊͟͡· 

ό9bŀ/ύΣ ͔ͯͣͤΈ΄͊Ύ ͔ͪ͊͋ͫͦͪ͋ͼ͙Ό bŀя ͙ ͔͔ͫͪ͟ͼ͙Ό YяΦ 

¶ ͋ύ ˢ͎͙ͤͭ͊ͦͤͫͭ· ͔ͪͼ͔͍ͨͭͦͪͦ ͙͔͙͙͍ͣͤͪ͊ͦͦͪͭͦ͒ͦ͟͟͡ όˢ˾˸ύ ό͙ͫͨͪͦͤͦ͊ͭͦͤ͟͡Σ Ή͔͔ͨͪͤͦͤ͡Σ 

ͺ͙͔͔ͤͪƴƻƴύΦ 

o ˸͔ͫͭͦ ͙ ͔ͣͻ͙͊ͤͣ͘Υ ˿ ͙͔ͦ͋ͪ͊ͭ͡Έͤ·͔ ͭͪͯ͋ͦ;͙͟Φ ˴͔ͦͤͯͪͤͭͤͦ͟ ͙͋ͦͪͯ͟͡Όͭ ͊͡Έ͔͍͒ͦͫͭͪͦͤͦ·͔ 

͔ͪͼ͔ͨͭͦͪ·Σ ͍ͨͦ͒͊͡ΎΎ ͊͡Έ͔͒ͦͫͭͪͦͤ-͔͍ͦͨͦͫͪ͒ͦ͊ͤͤͯΌ ͔ͪ͊͋ͫͦͪ͋ͼ͙Ό bŀя ͙ ͔͔ͫͪ͟ͼ͙Ό Yя ͙ IяΦ 

¶ ̏ͺͺ͔ͭ͟Υ ˿ ͊͋͡·͚ ͙͔͙͒ͯͪͭ;͔͙͚ͫ͟ Ήͺͺ͔ͭ͟ όΉ͔ͫͪ͟͟ͼ͙Ύ н-о҈ bŀяύΦ ˻͍ͫͤͦͤ͊Ύ ͼ͔ͤͤͦͫͭΈ τ 

ͫͦͻ͔͙͔ͪ͊ͤͤ ͙͊͟͡ΎΣ ͙͍͔͚͍͙͔ͨͪͦͭͦ͒ͫͭ ͔͔͙͍͙ͪͣͦ͒ͪͦ͊ͤ͡Ό ͙ͣͦ͊ͪ͒͊͟ ͙ ͺ͙͋ͪͦͯ͘ ό͔ͦͫͦ͋ͤͤͦ ͒͡Ύ ˢ˾˸ύΦ 

нΦ ˴͙͙ͤ͡;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ 

нΦмΦ ˢ͔͙ͪͭͪ͊͡Έͤ͊Ύ ͎͙͔͔͙ͨͪͭͤ͘Ύ όˢ˥ύΦ 

¶ ˽͔ͪͨ͊ͪ͊ͭ· ͍·͋ͦͪ͊Υ ́ ͙͙͊͒ͤ͘·͔κ͙͙ͭ͊͒ͦͨͦ͒ͦ͋ͤ͘·͔ ͙͔͙͙͒ͯͪͭ͟ όͻ͙ͦͪͭ͊͒ͦͤ͡͡Σ ͙͙ͤ͒͊ͨ͊ͣ͒ύΦ 

͍̒͡ΎΌͭͫΎ ͍͚ͦͫͤͦͦ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͟·ͻ ͫͻ͔ͣΦ 

¶ ˨ͦ͘·Υ ˮ ͫͨͦ͡Έͯ͘ΌͭͫΎ ͙͙͔ͤ͘͟ ό͎͙͒ͪͦͻ͙͙ͦͪͦͭ͊͒͘͡ мнΦр-нр ͎ͣκͫͯͭύΣ ͦͭͦͪ͟·͔ ͦ͊͘͟·͍͊Όͭ 

͙ͣ͊ͫͣ͊͟͡Έͤ·͚ ͎͙͔͙͍ͨͦͭͤͤ͘·͚ Ήͺͺ͔ͭ͟ ͙ͨͪ ͙͙͔ͣͤͣͯͣ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ 

¶ ˻͔͙ͫͦ͋ͤͤͦͫͭΥ ˻ ͔ͫͦ͋ͤͤͦ Ήͺͺ͔͙͍ͭͤ͟· ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͙͎ͨͦ͗ͦͦ͡ ͍ͦͪ͊ͫͭ͊͘Σ ͫ ͦ͋Ά͔ͣ-͍͙͙͚͊ͫͣͦ͘ ˢ˥Σ 

ͫͦͤͤ͟͡·ͻ ͟ ͔ͦͭ͊ͣ͟Φ ˤ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͫ ˢ˾˸ ό͙ͫͨͪͦͤͦ͊ͭͦͤͦͣ͟͡ύ τ ͫ ͔͎͙ͭͪ͊ͭΎ ͔͡;͔͙ͤΎ ͔͙͔͚ͪͫͭͤͭͤͦ͘ ˢ˥Φ 

нΦнΦ ˿͔͔ͪ͒;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈ ό˿˹ύΦ 

¶ ˽͔͔͍ͭ͡·͔ ͙͔͙͙͒ͯͪͭ͟ τ ͔͎ͪ͊ͯͦ͟͡Έͤ·͚ ͔͊ͣͤ͟Έ ͔͙͙ͭͪ͊ͨ ͙ͨͪ ͙ͫͣͨͭͦͣ͊ͻ ͊ͫͭͦ͘Ύ όͦ͒·΄͊͟Σ ͔͙ͦͭ͟ύΦ 

˹͊ͤ͊͘;͊ΌͭͫΎ ζͨͦ ͔͍͙ͭͪ͋ͦ͊ͤΌη ͒͡Ύ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ Ή͍͔͙͙ͯͦͣ͡ όͫͯͻ͚ͦ ͍͔ͫύΦ ͔͙́ͦͪ͊ͫͣ͒ ͔ͨͪ͒ͨͦ;͙͔ͭͭ͡Έ͔͔ͤ 

ͺ͔͙ͯͪͦͫͣ͒͊ ͙ͨͪ ͻ͙ͪͦͤ;͔͚ͫͦ͟ ˿˹ ͙͘-͊͘ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͙͊ͤͭͺ͙͙͋ͪͦͭ;͔͙ͫ͟ͻ ͙ ͔͚͎ͤͪͦͦͪͣͦͤ͊͡Έͤ·ͻ 

Ήͺͺ͔͍ͭͦ͟Φ 

¶ ˢ͎͙ͤͭ͊ͦͤͫͭ· ͔ͪͼ͔͍ͨͭͦͪͦ ͙͔͙͙͍ͣͤͪ͊ͦͦͪͭͦ͒ͦ͟͟͡ όˢ˾˸ύ ό͙ͫͨͪͦͤͦ͊ͭͦͤ͟͡Σ Ή͔͔ͨͪͤͦͤ͡ύ τ 

ͦ͋Ύ͔͊ͭ͘͡Έͤ·͚ ͔ͦͣͨͦͤͤͭ͟ ͔͙͙ͭͪ͊ͨ ˿˹ ͫͦ ͙͔͚ͫͤ͗ͤͤͦ ͺͪ͊͟ͼ͙͔͚ ͍·͋ͪͦͫ͊ ˶ˬ όLLςL± ̅˴ ͨͦ b¸I! ͙ͨͪ ̅ˤ 

<35-пл҈ύ ͔͍͙͙ͤ͊ͫͣͦ͘ ͦͭ ͙ͤ͊͡;͙Ύ ͙͍ͫͣͨͭͦͣͦΣ ͭ͊͟ ͊͟͟ ͯͯ͡;΄͊Όͭ ͎ͨͪͦͤͦ͘Σ ͙ͫͤ͗͊Ύ ͔ͫͣͪͭͤͦͫͭΈ ͙ ;͊ͫͭͦͭͯ 

͎͙͙ͦͫͨͭ͊͊͘͡ͼ͙͚Φ 

¶ ͙͙́͊͒ͤ͘·͔ ͙͔͙͙͒ͯͪͭ͟ ͣ ͎ͦͯͭ ͍͒ͦ͋͊͡ΎͭΈͫΎ ͟ ͔͔͍ͨͭ͡·ͣ ͙ͨͪ ͍͙͙͙ͪ͊ͭ͘ ͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘ ͒͡Ύ 

͙͔͎͙ͫͤͪ;͎ͤͦͦ ͔͚͍͙͒ͫͭΎ όζ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έͤ͊Ύ ͋ͦ͊͒͊͟͡ ͔ͤͺͪͦͤ͊ηύΦ 

нΦоΦ ˻͔ͭ;ͤ·͔ ͙ͫͤ͒ͪͦͣ·Φ 

¶ ˹͔ͺ͙ͪͦͭ;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣΣ ͼ͙ͪͪͦ͘ ͔ͨ;͔͙ͤΥ ˽ ͔͔͍ͭ͡·͔ ͙͔͙͙͒ͯͪͭ͟ ;͊ͫͭͦ ͍ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͫ ˢ˾˸ ό͒͡Ύ 

͔͔͙ͨͪͦ͒ͦͤ͡Ύ ͎͙͔ͨͪ͊͡Έ͔͙͒ͦͫͭͪͦͤͣ͊͘ύΦ ͔͔́ͪ͋ͯͭͫΎ ͦͫͭͦͪͦ͗ͤͦͫͭΈ ͙͘-͊͘ ͙ͪͫ͊͟ ͎͙͍͔͙͙ͨͦͦͣ͡ ͙ 

͎͔͔ͨ͊ͭͦͪͤ͊͡Έ͎ͤͦͦ ͙ͫͤ͒ͪͦͣ͊Φ 

¶ ͙̆ͪͦͤ;͔ͫ͊͟Ύ ͔͋ͦͤ͘͡Έ ͨͦ;͔͟ ό̆ˣ˽ύΥ ˽ ͙ͪ ͎͙͔͍͔͙͙ͨͪͦͣ͡ ͙ ˢ˥Φ ˽͙ͪ ͙͔͙͙ͫͤ͗ͤ ˿˴̅ ғол ͣ͡κ͙ͣͤ 

Ήͺͺ͔͙͍ͭͤ͟· ͭͦ͡Έͦ͟ ͔͔͍ͨͭ͡·͔ ͙͔͙͙͒ͯͪͭ͟ ͙ ͙͙ͭ͊͒ͦͨͦ͒ͦ͋ͤ͘·͔ ό͔ͣͭͦ͊ͦͤ͘͡ύΦ 

оΦ ˽ͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟· ͙ ͙ͻ ͔ͦͪͪ͟͟ͼ͙Ύ 

¶ ˹͊ͪͯ΄͔͙ͤΎ Ή͔͙͎ͭͪͦͭͤͦͦ͟͡͡ ͋͊͊ͤͫ͊͡Υ 

o ˥͙͙͔͙ͨͦ͊ͣ͟͡ΎΥ ˹ ͙͔͔͊͋ͦ͡ ;͊ͫͭͦ ͙ͨͪ ͙͔͔ͨͪͣ ͔͔͍ͨͭ͡·ͻ ͙ ͙͙ͭ͊͒ͤ͘·ͻ ͙͔͙͍͒ͯͪͭͦ͟Φ ˾͙ͫ͟ 

͙͙͚͊ͪͭͣΦ ˽ ͪͦͺ͙͙͊ͭ͊͟͟͡Υ ͟ ͙ͦͣ͋ͤ͊ͼ͙Ύ ͫ ͙͚͔͔͎͊ͫ͋ͪ͊͟͡Ό΅͙͙ͣ ͙͔͙͙͒ͯͪͭ͊ͣ͟κˢ˾˸Σ ͙͔͒ͭ͊Σ ͎͋ͦ͊ͭ͊Ύ YяΣ 

͔ͨͪͨ͊ͪ͊ͭ· ͙͊͟͡ΎΦ 

o ˥͙͙͔͙ͨͦͤ͊ͭͪͣΎΥ ̉ ͊΅͔ ͙ͨͪ ͙͔͔ͨͪͣ ͙͙͍ͭ͊͒ͦ͘ ͯ ͙ͨͦ͗͡·ͻΦ ˴͔ͦͪͪ͟ͼ͙ΎΥ ͔ͦͭͣͤ͊ ͙͔͙͒ͯͪͭ͊͟Σ 

͎͙ͦͪ͊ͤ;͔͙͔ͤ ͍ͦ͒·Φ 

o ˥͙͎͙͔͙ͨͦͣ͊ͤͣΎΥ ˽ ͙ͪ ͙͔͒ͭ͡͡Έ͚ͤͦ ͔͙͙ͭͪ͊ͨ ͔͔͍ͨͭ͡·͙ͣ ͙͔͙͙͒ͯͪͭ͊ͣ͟Φ ˿͍͔ͨͦͫͦ͋ͫͭͯͭ ͚ͯͫͭͦ;͙͍͚ͦ 

͎͙͙͔͙͙ͨͦ͊ͣ͟͡Φ 

o ˥͙͔͙͔͙ͨͪ͊ͣ͟͡ΎΥ ˥ ͍͊ͤ͡·͚ ͙ͪͫ͟ ͙ͨͪ ͔͙͙ͭͪ͊ͨ ˢ˾˸Σ ͔ͦͫͦ͋ͤͤͦ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ̆ˣ˽ ͙͙͡ ͍ 

͙ͦͣ͋ͤ͊͟ͼ͙͙ ͫ ͙ˢ˽̅κˣ˾ˢΦ ͔͔́ͪ͋ͯͭ ͔͎ͪͯ͡Ύ͎ͪͤͦͦ ͦͤͭͪͦ͟͡ΎΦ 
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˭͊͟͡Ό;͔͙͔ͤ 

˨͙͔͙͙ͯͪͭ͟ ͦͫͭ͊ΌͭͫΎ ͔͔͙ͤ͊ͣͤͣ͘·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͍ ͔͔͊ͪͫͤ͊͡ ͍͔͔͎ͫͦͪͣͤͤͦͦ ͍ͪ͊;͊Φ ˮͻ 

͙͒ͺͺ͔͔ͪͤͼ͙͍͔ͪͦ͊ͤͤͦ ͙͔͔͙͔ͨͪͣͤͤΣ ͍͔ͦͫͤͦ͊ͤͤͦ ͤ͊ ͙͙͙ͨͦͤͣ͊ͤ ͨ͊ͭͦͺ͙͙͎͙͙ͦͦ͘͡ ͔͎ͦͤͪͭͤͦͦ͟͟ 

͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͙ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͔ͦͫͦ͋ͤͤͦͫͭΎͻ ͨ͊ͼ͙͔ͤͭ͊ όͺͯͤ͟ͼ͙Ύ ͨͦ;͔͟Σ Ή͔͙ͭͪͦͭͤ͟͡͡·͚ ͋͊͊ͤͫ͡Σ 

͙ͦͣͦͪ͋͒ͤͦͫͭ͟ΈύΣ Ύ͍͡Ύ͔ͭͫΎ ͎͊ͦͦͣ͘͡ ͔ͯͫͨ΄͚ͤͦ ͙ ͔͚͋ͦͨ͊ͫͤͦ͘ ͔͙͙ͭͪ͊ͨΦ ˨͊͡Έ͔͚ͤ΄͙͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͙ͨͦͫ͟ ͍ͤͦ·ͻ ͙ͣ΄͔͔͚ͤ ͍ ͨͦ;͔͟ ό͙͎͙͙ͤ͋ͭͦͪ· ͙͚ͤ͊ͭͪ-͎͡Όͦͤ͘͟·ͻ ͔͍ͦͭͪ͊ͤͫͨͦͪͭͪͦ͟ н ͙ͭͨ͊ 

τ {D[¢н ͙͎͙͙ͤ͋ͭͦͪ·Σ ͦͭͦͪ͟·͔ ͔ͭ͊͗͟ ͦ͋͊͒͊͡Όͭ ͙͔͙͒ͯͪͭ;͔͙ͫͣ͟ Ήͺͺ͔ͭͦͣ͟ύ ͙ ͙͙ͦͨͭͣ͊͘ͼ͙Ό ͫͻ͔ͣ 

͙͙͍͎ͦͣ͋ͤͪͦ͊ͤͤͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎ ͔ͯ͗ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ ͍͊ͫͫͦ͟͡ ͒͡Ύ ͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ ͯͯ͡;΄͔͙ͤΎ 

͎͒ͦͦͫͪͦ͡;ͤ·ͻ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙ͫͻ͍ͦ͒ͦΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ͍̉͊ͦ͘ ˩ΦˮΦΣ ˣ͔͔͍ͤͦ͟͡ ̑Φ˹Φ ό͔ͪ͒Φύ ˹͊ͼ͙ͦͤ͊͡Έͤ·͔ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙Φ ˿͔͔ͪ͒;ͤͦπͫ ͙ͦͫͯ͒ͫͭ·͚ ͙ͪͫ͟ ͙ 

ͻ͙ͪͦͤ;͔ͫ͊͟Ύ ͔͋ͦͤ͘͡Έ ͨͦ;͔͟Υ ͔͎͙͙ͫͭͪ͊ͭ ͙͔͊ͪ͒ͦͤ͟ͺ͔ͪͦͨͪͦͭ͟ͼ͙͙Φ ˸͍ͦͫ͊͟Σ нлнмΦ 

нΦ ˻͎͍͊ͤͦ ˾Φ˥ΦΣ ˨͙ͪ͊ͨͤ͊͟ ˻Φ˸Φ ό͔ͪ͒Φύ ˴͙͎͙͊ͪ͒ͦͦ͡ΎΥ ͤ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟Φ нπ͔  ͙͒͘Φ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ 

нлнмΦ 

оΦ ²ƛƭŜ 5Φ 5ƛǳǊŜǝŎǎΥ ŀ ǊŜǾƛŜǿΦ κκ !ƴƴŀƭǎ ƻŦ /ƭƛƴƛŎŀƭ .ƛƻŎƘŜƳƛǎǘǊȅΦ ς нлмнΦ ς ±ƻƭΦ пфόtǘ рύΦ ς tΦ пмфπпомΦ 

ϭ ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ΦΣ нлнр 

 

 

 

 

       ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ͯ͡Έͤ͊ͪ͊Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͙͊ͤ͒͒͊ͭ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟  

͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˸͊ͭͦ;ͤ·͔ ͔͍ͫͪ͒ͫͭ͊ τ ͎ ͪͯͨͨ͊ ͔͍͔͊ͪͫͭͤͤ͟͡·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΣ ͙͙͔͋ͪ͊ͭ͘͡Έͤͦ ͍͙͡ΎΌ΅͙ͻ ͤ͊ ͭͦͤͯͫ ͙ 

͙͔ͫͦͪ͊ͭͭ͟͡ΈͤͯΌ ͙͍͊ͭͤͦͫͭ͟Έ ͙͔͙ͣͦͣͭͪΎΦ ˮͻ ͙͔͔͙͔ͨͪͣͤͤ Ύ͍͡Ύ͔ͭͫΎ ͔͎ͪ͊ͯͦ͟͡Έͤ·ͣ ͔͊ͣͤͣ͟ ͍ ͊ͯ͟΄͔͚ͪͫͦ͟ 

͙ ͎͙͔͎͙ͤͦͦ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͍͔͔ͫͦͪͣͤͤ͊Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͣ͊ͭͦ;ͤ·ͻ 

͔͍ͫͪ͒ͫͭΣ ͍ͦͫͤͦ͊ͤͤ͊Ύ ͤ͊ ͍͔͙ͤ͊ͨͪ͊ͤͤͦͫͭ͡ ͙ͻ ͔͚͍͙͒ͫͭΎ ό͙͙ͫͭͣͯͪͯ͡Ό΅͙͔ ͙͙͡ ͭͦͪͣͦ͘Ύ΅͙͔ 

͙͔ͫͦͪ͊ͭͭ͟͡ΈͤͯΌ ͺͯͤ͟ͼ͙ΌύΦ ˨͔ͭ͊͡Έͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· ͍ͦͫͤͦͤ·͔ ͭͦ;͙͟ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͙ ͔ͣͦͯ͟͡͡Ύͪͤ·͔ 

͔ͣͻ͙͊ͤͣ͘· ͺ͙͙͙͊ͪͣ͊ͦ͒ͤ͊ͣ͟͟ ͟͡Ό;͔͍·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͚͊͗͒ͦ͟ ͎ͪͯͨͨ·Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ 

͙ͨͪͤͼ͙ͨ͊ͣ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎ Ή͙ͭͻ ͔͍ͫͪ͒ͫͭ ͍ ͙ͪ͊͘͡;ͤ·ͻ 

͙ͫͭͯ͊ͼ͙ΎͻΥ ͔͎ͪͯ͡Ύͼ͙Ύ ͍͚ͪͦ͒ͦͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΣ ͍ͦͫͭ͊ͤͦ͊͟ ͔͍ͨͦͫͪͦ͒ͦ͡·ͻ ͍͔ͪͦͦͭ͟;͔͙͚ͤΣ ͔͡;͔͙͔ͤ 

͙͔͔͙͒ͫͣͤͦͪ ͙ ͫͦͻ͔͙͔ͪ͊ͤͤ ͔͔͔͙͋ͪͣͤͤͦͫͭ ͙ͨͪ ͎͔ͯͪͦ͘ ͔͔͍͔͔ͨͪ͗͒ͪͣͤͤ·ͻ ͍ͪͦ͒ͦΦ ˿ͭ͊ͭΈΎ ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ 

͍͊͗ͤͦͫͭΈ ͭͦ;͎ͤͦͦ ͙͎͒͊ͤͦ͊͘ ͙ ͙͒ͺͺ͔͔ͪͤͼ͙͍͎ͪͦ͊ͤͤͦͦ ͨͦ͒ͻͦ͒͊ ͟ ͤ͊ͤ͊͘;͔͙ͤΌ ͣ͊ͭͦ;ͤ·ͻ ͔͍ͫͪ͒ͫͭ ͒͡Ύ 

͔͔ͦ͋ͫͨ;͔͙ͤΎ ͙ͣ͊ͫͣ͊͟͡Έ͚ͤͦ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͔͙͙ͭͪ͊ͨΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

ͣ͊ͭͦ;ͤ·͔ ͔͍ͫͪ͒ͫͭ͊Σ ͔͙͙ͯͭͪͦͭͦͤ͟Σ ͙͙͙ͭͦͦͭ͟͟͡Σ ͙ͦͫͭͦ͟ͼ͙ͤΣ ͔͙ͣͭ͡Ή͎͔͙ͪͦͣͭͪͤΣ ͎͙ͨͪͦͫͭ͊͊ͤ͒ͤ͡·Σ 

͙ͣͺ͔͙ͨͪͫͭͦͤΣ ͎͔͔͙ͫͦͨͪͤ͊ͤ͟͡Σ ͙ͪͦ͒ͦͫͭͣͯ͡Ύͼ͙ΎΣ ͔͍͔ͨͦͫͪͦ͒ͦͦ͡ ͍͔ͪͦͦͭ͟;͔͙͔ͤΦ 
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ˤ͍͔͔͙͔͒ͤ 

˾͔͎ͯ͡Ύͼ͙Ύ ͙͔ͫͦͪ͊ͭͭ͟͡Έ͚ͤͦ ͙͍͙͊ͭͤͦͫͭ͟ ͙ͣ͊ͭ͟ τ ͙͙ͪͭ͟;͔͙ͫ͟ ͍͊͗ͤ͊Ύ ͊͒͊͘;͊ ͍ ͔͙͍͚ͪͨͪͦ͒ͯͭͤͦ͟ 

͔͙ͣ͒ͼ͙͔ͤΦ ˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͍ͫͪ͒ͫͭ͊Σ ͫͨͦͫͦ͋ͤ·͔ ͼ͔͔͍͔ͤ͊ͨͪ͊ͤͤͦ͡͡ ͙͙͍ͯͫ͊ͭ͡Έ ͙͙͡ ͦͫ͊͋͡͡ΎͭΈ 

ͫͦͪ͊͟΅͔͙ͤΎ ͙͔͙ͣͦͣͭͪΎΣ ͦ͋Ά͔͙͔͒ͤͤ· ͍ ͎ͪͯͨͨͯ ͣ ͊ͭͦ;ͤ·ͻ ͔͍ͫͪ͒ͫͭΦ ˮͻ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͔ͭͪ͋ͯͭ ͎͎ͯ͋ͦͦͦ͟͡ 

͙͙ͨͦͤͣ͊ͤΎ ͺ͙͙͎͙͙ͦͦ͘͡ ͙͔͙ͣͦͣͭͪΎ ͙ ;͔͎ͭͦͦ͟ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͍͙ͦ͋ͦͫͤͦ͊ͤΎΣ ͭ͊͟ ͊͟͟ ͦ΄͙͙͋͟ ͍ 

͙͔͔͙͙ͨͪͣͤͤ ͎ͣͦͯͭ ͙͍͔͙ͨͪͫͭ ͟ ͔ͫͪΈ͔ͤ͘·ͣ ͔͙ͦͫͦ͗ͤͤ͡Ύͣ ͊͟͟ ͒͡Ύ ͔͙ͣ͊ͭͪΣ ͭ͊͟ ͙ ͒͡Ύ ͨͦ͒͊͡Φ 

мΦ ˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ 

˸͊ͭͦ;ͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭ ͨͦ ͔ͨͪͦ͋͊͒͊͡Ό΅͔ͣͯ Ήͺͺ͔ͭͯ͟ ͤ͊ ͍͔͒ ͍ͦͫͤͦͤ·͔ ͎ͪͯͨͨ·Υ 

1. ˿͔͍ͪ͒ͫͭ͊Σ ͙͙ͫͭͣͯͪͯ͡Ό΅͙͔ ͣͯͫͯ͊ͭͯͪͯ͟͡ ͙ͣ͊ͭ͟ ό͔͙͙ͯͭͪͦͭͦͤ͟ύΥ 

o ˽͔ͪͨ͊ͪ͊ͭ· ͙ͦͫͭͦ͟ͼ͙ͤ͊ ό͙ͦͫͭͦ͟ͼ͙ͤΣ ͔͙͒ͣͦͫͭͦ͟ͼ͙ͤύΦ 

o ˽͔ͪͨ͊ͪ͊ͭ· ͫͨͦͪ·ͤΈ͙ όΉ͎͔͙ͪͦͣͭͪͤ͊ ͔ͣ͊͊ͭ͡Σ ͔͙ͣͭ͡Ή͎͔͙ͪͦͣͭͪͤύΦ 

o ˽͎͙ͪͦͫͭ͊͊ͤ͒ͤ͡· ό͙͒ͤͦͨͪͦͫͭΣ ͙͒ͤͦͨͪͦͫͭͦͤΣ ͊ͪ͋ͦͨͪͦͫͭ͟Σ ͙ͣͦͨͪͦͫͭͦ͘͡ύΦ 

o ˣͦ͊ͭͦͪ͟͡· ͎͔͔͍ͨͪͦͫͭͪͦͤͦ·ͻ ͔ͪͼ͔͍ͨͭͦͪͦ ό͙ͣͺ͔͙ͨͪͫͭͦͤύΦ 

2. ˿͔͍ͪ͒ͫͭ͊Σ ͪ͊ͫͫ͊͋͡͡ΎΌ΅͙͔ ͣͯͫͯ͊ͭͯͪͯ͟͡ ͙ͣ͊ͭ͟ ό͙͙͙ͭͦͦͭ͟͟͡ύΥ 

o ʲі-͔͙͔͙͙͊͒ͪͤͦͣͣͭ͟ ό͎͔͔͙ͫͦͨͪͤ͊ͤ͟͡Σ ͫ͊͡Έ͋ͯͭ͊ͣͦ͡Σ ͺ͔͔ͤͦͭͪͦ͡ύΦ 

o ˣͦ͊ͭͦͪ͟͡· ͊͟͡Έͼ͙͔͍·ͻ ͍͊ͤ͊ͦ͟͡ ό͙ͤͺ͔͙͙͒ͨͤύΦ 

o ˮ͎͙͙ͤ͋ͭͦͪ· ͙͔ͫͤͭ͊͘ ͎͙͍ͨͪͦͫͭ͊͊ͤ͒ͤͦ͡ ό͙͔ͤ͒ͦͣͭ͊ͼ͙ͤύΦ 

o ˢ͎͙ͦͤͫͭ· ͙ͦͫͭͦ͟ͼ͙͍ͤͦ·ͻ ͔ͪͼ͔͍ͨͭͦͪͦ ό͙͊ͭͦ͋͊ͤ͘ύΦ 

o ˿ͯ͡Έͺ͊ͭ ͎͙ͣ͊ͤΎ ό͎͔͙ͣ͊ͤ͘Ύύ. 

нΦ ͙͙̅͊ͪͣ͊ͦ͒ͤ͊ͣ͊͟͟ ͟͡Ό;͔͍·ͻ ͎ͪͯͨͨ 

¶ ˻͙ͫͭͦ͟ͼ͙ͤΥ ˿ ͙͔͙ͤͭͭ;͔͙͚ͫ͟ ͎͊ͤ͊ͦ͡ ͎ͦͪͣͦͤ͊ ͎͙ͨͦͭ͊͊ͣͯͫ͊͡Φ ˿͍Ύ͘·͍͔͊ͭͫΎ ͫͦ ͔ͫͨͼ͙ͺ͙;͔͙͙ͫͣ͟ 

͔ͪͼ͔͙ͨͭͦͪ͊ͣ ͤ͊ ͔ͭ͊͟͟͡ͻ ͙͔͙ͣͦͣͭͪΎΣ ͍·͘·͍͊Ύ ͙͔͙͔ͯͫͤ͡ ;͊ͫͭͦͭ· ͙ ͙͊ͣͨͭͯ͒͡· ͫͦͪ͊͟΅͔͙͚ͤΦ 

͍͍͙͔̉ͯͫͭͭ͡ΈͤͦͫͭΈ ͔ͪͼ͔͍ͨͭͦͪͦ ͟ ͙ͦͫͭͦ͟ͼ͙ͤͯ ͔ͪͦ͘͟ ͍͔ͦͪ͊ͫͭ͊ͭ͘ ͟ ͦͤ͟ͼͯ ͔͔͔͙͋ͪͣͤͤͦͫͭΦ ͔́͊͗͟ ͔ͦ͋͊͒͊ͭ͡ 

ͫͨͦͫͦ͋ͤͦͫͭΈΌ ͫͦͪ͊͟΅͊ͭΈ ͙ͣͦΉ͙͔͙ͨͭ͊͡͡Έͤ·͔ ͔͙ͭ͟͟͡ ͣͦͦ͡;ͤ·ͻ ͔͔͗͘͡Σ ͙͙ͫͭͣͯͪͯ͡Ύ ͊ͭ͊͟͡ͼ͙ΌΦ 

¶ ˽͔ͪͨ͊ͪ͊ͭ· ͫͨͦͪ·ͤΈ͙ όΉ͎͔͙ͪͦͣͭͪͤΣ ͔͙ͣͭ͡Ή͎͔͙ͪͦͣͭͪͤύΥ ˻ ͊͘͟·͍͊Όͭ ͨͪΎ͔ͣͦ ͙͙ͫͭͣͯͪͯ͡Ό΅͔͔ 

͔͚͍͙͔͒ͫͭ ͤ͊ ʰ-͔͔͊͒ͪͤͦͪͼ͔ͨͭͦͪ· ͙ ͔͙͍ͫͪͦͭͦͤͤͦ·͔ ͔ͪͼ͔ͨͭͦͪ· ͙͔͙ͣͦͣͭͪΎΣ ͍·͘·͍͊Ύ ͒ ͙͔ͭ͡͡Έ͔ͤͦ 

͙ͭͦͤ;͔͔ͫͦ͟ ͫͦͪ͊͟΅͔͙͔ͤ ͣ ͊ͭͦ;͚ͤͦ ͣͯͫͯ͊ͭͯͪ͟͡·Φ ̏ͭͦ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔ͤ͊͒͗ͤ·͚ ͎͔͙ͣͦͫͭ͊ͭ;͔͙͚ͫ͟ 

Ήͺͺ͔ͭ͟Φ 

¶ ˽͎͙ͪͦͫͭ͊͊ͤ͒ͤ͡· ό˽˥CнʰΣ ˽˥̏нύΥ ̒ ͍͡ΎΌͭͫΎ ͍ͦͫͤͦͤ·͙ͣ ͔͙͙ͣ͒͊ͭͦͪ͊ͣ ͫͦͪ͊͟΅͔͙͚ͤ ͙͔͙ͣͦͣͭͪΎΦ 

˽͍ͦ·΄͊Όͭ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͍͎ͫͦ͋ͦ͒ͤͦͦ ͊͟͡Έͼ͙Ύ ͍ ͙ͣͦͼ͙ͭ͊ͻΣ ͙͙͍ͯͫ͊͡Ύ ͙ͻ ͙ͫͦͪ͊ͭͣͦͫͭ͟ΈΦ ͔́͊͗͟ 

ͪ͊ͣ͘Ύ͎;͊Όͭ ͙ ͎͙͍ͫ͊͗͊͡Όͭ ΄͔͚ͯ͟ ͙ͣ͊ͭ͟ όϦ͔͍͙͔ͫͦͪ͊ͤ͘ϦύΦ 

¶ ʲі-͔͙͔͙͙͊͒ͪͤͦͣͣͭ͟ ό͎͔͔͙ͫͦͨͪͤ͊ͤ͟͡ύΥ ˿ ͍Ύ͘·͍͊ΌͭͫΎ ͫ ʲі-͔͔͊͒ͪͤͦͪͼ͔͙ͨͭͦͪ͊ͣΣ ͙͍͙͊ͭͪͯ͟Όͭ 

͔͙͊͒ͤ͊ͭ͡ͼ͙͊ͯ͘͟͡Σ ;ͭͦ ͍͔͔͒ͭ ͟ ͍ͨͦ·΄͔͙ͤΌ ͍ͯͪͦͤΎ ͼˢ˸̅ ͍ ͔͔ͭ͟͟͡Φ ̏ͭͦΣ ͍ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͙͔ͫͤ͗͊ͭ 

ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό ͙͍ͦͤͦ ͊͟͡Έͼ͙ΎΣ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͻ ͒͡Ύ ͫͦͪ͊͟΅͔͙ͤΎΣ ͍·͘·͍͊Ύ ͔ͪ͊ͫ͊͟͡ͼ͙Ό ͙͔͙ͣͦͣͭͪΎ. 

