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SHANDONG TOURIST ATTRACTIONS VIRTUAL RESOURCE CONSTRUCTION RESEARCH REPORT -

CONFUCIUS MUSEUM VIRTUAL SIMULATION RESOURCE CONSTRUCTION BASED  

ON CLOUD PANORAMA TECHNOLOGY 

 

This study takes Confucius-related historical and cultural attractions in Shandong Province as the 

research object, aiming to explore the virtual resource construction method based on cloud panorama 

technology, and to provide reference for the digital transformation of tourist attractions in Shandong 

Province. Implemented in June 2024, the study focuses on a year-long research and data collection on 

representative Confucius cultural sites, such as Nishan, the hometown of Confucius, the Confucius University 

Hall, the Confucius Temple, the Confucius Mansion, and the Confucius Museum. 
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Introduction  

With the continuous progress of science and technology, virtual reality, augmented reality and other 

emerging technologies are increasingly widely used in the tourism industry. The virtualized presentation of 

traditional cultural heritage through digital technology can not only make up for the limitations of field visits 

and provide tourists with a more immersive and immersive experience, but also effectively promote the 

protection and inheritance of cultural resources and commercialization (You Jie, 2018). 

As one of the birthplaces of Chinese culture, Shandong Province is rich in historical and cultural 

resources, especially the cultural attractions related to Confucius are popular among domestic and foreign 

tourists. Confucius' hometown Nishan, Confucius Temple, Confucius Mansion and Confucius Museum in Qufu 

City not only witnessed the important course of Confucius' life, but also carries the deep Confucian cultural 

connotation. However, traditional field visits are limited by time and place, making it difficult for tourists to 

truly understand and feel the charm of these cultural heritages in a comprehensive and in-depth manner. 

Based on this, this study takes the Confucius-related historical and cultural attractions in Shandong 

Province as the research object, and tries to use 720 cloud panorama and other advanced digital 

technological means to make a comprehensive virtualized presentation of these representative tourist 

attractions, and construct an immersive and interactive virtual simulation resource base. This will not only 

provide tourists with a more convenient and high-quality digital tourism experience, but also help to promote 

the digital protection and innovative dissemination of Confucius' cultural heritage in Shandong Province and 

even the whole country. 

Research objectives. 

1. Through fieldwork and data collection, we will gain an in-depth understanding of the historical and 

cultural connotations of Confucius-related cultural attractions in Shandong Province, and fully grasp the 

stories and legends of Confucius and his 72 sages. 

2. Using 720 cloud panorama and other advanced digital technology means, accurate panoramic 

shooting and virtual simulation production of the above attractions, to build a comprehensive virtual 

resource base covering a number of Confucius cultural attractions. 

3. Analyze and evaluate the application value of the new tourism experience mode based on virtual 

resources in enhancing tourists' satisfaction and promoting the dissemination of Confucius culture, so as to 

provide reference for the digital transformation of the tourism industry in Shandong Province. 

Innovations. 

1. Taking the vivid historical figure Confucius and his cultural heritage as an entry point, we explore 

the construction method of virtual resources for cultural tourism, which is different from the existing 

technology-oriented research. This not only helps to explore the intrinsic charm of Confucius culture, but also 

provides new ideas for the digital protection and innovative utilization of cultural heritage. 

2. Adopting 720 cloud panorama and other advanced digital means, it realizes the accurate restoration 

and three-dimensional presentation of Confucius cultural attractions. Compared with traditional two-

dimensional pictures or videos, this immersive virtual simulation experience is not only more realistic and 

vivid, but also better meets the needs of tourists for personalized and interactive experience. 

3. By constructing a virtual resource library covering many representative attractions, this study forms 

a systematic virtual tourism solution, which provides a solution for the digital transformation of cultural 

tourism in Shandong Province and even the whole country. 

Overview of the current status and progress of research in relevant areas 

At present, the digital protection and utilization of cultural heritage has become a hot area of common 

concern in the academic and industrial circles. With the continuous development of virtual reality, 

augmented reality and other emerging technologies, the use of digital means of traditional cultural resources 
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for virtualization and immersive display has become an important direction for the digital transformation of 

cultural heritage. 

On the one hand, academics have conducted extensive research on the digital protection and 

application of cultural heritage. Some scholars have explored the 3D modeling and display method of cultural 

heritage based on virtual reality technology, and proposed a new way to realize the digitization of cultural 

relics using point cloud data and BIM technology (Cheng Gang et al., 2020). Meanwhile, some researchers 

have also paid attention to the design of immersive virtual experience of cultural heritage, analyzing the role 

of technologies such as 360 panorama in enhancing the sense of participation and interactivity of tourists. In 

addition, other scholars have explored the technical path of cultural heritage digital management and 

services from the perspectives of information system and knowledge map. 

On the other hand, numerous cases of cultural heritage protection and innovative applications based 

on digital technology have emerged in the practice community. For example, the Palace Museum has 

constructed an immersive virtual tour system based on VR technology, allowing global audiences to view the 

collection of treasures online; Yangzhou University (Wu Tao, 2019) and Guangzhou Institute of Business and 

Economics (Chen Zhanpeng, 2021) have utilized Augmented Reality to provide intelligent guided tours for 

the library of Yanbian University (Li Dongdong). In addition, famous historical and cultural cities such as 

Chongqing Geopark and Fujian Mazu Temple have also initiated digital protection and utilization projects of 

cultural heritage, which have achieved good application results (Tan Dejun et al., 2020; Li Hui, 2022). 

At the same time, in recent years, the domestic and international tourism industry has also set off a 

wave of digital transformation. Many tourism enterprises and scenic spots have tried to use virtual reality, 

panoramic video and other digital technologies to create immersive and immersive experiences for tourists. 

Related research shows that this digital tourism model not only improves tourist satisfaction, but also helps 

to enhance the attractiveness and competitiveness of tourist destinations. 

In general, the digitization of cultural heritage and the digital transformation of tourism have become 

the consensus direction of the academia and the industry nowadays. However, the study of virtual resource 

construction specifically for Confucius cultural attractions in Shandong Province is still less involved (Sun Yan, 

2021). This project will help to enrich the theory and practice in this field and provide new ideas and 

references for the development of cultural tourism in Shandong Province and even the whole country. 

Research content and methodology 

1. Field visits and information collection 

The research team conducted a year-long field study of important cultural sites related to Confucius in 

Shandong Province between 2023 and 2024. Specifically. 

(1) Visiting Nishan: Visiting Nishan, the hometown of Confucius in Qufu City, Shandong Province, to 

understand the historical origin of the local Confucius culture and the environment of the scenic area. 

Through interviews with local cultural experts and managers, we have a comprehensive understanding of the 

cultural connotation of Confucius in the Nishan scenic area. 

(2) Confucius University Hall: visit the Confucius University Hall in Qufu City and learn more about the 

life stories and legends of Confucius and his 72 sages. Collect related graphic, audio and video materials to 

provide materials for the construction of virtual resources. 

(3) Confucius Temple, Confucius Mansion and Museum: Visiting the Confucius Temple, Confucius 

Mansion and Confucius Museum in Qufu, and systematizing the cultural elements of Confucius presented in 

these important cultural heritages. 

Through the above field research, the research team has a more comprehensive and in-depth 

understanding of Confucius-related historical and cultural sites in Shandong Province, which lays a solid 

foundation for the construction of the subsequent virtual resources. 
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2. Seven2Zero Cloud Panorama Shooting and Production 

Based on the organization and analysis of the fieldwork data, the research team used 720 cloud 

panoramic filming technology to record the panoramic reality of the above Confucius cultural attractions. 

Specifically, it includes. 

(1) Panoramic shooting: professional 720 cloud panoramic camera equipment is used to shoot the 

main areas, buildings and cultural relics of each attraction in an all-round way to obtain high-quality 

panoramic image materials. 

(2) Virtual simulation production: using the 720 cloud panorama production platform, the research 

team will shoot the panoramic material for post-processing and editing, produced into an immersive 

interactive virtual simulation resources. These virtual resources not only restore the real environment, but 

also integrate rich cultural explanatory information, so that users can roam freely in the virtual environment 

and understand the relevant content. 

Through the above 720 cloud panorama shooting and production work, the research team constructed 

a comprehensive virtual resource library covering the main attractions of Confucius culture, laying a 

foundation for the subsequent practical application and effect evaluation. 

Findings and Analysis 

Results of the construction of a virtual resource base of Confucius cultural attractions 

Through a year-long fieldwork and panoramic camera work, the research team finally constructed a 

comprehensive virtual resource library covering the major Confucius cultural sites in Shandong Province. The 

virtual repository contains the following modules. 

(1) Virtual Roaming of Nishan Scenic Spot The research team adopted 720 cloud panorama technology 

to take a full range of photos of Nishan Scenic Spot, the hometown of Confucius, located in Qufu City. Users 

can roam freely in the immersive virtual environment, enjoy the natural scenery of the Nishan Mountain, 

and learn about the historical stories related to Confucius through cultural explanations. 

(2) Virtual Tour of Confucius University Hall The research team has carried out a fine digital restoration 

design of the main buildings and furnishings of the Confucius University Hall, so that users can freely visit and 

explore the life stories of Confucius and his 72 sages in the virtual environment. At the same time, rich 

multimedia explanations are also incorporated to give users a deeper understanding of Confucius' thinking 

and Confucian culture. 

(3) Virtual Tour of Confucius Temple and Mansion The research team utilizes 720 cloud panoramic 

shooting technology to record a panoramic view of the Confucius Temple and Mansion in Qufu, allowing 

users to visit these historical and cultural heritages in an immersive way and feel the charm of Confucian 

culture. At the same time, an interactive explanation of cultural relics is also set up to let users better 

understand the cultural connotation of these buildings. 

(4) Virtual Display of Confucius Museum With the help of 360 panoramic shooting and other 

technologies, the research team has carried out a fine digital presentation of the main exhibition halls and 

exhibits of the Confucius Museum in Qufu. Users can freely visit the museum in the virtual environment, 

enjoy the precious Confucius relics, and learn more about the life and thoughts of Confucius through 

multimedia explanations. 

Through the construction of the above virtual resource modules, the research team has laid a solid 

foundation for the digital protection and innovative utilization of Confucius cultural attractions in Shandong 

Province. 

Virtual Resources to Enhance the Confucius Cultural Experience 

The research results show that the virtual resources of Confucius cultural attractions constructed on 

the basis of 720 cloud panorama technology have achieved remarkable results in enhancing user experience. 
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This is mainly due to the following three advantages of virtual reality technology. 

(1) Immersive experience 720 cloud panorama technology can completely restore the actual 

environment of the attractions, creating an immersive sense of immersion for users. Compared with the 

traditional two-dimensional image, this panoramic perspective can more vividly present the spatial sense of 

the attraction and the environmental atmosphere, so that users have a stronger sense of presence and 

immersion. At the same time, the interactive functions in the virtual resources also enhance the user's sense 

of participation, which further improves the overall immersion experience. 

(2) Information display Virtual resources in addition to restore the real environment, but also a rich 

blend of multimedia cultural interpretation content. Through text, images, audio and other forms of 

information presentation, users can better understand and feel the historical and cultural connotations 

behind the attractions. Compared with the traditional static explanation, this kind of informatized display can 

disseminate knowledge more vividly and improve the learning and cognitive effect of users. 

(3) Interactive communication Virtual resources set up in a variety of interactive features, such as 

roaming navigation, cultural relics, etc., for the user to provide an active exploration, independent learning 

space. Users can according to their own interests and needs, free to choose to visit the path and content, this 

personalized interactivity greatly enhanced the user's sense of participation and satisfaction. At the same 

time, the virtual resources also support social sharing, users can interact with others to expand the impact of 

the dissemination of Confucius culture. 

In conclusion, 720 cloud panoramic virtual resources with its immersive, informatization, interactivity 

and other characteristics, effectively enhance the user's experience of Confucius cultural attractions, for the 

digital transformation of Shandong tourism industry has injected new vitality. 

This study serves as the academic outcome of the Shandong Province Art Science Research Project 

(24ZR20015496). 

Sample Resource Platform Confucius Museum: https://www.720yun.com/vr/343j5ruaOf0 
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ANALYSIS OF MECHANISMS FOR VIRTUAL RESOURCES TO ENABLE CULTURAL HERITAGE  

PRESERVATION BASED ON CLOUD PANORAMA TECHNOLOGY 

 

Based on the large amount of first-hand information collected, the research team utilized the cloud 

panorama production platform to produce immersive and interactive virtual simulation resources from the 

filming materials, and constructed a comprehensive virtual resource library covering the cultural attractions 

of Confucius. These virtual resources not only restore the real environment, but also integrate rich cultural 

explanatory information, so that users can understand and experience the charm of Confucius culture in an 

all-round and three-dimensional way. 

