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ɸʅʆʊɸʎɯʗ 

 ɼʫʛʽʥ ʉ.ʉ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʥʘʟʝʤʥʦʾ 

ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

 ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.07.12 ï ɼʠʩʪʘʥʮʽʡʥʽ ʘʝʨʦʢʦʩʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ï ɼʝʨʞʘʚʥʘ 

ʫʩʪʘʥʦʚʘ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ 

ʋʢʨʘʾʥʠè, (ɼ 26.162.03 ɼʝʨʞʘʚʥʦʾ ʫʩʪʘʥʦʚʠ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠè), ʂʠʾʚ, 2017. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʱʝ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨʽʰʝʥʠʤʠ ʜʝʷʢʽ ʚʘʞʣʠʚʽ 

ʧʠʪʘʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʪʘʢʽ: 

1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʙʘʛʘʪʦ- ʽ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

2. ɺʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʨʦʜʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʦʢ ʋʢʨʘʾʥʠ ʥʘ ʦʩʥʦʚʽ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʙʘʟʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʚʢʽʣʣʷ. 

3. ɺʠʨʽʰʝʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʠʭ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʟʝʤʥʦʾ 

ʚʝʨʠʬʽʢʘʮʽʾ ʚʢʘʟʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʜʥʘʢ ʚʠʚʯʝʥʥʷ ʙʘʛʘʪʴʦʭ ʬʘʭʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʧʦʢʘʟʫʻ, ʱʦ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʚʠʚʯʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʋʢʨʘʾʥʠ ʚ ʦʩʥʦʚʥʠʭ 

ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥʘʭ ʨʦʟʨʦʙʣʝʥʽ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ. ʎʝ ʽ ʟʫʤʦʚʠʣʦ ʚʠʙʽʨ ʪʝʤʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʟ ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ, 

ʚʢʘʟʘʥʦ ʾʾ ʟʚ'ʷʟʦʢ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʚʠʟʥʘʯʝʥʦ ʮʽʣʽ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ 

ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ, ʧʦʢʘʟʘʥʦ ʥʦʚʠʟʥʫ ʪʘ 

ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʜʘʥʦ ʽʥʬʦʨʤʘʮʽʶ 
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ʧʨʦ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ, ʘʧʨʦʙʘʮʽʶ ʨʦʙʦʪʠ, ʚʢʘʟʘʥʦ ʢʦʥʬʝʨʝʥʮʽʾ, ʥʘ ʷʢʠʭ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʫʚʽʡʰʣʠ ʚ ʜʠʩʝʨʪʘʮʽʶ. 

 ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʧʨʠʩʚʷʯʝʥʦ ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʣʽʪʦʩʬʝʨʠ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʜʣʷ ʚʠʙʦʨʫ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ. 

ɿʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʦʚʢʽʣʣʷ ʋʢʨʘʾʥʠ, ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʤʦʛʠ ʜʦ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ. 

ɺʠʢʦʥʘʥʦ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʜʣʷ ʰʝʩʪʠ ʦʩʥʦʚʥʠʭ ʧʦʣʽʛʦʥʽʚ ɼɿɿ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ. ʆʪʨʠʤʘʥʦ 

ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʙʠʪʪʷ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʜʣʷ ʚʠʙʨʘʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʽ ʩʪʚʦʨʝʥʦ ʚʽʜʧʦʚʽʜʥʫ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʫ ʙʘʟʫ ʜʘʥʠʭ. ʇʨʦʚʝʜʝʥʦ ʩʠʥʭʨʦʥʥʽ ʛʘʟʦʤʝʪʨʠʯʥʽ ʪʘ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʥʘʟʝʤʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʩʦʨʙʮʽʾ ʉʆ2 ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʝʤʧʽʨʠʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʮʠʤʠ ʚʠʤʽʨʘʤʠ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʫʛʦʦʙʽʛʫ ʉʆ2 ʚ ʩʠʩʪʝʤʽ ñʘʪʤʦʩʬʝʨʘ-

ʨʦʩʣʠʥʥʽʩʪʴò. 

ɺʠʢʦʥʘʥʦ ʘʧʨʦʙʘʮʽʶ ʚʘʨʽʘʮʽʡ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ 

ʧʰʝʥʠʮʽ ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʦʩʦʯʫʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʥʘ ʥʘʟʝʤʥʠʡ ʭʣʦʨʦʬʽʣʴʥʠʡ 

ʽʥʜʝʢʩ ʥʘʜ ʨʦʜʦʚʠʱʘʤʠ ʥʘʬʪʠ ʪʘ ʛʘʟʫ. ɺʠʷʚʣʝʥʦ ʘʥʦʤʘʣʽʾ ʧʨʠʨʦʜʥʦʛʦ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ, 
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ANNOTATION  

 Dugin S.S. Substantiation for the test sites selection for the ground verification 

of satellite geo-monitoring data of the area of Ukraine. ï  Qualified scientific paper as 

manuscript copyright. 

Dissertation for the degree of candidate of geological sciences (PhD) with a 

degree in 05.07.12 (D 26.162.03 ï Remote Sensing Aerospace Research) State 

Institution çScientific Centre for Aerospace Research of the Earth of Institute of 

Geological Science of National Academy of Sciences of Ukraineè, Kyiv 2017. 

Urgency of the research  

Although today there are the great developments in the sphere of remote 

sensing geo-monitoring for the area of Ukraine some unresolved issues of major 

importance remain among those are the followings: 

1. Verification of satellite information for remote sensing of the area of 

Ukraine by means of the creation of test sites for the verification of multiband 

(hyperspectral) data of satellite monitoring. 

2. The experimental studies of the ground spectrometric information 

relative to the features of the natural and anthropogenic components for the test sites 

in Ukraine and creation of the proper basis of spectral features of environment. 

3. Resolution of the thematic problems of natural resource management on 

a basis of revealed spectrometric information of satellite geo-monitoring in view of 

the ground verification of above information. 

Thus the subject-matter literature review shows that the methods of creation of 

test sites in the main physiographic zones of geological surroundings of Ukraine are 

poorly developed. This made it necessary to choose the above mentioned dissertation 

subject. 

Introduction substantiates the thesis actuality relative to the choice of the test 

sites, indicates the connection of this research with the scientific programs, defines 

the goals and problems of the study for the verification of satellite geomonitoring 

data, shows the novelty and practical relevance of the results, informs on the authorôs 
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contribution, approbation of this study, denotes the Conferences, where the main 

results from the thesis are reported. 

The thesis is devoted to the selection of the earth test sites surface space for the 

verification of space information to increase the reliability of the geological 

environment research in the surface layers of the lithosphere. Justified expert 

estimations to select test sites. 

Carried out comparative analysis of the spectrometric characteristics of the 

landscape and geological features of Ukraine, thematic tasks of nature and space 

monitoring systems, which are formed as a result of the requirements for the selection 

of test sites. 

Carried out expert assessments for six major remote sensing polygons taking 

into account various landscape and geological conditions of Ukraine. Ob- tained the 

spectral characteristics of reflection of natural and anthropogenic origin for selected 

test sites and created the corresponding spectrometry database. Carried out 

synchronized gasometrical and spectrometric ground-based measurements of CO2 

absorption, established an empirical dependency between these measurements. This 

makes it possible to increase the accuracy of the results satellite imagery in the 

determination of the CO2 cycle in the system "atmosphere-vegetation". 

Achieved the approbation variation indexes red edge reflectance spectra of 

wheat under the influence of the hydrocarbon leaks on the ground of chlorophyll 

index on oil and gas deposits. Been revealed anomalies of natural and anthropogenic 

origin on the basis spectrometric information. 

Keywords: Earth remote sensing, geological environment, polygon study 

materials of aerospace survey, carbon cycle, environmental management. 
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ʟʡʦʤʢʠ. ʍIV ʋʢʨ. ʢʦʥʬ. ʟ ʢʦʩʤ. ʜʦʩʣʽʜʞʝʥʴ: ʊʝʟʠ ʜʦʧ. (ʂʠʾʚ, 8-12 ʚʝʨʝʩ. 2014). 

ʂʠʾʚ ɯʂɼ ʅɸʅʋ-ʅʂɸʋ, 2014. ʉ. 153. 

18. ʃʷʣʴʢʦ ɺ.ɯ., ʉʘʭʘʮʴʢʠʡ ʆ.ɯ., ɾʦʣʦʙʘʢ ɻ.ʄ., ɸʧʦʩʪʦʣʦʚ ʆ.ɸ., ɼʫʛʽʥ ʉ.ʉ., 

ʉʠʜʦʨʦʚʘ ʅ.ʇ. ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʧʦʩʽʚʥʠʭ ʧʣʦʱ ʥʘ ʨʽʚʥʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ 

ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ. ɯʥʥʦʚʘʮ. ʤʝʥʝʜʞʤʝʥʪ ʟʙʘʣʘʥʩʦʚ. 

(ʩʪʘʣʦʛʦ) ʧʨʠʨʦʜ. ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ: ʄʘʪʝʨʽʘʣʠ ʤʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ., 

ʧʨʠʩʚʷʯʝʥʦʾ 90-ʨʽʯʯʶ ʚʽʜ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʌ.ʊ. ʄʦʨʛʫʥʘ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ: 

ɺʠʜ-ʚʦ çʉʚʽʜʣʝʨ ɸ.ʃ.è, 2014. ʉ. 294. 
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ʧʦʩʽʚʥʠʭ ʧʣʦʱ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ 

MODIS. ɯʥʪʝʛʨʘʮʽʷ ʛʝʦʧʨʦʩʪʦʨ. ʜʘʥʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠʨʦʜ. ʨʝʩʫʨʩʽʚ: 

http://ujrs.org.ua/ujrs/article/view/68
http://ujrs.org.ua/ujrs/article/view/68
http://ujrs.org.ua/
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23-26. 
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ʧʦʢʨʠʚʫ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ. ʍIV 

ʋʢʨ. ʢʦʥʬ. ʟ ʢʦʩʤ. ʜʦʩʣʽʜʞʝʥʴ: ʊʝʟʠ ʜʦʧ. (ʋʞʛʦʨʦʜ, 8-12 ʚʝʨʝʩ. 2014). ʂʠʾʚ, 

2014. ʉ. 173. 

21. ʃʷʣʴʢʦ ɺ.ɯ., ʉʘʭʘʮʴʢʠʡ ʆ.ɯ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɾʦʣʦʙʘʢ ɻ.ʄ., ɼʫʛʽʥ ʉ.ʉ., 

ɺʘʢʦʣʶʢ ʄ.ɺ., ɿʘʛʣʘʜʘ ɭ.ɺ. ʇʦʨʽʚʥʷʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʧʦʩʽʚʽʚ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʘ Sentinel-2 ʪʘ 

FieldSpec. ɸʝʨʦʢʦʩʤ. ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʽʥʪʝʨʝʩʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʙʝʟʧʝʢʠ: 

GEO-UA 2016: ʄʘʪʝʨʽʘʣʠ ʜʦʧ. (ʂʠʾʚ, 8-9 ʚʝʨʝʩ. 2016). ʂʠʾʚ: ʅɸʅ ʋʢʨʘʾʥʠ, ɯʂɼ 

ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ɼʂɸ ʋʢʨʘʾʥʠ, ʅʊʋ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, 

2016. ʉ. 14-15. 

 ɼʦʜʘʪʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ: 

22. ʃʷʣʴʢʦ ɺ.ɯ., ʐʧʦʨʪʶʢ ɿ.ʄ., ʉʘʭʘʮʴʢʠʡ ʆ.ɯ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ., 

ɻʨʠʛʦʨʝʥʢʦ ɺ.ɺ. ɿʽʩʪʘʚʣʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʘ ʥʘʟʝʤʥʠʭ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ 

ʜʘʥʠʭ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ. ʂʦʩʤ. ʥʘʫʢʘ ʽ 

ʪʝʭʥʦʣʦʛʽʷ. 2010. T. 16, ˉ 3. ʉ. 39-45. 

23. ɸʨʪʶʰʝʥʢʦ ʄ.ɺ., ɼʫʛʽʥ ʉ.ʉ., ʌʝʜʦʨʦʚʩʢʠʡ ɸ.ɼ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʠʥʪʝʟ 

ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʟʦʥʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ. ʂʦʩʤ. ʥʘʫʢʘ ʽ ʪʝʭʥʦʣʦʛʽʷ. 2011. ʊ. 17, ˉ 5. ʉ. 50-57. 

24. ɾʦʣʦʙʘʢ ɻ.ʄ., ʐʧʦʨʪʶʢ ɿ.ʄ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʦʩʽʚʽʚ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ, ʚʠʨʦʱʝʥʦʾ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʉʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ. ʂʦʩʤ. ʥʘʫʢʘ ʽ 

ʪʝʭʥʦʣʦʛʽʷ. 2012. ʊ. 18, ˉ 4. ʉ. 45-51.  

25. ʂʦʩʪʶʯʝʥʢʦ ʖ.ɺ., ʉʦʣʦʚʡʦʚ ɼ.ʄ., ʖʱʝʥʢʦ ʄ.ɺ., ɼʫʛʽʥ ʉ.ʉ., 

ʂʦʧʘʯʝʚʩʴʢʠʡ ɯ.ʄ., ɹʽʣʦʫʩ ʖ.ɻ., ɸʨʪʝʤʝʥʢʦ ɯ.ɻ. ʑʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ  

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʥʘʟʝʤʥʠʭ ʧʦʣʽʛʦʥʥʠʭ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ 
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ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʚ ʟʘʜʘʯʘʭ ʦʮʽʥʢʠ ʛʽʜʨʦʣʦʛʦ-ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ʂʦʩʤ. ʥʘʫʢʘ ʽ ʪʝʭʥʦʣʦʛʽʷ. 2012. ʊ. 18, ˉ 6. ʉ. 14-21.  

26. ʃʷʣʴʢʦ ɺ.ɯ., ʐʧʦʨʪʶʢ ɿ.ʄ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ., ɺʦʨʦʙʡʦʚ ɸ.ɯ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʘʨʽʘʮʽʡ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʰʝʥʠʮʽ ʥʘʜ 

ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ. ʂʦʩʤ. ʥʘʫʢʘ ʽ ʪʝʭʥʦʣʦʛʽʷ. 2012, ʊ. 16, ˉ 6. ʉ. 5-10. 
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27. ʉʧʦʩʽʙ ʬʨʘʢʪʘʣʴʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʬʽʪʦʽʥʜʠʢʘʮʽʾ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ: ʧʘʪ. ˉ 104360 ʋʢʨʘʾʥʘ. ʄʇʂ G01V 

9/00, G01V 11/00. ʌʝʜʦʨʦʚʩʴʢʠʡ ʆ.ɼ., ɸʨʪʶʰʝʥʢʦ ʄ.ɺ., ɼʫʛʽʥ ʉ.ʉ.; ʟʘʷʚʣ. 

ʘ 2012 09155 ʚʽʜ 25.07.2012; ʦʧʫʙʣ. 27.01.2014, ɹʶʣ. ˉ 2. 
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ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔ 

CLC 
ɭʚʨʦʧʝʡʩʴʢʘ ʩʠʩʪʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ (CORINE 

Land Cover) 

LAI  ʃʠʩʪʢʦʚʠʡ ʽʥʜʝʢʩ (Leaf Area Index) 

NDVI  ɺʝʛʝʪʘʮʽʡʥʠʡ ʥʦʨʤʘʣʽʟʦʚʘʥʦ-ʨʽʟʥʠʮʝʚʠʡ ʽʥʜʝʢʩ (Normalized 

Difference Vegetation Index) 

NIR (ɹɯʏ) ɹʣʠʟʴʢʦʯʝʨʚʦʥʠʡ ʜʘ̔ʧʘʟʦʥ 

NPP  ʇʝʨʚʠʥʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (Net Primary Productivity) 

PAR ʌʦʪʦʩʠʥʪʝʪʠʯʥʦ ʘʢʪʠʚʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (Photosynthetically 

Active Radiation) 

PRI ʌʦʪʦʩʠʥʪʝʪʠʯʥʠʡ ʽʥʜʝʢʩ ʚʽʜʙʠʪʪʷ 

REP ɯʥʜʝʢʩ ʷʢ ʧʦʟʠʮʽʷ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ (Red Edge Position) 

RT ʏʘʩ ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ (Revisit time) 

SWIR 
Short Wave Infrared ï ʜ̔ʘʧʘʟʦʥ, ʜʝ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʧʦʥʘʜ 1000 

ʥʤ 

TCI ʄʝʨʽʩʽʚʩʴʢʠʡ ʥʘʟʝʤʥʠʡ ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ (MERIS 

Terrestrial Chlorophyll Index) 

ɹɼ  ɹʘʟʘ ʜʘʥʠʭ 

ɺɺ ɺʫʛʣʝʚʦʜʥʽ 

ɺɯ ɺʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ 

ɺʋ ɺʽʜʥʦʩʥʘ ʫʟʛʦʜʞʝʥʽʩʪʴ 

ɻɯʉ ɻʝʦ̔ʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

ɻʈʈ ɻʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʽ ʨʦʙʦʪʠ 

ɻʉ ɻʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ɼɿɿ  ɼʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ɭʂɸ ɭʚʨʦʧʝʡʩʴʢʝ ʢʦʩʤʽʯʥʝ ʘʛʝʥʪʩʪʚʦ 

ɯɻʅ ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 
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ɯʋ ɯʥʜʝʢʩ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ɯʌʈɻ ɯʥʩʪʠʪʫʪ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʪʘ ʛʝʥʝʪʠʢʠ 

ɯʏ ɯʥʬʨʘʯʝʨʚʦʥʠʡ ʜʽʘʧʘʟʦʥ 

ʂɸ ʂʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ  

ʂɻʄ ʂʦʩʤʽʯʥʠʡ ʛʝʦʤʦʥʽʪʦʨʠʥʛ 

ʂɿ ʂʦʩʤʽʯʥʠʡ ʟʥʽʤʦʢ 

ʂʉʗ ʂʦʝʬʽʮʽʻʥʪ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ 

ʄɸɯ ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ 

ʅɸʅ ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʥʘʫʢ 

ʅʉ ʅʘʜʟʚʠʯʘʡʥʘ ʩʠʪʫʘʮʽʷ  

ʆʇ ʆʟʠʤʘ ʧʰʝʥʠʮʷ 

ʈʇ ʈʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ 

ʉʂɹɼ ʉʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ 

ʉʋ ʉʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ʋʌ ʋʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ ʜʽʘʧʘʟʦʥ 

ʎɸʂɼɿ ʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ 

ʐʉɿ ʐʪʫʯʥʠʡ ʩʫʧʫʪʥʠʢ ɿʝʤʣʽ 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ (ʜʦʜʘʪʦʢ ɸ), ʱʝ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨʽʰʝʥʠʤʠ 

ʜʝʷʢʽ ʚʘʞʣʠʚʽ ʧʠʪʘʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʪʘʢʽ: 

1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʙʘʛʘʪʦ- ʽ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ (ʂɻʄ) ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʂɿ (ʂɿ) ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʪʘ ʧʦʚʥʦʪʠ ʧʦʣʴʦʚʠʭ ʜʘʥʠʭ. ʇʦʣʴʦʚʽ ʜʘʥʽ ʦʪʨʠʤʫʶʪʴ 

ʤʝʪʦʜʦʤ ʥʘʟʝʤʥʠʭ ʬʽʟʠʯʥʠʭ (ʛʝʦʭʽʤʽʯʥʠʭ, ʬʽʪʦʽʥʜʠʢʘʮʽʡʥʠʭ ʽ ʪ.ʜ.) ʚʠʤʽʨʶʚʘʥʴ ʘʙʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʦʙʩʪʝʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ, ʱʦ ʥʘʜʘʻ ʾʤ 

ʙʽʣʴʰ ʚʠʩʦʢʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ. ʇʦʣʴʦʚʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʦʧʦʨʥʽ (ʢʘʣʽʙʨʫʚʘʣʴʥʽ, ʟʘʚʽʨʢʦʚʽ) ʫ ʧʨʦʮʝʩʘʭ 

ʬʦʨʤʫʚʘʥʥʷ, ʦʙʨʦʙʢʠ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ 

ʥʘʢʦʧʠʯʝʥʦʛʦ ʜʦʩʚʽʜʫ ʫ ʩʚʽʪʦʚʦʤʫ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʟʦʥʜʫʚʘʥʥʽ ɿʝʤʣʽ (ɼɿɿ) 

ʧʝʨʝʢʦʥʣʠʚʦ ʩʚʽʜʯʠʪʴ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʡ ʰʣʷʭ ʦʪʨʠʤʘʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ï ʮʝ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦ ʦʙʣʘʜʥʘʥʠʭ ʧʦʣʽʛʦʥʽʚ. ʎʠʤ 

ʰʣʷʭʦʤ ʚʞʝ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ ʡʜʝ ʙʽʣʴʰʽʩʪʴ ʢʨʘʾʥ, ʱʦ ʤʘʶʪʴ ʚʣʘʩʥʽ ʩʫʧʫʪʥʠʢʠ 

ɼɿɿ (ʋʢʨʘʾʥʘ, ʅʽʤʝʯʯʠʥʘ, ʉʐɸ, ʌʨʘʥʮʽʷ, ʗʧʦʥʽʷ, ɯʥʜʽʷ, ʂʠʪʘʡ, ʈʦʩʽʷ ʪʘ ʽʥ.). [1-4]. 

2. ɺʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʨʦʜʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʦʢ ʋʢʨʘʾʥʠ ʥʘ ʦʩʥʦʚʽ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ 

ʙʘʟʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʚʢʽʣʣʷ. [1-4]. 

ɼɿɿ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ ʻ ʧʦʪʫʞʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ (ʈʇ). 

ʇʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ 

ʧʨʦʧʦʥʫʶʪʴ ʥʦʚʽ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʦʢʨʝʤʘ ʪʘʢʠʡ ʽʥʜʝʢʩ, ʷʢ ʧʦʟʠʮʽʷ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ REP (Red Edge Position), ʪʘ ʽʥ. ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ, REP ï ʮʝ 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚ ʽʥʪʝʨʚʘʣʽ 680-760 ʥʤ, ʜʝ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʩʧʝʢʪʨʘ ʚʽʜʙʠʪʪʷ 

ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ. ɺʝʛʝʪʘʮʽʡʥʽ ʩʪʨʝʩʠ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʭʣʦʨʦʬʽʣʫ, ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʩʧʝʢʪʨʘʭ ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥ ʟʩʫʚʘʤʠ ʜʦ 
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ʢʦʨʦʪʢʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʪʘʢ ʟʚʘʥʠʡ ñʛʦʣʫʙʠʡ ʟʩʫʚò. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

ʭʣʦʨʦʬʽʣʫ ʚ ʨʦʩʣʠʥʘʭ ʥʘ ʨʽʟʥʠʭ ʬʝʥʦʣʦʛʽʯʥʠʭ ʩʪʘʜʽʷʭ ʾʭ ʨʦʟʚʠʪʢʫ ʚʽʜ ʧʦʯʘʪʢʫ 

ʨʦʩʪʫ ʜʦ ʮʚʽʪʽʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʩʫʚʘʤʠ REP ʚ ʥʘʧʨʷʤʢʫ ʟʙʽʣʴʰʝʥʥʷ, ʪʘʢ 

ʟʚʘʥʠʡ ñʯʝʨʚʦʥʠʡ ʟʩʫʚò [1, 4-12].  

ʇʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʦʢʨʝʤʘ, ʈʇ ʻ 

ʩʫʯʘʩʥʽ ʙʦʨʪʦʚʽ ʙʘʛʘʪʦ- ʪʘ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʩʝʥʩʦʨʠ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʪʘʢʽ ʩʝʥʩʦʨʠ 

ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʩʧʝʢʪʨʘʣʴʥʫ ʽ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʱʦʙ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʚʦʥʠ ʬʦʨʤʫʶʪʴ, ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʧʨʠʨʦʜʥʽ ʦʙôʻʢʪʠ ʪʘ ʥʘʚʽʪʴ ʚʠʟʥʘʯʘʪʠ 

ʾʭ ʩʪʘʥ. ɺʠʨʽʰʝʥʥʷ ʧʦʜʽʙʥʠʭ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ 

ʧʨʦʮʝʜʫʨʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʠʨʦʜʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ, ʥʘʩʘʤʧʝʨʝʜ ʦʧʪʠʢʦ-

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʽʚ.  

3. ɺʠʨʽʰʝʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʠʭ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʂɻʄ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʚʢʘʟʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʥʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʧʦʣʽʛʦʥʽʚ ʚʠʨʽʰʫʶʪʴ ʟʘʚʜʘʥʥʷ 

ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʙʦʨʪʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ɼɿɿ ʚ ʧʨʦʮʝʩʽ ʧʦʣʴʦʪʫ ʪʘ ʾʭ 

ʢʘʣʽʙʨʫʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ ʚʠʜʽʣʷʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʙ'ʻʢʪʠ ʟ 

ʚʽʜʦʤʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʋ ʨʘʟʽ ʢʘʣʽʙʨʫʚʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ 

ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʘʙʩʦʣʶʪʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʫ. ɺʩʽ ʦʙ'ʻʢʪʠ ʥʘ ʧʦʣʽʛʦʥʽ ʧʦʚʠʥʥʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʶ ʢʦʦʨʜʠʥʘʪʥʦʶ ʧʨʠʚ'ʷʟʢʦʶ. ʊʝʩʪʦʚʽ ʧʦʣʽʛʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʤʝʪʦʜʠʢ, ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ɼɿɿ, 

ʩʪʚʦʨʝʥʥʷ ʽ ʧʦʧʦʚʥʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʙʘʟ ʜʘʥʠʭ (ɹɼ) ʧʨʦ ʩʧʝʢʪʨʘʣʴʥʽ ʩʠʛʥʘʪʫʨʠ 

ʦʙ'ʻʢʪʽʚ ɼɿɿ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʴ [13, 14].  

ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʩʪʚʦʨʝʥʥʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʚ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥʘʭ ʜʣʷ ʨʽʟʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʟʽ 
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ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʛʦʥʽʚ ɼɿɿ, ʧʨʦʚʝʜʝʥʠʭ ʪʘʢʠʤʠ ʧʨʦʚʽʜʥʠʤʠ ʚʯʝʥʠʤʠ, ʷʢ 

R.M. Mcʉoy, J.R. Anderson, A.F. Rahman, ʄ.ʆ. ʇʦʧʦʚ, ɺ.ɯ. ʃʷʣʴʢʦ, 

ʆ.ɼ. ʌʝʜʦʨʦʚʩʴʢʠʡ, ʉ.ɸ. ʉʪʘʥʢʝʚʠʯ, ʅ.ʄ. ʂʫʩʩʫʣʴ, ʆ.ɯ. ʉʘʭʘʮʴʢʠʡ, ɺ.ɻ. ʗʢʠʤʯʫʢ, 

ʄ.ɺ. ɸʨʪʶʰʝʥʢʦ, ʉ.ʉ. ʂʦʭʘʥ, ʗ.ɯ. ɿʻʣʠʢ ʪʘ ʽʥ., ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʟʘʜʘʯ 

ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ɻʉ), ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦʰʫʢʫ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ, ʢʣʽʤʘʪʦʣʦʛʽʾ, ʦʮʽʥʮʽ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ (ʅʉ) ʪʦʱʦ. ʆʜʥʘʢ ʚʠʚʯʝʥʥʷ ʙʘʛʘʪʴʦʭ ʬʘʭʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʧʦʢʘʟʫʻ, ʱʦ 

ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʚʠʚʯʝʥʥʷ ɻʉ ʋʢʨʘʾʥʠ ʚ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥʘʭ ʨʦʟʨʦʙʣʝʥʽ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ. ʎʝ ʽ ʟʫʤʦʚʠʣʦ ʚʠʙʽʨ ʪʝʤʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʘʥʘ ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʽʜʦʙʨʘʞʝʥʘ ʫ ʧʫʙʣʽʢʘʮʽʷʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʧʝʨʰʦʤʫ 

ʨʦʟʜʽʣʽ [13-39], ʧʨʠʩʚʷʯʝʥʘ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʜʣʷ 

ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʂɻʄ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʽ ʟʫʤʦʚʠʣʦ ʾʾ ʘʢʪʫʘʣʴʥʽʩʪʴ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʘʥʘ ʟʛʽʜʥʦ ʟ ʧʣʘʥʘʤʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠè ʫ ʨʘʤʢʘʭ ʚʽʩʽʤʥʘʜʮʷʪʠ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʪʝʤ, ʟʦʢʨʝʤʘ: çʆʮʽʥʢʘ ʚʧʣʠʚʫ ʨʝʛʽʦʥʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ ʥʘ 

ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʠʟʠʢʽʚ ʾʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʘʥʠʭ ɼɿɿ ʪʘ ʥʘʟʝʤʥʠʭ ʩʧʝʢʪʨʦ-, ʛʘʟʦʤʝʪʨʠʯʥʠʭ ʽ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʚʠʤʽʨʽʚè (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ʨʦʙʦʪʠ 0116U002674); 

çɯʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʧʘʨʥʠʢʦʚʦʛʦ 

ʝʬʝʢʪʫ ʥʘ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʪʘ ʜʦʚʢʽʣʣʷ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ 

ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ ʪʘ ʧʦʣʽʛʦʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴè (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

ʨʦʙʦʪʠ 0116U006574); çʈʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʠʯʥʠʭ ʦʩʥʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʠʭ ʽ ʧʦʣʽʛʦʥʥʠʭ ʩʧʝʢʪʨʦ- ʪʘ ʛʘʟʦʤʝʪʨʠʯʥʠʭ ʟʡʦʤʦʢ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘè (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ʨʦʙʦʪʠ 0116U003032); 

çʈʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ, ʱʦ ʨʦʟʰʠʨʶʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ, ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʠʭ ʧʨʠʥʮʠʧʽʚ ʘʥʘʣʽʟʫ ʽ 
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ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ, ʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ ʯʘʩʦʚʠʭ 

ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʦʙôʻʢʪʽʚè (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ʨʦʙʦʪʠ 

0113U000096); çʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʠʢ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ (ʨʦʩʣʠʥʥʽʩʪʴ, ˇʨʫʥʪʠ, ʚʦʜʥʽ ʨʝʩʫʨʩʠ), ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʚ ʫʤʦʚʘʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʟ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡè 

(ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ʨʦʙʦʪʠ 0112U000703); çʄʝʪʦʜʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʘʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ 

ʟʥʽʤʘʥʥʷ, ʧʦʣʴʦʚʦʾ ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʽ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʜʘʥʠʭ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʟʘʚʜʘʥʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʧʦʢʣʘʜʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘ ʩʫʭʦʜʦʣʽ ʽ 

ʤʦʨʩʴʢʦʤʫ ʰʝʣʴʬʽè (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ʨʦʙʦʪʠ 0112U000702). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʂɻʄ ʰʣʷʭʦʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʦʢ ʜʣʷ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ɼɿɿ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ɼʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʤʘʛʘʣʦ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ: 

ï ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʤʝʨʝʞʽ ʢʦʥʪʨʦʣʴʥʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʪʘ 

ʪʝʤʘʪʠʯʥʠʭ ʧʦʣʽʛʦʥʽʚ (ʜʽʣʷʥʦʢ) ɼɿɿ ʋʢʨʘʾʥʠ ʜʣʷ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ 

ʤʘʪʝʨʽʘʣʽʚ ʟʡʦʤʦʢ. 

ï  ʌʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ɼɿɿ ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. 

ï ʊʠʧʽʟʘʮʽʷ ʧʦʣʽʛʦʥʥʠʭ ʜʽʣʷʥʦʢ ʫ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥʘʭ 

ʋʢʨʘʾʥʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

(ʛʝʦʣʦʛʽʯʥʠʭ, ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʦʱʦ). 

ï ɸʥʘʣʽʟ ʽ ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʴʦʚʦʾ ʘʧʘʨʘʪʫʨʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ɼɿɿ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ï ʅʘʟʝʤʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʦʢ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ. 

ï ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʘʧʨʦʙʘʮʽʷ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʮʽʥʢʠ 

ʩʪʘʥʫ ɻʉ ʚ ʤʝʞʘʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɼɿɿ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʂɻʄ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ.  
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ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʩʪʦʚʽ ʜʽʣʷʥʢʠ ʜʣʷ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ 

ʂɻʄ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʠʩʪʘʥʮʽʡʥʽ, ʥʘʟʝʤʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʤʝʪʠ ʨʦʙʦʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ:  

ï ʄʝʪʦʜʠ ʧʝʨʚʠʥʥʦʾ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʜʘʥʠʭ.  

ï ʄʝʪʦʜ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʽʥʜʠʢʘʮʽʾ. 

ï ʇʦʣʴʦʚʽ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʜʣʷ ʢʘʣʽʙʨʫʚʘʣʴʥʦ-ʟʘʚʽʨʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ï ʂʘʨʪʦʛʨʘʬʽʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʣʘʥʜʰʘʬʪʫ. 

ï ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʙʘʟʘ: ʧʦʣʴʦʚʠʡ ʧʨʝʮʝʥʟʽʡʥʠʡ ʩʧʝʢʪʨʘʨʘʜʽʦʤʝʪʨ 

ASD FieldSpec3FR, ʩʠʩʪʝʤʘ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥ ʉʆ2 ʥʘ ʦʩʥʦʚʽ ʛʘʟʦʤʝʪʨʠʯʥʦʾ 

ʘʧʘʨʘʪʫʨʠ Qubit Systems 150; ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʽʡʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʤʽʥʣʠʚʦʩʪʽ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ DJI STS-VIS; ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʢʘʟʥʠʢʽʚ TemPro-1200, TROTEC TP-10; 

ʪʝʧʣʦʚʽʟʦʨ FLUKE Ti110. 

ï ʇʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ: ʦʙʨʦʙʢʠ ʜʘʥʠʭ ï çENVIè; Satellite Tool Kit 

(STK 4.3); ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʽ ɻɯʉ-ʧʨʦʛʨʘʤʠ ï Global Mapper, MapInfo, ArcGIS 9.1, 

MapSource 6.16.3.0; ʧʨʦʛʨʘʤʘ ʟʙʝʨʝʞʝʥʥʷ ʩʧʝʢʪʨʽʚ FieldSpec3FR (RS 3); 

ʧʨʦʛʨʘʤʘ ʦʙʨʦʙʢʠ ʩʧʝʢʪʨʽʚ ViewSpec Pro 6.0 ʪʦʱʦ. 

ɺʠʙʽʨ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʟʘʙʝʟʧʝʯʠʚ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʚʠʩʥʦʚʢʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

1. ɿʘʩʪʦʩʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ 

ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʂɻʄ. 

2. ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʤʦʜʝʣʴ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʜʣʷ ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʦʢ, ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʋʢʨʘʾʥʠ, ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ 
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ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʦ ʚʠʤʦʛʠ 

ʜʦ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ. 

3. ɺʧʝʨʰʝ ʚʠʢʦʥʘʥʦ ʝʢʩʧʝʨʪʥʝ ʦʮʽʥʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʣʽʛʦʥʽʚ 

ʋʢʨʘʾʥʠ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʙʨʘʥʦ ʰʽʩʪʴ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. 

4. ɺʧʝʨʰʝ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʦʪʨʠʤʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʣʷ 

ʚʠʙʨʘʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ. 

5. ɺʧʝʨʰʝ ʜʣʷ ʦʩʥʦʚʥʠʭ ʧʦʣʽʛʦʥʽʚ ʋʢʨʘʾʥʠ ʩʪʚʦʨʝʥʦ ʚʽʜʧʦʚʽʜʥʫ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʫ ɹɼ. 

ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ: 

ï ʄʝʪʦʜʠ ʟ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʂɻʄ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʥʘʟʝʤʥʠʭ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʟʡʦʤʦʢ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ. 

ï ʄʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʟʽʩʪʘʚʣʝʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ 

ʛʘʟʦʤʝʪʨʠʯʥʠʭ ʥʘʟʝʤʥʠʭ ʧʦʨʽʚʥʷʥʴ ʦʮʽʥʢʠ ʧʦʪʦʢʽʚ ʉʆ2 ʫ ʩʠʩʪʝʤʽ ñʘʪʤʦʩʬʝʨʘ-

ʨʦʩʣʠʥʥʽʩʪʴò. 

ï ɿʽʩʪʘʚʣʝʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ (ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ) ʢʦʩʤʽʯʥʠʭ ʪʘ 

ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʜʘʥʠʭ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʽʥʜʝʢʩʽʚ ʫ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʪʘ SWIR-ʦʙʣʘʩʪʽ. 

ï ɸʧʨʦʙʦʚʘʥʽ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʚʠʟʥʘʯʝʥʥʷ ʚʘʨʽʘʮʽʡ ʽʥʜʝʢʩʽʚ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʦʩʦʯʫʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ (ɺɺ) ʟ 

ʨʦʜʦʚʠʱʘ ʥʘ ʥʘʟʝʤʥʠʡ ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ. 

ʋʜʦʩʢʦʥʘʣʝʥ ̔ ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʙʽʣʴʰ ʥʘʜʽʡʥʦʛʦ ʚʠʷʚʣʝʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʘʥʦʤʘʣʽʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʚʝʛʝʪʘʮʽʡʥʽ 

ʽʥʜʝʢʩʠ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʦʩʽʚʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ (ʆʇ) ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ 

ʉʪʝʧʦʚʦʾ ʪʘ ʃʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥ ʋʢʨʘʾʥʠ. ɿʽʩʪʘʚʣʝʥʦ ʩʫʧʫʪʥʠʢʦʚʽ ʪʘ ʥʘʟʝʤʥʽ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʤʽʥ ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʥʘʜ ʈʇ ʟʘ 
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ʜʘʥʠʤʠ ʧʦʣʴʦʚʦʾ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʝʦʣʦʛʦʧʦʫhʢʦʚʠʭ ʪʘ ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ ʨʦʙʽʪ. ʇʦʨʽʚʥʷʥʦ 

ʛʘʟʦʤʝʪʨʠʯʥʽ ʪʘ ʥʘʟʝʤʥʽ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʦʮʽʥʢʠ ʧʦʪʦʢʽʚ ʉʆ2 ʚ ʩʠʩʪʝʤʽ 

ñʘʪʤʦʩʬʝʨʘ-ʨʦʩʣʠʥʥʽʩʪʴò ʪʘ ʦʪʨʠʤʘʥʦ ʨʝʛʨʝʩʽʡʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʘʛʨʦʮʝʥʦʟʽʚ 

ʃʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʽʣʴʰ ʥʘʜʽʡʥʦ ʚʠʟʥʘʯʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʛʨʦʩʠʩʪʝʤ. ʉʪʚʦʨʝʥʦ ɹɼ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʥʦʛʦ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʣʷ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʦʶ ʨʦʙʦʪʠ ʩʣʫʛʫʚʘʣʠ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʘ, ʚʠʢʦʥʘʥʠʭ ʥʠʤ ʦʩʦʙʠʩʪʦ ʪʘ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ. ɺ 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʫ ʷʢʠʭ ʚʽʜʦʙʨʘʞʝʥʽ ʦʩʥʦʚʥʽ 

ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ, ʢʦʥʢʨʝʪʥʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʚ ʫ 

ʥʘʩʪʫʧʥʦʤʫ: ʧʽʜʛʦʪʦʚʮʽ ʜʦ ʧʦʣʴʦʚʠʭ ʟʡʦʤʦʢ; ʧʨʦʚʝʜʝʥʥʽ ʧʦʣʴʦʚʠʭ ʪʘ 

ʢʘʤʝʨʘʣʴʥʠʭ ʨʦʙʽʪ; ʦʙʩʪʝʞʝʥʥʽ ʪʝʨʠʪʦʨʽʡ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʦʢ; ʧʨʦʚʝʜʝʥʥʽ ʧʦʣʴʦʚʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ; ʨʦʟʨʦʙʣʝʥʥʽ ʤʝʪʦʜʫ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʜʣʷ 

ʨʦʟʨʽʟʥʝʥʥʷ ʈʇ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʡʦʛʦ ʩʪʘʥʫ ʟʘ ʜʘʥʠʤʠ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʝʥʩʦʨʽʚ; ʧʨʦʚʝʜʝʥʥʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤ (ViewSpec Pro v6.0, Garmin MapSource v6.16.2, 

ArcGis); ʧʨʦʚʝʜʝʥʥʽ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʧʨʠʚôʷʟʢʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ GPS-ʧʨʠʡʤʘʯʘ; ʚʠʟʥʘʯʝʥʥʽ ʦʩʚʽʪʣʝʥʦʩʪʽ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ; ʚʠʤʽʨʶʚʘʥʥʽ ʚʦʣʦʛʦʩʪʽ; ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ɼɿɿ; 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʟʤʽʥ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ; ʧʽʜʛʦʪʦʚʮʽ ʥʘʫʢʦʚʠʭ ʜʘʥʠʭ ʜʦ ʧʫʙʣʽʢʘʮʡ̔. 

ʋʯʘʩʪʴ ʫ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʟʽ ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʛʦʥʽʚ ɼɿɿ, ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʪʘ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʙʛʦʚʦʨʝʥʥʽ ʾʭ ʽʟ ʩʧʽʚʘʚʪʦʨʘʤʠ, 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ. ʊʘʢʦʞ ʜʠʩʝʨʪʘʥʪʦʤ ʙʫʣʠ ʩʘʤʦʩʪʽʡʥʦ ʦʙʨʦʙʣʝʥʽ ʪʘ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ: ʜʘʥʽ ʪʝʤʘʪʠʯʥʦʛʦ 

ʜʝʰʠʬʨʫʚʘʥʥʷ 67 ʂɿ Landsat 5, 7, 8, ASTER, RapidEye, Hyperion, Sentinel ʟʘ 

ʧʝʨʽʦʜ 2002-2016 ʨʨ.; ʜʘʥʽ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 2007-2016 ʨʨ. ʫ ʤʝʞʘʭ ʰʝʩʪʠ 

ʦʩʥʦʚʥʠʭ ʧʦʣʽʛʦʥʽʚ ʋʢʨʘʾʥʠ ʥʘ 160 ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʪʘ ʦʪʨʠʤʘʥʦ ʙʣʠʟʴʢʦ 26 

ʪʠʩʷʯ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʽʥʰʽ ʟʘʚʽʨʢʦʚʽ ʜʘʥ.̔ ʋ ʧʨʦʮʝʩʽ 



23 
 

  

ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʘʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʥʘʟʝʤʥʠʭ 

ʜʘʥʠʭ.  

 ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʚ̔ʜʦʙʨʘʞʝʥ ̔ʚ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʟʽ 

ʩʧʽʚʘʚʪʦʨʘʤʠ ʪʘ ʦʩʦʙʠʩʪʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ. ʂʦʥʢʨʝʪʥʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ 

ʧʦʣʷʛʘʚ ʫ ʥʘʩʪʫʧʥʦʤʫ:  

 ʄʦʥʦʛʨʘʬʽʾ: 

1. ʀʟʤʝʥʝʥʠʝ ʟʝʤʥʳʭ ʩʠʩʪʝʤ ʚ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʝ: ʃʷʣʴʢʦ ɺ.ʀ. (ʨʝʜ.). ʂʠʝʚ: 

ʌʦʣʠʘʥʪ, 2010. 582 ʩ. ï ʧʨʦʚʝʜʝʥʦ ʧʦʣʴʦʚʽ ʨʦʙʦʪʠ ʟ ʚʠʙʦʨʫ ʧʦʣʽʛʦʥʽʚ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʧʦʣʦʞʝʥʥʷ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʚ 

ʋʢʨʘʾʥʽ. 

2. Earth Systems Change over Eastern Europe: Coeditors P., Lyalko V. (Eds.). 

Kiev: Akademperiodyka, 2012. 488 p. ISBN 978-966-360-195-3. ï ʧʨʦʚʝʜʝʥʦ 

ʧʦʣʴʦʚʽ ʨʦʙʦʪʠ ʟ ʚʠʙʦʨʫ ʧʦʣʽʛʦʥʽʚ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʧʦʣʦʞʝʥʥʷ ʜʣʷ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʚ ʋʢʨʘʾʥʽ. 

3. ʇʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ ʽ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʚ ʋʢʨʘʾʥʽ: ʦʮʽʥʢʠ ʪʘ ʥʘʩʣʽʜʢʠ: 

ʃʷʣʴʢʦ ɺ.ɯ. (ʨʝʜ.). ʂʠʾʚ: ʅʘʫʢ. ʜʫʤʢʘ, 2015. 283 ʩ. ISBN 978-966-00-1526-5. ï

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʦʢʫ 

(ʘʙʩʦʨʙʮʽʾ ʨʦʩʣʠʥʘʤʠ) ʉʆ2 ʜʣʷ ʦʩʥʦʚʥʠʭ ʘʛʨʦʢʫʣʴʪʫʨ ʋʢʨʘʾʥʠ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ 

ʩʧʝʢʪʨʦʛʘʟʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ. 

 ʌʘʭʦʚʽ ʚʠʜʘʥʥʷ, ʟʘʪʚʝʨʜʞʝʥʽ ʄʆʅ ʋʢʨʘʾʥʠ (ʛʝʦʣʦʛʽʯʥʽ ʥʘʫʢʠ): 

1. ʋ ʨʦʙʦʪʽ ɼʫʛʽʥ ʉ.ʉ. ʆʮʽʥʢʘ ʽ ʚʠʙʽʨ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʥʘʟʝʤʥʦʾ ʟʘʚʽʨʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ. ɼʦʧ. ʅɸʅ ʋʢʨʘʾʥʠ. 2014. ˉ 5. ʉ. 87-95. 

ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʽ ʚʠʙʦʨʫ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʥʘʟʝʤʥʦʾ 

ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʂɻʄ. 

2. ʋ ʨʦʙʦʪʘʭ ʐʧʦʨʪʶʢ ɿ.ʄ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ. ɺʧʣʠʚ 

ʧʨʦʩʦʯʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʥʘʟʝʤʥʠʡ ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ ʪʘ ʧʦʟʠʮʽʶ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʰʝʥʠʮʽ ʥʘʜ ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ. ɼʦʧ. ʅɸʅ 

ʋʢʨʘʾʥʠ. 2011. ˉ 11. ʉ. 115-119; ʃʷʣʴʢʦ ɺ.ɯ., ʐʧʦʨʪʶʢ ɿ.ʄ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., 

ɼʫʛʽʥ ʉ.ʉ., ʂʽʯʢʘ O.ɸ. ɻʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ 
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ʟʡʦʤʢʠ. ɻʝʦʣ. ʞʫʨʥ. 2012. ˉ 4 (341). ʉ. 79-85; ʃʷʣʴʢʦ ɺ.ɯ., ʐʧʦʨʪʶʢ ɿ.ʄ., 

ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ. ɼʦʩʣʽʜʞʝʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ 

ʢʨʘʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʟʘ 

ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ. ɻʝʦʣ. ʞʫʨʥ. 2014. ˉ 3 (348). ʉ. 95-104; 

ʃʷʣʴʢʦ ɺ.ɯ., ʐʧʦʨʪʶʢ ɿ.ʄ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ. ɼʦʧ. ʅɸʅ ʋʢʨʘʾʥʠ. 2014. ˉ 4. ʉ. 105-111. ï 

ʧʨʦʚʝʜʝʥʦ ʧʦʣʴʦʚʽ ʨʦʙʦʪʠ ʥʘ ʚʠʙʨʘʥʠʭ ʪʝʩʪʦʚʠʭ ʧʦʣʽʛʦʥʘʭ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ 

ʧʝʨʝʚʽʨʝʥʦ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʽʥʜʝʢʩʠ, ʱʦ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ 

ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʠʤʠ. 

3. ʋ ʨʦʙʦʪʽ ɾʦʣʦʙʘʢ ɻ.ʄ., ʐʧʦʨʪʶʢ ɿ.ʄ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʦʩʽʚʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʤʦʣʦʯʥʦ-ʚʦʩʢʦʚʦʾ 

ʩʪʠʛʣʦʩʪʽ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʜʠʩʪʘʥʮʽʡʥʦʾ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ. ɼʦʧ. ʅɸʅ ʋʢʨʘʾʥʠ. 2012. ˉ 

10. ʉ. 103-108. ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʪʝʩʪʦʚʦʤʫ ʧʨʠʢʣʘʜʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩ̔ʚ. 

4. ʋ ʨʦʙʦʪʽ ʂʦʩʪʶʯʝʥʢʦ ʖ.ɺ., ʉʦʣʦʚʡʦʚ ɼ.ʄ., ʖʱʝʥʢʦ ʄ.ɺ., ɼʫʛʽʥ ʉ.ʉ., 

ʂʦʧʘʯʝʚʩʴʢʠʡ ɯ.ʄ., ɸʨʪʝʤʝʥʢʦ ɯ.ɻ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʟʝʤʥʠʭ 

ʛʽʧʝʨʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʚ ʟʘʜʘʯʘʭ 

ʦʮʽʥʢʠ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʦʧ. ʅɸʅ ʋʢʨʘʾʥʠ. 2012. ˉ 10. ʉ. 

109-114. ï ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʪʝʩʪʦʚʦʤʫ ʧʨʠʢʣʘʜʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʟʝʤʥʠʭ 

ʛʽʧʝʨʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ. 

5. ʋ ʨʦʙʦʪʽ ʇʦʧʦʚ ʄ.ɸ., ʉʪʘʥʢʝʚʠʯ ʉ.ɸ., ɿʝʣʳʢ ʗ.ʀ., ʐʢʣʷʨ ʉ.ɺ., 

ʉʝʤʝʥʠʚ ʆ.ɺ., ɼʫʛʠʥ ʉ.ʉ., ɾʫʢʦʚ ɹ.ʉ. ʆʮʝʥʠʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʸʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩʧʫʪʥʠʢʦʚʦʡ 

ʩʠʩʪʝʤʳ ñʉʠʯ-2ò ʧʦ ʥʘʟʝʤʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʠʟʤʝʨʝʥʠʷʤ. ʉʦʚʨʝʤ. 

ʧʨʦʙʣ. ɼɿɿ ʠʟ ʢʦʩʤʦʩʘ. 2014. ʊ. 11, ˉ 2. ʉ. 152-164. ï ʧʨʦʚʝʜʝʥʦ ʧʦʣʴʦʚʽ ʨʦʙʦʪʠ 

ʥʘ ʚʠʙʨʘʥʦʤʫ ʪʝʩʪʦʚʦʤʫ ʧʦʣʽʛʦʥʽ, ʧʝʨʝʚʽʨʝʥʦ ʪʘ ʦʮʽʥʝʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʧʦʣʽʛʦʥʫ 

ɼɿɿ ʩʧʝʢʪʨʘʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ñʉ̔ʯ-2ò ʟʘ ʥʘʟʝʤʥʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤʠ ʚʠʤʨ̔ʘʤʠ. 
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6. ʋ ʨʦʙʦʪʘʭ ʃʷʣʴʢʦ ɺ. ɯ., ʍʘʣʘʾʤ ʆ. ʆ., ʉʘʭʘʮʴʢʠʡ ʆ. ɯ., ɾʦʣʦʙʘʢ ɻ. ʄ., 

ɺʘʢʦʣʶʢ ʄ. ɺ., ɼʫʛʽʥ ʉ.ʉ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʪʦʢʫ (ʘʙʩʦʨʙʮʽʾ 

ʨʦʩʣʠʥʘʤʠ) CO2 ʜʣʷ ʦʩʥʦʚʥʠʭ ʘʛʨʦʢʫʣʴʪʫʨ ʋʢʨʘʾʥʠ. ʋʢʨ. ʞʫʨʥ. ɼɿɿ. 2015. ˉ 4. 

ʉ. 46-74. http://ujrs.org.ua/ ujrs/index; ʃʷʣʴʢʦ ɺ.ɯ., ʉʘʭʘʮʴʢʠʡ ʆ.ɯ., ɾʦʣʦʙʘʢ ɻ.ʄ., 

ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ., ɺʘʢʦʣʶʢ ʄ.ɺ., ʍʘʣʘʾʤ ʆ.ʆ. ɸʥʘʣʽʟ ʢʦʨʝʣʷʪʠʚʥʠʭ 

ʟʚôʷʟʢʽʚ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʟ ʚʘʣʦʚʦʶ ʧʝʨʚʠʥʥʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʟʘ ʜʘʥʠʤʠ ʛʘʟʦ- ʪʘ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ ʜʣʷ ʚʠʨʦʙʥʠʯʠʭ 

ʧʦʩʽʚʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚ ɹʘʨʠʰʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʋʢʨ. ʞʫʨʥ. 

ɼɿɿ. 2016. ˉ 8. ʉ. 8-12. http://ujrs.org.ua/ ujrs/index ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʛʨʝʩʽʡʥʽ 

ʤʦʜʝʣʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʦʢʫ (ʘʙʩʦʨʙʮʽʾ ʨʦʩʣʠʥʘʤʠ) ʉʆ2 ʜʣʷ 

ʦʩʥʦʚʥʠʭ ʘʛʨʦʢʫʣʴʪʫʨ ʋʢʨʘʾʥʠ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʧʨʠ ʟʽʩʪʘʚʣʝʥʥʽ 

ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʦʜʥʦʯʘʩʥʦ ʷʢ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ 

ʢʦʩʤʦʟʥʽʤʢʽʚ Sentinel-2ɸ, ʪʘʢ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʟʝʤʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ. 

7. ʃʷʣʴʢʦ ɺ.ɯ., ʐʧʦʨʪʶʢ ɿ.ʄ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ. ɻʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ 

ʽʥʜʝʢʩʠ ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʥʘʬʪʦʥʘʩʠʯʝʥʠʭ ˇʨʫʥʪʽʚ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ɻʝʦʣ. ʞʫʨʥ. 2015. ˉ 4 (353). ʉ. 105-112. ï ʧʨʦʚʝʜʝʥʦ 

ʧʦʣʴʦʚʽ ʨʦʙʦʪʠ ʥʘ ʚʠʙʨʘʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ, ʜʦʩʣʽʜʞʝʥʦ ʟʤʽʥʠ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ HD ʪʘ HI, ʱʦ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ 

ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʠʤʠ.  

 ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ.  

 ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʤʝʪʦʜʠʯʥʽ ʧʦʣʦʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ ʽ ʧʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ, ʦʙʛʦʚʦʨʝʥʽ ʪʘ ʦʪʨʠʤʘʣʠ ʩʭʚʘʣʝʥʥʷ 

ʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: ʇʦʧʦʚ ʄ.ʆ., ʂʦʚʘʣʴʯʫʢ ʉ.ʇ., ʇʽʢʫʣʽʢ ɺ.ɯ., 

ʂʦʟʣʦʚʘ ɸ.ʆ., ɼʫʛʽʥ ʉ.ʉ., ʗʮʝʥʢʦ ɺ.ʆ., ʂʘʪʢʦʚʩʴʢʠʡ ʃ.ɺ. ʇʨʠʥʮʠʧʠ ʦʨʛʘʥʽʟʘʮʽʾ 

ʦʧʪʠʢʦ-ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʦʣʴʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʙʘʟʠ 

ʜʘʥʠʭ. ʇʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ: ʉʪʘʥ ʽ ʧʝʨʩʧʝʢʪʠʚʠ: ʊʝʟʠ ʜʦʧ. ʍɯ ʄʽʞʥʘʨ. ʥʘʫʢ.-ʪʝʭʥ. 

ʢʦʥʬ. (ʂʠʾʚ, 24-25 ʢʚʽʪ. 2012). ʂʠʾʚ: ʅʘʮ. ʪʝʭʥ. ʫʥ-ʪ ʋʢʨʘʾʥʠ çʂʇɯè, 2012. ʉ. 59-60; 

ʇʦʧʦʚ ʄ.ɸ., ʉʪʘʥʢʝʚʠʯ ʉ.ɸ., ʇʦʜʦʨʚʘʥ ɺ.ʅ., ɼʫʛʠʥ ʉ.ʉ. ʆʮʝʥʢʘ ʛʦʤʦʛʝʥʥʦʩʪʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʩʪʦʚʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʩʧʫʪʥʠʢʦʚʦʡ 

ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʍIII ʋʢʨ. ʢʦʥʬ. ʟ ʢʦʩʤ. ʜʦʩʣʽʜʞʝʥʴ: ʊʝʟʠ 

http://ujrs.org.ua/
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ʜʦʧ. (ɭʚʧʘʪʦʨʽʷ, 2-6 ʚʝʨʝʩ. 2013). ɭʚʧʘʪʦʨʽʷ, 2013. ʉ. 195; ʃʷʣʴʢʦ ɺ.ɯ., ʉʘʭʘʮʴʢʠʡ ʆ.ɯ., 

ɾʦʣʦʙʘʢ ɻ.ʄ., ɸʧʦʩʪʦʣʦʚ ʆ.ɸ., ɼʫʛʽʥ ʉ.ʉ., ʉʠʜʦʨʦʚʘ ʅ.ʇ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʧʦʩʽʚʥʠʭ ʧʣʦʱ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʦʢʨʝʤʠʭ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ 

ʋʢʨʘʾʥʠ ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ. ʍIV ʋʢʨ. ʢʦʥʬ. ʟ ʢʦʩʤ. ʜʦʩʣʽʜʞʝʥʴ: ʊʝʟʠ ʜʦʧ. 

(ʂʠʾʚ, 8-12 ʚʝʨʝʩ. 2014). ʂʠʾʚ ɯʂɼ ʅɸʅʋ-ʅʂɸʋ, 2014. ʉ. 153; ʃʷʣʴʢʦ ɺ.ɯ., 

ʉʘʭʘʮʴʢʠʡ ʆ.ɯ., ɾʦʣʦʙʘʢ ɻ.ʄ., ɸʧʦʩʪʦʣʦʚ ʆ.ɸ., ɼʫʛʽʥ ʉ.ʉ., ʉʠʜʦʨʦʚʘ ʅ.ʇ. ɸʥʘʣʽʟ 

ʩʪʨʫʢʪʫʨʠ ʧʦʩʽʚʥʠʭ ʧʣʦʱ ʥʘ ʨʽʚʥʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʟʘ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ. ɯʥʥʦʚʘʮ. ʤʝʥʝʜʞʤʝʥʪ ʟʙʘʣʘʥʩʦʚ. (ʩʪʘʣʦʛʦ) ʧʨʠʨʦʜ. 

ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ: ʄʘʪʝʨʽʘʣʠ ʤʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ., ʧʨʠʩʚʷʯʝʥʦʾ 90-ʨʽʯʯʶ ʚʽʜ 

ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ ʌ.ʊ. ʄʦʨʛʫʥʘ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ: ɺʠʜ-ʚʦ çʉʚʽʜʣʝʨ ɸ.ʃ.è, 2014. ʉ. 

294; ʃʷʣʴʢʦ ɺ.ɯ., ʉʘʭʘʮʴʢʠʡ ʆ.ɯ., ɾʦʣʦʙʘʢ ɻ.ʄ., ɸʧʦʩʪʦʣʦʚ ʆ.ɸ., ɼʫʛʽʥ ʉ.ʉ., 

ʉʠʜʦʨʦʚʘ ʅ.ʇ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʦʮʽʥʢʦʶ ʩʪʨʫʢʪʫʨʠ ʧʦʩʽʚʥʠʭ 

ʧʣʦʱ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ MODIS. 

ɯʥʪʝʛʨʘʮʽʷ ʛʝʦʧʨʦʩʪʦʨ. ʜʘʥʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠʨʦʜ. ʨʝʩʫʨʩʽʚ: ʄʘʪʝʨʽʘʣʠ ʤʽʞʥʘʨ. 

ʥʘʫʢ.-ʧʨʘʢ. ʢʦʥʬ. (ʂʠʾʚ, 27- 28 ʣʠʩʪʦʧ. 2014). ʂʠʾʚ, 2014. ʉ. 23-26; ʐʧʦʨʪʶʢ ɿ.ʄ., 

ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ. ɼʦʩʣʽʜʞʝʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ 

ʢʨʘʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʟʘ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ. ʍIV ʋʢʨ. ʢʦʥʬ. ʟ ʢʦʩʤ. ʜʦʩʣʽʜʞʝʥʴ: ʊʝʟʠ ʜʦʧ. (ʋʞʛʦʨʦʜ, 8-

12 ʚʝʨʝʩ. 2014). ʂʠʾʚ, 2014. ʉ. 173; ʃʷʣʴʢʦ ɺ.ɯ., ʉʘʭʘʮʴʢʠʡ ʆ.ɯ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., 

ɾʦʣʦʙʘʢ ɻ.ʄ., ɼʫʛʽʥ ʉ.ʉ., ɺʘʢʦʣʶʢ ʄ.ɺ., ɿʘʛʣʘʜʘ ɭ.ɺ. ʇʦʨʽʚʥʷʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ 

ʽʥʜʝʢʩʽʚ ʧʦʩʽʚʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ 

ʩʫʧʫʪʥʠʢʘ Sentinel-2 ʪʘ FieldSpec. ɸʝʨʦʢʦʩʤ. ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʽʥʪʝʨʝʩʘʭ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʽ ʙʝʟʧʝʢʠ: GEO-UA 2016: ʄʘʪʝʨʽʘʣʠ ʜʦʧ. (ʂʠʾʚ, 8-9 ʚʝʨʝʩ. 2016). ʂʠʾʚ: ʅɸʅ 

ʋʢʨʘʾʥʠ, ɯʂɼ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ɼʂɸ ʋʢʨʘʾʥʠ, ʅʊʋ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè, 2016. ʉ.14-15. 

 ɼʦʜʘʪʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ: 

1. ʋ ʨʦʙʦʪʽ ʃʷʣʴʢʦ ɺ.ɯ., ʐʧʦʨʪʶʢ ɿ.ʄ., ʉʘʭʘʮʴʢʠʡ ʆ.ɯ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., 

ɼʫʛʽʥ ʉ.ʉ., ɻʨʠʛʦʨʝʥʢʦ ɺ.ɺ. ɿʽʩʪʘʚʣʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʘ ʥʘʟʝʤʥʠʭ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʩʧʝʢʪʨʽʚ 

ʚʽʜʙʠʪʪʷ. ʂʦʩʤ. ʥʘʫʢʘ ʽ ʪʝʭʥʦʣʦʛʽ.̫ 2010. T. 16, ˉ 3. ʉ. 39-45. ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ 
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ʪʘ ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʪʝʩʪʦʚʦʤʫ ʧʨʠʢʣʘʜʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʪʤʦʩʬʝʨʥʦ ʢʦʨʠʛʦʚʘʥʠʭ 

ʜʘʥʠʭ ʩʝʥʩʦʨʘ EO-1 çHyperionè, ʱʦ ʜʘʻ ʪʦʯʥʽʰʽ ʟʥʘʯʝʥʥʷ REP ʜʣʷ ʪʨʘʚôʷʥʦʛʦ 

ʧʦʢʨʠʚʫ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʥʝʢʦʨʠʛʦʚʘʥʠʭ ʜʘʥʠʭ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ. 

2. ʋ ʨʦʙʦʪʽ ɸʨʪʶʰʝʥʢʦ ʄ.ɺ., ɼʫʛʠʥ ʉ.ʉ., ʌʝʜʦʨʦʚʩʢʠʡ ɸ.ɼ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʟʦʥʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ. ʂʦʩʤ. ʥʘʫʢʘ ʽ ʪʝʭʥʦʣʦʛʽʷ. 2011. 

ʊ. 17, ˉ 5. ʉ. 50-57. ï ʘʜʘʧʪʦʚʘʥʦ ʜʦ ʫʤʦʚ ʋʢʨʘʾʥʠ ʥʘ ʚʠʙʨʘʥʠʭ ʪʝʩʪʦʚʠʭ 

ʧʦʣʽʛʦʥʘʭ ʪʘ ʧʨʦʤʦʜʝʣʴʦʚʘʥʦ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʩʫʧʫʪʥʠʢʦʚʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ. 

3. ʋ ʨʦʙʦʪʽ ɾʦʣʦʙʘʢ ɻ.ʄ., ʐʧʦʨʪʶʢ ɿ.ʄ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʦʩʽʚʽʚ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ, ʚʠʨʦʱʝʥʦʾ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʉʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ. ʂʦʩʤ. 

ʥʘʫʢʘ ʽ ʪʝʭʥʦʣʦʛʽʷ. 2012. ʊ. 18, ˉ 4. ʉ. 45-51. ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʧʝʨʝʚʽʨʝʥʦ ʥʘ 

ʪʝʩʪʦʚʦʤʫ ʧʨʠʢʣʘʜʽ ʧʨʠʜʘʪʥʽʩʪʴ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʩʣʫʛʫʚʘʪʠ ʽʥʜʠʢʘʪʦʨʦʤ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʆʇ. 

4. ʋ ʨʦʙʦʪʽ ʂʦʩʪʶʯʝʥʢʦ ʖ.ɺ., ʉʦʣʦʚʡʦʚ ɼ.ʄ., ʖʱʝʥʢʦ ʄ.ɺ., ɼʫʛʽʥ ʉ.ʉ., 

ʂʦʧʘʯʝʚʩʴʢʠʡ ɯ.ʄ., ɹʽʣʦʫʩ ʖ.ɻ., ɸʨʪʝʤʝʥʢʦ ɯ.ɻ. ʑʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ  

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʥʘʟʝʤʥʠʭ ʧʦʣʽʛʦʥʥʠʭ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʚ ʟʘʜʘʯʘʭ ʦʮʽʥʢʠ ʛʽʜʨʦʣʦʛʦ-ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ʂʦʩʤ. ʥʘʫʢʘ ʽ ʪʝʭʥʦʣʦʛʽʷ. 2012. ʊ. 18, ˉ 6. ʉ. 14-21. ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʘʧʨʦʙʘʮʽʶ ʜʘʥʠʭ ʥʘʟʝʤʥʠʭ ʧʦʣʽʛʦʥʥʠʭ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʥʠʭ ɼɿɿ. 

5. ʋ ʨʦʙʦʪʽ ʃʷʣʴʢʦ ɺ.ɯ., ʐʧʦʨʪʶʢ ɿ.ʄ., ʉʠʙʽʨʮʝʚʘ ʆ.ʄ., ɼʫʛʽʥ ʉ.ʉ., 

ɺʦʨʦʙʡʦʚ ɸ.ɯ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʘʨʽʘʮʽʡ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ 

ʧʰʝʥʠʮʽ ʥʘʜ ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ. ʂʦʩʤ. ʥʘʫʢʘ ʽ ʪʝʭʥʦʣʦʛʽʷ. 2012, ʊ. 16, ˉ 6. 

ʉ. 5-10. ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʪʝʩʪʦʚʦʤʫ ʧʨʠʢʣʘʜʽ ʧʨʠʜʘʪʥʽʩʪʴ 

ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʩʣʫʛʫʚʘʪʠ ʽʥʜʠʢʘʪʦʨʦʤ ʟʤʽʥ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ, ʱʦ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʷʢ ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʽ. 

ʇʘʪʝʥʪ: ʉʧʦʩʽʙ ʬʨʘʢʪʘʣʴʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʬʽʪʦʽʥʜʠʢʘʮʽʾ ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʽʡ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ: ʧʘʪ. ˉ 104360 ʋʢʨʘʾʥʘ. 
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ʄʇʂ G01V 9/00, G01V 11/00. ʌʝʜʦʨʦʚʩʴʢʠʡ ʆ.ɼ., ɸʨʪʶʰʝʥʢʦ ʄ.ɺ., 

ɼʫʛʽʥ ʉ.ʉ.; ʟʘʷʚʣ. ʘ 2012 09155 ʚʽʜ 25.07.2012; ʦʧʫʙʣ. 27.01.2014, ɹʶʣ. ˉ 2. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 27 ʨʦʙʽʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ: 

3 ʤʦʥʦʛʨʘʬʽʾ; ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʥʝʩʝʥʽ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ 

ʋʢʨʘʾʥʠ ʟ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ï 11 (ʟ ʷʢʠʭ: 1 ï ʚʠʢʦʥʘʥʦ ʦʜʥʦʦʩʽʙʥʦ, 4 ï ʚʢʣʶʯʝʥʦ 

ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʫ ʙʘʟʫ ʈɯʅʎ, 1 ï ʚʢʣʶʯʝʥʦ ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʫ ʙʘʟʫ Scopus); 

1 ʧʘʪʝʥʪ; 5 ʧʫʙʣʽʢʘʮʽʡ ï ʚ ʽʥʰʠʭ ʞʫʨʥʘʣʘʭ ʪʘ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ; 7 ï ʫ ʟʙʽʨʥʠʢʘʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʢʦʨʜʦʥʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʪʘ ʬʦʨʫʤʽʚ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, 

ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (258 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 

29 ʩʪʦʨʽʥʢʘʭ). ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 214 ʩʪʦʨʽʥʢʘʭ, ʱʦ ʤʽʩʪʷʪʴ 9 ʩʪʦʨʽʥʦʢ 

ʘʥʦʪʘʮʽʾ, 150 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ (ʚ ʪʦʤʫ ʯʠʩʣʽ 28 ʨʠʩʫʥʢʽʚ, 43 ʪʘʙʣʠʮʽ), 

ʘ ʪʘʢʦʞ 7 ʜʦʜʘʪʢʽʚ ʥʘ 26 ʩʪʦʨʽʥʢʘʭ. 

ʇʦʜʷʢʠ. ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʫ ɼʝʨʞʘʚʥʽʡ ʫʩʪʘʥʦʚ ̔çʅʘʫʢʦʚʠʡ 

ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠè ʧʽʜ ʥʘʫʢʦʚʠʤ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʜ-ʨʘ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ 

ʆ.ɼ. ʌʝʜʦʨʦʚʩʴʢʦʛʦ, ʷʢʦʤʫ ʘʚʪʦʨ ʚʠʩʣʦʚʣʶʻ ʱʠʨʫ ʧʦʜʷʢʫ. ɼʠʩʝʨʪʘʥʪ ʚʜʷʯʥʠʡ 

ʢʦʣʝʛʘʤ ʧʦ ʩʧʽʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʟʘ ʢʦʨʠʩʥʽ ʧʦʨʘʜʠ, ʢʦʥʩʫʣʴʪʘʮʽʾ, ʩʧʽʚʧʨʘʮʶ, 

ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʧʽʜʪʨʠʤʢʫ ï ʜ-ʨʫ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ʄ.ʆ. ʇʦʧʦʚʫ, ʘʢʘʜ. 

ʅɸʅ ʋʢʨʘʾʥʠ ɺ.ɯ. ʃʷʣʴʢʫ, ʜ-ʨʫ ʛʝʦʣ. ʥʘʫʢ ʆ.ɯ. ʉʘʭʘʮʴʢʦʤʫ, ʜ-ʨʫ ʪʝʭʥ. ʥʘʫʢ 

ʉ.ɸ. ʉʪʘʥʢʝʚʠʯʫ, ʜ-ʨʫ ʪʝʭʥ. ʥʘʫʢ ʄ.ɺ. ɸʨʪʶʰʝʥʢʦ, ʢʘʥʜ. ʙʽʦʣ. ʥʘʫʢ 

ɻ.ʄ. ɾʦʣʦʙʘʢ, ʢʘʥʜ. ʤʘʪ. ʥʘʫʢ ɿ.ʄ. ʐʧʦʨʪʶʢ, ʢʘʥʜ. ʛʝʦʣ. ʥʘʫʢ ʃ.ʇ. ʃʽʱʝʥʢʦ, 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ɸ.ʆ. ʂʦʟʣʦʚʽʡ ʪʘ ʆ.ʄ. ʉʠʙʽʨʮʝʚʽʡ. 
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ʈʆɿɼɯʃ 1 

ʆʉʅʆɺʅɯ ʇɽʈɽɼʋʄʆɺʀ ɺʀɹʆʈʋ ʊɽʉʊʆɺʀʍ ɼɯʃʗʅʆʂ ɼʃʗ 

ʅɸɿɽʄʅʆɰ ɺɽʈʀʌɯʂɸʎɯɰ ɼɸʅʀʍ ʂʆʉʄɯʏʅʆɻʆ 

ɻɽʆʄʆʅɯʊʆʈʀʅɻʋ ʊɽʈʀʊʆʈɯɰ ʋʂʈɸɰʅʀ 

ʈʦʟʛʣʷʜʘʻʤʦ ʪʝʩʪʦʚʽ ʜʽʣʷʥʢʠ (ʧʦʣʽʛʦʥʠ) ɼɿɿ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʤʝʪʦʜʠʢ ʨʦʟʚôʷʟʘʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ, ʩʪʚʦʨʝʥʥʷ ʽ 

ʧʦʧʦʚʥʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ɹɼ ʧʨʦ ʩʧʝʢʪʨʘʣʴʥʽ ʩʠʛʥʘʪʫʨʠ ʦʙ'ʻʢʪʽʚ ɼɿɿ ʽ 

ʧʨʦʚʝʜʝʥʥʷ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʦʣʽʛʦʥʫ 

ʦʙʣʘʰʪʦʚʫʶʪʴʩʷ ʘʙʦ ʧʨʦʩʪʦ ʚʠʙʠʨʘʶʪʴʩʷ ʪʝʩʪʦʚʽ ʜʽʣʷʥʢʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ 

ʧʝʚʥʽ ʩʪʽʡʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʧʝʢʪʨʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ, ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʽʥ.). ʎʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʚ ʷʢʦʩʪʽ 

ʘʪʨʠʙʫʪʠʚʥʠʭ ʦʟʥʘʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ ʦʙ'ʻʢʪʽʚ. ʎʝ ʩʫʪʪʻʚʦ ʜʦʧʦʚʥʶʻ ʡ 

ʫʪʦʯʥʁ  ̒ʥʘ ʢʽʣʴʢʽʩʥʦʤʫ ʨʽʚʥʽ ʥʘʰʽ ʟʥʘʥʥʷ ʧʨʦ ʩʪʘʥ ʜʦʚʢʽʣʣʷ ʪʘ ʚʝʨʠʬʽʢʘʮʽʶ 

ʜʘʥʠʭ ʂɻʄ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ [1, 13 ,14].  

1.1. ɻʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʣʽʛʦʥʽʚ ɼɿɿ. ɹʽʣʴʰʽʩʪʴ ʩʧʝʮʽʘʣʴʥʦ 

ʦʙʣʘʜʥʘʥʠʭ ʧʦʣʽʛʦʥʽʚ ɼɿɿ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʩʫʰʽ. ʇʨʠ ʮʴʦʤʫ ʟʘʟʚʠʯʘʡ ʚʦʥʠ 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʠʭ ʟʘʧʦʚʽʜʥʠʢʽʚ, ʣʽʩʥʠʮʪʚ, ʜʦʩʣʽʜʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚ, 

ʙʦʪʘʥʽʯʥʠʭ ʩʘʜʽʚ ʽ ʪ.ʜ., ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʶ ʟʘʩʦʙʽʚ ʽ ʢʚʘʣʽʬʽʢʦʚʘʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [5, 6]. ʈʘʟʦʤ ʟ ʪʠʤ ʫ ʜʝʷʢʠʭ ʧʨʦʝʢʪʘʭ ɼɿɿ ʚ ʷʢʦʩʪʽ ʧʦʣʽʛʦʥʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘ ʧʝʨʽʦʜ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ ʧʨʠʨʦʜʥʽ ʥʘʟʝʤʥʽ ʦʙôʻʢʪʠ, ʧʨʦ 

ʷʢʠʭ ʻ ʚʩʷ ʥʝʦʙʭʽʜʥʘ ʽ ʜʦʩʠʪʴ ʜʦʩʪʦʚʽʨʥʘ ʽʥʬʦʨʤʘʮʽʷ. ɺʠʭʦʜʷʯʠ ʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ 

ʜʞʝʨʝʣ ʜʘʥʠʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ɼɿɿ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ɼɿɿ 

ʢʦʩʤʽʯʥʦʛʦ ʙʘʟʫʚʘʥʥʷ (ʙʦʨʪʦʚʠʭ ʩʝʥʩʦʨʽʚ) ʬʦʨʤʫʶʪʴʩʷ ʚʠʩʦʢʦʷʢʽʩʥʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʘʥʘʣʽʟ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʷʢʠʭ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʘʢʪʫʘʣʴʥʫ 

(ʦʧʝʨʘʪʠʚʥʫ) ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʟʝʤʥʦʾ ʩʫʰʽ, ʦʢʝʘʥʫ ʡ ʘʪʤʦʩʬʝʨʠ, ʬʽʢʩʫʚʘʪʠ ʽ 
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ʚʠʚʯʘʪʠ ʧʨʠʨʦʜʽ ʟʤʽʥʠ ʽ ʪ.ʜ. [3, 4]. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽ 

ʪʦʯʥʽʩʪʴ, ʷʢʽ ʦʜʝʨʞʫʶʪʴʩʷ ʟ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽʥʬʦʨʤʘʮʽʾ, ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʥʘʷʚʥʦʩʪʽ ʽ ʧʦʚʥʦʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʥʘʟʝʤʥʠʭ ʧʦʣʴʦʚʠʭ ʜʘʥʠʭ. ʇʦʣʴʦʚʽ ʜʘʥʽ 

ʦʪʨʠʤʫʶʪʴ ʤʝʪʦʜʦʤ ʥʘʟʝʤʥʠʭ ʬʽʟʠʯʥʠʭ, ʛʝʦʭʽʤʽʯʥʠʭ, ʬʽʪʦʽʥʜʠʢʘʮʽʡʥʠʭ, 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʡ 

ʦʙʩʪʝʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ, ʱʦ ʥʘʜʘʻ ʪʘʢʠʤ ʜʘʥʠʤ ʙʽʣʴʰ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʜʘʥʠʤʠ ɼɿɿ. ʎʽ ʧʦʣʴʦʚʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʩʪʘʥʥʽ ʷʢ ʦʧʦʨʥʽ 

(ʢʘʣʽʙʨʫʚʘʣʴʥʽ, ʟʘʚʽʨʢʦʚʽ) ʫ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ, ʦʙʨʦʙʢʠ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʨʠʩ. 1.1) [13, 14]. 

1.2. ɺʠʤʦʛʠ ʜʦ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ɼɿɿ 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʴ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʜʣʷ 

ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʂɿ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʨʦʟʛʣʷʥʫʪʦ ʪʝʦʨʝʪʠʯʥʽ 

ʘʩʧʝʢʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʫ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʛʝʦʣʦʛʦ-

ʛʝʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, 

ʨʦʟʨʦʙʣʝʥʦ ʚʠʤʦʛʠ ʜʦ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ɼɿɿ. ʑʦʙ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʩʚʦʻʤʫ ʧʨʠʟʥʘʯʝʥʥʶ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʪʘʪʥʶ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʽʜʪʨʠʤʢʫ ʜʠʩʪʘʥʮʽʡʥʠʤ ʚʠʤʽʨʘʤ ʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ, ʧʦʣʽʛʦʥ ɼɿɿ 

ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʠʤ ʚʠʤʦʛʘʤ. ʎʽ ʚʠʤʦʛʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢʽ 

ʢʘʪʝʛʦʨʽʾ: ʩʪʨʫʢʪʫʨʘ, ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʽ-ʚʽʜʙʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʛʝʦʛʨʘʬʽʯʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʨʦʟʤʽʨʠ, ʤʝʪʦʜʠʯʥʝ ʽ ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʝʨʪʠʬʽʢʘʮʽʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʝʘʣʽʟʘʮʽʶ ʚʢʘʟʘʥʠʭ ʚʠʤʦʛ ʥʘ ʧʨʠʢʣʘʜʽ ʐʘʮʴʢʦʛʦ ʧʦʣʽʛʦʥʫ ɼɿɿ 

(ʨʠʩ. 1.1). 

ʉʝʨʪʠʬʽʢʘʮʽʷ. ʐʘʮʴʢʠʡ ʢʦʥʪʨʦʣʴʥʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʧʦʣʽʛʦʥ ɼɿɿ 

ʩʪʚʦʨʝʥʦ ʚ 2007 ʨ. ʥʘ ʙʘʟʽ ʐʘʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ (ʐʅʇʇ) 

[39], ʷʢʠʡ ʻ ʩʢʣʘʜʦʚʦ ʁ ʯʘʩʪʠʥʦ  ʁ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʨʝʟʝʨʚʘʪʫ 

çɿʘʭʽʜʥʝ ʇʦʣʽʩʩʷè, ʱʦ ʚʢʣʶʯʘʻ ʪʝʨʠʪʦʨʽʶ ʽ ɹʻʣʘʨʫʩʽ (ʇʨʠʙʫʟʴʢʝ ʇʦʣʽʩʩʷ), ʽ 

ʇʦʣʴʱʽ (ʇʦʣʽʩʴʢʠʡ ʧʘʨʢ ʅʘʨʦʜʦʚʠʡ). ʅʘ ʧʦʣʽʛʦʥʽ ʧʨʦʚʝʜʝʥʦ ʧʦʣʴʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʢʘʤʝʨʘʣʴʥʫ ʦʙʨʦʙʢʫ ʨʽʟʥʠʭ ʟʘ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʽ  
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ʈʠʩ. 1.1. ʈʘʡʦʥʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʝʨʝʞʽ ʦʩʥʦʚʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʧʦʣʽʛʦʥʽʚ ɼɿɿ 

ʋʢʨʘʾʥʠ: 1. ʐʘʮʴʢʠʡ ï ʇʦʣʽʩʩʷ; 2. ʂʠʾʚʩʴʢʠʡ ï ʃʽʩʦʩʪʝʧ; 3. ɺʽʥʥʠʮʴʢʠʡ ï 

ʃʽʩʦʩʪʝʧ; 4. ʄʠʢʦʣʘʾʚʩʴʢʠʡ ï ʉʪʝʧ; 5. ʂʨʠʤʩʴʢʠʡ ï ʉʪʝʧ; 6. ʂʘʨʧʘʪʩʴʢʠʡ ï 

ɻʽʨʩʴʢʠʡ 

ʢʽʣʴʢʽʩʪʶ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʠʢʠ ʦʙʨʦʙʣʝʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʢʦʩʤʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɺ 

ʋʢʨʘʾʥʽ ʟʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʧʦʨʷʜʦʢ ʩʝʨʪʠʬʽʢʘʮʽʾ ʚʠʢʣʘʜʝʥʽ ʚ ʩʪʘʥʜʘʨʪʘʭ [40-

44].  

ʇʨʠ ʚʠʙʦʨʽ ʤʽʩʮʷ ʥʘʟʝʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʐʘʮʴʢʦʛʦ ʢʦʥʪʨʦʣʴʥʦ-

ʢʘʣʽʙʨʫʚʘʣʴʥʦʛʦ ʧʦʣʽʛʦʥʫ ʚʨʘʭʦʚʘʥʦ ʨʷʜ ʬʘʢʪʦʨʽʚ, ʘ ʩʘʤʝ: ʣʘʥʜʰʘʬʪʥʦ-

ʢʣʽʤʘʪʠʯʥʽ ʪʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʻ ʪʠʧʦʚʠʤʠ ʜʣʷ 

ɿʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ (ɺʦʣʠʥʩʴʢʘ ʽ ʈʽʚʥʝʥʩʴʢʘ ʦʙʣʘʩʪʽ), ʦʩʢʽʣʴʢʠ ʤʽʩʮʝʚʠʡ ʢʣʽʤʘʪ, 

ʨʦʩʣʠʥʥʽʩʪʴ ʽ ʨʝʣʴʻʬ ʫʪʚʦʨʶʶʪʴ ʭʘʨʘʢʪʝʨʥʫ ʩʪʨʫʢʪʫʨʫ ʣʘʥʜʰʘʬʪʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʩʪʨʫʢʪʫʨʫ ʧʦʣʽʛʦʥʫ ʽ ʩʢʣʘʜ ʪʝʩʪʦʚʠʭ ʦʙ'ʻʢʪʽʚ; ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʧʦʣʽʛʦʥʫ 

ʪʘ ʡʦʛʦ ʤʝʞʽ ʟʙʽʛʘʶʪʴʩʷ ʟ ʤʝʞʘʤʠ ʽ ʦʭʦʧʣʶʶʪʴ ʦʩʥʦʚʥʽ ʪʠʧʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ 

ʮʴʦʛʦ ʨʝʛʽʦʥʫ; ʤʦʟʘʾʯʥʽʩʪʴ ʣʘʥʜʰʘʬʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʯʝʨʛʫʚʘʥʥʷ ʚʽʜʢʨʠʪʠʭ, 

ʟʘʣʽʩʝʥʠʭ ʽ ʚʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʚʽʜʥʦʩʥʦ ʧʣʦʩʢʠʡ ʨʝʣʴʻʬ ʩʧʨʠʷʶʪʴ 
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ʚʠʢʦʨʠʩʪʘʥʥʶ ʮʽʻʾ ʪʝʨʠʪʦʨʽʾ ʷʢ ʜʣʷ ʢʘʣʽʙʨʫʚʘʣʴʥʦ-ʟʘʚʽʨʢʦʚʠʭ, ʪʘʢ ʽ ʜʣʷ 

ʪʝʩʪʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʧʨʦʚʝʜʝʥʦ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ, ʥʘʢʦʧʠʯʝʥʦ ʽ ʧʨʦʜʦʚʞʫʻ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʘʥ ʢʣʽʤʘʪʫ, ˇʨʫʥʪʽʚ, ʬʣʦʨʠ ʽ ʬʘʫʥʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʝʤʠʭ ʙʽʦʪʦʧʽʚ; ʧʨʦʚʝʜʝʥʦ ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʢʦʩʠʩʪʝʤ, ʾʭ ʟʤʽʥʠ ʧʽʜ ʚʧʣʠʚʦʤ ʨʝʢʨʝʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; ʚʠʢʦʥʘʥʦ ʨʦʙʦʪʠ ʟ 

ʚʠʚʯʝʥʥʷ ʙʽʦʪʦʧʽʚ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʘʥʦʾ ʟʘʧʦʚʽʜʥʦʾ ʪʝʨʠʪʦʨʽʾ ʫ ʪʽʩʥʽʡ 

ʩʧʽʚʧʨʘʮʽ ʟ ʥʘʫʢʦʚʮʷʤʠ ʐʅʇʇ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʱʦ 

ʧʦʣʝʛʰʘʣʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ  ̔ʷʚʠʱ ʪʘ ʚʠʙʽʨ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ. 

ʂʦʞʝʥ ʢʣʘʩ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʦʜʥʽʻʶ ʘʙʦ ʢʽʣʴʢʦʤʘ ʪʝʩʪʦʚʠʤʠ ʜʽʣʷʥʢʘʤʠ, 

ʜʦ ʷʢʠʭ ʚʠʩʫʚʘʶʪʴʩʷ ʜʚʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ: ʘ) ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʩʢʣʘʜʦʚʠʭ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʜʠʥʠʮʴ (ʝʣʝʤʝʥʪʽʚ) ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʘʪʥʴʦʶ; ʙ) 

ʜʽʣʷʥʢʠ ʤʘʶʪʴ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʦʜʥʦʨʽʜʥʠʤʠ, ʪʦʙʪʦ ʥʝ òʟʘʩʤʽʯʝʥʠʤʠò 

ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʽʥʰʠʭ ʢʣʘʩʽʚ. ɭʚʨʦʧʝʡʩʴʢʘ ʩʠʩʪʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ (CORINE Land Cover) ʙʫʣʘ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʫʤʦʚ ʋʢʨʘʾʥʠ (ʜʦʜʘʪʦʢ ɹ). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʘʚʠʣ, ʢʦʞʝʥ ʧʦʣʽʛʦʥ ɼɿɿ ʧʨʦʭʦʜʠʪʴ 

ʧʨʦʮʝʜʫʨʫ ʩʝʨʪʠʬʽʢʘʮʽʾ ʽ ʧʘʩʧʦʨʪʠʟʫʻʪʴʩʷ [3, 6, 44]. ʉʝʨʪʠʬʽʢʘʮʽʶ ʐʘʮʴʢʦʛʦ 

ʧʦʣʽʛʦʥʫ ɼɿɿ ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʪʘ ʟʘʧʦʚʥʝʥʥʷ ʧʘʩʧʦʨʪʽʚ ʚʣʘʩʥʝ 

ʧʦʣʽʛʦʥʫ ɼɿɿ, ʧʘʩʧʦʨʪʽʚ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʢʣʘʩʽʚ ʪʘ ʧʘʩʧʦʨʪʽʚ ʝʣʝʤʝʥʪʽʚ ʜʽʣʷʥʢʠ 

ʧʦʣʽʛʦʥʫ. 

ʇʘʩʧʦʨʪ. ʐʘʮʴʢʠʡ ʧʦʣʽʛʦʥ ɼɿɿ ʤʽʩʪʠʪʴ: ʟʘʛʘʣʴʥʽ ʜʘʥʽ (ʥʘʟʚʘ, ʯʘʩ 

ʩʪʚʦʨʝʥʥʷ, ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ, ʧʣʦʱʘ, ʧʝʨʝʣʽʢ ʪʝʩʪʦʚʠʭ ʘʙʦ 

ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʘ ʽ ʚʽʜʦʤʯʘ ʥʘʣʝʞʥʽʩʪʴ, 

ʧʦʟʠʮʽʡʥʽʩʪʴ ʱʦʜʦ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ, ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ; ʘʥʪʨʦʧʦʛʝʥʥʦ-ʧʨʠʨʦʜʥʽ 

ʦʙ'ʻʢʪʠ, ʪʠʧʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʽ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ, ʬʽʪʦʮʝʥʦʟ ʽ ʪ. 

ʜ.); ʽʢʦʥʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ (ʪʦʧʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ, ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ, 

ʨʽʟʥʦʯʘʩʦʚʽ ʘʝʨʦʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʧʦʣʽʛʦʥʫ ʽ ʤʘʪʝʨʽʘʣʠ ʥʘʟʝʤʥʦʾ ʟʡʦʤʢʠ, 

ʛʝʦʙʦʪʘʥʽʯʥʘ ʢʘʨʪʘ, ʬʦʥʜʦʚʽ ʤʘʪʝʨʽʘʣʠ); ʟʘʛʘʣʴʥʫ ʣʘʥʜʰʘʬʪʥʫ ʽ ʛʝʦʣʦʛʽʯʥʫ 

ʽʥʬʦʨʤʘʮʽʶ (ʨʘʡʦʥʫʚʘʥʥʷ, ʜʦʤʽʥʫʶʯʽ ʙʽʦʪʦʧʠ ʪʘ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʧʦʚʝʨʭʥʝʚʽ 

ʽ ʧʨʠʧʦʚʝʨʭʥʝʚʽ ʚʽʜʢʣʘʜʠ, ʈʇ ʽ ʩʪʘʥ ˇʨʫʥʪʫ, ʛʽʜʨʦʣʦʛʽʯʥʽ ʡ ʢʣʽʤʘʪʠʯʥʽ 
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ʦʩʦʙʣʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʜʥʽʚ ʫ ʨʦʮʽ ʟ ʦʧʘʜʘʤʠ ʽ ʪʫʤʘʥʘʤʠ, ʜʘʪʠ 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʩʭʦʜʫ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ); ʛʽʜʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ, ʜʘʥʽ ʧʨʦ ʦʩʥʦʚʥʽ ʚʦʜʥʽ ʦʙ'ʻʢʪʠ ʪʘ ʽʥ.); ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʪʘ ʾʭ ʝʣʝʤʝʥʪʽʚ (ʢʦʦʨʜʠʥʘʪʠ, ʧʨʦʩʪʦʨʦʚʽ ʨʦʟʤʽʨʠ ʡ 

ʦʜʥʦʨʽʜʥʽʩʪʴ, ʩʧʝʢʪʨʘʣʴʥʽ ʩʠʛʥʘʪʫʨʠ ʪʘ ʽʥʰʽ ʘʪʨʠʙʫʪʠ ʢʣʘʩʽʚ), ʷʢʽ ʟʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʽ ɹɼ.  

ɺʠʢʦʥʘʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʤʦʛ ʜʦ ʧʘʩʧʦʨʪʫ ʧʦʣʽʛʦʥʫ ɼɿɿ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʫʤʦʚ ʫʩʧʽʰʥʦʾ ʾʭ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʚ ʤʽʞʥʘʨʦʜʥʫ ʤʝʨʝʞʫ ʥʘʟʝʤʥʠʭ 

ʟʘʩʦʙʽʚ ʢʘʣʽʙʨʫʚʘʥʥʷ ʙʦʨʪʦʚʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʩʝʥʩʦʨʽʚ ʽ ʚʘʣʽʜʘʮʽʾ ʜʠʩʪʘʥʮʽʡʥʠʭ 

ʜʘʥʠʭ. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʧʦʣʽʛʦʥʫ ʚʠʜʽʣʝʥʦ 25 ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ 

ʦʩʥʦʚʥʽ ʢʣʘʩʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʜʘʥʫ ʤʽʩʮʝʚʽʩʪʴ ʪʘ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʚʩʴʦʛʦ ʨʝʛʽʦʥʫ ɿʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ (ʜʦʜʘʪʦʢ ɺ). 

ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʠʧʦʚʫ ʬʦʨʤʫ ʧʘʩʧʦʨʪʘ ʪʝʩʪʦʚʦʾ 

ʜʽʣʷʥʢʠ ʧʦʣʽʛʦʥʫ ɼɿɿ (ʜʦʜʘʪʦʢ ɻ). ʇʨʦʪʷʛʦʤ ʱʦʨʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʘʩʧʦʨʪ 

ʜʦʧʦʚʥʶʻʪʴʩʷ ʜʘʥʠʤʠ ʥʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʚʠʢʦʥʘʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʧʘʩʧʦʨʪʽ ʧʦʜʘʶʪʴʩʷ ʬʦʪʦʛʨʘʬʽʾ, ʷʢʽ ʬ̔ ʢʩʫʶʪʴ 

ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʟʤʽʥʠ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʫ ʤʝʞʘʭ ʜʽʣʷʥʢʠ.  