¶ ˣͦ͊ͭͦͪ͟͡· ͊͟͡Έͼ͙͔͍·ͻ ͍͊ͤ͊ͦ͟͡ ό͙ͤͺ͔͙͙͒ͨͤύΥ ˮ ͎͙͙ͤ͋ͪͯΌͭ ͍ͻͦ͒ ͙͍ͦͤͦ ͊͟͡Έͼ͙Ύ ͍ ͣ·΄͔;ͤ·͔ 

͔͙ͭ͟͟͡Σ ͔ͨͪͨΎ͍ͭͫͭͯΎ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ ͙͙͍͊ͭͦͣͦͤͦ͘͟·ͻ ͍ͫΎ͔͚͘ ͙ ͫͦͪ͊͟΅͔͙ͤΌΦ 

оΦ ˴͙͙ͤ͡;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ 

оΦмΦ ˿͙ͭͣͯ͡Ύͼ͙Ύ ͙͔ͫͦͪ͊ͭͭ͟͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ͣ͊ͭ͟Υ 

¶ ˮͤ͒ͯ͟ͼ͙Ύ ͙ ͙ͪͦ͒ͦͫͭͣͯ͡Ύͼ͙ΎΥ ˽ ͙ͪ ͔͔ͨͪͤͦ΄͔͚ͤͤͦ ͔͔͔͙͋ͪͣͤͤͦͫͭΣ ͔ͨͪΉ͙͙͊ͣͨͫ͟͡Σ ͙ͫ͊͋ͦͫͭ͡ 

͍͚ͪͦ͒ͦͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭΦ ˽ ͔ͪͨ͊ͪ͊ͭ· ͍·͋ͦͪ͊Υ ͦ ͙ͫͭͦ͟ͼ͙ͤ ό͍κ͍ ͔͊ͨ͟͡ΈͤͦύΣ ͎͙ͨͪͦͫͭ͊͊ͤ͒ͤ͡· ό͙͒ͤͦͨͪͦͫͭͦͤ 

͙͍͎͙ͤͭͪ͊͊ͤ͊͡Έͤͦ ͒͡Ύ Ϧ͔͍͙ͫͦͪ͊ͤ͘ΎϦ ΄͔͚͙͟ ͙ͣ͊ͭ͟ύΦ 

¶ ˽ͪͦͺ͙͙͊ͭ͊͟͟͡ ͙ ͔͡;͔͙͔ͤ ͙͊ͭͦͤ;͔͙ͫ͟ͻ ͔͍ͨͦͫͪͦ͒ͦ͡·ͻ ͍͔ͪͦͦͭ͟;͔͙͚ͤΥ ˨ ͡Ύ ͋·͎ͫͭͪͦͦ ͫͦͪ͊͟΅͔͙ͤΎ 

͙ͣ͊ͭ͟Φ ˽ ͔ͪͨ͊ͪ͊ͭ· ͍·͋ͦͪ͊Υ ͦ ͙ͫͭͦ͟ͼ͙ͤ ͙͙͡ ͔͙ͣͭ͡Ή͎͔͙ͪͦͣͭͪͤ ͍κ͍ ͙͙͡ ͍κͣ ͫͪ͊ͯ͘ ͔ͨͦͫ͡ ͔͙ͪͦ͗͒ͤΎ 

͔͔ͪ͋ͤ͊͟Φ ˽͙ͪ ͔ͤΉͺͺ͔͙͍͙ͭͤͦͫͭ͟ ς ͨ ͔͔͊ͪͤͭͪ͊͡Έ͔ͤͦ ͍͍͔͔͙͔͒ͤ ͊ͪ͋ͦͨͪͦͫͭ͊͟Φ 

¶ ˸͔͙͔͒͊ͣͤͭͦͤ͘͟·͚ ͊͋ͦͪͭ ͙ ͙ͫͭͣͯ͡Ύͼ͙Ύ ͍·͙͒͟·΄͊Υ 
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 ˴͙ͦͣ͋ͤ͊ͼ͙Ύ ͣ ͙ͺ͔͙ͨͪͫͭͦͤ͊ ό͙͎͔͎͔͊ͤͭͨͪͦͫͭ͊ͤΣ ͙͔͋ͦͪͯͭ͟͡ ͔ͪͼ͔ͨͭͦͪ· ͎͔͔ͨͪͦͫͭͪͦͤ͊ ͙ ͍ͨͦ·΄͔͊ͭ 

;͍͍͙͔ͯͫͭͭ͡ΈͤͦͫͭΈ ͙ͣ͊ͭ͟ ͟ ͎͙ͨͪͦͫͭ͊͊ͤ͒ͤ͊ͣ͡ύ ͫ ͣ ͙ͦͨͪͦͫͭͦͦͣ͘͡ ό͎͊ͤ͊ͦ͡ ˽˥˩мύ ͨͦ ͍͔͔ͯͭͪ͗͒ͤͤ·ͣ ͫͻ͔ͣ͊ͣ 

ͤ͊ ͙ͪ͊ͤͤͻ ͫͪͦ͊͟ͻ ͔͔͔͙͋ͪͣͤͤͦͫͭΦ 

оΦнΦ ͔͙͔́ͦͪͣͦ͗ͤ ͙͔ͫͦͪ͊ͭͭ͟͡Έ͚ͤͦ ͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ ͙ͣ͊ͭ͟ ό͙ͭͦͦ͘͟͡ύΥ 

¶ ͎̂ͪͦ͊͘ ͔ͨͪͪ·͍͙͊ͤΎ ͔͔͔͙͋ͪͣͤͤͦͫͭΣ ͎ͯͪͦ͊͘ ͔͔͍͔͔ͨͪ͗͒ͪͣͤͤ·ͻ ͍ͪͦ͒ͦΥ ̇ ͔͡Έ τ ͔͊͒ͪ͗͊ͭ͘Έ ͪͦ͒· 

ͤ͊ ͫͪͦ͟Σ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͚ ͒͡Ύ ͍͔͔͙ͨͪͦ͒ͤΎ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͔͙͎ͪͫͨͪ͊ͭͦͪͤͦͦ ͙͔͒ͫͭͪͫͫ-͙ͫͤ͒ͪͦͣ͊ ͨͦ͒͊͡ 

͙͔͙͙ͦͪͭͦͫͭͪͦ͒͊ͣ͟͟ ͙͙͡ ͙͍͙ͭͪ͊ͤͫͨͦͪͭͪͦ͟ ͍ ͔͙ͨͪͤ͊ͭ͊͡Έͤ·͚ ͼ͔ͤͭͪΦ 

o ˽͔ͪͨ͊ͪ͊ͭ· ͔͍͚ͨͪͦ ͙͙͙ͤ͡Υ ̡ і-͔͙͔͙͙͊͒ͪͤͦͣͣͭ͟ ό͎͔͔͙ͫͦͨͪͤ͊ͤ͟͡ ͍κ͍ύ ͙͙͡ ͋ ͦ͊ͭͦͪ͟͡· 

͊͟͡Έͼ͙͔͍·ͻ ͍͊ͤ͊ͦ͟͡ ό͙ͤͺ͔͙͙͒ͨͤ ǇŜǊ ƻǎύΦ 

o ˢ͡Έ͔͙͍ͭͪͤ͊ͭ͊Υ ͊ ͙ͭͦ͋͊ͤ͘ ό͔͔͙͍ͫͭͤ͟͡·͚ ͎͙͊ͤͭ͊ͦͤͫͭ ͔ͪͼ͔͍ͨͭͦͪͦ ͙ͦͫͭͦ͟ͼ͙ͤ͊Σ ͍·ͫͦ͊͟Ύ 

͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΣ ͤͦ ͍·ͫͦ͊͟Ύ ͙ͫͭͦͣͦͫͭΈύΦ 

o ˴͍͔͔ͪ͊ͭͦͪͣͤͤͦ͟ ό͒ͦ он ͔͔ͤ͒͡ΈύΥ ͙ ͎͙͙ͤ͋ͭͦͪ· ͎͙͍ͨͪͦͫͭ͊͊ͤ͒ͤͦ͡ ό͙͔ͤ͒ͦͣͭ͊ͼ͙ͤ ͍ ͍͔ͫ;͊ͻύΦ 

¶ ˶͔;͔͙͔ͤ ͙͔͔͙͒ͫͣͤͦͪ ό͔͔͋ͦͤͤͤ͘͡·ͻ ͔ͣͤͫͭͪͯ͊ͼ͙͚ύΥ ˽ ͙͔ͪͣͤΎΌͭͫΎ ͙ ͎͙͙ͤ͋ͭͦͪ· ͙͔ͫͤͭ͊͘ 

͎͙͍ͨͪͦͫͭ͊͊ͤ͒ͤͦ͡ ό͙͋ͯͨͪͦͺ͔ͤΣ ͔ͤ͊ͨͪͦͫͤ͟Σ ͙͔ͤ͒ͦͣͭ͊ͼ͙ͤύΣ ͦͭͦͪ͟·͔ ͙ͫͤ͗͊Όͭ ;͔͔ͪͣͪͤͯ͘Ό 

͙͔ͫͦͪ͊ͭͭ͟͡ΈͤͯΌ ͙͍͊ͭͤͦͫͭ͟Έ ͙ͣ͊ͭ͟Φ 

˭͊͟͡Ό;͔͙͔ͤ. ˸͊ͭͦ;ͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͣͦ΅ͤ·͚ ͙ Ήͺͺ͔͙͍ͭͤ͟·͚ ͙͔ͤͫͭͪͯͣͤͭ ͍ 

ͪͯ͊͟ͻ ͍ͪ͊;͊Φ ˮͻ ͙͔͔͙͔ͨͪͣͤͤ ͎ͫͭͪͦͦ ͔͎͔͙͍ͪ͊ͣͤͭͪͦ͊ͤͦ͡ ͙͙ͤ͟͡;͔͙͙ͫͣ͟ ͙ͨͪͦͭͦͦ͊ͣ͟͡ ͙ ͔͔ͭͪ͋ͯͭ 

ͭ΅͔͊ͭ͡Έ͚ͤͦ ͦͼ͔͙ͤ͟ ͙͚ͨͦ͊͊ͤ͘͟ ͙ ͙͍͙͚ͨͪͦͭͦͨͦ͊͊ͤ͘͟Φ ˤ·͋ͦͪ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔ͨͪͨ͊ͪ͊ͭ͊ ͍͙͙͊ͫͭ͘ ͦͭ 

͙͙ͤ͟͡;͔͚ͫͦ͟ ͊͒͊͘;͙ ό͙ͫͭͣͯ͡Ύͼ͙Ύ ͙͙͡ ͔͙͔ͭͦͪͣͦ͗ͤ ͙͍͙͊ͭͤͦͫͭ͟ ͙ͣ͊ͭ͟ύΣ ͫͪͦ͊͟ ͎͔ͫͭ͊ͼ͙͙Σ ͫͦͫͭͦΎ͙ͤΎ 

͔͙ͣ͊ͭͪ ͙ ͨͦ͒͊͡Φ ˽͙͙͔ͦͤͣ͊ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͚͍͙͒ͫͭΎ ͙ ͙ͨͪͤͼ͙͍ͨͦ ͙͙ͤ͟͡;͔͎ͫͦͦ͟ ͙͔͔͙ͨͪͣͤͤΎ ͙ͪ͊͘͡;ͤ·ͻ 

͎ͪͯͨͨ ͣ͊ͭͦ;ͤ·ͻ ͔͍ͫͪ͒ͫͭ Ύ͍͡Ύ͔ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͍͙͔ͯͫͦͣ͡ ͒͡Ύ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͍͔͔͒ͤ ͙Ύ ͔͔͔͙͋ͪͣͤͤͦͫͭΣ 

͍ͪͦ͒ͦ ͙ ͔͍͎ͨͦͫͪͦ͒ͦͦͦ͡ ͔͙ͨͪͦ͒͊Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˿͍͔͊͡Έ͔͍͊ ˥Φ˸ΦΣ ˿ͯͻ͙ͻ ˥Φ́ΦΣ ˿͔͍ͪͦ ˤΦ˹ΦΣ ˾͙͙͚͊͒ͤͫ͘͟ ˤΦ˩Φ ό͔ͪ͒ΦύΦ ˢͯ͟΄͔͍ͪͫͭͦΥ ͤ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ 

͍͍ͪͯͦͦ͒ͫͭͦ͟Φ нπ͔  ͙͒͘Φ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлннΦ 

нΦ ˴͍͔͚ͭͤͦ ˮΦ˸ΦΣ ˬͯ͟ ˻ΦˤΦ ͎͙̅͊ͪͣ͊ͦͦ͟͡Ύ ͣ͊ͭͦ;ͤ·ͻ ͔͍ͫͪ͒ͫͭΥ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͊ͫͨͭ͟·Φ κκ ˢͯ͟΄͔͍ͪͫͭͦΣ 

͎͙͔͎͙ͤͦͦ͟͡Ύ ͙ ͔ͪͨͪͦ͒ͯ͟ͼ͙ΎΦ ς нлнлΦ ς ́Φ мпΣ Ѕ оΦ ς ˿Φ нутπнфуΦ 

оΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ όͨͪͦͭͦͦ͟͡·ύ ˸͙͍ͤ͒ͪ͊͊͘ ˾͙͙ͦͫͫΥ Ϧ˽͔͔͍͔͔ͪ͗͒ͪͣͤͤ·͔ ͪͦ͒·Ϧ όнлнмύΣ 

Ϧ˹ͦͪͣ͊͡Έͤ·͔ ͪͦ͒·Ϧ όнлнлύΦ 

пΦ ²ƻǊƭŘ IŜŀƭǘƘ hǊƎŀƴƛȊŀǝƻƴ ό²IhύΦ ²Ih ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŦƻǊ ƛƴŘǳŎǝƻƴ ƻŦ ƭŀōƻǳǊΦ DŜƴŜǾŀΣ нлннΦ 

5. .ȅƎŘŜƳŀƴ aΦΣ 5ŀƴƛŜƭǎǎƻƴ YΦDΦ !ŘǾŀƴŎŜǎ ƛƴ ŎƻƴǘǊŀŎŜǇǘƛƻƴΥ ǘƘŜ ǇǊƻƎŜǎǘŜǊƻƴŜ ŀƴǘŀƎƻƴƛǎǘ ƳƛƭŜǇǊƛǎǘƻƴŜ ŀƴŘ ǘƘŜ 

ǇǊƻǎǘŀƎƭŀƴŘƛƴ ƳƛǎƻǇǊƻǎǘƻƭΦ κκ !Ŏǘŀ hōǎǘŜǘǊƛŎƛŀ Ŝǘ DȅƴŜŎƻƭƻƎƛŎŀ {ŎŀƴŘƛƴŀǾƛŎŀΦ ς нллнΦ ς ±ƻƭΦ умΦ ς tΦ слфςсмоΦ 

ϭ ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ΦΣ нлнр 

 

 

 

 

       ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ͯ͡Έͤ͊ͪ͊Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͙͊ͤ͒͒͊ͭ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˥ˮ˽˻́˩˹˭ˮˤ˹̍˩ ˿˾˩˨˿́ˤˢΥ ˿́˾ˢ́˩˥ˮ̒ ̅ˢ˾˸ˢ˴˻́˩˾ˢ˽ˮˮ ˢ˾́˩˾ˮˢ˶̎˹˻˯ ˥ˮ˽˩˾́˩˹˭ˮˮ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˢ͔͙ͪͭͪ͊͡Έͤ͊Ύ ͎͙͔͔͙ͨͪͭͤ͘Ύ όˢ˥ύ ͔ͦͫͭ͊ͭͫΎ ͍͔͒ͯ΅͙ͣ ͙ͣͦ͒ͺ͙ͼ͙͔ͪͯͣ·ͣ ͺ͊ͭͦͪͦͣ͟ ͙ͪͫ͊͟ ͔͔ͫͪ͒;ͤͦπ
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͙ͫͦͫͯ͒ͫͭ·ͻ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͔͙ͫͣͪͭͤͦͫͭ ͍ͦ ͍͔ͫͣ ͙͔ͣͪΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͎͙ͫͭͪ͊ͭΎ ͺ͔͙͙͊ͪͣ͊ͦͭͪ͊ͨ͟ ˢ˥ 

͙͔͋͊ͪͯͭͫ͘Ύ ͤ͊ ͙ͨͪͤͼ͙ͨ͊ͻ ͔͙ͨͪͫͦͤ͊͊͘͡ͼ͙͙Σ ͙͍͎͊ͭͤͦͦ͟ ͦͤͭͪͦ͟͡Ύ ͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡Ύ όˢ˨ύ ͙ 

͔͙ͨͪͣͯ΅͔͍͔͎ͫͭͤͤͦͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͙͍͚ͦͣ͋ͤͪͦ͊ͤͤͦ͟ ͔͙͙ͭͪ͊ͨΦ ˤ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡ ͦ͋ͦͪ͘ ͍ͦͫͤͦͤ·ͻ 

͍͊ͫͫͦ͟͡ ͎͙͔͙͍ͨͦͭͤͤ͘·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ό͙͎͙͙ͤ͋ͭͦͪ· ˢ˽̅Σ ͋ͦ͊ͭͦͪ͟͡· ͔ͪͼ͔͍ͨͭͦͪͦ ͎͙͔͙͊ͤͦͭͤͤ͊͘ LLΣ 

͎͙͊ͤͭ͊ͦͤͫͭ· ͊͟͡Έͼ͙ΎΣ ͙͙ͭ͊͒ͤ͘·͔κ͙͙ͭ͊͒ͦͨͦ͒ͦ͋ͤ͘·͔ ͙͔͙͙͒ͯͪͭ͟Σ π̡͊ ͔͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡·ύΣ ͙ͻ ͔ͣͫͭ͊ ͍ 

͔͙͙ͭͪ͊ͨ ͎ͫͦ͊ͫͤͦ͡ ͊ͭͯ͊͟͡Έͤ·ͣ ͙͙ͤ͟͡;͔͙ͫͣ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙ΎͣΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙͔͙ͪͭͪ͟Ύͣ 

͍·͋ͦͪ͊ ͍͚ͫͭ͊ͪͭͦͦ ͔͙͙ͭͪ͊ͨΣ ͎͙͊ͦͪͭͣ͊ͣ͡ ͙ͭͭͪ͊ͼ͙͙ ͒ͦ͘ ͙ ͙͙͍͙ͦͣ͋ͤͪͦ͊ͤ͟Ύ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͫ ͙ͪ͊͘͡;ͤ·͙ͣ 

͔ͣͻ͙͙͊ͤͣ͊ͣ͘ ͔͚͍͙͒ͫͭΎ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͼ͔͔͍͡·ͻ ͍͔͚ͯͪͦͤ ˢ˨ ͙ ͎͔ͦͪ͊ͤͦͨͪͦͭ͟ͼ͙͙Φ ˽ͦ͒;͔͙͍͔ͪ͊ͭͫ͟Ύ 

͍͊͗ͤͦͫͭΈ ͯ;͔ͭ͊ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͺ͍͊ͭͦͪͦ͟ ͙ͪͫ͊͟ ͙ ͙͍͔͔͙ͨͪͪ͗ͤͤͦͫͭ ͨ͊ͼ͙͔ͤͭ͊ ͟ ͔͡;͔͙ͤΌ 

͊͟͟ ͟͡Ό;͔͍·ͻ Ή͔͔͍ͣͤͭͦ͡ ͔ͯͫͨ΄͚ͤͦ ͎͒ͦͦͫͪͦ͡;͚ͤͦ ͔͎͙͙ͫͭͪ͊ͭΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙͊ͪͭͪ͊͡Έͤ͊Ύ ͎͙͔͔͙ͨͪͭͤ͘ΎΣ ͎͙͔͙͍ͨͦͭͤͤ͘·͔ ͔͍ͫͪ͒ͫͭ͊Σ ͙͎͙͔͔͙͍͊ͤͭͨͪͭͤͤ͊͘Ύ ͔͙ͭͪ͊ͨΎΣ ͙͎͙͙ͤ͋ͭͦͪ· ˢ˽̅Σ 

͋ͦ͊ͭͦͪ͟͡· ͔ͪͼ͔͍ͨͭͦͪͦ ͎͙͔͙͊ͤͦͭͤͤ͊͘ LLΣ ͎͙͊ͤͭ͊ͦͤͫͭ· ͊͟͡Έͼ͙ΎΣ ͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͊͟Ύ ͔͙ͭͪ͊ͨΎΣ  

ͼ͔͔͍͔ͦ͡ ͔͙͊ͪͭͪ͊͡Έ͔ͤͦ ͍͔͙͔͒͊ͤ͡Φ 

 

ˤ͍͔͔͙͔͒ͤ 

͔̇͡Έ ͺ͔͙͙͊ͪͣ͊ͦͭͪ͊ͨ͟ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘ όˢ˥ύ τ ͔ͤ ͨͪͦͫͭͦ ͙͔͙͔ͫͤ͗ͤ ͼ͙ͺͪ 

͔͙͊ͪͭͪ͊͡Έ͎ͤͦͦ ͍͔͙͒͊ͤ͡Ύ όˢ˨ύΣ ͊ ͙ͣ͊ͫͣ͊͟͡Έ͔ͤͦ ͙͔͙͔ͫͤ͗ͤ ͦ͋΅͔͎ͦ ͔͔ͫͪ͒;ͤͦ-͙͎ͫͦͫͯ͒ͫͭͦͦ ͙ͪͫ͊͟ ͊͘ ͫ;͔ͭ 

͙͔͙͒ͦͫͭ͗ͤΎ ͙ͫͭ͊͋͡Έͤ·ͻ ͼ͔͔͍͡·ͻ ͤ͊͘;͔͙͚ͤ ˢ˨ ͙ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͎͔͙͍͎ͦͪ͊ͤͦͨͪͦͭͭͤͦͦ͟ Ήͺͺ͔ͭ͊͟Φ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͎͙ͫͭͪ͊ͭΎ ͦͭͦ΄͊͡ ͦͭ ͔͙͙ͣͦͤͦͭͪ͊ͨ ͙ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͎ͤͦͦ ͔͔ͨͪ͋ͦͪ͊ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͍ ͫͭͦͪͦͤͯ 

͔͎ͪ͊ͤͤͦΣ ͙͍͎͊ͭͤͦͦ͟ ͙ ͙͙͍͎ͦͣ͋ͤͪͦ͊ͤͤͦͦ͟ ͨͦ͒ͻͦ͒͊Φ 

мΦ ˻͍ͫͤͦͤ·͔ ͊ͫͫ͟͡· ͎͙͔͙͍ͨͦͭͤͤ͘·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ 

1. ˮ͎͙͙ͤ͋ͭͦͪ· ͎͙͔͙͊ͤͦͭͤͤ͘-͔͍ͨͪͪ͊΅͊Ό΅͔͎ͦ ͺ͔͔ͪͣͤͭ͊ ό͙ˢ˽̅ύ όΉ͙ͤ͊͊ͨͪ͡͡Σ ͙͙͙ͤͦͨͪ͘͡͡Σ 

͔͙͙ͨͪͤ͒ͦͨͪ͡ύΦ ˣ͙ͦͪͯ͟͡Όͭ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͎͙͔͙͊ͤͦͭͤͤ͊͘ LLΣ ͦ͊͘͟·͍͊Όͭ ͍͙͙͊ͦ͒͊ͭͪͯ͘͡Ό΅͙͚Σ ͙͊ͪ͒ͦ͟- ͙ 

͔ͤͺ͔͙͍ͪͦͨͪͦͭͭͤ͟·͚ Ήͺͺ͔ͭ͟·Φ ˽ͦ͊͊ͤ͘͟· ͙ͨͪ ˢ˥ ͫ ͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΌΣ ͙͔͙͒͊͋ͭ;͔͚ͫͦ͟ 

͔ͤ ͺ͙͔͚ͪͦͨ͊ͭΣ ͔ͨͦͫ͡ ͙ͤͺ͊ͪͭ͊͟ ͙ͣͦ͊ͪ͒͊͟Φ 

2. ˣͦ͊ͭͦͪ͟͡· ͔ͪͼ͔͍ͨͭͦͪͦ ͎͙͔͙͊ͤͦͭͤͤ͊͘ LL όˣ˾ˢΣ ͫ͊ͪͭ͊ͤ·ύ όͦ͊ͪͭ͊ͤ͘͡Σ ͍͊ͫ͊ͪͭ͊ͤ͡Σ ͔͙ͭͣͫ͊ͪͭ͊ͤ͡ύΦ 

ˣ͙ͦͪͯ͟͡Όͭ Ήͺͺ͔ͭ͟· ͎͙͔͙͊ͤͦͭͤͤ͊͘ LL ͤ͊ ͍͔ͯͪͦͤ ͔ͪͼ͔͍ͨͭͦͪͦΦ ˻͋͊͒͊͡Όͭ ͫͻͦ͒ͤ·͙ͣ ͫ ͙ˢ˽̅ ͙ͨͦ͊͊ͤ͘͟Ύ͙ͣΣ 

ͤͦ ͯ͡;΄͔ ͔͔ͨͪͤͦͫΎͭͫΎ ό͔ͤ ͍·͘·͍͊Όͭ ͊͟΄͔͡ΈύΦ 

3. ˢ͎͙ͤͭ͊ͦͤͫͭ· ͊͟͡Έͼ͙Ύ όˢ˴ύ ό͙͙͊ͣͦ͒ͨͤ͡Σ ͙ͤͺ͔͙͙͒ͨͤΣ ͍͔͙ͪ͊ͨ͊ͣ͡Σ ͙͙͔͒ͭ͊ͣ͘͡ύΦ 

˨͙͎͙͙͙͙͍͒ͪͦͨͪ͒ͤͦ·͔ ˢ˴ ό͙͙͊ͣͦ͒ͨͤ͡ύ τ ͣͦ΅ͤ·͔ ͍͙͊ͦ͒͊ͭ͊ͭͦͪ͘͡·Σ ͔ͨͪͨ͊ͪ͊ͭ· ͍·͋ͦͪ͊ ͯ ͙ͨͦ͗͡·ͻΣ 

ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͙͙͍͚ͦͪͦ͊ͤͤͦ͘͡ ͙͙ͫͫͭͦ͡;͔͚ͫͦ͟ ˢ˥Σ ͔͙͔͚ͫͭͤͦ͊ͪ͒͟Φ ˹͔͙͎͙͙͙͙͍͒͒ͪͦͨͪ͒ͤͦ·͔ ˢ˴ ό͍͔͙ͪ͊ͨ͊ͣ͡Σ 

͙͙͔͒ͭ͊ͣ͘͡ύ ͔ͯͪ͗͊Όͭ ̉˿˿Σ Ήͺͺ͔͙͍ͭͤ͟· ͙ͨͪ ͭ͊ͻ͙͙͙͊ͪͭͣΎͻΦ 

4. ͙͙́͊͒ͤ͘·͔ ͙ ͙͙ͭ͊͒ͦͨͦ͒ͦ͋ͤ͘·͔ ͙͔͙͙͒ͯͪͭ͟ ό͎͙͒ͪͦͻ͙͙ͦͪͦͭ͊͒͘͡Σ ͙͙ͤ͒͊ͨ͊ͣ͒Σ ͻ͙ͦͪͭ͊͒ͦͤ͡͡ύΦ 

͙͙͍̂ͫ͊͡Όͭ ͍·͍͔͔͙͔͒ͤ ͙ͤ͊ͭͪΎ ͙ ͍ͦ͒·Φ ˻͔ͫͦ͋ͤͤͦ Ήͺͺ͔͙͍ͭͤ͟· ͯ ͙ͨͦ͗͡·ͻΣ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͔ͦͭ;ͤ·ͣ 

͙ͫͤ͒ͪͦͣͦͣΣ ͍ ͍͔ͫͦͫͭ͊ ͙͙͍͚ͦͣ͋ͤͪͦ͊ͤͤͦ͟ ͔͙͙ͭͪ͊ͨΦ ˮ͙ͤ͒͊ͨ͊ͣ͒ ͙ ͻ͙ͦͪͭ͊͒ͦͤ͡͡ ͦ͋͊͒͊͡Όͭ ͙͙ͣͤͣ͊͡Έͤ·ͣ 

͔͙ͣͭ͊͋ͦ͡;͔͙ͫͣ͟ ͍͙͡Ύ͙͔ͤͣΦ 

5. -̡͔͊͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡· όˣˢˣύ ό͙͋ͫͦͨͪͦͦ͡͡Σ ͔ͣͭͦͨͪͦͦ͡͡Σ ͔͙͍ͤ͋ͦͦ͡͡ύΦ ˿͙ͤ͗͊Όͭ ̉˿˿ ͙ ͔͔ͫͪ͒;ͤ·͚ 

͍·͋ͪͦͫΦ ˽͔ͪͨ͊ͪ͊ͭ· ͍·͋ͦͪ͊ ͙ͨͪ ͫͦ;͔͙͙ͭ͊ͤ ˢ˥ ͫͦ ͔͙͔͚ͫͭͤͦ͊ͪ͒͟Σ ͔͔͔͔ͨͪͤͫͤͤ·ͣ ͙ͤͺ͊ͪͭͦͣ͟ ͙ͣͦ͊ͪ͒͊͟Σ 

ͻ͙ͪͦͤ;͔͚ͫͦ͟ ͔͔ͫͪ͒;͚ͤͦ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΌΣ ͭ͊ͻ͙͙͙͊ͪͭͣΎ͙ͣΦ 

нΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͔͎͙ͫͭͪ͊ͭΎ ͺ͔͙͙͊ͪͣ͊ͦͭͪ͊ͨ͟Υ ͟͡Ό;͔͍·͔ ͙ͨͪͤͼ͙ͨ· 

¶ ˽͙ͪͤͼ͙ͨ ζͫͭ͊ͪͭ ͙ͤͦ͘͟ τ ͙͙͒ ͋·ͫͭͪͦηΥ ˹ ͊;͊ͦ͡ ͔͙͙ͭͪ͊ͨ ͫ Ήͺͺ͔͙͍ͭͤ͟·ͻ ͒ͦ͘ ό͔ͤ ͫ 

͔͔͍͙ͫͯ͋ͭͪ͊ͨͭ;͔͙ͫ͟ͻύ ͫ ͔ͨͦͫ͒ͯ͡Ό΅͔͚ ͋·͚ͫͭͪͦ ͙͔͙ͤͭͤͫͺ͙͊͟ͼ͙͔͚ ό͍͔͙͔ͯ͒ͦͤ ͒ͦ͘·Σ ͍͔͙͔͒ͦ͋͊ͤ͡ н-͎ͦ ͙͙͡ 

3-͎ͦ ͔ͨͪͨ͊ͪ͊ͭ͊ύ ͙ͨͪ ͔͙͔͙͙ͤ͒ͦͫͭ͗ͤ ͼ͔͔͍͎ͦͦ͡ ˢ˨ ;͔͔ͪ͘ н-п ͔͔͙ͤ͒͡Φ 

¶ ˽͙͙͔ͪͦͪͭͭ ͙͙͍͚ͦͣ͋ͤͪͦ͊ͤͤͦ͟ ͔͙͙ͭͪ͊ͨΥ ˨ ͡Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͨ͊ͼ͙͔͍ͤͭͦΣ ͔ͦͫͦ͋ͤͤͦ ͫ ˢ˨ Ҕмслκмлл 
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ͣͣ ͪͭΦͫͭΦ ͙͙͡ ͍·͙ͫͦͣ͟κͦ;͔ͤΈ ͍·͙ͫͦͣ͟ ͙ͪͫͦͣ͟Σ ͫ ͍ͭ͊ͪͭͦ͊Ύ ͔͙ͭͪ͊ͨΎ ͔ͨͪ͒ͨͦ;͙͔ͭͭ͡Έͤ͊ ͍ ͍͙͔͒ 

ͺ͙͙͍ͫͪͦ͊ͤͤ͟·ͻ ͙ͦͣ͋ͤ͊͟ͼ͙͚ ͍͒ͯͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ ̏ͭͦ ͍ͨͦ·΄͔͊ͭ ͙͍͔͔ͨͪͪ͗ͤͤͦͫͭΈΣ ͯͫͦͪ͟Ύ͔ͭ ͙͔͙͔͒ͦͫͭ͗ͤ 

ͼ͔͙͡ ͙ ͙͔ͫͤ͗͊ͭ ;͊ͫͭͦͭͯ ͨͦ͋ͦ;ͤ·ͻ Ήͺͺ͔͍ͭͦ͟ ͊͘ ͫ;͔ͭ ͙͔͎͙ͫͤͪͣ͊͘ ͔͚͍͙͒ͫͭΎ ͙ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔ͣͤΈ΄͙ͻ 

͒ͦ͘Φ 

¶ ˾͊ͼ͙ͦͤ͊͡Έͤ·͔ ͙ͦͣ͋ͤ͊͟ͼ͙͙Υ ˹ ͙͔͔͊͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͟· ͙ ͔͔͍ͪͦͣͤ͒ͦ͊ͤ͟· ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͔͍ͨͪͨ͊ͪ͊ͭͦ 

ͫ ͒ͦͨͦͤ͡ΎΌ΅͙͙ͣ ͔ͣͻ͙͙͊ͤͣ͊ͣ͘ ͔͚͍͙͒ͫͭΎΥ 

o ͙ˢ˽̅κˣ˾ˢ Ҍ ͙͔͙͒ͯͪͭ͟ 

o ͙ˢ˽̅κˣ˾ˢ Ҍ ˢ˴ 

o ˢ˴ Ҍ ͙͔͙͒ͯͪͭ͟ 

o ˢ˴ Ҍ ˣˢˣ ό;͊΅͔ ͒͡Ύ ͦͤͭͪͦ͟͡Ύ ͙͍ͫͣͨͭͦͣͦΣ ͙͔ͤ͊ͨͪͣͪΣ ͙ͨͪ ͔͙͙ͫͭͤͦ͊ͪ͒͟ύΦ 

¶ ˽͔͙͙͍ͪͫͦͤ͊ͪͦ͊ͤͤ͘͡·͚ ͍·͋ͦͪΥ ʕ ·͋ͦͪ ͍͎ͫͭ͊ͪͭͦͦͦ ͔ͨͪͨ͊ͪ͊ͭ͊ ͙͙͡ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ 

͙ͤ͊͡;͙͔ͣ ͍ͫͦͨͯͭͫͭͯΌ΅͔͚ ͎͙͙ͨ͊ͭͦͦ͡ ό͙͙ͦͣͦͪ͋͒ͤͦͫͭ͟ύΥ 

o ˿͔͔ͪ͒;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΥ ͙ ˢ˽̅κˣ˾ˢ Ҍ ˣˢˣ Ҍ ͎͙͊ͤͭ͊ͦͤͫͭ ͙͔͙͙ͣͤͪ͊ͦͦͪͭͦ͒ͤ͟͟͡·ͻ 

͔ͪͼ͔͍ͨͭͦͪͦ όaw!ύ Ҍ {D[¢н ͙͎͙͙ͤ͋ͭͦͪΦ 

o ˮˣ˿Σ ͔͔͔͔ͨͪͤͫͤͤ·͚ ͙ͤͺ͊ͪͭ͟Υ x ˢˣ Ҍ ͙ˢ˽̅κˣ˾ˢΦ 

o ˿͊ͻ͊ͪͤ·͚ ͙͔͒͊͋ͭΣ ͻ͙ͪͦͤ;͔ͫ͊͟Ύ ͔͋ͦͤ͘͡Έ ͨͦ;͔͟Υ ͙ ˢ˽̅κˣ˾ˢ ό͔ͨͪͨ͊ͪ͊ͭ· ͔͍͎ͨͪͦͦ ͍·͋ͦͪ͊ύΦ 

o ˽͙͚ͦ͗ͦ͡ ͍ͦͪ͊ͫͭ͘Σ ͙͙͍ͦͪͦ͊ͤͤ͊͘͡Ύ ͙͙ͫͫͭͦ͡;͔ͫ͊͟Ύ ˢ˥Υ s ˴ ͙͙͡ ͙͔͙͒ͯͪͭ͟Φ 

¶ ˴ͦͤͭͪͦ͡Έ ͙ ͙ͭͭͪ͊ͼ͙ΎΥ ˹ ͔ͦ͋ͻ͙ͦ͒ͣ ͔͎ͪͯ͡Ύͪͤ·͚ ό͔͔͔͍͗͒ͤͤ·͚ύ ͫ͊ͣͦͦͤͭͪͦ͟͡Έ ˢ˨ ͨ͊ͼ͙͔ͤͭͦͣΦ 

˩͙ͫ͡ ͤ͊ ͺ͔ͦͤ ͍͚͚͒ͦͤͦ ͙ͦͣ͋ͤ͊͟ͼ͙͙ ͼ͔͔͍͚ͦ͡ ͍͔ͯͪͦͤΈ ˢ˨ ͔ͤ ͙͎͒ͦͫͭͤͯͭΣ ͍͒ͦ͋͊͡Ύ͔ͭͫΎ ͔͙͚ͭͪͭ ͔ͨͪͨ͊ͪ͊ͭ ͙͘ 

͎͎͒ͪͯͦͦ ͊ͫͫ͊͟͡ ό;͊΅͔ ͍͔͎ͫͦ Ήͭͦ ͔͋ͯ͒ͭ ͙ͦͣ͋ͤ͊͟ͼ͙Ύ ͙ ˢ˽̅κˣ˾ˢ Ҍ ˢ˴ Ҍ ͙͔͙͒ͯͪͭ͟ύΦ ˽͙ͪ ͔͙͔͚ͪͫͭͤͭͤͦ͘ ˢ˥ 

͔ͣͦ͗ͭ ͋·ͭΈ ͍͔͒ͦ͋͊ͤ͡ п-͚ ͔ͨͪͨ͊ͪ͊ͭΥ aw! ό͙ͫͨͪͦͤͦ͊ͭͦͤ͟͡ύΣ ʲ-ˣ˴˴ ͙͙͡ ͎͙͊ͦͤͫͭ ͙͙͙͍ͣ͒͊ͦͤͦ͘͡·ͻ 

͔ͪͼ͔͍ͨͭͦͪͦΦ 

оΦ ͔͔͍̇͡·͔ ͍͙ͯͪͦͤ ˢ˨ 

˨͡Ύ ͋ͦ͡Έ΄͙͍ͤͫͭ͊ ͨ͊ͼ͙͔͍ͤͭͦ ͼ͔͔͍͚ͦ͡ ͍͔ͯͪͦͤΈ ˢ˨ τ ғмплκфл ͣͣ ͪͭΦͫͭΦ ˽ ͙ͪ ͻͦͪͦ΄͔͚ 

͔͔͙͙ͨͪͤͦͫͣͦͫͭΣ ͔ͦͫͦ͋ͤͤͦ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͎ͣͦͦ͒ͦͦ͡ ͙ ͔͔͎ͫͪ͒ͤͦ ͍ͦͪ͊ͫͭ͊͘Σ ͫ ͍·͙ͫͦͣ͟ ͙ͪͫͦͣ͟ ό͙͔͒͊͋ͭΣ ̆ˣ˽ύΣ 

͔͔͔ͪͦͣͤ͒ͯͭͫ͟Ύ ͔͙ͫͭͪͣͭΈͫΎ ͟ ғмолκул ͣͣ ͪͭΦͫͭΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˿͔͎͙ͭͪ͊ͭΎ ͺ͔͙͙͊ͪͣ͊ͦͭͪ͊ͨ͟ ˢ˥ ͫͭ͊͊͡ ͔͔͋ͦ͡ ͎͔͙͍͚͊ͪͫͫͤͦ ͙ ͙͙͍͙͙͙͍͚ͤ͒͒ͯ͊ͪͦ͊ͤͤͦ͘͡Φ ˩͔ ͍ͦͫͤͦ͊ τ 

͙͍͔͊ͭͤͦ͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͙͙͍͚ͦͣ͋ͤͪͦ͊ͤͤͦ͟ ͔͙͙ͭͪ͊ͨ ͫ ͔͍ͨͪ·ͻ ΄͎͍͊ͦ ͔͡;͔͙ͤΎΣ ͔ͨͪ͒ͨͦ;͙͔ͭͭ͡Έͤͦ ͍ ͍͙͔͒ 

ͺ͙͙͍ͫͪͦ͊ͤͤ͟·ͻ ͙ͦͣ͋ͤ͊͟ͼ͙͚Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͋·ͫͭͪͦΣ Ήͺͺ͔͙͍ͭͤͦ͟ ͙ ͔͋ͦͨ͊ͫͤͦ͘ ͙͒ͦͫͭ;Έ ͼ͔͔͍͡·ͻ 

ͤ͊͘;͔͙͚ͤ ˢ˨Φ ˴͡Ό; ͟ ͔ͯͫͨͻͯ τ ͔ͤ ͭͦ͡Έͦ͟ ͍͙ͨͪ͊͡Έͤ·͚ ͍·͋ͦͪ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͤ͊ ͍͔ͦͫͤͦ ͔͒ͦ͊͊ͭ͘͟͡Έ͚ͤͦ 

͔͙ͣ͒ͼ͙ͤ· ͙ ͍ͫͦͨͯͭͫͭͯΌ΅͙ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͤͦ ͙ ͔͙͔ͨͦͫͭͪͦͤ ͔͙ͨ͊ͪͭͤͪͫ͟ͻ ͦͭͤͦ΄͔͙͚ͤ ͫ ͨ͊ͼ͙͔ͤͭͦͣ ͒͡Ύ 

͔͔ͦ͋ͫͨ;͔͙ͤΎ ͎͒ͦͦͫͪͦ͡;͚ͤͦ ͙͍͔͔͙ͨͪͪ͗ͤͤͦͫͭ ͟ ͔͡;͔͙ͤΌΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ нлнл ˾͙͚͙͔ͦͫͫͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ ͔͙͊ͪͭͪ͊͡Έ͚ͤͦ ͎͙͔͔͙͙ͨͪͭͤ͘Φ 

˴͙͍͊ͪ͒ͦ͊ͫͯ͟͡Ύͪͤ͊Ύ ͔͙ͭͪ͊ͨΎ ͙ ͨͪͦͺ͙͙͊ͭ͊͟͟͡Φ нлнлΤмфόоύΥтπмлпΦ 

нΦ нлно 9{I DǳƛŘŜƭƛƴŜǎ ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŀǊǘŜǊƛŀƭ ƘȅǇŜǊǘŜƴǎƛƻƴΦ WƻǳǊƴŀƭ ƻŦ IȅǇŜǊǘŜƴǎƛƻƴΦ 

нлноΤпмόмнύΥмутпπнлтмΦ 

оΦ ˻͎͍͊ͤͦ ˾Φ˥ΦΣ ˨͙ͪ͊ͨͤ͊͟ ˻Φ˸Φ ό͔ͪ͒ΦύΦ ˴͙͎͙͊ͪ͒ͦͦ͡ΎΥ ͤ͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͍͍ͪͯͦͦ͒ͫͭͦ͟Φ нπ͔  ͙͒͘Φ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ 

нлнмΦ 

пΦ ͍̉͊ͦ͊͘ ˮΦ˩ΦΣ ˬ͔͍ͪͤ͊ͦ͊͟ ̑ΦˤΦ ˻ͭ ͙͙͍͚ͦͪͦ͊ͤͤͦ͘͡ ͎͙͔͙͙ͨͪͭͦͤ ͟ ͙͚ͦͣͦͪ͋͒ͤͦ͟ ͎͙͙ͨ͊ͭͦͦ͡Υ ͍·͋ͦͪ 

͙ͦͨͭͣ͊͡Έ͚ͤͦ ͎͙͔͙͍͚ͨͦͭͤͤͦ͘ ͔͙͙ͭͪ͊ͨΦ ˾͊ͼ͙ͦͤ͊͡Έͤ͊Ύ ͔͙̅͊ͪͣ͊ͦͭͪ͊ͨ͟Ύ ͍ ˴͙͎͙͙͊ͪ͒ͦͦ͡Φ нлннΤмуόмύΥфмς

ффΦ 

рΦ ²ƛƭƭƛŀƳǎ .ΦΣ Ŝǘ ŀƭΦ 9{/κ9{I DǳƛŘŜƭƛƴŜǎ ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŀǊǘŜǊƛŀƭ ƘȅǇŜǊǘŜƴǎƛƻƴΦ 9ǳǊƻǇŜŀƴ IŜŀǊǘ 

WƻǳǊƴŀƭΦ нлмуΤофόооύΥолнмπомлпΦ 

ϭ ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ΦΣ  нлнр 
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       ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ͯ͡Έͤ͊ͪ͊Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͙͊ͤ͒͒͊ͭ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

