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ɸʅʆʊɸʎɯʗ 

ɯʚʘʥʦʚ ɼ.ɺ. ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ï ʈʫʢʦʧʠʩ 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.06 ï ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, 2025. 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʚôʷʟʘʥʘ ʚʘʞʣʠʚʘ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʘ ʟʘʜʘʯʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ 

ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʘʙʦ ʧʨʠʨʦʜʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

ʅʘʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʚʠʟʥʘʯʝʥʦ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʽ ʧʽʜʢʨʝʩʣʝʥʦ ʚʘʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʮʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʦʢʘʟʘʚ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʘʣʛʦʨʠʪʤʽʚ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ 

ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʟʦʢʨʝʤʘ ʚ ʢʦʥʪʝʢʩʪʽ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʽʥʪʝʛʨʘʮʽʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʭʤʘʨʥʫ ʦʙʨʦʙʢʫ 

ʜʘʥʠʭ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪʘʭ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʦʯʘʩʦʚʽ ʩʫʧʫʪʥʠʢʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʊʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʡ ʢʘʨʪʦʛʨʘʬʫʚʘʪʠ ʟʦʥʠ ʤʦʞʣʠʚʠʭ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ, 

ʚʨʘʭʦʚʫʶʯʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʟʦʢʨʝʤʘ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ 

ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, 

ʭʤʘʨʥʫ ʦʙʨʦʙʢʫ, ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪʘʭ ʽ ʟʨʫʯʥʠʡ 

ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʘʥʘʣʽʟʫ ʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ. 

ʂʣʁ ʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ, ʤʦʜʝʣʶʚʘʥʥʷ, ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʥʘʜʟʚʠʯʘʡʥʽ 

ʩʠʪʫʘʮʽʾ.  
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SUMMARY  

Ivanov D.V. Geoinformation technology for forecasting and assessing 

flooding in emergency situations. ï Manuscript  

Thesis for scientific degree of Candidate of Technical Sciences in specialty 

05.13.06 ï Information technologies. ï Dnipro University of Technology, Dnipro, 

2025. 

This dissertation proposes a comprehensive solution for developing 

advanced information technologies for forecasting and mapping flood zones during 

emergencies caused by anthropogenic and natural factors. The thesis explores 

modern techniques and methodologies for predicting and assessing the 

consequences of flooding, focusing mainly on the limitations of current approaches 

and software tools in handling these issues, especially in emergencies. While 

effective under regular facilities, existing technologies often suffer from low 

accuracy and limited efficiency when applied to the urgent context of natural or 

human-made disasters. This limitation underscores the need for innovative 

approaches to address the complexities of real-time flood forecasting and mapping, 

ensuring that decisions can be made quickly to mitigate the devastating impacts on 

lives and property. 

The research highlights the growing importance of satellite-based data in 

monitoring flood events and the role of automated systems in improving the speed 

and reliability of disaster response efforts. The technology developed within this 

dissertation integrates multi-temporal satellite images with machine learning 

methods, explicitly leveraging semi-supervised learning techniques and 

convolutional neural networks. This combination improves accuracy in predicting 

potential flood zones, overcoming the inaccuracies associated with traditional 

flood modeling. The proposed system includes several key stages that address the 

challenges of accurate flood zone identification. These stages begin with the 

preprocessing of optical satellite images, which involves the removal of cloud 

cover to ensure that the image data used for analysis is as clear and consistent as 

possible. The next step is automatically segmenting water bodies, critical for 

identifying areas susceptible to flooding. Additionally, the system forecasts water 

level changes based on the analysis of multi-temporal optical satellite images, 

which enhances the capability to model flood events across time and space. 
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One of the main advantages of this technology is its ability to generate 

highly accurate flood zone maps with an error rate as low as 12%. This accuracy is 

crucial for ensuring that emergency responders and decision-makers have reliable 

data for managing risks and coordinating efforts during an emergency. The 

proposed information technology was implemented as a geographic information 

system (GIS), integrating satellite imagery, cloud-based data processing, and real-

time visualization of the results on interactive maps. This GIS platform provides a 

user-friendly interface that allows operators to quickly input data, perform 

necessary analyses, and visualize flood zones in an efficient and effective way. The 

system is designed to assist decision-makers in rapidly assessing flood risks, 

determining the extent of flood zones, and taking appropriate action to minimize 

the damage caused by flooding. 

Testing the proposed technology in various real-world conditions has 

demonstrated its effectiveness in assessing flood zones under different emergency 

scenarios. The results show that the system can provide timely and accurate 

predictions, even in the complex and dynamic environments that characterize flood 

events. Whether the emergency is due to natural disasters such as hurricanes, river 

flooding, or anthropogenic factors such as dam failures or industrial accidents, the 

technology can adapt to different situations and provide actionable insights for risk 

management and mitigation. 

In addition to improving the precision of flood forecasting, the proposed 

technology also contributes to a more streamlined and efficient process for 

decision-making during emergencies. By providing real-time information, the 

system can help authorities make more informed choices about resource allocation, 

evacuation plans, and other critical aspects of emergency management. This 

capability is essential in climate change, where the frequency and intensity of 

flooding events are expected to increase, making the need for accurate and timely 

flood mapping even more pressing. 

The information technology developed in this dissertation offers several 

significant benefits for flood risk management. First, it enhances the accuracy of 

flood zone forecasting, providing authorities with reliable data that can be used to 

protect populations and infrastructure. Second, it enables faster decision-making by 

presenting flood risk information in an easily accessible format. Finally, it reduces 

the potential negative consequences of flooding by improving the effectiveness of 
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emergency response efforts, ultimately saving lives and minimizing economic 

losses. 

The technology is highly scalable and can be applied to various regions and 

flood scenarios, making it an invaluable tool for governments, emergency services, 

and disaster response teams worldwide. With its ability to integrate satellite data, 

process information in the cloud, and deliver real-time predictions and 

visualizations, the system represents a significant step forward in flood forecasting 

and mapping. It provides a vital resource for managing flood risks in an 

increasingly complex and uncertain world. 

In conclusion, the proposed information technology can profoundly impact 

the accuracy and effectiveness of flood zone forecasting and mapping, enabling 

better decision-making during emergencies and enhancing the ability to manage 

flood-related risks. By reducing the time and resources required for accurate flood 

assessments, this technology holds the potential to mitigate the devastating effects 

of floods on human populations, infrastructure, and economies worldwide. 

Key words: geoinformation technologies, flooding, flood forecasting, 

modeling, satellite data, emergencies.  



6 

 

ʉʇʀʉʆʂ ʆʇʋɹʃɯʂʆɺɸʅʀʍ ʇʈɸʎʔ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

ʉʪʘʪʪʽ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʜʘʥʥʷʭ ʪʘ ʫ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʚʢʣʶʯʝʥʦ ʜʦ ʥʘʫʢʦʚʦ-

ʤʝʪʨʠʯʥʠʭ ʙʘʟ: 

1.  Ivanov D.V., Hnatushenko V.V., Kashtan V.Yu., Garkusha I.M. (2022). 

Computer modeling of territory flooding in the event of an emergency at 

Seredniodniprovska Hydroelectric Power Plant. Naukovyi Visnyk Natsionalnoho 

Hirnychoho Universytetu, 2022, ˉ 6. P.158-163. (ɿʙʽʨʥʠʢ ʚʢʣʶʯʝʥʦ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ: Scopus, Index Copernicus). DOI: 

https://doi.org/10.33271/nvngu/2022-6/123. (ʆʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ: ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ). 

2.  Kashtan V.Yu., Ivanov D.V., Hnatushenko V.V. (2024). Geoinformation 

Technology for Modeling and Mapping Flooding Territory in the Event of the 

Dnipro Hydroelectric Power Station Dam Failure. In: Babichev, S., Lytvynenko, 

V. (eds) Lecture Notes in Data Engineering, Computational Intelligence, and 

Decision-Making, Volume 1. ISDMCI 2024. Lecture Notes on Data Engineering 

and Communications Technologies, 27 December 2024, vol 219, pp 93ï115. 

Springer, Cham. Print ISBN 978-3-031-70958-6, Online ISBN 978-3-031-70959-

3. DOI: https://doi.org/10.1007/978-3-031-70959-3_5 (ʆʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ: 

ʨʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʝʙʝʟʧʝʢʠ 

ʟʘʪʦʧʣʝʥʥʷ ʧʨʠ ʤʦʞʣʠʚʽʡ ʘʚʘʨʽʾ ʥʘ ɼʥʽʧʨʦʚʩʴʢʽʡ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ). 

ʉʪʘʪʪʽ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ: 

3.  ʂʘʰʪʘʥ ɺ.ʖ., ʉʝʨʛʻʻʚʘ ʂ.ʃ., ʂʦʨʦʙʢʦ ʆ.ɺ., ɯʚʘʥʦʚ ɼ.ɺ. ʇʦʰʫʢ ʪʘ 

ʦʮʽʥʢʘ ʦʩʪʨʦʚʽʚ ʪʝʧʣʘ ʥʘ ʮʠʬʨʦʚʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ // ʉʠʩʪʝʤʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

ʈʝʛʽʦʥʘʣʴʥʠʡ ʤʽʞʚʫʟʽʚʩʴʢʠʡ ʟʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ï ɺʠʧʫʩʢ 3 (146). - 

ɼʥʽʧʨʦ, 2023. ï 146 ʩ. ï ʉ.87-98. ISSN 1562-9945 (Print), ISSN 2707-7977 

(Online). DOI: https://doi.org/10.34185/1562-9945-3-146-2023-09.  (ʆʩʦʙʠʩʪʦ 

ʟʜʦʙʫʚʘʯʝʤ: ʧʦʙʫʜʦʚʘʥʦ ʢʘʨʪʠ UHI, LST ʤʽʩʪʘ ɼʥʽʧʨʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ). 
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4.  ɯʚʘʥʦʚ ɼ.ɺ., ʂʘʰʪʘʥ ɺ.ʖ. ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʟʦʥ (ʪʝʨʠʪʦʨʽʡ) ʥʘ ʦʩʥʦʚʽ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ. (ʆʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ: ʨʦʟʨʦʙʣʝʥʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʟʦʥ  ʥʘ ʦʩʥʦʚʽ ʪʨʘʥʩʬʝʨʥʦʛʦ ʥʘʚʯʘʥʥʷ). 

5.  ɯʚʘʥʦʚ ɼ.ɺ., ʂʘʰʪʘʥ ɺ.ʖ., ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ. ʄʝʪʦʜʦʣʦʛʽʷ ʮʠʬʨʦʚʦʛʦ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʠʭ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ // ɺʽʩʥʠʢ 

ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ: ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. ï ʊʦʤ 

341 ˉ 5, ʍʤʝʣʴʥʠʮʴʢʠʡ, 2024. ï ʉ.12-19. ISSN 2307-5732. DOI: 

https://doi.org/10.31891/2307-5732-2024-341-5-1. (ʆʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ:  

ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽ ̫ ʮʠʬʨʦʚʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ çʪʦʯʢʘ ʚ ʧʦʣʽʛʦʥʽè). 

6.  ɯʚʘʥʦʚ ɼ.ɺ., ʂʘʰʪʘʥ ɺ.ʖ. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʽʟ 

ʟʘʭʠʱʝʥʦʶ ʦʙʨʦʙʢʦʶ ʜʘʥʠʭ ʧʨʠ ʟʘʪʦʧʣʝʥʥʽ ʪʝʨʠʪʦʨʽʡ // ɺʽʩʥʠʢ 

ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ: ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. ï ʊʦʤ 

347 ˉ1, ʍʤʝʣʴʥʠʮʴʢʠʡ, 2025. ï ʉ.123-130. ISSN 2307-5732. DOI: 

https://doi.org/10.31891/2307-5732-2024-347-1-16. (ʆʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ: 

ʨʦʟʨʦʙʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽʟ 

ʟʘʭʠʱʝʥʦʶ ʦʙʨʦʙʢʦʶ ʜʘʥʠʭ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ). 

ʊʝʟʠ ʽ ʤʘʪʝʨʽʘʣʠ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ: 

7.  ɯʚʘʥʦʚ ɼ.ɺ., ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ // 

ʇʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʚʽʪʽ, ʥʘʫʮʽ ʪʘ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ: ʍVɯ ʄʽʞʥ. ʢʦʥʬ. (15-17 ʛʨʫʜʥʷ 2021 ʨ.): ʟʙ. ʥʘʫʢ. ʧʨ. 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ï ɼʥʽʧʨʦ: 2022. No6. 

ʉ.123-128. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://ir.nmu.org.ua/handle/123456789/160316. 

(ʆʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ: ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʠ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʫ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ 

ɻɽʉ çɻʝʇ ɸʢʦʩʦʤʙʦè). 
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8.  ʇʨʠʭʦʜʴʢʦ ɭ.ʆ., ʂʘʰʪʘʥ ɺ.ʖ., ɯʚʘʥʦʚ ɼ.ɺ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʙʽʨ 

ʜʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʨʫʡʥʫʚʘʥʴ ʜʘʤʙʠ // ʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾ: 

ʤʘʪʝʨʽʘʣʠ ʍ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ, ɼʥʽʧʨʦ, 23ï25 ʣʠʩʪʦʧʘʜʘ 2022 ʨʦʢʫ / 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ï ɼʥʽʧʨʦ: 

ʅʊʋ çɼʇè, 2022 ï 567 ʩ. ï ʉ. 366-367. (ʆʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ: ʨʦʟʨʦʙʣʝʥʠʡ 

ʘʣʛʦʨʠʪʤ ʧʘʨʩʠʥʛʫ ʚʝʙ-ʩʘʡʪʽʚ). 

9.  ʉʝʨʛʻʻʚʘ ʂ.ʃ., ʂʘʰʪʘʥ ɺ.ʖ., ʂʦʨʦʙʢʦ ʆ.ɺ., ɯʚʘʥʦʚ ɼ.ɺ., ʂʘʯʘʥ ɯ.ʉ. 

ɸʥʘʣʽʟ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʦʩʪʨʦʚʽʚ ʪʝʧʣʘ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ // ʇʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʚʽʪʽ, 

ʥʘʫʮʽ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: ʍVIɯ ʄʽʞʥʘʨ. ʢʦʥʬ. (24 ʣʠʩʪʦʧʘʜʘ 2022 ʨ., ʤ. 

ɼʥʽʧʨʦ): ʟʙ. ʥʘʫʢ. ʧʨ. / ʨʝʜ. ʢʦʣ.: ɸ.ɸ. ɸʟʶʢʦʚʩʴʢʠʡ ʪʘ ʽʥ.; ʄ-ʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ, ʅʘʮ. ʪʝʭʥ. ʫʥ-ʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ï ɼʥʽʧʨʦ: ʅʊʋ çɼʇè, 

2022. ï ˉ 7. ï 214 ʩ. ï ʉ. 71-76. (ʆʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ: ʧʦʙʫʜʦʚʘʥʘ 

ʢʘʨʪʦʛʨʘʤʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʦʥ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ). 

10.  ʂʘʰʪʘʥ ɺ.ʖ., ɯʚʘʥʦʚ ɼ.ɺ. ʂʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ 

ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʧʨʠʣʝʛʣʠʭ ʜʦ ʥʠʭ ʪʝʨʠʪʦʨʽʡ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ // çʅʘʫʢʦʚʘ 

ʚʝʩʥʘè 2023: ʤʘʪʝʨʽʘʣʠ XIɯI ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ, ɼʥʽʧʨʦ, 1ï3 ʙʝʨʝʟʥʷ 2023 ʨʦʢʫ / 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ï ɼʥʽʧʨʦ: 

ʅʊʋ çɼʇè, 2023. 483 ʩ. ï ʉ. 176-177. (ʆʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ: ʦʨʛʘʥʽʟʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʠ ʙʘʟʠ ʛʝʦʜʘʥʠʭ ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ). 

11.  ʂʘʰʪʘʥ ɺ.ʖ., ɯʚʘʥʦʚ ɼ.ɺ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʟʙʦʨʫ ʘʥʘʣʽʪʠʯʥʠʭ ʜʘʥʠʭ ʽʟ ʚʝʙ-ʨʝʩʫʨʩʽʚ // ɯʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʶʶʯʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʩʠʩʪʝʤʠ ʪʘ ʢʦʤʧʣʝʢʩʠ (ɯʄʊʉʂ-2024): V ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ. 18-19 ʢʚʽʪʥʷ 2024 ʨ., ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ. ï ʏʝʨʢʘʩʠ: 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ, 2024. ï 

319 ʩ. ï ʉ. 97-99. (ʆʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ: ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʘʨʩʠʥʛʫ 

ʩʘʡʪʫ). 
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12.  Kashtan V. Yu., Ivanov D.V., Hnatushenko V.V. GEOINFORMATION 

TECHNOLOGY FOR FLOOD ZONE MODELING AND EMERGENCY 

RESPONSE PLANNING // ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ 

ʧʨʦʙʣʝʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ISDMSI'2024): ʤʘʪʝʨʽʘʣʠ ʍʍ 

ʄʞ̔ʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ (20-23 ʯʝʨʚʥʷ 2024 ʨ., ʤ. 

ʍʤʝʣʴʥʠʮʴʢʠʡ, ʤ. ʋʩʪʽ ʥʘʜ ʃʘʙʝʤ) / ʟʘ ʨʝʜ. ɺ.ɯ. ʃʠʪʚʠʥʝʥʢʘ, ʉ.ɸ. ɹʘʙʽʯʝʚʘ. ï 

ʍʝʨʩʦʥ: ʂʥʠʞʢʦʚʝ ʚʠʜʘʚʥʠʮʪʚʦ ʌʆʇ ɺʠʰʝʤʠʨʩʴʢʠʡ ɺ.ʉ., 2024. ï 49 ʩ. ISBN 

978-617-8187-21-7 (ʝʣʝʢʪʨʦʥʥʝ ʚʠʜʘʥʥʷ). ï ʉ. 9-10. (ʆʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʝʤ: 

ʨʦʟʨʦʙʣʝʥʘ ʪʦʧʦʛʨʘʬʽʯʥʘ ʢʘʨʪʘ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʪʘ ʟʦʥʠ 

ʟʘʪʦʧʣʝʥʥʷ). 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

 

ARW Advanced Research WRF (ʧʝʨʝʜʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʛʦʜʠ) 

CNN Convolutional Neural Networks (ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ) 

FCN Full Convolutional Networks (ʧʦʚʥʽʩʪʶ ʟʛʦʨʪʢʦʚʦʾ ʤʝʨʝʞʽ) 

FL ʂʣʘʩ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ 

FR ʌʘʢʪʦʨʥʠʡ ʚʧʣʠʚ 

FV ʂʣʘʩ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

FVI ɯʥʜʝʢʩ ʚʨʘʟʣʠʚʦʩʪʽ ʜʦ ʧʦʚʝʥʝʡ 

GFS Global Forecast System (ʛʣʦʙʘʣʴʥʘ ʩʠʩʪʝʤʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ) 

GUI Graphical User Interface (ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ) 

K-NN K-Nearest Neighbor 

LST Land Surface Temperature (ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ) 

MAUT ʊʝʦʨʽʷ ʙʘʛʘʪʦʘʪʨʠʙʫʪʠʚʥʦʾ ʢʦʨʠʩʥʦʩʪʽ 

MIR Mid-Infrared Range of the Spectrum (ʩʝʨʝʜʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʜʽʘʧʘʟʦʥ 

ʩʧʝʢʪʨʘ) 

MNDWI Modified Normalized Difference Water Index (ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʽʥʜʝʢʩ 

ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʨʽʟʥʠʮʽ ʚʦʜʠ) 

NCAR National Center for Atmospheric Research (ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ 

ʘʪʤʦʩʬʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ) 

NCEP National Center for Environmental Prediction (ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) 

NDVI Normalized Difference Vegetation Index (ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ 

ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ) 

NDWI Normalized Difference Water Index (ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʨʽʟʥʠʮʷ ʚʦʜʠ) 

NIR Near InfraRed (ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʜʽʘʧʘʟʦʥ ʩʧʝʢʪʨʘ) 

NMM Nonhydrostatic Mesoscale Model (ʥʝʛʽʜʨʦʩʪʘʪʠʯʥʘ ʤʝʟʦʤʘʩʰʪʘʙʥʘ 

ʤʦʜʝʣʴ) 
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NOAA National Oceanic and Atmospheric Administration (ʅʘʮʽʦʥʘʣʴʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʦʢʝʘʥʽʯʥʠʭ ʽ ʘʪʤʦʩʬʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ) 

RF ʂʣʘʩʠʬʽʢʘʪʦʨ Random Forest (ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ) 

RIMES 

WRF 

Regional Integrated Multi-Hazard Early Warning System Weather 

Research and Forecasting (ʈʝʛʽʦʥʘʣʴʥʘ ʽʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʨʘʥʥʴʦʛʦ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʨʽʟʥʽ ʚʠʜʠ ʥʝʙʝʟʧʝʢ ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʛʦʜʠ) 

SCS Soil Conservation Service (ʉʣʫʞʙʘ ʦʭʦʨʦʥʠ ˇʨʫʥʪʽʚ) 

SRTM Shuttle Radar Topography Mission (ʈʘʜʽʦʣʦʢʘʮʽʡʥʘ ʪʦʧʦʛʨʘʬʽʯʥʘ ʤʽʩʽʷ 

çʐʘʪʪʣè) 

SVM Support Vector Machines (ʤʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ) 

UHI Urban Heat Islands (ʤʽʩʴʢʽ ʦʩʪʨʦʚʠ ʪʝʧʣʘ) 

WRF Weather Research and Forecasting (ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʛʦʜʠ) 

AHP ʄʝʪʦʜ ʘʥʘʣʽʪʠʯʥʦʾ ʽʻʨʘʨʭʽʾ 

ɹɻɼ ɹʘʟʘ ʛʝʦʜʘʥʠʭ 

ɻɸ ɻʽʜʨʦʜʠʥʘʤʽʯʥʘ ʘʚʘʨʽʷ 

ɻɽʉ ɻʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷ 

ɻɯʉ ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

ɻʊʉ ɻʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ 

ɼɿɿ ɼʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ʅʄ ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ʆɸɽ ʆʙ'ʻʜʥʘʥʽ ɸʨʘʙʩʴʢʽ ɽʤʽʨʘʪʠ 

ʉʂɿ ʉʠʩʪʝʤʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ 

ʉʋɹɼ ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ 

ʊʅʄ ʊʨʽʘʥʛʫʣʷʮʽʡʥʘ ʥʝʨʝʛʫʣʷʨʥʘ ʤʝʨʝʞʘ 

ʎʄʈ ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ 

ʐʅʄ ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɿʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʻ ʥʘʩʣʽʜʢʦʤ ʩʢʣʘʜʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʤʘʻ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ, ʩʝʨʝʜ ʷʢʠʭ ï 

ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʟʤʽʥ ʫ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʽ ʩʪʘʣʦ ʟʨʦʩʪʘʥʥʷ ʫʨʙʘʥʽʟʘʮʽʾ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ. ʎʷ ʪʝʥʜʝʥʮʽʷ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʚ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʤʝʛʘʧʦʣʽʩʠ ʪʘ ʤʽʩʴʢʽ ʘʛʣʦʤʝʨʘʮʽʾ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ, ʘ 

ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ ʩʪʘʶʪʴ ʦʙʤʝʞʝʥʠʤʠ. ʋʨʙʘʥʽʟʘʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʣʦʱʽ ʘʩʬʘʣʴʪʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟʥʠʞʫʻ ʚʦʜʦʧʨʦʥʠʢʥʽʩʪʴ ˇʨʫʥʪʽʚ ʪʘ 

ʟʙʽʣʴʰʫʻ ʨʠʟʠʢ ʟʘʪʦʧʣʝʥʥʷ ʧʽʜ ʯʘʩ ʩʠʣʴʥʠʭ ʜʦʱʽʚ ʘʙʦ ʚʽʜʪʘʚʘʥʥʷ ʩʥʽʛʫ. ʂʨʽʤ 

ʪʦʛʦ, ʟʤʽʥʠ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʘʢʽ ʷʢ ʚʠʨʫʙʢʘ ʣʽʩʽʚ ʪʘ ʨʫʡʥʫʚʘʥʥʷ 

ʝʢʦʩʠʩʪʝʤ, ʪʘʢʦʞ ʩʧʨʠʷʶʪʴ ʟʙʽʣʴʰʝʥʥʶ ʨʠʟʠʢʫ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ɿʤʝʥʰʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜʦʟʙʽʨʥʠʭ ʽ ʧʦʛʣʠʥʘʣʴʥʠʭ ʙʘʨ'ʻʨʽʚ, ʪʘʢʠʭ ʷʢ ʣʽʩʦʚʽ 

ʤʘʩʠʚʠ ʪʘ ʚʦʜʥʦ-ʙʦʣʦʪʥʽ ʫʛʽʜʜʷ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʰʚʠʜʢʦʛʦ ʚʽʜʚʝʜʝʥʥʷ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʚʦʜʠ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʻ ʰʚʠʜʢʦʤʫ ʟʘʧʦʚʥʝʥʥʶ 

ʥʠʟʠʥʥʠʭ ʪʝʨʠʪʦʨʽʡ ʽ ʤʽʩʴʢʠʭ ʨʘʡʦʥʽʚ ʚʦʜʦʶ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʾʭ 

ʟʘʪʦʧʣʝʥʥʷ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʦʮʽʥʢʠ ʪʘ ʘʥʘʣʽʟʫ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʉʚʦʻʯʘʩʥʝ ʪʘ ʦʧʝʨʘʪʠʚʥʝ 

ʚʠʷʚʣʝʥʥʷ ʪʘʢʠʭ ʟʦʥ ʩʪʘʻ ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʞʠʪʪʷ ʣʶʜʝʡ, 

ʟʘʭʠʩʪʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʥʠʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ 

ʚʪʨʘʪ. ʆʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʣʝʤʝʥʪʠ ʪʘ ʷʚʠʱʘ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʽʩʮʽ, ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ ʟʘʪʦʧʣʝʥʴ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʟʦʢʨʝʤʘ, 

ʚʽʡʩʴʢʦʚʠʭ ʢʦʥʬʣʽʢʪʽʚ. ʉʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʘʨʪ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ, ʱʦ 

ʤʽʩʪʷʪʴ ʜʦʜʘʪʢʦʚʽ ʜʘʥʽ ʜʣʷ ʪʘʢʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʻ ʥʝʦʙʭʽʜʥʠʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜ ʯʘʩ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɼʣʷ ʾʭ ʨʦʟʨʦʙʢʠ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ, ʷʢʽ ʥʘʜʘʶʪʴ ʦʧʝʨʘʪʠʚʥʫ ʪʘ ʜʦʩʪʦʚʽʨʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʝʦʛʨʘʬʽʯʥʽ ʦʙ'ʻʢʪʠ ʪʘ ʟʦʥʠ ʨʠʟʠʢʫ ʟʘʪʦʧʣʝʥʥʷ.  

ʆʪʞʝ, ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʥʘʩʪʫʧʥʠʭ ʧʨʦʮʝʩʽʚ: 

ï ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʭʚʠʣʽ ʧʨʦʨʠʚʫ 

ʜʘʤʙʠ ʪʘ ʘʥʘʣʽʟʫ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

ï ʮʠʬʨʦʚʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʽʟʫʘʣʽʟʘʮʽʡ ʧʦʪʝʥʮʽʡʥʦ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ; 

ï ʘʥʘʣʽʟ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ 

ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ʊʝʤʘ ʚʧʣʠʚʫ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʦʜʥʽ ʦʙ'ʻʢʪʠ ʪʘ 

ʪʝʨʠʪʦʨʽʾ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʟʘʪʦʧʣʝʥʥʶ, ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʯʠʩʣʝʥʥʠʭ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʶ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʮʽʥʢʠ ʟʤʽʥ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʟʘʪʦʧʣʝʥʥʷʤʠ. ɺʘʞʣʠʚʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʨʦʙʠʣʠ ʚʯʝʥʽ, 

ʪʘʢʽ ʷʢ Zhao Y., Zou X., Liu, Langat P., Kumar K. ʪʘ ʽʥʰʽ. 

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʟʨʦʙʠʣʠ ʚʽʪʯʠʟʥʷʥʽ ʥʘʫʢʦʚʮʽ, ʪʘʢʽ ʷʢ ʂʦʚʘʣʴʯʫʢ ɯ.ʇ., 

ʆʙʦʜʦʚʩʴʢʠʡ ʆ.ɻ., ʗʮʠʢ ɸ.ɺ. ʪʘ ɼʫʙʽʩ ʃ.ʌ. ɰʭʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʣʠ 

ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʚʧʣʠʚʫ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʤʦʨʬʦʛʝʥʝʟ ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤ, ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʨʫʩʝʣ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʜʠʥʘʤʽʢʠ ʚʦʜʥʠʭ ʧʦʪʦʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʧʨʠʷʣʠ 

ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʩʘʜ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʣʠʚʫ ʨʽʯʦʢ, ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʟʘʧʣʘʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʶ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ 

ʛʽʜʨʦʣʦʛʽʯʥʠʭ, ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ. ɺʘʛʦʤʠʡ ʚʥʝʩʦʢ 

ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʨʠʟʠʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʟʨʦʙʠʣʠ ʪʘʢʦʞ ʟʘʢʦʨʜʦʥʥʽ ʚʯʝʥʽ, ʩʝʨʝʜ 
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ʷʢʠʭ Blackwell W., Bridge J., Buffington J., Crosato A., Friend P., Grenfell M., 

Hooke J., Korpak J., KrzemieŒ K., NawieŜniak M., Parker G., Pi®gay H. ʪʘ 

Wohl E. ɰʭʥʽ ʥʘʫʢʦʚʽ ʧʨʘʮʽ ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʽʟʫ ʟʤʽʥ ʨʫʩʝʣ ʨʽʯʦʢ, ʤʝʪʦʜʽʚ 

ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ ʽ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʟʤʽʥʫ ʤʦʨʬʦʣʦʛʽʾ ʨʫʩʝʣ ʪʘ ʤʝʪʦʜʘʤ ʟʤʝʥʰʝʥʥʷ 

ʨʠʟʠʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʪʘ ʦʮʽʥʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ (Ge W.; Sheng J.; Pan H.; Williams R.; Ward S., Chapman C; Lyons T., 

Skitmore M; Bing L., Tiong R.; Saaty T.; Mills, A.; Zhang S.,; He M.; Wang S., 

Manning, C.). ʆʜʥʘʢ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʦʪʨʝʙʫʶʪʴ 

ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʦʥʠ ʯʘʩʪʦ ʥʝ 

ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʦʮʽʥʢʠ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. ɯʩʥʫʶʯʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʦʜʥʠʡ ʨʝʞʠʤ ʨʽʯʦʢ, ʱʦ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʫ ʚʦʜʥʦʤʫ ʙʘʣʘʥʩʽ, 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʫ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʠʪʘʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʡ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʠʭ 

ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʯʘʩʦʚʦʾ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʚ ʧʦʻʜʥʘʥʥʽ 

ʟ ʥʦʚʽʪʥʽʤʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʪʦʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ, ʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ.  

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ 

ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠè (ɺʽʜʦʤʦʩʪʽ ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ ʋʢʨʘʾʥʠ 

(ɺɺʈ), 2001, ˉ 48, ʩʪ.253), ʽ ʩʪʦʩʫʻʪʴʩʷ ʥʘʧʨʷʤʫ çʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ 

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʩʪʘʪʪʷ 3). ʆʙʨʘʥʠʡ ʥʘʧʨʷʤʦʢ ʜʦʩʣʽʜʞʝʥʴ 
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ʧʦʚôʷʟʘʥʠʡ ʽʟ ʚʠʢʦʥʘʥʥʷʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦ ʾʨʦʙʦʪʠ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʽʥʞʝʥʝʨʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè çʄʦʜʝʣʽ ʡ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚ ʩʢʣʘʜʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʤʝʨʝʞʘʭè 

(ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0121U114523, 2022-2024 ʨʨ.) ʪʘ ʢʘʬʝʜʨʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

çʄʝʪʦʜʠ, ʤʦʜʝʣʽ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ 

ʟʘʛʘʣʴʥʦʛʦ ʪʘ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0121U113718), çɺʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʽ ʩʠʩʪʝʤʠ: ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯè (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0122U201569). 

ʄʝʪʘ i ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʫ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ 

ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

1. ɿʜʽʡʩʥʠʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʧʨʠʯʠʥ ʪʘ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ, ʟʦʢʨʝʤʘ ʚ ʢʦʥʪʝʢʩʪʽ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽ 

ʤʘʩʰʪʘʙ ʟʘʪʦʧʣʝʥʴ. 

2. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 

3. ʈʦʟʨʦʙʠʪʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʚʦʻʯʘʩʥʦ ʦʮʽʥʶʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ 

ʥʘʩʣʽʜʢʠ ʜʣʷ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 
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4. ʈʦʟʨʦʙʠʪʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʟʘ ʜʘʥʠʤʠ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʨʭʽʪʝʢʪʫʨʫ 

ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʟ 

ʧʦʜʘʣʴʰʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

5. ʇʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʟʦʥ ʪʝʨʠʪʦʨʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʟʘʪʦʧʣʝʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

6. ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʨʽʰʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʦ ʾ ʨʝʘʣʽʟʘʮʽʾ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

7. ɺʧʨʦʚʘʜʠʪʠ ʨʦʟʨʦʙʣʝʥ ̔ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥ ̔ ʪʝʭʥʦʣʦʛʽ ʾ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʘʥʘʣʽʟʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʪʘ ʥʘʜʘʪʠ ʧʨʘʢʪʠʯʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʧʨʘʚʣʽʥʥʽ ʨʠʟʠʢʘʤʠ ʟʘʪʦʧʣʝʥʴ ʫ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʟʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʦ ʾʟʡʦʤʢʠ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʛʝʦ̔ʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʷʚʣʝʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʦʨʝʪʠʯʥʫ ʪʘ ʤʝʪʦʜʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʨʦʙʦʪʠ 

ʩʢʣʘʜʘʶʪʴ ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ 

ʨʽʚʥʷʥʴ ʉʝʥ-ɺʝʥʘʥʘ.  

ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ:  

1. ʅʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʜʣʷ 
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ʚʠʷʚʣʝʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʨʭʽʪʝʢʪʫʨʫ ʟʛʦʨʪʢʦʚʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʪʨʘʥʩʬʝʨʥʠʤ ʥʘʚʯʘʥʥʷʤ. ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʠʚ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʨʽʚʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ.  

2. ʅʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʨʦʙʦʪʽ ʘʣʛʦʨʠʪʤʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʦʤʧôʶʪʝʨʥʫ 3D-ʤʦʜʝʣʴ ʤʦʞʣʠʚʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ, ʱʦ ʧʦʻʜʥʫʻ ʤʝʪʦʜʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʪʘ 

ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʽʚ. ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʧʘʨʘʤʝʪʨʠ ʭʚʠʣʽ 

ʧʨʦʨʠʚʫ ʪʘ ʛʝʦʤʝʪʨʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜ ʯʘʩ ʧʨʦʨʠʚʫ ʜʘʤʙʠ 

ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʘʙʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʨʦʟʚʠʪʢʫ, 

ʨʦʟʨʦʙʣʝʥʥʽ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ ʟʘʩʘʜ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ: 

- ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ, 

ʩʧʨʠʯʠʥʝʥʦʾ ʨʫʡʥʫʚʘʥʥʷʤ ʜʘʤʙʠ ʥʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʧʨʦʩʪʦʨʦʚʫ ʜʝʪʘʣʽʟʘʮʽʶ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʨʠʚʥʦʾ ʭʚʠʣʽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʰʣʷʭʦʤ ʡʦʛʦ ʘʧʨʦʙʘʮʽʾ ʥʘ ʧʨʠʢʣʘʜʽ ʉʝʨʝʜʥʴʦʜʥʽʧʨʦʚʩʴʢʦʾ ɻɽʉ 

ʪʘ ɼʥʽʧʨʦʚʩʴʢʦʾ ɻɽʉ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʮʽʥʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʥʘʩʣʽʜʢʠ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; 

- ʚʧʝʨʰʝ ʟʘʩʪʦʩʦʚʘʥʦ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʟ ʪʨʘʥʩʬʝʨʥʠʤ 

ʥʘʚʯʘʥʥʷʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʧʪʠʯʥʠʭ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ. ʄʦʜʠʬʽʢʘʮʽʷ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʢʦʥʚʦʣʶʮʽʡʥʠʭ ʰʘʨʽʚ ʜʦʟʚʦʣʠʣʘ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʘʚʪʦʤʘʪʠʟʘʮʽʶ 
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ʘʥʘʣʽʟʫ ʨʽʟʥʦʯʘʩʦʚʠʭ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʠʤʠ 

ʨʠʟʠʢʘʤʠ; 

- ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʠʭ ʢʘʨʪ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʨʠ 

ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʧʨʦʩʪʦʨʦʚʫ 

ʜʝʪʘʣʽʟʘʮʽʶ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ ʧʦʢʨʘʱʫʻ ʪʦʯʥʽʩʪʴ ʾʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

- ʚʜʦʩʢʦʥʘʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʧʦʻʜʥʫʻ 

ʤʘʪʨʠʮʶ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ, ʥʘʧʽʚʢʝʨʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʢʣʘʩʠ ʥʝʙʝʟʧʝʢʠ. 

ʄʘʪʨʠʮʷ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʣʶʯʦʚʠʭ ʢʨʠʪʝʨʽʾʚ, ʪʘʢʠʭ ʷʢ ʚʠʩʦʪʘ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ, ʥʘʭʠʣ 

ʧʦʚʝʨʭʥʽ, ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʘʢʫʤʫʣʷʮʽʷ ʩʪʦʢʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ˇʨʫʥʪʽʚ ʪʘ ʚʽʜʩʪʘʥʴ ʜʦ ʟʘʪʦʧʣʝʥʠʭ ʜʦʨʽʛ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʘʣʠ ʩʝʨʝʜʥʶ ʢʚʘʜʨʘʪʠʯʥʫ ʧʦʭʠʙʢʫ ʮʠʬʨʦʚʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ ʥʘ 

ʨʽʚʥʽ 3,21 ʤʝʪʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘ ʟ 

ʢʦʨʠʛʫʚʘʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 1,25 ʩʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʩʪʘʥʦʚʠʪʴ 2,57 ʤʝʪʨʘ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʟʘʪʦʧʣʝʥʴ; 

- ʚʜʦʩʢʦʥʘʣʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ, ʷʢʘ ʧʦʻʜʥʫʻ ʤʝʪʦʜʠ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʽʚ. ʎʷ 

ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʫ 3D-ʚʽʟʫʘʣʽʟʘʮʽʶ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʭʚʠʣʽ ʧʨʦʨʠʚʫ, ʛʝʦʤʝʪʨʽʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ 

ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʫ ʪʦʯʥʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʽʟ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ 

ʩʠʪʫʘʮʽʾ; 

- ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʘʪʝʤʘʪʠʯʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʜʘʤʙʠ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʠʩʪʝʤ 

ʨʽʚʥʷʥʴ ʉʝʥ-ɺʝʥʘʥʘ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʟʜʽʡʩʥʠʪʠ ʢʦʤʧʣʝʢʩʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʩʝʣ ʨʽʯʦʢ, ʱʦ ʧʽʜʚʠʱʠʣʦ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʪʪʻʚʠʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʘʙʦ 

ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, 

ʭʤʘʨʥʫ ʦʙʨʦʙʢʫ, ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʽʥʪʝʨʘʢʪʠʚʥʽʡ ʢʘʨʪʽ ʪʘ ʟʨʫʯʥʠʡ 

ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

- ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʜʣʷ ʉʝʨʝʜʥʴʦʜʥʽʧʨʦʚʩʴʢʦʾ 

ɻɽʉ ʪʘ ɼʥʽʧʨʦʚʩʴʢʦʾ ɻɽʉ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʽ 

ʥʘʩʣʽʜʢʠ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ, ʚʨʘʭʦʚʫʶʯʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʨʠʚʥʦʾ ʭʚʠʣʽ; 

- ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʨʭʽʪʝʢʪʫʨʠ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʤʝʨʝʞ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʫ ʧʨʘʢʪʠʢʫ ʨʦʙʽʪ ʊʆɺ çʂʆʄʇɸʅɯʗ ɻɽʆʅɯʂʉè (ʂʠʾʚʩʴʢʘ ʦʙʣ., 

ɹʫʯʘʥʩʴʢʠʡ ʨ-ʥ, ʩʤʪ. ʂʣʘʚʜʽʻʚʦ-ʊʘʨʘʩʦʚʝ) ʪʘ ʊʆɺ ʌɯʈʄɸ çɻɽʆʈɸè (ʤ. 

ɼʥʽʧʨʦ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʚ 

ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʫ ʦʩʚʽʪʥʽʡ ʧʨʦʮʝʩ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. 

ʈʦʟʨʦʙʣʝʥʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʟʙʦʨʫ ʜʘʥʠʭ (ʧʘʨʩʠʥʛ) ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʨʦʛʨʘʤʥʦ-ʘʣʛʦʨʠʪʤʽʯʥʝ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʽ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʫ ʨʘʟʽ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʋʩʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʱʦ ʩʢʣʘʜʘʶʪʴ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ 

ʦʩʦʙʠʩʪʦ.  

ʋ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ, ʩʪʚʦʨʝʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʫ 

ʥʘʣʝʞʠʪʴ: ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ 

ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ [1], ʨʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽ ʾ

ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠ ʤʦʞʣʠʚʽʡ ʘʚʘʨʽʾ ʥʘ 

ɼʥʽʧʨʦʚʩʴʢʽʡ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ [2], ʧʦʙʫʜʦʚʘ ʢʘʨʪ UHI, LST ʤʽʩʪʘ ɼʥʽʧʨʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʚ ʨʦʙʦʪʽ [3], ʨʦʟʨʦʙʢʘ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ ʪʨʘʥʩʬʝʨʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ [4], ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽ ʾʮʠʬʨʦʚʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ çʪʦʯʢʘ ʚ ʧʦʣʽʛʦʥʽè [5]. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʽ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʢʘʬʝʜʨʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʽʥʞʝʥʝʨʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè; ʍVɯ ʄʽʞʥʘʨʦʜʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʚʽʪʽ, 

ʥʘʫʮʽ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽè (ʤ. ɼʥʽʧʨʦ, 2021 ʨ., 2022 ʨ.); X ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ 

(ʤ. ɼʥʽʧʨʦ, 2022 ʨ.); çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2023: ʤʘʪʝʨʽʘʣʠ XIɯI ʄʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ 

(ʤ. ɼʥʽʧʨʦ, 2023 ʨ.); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ɯʊʄʄô2023è (ʤ. 

ɼʥʽʧʨʦ, 2023 ʨ.); ʍII  ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çITSec: 

ɹʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (ʤ. ʋʞʛʦʨʦʜ, 2023 ʨ.); V ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʶʶʯʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʩʠʩʪʝʤʠ ʪʘ ʢʦʤʧʣʝʢʩʠ (ɯʄʊʉʂ-2024)è (ʤ. ʏʝʨʢʘʩʠ, 2024). 
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ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 

13 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ. ʇôʷʪʴ ʩʪʘʪʝʡ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, 

ʚʢʣʶʯʝʥʠʭ ʜʦ ʧʝʨʝʣʽʢʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, 2 ʩʪʘʪʪ ̔ï ʽʥʜʝʢʩʫʻʪʴʩʷ ʫ 

ʅʄɹɼ Scopus, 6 ï ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʪʘ ʤʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʡ, ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 

ʟʙʽʨʥʠʢʘʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʪʘ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 217 ʩʪʦʨʽʥʦʢ, ʤʽʩʪʠʪʴ 183 ʩʪʦʨʽʥʢʠ 

ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ, ʚʢʣʶʯʘʻ 51 ʨʠʩʫʥʢʽʚ, 6 ʪʘʙʣʠʮʴ, 146 ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. 
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ʈʆɿɼɯʃ 1 

ʊɽʆʈɽʊʀʂʆ-ʄɽʊʆɼʆʃʆɻɯʏʅɯ ɿɸʉɸɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

ɿɸʊʆʇʃɽʅʅʗ ʊɽʈʀʊʆʈɯɰ ʇʈʀ ʅɸɼɿɺʀʏɸʁʅʀʍ ʉʀʊʋɸʎɯʗʍ 

 

1.1 ʅʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ: ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʚʧʣʠʚ ʥʘ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ 

ʑʦʜʥʷ ʫ ʩʚʽʪʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʯʠʩʣʝʥʥʽ ʧʦʜʽʾ, ʱʦ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ 

ʣʶʜʩʴʢʽ ʞʝʨʪʚʠ ʘʙʦ ʩʫʪʪʻʚʽ ʤʘʪʝʨʽʘʣʴʥʽ ʚʪʨʘʪʠ. ʊʘʢʽ ʧʦʜʽʾ ʥʘʟʠʚʘʶʪʴ 

ʥʘʜʟʚʠʯʘʡʥʠʤʠ ʩʠʪʫʘʮʽʷʤʠ. 

ʆʩʥʦʚʥʽ ʦʟʥʘʢʠ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ [13]: 

ï ʟʘʛʨʦʟʘ ʘʙʦ ʬʘʢʪ ʟʘʛʠʙʝʣʽ ʣʶʜʝʡ ʯʠ ʟʥʘʯʥʝ ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ ʾʭʥʴʦʾ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ; 

ï ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ; 

ï ʟʥʘʯʥʝ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ. 

ʅʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʟʘʟʚʠʯʘʡ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʘʚʘʨʽʾ, ʢʘʪʘʩʪʨʦʬʠ, 

ʩʪʠʭʽʡʥʽ ʣʠʭʘ, ʝʧʽʜʝʤʽʾ, ʪʝʨʦʨʠʩʪʠʯʥʽ ʘʢʪʠ, ʟʙʨʦʡʥʽ ʢʦʥʬʣʽʢʪʠ ʪʦʱʦ. 

ɸʚʘʨʽʾ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ [14] : 

ï I ʢʘʪʝʛʦʨʽʷ: ʟʘʛʠʥʫʣʦ 5 ʘʙʦ ʙʽʣʴʰʝ ʦʩʽʙ, ʪʨʘʚʤʦʚʘʥʦ 10 ʽ ʙʽʣʴʰʝ ʦʩʽʙ; 

ʩʪʘʚʩʷ ʚʠʢʠʜ ʦʪʨʫʡʥʠʭ, ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʯʠ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʟʘ ʤʝʞʽ 

ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʦʾ ʟʦʥʠ ʧʽʜʧʨʠʻʤʩʪʚʘ; ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʙʽʣʴʰʠʣʘʩʷ ʙʽʣʴʰ ʥʽʞ ʫ 10 ʨʘʟʽʚ; ʟʨʫʡʥʦʚʘʥʦ 

ʙʫʜʽʚʣʽ, ʩʧʦʨʫʜʠ ʯʠ ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʦʙôʻʢʪʘ, ʱʦ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʜʣʷ 

ʞʠʪʪʷ ʽ ʟʜʦʨʦʚ'ʷ ʧʨʘʮʽʚʥʠʢʽʚ ʘʙʦ ʥʘʩʝʣʝʥʥʷ. 

ï II ʢʘʪʝʛʦʨʽʷ: ʟʘʛʠʥʫʣʦ ʜʦ 5 ʦʩʽʙ ʘʙʦ ʪʨʘʚʤʦʚʘʥʦ ʚʽʜ 4 ʜʦ 10 ʦʩʽʙ; 

ʟʨʫʡʥʦʚʘʥʦ ʙʫʜʽʚʣʽ, ʩʧʦʨʫʜʠ ʯʠ ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʦʙôʻʢʪʘ, ʱʦ ʩʪʚʦʨʶʻ 

ʟʘʛʨʦʟʫ ʜʣʷ ʞʠʪʪʷ ʽ ʟʜʦʨʦʚ'ʷ ʧʨʘʮʽʚʥʠʢʽʚ ʮʝʭʫ ʘʙʦ ʜʽʣʷʥʢʠ (ʯʠʩʝʣʴʥʽʩʪʴ 

ʧʨʘʮʽʚʥʠʢʽʚ 100 ʽ ʙʽʣʴʰʝ). 
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ʇʦʜʽʾ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʘʙʦ ʨʝʟʫʣʴʪʘʪ ʜʽʾ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʷʢʽ ʟʘ ʩʚʦʻʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʤʘʩʰʪʘʙʦʤ ʧʦʰʠʨʝʥʥʷ ʽ ʪʨʠʚʘʣʽʩʪʶ ʤʦʞʫʪʴ 

ʚʧʣʠʚʘʪʠ ʥʘ ʣʶʜʝʡ, ʦʙôʻʢʪʠ ʝʢʦʥʦʤʽʢʠ ʪʘ ʜʦʚʢʽʣʣʷ, ʥʘʟʠʚʘʶʪʴʩʷ 

ʥʝʙʝʟʧʝʯʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʷʚʠʱʘʤʠ. ʈʫʡʥʽʚʥʝ ʥʝʙʝʟʧʝʯʥʝ ʧʨʠʨʦʜʥʝ ʷʚʠʱʝ ï 

ʮʝ ʩʪʠʭʽʡʥʝ ʣʠʭʦ. ʅʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʞʝʨʪʚ, ʢʽʣʴʢʽʩʪʶ ʧʦʩʪʨʘʞʜʘʣʠʭ ʘʙʦ ʧʦʨʘʥʝʥʠʭ, ʢʽʣʴʢʽʩʪʶ ʣʶʜʝʡ, ʷʢʽ ʟʘʟʥʘʣʠ 

ʤʦʨʘʣʴʥʠʭ ʟʙʠʪʢʽʚ, ʨʦʟʤʽʨʦʤ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ, ʧʣʦʱʝʶ ʫʨʘʞʝʥʦʾ ʪʝʨʠʪʦʨʽʾ 

ʪʦʱʦ. 

ɿʥʘʯʫʱʽʩʪʴ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʜʫʩʽʤ ʢʽʣʴʢʽʩʪʶ 

ʞʝʨʪʚ ʪʘ ʨʽʚʥʝʤ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʪʦʙʪʦ ʨʽʚʥʝʤ ʩʠʩʪʝʤʠ 

çʣʶʜʠʥʘ  ʞʠʪʪʻʚʝ ʩʝʨʝʜʦʚʠʱʝè (ʜʘʣʽ  çʃ ï ɾʉè), ʷʢʦʾ ʚʦʥʘ ʪʦʨʢʥʫʣʘʩʷ, ʽ 

ʨʦʟʤʽʨʦʤ ʰʢʦʜʠ, ʟʘʚʜʘʥʦʾ ʮʽʡ ʩʠʩʪʝʤʽ. ɺʠʭʦʜʷʯʠ ʟ ʽʻʨʘʨʭʽʾ ʩʠʩʪʝʤ çʃ ï ɾʉè, 

ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ [15]: 

ï ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʟʘʛʨʦʟʘ ʩʪʦʩʫʻʪʴʩʷ ʣʠʰʝ 

ʦʜʥʽʻʾ ʦʩʦʙʠ; 

ï ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʤʽʢʨʦʢʦʣʝʢʪʠʚʫ, ʢʦʣʠ ʟʘʛʨʦʟʘ ʩʪʦʩʫʻʪʴʩʷ ʩʽʤôʾ, 

ʚʠʨʦʙʥʠʯʦʾ ʙʨʠʛʘʜʠ, ʧʘʩʘʞʠʨʽʚ ʦʜʥʦʛʦ ʢʫʧʝ ʪʦʱʦ; 

ï ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʢʦʣʝʢʪʠʚʫ; 

ï ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʤʘʢʨʦʢʦʣʝʢʪʠʚʫ; 

ï ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʜʣʷ ʞʠʪʝʣʽʚ ʤʽʩʪʘ ʯʠ ʨʘʡʦʥʫ; 

ï ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʦʙʣʘʩʪʽ; 

ï ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥʠ; 

ï ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʜʣʷ ʞʠʪʝʣʽʚ ʢʦʥʪʠʥʝʥʪʫ; 

ï ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʜʣʷ ʚʩʴʦʛʦ ʣʶʜʩʪʚʘ. 

ɻʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʯʠʥʥʠʢʠ ʧʘʚʦʜʢʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʣʘʥʜʰʘʬʪʫ, 

ʢʣʽʤʘʪʫ ʪʝʨʠʪʦʨʽʾ ʪʘ ʨʦʟʤʽʨʫ ʙʘʩʝʡʥʫ. ʋ ʙʘʩʝʡʥʽ ʟʘʣʝʞʥʽʩʪʴ ʧʘʚʦʜʢʦʚʦʛʦ 

ʩʪʦʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʱʫ, ʥʘʷʚʥʽʩʪʶ ʚʦʜʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ 

ʜʝʬʽʮʠʪʦʤ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʽ. ʇʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʧʦʚʝʥʝʡ ʚʢʣʶʯʘʶʪʴ: 

ʧʽʜʚʦʜʥʽ ʚʠʚʝʨʞʝʥʥʷ ʚʫʣʢʘʥʽʚ ʪʘ ʧʽʜʚʦʜʥʽ ʟʝʤʣʝʪʨʫʩʠ; ʧʨʦʨʠʚʠ ʛʨʝʙʝʣʴ ʘʙʦ 
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ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ; ʧʝʨʝʰʢʦʜʠ ʧʦʪʦʢʫ ʚ ʨʫʩʣʽ ʨʽʯʢʠ, ʪʘʢʽ ʷʢ ʟʘʪʦʨʠ ʘʙʦ 

ʟʘʞʦʨʠ; ʩʥʽʛʦʚʠʡ ʧʦʢʨʠʚ ʽ ʜʦʱʦʚʽ ʦʧʘʜʠ ʧʽʜ ʯʘʩ ʟʠʤʦʚʠʭ ʚʽʜʣʠʛ (ʧʘʚʦʜʦʢ); 

ʚʝʩʥʷʥʝ ʪʘʥʝʥʥʷ ʩʥʽʛʫ. 

ʅʘʩʣʽʜʢʠ ʧʦʚʝʥʝʡ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ ʤʘʩʰʪʘʙʫ. ʈʦʟʨʽʟʥʷʶʪʴ ʤʘʣʦʚʦʜʥʽ, 

ʩʝʨʝʜʥʴʦʚʦʜʥʽ, ʧʦʚʥʦʚʦʜʥʽ ʪʘ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʧʦʚʝʥʽ. 

ʄʘʣʦʚʦʜʥʽ ʧʦʚʝʥʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʨʽʚʥʠʥʥʠʭ ʨʫʩʣʘʭ ʧʨʠʙʣʠʟʥʦ ʨʘʟ ʥʘ 

5-10 ʨʦʢʽʚ. ɺʦʥʠ ʟʘʪʦʧʣʶʶʪʴ ʤʝʥʰʝ 10% ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, 

ʟʘʚʜʘʶʪʴ ʥʝʟʥʘʯʥʠʭ ʟʙʠʪʢʽʚ ʽ ʥʝ ʧʦʨʫʰʫʶʪʴ ʧʣʘʥʠ ʣʶʜʝʡ. 

ʉʝʨʝʜʥʴʦʚʦʜʥʽ ʧʦʚʝʥʽ ʪʨʘʧʣʷʶʪʴʩʷ ʚ ʨʽʯʢʦʚʠʭ ʜʦʣʠʥʘʭ ʧʨʠʙʣʠʟʥʦ ʨʘʟ 

ʥʘ 20-25 ʨʦʢʽʚ. ɺʦʥʠ ʟʘʪʦʧʣʶʶʪʴ 10-15% ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, 

ʟʘʚʜʘʶʪʴ ʚʽʜʯʫʪʥʦʾ ʤʦʨʘʣʴʥʦʾ ʪʘ ʤʘʪʝʨʽʘʣʴʥʦʾ ʰʢʦʜʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʯʘʩʪʢʦʚʦʾ ʝʚʘʢʫʘʮʽʾ ʞʠʪʝʣʽʚ. 

ʇʦʚʥʦʚʦʜʥʽ ʧʦʚʝʥʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʘʭ ʧʨʠʙʣʠʟʥʦ ʨʘʟ ʥʘ 

50-100 ʨʦʢʽʚ. ɺʦʥʠ ʟʘʪʦʧʣʶʶʪʴ 50-70% ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, 

ʟʘʚʜʘʶʪʴ ʚʝʣʠʢʦʾ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʘ ʤʦʨʘʣʴʥʦʾ ʰʢʦʜʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʘʩʦʚʦʾ ʝʚʘʢʫʘʮʽʾ ʞʠʪʝʣʽʚ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ. 

ʂʘʪʘʩʪʨʦʬʽʯʥʽ ʧʦʚʝʥʽ ʦʭʦʧʣʶʶʪʴ ʦʜʥʫ ʘʙʦ ʢʽʣʴʢʘ ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤ ʽ 

ʪʨʘʧʣʷʶʪʴʩʷ ʨʘʟ ʥʘ 100-200 ʨʦʢʽʚ. ɺʦʥʠ ʟʘʪʦʧʣʶʶʪʴ ʧʦʥʘʜ 70% 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʟʘʚʜʘʶʪʴ ʚʝʣʠʯʝʟʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʙʠʪʢʽʚ ʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʛʠʙʝʣʽ ʣʶʜʝʡ. 

ɿʘʪʦʧʣʝʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡ, ʙʫʜʽʚʝʣʴ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, 

ʧʨʠʨʦʜʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʯʝʨʝʟ ʪʝʯʽʶ ʪʘ ʚʧʣʠʚ ʚʦʜʠ ʤʘʻ ʩʝʨʡʦʟʥʽ 

ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʮʠʭ ʦʙ'ʻʢʪʽʚ. ʇʽʜ ʯʘʩ ʧʦʚʝʥʽ ʛʠʥʫʪʴ ʪʚʘʨʠʥʠ ʽ ʣʶʜʠ, 

ʨʫʡʥʫʶʪʴʩʷ ʙʫʜʽʚʣʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ, ʚʪʨʘʯʘʶʪʴʩʷ ʢʫʣʴʪʫʨʥʽ ʪʘ ʤʘʪʝʨʽʘʣʴʥʽ 

ʮʽʥʥʦʩʪʽ, ʟʫʧʠʥʷʻʪʴʩʷ ʛʦʩʧʦʜʘʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ, ʛʠʥʝ ʚʨʦʞʘʡ, ʟʥʠʱʫʶʪʴʩʷ 

ʨʦʜʶʯʽ ˇʨʫʥʪʠ, ʜʝʬʦʨʤʫʻʪʴʩʷ ʣʘʥʜʰʘʬʪ. 

ɺʪʦʨʠʥʥʽ ʥʘʩʣʽʜʢʠ ʧʦʚʝʥʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʪʨʘʪʦʶ ʤʽʮʥʦʩʪʽ ʩʧʦʨʫʜ ʯʝʨʝʟ 

ʨʦʟʤʠʚ ʘʙʦ ʧʽʜʤʠʚ, ʧʝʨʝʤʽʱʝʥʥʷʤ ʚʦʜʦʶ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʽʟ ʧʦʰʢʦʜʞʝʥʠʭ 

ʩʭʦʚʠʱ ʽ ʟʘʙʨʫʜʥʝʥʥʷʤ ʥʠʤʠ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ. 
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1.1.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʠʨʦʜʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʠʨʦʜʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚʠʟʥʘʯʘʻ ʨʽʟʥʽ ʪʠʧʠ 

ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ ʘʙʦ ʧʦʜʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʣʶʜʝʡ, 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʎʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʜʦʟʚʦʣʷʻ 

ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʨʠʟʠʢʠ ʪʘ ʚʞʠʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʭʦʜʠ ʟʘʭʠʩʪʫ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ 

(ʨʠʩ.1.1) [13]. 

 

ʈʠʩʫʥʦʢ 1.1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʠʨʦʜʥʠʭ ʧʨʠʯʠʥ ʧʦʚʝʥʝʡ [13, 16] 
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ʆʩʥʦʚʥʽ ʪʠʧʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʨʦʜʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ʚʢʣʶʯʘʶʪʴ ʪʘʢʽ [13,16]: 

ï ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ: ʫʨʘʛʘʥʠ, ʪʘʡʬʫʥʠ, ʟʣʠʚʠ, 

ʩʥʽʛʦʧʘʜʠ, ʛʨʘʜ, ʛʨʦʟʠ ʪʘ ʽʥʰʽ ʘʪʤʦʩʬʝʨʥʽ ʷʚʠʱʘ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʚʝʥʝʡ, ʟʘʪʦʧʣʝʥʴ, ʦʙʚʘʣʽʚ, ʘ ʪʘʢʦʞ ʧʦʨʫʰʠʪʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʽ ʟʚ'ʷʟʢʠ; 

ï ʛʝʦʣʦʛʽʯʥʽ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ: ʟʝʤʣʝʪʨʫʩʠ, ʚʫʣʢʘʥʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ, 

ʩʝʡʩʤʽʯʥʽ ʷʚʠʱʘ, ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʟʩʫʚʠ ˇʨʫʥʪʫ, ʢʦʣʠʚʘʥʥʷ ˇʨʫʥʪʦʚʦʾ 

ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʟʘʛʨʦʞʫʚʘʪʠ ʟʨʫʡʥʫʚʘʥʥʷʤ ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 

ï ʛ̔ ʜʨʦʣʦʛʽʯʥʽ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ: ʧʦʚʝʥʽ, ʩʤʝʨʯʽ, ʰʪʦʨʤʠ ʥʘ ʤʦʨʽ, 

ʧʨʠʧʣʠʚʠ ʪʘ ʽʥʰʽ ʚʦʜʥʽ ʷʚʠʱʘ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʪʦʧʣʝʥʴ, 

ʧʽʜʪʦʧʣʝʥʴ, ʚʪʨʘʪ ʚʨʦʞʘʶ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʟʨʫʡʥʫʚʘʥʴ; 

ï ʙ̔ ʦʣʦʛʽʯʥʽ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ: ʝʧʽʜʝʤʽʾ, ʧʘʥʜʝʤʽʾ, ʤʘʩʦʚʝ 

ʧʦʰʠʨʝʥʥʷ ʭʚʦʨʦʙ ʩʝʨʝʜ ʣʶʜʝʡ, ʪʚʘʨʠʥ ʘʙʦ ʨʦʩʣʠʥ, ʱʦ ʤʦʞʝ ʤʘʪʠ ʩʝʨʡʦʟʥʠʡ 

ʚʧʣʠʚ ʥʘ ʛʨʦʤʘʜʩʴʢʝ ʟʜʦʨʦʚ'ʷ ʪʘ ʝʢʦʥʦʤʽʢʫ; 

ï ʘʩʪʨʦʥʦʤʽʯʥʽ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ: ʤʝʪʝʦʨʠʪʥʽ ʫʜʘʨʠ, ʩʦʥʷʯʥʽ 

ʚʠʙʫʭʠ, ʛʝʦʤʘʛʥʽʪʥʽ ʙʫʨʠ ʪʘ ʽʥʰʽ ʢʦʩʤʽʯʥʽ ʷʚʠʱʘ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʚʝʣʠʢʠʡ 

ʚʧʣʠʚ ʥʘ ʘʪʤʦʩʬʝʨʫ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ. 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʘʥʘʣʽʟʽ 

ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʮʽ 

ʪʠʧʠ ʤʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʟʘʪʦʧʣʝʥʴ 

ʪʝʨʠʪʦʨʽʡ. 

1.1.2 ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʥʪʨʦʨʦʛʝʥʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ɸʥʪʨʦʧʦʛʝʥʥʘ ʥʘʜʟʚʠʯʘʡʥʘ ʩʠʪʫʘʮʽʷ  ʮʝ ʩʪʘʥ, ʧʨʠ ʷʢʦʤʫ ʯʝʨʝʟ 

ʚʠʥʠʢʥʝʥʥʷ ʜʞʝʨʝʣʘ ʪʝʭʥʦʛʝʥʥʦʾ ʥʝʙʝʟʧʝʢʠ ʥʘ ʦʙ'ʻʢʪʽ, ʚʠʟʥʘʯʝʥʽʡ ʪʝʨʠʪʦʨʽʾ 

ʘʙʦ ʚ ʘʢʚʘʪʦʨʽʾ, ʧʦʨʫʰʫʶʪʴʩʷ ʟʚʠʯʥʽ ʫʤʦʚʠ ʞʠʪʪʷ ʽ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʟʘʛʨʦʟʘ ʜʣʷ ʾʭʥʴʦʛʦ ʞʠʪʪʷ ʪʘ ʟʜʦʨʦʚ'ʷ, ʟʘʚʜʘʻʪʴʩʷ 

ʰʢʦʜʘ ʤʘʡʥʫ ʥʘʩʝʣʝʥʥʷ, ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʫ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ. 
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ɸʥʪʨʦʧʦʛʝʥʥʘ ʥʘʜʟʚʠʯʘʡʥʘ ʩʠʪʫʘʮʽʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʽʯʥʠʭ ʘʙʦ ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʨʘʧʪʦʚʦʛʦ ʧʽʜʥʷʪʪʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʝʣʠʢʠʭ ʚʦʜʦʡʤʘʭ, ʪʘʢʠʭ ʷʢ ʨʽʯʢʠ, ʦʟʝʨʘ, 

ʚʦʜʦʩʭʦʚʠʱʘ ʘʙʦ ʤʦʨʷ. 

ʅʝʩʧʨʘʚʥʽʩʪʴ ʘʙʦ ʘʚʘʨʽʡʥʘ ʩʠʪʫʘʮʽʷ ʥʘ ʛʨʝʙʣʷʭ ʘʙʦ ʜʘʤʙʘʭ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʾʭ ʧʨʦʨʠʚʫ ʘʙʦ ʟʨʫʡʥʫʚʘʥʥʷ. ʎʝ ʤʦʞʝ ʩʪʘʪʠʩʷ ʯʝʨʝʟ ʥʝʜʦʣʽʢʠ ʚ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʠʨʦʜʥʽ ʢʘʪʘʩʪʨʦʬʠ (ʥʘʧʨʠʢʣʘʜ, ʟʝʤʣʝʪʨʫʩʠ ʘʙʦ ʧʦʚʝʥʽ), 

ʥʝʢʦʨʝʢʪʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘʤʠ ʘʙʦ ʥʘʤʽʨʝʥʽ ʜʽʾ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʚʦʜʠ, ʱʦ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʥʝʩʧʦʜʽʚʘʥʝ ʚʠʚʽʣʴʥʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ. 

ʅʘʤʽʨʝʥʝ ʚʠʧʫʩʢʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʟ ʚʦʜʦʩʭʦʚʠʱ ʘʙʦ ʽʥʰʠʭ 

ʚʦʜʥʠʭ ʩʧʦʨʫʜ ʤʦʞʝ ʙʫʪʠ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʚʦʜʠ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʘʙʦ ʽʥʰʠʭ ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʮʽʣʝʡ. 

ʅʝʜʦʩʪʘʪʥʷ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ ʘʙʦ ʥʝʧʨʘʚʠʣʴʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʝʭʥʦʛʝʥʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

ɺʠʱʝʦʧʠʩʘʥʽ ʩʠʪʫʘʮʽʾ ʤʦʞʫʪʴ ʤʘʪʠ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ, ʚʢʣʶʯʘʶʯʠ 

ʝʚʘʢʫʘʮʽʶ ʥʘʩʝʣʝʥʥʷ, ʟʥʘʯʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʟʙʠʪʢʠ, ʚʪʨʘʪʠ ʣʶʜʩʴʢʠʭ ʞʠʪʪʽʚ, 

ʨʫʡʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ, ʘʜʝʢʚʘʪʥʝ ʧʦʧʝʨʝʜʞʝʥʥʷ ʽ ʰʚʠʜʢʝ 

ʨʝʘʛʫʚʘʥʥʷ ʚ ʪʘʢʠʭ ʩʠʪʫʘʮʽʷʭ ʻ ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ 

ʟʘʭʠʩʪʫ ʥʘʩʝʣʝʥʥʷ ʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɺʠʥʠʢʥʝʥʥʷ ʧʦʚʝʥʝʡ ʥʘ ʨʽʢʘʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʤʦʞʝ ʙʫʪʠ 

ʩʧʨʠʯʠʥʝʥʝ ʨʽʟʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʽ ʘʚʘʨʽʡʥʠʤʠ ʧʦʜʽʷʤʠ [13, 12]: 

ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʘʙʦ ʘʚʘʨʽʡʥʘ ʩʠʪʫʘʮʽʷ ʥʘ ʛʨʝʙʣʷʭ ʘʙʦ ʜʘʤʙʘʭ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʾʭʥʴʦʛʦ ʧʨʦʨʠʚʫ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʯʝʨʝʟ ʥʝʜʦʣʽʢʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʧʨʠʨʦʜʥʽ ʢʘʪʘʩʪʨʦʬʠ (ʥʘʧʨʠʢʣʘʜ, ʟʝʤʣʝʪʨʫʩ ʘʙʦ ʧʦʚʽʥʴ), ʥʝʢʦʨʝʢʪʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘʤʠ ʘʙʦ ʥʘʚʤʠʩʥʽ ʜʽʾ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ, ʱʦ 

ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʥʝʩʧʦʜʽʚʘʥʝ ʚʠʚʽʣʴʥʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ; 

ï ʘʚʘʨʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ, ʱʦ ʧʝʨʝʚʦʟʷʪʴ ʚʦʜʫ ʘʙʦ ʾʾ 

ʢʦʤʧʦʥʝʥʪʠ (ʥʘʧʨʠʢʣʘʜ, ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ), ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʪʦʢʫ ʚʦʜʠ 
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ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʘʙʦ ʚ ʨʽʯʢʦʚʽ ʚʦʜʦʡʤʠ. ʎʝ ʤʦʞʝ ʩʪʘʪʠʩʷ ʯʝʨʝʟ 

ʧʝʨʝʢʠʜʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʘʙʦ ʧʦʰʢʦʜʞʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ; 

ï ʥʘʚʤʠʩʥʠʡ ʚʠʧʫʩʢ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʟ ʚʦʜʦʩʭʦʚʠʱ ʘʙʦ ʽʥʰʠʭ 

ʚʦʜʥʠʭ ʩʧʦʨʫʜ ʤʦʞʝ ʙʫʪʠ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʘʙʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ. ʅʝʜʦʩʪʘʪʥʷ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ ʘʙʦ 

ʥʝʧʨʘʚʠʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ (ʅʉ) ʟʽ ʟʤʽʰʘʥʥʷʤ ʚʦʜʠ ʥʘ ʧʨʠʣʝʛʣʽ ʪʝʨʠʪʦʨʽʾ; 

ï ʫʪʚʦʨʝʥʥʷ ʪʠʤʯʘʩʦʚʠʭ ʚʦʜʦʡʤ ʘʙʦ ʧʨʦʙʣʝʤʠ ʟ ʾʭʥʽʤ ʚʽʜʚʝʜʝʥʥʷʤ 

ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʪʨʫʙ, ʜʶʢʝʨʽʚ 

ʪʘ ʘʢʚʝʜʫʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʩʪʦʢʫ ʚʽʜ ʟʘʣʽʟʥʠʯʥʠʭ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʘʙʦ ʽʥʰʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ; 

ɿʘʪʦʧʣʝʥʥʷ ʤʦʨʽʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʽ 

ʨʽʟʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʘʙʦ ʘʚʘʨʽʡʥʠʤʠ ʧʦʜʽʷʤʠ, ʟʦʢʨʝʤʘ [13]: 

ï ʚʠʙʫʭʠ ʷʜʝʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʜʥʽ ʤʦʨʽʚ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʭʚʠʣʴ ʮʫʥʘʤʽ. ʎʽ ʮʫʥʘʤʽ ʤʦʞʫʪʴ ʤʘʪʠ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʠʩʦʢʽ ʭʚʠʣʽ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʪʦʧʠʪʠ ʫʟʙʝʨʝʞʞʷ ʽ ʚʝʣʠʢʽ ʪʝʨʠʪʦʨʽʾ, ʱʦ 

ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʤʦʨʷ; 

ï ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʝ ʚʠʧʫʩʢ ʚʝʣʠʢʠʭ ʦʙ'ʻʤʽʚ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ 

ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʘʙʦ ʽʥʰʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʨʩʴʢʠʭ ʚʦʜ ʽ ʩʧʨʠʯʠʥʠʪʠ ʚʝʣʠʢʽ ʝʢʦʣʦʛʽʯʥʽ 

ʢʘʪʘʩʪʨʦʬʠ. ʎʝ ʤʦʞʝ ʪʘʢʦʞ ʚʧʣʠʥʫʪʠ ʥʘ ʨʽʚʝʥʴ ʤʦʨʩʴʢʠʭ ʚʦʜ ʽ ʩʪʚʦʨʠʪʠ 

ʫʤʦʚʠ ʜʣʷ ʟʘʪʦʧʣʝʥʥʷ ʙʝʨʝʛʦʚʠʭ ʟʦʥ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʩʧʨʠʯʠʥʝʥʠʭ ʘʚʘʨʽʡʥʠʤʠ ʧʦʜʽʷʤʠ ʥʘ ʛʨʝʙʣʷʭ ʽ 

ʜʘʤʙʘʭ, ʦʩʢʽʣʴʢʠ ʮʽ ʧʦʜʽʾ ʤʘʶʪʴ ʢʨʠʪʠʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ 

ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. 

1.2 ɸʥʘʣʽʟ ʧʨʠʯʠʥ ʪʘ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʫ ʩʚʽʪʽ  

ɿʘ ʦʩʪʘʥʥʽ ʜʚʘʜʮʷʪʴ ʨʦʢʽʚ ʧʦʚʝʥʽ ʩʪʘʣʠ ʦʜʥʽʻʶ ʟ ʥʘʡʩʝʨʡʦʟʥʽʰʠʭ ʟʘʛʨʦʟ 

ʜʣʷ ʣʶʜʩʪʚʘ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ EM-DAT, ʦʜʥʽʻʾ ʟ ʥʘʡʚʽʜʦʤʽʰʠʭ ʤʽʞʥʘʨʦʜʥʠʭ 
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ʙʘʟ ʜʘʥʠʭ ʧʨʦ ʢʘʪʘʩʪʨʦʬʠ, ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 7348 ʢʘʪʘʩʪʨʦʬ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. 