Keywords:  

Confucius culture, analysis of mechanisms for virtual resources, cultural heritage preservation 

 based on cloud panorama technology. 
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Introduction  

Accurate recording and restoration 720 cloud panoramic technology can carry out high-precision 

panoramic shooting and digital modeling of cultural heritage, which lays the foundation for the protection of 

cultural relics digital. Compared with the traditional two-dimensional image, this all-round digital record can 

not only capture the appearance of cultural relics in a more detailed way, but also record the rich information 

of the environment where it is located. This has laid a solid foundation for the subsequent virtual simulation 

reproduction, online display and other applications. 

Immersive display experience The immersive display based on virtual resources enables users to better 

feel the cultural connotation of cultural heritage in the interactive experience. Compared with the traditional 

static display, virtual resources can restore the three-dimensional physical form of cultural relics, and 

incorporate rich cultural explanations, so that the user has a stronger sense of presence and participation, 

thus enhancing the knowledge of cultural heritage. 

Principles of Virtual Reality Enabling Digital Preservation of Cultural Heritage 

Based on the virtual resources of Confucius cultural attractions constructed in this study, its excellent 

application effect is mainly due to the inherent advantages of virtual reality technology, which is specifically 

reflected in the following levels. 

(1) The principle of immersive experience Virtual reality technology can create a virtual scene that 

highly reproduces the actual environment by means of panoramic view and three-dimensional picture. This 

visual, auditory and other multi-sensory "immersive" experience is conducive to stimulate the user's 

attention and desire to explore, thus greatly enhancing the user's sense of participation and presence. This 

immersive experience helps users better understand and feel the intrinsic value of cultural heritage. 

(2) the principle of information presentation Virtual resources can not only restore the physical form 

of cultural relics, can also be integrated into a rich multimedia content, such as text, images, video and so on. 

This kind of informatization display, compared with the traditional static introduction, can provide users with 

a more vivid and interesting learning experience. Multi-sensory information input is conducive to the user's 

memory and understanding of cultural knowledge, thus enhancing the communication effect of cultural 

heritage. 

(3) Principle of Interactivity Enhancement Virtual resources give users the interactive function of active 

exploration and independent learning, which can enhance their sense of participation and autonomy. Users 

can freely choose the browsing path and content according to their personal interests, and this kind of 

targeted personalized experience can help to enhance users' satisfaction and stickiness. At the same time, 

virtual resources also support social sharing functions, providing users with an online communication 

platform to further promote the dissemination of cultural knowledge. 

In conclusion, virtual reality technology can effectively empower the digital protection of cultural 

heritage by virtue of its high degree of reproduction of the actual scene, rich informatization display, support 

for active interaction and other characteristics. This also lays a solid technical foundation for the virtual 

resources of Confucius cultural attractions constructed by this research institute to achieve excellent 

application effects. 

Current Laws of Digital Preservation and Innovation in Cultural Heritage. 

(1)  From passive display to active experience 

The traditional static display often puts users in a passive acceptance state, making it difficult to 
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produce a deep sense of participation and identity. The application of new technologies such as virtual reality 

enables users to actively explore and learn independently, so as to better understand and experience the 

connotation of cultural heritage. This shift from passive to active is an important manifestation of the digital 

transformation of cultural heritage. 

(2)  From flat to three-dimensional presentation 

Two-dimensional images are often difficult to restore the three-dimensional form and environmental 

atmosphere of cultural heritage. The development of virtual reality technology enables cultural heritage to 

present a more vivid and realistic three-dimensional effect through immersive virtual simulation. This 

transformation from planarization to stereoscopic is conducive to enhancing the user's sense of presence 

and cognitive experience. 

(3)  From monolithic presentation to convergent presentation 

The traditional display of cultural heritage is often based on static graphic introduction, and lacks 

diversified ways of presenting information. The digital transformation based on virtual reality technology 

makes the information display of cultural heritage more integrated and three-dimensional. Specifically, 

virtual resources can integrate text, images, audio, video and other forms of information content organically, 

so that users can obtain a full range of cultural experience in an immersive virtual environment. For example, 

in the display of cultural relics in kind at the same time, can also be integrated into the relevant historical 

storytelling, experts and scholars interpretation and other content, so that the user in the appreciation of 

physical objects at the same time, but also in-depth understanding of the cultural connotations behind it. 

This kind of integrated information presentation not only meets the needs of users with different 

preferences, but also helps to stimulate their interest in learning and participation. Compared with a single 

static introduction, this three-dimensional and interactive display mode can better highlight the cultural 

value of cultural heritage and enhance the user's sense of participation and identity. 

Therefore, the transformation from monomerization to integration is an important development trend 

in the digital protection and innovative use of cultural heritage. In the future, with the continuous progress 

of technology, the digital presentation of cultural heritage will become more and more three-dimensional 

and intelligent, creating a more immersive and vivid cultural experience for users. 

Generally speaking, the virtual resource base of Confucius cultural attractions constructed by this 

research institute conforms to the development law of digital transformation of cultural heritage mentioned 

above. By integrating the use of 720 cloud panorama, interactive virtual simulation and other technical 

means, the research team has realized the three-dimensional and interactive presentation of Confucius 

cultural sites, which has strongly promoted the digitalization process of cultural heritage protection and 

innovative use in Shandong Province and even the whole country. 

Conclusions and outlook 

1. Key findings and innovations of the study 

In this study, a comprehensive virtual resource library was constructed by using 720 cloud panorama 

technology for Confucius-related cultural attractions in Shandong Province, and the following major findings 

and innovations were achieved. 

Comprehensively restore the historical and cultural characteristics of Confucius cultural attractions 

Through field visits and data collection, the research team has gained an in-depth understanding of the 

historical and cultural connotations of the key attractions such as Confucius' hometown of Nishan, Confucius 

University Hall, Confucius Temple and Confucius Mansion, etc., and comprehensively grasped the stories and 

legends of Confucius and his 72 sages. Based on this, the research team utilized 720 cloud panoramic shooting 

technology to accurately record the actual environment of these attractions, laying the foundation for the 

subsequent virtual simulation production. 
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Constructing an Immersive Virtual Resource Library of Confucius Culture The research team utilizes 

virtual reality technology to create interactive and immersive virtual resources from live-action footage. 

Users can roam freely in the virtual environment, enjoy the Confucius-related buildings and cultural relics, 

and at the same time obtain rich cultural explanatory information. This kind of virtual resource, which 

combines live-action reproduction and multimedia display, provides an immersive and immersive experience 

for tourists. 

Enhancing the dissemination of Confucius culture and tourism experience The research results show 

that the Confucius cultural attraction resources constructed on the basis of virtual reality technology have 

achieved remarkable results in enhancing users' immersion, interactivity and information acquisition. This 

not only provides tourists with a more vivid and interesting digital tourism experience, but also facilitates the 

in-depth dissemination of Confucius' cultural connotation. 

Compared with the existing studies, the innovations of this project are mainly in the following aspects. 

(1) Taking Confucius cultural attractions as an entry point, we explore the digital protection and 

innovative application of cultural heritage based on virtual reality technology, which enriches the theoretical 

practice in this field. 

(2) Adopting advanced digital means such as 720 cloud panorama, it realizes accurate restoration and 

three-dimensional presentation of Confucius cultural attractions, and provides new ideas for the digital 

transformation of traditional cultural heritage. 

(3) A comprehensive virtual resource library covering several representative sites has been constructed, 

forming a systematic solution for digitizing Confucius culture and laying a foundation for subsequent 

application and promotion. 

2. Significance and application prospects of the research findings 

Promoting Digital Protection of Cultural Heritage in Shandong Province The Confucius Cultural Virtual 

Resource Library constructed by the Institute provides a useful reference for the digital protection and 

inheritance of cultural heritage in Shandong Province and the whole country. Through the use of advanced 

digital technology, it can not only accurately record and restore historical and cultural objects, but also break 

through the time and space limitations of on-site visits to provide the public with an immersive cultural 

experience. This will help enhance public awareness and recognition of cultural heritage and promote the 

innovative dissemination of traditional culture. 

Enhancing the Digitalization of Tourism in Shandong Province The virtual repository constructed by 

this research has injected new vitality into the digital transformation of Shandong's cultural tourism industry. 

The immersive virtual experience can attract more tourists to participate in depth and enhance their overall 

satisfaction. This will help to further enhance the attractiveness and influence of cultural tourism attractions 

in Shandong Province and promote the high-quality development of local tourism. 

Promoting the Communication Innovation of Confucius Culture in the New Media Era Shandong 

Province is the birthplace of Confucius culture, and the cultural heritage related to Confucius is widely 

favored by domestic and foreign tourists. The virtual resource library constructed in this study can not only 

meet the needs of field visits, but also realize the wide dissemination of Confucius culture online. The 

immersive virtual experience can help attract more young people to understand and identify with Confucius' 

thoughts, and promote the innovative development of traditional culture in the new era. 

To sum up, the results of this research not only provide a useful reference for the digital protection 

and innovative application of cultural heritage in Shandong Province, but also inject a new kinetic energy into 

the digital transformation of tourism in Shandong Province, which in turn promotes the dissemination and 

innovation of Confucius culture in the era of new media. The results and experiences of this research are of 

great significance for the digital transformation of cultural heritage in other regions and even in the whole 

country. 
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3. Directions and ideas for future research 

Based on the results of this research, the following aspects can be further explored and expanded in 

the future. 

Expanding the in-depth integration of virtual resources and physical landscape The virtual resource 

library constructed in this study mainly focuses on the immersive experience reproduction of Confucius 

cultural attractions. In the future, we can explore the in-depth integration of these virtual resources with the 

physical landscape, such as setting up AR/VR interactive devices in scenic spots, so that tourists can obtain 

rich information and immersive experience in the virtual environment while visiting the site. This will further 

enhance the overall experience of tourists and promote the synergistic development of cultural heritage 

protection and tourism development. 

Explore the combination of virtual resources and artificial intelligence With the continuous progress of 

artificial intelligence technology, in the future, we can try to integrate virtual resources with AI technology in 

depth, such as the application of natural language processing, knowledge mapping and other means to realize 

the intelligence of virtual explanation, and provide users with personalized, active cultural experience. At the 

same time, computer vision technology can also be used to carry out intelligent identification and analysis of 

cultural relics, providing support for the digital management of cultural heritage. 

Expanding the application of virtual resources in the field of culture and education The resources of 

Confucius cultural attractions constructed on the basis of virtual reality technology can be applied to school 

education, social training and other fields in the future. Through immersive virtual experience, it can help 

students better understand and memorize the related historical and cultural knowledge, and improve the 

teaching effect. At the same time, it can also provide a more vivid and interesting cultural learning channel 

for the general public and enhance their sense of identity with the excellent traditional culture (Sun Long, 

2024). 

Through the in-depth expansion of the above research, we will further promote the in-depth 

integration of traditional cultural resources and emerging digital technologies, and make due contributions 

to the construction of Shandong Province as a cultural powerhouse and high-quality development. On the 

one hand, we will promote the digital protection and innovative use of cultural heritage, and enhance the 

public's awareness and recognition of outstanding traditional culture. On the other hand, we will drive the 

transformation and upgrading of the tourism industry in Shandong Province, enhance the attractiveness and 

competitiveness of cultural and tourism products, and contribute to the construction of a strong cultural 

province and a strong tourism province. 

In conclusion, the implementation of this research project has injected a new impetus to the 

development of cultural undertakings in Shandong Province and the whole country. In the future, we will 

continue to explore in-depth, empowering traditional culture with new technologies, and promoting the 

construction of a strong cultural province and high-quality development in Shandong Province. 

This study serves as the academic outcome of the Shandong Province Art Science Research Project 

(24ZR20015496). 