ʊʝʤʘʪʠʯʥʽ ʟʘʜʘʯʽ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘ ʐʘʮʴʢʦʤʫ ʧʦʣʽʛʦʥʽ ɼɿɿ, ʻ ʜʫʞʝ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ. ʎʝ: ʢʘʣʽʙʨʫʚʘʣʴʥʦ-ʟʘʚʽʨʢʦʚʽ ʨʦʙʦʪʠ ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʘʥʴ; ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʢʨʠʚʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ɼɿɿ; 

ʩʪʚʦʨʝʥʥʷ ɹɼ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʠʛʥʘʪʫʨ ʦʙôʻʢʪʽʚ ɼɿɿ; ʤʦʥʽʪʦʨʠʥʛʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʽʦʛʝʦʩʠʩʪʝʤ ʚ 

ʮʽʣʦʤʫ ʪʘ ʾʾ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ; ʧʝʨʽʦʜʠʯʥʽ ʥʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʈʇ ʟ ʤʝʪʦʶ ʧʦʧʦʚʥʝʥʥʷ ʙʘʟʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʠʛʥʘʪʫʨ; 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ ʟ ʤʝʪʦʶ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʪʘ ʨʝʛʽʦʥʘʣʴʥʠʭ ʪʝʥʜʝʥʮʽʡ ʧʨʠʨʦʜʥʠʭ ʟʤʽʥ ʚ ʣʽʪʦ-, 

ʛʽʜʨʦ-, ʘʪʤʦ- ʪʘ ʙʽʦʩʬʝʨʽ ʪʘ ʛʝʦʤʦʥʽʪʦʨʠʥʛ ʚʤʽʩʪʫ ʚʫʛʣʝʮʶ ʚ ʘʪʤʦʩʬʝʨʽ [13, 14]. 

ʇʨʠ ʟʙʦʨʽ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʧʦʣʽʛʦʥʘʭ ʪʘ ʚʠʢʦʥʘʥʥ ̔ʨʽʟʥʠʭ ʚʠʤʽʨʽʚ ʥʝʦʙʭʽʜʥʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. ʋ ñʉʣʦʚʥʠʢʫ ʟ 
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ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽò [46] ʜʘʥʦ ʪʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʽʛʦʥʫ 

ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ: ñʏʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʟ ʚʽʜʦʤʠʤʠ 

ʛʝʦʛʨʘʬʽʯʥʠʤʠ, ʛʝʦʜʝʟʠʯʥʠʤʠ, ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʪʘ ʽʥʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʜʞʝʨʝʣʦ ʜʦʧʦʤʽʞʥʠʭ ʜʘʥʠʭ ʧʨʠ ʽʥʪʝʨʧʨʝʪʫʚʘʥʥʽ 

ʜʘʥʠʭ ɼɿɿò. ʊʝʤʘʪʠʯʥʠʡ ʧʦʣʽʛʦʥ ɼɿɿ ï ʚʠʟʥʘʯʝʥʘ ʪʝʨʠʪʦʨʽʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʛʽʦʥʫ, ʚʢʣʶʯʘʻ ʪʠʧʦʚʽ ʜʣʷ ʜʘʥʦʾ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʦʾ ʟʦʥʠ 

ʣʘʥʜʰʘʬʪʥʽ ʫʤʦʚʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʘʚʽʨʢʦʚʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ 

ʨʦʙʽʪ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ ʪʘ ʚʠʨʽʰʝʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ. ʎʝʡ ʧʦʣʽʛʦʥ ʚʢʣʶʯʘʻ 

ʦʩʥʦʚʥʽ ʪʠʧʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʱʦ ʧʝʨʝʚʘʞʘʶʪʴ ʚ ʩʪʨʫʢʪʫʨʽ ʨʝʛʽʦʥʫ. ɺ ʤʝʞʘʭ 

ʧʦʣʽʛʦʥʫ ʚʠʙʠʨʘʶʪʴʩʷ ʜʽʣʷʥʢʠ ʽ ʪʝʩʪʦʚʽ ʝʣʝʤʝʥʪʠ, ʥʘ ʷʢʠʭ ʚʝʜʫʪʴʩʷ ʧʝʨʽʦʜʠʯʥʽ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʧʦʣʴʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʬʽʟʠʯʥʽ ʚʠʤʽʨʠ. 

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʽʩʥʫʻ ʤʝʨʝʞʘ ʧʦʣʽʛʦʥʽʚ ʟ ʪʝʩʪʦʚʠʤʠ 

ʜʽʣʷʥʢʘʤʠ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʰʠʬʨʫʚʘʥʥʷ ʂɿ, ʚʠʥʠʢʘʻ ʧʨʘʢʪʠʯʥʘ ʧʨʦʙʣʝʤʘ ʦʮʽʥʢʠ ʡ ʚʠʙʦʨʫ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʢʣʘʜʫ ʧʦʣʽʛʦʥʽʚ ʽ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ, ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʥʘʡʙʽʣʴʰ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤ ʪʝʤʘʪʠʯʥʠʤ ʟʘʜʘʯʘʤ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʠʤ ʚʠʱʝ ʚʠʤʦʛʘʤ. ɿ 

ʥʘʡʙʽʣʴʰʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʨʠʢʣʘʜʽ 

ʐʘʮʴʢʦʛʦ ʧʦʣʽʛʦʥʫ, ʜʝ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚʦʜʥʦ-ʙʦʣʦʪʥʽ ʪʘ ʣʽʩʦʚʽ 

ʝʢʦʩʠʩʪʝʤʠ ʇʦʣʽʩʩʷ (ʜʦʜʘʪʦʢ ɼ) [13, 14, 47-64]. 

ʆʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʻ ʩʪʘʪʠ ʧʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ɺʦʜʥʦʯʘʩ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʘʢʪʽʚ ʪʘ 

ʟʘʧʨʦʚʘʜʞʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩ ʥʘʟʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ (ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ) 

ʂɿ. ʇʽʩʣʷ ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ ʧʦʣʽʛʦʥʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʦʙʢʘ ʥʝʦʙʭʽʜʥʠʭ ʤʝʪʦʜʽʚ 

ʜʣʷ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ɻʉ. ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʮʽʥʥʦʛʦ ʪʘ ʜʦʩʪʦʚʽʨʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ɻʉ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʭʘʨʘʢʪʝʨ ʬʝʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʽʥʰʠʭ ʟʤʽʥ ʈʇ, ʱʦ ʧʦʪʨʽʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʂɿ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʜʝ ʚʠʙ̔ʨ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʂɻʄ ʋʢʨʘʾʥʠ ʟ̔ ʟʘʣʫʯʝʥʥʷʤ ʜʘʥʠʭ 

ʥʘʟʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [13, 14]. 
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ʆʪʞʝ, ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʫʪʴ ʷʢ ʚʝʨʠʬʽʢʘʮʽʷ ʜʘʥʠʭ ʂɻʄ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

(ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ) ʂɿ ʪʘ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʜʘʥʠʭ, ʪʘʢ ʽ ʦʮʽʥʢʘ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ ʪʘ ʧʦʰʫʢʠ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʊʘʢʦʞ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ 

ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʪʦʜʠʢʠ ʥʘʟʝʤʥʦ-

ʜʠʩʪʘʥʮʽʡʥʠʭ ʧʦʰʫʢʽʚ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʧʨʠ ʚʠʙʦʨʽ ʦʜʥʦʪʠʧʥʠʭ 

ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʫ ʨʽʟʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ ʋʢʨʘʾʥʠ 

[13, 14]. 

ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ  

1. ʇʨʦʚʝʜʝʥʦ ʟʙʽʨ ʪʘ ʘʥʘʣʽʟ ʨʽʟʥʦʧʣʘʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʘʡʦʥʠ 

ʜʦʩʣʽʜʞʝʥʴ (ʂɿ, ʪʦʧʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ, ʜʘʥʽ ʢʣʽʤʘʪʠʯʥʠʭ, ʘʛʨʦʥʦʤʽʯʥʠʭ, 

ʣʽʩʦʪʘʢʩʘʮʽʡʥʠʭ, ʛʝʦʣʦʛʦ-ʛʽʜʨʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ).  

2. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʣʽʛʦʥʽʚ ɼɿɿ. ʈʦʟʛʣʷʥʫʪʦ ʪʠʧʦʚʽ 

ʪʝʤʘʪʠʯʥʽ ʟʘʜʘʯʽ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ, ʥʘ ʧʨʠʢʣʘʜʽ ʐʘʮʴʢʦʛʦ ʧʦʣʽʛʦʥʫ ɼɿɿ. 

3. ʇʨʦʚʝʜʝʥʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʪʘ ʢʘʨʪʦʛʨʘʬʽʯʥʠʤʠ 

ʜʘʥʠʤʠ ʧʦʣʽʛʦʥʥʠʭ ʜʦʩʣʽʜʞʝʥ.ɹ  

4. ʈʦʟʨʦʙʣʝʥʦ ʪʠʧʦʚʫ ʬʦʨʤʫ ʧʘʩʧʦʨʪʘ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ʧʦʣʽʛʦʥʫ ɼɿɿ 

(ʜʦʜʘʪʦʢ 3). 
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ʈʆɿɼɯʃ 2 

ʆɹɻʈʋʅʊʋɺɸʅʅʗ ɺʀʄʆɻ ɼʃʗ ʇʈʆɺɽɼɽʅʅʗ ɼʆʉʃɯɼɾɽʅʔ ʅɸ 

ʊɽʉʊʆɺʀʍ ɼɯʃʗʅʂɸʍ ɺɽʈʀʌɯʂɸʎɯɰ ɼɸʅʀʍ ʂʆʉʄɯʏʅʆɻʆ 

ɻɽʆʄʆʅɯʊʆʈʀʅɻʋ ʊɽʈʀʊʆʈɯɰ ʋʂʈɸɰʅʀ 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʨʦʟʪʘʰʦʚʘʥʦ ʙʣʠʟʴʢʦ 20 ʪʠʩʷʯ ʨʦʜʦʚʠʱ ʽ 117 ʚʠʜʽʚ 

ʧʨʦʷʚʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɿ ʥʠʭ 8291 ʨʦʜʦʚʠʱʝ ʽ 97 ʚʠʜʽʚ ʧʨʦʷʚʽʚ ʤʘʶʪʴ 

ʧʨʦʤʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʽ ʚʨʘʭʦʚʘʥʦ ɼʝʨʞʘʚʥʠʤ ʙʘʣʘʥʩʦʤ ʟʘʧʘʩʽʚ. ɿʘ ʧʦʪʝʥʮʽʡʥʦʶ 

ʚʘʨʪʩ̔ʪʁ ʧʽʜʪʚʝʨʜʞʝʥʠʭ ʚʠʜʦʙʫʪʠʭ ʟʘʧʘʩʽʚ ʋʢʨʘʾʥʘ ʧʦʩʽʜʘʻ 12 ʤʽʩʮʝ ʚ ʩʚʽʪʽ 

(2,2% ʧʦʪʝʥʮʽʡʥʦʾ ʚʘʨʪʦʩʪʽ ʩʚʽʪʦʚʠʭ ʟʘʧʘʩʽʚ) [1]. ʊʦʤʫ ʟʘʣʫʯʝʥʥʷ ʤʝʪʦʜʽʚ ɼɿɿ 

ʜʣʷ ʙʽʣʴʰ ʻʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʻʥʥʷ ʮʠʭ ʟʘʧʘʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʚʜʘʥʴ. 

ʊʝʥʜʝʥʮʽʾ ʧʦʩʠʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʋʢʨʘʾʥʠ 

ʚʠʤʘʛʘʶʪʴ ʨʦʟʨʦʙʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʮ̔ ʥʢʠ ʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʮʦɹʛʦ ʚʧʣʠʚʫ ʟ ʤʝʪʦʶ ʡʦʛʦ ʤʽʥʽʤʽʟʘʮʽʾ. ʉʘʤʝ ʮɹʦʤʫ ʩʣʫʛʫʚʘʪʠʤʝ 

ʟʘʣʫʯʝʥʥʷ ʤʝʪʦʜʽʚ ɼɿɿ ʟ ʾʭ ʚʝʨʠʬʽʢʘʮʽʻʶ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ 

ʩʴʦʛʦʜʥʽ ʜʫʞʝ ʘʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʜʝʪʘʣʴʥʠʤ ʚʠʚʯʝʥʥʷʤ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʢʨʘʾʥʠ, ʩʪʘʥ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʚʦʻʯʘʩʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʾʾ ʟʘʧʘʩʘʤʠ ʨʽʟʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɺʠʨʽʰʝʥʥʷ ʮʠʭ 

ʟʘʚʜʘʥʴ ʟʘʣʝʞʠʪʴ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʽʜ ʨʽʚʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʟʨʦʙʦʢ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʰʫʢʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʎʝ ʥʘʩʘʤʧʝʨʝʜ 

ʩʫʧʫʪʥʠʢʦʚ ̔ʪʝʭʥʦʣʦʛʽ,ʾ ʝʬʝʢʪʠʚʥʩ̔ʪɹ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ 

ʨʦʙʽʪ (ɻʈʈ), ʧʽʜ ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʪʝʨʽʘʣʠ ʢʦʩʤʽʯʥʠʭ 

ʟʡʦʤʦʢ ʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʛʝʦʤʦʥʽʪʦʨʠʥʛ ɻʉ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ [2]. 

2.1. ʄʝʪʦʜʠʯʥʽ ʦʩʥʦʚʠ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ɼɿɿ 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʚʥʦʪʠ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʠ ʧʦʰʫʢʘʭ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʨʦʟʨʽʟʥʷʶʪʴ ʨʝʛʽʦʥʘʣʴʥʝ ʽ ʣʦʢʘʣʴʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ʈʝʛʽʦʥʘʣʴʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʷʚʣʷʻ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʨʦʟʤʽʱʝʥʥʷ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʩʧʨʠʷʻ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʥʘʧʨʷʤʽʚ 
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ɻʈʈ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʫ ʜʣʷ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ ʤʦʞʝ ʙʫʪʠ "ʄʝʪʘʣʦʛʝʥʽʯʥʘ ʢʘʨʪʘ ʋʢʨʘʾʥʠ" [3]. 

ʃʦʢʘʣʴʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦ ʢʦʥʢʨʝʪʥʠʭ ʨʫʜʥʠʭ ʨʘʡʦʥʘʭ, 

ʟʦʥʘʭ, ʨʦʜʦʚʠʱʘʭ. ɺʦʥʦ ʤʘʻ ʥʘ ʤʝʪʽ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʫʪʚʦʨʝʥʥʷ ʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʤʽʱʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʨʦʜʦʚʠʱ ʽ ʥʘʚʽʪʴ ʨʫʜʥʠʭ ʟʦʥ, ʧʦʢʣʘʜʽʚ, 

ʪ̔ʣ. ʋ ʮʴʦʤʫ ʘʩʧʝʢʪʽ ʜʦʩʣʽʜʥʠʢʘʤʠ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʮʽʣʠʡ ʨʷʜ ʪʝʭʥʦʣʦʛʽʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʪʘʢ ʽ ʥʦʚʠʭ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ɻʉ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʨʦʟʚʠʪʦʢ ʥʠʟʢʠ ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʦʰʫʢʽʚ 

ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʛʦʣʦʚʥʠʤ ʤʝʪʦʜʠʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʠʷʚʣʝʥʥʷ ʽ 

ʧʨʦʤʠʩʣʦʚʦʾ ʦʮʽʥʢʠ ʨʦʜʦʚʠʱ ʥʘ ʧʨʘʢʪʠʮʽ ʙʫʣʠ ʽ ʟʘʣʠʰʘʶʪʴʩʷ ɻʈʈ. ɺʦʥʠ 

ʧʨʦʚʦʜʷʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ (ʨʝʛʽʦʥʫ, ʨʘʡʦʥʫ, 

ʨʦʜʦʚʠʱʘ). ɺʝʩʴ ʧʨʦʮʝʩ ʚʠʚʯʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʝʪʘʧʠ, ʱʦ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʥʘ ʩʪʘʜʽʾ. ʅʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʘʙʦ ʩʪʘʜʽʾ 

ʚʠʨʽʰʫʶʪʴʩʷ ʩʚʦʾ ʧʝʚʥʽ ʛʝʦʣʦʛʽʯʥʽ ʟʘʚʜʘʥʥʷ [4-7].  

ʇʝʨʰʠʡ ʝʪʘʧ ï ʨʝʛʽʦʥʘʣʴʥʘ ʛʝʦʣʦʛʽʯʥʘ ʟʡʦʤʢʘ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʚʠʜʽʣʷʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʽ ʧʣʦʱʽ ʥʘ ʧʦʰʫʢʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ 

ʽʥʪʝʨʝʩ ʷʢ ʦʙ'ʻʢʪʠ ʜʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʭ ʟʡʦʤʦʢ. ʄʘʩʰʪʘʙʠ ʟʡʦʤʦʢ ï ʚʽʜ 1:500 

000 ʜʦ 1:25 000. 

ɼʨʫʛʠʡ ʝʪʘʧ ï ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʰʫʢʠ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. 

ʇʦʰʫʢʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʘʥʦʚʢʠ 

ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. ʄʘʩʰʪʘʙʠ ʟʡʦʤʦʢ ï 1:50 000-1:10 000. 

ʊʨʝʪʽʡ ʝʪʘʧ ï ʨʦʟʚʽʜʢʘ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʄʝʪʦʶ ʨʦʟʚʽʜʢʠ 

ʨʦʜʦʚʠʱʘ ʻ ʚʠʷʚʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʽ ʦʪʨʠʤʘʥʥʷ 

ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʽ ʜʦʩʪʘʪʥʽʭ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʨʦʙʽʪ [8-10].  

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʦʰʫʢʘʭ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʤʘʶʪʴ 

ʛʝʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʧʦʰʫʢʽʚ [11-14]. ɻʝʦʭʽʤʽʯʥʽ ʨʦʙʦʪʠ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʣʽʪʦʛʝʦʭʽʤʽʯʥ,̔ ʬʽʪʦʛʝʦʭʽʤʽʯʥ,̔ 
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ʙʽʦʛʝʦʭʽʤʽʯʥʽ, ʛʝʦʙʦʪʘʥʽʯʥʽ, ʘʪʤʦʛʝʦʭʽʤʽʯʥ,̔ ʛʽʜʨʦʛʝʦʭʽʤʽʯʥʽ). ɺ ʮʽʣʦʤʫ, ʤʝʪʦʜʠ 

ʛʝʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽ ʚʠʚʯʝʥʥʷ ʘʥʦʤʘʣʽʡ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ-ʽʥʜʠʢʘʪʦʨʽʚ ʛʝʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʦʢʨʝʤʠʭ ʪʣ̔ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ (ʷʢ ʤʦʞʣʠʚʦʛʦ ʟʨʫʜʝʥʽʥʥʷ), ʱʦ ʤʦʞʫʪʴ ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʚ ʘʪʤʦʩʬʝʨʽ 

ʛʨʫʥʪʽʚ, ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ. 

ʂʽʥʮʝʚʠʤ ʟʘʚʜʘʥʥʷʤ ʛʝʦʭʽʤʽʯʥʠʭ ʨʦʙʽʪ ʻ ʧʦʰʫʢ ʽ ʢʘʨʪʫʚʘʥʥʷ ʜʽʣʷʥʦʢ, 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘ ʦʪʨʠʤʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ, ʜʦʩʪʘʪʥʽʭ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʢʘʨʪ ʧʨʦʛʥʦʟʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʟ ʦʮʽʥʢʦʶ 

ʧʨʦʛʥʦʟʥʠʭ ʨʝʩʫʨʩʽʚ.  

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ɼɿɿ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʝʻʩʪʨʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʥʝ 

ʪʽʣʴʢʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʘ (ʚʽʜ 

ʚʠʜʠʤʦʛʦ ʜʦ ʨʘʜʽʦʭʚʠʣʴʦʚʦʛʦ), ʘʣʝ ʡ ʬʽʢʩʫʚʘʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʜʫʞʝ ʚʫʟʴʢʠʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʰʠʨʠʥʦʶ 1-2 ʥʤ, ʧʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ. 

ɼʝʰʠʬʨʫʚʘʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ ʤʘʪʝʨʽʘʣʽʚ 

ʜʠʩʪʘʥʮʽʡʥʠʭ ʟʡʦʤʦʢ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʟʚ'ʷʟʢʠ ʤʽʞ ʚʽʜʙʠʚʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʚʝʨʭʥʝʚʠʭ ʫʪʚʦʨʝʥʴ ʽ ʛʝʦʣʦʛʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ. ɿʙʝʨʽʛʘʶʪʴ 

ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʽ ʣʘʥʜʰʘʬʪʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʱʦ, ʷʢ ʚʽʜʦʤʦ, ʧʦʚ'ʷʟʘʥʽ ʟ ʣʽʪʦʣʦʛʽʻʶ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʫʙʩʪʨʘʪʫ, 

ʧʨʦʷʚʘʤʠ ʪʝʢʪʦʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʽ ʛʣʠʙʠʥʥʦ  ʁ ʙʫʜʦʚʦʶ ʣʽʪʦʩʬʝʨʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʦʜʝʨʞʘʥʦʾ ʤʝʪʦʜʘʤʠ ɼɿɿ, ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʥʘʷʚʥʦʶ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʻʶ, ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʦʰʫʢʫ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ [15-23]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ ʧʨʠ ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʝʪʘʧʠ: 1) ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʰʠʬʨʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʜʠʩʪʘʥʮʽʡʥʠʭ ʟʡʦʤʦʢ ʷʢ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʩʪʨʫʢʪʫʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʛʣʷʜʦʚʠʭ, ʨʝʛʽʦʥʘʣʴʥʠʭ ʽ ʜʝʪʘʣʴʥʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ ʚʠʜʽʚ ʟʚʠʯʘʡʥʠʤʠ ʥʘʟʝʤʥʠʤʠ ʤʝʪʦʜʘʤʠ; 

2) ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʷʢ ʩʘʤʦʩʪʽʡʥʦʛʦ ʩʧʦʩʦʙʫ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʦʢʦʥʪʫʨʚʁʘʥʥ̫  ʛʝʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ. 
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ʇʝʨʰʠʡ ʝʪʘʧ ʦʭʦʧʣʶʻ ʧʨʦʚʝʜʝʥʥ ̫ʦʛʣʷʜʦʚʠʭ, ʨʝʛʽʦʥʘʣʴʥʠʭ ʽ ʜʝʪʘʣʴʥʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʩʪʘʥʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ɻʈʈ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʜʦʩʣʽʜʞʝʥʴ ʚʢʣʶʯʘʻ ʜʠʩʪʘʥʮʽʡʥʝ 

ʛʝʦʣʦʛʽʯʥʝ ʢʘʨʪʫʚʘʥʥʷ, ʨʦʙʦʪʠ ʟ ʥʘʟʝʤʥʦʾ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʰʠʬʨʫʚʘʥʥʷ, 

ʟ ʛʝʦʣʦʛʦ-ʤʽʥʝʨʘʛʝʥʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ, ʟ ʛʝʦʣʦʛʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʨʘʡʦʥʽʚ 

ʟʘʢʣʘʜʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ. 

ʉʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʰʠʬʨʫʚʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʽʟʥʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ 

ʧʨʠʡʦʤʽʚ ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ. ʊʝʥʜʝʥʮʽʷ ʜʦ ʢʦʤʧʣʝʢʩʫʚʘʥʥʶ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ ʽ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʜʘʥʠʭ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʽ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʧʦʙʫʜʦʚʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ 

ʤʦʜʝʣʝʡ, ʚʽʟʫʘʣʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʰʠʨʦʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ (ɻɯʉ). 

ɻʝʦʣʦʛʽʯʥʝ ʜʝʰʠʬʨʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʣʘʥʜʰʘʬʪʥʠʭ 

ʽʥʜʠʢʘʪʦʨʽʚ, ʦʩʦʙʣʠʚʦ ʨʝʣʴʻʬʫ, ʦʪʨʠʤʘʣʦ ʜʫʞʝ ʚʝʣʠʢʝ ʧʦʰʠʨʝʥʥʷ ʽ ʩʪʘʣʦ 

ʦʩʥʦʚʦʶ ʜʣʷ ʦʬʦʨʤʣʝʥʥʷ ʪʘʢʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʨʦʟʜʽʣʽʚ ʨʝʛʽʦʥʘʣʴʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʷʢ ʩʢʣʘʜʘʥʥʷ ʢʦʩʤʦʛʝʦʣʦʛʽʯʥʠʭ ʢʘʨʪ ʽ ʣʽʥʝʘʤʝʥʪʥʠʡ ʘʥʘʣʽʟ. 

ʅʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʧʦʣʽʧʰʝʥʥʷ ʪʘ ʦʥʦʚʣʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʢʘʨʪ, ʩʪʚʦʨʝʥʥʷ ʘʙʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʤʦʜʝʣʝʡ ʽ ʪʝʢʪʦʥʽʯʥʠʭ ʢʦʥʮʝʧʮʽʡ. ʆʩʦʙʣʠʚʦ 

ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʪʨʫʢʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʤʽʩʮʝ ʽ ʨʦʣʴ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʧʨʦʮʝʩʽ ɻʈʈ 

ʚʠʟʥʘʯʝʥʦ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ 

ʛʝʦʣʦʛʽʾ ʽ ʥʘʜʨ [9, 10, 24, 25]. 

ʅʘʧʨʷʤ, ʥʘ ʷʢʦʤʫ ʤʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʟʫʧʠʥʠʣʠʩʷ ʫ ʨʦʙʦʪʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ ʧʨʠ ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʦʨʽʻʥʪʦʚʘʥʦ ʥʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʛʝʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʷʩʢʨʘʚʦʩʪʽ ʤʽʥʝʨʘʣʽʚ ʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʨʦʩʣʠʥʥʦʩʪʽ, ˇʨʫʥʪʽʚ ʪʦʱʦ ʫ ʨʽʟʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʘ. ɺʽʥ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʩɹʷ ʚ ʦʩʪʘʥʥʻ 
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ʜʝʩʷʪʠʣʽʪʪʷ. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʝʪʦʜʘʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙ'ʻʢʪʽʚ, ʱʦ ʘʩʦʮʽʶʶʪʴʩʷ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʢʦʧʘʣʠʥʘʤʠ ʘʙʦ ʽʜʝʥʪʠʬʽʢʫʶʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʪʝʢʪʦʥʽʯʥʽ ʩʪʨʫʢʪʫʨʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʧʪʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚ ʨʽʟʥʠʭ ʟʦʥʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʩʧʝʢʪʨʘ ʜʦʧʦʤʘʛʘʶʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʶ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

(ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ) ʂɿ ʨʽʟʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ɿʝʤʣʽ, ʘʙʦ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʚʜ̔ʦʙʨʘʞʘʪʁʴʩʷ ʥʘ ʨʽʟʥʠʭ ʛʣʠʙʠʥʥʠʭ ʟʨʽʟʘʭ ʟʝʤʥʦʾ ʢʦʨʠ. 

ʅʘ ʮʽʡ ʧʽʜʩʪʘʚʽ ʚʠʥʠʢʣʠ ʽ ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʟʚʠʚʘʪʠʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʧʨʷʤʦʛʦ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʛʝʦʣʦʛʽʯʥʦʾ ʟʡʦʤʢʠ ʽ ʧʦʰʫʢʽʚ ʢʦʥʢʨʝʪʥʠʭ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ 

ʦʢʦʥʪʫʨʶʚʘʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʚʠʤʘʛʘʻ ʟʥʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʚ ʩʚʽʪʽ 

ʩʪʚʦʨʶʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʽ ʙʘʥʢʠ ʽ ɹɼ, ʚ ʷʢʠʭ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʛʝʦʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ, ʨʦʩʣʠʥʥʽʩʪʴ ʪʦʱʦ. ɼʣʷ ʙʘʛʘʪʴʦʭ 

ʨʽʟʥʦʚʠʜʽʚ ʧʨʠʨʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʜʦʙʨʝ ʚʠʟʥʘʯʝʥʽ ʧʨʠʪʘʤʘʥʥʽ ʾʤ ʩʧʝʢʪʨʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʧʣʦʱʽ ʟ ʮʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʥʘ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ. ɺʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʩʣʠʥʥʦʩʪʽ ʜʫʞʝ ʤʽʥʣʠʚʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʝʟʦʥʫ ʟʡʦʤʢʠ, ʚʠʩʦʪʠ ʩʦʥʮʝʩʪʦʷʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʽ 

ʪ.ʜ., ʦɦ ʫʩʢʣʘʜʥʶʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʾʭ ʥʘ ʟʥʽʤʢʘʭ. 

ʅʘʢʦʧʠʯʝʥʦ ʧʝʚʥʠʡ ʜʦʩʚʽʜ ʮʽʣʴʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ ʧʨʠ ʧʨʦʛʥʦʟʥʦ-ʦʮʽʥʦʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʨʦʙʦʪʘʭ ʜʣʷ 

ʧʦʰʫʢʽʚ ʨʫʜʥʠʭ ʽ ʥʝʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɸʥʘʣʽʟ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʮʴʦʛʦ 

ʜʦʩʚʽʜʫ, ʷʢ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʪʘʢ ʽ ʚ ʽʥʰʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ, ʜʦʟʚʦʣʷʻ 

ʦʢʨʝʩʣʠʪʠ ʥʘʩʪʫʧʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʮʠʭ ʮʽʣʝʡ: 1) ʨʦʟʨʦʙʢʘ ʧʠʪʘʥʴ ʤʝʪʘʣʦʛʝʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʧʦʰʫʢʽʚ ʰʣʷʭʦʤ ʚʠʷʚʣʝʥʥʷ ʽ ʢʘʨʪʫʚʘʥʥʷ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

(ʣʽʥʝʘʤʝʥʪʽʚ, ʢʽʣʴʮʝʚʠʭ ʩʪʨʫʢʪʫʨ, ʾʭ ʧʦʻʜʥʘʥʴ ʪʦʱʦ) [17, 19, 26-29]; 2) ʧʨʷʤʝ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʫʜʦʥʦʩʥʠʭ ʧʦʨʽʜ, ʘ ʪʘʢʦʞ ʛʝʦʭʽʤʽʯʥʠʭ ʘʥʦʤʘʣʽʡ ʰʣʷʭʦʤ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ [30-32]. 
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ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʜʨʫʛʠʡ ʥʘʧʨʷʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʩʧʦʯʘʪʢʫ ʙʘʟʫʚʘʣʦʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ 

ʛʝʦʽʥʜʠʢʘʮʽʡʥʽʡ ʢʦʥʮʝʧʮʽʾ ʧʨʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʣʘʥʜʰʘʬʪʫ, ʷʢʠʡ 

ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʻʤʦʜʽʾ ʝʥʜʦʛʝʥʥʠʭ ʽ ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʤʽʩʪʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʫ, ʩʢʣʘʜ ʽ ʩʪʘʥ ʛʣʠʙʠʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʫ ʷʢʦʩʪʽ 

ʾʭ ʛʝʦʽʥʜʠʢʘʪʦʨʽʚ [33-35]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʽʚ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʨʷʜʽ ʚʠʚʯʝʥʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʝʨʠʪʦʨʽʷʭ, ʜʝ ʚʠʟʥʘʯʘʣʠʩʷ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ, ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʣʘʥʜʰʘʬʪʥʽ ʦʧʪʠʯʥʽ ʧʦʣʷ ʧʦʭʦʚʘʥʠʭ ʣʦʢʘʣʴʥʠʭ 

ʧʘʩʪʦʢ ʨʽʟʥʦʛʦ ʪʠʧʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʾʭ ʘʥʘʣʽʟʫ ʽ ʚʠʚʯʝʥʥʷ ʚʠʜʽʣʷʣʠʩʷ ʥʦʚʽ 

ʘʥʦʤʘʣʴʥʽ ʜʽʣʷʥʢʠ, ʽʤʦʚʽʨʥʦ, ʦʙʫʤʦʚʣʝʥʽ ʣʦʢʘʣʴʥʠʤʠ ʧʘʩʪʢʘʤʠ ɺɺ. ʅʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʣʦ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʚʯʝʥʥʷ ʂɿ, ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʽ ʛʝʦʭʽʤʽʯʥʠʭ ʜʘʥʠʭ [36, 37]. 

ʇʦʷʚʘ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ (ʂɸ) ɼɿɿ ʟ ʙʦʨʪʦʚʠʤʠ 

ʟʘʩʦʙʘʤʠ ʟʡʦʤʢʠ ʟ ʚʠʩʦʢʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʽ ʩʧʝʢʪʨʘʣʴʥʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ, ʥʦʚʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʦʙʨʦʙʢʠ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʚʦʜʠʪʴ ʘʝʨʦʢʦʩʤʽʯʥʽ ʤʝʪʦʜʠ ʥʘ ʷʢʽʩʥʦ ʥʦʚʠʡ ʨʽʚʝʥʴ. ʎʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʢ 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʨʝʛʽʦʥʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʪʘʢ ʽ ʧʨʠ ʣʦʢʘʣʴʥʦʤʫ ʽ 

ʜʝʪʘʣʴʥʦʤʫ ʧʨʦʛʥʦʟʽ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ. ʅʠʥʽ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʽ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʜʘʥʠʭ ʟ 

ʚʠʩʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʠʤ ʜʽʘʧʘʟʦʥʦʤ [38-41]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʅʘʫʢʦʚʦʤʫ ʮʝʥʪʨʽ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ 

(ʎɸʂɼɿ) ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠ ʫʩʧʽʰʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʜʦʩʣʽʜʥʠʮʴʢʽ ʨʦʙʦʪʠ ʧʦ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʚʠʜʠʤʦʤʫ ʽ ʙʣʠʞʥʴʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ (ɹɯʏ) ʜʽʘʧʘʟʦʥʘʭ ʜʣʷ ʮʽʣʝʡ ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ [42-

51]. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʧʦʰʫʢʫ ʥʘʬʪʦʛʘʟʦʚʠʭ ʧʦʢʣʘʜʽʚ, ʱʦ ʙʘʟʫʪʁʴʩʷ ʥʘ 

ʘʥʘʣʽʟʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʄʝʪʦʜʠʢʠ, ʷʢʽ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʥʘ ʨʷʜʽ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʬʪʦʛʘʟʦʚʠʜʦʙʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʪʘ 

ʢʨʘʾʥ ʜʘʣʝʢʦʛʦ ʽ ʙʣʠʞʥʴʦʛʦ ʟʘʨʫʙʽʞʞʷ, ʧʦʢʘʟʘʣʠ ʾʾ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ (ʜʦ 70-

85%, ʟʘ ʆ.ɯ. ɸʨʭʠʧʦʚʠʤ). 
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ʇʨʠ ɻʈʈ ʽ ʧʦʰʫʢʘʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʠʭ ʟʡʦʤʦʢ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʷʢ ʜʞʝʨʝʣʦ ʥʝʪʨʘʜʠʮʽʡʥʦʾ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ʍʘʨʘʢʪʝʨ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘʣʝʞʠʪʴ 

ʥʘʩʘʤʧʝʨʝʜ ʚʽʜ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʨʦʟʨʽʟʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ (ʧʨʦʩʪʦʨʦʚʘ ʽ 

ʩʧʝʢʪʨʘʣʴʥʘ), ʘ ʪʘʢʦʞ ʚʽʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʡʦʤʢʠ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʨʦʟʚ'ʷʟʫʚʘʥʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʟʘʜʘʯʽ ʚʠʩʫʚʘʶʪʴʩʷ ʽ ʢʦʥʢʨʝʪʥʽ ʚʠʤʦʛʠ ʜʦ ʚʠʜʫ ʪʘ 

ʷʢʦʩʪʽ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʧʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʠʙʦʨʽ 

ʪʠʭ ʯʠ ʽʥʰʠʭ ʢʦʩʤʽʯʥʠʭ ʜʘʥʠʭ ʩʣʫʛʫʻ ʤʘʩʰʪʘʙ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢ, ʧʽʜ ʯʘʩ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ (ʛʝʦʣʦʛʽʯʥʘ ʟʡʦʤʢʘ) ʜʦʩʠʪʴ ʤʘʪʠ ʤʘʪʝʨʽʘʣʠ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʟʡʦʤʢʠ ʫ ʚʠʜʠʤʦʤʫ ʽ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʘ̔ʧʘʟʦʥʘʭ (ʟʘʟʚʠʯʘʡ 3-4 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʠ + ʧʘʥʭʨʦʤ). ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʢʘʨʪʫʚʘʥʥʷ ʛʣʠʙʠʥʥʠʭ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤʠ ʨʫʜʥʠʭ ʟʦʥ 

ʧʝʨʝʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʢʦʩʤʽʯʥʠʤ ʤʘʪʝʨʽʘʣʘʤ, ʥʘ ʷʢʠʭ ʨʝʻʩʪʨʫʻʪʴʩʷ, ʚʣʘʩʥʝ 

ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʪʝʧʣʦʚʝ ʧʦʣʝ ɿʝʤʣʽ (Landsat, ASTER ʽ ʪ.ʜ.). 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʧʦʰʫʢʫ ʩʢʫʧʯʝʥʴ ʢʦʥʢʨʝʪʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ 

ʝʤʧʽʨʠʯʥʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦ ʣʽʥʽʾ çʧʦʰʫʢʦʚʠʡ ʦʙ'ʻʢʪ-

ʣʘʥʜʰʘʬʪ-ʟʥʽʤʦʢè ʽ ʚʠʙʠʨʘʶʪʴʩʷ ʚʫʟʴʢʽ ʜʽʘʧʘʟʦʥʠ ʟʡʦʤʢʠ ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʾ ʷʢ ʫ 

ʚʠʜʠʤʦʤʫ, ʪʘʢ ʽ ʚ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʽ ʪʝʧʣʦʚʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. ɼʣʷ ʮʠʭ 

ʮʽʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʪʝʨʽʘʣʠ ʙʘʛʘʪʦ- ʽ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ 

ʟʡʦʤʦʢ ʟ ʢʽʣʴʢʽʩʪʶ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʚʽʜ 8-10 ʜʦ 220 ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʛʝʦʣʦʛʦ-

ʧʦʰʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ɻʈʈ ʽ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʨʦʟʰʠʨʝʥʠʭ ɹɼ [52]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʦʛʣʷʜʫ ʥʘ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʛʝʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʩʤʽʯʥʽ ʜʘʥʽ, 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʻʜʠʥʽ ʚʠʤʦʛʠ ʜʦ ʚʠʜʽʚ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ. ʎʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʜʽʣʴʥʦʾ (ʧʨʦʩʪʦʨʦʚʦʾ, ʩʧʝʢʪʨʘʣʴʥʦʾ ʽ ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ) ʟʜʘʪʥʦʩʪʽ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʩʰʪʘʙʦʤ ʛʝʦʣʦʛʽʯʥʠʭ ʽ ʧʦʰʫʢʦʚʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɻʦʣʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʘʙʽʨ ʢʦʩʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʝʚʥʦʛʦ 

ʤʘʩʰʪʘʙʫ ʜʦʩʣʽʜʞʝʥʴ, ʻ ʢʘʨʪʦʛʨʘʬʽʯʥʝ ʧʦʥʷʪʪʷ "ʛʨʘʥʠʯʥʦʾ ʛʨʘʬʽʯʥʦʾ ʪʦʯʥʦʩʪʽ 

ʢʘʨʪʠ", ʷʢʘ ʥʘ ʧʨʘʢʪʠʮʽ ʜʦʨʽʚʥʶʻ ʚʽʜʩʪʘʥʽ ʥʘ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘ ̒0,2 ʤʤ 
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ʥʘ ʢʘʨʪʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʘʩʰʪʘʙʫ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʢʦʩʤʽʯʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʟ ʂɸ, ʤʦʞʫʪʴ ʟ ʫʩʧʽʭʦʤ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ɻʈʈ ʷʢ ʨʝʛʽʦʥʘʣʴʥʦʛʦ, ʪʘʢ ʽ ʣʦʢʘʣʴʥʦʛʦ ʨʽʚʥʽʚ 

[52]. 

2.2. ɸʥʘʣʽʟ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʦʙ'ʻʢʪʽʚ ʜʣʷ ʟʘʜʘʯ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ 

ɼʝʰʠʬʨʫʚʘʥʥ ̫ ʤʘʪʝʨʽʘʣʽʚ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ 

ʣʘʥʜʰʘʬʪʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʟʘʣʫʯʘʻ ʨʽʟʥʽ ʤʝʪʦʜʠ ʧʨʷʤʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ 

ʛʝʦʣʦʛʽʯʥʦʾ ʟʡʦʤʢʠ ʽ ʧʦʰʫʢʽʚ ʢʦʥʢʨʝʪʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ.  

ʈʦʩʣʠʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʬʽʟʠʯʥʠʡ ʦʙôʻʢʪ, ʷʢʠʡ, ʧʨʠ ʦʩʚʽʪʣʝʥʥʽ ʡʦʛʦ 

ʩʦʥʷʯʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʯʘʩʪʢʦʚʦ ʚʽʜʙʠʚʘʻ ʡʦʛʦ, ʯʘʩʪʢʦʚʦ ʧʦʛʣʠʥʘʻ ʽ 

ʯʘʩʪʢʦʚʦ ʧʨʦʧʫʩʢʘʻ. ʗʢʱʦ ʙʝʨʫʪʴʩʷ ʜʦ ʫʚʘʛʠ ʽʥʪʝʛʨʘʣʴʥʽ (ʧʦ ʚʩʴʦʤʫ ʩʧʝʢʪʨʫ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʩʣʠʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʙʠʪʪʷ , ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʛʣʠʥʘʥʥʷ  ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʦʧʫʩʢʘʥʥʷ . ʗʢʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʷʢʽʡ-

ʥʝʙʫʜʴ ʬʽʢʩʦʚʘʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ , ʪʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ,  ʪʘ .  

ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʟʘʤʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ (ʂʉʗ). 

ɺʧʣʠʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʜʦʚʢʽʣʣʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫ ʈʇ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ 

ʝʥʝʨʛʽʾ ʤʽʞ ʚʽʜʙʠʪʦʶ, ʧʦʛʣʠʥʝʥʦʶ ʪʘ ʧʨʦʧʫʱʝʥʦʶ ʩʢʣʘʜʦʚʠʤʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʨʠ ʘʝʨʦʢʦʩʤʽʯʥʦʤʫ ʟʥʽʤʘʥʥʽ ʨʝʻʩʪʨʫʻʪʴʩʷ ʘʤʧʣʽʪʫʜʘ 

(ʽʥʪʝʥʩʠʚʥʽʩʪʴ) ʚʽʜʙʠʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʆʩʥʦʚʥʠʤ ʦʨʛʘʥʦʤ, ʷʢʠʡ ʩʧʨʠʡʤʘʻ ʨʘʜʽʘʮʽʶ, ʻ ʣʠʩʪʦʢ, ʽ ʚʽʜ ʡʦʛʦ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʝʥʝʨʛʽʻʶ ʨʦʩʣʠʥʠ ʪʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʈʇ. ʆʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʛʫʢʫ ʣʠʩʪʢʘ ʚ 

ʮʽʣʦʤʫ ʩʧʨʘʚʝʜʣʠʚʽ ʽ ʜʣʷ ʨʦʩʣʠʥʥʠʭ ʦʙôʻʢʪʽʚ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ: 

ʦʢʨʝʤʦʾ ʨʦʩʣʠʥʠ, ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʈʇ. ʆʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʽʜʛʫʢʫ ʈʇ 

ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʥʠʞʯʝ.  
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ʉʧʝʢʪʨʘʣʴʥʘ ʦʙʣʘʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʧʨʦʤʝʥʠʩʪʦʾ ʝʥʝʨʛʽʾ ʣʠʩʪʢʦʤ 

ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʚʽʜ ʋʌ- ʜʦ ɯʏ-ʽʥʪʝʨʚʘʣʫ. ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʘʤʠ 

ʭʚʠʣʴ 240-380 ʥʤ ʧʨʘʢʪʠʯʥʦ ʮʽʣʢʦʤ ʧʦʛʣʠʥʘʻʪʴʩʷ ʢʣʽʪʠʥʥʠʤʠ ʦʙʦʣʦʥʢʘʤʠ, 

ʬʝʨʤʝʥʪʘʤʠ ʽ ʨʽʟʥʠʤʠ ʧʽʛʤʝʥʪʘʤʠ. ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʛʣʠʥʘʻʪʴʩʷ ʚʦʜʦʶ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ ʪʢʘʥʠʥʘʭ ʣʠʩʪʢʘ, ʽ ʮʠʪʦʧʣʘʟʤʦʶ. 

ʌʦʨʤʘ ʩʧʝʢʪʨʽʚ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ 

ʟʘʜʘʻʪʴʩʷ ʚʠʭʽʜʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ ʤʦʣʝʢʫʣʘʭ ʧʽʛʤʝʥʪʽʚ ʨʦʩʣʠʥ 

[53, 54]. 

ʆʩʥʦʚʥʠʤʠ ʨʦʩʣʠʥʥʠʤʠ ʧʽʛʤʝʥʪʘʤʠ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʣʠʥ, ʻ ʭʣʦʨʦʬʽʣʠ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʟʝʣʝʥʝ 

ʟʘʙʘʨʚʣʝʥʥʷ, ʽ ʩʧʦʨʽʜʥʝʥʽ ʟ ʥʠʤʠ ʩʧʦʣʫʢʠ ʧʦʨʬʽʨʠʥʦʚʦʾ ʛʨʫʧʠ (ʬʽʪʦʭʨʦʤ, 

ʬ̔ ʢʦʙʽʣʽʥʠ), ʘ ʪʘʢʦʞ ʢʘʨʦʪʠʥʦʾʜʠ, ʘʥʪʦʮʽʘʥʠ, ʬʣʘʚʦʥʦʾʜʠ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʨʦʩʣʠʥʥʠʭ ʧʽʛʤʝʥʪʽʚ ʪʘ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʩʣʠʥ ʥʘʚʝʜʝʥʘ ʫ 

ʨʦʙʦʪʘʭ [53, 55]. 

ʊʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʧʨʠʨʦʜʽ ʬʘʢʪʦʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝ 

ʜʽʶʪʴ ʽʟʦʣʴʦʚʘʥʦ, ʘ ʚʠʢʣʶʯʥʦ ʫ ʢʦʤʧʣʝʢʩʽ ʟ ʫʩʽʤʘ ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ ʽ 

ʚʥʫʪʨʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʨʦʩʣʠʥʠ. ɺʠʟʥʘʯʘʣʴʥʠʤ ʻ ʯʠʥʥʠʢ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ 

ʥʘʡʙʽʣʴʰʝ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʦʧʪʠʤʘʣʴʥʠʭ ʜʣʷ ʜʘʥʦʛʦ ʚʠʜʫ. ɺʧʣʠʚʠ ʜʝʷʢʠʭ 

ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʽ ʙʽʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʾʭ ʫʥʽʢʘʣʴʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʚʟʘʛʘʣʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʚʯʝʥʽ ʪʽʣʴʢʠ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ [56 - 59]. 

ʌʘʢʪʦʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʽʶʪʴ ʦʜʥʦʯʘʩʥʦ ʽ ʨʘʟʦʤ, 

ʧʦʩʠʣʶʶʯʠ ʘʙʦ ʧʦʩʣʘʙʣʶʶʯʠ ʦʜʠʥ ʦʜʥʦʛʦ. ɼʽʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʬʘʢʪʦʨʘ ʚ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʢʦʣʦʛʽʯʥʦʛʦ ʬʦʥʫ, ʪʦʙʪʦ ʚʽʜ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʨʘʞʝʥʥʷ 

ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ʊʦʤʫ ʫ ʧʨʠʨʦʜʽ ʨʦʩʣʠʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʙʽʣʴʰ ʯʫʪʣʠʚʽ ʜʦ ʚʧʣʠʚʫ 

ʙʫʜʴ-ʷʢʦʛʦ ʦʢʨʝʤʦʛʦ ʬʘʢʪʦʨʘ, ʦʩʢʽʣʴʢʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʦʩʪʘʥʥʽ ʬʘʢʪʦʨʠ 

ʙʽʣʴʰ-ʤʝʥʰ ʟʙʘʣʘʥʩʦʚʘʥʽ. 

ʉʧʝʢʪʨʘʣʴʥʘ ʚʽʜʙʠʚʥʘ ʢʨʠʚʘ, ʽʥʪʝʛʨʘʣʴʥʘ ʚʽʜʙʠʚʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʱʘ ʫ 

ʤʦʣʦʜʠʭ ʨʦʩʣʠʥ ʽ ʥʠʞʯʘ ʚ ʧʦʚʥʽʩʪʶ ʟʨʽʣʠʭ. ʅʘʧʨʠʢʽʥʮʽ ʧʝʨʽʦʜʫ ʚʝʛʝʪʘʮʽʾ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʙʠʪʪʷ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʧʦʚôʷʟʘʥʝ ʟ 

ʨʫʡʥʘʮʽʻʶ ʧʽʛʤʝʥʪʽʚ, ʽ ʟʥʠʞʝʥʥʷ ʚʽʜʙʠʪʪʷ ʚ ɯʏ-ʜʽʘʧʘʟʦʥʽ, ʧʝʚʥʦ, ʦʙʫʤʦʚʣʝʥʝ 
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ʥʘʢʦʧʠʯʝʥʥʷʤ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ, ʟʥʠʞʝʥʥʷʤ ʚʤʽʩʪʫ ʚʦʜʠ ʽ ʜʝʩʪʨʫʢʪʫʨʠʟʘʮʽʻʶ 

ʪʢʘʥʠʥ. ɺ ʫʤʦʚʘʭ, ʱʦ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʦʧʪʠʤʘʣʴʥʠʭ, ʨʦʩʣʠʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʝʥʰʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʽʜʙʠʪʪʷ ʽ ʙʽʣʴʰ ʯʽʪʢʠʤ 

ʤʘʢʩʠʤʫʤʦʤ ʫ ʟʝʣʝʥʽʡ ʟʦʥʽ ʩʧʝʢʪʨʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʩʣʠʥʘʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʛʽʨʰʠʭ ʫʤʦʚʘʭ. ɿʥʠʞʝʥʥʷ ʚʽʜʙʠʪʪʷ ʚ ɹɯʏ-ʜʽʘʧʘʟʦʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 

ʟʘʭʚʦʨʶʚʘʥʥʷʭ, ʪʦʙʪʦ ʽʤʽʪʫʻ ʧʨʦʮʝʩ ʩʪʘʨʽʥʥʷ [60 - 65]. 

ɾʠʪʪʷ ʽ ʚʽʜʙʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʈʇ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪ ʭʘʨʘʢʪʝʨʠʟʫʪʁʴʩʷ ʯʽʪʢʦ 

ʚʠʨʘʞʝʥʦʶ ʩʝʟʦʥʥʽʩʪʶ. ʉʝʟʦʥʥʽ ʟʤʽʥʠ ʈʇ ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʚʧʣʠʥʫʪʠ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʡʦʛʦ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʚʝʛʝʪʘʮʽʾ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʙʠʚʥʦʾ ʟʜʘʪʥʦʩʪʽ ʈʇ ʚ ʦʢʨʝʤʠʭ ʜʽʘʧʘʟʦʥʘʭ ʚʽʜ ʙʽʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ (ʙʽʦʤʘʩʠ, ʽʥʜʝʢʩʫ ʣʠʩʪʦʚʦʾ ʧʦʚʝʨʭʥʽ ʪʦʱʦ) ʟʤʽʥʶʻʪʴʩʷ. ʊʘʢ, ʩʧʝʢʪʨ 

ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʠ ʥʘ ʧʦʯʘʪʢʫ ʚʝʛʝʪʘʮʽʾ (ʽ ʈʇ ʫ ʮʽʣʦʤʫ) ʧʦʤʽʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʡʦʛʦ ʚʽʜʛʫʢʫ ʚ ʧʝʨʽʦʜ ʮʚʽʪʽʥʥʷ (ʫ ʚʠʧʘʜʢʫ ʈʇ, ʥʘʧʨʠʢʣʘʜ, ʮʝ ʣʫʛ ʘʙʦ ʩʪʝʧ, ʘʙʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʤʦʥʦʢʫʣʴʪʫʨʘ), ʢʦʣʠ ʚ ʢʘʨʪʠʥʫ ʚʽʜʙʠʪʪʷ ʨʦʙʣʷʪʴ ʽʩʪʦʪʥʠʡ 

ʚʥʝʩʦʢ ʧʽʛʤʝʥʪʠ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʢʦʣʽʨ ʢʚʽʪʦʢ (ʘʥʪʦʮʽʘʥʠ, ʬʣʘʚʦʥʦʾʜʠ). ʇʨʠ 

ʮʴʦʤʫ ʟʚʠʯʘʡʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʝʣʝʢʪʠʚʥʝ ʟʨʦʩʪʘʥʥʷ ʂʉʗ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʠʢʥʝʥʥʷ ʤʽʥʽʤʫʤʽʚ ʫ ʩʤʫʛʘʭ ʧʦʛʣʠʥʘʥʥʷ ʧʽʛʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʽ ʜʦ ʟʤʽʱʝʥʥʷ 

ʤʘʢʩʠʤʫʤʫ ʂʉʗ ʽʟ ʟʝʣʝʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʫ ʪʦʡ ʯʠ ʽʥʰʠʡ ʙ̔ ʢ ɹɯʏ-ʜʽʘʧʘʟʦʥʫ. ɿʤʽʥʠ 

ʂʉʗ ʈʇ ʚ ʦʢʨʝʤʠʭ ʟʦʥʘʭ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 660 ʥʤ ʤʦʞʝ ʩʷʛʥʫʪʠ 2 

ʨʘʟʽʚ. ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʢʚʽʪʽʚ ʥʘ ʂʉʗ ʈʇ ʨʝʻʩʪʨʫʻʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʈʇ (ʩʦʥʷʰʥʠʢ, ʧʠʞʤʦ, ʛʨʝʯʢʘ, ʚôʶʥʦʢ). ʋ 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ (ʙʘʚʦʚʥʘ, ʪʦʤʘʪʠ, ʦʛʽʨʢʠ) ʚʥʝʩʦʢ ʢʚʽʪʽʚ ʫ ʂʉʗ ʈʇ ʥʝ ʻ 

ʟʥʘʯʥʠʤ. ʋ ɹɯʏ-ʜʽʘʧʘʟʦʥʽ ʢʚʽʪʢʠ ʟʘ ʩʚʦʾʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝ 

ʚʠʜʽʣʷʶʪʴʩʷ ʩʝʨʝʜ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʤʫ ʚʦʥʠ ʩʣʘʙʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʂʉʗ ʈʇ. ʋ 

ʟʚôʷʟʢʫ ʟ ʮʚʽʪʽʥʥʷʤ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʽʥʜʝʢʩʘʤʠ ʣʠʩʪʦʚʦʾ 

ʧʦʚʝʨʭʥʽ ʽ ʥʘʜʟʝʤʥʦʾ ʙʽʦʤʘʩʠ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʥʘʜʟʝʤʥʦʾ 

ʬʽʪʦʤʘʩʠ ʟʘ ʜʘʥʠʤʠ ɼɿɿ ʫ ʚʠʜʠʤʦʤʫ ʽ ɹɯʏ-ʜʽʘʧʘʟʦʥʘʭ ʥʘ ʧʽʟʥʽʭ ʝʪʘʧʘʭ ʚʝʛʝʪʘʮʽʾ 

ʟʤʝʥʰʫʻʪʴʩʷ [66]. 

ʂʦʥʪʨʘʩʪʠ ʚ ʩʝʟʦʥʥʦʤʫ ʨʦʟʮʚʽʯʫʚʘʥʥʽ ʣʠʩʪʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʢʨʝʤʠʭ ʪʠʧʽʚ ʈʇ [67-70]. ʆʧʪʠʤʘʣʴʥʠʤʠ 
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ʪʝʨʤʽʥʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʠʧʽʚ 

ʈʇ ʟʘ ʾʭ ʚʽʜʙʠʚʥʦ ʁʟʜʘʪʥʩ̔ʪʁ ʚʚʘʞʘʶʪʴʩʷ ʪʘʢʽ, ʢʦʣʠ ʨʦʟʭʦʜʞʝʥʥʷ ʪʠʧʽʚ ʈʇ 

ʤʘʢʩʠʤʘʣʴʥʽ: ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʭʚʦʡʥʠʭ ʽ ʣʠʩʪʷʥʠʭ ʣʽʩʽʚ ʮʝ ʧʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ 

ʘʢʪʠʚʥʦʾ ʚʝʛʝʪʘʮʽʾ (ʚʝʩʥʘ ʪʘ ʦʩʽʥʴ). ʎʝ ʞ ʷʚʠʱʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʜʽʣʷʥʦʢ ʈʇ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʧʦʩʠʣʝʥʠʤ ʚʧʣʠʚʦʤ ʬʘʢʪʦʨʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʈʇ ʥʝ ʻ ʦʧʪʠʯʥʦ ʱʽʣʴʥʠʤ, ʥʘ ʡʦʛʦ ʩʧʝʢʪʨʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʧʣʠʚʘʶʪʴ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʽʚ. ʂʽʣʴʢʽʩʪʴ 

ʨʦʩʣʠʥ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʦʢʨʠʪʪʷ , ʙʽʦʤʘʩʦʶ (ʟʝʣʝʥʦʶ, ʩʫʭʦʶ ʪʦʱʦ) ʘʙʦ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʤ ʽʟ ʥʝʶ 

ʣʠʩʪʢʦʚʠʤ ʽʥʜʝʢʩʦʤ LAI (Leaf Area Index) ʪʘ ʚʤʽʩʪʦʤ ʭʣʦʨʦʬʽʣʫ [61].  

ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʂʉʗ ʩʠʩʪʝʤʠ çˇʨʫʥʪ-ʨʦʩʣʠʥʘè ʚʽʜ ʩʠʨʦʾ ʙʽʦʤʘʩʠ 

ʥʘʚʝʜʝʥʘ ʚ [61]. ʇʦʢʘʟʘʥʦ, ʱʦ ʫ ʩʤʫʟʽ ʧʦʛʣʠʥʘʥʥʷ ʭʣʦʨʦʬʽʣʫ ʫ ʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ, ʜʝ ʨʦʩʣʠʥʥʽʩʪʴ ʪʝʤʥʽʰʘ ʟʘ ˇʨʫʥʪ, ʂʉʗ ʟʥʠʞʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʱʽʣʴʥʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ, ʘ ʫ ʜʽʘʧʘʟʦʥʽ 800-1100 ʥʤ, ʜʝ ʨʦʩʣʠʥʥʽʩʪʴ ʻ ʷʩʢʨʘʚʽʰʦʶ 

ʟʘ ˇʨʫʥʪ, ʟʨʦʩʪʘʻ. 

ʌʦʨʤʫʣʘ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʤʦʜʝʣʷʤʠ ʈʇ ʫ ʚʠʛʣʷʜʽ ʤʫʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɸʥʘʣʦʛʽʯʥʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʂʉʗ ʪʘ ʣʠʩʪʦʚʠʤ ʽʥʜʝʢʩʦʤ LAI 

ʥʘʚʝʜʝʥʘ ʫ [69].  

ʊʘʢ, ʜʣʷ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʬʝʥʦʣʦʛʽʯʥʠʭ, ʩʝʟʦʥʥʠʭ ʪʘ ʙʘʛʘʪʦʨʽʯʥʠʭ ʟʤʽʥ 

ʩʪʘʥʫ ʜʝʨʝʚôʷʥʠʩʪʦʾ ʪʘ ʪʨʘʚôʷʥʠʩʪʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʝʛʝʪʘʮʽʡʥʠʡ ʥʦʨʤʘʣʽʟʦʚʘʥʦ-ʨʽʟʥʠʮʝʚʠʡ ʽʥʜʝʢʩ NDVI (Normalized Difference 

Vegetation Index). 

ʊʨʝʙʘ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ NDVI ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʫʤʘʨʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ [72], ʚʽʜ ʪʠʧʫ ˇʨʫʥʪʫ [73]. ʑʦʙ ʫʩʫʥʫʪʠ 

ʥʝʙʘʞʘʥʽ ʟʤʽʥʠ ʟʥʘʯʝʥʴ NDVI, ʟʫʤʦʚʣʝʥʠʭ ʜʽʻʶ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ (ʘʥʽʟʦʪʨʦʧʽʾ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʭʤʘʨʥʦʩʪʽ, ʘʪʤʦʩʬʝʨʥʠʭ ʰʫʤʽʚ ʪʦʱʦ), ʧʨʦʧʦʥʫʶʪʴʩʷ ʨʽʟʥʽ 

ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ, ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ ʩʝʨʽʡ NDVI [72], ʘʙʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʤʘʨʢʦʚʩʴʢʠʭ ʤʦʜʝʣʝʡ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʘʥʠʭ NDVI [73]. 
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ɺʠʚʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʽʜʙʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʩʣʠʥ ʽ ʨʦʩʣʠʥʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ ʩʣʫʛʫʻ ʦʩʥʦʚʦ  ʁ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ ʈʇ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ: ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʽ ʧʨʦʛʥʦʟʫ 

ʚʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʢʘʨʪʫʚʘʥʥʷ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ, 

ʚʠʷʚʣʝʥʥʷ ʣʽʩʦʚʠʭ ʧʦʞʝʞ, ʚʠʚʯʝʥʥʷ ʫʰʢʦʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʨʽʟʥʠʤʠ 

ʭʚʦʨʦʙʘʤʠ ʡ ʰʢʽʜʥʠʢʘʤʠ ʪʦʱʦ.  

ʄʘʢʩʠʤʘʣʴʥʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʂʉʗ ʡ ʘʣʴʙʝʜʦ ʜʣʷ ʪʨʴʦʭïʧôʷʪʠ ʜʦʚʞʠʥ ʭʚʠʣʴ: ʥʘʡʙʽʣʴʰʦʶ 

ʤʽʨʦʶ ʢʨʠʚʽ ʚʽʜʙʠʪʪʷ ʨʦʟʙʽʛʘʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʘʭ 550-660, 660-680 ʽ 800-890 ʥʤ 

ʪʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʙʽʥʘʮʽʡ ʦʢʨʝʤʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

(ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ). ɼʦʜʘʪʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʠʧ ʣʠʩʪʢʽʚ ʽ ʚʤʽʩʪ ʫ ʥʠʭ 

ʚʦʣʦʛʠ, ʘ ʪʘʢʦʞ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʚ ʪʝʧʣʦʚʦʤʫ 

ʜʽʘʧʘʟʦʥʽ. [73]. 

2.3. ɸʧʘʨʘʪʫʨʘ ʥʘʟʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ: ʩʠʩʪʝʤʘ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥ ʉʆ2 ʥʘ 

ʦʩʥʦʚʽ ʛʘʟʦʤʝʪʨʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ Qubit Systems 150; ʩʠʩʪʝʤʘ 

ʜʠʩʪʘʥʮʽʡʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʤʽʥʣʠʚʦʩʪʽ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ DJI STS-VIS; ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʢʘʟʥʠʢʽʚ TemPro 1200; TROTEC TP-10; ʪʝʧʣʦʚʽʟʦʨ 

FLUKE Ti 110; ʧʦʣʴʦʚʠʡ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨ ASD FieldSpec3FR 

ʈʦʟʛʣʷʥʫʪʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ɼɿɿ. ɿʦʢʨʝʤʘ, 

ʩʠʩʪʝʤʘ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥ ʉʆ2 ʥʘ ʦʩʥʦʚʽ ʛʘʟʦʤʝʪʨʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ Qubit Systems 

150 ʟʘʙʝʟʧʝʯʫʻ ʚʠʤʽʨʶʚʘʥʥʷ ʚʤʽʩʪʫ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, 

ʦʩʚʽʪʣʝʥʦʩʪʽ ʚ ʘʪʤʦʩʬʝʨʽ ʙʫʜʴ-ʷʢʦʾ ʜʽʣʷʥʢʠ, ʨʘʡʦʥʫ, ʨʝʛʽʦʥʫ. ʋʥʽʢʘʣʴʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʚʤʽʩʪʫ ʚ ʘʪʤʦʩʬʝʨʽ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʷʢ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ.  

ɸʥʘʣʽʟ ʤʽʞʥʘʨʦʜʥʦʛʦ ʨʠʥʢʫ ʘʥʘʣʽʟʘʪʦʨʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʚʽʥ ʻ ʜʦʩʠʪʴ ʥʘʩʠʯʝʥʠʤ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʤ. ɺʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʟʘʡʤʘʶʪʴʩʷ ʷʢ ʚʽʜʦʤʽ ʧʨʦʚʽʜʥʽ ʜʝʨʞʘʚʥʽ, ʪʘʢ ʽ 
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ʢʦʤʝʨʮʽʡʥʽ ʦʨʛʘʥʽʟʘʮʽʾ (ʢʦʤʧʘʥʽʾ) ʩʚʽʪʫ, ʟʦʢʨʝʤʘ ʚ ʉʐɸ, ʅʽʤʝʯʯʠʥʽ. ʈʘʟʦʤ ʟ ʪʠʤ 

ʨʠʥʦʢ ʥʘʩʠʯʝʥʠʡ ʰʠʨʦʢʦ ʨʝʢʣʘʤʦʚʘʥʠʤʠ ʤʘʣʦʚʽʜʦʤʠʤʠ ʢʦʤʧʘʥʽʷʤʠ, ʩʝʨʝʜ 

ʷʢʠʡ ʟʥʘʯʥʝ ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʢʠʪʘʡʩʴʢʽ ʚʠʨʦʙʥʠʢʠ.  

ʈʠʥʦʢ ʧʨʦʧʦʥʫʻ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʽ ʧʝʨʝʚʘʞʥʦ ʟ 

ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ, ʷʢ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ. ʇʦʨʽʚʥʷʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʘʣʽʟʘʪʦʨʽʚ ʟʘ ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ ʙʘʟʦʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʷʢ 

ʙʨʝʥʜ ʢʦʤʧʘʥʽʾ, ʧʨʠʥʮʠʧ ʜʽʾ ʘʥʘʣʽʟʘʪʦʨʘ, ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠʣʘʜʫ, ʰʠʨʦʪʘ 

ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʡʦʛʦ ʚʘʨʪʽʩʪʴ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʛʘʨʘʥʪʽʾ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʤ ʥʘʜʘʪʠ ʧʝʨʝʚʘʛʫ ʦʙʣʘʜʥʘʥʥʶ 

ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʢʦʤʧʘʥʽʾ Qubit Systems ʽ, ʟʦʢʨʝʤʘ, ʘʥʘʣʽʟʘʪʦʨʘ Qubit Systems 150. 

ʂʦʤʧʘʥʽʷ ʻ ʚʽʜʦʤʠʤ ʩʚʽʪʦʚʠʤ ʣʽʜʝʨʦʤ ʫ ʨʦʟʨʦʙʮʽ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʘʤʝ 

ʧʨʠʣʘʜʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ɼʘʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʤʘʻ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʘʤʝ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ CO2. 

ɺʠʤʽʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʢʦʨʝʢʪʥʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʴ ʥʘʜʟʚʠʯʘʡʥʦ ʰʠʨʦʢʠʡ, ʘ ʾʭ 

ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʷʢ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʪʘʢ ʽ ʩʣʫʛʫʚʘʪʠ ʨʦʟʚôʷʟʘʥʥʶ ʧʨʘʢʪʠʯʥʠʭ ʜʝʨʞʘʚʥʠʭ ʟʘʜʘʯ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʜʘʥʠʤʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʫ ʪʘ ʨʽʚʥʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʥʘʜ ʪʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ. ʇʨʠʣʘʜ ʤʦʞʝ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʥʘʨʦʱʫʚʘʪʠ ʩʚʦʾ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʦʜʫʣʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟʘʪʦʨ Qubit Systems 150, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʮʽʻʶ 

ʢʦʤʧʘʥʽʻʶ, ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʻ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʤ ʢʨʠʪʝʨʽʷʤ.  

ʂʨʽʤ ʪʦʛʦ, ʨʦʟʛʣʷʥʫʪʦ ʩʠʩʪʝʤʫ ʜʠʩʪʘʥʮʽʡʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʤʽʥʣʠʚʦʩʪʽ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ DJI STS-VIS, ʱʦ ʟʤʦʥʪʦʚʘʥʘ ʥʘ 

ʙʘʟʽ ʢʚʘʜʨʘʢʦʧʪʝʨʘ. ʏʘʩ ʨʦʙʦʪʠ ï ʧʨʠʙʣʠʟʥʦ 15-20 ʭʚ. ʅʘ ʙʦʨʪʫ ʢʚʘʜʨʦʢʦʧʪʝʨʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʩʧʝʢʪʨʦʤʝʪʨ Ocean Optics STS-VIS ʟ ʨʦʙʦʯʠʤ ʜʽʘʧʘʟʦʥʦʤ 350-

800 ʥʤ.  

ɼʣʷ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ ɼɿɿ ʥʝʦʙʭʽʜʥʘ 

ʥʘʷʚʥʽʩʪʴ ʥʘʟʝʤʥʦʾ ʝʪʘʣʦʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ɹɼ ʧʨʦ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʬʽʟʠʯʥʽ ʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʤʽʱʝʥʥʷ ʝʪʘʣʦʥʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʽʥ. 
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ʆʪʨʠʤʘʥʥʷ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʣʠʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʙʦʨʘʪʦʨʥʠʭ ʽ ʧʦʣʴʦʚʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ (ʧʦʣʽʛʦʥʘʭ) 

ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ ñAnalytical Spectral 

Devices, Inc.ò (ʉʐɸ). ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ï 350-2500 ʥʤ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʚʠʤʦʛ 

ʜʦ ʚʠʢʦʥʘʥʥʷ ʧʦʣʴʦʚʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥ.ɹ  

ʅʘʧʨʠʢʣʘʜ, ʩʧʝʢʪʨʠ ʚʽʜʙʠʪʪʷ ʥʘʟʝʤʥʠʭ ʦʙôʻʢʪʽʚ, ʦʪʨʠʤʘʥʽ ʚ ʧʦʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʫ ʰʢʘʣʽ, ʷʢʘ ʧʦʜʽʙʥʘ ʜʦ ʰʢʘʣʠ 

ʜʠʩʪʘʥʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʙʦ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʧʝʢʪʨʘʣʴʥʽ ʚʽʜʙʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʽʜʧʦʚʽʜʥʦʾ ʜʽʣʷʥʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʇʦʣʴʦʚʘ ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʘʥʘʣʽʟʫ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʯʠ ʤʦʞʣʠʚʦ ʽ ʷʢʠʤ ʯʠʥʦʤ ʚʠʷʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʽʚ ɼɼɿ ʧʝʚʥʠʡ ʧʨʦʮʝʩ ʘʙʦ ʦʙôʻʢʪ (ʨʝʯʦʚʠʥʫ), ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʽʥʪʝʨʝʩ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʨʦʜʥʠʭ ʪʘ ʰʪʫʯʥʠʭ 

ʦʙôʻʢʪʽʚ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʙʽʣʴʰ ʜʦʮʽʣʴʥʝ, ʥʽʞ ʟʙʽʨ ʟʨʘʟʢʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʦʯʥʦʾ ʧʦʣʴʦʚʦʾ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ 

ʘʧʘʨʘʪʫʨʠ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʟʘʜʘʯʽ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ɼɿɿ, ʦʮʽʥʶʚʘʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ɼɿɿ ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʪʘ ʽʥ., ʘ ʪʘʢʦʞ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, 

ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʩʫʧʫʪʥʠʢʘʭ.  

ʎɸʂɼɿ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠ ʜʦʩʠʪʴ ʜʘʚʥʦ ʽ ʧʣʽʜʥʦ ʚʠʢʦʥʫʻ ʨʦʙʦʪʠ ʧʦ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʽ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ɿʝʤʣʽ 

ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ɼɿɿ. ɼʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʚʠʢʦʥʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ (ʤʝʪʦʜʠ, 

ʘʧʘʨʘʪʫʨʘ, ʤʝʪʨʦʣʦʛʽʷ, ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ), ʜʦʩʷʛʣʠ ʨʽʚʥʷ ʪʝʭʥʦʣʦʛʽʡ. 

ɿʦʢʨʝʤʘ, ʩʪʚʦʨʝʥʦ ʪʝʭʥʦʣʦʛʽʾ ʧʦʰʫʢʫ ɺɺ ʥʘ ʩʫʭʦʜʦʣʽ ʽ ʰʝʣʴʬʽ, ʱʦ ʙʫʣʠ 

ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʽ ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘ ʢʦʨʜʦʥʦʤ. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ 

ʦʮʽʥʢʠ ʚʠʜʦʚʦʛʦ ʩʪʘʥʫ ʣʽʩʽʚ, ʱʦ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʚʯʝʥʠʤʠ ʎɸʂɼɿ ɯɻʅ ʅɸʅ 

ʋʢʨʘʾʥʠ ʨʘʟʦʤ ʟ ʬʘʭʽʚʮʷʤʠ ʟ ɼʘʥʽʾ, ʏʝʭʽʾ ʽ ɹʻʣʘʨʫʩʽ ʚ ʨʘʤʢʘʭ ʤʽʞʥʘʨʦʜʥʦʛʦ 
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ʧʨʦʝʢʪʫ ñTechnology for Automated Land Cover Classificationò. ʎʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʘʩʪʦʩʦʚʫʶʪʴ, ʧʦʨʷʜ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʘʥʘʣʽʟʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ɼɿɿ (ʤʝʪʦʜ ʜʠʩʪʘʥʮʽʡʥʦʾ 

ʩʧʝʢʪʨʦʤʝʪʨʽʾ). ʆʮʽʥʶʚʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʚʜʘʥʴ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʝʪʘʣʦʥʥʠʭ ʜʽʣʷʥʢʘʭ 

ʪʘ ʘʥʘʣʽʟʫ ʘʧʨʽʦʨʥʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʙʽʦʭʽʤʽʯʥʦʾ ʪʘ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʟʝʤʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʦʚôʷʟʢʦʚʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ. ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʢʘʟʥʠʢʽʚ TemPro-1200, TROTEC TP-10 ʪʘ ʪʝʧʣʦʚʽʟʦʨ FLUKE 

Ti110 ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʝʨʠʬʽʢʘʮʽʶ ʜʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʂɻʄ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

[74, 75]. 

ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ  

1. ɻʦʣʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʘʙʽʨ ʢʦʩʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʝʚʥʦʛʦ 

ʤʘʩʰʪʘʙʫ ʜʦʩʣʽʜʞʝʥʴ, ʻ ʢʘʨʪʦʛʨʘʬʽʯʥʝ ʧʦʥʷʪʪʷ "ʛʨʘʥʠʯʥʦʾ ʛʨʘʬʽʯʥʦʾ ʪʦʯʥʦʩʪʽ 

ʢʘʨʪʠ", ʷʢʘ ʥʘ ʧʨʘʢʪʠʮʽ ʜʦʨʽʚʥʶʻ ʚʽʜʩʪʘʥʽ ʥʘ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 0,2 ʤʤ 

ʥʘ ʢʘʨʪʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʘʩʰʪʘʙʫ. 

2. ɺʠʚʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʽʜʙʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʩʣʠʥ ʽ ʨʦʩʣʠʥʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ ʩʣʫʛʫʻ ʦʩʥʦʚʦ  ʁ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ ʈʇ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ: ʧʦʰʫʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, 

ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʽ ʧʨʦʛʥʦʟʫ ʚʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, 

ʢʘʨʪʫʚʘʥʥʷ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ, ʚʠʷʚʣʝʥʥʷ ʣʽʩʦʚʠʭ ʧʦʞʝʞ, ʚʠʚʯʝʥʥʷ ʫʰʢʦʜʞʝʥʥʷ 

ʨʦʩʣʠʥʥʦʩʪʽ ʨʽʟʥʠʤʠ ʭʚʦʨʦʙʘʤʠ ʡ ʰʢʽʜʥʠʢʘʤʠ ʪʦʱʦ. 

3. ʅʘʟʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʦʚôʷʟʢʦʚʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʝʮʠʟʽʡʥʦʾ 

ʘʧʘʨʘʪʫʨʠ. 
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ʈʆɿɼɯʃ 3 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊɽʄɸʊʀʏʅʀʍ ɿɸɼɸʏ 

ʇʈʀʈʆɼʆʂʆʈʀʉʊʋɺɸʅʅʗ ɯ ʊɽʉʊʆɺʀʍ ɼɯʃʗʅʆʂ ɼɿɿ ʋ ʈɯɿʅʀʍ 

ʃɸʅɼʐɸʌʊʅʆ-ɻɽʆʃʆɻɯʏʅʀʍ ʋʄʆɺɸʍ ʋʂʈɸɰʅʀ 

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʽ ʚʠʙʽʨ ʤʝʨʝʞʽ ʧʦʣʽʛʦʥʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʣʘʥʜʰʘʬʪʥʦ-

ʢʣʽʤʘʪʠʯʥʽ ʟʦʥʠ ʋʢʨʘʾʥʠ, ʩʧʝʮʠʬʽʢʫ ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ɼɿɿ ʪʘ ʥʘʷʚʥʽʩʪʴ 

ʜʽʶʯʦʾ ʤʝʨʝʞʽ ʥʘʟʝʤʥʠʭ ʧʦʣʽʛʦʥʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ 

ʥʘʟʝʤʥʫ ʚʝʨʠʬʽʢʘʮʽʶ ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ɼɿɿ, ʧʦʣʽʛʦʥʠ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʧʝʚʥʠʤ ʚʠʤʦʛʘʤ. ʅʘʩʘʤʧʝʨʝʜ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʪʘʢʝ: ʩʪʨʫʢʪʫʨʘ, 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-ʚʽʜʙʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ 

ʨʦʟʤʽʨʠ, ʤʝʪʦʜʠʯʥʝ ʽ ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʝʨʪʠʬʽʢʘʮʽʷ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʽʛʦʥʫ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʥʘ ʝʪʘʧʽ ʡʦʛʦ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʤʽʩʮʝʚʦʾ 

ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʧʝʨʝʣʽʢʫ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ. ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʚ ʟʘʜʘʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʝ ʤʝʥʰʝ 0,3; 

ʧʦʚʝʨʭʥʷ ʤʘʻ ʙʫʪʠ ʙʣʠʟʴʢʦʶ ʜʦ ʣʘʤʙʝʨʪʦʚʩʴʢʦʾ; ʬʦʨʤʘ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ ʤʝʞʘʭ ʨʦʙʦʯʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʜʦʩʠʪʴ ʧʣʦʩʢʦʶ ʽ ʩʪʘʙʽʣʴʥʦʶ. ʇʨʠ ʚʠʙʦʨʽ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʟʝʤʥʦʛʦ 

ʧʦʣʽʛʦʥʫ ɼɿɿ ʩʣʽʜ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʥʘʩʘʤʧʝʨʝʜ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʽ ʪʘ 

ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ, ʦʩʢʽʣʴʢʠ ʤʽʩʮʝʚʠʡ ʢʣʽʤʘʪ, 

ʭʘʨʘʢʪʝʨʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʽ ʨʝʣʴʻʬ ʚʠʟʥʘʯʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʣʽʛʦʥʫ ʽ ʩʢʣʘʜ 

ʪʝʩʪʦʚʠʭ ʦʙ'ʻʢʪʽʚ. ʄʝʪʦʜʠʯʥʝ ʽ ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʧʦʣʽʛʦʥʽʚ ʤʘʻ ʚʢʣʶʯʘʪʠ ʚʝʣʠʢʠʡ ʦʙʩʷʛ 

ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʎʝ ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ 

ʚʠʤʽʨʶʚʘʥʥʶ, ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʽ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, 

ʘ ʩʘʤʝ: ʽʥʪʝʛʨʘʣʴʥʠʭ ʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʙʠʪʪʷ, ʧʦʛʣʠʥʘʥʥʷ ʽ 

ʧʨʦʧʫʩʢʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʦʣʦʛʦʩʪʽ ʽ ʛʝʦʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʫ ʟʝʤʥʦʾ 

ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ [1, 2]. ʂʦʥʮʝʧʪʫʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦ ʥʘʟʝʤʥʽʡ ʚʝʨʠʬʽʢʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

(ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ) ʟʡʦʤʦʢ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.1. 
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ʈʠʩ. 3.1. ʂʦʥʮʝʧʪʫʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʥʘʟʝʤʥʽʡ ʟʘʚʽʨʮʽ 

(ʚʘʣʽʜʘʮʽʾ) ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ (ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ) 

ʟʡʦʤʦʢ 

  

ʌʦʨʤʫʚʘʥʥʷ ʧʝʨʝʣʽʢʫ ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʙʘʛʘʪʦʟʦʥʘʣʴʥʠʭ 

(ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ) ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ 

ɺʠʙʽʨ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ  

ʅʘʟʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ɼʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (ʢʦʩʤʽʯʥʠʡ ʟʥʽʤʦʢ) 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʜʽʣʷʥʢʠ ʥʘʟʝʤʥʦʾ ʟʘʚʽʨʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʦʾ 

ʟʡʦʤʢʠ 

ʆʮʽʥʢʘ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʟʡʦʤʢʘʭ ʟ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʘ ʥʘʟʝʤʥʦʤʫ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʽ  

ɺʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ 

ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʥʘʟʝʤʥʦʾ ʪʝʩʪʦʚʦʾ 

ʜʽʣʷʥʢʠ 

ɺʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʫʤʦʚ 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ 

ʟʡʦʤʢʠ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ 

(ʤʝʪʝʦʫʤʦʚʠ, ʬʘʟʠ ʚʝʛʝʪʘʮʽʾ ʪʘ ʽʥ.) 

ɺʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ 

ʜʦʚʢʽʣʣʷ, ʧʦʪʨʽʙʥʠʭ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʜʽʣʷʥʢʠ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ ʪʘ ʯʘʩʫ, ʢʦʣʠ 

ʤʦʞʣʠʚʘ ʾʾ ʨʝʘʣʽʟʘʮʽʷ ʜʣʷ ʚʠʙʨʘʥʦʾ 

ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ 

ʆʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʩʪʦʚʫ ʜʽʣʷʥʢʫ (ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, 

ʪʝʤʘʪʠʯʥʽ ʢʘʨʪʠ, ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʪʦʱʦ) 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʫʤʦʚ 

ʧʨʦʚʝʜʝʥʥʷ ʩʠʥʭʨʦʥʥʦʾ ʟ ʥʘʟʝʤʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ 

ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ 

ʇʨʦʚʝʜʝʥʥʷ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ 

ʆʙʨʦʙʢʘ ʪʘ ʦʮʽʥʢʘ ʤʘʪʝʨʽʘʣʽʚ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ 

ɺʝʨʠʬʽʢʘʮʽʷ ʪʘ ʘʧʨʦʙʘʮʽʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ 
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3.1. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʙʦʨʫ ʪʘ ʤʝʨʝʞʽ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ (ʧʦʣʽʛʦʥʽʚ) ɼɿɿ 

ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʚ ʋʢʨʘʾʥʽ 

ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʪʘ ʘʥʘʣʽʟ ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ɼɿɿ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʽʛʦʥʽʚ. ɻʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʪʘ ʪʝʤʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʨʝʞʽ ʚʠʙʨʘʥʠʭ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ (ʧʦʣʽʛʦʥʽʚ) ɼɿɿ (ʐʘʮʴʢʠʡ-ʇʦʣʽʩʩʷ, ʂʠʾʚʩʴʢʠʡ-ʃʽʩʦʩʪʝʧ, 

ɺʽʥʥʠʮʴʢʠʡ-ʃʽʩʦʩʪʝʧ, ʄʠʢʦʣʘʾʚʩʴʢʠʡ-ʉʪʝʧ, ʂʨʠʤʩʴʢʠʡ-ʉʪʝʧ, ʂʘʨʧʘʪʩʴʢʠʡ-

ɻʽʨʩʴʢʠʡ) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.1.  

ʆʮʽʥʢʫ ʽ ʚʠʙʽʨ ʤʝʨʝʞʽ ʧʦʣʽʛʦʥʽʚ ʚʠʢʦʥʘʥʦ, ʚʨʘʭʦʚʫʶʯʠ ʣʘʥʜʰʘʬʪʥʦ-

ʢʣʽʤʘʪʠʯʥʽ ʟʦʥʠ ʋʢʨʘʾʥʠ, ʩʧʝʮʠʬʽʢʫ ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ɼɿɿ ʪʘ ʥʘʷʚʥʽʩʪʴ 

ʜʽʶʯʦʾ ʤʝʨʝʞʽ ʥʘʟʝʤʥʠʭ ʧʦʣʽʛʦʥʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ 

ʥʘʟʝʤʥʫ ʚʝʨʠʬʽʢʘʮʽʶ ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ɼɿɿ, ʧʦʣʽʛʦʥʠ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʧʝʚʥʠʤ ʚʠʤʦʛʘʤ. ʋ ʤʦʥʦʛʨʘʬʽʾ [1-3] ʥʘʚʦʜʷʪʴʩʷ ʪʘʢʽ ʢʘʪʝʛʦʨʽʾ ʚʠʤʦʛ: ʩʪʨʫʢʪʫʨʘ, 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-ʚʽʜʙʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ 

ʨʦʟʤʽʨʠ, ʤʝʪʦʜʠʯʥʝ ʽ ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʝʨʪʠʬʽʢʘʮʽʷ.  

ʉʪʨʫʢʪʫʨʘ ʧʦʣʽʛʦʥʫ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʥʘ ʝʪʘʧʽ ʡʦʛʦ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʦʞʣʠʚʦʩʪʝʡ ʤʽʩʮʝʚʦʾ ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʧʝʨʝʣʽʢʫ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ.  

ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-ʚʽʜʙʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʧʦʚʠʥʥʽ ʤʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʚ ʟʘʜʘʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʥʝ ʤʝʥʰʝ 0,3; ʧʦʚʝʨʭʥʷ ʤʘʻ ʙʫʪʠ ʙʣʠʟʴʢʦʶ ʜʦ ʣʘʤʙʝʨʪʦʚʩʴʢʦʾ; ʬʦʨʤʘ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ ʤʝʞʘʭ ʨʦʙʦʯʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʽ ʩʪʘʙʽʣʴʥʦʶ.  

ɻʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʨʦʟʤʽʨʠ. ʇʨʠ ʚʠʙʦʨʽ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʥʘʟʝʤʥʦʛʦ ʧʦʣʽʛʦʥʫ ɼɿɿ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʩʘʤʧʝʨʝʜ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʽ 

ʪʘ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ, ʦʩʢʽʣʴʢʠ ʤʽʩʮʝʚʠʡ ʢʣʽʤʘʪ, 

ʭʘʨʘʢʪʝʨʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʽ ʨʝʣʴʻʬ ʚʠʟʥʘʯʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʣʽʛʦʥʫ ʽ ʩʢʣʘʜ 

ʪʝʩʪʦʚʠʭ ʦʙ'ʻʢʪʽʚ.  
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  ʊʘʙʣʠʮʷ  3.1  

ɯʻʨʘʨʭʽʯʥʘ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʽ ʚʠʙʦʨʫ ʢʦʩʤʽʯʥʠʭ ʟʘʚʽʨʦʯʥʠʭ ʧʦʣʽʛʦʥʽʚ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʽʰʝʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ɼɿɿ 

ʈɯɺɽʅʔ 0. ʆʎɯʅʂɸ ʅɸɿɽʄʅʀʍ ʇʆʃɯɻʆʅɯɺ ɼʃʗ ɿɸɺɯʈʂʀ 

ɯʅʌʆʈʄɸʎɯɰ ʂʆʉʄɯʏʅʆɻʆ ɻɽʆʄʆʅɯʊʆʈʀʅɻʋ 

ʈʽʚʝʥʴ 1. ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ɼɿɿ 

ɽʢʦʣʦʛʽʷ ʽ ʅʉ ɻʝʦʣʦʛʽʷ ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ɻʝʦʜʝʟʽʷ ʪʘ ʢʘʨʪʦʛʨʘʬʽʷ 

ʈʽʚʝʥʴ 2. ʊʝʤʘʪʠʯʥʽ ʟʘʜʘʯʽ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ɼɿɿ 

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 2.10 2.11 

ʆ
ʮ
ʽ
ʥ
ʢ
ʘ
 
ʧ
ʦ
ʞ
ʝ
ʞ
ʥ
ʦ
ʾ
 
 
ʙ
ʝ
ʟ
ʧ
ʝ
ʢ
ʠ
 

ʪ
ʝ
ʨ
ʠ
ʪ
ʦ
ʨ
ʽ
ʾ

 

ʄ
ʦ
ʥ
ʽ
ʪ
ʦ
ʨ
ʠ
ʥ
ʛ

 

ʤ
ʽ
ʩ
ʴ
ʢ
ʠ
ʭ

 

ʘ
ʛ
ʣ
ʦ
ʤ
ʝ
ʨ
ʘ
ʮ
ʽ
ʡ

 

ʄ
ʦ
ʥ
ʽ
ʪ
ʦ
ʨ
ʠ
ʥ
ʛ
 
ʝ
ʢ
ʦ
ʩ
ʪ
ʘ
ʥ
ʫ
 
ʚ
ʦ
ʜ
ʦ
ʡ
ʤ

 

ʄ
ʦ
ʥ
ʽ
ʪ
ʦ
ʨ
ʠ
ʥ
ʛ
 
ʨ
ʦ
ʩ
ʣ
ʠ
ʥ
ʥ
ʦ
ʛ
ʦ

 

ʧ
ʦ
ʢ
ʨ
ʠ
ʚ
ʫ

 

ɺ
ʠ
ʟ
ʥ
ʘ
ʯ
ʝ
ʥ
ʥ
ʷ

 

ʚ
ʠ
ʜ
ʦ
ʚ
ʦ
ʛ
ʦ

 

ʩ
ʢ
ʣ
ʘ
ʜ
ʫ
 
ʣ
ʽ
ʩ
ʽ
ʚ

 

ʇ
ʦ
ʰ
ʫ
ʢ

 

ʧ
ʦ
ʢ
ʣ
ʘ
ʜ
ʽ
ʚ
 
ʢ
ʦ
ʨ
ʠ
ʩ
ʥ
ʠ
ʭ
 
ʢ
ʦ
ʧ
ʘ
ʣ
ʠ
ʥ

 

 

ɼ
ʦ
ʩ
ʣ
ʽ
ʜ
ʞ
ʝ
ʥ
ʥ
ʷ
 
ʛ
ʝ
ʦ
ʣ
ʦ
ʛ
ʽ
ʯ
ʥ
ʠ
ʭ
 

ʩ
ʪ
ʨ
ʫ
ʢ
ʪ
ʫ
ʨ
 
 
ʣ
ʘ
ʥ
ʜ
ʰ
ʘ
ʬ
ʪ
ʥ
ʦ

- 

ʢ
ʣ
ʽ
ʤ
ʘ
ʪ
ʠ
ʯ
ʥ
ʠ
ʭ
 
ʟ
ʦ
ʥ

 

ʆ
ʢ
ʨ
ʝ
ʩ
ʣ
ʝ
ʥ
ʥ
ʷ

 

ʚ
ʠ
ʜ
ʦ
ʚ
ʠ
ʭ

 

ʫ
ʛ
ʨ
ʫ
ʧ
ʦ
ʚ
ʘ
ʥ
ʴ

 

ʆ
ʮ
ʽ
ʥ
ʢ
ʘ
 
 
ʘ
ʛ
ʨ
ʦ
ʢ
ʫ
ʣ
ʴ
ʪ
ʫ
ʨ

 

ʽ
 
ʚ
ʨ
ʦ
ʞ
ʘ
ʡ
ʥ
ʦ
ʩ
ʪ
ʽ

 

ʂ
ʘ
ʨ
ʪ
ʦ
ʛ
ʨ
ʘ
ʬ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ
 
ʧ
ʨ
ʦ
ʜ
ʫ
ʢ
ʪ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
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ʝ
ʢ
ʦ
ʩ
ʠ
ʩ
ʪ
ʝ
ʤ

 

ʂ
ʘ
ʨ
ʪ
ʦ
ʛ
ʨ
ʘ
ʬ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ
 

ʨ
ʦ
ʟ
ʧ
ʦ
ʚ
ʩ
ʶ
ʜ
ʞ
ʝ
ʥ
ʥ
ʷ
 
ʩ
ʧ
ʨ
ʠ
ʯ
ʠ
ʥ
ʝ
ʥ
ʠ
ʭ

 

ʩ
ʪ
ʨ
ʝ
ʩ
ʽ
ʚ

 

ʈʽʚʝʥʴ 3. ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʧʦʣʽʛʦʥʽʚ 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʜʘʥʠʭ 

ʥʘʟʝʤʥʦʾ ʽ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ 

ʆʨʙʽʪʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʂɸ 

ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-

ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʈʽʚʝʥʴ 4. ʆʩʥʦʚʥʽ ʥʘʟʝʤʥʽ ʧʦʣʽʛʦʥʠ ʋʢʨʘʾʥʠ 

4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 4.10 4.11 4.12 4.13 4.14 4.15 4.16 4.17 4.18 

ʐ
ʘ
ʮ
ʴ
ʢ
ʠ
ʡ

 

ʂ
ʠ
ʾ
ʚ
ʩ
ʴ
ʢ
ʠ
ʡ
 
(
ʄ
ʽ
ʩ
ʴ
ʢ
ʠ
ʡ
)

 

ʂ
ʠ
ʾ
ʚ
ʩ
ʴ
ʢ
ʠ
ʡ

 

(
ɸ
ʛ
ʨ
ʦ
)

 
ɺ
ʽ
ʥ
ʥ
ʠ
ʮ
ʴ
ʢ
ʠ
ʡ

 

ʄ
ʠ
ʢ
ʦ
ʣ
ʘ
ʾ
ʚ
ʩ
ʴ

ʢ
ʠ
ʡ 

ʢ
ʠ
ʡ 

ʈ
ʦ
ʤ
ʝ
ʥ
ʩ
ʴ
ʢ
ʠ
ʡ

 

ʂ
ʘ
ʨ
ʧ
ʘ
ʪ
ʩ
ʴ
ʢ
ʠ
ʡ

 

ʂ
ʨ
ʠ
ʤ
ʩ
ʴ
ʢ
ʠ
ʡ
 
(
ʊ
ʘ
ʨ
ʭ
ʘ
ʥ
ʢ
ʫ
ʪ
)

 

ʂ
ʨ
ʠ
ʤ
ʩ
ʴ
ʢ
ʠ
ʡ
 
(
ʂ
ʘ
ʮ
ʽ
ʚ
ʝ
ʣ
ʽ
)

 

ʂ
ʨ
ʠ
ʤ
ʩ
ʴ
ʢ
ʠ
ʡ

 

(
ʂ
ʝ
ʨ
ʯ
)

 
ʗ
ʚ
ʦ
ʨ
ʽ
ʚ
ʩ
ʴ
ʢ
ʠ
ʡ

 

ʉ
ʪ
ʝ
ʧ
ʦ
ʚ

ʠ
ʡ ʟ
ʘ
ʧ
ʦ
ʚ
ʽ
ʜ
ʥ
ʠ
ʢ

 

ʍ
ʘ
ʨ
ʢ
ʽ
ʚ
ʩ
ʴ
ʢ
ʠ
ʡ
 
ʣ
ʽ
ʩ
ʥ
ʠ
ʡ
 
ʧ
ʦ
ʣ
ʽ
ʛ
ʦ
ʥ

 

ɿ
ʘ
ʧ
ʦ
ʚ
ʽ
ʜ
ʥ
ʠ
ʢ

 

ç
ɸ
ʩ
ʢ
ʘ
ʥ
ʽ
ʷ
.
 