ʎʽ ʢʘʪʘʩʪʨʦʬʠ ʧʨʠʟʚʝʣʠ ʜʦ ʩʤʝʨʪʽ ʧʨʠʙʣʠʟʥʦ 1.23 ʤʽʣʴʡʦʥʘ ʣʶʜʝʡ, ʱʦ 

ʩʢʣʘʜʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 60000 ʞʠʪʪʽʚ ʥʘ ʨʽʢ, ʽ ʟʘʪʨʦʥʫʣʠ ʧʦʥʘʜ 4 ʤʽʣʴʷʨʜʠ 

ʣʶʜʝʡ, ʙʘʛʘʪʦ ʟ ʷʢʠʭ ʧʦʩʪʨʘʞʜʘʣʠ ʥʝʦʜʥʦʨʘʟʦʚʦ. ɽʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ ʚʽʜ ʮʠʭ 

ʢʘʪʘʩʪʨʦʬ ʦʮʽʥʶʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 2.97 ʪʨʠʣʴʡʦʥʽʚ ʜʦʣʘʨʽʚ ʉʐɸ (ʨʠʩ. 1.2) 

[17]. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʇʦʨʽʚʥʷʥʥʷ ʢʘʪʘʩʪʨʦʬ ʚ ʧʝʨʽʦʜ: ʟ 1980 ʧʦ 1999 ʨʽʢ ʪʘ ʟ 2000 ʧʦ 

2019 ʨʽʢ 

 

ʇʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʜʚʘʜʮʷʪʴʤʘ ʨʦʢʘʤʠ, ʢʽʣʴʢʽʩʪʴ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʢʘʪʘʩʪʨʦʬ ʟʥʘʯʥʦ ʟʨʦʩʣʘ. ɺ ʧʝʨʽʦʜ ʟ 1980 ʧʦ 1999 ʨʽʢ EM-DAT ʟʘʬʽʢʩʫʚʘʣʘ 

4,212 ʢʘʪʘʩʪʨʦʬ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʨʠʨʦʜʥʠʤʠ ʟʘʛʨʦʟʘʤʠ, ʷʢʽ ʧʨʠʟʚʝʣʠ ʜʦ ʩʤʝʨʪʽ 

ʙʣʠʟʴʢʦ 1.19 ʤʽʣʴʡʦʥʘ ʣʶʜʝʡ ʽ ʟʘʪʨʦʥʫʣʠ ʧʦʥʘʜ 3 ʤʽʣʴʷʨʜʠ ʦʩʽʙ, ʧʨʠʟʚʽʚʰʠ 

ʜʦ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ ʫ ʨʦʟʤʽʨʽ 1.63 ʪʨʠʣʴʡʦʥʘ ʜʦʣʘʨʽʚ ʉʐɸ. ɿʘ ʧʝʨʽʦʜ ʟ 

2000 ʧʦ 2019 ʨʽʢ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 7,348 ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʧʨʠʟʚʝʣʠ 

ʜʦ ʟʘʛʘʣʴʥʦʾ ʚʪʨʘʪʠ ʙʣʠʟʴʢʦ 1.2 ʤʽʣʴʡʦʥʘ ʞʠʪʪʽʚ ʽ ʟʘʪʨʦʥʫʣʠ ʧʦʥʘʜ 4.03 

ʤʽʣʴʷʨʜʘ ʣʶʜʝʡ. 

ɺ ʩʝʨʝʜʥʴʦʤʫ ʱʦʨʦʢʫ ʚʽʜʙʫʚʘʣʦʩʷ 367 ʢʘʪʘʩʪʨʦʬ, ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʙʫʣʠ 

ʧʦʚʝʥʷʤʠ ʪʘ ʰʪʦʨʤʘʤʠ (44% ʪʘ 28% ʚʽʜʧʦʚʽʜʥʦ). ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʪʠʧʦʤ 
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ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʫ ʩʚʽʪʽ ʻ ʧʦʚʝʥʽ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ 44% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʦʜʽʡ (ʨʠʩ. 1.3). ɿʘ ʦʩʪʘʥʥʽ ʜʚʘ ʜʝʩʷʪʠʣʽʪʪʷ ʂʠʪʘʡ ʩʪʘʚ ʥʘʡʙʽʣʴʰ 

ʧʦʩʪʨʘʞʜʘʣʦʶ ʢʨʘʾʥʦʶ ʚʽʜ ʧʦʚʝʥʝʡ, ʱʦ ʩʧʨʠʯʠʥʠʣʠʩʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 20 ʨʘʟʽʚ 

ʥʘ ʨʽʢ. ʇʦʚʝʥʽ ʚ ʂʠʪʘʾ ʟʘ ʮʝʡ ʧʝʨʽʦʜ ʟʘʪʨʦʥʫʣʠ ʧʨʠʙʣʠʟʥʦ 900 ʤʽʣʴʡʦʥʽʚ 

ʣʶʜʝʡ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 55% ʚʽʜ ʫʩʽʭ ʧʦʩʪʨʘʞʜʘʣʠʭ ʚʽʜ ʧʦʚʝʥʝʡ ʫ ʩʚʽʪʽ. 

ɯʥʜʽʷ ʧʦʩʽʜʘʻ ʜʨʫʛʝ ʤʽʩʮʝ ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʦʩʪʨʘʞʜʘʣʠʭ ʚʽʜ ʧʦʚʝʥʝʡ, ʟ ʩʝʨʝʜʥʴʦʶ 

ʢʽʣʴʢʽʩʪʶ 17 ʧʦʚʝʥʝʡ ʥʘ ʨʽʢ ʽ ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʩʪʨʘʞʜʘʣʠʭ ʙʣʠʟʴʢʦ 345 

ʤʽʣʴʡʦʥʽʚ ʣʶʜʝʡ. ʅʘʡʙʽʣʴʰ ʩʤʝʨʪʦʥʦʩʥʠʤʠ ʧʦʜʽʷʤʠ ʧʦʚʝʥʝʡ ʟ 2000 ʧʦ 2019 

ʨʽʢ ʙʫʣʠ: ʧʦʚʝʥʽ ʚ ɯʥʜʽʾ ʫ ʯʝʨʚʥʽ 2013 ʨʦʢʫ (6054 ʟʘʛʠʙʣʠʭ), ʥʘ ɻʘʾʪʽ ʚ ʪʨʘʚʥʽ 

2004 ʨʦʢʫ (2665 ʟʘʛʠʙʣʠʭ) ʽ ʚ ʇʘʢʠʩʪʘʥʽ ʚ ʣʠʧʥʽ 2010 ʨʦʢʫ (1985 ʟʘʛʠʙʣʠʭ). 

ʇʦʚʝʥʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʚ ɸʟʽʾ, ʜʝ ʚʦʥʠ ʩʪʘʥʦʚʣʷʪʴ 41% ʫʩʽʭ ʧʦʚʝʥʝʡ 

ʽ ʟʘʪʨʦʥʫʣʠ ʧʨʠʙʣʠʟʥʦ 1.5 ʤʽʣʴʷʨʜʘ ʣʶʜʝʡ, ʱʦ ʻ 93% ʚʽʜ ʫʩʽʭ ʧʦʩʪʨʘʞʜʘʣʠʭ 

ʚʽʜ ʧʦʚʝʥʝʡ ʫ ʩʚʽʪʽ. ɸʬʨʠʢʘ (763 ʧʦʚʝʥʽ) ʪʘ ɸʤʝʨʠʢʘ (680 ʧʦʚʝʥʝʡ) ʪʘʢʦʞ 

ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʚʽʜ ʧʦʚʝʥʝʡ [18]. 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ 

 

ʇʦʚʽʥʴ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʚ ʨʽʯʢʘʭ, ʱʦ 

ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ. ʎʝ ʩʢʣʘʜʥʝ ʷʚʠʱʝ, ʷʢʝ 

ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʘʪʤʦʩʬʝʨʥʦʾ ʮʠʨʢʫʣʷʮʽʾ, ʩʧʨʠʷʶʯʠ ʬʦʨʤʫʚʘʥʥʶ 

ʩʧʝʮʠʬʽʯʥʠʭ ʩʠʥʦʧʪʠʯʥʠʭ ʫʤʦʚ ʟ ʽʥʪʝʥʩʠʚʥʠʤʠ ʟʣʠʚʦʚʠʤʠ ʜʦʱʘʤʠ. ʎʝ 
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ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʦʧʘʜʽʚ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ, ʱʦ ʤʦʞʝ ʤʘʪʠ 

ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ, ʦʩʦʙʣʠʚʦ ʥʘ ʤʘʣʠʭ ʨʽʯʢʘʭ, ʜʝ ʚʦʜʘ ʰʚʠʜʢʦ 

ʟʙʠʨʘʻʪʴʩʷ ʚ ʨʫʩʣʘʭ. 

ʃʦʢʘʣʴʥʽ ʟʣʠʚʦʚʽ ʜʦʱʽ ʻ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʯʘʩʪʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʝʨʝʚʠʱʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʨʽʯʢʦʚʠʭ ʨʫʩʝʣ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʇʦʚʝʥʽ ʻ ʧʨʠʨʦʜʥʠʤ ʷʚʠʱʝʤ, 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʝʚʦʣʶʮʽʾ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ, ʦʜʥʘʢ ʣʶʜʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ, 

ʟʦʢʨʝʤʘ ʟʤʽʥʠ ʚ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʨʫʩʣʘʭ ʨʽʯʦʢ, ʤʦʞʝ ʟʨʦʙʠʪʠ ʾʭ 

ʩʪʠʭʽʡʥʠʤʠ ʣʠʭʘʤʠ ʟ ʥʝʛʘʪʠʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʜʣʷ ʣʶʜʝʡ ʪʘ ʤʘʡʥʘ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʨʝʙ ʚ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʘʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʩʫʩʧʽʣʴʩʪʚʦ ʘʢʪʠʚʥʦ ʚʪʨʫʯʘʻʪʴʩʷ 

ʚ ʧʨʠʨʦʜʥʽ ʧʨʦʮʝʩʠ, ʤʦʜʠʬʽʢʫʻ ʨʫʩʣʘ ʨʽʯʦʢ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʾʭ ʜʣʷ ʩʚʦʾʭ 

ʧʦʪʨʝʙ, ʱʦ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʽ ʧʦʰʠʨʝʥʥʷ ʧʦʚʝʥʝʡ. 

ɼʽʷʣʴʥʽʩʪʴ ʣʶʜʠʥʠ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʷʢ ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʫ, ʪʘʢ ʽ ʫʤʦʚʠ 

ʡʦʛʦ ʩʢʠʜʘʥʥʷ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʽʷʣʴʥʽʩʪʴ ʚ ʤʝʞʘʭ ʚʦʜʦʟʙʽʨʥʦʛʦ ʙʘʩʝʡʥʫ, ʪʘʢʘ 

ʷʢ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʧʨʘʢʪʠʢʘ ʯʠ ʫʨʙʘʥʽʟʘʮʽʷ, ʚʧʣʠʚʘʻ ʥʘ ʚʦʜʥʠʡ ʨʝʞʠʤ ʫ 

ʙʘʩʝʡʥʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʙʫʜʽʚʥʠʮʪʚʦ ʥʘ ʨʽʯʢʘʭ ʪʘ ʟʘʭʦʜʠ ʟ ʫʧʨʘʚʣʽʥʥʷ ʚʟʜʦʚʞ 

ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʩʘʤʽʡ ʨʽʯʢʦʚʽʡ ʩʠʩʪʝʤʽ. 

ʆʩʢʽʣʴʢʠ ʨʽʯʢʦʚʠʡ ʩʪʽʢ, ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʠʭ ʨʽʯʦʢ, ʤʘʻ ʩʚʦʾ ʩʧʝʮʠʬʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʙʘʩʝʡʥʫ, ʮʷ ʚʟʘʻʤʦʜʽʷ ʩʪʘʻ ʚʘʞʣʠʚʦʶ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʚʦʜʥʽ ʨʝʩʫʨʩʠ. ʅʘʩʣʽʜʢʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ [14]: 

- ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ (ʛʦʨʙʠʩʪʘ ʤʽʩʮʝʚʽʩʪʴ, ʢʨʫʪʽ 

ʩʭʠʣʠ, ʚʫʟʴʢʽ ʟʘʧʣʘʚʠ, ʥʝʛʣʠʙʦʢʽ ʨʫʩʣʘ) ʫ ʧʦʻʜʥʘʥʥʽ ʟʽ ʟʣʠʚʦʚʠʤʠ ʜʦʱʘʤʠ 

ʟʫʤʦʚʣʶʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʰʚʠʜʢʦʛʦ ʩʭʠʣʦʚʦʛʦ ʩʪʦʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʧʘʚʦʜʢʽʚ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʪʝʯʽʾ ʪʘ ʚʝʣʠʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʚʦʜʠ, 

ʢʦʨʦʪʢʠʤ ʯʘʩʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʧʦʰʠʨʝʥʥʷʤ ʧʦʚʝʥʝʚʦʾ ʭʚʠʣʽ. ʎʝʡ ʚʧʣʠʚ 

ʤʦʞʝ ʙʫʪʠ ʧʦʩʠʣʝʥʦ ʚʠʨʫʙʢʦʶ ʣʽʩʽʚ ʘʙʦ ʥʘʜʤʽʨʥʠʤ ʚʠʧʘʩʦʤ ʭʫʜʦʙʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʫʪʨʠʤʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ˇʨʫʥʪʫ ʘʙʦ ʨʦʩʣʠʥʥʦʛʦ 



35 

 

ʧʦʢʨʠʚʫ, ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʩʭʠʣʦʚʦʛʦ ʩʪʦʢʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʾ ʝʨʦʟʽʾ 

ˇʨʫʥʪʽʚ; 

- ʫ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʙʘʩʝʡʥʫ ʨʝʣʴʻʬ ʤʝʥʰ ʛʦʨʙʠʩʪʠʡ, ʟʘʧʣʘʚʘ 

ʨʦʟʰʠʨʶʻʪʴʩʷ, ʪʝʨʘʩʠ ʩʪʘʶʪʴ ʙʽʣʴʰ ʧʦʤʽʪʥʠʤʠ, ʘʥʪʨʦʧʦʛʝʥʥʘ ʜʽʷʣʴʥʽʩʪʴ ʩʪʘʻ 

ʙʽʣʴʰ ʚʠʜʠʤʦʶ. ɺʠʨʫʙʢʘ ʣʽʩʽʚ, ʥʘʜʤʽʨʥʠʡ ʚʠʧʘʩ ʭʫʜʦʙʠ ʪʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʭʠʣʦʚʦʛʦ ʩʪʦʢʫ ʪʘ ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʘ ʧʣʦʱʽ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʠʪʪʷ ˇʨʫʥʪʽʚ ʚʦʜʦʥʝʧʨʦʥʠʢʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ 

ʟʤʝʥʰʫʻ ʟʜʘʪʥʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ ʫʪʨʠʤʫʚʘʪʠ ʚʦʜʫ, ʘ ʪʘʢʦʞ ʜʦ ʽʥʬʽʣʴʪʨʘʮʽʾ 

ˇʨʫʥʪʫ - ʧʨʦʮʝʩʽʚ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʤʽʩʴʢʽ ʧʘʚʦʜʢʠ ʟ ʜʫʞʝ ʚʠʩʦʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʽ 

ʰʚʠʜʢʦʩʪʷʤʠ ʪʘ ʢʦʨʦʪʢʠʤ ʯʘʩʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʚʽʜʚʝʜʝʥʥʷ ʜʦʱʦʚʦʾ ʚʦʜʠ, ʤʽʩʴʢʽ ʧʦʚʝʥʽ ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʘʯʥʽ ʟʙʠʪʢʠ 

ʪʘ ʞʝʨʪʚʠ; 

- ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʙʘʩʝʡʥʫ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʚʥʠʥʥʠʭ 

ʜʽʣʷʥʦʢ ʟ ʧʦʣʦʛʠʤʠ ʩʭʠʣʘʤʠ, ʟʘʧʣʘʚʦʶ, ʤʝʘʥʜʨʘʤʠ ʪʘ ʥʠʟʴʢʦʶ ʰʚʠʜʢʽʩʪʶ 

ʪʝʯʽʾ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʙʤʝʞʝʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜʢʣʘʜʝʥʴʽ 

ʟʨʦʩʪʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘʤʫʣʝʥʥʷ. ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ, ʱʦ ʚʝʜʝʪʴʩʷ 

ʚ ʟʘʧʣʘʚʘʭ ʨʽʯʦʢ, ʩʪʘʻ ʚʨʘʟʣʠʚʦʶ ʜʦ ʧʣʶʚʽʘʣʴʥʠʭ ʧʘʚʦʜʢʽʚ ʯʝʨʝʟ ʟʥʘʯʥʝ 

ʨʦʟʰʠʨʝʥʥʷ ʾʭʥʽʭ ʟʘʪʦʧʣʶʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʇʦʩʠʣʝʥʥʷ ʧʨʦʮʝʩʫ ʫʨʙʘʥʽʟʘʮʽʾ ʪʘ 

ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʟʝʤʣʽ ʚ ʧʘʚʦʜʢʦʥʝʙʝʟʧʝʯʥʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʷʢʘ ʧʨʠʚʘʙʣʶʻ 

ʤʘʣʦʟʘʙʝʟʧʝʯʝʥʝ ʥʘʩʝʣʝʥʥʷ, ʟʫʤʦʚʣʶʻ ʟʙʽʣʴʰʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʽ ʮʠʭ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʜʦ ʧʦʚʝʥʝʡ. ʇʦʰʠʨʝʥʥʷ ʧʘʚʦʜʢʦʚʦʾ ʭʚʠʣʽ ʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ 

ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʣʦʢʘʣʴʥʠʤʠ ʧʘʚʦʜʢʘʤʠ ʘʙʦ ʟʘʪʦʧʣʝʥʥʷʤʠ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʦʚʝʥʝʡ, ʷʢʽ, ʷʢ ʧʨʘʚʠʣʦ, ʪʨʠʚʘʶʪʴ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ 

ʧʝʨʽʦʜʫ - ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʥʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʪʠʞʥʽʚ. ʅʝʜʦʩʪʘʪʥʽʡ ʩʪʘʥ ʘʙʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʪʠʧʘʚʦʜʢʦʚʠʭ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʨʦʟʣʠʚʫ ʨʽʯʦʢ ʽ ʟʥʘʯʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʟʙʠʪʢʽʚ. 

ʉʧʝʮʠʬʽʢʘ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʥʝʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʷʢ ʥʘ ʨʽʚʥʽ 

ʙʘʩʝʡʥʫ, ʜʝ ʥʘʡʙʽʣʴʰ ʨʫʡʥʽʚʥʠʤʠ ʻ ʢʦʤʧʣʝʢʩʥʽ ʧʦʚʝʥʽ, ʪʘʢ ʽ ʟʘ ʨʦʟʤʽʨʦʤ 

ʩʘʤʦʾ ʨʽʯʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʭ ʟʤʽʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʥʝʡ 
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ʫ ʙʘʩʝʡʥʘʭ ʤʘʣʠʭ ʨʽʯʦʢ, ʧʦʪʽʤ ʩʝʨʝʜʥʽʭ ʽ ʟʥʘʯʥʦ ʤʝʥʰʝ  ʫ ʚʝʣʠʢʠʭ. ʆʜʥʘʢ 

ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʧʦʚʝʜʽʥʢʦʶ ʧʦʚʝʥʝʡ ʫ ʚʝʨʭʽʚ'ʷʭ ʚʦʜʦʟʙʦʨʽʚ ʽ ʧʦʚʝʜʽʥʢʦʶ 

ʧʦʚʝʥʝʡ ʫ ʚʩʴʦʤʫ ʨʽʯʢʦʚʦʤʫ ʙʘʩʝʡʥʽ ʯʘʩʪʦ ʻ ʩʢʣʘʜʥʠʤ ʽ ʽʥʦʜʽ ʥʝʜʦʩʢʦʥʘʣʦ 

ʚʠʚʯʝʥʠʤ [19]. 

ʆʮʽʥʢʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʨʝʞʠʤ ʧʦʚʝʥʝʡ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʦʢʫ, ʷʢʽ 

ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʛʨʫʧʘʤʠ: 

- ʯʘʩʦʚʠʡ ʘʩʧʝʢʪ ʚʢʣʶʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʧʣʶʚʽʘʣʴʥʦʛʦ ʧʘʚʦʜʢʫ, ʷʢʠʡ ʻ 

ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʩʧʨʠʯʠʥʝʥʠʤ ʚʟʘʻʤʦʜʽʻʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʨʦʜʥʠʭ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʧʘʚʦʜʢʦʚʘ ʭʚʠʣʷ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʽʜʨʦʛʨʘʬʦʤ ʧʘʚʦʜʢʫ, ʦʩʦʙʣʠʚʦʩʪʽ ʷʢʦʛʦ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 1.4 [19]; 

- ʧʨʦʩʪʦʨʦʚʠʡ ʘʩʧʝʢʪ ʚʢʣʶʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʧʣʶʚʽʘʣʴʥʠʭ ʧʘʚʦʜʢʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʪʦʧʣʝʥʥʷ ʟʘʧʣʘʚ ʨʽʯʦʢ ʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ, ʨʦʟʰʠʨʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ ʤʽʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ ʚ ʤʝʞʘʭ ʮʠʭ ʟʘʧʣʘʚ. ʉʫʩʧʽʣʴʩʪʚʦ 

ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʙʽʣʴʰʫʻ ʚʨʘʟʣʠʚʽʩʪʴ ʚʣʘʩʥʠʭ ʪʝʨʠʪʦʨʽʡ ʜʦ ʧʽʜʪʦʧʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʨʦʩʪʘʻ ʨʠʟʠʢ ʧʦʚʝʥʝʡ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʶ 

ʧʦʚʝʥʽ, ʷʢʘ ʚʠʨʘʞʝʥʘ ʫ ʚʽʜʥʦʰʝʥʥʽ ʯʘʩʪʦʢ ʘʙʦ ʚʽʜʩʦʪʢʽʚ ʢʽʣʴʢʦʩʪʽ ʨʦʢʽʚ ʟ 

ʩʧʨʠʷʪʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ ʧʦʚʝʥʝʡ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʢʽʚ 

ʫ ʨʦʟʛʣʷʜʽ; 

- ʥʝʙʝʟʧʝʢʘ ʧʦʚʝʥʽ ʚʢʣʶʯʘʻ ʧʨʠʨʦʜʥʽ ʪʘ/ʘʙʦ ʘʥʪʨʦʧʦʛʝʥʥʽ ʷʚʠʱʘ ʟʽ 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʧʘʚʦʜʢʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʧʣʦʱʘ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʾ, ʪʨʠʚʘʣʽʩʪʴ, ʛʣʠʙʠʥʘ ʚʦʜʠ, ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʘʚʦʜʢʦʚʦʾ 

ʭʚʠʣʽ ʪʦʱʦ; 

- ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʧʦʚʝʥʝʡ ʦʮʽʥʶʻʪʴʩʷ ʷʢ ʯʠʩʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʥʘʩʝʣʝʥʥʷ, ʦʙ'ʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʤʦʞʫʪʴ 

ʧʦʩʪʨʘʞʜʘʪʠ ʚʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ ʧʦʚʝʥʽ; 

- ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʧʦʚʝʥʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʫʪʣʠʚʽʩʪʶ ʛʨʦʤʘʜʠ ʜʦ ʧʦʚʝʥʽ, 

ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ 

[20]. 
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ʈʠʩʫʥʦʢ 1.4 ï ʄʦʜʝʣʴ ʛʽʜʨʦʛʨʘʬʫ ʨʽʚʥʷ ʨʦʟʣʠʚʫ ʚʦʜʦʡʤʠ [21] 

 

ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʻʚʨʦʧʝʡʩʴʢʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʫʩʪʘʥʦʚ [21], ʟʤʽʥʠ 

ʨʝʞʠʤʫ ʧʦʚʝʥʽ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʟʤʽʥʫ ʪʨʝʥʜʫ ʪʘ ʥʘʧʨʷʤʢʫ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʧʽʜ ʚʧʣʠʚʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ɻʨʘʬʽʯʥʠʡ ʚʧʣʠʚ ʪʨʴʦʭ ʛʽʧʦʪʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ 

ʤʠʪʪʻʚʫ ʚʠʪʨʘʪʫ ʚʦʜʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱʽ ʙʘʩʝʡʥʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.5, ʜʝ 

ʟʘʟʥʘʯʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʟʚʫʞʝʥʥʷ ʟʘʧʣʘʚʠ (ʨʠʩ. 1.5ʘ) ʧʽʢʦʚʽ ʚʠʪʨʘʪʠ 

ʟʨʦʩʪʘʶʪʴ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʧʣʦʱʽ ʙʘʩʝʡʥʫ; ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʤʽʩʪ ʟʫʤʦʚʣʶʻ 

ʟʨʦʩʪʘʥʥʷ ʧʽʢʦʚʠʭ ʚʠʪʨʘʪ, ʦʩʦʙʣʠʚʦ ʚ ʤʘʣʠʭ ʙʘʩʝʡʥʘʭ (ʨʠʩ. 1.5 ʙ), ʘ 

ʤʽʥʣʠʚʽʩʪʴ ʢʣʽʤʘʪʫ ʚʧʣʠʚʘʻ ʷʢ ʥʘ ʟʤʝʥʰʝʥʥʷ, ʪʘʢ ʽ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʣʦʱʽ ʙʘʩʝʡʥʫ.  
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ʘ)                                            ʙ)                                     ʚ) 

ʈʠʩʫʥʦʢ 1.5 ï ɻʽʧʦʪʝʪʠʯʥʠʡ ʚʧʣʠʚ ʪʨʴʦʭ ʪʠʧʽʚ ʬʘʢʪʦʨʽʚ ʥʘ ʚʽʜʥʦʩʥʽ 

ʧʽʢʠ ʧʦʚʝʥʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʩʰʪʘʙʫ ʚʦʜʦʡʤʠʱʘ: a) ʨ̔ ʯʢʘ; ʙ) ʚʦʜʦʟʙʽʨ; 

ʚ) ʘʪʤʦʩʬʝʨʘ [21] 

 

ɿʤʽʥʠ ʧʽʢʦʚʦʛʦ ʩʪʦʢʫ ʧʽʜ ʚʧʣʠʚʦʤ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʦʮʽʥʶʶʪʴʩʷ 

ʥʝ ʪʽʣʴʢʠ ʚ ʧʨʦʩʪʦʨʦʚʦʤʫ, ʘʣʝ ʽ ʚ ʯʘʩʦʚʦʤʫ ʨʦʟʨʽʟʽ (ʨʠʩ. 1.6). ɽʢʩʧʣʫʘʪʘʮʽʷ 

ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʽ ʧʦʤʽʪʥʽ ʟʤʽʥʠ ʨʝʞʠʤʫ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʦʢʫ (ʨʠʩ. 1.6 ʘ), ʪʦʜʽ ʷʢ ʟʤʽʥʠ ʫ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʽ ʪʘ 

ʢʣʽʤʘʪʠʯʥʠʭ ʝʣʝʤʝʥʪʘʭ ʚʠʢʣʠʢʘʶʪʴ ʧʦʩʪʫʧʦʚʫ ʤʦʜʠʬʽʢʘʮʽʶ ʪʨʝʥʜʫ ʨʽʯʥʦʛʦ 

ʭʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʦʢʫ (ʨʠʩ. 1.6 ʚ).  

 

 

ʘ)                                            ʙ)                                     ʚ) 

ʈʠʩʫʥʦʢ 1.6 ï ɿʤʽʥʠ ʧʽʢʦʚʠʭ ʩʪʦʢʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ: 

ʘ) ʟʤʽʥ ʫ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʽ; ʙ) ʟʙʽʣʴʰʝʥʥʷ ʤʽʥʣʠʚʦʩʪʽ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʦʧʘʜʽʚ; 

ʚ)ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠʣʽʪʴ ʘʙʦ ʩʪʦʣʽʪʴ [21] 

 

ɿʤʽʥʠ ʚ ʧʽʜʛʦʪʦʚʮʽ ʟʘʧʣʘʚʠ ʪʘ ʨʫʩʣʘ ʟʫʤʦʚʣʶʶʪʴ ʟʙʽʣʴʰʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʧʘʚʦʜʢʽʚ, ʪʦʜʽ ʷʢ ʨʦʙʦʪʘ ʚʦʜʦʩʭʦʚʠʱ ʟʤʝʥʰʫʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʩʝʨʝʜʥʽʭ ʧʘʚʦʜʢʽʚ (ʨʠʩ. 1.7). 
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ʘ)                                       ʙ)                                           ʚ) 

ʈʠʩʫʥʦʢ 1.7 ï ɺʧʣʠʚ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʥʘ ʢʨʠʚʫ ʯʘʩʪʦʪʠ ʧʘʚʦʜʢʽʚ: 

a) ʧʽʜʛʦʪʦʚʢʘ ʨʫʩʣʘ ʩʧʨʠʯʠʥʷʻ ʟʙʽʣʴʰʝʥʥʷ ʤʘʣʠʭ ʧʘʚʦʜʢʽʚ; ʙ) ʚʠʜʘʣʝʥʥʷ 

ʟʘʧʣʘʚʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʟʙʽʣʴʰʫʻ ʩʝʨʝʜʥʽ ʧʘʚʦʜʢʠ; ʚ) ʙʫʜʽʚʥʠʮʪʚʦ 

ʚʦʜʦʩʭʦʚʠʱ ʟʤʝʥʰʫʻ ʩʝʨʝʜʥʽ ʧʘʚʦʜʢʠ [21] 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʧʨʦʛʨʝʩ ʩʪʘʚ ʚʘʞʣʠʚʦʶ 

ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʚ ʫʧʨʘʚʣʽʥʥʽ ʨʽʯʢʦʚʠʤʠ ʙʘʩʝʡʥʘʤʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʨʠʪʦʨʽʡ 

ʚʦʜʦʩʭʦʚʠʱ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʥʝʡ ʪʘ 

ʧʘʚʦʜʢʦʥʝʙʝʟʧʝʯʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʅʘʨʘʟʽ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ "ʩʫʩʧʽʣʴʩʪʚʦ - ʧʦʚʽʥʴ" 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʘ ʦʮʽʥʶʻʪʴʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʜʦ ʧʨʦʞʠʚʘʥʥʷ 

ʣʶʜʠʥʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʜʠʣʝʤʠ, ʪʘʢʽ ʷʢ 

"ʧʨʦʩʪʽʨ ʜʣʷ ʚʦʜʠ ï ʧʨʦʩʪʽʨ ʜʣʷ ʣʶʜʝʡ", "ʩʧʽʚʧʨʘʮʷ ï ʢʦʥʬʣʽʢʪ" [21, 22]. 

ʋʧʨʘʚʣʽʥʥʷ ʨʽʯʢʦʚʠʤʠ ʟʘʧʣʘʚʘʤʠ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʫ ʚʽʜʥʦʩʠʥʘʭ "ʣʶʜʠʥʘ ï ʨʽʯʢʘ", ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʭʠʩʥʠʤʠ 

ʟʘʭʦʜʘʤʠ ʚʽʜ ʨʫʡʥʽʚʥʦʾ ʜʽʾ ʧʦʚʝʥʝʡ [22]: 

ï  ʧʘʩʠʚʥʽ, ʙʝʟ ʩʫʪʪʻʚʠʭ ʚʪʨʫʯʘʥʴ ʫ ʨʫʩʣʦ ʪʘ ʟʘʧʣʘʚʫ ʨʽʯʢʠ; 

ï  ʧʨʝʚʝʥʪʠʚʥʽ, ʢʦʣʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʝʨʰʽ ʟʘʭʦʜʠ ʟʘʭʠʩʪʫ ʚʽʜ ʧʦʚʝʥʝʡ, 

ʯʘʩʪʢʦʚʦ ʟʘʭʠʱʘʶʯʠ ʤʘʡʥʦ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ ʚʽʜ ʥʘʩʣʽʜʢʽʚ 

ʧʦʚʝʥʝʡ; 

ï  ʘʢʪʠʚʥʽ, ʢʦʣʠ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʭʦʜʠ ʟ ʦʙʣʘʰʪʫʚʘʥʥʷ ʟʘʧʣʘʚ: ʧʽʜʛʦʪʦʚʢʘ 

ʨʽʯʦʢ, ʙʝʨʝʛʦʫʢʨʽʧʣʝʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʦ ʜʘʤʙ ʪʦʱʦ. ʎʽ ʟʘʭʦʜʠ ʦʙʫʤʦʚʣʝʥʽ 

ʟʨʦʩʪʘʶʯʠʤ ʧʨʦʮʝʩʦʤ ʫʨʙʘʥʽʟʘʮʽʾ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʭʠʩʪʫ 
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ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʚʽʜ ʧʦʚʝʥʝʡ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʥʘʩʝʣʝʥʥʷ. 

ï  ʢʦʤʧʣʝʢʩʥʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʢʦʤʧʣʝʢʩʥʝ ʦʙʣʘʰʪʫʚʘʥʥʷ ʨʽʯʢʦʚʠʭ 

ʙʘʩʝʡʥʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʮʽʥʢʠ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʧʦʚʝʥʝʚʠʭ 

ʭʚʠʣʴ ʚ ʫʤʦʚʘʭ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦ ʤʦʜʠʬʽʢʘʮʽʾ 

ʨʝʞʠʤʫ ʧʦʚʝʥʝʡ ʧʨʠʟʚʦʜʷʪʴ ʪʘʢʽ ʯʠʥʥʠʢʠ [23]: 

ï ʘʥʪʨʦʧʦʛʝʥʥʘ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ, ʪʘʢʽ ʷʢ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʧʨʘʢʪʠʢʘ, ʚʠʨʫʙʢʘ ʣʽʩʽʚ, ʫʨʙʘʥʽʟʘʮʽʷ ʪʦʱʦ; 

ï ʜʽʷʣʴʥʽʩʪʴ ʟ ʦʙʣʘʰʪʫʚʘʥʥʷ ʟʘʧʣʘʚ, ʚʢʣʶʯʘʶʯʠ ʧʽʜʛʦʪʦʚʢʫ ʨʫʩʣʘ 

ʨʽʯʢʠ, ʙʫʜʽʚʥʠʮʪʚʦ ʚʦʜʦʩʭʦʚʠʱ, ʜʘʤʙ, ʧʦʣʴʜʝʨʽʚ ʪʦʱʦ; 

ï ʟʤʽʥʠ ʚ ʢʣʽʤʘʪʠʯʥʽʡ ʩʠʩʪʝʤʽ, ʟʦʢʨʝʤʘ ʚʘʨʽʘʮʽʾ ʪʘ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʷʢʽ 

ʩʧʨʠʯʠʥʝʥʽ ʣʶʜʩʴʢʦʶ ʜʽʷʣʴʥʽʩʪʶ. 

ɺʨʘʭʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʯʠʥʥʠʢʽʚ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʚʝʥʝʡ ʪʘ ʨʦʟʨʦʙʢʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ. ɸʥʪʨʦʧʦʛʝʥʥʘ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ, ʟʦʢʨʝʤʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʠʨʫʙʢʘ ʣʽʩʽʚ ʪʘ ʫʨʙʘʥʽʟʘʮʽʷ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʟʤʽʥʶʶʯʠ ʧʘʨʘʤʝʪʨʠ 

ʽʥʬʽʣʴʪʨʘʮʽʾ, ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʪʘ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ɼʽʷʣʴʥʽʩʪʴ ʟ 

ʦʙʣʘʰʪʫʚʘʥʥʷ ʟʘʧʣʘʚ, ʚʢʣʶʯʘʶʯʠ ʨʝʛʫʣʶʚʘʥʥʷ ʨʫʩʣʘ ʨʽʯʦʢ, ʙʫʜʽʚʥʠʮʪʚʦ 

ʚʦʜʦʩʭʦʚʠʱ, ʜʘʤʙ ʪʘ ʧʦʣʴʜʝʨʽʚ, ʤʦʜʠʬʽʢʫʻ ʧʨʠʨʦʜʥʠʡ ʨʝʞʠʤ ʩʪʦʢʫ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʽʥʪʝʛʨʘʮʽʾ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ. ɼʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʟʤʽʥʠ ʢʣʽʤʘʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʚʘʨʽʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʘʜʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʚʦʜʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʷʚʠʱ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʠʤʘʛʘʶʪʴ ʘʜʘʧʪʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦ 

ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʥʠʭ ʫʤʦʚ. ɺʨʘʭʫʚʘʥʥʷ ʮʠʭ ʯʠʥʥʠʢʽʚ ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ 
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ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʩʣʽʜʢʘʤʠ ʧʦʚʝʥʝʡ. 

1.3 ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ  

ʂʘʨʪʠ ʧʦʚʝʥʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʚʘʞʣʠʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʮʽʥʢʠ 

ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʴ. ɯʩʥʫʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʢʘʨʪ: ʢʘʨʪʠ ʥʝʙʝʟʧʝʢʠ 

ʧʦʚʝʥʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʡʤʦʚʽʨʥʽʩʪʴ ʪʘ/ʘʙʦ ʤʘʩʰʪʘʙʠ ʧʦʜʽʡ, ʪʘ 

ʢʘʨʪʠ ʨʠʟʠʢʽʚ ʧʦʚʝʥʝʡ, ʷʢʽ ʜʦʜʘʶʪʴ ʜʦ ʮʴʦʛʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʘʩʣʽʜʢʠ, ʪʘʢʽ 

ʷʢ ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ ʪʘ ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʨʘʞʜʘʣʠʭ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʪʠʧʽʚ 

ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʘʨʪʘʭ. ʋ ʚʠʧʘʜʢʫ ʢʘʨʪ ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʝʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʩʪʦʨʠʯʥʽ 

ʜʘʥʽ ʧʨʦ ʯʘʩʪʦʪʫ ʪʘ ʤʘʩʰʪʘʙʠ ʤʠʥʫʣʠʭ ʧʦʚʝʥʝʡ. ʅʘʧʨʠʢʣʘʜ, ʚ ɯʨʣʘʥʜʽʾ ʪʘʢʽ 

ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʪʦʯʢʦʚʠʭ ʧʦʜʽʡ ʥʘ ʢʘʨʪʽ (ʜʠʚ. ʨʠʩ. 

1.8 ʘ). ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʤʘʩʰʪʘʙʠ ʽʩʪʦʨʠʯʥʠʭ ʧʦʚʝʥʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʟʦʙʨʘʞʝʥʽ 

ʥʘ ʤʘʩʰʪʘʙʥʠʭ ʢʘʨʪʘʭ ʧʦʚʝʥʝʡ (ʜʠʚ. ʨʠʩ. 1.8 ʙ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ 

ʟʥʽʤʢʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʤʦʞʥʘ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʤʘʩʰʪʘʙʠ 

ʧʦʪʦʯʥʠʭ ʘʙʦ ʥʝʜʘʚʥʽʭ ʧʦʚʝʥʝʡ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʘʙʦ ʧʝʨʝʚʽʨʢʠ ʤʦʜʝʣʝʡ ʧʦʚʝʥʝʡ, ʩʪʚʦʨʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ [24]. 

ɺʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʦʤ ʟʘʪʦʧʣʝʥʴ, ʦʩʦʙʣʠʚʦ ʚ 

ʫʤʦʚʘʭ ʟʤʽʥʶʚʘʥʦʛʦ ʢʣʽʤʘʪʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ ʤʦʜʝʣʶʶʯʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʮʽʥʢʠ ʥʝʙʝʟʧʝʢʠ ʛʽʧʦʪʝʪʠʯʥʠʭ ʧʦʚʝʥʝʡ ʩʪʘʻ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ. ʆʮʽʥʢʘ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʧʣʦʱʘ ʟʘʪʦʧʣʝʥʥʷ, ʛʣʠʙʠʥʘ ʚʦʜʠ, 

ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʪʨʠʚʘʣʽʩʪʴ ʟʘʪʦʧʣʝʥʥʷ, ʧʦʰʠʨʝʥʥʷ ʧʘʚʦʜʢʦʚʦʾ ʭʚʠʣʽ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʚʦʜʠ, ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ ʪʘ 

ʝʬʝʢʪʠʚʥʽʰʝ ʧʣʘʥʫʚʘʪʠ ʟʘʭʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʢʨʠʟʦʚʠʤʠ ʩʠʪʫʘʮʽʷʤʠ, 

ʚʢʣʶʯʘʶʯʠ ʝʚʘʢʫʘʮʽʶ ʪʘ ʟʘʭʠʩʪ ʥʘʩʝʣʝʥʥʷ. 
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ʘ)                                           ʙ)                                         ʚ) 

ʈʠʩʫʥʦʢ 1.8 ï ʊʠʧʠ ʢʘʨʪ ʧʦʚʝʥʝʡ: ʘ) ʩ̔ʪʦʨʠʯʥʘ ʢʘʨʪʘ ʧʦʚʝʥʝʡ; ʙ) ʢʘʨʪʘ 

ʤʘʩʰʪʘʙʫ ʧʦʚʝʥʽ; ʚ) ʢʘʨʪʘ ʛʣʠʙʠʥʠ ʧʦʚʝʥʽ [24] 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʫ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪ ʧʦʚʝʥʝʡ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʮʠʭ ʩʢʠʜʽʚ ʥʘ ʚʦʜʥʽ ʨʽʚʥʽ. ʎʝ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʚʠʭ 

ʥʦʤʽʥʘʣʴʥʠʭ ʚʠʪʨʘʪ ʘʙʦ ʩʪʫʧʽʥʯʘʩʪʠʭ ʚʠʪʨʘʪ. ɸʣʴʪʝʨʥʘʪʠʚʥʦ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʦʜʥʠʭ ʨʽʚʥʽʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʦʜʥʦʚʠʤʽʨʥʽ ʘʙʦ ʜʚʦʚʠʤʽʨʥʽ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ. ʆʩʪʘʥʥʽ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʽ ʜʣʷ ʩʢʣʘʜʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ 

ʜʽʣʷʥʦʢ, ʪʘʢʠʭ ʷʢ ʨʽʯʢʦʚʽ ʟʣʠʪʪʷ, ʧʦʣʴʜʝʨʠ ʘʙʦ ʜʨʝʥʘʞʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʟʘʟʥʘʣʠ 

ʟʥʘʯʥʠʭ ʟʤʽʥ ʯʝʨʝʟ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ. ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʥʽ, ʪʘʢʽ ʷʢ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, 

ʧʦʰʠʨʝʥʥʷ, ʪʨʠʚʘʣʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʚʦʜʠ. ɼʣʷ ʜʚʦʚʠʤʽʨʥʦʛʦ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʘ ʜʦʜʘʪʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ, ʥʘʧʨʠʢʣʘʜ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʚʦʜʢʦʚʦʾ ʭʚʠʣʽ (ʪʨʠʚʘʣʽʩʪʴ, ʧʽʢ). 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʣʦʱʘ ʟʘʪʦʧʣʝʥʥʷ (ʽ, ʤʦʞʣʠʚʦ, ʛʣʠʙʠʥʘ 

ʟʘʪʦʧʣʝʥʥʷ) ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʨʽʚʥʽʚ ʚʦʜʠ ʟ ʮʠʬʨʦʚʦʶ ʤʦʜʝʣʣʶ ʨʝʣʴʻʬʫ 

(ʎʄʈ), ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʢʘʨʪʫ ʟʘʪʦʧʣʝʥʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʪʷʞʥʽʩʪʴ 

ʘʙʦ ʛʣʠʙʠʥʫ ʟʘʪʦʧʣʝʥʥʷ. ʋ ʜʚʦʚʠʤʽʨʥʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʷʭ ʮʷ ʎʄʈ 

ʚʞʝ ʚʨʘʭʦʚʫʻʪʴʩʷ, ʩʧʨʦʱʫʶʯʠ ʧʨʦʮʝʩ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʪʨʝʪʴʦʛʦ ʢʨʦʢʫ. 

ʗʢ ʽ ʚ ʫʩʽʭ ʤʝʪʦʜʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʘʥʠʭ, 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ/ʘʙʦ ʤʦʜʝʣʝʡ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʜʘʥʠʭ ʽ ʝʪʘʧʘʭ ʾʭ ʦʙʨʦʙʢʠ 
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ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ. ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʽ ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʝʡ ʻ ʩʪʘʪʠʩʪʠʯʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʦʜʽʡ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, 

ʧʨʦʩʪʦʨʦʚʘ ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʜʘʥʠʭ (ʢʦʣʠ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ), ʎʄʈ, ʘ ʪʘʢʦʞ 

ʥʘʷʚʥʽʩʪʴ ʪʘ/ʘʙʦ ʥʝʩʧʨʘʚʥʽʩʪʴ ʟʘʭʠʩʥʠʭ ʩʧʦʨʫʜ. ɿʦʢʨʝʤʘ, ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʎʄʈ, ʭʦʯ ʽ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʣʘʩʴ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ, ʽ ʚʩʝ ʞ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʘʤʙ ʘʙʦ ʽʥʰʠʭ ʟʘʭʠʩʥʠʭ 

ʩʧʦʨʫʜ ʚ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʎʄʈ ʟ ʚʠʩʦʢʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʥʘʷʚʥʽʩʪʴ ʚʽʘʜʫʢʽʚ ʘʙʦ ʽʥʰʠʭ ʣʽʥʽʡʥʠʭ ʩʧʦʨʫʜ ʥʘʜ 

ʟʝʤʣʝʶ ʤʦʞʝ ʙʫʪʠ ʧʦʤʠʣʢʦʚʦ ʽʥʪʝʨʧʨʝʪʦʚʘʥʘ ʷʢ ʧʨʦʪʠʧʘʚʦʜʢʦʚʽ ʙʘʨ'ʻʨʠ, 

ʭʦʯʘ ʚʦʥʠ ʥʘʩʧʨʘʚʜʽ ʥʝ ʟʫʧʠʥʷʶʪʴ ʚʦʜʫ. 

 

1.3.1 ʂʘʨʪʠ ʤʘʩʰʪʘʙʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʂʘʨʪʠ ʤʘʩʰʪʘʙʽʚ ʟʘʪʦʧʣʝʥʥʷ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʬʦʨʤ ʢʘʨʪ 

ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʝʡ (ʜʠʚ. ʨʠʩ. 1.8 ʙ). ʎʽ ʢʘʨʪʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʪʦʧʣʝʥʽ 

ʪʝʨʠʪʦʨʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʚʥʦʾ ʧʦʚʝʥʽ. ʊʘʢʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʧʨʦʜʫʢʪʠ ʤʦʞʫʪʴ 

ʦʭʦʧʣʶʚʘʪʠ ʷʢ ʽʩʪʦʨʠʯʥʽ, ʪʘʢ ʽ ʛʽʧʦʪʝʪʠʯʥʽ ʧʦʜʽʾ ʟ ʧʝʚʥʠʤ ʧʝʨʽʦʜʦʤ 

ʧʦʚʪʦʨʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʨʘʟ ʥʘ 100 ʨʦʢʽʚ, ʱʦ ʯʘʩʪʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ HQ100. 

ʅʘ ʮʠʭ ʢʘʨʪʘʭ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʤʘʩʰʪʘʙʠ ʦʢʨʝʤʦʾ ʧʦʚʝʥʽ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʧʦʜʽʡ, ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʠʪʠ ʤʘʩʰʪʘʙʠ ʽʩʪʦʨʠʯʥʠʭ ʧʦʚʝʥʝʡ. ʊʘʢ ʷʢ 

ʧʨʦʪʷʞʥʽʩʪʴ ʧʦʚʝʥʽ ʣʝʛʢʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ, ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʜʦʧʦʚʥʝʥʽ ʪʦʯʢʦʚʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʥʽ, ʪʘʢʽ ʷʢ 

ʛʣʠʙʠʥʘ ʚʦʜʠ ʘʙʦ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚ ʢʦʥʢʨʝʪʥʠʭ ʪʦʯʢʘʭ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʢʘʨʪʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʘʟʘʥʽ ʚʘʞʣʠʚʽ ʦʙ'ʻʢʪʠ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʧʦʚʝʥʽ, ʪʘʢʽ ʷʢ 

ʣʽʢʘʨʥʽ, ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ ʽʥʰʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʦʙ'ʻʢʪʠ. ʎʽ ʢʘʨʪʠ ʻ ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʧʦʚʝʥʝʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʡ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʝʥʝʚʠʤʠ ʨʠʟʠʢʘʤʠ, ʧʣʘʥʫʚʘʥʥʷ ʝʚʘʢʫʘʮʽʡʥʠʭ ʤʘʨʰʨʫʪʽʚ ʪʘ 

ʽʥʰʠʭ ʟʘʭʦʜʽʚ ʥʘʚʝʜʝʥʥʷ ʚ ʧʦʚʝʥʝʚʦʤʫ ʨʝʞʠʤʽ [25]. 

 



44 

 

1.3.2 ʂʘʨʪʠ ʛʣʠʙʠʥʠ ʟʘʪʦʧʣʝʥʥʷ 

ʂʘʨʪʠ ʛʣʠʙʠʥʠ ʟʘʪʦʧʣʝʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ 

ʦʮʽʥʢʠ ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʝʡ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʠʟʥʘʯʝʥʘ ʧʨʦʪʷʞʥʽʩʪʴ ʧʦʚʝʥʽ ʜʣʷ 

ʧʝʚʥʠʭ ʧʝʨʽʦʜʽʚ ʧʦʚʝʨʥʝʥʥʷ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʪʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʛʣʠʙʠʥʫ 

ʟʘʪʦʧʣʝʥʥʷ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʥʘ ʢʘʨʪʽ ʛʣʠʙʠʥʠ ʟʘʪʦʧʣʝʥʥʷ, ʜʝ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʛʣʠʙʠʥʘ ʚʦʜʠ ʚ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʟʘʪʦʧʣʝʥʦʾ ʪʝʨʠʪʦʨʽʾ. 

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʧʨʦʜʫʢʪʠ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʛʣʠʙʠʥʫ ʚʦʜʠ ʥʘ 

ʪʝʨʠʪʦʨʽʷʭ, ʜʝ ʟʘʪʦʧʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʩʧʦʨʫʜ, 

ʥʘʧʨʠʢʣʘʜ, ʧʦʣʴʜʝʨʥʠʭ ʟʦʥ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʚʘʞʢʦ ʨʦʟʨʘʭʫʚʘʪʠ ʪʦʯʥʫ 

ʧʨʦʪʷʞʥʽʩʪʴ ʽ ʛʣʠʙʠʥʫ ʟʘʪʦʧʣʝʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʯʘʩʦʚʦʛʦ ʧʝʨʽʦʜʫ ʯʝʨʝʟ 

ʥʝʚʽʜʦʤʝ ʤʽʩʮʝ ʧʨʦʨʠʚʫ, ʪʦʤʫ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʮʝʥʘʨʽʾ. ʈʝʟʫʣʴʪʘʪʠ 

ʪʘʢʠʭ ʩʮʝʥʘʨʽʾʚ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙ'ʻʜʥʘʥʽ ʥʘ ʦʜʥʽʡ ʢʘʨʪʽ, ʱʦʙ ʧʦʢʘʟʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʘʙʦ ʩʝʨʝʜʥʶ ʛʣʠʙʠʥʫ ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʧʽʢʩʝʣʴ, ʱʦ ʯʘʩʪʦ 

ʧʨʘʢʪʠʢʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʅʽʜʝʨʣʘʥʜʘʭ [24]. 

 

1.3.3 ʂʘʨʪʠ ʜʦʜʘʪʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʂʨʽʤ ʢʘʨʪ ʛʣʠʙʠʥʠ ʟʘʪʦʧʣʝʥʥʷ, ʽʩʥʫʶʪʴ ʽ ʽʥʰʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʧʨʦʜʫʢʪʠ, 

ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʥʽ, ʪʘʢʽ ʷʢ ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʚʦʜʠ, 

ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ, ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʧʦʰʠʨʝʥʥʷ ʧʦʚʝʥʽ. ʅʘʧʨʠʢʣʘʜ, ʫ ʌʣʘʥʜʨʽʾ 

ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʢʘʨʪʠ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʧʽʜʡʦʤʫ ʚʦʜʠ, ʚ ɸʚʩʪʨʽʾ ʪʘ 

ʃʶʢʩʝʤʙʫʨʟʽ ï ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ, ʘ ʚ ʋʛʦʨʱʠʥʽ ʪʘ ʅʽʜʝʨʣʘʥʜʘʭ ï ʢʘʨʪʽ 

ʧʦʰʠʨʝʥʥʷ ʧʦʣʴʜʝʨʽʚ, ʱʦ ʟʘʪʦʧʣʶʶʪʴʩʷ. ʂʦʞʥʘ ʪʘʢʘ ʢʘʨʪʘ ʟʘʟʚʠʯʘʡ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʯʘʩʦʚʦʛʦ ʧʝʨʽʦʜʫ, ʦʩʢʽʣʴʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʨʽʟʥʠʭ ʧʝʨʽʦʜʽʚ ʥʘ ʦʜʥʽʡ ʢʘʨʪʽ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʯʝʨʝʟ ʾʭʥʶ 

ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ. 

 

1.3.4 ʂʘʨʪʠ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʂʘʨʪʠ ʧʦʚʝʥʝʡ ʟʘʟʚʠʯʘʡ ʚʽʜʦʙʨʘʞʘʶʪʴ ʣʠʰʝ ʦʜʠʥ ʟ ʜʝʢʽʣʴʢʦʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʥʽ, ʘʣʝ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʛʣʠʙʠʥʫ ʧʦʚʝʥʽ ʜʣʷ 
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ʧʝʚʥʦʛʦ ʯʘʩʦʚʦʛʦ ʧʝʨʽʦʜʫ ʜʦʜʘʻʪʴʩʷ ʜʦ ʢʘʨʪʠ ʤʘʩʰʪʘʙʫ ʧʦʚʝʥʽ. ɼʣʷ ʪʦʛʦ, ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʟʘʛʘʣʴʥʫ ʥʝʙʝʟʧʝʢʫ ʧʦʚʝʥʝʡ, ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙ'ʻʜʥʘʥʽ ʚ ʷʢʽʩʥʽ ʢʣʘʩʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘʢ ʟʚʘʥʦʾ ʢʘʨʪʠ 

ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʝʡ (ʨʠʩ. 1.9 ʘ). ʎʝ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʨʠʮʴ ʘʙʦ ʬʦʨʤʫʣ, ʷʢʽ ʧʦʚ'ʷʟʫʶʪʴ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʥʽ ʫ ʻʜʠʥʠʡ 

ʧʦʢʘʟʥʠʢ "ʥʝʙʝʟʧʝʢʠ". ʋ ʪʘʢʠʭ ʤʘʪʨʠʮʷʭ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ ʦʩʽ ʜʣʷ 

ʟʚ'ʷʟʢʫ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʥʽ (ʥʘʧʨʠʢʣʘʜ, ʛʣʠʙʠʥʘ, ʰʚʠʜʢʽʩʪʴ, ʧʝʨʽʦʜ 

ʧʦʚʝʨʥʝʥʥʷ), ʽʥʦʜʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʛʨʫʧʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ (ʥʘʧʨʠʢʣʘʜ, 

"ʽʥʪʝʥʩʠʚʥʽʩʪʴ", ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʈʝʡʥʣʘʥʜ-ʇʬʘʣʴʮʽ, ʧʦʻʜʥʫʻ ʛʣʠʙʠʥʫ 

ʚʦʜʠ ʽ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ), ʫ ʷʢʽʩʥʽ ʢʘʪʝʛʦʨʽʾ ʥʝʙʝʟʧʝʢʠ (ʥʘʧʨʠʢʣʘʜ, ʫ 

ʐʚʝʡʮʘʨʽʾ, ɺʘʣʣʦʥʽʾ, ʈʝʡʥʣʘʥʜ-ʇʬʘʣʴʮ).  

 

1.3.5 ʂʘʨʪʠ ʨʠʟʠʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʇʦʻʜʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʩʣʽʜʢʠ ʧʦʚʝʥʽ ʟ ʜʘʥʠʤʠ ʧʨʦ ʥʝʙʝʟʧʝʢʫ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʢʘʨʪʠ ʨʠʟʠʢʽʚ. ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʚʨʘʟʣʠʚʦʩʪʽ 

ʪʘ ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʦʜʦʣʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʧʦʚʝʥʝʡ ʻ ʷʢʽʩʥʠʤʠ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʷʢʽʩʥʠʭ ʢʘʨʪ ʨʠʟʠʢʽʚ (ʨʠʩ. 1.9 ʙ).  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʥʘʷʚʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

ʧʦʚʝʥʝʡ (ʷʢ ʜʣʷ ʥʝʙʝʟʧʝʢʠ, ʪʘʢ ʽ ʜʣʷ ʥʘʩʣʽʜʢʽʚ), ʽʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʘʨʪ 

ʧʦʚʝʥʝʡ. ɺʦʥʠ ʯʘʩʪʦ ʥʝ ʻ ʧʦʨʽʚʥʷʥʥʠʤʠ (ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʷʢʽʩʥʠʭ ʢʘʨʪ), 

ʦʩʢʽʣʴʢʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʧʽʜʭʦʜʘʭ (ʨʠʩ. 1.9 ʚ). ʅʘʧʨʠʢʣʘʜ, ʢʘʨʪʠ 

ʨʠʟʠʢʽʚ ʧʦʚʝʥʝʡ ʥʝ ʩʣʽʜ ʚʚʘʞʘʪʠ ʪʘʢʠʤʠ ʞ ʦʜʥʦʨʽʜʥʠʤʠ, ʷʢ ʢʘʨʪʠ ʥʝʙʝʟʧʝʢʠ 

ʧʦʚʝʥʝʡ (ʥʘʧʨʠʢʣʘʜ, ʤʘʩʰʪʘʙʫ ʘʙʦ ʛʣʠʙʠʥʠ ʧʦʚʝʥʽ) ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʽʥʜʠʢʘʪʦʨʽʚ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʧʦʚʝʥʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʽʥʜʠʢʘʪʦʨʽʚ ʜʣʷ ʦʮʽʥʢʠ ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʽ. ʋ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʽʥʜʠʢʘʪʦʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʽ ʪʠʧ ʩʪʚʦʨʝʥʦʾ ʢʘʨʪʠ ʨʠʟʠʢʫ 

ʧʦʚʝʥʝʡ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʠʪʘʥʥʷ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʩʪʨʘʭʦʚʠʭ ʢʦʤʧʘʥʽʡ ʚʘʞʣʠʚʠʤ ʻ ʩʪʨʘʭʦʚʠʡ ʟʙʠʪʦʢ, ʘ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ 

ʝʚʘʢʫʘʮʽʾ - ʱʽʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʪʘ ʽʥʰʽ ʘʩʧʝʢʪʠ [24].  
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ʘ)                                            ʙ)                                         ʚ) 

ʈʠʩʫʥʦʢ 1.9 ï ʊʠʧʠ ʢʘʨʪ ʧʦʚʝʥʝʡ: ʘ) ʥʝʙʝʟʧʝʢʠ ʧʽʜʪʦʧʣʝʥʥʷ; ʙ) ʨʠʟʠʢʫ 

ʧʦʚʝʥʽ; ʚ) ʟʙʠʪʢʽʚ, ʨʫʡʥʫʚʘʥʴ [24] 

 

1.3.6 ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪ ʧʦʚʝʥʝʡ ʫʨʷʜʘʤʠ ʢʨʘʾʥ 

ʂʘʨʪʠ ʧʦʚʝʥʝʡ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʨʷʜʘʤʠ ʜʣʷ ʨʽʟʥʠʭ 

ʮʽʣʝʡ, ʟʦʢʨʝʤʘ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʥʘ ʚʠʧʘʜʦʢ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, 

ʥʘʧʨʠʢʣʘʜ, ʝʚʘʢʫʘʮʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ʋ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʧʣʘʥʫʚʘʥʥʽ ʨʦʟʨʽʟʥʷʶʪʴ ʢʨʘʾʥʠ, ʜʝ ʢʘʨʪʠ ʧʦʚʝʥʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʥʩʫʣʴʪʘʪʠʚʥʠʭ ʮʽʣʷʭ, ʪʘ ʪʽ, ʜʝ ʽʩʥʫʻ ʦʙʦʚ'ʷʟʢʦʚʝ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʝʙʝʟʧʝʢʫ ʘʙʦ ʨʠʟʠʢ 

ʧʦʚʝʥʝʡ. ɿʦʥʠ ʟʘʪʦʧʣʝʥʥʷ (ʘʙʦ ʟʦʥʠ ʨʠʟʠʢʫ) ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʽʥʬʦʨʤʘʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʩʽʙ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ, ʷʢ ʫ ʅʦʨʚʝʛʽʾ ʪʘ ʐʚʝʮʽʾ. ʋ 

ʌʽʥʣʷʥʜʽʾ ʪʘ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʽʩʥʫʶʪʴ ʟʘʢʦʥʦʜʘʚʯʽ ʟʦʙʦʚ'ʷʟʘʥʥʷ ʚʨʘʭʦʚʫʚʘʪʠ 

ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʣʘʥʫʚʘʥʥʷ, ʘʣʝ ʮʝ ʥʝ ʟʘʚʞʜʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʚʥʦʛʦ ʟʘʙʦʨʦʥʠ ʟʘʙʫʜʦʚʠ. 

ʋ ʌʨʘʥʮʽʾ, ʇʦʣʴʱʽ ʪʘ ʚ ʦʩʪʘʥʥʽʡ ʯʘʩ ʫ ʅʽʤʝʯʯʠʥʽ ʽʩʥʫʻ ʦʙʦʚ'ʷʟʢʦʚʝ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦ, ʷʢʝ ʦʙʤʝʞʫʻ ʘʙʦ ʟʘʙʦʨʦʥʷʻ ʟʘʙʫʜʦʚʫ ʥʘ ʟʦʥʘʭ, ʩʭʠʣʴʥʠʭ ʜʦ 

ʧʦʚʝʥʝʡ. ʇʨʦʪʝ, ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʯʘʩʪʦ ʥʝ 

ʛʘʨʘʥʪʫʻ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʦʚʝʥʝʡ. ʋ ʅʽʤʝʯʯʠʥʽ ʮʝ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʢʦʣʠ ʨʽʟʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʚʠʥʥʽ 
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ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʤʽʞ ʩʦʙʦʶ. ʋ ʌʨʘʥʮʽʾ ʤʽʩʮʝʚʽ ʦʨʛʘʥʠ ʚʣʘʜʠ ʤʦʞʫʪʴ ʤʘʶʪʴ 

ʩʭʠʣʴʥʽʩʪʴ ʥʝʜʦʦʮʽʥʶʚʘʪʠ ʥʝʙʝʟʧʝʯʥʽ ʟʦʥʠ ʯʝʨʝʟ ʤʦʞʣʠʚʽʩʪʴ ʜʝʨʞʘʚʥʦʾ 

ʢʦʤʧʝʥʩʘʮʽʾ ʟʙʠʪʢʽʚ, ʘ ʚ ʇʦʣʴʱʽ ʤʫʥʽʮʠʧʘʣʽʪʝʪʠ ʯʘʩʪʦ ʥʝ ʜʦʪʨʠʤʫʶʪʴʩʷ 

ʧʨʘʚʠʣ ʟ ʬʽʥʘʥʩʦʚʠʭ ʤʽʨʢʫʚʘʥʴ, ʥʘʚʽʪʴ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ. ʋ ɯʩʧʘʥʽʾ ʪʘ ʐʚʝʡʮʘʨʽʾ ʨʝʛʽʦʥʘʣʴʥʽ ʦʨʛʘʥʠ ʚʣʘʜʠ ʤʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦ ʚʠʨʽʰʫʚʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʩʫʚʦʨʦ ʚʢʣʶʯʘʪʠ ʟʦʥʠ 

ʟʘʪʦʧʣʝʥʥʷ ʜʦ ʩʚʦʻʾ ʧʦʣʽʪʠʢʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ʋ ʐʚʝʡʮʘʨʽʾ 

ʮʝʥʪʨʘʣʴʥʠʡ ʫʨʷʜ ʥʘʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʜʦʪʨʠʤʫʶʪʴʩʷ 

ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʦʨʛʘʥʘʤʠ ʚʣʘʜʠ ʱʦʜʦ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ʂʨʽʤ ʧʣʘʥʫʚʘʥʥʷ, ʢʘʨʪʠ ʧʦʚʝʥʝʡ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʧʨʦ ʧʦʚʝʥʽ. ʋ 12 ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʢʨʘʾʥ 

ʢʘʨʪʠ ʧʦʚʝʥʝʡ ʜʦʩʪʫʧʥʽ ʚ ɯʥʪʝʨʥʝʪʽ ʜʣʷ ʰʠʨʦʢʦʾ ʛʨʦʤʘʜʩʴʢʦʩʪʽ, ʽʥʦʜʽ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʧʦʰʫʢʫ ʟʘ ʘʜʨʝʩʦʶ. ʎʝ ʯʘʩʪʦ ʚʭʦʜʠʪʴ ʫ ʥʘʮʽʦʥʘʣʴʥʽ ʢʘʤʧʘʥʽʾ ʟ 

ʧʽʜʛʦʪʦʚʢʠ ʤʝʰʢʘʥʮʽʚ ʜʦ ʧʦʚʝʥʝʡ, ʥʘʧʨʠʢʣʘʜ, ʚ ɯʨʣʘʥʜʽʾ ʪʘ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʩʪʦʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʚʝʥʽ ʻ ʦʩʦʙʣʠʚʦ ʮʽʥʥʠʤ, ʦʩʢʽʣʴʢʠ 

ʽʩʪʦʨʠʯʥʽ ʧʦʚʝʥʽ ʜʦʟʚʦʣʷʶʪʴ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʤʦʞʣʠʚʽ ʥʘʩʣʽʜʢʠ ʨʝʘʣʴʥʠʭ 

ʧʦʜʽʡ. ʋ ɹʝʣʴʛʽʾ ʢʘʨʪʠ ʧʦʚʝʥʝʡ ʻ ʦʩʥʦʚʦʶ ʦʙʦʚ'ʷʟʢʦʚʦʾ ʩʭʝʤʠ ʩʪʨʘʭʫʚʘʥʥʷ ʚʽʜ 

ʧʦʚʝʥʝʡ, ʜʝ ʫ ʧʝʚʥʠʭ ʟʦʥʘʭ ʥʝʦʙʭʽʜʥʦ ʩʧʣʘʯʫʚʘʪʠ ʚʠʱʽ ʩʪʨʘʭʦʚʽ ʚʥʝʩʢʠ ʘʙʦ 

ʤʦʞʝ ʙʫʪʠ ʚʽʜʤʦʚʣʝʥʦ ʫ ʩʪʨʘʭʫʚʘʥʥʽ. ʅʘʨʝʰʪʽ, ʢʘʨʪʠ ʧʦʚʝʥʝʡ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʦʮʽʥʢʠ ʧʦʚʝʥʝʡ ʪʘ 

ʧʦʣʝʛʰʝʥʥʷ ʨʦʙʦʪʠ ʩʪʨʘʭʦʚʦʾ ʽʥʜʫʩʪʨʽʾ [25]. 

 

1.4 ʊʝʭʥʦʣʦʛʽʾ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʄʽʩʴʢʽ ʧʦʚʝʥʽ ʻ ʦʩʦʙʣʠʚʠʤ ʪʠʧʦʤ ʧʦʚʝʥʝʡ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʧʦʚʝʥʝʡ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. ʋʨʙʘʥʽʟʘʮʽʷ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʟʙʽʣʴʰʫʶʯʠ ʨʠʟʠʢ ʧʦʚʝʥʝʡ ʪʘ ʟʘʚʜʘʶʯʠ ʟʥʘʯʥʠʭ 

ʟʙʠʪʢʽʚ [26]. ʇʽʜʪʦʧʣʝʥʥʷ ʤʽʩʪ ʤʦʞʝ ʩʪʘʪʠʩʷ ʚʥʘʩʣʽʜʦʢ ʩʠʣʴʥʠʭ ʜʦʱʽʚ, 

ʚʠʭʦʜʫ ʨʽʯʦʢ ʟ ʙʝʨʝʛʽʚ, ʘ ʪʘʢʦʞ ʧʨʠʧʣʠʚʽʚ ʽ ʰʪʦʨʤʦʚʠʭ ʥʘʛʦʥʽʚ. ɺʝʣʠʢʽ ʧʣʦʱʽ 

ʥʝʧʨʦʥʠʢʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʤʽʩʪʘʭ ʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʤʽʩʮʝʚʠʭ 
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ʣʘʥʜʰʘʬʪʽʚ ʧʦʛʣʠʥʘʪʠ, ʟʙʝʨʽʛʘʪʠ, ʽʥʬʽʣʴʪʨʫʚʘʪʠ ʪʘ ʟʘʪʨʠʤʫʚʘʪʠ ʜʦʱʦʚʫ ʚʦʜʫ, 

ʧʦʩʠʣʶʶʯʠ ʤʽʩʴʢʠʡ ʩʪʽʢ ʽ ʟʙʽʣʴʰʫʶʯʠ ʧʽʢʠ ʧʦʚʝʥʝʡ [27]. ʂʨʽʤ ʪʦʛʦ, 

ʧʽʜʪʦʧʣʝʥʥʷ ʤʽʩʪ ʤʘʻ ʩʝʨʡʦʟʥʽ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʣʶʜʩʴʢʽ ʥʘʩʣʽʜʢʠ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʙʽʣʴʰʦʾ ʫʚʘʛʠ ʚ ʢʦʥʪʝʢʩʪʽ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʢʘʪʘʩʪʨʦʬʽʯʥʠʤʠ 

ʧʦʚʝʥʷʤʠ. ʂʦʩʤʽʯʥʝ ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʥʘʜʘʻ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʽ ʻ 

ʥʘʜʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʢʘʪʘʩʪʨʦʬ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʚʝʥʷʤʠ, 

ʟʘʚʜʷʢʠ ʟʨʦʩʪʘʶʯʽʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ ʨʦʟʜʽʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ ʽ ʚʘʨʽʘʪʠʚʥʦʩʪʽ 

ʜʘʥʠʭ ʚʽʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʪʯʠʢʽʚ (ʨʠʩ. 1.10) [28]. 

 

ʈʠʩʫʥʦʢ 1.10 ï ʆʮʽʥʢʘ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʧʦʚʝʥʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ [28] 

 

1.4.1 ʆʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ 

ʆʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʟʘʩʦʙʽʚ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. ɺʦʥʠ 

ʥʘʜʘʶʪʴ ʚʠʩʦʢʦʪʦʯʥʽ ʟʥʽʤʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʘʥʘʣʽʟʫ ʟʤʽʥ ʣʘʥʜʰʘʬʪʫ ʪʘ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʦʚʝʥʝʡ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ ʟʦʩʝʨʝʜʞʝʥʝ ʥʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ, ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʚʠʜʠʤʦʤʫ, ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʪʘ ʩʝʨʝʜʥʴʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ ʩʧʝʢʪʨʘ, ʱʦ ʥʘʜʘʻ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ ʪʘ ʟʤʽʥʠ ʚ ʥʽʡ. 
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ʆʧʪʠʯʥʽ ʜʘʥʽ ʤʘʶʪʴ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʩʦʢʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʽʟʫʚʘʪʠ ʟʘʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ, ʘ ʪʘʢʦʞ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʩʧʨʠʷʻ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʧʦʚʝʨʭʥʽ, 

ʚʢʣʶʯʘʶʯʠ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ. ɻʣʦʙʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʚʝʥʝʡ NASA ʟʘʙʝʟʧʝʯʫʻ ʜʘʥʽ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʧʨʠʙʣʠʟʥʦ 250 ʤ ʽ ʱʦʜʝʥʥʠʤ ʦʥʦʚʣʝʥʥʷʤ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ 

ʧʨʠʣʘʜʫ MODIS ʥʘ ʙʦʨʪʫ ʩʫʧʫʪʥʠʢʽʚ Terra ʪʘ Aqua [29]. ʂʨʽʤ ʪʦʛʦ, ʦʧʪʠʯʥʽ 

ʜʘʪʯʠʢʠ ʩʝʨʝʜʥʴʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, Landsat Thematic 

Mapper), ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, Sentinel-2) ʪʘ ʜʫʞʝ ʚʠʩʦʢʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, IKONOS, WorldView-2) ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʚʝʥʝʡ ʫ ʤʝʥʰʠʭ ʤʘʩʰʪʘʙʘʭ [30, 

31]. 

ʇʨʦʪʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ʆʩʥʦʚʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʟʦʢʨʝʤʘ ʚʽʜ ʭʤʘʨʥʦʩʪʽ, 

ʷʢʘ ʤʦʞʝ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʚʘʪʠ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʟʦʙʨʘʞʝʥʴ ʧʽʜ ʯʘʩ 

ʧʦʚʝʥʝʡ. ʂʨʽʤ ʪʦʛʦ, ʦʧʪʠʯʥʽ ʩʝʥʩʦʨʠ ʦʙʤʝʞʝʥʽ ʫ ʟʜʘʪʥʦʩʪʽ ʧʨʦʥʠʢʘʪʠ ʢʨʽʟʴ 

ʛʫʩʪʠʡ ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʚʠʷʚʣʝʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʜʽʣʷʥʦʢ ʧʽʜ 

ʣʽʩʦʚʠʤʠ ʥʘʩʘʜʞʝʥʥʷʤʠ ʪʘ ʽʥʰʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. 

 

1.4.2 ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʦʧʪʠʯʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʦʧʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʘʪʦʧʣʝʥʴ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʽʥʜʝʢʩʽʚ. ɿʘ ʦʩʪʘʥʥʽ ʜʚʘ 

ʜʝʩʷʪʠʣʽʪʪʷ ʩʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʠ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʚʦʜʥʠʭ ʧʽʢʩʝʣʽʚ ʚʽʜ ʧʽʢʩʝʣʽʚ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʚʦʜʠ, ʚ ʦʧʪʠʯʥʦʤʫ 

ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʟʦʥʜʫʚʘʥʥʽ. ʅʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʽʥʜʝʢʩʠ NDWI ʪʘ 

MNDWI. 

