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ɸʅʆʊɸʎɯʗ 

 ʃʫʙʩʴʢʠʡ ʄ. ʉ. ʄʝʪʦʜʠʢʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ.  

 ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.07.12 ï ɼʠʩʪʘʥʮʽʡʥʽ ʘʝʨʦʢʦʩʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ï ɼʝʨʞʘʚʥʘ 

ʫʩʪʘʥʦʚʘ ñʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠò, 

(ɼ 26.162.03 ɼʝʨʞʘʚʥʦʾ ʫʩʪʘʥʦʚʠ ñʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɿʝʤʣʽ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠò), ʂʠʾʚ, 2017. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ɼʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʩʧʝʢʪʨʫ ʜʦʟʚʦʣʠʣʠ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʩʧʝʢʪʨ ʟʘʜʘʯ ʷʢʽ ʤʦʞʣʠʚʦ ʚʠʨʽʰʫʚʘʪʠ 

ʟʘʩʦʙʘʤʠ ʢʦʩʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʆʜʥʘʢ, ʬʽʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʧʨʠʨʦʜʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʶʪʴ ʩʪʚʦʨʝʥʥʷ 

ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʦʩʤʽʯʥʦʛʦ ʙʘʟʫʚʘʥʥʷ ʽʟ ʩʝʨʝʜʥʴʦʶ ʪʘ 

ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ.  

ʅʘʨʘʟʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʜʘʥʽ ʚ ʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦʩʪʘʯʘʶʪʴʩʷ ʽʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʙʽʣʴʰ ʥʽʞ 1000 ʤ. ɼʘʥʽ ʟʥʽʤʘʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʠʤʠ 

ʟʥʽʤʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʽʟ ʢʨʘʱʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ, ʷʢʽ ʥʘʜʘʶʪʴʩʷ 

ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʨʭʽʚʥʠʤʠ ʟʥʽʤʢʘʤʠ ʩʝʥʩʦʨʽʚ TM ʩʫʧʫʪʥʠʢʘ 

Landsat-5 ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 120 ʤ, ETM+ ʩʫʧʫʪʥʠʢʘ Landsat-7 

(60 ʤ), TIRS ʩʫʧʫʪʥʠʢʘ Landsat-8 ʪʘ ʧôʷʪʠʢʘʥʘʣʴʥʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ ASTER (90 ʤ) ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ EOS. ɯ ʣʠʰʝ Landsat-8 

ʥʘʨʘʟʽ ʻ ʬʫʥʢʮʽʦʥʫʶʯʠʤ ʽ ʥʘʜʘʻ ʜʘʥʽ ʫ ʜʽʘʧʘʟʦʥʽ 10,3-12,3 ʤʢʤ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 100 ʤ, ʽʥʪʝʨʧʦʣʴʦʚʘʥʠʭ ʜʦ 30 ʤ. 

ɼʘʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʚʠʚʯʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʽʟ 

ʚʠʩʦʢʦʶ ʛʝʪʝʨʦʛʝʥʥʽʩʪʶ, ʥʘʧʨʠʢʣʘʜ, ʫʨʙʘʥʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʚʠʪʦʢ 

ʷʢʦʛʦ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʥʘʙʫʚ ʜʫʞʝ ʚʠʩʦʢʦʛʦ ʪʝʤʧʫ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʦʾ 
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ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʊʝʭʥʦʣʦʛʽʯʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʞʝ ʚʠʚʝʜʝʥʠʭ ʥʘ 

ʦʨʙʽʪʫ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʬʽʟʠʯʥʦ ʥʝʤʦʞʣʠʚʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʘʥʠʭ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

ʧʨʦʩʪʦʨʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʟʥʽʤʘʥʥʷ. ɺ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ Landsat-8 

ʟʘʚʜʷʢʠ ʩʫʤʽʱʝʥʥʶ ʥʘ ʦʜʥʽʡ ʧʣʘʪʬʦʨʤʽ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʚʠʜʠʤʦʛʦ, ʙʣʠʞʥʴʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʨʦʟʧʦʜʽʣ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʪʝʧʣʦʚʝ ʧʦʣʝ. 

ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʜʚʦʝʪʘʧʥʫ 

ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ 

ʦʙʣʘʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚ ʷʢʽʡ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʘ ʥʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʦʢʨʝʤʠʭ ʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʘʨ ʨʽʟʥʦʯʘʩʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ. 

ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʪʘʢʦʞ ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʰʣʷʭʦʤ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, 

ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʚʭʽʜʥʠʭ ʪʘ ʦʙʨʦʙʣʝʥʠʭ ʜʘʥʠʭ, ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʨʦʟʨʽʟʥʶʚʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʜʦʚʛʦʭʚʠʣʴʦʚʝ 

ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʟʘʢʦʥ ʇʣʘʥʢʘ, 

ʩʫʙʧʽʢʩʝʣʴʥʘ ʦʙʨʦʙʢʘ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʬʫʥʢʮʽʷ ʧʝʨʝʜʘʯʽ 

ʤʦʜʫʣʷʮʽʾ. 
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ABSTRACT 

Lubskyi  M. S. Method for infrared aerospace imagery informativity 

enhancement based on subpixel signal processing. ï Qualified scientific paper as 

manuscript copyright. 

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

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

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

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

Urgency of the research  

The long-wavelength infrared remote sensing data allows to extend 

significantly the range of satellite monitoring applications. However, physical 

constraints, which are determined by the nature of infrared radiation, greatly 

complicate the design of space-based thermal infrared imaging systems of moderate 

and high spatial resolution. 

At present, the most common long-wavelength infrared data has spatial 

resolution coarse of 1000 m. The data acquired by the infrared scanners with better 

spatial resolution available in free access are represented by archived images derived 

by TM sensor of the Landsat-5 satellite with 120 m spatial resolution, the ETM+ 

sensor (60 m spatial resolution) of the Landsat-7 satellite, TIRS sensor onboard the 

Landsat-8 satellite and the ASTER five-band infrared spectroradiometer (90 m spatial 

resolution) of the EOS satellite system. But the Landsat-8 only is currently functional 

and provides data in the 10.3-12.3 Õm spectral range with a 100 m spatial resolution 

interpolated up to 30 m. 

This spatial resolution is insufficient to study areas with high spatial 

heterogeneity, for example, an urban environment, which is rapidly developed in 

recent decades. This circumstance increases the need of obtaining thermal fields 

imagery with relatively higher spatial resolution. It is physically impossible to 

upgrade the remote sensing systems that have already been launched. 

Thus, the actual scientific task is the development of new methods and 

technologies for the long-wavelength infrared dataôs spatial resolution enhancement 
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of in order to increase the informativity of thermal fieldsô spatial distributions imagery 

based on satellite infrared data. The application of the Landsat-8 data is substantiated 

by combining on one platform of visible, near-infrared bands, which allow deriving 

the emissivity distribution and long-wave infrared radiation sensor, on the basis which 

allow deriving land surface temperature distribution. 

A comprehensive two-stage method for long-wavelength infrared data 

informativity enhancement has been developed: at the first stage an advanced 

technology for calculating the spatial distribution of the land surface emissivity based 

on the data of visible and near-infrared bands of higher spatial resolution is used, and 

at the second stage, the spatial resolution enhancement is achieved through the 

subpixel processing of separate frequency-domain components of subpixel-shifted 

image pairs. 

Also the efficiency of the developed spatial resolution enhancement method is 

estimated, also performed a comparative estimation of the informativity of input and 

processed data, and determination of the minimum resolvable temperature difference 

and emissivity detected difference. 

Keywords: Remote sensing of the Earth, long-wave infrared radiation, spatial 

resolution, Planckôs law, subpixel processing, emissivity, modulation transfer 

function. 
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ʇʫʙʣʽʢʘʮʽʾ ʟʜʦʙʫʚʘʯʘ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʻ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʜʽʘʧʘʟʦʥ 

ʜʦʚʞʠʥ ʭʚʠʣʴ 8-14 ʤʢʤ). ʎʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʜʘʯʽ, ʷʢʽ 

ʥʝʤʦʞʣʠʚʦ ʜʦʩʪʦʚʽʨʥʦ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ ʣʠʰʝ 

ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʆʜʥʘʢ, ʬʽʟʠʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʨʦʜʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʠʟʴʢʘ ʝʥʝʨʛʽʷ 

ʡʦʛʦ ʢʚʘʥʪʽʚ), ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʶʪʴ ʩʪʚʦʨʝʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʟʥʽʤʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʢʦʩʤʽʯʥʦʛʦ ʙʘʟʫʚʘʥʥʷ ʽʟ ʩʝʨʝʜʥʴʦʶ ʪʘ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. ʅʘ ʩʴʦʛʦʜʥʽ ʻ ʜʦʩʪʫʧʥʠʤʠ ʜʘʥʽ, ʦʜʝʨʞʫʚʘʥʽ ʩʝʥʩʦʨʦʤ AVHRR ʽʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 1,09 ʢʤ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʩʫʧʫʪʥʠʢʘʭ ʩʝʨʽʾ NOAA, 