ʅ
ʦ
ʚ
.
è

 
ɿ
ʘ
ʧ
ʦ
ʚ
ʽ
ʜ
ʥ
ʠ
ʢ
 
ç
ɭ

ʣ
ʘ
ʥ
ʝ
ʮ
ʴ
ʢ
ʠ
ʡ
è

 

ɼ
ʫ
ʥ
ʘ
ʡ
ʩ
ʴ
ʢ
ʠ
ʡ
 
ʟ
ʘ
ʧ
ʦ
ʚ
ʽ
ʜ
ʥ
ʠ
ʢ

 

ʇ
ʦ
ʣ
ʽ
ʛ
ʦ
ʥ

 

ç
ʏ
ʘ
ʫ
ʜ
ʘ
è

 
ʂ
ʨ
ʠ
ʤ
ʩ
ʴ
ʢ
ʠ
ʡ
 
(
ʅ
ʎ
ʋ
ʂ
ɺ
ʂ
ɿ
)

 

ɿʥʘʯʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ Fʭ10
3
 ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ ʧʦʣʽʛʦʥʽʚ 

14 5,7 7,1 12 9,0 4,3 6,0 9,5 3,5 2,3 2,8 6,9 3,4 4,3 2,5 5,6 3,8 2,3 
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ʄʝʪʦʜʠʯʥʝ ʽ ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʧʦʣʽʛʦʥʽʚ ʤʘʻ ʚʢʣʶʯʘʪʠ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʩʧʦʩʪʝʨʝʞʝʥʴ [4]. ʎʝ ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʚʠʤʽʨʶʚʘʥʥʶ, 

ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʽ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʘ ʩʘʤʝ: 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʙʠʪʪʷ, ʧʦʛʣʠʥʘʥʥʷ ʽ 

ʧʨʦʧʫʩʢʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʦʣʦʛʦʩʪʽ ʽ ʛʝʦʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʫ ʟʝʤʥʦʾ 

ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ [5].  

ʉʝʨʪʠʬʽʢʘʮʽʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʘʚʠʣ, ʢʦʞʝʥ ʧʦʣʽʛʦʥ ɼɿɿ 

ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʜʫʨʫ ʩʝʨʪʠʬʽʢʘʮʽʾ ʽ ʧʘʩʧʦʨʪʠʟʫʻʪʴʩʷ. ɺ ʋʢʨʘʾʥʽ ʟʘʛʘʣʴʥʽ 

ʧʦʣʦʞʝʥʥʷ ʽ ʧʦʨʷʜʦʢ ʩʝʨʪʠʬʽʢʘʮʽʾ ʚʠʢʣʘʜʝʥʽ ʚ ʩʪʘʥʜʘʨʪʘʭ [6, 7].  

ɺ ʥʘʰʽʡ ʢʨʘʾʥʽ ʽʩʥʫʻ ʤʝʨʝʞʘ ʧʦʣʽʛʦʥʽʚ ʟ ʪʝʩʪʦʚʠʤʠ ʜʽʣʷʥʢʘʤʠ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ (ʚʘʣʽʜʘʮʽʾ) 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʰʠʬʨʫʚʘʥʥʷ ʂɿ, ʚʝʨʠʬʽʢʘʮʽʾ ʥʦʚʠʭ ʤʝʪʦʜʠʢ ɼɿɿ, ʬʦʨʤʫʚʘʥʥʷ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-ʚʽʜʙʠʚʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʨʘʢʪʠʯʥʘ ʧʨʦʙʣʝʤʘ 

ʦʮʽʥʢʠ ʡ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʢʣʘʜʫ ʧʦʣʽʛʦʥʽʚ ʽ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ, ʧʘʨʘʤʝʪʨʠ 

ʷʢʠʭ ʥʘʡʙʽʣʴʰʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʜʘʥʠʤ ʪʝʤʘʪʠʯʥʠʤ ʟʘʜʘʯʘʤ ʽ ʩʬʦʨʤʫʣʴʦʚʘʥʠʤ 

ʚʠʱʝ ʚʠʤʦʛʘʤ.  

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʽʩʥʫʶʯʠʭ ʧʦʣʽʛʦʥʽʚ, ʾʭ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʽ ʚʠʙʦʨʫ ʥʘ ʦʩʥʦʚʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʽʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ 

ʧʦʣʽʛʦʥʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʝʩʪʦʚʠʤʠ ʜʽʣʷʥʢʘʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʬʽʣʶʚʘʥʥʷ 

ʽ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʘʤʢʘʭ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʪʝʤʘʪʠʯʥʠʭ 

ʟʘʜʘʯ ɼɿɿ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ.  

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ (ʄɸɯ).  ɸʥʘʣʽʟ ʽ ʦʮʽʥʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʧʦʣʽʛʦʥʽʚ ʥʝʤʦʞʣʠʚʽ ʟʘ ʘʙʩʦʣʶʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ʦʜʥʦʛʦ ʟ ʧʘʨʘʤʝʪʨʽʚ (ʢʨʠʪʝʨʽʾʚ), 

ʘ ʧʦʪʨʝʙʫʶʪʴ  ʚʽʜʥʦʩʥʦʛʦ ʟʽʩʪʘʚʣʝʥʥ ̫ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ ʰʣʷʭʦʤ ʧʦʧʘʨʥʠʭ 

ʝʢʩʧʝʨʪʥʠʭ ʧʦʨʽʚʥʷʥʴ ʩʪʫʧʝʥʷ ʧʝʨʝʚʘʛʠ ʧʦ ʢʦʞʥʦʤʫ ʟ ʥʠʭ. ɼʣʷ ʮʦɹʛʦ ʧʽʜʭʦʜʠʪʴ  

ʤʝʪʦʜ ʄɸɯ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʣʽʥʛʚʽʩʪʠʯʥʦʤʫ ʧʽʜʭʦʜʽ ʪʘ ʝʢʩʧʝʨʪʥʽʡ ʽʥʬʦʨʤʘʮʽʾ [8]. 

ʄɸɯ ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ (ʦʩʦʙʣʠʚʦ ʫ ʉʐɸ), ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 
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ʨʦʟʨʦʙʣʝʥʦ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʟʘʜʘʯʘʭ 

ʘʥʘʣʽʟʫ ʦʙ'ʻʢʪʽʚ ʽ ʩʠʪʫʘʮʽʡ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ (ʝʢʦʥʦʤʽʯʥʠʭ, ʪʝʭʥʽʯʥʠʭ, 

ʧʦʣʽʪʠʯʥʠʭ, ʚʽʡʩʴʢʦʚʠʭ ʪʦʱʦ). ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ çʟʚʘʞʠʪʠè ʚ ʻʜʠʥʽʡ ʰʢʘʣʽ 

ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʽ ʦʜʝʨʞʘʪʠ ʧʦ ʢʦʞʥʽʡ ʟ ʥʠʭ 

ʬʦʨʤʘʣʽʟʦʚʘʥʫ ʫʟʘʛʘʣʴʥʶʶʯʫ ʦʮʽʥʢʫ. ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʩʬʦʨʤʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʫ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʽ ʚʠʙʨʘʪʠ ʟ ʙʘʛʘʪʴʦʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʧʝʨʝʚʘʞʘʶʯʠʡ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ.  

ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʄɸɯ ʧʦʣʷʛʘʻ ʫ ʧʦʩʣʽʜʦʚʥʽʡ ʜʝʢʦʤʧʦʟʠʮʽʾ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʘ ʙʽʣʴʰ ʧʨʦʩʪʽ ʢʨʠʪʝʨʽʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ï ʧʦʢʘʟʥʠʢʠ, ʱʦ 

ʦʙôʻʜʥʫʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽ ʽʻʨʘʨʭʽʯʥʽ ʨʽʚʥʽ. ʅʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʝʪʘʧʦʤ ʻ 

ʧʦʙʫʜʦʚʘ ʽʻʨʘʨʭʽʾ ʩʫʜʞʝʥʴ ʤʽʞ ʧʝʨʰʠʤ ʽ ʦʩʪʘʥʥʽʤ ʨʽʚʥʷʤʠ. ɿʘʜʘʯʘ ʧʝʨʰʦʛʦ 

ʨʽʚʥʷ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʤʝʪʠ, ʷʢʘ ʙʫʜʝ ʜʦʩʷʛʥʫʪʘ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚô̫ ʟʘʥʥʷ 

ʟʘʜʘʯʽ.  

ʄɸɯ ʤʘʻ ʢʽʣʴʢʘ ʝʪʘʧʽʚ [9, 10]. ʇʝʨʰʠʡ ʝʪʘʧ ï ʩʪʨʫʢʪʫʨʠʟʘʮʽʷ ʟʘʜʘʯʽ ʫ 

ʚʠʛʣʷʜʽ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʜʝʢʽʣʴʢʦʤʘ ʨʽʚʥʷʤʠ: ʮʽʣʽ ï ʢʨʠʪʝʨʽʾ ï 

ʘʣʴʪʝʨʥʘʪʠʚʠ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʝʢʩʧʝʨʪ ʚʠʢʦʥʫʻ ʧʦʧʘʨʥʽ ʧʦʨʽʚʥʷʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʢʦʞʥʦʛʦ ʨʽʚʥʷ. ʅʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʝʪʘʧʦʤ ʻ ʧʦʙʫʜʦʚʘ ʽʻʨʘʨʭʽʾ ʩʫʜʞʝʥʴ 

ʤʽʞ ʧʦʯʘʪʢʦʚʠʤ (ʤʝʪʘ, ʷʢʘ ʙʫʜʝ ʜʦʩʷʛʥʫʪʘ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ) ʽ 

ʦʩʪʘʥʥʽʤ ʨʽʚʥʷʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʴ ʝʣʝʤʝʥʪʽʚ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʧʝʨʝʚʦʜʷʪʴʩʷ 

ʚ ʯʠʩʣʘ. ɼʘʣʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʚʘʞʣʠʚʦʩʪʽ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʢʦʞʥʦʛʦ 

ʨʽʚʥʷ. ʇʝʨʝʚʽʨʷʻʪʴʩʷ ʫʟʛʦʜʞʝʥʽʩʪʴ ʩʫʜʞʝʥʴ ʝʢʩʧʝʨʪʽʚ. ʆʙʯʠʩʣʶʻʪʴʩʷ ʢʽʣʴʢʽʩʥʠʡ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʢʦʞʥʦʾ ʟ ʘʣʴʪʝʨʥʘʪʠʚ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʡʢʨʘʱʘ 

ʘʣʴʪʝʨʥʘʪʠʚʘ. 

ʂʦʣʠ ʨʦʟʛʣʷʥʫʪʘ ʧʨʦʙʣʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʽʻʨʘʨʭʽʯʥʦ, ʜʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ 

ʝʢʩʧʝʨʪʥʦʾ ʧʨʦʮʝʜʫʨʠ ʙʫʜʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʤʘʪʨʠʮʴ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʜʣʷ 

ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʽ ʧʦ ʢʦʞʥʽʡ ʩʢʣʘʜʦʚʽʡ ʜʘʥʦʛʦ ʽʻʨʘʨʭʽʯʥʦʛʦ ʨʽʚʥʷ. ʇʨʦʚʦʜʷʪʴʩʷ ʾʭ 

ʥʦʨʤʘʣʽʟʘʮʽʷ ʪʘ ʦʮʽʥʢʘ ʚʝʢʪʦʨʽʚ ʧʨʽʦʨʠʪʝʪʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʫʧʝʥ ̫ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʩʢʣʘʜʦʚʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ. ʇʦʜʽʙʥʽ ʤʘʪʨʠʮʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ 

ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʢʦʞʥʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ ʥʘ ʜʨʫʛʦʤʫ ʨʽʚʥʽ ʩʪʦʩʦʚʥʦ ʩʧʽʣʴʥʦʾ 

ʤʝʪʠ ʥʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʽ ʪ.ʜ. ʇʨʠ ʮʴʦʤʫ ʟʽʩʪʘʚʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʟʘ 
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ʘʙʩʦʣʶʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʘ ʟʘ ʩʪʫʧʝʥʝʤ ʚʽʜʥʦʩʥʦʾ ʧʝʨʝʚʘʛʠ ʧʦ ʢʦʞʥʦʤʫ 

ʧʘʨʘʤʝʪʨʫ. ɼʘʥʘ ʧʨʦʮʝʜʫʨʘ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʽʻʨʘʨʭʽʯʥʦʤʫ ʨʽʚʥʽ, 

ʚʢʣʶʯʘʶʯʠ ʦʩʪʘʥʥʽʡ, ʜʣʷ ʷʢʦʛʦ ʚʠʨʘʭʦʚʫʶʪʴʩʷ ʧʨʽʦʨʠʪʝʪʠ ʱʦʜʦ ʩʪʫʧʝʥʷ ʾʭ 

ʚʧʣʠʚʫ ʥʘ ʧʝʨʝʜʦʩʪʘʥʥʽʡ ʨʽʚʝʥʴ ʝʢʩʧʝʨʪʥʠʭ ʩʫʜʞʝʥʴ.  

ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ï ʚʽʜʥʦʰʝʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʝʢʩʧʝʨʪʽʚ, 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʮʽʥʢʠ, ʩʫʜʞʝʥʥʷ ʝʢʩʧʝʨʪʘ ʯʠ ʾʭ ʛʨʫʧʠ ʧʨʦ ʚʽʜʥʦʩʥʫ ʚʘʞʣʠʚʽʩʪʴ 

ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʦʨʽʚʥʶʶʪʴʩʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʨʠʪʝʨʽʶ ʙʽʣʴʰ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʽʟ ʟʘʜʘʥʦʶ ʧʦʧʝʨʝʜʥʴʦ ʰʢʘʣʦʶ ʦʮʽʥʦʢ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʤʽʨʢʫʚʘʥʴ ʤʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ, ʱʦ ʟʘʚʞʜʠ ʻ 

ʢʚʘʜʨʘʪʥʠʤʠ ʽ ʦʙʝʨʥʝʥʦ ʩʠʤʝʪʨʠʯʥʠʤʠ, ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ: 

ija , ijji aa 1 , (3.1) 

ʜʝ nji ,...,1,  ï ʯʠʩʣʦ ʢʨʠʪʝʨʽʾʚ, ʧʦʨʽʚʥʶʚʘʥʠʭ ʥʘ ʢʦʞʥʽʤ ʨʽʚʥʽ. 

ɼʘʣʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʦʤʧʦʥʝʥʪʠ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ ʤʘʪʨʠʮʽ, ʘ ʩʘʤʝ: 

n
n

j

njn

n
n

j

j aaaa

1

1

1

1

11 ;...; . (3.2) 

ɿ ʦʪʨʠʤʘʥʠʭ ʛʨʫʧ ʤʘʪʨʠʮʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʦʨʤʘʣʴʥʽ ʦʮʽʥʢʠ ʚʝʢʪʦʨʘ 

ʣʦʢʘʣʴʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ: 

i

inn

i

i aaKaaK ;...;11 . (3.3) 

ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʢʦʤʧʦʥʝʥʪʠ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ ʦʪʨʠʤʘʥʽ ʜʣʷ ʚʩʽʭ n  ʨʷʜʢʽʚ 

ʤʘʪʨʠʮʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (3.2), ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʾʭʥʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʦʙʯʠʩʣʝʥʴ.  

ʆʜʥʦʯʘʩʥʦ ʟ ʤʘʪʨʠʮʝʶ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʚʠʢʦʥʫʻʪʴʩʷ ʦʮʽʥʢʘ ʩʪʫʧʝʥʷ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʫʟʛʦʜʞʝʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʣʦʢʘʣʴʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʰʣʷʭʦʤ 

ʦʙʯʠʩʣʝʥʥʷ ʽʥʜʝʢʩʫ ʫʟʛʦʜʞʝʥʦʩʪʽ (ɯʋ). ɯʋ ʚ ʢʦʞʥʽʡ ʤʘʪʨʠʮʽ ʽ ʜʣʷ ʚʩʽʻʾ ʽʻʨʘʨʭʽʾ 

ʤʦʞʝ ʙʫʪʠ ʧʨʠʙʣʠʟʥʦ ʦʙʯʠʩʣʝʥʠʡ ʪʘʢ: 

1
11

nnaKɯʋ
n

j

ij

n

i

i . (3.4) 
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ʎʷ ʚʝʣʠʯʠʥʘ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʪʽʻʶ, ʢʦʪʨʘ ʚʠʡʰʣʘ ʙ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ 

ʚʠʙʦʨʽ ʢʽʣʴʢʽʩʥʠʭ ʩʫʜʞʝʥʴ. ʗʢʱʦ ʨʦʟʜʽʣʠʪʠ ɯʋ ʥʘ ʯʠʩʣʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʧʘʜʢʦʚʽʡ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʘʪʨʠʮʽ ʪʦʛʦ ʞ ʧʦʨʷʜʢʫ, ʦʜʝʨʞʠʤʦ ʚʽʜʥʦʰʝʥʥʷ 

ʫʟʛʦʜʞʝʥʦʩʪʽ.  

ʆʙʨʦʙʢʘ ʤʘʪʨʠʮʴ, ʥʘʧʨʠʢʣʘʜ, ʯʦʪʠʨʴʦʭ ʨʽʚʥʷʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʨʘʭʫʚʘʪʠ ʚʝʢʪʦʨʠ ʧʨʽʦʨʠʪʝʪʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʚʥʷʥʴ 
1K , 

2K , 
3K  ʠ 4K , 

ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʧʨʽʦʨʠʪʝʪʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʩʧʝʨʪʘ. ʄɸɯ 

ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ ʡ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʥʘ 

ʥʝʾ ʢʦʞʥʦʾ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ. ɺ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʢʨʠʪʝʨʽʾ F 

ʧʝʨʰʠʡ ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʡʥʷʪʪʶ ʨʽʰʝʥʥʷ ʧʦ ʚʩʽʭ ʚʝʢʪʦʨʘʭ ʮʽʣʴʦʚʠʭ 

ʧʨʽʦʨʠʪʝʪʽʚ, ʜʨʫʛʠʡ ï ʧʦ ʚʝʢʪʦʨʫ ʮʽʣʴʦʚʠʭ ʧʨʽʦʨʠʪʝʪʽʚ, ʪʨʝʪʽʡ ï ʧʦ ʢʦʤʧʦʥʝʥʪʘʭ 

ʚʝʢʪʦʨʘ ʮʽʣʴʦʚʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʽ ʯʝʪʚʝʨʪʠʡ ï ʢʦʤʧʦʥʝʥʪʘʭ ʚʝʢʪʦʨʘ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ 

ʧʦʢʘʟʥʠʢʽʚ ʧʦʨʽʚʥʶʚʘʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ.  

ʗʢʱʦ ʦʪʨʠʤʘʥʽ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʪʦ ʬʦʨʤʫʣʘ ʟʛʦʨʪʢʠ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʤʘʻ ʚʠʛʣʷʜ: 

s

pprml xKKKKF 4321
, (3.5) 

ʜʝ ʚʝʨʭʥʽʡ ʽʥʜʝʢʩ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʧʨʽʦʨʠʪʝʪʫ ʦʟʥʘʯʘʻ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʾ;  

s

px  ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʘʛʠ ʚʘʨʽʘʥʪʘ s ʟʘ ʧʦʢʘʟʥʠʢʦʤ p.  

ɿʥʘʯʝʥʥʷ F  ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʧʝʨʝʚʘʛʫ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʽʘʥʪʘ ʩʠʩʪʝʤʠ ʧʦ ʚʩʽʡ ʩʫʢʫʧʥʦʩʪʽ ʘʥʘʣʽʟʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʬʦʨʤʘʣʽʟʦʚʘʥʦʾ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʟʘʟʥʘʯʝʥʠʭ 

ʧʦʣʽʛʦʥʽʚ, ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʾʾ ʫ ʚʠʛʣʷʜʽ ʽʻʨʘʨʭʽʯʥʦʾ 

ʤʦʜʝʣʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʽʻʨʘʨʭʽʯʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥʦ ʫ 

ʄɸɯ.  

ʎʝʡ ʤʝʪʦʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʩʬʦʨʤʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʫ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ, ʨʝʡʪʠʥʛʫʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ. ʅʘ ʦʩʥʦʚʽ 

ʚʢʘʟʘʥʦʛʦ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽʻʨʘʨʭʽʯʥʘ ʤʦʜʝʣʴ. ʅʘ ʥʫʣʴʦʚʦʤʫ ʨʽʚʥʽ 

ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ï ʦʮʽʥʢʘ ʥʘʟʝʤʥʠʭ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ 

ʜʘʥʠʭ ʂɻʄ. ɼʣʷ ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷ ʩʬʦʨʤʦʚʘʥʽ ʩʢʣʘʜʦʚʽ (ʢʨʠʪʝʨʽʾ), 
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ʦʮʽʥʢʘ ʷʢʠʭ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ, ʚʠʭʦʜʷʯʠ ʽʟ ʧʨʠʥʮʠʧʽʚ ʩʠʥʝʨʛʝʪʠʢʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʘʩʧʝʢʪʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʟʝʤʥʠʭ ʧʦʣʽʛʦʥʽʚ (ʪʘʙʣ. 3.1). 

ʅʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʦʮʽʥʶʻʪʴʩʷ ʚʧʣʠʚ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ɼɿɿ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʟʝʤʥʠʭ ʧʦʣʽʛʦʥʽʚ 

ʚʝʨʠʬʽʢʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʂɻʄ. ʎʝ ʪʘʢʽ ʥʘʧʨʷʤʠ: ʝʢʦʣʦʛʽʷ ʽ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ 

(ʅʉ), ʛʝʦʣʦʛʽʷ (ʧʦʰʫʢ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʽ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ), ʩʽʣʴʩʴʢʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ, ʛʝʦʜʝʟʽʷ ʪʘ ʢʘʨʪʦʛʨʘʬʽʷ. ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʠʜ ʪʘ ʦʙôʻʤʠ 

ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ɼɿɿ, ʷʢʽ ʚ ʢʦʞʥʦʤʫ ʥʘʧʨʷʤʽ ʨʽʟʥʽ. ʋ 

ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʥʘʧʨʷʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ɼɿɿ ʨʦʟʚôʷʟʫʶʪʴʩʷ 

ʨʽʟʥʽ ʪʝʤʘʪʠʯʥʽ ʟʘʜʘʯʽ ɼɿɿ. ɰʭʥʷ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʩʪʦʩʦʚʥʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ 

ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʪʦʤ ʘʙʦ ʛʨʫʧʦʶ ʝʢʩʧʝʨʪʽʚ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʥʘʩʪʫʧʥʠʡ 

ʜʨʫʛʠʡ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʯʥʦʾ ʤʦʜʝʣʽ.  

ʈʦʟʚôʷʟʘʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ ʧʦʚ'ʷʟʘʥʝ ʟ ʚʝʨʠʬʽʢʘʮʽʻʶ ʢʦʩʤʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʥʘʟʝʤʥʠʭ ʧʦʣʽʛʦʥʘʭ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ 

ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʦʩʥʦʚʥʠʤ ʚʠʤʦʛʘʤ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ. 

ʉʪʫʧʽʥʴ ʚʧʣʠʚʫ ʚʠʤʦʛ ʜʦ ʧʦʣʽʛʦʥʽʚ ʥʘ ʷʢʽʩʪʴ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʽ ʚʽʜʧʦʚʽʜʥʦ 

ʥʘ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʾ ʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ ɼɿɿ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʪʦʤ ʥʘ 

ʪʨʝʪʴʦʤʫ ʨʽʚʥʽ ʤʦʜʝʣʽ.  

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʽʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʚʠʤʦʛ ʜʦ ʧʦʣʽʛʦʥʽʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʪʘʢʽ: ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-ʚʽʜʙʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ̔ ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ 

(ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʠʤ ʟʦʥʘʤ). ɼʦʜʘʪʢʦʚʦ ʙʫʣʠ ʚʢʣʶʯʝʥʽ: 

ʦʨʙʽʪʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʂɸ ʪʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʘʥʠʭ ʥʘʟʝʤʥʦʾ ʽ ʢʦʩʤʽʯʥʦʾ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʟʡʦʤʦʢ. 

ʄʦʞʣʠʚʽʩʪʴ ʦʨʙʽʪʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʝʚʥʠʭ ʨʘʡʦʥʽʚ ʻ ʢʣʶʯʦʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʧʨʠ ʚʠʙʦʨʽ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʦʣʽʛʦʥʫ. ɺʠʜʽʣʷʶʪʴ ʜʚʘ 

ʚʘʞʣʠʚʠʭ ʝʣʝʤʝʥʪʠ ʧʨʠ ʦʮʽʥʮʽ ʧʦʢʨʠʪʪʷ: ʤʠʪʪʻʚʝ ʧʦʣʝ ʟʦʨʫ ï ʧʣʦʱʘ, ʱʦ 

ʧʝʨʝʛʣʷʜʘʻʪʴʩʷ ʧʨʠʣʘʜʦʤ ʫ ʙʫʜʴ-ʷʢʠʡ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ, ʽ ʰʚʠʜʢʽʩʪʴ ʧʦʢʨʠʪʪʷ 

ï ʰʚʠʜʢʽʩʪʴ, ʽʟ ʷʢʦʶ ʥʦʚʘ ʧʦʚʝʨʭʥʷ ʧʦʪʨʘʧʣʷʻ ʚ ʧʦʣʝ ʟʦʨʫ ʧʨʠ ʨʫʩʽ ʩʫʧʫʪʥʠʢʘ. 

ʏʘʩ ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ (RT ï Revisit time) ï ʮʝ ʧʦʢʘʟʥʠʢ, ʱʦ ʟʚʠʯʘʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʮʽʥʢʠ ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʷʢʽ ʥʝ ʜʦʩʷʛʘʶʪʴ 
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ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʦʙʣʘʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ʏʘʩ ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ ï ʮʝ 

ʯʘʩ, ʟʘ ʷʢʠʡ ʜʘʥʝ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ɿʝʤʣʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʨʙʽʪʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ ʂɸ. ʂʨʘʱʠʤ ʚʠʟʥʘʻʪʴʩʷ ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʫʛʨʫʧʦʚʘʥʥʷ, ʜʣʷ ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ ʧʦʢʨʠʪʪʷ RT ʥʘʡʤʝʥʰʝ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ ʚʩʽʭ 

ʦʙ'ʻʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2,7 ʜʦʙʠ [11].  

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʜʘʥʠʭ ʥʘʟʝʤʥʦʾ ʽ ʢʦʩʤʽʯʥʦʾ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʟʡʦʤʦʢ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ ʛʝʦʤʝʪʨʽʾ ʾʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ 

ʙʘʟʠ ʝʪʘʣʦʥʥʠʭ ʩʧʝʢʪʨʽʚ ʰʣʷʭʦʤ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ [12-16].  

ʏʝʪʚʝʨʪʽʡ ʨʽʚʝʥʴ ʽʻʨʘʨʭʽʯʥʦʾ ʤʦʜʝʣʽ ʚʢʣʶʯʘʻ ʧʝʨʝʣʽʢ ʧʦʣʽʛʦʥʽʚ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ: ʐʘʮʴʢʠʡ, ʂʠʾʚʩʴʢʠʡ (ʄʽʩʴʢʠʡ), ʂʠʾʚʩʴʢʠʡ (ɸʛʨʦ), 

ɺʽʥʥʠʮʴʢʠʡ, ʄʠʢʦʣʘʾʚʩʴʢʠʡ, ʈʦʤʝʥʩʴʢʠʡ, ʂʘʨʧʘʪʩʴʢʠʡ, ʂʨʠʤʩʴʢʠʡ 

(ʊʘʨʭʘʥʢʫʪ), ʂʨʠʤʩʴʢʠʡ (ʂʘʮʽʚʝʣʽ), ʂʨʠʤʩʴʢʠʡ (ʂʝʨʯ), ʗʚʦʨʽʚʩʴʢʠʡ, ʉʪʝʧʦʚʠʡ 

ʟʘʧʦʚʽʜʥʠʢ, ʍʘʨʢʽʚʩʴʢʠʡ ʣʽʩʥʠʡ ʧʦʣʽʛʦʥ, ɿʘʧʦʚʽʜʥʠʢ çɸʩʢʘʥʽʷ ʅʦʚʘè, 

ɿʘʧʦʚʽʜʥʠʢ çɭʣʘʥʝʮʴʢʠʡè, ɼʫʥʘʡʩʴʢʠʡ ʟʘʧʦʚʽʜʥʠʢ, ʇʦʣʽʛʦʥ çʏʘʫʜʘè, 

ʂʨʠʤʩʴʢʠʡ (ʅʎʋʂɺʂɿ).  

ɽʢʩʧʝʨʪʥʝ ʧʦʧʘʨʥʝ ʧʦʨʽʚʥʷʥʥʷ ʝʣʝʤʝʥʪʽʚ ʨʽʚʥʽʚ ʽʻʨʘʨʭʽʯʥʦʾ ʤʦʜʝʣʽ ʪʘ 

ʧʝʨʝʚʽʨʢʘ ʫʟʛʦʜʞʝʥʦʩʪʽ ʦʮʽʥʦʢ ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʩʧʝʮʠʬʽʢʠ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚʩʽ ʝʣʝʤʝʥʪʠ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ ʙʫʣʠ 

ʧʦʨʽʚʥʷʥʽ ʝʢʩʧʝʨʪʦʤ ʧʦʧʘʨʥʦ ʩʪʦʩʦʚʥʦ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʘʞ ʜʦ 

ʚʝʨʰʠʥʠ ʽʻʨʘʨʭʽʾ.  

ɿʛʽʜʥʦ ʟ ʽʻʨʘʨʭʽʯʥʦʶ ʤʦʜʝʣʣʶ, ʥʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʢʦʞʥʠʡ ʟ ʯʦʪʠʨʴʦʭ 

ʥʘʧʨʷʤʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʻʶ ʧʠʪʦʤʦʶ ʚʘʛʦʶ (ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʘʞʣʠʚʦʩʪʽ) ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʟʝʤʥʠʭ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʂɻʄ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʫʜʫʻʪʴʩʷ ʪʘʙʣʠʮʷ ʧʝʨʝʚʘʛ (ʪʘʙʣ. 3.4), ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʘʪʨʠʮʽ (ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ) ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʥʘʧʨʷʤʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ɼɿɿ, ʩʪʦʚʧʯʠʢʽʚ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ 

ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ (ʚʝʢʪʦʨʘ ʧʝʨʝʚʘʛ) ʪʘ ʩʪʦʚʧʯʠʢʘ ʦʙʯʠʩʣʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

(ʛʦʣʦʚʥʦʛʦ) ʚʣʘʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ʧʦʨʽʚʥʷʥʴ _max, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʫʟʛʦʜʞʝʥʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ (3.4).  
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ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʨʽʚʥʽ ʽʻʨʘʨʭʽʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʧʘʨʥʝ ʧʦʨʽʚʥʷʥʥʷ 

ʧʦʣʽʛʦʥʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʱʝʟʛʘʜʘʥʠʤ ʚʠʤʦʛʘʤ. ʋ ʪʦʤʫ ʯʠʩʣʽ 

ʚʨʘʭʦʚʫʚʘʣʘʩʴ ʝʢʩʧʝʨʪʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ 

ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʛʦʥʽʚ (ʪʘʙʣ. 3.2), ʜʝ ʧʦʟʥʘʯʢʦʶ ç+è 

ʚʽʜʤʯ̔ʝʥʦ ʧʨʠʜʘʪʥʽʩʪʴ ʧʦʣʽʛʦʥʫ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʚôʷʟʘʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ 

ɼɿɿ.  

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʣʷ ʢʦʞʥʦʾ ʟ ʤʘʪʨʠʮʴ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʢʦʤʧʦʥʝʥʪʠ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ ʤʘʪʨʠʮʽ ʟʘ ʬʦʨʤʫʣʦʶ (3.6). ɿ 

ʦʪʨʠʤʘʥʠʭ ʛʨʫʧ ʤʘʪʨʠʮʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʦʨʤʘʣʴʥʽ ʦʮʽʥʢʠ ʚʝʢʪʦʨʘ ʣʦʢʘʣʴʥʠʭ 

ʧʨʽʦʨʠʪʝʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (3.6).  

ʇʝʨʝʚʽʨʢʘ ʫʟʛʦʜʞʝʥʦʩʪʽ ʦʮʽʥʦʢ ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. ɺʠʟʥʘʯʠʚʰʠ 

ʚʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʛʦʣʦʚʥʝ ʚʣʘʩʥʝ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ʩʫʜʞʝʥʴ 

max, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫ̒ʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʫʟʛʦʜʞʝʥʦʩʪʽ, ʱʦ ʚʽʜʙʠʚʘʻ 

ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʧʝʨʝʚʘʛ. ʏʠʤ ʙʣʠʞʯʝ max ʜʦ ʨʦʟʤʽʨʥʦʩʪʽ ʤʘʪʨʠʮʽ ʩʫʜʞʝʥʴ (n), 

ʪʠʤ ʙʽʣʴʰʝ ʫʟʛʦʜʞʝʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʆʙʯʠʩʣʝʥʥʷ max ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʬʦʨʤʫʣʦʶ: 

n

j

n

i

jij kamax , (3.6) 

ʜʝ jk  ï ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʦʮʽʥʢʠ ʜʣʷ j-ʦʙ'ʻʢʪʘ (ʧʦ ʨʷʜʢʫ); ija  ï ʟʥʘʯʝʥʥʷ 

ʦʮʽʥʢʠ ʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʦʙ'ʻʢʪʘ i ʟ ʦʙ'ʻʢʪʦʤ j (ʝʣʝʤʝʥʪʠ ʚʠʙʠʨʘʶʪʴʩʷ ʧʦ 

ʩʪʦʚʧʮʷʭ ʤʘʪʨʠʮʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ). 

ʇʨʠ ʧʘʨʥʦʤʫ ʧʦʨʽʚʥʷʥʥʽ ʦʙ'ʻʢʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʩʪʘʚʠʪʠ ʦʮʽʥʢʫ, ʱʦ ʧʦʢʘʟʫʻ 

ʚʝʣʠʯʠʥʫ, ʥʘ ʩʢʽʣʴʢʠ ʦʜʠʥ ʦʙ'ʻʢʪʽʚ ʧʝʨʝʚʘʞʥʽʰʝ ʽʥʰʦʛʦ. ɽʢʩʧʝʨʪ ʤʦʞʝ 

ʧʦʤʠʣʠʪʠʩʷ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʽʥʰʦʾ ʧʘʨʠ ʦʙ'ʻʢʪʽʚ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ ʩʫʧʝʨʝʯʣʠʚʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʌʘʭʽʚʮʽ ʟ ʣʦʛʽʢʠ ʜʦʩʣʽʜʞʫʶʪʴ ʧʨʠʯʠʥʠ ʧʨʦʪʠʨʽʯ ʫ ʩʫʜʞʝʥʥʷʭ 

ʝʢʩʧʝʨʪʽʚ ʽ ʜʘʶʪʴ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʨʦʟʚ'ʷʟʘʥʥʷ ʢʦʥʬʣʽʢʪʥʠʭ ʩʠʪʫʘʮʽʡ. ɼʣʷ 

ʚʠʷʚʣʝʥʥʷ ʩʫʧʝʨʝʯʣʠʚʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʟʘʧʨʦʧʦʥʫʚʘʚ ʝʢʩʧʝʨʪ ʧʨʠ ʟʘʧʦʚʥʝʥʥʽ 

ʤʘʪʨʠʮʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ɯʋ. ɯʋ ï ʢʽʣʴʢʽʩʥʘ  
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ʊʘʙʣʠʮʷ 3.2 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ɼɿɿ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʛʦʥʽʚ 

ʇʦʣʽʛʦʥʠ 
ʊʝʤʘʪʠʯʥʽ ʟʘʜʘʯʽ ɼɿɿ  

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 2.10 2.11 

4.1 +  + + +  + +  + + 

4.2  + + +   + +  + + 

4.3    +   + + + + + 

4.4   + + +  + +  + + 

4.5    +   + + + + + 

4.6    + + + + +    

4.7 +   + +  + +  + + 

4.8 +   +  + + + + + + 

4.9   + + + + +     

4.10    +  + + +    

4.11 +   +   +     

4.12 +   +   + +    

4.13 +   + +  +     

4.14    +   + +   + 

4.15    +   + +    

4.16   + +   + +    

4.17   + +   +     

4.18  +  +   + +    

 

ʦʮʽʥʢʘ ʩʫʧʝʨʝʯʣʠʚʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʨʽʚʥʷʥʴ, ʱʦ ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʫʧʽʥʴ 

ʧʦʨʫʰʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ. ʈʘʟʦʤ ʟ ʤʘʪʨʠʮʝʶ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʤʠ ʤʘʻʤʦ ʤʽʨʫ 

ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʫʟʛʦʜʞʝʥʦʩʪʽ. ʗʢʱʦ ʪʘʢʽ ʚʽʜʭʠʣʝʥʥʷ 

ʧʝʨʝʚʠʱʫʶʪʴ ʫʩʪʘʥʦʚʣʝʥʽ ʤʝʞʽ, ʪʦ ʪʦʤʫ, ʭʪʦ ʧʨʦʚʦʜʠʪʴ ʩʫʜʞʝʥʥʷ, ʚʘʨʪʦ 

ʧʝʨʝʚʽʨʠʪʠ ʱʝ ʨʘʟ ʾʭ ʫ ʤʘʪʨʠʮʽ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʘʞʝʥʦ ʚʝʣʠʯʠʥʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʨʽʟʥʠʮʽ max ʪʘ (n ï 1): 
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ɯʋ = ( max - n)/(n - 1). (3.7) 

 

ɼʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʟ'ʷʩʫʚʘʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʽʜʥʦʩʥʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ (ɺʋ). ɺʋ ï ʚʽʜʥʦʰʝʥʥʷ 

ʽʥʜʝʢʩʫ ʧʦʛʦʜʞʝʥʦʩʪʽ ʜʦ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʫʟʛʦʜʞʝʥʦʩʪʽ 

ʉʋ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʚʠʙʦʨʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʪʨʠʮʽ ʧʦʨʽʚʥʷʥʴ. ɺʋ ʜʣʷ ʩʠʩʪʝʤʠ, ʚ 

ʮʽʣʦʤʫ, ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʚʘʞʝʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ɺʋ ʜʣʷ ʚʩʽʭ ʤʘʪʨʠʮ ɹʧʦʨʽʚʥʷʥʴ. 

ɺʽʜʥʦʰʝʥʥʷ ɯʋ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʉʋ ʜʣʷ ʤʘʪʨʠʮʽ ʪʦʛʦ ʞ ʧʦʨʷʜʢʫ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʽʜʥʦʰʝʥʥʷʤ ʫʟʛʦʜʞʝʥʦʩʪʽ ɺʋ. ɼʘʥʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʘʢʪʠʯʥʦ 

ʥʝʩʫʧʝʨʝʯʣʠʚʠʤʠ (ʜʦʩʠʪʴ ʫʟʛʦʜʞʝʥʠʤʠ), ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʝʥʰʝ ʥʽʞ 0,1. ʗʢ ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠ ʦʩʪʘʪʦʯʥʦʤʫ 

ʟ'ʷʩʫʚʘʥʥʽ ʫʟʛʦʜʞʝʥʦʩʪʽ ʦʮʽʥʦʢ ʫ ʤʘʪʨʠʮʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʽʥʜʝʢʩʫ ɺʋ (ʪʘʙʣ. 3.3). ɿʥʘʯʝʥʥʷ ɺʋ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʛʝʥʝʨʘʮʽʾ ɯʋ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʧʦ ʰʢʘʣʽ ʚʽʜ 1 ʜʦ 18 

ʦʙʝʨʥʝʥʦ-ʩʠʤʝʪʨʠʯʥʦʾ ʤʘʪʨʠʮʽ. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʽʥʜʝʢʩʫ ʟʽʙʨʘʥʽ ʫ 

ʚʠʛʣʷʜʽ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ, ʬʨʘʛʤʝʥʪ ʷʢʦʛʦ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʥʦʩʪʽ ʤʘʪʨʠʮʽ 

ʩʫʜʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣ. 3.3. 

ʊʘʙʣʠʮʷ 3.3 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʤʘʪʨʠʮʽ ʩʫʜʞʝʥʴ 

ʈʦʟʤʽʨ 

ʤʘʪʨʠʮʽ - n 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

ɺʠʧʘʜʢʦʚʘ 

ʫʟʛʦʜʞʝʥʽʩʪʴ 

(ɺʋ)  

0
 

0
,5

8 

0
,9

 

1
,1

2 

1
,2

4 

1
,3

2 

1
,4

1 

1
,4

5 

1
,4

9 

1
,5

1 

1
,4

8 

1
,5

6 

1
,5

7 

1
,5

9 

1
,6

1 

1
,6

5 

1
,6

7 

1
,6

9 
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ʊʘʙʣʠʮʷ 3.4 

ʄʘʪʨʠʮʷ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʨʽʚʥʷ 

ɯʋ = ( max - n)/(n - 1) = 0,0231 

ʆʩʥʦʚʥʽ 

ʥʘʧʨʷʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʩʤʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ 

ɼɿɿ  

ɽ
ʢ
ʦ
ʣ
ʦ
ʛ
ʽ
ʷ
 

 

ʽ
 
ʅ
ʉ

 

 

ɻ
ʝ
ʦ
ʣ
ʦ
ʛ
ʽ
ʷ
 

 

ʉ
ʽ
ʣ
ʴ
ʩ
ʴ
ʢ
ʝ
 

ʛ
ʦ
ʩ
ʧ
ʦ
ʜ
ʘ
ʨ
ʩ
ʪ
ʚ
ʦ

 

ɻ
ʝ
ʦ
ʜ
ʝ
ʟ
ʽ
ʷ

 ʪ
ʘ
 

ʢ
ʘ
ʨ
ʪ
ʦ
ʛ
ʨ
ʘ
ʬ
ʽ
ʷ

 

n

j
j

1
1

 

n
n

j

nj

n

/1

1

 i

i

iK

...,,/1
 

 

(ʍ
1
 1,2,3,4) 

 

 

_max 

ɽʢʦʣʦʛʽʷ ʽ ʅʉ  1 2 3 4 24 2,2133638 0,466851 0,972591 

ɻʝʦʣʦʛʽʷ  0,5 1 2 3 3 1,3160740 0,277591 1,064091 

ʉʽʣʴʩʴʢʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ 

0,3333 0,5 1 2 0,3333 0,7598166 0,1602635 1,041713 

ɻʝʦʜʝʟʽʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʽʷ 

0,25 0,3333 0,5 1 0,04166 0,4517897 0,095293 0,952932 

ʉʫʤʘ 2,0833 3,8333 6,5 10  4,74104 1 4,031329 

 

ɿ ʪʘʙʣ. 3.4 ʚʠʧʣʠʚʘʻ, ʱʦ ʝʢʩʧʝʨʪ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʚʽʜʜʘʻ ʧʝʨʝʚʘʛʫ 

ʝʢʦʣʦʛʽʾ ʡ ʧʦʰʫʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʣʷ ʜʘʥʦʾ ʤʘʪʨʠʮʽ ʟʘ 

ʦʧʠʩʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʣʦʢʘʣʴʥʽ ʧʨʽʦʨʠʪʝʪʠ ʜʨʫʛʦʛʦ ʨʽʚʥʷ 

ʢʨʠʪʝʨʽʾʚ ʪʘ ʾʭʥʷ ʫʟʛʦʜʞʝʥʽʩʪʴ. ʅʝʦʙʭʽʜʥʦ ʟʘʧʦʚʥʠʪʠ ʯʦʪʠʨʠ ʤʘʪʨʠʮʽ ʧʘʨʥʠʭ 

ʧʦʨʽʚʥʷʥʴ ʜʣʷ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʢʨʠʪʝʨʽʾʚ (ʧʨʽʦʨʠʪʝʪʠ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʂɻʄ. 

ɸʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʂʽ (ʥʘʧʨʠʢʣʘʜ, ʍ
1
1,2,3,4) 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ:  

1) ʧʝʨʝʤʥʦʞʫʻʤʦ ʝʣʝʤʝʥʪʠ ʢʦʞʥʦʛʦ ʨʷʜʢʘ ʡ ʟʘʧʠʩʫʻʤʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚ ʩʪʦʚʧʯʠʢ; 

2) ʙʝʨʝʤʦ ʢʦʨʽʥʴ n-ʛʦ ʩʪʝʧʝʥʷ ʟ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʦʚʧʯʠʢʘ; 

3) ʩʢʣʘʜʘʻʤʦ ʝʣʝʤʝʥʪʠ ʮʴʦʛʦ ʩʪʦʚʧʯʠʢʘ; 

4) ʜʽʣʠʤʦ ʢʦʞʥʠʡ ʽʟ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʦʪʨʠʤʘʥʫ ʩʫʤʫ. 

ʅʦʨʤʘʣʽʟʦʚʘʥʫ ʦʮʽʥʢʫ ʜʣʷ j-ʛʦ ʦʙ'ʻʢʪʘ ʧʨʠʡʥʷʪʦ ʧʦʟʥʘʯʘʪʠ, ʷʢ i

jk , ʜʝ j ï 

ʧʦʟʥʘʯʝʥʥʷ ʦʙ'ʻʢʪʘ ʧʦ ʨʷʜʢʫ ʚ ʤʘʪʨʠʮʽ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ; i  ï ʥʦʤʝʨ ʨʽʚʥʷ 

ʽʻʨʘʨʭʽʾ. ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʦʜʝʨʞʫʻʤʦ ʚʝʢʪʦʨ ʧʨʽʦʨʠʪʝʪʽʚ (ʚʣʘʩʥʠʡ ʩʪʦʚʧʯʠʢ) 

(ʪʘʙʣ. 3.5-3.19). 
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ʄʘʪʨʠʮʽ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ ʨʽʚʥʷ 

ʊʘʙʣʠʮʷ 3.5 

ɽʢʦʣʦʛʽʷ ʽ ʅʉ 

ɯʋ = 0,0231 

ɽʢʦʣʦʛʽʷ ʽ 

ʅʉ 

ʆ
2 

1 

ʆ
ʮ
ʽ
ʥ
ʢ
ʘ
 

ʧ
ʦ
ʞ
ʝ
ʞ
ʥ
ʦ
ʾ
 

ʙ
ʝ
ʟ
ʧ
ʝ
ʢ
ʠ
 

ʪ
ʝ
ʨ
ʠ
ʪ
ʦ
ʨ
ʽ
ʾ

 

ʄ
ʦ
ʥ
ʽ
ʪ
ʦ
ʨ
ʠ
ʥ
ʛ
 

ʝ
ʢ
ʦ
ʣ
ʦ
ʛ
ʽ
ʯ
ʥ
ʦ
ʛ
ʦ
 

ʩ
ʪ
ʘ
ʥ
ʫ
 
ʚ
ʦ
ʜ
ʦ
ʡ
ʤ

 

ʄ
ʦ
ʥ
ʽ
ʪ
ʦ
ʨ
ʠ
ʥ
ʛ
 

ʤ
ʽ
ʩ
ʴ
ʢ
ʠ
ʭ
 

ʘ
ʛ
ʣ
ʦ
ʤ
ʝ
ʨ
ʘ
ʮ
ʽ
ʡ

 

ɺ
ʠ
ʟ
ʥ
ʘ
ʯ
ʝ
ʥ
ʥ
ʷ
 

ʚ
ʠ
ʜ
ʦ
ʚ
ʦ
ʛ
ʦ
 

ʩ
ʢ
ʣ
ʘ
ʜ
ʫ
 
ʣ
ʽ
ʩ
ʽ
ʚ

 

n

j
j

1
1

 

 
i

i

iK

...,,/1
 

(ʍ
2
1/1,3,,2,5) 

_max

 

1 ʆʮʽʥʢʘ 

ʧʦʞʝʞʥʦʾ 

ʙʝʟʧʝʢʠ 

ʪʝʨʠʪʦʨʽʾ  

1 2 3 4 24 2,2133 0,4668 0,9725 

3 ʄʦʥʽʪʦʨʠʥʛ 

ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʩʪʘʥʫ ʚʦʜʦʡʤ 

0,5 1 2 3 3 1,3160 0,2775 1,0640 

2 ʄʦʥʽʪʦʨʠʥʛ 

ʤʽʩʴʢʠʭ 

ʘʛʣʦʤʝʨʘʮʽʡ 

0,3333 0,5 1 2 0,3333 0,7598 0,1602 1,0417 

5 ɺʠʟʥʘʯʝʥʥʷ 

ʚʠʜʦʚʦʛʦ 

ʩʢʣʘʜʫ ʣʽʩʽʚ 

0,25 0,3333 0,5 1 0,04166 0,4517 0,0952 0,9529 

ʉʫʤʘ 2,0833 3,8333 6,5 10  4,7410 1 4,0313 

 

 

ʊʘʙʣʠʮʷ 3.6 

ɻʝʦʣʦʛʽʷ (ʧʦʰʫʢ ʢʦʨʠʩʥʠʭ ʧʦʢʣʘʜʽʚ ʽ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ) 

ɯʋ = 0,1665 

ɻʝʦʣʦʛʽʷ  

(ʧʦʰʫʢ ʢʦʨʠʩʥʠʭ ʧʦʢʣʘʜʽʚ ʽ 

ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ) 

ʆ
2 

2 

ʇ
ʦ
ʰ
ʫ
ʢ
 

ʧ
ʦ
ʢ
ʣ
ʘ
ʜ
ʽ
ʚ
 

ʢ
ʦ
ʨ
ʠ
ʩ
ʥ
ʠ
ʭ
 

ʢ
ʦ
ʧ
ʘ
ʣ
ʠ
ʥ

 

ʥ
ʘ
 
ʩ
ʫ
ʰ
ʽ

 
ɼ
ʦ
ʩ
ʣ
ʽ
ʜ
ʞ
ʝ
ʥ
ʥ
ʷ
 

ʛ
ʝ
ʦ
ʣ
ʦ
ʛ
ʽ
ʯ
ʥ
ʠ
ʭ
 

ʩ
ʪ
ʨ
ʫ
ʢ
ʪ
ʫ
ʨ

 ʣ
ʘ
ʥ
ʜ

-

ʰ
ʘ
ʬ
ʪ
ʥ
ʦ

-

ʢ
ʣ
ʽ
ʤ
ʘ
ʪ
ʠ
ʯ
ʥ
ʠ
ʭ
 

ʟ
ʦ
ʥ

 

n

j
j

1
1

  

21  i

i

iK

...,,/1
 

(ʍ
2
2/6-7) 

_max 

6 ʇʦʰʫʢ ʧʦʢʣʘʜʽʚ ʢʦʨʠʩʥʠʭ       

ʢʦʧʘʣʠʥ ʥʘ ʩʫʰʽ 

1 3 3 1,732 0,750 1 

7 ɼʦʩʣʽʜʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ ʣʘʥʜ-ʰʘʬʪʥʦ-

ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ 

0,3333 1 0,3333 0,577 0,249 0,3333 

ʉʫʤʘ 1,3333 4  2,309 1 1,333 
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ʊʘʙʣʠʮʷ 3.7 

ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 

ɯʋ = 0,00418 

 

ʉʽʣʴʩʴʢʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ 

ʆ
2 

3 .
ʄ
ʦ
ʥ
ʽ
ʪ
ʦ
ʨ
ʠ
ʥ
ʛ
 

ʈ
ʇ 

ʆ
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ʨ
ʝ
ʩ
ʣ
ʝ
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ʷ
 

ʚ
ʠ
ʜ
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ʚ
ʠ
ʭ
 

ʫ
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ʨ
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ʧ
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ʘ
ʥ
ʴ

ʫ
ʛ
ʨ

ʫ
ʧ
ʦ
ʚ
ʘ
ʥ
ʴ

 
ʆ
ʮ
ʽ
ʥ
ʢ
ʘ

  

ʘʛ
ʨ
ʦ
ʢ
ʫ
ʣ
ʴ
ʪ
ʫ
ʨ
 
ʽ
 

ʚ
ʨ
ʦ
ʞ
ʘ
ʡ
ʥ
ʦ
ʩ
ʪ
ʽ

 

n

j
j

1
1

 

 

 

31
 

i

i

iK

...,,/1
 

(ʍ
2
3/4,8,9) 

 

 

_max 

4 ʄʦʥʽʪʦʨʠʥʛ ʈʇ 1 2 3 6 1,8171 0,5396 0,9892 

8 ʆʢʨʝʩʣʝʥʥʷ 

ʚʠʜʦʚʠʭ 

ʫʛʨʫʧʦʚʘʥʴ 

0,5 1 2 1 1 0,2974 1,0394 

9 ʆʮʽʥʢʘ 

ʘʛʨʦʢʫʣʴʪʫʨ 

ʽ ʚʨʦʞʘʡʥʦʩʪʽ 

0,333 0,5 1 0,1665 0,5501 0,1634 0,9803 

ʉʫʤʘ 1,833 3,5 6   3,3672 1 3,00886 

 

ʊʘʙʣʠʮʷ 3.8 

ɻʝʦʜʝʟʽʷ ʪʘ ʢʘʨʪʦʛʨʘʬʽʷ 

ɯʋ = 0,1468665 

ɻʝʦʜʝʟʽʷ ʪʘ 

ʢʘʨʪʦʛʨʘʬʽʷ 

 ʆ
2 

4  

ʂ
ʘ
ʨ
ʪ
ʦ
ʛ
ʨ
ʘ
ʬ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ
 

ʧ
ʨ
ʦ
ʜ
ʫ
ʢ
ʪ
ʠ
ʚ
ʥ
ʦ
ʩ
ʪ
ʽ
 

ʝ
ʢ
ʦ
ʩ
ʠ
ʩ
ʪ
ʝ
ʤ

 

ʂ
ʘ
ʨ
ʪ
ʦ
ʛ
ʨ
ʘ
ʬ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ
 

ʨ
ʦ
ʟ
ʧ
ʦ
ʚ
ʩ
ʶ
ʜ
ʞ
ʝ
ʥ
ʥ
ʷ
 

ʩ
ʧ
ʨ
ʠ
ʯ
ʠ
ʥ
ʝ
ʥ
ʠ
ʭ

 

ʩ
ʪ
ʨ
ʝ
ʩ
ʽ
ʚ

 n

j
j

1
1  

21  i

i

iK

...,,/1
 

 

(ʍ
2
4,10-11) 

 

 

 

_max 

10 

ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʝʢʦʩʠʩʪʝʤ 1 2 2 1,4142 0,6667 0,88891111 

11 

ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʩʧʨʠʯʠʥʝʥʠʭ 

ʩʪʨʝʩʽʚ 0,5 1 0,5 0,7071 0,3333 1,3332 

ʉʫʤʘ 1,05 3    1 2,22209 
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ʄʘʪʨʠʮ ̔ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷ 

 

ʊʘʙʣʠʮʷ 3.9 

ʆʮʽʥʢʘ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʪʝʨʠʪʦʨʽʾ  

ɯʋ = 0,019125 

ʆʮʽʥʢʘ ʧʦʞʝʞʥʦʾ 

ʙʝʟʧʝʢʠ ʪʝʨʠʪʦʨʽʾ 

ʆ
3 

1 

ɻ
ʝ
ʦ
ʛ
ʨ
ʘ
ʬ
ʽ
ʯ
ʥ
ʝ
 

ʧ
ʦ
ʣ
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ʜ
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ʜ

-

ʥ
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ʩ
ʪ
ʴ
 
ʜ
ʘ
ʥ
ʠ
ʭ
 

 

ʆ
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ʴ
ʥ
ʝ
 

ʧ
ʦ
ʢ
ʨ
ʠ
ʪ
ʪ
ʷ
 

 

ɺ
ʠ
ʧ
ʨ
ʦ
ʤ
ʽ
ʥ
ʶ

-

ʚ
ʘ
ʣ
ʴ
ʥ
ʦ

-

ʚ
ʽ
ʜ
ʙ
ʠ
ʚ
ʥ
ʽ
 

ʭ
ʘ
ʨ
ʘ
ʢ
ʪ
ʝ
ʨ
ʠ

-

ʩʪ
ʠ
ʢ
ʠ

 

n

j
j

1
1

 

41

 

3

41,1X

 

_max 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 

1 0,2 0,143 0,5 0,014

3 

0,3457 0,0621 0,9316 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʜʘʥʠʭ 

ʥʘʟʝʤʥʦʾ ʽ ʢʦʩʤʽʯʥʦʾ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣɹ ʥʦʾ 

ʟʡʦʤʦʢ 

5 1 0,333 2 3,333 1,3512 0,2427 1,1408 

ʆʨʙʽʪʘʣʴʥʝ 

ʧʦʢʨʠʪʪʷ 

7 3 1 5 105 3,2011 0,5750 0,9639 

ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-

ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

2 0,5 0,2 1 0,2 0,6687 0,1201 1,02119 

ʉʫʤʘ 
15 4,7 1,676 8,5  5,5667 1 

max 
=4,0574 

 

ʊʘʙʣʠʮʷ 3.10 

ʄʦʥʽʪʦʨʠʥʛ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ  

ɯʋ = 0,02918 

ʄʦʥʽʪʦʨʠʥʛ 

ʤʽʩʴʢʠʭ 

ʘʛʣʦʤʝʨʘʮʽʡ 
ʆ

3 
2 ɻ
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ʦ
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ʨ
ʘ
ʬ
ʽ
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ʥ
ʝ
 

ʧ
ʦ
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ʷ

 

ɺ
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ʜ
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ʜ
ʥ
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ʩ
ʪ
ʴ
 

ʜ
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ʥ
ʠ
ʭ
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ʙ
ʽ
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ʣ
ʴ
ʥ
ʝ
 

ʧ
ʦ
ʢ
ʨ
ʠ
ʪ
ʪ
ʷ
 

 

ɺ
ʠ
ʧ
ʨ
ʦ
ʤ
ʽ
ʥ
ʶ
ʚ
ʘ
ʣ
ʴ
ʥ
ʦ

-

ʚ
ʽ
ʜ
ʙ
ʠ
ʚ
ʥ
ʽ
 

ʭ
ʘ
ʨ
ʘ
ʢ
ʪ
ʝ
ʨ
ʠ
ʩ
ʪ
ʠ
ʢ
ʠ

 

n

j
j

1
1

 

41

 

3

41,2X

 

 

 

_max 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 1 0,25 0,1428 0,2 0,0072 0,2907 0,0562 0,9564 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ 

ʜʘʥʠʭ 

ʥʘʟʝʤʥʦʾ ʽ 

ʢʦʩʤʽʯʥʦʾ 

ʛʽʧʝʨʩʧʝʢʪʨʘ-

ʣɹ ʥʦʾ ʟʡʦʤʦʢ 4 1 2 3 24 2,2134 0,4283 0,8923 

ʆʨʙʽʪʘʣʴʥʝ 

ʧʦʢʨʠʪʪʷ 7 0,5 1 3 10,5 1,8001 0,3483 1,2109 

ɺʠʧʨʦʤʽʥʶʚʘ

ʣʴʥʦ-ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠ

ʢʠ 5 0,333 0,333 1 0,5555 0,8633 0,1671 1,2029 

ʉʫʤʘ 17 2,083 3,4762 7,2 17 5,1675 1 max =4,2625 
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ʊʘʙʣʠʮʷ 3.11 

ʄʦʥʽʪʦʨʠʥʛ ʝʢʦʩʪʘʥʫ ʚʦʜʦʡʤ 

ɯʋ = 0,11967 

ʄʦʥʽʪʦʨʠʥʛ 

ʝʢʦʩʪʘʥʫ 

ʚʦʜʦʡʤ  

ʆ
3 

3 

ɻ
ʝ
ʦ
ʛ
ʨ
ʘ
ʬ
ʽ
ʯ
ʥ
ʝ
 

ʧ
ʦ
ʣ
ʦ
ʞ
ʝ
ʥ
ʥ
ʷ

 

ɺ
ʽ
ʜ
ʧ
ʦ
ʚ
ʽ
ʜ
ʥ
ʽ
ʩ
ʪ
ʴ
 

ʜ
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ʠ
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-

ʢ
ʠ n

j
j

1
1

 

41

 

3

41,3X

 

 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 

1 0,1428 0,2 0,125 0,0036 0,2445 0,0431 0,9050 

ɺʽʜʧʦʚʽʜ-

ʥʽʩʪʴ ʜʘʥʠʭ 

ʥʘʟʝʤʥʦʾ ʽ 

ʢʦʩʤʽʯʥʦʾ 

ʛʽʧʝʨʩʧʝʢʪʨʘ

ʣɹ ʥʦʾ ʟʡʦʤʦʢ 

7 1 3 3 63 2,8173 0,4966 0,8987 

ʆʨʙʽʪʘʣʴʥʝ 

ʧʦʢʨʠʪʪʷ 

5 0,3333 1 0,25 0,4167 0,8034 0,1416 1,16143 

ɺʠʧʨʦʤʽʥʶ-

ʚʘʣʴʥʦ-ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

8 0,3333 4 1 10,666 1,8072 0,3186 1,3938 

ʉʫʤʘ 21 1,8095 8,2 4,375 21 5,6724 1 
max =4,3591 

 

ʊʘʙʣʠʮʷ 3.12 

ʄʦʥʽʪʦʨʠʥʛ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ 

ɯʋ = 0,07914 

ʄʦʥʽʪʦʨʠʥʛ 

ʈʇ  
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j
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1
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41

 

3

41,4X

 

 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 1 0,333 3 0,1111 0,111 0,577 0,0907 
1,2093 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ 

ʜʘʥʠʭ ʥʘʟʝʤʥʦʾ 

ʽ ʢʦʩʤʽʯʥʦʾ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣɹ

ʥʦʾ ʟʡʦʤʦʢ 

3 1 4 0,2 2,4 1,2447 0,195 

1,28731 

ʆʨʙʽʪʘʣʴʥʝ 

ʧʦʢʨʠʪʪʷ 

0,333

3 
0,25 1 0,1428 0,012 0,330 0,05189 

0,7784 

ɺʠʧʨʦʤʽʥʶʚʘʣʴ

ʥʦ-ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

9 5 7 1 315 4,21291 0,6619 

0,9623 

ʉʫʤʘ      6,3652 1 
max =4,2374 
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ʊʘʙʣʠʮʷ 3.13 

ɺʠʟʥʘʯʝʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʣʽʩʽʚ  

ɯʋ = 0,20324 

ɺʠʟʥʘʯʝʥʥʷ 

ʚʠʜʦʚʦʛʦ 

ʩʢʣʘʜʫ ʣʽʩʽʚ 
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ʜ
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ʜ
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ʢ
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j
j

1
1

 

41

 

3

41,5X

 

 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 

1 3 4 3 36 2,4495 0,458 0,8778 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ 

ʜʘʥʠʭ ʥʘʟʝʤʥʦʾ ʽ 

ʢʦʩʤʽʯʥʦʾ 

ʛʽʧʝʨʩʧʝʢʪʨʣʘʴʥʦʾ 

ʟʡʦʤʦʢ 0,3333 1 5 0,2 0,3333 0,7598 0,1421 1,3071 

ʆʨʙʽʪʘʣʴʥʝ 

ʧʦʢʨʠʪʪʷ 0,25 0,2 1 0,14286 0,0071 0,2907 0,0543 0,9240 

ɺʠʧʨʦʤʽʥʶʚʘʣʴʥ

ʦ-ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 0,3333 5 7 1 

11,666

5 1,8481 0,3456 1,5007 

ʉʫʤʘ 13,3333 6,583 15 1,45397   5,348 1 max =4,6097 

 

ʊʘʙʣʠʮʷ 3.14 

ʇʦʰʫʢ ʧʦʢʣʘʜʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ 

ɯʋ = 0,22353 

ʇʦʰʫʢ ʧʦʢʣʘʜʽʚ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ 

ʆ
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ʦ
ʛ
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ʬ
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ʦ
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ʪ
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ʜ
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ʥ
ʠ
ʭ
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ʪ
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ʷ
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ʶ
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ʣ
ʴ
ʥ
ʦ
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ʽ
ʜ
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ʩ
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ʢ
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n

j
j

1
1

 

41

 

3

41,6X

 

 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 

1 7 5 3 105 3,2011 0,52492 0,8799 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʜʘʥʠʭ 

ʥʘʟʝʤʥʦʾ ʽ 

ʢʦʩʤʽʯʥʦʾ 

ʛʽʧʝʨʩʧʝʢʪʨʘʴʥʦʾ 

ʟʡʦʤʦʢ 

0,14

28 

1 8 0,1667 0,19045 0,6606 0,10833 1,5302 

ʆʨʙʽʪʘʣʴʥʝ 

ʧʦʢʨʠʪʪʷ 

0,2 0,125 1 0,125 0,0031 0,2364 0,03877 0,8529 

ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-

ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

0,33

3 

6 8 1 15,9999 1,9999 0,32796 1,4075 

ʉʫʤʘ 
5,34 12,33 18 1,5595   6,0981 1 

max =4,6706 

 

  



85 
 

  

ʊʘʙʣʠʮʷ 3.15 

ɼʦʩʣʽʜʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ  

ɯʋ = 0,12049 

ɼʦʩʣʽʜʞʝʥʥʷ 

ʛʝʦʣʦʛʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ  
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ʽ
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3

41,7X

 

 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 

1 5 7 0,25 8,75 1,7199 0,2788 1,4894 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ 

ʜʘʥʠʭ ʥʘʟʝʤʥʦʾ ʽ 

ʢʦʩʤʽʯʥʦʾ 

ʛʽʧʝʨʩʧʝʢʪʨʘʴʥʦʾ 

ʟʡʦʤʦʢ 

0,2 1 3 0,1667 0,1 0,5623 0,0911 1,1241 

ʆʨʙʽʪʘʣʴʥʝ 

ʧʦʢʨʠʪʪʷ 

0,1428 0,333 1 0,1428 0,0068 0,2872 0,0465 0,8378 

ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-

ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

4 6 7 1 168 3,6002 0,5835 0,91 

ʉʫʤʘ 5,3428 12,33 18 1,559   6,1696 1 
max x=4,3615 

 

ʊʘʙʣʠʮʷ 3.16 

ʆʢʨʝʩʣʝʥʥʷ ʚʠʜʦʚʠʭ ʫʛʨʫʧʦʚʘʥʴ  

ɯʋ = 0,12049 

ʆʢʨʝʩʣʝʥʥʷ 

ʚʠʜʦʚʠʭ 

ʫʛʨʫʧʦʚʘʥʴ 

ɻ
ʝ
ʦ
ʛ
ʨ
ʘ
ʬ
ʽ
ʯ
ʥ
ʝ
 

ʧ
ʦ
ʣ
ʦ
ʞ
ʝ
ʥ
ʥ
ʷ

 

ɺ
ʽ
ʜ
ʧ
ʦ
ʚ
ʽ
ʜ
ʥ
ʽ
ʩ
ʪ

ʴ
 

ʜ
ʘ
ʥ
ʠ
ʭ
 

 

ʆ
ʨ
ʙ
ʽ
ʪ
ʘ
ʣ
ʴ
ʥ
ʝ
 

ʧ
ʦ
ʢ
ʨ
ʠ
ʪ
ʪ
ʷ
 

 

ɺ
ʠ
ʧ
ʨ
ʦ
ʤ
ʽ
ʥ
ʶ
ʚ
ʘ

 

ʣɹ
ʥ
ʦ

-ʚ
ʽ
ʜ
ʙ
ʠ
ʚ
ʥ
ʽ
 

ʭ
ʘ
ʨ
ʘ
ʢ
ʪ
ʝ
ʨ
ʠ
ʩ
ʪ
ʠ
ʢ

ʠ
 

n

j
j

1
1

 

41

 

3

41,8X

 

 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 

1 3 0,25 5 3,75 1,3916 0,2801 1,5502 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ 

ʜʘʥʠʭ ʥʘʟʝʤʥʦʾ ʽ 

ʢʦʩʤʽʯʥʦʾ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣɹʥʦʾ 

ʟʡʦʤʦʢ 

0,3333 1 3 6 5,999 1,5651 0,3151 1,4179 

ʆʨʙʽʪʘʣʴʥʝ 

ʧʦʢʨʠʪʪʷ 

4 0,333 1 7 9,3332 1,7479 0,3519 1,5457 

ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-

ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

0,2 0,166 0,1428 1 0,0048 0,2627 0,0529 1,0048 

ʉʫʤʘ           4,9672 1 
max=5,5186 
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ʊʘʙʣʠʮʷ 3.17 

ʆʮʽʥʢʘ ʘʛʨʦʢʫʣʴʪʫʨ ʽ ʚʨʦʞʘʡʥʦʩʪʽ  

ɯʋ = 0,3087 

ʆʮʽʥʢʘ 

ʘʛʨʦʢʫʣʴʪʫʨ ʽ 

ʚʨʦʞʘʡʥʦʩʪʽ  

ʆ
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ʜ
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3

41,9X

 

 

 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 

1 5 4 6 120 3,3098 0,5794 0,9367 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ 

ʜʘʥʠʭ ʥʘʟʝʤʥʦʾ ʽ 

ʢʦʩʤʽʯʥʦʾ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣɹ ʥʦʾ 

ʟʡʦʤʦʢ 

0,2 1 5 4 4 1,4142 0,2476 1,5969 

ʆʨʙʽʪʘʣʴʥʝ 

ʧʦʢʨʠʪʪʷ 
0,25 0,2 1 4 0,2 0,6687 0,1170 1,2 

ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-

ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

0,166

7 

0,25 0,25 1 0,0104 0,3195 0,0559 0,839 

ʉʫʤʘ      5,7122 1 
max=4,5725 

 

ʊʘʙʣʠʮʷ 3.18 

ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ  

ɯʋ = 0,3087  

ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʝʢʦʩʠʩʪʝʤ  
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ʠ
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3

41/10X

 
 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 

1 5 4 6 120 3,3098 0,5794 0,9367 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʜʘʥʠʭ 

ʥʘʟʝʤʥʦʾ ʽ ʢʦʩʤʽʯʥʦʾ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʥɹʦʾ 

ʟʡʦʤʦʢ 

0,2 1 5 4 4 1,4142 0,2476 1,5969 

ʆʨʙʽʪʘʣʴʥʝ 

ʧʦʢʨʠʪʪʷ 
0,25 0,2 1 4 0,2 0,6687 0,1170 1,2 

ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-

ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

0,1667 0,25 0,25 1 0,0104 0,3195 0,0559 0,839 

ʉʫʤʘ      5,7122 1 
max=4,5725 
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ʊʘʙʣʠʮʷ 3.19 

ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʧʨʠʯʠʥʝʥʠʭ ʩʪʨʝʩʽʚ 

ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʩʧʨʠʯʠʥʝʥʠʭ 

ʩʪʨʝʩʽʚ 

ʆ
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ʠ
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ʜ
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ʠ
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3

41/11X

 

 

ɻʝʦʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ 

1 3 0,25 5 3,75 1,3916 0,2801 1,5502 

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʜʘʥʠʭ 

ʥʘʟʝʤʥʦʾ ʽ ʢʦʩʤʽʯʥʦʾ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣɹ ʥʦʾ 

ʟʡʦʤʦʢ 

0,3333 1 3 6 5,999 1,5651 0,3151 1,4179 

ʆʨʙʽʪʘʣʴʥʝ ʧʦʢʨʠʪʪʷ 4 0,333 1 7 9,3332 1,7479 0,3519 1,5457 

ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʦ-

ʚʽʜʙʠʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

0,2 0,166 0,1428 1 0,0048 0,2627 0,0529 1,0048 

ʉʫʤʘ           4,9672 1 
max=5,5186 

 

ʆʙʯʠʩʣʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʽ ʛʣʦʙʘʣʴʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʦʮʥ̔ʦʢ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ 

ʟʘʚʽʨʢʦʚʠʭ ʧʦʣʽʛʦʥʽʚ. ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʢʦʤʧʦʥʝʥʪʠ ʚʣʘʩʥʦʛʦ ʚʝʢʪʦʨʘ ʦʪʨʠʤʘʥʽ ʜʣʷ 

ʚʩʽʭ n  ʨʷʜʢʽʚ ʤʘʪʨʠʮʽ, ʟʘ ʬʦʨʤʫʣʦʶ (3.3) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨ ʣʦʢʘʣʴʥʠʭ 

ʧʨʽʦʨʠʪʝʪʽʚ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʽʻʨʘʨʭʽʾ. ɼʘʣʽ ʟʘ 

ʟʥʘʯʝʥʥʷʤʠ ʚʝʢʪʦʨʽʚ ʣʦʢʘʣʴʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ 1K , 2K , 3K  ʽ 4K  ʟʥʘʭʦʜʷʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʟʛʦʨʪʢʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ ʧʦʣʽʛʦʥʽʚ ʟʘ (3.5). 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʦʩʪʘʪʦʯʥʦʾ ʦʮʽʥʢʠ ʽ ʚʠʙʦʨʫ ʧʦʣʽʛʦʥʽʚ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʚʩʽʭ 

ʥʝʦʙʭʽʜʥʠʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʻʤʦ ʬʦʨʤʫʣʫ ʟʛʦʨʪʢʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ 

ʢʨʠʪʝʨʽʶ (3.5) ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ ʧʦʣʽʛʦʥʽʚ. 

ɿʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʟʛʦʨʪʢʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ F ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ 

ʧʦʣʽʛʦʥʽʚ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʦʣʽʛʦʥʠ ʟʘ ʚʩʽʻʶ ʩʫʢʫʧʥʽʩʪʶ ʩʢʣʘʜʦʚʠʭ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʽʻʨʘʨʭʽʶ, ʟʘ ʬʦʨʤʫʣʦʶ (3.8).  

ʄʘʶʯʠ ʦʮʽʥʢʠ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷ, ʦʙʯʠʩʣʶʻʤʦ ʦʮʽʥʢʠ ʜʨʫʛʦʛʦ ʨʽʚʥʷ, ʪʦʙʪʦ 

ʚʨʘʭʦʚʫʻʤʦ ʱʝ ʦʮʽʥʢʠ ʟʘʜʘʯ ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʘ (3.9). 

ʅʘʨʝʰʪʽ ʦʙʯʠʩʣʶʻʤʦ ʦʩʪʘʪʦʯʥʽ, ʛʣʦʙʘʣʴʥʽ ʦʮʽʥʢʠ, ʚʨʘʭʦʚʫʶʯʠ ʚʘʞʣʠʚʽʩʪʴ 

ʥʘʧʨʷʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (3.10). 
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(3.8) 

2

)5,2,3,1(,2

3

181,5

3

181,2

3

181,3

3

181,1

2

181,1 XPPPPP   

2

)76(,2

3

181,7

3

181,6

2

181,2 XPPP  

2

)9,8,1(,2

3

181,9

3

181,8

3

181,1

2

181,3 XPPPP  

2

)11,10(,2

3

181,11

3

181,10

2

181,4 XPPP . 

 

(3.9) 

1

41

2

181,4

2

181,3

2

181,2

2

181,1181 XPPPPF . 

 

(3.10) 

ɿʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʟʛʦʨʪʢʠ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ F, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʘ 

ʬʦʨʤʫʣʦʶ (3.5), ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ ʧʦʣʽʛʦʥʽʚ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʾʭ ʧʨʠʜʘʪʥʽʩʪʴ 

ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ ʂɻʄ ʽ ʚʠʨʽʰʝʥʥʷ ʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ɼɿɿ ʟʘ ʚʩʽʻʶ 

ʩʫʢʫʧʥʽʩʪʶ ʩʢʣʘʜʦʚʠʭ.  

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʦʮʽʥʦʢ F, ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ ʪʘ ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʾʭ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʣʠ ʚʠʙʨʘʥʽ ʪʘʢʽ ʥʘʟʝʤʥʽ ʧʦʣʽʛʦʥʠ: ʂʠʾʚʩʴʢʠʡ 

(ʄ̔ʩʴʢʠʡ) ʪʘ ʂʠʾʚʩʴʢʠʡ (ɸʛʨʦ), ʐʘʮʴʢʠʡ, ɺʽʥʥʠʮʴʢʠʡ, ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʪʘ 

ʂʨʠʤʩʴʢʠʡ [16].   
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3.2. ʇʨʠʢʣʘʜ ʚʝʨʠʬ̔ʢʘʮʽʾ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʘ 

ʥʘʟʝʤʥʠʭ ʜʘʥʠʭ ʥʘ ʂʠʾʚʩʴʢʦʤʫ ʧʦʣʽʛʦʥʽ (ʪʝʩʪʦʚʽʡ ʜʽʣʷʥʮʽ) ɼɿɿ 

ɼɿɿ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ ʻ ʧʦʪʫʞʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʈʇ. ɻʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ, 

ʷʢʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʱʦʙ ʦʧʠʩʘʪʠ ʜʽʘʛʥʦʩʪʠʯʥʽ 

ʩʠʛʥʘʪʫʨʠ, ʚʨʘʭʦʚʫʶʪʴ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʨʽʟʥʦʚʠʜʘʤʠ ʨʦʩʣʠʥ ʽ ʨʦʩʣʠʥʥʦʩʪʽ ʚʽʜ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ ʪʘ ʤʽʥʝʨʘʣʽʚ. ʆʜʥʘʢ ʥʝʜʦʩʪʘʪʥʴʦ ʘʙʦ ʟʦʚʩʽʤ ʥʝ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥ ʈʇ ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʙʘʛʘʪʦʯʘʩʦʚʠʭ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʥʘʜʽʡʥʠʭ ʤʝʪʦʜʽʚ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʨʝʩʦʚʽ ʟʤʽʥʠ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ɼɿɿ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ REP ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ ʘʝʨʦʟʥʽʤʘʥʥʷ 

ʨʦʟʛʣʷʥʫʪʦ ʚ ʧʨʘʮʽ [27], ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʦʟʥʽʤʘʥʥʷ ï ʚ ʨʦʙʦʪʘʭ [12, 17, 18]. 

ʊʘʢʦʞ ʫ ʧʫʙʣʽʢʘʮʽ ʾ [27] ʧʨʦʚʝʜʝʥʦ ʟʽʩʪʘʚʣʝʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ 

ʘʝʨʦʟʥʽʤʘʥʥʷ ʪʘ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʟʩʫʚʽʚ REP. 

ɼʘʥʽ, ʦʜʝʨʞʘʥʽ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʩʝʥʩʦʨʘʤʠ, ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʪʠʧʫ ʩʝʥʩʦʨʘ, 

ʪʘʢ ʽ ʚʽʜ ʯʘʩʫ ʟʥʽʤʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʉʧʝʢʪʨʘʣʴʥʽ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ, 

ʦʙʯʠʩʣʝʥʽ ʟʘ ʮʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ, ʤʦʞʫʪʴ ʟʘʣʝʞʘʪʠ 

ʪʘʢʦʞ ʚʽʜ ʨʽʚʥʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʽʥʜʝʢʩʽʚ, ʚʠʨʘʭʦʚʘʥʠʭ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʟʝʤʥʠʭ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʊʦʤʫ ʧʦʨʽʚʥʷʣʴʥʦʤʫ 

ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʜʣʷ ʧʝʚʥʦʛʦ ʪʠʧʫ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʦʙʯʠʩʣʝʥʠʭ 

ʟʘ ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ, ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʥʘʯʥʘ ʫʚʘʛʘ [12, 17-19, 27-29].  

 çHyperionè ï ʧʝʨʰʠʡ ʚ ʩʚʽʪʽ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʡ ʚʽʜʝʦʩʧʝʢʪʨʦʤʝʪʨ, 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʙʦʨʪʫ ʩʫʧʫʪʥʠʢʘ EO-1, ʟʘʧʫʱʝʥʦʛʦ NASA 21 ʙʝʨʝʟʥʷ 2000 ʨ. 

(ʨʠʩ. 3.2). ɺʽʥ ʤʘʻ 220 ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 400-2500 ʥʤ. 

ʉʧʝʢʪʨʘʣʴʥʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʡʦʛʦ ʢʘʥʘʣʽʚ ʚ ʦʧʪʠʯʥʦʤʫ ʪʘ ʙʣʠʟʴʢʦʯʝʨʚʦʥʦʤʫ 

(NIR) ʜʽʘʧʘʟʦʥʘʭ ʩʪʘʥʦʚʠʪʴ 10 ʥʤ, ʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ï 30 ʤ ʜʣʷ ʚʩʽʭ 

ʢʘʥʘʣʽʚ. ʐʠʨʠʥʘ ʩʪʘʥʜʘʨʪʥʦʾ ʩʮʝʥʠ ʟʡʦʤʢʠ ï 7,7 ʢʤ, ʜʦʚʞʠʥʘ ï 42 ʢʤ. 

ɸʣʴʪʠʪʫʜʘ ʡʦʛʦ ʦʨʙʽʪʠ ~ 705 ʢʤ, ʪʘʢʘ ʞ ʷʢ ʽ ʚ ççLandsat-7è.  
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ʈʠʩ. 3.2. ʉʠʥʪʝʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʥʽʤʢʘ EO-1 çHyperionè (14.09.2002) ʚ ʤʝʞʘʭ 

ʂʠʾʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ (ʩʠʥʪʝʟ ʢʘʥʘʣʽʚ 20, 30 ʪʘ 40) (A) ʪʘ ʩʠʥʪʝʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʟʥʽʤʢʘ çLandsatè ETM (14.09.2001) (ʩʠʥʪʝʟ ʢʘʥʘʣʽʚ 2, 4, 5) (ɹ). ɹʽʣʠʡ 

ʧʨʷʤʦʢʫʪʥʠʢ ʥʘ ʟʥʽʤʢʫ çLandsatè ETM ʚʢʘʟʫʻ ʥʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʥʽʤʢʘ 

çHyperionè. ʌʨʘʛʤʝʥʪ ʟʥʽʤʢʘ EO-1 çHyperionè ʧʦʢʘʟʫʻ ʜʽʣʷʥʢʫ ʜʝʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʤʝʞʘʭ ʟʘʛʘʣʴʥʦʾ ʩʮʝʥʠ 

ɺ ʤʝʞʘʭ ʩʮʝʥʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʙʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʚʝʛʝʪʘʮʽʡʥʠʭ 

ʽʥʜʝʢʩʽʚ ʧʝʚʥʠʭ ʚʠʜʽʚ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʚʠʜʽʣʝʥʦ ʜʽʣʷʥʢʫ (ʨʠʩ. 3.2), ʜʣʷ ʘʥʘʣʽʟʫ 

ʜʽʘʧʘʟʦʥʽʚ ʟʤʽʥ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘ ʜʘʥʠʤʠ çHyperionè ʜʣʷ ʦʩʥʦʚʥʠʭ 

ʨʽʟʥʦʚʠʜʽʚ ʈʇ ʪʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʅʘʟʝʤʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʚʽʜ ʚʠʙʨʘʥʠʭ ʤʽʰʝʥʝʡ ʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʟʨʦʙʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpec3FR [30]. ɼʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʥʴ ʧʨʠʣʘʜʫ ï 350-2500 ʥʤ. ʉʧʝʢʪʨʘʣʴʥʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ï 3 ʥʤ ʚ 

ʜʽʘʧʘʟʦʥʽ 350-1000 ʥʤ. ɺʩʽ ʩʧʝʢʪʨʠ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʚ ʥʘʜʽʨ. ɼʠʩʪʘʥʮʽʷ ʤʽʞ 

ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ ʽ ʤʽʰʝʥʥʶ ʩʪʘʥʦʚʠʣʘ ʧʨʠʙʣʠʟʥʦ 1 ʤ. ɺʠʤʽʨʶʚʘʥʥʷ 
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ʩʧʝʢʪʨʽʚ ʥʘ ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ ʧʨʦʚʝʜʝʥʦ 15.04.2009 ʨ. ʽ 16.09.2009 ʨ. ɿʘ ʤʽʰʝʥʽ 

ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʚʠʙʨʘʥʦ ʘʩʬʘʣʴʪʦʚʫ ʜʦʨʦʛʫ ʽ ʪʨʘʚʫ ʧʠʨʽʶ ʥʘ ʫʟʙʽʯʯʽ 

ʥʘʙʝʨʝʞʥʦʾ. ɺʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʪʨʠʙʫʥ ʥʘ ʩʪʘʜʽʦʥʽ 

çɼʠʥʘʤʦè ʤ. ʂʠʾʚ ʟʨʦʙʣʝʥʦ 16.09.2009 ʨ. ʦʙ 11-ʡ ʛʦʜʠʥʽ ʟʘ ʤʽʩʮʝʚʠʤ ʯʘʩʦʤ.  

ɿʽʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʥʘʟʝʤʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʜʣʷ ʚʠʙʨʘʥʠʭ ʢʣʘʩʽʚ ʧʦʢʨʠʚʫ ʽʟ 

ʜʘʥʠʤʠ ʢʦʩʤʦʟʡʦʤʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʘʨʤʦʥʽʟʘʮʽʾ ʜʘʥʠʭ 

ʢʦʩʤʦʟʥʽʤʘʥʥʷ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʟʥʘʯʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʚʧʣʠʚʽʚ, ʟ ʜʘʥʠʤʠ ʥʘʟʝʤʥʦʾ 

ʟʡʦʤʢʠ, ʱʦ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʨʽʟʥʽ ʨʽʚʥʽ 

ʦʙʨʦʙʢʠ: ʟ ʘʪʤʦʩʬʝʨʥʦʶ ʢʦʨʝʢʮʽʻʶ ʜʘʥʠʭ ʽ ʙʝʟ ʢʦʨʝʢʮʽʾ.  

ɼʦ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʤʝʪʦʜʠʮʽ ʚʠʟʥʘʯʝʥʥʷ REP ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʦʟʥʽʤʘʥʥʷ 

ʥʝ ʧʨʠʜʽʣʷʣʦʩʷ ʥʘʣʝʞʥʦʾ ʫʚʘʛʠ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʩʫʧʫʪʥʠʢʘʭ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʟ ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʢʘʥʘʣʽʚ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ. ʅʘʚʝʜʝʤʦ 

ʬʦʨʤʫʣʠ ʦʙʯʠʩʣʝʥʥʷ REP ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʩʝʥʩʦʨʘ EO-1 çHyperionè ʪʘ 

ʜʘʥʠʭ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpeʩ3FR, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ 

ʥʝʦʜʥʘʢʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʚ ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ. 

ɺʧʝʨʰʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʟʘ ʜʘʥʠʤʠ EO-1 çHyperionè 

ʟʜʽʡʩʥʝʥʦ ʚ [26]. ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʦʤ ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, REP ʟʘ 

ʜʘʥʠʤʠ EO-1 çHyperionè ʚʠʟʥʘʯʘʻʪʴʩʷ [26] ʟʘ ʬʦʨʤʫʣʦʶ:  
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ʜʝ R( ) ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ . 

ʊʫʪ Ri ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʚ i-ʤʫ ʢʘʥʘʣʽ, ʽ = 32, 35, 39, 43. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʦʙʯʠʩʣʝʥʽ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʟʥʘʯʝʥʥʷ REP ʤʦʞʫʪʴ ʥʝ 

ʩʧʽʚʧʘʜʘʪʠ, ʘ ʤʝʪʦʜ (3.11) ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʱʦʜʦ ʯʘʩʫ ʦʙʯʠʩʣʝʥʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ [26]. 

ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʦʤ ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, REP ʟʘ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpeʩ3FR ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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ɺ ʪʘʙʣ. 3.20 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʙʣʠʟʴʢʠʭ ʜʦ ʟʥʘʯʝʥʴ 

ʮʝʥʪʨʽʚ ʢʘʥʘʣʽʚ çHyperionè, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ REP ʟʘ 

ʬʦʨʤʫʣʦʶ (3.11).  

ʊʘʙʣʠʮʷ 3.20 

ʇʦʨʽʚʥʷʣʴʥʘ ʪʘʙʣʠʮʷ ʟʥʘʯʝʥʴ ʜʦʚʞʠʥ ʭʚʠʣʴ ʩʝʥʩʦʨʘ EO-1 

çHyperionè ʪʘ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpeʩ3FR ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ REP 

ʤʝʪʦʜʦʤ ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʉʝʥʩʦʨ EO-1 ç Hyperionè 
ʉʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨ  

 FieldSpec3FR 

ˉ 

ʢʘʥʘʣʫ 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ 

ʮʝʥʪʨʘ ʢʘʥʘʣʫ  

ɚ (ʥʤ) 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ, ʙʣʠʟʴʢʘ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʮʝʥʪʨʽʚ 

ʢʘʥʘʣʽʚ ɚ(ʥʤ)  

32 671,02 671,00 

35 701,55 701,00 

39 742,25 742,00 

43 782,95 783,00 

ʄʝʪʦʜ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ. ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʚ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʦʣʽʥʦʤʘʤʠ n-ʛʦ ʩʪʝʧʝʥʷ ʫ ʚʠʛʣʷʜʽ:  

n

i

iiTCCR
1

0 ),()(
 (3.13) 

ʜʝ Ti( ), i = 1, 2, 3,é,n ï ʧʦʣʽʥʦʤʠ ʏʝʙʠʰʦʚʘ (ʘʙʦ ʩʪʝʧʝʥʝʚʽ) -̔ʛʦ ʩʪʝʧʝʥʷ 1-ʛʦ 

ʨʦʜʫ [24]; ʢʦʝʬʽʮʽʻʥʪʠ Ci ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ; R( ) ï 

ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ . 
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ʇʝʨʰʫ R( ) ʽ ʜʨʫʛʫ ʧʦʭʽʜʥʫ R( ) ʬʫʥʢʮʽʾ R() ʚʠʟʥʘʯʘʻʤʦ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷʤ ʟʘ ʟʤʽʥʥʦʶ . ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ, REP ï ʮʝ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ   670, 780 ʥʤ, ʥʘ ʷʢʦʤʫ ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʬʫʥʢʮʽʾ R( ) ʜʦʩʷʛʘʻ 

ʤʘʢʩʠʤʫʤʫ, ʘ R(REP) = 0 ʽ ʟʤʽʥʶʻ ʟʥʘʢ ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ ʪʦʯʢʫ  = REP ʟ 

ʧʣʶʩʘ ʥʘ ʤʽʥʫʩ. 

ʅʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʤʝʪʦʜʘʤʠ ʙʫʣʠ ʦʙʯʠʩʣʝʥʽ ʟʘ ʜʘʥʠʤʠ ʪʝʩʪʦʚʠʭ ʩʧʝʢʪʨʽʚ 

ʚʽʜʙʠʪʪʷ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʦʜʝʨʞʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ 

FieldSpeʩ3FR 15.04.2009 ʨ., ʢʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʧʦʣʽʥʦʤʽʚ ʜʣʷ ʟʥʘʯʝʥʴ 

n = 4, 5, 9 ʽ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.21-3.25. ɼʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʙʨʘʣʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʚʽʜʙʠʪʪʷ ʟ ʧʨʦʤʽʞʢʫ 600-900 ʥʤ ʽʟ ʢʨʦʢʦʤ 10 ʥʤ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʩʧʝʢʪʨʘʣʴʥʽʡ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʝʥʩʦʨʘ çHyperionè. 

ɺ ʪʘʙʣ. 3.21, 3.22 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʪʝʩʪʦʚʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʧʠʨʽʶ ʥʘ ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ 

ʩʫʤʘʤʠ ʟ n ʯʣʝʥʽʚ ʨʷʜʫ ʟ ʧʦʣʽʥʦʤʽʚ ʏʝʙʠʰʦʚʘ 1-ʛʦ ʨʦʜʫ ʥʘ ʧʨʦʤʽʞʢʫ 600-900 ʥʤ 

ʜʣʷ ʟʥʘʯʝʥʴ n = 4, 5 ʽ 9. ɺ ʪʘʙʣʠʮʷʭ ʧʦʜʘʥʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʧʦʣʽʥʦʤʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ REP. 

ɯʟ ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣ. 3.21 ʽ 3.22 ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʚʠʧʣʠʚʘʻ, ʱʦ 

ʚʝʣʠʯʠʥʘ REP ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʝʧʝʥʷ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʧʦʣʽʥʦʤʘ; 

ʧʨʠʯʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʩʪʝʧʝʥʷ ʟ n = 5 ʜʦ n = 9 ʥʝ ʧʦʢʨʘʱʫʻ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

REP, ʦʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ Ci ʚ ʬʦʨʤʫʣʽ (3.13) ʧʦʯʠʥʘʶʯʠ ʽʟ C5, 

ʙʣʠʟʴʢʽ ʜʦ 0. 