ɯʥʜʝʢʩ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʨʽʟʥʠʮʽ ʚʦʜʠ (NDWI) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ [32]: 
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NIRGreen

NIR-Green
NDWI

+
=      (1.1) 

ʜʝ Green  ʚʽʜʙʠʪʪʷ ʚ ʟʝʣʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ, NIR  ʚʽʜʙʠʪʪʷ ʚ 

ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ. ɺʦʜʥʽ ʧʦʚʝʨʭʥʽ ʟʘʟʚʠʯʘʡ 

ʤʘʶʪʴ ʧʦʟʠʪʠʚʥʽ ʟʥʘʯʝʥʥʷ NDWI, ʪʦʜʽ ʷʢ ʽʥʰʽ ʪʠʧʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʪʘʢʽ ʷʢ 

ʨʦʩʣʠʥʥʽʩʪʴ ʽ ˇʨʫʥʪ, ʧʦʢʘʟʫʶʪʴ ʥʝʛʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ. 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʽʥʜʝʢʩ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʨʽʟʥʠʮʽ ʚʦʜʠ (MNDWI) 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [33]: 

MIRGreen

MIR-Green
MNDWI

+
= ,    (1.2) 

ʜʝ MIR  ʚʽʜʙʠʪʪʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ. 

MNDWI ʧʦʢʨʘʱʫʻ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʚʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ, ʜʝ ʽʥʜʝʢʩ NDWI ʤʦʞʝ ʙʫʪʠ ʤʝʥʰ ʪʦʯʥʠʤ. 

ɯʥʜʝʢʩ NDWI ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʫ ʙʣʠʞʥʴʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ (NIR) ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʘ, ʪʦʜʽ ʷʢ ʽʥʜʝʢʩ MNDWI 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʟʦʙʨʘʞʝʥʴ ʫ ʩʝʨʝʜʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ (MIR) ʜʽʘʧʘʟʦʥʽ 

ʩʧʝʢʪʨʘ. ʆʙʠʜʚʘ ʽʥʜʝʢʩʠ ʜʦʪʨʠʤʫʶʪʴʩʷ ʦʜʥʦʛʦ ʧʨʠʥʮʠʧʫ: ʚʽʜʙʠʪʪʷ ʚʦʜʠ ʚ 

NIR ʘʙʦ MIR ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʜʽ ʷʢ ʽʥʰʽ ʪʠʧʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʧʦʢʘʟʫʶʪʴ ʚʠʩʦʢʝ ʚʽʜʙʠʪʪʷ ʚ ʮʠʭ ʜʽʘʧʘʟʦʥʘʭ. ʅʦʨʤʘʣʽʟʦʚʘʥʝ ʚʽʜʥʦʰʝʥʥʷ 

ʚʽʜʙʠʪʪʷ ʟʝʣʝʥʦʛʦ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʚʦʜʥʫ ʧʦʚʝʨʭʥʶ 

ʷʢ ʧʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ (ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ +1), ʘ ʽʥʰʽ ʪʠʧʠ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ï ʷʢ ʥʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ (ʚʽʜ 0 ʜʦ -1). 

ɺʪʽʤ, ʘʚʪʦʨʦʤ ʚ ʨʦʙʦʪʽ [32] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʜʝʢʩʫ 

NDWI ʥʘ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʻ ʚʠʱʝʟʘʟʥʘʯʝʥʠʤ 

ʧʝʨʝʜʫʤʦʚʘʤ. ɼʦʚʝʜʝʥʦ, ʱʦ ʚʽʜʙʠʪʪʷ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʤʦʞʝ ʙʫʪʠ 

ʧʦʜʽʙʥʠʤ ʜʦ ʚʽʜʙʠʪʪʷ ʚʦʜʠ. ɺ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʚ 

ʟʝʣʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʤʦʞʝ ʙʫʪʠ ʚʠʱʠʤ, ʥʽʞ ʫ NIR, ʥʘʚʽʪʴ ʷʢʱʦ ʢʦʝʬʽʮʽʻʥʪ 

ʚʽʜʙʠʪʪʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʷʢ ʫ ʚʦʜʠ. ʅʠʟʴʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʟʘʙʫʜʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘʢʦʞ 

ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʟʠʪʠʚʥʠʭ ʟʥʘʯʝʥʴ. ʆʪʞʝ, ʧʨʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʪʦʧʣʝʥʠʭ 
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ʪʝʨʠʪʦʨʽʡ ʦʙ'ʻʢʪʠ ʟʘʙʫʜʦʚʠ ʤʦʞʫʪʴ ʚʥʦʩʠʪʠ ʰʫʤ ʫ ʨʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, 

ʱʦ ʫʩʢʣʘʜʥʶʻ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʟʦʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʫʧʝʥʷ ʟʘʪʦʧʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʝʢʩʫ NDWI ʥʘ ʫʨʙʘʥʽʟʦʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʦʛʦ, ʱʦ ʥʠʟʴʢʽ ʜʦʜʘʪʥʽ ʟʥʘʯʝʥʥʷ ʙʫʜʫʪʴ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʷʢ 

ʟʘʙʫʜʦʚʘʥʽ, ʪʦʜʽ ʷʢ ʚʠʱʽ ʜʦʜʘʪʥʽ ʟʥʘʯʝʥʥʷ ï ʷʢ ʟʘʪʦʧʣʝʥʽ ʘʙʦ ʚʦʜʥʽ ʧʦʚʝʨʭʥʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʝʢʩʽʚ NDWI ʪʘ MNDWI ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʦʮʽʥʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ɸʣʝ, ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʥʘ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʷʭ, 

ʥʝʦʙʭʽʜʥʦ ʢʦʤʙʽʥʫʚʘʪʠ ʮʽ ʽʥʜʝʢʩʠ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ, ʪʘʢʠʤʠ ʷʢ 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʘʜʘʨʥʽ ʜʘʥʽ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ 

ʪʦʯʥʠʭ ʪʘ ʥʘʜʽʡʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

1.4.3 ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ   

ɺʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ ʻ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʧʨʠ 

ʦʮʽʥʮʽ ʟʤʽʥ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʟʚʦʣʦʞʝʥʦʩʪʽ ˇʨʫʥʪʫ ʪʘ ʽʥʰʠʭ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʟʘʪʦʧʣʝʥʴ 

ʪʝʨʠʪʦʨʽʡ. ɸʥʪʨʦʧʦʛʝʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʣʘʥʜʰʘʬʪʫ ʥʘ ʰʪʫʯʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʩʧʨʠʯʠʥʠʣʦ ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʫ ʩʪʨʫʢʪʫʨʽ ʝʢʦʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ ʚ 

ʪʝʨʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʧʦʚʝʨʭʥʽ, ʪʘʢʠʭ ʷʢ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ 

ʨʘʜʽʘʮʽʡʥʠʡ ʙʘʣʘʥʩ [34]. ʎʝ ʟʫʤʦʚʣʶʻ ʟʤʽʥʫ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ 

ʫʨʙʘʥʽʟʦʚʘʥʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ ʪʘ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʚʧʣʠʚʘʻ ʥʘ ʤʽʩʮʝʚʽ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʟʦʢʨʝʤʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʘʜʽʚ ʪʘ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ.  

ʆʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ (Land Surface Temperature, LST), ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʪʘ ʘʥʘʣʽʟʫ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ. ʂʘʨʪʠ LST ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʝʪʘʣʴʥʝ ʧʨʦʩʪʦʨʦʚʝ ʦʭʦʧʣʝʥʥʷ, ʱʦ ʟʥʘʯʥʦ 

ʜʦʧʦʚʥʶʻ ʪʦʯʢʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʦʪʨʠʤʘʥʽ ʟ 
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ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʫ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʶʯʠʡ ʽʥʪʝʨʝʩ ʜʦ ʘʥʘʣʽʟʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʩʴʢʠʭ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ, ʟʦʢʨʝʤʘ ʷʚʠʱʘ ʤʽʩʴʢʠʭ ʦʩʪʨʦʚʽʚ 

ʪʝʧʣʘ (Urban Heat Islands, UHI), ʷʢʝ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʦʮʽʥʮʽ ʨʠʟʠʢʽʚ 

ʧʽʜʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. çʄʽʩʴʢʽ ʦʩʪʨʦʚʠ ʪʝʧʣʘè ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ ʤʽʩʪʘ 

ʟʘʤʽʥʶʶʪʴ ʧʨʠʨʦʜʥʠʡ ʧʦʢʨʠʚ ʟʝʤʣʽ ʱʽʣʴʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʪʨʦʪʫʘʨʽʚ, 

ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʰʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʧʦʛʣʠʥʘʶʪʴ ʽ ʫʪʨʠʤʫʶʪʴ ʪʝʧʣʦ. ʎʝʡ ʝʬʝʢʪ 

ʟʙʽʣʴʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʽʶ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ), ʨʽʚʝʥʴ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʘ ʪʘʢʦʞ ʟʘʭʚʦʨʶʚʘʥʥʷ ʪʘ ʩʤʝʨʪʥʽʩʪʴ, ʧʦʚôʷʟʘʥʽ ʟʽ ʩʧʝʢʦʶ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʪʝʤʥʽ ʧʦʚʝʨʭʥʽ (ʥʠʟʴʢʝ ʘʣʴʙʝʜʦ) ʧʦʛʣʠʥʘʶʪʴ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ 

ʚʽʜ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ, ʥʽʞ ʚʽʜ  ʚʽʜʙʠʚʘʶʯʦʾ ʧʦʚʝʨʭʥʽ (ʚʠʩʦʢʝ ʘʣʴʙʝʜʦ). ʇʦʪʽʤ ʮʷ 

ʧʦʛʣʠʥʝʥʘ ʝʥʝʨʛʽʷ ʟ ʯʘʩʦʤ ʚʠʜʽʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʫ ʣʶʜʠʥʘ 

ʤʦʞʝ ʚʽʜʯʫʪʠ. ʈʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʟ ʚʠʩʦʢʠʤ ʽ ʥʠʟʴʢʠʤ 

ʘʣʴʙʝʜʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʢʘʤʝʨʠ. 

ʇʦʰʫʢ  ʽ ʘʥʘʣʽʟ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʽʩʴʢʠʭ ʦʩʪʨʦʚʽʚ ʪʝʧʣʘ ʻ 

ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʚ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʙʦʨʦʪʴʙʠ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʘʥʦʤʘʣʽʡ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʯʘʣʠ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʚʠʚʯʝʥʥʷ çʄʽʩʴʢʠʭ ʦʩʪʨʦʚʽʚ ʪʝʧʣʘè. ʈʦʟʨʦʙʣʝʥʽ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʦʮʽʥʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʥʘʧʨʠʢʣʘʜ, 

mono-window ʘʣʛʦʨʠʪʤ, ʦʜʥʦʢʘʥʘʣʴʥʠʡ ʤʝʪʦʜ, ʘʣʛʦʨʠʪʤ split-window [35]. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʤʽʩʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʚʝʛʝʪʘʮʽʡʥʠʤ 

ʽʥʜʝʢʩʦʤ (Normalized Difference Vegetation Index, NDVI). ɺ ʦʜʥʦʤʫ ʟ ʨʘʥʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽʥʜʝʢʩ NDVI ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʦʮʽʥʢʠ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʨʦʩʣʠʥʥʽʩʪʶ [36]. ʇʽʟʥʽʰʝ ʜʞʝʨʝʣʘ 

çʄʽʩʴʢʠʭ ʦʩʪʨʦʚʽʚ ʪʝʧʣʘè ʧʦʯʘʣʠ ʧʦʚôʷʟʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʚʝʨʭʦʥʴ, ʘ ʡ ʟ ʾʭ ʬʦʨʤʘʤʠ ʪʘ ʛʝʦʤʝʪʨʽʻʶ [37]. 
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ɼʦʩʣʽʜʞʝʥʥʷ çʄʽʩʴʢʠʭ ʦʩʪʨʦʚʽʚ ʪʝʧʣʘè ʧʨʦʚʦʜʷʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ 

[38ï40]. ɺ ʋʢʨʘʾʥʽ ʮʝ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘʫʢʦʚʮʽ ɹ.ʉ. ɹʫʩʠʛʽʥ, ɯ.ʄ. 

ɻʘʨʢʫʰʘ, ɹ.ɺ. ʐʠʣʽʥ, ɭ.ɸ. ɹʘʣʜʽʥ, ʄ.ʖ. ɻʨʠʱʝʥʢʦ, ɺ.ɯ. ʃʷʣʴʢʦ, ɸ.ɹ. ʂʨʠʣʦʚ, 

ɺ.ɯ. ɿʘʮʝʨʢʦʚʥʠʡ, ʅ.ɺ. ʆʙʝʨʝʤʦʢ, ʇ.ʆ. ɹʝʨʝʟʽʥʘ ʪʘ ʽʥ. ʈʦʙʦʪʠ ʘʚʪʦʨʽʚ 

ʧʨʠʩʚʷʯʝʥʽ ʦʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ 

ʮʠʬʨʦʚʠʭ ʢʘʨʪ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʤʽʩʪʘ ɼʥʽʧʨʦ (ʋʢʨʘʾʥʘ) ʟʘ 

ʜʘʥʠʤʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʘʥʝʨʽʚ Landsat TM/ETM+ ʪʘ Terra MODIS. 

ʆʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ, ʦʜʝʨʞʘʥʠʭ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ [41ï43]. 

ʄʦʥʽʪʦʨʠʥʛ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʤʽʩʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʡʦʤʦʢ ʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ (ʪʝʧʣʦʚʦʤʫ) ʜʽʘʧʘʟʦʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ. ɿʘʩʦʙʦʤ ʘʥʘʣʽʟʫ, ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʻ ʥʦʚʽʪʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ) ʪʘ 

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʩʢʣʘʜʥʫ ʩʭʝʤʫ ʦʙʨʦʙʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ï ʚʽʜ ʩʪʚʦʨʝʥʥʷ ʛʝʦʧʦʨʪʘʣʽʚ ʽ ʙʘʟ ʜʘʥʠʭ ʜʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʠʛʣʷʜʽ ʜʚʦʤʽʨʥʠʭ ʽ ʪʨʠʤʽʨʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʤʦʜʝʣʝʡ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʽ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʦʙôʻʢʪʽʚ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʞʠʪʣʦʚʠʭ ʤʘʩʠʚʽʚ, ʽʥʞʝʥʝʨʥʠʭ 

ʤʝʨʝʞ). 

ʅʘ ʨʠʩʫʥʢʫ 1.11 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʠʢʠ 

ʘʥʘʣʽʟʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʘʥʦʤʘʣʽʡ ʪʘ ʚʠʷʚʣʝʥʥʷ ʦʩʪʨʦʚ̔ʚ ʤʽʩʴʢʦʛʦ ʪʝʧʣʘ ʥʘ 

ʮʠʬʨʦʚʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ. 

ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʠʢʠ ʥʘʩʪʫʧʥʘ: 

1. ʉʧʦʯʘʪʢʫ ʟʘʚʘʥʪʘʞʫʻʤʦ ʥʘʙʽʨ ʜʘʥʠʭ Landsat 8 ʚ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ 

QGIS [42].  

2. ʅʘ ʜʨʫʛʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʘʪʤʦʩʬʝʨʥʘ ʢʦʨʝʢʮʽ ̫ʜʘʥʠʭ Landsat 8 ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʙʠʪʪʷ. ʂʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ, ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʚʭʽʜʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [43]:  
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ʜʝ Lsat ï ʮʝ ʩʧʝʢʪʨʘʣʴʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ; Lhaze ï 

ʘʪʤʦʩʬʝʨʥʝ ʩʧʝʢʪʨʘʣʴʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʦʟʩʽʷʥʝ ʚ ʥʘʧʨʷʤʢʫ ʜʘʪʯʠʢʘ; ʊʊ ï 

ʘʪʤʦʩʬʝʨʥʝ ʧʨʦʧʫʩʢʘʥʥʷ ʩʚʽʪʣʘ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ ʜʦ ʜʘʪʯʠʢʘ; TAUv ï 1,0 ʜʣʷ 

Landsat; TAUz = cosɗs; ɽʦɚ ï ʩʦʥʷʯʥʝ ʩʧʝʢʪʨʘʣʴʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ ʧʦʟʘ ʘʪʤʦʩʬʝʨʦʶ. 

 

˿͙͍ͯͨͯͭͤͦ͟  ˱͊͒ ͤ͜ ͘ 
Landsat-8 (2013-2021 ͪ . .ͪ)

ˢͭͣͦ ͔ͫͪͤ͊ͅ 
͔ͦͪ͟ ͼ͟͜Ύ ͍ QGIS

˴ͦͤͭͪͦ Ό͡Ίͣ  ͊
͙͊ͫ͟͡ͅ ͊͜͟ ͼ͜Ύ 

˾ͦͪ͘ ͻ͊ͯͤͦ  ͟NDVI 
͒͡Ύ ˴͊ ͤ͊ͯ͡ 4 ͭ  ͊
˴͊ͤ͊ͯ͡ 5

˾ͦͪ͘ ͻ͊ͯͤͦ  ͟
͍͒͜ ͫͦͭ͟  ͊

͙ͪͦͫͤͤͦͫͭ͜͡ (Pv)

˾ͦͪ͘ ͻ͊ͯͤͦ  ͨͫ͟ ͔ͭͪ͊͟͡Έͤͦ˲ 
Ύ͍ͫͪ͊ͦͫͭ͟͜ ͤ͊  ͍͔ ͻ͚ͪͤ͜ ͎ͪ͊ͤ ͼ͙͜ 
͊ͭͣͦ ͔ͫͪͅ  ͙(͊ͤ͊͟  ͡10)

˾ͦͪ͘ ͻ͊ͯͤͦ  ͙͍͟ ͨͪͦͣ ͤ͜Ό͍ ͊͡Έͤͦ͝ ͒͘ ͊ͭͤͦͫͭ͜ 
͍͔ͨͦ ͻͪͤ  ͘͜ʕ =͒0.004Pv+0.986

˾ͦͪ͘ ͻ͊ͯͤͦ  ͟Ύͪͫͤͦ͟͜  ͝
͔ͭͣͨ ͔ͪ͊ͭͯͪ  ͙ͦͨ ͍͔ ͻͪͤ͜

˾ͦͪ͘ ͻ͊ͯͤͦ  ͔ͭͣͨ͟ ͔ͪ͊ͭͯͪ  ͙
͍͔ͨͦ ͻͪͤ  ͜LST

˾ͦͪ͘ ͻ͊ͯͤͦ  ͟UHI ͒ Ύ͡ 
͊ͤ͊ͯ͘͜͡ ͔ͭͣͨ ͔͙ͪ͊ͭͯͪ

ˤ͙͒͜͡ ͔ͤ Ύͤ ͎͊ Ύͪ;͙ͻ 
ͭͦ;ͦ  ͔ͭͣͨ͟ ͔͙ͪ͊ͭͯͪͤͻ 
ͣͤ͘͜ ͣͫ͜ͼ͔͍ͦͫͭ͜

 

ʈʠʩʫʥʦʢ 1.11 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʤʝʪʦʜʠʢʠ 

 

3. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʙʠʚʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɯʩʥʫʶʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʟʥʘʯʘʶʪʴ 

ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʟʙʽʞʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʜʣʷ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʧʘʨʘʤʝʪʨʽ NDVI ʘʙʦ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ [44]. ʆʩʪʘʪʦʯʥʠʡ ʚʠʙʽʨ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʦʟʚôʷʟʫʚʘʥʦʾ ʟʘʜʘʯʽ ʪʘ ʾʾ ʤʘʩʰʪʘʙʫ. ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʦʙʨʘʥʦ ʤʝʪʦʜ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʟʘʚʜʷʢʠ ʡʦʛʦ 

ʧʨʦʩʪʦʪʽ, ʟʨʦʟʫʤʽʣʦʩʪʽ ʪʘ ʙʽʣʴʰ ʪʦʯʥʦʤʫ ʢʦʥʪʨʦʣʶ ʨʝʟʫʣʴʪʘʪʫ. ʇʽʩʣʷ 

ʧʨʦʚʝʜʝʥʦʾ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʝʢʮʽʾ ʦʙʯʠʩʣʶʻʪʴʩʷ NDVI [45].  
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ɼʘʣʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʘʨʘʤʝʪʨ Pv (Propotion of vegetation), ʷʢʠʡ ʦʧʠʩʫʻ 

ʚʽʜʩʦʪʦʢ ʨʦʩʣʠʥʥʦʩʪʽ [37]: 
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ʆʪʨʠʤʫʻʤʦ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ (Ground 

Emissvity, ʘʙʦ ʤʠ ʥʘʟʚʘʣʠ ɺʟ): 

ɺʟ = 0,04 * Pv + 0,986,      (1.5) 

ɺʟ = 1,0094 + 0,047 * ln (NDVI),     (1.6) 

ʜʝ ɺʟ ï ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ. 

4. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʝʪʦʜ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʨʦʙʦʪʽ [44] ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 10 ʢʘʥʘʣʫ ʢʦʩʤʽʯʥʦʛʦ 

ʟʥʽʤʢʫ Landsat 8, ʪʘʢ ʷʢ 11 ʢʘʥʘʣ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʩʭʠʣʴʥʠʡ ʜʦ ʚʽʜʙʣʠʩʢʽʚ, 

ʟʘʩʚʽʪʽʚ ʽ ʧʦʭʠʙʦʢ ʜʘʪʯʠʢʘ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʷʩʢʨʘʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ [45, 46]: 

,15,273

1)ln( 1

2 -

+

=

l
L

K

K
T          (1.7) 

ʜʝ T ï ʷʩʢʨʘʚʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʽʷ; K1 ï ʢʘʣʽʙʨʫʚʘʣʴʥʘ 

ʢʦʥʩʪʘʥʪʘ; K2 ï ʢʘʣʽʙʨʫʚʘʣʴʥʘ ʢʦʥʩʪʘʥʪʘ; ὒ‗īʩʧʝʢʪʨʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ ʥʘ 

ʚʝʨʭʥʽʡ ʛʨʘʥʠʮʽ ʘʪʤʦʩʬʝʨʠ. 

5. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʟʥʘʭʦʜʠʤʦ 

ʢʦʝʬʽʮʽʻʥʪ LST [45]: 
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ʜʝ ʊ ī ʷʩʢʨʘʚʽʩʪʴ ʧʦʚʝʨʭʥʽ; ɚ ī ʜʦʚʞʠʥʘ ʭʚʠʣʽ; ʩ2 =ὧz/ί; h ï ʧʦʩʪʽʡʥʘ 

ʇʣʘʥʢʘ; c ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ; s ï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ. 

ɼʘʣʽ ʧʦʯʠʥʘʻʤʦ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʜʽʣʷʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ. ɼʘʥʽ 

ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʤʦʜʝʣʶʚʘʥʥʷ ʘʙʦ ʷʢ 

ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʢʨʠʚʽʚ ʘʙʦ ʚ 

ʘʩʠʤʽʣʷʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨʘʭ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʪʨʠʤʘʥʥʷ ʘʜʝʢʚʘʪʥʠʭ 
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ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ LST. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ UHI ʜʦʟʚʦʣʷʻ 

ʚʠʜʽʣʠʪʠ ʤʽʩʮʷ, ʥʘ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ: 

dm Ö+> 5.0LST ,     (1.9) 

ʜʝ Õ ï ʧʨʦʩʪʦʨʦʚʝ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜ LST; ŭ ï 

ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ LST. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʦʾ ʦʧʝʨʘʮʽʾ (1.7) ʦʪʨʠʤʫʻʤʦ ʨʘʩʪʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ, 

ʱʦ ʧʦʢʘʟʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ.  

ɿʘ ʧʽʜʩʫʤʢʘʤʠ ʮʴʦʛʦ ʝʪʘʧʫ ʨʦʙʦʪʠ ʙʫʣʘ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ ʪʘ ʩʪʚʦʨʝʥʘ 

ʤʦʜʝʣʴ ʜʣʷ ʦʙʨʦʙʢʠ ʚʩʽʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʽʚ r.mapcalc ʪʘ 

Graphical Modeler ʫ GRASS GIS. ɺʠʢʦʨʠʩʪʘʥʦ ʤʦʚʫ Python ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ.  

ʊʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʨʦʙʦʪʽ ʤʝʪʦʜʠʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʠʢʣʘʜʽ 

ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ɼʥʽʧʨʦ. ʅʘ ʨʠʩʫʥʢʫ 1.12 ʘ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪ  LST ʟʘ 2021 ʨʽʢ; 

ʨʠʩ.1.10 ʙ ï ʨʝʟʫʣʴʪʘʪ UHI ʟʘ 2021 ʨʽʢ. 

  

ʘ)      ʙ)  

ʈʠʩʫʥʦʢ 1.12 ï ʈʝʟʫʣʴʪʘʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʧʦʰʫʢʫ ʪʘ ʦʮʽʥʢʠ 

ʦʩʪʨʦʚʽʚ ʪʝʧʣʘ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʤ. ɼʥʽʧʨʦ ʟʘ 2021 ʨʽʢ: ʘ) LST; ʙ) UHI 

 

ʅʘ ʨʠʩʫʥʢʫ 1.13ʘ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪ ʪʝʧʣʦʚʠʭ ʟʤʽʥ ʟ 2013 ʧʦ 2021 ʨʽʢ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʢʘʨʪʠ ʜʠʥʘʤʽʢʠ ʪʝʧʣʦʚʠʭ ʦʩʪʨʦʚʽʚ ʤ. ɼʥʽʧʨʦ ʣʝʛʢʦ ʧʦʤʽʪʠʪʠ, ʱʦ 

ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʧʦʪʨʘʧʣʷʻ ʚ ʟʦʥʫ ʘʥʦʤʘʣʴʥʦ ʧʽʜʚʠʱʝʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʨʽʚʥʷʥʦ ʟ ʦʪʦʯʫʶʯʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ. ʂʨʽʤ ʪʦʛʦ, ʧʦʤʽʪʥʦ 

ʟʙʽʣʴʰʝʥʥʷ ʦʩʪʨʦʚʽʚ ʪʝʧʣʘ ʫ ʧʝʨʽʦʜ 2019-2020 ʨʦʢʽʚ (ʨʠʩ. 1.13 ʙ) ʧʦʨʽʚʥʷʥʦ ʟ 
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2013-2018 ʨʦʢʘʤʠ ʚ ʨʘʡʦʥʘʭ ʧʨʠʚʘʪʥʦʛʦ ʩʝʢʪʦʨʫ, ʽ ʥʘʚʧʘʢʠ ʟʤʝʥʰʝʥʥʷ 

ʦʩʪʨʦʚʽʚ ʪʝʧʣʘ ʫ 2021 ʨʦʮʽ (ʨʠʩ. 1.13 ʙ) ʚ ʤʽʩʮʷʭ ʧʨʦʤʠʩʣʦʚʦʾ ʟʦʥʠ. 

ɼʦʢʣʘʜʥʽʰʝ ʨʦʟʛʣʷʜʘʶʯʠ ʧʝʨʽʦʜ 2013-2015 ʨʦʢʽʚ ʚʠʜʥʦ, ʱʦ ʦʩʪʨʦʚʠ ʪʝʧʣʘ 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʫʟʜʦʚʞ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʡ ʪʘ ʚ ʟʦʥʘʭ ʟ ʜʽʶʯʠʤʠ 

ʧʨʦʤʠʩʣʦʚʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. ɺʝʣʠʢʠʡ ʚʧʣʠʚ ʤʘʻ ɯʥʜʫʩʪʨʽʘʣʴʥʠʡ ʨʘʡʦʥ 

(ʅʇɿ çɯʥʪʝʨʧʘʡʧè), ʨʘʡʦʥ ɯʚʘʥʘ ʄʘʟʝʧʠ, ʚʫʣʠʮʷ ʄʘʢʘʨʦʚʘ, ʈʦʙʦʯʘ (ʇʽʚʜʝʥʥʠʡ 

ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜ ʽʤ. ɸ.ʄ. ʄʘʢʘʨʦʚʘ, ɼʥʽʧʨʦʚʩʴʢʠʡ ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ 

ʟʘʚʦʜ), ʟʘʣʽʟʥʘ ʜʦʨʦʛʘ, ʪʝʧʣʦʚʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ. ʎʝ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʦʩʪʨʦʚʽʚ 

ʪʝʧʣʘ, ʦʩʦʙʣʠʚʦ ʚ ʟʠʤʦʚʽ ʧʝʨʽʦʜʠ ʯʘʩʫ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʧʣʦʚʽ ʘʥʦʤʘʣʽʾ 

ʪʘʢʦʞ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʜ ʜʝʷʢʠʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ ʥʘ 

ʧʽʚʥʽʯ ʚʽʜ ʤʽʩʪʘ ʯʝʨʝʟ ʩʠʣʴʥʠʡ ʥʘʛʨʽʚ ʨʽʣʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʧʣʦʚʘ ʢʘʨʪʘ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʦʩʪʨʦʚʽʚ ʪʝʧʣʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ɼʥʽʧʨʘ. 

ʎʝʥʪʨ ʤʽʩʪʘ ʙʽʣʴʰʝ ʩʭʠʣʴʥʠʡ ʜʦ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʯʝʨʝʟ ʱʽʣʴʥʫ 

ʟʘʙʫʜʦʚʫ ʪʘ ʚʝʣʠʢʫ ʪʝʧʣʦʚʽʜʜʘʯʫ ʚʽʜ ʩʧʦʨʫʜ. 

        

ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 1.13 ï ʊʝʧʣʦʚʽ ʦʩʪʨʦʚʠ ʤ. ɼʥʽʧʨʦ: ʘ) ʟʘ ʧʝʨʽʦʜ ʟʘ  2013 ï 2021 

ʨʦʢʠ; ʙ) ʟʘ ʧʝʨʽʦʜ 2019 ï 2021 ʨʦʢʠ 

ʅʘ ʨʠʩʫʥʢʫ 1.14 ʥʘʚʝʜʝʥʦ ʛʽʩʪʦʛʨʘʤʫ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʈʦʟʙʠʪʪʷ ʛʽʩʪʦʛʨʘʤʠ ʷʩʢʨʘʚʽʩʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘ ʩʭʝʤʦʶ "ʧʨʠʨʦʜʥʽ 

ʽʥʪʝʨʚʘʣʠ" (Natural Breaks), ʫ ʷʢʽʡ ʛʨʘʥʠʮʽ ʢʣʘʩʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʣʷʭʦʤ 

ʫʛʨʫʧʦʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʟʥʘʯʝʥʴ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʟʙʽʣʴʰʫʶʪʴ ʨʽʟʥʠʮʶ ʤʽʞ 
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ʢʣʘʩʘʤʠ. ʋ ʭʦʜʽ ʚʠʜʽʣʝʥʥʷ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʱʘʙʣʽʚ ʪʝʤʧʝʨʘʪʫʨ ʛʨʘʥʠʮʷʤ ʢʣʘʩʽʚ 

ʧʨʠʩʚʦʶʚʘʣʠʩʷ ʥʘʡʙʣʠʞʯʽ ʮʽʣʽ ʟʥʘʯʝʥʥʷ. 

    
ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 1.14 ï ɻʽʩʪʦʛʨʘʤʠ ʷʩʢʨʘʚʽʩʥʠʭ ʪʝʤʧʝʨʘʪʫʨ: ʘ) 2013 ʨʽʢ; 

ʙ) 2021 ʨʽʢ 

 

ʑʦʜʝʥʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʛʝʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʠʪʴ ʩʚʦʻʯʘʩʥʦ ʛʝʥʝʨʫʚʘʪʠ ʘʚʘʨʽʡʥʽ ʧʦʧʝʨʝʜʞʝʥʥʷ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʤʦʞʣʠʚʠʤ ʚʠʥʠʢʥʝʥʥʷʤ UHI. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʜʽʣʷʥʢʘʭ, ʜʝ ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʥʝʧʨʦʥʠʢʥʽ ʧʦʚʝʨʭʥʽ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʘʣʴʙʝʜʦ. 

ɸʣʴʙʝʜʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʧʨʠʯʦʤʫ ʚʢʨʠʪʘ 

ʨʦʩʣʠʥʥʽʩʪʶ ʧʦʚʝʨʭʥʷ ʤʘʻ ʥʠʞʯʝ ʘʣʴʙʝʜʦ, ʥʽʞ ʟʘʙʫʜʦʚʘʥʽ ʪʝʨʠʪʦʨʽʾ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʘʣʴʙʝʜʦ ʧʦʚʝʨʭʥʽ ʻ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʩʴʢʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʦʩʪʨʦʚʘ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ ʤʘʪʝʨʽʘʣʫ. ʂʨʽʤ ʪʦʛʦ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʧʦʚʝʨʭʥʝʚʠʤ 

ʰʘʨʦʤ ʟʝʤʣʽ ʽ ʚʭʽʜʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʧʦʚʝʨʭʥʽ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʘʥʘʣʽʟʫʚʘʪʠ 

ʷʢ ʜʝʥʥʫ, ʪʘʢ ʽ ʥʽʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ 

ʪʠʧʦʤ ʤʘʪʝʨʽʘʣʫ ʪʘ LST. ɿʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʟʘʙʫʜʦʚʠ ʟʙʽʣʴʰʫʻ 

ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʧʣʘ ʚ ʤʽʩʴʢʠʭ ʨʘʡʦʥʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʝʧʣʽʰʠʭ ʥʦʯʝʡ. 

ɺʦʜʦʡʤʠ ʪʘ ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʟʥʠʞʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ʪʘ ʾʾ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʆʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ ʢʘʨʪʠ 
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ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʽ UHI ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʟʘʜʘʯʘʭ ʤʽʩʴʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʘʟʦʤ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʦʨʪʦʬʦʪʦʧʣʘʥʘʤʠ, ʪʦʧʦʛʨʘʬʽʯʥʠʤʠ 

ʢʘʨʪʘʤʠ, ʢʘʨʪʘʤʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʦʱʦ) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʱʦʜʦ ʧʦʣʽʧʰʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʽʩʪʘ ʜʦ ʭʚʠʣʴ ʪʝʧʣʘ. ɼʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ UHI 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʦʥʫʚʘʥʥʷ ʜʽʣʷʥʦʢ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ, ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʩʪʦʨʫ ʽ ʟʝʣʝʥʽ, ʧʦʣʽʧʰʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʛʨʦʤʘʜʷʥ. 

 

1.5 ʆʛʣʷʜ ɻɯʉ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ 

ʪʝʨʠʪʦʨʽʡ  

ʇʦʚʝʥʽ ʚʠʟʥʘʥʽ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʢʝʨʦʚʘʥʠʭ ʩʪʠʭʽʡʥʠʭ ʣʠʭ. ʆʩʪʘʥʥʽʤʠ 

ʨʦʢʘʤʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɻɯʉ) ʨʘʟʦʤ ʟ ʪʝʭʥʦʣʦʛʽʻʶ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʩʪʘʣʠ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʚʝʥʝʡ. ɻʦʣʦʚʥʘ ʫʚʘʛʘ ʮʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ 

ʧʽʜʛʦʪʦʚʮʽ ʢʘʨʪ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ɻɯʉ ʻ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ, ʧʨʠʟʥʘʯʝʥʦʶ ʜʣʷ ʟʙʦʨʫ, ʟʙʝʨʽʛʘʥʥʷ, 

ʦʙʨʦʙʢʠ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʘʙʦ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ. ɺʦʥʠ ʚʽʜʽʛʨʘʶʪʴ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʽ ʧʦʚʝʥʝʡ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʩʪʠʭʽʡʥʠʤʠ ʣʠʭʘʤʠ, 

ʦʩʢʽʣʴʢʠ ʧʨʠʨʦʜʥʽ ʢʘʪʘʩʪʨʦʬʠ ʻ ʙʘʛʘʪʦʚʠʤʽʨʥʠʤʠ, ʘ ʧʨʦʩʪʦʨʦʚʠʡ ʘʩʧʝʢʪ ʻ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʮʠʭ ʷʚʠʱ. ɻɯʉ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝ ʣʠʰʝ ʚʽʟʫʘʣʽʟʘʮʽʶ 

ʧʦʚʝʥʝʡ, ʘ ʡ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ 

ʤʦʞʣʠʚʽ ʟʙʠʪʢʠ ʪʘ ʨʠʟʠʢʠ ʜʣʷ ʚʨʘʟʣʠʚʠʭ ʪʝʨʠʪʦʨʽʡ.  

ɸʥʪʨʦʧʦʛʝʥʥʽ ʚʧʣʠʚʠ, ʪʘʢʽ ʷʢ ʟʘʙʨʫʜʥʝʥʥʷ, ʟʤʝʥʰʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʯʠ 

ʧʝʨʝʰʢʦʜʠ ʚ ʜʦʩʪʫʧʽ ʜʦ ʚʦʜʠ, ʻ ʩʝʨʡʦʟʥʠʤʠ ʚʠʢʣʠʢʘʤʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʎʽ ʚʧʣʠʚʠ ʚʠʤʘʛʘʶʪʴ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʽ 

ʧʦʜʦʣʘʥʥʷ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʪʨʠʚʘʣʝ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʽ 

ʟʙʝʨʝʛʪʠ ʾʭ ʷʢʽʩʪʴ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. 
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ɼʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʙʠʨʘʪʠ ʜʘʥʽ ʧʨʦ ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ ʥʘ 

ʚʽʜʩʪʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʩʫʧʫʪʥʠʢʘʭ ʘʙʦ ʣʽʪʘʢʘʭ. ɼʣʷ 

ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʮʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ɻɯʉ [47]. ɯʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ɻɯʉ 

ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʝʣʽ ʧʦʚʝʥʝʡ, ʷʢʽ ʽʤʽʪʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʚʦʜʠ ʧʽʜ ʯʘʩ 

ʟʘʪʦʧʣʝʥʴ. ʊʘʢʽ ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʶʪʴ ʘʥʘʣʽʟ ʪʦʧʦʛʨʘʬʽʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ, 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʨʝʛʽʦʥʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʞʝʨʝʣ, ʚʢʣʶʯʘʶʯʠ 

ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ, ʘʝʨʦʬʦʪʦʟʥʽʤʢʠ ʪʘ ʥʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʦʜʝʣʽ 

ʧʦʚʝʥʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʦʜʽʚ ʽʟ 

ʧʦʤ'ʷʢʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʧʦʚʝʥʝʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʨʽʟʥʠʭ 

ʩʮʝʥʘʨʽʾʚ ʟʘʪʦʧʣʝʥʥʷ [48]. ʎʠʬʨʦʚʽ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʩʪʚʦʨʝʥʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ 

ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʧʽʜ ʯʘʩ ʧʦʚʝʥʽ. ɻɯʉ ʩʧʨʠʷʻ ʚʠʚʯʝʥʥʶ ʧʨʦʩʪʦʨʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ 

ʨʽʟʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʟʘʪʦʧʣʝʥʥʶ, ʪʘʢʠʤʠ ʷʢ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, 

ʪʠʧ ˇʨʫʥʪʫ ʪʘ ʨʝʣʴʻʬ, ʘ ʪʘʢʦʞ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʛʣʠʙʠʥʫ ʽ ʩʪʫʧʽʥʴ ʡʤʦʚʽʨʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʦʮʽʥʢʠ 

ʨʠʟʠʢʫ ʟʘʪʦʧʣʝʥʥʷ ʽ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ʄʦʜʝʣʽ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʬʫʥʢʮʽʦʥʫʶʪʴ ʰʣʷʭʦʤ ʟʙʦʨʫ ʜʘʥʠʭ ʟ 

ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ, ʘʝʨʦʬʦʪʦʟʥʽʤʢʠ, ʪʦʱʦ. 

ɿʽʙʨʘʥʽ ʜʘʥʽ ʚʢʣʶʯʘʶʪʴ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʚʠʩʦʪʠ, ʢʘʨʪʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʜʘʥʽ ʧʨʦ ˇʨʫʥʪʠ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ [49]. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʫʩʫʥʝʥʥʷ ʩʧʦʪʚʦʨʝʥʴ ʥʝʦʙʭʽʜʥʘ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ 

ʜʘʥʠʭ, ʷʢʘ ʚʢʣʶʯʘʻ ʨʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʘʪʤʦʩʬʝʨʥʫ ʪʘ ʛʝʦʤʝʪʨʠʯʥʫ 

ʢʦʨʝʢʮʽ.ʾ ʆʧʝʨʘʮʽʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɻɯʉ ʚʢʣʶʯʘʶʪʴ ʛʝʦʧʨʠʚôʷʟʢʫ, ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʜʘʥʠʭ. ʇʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʽ ʜʘʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʤʝʪʦʜʽʚ 

ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ, ʪʘʢʠʭ ʷʢ ʧʦʨʦʛʦʚʘ ʦʙʨʦʙʢʘ ʪʘ ʩʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʴ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ, ʱʦ ʧʦʩʪʨʘʞʜʘʣʠ ʚʽʜ ʧʦʚʝʥʝʡ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʘʨʪʠ ʧʦʚʝʥʝʡ 

ʷʢ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʽʤʽʪʫʚʘʪʠ ʧʨʦʮʝʩ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʨʽʚʥʽ ʽ ʧʦʪʦʢʠ ʧʦʚʝʥʽ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʤʦʜʝʣʝʡ ʧʦʚʝʥʝʡ, ʟʦʢʨʝʤʘ 
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ʛʽʜʨʦʣʦʛʽʯʥʽ, ʛʽʜʨʘʚʣʽʯʥʽ ʪʘ ʢʦʤʙʽʥʦʚʘʥʽ ʤʦʜʝʣʽ. ɻʽʜʨʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʚʦʜʠ ʚ ʤʝʞʘʭ ʚʦʜʦʜʽʣʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʽʥʬʽʣʴʪʨʘʮʽʾ, ʩʪʦʢʫ ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʠʤʠ, 

ʟʦʩʝʨʝʜʞʝʥʠʤʠ  ʘʙʦ ʥʘʧʽʚʨʦʟʧʦʜʽʣʝʥʠʤʠ. ʈʫʭ ʚʦʜʠ ʚ ʨʽʯʢʦʚʠʭ ʨʫʩʣʘʭ ʽ 

ʟʘʧʣʘʚʘʭ ʤʦʜʝʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʜʥʦʚʠʤʽʨʥʠʤʠ (1D), ʜʚʦʚʠʤʽʨʥʠʤʠ (2D) ʘʙʦ ʪʨʠʚʠʤʽʨʥʠʤʠ (3D), ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʢʣʘʜʥʦʩʪʽ ʛʝʦʤʝʪʨʽʾ ʨʫʩʣʘ ʪʘ ʟʘʧʣʘʚʠ [50]. 

ʂʘʨʪʠ ʧʦʚʝʥʝʡ ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʘʩʰʪʘʙʫ ʪʘ ʩʝʨʡʦʟʥʦʩʪʽ 

ʟʘʪʦʧʣʝʥʥʷ. ʊʘʢʽ ʢʘʨʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʩʭʠʣʴʥʠʭ 

ʜʦ ʧʦʚʝʥʝʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʡ ʧʦʤôʷʢʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ, ʪʘʢʠʭ ʷʢ 

ʧʣʘʥʫʚʘʥʥʷ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʧʣʘʥʫʚʘʥʥʷ 

ʟʘʭʦʜʽʚ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ. ʄʦʜʝʣʽ ʧʦʚʝʥʝʡ, ʟʘʩʥʦʚʘʥʽ ʥʘ ɻɯʉ, 

ʤʘʶʪʴ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʟʦʢʨʝʤʘ 

ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ ʽ ʧʨʦʩʪʦʨʦʚʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʆʜʥʘʢ ʚʦʥʠ ʤʘʶʪʴ ʽ ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ 

ʢʚʘʣʽʬʽʢʘʮʽʾ. 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʧʦʚʝʥʝʡ ʻ ʚʘʞʣʠʚʦʶ ʪʝʭʥʽʢʦʶ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʥʘʣʘʰʪʫʚʘʪʠ ʚʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʱʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʽ ʬʘʢʪʠʯʥʠʤʠ 

ʨʽʚʥʷʤʠ ʚʦʜʠ ʪʘ ʧʦʪʦʢʘʤʠ ʧʦʚʝʥʝʡ. ʇʝʨʝʚʽʨʢʘ ʢʘʨʪ ʧʦʚʝʥʝʡ ʻ ʢʣʶʯʦʚʠʤ 

ʝʪʘʧʦʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʜʦʣʽʢʽʚ, ʾʭ ʢʦʨʝʢʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʘʨʪ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʣʴʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʘʙʦ ʽʥʰʽ ʥʘʜʽʡʥʽ ʜʞʝʨʝʣʘ 

ʜʘʥʠʭ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʠʭ ʧʝʨʝʚʽʨʦʢ 

ʤʦʜʝʣʽ ʧʦʚʝʥʝʡ ʩʪʘʶʪʴ ʥʘʜʽʡʥʠʤʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʤʘʡʙʫʪʥʽʭ 

ʧʦʚʝʥʝʡ ʪʘ ʩʠʩʪʝʤʘʭ ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʯʘʩʥʦ ʽʥʬʦʨʤʫʚʘʪʠ 

ʚʨʘʟʣʠʚʽ ʛʨʫʧʠ ʥʘʩʝʣʝʥʥʷ ʪʘ ʧʨʠʡʤʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʭʦʜʠ. 

ɼʦ ʧʨʠʢʣʘʜʽʚ ʤʦʜʝʣʝʡ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʝʭʥʦʣʦʛʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʛʝʦʛʨʘʬʽʯʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

(ɻɯʉ), ʚʽʜʥʦʩʷʪʴʩʷ [51]: 
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ï  SRTM Flood ï ʮʷ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʽ Shuttle Radar Topography 

Mission (SRTM) ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʥʘ ʢʘʨʪʫ ʪʦʧʦʛʨʘʬʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. 

ɼʘʥʽ, ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʤʽʩʽʾ SRTM, ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ 

ʚʠʩʦʪʠ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʚʦʜʠ ʧʽʜ ʯʘʩ ʧʦʚʝʥʽ. ʄʦʜʝʣʴ 

SRTM Flood ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʽʚ ʚʦʜʠ 

ʚ ʨʘʟʽ ʧʦʚʝʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʽ ʪʝʨʠʪʦʨʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʪʦʧʣʝʥʽ, ʘ ʪʘʢʦʞ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʧʦʪʝʥʮʽʡʥʦʾ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʮʠʭ ʪʝʨʠʪʦʨʽʡ; 

ï  ʩʠʩʪʝʤʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ (ʉʂɿ) ʻ ʧʨʦʛʨʘʤʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʦʚʝʥʝʡ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʠʡ ɯʥʞʝʥʝʨʥʠʤ ʢʦʨʧʫʩʦʤ ʘʨʤʽʾ ʉʐɸ, ʉʂɿ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʩʰʪʘʙʫ ʽ ʛʣʠʙʠʥʠ ʟʘʪʦʧʣʝʥʥʷ ʚ ʢʦʥʢʨʝʪʥʠʭ ʨʝʛʽʦʥʘʭ. ʄʦʜʝʣʴ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʙʦʨʽ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ, 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ ʪʘ ʛʝʦʧʨʦʩʪʦʨʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʘʥʘʣʽʟ ʧʦʪʦʯʥʠʭ ʫʤʦʚ ʽ ʧʝʨʝʜʙʘʯʘʪʠ ʩʮʝʥʘʨʽʾ ʟʘʪʦʧʣʝʥʴ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʤʠ 

ʩʠʪʫʘʮʽʷʤʠ, ʜʦʧʦʤʘʛʘʶʯʠ ʦʨʛʘʥʘʤ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʩʣʫʞʙʘʤ 

ʧʦʨʷʪʫʥʢʫ ʦʮʽʥʠʪʠ ʨʠʟʠʢʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʩʪʨʘʪʝʛʽʾ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʚʝʥʽ; 

ï  ʽʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʟʫ ʧʦʚʝʥʝʡ ArcGIS ʻ ʯʘʩʪʠʥʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ 

ESRI ArcGIS, ʮʝʡ ʽʥʩʪʨʫʤʝʥʪ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʪʘ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ɺʽʥ ʚʢʣʶʯʘʻ ʤʦʜʫʣʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʢʘʨʪ ʟʘʪʦʧʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʩʪʫʧʽʥʴ ʪʘ ʛʣʠʙʠʥʫ ʤʦʞʣʠʚʦʛʦ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʫ ʦʮʽʥʢʫ 

ʚʧʣʠʚʫ ʧʦʚʝʥʽ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʫ ʧʣʘʥʫʚʘʥʥʽ 

ʟʘʭʦʜʽʚ ʧʦʤ'ʷʢʰʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʻʶ. ɯʥʩʪʨʫʤʝʥʪ 

ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʻ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ ʜʣʷ ʧʝʚʥʠʭ ʨʘʡʦʥʽʚ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʟʘʪʦʧʣʝʥʥʶ ʪʝʨʠʪʦʨʽʡ 

[52]. 
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ʎʽ ʤʦʜʝʣʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʚʝʥʝʡ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʘʞʣʠʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ, ʤʦʥʽʪʦʨʠʥʛʫ 

ʩʠʪʫʘʮʽʾ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʚʝʥʝʡ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʪʘ ɻɯʉ ʜʣʷ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ. 

ɻɯʉ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʙʤʝʞʝʥʽʡ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʜʝʪʘʣʽʟʦʚʘʥʫ 

ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ, ʧʦʙʫʜʦʚʘʥʫ ʥʘ ʦʩʥʦʚʽ ʊʨʽʘʥʛʫʣʷʮʽʡʥʦʾ ʥʝʨʝʛʫʣʷʨʥʦʾ ʤʝʨʝʞʽ 

(ʊʅʄ). ʎʷ ʤʦʜʝʣʴ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʩʪʝʨʝʦ ʘʝʨʦʬʦʪʦʟʥʽʤʢʽʚ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʦʪʦʯʥʝ ʣʘʥʜʰʘʬʪʥʝ ʟʦʙʨʘʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ. ɼʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʊʅʄ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʪʦʧʦʛʨʘʬʽʯʥʫ ʮʠʬʨʦʚʫ 

ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʤʝʪʨʽʾ ʨʫʩʝʣ ʽ ʧʦʪʦʢʽʚ, ʱʦ ʙʫʣʘ ʚʢʣʶʯʝʥʘ 

ʜʦ ʤʦʜʝʣʽ ʧʦʚʝʥʝʡ. ʈʝʟʫʣʴʪʘʪʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʚʝʥʝʡ ʜʘʣʠ ʚʠʩʦʢʦʪʦʯʥʽ 

ʜʚʦʚʠʤʽʨʥʽ (2D) ʽ ʪʨʠʚʠʤʽʨʥʽ (3D) ʢʘʨʪʠ ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʝʡ. ɺ ʨʦʙʦʪʽ [53] 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʨʘʟʦʤ ʟ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ 

ʽʻʨʘʨʭʽʡ ʚ ɻɯʉ ʜʣʷ ʦʮʽʥʢʠ ʟʦʥ, ʩʭʠʣʴʥʠʭ ʜʦ ʧʦʚʝʥʝʡ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ 

ʚʠʟʥʘʯʠʪʠ ʚʨʘʟʣʠʚʽ ʟʦʥʠ ʜʦ ʧʽʜʪʦʧʣʝʥʥʷ, ʱʦ ʩʧʨʠʷʣʦ ʧʨʠʡʥʷʪʪʶ ʝʬʝʢʪʠʚʥʠʭ 

ʨʽʰʝʥʴ ʪʘ ʨʦʟʨʦʙʮʽ ʧʦʣʽʪʠʢʠ ʫʧʨʘʚʣʽʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʦʚʝʥʝʡ ʥʝʜʦʩʪʘʪʥʴʦ ʣʠʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʪʨʫʢʪʫʨʥʽ ʤʝʪʦʜʠ (ʥʘʧʨʠʢʣʘʜ, ʙʫʜʽʚʥʠʮʪʚʦ ʜʘʤʙ ʯʠ ʚʦʜʦʩʭʦʚʠʱ). ʊʘʢʽ ʟʘʭʦʜʠ 

ʥʝ ʤʦʞʫʪʴ ʧʦʚʥʽʩʪʶ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ, ʦʩʢʽʣʴʢʠ ʧʦʚʝʥʽ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ 

ʯʘʩʪʠʤʠ ʽ ʤʘʩʰʪʘʙʥʠʤʠ ʚ ʙʘʛʘʪʴʦʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʥʝ ʪʽʣʴʢʠ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ, ʘ ʡ ʽʥʰʽ 

ʩʪʨʘʪʝʛʽʾ, ʪʘʢʽ ʷʢ ʝʢʦʣʦʛʽʯʥʽ, ʫʧʨʘʚʣʽʥʩʴʢʽ ʪʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ, ʜʣʷ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ. ʆʩʢʽʣʴʢʠ ʧʨʠʙʣʠʟʥʦ 80% ʜʘʥʠʭ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʤʘʶʪʴ ʛʝʦʛʨʘʬʽʯʥʫ ʧʨʠʚ'ʷʟʢʫ, ɻɯʉ 

ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʜʣʷ ʙʽʣʴʰ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 
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ɸʚʪʦʨʘʤʠ ʚ ʨʦʙʦʪʽ [54] ʚʠʢʦʨʠʩʪʘʥʦ ɻɯʉ ʜʣʷ ʦʮʽʥʢʠ ʟʙʠʪʢʽʚ ʚʽʜ ʧʦʚʝʥʝʡ 

ʫ ʤʫʩʦʥʥʽʡ ɸʟʽʾ, ʨʦʟʨʦʙʠʚʰʠ ʂʘʨʪʫ ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʝʡ, ʱʦ ʩʪʘʣʘ ʢʣʶʯʦʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʥʘʣʝʞʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʚ ʟʦʥʘʭ, 

ʩʭʠʣʴʥʠʭ ʜʦ ʧʦʚʝʥʝʡ. ɰʭ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʠʣʦ ʜʦʩʪʫʧʥʽ, ʟʨʦʟʫʤʽʣʽ ʢʘʨʪʠ ʽ 

ʩʭʝʤʠ ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʝʡ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʫʧʨʘʚʣʽʥʮʷʤ ʽ ʧʣʘʥʫʚʘʣʴʥʠʢʘʤ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʨʠʟʠʢʦʚʘʥʽ ʟʦʥʠ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʝʬʝʢʪʠʚʥʽ ʩʪʨʘʪʝʛʽʾ ʜʣʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʪʘ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʦʚʝʥʽ. ɸʚʪʦʨʘʤʠ ʚ ʨʦʙʦʪʽ [55] 

ʚʠʢʦʨʠʩʪʘʥʦ ɻɯʉ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʘʨʪ ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʝʡ ʥʘ ʦʩʪʨʦʚʽ ʈʦʜ-ɸʡʣʝʥʜ, 

ʚʠʜʽʣʠʚʰʠ ʟʦʥʠ, ʜʝ ʧʦʚʝʥʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʽ ʧʦʚʪʦʨʠʪʠʩʷ ʚ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ. 

ɺʦʥʠ ʧʽʜʢʨʝʩʣʠʣʠ, ʱʦ ʛʝʦʛʨʘʬʽʯʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʩʪʘʣʘ ʥʝʚʽʜ'ʻʤʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʽʩʮʝʚʠʭ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ ʪʘ ʤʽʩʪʦʙʫʜʽʚʥʠʢʽʚ, ʦʩʢʽʣʴʢʠ 

ʜʦʟʚʦʣʷʣʘ ʧʦʧʝʨʝʜʥʴʦ ʦʮʽʥʶʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʽ ʟʙʠʪʢʠ, ʱʦ 

ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʝʥʽ. ʎʝ ʧʦʣʝʛʰʠʣʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʽ ʥʘ ʝʢʩʪʨʝʤʘʣʴʥʽ ʧʦʛʦʜʥʽ ʫʤʦʚʠ. 

ɺ ʨʦʙʦʪʽ [56] ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʙʣʝʤʫ ʧʦʚʝʥʝʡ ʫ ʇʽʚʥʽʯʥʽʡ ʂʘʨʦʣʽʥʽ, ʉʐɸ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ 3D ʚʽʟʫʘʣʽʟʘʮʽʾ ʚ ArcGIS ʜʣʷ ʦʮʽʥʢʠ ʩʠʪʫʘʮʽʾ ʫ ʮʴʦʤʫ 

ʨʝʛʽʦʥʽ. ɺʦʥʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʚʽʟʫʘʣʽʟʘʮʽʷ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʻ 

ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ 

ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʟʥʘʯʠʣʦ, ʱʦ 

ɻɯʉ-ʽʥʬʦʨʤʘʮʽʷ ʩʧʨʠʷʻ ʟʘʧʦʙʽʛʘʥʥʶ ʨʠʟʠʢʘʤ ʯʝʨʝʟ ʜʝʪʘʣʴʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʘʥʘʣʽʟ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʜʨʝʥʘʞʥʠʭ 

ʩʠʩʪʝʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʝ ʚ ʨʦʙʦʪʽ [57] ʥʘ ʨʽʯʮʽ ʂʘʣʫ-ɻʘʥʛʘ, ʐʨʽ-ʃʘʥʢʘ ʻ 

ʧʨʠʢʣʘʜʦʤ ʪʦʛʦ, ʷʢ ʤʝʪʦʜʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ ʙʫʣʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʧʦʚʝʥʝʡ ʽ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ. ʋ ʩʚʦʻʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʘʚʪʦʨʠ 

ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʜʚʘ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʩʫʭʦʛʦ ʩʝʟʦʥʫ ʽ ʧʽʜ ʯʘʩ 

ʧʦʚʝʥʽ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʽʘʧʘʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʚʠʟʥʘʯʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ, ʚʽʜʧʦʚʽʜʘʚ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʦʪʨʠʤʘʥʠʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʜʥʽʻʾ ʟ ʤʦʜʝʣʝʡ ʟʘʪʦʧʣʝʥʥʷ ʧʽʜ ʯʘʩ 

ʧʦʚʝʥʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʾʭʥʶ ʤʦʜʝʣʴ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ 
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ʽʥʬʦʨʤʘʮʽʷ ɻɯʉ ʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʽʤʽʪʘʮʽʾ ʧʦʚʝʥʝʡ ʽ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʨʠʟʠʢʽʚ. 

ɺʦʥʠ ʚʠʢʦʨʠʩʪʘʣʠ ɻɯʉ ʜʣʷ ʥʘʢʣʘʜʝʥʥʷ ʟʥʘʯʝʥʴ ʚʨʘʟʣʠʚʦʩʪʽ ʪʘ ʥʝʙʝʟʧʝʢʠ 

ʧʦʚʝʥʝʡ ʥʘ ʧʦʣʽʛʦʥʘʣʴʥʫ ʢʘʨʪʫ ʨʝʛʽʦʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʚʪʦʨʠ ʚ ʨʦʙʦʪʽ [58] 

ʟʤʦʛʣʠ ʚʠʜʽʣʠʪʠ ʟʦʥʠ ʟ ʚʠʩʦʢʠʤ, ʩʝʨʝʜʥʽʤ ʪʘ ʥʠʟʴʢʠʤ ʨʠʟʠʢʦʤ ʧʦʚʝʥʝʡ. ʎʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɯʉ ʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ɿʝʤʣʽ 

ʜʣʷ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʝʥʝʚʠʤʠ ʨʠʟʠʢʘʤʠ, ʱʦ ʻ 

ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʥʘʩʝʣʝʥʥʷ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʫ 

ʚʨʘʟʣʠʚʠʭ ʨʝʛʽʦʥʘʭ. 

ʆʪʞʝ, ɻɯʉ ʚ ʢʦʥʪʝʢʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ 

ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʘ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

 

1.6 ʆʛʣʷʜ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʜʘʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʧʨʦʛʥʦʟʽʚ 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʛʦʜʠ 

Weather Research and Forecasting (WRF). ʎʷ ʩʠʩʪʝʤʘ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʫ 

ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʧʨʦʚʽʜʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʪʘ ʜʝʨʞʘʚʥʠʤʠ ʫʩʪʘʥʦʚʘʤʠ ʉʐɸ, 

ʚʢʣʶʯʘʶʯʠ ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ ʘʪʤʦʩʬʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (NCAR), 

ʅʘʮʽʦʥʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʦʢʝʘʥʽʯʥʠʭ ʽ ʘʪʤʦʩʬʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (NOAA), 

ʧʨʝʜʩʪʘʚʣʝʥʝ ʅʘʮʽʦʥʘʣʴʥʠʤ ʮʝʥʪʨʦʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (NCEP) ʪʘ ʃʘʙʦʨʘʪʦʨʽʻʶ ʩʠʩʪʝʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ɸʛʝʥʪʩʪʚʦ ʧʦʛʦʜʠ 

ɺʇʉ ʉʐɸ, ɺʽʡʩʴʢʦʚʦʤʦʨʩʴʢʫ ʜʦʩʣʽʜʥʠʮʴʢʫ ʣʘʙʦʨʘʪʦʨʽʶ, ʋʥʽʚʝʨʩʠʪʝʪ 

ʆʢʣʘʭʦʤʠ ʪʘ ʌʝʜʝʨʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ ʉʐɸ [59]. 

ʉʠʩʪʝʤʘ WRF ʤʘʻ ʜʚʽ ʦʩʥʦʚʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ: Advanced Research WRF 

(ARW), ʷʢʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʜʦʩʣʽʜʥʠʮʴʢʽ ʮʽʣʽ, ʪʘ Nonhydrostatic Mesoscale 

Model (NMM) ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʋ ʨʘʤʢʘʭ ʢʦʥʬʽʛʫʨʘʮʽʾ ARW 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ ʪʘ ʥʝʛʽʜʨʦʩʪʘʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʥʘ ʦʩʥʦʚʽ ʉ-

ʩʽʪʢʠ ɸʨʘʢʘʚʠ. ɼʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ ʯʘʩʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʭʝʤʘ ʈʫʥʛʝ-ʂʫʪʪʘ 

ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ, ʘ ʧʨʦʩʪʦʨʦʚʫ ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʚʠʢʦʥʫʶʪʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 
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ʤʝʪʦʜʽʚ ʚʽʜ ʜʨʫʛʦʛʦ ʜʦ ʰʦʩʪʦʛʦ ʧʦʨʷʜʢʽʚ. ʆʩʦʙʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ WRF ʻ 

ʧʽʜʪʨʠʤʢʘ ʦʜʥʦʩʪʦʨʦʥʥʽʭ, ʜʚʦʩʪʦʨʦʥʥʽʭ ʪʘ ʨʫʭʦʤʠʭ ʚʢʣʘʜʝʥʠʭ ʩʽʪʦʢ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʛʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʪʤʦʩʬʝʨʥʠʭ 

ʷʚʠʱ. WRF ʩʠʩʪʝʤʘ ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʷʢ ʥʘ ʦʜʥʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤʘʭ, 

ʪʘʢ ʽ ʥʘ ʩʫʧʝʨʢʦʤʧ'ʶʪʝʨʘʭ ʟʽ ʩʧʽʣʴʥʦʶ ʘʙʦ ʨʦʟʧʦʜʽʣʝʥʦʶ ʧʘʤ'ʷʪʪʶ, ʱʦ ʨʦʙʠʪʴ 

ʾʾ ʤʘʩʰʪʘʙʦʚʘʥʦʶ ʜʣʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʨʝʩʫʨʩʽʚ. ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ WRF Preprocessing System 

(WPS), ʘ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʬʦʨʤʘʪʽ NetCDF, ʷʢʠʡ ʻ 

ʩʪʘʥʜʘʨʪʥʠʤ ʬʦʨʤʘʪʦʤ ʜʣʷ ʚʚʦʜʫ/ʚʠʚʦʜʫ ʚ WRF. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʽʟʫʘʣʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢ GrADS, RIP4 ʪʘ ʽʥʰʠʭ 

ʛʨʘʬʽʯʥʠʭ ʧʨʦʛʨʘʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ WRF ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʚʠʩʦʢʦʪʦʯʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘʜʘʧʪʦʚʘʥʠʭ ʜʦ ʟʘʚʜʘʥʴ ʨʽʟʥʦʾ 

ʩʢʣʘʜʥʦʩʪʽ: ʚʽʜ ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʨʦʛʥʦʟʽʚ ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʉʠʩʪʝʤʘ Regional Integrated Multi-Hazard Early Warning System Weather 

Research and Forecasting (RIMES WRF) ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʛʦʜʠ ʚ 

ʨʝʛʽʦʥʽ, ʦʙʤʝʞʝʥʦʤʫ ʢʦʦʨʜʠʥʘʪʘʤʠ 20ę ʩʭʽʜʥʦʾ ʜʦʚʛʦʪʠ ʜʦ 150ę ʩʭʽʜʥʦʾ ʜʦʚʛʦʪʠ 

ʽ 16ę ʧʽʚʜʝʥʥʦʾ ʰʠʨʦʪʠ ʜʦ 50ę ʧʽʚʥʽʯʥʦʾ ʰʠʨʦʪʠ. ʎʷ ʪʝʨʠʪʦʨʽʷ ʦʭʦʧʣʶʻ ʢʨʘʾʥʠ-

ʯʣʝʥʠ RIMES, ʟʦʢʨʝʤʘ ʇʘʧʫʘ-ʅʦʚʫ ɻʚʽʥʝʶ ʥʘ ʢʨʘʡʥʴʦʤʫ ʩʭʦʜʽ, ʄʦʥʛʦʣʽʶ ʥʘ 

ʧʽʚʥʦʯʽ, ʄʘʜʘʛʘʩʢʘʨ ʪʘ ʙʽʣʴʰʽʩʪʴ ʢʨʘʾʥ ʉʭʽʜʥʦʾ ɸʬʨʠʢʠ ʥʘ ʟʘʭʦʜʽ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʟʘʪʦʧʣʝʥʥʷ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʦʧʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ɻʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʉʐɸ. ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʟ ɻʣʦʙʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ (Global 

Forecast System, GFS), ʷʢʫ ʥʘʜʘʻ ʅʘʮʽʦʥʘʣʴʥʠʡ ʮʝʥʪʨ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (NCEP). ɿʘʧʫʩʢ ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʧʦʯʘʪʢʦʚʠʤ 

ʩʪʘʥʦʤ ʦ 12:00 UTC. 

ɼʣʷ ʪʦʯʥʽʰʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʩʪʽʨ ʤʦʜʝʣʽ 

ʜʠʩʢʨʝʪʠʟʫʻʪʴʩʷ ʜʦ ʩʽʪʢʠ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 9 ʢʤ Ĭ 9 ʢʤ. ɻʦʨʠʟʦʥʪʘʣʴʥʘ 
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ʩʽʪʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 1 470 ʪʦʯʦʢ ʫ ʥʘʧʨʷʤʢʫ ʟʘʭʽʜ-ʩʭʽʜ ʪʘ 870 ʪʦʯʦʢ ʫ ʥʘʧʨʷʤʢʫ 

ʧʽʚʜʝʥʴ-ʧʽʚʥʽʯ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʜʝʪʘʣʽʟʘʮʽʶ ʩʠʤʫʣʷʮʽʡ. 

ʉʠʩʪʝʤʘ RIMES WRF ʜʝʤʦʥʩʪʨʫʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʩʦʢʦʪʦʯʥʦʛʦ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʘʞʣʠʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦ ʧʨʠʨʦʜʥʽ ʥʝʙʝʟʧʝʢʠ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʛʦʜʠ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʰʠʨʦʢʦʤʫ ʛʝʦʛʨʘʬʽʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [60]. 

1.7 ʆʛʣʷʜ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʦʮʽʥʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʂʦʤʧ'ʶʪʝʨʥʽ ʤʦʜʝʣʽ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʽ 

ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʽʤʽʪʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʚʦʜʥʠʭ 

ʧʦʪʦʢʽʚ ʧʽʜ ʯʘʩ ʧʦʚʝʥʝʡ. ɺʦʥʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʫʭ ʚʦʜʠ. ʎʽ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴ ʪʘʢʽ 

ʯʠʥʥʠʢʠ, ʷʢ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ, ʛʝʦʤʝʪʨʽʷ ʪʘ ʰʦʨʩʪʢʽʩʪʴ 

ʨʫʩʣʘ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ 

ʥʘʩʣʽʜʢʽʚ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʦʜʽʚ 

ʽʟ ʧʦʤôʷʢʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʧʦʚʝʥʝʡ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʫ ʧʦʚʝʜʽʥʮʽ ʧʘʚʦʜʢʽʚ 

ʧʽʜ ʚʧʣʠʚʦʤ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʟʤʽʥ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʦʱʦ.  

ɯʩʥʫʶʪʴ ʦʜʥʦʚʠʤʽʨʥʽ ʤʦʜʝʣʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʪʽʢ ʚʦʜʠ ʣʠʰʝ ʚ 

ʤʝʞʘʭ ʨʫʩʣʘ ʨʽʯʢʠ, ʜʚʦʚʠʤʽʨʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʽʤʽʪʫʶʪʴ ʨʫʭ ʚʦʜʠ ʥʘʜ ʟʘʧʣʘʚʦʶ, ʪʘ 

ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ, ʱʦ ʜʝʪʘʣʽʟʫʶʪʴ ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʦʜʠ. 

ʂʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʧʝʨʝʚʘʛʘʤʠ, ʟʦʢʨʝʤʘ ʟʜʘʪʥʽʩʪʶ 

ʚʨʘʭʦʚʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʘʥʠʭ, ʤʦʜʝʣʶʚʘʪʠ ʩʢʣʘʜʥʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʪʘ 

ʛʽʜʨʘʚʣʽʯʥʽ ʧʨʦʮʝʩʠ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʷʭ.  

ɺʦʜʥʦʯʘʩ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʧʦʤʠʣʢʘʤʠ ʪʘ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ [60]. 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʥʝʡ ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥ ̔

ʧʨʦʛʨʘʤʥ ̔ʧʘʢʝʪʠ, ʩʝʨʝʜ ʷʢʠʭ: HEC-RAS, MIKE FLOOD, TUFLOW, Flood 

Estimation Handbook ʪʘ EFDC. 
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HEC-RAS ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʝ ɯʥʞʝʥʝʨʥʠʤ ʢʦʨʧʫʩʦʤ 

ʘʨʤʽʾ ʉʐɸ, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʢʠ ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤ ʷʢ ʚ 

ʦʜʥʦʤʫ, ʪʘʢ ʽ ʚ ʜʚʦʭ ʚʠʤʽʨʘʭ [61]. ʇʝʨʝʚʘʛʠ: 

- ʥʘʷʚʥʽʩʪʴ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʦʛʦ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ, ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʽʜʨʘʚʣʽʯʥʠʭ ʤʦʜʝʣʝʡ; 

- ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʣʠʭ  ʽ ʥʝʩʪʘʣʠʭ ʧʦʪʦʢʽʚ. 

ʆʙʤʝʞʝʥʥʷ: 

- ʥʝʜʦʩʪʘʪʥʷ ʟʜʘʪʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʩʢʣʘʜʥʽ ʛʝʦʤʝʪʨʽʾ ʪʘ ʛʨʘʥʠʯʥʽ 

ʫʤʦʚʠ; 

- ʚʠʩʦʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʘʧʘʨʘʪʥʠʭ 

ʨʝʩʫʨʩʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ; 

- ʥʝʜʦʩʪʘʪʥʷ ʜʝʪʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʦʜʥʠʤ ʧʦʪʦʢʦʤ ʪʘ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʟʦʢʨʝʤʘ ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʥʝʩʝʥʥʷ ʥʘʥʦʩʽʚ ʪʘ ʤʦʨʬʦʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥ. 

MIKE FLOOD ï ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ, ʨʦʟʨʦʙʣʝʥʠʡ DHI, ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʜʚʦ- ʪʘ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘʪʦʧʣʝʥʥʷ ʫ ʟʘʧʣʘʚʥʠʭ ʪʘ 

ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤʘʭ [62, 63]. ʇʝʨʝʚʘʛʠ: 

- ʧʨʘʮʶʻ ʟ ʚʝʣʠʢʠʤ ʥʘʙʦʨʦʤ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ɦ ʦ 

ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽ ʩʮʝʥʘʨʽʾ ʨʦʟʚʠʪʢʫ ʧʘʚʦʜʢʦʚʠʭ ʷʚʠʱ; 

- ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʟ ʽʥʰʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʩʽʤʝʡʩʪʚʘ 

MIKE ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʆʙʤʝʞʝʥʥʷ: 

- ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ; 

- ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʛʦ 

ʨʽʚʥʷ ʪʝʭʥʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

TUFLOW ï ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʚʦ- ʪʘ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʟʘʪʦʧʣʝʥʴ [64]. 

ʇʝʨʝʚʘʛʠ: 
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- ʚʠʩʦʢʘ ʛʥʫʯʢʽʩʪʴ ʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ 

ʤʦʜʝʣʴ ʜʦ ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚ ʜʦʩʣʽʜʞʝʥʥʷ; 

- ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʩʧʝʢʪʠ ʨʫʭʫ ʚʦʜʠ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ. 

ʆʙʤʝʞʝʥʥʷ: 

- ʦʙʤʝʞʝʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʘʙʦ ʩʢʣʘʜʥʠʭ ʩʮʝʥʘʨʽʾʚ; 

- ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʪʝʭʥʽʯʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʝʢʩʧʝʨʪʥʠʭ ʟʥʘʥʴ. 

Flood Estimation Handbook ï ʥʘʙʽʨ ʤʦʜʝʣʝʡ, ʨʦʟʨʦʙʣʝʥʠʭ ʫ ɺʝʣʠʢʽʡ 

ɹʨʠʪʘʥʽʾ ʜʣʷ ʦʮʽʥʢʠ ʜʦʱʦʚʦʛʦ ʩʪʦʢʫ ʪʘ ʘʥʘʣʽʟʫ ʯʘʩʪʦʪʠ ʧʘʚʦʜʢʽʚ [65]. 

ʇʝʨʝʚʘʛʠ: 

- ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʣʽʜʦʚʥʠʡ ʪʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ 

ʧʘʚʦʜʢʽʚ; 

- ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦʶ ʧʨʦʩʪʦʪʦʶ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘ 

ʥʘʣʘʰʪʫʚʘʥʥʽ ʤʦʜʝʣʝʡ. 