ˬ˩˶̉˩˥˻˹˹̍˩ ˿˾˩˨˿́ˤˢΥ ˿˻ˤ˾˩˸˩˹˹̍˯ ˤ˭˥˶̒˨ ˹ˢ ˴˶ˢ˿˿ˮ̅ˮ˴ˢ̇ˮ̑ 

 ˮ  ˾ˢ̇ˮ˻˹ˢ˶̎˹˻˩ ˽˾ˮ˸˩˹˩˹ˮ˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˬ͔͡;͔͎ͦͤͤ·͔ ͔͍ͫͪ͒ͫͭ͊ όͻ͔͔͙͙ͦͪͭ͟͡ ͙ ͻ͔͙͔͙͙ͦͤͭ͟͟͡ύ τ ͎ͪͯͨͨ͊ ͔͍ͨͪͨ͊ͪ͊ͭͦΣ ΄͙ͪͦͦ͟ 

͙͔ͨͪͣͤΎ͔ͣ·ͻ ͍ ͔͙͙ͭͪ͊ͨ ͙͙͚͋͊ͪͤͦ͡ ͎͙͙ͨ͊ͭͦͦ͡Φ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͺ͎͙͊ͪͣ͊ͦͦ͟͡Ύ ͔͔͙͍͔ͨͪͫͣ͊ͭͪ͊ͭ 

͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͙ͻ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙Σ ͔ͫͣ΅͊Ύ ͊͟ͼ͔ͤͭ ͫ ͙ͨͪͦͫͻ͔͙ͦ͗͒ͤΎ ͤ͊ ͔ͣͻ͙͊ͤͣ͘ ͔͚͍͙͒ͫͭΎ 

͙ ͭͦ;ͯ͟ ͙͔͙ͨͪͦ͗ͤ͡ΎΦ ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͊͡ ͯͭͦ;͔ͤͤͤ͊Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΎΣ ͍ͦͫͤͦ͊ͤͤ͊Ύ ͤ͊ 

͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦͣ Ήͺͺ͔͔ͭ͟Υ ͙ͫͭͣͯ͡Ύͼ͙Ύ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͗͡;͙ ͎͔ͨ͊ͭͦͼ͙͙ͭ͊ͣΣ ͍ͨͦ·΄͔͙͔ͤ ͭͦͤͯͫ͊ 

͔͗͡;͎ͤͦͦ ͨͯ͘·ͪΎ ͙ ͔͙͔ͪ͊ͫͫ͊͋ͤ͡͡ ͫͺ͙͔ͤͭͪ͊͟ ˻͙͒͒Σ ͙͔͔͙͔ͣͤͤ͘ ͙͋ͦͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊ ͔͗͡;͙Φ 

˽ͦ͒ͪͦ͋ͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ͙ ͔͒ͦ͊͊ͭ͘͟͡Έͤ͊Ύ ͋͊͊͘ ͍ͦͫͤͦͤ·ͻ ͎ͨͦ͒ͪͯͨͨΥ ͙͙ͫͭͤͤ·͔ 

ͻ͔͔͙͙ͦͪͭ͟͡ ό͙͔͙ͫͤͭͭ;͔͙͔ͫ͟Σ ͙͔ͪ͊ͫͭͭ͡Έͤ·͔Σ ͎͙͒ͪͦͻ͔͔͙͙ͦͪͭ͟͡ύΣ ͻ͔͙͙͙ͦͫͨ͊ͣͦͭ͘͟͡͡Σ ͻ͔͙͔͙͙ͦͤͭ͟͟͡Σ ͊ 

͔ͭ͊͗͟ ͔ͨͪͨ͊ͪ͊ͭ· ͔͙ͯͪͫͦ͒ͦͫ͘͟ͻ͔͍͚ͦͦ͡ ͙ͫͦͭ͟͡·Σ ͙͊ͤͣ͊͘Ό΅͙͔ ͔ͦͫͦ͋ͦ ͔ͣͫͭͦ ͍͍͙͒ͯ ͙͙͙ͭͦͭ͡͡;͔͎ͫͦͦ͟ ͙ 

ͼ͙͔͎ͭͦͨͪͦͭͭͦͪͤͦͦ͟ ͔͚͍͙͒ͫͭΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙ͨͪͤͼ͙ͨ͊ͣ ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙ 

͙͒ͺͺ͔͔ͪͤͼ͙͍͎ͪͦ͊ͤͤͦͦ ͍·͋ͦͪ͊ ͔͗͡;͔͎͎ͦͤͤͦͦ ͔͍ͫͪ͒ͫͭ͊ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙ͭͨ͊ ͙͙͔͙͙͒ͫͤ͘͟ 

͔͗͡;͔͍·͍ͦ͒Ύ΅͙ͻ ͔͚ͨͯͭ ό˨ˬˤ˽ύΣ ͙͙ͫͭ͊͒ ͻ͔ͦ͡ͼ͙͙ͫͭͭ͊Σ ͙ͤ͊͡;͙Ύ ͙͙͎͋͊ͪͤͦͦ͡ ͫ͊͒͗͊͡ ͙͙͡ ͻ͔͔͙͍ͦͫͭͪͤͦ͡·ͻ 

͔͚͊ͣͤ͟Σ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ ͎͊ͦͦͣ͘͡ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͙ ͔͚͋ͦͨ͊ͫͤͦ͘ ͔͙͙ͭͪ͊ͨΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͗ ͔͡;͔͎ͦͤͤ·͔ ͔͍ͫͪ͒ͫͭ͊Σ ͻ͔͔͙͙ͦͪͭ͟͡Σ ͻ͔͙͔͙͙ͦͤͭ͟͟͡Σ ͻ͔͙͙͙ͦͫͨ͊ͣͦͭ͘͟͡͡Σ ͙͙͔͙͒ͫͤ͘͟Ύ ͔͗͡;͔͍·͍ͦ͒Ύ΅͙ͻ 

͔͚ͨͯͭΣ ͔͙ͯͪͫͦ͒ͦͫ͘͟ͻ͔͍ͦ͊͡Ύ ͙ͫͦͭ͊͟͡ ό̂˨̆˴ύΣ ͎͙ͨͦͣͦͭͦͪͤ͊Ύ ͙͙͔͙͒ͫͤ͘͟ΎΣ 

 ͎ ͙͔ͨͪͣͦͭͦͪͤ͊Ύ ͙͙͔͙͒ͫͤ͘͟ΎΣ ͻ͙ͪͦͤ;͔͙͚ͫ͟ ͻ͔ͦ͡ͼ͙͙ͫͭͭΦ 

 

мΦ ˿͍͔͔ͦͪͣͤͤ͊Ύ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͨͦ ͔ͣͻ͙͊ͤͣͯ͘ ͔͚͍͙͒ͫͭΎ 

͙́ͪ͊͒ͼ͙͔ͦͤͤͦ ͔͔͙͔͒ͤ͡ ͤ͊ ͻ͔͔͙͙ͦͪͭ͟͡ ό͙͙͍ͯͫ͊͡Όͭ ͨͪͦ͒ͯ͟ͼ͙Ό ͔͗͡;͙ύ ͙ ͻ͔͙͔͙͙ͦͤͭ͟͟͡ όͯͫͦͪ͟ΎΌͭ 

͍·͔͔͙͔͒ͤ͡ ͔͗͡;͙ύ Ύ͍͡Ύ͔ͭͫΎ ͯͨͪͦ΅͔ͤͤ·ͣΦ ˣ͔͔ͦ͡ ͪ͊ͼ͙ͦͤ͊͡Έͤ͊ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΎΣ ͯ;͙ͭ·͍͊Ό΅͊Ύ ͭͦ;ͯ͟ 

͙͔͙ͨͪͦ͗ͤ͡ΎΥ 

1. ˿͔͍ͪ͒ͫͭ͊Σ ͙͙͍ͯͫ͊͡Ό΅͙͔ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͔͗͡;͙ ό͙͙ͫͭͤͤ·͔ ͻ͔͔͙͙ͦͪͭ͟͡ύΥ 

o ˿͙͔͙ͤͭͭ;͔͙͔ͫ͟ ό͎͙͔ͣͪͦͣͦͤ͟Σ ͎͙͙͔͙͙͙͙͒ͪͦͫͣͭͤͦͭͤ͊ͣ͒͟͟͡Σ ͼ͙͍͊ͦͤ͟͡ύΦ ˻͋͊͒͊͡Όͭ 

͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͟·ͣ ͻ͔͔͙ͦͪͭ͡;͔͙ͫͣ͟ ͙ ͙͙ͫͨ͊ͣͦͭ͘͡;͔͙ͫͣ͟ ͔͚͍͙͔͒ͫͭͣ ͤ͊ ͫͺ͙͔ͤͭͪ͟ ˻͙͒͒Φ 

o ˾͙͔͊ͫͭͭ͡Έͤ·͔ ό͔ͨͪͨ͊ͪ͊ͭ· ͔͔͙͋ͫͫͣͪͭͤ͊͟Σ ͙ͨ͗ͣ·Σ ͯͯͪͯͤ͘͟͟·ͻ ͪ·͔͡ͼΣ ͺ͙͊ͣͤ͡Σ ͻͦͦͫ͊ͫ͡Σ 

ͻͦͺ͙ͭͦ͡ύΦ ˿͔ͦ͒ͪ͗͊ͭ Ήͺ͙ͪͤ·͔ ͣ͊ͫ͊͡Σ ͺ͍͙͊ͦͤͦ͒͡·Σ ͙ͫ͊ͨͦͤͤ·Φ 

o ˥͙͒ͪͦͻ͔͔͙͙ͦͪͭ͟͡ ό΅͔ͦ͡;ͤ·͔ ͙͔ͣͤͪ͊͡Έͤ·͔ ͍ͦ͒·Σ ͙ͫ͊͡ͼ͙͊ͭ͡·Σ ͍͔͙͊ͪ͊ͤ͊͡ύΦ ͍͔͙̂͡;͙͍͊Όͭ 

͔͔ͫͪ͟ͼ͙Ό ͔͗͡;͙ ͊͘ ͫ;͔ͭ ͍͎ͦ͒ͤͦͦ ͔ͦͣͨͦͤͤͭ͊͟Φ 

2. ˿͔͍ͪ͒ͫͭ͊Σ ͔͎ͦ͋͡;͊Ό΅͙͔ ͍·͔͔͙͔͒ͤ͡ ͔͗͡;͙ ͍ ͙͟΄͔;͙ͤ͟Υ 

o ͔͙͔͙͙̆ͦͤͭ͟͟͡ ό͙ͫͦͪ͋ͭΣ ͙͙ͫͭ͟͡Σ ͫͯ͡Έͺ͊ͭ ͎͙ͣ͊ͤΎΣ Ύ͙;ͤ·͔ ͔͙͗ͭ͟͡ύΦ ˽͍ͦ·΄͊Όͭ ͭͦͤͯͫ ͔͗͡;͎ͤͦͦ 

ͨͯ͘·ͪΎ ͙ ͪ͊ͫͫ͊͋͡͡ΎΌͭ ͫͺ͙͔ͤͭͪ͟ ˻͙͒͒ ό͔ͪͺ͔ͭͦͪͤͦ͟͡ ͙͙͡ ͊͘ ͫ;͔ͭ ͍·͍͔͙ͫͦ͋ͦ͗͒ͤΎ ͻ͔ͦ͡ͼ͙͙͙ͫͭͦͤͤ͊͟ύΦ 

o ͔͙͙͙̆ͦͫͨ͊ͣͦͭ͘͟͡͡ ό͔͔͍͔͙ͣ͋ͪͤΣ ͍͔͙͒ͪͦͭ͊ͪͤΣ ͎͙͔ͣͪͦͣͦͤ͟Σ ͍͔͙ͨ͊ͨ͊ͪͤύΦ ˾͊ͫͫ͊͋͡͡ΎΌͭ 

͎͊͒ͯ͟͡Ό ͣͯͫͯ͊ͭͯͪͯ͟͡ ͔͗͡;͔͍·͍ͦ͒Ύ΅͙ͻ ͔͚ͨͯͭ ͙ ͫͺ͙͔ͤͭͪ͊͟ ˻͙͒͒Φ 

3. ˿͔͍ͪ͒ͫͭ͊Σ ͙͔ͣͤ͘ΎΌ΅͙͔ ͍ͫͦͫͭ͊ ͙ ͍͚͍ͫͦͫͭ͊ ͔͗͡;͙ όͻ͔͙͙͙ͦͭͦͭ͡͡͡;͔͙͔ͫ͟ ͙ 

͎͔͔ͨ͊ͭͦͨͪͦͭͭͦͪͤ͟·͔ύΥ 
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o ˽͔ͪͨ͊ͪ͊ͭ· ͔͗͡;ͤ·ͻ ͙ͫͦͭ͟͡ ό͔͙ͯͪͫͦ͒ͦͫ͘͟ͻ͔͍ͦ͊͡Ύ ͙ͫͦͭ͊͟͡ ς ̂˨̆˴ύΦ ˭͔͊ͣͤΎΌͭ ͙ͭͦͫ͟;ͤ·͔ 

͎͙͒ͪͦͺͦ͋ͤ·͔ ͔͗͡;ͤ·͔ ͙ͫͦͭ͟͡·Σ ͙ͫͤ͗͊Ύ ͙͎͔ͭͦͤͤͦͫͭ͡Έ ͔͗͡;͙Σ ͦ͊͘͟·͍͊Ύ ͼ͙͔͙͍͔ͭͦͨͪͦͭͭͤͦ͟ ͙ 

͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͔͚͍͙͔͒ͫͭΦ 

нΦ ˽͙ͪͤͼ͙ͨ· ͪ͊ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͙͔͔͙ͨͪͣͤͤΎ 

ˤ·͋ͦͪ ͔ͨͪͨ͊ͪ͊ͭ͊ ͔͒ͦ͗ͤ͡ ͋·ͭΈ ͎ͫͭͪͦͦ ͙͒ͺͺ͔͔ͪͤͼ͙͍ͪͦ͊ͤ ͍ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙͎͒͊ͤͦ͊͘ ͙ ͙ͭͨ͊ 

ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊Φ 

¶ ˽͙ͪ ͎͙͚ͨͦͣͦͭͦͪͤͦ ό͎͙͙͔͙ͨͦͤͭ͟;͔͚ͫͦ͟ύ ˨ˬˤ˽Υ 

o ͔̇͡ΈΥ ˿ ͙͙͍ͭͣͯͪͦ͊ͭ͡Έ ͙͔ͫͦͪ͊ͭͭ͟͡ΈͤͯΌ ͺͯͤ͟ͼ͙Ό ͔͗͡;͎ͤͦͦ ͨͯ͘·ͪΎΦ 

o ˽͔ͪͨ͊ͪ͊ͭ· ͍·͋ͦͪ͊Υ ̆ ͔͙͔͙͙ͦͤͭ͟͟͡ ό͙ͫͦͪ͋ͭΣ ͎͙ͣ͊ͤΎ ͫͯ͡Έͺ͊ͭύ ͙ͯͪͫ͊ͣ͟ ζ͔͎ͫͨͦͦ͡ 

͙͍͙ͦͤ͒ͪͦ͊ͤ͘Ύη όͭΌ͋͊͗͊ύΦ ˮ ͙ͫͭͤͤ·͔ ͻ͔͔͙͙ͦͪͭ͟͡ ό͙͔͙ͫͤͭͭ;͔͙͔ͫ͟ ͙͙͡ ͙͔ͪ͊ͫͭͭ͡Έͤ·͔ύ ͒͡Ύ ͙͔͙ͯͫͤ͡Ύ 

͔͗͡;͔͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˢ ͔ͭ͊͗͟ ͨ ͙͔͙͙ͪͦͤͭ͟͟ ό͙͙ͭͦͨͪ͒Σ ͔͙͒ͦͣͨͪ͒ͦͤύΦ 

¶ ˽͙ͪ ͎͙͔͚ͨͪͣͦͭͦͪͤͦ ό͎͙͔͙͔͙ͨͪͤͭ͟;͔͚ͫͦ͟ύ ˨ˬˤ˽ ͙ ͙͙͚͋͊ͪͤͦ͡ ͙͋ͦ͡Υ 

o ͔̇͡ΈΥ ˿ ͤΎͭΈ ͫͨ͊ͣ͘Σ ͙͍ͯͨͪͦ͊ͭ͟Έ ͋ͦ͡ΈΦ 

o ˽͔ͪͨ͊ͪ͊ͭ· ͍·͋ͦͪ͊Υ ̆ ͔͙͙͙ͦͫͨ͊ͣͦͭ͘͟͡͡ ͫ ͔͔͙͍͎ͭͤͦͦ͟͡ ό͔͔͍͔͙ͣ͋ͪͤύ ͙͙͡ ͔͔͔͙͍͎ͤͫͭͤͦͦ͟͡ 

ό͍͔͙͒ͪͦͭ͊ͪͤύ ͔͚͍͙͒ͫͭΎΦ ˥ ͙͔ͣͪͦͣͦͤ͟ ͦ ͔͋͊͒͊ͭ͡ ͍͚͒ͦͤ·ͣ ͔͚͍͙͔͒ͫͭͣ τ ͙͙ͫͨ͊ͣͦͭ͘͡;͔͙ͫͣ͟ ͙ 

ͻ͔͔͙ͦͪͭ͡;͔͙ͫͣ͟Φ ˬ ͔͡;͔͎ͦͤͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͙͍ͨͪͦͭͦͨͦ͊͊ͤ͘͟· ͍  ͦͫͭͪ·͚ ͔͙ͨͪͦ͒Η 

¶ ˽͙ͪ ͻ͙ͪͦͤ;͔ͫͦͣ͟ ͔͔͋ͫ͊ͣͤͤͦͣ͟ ͻ͔ͦ͡ͼ͙͙͔ͫͭͭ ͍͔ͤ ͔͙ͦ͋ͦͫͭͪͤΎΥ 

o ͔̇͡ΈΥ ̂ ͯ͡;΄͙ͭΈ ͦͭͭͦ͟ ͔͗͡;͙Σ ͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͚͊ͫͭͦ͘Φ 

o ˽͔ͪͨ͊ͪ͊ͭ· ͍·͋ͦͪ͊Υ ˴ ͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͊Ύ ͔͙ͭͪ͊ͨΎΦ ̆ ͔͔͙͙ͦͪͭ͟͡ ό;͊΅͔ ͙͔ͪ͊ͫͭͭ͡Έͤ·͔ύ 

+ ͫ ͙͙͙ͨ͊ͣͦͭ͘͟͡ ͨ ͦ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭΦ ˸ ͙͔ͤͪ͊͡Έͤ·͔ ͍ͦ͒· ό͚ͫ͊͋ͦ͡ ͙͔͙ͣͤͪ͊͊͘͡ͼ͙͙Σ ͍ ͔ͭͨͦͣ͡ ͍͙͔͒ύΦ 

¶ ˽͙ͪ ͙͙͋͊ͪͤͦͣ͡ ͔ͫ͊͒͗͡ ͙ ͻ͔͔͙͍ͦͫͭͪͤͦ͡·ͻ ͊ͣͤ͟ΎͻΥ 

o ͔̇͡ΈΥ ˾ ͍͙͊ͫͭͦͪͭΈ ͙͙ͣͪͦͭ͟͡·Σ ͙͙ͫͤͭ͘Έ ͙͎͔ͭͦͤͤͦͫͭ͡Έ ͔͗͡;͙Φ 

o ˽͔ͪͨ͊ͪ͊ͭ ͍·͋ͦͪ͊Υ ̂ ͔͙ͪͫͦ͒ͦͫ͘͟ͻ͔͍ͦ͊͡Ύ ͙ͫͦͭ͊͟͡ ό̂˨̆˴ύΦ ˽͙͔ͪͣͤΎ͔ͭͫΎ ͙͔͒ͭ͡͡Έͤͦ ό͔ͣͫΎͼ·-

͎ͦ͒·ύ ͨͦ͒ ͔ͦͤͭͪͦͣ͟͡ ̂˭ˮΦ ̏ͺͺ͔͙͍ͭͤ͊͟ ͭͦ͡Έͦ͟ ͙ͨͪ ͫͦͻ͔͚ͪ͊ͤͤͤͦ ͺͯͤ͟ͼ͙͙ ͔͗͡;͎ͤͦͦ ͨͯ͘·ͪΎΣ 

͔͎͔͔͎͙͍ͪͤͭͤͦͤ͊ͭͤ·ͻ όͻ͔͔͙͍ͦͫͭͪͤͦ͡·ͻύ ͊ͣͤ͟Ύͻ ͙͔͒͊ͣͭͪͦͣ ͒ͦ н ͫͣΦ 

¶ ˽͔ͦͫ͡ ͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟ όͨͦͫͭͻ͔ͦ͡ͼ͙ͫͭΉ͙ͭͦͣ͟;͔͙͚ͫ͟ ͙ͫͤ͒ͪͦͣύΥ 

o ͔̇͡Έ: ˹ ͙͍ͦͪͣ͊ͦ͊ͭ͘͡Έ ͻ͙͙ͣ;͔͙͚ͫ͟ ͍ͫͦͫͭ͊ ͔͗͡;͙ ͙ ͔͔ ͨ͊ͫͫ͊͗Φ 

o ˽͔ͪͨ͊ͪ͊ͭ ͍·͋ͦͪ͊Υ ̂ ˨̆˴ ͒ ͡Ύ ͊͘΅͙ͭ· ͻ͎͙ͦ͊ͤͦ͡ͼ͙͍ͭͦ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͍͙ͭͦͪ;͎ͤͦͦ 

͙͙͎͋͊ͪͤͦͦ͡ ͫ͊͒͗͊͡κ͔͍͙͊ͣͤͦ͋ͪ͊ͦ͊ͤ͘͟ΎΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˿͍͔͔ͦͪͣͤͤ·͚ ͨͦ͒ͻͦ͒ ͟ ͙͔͔͙ͨͪͣͤͤΌ ͔͗͡;͔͎ͦͤͤ·ͻ ͔͍ͫͪ͒ͫͭ ͔͔ͭͪ͋ͯͭ ͦͭ͊͊͘͟ ͦͭ ΄͎͊͋ͦͤͤͦͦ͡ 

ͤ͊ͤ͊͘;͔͙ͤΎ ζ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͪ͊͋ͦͭ· ͔ͨ;͔͙ͤηΦ ˨͙͎͙͊ͤͦͫͭ͊͟ ͙ͭͨ͊ ͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ 

͙͙͎͋͊ͪͤͦͦ͡ ͭͪ͊ͭ͊͟ ό͎͙ͨͦ- ͙͙͡ ͎͙͔͎ͨͪͣͦͭͦͪͤͦͦύ Ύ͍͡Ύ͔ͭͫΎ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͣ ͍͙͔ͯͫͦͣ͡ ͍·͋ͦͪ͊ ͔͙͙ͭͪ͊ͨΦ 

˽͔ͪͨ͊ͪ͊ͭ· ͔͙ͯͪͫͦ͒ͦͫ͘͟ͻ͔͍͚ͦͦ͡ ͙ͫͦͭ͟͡· ͍·͔͒͡ΎΌͭͫΎ ͍ ͔ͦͭ͒͡ΈͤͯΌ ͎ͪͯͨͨͯ ͫ ͒ͦ͊͊ͤͤ͘͟·ͣ 

͙͙͙ͭͦͭ͡͡;͔͙ͫͣ͟Σ ͼ͙͔͙͍ͭͦͨͪͦͭͭͤ͟·ͣ ͙ ͔͙͙͙ͣͣ͋ͪ͊ͤͦͫͭ͊͋ͪͯ͘͡Ό΅͙ͣ ͔͚͍͙͔͒ͫͭͣΦ ˾͊ͼ͙ͦͤ͊͡Έ͔ͤͦ ͙ 

͍͔ͦ͋ͦͫͤͦ͊ͤͤͦ ͙͔͔͙͔ͨͪͣͤͤ ͔͗͡;͔͎ͦͤͤ·ͻ ͔͍ͫͪ͒ͫͭ ͍ ͪ͊ͣ͊͟ͻ ͔͚ͦͣͨͫͤͦ͟͟͡ ͔͙͙ͭͪ͊ͨ ό͙͔͒ͭ͊Σ ͔͙ͪ͗ͣ, 

͙͔ͣͤͪ͊͡Έͤ·͔ ͍ͦ͒·ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͍ͨͦ·͙ͫͭΈ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͡;͔͙ͤΎ ͙ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ ͙͙ͪͫ͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˾͙͚͙͔ͦͫͫͫ͟ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ ͔͗͡;͔͚ͤͦ͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡Φ нлмуΦ 

нΦ ˮ͍͊΄͙ͤ͟ ˤΦ́ΦΣ ˸͔͍͊ͫ͊͟Ύ ˸ΦˤΦΣ ˽͍͍͊ͦ͡ ̉Φ˿ΦΣ ͙ ͒ͪΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ˾͙͚͎ͦͫͫͫͦͦ͟ ͦ͋΅͔͍ͫͭ͊ 

ͨͦ ͙ͯ͘;͔͙ͤΌ ͔ͨ;͔͙ͤ ͙ ˾͙͚͚ͦͫͫͫͦ͟ ͎͊ͫͭͪͦΉ͔͎͙ͤͭͪͦͦ͡;͔͚ͫͦ͟ ͊ͫͫͦͼ͙͊ͼ͙͙ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ 

ͻ͔ͦͫͭ͊͊͘͡Φ ˾ͦͫ ͗ͯͪͤ ͎͊ͫͭͪͦΉ͔ͤͭͪͦ͡ ͎͔ͨ͊ͭͦ͡ ͦͦͨͪͦͭͦ͟͟͡͡Φ нлмрΤнрόнύΥпмπртΦ 

оΦ ˮ͡Έ;͔ͤͦ͟ ˢΦˢΦ ˭͔͍͙͊͋ͦ͊ͤ͡Ύ ͔͗͡;͎ͤͦͦ ͨͯ͘·ͪΎ ͙ ͔͗͡;ͤ·ͻ ͔͚ͨͯͭΥ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚Φ ˸ΦΥ ˸ˮˢΣ 

нлммΦ 

пΦ ˨͙͍͊ͤͦ͡ ˤΦˮΦΣ ͔͍̅͒ͦͪͦ ˤΦ˨Φ ͔͙̅͊ͪͣ͊ͦͭͪ͊ͨ͟Ύ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͔͗͡;͔͍·͍ͦ͒Ύ΅͔͚ ͙͔ͫͫͭͣ·Φ ͔̅͊ͪͣ͊ͭ͊͟Φ 

нлмфΤ όуύΥ трςумΦ 
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рΦ 5ǊƻǎǎƳŀƴ 5Φ!Φ CǳƴŎǝƻƴŀƭ DŀǎǘǊƻƛƴǘŜǎǝƴŀƭ 5ƛǎƻǊŘŜǊǎΥ IƛǎǘƻǊȅΣ tŀǘƘƻǇƘȅǎƛƻƭƻƎȅΣ /ƭƛƴƛŎŀƭ CŜŀǘǳǊŜǎ ŀƴŘ wƻƳŜ 

L±Φ DŀǎǘǊƻŜƴǘŜǊƻƭƻƎȅΦ нлмсΤмрлόсύΥмнснπмнтфΦ 

ϭ ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ΦΣ нлнр 

 

 

 

 

       ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ͯ͡Έͤ͊ͪ͊Σ  

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͙͊ͤ͒͒͊ͭ͟ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Φ  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔ͣͤ͊ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 

 

˽˿ˮ̆˻˿́ˮ˸̂˶̒́˻˾̍Υ ̅ˢ˾˸ˢ˴˻˶˻˥ˮ̒Σ ˴˶ˮ˹ˮ̉˩˿˴˻˩ ˽˾ˮ˸˩˹˩˹ˮ˩ 

 ˮ  ˽˾˻ˣ˶˩˸ˢ ˭˶˻̂˽˻́˾˩ˣ˶˩˹ˮ̒ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˽͙ͫͻ͙ͦͫͭͣͯ͡Ύͭͦͪ· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͪ͊ͤͦͪͦ͒ͤͯ͘Ό ͎ͪͯͨͨͯ ͙ͨͫͻ͙͍ͦ͊ͭͤ͟·ͻ ͍͔΅͔͍ͫͭΣ 

ͦ͋Ά͔͙͖͒ͤͤͤ·ͻ ͫͨͦͫͦ͋ͤͦͫͭΈΌ ͙͙͍ͯͫ͊ͭ͡Έ ͙ͨͫͻ͙;͔ͫͯ͟Ό ͙Σ ͍ ͔ͣͤΈ΄͔͚ ͔͔͙ͫͭͨͤΣ ͺ͙͙͘;͔ͫͯ͟Ό ͙͍͊ͭͤͦͫͭ͟ΈΣ 

͍ͨͦ·΄͊ͭΈ ͍͔ͯͪͦͤΈ ͍͍͙͋ͦ͒ͪͫͭͦ͊ͤΎΣ ͍͙͙ͤͣ͊ͤΎ ͙ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙Σ ͊ ͔ͭ͊͗͟ ͍͔͔ͪͣͤͤͦ ͙ͫͤ͗͊ͭΈ ͔ͨͦͭͪ͋ͤͦͫͭΈ 

͍ͦ ͔ͫͤΦ ˨͊ͤͤ͊Ύ ͫͭ͊ͭΈΎ ͙͔͙͙͔ͫͫͭͣ͊ͭͪͯͭ͘ ͍͔͔ͫͦͪͣͤͤ·͔ ͙ͤ͊ͤ͘Ύ ͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙Σ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ 

͔ͣͻ͙͊ͤͣ͊͘ͻ ͔͚͍͙͒ͫͭΎ ͙ ͙͙ͤ͟͡;͔ͫͦͣ͟ ͙͔͔͙͙ͨͪͣͤͤ ͙ͨͫͻ͙ͦͫͭͣͯ͡Ύ͍ͭͦͪͦΦ ˨͔ͭ͊͡Έͤͦ ͔ͪ͊ͫͫͣͦͭͪͤ· ͍͔͒ 

͍ͦͫͤͦͤ·͔ ͎ͪͯͨͨ·Υ ͙͍ͨͪͦͦ͒ͤ͘·͔ ͺ͔͙ͤ͡Ή͙͙ͭ͊ͣͤ͊͡ ό͊ͣͺ͔͙ͭ͊ͣͤ·Σ ͔͙ͣͭ͡ͺ͔͙ͤ͒͊ͭύ ͙ ͙͍ͨͪͦͦ͒ͤ͘·͔ 

͙ͨͯͪͤ͊ όͦ͟ͺ͔͙ͤύΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͔͎͙͙ͭͣͤͦͣͯ͡ ͔͙ͣ͒ͼ͙ͤͫͦͣͯ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ό Ή͙ͭͻ 

͔͍ͨͪͨ͊ͪ͊ͭͦ ͍ ͔͙͙ͭͪ͊ͨ ͙ͫͤ͒ͪͦͣ͊ ͔͒ͺ͙ͼ͙ͭ͊ ͍͙͙ͤͣ͊ͤΎ ͙ ͎͙͔͙͍͙ͨͪ͊ͭͤͦͫͭ͟ ό˿˨ˤ˥ύ ͙ ͔͙͙ͤ͊ͪͦͨͫ͟͡Σ ͫ 

͊͟ͼ͔ͤͭͦͣ ͤ͊ ͙ͨͪͤͼ͙ͨ͊ͻ ͔͎͋ͦͨ͊ͫͤͦͦ͘ ͤ͊ͤ͊͘;͔͙ͤΎ ͙ ͙͙͎ͣͦͤͭͦͪͤ͊Φ ˽͔͊ͪ͊͡͡͡Έͤͦ ͙͙͍ͨͪͦ͊ͤ͊ͪͦ͊ͤ͘͡· 

͙͙ͪͫ͟ ͍͙͙ͪ͊ͭ͘Ύ ͍͙͙͙͊ͫͣͦͫͭ͘Σ ͙ͫͤ͒ͪͦͣ͊ ͔ͦͭͣͤ· ͙ ͭΎ͖͗͡·ͻ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͔͍͙͚ͨͦͫ͒ͫͭ͡ ͙ͨͪ 

͔͔͙ͤͣ͒ͼ͙ͤͫͦͣ͟ ͔͔͙͙ͯͨͦͭͪ͋ͤ͡ ό͙ͦ͊ͤ͟͟Σ ͔ͣͭ͊ͣͺ͔͙ͭ͊ͣͤΣ ζ͙͚͔͙͔͒͊ͤͪͫ͘͟η ͙͊ͭͤͦͤ͟·ύΦ ˿ͭ͊ͭΈΎ 

ͨͦ͒;͖͙͍͔ͪ͊ͭ͟ ͍͚͍͔͒ͦͫͭͤͤͯΌ ͙ͨͪͪͦ͒ͯ ͙ͨͫͻ͙ͦͫͭͣͯ͡Ύ͍ͭͦͪͦΣ ͙͋͊͊ͤͫͪͯ͡Ό΅͙ͻ ͔ͣ͗͒ͯ ͍͊͗ͤ·ͣ 

͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫͣ͟ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͙ ͦ͋Ά͔ͭͦͣ͟ ͔͔͙ͦͯͨͦͭͪ͋ͤ͘͡͡ΎΣ ͙ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͎͎ͫͭͪͦͦͦ ͦͤͭͪͦ͟͡Ύ ͙ͻ 

ͦ͋ͦͪͦͭ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͙ͨͫͻ͙ͦͫͭͣͯ͡Ύͭͦͪ·Σ ͊ͣͺ͔͙ͭ͊ͣͤ·Σ ͔͙ͣͭ͡ͺ͔͙ͤ͒͊ͭΣ ͦ͟ͺ͔͙ͤΣ ͙ͦ͊ͤ͟͟Σ ͙ͫͤ͒ͪͦͣ ͔͒ͺ͙ͼ͙ͭ͊ ͍͙͙ͤͣ͊ͤΎ ͙ 

͎͙͔͙͍͙ͨͪ͊ͭͤͦͫͭ͟ ό˿˨ˤ˥ύΣ ͔͙ͤ͊ͪͦͨͫ͟͡ΎΣ ͒ͦͺ͙͊ͣͤΣ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͡Σ ͔͔͙͔ͦͯͨͦͭͪ͋ͤ͘͡͡Σ ͍͙͙͊ͫͣͦͫͭ͘ΈΦ 

 

мΦ ˤ͍͔͔͙͔͒ͤ ͙ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ 

˽͙ͫͻ͙ͦͫͭͣͯ͡Ύͭͦͪ· ό͙͙͡ ͙ͨͫͻͦͣͦͭͦͪͤ·͔ ͙ͫͭͣͯ͡Ύͭͦͪ·ύ ς Ήͭͦ ͍͔΅͔͍ͫͭ͊Σ ͙͍͙͊ͭͪͯ͟Ό΅͙͔ 

͙ͨͫͻ͙;͔͙͔ͫ͟ ͺͯͤ͟ͼ͙͙ ͙ ͍͙͎͔͒͊ͭ͡ΈͤͯΌ ͙͍͊ͭͤͦͫͭ͟ΈΣ ͔͍ͦͨͦͫͪ͒ͦ͊ͤͤͦ ͍͙͡ΎΎ ͤ͊ ͍ͦͫͻͦ͒Ύ΅͙͔ ͙͍͙͊ͭͪͯ͟Ό΅͙͔ 

͙͔ͫͫͭͣ· ͎ͣͦ͊͘Φ ˮͻ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͍ͦͫͤͦ͊ͤ͊ ͤ͊ ͻ͙͙ͣ;͔͚ͫͦ͟ ͔ͫͭͪͯͭͯͪ͟ ͙ ͔ͣͻ͙͔͊ͤͣ͘ ͔͚͍͙͒ͫͭΎΥ 

1. ˽͙͍ͪͦͦ͒ͤ͘·͔ ͺ͔͙ͤ͡Ή͙͙ͭ͊ͣͤ͊͡Υ 

o ˢͣͺ͔͙ͭ͊ͣͤ ͙  ͔͎ͦ ͙͍ͨͪͦͦ͒ͤ͘·͔ ό͔͒ͫ͊ͣ͟ͺ͔͙ͭ͊ͣͤΣ ͔ͣͭ͊ͣͺ͔͙ͭ͊ͣͤΣ ͙͔͒ͫ͊ͣ͘͟͡ͺ͔͙ͭ͊ͣͤύΦ 

o ˸͔͙ͭ͡ͺ͔͙ͤ͒͊ͭ όͻͦͭΎ ͫͭͪͯͭͯͪͤͦ͟ Ήͭͦ ͔ͤ ͊ͣͺ͔͙ͭ͊ͣͤΣ ͔ͣͻ͙͊ͤͣ͘ ͔͚͍͙͒ͫͭΎ ͫͻͦ͗ύΦ 

o ˴͙͊ͭͤͦͤ· ό͍ ͭΦ;Φ ͙͔͙ͫͤͭͭ;͔͙͔ͫ͟ ς ζ͙ͫͦ͡ ͒͡Ύ ͍͊ͤͤηΥ ͔ͣͺ͔͒ͪͦͤΣ ͔͙ͣͭͦͤ͡ύΦ 

o ζ˨͙͚͔͙͔͊ͤͪͫ͘͟η ͙ͫͭͣͯ͡Ύͭͦͪ· ό͙͔ͤ͊ͨͪͣͪΣ п-͔͙͙͔ͣͭ͊ͣͤͦͪͫ͟͡ύΦ 

2. ˽͙͍ͪͦͦ͒ͤ͘·͔ ͙ͨͯͪͤ͊Υ ˴ ͦͺ͔͙ͤ, ͭ ͔ͦͺ͙͙ͤ͡͡. 