ɺ ʪʘʙʣ. 3.23 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ REP ʜʣʷ ʪʝʩʪʦʚʠʭ ʩʧʝʢʪʨʽʚ, ʦʙʯʠʩʣʝʥʽ ʟʘ 

ʬʦʨʤʫʣʦʶ ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ (3.12) ʪʘ ʤʝʪʦʜʦʤ 

ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ (3.13) n = 5. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʜʣʷ ʜʘʥʠʭ ʥʘʟʝʤʥʦʾ ʟʡʦʤʢʠ ʟʥʘʯʝʥʥʷ REP, ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (3.12), 

ʙʣʠʟʴʢʽ ʜʦ ʟʥʘʯʝʥʴ, ʦʜʝʨʞʘʥʠʭ ʚʥʘʩʣʽʜʦʢ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʠ n=5. 

ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʤʘʶʪʴ ʧʝʨʝʚʘʛʫ ʚ ʪʦʤʫ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʦʛʦ ʯʠʩʣʘ 

ʦʙʯʠʩʣʝʥʴ, ʱʦ ʤʘʻ ʩʫʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʚʠʨʘʭʫʚʘʥʥ̔ ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʟʘ 

ʜʘʥʠʤʠ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʦʾ ʢʦʩʤʦʟʡʦʤʢʠ ʪʘ ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʦʧʽʢʩʝʣʴʥʦʤʫ 
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ʦʙʯʠʩʣʝʥʥʽ ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʜʣʷ ʧʦʙʫʜʦʚʠ REP-ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʘʥʠʤʠ 

ʩʝʥʩʦʨʘ EO-1 çHyperionè.  

ʅʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʤʝʪʦʜʘʤʠ ʦʙʯʠʩʣʝʥʦ ʟʥʘʯʝʥʥʷ REP ʜʣʷ ʪʨʴʦʭ ʩʧʝʢʪʨʽʚ 

ʚʽʜʙʠʪʪʷ ʚʠʙʨʘʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ, 

ʦʜʝʨʞʘʥʠʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʥʘʟʝʤʥʦʾ ʟʡʦʤʢʠ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpeʩ3FR 

15.04.2009 ʨ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʨʘʭʫʚʘʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.24. ɿʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ 

REP ʜʣʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʢʣʘʩʫ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʦʙʯʠʩʣʝʥʠʭ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʥʘʯʝʥʥʷ REP, ʦʙʯʠʩʣʝʥʽ 

ʤʝʪʦʜʦʤ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʠ n = 5, ʥʘʡʙʣʠʞʯʽ ʜʦ ʟʥʘʯʝʥʴ, 

ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʦʤ ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ. ɼʣʷ ʥʝ ʈʇ ʟʥʘʯʝʥʥʷ 

REP, ʦʪʨʠʤʘʥʽ ʧʦʣʽʥʦʤʽʘʣʴʥʠʤ ʤʝʪʦʜʦʤ, ʙʽʣʴʰʽ, ʥʽʞ ʟʥʘʯʝʥʥʷ, ʦʙʯʠʩʣʝʥʽ 

ʤʝʪʦʜʦʤ ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ; ʧʨʠʯʦʤʫ ʨʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ 

ʧʝʨʝʚʠʱʫʻ 10 ʥʤ ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʷʢ ʥʘʙʝʨʝʞʥʦʾ ɼʥʽʧʨʘ, ʪʘʢ ʽ ʪʨʠʙʫʥ 

ʩʪʘʜʽʦʥʫ çɼʠʥʘʤʦè. 

ɼʣʷ ʟʽʩʪʘʚʣʝʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘʟʝʤʥʦʾ ʪʘ ʢʦʩʤʦʟʡʦʤʢʠ 

ʟʥʘʯʝʥʥʷ REP, ʦʙʯʠʩʣʝʥʽ ʤʝʪʦʜʦʤ ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʜʣʷ 

ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʪʨʠʙʫʥ ʽ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʩʪʘʜʽʦʥʫ 16.09.2009 ʨ. ʪʘ 

ʜʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ REP, ʚʠʟʥʘʯʝʥʽ ʧʨʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ REP-

ʟʦʙʨʘʞʝʥʴ ʬʨʘʛʤʝʥʪʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʘʪʤʦʩʬʝʨʥʦ 

ʥʝʢʦʨʠʛʦʚʘʥʠʭ ʪʘ ʢʦʨʠʛʦʚʘʥʠʭ ʜʘʥʠʭ [18] ʩʝʥʩʦʨʘ EO-1 çHyperionè 14.09.2002 

ʨ., ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.25.  

ʗʢ ʩʚʽʜʯʘʪʴ ʧʦʜʘʥʽ ʚ ʪʘʙʣ. 3.25 ʨʝʟʫʣʴʪʘʪʠ ʟʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ REP ʟʘ 

ʜʘʥʠʤʠ ʥʘʟʝʤʥʦʾ ʪʘ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʦʢ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ REP- 

ʟʦʙʨʘʞʝʥʥʷʤʠ, ʧʦʙʫʜʦʚʘʥʠʤʠ ʟʘ ʘʪʤʦʩʬʝʨʥʦ ʢʦʨʠʛʦʚʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʤʠ 

ʜʘʥʠʤʠ, ʪʦʯʥʽʰʘ, ʥʽʞ ʟʘ ʥʝʢʦʨʠʛʦʚʘʥʠʤʠ ʜʘʥʠʤʠ ʩʝʥʩʦʨʘ EO-1 çHyperionè. ʅʘ 

ʮʝ ʚʢʘʟʫʻ ʪʝ, ʱʦ ʟʥʘʯʝʥʥʷ REP = 722,05 ʥʤ, ʦʙʯʠʩʣʝʥʽ ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʦʾ 

ʟʡʦʤʢʠ, ʥʝ ʚʭʦʜʠʪʴ ʚ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʜʣʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʩʪʘʜʽʦʥʫ, 

ʚʠʜʽʣʝʥʠʭ ʜʣʷ ʮʴʦʛʦ ʪʠʧʫ ʧʦʢʨʠʚʫ ʧʨʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ REP-

ʟʦʙʨʘʞʝʥʴ ʟʘ ʘʪʤʦʩʬʝʨʥʦ ʥʝʢʦʨʠʛʦʚʘʥʠʤʠ ʜʘʥʠʤʠ [18]. 
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ɼʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʪʨʠʙʫʥ ʟʥʘʯʝʥʥʷ REP ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʚʭʦʜʷʪʴ ʚ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ ʜʣʷ ʪʝʭʥʦʛʝʥʥʠʭ ʩʧʦʨʫʜ, ʚʠʟʥʘʯʝʥʠʭ 

ʧʨʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ REP-ʟʦʙʨʘʞʝʥʴ ʬʨʘʛʤʝʥʪʘ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ʫ 

ʚʠʧʘʜʢʫ ʷʢ ʘʪʤʦʩʬʝʨʥʦ ʢʦʨʠʛʦʚʘʥʠʭ, ʪʘʢ  ̔ʥʝʢʦʨʠʛʦʚʘʥʠʭ ʜʘʥʠʭ ʩʝʥʩʦʨʘ EO-1 

çHyperionè [13]. 

ʊʘʙʣʠʮʷ 3.21 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʩʧʝʢʪʨʘ ʚʽʜʙʠʪʪʷ ʧʠʨʽʶ ʟ ʯʘʩʪʢʦʚʦ ʟʘʩʦʭʣʠʤ ʣʠʩʪʷʤ ʥʘ 

ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ, ʦʜʝʨʞʘʥʽ ʤʝʪʦʜʦʤ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʽʥʦʤʽʚ ʏʝʙʠʰʦʚʘ 1-ʛʦ ʨʦʜʫ 

ʉʪʝʧʽʥʴ 

ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ 

ʧʦʣʽʥʦʤʘ 

ʂʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ 

ʧʦʣʽʥʦʤʘ Ci 

ɿʥʘʯʝʥʥʷ 

REP (ʥʤ) 

ʉʝʨʝʜʥʻ 

ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ (*10
-2

 ) 

4 
C0=0.4616, C1=0.2730, C2=-0.0115, 

 C3=-0.0410,C4=0.0167 
705 9,08 

5 
C0=0.4616, C1=0.3010, C2=-0.0115, 

C3=-0.0351, C4=0.0167, C5=0.0033 
717 8,58 

9 

C0=0.4424, C1=0.2952, C2=-0.0252, 

 C3=-0.0359, C4=0.0138, 

C5=0.003,5 C6=-0.0038, 

C7=0.0003,C8=0.0006, C9=-0.0001 

714 2,71 

ʊʘʙʣʠʮʷ 3.22 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʩʧʝʢʪʨʘ ʚʽʜʙʠʪʪʷ ʟʝʣʝʥʦʛʦ ʧʠʨʽʶ ʥʘ ʥʘʙʝʨʝʞʥʽʡ 

ɼʥʽʧʨʘ, ʦʜʝʨʞʘʥʽ ʤʝʪʦʜʦʤ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʣʽʥʦʤʽʚ ʏʝʙʠʰʦʚʘ 1-ʛʦ ʨʦʜʫ 

ʉʪʝʧʽʥʴ 

ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ 

ʧʦʣʽʥʦʤʘ 

ʂʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ 

ʧʦʣʽʥʦʤʘ Ci 

ɿʥʘʯʝʥʥʷ 

REP (ʥʤ) 

ʉʝʨʝʜʥʻ 

ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ (*10
-2

 ) 

4 

C0=0.4309, C1=0.2562 

C2=-0.0104, C3=-0.0376 

C4=0.0152 

705 9,41 

5 

C0=0.4309, C1=0.2830 

C2=-0.0104, C3=-0.0319 

C4=0.0152, C5=0.0032 

720 8,90 

9 

C0=0.4135, C1=0.2771 

C2=-0.0229, C3=-0.0328 

C4=0.0125, C5=0.0033 

C6=-0.0036, C7=0.0003 

C8=0.0006, C9=-0.0001 

714 3,29 
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ʊʘʙʣʠʮʷ 3.23 

ɿʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ REP ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ 

ʟʝʣʝʥʦʛʦ ʧʠʨʽʶ ʽ ʧʠʨʽʶ ʽʟ ʯʘʩʪʢʦʚʦ ʟʘʩʦʭʣʠʤ ʣʠʩʪʷʤ ʥʘ ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ, 

ʦʙʯʠʩʣʝʥʠʭ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʄʝʪʦʜʠ 

ʦʙʯʠʩʣʝʥʥʷ REP 

ɿʥʘʯʝʥʥʷ REP (ʥʤ) 

ȹREP (ʥʤ) 
ʉʧʝʢʪʨ ʟʝʣʝʥʦʛʦ 

ʧʠʨʽʶ 

 

ʉʧʝʢʪʨ ʧʠʨʽʶ ʽʟ 

ʯʘʩʪʢʦʚʦ 

ʟʘʩʦʭʣʠʤ ʣʠʩʪʷʤ 

ʄʝʪʦʜ 

ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ 

ɸʧʨʦʢʩʠʤʘʮʽʾ, 

n=5 

720 717 3 

ʄʝʪʦʜ 

ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ 

ʣʽʥʽʡʥʦʾ 

ʽʥʪʝʨʧʦʣʷʮʽʾ 

719,91 719,08 0,83 

ʊʘʙʣʠʮʷ 3.24 

ɿʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ REP ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʨʴʦʭ ʢʣʘʩʽʚ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʦʙʯʠʩʣʝʥʠʭ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʦʾ ʟʡʦʤʢʠ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ (16.09.2009 ʨ.) 

ʇʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ 

ʪʘ ʥʘʟʚʘ ʩʧʝʢʪʨʘ 

ɿʥʘʯʝʥʥʷ REP (ʥʤ) 

|ȹREP| 

(ʥʤ) 

ʄʝʪʦʜ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ 

 ( n ï ʩʪʝʧʽʥʴ ʧʦʣʽʥʦʤʘ ) 

ʄʝʪʦʜ 

ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ 

ʣʽʥʽʡʥʦʾ 

ʽʥʪʝʨʧʦʣʷʮʽʾ 

1.ɸʩʬʘʣʴʪʦʚʘ 

ʜʦʨʦʛʘ (ʥʘʙʝʨʝʞʥʘ 

ɼʥʽʧʨʘ) 

756   (n = 4) 

753   ( n = 5) 

744   (n = 9) 

739,12 

15,88 

12,88 

3,88 

2.ʊʨʠʙʫʥʘ ʩʪʘʜʽʦʥʫ 

çɼʠʥʘʤʦè 

735    (n = 4) 

744   ( n = 5) 

735    (n = 9) 

732,98 

2,02 

11,02 

2,02 

3.ʊʨʘʚôʷʥʠʡ 

ʧʦʢʨʠʚ ʩʪʘʜʽʦʥʫ 

çɼʠʥʘʤʦè 

711    (n = 4) 

726    (n = 5) 

713    (n = 9) 

722,05 

11,05 

3,95 

9,05 

 



97 
 

  

ʊʘʙʣʠʮʷ 3.25 

ɿʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ REP ʟʘ ʜʘʥʠʤʠ ʩʝʥʩʦʨʘ EO-1 çHyperionè 

(14.09.2002 ʨ.) ʪʘ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpec3FR (16.09.2009 ʨ.) ʜʣʷ 

ʩʧʝʢʪʨʽʚ ʚʠʙʨʘʥʠʭ ʢʣʘʩʽʚ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ 

ʇʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ 

ʪʘ ʪʠʧ ʧʦʢʨʠʚʫ 

ɿʥʘʯʝʥʥʷ REP (ʥʤ) ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʦʾ ʪʘ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʦʢ 

ɿʘ ʜʘʥʠʤʠ ʧʦʣʴʦʚʦʛʦ 

ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ 

FieldSpec3FR 

ɿʘ ʜʘʥʠʤʠ EO-1 çHyperionè 

ɸʪʤʦʩʬʝʨʥʦ 

ʥʝʢʦʨʠʛʦʚʘʥʽ ʜʘʥʽ 

ɸʪʤʦʩʬʝʨʥʦ 

ʢʦʨʠʛʦʚʘʥʽ ʜʘʥʽ 

1.ʊʨʠʙʫʥʘ ʩʪʘʜʽʦʥʫ 

çɼʠʥʘʤʦè 
732,98 

min=731 

max=745,8 

min=732,1 

max=737,4 

2.ʊʨʘʚôʷʥʠʡ ʧʦʢʨʠʚ 

ʩʪʘʜʽʦʥʫ çɼʠʥʘʤʦè 
722,05 

min=725,5 

max=726,5 

min=720,1 

max=723,4 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʪʨʘʚôʷʥʦʛʦ 

ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʘʛʘʪʦ ʫʚʘʛʠ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʧʘʨʢʦʚʠʭ ʪʘ ʧʨʠʧʘʨʢʦʚʠʭ ʟʦʥ 

ʤʝʪʦʜʘʤʠ ɼɿɿ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʫʨʙʘʥʽʩʪʠʯʥʦʛʦ ʚʧʣʠʚʫ. ʇʨʦʙʣʝʤʠ, ʷʢʽ ʧʨʠ 

ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ ʽ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʾʭ ʚʠʨʽʰʝʥʥʷ ʤʝʪʦʜʘʤʠ ɼɿɿ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʧʨʘʮʷʭ [25, 31-33].  

ɺ ʨʦʙʦʪʽ ʧʨʦʜʦʚʞʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥ ʽʥʜʝʢʩʽʚ REP ʽ TCI ʟʘ 

ʜʘʥʠʤʠ ʱʦʨʽʯʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʢʘʭ ʫ ʤ. ʂʠʾʚ [13]: ʥʘ ʩʪʘʜʽʦʥʽ ñɼʠʥʘʤʦò, ʄʘʨʽʾʥʩʴʢʦʤʫ ʧʘʨʢʫ, ʥʘ 

ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ. ʉʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʟʜʽʡʩʥʝʥʦ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ 

FieldSpec3FR ʟ 16 ʚʝʨʝʩʥʷ 2009 ʨ. ʜʦ 7 ʯʝʨʚʥʷ 2013 ʨ. ɺʠʟʥʘʯʝʥʦ ʽʥʜʝʢʩʠ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ REP ʽ TCI ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ 

ʜʣʷ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥ ʫ ʪʦʯʢʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʢʦʨʝʣʷʮʽʡʥʠʡ 

ʟʚôʷʟʦʢ ʤʽʞ ʽʥʜʝʢʩʘʤʠ. ʇʦʜʘʥʦ ʦʮʽʥʢʫ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʠ REP ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ TCI ʯʝʨʝʟ ʧʦʙʫʜʦʚʫ ʤʦʜʝʣʽ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʟʤʽʥʘʤʠ ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʫ REP, 

ʟʦʢʨʝʤʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʪʨʝʩʫ ʧʨʠ ʟʩʫʚʽ REP, ʥʘ ʧʽʜʩʪʘʚʽ 

ʧʦʙʫʜʦʚʘʥʦʾ ʤʦʜʝʣʽ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘʣʝʞʥʦʩʪʽ REP ʚʽʜ TCI. ɿʘʫʚʘʞʠʤʦ, ʱʦ 
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ʚʧʝʨʰʝ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʣʦʨʦʬʽʣʴʥʦʛʦ ʽʥʜʝʢʩʫ TCI ʷʢ ʽʥʜʠʢʘʪʦʨʘ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʪʨʝʩʫ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʧʨʦʩʦʯʫʚʘʥʥʷʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘʜ 

ʛʘʟʦʩʭʦʚʠʱʝʤ, ʚʩʪʘʥʦʚʣʝʥʦ ʘʚʪʦʨʘʤʠ ʨʦʙ̔ʪ [35-37]. ɺʢʘʟʘʥʦ ʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʝʢʩʫ TCI ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʩʪʘʥʫ ʈʇ ʟʘ ʜʘʥʠʤʠ 

ʢʦʩʤʦʟʥʽʤʘʥʥʷ ʪʠʭ ʩʝʥʩʦʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʣʠʰʝ ʪʨʠ ʢʘʥʘʣʠ ʚ ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ 

ʢʨʘʶ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ TCI, ʽ ʥʝ ʤʘʶʪʴ ʢʘʥʘʣʽʚ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ REP, 

ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʩʝʥʩʦʨ Rapid Eye.  

ɻʝʦʤʦʥʽʪʦʨʠʥʛ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʫ 

ʤ. ʂʠʾʚ ʧʨʦʚʝʜʝʥʦ ʟ 2009 ʨ. ʉʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʜʽʡʩʥʻʥʦ 

ʜʠʩʪʘʥʮʽʡʥʦ ʧʦʨʪʘʪʠʚʥʠʤ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR. 

ʉʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʧʨʦʚʻʜʝʥʦ ʱʦʨʽʯʥʦ ʚ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ 

ʪʦʯʢʘʭ. ɼʠʩʪʘʥʮʽʷ ʤʽʞ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ ʪʘ ʦʙôʻʢʪʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʙʫʣʘ ʥʝ 

ʤʝʥʰʝ ʥʽʞ 1 ʤ. ʆʙôʻʢʪʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʚʠʙʨʘʥʦ ʪʘʢʽ ʪʦʯʢʠ: 

ʛʘʟʦʥ ʩʪʘʜʽʦʥʫ ñɼʠʥʘʤʦò ʽʤ. ɺʘʣʝʨʽʷ ʃʦʙʘʥʦʚʩʴʢʦʛʦ, ʛʘʟʦʥ ʚ ʄʘʨʽʾʥʩʴʢʦʤʫ 

ʧʘʨʢʫ ʽ ʪʨʘʚôʷʥʠʡ ʧʦʢʨʠʚ ʥʘ ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ ʫ ʤ. ʂʠʾʚ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʦʢ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚ ʷʢʠʭ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ, 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.3.  

 

ʈʠʩ. 3.3. ʈʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʢʘʭ, ʚ ̫ʢʠʭ ʟʜʽʡʩʥʝʥʦ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ 

ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR ʫ 2009-2013 ʨʨ.: 1 ï ʛʘʟʦʥ ʩʪʘʜʽʦʥʫ 

ñɼʠʥʘʤʦò; 2 ï ʛʘʟʦʥ ʄʘʨʽʾʥʩʴʢʦʛʦ ʧʘʨʢʫ; 3 ï ʈʇ ʥʘ ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ 
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ɺʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʥʘ ʩʪʘʜʽʦʥʽ ñɼʠʥʘʤʦò ʽ ʥʘʙʝʨʝʞʥʽʡ 

ɼʥʽʧʨʘ ʚʽʜ 16.09.2009, 07.06.2010, 14.09.2010, 14.09.2011, 20.09.2012 ʽ 

07.06.2013 ʨʨ., ʘ ʚ ʄʘʨʽʾʥʩʴʢʦʤʫ ʧʘʨʢʫ ï ʜʘʥʽ ʟʘ ʪʦʡ ʞʝ ʧʝʨʽʦʜ, ʢʨʽʤ ʜʘʥʠʭ ʚʽʜ 

07.06.2010 ʨ. 

ɿʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʦʙʯʠʩʣʝʥʦ 

ʟʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ REP ʟʘ ʬʦʨʤʫʣʦ  ʁ(3.12) ʪʘ TCI ʟʘ ʬʦʨʤʫʣʦʶ: 

.
)681()708(

)708()754(

RR

RR
TCI  (3.14) 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʈʇ ʚ ʪʦʯʢʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʨʠʩ. 3.3) ʚ 2009-2013 ʨʨ. 

ʧʦʜʘʥʦ ʚ ʪʘʙʣ. 3.26. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʦʙʯʠʩʣʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣ. 3.26, ʥʘʡʥʠʞʯʽ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʦʙʦʭ ʽʥʜʝʢʩʽʚ, ʷʢ REP, ʪʘʢ ʽ TCI, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʥʘʙʝʨʝʞʥʽʡ: REPmin = 719,08 ʥʤ, TCI min 

= 2,214, ʘ ʥʘʡʚʠʱʽ ï ʜʣʷ ʛʘʟʦʥʫ ʩʪʘʜʽʦʥʫ ñɼʠʥʘʤʦò: REPmax = 721,51 ʥʤ, TCI max = 

2,671. ʈʽʟʥʠʮʷ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʽ ʤʽʥʽʤʘʣʴʥʠʤʠ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʮʠʭ 

ʽʥʜʝʢʩʽʚ ʩʪʘʥʦʚʠʪʴ ʜʣʷ REP ʧʨʠʙʣʠʟʥʦ 2,5 ʥʤ, ʘ ʜʣʷ TCI ï 0,46. ɺʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʥʘʡʤʝʥʰʽ 

ʜʣʷ ʦʙʦʭ ʽʥʜʝʢʩʽʚ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʪʨʘʚôʷʥʦʛʦ ʛʘʟʦʥʫ ʩʪʘʜʽʦʥʫ, ʘ ʥʘʡʙʽʣʴʰʽ ï 

ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʪʨʘʚʠ ʥʘ ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ. ʎʝ, ʡʤʦʚʽʨʥʦ, ʟʫʤʦʚʣʝʥʦ 

ʪʠʤ, ʱʦ ʛʘʟʦʥ ʩʪʘʜʽʦʥʫ ʧʦʩʪʽʡʥʦ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚ ʜʦʙʨʦʤʫ ʩʪʘʥʽ ʽ ʥʝ ʟʘʟʥʘʻ 

ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʜʦʚʢʽʣʣʷ. ʅʘʪʦʤʽʩʪʴ, ʪʨʘʚôʷʥʠʡ ʧʦʢʨʠʚ ʛʘʟʦʥʫ ʥʘ 

ʥʘʙʝʨʝʞʥʽʡ ʧʦʩʪʽʡʥʦ ʟʘʟʥʘʻ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʷʢʠʡ ʱʦʜʥʷ 

ʨʫʭʘʻʪʴʩʷ ʧʦʨʷʜ.  

ɿʘ ʜʘʥʠʤʠ ʦʙʯʠʩʣʝʥʴ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʩʧʝʢʪʨʽʚ, ʥʘʚʝʜʝʥʠʭ ʥʘ 

ʨʠʩ. 3.4, ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ REP ʽ TCI ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʚ ʪʦʯʢʘʭ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʛʘʟʦʥʽʚ ʩʪʘʜʽʦʥʫ ï REP = 721,45 ʥʤ, TCI = 2,808 ʪʘ 

ʄʘʨʽʾʥʩʴʢʦʛʦ ʧʘʨʢʫ ï REP = 721,43 ʥʤ, TCI = 2,688. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʩʧʝʢʪʨʠ 

ʚʽʜʙʠʪʪʷ ʚ ʮʠʭ ʪʦʯʢʘʭ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʙʽʛʘʶʪʴʩʷ ʚ ʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ  

350, 850 ʥʤ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʩʧʝʢʪʨ ʚʽʜʙʠʪʪʷ ʪʨʘʚʠ ʥʘ ʥʘʙʝʨʝʞʥʽʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 
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ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʩʧʝʢʪʨʽʚ ʷʢ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ, ʪʘʢ ʽ ʥʠʞʯʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʝʢʩʽʚ: REP = 716,83 ʥʤ, TC = 1,490. ʈʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ REP 

ʜʣʷ ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 3.4 ʩʧʝʢʪʨʽʚ ʧʝʨʝʚʠʱʫʻ 4 ʥʤ, ʘ ʟʥʘʯʝʥʥʷ ʭʣʦʨʦʬʽʣʴʥʦʛʦ 

ʽʥʜʝʢʩʫ TCI ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʛʘʟʦʥʫ ʩʪʘʜʽʦʥʫ, 

ʩʪʘʥ ʷʢʦʛʦ ʤʘʡʞʝ ʟʘʚʞʜʠ ʩʪʘʙʽʣʴʥʠʡ. ʎʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʩʧʝʢʪʨʘʭ ʚʽʜʙʠʪʪʷ 

ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʤʝʥʰʝʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ REP ʥʘ 2,5 ʥʤ (ñʩʠʥʽʡ 

ʟʩʫʚò) ʽ ʭʣʦʨʦʬʽʣʴʥʦʛʦ ʽʥʜʝʢʩʫ TCI ʥʘ 0,39. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ 

ʧʦʥʘʜ 2 ʥʤ ʚʢʘʟʫʶʪʴ ʥʘ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʦʟʩʽʶʚʘʥʥʷ ʟʥʘʯʝʥʴ REP ʜʣʷ 

ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʥʘ ʥʘʙʝʨʝʞʥʽʡ: 716 ʥʤ Ò REP Ò 723 ʥʤ. ɸʥʘʣʦʛʽʯʥʫ ʧʦʚʝʜʽʥʢʫ 

ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʽ ʜʣʷ ʟʥʘʯʝʥʴ ʭʣʦʨʦʬʽʣʴʥʦʛʦ ʽʥʜʝʢʩʫ TCI.  

ʊʘʙʣʠʮʷ 3.26 

ɿʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ REP ʽ TCI ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ 

ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ 2009-2012 ʨʨ. 

 ̄

ʟ/ʧ 
ʊʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʂʽʣʴʢʽʩʪʴ  

ʩʧʦʩʪʝʨʝʞʝʥʴ 
REP (ʥʤ) TCI 

1 ʉʪʘʜʽʦʥ ñɼʠʥʘʤʦò 5 721,51 Ñ 0,82 2,671 Ñ 0,215 

2 ʄʘʨʽʾʥʩʴʢʠʡ ʧʘʨʢ 4 720,14 Ñ 1,57 2,332 Ñ 0,554 

3 ʅʘʙʝʨʝʞʥʘ ɼʥʽʧʨʘ 5 719,08 Ñ 2,45 2,214 Ñ 1,014 

 

ɿʽʩʪʘʚʣʝʥʥʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥʠ 

ʭʚʠʣʴ   350-1000 ʥʤ ʫ ʪʨʴʦʭ ʪʦʯʢʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ ʚʽʜ 07.06.2010 ʨ. ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.4. ɿʤʝʥʰʝʥʥʷ 

ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʽʚ REP ʽ TCI ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʪʨʘʚʠ ʥʘ ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ 

ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʛʽʨʰʠʡ [32, 33], ʥʽʞ ʫ ʄʘʨʽʾʥʩʴʢʦʤʫ ʧʘʨʢʫ, ʝʢʦʣʦʛʽʯʥʠʡ 

ʩʪʘʥ, ʥʘ ʱʦ ʽ ʚʢʘʟʫʻ ñʩʠʥʽʡ ʟʩʫʚò REP, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 4,6 ʥʤ. ʆʜʥʦʯʘʩʥʝ 

ʟʤʝʥʰʝʥʥʷ REP ʽ TCI ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʪʦʯʮʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʚʽʜʯʠʪʴ, ʱʦ ʦʙʠʜʚʘ 

ʽʥʜʝʢʩʠ REP ʽ TCI ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʚʠʷʚʣʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ 

ʩʪʨʝʩʽʚ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ, ʟʫʤʦʚʣʝʥʠʭ ʥʝʩʧʨʠʷʪʣʠʚʠʤʠ ʯʠʥʥʠʢʘʤʠ ʜʦʚʢʽʣʣʷ. 

ʅʘ ʨʠʩ. 3.5 ʧʦʢʘʟʘʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ REP ʽ TCI ʜʣʷ 

ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ 14 ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʚ ʪʨʴʦʭ ʪʦʯʢʘʭ ʟ 2009 ʜʦ 

2012 ʨ. 
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ʈʠʩ. 3.4. ɻʨʘʬ̔ʢʠ ʟʤʽʥʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʧʰʝʥʠʮʽ ʟʘ 

ʤʝʞʘʤʠ ʨʦʜʦʚʠʱʘ R1( ) ʪʘ ʥʘʜ ɻʣʽʙʦʚʩʴʢʠʤ ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ R2( ) ʟʘ 

ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpec3FR ʚʽʜ 27.05.2010 ʨ. 

 

 

ʈʠʩ. 3.5. ʂʦʨʝʣʷʪʠʚʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ REP ʽ TCI (R
2 
= 0,45, r = 0,95, n 

= 14) ʚ ʪʦʯʢʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ:  ï ʛʘʟʦʥ ʩʪʘʜʽʦʥʫ çɼʠʥʘʤʦò 

(n = 5); ƶ ï ʛʘʟʦʥ ʄʘʨʽʾʥʩʴʢʦʛʦ ʧʘʨʢʫ (n = 4); ǒ ï ʪʨʘʚôʷʥʠʡ ʧʦʢʨʠʚ ʥʘ 

ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ (n = 5) 
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ɺʦʩʝʥʠ 2010 ʨ. ʩʪʘʥ ʛʘʟʦʥʫ ʥʘ ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ ʙʫʚ ʥʘʡʛʽʨʰʠʡ, ʥʘ ʱʦ 

ʚʢʘʟʫʶʪʴ ʥʘʡʥʠʞʯʽ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʨʠʩ. 3.5) ʟʥʘʯʝʥʥʷ ʦʙʦʭ 

ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʚʽʜ 14.09.2010 ʨ.:  

REP = 715,05 ʥʤ, TCI = 1,117.  

ʅʘ ʨʠʩ. 3.5 ʚʠʜʥʦ, ʱʦ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ REP ʽ TCI ʽʩʥʫʻ ʩʠʣʴʥʘ ʢʦʨʝʣʷʮʽʷ ʽʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ r = 0,95. ɿʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʥʘ ʛʨʘʬʽʢʫ ʟʤʽʥʶʶʪʴʩʷ 

ʚʽʜ REPmin = 715,05 ʥʤ, TCImin = 1,179 ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 14.09.2010 

ʨ. ʜʦ ʤʘʢʩʠʤʘʣʴʥʠʭ REPmax = 723,5 ʥʤ, TCImax = 3,799 ʟʘ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 20.09.2012 ʨ. ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ REP ʩʪʘʥʦʚʠʪʴ 8,45 ʥʤ, ʘ TCI ï 

2,62. ʗʢ ʤʘʢʩʠʤʘʣʴʥʽ, ʪʘʢ ʽ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ ʟʘʬʽʢʩʦʚʘʥʦ ʜʣʷ 

ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ. ɺʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʦʙʦʭ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʥʘʙʝʨʝʞʥʽʡ ʚʦʩʝʥʠ 2012 ʨ. ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʭʦʨʦʰʠʤ ʩʪʘʥʦʤ ʪʨʘʚʠ ʚ ʟʚôʷʟʢʫ ʽʟ 

ʪʨʠʚʘʣʦʶ ʪʝʧʣʦʶ ʜʦʱʦʚʦʶ ʧʦʛʦʜʦʶ ʪʘ ʦʙʤʝʞʝʥʥʷʤ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʨʫʭʫ ʯʝʨʝʟ 

ʨʝʤʦʥʪ ʜʦʨʦʛʠ.  

ʂʨʽʤ ʪʦʛʦ, ʪʝʧʣʘ ʜʦʱʦʚʘ ʧʦʛʦʜʘ ʩʪʠʤʫʣʶʚʘʣʘ ʨʽʩʪ ʪʨʘʚʠ ʷʢ ʥʘ 

ʥʘʙʝʨʝʞʥʽʡ, ʪʘʢ ʽ ʚ ʄʘʨʽʾʥʩʴʢʦʤʫ ʧʘʨʢʫ, ʜʝ ʪʝʞ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʽʚ REP = 721,94 ʥʤ, TCI = 3,01, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷREP = 720,24 ʥʤ, TCI  = 2,41 ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɿʛʽʜʥʦ ʟ 

ʜʘʥʠʤʠ ʪʘʙʣ. 3.26, ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʪʨʴʦʭ ʪʦʯʢʘʭ ʙʣʠʟʴʢʽ ʜʦ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ 

ʮʠʭ ʽʥʜʝʢʩʽʚ ʟʘ ʮʝʡ ʞʝ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʄʘʨʽʾʥʩʴʢʦʤʫ 

ʧʘʨʢʫ (ʪʘʙʣ. 3.26). ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ, ʙʣʠʟʴʢʝ ʜʦ 1, ʚʢʘʟʫʻ ʥʘ 

ʤʘʡʞʝ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʽʥʜʝʢʩʘʤʠ REP ʽ TCI ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ 

ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ [38]. ʄʦʜʝʣʴ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʟʘʣʝʞʥʦʩʪʽ REP ʚʽʜ TCI ʜʣʷ 

TCI  1,18, 3,80 ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

xxy 15,366,712)(  (ʥʤ), (3.15) 

ʜʝ x ï ʟʥʘʯʝʥʥʷ TCI, ʦʙʯʠʩʣʝʥʝ ʟʘ ʬʦʨʤʫʣʦʶ (3.14); y(x) = REP (TCI). 
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ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʤʦʜʝʣʽ r
2 
= 0,90, ʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ R
2 
= 0,45 ʜʣʷ n = 14. ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ (3.15), ʧʨʦʛʥʦʟʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ REP ʽ TCI ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 716,37 ʥʤ ʜʦ 724,63 ʥʤ ʜʣʷ 1,18 Ò TCI Ò 

3,80. 

ʇʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʩʫʚʽʚ REP ʱʦʜʦ 

ʡʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʚʝʣʠʯʠʥʘʤʠ ʽʥʜʝʢʩʫ TCI ʟ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʫʟʛʦʜʞʝʥʦʩʪʽ (Index of agreement) d ʤʦʜʝʣʽ (3.15) ʟʘ ʜʘʥʠʤʠ 

ʚʠʤʽʨʶʚʘʥʴ ʦʙʯʠʩʣʝʥʦ ʟʘ ʬʦʨʤʫʣʦʶ [39, 40]: 

,98,0
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(3.16) 

ʜʝ iy  ï  ʟʥʘʯʝʥʥʷ REPi, ʦʙʯʠʩʣʝʥʽ ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ 

ʬʦʨʤʫʣʦʶ (3.13); 
ix  ï  ʟʥʘʯʝʥʥʷ TCIi, ʚʠʨʘʭʫʚʘʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ (3.14); )( ixy  ï 

ʟʥʘʯʝʥʥʷ REPi, ʦʙʯʠʩʣʝʥ ̔ʟʘ ʬʦʨʤʫʣʦʶ (3.15) ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ 
ix  = TCIi, i = 14,1 , 

y  = REP; n = 14 ï ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ɿʥʘʯʝʥʥʷ d , ʙʣʠʟʴʢʝ ʜʦ 1, ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʙʨʫ ʫʟʛʦʜʞʝʥʽʩʪʴ ʧʨʦʛʥʦʟʥʦʾ 

ʤʦʜʝʣʽ ʽʟ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ [39, 40]. 

ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʧʨʦʛʥʦʟʥʦʾ ʤʦʜʝʣʽ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ (3.15) ʚʠʢʦʨʠʩʪʘʥʦ 

ʜʘʥʽ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʚʽʜ 06 ʯʝʨʚʥʷ 2013 ʨ. ʫ ʪʠʭ ʞʝ 

ʪʦʯʢʘʭ. ɿʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʦʙʯʠʩʣʝʥʦ ʟʥʘʯʝʥʥʷ REP ʽ TCI ʚ 

ʧʦʩʪʽʡʥʠʭ ʪʦʯʢʘʭ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ. ɺ ʪʘʙʣ. 3.27 ʧʦʜʘʥʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ REPʩ ʽ 

TCIʩ, ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ (3.13) ʽ (3.14), ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ REPʧʨ. 

TCIʩ , ʦʜʝʨʞʘʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (3.15). 

ʊʘʙʣʠʮʷ 3.27 

ɿʽʩʪʘʚʣʝʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʟʥʘʯʝʥʴ REP ʧʨ ʟʘ ʬʦʨʤʫʣʦʶ (3.15) ʪʘ 

ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʚʽʜ 06.06.2013 ʨ. 

 ̄

ʟ/ʧ 
ʊʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʴ REP ʩ (ʥʤ) TCI ʩ REP ʧʨ. (ʥʤ) æ REP = RE ʩ ï REP ʧʨ. (ʥʤ) 

1 
ɻʘʟʦʥ ʩʪʘʜʽʦʥʫ 

òɼʠʥʘʤʦò 
719,77 2,231 719,69 0,09 

2 
ɻʘʟʦʥ ʄʘʨʽʾʥʩʴʢʦʛʦ 

ʧʘʨʢʫ 
718,98 1,843 718,46 0,52 

3 
ʊʨʘʚôʷʥʠʡ ʧʦʢʨʠʚ 

ʥʘʙʝʨʝʞʥʦ ʾɼʥʽʧʨʘ 
714,11 1,090 716,09 -1,98 
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ʗʢ ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʦʙʯʠʩʣʝʥʴ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.27, ʧʨʦʛʥʦʟʦʚʘʥʽ ʟʘ 

ʬʦʨʤʫʣʦʶ (3.15) ʟʥʘʯʝʥʥʷ REPʧʨ. ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ 

ʜʚʦʭ ʪʦʯʢʘʭ: ʥʘ ʛʘʟʦʥʘʭ ʩʪʘʜʽʦʥʫ òɼʠʥʘʤʦò ʽ ʄʘʨʽʾʥʩʴʢʦʛʦ ʧʘʨʢʫ. ʅʘʡʙʽʣʴʰʫ 

ʨʽʟʥʠʮʶ ʚ ʟʥʘʯʝʥʥʷʭ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ REP ʜʣʷ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʥʘʙʝʨʝʞʥʽʡ ɼʥʽʧʨʘ ʤʘʡʞʝ 2 ʥʤ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

(3.15) ʚʠʟʥʘʯʝʥʝ ʜʣʷ ʟʥʘʯʝʥʴ TCI Ó 1,18, ʘ ʟʥʘʯʝʥʥʷ TCIʩ = 1,09 ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ 

ʤʝʞʝʶ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʛʥʦʟʥʦʾ ʤʦʜʝʣʽ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ 

ʚʝʣʠʯʠʥʘʤʠ REP ʽ TCI ʪʘ ʧʦʙʫʜʦʚʘʥʘ ʧʨʦʛʥʦʟʥʘ ʤʦʜʝʣʴ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʪʝʥʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ ʽʥʜʝʢʩʫ TCI ʩʣʫʛʫʚʘʪʠ ʽʥʜʠʢʘʪʦʨʦʤ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʪʨʝʩʫ, ʘ ʪʘʢʦʞ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʣʷ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʽʜʙʠʪʪʷ ʈʇ ʟʘ ʢʦʩʤʦʟʥʽʤʢʘʤʠ ʪʠʭ ʩʝʥʩʦʨʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʚ ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʪʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʥʘʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ TCI, 

ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʂɸ RapidEye [41]. 

3.4. ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʂɸ, ʷʢʘ ʤʽʥʽʤʽʟʫʻ ʨʦʟʨʠʚʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ (ʧʦʣʽʛʦʥʘʭ) ɼɿɿ 

ʉʫʯʘʩʥʽ ɯʏ- ʽ ʅɺʏ-ʨʘʜʽʦʤʝʪʨʠʯʥʽ ʧʨʠʣʘʜʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʂɸ, ʤʘʶʪʴ 

ʥʝʚʝʣʠʢʫ ʤʘʩʫ, ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦʣʽʚ ʚʣʘʩʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʽʣʷʥʦʢ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʘʢʚʘʪʦʨʽʡ, ʘʪʤʦʩʬʝʨʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʨʠʣʘʜʽʚ ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʚ ʷʢʠʭ ʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜʙʠʪʝ ʩʦʥʷʯʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʦʥʠ ʜʦʧʫʩʢʘʶʪʴ ʮʽʣʦʜʦʙʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ ʜʽʣʷʥʦʢ ʷʢ ʥʘ 

ʦʩʚʽʪʣʝʥʽʡ, ʪʘʢ ʽ ʥʘ ʪʽʥʴʦʚʠʡ ʧʦʚʝʨʭʥʷʭ ɿʝʤʣʽ. ʇʨʠʥʮʠʧʦʚʘ ʤʦʞʣʠʚʽʩʪʴ 

ʘʧʘʨʘʪʫʨʠ ʟʜʽʡʩʥʶʚʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʦʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʾ 

ʦʩʚʽʪʣʝʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʠ, ʧʨʠ ʚʠʙʦʨʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʙʦʯʠʭ ʦʨʙʽʪ ʫʛʨʫʧʦʚʘʥʥʷ, ʨʦʟʨʠʚʠ ʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʂɸ ʚ 

ʩʢʣʘʜʽ ʫʛʨʫʧʦʚʘʥʥʷ. ɯʥʰʘ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʨʦʟʨʠʚʽʚ ʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ, ʟʙʝʨʽʛʰʠ ʩʫʮʽʣʴʥʠʡ ʦʛʣʷʜ ʢʫʣʴʦʚʦʛʦ ʧʦʷʩʘ, ʚ ʷʢʦʤʫ 

ʨʦʟʪʘʰʦʚʘʥʘ ʢʦʥʪʨʦʣʴʦʚʘʥʘ ʟʦʥʘ, ʽ ʜʦʧʫʩʢʘʶʯʠ ʫʪʚʦʨʝʥʥʷ ʣʘʢʫʥ (ʧʨʦʧʫʩʢʽʚ, 

ʱʽʣʠʥ) ʥʘ ʰʠʨʦʪʘʭ ʙʣʠʞʯʝ ʜʦ ʝʢʚʘʪʦʨʘ, ʤʦʞʥʘ ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ ʧʝʨʽʦʜʠʯʥʽʩʪʴ 

ʟʦʥʘʣʴʥʦʛʦ ʦʛʣʷʜʫ. ʇʽʜ ʩʫʮʽʣʴʥʠʤ ʦʛʣʷʜʦʤ ʜʝʷʢʦʾ ʪʝʨʠʪʦʨʽʾ (ʟʦʥʠ) ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʨʦʟʫʤʽʶʪʴ ʧʦʢʨʠʪʪʷ ʾʾ ʩʤʫʛʘʤʠ ʦʛʣʷʜʫ ʚ ʧʦʢʨʠʪʪʽ. ɿʩʫʚ ʩʤʫʛ ʦʛʣʷʜʫ 



105 
 

  

ʚʥʘʩʣʽʜʦʢ ʜʦʙʦʚʦʛʦ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʚ ʢʫʪʦʚʦʤʫ ʚʠʤʽʨʽ ʥʘ ʙʫʜʴ-ʷʢʽʡ 

ʛʝʦʮʝʥʪʨʠʯʥʽʡ ʰʠʨʦʪʽ ʦʜʥʘʢʦʚʠʡ, ʧʨʦʪʝ ʚ ʣʽʥʽʡʥʠʭ ʤʝʪʨʠʯʥʠʭ ʦʜʠʥʠʮʷʭ 

ʤʽʞʚʠʪʢʦʚʘ ʚʽʜʩʪʘʥʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʝʢʚʘʪʦʨʽʘʣʴʥʦʾ ʰʠʨʦʪʠ ʽ 

ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʝʢʚʘʪʦʨʽ. ʄʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ 

ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʧʝʨʝʜʫʤʦʚ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʥʝʚʝʣʠʢʦʶ ʤʘʩʦʶ ʙʦʨʪʦʚʦʾ ɯʏ- ʽ 

ʅɺʏ-ʘʧʘʨʘʪʫʨʠ ʜʦʟʚʦʣʠʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʛʝʦʤʦʥʽʪʦʨʠʥʛʦʚʫ ʩʠʩʪʝʤʫ ʟʦʥʘʣʴʥʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʤʽʢʨʦʩʫʧʫʪʥʠʢʦʚʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ. ɺʞʝ ʥʘ ʨʘʥʥʽʡ 

ʩʪʘʜʽʾ ʨʦʟʛʣʷʜʫ ʧʨʦʝʢʪʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʦʩʪʽ 

ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʟ ʜʦʧʫʩʪʠʤʠʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʢʨʠʪʪʷ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʧʦʧʝʨʝʜʥʽʡ ʨʦʟʨʘʭʫʥʦʢ ʩʪʨʫʢʪʫʨʠ ʽ ʧʘʨʘʤʝʪʨʽʚ ʦʨʙʽʪ ʫʛʨʫʧʦʚʘʥʥʷ ʂɸ, 

ʚʠʩʫʥʫʪʠ ʤʦʪʠʚʦʚʘʥʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʧʨʠʣʘʜʽʚ ʢʦʨʠʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʂɸ, 

ʟʦʢʨʝʤʘ ʜʦ ʜʦʧʫʩʪʠʤʠʭ ʢʫʪʽʚ ʦʛʣʷʜʫ ʘʧʘʨʘʪʫʨʠ. ɼʦ ʪʘʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʦʞ 

ʚʽʜʥʝʩʝʥʽ ʽ ʂɸ ʟ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʶ ʘʧʘʨʘʪʫʨʦʶ, ʦʜʥʘʢ ʾʭ ʨʝʘʣʽʟʘʮʽʷ ʤʦʞʣʠʚʘ ʚ 

ʢʣʘʩʽ ʤʽʥʽ ʘʙʦ ʤʘʣʠʭ ʂɸ. ɺʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʧʝʨʝʜʫʤʦʚʠ ʜʦ ʨʘʮʽʦʥʘʣʴʥʦʾ 

ʧʦʙʫʜʦʚʠ ʦʨʙʽʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʙʫʣʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʠʥʪʝʟʫ ʫʛʨʫʧʦʚʘʥʥʷ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʪʝʦʨʝʪʠʯʥʘ ʽ ʧʨʘʢʪʠʯʥʘ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʨʙʽʪ ʫʛʨʫʧʦʚʘʥʴ ʂɸ ʜʣʷ ʦʛʣʷʜʫ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʋʢʨʘʾʥʠ ʥʝ ʜʦʩʪʘʪʥʴʦ ʨʦʟʨʦʙʣʝʥʘ. ʅʘʡʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ 

ʜʣʷ ʮʽʣʦʜʦʙʦʚʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʦʛʣʷʜʫ ɿʝʤʣʽ ʻ ʦʨʙʽʪʘʣʴʥʽ ʫʛʨʫʧʦʚʘʥʥʷ, 

ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʜʝʣʴʪʘ-ʩʭʝʤʘʤʠ [42], ʢʽʥʝʤʘʪʠʯʥʦ ʧʨʘʚʠʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʰʪʫʯʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ɿʝʤʣʽ (ʐʉɿ) [43], ʘ ʪʘʢʦʞ ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʧʦʣʷʨʥʠʭ 

ʦʨʙʽʪʘʭ [44]. ɺ ʜʘʥʠʡ ʯʘʩ ʟʥʘʭʦʜʷʪʴ ʩʪʨʫʢʪʫʨʠ ʫʛʨʫʧʦʚʘʥʴ ʪʘ ʧʘʨʘʤʝʪʨʠ ʾʭ 

ʥʝʟʙʫʨʝʥʠʭ ʦʨʙʽʪ, ʷʢʽ ʧʝʨʝʚʝʨʰʫʶʪʴ ʟʛʘʜʘʥʽ ʚʠʱʝ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʦʛʣʷʜʫ 

ɿʝʤʣʽ [45, 46]. ɿʦʢʨʝʤʘ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʩʠʥʪʝʟʫ ʫʛʨʫʧʦʚʘʥʴ ʽ 

ʘʧʘʨʘʪʫʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʧʦʰʫʢʦʚʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʠʤʠ ʟ ʷʢʠʭ ʻ ʨʽʟʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ [46, 

47]. ʆʜʥʘʢ ʚʽʜʩʫʪʥʽʩʪʴ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʙʽʞʥʦʩʪʽ ʤʝʪʦʜʽʚ ʥʘʡʯʘʩʪʽʰʝ ʧʨʠʟʚʦʜʠʪʴ 
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ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʨʽʰʝʥʥʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ñʢʨʘʱʝ ʧʦʧʝʨʝʜʥʴʦʛʦò, ʱʦ ʧʨʠʪʘʤʘʥʥʝ 

ʚʩʽʤ ʘʣʛʦʨʠʪʤʘʤ ʧʦʰʫʢʦʚʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʦ ʧʦʥʷʪʪʷ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʧʦʢʨʠʪʪʷ (ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʦʛʣʷʜʫ). 

ʇʦʢʨʠʪʪʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ï ʮʝ ʪʘ ʯʘʩʪʠʥʘ ɿʝʤʣʽ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʜʥʦʨʘʟʦʚʦ 

ʧʝʨʝʛʣʷʥʫʪʘ ʘʙʦ ʧʨʦʛʣʷʜʘʻʪʴʩʷ ʜʝʷʢʠʡ ʯʘʩ ʙʦʨʪʦʚʦʶ ʘʧʘʨʘʪʫʨʦʶ ʂɸ. 

ʄʦʞʣʠʚʽʩʪʴ ʧʦʢʨʠʪʪʷ ʧʝʚʥʠʭ ʨʘʡʦʥʽʚ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʫʛʨʫʧʦʚʘʥʴ ʂɸ. ɺʠʜʽʣʷʶʪʴ ʜʚʘ ʚʘʞʣʠʚʠʭ ʝʣʝʤʝʥʪʠ ʧʨʠ ʦʮʽʥʮʽ ʧʦʢʨʠʪʪʷ. 

ʄʠʪʪʻʚʝ ʧʦʣʝ ʟʦʨʫ (ʤʠʪʪʻʚʽ ʟʦʥʠ ʦʛʣʷʜʫ) ï ʧʣʦʱʘ, ʷʢʫ ʤʦʞʥʘ ʦʛʣʷʥʫʪʠ 

ʧʨʠʣʘʜʦʤ ʚ ʙʫʜʴ-ʷʢʠʡ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ, ï ʧʝʨʰʠʡ ʝʣʝʤʝʥʪ. ʅʘ ʥʠʟʴʢʠʭ 

ʥʘʚʢʦʣʦʟʝʤʥʠʭ ʦʨʙʽʪʘʭ ʩʫʧʫʪʥʠʢ ʨʫʭʘʻʪʴʩʷ ʰʚʠʜʢʦ, ʪʦʤʫ ʜʨʫʛʠʤ ʚʘʞʣʠʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʻ ʰʚʠʜʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ï ʰʚʠʜʢʽʩʪʴ, ʟ ʷʢʦʶ ʥʦʚʘ ʧʦʚʝʨʭʥ ̫ʧʦʪʨʘʧʣʷʻ 

ʚ ʧʦʣʝ ʟʦʨʫ ʧʨʠ ʨʫʩʽ ʩʫʧʫʪʥʠʢʘ. ɸʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʜʝʪʘʣʽʟʘʮʽʾ 

ʧʦʢʨʠʪʪʷ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʩʪʠʤ ʩʧʦʩʦʙʦʤ ʧʨʦʩʪʝʞʠʪʠ: ʯʘʩʪʦʪʫ ʧʝʨʝʛʣʷʜʫ 

ʪʦʯʢʠ, ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ ʣʘʢʫʥʠ ʚ ʧʦʢʨʠʪʪʽ; ʤʦʞʣʠʚʽʩʪʴ ʦʛʣʷʜʫ ʮʽʣʝʡ ʧʨʠ ʨʽʟʥʠʭ 

ʢʫʪʘʭ ʉʦʥʮʷ; ʦʪʨʠʤʘʪʠ ʽʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʦʮʽʥʢʠ ʧʦʢʨʠʪʪʷ; ʢʨʽʤ ʪʦʛʦ, ʚʦʥʠ 

ʥʝ ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʠʪʪʷ. 

ʆʙʯʠʩʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʠʪʪʷ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ 

ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʨʽʚʥʦʤʽʨʥʦʾ ʤʦʜʝʣʴʥʦʾ ʩʽʪʢʠ ʟ ʢʨʦʢʦʤ 0,50 

(55,6) ʢʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʦʯʢʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ; ʰʣʷʭʦʤ 

ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʤʦʜʝʣʶʶʪʴʩʷ ʦʨʙʽʪʘʣʴʥʽ ʨʫʭʠ ʫʛʨʫʧʦʚʘʥʥʷ ʂɸ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʨʘʩʠ ʥʘ ʦʙʝʨʪʦʚʦʤʫ ʝʣʽʧʩʦʾʜʽ ɿʝʤʣʽ ʽ ʧʦ ʟʘʜʘʥʠʭ ʢʫʪʘʭ ʦʛʣʷʜʫ 

ʙʦʨʪʦʚʦʾ ʘʧʘʨʘʪʫʨʠ ʚʽʜʩʣʽʜʢʦʚʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʛʣʷʜʫ ʜʣʷ ʢʦʞʥʦʾ 

ʪʦʯʢʠ ʚ ʩʽʪʮʽ. ɿʙʽʨ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʦ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʫ ʫʛʨʫʧʦʚʘʥʥʷ ʟ 

ʧʦʜʘʣʴʰʠʤ ʦʙʯʠʩʣʝʥʥʷʤ ʢʨʠʪʝʨʽʶ ʧʦʢʨʠʪʪʷ ʧʨʦʚʦʜʠʚʩʷ ʧʨʦʪʷʛʦʤ 48 ʜʽʙ 

ʤʦʜʝʣʴʥʦʛʦ ʯʘʩʫ. ʂʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʙʽʪʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʟʘʚʜʘʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʬʦʨʤʫʣʶʻʪʴʩʷ ʷʢ 

ʟʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʘʩʫ ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ ʚʩʽʭ 216 ʪʦʯʢʦʚʠʭ 

ʦʙ'ʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ min (F), ʜʝ F = (max (RT)) ï 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ. ʏʘʩ ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ (Revisit time) ï ʮʝ 

ʧʦʢʘʟʥʠʢ, ʱʦ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʷʢʽ 
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ʥʝ ʜʦʩʷʛʘʶʪʴ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʦʙʣʘʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ʏʘʩ 

ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ ï ʮʝ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʜʘʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ɿʝʤʣʽ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʨʙʽʪʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʂɸ. ʂʨʘʱʦʶ ʚʚʘʞʘʻʪʴʩʷ ʪʘʢʠʡ ʚʘʨʽʘʥʪ 

ʫʛʨʫʧʦʚʘʥʥʷ, ʜʣʷ ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ max RT ʥʘʡʤʝʥʰʝ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʫʛʨʫʧʦʚʘʥʥʷ, ʢʨʽʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʧʦʢʨʠʪʪʷ 

ʟʦʥʠ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʡ ʽʥʰʽ ʚʠʤʦʛʠ, ʥʘʧʨʠʢʣʘʜ ʝʢʩʧʣʫʘʪʘʮʽʶ ʂɸ, ʤʘʩʰʪʘʙʠ 

ʨʝʻʩʪʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʬʽʥʘʥʩʦʚʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʽʣʴʢʽʩʪʴ ʂɸ ʽ ʾʭ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʽ ʚʠʤʦʛʠ ʚʠʩʫʚʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʦʙʤʝʞʝʥʥʷ ʜʦ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʂɸ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʤʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʦʙʤʝʞʝʥʴ: 

ʦʨʙʽʪʠ ʚʩʽʭ ʂɸ ʢʨʫʛʦʚʽ ï ʚʠʤʦʛʘ ʦʪʨʠʤʘʥʥʷ ʨ̔ʚʥʦʤʘʩʰʪʘʙʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

ʦʨʙʽʪʠ ʢʚʘʟʽʩʠʥʭʨʦʥʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʽ ʚ ʯʘʩʽ; ʂɸ ʚ ʫʛʨʫʧʦʚʘʥʥʽ 

ʤʘʶʪʴ ʦʜʥʫ ʚʠʩʦʪʫ H ʪʘ ʥʘʭʠʣ i ï ʤʽʢʨʦʩʫʧʫʪʥʠʢʠ ʚ ʫʛʨʫʧʦʚʘʥʥʽ, ʷʢ ʧʨʘʚʠʣʦ, 

ʤʘʶʪʴ ʦʜʥʫ ʚʠʩʦʪʫ ʦʨʙʽʪ ʽ ʥʘʭʠʣʽʚ, ʪʦʤʫ ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʝʡʬʫ ʦʨʙʽʪ 

ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʂɸ ʥʘ ʦʨʙʽʪʘʭ ʟ ʨʽʟʥʠʤʠ ʚʠʩʦʪʘʤʠ ʘʙʦ 

ʥʘʭʠʣʘʤʠ ʜʨʝʡʬʫʶʪʴ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʾʭ 

ʚʟʘʻʤʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʟ ʧʣʠʥʦʤ ʯʘʩʫ. ʊʦʤʫ ʂɸ ʟ ʨʽʟʥʦʶ ʚʠʩʦʪʦʶ ʽ ʥʘʭʠʣʦʤ ʥʝ 

ʤʦʞʫʪʴ ʜʦʙʨʝ ʧʨʘʮʶʚʘʪʠ ʷʢ ʫʛʨʫʧʦʚʘʥʥʷ ʪʨʠʚʘʣʠʡ ʯʘʩ. ɰʭ ʦʨʙʽʪʠ ʧʨʝʮʝʩʫʶʪʴ ʟ 

ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʽ ʥʘʙʽʨ ʧʣʦʱʠʥ, ʱʦ ʤʘʻ ʧʝʚʥʫ ʛʝʦʤʝʪʨʠʯʥʫ ʩʪʨʫʢʪʫʨʫ, 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ. ʅʘ ʧʽʜʪʨʠʤʢʫ ʪʘʢʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʚʝʣʠʢʠʡ ʟʘʧʘʩ ʝʥʝʨʛʽʾ, ʽ ʪʘʢʫ ʪʘʢʪʠʢʫ ʥʝ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ 

ʤ̔ ʢʨʦʩʫʧʫʪʥʠʢʽʚ: ʜʽʘʧʘʟʦʥ ʚʠʩʦʪʠ H = 650, 750 ʢʤ; ʢʽʣʴʢʽʩʪʴ ʫʛʨʫʧʦʚʘʥʥʷ ʂɸ 

N = 2 ï ʬʽʥʘʥʩʦʚʽ ʦʙʤʝʞʝʥʥʷ. 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʚʩʷ ʤʝʪʦʜʦʤ ʧʦʰʫʢʦʚʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʨʝʘʣʽʟʘʮʽʷʭ ʨʦʟʛʣʷʥʫʪʠʭ ʤʦʜʝʣʝʡ ʽ ʦʙʤʝʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʥʷ 

ʩʠʥʪʝʟʫ. ɿʘ ʧʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ʙʫʣʘ ʦʙʨʘʥʘ ʩʭʝʤʘ ʢʦʤʧʦʥʫʚʘʥʥʷ ʂɸ [42] ʟ 

ʜʦʚʛʦʪʦʶ ʚʠʩʭʽʜʥʦʛʦ ʚʫʟʣʘ  = 0
0
 ʽ ʘʨʛʫʤʝʥʪʦʤ ʰʠʨʦʪʠ u = 0

0
 ʜʣʷ ʂɸ-1. 

ʆʨʙʽʪʘʣʴʥʘ ʩʠʩʪʝʤʘ ʟʘʛʘʣʴʥʦʶ ʯʠʩʝʣʴʥʽʩʪʶ N ʂɸ ʩʢʣʘʜʘʻʪʴʩʷ ʟ N1 ʛʨʫʧ ʧʦ N2 

ʂɸ ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ ʪʘʢ, ʱʦ N = N1N2. ʋ ʢʦʞʥʽʡ ʛʨʫʧʽ ʂɸ ʨʫʭʘʶʪʴʩʷ ʟʘ ʻʜʠʥʦʶ 

ʜʣʷ ʛʨʫʧʠ ʪʨʘʩʦʶ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʨʠʢʣʘʜʫ N1 = 2, N2 = 1, N = 2. ʇʦʜʘʣʴʰʝ 

ʥʘʨʦʱʫʚʘʥʥʷ ʫʛʨʫʧʦʚʘʥʥʷ ʟ ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʨʦʟʨʠʚʽʚ ʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ 
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ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ. ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʧʘʨʘʪʽʚ, ʱʦ 

ʨʫʭʘʶʪʴʩʷ ʧʦ ʦʜʥʠʭ ʦʨʙʽʪʘʭ, ʟʤʝʥʰʫʻ ʰʠʨʠʥʫ ʩʤʫʛʠ ʦʛʣʷʜʫ, ʘ ʟʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʣʦʱʠʥ ʦʨʙʽʪ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʯʠʩʝʣʴʥʽʩʪʴ ʂɸ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʟʘ 

ʻʜʠʥʦʶ ʪʨʘʩʦʶ, ʽ ʩʢʦʨʦʪʠʪʠ ʨʦʟʨʠʚʠ ʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ. ɿʘ ʪʘʢʦʶ ʩʭʝʤʦʶ 

ʢʦʤʧʦʥʫʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʂɸ ʫ ʚʩʽʭ ʦʨʙʽʪʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʤʘʻ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʜʚʦʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʦʨʙʽʪʘʣʴʥʠʭ ʫʛʨʫʧʫʚʘʥʴ 

ʩʫʮʽʣʴʥʦʛʦ ʮʽʣʦʜʦʙʦʚʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʦʛʣʷʜʫ ʋʢʨʘʾʥʠ ʜʣʷ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ɻʉ. 

ʇʦʢʘʟʘʥʦ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʂɸ ʽ ʧʣʦʱʠʥ ʦʨʙʽʪ. ʇʘʨʘʤʝʪʨʠ ʢʨʫʛʦʚʠʭ ʦʨʙʽʪ: 

ʥʘʭʠʣ i = 87,633
0
, ʨʘʜʽʫʩ r = 7099,137 ʢʤ (ʚʠʩʦʪʘ H = 721 ʢʤ), ʧʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ 

P = 5952,77 c  1,65355 ʯ. ʇʘʨʘʤʝʪʨʠ ʂɸ-1: ʜʦʚʛʦʪʘ ʚʠʩʭʽʜʥʦʛʦ ʚʫʟʣʘ  = 0
0
, 

ʘʨʛʫʤʝʥʪ ʰʠʨʦʪʠ u = 0
0
; ʧʘʨʘʤʝʪʨʠ ʂɸ-2:  = 89,3

0
, u = 270

0
. ʄʘʢʩʠʤʘʣʴʥʠʡ 

ʯʘʩ ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ ʚʩʽʭ ʦʙ'ʻʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, 

ʩʪʘʥʦʚʠʪʴ 2,7 ʜʦʙʠ. ɯʟʦʤʘʨʰʨʫʪʥʽ ʪʨʘʩʠ ʜʚʦʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʩʢʦʨʝʥʠʡ ʦʛʣʷʜ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ʐʉɿ-2 ʩʣʽʜʫ ̒ ʧʦ ʪʨʘʩʽ 

ʐʉɿ-1, ʱʦ ʩʢʦʨʦʯʫʻ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʦʛʣʷʜʫ ʋʢʨʘʾʥʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʦʜʥʦʩʫʧʫʪʥʠʢʦʚʦʶ ʩʠʩʪʝʤʦʶ ʧʨʠʙʣʠʟʥʦ ʚ 2 ʨʘʟʠ. ɿʘʩʪʦʩʦʚʘʥʦ ʪʘʢʦʞ ʧʨʠʥʮʠʧ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ "ʩʪʠʢʫʚʘʥʥʷ" ʛʨʫʧʠ "ʜʝʥʥʠʭ" ʩʤʫʛ ʦʛʣʷʜʫ ʟ ʛʨʫʧʦʶ "ʥʽʯʥʠʭ" 

ʩʤʫʛ ʦʛʣʷʜʫ. ɼʽʣʷʥʢʠ ʪʨʘʩ, ʫʪʚʦʨʝʥʽ ʚʠʩʭʽʜʥʠʤʠ (ʜʝʥʥʠʤʠ) ʜʽʣʷʥʢʘʤʠ ʦʨʙʽʪ 

(ʤʘʶʪʴ ʥʘʭʠʣ ʫʧʨʘʚʦ) ʽ ʪʠʭ, ʱʦ ʩʭʦʜʷʪʴ (ʥʽʯʥʠʤʠ) ʜʽʣʷʥʢʘʤʠ (ʥʘʭʠʣ ʫʣʽʚʦ), 

ʟʤʝʥʰʫʶʪʴ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʦʛʣʷʜʫ ʜʦʜʘʪʢʦʚʦ ʱʝ ʚ 2 ʨʘʟʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʘʧʘʨʘʪʫʨʠ ʮʽʣʦʜʦʙʦʚʦʛʦ ʦʛʣʷʜʫ. ʋ ʨʝʞʠʤʽ ʪʨʘʩʦʚʦʾ ʟʡʦʤʢʠ ʩʫʮʽʣʴʥʝ ʧʦʢʨʠʪʪʷ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫʨʠ ʮʽʣʦʜʦʙʦʚʦʛʦ ʦʛʣʷʜʫ 

ʩʤʫʛʘʤʠ ʦʛʣʷʜʫ b = 207,8 ʢʤ (ʢʫʪ ʙʦʨʪʦʚʦʛʦ ʦʛʣʷʜʫ  = 8,2
0
) [48]. 

ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

1. ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦ 

ʥʘʟʝʤʥʽʡ ʚʝʨʠʬʽʢʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

(ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ) ʟʡʦʤʦʢ. 

2. ʆʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ 
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ʧʦʣʽʛʦʥʽʚ ɼɿɿ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʚʠʙʨʘʥʦ ʰʽʩʪʴ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʂɻʄ: ʂʠʾʚʩʴʢʠʡ (ʄ̔ʩʴʢʠʡ) ʪʘ ʂʠʾʚʩʴʢʠʡ (ɸʛʨʦʦʙʣʘʩʥʠʡ), ʐʘʮʴʢʠʡ, 

ɺʽʥʥʠʮʴʢʠʡ, ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʪʘ ʂʨʠʤʩʴʢʠʡ (ʊʘʨʭʘʥʢʫʪ). ʋ ʧʦʜʘʣʴʰʦʤʫ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʦʛʦ ʜʦʩʚʽʜʫ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʨʦʜʦʚʞʠʪʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʰʠʭ ʟʘʚʽʨʢʦʚʠʭ ʧʦʣʽʛʦʥʽʚ ɼɿɿ ʋʢʨʘʾʥʠ ʟ ʤʝʪʦʶ ʾʭ ʦʮʽʥʢʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʂɻʄ.  

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ REP ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʥʘʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʦʜʫ ʦʙʯʠʩʣʝʥʴ. ʊʘʢ, ʫ ʤʝʪʦʜʽ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʧʠʨʽʶ ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʦʾ 

ʟʡʦʤʢʠ ʚʝʣʠʯʠʥʘ REP ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʝʧʝʥʷ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʧʦʣʽʥʦʤʘ. 

ɿʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ REP ʩʧʝʢʪʨʽʚ ʧʠʨʽʶ, ʦʙʯʠʩʣʝʥʠʭ ʤʝʪʦʜʦʤ ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ 

ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʦʣʽʥʦʤʽʚ 5-ʛʦ ʩʪʝʧʝʥʷ, ʧʦʢʘʟʘʣʦ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʤʝʪʦʜʫ ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ ʣʽʥʽʡʥʦʾ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʱʦʜʦ ʯʘʩʫ ʦʙʯʠʩʣʝʥʴ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʎʝ ʤʘʻ ʩʫʪʪʻʚʝ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʦʧʽʢʩʝʣʴʥʦʤʫ ʦʙʯʠʩʣʝʥʥʽ ʟʥʘʯʝʥʴ REP ʜʣʷ ʧʦʙʫʜʦʚʠ REP-

ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʦʟʥʽʤʘʥʥʷ. 

4. ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ REP ʽ TCI ʥʘ ʧʽʜʩʪʘʚʽ 

ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʪʝʥʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ 

TCI ʩʣʫʛʫʚʘʪʠ ʽʥʜʠʢʘʪʦʨʦʤ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʪʨʝʩʫ. ɼʦʮʽʣʴʥʝ ʧʦʜʘʣʴʰʝ ʡʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʢʦʩʤʦʟʥʽʤʢʘʤʠ 

ʩʝʥʩʦʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʫ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʣʠʰʝ ʪʨʠ ʢʘʥʘʣʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ TCI, ʷʢ, ʥʘʧʨʠʢʣʘʜ, Rapid Eye.  

5. ʈʝʟʫʣʴʪʘʪʠ ʩʠʥʪʝʟʫ ʧʘʨʘʤʝʪʨʽʚ ʦʨʙʽʪ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ 

ʫʛʨʫʧʦʚʘʥʥʷ ʂɸ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʽʢʨʦʩʫʧʫʪʥʠʢʦʚʠʭ 

ʫʛʨʫʧʦʚʘʥʴ ɼɿɿ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʜʣʷ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ɻʉ.  

6. ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ ʯʘʩ ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ ʚʩʽʭ ʦʙ'ʻʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2,7 ʜʦʙʠ, ʱʦ ʩʢʦʨʦʯʫʻ ʧʝʨʽʦʜʠʯʥʽʩʪʴ 

ʦʛʣʷʜʫ ʋʢʨʘʾʥʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʜʥʦʩʫʧʫʪʥʠʢʦʚʦʶ ʩʠʩʪʝʤʦʶ ʧʨʠʙʣʠʟʥʦ ʚ 2 

ʨʘʟʠ. 
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ʈʆɿɼɯʃ 4 

ɸʇʈʆɹɸʎɯʗ ʊɸ ɺɽʈʀʌɯʂɸʎɯʗ ʊɽʄɸʊʀʏʅʀʍ ɿɸɼɸʏ 

ʇʈʀʈʆɼʆʂʆʈʀʉʊʋɺɸʅʅʗ ʅɸ ɺʀɹʈɸʅʀʍ ʇʆʃɯɻʆʅɸʍ ɼɿɿ  

4.1. ʅʘʟʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʴʦʚʦʛʦ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ 

ASD FieldSpec3FR ʪʘ ʩʪʚʦʨʝʥʥʷ ʙʘʟʠ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʥʘ ʦʩʥʦʚʽ ʘʜʘʧʪʦʚʘʥʦʾ ʻʚʨʦʧʝʡʩʴʢʦʾ ʩʠʩʪʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ CORINE Land Cover (CLC) (ʐʘʮʴʢʠʡ ʧʦʣʽʛʦʥ ɼɿɿ) ï ʇʦʣʽʩʩ ̫

 ʅʘ ʐʘʮʴʢʦʤʫ ʧʦʣʽʛʦʥʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʪʘ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢ ʚʝʨʠʬʽʢʘʮʽʾ ʪʘ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ. ɭʚʨʦʧʝʡʩʴʢʘ ʩʠʩʪʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ CORINE Land Cover (CLC) [1-6] ʙʫʣʘ ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʫʤʦʚ 

ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʴ ʽ ʝʢʦʩʠʩʪʝʤ ʇʦʣʽʩʴʢʦʾ ʟʦʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʫʪʦʯʥʝʥʦ 

ʩʧʝʮʠʬʽʢʘʮʽʶ, ʜʦʦʧʨʘʮʴʦʚʘʥʦ ʪʘ ʦʧʠʩʘʥʦ ʢʣʘʩʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʢʘʟʘʥʽʡ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʦʩʥʦʚʥʽ ʜʝʰʠʬʨʫʚʘʣʴʥʽ ʦʟʥʘʢʠ ʪʘ 

ʢʨʠʪʝʨʽʾ ʥʘʣʝʞʥʦʩʪʽ ʧʦʢʨʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʣʘʥʜʰʘʬʪʫ (ʨʠʩ 4.1) ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʢʣʘʩʫ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʐʘʮʴʢʦʛʦ ʧʦʣʽʛʦʥʫ ɼɿɿ 

ʝʪʘʣʦʥʥʠʭ ʜʽʣʷʥʦʢ.  

ʇʝʨʰʠʡ ʢʣʘʩ ʟʘ ʥʦʤʝʥʢʣʘʪʫʨʦʶ CLC ʚ ʤʝʞʘʭ ʐʘʮʴʢʦʛʦ ʧʦʣʽʛʦʥʫ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʰʪʫʯʥʦ ʫʪʚʦʨʝʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʪʦʙʪʦ ʧʦʢʨʠʚʘʤʠ, ʱʦ ʚʠʥʠʢʣʠ 

ʚʥʘʩʣʽʜʦʢ ʪʝʭʥʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ: ʨʽʟʥʽ ʪʠʧʠ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ, ʣʦʢʘʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʦʙ'ʻʢʪʠ ʩʦʮʽʘʣʴʥʦʛʦ ʽ ʤʫʥʽʮʠʧʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʥʝʚʝʣʠʢʽ 

ʧʨʦʤʠʩʣʦʚʽ ʦʙôʻʢʪʠ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʜʚʦʨʠ, ʉʊʆ, ɸɿʉ, ʛʘʨʘʞʽ, ʜʦʨʦʛʠ ʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʥʠʤʠ ʟʝʤʣʽ, ʩʤʽʪʥʠʢʠ, ʥʝʚʝʣʠʢʽ ʢʘʨôʻʨʠ ʟ ʚʠʜʦʙʫʚʘʥʥʷ ʛʣʠʥʠ ʽ ʧʽʩʢʫ, 

ʙʫʜʽʚʝʣʴʥʽ ʤʘʡʜʘʥʯʠʢʠ, ʧʦʩʪʽʥʜʫʩʪʨʽʘʣʴʥʽ ʪʝʨʠʪʦʨʽʾ, ʨʝʢʨʝʘʮʽʡʥʽ ʟʦʥʠ, ʙʘʟʠ 

ʚʽʜʧʦʯʠʥʢʫ, ʢʝʤʧʽʥʛʠ, ʩʪʘʜʽʦʥʠ. ɼʣʷ ʮʠʭ ʢʘʪʝʛʦʨʽʡ ʝʪʘʣʦʥʥʽ ʜʽʣʷʥʢʠ ʥʝ 

ʚʠʟʥʘʯʘʣʠʩʴ, ʪʦʤʫ ʱʦ ʚ ʤʝʞʘʭ ʐʅʇʇ ʧʦʢʠ ʱʦ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʙʫʣʘ ʟʦʩʝʨʝʜʞʝʥʘ 

ʥʘ ʚʠʚʯʝʥʥʽ ʧʨʠʨʦʜʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʪʦʙʪʦ ʥʘ ʦʙôʻʢʪʘʭ ʟ ʜʨʫʛʦʛʦ 

ʧʦ ʧôʷʪʠʡ ʢʣʘʩʠ ʩʠʩʪʝʤʠ CLC [7, 8]. 
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ʈʠʩ. 4.1. ɸʜʘʧʪʦʚʘʥʘ ʜʦ ʫʤʦʚ ʋʢʨʘʾʥʠ ʻʚʨʦʧʝʡʩʴʢʘ ʩʠʩʪʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ CORINE Land Cover (ʐʘʮʴʢʠʡ ʧʦʣʽʛʦʥ ɼɿɿ) 

ɽʣʝʢʪʨʦʥʥʘ ʙʘʟʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɹɼ ð ʮʝ ʟʘʩʽʙ 

ʟʙʠʨʘʥʥʷ ʡ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʜʘʥʠʭ, ʪʦʙʪʦ ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʥʘʙʽʨ ʣʦʛʽʯʥʦ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʽʣʴʥʦ ʪʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʟʘʜʦʚʦʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʋ ʪʝʭʥʽʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ 

ʚʢʣʶʯʥʦ ʡ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ɹɼ (ʉʂɹɼ). ɻʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ɹɼ ʻ 

ʛʘʨʘʥʪʦʚʘʥʝ ʟʙʝʨʝʞʝʥʥʷ ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ (ʪʘʢ ʟʚʘʥʽ ʟʘʧʠʩʠ ʜʘʥʠʭ) ʪʘ 

ʥʘʜʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʥʝʾ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʘʙʦ ʞ ʧʨʠʢʣʘʜʥʽʡ ʧʨʦʛʨʘʤʽ. 

ɹɼ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʟʙʝʨʝʞʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʥʝʶ. ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʩʪʫʧʫ ʟʘʧʠʩʠ ʜʘʥʠʭ 

ʦʨʛʘʥʽʟʦʚʘʥʽ ʷʢ ʤʥʦʞʠʥʘ ʬʘʢʪʽʚ (ʝʣʝʤʝʥʪ ʜʘʥʠʭ). 

ɹɼ ʧʦʯʠʥʘʶʪʴʩʷ ʷʢ ʩʧʠʩʦʢ ʫ ʪʝʢʩʪʦʚʦʤʫ ʨʝʜʘʢʪʦʨʽ ʘʙʦ ʝʣʝʢʪʨʦʥʥʽʡ 

ʪʘʙʣʠʮʽ. ʋ ʨʘʟʽ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʩʧʠʩʢʫ ʚ ʜʘʥʠʭ ʧʦʯʠʥʘʶʪʴ ʟôʷʚʣʷʪʠʩʷ ʟʘʡʚʽ 

ʘʙʦ ʥʝʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʽ ʪʦʜʽ ʩʪʘʻ ʚʘʞʢʦ ʨʦʟʫʤʽʪʠ ʜʘʥʽ ʫ ʬʦʨʤʽ ʩʧʠʩʢʫ, ʘ 

ʩʧʦʩʦʙʠ ʧʦʰʫʢʫ ʪʘ ʚʠʪʷʛʫʚʘʥʥʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʻ ʦʙʤʝʞʝʥʠʤʠ. 

ʂʦʣʠ ʮʽ ʧʨʦʙʣʝʤʠ ʧʦʯʠʥʘʶʪʴ ʟôʷʚʣʷʪʠʩʷ, ʩʣʽʜ ʧʝʨʝʥʝʩʪʠ ʜʘʥʽ ʜʦ ɹɼ, ʩʪʚʦʨʝʥʦʾ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ ʉʂɹɼ, ʥʘʧʨʠʢʣʘʜ Office Access. 

ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʦʙʨʦʙʢʦʶ ʽʥʬʦʨʤʘʮʽʾ 

ʙʫʜʴ-ʷʢʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʨʦʙʦʪʘ ʜʦʩʣʽʜʥʠʢʘ - ʘʥʘʣʽʪʠʢʘ ʜʘʥʠʭ - ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ 

ʪʽʣʴʢʠ ʚʠʙʦʨʦʤ ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤ, ʱʦ ʡʦʛʦ ʨʝʘʣʽʟʫʶʪʴ. 

ɼʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʠʤʠ ʻ ʨʽʟʥʦʛʦ ʨʦʜʫ ʜʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʽʜʛʦʪʦʚʢʦʶ ʧʦʯʘʪʢʦʚʠʭ 

ʜʘʥʠʭ, ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ, ʪʦʱʦ. 
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ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʙʘʟʠ ʜʘʥʠʭ (ʉɹɼ) ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ Microsoft Office, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʧʘʢʝʪ ʉʋɹɼ 

Office Access. 

ɼʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦʛʦ 

ʬʦʥʜʫ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʘ ɹɼ ʟ 

ʢʘʪʘʣʦʛʦʤ, ʷʢʘ ʚʢʣʶʯʘʻ ʢʘʪʘʣʦʛ ʦʧʠʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʪʘʙʣʠʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʷʩʢʨʘʚʦʩʪʝʡ ʚʽʜʙʠʪʦʾ ʨʘʜʽʘʮʽʾ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʉɹɼ ʙʽʣʴʰ ʩʪʘʣʠʡ ʭʘʨʘʢʪʝʨ ʥʘʜʘʻʪʴʩʷ 

ʩʪʚʦʨʶʚʘʥʠʤ ʪʘʙʣʠʮʷʤ, ʘ ʨʽʟʥʽ ʜʦʧʦʤʽʞʥʽ ʽʥʪʝʨʬʝʡʩʠ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤ 

ʧʘʢʝʪʦʤ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ, ʧʨʠʡʤʘʶʯʠ ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʡ ʚʠʛʣʷʜ (ʨʠʩ. 4.2). 

 

ʈʠʩ. 4.2. ʉʪʚʦʨʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ: 1. ʢʨʘʾʥʘ, 

ʧʨʦʝʢʪ, ʨʝʛʽʦʥ; 2. ʢʣʘʩ, ʪʠʧ, ʚʠʜ; 3. ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʘ; 4. ʢʦʦʨʜʠʥʘʪʠ 

ʪʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʤʝʪʝʦʜʘʥʽ (ʟʘ ʫʤʦʚʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʝ ʚ 

ʢʘʤʝʨʘʣʴʥʠʭ ʫʤʦʚʘʭ), ʜʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʟʡʦʤʢʠ 

 ʇʘʢʝʪ Access, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ ʉɹɼ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ 

ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʪʘ ʢʝʨʫʶʯʠʭ ʧʨʦʛʨʘʤ ʚ 

ʬʦʨʤʘʪʽ ʬʘʡʣʫ (.mbd), ʷʢʠʡ ʟʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʢʦʥʚʝʨʪʦʚʘʥʠʡ ʚ ʬʦʨʤʘʪʠ ʽʥʰʠʭ ʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʉʋɹɼ. ɼʣʷ ʮʴʦʛʦ ʽʩʥʫʶʪʴ 

ʩʧʝʮʽʘʣʴʥʽ ʜʦʧʦʤʽʞʥʽ ʧʨʦʛʨʘʤʠ-ʢʦʥʚʝʨʪʦʨʠ, ʘ ʨʦʟʨʦʙʥʠʢʠ ʧʘʢʝʪʫ Microsoft 

Office, ʜʦ ʷʢʦʛʦ ʚʭʦʜʠʪʴ Access, ʟʘʙʝʟʧʝʯʠʣʠ ʪʘʢʫ ʤʦʞʣʠʚʽʩʪʴ [9]. 
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4.2. ɺʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ 

ʨʽʟʥʠʭ ʩʦʨʪʽʚ ʧʦʩʽʚʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʚ ʫʤʦʚʘʭ ʉʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ 

(ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʧʦʣʽʛʦʥ ɼɿɿ) ï ʃʽʩʦʩʪʝʧ 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʦʯʥʦʾ 

ʘʧʘʨʘʪʫʨʠ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʚʞʝ ʧʦʥʘʜ ʪʨʠ ʜʝʩʷʪʠʣʽʪʪʷ. ʄʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ 

ʧʨʠʥʘʡʤʥʽ ʪʨʠ ʥʘʧʨʷʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʈʇ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʧʦʰʫʢ ʥʝʨʫʡʥʽʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʚʯʝʥʥʷ ʨʦʩʣʠʥ, ʩʫʪʴ ʷʢʠʭ 

ʧʦʣʷʛʘʻ ʫ ʚʽʜʥʘʡʜʝʥʥ̔  ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʷʩʢʨʘʚʦʩʪʽ (ʯʠ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʝʛʝʪʘʮʽʡʥʠʤʠ 

ʽʥʜʝʢʩʘʤʠ) ʪʘ ʦʢʨʝʤʠʤʠ ʙʽʦʭʽʤʽʯʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʦʩʣʠʥʥʠʭ ʦʨʛʘʥʽʚ 

(ʧʽʛʤʝʥʪʘʤʠ, ʚʤʽʩʪʦʤ ʘʟʦʪʫ ʯʠ ʚʦʜʠ). ʅʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʫ ʜʠʩʪʘʥʮʽʡʥʦʤʫ 

ʚʠʷʚʣʝʥʥʽ ʭʣʦʨʦʬʽʣʽʚ, ʢʘʨʦʪʠʥʦʾʜʽʚ ʪʘ ʘʥʪʦʮʽʘʥʽʚ ʫ ʣʠʩʪʢʘʭ ʨʦʩʣʠʥ, 

ʦʙʛʦʚʦʨʝʥʥʷ ʫʩʧʽʭʽʚ ʽ ʧʨʦʙʣʝʤ ʾʭ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʤʝʪʨʽʾ 

ʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʦ ʚ ʦʛʣʷʜʽ [10]. 

ʑʝ ʦʜʥʝ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʥʘʤʘʛʘʶʪʴʩʷ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʩʦʢʦʪʦʯʥʠʭ ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʜʠʩʪʘʥʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ï ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʩʪʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʟʽ ʩʫʢʫʧʥʦʩʪʽ ʨʽʟʥʠʭ 

ʨʦʜʽʚ ʨʦʩʣʠʥ, ʱʦ ʨʦʩʪʫʪʴ ʧʦʨʷʜ. ʊʘʢʫ ʩʧʨʦʙʫ ʟʜʽʡʩʥʝʥʦ ʚʯʝʥʠʤʠ ʟ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʤ. ʂʘʩʩʝʣʴ (ʅʽʤʝʯʯʠʥʘ) ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʧʦʨʮʽʾ ʙʦʙʦʚʠʭ (ʢʦʥʶʰʠʥʠ ʪʘ 

ʣʶʮʝʨʥʠ) ʫ ʙʦʙʦʚʦ-ʟʣʘʢʦʚʠʭ (ʟ ʨʘʡʛʨʘʩʦʤ) ʪʨʘʚʦʩʫʤʽʰʘʭ, ʚʠʨʦʱʝʥʠʭ ʫ 

ʚʝʛʝʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ. ʋ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʤʝʪʦʜʠ ʨʝʛʨʝʩʽʾ ʪʘ 

ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ SR, NDVI, EVI, REP, ʨʦʟʨʘʭʦʚʘʥʽ ʟʽ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ 

ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʪʨʘʚʦʩʪʦʾʚ, ʦʪʨʠʤʘʥʠʭ ʩʧʝʢʪʨʦʤʝʪʨʦʤ FieldSpec Pro JR [11].  

ʊʨʝʪʽʡ ʥʘʧʨʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʟʝʤʥʠʭ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʚʽʜʙʠʪʪʷ 

ʨʦʩʣʠʥʥʦʩʪʽ ï ʟʽʩʪʘʚʣʝʥʥʷ ʾʭ ʟ ʽʥʬʦʨʤʘʮʽʻʶ, ʦʪʨʠʤʘʥʦʶ ʟʽ ʩʝʥʩʦʨʽʚ, 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʙʦʨʪʫ ʂɸ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʡ ʪʝʭʥʽʢʠ ʚʠʩʦʢʦʪʦʯʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʚʟʘʻʤʦʫʟʛʦʜʞʫʶʪʴʩʷ 

ʽʥʜʝʢʩʠ, ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘʟʝʤʥʦʛʦ ʦʧʪʠʯʥʦʛʦ 

ɼɿɿ, ʪʘ ʘʥʘʣʦʛʽʯʥʽ ʽʥʜʝʢʩʠ, ʦʙʯʠʩʣʝʥʽ ʥʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʚʽʜʙʠʪʪʷ ʟ ʧʦʨʽʚʥʷʥʦ 

ʰʠʨʰʠʭ ʢʘʥʘʣʽʚ ʢʦʩʤʽʯʥʠʭ ʩʝʥʩʦʨʽʚ. ʉʝʨʝʜ ʥʠʭ ʚʘʨʪʦ ʚʠʜʽʣʠʪʠ ʚʝʛʝʪʘʮʽʡʥʽ 
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ʽʥʜʝʢʩʠ ʚ ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ 660-780 ʥʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ 

ʥʝʨʫʡʥʽʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʽʥʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʢʫʣʴʪʫʨʥʦʾ, ʽ 

ʧʨʠʨʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. ʈʦʙʦʪʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤ ̔ʧʨʦʚʝʜʝʥʽ ʷʢ ʜʣʷ ʂɸ RapidEye 

[12], ʪʘʢ ʽ ʜʣʷ ʩʧʝʮʽʘʣʴʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʠʭ ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʡ 

ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ ʤʽʢʨʦʩʫʧʫʪʥʠʢʽʚ VENɛS ʪʘ Sentinel-2, ʟʘʧʫʩʢ ʷʢʠʭ ʚʽʜʙʫʚʩʷ ʫ 

2013 ʨ. [13].  

ʉʚʦʛʦ ʯʘʩʫ ʤʝʪʦʜʠʮʽ ʚʠʟʥʘʯʝʥʥʷ REP ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʦʟʥʽʤʘʥʥʷ ʥʝ 

ʧʨʠʜʽʣʷʣʦʩʷ ʥʘʣʝʞʥʦʾ ʫʚʘʛʠ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʩʫʧʫʪʥʠʢʘʭ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʟ ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʢʘʥʘʣʽʚ ʫ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ. ʊʘ ʟ 

2010 ʨ. ʚ ʋʢʨʘʾʥʽ ʧʦʰʠʨʶʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʟ ʥʽʤʝʮʴʢʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʫʛʨʫʧʦʚʘʥʥʷ Rapid Eye, ʢʦʪʨʝ ʦʩʥʘʱʝʥʝ 5-ʢʘʥʘʣʴʥʠʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʧʝʨʰʝ ʩʝʨʝʜ ʢʦʤʝʨʮʽʡʥʠʭ 

ʩʫʧʫʪʥʠʢʽʚ ʦʪʨʠʤʫʚʘʪʠ ʟʥʽʤʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʦʤ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ (Red 

Edge) 690ï730 ʥʤ. ʊʦʤʫ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʥʘʟʝʤʥʽ 

ʧʽʜʩʫʧʫʪʥʠʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ 

ʟ ʤʝʪʦʶ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʟʽʩʪʘʚʣʝʥʥʷ ʟ ̔ʥʬʦʨʤʘʮʽʻʶ, ʦʪʨʠʤʘʥʦʶ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ 

ʂɿ. 

ʅʘ ʞʘʣʴ, ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚʘʭ ʋʢʨʘʾʥʠ ʜʦ 2009 ʨ. ʙʫʣʦ ʚʽʜʩʫʪʥʻ 

ʩʫʯʘʩʥʝ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʽʚ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʟ 

ʥʝʦʙʭʽʜʥʦʶ ʩʧʝʢʪʨʘʣʴʥʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. ɼʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ 

ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥ ʚʠʢʦʥʘʥʦ ʚʯʝʥʠʤʠ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬ. ʉ.ʄ. ʂʦʯʫʙʝʡ ʥʘ 

ʩʧʝʮʽʘʣʴʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʠʭ ʜʣʷ ʮʴʦʛʦ ʧʨʠʣʘʜʘʭ ʟ ʨʽʟʥʠʤʠ ʜʽʘʧʘʟʦʥʘʤʠ 

ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʢʨʦʢʘʤʠ ʚʽʜʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ [14, 15]. ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʢʽʣʴʢʘ 

ʚʘʨʽʘʥʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʛʦ ʘʧʘʨʘʪʫʨʥʦ-

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ ʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʥʘʪʫʨʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʘ ʧʨʦʚʝʜʝʥʦ ʾʭ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʜʦʩʣʽʜʥʠʭ 

ʜʽʣʷʥʢʘʭ ɯʌʈɻ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ʥʘ ʜʦʩʣʽʜʥʠʭ ʧʦʣʷʭ ʮʦɹʛʦ ʽʥʩʪʠʪʫʪʫ ʚ 

ɺʘʩʠʣʴʢʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ [16].  
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ɿ ʧʦʷʚʦʶ ʧʝʨʰʦʛʦ ʚ ʋʢʨʘʾʥʽ ʮʠʬʨʦʚʦʛʦ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ 

ASD FieldSpec3FR ʟôʷʚʠʣʘʩʴ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ. ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʇ 

ʚʠʢʦʨʠʩʪʘʥʦ ʷʢ ʝʪʘʣʦʥʥʽ ʜʣʷ ʟʽʩʪʘʚʣʝʥʥʷ ʟ ʜʘʥʠʤʠ ʢʦʩʤʦʟʥʽʤʘʥʥʷ ʩʝʥʩʦʨʘ 

Hyperion [17] ʪʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʩʦʯʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʰʝʥʠʮʽ ʥʘʜ ɻʣʽʙʦʚʩʴʢʠʤ ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ [18]. 

ɽʢʩʧʝʨʠʤʝʥʪ ʟʽ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ 16 ʯʝʨʚʥʷ 2010 ʨ. ʧʦʣʴʦʚʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ASD FieldSpec3FR ʫ 

ʉʪʝʧʦʚʽʡ ʟʦʥʽ ʋʢʨʘʾʥʠ (ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʧʦʣʽʛʦʥ) ʥʘ ʜʨʽʙʥʦʜʽʣʷʥʢʦʚʠʭ ʧʦʩʽʚʘʭ 

ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʛʦ ʧʦʣʽʛʦʥʫ ʝʣʽʪʥʦʛʦ ʥʘʩʽʥʥʻʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ çɿʦʣʦʪʠʡ ʢʦʣʦʩè 

ʧʦʙʣʠʟʫ ʤ. ʄʠʢʦʣʘʾʚ (ʨʠʩ. 4.3). 