ʆʙʤʝʞʝʥʥʷ: 

- ʦʙʤʝʞʝʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʜʝʪʘʣʴʥʠʭ ʩʠʤʫʣʷʮʽʡ; 

- ʥʝʧʨʠʜʘʪʥʘ ʜʣʷ ʨʝʛʽʦʥʽʚ ʽʟ ʢʣʽʤʘʪʠʯʥʠʤʠ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ, 

ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ ʪʠʭ, ʜʣʷ ʷʢʠʭ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ; 

- ʥʝ ʚʨʘʭʦʚʫʻ ʜʠʥʘʤʽʯʥʽ ʟʤʽʥʠ ʫ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʚʦʜʦʟʙʦʨʽʚ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. 

Environmental Fluid Dynamics Code ï ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ, 

ʨʦʟʨʦʙʣʝʥʠʡ ɸʛʝʥʪʩʪʚʦʤ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʉʐɸ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʷʢʦʩʪʽ ʚʦʜʠ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʩʠʩʪʝʤʘʭ [66]. 

ʇʝʨʝʚʘʛʠ: 
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- ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʜʠʥʘʤʽʢʫ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ; 

- ʧʽʜʪʨʠʤʫʻ ʩʢʣʘʜʥʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʪʘ ʩʠʤʫʣʷʮʽʾ ʪʘ ʜʦʟʚʦʣʷʻ 

ʢʦʤʧʣʝʢʩʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʩʪʘʥ ʚʦʜʥʠʭ ʩʠʩʪʝʤ. 

ʆʙʤʝʞʝʥʥʷ: 

- ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʨʠʚʠʤʽʨʥʠʭ ʦʙ'ʻʢʪʽʚ; 

- ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺ ʋʢʨʘʾʥʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʨʽʟʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʣʘʪʬʦʨʤʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʤʦʥʽʪʦʨʠʥʛ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʙʨʦʙʢʫ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, 

ʧʽʜʪʨʠʤʫʶʪʴ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ ʪʘ ʩʧʨʠʷʶʪʴ ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʢʘʪʘʩʪʨʦʬ. 

ɼʦ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘʣʝʞʘʪʴ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʽ 

ʧʣʘʪʬʦʨʤʠ, ʘ ʪʘʢʦʞ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʨʝʛʽʦʥʘʣʴʥʽ ʨʽʰʝʥʥʷ, ʟʦʢʨʝʤʘ ʫʨʷʜʦʚʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ çʊʠʩʘè ʪʘ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘ ñLand & Waterò, ʪʦʱʦ.  

ʋʨʷʜʦʚʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʘ ʩʠʩʪʝʤʘ ʟ  ʧʠʪʘʥʴ  ʥʘʜʟʚʠʯʘʡʥʠʭ  

ʩʠʪʫʘʮʽʡ ï ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʫ 

ʩʬʝʨʽ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʘ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʇʦʩʪʘʥʦʚʠ 

ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 7 ʢʚʽʪʥʷ 1995 ʨʦʢʫ ˉ250 [67] ʪʘ ʧʨʠʟʥʘʯʝʥʘ 

ʜʣʷ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ ʥʘʜʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʦʨʛʘʥʘʤ 

ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʟ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʩʣʽʜʢʽʚ. ɺ ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ 

ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʛʥʦʟʥʦ-ʤʦʜʝʣʶʶʯʠʡ ʢʦʤʧʣʝʢʩ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʥʘʩʣʽʜʢʽʚ çʇʘʚʦʜʦʢè. ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʩʠʩʪʝʤʠ ï ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʘ 

ʥʘʩʣʽʜʢʽʚ ʧʘʚʦʜʢʦʚʠʭ ʩʠʪʫʘʮʽʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʧʘʚʦʜʢʘʤʠ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʝʘʛʫʚʘʥʥʷ, ʢʦʦʨʜʠʥʘʮʽʷ ʟʘʭʦʜʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʅʉ. 



71 

 

 ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ çʊʠʩʘè 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʚʦʜʢʦʚʠʭ ʷʚʠʱ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʚ ʙʘʩʝʡʥʽ ʨʽʯʢʠ ʊʠʩʠ. ɺʦʥʘ ʨʦʟʨʦʙʣʝʥʘ ɼʝʨʞʘʚʥʠʤ ʘʛʝʥʪʩʪʚʦʤ 

ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ, ʘʥʘʣʽʟ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [68]. ʇʝʨʝʚʘʛʠ: 

- ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ 

ʧʘʚʦʜʢʦʚʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʦʮʽʥʢʠ ʾʾ ʧʦʪʝʥʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ; 

- ʥʘʜʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʨʽʚʥʷ ʚʦʜʠ ʥʘ ʦʩʥʦʚʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ 

ʧʦʪʦʯʥʦʛʦ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʡʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ.. 

ʆʙʤʝʞʝʥʥʷ: 

- ʦʙʤʝʞʝʥʘ ʟʜʘʪʥʽʩʪʴ ʦʙʨʦʙʣʷʪʠ ʩʢʣʘʜʥʽ ʩʠʤʫʣʷʮʽʾ; 

- ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʦʙʩʷʛʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ; 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʣʫʯʝʥʥʷ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʜʣʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

 ʆʥʣʘʡʥ ʧʣʘʪʬʦʨʤʘ ñLand & Waterò  ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʛʨʦ-ʛʽʜʨʦʣʦʛʽʯʥʽʡ 

ʤʦʜʝʣʽ Soil and Water Assessment Tool ʪʘ ʥʘʣʘʰʪʦʚʘʥʘ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ 

ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ ʋʢʨʘʾʥʠ. ɺʦʥʘ ʨʦʟʨʦʙʣʝʥʘ 

ʋʢʨʘʾʥʩʴʢʠʤ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʘʥʘʣʽʟʫ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʫ 

[69]. 

ʇʝʨʝʚʘʛʠ: 

- ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ ʡ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ 

ʧʦʪʝʥʮʽʡʥʠʭ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ; 

- ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʦʜʥʦʛʦ ʩʪʦʢʫ. 

ʆʙʤʝʞʝʥʥʷ: 

- ʦʙʤʝʞʝʥʘ ʪʦʯʥʽʩʪʴ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʪʦʯʥʦʾ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ; 
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- ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʚʦʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʚʝʣʠʢʠʭ 

ʪʝʨʠʪʦʨʽʷʭ. 

ɺʠʙʽʨ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʥʠʭ ʽ ʨʝʩʫʨʩʽʚ. ɺ ʨʦʙʦʪʘʭ 

[70-72] ʧʦʨʽʚʥʷʥʦ ʜʚʽ 2D ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ (LISFLOOD-FP ʽ HEC-RAS), ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʟʘʪʦʧʣʝʥʥʷ ʟʘʧʣʘʚ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʭʦʯʘ 

ʤʦʜʝʣʽ ʟ ʤʝʥʰʠʤ ʨʽʚʥʝʤ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʨʠʡʥʷʪʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʤʦʜʝʣʽ ʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʽʰʽ ʧʨʦʛʥʦʟʠ ʟʘʚʜʷʢʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʤʫ ʚʨʘʭʫʚʘʥʥʶ 

ʧʨʦʩʪʦʨʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʜʠʥʘʤʽʢʠ ʚʦʜʥʠʭ ʧʦʪʦʢʽʚ. ʆʜʥʘʢ ʛʝʦʛʨʘʬʽʯʥʠʡ 

ʨʦʟʧʦʜʽʣ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʚʦʜʢʽʚ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ. ɺ ʨʦʙʦʪʘʭ [73-75], ʧʦʨʽʚʥʷʣʠ 

ʪʨʘʜʠʮʽʡʥʫ çʨʦʟ'ʻʜʥʘʥʫè ʤʝʪʦʜʠʢʫ ʟ çʽʥʪʝʛʨʦʚʘʥʦʶè ʩʪʨʘʪʝʛʽʻʶ ʦʮʽʥʢʠ 

ʥʝʙʝʟʧʝʢʠ ʧʘʚʦʜʢʽʚ ʜʣʷ ʤʘʣʠʭ ʩʽʣʴʩʴʢʠʭ ʚʦʜʦʟʙʦʨʽʚ, ʘʢʮʝʥʪʫʶʯʠ ʥʘ ʧʝʨʝʚʘʛʘʭ, 

ʥʝʜʦʣʽʢʘʭ ʽ ʦʙʤʝʞʝʥʥʷʭ ʢʦʞʥʦʛʦ ʟ ʧʽʜʭʦʜʽʚ. ɺ ʨʦʙʦʪʽ [76] ʧʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʱʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʠ HEC-RAS 2D (HR2D), ʦʮʽʥʶʶʯʠ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʦʙʤʝʞʝʥʥʷ ʜʣʷ 

ʦʮʽʥʢʠ ʰʪʦʨʤʦʚʦʾ ʥʝʙʝʟʧʝʢʠ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ɸʚʪʦʨʠ ʚ ʨʦʙʦʪʽ [77] ʦʮʽʥʶʚʘʣʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʪʦʢʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ SWAT ʪʘ HEC-RAS. 

ʇʦʧʨʠ ʟʥʘʯʥʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʘʪʦʧʣʝʥʴ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʥʠʟʢʫ ʦʙʤʝʞʝʥʴ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʘʭ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʪʘʢʠʭ ʷʢ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ. ʆʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ 

ʚʢʣʶʯʘʶʪʴ: 

ï ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʚʠʩʦʢʦʷʢʽʩʥʠʭ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʪʦʯʥʽ ʪʦʧʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ, ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʽʚ. ɺ ʋʢʨʘʾʥʽ ʜʘʥʽ ʧʨʦ ʨʝʣʴʻʬ, ʛʽʜʨʘʚʣʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʦʜʦʡʤ ʘʙʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʯʘʩʪʦ ʤʘʶʪʴ ʥʝʜʦʩʪʘʪʥʶ ʜʝʪʘʣʽʟʘʮʽʶ ʘʙʦ 

ʟʘʩʪʘʨʽʣʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ; 
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ï ʨʦʟʛʣʷʥʫʪʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʜʣʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʩʢʣʘʜʥʠʭ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʫʡʥʫʚʘʥʥʷ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ 

ʩʧʦʨʫʜ. ɺ ʋʢʨʘʾʥʽ ʮʝ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʚʝʣʠʢʠʭ ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤ, 

ʪʘʢʠʭ ʷʢ ɼʥʽʧʨʦ, ʜʝ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʟ 

ʢʘʪʘʩʪʨʦʬʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʜʣʷ ʥʘʚʢʦʣʠʰʥʽʭ ʪʝʨʠʪʦʨʽʡ; 

ï ʨʦʟʛʣʷʥʫʪʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʧʨʘʮʶʶʪʴ ʥʘ ʨʝʛʽʦʥʘʣʴʥʠʭ ʘʙʦ 

ʛʣʦʙʘʣʴʥʠʭ ʤʘʩʰʪʘʙʘʭ ʽ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʟʜʘʪʥʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʣʦʢʘʣʴʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʜʨʽʙʥʽ ʧʨʠʪʦʢʠ ʨʽʯʦʢ, ʩʢʣʘʜʥʫ ʛʝʦʤʦʨʬʦʣʦʛʽʶ ʘʙʦ 

ʤʽʢʨʦʨʝʣʴʻʬ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʰʠʨʝʥʥʷ ʟʘʪʦʧʣʝʥʥʷ; 

ï ʫ ʨʘʟʽ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʻ ʙʫʪʠ ʥʘʜʟʚʠʯʘʡʥʦ 

ʰʚʠʜʢʠʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʝʚʘʢʫʘʮʽʶ ʥʘʩʝʣʝʥʥʷ. ʆʜʥʘʢ, ʙʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ 

ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ ʟʘ ʫʤʦʚ ʥʝʩʪʘʯʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʥʝ ʟʜʘʪʥʽ 

ʦʧʝʨʘʪʠʚʥʦ ʤʦʜʝʣʶʚʘʪʠ ʩʮʝʥʘʨʽʾ ʧʨʦʨʠʚʫ ʜʘʤʙ ʪʘ ʦʮʽʥʶʚʘʪʠ ʜʠʥʘʤʽʢʫ 

ʟʘʪʦʧʣʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; 

ï ʪʠʧʦʚʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʋʢʨʘʾʥʠ ʨʽʜʢʦ ʚʨʘʭʦʚʫʶʪʴ ʩʮʝʥʘʨʽʾ, 

ʧʦʚôʷʟʘʥʽ ʟ ʨʫʡʥʫʚʘʥʥʷʤ ʜʘʤʙ, ʚʢʣʶʯʘʶʯʠ ʧʘʨʘʤʝʪʨʠ ʭʚʠʣʴ ʧʨʦʨʠʚʫ, 

ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʚʦʜʠ, ʦʙ'ʻʤʠ ʚʦʜʥʠʭ ʤʘʩ, ʱʦ ʚʠʣʠʚʘʶʪʴʩʷ, ʪʘ ʤʦʞʣʠʚʫ 

ʟʤʽʥʫ ʨʫʩʣʘ ʨʽʯʦʢ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʪʦʯʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ ʽ ʾʭʥʽʭ 

ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. 

 

1.8 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʧʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʫ 

ʢʦʥʪʝʢʩʪʽ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʘʥʘʣʽʟʫ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʨʘʭʫʚʘʥʥʷ ʯʠʩʣʝʥʥʠʭ ʬʘʢʪʦʨʽʚ, 

ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʟʘʪʦʧʣʝʥʥʷ, ʪʘʢʠʭ ʷʢ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ, ʟʤʽʥʠ ʚ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʽ ʪʘ 
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ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ. ɯʥʪʝʛʨʘʮʽʷ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ 

ʮʠʬʨʦʚʠʤʠ ʤʦʜʝʣʷʤʠ ʨʝʣʴʻʬʫ ʻ ʫʩʢʣʘʜʥʝʥʦʶ ʯʝʨʝʟ ʨʽʟʥʦʯʘʩʦʚʽʩʪʴ ʪʘ 

ʨʽʟʥʦʨʽʜʥʽʩʪʴ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʚʠʷʚʠʚ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʶʪʴ 

ʣʦʢʘʣʴʥʽ ʟʘʜʘʯʽ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʙʤʝʞʝʥʽ ʪʝʨʠʪʦʨʽʾ ʘʙʦ ʦʢʨʝʤʽ ʘʩʧʝʢʪʠ 

ʧʨʦʙʣʝʤʠ. ɿʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʦʢʨʝʤʽ ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʪʘʢʽ ʷʢ 

ʪʦʧʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ ʯʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʦʙʤʝʞʫʻ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ. ɹʘʛʘʪʦ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʧʦʪʨʝʙʫʶʪʴ 

ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʜʣʷ ʨʫʯʥʦʛʦ ʘʥʘʣʽʟʫ ʘʙʦ ʟʘʣʫʯʝʥʥʷ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ 

ʬʘʭʽʚʮʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʢʨʠʟʦʚʠʭ ʫʤʦʚʘʭ. 

ʄʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʦʢʨʝʤʘ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʟʘʜʘʯʘʭ ʘʥʘʣʽʟʫ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ. ɯʥʪʝʛʨʘʮʽʷ 

ʮʠʭ ʤʝʪʦʜʽʚ ʟ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʘʥʘʣʽʟʫ ʪʘ ʟʥʠʟʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʨʫʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʤʦʜʝʣʷʤʠ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʟʜʘʪʥʠʭ ʚʨʘʭʦʚʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʣʘʥʜʰʘʬʪʫ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʤʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. 

ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʠ ʨʦʙʦʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʨʦʟʚôʷʟʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ 

ʟʘʜʘʯ: 

1. ɿʜʽʡʩʥʠʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʧʨʠʯʠʥ ʪʘ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ, ʟʦʢʨʝʤʘ ʚ ʢʦʥʪʝʢʩʪʽ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ 



75 

 

ʩʠʪʫʘʮʽʡ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽ 

ʤʘʩʰʪʘʙ ʟʘʪʦʧʣʝʥʴ. 

2. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠ 

ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 

3. ʈʦʟʨʦʙʠʪʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʷʭ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʚʦʻʯʘʩʥʦ ʦʮʽʥʶʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʥʘʩʣʽʜʢʠ ʪʘʢʠʭ 

ʩʠʪʫʘʮʽʡ ʜʣʷ ʪʝʨʠʪʦʨʽʡ. 

4. ʈʦʟʨʦʙʠʪʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʚʠʷʚʣʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʪʦʧʣʝʥʠʭ ʟʦʥ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ 

ʧʽʜʚʠʱʠʪʴ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʟʦʥ ʧʽʜ ʯʘʩ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. 

5. ʈʦʟʨʦʙʠʪʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʚʠʷʚʣʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ 

ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʽ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. 

6. ʅʘ ʙʘʟʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʨʦʙʠʪʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʨʭʽʪʝʢʪʫʨʫ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʟʘʪʦʧʣʝʥʽ ʟʦʥʠ. 

7. ʇʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʟʘʪʦʧʣʝʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

8. ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʨʽʰʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 
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9. ɺʧʨʦʚʘʜʠʪʠ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʘʥʘʣʽʟʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʪʘ ʥʘʜʘʪʠ 

ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʧʨʘʚʣʽʥʥʽ ʨʠʟʠʢʘʤʠ 

ʟʘʪʦʧʣʝʥʴ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

 

1.9 ɺʠʩʥʦʚʢʠ ʧʦ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʫ   

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. ɸʥʘʣʽʟ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʣʠ ʥʘʷʚʥʽʩʪʴ ʯʠʩʣʝʥʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʚʠʨʽʰʝʥʥʷ. ɿʦʢʨʝʤʘ, ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʛʝʦ̔ʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʥʘʩʣʽʜʢʽʚ 

ʟʘʪʦʧʣʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʯʘʩʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʘʫʢʦʚʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ 

ʜʘʥʦʾ ʨʦʙʦʪʠ. 

2. ʅʘʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʧʨʠʨʦʜʥʽ 

(ʟʝʤʣʝʪʨʫʩʠ, ʟʩʫʚʠ, ʚʫʣʢʘʥʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ) ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʽ (ʪʝʭʥʦʛʝʥʥʽ 

ʘʚʘʨʽʾ, ʝʢʦʣʦʛʽʯʥʽ ʢʘʪʘʩʪʨʦʬʠ). ɺʠʟʥʘʯʝʥʦ ʾʭ ʚʧʣʠʚ ʥʘ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʮʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ. 

3. ʇʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʦʚʝʥʝʡ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʚʢʣʶʯʘʶʯʠ 

ʾʭ ʧʦʭʦʜʞʝʥʥʷ (ʨʽʯʢʦʚʽ, ʧʨʠʙʝʨʝʞʥʽ, ʤʽʩʴʢʽ), ʪʨʠʚʘʣʽʩʪʴ (ʢʦʨʦʪʢʦʯʘʩʥʽ, 

ʜʦʚʛʦʪʨʠʚʘʣʽ), ʤʘʩʰʪʘʙ (ʣʦʢʘʣʴʥʽ, ʨʝʛʽʦʥʘʣʴʥʽ) ʪʘ ʚʧʣʠʚ ʥʘ ʪʝʨʠʪʦʨʽʾ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʨʽʟʥʽ ʪʠʧʠ ʟʘʪʦʧʣʝʥʴ ʟʘ ʾʭ ʧʦʭʦʜʞʝʥʥʷʤ, 

ʤʘʩʰʪʘʙʦʤ ʪʘ ʚʧʣʠʚʦʤ ʥʘ ʪʝʨʠʪʦʨʽʾ. ʈʦʟʛʣʷʥʫʪʦ ʩʪʨʘʪʝʛʽʾ ʟʘʧʦʙʽʛʘʥʥʷ 

ʧʦʚʝʥʷʤ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʽʥʞʝʥʝʨʥʽ ʪʘ ʥʝʽʥʞʝʥʝʨʥʽ ʟʘʭʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ ʟʘʪʦʧʣʝʥʥʷ. 

4. ʈʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ ʩʪʨʘʪʝʛʽʾ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʚʝʥʷʤ, ʚʢʣʶʯʘʶʯʠ 

ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ (ʜʘʤʙʠ, ʨʝʟʝʨʚʫʘʨʠ, ʢʘʥʘʣʠ) ʪʘ ʥʝʽʥʞʝʥʝʨʥʽ ʟʘʭʦʜʠ 
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(ʟʘʙʦʨʦʥʘ ʟʘʙʫʜʦʚʠ ʚ ʟʦʥʘʭ ʨʠʟʠʢʫ, ʝʢʦʣʦʛʽʯʥʽ ʟʘʭʦʜʠ). ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ 

ʻ ʽʥʪʝʛʨʘʮʽʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

5. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ ʯʘʩʪʦʪʫ ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʚʝʥʝʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʧʦʰʫʢʫ ʪʘ ʦʮʽʥʢʠ ʦʩʪʨʦʚʽʚ 

ʪʝʧʣʘ ʥʘ ʮʠʬʨʦʚʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʨʽʟʥʦʯʘʩʦʚʠʭ ʢʘʨʪ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʷʚʣʷʪʠ ʩʪʘʙʽʣʴʥʽ ʫ ʯʘʩʽ ʜʽʣʷʥʢʠ ʪʝʧʣʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ. 

ɺʠʢʦʥʘʥʦ ʧʦʙʫʜʦʚʫ ʢʘʨʪ UHI, LST ʤʽʩʪʘ ɼʥʽʧʨʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ. 

6. ʆʛʣʷʜ ʤʦʞʣʠʚʦʩʪʝʡ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʧʦʢʘʟʘʚ, ʱʦ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ 

ʟʘʪʦʧʣʝʥʥʷ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʟʽʙʨʘʪʠ, ʦʙʨʦʙʠʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ 

ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

7. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʠʟʠʢʠ ʪʘ ʥʘʩʣʽʜʢʠ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʨʽʟʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʎʝ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʪʝʨʠʪʦʨʽʷʤʠ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʨʠʟʠʢʫ 

ʟʘʪʦʧʣʝʥʥʷ. 

8. ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ, ʟʦʢʨʝʤʘ ʥʘ ʦʩʥʦʚʽ ʦʧʪʠʯʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ. ʆʧʪʠʯʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʚʠʷʚʠʣʠʩʴ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʨʦʟʜʽʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ ʪʘ ʯʫʪʣʠʚʦʩʪʽ ʜʦ 

ʟʤʽʥ ʫ ʚʽʜʦʙʨʘʞʝʥʥʽ ʧʦʚʝʨʭʥʽ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʫ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʪʦʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʟʘʪʦʧʣʝʥʠʭ 

ʟʦʥ. ʆʜʥʘʢ ʮʽ ʜʘʥʽ ʤʦʞʫʪʴ ʟʘʟʥʘʚʘʪʠ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ. ʎʝ ʚʢʘʟʫʻ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʤʝʪʦʜʽʚ ʢʦʨʝʢʮʽʾ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ 

ʪʠʧʘʤʠ ʜʘʥʠʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ, ʱʦ 
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ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʥʘʩʣʽʜʢʽʚ 

ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. 

9. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʛʦʜʠ (WRF, 

RIMES WRF, HEC-RAS, MIKE FLOOD, TUFLOW, EFDC) ʚʠʨʽʰʫʻʪʴʩʷ ʨʷʜ 

ʟʘʜʘʯ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʩʦʢʦʪʦʯʥʠʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʘʪʤʦʩʬʝʨʥʠʭ ʷʚʠʱ ʪʘ 

ʟʘʪʦʧʣʝʥʴ. ʆʜʥʘʢ ʧʨʘʢʪʠʢʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʢʘʟʫʻ ʥʘ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʪʘ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʦ ʟʤʽʥʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʘʙʦ ʥʝʩʪʘʙʽʣʴʥʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ. 

10. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ (HEC-RAS, MIKE FLOOD, TUFLOW, Flood 

Estimation Handbook, EFDC) ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʦʪʝ ʮʽ ʧʨʦʛʨʘʤʠ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ 

ʩʧʝʮʽʘʣʽʩʪʽʚ ʪʘ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʪʴ 

ʦʙʤʝʞʝʥʥʷ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʪʨʽʡ ʽ ʤʘʩʰʪʘʙʥʠʭ ʦʙ'ʻʢʪʽʚ, ʱʦ 

ʦʙʤʝʞʫʻ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

11. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʨʦʟʨʦʙʢʠ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ [3, 9]. 
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ʈʆɿɼɯʃ 2 

ʄɽʊʆɼʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ɸʅɸʃɯɿʋ ʈʀɿʀʂʋ ɿɸʊʆʇʃɽʅʅʗ 

ʊɽʈʀʊʆʈɯʁ 

2.1. ɻʽʜʨʦʣʦʛʦ-ʛʽʜʨʘʚʣʽʯʥʽ ʤʝʪʦʜʠ 

ɿʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʜʽʶ ʟ ʘʥʦʤʘʣʴʥʦ 

ʚʠʩʦʢʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʷʢʽ ʬʽʢʩʫʶʪʴʩʷ ʚ ʧʝʚʥʽʡ ʪʦʯʮʽ ʘʙʦ ʥʘ ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ 

ʧʦʪʦʢʫ. ɼʣʷ ʧʦʚʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʘʢʠʭ ʧʦʜʽʡ ʚʘʞʣʠʚʦ ʩʪʚʦʨʠʪʠ ʛʽʜʨʦʛʨʘʬ 

ʧʘʚʦʜʢʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʡʦʛʦ ʘʥʦʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʚ ʯʘʩʽ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʜʦʩʣʽʜʠʪʠ ʢʣʶʯʦʚʽ ʝʣʝʤʝʥʪʠ ʧʘʚʦʜʢʫ, ʪʘʢʽ ʷʢ ʧʽʢʦʚʽ ʚʠʪʨʘʪʠ, ʚʠʩʭʽʜʥʘ ʪʘ 

ʩʧʘʜʥʘ ʯʘʩʪʠʥʠ, ʘ ʪʘʢʦʞ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʛʽʜʨʦʛʨʘʬ ʜʦʧʦʤʘʛʘʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʨʽʚʥʽ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʪʘʢʽ ʷʢ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ, ʧʨʷʤʠʡ 

ʩʪʽʢ, ʧʽʜʟʝʤʥʠʡ ʩʪʽʢ ʽ ʙʘʟʦʚʠʡ ʩʪʽʢ, ʽ ʧʦʨʽʚʥʷʪʠ ʾʭ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʛ̔ ʜʨʦʛʨʘʬʦʤ 

(ʜʠʚ. ʨʠʩ.2.1). ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʧʘʚʦʜʢʦʚʠʭ ʧʦʜʽʡ [78]. 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ɻʽʜʨʦʛʨʘʬ ʨʽʚʥʽʚ ʟʘʪʦʧʣʝʥʥʷ [75] 
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ɯʩʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʪʦʧʣʝʥʴ, ʷʢʽ 

ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘ ʜʚʘ ʦʩʥʦʚʥʠʭ ʪʠʧʠ: ʧʨʷʤʽ ʪʘ ʥʝʧʨʷʤʽ. ʇʨʷʤʽ ʤʝʪʦʜʠ 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʪʽʢ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʥʫʣʠʭ 

ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. ʅʝʧʨʷʤʽ ʤʝʪʦʜʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʘʙʦ ʛʽʧʦʪʝʪʠʯʥʠʭ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ 

(ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ). ʎʝʡ ʪʠʧ ʤʝʪʦʜʽʚ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʧʨʷʤʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʦʟʥʘʢʠ, ʘ ʪʘʢʦʞ 

ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʦʧʘʜʽʚ ʽ ʩʪʦʢʫ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧʽʜ ʯʘʩ ʧʦʧʝʨʝʜʥʽʭ 

ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. 

ʇʨʷʤʽ ʤʝʪʦʜʠ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ 

ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʛʽʜʨʦʛʨʘʬʘ ʬʘʢʪʠʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʥʴ ʚʠʪʨʘʪ ʚʦʜʠ, 

ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʦʤʫ ʧʦʩʪʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʛʽʜʨʦʛʨʘʬʠ, ʷʢʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʨʘʟʦʤ ʽʟ ʥʦʤʽʥʘʣʴʥʠʤʠ ʢʨʠʚʠʤʠ ʘʙʦ ʩʝʨʽʷʤʠ 

ʤʠʪʪʻʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʠʪʨʘʪ ʚʦʜʠ, ʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʷʢ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʠʭ 

ʧʝʨʝʨʽʟʽʚ, ʧʦʤʥʦʞʝʥʽ ʥʘ ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ. ɼʘʥʽ ʛʽʜʨʦʛʨʘʬʽʚ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ 

ʦʨʛʘʥʘʭ ʫʧʨʘʚʣʽʥʥʷ ʨʽʯʢʦʚʠʤʠ ʙʘʩʝʡʥʘʤʠ, ʪʘʢʠʭ ʷʢ ʛʽʜʨʦʛʨʘʬʽʯʥʽ ʧʽʜʨʦʟʜʽʣʠ 

ʙʘʩʝʡʥʦʚʠʭ ʢʦʥʬʝʜʝʨʘʮʽʡ ʽ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʽ ʘʛʝʥʪʩʪʚʘ, ʘʙʦ ʚ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʩʣʫʞʙʘʭ, ʥʘʧʨʠʢʣʘʜ, CEDEX34. ɿʦʢʨʝʤʘ, ʙʘʟʘ ʜʘʥʠʭ HIDRO, ʷʢʘ ʤʽʩʪʠʪʴ 

ʚʽʜʧʦʚʽʜʥʽ ʪʘʙʣʠʮʽ (ʟʦʢʨʝʤʘ HIDROGR) ʪʘ ʧʨʦʛʨʘʤʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʻ 

ʜʞʝʨʝʣʦʤ ʪʘʢʠʭ ʜʘʥʠʭ. ʅʘ ʦʩʥʦʚʽ ʛʽʜʨʦʛʨʘʬʘ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ 

ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʩʝʙʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʝʣʝʤʝʥʪʽʚ ʽ ʢʦʤʧʦʥʝʥʪʽʚ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ [79], ʚʢʣʶʯʘʶʯʠ ʧʨʷʤʽ ʣʽʥʽʾ, ʟʚʠʯʘʡʥʽ ʢʨʠʚʽ 

ʚʠʩʥʘʞʝʥʥʷ, ʤʘʢʩʠʤʘʣʴʥʽ ʢʨʠʚʠʥʠ, ʤʦʜʝʣʽ ʃʽʥʩʣʽ ʽ ɹʘʨʥʩʘ, ʘ ʪʘʢʦʞ ʦʮʽʥʶʚʘʪʠ 

ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʽʜʨʦʛʨʘʬʘ ʘʙʦ ʨʝʟʫʣʴʪʘʪʠ ʡʦʛʦ ʢʦʨʝʣʷʮʽʾ ʟ 

ʛʽʻʪʦʛʨʘʬʦʤ. 

ʅʝʧʨʷʤʽ ʤʝʪʦʜʠ ʫ ʛʽʜʨʦʣʦʛʽʯʥʦʤʫ ʚʠʚʯʝʥʥʽ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ ʤʘʶʪʴ 

ʜʚʘ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʠ. ʇʝʨʰʠʡ ʥʘʧʨʷʤʦʢ ï ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʽʟʠʯʥʽ ʟʘʢʦʥʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ. ɼʨʫʛʠʡ 
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ʥʘʧʨʷʤʦʢ ï ʩʪʦʭʘʩʪʠʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʧʘʜʢʦʚʦʤʫ ʭʘʨʘʢʪʝʨʽ 

ʧʨʦʮʝʩʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʥʘʣʽʪʠʯʥʽ ʟʘʢʦʥʠ ʘʙʦ ʬʫʥʢʮʽʾ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʘʡʙʫʪʥʽʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʦʾ ʥʘ ʦʩʥʦʚʽ ʧʦʧʝʨʝʜʥʽʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɼʝʪʝʨʤʽʥʦʚʘʥʽ 

ʤʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴ ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʟʚôʷʟʦʢ ʤʽʞ ʧʽʢʦʚʠʤʠ 

ʚʠʪʨʘʪʘʤʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʬʽʢʩʦʚʘʥʽ ʚ ʧʦʪʦʮʽ, ʪʘ ʧʣʦʱʝʶ ʙʘʩʝʡʥʫ, ʱʦ 

ʜʨʝʥʫʻʪʴʩʷ. ɼʦ ʚʽʜʦʤʠʭ ʬʦʨʤʫʣ ʚʽʜʥʦʩʷʪʴʩʷ ʬʦʨʤʫʣʠ ɿʘʧʘʪʘ, ʌʫʣʣʝʨʘ ʽ 

ɻʝʨʘʩʘ [80], ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʧʨʷʤʠʡ ʧʨʦʧʦʨʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʚʠʪʨʘʪʘʤʠ ʽ 

ʧʣʦʱʘʤʠ ʩʫʤʽʞʥʠʭ ʙʘʩʝʡʥʽʚ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʮʽ ʬʦʨʤʫʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʤʦʛʨʘʤ ʜʣʷ ʮʽʣʠʭ ʙʘʩʝʡʥʽʚ ʘʙʦ ʦʢʨʝʤʠʭ 

ʾʭ ʜʽʣʷʥʦʢ. ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʩʢʣʘʜʥʽʰʽ ʬʦʨʤʫʣʠ ʽ ʨʝʛʨʝʩʽʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʘʥʘʣʽʟʽ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʘʩʝʡʥʽʚ [79], ʷʢʽ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʚʠʥʥʠʭ ʦʮʽʥʦʢ ʚʠʪʨʘʪ ʫ ʉʐɸ. ʎʽ ʬʦʨʤʫʣʠ 

ʚʢʣʶʯʘʶʪʴ ʤʦʜʝʣʽ çʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠè, ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʚʥʫʪʨʽʰʥʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʙʘʩʝʡʥʽ ʽ ʪʦʤʫ ʦʙʤʝʞʝʥʽ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʣʠʰʝ ʜʦ ʧʝʨʝʚʽʨʝʥʠʭ ʙʘʩʝʡʥʽʚ. ʉʪʘʪʠʩʪʠʯʥʽ ʘʙʦ ʩʪʦʭʘʩʪʠʯʥʽ ʤʝʪʦʜʠ 

ʚʢʣʶʯʘʶʪʴ ʷʢ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ, ʪʘʢ ʽ ʘʥʘʣʽʟ ʯʘʩʪʦʪʠ ʟʘʪʦʧʣʝʥʴ 

ʪʝʨʠʪʦʨʽʡ. 

 

2.1.1 ɻʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ 

ɻʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ, ʪʘʢʠʭ ʷʢ ʦʧʘʜʠ ʪʘ, ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʪʘʥʝʥʥʷ ʩʥʽʛʫ, ʫ 

ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ (ʚʠʪʨʘʪʠ). ʎʽ ʤʝʪʦʜʠ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ 

ʤʦʜʝʣʷʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʜʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʩʪʦʢʫ. ɺʦʥʠ 

ʟʘʟʚʠʯʘʡ ʚʢʣʶʯʘʶʪʴ ʙʽʣʴʰʝ ʪʦʯʦʢ ʚʽʜʙʦʨʫ ʧʨʦʙ (ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ) ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ ʽ ʜʦʚʞʠʥʫ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʧʦʨʽʚʥʷʥʦ 

ʟ ʛʽʜʨʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ. 

ʈʽʟʥʽ ʪʠʧʠ ʤʦʜʝʣʝʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʦʧʘʜʽʚ ʽ ʩʪʦʢʫ 

ʚʢʣʶʯʘʶʪʴ ʙʝʟʧʝʨʝʨʚʥʽ ʽ ʜʠʩʢʨʝʪʥʽ ʤʦʜʝʣʽ. ɹʝʟʧʝʨʝʨʚʥʽ ʤʦʜʝʣʽ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʧʦʪʦʯʥʠʡ ʙʘʣʘʥʩ ʚʦʣʦʛʠ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ, ʦʭʦʧʣʶʶʯʠ ʷʢ 
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ʧʘʚʦʜʢʦʚʽ, ʪʘʢ ʽ ʟʚʠʯʘʡʥʽ ʧʝʨʽʦʜʠ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ MIKE-SHE, 

HSPF ʽ SIMPA. ɼʠʩʢʨʝʪʥʽ ʤʦʜʝʣʽ, ʥʘʚʧʘʢʠ, ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʤʦʜʝʣʶʚʘʥʥʽ 

ʦʢʨʝʤʠʭ ʧʦʜʽʡ, ʚʨʘʭʦʚʫʶʯʠ ʣʠʰʝ ʪʫ ʯʘʩʪʠʥʫ ʦʧʘʜʽʚ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ. ʎʽ ʤʦʜʝʣʽ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʘʪʦʧʣʝʥʴ 

ʪʝʨʠʪʦʨʽʡ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʜʠʩʢʨʝʪʥʠʤʠ ʤʦʜʝʣʷʤʠ ʻ ʨʘʮʽʦʥʘʣʴʥʠʡ ʤʝʪʦʜ, 

ʦʜʠʥʠʯʥʠʡ ʛʽʜʨʦʛʨʘʬ ʪʘ ʡʤʦʚʽʨʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ʄʝʪʦʜʠ ʽ ʤʦʜʝʣʽ ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʪʫʧʝʥʝʤ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʧʘʨʘʤʝʪʨʽʚ. ʋʢʨʫʧʥʝʥʽ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʶʪʴ ʪʝʨʠʪʦʨʽʶ ʘʙʦ ʜʽʣʷʥʢʫ 

ʷʢ ʻʜʠʥʠʡ ʝʣʝʤʝʥʪ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʇʨʠʢʣʘʜʦʤ ʻ ʨʘʮʽʦʥʘʣʴʥʠʡ ʤʝʪʦʜ. ʅʘʧʽʚʨʦʟʧʦʜʽʣʝʥʽ ʤʦʜʝʣʽ 

ʘʥʘʣʽʟʫʶʪʴ ʦʜʥʦʨʽʜʥʽ ʟʦʥʠ (ʦʜʥʦʨʽʜʥʽ ʦʜʠʥʠʮʽ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ) ʚ 

ʤʝʞʘʭ ʦʜʥʦʛʦ ʙʘʩʝʡʥʫ ʘʙʦ ʩʫʙʙʘʩʝʡʥʫ. ʅʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʦʜʠʥʠʯʥʦʛʦ 

ʛʽʜʨʦʛʨʘʬʘ ʚ ʩʠʩʪʝʤʽ HEC-HMS. ʈʦʟʧʦʜʽʣʝʥʽ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴ ʧʨʦʩʪʦʨʦʚʫ 

ʚʘʨʽʘʮʽʶ ʚʩʽʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʧʨʘʮʶʶʯʠ ʟ ʦʜʠʥʠʮʷʤʠ ʘʥʘʣʽʟʫ, 

ʪʘʢʠʤʠ ʷʢ ʧʽʢʩʝʣʽ, ʪʦʯʢʠ, ʜʫʛʠ ʘʙʦ ʙʘʛʘʪʦʢʫʪʥʠʢʠ. ʇʨʠʢʣʘʜʦʤ ʻ ʧʨʦʛʨʘʤʘ 

TETIS [81,82]. 

 

2.1.2 ʄʝʪʦʜ ʦʙʯʠʩʣʝʥʥʷ ʚʦʜʦʟʙʦʨʫ 

ʄʝʪʦʜ ʦʙʯʠʩʣʝʥʥʷ ʚʦʜʦʟʙʦʨʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʽ ʦʧʘʜʽʚ ʟ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ Ὅ (ʷʢʽ ʧʦʯʠʥʘʶʪʴʩʷ ʤʠʪʪʻʚʦ ʽ ʪʨʠʚʘʶʪʴ ʥʝʩʢʽʥʯʝʥʥʦ) ʫ ʩʪʽʢ, ʱʦ 

ʪʨʠʚʘʻ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʯʘʩʫ ʢʦʥʮʝʥʪʨʘʮʽʾ (ὸὧ). ʅʘ ʮʝʡ ʤʦʤʝʥʪ ʚʝʩʴ ʙʘʩʝʡʥ 

ʚʥʦʩʠʪʴ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʩʪʽʢ, ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʧʽʢ ʚʠʪʨʘʪ (ὗὴ). ʆʙ'ʻʤ ʚʦʜʠ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʜʦ ʩʠʩʪʝʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʘʜʽʚ ʥʘ 

ʧʣʦʱʫ ʙʘʩʝʡʥʫ (Ὅὃ), ʷʢʠʡ ʧʦʪʽʤ ʢʦʨʠʛʫʻʪʴʩʷ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʩʪʦʢʫ (ὅ, ʱʦ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0 ʜʦ 1). ʂʦʝʬʽʮʽʻʥʪ ʩʪʦʢʫ ʚʽʜʦʙʨʘʞʘʻ ʯʘʩʪʠʥʫ ʚʦʜʠ, ʷʢʘ 

ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʠʭ ʚʽʜʚʝʜʝʥʥʷʭ (ʧʝʨʝʭʦʧʣʝʥʥʷ, ʚʽʜʚʝʜʝʥʥʷ, 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ). ɺʠʤʽʨʶʚʘʣʴʥʽ ʦʜʠʥʠʮʽ ʟʤʽʥʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʚ 

ʧʽʚʥʽʯʥʦʘʤʝʨʠʢʘʥʩʴʢʽʡ ʩʠʩʪʝʤʽ, ʽ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʚ ʄʽʞʥʘʨʦʜʥʫ ʩʠʩʪʝʤʫ 
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ʦʜʠʥʠʮʴ (SI) ʩʣʽʜ ʧʦʜʽʣʠʪʠ ʜʦʙʫʪʦʢ ʥʘ 3,6. ɿʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʚʠʛʣʷʜʘʻ ʪʘʢ 

[80]: 

.
6,3
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Q

p

ÖÖ
=      (2.1) 

ʂʦʝʬʽʮʽʻʥʪ ʩʪʦʢʫ, ʷʢʠʡ ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʽʡ ʜʣʷ ʙʘʩʝʡʥʫ ʪʘ 

ʧʦʩʪʽʡʥʠʡ ʫ ʯʘʩʽ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʽʚ, ʪʘʢʠʭ ʷʢ 

ʤʝʪʦʜʠ ʍʦʨʪʦʥʘ, ʍʦʣʜʝʥʘ ʪʘ Soil Conservation Service (SCS) [84], ʘʙʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʙʣʠʮʴ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. ɺ ʽʥʰʠʭ 

ʚʠʧʘʜʢʘʭ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʘʥʘʣʽʟʫ ʯʘʩʪʦʪʠ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʘʜʽʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘ ʧʝʨʽʦʜ, ʱʦ ʜʦʨʽʚʥʶʻ ʯʘʩʫ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʜʣʷ ʨʽʟʥʠʭ 

ʧʝʨʽʦʜʽʚ ʧʦʚʝʨʥʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʠʚʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ/ʪʨʠʚʘʣʦʩʪʽ. ɼʣʷ 

ʦʮʽʥʢʠ ʯʘʩʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʨʽʚʥʷʥʥʷ, ʟʦʢʨʝʤʘ ʨʽʚʥʷʥʥʷ 

SCS [84]. 

ʈʘʮʽʦʥʘʣʴʥʠʡ ʤʝʪʦʜ ʟʘʟʥʘʚ ʟʥʘʯʥʦʾ ʢʨʠʪʠʢʠ ʯʝʨʝʟ ʩʚʦʻ ʦʩʥʦʚʥʝ 

ʧʨʠʧʫʱʝʥʥʷ: ʧʦʩʪʽʡʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʘʜʽʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʦʢʫ, ʱʦ ʻ 

ʤʘʣʦʡʤʦʚʽʨʥʠʤ ʫ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤʘʭ. ɹʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʨʝʢʦʤʝʥʜʫʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʤʝʪʦʜ ʣʠʰʝ ʜʣʷ ʙʘʩʝʡʥʽʚ ʧʝʚʥʦʛʦ ʨʦʟʤʽʨʫ ʘʙʦ ʧʨʠ 

ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʩʪʽ ʦʧʘʜʽʚ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʧʨʦʧʦʥʫʶʪʴʩʷ ʨʽʟʥʽ 

ʤʦʜʠʬʽʢʘʮʽʾ ʪʨʘʜʠʮʽʡʥʦʾ ʬʦʨʤʫʣʠ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʽʥʰʠʭ ʙʘʩʝʡʥʽʚ ʘʙʦ ʫʤʦʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ. ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʨʘʮʽʦʥʘʣʴʥʠʡ ʤʝʪʦʜ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʧʘʜʽʚ, 

ʪʨʠʚʘʣʽʩʪʴ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ ʯʘʩ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʙʽʣʴʰʠʭ ʙʘʩʝʡʥʽʚ (ʚʽʜ 8 ʜʦ 12 

ʛʘ) ʪʘ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʽʢʦʚʦʛʦ ʩʪʦʢʫ ʽ ʛʽʜʨʦʛʨʘʬʘ, ʷʢʠʡ ʤʘʻ 

ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʫ ʬʦʨʤʫ. ʄʦʜʠʬʽʢʘʮʽʷ ʟʘ [85] ʜʣʷ ʙʘʩʝʡʥʽʚ ʧʣʦʱʝʶ ʜʦ 3000 

ʢʤĮ ʽ ʯʘʩʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜ 0,25 ʜʦ 24 ʛʦʜʠʥ ʚʢʣʶʯʘʻ ʢʦʝʬʽʮʽʻʥʪ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʧʘʜʽʚ (ὑ), ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ ʢʦʥʮʝʥʪʨʘʮʽʾ, 

ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʜʣʷ ʦʮʽʥʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ [85]: 
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2.1.3 ʄʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʛʨʘʬʘ ʚʫʟʣʘ 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʛʨʘʬʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʧʨʠʨʦʜʥʠʭ 

ʧʘʚʦʜʢʽʚ, ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʬʦʨʤʫʣʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʩʠʥʪʝʪʠʯʥʽ ʛʽʜʨʦʛʨʘʬʠ ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʯʥʠʭ ʷʚʠʱ. ɿʘʟʚʠʯʘʡ ʮʽ ʤʝʪʦʜʠ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʘʭʫʥʦʢ ʪʽʣʴʢʠ ʧʦʚʝʨʭʥʝʚʦʾ ʩʢʣʘʜʦʚʦʾ ʛʽʜʨʦʛʨʘʬʘ, ʥʝ 

ʚʨʘʭʦʚʫʶʯʠ ʚʝʣʠʯʠʥʫ ʙʘʟʦʚʦʛʦ ʩʪʦʢʫ ʧʽʜ ʯʘʩ ʧʦʚʝʥʽ. 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʢʦʥʮʝʧʮʽʾ 

ʦʜʠʥʠʯʥʦʛʦ ʛʽʜʨʦʛʨʘʬ [86]. ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʘʭʫʥʦʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ, 

ʩʧʨʠʯʠʥʝʥʦʛʦ 1 ʤʤ ʯʠʩʪʠʭ ʦʧʘʜʽʚ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ʙʘʩʝʡʥʫ 

ʧʨʦʪʷʛʦʤ ʟʘʜʘʥʦʛʦ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ. ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʛʽʜʨʦʛʨʘʬʘ ʜʣʷ ʢʦʞʥʦʛʦ ʙʘʩʝʡʥʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʢʦʨʦʪʢʦʛʦ ʟʣʠʚʫ (ʪʨʠʚʘʣʽʩʪʴ ʚʽʜ 1/3 ʜʦ 1/5 ὸὧ), ʽ ʡʦʛʦ ʘʜʘʧʪʘʮʽʾ ʜʦ ʙʫʜʴ-ʷʢʦʾ 

ʧʦʜʽʾ, ʧʦʚôʷʟʘʥʦʾ ʟ ʦʧʘʜʘʤʠ, ʰʣʷʭʦʤ ʨʦʟʙʠʪʪʷ ʥʘ ʽʥʪʝʨʚʘʣʠ. ʇʨʠ ʮʴʦʤʫ 

ʨʦʙʣʷʪʴʩʷ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ: ʧʦʩʪʽʡʥʘ ʯʘʩʦʚʘ ʙʘʟʘ, ʧʨʠ ʷʢʽʡ ʟʣʠʚʠ ʦʜʥʘʢʦʚʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʩʪʚʦʨʶʶʪʴ ʛʽʜʨʦʛʨʘʬʠ ʟ ʽʜʝʥʪʠʯʥʦʶ ʯʘʩʦʚʦʶ ʙʘʟʦʶ; ʘʬʽʥʥʽʩʪʴ 

ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʦʧʘʜʽʚ ʽ ʚʠʪʨʘʪʘʤʠ ʥʘ ʛʽʜʨʦʛʨʘʬʘʭ; ʘʜʠʪʠʚʥʽʩʪʴ, ʜʝ ʢʽʣʴʢʘ 

ʙʘʟʦʚʠʭ ʛʽʜʨʦʛʨʘʬʽʚ ʜʦʨʽʚʥʶʶʪʴ ʾʭ ʩʫʤʽ. 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʦʜʠʥʠʯʥʠʡ ʛʽʜʨʦʛʨʘʬ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʛʽʻʪʦʛʨʘʬʘ ʪʘ 

ʛʽʜʨʦʛʨʘʬʽʯʥʠʭ ʟʘʧʠʩʽʚ ʢʽʣʴʢʦʭ ʟʣʠʚʦʚʠʭ ʧʦʜʽʡ, ʥʝʦʙʭʽʜʥʦ ʧʦʜʽʣʠʪʠ 

ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ ʥʘ ʢʽʣʴʢʽʩʪʴ (ʤʤ) ʯʠʩʪʠʭ ʦʧʘʜʽʚ ʟʘ ʽʥʪʝʨʚʘʣ ʯʘʩʫ. 

ʆʩʢʽʣʴʢʠ ʨʝʘʣʴʥʽ ʜʘʥʽ ʯʘʩʪʦ ʥʝʜʦʩʪʫʧʥʽ, ʽʩʥʫʶʪʴ ʚʩʪʘʥʦʚʣʝʥʽ ʬʦʨʤʫʣʠ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʩʠʥʪʝʪʠʯʥʦʛʦ ʛʽʜʨʦʛʨʘʬʘ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ 

ʻ: 

ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʦʜʠʥʠʯʥʠʡ ʛʽʜʨʦʛʨʘʬ SCS, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʛʽʜʨʦʛʨʘʬʽ, ʦʪʨʠʤʘʥʦʤʫ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʥʝʚʝʣʠʢʠʭ ʩʽʣʴʩʴʢʠʭ 

ʙʘʩʝʡʥʽʚ. ɭʜʠʥʠʤ ʥʝʦʙʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ ʜʦ ʧʽʢʫ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʜʦ ʧʽʢʫ ʽ ʧʽʢʦʚʦʾ ʚʠʪʨʘʪʠ; 

ï ʛʽʜʨʦʛʨʘʬ ʤʠʪʪʻʚʦʾ ʦʜʠʥʠʮʽ ʂʣʘʨʢʘ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʦʜʠʥʠʮʽ ʦʧʘʜʽʚ ʧʦ ʙʘʩʝʡʥʫ ʧʨʦʪʷʛʦʤ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʛʦ ʧʨʦʤʽʞʢʫ 

ʯʘʩʫ. ʎʝ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʛʽʧʦʪʝʟʽ, ʱʦ IUH ʙʘʩʝʡʥʫ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 
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ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʦʧʘʜʽʚ ʽ ʾʭ ʩʧʨʷʤʫʚʘʥʥʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚ ʙʘʩʝʡʥʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʧʦʪʝʪʠʯʥʦʾ ʣʽʥʽʡʥʦʾ ʜʘʤʙʠ; 

ï ʩʠʥʪʝʪʠʯʥʽ ʦʜʠʥʠʯʥʽ ʛʽʜʨʦʛʨʘʬʠ ʥʘ ʦʩʥʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʩʝʡʥʫ: 

ʪʘʢʽ ʷʢ ʤʝʪʦʜʠ ʉʥʘʡʜʝʨʘ ʽ ɻʨʝʷ; 

ï ʪʨʠʢʫʪʥʠʡ ʦʜʠʥʠʯʥʠʡ ʛʽʜʨʦʛʨʘʬ ʊʝʤʝʟʘ, ʧʦʜʽʙʥʠʡ ʜʦ ʛʽʜʨʦʛʨʘʬʘ 

SCS, ʘʣʝ ʟ ʧʦʙʫʜʦʚʦʶ ʥʘ ʦʩʥʦʚʽ ʯʘʩʫ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʟ ʷʢʦʛʦ ʦʪʨʠʤʫʶʪʴ ʯʘʩ 

ʟʘʧʽʟʥʝʥʥʷ ʜʦ ʧʽʢʫ, ʯʘʩʦʚʫ ʙʘʟʫ ʽ ʧʽʢʦʚʠʡ ʨʦʟʨʷʜ. 

ɺʠʱʝʦʧʠʩʘʥʽ ʤʝʪʦʜʠ ʪʘ ʧʨʦʮʝʜʫʨʠ ʨʦʟʨʘʭʫʥʢʽʚ ʽʥʪʝʛʨʦʚʘʥʽ ʚ 

ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ, ʱʦ ʟ ʢʽʥʮʷ 1960-ʭ ʨʦʢʽʚ ʩʧʨʦʩʪʠʣʠ ʦʪʨʠʤʘʥʥʷ 

ʩʠʥʪʝʪʠʯʥʠʭ ʛʽʜʨʦʛʨʘʬʽʚ ʟ ʛʽʻʪʦʛʨʘʬʘ, ʚʠʤʘʛʘʶʯʠ ʣʠʰʝ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ 

ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ ʧʨʦ ʢʦʥʬʽʛʫʨʘʮʽʶ ʙʘʩʝʡʥʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʥʠʭ 

ʯʘʩʽʚ. ʅʘʡʙʽʣʴʰ ʩʪʘʥʜʘʨʪʥʦʶ ʟ ʥʠʭ ʻ ʧʨʦʛʨʘʤʘ HEC-1, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʤʝʪʦʜʦʣʦʛʽʶ ʦʜʠʥʠʯʥʦʛʦ ʛʽʜʨʦʛʨʘʬʘ ʂʣʘʨʢʘ ʘʙʦ ʢʽʥʝʤʘʪʠʯʥʽ ʭʚʠʣʴʦʚʽ 

ʤʝʪʦʜʠ. ʇʽʩʣʷ ʢʽʣʴʢʦʭ ʧʝʨʝʛʣʷʜʽʚ ʫ 1970, 1973 ʪʘ 1981 ʨʦʢʘʭ, ʧʝʨʰʘ ʚʝʨʩʽʷ 

ʜʣʷ ʇʂ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʫ 1984 ʨʦʮʽ ʪʘ ʦʥʦʚʣʝʥʘ ʫ 1988 ʨʦʮʽ ʟ ʩʠʩʪʝʤʦʶ 

ʤʝʥʶ. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚʜʦʩʢʦʥʘʣʝʥʘ ʚʝʨʩʽʷ HEC-HMS. 

ʄʦʜʝʣʶʶʪʴʩʷ ʪʘʢʽ ʧʨʦʮʝʩʠ, ʷʢ ʦʧʘʜʠ, ʧʝʨʝʭʦʧʣʝʥʥʷ ʪʘ ʽʥʬʽʣʴʪʨʘʮʽʷ, ʩʪʽʢ, ʘ 

ʪʘʢʦʞ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʧʘʚʦʜʢʦʚʠʭ ʭʚʠʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʛʽʜʨʦʛʨʘʬʠ ʚ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʙʘʩʝʡʥʫ. 

ɯʥʰʠʤʠ ʚʘʞʣʠʚʠʤʠ ʢʦʤʧôʶʪʝʨʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʜʣʷ 

ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʻ: TR-20 ʽ TR-55, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʤʝʪʦʜʘʭ SCS; SWMM (RUNOFF) ɸʛʝʥʪʩʪʚʘ ʟ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʉʐɸ; MIKE 11 UHM (DHI); ʪʘ DRM3 Distributed 

Routing Rainfall-Runoff Model, ʨʦʟʨʦʙʣʝʥʘ ɻʝʦʣʦʛʽʯʥʦʶ ʩʣʫʞʙʦʶ ʉʐɸ 

(USGS). 

 

2.1.4 ʆʜʥʦʚʠʤʽʨʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʌʣʶʚʽʘʣʴʥʽ ʧʨʦʮʝʩʠ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʦʜʠ, 

ʷʢʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʩʠʣʠ ʪʷʞʽʥʥʷ ʯʝʨʝʟ ʚʽʜʢʨʠʪʽ ʢʘʥʘʣʠ ʪʘ 
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ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʦʙʤʝʞʝʥʴ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʾʾ ʚ'ʷʟʢʽʩʪʶ, ʪʝʨʪʷʤ ʦʙ ʜʥʦ ʨʽʯʢʠ ʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʽʜ ʪʨʘʥʩʧʦʨʪʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʩʢʽʣʴʢʠ ʚʦʜʘ ʻ 

ʥʴʶʪʦʥʽʚʩʴʢʦʶ ʨʽʜʠʥʦʶ ʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ ʟʤʽʥʶʚʘʥʽʩʪʶ ʥʘʧʨʫʛʠ ʟʩʫʚʫ (Ű), 

ʾʾ ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʥʝʟʤʽʥʥʦʶ. ɺʠʥʷʪʦʢ ʩʢʣʘʜʘʶʪʴ 

ʧʦʪʦʢʠ ʟ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʤʫʣʦʤ), ʷʢʽ ʤʦʞʫʪʴ 

ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʫ ʘʙʦ ʚ'ʷʟʢʦʧʨʫʞʥʫ ʧʦʚʝʜʽʥʢʫ. ʋ ʪʘʢʠʭ 

ʚʠʧʘʜʢʘʭ ʜʝʬʦʨʤʘʮʽʷ ʚ ʧʦʪʦʮʽ ʧʨʦʧʦʨʮʽʡʥʘ ʥʘʧʨʫʞʝʥʥʶ ʟʩʫʚʫ, ʘ ʜʠʥʘʤʽʯʥʘ 

ʚ'ʷʟʢʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʋ ʩʧʨʦʱʝʥʽʡ ʤʦʜʝʣʽ, ʧʦʪʽʢ ʚʦʜʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʜʥʦʚʠʤʽʨʥʠʤ, ʜʝ 

ʛʣʠʙʠʥʘ ʽ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʶʪʴʩʷ ʪʽʣʴʢʠ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ ʨʫʩʣʘ, ʷʢʝ 

ʚʚʘʞʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʧʨʷʤʠʤ, ʘ ʰʚʠʜʢʽʩʪʴ ʧʦʩʪʽʡʥʘ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. ɺ ʮʴʦʤʫ ʧʨʠʧʫʱʝʥʥʽ ʨʫʭ ʚʦʜʠ ʫ ʪʘʢ ʟʚʘʥʽʡ 

"ʬʣʶʚʽʘʣʴʥʽʡ ʬʘʟʽ", ʩʢʦʥʮʝʥʪʨʦʚʘʥʽʡ ʫ ʥʝʧʨʘʚʠʣʴʥʦ ʧʨʠʟʤʘʪʠʯʥʠʭ 

ʢʦʣʝʢʪʦʨʘʭ, ʨʝʛʫʣʶʻʪʴʩʷ ʧʨʠʥʮʠʧʘʤʠ ʉʝʥ-ɺʝʥʘʥʘ: ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ. 

ʇʨʠʥʮʠʧ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʬʦʨʤʫʣʶʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʨʠʪʦʢʦʤ ʽ 

ʚʽʜʪʦʢʦʤ ʚʦʜʠ ʥʘ ʟʘʤʢʥʝʥʽʡ ʜʽʣʷʥʮʽ, ʚʨʘʭʦʚʫʶʯʠ ʟʤʽʥʠ ʛʫʩʪʠʥʠ. ʇʨʠʥʮʠʧ 

ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʚʠʟʥʘʯʘʻ ʨʽʚʥʽʩʪʴ ʤʽʞ ʟʤʽʥʦʶ ʽʤʧʫʣʴʩʫ ʽ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ 

ʩʠʣ ʥʘ ʨʽʜʠʥʫ. 

ʈʽʚʥʷʥʥʷ ʥʝʧʝʨʝʨʚʥʦʩʪʽ [87]: 
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ʜʝ A ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʪʦʢʫ, v ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ 

ʧʦʪʦʢʫ, x ï ʘʙʩʮʠʩʘ ʧʦʟʠʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚ ʢʘʥʘʣʽ, B ï ʰʠʨʠʥʘ ʚʦʜʥʦʾ 

ʧʦʚʝʨʭʥʽ ʥʘ ʛʣʠʙʠʥʽ y, t ï ʯʘʩ. 

ʉʪʨʫʢʪʫʨʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʨʘʭʦʚʫʻ ʚʽʜʥʦʩʥʫ ʚʘʞʣʠʚʽʩʪʴ ʩʠʣ ʽʥʝʨʮʽʾ, 

ʚ'ʷʟʢʦʩʪʽ ʪʘ ʛʨʘʚʽʪʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ. ʏʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ (Re) ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʻ ʚʧʣʠʚ ʩʠʣ ʽʥʝʨʮʽʾ ʪʘ ʚ'ʷʟʢʦʩʪʽ ʥʘ ʨʽʟʥʽ 

ʧʦʪʦʢʠ, ʟʘ ʢʽʣʴʢʦʤʘ ʭʘʨʘʢʪʝʨʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ [87]: 



87 

 

c

e

LvDv
R

mm

r Ö
=

ÖÖ
= ,      (2.4) 

ʜʝ ɟ ï ʛʫʩʪʠʥʘ ʚʦʜʠ, v ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, D ï ʜʽʘʤʝʪʨ ʢʘʥʘʣʫ, Õ - 

ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʨʽʜʠʥʠ, L - ʭʘʨʘʢʪʝʨʥʘ ʜʦʚʞʠʥʘ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ), ʘ Õc - ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ (10-6 ʤ2/ʩ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 20ÁC). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʯʽʾ ʧʦʪʦʢʫ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ 

ʚʽʜ ʩʧʦʢʽʡʥʠʭ ʜʦ ʪʫʨʙʫʣʝʥʪʥʠʭ ʽ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʢʨʠʪʠʯʥʠʭ ʨʽʚʥʽʚ. ʐʚʠʜʢʽ 

ʪʝʯʽʾ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʨʽʜʰʝ, ʦʩʢʽʣʴʢʠ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʽ 

ʧʨʦʮʝʩʠ ʝʨʦʟʽʾ ʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘʥʦʩʽʚ, ʱʦ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʜʥʘ 

ʪʘ ʛʣʠʙʠʥʠ, ʘ ʪʘʢʦʞ ʜʦ ʟʤʝʥʰʝʥʥʷ ʥʘʭʠʣʽʚ ʽ ʰʚʠʜʢʦʩʪʝʡ. ʎʝ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʯʽʾ ʽ ʧʦʚʝʨʪʘʻ ʾʾ ʜʦ ʩʧʦʢʽʡʥʦʛʦ ʩʪʘʥʫ. 

ʈʽʚʥʦʤʽʨʥʘ ʪʝʯʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʢʦʣʠ ʥʘʭʠʣ ʨʫʩʣʘ ʜʦʨʽʚʥʶʻ ʥʘʭʠʣʫ 

ʣʽʥʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ, ʽ ʚʩʽ ʽʥʰʽ ʯʣʝʥʠ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ 

ʚʚʘʞʘʶʪʴʩʷ ʥʝʟʥʘʯʥʠʤʠ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʧʦʪʽʢ ʻ ʩʪʘʣʠʤ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʣʽʥʽʷ ʛʨʘʜʽʻʥʪʘ ʝʥʝʨʛʽʾ, ʧʦʚʝʨʭʥʷ ʚʦʜʠ ʪʘ ʜʥʦ 

ʨʫʩʣʘ ʻ ʧʘʨʘʣʝʣʴʥʠʤʠ. 

ɼʣʷ ʦʧʠʩʫ ʧʦʪʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʦʪʦʢʦʤ ʽ ʛʣʠʙʠʥʦʶ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʩʪʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʰʦʨʩʪʢʽʩʪʴ ʜʥʘ. ʆʜʥʽʻʶ ʟ ʥʘʡʚʽʜʦʤʽʰʠʭ ʻ 

ʨʽʚʥʷʥʥʷ ʄʝʥʥʽʥʛʘ, ʷʢʝ, ʪʦʯʥʽʰʝ, ʻ ʨʽʚʥʷʥʥʷʤ ʉʪʨʽʢʣʝʨʘ-ʄʝʥʥʽʥʛʘ ʽ ʧʦʚ'ʷʟʫʻ 

ʰʚʠʜʢʽʩʪʴ ʟ ʤʦʨʬʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʥʘʣʫ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʰʦʨʩʪʢʦʩʪʽ (ὲ) [87]: 
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= ,      (2.5) 

ʜʝ v ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, R ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʘʜʽʫʩ (A/P), S ï 

ʥʘʭʠʣ ʣʽʥʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʫʩʣʦʤ), n ï ʢʦʝʬʽʮʽʻʥʪ 

ʰʦʨʩʪʢʦʩʪʽ. 

ɹʝʟʨʦʟʤʽʨʥʝ ʯʠʩʣʦ ὲ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪ ʻ 

ʪʘʙʣʠʯʥʠʤ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʽʯʢʦʚʠʭ ʨʫʩʝʣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʦʨʩʪʢʦʩʪʽ ʪʘ 



88 

 

ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʰʢʦʜ ʜʣʷ ʪʝʯʽʾ. ʅʝʱʦʜʘʚʥʦ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʣʴʪʝʨʥʘʪʠʚʠ 

ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʜʝʪʘʣʴʥʠʡ ʤʽʢʨʦʪʦʧʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʜʣʷ 

ʦʮʽʥʢʠ ʰʦʨʩʪʢʦʩʪʽ. ɼʣʷ ʧʨʠʨʦʜʥʠʭ ʢʘʥʘʣʽʚ ὲ ʟʘʟʚʠʯʘʡ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 

0,030, ʪʦʜʽ ʷʢ ʫ ʥʝʨʝʛʫʣʷʨʥʠʭ ʢʘʥʘʣʘʭ ʮʝ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʜʚʽʯʽ ʙʽʣʴʰʠʤ. 

ɯʥʰʽ ʨʘʮʽʦʥʘʣʴʥʽ ʘʙʦ ʝʤʧʽʨʠʯʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʪʨʘʪ ʽ ʛʣʠʙʠʥ ʫ ʨʽʚʥʦʤʽʨʥʠʭ ʨʝʞʠʤʘʭ ʪʝʯʽʾ, ʚʢʣʶʯʘʶʪʴ: 

ʈʽʚʥʷʥʥʷ ʏʝʟʽ (2.6) ʪʘ ɼʘʨʩʽ-ɺʝʡʩʙʘʭʘ (2.7) [88]: 
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ʜʝ v ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, c ʽ Ff ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʨʽʟʫ, R ï 

ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʘʜʽʫʩ (A/P), S ï ʥʘʭʠʣ ʣʽʥʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, g ï 

ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ 

ɼʣʷ ʦʮʽʥʢʠ ʛʣʠʙʠʥ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʯʽʡ, ʪʦʙʪʦ ʪʝʯʽʡ, 

ʫ ʷʢʠʭ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʨʦʟʚ'ʷʟʫʶʪʴ ʨʽʚʥʷʥʥʷ ʉʝʥ-ɺʝʥʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʦ ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʚʽʜʥʦʩʷʪʴʩʷ [88]: 

ï FLDWAY ʪʘ ʾʾ ʧʦʧʝʨʝʜʥʠʢʠ DWOPER (NETWORK) ʽ DAMBRK, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʜʥʦʚʠʤʽʨʥʠʭ ʨʽʚʥʷʥʥʷʭ ʉʝʥ-ɺʝʥʘʥʘ ʽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ 

ʅʘʮʽʦʥʘʣʴʥʦʶ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʶ ʩʣʫʞʙʦʶ ʉʐɸ (Fread and Lewis, 1988); 

ï SWMM (ʨʦʟʨʦʙʣʝʥʠʡ ɸʛʝʥʪʩʪʚʦʤ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʉʐɸ ʪʘ ʋʥʽʚʝʨʩʠʪʝʪʦʤ ʰʪʘʪʫ ʆʨʝʛʦʥ) ʽ MIKE 11 HD 

(ʨʦʟʨʦʙʣʝʥʠʡ ɼʘʪʩʴʢʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ, ɼʘʥʽʷ). ʎʽ ʤʦʜʝʣʽ 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤ ʷʢʦʩʪʽ ʚʦʜʠ ʪʘ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʘʣʝ 

ʪʘʢʦʞ ʤʽʩʪʷʪʴ ʤʦʜʫʣʽ ʜʣʷ ʘʥʘʣʽʟʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʯʽʡ, ʪʘʢʽ ʷʢ EXTRAN; 

ï ISIS (HR Wallingford, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ); 

ï FEQ 8.92 ʪʘ FEQUTL 4.68 (ɻʝʦʣʦʛʽʯʥʘ ʩʣʫʞʙʘ ʉʐɸ); 

ï UNET (ɯʥʞʝʥʝʨʥʠʡ ʢʦʨʧʫʩ ʘʨʤʽʾ ʉʐɸ). 
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2.1.5 ɼʚʦʚʠʤʠʨʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʇʽʜ ʯʘʩ ʧʦʚʝʥʽ ʧʦʪʽʢ ʚʦʜʠ ʯʘʩʪʦ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʦʜʥʦʩʧʨʷʤʦʚʘʥʦʾ 

ʮʝʥʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʦʩʥʦʚʥʦʛʦ ʨʫʩʣʘ, ʨʦʟʣʠʚʘʻʪʴʩʷ ʥʘ ʙʝʨʝʛʠ ʪʘ ʟʘʧʣʘʚʫ. ʋ 

ʪʘʢʠʭ ʫʤʦʚʘʭ ʩʧʨʦʱʝʥʥʷ ʧʦʪʦʢʫ ʜʦ ʦʜʥʦʛʦ ʚʠʤʽʨʫ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʪʦʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʧʦʪʦʢʽʚ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʪʝʯʽʾ ʨʫʩʣʘ. ɼʣʷ ʩʠʪʫʘʮʽʡ, ʪʘʢʠʭ ʷʢ ʟʣʠʪʪʷ ʨʽʯʦʢ, ʪʝʯʽʾ ʥʘʚʢʦʣʦ ʩʧʦʨʫʜ, ʩʢʣʘʜʥʽ 

ʢʘʥʘʣʠ, ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ ʢʨʠʚʠʟʥʠ ʘʙʦ ʤʽʩʴʢʽ ʫʤʦʚʠ, ʜʝ ʦʜʥʦʚʠʤʽʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʥʝʜʦʩʪʘʪʥʽʤ, ʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʚʦʚʠʤʽʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʂʦʣʠ ʜʝʷʢʽ ʦʙʣʘʩʪʽ ʧʦʪʦʢʫ ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ ʜʦ 1D, ʘ ʽʥʰʽ 

ʚʠʤʘʛʘʶʪʴ 2D ʤʦʜʝʣʶʚʘʥʥʷ, ʦʙ'ʻʜʥʘʥʥʷ ʦʙʦʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 

ʥʘʡʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʦʞʥʦʛʦ ʩʧʨʦʱʝʥʥʷ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ. ʅʘʧʨʠʢʣʘʜ, ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʦʪʦʢʽʚ ʫ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ, ʜʝ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʘʥʘʣʽʟʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʚʦʜʦʩʪʦʢʠ, ʘʙʦ ʚ ʩʠʪʫʘʮʽʷʭ, 

ʜʝ ʤʦʜʝʣʶʶʪʴʩʷ ʝʣʝʤʝʥʪʠ, ʤʝʥʰʽ ʟʘ ʨʦʟʤʽʨ ʢʦʤʽʨʢʠ, ʪʘʢʽ ʷʢ ʟʨʦʰʫʚʘʣʴʥʽ 

ʢʘʥʘʚʠ ʪʘ ʥʝʚʝʣʠʢʽ ʢʘʥʘʣʠ. ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʽʯʢʦʚʽ ʧʦʪʦʢʠ ʻ ʬʘʢʪʠʯʥʦ 

ʪʨʠʚʠʤʽʨʥʠʤʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ 2D ʩʧʨʦʱʝʥʥʷ ʻ ʧʨʠʡʥʷʪʥʠʤ, ʷʢʱʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʽ ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʘʨʽʘʮʽʡ ʥʝʚʝʣʠʢʽ, ʘ ʚʝʨʪʠʢʘʣʴʥʠʡ 

ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʻ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ. ɺ ʪʘʢʠʭ ʩʠʪʫʘʮʽʷʭ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʚʝʨʪʠʢʘʣʴʥʦ ʽʥʪʝʛʨʦʚʘʥʽ ʨʽʚʥʷʥʥʷ ʤʽʣʢʦʚʦʜʜʷ. ɹʝʟʧʝʨʝʨʚʥʽʩʪʴ [89]: 
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ʜʝ ό ʽ ὺ ï ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ, ὼ ʽ ώ ï ʚʽʜʧʦʚʽʜʥʽ 

ʥʘʧʨʷʤʢʠ,  ï ʛʣʠʙʠʥʘ ʚʦʜʠ, Ὣ ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ, Ὑ ï ʢʦʝʬʽʮʽʻʥʪ 

ʰʦʨʩʪʢʦʩʪʽ ʜʥʘ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʈʽʚʥʷʥʥʷ ʤʽʣʢʦʚʦʜʜʷ ʻ ʥʝʣʽʥʽʡʥʠʤʠ, ʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʻ ʛʽʧʝʨʙʦʣʽʯʥʦʶ, 

ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʨʦʟʨʠʚʽʚ ʫ ʨʦʟʚ'ʷʟʢʫ, ʪʘʢʠʭ ʷʢ ʛʽʜʨʘʚʣʽʯʥʽ 

ʩʪʨʠʙʢʠ ʘʙʦ ʭʚʠʣʴʦʚʽ ʬʨʦʥʪʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʯʠʩʝʣʴʥʽ ʩʭʝʤʠ, 

ʟʦʢʨʝʤʘ ʤʝʪʦʜʠ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ, ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʩʢʽʥʯʝʥʥʠʭ 

ʦʙ'ʻʤʽʚ. ʍʦʯʘ ʜʚʦʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʟʘʟʚʠʯʘʡ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʨʝʛʫʣʷʨʥʽ ʩʽʪʢʠ ʟ 

ʜʚʦʤʘ ʥʘʧʨʷʤʢʘʤʠ ʦʙʯʠʩʣʝʥʴ (x ʪʘ y), ʽʩʥʫʶʪʴ ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʝʨʝʛʫʣʷʨʥʠʭ ʩʽʪʦʢ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ ʦʙʯʠʩʣʝʥʴ ʜʣʷ 

ʧʦʪʦʢʽʚ, ʱʦ ʤʘʶʪʴ ʥʘʭʠʣ ʜʦ ʙʘʟʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʘʙʦ ʧʽʢʩʝʣʷ. ɯʥʰʠʤʠ 

ʨʽʰʝʥʥʷʤʠ ʻ ʤʦʜʝʣʽ ʟ ʜʝʢʽʣʴʢʦʤʘ ʩʽʪʢʘʤʠ ʘʙʦ ʢʨʠʚʦʣʽʥʽʡʥʠʤʠ ʩʽʪʢʘʤʠ; ʜʣʷ 

ʤʦʨʬʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʽʯʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʥʫʯʢʽ ʩʽʪʢʠ ʘʙʦ ʩʽʪʢʠ, 

ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ. 