Sample Resource Platform Confucius Museum: https://www.720yun.com/vr/343j5ruaOf0 
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͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ό ͙͙͔͍͚ͭͦ͡ ͙ͫͦ͡ ͙͚͗ͪͤͦ ͙ͫͦͭ͟͡·Σ ͤ͊͘·͍͔͚͊ͣͦ ͙͙͔͍ͭ͡·ͣ ͣ·ͦͣ͡Σ ͙ ͍ͦ͒·Φ ̏ͭ͊ ͔ͪ͊͟ͼ͙Ύ 

ͣͦ͗ͤͦ ͔͍͙ͨͪ͒ͫͭ͊ͭΈ ͔ͫ͒ͯ͡Ό΅͙ͣ ͦ͋ͪ͊ͦͣ͘Υ 

w/hhI Ҍ [ƛhI Ҧ w/hh[ƛ Ҍ Iнh 

˥͔͒  τ ͗ ͙ͪͤ͊Ύ ͙ͫͦͭ͊͟͡Σ ͊  τ ͡ ͙͙͔͍͔ͭͦ ͣ·ͦ͡Φ ˤ͊͗ͤͦ ͙͍ͦͤͭͪͦͪͦ͊ͭ͟͡Έ ͙ͦ͟͡;͔͍ͫͭͦ ͎͙͙͒ͪͦͫ͒͊͟ 

͙͙ͭ͡ΎΣ ;ͭͦ͋· ͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͙͋͘·ͭͦ͟ ΅͔ͦ͡;͎ͤͦͦ ͔ͦͣͨͦͤͤͭ͊͟Σ ͦͭͦͪ͟·͚ ͔ͣͦ͗ͭ ͍͙ͨͦ͡ΎͭΈ ͤ͊ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ 

͙ ͍͚͍ͫͦͫͭ͊ ͙ͫͣ͊͘͟Φ 

˽͔͙ͪͣͯ΅͔͍ͫͭ͊ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙͙͔͍͎ͭͦͦ͡ ͣ·͊͡Υ 

ˤ·ͫͦ͊͟Ύ ͔ͣͻ͙͊ͤ;͔ͫ͊͟Ύ ͙ͫͭ͊͋͡ΈͤͦͫͭΈΣ ͔͍ͨͪ͒ͦͭͪ͊΅͊Ό΅͊Ύ ͍·͍͙͍͙͔͒͊͊ͤ͡ ͙ͫͣ͊͘͟ ͙͘ ͨͦ͒΄͙͙͍ͨͤͦ͟Φ 

͚̂ͫͭͦ;͙͍ͦͫͭΈ ͟ ͍͔͚͍͙ͦ͒ͫͭ͘Ό ͍͎͙͊͡Σ ;ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͔ͨͪͣͤΎͭΈ ͙͙͔͍ͭ͡·͔ ͙ͫͣ͊͘͟ ͍ ͍͙ͯͫͦ͡Ύͻ 

͍ͨͦ·΄͔͚ͤͤͦ ͍͙͊͗ͤͦͫͭ͡Φ 

̆ͦͪͦ΄͙͔ ͙͔͔ͤͦͭͣͨͪ͊ͭͯͪͤ͘͟·͔ ͍͚͍ͫͦͫͭ͊Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͔ ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤͦͫͭΈ ͙ͨͪ 

͙ͦͭͪͼ͔͊ͭ͡Έͤ·ͻ ͔͔ͭͣͨͪ͊ͭͯͪ͊ͻΦ 

оΦ ˭͎͊ͯ΅͔͙͔ͤ ͍͎͋͊ͦͦͦ͘ ͣ͊ͫ͊͡ 

˽͔ͦͫ͡ ͨͦͯ͡;͔͙ͤΎ ͙͙͔͍͎ͭͦͦ͡ ͣ·͊͡ ͔͎ͦ ͔ͫͣ΄͙͍͊Όͭ ͫ ͍͋͊ͦ͘·ͣ ͣ͊ͫͦͣ͡Σ ͔ͦͭͦͪͦ͟ ͍·ͨͦͤ͡Ύ͔ͭ ͪͦ͡Έ 

͙͔ͤͦͫͭ͡Ύ ͙ͫͣ͊͘͟ ͙ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͯͯ͡;΄͔͙ͤΌ Ήͫͨͯ͊ͭ͊͟͡ͼ͙ͦͤͤ·ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟Φ ˻͋·;ͤͦ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ 

͙͔ͣͤͪ͊͡Έͤ·͔ ͙͙͡ ͙͔͙ͫͤͭͭ;͔͙͔ͫ͟ ͣ͊ͫ͊͡Φ ˸͙͔ͤͪ͊͡Έͤ·͔ ͣ͊ͫ͊͡ ͔͔͋ͦ͡ ͒ͦͫͭͯͨͤ· ͙ ͔͒΄͔͍͔͡Σ ͤͦ 

͙͔͙ͫͤͭͭ;͔͙͔ͫ͟ ͣ͊ͫ͊͡ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͯ͡;΄͙͔ ͔͙ͨͦ͊͊ͭ͘͟͡ ͙ͨͪ Ή͔ͫͭͪͣ͊͟͡Έͤ·ͻ ͔͔ͭͣͨͪ͊ͭͯͪ͊ͻ ͙ ͎ͤ͊ͪͯ͊͘͟ͻΦ 

˿͔ͣͫΈ ͎͔͍ͤ͊ͪ͊Όͭ ͒ͦ ͔͔ͭͣͨͪ͊ͭͯͪ· мулςнллϲ/ ͒͡Ύ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍͔͙ͪ͊ͫͭͦͪͤΎ ͙͙͔͍͎ͭͦͦ͡ ͣ·͊͡ ͍ 

͔ͣ͊ͫ͡Φ ˽͙ͪ Ήͭͦͣ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͨͪͦͼ͔ͫͫ ͎͊ͯ͘΅͔͙ͤΎΣ ͦͭͦͪ͟·͚ ͙͔ͨͪ͒͊ͭ ͔ͫͣ͊͘͟ ͔ͤͦ͋ͻ͙ͦ͒ͣͯΌ ͙͔ͦͤͫͫͭͤ͟ͼ͙Ό 

͙ ͍Ύͦͫͭ͘͟ΈΦ ˴͔ͦͤ;ͤ͊Ύ ͙͔ͦͤͫͫͭͤ͟ͼ͙Ύ ͙ͫͣ͊͘͟ ͍͙͙͊ͫͭ͘ ͦͭ ͙ͦ͟͡;͔͍ͫͭ͊ ͍͔͎͒ͦ͋͊ͤͤͦͦ͡ ͙͙͔͍͎ͭͦͦ͡ ͣ·͊͡Υ ;͔ͣ 

͋ͦ͡Έ΄͔ ͔͎ͦ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙ΎΣ ͔ͭͣ ͔͔͋ͦ͡ ͎͚ͯͫͭͦ ͔͋ͯ͒ͭ ͫͣ͊͊͘͟Φ 

пΦ ˨͍͔͙͔ͦ͋͊ͤ͡ ͙ͨͪͫ͊͒ͦ͟ 

̉ͭͦ͋· ͯͯ͡;΄͙ͭΈ Ήͫͨͯ͊ͭ͊͟͡ͼ͙ͦͤͤ·͔ ͍͚͍ͫͦͫͭ͊ ͙͙͔͍͚ͭͦ͡ ͙ͫͣ͊͘͟Σ ͤ͊ ͒͊ͤͤͦͣ Ή͔ͭ͊ͨ ͍͒ͦ͋͊͡ΎΌͭ 

͙ͪ͊͘͡;ͤ·͔ ͙͙ͨͪͫ͊͒͟Σ ͙͔ͭ͊͟ ͊͟͟Υ 

ˢ͙͙ͤͭͦͫ͒͊ͤͭ͟· τ ͔͍ͨͪ͒ͦͭͪ͊΅͊Όͭ ͙͔͙͔ͦͫͤ͟͡ ͙ͫͣ͊͘͟ ͙ ͔͍ͨͪͦ͒͊͡Όͭ ͫͪͦ͟ ͔͔ ͫͯ͗͋͡·Φ 

ˢ͙͙ͤͭͦͪͪͦͦͤͤ͘͟·͔ ͍͙͒ͦ͋͊͟ τ ͊͘΅͙΅͊Όͭ ͔͙ͣͭ͊͡͡;͔͙͔ͫ͟ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͦͭ ͙͙ͦͪͪͦ͘͟Φ 

˽͙͍͙ͪͦͭͦͤͦͫͤ͘·͔ ͍͙͒ͦ͋͊͟ τ ͙ͫͤ͗͊Όͭ ͔͙͔ͭͪͤ ͙ ͙ͤͦͫ͘Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͍͙ͯͫͦ͡Ύͻ ͍·͙ͫͦ͟ͻ ͎ͤ͊ͪͯͦ͘͟Φ 

͙̏ͭ ͙͙ͨͪͫ͊͒͟ ͎ͨͦͣͦ͊Όͭ ͍ͨͦ·͙ͫͭΈ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͙ͫͣ͊͘͟Σ ͯͯ͡;΄͙ͭΈ ͔͔ ͊͘΅͙ͭͤ·͔ ͍͚͍ͫͦͫͭ͊ ͙ 

͙ͨͪͦ͒ͭ͡Έ ͫͪͦ͟ ͫͯ͗͋͡·Φ 

рΦ ˻ͻ͔͙͔͊͗͒ͤ͡ ͙ ͎͎͔͙ͦͣͦͤ͊͘ͼ͙Ύ 

˽͔ͦͫ͡ ͎ͭͦͦ ͊͟͟ ͔ͫͣͫΈ ͎͔͊ͯͫͭ͊͘͡ ͙ ͙͎͒ͦͫͭ͊͡ ͚ͤͯ͗ͤͦ ͙͔ͦͤͫͫͭͤ͟ͼ͙͙Σ ͔͔ ͦͻ͊͗͒͊͡ΌͭΣ ;ͭͦ͋· 

͔͍͙ͨͪ͒ͦͭͪ͊ͭͭΈ ͔͙͔ͪ͊ͦ͗ͤ͘͡ ͔͍ͦͣͨͦͤͤͭͦ͟ ͙ ͔͔ͦ͋ͫͨ;͙ͭΈ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ ͙ͫͣ͊͘͟Φ ˽ͪͦͼ͔ͫͫ ͦͻ͔͙͊͗͒ͤ͡Ύ 

͔͒ͦ͗ͤ͡ ͋·ͭΈ ͍͔ͪ͊ͤͦͣͪͤ·ͣ ͙ ͙͔ͦͤͭͪͦͪͯͣ͟͡·ͣΣ ;ͭͦ͋· ͙͔͋͗͊ͭ͘Έ ͨͦΎ͍͔͙ͤ͡Ύ ͔͍͔͔͚ͤͪ͊ͤͦͣͪͤͦͫͭ ͙  

͍ͦͣͦ͟͟ ͍ ͔ͫͣ͊͘͟Φ ˥͎͔͙ͦͣͦͤ͊͘ͼ͙Ύ ͙͍͙ͨͪͦͦ͒ͭͫ͘Ύ ͒͡Ύ ͙͔͙͒ͦͫͭ͗ͤΎ ͚ͦ͒ͤͦͪͦ͒ͤͦ ͔ͭͫͭͯͪ͟·Σ ;ͭͦ ͯͯ͡;΄͔͊ͭ 

Ήͫͨͯ͊ͭ͊͟͡ͼ͙ͦͤͤ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙ ͔͍ͨͪ͒ͦͭͪ͊΅͔͊ͭ ͙͍͙͔ͪ͊ͫͫ͊͊ͤ͡Φ 
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˴ͦͤͭͪͦ͡Έ ͊͟;͔͍ͫͭ͊ ͙ ͍ͯͨ͊ͦ͊͟͟ 

˽͙͍͍͔ͪͦͦ͒ͫͭͤͤ͘·͔ ͫͭ͊ͤ͒͊ͪͭ· ͔ͭͪ͋ͯΌͭ ͍͔͔͙ͨͪͦ͒ͤΎ ͙ͫͨ·͙͚ͭ͊ͤ ͎͍͚ͦͭͦͦ ͙͙͔͍͚ͭͦ͡ ͙ͫͣ͊͘͟ ͤ͊ 

͍͔͍͙͔ͫͦͦͭͭͫͭ ͔ͭͻ͙ͤ;͔͙ͫͣ͟ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟Φ ˴͙ͦͤͭͪͦͪͯ͡ΌͭͫΎ ͙͔ͭ͊͟ ͔ͨ͊ͪ͊ͣͭͪ·Σ ͊͟͟Υ 