 

ʈʠʩ. 4.3. ʈʦʟʪʘʰʫʚʘʥʥʷ ʧʦʣʷ (ʩʚʽʪʣʠʡ ʧʨʷʤʦʢʫʪʥʠʢ ʤʽʞ ʪʦʯʢʘʤʠ 194 ʪʘ 291), ʜʝ 

ʟʥʘʭʦʜʠʚʩʷ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʡ ʧʦʣʽʛʦʥ ʝʣʽʪʥʦʛʦ ʥʘʩʽʥʥʻʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

çɿʦʣʦʪʠʡ ʢʦʣʦʩè, ʥʘ ʷʢʦʤʫ 16.06.2010 ʨ. ʟʜʽʡʩʥʝʥʦ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ 

ʅʘ ʟʘʟʥʘʯʝʥʫ ʜʘʪʫ ʪʫʪ ʥʘ ʜʽʣʷʥʢʘʭ ʜʦʚʞʠʥʦʶ 40 ʤ ʪʘ ʰʠʨʠʥʦʶ 1,5; 3 ʪʘ 

6 ʤ ʚʠʨʦʱʫʚʘʣʠʩʴ ʨʽʟʥʽ ʩʦʨʪʠ 14 ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʭʘʨʘʢʪʝʨʥʠʭ 

ʜʣʷ ʉʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʧʦʩʽʚʠ ʨʽʟʥʦʚʠʜʽʚ ʆʇ 
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ʤ'ʷʢʦʾ ʘʙʦ ʟʚʠʯʘʡʥʦʾ (Triticum aestivum L.) ʪʘ ʆʇ ʪʚʝʨʜʦʾ (Triticum durum Desf.), 

ʷʢʽ ʧʽʜ ʯʘʩ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʧʝʨʝʙʫʚʘʣʠ ʫ ʬʘʟʽ ʤʦʣʦʯʥʦ-ʚʦʩʢʦʚʦʾ ʩʪʠʛʣʦʩʪʽ.  

16 ʯʝʨʚʥʷ 2010 ʨ. ʦ 7-ʡ ʛʦʜʠʥʽ ʨʘʥʢʫ ʪʘ ʚ ʧʽʩʣʷʦʙʽʜʥʶ ʧʦʨʫ ʙʫʣʦ ʷʩʥʦ, 

ʩʫʭʦ ʡ ʩʦʥʷʯʥʦ, ʣʠʰʝ ʦʧʽʚʜʥʽ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʤʽʥʣʠʚʘ ʭʤʘʨʥʽʩʪʴ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʽʪʨʷ ʚʨʘʥʮʽ ʩʷʛʘʣʘ 30ęʉ, ʚʜʝʥʴ ʧʽʜʚʠʱʠʣʘʩʴ ʜʦ 36ęʉ. ʉʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʟʜʽʡʩʥʝʥʦ ʚʽʜ 12-  ʾʜʦ 14-  ʾʛʦʜʠʥʠ.  

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠ ʽʥʜʝʢʩʠ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ: ʧʦʟʠʮʽʶ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ REP (3.12) [19], ʤʝʨʽʩʽʚʩʴʢʠʡ ʥʘʟʝʤʥʠʡ ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ 

MTCI [20], ʱʦ ʧʦʟʥʘʯʝʥʦ ʷʢ TCI (3.14), ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ 

ʨʽʟʥʠʮʝʚʠʡ ʽʥʜʝʢʩ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ NDVI705 (4.1) [21], ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʦʩʣʠʥ (ʪʘʙʣ. 4.1).  

.
)705()750(

)705()750(
705

RR

RR
NDVI  (4.1) 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʙʫʣʦ ʩʪʘʪʠʩʪʠʯʥʦ ʦʙʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʜʽʣʝʥʠʭ 

ʯʦʪʠʨʴʦʭ ʛʨʫʧ ʨʽʟʥʦʚʠʜʽʚ ʆʇ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʦʨʪʽʚ ʢʦʞʥʦʛʦ ʨʽʟʥʦʚʠʜʫ 

(ʪʘʙʣ. 4.2). 

ɿʘ ʜʘʥʠʤʠ ʪʘʙʣ. 4.2, ʥʘʡʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽʥʜʝʢʩʽʚ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʆʇ ʨʟ̔ʥʦʚʠʜʫ ʣʶʪʝʩʮʝʥʩ. ɿʦʢʨʝʤʘ, ʟʥʘʯʝʥʥʷ 

REP ʜʣʷ ʙʝʟʦʩʪʠʭ ʧʰʝʥʠʮʴ ʤʘʡʞʝ ʥʘ 7 ʥʤ, ʘ ʟʥʘʯʝʥʥʷ TCI ʪʘ NDVI705 

ʜʦʩʪʦʚʽʨʥʦ ʤʘʡʞʝ ʚʜʚʽʯʽ ʥʠʞʯʽ, ʥʽʞ ʚ ʦʩʪʠʩʪʠʭ ʧʰʝʥʠʮʴ. ʎʝ, ʚʽʨʦʛʽʜʥʦ, 

ʟʫʤʦʚʣʝʥʝ ʪʠʤ, ʱʦ ʚʽʜʙʠʚʥʽ ʧʦʚʝʨʭʥʽ ʧʦʩʽʚʽʚ ʧʰʝʥʠʮʴ ʟ ʙʝʟʦʩʪʠʤ ʢʦʣʦʩʦʤ ʚ 

ʫʤʦʚʘʭ ʉʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ ʜʦ ʩʝʨʝʜʠʥʠ ʯʝʨʚʥʷ 2010 ʨ. ʧʦʤʽʪʥʦ ʚʪʨʘʪʠʣʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʽ ʧʽʛʤʝʥʪʠ (ʧʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʥʘʡʤʝʥʰʠʡ ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ 

ʊʉɯ) ʽ ʚʽʟʫʘʣʴʥʦ ʚʠʜʘʚʘʣʠʩʴ ʞʦʚʪʽʰʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʦʩʪʠʩʪʠʤʠ ʨʽʟʥʦʚʠʜʘʤʠ 

ʧʰʝʥʠʮʽ. ʉʝʨʝʜ ʛʨʫʧʠ ʧʰʝʥʠʮʴ ʟ ʨʽʟʥʠʤʠ ʟʘ ʜʦʚʞʠʥʦʶ ʦʩʪʶʢʘʤʠ ʜʣʷ ʨʽʟʥʦʚʠʜʫ 

ʝʨʠʪʨʦʩʧʝʨʤʫʤ ʙʫʣʠ ʚʣʘʩʪʠʚʽ, ʷʢ ʧʨʘʚʠʣʦ, ʢʦʣʦʩ ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ, ʘ ʦʩʪʶʢʠ ï 

ʞʦʚʪʫʚʘʪʦʛʦ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ ʨʽʟʥʦʚʠʜʫ ʛʦʨʜʝʾʬʦʨʤʝ ʟʝʣʝʥʠʤʠ ʙʫʣʠ ʽ ʢʦʣʦʩ, ʽ 

ʦʩʪʶʢʠ (ʨʠʩ. 4.4). 
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ʊʘʙʣʠʮʷ 4.1 

ɿʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʜʣʷ ʨʽʟʥʠʭ ʩʦʨʪʽʚ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʥʘ ʜʨʽʙʥʦʜʽʣʷʥʢʦʚʠʭ ʧʦʩʽʚʘʭ ʄʠʢʦʣʘʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟʘ 

ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpec3FR ʚʽʜ 16.06.2010 ʨ. 

ˉ ʟ/ʧ ʉʦʨʪ REP (ʥʤ) TCI NDVI 705 

1 ʉʣʫʞʥʠʮʷ 705,77 0,619 0,097 

2 ɹʝʟʦʩʪʘ 711,91 0,812 0,101 

3 ʇʦʜʦʣʷʥʢʘ 719,69 1,710 0,329 

4 ʌʘʚʦʨʠʪʢʘ 722,26 2,153 0,352 

5 ʍʝʨʩʦʥʩʴʢʘ ʙʝʟʦʩʪʘ 716,40 1,274 0,234 

6 ʃʽʦʥʘ 719,56 1,676 0,261 

7 ʉʝʣʷʥʢʘ 718,9 1,647 0,286 

8 ɿʤʽʥʘ 717,78 1,410 0,184 

9 ʅɯʏʦʥʽʷ 718,07 1,459 0,215 

10 ʂʽʨʽʷ 720,26 1,787 0,267 

11 ʊʫʨʫʥʯʫʢ 718,93 1,563 0,228 

12 ʐʝʩʪʦʧʘʣʦʚʢʘ 718,78 1,525 0,206 

13 ʆʪʘʤʘʥ 721,66 2,178 0,360 

14 ʇʦʜʷʢʘ 719,17 1,621 0,261 

15 ʇʦʰʘʥʘ 719,9 1,706 0,237 

16 ʂʫʷʣʴʥʠʢ 720,51 1,894 0,268 

17 ʊʽʪʦʥʘ 720,79 1,913 0,284 

18 ʂʦʭʘʥʘ 722,2 2,387 0,355 

19 ʍʝʨʩʦʥʩʴʢʘ 99 720,86 1,911 0,290 

20 ɸʨʛʦʥʘʚʪ 721,1 2,289 0,424 

21 ʃʘʛʫʥʘ 722,59 2,511 0,412 

22 ɼʝʣʴʬʽʥ 722,7 2,541 0,445 

23 ɸʣʠʡ ʧʘʨʫʩ 722,17 2,366 0,419 
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ʊʘʙʣʠʮʷ 4.2 

ɿʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʾʭ ʚʘʨʽʘʮʽʾ 

ʜʣʷ ʨʽʟʥʦʚʠʜʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʥʘ ʜʨʽʙʥʦʜʽʣʷʥʢʦʚʠʭ ʧʦʩʽʚʘʭ ʄʠʢʦʣʘʾʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpec3FR ʚʽʜ 16.06.2010 ʨ. 

ʈʽʟʥʦʚʠʜ REP (ʥʤ) TCI NDVI705 

ʂʦʝʬʽʮʽʻʥʪʠ ʚʘʨʽʘʮʽʾ, 

% 

REP TCI 
NDVI7

05 

ɹʝʟʦʩʪʽ (ʣʶʪʝʩʮʝʥʩ)  715,21Ñ2,93 1,31Ñ0,28 0,22Ñ0,05 
0,91 48,11 54,45 

ʂʦʨʦʪʢʦʦʩʪʠʩʪʽ (ʝʨʠʪʨʦʩʧʝʨʤʫʤ) 718,90Ñ0,32 1,58Ñ0,05 0,24Ñ0,01 
0,12 8,30 15,70 

ʉʝʨʝʜʥʴʦʦʩʪʠʩʪʽ (ʝʨʠʪʨʦʩʧʝʨʤʫʤ) 720,73Ñ0,38 1,94Ñ0,10 0,29Ñ0,02 
0,14 13,55 15,98 

ʆʩʪʠʩʪʽ (ʛʦʨʜʝʾʬʦʨʤʝ) 722,14Ñ0,36 2,43Ñ0,06 0,43Ñ0,01 
0,10 4,92 3,34 

ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ, ʩʝʨʝʜ ʨʽʟʥʦʚʠʜʽʚ ʦʩʪʠʩʪʠʭ ʧʰʝʥʠʮʴ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʦʩʪʶʢʽʚ ʟʨʦʩʪʘʶʪʴ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʪʨʴʦʭ ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʦʷʩʥʠʪʠ, 

ʚʨʘʭʦʚʫʶʯʠ ʫʯʘʩʪʴ ʦʩʪʶʢʽʚ ʢʦʣʦʩʘ ʫ ʧʨʦʮʝʩʽ ʬʦʪʦʩʠʥʪʝʟʫ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ 

ʜʦʩʪʠʛʘʥʥʷ ʟʝʨʥʘ ʧʽʩʣʷ ʫʩʠʭʘʥʥʷ ʥʠʞʥʽʭ ʣʠʩʪʢʽʚ ʫ ʬʘʟʽ ʤʦʣʦʯʥʦ-ʚʦʩʢʦʚʦʾ 

ʩʪʠʛʣʦʩʪʽ, ʚ ʷʢʽʡ ʚʣʘʩʥʝ ʽ ʧʝʨʝʙʫʚʘʣʠ ʨʦʩʣʠʥʠ ʥʘ ʤʦʤʝʥʪ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ. 

ɸʜʞʝ ʚʽʜʦʤʦ, ʱʦ ʦʩʪʶʢʠ ʩʧʨʠʷʶʪʴ ʬʦʨʤʫʚʘʥʥʶ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʯʘʩʪʢʘ ʾʭ 

ʚʥʝʩʢʫ ʚ ʮʝʡ ʧʨʦʮʝʩ ʩʪʘʥʦʚʠʪʴ ʜʦ 41% ʚʽʜ ʥʘʛʨʦʤʘʜʞʝʥʠʭ ʢʦʣʦʩʦʤ ʘʙʦ ʜʦ 12% 

ʚʽʜ ʥʘʛʨʦʤʘʜʞʝʥʠʭ ʨʦʩʣʠʥʦʶ [22], ʭʦʯʘ, ʷʢ ʟʘʟʥʘʯʘʶʪʴ [23], ʚʥʝʩʦʢ ʦʩʪʝʡ ʫ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʛʝʥʦʪʠʧʫ ʨʦʩʣʠʥ, 

ʪʘʢ ʽ ʚʽʜ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʦʪʝ, ʱʦʙ ʜʦʩʪʦʚʽʨʥʦ ʦʮʽʥʠʪʠ 

ʚʥʝʩʦʢ ʚʽʜʙʠʪʪʷ ʩʚʽʪʣʘ ʚʽʜ ʦʩʪʶʢʽʚ ʫ ʩʫʤʘʨʥʠʡ ʩʧʝʢʪʨ ʚʽʜʙʠʪʪʷ ʧʦʩʽʚʫ ʽ 

ʟʽʩʪʘʚʠʪʠ ʡʦʛʦ ʽʟ ʚʥʝʩʢʦʤ ʚʽʜʙʠʪʪʷ ʚʽʜ ʣʠʩʪʢʽʚ, ʧʦʪʨʽʙʥʽ ʧʦʜʘʣʴʰʽ ʙʽʣʴʰ 

ʤʘʩʰʪʘʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʦʤʫ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʥʘʤʠ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʛʫʢʫ ʧʦʩʽʚʽʚ ʆʇ ʤʦʣʦʯʥʦ-ʚʦʩʢʦʚʦʾ ʩʪʠʛʣʦʩʪʽ ʚ 

ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ, ʱʦ ʩʣʽʜ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʜʝʢʩʽʚ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ.  
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ɸ ï ʆʇ ʤ'ʷʢʘ, ʢʦʣʦʩ ʙʝʟʦʩʪʠʡ, ʨʽʟʥʦʚʠʜ ʣʶʪʝʩʮʝʥʩ, ʩʦʨʪ ʉʣʫʞʥʠʮʷ 

 
ɹ ï ʆʇ ʤ'ʷʢʘ, ʢʦʣʦʩ ʢʦʨʦʪʢʦʦʩʪʠʩʪʠʡ, ʨʽʟʥʦʚʠʜ ʝʨʠʪʨʦʩʧʝʨʤʫʤ, 
ʩʦʨʪ ʐʝʩʪʦʧʘʣʦʚʢʘ 

 
ɺ - ʆʇ ʤ'ʷʢʘ, ʢʦʣʦʩ ʩʝʨʝʜʥʴʦʦʩʪʠʩʪʠʡ, ʨʽʟʥʦʚʠʜ ʝʨʠʪʨʦʩʧʝʨʤʫʤ, 
ʩʦʨʪ ʍʝʨʩʦʥʩʴʢʘ 99 

 
ɻ ï ʆʇ ʪʚʝʨʜʘ, ʨʽʟʥʦʚʠʜ ʛʦʨʜʝʾʬʦʨʤʝ, ʩʦʨʪ ɸʨʛʦʥʘʚʪ. 

ʈʠʩ. 4.4. ʇʦʩʽʚʠ ʆʇ ʫ ʄʠʢʦʣʘʾʚʩʴʢʽʡ ʦʙʣʘʩʪʽ (16.06.2010 ʨ.) 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʜʽʣʷʥʦʢ ʧʰʝʥʠʮʽ ʨʽʟʥʦʚʠʜʫ ʣʶʪʝʩʮʝʥʩ ʚʣʘʩʪʠʚʝ ʙʽʣʴʰʝ 

ʚʘʨʽʶʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʧʦʤʠʣʦʢ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʨʠ 

ʟʽʩʪʘʚʣʝʥʥʽ ʟʥʘʯʝʥʥʷ REP ʙʝʟʦʩʪʠʭ ʪʘ ʦʩʪʠʩʪʠʭ ʧʰʝʥʠʮʴ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ 

ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʣʠʰʝ ʚ 2,4 ʨʘʟʘ ʧʝʨʝʚʠʱʫʻ ʧʦʤʠʣʢʫ ʩʝʨʝʜʥʴʦʛʦ 

ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʜʣʷ ʩʦʨʪʽʚ ʟ ʙʝʟʦʩʪʠʤ ʢʦʣʦʩʦʤ. ɺʦʜʥʦʯʘʩ, ʧʦʨʽʚʥʶʶʯʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ʚʘʨʽʘʮʽʾ ʚʩʽʭ ʪʨʴʦʭ ʽʥʜʝʢʩʽʚ, ʙʘʯʠʤʦ, ʱʦ ʩʘʤʝ ʜʣʷ REP ʭʘʨʘʢʪʝʨʥʽ 

ʥʘʡʤʝʥʰʽ ʩʪʫʧʝʥʽ ʤʽʥʣʠʚʦʩʪʽ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ. ʇʦʩʪʘʻ ʣʦʛʽʯʥʝ ʟʘʧʠʪʘʥʥʷ, ʯʦʤʫ 

ʩʦʨʪʘʤ ʧʰʝʥʠʮʴ ʟ ʙʝʟʦʩʪʠʤ ʢʦʣʦʩʦʤ ʧʨʠʪʘʤʘʥʥʘ ʜʦʚʦʣʽ ʩʠʣʴʥʘ ʚʘʨʽʘʪʠʚʥʽʩʪʴ 

ʽʥʜʝʢʩʫ REP, ʫ ʪʦʡ ʯʘʩ ʷʢ ʤʽʥʣʠʚʽʩʪʴ ʡʦʛʦ ʚʘʨʽʘʮʽʡʥʦʛʦ ʨʷʜʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʥʝʟʥʘʯʥʦʶ (ʘʜʞʝ ʚʦʥʘ ʥʝ ʩʷʛʘʻ ʥʘʚʽʪʴ 1%). ʇʦʧʝʨʝʜʥʶ ʚʽʜʧʦʚʽʜʴ ʥʘ ʮʝ ʧʠʪʘʥʥʷ 
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ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ, ʷʢʽ ʩʘʤʝ ʩʦʨʪʠ ʙʝʟʦʩʪʦʾ ʧʰʝʥʠʮʽ ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ REP.  

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 4.2, ʥʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ REP ʧʰʝʥʠʮʴ ʟ ʙʝʟʦʩʪʠʤ 

ʢʦʣʦʩʦʤ, ʤʘʡʞʝ ʪʦʪʦʞʥʽ ʟʥʘʯʝʥʥʷʤ, ʦʪʨʠʤʘʥʠʤ ʜʣʷ ʦʩʪʠʩʪʠʭ ʧʰʝʥʠʮʴ, ʚʣʘʩʪʠʚʽ 

ʙʝʟʦʩʪʠʤ ʩʦʨʪʘʤ ʇʦʜʦʣʷʥʢʘ ʽ ʌʘʚʦʨʠʪʢʘ. ʎʝ ʢʦʨʦʪʢʦʩʪʝʙʣʦʚʽ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʽ 

ʩʦʨʪʠ ʆʇ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʩʦʨʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʪʨʠʤʘʥʥʷ ʨʝʢʦʨʜʥʠʭ ʫʨʦʞʘʾʚ [23]. ʂʦʣʦʩ ʨʦʩʣʠʥ ʩʦʨʪʫ ʌʘʚʦʨʠʪʢʘ ʤʘʡʞʝ 

ʙʝʟʦʩʪʠʡ, ʪʽʣʴʢʠ ʟʨʽʜʢʘ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʦʣʦʩʫ ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʦʩʪʶʢʠ, 

ʜʦʚʞʠʥʘ ʷʢʠʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 2-4 ʩʤ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʮʝʡ ʩʦʨʪ 

ʥʘʣʝʞʠʪʴ ʜʦ ʛʨʫʧʠ ʩʝʨʝʜʥʴʦʩʪʠʛʣʠʭ, ʪʦʤʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʩʝʨʝʜʥʴʦʨʘʥʥʽʤʠ ʩʦʨʪʘʤʠ ʨʦʩʣʠʥʠ ʮʴʦʛʦ ʩʦʨʪʫ ʥʘ ʯʘʩ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ, 

ʡʤʦʚʽʨʥʦ, ʤʽʩʪʠʣʠ ʙʽʣʴʰʝ ʭʣʦʨʦʬʽʣʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʾʭ ʚʠʩʦʢʠʤ 

ʟʥʘʯʝʥʥʷʤ ʭʣʦʨʦʬʽʣʴʥʦʛʦ ʽʥʜʝʢʩʫ TCI. ʎʝʡ ʩʦʨʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰʦʶ 

ʪʨʠʚʘʣʽʩʪʶ ʘʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʠʡ ʧʝʨʽʦʜ 

ʨʦʟʚʠʪʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜʪʨʠʤʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʣʠʩʪʢʽʚ 

ʫʩʽʭ ʷʨʫʩʽʚ ʨʦʩʣʠʥʠ. ɺʯʝʥʠʤʠ ɯʌʈɻ ʅɸʅ ʋʢʨʘʾʥʠ ʫ ʧʨʘʧʦʨʮʝʚʠʭ ʣʠʩʪʢʘʭ ʩʦʨʪʫ 

ʌʘʚʦʨʠʪʢʘ ʚ ʧʝʨʽʦʜ ʥʘʣʠʚʫ ʟʝʨʥʘ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʤʽʥʫ 

ʨʝʯʦʚʠʥ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʽʜʪʨʠʤʘʥʥʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʩʦʨʪʦʤ ʄʠʨʦʥʽʚʩʴʢʘ 

808 [24]. 

ʆʪʞʝ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʜʽʘʧʘʟʦʥ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʩʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥʴ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʜʣʷ ʩʦʨʪʽʚ ʙʝʟʦʩʪʠʭ ʧʰʝʥʠʮʴ 

ʩʧʨʠʯʠʥʝʥʠʡ ʙʽʣʴʰʦʶ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʥʦʚʠʭ ʚʠʩʦʢʦʽʥʪʝʥʩʠʚʥʠʭ 

ʩʦʨʪʽʚ ʥʘ ʧʨʦʪʠʚʘʛʫ ʽʥʰʠʤ ʩʦʨʪʘʤ ʧʰʝʥʠʮʴ ʟ ʙʝʟʦʩʪʠʤ ʢʦʣʦʩʦʤ. ɿʚʽʩʥʦ, 

ʚʠʚʯʝʥʥʷ ʚʠʷʚʣʝʥʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʜʠʩʪʘʥʮʽʡʥʠʭ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʰʠʨʰʦʤʫ ʦʙʩʷʟʽ 

ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ɿʽʩʪʘʚʣʷʶʯʠ ʢʦʝʬʽʮʽʻʥʪʠ ʚʘʨʽʘʮʽʾ, ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʪʨʴʦʭ ʜʦʩʣʽʜʞʝʥʠʭ 

ʽʥʜʝʢʩʽʚ, ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ REP ʚʣʘʩʪʠʚʘ ʥʝʟʥʘʯʥʘ ʤʽʥʣʠʚʽʩʪʴ ʚʘʨʽʘʮʽʡʥʦʛʦ 

ʨʷʜʫ (ʤʝʥʰʝ 1% ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʨʽʟʥʦʚʠʜʽʚ ʆʇ), ʜʣʷ TCI ʡ NDVI705 ï 
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ʥʝʟʥʘʯʥʘ ʪʘ ʩʝʨʝʜʥʷ (ʟʘ ʚʠʥʷʪʢʦʤ ʙʝʟʦʩʪʠʭ ʧʰʝʥʠʮʴ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʠʩʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʩʪʨʦʢʘʪʦʩʪʽ ʮʠʭ ʽʥʜʝʢʩʽʚ ʟ ʧʨʠʯʠʥ, ʦʧʠʩʘʥʠʭ ʚʠʱʝ). ʄʦʞʣʠʚʦ, ʮʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʤʝʪʦʜʠʢʘʤʠ ʦʙʯʠʩʣʝʥʥʷ ʜʘʥʠʭ ʽʥʜʝʢʩʽʚ, ʘʜʞʝ ʨʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʴ 

REP ʚʝʜʝʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʚʽʜʙʠʪʪʷ ʧʦʢʨʠʚʫ ʥʘ ʯʦʪʠʨʴʦʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ, TCI ï 

ʪʨʴʦʭ, ʘ NDVI705 ï ʣʠʰʝ ʜʚʦʭ. ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʨʽʘʮʽʾ ʟʘ 

ʘʙʩʦʣʶʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ʥʝ ʧʝʨʝʚʠʱʫʻ 20%, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʧʦʨʽʚʥʷʥʦ 

ʥʝʟʥʘʯʥʫ ʩʪʨʦʢʘʪʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ, ʘ ʦʪʞʝ, ʧʨʦ 

ʧʦʜʘʣʴʰʫ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʽʜʙʠʪʪʷ ʈʇ 

[25, 26]. 

4.3. ɺʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʛʘʟʦʤʝʪʨʠʯʥʠʤʠ ʪʘ 

ʥʘʟʝʤʥʠʤʠ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʨʦʩʣʠʥʥʦʩʪʽ ʜʣʷ ʦʮʽʥʢʠ 

ʧʦʪʦʢʽʚ ʉʆ2 ʚ ʩʠʩʪʝʤʽ ñʘʪʤʦʩʬʝʨʘ-ʨʦʩʣʠʥʥʽʩʪʴò (ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʛʦʥ 

ɼɿɿ) ï ʃʽʩʦʩʪʝʧ 

ʇʨʦʚʝʜʝʥʦ ʧʦʣʴʦʚʽ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥ ̔ ʜʦʩʣʽʜʞʝʥʥʷ ʘʙʩʦʨʙʮʽʾ ʉʆ2 

ʘʛʨʦʢʫʣʴʪʫʨʘʤʠ ʥʘ ʪʝʩʪʦʚʦʤʫ ʧʦʣʽʛʦʥʽ ñɹʝʨʝʟʘʥʴò ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɺʠʟʥʘʯʝʥʦ 

ʢʦʨʝʣʷʪʠʚʥ ̔ ʟʚôʷʟʢʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʦʛʽʯʥʠʭ ʛʘʟʦʤʝʪʨʠʯʥʠʭ ʚʠʟʥʘʯʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʦʮʽʥʢʠ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʧʦʪʦʢʽʚ ʉʆ2
 
ʧʨʠ 

ʢʦʤʙʽʥʘʮʽʾ ʜʘʥʠʭ ʟʡʦʤʢʠ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpec3FR ʪʘ ʜʘʥʠʭ ʧʦ ʧʦʪʦʢʘʭ 

ʉʆ2, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʥʘʟʝʤʥʠʭ ʛʘʟʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʘʭ. ɿʘʩʪʦʩʦʚʘʥʦ ʧʽʜʭʽʜ, 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʤ ʩʪʘʪʠʩʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʢʦʨʝʣʷʮʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʽʚ ʉʆ2, 

ʦʜʝʨʞʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦ [27] ʪʘ ʰʣʷʭʦʤ ʛʘʟʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ, ʜʣʷ ʨʽʟʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ʅʘ ʦʩʥʦʚʽ ʢʦʨʝʣʷʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʘʥʦ 

ʟʥʘʯʝʥʥʷ ʧʦʪʦʢʽʚ ʉʆ2, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʦʪʦʩʠʥʪʝʟʫ ʜʣʷ ʆʇ, ʩʦʾ, 

ʢʫʢʫʨʫʜʟʠ, ʩʦʥʷʰʥʠʢʘ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʤʦʜʝʣʴʥʠʭ ʧʽʜʭʦʜʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʦʮʽʥʦʢ ʧʦʪʦʢʽʚ ʉʆ2 ʚ ʝʢʦʩʠʩʪʝʤʽ ʪʘ ʾʾ ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ [27]: 1 - ʮʝ 

ʩʪʘʪʠʩʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʢʦʨʝʣʷʮʽʡʥʦ ʧʦʚ'ʷʟʫʶʪʴ ʧʦʪʦʢʠ ʟ ʨʽʟʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʟʤʽʥʥʠʤʠ; 2 - ʮʝ ʧʘʨʘʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʘʥʘ ʢʦʥʮʝʧʮʽʷ 
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ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʣʘ (LUE - light-use efficienc), ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʟʢʣʘʩʪʠ ʧʦʪʦʢʠ ʥʘ ʨʽʟʥʽ ʢʦʤʧʦʥʝʥʪʠ; 3 - ʮʝ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ, ʚ ʷʢʠʭ 

ʚʨʘʭʦʚʘʥʽ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ ʬʦʪʦʩʠʥʪʝʟʫ ʽ ʜʠʭʘʥʥʷ ʨʦʩʣʠʥ. ʉʪʘʪʠʩʪʠʯʥʽ ʪʘ 

ʧʘʨʘʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʻ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʤʠ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʩʚʦʾ 

ʜʣʷ ʢʦʞʥʦʛʦ ʙʽʦʤʘ. ʄʦʜʝʣʽ ʧʨʦʮʝʩ̔ʚ ʚʠʷʚʠʣʠʩʷ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ; ʢʨʽʤ ʪʦʛʦ, 

ʜʝʷʢʽ ʟ ʥʠʭ ʚʠʤʘʛʘʶʪʴ ʙʝʟʣʽʯʽ ʧʘʨʘʤʝʪʨʽʚ ʟ ʛʣʦʙʘʣʴʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʱʦ, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʝʜʦʩʪʫʧʥʽ.  

ɼʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʜʘʥʠʤʠ ʪʘʢʠʡ ʤʝʪʦʜ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʜʦʩʣʽʜʞʫʶʪʴ ʽ ʦʪʨʠʤʫʶʪʴ ʧʨʦʩʪʦʨʦʚʽ ʩʭʝʤʠ ʧʦʚʝʜʽʥʢʠ 

ʧʦʪʦʢʽʚ ʉʆ2. ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʧʪʠʯʥʦ ʦʪʨʠʤʘʥʠʡ NDVI 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʦʢ ʧʦʪʦʢʽʚ ʉʆ2 ʚʽʜ ʨʦʩʣʠʥʥʦʩʪʽ. NDVI 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʯʘʩʪʢʦʶ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦ ʘʢʪʠʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (PAR - 

Photosynthetically Active Radiation), ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʟʝʣʝʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ (ʘʙʦ 

fAPAR). ɺʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ ʚ ʧʦʢʨʠʚʽ [28], ʱʦʙ ʧʦʢʘʟʘʪʠ, 

ʱʦ ʽ NDVI ʽ fAPAR, ʦʙʠʜʚʘ, ʯʫʪʣʠʚʽ ʜʦ ʚʝʣʠʯʠʥʠ ʧʦʚʝʨʭʥʽ ʣʠʩʪʷ ʚ ʟʝʣʝʥʦʤʫ ʈʇ. 

ɺʯʝʥʽ [27] ʟʚ'ʷʟʘʣʠ ʙʽʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʚʽʚ ʨʦʩʣʠʥ ʽ ʧʦʢʘʟʘʣʠ, ʱʦ NDVI 

ʽ fAPAR ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚ'ʷʟʘʥʽ. ɯʩʥʫʻ ʪʘʢʦʞ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʝʤʧʽʨʠʯʥʠʡ ʜʦʢʘʟ, 

ʱʦ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʦʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʢʨʠʚʽʚ ʨʦʩʣʠʥ ʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ. 

ʉʧʨʦʙʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʤʧʽʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ 

ʟʚ'ʷʟʦʢ ʤʽʞ NDVI ʽ fAPAR ʪʘʢʦʞ ʥʝʯʫʪʣʠʚʠʡ ʜʦ ʟʤʽʥ ʟʝʥʽʪʥʦʛʦ ʢʫʪʘ ʩʦʥʷʯʥʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ [29], ʱʦ fAPAR ʤʦʞʥʘ ʧʦʤʥʦʞʠʪʠ ʥʘ ʢʦʝʬʽʮʽʻʥʪ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʪʨʠʤʘʪʠ ʯʠʩʪʫ ʧʝʨʚʠʥʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (NPP - Net Primary 

Productivity) ʘʙʦ ʯʠʩʪʝ ʬʦʪʦʩʠʥʪʝʪʠʯʥʝ ʧʨʠʨʦʱʝʥʥʷ ʚʫʛʣʝʮʶ ʜʣʷ ʜʽʣʷʥʢʠ 

ʨʦʩʣʠʥʥʦʩʪʽ:  

NPP = (Ů Ĭ Ɇ fAPAR), (4.2) 

ʜʝ NPP ï ʦʮʽʥʶʶʪʴ ʷʢ ʥʘʟʝʤʥʫ ʙʽʦʤʘʩʫ (ʚ ʢʛ), ʥʘʢʦʧʠʯʝʥʫ ʟʘ ʩʝʟʦʥ ʟʨʦʩʪʘʥʥʷ;  

Ɇ fAPAR ï ʨʽʯʥʠʡ ʽʥʪʝʛʨʘʣ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦ ʘʢʪʠʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (PAR)  
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(ʚ ɛmol CO2/m-2/s-1), ʧʦʛʣʠʥʝʥʠʡ ʨʦʩʣʠʥʥʽʩʪʶ; Ů ï ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʟ ʷʢʦʶ ʧʦʛʣʠʥʝʥʝ PAR-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʙʽʦʤʘʩʫ.  

ɺʽʜʦʤʦ, ʱʦ NDVI ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ, ʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʮʠʤʠ ʜʚʦʤʘ ʯʣʝʥʘʤʠ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʝʥʽʪʥʦʛʦ ʢʫʪʘ ʩʦʥʮʷ. ʊʦʜ̔ ʨʽʚʥʷʥʥʷ (4.2) 

ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʚ ʪʝʨʤʽʥʘʭ ʬʫʥʢʮʽʾ:  

NPP = f (Ů Ĭ NDVI). (4.3) 

ɿʘʟʚʠʯʘʡ, Ů ʥʝ ʦʪʨʠʤʫʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʜʘʥʠʭ ɼɿɿ. ɿʛʽʜʥʦ [30], Ů ï 

ʚʽʜʥʦʩʥʦ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜ ʨʦʩʣʠʥ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʤʝʪʘʙʦʣʽʯʥʦʛʦ ʪʠʧʫ, 

ʷʢʝ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʝʥʦʣʦʛʽʯʥʦʾ ʩʪʘʜʽʾ, ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʽ 

ʚʦʜʥʦʛʦ ʩʪʨʝʩʫ. ʆʜʥʘʢ ʜʝʷʢʽ ʥʝʱʦʜʘʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʧʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʽʥʜʝʢʩ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ (ʚʫʟʴʢʦʩʤʫʛʦʚʦʛʦ) 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʽ ʥʘʟʚʘʥʠʡ ʬʦʪʦʩʠʥʪʝʪʠʯʥʠʤ ʽʥʜʝʢʩʦʤ ʚʽʜʙʠʪʪʷ 

(PRI) ʨʦʟʛʣʷʜʘʚʩʷ ʷʢ ʙʘʛʘʪʦʦʙʽʮʷʶʯʘ ʤʽʨʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʣʘ 

ʨʦʩʣʠʥʥʽʩʪʶ (LUE). ʎʝʡ ʟʚ'ʷʟʦʢ ʚʠʥʠʢʘʻ, ʦʩʢʽʣʴʢʠ ʚʢʘʟʘʥʠʡ ʽʥʜʝʢʩ ʬʽʢʩʫʻ 

ʚʽʜʛʫʢ ʧʽʛʤʝʥʪʽʚ ʢʩʘʥʪʦʬʽʣʦʚʦʛʦ ʮʠʢʣʫ ʥʘ ʤʽʥʣʠʚʽ ʩʚʽʪʣʦʚʽ ʫʤʦʚʠ.  

ɿʘ ʫʤʦʚʠ ʥʘʜʣʠʰʢʫ ʩʚʽʪʣʘ, ʢʦʣʠ PAR ʧʝʨʝʚʠʱʫʻ ʻʤʥʽʩʪʴ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʠʭ ʨʝʘʢʮʽʡ, ʧʝʚʥʽ ʢʘʨʦʪʠʥʦʾʜʠ ʣʠʩʪʷ, ʚʽʜʦʤʽ ʷʢ ʧʽʛʤʝʥʪʠ 

ʢʩʘʥʪʦʬʽʣʦʚʦʛʦ ʮʠʢʣʫ, ʩʣʫʛʫʶʪʴ ʮʝʥʪʨʘʤʠ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʜʣʠʰʢʫ ʩʚʽʪʣʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʨʦʙʣʝʥʥʷ ʪʝʧʣʘ, ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʟʘʭʠʱʘʶʯʠ ʬʦʪʦʩʠʥʪʝʪʠʯʥʠʡ 

ʘʧʘʨʘʪ. ʎʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʘʢʪʠʚʘʮʽʶ ʝʥʟʠʤʫ ʜʽʧʦʢʩʠʜʘʟʠ, ʷʢʠʡ ʧʨʠʩʫʪʥʽʡ ʚ 

ʭʣʦʨʦʧʣʘʩʪʘʭ ʣʠʩʪʷ. ɼʽʧʦʢʩʠʜʘʟʘ ʧʝʨʝʭʦʜʠʪʴ ʚ ʚʽʦʣʘʢʩʘʥʪʠʥ, ʘ ʢʩʘʥʪʦʬʽʣ, ʷʢʠʡ 

ʧʝʨʝʜʘʻ ʝʥʝʨʛʽʶ ʩʚʽʪʣʘ ʥʘ ʬʦʪʦʩʠʥʪʝʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʧʝʨʝʭʦʜʠʪʴ ʚ ʟʝʘʢʩʘʥʪʠʥ, 

ʢʩʘʥʪʦʬʽʣ ʪʘʢʦʞ ʥʘʧʨʘʚʣʷʻ ʩʚʽʪʣʦʚʫ ʝʥʝʨʛʽʶ ʟ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʽ 

ʨʦʟʩʽʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʝʧʣʘ. ʎʷ ʨʝʘʢʮʽʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʚʦʶ ʧʨʦʪʠʣʝʞʥʽʩʪʴ 

ʧʨʠ ʧʦʛʘʥʠʭ ʩʚʽʪʣʦʚʠʭ ʫʤʦʚʘʭ, ʪʦʙʪʦ ʟʝʘʢʩʘʥʪʠʥ ʧʝʨʝʭʦʜʠʪʴ ʥʘʟʘʜ ʚ 

ʚʽʦʣʘʢʩʘʥʪʠʥ ʯʝʨʝʟ ʘʢʪʠʚʘʮʽʶ ʝʥʟʠʤʫ ʝʧʦʢʩʠʜʘʟʠ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ ʣʠʩʪʷ.  

ʈʽʚʥʷʥʥʷ (4.3) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ, ʚʧʨʦʚʘʜʞʫʶʯʠ PRI ʫ ʚʠʛʣʷʜʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʬʦʪʦʩʠʥʪʝʟʫ ʚ 

ʝʢʦʩʠʩʪʝʤʽ (ʘʙʦ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʉʆ2) ʪʘʢ:  

ʇʦʛʣʠʥʘʥʥʷ ʉʆ2 = f (PRI Ĭ NDVI). (4.4) 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʪʦʢʫ ʉʆ2 ʚʽʜ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʚ ʨʽʟʥʽ 

ʜʥʽ ʽ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ NDVI ʽ sPRI ʤʦʞʥʘ ʧʨʦʪʝʩʪʫʚʘʪʠ 

"ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ", ʷʢʠʡ ʘʥʘʣʽʟʫʚʘʚʩʷ. ʅʘ ʧʽʜʩʪʘʚʽ ʨʽʚʥʷʥʥʷ (4.4) ʙʫʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ, ʱʦʙ ʧʦʚ'ʷʟʘʪʠ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʪʦʢʫ ʉʆ2 ʟ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʤʠ ʽʥʜʝʢʩʘʤʠ [31, 32]:  

 

ʉʫʤʘʨʥʝ ʧʦʛʣʠʥʘʥʥʷ ʉʆ2 = a + b Ĭ (sPRI Ĭ NDVI). (4.5) 

 

ɺʣʽʪʢʫ 2014 ʨ. ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʎɸʂɼɿ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠ ʧʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʪʠʧʦʚʦʤʫ ʜʣʷ ʃʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ 

ʧʦʣʽʛʦʥʽ "ɹʝʨʝʟʘʥʴ", ʜʝ ʨʦʟʪʘʰʦʚʘʥʽ ʫʛʽʜʜʷ ʊʆɺ "ɹʘʨʠʰʽʚʩʴʢʘ ʟʝʨʥʦʚʘ 

ʢʦʤʧʘʥʽʷ" ʟ ʪʠʧʦʚʠʤʠ ʘʛʨʦʢʫʣʴʪʫʨʘʤʠ. ʂʦʝʬʽʮʽʻʥʪʠ a ʽ b ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʰʣʷʭʦʤ 

ʨʦʟʨʘʭʫʥʢʫ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʤʽʞ ʩʫʤʘʨʥʠʤ ʜʠʭʘʣʴʥʠʤ ʧʦʪʦʢʦʤ ʉʆ2 ʽ ʜʦʙʫʪʢʦʤ 

(sPRI Ĭ NDVI). ɿʽʩʪʘʚʣʝʥʥʷ ʛʘʟʦʤʝʪʨʠʯʥʠʭ ʪʘ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʽʚ, 

ʚʠʢʦʥʘʥʠʭ ʫ ʧʦʣʫʜʝʥʥʠʡ ʯʘʩ 06.06 ʪʘ 01.07.2014 ʨ., ʯʦʪʠʨʴʦʭ ʦʩʥʦʚʥʠʭ 

ʘʛʨʦʢʫʣʴʪʫʨ (ʆʇ, ʩʦʾ, ʢʫʢʫʨʫʜʟʠ, ʩʦʥʷʰʥʠʢʫ) ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4.3. 

ɼʣʷ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʢʦʨʠʛʦʚʘʥʠʡ R
2
 (ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ), ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʨʘʭʦʚʫʻ ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ, ʱʦ ʚʭʦʜʷʪʴ 

ʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ.  

ɯʥʰʦʶ ʤʽʨʦʶ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʟʘʣʝʞʥʠʤʠ ʽ ʥʝʟʘʣʝʞʥʠʤʠ ʟʤʽʥʥʠʤʠ, 

ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʚ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʙʫʚ ʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ ï ʟʥʘʯʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ p-ʟʥʘʯʝʥʥʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʩʦʢʝ 

ʟʥʘʯʝʥʥʷ R
2
 ʽ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ p ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʟʨʦʩʪʘʥʥʷ ʩʪʫʧʝʥʷ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʘ ʮʝ ʦʟʥʘʯʘ,̒ ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʻ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʦʶ. 

ɯʥʜʝʢʩ NDVI ʚʠʷʚʠʚ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʩʫʤʘʨʥʦʛʦ ʧʦʪʦʢʫ ʉʆ2 ʽʟ ʟʥʘʯʝʥʥʷʤ 

R
2
=0,6057 (ʨʠʩ. 4.5), ʘ ʽʥʜʝʢʩ PRI ʧʦʢʘʟʘʚ ʚʽʜʧʦʚʽʜʥʫ ʟʘʣʝʞʥʽʩʪʴ ʧʨʠ R

2
=0.627 

(ʨʠʩ. 4.6). ʂʦʨʝʣʷʮʽʷ NDVI ʟ PRI ʜʦʩʠʪʴ ʟʥʘʯʫʱʘ R
2
=0,9283 (ʨʠʩ. 4.7) [32].  
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ʊʘʙʣʠʮʷ 4.3  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʪʘ ʛʘʟʦ- ʽ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʛʨʦʢʫʣʴʪʫʨ ʧʦʣʽʛʦʥʫ òɹʝʨʝʟʘʥʴò ʥʘ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ 

ɼʘʪʘ 6 ʯʝʨʚʥʷ 2014 ʨ.  1 ʣʠʧʥʷ 2014 ʨ. 

ɸʛʨʦʢʫʣʴʪʫʨʘ 1 2 3 4 5 6 7 8 9 

NEE -3.8 -5.1 -6.3 -2.9 -3.1 -3.2 -0.7 -0.6 -0.7 

ER 3.4 1.7 3.1 4.5 2.8 3.1 2.9 3.3 3.2 

GEP  

ɺʘʣʦʚʘ ʧʝʨʚʠʥʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ  

(ɛʤʦʣʴʤ-2ʩ-1) 

-7.2 -6.8 -9.4 -7.4 -5.9 -6.3 -3.6 -3.9 -3.9 

NDVI  

(800-660)/ 

(800+660) 

0.9 0.9 0.9 0.8 0.7 0.7 0.7 0.7 0.7 

PRI 

(531-570)/ 

(531+570) 

0.0 0.0 0.0 0.0 -0.1 0.0 -0.1 -0.1 -0.1 

sPRI (PRI+1)/2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

NDVI*  

sPRI 
0.44 0.46 0.43 0.43 0.34 0.34 0.33 0.33 0.33 

ʆʩʚʽʪʣʝʥʽʩʪʴ, 

Lux 

731.

0 
696.0 757.0 730.0 633.0 800.0 793.0 857.0 865.0 

t ˇʨʫʥʪʫ ʥʘ 

ʛʣʠʙʠʥʽ 7 ʩʤ, Áʉ 
20.0 21.8 27.3 33.8 25.5 20.7 21.2 20.2 20.1 

t ʧʦʚʽʪʨʷ, Áʉ 37.5 37.1 34.5 38.0 33.8 33.6 34.8 34.5 35.3 

ɺʽʜʥʦʩʥʘ 

ʚʦʣʦʛʽʩʪʴ, % 
41.3 42.0 48.8 40.2 45.0 43.6 43.7 45.0 42.4 

 

ʇʨʠʤʽʪʢʘ: 1 - ʆʇ ʉʢʘʛʝʥ ˉ 2 "ʉʦʪʥʠʢʽʚʢʘ"; 2 - ʆʇ "ʉʦʥʝʯʢʦ"; 3 ï ʩʦʷ: 4 ï 

ʢʫʢʫʨʫʜʟʘ; 5 ï ʩʦʥʷʰʥʠʢ; 6 - ʆʇ "ʉʦʥʝʯʢʦ"; 7 - ʆʇ "ʉʦʥʝʯʢʦ"; 8 - ʆʇ ʉʢʘʛʝʥ ˉ 2 

"ʉʦʪʥʠʢʽʚʢʘ"; 9 - ʆʇ ʉʢʘʛʝʥ ˉ 2 "ʉʦʪʥʠʢʽʚʢʘ". 
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ʈʠʩ. 4.5. ʂʦʨʝʣʷʪʠʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ NDVI ʪʘ GEP 

 

 
PRI 

ʈʠʩ. 4.6. ʂʦʨʝʣʷʪʠʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ PRI ʪʘ GEP  
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ʈʠʩ. 4.7. ʂʦʨʝʣʷʪʠʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ PRI ʪʘ NDVI  

 

ʇʦʨʽʚʥʷʥʦ ʟʥʘʯʝʥʥʷ (sPRI Ĭ NDVI) ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʯʠʩʪʦʛʦ ʧʦʪʦʢʫ ʉʆ2 

(ʪʦʙʪʦ ʯʠʩʪʽ ʧʦʪʦʢʠ ʚʠʤʽʨʶʶʪʴʩʷ ʙʝʟ ʧʦʧʨʘʚʢʠ ʥʘ ʜʠʭʘʥʥʷ), ʱʦʙ ʧʦʙʘʯʠʪʠ, ʯʠ 

ʙʫʜʫʪʴ ʚʦʥʠ ʢʦʨʝʣʶʚʘʪʠ. ʈʝʟʫʣʴʪʫʶʯʘ ʚʝʣʠʯʠʥʘ R
2 

= 0,5974 (ʨʠʩ. 4.8). ʊʦʙʪʦ 

ʢʦʨʝʣʷʮʽʷ ʚʠʷʚʠʣʘʩʷ ʩʝʨʝʜʥʴʦʶ.  

 

ʆʟʠʤʘ ʧʰʝʥʠʮʷ 
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sPRI Ĭ NDVI 

 

ʈʠʩ. 4.8. ʂʦʨʝʣʷʪʠʚʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ (sPRIĬNDVI) ʪʘ NEE ʉʆ2 

 

ʇʦʨʽʚʥʷʥʥʷ ʩʫʤʘʨʥʦʛʦ ʧʦʪʦʢʫ ʉʆ2 ʟ ʜʦʙʫʪʢʦʤ (sPRI Ĭ NDVI) ʧʦʢʘʟʘʣʦ 

ʙʽʣʴʰ ʟʥʘʯʫʱʫ ʢʦʨʝʣʷʮʽʶ ʟ R
2 
= 0,6148 (ʨʠʩ. 4.9). ʃʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʦʪʨʠʤʘʥʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (4.5) ʟ ʩʫʤʘʨʥʠʤ ʧʦʪʦʢʦʤ ʉʆ2 ʧʨʠʚʝʣʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦ 

ʩʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʥʷ (4.6), ʟʘ ʷʢʠʤ ʤʦʞʥʘ ʧʦʧʝʨʝʜʥʴʦ ʦʙʯʠʩʣʶʚʘʪʠ ʘʙʩʦʨʙʮʽʶ 

ʉʆ2 ʘʛʨʦʢʫʣʴʪʫʨʘʤʠ ʃʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ:  

 

CO2 = -4,093 - 26,631Ĭ (sPRI Ĭ NDVI) . (4.6) 
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sPRI Ĭ NDVI 

ʈʠʩ. 4.9. ʂʦʨʝʣʷʪʠʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ (sPRI*NDVI) ʪʘ GEP (ɛmol CO2/m-2/s-1) 

 

ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʟʘʣʫʯʝʥʠʭ ʚʠʤʽʨʶʚʘʥʠʭ 

ʜʘʥʠʭ ʫ ʧʝʨʽʦʜ ʧʦʣʴʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʙʫʣʘ ʥʝʜʦʩʪʘʪʥʴʦ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʶ ʽ ʥʝ ʦʭʦʧʣʶʚʘʣʘ ʦʩʥʦʚʥʽ ʩʪʘʜʽʾ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʘʛʨʦʢʫʣʴʪʫʨ. ʊʦʤʫ ʧʦʜʽʙʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʧʨʦʜʦʚʞʝʥʽ ʚ 

ʥʘʩʪʫʧʥʠʭ ʨʦʢʘʭ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫʪʦʯʥʠʪʠ ʦʜʝʨʞʘʥʝ ʨʽʚʥʷʥʥʷ (4.6) ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʘʙʩʦʨʙʮʽʾ ʉʆ2 ʷʢ ʦʩʥʦʚʥʠʤʠ ʘʛʨʦʢʫʣʴʪʫʨʘʤʠ, ʪʘʢ ʽ ʽʥʰʠʤʠ 

ʨʦʩʣʠʥʥʠʤʠ ʧʦʢʨʠʚʘʤ ʚ ʨʽʟʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ ʋʢʨʘʾʥʠ [33]. 
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 ʚʘʣʦʚʦʶ ʧʝʨʚʠʥʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ GEP 

 (ɛmol CO2/m2/s-1) 
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4.4. ɸʥʘʣʽʟ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʧʦʩʽʚʽʚ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ ʚ ʫʤʦʚʘʭ ʃʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ (ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʛʦʥ 

ɼɿɿ) ï ʃʽʩʦʩʪʝʧ 

ɼʦ ʩʝʨʝʜʠʥʠ 2015 ʨ. ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, 

ʢʦʪʨʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʾ ʦʮʽʥʢʠ ʟʤʽʥ ʜʦʚʢʽʣʣʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʜʦʩʣʽʜʞʝʥʴ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ, ʙʫʣʠ ʟʥʽʤʢʠ, ʚʠʢʦʥʘʥʽ ʙʦʨʪʦʚʠʤʠ ʩʝʥʩʦʨʘʤʠ 

ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʂɸ ʧʨʦʛʨʘʤʠ Landsat, ʷʢʘ ʪʨʠʚʘʻ ʚʞʝ ʧʦʥʘʜ 40 ʨʦʢʽʚ 

(ʜʦʜʘʪʦʢ ɿ). ʇʨʦʪʝ 23 ʯʝʨʚʥʷ 2015 ʨ. ʟ ʢʦʩʤʦʜʨʦʤʫ ʂʫʨʫ (ʌʨʘʥʮʫʟʴʢʘ ɻʚʽʘʥʘ) 

ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʥʘ ʦʨʙʽʪʫ ʩʫʧʫʪʥʠʢ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ Sentinel-2A ɭʚʨʦʧʝʡʩʴʢʦʛʦ 

ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ (ɭʂɸ). ʎʝʡ ʟʘʧʫʩʢ ʟʜʽʡʩʥʝʥʦ ʚ ʨʘʤʢʘʭ ʢʦʩʤʽʯʥʦʾ 

ʧʨʦʛʨʘʤʠ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ ɿʝʤʣʽ Copernicus. ɰʾ ʤʝʪʦʶ ʻ ʩʪʚʦʨʝʥʥʷ ʥʠʟʢʠ 

ʩʫʧʫʪʥʠʢʽʚ, ʷʢʽ ʟʙʠʨʘʪʠʤʫʪʴ ʚʝʣʠʯʝʟʥʠʡ ʤʘʩʠʚ ʨʽʟʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʧʣʘʥʝʪʠ. 

ɺʩʽ ʮʽ ʧʦʢʘʟʥʠʢʠ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʽ ʟʽʩʪʘʚʣʝʥʥʷ ʧʦʚʠʥʥʽ ʥʘʜʘʪʠ ʧʦʚʥʫ ʢʘʨʪʠʥʫ 

ʟʤʽʥ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ɿʝʤʣʽ. ɿʛʽʜʥʦ ʟ ʫʤʦʚʘʤʠ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ [34], ʨʽʟʥʽ 

ʛʨʫʧʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʘʶʪʴ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʪʽʻʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ ʜʣʷ 

ʥʠʭ ʽʥʪʝʨʝʩ.  

ʇʨʦʛʨʘʤʘ Sentinel ɭʂɸ ʦʭʦʧʣʶʻ ʧ'ʷʪʴ ʨʽʟʥʦʚʠʜʽʚ ʩʫʧʫʪʥʠʢʽʚ: Sentinel-1 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ; Sentinel-2 ʽ 

Sentinel-3 ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʡ ʦʢʝʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ; Sentinel-4 ʽ Sentinel-5 ʩʪʚʦʨʝʥʽ ʜʣʷ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʽ ʢʣʽʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ ʩʢʣʘʜʫ 

ʘʪʤʦʩʬʝʨʠ.  

ɺʞʝ ʯʝʨʝʟ ʢʽʣʴʢʘ ʜʥʽʚ ʧʽʩʣʷ ʚʠʭʦʜʫ ʥʘ ʦʨʙʽʪʫ ʂɸ Sentinel-2A ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʧʝʨʰʽ ʟʥʽʤʢʠ ʜʫʞʝ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. ʂʘʤʝʨʠ ʩʫʧʫʪʥʠʢʘ ʦʭʦʧʣʶʶʪʴ 

ʩʤʫʛʫ ʰʠʨʠʥʦʶ 290 ʢʤ, ʱʦ ʥʘ 65 ʢʤ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʂɸ Landsat-8, ʪʘ ʡ 

ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥ̔ ʩʪʴ ʙʽʣʴʰʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʫ ʥʴʦʛʦ ʢʨʘʱʘ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʤʝʨʠʢʘʥʩʴʢʠʤʠ ʂɸ. ɿʛʽʜʥʦ ʟ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʩʠʩʪʝʤʘʪʠʯʥʝ ʧʦʢʨʠʪʪʷ ʂɿ Sentinel-2 ʪʝʨʠʪʦʨʽʾ ʧʣʘʥʝʪʠ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʤʽʞ 

84Á ʧʥ. ʰ. ʽ 56Á ʧʜ. ʰ., ʟ ʯʘʩʪʦʪʦʶ ʟʡʦʤʢʠ ʥʘ ʨʽʚʥʽ ʝʢʚʘʪʦʨʘ ʧʨʠʙʣʠʟʥʦ ʨʘʟ ʚ 

ʧ'ʷʪʴ ʜʥʽʚ (ʧʽʩʣʷ ʟʘʧʫʩʢʫ Sentinel-2ɺ), ʚ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪʘʭ ï ʨʘʟ ʚ ʜʚʘ-ʪʨʠ ʜʥʽ. 
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ɺʠʩʦʪʘ ʦʨʙʽʪʠ ʩʫʧʫʪʥʠʢʘ ʩʪʘʥʦʚʠʪʴ 786 ʢʤ. ɿʡʦʤʢʘ ʚʝʜʝʪʴʩʷ ʚ 13 ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʘʥʘʣʘʭ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ 10, 20 ʘʙʦ 60 ʤ (ʪʘʙʣ. 4.4) [35].  

ʊʘʙʣʠʮʷ 4.4 

ʂʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʘʣʽʚ ʩʫʧʫʪʥʠʢʽʚ ʤʽʩʽʾ Sentinel-2 [35] 

ʅʦʤʝʨ ʢʘʥʘʣʫ ʎʝʥʪʨʘʣʴʥʘ 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʥʤ 

ʐʠʨʠʥʘ ʢʘʥʘʣʫ, 

ʥʤ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥ̔ ʩʪʴ, ʤ 

2 490 65 10 

3 560 35 10 

4 665 30 10 

8 842 115 10 

5 705 15 20 

6 740 15 20 

7 783 20 20 

8a 865 20 20 

11 1 610 90 20 

12 2 190 180 20 

1 443 20 60 

9 945 20 60 

10 1 375 30 60 

ɺ̔ ʜʦʤʦ, ʱʦ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ (ɺɯ), ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʙʽʥʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ, ʦʩʦʙʣʠʚʦ ʚ 

ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ, ʻ ʥʘʜʽʡʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʮʽʥʢʠ ʩʪʘʥʫ ʈʇ. ʋ ʩʪʘʪʪʽ 

[36] ʤʦʞʥʘ ʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ɺɯ, ʦʪʨʠʤʘʥʠʭ 

ʷʢ ʟʘ ʜʘʥʠʤʠ Sentinel-2, ʪʘʢ ʡ ʽʥʰʠʭ ʂɸ, ʪʘ ʾʭ ʧʦʪʝʥʮʽʘʣʦʤ ʜʣʷ ʚʠʜʽʣʝʥʥʷ 

ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʣʘʥʜʰʘʬʪʫ, ʨʦʟʨʽʟʥʝʥʥʷ ʧʦʩʽʚʽʚ ʢʫʢʫʨʫʜʟʠ ʚʽʜ ʧʘʩʦʚʠʱ ʯʠ 

ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʣʽʩʽʚ. ʊʦʤʫ, ʟ ʦʛʣʷʜʫ ʥʘ ʧʦʷʚʫ ʚʠʩʦʢʦʷʢʽʩʥʠʭ 

ʟʥʽʤʢʽʚ ʟ ʂɸ Sentinel-2 ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʾʭ ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʘʜʘʯ.  

ɿ̔ ʩʪʘʚʣʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʦʜʥʦʯʘʩʥʦ ʷʢ ʟʘ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ ʂɿ Sentinel-2ɸ, ʪʘʢ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʟʝʤʥʦʛʦ 
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ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʧʦʩʽʚʽʚ ʆʇ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR, ʻ ʜʫʞʝ 

ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ.  

ʆʇ ʜʚʦʭ ʩʦʨʪʽʚ ʉʢʘʛʝʥ (ʧʦʣʝ 1) ʽ ɹʦʛʜʘʥʘ (ʧʦʣʝ 2) ʚʠʨʦʱʫʚʘʣʘʩʴ ʧʽʜ ʫʨʦʞʘʡ 

2016 ʨ. ʥʘ ʫʛʽʜʜʷʭ ɹʘʨʠʰʽʚʩʴʢʦʾ ʟʝʨʥʦʚʦʾ ʢʦʤʧʘʥʽʾ ʧʦʙʣʠʟʫ ʤ. ɹʝʨʝʟʘʥʴ 

ɹʘʨʠʰʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʅʘ ʮʠʭ ʧʦʣʷʭ ʙʫʣʠ ʚʠʙʨʘʥʽ ʪʝʩʪʦʚʽ 

ʜʽʣʷʥʢʠ, ʪʠʧʦʚʽ ʟʘ ʛʫʩʪʦʪʦʶ ʩʪʦʷʥʥʷ ʨʦʩʣʠʥ. ʊʫʪ ʟʜʽʡʩʥʻʥʦ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʪʘ ʚʠʟʥʘʯʻʥʦ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʜʫʢʮʽʡʥʠʡ ʧʨʦʮʝʩ. 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʥʘ ʜʚʦʭ ʜʦʩʣʽʜʞʝʥʠʭ ʫ 2016 ʨ. ʧʦʣʷʭ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.10. ʅʘ ʨʠʩ. 4. 11 ʥʘʚʝʜʝʥʦ ʩʠʥʪʝʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʟʥʽʤʢʘ Sentinel-2 ʚʽʜ 08.04.2016 ʨ. ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ 

ʧʦʣʽʛʦʥʫ çɹʝʨʝʟʘʥʴè. ʅʘ ʨʠʩ. 4. 12 ʨʦʟʨʘʭʦʚʘʥʦ ʽʥʜʝʢʩ NDVI ʟ ̔ʟʥʽʤʢʘ Sentinel-2 

ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʧʦʣʽʛʦʥʫ çɹʝʨʝʟʘʥʴè ʚʽʜ 

08.04.2016 ʨ.  

ʉʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʧʦʩʽʚʽʚ ʆʇ ʟʜʽʡʩʥʝʥʦ ʚʽʜ 12-ʾ ʜʦ 15-  ʾ ʛʦʜʠʥʠ ʧʨʠ 

ʷʩʥʽʡ ʧʦʛʦʜʽ ʧʦʣʴʦʚʠʤ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR.  

 

 ʘ  ʙ  
 

ʈʠʩ. 4.10. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʥʘ ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʣʷʭ ʫ 

ɹʘʨʠʰʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ (2016 ʨ.): ʘ ï ʜʦʩʣʽʜʥʝ ʧʦʣʝ 1, ʆʇ 

ʩʦʨʪʫ ʉʢʘʛʝʥ; ʙ ï ʜʦʩʣʽʜʥʝ ʧʦʣʝ 2, ʆʇ ʩʦʨʪʫ ɹʦʛʜʘʥʘ  
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʦʧʪʠʯʥʫ ʥʘʩʘʜʢʫ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ 

FieldSpec3FR ʚʩʪʘʥʦʚʣʝʥʦ ʟ ʢʨʘʶ ʧʦʩʽʚʫ ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʧʦʟʜʦʚʞʥʽʡ ʦʩʽ 

ʜʽʣʷʥʢʠ. ʂʫʪ ʦʛʣʷʜʫ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʦʙôʻʢʪʠʚʘ ï 1ę; ʪʨʠʤʘʯ ʧʽʩʪʦʣʝʪʥʦʛʦ ʪʠʧʫ ʟ 

ʦʧʪʠʯʥʦʶ ʥʘʩʘʜʢʦʶ ʟʘʢʨʽʧʣʶʚʘʚʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʰʪʘʪʠʚʽ ʟ ʚʠʩʦʪʦʶ ʥʘʜ 

ʧʦʚʝʨʭʥʝʶ ˇʨʫʥʪʫ ï 1,2 ʤ; ʚʽʜʜʘʣʴ ʚʽʜ ʦʙôʻʢʪʠʚʘ ʜʦ ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʧʦʩʽʚʫ ï 5 ʤ; ʚʝʣʠʯʠʥʘ ʧʣʦʱʽ ʧʦʩʽʚʫ, ʷʢʘ ʧʦʪʨʘʧʣʷʻ ʚ ʧʦʣʝ ʟʦʨʫ, ï 80 ʩʤ
2
; ʢʫʪ 

ʥʘʭʠʣʫ ʦʧʪʠʯʥʦʾ ʦʩʽ ʦʙôʻʢʪʠʚʘ ʜʦ ʚʠʤʽʨʶʚʘʥʦʾ ʧʣʦʱʽ ï 14Á. ʂʘʣʽʙʨʫʚʘʥʥʷ ʜʦ 

ʙʽʣʦʛʦ ʝʪʘʣʦʥʘ ʧʨʦʚʦʚʝʥʦ ʧʝʨʝʜ ʢʦʞʥʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ ʥʘ ʜʽʣʷʥʮʽ. ɼʘʥʽ 10 

ʧʦʚʪʦʨʽʚ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʦʜʥʦʛʦ ʤʽʩʮʷ ʧʦʚʝʨʭʥʽ ʧʦʩʽʚʫ ʢʦʞʥʦʛʦ ʩʦʨʪʫ 

ʘʚʪʦʤʘʪʠʯʥʦ ʫʩʝʨʝʜʥʝʥʦ ʟʘ ʧʨʦʛʨʘʤʦʶ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʪʘ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ.  

ɼʦʩʣʽʜʞʝʥʽ ʪʘʢʽ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ, ʦʙʯʠʩʣʝʥʽ ʚ ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ: 

ʟʘ (3.12) - ʧʦʟʠʮʽʷ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ REP [37, 38]; (4.1) - ʄʝʨʽʩʽʚʩʴʢʠʡ ʥʘʟʝʤʥʠʡ 

ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ MTCI [39]; (4.7) - ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ 

ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ NDRE1 (Normalised Difference Index Red 

Edge1) [37]; (4.8) - ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ NDRE2 (Normalised Difference Index Red Edge2) [37]; (4.9) - 

ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ CIred edge (ratio red edge chlorophyll index) 

[37]; (4.10) - ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ ʚ ʟʝʣʝʥʽʡ ʟʦʥʽ CIgreen (ratio green chlorophyll 

index) [37]; (4.11) - ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʨʽʟʥʠʮʽ NDVI (740, 665) 

(Normalised Difference Vegetation Index); (4.12) - ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ ʧʨʦʩʪʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ ZM (750, 710) (Zarco and Miller ratio chlorophyll index) [38]; (4.13) - 

ʽʥʜʝʢʩ ʧʨʦʩʪʦʛʦ ʚʽʜʥʦʰʝʥʥʷ SR (670, 820) (Simple ratio) [39]; (4.14) - 

ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ ʧʦʜʚʽʡʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ DRICI (Double ratio index) [39]. 

ʎʽ ʽʥʜʝʢʩʠ ʦʙʯʠʩʣʝʥʦ ʟʘ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

 
(4.7) 

 
(4.8) 
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(4.9) 

 
(4.10) 

 
(4.11) 

 
(4.12) 

 
(4.13) 

 
(4.14) 

ʜʝ R() ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ , ʥʤ. 

ɼʣʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʣʽʚ ʫ ʪʦʯʢʘʭ ʽʟ ʟʘʜʘʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ (ʪʦʯʢʘ ˉ 1- ʮʝʥʪʨ ʚʠʜʽʣʝʥʦʾ ʜʽʣʷʥʢʠ 1-ʛʦ ʧʦʣʷ, ʪʦʯʢʘ ˉ 2 - ʮʝʥʪʨ 

ʚʠʜʽʣʝʥʦʾ ʜʽʣʷʥʢʠ 2-ʛʦ ʧʦʣʷ), ʥʘ ʦʜʥʫ ʡ ʪʫ ʞ ʜʘʪʫ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʜʘʥʽ ʟ ʂɸ 

Sentinel-2ɸ ʽ ʜʘʥʽ ʪʦʯʢʦʚʦʛʦ ʥʘʟʝʤʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʧʦʩʽʚʽʚ ʆʇ ʧʨʠʣʘʜʦʤ  

FieldSpec3FR, ʟʘ ʷʢʠʤʠ ʙʫʣʠ ʦʙʯʠʩʣʝʥʽ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ. ɿʘ ʜʘʥʠʤʠ ʂɿ 

Sentinel-2ɸ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ ʦʙʯʠʩʣʶʚʘʣʠ ʥʝ ʪʽʣʴʢʠ ʚ ʪʦʯʮʽ ˉ 1 ʽʟ ʟʘʜʘʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ, ʘʣʝ ʡ ʚʠʨʘʭʦʚʫʚʘʣʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʜʣʷ 

ʧʣʦʱʽ 10ʭ10 ʧʽʢʩʝʣʽʚ (ʱʦ ʚʽʜʧʦʚʽʜʘʻ 1 ʛʘ) ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʣʷ ʟ ʮʝʥʪʨʘʤʠ ʚ ʪʦʯʢʘʭ 

ˉ 1 ʽ ˉ 2 (ʨʠʩ. 4.11, 4.12). ʅʘ ʞʘʣʴ, 10.05.2016 ʨ. ʟʥʽʤʦʢ ʟ ʂɸ Sentinel-2ɸ 

ʚʽʜʩʫʪʥʽʡ, ʪʦʤʫ ʟʽʩʪʘʚʣʝʥʥʷ ɺɯ ʜʣʷ ʮʴʦʛʦ ʜʥʷ ʥʝ ʚʠʢʦʥʫʚʘʣʦʩʴ. 

ɿʥʘʯʝʥʥ ̫ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʧʦʨʘʭʦʚʘʥʠʭ ʟʘ ʬʦʨʤʫʣʘʤʠ (3.12), (4.7)-

(4.14), ʟʘ ʜʘʥʠʤʠ Sentinel-2ɸ ʪʘ ʧʦʣʴʦʚʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.4-4.12. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ 

ʧʦʟʥʘʯʝʥʦ ʮʠʬʨʘʤʠ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʨʠʩʢʦʶ ʚʛʦʨʽ. 
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ʈʠʩ. 4.11. ʉʠʥʪʝʟʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʥʽʤʢʘ Sentinel-2 ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʧʦʣʽʛʦʥʫ çɹʝʨʝʟʘʥʴè ʚʽʜ 08.04.2016 ʨ. 

 

ʈʠʩ. 4.12. ɯʥʜʝʢʩ NDVI, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟ ʟʥʽʤʢʘ Sentinel-2 ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʧʦʣʽʛʦʥʫ çɹʝʨʝʟʘʥʴè ʚ̔ ʜ 08.04.2016 ʨ. 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʢʘʥʘʣ 660, 840 ʥʤ, ʥʦʤʝʨʠ ʢʘʥʘʣʽʚ (8-4)/(8+4) 
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ʊʘʙʣʠʮʷ 4.4 

ɿʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʜʘʥʠʤʠ Sentinel-2ɸ, 

ʜʣʷ ʧʦʩʽʚʽʚ ʆʇ ʚʽʜ 08.04.2016 ʨ. 

ˉ ʧʦʣʷ, 

ʩʦʨʪ ʆʇ 

ɿʥʘʯʝʥʥʷ ɺɯ (ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ) ʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ɺɯ 

REP, ʥʤ MTCI NDRE1 NDRE2 CIrededge CIgreen NDVI  ZM SR DRICI 

1, 

 ʉʢʘʛʝʥ 

726.60 

80.722  

4.3604 

695.3  

0.283 

256.0  

0.355 

328.0  

1.099 

986.0  

1.083 

061.1  

0.345 

351.0  

1.789 

690.1  

0.450 

428.0  

2.441 

317.2  

2, 

ɹʦʛʜʘʥʘ 

724.10 

28.723  

3.668 

641.3  

0.268 

267.0  

0.351 

344.0  

1.081 

046.1  

1.191 

173.1  

0.368 

369.0  

1.732 

728.1  

0.398 

407.0  

2.642 

580.2  

ʊʘʙʣʠʮʷ 4.5 

ɿʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʧʦʣʴʦʚʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ FieldSpec3FR, ʜʣʷ ʧʦʩʽʚʽʚ ʆʇ ʚʽʜ 08.04.2016 ʨ. 

ˉ ʧʦʣʷ, 

ʩʦʨʪ ʆʇ 

ɿʥʘʯʝʥʥʷ ɺɯ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 

REP, ʥʤ MTCI NDRE1 NDRE2 CIrededge CIgreen NDVI  ZM SR DRICI 

1, 

ʉʢʘʛʝʥ 

720.81 3.031 0.509 0.567 2.617 4.182 0.814 2.714 0.084 31.227 

2, 

ɹʦʛʜʘʥʘ 

722.15 3.567 0.564 0.627 3.365 5.359 0.859 3.126 0.060 55.864 

ʊʘʙʣʠʮʷ 4.6 

ɿʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʜʘʥʠʤʠ Sentinel-2ɸ, 

ʜʣʷ ʧʦʩʽʚʽʚ ʆʇ ʚʽʜ 28.04.2016 ʨ. 

ˉ ʧʦʣʷ, 

ʩʦʨʪ ʆʇ 

ɿʥʘʯʝʥʥʷ ɺɯ (ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ) ʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ɺɯ 

REP, ʥʤ MTCI NDRE1 NDRE2 CIrededge CIgreen NDVI  ZM SR DRICI 

1,  

ʉʢʘʛʝʥ 

726.65 

00.726  

6.064 

313.5  

0.592 

515.5  

0.623 

613.0  

3.362 

181.3  

3.430 

330.3  

0.675 

680.0  

3.245 

132.3  

0.161 

148.0  

20.936 

255.22  

2, 

ɹʦʛʜʘʥʘ 

725.91 

48.724  

4.333 

575.4  

0.479 

493.0  

0.584 

584.0  

2.804 

813.2  

3.056 

011.3  

0.663 

674.0  

2.838 

949.2  

0.166 

156.0  

18.620 

271.18  
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ʊʘʙʣʠʮʷ 4.7 

ɿʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʧʦʣʴʦʚʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ FieldSpec3FR, ʜʣʷ ʧʦʩʽʚʽʚ ʆʇ ʚʽʜ 28.04.2016 ʨ. 

ˉ ʧʦʣʷ, 

ʩʦʨʪ ʆʇ 

ɿʥʘʯʝʥʥʷ ɺɯ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 

REP, 

ʥʤ 
MTCI NDRE1 NDRE2 CIrededge CIgreen NDVI  ZM SR DRICI 

1, 

ʉʢʘʛʝʥ 

724.67 4.577 0.608 0.683 4.307 6.734 0.854 3.723 0.059 72.653 

2, 

ɹʦʛʜʘʥʘ 

722.69 3.674 0.556 0.623 3.310 5.221 0.834 3.140 0.072 46.262 

 

ʊʘʙʣʠʮʷ 4.8 

ɿʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʧʦʣʴʦʚʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ FieldSpec3FR, ʜʣʷ ʧʦʩʽʚʽʚ ʆʇ ʚʽʜ 10.05.2016 ʨ. 

ˉ ʧʦʣʷ, 

ʩʦʨʪ ʆʇ 

ɿʥʘʯʝʥʥʷ ɺɯ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 

REP, 

ʥʤ 
MTCI NDRE1 NDRE2 CIrededge CIgreen NDVI  ZM SR DRICI 

1, 

ʉʢʘʛʝʥ 

727.38 5.752 0.698 0.776 6.937 11.030 0.932 5.010 0.024 290.84 

2, 

ɹʦʛʜʘʥʘ 

724.88 4.502 0.616 0.692 4.499 6.709 0.872 3.765 0.051 88.870 

 

ʊʘʙʣʠʮʷ 4.9 

ɿʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʜʘʥʠʤʠ Sentinel-2ɸ, ʜʣʷ 

ʧʦʩʽʚʽʚ ʆʇ ʚʽʜ 17.06.2016 ʨ. 

ˉ ʧʦʣʷ, 

ʩʦʨʪ ʆʇ 

ɿʥʘʯʝʥʥʷ ɺɯ (ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ) ʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ɺɯ 

REP, 

ʥʤ 
MTCI NDRE1 NDRE2 CIrededge CIgreen NDVI  ZM SR DRICI 

1, 

ʉʢʘʛʝʥ 

729.25 

 

5.768 

 

0.512 

 

0.605 

 

2.885 

 

2.895 

 

0.659 

 

3.096 

 

0.158 

 

19.451 

 

2, 

ɹʦʛʜʘʥʘ 

724.07 

 

3.253 

 

0.326 

 

0.409 

 

1.388 

 

1.561 

 

0.474 

 

1.968 

 

0.300 

 

4.678 

 

 

  

24.729 539.5 491.0 592.0 932.2 954.2 644.0 981.2 165.0 279.18

06.724 270.3 324.0 405.0 362.1 576.1 470.0 961.1 300.0 582.4
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ʊʘʙʣʠʮʷ 4.10 

ɿʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʧʦʣʴʦʚʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ FieldSpec3FR, ʜʣʷ ʧʦʩʽʚʽʚ ʆʇ ʚʽʜ 17.06.2016 ʨ. 

ˉ ʧʦʣʷ, 

ʩʦʨʪ ʆʇ 

ɿʥʘʯʝʥʥʷ ɺɯ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 

REP, 

ʥʤ 
MTCI NDRE1 NDRE2 CIrededge CIgreen NDVI  ZM SR DRICI 

1, 

ʉʢʘʛʝʥ 

729.14 4.668 0.609 0.719 5.117 8.063 0.851 4.067 0.050 101.42 

2, 

ɹʦʛʜʘʥʘ 

720.54 2.182 0.407 0.486 1.894 3.338 0.728 2.248 0.117 16.190 

ʇʨʠ ʘʥʘʣʽʟʽ ʟʥʘʯʝʥʴ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʈʇ ʟʘ ʦʩʥʦʚ ʚʟʷʪʘ ʧʦʚʝʜʽʥʢʘ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʽʥʜʝʢʩʫ REP ʷʢ ʽʥʜʠʢʘʪʦʨʘ ʩʪʨʝʩʫ ʨʦʩʣʠʥʥʦʩʪʽ. ɿʘ ʜʘʥʠʤʠ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ [40, 41], ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ REP ʻ ʽʥʜʠʢʘʪʦʨʦʤ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʧʦʢʘʟʥʠʢʦʤ ʩʪʽʡʢʦʩʪʽ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ. 

ɺʝʛʝʪʘʮʽʡʥʽ ʩʪʨʝʩʠ, ʚʠʢʣʠʢʘʥʽ ʨʽʟʥʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ, ʧʨʦʷʚʣʷʶʪʴʩʷ ʟʩʫʚʘʤʠ REP ʜʦ ʢʦʨʦʪʢʠʭ ʜʦʚʞʠʥ 

ʭʚʠʣʴ, ʘ ʟʩʫʚ REP ʫ ʩʧʝʢʪʨʘʭ ʚʽʜʙʠʪʪʷ ʈʇ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʚʠʥʠʢʘʻ 

ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ ʚ ʨʦʩʣʠʥʘʭ ʥʘ ʨʽʟʥʠʭ ʬʝʥʦʣʦʛʽʯʥʠʭ ʬʘʟʘʭ ʾʭ 

ʨʦʟʚʠʪʢʫ. ʎʝ ʽ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ REP ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʈʇ ɿʝʤʣʽ ʟʘ 

ʜʘʥʠʤʠ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʦʾ ʢʦʩʤʦʟʡʦʤʢʠ. ʊʦʤʫ ʧʦʚʝʜʽʥʢʘ ɺɯ ʦʮʽʥʶʻʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʽʥʜʝʢʩʫ REP. 

ʅʘ ʜʘʪʫ ʟʡʦʤʢʠ 08.04.2016 ʨ. ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ REP, MTCI, NDRE1, 

NDRE2, CIrededge, CIgreen, NDVI, ZM, SR ʽ DRICI, ʧʦʨʘʭʦʚʘʥʽ ʟʘ ʜʘʥʠʤʠ ʂɸ 

Sentinel-2, ʜʝʤʦʥʩʪʨʫʶʪʴ ʦʜʥʘʢʦʚʫ ʧʦʚʝʜʽʥʢʫ ʧʨʠ ʟʽʩʪʘʚʣʝʥʥʽ ʾʭ ʟʽ ʟʥʘʯʝʥʥʷʤʠ 

REP ʜʣʷ ʆʇ, ʦʢʨʽʤ ʽʥʜʝʢʩʽʚ MTCI ʪʘ SR (ʪʘʙʣ.4.4). ɯʥʜʝʢʩ ʧʨʦʩʪʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

SR (670, 820) ʻ ʜʦʧʦʤʽʞʥʠʤ ʽʥʜʝʢʩʦʤ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʭʣʦʨʦʬʽʣʴʥʦʛʦ ʽʥʜʝʢʩʫ 

ʧʦʜʚʽʡʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ DRICI (Double Ratio Index), ʷʢʠʡ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʽ 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʥʽʤʝʮʴʢʽ ʚʯʝʥʽ ʚ 2015 ʨ. [39]. ʊʨʝʙʘ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʮʝʡ ʽʥʜʝʢʩ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʟʥʘʯʥʦ ʰʠʨʰʦʛʦ ʢʘʥʘʣʫ ˉ 8 ʩʫʧʫʪʥʠʢʘ Sentinel-2 

ʟ ʮʝʥʪʨʦʤ 842 ʥʤ ʽ ʰʠʨʠʥʦʶ 115 ʥʤ. ɿʘ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʚ ʧʝʨʰʫ 

ʜʝʢʘʜʫ ʢʚʽʪʥʷ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ɺɯ ʟʘ Sentinel-2ɸ ʜʣʷ ʆʇ ʩʦʨʪʫ ʉʢʘʛʝʥ ʥʘ 1-ʤʫ 

ʧʦʣʽ ʤʝʥʰʽ, ʥʽʞ ʥʘ 2-ʤʫ, ʜʝ ʟʨʦʩʪʘʣʘ ʧʰʝʥʠʮʷ ʩʦʨʪʫ ɹʦʛʜʘʥʘ: ȹREP = 723.28 ʥʤ 
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- 722.8 ʥʤ = 0.48 ʥʤ, ʪʦʙʪʦ ʫ ʬʘʟʫ ʢʫʱʽʥʥʷ ʩʦʨʪ ɹʦʛʜʘʥʘ ʩʬʦʨʤʫʚʘʚ ʙʽʣʴʰʝ 

ʟʝʣʝʥʦʾ ʤʘʩʠ. ʊʝ ʞ ʩʘʤʝ ʭʘʨʘʢʪʝʨʥʝ ʽ ʜʣʷ ɺɯ ʥʘ ʮʶ ʞ ʜʘʪʫ 08.04.2016 ʨ., ʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʽ ʞ ʩʘʤʽ ɺɯ: REP, MTCI, NDRE1, NDRE2, CIrededge, CIgreen, NDVI, 

ZM, SR ʽ DRICI, ʧʨʦʪʝ ʚʞʝ ʧʦʨʘʭʦʚʘʥʽ ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʧʦʩʽʚʽʚ ʧʨʠʣʘʜʦʤ FieldSpec3FR. ʊʫʪ ʪʘʢʦʞ ʧʰʝʥʠʮʽ ʩʦʨʪʫ ɹʦʛʜʘʥʘ ʟʥʘʯʝʥʥʷ 

REP ʙʽʣʴʰʽ, ʥʽʞ ʫ ʧʰʝʥʠʮʽ ʩʦʨʪʫ ʉʢʘʛʝʥ: ȹREP = 722.15 ʥʤ - 720.81 ʥʤ = 1.34 

ʥʤ;  ʨʝʰʪʘ ɺɯ, ʦʢʨʽʤ ʜʦʧʦʤʽʞʥʦʛʦ ʽʥʜʝʢʩʫ SR, ʥʘ 2-ʤʫ ʧʦʣʽ ʤʘʶʪʴ ʙʽʣʴʰʽ 

ʟʥʘʯʝʥʥʷ, ʥʽʞ ɺɯ ʧʝʨʰʦʛʦ ʧʦʣʷ ʟʽ ʩʦʨʪʦʤ ʉʢʘʛʝʥ. 

ʆʪʞʝ, ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʂɿ Sentinel-2 ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʦʜʝʨʞʘʥʠʤʠ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpec3FR ʥʘ ʜʘʪʫ 08.04.2016 ʨ., ʫ 

ʬʘʟʫ ʢʫʱʽʥʥʷ ʨʦʩʣʠʥʠ ʩʦʨʪʫ ɹʦʛʜʘʥʘ ʜʝʤʦʥʩʪʨʫʶʪʴ ʢʨʘʱʽ ʬʦʪʦʩʠʥʪʝʪʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ, ʥʽʞ ʨʦʩʣʠʥʠ ʩʦʨʪʫ ʉʢʘʛʝʥ. 

ʅʘ ʥʘʩʪʫʧʥʫ ʜʘʪʫ ʧʦʣʴʦʚʠʭ ʚʠʾʟʜʽʚ (28.04.2016 ʨ.) ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʚʞʝ 

ʽʥʰʠʡ ʩʪʘʥ ʈʇ (ʪʘʙʣ. 4.6, 4.7). ɺɯ ʟʘ ʜʘʥʠʤʠ Sentinel-2 ʜʣʷ ʆʇ ʩʦʨʪʫ ʉʢʘʛʝʥ ʥʘ 

1-ʤʫ ʧʦʣʽ ʙʽʣʴʰʽ ʷʢ ʟʘ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ɺɯ, ʪʘʢ ʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ɺɯ, 

ʧʦʨʘʭʦʚʘʥʠʤʠ ʚ ʪʦʯʮʽ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ, ʥʽʞ ʥʘ 2-ʤʫ ʧʦʣʽ, ʜʝ ʟʨʦʩʪʘʣʘ 

ʧʰʝʥʠʮʷ ʩʦʨʪʫ ɹʦʛʜʘʥʘ; ȹREPʩʝʨʝʜʥʻ = 726.0ʥʤ ï 724.48ʥʤ = 1.52 ʥʤ. ʊʦʙʪʦ, ʫ 

ʚʝʛʝʪʘʮʽʡʥʫ ʬʘʟʫ ï ʚʠʭʽʜ ʚ ʪʨʫʙʢʫ (ʜʨʫʛʝ ʤʽʞʚʫʟʣʷ) ʧʰʝʥʠʮʷ ʩʦʨʪʫ ʉʢʘʛʝʥ 

ʜʝʤʦʥʩʪʨʫʻ ʢʨʘʱʽ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʽʞ ʩʦʨʪ ɹʦʛʜʘʥʘ. ɼʣʷ ɺɯ, 

ʧʦʨʘʭʦʚʘʥʠʭ ʚ ʪʦʯʢʘʭ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʜʣʷ ʧʦʣʷ 1 ʽ ʧʦʣʷ 2, ʤʘʻʤʦ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʧʦʣʷ 1 ʽʟ ʩʦʨʪʦʤ ʉʢʘʛʝʥ ʙʽʣʴʰʽ, ʥʽʞ ʜʣʷ ʧʦʣʷ 2 ʽʟ ʩʦʨʪʦʤ ɹʦʛʜʘʥʘ: ȹREP = 

726.65 ʥʤ - 725.91 ʥʤ = 0.74 ʥʤ.  

ʊʝ ʞ ʩʘʤʝ ʭʘʨʘʢʪʝʨʥʝ  ̔ ʜʣʷ ɺɯ, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʥʘ ʮʶ ʞ ʜʘʪʫ 28.04.2016 ʨ. ɼʣʷ ʧʰʝʥʠʮʽ ʩʦʨʪʫ ɹʦʛʜʘʥʘ 

ʟʥʘʯʝʥʥʷ REP ʩʪʘʶʪʴ ʤʝʥʰʠʤʠ, ʥʽʞ ʫ ʧʰʝʥʠʮʽ ʩʦʨʪʫ ʉʢʘʛʝʥ: ȹREP = 722.15ʥʤ 

- 720.81 ʥʤ = 1.34 ʥʤ. ʊʘ ʡ ʨʝʰʪʘ ɺɯ (ʦʢʨʽʤ ʜʦʧʦʤʽʞʥʦʛʦ ʽʥʜʝʢʩʫ SR) ʜʣʷ ʩʦʨʪʫ 

ɹʦʛʜʘʥʘ ʤʘʶʪʴ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʆʇ ʩʦʨʪʫ ʉʢʘʛʝʥ. ʆʪʞʝ, ʟʘ 

ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʘ ʪʦʯʥʽʰʝ ʟʘ ʚʝʛʝʪʘʮʽʡʥʠʤʠ ʽʥʜʝʢʩʘʤʠ, 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʥʘ ʜʘʪʫ 28.04.2016 ʨ., ʫ ʬʘʟʽ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ (ʜʨʫʛʝ ʤʽʞʚʫʟʣʷ) ʟʘ 

ʜʘʥʠʤʠ ʦʙʨʦʙʢʠ ʂɿ Sentinel-2ɸ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʜʝʨʞʘʥʠʤʠ ʟ FieldSpec3FR, 
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʚʝʨʩʽʷ ʩʪʘʥʫ ʧʦʩʽʚʽʚ ʜʚʦʭ ʩʦʨʪʽʚ ʆʇ: ʩʦʨʪ ɹʦʛʜʘʥʘ ʜʝʤʦʥʩʪʨʫʻ 

ʛʽʨʰʽ ʧʘʨʘʤʝʪʨʠ, ʥʽʞ ʩʦʨʪ ʉʢʘʛʝʥ.  

ʅʘ 10.05.2016 ʨ., ʬʘʟʘ ʚʝʛʝʪʘʮʽʾ ï ʚʠʭʽʜ ʚ ʪʨʫʙʢʫ, ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʪʽʣʴʢʠ 

ʥʘʟʝʤʥʝ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʧʦʩʽʚʽʚ, ʦʩʢʽʣʴʢʠ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʟʥʽʤʢʘ 

Sentinel-2 ʥʘ ʮʶ ʜʘʪʫ ʥʝ ʚʠʷʚʠʣʦʩʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpec3FR ʫ ʧ ʝhʥʠʮʽ ʩʦʨʪʫ ʉʢʘʛʝʥ ʟʥʘʯʝʥʥʷ REP 

ʟʘʣʠʰʘʶʪʴʩʷ ʚʠʱʠʤʠ, ʥʽʞ ʫ ʧʰʝʥʠʮʽ ʩʦʨʪʫ ɹʦʛʜʘʥʘ ʥʘ 2-ʤʫ ʧʦʣʽ: ȹREʈ = 

727.38 ʥʤ - 724.88 ʥʤ = 2.34 ʥʤ; ʨʝʰʪʘ ɺɯ ʧʨʦʷʚʣʷʶʪʴ ʪʘʢʫ ʞ ʪʝʥʜʝʥʮʽʶ: ʫ 

ʩʦʨʪʫ ʉʢʘʛʝʥ ʚʦʥʠ ʤʘʶʪʴ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ, ʥʽʞ ʫ ʩʦʨʪʫ ɹʦʛʜʘʥʘ (ʪʘʙʣ. 4.8). 

ʅʘ ʜʘʪʫ 17.06.2016 ʨ. (ʬʘʟʘ ʚʝʛʝʪʘʮʽʾ ï ʤʦʣʦʯʥʘ ʩʪʠʛʣʽʩʪʴ) ʧʦʨʘʭʦʚʘʥʽ ɺɯ 

ʟʘ ʜʘʥʠʤʠ ʂɿ Sentinel-2ɸ ʜʣʷ ʆʇ ʩʦʨʪʫ ʉʢʘʛʝʥ ʙʽʣʴʰʽ ʷʢ ʟʘ ʩʝʨʝʜʥʽʤʠ 

ʟʥʘʯʝʥʥʷʤʠ, ʪʘʢ ʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ɺɯ, ʦʙʯʠʩʣʝʥʠʤʠ ʜʣʷ ʪʦʯʢʠ ʟ ʟʘʜʘʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʨʫʛʠʤ ʧʦʣʝʤ, ʜʝ ʟʨʦʩʪʘʣʘ ʧʰʝʥʠʮʷ ʩʦʨʪʫ 

ɹʦʛʜʘʥʘ: ȹREPʩʝʨʝʜʥʻ = 729.24 ʥʤ ï 724.06 ʥʤ = 5.18 ʥʤ (ʪʘʙʣ. 4.9). ʊʦʙʪʦ, ʫ ʬʘʟʫ 

ʤʦʣʦʯʥʦʾ ʩʪʠʛʣʦʩʪʽ ʧʰʝʥʠʮʷ ʩʦʨʪʫ ʉʢʘʛʝʥ ʧʨʦʜʦʚʞʫʻ ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʢʨʘʱʠʡ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʥʽʞ ʧʰʝʥʠʮʷ ʩʦʨʪʫ ɹʦʛʜʘʥʘ. ɼʣʷ ɺɯ, ʧʦʨʘʭʦʚʘʥʠʭ 

ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ, ʚ ʟʘʜʘʥʠʭ ʪʦʯʢʘʭ ʦʙʦʭ ʧʦʣʽʚ ʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʧʦʣʷ 1 ʟ ʩʦʨʪʦʤ ʉʢʘʛʝʥ ʙʽʣʴʰʽ, ʥʽʞ ʜʣʷ ʧʦʣʷ 2 ʟʽ ʩʦʨʪʦʤ ɹʦʛʜʘʥʘ: ȹREP = 729.25 

ʥʤ - 724.07 ʥʤ = 5.18 ʥʤ.  

ʇʦʜʽʙʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ ɺɯ ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʥʘ 

ʮʶ ʞ ʜʘʪʫ 17.06.2016 ʨ. (ʪʘʙʣ. 4.10). ɿʦʢʨʝʤʘ, ʟʥʘʯʝʥʥʷ REP ʜʣʷ ʧʰʝʥʠʮʽ ʩʦʨʪʫ 

ɹʦʛʜʘʥʘ ʤʝʥʰʽ, ʥʽʞ ʫ ʧʰʝʥʠʮʽ ʩʦʨʪʫ ʉʢʘʛʝʥ: ȹREP = 729.14 ʥʤ - 720.54 ʥʤ = 

8.60 ʥʤ; ʨʝʰʪʘ ɺɯ ʜʣʷ ʩʦʨʪʫ ɹʦʛʜʘʥʘ ʤʝʥʰʽ, ʥʽʞ ɺɯ ʩʦʨʪʫ ʉʢʘʛʝʥ. ʆʪʞʝ, ʫ ʬʘʟʫ 

ʤʦʣʦʯʥʦʾ ʩʪʠʛʣʦʩʪʽ ɺɯ, ʦʙʯʠʩʣʝʥʽ ʷʢ ʟʘ ʜʘʥʠʤʠ ʦʙʨʦʙʢʠ ʂɿ Sentinel-2, ʪʘʢ ʽ 

ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpec3FR, ʩʚʽʜʯʘʪʴ, ʱʦ ʩʦʨʪ ɹʦʛʜʘʥʘ ʤʘʻ ʥʠʞʯʽ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʥʽʞ ʩʦʨʪ ʉʢʘʛʝʥ. 

ʋ ʬʘʟʫ ʢʫʱʽʥʥʷ ʩʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʽʥʜʝʢʩʽʚ ʣʠʰʝ NDRE1 ʪʘ NDRE2 

ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʽ ʟʘ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 

ʦʙʦʭ ʩʦʨʪʽʚ. ɯʥʰʽ ʽʥʜʝʢʩʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʧʨʠʯʦʤʫ ʙʽʣʴʰʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʤʽʞ ʬʘʢʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽʥʜʝʢʩʽʚ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʦʩʽʚʫ ʆʇ ʩʦʨʪʫ ɹʦʛʜʘʥʘ 



146 
 

  

(ʣʽʥʽʾ ʛʨʘʬʽʢ̔ʚ ʥʝ ʩʫʤʽʱʘʶʪʴʩʷ), ʜʝ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʽʥʜʝʢʩʽʚ ʤʘʡʞʝ ʚʜʚʽʯʽ ʙʽʣʴʰʽ, 

ʥʽʞ ʜʣʷ ʆʇ ʩʦʨʪʫ ʉʢʘʛʝʥ (ʟʚʝʨʪʘʻʤʦ ʫʚʘʛʫ ʥʘ ʫʤʦʚʥʽ ʦʜʠʥʠʮʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ). 

ʅʘ ʧʦʯʘʪʢʫ ʚʠʭʦʜʫ ʚ ʪʨʫʙʢʫ (ʧʦʷʚʘ ʜʨʫʛʦʛʦ ʤʽʞʚʫʟʣʷ) ʨʽʟʥʠʮʷ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ 

ɺɯ, ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʜʘʥʠʤʠ Sentinel-2ɸ  ̔ FieldSpec3FR, ʤʘʡʞʝ ʟʥʠʢʘʻ, ʣʠʰʝ 

ʜʣʷ CIgreen ʪʘ DRICI ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʠʷʚʣʝʥʘ ʱʝ ʫ ʧʦʧʝʨʝʜʥʽʡ ʬʘʟʽ ʥʝʟʙʽʞʥʽʩʪʴ ʾʭ 

ʧʦʢʘʟʥʠʢʽʚ. ʄʦʞʣʠʚʦʶ ʧʨʠʯʠʥʦʶ ʮʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʦʞʝ ʙʫʪʠ ʟʘʟʥʘʯʝʥʘ ʚʠʱʝ 

ʨʽʟʥʠʮʷ ʫ ʰʠʨʠʥʽ ʚʠʙʨʘʥʠʭ ʢʘʥʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ 

ʽʥʜʝʢʩʽʚ. ʇʨʠʯʦʤʫ ʦʩʪʘʥʥʽʡ ʽʥʜʝʢʩ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʜʘʥʠʤʠ  FieldSpec3FR, 

ʨʽʟʢʦ ʨʝʘʛʫʻ ʥʘ ʩʪʘʥ ʧʦʩʽʚʫ: ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʽ ʩʦʨʪʦʤ ʆʇ ɹʦʛʜʘʥʘ ʚʽʥ ʫ 1,5 

ʨʘʟʘ ʥʠʞʯʠʡ, ʥʽʞ ʫ ʩʦʨʪʫ ʉʢʘʛʝʥ.  

ʉʢʘʟʘʥʝ ʩʧʨʘʚʝʜʣʠʚʝ ʽ ʜʣʷ ɺɯ, ʦʙʯʠʩʣʝʥʠʭ ʫ ʬʘʟʫ ʤʦʣʦʯʥʦʾ ʩʪʠʛʣʦʩʪʽ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʧʝʨʝʜʫʩʽʤ ʟʨʦʩʪʘʥʥʷʤ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʦʩʽʚʽʚ ʚʧʨʦʜʦʚʞ 

ʚʝʩʥʷʥʦ-ʣʽʪʥʴʦʾ ʚʝʛʝʪʘʮʽʾ, ʱʦ ʟʫʤʦʚʣʶʻ ʝʣʽʤʽʥʘʮʽʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʥʝʩʢʫ ʚʽʜʙʠʪʪʷ 

ˇʨʫʥʪʫ ʤʽʞʨʷʜʴ ʫ ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜʙʠʪʪʷ ʧʦʩʽʚʽʚ, 

ʟʘʬ̔ʢʩʦʚʘʥʦʛʦ ʫ ʬʘʟʫ ʢʫʱʽʥʥʷ. ɺʦʜʥʦʯʘʩ ʚ ʧʨʦʮʝʩʽ ʜʦʟʨʽʚʘʥʥʷ ʧʦʩʽʚʫ ʆʇ ʩʦʨʪʫ 

ɹʦʛʜʘʥʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʫʨʘʞʝʥʥʷ ʨʦʩʣʠʥ ʟʙʫʜʥʠʢʘʤʠ 

ʛʨʠʙʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʦ ʥʠʞʯʽ ʚʝʣʠʯʠʥʠ ʾʭ ɺɯ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʦʨʪʦʤ ʉʢʘʛʝʥ. 

ɹʫʣʠ ʧʦʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʟʘ ʬʦʨʤʫʣʦʶ ʇʽʨʩʦʥʘ ʜʣʷ ʚʩʽʭ 10 

ʽʥʜʝʢʩʽʚ ʜʣʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʢʦʞʥʦʛʦ ʧʦʣʷ ʟ ʨʽʟʥʠʤʠ ʩʦʨʪʘʤʠ ʆʇ. ʎʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.11, ʜʝ ʛʨʘʬʘ çɼʞʝʨʝʣʦ ʜʘʥʠʭè Sentinel GPS 

ʦʟʥʘʯʘʻ ʦʙʯʠʩʣʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ɺɯ ʚ ʪʦʯʮʽ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ, ʘ Sentinel 

Average ï ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʩʫʧʫʪʥʠʢʦʚʠʭ ɺɯ ʜʣʷ ʧʣʦʱʽ 10ʭ10 

ʧ̔ ʢʩʝʣʽʚ, ʪʦʙʪʦ 1 ʛʘ. ʆʢʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʩʝʨʝʜʥʽ ʧʦʭʠʙʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ n=10 , ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 4.11.  
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ʊʘʙʣʠʮʷ 4.11 

ʂʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ɺɯ ʟ FieldSpec3FR ʽ Sentinel-2ɸ 

ʜʣʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʧʦʣʽʚ 1 ʽ 2 ʟʽ ʩʦʨʪʘʤʠ ʆʇ ʉʢʘʛʝʥ ʽ ɹʦʛʜʘʥʘ ʚʧʨʦʜʦʚʞ 

ʚʝʩʥʷʥʦ-ʣʽʪʥʴʦʾ ʚʝʛʝʪʘʮʽʾ 

ʉʦʨʪ 

ʆʇ 

ɼʘʪʘ, ʬʘʟʘ 

ʚʝʛʝʪʘʮʽʾ 

08 ʢʚʽʪʥʷ 2016 ʨ., 

ʢʫʱʽʥʥʷ 

28 ʢʚʽʪʥʷ 2016 ʨ., 

ʚʠʭʽʜ ʚ ʪʨʫʙʢʫ 

17 ʯʝʨʚʥʷ 2016 ʨ., 

ʤʦʣʦʯʥʘ ʩʪʠʛʣʽʩʪʴ 

ɼʞʝʨʝʣʦ 

ʜʘʥʠʭ 

Sentinel 

GPS 

Sentinel 

Average 

Sentinel 

GPS  

Sentinel 

Average 

Sentinel 

GPS  

Sentinel 

Average 

ʉʢʘʛʝʥ FieldSpec 0.38 0.43 0.97 0.98 0.97 0.97 

ɹʦʛʜʘʥʘ FieldSpec 0.48 0.47 0.98 0.98 0.85 0.84 

ʊʘʙʣʠʮʷ 4.12 

ʉʝʨʝʜʥʽ ʧʦʭʠʙʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ɺɯ ʟ 

FieldSpec3FR ʽ Sentinel-2ɸ ʜʣʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʧʦʣʽʚ 1 ʽ 2 ʟʽ ʩʦʨʪʘʤʠ  

ʆʇ ʉʢʘʛʝʥ ʽ ɹʦʛʜʘʥʘ 

ʉʦʨʪ ɼʘʪʘ, ʬʘʟʘ 

ʚʝʛʝʪʘʮʽʾ 

08.04.2016 ʨ., 

ʢʫʱʽʥʥʷ 

28.04.2016 ʨ., 

ʚʠʭʽʜ ʚ ʪʨʫʙʢʫ 

17.06.2016 ʨ., 

ʤʦʣʦʯʥʘ ʩʪʠʛʣʽʩʪʴ 

ɼʞʝʨʝʣʦ 

ʜʘʥʠʭ 

Sentinel 

GPS 

Sentinel 

Average 

Sentinel 

GPS  

Sentinel 

Average 

Sentinel 

GPS  

Sentinel 

Average 

ʉʢʘʛʝʥ FieldSpec 0,33 0,32 0,09 0,07 0,09 0,09 

ɹʦʛʜʘʥʘ FieldSpec 0,31 0,31 0,07 0,07 0,19 0,19 

ɿʛʽʜʥʦ ʟ ʥʘʚʝʜʝʥʠʤʠ ʜʘʥʠʤʠ ʪʘʙʣ. 4.11, ʢʦʨʝʣʷʮʽʷ ʥʘ 08.04.2016 ʨ. 

(ʢʫʱʽʥʥʷ) ʜʫʞʝ ʩʣʘʙʢʘ, ʘ ʷʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʩʝʨʝʜʥʶ ʧʦʭʠʙʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʢʦʨʝʣʷʮʽʾ Ůʩʝʨ å 0.32 ʥʘ ʮʶ ʜʘʪʫ ʟʘ ʜʘʥʠʤʠ ʪʘʙʣ. 4.12, ʪʦ ʢʦʨʝʣʷʮʽʷ ʚʟʘʛʘʣʽ 

ʚʽʜʩʫʪʥʷ. ʅʘ ʜʘʪʫ 28.04.2016 ʨ. (ʚʠʭʽʜ ʚ ʪʨʫʙʢʫ) ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ɺɯ ʟʘ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʽ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʧʦʣ ̫1 

ʽ ʧʦʣʷ 2 ʟ ʆʇ ʩʦʨʪʽʚ ʉʢʘʛʝʥ ʽ ɹʦʛʜʘʥʘ ʚʠʩʦʢʘ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʥʘ ʮʶ ʜʘʪʫ ʩʪʘʥʦʚʠʪʴ Ůʩʝʨ å 0.08. ʊʦʙʪʦ, ʤʘʻʤʦ ʟʛʽʜʥʦ ʟ 

[42], ʩʠʣʴʥʫ ʢʦʨʝʣʷʮʽʶ ʥʘ ʮʶ ʜʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ. ʋ ʬʘʟʽ ʤʦʣʦʯʥʦʾ ʩʪʠʛʣʦʩʪʽ 

(17.06.2016 ʨ.) ʢʦʨʝʣʷʮʽʷ ʪʝʞ ʚʠʩʦʢʘ, ʽ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʢʦʨʝʣʷʮʽʾ ʥʘ ʮʶ ʜʘʪʫ Ůʩʝʨ å 0.14 [43].  
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4.5. ɺʠʷʚʣʝʥʥʷ ʧʨʦʩʦʯʫʚʘʥʥʷ ʛʣʠʙʠʥʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʽʚ: ʚʘʨʽʘʮʽʾ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ, ʽʥʜʝʢʩʽʚ ʫ SWIR-ʦʙʣʘʩʪʽ ʪʘ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʽʥʜʠʢʘʮʽʾ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʰʝʥʠʮʽ (ʂʨʠʤʩʴʢʠʡ 

ʧʦʣʽʛʦʥ ɼɿɿ) ï ʉʪʝʧ 

ʗʢ ʚʽʜʦʤʦ [29, 44, 45], ʩʧʝʢʪʨʠ ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ ʨʝʘʛʫʶʪʴ ʥʘ 

ʧʨʦʩʦʯʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ˇʨʫʥʪʽ ʘʥʦʤʘʣʴʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʟʩʫʚʘʤʠ 

ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ï REP. ʈʦʟʚʠʪʦʢ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʝʥʩʦʨʽʚ ʜʣʷ ɼɿɿ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦʟʚʦʣʠʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʶ ʚʣʘʩʪʠʚʽʩʪʴ ʈʇ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʩʪʨʝʩʽʚ, ʩʧʨʠʯʠʥʝʥʠʭ ʚʠʪʽʢʘʥʥʷʤ ʥʘʬʪʠ ʽʟ 

ʥʘʬʪʦʧʨʦʚʦʜʽʚ [28] ʪʘ ʛʘʟʫ ʽʟ ʛʘʟʦʧʨʦʚʦʜʽʚ [27, 46]. ɺʽʜʦʤʦ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʩʝʥʩʦʨʘ Hyperion ʜʣʷ ʨʦʟʚʽʜʫʚʘʥʥʷ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ 

[47]. 

ʄʝʪʦʜʠʢʘ ʚʠʷʚʣʝʥʥʷ ʦʧʪʠʯʥʦʾ ʘʥʦʤʘʣʽʾ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ 

ʟʡʦʤʢʠ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘʜ ʧʦʢʣʘʜʘʤʠ ɺɺ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʟʤʽʥʠ 

ʦʧʪʠʯʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʣʠʥʥʦʩʪʽ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʦʙʣʠʚʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ ʪʘʢʽ ʽʥʜʝʢʩʠ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ, ʷʢ ʧʦʟʠʮʽʷ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ - REP ʪʘ 

ʥʘʟʝʤʥʠʡ ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ TCI. 

ʆʙʠʜʚʘ ʮʽ ʽʥʜʝʢʩʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ ʚ ʨʦʩʣʠʥʘʭ, ʷʢʠʡ ʻ 

ʧʦʢʘʟʥʠʢʦʤ ʾʭʥʴʦʛʦ ʟʜʦʨʦʚôʷ. ʆʩʢʽʣʴʢʠ ʘʥʦʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ɺɺ ʚ ̌ʨʫʥʪʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʜʦʨʦʚôʷ ʪʘ ʨʽʩʪ ʨʦʩʣʠʥ, ʪʦ ʟʤʽʥʠ ʚ ʨʦʩʣʠʥʘʭ, ʩʧʨʠʯʠʥʝʥʽ 

ʧʦʢʣʘʜʘʤʠ ɺɺ, ʷʢʽ ʚʽʜʙʠʚʘʶʪʴʩʷ ʚ ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʽʥʜʠʢʘʪʦʨʠ ʘʥʦʤʘʣʽʡ ʧʨʦʩʦʯʫʚʘʥʥʷ ɺɺ ʫ ˇʨʫʥʪʽ. ɯʟ ʨʦʟʚʠʪʢʦʤ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ɼɿɿ ʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʟôʷʚʠʣʘʩʴ ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

[20, 48] ʟʘ ʚʝʛʝʪʘʮʽʡʥʠʤʠ ʽʥʜʝʢʩʘʤʠ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ. 

ʉʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʧʰʝʥʠʮʽ ʥʘʜ ɻʣʽʙʦʚʩʴʢʠʤ ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ 

ʧʨʦʚʝʜʝʥʦ ʜʠʩʪʘʥʮʽʡʥʦ ʚ ʩʦʥʷʯʥʫ ʧʦʛʦʜʫ 27 ʪʨʘʚʥʷ 2010 ʨ. ʧʦʨʪʘʪʠʚʥʠʤ 

ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR. ɺʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʰʝʥʠʮʽ 

ʟʜʽʡʩʥʝʥʦ ʫ 22 ʪʦʯʢʘʭ. ʄʘʨʰʨʫʪ ʥʘʟʝʤʥʦʛʦ ʟʥʽʤʘʥʥʷ ʦʭʦʧʣʶʚʘʚ 11 ʪʦʯʦʢ ʥʘ 

ʬʦʥʦʚʽʡ ʜʽʣʷʥʮʽ ʟʘ ʤʝʞʘʤʠ ʨʦʜʦʚʠʱʘ ʪʘ 11 ʪʦʯʦʢ ʥʘʜ ɻʣʽʙʦʚʩʴʢʠʤ ʛʘʟʦʚʠʤ 
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ʨʦʜʦʚʠʱʝʤ [49]. ʇʨʦʪʷʞʥʽʩʪʴ ʤʘʨʰʨʫʪʫ ï ʧʨʠʙʣʠʟʥʦ 2 ʢʤ. ɺʽʜʜʘʣʴ ʤʽʞ 

ʪʦʯʢʘʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ï ʤʘʡʞʝ 100 ʤ. ɺ ʢʦʞʥʽʡ ʪʦʯʮʽ ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʦʙʯʠʩʣʝʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʪʪʷ ʧʰʝʥʠʮʽ ʪʘ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ 

REP ʽ TCI ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʬʦʨʤʫʣʘʤʠ (3.12), (3.14). ʊʘʢʦʞ ʦʙʯʠʩʣʝʥʦ 

ʬʦʥʦʚʽ ʟʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʷʢ ʩʝʨʝʜʥʽ ʘʨʠʬʤʝʪʠʯʥʽ ʾʭ ʟʥʘʯʝʥʥʷ ʚ 11 

ʪʦʯʢʘʭ ʥʘ ʬʦʥʦʚʽʡ ʜʽʣʷʥʮʽ ʟʘ ʤʝʞʘʤʠ ʨʦʜʦʚʠʱʘ ʟʘ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

11/)(
11

1i

iʬʦʥ REPREP ; 
(4.15) 

11/)(
11

1i

iʬʦʥ TCITCI . 
(4.16) 

ɺʽʜʤʽʥʥʦʩʪʽ ʚ ʩʧʝʢʪʨʘʭ ʚʽʜʙʠʪʪʷ ʧʰʝʥʠʮʽ, ʩʧʨʠʯʠʥʝʥʽ ʧʨʦʩʦʯʫʚʘʥʥʷʤ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 4.13. ʉʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʚʽʜʙʠʪʪʷ ʷʢ ʬʫʥʢʮʽʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ R = R( ) ʥʘ ʚʽʜʨʽʟʢʫ 350, 1000 ʥʤ ʜʣʷ 

ʧʰʝʥʠʮʽ, ʱʦ ʨʦʩʣʘ ʟʘ ʤʝʞʘʤʠ ʨʦʜʦʚʠʱʘ R1( ) ʪʘ ʥʘʜ ɻʣʽʙʦʚʩʴʢʠʤ ʛʘʟʦʚʠʤ 

ʨʦʜʦʚʠʱʝʤ R2( ), ʦʜʝʨʞʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR. 

ɿʽʩʪʘʚʣʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢ̔ʚ ʩʚʽʜʯʠʪʴ (ʨʠʩ. 4.13), ʱʦ ʥʘʜ ʛʘʟʦʚʠʤ 

ʨʦʜʦʚʠʱʝʤ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ R2( ) ʥʘ ʚʽʜʨʽʟʢʫ   350, 680 ʥʤ ʟʙʽʣʴʰʫʻʪʴʩʷ, 

ʘ ʥʘ ʚʽʜʨʽʟʢʫ   740, 1000 ʥʤ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ R1( ) 

ʜʣʷ ʧʰʝʥʠʮʽ ʟʘ ʤʝʞʘʤʠ ʨʦʜʦʚʠʱʘ. ɿʦʢʨʝʤʘ, ʷʢʱʦ ʧʨʠʨʽʩʪ ʬʫʥʢʮʽʾ R1( ) ʥʘ 

ʚʽʜʨʽʟʢʫ   700, 750 ʥʤ ʩʪʘʥʦʚʠʪʴ 0,45 ʥʤ, ʪʦ ʜʣʷ R2( ) ï ʣʠʝh 0,30. ʊʘʢʽ ʟʤʽʥʠ 

ʚʽʜʙʠʪʪʷ ʧʰʝʥʠʮʽ ʥʘʜ ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥ 

REP (ʪʘʢ ʟʚʘʥʠʡ ñʛʦʣʫʙʠʡ ʟʩʫʚò) ʪʘ TCI. ʊʘʢ, ʜʣʷ R2( ): REP = 717,76 ʥʤ, ʘ TCI 

= 1,75 , ʘ ʜʣʷ R1( ) REP = 722,57 ʥʤ, TCI = 2,83. ɺʝʣʠʯʠʥʠ ʚʽʜʭʠʣʝʥʴ ʽʥʜʝʢʩʽʚ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʶʪʴ: ʜʣʷ REP: ȹREP = 717,76 ʥʤ -722,57 ʥʤ = -4.81 ʥʤ, ʜʣʷ 

TCI: ȹTCI = 1,76 ï 2,83 = -1,08. ɿʩʫʚ REP ʜʦ ʢʦʨʦʪʢʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ ʩʪʘʥʦʚʠʪʴ 

ʧʦʥʘʜ 4 ʥʤ. 
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ɚ, ʥʤ 

ʈʠʩ. 4.13. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʽʚ ʚʽʜʙʠʪʪʷ ʧʰʝʥʠʮʽ ʟʘ 

ʤʝʞʘʤʠ ʨʦʜʦʚʠʱʘ R1( ) ʪʘ ʥʘʜ ɻʣʽʙʦʚʩʴʢʠʤ ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ R2( ) ʟʘ 

ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpec3FR ʚʽʜ 27.05.2010 ʨ. 

ɻʨʘʬ̔ʢʠ ʚʝʣʠʯʠʥ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʥʘ ʤʘʨʰʨʫʪʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

1.14, 1.15. ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ ʥʘʥʝʩʝʥʦ ʧʦʨʷʜʢʦʚʽ ʥʦʤʝʨʠ ʪʦʯʦʢ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʴ: ʪʦʯʢʠ 1-11 ʨʦʟʪʘʰʦʚʘʥʽ ʟʘ ʤʝʞʘʤʠ ʨʦʜʦʚʠʱʘ, ʪʦʯʢʠ 12-22 ï ʥʘʜ 

ɻʣʽʙʦʚʩʴʢʠʤ ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʥʘ ʨʠʩʫʥʢʘʭ ʚʽʜʜʘʣʴ ʤʽʞ 

ʪʦʯʢʘʤʠ ʫʤʦʚʥʘ ʽ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʜʘʣʽ ʤʽʞ ʪʦʯʢʘʤʠ ʥʘ ʤʽʩʮʝʚʦʩʪʽ. ʅʘ ʨʠʩʫʥʢʘʭ 

ʪʘʢʦʞ ʧʦʟʥʘʯʝʥʦ ʬʦʥʦʚʽ ʚʝʣʠʯʠʥʠ ʽʥʜʝʢʩʽʚ: REPʬʦʥ = 721,46 ʥʤ, TCIʬʦʥ = 2,654, 

ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ (4.15) ʽ (4.16), ʚʽʜʧʦʚʽʜʥʦ.  

ɿʥʘʯʝʥʥʷ REP ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 717,76 ʥʤ (ʪʦʯʢʘ 17) ʜʦ 723,57 ʥʤ 

(ʪʦʯʢʘ 3). ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʧʨʦʬʽʣʽ REPʩʝʨ = 720,28 ʥʤ. 

ʈʽʟʥʠʮʷ ʤʽʞ ʬʦʥʦʚʠʤ ʽ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤʠ REPʬʦʥ - REPʩʝʨ = 1,17 ʥʤ. ʉʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘʜ ʧʦʢʣʘʜʦʤ REPʧ ʤʝʥʰʝ, ʥʽʞ REPʩʝʨ. ʈʽʟʥʠʮʷ REPʬʦʥ - 

REPʧ = 2,35ʥʤ. ɺʝʣʠʯʠʥʘ ñʛʦʣʫʙʦʛʦ ʟʩʫʚʫñ ʜʦʨʽʚʥʶʻ 2,35 ʥʤ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʨʽʟʥʠʮʷ ʤʽʞ ʬʦʥʦʚʠʤ ʟʥʘʯʝʥʥʷʤ REP ʽ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʥʘʜ ʧʦʢʣʘʜʦʤ 

ʧʝʨʝʚʠʱʫʻ 2 ʥʤ. ʈʽʟʥʠʮʷ ʤʽʞ ʬʦʥʦʚʠʤ ʟʥʘʯʝʥʥʷʤ REPʬʦʥ ʽ ʤʽʥʽʤʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʜʦʨʽʚʥʶʻ 3,7 ʥʤ. 
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ʈʠʩ. 4.14. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥ ɹʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ REP ʫ ʪʦʯʢʘʭ ʤʘʨʰʨʫʪʫ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ ʧʰʝʥʠʮʽ ʥʘ ɻʣʽʙʦʚʩʴʢʦʤʫ ʛʘʟʦʚʦʤʫ ʨʦʜʦʚʠʱʽ  

 

ʈʠʩ. 4.15. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ TCI ʫ ʪʦʯʢʘʭ ʤʘʨʰʨʫʪʫ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ ʧʰʝʥʠʮʽ ʥʘ ɻʣʽʙʦʚʩʴʢʦʤʫ ʛʘʟʦʚʦʤʫ ʨʦʜʦʚʠʱʽ  

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʦʙʯʠʩʣʝʥʴ ʥʘʟʝʤʥʦʛʦ ʭʣʦʨʦʬʽʣʴʥʦʛʦ ʽʥʜʝʢʩʫ TCI ʚ ʪʦʯʢʘʭ 

ʤʘʨʰʨʫʪʫ (ʨʠʩ. 1.15), ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ TCImin = 1,75 ʫ 17-ʡ 

ʪʦʯʮʽ ʜʦ TCImax = 3,378 ʫ 1-ʡ ʪʦʯʮʽ. ʉʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʤʘʨʰʨʫʪʽ 

TCIʩʝʨ = 2,367. ʈʽʟʥʠʮʷ ʤʽʞ ʤʽʥʽʤʘʣʴʥʠʤ ʽ ʬʦʥʦʚʠʤ ʟʥʘʯʝʥʥʷʤʠ TCI: TCImin - 

TCIʬʦʥ = -0,954, ʘ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ ʬʦʥʦʚʠʤ ʟʥʘʯʝʥʥʷʤʠ ʩʪʘʥʦʚʠʪʴ TCImax - 

TCIʬʦʥ = 0,724. ʈʽʟʥʠʮʷ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤʠ TCI 

ʜʦʨʽʚʥʶʻ 1,628. 
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ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ ʚʘʨʽʘʮʽʡ REP ʽ TCI ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʰʝʥʠʮʽ 

(ʨʠʩ. 4.14, 4.15), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ REP ʽ TCI ʽʩʥʫʻ 

ʟʥʘʯʫʱʘ ʢʦʨʝʣʷʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ r = 0,987. 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʢʦʤʧʣʝʢʩʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʽʥʜʝʢʩʽʚ REP ʪʘ TCI, ʷʢʽ ʨʝʘʛʫʶʪʴ ʥʘ ʟʤʽʥʫ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ 

ʚ ʧʰʝʥʠʮʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʩʧʝʢʪʨʘʭ ʚʽʜʙʠʪʪʷ ʽ ʚ ʟʥʘʯʝʥʥʷʭ ʚʝʛʝʪʘʮʽʡʥʠʭ 

ʽʥʜʝʢʩʽʚ, ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʤʝʪʦʜʦʤ ʚʠʷʚʣʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʩʪʨʝʩʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʘʥʦʤʘʣʴʥʠʭ ʚʽʜôʻʤʥʠʭ ʟʥʘʯʝʥʴ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʫ ʤʽʩʮʷʭ ʘʥʦʤʘʣʴʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʘʟʦʧʦʜʽʙʥʠʭ ɺɺ ʚ ̌ʨʫʥʪʽ ʪʘ ʙʫʪʠ ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʠʤʠ 

ʽʥʜʝʢʩʘʤʠ. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʘʥʦʤʘʣʽʡ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ 

ʢʨʘʶ REP ʪʘ TCI, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʧʰʝʥʠʮʽ ʥʘʜ ʧʦʢʣʘʜʦʤ ɺɺ ɻʣʽʙʦʚʩʴʢʦʛʦ ʛʘʟʦʚʦʛʦ ʨʦʜʦʚʠʱʘ 

ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʜʦʨʦʚôʷ ʨʦʩʣʠʥ ʟʘʟʥʘʻ ʚʧʣʠʚʫ ʘʥʦʤʘʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʘʟʫ ʚ ˇʨʫʥʪʽ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʩʧʝʢʪʨʘʭ ʚʽʜʙʠʪʪʷ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʟʤʝʥʰʝʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʚ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʟʦʥʽ ʩʧʝʢʪʨʘ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ï ʫ 

ʯʝʨʚʦʥʽʡ (ʨʠʩ. 4.13).  

ɼʦʩʣʽʜʞʝʥʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ: ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ 

ʢʨʘʶ REP ʪʘ ʥʘʟʝʤʥʦʛʦ ʭʣʦʨʦʬʽʣʴʥʦʛʦ ʽʥʜʝʢʩʫ TCI ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʧʰʝʥʠʮʽ ʟ 

ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʧʦʰʫʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʥʘʜ ʧʦʢʣʘʜʘʤʠ ɺɺ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ 

ʤʽʩʮʷʭ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʘʟʦʧʦʜʽʙʥʠʭ ɺɺ ʫ ˇʨʫʥʪʽ ʟʥʘʯʝʥʥʷ 

REP ʪʘ TCI ʟʤʝʥʰʫʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʽʟ ʾʭ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʬʦʥʦʚʦʾ ʜʽʣʷʥʢʠ ʟʘ 

ʤʝʞʘʤʠ ʨʦʜʦʚʠʱʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʝ ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʈʇ ʥʘʜ 

ʨʦʜʦʚʠʱʘʤʠ ʛʘʟʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʟʤʽʥ. ʆʩʦʙʣʠʚʦ 

ʝʬʝʢʪʠʚʥʠʤ ʻ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ 

REP ʪʘ TCI, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ r = 0,987. ʈʝʘʛʫʶʯʠ ʥʘ 

ʟʤʽʥʫ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ ʚ ʨʦʩʣʠʥʘʭ ʟʤʝʥʰʝʥʥʷʤ ʾʭ ʚʝʣʠʯʠʥ ʥʘʜ ʧʦʢʣʘʜʦʤ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʦʥʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʘ ʤʝʞʘʤʠ ʧʦʢʣʘʜʫ, ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ 
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ʚʝʛʝʪʘʮʽʡʥʽ ʩʪʨʝʩʠ ʚ ʤʽʩʮʷʭ ʟʙʽʣʴʰʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ̌ʨʫʥʪʽ 

,̔ ʪʘʢʠʤ ʯʠʥʦʤ, ʩʣʫʛʫʚʘʪʠ ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʠʤʠ ʽʥʜʝʢʩʘʤʠ. [51]. 

ɸʥʦʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ɺɺ ʫ ˇʨʫʥʪʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʾʭ 

ʧʨʦʩʦʯʫʚʘʥʥʷ ʟ ʨʦʜʦʚʠʱ ʛʘʟʫ ʪʘ ʥʘʬʪʠ ʘʙʦ ʚʠʪʽʢʘʥʥʷ ʟ ʧʽʜʟʝʤʥʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʚʠʢʣʠʢʘʶʪʴ ʧʝʚʥʽ ʟʤʽʥʠ ʚ ʈʇ ɿʝʤʣʽ. ʎʽ ʟʤʽʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʧʝʢʪʨʠ ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʥʠ ʥʘʭʠʣʫ ʩʧʝʢʪʨʘʣʴʥʦʾ ʢʨʠʚʦʾ 

ʚ ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ 650-760 ʥʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʝʢʪʨʘʣʴʥʠʭ ʟʩʫʚʽʚ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ REP ï ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʥʘ ʷʢʽʡ 

ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʥʘʭʠʣʫ ʩʧʝʢʪʨʘ ʚʽʜʙʠʪʪʷ ʚ ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ [19]. 

ɻʽʧʝʨʩʧʝʢʪʨʘʣʴʥʝ ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʈʇ ʥʘʜ ʨʦʜʦʚʠʱʘʤʠ ɺɺ ʪʘ 

ʥʘʬʪʦʛʘʟʦʧʨʦʚʦʜʘʤʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʮʠʭ ʟʤʽʥ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ, ʚʠʟʥʘʯʝʥʠʭ ʚ ʦʙʣʘʩʪʽ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ [18, 52, 53]. ʊʘʢ, ʫ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʨʦʩʦʯʫʚʘʥʥʷ 

ʧʽʜʟʝʤʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʧʦʟʠʮʽʶ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ REP [19] ʩʧʝʢʪʨʽʚ 

ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥ, ʷʢʠʡ ʧʨʦʷʚʣʷʚʩʷ ʫ ʟʤʝʥʰʝʥʥʽ (ñʩʠʥʽʡ ʟʩʫʚò) ʟʥʘʯʝʥʥʷ REP 

ʚʥʘʩʣʽʜʦʢ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʪʨʝʩʫ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʘʥʦʤʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʛʘʟʫ 

ʚ ˇʨʫʥʪʽ. 

ɺʧʣʠʚ ʧʨʦʩʦʯʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʩʧʝʢʪʨʠ ʚʽʜʙʠʪʪʷ ʆʇ ʥʘʜ 

ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʟʘ ʧʦʣʴʦʚʠʤʠ ʜʘʥʠʤʠ ʥʘʟʝʤʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ 

ʜʦʩʣʽʜʞʝʥʦ ʫ ʨʦʙʦʪʘʭ [18, 52 ,53], ʚ ʷʢʠʭ ʚʠʚʯʘʣʠʩʷ ʚʘʨʽʘʮʽʾ ʽʥʜʝʢʩʫ ʯʝʨʚʦʥʦʛʦ 

ʢʨʘʶ REP ʪʘ ʤʝʨʽʩʽʚʩʴʢʦʛʦ ʥʘʟʝʤʥʦʛʦ ʭʣʦʨʦʬʽʣʴʥʦʛʦ ʽʥʜʝʢʩʫ TCI [20] ʥʘʜ 

ɻʣʽʙʦʚʩʴʢʠʤ ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

[18, 52 ,53], ʱʦ ʥʘʜ ʛʘʟʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʟʥʘʯʝʥʥʷ REP ʽ TCI ʜʣʷ ʩʧʝʢʪʨʽʚ 

ʚʽʜʙʠʪʪʷ ʆʇ ʟʤʝʥʰʫʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʾʭ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʘ ʤʝʞʘʤʠ 

ʨʦʜʦʚʠʱʘ.  

ɼʦʩʣʽʜʞʝʥʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥ ʽʥʜʝʢʩʽʚ TCI ʪʘ REP ʟʘ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ 

ʇʨʠʦʟʝʨʥʝ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR ʚʽʜ 7 ʯʝʨʚʥʷ 2011 ʨ. ʉʢʣʘʜʥʽʩʪʴ 

ʧʨʦʙʣʝʤʠ ʘʥʘʣʽʟʫ ʟʤʽʥ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ REP ʽ TCI ʥʘʜ ʥʘʬʪʦʚʠʤ 

ʨʦʜʦʚʠʱʝʤ ʇʨʠʦʟʝʨʥʝ ʧʦʣʷʛʘʻ ʚ ʥʘʷʚʥʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʚ 
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ʥʘʟʝʤʥʦʤʫ ʧʦʢʨʠʚʽ. ɼʣʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʪʦʯʦʢ ʟ ʈʇ ʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʽʜʝʾ 

ʨʦʙʦʪʠ [55]: ʢʦʤʙʽʥʘʮʽʶ REP ʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ 

ʽʥʜʝʢʩʫ NDVI 705 [56], ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ NDVI705 ʪʘ ʡʦʛʦ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ 

ʽʟ REP ʜʣʷ ʪʦʯʦʢ ʟ ʈʇ ʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʝʥʦ 

ʢʦʨʝʣʷʮʽʡʥʽ ʟʚôʷʟʢʠ ʤʽʞ REP ʽ TCI ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʽʥʜʝʢʩʫ TCI 

ʩʣʫʛʫʚʘʪʠ ʦʜʥʠʤ ʟ ʧʦʰʫʢʦʚʠʭ ʽʥʜʝʢʩʽʚ ʧʨʠ ʨʦʟʚʽʜʫʚʘʥʥʽ ʨʦʜʦʚʠʱ ɺɺ. 

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ REP ʥʘʜ ʥʘʬʪʦʚʠʤ 

ʨʦʜʦʚʠʱʝʤ ʚ ʂʠʪʘʾ ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʷʨʦʾ ʧʰʝʥʠʮʽ ʟʘ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ ʧʦʣʴʦʚʦʾ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʟʡʦʤʢʠ ʪʘ ʘʝʨʦʟʡʦʤʢʠ ʥʘʚʝʜʝʥʦ ʚ ʧʨʘʮʷʭ 

[54-58], ʜʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʢʨʦʧʨʦʩʦʯʫʚʘʥʥʷ ɺɺ ʟ ʥʘʬʪʦʚʦʛʦ ʨʦʜʦʚʠʱʘ ʜʽʻ ʷʢ 

ʫʜʦʙʨʶʚʘʯ ʜʣʷ ʨʦʩʪʫ ʧʰʝʥʠʮʽ ʽ ʩʧʨʠʯʠʥʷʻ ʟʙʽʣʴʰʝʥʥʷ REP ʜʦ 744 ʥʤ ʧʨʦʪʠ 

ʚʝʣʠʯʠʥʠ 738 ʥʤ ʥʘ ʧʣʦʱʽ, ʜʝ ʤʽʢʨʦʧʨʦʩʦʯʫʚʘʥʥʷ ʚʽʜʩʫʪʥʻ. ɿʥʘʯʝʥʥʷ REP 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʦʞ ʚ ʨʦʙʦʪʽ [28] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʚʠʣʠʚʘʥʥʷ ʥʘʬʪʠ ʟ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʘ ʟʤʽʥ ʈʇ ʟʘ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʘʝʨʦʟʥʽʤʘʥʥʷ ʩʝʥʩʦʨʘ 

AVIRIS. ɿʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ REP, ʦʙʯʠʩʣʝʥʠʭ ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʟʦʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʜʦ ʘʚʘʨʽʾ ʽ ʧʽʩʣʷ ʥʝʾ, ʧʦʢʘʟʘʣʦ 

ʟʩʫʚʠ REP ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʫ ʟʦʥʫ (ñʯʝʨʚʦʥʠʡ ʟʩʫʚò).  

ɺʽʜʦʤʦ, ʱʦ ʙʽʣʴʰ ʚʠʩʦʢʽ ʦʙôʻʤʠ ʤʽʛʨʘʮʽʾ ɺɺ ʟ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʟʦʥʘʭ ʨʦʟʣʦʤʽʚ, ʘ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦ ʮʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʥʘʜ ʛʘʟʦʚʠʤʠ ʨʦʜʦʚʠʱʘʤʠ.  

ʇʨʠʦʟʝʨʥʝ ʥʘʬʪʦʚʝ ʨʦʜʦʚʠʱʝ ʨʦʟʪʘʰʦʚʘʥʝ ʫ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʂʝʨʯʝʥʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ ʥʘ ʚʽʜʩʪʘʥʽ 27 ʢʤ ʚʽʜ ʤ. ʂʝʨʯ (ʨʠʩ. 4.16) [59].  

ʇʦʚʝʨʭʥʝʚʽ ʧʨʦʷʚʠ ʥʘʬʪʠ ʥʘ ʇʨʠʦʟʝʨʥʽʡ ʧʣʦʱʽ ʚʽʜʦʤʽ ʟ ʜʘʚʥʽʭ ʯʘʩʽʚ. ʇʦʩʫʜ ʟ 

ʥʘʬʪʦʶ ʮʴʦʛʦ ʨʦʜʦʚʠʱʘ ʟʥʘʡʜʝʥʦ ʧʽʜ ʯʘʩ ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʨʦʟʢʦʧʦʢ ʜʘʚʥʽʭ ʤʽʩʪ 

ʇʨʠʪʘʢʽ ʪʘ ʊʘʥʘʾʩ. ʇʝʨʰʘ ʩʚʝʨʜʣʦʚʠʥʘ ʪʫʪ ʟʘʢʣʘʜʝʥʘ ʚ 1886 ʨ. ɿ ʪʦʛʦ ʯʘʩʫ ʥʘ 

ʧʣʦʱʽ ʟ ʧʝʨʝʨʚʘʤʠ ʚʝʣʠʩʷ ʧʦʰʫʢʠ ʽ ʚʠʜʦʙʫʚʘʣʘʩʷ ʥʘʬʪʘ. ʋ 1951-1954 pp. ʙʫʣʠ 

ʧʨʦʙʫʨʝʥʽ ʥʦʚʽ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʚʩʪʘʥʦʚʣʝʥʘ ʧʨʦʤʠʩʣʦʚʘ ʥʘʬʪʦʥʦʩʥʽʩʪʴ 

ʢʘʨʘʛʘʥʩʴʢʠʭ ʪʘ ʯʦʢʨʘʢʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʤʽʦʮʝʥʫ. ʇʨʠʦʟʝʨʥʝ ʧʽʜʥʷʪʪʷ ʤʘʻ 

ʢʨʠʧʪʦʜʽʘʧʽʨʦʚʫ ʙʫʜʦʚʫ. ɺʠʚʯʝʥʘ ʯʘʩʪʠʥʘ ʡʦʛʦ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʭʽʜʥʫ 

ʧʝʨʠʢʣʽʥʘʣʴ ʙʨʘʭʽʘʥʪʠʢʣʽʥʘʣʴʥʦʾ ʩʢʣʘʜʢʠ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ ʟ 
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ʙʽʣʴʰ ʢʨʫʪʠʤ ʧʽʚʜʝʥʥʠʤ ʢʨʠʣʦʤ. ʈʦʟʤʽʨʠ ʩʪʨʫʢʪʫʨʠ ʫ ʤʝʞʘʭ ʩʫʭʦʜʦʣʫ ʧʦ 

ʽʟʦʛʽʧʩʽ -750 ʤ ʩʷʛʘʶʪʴ 1,9ʭ0,6 ʢʤ, ʚʠʩʦʪʘ ï ʜʦ 300 ʤ. ʈʝʞʠʤ ʧʦʢʣʘʜʽʚ ʥʘʬʪʠ 

ʚʦʜʦʥʘʧʽʨʥʠʡ. ʈʦʜʦʚʠʱʝ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʥʩʝʨʚʘʮʽʾ. 

 

 

ʈʠʩ. 4.16. ʉʭʝʤʘ ʤʘʨʰʨʫʪʽʚ ʟ ʥʦʤʝʨʘʤʠ ʪʦʯʦʢ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʥʘʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʇʨʠʦʟʝʨʥʝ ʚʽʜ 07.06.2011 ʨ. 
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ʉʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ 

ʇʨʠʦʟʝʨʥʝ ʟʜʽʡʩʥʝʥʦ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR ʜʠʩʪʘʥʮʽʡʥʦ ʚ ʩʦʥʷʯʥʫ 

ʧʦʛʦʜʫ 7 ʯʝʨʚʥʷ 2011 ʨ. ʥʘ ʜʚʦʭ ʤʘʨʰʨʫʪʘʭ, ʩʭʝʤʠ ʷʢʠʭ ʟ ʥʦʤʝʨʘʤʠ ʪʦʯʦʢ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.16. ɿʥʘʯʝʥʥʷ ʟʘʤʽʨʽʚ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ 350-2500 ʥʤ ʢʦʥʚʝʨʪʫʚʘʣʠʩʷ ʫ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʚʽʜʙʠʪʪʷ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ.  

ʇʝʨʰʠʡ ʤʘʨʰʨʫʪ ʧʝʨʝʪʠʥʘʻ ʨʦʜʦʚʠʱʝ ʚ ʥʘʧʨʷʤʢʫ ʟ ʧʽʚʥʽʯʥʦʛʦ ʟʘʭʦʜʫ ʥʘ 

ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ ʽ ʦʭʦʧʣʶʻ 13 ʪʦʯʦʢ ʟ ʥʦʤʝʨʘʤʠ 567-579. ɼʨʫʛʠʡ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʽʟ 

ʧʽʚʥʽʯʥʦʛʦ ʩʭʦʜʫ ʥʘ ʧʽʚʜʝʥʴ ʽ ʥʘʣʽʯʫʻ 17 ʪʦʯʦʢ ʟ ʥʦʤʝʨʘʤʠ 580-583 ʪʘ 585-597. 

ʇʨʦʪʷʞʥʽʩʪʴ ʧʝʨʰʦʛʦ ʤʘʨʰʨʫʪʫ ï ʧʨʠʙʣʠʟʥʦ 750 ʤ, ʘ ʜʨʫʛʦʛʦ ï 1350 ʤ. 

ɺ ʢʦʞʥʽʡ ʪʦʯʮʽ ʦʙʯʠʩʣʝʥʦ ʟʥʘʯʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʫ ʦʙʣʘʩʪʽ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ NDVI 705 [56], REP ʽ TCI [60-64].  

ʅʘʟʝʤʥʠʡ ʧʦʢʨʠʚ ʥʘʜ ʨʦʜʦʚʠʱʝʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦʶ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ. ʂʦʨʦʪʢʠʡ ʦʧʠʩ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʫ ʪʦʯʢʘʭ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.4.13. 

ʂʨʽʤ ʦʧʠʩʫ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, ʚ ʪʘʙʣʠʮʽ ʧʦʜʘʥʦ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʨʽʟʥʠʮʝʚʦʛʦ ʽʥʜʝʢʩʫ NDVI705, ʷʢʝ ʚʩʪʘʥʦʚʣʝʥʦ 

ʥʘ ʧʽʜʩʪʘʚʽ ʢʦʨʝʣʷʪʠʚʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ REP ʽ NDVI705 ʟ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʪʦʯʦʢ ʟ ʈʇ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʝʣʠʯʠʥ NDVI705 ʽ REP, ʦʙʯʠʩʣʝʥʠʭ 

ʟʘ ʬʦʨʤʫʣʘʤʠ (3.12), (4.1) ʫ 29 ʪʦʯʢʘʭ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

4.17. 

ʅʘ ʛʨʘʬʽʢʫ ʥʝ ʥʘʥʝʩʝʥʦ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ ʚ ʪʦʯʮʽ 593 ʜʣʷ ʧʦʚʝʨʭʥʽ ʚʦʜʠ, 

ʦʩʢʽʣʴʢʠ ʚ ʮʽʡ ʪʦʯʮʽ ʟʥʘʯʝʥʥʷ REP ʧʝʨʝʚʠʱʫʶʪʴ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 20 ʥʤ ʟʥʘʯʝʥʥʷ 

ʚ ʽʥʰʠʭ ʪʦʯʢʘʭ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ.  

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʤʽʞ REP ʽ NDVI705 ʦʙʯʠʩʣʝʥʦ ʜʣʷ 17 ʪʦʯʦʢ ʟ ʈʇ ʟʘ 

ʬʦʨʤʫʣʦʶ ʇʽʨʩʦʥʘ:  
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ʜʝ xi = REPi ʪʘ yi = (NDVI705) i ï ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʽʚ ʫ ʪʦʯʮʽ ʟ ʧʦʨʷʜʢʦʚʠʤ ʥʦʤʝʨʦʤ 

i (i = 1, 17); REPx 717,01 ʥʤ ʪʘ 705NDVIy  0,2925 ï ʩʝʨʝʜʥʽ ʘʨʠʬʤʝʪʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʜʝʢʩʽʚ. 

ʊʘʙʣʠʮʷ 4.13 

ʈʽʟʥʦʚʠʜʠ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʪʦʯʢʘʭ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ  

ʥʘʜ ʇʨʠʦʟʝʨʥʠʤ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ 

ˉ ʟ/ʧ ʊʠʧ ʧʦʢʨʠʪʪʷ 
ˉ ʪʦʯʢʠ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʇʦʨʦʛʦʚʝ 

ʟʥʘʯʝʥʥʷ NDVI705 

1 ʃʫʛʦʚʘ ʪʨʘʚʘ ʥʘʜ ʨʦʜʦʚʠʱʝʤ 568, 569, 573-576, 588-591 

NDVI705 Ó 0,169 

2 ʃʫʛʦʚʘ ʪʨʘʚʘ ʙʽʣʷ ʢʣʘʧʘʥʘ ʩʚʝʨʜʣʦʚʠʥʠ 577, 595 

3 ʏʝʨʚʦʥʘ ʩʦʣʦʥʯʘʢʦʚʘ ʨʦʩʣʠʥʥʽʩʪʴ 582 

4 ʇʦʣʠʥ ʙʽʣʷ ʩʚʝʨʜʣʦʚʠʥʠ 572 

5 ʃʫʛʦʚʘ ʪʨʘʚʘ ʟʘ ʤʝʞʘʤʠ ʨʦʜʦʚʠʱʘ 567, 596, 597 

6 
ɻʨʫʥʪ ʽʟ ʟʨʽʜʞʝʥʦʶ ʣʫʛʦʚʦʶ ʪʨʘʚʦʶ ʥʘʜ 

ʨʦʜʦʚʠʱʝʤ 
580, 586, 587 

NDVI705 < 0,169 

7 ʉʫʭʠʡ ʛʨʫʥʪ 570, 578, 585 

8 ʅʘʬʪʦʥʘʩʠʯʝʥʠʡ ʛʨʫʥʪ 571, 579 

9 ɹʫʨʘ ʛʣʠʥʘ, ʟʚʦʣʦʞʝʥʠʡ ʩʫʛʣʠʥʦʢ 581, 583 

10 ʉʫʭʠʡ ʪʘʢʠʨʥʠʡ ʛʨʫʥʪ ʙʽʣʷ ʩʚʝʨʜʣʦʚʠʥʠ 594 

11 ʂʘʣʶʞʘ ʙʽʣʷ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʧʣʽʚʢʦʶ ʥʘʬʪʠ 592, 593 

 

ʈʠʩ. 4.17. ʂʦʨʝʣʷʪʠʚʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ REP ʽ NDVI705  
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ʅʘ ʨʠʩ. 4.17 ʯʽʪʢʦ ʚʠʜʽʣʝʥʦ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ NDVI705 = 0,169, 

ʷʢʝ ʚʽʜʦʢʨʝʤʣʶʻ ʪʦʯʢʠ ʟ ʈʇ ʚʽʜ ʨʝʰʪʠ ʪʦʯʦʢ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ REP ʽ 

NDVI 705, ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 4.17, ʜʣʷ ʈʇ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ REP ʽ TCI ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʣʠʰʝ ʥʘ ʛʫʩʪʦ ʟʘʨʦʩʣʠʭ 

ʧʣʦʱʘʭ ʽʟ ʟʥʘʯʝʥʥʷʤʠ NDVI705 Ó 0,169. 

ɿ ʘʥʘʣʽʟʫ ʨʠʩ. 4.17 ʽ ʪʘʙʣʠʮʽ ʨʽʟʥʦʚʠʜʽʚ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʪʦʯʢʘʭ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ (ʪʘʙʣ. 4.18) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʽʥʜʝʢʩʠ 

REP ʽ TCI ʜʣʷ ʪʦʯʦʢ, ʚ ʷʢʠʭ NDVI705 < 0,169, ʻ ʥʝ ʚʽʨʦʛʽʜʥʠʤʠ ʪʘ ʥʝ 

ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʮʝ ʪʦʯʢʠ ʙʝʟ ʈʇ ʘʙʦ ʟ ʥʠʟʴʢʦʭʣʦʨʦʬʽʣʴʥʠʤ 

ʧʦʢʨʠʚʦʤ.  

ɻʨʘʬ̔ʢʠ ʟʤʽʥʠ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ REP ʽ TCI, ʦʙʯʠʩʣʝʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ 

(3.12), (3.14) ʚ 17 ʪʦʯʢʘʭ ʟ ʈʇ ʜʚʦʭ ʤʘʨʰʨʫʪʽʚ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.17. 

ʅʘʜʘʣʽ ʫ ʪʝʢʩʪʽ ʧʨʠ ʧʦʩʠʣʘʥʥʽ ʥʘ ʥʦʤʝʨ n ʪʦʯʢʠ ʥʘ ʨʠʩ. 4.17 ʚʽʜʧʦʚʽʜʥʠʡ 

ʥʦʤʝʨ ʥʘ ʩʭʝʤʽ ʤʘʨʰʨʫʪʽʚ ʟʡʦʤʢʠ (ʨʠʩ. 4.16) ʚʢʘʟʫʻʪʴʩʷ ʫ ʜʫʞʢʘʭ. ʆʯʝʚʠʜʥʦ, 

ʱʦ ʥʘ ʨʠʩ. 4.17 ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʦʯʢʘʤʠ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʜʘʣʽ ʤʽʞ ʥʠʤʠ ʥʘ 

ʤʽʩʮʝʚʦʩʪʽ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʦʙʯʠʩʣʝʥʴ, ʟʥʘʯʝʥʥʷ REP ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 713,03 ʥʤ 

ʫ ʪʦʯʮʽ 5 (573) ʜʦ 719,91 ʥʤ ʫ ʪʦʯʮʽ 16 (596) ʟ ʪʨʘʚôʷʥʠʤ ʧʦʢʨʠʚʦʤ. ʈʽʟʥʠʮʷ ʤʽʞ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤʠ ʜʦʨʽʚʥʶʻ 6,88 ʥʤ. ʌʦʥʦʚʝ ʟʥʘʯʝʥʥʷ 

REPʬʦʥ, ʦʙʯʠʩʣʝʥʝ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʴ REP ʫ ʪʦʯʢʘʭ 1 (567), 16 

(596) ʽ 17 (597), ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʨʦʜʦʚʠʱʘ, ʩʪʘʥʦʚʠʪʴ REPʬʦʥ = 718,5 

ʥʤ. ʈʽʟʥʠʮʷ ʤʽʞ ʬʦʥʦʚʠʤ ʽ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤʠ REP ʫ ʪʦʯʮʽ 5 (573), ʷʢʘ 

ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ ñʩʠʥʴʦʛʦ ʟʩʫʚʫò, ʜʦʨʽʚʥʶʻ 5,17 ʥʤ. ʍʘʨʘʢʪʝʨʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʈʇ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʛʘʟʦʚʦʛʦ [18, 52, 53], ʻ ʷʚʠʱʝ ñʯʝʨʚʦʥʦʛʦ ʟʩʫʚʫò ï ʟʙʽʣʴʰʝʥʥʷ REP ʧʨʦʪʠ 

ʬʦʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʫ ʪʦʯʢʘʭ 4 (572), 9 (577), 15 (595), ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʜ 

ʨʦʜʦʚʠʱʝʤ ʧʦʙʣʠʟʫ ʥʘʬʪʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɺʝʣʠʯʠʥʘ ʯʝʨʚʦʥʦʛʦ ʟʩʫʚʫ ʥʝʟʥʘʯʥʘ 

ʽ ʫ ʧʝʨʰʠʭ ʜʚʦʭ ʪʦʯʢʘʭ ʤʝʥʰʝ 1 ʥʤ, ʘ ʫ ʪʦʯʮʽ 15 (595) ʜʦʨʽʚʥʶʻ 1,12 ʥʤ. ɼʣʷ 

ʨʝʰʪʠ ʪʦʯʦʢ ʥʘʜ ʨʦʜʦʚʠʱʝʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ REP ï ʷʚʠʱʝ 

ñʩʠʥʴʦʛʦ ʟʩʫʚʫò. 
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ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʦʙʯʠʩʣʝʥʴ ʥʘʟʝʤʥʦʛʦ ʭʣʦʨʦʬʽʣʴʥʦʛʦ ʽʥʜʝʢʩʫ TCI, ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 0,944 ʫ ʪʦʯʮʽ 5 (573) ʜʦ 2,032 ʫ ʪʦʯʮʽ 16 (596). 

ʌʦʥʦʚʝ ʟʥʘʯʝʥʥʷ TCIʬʦʥ, ʦʙʯʠʩʣʝʥʝ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʴ TCI 

ʜʣʷ ʪʠʭ ʞʝ ʪʦʯʦʢ, ʱʦ ʽ REPʬʦʥ, ʩʪʘʥʦʚʠʪʴ TCIʬʦʥ = 1,716. ʈʽʟʥʠʮʷ ʤʽʞ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤʠ ʜʦʨʽʚʥʶʻ 1,09, ʤʽʞ ʤʽʥʽʤʘʣʴʥʠʤ ʽ 

ʬʦʥʦʚʠʤ ï 0,772, ʘ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤ ʽ ʬʦʥʦʚʠʤ ï 0,316. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʥʘʯʝʥʴ TCI ʫ ʪʦʯʢʘʭ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʈʇ ʥʘʜ 

ʨʦʜʦʚʠʱʝʤ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ TCI ʧʨʦʪʠ TCIʬʦʥ ʫ ʪʦʯʢʘʭ ʥʘʜ 

ʨʦʜʦʚʠʱʝʤ; ʦʢʨʽʤ ʪʦʯʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʙʣʠʟʫ ʥʘʬʪʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʚ ʷʢʠʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ TCI. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʙʠʜʚʘ ʽʥʜʝʢʩʠ REP ʽ TCI ʜʣʷ ʈʇ ʫ ʪʦʯʢʘʭ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʤʘʶʪʴ 

ʟʤʝʥʰʝʥʽ ʟʥʘʯʝʥʥʷ. 

ʅʘ ʨʠʩ. 4.17 ʧʦʢʘʟʘʥʦ ʢʦʨʝʣʷʮʡ̔ʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ REP ʽ TCI 

ʫ 17 ʪʦʯʢʘʭ ʟ ʈʇ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʤʽʞ REP ʽ TCI ʜʣʷ ʮʠʭ ʪʦʯʦʢ, 

ʦʙʯʠʩʣʝʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ ʇʽʨʩʦʥʘ (4.17), ʜʝ xi = REPi ʪʘ yi = TCIi ï ʟʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʽʚ ʫ ʪʦʯʮʽ ʟ ʧʦʨʷʜʢʦʚʠʤ ʥʦʤʝʨʦʤ i (i = 1,17) ʥʘ ʨʠʩ. 4.17, REPx  = 717,01 

ʥʤ ʪʘ TCIy  = 1,458 ï ʩʝʨʝʜʥʽ ʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʜʝʢʩʽʚ, 

ʜʦʨʽʚʥʶʻ r = 0,97. 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ, ʙʣʠʟʴʢʝ ʜʦ 1, ʚʢʘʟʫʻ ʥʘ ʤʘʡʞʝ ʣʽʥʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʽʥʜʝʢʩʘʤʠ REP ʽ TCI ʫ ʪʦʯʢʘʭ ʟ ʈʇ ʷʢ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ, 

ʪʘʢ ʽ ʟʘ ʡʦʛʦ ʤʝʞʘʤʠ: ʟʤʝʥʰʝʥʥʷ TCI ʱʦʜʦ ʬʦʥʦʚʦʛʦ ʚ ʪʠʭ ʪʦʯʢʘʭ, ʫ ʷʢʠʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ñʩʠʥʽʡ ʟʩʫʚò REP, ʽ ʟʙʽʣʴʰʝʥʥʷ TCI ʫ ʪʦʯʢʘʭ ʧʦʙʣʠʟʫ ʥʘʬʪʦʚʠʭ 

ʩʚʝʨʜʣʦʚʠʥ, ʫ ʷʢʠʭ ʬʽʢʩʫ̒ʪʴʩʷ ñʯʝʨʚʦʥʠʡ ʟʩʫʚò REP. 

ʋ ʪʦʯʢʘʭ ʟ ʈʇ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʚʩʪʘʥʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ 

REP (ñʩʠʥʽʡ ʟʩʫʚò ʜʦ 5 ʥʤ) ʽ TCI; ʦʢʨʽʤ ʪʦʯʦʢ ʧʦʙʣʠʟʫ ʥʘʬʪʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʫ 

ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ REP (ñʯʝʨʚʦʥʠʡ ʟʩʫʚò å 1 

ʥʤ) ʽ TCI ʧʨʦʪʠ ʾʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʜʣʷ ʪʦʯʦʢ ʟʘ ʤʝʞʘʤʠ ʨʦʜʦʚʠʱʘ. ɺʠʩʦʢʘ 

ʢʦʨʝʣʷʮʽʷ ʤʽʞ REP ʽ TCI ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ r = 0,97 ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʷʢ 

TCI, ʪʘʢ ʽ REP ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʈʇ ʥʘʜ ʨʦʜʦʚʠʱʝʤ ɺɺ ʽ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ 

ʩʣʫʛʫʚʘʪʠ ʦʜʥʠʤ ʟ ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʠʭ ʽʥʜʝʢʩʽʚ. 
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ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʽʥʜʝʢʩʫ TCI ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ ʤʦʞʣʠʚʽʩʪʴ ʨʘʟʦʤ ʟ ʽʥʜʝʢʩʦʤ 

REP ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʈʇ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʧʽʜ ʚʧʣʠʚʦʤ 

ʧʨʦʩʦʯʫʚʘʥʥʷ ɺɺ, ʘ ʦʪʞʝ, ʙʫʪʠ ʦʜʥʠʤ ʟ ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʠʭ ʽʥʜʝʢʩʽʚ. ɺʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ TCI ʧʽʜ ʚʧʣʠʚʦʤ 

ʧʨʦʩʦʯʫʚʘʥʥʷ ɺɺ ʪʘ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ REP ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʧʨʦʚʝʜʝʥʦ ʚʧʝʨʰʝ [60].  

ɸʥʦʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ɺɺ ʫ ˇʨʫʥʪʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʾʭ 

ʧʨʦʩʦʯʫʚʘʥʥʷ ʽʟ ʨʦʜʦʚʠʱ ʛʘʟʫ ʪʘ ʥʘʬʪʠ ʘʙʦ ʚʠʪʽʢʘʥʥʷ ʽʟ ʧʽʜʟʝʤʥʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʚʠʢʣʠʢʘʶʪʴ ʧʝʚʥʽ ʟʤʽʥʠ ʚ ʈʇ ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ. ʎʽ ʟʤʽʥʠ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʧʝʢʪʨʠ ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʟʩʫʚʽʚ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ ʧʦʟʠʮʽʾ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʜʦʚʞʠʥʠ ʭʚʠʣʽ REP, ʥʘ 

ʷʢʽʡ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʥʘʭʠʣʫ ʩʧʝʢʪʨʘ ʚʽʜʙʠʪʪʷ ʫ ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ 

[61]. ɺʠʚʯʝʥʦ ʩʧʝʢʪʨʠ ʚʽʜʙʠʪʪʷ ʫ SWIR-ʦʙʣʘʩʪʽ, ʫ ʚʠʧʘʜʢʫ ʥʘʬʪʦʚʠʭ ʟʘʙʨʫʜʥʝʥʴ 

ˇʨʫʥʪʽʚ ʙʝʟ ʈʇ.  

ɼʦʩʣʽʜʞʝʥʦ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥ ̔ ʽʥʜʝʢʩʽʚ ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʥʘʬʪʦʚʤʽʩʥʠʭ 

ˇʨʫʥʪʽʚ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ. ɺʠʚʯʝʥʦ ʥʘʟʝʤʥʠʡ ʧʦʢʨʠʚ ʥʘʜ ʥʘʬʪʦʚʠʤ 

ʨʦʜʦʚʠʱʝʤ ʇʨʠʦʟʝʨʥʝ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR. ɿʘʤʽʨʠ ʧʨʦʚʦʜʝʥʦ 

ʜʠʩʪʘʥʮʽʡʥʦ ʚ ʩʦʥʷʯʥʫ ʧʦʛʦʜʫ 07.06.2011 ʨ.  

ʅʘ ʨʠʩ.4.18 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʨʦʟʪʘʰʫʚʘʥʥʷ 13 ʪʦʯʦʢ ʙʝʟ ʈʇ ʪʘ ʽʟ 

ʟʨʽʜʞʝʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, ʚʠʜʽʣʝʥʠʭ ʟʘ ʫʤʦʚʦʶ NDVI 705 < 0,169.  

ʉʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʜʚʦʭ ʤʘʨʰʨʫʪʘʭ. 

ʇʝʨʰʠʡ ʤʘʨʰʨʫʪ ʧʝʨʝʪʠʥʘʻ ʨʦʜʦʚʠʱʝ ʟ ʧʽʚʥʽʯʥʦʛʦ ʟʘʭʦʜʫ ʥʘ ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ ʽ 

ʦʭʦʧʣʶʻ 13 ʪʦʯʦʢ ʽʟ ʥʦʤʝʨʘʤʠ 567-579; ʜʨʫʛʠʡ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʽʟ ʧʽʚʥʽʯʥʦʛʦ 

ʩʭʦʜʫ ʥʘ ʧʽʚʜʝʥʴ, ʥʘ ʥʴʦʤʫ ʨʦʟʪʘʰʦʚʘʥʦ 17 ʪʦʯʦʢ ʽʟ ʥʦʤʝʨʘʤʠ 580-583 ʪʘ 585-

597. ʇʨʦʪʷʞʥʽʩʪʴ ʧʝʨʰʦʛʦ ʤʘʨʰʨʫʪʫ ʩʷʛʘʻ ʧʨʠʙʣʠʟʥʦ 750 ʤ, ʘ ʜʨʫʛʦʛʦ ï 

1350 ʤ.  
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ʈʠʩ. 4.18. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʥʦʤʝʨʠ ʪʦʯʦʢ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʥʘʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʙʝʟ ʨʦʩʣʠʥʥʦʩʪʽ ʘʙʦ ʽʟ ʟʨʽʜʞʝʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʥʘʜ ʥʘʬʪʦʚʠʤ 

ʨʦʜʦʚʠʱʝʤ ʇʨʠʦʟʝʨʥʝ (07.06.2011 ʨ.) 

ɺ ʪʘʙʣ. 4.14 ʥʘʚʝʜʝʥʦ ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʚ 13 ʪʦʯʢʘʭ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 4.18, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

NDVI 705 < 0,169. ʅʘ ʧʝʨʰʦʤʫ ʤʘʨʰʨʫʪʽ ʽʟ 13 ʪʦʯʦʢ ʚʠʜʽʣʝʥʦ ʪʨʠ ʪʦʯʢʠ ʟ 

ʥʦʤʝʨʘʤʠ 570, 571, 578; ʥʘ ʜʨʫʛʦʤʫ ʤʘʨʰʨʫʪʽ ʽʟ 17 ʪʦʯʦʢ ʚʠʢʦʨʠʩʪʘʥʦ 10 ʪʦʯʦʢ 

ʟ ʥʦʤʝʨʘʤʠ 579, 580, 581, 583, 585- 587, 592, 593, 594.  

ʊʘʙʣʠʮʷ 4.14 

ʈʽʟʥʦʚʠʜʠ ˇʨʫʥʪʽʚ ʪʘ ʧʦʢʨʠʚʫ ʽʟ ʟʨʽʜʞʝʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʚ ʪʦʯʢʘʭ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʥʘʜ ʇʨʠʦʟʝʨʥʠʤ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ 

ˉ 

ʟ/ʧ 
ʊʠʧ ʧʦʢʨʠʪʪʷ 

ˉ ʪʦʯʢʠ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʇʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ 

NDVI705 

1 
ɻʨʫʥʪ ʽʟ ʟʨʽʜʞʝʥʦʶ ʣʫʛʦʚʦʶ 

ʪʨʘʚʦʶ ʥʘʜ ʨʦʜʦʚʠʱʝʤ 
580, 586, 587 

NDVI705 < 0,169 

2 ʉʫʭʠʡ ʛʨʫʥʪ 578, 585 

3 ʅʘʬʪʦʥʘʩʠʯʝʥʠʡ ʛʨʫʥʪ 570, 571, 579 

4 
ɹʫʨʘ ʛʣʠʥʘ, ʟʚʦʣʦʞʝʥʠʡ 

ʩʫʛʣʠʥʦʢ 
581, 583 

5 
ʉʫʭʠʡ ʪʘʢʠʨʥʠʡ ʛʨʫʥʪ ʙʽʣʷ 

ʩʚʝʨʜʣʦʚʠʥʠ 
594 

6 
ʂʘʣʶʞʘ ʧʦʙʣʠʟʫ ʩʚʝʨʜʣʦʚʠʥʠ ʟ 

ʧʣʽʚʢʦʶ ʥʘʬʪʠ 
592, 593 
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ɿʽʩʪʘʚʣʝʥʥʷ ʩʧʝʢʪʨʽʚ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 4.20, ʜʣʷ ʰʝʩʪʠ ʨʽʟʥʦʚʠʜʽʚ 

ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʾʭ ʬʦʨʤʠ ʷʢ ʫ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ 

ʢʨʘʶ 650-760 ʥʤ, ʪʘʢ ʽ ʚ ʤʝʞʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ 1700 ʥʤ ʪʘ ʥʘ ʜʦʚʞʠʥʽ 2300 ʥʤ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ SWIR-ʜʽʘʧʘʟʦʥʫ. 

 

ʈʠʩ. 4.20. ʉʧʝʢʪʨʠ ʚʽʜʙʠʪʪʷ ʚ 13 ʪʦʯʢʘʭ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʨʽʟʥʦʚʠʜʽʚ 

ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ  

ʗʢ ʚʽʜʦʤʦ, ʭʘʨʘʢʪʝʨʥʦ  ʁʚʣʘʩʪʠʚʽʩʪ ʁʥʘʬʪʦʚʤʽʩʥʠʭ ˇʨʫʥʪʽʚ ʻ ʦʩʦʙʣʠʚʘ 

ʬʦʨʤʘ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʫ ʚʠʛʣʷʜʽ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʫ ʟʦʥʘʭ ʘʙʩʦʨʙʮʽʾ ʥʘʬʪʠ 

ʚ ʤʝʞʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ 1730 ʽ 2300 ʥʤ [28, 62, 63]. 

ʅʘ ʨʠʩ. 4.21, 4.22 ʟʦʙʨʘʞʝʥʦ ʩʧʝʢʪʨʠ ʚʽʜʙʠʪʪʷ ʥʘʬʪʦʥʘʩʠʯʝʥʠʭ ˇʨʫʥʪʽʚ ʚ 

ʪʦʯʢʘʭ 571 ʽ 579, ʷʢʽ ʤʘʶʪʴ ʣʦʢʘʣʴʥʽ ʤʽʥʽʤʫʤʠ ʚ ʟʦʥʘʭ ʘʙʩʦʨʙʮʽʾ ʥʘʬʪʠ ʚ ʤʝʞʘʭ 

ʜʦʚʞʠʥ ʭʚʠʣʴ 1730 ʽ 2310 ʥʤ, ʽ ʜʣʷ ʟʽʩʪʘʚʣʝʥʥʷ ï ʩʧʝʢʪʨʠ ʚʽʜʙʠʪʪʷ ʩʫʭʦʛʦ 

ˇʨʫʥʪʫ ʚ ʪʦʯʮʽ 578 ʪʘ ʟʚʦʣʦʞʝʥʦʛʦ ʩʫʛʣʠʥʢʫ ʚ ʪʦʯʮʽ 583, ʷʢʽ ʥʝ ʚʠʷʚʣʷʶʪʴ 

ʩʧʝʮʠʬʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʙʩʦʨʙʮʽʾ ʥʘʬʪʠ ʫ ʚʠʛʣʷʜʽ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʫ 

ʤʝʞʘʭ ʟʛʘʜʘʥʠʭ ʚʠʱʝ ʜʦʚʞʠʥ ʭʚʠʣʴ. 
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ʈʠʩ. 4.21. ɿʽʩʪʘʚʣʝʥʥʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʥʘʬʪʦʥʘʩʠʯʝʥʠʭ ˇʨʫʥʪʽʚ (ʪʦʯʢʠ 571, 

579), ʩʫʭʦʛʦ ˇʨʫʥʪʫ (ʪʦʯʢʘ 578) ʪʘ ʟʚʦʣʦʞʝʥʦʛʦ ʩʫʛʣʠʥʢʫ (ʪʦʯʢʘ 583) ʥʘʜ 

ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ 

 

ʈʠʩ. 4.22 ɿʽʩʪʘʚʣʝʥʥʷ ʟʙʽʣʴʰʝʥʠʭ ʫ 1000 ʨʘʟʽʚ ʛʨʘʬʽʢʽʚ ʟʤʽʥʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʥʘʬʪʦʥʘʩʠʯʝʥʠʭ ˇʨʫʥʪʽʚ ʫ SWIR-ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʚ ʤʝʞʘʭ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ 2310 ʥʤ: ʨʷʜ 1 ï ʬʨʘʛʤʝʥʪ ʩʧʝʢʪʨʘ ʚ ʪʦʯʮʽ 579; ʨʷʜ 2 ï ʬʨʘʛʤʝʥʪ 

ʩʧʝʢʪʨʘ ʚ ʪʦʯʮʽ 571  
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ʇʝʨʝʚʽʨʢʘ ʥʘʷʚʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʙʩʦʨʙʮʽʾ ʥʘʬʪʠ ʫ ʚʠʛʣʷʜʽ ʣʦʢʘʣʴʥʦʛʦ 

ʤʽʥʽʤʫʤʫ ʩʧʝʢʪʨʘ ʚ ʤʝʞʘʭ ʜʦʚʞʠʥ ʭʚʠʣʴ 1700 ʪʘ 2300 ʥʤ ʻ ʚʘʞʣʠʚʠʤ ʽ 

ʥʝʦʙʭʽʜʥʠʤ ʢʨʦʢʦʤ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ. 

ɺ ʨʦʙʦʪʽ [28] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʫʛʣʝʚʦʜʥʠʡ ʽʥʜʝʢʩ HI (Hydrocarbon Index) 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʬʪʦʚʤʽʩʥʠʭ ʪʘ ʟʘʙʨʫʜʥʝʥʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ˇʨʫʥʪʽʚ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

BA

AC

AC
AB RR

RR
HI )( , (4.18) 

ʜʝ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ɚ ʤʘʻ ʪʘʢʽ ʟʥʘʯʝʥʥʷ: ɚɸ = 1705 ʥʤ, ɚɺ =1729 ʥʤ ʽ ɚʉ = 1741 ʥʤ; 

RA RB, RC ï ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. 

ʃʦʢʘʣʴʥʠʡ ʤʽʥʽʤʫʤ ʩʧʝʢʪʨʘ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ɚɺ = 1729 ʥʤ ʧʦʚʠʥʝʥ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʪʘʢʫ ʫʤʦʚʫ: 

RB < RA ʪʘ RB < Rʉ . (4.19) 

ʗʢʱʦ ʟʥʘʯʝʥʥʷ HI > 0 ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (4.19), ʪʦ ʮʝ ʻ ʧʦʢʘʟʥʠʢʦʤ 

ʥʘʷʚʥʦʩʪʽ ʥʘʬʪʠ ʫ ˇʨʫʥʪʽ. 

ɼʨʫʛʠʡ ʚʫʛʣʝʚʦʜʥʠʡ ʽʥʜʝʢʩ HD (Hydrocarbon Detection) ʚ ʨʦʙʦʪ ̔ [80] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʚ ʤʝʞʘʭ ʜʦʚʞʠʥʠ 

ʭʚʠʣʽ 2310 ʥʤ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʦʙʯʠʩʣʝʥʥʷ ʽʥʜʝʢʩʫ HD ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʥʩʦʨʘ, ʷʢʠʤ 

ʚʠʤʽʨʶʶʪʴ ʩʧʝʢʪʨʠ ʚʽʜʙʠʪʪʷ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ. ʊʘʢ, ʚ ʨʦʙʦʪʽ [28] ʜʣʷ ʜʘʥʠʭ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʩʝʥʩʦʨʦʤ AVIRIS, ʰʠʨʠʥʘ ʢʘʥʘʣʽʚ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 10 ʥʤ, 

ʣʦʢʘʣʴʥʠʡ ʤʽʥʽʤʫʤ ʭʘʨʘʢʪʝʨʥʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʚ ʟʦʥʽ ʘʙʩʦʨʙʮʽʾ ʥʘʬʪʠ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 2300 ʥʤ, ʘ ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ 

ʥʘʬʪʦʥʘʩʠʯʝʥʦʛʦ ˇʨʫʥʪʫ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR ʪʦʯʢʘ ʣʦʢʘʣʴʥʦʛʦ 

ʤʽʥʽʤʫʤʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ɚ = 2310 ʥʤ. ʊʦʤʫ ʬʦʨʤʫʣʘ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ HD ʫ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʬʦʨʤʫʣʠ ʜʣʷ 

ʦʙʯʠʩʣʝʥʴ ʮʴʦʛʦ ʞ ʽʥʜʝʢʩʫ ʟʘ ʜʘʥʠʤʠ ʘʝʨʦʟʥʽʤʘʥʥʷ ʩʝʥʩʦʨʦʤ AVIRIS.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʥʘʯʝʥʥʷ HD ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

)2310(2

)2330()2290(

R

RR
HD , (4.20) 
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ʜʝ R(ɚ) ï ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ɚ (ɚ ʻ 2290 ʥʤ, 2310 

ʥʤ, 2330 ʥʤ). ʗʢʱʦ HD > 1 ʽ ʪʦʯʢʘ ɚ = 2310 ʥʤ ʻ ʪʦʯʢʦʶ ʣʦʢʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ 

(ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʙʩʦʨʙʮʽʷ ʥʘʬʪʠ), ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʾ ʫʤʦʚʠ:  

R(2310) < R(2330) ʽ R(2310) < R(2290), (4.21) 

ʪʦ ̌ʨʫʥʪ ʻ ʥʘʬʪʦʚʤʽʩʥʠʤ, ʥʘʬʪʦʥʘʩʠʯʝʥʠʤ ʘʙʦ ʟʘʙʨʫʜʥʝʥʠʤ ʥʘʬʪʦʶ. ʗʢʱʦ ʞ 

HD Ò 1 ʘʙʦ HD > 1, ʘʣʝ ʫʤʦʚʘ (4.21) ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʨ̌ʫʥʪ ʥʝ ʤʽʩʪʠʪʴ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ. 

ʋ ʪʘʙʣ. 4.15 ʧʦʜʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ HI 

ʟʘ ʬʦʨʤʫʣʦʶ (4.18) ʪʘ HD ʟʘ ʬʦʨʤʫʣʦʶ (4.20) ʽʟ ʧʝʨʝʚʽʨʢʦʶ ʫʤʦʚʠ (4.21) ʟʘ 

ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʧʦʢʨʠʚʫ ʚ 13 ʪʦʯʢʘʭ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ. ɺ 

ʛʨʘʬʽ çʇʝʨʝʚʽʨʢʘ ʫʤʦʚʠ (4.21)è çʊʘʢè ʦʟʥʘʯʘʻ ʱʦ ʫʤʦʚʘ (4.21) ʚʠʢʦʥʫʻʪʴʩʷ, 

çʅ̔ è ï ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ.  

ʊʘʙʣʠʮʷ 4.15 

ɿʥʘʯʝʥʥʷ ʚʫʛʣʝʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ ʫ 13 ʪʦʯʢʘʭ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʰʝʩʪʠ 

ʨʽʟʥʦʚʠʜʽʚ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘʜ ʇʨʠʦʟʝʨʥʠʤ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ 

ˉ  

ʪʠʧʫ 

ʧʦʢʨʠʪʪʷ 

ʊʠʧ ʧʦʢʨʠʪʪʷ 

ˉ  

ʪʦʯʢʠ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ɿʥʘʯʝʥʥʷ ʧʦʰʫʢʦʚʠʭ 

ʽʥʜʝʢʩʽʚ 
ʇʝʨʝʚʽʨʢʘ 

ʫʤʦʚʠ (4,21) 
HD HI 

1 
ʅʘʬʪʦʥʘʩʠʯʝʥʠʡ 

ʨ̌ʫʥʪ 

571 1,120 0,007 Tʘʢ 

579 1,087 0,003 >> 

2 ʉʫʭʠʡ ʨ̌ʫʥʪ 

570 1,050 0,004 >> 

578 1,006 ï0,003 ʅ ̔

585 1,003 0,000 >> 

3 
ʨ̌ʫʥʪ ʽʟ ʟʨʽʜʞʝʥʦʶ 

ʣʫʛʦʚʦʶ ʪʨʘʚʦʶ ʥʘʜ 

ʨʦʜʦʚʠʱʝʤ 

580 1,015 0,005 >> 

586 1,017 0,004 >> 

587 1,024 0,005 >> 

4 

ʉʫʭʠʡ ʪʘʢʠʨʥʠʡ 

ʨ̌ʫʥʪ ʙʽʣʷ 

ʩʚʝʨʜʣʦʚʠʥʠ 

594 1,007 0,000 >> 

5 

ɹʫʨʘ ʛʣʠʥʘ, 

ʟʚʦʣʦʞʝʥʠʡ 

ʩʫʛʣʠʥʦʢ 

581 0,998 0,000 >> 

583 0,995 ï0,001 >> 

6 

ʂʘʣʶʞʘ ʙʽʣʷ 

ʩʚʝʨʜʣʦʚʠʥʠ ʟ 

ʧʣʽʚʢʦʶ ʥʘʬʪʠ 

592 1,512 0,000 ʊʘʢ 

593 1,064 0,001 ʅ ̔
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ɺ ʪʘʙʣ. 4.16 ʧʦʜʘʥʦ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʚ 

13 ʪʦʯʢʘʭ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ FieldSpec3FR ʚ ʤʝʞʘʭ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ 

= 2310 ʥʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʦʙʯʠʩʣʝʥʴ ʽʥʜʝʢʩʫ HD ʽ ʧʝʨʝʚʽʨʢʠ ʫʤʦʚʠ (4.21). 

ɼʘʥʽ ʧʨʦ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (4.21) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 4.15. 

ʊʘʙʣʠʮʷ 4.16 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʥʘ ʪʨʴʦʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʚ ʤʝʞʘʭ 

ʣʦʢʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ ʩʧʝʢʪʨʘ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 2310 ʥʤ  

 ̄

ʪʠʧʫ 

ʧʦʢʨʠʪʪʷ 

ʊʠʧ ʧʦʢʨʠʪʪʷ 

ˉ  

ʪʦʯʢʠ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

R(2220) R(2310) R(2330) 

1 
ʅʘʬʪʦʥʘʩʠʯʝʥʠʡ 

ʨ̌ʫʥʪ 

571 0,1683 0,1471 0,1612 

579 0,0434 0,0394 0,0425 

2 ʉʫʭʠʡ ʨ̌ʫʥʪ 

570 0,2728 0,2551 0,2626 

578 0,2192 0,2119 0,2071 

585 0,3139 0,3073 0,3030 

3 

ʨ̌ʫʥʪ ʽʟ ʟʨʽʜʞʝʥʦʶ 

ʣʫʛʦʚʦʶ ʪʨʘʚʦʶ 

ʥʘʜ ʨʦʜʦʚʠʱʝʤ 

580 0,2636 0,2504 0,2448 

586 0,1900 0,1796 0,1752 

587 0,1821 0,1713 0,1688 

4 

ʉʫʭʠʡ ʪʘʢʠʨʥʠʡ 

ʨ̌ʫʥʪ ʙʽʣʷ 

ʩʚʝʨʜʣʦʚʠʥʠ 

594 0,4221 0,4143 0,4123 

5 

ɹʫʨʘ ʛʣʠʥʘ, 

ʟʚʦʣʦʞʝʥʠʡ 

ʩʫʛʣʠʥʦʢ 

581 0,1944 0,1871 0,1781 

583 0,2871 0,2819 0,2742 

6 

ʂʘʣʶʞʘ ʧʦʙʣʠʟʫ 

ʩʚʝʨʜʣʦʚʠʥʠ ʟ 

ʧʣʽʚʢʦʶ ʥʘʬʪʠ 

592 0,0013 0,0008 0,0011 

593 0,0085 0,0042 0,0039 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʦʙʯʠʩʣʝʥʴ ʽʥʜʝʢʩʽʚ HI ʽ HD, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣ. 4.15, ʚ 

ʪʦʯʢʘʭ 571 ʽ 579 ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (4.21) HI > 0 ʽ HD > 1, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʥʘʬʪʦʥʘʩʠʯʝʥʽʩʪʴ ˇʨʫʥʪʫ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʧʦʢʨʠʚʫ. ɸʥʘʣʦʛʽʯʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʤʘʻʤʦ ʽ ʜʣʷ ʪʦʯʢʠ 570 ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʩʫʭʦʛʦ ˇʨʫʥʪʫ, ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʟʘʙʨʫʜʥʝʥʥʷ ʡʦʛʦ ʥʘʬʪʦʶ. ɼʣʷ ʨʝʰʪʠ ʪʦʯʦʢ ʩʫʭʦʛʦ ˇʨʫʥʪʫ ʟʥʘʯʝʥʥʷ HD > 

1, ʘʣʝ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ (4.21), ʘ ʟʥʘʯʝʥʥʷ HI Ò 0, ʱʦ ʚʢʘʟʫʻ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ 
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ʥʘʬʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ. ʊʘʢʠʡ ʞʝ ʨʝʟʫʣʴʪʘʪ ʤʘʻʤʦ ʜʣʷ ʪʘʢʠʨʥʦʛʦ ˇʨʫʥʪʫ ʚ 

ʪʦʯʮʽ 594. ɹʫʨʘ ʛʣʠʥʘ ʽ ʟʚʦʣʦʞʝʥʠʡ ʩʫʛʣʠʥʦʢ ʚ ʪʦʯʢʘʭ 581 ʽ 583 ʪʝʞ ʥʝ ʤʘʶʪʴ 

ʦʟʥʘʢ ʥʘʬʪʦʚʤʽʩʥʠʭ ˇʨʫʥʪʽʚ, ʦʩʢʽʣʴʢʠ HD < 1, HI Ò 0 ʽ ʚʽʜʩʫʪʥʷ ʪʦʯʢʘ ʘʙʩʦʨʙʮʽʾ 

ʥʘʬʪʠ. ɸʥʘʣʦʛʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʚ ʤʝʞʘʭ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ = 2310 

ʥʤ ʫ ʪʦʯʢʘʭ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 580, 586, 587 ʜʣʷ ˇʨʫʥʪʫ ʽʟ ʟʨʽʜʞʝʥʦʶ ʣʫʛʦʚʦʶ 

ʪʨʘʚʦʶ. ʎʽʢʘʚʠʤʠ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʻ ʩʧʝʢʪʨʠ ʚ ʪʦʯʢʘʭ 592 ʽ 593 ʙʽʣʷ ʢʘʣʶʞʽ ʽʟ 

ʧʣʽʚʢʦʶ ʥʘʬʪʠ. ɼʣʷ ʩʧʝʢʪʨʘ ʚ ʪʦʯʮʽ 592 HD = 1,512, HI = 0 ʽ, ʟʘ ʜʘʥʠʤʠ ʪʘʙʣ. 

4.16, ʫʤʦʚʘ (4.21) ʚʠʢʦʥʫʻʪʴʩʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʷʚʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʙʩʦʨʙʮʽʾ ʥʘʬʪʠ ʚ ʤʝʞʘʭ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ = 2310 ʥʤ ʽ ʥʘʬʪʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʮʽʡ 

ʪʦʯʮʽ. ɸ ʜʣʷ ʩʧʝʢʪʨʘ ʚ ʪʦʯʮʽ 593 ʽʥʜʝʢʩʠ HD = 1,060, HI > 0, ʘʣʝ ʫʤʦʚʘ (4.21) ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦʙʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʙʩʦʨʙʮʽʾ ʥʘʬʪʠ ʚ ʤʝʞʘʭ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ = 

2310 ʚʽʜʩʫʪʥʷ. ʆʯʝʚʠʜʥʦ, ʜʣʷ ʪʘʢʦʛʦ ʪʠʧʫ ʧʦʢʨʠʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʝʢʩʽʚ HI ʽ 

HD ʥʝ ʜʘʻ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ [64].  

ʑʝ ʦʜʥʽʻʶ ʤʦʞʣʠʚʽʩʪʶ ʧʦʰʫʢʫ ɺɺ ʥʘ ʩʫʭʦʜʦʣʽ ʻ ʟʨʦʙʣʝʥʠʡ ʚʠʥʘʭʽʜ, ʱʦ 

ʥʘʣʝʞʠʪʴ ʜʦ ʥʘʬʪʦʛʘʟʦʚʦʾ ʛʘʣʫʟʽ ï ʧʦʰʫʢʫ ʡ ʨʦʟʚʽʜʢʠ ʧʦʢʣʘʜʽʚ ɺɺ.  

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʧʨʦʙʣʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʝʩʫʨʩ ʨʦʜʦʚʠʱ, ʷʢʽ 

ʣʝʛʢʦ ʚʽʜʢʨʠʚʘʣʠʩʷ, ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʘʥʠʡ ʽ ʦʩʥʦʚʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʨʦʟʚʠʪʢʫ 

ɻʈʈ ʻ ʧʝʨʝʭʽʜ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʟʘʜʘʯ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʨʦʟʰʠʨʝʥʥʷʤ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʥʘ ʧʨʦʤʠʩʣʦʚʦ-ʦʩʚʦʻʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʷʚʣʝʥʥʷ ʛʣʠʙʦʢʦ ʟʘʣʷʛʘʶʯʠʭ ʧʦʢʣʘʜʽʚ. ɺʽʜʦʤʠʡ ʩʧʦʩʽʙ ʧʦʰʫʢʫ ʧʦʢʣʘʜʽʚ ɺɺ 

ʩʝʡʩʤʦʨʦʟʚʽʜʢʦʶ. ʌʽʟʠʯʥʘ ʦʩʥʦʚʘ ʩʧʦʩʦʙʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʷʚʣʝʥʥʽ ʷʚʠʱʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʣʽʜʫ ʜʠʬʫʟʽʡʥʦʛʦ ʧʦʪʦʢʫ ʥʘʜ ʧʦʢʣʘʜʘʤʠ ʥʘʬʪʠ ʽ ʛʘʟʫ. ʅʝʜʦʣʽʢʘʤʠ 

ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʻ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʨʦʙʽʪ ʽ ʜʦʩʠʪʴ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʽʨʦʛʽʜʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʰʫʢʫ. ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ ʪʠʤ, ʱʦ ʚʠʷʚʣʝʥʠʡ ʧʨʠʨʦʜʥʠʡ ʨʝʟʝʨʚʫʘʨ 

ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʧʦʨʦʞʥʽʤ ʘʙʦ ʙʫʪʠ ʟʘʧʦʚʥʝʥʠʡ ʛʣʠʙʠʥʥʠʤʠ ʚʦʜʘʤʠ. ʉʣʽʜ 

ʜʠʬʫʟʽʡʥʦʛʦ ʧʦʪʦʢʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʦʚʥʦʤʫ ʟʨʫʡʥʫʚʘʥʥʽ ʧʦʢʣʘʜʫ ʥʘʬʪʠ ʘʙʦ 

ʛʘʟʫ, ʪʦʙʪʦ ʩʧʦʩʽʙ ʚʨʘʭʦʚʫʻ ʬʘʢʪʠ ʥʝ ʥʘʷʚʥʦʩʪʽ ʧʦʢʣʘʜʫ ɺɺ, ʘ ʾʭ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʤʽʛʨʘʮʽʾ (ʨʫʡʥʫʚʘʥʥʷ ʧʦʢʣʘʜʫ). 

ʅʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʛʝʦʬʽʟʠʯʥʠʭ ʜʘʥʠʭ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʪʦʙʪʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 
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ʧʦʻʜʥʘʥʥʷ ʨʷʜʫ ʛʝʦʬʽʟʠʯʥʠʭ, ʛʝʦʣʦʛʽʯʥʠʭ, ʛʝʦʭʽʤʽʯʥʠʭ, ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʽ 

ʙʫʨʦʚʠʭ ʨʦʙʽʪ. ʅʘʫʢʦʚʦʶ ʦʩʥʦʚʦʶ ʪʘʢʦʛʦ ʧʦʻʜʥʘʥʥʷ ʻ ʚʽʜʢʨʠʪʪʷ ʘʥʦʤʘʣʴʥʠʭ 

ʷʚʠʱ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʛʝʦʬʽʟʠʯʥʠʭ, ʛʝʦʭʽʤʽʯʥʠʭ ʽ, ʱʦ ʦʩʦʙʣʠʚʦ ʩʫʪʪʻʚʦ 

ʜʣʷ ʩʧʦʩʦʙʫ, ʷʢʠʡ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʚ ʙʽʦʭʽʤʽʯʥʠʭ ʧʦʣʷʭ ʥʘʜ ʧʦʢʣʘʜʘʤʠ ɺɺ [65]. 