ʋ ʩʬʝʨʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʩʥʫʻ ʙʝʟʣʽʯ ʧʨʦʛʨʘʤ, ʱʦ 

ʟʜʽʡʩʥʶʶʪʴ ʜʚʦʚʠʤʽʨʥʝ ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʽʣʴʥʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʪʦʢʽʚ. ɼʝʷʢʽ ʟ ʥʠʭ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʤʦʜʝʣʶʚʘʥʥʽ ʟʘʧʣʘʚ  

ʘʙʦ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʷʣ. ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʽ ʜʦʩʪʫʧʥʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʘ 

ʚʽʜʟʥʘʯʠʪʠ Sobek, Mike21, Guad2D, TUFLOW, RMA2, FESWMS ʪʘ River2D. 

ʌʝʜʝʨʘʣʴʥʝ ʘʛʝʥʪʩʪʚʦ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ (FEMA) ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʜʦ 

ʩʚʦʛʦ çʙʽʣʦʛʦ ʩʧʠʩʢʫè ʜʝʷʢʽ 2D ʛʽʜʨʘʚʣʽʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʚʝʥʝʡ ʽ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʧʦʚʝʥʝʡ, ʟʦʢʨʝʤʘ TABS (ʧʘʢʝʪ, ʱʦ 

ʚʢʣʶʯʘʻ RMA2, RMA4, RMA10, SED2D ʪʘ GFGEN), MIKE FLOOD 

(ʢʦʤʙʽʥʘʮʽʷ Mike21 ʪʘ Mike11) ʪʘ FLO-2D. ɼʣʷ ʜʝʷʢʠʭ ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʽʚ 

FEMA ʜʦʧʫʩʢʘʻ ʪʘʢʦʞ ʤʦʜʝʣʽ S2DMM ʽ DHM21. ʆʩʥʦʚʥʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ 

ʤʽʞ ʮʠʤʠ ʤʦʜʝʣʷʤʠ ʻ ʪʠʧ ʩʽʪʢʠ, ʤʝʪʦʜ ʯʠʩʝʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʤʦʞʣʠʚʽʩʪʴ 

ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ ʤʦʜʝʣʷʤʠ, ʟʨʫʯʥʽʩʪʴ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʰʚʠʜʢʽʩʪʴ 

ʦʙʯʠʩʣʝʥʴ, ʦʙʨʦʙʢʘ ʢʦʥʪʫʨʥʠʭ ʫʤʦʚ, ʢʽʣʴʢʽʩʪʴ ʽ ʷʢʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʪʦʱʦ.  
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Sobek, ʨʦʟʨʦʙʣʝʥʠʡ Delft Hydraulic (ʅʽʜʝʨʣʘʥʜʠ), ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜ. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʥʘʜ ʜʚʘʜʮʷʪʠ ʤʦʜʫʣʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ 

ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʦʜʦʶ, ʚʢʣʶʯʘʶʯʠ 1D, 2D ʪʘ 1D+2D ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʽʯʦʢ, ʝʩʪʫʘʨʽʾʚ, ʤʽʩʴʢʠʭ ʢʘʥʘʣʽʚ, ʜʨʝʥʘʞʥʠʭ ʩʠʩʪʝʤ, ʷʢʦʩʪʽ ʚʦʜʠ, 

ʤʦʨʬʦʜʠʥʘʤʽʢʠ ʨʽʯʦʢ, ʧʨʦʥʠʢʥʝʥʥʷ ʩʦʣʝʡ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʥʦʩʽʚ ʪʦʱʦ. 

MIKE FLOOD, ʨʦʟʨʦʙʣʝʥʠʡ DHI Water & Environment (ɼʘʥʽʷ), ʟ 2008 

ʨʦʢʫ ʻ ʽʥʪʝʛʨʦʚʘʥʠʤ 1D-2D ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʥʝʡ. ʃʽʥʽʡʢʘ 

ʧʨʦʜʫʢʪʽʚ çʄʘʡʢè ʚʢʣʶʯʘʻ ʙʽʣʴʰʝ ʜʝʩʷʪʠ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʦʾ 

ʛʽʜʨʦʣʦʛʽʾ, ʛʽʜʨʘʚʣʽʢʠ ʤʽʩʴʢʠʭ ʜʨʝʥʘʞʥʠʭ ʩʠʩʪʝʤ, ʤʦʨʬʦʜʠʥʘʤʽʢʠ ʨʽʯʦʢ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʥʦʩʽʚ, ʘʥʘʣʽʟʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʷʢʦʩʪʽ 

ʚʦʜʠ ʪʘ ʽʥ. 

Guad2D, ʨʦʟʨʦʙʣʝʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪʦʤ ʉʘʨʘʛʦʩʠ ʽ ʧʨʦʜʘʥʠʡ ʢʦʤʧʘʥʽʻʶ 

INCLAM (ɯʩʧʘʥʽʷ), ʻ ʽʥʩʪʨʫʤʝʥʪʦʤ 2D ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʜʝʢʽʣʴʢʦʤʘ 

ʤʦʜʫʣʷʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʧʦʨʽʚʥʷʥʦ ʟ 

ʽʥʰʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʭʦʯʘ ʚʽʥ ʥʝ ʤʘʻ 1D-ʟʚ'ʷʟʢʫ [90]. 

ɺʩʽ ʚʠʱʝʦʧʠʩʘʥʽ ʤʦʜʝʣʽ ʨʦʟʚ'ʷʟʫʶʪʴ ʨʽʚʥʷʥʥʷ ʤʽʣʢʦʚʦʜʜʷ ʫ 

ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʆʜʥʘʢ ʽʩʥʫʶʪʴ ʩʧʨʦʱʝʥʥʷ (ʽʛʥʦʨʫʚʘʥʥʷ ʤʝʥʰ 

ʟʥʘʯʫʱʠʭ ʬʘʢʪʦʨʽʚ), ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʝʢʦʥʦʤʽʾ ʦʙʯʠʩʣʝʥʴ ʫ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ. ʊʘʢʽ ʩʧʨʦʱʝʥʥʷ, ʭʦʯʘ ʡ ʟʘʩʪʘʨʽʣʽ, ʚʢʣʶʯʘʶʪʴ ʢʽʥʝʤʘʪʠʯʥʫ 

ʭʚʠʣʴʦʚʫ ʤʦʜʝʣʴ ʽ ʤʦʜʝʣʴ ʜʠʬʫʟʥʠʭ ʭʚʠʣʴ. ʋ ʢʽʥʝʤʘʪʠʯʥʽʡ ʭʚʠʣʴʦʚʽʡ ʤʦʜʝʣʽ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʥʘʭʠʣ ʜʦʨʽʚʥʶʻ ʥʘʭʠʣʫ ʜʥʘ ʢʘʥʘʣʫ, ʘ ʚ ʤʦʜʝʣʽ ʜʠʬʫʟʥʠʭ ʭʚʠʣʴ  

ʥʘʭʠʣʫ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ. ɺ ʨʦʙʦʪʽ [91] ʘʚʪʦʨʠ ʧʦʷʩʥʠʣʠ ʚʧʣʠʚ ʮʠʭ ʜʚʦʭ 

ʩʧʨʦʱʝʥʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʤʽʥʠ ʛʣʠʙʠʥʠ ʚ ʯʘʩʽ ʪʘ ʧʨʦʩʪʦʨʽ. ʂʽʥʝʤʘʪʠʯʥʘ ʭʚʠʣʷ 

ʩʪʚʦʨʶʻ ʯʠʩʪʠʡ ʝʬʝʢʪ ʪʨʘʥʩʣʷʮʽʾ, ʜʝ ʽʩʥʫʻ ʣʠʰʝ ʦʜʥʝ ʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʜʣʷ 

ʜʘʥʦʛʦ ʨʦʟʨʷʜʫ, ʪʦʜʽ ʷʢ ʜʠʬʫʟʽʡʥʘ ʭʚʠʣʷ ʩʪʚʦʨʶʻ ʝʬʝʢʪ ʦʩʣʘʙʣʝʥʥʷ ʧʽʜ ʯʘʩ 

ʪʨʘʥʩʣʷʮʽʾ ʽ ʤʦʞʝ ʙʫʪʠ ʢʽʣʴʢʘ ʟʥʘʯʝʥʴ ʛʣʠʙʠʥʠ ʧʦʪʦʢʫ ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʴ 

ʨʦʟʨʷʜʫ. ʎʝ ʚʢʘʟʫʻ, ʱʦ ʢʽʥʝʤʘʪʠʯʥʘ ʭʚʠʣʷ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʜʣʷ ʢʨʫʪʠʭ 

ʩʭʠʣʽʚ (ʜʦ 0,2%), ʷʢʱʦ ʥʝ ʚʠʥʠʢʘʶʪʴ ʩʠʪʫʘʮʽʾ ʟ ʪʝʨʠʪʦʨʽʘʣʴʥʦʶ ʜʠʥʘʤʽʢʦʶ, ʚ 

ʪʦʡ ʯʘʩ ʷʢ ʜʠʬʫʟʽʡʥʘ ʭʚʠʣʷ ʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʽʯʦʢ. 
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2.2 ɻʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ 

ɻʝʦʤʦʨʬʦʣʦʛʽʷ ʜʦʩʣʽʜʞʫʻ ʬʦʨʤʠ ʨʝʣʴʻʬʫ ɿʝʤʣʽ, ʾʭ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ 

ʟʤʽʥʠ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʽ ʤʦʜʠʬʽʢʫʶʪʴ ʮʽ ʬʦʨʤʠ, ʚʢʣʶʯʘʶʯʠ 

ʧʦʚôʷʟʘʥʽ ʟ ʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷ ʪʘ ʧʦʚʝʨʭʥʝʚʽ ʫʪʚʦʨʝʥʥʷ. ʄʦʨʬʦʣʦʛʽʷ ʨʽʯʦʢ 

ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ, ʧʨʦʷʚʣʷʶʯʠʩʴ ʫ 

ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʩʬʝʨʘʭ: ʚʦʜʦʟʙʽʨʥʠʡ ʙʘʩʝʡʥ, ʛʽʜʨʦʛʨʘʬʽʯʥʘ 

ʤʝʨʝʞʘ ʪʘ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʨʽʯʦʢ. 

ʇʦ-ʧʝʨʰʝ, ʚʦʜʦʟʙʽʨʥʠʡ ʙʘʩʝʡʥ ʚʠʟʥʘʯʘʻ ʛʝʥʝʟʠʩ ʽ ʪʠʧ ʟʘʪʦʧʣʝʥʴ 

ʪʝʨʠʪʦʨʽʡ ʯʝʨʝʟ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʪʘ ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʘʩʧʝʢʪʠ ʨʝʣʴʻʬʫ. 

ʉʢʣʘʜ ʨʝʣʴʻʬʫ, ʚʢʣʶʯʘʶʯʠ ʚʠʩʦʪʫ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, ʪʘʢʽ ʷʢ ʽʥʪʝʥʩʠʚʥʽ ʪʘ ʨʷʩʥʽ ʦʧʘʜʠ. ʅʘʧʨʠʢʣʘʜ, ʙʘʩʝʡʥʠ, 

ʱʦ ʤʝʞʫʶʪʴ ʟ ʛʽʨʩʴʢʠʤʠ ʭʨʝʙʪʘʤʠ, ʤʦʞʫʪʴ ʟʘʟʥʘʚʘʪʠ ʦʨʦʛʨʘʬʽʯʥʠʭ ʦʧʘʜʽʚ 

ʯʝʨʝʟ ʙʣʦʢʫʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʦʾ ʮʠʨʢʫʣʷʮʽʾ. ʆʨʽʻʥʪʘʮʽʷ ʙʘʩʝʡʥʫ ʚ ʥʘʧʨʷʤʢʫ 

ʘʪʤʦʩʬʝʨʥʠʭ ʬʨʦʥʪʽʚ ʤʦʞʝ ʧʦʩʠʣʠʪʠ ʦʧʘʜʠ. 

ʇʦ-ʜʨʫʛʝ, ʩʪʨʫʢʪʫʨʘ ʨʽʯʢʦʚʦʾ ʤʝʨʝʞʽ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʤʽʩʮʝʚʦʤʫ 

ʨʽʚʥʷʭ ʚʧʣʠʚʘʻ ʥʘ ʛʽʜʨʘʚʣʽʢʫ ʨʽʯʦʢ ʽ ʨʦʟʧʦʜʽʣ ʧʘʚʦʜʢʦʚʠʭ ʚʠʪʨʘʪ. 

ʄʦʨʬʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʯʢʦʚʠʭ ʨʫʩʝʣ, ʪʘʢʽ ʷʢ ʾʭ ʬʦʨʤʘ ʽ ʨʦʟʤʽʨʠ, 

ʚʠʟʥʘʯʘʶʪʴ ʜʠʥʘʤʽʢʫ ʬʣʶʚʽʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫ 

ʛʽʜʨʦʛʨʘʬʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʘʚʦʜʢʦʚʽ ʚʠʪʨʘʪʠ. 

ʇʦ-ʪʨʝʪʻ, ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʜʝʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʦʢ ʨʽʯʦʢ, ʚʢʣʶʯʘʶʯʠ ʾʭ ʤʽʢʨʦʤʦʨʬʦʣʦʛʽʶ, ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʤʦʜʝʣʝʡ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʟʘʪʦʧʣʝʥʴ 

ʪʝʨʠʪʦʨʽʡ [92]. 

ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʤʦʞʥʘ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʟ ʪʘʢʠʭ ʧʝʨʩʧʝʢʪʠʚ: ʤʦʨʬʦʛʨʘʬʽʯʥʦʾ (ʬʦʨʤʠ ʨʝʣʴʻʬʫ), 

ʤʦʨʬʦʜʠʥʘʤʽʯʥʦʾ (ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʨʝʣʴʻʬʫ ʪʘ ʾʭ ʨʝʟʫʣʴʪʘʪʠ) ʽ 

ʤʦʨʬʦʣʦʛʦ-ʝʚʦʣʶʮʽʡʥʦʾ (ʟʤʽʥʠ ʨʝʣʴʻʬʫ ʟ ʯʘʩʦʤ). ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʧʠʩʫ 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʽʥʜʝʢʩʠ, 
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ʪʘʢʽ ʷʢ ʧʣʦʱʘ ʚʦʜʦʟʙʽʨʥʦʛʦ ʙʘʩʝʡʥʫ, ʧʝʨʠʤʝʪʨ, ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ, ʜʦʚʞʠʥʘ 

ʚʦʜʦʟʙʦʨʫ ʪʘ ʘʤʧʣʽʪʫʜʘ ʨʝʣʴʻʬʫ. 

ʄʦʨʬʦʣʦʛʽʷ ʨʽʯʦʢ ʪʨʘʜʠʮʽʡʥʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ, ʟʦʢʨʝʤʘ, ʟ ʪʠʧʦʤ ʨʽʯʦʢ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚʠʛʣʷʜʫ 

ʨʫʩʝʣ, ʘʣʝ ʡ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤʠ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʨʽʚʥʠʥʘ, ʙʘʣʢʠ, ʜʦʣʠʥʘ ʪʘ 

ʚʽʜʢʣʘʜʠ. ʇʦʯʘʪʢʦʚʠʤ ʢʨʠʪʝʨʽʻʤ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʽʯʦʢ ʻ ʚʨʘʭʫʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʬʦʨʤʫʻ ʾʭʥʻ ʨʫʩʣʦ. ʂʦʨʽʥʥʽ ʨʽʯʢʠ, ʚʢʦʨʽʥʝʥʽ ʚ 

ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʠʥʘʤʽʢʦʶ ʽ ʛʝʦʤʝʪʨʽʻʶ ʨʫʩʣʘ, ʚʠʟʥʘʯʝʥʦʶ 

ʭʘʨʘʢʪʝʨʦʤ ʧʦʨʽʜ ʩʫʙʩʪʨʘʪʫ, ʫʣʘʤʢʘʤʠ, ʱʦ ʧʘʜʘʶʪʴ ʥʘ ʥʴʦʛʦ, ʘ ʪʘʢʦʞ 

ʧʦʪʦʢʦʤ ʚʦʜʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʨʽʥʥʠʭ ʨʽʯʦʢ, ʨʽʯʢʠ ʟ ʘʣʶʚʽʘʣʴʥʠʤ ʨʫʩʣʦʤ 

ʤʘʶʪʴ ʨʫʩʣʘ, ʚʨʽʟʘʥʽ ʚ ʩʘʤʽ ʥʘʥʦʩʠ, ʱʦ ʧʝʨʝʥʦʩʷʪʴʩʷ ʨʽʯʢʦʶ, ʪʦʤʫ ʛʝʦʤʝʪʨʽʷ 

ʾʭʥʽʭ ʨʫʩʝʣ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʫʭʫ ʚʦʜʠ ʪʘ ʥʘʥʦʩʽʚ. ʂʦʨʽʥʥʽ ʢʘʥʘʣʠ ʥʘʙʘʛʘʪʦ 

ʩʪʘʙʽʣʴʥʽʰʽ ʚ ʯʘʩʽ, ʪʦʜʽ ʷʢ ʤʦʨʬʦʣʦʛʽʷ ʪʘ ʧʦʣʦʞʝʥʥʷ ʘʣʶʚʽʘʣʴʥʠʭ ʨʽʯʦʢ 

ʟʤʽʥʶʶʪʴʩʷ ʰʚʠʜʰʝ ʯʝʨʝʟ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʝʨʦʟʽʾ ʪʘ ʚʽʜʢʣʘʜʝʥʥʷ. 

ɼʣʷ ʨʽʯʦʢ ʟ ʘʣʶʚʽʘʣʴʥʠʤʠ ʨʫʩʣʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʘʛʘʪʦ ʢʣʘʩʠʬʽʢʘʮʽʡ, 

ʷʢʽ ʤʦʞʥʘ ʟʛʨʫʧʫʚʘʪʠ ʫ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ, ʱʦ 

ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʩʪʨʫʢʪʫʨʽ ʨʫʩʝʣ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ 

ʩʠʥʫʩʦʾʜʘʣʴʥʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʨʫʩʝʣ ʪʘ ʟʚʠʚʠʩʪʽʩʪʴ; ʽ ʩʝʜʠʤʝʥʪʦʣʦʛʽʯʥʽ, ʱʦ 

ʧʦʚ'ʷʟʫʶʪʴ ʤʦʨʬʦʣʦʛʽʶ ʧʦʪʦʢʫ ʟ ʡʦʛʦ ʜʠʥʘʤʽʢʦʶ (ʥʘʥʦʩʘʤʠ, ʩʪʘʙʽʣʴʥʽʩʪʶ) ʪʘ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʚʽʜʢʣʘʜʝʥʴ.  

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʦʙʠʜʚʽ ʩʠʩʪʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʙʣʠʟʠʣʠʩʷ, ʱʦ 

ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʭʽʜʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴ ʦʙʠʜʚʘ ʢʨʠʪʝʨʽʾ. 

ʍʦʨʦʰʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʻ ʢʣʘʩʠʬʽʢʘʮʽʾ ʈʘʩʪʘ, ʱʦ ʻ ʬʫʥʢʮʽʻʶ ʩʠʥʫʩʦʾʜʘʣʴʥʦʩʪʽ 

ʪʘ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ, ʽ ʄʽʦʣʣʘ, ʱʦ ʻ ʬʫʥʢʮʽʻʶ ʩʠʥʫʩʦʾʜʘʣʴʥʦʩʪʽ ʪʘ 

ʧʝʨʝʧʣʝʪʝʥʥʷ ʢʘʥʘʣʽʚ. ʆʙʠʜʚʽ ʚʢʣʶʯʘʶʪʴ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ: ʧʨʷʤʽ, 

ʟʚʠʚʠʩʪʽ, ʧʝʨʝʧʣʝʪʝʥʽ ʪʘ ʘʥʘʩʪʦʤʦʟʦʚʘʥʽ. ɯʥʰʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʩʠʩʪʝʤʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʈʦʩʛʝʥʘ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʭʠʣʫ ʨʫʩʣʘ, ʤʘʪʝʨʽʘʣʫ ʨʫʩʣʘ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʠʨʠʥʠ ʽ ʛʣʠʙʠʥʠ, ʟʚʠʚʠʩʪʦʩʪʽ ʽ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʛʣʠʙʣʝʥʥʷ. 

ʑʦʜʦ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʪʠʧʫ ʨʫʩʣʘ ʟ ʪʠʧʘʤʠ ʽ ʥʘʩʣʽʜʢʘʤʠ ʟʘʪʦʧʣʝʥʴ 

ʪʝʨʠʪʦʨʽʡ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʙʘʟʦʚʫ ʩʭʝʤʫ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʢʦʞʥʦʛʦ 
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ʪʠʧʫ ʧʦʪʦʢʫ. ɿʘʪʦʧʣʝʥʥʷ ʥʘ ʧʣʝʪʝʥʠʭ ʨʽʯʢʘʭ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʩʣʽʜʦʚʥʠʤ 

ʟʘʧʦʚʥʝʥʥʷʤ ʨʫʩʣʦʚʦʾ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʟ'ʻʜʥʘʥʥʷ ʥʠʪʦʢ ʩʫʤʽʞʥʠʭ ʧʦʪʦʢʽʚ, ʪʦʜʽ 

ʷʢ ʤʝʘʥʜʨʫʶʯʽ ʨʽʯʢʠ ʘʩʦʮʽʶʶʪʴʩʷ ʟʽ ʰʚʠʜʢʠʤ ʟʘʧʦʚʥʝʥʥʷʤ ʟʘʧʣʘʚʠ ʪʘ ʩʫʚʦʾʚ 

ʙʘʣʢʠ. ʊʠʧ ʧʦʪʦʢʫ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʛʽʜʨʦʛʨʘʬ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, 

ʚʠʨʽʚʥʶʶʯʠ ʡʦʛʦ ʫ ʚʠʧʘʜʢʫ ʟʚʠʚʠʩʪʠʭ ʽ ʘʥʘʩʪʦʤʦʟʫʶʯʠʭ ʨʽʯʦʢ (ʬʣʶʚʽʘʣʴʥʽ 

ʟʘʪʦʧʣʝʥʥʷ) ʘʙʦ ʰʚʠʜʢʦ ʧʦʰʠʨʶʶʯʠ ʫ ʚʠʧʘʜʢʫ ʧʨʷʤʠʭ ʨʽʯʦʢ (ʪʦʨʝʥʪʽʘʣʴʥʽ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ). 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ, ʧʦʚ'ʷʟʘʥʠʤ ʟ ʪʠʧʦʤ ʨʫʩʣʘ, ʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʫʩʣʘ ʚ 

ʯʘʩʽ ʪʘ ʪʠʧʠ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʟʤʽʥ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ. ʇʨʷʤʽ ʨʽʯʢʠ 

ʟʘʟʚʠʯʘʡ ʜʫʞʝ ʩʪʘʙʽʣʴʥʽ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʛʣʠʥʠʩʪʠʭ ʙʝʨʝʛʽʚ, ʱʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ 

ʝʨʦʟʽʾ. ʗʢʱʦ ʻ ʜʦʥʥʽ ʥʘʥʦʩʠ, ʚʦʥʠ ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ ʚʥʠʟ ʟʘ ʪʝʯʽʻʶ, ʧʽʜʜʘʶʯʠ 

ʙʝʨʝʛʠ ʝʨʦʟʽʾ. ʋ ʟʚʠʚʠʩʪʠʭ ʽ ʘʥʘʩʪʦʤʦʟʫʶʯʠʭ ʨʽʯʢʘʭ, ʜʝ ʧʝʨʝʚʘʞʘʶʪʴ ʟʘʚʠʩʣʽ 

ʥʘʥʦʩʠ, ʩʪʽʡʢʽʩʪʴ ʙʝʨʝʛʽʚ ʪʘʢʦʞ ʚʠʩʦʢʘ, ʘʣʝ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʧʝʨʝʤʽʱʝʥʥʷ 

ʘʙʦ ʙʽʯʥʘ ʤʽʛʨʘʮʽʷ ʥʘʥʦʩʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʙʚʘʣʝʥʥʷ ʙʝʨʝʛʽʚ. ɸʣʶʚʽʘʣʴʥʽ 

ʨʽʯʢʠ ʱʝ ʙʽʣʴʰ ʥʝʩʪʘʙʽʣʴʥʽ ʯʝʨʝʟ ʧʦʩʪʽʡʥʫ ʤʽʛʨʘʮʽʶ ʪʘʣʴʚʝʛʽʚ ʽ ʙʘʣʦʢ, ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʫ ʝʨʦʟʽʶ ʙʝʨʝʛʽʚ ʪʘ ʘʚʫʣʴʩʽʶ, ʘʙʦ ʨʘʧʪʦʚʫ ʟʤʽʥʫ ʨʫʩʣʘ ʥʘ 

ʥʦʚʝ ʧʦʣʦʞʝʥʥʷ. 

ɿʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʥʦʩʽʚ ʽ ʯʘʩʪʢʠ ʜʦʥʥʠʭ ʥʘʥʦʩʽʚ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʤʝʘʥʜʨʫʶʯʠʭ ʨʽʯʦʢ, 

ʩʪʚʦʨʶʶʪʴ ʽʥʰʽ ʪʠʧʠ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʚ ʨʫʩʣʽ. ʄʽʛʨʘʮʽʷ ʨʫʩʣʦʚʠʭ ʙʘʨ'ʻʨʽʚ 

ʩʧʨʠʯʠʥʷʻ ʧʦʩʪʽʡʥʽ ʟʤʽʥʠ ʧʦʪʦʢʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʽʥʠ ʚ ʤʽʩʮʷʭ ʨʦʟʤʠʚʫ 

ʙʝʨʝʛʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʪʽʩʥʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʤʦʨʬʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʽʯʦʢ ʪʘ ʾʭ ʛʽʜʨʦʣʦʛʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ. ʎʝ ʚʢʣʶʯʘʻ ʚʧʣʠʚ ʜʦʚʞʠʥʠ ʧʦʪʦʢʫ (L) 

ʪʘ ʫʭʠʣʫ ʨʫʩʣʘ (S0) ʥʘ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʥʪʝʪʠʯʥʠʭ 

ʦʜʠʥʠʯʥʠʭ ʛʽʜʨʦʛʨʘʬʽʚ. 

ʏʘʩ ʚʽʜʩʪʘʚʘʥʥʷ ʜʦ ʧʽʢʫ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʶ 

ʤʝʪʦʜʠʢʦʶ [87], ʟʘʣʝʞʠʪʴ ʚʠʢʣʶʯʥʦ ʚʽʜ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ, 

ʫ ʷʢʦʤʫ ʧʦʰʠʨʶʻʪʴʩʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʪʘ ʢʨʠʚʦʾ ʥʦʤʝʨʘ ʚʦʜʦʟʙʦʨʫ. 
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ʉʝʨʝʜʥʽʡ ʯʘʩ (ʫ ʛʦʜʠʥʘʭ), ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʨʽʚʥʷʥʥʷʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ 

ɯʥʞʝʥʝʨʥʠʤ ʢʦʨʧʫʩʦʤ ʘʨʤʽʾ ʉʐɸ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ, ʥʘʭʠʣʫ ʪʘ ʚʽʜʩʪʘʥʽ 

ʚʟʜʦʚʞ ʛʦʣʦʚʥʦʛʦ ʨʫʩʣʘ, ʚʽʜ ʪʦʯʢʠ, ʥʘʡʙʣʠʞʯʦʾ ʜʦ ʮʝʥʪʨʫ ʚʘʛʠ ʙʘʩʝʡʥʫ ʜʦ 

ʤʽʩʮʷ ʚʠʭʦʜʫ ʟ ʙʘʩʝʡʥʫ (Lc, ʚ ʢʤ) [87]: 
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ʜʝ L ï ʜʦʚʞʠʥʘ ʧʦʪʦʢʫ; S0 ï ʫʭʠʣ ʨʫʩʣʘ. 

ʏʘʩ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʨʦʙʦʪʽ [85] ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ 

ʨʽʟʥʠʭ ʽʩʧʘʥʩʴʢʠʭ ʚʦʜʦʟʙʦʨʽʚ, ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʛʦʣʦʚʥʦʛʦ ʨʫʩʣʘ 

ʪʘ ʡʦʛʦ ʥʘʭʠʣʫ [85]: 
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ɹʘʩʝʡʥʦʚʠʡ ʣʘʛ (tp, ʫ ʛʦʜʠʥʘʭ) ʟʘ ʛʽʜʨʦʛʨʘʬʦʤ ʉʥʘʡʜʝʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʦʚʞʠʥʠ ʛʦʣʦʚʥʦʛʦ ʧʦʪʦʢʫ (L, ʫ ʢʤ), ʚʽʜʩʪʘʥʽ ʚʽʜ ʚʠʪʦʢʫ ʙʘʩʝʡʥʫ ʜʦ ʡʦʛʦ 

ʮʝʥʪʨʦʾʜʘ (Lc) ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʫʩʽʜʥʽʭ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʙʘʩʝʡʥʘʭ (Ct) [87]: 
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2.3 ʄʝʪʦʜ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʠ 

ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʩʪʦʣʽʪʴ ʣʶʜʩʪʚʦ ʜʦʢʣʘʜʘʻ ʚʝʣʠʯʝʟʥʠʭ ʟʫʩʠʣʴ ʜʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜ ʧʦʚʝʥʝʡ, ʘʣʝ ʥʝ ʜʦʩʷʛʘʻ ʫʩʧʽʭʫ ʚ ʮʽʡ ʩʧʨʘʚʽ. ɿʙʠʪʢʠ ʚʽʜ ʧʦʚʝʥʝʡ 

ʧʨʦʜʦʚʞʫʶʪʴ ʟʨʦʩʪʘʪʠ. ʋ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʟʨʦʩʣʘ ʧʨʠʙʣʠʟʥʦ ʚ ʜʝʩʷʪʴ ʨʘʟʽʚ. ʅʝʙʝʟʧʝʢʫ ʩʪʘʥʦʚʣʷʪʴ ʟʦʥʠ 

ʟʘʪʦʧʣʝʥʥʷ ʚ ʥʠʟʠʥʥʠʭ ʨʘʡʦʥʘʭ, ʜʝ ʟʨʫʡʥʦʚʘʥʽ ʜʘʤʙʠ ʪʘ ʛʽʜʨʦʪʝʭʥʽʯʥʽ 

ʩʠʩʪʝʤʠ [93, 94]. ɹʝʟʧʦʩʝʨʝʜʥʶ ʥʝʙʝʟʧʝʢʫ ʩʪʘʥʦʚʠʪʴ ʰʚʠʜʢʠʡ ʽ ʩʠʣʴʥʠʡ ʨʫʭ 

ʚʦʜʠ, ʷʢʠʡ ʩʧʨʠʯʠʥʷʻ ʧʦʰʢʦʜʞʝʥʥʷ, ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ 

[95], ʩʧʦʨʫʜ ʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ [96], ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ 
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[97]. ɺʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʦʙ'ʻʤʫ ʚʦʜʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ, ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʨʽʟʥʽ ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ ʞʝʨʪʚʠ ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ. ɺʠʩʦʪʘ ʽ 

ʰʚʠʜʢʽʩʪʴ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʨʫʡʥʫʚʘʥʥʷ ʛʽʜʨʦʪʝʭʥʽʯʥʦʾ 

ʩʧʦʨʫʜʠ, ʧʝʨʝʧʘʜʫ ʚʠʩʦʪ ʤʽʞ ʛʦʣʦʚʥʦʶ ʽ ʭʚʦʩʪʦʚʦʶ ʚʦʜʦʶ. ɼʣʷ ʨʽʚʥʠʥʥʦʾ 

ʤʽʩʮʝʚʦʩʪʽ ʰʚʠʜʢʽʩʪʴ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 3 ʜʦ 25 ʢʤ/ʛʦʜ, ʚ ʛʽʨʩʴʢʽʡ 

ʤʽʩʮʝʚʦʩʪʽ ʚʦʥʘ ʜʦʩʷʛʘʻ 100 ʢʤ/ʛʦʜ. ɿʘʟʚʠʯʘʡ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʥʘʩʝʣʝʥʦʛʦ 

ʧʫʥʢʪʫ ʯʝʨʝʟ 15-30 ʭʚʠʣʠʥ ʚʠʷʚʣʷʻʪʴʩʷ ʟʘʪʦʧʣʝʥʦʶ ʰʘʨʦʤ ʚʦʜʠ ʪʦʚʱʠʥʦʶ 

ʚʽʜ 0,5 ʜʦ 10 ʤ ʽ ʙʽʣʴʰʝ [98]. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʣ ʽ ʟʘʩʦʙʽʚ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ 

ʬʦʨʤʫʚʘʥʴ ʥʝʦʙʭʽʜʥʘ ʜʦʩʪʦʚʽʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʘʩʣʽʜʢʠ ʧʨʦʨʠʚʫ ʥʘʧʽʨʥʦʛʦ 

ʬʨʦʥʪʫ ʚʦʜʦʩʭʦʚʠʱʘ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʥʘʡʢʦʨʦʪʰʽ ʪʝʨʤʽʥʠ ʽ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʦʯʥʽʩʪʶ. ʊʦʤʫ, ʥʝʦʙʭʽʜʥʦ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʨʠʪʦʨʽʡ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʧʨʦʚʦʜʠʪʠ ʟʘʭʦʜʠ ʟ 

ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ɿʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʮʠʭ 

ʟʘʚʜʘʥʴ ʣʶʜʩʴʢʽ ʞʝʨʪʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʚʝʜʝʥʽ ʜʦ ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʟʘ 

ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʽ ʩʚʦʻʯʘʩʥʠʭ ʜʽʡ ʘʚʘʨʽʡʥʦ-

ʨʷʪʫʚʘʣʴʥʠʭ ʬʦʨʤʫʚʘʥʴ [99]. 

ʄʦʜʝʣʴ ʉʝʥ-ɺʝʥʘʥʘ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʩʠʩʪʝʤʽ ʜʚʦʚʠʤʽʨʥʠʭ ʨʽʚʥʷʥʴ 

ʤʽʣʢʦʚʦʜʜʷ, ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʦʙʦʪʽ [100]. ʎʷ ʤʦʜʝʣʴ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʘʚʦʜʢʽʚ ʥʘ ʰʠʨʦʢʠʭ ʽ 

ʧʣʦʩʢʠʭ ʟʘʧʣʘʚʘʭ. ʆʙ'ʻʢʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ɹʝʣʴʢʦʚʩʴʢʘ ɻɽʉ ʪʘ ʪʝʨʠʪʦʨʽʷ 

ʥʘʚʢʦʣʦ ʙʝʨʝʛʽʚ ʚʦʜʦʩʭʦʚʠʱʘ. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ɹʝʣʴʢʦʚʩʴʢʘ 

ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ɻɽʉ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ 

ʧʘʚʦʜʢʦʚʦʾ ʭʚʠʣʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʪʠ ʟʦʥʠ 

ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʠʟʠʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʚʦʚʠʤʽʨʥʦʛʦ ʧʦʪʦʢʫ ʚʦʜʠ ʥʘ ʚʽʣʴʥʽʡ 

ʧʦʚʝʨʭʥʽ, ʟʘʣʝʞʥʦʛʦ ʚʽʜ ʯʘʩʫ, ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʚʦʜʢʫ. ʅʘ 

ʢʘʨʪʘʭ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʫ ʟʦʥʘʭ ʟʘʪʦʧʣʝʥʥʷ. ʂʘʨʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʽʩʮʝʚʦʶ ʚʣʘʜʦʶ ʪʘ ʚʣʘʩʥʠʢʦʤ 

ʜʘʤʙʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʦʤ ʧʦʚʝʥʝʡ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ 
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ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʥʘ ʨʽʯʮʽ ʈʘʜʫʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ HEC-

Res Sim, ʟʘʩʥʦʚʘʥʫ ʥʘ ʱʦʤʽʩʷʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʟʘ ʧʨʠʪʦʢʦʤ ʚʦʜʠ ʟ 

ʧʨʠʪʦʢ ʜʦ ʚʦʜʦʩʭʦʚʠʱʘ [71]. ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʨʠʢʠ: ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʅʝʰʘ-ʉʘʪʢʣʽʬʬʘ. ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ɼʦʢʘʥʩʴʢʽʡ ʛʨʝʙʣʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ [101] ʦʧʠʩʫʶʪʴ 

ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʪʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʦʮʽʥʢʠ ʧʘʚʦʜʢʦʥʝʙʝʟʧʝʯʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʎʝʡ ʤʝʪʦʜ ʙʫʚ ʧʨʦʪʝʩʪʦʚʘʥʠʡ ʜʣʷ 

ʨʽʯʢʠ ʇʦ (ʇʽʚʥʽʯʥʘ ɯʪʘʣʽʷ). ʅʦʚʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʧʨʦ ʦʧʘʜʠ ʜʣʷ ɯʪʘʣʽʾ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʽʡ ʤʦʜʝʣʽ, ʩʪʚʦʨʝʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ GRIPHO. ɺʦʥʘ ʜʦʧʦʤʘʛʘʻ 

ʨʦʟʨʘʭʫʚʘʪʠ ʚʠʪʨʘʪʫ ʚʦʜʠ ʚ ʨʽʯʮʽ ʪʘ ʩʪʽʢ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʘʭʫʚʘʪʠ ʢʘʨʪʫ 

ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʝʡ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 90 ʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʭʦʨʦʰʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʪʦʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʙʝʟʧʝʢʠ ʧʦʚʝʥʝʡ ʟʘ ʤʘʡʙʫʪʥʽʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. 

ʅʝʜʦʣʽʢʦʤ ʚʠʱʝʟʛʘʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʪʝ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʦʾ 

ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʽʜʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ: 

ʛʝʦʤʝʪʨʠʯʥʠʡ ʧʽʜʭʽʜ, ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ, ʦʜʥʦʚʠʤʽʨʥʘ ʪʘ ʜʚʦʚʠʤʽʨʥʘ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʉʝʥ-ɺʝʥʘʥʘ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʪʘ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ. ɺ ʨʦʙʦʪʽ [98] ʘʚʪʦʨʠ ʨʦʟʨʦʙʠʣʠ ʤʝʪʦʜʦʣʦʛʽʶ, 

ʩʧʨʷʤʦʚʘʥʫ ʥʘ ʧʦʣʝʛʰʝʥʥʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ 

ʟʚ'ʷʟʢʽʚ, ʝʚʦʣʶʮʽʾ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʩʝʣʝʚʠʭ ʧʦʪʦʢʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 3D 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʩʫʩʧʽʣʴʥʠʭ ʟʥʘʥʴ ʫ ʧʨʦʮʝʩ ʚʽʜʙʦʨʫ ʦʙ'ʻʢʪʽʚ ʩʮʝʥʠ, 

ʘʚʪʦʨʠ ʨʦʟʨʦʙʠʣʠ ʤʝʪʦʜ, ʷʢʠʡ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʩʧʨʠʡʥʷʪʪʷ ʨʠʟʠʢʽʚ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʛʨʦʤʘʜʩʴʢʽʩʪʶ. ʎʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʟʜʘʪʥʦʩʪʽ 

ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʘʜʝʢʚʘʪʥʦ ʩʧʨʠʡʤʘʪʠ ʡ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʥʝʙʝʟʧʝʢʠ 

ʩʝʣʝʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ 

ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ [102]. ɸʚʪʦʨʠ ʧʨʝʜʩʪʘʚʠʣʠ ʧʝʨʝʜʦʚʽ ʤʝʪʦʜʠ ʪʘ 
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ʪʝʭʥʦʣʦʛʽʾ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʚʝʥʝʡ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʠʩʪʘʥʮʽʡʥʝ 

ʟʦʥʜʫʚʘʥʥʷ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʦʢʫ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʧʦʚʝʥʝʡ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʨʦʚʝʜʝʥʦʤʫ 

ʘʚʪʦʨʦʤ ʚ ʨʦʙʦʪʽ [103], ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʪʘ ʛʝʦʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʤʽʩʴʢʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʮʽ 

ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʤʽʩʪʘʭ, ʱʦ 

ʩʪʠʢʘʶʪʴʩʷ ʟ ʫʨʙʘʥʽʟʘʮʽʻʶ ʪʘ ʧʽʜʢʨʝʩʣʝʥʦ ʧʦʪʝʥʮʽʡʥʫ ʢʦʨʠʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʥʫ ʤʽʩʴʢʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɸʚʪʦʨʠ ʚ ʨʦʙʦʪʽ [104] ʨʦʟʨʦʙʠʣʠ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʥʝʡ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʨʘʧʪʦʚʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʽʜʨʦʣʦʛʽʯʥʽ ʪʘ ʤʦʨʬʦʣʦʛʽʯʥʽ ʜʘʥʽ 

ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ 

ɻɯʉ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ [105] ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ɻɯʉ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʣʘʥʫʚʘʥʥʷ 

ʝʚʘʢʫʘʮʽʾ ʚ ʟʦʥʘʭ, ʩʭʠʣʴʥʠʭ ʜʦ ʧʦʚʝʥʝʡ, ʫ ʤʫʥʽʮʠʧʘʣʽʪʝʪʽ ʅʘʢʭʦʥʩʽ-

ʊʭʘʤʤʘʨʘʪ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʜʘʣʠ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʧʦʚʝʥʝʡ. ʆʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʚʢʣʶʯʘʶʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʧʦʚʝʥʽ, ʦʮʽʥʢʫ ʚʨʘʟʣʠʚʦʩʪʽ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʝʚʘʢʫʘʮʽʾ. 

ʇʨʦʙʣʝʤʘ ʧʨʦʨʠʚʫ ʜʘʤʙ ʙʫʣʘ ʧʨʝʜʤʝʪʦʤ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʟʦʩʝʨʝʜʞʝʥʠʭ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʯʠʩʝʣʴʥʠʭ ʨʽʰʝʥʥʷʭ. 

ɸʚʪʦʨʘʤʠ [105], ʨʦʟʨʦʙʠʣʠ ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʪʘʪʠʩʪʠʯʥʦʤʫ 

ʘʥʘʣʽʟʽ ʤʠʥʫʣʠʭ ʧʨʦʨʠʚʽʚ ʜʘʤʙ ʽʟ ʥʘʜʽʡʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʦʮʽʥʠʪʠ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ, ʷʢ ʩʝʨʝʜʥʷ ʰʠʨʠʥʘ ʧʨʦʨʠʚʫ, ʧʽʢʦʚʠʡ ʨʦʟʨʷʜ ʽ ʯʘʩ ʨʫʡʥʫʚʘʥʥʷ ʜʣʷ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʧʨʦʨʠʚʫ ʜʘʤʙʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʨʠʚʽʚ ʜʘʤʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʘʥʘʣʽʟʫ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʛʝʦʤʝʪʨʽʷ ʧʨʦʨʠʚʫ, ʜʠʥʘʤʽʢʘ ʨʽʯʢʦʚʦʛʦ 

ʩʪʦʢʫ ʟ ʧʣʠʥʦʤ ʯʘʩʫ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʛʣʠʙʠʥʘ ʧʦʪʦʢʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʯʠʩʝʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʨʦʨʠʚʘʤʠ ʜʘʤʙ [106, 107]. ɺ ʨʦʙʦʪʽ [108] 

ʘʚʪʦʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʣʠ ʨʘʧʪʦʚʽ ʧʨʦʨʠʚʠ ʜʘʤʙʠ ʚ 
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ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʨʷʤʦʢʫʪʥʦʤʫ ʨʫʩʣʽ ʟʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ 

ʚʦʣʦʛʠʭ ʽ ʩʫʭʠʭ ʫʤʦʚ ʥʠʞʥʴʦʾ ʪʝʯʽʾ. ɺʦʥʠ ʧʦʨʽʚʥʷʣʠ ʧʨʠʜʘʪʥʽʩʪʴ ʢʣʘʩʠʯʥʠʭ 

ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ ʜʣʷ ʫʤʦʚ ʨʽʟʥʠʭ ʩʪʘʜʽʡ ʧʨʦʨʠʚʫ. 

ɼʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʘʚʦʜʢʦʚʠʭ 

ʚʦʜ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʠ ʟʙʠʪʢʽʚ ʽ ʥʝʙʝʟʧʝʢ, ʱʦ ʟ ʥʠʤʠ ʧʦʚ'ʷʟʘʥʽ, ʧʦʪʨʽʙʥʦ 

ʨʦʟʨʦʙʣʷʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʚʽʜʪʚʦʨʶʶʪʴ ʛʽʜʨʦʣʦʛʽʯʥʽ ʪʘ ʛʽʜʨʘʚʣʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʚʝʥʽ [109]. ʆʜʠʥ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ [110] 

ʧʽʜʭʦʜʽʚ ʻ ʥʘ ʦʩʥʦʚʽ ʧʦʜʽʡ, ʱʦ ʚʢʣʶʯʘʻ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʧʦʜʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʥʘʩʣʽʜʢʽʚ ʮʽʻʾ ʧʦʜʽʾ. ʎʝʡ ʧʽʜʭʽʜ ʤʦʞʝ ʥʘʜʘʪʠ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʦʥʫ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʘʣʝ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʪʨʘʪʥʠʤ ʪʘ ʥʝʧʨʠʜʘʪʥʠʤ ʜʣʷ 

ʤʘʩʰʪʘʙʥʠʭ ʧʨʦʛʨʘʤ ʘʙʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɯʥʰʠʡ ʤʝʪʦʜ ï ʮʝ ʧʽʜʭʽʜ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʟʘʪʦʧʣʝʥʥʷ, ʱʦ ʢʦʨʠʩʥʦ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʤʦʜʝʣʽ ʘʙʦ ʤʝʪʦʜʫ, 

ʪʦʯʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʤʦʜʝʣʝʡ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʛʽʜʨʦʣʦʛʽʯʥʽ, ʛʽʜʨʘʚʣʽʯʥʽ, 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʪʘ ʜʘʥʽ ʧʨʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʨʝʘʣʽʩʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʧʦʚʝʥʽ ʚʘʞʣʠʚʦ ʤʘʪʠ ʥʘʜʽʡʥʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʜʘʥʽ, ʘ ʪʘʢʦʞ ʫʨʘʭʦʚʫʚʘʪʠ 

ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʚʠʤʦʛʠ ʜʦ ʦʙʯʠʩʣʝʥʴ, ʱʦ ʤʦʞʫʪʴ ʧʦʪʨʝʙʫʚʘʪʠ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʘʩʠʤʽʣʷʮʽʾ ʜʘʥʠʭ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʜʝʣʽ, ʚʢʣʶʯʘʶʯʠ 

ɹʘʡʻʩʽʚʩʴʢʠʡ ʚʠʩʥʦʚʦʢ, ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʾʚ ʯʘʩʪʠʥʦʢ 

[111]. 

ʑʝ ʦʜʥʠʤ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʻ ʦʮʽʥʢʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ ɹʘʡʻʩʽʚʩʴʢʠʡ ʚʠʩʥʦʚʦʢ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʄʦʥʪʝ-ʂʘʨʣʦ [112] ʪʘ ʡʤʦʚʽʨʥʽʩʥʠʡ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ [113]. ʎʽ 

ʧʽʜʭʦʜʠ ʜʦʧʦʤʘʛʘʶʪʴ ʫ ʢʨʘʱʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʨʠʟʠʢʘʤʠ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʪʘ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ, ʰʣʷʭʦʤ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ 
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ʧʦʚʝʥʽ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʘ ʪʘʢʦʞ ʛʽʜʨʦʣʦʛʽʯʥʽ 

ʪʘ ʛʽʜʨʘʚʣʽʯʥʽ ʢʦʥʮʝʧʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʤʝʞʘʭ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʾ ʩʬʝʨʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʥʝʡ. ʅʘʚʽʪʴ ʟ ʫʩʽʤʘ ʚʠʢʣʠʢʘʤʠ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʥʝʡ ʚ 

ʦʩʪʘʥʥʽ ʨʦʢʠ ʜʦʩʷʛʣʦ ʟʥʘʯʥʠʭ ʫʩʧʽʭʽʚ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʧʦʚʝʥʝʡ ʽ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ. ɺʘʞʣʠʚʦ 

ʟʨʦʙʠʪʠ ʤʦʜʝʣʽ ʙʽʣʴʰ ʪʦʯʥʠʤʠ ʪʘ ʥʘʜʽʡʥʠʤʠ, ʱʦʙ ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ ʪʘ 

ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʚʝʜʽʥʢʫ ʪʘ ʥʘʩʣʽʜʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʘ ʪʘʢʦʞ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʪʘ ʧʦʤôʷʢʰʝʥʥʷ ʾʭ ʥʘʩʣʽʜʢʽʚ. 

ɿ ̔ʥʰʦʛʦ ʙʦʢʫ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟôʷʚʠʣʠʩʷ ʤʝʪʦʜʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɸʣʛʦʨʠʪʤʠ ʩʝʤʘʥʪʠʯʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞʘʭ (CNN), ʦʪʨʠʤʘʣʠ ʰʠʨʦʢʝ ʚʠʟʥʘʥʥʷ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʚʽʜʤʽʥʥʠʤ 

ʨʝʟʫʣʴʪʘʪʘʤ ʽ ʧʨʦʩʪʦʪʽ ʥʘʚʯʘʥʥʷ. ʆʪʞʝ, ʚʦʥʠ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʨʦʟʨʦʙʠʪʠ ʩʪʨʘʪʝʛʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, 

ʪʘʢʠʭ ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʝʤʝʣʴʥʦʛʦ ʧʦʢʨʠʚʫ, ʚʠʣʫʯʝʥʥʷ ʚʦʜʦʡʤ, ʢʘʨʪʫʚʘʥʥʷ 

ʧʦʚʝʥʝʡ ʪʦʱʦ. ɺ ʨʦʙʦʪʽ [114] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ FCN ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ 2D ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ Landsat. ɸʚʪʦʨʘʤʠ [115] ʙʫʣʘ ʚʜʦʩʢʦʥʘʣʝʥʘ ʤʝʨʝʞʘ ʟ ʧʦʚʥʽʩʪʶ 

ʟʚ'ʷʟʘʥʠʭ ʰʘʨʽʚ  ʥʘ ʙʘʟʽ ʤʦʜʝʣʽ VGG ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʦʙʣʘʩʪʝʡ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʟʽ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʙʝʟʧʽʣʦʪʥʠʤʠ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ, ʥʘʚʯʝʥʘ ʥʘ ʦʩʥʦʚʽ CNN ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 100 ʚʨʫʯʥʫ 

ʧʦʟʥʘʯʝʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʜʦʩʷʛʣʘ ʪʦʯʥʦʩʪʽ ʧʦʥʘʜ 95% ʧʨʠ ʚʠʷʚʣʝʥʥʽ 

ʟʘʪʦʧʣʝʥʠʭ ʜʽʣʷʥʦʢ. 

ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

- ʨʦʟʚ'ʷʟʘʥʥ ̫ʦʜʥʦ-, ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʉʝʥ-ɺʝʥʘʥʘ; 

- ʛʝʦʤʝʪʨʠʯʥʠʡ ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʪʨʽʘʥʛʫʣʷʮʽʡʥʦʾ ʤʦʜʝʣʽ 

ʧʦʚʝʨʭʥʽ; 

- ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘ ʤʘʢʨʦʨʽʚʥʽ, 

ʪʦʙʪʦ ʜʣʷ ʪʝʨʠʪʦʨʽʡ ʧʣʦʱʝʶ ʚ ʜʝʩʷʪʢʠ ʽ ʩʦʪʥʽ ʢʚʘʜʨʘʪʥʠʭ ʢʽʣʦʤʝʪʨʽʚ. 
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ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ: 

- HERE Maps API [116]; 

- ʦʙʩʷʛ ʚʦʜʦʩʭʦʚʠʱʘ ï W, ʤ3; 

- ʛʣʠʙʠʥʘ ʚʦʜʠ ʧʝʨʝʜ ʛʨʝʙʣʝʶ (ʛʣʠʙʠʥʘ ʧʨʦʨʘʥʫ) ï H, ʤ; 

- ʰʠʨʠʥʘ ʧʨʦʨʘʥʫ ʘʙʦ ʜʽʣʷʥʢʠ ʧʝʨʝʣʠʚʫ ʚʦʜʠ ʯʝʨʝʟ ʛʨʝʙʽʥʴ ʛʨʝʙʣʽ ï ɺ, 

ʤ; 

- ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʭʚʠʣʽ ʧʨʦʨʠʚʫ (ʧʦʧʫʩʢʫ) ï V, ʤ/ʩ; 

- ʚʽʜʩʪʘʥʴ ʚʽʜ ʛʨʝʙʣʽ (ʚʦʜʦʡʤʠ) ʜʦ ʩʪʚʦʨʫ ï R, ʢʤ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.2. 

ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʧʦʪʨʽʙʥʽ ʜʘʥʽ ʧʨʦ ʛʽʜʨʦʚʫʟʦʣ ʽ ʪʝʨʠʪʦʨʽʶ, 

ʨʦʟʪʘʰʦʚʘʥʫ ʚʠʱʝ (ʚʦʜʦʩʭʦʚʠʱʝ) ʽ ʥʠʞʯʝ ʟʘ ʪʝʯʽʻʶ ʨʽʯʢʠ. ɼʣʷ ʮʴʦʛʦ 

ʪʝʨʠʪʦʨʽʷ ʥʠʞʯʝ ʟʘ ʪʝʯʽʻʶ ʨʽʯʢʠ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʪʘʢ ʟʚʘʥʽ ʩʪʚʦʨʠ ï ʧʝʨʝʨʽʟʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʪʝʯʽʾ ʨʽʯʢʠ ʟ ʢʨʦʢʦʤ 5 ʢʤ. ʋ ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʨʽʟʘʭ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ. ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʟ ʥʠʭ ʻ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʛʽʜʨʦʚʫʟʣʘ, ʚʽʜʤʽʪʢʠ ʛʦʨʠʟʦʥʪʘʣʝʡ ʨʝʣʴʻʬʫ ʪʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ. ɺʘʞʣʠʚʠʤʠ 

ʜʣʷ ʛʽʜʨʦʚʫʟʣʘ ʽ ʚʦʜʦʩʭʦʚʠʱʘ ʻ ʜʘʥʽ ʧʨʦ ʦʙ'ʻʤ ʚʦʜʦʩʭʦʚʠʱʘ, ʰʠʨʠʥʫ ʽ 

ʛʣʠʙʠʥʫ ʚʦʜʦʩʭʦʚʠʱʘ ʚ ʛʨʝʙʣʽ ʽ ʭʚʦʩʪʦʚʦʤʫ ʙ'ʻʬʽ. 

ɼʘʥʽ ʧʨʦ ʢʦʥʩʪʨʫʢʮʽʶ ʛʽʜʨʦʘʛʨʝʛʘʪʫ ʙʫʣʠ ʚʟʷʪʽ ʽʟ ʟʘʩʦʙʽʚ ʤʘʩʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʥʘʩʝʣʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʥʘʡʛʽʨʰʠʡ ʚʘʨʽʘʥʪ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ, ʱʦʙ ʫʥʠʢʥʫʪʠ 

ʟʙʠʪʢʽʚ. ɺ ʷʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʤʘʩʰʪʘʙʽʚ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ.  

ʅʘ ʨʠʩ 2.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʣʦʢ-ʩʭʝʤʫ ʧʨʦʛʨʘʤʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ ʨʦʙʦʪʽ. 

ɻʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ (ɻʊʉ) ï ʮʝ ʽʥʞʝʥʝʨʥʽ ʩʧʦʨʫʜʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʘʙʦ ʙʦʨʦʪʴʙʠ ʟ ʨʫʡʥʽʚʥʦʶ ʜʽʻʶ ʚʦʜʠ. ɼʦ 

ʦʩʥʦʚʥʠʭ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ, ʨʫʡʥʫʚʘʥʥʷ (ʧʨʦʨʠʚ) ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʘʚʘʨʽʾ (ɻɸ), ʥʘʣʝʞʘʪʴ ʛʨʝʙʣʽ (ʰʣʷʭʦʧʨʦʚʦʜʠ ʪʦʱʦ), 

ʚʦʜʦʟʘʙʽʨʥʽ ʪʘ ʚʦʜʦʟʙʽʨʥʽ ʩʧʦʨʫʜʠ (ʰʣʶʟʠ).  
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ʈʠʩʫʥʦʢ 2.2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʝʪʦʜʫ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ  

 

ɻʨʝʙʣʽ ï ʮʝ ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ ʥʘʧʽʨʥʦʛʦ ʪʠʧʫ (ʰʪʫʯʥʽ ʛʨʝʙʣʽ) ʘʙʦ 

ʧʨʠʨʦʜʥʽ ʫʪʚʦʨʝʥʥʷ (ʧʨʠʨʦʜʥʽ ʛʨʝʙʣʽ), ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʨʽʟʥʠʮʶ ʨʽʚʥʽʚ ʚʦʜʠ ʚʽʜ 

ʨʫʩʣʘ ʨʽʯʢʠ. ʆʪʞʝ, ʛʨʝʙʣʷ (ʰʣʶʟ, ʝʩʪʘʢʘʜʘ ʪʦʱʦ) ʧʝʨʝʛʦʨʦʜʞʫʻ ʨʽʯʢʫ ʘʙʦ 

ʽʥʰʠʡ ʩʪʽʢ, ʱʦʙ ʧʽʜʥʷʪʠ ʨʽʚʝʥʴ ʚʦʜʠ ʧʝʨʝʜ ʥʝʶ, ʩʪʚʦʨʠʪʠ ʥʘʧʽʨ ʚʦʜʠ ʥʘ ʾʾ 

ʧʣʦʱʫ ʽ ʫʪʚʦʨʠʪʠ ʚʦʜʦʩʭʦʚʠʱʝ. 

ʐʪʫʯʥʽ ʛʨʝʙʣʽ ï ʮʝ ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ, ʩʪʚʦʨʝʥʽ ʣʶʜʠʥʦʶ ʜʣʷ ʩʚʦʾʭ 

ʧʦʪʨʝʙ ʽ ʚʢʣʶʯʘʶʪʴ ʛʨʝʙʣʽ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʚʦʜʦʟʘʙʦʨʽʚ, ʽʨʠʛʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʜʘʤʙʠ, ʤʦʩʪʠ, ʛʘʢʠ ʪʦʱʦ. ɿʘ ʚʠʩʦʪʦʶ ʛʨʝʙʣʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʥʠʟʴʢʦʥʘʧʽʨʥʽ ʜʦ 10 ʤ, ʩʝʨʝʜʥʴʦʥʘʧʽʨʥʽ ʚʽʜ 10 ʜʦ 50 ʤ ʪʘ ʚʠʩʦʢʦʥʘʧʽʨʥʽ ʧʦʥʘʜ 

50 ʤ. ɸ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʨʽʟʥʷʶʪʴ 

ʙʝʪʦʥʥʽ, ʟʘʣʽʟʦʙʝʪʦʥʥʽ, ʛʨʘʚʽʪʘʮʽʡʥʽ, ʢʦʥʪʨʬʦʨʩʥʽ, ʘʨʦʯʥʽ, ʢʘʤ'ʷʥʽ, ˇʨʫʥʪʦʚʽ 
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(ʜʘʤʙʠ ʪʦʱʦ) ʪʘ ʜʝʨʝʚ'ʷʥʽ ʜʘʤʙʠ. ʇʝʨʝʜ ʛʨʝʙʣʝʶ ʚʦʜʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚʠʱʝ ʟʘ 

ʪʝʯʽʻʶ, ʫʪʚʦʨʶʶʪʴʩʷ ʰʪʫʯʥʽ ʪʘ ʧʨʠʨʦʜʥʽ ʚʦʜʦʡʤʠ. 

 

ʈʠʩʫʥʦʢ 2.3 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ 
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ɼʽʣʷʥʢʘ ʨʽʯʢʠ ʤʽʞ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʛʨʝʙʣʷʤʠ ʥʘ ʨʽʯʮʽ ʘʙʦ ʜʽʣʷʥʢʘ 

ʢʘʥʘʣʫ ʤʽʞ ʜʚʦʤʘ ʰʣʶʟʘʤʠ ʥʘʟʠʚʘʻʪʴʩʷ ʬʫʥʪʦʤ ʢʘʥʘʣʫ. ɻʽʜʨʘʚʣʽʯʥʠʡ ʫʭʠʣ 

ʨʽʯʢʠ ï ʮʝ ʧʝʨʝʚʠʱʝʥʥʷ (ʚ ʤʝʪʨʘʭ) ʚʠʩʦʪʠ ʨʽʚʥʷ ʨʽʯʢʠ ʥʘ 1000 ʤ ʜʦʚʞʠʥʠ. 

ʏʘʩʪʠʥʘ ʨʽʯʢʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚʠʱʝ ʦʧʦʨʥʦʾ ʩʧʦʨʫʜʠ (ʛʨʝʙʣʽ, ʰʣʶʟʫ), 

ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʨʭʥʽʤ ʙ'ʻʬʦʤ ʛʨʝʙʣʽ, ʘ ʯʘʩʪʠʥʘ ʨʽʯʢʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʞʯʝ 

ʪʘʢʦʾ ʩʧʦʨʫʜʠ, ï ʥʠʞʥʽʤ ʙ'ʻʬʦʤ. ʆʩʪʦʚ ʛʨʝʙʣʽ ʫʪʚʦʨʶʻ ʥʫʣʴʦʚʠʡ ʙ'ʻʬ. ɺʠʩʦʪʘ 

ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʝʨʭʥʴʦʤʫ ʙ'ʻʬʽ ʛʨʝʙʣʽ ï ʮʝ ʨʽʚʝʥʴ ʚʦʜʠ ʫ ʚʦʜʦʩʭʦʚʠʱʽ. 

ʇʨʠʯʠʥʘʤʠ ʨʫʡʥʫʚʘʥʥʷ ʛʽʜʨʦʪʝʭʥʽʯʥʦʾ ʩʧʦʨʫʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʽ 

ʧʨʠʨʦʜʥʽ ʷʚʠʱʘ ʘʙʦ ʩʪʠʭʽʡʥʽ ʣʠʭʘ, ʷʢ ʟʝʤʣʝʪʨʫʩʠ, ʦʙʚʘʣʠ, ʟʩʫʚʠ, ʧʘʚʦʜʢʠ, 

ʝʨʦʟʽʷ ˇʨʫʥʪʽʚ, ʫʨʘʛʘʥʠ ʪʦʱʦ; ʪʝʭʥʦʛʝʥʥʽ ʬʘʢʪʦʨʠ ï ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʜʝʬʝʢʪʠ ʘʙʦ ʧʦʤʠʣʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʦʨʫʰʝʥʥʷ 

ʨʝʞʠʤʫ ʚʦʜʦʟʙʦʨʫ, ʚʽʡʩʴʢʦʚʽ ʜʽʾ ʪʦʱʦ. 

ʇʦʯʘʪʢʦʚʦʶ ʬʘʟʦʶ ɻɸ ʻ ʧʨʦʨʠʚ ʛʨʝʙʣʽ, ʷʢʠʡ ʻ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ 

ʧʨʦʨʘʥʫ ʪʘ ʥʝʢʝʨʦʚʘʥʦʛʦ ʧʦʪʦʢʫ ʚʦʜʠ ʚʦʜʦʩʭʦʚʠʱʘ ʟ ʚʝʨʭʥʴʦʛʦ ʙ'ʻʬʫ ʯʝʨʝʟ 

ʧʨʦʨʘʥ ʫ ʥʠʞʥʽʡ ʙ'ʻʬ. ʋ ʬʨʦʥʪʽ ʧʦʪʦʢʫ ʚʦʜʠ, ʱʦ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʚ ʧʨʦʨʘʥ, 

ʫʪʚʦʨʶʻʪʴʩʷ ʭʚʠʣʷ ʧʨʦʨʠʚʫ. 

ʇʨʦʨʘʥ ï ʚʫʟʴʢʘ ʧʨʦʪʦʢʘ ʚ ʪʽʣʽ (ʥʘʩʠʧʫ) ʛʨʝʙʣʽ, ʢʦʩʽ, ʤʽʣʠʥʠ, ʚ ʜʝʣʴʪʽ 

ʨʽʯʢʠ, ʘʙʦ ʩʧʨʷʤʣʝʥʘ ʜʽʣʷʥʢʘ ʨʽʯʢʠ, ʱʦ ʫʪʚʦʨʠʣʘʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʤʠʚʫ 

ʟʘʢʨʫʪʫ ʚ ʧʦʚʽʥʴ. ʍʚʠʣʷ ʧʨʦʨʠʚʫ ï ʭʚʠʣʷ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʬʨʦʥʪʽ ʧʦʪʦʢʫ 

ʚʦʜʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʚ ʧʨʦʨʘʥ, ʱʦ ʤʘʻ ʟʥʘʯʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʽ ʚʦʣʦʜʽʻ 

ʚʝʣʠʢʦʶ ʨʫʡʥʽʚʥʦʶ ʩʠʣʦʶ. 

ʆʪʞʝ, ʚʨʘʞʘʶʯʘ ʜʽʷ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ɻɸ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʰʠʨʝʥʥʷʤ ʽʟ 

ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʚʦʜʠ, ʱʦ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ 

ʩʠʪʫʘʮʽʾ. ɺʨʘʞʘʶʯʠʡ ʯʠʥʥʠʢ ɻɸ ï ʭʚʠʣʷ ʧʨʦʨʠʚʫ ʛʽʜʨʦʪʝʭʥʽʯʥʦʾ ʩʧʦʨʫʜʠ. 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʾʾ ʜʽʾ ʻ ʰʚʠʜʢʽʩʪʴ, ʚʠʩʦʪʘ ʽ ʛʣʠʙʠʥʘ ʭʚʠʣʽ ʧʨʦʨʠʚʫ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ, ʯʘʩ ʽʩʥʫʚʘʥʥʷ ʭʚʠʣʽ ʧʨʦʨʠʚʫ. 

ɿʘ ʩʚʦʻʶ ʬʽʟʠʯʥʦʶ ʧʨʠʨʦʜʦʶ ʭʚʠʣʴʦʚʠʡ ʧʨʦʨʠʚ ï ʮʝ ʨʫʭ ʚʦʜʥʦʛʦ 

ʧʦʪʦʢʫ, ʧʨʠ ʷʢʦʤʫ ʰʠʨʠʥʘ, ʛʣʠʙʠʥʘ, ʧʦʚʝʨʭʥʷ ʩʪʝʣʽ ʪʘ ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ (ʨʠʩ.2.4). ɺʠʩʦʪʘ ʭʚʠʣʝʣʦʤʫ ʽ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʦʙ'ʻʤʫ ʽ ʛʣʠʙʠʥʠ ʚʦʜʦʩʭʦʚʠʱʘ; ʧʣʦʱʽ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ; ʨʦʟʤʽʨʽʚ 
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ʟʘʤʠʢʘʶʯʦʛʦ ʢʘʥʘʣʫ; ʧʝʨʝʧʘʜʫ ʚʠʩʦʪ ʛʦʣʦʚʥʠʭ ʽ ʭʚʦʩʪʦʚʠʭ ʚʦʜ; ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʽ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ ʨʫʩʣʘ ʽ ʟʘʧʣʘʚʠ ʨʽʯʢʠ. ʅʘ ʜʽʣʷʥʮʽ ʥʫʣʴʦʚʦʛʦ ʙ'ʻʬʫ 

(ʙʫʜʽʚʥʠʮʪʚʦ ʛʨʝʙʣʽ) ʚʝʣʠʯʠʥʘ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ (ʅbw0) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ [117]: 

tw
HH

bw
H ÖÖ= 126.2/1)ln42.8(

0 ,
    (2.14) 

ʜʝ H ï ʛʣʠʙʠʥʘ ʚʦʜʦʩʭʦʚʠʱʘ ʚ ʛʨʝʙʣʽ, ʤ; ‎ =0,5772 ï ʩʪʘʣʘ ɽʡʣʝʨʘ; Htw ï 

ʚʠʩʦʪʘ ʭʚʦʩʪʦʚʦʛʦ ʙ'ʻʬʫ, ʤ. 

ɺʽʜʧʦʚʽʜʥʦ, ʚʠʩʦʪʘ ʛʨʝʙʝʥʷ ʭʚʠʣʽ ʧʨʦʨʠʚʫ (ʅbw) (ʨʠʩ. 2.4) ʩʪʘʥʦʚʠʪʴ 

[117]: 

.)ln126.2/1()ln42.8( 126.2/1

twbw
HHHH ÖÖ+ÖÖ= g   (2.15) 

 

 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʍʚʠʣʷ ʧʨʦʨʠʚʫ ʪʘ ʾʾ ʩʫʪʥʽʩʪʴ 

 

ɿʘʟʚʠʯʘʡ ʚʝʣʠʯʠʥʘ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 2-12 ʤ ʽ ʤʦʞʝ 

ʜʦʩʷʛʘʪʠ 10-30 ʤ. ʐʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʩʪʘʥʦʚʠʪʴ 3-25 

ʢʤ/ʛʦʜ, ʘ ʜʣʷ ʛʽʨʩʴʢʠʭ ʽ ʧʝʨʝʜʛʽʨʩʴʢʠʭ ʨʘʡʦʥʽʚ - ʜʦ 100 ʢʤ/ʛʦʜ. ʐʚʠʜʢʽʩʪʴ 

ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʨʫʭʫ ʩʪʘʥʦʚʠʪʴ V=2,5-5 ʤ/ʩ ʽ ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ ʟʦʥ 

ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʽ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʘ 

ʜʣʷ ʟʦʥ ʤʦʞʣʠʚʦʛʦ ʟʘʪʦʧʣʝʥʥʷ V=1,5-2,5 ʤ/ʩ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ 

ʃʝʛʝʥʜʘ: Vdam ï ʰʚʠʜʢʽʩʪʴ ʛʨʝʙʥʷ ʭʚʠʣʽ, ʤ/ʩ; Hbwo ï ʚʠʩʦʪʘ ʭʚʠʣʽ ʧʨʦʨʠʚʫ, ʤ; 

Hbw ï ʚʠʩʦʪʘ ʛʨʝʙʥʷ ʭʚʠʣʽ ʧʨʦʨʠʚʫ, ʤ; H ï ʛʣʠʙʠʥʘ ʚʦʜʦʩʭʦʚʠʱʘ ʚ ʛʨʝʙʣʽ, ʤ; 

Htw ï ʚʠʩʦʪʘ ʭʚʦʩʪʦʚʦʛʦ ʙ'ʻʬʫ, ʤ 
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ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ ʩʪʘʥʦʚʠʪʴ ʥʝ ʤʝʥʰʝ 20 ʢʇʘ ʟ ʪʨʠʚʘʣʽʩʪʶ ʜʽʾ ʥʝ ʤʝʥʰʝ 0,25 

ʛʦʜʠʥʠ. 

ʍʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʥʘ ʦʙ'ʻʢʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʥʘʧʽʨ ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ; ʚʠʩʦʪʘ, ʛʣʠʙʠʥʘ ʽ ʰʚʠʜʢʽʩʪʴ ʚʦʜʥʦʛʦ 

ʧʦʪʦʢʫ; ʨʽʚʝʥʴ ʽ ʯʘʩ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ; ʜʝʬʦʨʤʘʮʽʷ ʨʫʩʣʘ ʨʽʯʢʠ; 

ʟʘʙʨʫʜʥʝʥʥʷ ʛʽʜʨʦʩʬʝʨʠ, ʝʨʦʟʽʷ, ʧʝʨʝʥʝʩʝʥʥʷ ˇʨʫʥʪʽʚ. ʆʩʥʦʚʥʠʤ ʥʘʩʣʽʜʢʦʤ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʘʚʘʨʽʾ ʻ ʢʘʪʘʩʪʨʦʬʽʯʥʝ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ. 

ʂʘʪʘʩʪʨʦʬʽʯʥʝ ʟʘʪʦʧʣʝʥʥʷ  ʮʝ ʩʪʠʭʽʡʥʝ ʣʠʭʦ ʚʥʘʩʣʽʜʦʢ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ 

ʘʚʘʨʽʾ, ʷʢʝ ʻ ʥʘʩʣʽʜʢʦʤ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ ʽ ʧʦʣʷʛʘʻ ʫ ʰʚʠʜʢʦʤʫ ʟʘʪʦʧʣʝʥʥʽ 

ʭʚʠʣʝʶ ʧʨʦʨʠʚʫ ʥʠʞʯʝ ʨʦʟʪʘʰʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʪʘ ʚʠʥʠʢʥʝʥʥʽ ʧʦʚʝʥʽ. 

ʅʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ :̒ 

- ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʚʠʩʦʪʘ ʽ ʰʚʠʜʢʽʩʪʴ ʭʚʠʣʽ ʧʨʦʨʠʚʫ; 

- ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ ʧʨʠʙʫʪʪʷ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʩʝʣʝʥʠʡ 

ʧʫʥʢʪ); 

- ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ; 

- ʪʨʠʚʘʣʽʩʪʴ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ; 

- ʚ ʤʝʞʘʭ ʟʦʥʠ ʤʦʞʣʠʚʦʛʦ ʟʘʪʦʧʣʝʥʥʷ. 