3. ˽ͪͦ;͙͔Υ 
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o ˴͙ͦ͊ͤ͟ ό͔͙͔͙͋ͤͦͣͭ͘͡͡Ή͎͙ͦͤͤ͟Σ ͙͊͊ͦ͒͟͡͡ ͔͙ͪ͊ͫͭͤΎ Erythroxylum coca). 

o ˿͙͙͙͒ͤͦͤͣͤ· ό͔ͣͦ͊ͪ͋͘͟ύ ς ͙͔ͣΌͭ ͦͭͫͪͦ;͔͔ͤͤͦ ͔͚͍͙͔͒ͫͭ ͙ ͔͔͔ͣͤ ͍·͔ͪ͊͗ͤͤ·͚ 

Ή͚ͺ͙͙ͦͪͪͯ͘Ό΅͙͚ Ήͺͺ͔ͭ͟Φ 

o ˹͙͙ͦͭͤ͟ ό͔ͦ͋͊͒͊ͭ͡ ͔ͫͣ΄͊ͤͤ·ͣ ͙͙ͫͭͣͯͪͯ͡Ό΅͔-͔͙͍ͫ͒͊ͭͤ·ͣ Ήͺͺ͔ͭͦͣ͟ύΦ 

нΦ ˸͔ͻ͙͊ͤͣ͘· ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͎ͫͦͦ͟ ͔͚͍͙͒ͫͭΎ 

˻͍͚ͫͤͦͤͦ ͭͦ;͚ͦ͟ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͙ͨͫͻ͙ͦͫͭͣͯ͡Ύ͍ͭͦͪͦ Ύ͍͡ΎΌͭͫΎ ͙͔͎͙ͣͦͤͦ͊ͣͤͪ;͔͙͔ͫ͟ ͙͔ͫͫͭͣ· 

͎ͣͦ͊͘Σ ͍ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͒ͦͺ͙͔͎͙͊ͣͤͪ;͔ͫ͊͟Ύ ͙ ͔͔͎͙ͤͦͪ͊͒ͪͤͪ;͔ͫ͊͟ΎΦ 

¶ ˢͣͺ͔͙ͭ͊ͣͤ· ͙ ͔͙ͣͭ͡ͺ͔͙ͤ͒͊ͭΥ ˮ ͻ Ήͺͺ͔ͭ͟ ͍ͫΎ͊ͤ͘ ͫ ͍ͨͦ·΄͔͙͔ͤͣ ͍͔͔ͤͭͦ͟͡;͚ͤͦ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ 

͒ͦͺ͙͊ͣͤ͊ ό5!ύ ͙ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͊͡ όb!ύ ͍ ͙͙ͫͤ͊ͨͭ;͔͚ͫͦ͟ ΅͔͙͡Φ ˻͒ͤ͊ͦ͟ ͔ͣͻ͙͊ͤͣ͘· ͙ͪ͊͘͡;͊ΌͭͫΎΥ 

o ˢͣͺ͔͙ͭ͊ͣͤ· ͒ ͔͚͍ͫͭͯΌͭ ͊͟͟ ͫͯ͋ͫͭͪ͊ͭ· ͔͍ͭͪ͊ͤͫͨͦͪͭͪͦ ͙͍ͣͦͤͦ͊ͣͤͦ ό5!¢Σ b9¢ύΦ ˻͙ͤ 

͙ͨͪͦͤ͊͟Όͭ ͍ ͔͙͙ͨͪͫͤ͊ͨͭ;͔͔ͫͦ͟ ͦͦͤ͟;͙͔͊ͤΣ ͍·͔ͭͫͤΎΎ ͔͚͔͙ͤͪͦͣ͒͊ͭͦͪ· ͙͘ ͍͔͙ͯ͘͟͡ ͍ ͼ͙ͭͦͨ͊ͣͯ͘͡ ͙ 

͍ͫͨͦͫͦ͋ͫͭͯΎ ͙ͻ ͦ͋ͪ͊ͭͤͦͣͯ ͍·͋ͪͦͫͯ ͍ ͙ͫͤ͊ͨͫ ;͔͔ͪ͘ ͔ͭͪ͊ͤͫͨͦͪͭͪ·Φ 

o ˸͔͙ͭ͡ͺ͔͙ͤ͒͊ͭ Ύ͍͡Ύ͔ͭͫΎ ͣͦ΅ͤ·ͣ ͋ ͦ͊ͭͦͪͦͣ͟͡ ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ ͒ ͦͺ͙͊ͣͤ͊ ͙ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͊͡ 

ό͙͎͙͙͔ͤ͋ͪͯͭ 5!¢ ͙ b9¢ύΣ ͔ͤ ͍·͘·͍͊Ύ ͨͪΎ͎ͣͦͦ ͍·͋ͪͦͫ͊Φ 

¶ ˴͙ͦ͊ͤ͟Υ ˹ ͔͔͔͙͍ͫͭͤ͟͡·͚ ͋ ͦ͊ͭͦͪ͟͡ ͎ͦ͋ͪ͊ͭͤͦͦ ͊͘ͻ͍͊ͭ͊ ͒ ͦͺ͙͊ͣͤ͊Σ ͔͙ͫͪͦͭͦͤͤ͊ ͙ ͔͙ͤͦͪ͊͒ͪͤ͊ͤ͊͡Φ 

͚̏ͺ͙͙ͦͪͪͯ͘Ό΅͙͚ Ήͺͺ͔ͭ͟ ͤ͊ͨͪΎͣͯΌ ͍ͫΎ͊ͤ͘ ͫ ͚͋ͦ͊͒ͦ͟͡ 5!¢ ͍ ͔͙͙ͣͦͣ͋͘͡;͔ͫͦͣ͟ ͙ͨͯͭ όζ͙͔͔ͫͫͭͣ 

͍͎͔͙ͦͤ͊ͪ͊͗͒ͤ͘ΎηύΦ 

¶ ˴ͦͺ͔͙ͤΥ s ͎͙ͤͭ͊ͦͤͫͭ ͔͙͍͊͒ͤͦͤͦ͘·ͻ !ѕ ͙ !і! ͔ͪͼ͔͍ͨͭͦͪͦΦ ˢ͔͙͒ͤͦͤ͘ ς ͔͚͔͙ͤͪͦͣ͒͊ͭͦͪΣ 

͍ͨͦ͒͊͡ΎΌ΅͙͚ ͔͚ͤͪͦͤͤͯΌ ͙͍͊ͭͤͦͫͭ͟Έ ͙ ͍·͘·͍͊Ό΅͙͚ ͙͍ͫͦͤͦͫͭ͡ΈΦ ˣ͙ͦͪͯ͟͡Ύ ͔͎ͦ ͔ͪͼ͔ͨͭͦͪ·Σ ͦ͟ͺ͔͙ͤ 

͔͍ͦͨͦͫͪ͒ͦ͊ͤͤͦ ͙͙͍͔ͯͫ͊ͭ͡ ͍·͍͔͙͔ͫͦ͋ͦ͗͒ͤ ͒ͦͺ͙͊ͣͤ͊Σ ͎ͯͭ͊ͣ͊ͭ͊͡ ͙ ͊ͼ͔͙ͭ͡ͻ͙ͦͤ͊͡Φ 

͙͔͙͔̂ͫͤ͡ ͒ͦͺ͙͔͎͙͊ͣͤͪ;͔͚ͫͦ͟ ͔͔ͨͪ͒͊;͙ ͍ ͙͔ͨͪ͗͊͡΅͔ͣ Ύ͔͒ͪ όƴǳŎƭŜǳǎ ŀŎŎǳƳōŜƴǎύ Ύ͍͡Ύ͔ͭͫΎ 

͟͡Ό;͔͍·ͣ ͒͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ;͍͍ͯͫͭ͊ Ή͚ͺ͙͙ͦͪΣ ͍ͨͦ·΄͔͙ͤΎ ͙͍ͣͦͭ͊ͼ͙͙Σ ͊ ͍͔͍͙͙ͨͦͫ͒ͫͭ͡ ς ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 

͍͙͙͙͊ͫͣͦͫͭ͘Φ 

оΦ ˴͙͙ͤ͡;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ 

ˤ ͙͔͚ͦͤͭͪͦͪͯͣͦ͟͡ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͙͔ͨͪ͊ͭ͟͟ ͙ͨͫͻ͙ͦͫͭͣͯ͡Ύͭͦͪ· ͙͔ͣΌͭ ;͖͙͔ͭ͟ ͙ͨͦ͊͊ͤ͘͟ΎΥ 

¶ ˿͙ͤ͒ͪͦͣ ͔͒ͺ͙ͼ͙ͭ͊ ͍͙͙ͤͣ͊ͤΎ ͙ ͎͙͔͙͍͙ͨͪ͊ͭͤͦͫͭ͟ ό˿˨ˤ˥ύΥ ˸ ͔͙ͭ͡ͺ͔͙ͤ͒͊ͭ ͙  ͫ ͙ͦ͡ 

͊ͣͺ͔͙ͭ͊ͣͤ͊ ό͙͔ͤ͊ͨͪͣͪΣ ͙͔͒ͫ͊ͣ͘͟͡ͺ͔͙ͭ͊ͣͤύ Ύ͍͡ΎΌͭͫΎ ͔͙ͨͪͨ͊ͪ͊ͭ͊ͣ ͔͍͚ͨͪͦ ͙͙͙ͤ͡Φ ˽͊ͪ͊͒ͦͫ͊͟͡Έͤ·ͣ 

ͦ͋ͪ͊ͦͣ͘ ͯ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ˿˨ˤ˥ ͙ͦͤ ͔ͤ ͍·͘·͍͊Όͭ ͍͔͙ͦ͋ͯ͗͒ͤ͘ΎΣ ͊Σ ͙͍ͤ͊ͨͪͦͭΣ ͍ͨͦ·΄͊Όͭ ͫͨͦͫͦ͋ͤͦͫͭΈ ͟ 

ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙Σ ͙ͫͤ͗͊Όͭ ͙ͣͨͯ͡Έ͙͍ͫͤͦͫͭΈ ͙ ͎͙͔͙͍ͨͪ͊ͭͤͦͫͭ͟Έ ͊͘ ͫ;͖ͭ ͙ͤͦͪͣ͊͊͘͡ͼ͙͙ ͺͯͤ͟ͼ͙͙ 

͔ͨͪͺͪͦͤͭ͊͡Έ͚ͤͦ ͦͪ͟·Σ ͔͎͙͔͚ͪͯͪͯͣͦ͡ ͒ͦͺ͙͊ͣͤͦͣ ͙ ͔͙ͤͦͪ͊͒ͪͤ͊ͤͦͣ͡Φ ˶͔;͔͙͔ͤ ͍͙ͨͪͦͦ͒ͭͫΎ ͨͦ͒ 

͎͙ͫͭͪͦͣ ͍ͪ͊;͔͋ͤ·ͣ ͔ͦͤͭͪͦͣ͟͡Φ 

¶ ˹͔͙͊ͪͦͨͫ͟͡ΎΥ s ͣͺ͔͙ͭ͊ͣͤ· ͙ ͣͦ͒͊ͺ͙͙ͤ͡ ό͙͙͊ͭͨ;ͤ·͚ ͙ͫͭͣͯ͡Ύͭͦͪ ͫ ͔͔͔ͣͤ ͍·͔ͪ͊͗ͤͤ·ͣ 

͙͙͍͊͒͒ͭͤ͟·ͣ ͔ͨͦͭͤͼ͙͊ͦͣ͡ύ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͋ͦͪΈ͋· ͫ ͔͔͙͚ͤͨͪͦ͒ͦͣͦ͡ ͔͍͚͒ͤͤͦ ͙͍ͫͦͤͦͫͭ͡ΈΌ ͙ 

͔͙͔͚͊ͭ͊ͨͫ͟͟͡Φ 

¶ ˻͙͔͙͔͗ͪͤ ό͙͙ͫͭͦͪ;͔͙ͫ͟ύΥ ˭ ͊ ͫ;͖ͭ ͔͙͎͔͎͊ͤͦͪͫͤͤͦͦ͟ Ήͺͺ͔ͭ͊͟ ό͍͔͙ͨͦ͒͊ͤ͡Ύ ͔͙͊ͨͨͭͭ͊ύ 

͊ͣͺ͔͙ͭ͊ͣͤ· ͔͔ͪ͊ͤ ͙͔ͨͪͣͤΎ͙ͫ͡Έ ͒͡Ύ ͙͔͙ͫͤ͗ͤΎ ͍͔ͫ͊Σ ͤͦ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͙͘-͊͘ ͙ͪͫ͊͟ ͍͙͙͙͊ͫͣͦͫͭ͘ 

͙ͻ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͒͡Ύ Ή͚ͭͦ ͼ͔͙͡ ͔ͪͦ͘͟ ͎͙ͦͪ͊ͤ;͔ͤͦΦ 

пΦ ˽ͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟·Σ ͍͙͙͊ͫͣͦͫͭ͘Έ ͙ ͔ͨͪͦ͋ͣ͊͡ ͔͔͙ͦͯͨͦͭͪ͋ͤ͘͡͡Ύ 

˽͙ͪ ͔͔͙ͤͣ͒ͼ͙ͤͫͦͣ͟ ͔͔͙͙ͯͨͦͭͪ͋ͤ͡ ͙͙ͪͫ͟ ͎ͣͤͦͦͪ͊ͭͤͦ͟ ͍ͦͪ͊ͫͭ͊͘ΌͭΦ 

¶ ˻ͫͭͪ·͔ Ήͺͺ͔ͭ͟· ͙ ͔͔͙͍ͨͪ͒ͦͪͦ͊͘͟Υ ́ ͊ͻ͙͙͊ͪ͒͟ΎΣ ͎͙͔͔͙ͨͪͭͤ͘ΎΣ ͙͙͙͊ͪͭͣΣ ͎͙͔͔͙ͨͪͭͪͣΎΣ ͙͙ͣ͒ͪ͊͘Σ 

͔͍ͭͪͦ͗ͤͦͫͭΈΣ ͙ͨ͊ͪ͊ͤͦ͒͊͡Έͤ·͚ ͔͋ͪ͒Σ ͙ͨͫͻ͙ͦͭ;͔͙͔ͫ͟ ͫͦͫͭͦΎ͙ͤΎ όζ͊ͣͺ͔͙͍ͭ͊ͣͤͦ·͚ ͙ͨͫͻͦ͘ηύΣ ͎͙ͫͯ͒ͦͪͦΣ 

͙ͤͫͯ͡ΈͭΣ ͦͫͭͪ͊Ύ ͔͔ͫͪ͒;ͤ͊Ύ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤͦͫͭΈΦ 

¶ ͙̆ͪͦͤ;͔͔ͫͦ͟ ͔͔͙͔ͯͨͦͭͪ͋ͤ͡ ͙ ͍͙͙͊ͫͣͦͫͭ͘ΈΥ 

o ͔́ͦͪ͊ͤͭͤͦͫͭ͡ΈΥ x ·ͫͭͪͦ ͍͙͍͔ͪ͊͊ͭͫ͘ΎΣ ͔ͭͪ͋ͯΎ ͍͔͙ͯ͡;͔͙ͤΎ ͒ͦ͘·Φ 

o ˽͙ͫͻ͙;͔ͫ͊͟Ύ ͍͙͙͊ͫͣͦͫͭ͘ΈΥ ˴ ͚͔ͪ͊ͤ ͍·͔ͪ͊͗ͤ͊Σ ͍͔ͦ͋ͯͫͦͤ͊͡͡ ͣͦ΅ͤ·ͣ ͍͔͚͍͙͔ͦ͒ͫͭͣ͘ ͤ͊ ͙͔ͫͫͭͣͯ 

͍͎͔͙ͦͤ͊ͪ͊͗͒ͤ͘ΎΦ 
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o ˿͙ͤ͒ͪͦͣ ͔ͦͭͣͤ· όζͦͭͻͦ͒ͤΎ͟ηύΥ ̆ ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͎͚ͯ͋ͦͦ͟͡ ͯͫͭ͊ͦͫͭ͡ΈΌΣ ͔͔͙͔͚͒ͨͪͫͫΣ 

͙͒ͫͺ͙͔͚ͦͪΣ ͍ͨͦ·΄͔͚ͤͤͦ ͙͍ͫͦͤͦͫͭ͡ΈΌΣ ͙͔͒Ύ͙ͣ ͍͙͔͙ͫ͊ͣͦͦ͋ͤͤΎΦ ˸͔ͦ͗ͭ ͙͒ͭ͡ΈͫΎ ͔͔ͤ͒͡Ύ͙ͣΦ 

o ˸͔͙͒ͼ͙͙͔ͤͫ͟ ͔͍͙ͨͦͫ͒ͫͭ͡ΎΥ ˮ ͫͭͦ΅͔͙͔ͤΣ ͎͙͙͍ͦͤͭͤ͟·͔ ͤ͊ͪͯ΄͔͙ͤΎΣ ͙͙͙͊ͪ͒ͦͣͦͨ͊ͭ͟ΎΣ 

͔͙͔ͨͦͪ͊͗ͤ ͍ͯ͋ͦ͘ όζ͔ͣͭ͊ͣͺ͔͙͍ͭ͊ͣͤͦ·͚ ͪͦͭηύΣ ͍ͨͦ·΄͔ͤͤ·͚ ͙ͪͫ͟ ͙ͤͫͯ͡Έͭ͊ ͙ ͙ͤͺ͊ͪͭ͊͟Σ ͫͦͼ͙͊͡Έͤ͊Ύ 

͔͒͊͒͊ͨͭ͊͘ͼ͙ΎΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˽͙ͫͻ͙ͦͫͭͣͯ͡Ύͭͦͪ· ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙͊ͫͫ͟͡;͔͙͚ͫ͟ ͙͔ͨͪͣͪ ͙͒ͯ͊ͣ͊͘͡ ͍ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ ˿ 

͚ͦ͒ͤͦ ͫͭͦͪͦͤ·Σ ͙ͦͤ Ύ͍͡ΎΌͭͫΎ ͍·ͫͦͦ͟Ήͺͺ͔͙͍ͭͤ͟·͙ͣ ͔͍͔͊ͪͫͭͤͤ͟͡·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣΣ ͔͔͙ͤ͊ͣͤͣ͘·͙ͣ ͍ 

͔͙͙ͭͪ͊ͨ ˿˨ˤ˥ ͙ ͔͙͙ͤ͊ͪͦͨͫ͟͡Σ ͫͨͦͫͦ͋ͤ·͙ͣ ͙͊ͪ͒ͤ͊͟͡Έͤͦ ͯͯ͡;΄͙ͭΈ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦ ͙ͨͪ 

͎ͪ͊ͣͦͭͤͦͣ ͤ͊ͤ͊͘;͔͙͙ͤΦ ˿ ͎͚͒ͪͯͦ ͫͭͦͪͦͤ·Σ ͙ͻ ͣͦ΅͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͒ͦͺ͙͔͎͙͊ͣͤͪ;͔ͫͯ͟Ό ͙͔ͫͫͭͣͯ 

͍͎͔͙ͦͤ͊ͪ͊͗͒ͤ͘Ύ ͔͙͗ͭ͡ ͍ ͍͔ͦͫͤͦ ͎ͦ͒ͤͦͦ ͙͘ ͫ͊ͣ·ͻ ͪ͊ͪͯ͘΄͙͔ͭ͡Έͤ·ͻ ͍͙͍͒ͦ ͻ͙͙ͣ;͔͚ͫͦ͟ ͍͙͙͙͊ͫͣͦͫͭ͘Φ 

͖͔̉ͭͦ͟ ͔͔͙͔ͪ͊͒ͤ͘͡ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙ ͔͔͙ͤͣ͒ͼ͙͎ͤͫͦͦ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘ΎΣ ͎͙͚ͫͭͪͦ ͦͤͭͪͦ͟͡Έ ͦ͋ͦͪͦͭ͊Σ 

͙ͤͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͦ ͙ͪͫ͊͟ͻ ͙ ͨͦͫͭͦΎͤͤ·͚ ͙ͨͦͫ͟ ͍ͤͦ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͫ ͯͯ͡;΄͔ͤͤ·ͣ ͨͪͦͺ͙͔ͣ͡ 

͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ό͙͔ͤ͊ͨͪͣͪΣ ͙͔͒ͫ͊ͣ͘͟͡ͺ͔͙ͭ͊ͣͤΣ ͣͦ͒͊ͺ͙͙ͤ͡ύ Ύ͍͡ΎΌͭͫΎ ͔ͤͦ͋ͻ͙ͦ͒ͣ·͙ͣ ͍͙ͯͫͦ͡Ύ͙ͣ ͒͡Ύ 

͙͙͙ͣͤͣ͊͘ͼ͙͙ ͍͔ͪ͒͊ ͙ ͙ͣ͊ͫͣ͊͟͡Έ͚ͤͦ ͔͙ͪ͊͊͘͡ͼ͙͙ ͔͔͍͙ͭͪ͊ͨͭ;͔͎ͫͦͦ͟ ͔ͨͦͭͤͼ͙͊͊͡ Ή͚ͭͦ ͚ͫͦ͗ͤͦ͡ ͎ͪͯͨͨ· 

͍͔΅͔͍ͫͭΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˿͙͍͔ͭͤͫ ˨͗Φ ˾ΦΣ ͙̂ͦͫ͟͟͡ ̆Φ ˴Φ ˹͔͚ͪͦͺ͎͙͊ͪͣ͊ͦͦ͟͡Ύ ͙ͨͫͻ͙ͦͫͭͣͯ͡Ύ͍ͭͦͪͦΦ ˤ ͤ͟ΦΥ ˹͔͚͙ͪͦͤ͊ͯ͟ ͍ 

͙ͨͫͻ͙͙͙͊ͭͪΦ ˽ͦ͒ ͔ͪ͒Φ ̏Φ ̆Φ ˾͙ͯ͋ͤ͊Σ ̉Φ ̅Φ ͙̇ͦͪͫ͊Φ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлмуΦ ˿Φ нпрπнтуΦ 

нΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͨͦ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͡;͔͙ͤΌ ͙ͫͤ͒ͪͦͣ͊ ͔͒ͺ͙ͼ͙ͭ͊ ͍͙͙ͤͣ͊ͤΎ ͙ 

͎͙͔͙͍͙ͨͪ͊ͭͤͦͫͭ͟ ό˿˨ˤ˥ύ ͯ ͔͔͚͒ͭ ͙ ͍ͨͦ͒ͪͦͫͭͦ͟Φ ˻͋΅͔͙͚ͪͦͫͫͫ͊͟Ύ ͦ͋΅͔͍͔ͫͭͤͤ͊Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙Ύ 

ζ˾͙͚͔ͦͫͫͫͦ͟ ͦ͋΅͔͍ͫͭͦ ͙ͨͫͻ͙͍͊ͭͪͦηΣ нлнмΦ 

оΦ ˴ͦ΄͙ͤ͊͟ ˩ΦˢΦΣ ˴͙͍ͪ͗͊ͤͦ͊ ˤΦˤΦ ͙͔͙͎͙̏ͨ͒ͣͦͦ͡ΎΣ ͙͙ͤ͊͟͟͡ ͙ ͔͙ͭͪ͊ͨΎ ͙ͤ͊ͪͦͭ͟;͔͚ͫͦ͟ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ 

͙ͨͫͻ͙ͦͫͭͣͯ͡Ύ͍ͭͦͪͦΦ ˹͎͙͊ͪͦͦ͟͡ΎΦ нлнлΤмфόрύΥ стπтрΦ 

пΦ ±ƻƭƪƻǿ bΦ5ΦΣ ²ŀƴƎ DΦWΦΣ CƻǿƭŜǊ WΦ{ΦΣ Ŝǘ ŀƭΦ ˸͔ͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ͙ͫͭͣͯ͡Ύ͍ͭͦͪͦΥ ͙͙͔ͨͦͤͣ͊ͤ ͙͊͒͒͟ͼ͙͙Φ 

/ŜǊŜōǊǳƳΦ нлмнΤнлмнΥмнΦ 

рΦ !ƳŜǊƛŎŀƴ tǎȅŎƘƛŀǘǊƛŎ !ǎǎƻŎƛŀǝƻƴΦ 5ƛŀƎƴƻǎǝŎ ŀƴŘ {ǘŀǝǎǝŎŀƭ aŀƴǳŀƭ ƻŦ aŜƴǘŀƭ 5ƛǎƻǊŘŜǊǎΣ CƛƊƘ 9Řƛǝƻƴ 

ό5{aπрύΦ !ǊƭƛƴƎǘƻƴΣ ±!Υ !ƳŜǊƛŎŀƴ tǎȅŎƘƛŀǘǊƛŎ !ǎǎƻŎƛŀǝƻƴΣ нлмоΦ ό˾͔͊͒͘͡·Υ {ǝƳǳƭŀƴǘ ¦ǎŜ 5ƛǎƻǊŘŜǊΣ {ǝƳǳƭŀƴǘ 

LƴǘƻȄƛŎŀǝƻƴύΦ 

ϭ ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥ΦΣ нлнр 

 

 

 

 

̂˨˴ смсΦсн-006 

˿͍͊ͨ͊ͪͦ͊ ͚̆ͯͣ͊ ˨͍͍ͦͪ͊ͤͦͤ͊ 

˽͔͍͔ͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͻ͙͙͙ͣ ͔͎́ͯͪͣͤͫͦͦ͟͟  

˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ˸͔͙͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ s ΄ͻ͊͋͊͒ 

 

˻˿˻ˣ˩˹˹˻˿́ˮ ̆ˮ˸ˮ̉˩˿˴˻˥˻ ˿˻˿́ˢˤˢ ˴ˢ˸˹˩˯ ˤ ˽˻̉˴ˢ̆ ̉˩˶˻ˤ˩˴ˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˽ͦ;͔;ͤ·͔ ͙͊ͣͤ͟ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͍͖ͭͪ͒·͔ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΣ ͺ͙ͦͪͣͪͯΌ΅͙͔ͫΎ ͙͘ 

͙͙͍ͪͫͭ͊ͦ͊ͤͤ͘͟͡͡·ͻ ͔͚ͫͦ͡Σ ͎͙ͦͪ͊ͤ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭ ͙ ͙͔ͣͤͪ͊͡Έͤ·ͻ ͔͍ͦͣͨͦͤͤͭͦ͟Σ ͔ͫͦ͒ͪ͗͊΅͙ͻͫΎ ͍ ͣͦ;͔Φ 
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ˤ ͤͦͪͣ͊͡Έͤ·ͻ ͍͙ͯͫͦ͡Ύͻ ͣͦ;͊ Ύ͍͡Ύ͔ͭͫΎ ͔͔ͨͪͤ͊ͫ·΅͔ͤͤ·ͣ ͍ͪ͊ͫͭͦͪͦͣΣ ͦ͒ͤ͊ͦ͟ ͎͋͊ͦ͒͊ͪ͡Ύ ͔͚͍͙͒ͫͭΌ 

͙͎͙͙͍ͤ͋ͭͦͪͦ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙͙ ͔͍͙͔͊ͣͤͦ͋ͪ͊ͦ͊ͤ͘͟ ͔ͤ ͙ͨͪͦͫͻ͙ͦ͒ͭΦ ˽͙ͪ ͤ͊ͪͯ΄͔͙͙ͤ ͋͊͊ͤͫ͊͡ ͔ͣ͗͒ͯ 

͙ͨͪͦͣͦͭͦͪ͊ͣ ͙ ͙͎͙͙͙ͤ͋ͭͦͪ͊ͣ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙͙ ͫͦ͒͊͘ΌͭͫΎ ͍͙ͯͫͦ͡Ύ ͒͡Ύ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙͙͍ͣͪͦͪͫͭ͊ͦ͟͟͡͡Σ 

ͦͭͦͪ͟·͔ ͫͦ ͍͔͔͔ͪͣͤͣ ͎ͣͦͯͭ ͍͔͙ͯ͡;͙͍͊ͭΈͫΎ ͙ ͔͍ͨͪͪ͊΅͊ͭΈͫΎ ͍ ͙͙ͤ͟͡;͔͙ͫ͟ ͤ͊͘;͙ͣ·͔ ͔͔ͦͤͪͣͤͭ͟͟·Φ 

˿ ͻ͙͙ͣ;͔͚ͫͦ͟ ͭͦ;͙͟ ͔͙ͪͤ͘Ύ ͨͦ;͔;ͤ·͔ ͙͊ͣͤ͟ ͙ͦͭ͡;͊ΌͭͫΎ ͋ͦ͡Έ΄͙ͣ ͙͔ͪ͊ͤͦͦ͋ͪ͊ͣ͘͘Φ ˹͙͔͔͊͋ͦ͡ 

;͊ͫͭͦ ͍͔ͫͭͪ;͊ΌͭͫΎ ͦͫ͊͊ͭͤ͟͡·͔Σ ͺͦͫͺ͊ͭͤ·͔ ͙ ͯͪ͊ͭͤ·͔ ͙͊ͣͤ͟Σ ͔͔ͪ͗ τ ͼ͙͙͍ͫͭͤͦ·͔Σ ͙͍ͫ͊ͤͭͤͦ͟·͔ ͙ 

͍͙ͫͭͪͯͭͤ·͔Φ ˴͊͗͒·͚ ͙ͭͨ ͔͚͊ͣͤ͟ ͙͔͔ͣͭ ͻ͔͊ͪ͊ͭͪͤ͟·͚ ͻ͙͙ͣ;͔͙͚ͫ͟ ͍ͫͦͫͭ͊Σ ͺ͙͙͘;͔͙͔ͫ͟ ͍͚͍ͫͦͫͭ͊ ͙ 

͍͙ͯͫͦ͡Ύ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˹͙͔͊ͨͪͣͪΣ ͦͫ͊͊ͭͤ͟͡·͔ ͙͊ͣͤ͟ ͦ͋ͪ͊ͯ͘ΌͭͫΎ ͙ͨͪ ͙͋͘·͔ͭ͟ ͊͟͡Έͼ͙Ύ ͙ ͍ͦͫ͊͊ͭͦ͟͡Σ 

ͺͦͫͺ͊ͭͤ·͔ τ ͙ͨͪ ΅͔ͦ͡;͚ͤͦ ͔ͪ͊͟ͼ͙͙ ͣͦ;͙Σ ͯͪ͊ͭͤ·͔ τ ͙ͨͪ ͍ͨͦ·΄͔͚ͤͤͦ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͣͦ;͔͍͚ͦ 

͙ͫͦͭ͟͡· ͙ ͙͚ͫͦ͟͡ ͔͔ͫͪ͒Φ 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊ ͔͚͊ͣͤ͟ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͫ ͨͦͣͦ΅ΈΌ ͊͋ͦͪ͊ͭͦͪͤ͡·ͻ ͙ 

͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·ͻ ͔͍ͣͭͦ͒ͦΣ ͙ͭ͊͟ͻ ͊͟͟ ͙ͤͺͪ͊ͪ͊ͫͤ͊͟Ύ ͔͙ͫͨͭͪͦͫͦͨ͟͟ΎΣ ͔͎͔ͪͤͭͤͦͫͭͪͯͭͯͪͤ͟·͚ ͙͊ͤ͊͘͡ ͙ 

ͻ͙͙ͣ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡ ͣͦ;͙Φ ˽ͦͯ͡;͔ͤͤ·͔ ͒͊ͤͤ·͔ ͍ͨͦͦ͘͡ΎΌͭ ͍ͪ͊;͊ͣ ͨͦ͒ͦ͋ͪ͊ͭΈ ͙͙͍͙ͤ͒͒ͯ͊͡ΈͤͯΌ ͙ͭ͊ͭͯ͟͟ 

͔͡;͔͙ͤΎΣ ͍͟͡Ό;͊Ό΅ͯΌ ͔͙͔ͣ͒͊ͣͤͭͦͤͯ͘͟Ό ͔͙ͭͪ͊ͨΌΣ ͙͔͙͒ͭ;͔͙͔ͫ͟ ͔͔ͪͦͣͤ͒͊͟ͼ͙͙ ͙ ͔ͦͪͪ͟͟ͼ͙Ό ͦ͋ͪ͊͊͘ 

͙͙͗ͤ͘ ͨ͊ͼ͙͔ͤͭ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͣͦ;͔͔͊ͣͤͤ͊͟Ύ ͔͋ͦͤ͘͡ΈΣ ͨͦ;͔;ͤ·͔ ͙͊ͣͤ͟Σ ͻ͙͙ͣ;͔͙͚ͫ͟ ͍ͫͦͫͭ͊Σ ͦͫ͊͊ͭ͟͡·Σ ͺͦͫͺ͊ͭ·Σ  

ͯͪ͊ͭ·Σ ͊͟͡Έͼ͙͚Σ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙ΎΣ ͔͙ͣͭ͊͋ͦͣ͘͡Φ 

 

ˤ͍͔͔͙͔͒ͤΦ 

˸ͦ;͔͔͊ͣͤͤ͊͟Ύ ͔͋ͦͤ͘͡Έ ͙͔͊ͤͣ͊ͭ͘ ͦ͒ͤͦ ͙͘ ͍͔͒ͯ΅͙ͻ ͔ͣͫͭ ͔͙ͫͪ͒ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

ͣͦ;͔͍·͔͙͔͒ͭ͡͡Έ͚ͤͦ ͙͔ͫͫͭͣ· ͙ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͔ͫͪΈ͖ͤͯ͘Ό ͔͙ͣ͒ͼ͙ͤͫͯ͟Ό ͙ ͫͦͼ͙͊͡ΈͤͯΌ ͔ͨͪͦ͋ͣͯ͡Φ 

˽ͦ ͒͊ͤͤ·ͣ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͤ͊͋͡Ό͔͙͚͒ͤΣ ͙ͪͫ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͚͊ͣͤ͟ ͍ ͨͦ;͊͟ͻ ͍ ͔ͭ;͔͙͔ͤ ͙͙͗ͤ͘ ͫͯ΅͔͍͔ͫͭͯͭ 

 ͯͤ͊͘;͙͔ͭ͡Έ͚ͤͦ ;͙͊ͫͭ ͔͔͙ͤ͊ͫͤ͡ΎΣ ͊ ;͊ͫͭͦͭ͊ ͔ͪͼ͙͙͍͍͒ͦ ͔ͨͦͫ͡ ͔͍͎ͨͪͦͦ Ή͙ͨͦ͒͊͘ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͖ͦͫͭ͊ͭͫΎ 

͍·͚ͫͦͦ͟Φ ̏ͭͦ ͍͙͍͔ͦ͋ͯͫͦ͊ͭ͡͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍͔͔͎ͫͫͭͦͪͦͤͤͦ ͙ͯ͘;͔͙ͤΎ ͺ͍͊ͭͦͪͦ͟Σ ͍͙͡ΎΌ΅͙ͻ ͤ͊ 

ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͔͔͍ͦͤͪͣͤͭͦ͟͟Σ ͔͙ͫͪ͒ ͦͭͦͪ͟·ͻ ͔ͦͫͦ͋ͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͙ͻ ͻ͙͙ͣ;͔͙͚ͫ͟ ͫ ͍ͦͫͭ͊Φ 

˽ͦ;͙͟ ͍·ͨͦͤ͡ΎΌͭ ͍͔͚͊͗ͤ΄ͯΌ ͺͯͤ͟ͼ͙Ό ͍ ͎͙͔ͦͪ͊ͤͣ͘ ;͔͍͔ͦ͊͟͡Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͍·͍͔͔͙͔͒ͤ 

͍ͨͪͦ͒ͯͭͦ͟ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭΣ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ ͍ͦ͒ͤͦ-͔͍͎ͫͦͦͦ͡ ͋͊͊ͤͫ͊͡ ͙ ͙ͫͦͭͤͦ͟͡-΅͔ͦ͡;͎ͤͦͦ ͍͍͔͙ͪ͊ͤͦͫΎΦ 

ˤ ͨͪͦͼ͔͔ͫͫ ͺ͙͡Έͭͪ͊ͼ͙͙ ͍͙ͪͦ͟ ͔ͦ͋ͪ͊ͯͭͫ͘Ύ ͣͦ;͊Σ ͔ͫͦ͒ͪ͗͊΅͊Ύ ͙ͪ͊͘͡;ͤ·͔ ͍͖ͪ͊ͫͭͦͪͤͤ·͔ ͍͔΅͔͍ͫͭ͊Σ 

͍͟͡Ό;͊Ύ ͙ͫͦ͡ ͊͟͡Έͼ͙ΎΣ ͺͦͫͺͦͪ͊Σ ͙ͤ͊ͭͪΎΣ ͙͊͟͡ΎΣ ͣͦ;͔͍ͯΌ ͙ͫͦͭͯ͟͡ ͙ ͎͙͔͒ͪͯ ͔͙͔͙ͫͦ͒ͤͤΎΦ ˽͙ͪ 

ͤͦͪͣ͊͡Έͤͦͣ ͺͯͤ͟ͼ͙͙͍͙͙ͦͤͪͦ͊ͤ ͎͙ͦͪ͊ͤͣ͊͘ Ή͙ͭ ͍͔΅͔͍ͫͭ͊ ͤ͊ͻͦ͒ΎͭͫΎ ͍ ͍͖ͪ͊ͫͭͦͪͤͤͦͣ ͫͦͫͭͦΎ͙͙ͤ ͙ 

͍·͍ͦ͒ΎͭͫΎ ͔͋͘ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͍͖ͭͪ͒·ͻ ͫͭͪͯͭͯͪ͟Φ 

˻͒ͤ͊ͦ͟ ͙ͨͪ ͔͔͖ͦͨͪ͒ͤͤ͡·ͻ ͍͙ͯͫͦ͡Ύͻ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͔͔ͨͪͤ͊ͫ·΅͔͙͔ͤ ͣͦ;͙ ͫͦ͡Ύ͙ͣΣ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

͙ͻ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙͙Φ ˴ ;͙ͫͯ͡ ͙ͭ͊͟ͻ ͍͙͚ͯͫͦ͡ ͦͭͤͦͫΎͭͫΎ ͤ͊ͪͯ΄͔͙ͤΎ ͔ͦ͋ͣͤ͊ ͍͔΅͔͍ͫͭΣ ͔ͤ͒ͦͫͭ͊ͭͦ;͔ͤͦ 

͔͔͙͔ͨͦͭͪ͋ͤ͡ ͙͙͗͒ͦͫͭ͟Σ ͙͔͔͙͔ͣͤͤ͘ ͙͙ͫͦͭͤͦͫͭ͟͡ ͣͦ;͙Σ ͙ͤͺ͔͟ͼ͙͙ ͣͦ;͔͍·͍ͦ͒Ύ΅͙ͻ ͔͚ͨͯͭΣ ͊ ͔ͭ͊͗͟ 

͎͔͔͙ͤͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡ΈΦ ˻͋ͪ͊ͯ͘Ό΅͙͔ͫΎ ͙͙ͣͪͦͪͫͭ͊͟͟͡͡· ͎ͣͦͯͭ ͔͙͍͊͒ͪ͗͊ͭ͘ΈͫΎ ͍ 

ͨͦ;͔;ͤ·ͻ ͊ͤ͊͟͡Έͼ͊ͻΣ ͔͔ͨͦͫͭͨͤͤͦ ͍͔͙ͯ͡;͙͍͊ͭΈͫΎ ͍ ͔ͪ͊ͣͪ͊͘ͻ ͙ ͺ͙͍ͦͪͣͪͦ͊ͭΈ ͙͊ͣͤ͟Φ 

͙͙̆ͣ;͔͙͚ͫ͟ ͍ͫͦͫͭ͊ ͨͦ;͔;ͤ·ͻ ͔͚͊ͣͤ͟ Ύ͍͡Ύ͔ͭͫΎ ͔͙͔ͦͭͪ͊͗ͤͣ ͙͋ͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΣ 

͙ͨͪͦͫͻͦ͒Ύ΅͙ͻ ͍ ͎͙͔ͦͪ͊ͤͣ͘Φ ˹͙͔͔͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͙ͣ Ύ͍͡ΎΌͭͫΎ ͊͟͡Έͼ͙͚͔ͫͦ͒ͪ͗͊΅͙͔ ͙͊ͣͤ͟Σ 

ͦͭͦͪ͟·͔ ͍ͫͦͫͭ͊͡ΎΌͭ ͒ͦ тлςул҈ ͍͔ͫͻ ͫͯ͡;͔͍͊ ͣͦ;͔͔͚͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡Φ ˤ ͙ͻ ͍ͫͦͫͭ͊ ͍ͻͦ͒Ύͭ ͦͫ͊͊ͭ͟͡· ͙ 

ͺͦͫͺ͊ͭ· ͊͟͡Έͼ͙ΎΦ ˻ͫ͊͊ͭͤ͟͡·͔ ͙͊ͣͤ͟ ͙ͦͭ͡;͊ΌͭͫΎ ͍·͚ͫͦͦ͟ ͨͦͭͤͦͫͭ͡ΈΌ ͙ ͔͍͚ͤͪͦͤͦ ͍͔ͨͦͪͻͤͦͫͭΈΌΣ ;ͭͦ 

;͊ͫͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͍͙͍͙ͭͪ͊ͣͪͦ͊ͤΌ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͣͦ;͔͍·͍ͦ͒Ύ΅͙ͻ ͔͚ͨͯͭΦ ̅ͦͫͺ͊ͭͤ·͔ ͙͊ͣͤ͟Σ 