͔͔́ͣͨͪ͊ͭͯͪͤ͊Ύ ͚ͯͫͭͦ;͙͍ͦͫͭΈ τ ͫ ͨͦͫͦ͋ͤͦͫͭΈ ͙ͫͣ͊͘͟ ͪ͊͋ͦͭ͊ͭΈ ͙ͨͪ ͍·͙ͫͦ͟ͻ ͙ ͙͙ͤ͘͟ͻ 

͔͔ͭͣͨͪ͊ͭͯͪ͊ͻΦ 

˸͔ͻ͙͊ͤ;͔ͫ͊͟Ύ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ τ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ ͍͙͎͍ͫ͒ͦ·ͣ ͔͒ͺͦͪͣ͊ͼ͙Ύͣ ͙ ͍͙͋ͪ͊ͼ͙ΎͣΦ 

ˤ͚ͦ͒ͦͫͭͦͦͫͭ͟Έ τ ͚ͯͫͭͦ;͙͍ͦͫͭΈ ͟ ͍·ͣ·͍͙͊ͤΌ ͍͚ͦ͒ͦ ͙ ͫͦͻ͔͙͔ͪ͊ͤͤ ͊͘΅͙ͭͤ·ͻ ͍͚͍ͫͦͫͭΦ 

˽͔ͦͫ͡ ͨͪͦͻ͔͙ͦ͗͒ͤΎ ͦͤͭͪͦ͟͡Ύ ͊͟;͔͍ͫͭ͊ ͎͍ͦͭͦ͊Ύ ͫͣ͊͊͘͟ ͍ͯͨ͊ͦ͟·͍͔͊ͭͫΎ ͙ ͔ͨͦͫͭͯͨ͊ͭ ͍ ͨͪͦ͒͊͗ͯΦ 

˽͔͙ͪͣͯ΅͔͍ͫͭ͊ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͙͔͍ͭ͡·ͻ ͫͣ͊ͦ͘͟ 

¶ ˶ ͙͙͔͍ͭ·͔ ͙ͫͣ͊͘͟ ͨͦͨͯ͡Ύͪͤ· ͎͋͊ͦ͒͊ͪ͡Ύ ͔ͫ͒ͯ͡Ό΅͙ͣ ͔͙ͨͪͣͯ΅͔͍ͫͭ͊ͣΥ 

¶ ̊ ͙͙͚ͪͦ͟ ͔͔ͭͣͨͪ͊ͭͯͪͤ·͚ ͙͒͊ͨ͊ͦͤ͘ τ ͍ͨͦͦ͘͡ΎΌͭ ͪ͊͋ͦͭ͊ͭΈ ͍ ͙͔͒͊ͨ͊ͦͤ͘ ͦͭ πолϲ/ ͒ͦ  Ҍмрлϲ/Φ 

¶ ʕ ·ͫͦ͊͟Ύ ͔ͣͻ͙͊ͤ;͔ͫ͊͟Ύ ͙ ͔͙ͭͪͣ;͔ͫ͊͟Ύ ͙ͫͭ͊͋͡ΈͤͦͫͭΈ τ ͫ ͣ͊͊͘͟ ͫͦͻͪ͊ͤΎ͔ͭ ͍͙ͫͦ ͍͚͍ͫͦͫͭ͊ ͙ͨͪ 

͙͔͙͍͚ͤͭͤͫͤͦ Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙Φ 

¶ ̂ ͙͍͔ͤͪͫ͊͡ΈͤͦͫͭΈ τ ͨͦ͒ͻͦ͒Ύͭ ͒͡Ύ ͙ͪ͊͘͡;ͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Σ ͦͭ ͨͦ͒΄͙͙͍ͨͤͦ͟ ͒ͦ ΄͙͍͊ͪͤͪͦΦ 

˻͙͋͊ͫͭ͡ ͙͔͔͙ͨͪͣͤͤΎ ͙͙͔͍ͭ͡·ͻ ͫͣ͊ͦ͘͟ 

ˢ͍͙ͭͦͣͦ͋͡Έͤ͊Ύ ͨͪͦͣ·΄͔ͤͤͦͫͭ͡Έ τ ͡ ͙͙͔͍ͭ·͔ ͙ͫͣ͊͘͟ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͨͦ͒΄͙͙͍ͨͤͦ͟ ͔ͦͫ͟͡Σ 

΄͙͍͊ͪͤͪͦ ͙ ΄͙͊ͫͫΦ 

˽ͪͦͣ·΄͔ͤͤͦͫͭ͡Έ τ ͒͡Ύ ͙ͫͣ͊͘͟ ͔ͣͻ͙͍͊ͤͣͦ͘Σ ͍͔͔ͨͦ͒ͪ͗ͤͤ·ͻ ͍·͚ͫͦͦ͟ ͔͔͔ͭͣͨͪ͊ͭͯͪ ͙ ͍͙͊͗ͤͦͫͭ͡Φ 

˿͔͡Έ͔ͫͦ͟ ͻͦ͘Ύ͚͍ͫͭͦ τ ͊͘΅͙΅͊Όͭ ͍͙͔ͦ͋ͦͪͯ͒ͦ͊ͤ ͦͭ ͙͙ͦͪͪͦ͘͟ ͙ ͙ͤͦͫ͊͘ ͍ ͭΎ͔͗͡·ͻ ͍͙ͯͫͦ͡ΎͻΦ 

˭͊͟͡Ό;͔͙͔ͤ 

˽͙͍͍ͪͦͦ͒ͫͭͦ͘ ͙͙͔͍͚ͭͦ͡ ͙ͫͣ͊͘͟ ͙͘ ͙͗ͪͤ·ͻ ͙ͫͦͭ͟͡ τ Ήͭͦ ͫͦ͗ͤ͡·͚ ͎ͣͤͦͦΉͭ͊ͨͤ·͚ ͨͪͦͼ͔ͫͫΣ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·͚ ͤ͊ ͨͦͯ͡;͔͙͔ͤ ͍·ͫͦͦ͊͟͟;͔͍͔͎ͫͭͤͤͦͦ ͨͪͦ͒ͯͭ͊͟ ͫ ͙ͦͭ͡;ͤ·͙ͣ Ήͫͨͯ͊ͭ͊͟͡ͼ͙ͦͤͤ·͙ͣ 

ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟Φ ˶͙͙͔͍ͭ·͔ ͙ͫͣ͊͘͟ ͤ͊ͻͦ͒Ύͭ ΄͙͔ͪͦͦ͟ ͙͔͔͙͔ͨͪͣͤͤ ͎͋͊ͦ͒͊ͪ͡Ύ ͍͔͚ͫͦ ͙͍͔ͯͤͪͫ͊͡Έ͙ͤͦͫͭΣ 

͚ͯͫͭͦ;͙͍͙ͦͫͭ ͟ ͔͔ͭͣͨͪ͊ͭͯͪͤ·ͣ ͔͙ͦ͋͊ͤ͟͡Ύͣ ͙ ͔ͣͻ͙͊ͤ;͔͙ͫͣ͟ ͍͔͚͍͙ͦ͒ͫͭ͘ΎͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ͔͔͎̉ͪͤ͊Σ ˤΦ˹Φ ˽͙͍͍ͪͦͦ͒ͫͭͦ͘ ͙͙͔͍ͭ͡·ͻ ͫͣ͊ͦ͘͟ ͙ ͙ͻ ͙͔͔͙͔ͨͪͣͤͤΦ τ ˸ΦΥ ͙͙̆ͣΎΣ нлмтΦ 

нΦ ˮ͍͍͊ͤͦΣ ˢΦ˽ΦΣ ͙ ˿͙͍ͣͪͤͦΣ ˥Φ̅Φ ˻͍ͫͤͦ· ͔ͭͻ͎͙͙ͤͦͦ͡ ͙͔ͦͤͫͫͭͤͭͤ͟·ͻ ͫͣ͊ͦ͘͟Φ τ ˿˽͋ΦΥ ˽͙͔ͦͭ͡ͻ͙ͤ͊͟Σ нлмфΦ 

оΦ ˣ͍͊ͪ͊ͤͦΣ ˿ΦˢΦ ˿ͣ͊ͦ͘;ͤ·͔ ͔͙ͣ͊ͭͪ͊͡·Υ ͍ͫͦͫͭ͊ ͙ Ήͫͨͯ͊ͭ͊͟͡ͼ͙ͦͤͤ·͔ ͍͚͍ͫͦͫͭ͊Φ τ ˸ΦΥ ͔́ͻͤͦͫͺ͔ͪ͊Σ нлнмΦ 

пΦ ͙͍́ͭͦ͊Σ ˹Φ˶Φ ͙͙̆ͣΎ ͙ ͔ͭͻ͎͙ͤͦͦ͡Ύ ͙͔ͦͤͫͫͭͤͭͤ͟·ͻ ͫͣ͊ͦ͘͟Φ τ ˿˽͋ΦΥ ˶͊ͤΈΣ нлму 
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DEVELOPMENT AND CHANGES IN THE OIL AND GAS INDUSTRY 

 

Annotation 

The oil and gas industry is the basis of energy and economic development of many countries, playing 

a key role in providing energy resources to the world economy. More than a hundred years have passed since 

the discovery of the first oil fields and the beginning of oil and gas production, and during this time the 

industry has undergone significant changes, both in technological and economic terms. This article examines 

the main stages of development of the oil and gas industry, its evolution, as well as modern trends and 

challenges facing this most important industry. 
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͙͍ͣͪͦ·͔ ͼ͔ͤ· ͤ͊ ͔ͤͺͭΈΦ ˿ ͔ͣͦͣͤͭ͊ ͙ͫͦ͒͊ͤ͘Ύ ˻˽˩˴ Ή͔͎͔͙ͤͪͭ;͔ͫ͊͟Ύ ͙͙ͨͦͭ͊͟͡ ͙ ͔͎͙͍͙͔ͪͯͪͦ͊ͤ͡ ͼ͔ͤ ͤ͊ 

͔ͤͺͭΈ ͙ͫͭ͊͡ ͍͊͗ͤ·͙ͣ ͙͔͙ͤͫͭͪͯͣͤͭ͊ͣ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͙ ͙͙ͨͦͭ͡;͔͎ͫͦͦ͟ ͍͙͡Ύ͙ͤΎ ͤ͊ ͔͚ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ 

͔͔͊ͪͤΦ 

˴͔ͪͦͣ ͎ͭͦͦΣ ͙͍ͣͪͦ͊Ύ ͔ͤͺ͔͎͍ͭ͊ͦ͊͘Ύ ͦͭͪ͊ͫ͡Έ ͔͔͔ͨͪͭͪͨ͊͡ ͤ͊͘;͙͔ͭ͡Έͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ ͍ ͔͙͔ͨͦͫ͒ͤ͡ 

͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͫ ͙ͨͪͻͦ͒ͦͣ ͍ͤͦ·ͻ ͙͎͍ͪͦͦ͟Σ ͙ͭ͊͟ͻ ͊͟͟ ˾͙ͦͫͫΎΣ ˴͙͚ͭ͊ ͙ ͫͭͪ͊ͤ· ˿˹˥Φ ˾͙ͦͫͫΎΣ ͦ͋͊͒͊͡Ύ 

͎ͦͪͦͣͤ·͙ͣ ͙͊ͨ͊ͫ͊ͣ͘ ͔ͤͺ͙ͭ ͙ ͎͊͊͘Σ ͊ͤ͘Ύ͊͡ ͍͔͊͗ͤͦ ͔ͣͫͭͦ ͤ͊ ͙͍ͣͪͦͦͣ ͪ·͔ͤ͟Σ ͊ ˴͙͚ͭ͊ ͫͭ͊͡ ͔͚ͪͯͨͤ͟΄͙ͣ 

͔͙͔͔ͨͦͭͪ͋ͭͣ͡ ͔ͤͺ͙ͭΣ ;ͭͦ ͫͯ΅͔͍͔ͫͭͤͤͦ ͙͔͙ͣͤͦ͘͡ ͙͙͒ͤ͊ͣͯ͟ ͪ·ͤ͊͟Φ 

͎͙̏ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͫͦͼ͙͊͡Έͤ·͔ ͍·͍ͦ͘· 

˹͔ͫͣͦͭͪΎ ͤ͊ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡Σ ͦͤ͊ ͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͪΎ͒ͦͣ ͔ͫͪΈ͔ͤ͘·ͻ 

Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͙ ͫͦͼ͙͊͡Έͤ·ͻ ͔ͨͪͦ͋ͣ͡Φ ˨ͦ͋·;͊ ͙ ͔͔ͨͪͪ͊͋ͦͭ͊͟ ͔ͤͺ͙ͭ ͙ ͎͊͊͘ ͍ͫΎ͊ͤ͘· ͫ ͍·͙͋ͪͦͫ͊ͣ 