ʂʘʪʘʩʪʨʦʬʽʯʥʘ ʧʦʚʽʥʴ ʨʫʭʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʽ 

ʧʨʠʟʚʦʜʠʪʴ (ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʧʽʩʣʷ ʧʨʦʨʠʚʫ ʛʨʝʙʣʽ) ʜʦ ʟʘʪʦʧʣʝʥʥʷ ʚʝʣʠʢʠʭ 

ʪʝʨʠʪʦʨʽʡ ʰʘʨʦʤ ʚʦʜʠ 0,5-10 ʤ. ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ. 

ɿʦʥʘ ʟʘʪʦʧʣʝʥʥʷ ʟʨʫʡʥʦʚʘʥʦʾ ɻɽʉ  ʮʝ ʯʘʩʪʠʥʘ ʨʽʯʢʠ (ʘʙʦ ʦʟʝʨʘ, 

ʚʦʜʦʩʭʦʚʠʱʘ), ʱʦ ʧʨʠʣʷʛʘʻ ʜʦ ʪʝʨʠʪʦʨʽʾ, ʷʢʘ ʫʪʨʠʤʫʻ ʚʦʜʫ. ʅʘʩʣʽʜʢʠ 

ʨʫʡʥʫʚʘʥʥʷ ɻɽʉ ʧʦʙʣʠʟʫ ʤʦʞʣʠʚʦʛʦ ʨʦʟʣʠʚʫ ʚʦʜʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʟʦʥʠ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʏʘʩʪʠʥʘ ʟʦʥʠ 

ʟʘʪʦʧʣʝʥʥʷ, ʚ ʤʝʞʘʭ ʷʢʦʾ ʧʦʰʠʨʶʻʪʴʩʷ ʭʚʠʣʷ ʧʨʦʨʠʚʫ, ʚʠʢʣʠʢʘʻ ʤʘʩʦʚʫ 

ʟʘʛʠʙʝʣʴ ʣʶʜʝʡ, ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʟʥʠʱʝʥʥʷ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʮʽʥʥʦʩʪʝʡ. ɺʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʟʦʥʦʶ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ. ʅʘ ʾʾ 

ʟʦʚʥʽʰʥʽʭ ʤʝʞʘʭ ʚʠʩʦʪʘ ʛʨʝʙʝʥʷ ʭʚʠʣʽ ʧʨʦʨʠʚʫ (Hbw) ʧʝʨʝʚʠʱʫʻ 1 ʤ (ʨʠʩ. 

2.4), ʘ ʰʚʠʜʢʽʩʪʴ ʾʾ ʨʫʭʫ - ʧʦʥʘʜ 10 ʤ/ʩ. ʏʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʟʘʪʦʧʣʝʥʽ 

ʜʽʣʷʥʢʠ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʧʽʜ ʧʦʚʝʨʭʥʝʶ, ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 4 ʛʦʜʠʥ ʜʦ 
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ʜʝʢʽʣʴʢʦʭ ʜʽʙ. ʇʘʨʘʤʝʪʨʠ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʚʦʜʦʩʭʦʚʠʱʘ, ʥʘʧʦʨʫ ʚʦʜʠ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʢʨʝʪʥʦʛʦ ʛʽʜʨʦʚʫʟʣʘ, ʘ 

ʪʘʢʦʞ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʽ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʽʩʮʝʚʦʩʪʽ. 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʻ 

ʨʫʡʥʽʚʥʘ ʭʚʠʣʷ ʧʨʦʨʠʚʫ, ʚʦʜʥʠʡ ʧʦʪʽʢ ʽ ʩʧʦʢʽʡʥʽ ʚʦʜʠ, ʱʦ ʟʘʪʦʧʠʣʠ 

ʪʝʨʠʪʦʨʽʶ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʦʙ'ʻʢʪʘ. ɺʧʣʠʚ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʥʘ ʣʶʜʝʡ ʧʦʜʽʙʥʠʡ ʜʦ 

ʚʧʣʠʚʫ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʷʜʝʨʥʦʛʦ ʚʠʙʫʭʫ. ʉʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʮʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʧʦʣʷʛʘʶʪʴ ʫ ʟʥʘʯʥʦ ʤʝʥʰʽʡ ʰʚʠʜʢʦʩʪʽ ʪʘ ʙʽʣʴʰʽʡ ʱʽʣʴʥʦʩʪʽ 

ʨʝʯʦʚʠʥʠ ʫ ʭʚʠʣʽ ʧʨʦʨʠʚʫ. ʊʦʤʫ, ʚʠʟʥʘʯʠʤʦ ʧʘʨʘʤʝʪʨʠ ʭʚʠʣʽ ʧʨʦʨʠʚʫ (ʩʧʘʜʫ) 

ʥʘ ʟʘʜʘʥʽʡ ʚʽʜʩʪʘʥʽ R ʚʽʜ ʜʘʤʙʠ ʫ ʚʠʧʘʜʢʫ ʾʾ ʨʫʡʥʫʚʘʥʥʷ. 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʤʝʪʦʜʫ. 

ʏʘʩ ʥʘʙʣʠʞʝʥʥʷ ʭʚʠʣʽ ʧʨʦʨʠʚʫ (ʚʠʢʠʜʫ) ʥʘ ʟʘʜʘʥʫ ʚʽʜʩʪʘʥʴ R (ʜʦ ʮʽʣʽ) 

ʜʦʨʽʚʥʶʻ [117]: 

 ,
V3600

R
=t

bw
Ö

 ʛʦʜ.     (2.16) 

ɼʣʷ ʟʦʥ ʥʘʜʟʚʠʯʘʡʥʦ ʥʝʙʝʟʧʝʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠʡʤʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

V=2,5-5 ʤ/ʩ; ʜʣʷ ʟʦʥ ʤʦʞʣʠʚʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ï V=15-24 ʤ/ʩ. 

ɺʠʩʦʪʘ ʭʚʠʣʽ ʨʫʡʥʫʚʘʥʥʷ (ʧʘʜʽʥʥʷ) h ʥʘ ʚʽʜʩʪʘʥʽ R ʚʽʜ ʦʙ'ʻʢʪʘ ʩʪʘʥʦʚʠʪʴ 

[115]: 

 H,m=h Ö  ʤ,     (2.17) 

ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ɻɽʉ ʜʦ ʦʙ'ʻʢʪʘ. 

ʏʘʩ ʩʧʦʨʦʞʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

 ,
BN3600

W
=T

ÖÖ ʛʦʜ,
      (2.18) 

ʜʝ N ï ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ 1 ʤ ʰʠʨʠʥʠ ʢʘʥʘʣʫ ʧʝʨʝʢʨʠʪʪʷ 

ʏʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʭʚʠʣʽ ʧʨʦʨʠʚʫ (ʚʠʢʠʜʫ) t ʥʘ ʟʘʜʘʥʽʡ ʚʽʜʩʪʘʥʽ ʜʦ 

ʦʙ'ʻʢʪʘ R ʩʪʘʥʦʚʠʪʴ: 

  ,Tm=t
1
Ö  ʛʦʜ,     (2.19) 

ʜʝ m1  ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʛʨʝʙʣʽ (ʚʦʜʦʩʭʦʚʠʱʘ). 
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ɺʦʜʘ ʙʫʜʝ ʚʠʪʽʢʘʪʠ ʟ ʚʦʜʦʩʭʦʚʠʱʘ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚʝʩʴ ʦʙ'ʻʤ ʚʦʜʠ ʥʝ 

ʙʫʜʝ ʚʠʯʝʨʧʘʥʠʡ. ʅʝʭʘʡ ʦʙ'ʻʤ ʚʦʜʠ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʽ ʨʫʩʣʘ ʻ ʥʝʟʤʽʥʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʚʦʜʘ ʚ ʨʽʯʮʽ ʪʝʯʝ ʧʦʩʪʽʡʥʦ ʽ ʥʝ ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʚʠʯʝʨʧʘʪʠʩʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʨʦʟʨʘʭʫʥʦʢ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʴ ʪʽʣʴʢʠ ʜʣʷ ʦʙ'ʻʤʫ ʚʦʜʦʩʭʦʚʠʱʘ. ɺʦʜʘ ʟ 

ʚʦʜʦʩʭʦʚʠʱʘ, ʩʧʨʷʤʦʚʘʥʘ ʚ ʢʘʥʘʣ ʟʘʢʨʠʪʪʷ ʚ ʨʝʞʠʤʽ ʧʨʦʨʠʚʫ, ʧʨʦʡʜʝ ʯʝʨʝʟ 

ʧʣʦʱʠʥʫ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ t (6). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʚʦʜʠ (ʦʙ'ʻʤ ʟʘ 

ʦʜʠʥʠʮʶ ʯʘʩʫ [ʤ3/ʩ]) ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʬʦʨʤʫʣʫ: 

t

W
Q=  .       (2.20) 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ: 

 VQ Ö=w
,
       (2.21) 

ʜʝ wï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ. 

ɺʠʟʥʘʯʘʻʤʦ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ ʚ ʜʘʥʦʤʫ ʩʪʚʦʨʽ ʷʢ: 

Vt

W

Ö
=w  .     (2.22) 

ɼʣʷ ʢʘʥʘʣʽʚ ʟ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ (ʨʠʩ. 3.4) 

ʛʝʦʤʝʪʨʠʯʥʽ ʝʣʝʤʝʥʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʧʣʦʱʘ ʪʨʘʧʝʮʽʾ):  

h,h)m+(b= ÖÖw      (2.23) 

ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʫʭʠʣʫ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʟʘʢʣʘʜʘʥʥʷ ʫʭʠʣʫ 

ʜʦ ʚʠʩʦʪʠ (ʨʠʩ.2.5): 

.
h

a
=m      (2.24) 

ï ʟʤʦʯʫʚʘʥʠʡ ʧʝʨʠʤʝʪʨ:  

 212 mhb ++=c .      (2.25) 
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ʈʠʩʫʥʦʢ 2.5 ï ʇʘʨʘʤʝʪʨʠ ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʛʦ ʨʫʩʣʘ 

 

ʇʦʪʽʤ ʘʧʨʦʢʩʠʤʫʻʤʦ ʧʝʨʝʪʠʥ ʨʫʩʣʘ ʪʨʘʧʝʮʽʻʶ, ʥʠʞʥʴʦʶ ʦʩʥʦʚʦʶ ʷʢʦʾ 

ʻ ʧʨʠʨʦʜʥʠʡ ʨʽʚʝʥʴ ʚʦʜʠ ʚ ʨʽʯʮʽ. ʈʦʟʨʘʭʦʚʫʻʤʦ ʡʦʛʦ ʷʢ ʩʫʤʫ ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʦʩʽ 

ʨʽʯʢʠ ʜʦ ʛʦʨʠʟʦʥʪʫ ʙʝʨʝʛʘ. ɿʥʘʶʯʠ ʚʽʜʤʽʪʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʚʠʩʦʪʠ ʪʘ ʫʨʽʟʫ 

ʚʦʜʠ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ, ʦʙʯʠʩʣʶʻʤʦ ʧʣʦʱʫ ʪʨʘʧʝʮʽʾ. ʗʢʫ ʫʪʚʦʨʶʻ ʭʚʠʣʷ 

ʧʨʦʨʠʚʫ, ʧʦʪʽʤ ʧʦʨʽʚʥʶʻʤʦ ʾʾ ʟ ʘʥʘʣʽʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦʶ. ʗʢʱʦ ʚʦʥʘ ʤʝʥʰʘ 

ʟʘ ʚʠʪʨʘʪʫ, ʦʪʨʠʤʘʥʫ ʟ ʨʽʚʥʷʥʥʷ, ʪʦ ʨʦʟʨʘʭʦʚʫʻʤʦ ʧʣʦʱʫ ʚʽʜʥʦʩʥʦ ʥʘʩʪʫʧʥʦʾ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʚʽʜʤʽʪʢʠ. ɼʘʣʽ ʤʝʪʦʜʦʤ ʧʦʣʦʚʠʥʥʦʛʦ ʜʽʣʝʥʥʷ (ʢʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ ʦʙʤʝʞʫʻʤʦ ʜʦ 10) ʟʥʘʭʦʜʠʤʦ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʘʥʘʣʽʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʽʡ. ʆʙʯʠʩʣʶʻʤʦ ʨʽʚʝʥʴ ʧʽʜʡʦʤʫ ʚʦʜʠ ʚʽʜ 

ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʨʠʩ. 2.6). 

 

ʈʠʩʫʥʦʢ 2.6 ï ʇʘʨʘʤʝʪʨʠ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʛʦ ʢʘʥʘʣʫ 
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2.4 ɺʠʩʥʦʚʢʠ ʧʦ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʫ 

1. ʋ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ɺʠʚʯʝʥʦ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʜʭʦʜʠ, ʚʢʣʶʯʘʶʯʠ ʛʽʜʨʦʣʦʛʦ-

ʛʽʜʨʘʚʣʽʯʥʽ, ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ, ʽʩʪʦʨʠʯʥʽ, ʧʘʣʝʦʛʽʜʨʦʣʦʛʽʯʥʽ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʨʦʙʣʝʤʘʪʠʢʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʟʦʥ. 

2. ɻʽʜʨʦʣʦʛʦ-ʛʽʜʨʘʚʣʽʯʥʽ ʤʝʪʦʜʠ ʚʠʷʚʠʣʠʩʷ ʦʩʥʦʚʥʠʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʽ ʦʮʽʥʢʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʪʝʨʠʪʦʨʽʾ. ɻʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ 

ʤʝʪʦʜʠ ʥʘʜʘʣʠ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʧʣʠʚ ʛʝʦʣʦʛʽʯʥʠʭ ʽ ʤʦʨʬʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ 

ʧʽʜʭʦʜʽʚ, ʟʦʢʨʝʤʘ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʚʠʩʦʪʠ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʪʘ ʧʦʣʦʚʠʥʥʦʛʦ 

ʜʽʣʝʥʥʷ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʨʫʩʣʘ ʨʽʢʠ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʪʘ ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʉʝʥ-ɺʝʥʘʥʘ, ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʥʘ 

ʤʘʢʨʦʨʽʚʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʽʘʥʛʫʣʷʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʚʝʨʭʥʽ. 

4. ʋʩʽ ʜʦʩʣʽʜʞʝʥʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʦʙʤʝʞʝʥʥʷ, ʱʦ 

ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʽ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. ʈʦʟʨʦʙʢʘ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʣʷ ʘʥʘʣʽʟʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ 

ʟʦʥ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ [1, 2, 

7, 8]. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ɻɽʆɯʅʌʆʈʄɸʎɯʁʅʆɰ ʊɽʍʅʆʃʆɻɯɰ ʄʆɼɽʃʖɺɸʅʅʗ ʁ 

ʆʎɯʅʂʀ ʅɸʉʃɯɼʂɯɺ ɿɸʊʆʇʃɽʅʅʗ ʊɽʈʀʊʆʈɯɰ 

 

3.1 ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 

ɿʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʻʜʥʘʥʥʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʽ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʧʦʭʦʜʞʝʥʥʷ, ʚʦʥʠ ʤʘʶʪʴ 

ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ, ʪʘʢʽ ʷʢ ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʩʽʚʽʚ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʟʤʽʥ ʫ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʽ 

ʩʪʘʣʦ ʟʨʦʩʪʘʥʥʷ ʫʨʙʘʥʽʟʘʮʽʾ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ [118]. ʎʷ 

ʪʝʥʜʝʥʮʽʷ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʤʝʛʘʧʦʣʽʩʠ ʪʘ ʤʽʩʴʢʽ 

ʘʛʣʦʤʝʨʘʮʽʾ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ, ʘ ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ ʩʪʘʶʪʴ ʦʙʤʝʞʝʥʠʤʠ. 

ʋʨʙʘʥʽʟʘʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʘʩʬʘʣʴʪʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ 

ʟʥʠʞʫʻ ʚʦʜʦʧʨʦʥʠʢʥʽʩʪʴ ˇʨʫʥʪʽʚ ʪʘ ʟʙʽʣʴʰʫʻ ʨʠʟʠʢ ʟʘʪʦʧʣʝʥʥʷ ʧʽʜ ʯʘʩ 

ʩʠʣʴʥʠʭ ʜʦʱʽʚ ʘʙʦ ʚʽʜʪʘʚʘʥʥʷ ʩʥʽʛʫ. ʂʨʽʤ ʪʦʛʦ, ʟʤʽʥʠ ʚ ʧʨʠʨʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʪʘʢʽ ʷʢ ʚʠʨʫʙʢʘ ʣʽʩʽʚ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ, ʪʘʢʦʞ ʩʧʨʠʷʶʪʴ 

ʟʙʽʣʴʰʝʥʥʶ ʨʠʟʠʢʫ ʧʦʚʝʥʝʡ. ɿʤʝʥʰʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʙʘʨ'ʻʨʽʚ, ʱʦ ʧʦʛʣʠʥʘʶʪʴ 

ʚʦʜʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʚʠʜʰʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ ʚʦʜʠ, ʱʦ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʪʦʧʣʝʥʥʷ ʥʠʟʠʥʥʠʭ ʨʘʡʦʥʽʚ ʪʘ ʤʽʩʪ. ʊʦʤʫ, 

ʚʘʞʣʠʚʦ ʟʚʝʨʪʘʪʠʩʴ ʜʦ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʟʦʥ ʧʽʜʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʩʚʦʻʯʘʩʥʝ ʪʘ ʦʧʝʨʘʪʠʚʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘʢʠʭ ʟʦʥ ʻ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʞʠʪʪʷ ʣʶʜʝʡ, ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ. 

ʆʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʣʝʤʝʥʪʠ ʪʘ ʷʚʠʱʘ, ʷʢʽ ʥʝ ʤʦʞʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘ ʤʽʩʮʽ, ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ ʧʦʚʝʥʝʡ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʠʭ ʢʦʥʬʣʽʢʪʽʚ. ɺʠʛʦʪʦʚʣʝʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʢʘʨʪ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʜʘʥʠʤʠ ʩʪʘʻ ʥʝʦʙʭʽʜʥʠʤ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʩʠʪʫʘʮʽʷʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʧʦʜʽʡ. ʎʽ ʢʘʨʪʠ ʤʽʩʪʷʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʧʝʮʽʘʣʴʥʽ 

ʚʽʜʦʤʦʩʪʽ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘʢʪʠʯʥʠʭ ʨʽʰʝʥʴ ʚʽʡʩʴʢʦʚʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʙʦʡʦʚʠʭ ʜʽʡ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ ʜʽʡ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʡʩʴʢʘʤʠ ʪʘ ʙʦʡʦʚʠʤʠ ʟʘʩʦʙʘʤʠ. ɼʣʷ ʾʭ ʧʦʙʫʜʦʚʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʝʨʘʪʠʚʥʫ ʪʘ 

ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʽ ʟʦʥ ʨʠʟʠʢʫ, ʟʦʢʨʝʤʘ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ɺʠʷʚʣʝʥʥʷ ʮʽʢʘʚʠʭ ʦʙ'ʻʢʪʽʚ ʽ ʘʥʦʤʘʣʽʡ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʫʞʝ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ, ʽ 

ʢʽʣʴʢʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ. ʉʝʨʝʜ ʥʠʭ 

ʧʨʦʛʨʘʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʜʠʩʪʘʥʮʽʡʥʠʤ ʟʦʥʜʫʚʘʥʥʷʤ ɿʝʤʣʽ [119], ʥʘʟʝʤʥʠʤ 

ʤʦʥʽʪʦʨʠʥʛʦʤ [120], ʨʘʜʘʨʦʤ, ʩʽʣʴʩʴʢʠʤ ʛʦʩʧʦʜʘʨʩʪʚʦʤ [121, 122], ʪʦʱʦ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.3.1 ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ: 

1. ʇʽʜʛʦʪʦʚʢʘ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʴʥʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ 

ʢʘʨʪʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʽʩʮʝʚʦʩʪʽ. 

2. ɿʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. 

3. ʈʦʟʨʦʙʢʘ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ. 

4. ʈʦʟʨʦʙʢʘ ʢʣʘʩʽʚ ʚʦʜʥʦ-ʙʦʣʦʪʥʦʛʦ ʪʘ ʛʽʜʨʦʪʝʭʥʽʯʥʦʛʦ ʨʝʞʠʤʫ ʥʘ 

ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ:  

5. ʇʦʙʫʜʦʚʘ ʢʘʨʪ ʪʨʠʚʠʤʽʨʥʦʾ ʤʽʩʮʝʚʦʩʪʽ. 

6. ɻʽʜʨʦʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ. 

7. 3D-ʄʦʜʝʣʶʚʘʥʥʷ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ɼʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʨʦʟʛʣʷʥʝʤʦ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ 

ɼʥʽʧʨʦʚʩʴʢʦʾ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 

ɼʥʽʧʨʦʚʩʴʢʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ 

ʋʢʨʘʾʥʠ, ʷʢʘ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʥʘʩʝʣʝʥʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ 
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ʪʝʨʠʪʦʨʽʡ ʢʨʘʾʥʠ. ʎʷ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʫ ɭʚʨʦʧʽ ʟʘ 

ʧʦʪʫʞʥʽʩʪʶ ʪʘ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʝʩʪʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʣʦʢʽʚ. ʇʣʦʱʘ ʪʝʨʠʪʦʨʽʾ, ʱʦ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʻʶ, ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʪʠʩʷʯ ʢʚʘʜʨʘʪʥʠʭ 

ʢʽʣʦʤʝʪʨʽʚ. ʅʘ ʮʽʡ ʪʝʨʠʪʦʨʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʥʝ ʣʠʰʝ ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ, ʘʣʝ ʽ 

ʜʝʷʢʽ ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜ ʟʘʛʨʦʟʦʶ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʫ 

ʨʘʟʽ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʚʥʘʩʣʽʜʦʢ ʨʦʙʦʪʠ ɻɽʉ.  

 

ʈʠʩʫʥʦʢ 3.1 ï ɹʣʦʢ-ʩʭʝʤʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ 

 

3.1.1 ʎʠʬʨʦʚʽ ʜʘʥʽ 

 ɿ ʧʣʘʪʬʦʨʤʠ Copernicus Open Access Hub ʟʘʚʘʥʪʘʞʫʻʤʦ ʦʧʪʠʯʥʽ ʟʥʽʤʢʠ 

ʟ ʩʫʧʫʪʥʠʢʘ Sentinel-2 (ʨʠʩ.3.2). ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʨʦʚʦʜʠʤʦ 
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ʨʷʜ ʢʦʨʝʢʮʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʫʩʫʥʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʱʦ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʧʽʜ ʯʘʩ ʟʡʦʤʢʠ ʪʘ ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʴ ʟ ʢʦʩʤʦʩʫ [123]. ʆʜʠʥ ʟ 

ʚʘʞʣʠʚʠʭ ʝʪʘʧʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ï ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ ʮʠʬʨʦʚʠʭ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ [124]. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʫʩʫʥʝʥʥʷ ʩʧʦʪʚʦʨʝʥʴ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʟʡʦʤʢʠ [124]: 

 

                                                                                               (3.1) 

  

 

ʜʝ (xc,yc) ï ʢʦʦʨʜʠʥʘʪʠ ʧʽʢʩʝʣʷ ʧʽʩʣʷ ʢʦʨʝʢʮʽʾ, (xo,yo) ï ʧʦʯʘʪʢʦʚʽ 

ʢʦʦʨʜʠʥʘʪʠ ʧʽʢʩʝʣʷ,  roo ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʦʙʝʨʪʘʥʥʷ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ 

ʧʽʢʩʝʣʷ, roc ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʫ ʦʙʝʨʪʘʥʥʷ ʜʦ ʚʠʧʨʘʚʣʝʥʦʛʦ ʧʽʢʩʝʣʷ. 

      

ʘ)                                                                             ʙ) 

ʈʠʩʫʥʦʢ 3.2 ï ʆʧʪʠʯʥʠʡ ʟʥʽʤʦʢ ʟ ʩʫʧʫʪʥʠʢʘ Sentinel-2: ʘ) ʧʝʨʚʠʥʥʠʡ 

ʟʥʽʤʦʢ; ʙ) ʧʽʩʣʷ ʦʙʨʦʙʢʠ 

 

ʊʘʢʦʞ ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʚʠʧʨʘʚʣʝʥʥʷ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷ: 

 bTOAmDN +Ö= ,     (3.2) 

ʜʝ DN ï ʮʠʬʨʦʚʠʡ ʥʦʤʝʨ ʧʽʢʩʝʣʷ, TOA ï ʚʽʜʥʦʩʥʘ ʦʧʪʠʯʥʘ ʪʦʚʱʠʥʘ 

ʘʪʤʦʩʬʝʨʠ, m ï ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʥʘʭʠʣ, b ï ʟʤʽʱʝʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʧʨʠ ʨʦʙʦʪʽ ʟ ʦʧʪʠʯʥʠʤʠ ʟʥʽʤʢʘʤʠ ʻ ʥʘʷʚʥʽʩʪʴ 

ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ, ʷʢʠʡ ʤʦʞʝ ʧʝʨʝʰʢʦʜʞʘʪʠ ʯʽʪʢʦʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʶ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʮʴʦʛʦ ʬʘʢʪʦʨʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʽʜʥʦʩʥʝ 
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ʨʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ. ɸʪʤʦʩʬʝʨʥʘ ʢʦʨʝʢʮʽʷ ʧʦʣʷʛʘʻ ʫ ʢʦʥʚʝʨʪʘʮʽʾ 

ʨʘʜʽʦʤʝʪʨʠʯʥʦ ʩʢʦʨʠʛʦʚʘʥʠʭ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʧʝʢʪʨʘʣʴʥʫ ʷʩʢʨʘʚʽʩʪʴ 

ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʘʪʤʦʩʬʝʨʠ ʟ ʥʘʡʤʝʥʰʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ. ʎʝ ʜʦʧʦʤʘʛʘʻ 

ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʪʦʯʥʽ ʪʘ ʥʘʜʽʡʥʽ ʜʘʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʪʘ ʘʥʘʣʽʟʽ ʟʝʤʝʣʴʥʠʭ ʧʦʢʨʠʚʽʚ. 

ʉʪʚʦʨʝʥʥʷ ʜʝʪʘʣʴʥʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

1. ɿʙʽʨ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʛʝʦʜʝʟʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʘʝʨʦʬʦʪʦʟʥʽʤʢʠ, ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʽʥʰʽ ʜʞʝʨʝʣʘ ʛʝʦʧʨʦʩʪʦʨʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ.  

2. ɺʠʙʽʨ ʤʘʩʰʪʘʙʫ ʪʘ ʧʨʦʝʢʮʽʾ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ 

ʥʘ ʢʘʨʪʽ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʩʰʪʘʙ, ʫ ʷʢʦʤʫ ʙʫʜʫʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʜʘʥʽ ʥʘ ʢʘʨʪʘʭ, ʘ ʪʘʢʦʞ ʦʙʠʨʘʻʪʴʩʷ ʧʨʦʝʢʮʽʷ ʜʣʷ ʾʭ ʚʽʜʦʙʨʘʞʝʥʥʷ. ʎʝ ʚʘʞʣʠʚʦ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʠʣʴʥʦʩʪʽ ʽ ʟʨʦʟʫʤʽʣʦʩʪʽ ʢʘʨʪʠ. ʇʦʭʠʙʢʘ ʪʦʧʦʛʨʘʬʽʯʥʠʭ 

ʦʙôʻʢʪʽʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʚ ʧʣʘʥʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,5 

ʤʤ ʚ ʤʘʩʰʪʘʙʽ ʢʘʨʪʠ (25 ʤ ï ʥʘ ʤʽʩʮʝʚʦʩʪʽ), ʚ ʛʽʨʩʴʢʠʭ ʨʘʡʦʥʘʭ ï 0,75 ʤʤ ʚ 

ʤʘʩʰʪʘʙʽ ʢʘʨʪʠ (37,5 ʤ ï ʥʘ ʤʽʩʮʝʚʦʩʪʽ). 

3. ɺʠʜʽʣʝʥʥʷ ʢʦʥʪʫʨʽʚ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʣʽʥʽʾ ʨʽʚʥʦʛʦ ʨʽʚʥʷ 

ʚʠʩʦʪʠ ʥʘ ʢʘʨʪʽ. ʊʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʙʦʪʘ ʟ ʢʦʥʪʫʨʘʤʠ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʚʢʣʶʯʘʻ 

ʫ ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡ ʦʜʥʦʛʦ ʨʽʚʥʷ ʚʠʩʦʪʠ ʥʘ ʢʘʨʪʽ, ʘ ʪʘʢʦʞ ʨʦʟʜʽʣʝʥʥʷ 

ʚʫʣʠʮʴ ʽ ʢʚʘʨʪʘʣʽʚ ʥʘ ʨʽʟʥʽ ʢʘʪʝʛʦʨʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ 

ʬʫʥʢʮʽʡ. ɺʫʣʠʮʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʽ ʪʘ ʥʝʤʘʛʽʩʪʨʘʣʴʥʽ, ʢʚʘʨʪʘʣʠ ʥʘ 

ʱʽʣʴʥʦ (ʥʝ ʧʝʨʝʚʠʱʫʻ 50 ʤ) ʪʘ ʨʽʜʢʦ (ʧʝʨʝʚʠʱʫʻ 50 ʤ) ʟʘʙʫʜʦʚʘʥʽ, ʘ ʪʘʢʦʞ 

ʥʘʧʽʚʟʨʫʡʥʦʚʘʥʽ. ɹʫʜʽʚʣʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʪʦʯʢʦʚʦ ʘʙʦ ʧʦʣʽʛʦʥʘʣʴʥʦ, ʘ ʤʝʞʽ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʧʦʚʪʦʨʶʶʪʴ ʢʦʥʬʽʛʫʨʘʮʽʶ ʢʚʘʨʪʘʣʽʚ. ɼʦʨʦʞʥʷ ʤʝʨʝʞʘ 

ʚʝʢʪʦʨʠʟʫʻʪʴʩʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,5 ʤʤ ʥʘ ʤʘʩʰʪʘʙʽ ʢʘʨʪʠ, ʫʪʚʦʨʶʶʯʠ ʮʽʣʽʩʥʫ 

ʣʽʥʽʡʥʦ-ʚʫʟʣʦʚʫ ʤʝʨʝʞʫ. 

ʆʙôʻʢʪʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʧʦʚʠʥʥʽ ʫʪʚʦʨʶʚʘʪʠ ʮʽʣʽʩʥʫ 

ʣʽʥʽʡʥʦ-ʚʫʟʣʦʚʫ ʤʝʨʝʞʫ. ɼʦʨʦʛʠ ʥʝ ʨʦʟʨʠʚʘʶʪʴʩʷ ʯʝʨʝʟ ʤʦʩʪʠ, ʛʨʝʙʣʽ ʪʦʱʦ. 

ɼʦʨʦʞʥʷ ʤʝʨʝʞʘ ʚʝʢʪʦʨʠʟʫʻʪʴʩʷ ʟ ʪʦʯʥʽʩʪʶ ʘʝʨʦ-ʦʨʪʦ ʽ ʘʢʪʫʘʣʴʥʽʩʪʶ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʢʽʣʴʢʦʩʪʽ ʩʤʫʛ ʨʫʭʫ, 



116 

 

ʰʠʨʠʥʠ ʩʤʫʛ, ʰʠʨʠʥʠ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ, ʰʠʨʠʥʠ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ, ʰʠʨʠʥʠ 

ʩʤʫʛʠ ʚʽʜʚʦʜʫ, ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʦʭʠʣʫ ʜʦʨʦʛʠ ʪʘ ʨʘʜʽʫʩʫ ʟʘʦʢʨʫʛʣʝʥʴ ʜʦʨʦʛʠ, 

ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ ʧʦʜʽʣʷʶʪʴ ʥʘ 5 ʢʘʪʝʛʦʨʽʡ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 3.1. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ 

ʂʘʪʝʛʦʨʽʷ Iʘ Iʙ II III IV V 

ʂʽʣʴʢʽʩʪʴ ʩʤʫʛ (ʚ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ), 

ʰʪ 

4;6;8 4;6 2 2 2 1(ʚʩʴʦʛʦ) 

ʐʠʨʠʥʘ ʩʤʫʛʠ ʨʫʭʫ, ʤ 3,75 3,75 3,75 3,50 3 4,50 

ʐʠʨʠʥʘ ʨʦʟʜʽʣʴʥʦʾ ʩʤʫʛʠ, ʤ 6 3 - - - - 

ʐʠʨʠʥʘ ʫʢʨʽʧʣʝʥʦʾ ʩʤʫʛʠ ʥʘ 

ʨʦʟʜʽʣʶʚʘʣʴʥʽʡ ʩʤʫʟʽ, ʤ 

0,75 0,50 - - - - 

ʅʘʡʤʝʥʰʘ ʰʠʨʠʥʘ ʟʝʤʣʷʥʦʛʦ 

ʧʦʣʦʪʥʘ, ʤ 

28,5; 36,0; 

43,5 

28,5; 36,0 15 12 10 8 

ʅʘʡʤʝʥʰʠʡ ʨʘʜʽʫʩ ʢʨʠʚʦʾ ʫ ʧʣʘʥʽ, 

ʤ 

1000 700 450 450 450 450 

ʅʘʡʙʽʣʴʰʠʡ ʧʦʟʜʦʚʞʥʽʡ ʧʦʭʠʣ, 

ʧʨʦʤʽʣʝ 

40 50 60 60 60 60 

 

4. ɼʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʝʪʘʣʝʡ ʥʘ ʢʘʨʪʫ, ʪʘʢʠʭ ʷʢ ʜʦʨʦʛʠ, ʨʽʯʢʠ, 

ʦʟʝʨʘ, ʙʫʜʽʚʣʽ ʪʘ ʽʥʰʽ ʦʙ'ʻʢʪʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

5. ʇʝʨʝʚʽʨʢʘ ʪʦʯʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʩʪʚʦʨʝʥʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʘʣʴʥʠʤʠ ʪʝʨʝʥʦʚʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʽʥʰʠʤʠ 

ʥʝʟʘʣʝʞʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ. ʊʦʯʥʽʩʪʴ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ 

ʮʠʬʨʦʚʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ ʦʮʽʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʦʨʪʦʬʦʪʦʧʣʘʥʦʤ, ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ ʮʠʬʨʦʚʦʾ ʢʘʨʪʠ. ʅʘ ʦʜʥʫ ʪʨʘʧʝʮʽʶ ʢʘʨʪʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʥʝ ʤʝʥʰʝ 20-ʪʠ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ. ɼʣʷ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʩʣʽʜ 
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ʚʠʙʠʨʘʪʠ ʦʙôʻʢʪʠ ʤʽʩʮʝʚʦʩʪʽ, ʷʢʽ ʯʽʪʢʦ ʨʦʟʧʽʟʥʘʶʪʴʩʷ, ʪʘʢʽ ʷʢ ʧʝʨʝʪʠʥʠ ʜʦʨʽʛ ʽ 

ʚʫʣʠʮʴ, ʢʫʪʠ ʙʫʜʠʥʢʽʚ, ʧʦʚʦʨʦʪʽʚ ʦʛʦʨʦʞ, ʪʦʱʦ (ʨʠʩ.3.3). 

 

ʈʠʩʫʥʦʢ 3.3 ï ʊʦʧʦʛʨʘʬʽʯʥʘ ʢʘʨʪʘ 

 

ʉʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʦʥʦʚʣʝʥʦʾ ʮʠʬʨʦʚʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

                                                  (3.3) 

ʜʝ ʄf  ï ʩʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʦʨʪʦʬʦʪʦʧʣʘʥʫ ʤʘʩʰʪʘʙʫ 1:10000, 

ʱʦ ʩʪʘʥʦʚʠʪʴ 0,5 ʤʤ ʚ ʤʘʩʰʪʘʙʽ ʦʨʪʦʬʦʪʦʧʣʘʥʫ (5 ʤ  ʥʘ ʤʽʩʮʝʚʦʩʪʽ); Ms ï 

ʩʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʧʦʣʦʞʝʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʮʠʬʨʦʚʦʾ 

ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ. 

ʎʝʡ ʝʪʘʧ ʻ ʚʘʞʣʠʚʠʤ ʫ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ, ʦʩʢʽʣʴʢʠ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʫ ʪʘ ʪʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʝʣʴʻʬ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʮʽʣʝʡ, ʚʢʣʶʯʘʶʯʠ 

ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ, ʥʘʚʽʛʘʮʽʶ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʽʥʰʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

3.1.2 ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʤʽʩʮʝʚʦʩʪʽ 

ʉʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʫ ʧʨʦʮʝʩʽ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʝʣʴʻʬʫ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʾ 

,22

sf
MMM +=
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ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ SRTM (ʜʣʷ ʛʣʦʙʘʣʴʥʠʭ ʜʘʥʠʭ) ʪʘ ʊʅʄ ï ʤʦʜʝʣʴ, ʷʢʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʠʢʫʪʥʠʢʘʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʝʣʴʻʬ. ʊʅʄ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʨʝʞʽ 

ʪʨʠʢʫʪʥʠʢʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʙʝʟʧʝʨʝʨʚʥʽ, ʥʝʧʝʨʝʩʽʯʥʽ ʧʦʣʽʛʦʥʘʣʴʥʽ ʦʙʣʘʩʪʽ. 

ʇʦʙʫʜʦʚʘ TIN ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʝ ʨʦʟʨʽʰʝʥʥʷ ʚ ʥʝʨʽʚʥʦʤʽʨʥʠʭ 

ʘʙʦ ʜʝʪʘʣʽʟʦʚʘʥʠʭ ʦʙʣʘʩʪʷʭ ʽ ʥʠʞʯʠʡ ʨʽʚʝʥʴ ʜʦʟʚʽʣʫ ʚ ʦʜʥʦʨʽʜʥʠʭ ʟʦʥʘʭ. 

ɺʭʽʜʥʽ ʧʨʦʩʪʦʨʦʚʽ ʦʙ'ʻʢʪʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ ʚʫʟʣʘʭ ʽ ʨʝʙʨʘʭ ʊʅʄ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʪʦʯʥʽʩʪʴ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʊʅʄ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʥʝʣʴ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʢʦʦʨʜʠʥʘʪʥʘ 

ʩʠʩʪʝʤʘ, ʚʭʽʜʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʢʣʘʩ, ʜʞʝʨʝʣʦ ʚʠʩʦʪ ʪʘ ʽʥʰʽ. ʈʝʟʫʣʴʪʘʪʦʤ ʻ 

ʧʦʙʫʜʦʚʘʥʘ TIN-ʤʦʜʝʣʴ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʧʦʚʝʨʭʥʶ ʤʽʩʮʝʚʦʩʪʽ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʽ ʜʝʪʘʣʽʟʘʮʽʻʶ.  

ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʦʨʛʘʥʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʜʘʥʠʭ 16-ʙʽʪʥʠʭ 

ʟʥʘʢʦʚʠʭ ʮʽʣʠʭ ʫ ʧʨʦʩʪʦʤʫ ʙʽʥʘʨʥʦʤʫ ʬʘʡʣʽ. ɺ ʩʘʤʦʤʫ ʬʘʡʣʽ ʚʽʜʩʫʪʥʽ ʙʫʜʴ-ʷʢʽ 

ʟʘʛʦʣʦʚʢʠ. ɼʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʨʷʜʢʦʚʦ-ʢʦʣʦʥʢʦʚʦʤʫ ʧʦʨʷʜʢʫ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ 

ʚʩʽ ʜʘʥʽ ʚ ʦʜʥʦʤʫ ʨʷʜʢʫ ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜʨʷʜ, ʘ ʧʦʪʽʤ ʧʝʨʝʭʦʜʠʪʴʩʷ ʜʦ 

ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʢʫ. 

ʋʩʽ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʚ ʮʽʡ ʤʦʜʝʣʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʤʝʪʨʘʭ ʚʽʜʥʦʩʥʦ ʛʝʦʾʜʘ 

WGS84 EGM96. ʎʝʡ ʛʝʦʾʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʣʽʧʩʦʾʜʽ WGS84, ʘ ʢʦʝʬʽʮʽʻʥʪʠ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʛʣʦʙʘʣʴʥʦʾ ʙʘʟʠ ʜʘʥʠʭ 30-ʭʚʠʣʠʥʥʠʭ ʩʝʨʝʜʥʽʭ 

ʚʽʣʴʥʠʭ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʘʥʦʤʘʣʽʡ, ʘ ʪʘʢʦʞ ʥʘ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟ ʩʫʧʫʪʥʠʢʽʚ ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʘʣʴʪʠʤʝʪʨʽʾ (ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʩʦʪʠ). 

ʌʦʨʤʘʪ ʙʘʡʪʽʚ ʚʽʜʧʦʚʽʜʘʻ Motorola ("ʪʫʧʦʢʽʥʮʝʚʦʤʫ") ʩʪʘʥʜʘʨʪʫ, ʜʝ 

ʙʽʣʴʰ ʟʥʘʯʫʱʠʡ ʙʘʡʪ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʰʦʤʫ ʤʽʩʮʽ. ɿʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ -32767 ʜʦ 32767 ʤʝʪʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʙʫʜʴ-ʷʢʽ ʟʥʘʯʝʥʥʷ 

ʚʠʩʦʪ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ɿʝʤʣʽ. 

ʆʜʝʨʞʘʥʘ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʤʽʩʮʝʚʦʩʪʽ (ʨʠʩ.3.4) ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʘʣʴʥʠʤʠ ʪʝʨʝʥʦʚʠʤʠ 

ʜʘʥʠʤʠ ʪʘ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʽʥʬʦʨʤʘʮʽʾ. 
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ʈʠʩʫʥʦʢ 3.4 ï ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʤʽʩʮʝʚʦʩʪʽ 

 

3.1.3 ʉʪʚʦʨʝʥʥʷ ʢʣʘʩʽʚ ɹɻɼ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʇʽʜʪʨʠʤʢʘ ʤʦʜʝʣʝʡ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʬʘʡʣʦʚʠʭ ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʻ ʜʦʩʪʫʧ 

ʜʦ ʨʽʟʥʠʭ ʥʘʙʦʨʽʚ ʛʝʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ɻɯʉ-ʜʘʥʠʭ), ʪʘʢʠʭ ʷʢ ʧʦʢʨʠʪʪʷ, 

ʰʝʡʧ-ʬʘʡʣʠ, ʛʨʽʜʠ, ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʥʝʨʝʛʫʣʷʨʥʽ ʪʨʽʘʥʛʫʣʷʮʽʡʥʽ ʤʝʨʝʞʽ (ʊʅʄ). 

ʄʦʜʝʣʴ ʙʘʟʠ ʛʝʦʜʘʥʠʭ ʫʧʨʘʚʣʷʻ ʚʠʱʝʦʧʠʩʘʥʠʤʠ  ʪʠʧʘʤʠ ʛʝʦʛʨʘʬʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʝʣʷʮʽʡʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ, ʥʘʜʘʶʯʠ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ ʫʧʨʘʚʣʽʥʥʷ 

ʜʘʥʠʤʠ, ʧʨʦʧʦʥʦʚʘʥʽ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ (ʉʋɹɼ). ʉʪʚʦʨʝʥʥʷ 

ʙʘʟʠ ʛʝʦʜʘʥʠʭ (ɹɻɼ) ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʨʠʪʦʨʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʟʦʢʨʝʤʘ ʘʣʛʦʨʠʪʤʫ ʜʝʨʝʚʘ ʨʽʰʝʥʴ, ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ:  

1. ʉʧʦʯʘʪʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʧʽʜʛʦʪʦʚʢʘ ʚʠʭʽʜʥʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ, 

ʟʦʢʨʝʤʘ ʚʝʢʪʦʨʥʠʭ ʰʝʡʧ-ʬʘʡʣʽʚ ʪʘ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ.  

2. ɼʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ɹɻɼ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʘʙʣʠʮʽ ʪʘ ʧʦʣʷ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ.  

3. ʇʽʩʣʷ ʮʴʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ ʩʘʤʘ ɹɻɼ ʚ ʩʝʨʝʜʦʚʠʱʽ QGIS, ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʽʤʧʦʨʪʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʜʞʝʨʝʣ.  



120 

 

4. ʋ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ɹɻɼ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʪʘʙʣʠʮʷʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ.  

5. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʫ ʜʘʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ QGIS. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʜʝʨʝʚʦ ʨʽʰʝʥʴ, ʱʦ ʻ ʯʘʩʪʠʥʦʶ ʧʨʦʮʝʩʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʜʝ ʧʨʦʚʦʜʠʪʴʩʷ 

ʘʥʘʣʽʟ ʟʚ'ʷʟʢʫ ʤʽʞ ʦʧʠʩʦʚʠʤʠ ʟʤʽʥʥʠʤʠ (ʦʟʥʘʢʘʤʠ) ʪʘ ʮʽʣʴʦʚʠʤʠ ʟʤʽʥʥʠʤʠ 

(ʤʽʪʢʘʤʠ) ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʜʘʥʠʭ. ʉʫʪʴ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʞʥʦʾ ʟʤʽʥʥʦʾ 

ʪʘ ʟʥʘʯʝʥʥʷ ʧʦʜʽʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʤʽʰʦʢ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʚʫʟʣʽ. 

ʎʝʡ ʤʝʪʦʜ ʻ ʜʫʞʝ ʧʨʦʩʪʠʤ ʪʘ ʣʝʛʢʠʤ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʧʨʦʪʝ ʡʦʛʦ ʥʘʜʽʡʥʽʩʪʴ 

ʥʠʟʴʢʘ ʯʝʨʝʟ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʣʽʥʽʡʥʦʩʪʽ: 

)(Ĕ Xfy= ,      (3.4) 

ʜʝ yĔ ï ʮʽʣʴʦʚʘ ʟʤʽʥʥʘ, ʱʦ ʧʽʜʣʷʛʘʻ ʧʨʦʛʥʦʟʫʚʘʥʥʶ; X ï ʚʭʽʜʥʽ ʦʟʥʘʢʠ 

(ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʠʪʦʨʽʾ); f ï ʬʫʥʢʮʽʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤʠ 

ʦʟʥʘʢʘʤʠ ʪʘ ʮʽʣʴʦʚʦʶ ʟʤʽʥʥʦʶ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʪʘ ʽʥʜʝʢʩʫʶʪʴʩʷ ʜʘʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ (ʨʠʩ.3.5).  

 

ʈʠʩʫʥʦʢ 3.5 ï ʉʪʨʫʢʪʫʨʘ ɹɻɼ 

 

6. ɿʘʚʝʨʰʫʻʪʴʩʷ ʧʨʦʮʝʩ ʚʘʣʽʜʘʮʽʻʶ ʪʘ ʪʝʩʪʫʚʘʥʥʷʤ ʮʽʣʽʩʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ɹɼ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʾʾ ʚ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʟʦʢʨʝʤʘ ʘʣʛʦʨʠʪʤ ʜʝʨʝʚʘ ʨʽʰʝʥʴ, ʜʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʨʠʪʦʨʽʾ ʪʘ ʨʦʟʨʦʙʢʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 
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3.1.4 ɻʽʜʨʦʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ ʦʩʥʦʚʽ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ   

ɻʽʜʨʦʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʨʫʭʫ ʚʦʜʠ, 

ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ʚʦʜʦʩʭʦʚʠʱʘ. ʄʝʪʦʜ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʚ'ʷʟʘʥʥʽ ʦʜʥʦʚʠʤʽʨʥʠʭ ʽ 

ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʉʝʥ-ɺʝʥʘʥʘ [125], ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʫʭ ʚʦʜʠ ʫ 

ʚʽʜʢʨʠʪʠʭ ʨʫʩʣʘʭ, ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʩʮʝʥʘʨʽʾʚ [125]: 
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ʜʝ ɸ ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ;  ʊ ï ʯʘʩ;  ɺ ï ʚʠʪʨʘʪʘ; ʭ ï 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ ʚ ʥʘʧʨʷʤʢʫ ʪʝʯʽʾ;  g ï ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ; h ï 

ʛʣʠʙʠʥʘ ʚʦʜʠ; Jf ï ʧʦʟʜʦʚʞʥʽʡ ʫʭʠʣ ʜʥʘ ʢʘʥʘʣʫ;  Sf ï ʫʭʠʣ ʪʝʨʪʷ; U ï ʩʝʨʝʜʥʷ 

ʰʚʠʜʢʽʩʪʴ ʚʦʜʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʚʥʷʥʴ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʪʘ ʨʽʚʥʷʥʴ ʨʫʭʫ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʯʠʩʣʦʚʽ ʨʽʰʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʘʥʘʣʽʪʠʯʥʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʠʭ ʨʽʚʥʷʥʴ ʥʝ ʻ ʤʦʞʣʠʚʠʤ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʠʪʝʨʽʡ ʂʫʨʘʥʪʘ ʜʣʷ 

ʫʥʠʢʥʝʥʥʷ ʯʠʩʣʦʚʠʭ ʥʝʩʪʽʡʢʦʩʪʝʡ [125]: 
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,      (3.7) 

ʜʝxȹ  ï ʧʨʦʩʪʦʨʦʚʠʡ ʢʨʦʢ,  tD ï ʢʨʦʢ ʯʘʩʫ ʤʽʞ ʪʦʯʢʘʤʠ ʤʝʨʝʞʽ, U ï 

ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʚʦʜʠ, ʩ ï ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ, ʩ ï ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ. 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ ʢʨʠʚʦʾ ʦʙʩʷʛʽʚ ʚʦʜʦʩʭʦʚʠʱʘ Nɺ: 
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= ,     (3.8) 
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ʤʘʻ ʧʝʨʝʙʫʚʘʪʠ ʚ ʽʥʪʝʨʚʘʣʽ [1.1; 6]. ɺ ʽʥʰʦʤʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ 

ʡ ʫʪʦʯʥʠʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʱʦʜʦ ʚʦʜʦʩʭʦʚʠʱʘ. 

ɺʠʟʥʘʯʘʻʤʦ ʯʘʩ, ʷʢʠʡ ʧʦʪʨʽʙʝʥ ʭʚʠʣʽ ʧʨʦʨʠʚʫ, ʱʦʙ ʜʽʡʪʠ ʜʦ ʦʙ'ʻʢʪʘ ʥʘ 

ʧʝʚʥʫ ʚʽʜʩʪʘʥʴ. ʎʝʡ ʯʘʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʭʚʠʣʽ ʪʘ ʚʽʜʩʪʘʥʽ ʜʦ 

ʦʙ'ʻʢʪʘ: 

V

R
t=

, ʛʦʜ.
     (3.9) 

ʇʦʪʽʤ ʨʦʟʨʘʭʦʚʫʻʤʦ ʚʠʩʦʪʫ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʥʘ ʚʢʘʟʘʥʽʡ ʚʽʜʩʪʘʥʽ ʜʦ 

ʦʙôʻʢʪʘ. ʎʷ ʚʠʩʦʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ. 

)(Rfh= , ʤ,     (3.10) 

ʜʝ )(Rf  ï ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʚʽʜ ɻɽʉ ʜʦ ʦʙôʻʢʪʘ. 

ɼʘʣʽ ʚʠʟʥʘʯʘʻʤʦ, ʩʢʽʣʴʢʠ ʯʘʩʫ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʚʦʜʦʩʭʦʚʠʱʝ 

ʩʧʦʨʦʞʥʠʣʦʩʷ. ʎʝʡ ʯʘʩ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʚʦʜʠ ʪʘ ʨʦʟʤʽʨʽʚ 

ʨʽʯʢʦʚʦʛʦ ʨʫʩʣʘ. 

Q

V
T =

, ʛʦʜ,
      (3.11) 

ʜʝ T ï ʯʘʩ ʩʧʦʨʦʞʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ (ʛʦʜʠʥʠ), V ï ʦʙôʻʤ ʚʦʜʠ 

ʚʦʜʦʩʭʦʚʠʱʘ (ʤʝʪʨ ʢʫʙʽʯʥʠʡ), Q ï ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʦʜʠʥʠʮʶ 

ʯʘʩʫ (ʤʝʪʨ ʢʫʙʽʯʥʠʡ ʟʘ ʛʦʜʠʥʫ). 

ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʥʘ ʧʝʚʥʫ ʚʽʜʩʪʘʥʴ ʪʘʢʦʞ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʦʝʬʽʮʽʻʥʪʘ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʦʙôʻʢʪʘ. 

2

h

q
S=

, ʤ2,
     (3.12) 

ʜʝ S ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʢʚʘʜʨʘʪʥʽ ʤʝʪʨʠ), q ï ʚʠʪʨʘʪʘ ʚʦʜʠ 

(ʢʫʙʽʯʥʽ ʤʝʪʨʠ ʟʘ ʩʝʢʫʥʜʫ), h ï ʚʠʩʦʪʘ ʧʝʨʝʨʽʟʫ (ʤʝʪʨʠ). 

ʆʪʞʝ, ʨʦʟʨʘʭʦʚʫʻʤʦ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ ʩʧʦʨʦʞʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʝʚʘʛʠ ʨʽʚʥʷʥʴ ʉʝʥ-ɺʝʥʘʥʘ ʫ ʚʠʨʽʰʝʥʥʽ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯ, ʚʦʥʠ ʤʘʶʪʴ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʧʦʪʨʽʙʥʦ ʤʦʜʝʣʶʚʘʪʠ ʨʝʘʣʴʥʽ ʧʨʦʨʠʚʠ ʜʘʤʙ ʘʙʦ ʽʥʰʽ ʩʢʣʘʜʥʽ ʩʮʝʥʘʨʽʾ ʟ 
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ʘʢʪʠʚʥʠʤʠ ʪʨʠʚʠʤʽʨʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ [126]. ɺ 

ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʩʪʘʥʜʘʨʪʥʽ ʫʤʦʚʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʤʦʞʫʪʴ ʥʝ 

ʜʦʤʽʥʫʚʘʪʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʦʤʫ, ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʦʧʦʛʨʘʬʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʠʭ çɺʫʟʣʠ, ʧʨʦʩʪʽ ʨʝʙʨʘ ʽ ʪʨʠʢʫʪʥʠʢʠè, ʱʦ 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʪʨʽʘʥʛʫʣʷʮʽʡʥʽ ʤʦʜʝʣʽ ʧʦʚʝʨʭʥʽ. ɸʣʛʦʨʠʪʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʢʣʶʯʘʻ ʧʦʰʫʢ çʨʝʙʝʨ ʧʝʨʝʣʦʤʫè ʪʘ ʧʦʙʫʜʦʚʫ ʽʟʦʣʽʥʽʡ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ɼʦʜʘʪʢʦʚʦ, ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ 

ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʧʦʚʥʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʦʙʩʷʛʫ ʚʦʜʠ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʢʦʞʥʫ 

ʟʦʥʫ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ɻʽʜʨʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘ ʤʘʢʨʦʨʽʚʥʽ, ʱʦ 

ʦʭʦʧʣʶʻ ʪʝʨʠʪʦʨʽʾ ʟ ʧʣʦʱʝʶ ʚ ʜʝʩʷʪʢʠ ʽ ʩʦʪʥʽ ʢʽʣʦʤʝʪʨʽʚ ʫ ʢʚʘʜʨʘʪʽ. ʋ 

ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʚʝʨʭʥʽ ʨʽʯʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʥʽ ʧʨʦ ʨʽʚʥʽ ʚʦʜʠ ʥʘ 

ʛʽʜʨʦʧʦʩʪʘʭ, ʚʢʣʶʯʘʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʦʥʦʚʠʡ ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʧʨʦʛʥʦʟ, 

ʰʪʦʨʤʦʚʽ ʧʦʧʝʨʝʜʞʝʥʥʷ, ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʧʨʦ ʤʘʢʩʠʤʘʣʴʥʽ ʨʽʚʥʽ ʚʦʜʠ ʧʨʦʪʷʛʦʤ 

ʦʩʪʘʥʥʽʭ 100 ʨʦʢʽʚ ʪʘ ʜʘʥʽ, ʚʚʝʜʝʥʽ ʦʧʝʨʘʪʦʨʦʤ ʟʘ ʽʥʬʦʨʤʘʮʽʻʶ ʦʧʝʨʘʪʠʚʥʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ. 

ʆʪʨʠʤʘʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʽʛʦʥʘ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ ɻɯʉ, ʧʦʨʽʚʥʶʶʯʠ ʧʘʚʦʜʢʦʚʫ 

ʧʦʚʝʨʭʥʶ ʨʽʯʢʠ ʟ ʨʝʣʴʻʬʦʤ ʤʽʩʮʝʚʦʩʪʽ. ʎʝʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ, ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʽʥʞʝʥʝʨʥʽ ʢʦʤʫʥʽʢʘʮʽʾ, ʱʦ 

ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʟʦʥʫ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

3.1.5 ʇʦʙʫʜʦʚʘ ʢʘʨʪʠ ʪʨʠʚʠʤʽʨʥʦʾ ʤʽʩʮʝʚʦʩʪʽ  

ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʤʽʩʮʝʚʦʩʪʽ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʤʽʩʮʝʚʦʩʪʽ ʫ 

ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɺʦʥʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʚʝʨʭʥʶ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ 

ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʜʦʧʦʚʥʝʥʘ ʟʦʙʨʘʞʝʥʥʷʤʠ ʚʝʢʪʦʨʥʠʭ, 

ʨʘʩʪʨʦʚʠʭ ʘʙʦ ʤʘʪʨʠʯʥʠʭ ʢʘʨʪ. ʅʘ ʮʽʡ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ 

ʪʨʠʚʠʤʽʨʥʽ ʦʙ'ʻʢʪʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙ'ʻʢʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʥʘ ʜʚʦʤʽʨʥʽʡ 

ʢʘʨʪʽ. ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʤʽʩʮʝʚʦʩʪʽ ʜʦʟʚʦʣʷʻ ʚʠʙʠʨʘʪʠ ʦʙ'ʻʢʪʠ ʥʘ ʤʦʜʝʣʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʠʭ, ʘ ʪʘʢʦʞ ʨʝʜʘʛʫʚʘʪʠ ʾʭ ʚʠʛʣʷʜ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟ ʧ.3.1 ʪʘ ʧ.3.4 (ʜʚʦʤʽʨʥʘ ʢʘʨʪʘ ʪʘ ʤʘʪʨʠʮʷ ʚʠʩʦʪ). ɼʣʷ 

ʜʦʜʘʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʢʘʨʪʽ, ʥʝʦʙʭʽʜʥʘ 

ʙʽʙʣʽʦʪʝʢʘ ʪʨʠʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʦʙ'ʻʢʪʽʚ, ʷʢʘ ʜʦʜʘʻʪʴʩʷ ʜʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ 

ʙʫʜʴ-ʷʢʦʾ ʢʘʨʪʠ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʽʚ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ 

ʢʨʦʢʠ: 

1. ɼʦʜʘʪʠ ʰʘʨ(ʠ) ʜʦ ʧʨʦʝʢʪʫ. 

2. ʋ ʚʣʘʩʪʠʚʦʩʪʷʭ ʰʘʨʫ ʦʙʨʘʪʠ ʚʢʣʘʜʢʫ çɹʘʟʦʚʽ ʚʠʩʦʪʠè ʽ ʚʩʪʘʥʦʚʠʪʠ 

ʧʝʨʝʤʠʢʘʯ ʥʘ çʧʣʘʚʘʶʯʽ ʥʘ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʽʡ ʧʦʚʝʨʭʥʽè. ɿʘʜʘʪʠ 

ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ. 

3. ɺʠʢʦʥʘʪʠ ʦʧʝʨʘʮʽʶ ʚʠʪʷʛʫʚʘʥʥʷ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʪʨʠʚʠʤʽʨʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʠʥʢʽʚ. 

4. ʇʦʚʪʦʨʠʪʠ ʘʥʘʣʦʛʽʯʥʽ ʜʽʾ ʜʣʷ ʰʘʨʽʚ ʽʟʦʣʽʥʽʡ ʪʘ ʊʅʄ ï ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ.  

 

3.2 ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʟʘʪʦʧʣʝʥʠʭ 

ʟʦʥ ʧʨʠ ʧʨʠʨʦʜʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 

3.2.1 ʅʘʧʽʚʢʝʨʦʚʘʥʝ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʚ ʦʙʣʘʩʪʷʭ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ, 

ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʮʠʬʨʦʚʠʭ 

ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ, ʣʘʥʜʰʘʬʪʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʪʨʠʚʠʤʽʨʥʠʭ (3D) ʤʦʜʝʣʝʡ 

ʫʨʙʘʥʽʩʪʠʯʥʠʭ ʪʝʨʠʪʦʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʩʠʚʠ ʦʧʦʨʥʠʭ ʪʦʯʦʢ. ɼʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʱʝʦʧʠʩʘʥʠʭ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʪʘ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʪʦʜʠ. ʂʦʥʪʨʦʣʴʦʚʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʚ'ʷʟʢʽʚ ʤʽʞ ʜʘʥʠʤʠ ʪʘ ʾʭ ʤʽʪʢʘʤʠ. ɸʣʝ ʥʘʚʯʘʥʥʷ ʢʝʨʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʚʠʤʘʛʘʻ 

ʪʦʯʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʚʠʙʽʨʦʢ, ʷʢʽ ʯʘʩʪʦ ʩʪʚʦʨʶʶʪʴʩʷ ʚʨʫʯʥʫ, ʱʦ ʻ ʟʘʪʨʘʪʥʠʤ 

ʧʨʦʮʝʩʦʤ ʽ ʧʦʪʨʝʙʫʻ ʯʘʩʦʚʠʭ ʨʝʩʫʨʩʽʚ. ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʪʦʜʠ ʦʨʽʻʥʪʦʚʘʥʽ 

ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʶ ʜʘʥʠʭ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʨʦʟʤʽʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʷʚʣʝʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʩʪʨʫʢʪʫʨ ʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʜʘʥʠʭ. ʋ ʨʦʙʦʪʽ [127] 
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ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʪʦʜʠ ʜʣʷ ʤʘʨʢʫʚʘʥʥʷ ʤʘʩʠʚʽʚ 

ʪʦʯʦʢ ʫ ʪʨʠʚʠʤʽʨʥʠʭ ʥʘʙʦʨʘʭ ʬʫʥʢʮʽʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʟʚôʷʟʢʫ. ɸʣʝ ʧʨʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʫ ʤʽʩʴʢʠʭ ʩʮʝʥʘʭ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʝʪʘʣʽʟʘʮʽʾ ʮʽ ʤʝʪʦʜʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʦʙʤʝʞʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʪʦʜʠ ʟʘʟʚʠʯʘʡ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʶ ʦʙ'ʻʢʪʽʚ ʦʜʥʽʻʾ 

ʢʘʪʝʛʦʨʽʾ, ʪʘʢʠʭ ʷʢ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ ʘʙʦ ʜʝʨʝʚʘ.  

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʪʝ, ʱʦ ʚʠʱʝʦʧʠʩʘʥʽ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʻ 

ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʪʘ ʘʥʘʣʽʟʽ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʟʘʪʦʧʣʝʥʥ ̫

ʪʝʨʠʪʦʨʽʡ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʫʨʙʘʥʽʩʪʠʯʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʎʝ ʩʪʚʦʨʶʻ ʧʦʪʨʝʙʫ ʚ 

ʨʦʟʨʦʙʮʽ ʥʦʚʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʮʠʬʨʦʚʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʟʘʪʦʧʣʝʥʴ 

ʪʝʨʠʪʦʨʽʡ, ʷʢʘ ʚʨʘʭʦʚʫʚʘʪʠʤʝ ʩʧʝʮʠʬʽʢʫ ʤʽʩʴʢʠʭ ʩʮʝʥ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʪʘ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. 

ɺ ʨʦʙʦʪʽ [128] ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʨʽʯʢʠ ʄʫʣʴʜʝ ʚ ʉʘʢʩʦʥʽʾ, 

ʅʽʤʝʯʯʠʥʘ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʙʘʛʘʪʦʘʪʨʠʙʫʪʠʚʥʦʾ ʢʦʨʠʩʥʦʩʪʽ (MAUT) ʜʣʷ 

ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʅʝʙʝʟʧʝʢʘ ʧʦʚʝʥʽ ʙʫʣʘ ʦʮʽʥʝʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʦʾ (2D) ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ, ʨʝʘʣʽʟʦʚʘʥʦʾ ʯʝʨʝʟ 

HEC-RAS. ʇʦʜʽʙʥʦ ʜʦ ʤʝʪʦʜʫ ʘʥʘʣʽʪʠʯʥʦʾ ʽʻʨʘʨʭʽʾ (AHP), ʤʝʪʦʜ MAUT ʻ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʧʽʜʭʦʜʦʤ ʚ ʘʥʘʣʽʟʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʨʽʰʝʥʴ 

(MCDM). ɸʣʝ MAUT ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ ʚʠʤʘʛʘʻ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɺʘʛʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʚ ʮʴʦʤʫ ʤʝʪʦʜʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʪʘʤʠ, ʱʦ ʧʨʠʡʤʘʶʪʴ 

ʨʽʰʝʥʥʷ, ʘ ʥʝ ʦʙʯʠʩʣʶʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʟ AHP [129]. ʋ 

ʜʦʩʣʽʜʞʝʥʥʽ [130], ʱʦ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʨʝʛʽʦʥʫ ɯʩʢʘʥʜʘʨ ʫ ʄʘʣʘʡʟʽʾ, ʜʣʷ 

ʦʮʽʥʢʠ ʚʘʛʠ ʢʨʠʪʝʨʽʾʚ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʨʝʡʪʠʥʛʽʚ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʦʙʨʘʥʦ ʢʨʠʪʝʨʽʾ: ʚʽʜʩʪʘʥʴ ʜʦ ʛʦʣʦʚʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʨʽʯʢʠ, 

ʚʠʩʦʪʘ, ʥʘʭʠʣ ʤʽʩʮʝʚʦʩʪʽ, ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʪʠʧ ʧʦʢʨʠʚʫ, ʚʽʜʩʪʘʥʴ ʜʦ 

ʩʪʽʯʥʦʛʦ ʢʘʥʘʣʫ ʪʘ ʱʽʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ. ʆʜʥʠʤ ʟ ʦʙʤʝʞʝʥʴ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʦʾ ʦʩʥʦʚʠ ʜʣʷ ʨʝʡʪʠʥʛʦʚʦʛʦ ʤʝʪʦʜʫ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʠʟʥʘʯʝʥʠʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ɸʚʪʦʨʘʤʠ ʚ ʨʦʙʦʪʽ [131] 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʣʴʪʠ ʏʝʨʚʦʥʦʾ ʨʽʯʢʠ ʫ ɺ'ʻʪʥʘʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʤʝʪʦʜʫ AHP. ɺʠʙʨʘʥʽ ʢʨʠʪʝʨʽʾ ʜʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʧʦʚʝʥʝʡ (ʝʢʦʥʦʤʽʯʥʠʭ, 

ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʚʪʨʘʪ) ʻ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ɸʣʝ ʦʪʨʠʤʘʥʥʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʻ 

ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɼʣʷ ʦʮʽʥʢʠ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʛʣʠʙʠʥʘ, ʪʨʠʚʘʣʽʩʪʴ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʚʦʜʷʥʦʛʦ ʧʦʪʦʢʫ. ɼʣʷ ʦʮʽʥʢʠ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ ʨʦʟʨʘʭʦʚʘʥʦ 

ʧʣʦʱʽ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʙʫʜʽʚʝʣʴ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʛʨʦʤʘʜʩʴʢʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. ʉʦʮʽʘʣʴʥʽ ʚʪʨʘʪʠ 

ʦʮʽʥʶʚʘʣʠʩʴ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʱʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ, ʨʽʚʝʥʴ ʨʠʟʠʢʫ ʪʘ ʨʽʚʥʷ 

ʜʦʭʦʜʽʚ. ɽʢʦʣʦʛʽʯʥʽ ʚʪʨʘʪʠ ʦʮʽʥʶʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʨʽʚʥʷ 

ʟʘʙʨʫʜʥʝʥʥʷ (ʚʠʢʠʜʠ ʚʽʜ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʽʜʭʦʜʠ ʪʘ ʟʘʩʪʽʡ ʧʘʚʦʜʢʦʚʠʭ ʚʦʜ), 

ʝʨʦʟʽʾ ʪʘ ʥʘʷʚʥʦʩʪʽ ʚʽʜʢʨʠʪʠʭ ʧʨʦʩʪʦʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʮʽʥʢʘ ʨʠʟʠʢʫ ʧʦʚʝʥʝʡ 

ʜʣʷ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ ʘʙʦ ʚ ʨʝʛʽʦʥʘʭ ʟ ʦʙʤʝʞʝʥʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ ʽʥʬʦʨʤʘʮʽʾ 

ʤʦʞʝ ʙʫʪʠ ʫʩʢʣʘʜʥʝʥʘ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʱʝʦʧʠʩʘʥʠʭ 

ʢʨʠʪʝʨʽʾʚ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʤʦʞʝ ʫʩʢʣʘʜʥʠʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʚ ʨʦʙʦʪʽ [131]. ʋ ʨʦʙʦʪʽ [132] ʨʦʟʨʦʙʣʝʥʦ ʜʚʘ 

ʥʘʙʦʨʠ ʦʟʥʘʢ ʥʘ ʦʩʥʦʚʽ ʢʦʦʨʜʠʥʘʪ ʽ ʚʦʢʩʝʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʤʘʨʢʫʚʘʥʥʷ ʤʘʩʠʚʽʚ ʪʦʯʦʢ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʦʟʥʘʢ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʝʨʝʚʦ ʨʽʰʝʥʴ, ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʟʥʘʥʥʷ, ʜʣʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʤʘʨʢʫʚʘʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ, ʮʝʡ ʧʽʜʭʽʜ ʜʦʩʷʛ ʧʦʢʘʟʥʠʢʘ F1 ʙʽʣʴʰʝ 

85% ʜʣʷ ʧʣʘʥʘʨʥʦ-ʜʦʤʽʥʘʥʪʥʠʭ ʢʣʘʩʽʚ. ʆʜʥʘʢ ʪʦʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ ʫ 

ʤʘʩʠʚʘʭ ʪʦʯʦʢ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʤʽʩʴʢʠʭ ʩʝʨʝʜʦʚʠʱ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ. ɼʝʷʢʽ ʤʝʪʦʜʠ 

ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʣʠʰʝ ʦʜʥʽʻʾ ʢʘʪʝʛʦʨʽʾ, ʥʘʧʨʠʢʣʘʜ, 

ʨʝʣʴʻʬʫ ʘʙʦ ʨʦʩʣʠʥʥʦʩʪʽ. ɸʚʪʦʨʘʤʠ ʚ ʨʦʙʦʪʽ [133] ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʣʛʦʨʠʪʤ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʢʘʨʪ ʥʘ ʦʩʥʦʚʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɸʣʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ 

ʟʥʠʞʝʥʥʽ ʱʽʣʴʥʦʩʪʽ ʪʦʯʦʢ. 
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ɿʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʪʦ ʩʢʣʘʜʥʠʭ ʘʙʦ ʥʘʜʪʦ 

ʧʨʦʩʪʠʭ ʢʨʠʪʝʨʽʾʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʝʥʘʜʽʡʥʠʭ ʢʘʨʪ ʨʽʚʥʷ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ 

ʧʦʻʜʥʘʥʥʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʽ ʛʝʦʛʨʘʬʽʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ (ʨʠʩ.3.6). ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʢʘʨʪʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ, 

ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ ʡʦʛʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʢʣʘʩʠʬʽʢʦʚʘʥʫ ʚʽʜ ʜʫʞʝ ʚʠʩʦʢʦʛʦ ʜʦ ʜʫʞʝ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. 

 

ʈʠʩʫʥʦʢ 3.6 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʟʘʪʦʧʣʝʥʠʭ 

ʟʦʥ ʧʨʠ ʧʨʠʨʦʜʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 
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ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʻ ʚʠʙʽʨ ʦʙʣʘʩʪʽ ʧʝʨʝʛʣʷʜʫ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ. ʎʝʡ 

ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. ʋ ʜʘʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʚʽʥ ʩʢʣʘʜʘʚʩʷ ʟ ʦʢʨʝʩʣʝʥʥʷ 1% ʟʘʧʣʘʚʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʩʪʨʫʤʝʥʪʽʚ QGIS ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʘʩʰʪʘʙ 1:25000, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝʨʠʪʦʨʽʶ. ʇʽʩʣʷ ʮʴʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ ʚʝʢʪʦʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʪʝʨʠʪʦʨʽʾ, ʷʢʘ 

ʧʽʜʣʷʛʘʻ ʘʥʘʣʽʟʫ. ɺʝʢʪʦʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʯʽʪʢʽ ʢʦʥʪʫʨʠ ʪʘ ʬʦʨʤʠ 

ʦʙ'ʻʢʪʽʚ, ʱʦ ʨʦʙʠʪʴ ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʙʽʣʴʰ ʪʦʯʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ. 

ʆʪʨʠʤʘʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ  ʻ ʜʨʫʛʠʤ ʝʪʘʧʦʤ ʫ ʤʝʪʦʜʦʣʦʛʽʾ. 

ʎʄʈ ʚʢʣʶʯʘʻ ʢʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ: ʚʠʩʦʪʫ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ, ʢʫʪ ʥʘʭʠʣʫ 

ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ ʚʦʜʠ. ʎʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʧʦʪʝʥʮʽʡʥʽ 

ʨʠʟʠʢʠ ʤʦʞʣʠʚʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʥʘʧʨʷʤʦʢ ʽ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʦʜʥʠʭ ʧʦʪʦʢʽʚ ʧʽʜ ʯʘʩ ʧʦʚʝʥʝʡ. ʏʠʩʣʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ 

ʤʽʩʮʝʚʦʩʪʽ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 5 ʤ ʽ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʢʮʽʾ ʧʦʭʠʙʢʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 0,5 ʰʣʷʭʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʥʽʚʝʣʽʨʥʦʾ ʪʘ ʜʨʝʥʘʞʥʦʾ ʤʝʨʝʞʽ, ʚʟʷʪʦʾ ʟ ʚʽʡʩʴʢʦʚʠʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʫ 

ʤʘʩʰʪʘʙʽ 1:25000 ʟ ʢʦʥʪʫʨʥʦʶ ʝʢʚʽʜʠʩʪʘʥʪʥʽʩʪʶ 10 ʤ. ʄʝʪʦʜ ʽʥʪʝʨʧʦʣʷʮʽʾ, 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʽʜʨʦʣʦʛʽʯʥʦ ʧʨʘʚʠʣʴʥʠʭ ʮʠʬʨʦʚʠʭ 

ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ QGIS. 