ɺʧʣʠʚ ʘʥʦʤʘʣʴʥʠʭ ʧʦʣʽʚ ʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʩʧʨʠʯʠʥʷʻ ʟʤʽʥʠ ʫ ʙʽʦʭʽʤʽʯʥʦʤʫ 

ʩʢʣʘʜʽ ʣʠʩʪʷʥʦʛʦ ʧʦʢʨʠʚʫ. ɺʽʜʦʤʦ, ʱʦ ʨʦʩʣʠʥʠ ʥʝʛʘʪʠʚʥʦ ʨʝʘʛʫʶʪʴ ʥʘ 

ʥʘʷʚʥʽʩʪʴ ʚ ˇʨʫʥʪʽ, ʧʦʚʽʪʨʽ ʥʘʚʽʪʴ ʤʘʣʠʭ ʜʦʟ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʽʜ 

ʚʧʣʠʚʦʤ ʛʝʦʭʽʤʽʯʥʠʭ ʘʥʦʤʘʣʽʡ, ʽ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʜʽʶ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʽ ʰʢʽʜʣʠʚʠʭ 

ʬʘʢʪʦʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʫʩʽʤ ʟʤʽʥʶʻʪʴʩʷ ʙʽʦʭʽʤʽʯʥʠʡ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ. ʇʨʠ 

ʧʦʩʠʣʝʥʥʽ ʘʙʦ ʪʨʠʚʘʣʽʡ ʥʝʛʘʪʠʚʥʽʡ ʜʽʾ ʨʦʟʚʠʚʘʶʪʴʩʷ ʙʽʦʭʽʤʽʯʥʽ ʘʥʦʤʘʣʽʾ. ʇʦʪʽʤ 

ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʥʘ ʢʣʽʪʠʥʥʠʡ ʨʽʚʝʥʴ, ʽ ʣʠʰʝ ʧʽʩʣʷ ʮʴʦʛʦ ʧʨʠ 

ʟʥʘʯʥʦʤʫ ʧʦʩʠʣʝʥʥʽ ʥʝʛʘʪʠʚʥʦʾ ʜʽʾ ʨʦʟʚʠʚʘʶʪʴʩʷ ʚʠʜʠʤʽ ʦʟʥʘʢʠ ʧʦʰʢʦʜʞʝʥʥʷ ï 

ʭʣʦʨʦʟʠ ʽ ʥʝʢʨʦʟʠ ʪʢʘʥʠʥ ʣʠʩʪʘ, ʷʢʽ ʚʠʢʣʠʢʘʥʽ ʟʤʽʥʘʤʠ ʟʤʽʩʪʫ ʧʽʛʤʝʥʪʽʚ 

(ʘʥʪʦʮʽʘʥʽʚ), ʜʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʧʘʜʘʥʥʷ ʣʠʩʪʘ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ, ʛʘʣʴʤʫʚʘʥʥʷ 

ʟʨʦʩʪʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʩʣʠʥʠ ʚʠʢʦʥʫʶʪʴ ʽʥʜʠʢʘʪʦʨʥʫ ʬʫʥʢʮʽʶ 

(ʬʽʪʦʽʥʜʠʢʘʮʽʷ). ɺʽʜʤʽʥʥʦʩʪʽ ʚ ʙʽʦʭʽʤʽʯʥʦʤʫ ʩʪʘʥʽ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ ʧʽʜ ʜʽʻʶ 

ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʘʥʦʤʘʣʽʡ ʚʠʷʚʣʷʪʁʴʩʷ ʚ ʦʧʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʣʠʩʪʷ. ʃʠʩʪ ʚʠʱʦʾ ʨʦʩʣʠʥʠ ʻ ʩʢʣʘʜʥʦʶ ʦʧʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ 

ʚʦʣʦʜʽʻ ʟʜʘʪʥʽʩʪʶ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ ʟʘ ʨʘʭʫʥʦʢ 

ʪʦʥʢʦ ʦʨʛʘʥʽʟʦʚʘʥʦʾ ʽ ʜʠʥʘʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʥʘʧʨʘʚʣʝʥʦʾ ʟʤʽʥʠ ʫ 

ʚʤʽʩʪʽ ʧʽʛʤʝʥʪʽʚ ʫ ʣʠʩʪʽ, ʟʜʽʙʥʦʩʪʷʤʠ ʜʦ ʝʬʝʢʪʠʚʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʦ ʜʽʾ ʮʴʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʪʫʘʮʽʷʭ [66]. 

ɺʽʜʦʤʠʡ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʡ ʩʪʨʫʢʪʫʨʥʦ-ʧʦʣʴʦʚʠʡ ʩʧʦʩʽʙ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʢʣʘʜʽʚ ʥʘʬʪʠ ʽ ʛʘʟʫ [67], ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʷʚʥʦʩʪʽ ʛʝʥʝʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ 

ʣʘʥʜʰʘʬʪʽʚ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʽʜ ʥʠʤʠ ʧʦʢʣʘʜʘʤʠ ɺɺ, ʚ ʷʢʦʤʫ ʩʫʢʫʧʥʦ ʟ 

ʘʥʘʣʽʟʦʤ ʘʥʦʤʘʣʽʡ ʫ ʚʠʩʦʪʥʦʤʫ ʧʦʣʽ ʣʘʥʜʰʘʬʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʚʠʱʘ ʟʤʽʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʜʝʨʝʚʠʥʥʦʾ ʽ ʪʨʘʚ'ʷʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʧʽʜ ʜʽʻʶ 

ʙʽʦʭʽʤʽʯʥʠʭ ʘʥʦʤʘʣʽʡ ʥʘʜ ʧʦʢʣʘʜʦʤ. ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞʽ 

ʧʦʢʣʘʜʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʟʝʤʥʝ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʤ ʩʧʦʩʦʙʦʤ ʣʠʩʪʷ 
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ʜʝʨʝʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʤʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʘʙʦ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ. ʅʝʜʦʣʽʢʘʤʠ 

ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʦʧʪʠʯʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʣʠʩʪʷ ʜʝʨʝʚ ʻ:  

1. ʅʠʟʴʢʘ ʯʫʪʣʠʚʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʤʘʣʠʭ ʧʨʦʷʚʽʚ ʛʝʦʭʽʤʽʯʥʠʭ ʽ 

ʙʽʦʭʽʤʽʯʥʠʭ ʘʥʦʤʘʣʽʡ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʷʩʢʨʘʚʦʩʪʷʤʠ 

ʤʝʪʦʜʘʤʠ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʩʪʨʫʢʪʫʨʠ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʣʠʩʪʷ ʽ ʟʤʽʥ ʫ ʩʪʨʫʢʪʫʨʽ ʚ ʟʦʥʽ ʘʥʦʤʘʣʽʡ. 

2. ʅʝʦʙʭʽʜʥʽʩʪʴ ʦʪʨʠʤʘʪʠ ʝʪʘʣʦʥ ʩʧʝʢʪʨʦʛʨʘʤ ʣʠʩʪʷ ʟ ʘʥʦʤʘʣʴʥʦʾ ʜʽʣʷʥʢʠ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʘʥʦʤʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʚ ʟʦʥʽ ʧʦʰʫʢʫ ʽ ʟʥʘʥʥʷ 

ʡʦʛʦ ʢʦʦʨʜʠʥʘʪ, ʱʦ ʟʥʘʯʥʦ ʦʙʤʝʞʫʻ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ. 

ɺʽʜʦʤʠʡ ʩʧʦʩʽʙ ʢʘʨʪʫʚʘʥʥʷ ʛʨʘʥʠʮʴ ʧʦʢʣʘʜʽʚ ɺɺ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʥʠʭ 

ɼɿɿ ʪʘ ʥʘʟʝʤʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʈʇ [68], ʟʘ ʷʢʠʤ ʫʟʜʦʚʞ ʚʠʙʨʘʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʨʘʡʦʥʫ ʤʦʞʣʠʚʠʭ ʧʦʢʣʘʜʽʚ ɺɺ, ʥʘʨʷʜʫ ʟ ʽʥʰʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ, 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʟʝʤʥʝ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʩʧʝʢʪʨʦʛʨʘʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʨʘʥʠʮʽ ʧʦʢʣʘʜʫ. ʎʝʡ 

ʩʧʦʩʽʙ, ʪʘʢʦʞ ʷʢ ʽ ʡʦʛʦ ʘʥʘʣʦʛ [67], ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʟʘʛʘʣʴʥʽ ʽʤʦʚʽʨʥʽʩʥʽ ʤʝʪʦʜʠ ʨʦʟʜʽʣʝʥʥʷ ʩʧʝʢʪʨʦʛʨʘʤ ʨʦʩʣʠʥʥʦʩʪʽ, ʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʩʽʻʾ ʤʥʦʞʠʥʠ ʚʠʤʽʨʽʚ ʟʘ ʤʘʨʰʨʫʪʦʤ. ʉʧʦʩʽʙ ʥʝ 

ʤʽʩʪʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʤʽʨʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʥʝ 

ʚʨʘʭʦʚʫʻ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚ ʟʤʽʥʘʭ ʩʪʨʫʢʪʫʨʠ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥ; ʷʢ 

ʥʘʩʣʽʜʦʢ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʥʝʜʦʣʽʢ̔ʚ ʩʧʦʩʽʙ ʤʘʻ ʥʠʟʴʢʫ ʯʫʪʣʠʚʽʩʪʴ ʽ ʦʧʝʨʘʪʠʚʥʽʩʪʴ 

ʜʦ ʚʠʷʚʣʝʥʥʷ ʛʝʦʭʽʤʽʯʥʠʭ ʘʥʦʤʘʣʽʡ. 

ʉʧʦʩʦʙʠ ʫʩʫʥʝʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢ̔ʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ 

ʚʠʥʘʭʦʜʽ: 1. ɺʨʘʭʦʚʫʚʘʪʠ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʣʠʩʪʷ 

ʜʝʨʝʚ ʽ ʧʨʦʷʚ ʮʽʻʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʷʢ ʝʬʝʢʪʫ ʟʤʽʥ ʬʨʘʢʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʩʧʝʢʪʨʦʛʨʘʤ ʣʠʩʪʷʥʦʛʦ ʧʦʢʨʠʚʫ ʧʽʜ ʚʧʣʠʚʦʤ ʛʝʦʭʽʤʽʯʥʠʭ ʽ ʙʽʦʭʽʤʽʯʥʠʭ 

ʘʥʦʤʘʣʽʡ. 2. ɺʚʝʩʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʶʚʘʥʠʡ ʟʘʩʦʙʘʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʬʽʪʦʽʥʜʠʢʘʮʽʡʥʠʡ ʧʦʢʘʟʥʠʢ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʝʬʝʢʪʽ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʟʤʽʥʠ 

ʜʨʦʙʦʚʦʾ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʩʧʝʢʪʨʦʛʨʘʤ ʣʠʩʪʷʥʦʛʦ ʧʦʢʨʠʚʫ ʧʽʜ ʚʧʣʠʚʦʤ 

ʛʝʦʭʽʤʽʯʥʠʭ ʽ ʙʽʦʭʽʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʩʝʨʝʜʦʚʠʱʘ. 
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ʊʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʩʧʦʩʦʙʫ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʘʢʠʭ 

ʧʦʣʦʞʝʥʥʷʭ:  

- ʬʟ̔ʽʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʨʦʩʣʠʥ ʪʘ ʾʭʥʽ ʦʧʪʠʯʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʩʫʢʫʧʥʽʩʪʶ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʻ 

ʘʥʦʤʘʣʴʥʽ ʛʝʦʣʦʛʽʯʥʽ, ʛʝʦʬʽʟʠʯʥʽ, ʛʝʦʭʽʤʽʯʥʽ ʽ ʙʽʦʭʽʤʽʯʥʽ ʧʦʣʷ ʫ ʤʝʞʘʭ ɺɺ;  

- ʥʘʷʚʥʽʩʪʴ ʝʬʝʢʪʫ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʟʤʽʥʠ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ 

ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʈʇ ʧʽʜ ʜʽʻʶ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [69];  

- ʤʝʪʦʜʘʭ ʚʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʷʢ 

ʨʦʟʤʽʨʥʦʩʪʽ ʍʘʫʩʜʦʨʬʘ [70]. 

ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʾ ʧʨʠʨʦʜʥʦʛʦ ʘʙʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ  ʧʦʭʦʜʞʝʥʥʷ 

ʩʧʦʩʦʙʦʤ ʬʨʘʢʪʘʣʴʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʬʽʪʦʽʥʜʠʢʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

1. ʉʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʣʠʩʪʷʥʦʛʦ ʧʦʢʨʠʚʫ. ʅʘ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʜʽʣʷʥʮʽ 

ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 16 ʣʠʩʪʽʚ ʜʝʨʝʚʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʦʜʥʦʛʦ ʪʠʧʫ. 

ʉʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʢʦʥʪʘʢʪʥʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʢʦʞʥʦʛʦ ʣʠʩʪʘ ʦʢʨʝʤʦ 

ʫ ʚʠʜʠʤʽʡ ʯʘʩʪʠʥʽ ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʝʮʠʟʽʡʥʦʛʦ ʧʦʣʴʦʚʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʛʦ ʧʨʠʣʘʜʫ, ʱʦ ʜʦʧʫʩʢʘʻ ʩʧʝʢʪʨʘʣʴʥʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʚ ʢʘʥʘʣʘʭ 

ʚʽʜ 1-4 ʥʤ. ʈʝʟʫʣʴʪʘʪ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʈʇ ʬ̔ ʢʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 16 

ʩʧʝʢʪʨʦʛʨʘʤ ʣʠʩʪʽʚ. 

2. ʉʪʚʦʨʝʥʥʷ ʩʧʝʢʪʨʦʛʨʘʤ ʣʠʩʪʷʥʦʛʦ ʧʦʢʨʠʚʫ ʜʽʣʷʥʢʠ. ʉʧʝʢʪʨʦʛʨʘʤʘ 

ʣʠʩʪʷʥʦʛʦ ʧʦʢʨʠʚʫ ʩʪʚʦʨʶʻʪʴʩʷ ʷʢ ʦʙ'ʻʜʥʘʥʥʷ ʧʦ ʩʪʦʚʧʮʷʭ 16 ʝʣʝʢʪʨʦʥʥʠʭ 

ʪʘʙʣʠʮʴ ʩʧʝʢʪʨʦʛʨʘʤ ʦʢʨʝʤʠʭ ʣʠʩʪʽʚ. ʋ ʨʷʜʢʘʭ ʪʘʙʣʠʮʴ ʨʦʟʪʘʰʦʚʘʥʽ ʥʦʤʝʨʠ 

ʢʘʥʘʣʽʚ, ʫ ʩʪʦʚʧʮʷʭ ï ʥʦʤʝʨʠ ʩʧʝʢʪʨʦʛʨʘʤ ʣʠʩʪʽʚ. ʂʦʞʝʥ ʝʣʝʤʝʥʪ ʪʘʙʣʠʮʽ 

ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ. ʉʪʚʦʨʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʝʣʝʢʪʨʦʥʥʘ 

ʪʘʙʣʠʮʷ ï ʮʝ ʜʚʦʚʠʤʽʨʥʠʡ ʤʘʩʠʚ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ, ʨʦʟʧʦʜʽʣʝʥʦʾ ʧʦ 

ʢʘʥʘʣʘʭ ʧʨʠʣʘʜʫ ʜʣʷ ʣʠʩʪʷʥʦʛʦ ʧʦʢʨʠʚʫ. 

3. ɺʠʟʥʘʯʝʥʥʷ ʬʨʘʢʪʘʣʴʥʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʩʧʝʢʪʨʘ ʟʘ ʬʨʘʛʤʝʥʪʦʤ 

ʩʧʝʢʪʨʦʛʨʘʤʠ ʣʠʩʪʷʥʦʛʦ ʧʦʢʨʠʚʫ. 

4. ɺʠʟʥʘʯʝʥʥʷ ʬʽʪʦʽʥʜʠʢʘʮʽʡʥʦʛʦ ʧʦʢʘʟʥʠʢʘ. ʇʨʠ ʧʝʨʝʭʦʜʽ ʟ ʯʠʩʪʠʭ 

ʜʽʣʷʥʦʢ ʥʘ ʘʥʦʤʘʣʴʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʢʘʯʦʢ ʧʦʢʘʟʥʠʢʘ ʥʘ 15 ʽ ʙʽʣʴʰʝ ʟʥʘʯʝʥʴ 
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ʦʜʠʥʠʮʴ ʰʢʘʣʠ ʚʠʤʽʨʫ, ʱʦ ʩʢʣʘʜʘʻ ʥʝ ʤʝʥʰʝ ʚʽʜ ʤʦʞʣʠʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʤʽʥ 

ʬʽʪʦʽʥʜʠʢʘʮʽʡʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʣʠʩʪʷʥʠʭ ʧʦʢʨʠʚʽʚ ʽ ʩʣʫʛʫʻ ʽʥʜʠʢʘʪʦʨʦʤ 

ʚʭʦʜʞʝʥʥʷ ʚ ʘʥʦʤʘʣʴʥʫ ʟʦʥʫ (ʜʦʜʘʪʦʢ ɾ) [71]. 

ɺʠʩʥʦʚʢʠ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫ  

1. ʆʪʨʠʤʘʥʦ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʙʠʪʪʷ ʧʨʠʨʦʜʥʦʛʦ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʣʷ ʚʠʙʨʘʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʽ ʩʪʚʦʨʝʥʦ 

ʚʽʜʧʦʚʽʜʥʫ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʫ ɹɼ. ʅʘʚʝʜʝʥʦ ʨʦʟʨʦʙʣʝʥʝ ʚ ʭʦʜʽ ʨʦʙʦʪʠ ʤʝʪʦʜʠʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʙʘʟʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

2. ɿʘ ʜʘʥʠʤʠ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʥʘ 

ʜʨʽʙʥʦʜʽʣʷʥʢʦʚʠʭ ʧʦʩʽʚʘʭ ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʛʦ ʧʦʣʽʛʦʥʫ ʝʣʽʪʥʦʛʦ ʥʘʩʽʥʥʻʚʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ çɿʦʣʦʪʠʡ ʢʦʣʦʩè ʫ ʄʠʢʦʣʘʾʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʨʦʟʨʘʭʦʚʘʥʦ ʚʝʛʝʪʘʮʽʡʥʽ 

ʽʥʜʝʢʩʠ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ. ɺʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʘʨʽʘʮʽʾ 

ʜʦʩʣʽʜʞʝʥʠʭ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʨʽʚʥʷʥʦ 

ʥʝʟʥʘʯʥʫ ʩʪʨʦʢʘʪʽʩʪʴ ʾʭ ʟʥʘʯʝʥʴ, ʘ ʦʪʞʝ, ʧʨʦ ʧʦʜʘʣʴʰʫ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʽʜʙʠʪʪʷ ʈʇ ʪʘ ʟʽʩʪʘʚʣʝʥʥʷ ʟ 

ʘʥʘʣʦʛʽʯʥʠʤʠ ʽʥʜʝʢʩʘʤʠ, ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʂɿ. 

2. ɺʧʝʨʰʝ ʚ ʋʢʨʘʾʥʽ ʧʨʦʚʝʜʝʥʦ ʩʠʥʭʨʦʥʥʽ ʛʘʟʦʤʝʪʨʠʯʥʽ ʪʘ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʥʘʟʝʤʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʩʦʨʙʮʽʾ ʉʆ2 ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʝʤʧʽʨʠʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʮʠʤʠ ʚʠʤʽʨʘʤʠ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʫʛʦʦʙʽʛʫ ʉʆ2 ʚ ʩʠʩʪʝʤʽ ñʘʪʤʦʩʬʝʨʘ-

ʨʦʩʣʠʥʥʽʩʪʴò. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʛʨʝʩʽʡʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʜʝʷʢʠʭ ʢʦʥʢʨʝʪʥʠʭ 

ʘʛʨʦʮʝʥʦʟʽʚ ʃ̔ ʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ. 

3. ʈʦʟʙʽʞʥʦʩʪʽ ʤʽʞ ɺɯ, ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʜʘʥʠʤʠ Sentinel-2 ʪʘ 

FieldSpec3FR, ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʘʟʠ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ, ʟʦʢʨʝʤʘ ʆʇ: ʚʧʨʦʜʦʚʞ 

ʚʝʛʝʪʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʠ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʥʠʤʠ ʟʨʦʩʪʘʶʪʴ ʜʣʷ ʧʦʩʽʚʽʚ ʦʙʦʭ 

ʜʦʩʣʽʜʞʝʥʠʭ ʩʦʨʪʽʚ. ɼʦʩʣʽʜʞʝʥʽ ʽʥʜʝʢʩʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʽʟʥʫ ʧʦʚʝʜʽʥʢʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ ʈʇ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʾʭ ʫ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʠʚʯʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʧʦʩʽʚʽʚ ʆʇ, ʽ, ʚʽʨʦʛʽʜʥʦ, 

ʽʥʰʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. 
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4. ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʘʥʦʤʘʣʽʡ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ 

ʢʨʘʶ REP ʪʘ TCI, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʧʰʝʥʠʮʽ ʥʘʜ ʧʦʢʣʘʜʦʤ ɺɺ ɻʣʽʙʦʚʩʴʢʦʛʦ ʛʘʟʦʚʦʛʦ 

ʨʦʜʦʚʠʱʘ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR. ʈʝʘʛʫʶʯʠ ʥʘ ʟʤʽʥʫ ʚʤʽʩʪʫ 

ʭʣʦʨʦʬʽʣʫ ʚ ʨʦʩʣʠʥʘʭ ʟʤʝʥʰʝʥʥʷʤ ʾʭ ʚʝʣʠʯʠʥ ʥʘʜ ʧʦʢʣʘʜʦʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 
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71. ʉʧʦʩʽʙ ʬʨʘʢʪʘʣʴʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʬʽʪʦʽʥʜʠʢʘʮʽʾ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ: ʧʘʪ. ˉ 104360 ʋʢʨʘʾʥʘ. ʄʇʂ 

G01V 9/00, G01V 11/00. ʌʝʜʦʨʦʚʩʴʢʠʡ ʆ.ɼ., ɸʨʪʶʰʝʥʢʦ ʄ.ɺ., ɼʫʛʽʥ ʉ.ʉ.; 

ʟʘʷʚʣ. ʘ 2012 09155 ʚʽʜ 25.07.2012; ʦʧʫʙʣ. 27.01.2014, ɹʶʣ. ˉ 2. 
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ɺʀʉʅʆɺʂʀ 

 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʧʦʜʘʥʦ ʪʝʦʨʝʪʠʯʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʝ 

ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ, ʱʦ ʧʦʣʷʛʘʣʘ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʚʠʙʦʨʫ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʦʢ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʋʢʨʘʾʥʠ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʣʽʪʦʩʬʝʨʠ.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʽ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦ 

ʥʘʟʝʤʥʽʡ ʚʝʨʠʬʽʢʘʮʽʾ ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

(ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ) ʟʡʦʤʦʢ. 

2. ʆʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʚʢʽʣʣʷ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʧʦʣʽʛʦʥʽʚ ɼɿɿ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ 

ʚʠʙʨʘʥʦ ʰʽʩʪʴ ʧʦʣʽʛʦʥʽʚ (ʂʠʾʚʩʴʢʠʡ-ʤʽʩʴʢʠʡ ʪʘ ʂʠʾʚʩʴʢʠʡ-ʦʙʣʘʩʥʠʡ, ʐʘʮʴʢʠʡ, 

ɺʽʥʥʠʮʴʢʠʡ, ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʪʘ ʂʨʠʤʩʴʢʠʡ (ʊʘʨʭʘʥʢʫʪ)) ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ.  

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ REP ʜʣʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ ʥʘʟʝʤʥʦʛʦ 

ʧʦʢʨʠʚʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʦʜʫ ʦʙʯʠʩʣʝʥʴ. ʊʘʢ, ʫ ʤʝʪʦʜʽ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʧʠʨʽʶ ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʦʾ 

ʟʡʦʤʢʠ ʚʝʣʠʯʠʥʘ REP ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʝʧʝʥʷ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʧʦʣʽʥʦʤʘ. 

ɿʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ REP-ʩʧʝʢʪʨʽʚ ʧʠʨʽʶ, ʦʙʯʠʩʣʝʥʠʭ ʤʝʪʦʜʦʤ ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ 

ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʦʣʽʥʦʤʽʚ 5-ʛʦ ʩʪʝʧʝʥʷ, ʧʦʢʘʟʘʣʦ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʤʝʪʦʜʫ ʯʦʪʠʨʠʪʦʯʢʦʚʦʾ ʣʽʥʽʡʥʦʾ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʱʦʜʦ ʯʘʩʫ ʦʙʯʠʩʣʝʥʴ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʱʦ ʤʘʻ ʩʫʪʪʻʚʝ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʦʧʽʢʩʝʣʴʥʦʤʫ ʦʙʯʠʩʣʝʥʥʽ ʟʥʘʯʝʥʴ REP ʜʣʷ ʧʦʙʫʜʦʚʠ REP-

ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʦʟʥʽʤʘʥʥʷ. 

4. ɺʩʪʘʥʦʚʣʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ REP ʽ TCI ʥʘ ʧʽʜʩʪʘʚʽ 

ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʪʝʥʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ 

TCI ʩʣʫʛʫʚʘʪʠ ʽʥʜʠʢʘʪʦʨʦʤ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʪʨʝʩʫ ʽ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʡʦʛʦ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʨʘʚôʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʢʦʩʤʦʟʥʽʤʢʘʤʠ 

ʩʝʥʩʦʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʫ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʣʠʰʝ ʪʨʠ ʢʘʥʘʣʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ TCI, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʢʦʩʤʽʯʥʠʡ ʘʧʘʨʘʪ Rapid Eye.  

5. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʦʨʙʽʪ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʤʠ ʫ ʢʦʩʤʽʯʥʠʭ ʧʨʦʝʢʪʘʭ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʯʘʩ ʧʦʚʪʦʨʥʦʛʦ ʦʛʣʷʜʫ ʚʩʽʭ ʦʙ'ʻʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ, ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2,7 ʜʦʙʠ.  

6. ʆʪʨʠʤʘʥʦ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʙʠʪʪʷ ʜʦʚʢʽʣʣʷ 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʣʷ ʚʠʙʨʘʥʠʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʽ 

ʩʪʚʦʨʝʥʦ ʚʽʜʧʦʚʽʜʥʫ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʫ ʙʘʟʫ ʜʘʥʠʭ. ʅʘʚʝʜʝʥʦ ʨʦʟʨʦʙʣʝʥʝ ʚ ʭʦʜʽ 

ʨʦʙʦʪʠ ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʙʘʟʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʯʘʩʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

7. ɿʘ ʜʘʥʠʤʠ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʥʘ 

ʜʨʽʙʥʦʜʽʣʷʥʢʦʚʠʭ ʧʦʩʽʚʘʭ ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʛʦ ʧʦʣʽʛʦʥʫ ʝʣʽʪʥʦʛʦ ʥʘʩʽʥʥʻʚʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ çɿʦʣʦʪʠʡ ʢʦʣʦʩè ʫ ʄʠʢʦʣʘʾʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʨʦʟʨʘʭʦʚʘʥʦ ʚʝʛʝʪʘʮʽʡʥʽ 

ʽʥʜʝʢʩʠ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʜʣʷ ʜʚʦʭ ʨʽʟʥʦʚʠʜʽʚ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. 

8. ɺʧʝʨʰʝ ʚ ʋʢʨʘʾʥʽ ʧʨʦʚʝʜʝʥʦ ʩʠʥʭʨʦʥʥʽ ʛʘʟʦʤʝʪʨʠʯʥʽ ʪʘ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʥʘʟʝʤʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʩʦʨʙʮʽʾ ʉʆ2 ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʝʤʧʽʨʠʯʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʮʠʤʠ ʚʠʤʽʨʘʤʠ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʫʛʦʦʙʽʛʫ ʉʆ2 ʚ ʩʠʩʪʝʤʽ ñʘʪʤʦʩʬʝʨʘ-

ʨʦʩʣʠʥʥʽʩʪʴò. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʛʨʝʩʽʡʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʜʝʷʢʠʭ ʢʦʥʢʨʝʪʥʠʭ 

ʘʛʨʦʮʝʥʦʟʽʚ ʃʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ ʋʢʨʘʾʥʠ. 

9. ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʘʥʦʤʘʣʽʡ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ 

ʢʨʘʶ REP ʪʘ TCI, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʧʰʝʥʠʮʽ ʥʘʜ ʧʦʢʣʘʜʦʤ ʚʫʛʣʝʚʦʜʥʽʚ ɻʣʽʙʦʚʩʴʢʦʛʦ ʛʘʟʦʚʦʛʦ 

ʨʦʜʦʚʠʱʘ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʧʣʠʚ ʘʥʦʤʘʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʘʟʫ ʚ ˇʨʫʥʪʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ 

ʩʧʝʢʪʨʘʭ ʚʽʜʙʠʪʪʷ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʚ 

ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʟʦʥʽ ʩʧʝʢʪʨʘ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ï ʫ ʯʝʨʚʦʥʽʡ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʝ ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ ʥʘʜ ʨʦʜʦʚʠʱʘʤʠ ʛʘʟʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʟʤʽʥ. 

ʆʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤ ʻ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʚʝʛʝʪʘʮʽʡʥʠʭ 

ʽʥʜʝʢʩʽʚ REP ʪʘ TCI, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ r = 0,987. 

ʈʝʘʛʫʶʯʠ ʥʘ ʟʤʽʥʫ ʚʤʽʩʪʫ ʭʣʦʨʦʬʽʣʫ ʚ ʨʦʩʣʠʥʘʭ ʟʤʝʥʰʝʥʥʷʤ ʾʭ ʚʝʣʠʯʠʥ ʥʘʜ 

ʧʦʢʣʘʜʦʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʦʥʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʘ ʤʝʞʘʤʠ ʧʦʢʣʘʜʫ, ʚʦʥʠ 

ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʚʝʛʝʪʘʮʽʡʥʽ ʩʪʨʝʩʠ ʚ ʤʽʩʮʷʭ ʟʙʽʣʴʰʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ˇʨʫʥʪʽ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʣʫʛʫʚʘʪʠ ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʠʤʠ 

ʽʥʜʝʢʩʘʤʠ.  

10. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ 

REP ʽ TCI, ʦʙʯʠʩʣʝʥʠʭ ʟʘ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ FieldSpec3FR, ʥʘʜ ʥʘʬʪʦʚʠʤ 

ʨʦʜʦʚʠʱʝʤ ʇʨʠʦʟʝʨʥʝ ʪʘ ʟʘ ʡʦʛʦ ʤʝʞʘʤʠ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʧʦʰʫʢʦʚʦʛʦ 

ʩʠʛʥʘʣʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʢʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ REP ʽ TCI ʫ ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʤʝʪʦʜʦʤ ʚʠʷʚʣʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʠʭ ʩʪʨʝʩʽʚ ʫ ʤʽʩʮʷʭ ʘʥʦʤʘʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʚʫʛʣʝʚʦʜʥʽʚ ʫ ˇʨʫʥʪʽ, ʘ ʮʽ ʽʥʜʝʢʩʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʷʢ ʥʘʬʪʦʛʘʟʦʧʦʰʫʢʦʚʽ. 

11. ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʫʛʣʝʚʦʜʥʠʭ ʽʥʜʝʢʩʽʚ HI 

(Hydrocarbon Index) ʪʘ HD (Hydrocarbon Detection) ʫ SWIR-ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʽʚ 

ʚʽʜʙʠʪʪʷ ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ ʥʘʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

FieldSpec3FR. ɺʠʚʯʘʚʩʷ ʥʘʟʝʤʥʠʡ ʧʦʢʨʠʚ ʥʘʜ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʇʨʠʦʟʝʨʥʝ 

ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʥʘʬʪʦʥʘʩʠʯʝʥʠʭ ʪʘ ʟʘʙʨʫʜʥʝʥʠʭ ʥʘʬʪʦʶ ˇʨʫʥʪʽʚ ʙʝʟ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ. 

ɿʨʦʙʣʝʥʦ ʚʠʥʘʭʽʜ, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ ʥʘʬʪʦʛʘʟʦʚʦʾ ʛʘʣʫʟʽ ï ʧʦʰʫʢʫ ʡ 

ʨʦʟʚʽʜʢʠ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ. ʊʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʩʧʦʩʦʙʫ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʧʦʣʦʞʝʥʥʷʭ, ʱʦ ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʨʦʩʣʠʥ ʪʘ ʾʭʥʽ ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʻ ʘʥʦʤʘʣʴʥʽ ʛʝʦʣʦʛʽʯʥʽ, ʛʝʦʬʽʟʠʯʥʽ, ʛʝʦʭʽʤʽʯʥʽ ʽ ʙʽʦʭʽʤʽʯʥʽ ʧʦʣʷ ʚ 

ʤʝʞʘʭ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ. ɺʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 
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ʬʽʪʦʽʥʜʠʢʘʮʽʡʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʣʠʩʪʷʥʦʛʦ ʧʦʢʨʠʚʫ ʰʣʷʭʦʤ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ 

ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʨʘʢʪʘʣʴʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ ʩʧʝʢʪʨʦʛʨʘʤ ʧʦʢʨʠʚʫ ʰʣʷʭʦʤ 

ʥʘʣʝʞʥʦʛʦ ʾʭ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʘʪʝʥʪʦʤ 

ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ ˉ 104340. 

ʋ ʧʦʜʘʣʴʰʦʤʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʦʛʦ ʜʦʩʚʽʜʫ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʧʨʦʜʦʚʞʠʪʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʰʠʭ ʟʘʚʽʨʢʦʚʠʭ ʧʦʣʽʛʦʥʽʚ ɼɿɿ 

ʋʢʨʘʾʥʠ ʟ ʤʝʪʦʶ ʾʭ ʦʮʽʥʢʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʥʘʟʝʤʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ 

ʢʦʩʤʽʯʥʦʛʦ ʛʝʦʤʦʥʽʪʦʨʠʥʛʫ. ɹʘʞʘʥʦ ʪʘʢʦʞ ʩʧʨʷʤʫʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ 

ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʥʘ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʚʨʘʭʦʚʫʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʚ ʫʤʦʚʘʭ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʽʥʥʷ. 
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ɼʦʜʘʪʦʢ ɸ 

ɺʀɿʅɸʏɽʅʅʗ ʊɸ ɹɸɿʆɺɯ ʊɽʈʄɯʅʀ 

ɻʝʦʤʦʥʽʪʦʨʠʥʛ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ï ʩʠʩʪʝʤʘ ʩʧʦʩʪʝʨʝʞʝʥʴ, 

ʟʙʠʨʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ, ʧʝʨʝʜʘʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʦʛʦ ʟʤʽʥ, ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʰʝʥʴ. 

ɻʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ï ʯʘʩʪʠʥʘ ʟʝʤʥʦʾ ʢʦʨʠ (ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ˇʨʫʥʪʠ, 

ʜʦʥʥʽ ʚʽʜʢʣʘʜʠ, ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʪʦʱʦ), ʷʢʘ ʚʟʘʻʤʦʜʽʻ ʟ ʝʣʝʤʝʥʪʘʤʠ ʣʘʥʜʰʘʬʪʫ, 

ʘʪʤʦʩʬʝʨʦʶ ʪʘ ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʦʜʘʤʠ ʽ ʤʦʞʝ ʟʘʟʥʘʚʘʪʠ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ.  

ɸʧʨʦʙʘʮʽʷ ï ʧʦʧʝʨʝʜʥʷ, ʧʝʨʝʜʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʧʝʨʝʚʽʨʢʘ ʚ ʜʽʾ ʪʝʦʨʝʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ, ʥʘʫʢʦʚʠʭ, ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʛʨʘʤ (ʧʨʦʝʢʪʽʚ) 

ʪʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. ʇʝʨʝʚʽʨʢʘ ʥʘ ʧʨʘʢʪʠʮʽ, ʚ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʝʦʨʝʪʠʯʥʦ ʧʦʙʫʜʦʚʘʥʠʭ ʤʝʪʦʜʽʚ. ʆʬʽʮʽʡʥʝ ʩʭʚʘʣʝʥʥʷ, 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʯʦʛʦ-ʥʝʙʫʜʴ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʧʝʨʝʚʽʨʢʠ.  

ɺʝʨʠʬʽʢʘʮʽʷ ï 1) ʧʝʨʝʚʽʨʢʘ, ʝʤʧʽʨʠʯʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʧʦʣʦʞʝʥʴ, ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ ʾʭ ʟ̔ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ, ʬʘʢʪʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ; 2) ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟ ʽʩʪʠʥʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦ ʤʽʩʮʝʚʽʩʪʴ. 

ɺʘʣʽʜʘʮʽʷ ï ʦʮʽʥʶʚʘʥʥʷ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʷʢʦʩʪʽ ʜʘʥʠʭ, ʱʦ ʦʜʝʨʞʫʶʪʴ ʥʘ 

ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ. 

ʇʦʣʽʛʦʥ ɼɿɿ ï ʯʘʩʪʠʥʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʚʽʜʦʤʠʤʠ ʛʝʦʛʨʘʬʽʯʥʠʤʠ, 

ʛʝʦʜʝʟʠʯʥʠʤʠ, ʛʝʦʣʦʛʽʯʥʠʤʠ, ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʪʘ ʽʥʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʜʞʝʨʝʣʦ ʜʦʧʦʤʽʞʥʠʭ ʜʘʥʠʭ ʧʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ. 
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ʂʦʥʪʨʦʣʴʥʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʧʦʣʽʛʦʥ (ʂʂʇ) ï ʯʘʩʪʠʥʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʨʘʟʦʤ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʥʽʡ ʦʙ'ʻʢʪʘʤʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ 

ʪʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ɼɿɿ. 

ʊʝʤʘʪʠʯʥʠʡ ʧʦʣʽʛʦʥ (ʊʇ) ï ʯʘʩʪʠʥʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʨʘʟʦʤ ʟ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʥʽʡ ʦʙ'ʻʢʪʘʤʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ 

ʽ ʧʨʦʜʫʢʪʽʚ (ʜʘʥʠʭ) ɼɿɿ. ɿʘʟʚʠʯʘʡ ʊʇ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʽʣʷʥʢʠ ʪʝʨʠʪʦʨʽʾ (ʪʝʩʪʦʚʘ 

ʜʽʣʷʥʢʘ - test sites), ʷʢʽ ʟʘ ʩʚʦʾʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʢʣʘʩʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʪʘʢʦʤʫ ʧʦʣʽʛʦʥʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʠʨʦʜʥʠʤʠ ʫʤʦʚʘʤʠ ʪʝʨʠʪʦʨʽʾ ʪʘ ʚʠʤʦʛʘʤʠ ʜʦ ʚʠʨʽʰʫʚʘʥʠʭ ʪʝʤʘʪʠʯʥʠʭ 

ʟʘʚʜʘʥʴ. 

ʊʝʩʪʦʚʘ ʜʽʣʷʥʢʘ ï ʯʘʩʪʠʥʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʨʘʟʦʤ ʟ ʦʙ'ʻʢʪʘʤʠ, ʱʦ ʥʘ ʥʽʡ 

ʨʦʟʪʘʰʦʚʘʥʽ) ʟ ʚʽʜʦʤʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʧʨʠ ʢʦʥʪʨʦʣʴʥʦʤʫ ʢʣʘʩʠʬʽʢʫʚʘʥʥʽ, ʘ ʪʘʢʦʞ ʧʨʠ ʥʘʚʯʘʥʥʽ 

ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ ʽ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ. 
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ɼʦʜʘʪʦʢ ɹ  

ɭɺʈʆʇɽʁʉʔʂɸ ʉʀʉʊɽʄɸ ʂʃɸʉʀʌɯʂɸʎɯɰ ɿɽʄʅʀʍ ʇʆʂʈʀɺɯɺ 

(CORINE LAND COVER) , ɸɼɸʇʊʆɺɸʅɸ ɼʆ ʋʄʆɺ ʋʂʈɸɰʅʀ  

1 ʢʣʘʩ 

ʐʪʫʯʥʽ ʧʦʚʝʨʭʥʽ, 

ʘʥʪʨʦʧʦʛʝʥʥʽ ʪʘ 

ʪʝʭʥʦʛʝʥʥʽ ʪʝʨʠʪʦʨʽʾ 

1.1 ʄʽʩʴʢʘ 

ʟʘʙʫʜʦʚʘ 

1.1.1 ʅʝʧʝʨʝʨʚʥʘ ʤʽʩʴʢʘ ʟʘʙʫʜʦʚʘ 
1.1.1.1 -  ʄʽʩʴʢʘ ʟʘʙʫʜʦʚʘ, ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʘ 

ʟʘʙʫʜʦʚʘ 

1.1.2  ʇʝʨʝʨʚʥʘ ʤʽʩʴʢʘ ʟʘʙʫʜʦʚʘ 
1.1.2.1 - ʉʝʣʘ, ʟʘʙʫʜʦʚʘʥʽ ʪʝʨʠʪʦʨʽʾ, ʤʘʣʦ 
ʧʦʚʝʨʭʦʚʽ ʟʘʙʫʜʦʚʠ ʟ ʩʘʜʠʙʘʤʠ ʩʘʨʘʷʤʠ 

ʩʘʜʘʤʠ ʧʨʠʚʘʪʥʠʤʠ ʛʦʨʦʜʘʤʠ  

1.2 

ɯʥʜʫʩʪʨʽʘʣʴʥʽ, 
ʢʦʤʝʨʮʽʡʥʽ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʽ 

ʦʙôʻʢʪʠ 

1.2.1 ɯʥʜʫʩʪʨʽʘʣʴʥʽ ʘʙʦ 

ʢʦʤʝʨʮʽʡʥʽ ʦʙôʻʢʪʠ 

1.2.1.1 - ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʜʚʦʨʠ, 

ʪʦʚʘʨʥʽ ʬʝʨʤʠ, ʉʊʆ, ʄʊʉ, ʚʽʜʩʪʽʡʥʠʢ  

1.2.2 ɼʦʨʦʛʠ, ʟʘʣʽʟʥʠʯʥʽ ʰʣʷʭʠ ʪʘ 

ʧʨʠʣʝʛʣʽ ʪʝʨʠʪʦʨʽʾ  

1.2.2.1 - ʈʽʟʥʽ ʪʠʧʠ ʜʦʨʽʛ, ʚʽʘʜʫʢʠ, ʥʘʩʠʧʠ, 

ʚʽʜʢʦʩʠ 

1.2.3 ʇʦʨʪʠ, ʧʦʨʪʦʚʽ ʦʙʣʘʩʪʽ 1.2.3.1 - ʇʦʨʪʠ, ʚʝʨʬʽ, ʜʦʢʠ 

1.2.4 ɸʝʨʦʧʦʨʪʠ, ʟʣʽʪʥʽ ʩʤʫʛʠ 
1.2.4.1 - ɸʝʨʦʧʦʨʪʠ, ʘʝʨʦʧʦʨʪʥʘ ʟʘʙʫʜʦʚʘ, 

ʟʣʽʪʥʽ ʩʤʫʛʠ 

1.3 ɿʚʘʣʠʱʘ, 
ʢʘʨʴʻʨʠ ʽ 

ʜʽʣʷʥʢʠ 

ʙʫʜʽʚʥʠʮʪʚʘ 

1.3.1 ʂʘʨôʻʨʠ 
1.3.1.1 - ʂʘʨôʻʨʠ ʧʦ ʚʠʜʦʙʫʪʢʫ ʛʣʠʥʠ, 

ʧʽʩʢʫ, ʪʘ ʽʥ., ʚʽʜʚʘʣʠ 

1.3.2 ʉʤʽʪʥʠʢʠ 1.3.2.1 - ʂʫʧʠ ʩʤʽʪʪʷ, ʟʘʙʨʫʜʥʝʥʽ ʪʝʨʠʪʦʨʽʾ 

1.3.3 ɹʫʜʽʚʝʣʴʥʽ ʤʘʡʜʘʥʯʠʢʠ 1.3.3.1 - ʄʘʡʜʘʥʯʠʢʠ ʧʽʜ ʟʘʙʫʜʦʚʦʶ 

1.4 ʐʪʫʯʥʦ 
ʩʪʚʦʨʝʥʘ 

ʟʝʣʝʥʘ 

ʨʦʩʣʠʥʥʽʩʪʴ ʥʘ 
ʟʝʤʣʷʭ ʥʝ ʩ/ʛ 

ʧʨʠʟʥʘʯʝʥʥʷ 

1.4.1 ʉʢʚʝʨʠ, ʧʘʨʢʠ, ʟʝʣʝʥʽ ʟʦʥʠ 1.4.1.1 - ʉʢʚʝʨʠ, ʧʘʨʢʠ, ʛʘʟʦʥʠ 

1.4.2 ʉʧʦʨʪʠʚʥʽ ʤʘʡʜʘʥʯʠʢʠ ʪʘ 

ʤʽʩʮʷ ʚʽʜʧʦʯʠʥʢʫ 

1.4.2.1 - ʉʧʦʨʪʠʚʥʽ ʤʘʡʜʘʥʯʠʢʠ, ʙʘʟʠ 

ʚʽʜʧʦʯʠʥʢʫ, ʧʘʥʩʽʦʥʘʪʠ, ʩʘʥʘʪʦʨʽʾ, 

ʪʝʨʠʪʦʨʽʾ ʦʙʣʘʰʪʦʚʘʥʽ ʧʽʜ ʩʪʦʷʥʢʠ ʜʣʷ 
ʪʫʨʠʩʪʽʚ 

 

2 ʢʣʘʩ 
ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʟʝʤʣʽ 

2.1 ʆʨʥʽ ʟʝʤʣʽ 

2.1.1 ʅʝ ʤʝʣʽʦʨʦʚʘʥʘ ʦʨʥʘ ʟʝʤʣʷ 2.1.1.1 -  ʈʽʣʣʷ, (ʦʜʥʦʨʽʯʥʽ ʧʦʩʽʚʠ)  

2.1.2 ʄʝʣʽʦʨʦʚʘʥʽ ʦʨʥʽ ʟʝʤʣʽ 

2.1.2.1 - ʇʦʩʪʽʡʥʦ ʟʨʦʰʫʚʘʥʘ ʟʝʤʣʷ - ʥʝʤʘʻ 

2.1.2.2 - ʆʩʫʰʝʥʽ ʦʨʥʽ ʟʝʤʣʽ (ʢʘʥʘʣʠ 

ʤʝʣʽʦʨʘʮʽʾ, ʩʫʭʽ ʪʦʨʬʦʚʠʱʘ, ʷʢʽ 

ʨʦʟʦʨʶʶʪʴʩʷ ʧʽʩʣʷ ʦʩʫʰʝʥʥʷ, ʦʛʣʝʻʥʽ 

ˇʨʫʥʪʠ)  

2.1.3 ʈʠʩʦʚʽ ʧʦʣʷ 2.1.3.1 - ʈʠʩʦʚʽ ʧʦʣʷ 

2.2 ʇʦʣʷ ʧʽʜ 

ʧʦʩʽʚʠ 

2.2.1 ɺʠʥʦʛʨʘʜʥʠʢʠ 2.2.1.1 - ɺʠʥʦʛʨʘʜʥʠʢʠ 

2.2.2 ʌʨʫʢʪʦʚʽ ʜʝʨʝʚʘ ʪʘ ʷʛʽʜʥʠʢʠ 
2.2.2.1 - ʌʨʫʢʪʦʚʽ ʜʝʨʝʚʘ, ʧʣʦʜʦʥʦʩʥʽ 

ʢʫʣʴʪʫʨʠ  

2.2.3 ʆʣʠʚʢʦʚʽ ʛʘʠ  2.2.3.1 - ʆʣʠʚʢʦʚʽ ʛʘʠ 

2.3 ʇʘʩʦʚʠʱʘ 2.3.1 ʇʘʩʦʚʠʱʘ  
2.3.1.1 - ɺʝʣʠʢʽ ʜʽʣʷʥʢʠ ʪʨʘʚôʷʥʦʾ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʧʘʩʫ ʭʫʜʦʙʠ 

2.4 ʅʝ ʦʨʥʽ 
ʟʝʤʣʽ 

2.4.1 ʆʜʥʦʨʽʯʥʽ ʢʫʣʴʪʫʨʠ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʙʘʛʘʪʦʨʽʯʥʠʤʠ 

ʢʫʣʴʪʫʨʘʤʠ 

2.4.1.1 - ʉʽʚʦʟʤʽʥʠ, ʦʜʥʦʨʽʯʥʽ ʪʨʘʚʠ 

2.4.2 ʉʢʣʘʜʥʽ ʩʭʝʤʠ ʚʠʨʦʱʫʚʘʥʥʷ 2.4.2.1 -  

2.4.3 ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʟʝʤʣʽ 
2.4.3.1 - ɼʝʢʽʣʴʢʘ ʨʦʢʽʚ ʥʝ ʦʨʘʥʽ, ʘʣʝ ʱʝ ʥʝ 
ʟʘʨʦʩʣʽ ʢʫʱʘʤʠ, ʟʘʧʫʱʝʥʽ ʧʦʣʷ ʧʽʜ 

ʟʣʠʥʢʦʶ, ʚʝʨʝʩʦʤ 

2.4.4 ɸʛʨʦʣʽʩʦʤʝʣʽʦʨʘʮʽʾ ʦʙʣʘʩʪʽ 2.4.4.1 - ʇʦʣʷ ʟ ʣʽʩʦʩʤʫʛʘʤʠ  

3 ʢʣʘʩ 

ʃʽʩʦʚʽ ʥʘʧʽʚʧʨʠʨʦʜʥʽ 
ʪʘ ʧʨʠʨʦʜʥʽ ʨʦʩʣʠʥʥʽ 

ʧʦʢʨʠʚʠ 
3.1 ʃʽʩʠ  

3.1.1 ʃʠʩʪʷʥʽ ʣʽʩʘ 

3.1.1.1 - ʃʽʩʠ, ʜʫʙ, ʛʨʘʙ, ʢʣʝʥ, ʣʠʧʘ, ʪʦʧʦʣʷ  

3.1.1.2 - ʃʽʩʠ - ʙʝʨʝʟʘ, ʦʩʠʢʘ 

3.1.1.3 - ʄʦʢʨʽ ʣʝʩʠ - ʚʽʣʴʭʘ ʯʦʨʥʘ 

3.1.2 ʍʚʦʡʥʽ ʣʽʩʘ 

3.1.2.1 - ʉʦʩʥʦʚʽ ʟʨʣ̔ʽ ʣʽʩʠ, ʟ ʧʽʜʣʽʩʢʦʤ, 

ʟʝʣʝʥʦʤʦʰʥʽ ʯʦʨʥʠʯʥʽ, ʧʦʥʘʜ 30 ʨʦʢʽʚ ʽʟ 
ʟʽʤʢʥʫʪʦʶ ʢʨʦʥʦʶ 
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3.1.2.2 - ʄʦʣʦʜʽ ʧʣʘʥʪʘʮʽʾ ʥʘʩʘʜʞʝʥʦʾ 
ʩʦʩʥʠ ʽʟ ʥʝʟʘʤʢʥʫʪʦʶ ʢʨʦʥʦʶ  

3.1.2.3 - ʩʦʩʥʦʚʽ ʭʚʦʨʽ ʣʽʩʠ, ʨʦʟʨʽʜʞʝʥʽ 

3.1.3 ʃʽʩʘ ʤʽʰʘʥʦʛʦ ʪʠʧʫ 

3.1.3.1 - ʈʽʟʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʨʽʜ 

ʣʠʩʪʷʥʠʭ ʽ ʭʚʦʡʥʠʭ - ʩʦʩʥʦʚʦ-ʜʫʙʦʚʽ, 

ʩʦʩʥʦʚʦ-ʙʝʨʝʟʦʚʽ, ʩʦʩʥʦʚʦ-ʛʨʘʙʦʚʦ-ʙʝʨʝʟʦʚʽ 
ʽ ʪ.ʜ. 

3.2 ʏʘʛʘʨʥʠʢʠ 

ʪʘ ʪʨʘʚôʷʥʽ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ 

3.2.1 ʇʨʠʨʦʜʥʽ ʧʘʩʦʚʠʱʘ  3.2.1.1 - ɺʦʣʦʛʽ ʣʫʢʠ, ʩʽʥʦʢʦʩʠ 

3.2.2 ʊʦʨʬôʷʥʽ ʦʙʣʘʩʪʽ ʪʘ ʧʫʩʪʦʰ 
3.2.2.1 - ʏʘʛʘʨʥʠʢʠ ʪʘ ʢʫʱʽ. ʊʨʘʚôʷʥʠʩʪʘ 

ʨʦʩʣʠʥʥʽʩʪʴ ʥʘ ʙʽʣʴʰ ʩʫʭʠʭ ʜʽʣʷʥʢʘʭ 

3.2.3 ʇʫʩʪʠʥʥʘ ʨʦʩʣʠʥʥʽʩʪʴ  3.2.3.1 - ʇʝʨʝʢʘʪʠ ʧʦʣʝ, ʢʦʣʶʯʢʠ 

3.2.4 ʃʽʩʠʩʪʦ-ʯʘʛʘʨʥʠʢʦʚʘ 
ʤʽʩʮʝʚʽʩʪʴ 

3.2.4.1 - ʉʘʤʦʩʪ̔ʡʥʘ ʘʙʦ ʚʝʛʝʪʘʪʠʚʥʘ 

ʤʦʣʦʜʘ ʧʦʨʦʩʣʴ, ʣʽʩʦ-ʯʘʨʘʛʥʠʢʦʚʽ ʜʽʣʷʥʢʠ 
ʜʦ 50% ʧʣʦʱʽ 

3.2.4.2 - ʄʦʣʦʜʠʡ ʥʘʩʘʜʞʝʥʠʡ ʣʽʩ ʟ ʥʝ 

ʟʽʤʢʥʫʪʦʶ ʢʨʦʥʦʶ ʽ ʚʠʩʦʪʦʶ ʜʦ 5ʤ, 

ʟʽʤʢʥʫʪʽʩʪʴ ʢʨʦʥʠ ʜʦ 50% ʚʩʽʻʾ ʧʣʦʱʽ 

3.3 ɺʽʜʢʨʠʪʽ 

ʟʝʤʣʽ ʟ 
ʥʝʟʥʘʯʥʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ 

ʘʙʦ ʟ ʾʾ 
ʚʽʜʩʫʪʥʽʩʪʴ 

3.3.1 ɹʝʨʝʛʠ, ʜʶʥʠ, ʧʽʩʢʠ 

3.3.1.1 - ʚʽʜʢʨʠʪʽ ʧʦʚʝʨʭʥʽ ʝʦʣʦʚʠʭ ʛʦʨʙʽʚ 

ʪʘ ʛʨʷʜ, ʜʶʥʠ 

3.3.1.2 - ʇʨʠʦʟʝʨʥʽ ʧʽʱʘʥʽ ʚʘʣʠ, ʧʣʷʞʽ 

3.3.2 ʉʢʘʣʠ ʷʢʽ ʚʠʩʪʫʧʘʶʪʴ ʟ ʚʦʜʠ 3.3.2.1 - ʉʢʘʣʠ ʷʢʽ ʚʠʩʪʫʧʘʶʪʴ ʟ ʚʦʜʠ 

3.3.3 ɼʽʣʷʥʢʠ ʨʽʜʢʦʾ ʨʦʩʣʠʥʥʦʩʪʽ 3.3.3.1 - ɼʝʛʨʘʜʦʚʘʥʘ ʨʦʩʣʠʥʥʽʩʪʴ 

3.3.4 ɿʛʘʨʠʱʘ 3.3.4.1 - ɿʛʘʨʠʱʘ, ʙʫʨʝʣʦʤʠ  

3.3.5 ʃʴʦʜʦʚʠʢʠ ʽ ʚʽʯʥʽ ʩʥʽʛʠ  3.3.5.1 - ʃʴʦʜʦʚʠʢʠ ʽ ʚʽʯʥʽ ʩʥʽʛʠ 

4 ʢʣʘʩ 

ʅʝʧʨʠʜʘʪʥʽ ʟʝʤʣʽ 

4.1 ʆʩʪʨʽʚʥʽ 

ʙʝʨʝʛʦʚʽ 
ʜʽʣʷʥʢʠ 

4.1.1 ɺʥʫʪʨʽʰʥʽ ʙʦʣʦʪʘ 

4.1.1.1 - ʆʯʝʨʝʪʷʥʽ ʙʦʣʦʪʘ ʧʨʠʦʟʝʨʥʠʭ 
ʯʘʩʪʠʥ ʦʟʝʨ, ʩʪʘʨʯ̔ʥʠʭ ʧʦʥʠʞʝʥʴ, ʜʘʚʥʽʭ 

ʤʝʘʥʜʨ, ʟʘʨʦʩʪʘʶʯʠʭ ʦʟʝʨ, ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ 

ʤ̔ʥʝʨʘʣʴʥʠʭ ˇʨʫʥʪʘʭ 

4.1.1.2 - ɹʦʣʦʪʘ ʪʨʘʚôʷʥʽ, ʧʦʨʦʩʣʽ ʦʩʦʢʘʤʠ, 

ʤʘʣʽʚʽʻʶ ʪʘ ʽʥ. ʛʽʜʨʦʬʽʪʘʤʠ, ʥʠʟʠʥʥʽ, 

ʤʝʟʦʪʨʦʬʥʽ. 

4.1.1.3 - ɹʦʣʦʪʘ ʧʦʨʦʩʣʽ ʜʝʨʝʚʥʦ-

ʯʘʛʘʨʥʠʢʦʚʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, ʣʽʩʦʚʽ ʙʦʣʦʪʘ 

4.1.2 ʊʦʨʬʷʥʽ ʙʦʣʦʪʘ 

4.1.2.1 - ʪʦʨʬʦʚʠʱʘ, ʤʦʭʦʚʽ ʙʦʣʦʪʘ ʪʘ 
ʜʽʣʷʥʢʠ, ʧʽʩʣʷ ʚʠʜʦʙʫʚʘʥʥʷ ʪʦʨʬʫ - 

ʟʘʧʘʜʠʥʠ ʟʘʧʦʚʥʝʥʽ ʚʦʜʦʶ 

4.1.2.2 - ʊʦʨʬʦʚʠʱʘ ʧʝʨʝʩʫʰʝʥʽ 

4.2 ɹʝʨʝʛʦʚʽ 
ʚʦʜʷʥʽ ʜʽʣʷʥʢʠ 

4.2.1 ʉʦʣʦʥʯʘʢʠ  4.2.1.1 - ʇʦʚʝʨʭʥʝʚʦ ʟʘʚʦʜʥʝʥʽ ʩʦʣʦʥʽ ʟʝʤʣʽ 

4.2.2 ʃʠʤʘʥʠ  
4.2.2.1 - ɿʘʪʦʧʣʝʥʽ ʧʨʠʛʠʨʣʦʚʽ ʯʘʩʪʠʥʠ 

ʨʽʯʢʠ (ʟʘʙʦʣʦʯʝʥʽ)  

4.2.3 ɿʘʣʠʚʥʽ ʪʝʨʠʪʦʨʽʾ  4.2.3.1 - ɿʘʣʠʚʠ 

5 ʢʣʘʩ ɺʦʜʥʽ 
ʧʦʚʝʨʭʥʽ 

5.1 ɺʥʫʪʨʽʰʥʽ 

ʚʦʜʦʡʤʠ 

5.1.1 ʈʽʢʠ 
5.1.1.1 - ʈʽʯʢʠ, ʩʪʨʫʤʢʠ 

5.1.1.2 - ʂʘʥʘʣʠ 

5.1.2 ʆʟʝʨʘ, ʚʦʜʦʡʤʠ 

5.1.2.1 - ʇʨʠʙʝʨʝʞʥʽ ʤʽʣʢʦʚʦʜʜʷ ʡ ʦʩʪʨʽʚʥʽ 

ʤʽʣʠʥʠ (ʟʘ ʨʦʩʣʠʥʥʽʩʪʴ ʽ ʙʝʟ ʥʝʾ) 

5.1.2.2 - ɼʟʝʨʢʘʣʦ ʚʦʜʠ, ʯʠʩʪʘ ʚʦʜʘ, 

ʛʣʠʙʠʥʘ 

5.1.2.3 - ɼʝʛʨʘʜʫʶʯʽ ʦʟʝʨʘ (ʟʘʨʦʩʪʘʶʯʠ) 

5.2 ʄʦʨʩʴʢʽ 

ʚʦʜʠ 

5.2.1 ʇʨʠʙʝʨʝʞʥʽ ʣʘʛʫʥʠ 5.2.1.1 - ʄʽʣʢʦʚʦʜʥʽ ʯʘʩʪʠʥʠ ʤʦʨʷ (ʦʢʝʘʥʫ) 

5.2.2 ɽʩʪʫʘʨʽʾ  5.2.2.1 - ʃʽʡʢʦʧʦʜʽʙʥʽ ʛʠʨʣʘ ʨʽʯʦʢ 

5.2.3 ʄʦʨʷ ʪʘ ʦʢʝʘʥʠ 5.2.3.1 - ʄʦʨʷ ʪʘ ʦʢʝʘʥʠ 
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ʇɽʈɽʃɯʂ ɽʊɸʃʆʅʅʀʍ ɼɯʃʗʅʆʂ ʐɸʎʔʂʆɻʆ ʇʆʃɯɻʆʅʋ ɼɼɿ 

ʅʦʤʝʨ 

ʝʪʘʣʦʥʘ 
ʂʣʘʩ ʅʘʟʚʘ 

1 2.3.4 ʇʝʨʝʣʦʛʠ 

2 3.1.2ʙ ʉʦʩʥʦʚʠʡ ʣʠʰʘʡʥʠʢʦʚʠʡ ʣʽʩ 

3 3.1.1ʙ ɺ̔ ʣʴʭʦʚʠʡ ʚʦʣʦʛʠʡ ʣʽʩ 

4 4.1.1.ʚ ʃ̔ ʩʦʚʝ ʙʦʣʦʪʦ 

5 3.3.3 
ʉʫʭʘ ʪʨʘʚôʷʥʘ ʣʫʢʘ ʟ ʨʦʟʨʽʜʞʝʥʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ 

6 3.2.1 ɺʦʣʦʛʘ ʪʨʘʚôʷʥʘ ʣʫʢʘ 

7 3.1.2.ʘ ʉʦʩʥʦʚʠʡ ʯʦʨʥʠʮʝʚʦ-ʟʝʣʝʥʦʤʦʭʦʚʠʡ ʣʽʩ 

8 3.2.1 ʊʨʘʚôʷʥʽ ʣʫʢʠ ʱʫʯʥʠʢʦʚʦ-ʤʦʣʽʥʽʻʚʽ 

9 2.1.1 ɸʛʨʦʮʝʥʦʟʠ, ʦʨʥʽ ʟʝʤʣʽ 

10 3.2.1ʚ ɺʦʣʦʛʘ ʪʦʨʬʦʚʠʩʪʘ ʪʨʘʚôʷʥʘ ʣʫʢʘ 

11 4.1.1ʘ ɹʦʣʦʪʦ ʤʝʟʦʪʨʦʬʥʝ ʪʨʘʚôʷʥʦ-ʦʩʦʢʦʚʝ 

12 4.1.1ʘ ɹʦʣʦʪʦ ʤʝʟʦʪʨʦʬʥʝ, ʧʫʰʠʮʝʚʦ-ʦʩʦʢʦʚʝ 

13 4.1.1ʘ ɹʦʣʦʪʦ ʧʨʠʙʝʨʝʞʥʦ-ʦʯʝʨʝʪʷʥʝ 

14 3.3.1ʘ 
ʇ̔ ʱʘʥʘ ʛʨʷʜʘ, ʩʣʘʙʦʟʘʨʦʩʣʘ ʩʦʩʥʦʶ 

ʢʫʣʴʪʠʚʦʚʘʥʦʶ 

15 4.1.2 ɹʦʣʦʪʦ ʦʣʽʛʦʪʨʦʬʥʝ, ʞʫʨʘʚʣʠʥʦʚʦ-ʩʬʘʛʥʦʚʝ 

16 3.1.2 ʘ ʉʦʩʥʦʚʠʡ ʯʦʨʥʠʮʝʚʦ-ʟʝʣʝʥʦʤʦʭʦʚʠʡ ʙʽʨ 

17 2.3.4 ʇʝʨʝʣʦʛʠ 

18 3.3.1- 3.4 
ʉʦʩʥʦʚʠʡ ʣʽʩ - ʙʫʨʝʣʦʤ - ʚʠʨʫʙʢʘ - ʧʦʩʘʜʢʘ 

ʩʦʩʥʦʚʦ-ʙʝʨʝʟʦʚʦʛʦ ʣʽʩʫ 

19 2.1.1 ɸʛʨʦʮʝʥʦʟʠ, ʦʨʥʽ ʟʝʤʣʽ 

20 3.1.1ʘ ʃ̔ ʩ ʜʫʙʦʚʠʡ ʩʠʨʠʡ 

21 3.1.2ʘ ʉʦʩʥʦʚʠʡ ʟʝʣʝʥʦʤʦʭʦʚʦ-ʯʦʨʥʠʮʝʚʠʡ ʣʽʩ 

22 3.2.4 ʙ ʉʦʩʥʦʚʠʡ ʤʦʣʦʜʠʡ ʢʫʣʴʪʠʚʦʚʘʥʠʡ ʣʽʩ 

23 2.3. ʇʘʩʦʚʠʱʝ ʥʘ ʚʦʣʦʛʠʭ ʪʦʨʬʦʚʠʭ ʣʫʢʘʭ 

24 2.3.4 ʊʦʨʬʦʚʽ ʣʫʢʠ ʧʽʜ ʩʽʥʦʢʦʩʘʤʠ, ʛʦʨʦʜʘʤʠ 

25 3.3.3-3.3.4 ʊʦʨʬʦʚʽ ʣʫʢʠ ʧʽʩʣʷ ʧʦʞʝʞʽ 
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ʇɸʉʇʆʈʊ ɽʊɸʃʆʅʅʆɰ ɼɯʃʗʅʂʀ ˉ 11 

ʇʦʣʽʛʦʥ ʐʘʮʴʢʠʡ ʂʨʘʾʥʘ ʋʢʨʘʾʥʘ 

ʅʦʤʝʨ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ  ̄11 ʂʦʜ ʟʘ CORINE LC 4.1.1. 

ʅʘʟʚʘ ʢʣʘʩʫ ʟʘ CORINE LC ʙʦʣʦʪʦ ʤʝʟʦʪʨʦʬʥʝ  

ʊʦʧʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ (ʧʨʠʚôʷʟʢʘ ʜʦ ʤʽʩʮʝʚʦʩʪʽ ) ʥʘ ʧʽʚʥʽʯ ʚʽʜ ʐʘʮʴʢʘ, ʧʨʘʚʦʨʫʯ ʚʽʜ 

ʜʦʨʦʛʠ ʥʘ ʩ. ʄʝʣʴʥʠʢʠ, ʙʦʣʦʪʦ ʤʽʞ ʦʟʝʨʘʤʠ ʆʟʝʨʮʝ ʽ ʂʘʨʘʩʠʥʝʮʴ 

ʇʣʘʥ ʦʚʘʣ 

ʍʘʨʘʢʪʝʨʥʽʩʪʴ ʜʽʣʷʥʢʠ ʟʘʙʦʣʦʯʝʥʘ ʜʽʣʷʥʢʘ ʟ ʝʚʪʨʦʬʥʠʤʠ ʦʟʝʨʘʤʠ ʚ ʮʝʥʪʨʽ 

ʊʠʧ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʧʨʠʜʘʪʥʽ ʟʝʤʣʽ 

ʅʦʤʝʨʠ ʝʣʝʤʝʥʪʽʚ, ʾʭ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʅʦʤʝʨ 

ʝʣʝʤʝʥʪʫ 

ʐʠʨʦʪʘ ɼʦʚʛʦʪʘ ʇʦʣʦʞʝʥʥʷ ʝʣʝʤʝʥʪʫ ʥʘ 

ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʯʘʩ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

329    

332    

333    

500    

 

ɽʂʆʃʆɻɯʏʅʀʁ ʆʇʀʉ 

ɸʙʩʦʣʶʪʥʘ ʚʽʜʤʽʪʢʘ ʧʦʚʝʨʭʥʽ 167 ʤ 

ʅʘʭʠʣ ʧʦʚʝʨʭʥʽ: ʥʝʟʥʘʯʥʠʡ ʚ ʩʪʦʨʦʥʫ ʦʟʝʨʥʦʾ ʢʦʪʣʦʚʠʥʠ 

ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ: ʦʟʝʨʥʦ-ʘʣʶʚʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ 

ʌʦʨʤʘ ʨʝʣʴʻʬʫ: ʦʟʝʨʥʘ ʫʣʦʛʦʚʠʥʘ 

ʇʨʠʧʦʚʝʨʭʥʝʚʘ ʛʝʦʣʦʛʽʷ: ʦʟʝʨʥʦ-ʘʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ, ʧʝʨʝʢʨʠʪʽ ʟ ʧʦʚʝʨʭʥʽ ʙʽʦʛʝʥʥʠʤʠ 

(ʭʝʤʦʛʝʥʥʠʤʠ)  

ˆʨʫʥʪʠ ʙʦʣʦʪʥʽ, ʪʦʨʬʦʚʦ-ʙʦʣʦʪʥʽ 

ɺʦʣʦʛʽʩʪʴ: ʧʝʨʝʟʚʦʣʦʞʝʥʘ ʜʽʣʷʥʢʘ, ʚʦʜʘ ʥʘ ʧʦʚʝʨʭʥʽ 

ɻʽʜʨʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ: ʯʘʩʪʢʦʚʦ ʟʘʨʝʛʫʣʴʦʚʘʥʠʡ, ʽʩʥʫʻ ʧʽʜʧʽʨ ˇʨʫʥʪʦʚʠʭ ʚʦʜ  

ʆʧʠʩ ʨʦʩʣʠʥʥʦʩʪʽ: ʦʩʦʢʠ ï ʰʝʨʰʘʚʘ (Carex hirta), ʯʦʨʥʘ (Carex nigra), ʦʩʦʢʘ ʛʦʩʪʨʘ 

(Carex acuta), ʦʩʦʢʘ ʣʠʩʷʯʘ (C. vulpina), ʦʩʦʢʘ ʦʤʩʴʢʘ (Carex omsciana Meinsh) ʧʫʭʽʚʢʘ 

ʧʽʭʚʦʚʘ (Eriophorum vaginata), ʰʠʨʦʢʦʣʠʩʪʘ (E. latifolium) ʪʘ ʙʘʛʘʪʦʢʚʽʪʢʦʚʘ (E. 

polystachion), ʩʘʙʝʣʴʥʠʢ (Comarum palustre), ʩʠʪʥʠʢʠ (Juncus compresus, J. bufonies, J. 

effus), ʧʣʘʢʫʥ-ʪʨʘʚʘ ʚʝʨʙʦʣʠʩʪʘ (Lythrum salicaria).  

ʇʦ ʧʨʦʬʽʣʶ ʨʦʩʣʠʥʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʚʦʣʦʛʦʩʪʽ ʽ ʷʢʦʩʪʽ ʛʨʫʥʪʽʚ. 

ɼʝʛʨʘʜʦʚʘʥʘ ʟʣʘʢʦʚʦ-ʨʽʟʥʦʪʨʘʚʥʘ ʣʫʢʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʚʠʧʘʩ (ʜʦʤʽʥʫʻ ʪʦʥʢʦʥʽʛ 

ʣʫʯʥʠʡ (Poa pratensis), ʷʢ ʩʫʙʜʦʤʽʥʘʥʪʠ ʪʨʘʧʣʷʶʪʴʩʷ ʢʦʥʶʰʠʥʘ ʧʦʚʟʫʯʘ (Trifolium repens), 

ʢʫʣʴʙʘʙʘ ʣʽʢʘʨʩʴʢʘ (Taraxacum officinale), ʩʪʦʢʨʦʪʢʠ ʙʘʛʘʪʦʨʽʯʥʽ (Bellis perenis), ʚ ʙʽʣʴʰ 

ʧʦʥʠʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʟʤʽʥʶʻʪʴʩʷ ʟʣʘʢʦʚʦ-ʦʩʦʢʦʚʦʶ ʩʠʨʦʶ ʣʫʢʦʶ, ʜʝ ʜʦʤʽʥʫʶʪʴ ʟʣʘʢʠ ï 
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ʪʦʥʢʦʥʽʛ ʣʫʯʥʠʡ, ʢʦʩʪʨʠʮʷ ʣʫʯʥʘ (Festuca pratensis), ʦʩʦʢʠ ï ʰʝʨʰʘʚʘ (Carex hirta), ʯʦʨʥʘ 

(C. nigra), ʪʘ ʨʽʟʥʦʪʨʘʚôʷ: ʞʦʚʪʝʮʽ (Ranunculus polyanthemus) ʪʘ ʧʦʚʟʫʯʠʡ (R. repens), 

ʢʦʥʶʰʠʥʘ ʧʦʚʟʫʯʘ, ʢʦʨʦʥʘʨʽʷ ʟʦʟʫʣʷʯʘ (Coronaria flosï cuculi), ʧʝʨʩʪʘʯ ʛʫʩʷʯʠʡ (Potentilla 

anserina) ʪʘ ʧʝʨʩʪʘʯ ʧʨʷʤʦʩʪʦʷʯʠʡ ʘʙʦ ʢʘʣʛʘʥ (P. erecta), ʩʽʜʘʯ ʢʦʥʦʧʣʝʚʠʡ (Eupatorium 

cannabinum). ɯʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʚʦʜʠ ï ʟʘʙʦʣʦʯʝʥʘ ʣʫʢʘ ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ ʩʠʪʥʠʢʽʚ ʪʘ 

ʧʣʘʢʫʥ-ʪʨʘʚʠ ʚʝʨʙʦʣʠʩʪʦʾ ʧʝʨʝʭʦʜʠʪʴ ʚ ʤʝʟʦʪʨʦʬʥʝ ʧʫʭʽʚʢʦʚʦ-ʦʩʦʢʦʚʝ ʙʦʣʦʪʦ.  

 

ɽʢʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: ʙʦʣʦʪʦ ʝʚʪʨʦʬʥʝ ʽ ʤʝʟʦʪʨʦʬʥʝ, ʢʨʫʧʥʦʦʩʦʢʦʚʝ. ɭ 

ʤʝʣʽʦʨʘʮʽʡʥʽ ʢʘʥʘʚʠ. ʇʦ ʢʨʘʶ ʙʦʣʦʪʘ ʣʫʯʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, ʯʘʩʪʢʦʚʦ ʧʽʜ ʧʘʩʦʚʠʱʝʤ (ʩʤʫʛʘ 

ʰʠʨʠʥʦʶ 20-50 ʤ), ʙʣʠʞʯʝ ʜʦ ʦʟʝʨʘ ʽ ʤʝʣʽʦʨʘʮʽʡʥʠʭ ʢʘʥʘʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʙʚʦʜʥʝʥʽʩʪʴ, 

ʟʘʙʦʣʦʯʝʥʥʷ (ʦʩʦʢʘ, ʧʫʭʽʚʢʘ), ʚ ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ ï ʤʦʯʢʫʚʘʪʽʩʪʴ (ʩʠʪʥʠʢ). ʇʽʜ ʥʦʛʘʤʠ 

ʚʠʩʪʫʧʘʻ ʚʦʜʘ ʥʘ 5-10 ʩʤ ʟ ʧʦʚʝʨʭʥʽ. ɹʣʠʞʯʝ ʜʦ ʦʟʝʨʘ ï ʨʽʜʢʦʣʽʩʩʷ ʙʝʨʝʟʠ ʧʫʭʥʘʩʪʦʾ ʪʘ 

ʢʫʱ̔ ʚʝʨʙʠ ʚʫʭʘʩʪʦʾ. 

ʏʝʨʝʟ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʫ ʤʝʣʽʦʨʘʮʽʶ ʨʦʩʣʠʥʥʽ ʫʛʨʫʧʦʚʘʥʥʷ ʧʫʭʽʚʢʦʚʦ-ʦʩʦʢʦʚʠʭ ʙʦʣʽʪ 

ʩʴʦʛʦʜʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʤʝʞʽ ʟʥʠʢʥʝʥʥʷ ʽ ʧʦʪʨʝʙʫʶʪʴ ʦʭʦʨʦʥʠ. ɭ ʤʽʩʮʷʤʠ ʟʨʦʩʪʘʥʥʷ ʮʽʣʦʾ 

ʥʠʟʢʠ ʮʽʥʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʪʘ ʯʝʨʚʦʥʦʢʥʠʞʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ, ʟʦʢʨʝʤʘ ʧʦʣʽʩʴʢʠʭ ʦʨʭʽʜʝʡ. 

ʆʧʠʩ ʟʤʽʥ ʟʘ ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʴ: ʥʝ ʚʽʜʤʽʯʝʥʦ 

ʌʦʪʦ ʪʝʩʪ ʩʘʡʪʫ: __________________________________________________________ 
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ɼʦʜʘʪʦʢ ɼ 

ʐɸʎʔʂʀʁ ʇʆʃɯɻʆʅ 

ʄʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ. ʇʦʣʽʛʦʥ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʤʝʞʘʭ ʐʘʮʴʢʦʛʦ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ (ʐʅʇʇ), ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ɺʦʣʠʥʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʐʘʮʴʢʦʛʦ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ 

ʨʘʡʦʥʫ (ʜʠʚ. ʨʠʩʫʥʦʢ).  

ʇʨʦʪʷʞʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʐʅʇʇ ʟ ʧʽʚʥʦʯʽ ʥʘ ʧʽʚʜʝʥʴ ï 32 ʢʤ, ʽʟ ʟʘʭʦʜʫ ʥʘ 

ʩʭʽʜ ï 36 ʢʤ. ʅʘ ʟʘʭʦʜʽ ʪʝʨʠʪʦʨʽʷ ʧʘʨʢʫ ʤʝʞʫʻ ʟ ʇʦʣʴʱʝʶ (ʧʨʦʪʷʞʥʽʩʪʴ ʢʦʨʜʦʥʫ 

10 ʢʤ) ʽ ɹʽʣʦʨʫʩʩʶ (6 ʢʤ), ʥʘ ʧʽʚʥʦʯʽ ï ʟ ʂʉʇ ñɿʘʦʟʝʨʥʝò, ʂʉʇ ñɿʘʧʦʚʽʪò ʽ 

ɹʽʣʦʨʫʩʩʶ, ʟʽ ʩʭʦʜʫ ï ʟ ʂʉʇ ñʇʨʠʧôʷʪʴò, ʟ ʧʽʚʜʥʷ ï ʟ ʂʉʇ ñʇʝʨʝʤʦʛʘò ʽ 

ʃʶʙʦʤʣʴʩʴʢʠʤ ʨʘʡʦʥʦʤ. 

 

 

ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʐʅʇʇ 
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ʐʅʇʇ ʩʪʚʦʨʝʥʦ ʟʛʽʜʥʦ ʇʦʩʪʘʥʦʚʠ ʈʄ ʋʈʉʈ ˉ 533 ʚʽʜ 28 ʛʨʫʜʥʷ 1983 ʨ. 

ʪʘ ʥʘʢʘʟʫ ʄʃɻ ʋʈʉʈ ˉ 64 ʚʽʜ 16 ʙʝʨʝʟʥʷ 1984 ʨ. ʟʘ ʨʘʭʫʥʦʢ ʧʣʦʱ ʣʽʩʽʚ 

ʐʘʮʴʢʦʛʦ ʫʯʙʦʚʦ-ʜʦʩʣ̔ ʜʥʦʛʦ ʣʽʩʛʦʩʧʟʘʛʫ ʽ ʟʝʤʝʣʴ ʢʦʣʛʦʩʧʽʚ ʃʶʙʦʤʣʴʩʴʢʦʛʦ 

ʨʘʡʦʥʫ. ʇʨʠ ʮʴʦʤʫ ʚ ʧʦʩʪʽʡʥʝ ʢʦʨʠʩʪʫʚʘʥʥ ̫ ʐʅʇʇ ʟʽ ʩʢʣʘʜʫ ʐʘʮʴʢʦʛʦ 

ʫʯʙʦʚʦ-ʜʦʩʣ̔ ʜʥʦʛʦ ʣʽʩʛʦʩʧʟʘʛʫ ʙʫʣʦ ʧʝʨʝʜʘʥʦ 6959 ʛʘ, ʟʽ ʩʢʣʘʜʫ ʢʦʣʛʦʩʧʽʚ ï 

5051 ʛʘ. ɿʛʽʜʥʦ ʟ ʥʘʢʘʟʦʤ ɺʦʣʠʥʩʴʢʦʛʦ ʦʙʣʫʧʨʣʽʩʛʦʩʧʟʘʛʫ ˉ 75 ʚʽʜ 2 ʢʚʽʪʥʷ 

1984 ʨ. ʧʣʦʱʘ ʟʝʤʝʣʴ, ʷʢʽ ʙʫʣʠ ʧʝʨʝʜʘʥʽ ʟʽ ʩʢʣʘʜʫ ʫʯʙʦʚʦ-ʜʦʩʣ̔ ʜʥʦʛʦ 

ʣʽʩʛʦʩʧʟʘʛʫ, ʙʫʣʘ ʫʪʦʯʥʝʥʘ ʽ ʩʢʣʘʣʘ 6 971 ʛʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʯʘʩ ʦʨʛʘʥʽʟʘʮʽʾ 

ʧʘʨʢʫ ʡʦʛʦ ʧʣʦʱʘ, ʷʢʘ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʢʦʨʠʩʪʫʚʘʥʥʽ ʧʘʨʢʫ, 

ʩʷʛʘʣʘ 12 022 ʛʘ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʋʢʘʟʫ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʚʽʜ 16.08.1999 ʨ. ˉ 992/99 

ñʇʨʦ ʨʦʟʰʠʨʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʐʘʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʘʨʢʫò, ʜʦ ʩʢʣʘʜʫ ʧʘʨʢʫ 

ʚʚʽʡʰʣʦ 16 166,6 ʛʘ ʟʝʤʝʣʴ ʙʝʟ ʚʠʣʫʯʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ 11 200 ʛʘ ʟʝʤʝʣʴ 

ʐʘʮʴʢʦʛʦ ʜʝʨʞʣʽʩʛʦʩʧʫ; 27 56,8 ʛʘ ï ʂʉʇ ʽʤ. ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ; 20,3 ʛʘ ï 

ʂʉʇ ñʇʨʠʧôʷʪʴò; 187,1 ʛʘ ï ʂʉʇ ñʋʢʨʘʾʥʘò; 1107,6 ʛʘ ï ɼɻ ñʉʚʽʪʷʟʴò; 98,4 ʛʘ ï 

ʽʥʰʠʭ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʽʚ; 618,6 ʛʘ ï ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, 162,2 

ʛʘ ï ʟʝʤʝʣʴ ʟʘʧʘʩʫ ʪʘ 16,2 ʛʘ ï ʬʝʨʤʝʨʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ 1998 ʨ. 

ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʧʘʨʢʫ ʩʢʣʘʣʘ 48 976,6 ʛʘ. 

ɿʘʛʘʣʴʥʽ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʫʤʦʚʠ ʪʝʨʠʪʦʨʽʾ. ɿʛʽʜʥʦ ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʟʦʥʠ ʟʤʽʰʘʥʠʭ 

ʣʽʩʽʚ ɺʦʣʠʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ. ɿʘʛʘʣʴʥʠʡ ʦʧʠʩ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ ʜʘʥʦʛʦ 

ʨʝʛʽʦʥʫ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʧʦʣʴʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʙʘʛʘʪʴʦʭ 

ʬʘʭʦʚʠʭ ʨʦʙʽʪ ʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. 

ʂʣʽʤʘʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʂʣʽʤʘʪ ï ʧʦʤʽʨʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʡ, ʟ ʤôʷʢʦʶ 

ʟʠʤʦʶ ʽ ʚʽʜʥʦʩʥʦ ʪʝʧʣʠʤ ʪʘ ʚʦʣʦʛʠʤ ʣʽʪʦʤ. ɿʘʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʩʧʨʠʷʻ 

ʚʪʦʨʛʥʝʥʥʶ ʤʦʨʩʴʢʠʭ ʽ ʧʦʣʷʨʥʠʭ ʤʘʩ, ʘ ʤʽʩʮʝʚʽ ʢʣʽʤʘʪʦʫʪʚʦʨʶʶʯʽ ʬʘʢʪʦʨʠ, 

ʟʦʢʨʝʤʘ ʥʠʟʠʥʥʠʡ ʭʘʨʘʢʪʝʨ ʪʝʨʠʪʦʨʽʾ ʽ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʟʝʨ ʽ ʙʦʣʽʪ, ʩʧʨʠʷʶʪʴ 
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ʬʦʨʤʫʚʘʥʥʶ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʱʦ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʧʦʤʽʨʥʦ-

ʤʦʨʩʴʢʦʛʦ ʢʣʽʤʘʪʫ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ. 

ɿʘ ʜʘʥʠʤʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʩʪʘʥʮʽʾ ʉʚʽʪʷʟʴ, ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʘʥʦʚʠʪʴ +7,5
ʦ
ʉ, ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʫ ʣʠʧʥʽ ï +18,8

ʦ
ʉ, ʘ 

ʤʽʥʽʤʘʣʴʥʘ ʫ ʩʽʯʥʽ ï (ï4,4
ʦ
ʉ). ɸʤʧʣʽʪʫʜʘ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʨʽʢ ʩʷʛʘʻ 22,8

ʦ
ʉ.  

ʇʝʨʽʦʜ ʘʢʪʠʚʥʦʾ ʚʝʛʝʪʘʮʽʾ ʥʘʩʪʫʧʘʻ ʟ ʪʨʝʪʴʦʾ ʜʝʢʘʜʠ ʢʚʽʪʥʷ ʽ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʢʽʥʮʷ ʚʝʨʝʩʥʷ. 

ʉʝʨʝʜʥʴʦʨʽʯʥʘ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʩʪʘʥʦʚʠʪʴ 78%. ɼʣʷ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʥʠʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʡ ʪʠʧ ʨʽʯʥʦʛʦ ʭʦʜʫ ʦʧʘʜʽʚ ʟ 

ʤʘʢʩʠʤʫʤʦʤ ʫ ʣʽʪʥʽ ʤʽʩʷʮʽ (67ï70 ʤʤ) ʪʘ ʤʽʥʽʤʫʤʦʤ ʫ ʩʽʯʥʽ ï ʙʝʨʝʟʥʽ (25ï

27 ʤʤ). ɺ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʨʽʢ ʚʠʧʘʜʘʻ 500 ʤʤ ʦʧʘʜʽʚ. ʅʘ ʪʝʧʣʠʡ ʧʝʨʽʦʜ ʧʨʠʧʘʜʘʻ 

71% ʨʽʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ. ʄʘʡʞʝ ʢʦʞʝʥ ʨ̔ ʢ ʤʦʞʥʘ ʦʯ̔ʢʫʚʘʪʠ ʙʣʠʟʴʢʦ 150 

ʜʥʽʚ ʟ ʦʧʘʜʘʤʠ (41% ʢʽʣʴʢʦʩʪʽ ʜʥʽʚ ʫ ʨʦʮʽ) ʽ 60 ʜʥʽʚ ʟʽ ʩʣʽʜʘʤʠ ʦʧʘʜʽʚ. ʉʝʨʝʜʥʷ 

ʙʘʛʘʪʦʨʽʯʥʘ ʚʝʣʠʯʠʥʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟ ʧʦʚʝʨʭʥʽ ʦʟʝʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ 

ʦʟʝʨʥʦʾ ʫʣʦʛʦʚʠʥʠ ʪʘ ʥʘʚʢʦʣʠʰʥʽʭ ʣʘʥʜʰʘʬʪʽʚ ʪʝʨʠʪʦʨʽʾ ʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 60,2 

ʜʦ 913,3 ʤʤ ʟʘ ʙʝʟʣʴʦʜʦʩʪʘʚʥʠʡ ʧʝʨʽʦʜ.  

ʉʪʽʡʢʠʡ ʩʥʽʛʦʚʠʡ ʧʦʢʨʠʚ ʟôʷʚʣʷʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʫ ʛʨʫʜʥʷ ʪʘ ʫʪʨʠʤʫʻʪʴʩʷ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʚʧʨʦʜʦʚʞ 76 ʜʥʽʚ ʥʘ ʨʽʢ. ɺ 24% ʟʠʤ ʩʪʽʡʢʠʡ ʩʥʽʛʦʚʠʡ ʧʦʢʨʠʚ ʤʦʞʝ 

ʥʝ ʫʪʚʦʨʶʚʘʪʠʩʴ, ʘ ʚ ʜʝʷʢʽ ʟʠʤʠ ʚʽʥ ʤʦʞʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʜʚʽʯʽ. ɺʠʩʦʪʘ ʩʥʽʛʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʧʨʦʪʷʛʦʤ ʟʠʤʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 2 ʜʦ 3 ʩʤ ʫ ʛʨʫʜʥʽ, ʜʦ 7ï13 ʩʤ ʫ ʩʽʯʥʽ - 

ʣʶʪʦʤʫ. ʅʘʡʙʽʣʴʰʘ ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ ʩʪʘʥʦʚʠʪʴ 11 ʩʤ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʘ ï 32 ʩʤ. ʑʽʣʴʥʽʩʪʴ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ ʧʨʦʪʷʛʦʤ ʟʠʤʠ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ 0,20 ʜʦ 0,28 ʛ/ʩʤ
3
, ʘ ʟʘʧʘʩ ʚʦʜʠ ʚ ʩʥʽʛʦʚʦʤʫ ʧʦʢʨʠʚʽ ʜʦʨʽʚʥʶʻ 12ï21 ʤʤ. 

ʉʝʨʝʜʥʽʡ ʥʘʡʙʽʣʴʰʠʡ ʟʘʧʘʩ ʚʦʜʠ ʟʘ ʟʠʤʫ ʩʪʘʥʦʚʠʪʴ 34 ʤʤ, ʘ ʛʣʠʙʠʥʘ 

ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʽʚ ï 20ï25 ʩʤ. 

ʊʝʨʠʪʦʨʽʷ ʨʘʡʦʥʫ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ ɸʪʣʘʥʪʠʢʠ, 

ɸʨʢʪʠʯʥʦʛʦ ʙʘʩʝʡʥʫ  ̔ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʧʨʦʩʪʦʨʽʚ ɭʚʨʘʟʽʾ. ʊʦʤʫ 

ʧʝʨʝʚʘʞʘʶʯʠʤʠ ʚʧʨʦʜʦʚʞ ʨʦʢʫ ʻ ʚʽʪʨʠ ʟʘʭʽʜʥʦʛʦ ʽ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ 
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ʥʘʧʨʷʤʢʽʚ. ʉʝʨʝʜʥʷ ʨʽʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʜʦʩʷʛʘʻ 2,8 ʤ/ʩ. ʁʤʦʚʽʨʥʽʩʪʴ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʽʚ ʧʦʥʘʜ 4 ʤ/ʩ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʩʪʘʥʦʚʠʪʴ 39,5%, ʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʽʚ 

ʙʽʣʴʰʝ ʥʽʞ 15 ʤ/ʩ ï 1%. 

ʊʝʨʠʪʦʨʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ ʨʝʢʨʝʘʮʽʡʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ. ʇʝʨʽʦʜ ʟ ʢʦʤʬʦʨʪʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʠʱʝ 15
Ü
ʉ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʜʨʫʛʦʾ 

ʧʦʣʦʚʠʥʠ ʪʨʘʚʥʷ ʽ ʪʨʠʚʘʻ 106ï120 ʜʥʽʚ. ʅʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤ ʧʝʨʽʦʜʦʤ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʣʽʪʥʽʭ ʚʠʜʽʚ ʚʽʜʧʦʯʠʥʢʫ ʽ ʢʣʽʤʘʪʦʪʝʨʘʧʽʾ ʻ ʯʝʨʚʝʥʴïʩʝʨʧʝʥʴ, ʘ 

ʟʠʤʦʚʠʭ ï ʩʽʯʝʥʴïʣʶʪʠʡ. 

ɺ ʮʽʣʦʤʫ, ʢʣʽʤʘʪ ʨʘʡʦʥʫ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʚʥʦʤʫ ʨʝʣʴʻʬʦʫʪʚʦʨʝʥʥʶ, 

ʬʦʨʤʫʚʘʥʥʶ ʣʽʩʦʚʦʾ, ʣʫʯʥʦʾ ʽ ʙʦʣʦʪʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʙʘʛʘʪʦʮʽʣʴʦʚʦʤʫ 

ʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʝʨʠʪʦʨʽʾ ʪʘ ʰʠʨʦʢʦʤʫ ʨʦʟʚʠʪʢʫ ʨʝʢʨʝʘʮʽʾ. 

ɻʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʘ ʣʘʥʜʰʘʬʪʠ. ʊʝʨʠʪʦʨʽʷ ʧʦʣʽʛʦʥʫ ʨʦʟʪʘʰʦʚʘʥʘ ʚ 

ʤʝʞʘʭ ʧʦʣʽʩʴʢʦʾ ʯʘʩʪʠʥʠ ɺʦʣʠʥʩʴʢʦʾ ʦʙʣʘʩʪʽ ʪʘ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʚʥʠʥʫ, ʱʦ 

ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ ʟ ʧʽʚʜʥʷ ʥʘ ʧʽʚʥʽʯ ʽ ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ.  

ʉʫʯʘʩʥʠʡ ʨʝʣʴʻʬ, ˇʨʫʥʪʠ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʟʫʤʦʚʣʝʥʽ ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ, ʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʧʦʚôʷʟʫʶʪʴ ʟ ʜʘʚʥʽʤ 

ʟʣʝʜʝʥʽʥʥʷʤ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʤʦʨʝʥʠ, ʚʘʣʫʥʠ, ʨʽʟʥʽ ʛʣʠʥʠ ʽ ʤʝʨʛʝʣʽ, ʩʫʛʣʠʥʦʢ, 

ʧʽʩʦʢ, ʣʝʩ, ʛʘʣʝʯʥʠʢ. ʈʽʯʢʦʚʽ ʚʦʜʠ, ʨʦʟʤʠʚʘʶʯʠ ʤʦʨʝʥʫ ʫ ʧʦʣʽʩʴʢʽʡ ʯʘʩʪʠʥʽ 

ʪʝʨʠʪʦʨʽʾ ʦʙʣʘʩʪʽ, ʫʪʚʦʨʠʣʠ ʧʽʱʘʥʽ ʧʦʣʷ, ʪʘʢ ʟʚʘʥʽ ʟʘʥʜʨʦʚʽ ʧʽʩʢʠ. 

ʇʦʚʝʨʭʥʷ ʧʦʣʽʩʴʢʦʾ ʯʘʩʪʠʥʠ ʦʙʣʘʩʪʽ ʷʚʣʷʻ ʩʦʙʦʶ ʩʣʘʙʦ ʭʚʠʣʷʩʪʫ ʨʽʚʥʠʥʫ. 