͎͔͙͎ͯͫͦͦ͟͡͡ ͎͊͊͘Σ ͎͊ͪ͘Ύ͔͙͔ͤͤͣ͘ ͍ͦ͒· ͙ ͨͦ;͍·Σ ͊ ͔ͭ͊͗͟ ͫ ͔ͨͦͭͤͼ͙͊͡Έͤ·͙ͣ Ή͎͙ͦͦ͟͡;͔͙͙ͫͣ͟ 

͊ͭ͊ͫͭͪͦ͟ͺ͙͊ͣΣ ͙͙ͭ͊ͣ͟ ͊͟͟ ͙͍ͪ͊͘͡· ͔ͤͺ͙ͭΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔͔ͭͤ͒ͤͼ͙͙ ͍ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡ ͍͔ͫ ͋ͦ͡Έ΄͔ ͙͔͙͍ͦͪͤͭͪͦ͊ͤ· ͤ͊ ͙͔͙͔ͫͤ͗ͤ 

Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻ ͙͍ͪͫͦ͟ ͙ ͔͔ͨͪͻͦ͒ ͟ ͔͔͋ͦ͡ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ ;͙ͫͭ·ͣ ͔ͭͻ͎͙ͤͦͦ͡ΎͣΦ ˿ͯ΅͔͍ͫͭͯΌͭ ͙͙ͤͼ͙͙͍͊ͭ·Σ 

͍͔ͤ͊ͨͪ͊ͤͤ͡·͔ ͤ͊ ͯͯ͡;΄͔͙͔ͤ Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙ ͍͔͔͙͔ͤ͒ͪͤ ͙ͨͪ͊ͭ͟͟ ͚ͯͫͭͦ;͙͍͎ͦͦ ͍͙͙ͪ͊ͭ͘ΎΣ 

͙ͭ͊͟ͻ ͊͟͟ ͍͙͍͙͔ͯ͊͊ͤ͡͡ ͎͔͙͎ͯͫͦͦ͟͡͡ ͎͊͊͘ ͙ ͔͔ͨͪͪ͊͋ͦͭ͊͟ ͦͭͻ͍ͦ͒ͦΦ 

˴͔ͪͦͣ ͎ͭͦͦΣ Ή͎͙ͦͦ͟͡;͔ͫ͊͟Ύ ͙ͫͭͯ͊ͼ͙Ύ ͙ ͔͔͙͔ͫͭͪͣͤ͡ ͟ ͔ͯͣͤΈ΄͔͙ͤΌ ͍͙͙͙͊ͫͣͦͫͭ͘ ͦͭ ͙͔ͫͦͨ͊ͣ͟·ͻ 

͍͙͍͒ͦ ͙͍ͭͦͨ͊͡ ͍͔͒ͯͭ ͟ ͙ͨͦͫͯ͟ ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ Ή͔͎͙͙ͤͪΦ ̏ͭͦ ͍͟͡Ό;͔͊ͭ ͍͙͙͔ͪ͊ͭ͘ 

͍͍ͦͦ͋ͤͦ͘͡Ύ͔ͣ·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ Ή͔͎͙͙ͤͪΣ ͙ͭ͊͟ͻ ͊͟͟ ͔ͫͦͤ͡;ͤ͊Ύ ͙ ͍͔͍ͭͪͦ͊Ύ Ή͔͎͙ͤͪΎΣ ͊ ͔ͭ͊͗͟ ͍͙͙͔ͪ͊ͭ͘ 

͔ͭͻ͎͙͚ͤͦͦ͡ Ή͔͎ͤͪͦΉͺͺ͔͙͍͙ͭͤͦͫͭ͟Φ 

ˣͯ͒ͯ΅͔͔ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡ 

ˣͯ͒ͯ΅͔͔ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡ ͍ͫΎ͊ͤͦ͘ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͯͯ͡;΄͔͙͔ͤͣ Ή͎͙ͦͦ͟͡;͔͚ͫͦ͟ 

͔͙͋ͦͨ͊ͫͤͦͫͭ͘ ͙ ͙͍͔͙͒ͪͫͺ͙͊͟ͼ͙͔͚ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͙ͫͭͦ;͙͍ͤͦ͟Φ ˤ͊͗ͤͦ ͙ͨͦͤͣ͊ͭΈΣ ;ͭͦ ͍ ͎͒ͦͦͫͪͦ͡;͚ͤͦ 

͔͔͙͍͔ͨͪͫͨͭ͟ ͔ͤͺͭΈ ͙ ͎͊͘Σ ͔͔ͫͦͪ͟ ͍͔͎ͫͦΣ ͫͦͻͪ͊ͤΎͭ ͍ͫͦΌ ͍͊͗ͤͦͫͭΈ ͊͟͟ ͙ͫͭͦ;͙͙ͤ͟ Ή͔͎͙͙ͤͪΣ ͤͦ ͙ͻ ͪͦ͡Έ 
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͔͋ͯ͒ͭ ͙͔ͣͤ͘ΎͭΈͫΎ ͍ ͍ͫΎ͙͘ ͫ ͔͔ͨͪͻͦ͒ͦͣ ͟ ͚ͯͫͭͦ;͙͍͚ͦ Ή͔͎͔͙͔ͤͪͭ͟Φ 

˹͍ͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͙͔ͭ͊͟ ͊͟͟ ͍͙͊ͭͦͣ͊ͭ͊͘ͼ͙Ύ ͨͪͦͼ͔͍ͫͫͦ ͒ͦ͋·;͙ ͙ ͔͔͙ͨͪͪ͊͋ͦͭ͟Σ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ 

ͼ͙ͺ͍ͪͦ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͒͡Ύ ͙͙͎ͣͦͤͭͦͪͤ͊ ͙ ͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͊ ͔ͭ͊͗͟ ͍͙͙͔ͪ͊ͭ͘ ͎͙͙͒ͪͦ͊ͯͫͭ͟;͔͙ͫ͟ͻ ͙ 

͎͔ͦͺ͙͙͘;͔͙ͫ͟ͻ ͔͍ͣͭͦ͒ͦ ͍͔͙ͪ͊͒͘͟Σ ͔ͦ͋΅͊Όͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͯ͡;΄͙ͭΈ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ͦͭͪ͊ͫ͡Φ ͔́͊͗͟ 

͙ͫͭͦͭ ͔͙ͦͭͣͭͭΈ ͪͦ͡Έ ͙͍ͤͤͦ͊ͼ͙ͦͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͙ͭ͊͟ͻ ͊͟͟ ͙͔ͫͤͭ͘ ͔ͤͺ͙ͭ ͙͘ ͎ͯ͡Ύ ͙ ͙͋ͦͣ͊ͫͫ·Σ ͦͭͦͪ͟·͔ 

͎ͣͦͯͭ ͫͭ͊ͭΈ ͍͊͗ͤ·͙ͣ ͔͙ͦͣͨͦͤͤͭ͊ͣ͟ Ή͔͎͔͙ͤͪͭ;͔͚ͫͦ͟ ͙͔ͫͫͭͣ· ͋ͯ͒ͯ΅͔͎ͦΦ 

˾͍͙͙͔͊ͭ͘ ͙ ͙͔͔͙͔ͣͤͤ͘ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡ ͨͪͦ΄͙͡ ͎͙͚͒ͦ͡ ͨͯͭΈΣ ͤ͊;͙ͤ͊Ύ ͫ ͔͍ͨͪ·ͻ ͔͙͚͋ͯͪͤ ͙ 

͊͊ͤ͘͟;͙͍͊Ύ ͍͔͔ͫͦͪͣͤͤ·͙ͣ ͍·͔ͫͦͦͭ͟ͻ͎͙ͤͦͦ͡;ͤ·͙ͣ ͔͙ͣͭͦ͒͊ͣ ͒ͦ͋·;͙ ͙ ͔͔͙ͨͪͪ͊͋ͦͭ͟Φ ̏ͭ͊ ͦͭͪ͊ͫ͡Έ 

͔ͨͪͦ͒ͦ͗͊ͭ͡ ͦ͊͘͟·͍͊ͭΈ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ Ή͙ͦͤͦͣͯ͟͟ ͙ ͙͙ͨͦͭͯ͟͡ ͎͙ͣͤͦͻ ͫͭͪ͊ͤΣ ͊ ͔ͭ͊͗͟ 

͙͍͔ͫͭ͊͊ͭͫ͟͡Ύ ͫ ͎ͣͤͦͦ;͙͔ͫͤͤ͡·͙ͣ ͍·͍͙ͦ͊ͣ͘Σ ͍ͫΎ͊ͤͤ͘·͙ͣ ͫ Ή͎͙͔͚ͦͦ͟͡ ͙ ͙͔͔͙ͣͤͤ͘Ύ͙ͣ ͍ ͎ͦ͋͊͡͡Έ͚ͤͦ 

Ή͔͎͔͙ͤͪͭ;͔͚ͫͦ͟ ͙͙͔ͨͦͭ͟͡Φ ˤ͊͗ͤͦΣ ;ͭͦ͋· ͔ͤͺ͔͎͍ͭ͊ͦ͊͘Ύ ͦͭͪ͊ͫ͡Έ ͙͍͊͒͊ͨͭͪͦ͊͊ͫ͡Έ ͟ ͍ͤͦ·ͣ ͍͙ͯͫͦ͡ΎͣΣ 

ͨͪͦ͒ͦ͗͊͊͡͡ ͍͙͍ͪ͊͊ͭ͘ΈͫΎ ͙ ͙͍͔͙͍ͤͫͭͪͦ͊͊͡ ͍ ͔͔͋ͦ͡ ;͙ͫͭ·͔ ͙ Ήͺͺ͔͙͍ͭͤ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ;ͭͦ ͍͙ͨͦͦͭ͘͡ 

͔͔ͦ͋ͫͨ;͙ͭΈ ͚ͯͫͭͦ;͙͍͔ͦ ͍͙͙͔ͪ͊ͭ͘ ͙ Ή͙ͦͤͦͣ͟;͔͙͚ͫ͟ ͪͦͫͭ ͍ ͋ͯ͒ͯ΅͔ͣΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˨͗ͦͤͫͦͤΣ ˢΦ ˾Φ όнлмлύΦ ˹͔ͺ͔͎͍ͭ͊ͦ͊͘Ύ ͨͪͦͣ·΄͔ͤͤͦͫͭ͡ΈΥ ͙͙ͫͭͦͪΎ ͙ ͍͔͔ͫͦͪͣͤͤͦͫͭΈΦ ˸͍ͦͫ͊͟Υ ͔͎͙̏ͤͪΎΦ 

2. ˣ͊ͪͫͯ͟Σ ˤΦ ˿Φ όнлмрύΦ ˸͙͍ͪͦ͊Ύ ͔ͤͺ͔͎͍ͭ͊ͦ͊͘Ύ Ή͙ͦͤͦͣ͊͟͟ ͙ ͔͖ ͋ͯ͒ͯ΅͔͔Φ ˿͊ͤͭ͟-˽͔͔͎ͭͪ͋ͯͪΥ ˽͙͔ͦͭ͡ͻ͙ͤ͊͟Φ 

3. ˽͔͍ͭͪͦΣ ˮΦ ˮΦ όнлмуύΦ ͎͙̏ͦͦ͟͡;͔͙͔ͫ͟ ͔͊ͫͨͭ͟· ͒ͦ͋·;͙ ͙ ͔͔͙ͨͪͪ͊͋ͦͭ͟ ͔ͤͺ͙ͭ ͙ ͎͊͊͘Φ ˸͍ͦͫ͊͟Υ ˥ͦ͋ͯͫ͡Φ 

4. ˤ͙ͦͪͦͤͤΣ ˢΦ ˤΦ όнлнлύΦ ˣͯ͒ͯ΅͔͔ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡ ͍ ͍͙ͯͫͦ͡Ύͻ ͙͔͔͙ͣͤͤ͘Ύ ͙ͣ͊ͭ͊͟͡Φ ˹͍͙͙ͦͦͫ͋ͪͫ͟Υ 

˹͊ͯ͊͟Φ 

ϭ x͔͙͔͍ͪ͒͊ ˢΦΣ ˥ͯ͡Έ͔͙͔͍͋ͪ͒͊ ˸ΦΣ ˢͣ͊ͤͫ͊ͻ͔͍͒ͦ ˸ΦΣ ˢͭ͊ͻ͊͡͡·͔͍ ̆Φ, 2024 

 

 

 

 