ʇʘʨʘʣʝʣʴʥʦ ʥʝʦʙʭʽʜʥʦ ʟʽʙʨʘʪʠ ʜʘʥʽ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ. ɼʘʥʽ ʧʨʦ ʦʧʘʜʠ 

ʦʪʨʠʤʘʥʽ ʟ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ, ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʚʝʙ-

ʨʝʩʫʨʩʽʚ. ɺʘʞʣʠʚʦ ʧʘʨʩʠʪʠ ʮʽ ʜʘʥʽ ʫ ʬʦʨʤʘʪ JSON ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʷʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʤʝʪʦʜʠʢʫ ʧʘʨʩʠʥʛʫ ʜʘʥʠʭ ʟ ʚʝʙ-ʨʝʩʫʨʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʫ ʚ ʨʦʙʦʪʽ [134]. 

ʉʧʦʯʘʪʢʫ ʬʦʨʤʘʪʫʻʪʴʩʷ HTML-ʢʦʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ XPath ʪʝʛʽʚ, ʧʦʪʽʤ ʚʠʙʽʨ 

ʘʢʪʫʘʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʧʘʨʩʠʥʛʫ. ʆʙʨʦʙʣʷʶʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʪʘ 

ʧʦʚʪʦʨʶʚʘʥʽ ʦʙ'ʻʢʪʠ, ʟʙʝʨʽʛʘʶʯʠ ʚʤʽʩʪ ʪʝʛʽʚ ʪʘ ʧʦʩʠʣʘʥʥʷ ʥʘ ʬʘʡʣʠ. ɼʘʥʽ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ ʷʢ ʜʦʯʽʨʥʽ ʝʣʝʤʝʥʪʠ ʘʙʦ ʚ ʦʢʨʝʤʠʭ ʪʘʙʣʠʮʷʭ. 
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ʄʝʪʦʜ çʪʦʯʢʘ ʚ ʧʦʣʽʛʦʥʽè ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʛʨʘʥʠʮʴ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ (ʨʠʩ.3.7). 

ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʜʝʪʘʣʴʥʫ ʢʘʨʪʫ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʘʥʘʣʽʟʫ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʪʦʯʢʠ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ 

ʦʧʦʨʥʽ (ʥʝ ʥʘʟʝʤʥʽ) ʪʘ ʥʘʟʝʤʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʯʽʪʢʦ ʚʠʟʥʘʯʠʪʠ ʾʭ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ. ɼʨʫʛʠʡ ʝʪʘʧ ʚʢʣʶʯʘʻ 

ʦʙʨʦʙʢʫ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʛʦʥʘʣʴʥʠʭ ʰʘʨʽʚ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʨʽʟʥʽ ʢʘʪʝʛʦʨʽʾ, ʪʘʢʽ ʷʢ ʚʦʜʘ, ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʙʫʜʽʚʣʷ ʪʘ ʨʦʩʣʠʥʥʽʩʪʴ, ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʤʽʪʢʘʤʠ ʢʣʘʩʽʚ. ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ 

ʚʠʢʦʥʫʻʪʴʩʷ ʦʧʝʨʘʮʽʷ çʪʦʯʢʘ ʚ ʧʦʣʽʛʦʥʽè. ɼʣʷ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʩʧʦʯʘʪʢʫ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʯʠ ʧʦʪʨʘʧʣʷʻ ʪʦʯʢʘ ʚ ʤʝʞʽ ʧʦʣʽʛʦʥʫ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; ʫ ʨʘʟʽ ʧʦʧʘʜʘʥʥʷ ʾʡ ʧʨʠʩʚʦʶʻʪʴʩʷ ʤʽʪʢʘ çʪʨʘʥʩʧʦʨʪʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘè. ʗʢʱʦ ʪʦʯʢʘ ʥʝ ʧʦʪʨʘʧʣʷʻ ʚ ʧʦʣʽʛʦʥ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʨʦʚʦʜʠʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʥʘ ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʧʦʣʽʛʦʥʫ ʚʦʜʠ; ʫ 

ʨʘʟʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʘʣʝʞʥʦʩʪʽ ʪʦʯʮʽ ʧʨʠʩʚʦʶʻʪʴʩʷ ʤʽʪʢʘ çʚʦʜʘè. ʗʢʱʦ ʪʦʯʢʘ 

ʥʝ ʧʦʪʨʘʧʣʷʻ ʚ ʞʦʜʝʥ ʟ ʮʠʭ ʧʦʣʽʛʦʥʽʚ, ʾʡ ʧʨʠʩʚʦʶʻʪʴʩʷ ʤʽʪʢʘ çʤʽʩʮʝʚʽʩʪʴè. 

ɼʣʷ ʥʘʟʝʤʥʠʭ ʪʦʯʦʢ ʧʨʦʮʝʩ ʻ ʩʧʨʦʱʝʥʠʤ: ʪʦʯʢʠ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʥʘ ʥʘʣʝʞʥʽʩʪʴ 

ʜʦ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʙʫʜʽʚʝʣʴ ʪʘ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʊʦʯʢʘʤ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʮʽ ʧʦʣʽʛʦʥʠ, ʧʨʠʩʚʦʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʤʽʪʢʘ. ʗʢʱʦ 

ʪʦʯʢʘ ʥʝ ʧʦʪʨʘʧʣʷʻ ʚ ʞʦʜʝʥ ʟ ʧʦʣʽʛʦʥʽʚ, ʾʡ ʧʨʠʩʚʦʶʻʪʴʩʷ ʤʽʪʢʘ ç0è, ʱʦ ʚʢʘʟʫʻ 

ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʤʘʨʢʫʚʘʥʥʷ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ çʪʦʯʢʘ ʚ ʧʦʣʽʛʦʥʽè 

ʢʦʞʥʘ ʪʦʯʢʘ ʦʪʨʠʤʫʻ ʚʽʜʧʦʚʽʜʥʫ ʤʽʪʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʜʘʥʠʭ ʽ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʧʦʜʘʣʴʰʠʡ ʜʝʪʘʣʴʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ 

ʟʘʪʦʧʣʝʥʴ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʚʢʣʶʯʘʻ ʤʘʪʨʠʮʶ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ, 

ʥʘʧʽʚʢʝʨʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʢʣʘʩʠ ʥʝʙʝʟʧʝʢʠ. ʄʘʪʨʠʮʷ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʻ 

ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʠ ʢʨʠʪʝʨʽʾʚ: ʚʠʩʦʪʘ ʥʘʜ ʨʽʚʥʝʤ 

ʤʦʨʷ, ʩʪʫʧʽʥʴ ʥʘʭʠʣʫ, ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʘʢʫʤʫʣʷʮʽʷ ʩʪʦʢʫ, ʜʘʥʽ 

ʧʨʦ ˇʨʫʥʪʠ ʪʘ ʚʽʜʩʪʘʥʴ ʜʦ ʟʘʪʦʧʣʝʥʠʭ ʜʦʨʽʛ. ɺʽʜʥʦʩʥʘ ʚʘʞʣʠʚʽʩʪʴ ʮʠʭ 
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ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʰʢʘʣʦʶ ʚʽʜ 1 ʜʦ 8 ʨʽʚʥʽ ʧʽʜʚʠʱʝʥʥʷ ʚʦʜʠ ʧʨʠ 

ʟʘʪʦʧʣʝʥʥʽ, ʜʝ 1 ï ʦʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʽʡ ʨʽʚʝʥʴ  ʟʘʪʦʧʣʝʥʥʷ, ʘ 8 ï ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʨʽʚʝʥʴ ʟʘʪʦʧʣʝʥʥʷ. ʅʦʨʤʘʣʽʟʘʮʽʷ ʤʘʪʨʠʮʽ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʘʛʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʨʠʪʝʨʽʶ [134]: 
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ʜʝ wi ï ʚʘʛʘ ʢʨʠʪʝʨʽʶ Ὥ, ʘij ï ʦʮʽʥʢʘ ʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽ ʢʨʠʪʝʨʽʶ Ὥ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʨʠʪʝʨʽʻʤ j. ɺʘʛʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʽ 

ʩʪʚʦʨʝʥʥʷ ʢʘʨʪ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

 

ʈʠʩʫʥʦʢ 3.7 ï ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʫ çʪʦʯʢʘ ʚ ʧʦʣʽʛʦʥʽè 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ. ʎʝʡ ʘʥʘʣʽʟ ʚʢʣʶʯʘʻ ʧʝʨʝʚʽʨʢʫ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʦʮʽʥʦʢ ʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽ ʢʨʠʪʝʨʽʾʚ. ʄʘʪʨʠʮʷ ʧʦʧʘʨʥʠʭ 

ʧʦʨʽʚʥʷʥʴ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ 

ʢʨʠʪʝʨʽʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʠʭ. ɺʦʥʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, 

ʥʘʩʢʽʣʴʢʠ ʦʜʠʥ ʢʨʠʪʝʨʽʡ ʚʘʞʣʠʚʽʰʠʡ ʟʘ ʽʥʰʠʡ. ʇʨʦʮʝʩ ʧʝʨʝʚʽʨʢʠ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʚʢʣʶʯʘʻ ʨʦʟʨʘʭʫʥʦʢ ʚʝʢʪʦʨʘ ʫʟʛʦʜʞʝʥʦʩʪʽ ʪʘ ʚʣʘʩʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʤʘʪʨʠʮʽ. ɺʝʢʪʦʨ ʫʟʛʦʜʞʝʥʦʩʪʽ ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʤʘʪʨʠʮʽ 

ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʥʘ ʚʝʢʪʦʨ ʚʘʛ. ɺʣʘʩʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 
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ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʚʽʜʥʦʰʝʥʴ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʝʢʪʦʨʘ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʝʢʪʦʨʘ ʚʘʛ. 

ʅʘʧʽʚʢʝʨʦʚʘʥʝ ʥʘʚʯʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʜʘʥʽ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʢʣʘʩʘʤʠ ʪʘ 

ʜʘʥʽ ʙʝʟ ʚʠʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʤʦʜʝʣʝʡ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʟ ʚʽʜʦʤʠʤʠ ʢʣʘʩʘʤʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʦʚʠʭ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʰʘʙʣʦʥʽʚ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʙʝʟ ʚʠʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʤʦʜʝʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ: 

unlabellabel
LLL )1( aa -+= ,    (3.14) 

ʜʝ Llabel  ï ʬʫʥʢʮʽʷ ʚʪʨʘʪ ʜʣʷ ʤʽʯʝʥʠʭ ʜʘʥʠʭ, Lunlabel ï ʬʫʥʢʮʽʷ ʚʪʨʘʪ ʜʣʷ 

ʥʝʨʦʟʤʽʯʝʥʠʭ ʜʘʥʠʭ, ‌ ð ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ. 

ɯʥʪʝʛʨʘʮʽʷ ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʫ ʧʨʦʮʝʩ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʛ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ 

ʨʽʟʥʠʭ ʢʨʠʪʝʨʽʾʚ ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʶ. ɺʘʛʠ, ʦʪʨʠʤʘʥʽ ʟ ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ 

ʧʦʨʽʚʥʷʥʴ, ʽʥʪʝʛʨʫʶʪʴʩʷ ʚ ʤʦʜʝʣʴ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʤʦʜʝʣʽ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʪʠ ʢʨʠʪʝʨʽʷʤ ʟ ʚʠʩʦʢʠʤʠ ʚʘʛʘʤʠ. ɺʽʩʽʤ ʢʣʘʩʽʚ 

ʥʝʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʪʝʨʠʪʦʨʽʡ ʟʘ ʨʽʚʥʝʤ ʨʠʟʠʢʫ 

ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. ʂʣʘʩ 1 ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʨʠʟʠʢʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʨʠʪʦʨʽʷʤ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʟʘʪʦʧʣʝʥʴ ʘʙʦ ʥʝʟʥʘʯʥʠʤʠ 

ʥʘʩʣʽʜʢʘʤʠ ʫ ʨʘʟʽ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʂʣʘʩ 8, ʥʘʚʧʘʢʠ, ʚʢʘʟʫʻ ʥʘ ʥʘʡʚʠʱʠʡ 

ʨʽʚʝʥʴ ʨʠʟʠʢʫ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʪʝʨʠʪʦʨʽʾ ʟ ʚʠʩʦʢʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ ʘʙʦ ʟʥʘʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʫ ʚʠʧʘʜʢʫ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

 

3.2.2 ɿʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ 

ʂʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʪʦʜʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʜʘʯ 

ʙʽʥʘʨʥʦʾ ʘʙʦ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʎʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʢʣʘʩʠʬʽʢʘʪʦʨ K-

Nearst Neighbor (K-NN) [135], ʢʣʘʩʠʬʽʢʘʪʦʨ Random Forest (RF) [136] ʽ ʦʧʦʨʥʘ 

ʚʝʢʪʦʨʥʘ ʤʘʰʠʥʘ (SVM) ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʟʦʙʨʘʞʝʥʴ Sentinel-1 SAR ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʧʦʚʝʥʝʡ. ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (ʐʅʄ), ʥʘʧʨʠʢʣʘʜ, ʻ 
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ʧʦʧʫʣʷʨʥʦʶ ʪʝʭʥʽʢʦʶ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʟʦʥʜʫʚʘʥʥʽ ʪʘ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʴ ʽ ʜʝʤʦʥʩʪʨʫʻ 

ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʚʝʥʝʡ ʽʟ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʄʝʪʦʜʠ ʐʅʄ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʜʣʷ 

ʧʨʦʮʝʩʽʚ ʚʠʷʚʣʝʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʧʨʦʪʝ ʱʝ ʽʩʥʫʻ ʙʘʛʘʪʦ 

ʥʝʚʠʨʽʰʝʥʠʭ ʧʨʦʙʣʝʤ [137]. 

ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʤʽʞ ʩʫʭʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʪʘ ʟʦʙʨʘʞʝʥʥʷʤʠ ʧʦʚʝʥʝʡ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʤʘʩʢʫʚʘʪʠ ʚʦʜʦʡʤʠ ʪʘ ʥʦʨʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʚʦʜʠ ʚ ʦʟʝʨʘʭ ʽ ʨʽʯʢʘʭ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ (Change Detection) [138] ʥʝʦʙʭʽʜʥʽ ʧʨʠʥʘʡʤʥʽ ʜʚʘ 

ʟʦʙʨʘʞʝʥʥʷ: ʢʦʥʪʨʦʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʧʝʨʝʜ ʧʦʜʽʻʶ) ʪʘ ʮʽʣʴʦʚʝ ʟʦʙʨʘʞʝʥʥʷ 

(ʧʽʜ ʯʘʩ ʧʦʜʽʾ) ʟ ʪʦʛʦ ʩʘʤʦʛʦ ʩʫʧʫʪʥʠʢʘ, ʦʨʙʽʪʘʣʴʥʦʾ ʪʨʘʻʢʪʦʨʽʾ, ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ 

ʧʦʢʨʠʪʪʷ . ɺʠʟʥʘʯʝʥʥʷ ʧʦʨʦʛʫ ʤʽʞ ʚʦʜʷʥʠʤʠ ʪʘ ʥʝʚʦʜʥʠʤʠ ʧʽʢʩʝʣʷʤʠ ʟʘ 

ʟʦʙʨʘʞʝʥʥʷʤʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ Sentinel-1 SAR ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ 

ʢʨʦʢʦʤ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʤʽʩʮʴ. ɼʣʷ ʦʮʽʥʢʠ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʽʜʨʽʟʥʠʪʠ ʟʘʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ ʚʽʜ ʽʥʰʠʭ ʥʘʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʦʨʦʛʦʚʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʆʮʫ [139]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʢʣʘʩʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʢʩʪʫʨʠ ʩʧʽʣʴʥʦʛʦ ʚʭʦʜʞʝʥʥʷ. ʆʜʥʘʢ ʫ ʨʝʘʣʴʥʠʭ 

ʜʦʜʘʪʢʘʭ ʽ ʯʝʨʝʟ ʜʝʬʽʮʠʪ ʥʘʟʝʤʥʠʭ ʧʨʘʚʜʠʚʠʭ ʜʘʥʠʭ ʜʣʷ ʰʚʠʜʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʚʝʥʝʡ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʪʦʜʠ 

ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ . ɸʣʛʦʨʠʪʤʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʙʽʣʴʰ 

ʥʘʜʽʡʥʠʤʠ ʟʘʚʜʷʢʠ ʚʠʱʽʡ ʰʚʠʜʢʦʩʪʽ, ʤʝʥʰʠʤ ʚʠʤʦʛʘʤ ʜʦ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ ʽ 

ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ 

[140]. 

ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʫ ʟʦʙʨʘʞʝʥʥʷʭ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ 

ʤʽʯʝʥʠʭ ʜʘʥʠʭ. ʎʝ ʨʦʙʠʪʴ ʾʭ ʦʩʦʙʣʠʚʦ ʮʽʥʥʠʤʠ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʻ ʢʨʠʪʠʯʥʠʤʠ, ʘ ʜʦʩʪʫʧ ʜʦ ʥʘʟʝʤʥʠʭ ʜʘʥʠʭ ʦʙʤʝʞʝʥʠʡ. 

ʊʘʢʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʩʠʪʫʘʮʽʾ ʥʘʜʟʚʠʯʘʡʥʦʛʦ 
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ʩʪʘʥʫ, ʪʘʢʽ ʷʢ ʧʦʚʝʥʽ, ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ 

ʪʝʨʠʪʦʨʽʡ. 

ɺ ʨʦʙʦʪʽ [141] ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʢʨʠʪʠʯʥʘ ʚʘʞʣʠʚʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʧʦʚʝʥʝʡ 

ʚ ʨʝʞʠʤʽ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʟ 16 ʧʘʚʦʜʢʽʚ ʫ ʙʘʩʝʡʥʽ ʨʽʯʢʠ ʗʥʮʟʠ. ʎʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, 

ʧʨʠʩʪʦʩʦʚʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɿʦʢʨʝʤʘ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʝʨʝʚʝʨʰʫʶʪʴ 

ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʧʦʚʝʥʝʡ, ʧʽʜʢʨʝʩʣʶʶʯʠ ʾʭ ʩʪʽʡʢʽʩʪʴ ʚ ʫʤʦʚʘʭ, 

ʙʣʠʟʴʢʠʭ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʋ ʨʦʙʦʪʽ [142] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʦʚʫ ʪʘ ʥʘʜʽʡʥʫ ʩʠʩʪʝʤʫ ʚʠʷʚʣʝʥʥʷ 

ʧʦʚʝʥʝʡ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ Random Forest, Naive Bayes, J48 ʪʘ ʟʛʦʨʪʢʦʚʽ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ. ʎʷ ʩʠʩʪʝʤʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʷʚʣʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʚʦʜʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʧʦʚʝʥʝʡ ʟ ʛʫʤʘʥʽʪʘʨʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʜʦ 

ʪʦʛʦ, ʷʢ ʚʦʥʠ ʚʽʜʙʫʜʫʪʴʩʷ. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʠʪʴ ʚʥʝʩʦʢ ʫ ʛʘʣʫʟʽ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʚʧʨʦʚʘʜʞʫʶʯʠ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʚʝʥʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

Arduino ʟ GSM-ʤʦʜʝʤʘʤʠ. 

ʈʦʙʦʪʘ [143] ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʪʦʯʥʽʡ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʥʽʩʪʶ ʟʛʦʨʪʢʦʚʦʾ ʤʝʨʝʞʽ (FCN) ʥʘ ʦʩʥʦʚʽ 

ʧʦʜʚʽʡʥʠʭ ʧʘʪʯʽʚ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʣʠʪʪʷ ʦʟʥʘʢ ʥʘ ʦʩʥʦʚʽ ʛʣʠʙʦʢʦʛʦ 

ʥʘʚʯʘʥʥʷ. FCN ʥʝʟʘʣʝʞʥʦ ʥʘʚʯʘʶʪʴʩʷ ʥʘ ʨʘʜʘʨʘʭ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʶ ʘʧʝʨʪʫʨʦʶ  

ʽ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʬʽʢʩʫʚʘʪʠ ʚʽʜʤʽʥʥʽ ʨʠʩʠ, 

ʷʢʽ ʟʛʦʜʦʤ ʢʦʤʙʽʥʫʶʪʴʩʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʷʚʣʝʥʥʷ ʧʦʚʝʥʝʡ. 

ʋ ʨʦʙʦʪʽ [144] ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʷʚʣʝʥʥʷ ʧʦʚʝʥʝʡ ʥʘ ʦʩʥʦʚʽ ʯʘʩʦʚʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʙʽʥʘʮʽʶ 

ʧʽʜʭʦʜʽʚ ʢʣʘʩʠʯʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɰʭʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭʥʽʭ ʤʝʪʦʜʽʚ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ, 
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ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʘʚʜʘʥʥʷʤ MediaEval, ʽ ʨʦʙʣʷʪʴ ʚʥʝʩʦʢ ʫ ʰʠʨʰʫ ʩʬʝʨʫ ʘʥʘʣʽʟʫ 

ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʧʦʜʽʡ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ. 

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʚʝʥʝʡ ʤʘʶʪʴ ʨʷʜ 

ʦʙʤʝʞʝʥʴ. ʂʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ K-NN, RF ʪʘ SVM, ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʯʝʥʠʭ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʄʝʪʦʜʠ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, ʪʘʢʽ ʷʢ 

CNN ʪʘ FCN, ʭʦʯ ʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʽʣʴʥʠʤʠ ʧʨʠ ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʤʝʪʦʜʠ ʚʠʷʚʣʝʥʥʷ 

ʟʤʽʥ, ʭʦʯʘ ʽ ʻ ʙʽʣʴʰ ʥʘʜʽʡʥʠʤʠ ʪʘ ʰʚʠʜʢʠʤʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʥʰ ʪʦʯʥʠʤʠ 

ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʤʽʯʝʥʠʭ ʜʘʥʠʭ. ʎʝ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ ʘʙʦ ʭʠʙʥʦʥʝʛʘʪʠʚʥʠʭ 

ʚʠʷʚʣʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʤʽʩʴʢʠʭ ʩʝʨʝʜʦʚʠʱ, ʨʽʟʥʽ ʪʠʧʠ 

ʟʘʪʦʧʣʝʥʴ ʪʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʜʘʥʠʭ ʫʩʢʣʘʜʥʶʶʪʴ ʨʦʟʨʦʙʢʫ ʫʥʽʚʝʨʩʘʣʴʥʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʚʝʥʝʡ. ʆʙʤʝʞʝʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʜʘʥʠʭ ʟ ʚʠʩʦʢʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ ʪʘ ʯʘʩʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʦʶ 

ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʪʦʯʥʦʛʦ ʽ ʩʚʦʻʯʘʩʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʝʥʝʡ. 

ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.8 ʽ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʚʝʢʪʦʨʠʟʘʮʽʷ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ, ʽʥʪʝʛʨʘʮʽʷ ʢʣʽʤʘʪʠʯʥʠʭ 

ʪʘ ʛʽʜʨʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ, ʨʦʟʨʦʙʢʘ ʙʘʟʠ ʛʝʦʜʘʥʠʭ, ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʪʨʠʤʘʥʥʷ ʢʘʨʪʠ ʟʦʥ ʥʝʙʝʟʧʝʢʠ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ɿ ʧʣʘʪʬʦʨʤʠ Copernicus Open Access Hub ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʦʧʪʠʯʥʽ 

ʟʥʽʤʢʠ ʟ ʩʫʧʫʪʥʠʢʽʚ Sentinel-2 ʘʙʦ Landsat-8,9. ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʦʙʨʘʞʝʥʴ 

ʚʠʢʦʥʫʻʪʴʩʷ ʨʷʜ ʧʦʧʝʨʝʜʥʽʭ ʦʙʨʦʙʦʢ, ʚʢʣʶʯʘʶʯʠ ʨʘʜʽʦʤʝʪʨʠʯʥʫ ʪʘ 

ʘʪʤʦʩʬʝʨʥʫ ʢʦʨʝʢʮʽʾ. ʎʽ ʢʦʨʝʢʮʽʾ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʫʩʫʥʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ, ʪʘʢʠʭ ʷʢ ʚʧʣʠʚ ʘʪʤʦʩʬʝʨʠ, ʩʦʥʷʯʥʝ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ, 

ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʽʜ ʯʘʩ ʟʡʦʤʢʠ ʪʘ ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʴ ʟ ʢʦʩʤʦʩʫ. 
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ʈʘʜʽʦʤʝʪʨʠʯʥʘ ʢʦʨʝʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʘʥʠʭ ʨʝʘʣʴʥʠʤ ʬʽʟʠʯʥʠʤ 

ʚʝʣʠʯʠʥʘʤ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ 

ʫ ʟʥʘʯʝʥʥʷ ʚʽʜʙʠʚʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʎʝ ʚʢʣʶʯʘʻ ʢʦʨʝʢʮʽʶ ʚʧʣʠʚʫ ʩʝʥʩʦʨʘ ʪʘ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ [144]: 

2)cos( dE

L
ʟʜʘʪʥʽʩʪʴ ɺʽʜʙʠʚʥʘ

sun

TOA

ÖÖ
=

q
   (3.15) 

ʜʝ TOAL  ï ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʷʩʢʨʘʚʽʩʪʴ ʥʘ ʚʝʨʰʠʥʽ ʘʪʤʦʩʬʝʨʠ; sunE  ï 

ʩʧʝʢʪʨʘʣʴʥʘ ʩʦʥʷʯʥʘ ʢʦʥʩʪʘʥʪʘ; — ï ʟʝʥʽʪʥʠʡ ʢʫʪ ʩʦʥʮʷ; Ὠ ï ʚʽʜʩʪʘʥʴ ʤʽʞ 

ɿʝʤʣʝʶ ʽ ʉʦʥʮʝʤ ʚ ʘʩʪʨʦʥʦʤʽʯʥʠʭ ʦʜʠʥʠʮʷʭ. 

ɸʪʤʦʩʬʝʨʥʘ ʢʦʨʝʢʮʽʷ ʫʩʫʚʘʻ ʝʬʝʢʪʠ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ 

ʚ ʘʪʤʦʩʬʝʨʽ, ʱʦ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ Dark Object Subtraction, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʥʘʡʪʝʤʥʽʰʽ ʦʙ'ʻʢʪʠ ʚ ʟʦʙʨʘʞʝʥʥʽ (ʟʘʟʚʠʯʘʡ ʚʦʜʘ 

ʘʙʦ ʪʽʥʴ) ʤʘʶʪʴ ʥʫʣʴʦʚʫ ʚʽʜʙʠʚʥʫ ʟʜʘʪʥʽʩʪʴ, ʽ ʙʫʜʴ-ʷʢʝ ʟʥʘʯʝʥʥʷ, ʚʽʜʤʽʥʥʝ ʚʽʜ 

ʥʫʣʷ, ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ [144]: 

min
DNDN  ʟʥʘʯʝʥʥʷ ʦʚʘʥʝɺʽʜʢʦʨʠʛ -= ,   (3.16) 

ʜʝ minDN ï ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ DN ʫ ʟʦʙʨʘʞʝʥʥʽ. 

ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʚʝʢʪʦʨʥʠʡ ʬʦʨʤʘʪ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ɺʝʢʪʦʨʠʟʘʮʽʷ ï ʮʝ ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʘʩʪʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ (ʧʽʢʩʝʣʽʚ) ʫ ʚʝʢʪʦʨʥʽ ʜʘʥʽ (ʛʝʦʤʝʪʨʠʯʥʽ ʬʦʨʤʠ, ʪʘʢʽ ʷʢ ʪʦʯʢʠ, ʣʽʥʽʾ 

ʪʘ ʧʦʣʽʛʦʥʠ) [145]. ʎʝʡ ʝʪʘʧ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʜʘʥʠʤʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʨʘʱʫ ʽʥʪʝʛʨʘʮʽʶ ʟ ʽʥʰʠʤʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʤʠ ʜʘʥʠʤʠ ʪʘ 

ʟʤʝʥʰʫʶʯʠ ʦʙʩʷʛ ʜʘʥʠʭ. ɺʝʢʪʦʨʠʟʘʮʽʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ 

ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ. ʉʧʦʯʘʪʢʫ ʟʦʙʨʘʞʝʥʥʷ ʩʝʛʤʝʥʪʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʾʭʥʽʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʽʩʣʷ ʩʝʛʤʝʥʪʘʮʽʾ 

ʚʠʜʽʣʷʶʪʴʩʷ ʢʦʥʪʫʨʠ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʟʛʦʜʦʤ ʙʫʜʫʪʴ ʧʝʨʝʪʚʦʨʝʥʽ ʫ ʚʝʢʪʦʨʥʽ 

ʬʦʨʤʠ. ʂʦʥʪʫʨʠ ʦʙ'ʻʢʪʽʚ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʪʦʯʢʠ, ʣʽʥʽʾ ʪʘ ʧʦʣʽʛʦʥʠ, ʱʦ 
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ʬʦʨʤʫʶʪʴ ʚʝʢʪʦʨʥʽ ʰʘʨʠ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ, ʪʘʢʽ ʷʢ 

ʘʣʛʦʨʠʪʤ ɼʫʛʣʘʩʘ-ʇʝʢʝʨʘ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʣʽʥʽʡ ʪʘ ʧʦʣʽʛʦʥʽʚ. 

 

 

ʈʠʩʫʥʦʢ 3.8 ï ʉʭʝʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʚʢʣʶʯʘʶʪʴ 

ʜʘʥʽ ʧʨʦ ʦʧʘʜʠ, ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʣʦʛʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʪʘ ʽʥʰʽ ʢʣʽʤʘʪʠʯʥʽ 

ʬʘʢʪʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʘ ʤʘʩʰʪʘʙ ʧʦʚʝʥʝʡ. ʎʽ ʜʘʥʽ 
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ʟʘʟʚʠʯʘʡ ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ ʘʙʦ ʢʣʽʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʝʛʽʦʥʽ ɼʫʙʘʡ ʦʙʨʘʥʽ ʜʘʥʽ ʟ ʯʦʪʠʨʴʦʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʩʪʘʥʮʽʡ, ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʧʨʠʷʶʪʴ ʘʥʘʣʽʟʫ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ ʫ ʮʴʦʤʫ 

ʨʝʛʽʦʥʽ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʩʪʘʥʮʽʾ ɼʫʙʘʡ, ʐʘʨʜʞʘ, ɸʣʴ-ɸʡʥ ʽ ɼʞʝʙʝʣʴ-ɸʣʽ, 

ʦʩʢʽʣʴʢʠ ʜʘʥʽ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʟ ʮʠʭ ʩʪʘʥʮʽʡ ʻ ʢʨʠʪʠʯʥʠʤʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʥʝʡ ʫ ʨʝʛʽʦʥʽ. 

ɻʽʜʨʦʛʨʘʬʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʢʣʶʯʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʽʯʢʠ, ʦʟʝʨʘ, 

ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʽʥʰʽ ʚʦʜʥʽ ʦʙ'ʻʢʪʠ. ɺʦʥʠ ʤʽʩʪʷʪʴ ʜʘʥʽ ʧʨʦ ʨʽʚʝʥʴ ʚʦʜʠ, 

ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ, ʦʙ'ʻʤ ʚʦʜʠ ʪʘ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʜʠʥʘʤʽʢʫ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʻ ʢʣʶʯʦʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʥʝʡ. ʎʄʈ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʪʨʠʚʠʤʽʨʥʫ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʚʠʩʦʪʠ ʥʘ ʧʝʚʥʽʡ 

ʧʣʦʱʽ. ʎʷ ʤʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʪʦʢʽʚ ʚʦʜʠ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ ʤʦʞʣʠʚʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʎʄʈ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʟ 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ USGS ʘʙʦ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʥʘʜʘʶʪʴ ʜʘʥʽ LIDAR. 

ʆʙʨʦʙʢʘ ʎʄʈ ʚʢʣʶʯʘʻ ʟʛʣʘʜʞʫʚʘʥʥʷ ʜʘʥʠʭ, ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʪʘ 

ʟʘʧʦʚʥʝʥʥʷ ʧʨʦʛʘʣʠʥ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʣʴʻʬʫ. 

ɸʥʘʣʽʟ ʨʝʣʴʻʬʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʭʠʣʽʚ, ʥʘʧʨʷʤʢʽʚ ʩʪʦʢʫ ʪʘ 

ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʋʩʽ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʚ ʮʽʡ ʤʦʜʝʣʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ 

ʤʝʪʨʘʭ ʚʽʜʥʦʩʥʦ ʛʝʦʾʜʘ WGS84 EGM96. ʎʝʡ ʛʝʦʾʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʣʽʧʩʦʾʜʽ 

WGS84, ʘ ʢʦʝʬʽʮʽʻʥʪʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʛʣʦʙʘʣʴʥʦʾ ʙʘʟʠ ʜʘʥʠʭ 30-

ʭʚʠʣʠʥʥʠʭ ʩʝʨʝʜʥʽʭ ʚʽʣʴʥʠʭ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʘʥʦʤʘʣʽʡ, ʘ ʪʘʢʦʞ ʥʘ ʜʘʥʠʭ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʩʫʧʫʪʥʠʢʽʚ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʘʣʴʪʠʤʝʪʨʽʾ (ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʩʦʪʠ). 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʚʝʢʪʦʨʠʟʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʽʥʪʝʛʨʘʮʽʾ 

ʢʣʽʤʘʪʠʯʥʠʭ, ʛʽʜʨʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʽ ʎʄʈ, ʩʠʩʪʝʤʘ ʛʦʪʦʚʘ ʜʦ ʧʦʜʘʣʴʰʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ. ʎʽ ʝʪʘʧʠ ʧʦʪʨʽʙʥʽ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ ʨʦʟʨʦʙʢʠ ʢʘʨʪ ʥʝʙʝʟʧʝʢʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʦʚʝʥʝʡ. 
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ʉʪʚʦʨʝʥʥʷ ʙʘʟʠ ʛʝʦʜʘʥʠʭ. ʉʧʦʯʘʪʢʫ ʧʽʜʛʦʪʦʚʣʶʶʪʴʩʷ ʚʝʢʪʦʨʥʽ ʰʝʡʧ-

ʬʘʡʣʠ ʪʘ ʨʘʩʪʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ɺʠʟʥʘʯʘʶʪʴʩʷ ʪʘʙʣʠʮʽ ʪʘ ʧʦʣʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʩʪʨʫʢʪʫʨʘ ʙʘʟʠ ʛʝʦʜʘʥʠʭ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʮʽʣʽʩʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ɹʘʟʘ ʛʝʦʜʘʥʠʭ ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ QGIS, ʜʝ 

ʽʤʧʦʨʪʫʶʪʴʩʷ ʚʠʭʽʜʥʽ ʜʘʥʽ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʜʞʝʨʝʣ. ʎʝʡ ʝʪʘʧ ʚʢʣʶʯʘʻ ʽʤʧʦʨʪ 

ʚʝʢʪʦʨʥʠʭ ʪʘ ʨʘʩʪʨʦʚʠʭ ʜʘʥʠʭ ʫ ʚʠʟʥʘʯʝʥʫ ʩʪʨʫʢʪʫʨʫ ʙʘʟʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʚ'ʷʟʢʠ ʤʽʞ ʪʘʙʣʠʮʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʽʛʘʪʠ ʣʦʛʽʯʥʽ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʨʽʟʥʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʽʥʩʪʨʫʤʝʥʪʠ QGIS, ʧʨʦʚʦʜʠʪʴʩʷ ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʫ ʜʘʥʽ. ʅʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʜʝʨʝʚʘ ʨʽʰʝʥʴ, ʯʘʩʪʠʥʘ ʧʨʦʮʝʩʫ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʜʣʷ ʘʥʘʣʽʟʫ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʦʧʠʩʦʚʠʤʠ ʦʟʥʘʢʘʤʠ ʪʘ 

ʮʽʣʴʦʚʠʤʠ ʤʽʪʢʘʤʠ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʜʘʥʠʭ. ɸʣʛʦʨʠʪʤ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʪʘ ʟʥʘʯʝʥʴ ʧʦʜʽʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʦʤʽʰʦʢ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʚʫʟʣʽ. ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ɹɻɼ ʜʘʥʽ 

ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʪʘ ʽʥʜʝʢʩʫʶʪʴʩʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʻ ʧʦʰʠʨʝʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʚʠʣʫʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʽʟ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʚʢʣʶʯʘʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʝʪʘʧʠ: ʥʘʚʯʘʥʥʷ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʶ. ʅʘ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʚʠʙʠʨʘʻʪʴʩʷ ʥʘʙʽʨ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʟʨʘʟʢʽʚ, ʷʢʠʡ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ʅʘ ʝʪʘʧʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʚʯʝʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʢʦʞʝʥ ʧʽʢʩʝʣʴ ʟʦʙʨʘʞʝʥʥʷ ʥʘʣʝʞʠʪʴ ʜʦ ʦʜʥʦʛʦ ʟ 

ʢʣʘʩʽʚ. ʇʽʢʩʝʣʽ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʘʩʫ, ʱʦ ʤʘʻ ʥʘʡʙʽʣʴʰʫ 

ʡʤʦʚʽʨʥʽʩʪʴ, ʚʠʟʥʘʯʝʥʫ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ. ɸʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʛʦʨʪʢʦʚʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʨʠʪʦʨʽʡ ʟʘ ʪʨʴʦʤʘ ʢʣʘʩʘʤʠ: ʚʦʜʥʠʡ 

ʧʨʦʩʪʽʨ, ʟʘʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ ʪʘ ʩʫʰʘ (ʨʠʩ.3.9). ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʾʾ ʨʦʙʦʪʠ 

ʚʢʣʶʯʘʶʪʴ ʧʽʜʛʦʪʦʚʢʫ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʙʨʦʙʢʫ ʟʦʙʨʘʞʝʥʴ, ʧʦʩʣʽʜʦʚʥʫ 
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ʦʙʨʦʙʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʪʢʦʚʠʭ ʰʘʨʽʚ, ʽʥʪʝʛʨʘʮʽʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʨʝʟ 

ʧʦʚʥʦʟʚôʷʟʥʠʡ ʰʘʨ ʪʘ ʦʩʪʘʪʦʯʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʬʦʨʤʫʻʪʴʩʷ ʥʘʚʯʘʣʴʥʠʡ ʥʘʙʽʨ ʥʘ ʦʩʥʦʚʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ Sentinel-2 ʜʦ ʪʘ ʧʽʩʣʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ɿʦʙʨʘʞʝʥʥʷ ʧʨʦʭʦʜʷʪʴ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʥʽʤʢʠ ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʽʜ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʘʨʭʽʪʝʢʪʫʨʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʟʛʦʨʪʢʦʚʠʭ ʙʣʦʢʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʠʪʠ ʣʦʢʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʪʘʢʽ ʷʢ ʛʨʘʥʠʮʽ ʚʦʜʠ ʪʘ 

ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʟʛʦʨʪʢʦʚʦʛʦ ʰʘʨʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʰʘʨ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ, ʷʢʠʡ ʟʤʝʥʰʫʻ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʤʽʨʥʽʩʪʴ 

ʜʘʥʠʭ ʪʘ ʟʙʝʨʽʛʘʻ ʢʣʶʯʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ. ɼʨʫʛʘ ʛʽʣʢʘ ʤʝʨʝʞʽ ʤʽʩʪʠʪʴ 

ʧʦʚʥʦʟʚôʷʟʥʠʡ ʰʘʨ, ʷʢʠʡ ʜʦʜʘʪʢʦʚʦ ʽʥʪʝʛʨʫʻ ʦʪʨʠʤʘʥʽ ʦʟʥʘʢʠ ʪʘ ʩʧʨʠʷʻ 

ʢʨʘʱʦʤʫ ʫʟʘʛʘʣʴʥʝʥʥʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʚʯʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʨʘʥʩʬʝʨʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʫ ʘʨʭʽʪʝʢʪʫʨʫ 

ResNet50 ʷʢ ʦʩʥʦʚʫ ʜʣʷ ʝʢʩʪʨʘʢʮʽʾ ʦʟʥʘʢ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʛ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Adam-ʦʧʪʠʤʽʟʘʪʦʨ ʪʘ ʬʫʥʢʮʽʷ ʚʪʨʘʪ ʙʽʥʘʨʥʦʾ ʧʝʨʝʭʨʝʩʥʦʾ 

ʝʥʪʨʦʧʽʾ. ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʪʨʠʚʘʻ 100 ʝʧʦʭ ʽʟ ʧʦʩʪʫʧʦʚʦʶ ʘʜʘʧʪʘʮʽʻʶ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ. 

 
ʈʠʩʫʥʦʢ 3.9 ï ɸʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 
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ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʚʘʣʽʜʘʮʽʡʥʦʤʫ ʥʘʙʦʨʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʨʠʢ ʪʦʯʥʦʩʪʽ ʪʘ ʚʪʨʘʪ. ʅʘ ʬʽʥʘʣʴʥʦʤʫ ʝʪʘʧʽ ʧʽʢʩʝʣʽ 

ʟʦʙʨʘʞʝʥʥʷ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʜʦ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦ ʦʜʥʦʛʦ ʟ ʪʨʴʦʭ ʢʣʘʩʽʚ 

(ʚʦʜʥʠʡ ʧʨʦʩʪʽʨ, ʟʘʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ ʪʘ ʩʫʰʘ). ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʅʄ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʘʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ, ʽʥʪʝʛʨʫʶʯʠ 

ʤʝʪʦʜʠ ʟʛʦʨʪʢʦʚʠʭ ʤʝʨʝʞ ʽ ʪʨʘʥʩʬʝʨʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʧʦʢʨʘʱʫʻ ʪʦʯʥʽʩʪʴ 

ʩʝʛʤʝʥʪʘʮʽʾ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʨʠʪʦʨʽʡ. 

ɺʭʽʜʥʠʡ ʰʘʨ ʧʨʠʡʤʘʻ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʫ: 

CWH ³³  ,     (3.17) 

ʜʝ H ï ʚʠʩʦʪʘ, W ï ʰʠʨʠʥʘ, C ï ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ. 

ʂʦʥʚʦʣʶʮʽʡʥʠʡ ʰʘʨ ʟʘʩʪʦʩʦʚʫʻ ʬʽʣʴʪʨʠ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ: 

ä +Ö=
++

nm
kknmnjmikji

bWXY
,

,,,,,
,    (3.18) 

ʜʝ X ï ʚʭʽʜʥʽ ʜʘʥʽ, W ï ʚʘʛʠ ʬʽʣʴʪʨʽʚ, b ï ʟʩʫʚ, Y ï ʚʠʭʽʜʥʽ ʦʟʥʘʢʠ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨʥʽʩʪʴ ʢʘʨʪ ʦʟʥʘʢ 

knjsmis
nm

kji
XY

),,(),,(
,

,,
max= ,     (3.19) 

ʜʝ ί ï ʨʦʟʤʽʨ ʚʽʢʥʘ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ. 

ʐʘʨ ʟʛʦʨʪʘʥʥʷ ʫ ʚʝʢʪʦʨ ʧʝʨʝʪʚʦʨʶʻ ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʜʘʥʽ ʚ ʦʜʥʦʚʠʤʽʨʥʠʡ 

ʚʝʢʪʦʨ. 

ʇʦʚʥʦʟʚôʷʟʥʠʡ ʰʘʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʫʥʢʮʽʶ ʘʢʪʠʚʘʮʽʾ ʜʣʷ ʥʘʚʯʘʥʥʷ: 

ä +Ö=
j

ijiji
bXWfY )( ,     (3.20) 

ʜʝ f ï ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ReLU ʘʙʦ ʩʠʛʤʦʾʜʥʘ ʬʫʥʢʮʽʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʚ ʦʮʽʥʮʽ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʧʦʪʝʥʮʽʡʥʠʭ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ɺʦʥʦ ʚʢʣʶʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʛʽʜʨʦʣʦʛʽʯʥʠʭ, ʪʘʢ ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʦʙʩʷʛʽʚ ʚʦʜʥʦʛʦ ʩʪʦʢʫ ʪʘ ʫʤʦʚ ʪʝʯʽʾ ʧʦʪʦʢʫ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʟʦʥ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʽʜʨʦʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʦʮʽʥʢʠ ʦʙʩʷʛʽʚ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ, 

ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʧʦʜʽʡ ʘʙʦ ʢʦʤʙʽʥʘʮʽʡ 
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ʨʽʟʥʠʭ ʩʝʨʽʡ ʧʦʜʽʡ ʫ ʯʘʩʽ. ɻʽʜʨʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʦʙʯʠʩʣʶʻ ʝʢʩʪʨʝʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʜʘʥʽ ʧʨʦ ʦʧʘʜʠ, ʪʦʧʦʛʨʘʬʽʶ, ʪʠʧ ˇʨʫʥʪʫ ʪʘ ʫʤʦʚʠ 

ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʢʨʠʚʫ 

ˇʨʫʥʪʦʚʦʛʦ ʥʦʤʝʨʘ ʽ ʛʽʜʨʦʛʨʘʬ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʚʝʜʽʥʢʫ ʚʦʜʥʦʛʦ ʩʪʦʢʫ ʥʘ 

ʪʝʨʠʪʦʨʽʾ. ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʫʤʦʚ ʪʝʯʽʾ ʧʦʪʦʢʫ, ʟʦʢʨʝʤʘ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʛʣʠʙʠʥʠ ʚʦʜʠ ʪʘ 

ʨʦʟʤʽʨʫ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʄʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʫ ʬʦʨʤʘʪʽ 

ʬʘʡʣʫ ʩʽʪʢʠ ASCII. ʎʝʡ ʬʘʡʣ ʽʤʧʣʝʤʝʥʪʫʻʪʴʩʷ ʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ 

QGIS ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʆʙʯʠʩʣʝʥʥʷ ʩʽʪʢʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ASCII ʬʘʡʣʫ, ʧʨʠ ʮʴʦʤʫ ʨʦʟʤʽʨ ʩʽʪʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 30 ʤ. ʈʦʟʤʽʨ ʩʽʪʢʠ 

ʦʙʠʨʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʤ/ʩ 3
A

Q
ʩʤ

elem

max¢¢/3.0  ,    (3.21) 

ʜʝ 
max

Q   ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʽʢ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʜʣʷ ʝʣʝʤʝʥʪʘ ʩʽʪʢʠ, 
elem

A  ï 

ʧʣʦʱʘ ʝʣʝʤʝʥʪʘ ʩʽʪʢʠ. ɯʥʪʝʨʧʦʣʷʮʽʷ ʩʽʪʢʠ ʟʘʙʝʟʧʝʯʫʻ ʚʠʟʥʘʯʝʥʥʷ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ ʚʠʩʦʪʠ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʢʫʤʫʣʷʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʽʚ ʧʦʚʝʨʥʝʥʥʷ (10, 30, 50, 100 ʽ 300 ʨʦʢʽʚ) 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘʢʽ 

ʷʢ ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʧʦʪʦʢʫ ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, 

ʦʙʨʦʙʣʷʶʪʴʩʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ QGIS. 

ɼʣʷ ʦʮʽʥʢʠ ʥʝʙʝʟʧʝʢʠ ʟʘʪʦʧʣʝʥʥʷ ʢʘʨʪʠ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ ʟʦʥʠ 

ʚʠʩʦʢʦʛʦ, ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʥʠʟʴʢʦʛʦ ʨʠʟʠʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʠʪʝʨʽʾ ɻʘʨʩʽʾ ʪʘ 

ʃʦʧʝʩʘ. ɿʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʛʣʠʙʠʥʦʶ ʚʦʜʠ h:  

hvÖ ,      (3.22) 

ʜʝ v ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ.  

ʅʘʧʨʠʢʣʘʜ, ʟʦʥʘ h>1,5 ʤ ʽ vĬh>1,5 ʤ/ʩ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʟʦʥʘ ʚʠʩʦʢʦʾ 

ʥʝʙʝʟʧʝʢʠ. ɿʦʥʠ ʟ 0,5<h<1,5 ʤ ʽ vĬh<1,5ʤ/ʩ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʷʢ ʟʦʥʘ ʩʝʨʝʜʥʴʦʾ 

ʥʝʙʝʟʧʝʢʠ. ɿʦʥʠ ʟ 0,1<h<0,5 ʤ ʽ vĬh<0,5 ʤ/ʩ ʚʚʘʞʘʶʪʴʩʷ ʟʦʥʘʤʠ ʥʠʟʴʢʦʛʦ 
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ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʢʘʨʪʘʭ ʽʟ 

ʢʦʣʴʦʨʦʚʦʶ ʽʥʜʠʢʘʮʽʻʶ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ: ʯʝʨʚʦʥʠʡ ʜʣʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, 

ʞʦʚʪʠʡ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʟʝʣʝʥʠʡ ʜʣʷ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. 

 

3.3 ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

3.3.1 ɸʨʭʽʪʝʢʪʫʨʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʥʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʙʣʦʢʠ (ʨʠʩ. 

3.10):  

- Cloud Server (ʭʤʘʨʥʠʡ ʩʝʨʚʝʨ ʜʣʷ ʦʙʯʠʩʣʝʥʴ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ);  

- DBMS (ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʩʪʫʧʦʤ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ); 

- Storage Data (ʩʭʦʚʠʱʝ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ);  

- Virtual Desktop (ʚʽʨʪʫʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʩʪʽʣ ʜʣʷ ʚʽʜʜʘʣʝʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ); 

- GIS Software Applications (ɻɯʉ-ʜʦʜʘʪʢʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʜʘʥʠʭ); 

- Web-service "Interactive map" (ʚʝʙ-ʩʝʨʚʽʩ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ ʨʝʟʫʣʴʪʘʪʽʚ); 

- GUI (ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʩʠʩʪʝʤʦʶ).  

ɺʩʽ ʝʣʝʤʝʥʪʠ ʘʨʭʽʪʝʢʪʫʨʠ ʧʨʘʮʶʶʪʴ ʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʝʬʝʢʪʠʚʥʝ ʟʙʠʨʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ, ʘʥʘʣʽʟ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʥʝʡ. 
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ʈʠʩʫʥʦʢ 3.10 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʨʭʽʪʝʢʪʫʨʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

 

3.3.2 ʍʤʘʨʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʪʘ ʙʘʟʘ ʜʘʥʠʭ 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʭʤʘʨʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ, ʦʙʨʦʙʢʠ ʪʘ 

ʜʦʩʪʫʧʫ ʜʦ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʍʤʘʨʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʟʘʙʝʟʧʝʯʫʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʟ 

ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ 
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ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʜʘʥʽ ʧʨʦ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ, ʨʦʙʣʷʯʠ ʾʾ ʤʘʩʰʪʘʙʦʚʘʥʦʶ, ʥʘʜʽʡʥʦʶ ʪʘ ʜʦʩʪʫʧʥʦʶ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʩʚʽʪʫ. 

ʅʘ ʨʠʩ. 3.11 ʧʦʢʘʟʘʥʦ, ʷʢ ʩʝʨʚʝʨʠ ʚ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚʠʩʪʫʧʘʶʪʴ ʮʝʥʪʨʘʣʴʥʠʤ ʚʫʟʣʦʤ ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʧʠʪʽʚ. ɺʦʥʠ ʟʜʽʡʩʥʶʶʪʴ 

ʚʟʘʻʤʦʜʽʶ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʚʝʙ-ʩʝʨʚʽʩʠ ʪʘ REST 

API, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʰʚʠʜʢʝ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ. ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʘʨʭʽʪʝʢʪʫʨʠ ʻ ʚʝʙ-ʩʝʨʚʽʩ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ, ʙʝʢʝʥʜ-

ʩʠʩʪʝʤʘ ʜʣʷ ʦʙʨʦʙʢʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ɻɯʉ, 

ʱʦ ʦʧʝʨʫʻ ʬʘʡʣʘʤʠ ʪʘ ʙʘʟʘʤʠ ʜʘʥʠʭ. 

ʍʤʘʨʥʽ ʩʝʨʚʝʨʠ ʧʽʜʪʨʠʤʫʶʪʴ ʰʚʠʜʢʝ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʘʟʘʭ 

ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʉʋɹɼ ʦʙʨʦʙʣʷʻ ʜʘʥʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ï ʩʫʧʫʪʥʠʢʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʝʣʴʻʬ ʽ 

ʛʽʜʨʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ. 

ʇʝʨʝʚʘʛʦʶ ʭʤʘʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʻ ʾʾ ʟʜʘʪʥʽʩʪʴ ʤʘʩʰʪʘʙʫʚʘʪʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʩʷʛʫ ʜʘʥʠʭ ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʦʧʝʨʘʮʽʡ, 

ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʫ ʨʝʘʢʮʽʶ 

ʥʘ ʟʘʧʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʽʜʪʨʠʤʫʻ ʧʨʦʮʝʩʠ ʘʥʘʣʽʟʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʟʘʪʦʧʣʝʥʴ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʘʥʠʭ. 
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ʈʠʩʫʥʦʢ 3.11 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʭʤʘʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʴ 

 

3.3.3 ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʛʨʘʤʥʽ ʜʦʜʘʪʢʠ 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʟ ʛʝʦʧʨʦʩʪʦʨʦʚʠʤʠ ʜʘʥʠʤʠ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽʡ 

ʩʠʩʪʝʤʽ. ɺʦʥʦ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʣʷʪʠ ʩʫʧʫʪʥʠʢʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʘʥʘʣʽʟʫʚʘʪʠ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʙʫʜʫʚʘʪʠ ʤʦʜʝʣʽ ʟʘʪʦʧʣʝʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʘʙʦ ʪʦʧʦʛʨʘʬʽʷ. ʎʷ 

ʩʠʩʪʝʤʘ ʽʥʪʝʛʨʫʻ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʪʘ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ 

(ʥʘʧʨʠʢʣʘʜ, SRTM), ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʟʦʥʠ 

ʟʘʪʦʧʣʝʥʥʷ. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʨʦʟʛʦʨʥʫʪʽʡ ʩʝʨʚʝʨʥʽʡ ʯʘʩʪʠʥʽ ʥʘ ʭʤʘʨʥʦʤʫ ʩʝʨʚʽʩʽ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʦ 
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ʥʝʦʙʭʽʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. 

ɻɯʉ ʜʦʜʘʪʢʠ, ʥʘʣʘʰʪʦʚʘʥʽ ʥʘ ʩʝʨʚʝʨʽ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʜʦʟʚʦʣʷʶʯʠ ʝʬʝʢʪʠʚʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʤʘʩʠʚʠ 

ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʝʦʙʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

3.3.4 ɺʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ 

ʂʦʨʠʩʪʫʚʘʯʽ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʩʠʩʪʝʤʦʶ ʯʝʨʝʟ ʚʽʨʪʫʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʾʤ ʚʽʜʜʘʣʝʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʜʘʥʠʤʠ ʪʘ ʜʦʜʘʪʢʘʤʠ. ʎʝʡ 

ʢʦʤʧʦʥʝʥʪ ʘʨʭʽʪʝʢʪʫʨʠ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʪʘ ʤʦʙʽʣʴʥʽʩʪʴ ʫ ʨʦʙʦʪʽ, 

ʜʘʶʯʠ ʟʤʦʛʫ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʧʦʪʫʞʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʚʝʣʠʢʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʬʽʟʠʯʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ. ʊʘʢʦʞ ʯʝʨʝʟ ʚʽʨʪʫʘʣʴʥʽ ʽʥʪʝʨʬʝʡʩʠ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ 

ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʚʣʘʩʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʪʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʜʣʷ 

ʘʥʘʣʽʟʫ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ. 

3.3.5 ɯʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ 

ɯʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʘʥʘʣʽʟʫ, ʪʘʢʽ ʷʢ ʢʘʨʪʠ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʟʤʽʥʠ ʨʝʣʴʻʬʫ ʪʘ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ. ʂʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʽʤʧʦʨʪʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʰʘʨʠ 

ʜʘʥʠʭ, ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʙʘʟʦʚʫ ʢʘʨʪʫ, ʧʝʨʝʛʣʷʜʘʪʠ ʧʨʦʛʥʦʟʦʚʘʥʽ ʟʦʥʠ ʨʠʟʠʢʫ 

ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʨʽʟʥʽ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ, ʘ ʪʘʢʦʞ ʜʽʣʠʪʠʩʷ ʮʠʤʠ ʜʘʥʠʤʠ ʟ 

ʽʥʰʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʎʝ ʩʧʨʠʷʻ ʦʧʝʨʘʪʠʚʥʦʤʫ ʧʨʠʡʥʷʪʪʶ ʨʽʰʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʥʘʜʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʏʝʨʝʟ ʚʝʙ-ʙʨʘʫʟʝʨ ʧʽʜʩʠʩʪʝʤʘ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʽʤʧʦʨʪʫʚʘʪʠ ʪʘ ʜʦʜʘʚʘʪʠ ʰʘʨʠ ʚʝʢʪʦʨʥʠʭ ʘʙʦ ʨʘʩʪʨʦʚʠʭ ʜʘʥʠʭ, ʚʠʙʠʨʘʪʠ 

ʙʘʟʦʚʫ ʢʘʨʪʫ ʽ ʧʝʨʝʛʣʷʜʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 
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3.3.6 ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʩʠʩʪʝʤʠ ʪʘ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʽʥ ʨʦʟʨʦʙʣʝʥʠʡ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʟʨʫʯʥʫ ʪʘ ʽʥʪʫʾʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʟ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ʏʝʨʝʟ GUI ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʚʚʦʜʠʪʠ 

ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ (ʪʘʢʽ ʷʢ ʪʨʠʚʘʣʽʩʪʴ ʪʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʢʫʪ ʟʝʥʽʪʫ 

ʉʦʥʮʷ ʪʦʱʦ), ʧʨʦʚʦʜʠʪʠ ʚʘʣʽʜʘʮʽʶ ʜʘʥʠʭ, ʟʜʽʡʩʥʶʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʧʝʨʝʛʣʷʜʘʪʠ ʨʝʟʫʣʴʪʘʪʠ. ɯʥʪʝʨʬʝʡʩ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʽʥʰʽ ʜʦʧʦʤʽʞʥʽ 

ʬʘʡʣʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʘʥʘʣʽʟʫ. 

ʆʩʥʦʚʥʘ ʩʪʨʫʢʪʫʨʘ ʽʥʪʝʨʬʝʡʩʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʚʢʣʘʜʦʢ: Dams & 

HPS, Flooding ʪʘ User Mode ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.3.12. ʂʦʞʥʘ ʟ ʮʠʭ 

ʚʢʣʘʜʦʢ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʢʨʝʤʠʡ ʘʩʧʝʢʪ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ. ɺʢʣʘʜʢʘ 

Dams & HPS ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʚʚʦʜʠʪʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʡ ʥʘ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜʘʭ, ʪʘʢʠʭ ʷʢ 

ʜʘʤʙʠ ʪʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʊʫʪ ʤʦʞʥʘ ʚʚʝʩʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʯʘʩ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚʦʜʠ, ʛʣʠʙʠʥʘ ʚʦʜʠ ʪʘ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʧʦʚʝʜʽʥʢʫ ʚʦʜʥʠʭ ʤʘʩ ʧʽʜ ʯʘʩ ʘʚʘʨʽʡ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯ 

ʤʦʞʝ ʟʘʚʘʥʪʘʞʠʪʠ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʧʨʦʚʝʩʪʠ ʚʘʣʽʜʘʮʽʶ ʜʘʥʠʭ ʪʘ 

ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ. 

ɺʢʣʘʜʢʘ Flooding (ʨʠʩ. ɺ.1 ʪʘ ʨʠʩ. ɺ.2) ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʟʘʪʦʧʣʝʥʴ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʽʥʪʝʥʩʠʚʥʽ ʦʧʘʜʠ ʘʙʦ ʽʥʰʽ 

ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ. ʂʦʨʠʩʪʫʚʘʯ ʚʚʦʜʠʪʴ ʜʘʥʽ ʧʨʦ ʢʽʣʴʢʽʩʪʴ 

ʦʧʘʜʽʚ, ʪʨʠʚʘʣʽʩʪʴ ʜʦʱʫ, ʨʘʜʽʦʤʝʪʨʠʯʥʫ ʷʩʢʨʘʚʽʩʪʴ ʪʘ ʽʥʰʽ ʛʽʜʨʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʧʦʚʝʥʝʡ. ʂʨʽʤ ʮʴʦʛʦ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʢʣʘʜʢʠ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʟʘʚʘʥʪʘʞʠʪʠ ʥʝʦʙʭʽʜʥʽ ʪʦʧʦʛʨʘʬʽʯʥʽ 

ʢʘʨʪʠ ʪʘ ʤʦʜʝʣʽ ʚʠʩʦʪ (ʥʘʧʨʠʢʣʘʜ, ʜʘʥʽ SRTM) ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ʆʢʨʝʤʘ ʚʢʣʘʜʢʘ User Mode (ʨʠʩ.3.13, ʨʠʩ. ɺ.3 ʪʘ ʨʠʩ. ɺ.4) ʜʦʟʚʦʣʷʻ 

ʧʝʨʩʦʥʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʦʶ, ʘʜʘʧʪʫʶʯʠ ʾʾ ʜʦ ʧʦʪʨʝʙ 

ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ.  
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ʈʠʩʫʥʦʢ 3.12 ï ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ 

 

ʋʩʽ ʚʢʣʘʜʢʠ ʤʽʩʪʷʪʴ ʩʪʘʥʜʘʨʪʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʧʨʦʚʝʜʝʥʥʷ ʚʘʣʽʜʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ ʧʘʨʘʤʝʪʨʽʚ, 

ʨʦʟʨʘʭʫʥʢʫ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʫʥʽʬʽʢʦʚʘʥʫ ʪʘ ʧʨʦʩʪʫ ʚʟʘʻʤʦʜʽʶ ʟ ʧʨʦʛʨʘʤʦʶ, ʜʦʟʚʦʣʷʶʯʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʣʝʛʢʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 3.13 ï ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʚʢʣʘʜʢʠ User Mode 

 

3.4 ɺʠʩʥʦʚʢʠ ʧʦ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʫ 

1. ʋ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʚʥʘʩʣʽʜʦʢ ʧʨʦʨʠʚʫ ʜʘʤʙʠ ʥʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ. 

ʆʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʛʣʠʙʠʥʠ ʟʘʪʦʧʣʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ɻɽʉ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʨʘʭʫʥʢʫ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʪʘ ʤʝʪʦʜʽʚ 

ʦʮʽʥʢʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ 

ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʟʦʥʠ ʧʦʪʝʥʮʽʡʥʦʾ ʥʝʙʝʟʧʝʢʠ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʚʠʷʚʣʝʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʟʦʥ, 

ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʚʝʢʪʦʨʠʟʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʻʬʫ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ ʩʧʨʠʷʻ ʙʽʣʴʰ ʪʦʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ ʧʦʪʦʢʽʚ 

ʚʦʜʠ ʪʘ ʟʦʥ ʨʠʟʠʢʫ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʚʯʘʩʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ 

ʩʠʪʫʘʮʽʾ. 
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3. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʣʦʛʽ ʁ ʮʠʬʨʦʚʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʪʦʧʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ QGIS, ɦ ʦ 

ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʽ ʩʪʚʦʨʶʚʘʪʠ ʜʝʪʘʣʴʥʽ ʢʘʨʪʠ 

ʟʘʪʦʧʣʝʥʴ. ʆʪʨʠʤʘʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʧʘʨʩʠʥʛ ʜʘʥʠʭ ʧʨʦ 

ʦʧʘʜʠ ʻ ʚʘʞʣʠʚʠʤʠ ʝʪʘʧʘʤʠ ʜʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʠʭ ʟʘʪʦʧʣʝʥʴ ʪʝʨʠʪʦʨʽʡ. 

ʄʝʪʦʜ çʪʦʯʢʘ ʚ ʧʦʣʽʛʦʥʽè ʚʠʷʚʠʚʩʷ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʱʦ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʪʦʯʥʠʭ 

ʢʘʨʪ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʠʤʠ 

ʨʠʟʠʢʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʛʨʘʮʽʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʧʨʦʮʝʩ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʟʦʥ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʦʚʝʥʝʡ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʷʢʘ ʚʢʣʶʯʘʻ 

ʽʥʪʝʛʨʘʮʽʶ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ, ʙʘʟ ʜʘʥʠʭ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʘʥʘʣʽʟʫ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʪʘ 

ʥʘʜʘʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʘ [1, 2, 

4, 5, 6, 7, 8, 11]. 

  



151 

 

ʈʆɿɼɯʃ 4 

ʇʈɸʂʊʀʏʅɽ ɿɸʉʊʆʉʋɺɸʅʅʗ ɿɸʇʈʆʇʆʅʆɺɸʅʀʍ ʄʆɼɽʃɽʁ ʊɸ 

ʄɽʊʆɼɯɺ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʊɸ ʆʎɯʅʂʀ ɿɸʊʆʇʃɽʅʅʗ 

ʊɽʈʀʊʆʈɯʁ ʇʈʀ ʅɸɼɿɺʀʏɸʁʅʀʍ ʉʀʊʋɸʎɯʗʍ   

 

4.1 ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ 

ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ 

ʉʝʨʝʜʥʴʦʜʥʽʧʨʦʚʩʴʢʽʡ ɻɽʉ 

ɺʽʡʩʴʢʦʚʽ ʜʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟ ʙʦʢʫ ʨʦʩʽʡʩʴʢʠʭ ʚʽʡʩʴʢʦʚʠʭ 

ʧʨʠʟʚʝʣʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʙʘʛʘʪʴʦʭ ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʛʫʤʘʥʽʪʘʨʥʠʭ ʧʨʦʙʣʝʤ. ʎʝ 

ʩʧʨʠʯʠʥʠʣʦ ʩʝʨʡʦʟʥʽ ʟʘʛʨʦʟʠ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʚʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʢʝʪ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʊʘʢ, ʚʠʥʠʢʣʘ ʟʘʛʨʦʟʘ ʟʘʪʦʧʣʝʥʥʷ ʙʝʨʝʛʽʚ ɼʥʽʧʨʘ ʯʝʨʝʟ ʧʨʦʨʠʚ ʜʘʤʙʠ. 

ʈʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ ʉʝʨʝʜʥʴʦʜʥʽʧʨʦʚʩʴʢʦʾ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ɼʥʽʧʨʦʚʩʴʢʦʾ 

ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʝʙʝʟʧʝʯʥʝ ʨʘʧʪʦʚʠʤ ʽ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʚʠʢʠʜʦʤ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʟ ʚʦʜʦʩʭʦʚʠʱʘ, ʰʚʠʜʢʠʤ ʧʦʰʠʨʝʥʥʷʤ ʭʚʠʣʽ ʧʨʦʨʠʚʫ 

ʚʽʜ ʟʨʫʡʥʦʚʘʥʦʾ ʛʨʝʙʣʽ, ʟʘʪʦʧʣʝʥʥʷʤ ʙʝʨʝʛʽʚ ʤʽʩʪ ʂʘʤ'ʷʥʩʴʢʝ, ʂʠʾʚ, ɼʥʽʧʨʦ, 

ɿʘʧʦʨʽʞʞʷ ʪʘ ʍʝʨʩʦʥ ʥʘʥʝʩʝʥʥʷʤ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʙʠʪʢʽʚ ʮʴʦʤʫ ʤʽʩʪʫ, ʰʢʦʜʠ 

ʟʜʦʨʦʚ'ʶ ʣʶʜʝʡ ʪʘ ʾʭ ʟʘʛʠʙʝʣʣʶ [146]. 

ʄʝʪʦʜ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʥʘ 

ʉʝʨʝʜʥʴʦʜʥʽʧʨʦʚʩʴʢʽʡ ɻɽʉ ʦʧʠʩʘʥʦ ʚ ʧ.2.3. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʚʠʩʦʪʠ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʪʘ ʧʦʜʽʣʫ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʨʽʯʢʠ ʥʘʚʧʽʣ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʦʟʚʦʣʠʣʠ ʧʦʙʫʜʫʚʘʪʠ 3Dïʤʦʜʝʣʴ (ʨʠʩ. 4.1) ʪʘ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʟʦʥʫ ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʥʽʤʢʫ (ʨʠʩ. 4.2). 
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ʈʠʩʫʥʦʢ 4.1 ï ʈʝʟʫʣʴʪʘʪ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ 

 

ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʢʦʤʧ'ʶʪʝʨʥʫ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʤʦʚʠ Python ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ArcGIS Desktop. ʉʪʚʦʨʝʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʙʫʣʦ 

ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʨʦʟʰʠʨʝʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʦʾ 3D-ʤʦʜʝʣʽ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʠʤʫʣʷʮʽʶ 

ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʉʝʨʝʜʥʴʦʜʥʽʧʨʦʚʩʴʢʽʡ ɻɽʉ. ʈʝʟʫʣʴʪʘʪʠ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʶʪʴ ʤʦʞʣʠʚʽ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ, ʧʦʟʥʘʯʝʥʽ 

ʥʘ ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʥʽʤʢʫ (ʨʠʩ. 4.2), ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ 

ʥʘ ʧʨʠʣʝʛʣʽ ʪʝʨʠʪʦʨʽʾ. ʂʘʨʪʘ (ʨʠʩ. 4.3) ʜʝʤʦʥʩʪʨʫʻ ʢʦʥʢʨʝʪʥʽ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʪʘ ʛʝʦʛʨʘʬʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ 

ʜʘʥʠʤʠ, ʟʘʪʦʧʣʝʥʥʷ ʤʦʞʝ ʦʭʦʧʠʪʠ ʟʥʘʯʥʽ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʨʽʯʢʠ, 

ʜʦʨʦʛʠ, ʪʘ ʧʨʠʣʝʛʣʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

 

ʈʠʩʫʥʦʢ 4.2 ï ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʥʽʤʢʫ 
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4.2 ʈʝʟʫʣʴʪʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʷʚʣʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ 

ʟʦʥ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

4.2.1 ʅʘ ʧʨʠʢʣʘʜʽ ʤ. ʄʫʢʘʯʝʚʦ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʥʽʤʢʽʚ 

ʩʫʧʫʪʥʠʢʘ Sentinel-2 ʜʣʷ ʤʽʩʪʘ ʄʫʢʘʯʝʚʦ (ʨʠʩ. 4.3ʘ, ʨʠʩ.4.3ʙ). ɼʦʩʣʽʜʞʝʥʥʷ 

ʚʢʣʶʯʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʫ ʟʠʤʦʚʠʡ ʪʘ 

ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜʠ 2024 ʨʦʢʫ. ʂʦʞʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʦ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʦ 

ʜʣʷ ʢʦʨʝʢʮʽʾ ʘʪʤʦʩʬʝʨʥʠʭ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʄʽʩʪʦ ʄʫʢʘʯʝʚʦ 

ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʟʦʥʽ ʟ ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ ʟʘʪʦʧʣʝʥʥʷ ʯʝʨʝʟ ʩʚʦʶ ʙʣʠʟʴʢʽʩʪʴ ʜʦ 

ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 3ʚ 

ʥʘʚʝʜʝʥʦ ʢʘʨʪʫ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʄʫʢʘʯʝʚʦ ʫ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ, ʥʘ ʷʢʽʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʪʘ ʧʨʠʨʦʜʥʽ ʝʣʝʤʝʥʪʠ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ WGS_1984_Web_Mercator_Auxiliary_Sphere 

(WKID: 3857, Authority: EPSG). ʈʝʟʫʣʴʪʘʪʠ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʽʩʣʷ 

ʟʘʪʦʧʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.3ʛ ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʨʠʩ.4.3ʜ ʧʽʩʣʷ 

ʟʘʪʦʧʣʝʥʥʷ.  

ʅʘ ʢʘʨʪʽ ʚʠʜʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʟʦʥʠ ʤʽʩʪʘ ʄʫʢʘʯʝʚʦ, ʜʝ ʚʠʢʦʨʠʩʪʘʥʦ 

ʢʦʣʴʦʨʦʚʝ ʢʦʜʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʚʝʨʭʦʥʴ. ʉʠʥʽʡ ʢʦʣʽʨ ʧʦʟʥʘʯʘʻ ʚʦʜʥʽ 

ʦʙôʻʢʪʠ , ʯʝʨʚʦʥʠʡ ï ʦʙ'ʻʢʪʠ ʟʘʙʫʜʦʚʠ, ʘ ʞʦʚʪʠʡ ï ʨʦʩʣʠʥʥʽʩʪʴ ʪʘ ʟʝʤʝʣʴʥʽ 

ʫʛʽʜʜʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʟʘʪʦʧʣʝʥʥʷ ʫ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʽʩʪʴ ʪʘ 

ʜʝʪʘʣʴʥʽʩʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʪʦʧʣʝʥʽ ʟʦʥʠ, ʧʦʟʥʘʯʝʥʽ ʩʠʥʽʤ 

ʢʦʣʴʦʨʦʤ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʡʙʽʣʴʰʫ ʟʘʛʨʦʟʫ ʜʣʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʞʠʪʣʦʚʠʭ 

ʨʘʡʦʥʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʥʝʛʘʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʦʟʧʦʜʽʣ 

ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʧʣʘʥʫʚʘʪʠ ʨʷʪʫʚʘʣʴʥʽ 

ʦʧʝʨʘʮʽʾ ʪʘ ʟʘʭʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʝʟʧʝʢʫ ʥʘʩʝʣʝʥʥʷ ʪʘ 

ʤʽʥʽʤʽʟʘʮʽʶ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ. ʅʘ ʨʠʩʫʥʢʫ 4.3̌  ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʜʣʷ ʤʽʩʪʘ ʄʫʢʘʯʝʚʦ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʢʪʦʨʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ. ɿʦʥʠ 
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ʟʘʪʦʧʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʠʤʠ ʚʽʜʪʽʥʢʘʤʠ ʩʠʥʴʦʛʦ, ʟʝʣʝʥʦʛʦ, ʞʦʚʪʦʛʦ ʪʘ 

ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʨʽʚʥʷʤ ʧʽʜʡʦʤʫ ʚʦʜʠ.  