͙͍ͤ͊ͨͪͦͭΣ ͙͔ͣΌͭ ͔͔͋ͦ͡ ͣΎ͎ͯ͟Ό ͫͭͪͯͭͯͪͯ͟ ͙ ͺ͙ͦͪͣͪͯΌͭͫΎ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͍ ΅͔ͦ͡;͚ͤͦ ͔͔ͫͪ͒Φ 
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̂ͪ͊ͭͤ·͔ ͙͊ͣͤ͟ ͦ͋ͪ͊ͯ͘ΌͭͫΎ ͙͘ ͔͚ͫͦ͡ ͣͦ;͔͍͚ͦ ͙ͫͦͭ͟͡· ͙ ;͊΅͔ ͍͔ͫͭͪ;͊ΌͭͫΎ ͯ ͡Ό͔͚͒ ͫ 

ͤ͊ͪͯ΄͔͙͔ͤͣ ͙͍͎ͨͯͪͤͦͦͦ ͔ͦ͋ͣͤ͊Φ ˻͙ͤ ͎ͣͦͯͭ ͋·ͭΈ ͍ͫΎ͊ͤ͘· ͫ ͎͚ͨͦ͒͊ͪͦΣ ͙͋͘·ͭͦ;ͤ·ͣ ͔͔͙͔ͨͦͭͪ͋ͤͣ͡ 

ͣΎ͚ͫͤͦ ͙ͨ΅͙ ͙ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤ·ͣ ͔͔͙͔ͯͨͦͭͪ͋ͤͣ͡ ͍ͦ͒·Φ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͊͟͡Έͼ͙͚͔ͫͦ͒ͪ͗͊΅͙ͻ ͔͚͊ͣͤ͟Σ 

ͯͪ ͊ͭͤ·͔ ͔͔ͦͤͪͣͤͭ͟͟· ;͊ͫͭͦ ͔ͤ ͍͙͒ͤ· ͤ͊ ͔͎͔͍͙ͪͤͭͤͦͫ͟ͻ ͙ͫͤͣ͊͟ͻΣ ;ͭͦ ͊ͭͪͯ͒ͤ͘Ύ͔ͭ ͙ͻ ͙͎͙͒͊ͤͦͫͭͯ͟Φ 

˻͔ͭ͒͡ΈͤͯΌ ͎ͪͯͨͨͯ ͍ͫͦͫͭ͊͡ΎΌͭ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ό͍͙ͫͭͪͯͭͤ·͔ύ ͙͊ͣͤ͟Σ ͦ͋ͪ͊ͯ͘Ό΅͙͔ͫΎ ͨͦ͒ ͍͙͡Ύ͙͔ͤͣ 

͔͙͚͋͊ͭͪ͟Σ ͪ͊ͫ΅͔ͨ͡ΎΌ΅͙ͻ ͣͦ;͔͍͙ͤͯΦ ͙͔́͊͟ ͙͊ͣͤ͟ ͔ͫͦ͒ͪ͗͊ͭ ͺͦͫͺ͊ͭ· ͎͙ͣ͊ͤΎ ͙ ͙͊ͣͣͦͤΎ ͙ ͎ͣͦͯͭ ͋·ͫͭͪͦ 

͍͔͙ͯ͡;͙͍͊ͭΈͫΎ ͍ ͔ͪ͊ͣͪ͊͘ͻΣ ͊ͨͦͤ͘͡ΎΎ ͨͦͦͫͭ͡Έ ͨͦ;͙͟Φ ˾͔͔͗ ͍͔ͫͭͪ;͊ΌͭͫΎ ͼ͙͙͍ͫͭͤͦ·͔ ͙͊ͣͤ͟Σ ͍ͫΎ͊ͤͤ͘·͔ ͫ 

͔͍͔ͤ͊ͫ͒ͫͭͤͤ͡·ͣ ͤ͊ͪͯ΄͔͙͔ͤͣ ͭͪ͊ͤͫͨͦͪͭ͊ ͙͙͊ͣͤͦͫͦͭ͟͡Σ ͊ ͔ͭ͊͗͟ ͙͍ͫ͊ͤͭͤͦ͟·͔ ͙͊ͣͤ͟Σ ͍͔ͦ͋ͯͫͦͤͤ͡͡·͔ 

͔͙͙ͪ͒ͣ͟ ͺ͔͔͙͍ͪͣͤͭ͊ͭͤ·͙ͣ ͔͒ͺ͔͙ͭ͊ͣ͟Φ 

ˮͯ͘;͔͙͔ͤ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊ ͔͚͊ͣͤ͟ ͙͔͔ͣͭ ͍͔͊͗ͤͦ ͙ͨͪ͊ͭ͟;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΦ ˻ͤͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͤ 

ͭͦ͡Έͦ͟ ͍͙ͯͫͭ͊ͤͦͭΈ ͙ͨͪ;͙ͤͯ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͤͦ ͙ ͨͦ͒ͦ͋ͪ͊ͭΈ ͙ͦͨͭͣ͊͡Έͤ·͔ ͔ͣͭͦ͒· ͔͡;͔͙ͤΎ ͙ 

ͨͪͦͺ͙͙͙͊ͭ͟͟͡Φ ˹͙͔͊ͨͪͣͪΣ ͙ͨͪ ͦͫ͊͊ͭͤ͟͡·ͻ ͊ͣͤ͟Ύͻ ͔͔͔ͪͦͣͤ͒ͯͭͫ͟Ύ ͎͙ͦͪ͊ͤ;͔͙͔ͤ ͍ͨͪͦ͒ͯͭͦ͟Σ ͎͋ͦ͊ͭ·ͻ 

΅͍͔͔͍͚͊ͦ͡ ͙͚ͫͦͭͦ͟͡Σ ͊ ͙ͨͪ ͯͪ͊ͭͤ·ͻ τ ͙͔͙͔ͫͤ͗ͤ ͔͔͙ͨͦͭͪ͋ͤ͡Ύ ͙͍ͨͯͪͤͦ ͙ ͦ΅͔͊͡;͙͍͙͔͊ͤ ͣͦ;͙Φ ͙́͊ͣ͟ 

ͦ͋ͪ͊ͦͣ͘Σ ͙͔ͤ͊ͤ͘ ͻ͙͙ͣ;͔͚ͫͦ͟ ͙ͨͪͪͦ͒· ͔͔͍ͦͤͪͣͤͭͦ͟͟ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤͦͣͯ ͨͦ͒ͻͦ͒ͯ ͟ 

͊͗͒ͦͣͯ͟ ͨ͊ͼ͙͔ͤͭͯΦ 

˭͊͟͡Ό;͔͙͔ͤΦ 

͙͙̆ͣ;͔͙͚ͫ͟ ͍ͫͦͫͭ͊ ͔͚͊ͣͤ͟ ͍ ͨͦ;͊͟ͻ ;͔͍͔ͦ͊͟͡ Ύ͍͡Ύ͔ͭͫΎ ͟͡Ό;͔͍·ͣ ͺ͊ͭͦͪͦͣ͟Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͣ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ͔ͭ;͔͙ͤΎ ͣͦ;͔͔͚͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡Σ ͔ͣͭͦ͒· ͔͖ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͔͡;͔͙ͤΎ ͙ ͨͪͦͺ͙͙͙͊ͭ͟͟͡Φ 

˾͙͔͊ͤͦͦ͋ͪ͊͘͘ ͙͍ͭͨͦ ͨͦ;͔;ͤ·ͻ ͔͚͊ͣͤ͟ ͔ͦͭͪ͊͗͊ͭ ͫͦ͗ͤͦͫͭ͡Έ ͙͋ͦͻ͙͙ͣ;͔͙ͫ͟ͻ ͙ ͺ͙͙͎͙ͦͦ͘͡;͔͙ͫ͟ͻ 

ͨͪͦͼ͔͍ͫͫͦΣ ͙ͨͪͦͫͻͦ͒Ύ΅͙ͻ ͍ ͎͙͔ͦͪ͊ͤͣ͘Σ ͊ ͔ͭ͊͗͟ ͍͙͡Ύ͙͔ͤ ͍͔ͤ΄͙ͤͻ ͙ ͍͔͙ͤͯͭͪͤͤͻ ͺ͍͊ͭͦͪͦ͟ ͤ͊ ͫͦͫͭͦΎ͙͔ͤ 

ͣͦ;͔͍·͔͙͔͒ͭ͡͡Έ͚ͤͦ ͙͔ͫͫͭͣ·Φ 

˹͙͔͔͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·͔ ͊͟͡Έͼ͙͚͔ͫͦ͒ͪ͗͊΅͙͔ ͙͊ͣͤ͟Σ ͯͪ͊ͭͤ·͔ ͙ ͺͦͫͺ͊ͭͤ·͔ ͔͔ͦͤͪͣͤͭ͟͟· 

͙͔ͣΌͭ ͙ͪ͊͘͡;ͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͙ ͔ͭͪ͋ͯΌͭ ͙͒ͺͺ͔͔ͪͤͼ͙͍͎ͪͦ͊ͤͤͦͦ ͨͦ͒ͻͦ͒͊ ͍ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ 

͙͔ͨͪ͊ͭ͟͟Φ ˻͔͔͔͙͔ͨͪ͒ͤ͡ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊ ͊ͣͤ͟Ύ ͍ͨͦͦ͘͡Ύ͔ͭ ͍·Ύ͍͙ͭΈ ͍͔͒ͯ΅͙͔ ͤ͊ͪͯ΄͔͙ͤΎ ͔ͦ͋ͣͤ͊ 

͍͔΅͔͍ͫͭ ͙ ͔͙͍ͫͦͪͪͭͪͦ͊ͭ͟͟Έ ͦ͋ͪ͊͘ ͙͙͗ͤ͘ ͨ͊ͼ͙͔ͤͭ͊Σ ͍͟͡Ό;͊Ύ ͪ͊ͼ͙ͦͤ ͙͙ͨͭ͊ͤΎ ͙ ͙ͨͭΈ͔͍͚ͦ ͔͙ͪ͗ͣΦ ̏ͭͦ 

͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͫ ͯ;͖ͭͦͣ ͍·͚ͫͦͦ͟ ͍͔ͪͦΎ͙ͭͤͦͫͭ ͍͎ͨͦͭͦͪͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͔͚͊ͣͤ͟Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙͊ͤ͊͊͘͡ ͍ͨͦͦ͘͡ΎΌͭ ͫ ͍·͚ͫͦͦ͟ ͭͦ;ͤͦͫͭΈΌ ͔͔ͦͨͪ͒͡ΎͭΈ ͫͭͪͯͭͯͪͯ͟ ͙ ͍ͫͦͫͭ͊ 

ͨͦ;͔;ͤ·ͻ ͔͚͊ͣͤ͟Σ ;ͭͦ ͍ͨͦ·΄͔͊ͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͡;͔͋ͤ·ͻ ͔͙ͣͪͦͨͪΎ͙͚ͭΦ ˴͔ͦͣͨͫͤ͟͡·͚ ͨͦ͒ͻͦ͒Σ 

͍͟͡Ό;͊Ό΅͙͚ ͊͋ͦͪ͊ͭͦͪͤͯ͡Ό ͙͎͙͒͊ͤͦͫͭͯ͟Σ ͙͔ͤͫͭͪͯͣͤͭ͊͡Έͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͨͪͦͺ͙͙͊ͭ͟͡;͔͙͔ͫ͟ 

͔͔ͪͦͣͤ͒͊͟ͼ͙͙Σ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͙͔͙ͫͤ͗ͤΌ ;͊ͫͭͦͭ· ͔ͪͼ͙͙͍͍͒ͦ ͣͦ;͔͔͚͊ͣͤͤͦ͟ ͔͙͋ͦͤ͘͡ ͙ ͯͯ͡;΄͔͙ͤΌ 

͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΦ 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͙ͯ͘;͔͙͔ͤ ͻ͙͙ͣ;͔͎ͫͦͦ͟ ͍ͫͦͫͭ͊͊ ͨͦ;͔;ͤ·ͻ ͔͚͊ͣͤ͟ ͙͔͔ͣͭ ͔ͤ ͭͦ͡Έͦ͟ ͔͔͙ͭͦͪͭ;͔͔ͫͦ͟Σ 

ͤͦ ͙ ͙ͨͪ͊ͭ͟;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΦ ˻ͤͦ Ύ͍͡Ύ͔ͭͫΎ ͍͚ͦͫͤͦͦ ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͔͎͙͚ͫͭͪ͊ͭ 

͔͡;͔͙ͤΎ ͙ ͨͪͦͺ͙͙͙͊ͭ͟͟͡Σ ͍͔ͤ͊ͨͪ͊ͤͤ͡·ͻ ͤ͊ ͔͙͔ͯͫͭͪ͊ͤͤ ͙ͨͪ;͙ͤ ͔͍͙͊ͣͤͦ͋ͪ͊ͦ͊ͤ͘͟Ύ ͙ ͔͙͔ͨͦ͒͒ͪ͗͊ͤ 

ͤͦͪͣ͊͡Έ͎ͤͦͦ ͺͯͤ͟ͼ͙͙͍͙ͦͤͪͦ͊ͤΎ ͨͦ;͔͟Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ͎͙̂ͪͦͦ͡ΎΥ ͯ;͔͙͋ͤ͟ ͒͡Ύ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͍͍ͯͦ͘ κ ͨͦ͒ ͔ͪ͒Φ ˹ΦˢΦ ˶͙ͦͨ͊ͭͤ͊͟Φ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Φ 

2. ˽·͔ͭ͡Έ ˢΦ̒Φ ˸ͦ;͔͔͊ͣͤͤ͊͟Ύ ͔͋ͦͤ͘͡ΈΦ τ ˸ ΦΥ ˸͔͙͒ͼ͙ͤ͊Φ 

3. ˴͊ͣ·΄͙͍ͤͦ͟ ˤΦ˿Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͋ͦͻ͙͙ͣΎΦ τ ˸ ͙ͤͫ͟Υ ˹͍͔ͦͦ ͙͔ͤ͊ͤ͘Φ 

4. Smith L.H. Kidney stones: medical and surgical management. τ Philadelphia: Lippincott Williams & 

Wilkins. 

5. Coe F.L., Evan A., Worcester E. Kidney stone disease. τ Journal of Clinical Investigation. 

ϭ ˿͍͊ͨ͊ͪͦ͊ ̆Φ˨ΦΣ нлнр 
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̂˨ ˴327                   

˿͊ͪ·͔͍͊ ˥ͯ͡Έ͒͗͊ͤ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͙͙͎͙͙ͣͪͦ͋ͦͦ͟͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˸˻˹˻˴˶˻˹ˢ˶̎˹̍˩ ˢ˹́ˮ́˩˶ˢΥ ˽˻˶̂̉˩˹ˮ˩ ˮ ˽˾ˮ˸˩˹˩˹ˮ˩ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˸ͦͤͦͦͤ͊͟͡͡Έͤ·͔ ͙͔͊ͤͭͭ͊͡ όƳ!ōǎύ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͍·͔ͫͦͦͫͨ͟ͼ͙ͺ͙;͔͙͔ͫ͟ ͙ͣͣͯͤͤ·͔ ͔͙͋͟͡Σ 

ͦͭͦͪ͟·͔ ͪ͊ͫͨͦͤ͊͘Όͭ ͔ͦͭ͒͡Έͤ·͔ Ή͙ͨͭͦͨ· ͙͎͔͍͊ͤͭͤͦΦ ˻͙ͤ ͨͦͯ͡;͙͙͡ ΄͙͔ͪͦͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͍ ͙͎͙͔͒͊ͤͦͫͭ͟Σ 

͔͙͙ͭͪ͊ͨ ͎͙ͦͤͦͦ͟͡;͔͙ͫ͟ͻΣ ͙͊ͯͭͦͣͣͯͤͤ·ͻΣ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͙ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˿ͭ͊ͭΈΎ ͨͦ͒ͪͦ͋ͤͦ 

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

͔ͭͻ͎͙ͤͦͦ͡Ό ͙ ͍͔͔ͫͦͪͣͤͤ·͔ ͔͙ͪͦͣ͋ͤ͊ͤͭͤ͟·͔ ͨͦ͒ͻͦ͒·Φ ͔́͊͗͟ ͦ͋ͫͯ͗͒͊ΌͭͫΎ ͙ͻ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙ΎΣ ͔ͣͻ͙͊ͤͣ͘· 

͔͚͍͙͒ͫͭΎΣ ͺ͎͙͊ͪͣ͊ͦͦ͟͡;͔͔ͫͦ͟ ͙ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤΣ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊ ͙ ͎͙ͦͪ͊ͤ;͔͙ͤΎ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͍ 

͔͙ͣ͒ͼ͙͔ͤΣ ͊ ͔ͭ͊͗͟ ͔͔͙͍ͨͪͫͨͭ͟· ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͤ ͍ͦ·ͻ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ ͔͍ͫͪ͒ͫͭΦ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͣͦͤͦͦͤ͊͟͡͡Έͤ·͔ ͙͔͊ͤͭͭ͊͡Σ ͎͙͙͋ͪ͒ͦͣ·Σ ͔͙ͪͦͣ͋ͤ͊ͤͭͤ͟·͔ ͙͔͊ͤͭͭ͊͡Σ ͔͙ͭͪ͊ͨΎΣ 

 ͒ ͙͎͙͊ͤͦͫͭ͊͟Σ ͙͔͋ͦͭͻ͎͙ͤͦͦ͡ΎΣ ͙͎͙ͣͣͯͤͦͦ͡ΎΦ 

 

˸ͦͤͦͦͤ͊͟͡͡Έͤ·͔ ͙͔͊ͤͭͭ͊͡ ͍͔͍ͨͪ·͔ ͋·͙͡ ͨͦͯ͡;͔ͤ· ͍ мфтр ͎ͦ͒ͯ ͫ ͨͦͣͦ΅ΈΌ ͎͙͙͚͋ͪ͒ͦͣͤͦ 

͔ͭͻ͎͙͙ͤͦͦ͡Σ ;ͭͦ ͍͙ͨͦͦͦ͘͡͡ ͍ͫͦ͒͊͊ͭ͘Έ ͙͔͙͒ͤͭ;ͤ·͔ ͨͦ ͔ͫͭͪͯͭͯͪ͟ ͙ ͺͯͤ͟ͼ͙͙ ͙͔͊ͤͭͭ͊͡Σ ͫͨͦͫͦ͋ͤ·͔ 

͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ ͍ͫΎ͘·͍͊ͭΈͫΎ ͫ ͊͒͊ͤͤ͘·ͣ ͙͎͔͊ͤͭͤͦͣΦ ˮͻ ͍·ͫͦ͊͟Ύ ͔͔͙͍ͫͭͤͦͫͭ͟͡Έ ͙ ͭͦ;ͤͦͫͭΈ 

ͪ͊ͫͨͦ ͍͙ͤ͊͊ͤ͘Ύ Ή͙͍ͨͭͦͨͦ ͔͔͒͊ͭ͡ mAbs ͣ ͦ΅ͤ·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ ͍ ͙͔͙͋ͦͣ͒ͼ͙͔ͤΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ ͙͙ͤ͟͡;͔ͫ͊͟Ύ ͙ͨͪ͊ͭ͊͟͟ ͙͍͊ͭͤͦ͟ ͙ͫͨͦ͡Έͯ͘Όͭ mAbs ͒ ͡Ύ ͙͎͙͙͒͊ͤͦͫͭ͟ 

͔͍͙͚͊͋ͦ͊ͤ͘͡Σ ͎͔͚ͭ͊ͪͭͤͦ ͔͙͙ͭͪ͊ͨ ͦͨͯͻ͔͚ͦ͡Σ ͦͤͭͪͦ͟͡Ύ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͨͪͦͼ͔͍ͫͫͦ ͙ ͋ͦͪΈ͋· ͫ 

͙ͤͺ͔͟ͼ͙Ύ͙ͣΦ ˮͻ ͙͔͔͙͔ͨͪͣͤͤ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍ͨͦ·͙ͫͦ͡ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͔͙ͣ͒ͼ͙ͤ· 

͙ ͪ͊ͫ΄͙͙ͪͦ͡ ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͔͡;͔͙ͤΎ ͔͔ͪ͊ͤ ͔͙͔ͪͫͭͤͭͤ͘·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

˸͔ͭͦ͒· ͨͦͯ͡;͔͙ͤΎ ͣͦͤͦͦͤ͊͟͡͡Έͤ·ͻ ͙͔͊ͤͭͭ͡Φ 

нΦм ˥͙͙͋ͪ͒ͦͣͤ͊Ύ ͔ͭͻ͎͙ͤͦͦ͡Ύ 

˴͙͊ͫͫ͡;͔͙͚ͫ͟ ͔ͣͭͦ͒ ͨͦͯ͡;͔͙ͤΎ mAbs ͍ ͟͡Ό;͔͊ͭ ͔ͫ͒ͯ͡Ό΅͙͔ Ήͭ͊ͨ·Υ 

мΦ ˮ͙ͣͣͯͤ͊͘ͼ͙Ύ ͙͍͎͗ͦͭͤͦͦ όͦ͋·;ͤͦ ͣ·΄͙ύ ͙͎͔͊ͤͭͤͦͣΣ ͍·͘·͍͊Ό΅͊Ύ ͔ͫͨͼ͙ͺ͙;͔͙͚ͫ͟ ͙ͣͣͯͤͤ·͚ 

͍͔ͦͭͭΦ 

нΦ ˮ͍͔͘͡;͔͙͔ͤ B-͙ͣ͡ͺͦͼ͙͍ͭͦ ͙͘ ͔͔͖͙ͫͤ͘͟͡ ͙͙͡ ͙ͣ͡ͺ͍ͦͯͦ͘͡Σ ͨͪͦ͒ͯͼ͙ͪͯΌ΅͙ͻ ͙͔͊ͤͭͭ͊͡Φ 

оΦ ˿͙͡Ύ͙͔ͤ B-͙ͣ͡ͺͦͼ͙͍ͭͦ ͫ ͙͔ͣͦͣͤ͡·͙ͣ ͔͙ͭ͊ͣ͟͟͡Σ ͨͦͯ͡;͊Ύ ͎͙͙͋ͪ͒ͦͣ·Σ ͫͨͦͫͦ͋ͤ·͔ ͟ 

͔͔͋ͫͦͤ͟;ͤͦͣͯ ͔͔͙͒ͤ͡Ό ͙ ͙͍͚ͨͪͦ͒ͯͭͤͦ͟ ͔͔ͫͪ͟ͼ͙͙ ͙͔͊ͤͭͭ͡Φ 

пΦ ˴ͦͤ͊͡͡Έͤ·͚ ͦͭ͋ͦͪ ͎͙͙͋ͪ͒ͦͣΣ ͨͪͦ͒ͯͼ͙ͪͯΌ΅͙ͻ ͙͔͊ͤͭͭ͊͡ ͟ ͤͯ͗ͤͦͣͯ ͙͎͔͊ͤͭͤͯΦ 

нΦн ˾͔͙ͦͣ͋ͤ͊ͤͭͤ͟·͔ ͔ͣͭͦ͒· 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍͟͡Ό;͊ΌͭΥ 

˥͙͙͍ͯͣ͊ͤͪͦ͊ͤͤ͘·͔ ͙ ͨͦͤͦͫͭ͡ΈΌ ;͔͍͔ͦ͡;͔͙͔ͫ͟ ͙͔͊ͤͭͭ͊͡Σ ͨͦͯ͡;͔͊ͣ·͔ ͫ ͨͦͣͦ΅ΈΌ ͺ͎͍͊ͦ·ͻ 

͙͙͔͋͋ͦͭ͟͡Σ ͎͔ͭͪ͊ͤͤͤ·ͻ ͣ·΄͔͚ ͙͙͡ ͔ͭͦ͟͡;ͤ·ͻ ͙͙͚ͤ͡Τ 

͎͔̅ͪ͊ͣͤͭ· ͙͔͊ͤͭͭ͡ όFab, scFvύΣ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ ͯͯ͡;΄͔ͤͤͯΌ ͙ͨͪͦͤͼ͔͊ͣͦͫͭΈ ͙ ͙͔͙͔ͫͤ͗ͤ 

͙͍͔ͣͣͯͤͦͦͭͭ͊Τ 

˿͙͔͙ͤͭͭ;͔͙͔ͫ͟ ͙ ͦͤ͟ΆΌ͎͙͍ͪͦ͊ͤͤ·͔ ͙͔͊ͤͭͭ͊͡Σ ͔͙͖ͫͦ͒ͤͤͤ·͔ ͫ ͔͍͔͊ͪͫͭͤͤ͟͡·͙ͣ ͔͙ͣͦͯ͊ͣ͟͡͡ ͙͙͡ 

͙͙͙ͪ͊͒ͦͦͭͦͨ͊ͣ͘Φ 
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͙̏ͭ ͔ͣͭͦ͒· ͍ͨͦͦ͘͡ΎΌͭ ͍ͫͦ͒͊͊ͭ͘Έ ͙͔͊ͤͭͭ͊͡ ͫ ͍·͚ͫͦͦ͟ ͔ͫͨͼ͙ͺ͙;ͤͦͫͭΈΌ ͙ ͙͙ͣͤͣ͊͡Έ͚ͤͦ 

͙͎͔͚ͣͣͯͤͦͤͤͦ ͙͍͊ͭͤͦͫͭ͟ΈΌΦ 

˴͙͊ͫͫ͡ͺ͙͊͟ͼ͙Ύ ͣͦͤͦͦͤ͊͟͡͡Έͤ·ͻ ͙͔͊ͤͭͭ͡Φ 

mAbs ͟ ͙͊ͫͫ͡ͺ͙ͼ͙ͪͯΌͭ ͨͦΥ 

˽͙ͪͦͫͻ͔͙ͦ͗͒ͤΌΥ ͣ·΄͙ͤ·͔Σ ͻ͙͔ͣͪͤ·͔Σ ͎͙͙͍ͯͣ͊ͤͪͦ͊ͤͤ͘·͔Σ ;͔͍͔ͦ͡;͔͙͔ͫ͟Τ 

̅ͯͤ͟ͼ͙͙Υ ͔͚͙ͤͭͪ͊ͯ͘͡Ό΅͙͔Σ ͼ͙͙ͭͦͭͦͫ͟;͔͙͔ͫ͟Σ ͙͋ͦͪͯ͟͡Ό΅͙͔ ͔ͪͼ͔ͨͭͦͪ·Σ ͔ͦͨͦͫͪ͒ͯΌ΅͙͔ 

͙ͣͣͯͤͤͯΌ ͼ͙͙ͭͦͭͦͫ͟;ͤͦͫͭΈ όADCC); 

˿͔ͭͪͯͭͯͪ͟Υ ͨͦͤ͡·͔ IgG ͙͙͡ IgMΣ ͺ͎͔ͪ͊ͣͤͭ· FabΣ ͦ͒ͤͦͼ͔ͨͦ;͔;ͤ·͔ ͍͙͔͊ͪ͊͋͡Έͤ·͔ ͺ͎͔ͪ͊ͣͤͭ· 

(scFv). 

˴͊͗͒͊Ύ ͔͎͙͊ͭͦͪ͟Ύ ͔͔ͦͨͪ͒͡Ύ͔ͭ ͺ͙͔͙͊ͪͣ͊ͦͤͭͯ͟͟͟Σ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΣ ͔͋ͦͨ͊ͫͤͦͫͭ͘Έ ͙ ͍ͦͣͦ͗ͤͦͫͭ͘Έ 

͙͔͔͙ͨͪͣͤͤΎ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ 

˸͔ͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ 

˻͍ͫͤͦͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ mAbs ͍ ͟͡Ό;͊ΌͭΥ 

мΦ ˽ͪΎ͔ͣͦ ͍ͫΎ͘·͍͙͔͊ͤ ͫ ͙͎͔͊ͤͭͤͦͣΣ ͙͍͙͔͋ͦͪͦ͊ͤ͟͡ ͺͯͤ͟ͼ͙͙ ͔͍͋ͦ͟͡ ͙͙͡ ͔͚͙ͤͭͪ͊͊͘͡ͼ͙Ύ 

͎͔͍ͨ͊ͭͦͤͦΤ 

нΦ ˢ͙͍ͭ͊͟ͼ͙Ύ ͔͔ͦͣͨͣͤͭ͊͟͡Σ ͍·͘·͍͊Ό΅͊Ύ ͙͙ͫ͘͡ ͔ͭͦ͟͟͡-͙ͣ΄͔͔͚ͤΤ 

оΦ ˻͔͍ͨͦͫͪ͒ͦ͊ͤͤ͊Ύ ͙ͣͣͯͤͤ·͙ͣ ͔͙ͭ͊ͣ͟͟͡ ͼ͙͙ͭͦͭͦͫ͟;ͤͦͫͭΈ όADCCύΣ ͙͍͔ͨͪ͡;͔͙͔ͤ NK-͔ͭͦ͟͟͡ ͙ 

ͣ͊ͪͦ͟ͺ͎͍͊ͦΤ 

пΦ ˮͤ͒ͯ͟ͼ͙Ύ ͊ͨͦͨͭͦ͊͘ ͯ ͙ͣ΄͔͔͍ͤ·ͻ ͔ͭͦ͟͟͡Φ 

˿͍͔ͦͦͯͨͤͦ͟ ͔͚͍͙͔͒ͫͭ Ή͙ͭͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍·ͫͦͯ͟Ό Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͔͙͙ͭͪ͊ͨ ͙ 

͙͎͙͙͒͊ͤͦͫͭ͟Φ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ 

mAbs ́ ͙ͪͦͦ͟ ͙͔ͨͪͣͤΎΌͭͫΎ ͍Υ 

˻͎͙͙ͤͦͦ͟͡Υ ͎͔ͭ͊ͪͭͤ͊Ύ ͔͙ͭͪ͊ͨΎ ͦͨͯͻ͔͚ͦ͡ όRituximab, TrastuzumabύΣ ͍͒ͦͫͭ͊͊͟ ͙͍ͭͦͫͤͦ͟ ͙͙͡ 

͙ͪ͊͒ͦͺ͔͍͊ͪͣͨͪͨ͊ͪ͊ͭͦ ͟ ͦͨͯͻ͔͍ͦ͡·ͣ ͔ͭ͊ͣ͟͟͡Τ 

ˮͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΥ ͔͚͙ͤͭͪ͊͊͘͡ͼ͙Ύ ͍͙͍ͪͯͫͦ όPalivizumabΣ ͙͔͊ͤͭͭ͊͡ ͙͍ͨͪͦͭ COVID-19); 

ˢ͙ͯͭͦͣͣͯͤͤ·ͻ ͙ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΥ ͙͍͙͔͋ͦͪͦ͊ͤ͟͡ ͍͙͔ͨͪͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͼ͙͙͍ͭͦͤͦ͟ 

(Infliximab, Adalimumab); 

˨͙͎͙͔͊ͤͦͫͭ͟Υ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͙͔͊ͤͭͭ͡ ͒͡Ύ ͍·Ύ͍͔͙ͤ͡Ύ ͦͨͯͻ͔͍ͦ͡·ͻ ͔͍ͣ͊ͪͪͦ͟ ͙͙͡ 

͎͔͍ͨ͊ͭͦͤͦΦ 

ˮͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ mAbs ͨ ͍ͦ·΄͔͊ͭ ͔͔͙͍ͫͭͤͦͫͭ͟͡Έ ͔͙͙ͭͪ͊ͨΣ ͙͔ͫͤ͗͊ͭ ͨͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟· ͙ ͍ͨͦͦ͘͡Ύ͔ͭ 

͔͙͍ͪ͊ͦ͊ͭ͘͡Έ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤ͘͡·͚ ͨͦ͒ͻͦ͒Φ 

˽͔͙ͪͣͯ΅͔͍ͫͭ͊ ͙ ͎͙ͦͪ͊ͤ;͔͙ͤΎ 

˽͔͙ͪͣͯ΅͔͍ͫͭ͊Υ 

͍·ͫͦ͊͟Ύ ͔ͫͨͼ͙ͺ͙;ͤͦͫͭΈ ͙ ͔͔͙͍ͫͭͤͦͫͭ͟͡ΈΤ 

͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͙͍͎ͦͣ͋ͤͪͦ͊ͤͤͦͦ͟ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͫ ͔͍͔͊ͪͫͭͤͤ͟͡·͙ͣ ͔͍͙ͫͪ͒ͫͭ͊ͣΤ 

΄͙͔ͪͦͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͍ ͙͎͙͔͒͊ͤͦͫͭ͟ ͙ ͔͙͙ͭͪ͊ͨΦ 

˻͎͙ͪ͊ͤ;͔͙ͤΎΥ 

͍·ͫͦ͊͟Ύ ͙ͫͭͦͣͦͫͭΈ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘Τ 

͔ͨͦͭͤͼ͙͊͡ ͙͎͔͚ͣͣͯͤͦͤͤͦ ͔ͪ͊͟ͼ͙͙ ͙ͨͪ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘ ͣ·΄͙ͤ·ͻ ͙͔͊ͤͭͭ͡Τ 

͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͭ΅͔͊ͭ͡Έ͚ͤͦ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͙͍͙͒ͦͪͦ͘͟ ͙ ͺ͙͔͙͙͊ͪͣ͊ͦͤͭ͟͟͟Φ 

˽͔͔͙͍ͪͫͨͭͤ͟·͔ ͍͔͙ͤ͊ͨͪ͊ͤ͡Ύ 

˿͍͔͔ͦͪͣͤͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊Υ 

ͪ͊ͪ͊͋ͦͭͯ͘͟ ͍͒ͯͻ- ͙  ͣͯ͡Έ͙͔ͭͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͙͔͊ͤͭͭ͡Τ 

͙͔ͫͦ͒͊ͤ͘ ͙ͣͣͯͤͦ-ͦͤ͟ΆΌ͎͍͊ͭͦ ͫ ͔͍͔͊ͪͫͭͤͤ͟͡·͙ͣ ͔͙ͨͪͨ͊ͪ͊ͭ͊ͣ ͙ ͙ͪ͊͒ͦͺ͔͙͊ͪͣͨͪͨ͊ͪ͊ͭ͊ͣΤ 
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͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͤ͊ͤͦͭͻ͎͙͚ͤͦͦ͡ ͒͡Ύ ͯͯ͡;΄͔͙ͤΎ ͍͙͒ͦͫͭ͊͟ ͙ ͙͙ͫͭ͊͋͊͘͡ͼ͙͙ ͙͔͊ͤͭͭ͡Τ 

͙͔͎ͤͭͪ͊ͼ͙Ό mAbs ͍ ͔͙͙͍ͨͪͫͦͤ͊ͪͦ͊ͤͤͯ͘͡Ό ͔͙ͣ͒ͼ͙ͤͯΣ ͯ;͙ͭ·͍͊Ύ ͎͔͔͙ͤͭ;͔͙͔ͫ͟ ͙ ͙ͣͣͯͤͤ·͔ 

͔͙ͦͫͦ͋ͤͤͦͫͭ ͨ͊ͼ͙͔ͤͭ͊Φ 

͙̏ͭ ͨͦ͒ͻͦ͒· ͦͭͪ͟·͍͊Όͭ ͍ͤͦ·͔ ͎͙ͦͪͦͤͭ͘· ͍ ͔͙͙ͭͪ͊ͨ ͔͙͔ͪͫͭͤͭͤ͘·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙ ͫͦ͗ͤ͡·ͻ 

͎͙͚ͨ͊ͭͦͦ͡Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˸ͦͤͦͦͤ͊͟͡͡Έͤ·͔ ͙͔͊ͤͭͭ͊͡ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͙ͯͤ͊͟͡Έͤ·͔ ͙͎͙͋ͦͦ͡;͔͙͔ͫ͟ ͎͔͊ͤͭ·Σ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ ͔ͫͨͼ͙ͺ͙;͔͔ͫͦ͟ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫ ͙͎͔͙͊ͤͭͤ͊ͣ ͙ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͎͔͚ͭ͊ͪͭͤͦ ͔͙͙ͭͪ͊ͨΦ 

˻͙ͤ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͎͙͙ͦͤͦͦ͟͡Σ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͙ ͙͊ͯͭͦͣͣͯͤͤ·ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎͻΣ ͊ ͍͔͔ͫͦͪͣͤͤ·͔ 

͔ͭͻ͎͙͙ͤͦͦ͡ ͍ͨͦͦ͘͡ΎΌͭ ͍ͫͦ͒͊͊ͭ͘Έ ͔͔͋ͦ͡ ͔͋ͦͨ͊ͫͤ͘·͔ ͙ Ήͺͺ͔͙͍ͭͤ͟·͔ ͔͙ͪͦͣ͋ͤ͊ͤͭͤ͟·͔ ͙ 

ͣͯ͡Έ͙͔ͭͫͨͼ͙ͺ͙;͔͙͔ͫ͟ ͍͙͊ͪ͊ͤͭ·Φ mAbs ͨͪͦ͒ͦ͗͊͡Όͭ ͍ͦͫͭ͊͊ͭΈͫΎ ͟͡Ό;͔͍·ͣ ͙͔ͤͫͭͪͯͣͤͭͦͣ 

͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ·Σ ͦͭͪ͟·͍͊Ύ ͔͔͙͍ͨͪͫͨͭ͟· ͒͡Ύ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͔͙͙ͭͪ͊ͨ ͙ ͙͎͙͙͒͊ͤͦͫͭ͟ 

ͫͦ͗ͤ͡·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ YǀƘƭŜǊ DΦΣ aƛƭǎǘŜƛƴ /Φ /ƻƴǘƛƴǳƻǳǎ ŎǳƭǘǳǊŜǎ ƻŦ ŦǳǎŜŘ ŎŜƭƭǎ ǎŜŎǊŜǘƛƴƎ ŀƴǘƛōƻŘȅ ƻŦ ǇǊŜŘŜŦƛƴŜŘ ǎǇŜŎƛŦƛŎƛǘȅΦ 

Nature. 1975;256:495ς497. τ URL: https://doi.org/10.1038/256495a0 

2. Lu R. M., et al. Development of therapeutic antibodies for the treatment of diseases. J Biomed Sci. 

2020;27:1ς30. τ URL: https://doi.org/10.1186/s12929-019-0592-z 

3. Scott A. M., Wolchok J. D., Old L. J. Antibody therapy of cancer. Nat Rev Cancer. 2012;12:278ς287. τ URL: 

https://doi.org/10.1038/nrc3236 

4. Reichert J. M. Monoclonal antibodies as innovative therapeutics. Curr Pharm Biotechnol. 2008;9:423ς430. 

τ URL: https://doi.org/10.2174/138920108785161594 

5. Chames P., et al. Therapeutic antibodies: successes, limitations and hopes for the future. Br J Pharmacol. 

2009;157:220ς233. τ URL: https:// doi.org/10.1111/j.1476-5381.2009.00190.x 

сΦ ˴ͦͫͭΌ͟ ˢΦ ˢΦΣ ˽͔͍ͭͪͦ ˤΦ ˿Φ ˸ͦͤͦͦͤ͊͟͡͡Έͤ·͔ ͙͔͊ͤͭͭ͊͡ ͍ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͔͙ͣ͒ͼ͙͔ͤΦ τ ˸ΦΥ ˸͔͙͒ͼ͙ͤ͊Σ 

2019. τ пмс ͫΦ τ URL: https:// www.medknigaservis.ru/product/monoclonal-antibodies 
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̂˨ ˴327                   

˿͊ͪ·͔͍͊ ˥ͯ͡Έ͒͗͊ͤ 

˿ͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͙͙͎͙͙ͣͪͦ͋ͦͦ͟͡ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊  

͎Φ ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˸͙͎͙ͪͦͦͪ͊ͤͣ͘͟· ͙͎ͪ͊Όͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͙͙͗ͤ͘ ;͔͍͔ͦ͊͟͡ ͙ ͙͍͗ͦͭͤ·ͻΣ ͍·ͫͭͯͨ͊Ύ ͔ͤ ͭͦ͡Έͦ͟ ͊͟͟ 