ʩʝʥʩʦʨʦʤ MODIS ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 1 ʢʤ, ʷʢʠʤ ʦʙʣʘʜʥʘʥʦ 

ʩʫʧʫʪʥʠʢʠ ʩʠʩʪʝʤʠ EOS ʪʘ ʜʘʥʽ ʧôʷʪʠ ʢʘʥʘʣʽʚ ʩʝʥʩʦʨʘ SLSTR, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ 

ʩʫʧʫʪʥʠʢʫ Sentinel-3A ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 1 ʢʤ. 

ɯʥʬʨʘʯʝʨʚʦʥʽ ʟʥʽʤʘʣʴʥʽ ʩʠʩʪʝʤʠ ʽʟ ʢʨʘʱʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 

ʧʦʯʘʣʠ ʚʧʨʦʚʘʜʞʫʚʘʪʠʩʴ ʽʟ 1982 ʨʦʢʫ. ʅʘʨʘʟʽ ʚ ʘʨʭʽʚʥʦʤʫ ʚʠʛʣʷʜʽ ʜʦʩʪʫʧʥʽ ʜʘʥʽ 

ʩʝʥʩʦʨʽʚ TM ʩʫʧʫʪʥʠʢʘ Landsat-5 ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 120 ʤ, ETM+ 

ʩʫʧʫʪʥʠʢʘ Landsat-7 (60 ʤ), TIRS ʩʫʧʫʪʥʠʢʘ Landsat-8 ʪʘ ʧôʷʪʠʢʘʥʘʣʴʥʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ ASTER (90 ʤ) ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ EOS. 

ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟʨʦʙʠʣʠ J. M. Lloyd (ʉʐɸ 

[1], J. E. Johnson (ʉʐɸ), P. W. Kruse (ʉʐɸ), K.-P. Mºllmann (ʅʽʤʝʯʯʠʥʘ), J. C. 

Jim®nez-Mu¶oz (ɯʩʧʘʥʽʷ), Zhao-Liang Li  (ʂʠʪʘʡ) [2]. ɺ ʈʘʜʷʥʩʴʢʦʤʫ ʉʦʶʟʽ ʪʘ 

ʋʢʨʘʾʥʽ ʩʝʨʝʜ ʧʨʦʚʽʜʥʠʭ ʬʘʭʽʚʮʽʚ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ ʻ ʚʽʜʦʤʽ ʚʯʝʥʽ ʃ. ɿ. ʂʨʠʢʩʫʥʦʚ 

[3,4], ʄ. ʄ. ʄʠʨʦʰʥʠʢʦʚ, ʖ. ʂ. ʈʻʙʨʽʥ [5], ɺ. ɯ. ʃʷʣʴʢʦ, ʄ. ʆ. ʇʦʧʦʚ ʪʘ ʽʥ. [6].  

ʄʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʜʘʥʠʤʠ Landsat ʘʢʪʠʚʥʦ 

ʨʦʟʨʦʙʣʷʣʠ ʽ ʚʜʦʩʢʦʥʘʣʶʚʘʣʠ J. A. Sobrino ʪʘ J. C. Jim®nez-Mu¶oz (ɯʩʧʘʥʽʷ) [7,8]. 

E. Valor ʪʘ ʽʥ. (ɯʩʧʘʥʽʷ) ʨʦʟʨʦʙʠʣʠ ʤʝʪʦʜʠʢʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘ 



17 

 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI [9]. 

A. Gillespie (ʉʐɸ), Rokugawa S. (ʗʧʦʥʽʷ) ʪʘ ʽʥ. ʨʦʟʨʦʙʠʣʠ ʤʝʪʦʜʠʢʫ ʢʘʨʪʫʚʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʟʥʽʤʘʥʥʷ 

ʩʝʥʩʦʨʦʤ ASTER [10]. 

ɿʚôʷʟʦʢ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʜʥʦʚʠʤʽʨʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʾʭ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʽ ʂʦʥʦʥʦʚʘ ɺ. ɯ. ʪʘ 

ʉʪʘʥʢʝʚʠʯʘ ʉ. ɸ. [11]. 