˴͊͟·΄͔͍͊ ˿ΦΣ ͔͍͔ͨͪͨͦ͒͊͊ͭ͡Έ͙ͤͼ͊Φ 

ˢͤͤ͊ͣŀ͔͍ͣͣ͒ͦ ˢΦΣ ͫ ͔ͭͯ͒ͤͭΦ 

͙͔͍́͊͒͗͊ ˿ΦΣ ͔ͫͭͯ͒ͤͭ͊͟Φ 

ˣ͚͊ͪ͊ͣ͒ͯͪ͒·͔͍͊ ́ΦΣ ͫ ͔ͭͯ͒ͤͭ͊͟Φ 

˸͔͎͗͒ͯͤ͊ͪͦ͒ͤͦͦ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͔ͤͺ͙ͭ ͙ ͎͊͊͘ ͙͔͙ͣͤ ͎̒΄͙͎͔͡Έ͒· ˴͔͍͊͊͊͟Φ 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟Φ 
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ˢͤͤͦͭ͊ͼ͙Ύ 

˹͔ͺ͔͎͍ͭ͊ͦ͊͘Ύ ͙͔ͫͫͭͣ͊ Ύ͍͡Ύ͔ͭͫΎ ͚ͦ͒ͤͦ ͙͘ ͟͡Ό;͔͍·ͻ ͍ͫͦͫͭ͊͡ΎΌ΅͙ͻ ͍͔͔͚ͫͦͪͣͤͤͦ Ή͙͙ͦͤͦͣ͟͟ ͙ 

ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Φ ˻ͤ͊ ͍͟͡Ό;͔͊ͭ ͒ͦ͋·;ͯΣ ͙͍ͭͪ͊ͤͫͨͦͪͭͪͦͯ͟Σ ͔͔ͨͪͪ͊͋ͦͭͯ͟ ͙ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͔ͤͺ͙ͭ ͙ 

͙͎ͨͪͪͦ͒ͤͦͦ ͎͊͊͘Σ ͦͭͦͪ͟·͔ ͙͎ͪ͊Όͭ ͍͔͚͊͗ͤ΄ͯΌ ͪͦ͡Έ ͍ ͔͔ͦ͋ͫͨ;͔͙͙ͤ Ή͔͎͙͔͚ͤͪ ͙ͪ͊͘͡;ͤ·ͻ ͔͚ͦͭͪ͊ͫ͡Φ 

˹͔ͺ͔͎͍ͭ͊ͦ͘·͚ ͔ͫͭͦͪ͟ ͦ͊͘͟·͍͔͊ͭ ͎͔ͦͪͦͣͤͦ ͍͙͡Ύ͙͔ͤ ͤ͊ ͍͙͙͔ͪ͊ͭ͘ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Σ ͭͪ͊ͤͫͨͦͪͭ͊Σ 

͔ͫ͡Έ͎ͫͦͦ͟ ͻͦ͘Ύ͚͍ͫͭ͊ ͙ ͎͙͒ͪͯͻ ͔͍ͫͭͦͪͦ͟Σ ͙ ͙͔͔ͣͭ ͤ͊͘;͙͔ͭ͡Έ͔ͤͦ Ή͙ͦͤͦͣ͟;͔͔ͫͦ͟Σ ͙͙ͨͦͭ͡;͔͔ͫͦ͟ ͙ 

Ή͎͙ͦͦ͟͡;͔͔ͫͦ͟ ͤ͊͘;͔͙͔ͤ. 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔ͤ ͺ͔͎͍ͭ͊ͦ͊͘Ύ ͙͔ͫͫͭͣ͊Σ ͍͔͔͚ͫͦͪͣͤͤͦ Ή͙͙ͦͤͦͣ͟͟Σ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡Σ 

 ͭ ͙͍ͪ͊ͤͫͨͦͪͭͪͦͯ͟Σ ͔ͤ ͺ͔͎͍ͭ͊ͦ͘·͚ ͔ͫͭͦͪ͟. 
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OIL AND GAS SYSTEM 

 

Annotation 

The oil and gas system is one of the key components of the modern economy and industry. It includes 

the extraction, transportation, processing and distribution of oil and natural gas, which play a vital role in 

providing energy to various industries. The oil and gas sector has a huge impact on the development of 

industry, transport, agriculture and other sectors, and has significant economic, political and environmental 

significance. 
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THE ROLE OF TECHNOLOGY IN EXPLORING OIL AND GAS DEPOSITS 

 

Annotation 

The oil and gas industry occupies one of the key places in the global economy, providing energy to 
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both industry and the population. The discovery and exploration of new oil and gas fields are an integral part 

of this process, and over the past decades, the role of technology in these processes has increased 

significantly. Modern technologies can significantly increase the efficiency of exploration, accelerate the 

search for new hydrocarbon reserves and reduce the costs of these processes. 

Key words:  

iͦl and gas industry, economics, oil and gas fields, technologies, processes. 
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Ήͭ͊ͨ͊ͻ ͎͔͎͙ͦͦ͡ ͙ͫͨͦ͡Έ͍͙ͦ͊͘͡ ͔͙ͨͪͣͯ΅͔͍͔ͫͭͤͤͦ ͔ͣͭͦ͒·Σ ͍ͦͫͤͦ͊ͤͤ·͔ ͤ͊ ͍͙ͯ͊͘͡Έͤ·ͻ ͤ͊͋͡Ό͔͙͒ͤΎͻ ͙ 

͙ͯ͘;͔͙͙ͤ ͎͔͎͙ͦͦ͡;͔͙ͫ͟ͻ ͔͍ͫͦ͡Φ ˹͙͔͊ͨͪͣͪΣ ͔ͣͭͦ͒· ͎͔͎͙ͦͦ͡;͔͎ͫͦͦ͟ ͙͍͙͊ͪͭͪͦ͊ͤ͟Ύ ͙ ͙ͯ͘;͔͙ͤΎ 

͙ͨͪͪͦ͒ͤ·ͻ ͙͍ͨͪͤ͊ͦ͘͟Σ ͙ͭ͊͟ͻ ͊͟͟ ͍·ͻͦ͒· ͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡ ͤ͊ ͍͔ͨͦͪͻͤͦͫͭΈΣ ͋·͙͡ ͍ͦͫͤͦͤ·͙ͣ 

͙͔͙ͤͫͭͪͯͣͤͭ͊ͣ ͒͡Ύ ͔͍ͨͪ·ͻ ͙͍ͨͦͫͦ͟Φ ˻͒ͤ͊ͦ͟ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ͙ͤ͊ͯ͟ ͙ ͔ͭͻ͙͙ͤ͟ ͙ͫͭ͊͡ ͙͔ͨͪͣͤΎͭΈͫΎ ͔͔͋ͦ͡ 

ͫͦ͗ͤ͡·͔ ͔ͣͭͦ͒·Σ ͍ͨͦͦ͘͡ΎΌ΅͙͔ ͤ͊͘;͙͔ͭ͡Έͤͦ ͯͯ͡;΄͙ͭΈ ͭͦ;ͤͦͫͭΈ ͙ Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ͨͦͫ͊͟Φ 

˻͙͒ͤͣ ͙͘ ͙ͭ͊͟ͻ ͔͍ͣͭͦ͒ͦ ͫͭ͊ͦ͡ ͔͙͔͋ͯͪͤ ͍͔ͪ͊͒ͦ͘;ͤ·ͻ ͍͙ͫ͊͗ͤ͟Φ ˿ ͨͦͣͦ΅ΈΌ Ή͎ͭͦͦ ͔ͣͭͦ͒͊ 

͍ͯ͒͊͊ͦͫ͡Έ ͨͦͯ͡;͙ͭΈ ͦ͋ͪ͊͘ͼ· ͔ͨͦ͒ͣͤ͘·ͻ ͨͦͪͦ͒ ͙ ͙ͯ͘;͙ͭΈ ͙ͻ ͍ͫͦͫͭ͊Σ ;ͭͦ ͍ͨͦͦ͘͡Ύͦ͡ ͔͔͋ͦ͡ ͭͦ;ͤͦ ͦͼ͔͙ͤͭΈ 

͔͔͙͍ͨͪͫͨͭͤͦͫͭ͟Έ ͔ͭͻ ͙͙͡ ͙ͤ·ͻ ͯ;͍͊ͫͭͦ͟ ͤ͊ ͙ͤ͊͡;͙͔ ͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡Φ 

˻͒ͤ͊ͦ͟ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ͔ͭͻ͎͙͚ͤͦͦ͡ ͙ͭͪ͊͒ͼ͙ͦͤͤ·͔ ͔ͣͭͦ͒· ͍͔͙ͪ͊͒͘͟ ͙ͫͭ͊͡ ͔ͤ͒ͦͫͭ͊ͭͦ;ͤ·͙ͣ ͒͡Ύ 

Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͙ͨͦͫ͊͟ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤΣ ͔ͦͫͦ͋ͤͤͦ ͤ͊ ͎͙ͯ͋ͤ͊͡ͻ ͔͔͋ͦ͡ п-р ͣ͟ ͙ ͍ ͫͦ͗ͤ͡·ͻ ͎͔͎͙ͦͦ͡;͔͙ͫ͟ͻ 

͍͙ͯͫͦ͡ΎͻΦ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ͨͦͫ͊͟ ͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ 

˿ ͍͙͙͔ͪ͊ͭͣ͘ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͔͙͔ͨͦͫ͒ͤ͡ ͔͒ͫΎ͙͔͙ͭͭ͡Ύ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍͔͙ͯ͡;͙ͫ͡Ύ ͔ͫͨͭͪ͟ ͙͔͍ͤͫͭͪͯͣͤͭͦ 

͙ ͔͍ͣͭͦ͒ͦΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͋·ͭΈ ͙ͫͨͦ͡Έ͍ͦ͊ͤ͘· ͒͡Ύ ͍͔͙ͪ͊͒͘͟ ͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· 

͍ͨͦͦ͘͡ΎΌͭ Ήͺͺ͔͙͍ͭͤͦ͟ ͙ͫ͊ͭ͟Έ ͔ͤͺ͔͎͍ͭ͊ͦ͘·͔ ͔͔͙ͣͫͭͦͪͦ͗͒ͤΎ ͤ͊ ͎͙ͯ͋ͤ͊͡ͻ ͔͔͋ͦ͡ мл ͣ͟Σ ͍ ͍͙ͯͫͦ͡Ύͻ 

ͫͦ͗ͤ͡·ͻ ͎͔͎͙ͦͦ͡;͔͙ͫ͟ͻ ͫͭͪͯͭͯͪ͟ ͙ ͤ͊ ͙ͣͦͪͫ͟ͻ ΄͔͡Έͺ͊ͻΦ 

˥͔ͦͺ͙͙͘;͔͙͔ͫ͟ ͔ͣͭͦ͒· 

˥͔ͦͺ͙͙͘;͔͙͔ͫ͟ ͔ͣͭͦ͒· Ύ͍͡ΎΌͭͫΎ ͍͚ͦͫͤͦͦ ͍͔͔͚ͫͦͪͣͤͤͦ ͍͔͙ͪ͊͒͘͟ ͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡Φ ˻͙ͤ ͍͟͡Ό;͊Όͭ 

͍ ͔ͫ͋Ύ ͙ͪ͊͘͡;ͤ·͔ ͫͨͦͫͦ͋· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔͚ͣͤͦ͘ ͦͪ͟·Σ ͦͭͦͪ͟·͔ ͎ͨͦͣͦ͊Όͭ ͔͔͙ͦͨͪ͒ͭ͡Έ ͙ͤ͊͡;͙͔ 

͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡ ͤ͊ ͋ͦ͡Έ΄͙ͻ ͎͙ͯ͋ͤ͊͡ͻΦ ˻͙͒ͤͣ ͙͘ ͫ͊ͣ·ͻ ͨͦͨͯ͡Ύͪͤ·ͻ ͔͍ͣͭͦ͒ͦ Ύ͍͡Ύ͔ͭͫΎ ͔͚͍͔ͫͫͣͦͪ͊͒͊͘͟Σ 

ͦͭͦͪ͊͟Ύ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͙͍͙͊ͪͭͪͦ͊ͤ͟Ύ ͔ͨͦ͒ͣͤ͘·ͻ ͫͭͪͯͭͯͪ͟Φ ̏ͭͦͭ ͔ͣͭͦ͒ ͍ͦͫͤͦ͊ͤ ͤ͊ ͙ͯ͘;͔͙͙ͤ 

͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͍͍ͯͦ͘͟·ͻ ͍ͦͤ͡Σ ͦͭͪ͊͗͊Ό΅͙ͻͫΎ ͦͭ ͙ͪ͊͘͡;ͤ·ͻ ͔͍ͫͦ͡ ˭͔͙ͣ͡Φ ˽ͦͯ͡;͔ͤͤ·͔ ͒͊ͤͤ·͔ 