͎͔ͨ͊ͭͦͤ·Σ ͤͦ ͙ ͊͟͟ ͍͊͗ͤ·͔ ͙͙͙ͫͣ͋ͦͭ;͔͙͔ͫ͟ ͖ͨ͊ͪͭͤͪ·Φ ˿͙͙͙ͣ͋ͦͭ;͔͙͔ͫ͟ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟· ͯ;͍͊ͫͭͯΌͭ ͍ 

͙ͨ΅͔͍͔͙͙͊ͪͤΣ ͙͔͔ͫͤͭ͘ ͍͙͙͍ͭ͊ͣͤͦΣ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊Σ ͊͘΅͙͔ͭ ͦͭ ͎͔͍ͨ͊ͭͦͤͦ ͙ ͔͎ͪͯ͡Ύͼ͙͙ 

͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͨͪͦͼ͔͍ͫͫͦΦ ˮͻ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͫ ͻͦ͘Ύ͙ͤͦͣ Ύ͍͡Ύ͔ͭͫΎ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͙͙ͣͦͤ͡͡· ͔ͭ͡ 

Ή͍ͦ͡Όͼ͙͙Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͍͙͊ͣͤͯ͘Ό ͍·͎ͦ͒ͯΦ ˤ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͍ͦͫͤͦͤ·͔ ͎ͪͯͨͨ· 

https://www.medknigaservis.ru/product/monoclonal-antibodies
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͙͙͙ͫͣ͋ͦͭ;͔͙ͫ͟ͻ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Σ ͔ͣͻ͙͊ͤͣ͘· ͙ͻ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ ͎͙ͦͪ͊ͤͣͦͣ͘ ͻͦ͘Ύ͙ͤ͊Σ ͍͙͡Ύ͙͔ͤ ͤ͊ 

͍͒ͦͪͦ͘Έ͔ ͙ ͍͙͙͔ͪ͊ͭ͘Σ ͊ ͔ͭ͊͗͟ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙͙͒ͫ͋ͦ͊͘ ͙ ͤ͊ͪͯ΄͔͙ͤΎ ͙͙ͣͪͦ͋ͦͭ͟·Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟·Σ ͙͙ͫͣ͋ͦ͘Σ ͙͙ͣͪͦ͋ͦͭ͊͟Σ ͙͙͔ͣͣͯͤͭͭΣ ͔͙ͣͭ͊͋ͦͣ͘͡Σ ͍͒ͦͪͦ͘Έ͔Σ ͙͙͒ͫ͋ͦ͘Φ 

 

˸͙͎͙ͪͦͦͪ͊ͤͣ͘͟· ͔ͤ͊ͫ͡ΎΌͭ ͍͔ͫ ͙͋ͦͭͦͨ· ˭͔͙ͣ͡ ͙ ͙͍͗ͯͭ ͍ ͙͙͔ͫͣ͋ͦ͘ ͫ ͙ͪ͊͘͡;ͤ·͙ͣ ͙͍͗·͙ͣ 

ͫͯ΅͔͍͙ͫͭ͊ͣΦ ˤ ͎͙͔ͦͪ͊ͤͣ͘ ;͔͍͔ͦ͊͟͡ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟· ͤ͊ͻͦ͒ΎͭͫΎ ͤ͊ ͔ͦ͗͟Σ ͙͙ͫͫͭ͘͡·ͻ ͦ͋ͦͦ͡;͊͟ͻΣ 

͒·ͻ͔͊ͭ͡Έͤ·ͻ ͨͯͭΎͻΣ ͎͔͙ͯͪͦͤͭ͊͡Έͤͦͣ ͔ͭͪ͊ͭ͟ ͙ ͔ͦͫͦ͋ͤͤͦ ͍ ͙͟΄͔;͙͔ͤ͟Σ ͺ͙ͦͪͣͪͯΎ ͙͙ͣͪͦ͋ͦͭͯ͟Φ 

˿͙ ͙͙ͣ͋ͦͭ;͔͙͔ͫ͟ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟· ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͤͦͪͣ͊͡Έ͔ͤͦ ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ ͎͍ͦͪ͊ͤͦ ͙ ͙͔ͫͫͭͣΣ 

ͯ;͍͊ͫͭͯΌͭ ͍ ͔͔ͦ͋ͣͤ ͍͔΅͔͍ͫͭ ͙ ͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͙͎ͣͣͯͤͤͦͦ ͎͔ͦͣͦͫͭ͊͊͘Φ 

ˤ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͙͙͔ͨͦͤͣ͊ͤ ͙ͪͦ͡ ͙͙ͣͪͦ͋ͦͭ͟· ͍ ͍͒ͦͪͦ͘Έ͔ ;͔͍͔ͦ͊͟͡ ͤ͊͘;͙͔ͭ͡Έͤͦ 

ͪ͊ͫ΄͙͙ͪͦͫ͡ΈΦ ˨͙ͫ͋͊͊ͤͫ͡ ͙͙ͣͪͦ͋ͦͭ͟· ό͙͙͒ͫ͋ͦ͘ύ ͍ͫΎ͘·͍͊Όͭ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ͙͔͙ͦ͗ͪͤΎΣ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ 

͙͍ͫͤ͒ͪͦͣͦΣ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ ͙͟΄͔;͙ͤ͊͟Σ ͔͎͙͚͊ͪ͡͡ ͙ ͔͒͊͗ ͙ͨͫͻ͔͍͎͙ͦͤͪͦͦ͡;͔͙ͫ͟ͻ 

͚͍ͪ͊ͫͫͭͪͦͫͭΦ 

˻͍ͫͤͦͤ·͔ ͎ͪͯͨͨ· ͙͙͙ͫͣ͋ͦͭ;͔͙ͫ͟ͻ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Φ 

˿͙͙͙ͣ͋ͦͭ;͔͙͔ͫ͟ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟· ͔͒͡ΎͭͫΎ ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͍ͦͫͤͦͤ·ͻ ͎ͪͯͨͨΥ 

мΦ ˣ͔͙͙͊ͭͪ͟ τ ͙͙͒ͦͣͤͪͯΌͭ ͍ ͙͟΄͔;͙͔ͤ͟ όFirmicutes, BacteroidetesύΣ ͯ;͍͊ͫͭͯΌͭ ͍ ͪ͊ͫ΅͔͔͙͙ͨͤ͡ 

ͫͦ͗ͤ͡·ͻ ͎͔͍͍ͯͦ͒ͦ͡Σ ͙͔͔ͫͤͭ͘ ͍͙͙͍ͭ͊ͣͤͦ όB12, Kύ ͙ ͙͙͊ͣͤͦͫͦͭ͟͡Φ 

нΦ ˥͙ͪ͋· τ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͔͍͒ͪͦ͗͗·͙ͣ ͍͙͙͒͊ͣ όSaccharomyces sppΦύΣ ͎ͨͦͣͦ͊Όͭ ͔͎͙͍ͪͯͪͦ͊ͭ͡Έ 

͙͙ͣͪͦ͋͊͟͡Έͤ·͚ ͋͊͊ͤͫ͡ ͙ ͯ;͍͊ͫͭͯΌͭ ͍ ͔͙͔ͣͭ͊͋ͦͣ͘͡ ͙ͨ΅͔͍·ͻ ͔͍ͦͣͨͦͤͤͭͦ͟Φ 

оΦ ˢͪͻ͔͙ τ ͯ ;͍͊ͫͭͯΌͭ ͍ ͔͎͔͔͔ͣͭ͊ͤͦͤ͘Σ ͍͙͡ΎΎ ͤ͊ ͙͙ͣͪͦ͋͊͟͡Έͤ·͚ ͔͙ͣͭ͊͋ͦͣ͘͡ ͙ ͍ͫͦͫͭ͊ ͙͟΄͔;͚ͤͦ 

͔ͫͪ͒·Φ 

пΦ ˤ͙ͪͯͫ· ͙ ͔͙͋͊ͭͪͦ͟ͺ͎͙͊ τ ͪ ͔͎͙ͯͪͯ͡Όͭ ;͙͔ͫͤͤͦͫͭ͡Έ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͨͦͨͯ͡Ύͼ͙͚Σ ͔͍ͨͪ͒ͦͭͪ͊΅͊Ύ 

;͔͔ͪͣͪͤ͘·͚ ͪͦͫͭ ͎͔͍ͨ͊ͭͦͤͦΦ 

˴͊͗͒͊Ύ ͎ͪͯͨͨ͊ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟ ͍·ͨͦͤ͡Ύ͔ͭ ͙ͯͤ͊͟͡Έͤ·͔ ͺͯͤ͟ͼ͙͙Σ ͔͔ͦ͋ͫͨ;͙͍͊Ύ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ 

Ή͙͔ͦͫͫͭͣ͟· ͎͙ͦͪ͊ͤͣ͊͘Φ 

˸͔ͻ͙͊ͤͣ͘· ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͫ ͻͦ͘Ύ͙ͤͦͣ 

˿͙͙͙ͣ͋ͦͭ;͔͙͔ͫ͟ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟· ͍͙͔͚͍͊ͣͦ͒ͫͭͯ͘Όͭ ͫ ͻͦ͘Ύ͙ͤͦͣ ;͔͔ͪ͘ ͔ͤͫͦ͟͡Έͦ͟ ͔ͣͻ͙͍͊ͤͣͦ͘Υ 

˸͔͙ͭ͊͋ͦ͡;͔͙͔ͫ͟ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ τ ͺ͔͔ͪͣͤͭ͊ͼ͙Ύ ͙ͨ΅͔͍·ͻ ͍ͦͦͦͤ͟͡Σ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘ 

ͦͪͦͭͦ͟͟ͼ͔ͨͦ;͔;ͤ·ͻ ͙͗ͪͤ·ͻ ͙ͫͦͭ͟͡ όSCFAύΣ ͦͭͦͪ͟·͔ ͙ͨͭ͊Όͭ Ή͙͔͙͚ͨͭ͡ ͙͟΄͔;͙ͤ͊͟Τ 

ˮͣͣͯͤͤ·͔ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ τ ͙ͫͭͣͯ͡Ύͼ͙Ύ ͙ͣͣͯͤͤ·ͻ ͔ͭͦ͟͟͡Σ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͔͙ͭͦͪ͊ͤͭͤͦͫͭ͡ ͟ 

͔ͦͣͣͤͫ͊͟͡Έͤ·ͣ ͍͙͒͊ͣ ͙ ͊͘΅͙ͭ͊ ͦͭ ͎͔͍ͨ͊ͭͦͤͦΤ 

˸͔ͦͯ͟͡͡Ύͪͤ·͔ ͙͎ͫͤ͊͡· τ ͫ ͔͔ͪ͟ͼ͙Ύ ͔͙͋͊ͭͪ͊͟͡Έͤ·ͻ ͔͙͍ͣͭ͊͋ͦͭͦ͡Σ ͍͙͡ΎΌ΅͙ͻ ͤ͊ ͙͎ͫͤ͊͡Έͤ·͔ ͙ͨͯͭ 

͔ͭͦ͟͟͡ ͻͦ͘Ύ͙ͤ͊Τ 

˴͔ͦͤͯͪͤ͟ͼ͙Ύ ͫ ͎͔͙ͨ͊ͭͦͤ͊ͣ τ ͫ ͙͙͙ͣ͋ͦͭ;͔͙͔ͫ͟ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟· ͙͊ͤͣ͊͘Όͭ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ͤ΄͙Σ 

͔ͨͪͨΎ͍ͭͫͭͯΎ ͙ͦͦͤ͊͘͟͡ͼ͙͙ ͎͔ͨ͊ͭͦͤͤ·ͻ ͍͙͍͒ͦΦ 

͙̏ͭ ͔ͣͻ͙͊ͤͣ͘· ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͍͙͍͊ͣͦ͘·͎͔ͦ͒ͤͦ ͫͦͫͯ΅͔͍͍͙͔ͫͭͦ͊ͤ ͙ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͙͙ͣͪͦ͋ͦͭ͟·Φ 

ˤ͙͡Ύ͙͔ͤ ͤ͊ ͙ͨ΅͔͍͔͙͔͊ͪͤ ͙ ͔͙ͣͭ͊͋ͦͣ͘͡Φ 

˴͙΄͔;ͤ·͔ ͔͙͙͋͊ͭͪ͟ ͯ;͍͊ͫͭͯΌͭ ͍ ͪ͊ͫ΅͔͔͙͙ͨͤ͡ ͫͦ͗ͤ͡·ͻ ͙ͨͦͫ͊͡ͻ͙͍͊ͪ͒ͦΣ ͙͔͔ͫͤͭ͘ ͍͙͙͍ͭ͊ͣͤͦ ͙ 

͙͙͊ͣͤͦͫͦͭ͟͡Φ ˴ͦͪͦͭͦ͟ͼ͔ͨͦ;͔;ͤ·͔ ͙͗ͪͤ·͔ ͙ͫͦͭ͟͡·Σ ͙͍͙ͨͪͦͦ͒ͣ͘·͔ ͙͙͙ͫͣ͋ͦͭ;͔͙͙ͫͣ͟ ͔͙͋͊ͭͪ͟Ύ͙ͣΣ 

͙͙ͫͭͣͯͪͯ͡Όͭ ͪͦͫͭ Ή͙͔͙ͨͭ͊͡͡Έͤ·ͻ ͔ͭͦ͟͟͡Σ ͔͙͍ͨͦ͒͒ͪ͗͊Όͭ ͋͊ͪΈ͔ͪͤͯΌ ͺͯͤ͟ͼ͙Ό ͙͟΄͔;͙ͤ͊͟ ͙ 

͔ͪ ͎͙ͯͪͯ͡Όͭ Ή͔͎͔͙ͤͪͭ;͔͙͚ͫ͟ ͔ͦ͋ͣͤΦ 

˿͙͙͙ͣ͋ͦͭ;͔͙͔ͫ͟ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟· ͔ͭ͊͗͟ ͍͙͡ΎΌͭ ͤ͊ ͔͙ͣͭ͊͋ͦͣ͘͡ ͙͙͍ͨ͒ͦ͡ ͙ ͎͡Όͦ͘͟·Σ ͯ;͍͊ͫͭͯΎ ͍ 

ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͙͔͙ͦ͗ͪͤΎ ͙ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͤ͊ͪͯ΄͔͙͚ͤΦ 

˾ͦ͡Έ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͙͙͔ͣͣͯͤͭͭ͊Φ 
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˸͙͙ͪͦ͋ͦͭ͊͟ ͙͎͔ͪ͊ͭ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͍͙͙͙ͪ͊ͭ͘ ͊͟͟ ͍͖͎ͪͦ͗͒ͤͤͦͦΣ ͭ͊͟ ͙ ͙͍͎͊͒͊ͨͭͤͦͦ ͙͙͔ͣͣͯͤͭͭ͊Φ 

˿͙͙͙ͣ͋ͦͭ;͔͙͔ͫ͟ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟·Υ 

͙͙ͫͭͣͯͪͯ͡Όͭ ͍͙͔ͦ͋ͪ͊ͦ͊ͤ͘ ͙ͣ͡ͺ͙ͦ͒ͤ·ͻ ͺ͙͍ͦͯͦ͟͡͡͡ ͙͟΄͔;͙ͤ͊͟Τ 

͙͍͙͊ͭͪͯ͟Όͭ ́- ͙  ˤ-͔͙ͭ͟͟͡Τ 

͍ͫͨͦͫͦ͋ͫͭͯΌͭ ͙͔ͫͤͭͯ͘ ͙͎͙͍ͣͣͯͤͦͦ͋ͯͤͦ͡͡Σ ͔ͦͫͦ͋ͤͤͦ IgA; 

͊͘΅͙΅͊Όͭ ͦͭ ͙͋͘·ͭͦ;͚ͤͦ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͚ͤͦ ͔ͪ͊͟ͼ͙͙Φ 

˹͊ͪͯ΄͔͙͔ͤ ͍ͫͦͫͭ͊͊ ͙͙ͣͪͦ͋ͦͭ͟· ͍ͫΎ͊ͤͦ͘ ͫ ͙͔ͣͣͯͤͦ͒ͺ͙ͼ͙͙ͭ͊ͣΣ ͔͎͙͊ͪ͡͡;͔͙͙ͫͣ͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ͙ͣ 

͙ ͙͊ͯͭͦͣͣͯͤͤ·͙ͣ ͨͪͦͼ͔͙ͫͫ͊ͣΦ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͙͙͒ͫ͋ͦ͊͘ 

˨͙͙ͫ͋ͦ͘ τ Ήͭͦ ͤ͊ͪͯ΄͔͙͔ͤ ͋͊͊ͤͫ͊͡ ͔ͣ͗͒ͯ ͙͙͙ͫͣ͋ͦͭ;͔͙͙ͫͣ͟ ͙ ͔ͨͦͭͤͼ͙͊͡Έͤͦ ͎͔ͨ͊ͭͦͤͤ·͙ͣ 

͙͎͙͙ͣͪͦͦͪ͊ͤͣ͊ͣ͘͟Φ ˻ͤ ͔ͣͦ͗ͭ ͙͍͙ͨͪͦ͒ͭΈ ͟Υ 

͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͣ ͔͍͙͊͋ͦ͊ͤ͘͡Ύͣ ͙͟΄͔;͙ͤ͊͟Τ 

͔͙ͣͭ͊͋ͦ͡;͔ͫͦͣͯ͟ ͙ͫͤ͒ͪͦͣͯ ͙ ͙͔͙ͦ͗ͪͤΌΤ 

ͤ͊ͪͯ΄͔͙ͤΌ ͋͊ͪΈ͔͚ͪͤͦ ͺͯͤ͟ͼ͙͙ ͙͙͚ͫͫͭͦ͘͡Τ 

͙͔͙ͫͤ͗ͤΌ ͙͎ͣͣͯͤͤͦͦ ͍͔ͦͭͭ͊Τ 

͙ͨͫͻ͔͍͎͙ͦͤͪͦͦ͡;͔͙ͫͣ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭ͊ͣ ;͔͔ͪ͘ ͦͫΈ ζ͙͟΄͔;͙ͤ͟-͎ͣͦ͘ηΦ 

˽͙͙͔ͦͤͣ͊ͤ ͙ͪͦ͡ ͙͙͙ͫͣ͋ͦͭ;͔͙ͫ͟ͻ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟ ͍͊͗ͤͦ ͒͡Ύ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͙͙͍ͨͪͦ͋ͦͭͦ͟Σ 

͔͙͙͍ͨͪ͋ͦͭͦ͟ ͙ ͎͙͒ͪͯͻ ͔͍ͣͭͦ͒ͦ ͔ͦͪͪ͟͟ͼ͙͙ ͙͙ͣͪͦ͋ͦͭ͟·Φ 

˽͙͔͔͙͔ͪͣͤͤ ͍ ͔͙ͣ͒ͼ͙͔ͤ ͙ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ 

˿͙͙͙ͣ͋ͦͭ;͔͙͔ͫ͟ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟· ͙͔ͨͪͣͤΎΌͭͫΎΥ 

͍ ͍͔ͫͦͫͭ͊ ͙͙͍ͨͪͦ͋ͦͭͦ͟ ͒͡Ύ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͙͙ͣͪͦ͋ͦͭ͟·Τ 

͍ ͔͙͙ͭͪ͊ͨ ͙͟΄͔;ͤ·ͻ ͙ ͔͙ͣͭ͊͋ͦ͡;͔͙ͫ͟ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡Τ 

͙ͨͪ ͙͙͙͔͙͙͊ͤͭ͋ͦͭͦͭͪ͊ͨ͟ ͒͡Ύ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͙͙͒ͫ͋ͦ͊͘Τ 

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

͍ͫͦͫͭ͊ ͙͙ͣͪͦ͋ͦͭ͟·Φ 

˴͙͙ͤ͡;͔͙͔ͫ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͍͔ͨͦ͒ͭͪ͗͒͊Όͭ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͙͙ͫͣ͋ͦͭ;͔͙ͫ͟ͻ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟ ͍ 

͔͙͙ͨͦ͒͒ͪ͗͊ͤ ͍͒ͦͪͦ͘ΈΎ ͙ ͨͪͦͺ͙͙͔͊ͭ͟͟͡ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

˭͊͟͡Ό;͔͙͔ͤ 

˸͙͎͙ͪͦͦͪ͊ͤͣ͘͟· Ύ͍͡ΎΌͭͫΎ ͍͊͗ͤ·͙ͣ ͙͙͙ͫͣ͋ͦͭ;͔͙͙ͫͣ͟ ͖͙ͨ͊ͪͭͤͪ͊ͣ ;͔͍͔ͦ͊͟͡ ͙ ͙͍͗ͦͭͤ·ͻΣ 

͔͔ͦ͋ͫͨ;͙͍͊Ύ ͙ͨ΅͔͍͔͙͔͊ͪͤΣ ͙͔ͫͤͭ͘ ͍͙͙͍ͭ͊ͣͤͦΣ ͺ͙͍͙͔ͦͪͣͪͦ͊ͤ ͙͙͔ͣͣͯͤͭͭ͊ ͙ ͊͘΅͙ͭͯ ͦͭ ͎͔͍ͨ͊ͭͦͤͦΦ 

˽͔͙͔ͦ͒͒ͪ͗͊ͤ ͙͍͚ͫ͋͊͊ͤͫͪͦ͊ͤͤͦ͡ ͙͙ͣͪͦ͋ͦͭ͟· ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͒͡Ύ ͍͒ͦͪͦ͘ΈΎ ͎͙ͦͪ͊ͤͣ͊͘Σ ͊ ͤ͊ͪͯ΄͔͙͔ͤ 

͙͙ͫͣ͋ͦ͊͘ ͍ͫΎ͊ͤͦ͘ ͫ ͔͍ͣͤͦ͗ͫͭͦͣ ͔͍͙͚͊͋ͦ͊ͤ͘͡Φ ˽͙͙͔ͦͤͣ͊ͤ ͙ͪͦ͡ ͙͙͙ͫͣ͋ͦͭ;͔͙ͫ͟ͻ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟ 

͙͔͔ͣͭ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͔͙ͣ͒ͼ͙ͤ·Σ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ ͙ ͨͪͦͺ͙͙͙͊ͭ͟͟͡ ͻ͙ͪͦͤ;͔͙ͫ͟ͻ 

͔͍͙͚͊͋ͦ͊ͤ͘͡Φ 

˿͙ͨͫͦ͟ ͙ ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͡ ͙͔ͭͪ͊ͭͯͪ·: 
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microbiome. Nature. 2012;486:207ς214. τ URL: https://doi.org/10.1038/nature11234 

3. Thursby E., Juge N. Introduction to the human gut microbiota. Biochem J. 2017;474:1823ς1836. τ URL: 
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̂˨˴смм 

͙͍̆͊͒ͦ͊ ˾͔͔͎͒͗ͨͯ͡Έ ˽͔͍ͪͣ͊ͤͦͤ͊ 

˨ͦͼ͔ͤͭ ͔͙ͣ͒ͼ͙͙ͤͫ͟ͻ ͤ͊ͯ͟Σ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ 
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VARIANTS OF RENAL BLOOD SUPPLY ACCORDING TO SEGMENTAL STRUCTURE 

 

Abstract 

Renal blood supply is characterized by significant anatomical variability, which has important clinical 

and morphological significance. The basis of intrarenal blood flow is the segmental structure of the kidney, 

where each segmental artery supplies a strictly defined area of parenchyma. The absence of anastomoses 

between segments determines their functional independence and influences the pattern of ischemic and 

necrotic renal lesions. This article discusses classical and variant types of segmental renal blood supply, their 

embryological background, morphological features, and significance for clinical practice, urology, and 

pathological anatomy. 
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INNERVATION AND BLOOD SUPPLY OF THE LUNGS 

 

Abstract 

Innervation and blood supply of the lungs play a key role in maintaining their physiological function 

and response to pathological processes. The lungs have a complex circulatory system, including pulmonary 

and bronchial arteries, as well as a well-developed venous network. Innervation is provided by sympathetic, 

parasympathetic, and sensory fibers that regulate respiratory movements, vascular tone, and bronchial gland 

secretion. This article examines the anatomical organization and morphofunctional characteristics of 

pulmonary blood supply and innervation, their variability, embryological background, and clinical 

significance, including pathomorphological consequences of impaired circulation and neural regulation. 

Keywords: 

 lungs, innervation, blood supply, bronchial artery, pulmonary artery, sympathetic nervous system, 

parasympathetic nervous system, pathophysiology. 
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нΦ ˣͪͦͤͻ͙͊͡Έͤ·͔ ͔͙͙͊ͪͭͪ τ ͦͭͻͦ͒Ύͭ ͦͭ ͎͚ͪͯ͒ͤͦ ;͙͊ͫͭ ͊ͦͪͭ· ͙ ͙ͨͭ͊Όͭ ͔͙ͫͭͤ͟ ͋ͪͦͤͻ͍ͦΣ 

͋ͪͦͤͻ͙ͦ͡·Σ ͔͙͙͔ͫͦ͒ͤͭ͡ΈͤͯΌ ͭ͊ͤ͟Έ ͙ ͔͍ͨͪͯ͡Φ ˣͪͦͤͻ͙͊͡Έ͔ͤͦ ͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ͟ ͔͙͍͔ͨͦ͒͒ͪ͗͊ͭ 

͔͙ͣͭ͊͋ͦ͡;͔ͫͯ͟Ό ͙͍͊ͭͤͦͫͭ͟Έ ͔͚ͭ͊ͤ͟Σ ͔ͤ ͯ;͍͊ͫͭͯΌ΅͙ͻ ͤ͊ͨͪΎͣͯΌ ͍ ͎͔͔͊ͦͦ͋ͣͤ͘Φ 

˻ͭͭͦ͟ ͍͙ͪͦ͟ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͖͎ͦ͡;ͤ·͔ ͍͔ͤ·Σ ͍·͍ͦ͒Ύ΅͙͔ ͙͎͔͙͍ͦͫͤͪͦ͊ͤͤͯ͟Ό ͍ͪͦ͟Έ ͍ ͔͍͔ͦ͡ 

͔͔͙͔ͨͪ͒ͫͪ͒Σ ͙ ͋ͪͦͤͻ͙͊͡Έͤ·͔ ͍͔ͤ·Σ ͔͙ͫͦ͒ͤΎΌ΅͙͔ͫΎ ͫ ͙͔͚ͫͫͭͣͦ ͍͔ͪͻ͔͚ͤ ͙ ͙͔͚ͤ͗ͤ ͨͦ͡·ͻ ͍͔ͤΦ ˨͍͚͔ͦͤͦ 

͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ͟ ͖ͫͦ͒͊ͭ͘ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͚ ͔͔͍ͪͪ͘ ͙ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͊͘΅͙ͭͯ ͖͎͙͟͡ͻ ͙ͨͪ ;͙͊ͫͭ;͚ͤͦ 

ͦ͟͟͡Ό͙͙͘ ͍ͫͦͫͯ͒ͦΦ 

˿͔͎͔͔ͣͤͭ͊ͪͤͦ ͔͙͔ͫͭͪͦͤ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟ΎΦ 

˴͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ ͖͎͙͟͡ͻ ͔͎͔͔ͫͣͤͭ͊ͪͤͦΥ ͊͗͒͊͟Ύ ͔͎͔ͫͣͤͭ͊ͪͤ͊Ύ ͔͙͊ͪͭͪΎ όͦͭ ͖͎ͦ͡;͚ͤͦ ͙͙͡ 

͋ͪͦͤͻ͙͊͡Έ͚ͤͦύ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͔ͦͭ͒͡Έͤ·͚ ͔͎͔ͫͣͤͭ ͖͎͎ͦͦ͟͡Φ ˤ ͔͎ͦ͡;͚ͤͦ ͙ͭ͊ͤ͟ ͍·͔͒͡ΎΌͭ ͍͔ͪͻ͙͔ͤΣ 

͔͙͔ͫͪ͒ͤ ͙ ͙͙͔ͤ͗ͤ ͙͒ͦ͡ ͍͎ͨͪ͊ͦͦ ͖͎͎ͦͦ͟͡ ͙ ͍͔ͪͻͤΌΌΣ ͙ͤ͗ͤΌΌ ͙͒ͦ͡ ͔͍͎ͦͦ͡ ͖͎͎ͦͦ͟͡Σ ͊͗͒͊͟Ύ ͙͘ ͟ ͦͭͦͪ·ͻ 

͙͔͔ͣͭ ͍͔͔ͫͦ͋ͫͭͤͤͦ ͙͔ͫͦͫͯ͒ͫͭͦ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡Φ 

˻͍͙͔ͭͫͯͭͫͭ ͤ͊͘;͙ͣ·ͻ ͔͙͊ͪͭͪ͊͡Έͤ·ͻ ͍͊ͤ͊ͫͭͦͣͦͦ͘ ͔ͣ͗͒ͯ ͔͎͔͙ͫͣͤͭ͊ͣ ͍͙͍͔ͦ͋ͯͫ͊͊ͭ͡͡ ͙ͻ 

ͺͯͤ͟ͼ͙ͦͤ͊͡ΈͤͯΌ ͍͊ͭͦͤͦͣͤͦͫͭΈΦ ̏ͭͦ ͍͊͗ͤͦ ͒͡Ύ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͙ͨͪ͊ͭ͟͟Σ ͙͔ͤ͊ͨͪͣͪ ͙ͨͪ ͔͎͔͚ͫͣͤͭ͊ͪͤͦ 

͔͔ͪ͘͟ͼ͙͙ ͖͎͎ͦͦ͟͡Σ ͎ͦ͒͊͟ ͔͔ͨͪͪ͟·͙͔ͭ ͍ͪͦͦͭͦ͊͟͟ ͎ͦ͒ͤͦͦ ͔͎͔ͫͣͤͭ͊ ͔ͤ ͎͙͍͔͊ͭͪ͊͊ͭ͘ ͎͙͔͒ͪͯΦ 

ˤ͙͊ͪ͊ͤͭ· ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟ΎΦ 

ˤ͙͔͊ͪ͊͋͡ΈͤͦͫͭΈ ͋ͪͦͤͻ͙͊͡Έ͎ͤͦͦ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟Ύ ͍͔ͫͭͪ;͔͊ͭͫΎ ;͊ͫͭͦΦ ˣͪͦͤͻ͙͊͡Έͤ·͔ ͔͙͙͊ͪͭͪ 

͎ͣͦͯͭ ͦͭͻ͙ͦ͒ͭΈ ͦͭ ͎͚ͪͯ͒ͤͦ ͊ͦͪͭ· ͙͙͡ ͦͭ ͔͖͔ͣ͗ͪ͋ͪͤ·ͻ ͔͙͚͊ͪͭͪΣ ͙͎ͤͦ͒͊ ͤ͊͋͡Ό͒͊ΌͭͫΎ ͍͒ͦ͋͊ͦ;ͤ·͔ 

ͫͦͫͯ͒·Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ ͙͙͔ͤ͗ͤ ͔͎͔ͫͣͤͭ·Φ 

͙̏ͭ ͍͙͊ͪ͊ͤͭ· ͙͔ͣΌͭ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΥ ͙ͨͪ ͤ͊ͪͯ΄͔͙͙ͤ ͍ͪͦͦͭͦ͊͟͟ ͍ ͔͎͔͔ͫͣͤͭ ͍͙͍͔ͪ͊͊ͭͫ͘Ύ 

͔͎͔ͫͣͤͭ͊ͪͤ·͚ ͙ͤͺ͊ͪͭ͟ ͖͎͎ͦͦ͟͡Σ ͊ ͙ͤ͊͡;͙͔ ͔͔͚ͦ͊ͭͪ͊͟͡͡͡ ͙͔ͫͤ͗͊ͭ ͙ͪͫ͟ ͙΄͔͙ͣ;͔͙ͫ͟ͻ ͔͙͚ͦͫͦ͗ͤͤ͡Φ 

ˮ͔͍ͤͪ͊ͼ͙Ύ ͖͎͙͟͡ͻΥ ͦ͋΅͙͔ ͙ͨͪͤͼ͙ͨ·Φ 

ˮ͔͍ͤͪ͊ͼ͙Ύ ͖͎͙͟͡ͻ ͦͫͯ΅͔͍ͫͭ͡Ύ͔ͭͫΎ ͍͔͎͔͙͍͚ͭ͊ͭͤͦ ͙ ͔͚ͫͤͫͦͪͤͦ ͙͔͚ͫͫͭͣͦΥ 

мΦ ˿͙͙ͣͨ͊ͭ;͔ͫ͊͟Ύ ͙͔͍ͤͤͪ͊ͼ͙Ύ τ ͨ ͎͎͙ͦͫͭ͊ͤͦͤ͊ͪͤ͡·͔ ͍ ͦͦͤ͊͟͡ ͙͘ ͍͔ͪͻ͙ͤͻ ͎ͪͯ͒ͤ·ͻ ͙͙ͫͣͨ͊ͭ;͔͙ͫ͟ͻ 

͍ͯͦ͘͡Τ ͍·͘·͍͊Όͭ ͋ͪͦͤͻ͙ͦ͒͊ͭ͊͡ͼ͙Ό ͙ ͔͙͔ͫͯ͗ͤ ͍ͫͦͫͯ͒ͦΦ 

нΦ ˽͙͙͊ͪ͊ͫͣͨ͊ͭ;͔ͫ͊͟Ύ ͙͔͍ͤͤͪ͊ͼ͙Ύ τ ͋ͯ͗͒͊͡Ό΅͙͚ ͔͍ͤͪΤ ͍͔ͦͭ;͔͊ͭ ͊͘ ͋ͪͦͤͻͦͫͨ͊ͣ͘Σ ͔͔ͫͪ͟ͼ͙Ό 

͔͔͗͘͡ ͙ ͪ͊ͫ΄͙͔͙͔ͪͤ ͍ͫͦͫͯ͒ͦΦ 

оΦ ˿͔ͤͫͦͪͤ·͔ ͍ͦͦͤ͊͟͡ τ ͔ͪͼ͔ͨͭͦͪ· ͪ͊ͫͭΎ͔͙͗ͤΎ ͙ ͻ͙͙ͣ;͔͙͔ͫ͟ ͔ͪͼ͔ͨͭͦͪ·Τ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ 

͔ͪͺ͔͔ͭͦͪͤͦ͟͡ ͔͎͙͍͙͔ͪͯͪͦ͊ͤ͡ ͒·ͻ͙͊ͤΎ ͙ ͊͟΄͔͍͡·͚ ͔ͪͺ͔ͫ͟͡Φ 

ˤ͔͎͔͙͍ͭ͊ͭͤ͊Ύ ͙͔͍ͤͤͪ͊ͼ͙Ύ ͺ͙͔ͦͪͣͪͯͭ ͔͙ͪͫͨͪ͊ͭͦͪͤ·͔ ͔͍ͤͪͤ·͔ ͔͔͙ͫͨͭͤ͡Ύ ͍͎ͦͪͯ͟ ͋ͪͦͤͻ͍ͦ ͙ 

͍ͫͦͫͯ͒ͦΣ ͔͎͙ͪͯͪͯ͡Ύ ͍ͪͦͦͭͦ͟͟ ͙ ͋ͪͦͤͻ͙͊͡Έͤ·͚ ͭͦͤͯͫΦ 

˴͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ ͙ ͙͔͍ͤͤͪ͊ͼ͙Ύ ͖͎͙͟͡ͻ ͺ͙ͦͪͣͪͯΌͭͫΎ ͙͘ ͍͔͍͔͚ͭ ͋ͪΌ΄͚ͤͦ ͊ͦͪͭ·Σ ͔͖͔ͣ͗ͪ͋ͪͤ·ͻ 

͔͙͚͊ͪͭͪ ͙ ͔͍ͤͪͤ·ͻ ͍͍ͫͭͦͦ͡ ͋ͯ͗͒͊͡Ό΅͔͎ͦ ͙ ͙͙ͫͣͨ͊ͭ;͔͎ͫͦͦ͟ ͔͍ͤͪ͊Φ ͙̏ͣ͋ͪͦͤ͊͡Έͤ·͔ ͫͦͫͯ͒· ͙ ͔͍ͤͪͤ·͔ 

͍ͦͦͤ͊͟͡ ͫͦ͒͊͘Όͭ ͙ͫͻͦ͒ͤͯΌ ͔ͫͭΈΣ ;͊ͫͭΈ ͚ͦͭͦͪͦ͟ ͫͦͻͪ͊ͤΎ͔ͭͫΎΣ ͊ ;͊ͫͭΈ ͔ͪ͒ͯͼ͙͔ͪͯͭͫΎΦ 

͙̏ͭ Ή͙͎͙ͣ͋ͪͦͦ͡;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͦ͋ΆΎͫͤΎΌͭ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·͔ ͍͙͊ͪ͊ͼ͙͙ ͋ͪͦͤͻ͙͊͡Έ͎ͤͦͦ ͙ 

͔͎͔͎ͫͣͤͭ͊ͪͤͦͦ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟ΎΣ ͊ ͔ͭ͊͗͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͍͚ͤͪͤͦ ͔͎ͪͯ͡Ύͼ͙͙Φ 

˴͙͙ͤ͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤΦ 

˹͊ͪͯ΄͔͙͔ͤ ͍͔͙ͪͦͦͫͤ͊͋͗ͤ͟Ύ ͙ ͙͔͍ͤͤͪ͊ͼ͙͙ ͖͎͙͟͡ͻ ͍ͫΎ͊ͤͦ͘ ͫ ͪΎ͒ͦͣ ͎͙͚ͨ͊ͭͦͦ͡Υ 

ˮ΄͔͙ͣΎ ͙ ͙ͤͺ͊ͪͭ͟ ͖͎͎ͦͦ͟͡ τ ͨ ͙ͪ ͦ͟͟͡Ό͙͙͘ ͖͎ͦ͡;͚ͤͦ ͔͙͙͊ͪͭͪΤ 

ˣͪͦͤͻͦͫͨ͊ͣ͘ ͙ ͊ͫͭͣ͊ τ ͙ ͋͘·ͭͦ;ͤ͊Ύ ͙͙ͨ͊ͪ͊ͫͣͨ͊ͭ;͔ͫ͊͟Ύ ͙͍͊ͭͤͦͫͭ͟ΈΤ 

˻͖͙ͭ͟ ͖͎͙͟͡ͻ ͙ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͨͪͦͼ͔ͫͫ· τ ͤ͊ͪͯ΄͔͙͔ͤ ͍͔͎ͤͦͤͦͦ͘ ͦͭͭͦ͊͟ ͙ ͍͔͎͔͙͍͚ͭ͊ͭͤͦ 

͔͎ͪͯ͡Ύͼ͙͙Φ 

˭͙͔ͤ͊ͤ ͙͙͊ͤ͊ͭͦͣ ͍ͫͦͫͯ͒ͦ ͙ ͔͍͍ͤͪͦ ͍͊͗ͤͦ ͙ͨͪ ͻ͙͎͙͙ͪͯͪ ͖͎͙͟͡ͻΣ ͋ͪͦͤͻ͙͙ͦͫͦͨ͟Σ 

͙͔͍͔ͤͭͪͤͼ͙ͦͤͤ·ͻ ͔ͣͭͦ͒͊ͻ ͙ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͙͎͙͔͒͊ͤͦͫͭ͟Φ 