ʆʜʥʦʤʘʥʽʪʥʽʩʪʴ ʨʝʣʴʻʬʫ ʧʦʨʫʰʫʶʪʴ ʣʠʰʝ ʢʨʝʡʜʷʥʽ ʛʦʨʙʠ ʟ ʜʫʞʝ ʧʦʣʦʛʠʤʠ 

ʩʭʠʣʘʤʠ. ɺʦʥʠ ʧʽʜʚʠʱʫʶʪʴʩʷ ʥʘʜ ʤʽʩʮʝʚʽʩʪʶ ʜʦ 30ï40 ʤ ʽ ʜʦʩʷʛʘʶʪʴ ʚ 

ʧʦʧʝʨʝʯʥʠʢʫ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʢʽʣʦʤʝʪʨʽʚ. ɸʙʩʦʣʶʪʥʽ ʚʠʩʦʪʠ ɿʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ 

ʚʽʜ 190 ʜʦ 200 ʤ ʥʘ ʧʽʚʜʥʽ ʽ ʜʦ 150 ʤ ʥʘ ʧʽʚʥʦʯʽ ʙʽʣʷ ʇʨʠʧôʷʪʽ. ʍʘʨʘʢʪʝʨʥʘ ʨʠʩʘ 

ʨʝʣʴʻʬʫ ʇʦʣʽʩʩʷ ï ʥʝʟʥʘʯʥʘ ʚʽʜʥʦʩʥʘ ʚʠʩʦʪʘ ʽ ʥʝʚʝʣʠʢʠʡ ʥʘʭʠʣ ʥʘ ʧʽʚʥʽʯ. ʎʝ 

ʟʫʤʦʚʣʶʻ ʧʦʚʽʣʴʥʫ ʪʝʯʽʶ ʨʽʢ, ʥʝʟʥʘʯʥʫ ʟʨʽʟʘʥʽʩʪʴ ʾʭ ʨʫʩʝʣ ʽ ʤʘʣʦ ʚʠʨʘʞʝʥʽ 

ʜʦʣʠʥʠ. ʈʽʯʢʦʚʽ ʜʦʣʠʥʠ ʇʨʠʧôʷʪʽ, ʉʪʠʨʫ, ʉʪʦʭʦʜʫ, ʊʫʨʽʾ ʪʘ ʽʥʰʠʭ ʨʽʢ ʩʝʨʝʜ 

ʥʘʚʢʦʣʠʰʥʴʦʾ ʤʽʩʮʝʚʦʩʪʽ ʤʘʡʞʝ ʥʝʧʦʤʽʪʥʽ. ɰʭ ʟʘʧʣʘʚʠ ʽ ʥʘʜʟʘʧʣʘʚʥʽ ʪʝʨʘʩʠ 
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ʤʘʶʪʴ ʥʝʟʥʘʯʥʫ ʚʠʩʦʪʫ. ɺʟʜʦʚʞ ʨʽʢ ʧʨʦʩʪʷʛʘʶʪʴʩʷ ʣʠʰʝ ʘʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʫ 

ʚʠʛʣʷʜʽ ʥʝʚʠʩʦʢʠʭ ʧʽʱʘʥʠʭ ʛʦʨʙʽʚ ʽ ʧʘʩʤ. 

ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʘʥʜʰʘʬʪʘʤʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ 

ʟʘʙʦʣʦʯʝʥʠʭ ʟʘʧʣʘʚ, ʩʣʘʙʦʜʝʨʥʦʚʘʥʠʭ ʤʝʞʠʨʽʯ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʯʦʨʥʦʚʽʣʴʭʦʚʠʭ 

ʽ ʜʫʙʦʚʦ-ʩʦʩʥʦʚʠʭ ʣʽʩʽʚ ʪʘ ʦʨʥʠʭ ʟʝʤʝʣʴ ʥʘ ʜʝʨʥʦʚʠʭ, ʣʫʯʥʠʭ ʽ ʜʝʨʥʦʚʦ-

ʩʝʨʝʜʥʴʦʧʽʜʟʦʣʠʩʪʠʭ ˇʨʫʥʪʘʭ ʪʘ ʤʽʩʮʝʚʦʩʪʝʡ ʢʽʥʮʝʚʦ-ʤʦʨʝʥʥʠʭ ʛʦʨʙʽʚ, ʚʢʨʠʪʠʭ 

ʟʤʽʰʘʥʠʤʠ ʣʽʩʘʤʠ. 

ɼʦʣʠʥʘ ʨ. ʇʨʠʧôʷʪʴ ʜʫʞʝ ʩʣʘʙʦ ʚʠʨʘʞʝʥʘ ʚ ʨʝʣʴʻʬʽ ʽ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ 

ɺʦʣʠʥʩʴʢʦʾ ʦʙʣʘʩʪʽ ʛʝʦʣʦʛʽʯʥʦ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫʟʜʦʚʞ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʈʘʪʥʽʚʩʴʢʦʛʦ ʨʦʟʣʦʤʫ. ʇʦʙʣʠʟʫ ʛʠʨʣ ʨʽʯʦʢ ʊʫʨʽʷ, ɺʠʞʽʚʢʘ ʽ ʉʪʦʭʽʜ ʜʦʣʠʥʘ ʨʽʯʢʠ 

ʪʘʢʦʞ ʧʝʨʝʪʠʥʘʻʪʴʩʷ ʧʦʧʝʨʝʯʥʠʤʠ ʜʦ ʨʫʩʣʘ ʛʣʠʙʠʥʥʠʤʠ ʨʦʟʣʦʤʘʤʠ. ɻʝʦʣʦʛʽʯʥʘ 

ʙʫʜʦʚʘ ʽ ʩʢʣʘʜ ʢʨʝʡʜʦʚʠʭ ʽ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʦʙʫʤʦʚʣʶʶʪʴ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, ʬʦʨʤʫ ʨʽʯʠʱʘ, ʟʘʙʦʣʦʯʝʥʽʩʪʴ ʟʘʧʣʘʚʠ 

ʨʽʯʢʠ ʽ ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʨʽʚʥʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʘ ʦʪʞʝ, ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʙʽʦʮʝʥʦʟʽʚ ʚ ʾʾ ʙʘʩʝʡʥʽ. 

ɻʽʜʨʦʛʨʘʬʽʷ. ʈʘʡʦʥ ʧʦʣʽʛʦʥʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʤʝʞʘʭ 

ɺʦʣʠʥʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʜʝ ʥʘʨʘʭʦʚʫʻʪʴʩʷ 67 ʨʽʯʦʢ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ 1240 ʢʤ, 

ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʟ ʧʽʚʜʥʷ ʥʘ ʧʽʚʜʝʥʴ, ʤʘʶʪʴ ʧʦʚʽʣʴʥʫ ʪʝʯʽʶ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʥʝʟʥʘʯʥʠʤʠ ʥʘʭʠʣʘʤʠ ʧʦʚʝʨʭʥʽ (0,27ï0,4 ʤ/ʢʤ), ʘ ʪʘʢʦʞ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʰʠʨʦʢʠʤʠ ʟʘʧʣʘʚʘʤʠ. ʉʝʨʝʜʥʷ ʛʫʩʪʦʪʘ ʨʽʯʢʦʚʦʾ ʤʝʨʝʞʽ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,25ï0,47 ʢʤ. ʈʦʟʧʦʜʽʣ ʩʪʦʢʫ ʨʽʯʦʢ ʧʨʦʪʷʛʦʤ ʨʦʢʫ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ, ʪʘʣʽ ʚʦʜʠ ʚ ʨʽʯʥʦʤʫ ʩʪʦʮʽ ʟʘʡʤʘʶʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 50ï70%. 

ʉʝʨʝʜʥʽʡ ʙʘʛʘʪʦʨʽʯʥʠʡ ʩʪʽʢ ʙʘʩʝʡʥʫ ʟ 1 ʢʤ ʧʣʦʱʽ ʩʷʛʘʻ 122 ʪʠʩ. ʤ
3
/ʨ̔ʢ, ʧʨʠ 

ʮʴʦʤʫ ʯʘʩʪʢʘ ʧʽʜʟʝʤʥʦʛʦ ʞʠʚʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 12ï32% ʨʽʯʥʦʛʦ ʩʪʦʢʫ. ɻʫʩʪʦʪʘ 

ʛʽʜʨʦʛʨʘʬʽʯʥʦʾ ʩʽʪʢʠ ʥʘ ɺʦʣʠʥʽ ʚ 2 ʨʘʟʠ ʙʽʣʴʰʘ, ʥʽʞ ʫ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʋʢʨʘʾʥʽ. 

ʆʩʥʦʚʦ  ʁ ʮʽʻʾ ʩʽʪʢʠ  ̒ ʇʨʠʧôʷʪʴ, ʱʦ ʧʨʦʪʽʢʘʻ ʩʚʦʻʶ ʚʝʨʭʥʴʦʶ ʪʝʯʽʻʶ ʧʦ 

ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʦʙʣʘʩʪʽ ʟ ʟʘʭʦʜʫ ʥʘ ʩʭʽʜ ʤʘʡʞʝ ʧʘʨʘʣʝʣʴʥʦ ʢʦʨʜʦʥʫ ʟ 

ɹʽʣʦʨʫʩʩʶ. ʋ ʨ. ʇʨʠʧôʷʪʴ ʟ ʧʨʘʚʦʛʦ ʙʦʢʫ ʚʧʘʜʘʶʪʴ ʨ. ʉʪʠʨ, ʉʪʦʭʽʜ, ʊʫʨʽʷ, 
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ɺʠʞʽʚʢʘ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʯʝʨʝʟ ʪʝʨʠʪʦʨʽʶ ʦʙʣʘʩʪʽ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʧʽʚʜʥʷ ʥʘ 

ʧʽʚʥʽʯ. 

ʇʽʜ ʯʘʩ ʨʦʟʚʠʪʢʫ ʤʝʣʽʦʨʘʪʠʚʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚ 70ï90-ʭ ʨʦʢʘʭ ʍʍ ʩʪ. 

ʟʘʙʦʣʦʯʝʥʽ ʽ ʧʝʨʝʟʚʦʣʦʞʝʥʽ ʧʣʦʱʽ ʟʘʧʣʘʚʠ ʽ ʪʝʨʘʩʠ ʨ. ʇʨʠʧôʷʪʴ ʧʦʙʣʠʟʫ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʙʫʣʠ ʦʩʫʰʝʥʽ ʥʘ ʟʘʛʘʣʴʥʽʡ ʧʣʦʱʽ 69 736 ʛʘ (697,36 ʢʤ
2
), ʘʙʦ 

6,5% ʚʽʜ ʧʣʦʱʽ ʚʦʜʦʟʙʦʨʫ ʨʽʯʢʠ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 10 699 ʢʤ
2
 ʧʨʠ ʟʘʣʽʩʥʝʥʥʽ 

ʦʩʪʘʥʥʴʦʛʦ ʚ 22% ʽ ʟʘʙʦʣʦʯʝʥʦʩʪʽ 38% (4065,62 ʢʤ
2
). ʊʦʙʪʦ, ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʬʦʥʜʫ ʧʝʨʝʟʚʦʣʦʞʝʥʠʭ ʟʝʤʝʣʴ ʪʫʪ ʙʫʣʦ ʦʩʫʰʝʥʦ 522,2 ʢʤ
2
. ʆʩʫʰʝʥʽ ʟʝʤʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʧʽʜ ʧʘʩʦʚʠʱʘ, ʩʽʥʦʞʘʪʽ ʽ, ʯʘʩʪʢʦʚʦ, ʧʽʜ ʨʽʣʣʶ. 

ʇʨʠʨʦʜʥʠʡ ʨʦʟʚʠʪʦʢ ʨʽʯʢʠ, ʨʽʟʥʦʤʘʥʽʪʥʝ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʦʩʪʫʧʦʚʦ ʩʬʦʨʤʫʚʘʣʠ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʨʽʟʢʦ ʟʤʝʥʰʠʣʘʩʴ ʨʫʩʣʦʫʪʚʦʨʶʶʯʘ ʽ 

ʚʦʜʦʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʨ. ʇʨʠʧôʷʪʴ, ʱʦ ʦʩʦʙʣʠʚʦ ʧʨʦʷʚʠʣʦʩʷ ʚ ʧʝʨʽʦʜ 

ʚʠʩʦʢʠʭ ʧʘʚʦʜʢʽʚ. ʉʪʘʣʠ ʥʝʤʠʥʫʯʠʤʠ ʪʨʠʚʘʣʽ ʟʘʪʦʧʣʝʥʥʷ ʚʝʣʠʢʠʭ ʧʣʦʱ ʫ 

ʜʦʣʠʥʽ ʨʽʯʢʠ, ʱʦ ʩʧʨʠʯʠʥʠʣʦ ʝʚʪʨʦʬʽʢʘʮʽʶ, ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʛʥʠʪʪʷ ʚ 

ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ, ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʪʦʱʦ. 

ʈʽʢʠ ʚ ʧʦʣʽʩʴʢʽʡ ʯʘʩʪʠʥʽ ʪʝʯʽʾ ʤʘʶʪʴ ʨʦʟʰʠʨʝʥʽ ʟʘʧʣʘʚʠ, ʚʽʜʩʫʪʥʽʡ ʯʽʪʢʦ 

ʦʢʨʝʩʣʝʥʠʡ ʢʦʨʽʥʥʠʡ ʙʝʨʝʛ. ɺʩʝ ʮʝ ʧʦʚôʷʟʘʥʦ ʽʟ ʟʘʛʘʣʴʥʠʤ ʨʽʚʥʠʥʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʦʚʝʨʭʥʽ ʽ ʥʘʜʪʦ ʤʘʣʠʤ ʥʘʭʠʣʦʤ ʾʾ ʥʘ ʧʽʚʥʽʯ. ɺʦʜʦʜʽʣʠ ʚʠʨʘʞʝʥʽ 

ʩʣʘʙʦ ʽ ʥʘʜ ʨʽʚʥʝʤ ʨʽʯʦʢ ʧʽʜʚʠʱʫʶʪʴʩʷ ʚʩʴʦʛʦ ʥʘ 10ï20 ʤ. ʅʘʚʝʩʥʽ, ʧʽʜ ʯʘʩ 

ʨʦʟʣʠʚʽʚ ʨʽʢ, ʟʘʪʦʧʣʶʶʪʴʩʷ ʟʥʘʯʥʽ ʧʣʦʱʽ, ʟʘʣʠʰʘʶʪʴʩʷ ʪʠʤʯʘʩʦʚʽ ʦʟʝʨʘ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʟʘʙʦʣʦʯʝʥʥʶ ʪʝʨʠʪʦʨʽʾ. ʊʘʢ ʫʪʚʦʨʶʶʪʴʩʷ ʚʝʣʠʢʽ ʙʦʣʦʪʘ ʚ 

ʤʝʞʠʨʽʯʯʷʭ, ʥʘʧʨʠʢʣʘʜ, ʤʽʞ ʨʽʯʢʘʤʠ ʉʪʦʭʽʜ ʽ ʉʪʠʨ. 

ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʨʽʢ ʻ ʩʥʽʛʦʚʽ, ʜʦʱʦʚʽ ʪʘ ˇʨʫʥʪʦʚʽ ʚʦʜʠ. ɿʘ 

ʛʽʜʨʦʣʦʛʽʯʥʠʤ ʨʝʞʠʤʦʤ ʚʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ ʪʠʧʫ ʨʽʢ ʟ ʚʠʩʦʢʦʶ ʚʝʩʥʷʥʦʶ 

ʧʦʚʽʥʥʶ. ɺ ʦʙʣʘʩʪʽ ʧʦʚʝʥʽ ʙʫʚʘʶʪʴ ʫ ʙʝʨʝʟʥʽ ʽ ʢʚʽʪʥʽ. ʈʽʢʠ ʩʢʨʝʩʘʶʪʴ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 20ï25 ʙʝʨʝʟʥʷ, ʥʘʡʧʽʟʥʽʰʝ 8ï11 ʢʚʽʪʥʷ. ʉʣʽʜʦʤ ʟʘ ʮʠʤ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʚʦʜʠ ʚ ʇʨʠʧôʷʪʽ. 
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ɺʝʩʥʷʥʽ ʨʦʟʣʠʚʠ ʨʽʢ, ʟʘʣʠʚʘʶʯʠ ʟʘʧʣʘʚʠ, ʧʨʠʧʠʥʷʶʪʴ ʩʫʭʦʧʫʪʥʽ ʟʚôʷʟʢʠ 

ʤʽʞ ʜʝʷʢʠʤʠ ʩʝʣʘʤʠ ʽ ʭʫʪʦʨʘʤʠ, ʦʩʦʙʣʠʚʦ ʚ ʜʦʣʠʥʽ ʇʨʠʧôʷʪʽ ʽ ʥʠʞʥʽʭ ʪʝʯʽʷʭ ʾʾ 

ʧʨʠʪʦʢʽʚ. ʊʽʣʴʢʠ ʚ ʢʽʥʮʽ ʪʨʘʚʥʷ ʚʦʜʘ ʟʥʦʚʫ ʚʭʦʜʠʪʴ ʫ ʙʝʨʝʛʠ. ʃʽʪʥʽʡ ʤʝʞʝʥʥʠʡ 

ʧʝʨʽʦʜ ʽʥʦʜʽ ʧʦʨʫʰʫʻʪʴʩʷ ʧʘʚʦʜʢʘʤʠ, ʷʢʽ ʙʫʚʘʶʪʴ ʫ ʧʝʨʽʦʜ ʣʠʧʥʝʚʠʭ ʪʘ 

ʩʝʨʧʥʝʚʠʭ ʜʦʱʽʚ.  

ʈʦʩʣʠʥʥʽʩʪʴ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʦʙʫʤʦʚʣʶʶʪʴ ʽ ʭʘʨʘʢʪʝʨ 

ʨʦʟʧʦʜʽʣʫ ʈʇ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ. ʃʽʩʠ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦʨʽʚʥʷʥʦ ʨʽʚʥʦʤʽʨʥʦ, 

ʯʘʩʪʦ ʮʝ ʩʫʮʽʣʴʥʽ ʚʝʣʠʢʽ ʤʘʩʠʚʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʩʮʝʚʠʤ ʥʘʩʝʣʝʥʥʷʤ ʪʘ 

ʨʝʢʨʝʘʥʪʘʤʠ ʜʣʷ ʟʙʦʨʫ ʛʨʠʙʽʚ ʽ ʷʛʽʜ. 

ʈʦʟʧʦʜʽʣ ʣʽʩʽʚ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ʥʘ ʪʝʤʥʦʭʚʦʡʥʽ, 

ʩʚʽʪʣʦʭʚʦʡʥʽ, ʟʤʽʰʘʥʽ, ʰʠʨʦʢʦʣʠʩʪ,̔ ʜʨʽʙʥʦʣʠʩʪ ̔ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʽʚ 

ʪʘʢʩʘʮʽʾ ʜʝʨʝʚʦʩʪʘʥʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʣʽʩʦʚʧʦʨʷʜʥʠʭ ʨʦʙʽʪ ʂʦʤʧʣʝʢʩʥʦʶ 

ʝʢʩʧʝʜʠʮʽʻʶ çʋʢʨʜʝʨʞʣʽʩʧʨʦʝʢʪè ʫ 2002 ʨ. 

ɼʦ ʪʝʤʥʦʭʚʦʡʥʠʭ ʣʽʩʽʚ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʷʣʠʥʠ ʻʚʨʦʧʝʡʩʴʢʦʾ, ʚ 

ʩʢʣʘʜʽ ʷʢʠʭ ʩʫʧʫʪʥʽ ʧʦʨʦʜʠ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 20%. 

ʉʚʽʪʣʦʭʚʦʡʥʽ ʣʽʩʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʩʦʩʥʦʶ ʟʚʠʯʘʡʥʦʶ ʪʘ ʚ 

ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʩʦʩʥʦʶ ɹʘʥʢʩʘ. ɼʦ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʥʘʣʝʞʘʪʴ ʣʽʩʠ ʯʠʩʪʠʭ 

ʩʦʩʥʷʢʽʚ ʪʘ ʥʘʩʘʜʞʝʥʥʷ ʩʦʩʥʠ, ʜʝ ʦʙôʻʤ ʩʫʧʫʪʥʽʭ ʧʦʨʽʜ (ʟʜʝʙʽʣʴʰʦʛʦ ʥʘʩʘʜʞʝʥʴ 

ʙʝʨʝʟʠ ʧʦʚʠʩʣʦʾ, ʯʘʩʪʢʦʚʦ ʜʫʙʘ ʟʚʠʯʘʡʥʦʛʦ ʪʘ ʚʽʣʴʭʠ ʯʦʨʥʦʾ) ʥʝ ʧʝʨʝʚʠʱʫʻ 20% 

ʩʢʣʘʜʫ. 

ɼʦ ʢʘʪʝʛʦʨʽʾ ʟʤʽʰʘʥʠʭ ʣʽʩʽʚ ʚʽʜʥʝʩʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʟ ʜʚʦʭ ʽ ʙʽʣʴʰʝ 

ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ, ʜʝ ʦʩʥʦʚʥʘ ʣʽʩʦʫʪʚʦʨʶʶʯʘ ʧʦʨʦʜʘ ʟʘʡʤʘʻ ʚ ʩʢʣʘʜʽ ʥʘʩʘʜʞʝʥʥʷ 

70% ʽ ʤʝʥʰʝ. 

ʂʘʪʝʛʦʨʽʷ ʰʠʨʦʢʦʣʠʩʪʠʭ ʣʽʩʽʚ ʫ ʩʢʣʘʜʽ ʥʘʩʘʜʞʝʥʴ ʐʅʇʇ ʜʦʩʠʪʴ 

ʥʝʟʥʘʯʥʘ ʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘʩʘʜʞʝʥʥʷʤʠ ʜʫʙʘ ʟʚʠʯʘʡʥʦʛʦ ʽ 

ʯʝʨʚʦʥʦʛʦ. 
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ɼʦ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʰʠʨʦʢʦʣʠʩʪ ̔ʜʝʨʝʚʦʩʪʘʥʠ, ʜʝ ʦʩʥʦʚʥʘ 

ʣʽʩʦʫʪʚʦʨʶʶʯʘ ʧʦʨʦʜʘ ʪʘ ʩʫʧʫʪʥʽ ʰʠʨʦʢʦʣʠʩʪ ̔ʧʦʨʦʜʠ ʚ ʩʢʣʘʜʽ ʥʘʩʘʜʞʝʥʥʷ 

ʧʝʨʝʚʠʱʫʶʪʴ 70%. 

ɼʦ ʢʘʪʝʛʦʨʽʾ ʜʨʽʙʥʦʣʠʩʪʠʭ ʣʽʩʽʚ ʚʽʜʥʝʩʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʯʠʩʪʠʭ ʙʝʨʝʟʥʷʢʽʚ, 

ʚʽʣʴʰʥʷʢʽʚ, ʦʩʠʯʥʠʢʽʚ, ʛʨʘʙʥʷʢʽʚ ʪʘ ʟʤʽʰʘʥʽ ʥʘʩʘʜʞʝʥʥʷ ʚʠʱʝʟʛʘʜʘʥʠʭ 

ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ, ʜʝ ʩʫʧʫʪʥʽ ʧʦʨʦʜʠ ʟʘʡʤʘʶʪʴ ʜʦ 20% ʩʢʣʘʜʫ ʜʝʨʝʚʦʩʪʘʥʫ. 

ɿʘ ʛʝʦʙʦʪʘʥʽʯʥʠʤ ʨʘʡʦʥʫʚʘʥʥʷʤ (ɹʨʘʜʽʩ, ɸʥʜʨʽʻʥʢʦ, 1977), ʜʘʥʘ ʪʝʨʠʪʦʨʽʷ 

ʥʘʣʝʞʠʪʴ ʜʦ ʈʘʪʥʽʚʩʴʢʦ-ʃʶʙʝʰʽʚʩʴʢʦʛʦ (ɺʝʨʭʥʴʦʧʨʠʧôʷʪʩʴʢʦʛʦ) ʨʘʡʦʥʫ ʟ 

ʧʝʨʝʚʘʞʘʥʥʷʤ ʩʦʩʥʦʚʠʭ ʣʽʩʽʚ ʯʦʨʥʠʮʝʚʦ-ʟʝʣʝʥʦʤʦʭʦʚʠʭ ʪʘ ʝʚʪʨʦʬʥʠʭ ʦʩʦʢʦʚʠʭ 

ʙʦʣʽʪ. ɺʢʨʠʪʽ ʣʽʩʦʚʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʟʝʤʣʽ ʟʘʡʤʘʶʪʴ 50% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ 

ʧʘʨʢʫ, ʣʫʢʠ ï 14,3%, ʙʦʣʦʪʘ ï 4,0%, ʚʦʜʠ ï 14,2%. ʈʝʰʪʘ ʧʣʦʱʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ 

ʦʨʥʠʤʠ ʟʝʤʣʷʤʠ, ʩʘʜʠʙʘʤʠ, ʪʨʘʩʘʤʠ. ʋ ʤʽʞʦʟʝʨʥʠʭ ʫʣʦʛʦʚʠʥʘʭ ʟʦʩʝʨʝʜʞʝʥʽ ʷʢ 

ʝʚʪʨʦʬʥʽ, ʧʝʨʝʚʘʞʥʦ ʦʩʦʢʦʚʦ-ʛʽʧʥʦʚʽ, ʪʘʢ ʽ ʤʝʟʦʪʨʦʬʥʽ ʙʦʣʦʪʘ, ʟʨʽʜʢʘ 

ʪʨʘʧʣʷʶʪʴʩʷ ʦʣʽʛʦʪʨʦʬʥʽ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʙʦʣʽʪ ʦʩʫʰʝʥʘ, ʯʘʩʪʠʥʘ ʝʚʪʨʦʬʥʠʭ 

ʙʦʣʽʪ ʪʨʘʥʩʬʦʨʤʦʚʘʥʘ ʚ ʪʦʨʬôʷʥʠʩʪʽ ʣʫʢʠ. ʃʫʯʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʧʨʠʫʨʦʯʝʥʘ ʜʦ 

ʙʝʨʝʛʽʚ ʦʟʝʨ, ʨʽʯʦʢ. 

ʉʝʨʝʜ ʣʽʩʦʚʠʭ ʬʦʨʤʘʮʽʡ ʧʝʨʝʚʘʞʘʶʪʴ ʩʦʩʥʦʚʽ ʣʽʩʠ. ʉʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰʫ 

ʧʣʦʱʫ ʟʘʡʤʘʶʪʴ ʣʽʩʠ ʯʦʨʥʠʮʝʚʽ (54%), ʤʝʥʰʫ ï ʩʦʩʥʦʚʽ ʣʽʩʠ ʟʝʣʝʥʦʤʦʭʦʚʽ 

(13%), ʱʝ ʤʝʥʰʫ ï ʩʦʩʥʦʚʽ ʣʽʩʠ ʣʠʰʘʡʥʠʢʦʚʽ (2%). ɹʣʠʟʴʢʦ 8% ʪʝʨʠʪʦʨʽʾ 

ʣʽʩʦʚʠʭ ʬʦʨʤʘʮʽʡ ʧʨʠʧʘʜʘʻ ʥʘ ʟʘʙʦʣʦʯʝʥʽ ʩʦʩʥʦʚʽ ʣʽʩʠ. ɺ ʝʢʦʣʦʛʽʯʥʦʤʫ ʨʷʜʫ 

ʥʘʡʚʠʱʽ ʤʽʩʮʷ (ʛʦʨʙʠ, ʛʨʷʜʠ, ʧʘʩʤʘ) ʟ ʜʝʨʥʦʚʦ-ʧʨʠʭʦʚʘʥʦ-ʧʽʜʟʦʣʠʩʪʠʤʠ 

ˇʨʫʥʪʘʤʠ ʟʘʡʤʘʻ ʘʩʦʮʽʘʮʽʷ ï ʩʦʩʥʦʚʽ ʣʽʩʠ ʢʣʘʜʦʥʽʻʚʽ (Pinetum cladinosum), ʷʢʘ 

ʬʨʘʛʤʝʥʪʘʨʥʦ ʧʦʰʠʨʝʥʘ ʩʝʨʝʜ ʩʦʩʥʦʚʠʭ ʣʽʩʽʚ ʟʝʣʝʥʦʤʦʭʦʚʠʭ. ɰʾ ʜʝʨʝʚʦʩʪʘʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʚʠʩʦʢʦʶ ʟʽʤʢʥʝʥʽʩʪʶ (0,6) ʪʘ ʥʠʟʴʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ (V 

ʙʦʥʽʪʝʪ). ɺ ʥʴʦʤʫ ʧʝʨʝʚʘʞʘʻ ʩʦʩʥʘ ʙʝʟ ʜʦʤʽʰʦʢ ʽʥʰʠʭ ʧʦʨʽʜ.  

ʉʝʨʝʜ ʣʠʰʘʡʥʠʢʦʚʠʭ ʩʦʩʥʦʚʠʭ ʣʽʩʽʚ ʥʘ ʧʽʜʚʠʱʝʥʥʷʭ ʨʝʣʴʻʬʫ ʥʝʚʝʣʠʢʠʤʠ 

ʜʽʣʷʥʢʘʤʠ ʪʨʘʧʣʷʶʪʴʩʷ ʬʨʘʛʤʝʥʪʠ ʘʩʦʮʽʘʮʽʾ ï ʩʦʩʥʦʚʽ ʣʽʩʠ ʷʣʽʚʮʝʚʽ ï 

(ʟʚʠʯʘʡʥʠʡ) ï ʢʣʘʜʦʥʽʻʚʽ (Pinetum junipereto ï (communi) ï cladinosum), ʚ ʷʢʽʡ 
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ʷʣʽʚʝʮʴ ʟʚʠʯʘʡʥʠʡ (Juniperus communis) ʫʪʚʦʨʶʻ ʧʽʜʣʽʩʦʢ ʟ ʟʽʤʢʥʝʥʽʩʪʶ 0,2ï0,4.  

ɻʨʫʧʘ ʘʩʦʮʽʘʮʽʡ ï ʩʦʩʥʦʚʽ ʣʽʩʠ ʟʝʣʝʥʦʤʦʭʦʚʽ (Pineta hylocomiosa) 

ʧʨʠʫʨʦʯʝʥʘ ʜʦ ʩʭʠʣʽʚ ʥʝʟʥʘʯʥʠʭ ʧʽʜʚʠʱʝʥʴ ʽ ʧʦʣʦʞʠʩʪʠʭ ʜʽʣʷʥʦʢ ʟ ʜʝʨʥʦʚʦ-

ʩʣʘʙʦʧʽʜʟʦʣʠʩʪʠʤʠ ˇʨʫʥʪʘʤʠ. ɺʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʽʣʴʢʦʤʘ ʘʩʦʮʽʘʮʽʷʤʠ, 

ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʟ ʷʢʠʭ ʻ ʩʦʩʥʦʚʽ ʣʽʩʠ ʟʝʣʝʥʦʤʦʭʦʚʽ (Pinetum 

hylocomiosum) ʽ ʯʦʨʥʠʯʥʦ-ʟʝʣʝʥʦʤʦʭʦʚʽ (P. Myrtilloso-hylocomiosum). ʇʝʨʰʘ 

ʘʩʦʮʽʘʮʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʙʨʝ ʨʦʟʚʠʥʝʥʠʤ ʜʝʨʝʚʦʩʪʘʥʦʤ ʽʟ ʟʽʤʢʥʝʥʽʩʪʶ ʢʨʦʥ 

0,7ï0,8, ʚ ʷʢʦʤʫ ʧʝʨʝʚʘʞʘʻ ʩʦʩʥʘ ʟʚʠʯʘʡʥʘ (Pinus sylvestris L.), ʟ ʜʦʤʽʰʢʦʶ 

ʙʝʨʝʟʠ ʧʦʚʠʩʣʦʾ (Betula pendula Roth). ɺʠʩʦʪʘ ʩʦʩʝʥ ʩʪʘʥʦʚʠʪʴ 20-22 ʤ, ʜʽʘʤʝʪʨ 

ï 30-32 ʩʤ. ʇʽʜʣʽʩʦʢ ʚʽʜʩʫʪʥʽʡ, ʦʢʨʝʤʠʤʠ ʝʢʟʝʤʧʣʷʨʘʤʠ ʪʨʘʧʣʷʪ̒ʴʩʷ ʢʨʫʰʠʥʘ 

ʣʘʤʢʘ (Frangula alnus Mill).  

ʅʠʞʯʝ ʚ ʨʝʣʴʻʬʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʮʝʥʦʟʠ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʾ ʘʩʦʮʽʘʮʽʾ ï 

ʩʦʩʥʦʚʽ ʣʽʩʠ ʯʦʨʥʠʮʝʚʦ-ʟʝʣʝʥʦʤʦʭʦʚʽ (Pinetum myrtillosoïhylocomiosum), 

ʦʩʥʦʚʥʽ ʧʣʦʱʽ ʷʢʠʭ ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʧʘʨʢʫ. ɼʘʥʘ ʘʩʦʮʽʘʮʽʷ 

ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʚʠʨʽʚʥʷʥʠʭ ʪʘ ʟʥʠʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʥʘ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ 

ʧʽʱʘʥʠʭ, ʜʝʱʦ ʦʛʣʝʻʥʠʭ ˇʨʫʥʪʘʭ. ɼʝʨʝʚʦʩʪʘʥʠ ʮʠʭ ʧʝʨʝʚʘʞʥʦ ʩʝʨʝʜʥʴʦʚʽʢʦʚʠʭ 

ʣ̔ ʩʽʚ ʤʘʶʪʴ ʟʽʤʢʥʝʥʽʩʪʴ ʢʨʦʥ 0,7-0,8 ʽ ɯ ï ɯʘ ʙʦʥʽʪʝʪ, ʾʭ ʚʠʩʦʪʘ ʩʪʘʥʦʚʠʪʴ 18-20 ʤ, 

ʘ ʜʽʘʤʝʪʨ ʩʦʩʝʥ ï 20-24 ʩʤ. ʋ ʜʝʨʝʚʦʩʪʘʥʽ ʟʘʚʞʜʠ ʻ ʜʦʤʽʰʢʠ ʙʝʨʝʟʠ ʧʦʚʠʩʣʦʾ 

(Betula pendula), ʘ ʪʘʢʦʞ ʜʫʙʘ ʯʝʨʝʱʘʪʦʛʦ (Quercus robur L). ʆʩʪʘʥʥʽʡ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 5-10% ʜʝʨʝʚʦʩʪʘʥʫ, ʘʣʝ ʟʦʩʝʨʝʜʞʝʥʠʡ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚ 

ʜʨʫʛʦʤʫ ʷʨʫʩʽ, ʚʠʩʦʪʘ ʷʢʦʛʦ ï 8-10 ʤ.  

ɼʫʙʦʚʦ-ʩʦʩʥʦʚʽ ʣʽʩʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʫ ʪʨʘʧʣʷʶʪʴʩʷ ʟʨʽʜʢʘ, ʟʘʡʤʘʶʪʴ 

ʙʣʠʟʴʢʦ 2% ʧʣʦʱ, ʚʢʨʠʪʠʭ ʣʽʩʦʚʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. ɺʦʥʠ ʧʨʠʫʨʦʯʝʥʽ ʜʦ 

ʩʝʨʝʜʥʴʦʧʽʜʟʦʣʠʩʪʠʭ ʩʫʧʽʱʘʥʠʭ ʛʨʫʥʪʽʚ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʩʦʮʽʘʮʽʻʶ ï ʜʫʙʦʚʦ-

ʩʦʩʥʦʚʽ ʣʽʩʠ ʢʨʫʰʠʥʦʚʦ-ʯʦʨʥʠʮʝʚʽ (Querceto-Pinetum franguloso-myrtillosum). 

ɼʝʨʝʚʦʩʪʘʥ ʦʜʥʦʷʨʫʩʥʠʡ, ʡʦʛʦ ʟʽʤʢʥʝʥʽʩʪʴ ï 0,7-0,8, ʩʢʣʘʜ 7ʉ2ɼ1ɹ+ɺʽʣʴʭʘ. ʋ 

ʚʽʮʽ 80 ʨʦʢʽʚ ʩʦʩʥʘ ʤʘʻ ʚʠʩʦʪʫ 23-24 ʤ, ʜʫʙ, ʟʚʠʯʘʡʥʦ, ʥʘ 2 ʤ ʥʠʞʯʠʡ. 

ɿʽʤʢʥʝʥʽʩʪʴ ʧʽʜʣʽʩʢʫ ï 0,3-0,4, ʚʠʩʦʪʘ ï 3-4 ʤ, ʫʪʚʦʨʶʻ ʡʦʛʦ ʢʨʫʰʠʥʘ ʣʘʤʢʘ 

(Frangula alnus) ʽʟ ʜʦʤʽʰʢʦʶ ʢʘʣʠʥʠ ʟʚʠʯʘʡʥʦʾ (Viburnum opulus L.). 
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ʊʨʘʚôʷʥʠʩʪʦ-ʯʘʛʘʨʥʠʯʢʦʚʠʡ ʷʨʫʩ ʜʦʩʠʪʴ ʛʫʩʪʠʡ (60%), ʫ ʥʴʦʤʫ ʧʝʨʝʚʘʞʘʻ 

ʯʦʨʥʠʮʷ (Vaccinium myrtillus) (30%), ʽʟ ʧʦʢʨʠʪʪʷʤ 1-2% ʪʨʘʧʣʷʶʪʴʩʷ ʧʝʨʝʩʪʨʽʯ 

ʛʘʡʦʚʠʡ (Melampyrum nemorosum L.), ʚʝʩʥʽʚʢʘ ʜʚʦʣʠʩʪʘ (Majanthemum bifolium), 

ʤʦʣʽʥʽʷ ʛʦʣʫʙʘ (Molinia caerulea), ʢʫʥʠʯʥʠʢ ʦʯʝʨʝʪʷʥʠʡ (Calamagrostis 

arundinacea (L.)). ʅʝʚʝʣʠʢʠʤʠ ʜʽʣʷʥʢʘʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʫ ʪʨʘʧʣʷʶʪʴʩʷ 

ʛʨʘʙʦʚʦ-ʜʫʙʦʚʽ ʣʽʩʠ (0,8%), ʷʢʽ ʟʨʦʩʪʘʶʪʴ ʥʘ ʥʝʟʥʘʯʥʠʭ ʟʘ ʧʣʦʱʝʶ 

ʧʽʜʚʠʱʝʥʥʷʭ, ʦʪʦʯʝʥʠʭ ʚʽʣʴʰʥʷʢʘʤʠ, ʣʽʩʦʚʠʤʠ ʩʬʘʛʥʦʚʠʤʠ ʙʦʣʦʪʘʤʠ ʘʙʦ 

ʩʦʩʥʦʚʠʤʠ ʣʽʩʘʤʠ ʯʦʨʥʠʮʝʚʠʤʠ. ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʩʦʮʽʘʮʽʻʶ ï ʛʨʘʙʦʚʦ-

ʜʫʙʦʚʽ ʣʽʱʠʥʦʚʦ-ʢʠʩʣʠʮʝʚʽ ʣʽʩʠ (CarpinetoïQuercetum corylosoïoxalidosum 

ɺʽʣʴʭʦʚʽ ʣʽʩʠ ʟʘʡʤʘʶʪʴ ʟʥʘʯʥʽ ʧʣʦʱʽ, ʚʢʨʠʪ ̔ ʣʽʩʦʚʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. ɰʭ 

ʥʝʚʝʣʠʢʽ ʜʽʣʷʥʢʠ ʚʽʜʤʽʯʝʥʽ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ, ʧʨʦʪʝ ʪʨʘʧʣʷʶʪʴʩʷ ʽ ʟʥʘʯʥʽ ʟʘ 

ʧʣʦʱʝʶ ʩʫʮʽʣʴʥʽ ʤʘʩʠʚʠ ʮʠʭ ʣʽʩʽʚ. ʋ ʨʝʣʴʻʬʽ ʚʽʣʴʭʦʚʽ ʣʽʩʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʧʝʨʠʬʝʨʽʾ ʙʦʣʽʪ ʽ ʚ ʟʥʠʞʝʥʥʷʭ ʩʝʨʝʜ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ ʥʘ ʪʦʨʬôʷʥʠʩʪʦ-ʛʣʝʡʦʚʠʭ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʘʭ. ʇʝʨʝʚʘʞʘʶʪʴ ʘʩʦʮʽʘʮʽʾ ï ʚʽʣʴʭʦʚʽ ʣʽʩʠ ʢʨʦʧʠʚʥʽ 

(Alnetum urticosum) ʪʘ ʙʝʟʱʠʪʥʠʢʦʚʽ (A. athyriosum). 

ɹʝʨʝʟʦʚʽ ʣʽʩʠ ʟ ʙʝʨʝʟʦʶ ʧʦʚʠʩʣʦʶ (Betula pendula), ʱʦ ʙʽʣʷ 15% ʧʣʦʱʽ 

ʚʢʨʠʪ ̔ʣʽʩʦʚʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, ʪʨʘʧʣʷʶʪʴʩʷ ʥʘ ʤʽʩʮʽ ʢʦʨʽʥʥʠʭ ʩʦʩʥʦʚʠʭ ʽ ʜʫʙʦʚʦ-

ʩʦʩʥʦʚʠʭ ʣʽʩʽʚ. 

ɹʦʣʦʪʘ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʩʚʦʾʤ ʪʠʧʦʤ ʪʘ ʈʇ ʨʽʟʥʦʤʘʥʽʪʥʽ. 

ʇʝʨʝʚʘʞʘʶʪʴ ʝʚʪʨʦʬʥʽ ʙʦʣʦʪʘ, ʜʝʱʦ ʤʝʥʰʽ ʧʣʦʱʽ ʟʘʡʤʘʶʪʴ ʤʝʟʦʪʨʦʬʥʽ; 

ʦʣʽʛʦʪʨʦʬʥʽ ʙʦʣʦʪʘ ʪʨʘʧʣʷʶʪʴʩʷ ʜʫʞʝ ʨʽʜʢʦ. ʉʝʨʝʜ ʝʚʪʨʦʬʥʠʭ ʙʦʣʽʪ ʜʦʤʽʥʫʶʪʴ 

ʪʨʘʚôʷʥʽ; ʣʽʩʦʚʽ ʙʦʣʦʪʘ ʪʨʘʧʣʷʶʪʴʩʷ ʥʝʚʝʣʠʢʠʤʠ ʜʽʣʷʥʢʘʤʠ. ʃʽʩʦʚʽ ʝʚʪʨʦʬʥʽ 

ʙʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʯʦʨʥʦʚʽʣʴʰʥʷʢʘʤʠ, ʟ ʜʦʙʨʝ ʚʠʷʚʣʝʥʦʶ 

ʤʦʟʘʾʯʥʽʩʪʶ ʨʝʣʴʻʬʫ (ʧʨʠʩʪʦʚʙʫʨʥʽ ʧʽʜʚʠʱʝʥʥʷ ʪʘ ʤʽʢʨʦʟʥʠʞʝʥʥʷ).  

ʉʝʨʝʜ ʪʨʘʚôʷʥʠʭ ʝʚʪʨʦʬʥʠʭ ʙʦʣʽʪ ʧʘʥʫʶʪʴ ʦʩʦʢʦʚʽ, ʨʽʜʰʝ ʪʨʘʧʣʷʶʪʴʩʷ 

ʚʠʩʦʢʦʪʨʘʚʥʽ. ʆʩʦʢʦʚʽ ʙʦʣʦʪʘ ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʦʨʤʘʮʽʷʤʠ ʦʩʦʢʠ 

ʦʤʩʴʢʦʾ (Cariceta omskianae), ʦʩʦʢʠ ʟʙʣʠʞʝʥʦʾ (C. appropinquatae) ʪʘ ʦʩʦʢʠ 

ʟʜʫʪʦʾ (C. rostratae). ʊʨʘʚôʷʥʽ ʚʠʩʦʢʦʪʨʘʚôʷʥʽ ʙʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʦʨʤʘʮʽʷʤʠ 
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ʢʫʛʠ ʦʟʝʨʥʦʾ (Scirpeta lacustri), ʦʯʝʨʝʪʫ ʟʚʠʯʘʡʥʦʛʦ (Phragmiteta australis), 

ʨʦʛʦʟʠ ʚʫʟʴʢʦʣʠʩʪʦʾ (Typheta angustifoliae), ʭʚʦʱʘ ʨʽʯʢʦʚʦʛʦ (Equisetata 

fluviatili), ʱʦ  ̒ʪʠʧʦʚʠʤ ʜʣʷ ɿʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ. 

ʄʝʟʦʪʨʦʬʥʽ ʙʦʣʦʪʘ ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʫʨʦʯʠʱʘʭ. ʉʘʤʝ ʥʘ ʤʝʟʦʪʨʦʬʥʠʭ 

ʙʦʣʦʪʘʭ ʟʨʦʩʪʘʻ ʨʷʜ ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ ʬʣʦʨʠ ʋʢʨʘʾʥʠ, ʧʝʨʝʚʘʞʥʦ ʧʽʚʥʽʯʥʠʭ, ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʪʫʪ ʥʘ ʧʽʚʜʝʥʥʽʡ ʤʝʞʽ ʩʚʦʛʦ ʘʨʝʘʣʫ ï ʨʦʩʷʥʢʘ ʘʥʛʣʽʡʩʴʢʘ, ʨʦʩʷʥʢʘ 

ʧʨʦʤʽʞʥʘ, ʚʝʨʙʘ ʣʘʧʣʘʥʜʩʴʢʘ, ʦʩʦʢʘ ʜʚʦʜʦʤʥʘ, ʦʩʦʢʘ ʪʦʥʢʦʢʦʨʝʥʝʚʠʱʥʘ 

(Drosera anglica Huds., D. intermedia Hayne, Salix lapponum L., Carex dioica L., 

C. Chordorrhiza Ehrh.). ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʤʝʟʦʪʨʦʬʥʠʭ ʙʦʣʽʪ ʫʚʽʡʰʣʘ ʜʦ 

ʟʘʧʦʚʽʜʥʦʾ ʟʦʥʠ ʧʘʨʢʫ. 

ʃʫʢʠ ʪʨʘʧʣʷʶʪʴʩʷ ʬʨʘʛʤʝʥʪʘʨʥʦ (ʫ ʚʠʛʣʷʜʽ ʥʝʚʝʣʠʢʠʭ ʜʽʣʷʥʦʢ) ʥʘ ʤʽʩʮʽ 

ʟʚʝʜʝʥʠʭ ʣʽʩʽʚ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʦʨʤʘʮʽʷʤʠ ʤʽʪʣʠʮʽ ʪʦʥʢʦʾ, ʧʘʭʫʯʦʾ ʪʨʘʚʠ 

ʟʚʠʯʘʡʥʦʾ, ʢʦʩʪʨʠʮʽ ʯʝʨʚʦʥʦʾ (Agrostideta vulgaris, Anthoxantheta odorati, 

Festuceta rubrae). 

ʈʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʽʣʦʤʫ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ 

ɿʘʭʽʜʥʦʛʦ ʇʦʣʽʩʩʷ. ɺʽʥ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʤʦʟʘʾʯʥʽʩʪʶ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ ï ʥʘʷʚʥʽʩʪʶ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʦʟʝʨ ʪʘ ʫʣʦʛʦʚʠʥ. 

ɺʝʣʠʢʝ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʥʘʷʚʥʽʩʪʴ ʨʽʜʢʽʩʥʠʭ ʨʦʩʣʠʥʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ, ʟʘʥʝʩʝʥʠʭ ʜʦ ɿʝʣʝʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ, ʷʢʠʭ ʪʫʪ ʥʘʨʘʭʦʚʫʻʪʴʩʷ 14. ɼʦ 

ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ ʣʽʩʦʚʽ ʫʛʨʫʧʦʚʘʥʥʷ: ʛʨʫʧʠ ʘʩʦʮʽʘʮʽʡ ʩʦʩʥʦʚʠʭ ʣʽʩʽʚ 

ʟʝʣʝʥʦʤʦʭʦʚʠʭ ʪʘ ʯʦʨʥʠʮʝʚʠʭ, ʩʦʩʥʦʚʠʭ ʣʽʩʽʚ ʷʣʽʚʮʝʚʠʭ (ʟ ʷʣʽʚʮʝʤ ʟʚʠʯʘʡʥʠʤ), 

ʜʫʙʦʚʦ-ʩʦʩʥʦʚʠʭ ʣʽʩʽʚ ʣʽʱʠʥʦʚʠʭ. ʉʝʨʝʜ ʙʦʣʦʪʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʨʽʜʢʽʩʥʠʤʠ ʻ 

ʬʦʨʤʘʮʽʾ ʰʝʡʭʮʝʨʽʻʚʦ-ʩʬʘʛʥʦʚʘ ʪʘ ʦʩʦʢʦʚʦ-ʰʝʡʭʮʝʨʽʻʚʦ-ʩʬʘʛʥʦʚʘ, ʦʩʦʢʠ 

ɼʝʚʝʣʣʘ, ʤʝʯ-ʪʨʘʚʠ ʙʦʣʦʪʥʦʾ, ʘ ʩʝʨʝʜ ʚʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ï ʬʦʨʤʘʮʽʾ 

ʘʣʴʜʨʦʚʘʥʜʠ ʧʫʭʠʨʯʘʩʪʦʾ, ʣʘʪʘʪʪʷ ʙʽʣʦʛʦ, ʣʘʪʘʪʪʷ ʩʥʽʞʥʦ-ʙʽʣʦʛʦ, ʛʣʝʯʠʢʽʚ 

ʞʦʚʪʠʭ, ʾʞʘʯʦʾ ʛʦʣʽʚʢʠ ʤʘʣʦʾ, ʨʜʝʩʥʠʢʘ ʯʝʨʚʦʥʫʚʘʪʦʛʦ, ʨʜʝʩʥʠʢʘ ʪʫʧʦʣʠʩʪʦʛʦ, 

ʢʫʰʠʨʫ ʧʽʜʚʦʜʥʦʛʦ.  
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ɿʘʭʽʜʥʝ ʇʦʣʽʩʩʷ ʻ ʚʘʞʣʠʚʠʤ ʨʝʛʽʦʥʦʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʛʣʦʙʘʣʴʥʦ 

ʟʥʠʢʘʶʯʦʛʦ ʚʠʜʫ ʧʪʘʭʽʚ ï ʦʯʝʨʝʪʷʥʢʠ ʧʨʫʜʢʦʾ, ʩʝʨʝʜʦʚʠʱʝʤ ʽʩʥʫʚʘʥʥʷ ʪʘʢʠʭ 

ʚʠʜʽʚ, ʷʢ ʛʣʫʭʘʨ, ʢʦʣʦʚʦʜʥʠʢ ʩʪʘʚʢʦʚʠʡ, ʞʫʨʘʚʝʣʴ ʩʽʨʠʡ ʪʘ ʽʥ., ʷʢʽ ʚ ɭʚʨʦʧʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʟʘʛʨʦʟʦʶ ʟʥʠʢʥʝʥʥʷ. ʎʝʡ ʨʝʛʽʦʥ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʤʽʩʮʝʤ 

ʚʽʜʧʦʯʠʥʢʫ ʧʪʘʭʽʚ ʧʽʜ ʯʘʩ ʾʭ ʤʽʛʨʘʮʽʡ. ʊʫʪ ʧʝʨʝʩʽʢʘʶʪʴʩʷ ʜʚʘ ʰʣʷʭʠ ʤʽʛʨʘʮʽʡ: 

ʧʽʚʥʽʯʥʦ-ʧʽʚʜʝʥʥʠʡ ɹʽʣʦʤʦʨʦ-ɹʘʣʪʽʡʩʴʢʦ-ʉʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʠʡ ʪʘ ʇʦʣʽʩʴʢʠʡ 

ʰʠʨʦʪʥʠʡ. ɿʘʛʘʣʦʤ, ʧʽʜ ʯʘʩ ʚʝʩʥʷʥʠʭ ʪʘ ʦʩʽʥʥʽʭ ʤʽʛʨʘʮʽʡ ʚ ʮʴʦʤʫ ʨʘʡʦʥʽ 

ʟʫʧʠʥʷʶʪʴʩʷ ʧʦʥʘʜ 10 ʪʠʩ. ʦʩʦʙʠʥ ʧʪʘʭʽʚ. ʅʘʡʙʽʣʴʰʝ ʧʽʜ ʯʘʩ ʤʽʛʨʘʮʽʡ ʪʫʪ 

ʟʙʠʨʘʻʪʴʩʷ ʢʘʯʦʢ ʪʘ ʛʫʩʝʡ (ʦʩʦʙʣʠʚʦ ʛʫʩʢʠ ʩʽʨʦʾ), ʯʠʩʣʝʥʥʠʤʠ ʻ ʪʘʢʦʞ ʤʘʨʪʠʥ 

ʟʚʠʯʘʡʥʠʡ, ʣʠʩʢʘ, ʥʦʨʝʮʴ ʚʝʣʠʢʠʡ, ʯʘʡʢʘ, ʢʫʣʠʢʠ: ʪʨʘʚʥʠʢ, ʚʝʨʝʪʝʥʥʠʢ ʚʝʣʠʢʠʡ 

ʪʘ ʽʥ. ɺʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʪʘ ʭʠʞʠʭ ʧʪʘʭʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʙʘʛʘʪʦ 

ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʫʪ ʫʞʝ ʚʧʨʦʜʦʚʞ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ.  

ˆʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ ʘʛʨʦʢʣʽʤʘʪʠʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ 

ʋʢʨʘʾʥʠ, ʜʦʩʣʽʜʞʫʚʘʥʘ ʪʝʨʠʪʦʨʽʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ɿʘʭʽʜʥʽʡ ʧʨʦʚʽʥʮʽʾ ʟʦʥʠ 

ʟʤʽʰʘʥʠʭ ʣʽʩʽʚ ʪʠʧʦʚʠʭ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ ʽ ʦʛʣʝʻʥʠʭ ˇʨʫʥʪʽʚ ʋʢʨʘʾʥʩʴʢʦʛʦ 

ʇʦʣʽʩʩʷ. ʄʦʟʘʾʯʥʽʩʪʴ ʨʝʣʴʻʬʫ, ʩʢʣʘʜʥʽʩʪʴ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ, ʧʦʛʘʥʘ 

ʜʨʝʥʦʚʘʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ, ʧʦʤʽʨʥʠʡ ʢʣʽʤʘʪ ʟ ʜʦʩʪʘʪʥʽʤ ʙʘʣʘʥʩʦʤ ʚʦʣʦʛʠ ʟʫʤʦʚʠʣʠ 

ʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ˇʨʫʥʪʽʚ. 

ˆʨʫʥʪʠ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʤʦʣʦʜʠʭ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʣʴʦʜʦʚʠʢʦʚʠʭ, ʚʦʜʥʦ-ʣʴʦʜʦʚʠʢʦʚʠʭ, ʘʣʶʚʽʘʣʴʥʠʭ ʽ ʦʟʝʨʥʠʭ ʚʽʜʢʣʘʜʘʭ ʧʽʜ 

ʣʽʩʦʚʦʶ ʽ ʣʫʯʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. ʇʝʨʝʚʘʞʘʶʯʠʤʠ ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʻ ʧʽʜʟʦʣʠʩʪʠʡ, ʜʝʨʥʦʚʠʡ ʽ ʙʦʣʦʪʥʠʡ ʚ ʧʝʨʝʟʚʦʣʦʞʝʥʠʭ ʤʽʩʮʷʭ, ʟ 

ʥʝʛʣʠʙʦʢʠʤ ʟʘʣʷʛʘʥʥʷʤ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. ʈʽʟʥʦʚʠʜʥʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ ï ʧʽʜʟʦʣʠʩʪʽ, ʜʝʨʥʦʚʽ, ʣʫʯʥʽ ʽ ʙʦʣʦʪʥʽ. 

ʅʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʤʘʶʪʴ ʧʽʜʟʦʣʠʩʪʽ 

(ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʽ ʽ ʙʦʣʦʪʥʦ-ʧʽʜʟʦʣʠʩʪʽ) ˇʨʫʥʪʠ ʤʝʭʘʥʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʨʽʟʥʦʛʦ 

ʩʪʫʧʝʥʷ ʦʧʽʜʟʦʣʝʥʦʩʪʽ ʪʘ ʦʛʣʝʻʥʥʷ. ɺʦʥʠ ʟʘʡʤʘʶʪʴ ʧʦʥʘʜ 50% ʪʝʨʠʪʦʨʽʾ (ʧʦ 

ʧʘʨʢʫ ï 30,5%). ʈʦʟʚʠʚʘʶʯʠʩʴ ʥʘ ʜʘʚʥʴʦʘʣʶʚʽʘʣʴʥʠʭ ʽ ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʠʭ 

ʚʽʜʢʣʘʜʘʭ, ˇʨʫʥʪʠ ʮʴʦʛʦ ʪʠʧʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʱʘʥʠʤ ʽ ʩʫʧʽʱʘʥʠʤ 
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ʤʝʭʘʥʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʚʠʩʦʢʦʶ ʚʦʜʦʧʨʦʥʠʢʥ̔ ʩʪʶ ʽ ʥʝʟʥʘʯʥʦʶ ʚʦʣʦʛʦʧʽʜʡʦʤʥʦʶ 

ʢʘʧʽʣʷʨʥʽʩʪʶ. ɹʣʠʟʴʢʝ ʟʘʣʷʛʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚʝʜʝ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʛʣʝʻʥʠʭ 

ʚʽʜʤʽʥʥʦʩʪʝʡ. ɼʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʽ ʩʫʧʽʱʘʥʽ ʪʘ ʩʫʛʣʠʥʠʩʪʽ ˇʨʫʥʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʪʫʞʥʠʤ ʛʫʤʫʩʦʚʠʤ ʛʦʨʠʟʦʥʪʦʤ (18-24 ʩʤ) ʪʘ ʥʘʷʚʥʽʩʪʶ 3-

10 ʩʤ ʩʫʛʣʠʥʢʦʚʠʭ ʧʨʦʰʘʨʢʽʚ ʚ ʘʣʶʚʽʘʣʴʥʦʤʫ ʛʦʨʠʟʦʥʪʽ. ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʩʪʘʥʦʚʠʪʴ 5,3-5,5. ʅʘʡʤʝʥʰʝ ʟʘʙʝʟʧʝʯʝʥʽ ʛʫʤʫʩʦʤ ʙʦʣʦʪʥʦ-ʧʽʜʟʦʣʠʩʪʽ ˇʨʫʥʪʠ. 

ɼʝʨʥʦʚʽ ˇʨʫʥʪʠ ʩʬʦʨʤʫʚʘʣʠʩʴ ʧʽʜ ʪʨʘʚôʷʥʠʩʪʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʥʘ ʚʦʜʥʦ-

ʣʴʦʜʦʚʠʢʦʚʠʭ ʪʘ ʜʘʚʥʴʦʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʽʜʚʠʱʝʥʦʶ ʨʦʜʶʯʽʩʪʶ (ʚʤʽʩʪ ʛʫʤʫʩʫ 2,5-5%) ʪʘ ʚʽʜʥʦʩʥʦ ʧʦʪʫʞʥʽʰʠʤ 

ʛʫʤʫʩʦʚʠʤ ʛʦʨʠʟʦʥʪʦʤ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 15-30 ʩʤ. ɺ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʥʘʡʙʽʣʴʰʝ 

ʧʦʰʠʨʝʥʥʷ ʤʘʶʪʴ ʜʝʨʥʦʚʦ-ʙʦʨʦʚʽ ʽ ʜʝʨʥʦʚʦ-ʛʣʝʡʦʚʽ ˇʨʫʥʪʠ. ɼʝʨʥʦʚʦ-ʙʦʨʦʚʽ 

ˇʨʫʥʪʠ ʟʘʣʷʛʘʶʪʴ ʥʘ ʧʽʜʚʠʱʝʥʠʭ ʝʣʝʤʝʥʪʘʭ ʨʝʣʴʻʬʫ (ʚʝʨʰʠʥʘʭ ʜʶʥ, ʧʽʱʘʥʠʭ 

ʛʦʨʙʘʭ). ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʦʟʥʘʢ ʦʧʽʜʟʦʣʝʥʥʷ. ɻʣʠʙʠʥʘ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʫ ʩʷʛʘʻ 10-22 ʩʤ. ɼʝʨʥʦʚʦ-ʛʣʝʡʦʚʽ ʛʣʠʥʠʩʪʦ-ʧʽʱʘʥʽ ˇʨʫʥʪʠ 

ʟʘʣʷʛʘʶʪʴ ʥʘ ʙʽʣʴʰ ʚʠʨʽʚʥʷʥʠʭ ʜʽʣʷʥʢʘʭ ʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ 

ʦʛʣʝʻʥʦʩʪʽ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʥʘʷʚʥʦʩʪʽ ʟʥʝʙʘʨʚʣʝʥʠʭ ʧʨʦʰʘʨʢʽʚ ʪʚʝʨʜʠʭ 

ʟʘʣʽʟʦ-ʤʘʨʛʘʥʮʝʚʠʭ ʢʦʥʢʨʝʮʽʡ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ. ʨʅ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʪʘʥʦʚʠʪʴ 

4,9ï5,1. ʆʙʤʝʞʝʥʝ ʧʦʰʠʨʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʘʶʪʴ ʜʝʨʥʦʚʦ-ʢʘʨʙʦʥʘʪʥʽ ˇʨʫʥʪʠ, 

ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʥʘ ʧʽʜʚʠʱʝʥʠʭ ʝʣʝʤʝʥʪʘʭ ʨʝʣʴʻʬʫ, ʜʝ ʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ ʟʤʠʪʽ. 

ʈʝʘʢʮʽʷ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʚ ʥʠʭ ʣʫʞʥʘ (ʨʅ 7,2-7,8). 

ɺ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ ʚ ʜʦʣʠʥʽ ʨ. ɿʘʭʽʜʥʠʡ ɹʫʛ ʧʽʜ ʪʨʘʚôʷʥʠʩʪʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ ʥʘ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʩʬʦʨʤʫʚʘʣʠʩʷ ʣʫʯʥʽ ˇʨʫʥʪʠ. ɺʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʪʫʞʥʠʤ ʛʫʤʫʩʦʚʠʤ ʛʦʨʠʟʦʥʪʦʤ (50-60 ʩʤ) ʽ ʚʠʩʦʢʦʶ 

ʧʦʪʝʥʮʽʡʥʦʶ ʨʦʜʶʯʽʩʪʶ (ʚʤʽʩʪ ʛʫʤʫʩʫ ʚ ʥʠʭ ʜʦʩʷʛʘʻ ʜʦ 6%). ɺ ʟʘʧʣʘʚʽ ʨ. 

ʇʨʠʧôʷʪʴ ʜʦʤʽʥʫʶʪʴ ʣʫʯʥʦ-ʙʦʣʦʪʥʽ ˇʨʫʥʪʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʜʤʽʨʥʠʤ 

ʟʚʦʣʦʞʝʥʥʷʤ ʽ ʤʘʶʪʴ ʜʦʙʨʝ ʨʦʟʚʠʥʝʥʠʡ ʛʫʤʫʩʦʚʠʡ ʧʨʦʬʽʣʴ, ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʷʢʦʛʦ ʤʽʩʪʠʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʝʨʦʟʢʣʘʜʝʥʠʭ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ. 

ɹʦʣʦʪʥʽ ˇʨʫʥʪʠ ʤʘʶʪʴ ʟʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʧʦ ʧʣʦʱʽ (23,6%, ʧʦ ʧʘʨʢʫ ï 

30,4%) ʥʘ ʧʣʦʩʢʠʭ ʧʦʥʠʞʝʥʠʭ ʟʘʧʣʘʚʘʭ ʨʽʢ, ʜʦʣʠʥʘʭ ʩʪʦʢʫ ʣʴʦʜʦʚʠʢʦʚʠʭ ʚʦʜ ʪʘ 
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ʦʟʝʨʥʦ-ʘʣʶʚʽʘʣʴʥʠʭ ʥʠʟʦʚʠʥʘʭ ʫ ʤʽʩʮʷʭ ʥʘʜʤʽʨʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ. ˆʨʫʥʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʩʫʮʽʣʴʥʦʛʦ ʰʘʨʫ ʪʦʨʬʫ ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʤʘʶʪʴ 

ʥʝʛʣʠʙʦʢʠʡ (ʜʦ 20ï30 ʩʤ) ʯʦʨʥʠʡ ʚôʷʟʢʠʡ ʛʦʨʠʟʦʥʪ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʥʘʧʽʚʨʦʟʢʣʘʜʝʥʠʭ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ. ɹʦʣʦʪʥʽ ˇʨʫʥʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʝʨʭʦʚʠʤʠ, 

ʧʝʨʝʭʽʜʥʠʤʠ ʽ ʥʠʟʠʥʥʠʤʠ ʪʠʧʘʤʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 

ʅʘ ʧʽʩʢʘʭ ʨʦʟʚʠʚʘʶʪʴʩʷ ʪʦʨʬʠ ʥʠʟʴʢʦʾ ʟʦʣʴʥʦʩʪʽ.  

ɿʘ ʙʦʪʘʥʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʦʨʬʦʚʠʱʘ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʘʚôʷʥʦ-ʦʩʦʢʦʚʽ, 

ʜʝʨʥʦʚʦ-ʦʩʦʢʦʚʽ, ʜʝʨʥʦʚʦ-ʪʨʘʚôʷʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʩʦʢʠ, ʩʠʪʥʠʢ, ʦʯʝʨʝʪ, ʨʦʛʽʟ), 

ʜʝʨʝʚʠʥʥʽ (ʚʽʣʴʭʘ, ʩʦʩʥʘ, ʙʝʨʝʟʘ), ʤʦʭʦʚʽ (ˇ̔ ʧʥʫʤ, ʩʬʘʛʥʫʤ). ʇʽʩʣʷ ʦʩʫʰʝʥʥʷ 

ʧʨʦʮʝʩ ʨʦʟʧʘʜʫ ʩʠʣʴʥʦ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʪʘ ʫʪʚʦʨʶʶʪʴʩʷ ʫ̌ʤʽʬʽʢʦʚʘʥʽ ʽ 

ʧʝʨʝʛʥʽʡʥʽ ʪʦʨʬʦʚʽ ˇʨʫʥʪʠ. 

ɺʽʜʙʫʚʘʻʪʴʩʷ ʝʚʦʣʶʮʽʷ ʛʽʜʨʦʤʦʨʬʥʠʭ ˇʨʫʥʪʽʚ ʧʽʜ ʜʽʻʶ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʬʘʢʪʦʨʽʚ. ʇʨʠ ʯʘʩʪʦʤʫ ʨʦʟʧʫʰʫʚʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʠʡ ʨʦʟʢʣʘʜ ʦʨʛʘʥʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ. ʇʝʨʝʦʩʫʰʝʥʥʷ ʮʠʭ ˇʨʫʥʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʥʠʞʝʥʥʷ 

ʚʨʦʞʘʡʥʦʩʪʽ. ʋ ɺʦʣʠʥʩʴʢʽʡ ʦʙʣʘʩʪʽ ʘʥʪʨʦʧʦʛʝʥʥʽ ʤʽʥʝʨʘʣʴʥʽ ˇʨʫʥʪʠ ʧʽʩʣʷ 

ʩʧʨʘʮʶʚʘʥʥʷ ʦʩʫʰʝʥʠʭ ʪʦʨʬʦʚʠʱ ʟʘʡʤʘʶʪʴ 2% ʪʝʨʠʪʦʨʽʾ ʦʙʣʘʩʪʽ.  

ˆʨʫʥʪʠ ʜʘʥʦʛʦ ʨʘʡʦʥʫ ʜʫʞʝ ʙʽʜʥʽ ʥʘ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʢʠʩʣʽ, ʯʘʩʪʦ 

ʧʝʨʝʟʚʦʣʦʞʝʥʽ, ʤʘʣʦ ʧʨʠʜʘʪʥʽ ʜʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 12-16% ï ʦʨʥʽ 

ʟʝʤʣʽ, ʨʅ 5,2-5,8, ʙʘʛʘʪʽ ʥʘ ʦʨʛʘʥʽʯʥʫ ʨʝʯʦʚʠʥʫ ʪʘ ʘʟʦʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʦʶ ʚʦʜʦʘʢʫʤʫʣʶʶʯʦʶ ʟʜʘʪʥʽʩʪʶ. ɿʦʣʴʥʽʩʪʴ ï 7,6, N ï 3,2, P2O5 ï 0,23, ʂ ï 

0,03, FeO ï 1,4. ʉʪʫʧʽʥʴ ʨʦʟʢʣʘʜʫ ʪʦʨʬʫ ʟʘ ʰʢʘʣʦʶ ʇʦʩʪʘ ï 25%; 30-35% 

ʢʦʨʤʦʚʽ ʫʛʽʜʜʷ, ʟʘʙʦʣʦʯʝʥʽ, ʟʘʨʦʩʣʽ ʯʘʛʘʨʥʠʢʘʤʠ. 

ɺ ʫʤʦʚʘʭ ʟʘʥʜʨʦʚʠʭ ʪʘ ʤʦʨʝʥʥʦ-ʟʘʥʜʨʦʚʠʭ ʨʽʚʥʠʥ ʇʦʣʽʩʩʷ ʫʪʚʦʨʠʣʠʩʴ 

ʜʦʩʠʪʴ ʦʜʥʦʨʽʜʥʽ ʟʘ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʶ ʙʫʜʦʚʦʶ ʪʦʨʬʦʚʠʱʘ, ʜʝ ʚʽʜʩʫʪʥʽ 

ʤʽʥʝʨʘʣʴʥʽ ʧʨʦʰʘʨʢʠ (ʽʥʦʜʽ ʪʽʣʴʢʠ ʧʨʦʰʘʨʦʢ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʦʨʬʦʚʽ ʧʦʞʝʞʽ). 

ɺ ʮʽʣʦʤʫ, ʪʦʨʬʦʚʽ ˇʨʫʥʪʠ ï ʮʝ ʩʧʝʮʠʬʽʯʥʽ ʧʨʠʨʦʜʥʽ ʝʢʦʣʦʛʽʯʥʦ ʜʫʞʝ 

ʚʨʘʟʣʠʚʽ ʛʽʜʨʦʛʝʥʥ̔ ʫʪʚʦʨʝʥʥʷ, ʟʘʣʫʯʝʥʥʷ ʷʢʠʭ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʝʙʫʻ ʦʩʫʰʝʥʥʷ. ɺʦʥʠ ʟʘʡʤʘʶʪʴ 18,6% ʚʽʜ ʧʣʦʱʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ɺʦʣʠʥʽ.  

ɺ ʨʘʡʦʥʽ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʚʘʞʘʶʪʴ ʪʦʨʬʦʚʽ ˇʨʫʥʪʠ ʥʠʟʠʥʥʦʛʦ ʪʠʧʫ, ʷʢʽ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʝʚʪʨʦʬʥʽ ʪʘ ʘʣʢʘʣʽʪʨʦʬʥʽ (ʢʘʨʙʦʥʘʪʥʽ ʪʘ ʟʘʣʽʟʦ-ʢʘʨʙʦʥʘʪʥʽ). 

ʊʦʨʬʦʚʽ ʟʝʤʣʽ ʟʘʡʤʘʶʪʴ ʧʦʥʠʞʝʥʽ ʝʣʝʤʝʥʪʠ ʨʝʣʴʻʬʫ: ʩʫʮʽʣʴʥʽ ʯʠ 

ʣʦʢʘʣʴʥʽ ʤʘʩʠʚʠ ʨʽʯʢʦʚʠʭ ʟʘʧʣʘʚ, ʟʘʤʢʥʫʪʽ ʪʘ ʩʣʘʙʦʧʨʦʪʦʯʥʽ ʫʣʦʛʦʚʠʥʠ. 

ʊʦʨʬʦʚʽ ʟʝʤʣʽ ʤʘʶʪʴ ʫ ʣʘʥʜʰʘʬʪʘʭ ʜʫʞʝ ʚʘʞʣʠʚʽ ʝʢʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ï 

ʛʽʜʨʦʣʦʛʽʯʥʫ, ʛʝʦʭʽʤʽʯʥʫ, ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʫ, ʬʣʦʨʠʩʪʠʯʥʫ, ʬʘʫʥʽʩʪʠʯʥʫ, 

ʛʘʟʦʨʝʛʫʣʶʶʯʫ. ʅʠʥʽ ʩʚʽʪʦʚʘ ʧʨʘʢʪʠʢʘ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʚʠʟʥʘʣʘ ʥʝʜʦʮʽʣʴʥʠʤ 

ʦʩʫʰʫʚʘʪʠ ʛʽʜʨʦʤʦʨʬʥʽ ˇʨʫʥʪʠ, ʝʢʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʷʢʠʭ ʥʘʜʪʦ ʚʘʞʣʠʚʽ. ɺʩʝ 

ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʩʪʘʶʪʴ ʧʨʦʝʢʪʠ ʨʝʥʘʪʫʨʘʣʽʟʘʮʽʾ ʨʘʥʽʰʝ ʧʦʤʠʣʢʦʚʦ 

ʦʩʫʰʝʥʠʭ ʧʽʜ ʽʥʪʝʥʩʠʚʥʝ ʟʝʤʣʝʨʦʙʩʪʚʦ ʛʽʜʨʦʤʦʨʬʥʠʭ ʟʝʤʝʣʴ.  
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ʂʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ 

ʐʘʮʴʢʦʛʦ ʧʦʣʽʛʦʥʫ 

ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ. ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʨʦʟʪʘʰʦʚʘʥʘ ʚ 

ʤʝʞʘʭ ɺʦʣʠʥʩʴʢʦʛʦ ʧʘʣʝʦʟʦʡʩʴʢʦʛʦ ʧʽʜʥʷʪʪʷ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʽ ʚʽʜʢʣʘʜʠ 

ʚʝʨʭʥʴʦʛʦ ʧʨʦʪʝʨʦʟʦʶ, ʥʠʞʥʴʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʢʝʤʙʨʽʶ, ʦʨʜʦʚʠʢʫ, ʩʠʣʫʨʫ, 

ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ, ʦʣʽʛʦʮʝʥʫ, ʥʝʦʛʝʥʫ ʽ ʯʝʪʚʝʨʪʠʥʥʽ. 

ɺʽʜʢʣʘʜʠ ʢʨʝʡʜʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʚʠʥʝʥʽ 

ʧʦʚʩʶʜʥʦ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʨʦʜʘʤʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʚʝʨʭʥʴʦʛʦ ʚʽʜʜʽʣʫ. 

ɿʘʣʷʛʘʶʪʴ ʥʘ ʨʦʟʤʠʪʽʡ ʧʦʚʝʨʭʥʽ ʚʝʨʭʥʴʦʛʦ ʧʨʦʪʝʨʦʟʦʶ, ʢʝʤʙʨʽʶ ʽ ʩʠʣʫʨʫ, 

ʧʝʨʝʢʨʠʪʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʯʝʪʚʝʨʪʠʥʥʠʤʠ, ʨʽʜʰʝ ʧʘʣʝʦʛʝʥʦʚʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ. 

ɺʠʭʦʜʠ ʾʭ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʪʨʘʧʣʷʶʪʴʩʷ ʨʽʜʢʦ. ʇʦʪʫʞʥʽʩʪʴ ʚʽʜʢʣʘʜʽʚ ʫ ʤʝʞʘʭ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʦʩʪʘʻ ʟʽ ʩʭʦʜʫ ʥʘ ʟʘʭʽʜ ʚʽʜ ʙʣʠʟʴʢʦ 15 ʤ ʜʦ 105 ʤ. ɺ 

ʪʦʚʱʽ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ ʚʠʜʽʣʷʶʪʴʩʷ ʚʽʜʢʣʘʜʠ ʩʝʥʦʤʘʥʩʴʢʦʛʦ, ʪʫʨʦʥʩʴʢʦʛʦ ʽ 

ʢʦʥʴʷʢʩʴʢʦʛʦ ʷʨʫʩʽʚ (ʩʝʥʦʥʩʴʢʠʡ ʥʘʜô̫ ʨʫʩ).  

ʇʦʨʦʜʠ ʩʝʥʦʤʘʥʩʴʢʦʛʦ ʷʨʫʩʫ ʪʨʘʧʣʷʶʪʴʩʷ ʤʘʡʞʝ ʧʦʚʩʶʜʠ ʽ ʧʦʢʨʠʚʘʶʪʴ 

ʜʦʤʝʟʦʟʦʡʩʴʢʽ ʚʽʜʢʣʘʜʠ, ʟʘʣʷʛʘʶʪʴ ʧʽʜ ʦʩʘʜʘʤʠ ʪʫʨʦʥʩʴʢʦʛʦ ʷʨʫʩʫ ʽ ʣʠʰʝ ʚ 

ʨʘʡʦʥʽ ʩ. ʅʦʚʘ ʈʫʜʘ ʚʠʭʦʜʷʪʴ ʧʽʜ ʯʝʪʚʝʨʪʠʥʥʽ ʫʪʚʦʨʝʥʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʽʩʢʘʤʠ, 

ʧʽʱʘʥʠʢʘʤʠ, ʤʝʨʛʝʣʷʤʠ, ʨʽʜʰʝ ʚʘʧʥʷʢʘʤʠ, ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ.  

ɺʽʜʢʣʘʜʠ ʪʫʨʦʥʩʴʢʦʛʦ ʷʨʫʩʫ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ, ʨʦʟʚʠʥʫʪʽ 

ʤʘʡʞʝ ʩʢʨʽʟʴ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʠʩʘʣʴʥʦʶ ʢʨʝʡʜʦʶ, ʷʢʘ ʤʽʩʮʷʤʠ ʧʝʨʝʭʦʜʠʪʴ ʫ 

ʢʨʝʡʜʦʧʦʜʽʙʥʠʡ ʤʝʨʛʝʣʴ. ɺ ʥʠʟʘʭ ʪʦʚʱʽ ʧʦʜʝʢʫʜʠ ʢʨʝʡʜʘ ʩʪʘʻ ʧʽʱʘʥʠʩʪʦʶ ʽ 

ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦʜʠʪʴ ʚ ʧʽʱʘʥʠʩʪʽ ʤʝʨʛʝʣʽ ʩʝʥʦʤʘʥʫ. ʇʦʪʫʞʥʽʩʪʴ ʪʫʨʦʥʩʴʢʠʭ 

ʚʽʜʢʣʘʜʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 4,5-7 ʤ ʫ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ 

ʡʦʛʦ ʯʘʩʪʠʥʽ ʜʦ 90-100 ʤ ï ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ. 

ɺʽʜʢʣʘʜʠ ʢʦʥʴʷʢʩʴʢʦʛʦ ʷʨʫʩʫ ʷʢ ʩʢʣʘʜʦʚʦʾ ʩʝʥʦʥʩʴʢʦʛʦ ʥʘʜô̫ ʨʫʩʫ 

ʨʦʟʚʠʥʫʪʽ ʚ ʟʘʭʽʜʥʽʡ ʽ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʘʭ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʝ ʧʝʨʝʢʨʠʪʽ 

ʧʘʣʝʦʛʝʥʦʚʠʤʠ ʽ ʯʝʪʚʝʨʪʠʥʥʠʤʠ ʧʦʨʦʜʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʠʩʘʣʴʥʦʶ ʢʨʝʡʜʦʶ ʽ 

ʢʨʝʡʜʦʧʦʜʽʙʥʠʤʠ ʤʝʨʛʝʣʷʤʠ. ʂʨʝʡʜʘ ʙʽʣʘ, ʱʽʣʴʥʘ, ʟʣʝʛʢʘ ʢʨʝʤôʷʥʠʩʪʘ, ʤʝʨʛʝʣʽ 
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ʩʚʽʪʣʦ-ʩʽʨʽ ʱʽʣʴʥʽ, ʧʦʜʝʢʫʜʠ ʧʽʱʘʥʠʩʪʽ ʽ ʛʣʠʥʠʩʪʽ. ʇʦʪʫʞʥʽʩʪʴ ʢʦʥʴʷʢʩʴʢʠʭ 

ʚʽʜʢʣʘʜʽʚ ï ʙʽʣʷ 20 ʤ. 

ʇʘʣʝʦʛʝʥ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʝʨʭʥʽʤ ʚʽʜʜʽʣʦʤ 

(ʭʘʨʢʽʚʩʴʢʦʶ ʩʚʠʪʦʶ). ɺʽʜʢʣʘʜʠ ʭʘʨʢʽʚʩʴʢʦʾ ʩʚʠʪʠ (Pg3hr) ʟʘʣʷʛʘʶʪʴ 

ʪʨʘʥʩʛʨʝʩʠʚʥʦ ʥʘ ʥʝʨʽʚʥʽʡ ʧʦʚʝʨʭʥʽ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ 

ʨʦʟôʻʜʥʘʥʠʭ ʦʩʪʨʦʚʽʚ, ʷʢʽ ʟʘʣʠʰʠʣʠʩʴ ʚʽʜ ʨʦʟʤʠʚʫ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʽʩʢʘʤʠ 

ʢʚʘʨʮʦʚʦ-ʛʣʘʫʢʦʥʽʪʦʚʠʤʠ ʽ ʢʚʘʨʮʦʚʠʤʠ ʜʨʽʙʥʦ- ʽ ʪʦʥʢʦʟʝʨʥʠʩʪʠʤʠ, ʨʽʜʰʝ 

ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʤʠ ʛʣʠʥʠʩʪʠʤʠ ʟʝʣʝʥʠʤʠ, ʧʦʪʫʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 0ï19 ʤ. 

ʏʝʪʚʝʨʪʠʥʥʽ ʫʪʚʦʨʝʥʥʷ ʤʘʡʞʝ ʩʫʮʽʣʴʥʠʤ ʯʦʭʣʦʤ ʧʦʢʨʠʚʘʶʪʴ 

ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʽ ʽ ʧʦʜʝʢʫʜʠ ʧʘʣʝʦʛʝʥʦʚʽ ʚʽʜʢʣʘʜʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʥʝʟʥʘʯʥʠʭ 

ʜʽʣʷʥʦʢ ʫ ʜʦʣʠʥʘʭ ʨʽʢ ʉʪʦʭʽʜ ʽ ʉʪʠʨ ʪʘ ʚ ʧʽʚʜʝʥʥʦïʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚ ʨʘʡʦʥʽ ʩ. ʂʘʨʘʩʠʥ, ʜʝ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʚʠʭʦʜʷʪʴ ʚʝʨʭʥʴʦʢʨʝʡʜʷʥ ̔ʧʦʨʦʜʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʥʠʞʥʴʦ-, ʩʝʨʝʜʥʴʦ- ʪʘ ʚʝʨʭʥʴʦʯʝʪʚʝʨʪʠʥʥʠʤʠ, ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʠʤʠ 

ʫʪʚʦʨʝʥʥʷʤʠ ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,3-80 ʤ. 

ʅʠʞʥʴʦʯʝʪʚʝʨʪʠʥʥʽ ʫʪʚʦʨʝʥʥʷ ʧʦʰʠʨʝʥʽ ʥʝʚʝʣʠʢʠʤʠ ʦʩʪʨʽʚʢʘʤʠ ʥʘ 

ʧʽʚʥʦʯʽ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʝ ʚʠʧʦʚʥʶʶʪʴ ʧʦʥʠʞʝʥʥʷ ʚ ʢʨʝʡʜʦʚʦʤʫ 

ʨʝʣʴʻʬʽ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʠʤʠ ʧʽʱʘʥʠʤʠ ʽ ʧʽʱʘʥʦ-ʛʨʘʚʽʡʥʠʤʠ 

ʚʽʜʢʣʘʜʘʤʠ ʣʠʭʚʠʥʩʴʢʦʛʦ ʛʦʨʠʟʦʥʪʫ. ʇʦʪʫʞʥʽʩʪʴ ï ʙʽʣʷ 20 ʤ. 

ʅʝʨʦʟʯʣʝʥʦʚʘʥʽ ʥʠʞʥʴʦ-  ̔ ʩʝʨʝʜʥʴʦʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʙʦʣʦʪʥʦ-ʦʟʝʨʥʦ-ʘʣʶʚʽʘʣʴʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʣʠʭʚʠʥʩʴʢʦʛʦ ʽ ʜʥʽʧʨʦʚʩʴʢʦʛʦ 

ʛʦʨʠʟʦʥʪʽʚ, ʨʦʟʚʠʥʫʪʠʤʠ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʨʦʟôʻʜʥʘʥʠʭ ʦʩʪʨʽʚʢʽʚ ʫ ʨʘʡʦʥʽ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ɺʝʣʠʢʠʡ ʆʙʟʠʨ, ʅʦʚʘ ʈʫʜʘ, ʄʫʢʦʤʠʥ, ʃʶʙʝʰʽʚ ʪʘ ʽʥ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʩʫʧʽʩʢʘʤʠ ʩʚʽʪʣʦ-ʩʽʨʠʤʠ ʽ ʙʫʨʫʚʘʪʦ-ʩʽʨʠʤʠ ʚʘʧʥʠʩʪʠʤʠ, ʛʣʠʥʘʤʠ 

ʩʽʨʠʤʠ, ʛʦʣʫʙʫʚʘʪʦ-ʩʽʨʠʤʠ ʪʦʥʢʦʰʘʨʫʚʘʪʠʤʠ, ʪʦʨʬʘʤʠ ʙʫʨʫʚʘʪʦ-ʯʦʨʥʠʤʠ ʽ 

ʙʫʨʠʤʠ, ʧʽʩʢʘʤʠ ʢʚʘʨʮʦʚʠʤʠ ʩʽʨʠʤʠ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ ʛʣʠʥʠʩʪʠʤʠ. 

ʇʦʪʫʞʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,3 ʤ (ʩ. ʂʨʘʩʥʝ) ʜʦ 15-25 ʤ (ʩ. ʉʝʜʣʠʱʝ). 

ʉʝʨʝʜʥʴʦʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ (QII) ʨʦʟʚʠʥʫʪʽ ʤʘʡʞʝ ʧʦʚʩʶʜʠ ʽ ʚʽʜʩʫʪʥʽ 

ʣʠʰʝ ʥʘ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʜʽʣʷʥʢʘʭ ʫ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 
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ʜʨʝʚʥʽʭ ʜʦʣʠʥʘʭ, ʜʝ ʧʦʚʥʽʩʪʶ ʨʦʟʤʠʪʽ. ɿʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʘʭ ʚʽʜ 0,4-54 ʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʠʤʠ ʽ ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ. 

ɺʝʨʭʥʴʦʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʣʶʚʽʘʣʴʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ 

(ʘlQIII) ʧʝʨʰʦʾ ʥʘʜʟʘʧʣʘʚʥʦʾ ʪʝʨʘʩʠ ʇʨʠʧôʷʪʽ, ʉʪʦʭʦʜʘ ʽ ʉʪʠʨʫ ʪʘ ʦʟʝʨʥʦ-

ʝʣʶʚʽʘʣʴʥʠʤʠ (1,ʘlQIII) ʫʪʚʦʨʝʥʥʷʤʠ, ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʥʘ ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʠʭ, 

ʣʴʦʜʦʚʠʢʦʚʠʭ ʽ ʢʨʝʡʜʷʥʠʭ ʧʦʨʦʜʘʭ. ʇʝʨʝʚʘʞʘʶʪʴ ʧʽʩʢʠ (ʧʦʥʘʜ 85%) ʟʘ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʫʛʣʠʥʢʽʚ, ʩʫʧʽʩʢʽʚ, ʤʫʣʫ ʪʘ ʪʦʨʬʫ. ʇʦʪʫʞʥʽʩʪʴ 

ʧʨʦʰʘʨʢʽʚ ʽ ʣʽʥʟ ʩʫʛʣʠʥʢʽʚ, ʩʫʧʽʩʢʽʚ ʽ ʛʣʠʥ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,05-4 ʤ. ʇʦʪʫʞʥʽʩʪʴ 

ʦʟʝʨʥʦ-ʝʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,5-1 ʜʦ 15-20 ʤ. 

ʉʫʯʘʩʥʽ ʚʽʜʢʣʘʜʠ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʣʶʚʽʘʣʴʥʠʤʠ, 

ʦʟʝʨʥʠʤʠ, ʙʦʣʦʪʥʠʤʠ ʪʘ ʝʦʣʦʚʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ, ʷʢʽ ʩʬʦʨʤʫʚʘʣʠʩʷ ʫ 

ʧʽʩʣʷʣʴʦʜʦʚʠʢʦʚʫ ʝʧʦʭʫ. 

ɸʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ (ʘQIV) ʨʦʟʚʠʥʫʪʽ ʚ ʟʘʧʣʘʚʽ ʇʨʠʧôʷʪʽ, ʉʪʦʭʦʜʘ ʽ 

ʉʪʠʨʫ, ʾʭ ʧʨʠʪʦʢ ʪʘ ʨʫʯʘʾʚ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʽʩʢʘʤʠ, ʩʫʧʽʩʢʘʤʠ ʪʘ ʛʣʠʥʘʤʠ. ɺ 

ʟʘʧʣʘʚʽ ʇʨʠʧôʷʪʽ ʚʦʥʠ ʤʘʡʞʝ ʩʢʨʽʟʴ ʧʝʨʝʢʨʠʪʽ ʙʦʣʦʪʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ. 

ʇʦʪʫʞʥʽʩʪʴ ʧʦʢʣʘʜʽʚ ï 6-7 ʤ. 

ʆʟʝʨʥʽ ʚʽʜʢʣʘʜʠ (1QIV) ï ʧʽʩʢʠ ʢʚʘʨʮʦʚʽ ʞʦʚʪʫʚʘʪʦ-ʙʫʨʽ ʽ ʩʚʽʪʣʦ-ʞʦʚʪʽ, ʟʽ 

ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʥʘʧʽʚʨʦʟʢʣʘʜʝʥʠʭ ʨʦʩʣʠʥʥʠʭ ʟʘʣʠʰʢʽʚ, ʟ ʧʨʦʰʘʨʢʘʤʠ ʽ 

ʣʽʥʟʘʤʠ ʪʝʤʥʦ-ʩʽʨʦʛʦ ʤʫʣʫ ʽ ʩʫʧʽʩʢʽʚ. ɺ ʧʦʥʠʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʝʨʝʚʘʞʘʻ 

ʪʦʨʬôʷʥʠʩʪʠʡ ʤʫʣ. ʆʟʝʨʥʽ ʚʽʜʢʣʘʜʠ ʧʽʜʩʪʠʣʘʶʪʴʩʷ ʚʝʨʭʥʴʦʯʝʪʚʝʨʪʠʥʥʠʤʠ 

ʝʣʶʚʽʘʣʴʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ, ʨʽʜʰʝ ï ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʠʤʠ ʽ ʣʴʦʜʦʚʠʢʦʚʠʤʠ. 

ʇʦʪʫʞʥʽʩʪʴ ʾʭ 1-8 ʤ. 

ɹʦʣʦʪʥʽ ʚʽʜʢʣʘʜʠ (bQ1V) ʰʠʨʦʢʦ ʨʦʟʚʠʥʫʪʽ ʚ ʤʝʞʠʨʽʯʯʽ ʽ ʟʘʧʣʘʚʘʭ ʉʪʦʭʦʜʘ 

ʽ ʉʪʠʨʫ ʪʘ ʚ ʟʘʧʣʘʚʘʭ ʨ. ʇʨʠʧôʷʪʴ ʪʘ ʾʾ ʧʨʠʪʦʢ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʪʦʨʬʘʤʠ, ʧʽʜ ʷʢʠʤʠ 

ʧʝʨʝʚʘʞʥʦ ʟʘʣʷʛʘʶʪʴ ʧʽʩʢʠ ʙʫʨʽ ʽ ʩʚʽʪʣʦ-ʩʽʨʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ, ʘ ʪʘʢʦʞ ʩʫʧʽʩʢʠ ʽ 

ʩʫʛʣʠʥʢʠ. ʇʦʪʫʞʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,5 ʜʦ 2-3 ʤ, ʧʦʜʝʢʫʜʠ ʜʦʩʷʛʘʻ 5 ʤ. 
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ɽʦʣʦʚʽ ʫʪʚʦʨʝʥʥʷ (VQ1V) ʽʩʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʛʨʷʜ, ʚʘʣʽʚ, ʛʦʨʙʽʚ, ʜʶʥ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʧʽʩʢʘʤʠ ʢʚʘʨʮʦʚʠʤʠ ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ, ʚ ʦʩʥʦʚʥʦʤʫ 

ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʠʤʠ, ʚʽʜʩʦʨʪʦʚʘʥʠʤʠ, ʟ ʥʝʟʥʘʯʥʠʤʠ ʜʦʤʽʰʢʘʤʠ ʛʣʠʥʠʩʪʦʾ 

ʬʨʘʢʮʽʾ, ʟ ʭʘʨʘʢʪʝʨʥʦʶ ʰʘʨʫʚʘʪʽʩʪʶ. ʇʽʱʘʥʽ ʛʦʨʙʠ, ʛʨʷʜʠ, ʜʶʥʠ ʩʷʛʘʶʪʴ ʚʠʩʦʪʠ 

15ï17 ʤ.  

ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ. ʆʧʠʩʫʚʘʥʠʡ ʨʘʡʦʥ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ 

ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʛʦ ʘʨʪʝʟʽʘʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ, ʛʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʷʢʦʛʦ, ʡʦʛʦ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʩʧʨʠʷʶʪʴ ʧʦʩʪʽʡʥʦʤʫ 

ʧʦʧʦʚʥʝʥʥʶ ʟʘʧʘʩʽʚ ʰʠʨʦʢʦ ʨʦʟʚʠʥʫʪʠʭ ʪʫʪ ʧʨʽʩʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 

ʧʨʠʫʨʦʯʝʥʠʭ ʜʦ ʯʝʪʚʝʨʪʠʥʥʠʭ, ʧʘʣʝʦʛʝʥʦʚʠʭ, ʚʝʨʭʥʴʦʢʨʝʡʜʷʥʠʭ, ʩʠʣʫʨʽʡʩʴʢʠʭ, 

ʩʝʨʝʜʥʴʦʢʝʤʙʨʽʡʩʴʢʠʭ, ʚʘʣʜʘʡʩʴʢʠʭ, ʚʦʣʠʥʩʴʢʠʭ ʽ ʧʦʣʽʩʴʢʠʭ ʫʪʚʦʨʝʥʴ. 
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