͍ͨͦͦ͘͡ΎΌͭ ͙ͨͦͫͭͪͦͭΈ ͔ͭͪͻ͔ͣͪͤͯΌ ͔ͣͦ͒͡Έ ͔ͨͦ͒ͣͤ͘·ͻ ͫͭͪͯͭͯͪ͟ ͙ ͍·Ύ͍͙ͭΈ ͍ͦͣͦ͗ͤ͘·͔ ͯ;͙͊ͫͭ͟ ͫ 

͙ͤ͊͡;͙͔ͣ ͔ͤͺ͙ͭ ͙ ͎͊͊͘Φ 

˨͎͙ͪͯͣ ͍͊͗ͤ·ͣ ͔ͣͭͦ͒ͦͣ Ύ͍͡Ύ͔ͭͫΎ Ή͔͎͙ͭͪͦͣ͊ͤͭͤ͊͟͡Ύ ͍͔ͪ͊͒͊͘͟Σ ͦͭͦͪ͊͟Ύ ͎͔ͨͦͣͦ͊ͭ ͙ͯ͘;͊ͭΈ 

͙͔͔͙ͣͤͤ͘Ύ ͍ Ή͔͙ͭͪ͟͡;͔͙ͫ͟ͻ ͙ ͎͙ͣ͊ͤͭͤ·ͻ ͨͦ͡ΎͻΣ ͍·͍͊ͤͤ͘·͔ ͙ͤ͊͡;͙͔ͣ ͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡ ͍ ͔ͨͦ͒ͣͤ͘·ͻ 

ͨͦͪͦ͒͊ͻΦ ̏ͭͦͭ ͔ͣͭͦ͒ ͙͍͊ͭͤͦ͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͙ͨͪ ͙ͨͦͫ͊͟ͻ ͔ͤͺ͙ͭ ͙ ͎͊͊͘ ͍ ͔͙ͦ͊ͤͫ͟͟ͻ ͙ ͙͔ͨͪ͋ͪ͗ͤ·ͻ 

͚ͪ͊ͦͤ͊ͻΦ 
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ˣ͔͙͔ͯͪͤ ͙ ͍͔ͪ͊͒ͦ͘;ͤ·͔ ͍͙ͫ͊͗ͤ͟· 

͙́ͪ͊͒ͼ͙ͦͤͤ·͚ ͔ͣͭͦ͒ ͔͙͋ͯͪͤΎ ͨͦ-͔͔ͨͪ͗ͤͣͯ ͔ͦͫͭ͊ͭͫΎ ͙ͦ͒ͤͣ ͙͘ ͍ͦͫͤͦͤ·ͻ ͒͡Ύ ͙ͨͦͫ͊͟ 

͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤΦ ˻͒ͤ͊ͦ͟ ͫ ͍͙͙͔ͪ͊ͭͣ͘ ͔ͭͻ͎͙͚ͤͦͦ͡ ͔͙͋ͯͪͤΎ ͨͦΎ͍͙͙ͫ͡Έ ͍ͤͦ·͔ ͔͙͙ͣͭͦ͒͟Σ 

͙͔ͭ͊͟ ͊͟͟ ͎͙ͦͪͦͤͭ͊͘͡Έ͔ͤͦ ͔͙͔͋ͯͪͤΣ ͔ͦͭͦͪͦ͟ ͍ͨͦͦ͘͡Ύ͔ͭ ͤ͊͘;͙͔ͭ͡Έͤͦ ͍͔͙ͯ͡;͙͍͊ͭΈ ͨͦ͡΅͊͒Έ ͦͻ͍͊ͭ͊ 

͍͙ͫ͊͗ͤ͟· ͙ ͙͔͍ͫͫ͒ͦ͊ͭ͡Έ ͔ͨͦ͒ͣͤ͘·͔ ͔͙ͦͭͦ͗ͤ͡Ύ ͤ͊ ͋ͦ͡Έ΄͙ͻ ͪ͊ͫͫͭͦΎ͙ͤΎͻΦ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͍͊͗ͤͦ ͙ͨͪ 

͍͔͔ͪ͊͒͘͟ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ ͍ ͫͦ͗ͤ͡·ͻ ͎͔͎͙ͦͦ͡;͔͙ͫ͟ͻ ͍͙ͯͫͦ͡ΎͻΣ ͙ͭ͊͟ͻ ͊͟͟ ͫ͊ͤ͡ͼ͔͍·͔ ͙͙͡ ͎ͯͦ͡Έͤ·͔ 

ͨ͊ͫͭ͡·Φ 

˿͍͔͔ͦͪͣͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͔͙͋ͯͪͤΎ ͔ͭ͊͗͟ ͍͟͡Ό;͊Όͭ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͒͊ͭ;͙͍ͦ͟ ͒͡Ύ ͙͙͎ͣͦͤͭͦͪͤ͊ 

͙ͪ͊͘͡;ͤ·ͻ ͔͍ͨ͊ͪ͊ͣͭͪͦΣ ͙ͭ͊͟ͻ ͊͟͟ ͍͔͙͔͒͊ͤ͡Σ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙ ͍ͫͦͫͭ͊ ͎ͦͪͤ·ͻ ͨͦͪͦ͒Φ ̏ͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ 

ͨͦͯ͡;͊ͭΈ ͔͔͋ͦ͡ ͭͦ;ͤ·͔ ͒͊ͤͤ·͔ ͦ ͍͔ͫͦͫͭ͊ ͔ͤ͒ͪ ͙ ͔͔͋ͦ͡ Ήͺͺ͔͙͍ͭͤͦ͟ ͍·Ύ͍͡ΎͭΈ ͔͔͙ͣͫͭͦͪͦ͗͒ͤΎ 

͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡Φ 

˿͙͍ͨͯͭͤͦ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ 

˿ ͍͙͙͔ͪ͊ͭͣ͘ ͙͍ͫͨͯͭͤͦ͟·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͨͦΎ͍͙͊ͫ͡Έ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͍͔͔͙ͨͪͦ͒ͤΎ ͍͔͙ͪ͊͒͘͟ ͤ͊ ͍ͤͦ·ͻ 

͍ͯͪͦͤΎͻΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͙͙ͫͨͯͭͤ͟ ͎ͣͦͯͭ ͍͙ͨͪͦͦ͒ͭΈ ͙͙͎ͣͦͤͭͦͪͤ ͋ͦ͡Έ΄͙ͻ ͔͙͙͚ͭͪͪͭͦͪ ͙ ͨͦͯ͡;͊ͭΈ ͒͊ͤͤ·͔ 

ͦ ͔͔ͣ͘͡ ͫ ͍·͚ͫͦͦ͟ ͭͦ;ͤͦͫͭΈΌΦ ˮͫͨͦ͡Έͯ͘Ύ ͙͍ͫͨͯͭͤͦ͟·͔ ͙͙ͫͤͣ͟Σ ͣͦ͗ͤͦ ͍·Ύ͍͡ΎͭΈ ͙͔͔͙ͣͤͤ͘Ύ ͍ 

͊ͤ͒͡΄͊ͺ͔ͭΣ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͍͙͔͔ͫ͒ͭ͡Έ͍͍ͫͭͦ͊ͭΈ ͦ ͙ͤ͊͡;͙͙ ͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡Φ ̏ͭͦ ͔ͦͫͦ͋ͤͤͦ ͔ͨͦͤͦ͘͡ ͒͡Ύ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͭͪͯ͒ͤͦ͒ͦͫͭͯͨͤ·ͻ ͔͎͙͍ͪͦͤͦΣ ͙ͭ͊͟ͻ ͊͟͟ ͔͍͔ͫͪͤ·͔ ͚ͪ͊ͦͤ· ˾͙͙ͦͫͫΣ ͙ͭͪͦͨ;͔͙͔ͫ͟ ͔ͫ͊͡ ͙ 

͎͙͔ͯ͋ͦ͟͡ ͔͙͔ͦ͊ͤͫ͟͟ ΄͔͡Έͺ·Φ 

˿͙͍ͨͯͭͤͦ͊͟Ύ ͫΆ͔ͣ͊͟ ͔ͭ͊͗͟ ͙ͫͨͦ͡Έ͔ͯͭͫ͘Ύ ͒͡Ύ ͙͙͎ͣͦͤͭͦͪͤ͊ ͙͔͔͙͚ͣͤͤ͘ ͍ ͊ͭͣͦͫͺ͔͔ͪΣ ͦͭͦͪ͟·͔ 

͎ͣͦͯͭ ͋·ͭΈ ͍ͫΎ͊ͤ͘· ͫ ͔ͯͭ;͙͊ͣ͟ ͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡Σ ;ͭͦ ͎͔ͨͦͣͦ͊ͭ ͔ͤ ͭͦ͡Έͦ͟ ͍ ͍͔͔ͪ͊͒͘͟Σ ͤͦ ͙ ͍ 

Ή͎͙ͦͦ͟͡;͔ͫͦͣ͟ ͔ͦͤͭͪͦ͟͡Φ 

ˮ͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͣͭͦ͒· ͙ ͔͔͙͍ͨͪͫͨͭ͟· 

˴͔ͪͦͣ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͙ ΄͙ͪͦͦ͟ ͙ͫͨͦ͡Έ͔ͯͣ͘·ͻ ͔͍ͣͭͦ͒ͦΣ ͍ ͔͙͔ͨͦͫ͒ͤ͡ ͎ͦ͒· ͙ͫͭ͊͡ ͍͙͍ͪ͊͊ͭ͘ΈͫΎ ͙ 

͍ͤͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ ͙͔ͭ͊͟ ͊͟͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͒ͪͦͤͦ ͒͡Ύ ͔͍͙ͦ͋ͫ͒ͦ͊ͤ͡Ύ ͭͪͯ͒ͤͦ͒ͦͫͭͯͨͤ·ͻ ͔͙͙͚ͭͪͪͭͦͪΣ 

͙͔͔͙͔ͨͪͣͤͤ ͙͍͔͎ͫͯͫͫͭͤͤͦͦ͟ ͙͔͔ͤͭͭ͊͟͡͡ ͒͡Ύ ͙ͦ͋ͪ͊͋ͦͭ͟ ͋ͦ͡Έ΄͙ͻ ͦ͋Ά͔͍ͣͦ ͒͊ͤͤ·ͻ ͙ ͙ͫͦ͒͊ͤ͘Ύ ͭͦ;ͤ·ͻ 

͎͔͎͙ͦͦ͡;͔͙ͫ͟ͻ ͔͔͚ͣͦ͒͡Σ ͊ ͔ͭ͊͗͟ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍͙ͪͭͯ͊͡Έ͚ͤͦ ͔ͪ͊͡Έ͙ͤͦͫͭ ͒͡Ύ ͙ͫͣͯ͡Ύͼ͙͙ ͍͔ͪ͊͒ͦ͘;ͤ·ͻ 

ͨͪͦͼ͔͍ͫͫͦ ͙ ͦ͋ͯ;͔͙ͤΎ ͔ͫͨͼ͙͙͍͊ͫͭͦ͡Φ 

˻͔ͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ ͙ͫͭͦͭ ͔͙ͯ͒ͭ͡Έ ͍͙͙ͪ͊ͭ͘Ό ͔ͭͻ͎͙͚ͤͦͦ͡Σ ͍ͫΎ͊ͤͤ͘·ͻ ͫ ͔͙͋ͫͨͦͭͤ͡·͙ͣ ͍ͨͦ͒ͦ͒ͤ·͙ͣ 

͙͊ͨͨ͊ͪ͊ͭ͊ͣ όwh±ύΣ ͦͭͦͪ͟·͔ ͙ͫͨͦ͡Έͯ͘ΌͭͫΎ ͒͡Ύ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡ ͙ͣͦͪͫ͟ͻ ΄͔͡Έͺ͍ͦ ͙ ͍ͨͦ͒ͦ͒ͤ·ͻ 

͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ ͔ͤͺ͙ͭ ͙ ͎͊͊͘Φ ͙̏ͭ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ͨͦͦ͘͡ΎΌͭ ͍͙ͨͪͦͦ͒ͭΈ ͍͔ͪ͊͒ͯ͘͟ ͍ ͍͙ͯͫͦ͡ΎͻΣ ͦͭͦͪ͟·͔ 