˴͍͔͙͔ͪͦͦͫͤ͊͋͗ͤ ͙ ͙͔͍ͤͤͪ͊ͼ͙Ύ ͖͎͙͟͡ͻ Ύ͍͡ΎΌͭͫΎ ͫͦ͗ͤ͡·͙ͣ ͙ ͍͙͔͊ͪ͊͋͡Έͤ·͙ͣ ͙͔͙ͫͫͭͣ͊ͣΣ 
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͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͙ͣ ͙͔͗ͤͤͤͦ͘ ͍͊͗ͤ·͔ ͺͯͤ͟ͼ͙͙ ͎ͦͪ͊ͤ͊Φ ˿͔͎͔͔ͣͤͭ͊ͪͤͦ ͔͙͔ͫͭͪͦͤ ͍ͪͦͦͭͦ͊͟͟ ͙ 

͍͔͎͔͙͍ͭ͊ͭͤ͊Ύ ͙͔͍ͤͤͪ͊ͼ͙Ύ ͔͔ͦͨͪ͒͡ΎΌͭ ͔ͪ͊͟ͼ͙Ό ͖͎͙͟͡ͻ ͤ͊ ͍͔͔͙͔ͨͦͪ͗͒ͤ ͙ ͎͙ͨ͊ͭͦͦ͡;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ·Φ 

˽͙͙͔ͦͤͣ͊ͤ Ή͙ͭͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͙͔͔ͣͭ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ ͒͡Ύ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͙͊ͤ͊ͭͦͣΣ 

ͻ͙͎͙ͪͯͪ;͔͚ͫͦ͟ ͙͙ͨͪ͊ͭ͟͟ ͙ ͎͙ͨ͊ͭͦͦ͡;͔͚ͫͦ͟ ͙͙͊ͤ͊ͭͦͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˿͍ͭͪͯͦ͟ ˢΦˮΦΣ ˿͔͍ͪͦ ˤΦˤΦ ˽͎͙͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΥ ͯ;͔͙͋ͤ͟Φ τ 6-͔ ͙͒͘ΦΣ ͔͔ͨͪͪ͊͋Φ ͙ ͒ͦͨΦ τ ˸ΦΥ 

˥̏˻́ˢ˾-˸͔͙͒͊Σ нлмфΦ τ уул ͫΦ τ URL: https:// www.geotar.ru/product/ ISBN9785970449344 

нΦ ˭͚͊ͪ͊ͭΈΎͤͼ ˻Φ ˤΦΣ ˸͙͙ͤ͒ͤ͊͡ ˢΦ ̒Φ ˻͋΅͊Ύ ͎͙ͨ͊ͭͦͦ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎΦ τ ˸ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлнлΦ τ 

рпп ͫΦ τ URL: https:// www.geotar.ru/product/ ISBN9785970459558 

оΦ ˸͊ͻ͍ͦ ˢΦ ˢΦΣ ˶͔͍͊ͨͭ ˤΦ ˮΦ ˢ͙ͤ͊ͭͦͣΎ ;͔͍͔ͦ͊͟͡Φ ́ͦͣ нΥ ͍͔͙͔ͤͯͭͪͤͤ ͎ͦͪ͊ͤ·Φ τ ˸ ΦΥ ˥̏˻́ˢ˾-˸͔͙͒͊Σ нлнмΦ 

τ стн ͫΦ τ URL: https:// www.geotar.ru/product/ ISBN9785970461124 

пΦ {ǘŀƴŘǊƛƴƎ {Φ DǊŀȅΩǎ !ƴŀǘƻƳȅΥ ¢ƘŜ !ƴŀǘƻƳƛŎŀƭ .ŀǎƛǎ ƻŦ /ƭƛƴƛŎŀƭ tǊŀŎǘƛŎŜΦ τ 42nd ed. τ London: Elsevier, 

2020. τ 1640 p. τ URL: https://www.elsevier.com/books/grays-anatomy 

5. Moore K. L., Dalley A. F., Agur A. M. R. Clinically Oriented Anatomy. τ 8th ed. τ Philadelphia: Wolters 

Kluwer, 2020. τ 1256 p. τ URL: https://www.wolterskluwer.com 

сΦ ˿͙͊ͨͤ ˸Φ ˾ΦΣ ̑΄͍ͦ͟ ˣΦ ˥Φ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͤ͊ͭͦͣΎ ͖͎͙͟͡ͻ ͙ ͋ͪͦͤͻ͍ͦΦ τ ˸ ΦΥ ˢ͔͙͊͒ͣ͟ΎΣ нлмуΦ τ нуу ͫΦ τ 

URL: https:// academia-moscow.ru/catalog/klinicheskaya-anatomiya 

ϭ͙͍̆͊͒ͦ͊ ˾Φ˽Φ, 2025 

 

 

 

 

̂˨˴ смсΦурт 

̆͊͡·͍ͦ͡ ̆͊͋·ͨ 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͔͍͎͙͙ͤͪͦͦ͡ ͙ ͔͚ͤͪͦͻ͙͎͙͙ͪͯͪΣ 

˥͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͔͙ͣ͒ͼ͙͙͚ͤͫ͟ ͙͍͔͙͔ͯͤͪͫͭͭ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ ͙ͣΦ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊Φ 

͔͙́ͯͪͣͤͫͭ͊ͤ͟Σ ͎Φ ˢ΄ͻ͊͋͊͒ 

 

˸ˮ˥˾˩˹̎ ˴ˢ˴ ˹˩ˤ˾˻˶˻˥ˮ̉˩˿˴˻˩ ˭ˢˣ˻˶˩ˤˢ˹ˮ˩Υ ˿˻ˤ˾˩˸˩˹˹̍˩ ˽˾˩˨˿́ˢˤ˶˩˹ˮ̒  

˻ ˽ˢ́˻˥˩˹˩˭˩Σ ˴˶ˮ˹ˮ˴˩ ˮ ˽˻˨̆˻˨ˢ̆ ˴ ˶˩̉˩˹ˮ̑ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˸͙͎͔ͪͤΈ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͻ͙ͪͦͤ;͔͔ͫͦ͟ ͔͍͎͙ͤͪͦͦ͡;͔͔ͫͦ͟ ͔͍͙͔͊͋ͦ͊ͤ͘͡Σ ͻ͔͙͊ͪ͊ͭͪͯ͘͟Ό΅͔͔ͫΎ 

͍ͨͦͭͦͪΎΌ΅͙͙ͣͫΎ ͙͙ͨͪͫͭͯͨ͊ͣ ͙͔͙͍͚ͤͭͤͫͤͦ ͎͍͚ͦͦͤͦ͡ ͙͋ͦ͡Σ ͍ͫͦͨͪͦͦ͗͒͊Ό΅͙͙ͣͫΎ ͍͔͎͔͙͍ͭ͊ͭͤ·͙ͣΣ 

͔ͫͤͫͦͪͤ·͙ͣ ͙ ͎͙͙͍ͦͤͭͤ͟·͙ͣ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣΦ ˤ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͙͎͔ͣͪͤΈ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͫ ͔ͦ͗ͤͦ͡ 

͔͚͙͎͙ͤͪͦ͋ͦͦ͡;͔͔ͫͦ͟ ͚͍ͪ͊ͫͫͭͪͦͫͭͦΣ ͍ͫΎ͔͊ͤͤͦ͘ ͫ ͤ͊ͪͯ΄͔͙͔ͤͣ ͔͎ͪͯ͡Ύͼ͙͙ ͔͍͋ͦ͡·ͻ ͔͚ͨͯͭΣ ͙͒ͫͺͯͤ͟ͼ͙͔͚ 

͙͎͔͙͍ͭͪͣͤͦ͊ͫͯ͟͡Ύ͚ͪͤͦ ͙͔ͫͫͭͣ· ͙ ͙͔͔͙ͣͤͤ͘Ύ͙ͣ ͔͚͔͙͎ͤͪͦͣ͒͊ͭͦͪͤͦͦ ͋͊͊ͤͫ͊͡Φ ˤ ͫͭ͊ͭΈ͔ ͨͦ͒ͪͦ͋ͤͦ 

͔ͪ͊ͫͫͣͦͭͪͤ· ͍͔͔ͫͦͪͣͤͤ·͔ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͦ ͎͔͔͔ͨ͊ͭͦͤ͘ ͙͎͔͙ͣͪͤΣ ͔͖ ͙͙ͤ͟͡;͔͙͔ͫ͟ ͺͦͪͣ·Σ ͺ͊ͭͦͪ͟· 

͙ͪͫ͊͟Σ ͙͎͙͒͊ͤͦͫͭ;͔͙͔ͫ͟ ͙͔͙͙ͪͭͪ͟ ͙ ͙ͨͪͤͼ͙ͨ· ͔͡;͔͙ͤΎΦ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙ͪͦ͡ 

͔͚͔͙͍ͤͪͦͣ͒͊ͭͦͪͦΣ ͙ͫͦͫͯ͒ͫͭ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͙ ͼ͔ͤͭͪ͊͡Έ͚ͤͦ ͔͙͙ͫͤͫͭ͊͘ͼ͙͙ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 

͙͎͔͎ͣͪͤͦͤͦͦ͘ ͙ͨͪͫͭͯͨ͊Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

͙͎͔ͣͪͤΈΣ ͎͍ͦͦͤ͊͡Ύ ͋ͦ͡ΈΣ ͔͚͍ͤͪͦ͊ͫͯ͟͡Ύͪͤ͊Ύ ͔͙ͭͦͪΎΣ ͙͎͔͙͍ͭͪͣͤͦ͊ͫͯ͟͡Ύͪͤ͊Ύ ͙͔ͫͫͭͣ͊Σ  

͔͙ͫͪͦͭͦͤͤΣ ͔͚͔͙ͤͪͦͨͨͭ͒·Σ ͙͎͙͒͊ͤͦͫͭ͊͟Σ ͔͡;͔͙͔ͤ 

https://academia-moscow.ru/catalog/klinicheskaya-anatomiya


˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζ IN SITU η                    ISSN (p) 2411-7161 / ISSN (e) 2712-9500                    Ѕ12 / 2025 

 

 

195 

IŀƭȅƭƻǾ IŀōȅǇ 

{ǘŀǘŜ aŜŘƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ǳǊƪƳŜƴƛǎǘŀƴ ƴŀƳŜŘ ŀƊŜǊ aȅǊŀǘ DŀǊǊȅŜǾ 

!ǎƘƎŀōŀǘΣ ¢ǳǊƪƳŜƴƛǎǘŀƴ 

 

MIGRAINE AS A NEUROLOGICAL DISORDER: MODERN CONCEPTS OF PATHOGENESIS, 

 CLINICAL MANIFESTATIONS AND TREATMENT APPROACHES 

 

!ōǎǘǊŀŎǘ 

Migraine is a chronic neurological disorder characterized by recurrent attacks of moderate to severe 

headache accompanied by sensory, autonomic, and cognitive symptoms. Modern research considers 

migraine a complex neurovascular disorder involving dysfunction of the trigeminovascular system, cortical 

spreading depression, and altered neurotransmitter activity. This article presents an in-depth overview of 

migraine pathophysiology, clinical manifestations, diagnostic criteria, and current therapeutic strategies. 

Keywords: 

migraine, headache, trigeminovascular system, neurotransmitters,  

cortical spreading depression, neurology. 

 

мΦ ˻͋΅͊Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͙͎͔͙ͣͪͤ 

˸͙͎͔ͪͤΈ Ύ͍͡Ύ͔ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͖ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͤ·ͻ ͔͍͙ͨͪ;ͤ·ͻ ͎͍ͦͦͤ͡·ͻ ͔͍͋ͦ͡·ͻ 

͙͍ͫͤ͒ͪͦͣͦΣ ͍͔ͫͭͪ;͊Ό΅͙ͣͫΎ ͯ мнςмр҈ ͔͔͙ͤ͊ͫͤ͡Ύ ͙ͣͪ͊Φ ˭͔͍͙͔͊͋ͦ͊ͤ͡ ;͊΅͔ ͙͎͙͔͒͊ͤͦͫͭͪͯͭͫΎ ͯ ͙͡ͼ 

͎ͭͪͯ͒ͦͫͨͦͫͦ͋ͤͦͦ ͍ͦͪ͊ͫͭ͊͘ ͙ ͤ͊͘;͙͔ͭ͡Έͤͦ ͙͔ͫͤ͗͊ͭ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͨ͊ͼ͙͔͍ͤͭͦΣ ͙͍ͨͪͦ͒Ύ ͟ ͫͦͼ͙͊͡Έ͚ͤͦ ͙ 

ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͒͊͒͊ͨͭ͊͘ͼ͙͙Φ ˬ͔ͤ΅͙ͤ· ͫͭͪ͊͒͊Όͭ ͙͎͔ͣͪͤΈΌ ͍ нςо ͪ͊͊͘ ;͊΅͔ ͣͯ͗;͙ͤΣ ;ͭͦ 

͍ͫΎ͘·͍͊Όͭ ͫ ͎ͦͪͣͦͤ͊͡Έͤ·͙ͣ ͔ͦͫͦ͋ͤͤͦͫͭΎ͙ͣ ͙ ͍͙͡Ύ͙͔ͤͣ Ή͎͔͍ͫͭͪͦͤͦ ͤ͊ ͔͚ͤͪͦͤ͊͡Έͤ·͔ ͔ͣͻ͙͊ͤͣ͘·Φ 

нΦ ͙͎͙̏ͭͦͦ͡;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· ͙ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡Έ 

˾͍͙͙͔͊ͭ͘ ͙͎͔͙ͣͪͤ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭͣ͘ ͎͔͔͙ͤͭ;͔͙ͫ͟ͻ ͙ ͍͔ͤ΄͙ͤͻ ͺ͍͊ͭͦͪͦ͟Φ 

͍͔̂ͫͭ͊ͤͦͤͦ͡Σ ;ͭͦ ͔͍͔ͤ͊ͫ͒ͫͭͤͤ͊͡Ύ ͔͔ͨͪ͒ͪ͊ͫͨͦͦ͗ͤͤͦͫͭ͡Έ ͙͎͔ͪ͊ͭ ͍͊͗ͤͯΌ ͪͦ͡ΈΣ ͔ͦͫͦ͋ͤͤͦ ͙ͨͪ ͔͔͚ͫͣͤ·ͻ 

ͺͦͪͣ͊ͻ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ ˿͔͙ͪ͒ ͍ͨͪͦͦͼ͙ͪͯΌ΅͙ͻ ͺ͍͊ͭͦͪͦ͟ ͍·͔͒͡ΎΌͭΥ 

¶ Ήͣͦͼ͙ͦͤ͊͡Έ͔ͤͦ ͙ ͺ͙͙͘;͔͔ͫͦ͟ ͔͔ͨͪͤ͊ͨͪΎ͔͙͔͗ͤΤ 

¶ ͤ͊ͪͯ΄͔͙͔ͤ ͔͙ͪ͗ͣ͊ ͫͤ͊ ͙ ͍͍͙͋ͦ͒ͪͫͭͦ͊ͤΎΤ 

¶ ͎ͦͪͣͦͤ͊͡Έͤ·͔ ͔͙ͦ͋͊ͤ͟͡ΎΤ 

¶ ͙͔͔͙͔ͣͤͤ͘ ͎ͨͦͦ͒ͤ·ͻ ͍͙͚ͯͫͦ͡Τ 

¶ ͔͔͙͔ͯͨͦͭͪ͋ͤ͡ ͔ͤͦͭͦͪ͟·ͻ ͍ͨͪͦ͒ͯͭͦ͟ ό΄ͦͦ͊͒͟͡Σ ͎͊ͦͦ͟͡͡ΈΣ ͨͪͦ͒ͯͭ͟· ͫ ͙͙ͭͪ͊ͣͤͦͣύΦ 

оΦ ˽͎͔͔͊ͭͦͤ͘ ͙͎͔͙ͣͪͤ 

˿͍͔͔ͦͪͣͤͤ͊Ύ ͦͤ͟ͼ͔ͨͼ͙Ύ ͙͎͔͙ͣͪͤ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͔͚͍ͤͪͦ͊ͫͯ͟͡Ύ͚ͪͤͦ ͔͙͙ͭͦͪΦ ͔̇ͤͭͪ͊͡ΈͤͯΌ 

ͪͦ͡Έ ͙͎͔ͪ͊ͭ ͙͍͊ͭ͊͟ͼ͙Ύ ͙͎͔͙͍ͭͪͣͤͦ͊ͫͯ͟͡Ύ͚ͪͤͦ ͙͔ͫͫͭͣ·Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͍·͍͔͙ͫͦ͋ͦ͗͒ͤΌ ͍͙͍͊ͦ͊ͭͤ͘͟·ͻ 

͔͚͔͙͍ͤͪͦͨͨͭ͒ͦ τ ͟ ͊͡Έͼ͙͙ͭͦͤͤ-͎͔ͤ-͍ͫΎ͎͊ͤͤͦͦ͘ ͔͙ͨͨͭ͒͊ ό/DwtύΣ ͫͯ͋ͫͭ͊ͤͼ͙͙ t ͙ ͔͚͙͙ͤͪͦͤͤ͊͟ !Φ 

͙̏ͭ ͍͔΅͔͍ͫͭ͊ ͍·͘·͍͊Όͭ ͪ͊ͫ΄͙͔͙͔ͪͤ ͍ͫͦͫͯ͒ͦ ͍͔͚ͭͪ͒ͦ ͎͍͚ͣͦͦͦ͘ ͦ͋ͦͦ͡;͙͟Σ ͍͙͙͔ͪ͊ͭ͘ 

͔͙͊ͫͨͭ;͔͎ͫͦͦ͟ ͍͔͙ͦͫͨ͊ͤ͡Ύ ͙ ͙͔͙͔ͯͫͤ͡ ͔͍͚͋ͦͦ͡ ͙ͣͨͯ͡Έͫ͊ͼ͙͙Φ ˤ͔͊͗ͤͦ ͤ͊͘;͔͙͔ͤ ͙͔͔ͣͭ ͔ͭ͊͗͟ ͍ͦͪͦ͊͟͟Ύ 

ͪ͊ͫͨͪͦͫͭͪ͊ͤΎΌ΅͊ΎͫΎ ͔͔͙͒ͨͪͫͫΎ τ ͍ ͦͤ͊͡ ͔͒ͨͦ͡Ύ͙ͪ͊͘ͼ͙͙ ͔͚͍ͤͪͦͤͦΣ ͍ͫΎ͊ͤͤ͊͘Ύ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ͊ͯͪ·Φ 

пΦ ˴͙͙ͤ͡;͔͙͔ͫ͟ ͨͪͦΎ͍͔͙ͤ͡Ύ ͙͎͔͙ͣͪͤ 

˴͙͊ͫͫ͡;͔͙͚ͫ͟ ͙͎͔ͣͪͤͦͤ͘·͚ ͙ͨͪͫͭͯͨ ͨͪͦͻ͙ͦ͒ͭ ͔ͤͫͦ͟͡Έͦ͟ ͙͚ͫͭ͊͒Υ 

˽ͪͦ͒ͪͦͣ͊͡Έͤ͊Ύ ͅ ͊͊͘ ς ͻ͔͙͔͊ͪ͊ͭͪͯͭͫ͘͟Ύ ͙͔͔͙ͣͤͤ͘Ύ͙ͣ ͔͙ͤ͊ͫͭͪͦͤΎΣ ͙͍ͫͦͤͦͫͭ͡ΈΌΣ ͙͔ͪ͊͒ͪ͊͗ͭ͘͡ΈͤͦͫͭΈΌΦ 

̅͊͊͘ ͊ͯͪ· ς ͤ͊͋͡Ό͔͒͊ͭͫΎ ͯ нлςол҈ ͨ͊ͼ͙͔͍ͤͭͦ ͙ ͨͪͦΎ͍͡Ύ͔ͭͫΎ ͙͔ͪͭ͘͡Έͤ·͙ͣΣ ;͍͍͙͔ͯͫͭͭ͡Έͤ·͙ͣ 

͙͙͡ ͔ͪ;͔͍·͙ͣ ͤ͊ͪͯ΄͔͙ͤΎ͙ͣΦ 

̅͊͊͘ ͎͍͚ͦͦͤͦ͡ ͙͋ͦ͡ ς ͙͔͙͍ͤͭͤͫͤ͊Ύ ͨͯ͡Έ͙ͫͪͯΌ΅͊Ύ ͋ͦ͡ΈΣ ;͊΅͔ ͦ͒ͤͦͫͭͦͪͦͤͤΎΎΣ ͙͙͍ͯͫ͊͡Ό΅͊ΎͫΎ 

͙ͨͪ ͺ͙͙͘;͔͚ͫͦ͟ ͙͍͙͊ͭͤͦͫͭ͟Φ 
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˽ͦͫͭ͒ͪͦͣ͊͡Έͤ͊Ύ ͺ͊͊͘ ς ͦ ΅ͯ΅͔͙͔ͤ ͙ͯͫͭ͊ͦͫͭ͡Σ ͙͔͙͔ͫͤ͗ͤ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ ͍͙͙ͤͣ͊ͤΎΦ 

рΦ ˨͙͎͙͊ͤͦͫͭ͊͟ ͙͎͔͙ͣͪͤ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͔͙ͪͭͪ͟Ύͻ ˸͔͚͗͒ͯͤ͊ͪͦ͒ͤͦ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͎͍ͦͦͤ͡·ͻ 

͔͚͋ͦ͡ όL/I5-оύΦ ˨͙͔ͦͨͦͤͭ͡͡Έͤ·͔ ͔ͣͭͦ͒· ό˸˾́Σ ˴́Σ ̏̏˥ύ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͙ͫ͟͡Ό;͔͙ͤΎ ͍͙ͭͦͪ;ͤ·ͻ 

͙ͨͪ;͙ͤ ͎͍͚ͦͦͤͦ͡ ͙͋ͦ͡Φ 

сΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͨͦ͒ͻͦ͒· ͟ ͔͡;͔͙ͤΌ 

͔͙́ͪ͊ͨΎ ͙͎͔͙ͣͪͤ ͍͟͡Ό;͔͊ͭΥ 

мΦ ˴͙͍͙͔ͯͨͪͦ͊ͤ ͙ͨͪͫͭͯͨ͊Υ 

ς ͤ ͔͔͙ͫͭͪͦ͒ͤ·͔ ͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ·Τ 

ς ͭ ͙ͪͨͭ͊ͤ·Τ 

ς ͨ ͙͍͍ͪͦͭͦͪͦͭͤ·͔ ͔͍ͫͪ͒ͫͭ͊Φ 

нΦ ˽ͪͦͺ͙͙͊ͭ͟͡;͔͔ͫͦ͟ ͔͡;͔͙͔ͤΥ 

ς ͋ ͔ͭ͊-͔͊͒ͪͤͦ͋ͦ͊ͭͦͪ͟͡·Τ 

ς ͊ ͙͔͔ͤͭ͒ͨͪͫͫ͊ͤͭ·Τ 

ς ͨ ͙͍ͪͦͭͦΉ͙͔͙ͨͨͭ͡;͔͙͔ͫ͟ ͔ͨͪͨ͊ͪ͊ͭ·Τ 

ς ͣ ͦͤͦͦͤ͊͟͡͡Έͤ·͔ ͙͔͊ͤͭͭ͊͡ ͟ /DwtΦ 

оΦ ˹͔͔͙͔ͣ͒͊ͣͤͭͦͤ͘͟·͔ ͔ͣͭͦ͒·Υ 

ς ͤ ͙ͦͪͣ͊͊͘͡ͼ͙Ύ ͔͙ͪ͗ͣ͊ ͒ͤΎΤ 

ς ͟ ͎͙͙͍ͦͤͭͤͦ-͍͔͔ͨͦ͒ͤ;͔ͫ͊͟Ύ ͔͙ͭͪ͊ͨΎΤ 

ς ͙ ͫ͟͡Ό;͔͙͔ͤ ͙͎͎͔ͭͪͪͤ·ͻ ͺ͍͊ͭͦͪͦ͟Φ 

тΦ ˿ͦͼ͙͊͡Έ͔ͤͦ ͙ ͙͙ͤ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ ͔ͨͪͦ͋ͣ͡· 

˸͙͎͔ͪͤΈ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙͔ͫͤ͗͊ͭ ͭͪͯ͒ͦͫͨͦͫͦ͋ͤͦͫͭΈΣ ͊͟;͔͍ͫͭͦ ͙͙͗ͤ͘ ͙ ͫͦͼ͙͊͡ΈͤͯΌ ͙͍͊ͭͤͦͫͭ͟Έ 

ͨ͊ͼ͙͔͍ͤͭͦΦ ˿͍͔͍͔͔ͦͪͣͤͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͊͟ ͙ ͔ͦͣͨͫͤ͟͟͡·͚ ͨͦ͒ͻͦ͒ ͟ ͔͡;͔͙ͤΌ ͍ͨͦͦ͘͡ΎΌͭ ͔ͯͣͤΈ΄͙ͭΈ 

;͊ͫͭͦͭͯ ͙͍ͨͪͫͭͯͨͦ ͙ ͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͻ͙ͪͦͤ͊͘ͼ͙Ό ͔͍͙͊͋ͦ͊ͤ͘͡ΎΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ DƻŀŘǎōȅ tΦWΦΣ IƻƭƭŀƴŘ tΦwΦ tŀǘƘƻǇƘȅǎƛƻƭƻƎȅ ƻŦ ƳƛƎǊŀƛƴŜΦ ¢ƘŜ [ŀƴŎŜǘΣ нлмтΦ 

нΦ {ƛƭōŜǊǎǘŜƛƴ {Φ5Φ aƛƎǊŀƛƴŜΦ [ŀƴŎŜǘΣ нлмуΦ 

оΦ 5ƻŘƛŎƪ 5Φ²Φ aƛƎǊŀƛƴŜΦ ¢ƘŜ [ŀƴŎŜǘΣ нлмуΦ 

пΦ IŜŀŘŀŎƘŜ /ƭŀǎǎƛŬŎŀǝƻƴ /ƻƳƳƛǧŜŜ ƻŦ ǘƘŜ LI{Φ L/I5πоΣ нлмуΦ 

рΦ ˴ͪ·͍ͦ͡ ˤΦˤΦΣ ͙̊ͣ͒ͭ ˩ΦˤΦ ˹͔͍͎͙ͪͦͦ͡ΎΦ τ ˸ΦΥ ˥̏˻́ˢ˾π˸ ͔͙͒͊Σ нлнмΦ 

сΦ CŜǊǊŀǊƛ aΦ5ΦΣ DƻŀŘǎōȅ tΦWΦ !ŘǾŀƴŎŜǎ ƛƴ ƳƛƎǊŀƛƴŜ ǘƘŜǊŀǇȅΦ bŀǘǳǊŜ wŜǾƛŜǿǎ bŜǳǊƻƭƻƎȅΣ нлнлΦ 

ϭ ̆͊͡·͍ͦ͡ ̆ΦΣ нлнр 

 

 

 

 

͍̆ͦ͒͗͊ͣͦ͊ ̏Φˣ. 

ˢ͙͔ͫͫͫͭͤͭ ͊͟ͺ͔͒ͪ· ͙͙͎͎͙͙ͦͭͦͪͤͦ͊ͪͤͦͦ͡͡                                                     

      ˥ ͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟  

͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

                                                             ˢ΄ͻ͊͋͊͒Φ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

 

˶ˢ˾ˮ˹˥ˮ́Υ ̏́ˮ˻˶˻˥ˮ̒Σ ˴˶ˮ˹ˮ̉˩˿˴ˢ̒ ˴ˢ˾́ˮ˹ˢ ˮ ˿˻ˤ˾˩˸˩˹˹̍˩ ˽˻˨̆˻˨̍ ˴ ˶˩̉˩˹ˮ̑ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͙͎͙͊ͪͤͭ͡ ͊͟͟ ͍͙͔ͦͫͨ͊ͭ͡͡Έ͔ͤͦ ͔͍͙͔͊͋ͦ͊ͤ͘͡ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ 
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͎͙ͦͪͭ͊ͤΦ ˻͙ͨͫ͊ͤ· ͍ͦͫͤͦͤ·͔ ͙ͨͪ;͙ͤ· ͍͙͍͔͙ͦͤͤͦͤ͘͟Ύ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͍͟͡Ό;͊Ύ ͙ͤͺ͔͟ͼ͙ͦͤͤ·͔ ͙ 

͔͙ͤͤͺ͔͟ͼ͙ͦͤͤ·͔ ͺ͊ͭͦͪ͟·Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͺͦͪͣ ͙͎͙͊ͪͤͭ͊͡ όͦͫͭͪ·͚ ͙ 

ͻ͙ͪͦͤ;͔͙͚ͫ͟ύΣ ͻ͔͚͊ͪ͊ͭͪͤͦ͟ ͙͙͔ͫͣͨͭͦͣ͊ͭ͟ ͙ ͔ͣͭͦ͒͊ͣ ͙͒ͺͺ͔͔ͪͤͼ͙͊͡Έ͚ͤͦ ͙͎͙͙͒͊ͤͦͫͭ͟Φ ˿ͭ͊ͭΈΎ 

ͨͦ͒;͔͙͍͔ͪ͊ͭ͟ ͍͊͗ͤͦͫͭΈ ͍͔͍͔͔͚ͫͦͪͣͤͤͦ ͔͙͙ͭͪ͊ͨ ͒͡Ύ ͔͍ͨͪ͒ͦͭͪ͊΅͔͙ͤΎ ͔͙͚ͦͫͦ͗ͤͤ͡ ͙ ͔͔ͨͪͻͦ͒͊ 

͔͙͋ͦͤ͘͡ ͍ ͻ͙ͪͦͤ;͔ͫͯ͟Ό ͙ͫͭ͊͒ΌΦ 

 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͙͎͙͊ͪͤͭ͡Σ ͎ͦͪͭ͊ͤΈΣ ͙ͦͫͨͦͫͭ͡Έ ͎ͦͦͫ͊͡Σ ͍͔͙͔ͦͫͨ͊ͤ͡Σ ͒·ͻ͔͊ͭ͡Έͤ·͔ ͙ͨͯͭΣ 

 ͦ ͙͙͎͎͙ͭͦͪͤͦ͊ͪͤͦͦ͡͡ΎΣ ͙͒ͫͺ͙ͦͤΎΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˶͙͎͙͊ͪͤͭ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦ͒ͤͯ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͊ͭͯ͊͟͡Έͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ 

͙͙͎͎͙͙ͦͭͦͪͤͦ͊ͪͤͦͦ͡͡Φ ̏ͭͦ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͚ ͨͪͦͼ͔ͫͫΣ ͙ͦ͊ͯ͘͟͡͡Ό΅͙͚ͫΎ ͍ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͔͟ ͎͙ͦͪͭ͊ͤΣ 

ͦͭͦͪ͟·͚ ͔ͣͦ͗ͭ ͔ͨͪͦͭ͊ͭ͟Έ ͊͟͟ ͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦΣ ͭ͊͟ ͙ ͋·ͭΈ ͨͪͦΎ͍͔͙͔ͤͣ͡ ͙͔ͫͫͭͣͤ·ͻ ͔͙ͪͫͨͪ͊ͭͦͪͤ·ͻ 

͙ͤͺ͔͟ͼ͙͚Φ ˥ͦͪͭ͊ͤΈ ͍·ͨͦͤ͡Ύ͔ͭ ͍͔͚͊͗ͤ΄͙͔ ͺͯͤ͟ͼ͙͙ ͍ ͎͙͔ͦͪ͊ͤͣ͘ ;͔͍͔ͦ͊͟͡Υ ͒·ͻ͔͊ͭ͡ΈͤͯΌΣ ͊͘΅͙ͭͤͯΌ ͙ 

͎ͦͦͫͦͦ͋ͪ͊ͯ͘͡Ό΅ͯΌΦ ˿͔͍͔͒ͦ͊ͭ͡͡ΈͤͦΣ ͡Ό͔͋ͦ ͎͙ͨ͊ͭͦͦ͡;͔͔ͫͦ͟ ͙͔͔͙͔ͣͤͤ͘ ͍ Ήͭͦͣ ͎͔ͦͪ͊ͤ ͔ͤ ͭͦ͡Έͦ͟ 

ͯͻͯ͒΄͔͊ͭ ͫ͊ͣͦ;͍͍͙͔ͯͫͭ ͨ͊ͼ͙͔ͤͭ͊Σ ͤͦ ͙ ͔ͣͦ͗ͭ ͔͍ͨͪ͒ͫͭ͊͡ΎͭΈ ͔ͫͪΈ͔ͤͯ͘Ό ͎ͯͪͦͯ͘ ͒͡Ύ ͊͟;͔͍ͫͭ͊ ͙͙͗ͤ͘ ͙ 

͙ͭͪͯ͒ͦͫͨͦͫͦ͋ͤͦͫͭΣ ͔ͦͫͦ͋ͤͤͦ ͒͡Ύ ͙͡ͼ ζ͎͍ͦͦͫͦ͡·ͻη ͨͪͦͺ͔͙͚ͫͫ ό͔͎͎͍ͨ͒͊ͦͦΣ ͙͍͊ͪͭͫͭͦΣ ͔͍ͭͦͪͦ͟͡ύΦ 

͙͎͙̏ͭͦͦ͡Ύ ͙͎͙͊ͪͤͭ͊͡ ͚͔ͪ͊ͤ͟ ͪ͊ͤͦͦ͋ͪ͊ͤ͊͘͘Φ ˤ ͋ͦ͡Έ΄͙͍͔ͤͫͭ ͫͯ͡;͔͍͊ ͦͫͭͪ·͚ ͙͎͙͊ͪͤͭ͡ 

͊ͫͫͦͼ͙͙͍ͪͦ͊ͤ ͫ ͍͙͚ͪͯͫͤͦ ͙ͤͺ͔͟ͼ͙͔͚Σ ͚ͭ͊ͦ͟ ͊͟͟ ͎͙ͪͨͨΣ ͎͙ͨ͊ͪ͊ͪͨͨΣ ͔͍͙͊͒ͤͦͪͯͫ ͙͙͡ ͙͍͙ͪͤͦͪͯͫΦ ˻͒ͤ͊ͦ͟ 

͔ͤ ͙ͫͭͦͭ ͔ͤ͒ͦͦͼ͔͙͍ͤ͊ͭΈ ͪͦ͡Έ ͔͙͋͊ͭͪ͊͟͡Έ͚ͤͦ ͺͦͪ͡·Σ ͦͭͦͪ͊͟Ύ ;͊ͫͭͦ ͙͔͙ͨͪͫͦ͒ͤΎ͔ͭͫΎ ͤ͊ ͺ͔ͦͤ 

͙͔͎ͫͤ͗ͤͤͦͦ ͙͙͔ͣͣͯͤͭͭ͊Φ ˽͙ͦͣͣͦ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͎͔͍͊ͤͭͦΣ ͍͙͙ͪ͊ͭ͘Ό ͍͔͙ͦͫͨ͊ͤ͡Ύ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ 

͍͔ͤ΄͙͔ͤ ͙͔͙ͪ͊͒ͪ͊͗ͭ͘͡Υ ͔͙ͭͪͣ;͔͙͔ͫ͟ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ό͙ͫ͡΄ͦͣ͟ ͻͦͦ͒ͤ͡·͚ ͙͙͡ ͎ͦͪΎ;͙͚ ͍ͦ͒ͯ͘ͻύΣ 

ͻ͙͙ͣ;͔͙͔ͫ͟ ͎͔͊ͤͭ· ό͔͙͔ͯͪͤ͟Σ ͍͒·ͻ͙͔͊ͤ ͔͙͒͟ͻ ͍ͨ͊ͪͦύΣ ͊ ͔ͭ͊͗͟ ͔ͣͻ͙͊ͤ;͔͔ͫͦ͟ ͔͔ͨͪͤ͊ͨͪΎ͔͙͔͗ͤ 

͎͍͎ͦͦͫͦͦͦ͡ ͊ͨͨ͊ͪ͊ͭ͊Φ 

˻͔ͫͦ͋ͦ ͔ͣͫͭͦ ͍ ͎͔͔͔ͨ͊ͭͦͤ͘ ͙͔͊ͤͣ͊ͭ͘ ͻ͙ͪͦͤ;͔͙͚ͫ͟ ͙͎͙͊ͪͤͭ͡Φ ˻ͤ ;͊ͫͭͦ Ύ͍͡Ύ͔ͭͫΎ ͔͍͙͔ͫ͒ͫͭͣ͡ 

͔͔ͤ͒ͦ͡;͔͎ͤͤͦͦ ͎ͦͫͭͪͦͦ ͨͪͦͼ͔ͫͫ͊ ͙͙͡ ͔ͪͯ͘͡Έͭ͊ͭͦͣ ͙͔͒ͭ͡͡Έ͎ͤͦͦ ͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͔͎͙ͤ͋͊ͦͨͪ͡Ύͭͤ·ͻ 

ͺ͍͊ͭͦͪͦ͟Φ ˥͊ͫͭͪͦΉͦ͘ͺ͎͔͊͊͡Έͤ͊Ύ ͔ͪͺ͡Όͫͤ͊͟Ύ ͔͋ͦͤ͘͡Έ ό˥̏˾ˣύ ͔ͭ͊͗͟ ͙ͨͪͤ͊ͤ͊͘ ͤ͊͘;͙ͣ·ͣ ͺ͊ͭͦͪͦͣ͟ 

͙ͪͫ͊͟Υ ͊͋ͪͦͫ͘ ͙͎ͫͦͦ͟͡ ͔͙͎ͫͦ͒ͪ͗ͣͦͦ ͔͗ͯ͒͊͟͡ ͍ ͎ͦͭͯ͟͡ ͙ ͎ͦͪͭ͊ͤΈ ͍·͘·͍͔͊ͭ ͨͦͫͭͦΎ͔ͤͤͦ ͻ͙͙ͣ;͔͔ͫͦ͟ 

͔͙͔ͪ͊͒ͪ͊͗ͤ͘ ͙͙͚ͫͫͭͦ͘͡Σ ͙͍ͨͪͦ͒Ύ ͟ ͚͙ͫͭͦͣ͟ ͙͔͔͙ͣͤͤ͘Ύͣ ͔͚ͭ͊ͤ͟Φ 

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͊ͪͭͤ͊͟ ͙͎͙͊ͪͤͭ͊͡ ͔ͫͨͼ͙ͺ͙;ͤ͊ ͙ ͍͔ͯͤ͊͊ͣ͊͘Φ ˻͍ͫͤͦͤ·ͣ ͙ͫͣͨͭͦͣͦͣ Ύ͍͡Ύ͔ͭͫΎ 

͙͔͔͙͔ͣͤͤ͘ ͎ͦͦͫ͊͡ τ ͦͭ ͔͎͚ͦ͟͡ ͙͙ͦͫͨͦͫͭ͡ ͒ͦ ͚ͨͦͤͦ͡ ͊ͺ͙͙ͦͤ ό͔͙ͨͦͭͪ ͙ͫͨͦͫͦ͋ͤͦͫͭ ͎͍͙ͦͦͪͭΈ ͍ͫͯ͡ͻύΦ 

˽͊ͼ͙͔ͤͭ· ͗͊ͯ͡ΌͭͫΎ ͤ͊ ͫͯͻͦͫͭΈΣ ͔ͨͪ΄͔͙͔ͤ ͍ ͎͔ͦͪ͡ ͙ ͻ͔͊ͪ͊ͭͪͤ͟·͚ ζ͊͡Ό΅͙͚η ͊͟΄͔͡ΈΣ ͦͭͦͪ͟·͚ ͤ͊ 

ͤ͊;͊͡Έͤ·ͻ ͙ͫͭ͊͒Ύͻ ͦ͋·;ͤͦ ͫͯͻ͚ͦΣ ͊ ͔ͨͦ͗͘ ͍͔ͫͦͨͪͦͦ͗͒͊ͭͫΎ ͔͔͙͔ͦͭ͒ͤͣ͡ ͣͦͪͦͭ͟·Φ ˽͙ͪ ͤ͊͘;͙͔ͭ͡Έͤͦͣ 

͔͔ͦͭ͟ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟Σ ͔ͦͫͦ͋ͤͤͦ ͯ ͔͔͚͒ͭΣ ͔ͣͦ͗ͭ ͍͙ͦͤͤͯͭ͘͟Έ ͔ͫͭͤͦ͘ ͎͙ͦͪͭ͊ͤ όͦ͗ͤ͡·͚ ͪͯͨ͟ύΣ ;ͭͦ 

Ύ͍͡Ύ͔ͭͫΎ ͙͙ͪͭ͟;͔͙ͫͣ͟ ͫͦͫͭͦΎ͙͔ͤͣΣ ͔ͭͪ͋ͯΌ΅͙ͣ ͔͔͔͚ͤͣ͒ͤͤͦ͡ ͔͙ͣ͒ͼ͙͚ͤͫͦ͟ ͨͦͣͦ΅͙ ͙͘-͊͘ ͙ͪͫ͊͟ 

͊ͫͺ͙͙͙ͫ͟Φ 

˨͙͎͙͊ͤͦͫͭ͊͟ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͍ͦͫͤͦ·͍͔͊ͭͫΎ ͤ͊ ͗͊ͦ͋͊͡ͻΣ ͔͔͊ͤ͊ͣͤ͘ ͙ ͒͊ͤͤ·ͻ ͙͎͙͙͊ͪͤͦͫͦͨ͟͡Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ͙͔ͭ͊͟ ͊͟͟ ͍͙͔͒ͦΉ͙ͤ͒ͦͫͦͨ͟ΎΣ ͍ͨͦͦ͘͡ΎΌͭ ͍ͪ͊;ͯ ͔͒ͭ͊͡Έͤͦ 

͔ͪ͊ͫͫͣͦͭͪͭΈ ͫͦͫͭͦΎ͙͔ͤ ͎͍ͦͦͫͦ͡·ͻ ͍ͫΎͦ͘͟Σ ͦͼ͔͙ͤͭΈ ͙ͻ ͍͙ͨͦ͒͗ͤͦͫͭΈ ͙ ͙ͫ͟͡Ό;͙ͭΈ ͍͍͙ͤͦͦͦ͋ͪ͊ͦ͊ͤ͘ΎΦ 

˶͔;͔͙͔ͤ ͔͔ͭͪ͋ͯͭ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊Υ ͫͦ͋͡Ό͔͙͒ͤΎ ζ͔͙ͪ͗ͣ͊ ͣͦ͡;͙͊ͤΎηΣ ͙ͫ͟͡Ό;͔͙ͤΎ 

ͪ͊͒ͪ͊͗͊͘Ό΅͔͚ ͙ͨ΅͙Σ ͍͔͔͙ͨͪͦ͒ͤΎ ͙͎ͤ͊͡Ύͼ͙͚ͦͤͤͦ ͔͙͙ͭͪ͊ͨ ͙Σ ͙ͨͪ ͔ͤͦ͋ͻ͙͙ͦ͒ͣͦͫͭΣ ͙͔͔͙ͨͪͣͤͤΎ 

͙͍͍͙͔ͨͪͦͭͦͦͫͨ͊ͭ͡͡Έͤ·ͻ ͙ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έͤ·ͻ ͔͍ͨͪͨ͊ͪ͊ͭͦΦ ˽͙͙͔ͦͤͣ͊ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ ͍͙͙ͪ͊ͭ͘Ύ 

͙͎͙͊ͪͤͭ͊͡ ͍ͨͦͦ͘͡Ύ͔ͭ ͔ͤ ͭͦ͡Έͦ͟ Ήͺͺ͔͙͍ͭͤͦ͟ ͋ͦͪͦͭΈͫΎ ͫ ͙͙ͫͣͨͭͦͣ͊ͣΣ ͤͦ ͙ ͍͙ͨͪͦͦ͒ͭΈ ͊͟;͔͍͔ͫͭͤͤͯΌ 

ͨͪͦͺ͙͙͊ͭͯ͟͟͡ ͔ͪͼ͙͙͍͍͒ͦΦ 
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˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˽͊͡Έ;ͯͤ ˤΦ́Φ ˻͙͙͎͎͙ͭͦͪͤͦ͊ͪͤͦͦ͡͡ΎΦ нлнм ˸͍ͦͫ͊͟Φ 

2. ˣ͙͊͋Ύ͟ ʕ ΦˮΦ ˴͙͙ͤ͡;͔ͫ͊͟Ύ ͙͙͎͎͙ͦͭͦͪͤͦ͊ͪͤͦͦ͡͡ΎΥ ͍͍ͪͯͦͦ͒ͫͭͦ͟ ͒͡Ύ ͍ͪ͊;͔͚Φ нлмф ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

3. ˽͙͍ͯ͗ͤͦ͟͡ ˸Φ˿Φ ͙̆ͪͦͤ;͔͙͔ͫ͟ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·͔ ͔͍͙͊͋ͦ͊ͤ͘͡Ύ ͎͙ͦͪͭ͊ͤΦ нлнл ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

4. ˴͍ͦͦ͘͡ ˤΦ˿Φ ˻ͫͭͪ·͚ ͙͎͙͊ͪͤͭ͡ ͙ ͔͎ͦ ͔͙ͦͫͦ͗ͤͤ͡ΎΦ нлнн ˹͍͙͙ͦͦͫ͋ͪͫ͟Φ 

5. ˿͍ͦ͒͊ͭͦ͡ ˮΦˣΦ ˶͔͟ͼ͙͙ ͨ ͦ ͙͙͎͎͙͙ͦͭͦͪͤͦ͊ͪͤͦͦ͡͡Φ нлнл ˿͊ͣ͊ͪ͊Φ 

ϭ ͍̆ͦ͒͗͊ͣͦ͊ ̏Φ, 2025 
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˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥. 