 

 
ʘ) 

 
ʙ) 

ʚ) 

 

 
ʛ) 

 
ˇ) 

 
ʜ) 

ʈʠʩʫʥʦʢ 4.3 ï ʂʘʨʪʠ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʄʫʢʘʯʝʚʦ: ʘ) ʟʦʙʨʘʞʝʥʥʷ  ʩʫʧʫʪʥʠʢʘ 

Sentinel-2 ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ; ʙ) ʟʦʙʨʘʞʝʥʥʷ  ʩʫʧʫʪʥʠʢʘ Sentinel-2 ʫ ʚʝʩʥʷʥʠʡ 

ʧʝʨʽʦʜ; ʚ) ʚʝʢʪʦʨʥʘ ʢʘʨʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʝʣʝʤʝʥʪʽʚ; ʛ) 

ʨʝʟʫʣʴʪʘʪ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ; ˇ) ʢʘʨʪʘ ʟʘʪʦʧʣʝʥʥʷ 

ʧʽʩʣʷ ʧʘʚʦʜʢʫ; ʜ) ʨʝʟʫʣʴʪʘʪ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ 
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ʊʝʤʥʦ-ʩʠʥʽʡ ʢʦʣʽʨ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ ʟʘʪʦʧʣʝʥʥʷ ʚʽʜ 112 ʜʦ 113 ʤʝʪʨʽʚ 

(+5 ʤ), ʩʠʥʽʡ ʢʦʣʽʨ ï ʚʽʜ 111 ʜʦ 112 ʤʝʪʨʽʚ (+4 ʤ), ʩʚʽʪʣʦ-ʩʠʥʽʡ ʢʦʣʽʨ ï ʚʽʜ 110 

ʜʦ 111 ʤʝʪʨʽʚ (+3 ʤ), ʟʝʣʝʥʠʡ ʢʦʣʽʨ ï ʚʽʜ 109 ʜʦ 110 ʤʝʪʨʽʚ (+2 ʤ), ʞʦʚʪʠʡ 

ʢʦʣʽʨ ï ʚʽʜ 108 ʜʦ 109 ʤʝʪʨʽʚ (+1 ʤ). ʎʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʤʽʩʪʘ ʟʘʟʥʘʻ 

ʥʘʡʙʽʣʴʰʦʛʦ ʟʘʪʦʧʣʝʥʥʷ, ʟ ʨʽʚʥʝʤ ʚʦʜʠ ʜʦ +5 ʤ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʜʦ ʮʽʻʾ ʟʦʥʠ ʧʽʜ ʯʘʩ ʧʣʘʥʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʟʘʪʦʧʣʝʥʥʷ. ʇʨʠʣʝʛʣʽ ʜʦ ʨʽʯʢʠ ʪʝʨʠʪʦʨʽʾ ʪʘʢʦʞ ʩʠʣʴʥʦ ʟʘʪʦʧʣʝʥʽ, ʦʩʦʙʣʠʚʦ ʚ 

ʟʦʥʘʭ ʙʣʠʞʯʝ ʜʦ ʨʽʯʦʢ ʪʘ ʢʘʥʘʣʽʚ. ʇʽʚʜʝʥʥʦ-ʩʭʽʜʥʘ ʯʘʩʪʠʥʘ ʤʽʩʪʘ ʤʘʻ 

ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʨʽʚʥʽ ʜʦ +2 ʤ, ʱʦ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʤʝʥʰ ʟʥʘʯʥʠʡ ʧʽʜʡʦʤ ʚʦʜʠ 

ʚ ʮʽʡ ʯʘʩʪʠʥʽ, ʧʨʦʪʝ ʚʩʝ ʦʜʥʦ ʧʦʪʨʝʙʫʻ ʥʘʣʝʞʥʦʾ ʫʚʘʛʠ. 

ʅʘ ʨʠʩʫʥʢʫ 4.4 ʥʘʚʝʜʝʥʦ ʧʨʦʛʥʦʟʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʪʦʧʣʝʥʥʷ ʚ ʤʽʩʪʽ 

ʄʫʢʘʯʝʚʦ. ʏʝʨʚʦʥʠʡ ʢʦʣʽʨ (115-116 ʤ, +8 ʤ) ʦʭʦʧʣʶʻ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ 

ʟʘʪʦʧʣʝʥʥʷ ʽ ʚʢʣʶʯʘʻ ʪʝʨʠʪʦʨʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʪʦʧʣʝʥʽ ʥʘ 8 ʤʝʪʨʽʚ ʚʠʱʝ 

ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʚʦʜʠ. ʇʦʤʘʨʘʥʯʝʚʠʡ ʢʦʣʽʨ (114-115 ʤ, +7 ʤ) ʚʢʣʶʯʘʻ ʜʽʣʷʥʢʠ 

ʟ ʧʦʪʝʥʮʽʡʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʚʦʜʠ ʥʘ 7 ʤʝʪʨʽʚ. ʂʦʨʠʯʥʝʚʠʡ ʢʦʣʽʨ (113-

114 ʤ, +6 ʤ) ʧʦʟʥʘʯʘʻ ʟʦʥʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʪʦʧʣʝʥʘ ʥʘ 6 ʤʝʪʨʽʚ. ʉʚʽʪʣʦ-

ʢʦʨʠʯʥʝʚʠʡ ʢʦʣʽʨ (112-113 ʤ, +5 ʤ) ʦʭʦʧʣʶʻ ʜʽʣʷʥʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʪʦʧʣʝʥʽ ʥʘ 5 ʤʝʪʨʽʚ. ɾʦʚʪʠʡ ʢʦʣʽʨ (111-112 ʤ, +4 ʤ) ʧʨʝʜʩʪʘʚʣʷʻ ʪʝʨʠʪʦʨʽʾ ʟ 

ʤʦʞʣʠʚʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʚʦʜʠ ʥʘ 4 ʤʝʪʨʠ. ʉʚʽʪʣʦ-ʞʦʚʪʠʡ ʢʦʣʽʨ (110-111 ʤ, +3 

ʤ) ʧʦʟʥʘʯʘʻ ʜʽʣʷʥʢʠ ʟ ʧʦʪʝʥʮʽʡʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʚʦʜʠ ʥʘ 3 ʤʝʪʨʠ. ɿʝʣʝʥʠʡ 

ʢʦʣʽʨ (109-110 ʤ, +2 ʤ) ʚʽʜʦʙʨʘʞʘʻ ʟʦʥʫ ʟʘʪʦʧʣʝʥʥʷ ʟ ʧʽʜʥʷʪʪʷʤ ʚʦʜʠ ʥʘ 2 

ʤʝʪʨʠ. ʉʚʽʪʣʦ-ʟʝʣʝʥʠʡ ʢʦʣʽʨ (108-109 ʤ, +1 ʤ) ʦʭʦʧʣʶʻ ʥʘʡʤʝʥʰʠʡ ʨʽʚʝʥʴ 

ʟʘʪʦʧʣʝʥʥʷ, ʜʝ ʚʦʜʘ ʤʦʞʝ ʧʽʜʥʷʪʠʩʷ ʥʘ 1 ʤʝʪʨ. 
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ʈʠʩʫʥʦʢ 4.4 ï ʎʠʬʨʦʚʘ ʢʘʨʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʘʪʦʧʣʝʥʴ ʜʣʷ ʤʽʩʪʘ ʄʫʢʘʯʝʚʦ 

 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʧʦʭʠʙʦʢ ʦʥʦʚʣʝʥʦʾ 

ʮʠʬʨʦʚʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ ʥʘ ʦʩʥʦʚʽ ʢʦʦʨʜʠʥʘʪʥʠʭ ʜʘʥʠʭ. ʊʦʯʥʽʩʪʴ 

ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʮʠʬʨʦʚʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ ʦʮʽʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʢʦʦʨʜʠʥʘʪ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ 

ʦʨʪʦʬʦʪʦʧʣʘʥʦʤ, ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ ʮʠʬʨʦʚʦʾ ʢʘʨʪʠ. ʅʘ ʦʜʥʫ 

ʪʨʘʧʝʮʽʶ ʢʘʨʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʥʝ ʤʝʥʰʝ 20-ʪʠ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ. ɼʣʷ 

ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʦʙʨʘʥʦ ʦʙôʻʢʪʠ ʤʽʩʮʝʚʦʩʪʽ: ʧʝʨʝʪʠʥʠ ʜʦʨʽʛ ʽ ʚʫʣʠʮʴ, ʢʫʪʠ 

ʙʫʜʠʥʢʽʚ, ʧʦʚʦʨʦʪʽʚ ʦʛʦʨʦʞ, ʪʦʱʦ.  

ɺ ʪʘʙʣʠʮʽ 4.1 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʦʥʦʚʣʝʥʦʾ ʮʠʬʨʦʚʦʾ 

ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ: ʥʦʤʝʨ ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʢʦʥʪʨʦʣʴʥʦʾ ʪʦʯʢʠ; X' ʪʘ Y' ï 

ʧʝʨʚʠʥʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʟʘ ʦʨʪʦʬʦʪʦʧʣʘʥʦʤ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ Web 

Mercator (WGS 84); X'' ʪʘ Y'' ï ʦʥʦʚʣʝʥʽ ʢʦʦʨʜʠʥʘʪʠ (WGS 84) ʪʦʯʦʢ ʟʘ 

ʮʠʬʨʦʚʦʶ ʪʦʧʦʛʨʘʬʽʯʥʦʶ ʢʘʨʪʦʶ; ȹxi ʪʘ ȹyi ï ʚʽʜʭʠʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʧʦ 

ʰʠʨʦʪʽ X ʪʘ ʜʦʚʛʦʪʽ Y ʚ ʤʝʪʨʘʭ. ɺʦʥʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʽʞ 

ʧʝʨʚʠʥʥʠʤʠ (X' ʪʘ Y') ʪʘ ʦʥʦʚʣʝʥʠʤʠ (X'' ʪʘ Y'') ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʘ ʧʦʭʠʙʢʘ (Ms) 

ï ʧʨʦʩʪʦʨʦʚʘ ʧʦʭʠʙʢʘ ʚ ʤʝʪʨʘʭ. 
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ʊʘʙʣʠʮʷ 4.1 ï ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʦʥʦʚʣʝʥʦʾ ʮʠʬʨʦʚʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ 

ʅʦʤʝʨ X' Y' X" Y" ȹxi ȹyi ʇʦʭʠʙʢʘ (Ms) 

1 2526678,982 6181938,545 2526677,220 6181935,782 1,76 2,76 3,28 

2 2526715,201 6182035,912 2526714,260 6182032,619 0,94 3,29 3,42 

3 2527085,383 6181628,100 2527081,150 6181628,570 4,23 -0,47 4,26 

4 2526922,164 6181554,722 2526923,576 6181551,900 -1,41 2,82 3,16 

5 2526869,013 6181467,233 2526868,072 6181462,529 0,94 4,70 4,80 

6 2526553,864 6181580,592 2526551,982 6181578,711 1,88 1,88 2,66 

7 2529534,078 6183531,673 2529531,726 6183529,821 2,35 1,85 2,99 

8 2529574,529 6183437,128 2529573,589 6183433,365 0,94 3,76 3,88 

9 2529218,929 6183395,735 2529217,988 6183393,384 0,94 2,35 2,53 

10 2529098,984 6183328,943 2529097,573 6183326,121 1,41 2,82 3,16 

11 2529305,477 6183205,705 2529304,546 6183204,765 0,93 0,94 1,32 

12 2529293,718 6182889,616 2529290,425 6182891,497 3,29 -1,88 3,79 

13 2528993,350 6182736,616 2528991,956 6182735,215 1,39 1,40 1,98 

14 2528727,591 6182676,408 2528725,909 6182678,290 1,68 -1,88 2,52 

15 2529255,818 6182460,038 2529253,466 6182457,215 2,35 2,82 3,67 

16 2529816,030 6182134,541 2529814,619 6182133,330 1,41 1,21 1,86 

17 2530532,546 6181151,312 2530528,313 6181149,981 4,23 1,33 4,44 

18 2530761,617 6181491,390 2530760,706 6181489,438 0,91 1,95 2,15 

19 2532356,737 6182160,703 2532354,621 6182158,986 2,12 1,72 2,72 

20 2532663,890 6182120,922 2532662,126 6182119,746 1,76 1,18 2,12 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʘʙʣ.4.1 ʧʦʢʘʟʫʶʪʴ ʩʝʨʝʜʥʽ ʢʚʘʜʨʘʪʠʯʥʽ ʧʦʭʠʙʢʠ ʦʥʦʚʣʝʥʦʾ 

ʮʠʬʨʦʚʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ ʥʘ ʨʽʚʥʽ 3,21 ʤʝʪʨʘ, ʱʦ ʻ ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

1,25 ʩʝʨʝʜʥʷ ʧʦʭʠʙʢʘ ʩʪʘʥʦʚʠʪʴ 2,57 ʤʝʪʨʘ. ʊʘʢʘ ʪʦʯʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʠʬʨʦʚʫ ʢʘʨʪʫ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʨʠʪʦʨʽʷʤʠ, ʟʦʢʨʝʤʘ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʫ ʚʠʧʘʜʢʫ ʟʘʪʦʧʣʝʥʴ. 

 

4.2.2 ʅʘ ʧʨʠʢʣʘʜʽ ʤ. ɼʫʙʘʡ 

ʆʙ'ʻʜʥʘʥʽ ɸʨʘʙʩʴʢʽ ɽʤʽʨʘʪʠ (ʆɸɽ) ʻ ʜʝʨʞʘʚʦʶ, ʨʦʟʪʘʰʦʚʘʥʦʶ ʥʘ 

ɸʨʘʚʽʡʩʴʢʦʤʫ ʧʽʚʦʩʪʨʦʚʽ, ʚʽʜʦʤʦʶ ʩʚʦʾʤ ʩʫʭʠʤ ʧʫʩʪʝʣʴʥʠʤ ʢʣʽʤʘʪʦʤ. ʋ 

ʢʚʽʪʥʽ 2024 ʨʦʢʫ ʮʷ ʢʨʘʾʥʘ ʟʘʟʥʘʣʘ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʽʣʴʥʠʭ 

ʰʪʦʨʤʽʚ, ʱʦ ʧʨʠʟʚʝʣʘ ʜʦ ʟʥʘʯʥʠʭ ʦʧʘʜʽʚ, ʷʢʽ ʧʝʨʝʚʠʱʠʣʠ ʨʽʯʥʫ ʥʦʨʤʫ ʟʘ 

ʢʽʣʴʢʘ ʜʥʽʚ. ʎʝ ʚʠʢʣʠʢʘʣʦ ʨʘʧʪʦʚʽ ʧʦʚʝʥʽ ʚ ʩʭʽʜʥʠʭ ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ, ʱʦ 



158 

 

ʩʧʨʠʯʠʥʠʣʦ ʟʘʪʦʧʣʝʥʥʷ ʜʦʨʽʛ ʪʘ ʧʦʨʫʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʧʦʚʝʥʽ ʥʘ ʨʝʛʽʦʥ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ 

Landsat-8, ʦʪʨʠʤʘʥʽ ʜʦ (ʨʠʩ.4.5 ʘ) ʪʘ ʧʽʩʣʷ (ʨʠʩ.4.5 ʙ) ʧʦʚʝʥʽ. ɿʥʽʤʢʠ ʜʦ 

ʧʦʚʝʥʽ, ʟʨʦʙʣʝʥʽ ʥʘ ʧʦʯʘʪʢʫ ʢʚʽʪʥʷ 2024 ʨʦʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʰʪʦʨʤʽʚ, ʟʥʽʤʢʠ, 

ʦʪʨʠʤʘʥʽ 19 ʢʚʽʪʥʷ 2024 ʨʦʢʫ, ʜʦʟʚʦʣʠʣʠ ʦʮʽʥʠʪʠ ʤʘʩʰʪʘʙʠ ʟʘʪʦʧʣʝʥʥʷ ʪʘ 

ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 4.5 ï ʉʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ Landsat 8-9 

ʩʠʥʪʝʟʦʚʘʥʽ ʫ R-G-B ʢʘʥʘʣʠ: ʘ) 18.03.2024 ʨʦʢʫ; ʙ) 19.04.2024 ʨʦʢʫ 
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ʅʘ ʨʠʩ.4.6 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣ̫ ʤ. ɼʫʙʘʡ 

ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʜʦ ʧʦʚʝʥʽ (ʨʠʩ.4.6 ʘ) ʪʘ ʧʽʩʣʷ ʧʦʚʝʥʽ (ʨʠʩ.4.6 ʙ). 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 4.6 ï ʈʝʟʫʣʴʪʘʪʠ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽ ʾ

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʫ Landsat 8-9: ʘ) ʜʦ ʧʦʚʝʥʽ 18.03.2024 ʨʦʢʫ; ʙ) ʧʽʩʣʷ 

ʧʦʚʝʥʽ 19.04.2024 ʨʦʢʫ 

 

ɼʦ ʧʦʚʝʥʽ, ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫʩʧʽʰʥʦ 

ʢʣʘʩʠʬʽʢʫʚʘʚ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʢʘʪʝʛʦʨʽʾ: ʩʫʰʘ ʪʘ ʚʦʜʘ, ʚʠʜʽʣʷʶʯʠ ʮʽ 

ʦʙʣʘʩʪʽ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʙʘʟʫʚʘʣʘʩʷ ʥʘ ʨʦʟʙʠʪʪʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘ 
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ʢʣʘʩʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʠ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤ ʩʧʝʢʪʨʘʣʴʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɿʦʢʨʝʤʘ, ʩʫʰʘ ʙʫʣʘ ʧʦʟʥʘʯʝʥʘ ʞʦʚʪʠʤ ʢʦʣʴʦʨʦʤ, ʚʦʜʘ ï 

ʩʠʥʽʤ, ʘ ʢʦʥʪʫʨʠ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ï ʯʝʨʚʦʥʠʤ. ʆʜʥʘʢ ʮʝʡ ʤʝʪʦʜ ʤʘʻ ʩʫʪʪʻʚʝ 

ʦʙʤʝʞʝʥʥʷ: ʚʽʥ ʥʝ ʟʜʘʪʥʠʡ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ ʷʢ ʦʢʨʝʤʠʡ 

ʢʣʘʩ, ʘ ʣʠʰʝ ʨʦʟʨʽʟʥʷʻ ʚʦʜʥʫ ʧʦʚʝʨʭʥʶ ʪʘ ʩʫʰʫ. ʇʽʩʣʷ ʧʦʚʝʥʽ ʤʝʪʦʜ ʥʝ ʟʤʽʛ 

ʢʦʨʝʢʪʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʦʚʦʫʪʚʦʨʝʥʽ ʚʦʜʥʽ ʦʙʣʘʩʪʽ, ʱʦ ʚʠʥʠʢʣʠ ʚʥʘʩʣʽʜʦʢ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ. ɿʘʤʽʩʪʴ ʯʽʪʢʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʠʭ ʜʽʣʷʥʦʢ ʜʝʷʢʽ 

ʪʝʨʠʪʦʨʽʾ ʟʘʣʠʰʘʣʠʩʷ ʢʣʘʩʠʬʽʢʦʚʘʥʠʤʠ ʷʢ ʩʫʰʘ, ʱʦ, ʩʧʨʠʯʠʥʝʥʦ 

ʟʤʝʥʰʝʥʥʷʤ ʢʦʥʪʨʘʩʪʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʚʦʜʠ ʪʘ ʥʘʚʢʦʣʠʰʥʽʤʠ ʦʙ'ʻʢʪʘʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʙʫʣʘ ʦʙʤʝʞʝʥʦʶ ʯʝʨʝʟ 

ʧʨʠʩʫʪʥʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʟʦʢʨʝʤʘ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʟʘʙʫʜʦʚʠ ʪʘ ʽʥʰʠʭ ʪʝʢʩʪʫʨ. ʇʽʢʩʝʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʠ ʮʠʤ ʝʣʝʤʝʥʪʘʤ, ʤʦʛʣʠ 

ʙʫʪʠ ʧʦʤʠʣʢʦʚʦ ʚʽʜʥʝʩʝʥʽ ʜʦ ʢʣʘʩʽʚ ʩʫʰʽ ʘʙʦ ʚʦʜʠ. ʆʩʦʙʣʠʚʦ ʮʝ ʧʨʦʷʚʣʷʣʦʩʷ 

ʫ ʟʦʥʘʭ ʟʤʽʰʘʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʧʨʠʢʣʘʜ, ʫʟʜʦʚʞ ʙʝʨʝʛʦʚʠʭ 

ʣʽʥʽʡ, ʜʝ ʩʠʥʽ ʪʘ ʟʝʣʝʥʽ ʚʽʜʪʽʥʢʠ ʤʘʣʠ ʩʭʦʞʽʩʪʴ ʽʟ ʢʦʣʴʦʨʘʤʠ ʚʦʜʠ ʪʘ ʩʫʰʽ. 

ɼʦʜʘʪʢʦʚʦ, ʧʽʩʣʷ ʧʦʚʝʥʽ ʢʦʥʪʫʨʠ ʚʦʜʠ ʩʪʘʣʠ ʤʝʥʰ ʯʽʪʢʠʤʠ, ʱʦ 

ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʤʝʪʦʜ K-means ʥʝ ʚʨʘʭʦʚʫʻ ʩʢʣʘʜʥʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, 

ʪʘʢʽ ʷʢ ʨʦʟʤʠʚʘʥʥʷ ʙʝʨʝʛʦʚʠʭ ʣʽʥʽʡ ʧʽʜ ʯʘʩ ʟʘʪʦʧʣʝʥʥʷ. ʗʢ ʥʘʩʣʽʜʦʢ, ʥʦʚʽ 

ʚʦʜʥʽ ʧʦʚʝʨʭʥʽ ʥʝʧʦʚʥʦʮʽʥʥʦ ʚʠʟʥʘʯʝʥʽ, ʘ ʾʭʥʽ ʢʦʥʪʫʨʠ ï ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʟ 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ. 

 

4.3 ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʷʚʣʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʧʨʠʨʦʜʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʥʘ ʦʩʥʦʚʽ 

ʟʘʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʧʦʚʝʥʽ ʥʘ ʨʝʛʽʦʥ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ 

ʤʦʜʝʣʴ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʉʧʦʯʘʪʢʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʥʘʨʥʠʭ 

ʤʘʩʦʢ (ʨʠʩ. 4.7) ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʽʢʩʝʣʽʚ, ʜʝ ʚʦʜʥʽ ʦʙ'ʻʢʪʠ ʙʫʣʠ 

ʧʦʟʥʘʯʝʥʽ ʷʢ 1, ʘ ʩʫʰʘ ï ʷʢ 0. ʎʝ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʙʽʥʘʨʥʽ ʤʘʩʢʠ, ʷʢʽ 

ʥʘʦʯʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʠʩʫʪʥʽʩʪʴ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʘʭ. 
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ʈʠʩʫʥʦʢ 4.7 ï ɹʽʥʘʨʥʘ ʤʘʩʢʘ  ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ 19.04.2024 ʨʦʢʫ 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʥʘʨʥʠʭ ʤʘʩʦʢ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʟʥʽʤʢʠ ʟ ʯʽʪʢʦʶ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʪʝʨʠʪʦʨʽʡ ʷʢ ʩʫʰʽ ʘʙʦ ʚʦʜʠ. ʅʘ ʮʠʭ ʟʥʽʤʢʘʭ ʚʦʜʥʽ ʦʙ'ʻʢʪʠ ʙʫʣʠ 

ʚʠʜʽʣʝʥʽ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʴʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʦʥʪʫʨʠ 

ʟʘʪʦʧʣʝʥʠʭ ʟʦʥ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʣʝʛʢʦ ʧʦʨʽʚʥʷʪʠ ʟʤʽʥʠ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ ʜʦ ʽ 

ʧʽʩʣʷ ʧʦʚʝʥʽ, ʦʩʦʙʣʠʚʦ ʚ ʦʙʣʘʩʪʷʭ, ʱʦ ʟʘʟʥʘʣʠ ʟʘʪʦʧʣʝʥʥʷ. ɿʤʽʥʠ ʤʽʞ 

ʟʦʙʨʘʞʝʥʥʷʤʠ ʜʦ ʽ ʧʽʩʣʷ ʧʦʚʝʥʽ ʩʪʘʣʠ ʦʯʝʚʠʜʥʠʤʠ, ʦʩʦʙʣʠʚʦ ʚ ʦʙʣʘʩʪʷʭ, ʱʦ 

ʟʘʟʥʘʣʠ ʟʘʪʦʧʣʝʥʥʷ. ʎʝ ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʻ ʤʘʩʰʪʘʙʠ ʽ ʨʦʟʧʦʜʽʣ ʚʦʜʠ ʧʽʩʣʷ 

ʧʦʚʝʥʽ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʷʤʠ. ʅʘ ʟʦʙʨʘʞʝʥʥʷʭ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

(ʨʠʩ. 4.8) ʯʽʪʢʦ ʚʠʜʥʦ ʟʤʽʥʫ ʢʣʘʩʽʚ ʫ ʟʘʪʦʧʣʝʥʠʭ ʨʘʡʦʥʘʭ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ɼʣʷ ʦʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʦʤʙʽʥʘʮʽʷ ʢʘʪʝʛʦʨʽʘʣʴʥʦʾ ʧʝʨʝʭʨʝʩʥʦʾ ʝʥʪʨʦʧʽʾ ʪʘ ʽʥʜʝʢʩʫ 

Dice ʷʢ ʬʫʥʢʮʽʷ ʚʪʨʘʪ, ʘ ʪʘʢʦʞ ʤʝʪʦʜ ɸʜʘʤʘ ʷʢ ʦʧʪʠʤʽʟʘʪʦʨ. ʄʝʪʨʠʢʘ 

ʪʦʯʥʦʩʪʽ, ʷʢʘ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʻ F1 ï

score, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʦ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʚ ʫʤʦʚʘʭ 

ʜʠʩʙʘʣʘʥʩʫ ʢʣʘʩʽʚ. ʊʦʯʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʧʦʟʠʪʠʚʥʠʭ ʟʨʘʟʢʽʚ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʷʢ 
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ʧʦʟʠʪʠʚʥʽ, ʘ ʧʦʚʥʦʪʘ ï ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ 

ʧʦʟʠʪʠʚʥʠʭ ʟʨʘʟʢʽʚ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʟʠʪʠʚʥʠʭ ʟʨʘʟʢʽʚ ʫ ʜʘʥʠʭ. 

 

 

ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 4.8 ï ʅʝʡʨʦʤʝʨʝʞʝʚʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʫ Landsat 8-

9: ʘ) ʜʦ ʧʦʚʝʥʽ 18.03.2024 ʨʦʢʫ; ʙ) ʧʽʩʣʷ ʧʦʚʝʥʽ 19.04.2024 ʨʦʢʫ 

 

ʊʦʯʥʽʩʪʴ [144]: 

FP+TP

TP
=ʊʦʯʥʽʩʪʴ  ,    (4.1) 

ʜʝ Ὕὖ ï ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʠʭ ʧʦʟʠʪʠʚʥʠʭ ʧʨʦʛʥʦʟʽʚ, Ὂὖ ï ʢʽʣʴʢʽʩʪʴ 

ʭʠʙʥʠʭ ʧʦʟʠʪʠʚʥʠʭ ʧʨʦʛʥʦʟʽʚ. 
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ʇʦʚʥʦʪʘ [144]: 

FP+TN

TN
=ʇʦʚʥʦʪʘ ,     (4.2) 

ʜʝ Ὂὔ ï ʢʽʣʴʢʽʩʪʴ ʭʠʙʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʧʨʦʛʥʦʟʽʚ. 

F1 Score [144]: 

ʇʦʚʥʦʪʘ+ʊʦʯʥʽʩʪʴ

ʇʦʚʥʦʪʘʊʦʯʥʽʩʪʴ2
F

ÖÖ
=1 .    (4.3) 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʨʦʙʦʪʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʷʚʣʝʥʥʷ 

ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʆʧʪʠʤʽʟʘʮʽʷ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ɸʜʘʤʘ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʝʛʦʨʽʘʣʴʥʦʾ ʧʝʨʝʭʨʝʩʥʦʾ ʝʥʪʨʦʧʽʾ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʜʝʢʩʦʤ Dice 

ʷʢ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʟʘʙʝʟʧʝʯʠʣʠ ʩʪʘʙʽʣʴʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʫʟʘʛʘʣʴʥʶʶʯʫ ʟʜʘʪʥʽʩʪʴ 

ʤʦʜʝʣʽ. ɸʥʘʣʽʟ ʤʝʪʨʠʢ ʪʦʯʥʦʩʪʽ, ʧʦʚʥʦʪʠ ʪʘ F1-score (ʪʘʙʣ. 4.2) ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʢʣʘʩʽʚ ʨʝʘʣʴʥʠʤ ʜʘʥʠʤ. ɿʦʢʨʝʤʘ, 

ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʜʦʩʷʛʣʘ 0,88, ʘ ʥʘ ʚʘʣʽʜʘʮʽʡʥʽʡ ï 

0,87, ʱʦ ʚʢʘʟʫʻ ʥʘ ʟʙʘʣʘʥʩʦʚʘʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʙʝʟ ʟʥʘʯʥʦʛʦ ʧʝʨʝʥʘʚʯʘʥʥʷ.  

 

ʊʘʙʣʠʮʷ 4.2 ï ʈʝʟʫʣʴʪʘʪʠ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʥʘʚʯʘʣʴʥʽʡ 

ʪʘ ʚʘʣʽʜʘʮʽʡʥʽʡ ʚʠʙʽʨʢʘʭ 

ɺʠʙʽʨʢʘ  ʊʦʯʥʽʩʪʴ  ʇʦʚʥʦʪʘ ʇʦʚʥʦʪʘ  

ʅʘʚʯʘʣʴʥʘ 0,88 0,85 0,86 

ɺʘʣʽʜʘʮʽʡʥʘ 0,87 0,84 0,85 

 

ʊʘʙʣʠʮʷ 4.3 ʜʝʤʦʥʩʪʨʫʻ ʦʮʽʥʢʫ F1 ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʨʦʟʨʘʭʦʚʘʥʫ ʥʘ 

ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʽʚ ʤʦʜʝʣʽ, ʦʪʨʠʤʘʥʠʭ ʟ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ. ʈʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ 

ʪʝ, ʱʦ ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʣʘʩʫ ʚʦʜʥʠʭ 

ʦʙ'ʻʢʪʽʚ (FL) ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʩʦʤ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (FV). ʂʣʘʩ FL, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʟʘʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ, ʧʝʨʝʜʙʘʯʝʥʠʡ ʟ ʚʠʱʦʶ ʪʦʯʥʽʩʪʶ, ʥʽʞ ʢʣʘʩ 

FV. 
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ʊʘʙʣʠʮʷ 4.3 ï ʆʮʽʥʢʘ F1 ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʥʘ ʦʩʥʦʚʽ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ 

ʂʣʘʩ ʊʦʯʥʽʩʪʴ ʇʦʚʥʦʪʘ F1 

FL 0,91 0,89 0,90 

FV 0,84 0,78 0,81 

 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʢʽʣʴʢʘ ʛʨʘʬʽʢʽʚ, ʷʢʽ ʥʘʦʯʥʦ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʘʜʽʚ ʫ ʤʽʩʪʽ ɼʫʙʘʡ ʧʽʜ ʯʘʩ ʰʪʦʨʤʫ. ʅʘ ʨʠʩ.4.9 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʽʪʢʠ ʜʘʥʠʭ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʤʽʩʪʦ ɼʫʙʘʡ ʪʘ ʧʨʠʣʝʛʣʽ ʪʝʨʠʪʦʨʽʾ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʘʜʽʚ ʙʫʣʘ ʚʽʜʦʙʨʘʞʝʥʘ ʤʝʪʦʜʦʤ ʢʦʥʪʫʨʥʦʾ ʟʘʣʠʚʢʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ ʧʦʢʘʟʘʪʠ ʟʤʽʥʠ ʚ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ. ʂʦʣʴʦʨʦʚʘ ʰʢʘʣʘ 

ʧʦʢʘʟʫʻ ʚʝʣʠʯʠʥʫ ʦʧʘʜʽʚ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ, ʜʝ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʽ ʦʧʘʜʠ ʧʦʟʥʘʯʝʥʽ 

ʪʝʤʥʽʰʠʤʠ ʚʽʜʪʽʥʢʘʤʠ ʩʠʥʴʦʛʦ. ɻʨʘʬʽʢ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʴʥʦ ʦʮʽʥʠʪʠ ʨʦʟʧʦʜʽʣ 

ʦʧʘʜʽʚ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ɼʫʙʘʡ ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪʽ ʟ ʥʘʡʙʽʣʴʰ 

ʽʥʪʝʥʩʠʚʥʠʤʠ ʦʧʘʜʘʤʠ. 

 

ʈʠʩʫʥʦʢ 4.9 ï ɻʨʘʬʽʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʘʜʽʚ ʚ ʤʽʩʪʽ ɼʫʙʘʡ  

ʈʠʩʫʥʦʢ 4.10 ʘ ʧʦʢʘʟʫʻ ʧʣʦʱʽ ʟʘʪʦʧʣʝʥʥʷ ʟʘ ʧʝʨʽʦʜ ʟ 15 ʢʚʽʪʥʷ ʧʦ 19 

ʢʚʽʪʥʷ 2024 ʨʦʢʫ. ɿ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʧʣʦʱʘ ʟʘʪʦʧʣʝʥʥʷ ʧʦʩʪʫʧʦʚʦ 
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ʟʙʽʣʴʰʫʚʘʣʘʩʴ ʟ 10.2 ʛʝʢʪʘʨʽʚ 15 ʢʚʽʪʥʷ ʜʦ 42.61 ʛʝʢʪʘʨʽʚ 19 ʢʚʽʪʥʷ. ʎʝ 

ʚʽʜʦʙʨʘʞʘʻ ʥʘʨʦʩʪʘʶʯʠʡ ʝʬʝʢʪ ʰʪʦʨʤʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ ʽʥʪʝʥʩʠʚʥʠʤʠ 

ʦʧʘʜʘʤʠ, ʷʢʽ ʚʠʢʣʠʢʘʣʠ ʟʥʘʯʥʽ ʟʘʪʦʧʣʝʥʥʷ. ʂʨʫʛʦʚʘ ʜʽʘʛʨʘʤʘ ʥʘ ʨʠʩ.4.10 ʙ 

ʜʦʧʦʤʘʛʘʻ ʟʨʦʟʫʤʽʪʠ ʤʘʩʰʪʘʙ ʟʘʪʦʧʣʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ, 

ʚʢʘʟʫʶʯʠ ʥʘ ʩʫʪʪʻʚʫ ʯʘʩʪʢʫ ʟʘʪʦʧʣʝʥʠʭ ʟʝʤʝʣʴ. 

 

         ʘ)           ʙ) 

ʈʠʩʫʥʦʢ 4.10 ï ɿʤʽʥʠ ʧʣʦʱʽ ʟʘʪʦʧʣʝʥʥʷ ʚ ʤʽʩʪʽ ɼʫʙʘʡ: ʘ) ʛʨʘʬʽʢ ʚ ʧʝʨʽʦʜ ʟ 

15.04.2024 ʨʦʢʫ ʧʦ 20.04.2024 ʨʦʢʫ; ʙ) ʜʽʘʛʨʘʤʤʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ 

ʟʘʪʦʧʣʝʥʠʭ ʪʘ ʽʥʰʠʭ ʪʝʨʠʪʦʨʽʡ 

 

ʅʘ ʨʠʩ.4.11 ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ɼʫʙʘʡ (ʨʘʡʦʥʠ: Hasyan 1, 

Hasyan 2, Jebel Ali, Palm ʪʘ Jebel Ali) ʟʘʪʦʧʣʝʥʘ ʚʦʜʦʶ ʛʣʠʙʠʥʦʶ ʚʽʜ 1.75 ʜʦ 2 

ʤʝʪʨʽʚ, ʱʦ ʧʦʟʥʘʯʝʥʦ ʯʦʨʥʠʤʠ ʢʨʘʧʢʘʤʠ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʩʝʨʡʦʟʥʠʡ ʚʧʣʠʚ 

ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʮʽ ʨʘʡʦʥʠ. ɯʥʰʽ ʢʦʣʴʦʨʠ ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ 

ʨʽʚʥʷ ʚʦʜʠ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʪʝʨʠʪʦʨʽʾ. ɿʦʙʨʘʞʝʥʥʷ ʪʘʢʦʞ ʧʦʢʘʟʫʻ ʽʥʰʽ ʨʽʚʥʽ 

ʟʘʪʦʧʣʝʥʥʷ, ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ: ʨʦʞʝʚʽ ʜʽʣʷʥʢʠ (1.5 ï 1.75 ʤʝʪʨʘ) 

ʟʘʡʤʘʶʪʴ ʤʝʥʰʫ ʧʣʦʱʫ ʧʦʨʽʚʥʷʥʦ ʟ ʯʝʨʚʦʥʠʤʠ; ʞʦʚʪʽ, ʩʚʽʪʣʦ-ʟʝʣʝʥʽ, ʟʝʣʝʥʽ, 

ʙʽʨʶʟʦʚʽ ʪʘ ʙʣʘʢʠʪʥʽ ʜʽʣʷʥʢʠ ʧʦʟʥʘʯʘʶʪʴ ʨʘʡʦʥʠ, ʚ ʷʢʠʭ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʚʝʥʴ ʟʘʪʦʧʣʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 4.11 ï ʂʘʨʪʘ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʤʽʩʪʘ ɼʫʙʘʡ 

 

ʅʘ ʨʠʩʫʥʢʫ 4.12 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʩʽʤ ʢʘʨʪ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʦʥʠ 

ʟʘʪʦʧʣʝʥʥʷ ʨʘʡʦʥʫ Jebel Ali Industrial 2. ʂʘʨʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʛʣʠʙʠʥʫ 

ʟʘʪʦʧʣʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 2 ʤʝʪʨʽʚ ʟ ʢʨʦʢʦʤ 0,25 ʤʝʪʨʘ. ʂʦʞʥʘ ʢʘʨʪʘ 

ʚʽʜʦʙʨʘʞʘʻ ʪʝʨʠʪʦʨʽʾ, ʷʢʽ ʙʫʜʫʪʴ ʟʘʪʦʧʣʝʥʽ ʥʘ ʧʝʚʥʫ ʛʣʠʙʠʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʠʪʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʧʦʩʪʫʧʦʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʥʘ ʮʝʡ 

ʨʘʡʦʥ. 
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ʈʠʩʫʥʦʢ 4.12 ï ʂʘʨʪʘ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʨʘʡʦʥʫ Jebel Ali Industrial 2 

 

ɿʘʛʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʪʦʧʣʝʥʥʷ ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ, ʟ 

ʙʽʣʴʰʦʶ ʛʣʠʙʠʥʦʶ ʟʘʪʦʧʣʝʥʥʷ ʚ ʧʽʚʥʽʯʥʽʡ ʽ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʨʘʡʦʥʫ. 

ɼʝʷʢʽ ʪʝʨʠʪʦʨʽʾ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʘʪʦʧʣʝʥʠʤʠ ʘʙʦ ʟʘʪʦʧʣʝʥʠʤʠ ʥʘ ʥʝʟʥʘʯʥʫ 

ʛʣʠʙʠʥʫ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʨʽʟʥʠʮʶ ʫ ʚʠʩʦʪʽ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʭ ʨʝʣʴʻʬʫ. ʂʨʦʢ 0,25 

ʤʝʪʨʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʘʥʠʭ ʢʘʨʪʘʭ, ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ ʚʽʜʦʙʨʘʟʠʪʠ 
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ʜʠʥʘʤʽʢʫ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʟʨʦʟʫʤʽʪʠ, ʷʢ ʧʦʩʪʫʧʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ 

ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʪʝʨʠʪʦʨʽʶ. ʇʦʯʘʪʢʦʚʠʡ ʝʪʘʧ ʟʘʪʦʧʣʝʥʥʷ (0 ï 0,25 ʤʝʪʨʘ) 

ʦʭʦʧʣʶʻ ʦʙʤʝʞʝʥʽ ʪʝʨʠʪʦʨʽʾ, ʧʝʨʝʚʘʞʥʦ ʚ ʥʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʯʘʩʪʠʥʘʭ 

ʨʘʡʦʥʫ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʽʚʥʷ ʚʦʜʠ ʜʦ 0,5 ʤʝʪʨʘ ʟʘʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ 

ʨʦʟʰʠʨʶʶʪʴʩʷ, ʧʝʨʝʚʘʞʥʦ ʚʟʜʦʚʞ ʨʽʯʦʢ ʽ ʢʘʥʘʣʽʚ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʨʽʚʥʷ ʚʦʜʠ 

ʜʦ 0,75 ʤʝʪʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ 

ʥʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʨʘʡʦʥʘʭ. ʂʦʣʠ ʛʣʠʙʠʥʘ ʟʘʪʦʧʣʝʥʥʷ ʜʦʩʷʛʘʻ 1 ʤʝʪʨʘ, 

ʟʘʪʦʧʣʝʥʥʷ ʦʭʦʧʣʶʻ ʱʝ ʙʽʣʴʰʝ ʪʝʨʠʪʦʨʽʡ, ʚʢʣʶʯʘʶʯʠ ʜʝʷʢʽ ʟʘʙʫʜʦʚʘʥʽ 

ʨʘʡʦʥʠ. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʜʦ 1,25 ʤʝʪʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʘʪʦʧʣʝʥʥʷ ʱʝ ʙʽʣʴʰʠʭ ʯʘʩʪʠʥ ʧʨʦʤʠʩʣʦʚʠʭ ʟʦʥ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʽʚʥʷ ʚʦʜʠ 

1,5 ʤʝʪʨʘ ʟʘʪʦʧʣʝʥʥʷ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʱʝ ʙʽʣʴʰʽ ʪʝʨʠʪʦʨʽʾ. ʅʘ ʛʣʠʙʠʥʽ 1,75 

ʤʝʪʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʡʞʝ ʧʦʚʥʝ ʟʘʪʦʧʣʝʥʥʷ ʥʠʟʴʢʦʨʦʟʪʘʰʦʚʘʥʠʭ ʯʘʩʪʠʥ 

ʨʘʡʦʥʫ, ʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʛʣʠʙʠʥʽ ʟʘʪʦʧʣʝʥʥʷ ʜʦ 2 ʤʝʪʨʽʚ ʦʭʦʧʣʶʶʪʴʩʷ 

ʥʘʡʥʠʞʯʽ ʪʝʨʠʪʦʨʽʾ, ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʘʣʠʰʢʘʤʠ ʥʝʟʘʪʦʧʣʝʥʠʭ ʟʦʥ. ɺʠʭʦʜʷʯʠ ʟ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʨʘʡʦʥʠ ʟ ʥʠʟʴʢʦʶ ʘʙʩʦʣʶʪʥʦʶ ʚʠʩʦʪʦʶ ʻ ʥʘʡʙʽʣʴʰ 

ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʟʘʪʦʧʣʝʥʥʷ, ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʘʪʦʧʣʝʥʥʷʤ ʜʦ 2 ʤʝʪʨʽʚ. 

ʇʨʦʛʨʝʩʠʚʥʝ ʟʘʪʦʧʣʝʥʥʷ ʟ ʢʨʦʢʦʤ 0,25 ʤʝʪʨʘ ʜʝʤʦʥʩʪʨʫʻ, ʷʢ ʧʦʩʪʫʧʦʚʝ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʚʧʣʠʚʘʻ ʥʘ ʪʝʨʠʪʦʨʽʶ, ʥʘʜʘʶʯʠ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʭʠʩʪʫ ʪʘ ʘʜʘʧʪʘʮʽʾ. ɼʣʷ ʨʘʡʦʥʽʚ ʟ ʛʣʠʙʠʥʦʶ 

ʟʘʪʦʧʣʝʥʥʷ ʧʦʥʘʜ 1 ʤʝʪʨ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʜʦʜʘʪʢʦʚʽ ʟʘʭʠʩʥʽ ʟʘʭʦʜʠ, ʪʘʢʽ ʷʢ 

ʙʫʜʽʚʥʠʮʪʚʦ ʜʘʤʙ ʘʙʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʫʜʽʚʝʣʴ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʡ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʟʘʪʦʧʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʽʥʬʦʨʤʫʚʘʥʥʷ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʪʘ 

ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʨʘʡʦʥʽ Jebel Ali Industrial 2. 
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4.3.1 ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʄʝʪʦʜ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʫ 

ʪʦʯʥʦʩʪʽ ʩʝʛʤʝʥʪʘʮʽʾ, ʟʦʢʨʝʤʘ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ. ɼʦ ʧʦʚʝʥʽ, ʥʘ 

ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʜʥʦ ʯʽʪʢʦ ʚʠʜʽʣʝʥʽ ʦʙʣʘʩʪʽ ʩʫʰʽ ʪʘ ʚʦʜʠ, ʘʣʝ ʢʦʥʪʫʨʠ ʚʦʜʥʠʭ 

ʪʽʣ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʱʦ ʥʝʯʽʪʢʦ. ʇʽʩʣʷ ʧʦʚʝʥʽ, ʤʝʪʦʜ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʚʠʷʚʠʚ ʧʝʚʥʽ ʟʤʽʥʠ, ʦʜʥʘʢ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʧʽʩʣʷ ʧʦʚʝʥʽ ʯʘʩʪʠʥʘ ʚʦʜʠ ʙʫʣʘ 

ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʘ ʷʢ ʩʫʰʘ, ʘ ʢʦʥʪʫʨʠ ʚʦʜʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʯʽʪʢʠʤʠ, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʦʙʤʝʞʝʥʥʷ ʤʝʪʦʜʫ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʜʠʥʘʤʽʢʠ ʟʤʽʥ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷʭ. ʂʦʥʪʫʨʠ, ʱʦ ʧʦʟʥʘʯʘʶʪʴ ʤʝʞʫ ʚʦʜʠ, ʤʘʶʪʴ ʨʽʟʥʫ ʪʦʯʥʽʩʪʴ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʣʴʦʨʦʚʠʭ ʚʽʜʪʽʥʢʽʚ ʽ ʪʝʢʩʪʫʨʥʠʭ ʟʤʽʥ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ 

ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʽʢʩʝʣʽʚ. 

ʄʝʪʦʜ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʪʦʜʦʤ 

ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʧʦʢʘʟʘʚ ʥʘʙʘʛʘʪʦ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ. ɼʦ ʧʦʚʝʥʽ 

CNN ʟʜʘʪʥʠʡ ʪʦʯʥʦ ʩʝʛʤʝʥʪʫʚʘʪʠ ʚʦʜʫ ʪʘ ʩʫʰʫ, ʯʽʪʢʦ ʚʠʟʥʘʯʘʶʯʠ ʢʦʥʪʫʨʠ 

ʚʦʜʠ, ʥʘʚʽʪʴ ʫ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʟ ʨʽʟʥʠʤʠ ʚʽʜʪʽʥʢʘʤʠ ʩʠʥʴʦʛʦ ʪʘ ʟʝʣʝʥʦʛʦ, ʱʦ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ. ʇʽʩʣʷ ʧʦʚʝʥʽ ʤʦʜʝʣʴ CNN 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ, ʟʙʝʨʽʛʘʶʯʠ ʯʽʪʢʽʩʪʴ ʢʦʥʪʫʨʽʚ 

ʚʦʜʥʠʭ ʪʽʣ ʽ ʚʠʷʚʣʷʶʯʠ ʟʤʽʥʠ ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ, ʪʘʢʠʭ ʷʢ ʥʦʚʽ 

ʚʦʜʷʥʽ ʧʦʚʝʨʭʥʽ ʘʙʦ ʟʘʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ. ʂʦʥʪʫʨʠ ʙʫʣʠ ʯʽʪʢʠʤʠ ʽ ʪʦʯʥʠʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ CNN ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘʢʠʭ 

ʟʤʽʥ, ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ ʩʢʣʘʜʥʦʛʦ ʬʦʥʫ ʪʘ ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʠʭ ʙʘʨôʻʨʽʚ. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʤʦʥʩʪʨʫʻ ʩʫʪʪʻʚʫ ʨʽʟʥʠʮʶ ʤʽʞ ʤʝʪʦʜʘʤʠ. 

ʄʝʪʦʜ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʭʦʯʘ ʡ ʟʜʘʪʝʥ ʰʚʠʜʢʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ 

ʧʽʢʩʝʣʽ ʟʦʙʨʘʞʝʥʥʷ, ʧʨʦʪʝ ʤʘʻ ʥʠʟʴʢʫ ʪʦʯʥʽʩʪʴ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʟʽ ʩʢʣʘʜʥʠʤʠ 

ʬʦʥʘʤʠ ʪʘ ʥʝ ʤʦʞʝ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʢʦʥʪʫʨʠ ʚʦʜʥʠʭ ʪʽʣ. ɺ ʨʝʟʫʣʴʪʘʪʽ, 

ʟʦʙʨʘʞʝʥʥʷ ʧʽʩʣʷ ʧʦʚʝʥʽ ʯʘʩʪʦ ʤʽʩʪʷʪʴ ʧʦʤʠʣʢʠ ʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʝ ʚʦʜʥʽ 

ʦʙʣʘʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʧʣʫʪʘʥʽ ʟ ʽʥʰʠʤʠ ʦʙôʻʢʪʘʤʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ, CNN 
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ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʯʽʪʢʦ ʩʝʛʤʝʥʪʫʚʘʪʠ ʚʦʜʥʽ ʪʘ ʩʫʭʽ ʪʝʨʠʪʦʨʽʾ, ʘ ʡ ʚʠʷʚʣʷʪʠ 

ʟʤʽʥʫ ʪʝʨʠʪʦʨʽʡ ʜʦ ʪʘ ʧʽʩʣʷ ʧʦʚʝʥʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ 

ʟʘʚʜʘʥʴ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ. 

ʄʝʪʦʜʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ CNN ʧʦʢʘʟʘʣʠ ʨʽʟʥʽ 

ʨʽʚʥʽ ʪʦʯʥʦʩʪʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʣʘʩʽʚ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ (FL) ʽ ʩʫʰʽ (FV). 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 4.4.  

 

ʊʘʙʣʠʮʷ 4.4 ï ʇʦʨʽʚʥʷʥʥʷ ʤʝʪʨʠʢ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʝʪʦʜʘʤʠ 

ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ CNN ʜʣʷ ʢʣʘʩʽʚ FL ʪʘ FV 

ʂʣʘʩ ʄʝʪʦʜ ʊʦʯʥʽʩʪʴ  ʇʦʚʥʦʪʘ  F1-ʤʽʨʘ  ɿʘʛʘʣʴʥʘ 

ʪʦʯʥʽʩʪʴ  

ʂʘʧʧʘ-

ʢʦʝʬʽʮʽʻʥʪ  

FL (ʚʦʜʘ) 
K-means 0,83 0,75 0,76 0,82 0,83 

CNN 0,91 0,89 0,90 0,96 0,93 

FV 

(ʩʫʰʘ) 

K-means 0,80 0,75 0,77 0,73 0,77 

CNN 0,84 0,78 0,81 0,91 0,88 

 

ʄʝʪʦʜ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʙʝʟʧʝʯʠʚ ʜʦʩʪʘʪʥʶ 

ʽʜʝʥʪʠʬʽʢʘʮʽ ʁ ʷʢ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢ ʽ ʪʝʨʠʪʦʨʽʡ ʩʫʰʽ, ʧʨʦʪʝ ʡʦʛʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʻ ʦʙʤʝʞʝʥʦʶ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʻ ʚʨʘʭʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʪʘ 

ʪʝʢʩʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ.  

CNN ʜʝʤʦʥʩʪʨʫʻ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʧʦʚʥʦʪʠ ʪʘ F1-ʤʽʨʠ, ʦʩʦʙʣʠʚʦ 

ʜʣʷ ʢʣʘʩʫ çʚʦʜʘè (F1 = 0,90), ʱʦ ʚʢʘʟʫʻ ʥʘ ʾʾ ʟʜʘʪʥʽʩʪʴ ʙʽʣʴʰ ʪʦʯʥʦ ʚʠʜʽʣʷʪʴ 

ʛʨʘʥʠʮʽ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ. ɺʦʜʥʦʯʘʩ ʤʝʪʦʜ K-means, ʭʦʯʘ ʡ ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ 

ʰʚʠʜʢʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʚʠʷʚʣʷʻ ʦʙʤʝʞʝʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʟʽ 

ʩʢʣʘʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʠʞʯʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʤʝʪʨʠʢ. 
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4.4 ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʪʝʨʠʪʦʨʽʾ ʟʘʪʦʧʣʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʧʨʦʨʠʚʫ ʛʨʝʙʣʽ ɼʥʽʧʨʦʚʩʴʢʦʾ ɻɽʉ ʧʨʠ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 

ɿʦʥʘ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ɻɽʉ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʘʩʪʠʥʘ 

ʧʨʠʣʝʛʣʦʾ ʜʦ ʨʽʯʢʠ (ʦʟʝʨʘ, ʚʦʜʦʩʭʦʚʠʱʘ) ʤʽʩʮʝʚʦʩʪʽ, ʷʢʘ ʟʘʪʦʧʣʶʻʪʴʩʷ ʚʦʜʦʶ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʧʦʜʽʾ. ɺʦʥʘ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ: ʟʦʥʫ 

ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ  ʪʘ ʟʦʥʫ ʟʘʪʦʧʣʝʥʥʷ. ɿʂɿ ʦʭʦʧʣʶʻ ʪʫ ʯʘʩʪʠʥʫ 

ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ, ʜʝ ʧʦʰʠʨʶʻʪʴʩʷ ʨʫʡʥʽʚʥʘ ʭʚʠʣʷ ʧʨʦʨʠʚʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʝʨʡʦʟʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʪʘʢʠʭ ʷʢ ʤʘʩʦʚʽ ʣʶʜʩʴʢʽ ʚʪʨʘʪʠ ʪʘ ʟʥʠʱʝʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ 

ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ. ʆʩʥʦʚʥʠʤʠ ʚʨʘʞʘʶʯʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʻ ʨʫʡʥʽʚʥʘ ʭʚʠʣʷ ʧʨʦʨʠʚʫ, ʚʦʜʥʠʡ ʧʦʪʽʢ ʪʘ 

ʩʧʦʢʽʡʥʽ ʚʦʜʠ, ʱʦ ʟʘʪʦʧʣʶʶʪʴ ʩʫʭʦʜʽʣ ʪʘ ʦʙ'ʻʢʪʠ. ɺʧʣʠʚ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʥʘ 

ʦʙ'ʻʢʪʠ ʥʘʛʘʜʫʻ ʜʽʶ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʚʽʜ ʷʜʝʨʥʦʛʦ ʚʠʙʫʭʫ, ʘʣʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʙʽʣʴʰʦʶ ʱʽʣʴʥʽʩʪʶ ʨʝʯʦʚʠʥʠ (ʚʦʜʠ). ɼʣʷ ʘʥʘʣʽʟʫ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥʠ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʪʘ ʪʝʭʥʽʢʠ, ʚʢʣʶʯʘʶʯʠ 3D-ʤʦʜʝʣʶʚʘʥʥʷ. ʇʽʜ ʯʘʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʥʽ ʧʨʦ ʪʦʧʦʛʨʘʬʽʶ ʤʽʩʮʝʚʦʩʪʽ, ʨʦʟʤʽʨʠ 

ʚʦʜʦʩʭʦʚʠʱʘ, ʥʘʧʽʨ ʚʦʜʠ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʪʦʧʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ, ʦʧʠʩʘʥʠʭ ʚ ʧ.3.1 ï 3.6.  

ʆʜʠʥ ʟ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʟʦʥʠ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʧʦʣʷʛʘʻ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʨʘʧʝʮʽʡʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʧʝʨʝʨʽʟʫ ʨʫʩʣʘ, ʜʝ ʥʠʞʥʷ ʦʩʥʦʚʘ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʣʴʥʦʤʫ ʨʽʚʥʶ ʚʦʜʠ ʚ ʨʽʯʮʽ, ʘ ʚʝʨʭʥʷ ʦʩʥʦʚʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʦʩʽ ʨʽʯʢʠ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʛʦʨʠʟʦʥʪʘʣʝʡ ʧʦ ʙʝʨʝʛʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʧʣʦʱʫ ʧʝʨʝʨʽʟʫ, ʫʪʚʦʨʝʥʦʛʦ ʭʚʠʣʝʶ ʧʨʦʨʠʚʫ, ʪʘ ʚʠʩʦʪʫ ʧʽʜʡʦʤʫ 

ʚʦʜʠ. ʋ ʚʠʧʘʜʢʫ 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʤʽʨʠ ʚʽʯʢʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ 10 ʤ Ĭ 10 ʤ 

Ĭ 1 ʤ ʫ ʨʝʛʽʦʥʘʭ ʟ ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ ʪʘ ʨʠʟʠʢʦʤ ʜʣʷ ʞʝʨʪʚ, ʪʘ 20 ʤ Ĭ 20 ʤ 

Ĭ 1 ʤ ʚ ʽʥʰʠʭ ʨʝʛʽʦʥʘʭ. ɿʘʛʘʣʦʤ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʷʤʦʢʫʪʥʠʭ 

ʢʦʤʽʨʦʢ ʩʽʪʢʠ ʫ ʨʽʟʥʠʭ ʙʣʦʢʘʭ ʩʽʪʢʠ ʜʣʷ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ. ɺʽʟʫʘʣʽʟʘʮʽʷ 



172 

 

ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʟ ʨʝʟʝʨʚʫʘʨʦʤ ʜʝʤʦʥʩʪʨʫʻ ʦʙʣʘʩʪʽ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ 

ʦʮʽʥʠʪʠ ʥʘʩʣʽʜʢʠ ʨʫʡʥʽʚʥʦʾ ʭʚʠʣʽ ʧʨʦʨʠʚʫ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʛʽʦʥʘʭ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʙʽʙʣʽʦʪʝʢʘ ʪʨʠʚʠʤʽʨʥʠʭ ʚʠʜʽʚ ʫ ʬʦʨʤʘʪʽ p3d. ʊʨʠʚʠʤʽʨʥʠʡ ʚʠʛʣʷʜ ʢʦʞʥʦʛʦ 

ʦʙ'ʻʢʪʘ ʩʪʚʦʨʶʻʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʟ ʧʨʠʩʚʦʻʥʥʷʤ ʧʝʚʥʠʭ ʪʝʢʩʪʫʨ. ʊʝʢʩʪʫʨʠ 

ʦʪʨʠʤʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʟʥʽʤʢʽʚ ʽ ʜʦʜʘʶʪʴʩʷ ʜʦ ʙʽʙʣʽʦʪʝʢʠ 

ʪʨʠʚʠʤʽʨʥʠʭ ʚʠʜʽʚ. ʎʷ ʦʧʝʨʘʮʽʷ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʦʙ'ʻʢʪʽʚ, 

ʧʽʩʣʷ ʯʦʛʦ ʪʨʠʚʠʤʽʨʥʠʡ ʚʠʛʣʷʜ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ 

ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʾʾ ʚʠʛʣʷʜ, ʧʘʨʘʤʝʪʨʠ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʚ ʛʨʘʬʽʯʥʠʡ ʬʦʨʤʘʪʘʭ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʧʣʘʪʬʦʨʤʫ 

QGIS ʪʘ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. ʋ Python ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʛʨʘʬʽʯʥʠʡ 

ʽʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʫ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʧʨʦʛʨʘʤʦʶ. ʋ ʮʴʦʤʫ 

ʽʥʪʝʨʬʝʡʩʽ ʢʦʨʠʩʪʫʚʘʯʫ ʥʝʦʙʭʽʜʥʦ ʟʘʚʘʥʪʘʞʠʪʠ ʧʝʨʝʚʽʨʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʪʘ 

ʚʚʝʩʪʠ ʨʷʜ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʘʥʘʣʽʟʫ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʚʢʣʶʯʘʶʪʴ ʧʣʦʱʫ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʯʘʩ, ʚʠʪʨʘʪʫ, ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʢʦʦʨʜʠʥʘʪʫ ʚ ʥʘʧʨʷʤʢʫ 

ʪʝʯʽʾ, ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʨʠʩʢʦʨʝʥʥʷ, ʛʣʠʙʠʥʫ ʚʦʜʠ, ʧʦʟʜʦʚʞʥʽʡ ʫʭʠʣ ʜʥʘ ʢʘʥʘʣʫ, 

ʫʭʠʣ ʪʝʨʪʷ ʪʘ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʚʦʜʠ (ʨʠʩ.4.13). 

 

ʈʠʩʫʥʦʢ 4.13 ï ʈʝʟʫʣʴʪʘʪ ʧʨʦʛʨʘʤʠ 
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ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʧʨʦʛʨʘʤʘ ʚʠʢʦʥʫʻ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʘʥʘʣʽʟʫʻ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʦʟʚʦʣʷʻ ʟʨʫʯʥʦ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʜʘʥʽ 

ʫ 3D ʬʦʨʤʘʪʽ ʪʘ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʩʧʨʠʷʻ ʟʨʦʟʫʤʽʥʥʶ ʪʘ ʘʥʘʣʽʟʫ 

ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʅʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʪʫʘʮʽʾ, ʱʦ ʚʠʥʠʢʣʘ ʚʥʘʩʣʽʜʦʢ ʧʨʦʨʠʚʫ ʜʘʤʙʠ 

ɼʥʽʧʨʦʚʩʴʢʦʾ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʚ ʧʨʦʛʨʘʤʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ 

ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 4.14 ʥʘʚʝʜʝʥʦ 

ʜʚʦʚʠʤʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʤʦʞʣʠʚʽ ʨʘʡʦʥʠ, ʱʦ 

ʧʽʜʣʷʛʘʶʪʴ ʯʘʩʪʢʦʚʦʤʫ ʟʘʪʦʧʣʝʥʥʶ. ɿʦʢʨʝʤʘ, ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʧ'ʷʪʴ ʨʘʡʦʥʽʚ, 

ʷʢʽ, ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʜʘʥʽ ʚʧʣʠʚʫ ʟʘʪʦʧʣʝʥʥʷ: 

ʂʦʤʫʥʘʨʩʴʢʠʡ ʨʘʡʦʥ; ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʠʡ ʨʘʡʦʥ; ɺʦʟʥʝʩʝʥʽʚʩʴʢʠʡ ʨʘʡʦʥ; 

ʍʦʨʪʠʮʴʢʠʡ ʨʘʡʦʥ ʪʘ ɼʥʽʧʨʦʚʩʴʢʠʡ ʨʘʡʦʥ. 

 

ʈʠʩʫʥʦʢ 4.14 ï ʌʨʘʛʤʝʥʪ ʢʘʨʪʠ 2D ʟ ʨʽʚʥʷʤʠ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʪʘ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤʠ ʢʦʨʜʦʥʘʤʠ ʨʘʡʦʥʽʚ ʤʽʩʪʘ ɿʘʧʦʨʽʞʞʷ 

 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʨʠʚʫ ʜʘʤʙʠ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʽ 

ʥʘʩʝʣʝʥʥʷ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʢʘʨʪʘ ʟʘʪʦʧʣʝʥʥʷ ʜʦʨʽʛ (ʨʠʩ.4.15) ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʚʥʘʩʣʽʜʦʢ ʧʨʦʨʠʚʫ ʜʘʤʙʠ ʚ ʤʽʩʪʽ ɿʘʧʦʨʽʞʞʷ ʚʟʜʦʚʞ ʨʽʯʢʠ ɼʥʽʧʨʦ. ʅʘ 

ʦʪʨʠʤʘʥʽʡ ʢʘʨʪʽ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʪʨʠ ʢʘʪʝʛʦʨʽʾ ʜʦʨʽʛ, ʧʦʟʥʘʯʝʥʽ ʨʽʟʥʠʤʠ 
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ʢʦʣʴʦʨʘʤʠ ʥʘ ʣʝʛʝʥʜʽ. ɾʦʚʪʽ ʜʦʨʦʛʠ (ʧʦʟʥʘʯʝʥʽ ʷʢ ʢʘʪʝʛʦʨʽʷ 1 ʫ ʣʝʛʝʥʜʽ) ï 

ʚʢʣʶʯʘʶʪʴ ʚʫʣʠʮʽ ʪʘ ʜʦʨʦʛʠ, ʷʢʽ ʙʫʜʫʪʴ ʧʝʨʰʠʤʠ ʧʽʜʜʘʥʽ ʚʧʣʠʚʫ ʟʘʪʦʧʣʝʥʥʷ 

(ʨʠʩ.4.15 ʘ). ʎʽ ʤʘʨʰʨʫʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʨʫʭʫ ʪʘ 

ʝʚʘʢʫʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʝʨʝʪʠʥʘʶʪʴ ʦʙʣʘʩʪʽ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠʢʦʤ 

ʟʘʪʦʧʣʝʥʥʷ. ɼʦ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʢʣʶʯʦʚʽ ʪʨʘʥʩʧʦʨʪʥʽ ʘʨʪʝʨʽʾ, 

ʤʘʛʽʩʪʨʘʣʽ ʪʘ ʚʘʞʣʠʚʽ ʚʫʣʠʮʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʞʠʪʣʦʚʠʭ ʨʘʡʦʥʽʚ ʪʘ 

ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʦʙ'ʻʢʪʽʚ. 

ʇʦʤʘʨʘʥʯʝʚʽ ʜʦʨʦʛʠ (ʧʦʟʥʘʯʝʥʽ ʷʢ ʢʘʪʝʛʦʨʽʷ 2 ʫ ʣʝʛʝʥʜʽ) ï 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʜʦʨʦʛʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʪʦʧʣʝʥʽ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ 

ʧʦʜʽʾ. ʎʽ ʤʘʨʰʨʫʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʨʫʭʫ ʪʘ ʝʚʘʢʫʘʮʽʾ, 

ʪʦʤʫ ʾʭ ʚʨʘʭʫʚʘʥʥʷ ʥʘ ʢʘʨʪʽ ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ ʙʽʣʴʰ ʧʦʚʥʠʡ ʘʥʘʣʽʟ 

ʤʦʞʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ. 

ʏʝʨʚʦʥʽ ʜʦʨʦʛʠ (ʧʦʟʥʘʯʝʥʽ ʷʢ ʢʘʪʝʛʦʨʽʷ 3 ʫ ʣʝʛʝʥʜʽ) ï ʦʭʦʧʣʶʶʪʴ 

ʜʦʨʦʛʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʪʦʧʣʝʥʽ ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʩʠʪʫʘʮʽʾ. ʎʽ 

ʤʘʨʰʨʫʪʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʤʝʥʰ ʚʘʞʣʠʚʽ ʜʦʨʦʛʠ ʪʘ ʚʫʣʠʮʽ, ʘʣʝ ʾʭ 

ʟʘʪʦʧʣʝʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʩʢʣʘʜʥʝʥʴ ʫ ʨʫʭʫ ʪʘ ʥʝʙʝʟʧʝʢʠ ʜʣʷ 

ʤʝʰʢʘʥʮʽʚ. 

ʂʘʨʪʘ ʟʘʪʦʧʣʝʥʥʷ ʜʦʨʽʛ ʙʫʜʝ ʢʦʨʠʩʥʘ ʜʣʷ ʨʷʪʫʚʘʣʴʥʠʭ ʩʣʫʞʙ, ʤʽʩʮʝʚʠʭ 

ʚʣʘʜ, ʘ ʪʘʢʦʞ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʧʨʦʞʠʚʘʻ ʚ ʧʦʪʝʥʮʽʡʥʦ ʟʘʪʦʧʣʝʥʠʭ ʨʘʡʦʥʘʭ. 

ɺʦʥʘ ʜʦʟʚʦʣʠʪʴ ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʤʽʩʪʘ ʪʘ ʝʢʩʪʨʝʥʠʤ ʩʣʫʞʙʘʤ ʝʬʝʢʪʠʚʥʦ 

ʧʣʘʥʫʚʘʪʠ ʝʚʘʢʫʘʮʽʡʥʽ ʤʘʨʰʨʫʪʠ, ʩʧʨʷʤʦʚʫʚʘʪʠ ʜʦʧʦʤʦʛʫ ʪʘ ʤʦʙʽʣʽʟʫʚʘʪʠ 

ʨʝʩʫʨʩʠ ʜʣʷ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʧʦʩʪʨʘʞʜʘʣʠʤ. ʊʘʢʦʞ ʮʷ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʤʽʩʴʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʩʚʽʜʦʤʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʧʨʦ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʧʦʚʝʥʽ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʥʠʭ. 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 4.15 ï ʌʨʘʛʤʝʥʪʠ ʢʘʨʪ: ʘ)  ʟʘʪʦʧʣʝʥʥʷ ʚʫʣʠʮʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʽʚ 

ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ; ʙ) ʟʘʪʦʧʣʝʥʥʷ ʙʫʜʠʥʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʽʚ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

 

ʇʦʙʫʜʦʚʘ ʢʘʨʪʠ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʚ 

ɿʘʧʦʨʽʟʴʢʦʤʫ ʨʘʡʦʥʽ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʧʨʦʨʠʚʫ ʜʘʤʙʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʦʩʽʚʠ ʦʩʥʦʚʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʪʘʢʠʭ ʷʢ ʢʘʨʪʦʧʣʷ, ʢʫʢʫʨʫʜʟʘ, ʧʰʝʥʠʮʷ, 

ʩʦʥʷʰʥʠʢ, ʪʦʱʦ (ʨʠʩ.4.16). 
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ʅʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʧʨʦʨʠʚʫ ʜʘʤʙʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʧʦʟʥʘʯʠʪʠʩʷ ʥʘ 

ʚʨʦʞʘʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʯʝʨʝʟ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʧʽʜʪʦʧʣʝʥʥʷ ʧʦʣʽʚ. 

ɿʦʢʨʝʤʘ, ʚʦʣʦʛʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʟʘʪʦʧʣʝʥʥʷ, ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʨʫʡʥʫʚʘʥʥʷ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥ, ʟʘʜʫʰʝʥʥʷ ʢʫʣʴʪʫʨ 

ʚʦʜʦʶ, ʘ ʪʘʢʦʞ ʨʦʟʚʠʪʦʢ ʛʥʠʣʝʡ ʪʘ ʽʥʰʠʭ ʭʚʦʨʦʙ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʪʨʘʪʠ 

ʚʨʦʞʘʶ. 

 

ʈʠʩʫʥʦʢ 4.16 ï ʂʘʨʪʘ ʟʘʪʦʧʣʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ 

 

ʇʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜʥʠʭ ʧʦʪʦʢʽʚ ʟ ʧʨʦʨʠʚʫ ʜʘʤʙʠ ʪʘʢʦʞ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʪʘ ʚʦʜʦʡʤ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ ʚ ʨʝʛʽʦʥʽ. ʅʘʷʚʥʽʩʪʴ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʪʨʫʻʥʥʷ ʨʦʩʣʠʥ ʪʘ ʟʥʠʱʝʥʥʷ ʙʽʦʪʠ ˇʨʫʥʪʫ, ʱʦ ʟʘʛʨʦʞʫʻ 

ʜʦʚʢʽʣʣʶ ʪʘ ʨʽʟʥʦʤʘʥʽʪʪʶ ʝʢʦʩʠʩʪʝʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʨʠʚ ʜʘʤʙʠ ʤʦʞʝ 

ʩʪʚʦʨʠʪʠ ʩʝʨʡʦʟʥʽ ʝʢʦʣʦʛʽʯʥʽ ʟʘʛʨʦʟʠ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʪʘ 

ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʫ ʨʘʡʦʥʽ. 

ʅʘ ʨʠʩ.4.17 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪ 3D ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʩʮʝʚʦʩʪʽ. 
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ʈʠʩʫʥʦʢ 4.17 ï ʂʘʨʪʘ ʪʨʠʚʠʤʽʨʥʦʾ ʤʽʩʮʝʚʦʩʪʽ 

 

ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʜʠʥʘʤʽʢʠ ʟʘʪʦʧʣʝʥʥʷ ʙʫʜʠʥʢʽʚ ʪʘ ʚʫʣʠʮʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʚʠʪʦʢʫ ʚʦʜʠ ʫ ʚʠʧʘʜʢʫ ʧʨʦʨʠʚʫ ʜʘʤʙʠ ɼʥʽʧʨʦʚʩʴʢʦʾ ɻɽʉ ʥʘʚʝʜʝʥʦ 

ʛʨʘʬʽʢ ʥʘ ʨʠʩ.4.18. ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ ʜʽʡ ʫ ʨʘʟʽ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʧʨʦʨʠʚʦʤ ʜʘʤʙʠ, ʩʧʨʠʯʠʥʝʥʠʤ ʥʘʜʟʚʠʯʘʡʥʦʶ ʩʠʪʫʘʮʽʻʶ ʥʘ ɼʥʽʧʨʦʚʩʴʢʽʡ 

ɻɽʉ. ɺʽʩʴ ʘʙʩʮʠʩ (X) ʧʨʝʜʩʪʘʚʣʷʻ ʯʘʩ ʚʠʪʦʢʫ ʚʦʜʠ ʚ ʛʦʜʠʥʘʭ, ʚʽʜ 0:00 ʜʦ 20:00, 

ʟ ʨʝʛʫʣʷʨʥʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʧʦ ʜʚʽ ʛʦʜʠʥʠ. ʅʘ ʚʽʩʽ ʦʨʜʠʥʘʪ (Y) ʧʦʢʘʟʘʥʘ 

ʢʽʣʴʢʽʩʪʴ ʟʘʪʦʧʣʝʥʠʭ ʦʙ'ʻʢʪʽʚ: ʙʫʜʠʥʢʽʚ ʪʘ ʚʫʣʠʮʴ. 

 

ʈʠʩʫʥʦʢ 4.18 ï ɻʨʘʬʽʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʪʦʢʫ ʚʦʜʠ 












































