͔͔ͪ͊ͤ ͫ;͙͙ͭ͊ͫ͡Έ ͚͔ͪ͊ͤ͟ ͫͦ͗ͤ͡·͙ͣ ͒͡Ύ ͙ͭͪ͊͒ͼ͙ͦͤͤ·ͻ ͔͍ͣͭͦ͒ͦΦ 

˽͔͙ͪͣͯ΅͔͍ͫͭ͊ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͔ͭͻ͎͙͚ͤͦͦ͡ ͍ ͍͔͔ͪ͊͒͘͟ 

˽͙͔͔͙͔ͪͣͤͤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͭͻ͎͙͚ͤͦͦ͡ ͒͡Ύ ͙ͨͦͫ͊͟ ͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ ͙͔͔ͣͭ 

͔͍ͣͤͦ͗ͫͭͦ ͔͙ͨͪͣͯ΅͔͍ͫͭΥ 

́ͦ;ͤͦͫͭΈ ͙ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΥ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͍ͨͦͦ͘͡ΎΌͭ ͍͙ͨͪͦͦ͒ͭΈ ͔͔͋ͦ͡ ͭͦ;ͤ·͔ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΣ ;ͭͦ ͍͔ͫͨͦͫͦ͋ͫͭͯͭ ͫͦͪ͊͟΅͔͙ͤΌ ͍͔͔͙ͪͣͤ ͙ ͊ͭͪ͊ͭ͘ ͤ͊ ͙ͨͦͫ͟ ͍ͤͦ·ͻ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤΦ 

˥͙͋ͦͫͭ͟ΈΥ ˹͍ͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ͨͦͦ͘͡ΎΌͭ ͪ͊͋ͦͭ͊ͭΈ ͍ ͫ͊ͣ·ͻ ͙ͪ͊͘͡;ͤ·ͻ ͎͔͎͙ͦͦ͡;͔͙ͫ͟ͻ ͍͙ͯͫͦ͡ΎͻΣ 

͍͟͡Ό;͊Ύ ͭͪͯ͒ͤͦ͒ͦͫͭͯͨͤ·͔ ͚ͪ͊ͦͤ·Σ ͙͔ͭ͊͟ ͊͟͟ ͔͙͔ͦ͊ͤͫ͟͟ ΄͔͡Έͺ· ͙͙͡ Ή͔ͫͭͪͣ͊͟͡Έͤ·͔ ͙͙ͣ͊ͭ͟͡;͔͙͔ͫ͟ 

ͦͤ͘·Φ 

͔́ͻ͎͙͙ͤͦͦ͡ ͫ·͎͙ͪ͊͡ ͟͡Ό;͔͍ͯΌ ͪͦ͡Έ ͍ ͍͙͙͙ͪ͊ͭ͘ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡Σ ͔ͦͫͦ͋ͤͤͦ ͍ ͙͔ͨͦͫ͟ ͍ͤͦ·ͻ 

͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ ͎͔͍͍ͯͦ͒ͦͪͦ͒ͦ͡Φ ˿͍͔͔ͦͪͣͤͤ·͔ ͎͔ͦͺ͙͙͘;͔͙͔ͫ͟ ͔ͣͭͦ͒·Σ ͙͍ͫͨͯͭͤͦ͟·͔ ͔ͭͻ͎͙͙ͤͦͦ͡Σ 

͙͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͍͋ͯͪͦ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͙ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͔͙͋ͫͨͦͭͤ͡·ͻ ͙͔ͫͫͭͣ ͫͯ΅͔͍͔ͫͭͤͤͦ ͍ͨͦ·͙͙ͫ͡ 

Ήͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙ ͭͦ;ͤͦͫͭΈ ͍͔͙ͪ͊͒͘͟Φ ͙̏ͭ ͙͔͙͒ͦͫͭ͗ͤΎ ͍ͨͦͦ͘͡ΎΌͭ ͔ͤ ͭͦ͡Έͦ͟ ͙ͯͫͦͪͭ͟Έ ͙ͨͦͫ͟ 

͎͔͍ͯͦ͒ͦͪͦ͒ͤ͡·ͻ ͔͍ͪͫͯͪͫͦΣ ͤͦ ͙ ͙͙͙͙͍ͣͤͣͪͦ͊ͭ͘Έ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙͙ͪͫ͟ ͙ ͊ͭͪ͊ͭ͘·Φ ˤ ͋ͯ͒ͯ΅͔ͣ 

͔ͭͻ͎͙͙ͤͦͦ͡ ͍͔͙ͪ͊͒͘͟ ͋ͯ͒ͯͭ ͨͪͦ͒ͦ͗͊ͭ͡Έ ͍͙͍ͪ͊͊ͭ͘ΈͫΎΣ ͙ ͔ͤͺ͔͎͍ͭ͊ͦ͊͘Ύ ͦͭͪ͊ͫ͡ΈΣ ͍ͦͣͦ͗ͤͦ͘Σ ͔ͦͭͪͦͭ͟ 
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͍ͤͦ·͔ ͎͙ͦͪͦͤͭ͘· ͒͡Ύ ͙ͨͦͫ͊͟ ͙ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤΣ ;ͭͦ ͔͋ͯ͒ͭ ͍͍ͫͨͦͫͦ͋ͫͭͦ͊ͭΈ ͔͔ͦ͋ͫͨ;͔͙ͤΌ 

͙͍ͣͪͦ·ͻ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͔͔͚ͨͦͭͪ͋ͤͦͫͭΦ 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

1. ˣ͍͊ͪͫͯͦ͟Σ ˤΦ˿Φ όнлмсύΦ ͔́ͻ͎͙͙ͤͦͦ͡ ͍͔͙ͪ͊͒͘͟ ͙ ͙ͪ͊ͪ͊͋ͦͭ͘͟ ͔ͤͺ͔͎͍ͭ͊ͦ͘·ͻ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤΦ ˿͊ͤͭ͟-

˽͔͔͎ͭͪ͋ͯͪΥ ˹͊ͯ;͔ͤͦ ͙͙͔͒͊ͤ͘Φ 

2. ͙̊͊ͭ͊ͤ͡Σ ̑ΦˢΦ όнлмуύΦ ˿͍͔͔ͦͪͣͤͤ·͔ ͔ͣͭͦ͒· ͙ͨͦͫ͊͟ ͙ ͍͔͙ͪ͊͒͘͟ ͔ͤͺ͙ͭ ͙ ͎͊͊͘Φ ˸͍ͦͫ͊͟Υ 

˥͔͔ͦ́ͻͤͦ˽͔ͪͫͫΦ 

3. ˮ͍͍͊ͤͦΣ ˢΦ˶Φ όнлмфύΦ ˮ͍ͤͤͦ͊ͼ͙ͦͤͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ ͍ ͔ͤͺ͔͎͍͚ͭ͊ͦͦ͘ ͙ͦͭͪ͊ͫ͡Φ ˩͔͙͎͊ͭͪͤ͋ͯͪ͟Υ ̂ͪ̅̂Φ  

ϭ ̉ͦ΄͍ͯͪͦ ˢΦΣ ͔͔͍̏ͭͫͪͦ͊͡ ˥ΦΣ ˣ͚͊ͣ·͍ͪ͊͒ͦ͊ ˢΦΣ ˣ͔͙͔͍ͪ͒͊ ˿Φ, 2024 
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TECHNOLOGY OF EXTRACTING QUERCETIN FROM RED GRAPES: METHODS, APPLICATIONS, AND BENEFITS 

 

Abstract 

Quercetin, a bioactive flavonoid found in red grapes, is known for its antioxidant, anti-inflammatory, 

and anticancer properties, making it valuable for both the food and pharmaceutical industries. This article 

explores the technology and methods used for the efficient extraction of quercetin from red grapes, focusing 

on various extraction techniques, including solvent extraction, supercritical fluid extraction, and enzymatic 

methods. The potential applications of quercetin in health supplements, food preservation, and medicinal 

products are also discussed, along with its benefits to human health. Advancements in extraction 

technologies allow for higher yields, greater purity, and more sustainable practices, supporting the broader 

use of quercetin in various industries. 

Key words 

quercetin, red grapes, extraction technology, antioxidants, bioactive compounds, health benefits. 

 

Introduction 

Quercetin is a polyphenolic flavonoid with significant health benefits, found in high concentrations in 

red grapes. Known for its antioxidant, anti-inflammatory, and anticancer properties, quercetin has attracted 

interest in food, nutraceutical, and pharmaceutical industries. Efficient extraction methods are essential to 

maximizing yield, quality, and cost-effectiveness for industrial applications. 

Composition and Importance of Quercetin in Red Grapes 

Red grapes contain various bioactive compounds, including flavonoids like quercetin, which contribute 

to the antioxidant properties of the fruit. This compound has been shown to reduce oxidative stress, protect 

cells from damage, and improve heart and immune health. Due to its health benefits, quercetin is widely 

used in dietary supplements, functional foods, and medicinal products. 

Methods of Extracting Quercetin from Red Grapes 

Solvent Extraction 

One of the most common methods for extracting quercetin involves solvent extraction using organic 

solvents like ethanol or methanol. This method allows for the effective dissolution of quercetin from grape 

skins and seeds. Solvent concentration, temperature, and extraction time play critical roles in optimizing yield 

and purity. However, solvent extraction often requires additional purification steps to remove unwanted 

byproducts. 

Supercritical Fluid Extraction (SFE) 

{ǳǇŜǊŎǊƛǘƛŎŀƭ ŦƭǳƛŘ ŜȄǘǊŀŎǘƛƻƴΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǿƛǘƘ /hіΣ ƛǎ ŀ ƎǊŜŜƴŜǊ ŀƴŘ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ƳŜǘƘƻŘ ŦƻǊ 

obtaining quercetin. This technique involves using supercritical carbon dioxide, which operates in a state 

between liquid and gas, as the solvent under high pressure. SFE is advantageous due to its low environmental 

impact, absence of toxic residues, and ability to produce high-purity extracts. This method also reduces 

degradation of heat-sensitive compounds, maintaining the bioactivity of quercetin. 

Enzymatic Extraction 

Enzymatic extraction uses natural enzymes to break down cell walls and release quercetin. Enzymes 

like cellulase and pectinase target grape cell walls, allowing for a mild and selective extraction process. This 

method is environmentally friendly, with high specificity, reduced solvent usage, and minimal degradation of 
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quercetin. Additionally, enzymatic extraction is particularly beneficial for food-grade applications, as it aligns 

with clean-label trends. 

Microwave-Assisted and Ultrasound-Assisted Extraction 

Microwave-assisted and ultrasound-assisted extraction are advanced techniques that reduce 

processing time and improve extraction efficiency. In microwave-assisted extraction, the microwaves disrupt 

cellular structure, enhancing the release of quercetin. Ultrasound-assisted extraction uses high-frequency 

sound waves to agitate grape tissues, allowing solvents to penetrate cells more effectively. Both methods 

enhance extraction yield while maintaining compound integrity. 

Applications of Quercetin in Various Industries 

Pharmaceutical Industry 

Quercetin is valued in the pharmaceutical industry for its potential therapeutic applications, including 

anti-inflammatory, antiviral, and anticancer properties. It is commonly used in natural health supplements 

and has shown promise in treating cardiovascular diseases and immune-related disorders. 

Food Industry 

As an antioxidant, quercetin acts as a natural preservative in food products by slowing down the 

oxidation of fats and oils. Its incorporation in food packaging or as an additive extends shelf life and improves 

the nutritional profile of products, such as juices and snacks. 

Cosmetics and Personal Care 

Due to its antioxidant and anti-aging properties, quercetin is also used in skincare and personal care 

products. It protects the skin from oxidative stress and environmental damage, making it a valuable 

ingredient in anti-aging creams and lotions. 

Benefits of Advancements in Extraction Technology 

The advancements in quercetin extraction technologies allow for sustainable practices that minimize 

environmental impact and improve cost-effectiveness. By using greener techniques like supercritical fluid 

extraction and enzymatic methods, industries can meet increasing consumer demand for natural and 

sustainably sourced bioactive compounds. High-purity quercetin extracts enhance product quality in the 

nutraceutical, pharmaceutical, and food industries, contributing to overall health and wellness. 

Conclusion 

Quercetin extraction from red grapes is a promising field with wide-ranging applications and significant 

health benefits. Modern extraction methods, such as supercritical fluid extraction, enzymatic extraction, and 

microwave-assisted techniques, offer efficient and sustainable ways to produce high-purity quercetin. These 

methods support its expanding use in pharmaceuticals, food, and cosmetics, where its antioxidant and 

health-enhancing properties are highly valued. Further research and technological improvements in 

extraction methods will continue to drive the growth of quercetin applications across various industries. 
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