                                                           ͫͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͅ ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͟ΦͣΦͤΦ 

                                                          ˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

                                                             ˢ΄ͻ͊͋͊͒Φ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 

 

˽˿ˮ̆˻̅ˢ˾˸ˢ˴˻˶˻˥ˮ̒Υ ˿˻ˤ˾˩˸˩˹˹̍˩ ˥˻˾ˮ˭˻˹́̍ ˹˩˯˾˻ˣˮ˻˶˻˥ˮ̉˩˿˴˻˯ 

 ́ ˩˾ˢ˽ˮˮ ˽˿ˮ̆ˮ̉˩˿˴ˮ̆ ˾ˢ˿˿́˾˻˯˿́ˤ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͔͊ͫͨͭ͟· ͙ͨͫͻͦͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ ͊͟͟ 

͔͙ͣ͗͒ͫͼ͙͙͚ͨͤ͊ͪͤͦ͡ ͙ͤ͊ͯ͟Φ ˻͙ͨͫ·͍͊ΌͭͫΎ ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ ͍ͦͫͤͦͤ·ͻ ͎ͪͯͨͨ ͙ͨͫͻͦͭͪͦͨͤ·ͻ 

͔͍ͨͪͨ͊ͪ͊ͭͦΣ ͙ͻ ͍͙͡Ύ͙͔ͤ ͤ͊ ͔͚͔͙ͤͪͦͣ͒͊ͭͦͪͤ·͔ ͙͔ͫͫͭͣ· ͎͍͎ͦͦͤͦͦ͡ ͎ͣͦ͊͘ ͙ ͪͦ͡Έ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ 

͙ͨͫͻ͙͙͊ͭͪ;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ ˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͔ͯ͒͡Ύ͔ͭͫΎ Ή͍ͦ͡Όͼ͙͙ ͨͦ͒ͻ͍ͦ͒ͦ ͟ ͔͡;͔͙ͤΌ ͎͙͙͍ͦͤͭͤ͟·ͻ 

͙ Ήͣͦͼ͙ͦͤ͊͡Έͤ·ͻ ͤ͊ͪͯ΄͔͙͚ͤΣ ͊ ͔ͭ͊͗͟ ͔͔͙͍ͨͪͫͨͭ͊ͣ͟ ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͔͙ͣ͒ͼ͙ͤ· ͍ Ή͚ͭͦ ͙ͦ͋͊ͫͭ͡Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

 ͨ ͙ͫͻͦͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΣ ͔͚͔͙ͤͪͦͣ͒͊ͭͦͪ·Σ ͙͔͔͊ͤͭ͒ͨͪͫͫ͊ͤͭ·Σ ͔͚͔͙͙ͤͪͦͨͭ͟͡Σ 

 ͫ ͙͙ͤ͊ͨͭ;͔ͫ͊͟Ύ ͔͔ͨͪ͒͊;͊Σ ͙ͨͫͻͦͭͪͦͨͤ·͔ ͔͍ͫͪ͒ͫͭ͊Σ ͔͚͙ͤͪͦͨ͊ͫͭ͡;ͤͦͫͭΈΦ 

 

ˤ͍͔͔͙͔͒ͤ 

˽͙ͫͻͦͺ͎͙͊ͪͣ͊ͦͦ͟͡Ύ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭ ͚ͫͦ͋ͦ ͦ͒ͤͯ ͙͘ ͙͔͔ͤ͊͋ͦ͡ ͙͙͒ͤ͊ͣ;ͤͦ ͍͙͍ͪ͊͊͘Ό΅͙ͻͫΎ ͔͚ͦ͋͊ͫͭ͡ 

͍͔͔͚ͫͦͪͣͤͤͦ ͔͙ͣ͒ͼ͙ͤ· ͙ ͙͎͙͙͋ͦͦ͡Φ ˻ͤ͊ ͍͙ͦͤ͊͘͟͡ ͤ͊ ͫͭ·͔͟ ͙ͨͫͻ͙͙͙͊ͭͪ ͙ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͍͙͍ͨͦͫͭ͊ 

͍͔͚ͫͦ ͼ͔͡ΈΌ ͙ͯ͘;͔͙͔ͤ ͍͙͡Ύ͙ͤΎ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭ ͤ͊ ͍·ͫ΄ͯΌ ͔͍ͤͪͤͯΌ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΣ ͙ͨͫͻ͙;͔͙͔ͫ͟ 

ͨͪͦͼ͔ͫͫ· ͙ ͍͔͔͙͔ͨͦ͒ͤ ;͔͍͔ͦ͊͟͡Φ ˮ͙ͫͭͦͪ;͔͙͚ͫ͟ ͨͯͭΈ Ή͚ͭͦ ͙͒ͫͼ͙͙ͨͤ͡· ͤ͊;͊ͫ͡Ύ ͍ ͔͔͙͔ͫͪ͒ͤ ·· ͍͔͊͟Σ 

͎ͦ͒͊͟ ͫͯ͡;͚͔͊ͤͦ ͦͭͪ͟·͙͔ͭ ͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ Ήͺͺ͔͍ͭͦ͟ ͻ͙ͦͪͨͪͦͣ͊ͤ͊͘͡ ͙ ͙͙͙ͨͪͦͤ͊͒͊͘ ͙͍͔ͨͪͦͦ͘͡ 

ͤ͊ͫͭͦΎ΅ͯΌ ͔͍ͪͦ͡Όͼ͙Ό ͍ ͙ͨͫͻ͙͙͙͊ͭͪΣ ͍͙͍ͨͦͦ͘͡ ͙͙ͣͦͤ͊ͣ͡͡ ͨ͊ͼ͙͔͍ͤͭͦ ͙ͨͦͤͯͭ͟Έ ͔ͫͭͤ· ͊ͪ͘͟·ͭ·ͻ 

ͯ;͔͔͙͚ͪ͗͒ͤ ͙ ͍͔ͪͤͯͭΈͫΎ ͍ ͦ͋΅͔͍ͫͭͦΦ 

͔̇ͤͭͪ͊͡Έͤ·ͣ ͦ͋Ά͔ͭͦͣ͟ ͙ͯ͘;͔͙ͤΎ ͙ͨͫͻͦͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ Ύ͍͡Ύ͔ͭͫΎ ͙ͫͤ͊ͨͫ τ ͔ͫͨͼ͙͙͙͍͔͊ͪͦ͊ͤͤͦ͘͡ 

͔͙͔͙͔ͫͦ͒ͤͤ ͔ͣ͗͒ͯ ͔͚͙ͤͪͦͤ͊ͣΣ ͎͔͒ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͔͔ͨͪ͒͊;͊ ͙͎͍ͫͤ͊ͦ͡ ͫ ͨͦͣͦ΅ΈΌ ͻ͙͙ͣ;͔͙ͫ͟ͻ 

͔͙͍ͨͦͫͪ͒ͤͦ͟Σ ͤ͊͘·͍͔͊ͣ·ͻ ͔͚͔͙͙ͤͪͦͣ͒͊ͭͦͪ͊ͣΦ ˻͍ͫͤͦͤ·͔ ͔͚͔͙ͤͪͦͣ͒͊ͭͦͪͤ·͔ ͙͔ͫͫͭͣ·Σ ͤ͊ ͦͭͦͪ͟·͔ 

ͤ͊ ͍͔ͨͪ͊ͤͦ͡ ͔͚͍͙͔͒ͫͭ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͍͊ͪͫͭ͟͡Σ ͍͟͡Ό;͊Όͭ ͔͙͍ͫͪͦͭͦͤͤͦͯΌΣ ͒ͦͺ͙͍͊ͣͤͦͯΌΣ 

͔͙͍ͤͦͪ͊͒ͪͤ͊ͤͦͯ͡Ό ͙ ˥ˢ˸˴-͔͎͙ͪ;͔ͫͯ͟Ό ͙͔ͫͫͭͣ·Φ ˿͍͔͔͔ͦͪͣͤͤͦ ͙͙͔ͨͦͤͣ͊ͤ ͔ͣͻ͙͍͊ͤͣͦ͘ ͔͚͍͙͒ͫͭΎ 

͔͍ͨͪͨ͊ͪ͊ͭͦ ͯ΄ͦ͡ ͔͒͊ͦ͟͡ ͊͘ ͔͔ͨͪ͒͡· ͚ͨͪͦͫͭͦ ͦͤ͟ͼ͔ͨͼ͙͙ ζͻ͙͙ͣ;͔͎ͫͦͦ͟ ͙͒ͫ͋͊͊ͤͫ͊͡ηΦ ˿͔͎ͦ͒ͤΎ 

͙͔͍͔͙ͫͫ͒ͦ͊ͭ͡͡ ͺ͙ͦͯͫͪͯ͟ΌͭͫΎ ͤ͊ ͨͪͦͼ͔ͫͫ͊ͻ ͔͚͙ͤͪͦͨ͊ͫͭ͡;͙ͤͦͫͭΣ Ή͔͙͙ͫͨͪͫͫ͟ ͎͔͍ͤͦ ͙ ͍͙͡Ύ͙͙ͤ 

͔͚ͤͪͦͭͪͦͺ͙;͔͙ͫ͟ͻ ͺ͍͊ͭͦͪͦ͟Σ ͙ͭ͊͟ͻ ͊͟͟ .5bC ό͔͚ͤͪͦͭͪͦͺ͙;͔͙͚ͫ͟ ͺ͊ͭͦͪ͟ ͎ͣͦ͊͘ύΣ ͦͭͦͪ͟·͔ ͍ͫͨͦͫͦ͋ͫͭͯΌͭ 

͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ό ͔͚ͤͪͦͤͤ·ͻ ͍ͫΎ͔͚͘Σ ͍͔͔ͨͦͪ͗͒ͤͤ·ͻ ͍ ͔ͪͯ͘͡Έ͔ͭ͊ͭ ͔ͫͭͪͫͫ͊ ͙͙͡ ͔͙͋ͦͤ͘͡Φ 

˻͚͒ͤͦ ͙͘ ͎͍͊ͤ͡·ͻ ͊͒͊͘; ͙ͨͫͻͦͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ Ύ͍͡Ύ͔ͭͫΎ ͙ͨͦͫ͟ ͋͊͊ͤͫ͊͡ ͔ͣ͗͒ͯ ͔͔͍͙ͭͪ͊ͨͭ;͔͚ͫͦ͟ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΌ ͙ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΌΦ ˽͙ͫͻͦͭͪͦͨͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͙͊ͫͫ͟͡ͺ͙ͼ͙ͪͯΌͭͫΎ ͤ͊ ͔ͤͫͦ͟͡Έͦ͟ ͋ͦ͡Έ΄͙ͻ 

͎ͪͯͨͨΥ 

1. ˢ͙͙ͤͭͨͫͻ͙͙ͦͭ͟ ό͔͚͔͙͙ͤͪͦͨͭ͟͡ύΥ ͙͔ͨͪͣͤΎΌͭͫΎ ͍ ͍ͦͫͤͦͤͦͣ ͒͡Ύ ͙͍͙ͯͨͪͦ͊ͤ͟Ύ ͙ͨͫͻ͍ͦͦ͘ ͙ 

͔͡;͔͙ͤΎ ΄͙ͦ͘ͺ͔͙͙ͪͤΦ 

2. ˢ͙͔͔ͤͭ͒ͨͪͫͫ͊ͤͭ·Υ ͔͎͙ͪͯͪͯ͡Όͭ ͔͙͔ͤ͊ͫͭͪͦͤ ͙ ͍͔ͯͪͦͤΈ ͔͍͎͙ͭͪͦΣ ͍͔͚͍ͦ͒ͫͭͯ͘Ύ ͤ͊ ͦ͋ͪ͊ͭͤ·͚ 

͊͘ͻ͍͊ͭ ͙͍ͣͦͤͦ͊ͣͤͦΦ 

3. ˢ͙͙͙͙ͤͫͦͭ͟͟͡ ͙ ͍͙͙ͭͪ͊ͤ͊ͭͦͪ͘͟͡·Υ ͍͔ͤ͊ͨͪ͊ͤ͡· ͤ͊ ͋·͔ͫͭͪͦ ͙͔͙͔ͫͤ͗ͤ ͍ͯͪͦͤΎ ͫͭͪ͊ͻ͊ ͙ 

Ήͣͦͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͤ͊ͨͪΎ͔͙͗ͤΎΦ 
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4. ˹͙͙͙ͦͪͣͦͭͣ͟Υ ͙͙ͫͭ͊͋͊ͭͦͪ͘͡· ͔͙ͤ͊ͫͭͪͦͤΎΣ ͔͔͙ͤ͊ͣͤͣ͘·͔ ͙ͨͪ ͙͋ͨͦ͡Ύͪͤͦͣ ͊ͺͺ͔͙͍ͭͤͦͣ͟ 

͚͍͔ͪ͊ͫͫͭͪͦͫͭΦ 

5. ˹ͦͦͭͪͦͨ· ͙ ͎͙͙͍ͦͤͭͤ͟·͔ ͙ͫͭͣͯ͡Ύͭͦͪ·Υ ͔ͨͪͨ͊ͪ͊ͭ·Σ ͯͯ͡;΄͊Ό΅͙͔ ͨ͊ͣΎͭΈ ͙ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙Ό 

͍͙͙ͤͣ͊ͤΎΦ 

˹͔ͫͣͦͭͪΎ ͤ͊ ͤ͊͘;͙͔ͭ͡Έͤ·͔ ͔ͯͫͨͻ͙Σ ͙ͨͫͻͦͺ͎͙͊ͪͣ͊ͦͦ͟͡Ύ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͔ͫͪΈ͔ͤ͘·͙ͣ ͍·͍͙ͦ͊ͣ͘Φ 

˾͔͙͔ͫͭͤͭͤͦͫͭ͘Έ ͟ ͔͙͙ͭͪ͊ͨ ό͍͙͔ͦͭͫͯͭͫͭ ͍͔ͦͭͭ͊ ͤ͊ ͔ͫͭ͊ͤ͒͊ͪͭͤͦ ͔͡;͔͙͔ͤύ ͔ͦͫͭ͊ͭͫΎ ͊ͭͯ͊͟͡Έ͚ͤͦ ͔͚ͨͪͦ͋ͣͦ͡ 

͒͡Ύ ол҈ ͨ͊ͼ͙͔͍ͤͭͦ ͫ ͔͔͙͔͚͒ͨͪͫͫΦ ˴͔ͪͦͣ ͎ͭͦͦΣ ͨͦ͋ͦ;ͤ·͔ Ήͺͺ͔ͭ͟· ͎͙ͣͤͦͻ ͔͍ͨͪͨ͊ͪ͊ͭͦ ͔ͭͪ͋ͯΌͭ 

ͭ΅͔͊ͭ͡Έ͎ͤͦͦ ͙͙͎ͣͦͤͭͦͪͤ͊ ͙ ͙͙͍͙ͤ͒͒ͯ͊͡Έ͎ͤͦͦ ͨͦ͒͋ͦͪ͊ ͙͍͒ͦͪͦͦ͘͟Φ ˣͯ͒ͯ΅͔͔ ͙ͦͭͪ͊ͫ͡ ͔ͤͪ͊ͪ͘·͍ͤͦ 

͍ͫΎ͊ͤͦ͘ ͫ ͺ͎͔͔͙͚͊ͪͣ͊ͦͤͭͦ͟͟ τ ͙ͯ͘;͔͙͔ͤͣ ͎ͭͦͦΣ ͊͟͟ ͎͔͔͙ͤͭ;͔͙͔ͫ͟ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔͎ͦͤͪͭͤͦͦ͟͟ ;͔͍͔ͦ͊͟͡ 

͍͙͡ΎΌͭ ͤ͊ ͔͙ͣͭ͊͋ͦͣ͘͡ ͔͍͊ͪͫͭ͟͡Φ ̏ͭͦ ͦͭͪ͟·͍͔͊ͭ ͨͯͭΈ ͟ ζ͔͙͙͍͚ͨͪͫͦͤ͊ͪͦ͊ͤͤͦ͘͡ ͙ͨͫͻͦͺ͎͙͙͊ͪͣ͊ͦͦ͟͡ηΣ 

͎͔͒ ͔ͨͪͨ͊ͪ͊ͭ ͔͋ͯ͒ͭ ͍·͙͋ͪ͊ͭΈͫΎ ͔ͤ ͔ͣͭͦ͒ͦͣ ͨͪͦ͋ ͙ ͦ΄͙͋ͦ͟Σ ͊ ͤ͊ ͍͔ͦͫͤͦ ͙͎͙͋ͦͦ͡;͔͎ͫͦͦ͟ ͨͪͦͺ͙͡Ύ 

ͨ͊ͼ͙͔ͤͭ͊Φ 

ˤ ͊͘͟͡Ό;͔͙͔ͤ ͙ͫͭͦͭ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͺ͔͙͊ͪͣ͊ͦͭͪ͊ͨ͟Ύ ͔ͪ͒ͦ͟ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͔͙͍͔͒ͤͫͭͤͤ·͚ 

͔ͣͭͦ͒ ͔͡;͔͙ͤΎΦ ˤ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͎͔ͨ͊ͪ͊͒ͣ ͦͤ͊ ͙͔͔ͤ͊͋ͦ͡ Ήͺͺ͔͙͍ͭͤ͊͟ ͍ ͫͦ;͔͙͙ͭ͊ͤ ͫ ͙ͨͫͻ͔͙͔͚ͦͭͪ͊ͨ ͙ 

ͫͦͼ͙͊͡Έ͚ͤͦ ͔͙͙ͪ͊͋ͭ͊͡ͼ͙͔͚Σ ͍ͫͦ͒͊͊͘Ύ ͔ͦͣͨͫͤͯ͟͟͡Ό ͍ͦͫͤͦͯ ͒͡Ύ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͙ͨͫͻ͙;͔͎ͫͦͦ͟ 

͍͒ͦͪͦ͘ΈΎΦ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˢ͔͍ͫ͊ͤ͒ͪͦ͟͡ ͙͚̑ͪΦ ˽͙ͫͻͦͺ͙͙͎͙ͦͦ͘͡ΎΦ нлнм ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΦ 

2. ˸͊΄͍͙͚ͦͫ͟͟ ˸͙ͻ͙͊͡Φ ˶͔͍͔͊ͪͫͭͤͤ͟·͔ ͔͍ͫͪ͒ͫͭ͊ ό͙͔ͨͦͫͦ͋ ͒͡Ύ ͍ͪ͊;͔͚ύΦ нлнн ˸͍ͦͫ͊͟Φ 

3. ˮ͍͍͊ͤͦ ˮ͍͊ͤΦ ˻͍ͫͤͦ· ͔͚ͤͪͦͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Φ нлнл ˹͍͙͙ͦͦͫ͋ͪͫ͟Φ 

4. ˽͔͍ͭͪͦ ˿͔͎͔͚ͪΦ ˽͙ͫͻͦͭͪͦͨͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ͍ ͙͔ͨͪ͊ͭ͟͟ ͍ͪ͊;͊Φ нлно ˴͊͊ͤ͘ΈΦ 

5. ˿͔͍ͭͨ͊ͤͦ ˢ͔͚ͤ͒ͪΦ ˣ͙͎͙ͦͦ͡;͔ͫ͊͟Ύ ͙ͨͫͻ͙͙͊ͭͪΎ ͙ ͺ͔͙͊ͪͣ͊ͦͭͪ͊ͨ͟ΎΦ нлмф ˩ ͔͙͎͊ͭͪͤ͋ͯͪ͟Φ 

ϭ ˿ ͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥., 2025 

 

 

 

 

                                                             ˿͔͍͊ͨ͊ͪͣ͊ͣͣ͒ͦ͊ ˥. 

                                                           ͫͭ͊ͪ΄͙͚ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ ͊͟ͺ͔͒ͪ· ͅ ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ ͟ΦͣΦͤΦ 

                                                          ˥͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͔͙ͣ͒ͼ͙͎ͤͫͦͦ͟ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔͙́ͯͪͣͤͫͭ͊ͤ͊͟ 

͙͔͙ͣͤ ˸·ͪ͊ͭ͊ ˥͊ͪͪ·͔͍͊ 

                                                             ˢ΄ͻ͊͋͊͒Φ ́ ͔͙ͯͪͣͤͫͭ͊ͤ͟ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

ˤ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͔ ͙͍ͪ͊ͫͫͣ͊ͭͪ͊ΌͭͫΎ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έͤ·͔ ͔͊ͫͨͭ͟· ͻ͙͙͔͙͙ͣͦͭͪ͊ͨ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ 

͔͔͚͋ͦͤ͘͡ ͫ ͊͟ͼ͔ͤͭͦͣ ͤ͊ ͙͔͙͊ͤͭ͋͊ͭͪ͊͟͡Έͤ·͔ ͔ͨͪͨ͊ͪ͊ͭ· ό͙͙͙͙͊ͤͭ͋ͦͭ͟ύΦ ˻͙ͨͫ͊ͤ· ͔ͣͻ͙͊ͤͣ͘· ͔͚͍͙͒ͫͭΎ 

͍ͦͫͤͦͤ·ͻ ͎ͪͯͨͨ ͔͍ͨͪͨ͊ͪ͊ͭͦΣ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙Ύ ͨͦ ͻ͙͙ͣ;͔͚ͫͦ͟ ͔ͫͭͪͯͭͯͪ͟ ͙ ͔ͫͨͭͪͯ͟ ͙͍͙͊ͭͤͦͫͭ͟Φ ˻͔ͫͦ͋ͦ 

͍͙͙͔ͤͣ͊ͤ ͔͔ͯ͒ͤͦ͡ ͎ͦ͋͊͡͡Έ͚ͤͦ ͔͔ͨͪͦ͋ͣ͡ ͙͙͙͔͙͔͙͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ ͙ ͙ͨͪͤͼ͙ͨ͊ͣ ͪ͊ͼ͙ͦͤ͊͡Έ͚ͤͦ 

͙͙͙͔͙͙͊ͤͭ͋ͦͭͦͭͪ͊ͨ͟ ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͙ͤ͟͡;͔͚ͫͦ͟ ͙͔ͨͪ͊ͭ͟͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡: 

ͻ͙͙͔͙ͣͦͭͪ͊ͨΎΣ ͙͙͙͙͊ͤͭ͋ͦͭ͟Σ ͙͎͙ͣͪͦͦͪ͊ͤͣ͘͟·Σ ͙͙͙͔͙͔͊ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͟ΈΣ ͔͙͋͊ͭͪ͟ͼ͙͔͒ͤͦ 

͔͚͍͙͔͒ͫͭΣ ͔͙͙͋͊ͭͪͦͫͭ͊ͭ͟;͔͔ͫͦ͟ ͔͚͍͙͔͒ͫͭΣ ͺ͎͙͊ͪͣ͊ͦͦ͟͡ΎΦ 
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ˤ͍͔͔͙͔͒ͤ 

͙͙͔͙̆ͣͦͭͪ͊ͨΎ ͙ͤͺ͔͟ͼ͙ͦͤͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ τ Ήͭͦ ͔ͪ͊͒͘͡ ͔͙ͣ͒ͼ͙ͤ· ͙ ͺ͎͙͙͊ͪͣ͊ͦͦ͟͡Σ 

͙ͯ͘;͊Ό΅͙͚ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔ͫͨͼ͙ͺ͙;͔͙ͫ͟ͻ ͻ͙͙ͣ;͔͙ͫ͟ͻ ͍͔΅͔͍ͫͭ ͒͡Ύ ͍͔͙ͨͦ͒͊ͤ͡Ύ ͙͔͔͗ͤ͒͘Ύ͔ͭ͡Έ͙ͤͦͫͭ 

͍͙͔͔͚ͦ͋ͯ͒ͭ͘͡ ͔͔͚͋ͦͤ͘͡ ͍͙ͤͯͭͪ ͎͙ͦͪ͊ͤͣ͊͘ ;͔͍͔ͦ͊͟͡Φ ˤ ͙ͦͭ͡;͙͔ ͦͭ ͙͔͙͍͊ͤͭͫͨͭͦ͟Σ ͦͭͦͪ͟·͔ ͙͔ͨͪͣͤΎΌͭͫΎ 

ͤ͊ͪͯ͗ͤͦΣ ͻ͙͙͔͔͍͙ͣͦͭͪ͊ͨͭ;͔͙͔ͫ͟ ͔͍ͫͪ͒ͫͭ͊ ͦ͋͊͒͊͡Όͭ ͙͙͔͋ͪ͊ͭ͘͡Έ͚ͤͦ ͙ͭͦͫ͟;ͤͦͫͭΈΌΥ ͙ͦͤ ͨͦͪ͊͗͊Όͭ 

͔͙ͭ͟͟͡ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟Σ ͤ͊ͤͦͫΎ ͙͙ͣͤͣ͊͡Έͤ·͚ ͍͔ͪ͒ ͔ͭ͊ͣ͟͟͡ ͎͙ͣ͊ͪͦͦͪ͊ͤͣ͊͘͟Φ ͔̇ͤͭͪ͊͡Έ͔ͤͦ ͔ͣͫͭͦ ͍ 

Ήͭͦͣ ͔͔ͪ͊͒͘͡ ͙͊ͤͣ͊͘Όͭ ͙͙͙͙͊ͤͭ͋ͦͭ͟Φ 

ˮ͙ͫͭͦͪΎ ͍͔͔͚ͫͦͪͣͤͤͦ ͻ͙͙͔͙͙ͣͦͭͪ͊ͨ ͤ͊;͊͊ͫ͡Έ ͫ ͦͭͪ͟·͙ͭΎ ͔͙ͨͤͼ͙͙ͤ͊͡͡ ˢ͔ͫ͊ͤ͒ͪͦͣ͟͡ 

͔͙͎̅ͣͤͦͣ͡Σ ;ͭͦ ͙͍͔ͨͪͦͦ͘͡ ͔͍ͪͦ͡Όͼ͙Ό ͍ ͔͡;͔͙͙ͤ ͔͔ͪ͊ͤ ͔͔ͫͣͪͭ͡Έͤ·ͻ ͙ͤͺ͔͟ͼ͙͚Φ ˻͒ͤ͊ͦ͟ 

͙͎͙͋ͦͦ͡;͔ͫ͊͟Ύ ͙ͨͪͪͦ͒͊ ͙͙ͣͪͦͣͪ͊͟ ͍ͭ͊ͦ͊͟Σ ;ͭͦ ͔͙͙͋͊ͭͪ͟ ͔͔ͤͨͪͪ·͍ͤͦ Ή͍ͦ͡Όͼ͙͙ͦͤͪͯΌͭΣ ͍·ͪ͊͋͊ͭ·͍͊Ύ 

͊͘΅͙ͭͤ·͔ ͔ͣͻ͙͊ͤͣ͘· ͙͍ͨͪͦͭ ͔͍͊ͪͫͭ͟͡Φ ˿͔͎ͦ͒ͤΎ ;͔͍͔ͦ͡;͔͍ͫͭͦ ͫͭͦͤͯͦͫ͟͡͡Έ ͫ ͔ͫͪΈ͔ͤ͘·ͣ ͍·͍ͦͦͣ͘ τ 

ͨͦΎ͍͔͙͔ͤͣ͡ Ϧ͔͔͙͚ͫͯͨͪ͋͊ͭͪ͟ϦΣ ͚ͯͫͭͦ;͙͍·ͻ ͙ͨͪ͊ͭ͟;͔͙ͫ͟ ͦ͟ ͍͔ͫͣ ͙͍͔ͫͭͤ͘·ͣ ͊ͫͫ͊ͣ͟͡ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟Φ 

˻͍͚ͫͤͦͤͦ ͙ͨͪͤͼ͙ͨ ͙͊ͫͫ͟͡ͺ͙͊͟ͼ͙͙ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟ ͙ͫͭͪͦͭͫΎ ͤ͊ ͙ͻ ͻ͙͙ͣ;͔ͫͦͣ͟ ͔͙͙ͫͭͪͦͤΦ 

ˤ·͔͒͡ΎΌͭ ͔͋ͭ͊-͊ͭ͊ͣ͟͡· ό͔͙ͨͤͼ͙͙ͤ͡͡·Σ ͼ͔ͺ͙͊ͦͫͨͦͪͤ͡·Σ ͔͔͊ͪ͋͊ͨͤͣ͟·ύΣ ͙ͣ͊ͪͦ͒͟͡·Σ ͔ͭͭͪ͊ͼ͙͙ͤ͟͡·Σ 

͙͎͙͙͊ͣͤͦͦ͒͘͟͡·Σ ͺͭͦͪͻ͙ͤͦͦͤ͡· ͙ ͎͙͔͒ͪͯ ͎ͪͯͨͨ·Φ ˴͊͗͒͊Ύ ͎ͪͯͨͨ͊ ͙͔͔ͣͭ ͍͚ͫͦ ͙ͯͤ͊͟͡Έͤ·͚ ͔ͣͻ͙͊ͤͣ͘ 

͍͔͚͍͙ͦ͒ͫͭ͘Ύ ͤ͊ ͔͙͋͊ͭͪ͊͟͡ΈͤͯΌ ͔ͭͯ͟͟͡Φ ˻͙͒ͤ ͔ͨͪͨ͊ͪ͊ͭ·Σ ͤ͊͘·͍͔͊ͣ·͔ ͔͙͋͊ͭͪ͟ͼ͙͒ͤ·͙ͣ ό͙͔ͤ͊ͨͪͣͪΣ 

͔͙ͨͤͼ͙͙ͤ͡͡·ύΣ ͪ͊ͪͯ͘΄͊Όͭ ͔ͭͦ͟͡;ͤͯΌ ͔ͫͭͤͯ͟ ͔͙͙͋͊ͭͪ͟Σ ;ͭͦ ͙͍͙ͨͪͦ͒ͭ ͟ ͔͔ ͔͔͔͚ͤͣ͒ͤͤͦ͡ ͎͙͔͙͋͡Φ  

 

˨͎͙͔ͪͯΣ ͔͙͙͋͊ͭͪͦͫͭ͊ͭ͟;͔͙͔ͫ͟ ό͙͔ͤ͊ͨͪͣͪΣ ͔ͭͭͪ͊ͼ͙͙ͤ͟͡·ύΣ ͤ͊ͪͯ΄͊Όͭ ͙͔ͫͤͭ͘ ͔͋͊͟͡ ͙͙͡ 

͔͙ͪͨ͊͟͡ͼ͙Ό ˨˹˴Σ ͙͡΄͊Ύ ͔͙͋͊ͭͪ͟Ό ͙ͫͨͦͫͦ͋ͤͦͫͭ ͟ ͔͙ͪ͊ͣͤͦ͗ͤ͘ΌΣ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͚ͣͣͯͤͤͦ ͙͔͔ͫͫͭͣ 

͎͙ͦͪ͊ͤͣ͊͘ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έͤͦ ͍͔͊ͪ͘΄͙ͭΈ ͨͪͦͼ͔ͫͫ ͦ;͙΅͔͙ͤΎΦ 

ˤ·͋ͦͪ ͔͎ͦͤͪͭͤͦͦ͟͟ ͔ͨͪͨ͊ͪ͊ͭ͊ ͍͙͙͊ͫͭ͘ ͦͭ Ή͙͎͙͙ͭͦͦ͡ ͔͍͙͊͋ͦ͊ͤ͘͡ΎΣ ͙ͦ͊͊͘͟͡͡ͼ͙͙ ͙ͤͺ͔͟ͼ͙͎ͦͤͤͦͦ 

ͨͪͦͼ͔ͫͫ͊ ͙ ͙͙͍͙ͤ͒͒ͯ͊͡Έͤ·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͨ͊ͼ͙͔ͤͭ͊Φ ˤ ͍͔͔͚ͫͦͪͣͤͤͦ ͔͎͙͙ͫͭͪ͊ͭ ͔͡;͔͙ͤΎ ͚͔ͪ͊ͤ͟ ͍͊͗ͤͦ 

ͫͦ͋͡Ό͔͙͔͒ͤ ͙ͨͪͤͼ͙ͨ͊ ϦΉͫ͊͊͟͡ͼ͙͚ͦͤͤͦϦ ͙ Ϧ͔͒Ήͫ͊͊͟͡ͼ͙͚ͦͤͤͦϦ ͔͙͙ͭͪ͊ͨΣ ͊ ͔ͭ͊͗͟ ͎͔ͫͭͪͦͦ ͔͍͙͔ͫ͒ͦ͊ͤ͡ 

ͯͪͫͯ͟ ͔͡;͔͙ͤΎΦ ˽͔͔͍͔͔͔ͪ͗͒ͪͣͤͤͦ ͔ͨͪͪ͊͟΅͔͙͔ͤ ͙͔ͨͪͣ͊ ͙͙͙͍͊ͤͭ͋ͦͭͦ͟ ;͊ͫͭͦ ͍͙ͫͭ͊ͤͦͭͫΎ ͙ͨͪ;͙͚ͤͦ 

͍·͙͍͙͗͊ͤΎ ͙͔͔ͤ͊͋ͦ͡ ͚͙ͫͭͦ͟ͻ ͔͚ͦͫͦ͋ ͔͙͚͋͊ͭͪ͟Σ ;ͭͦ ͍͔͔͒ͭ ͟ ͻ͙ͪͦͤ͊͘ͼ͙͙ ͨͪͦͼ͔ͫͫ͊ ͙ ͺ͙͍͙ͦͪͣͪͦ͊ͤΌ 

͔͙͔͙ͪͫͭͤͭͤͦͫͭ͘Φ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͍͊͗ͤ·ͣ ͔͊ͫͨͭͦͣ͟ Ύ͍͡Ύ͔ͭͫΎ ͔ͫͨͭͪ͟ ͔͚͍͙͒ͫͭΎΦ ˢ͙͙͙͙ͤͭ͋ͦͭ͟ ΄͙͎ͪͦͦͦ͟ ͔ͫͨͭͪ͊͟ 