ʅʘʨʘʟʽ ʻʜʠʥʠʤ ʬʫʥʢʮʽʦʥʫʶʯʠʤ ʩʝʥʩʦʨʦʤ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʧʨʠʣʘʜ TIRS (Thermal Infrared Sensor)  ʥʘ 

ʩʫʧʫʪʥʠʢʫ Landsat-8 ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 100 ʤ, ʽʥʪʝʨʧʦʣʴʦʚʘʥʠʭ ʜʦ 

30 ʤ. ʇʨʠ ʮʴʦʤʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʽʟ ʘʢʪʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʤʽʩʪ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ, 

ʦʩʢʽʣʴʢʠ ʫʨʙʘʥʽʟʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʠʚʥʠʤ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʫʨʙʘʥʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʭʘʨʘʢʪʝʨʥʦʶ ʻ ʚʠʩʦʢʘ 

ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ, ʪʦʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʴʥʠʭ ʢʘʨʪ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʧʦʩʪʘʣʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʠʭ ʪʘ ʘʧʘʨʘʪʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʘʥʠʭ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʨʝʘʣʽʟʦʚʘʥʦ ʨʷʜ ʩʧʦʩʦʙʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʘʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ [12-14], 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʨʦʟʨʦʙʢʠ ʫʢʨʘʾʥʩʴʢʠʭ ʬʘʭʽʚʮʽʚ ʄ. ɯ. ʃʠʭʦʣʽʪʘ, ɺ. ɯ. ʃʷʣʴʢʦ, 

ʄ. ʆ. ʇʦʧʦʚʘ, ɺ. ɻ. ɹʫʨʘʯʝʢʘ ʪʘ ʽʥ. [15-16]. 

ɼʘʥʘ ʨʦʙʦʪʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʫʙʣʽʢʘʮʽʷʭ [17-37], ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ 

ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʧʝʢʪʨʫ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʘʥʠʭ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

ʧʨʦʩʪʦʨʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʥ̔ʬʨʘʯʝʨʚʦʥʦʛʦ ʟʥʽʤʘʥʥʷ. 

 ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ 



18 

 

ʫ ɼʝʨʞʘʚʥʽʡ ʫʩʪʘʥʦʚʽ ñʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ 

ʅɸʅ ʋʢʨʘʾʥʠò ʟʘ ʪʘʢʠʤʠ ʪʝʤʘʤʠ: ñʄʝʪʦʜʦʣʦʛʽʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʽʚ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ɿʝʤʣʽ ʽ 

ʥʘʟʝʤʥʠʭ ʜʘʥʠʭ ʚ ʽʥʪʝʨʝʩʘʭ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷò 

(ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0111U000030), ñʄʝʪʦʜʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʘʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʧʦʣʴʦʚʦʾ 

ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʽ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʜʘʥʠʭ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʧʦʢʣʘʜʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘ ʩʫʭʦʜʦʣʽ ʽ ʤʦʨʩʴʢʦʤʫ 

ʰʝʣʴʬʽò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0112U000702), ñʄʝʪʦʜʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʙʽʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʽʩʦʚʠʭ ʨʦʩʣʠʥʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ ʪʘ ʘʛʨʦʬʽʪʦʮʝʥʦʟʽʚ ʚ ʤʝʞʘʭ ʨʽʟʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0115U003682), ñʄʝʪʦʜʠ ʽ 

ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʽʜ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʢʘʜʨʦʚʦʛʦ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ 

ʜʘʣʴʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0115U003674), ñʉʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʫ ʙʽʙʣʽʦʪʝʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʽ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʠʧʦʚʠʭ ʦʙôʻʢʪʽʚ ʽ ʬʦʥʽʚ ʫ ʜʘʣʴʥʴʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0111U000030), 

ñʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ 

ʧʝʨʚʠʥʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0116U006798), ñʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʘ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0114U001665), 

ñʊʝʭʥʦʣʦʛʽʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʱʦ 

ʦʪʨʠʤʫʶʪʴʩʷ ʤʘʪʨʠʯʥʦʶ ʟʥʽʤʘʣʴʥʦʶ ʢʘʤʝʨʦʶ ʢʦʩʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ñʉʽʯò, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0113U000913), ñɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʫʨʙʘʥʽʟʘʮʽʾ ʥʘ ʤʽʢʨʦʢʣʽʤʘʪ ʤʽʩʪ (ʟʘ 

ʤʘʪʝʨʽʘʣʘʤʠ ʪʝʧʣʦʚʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ)ò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0114U005309), ñʈʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʢʘʜʨʽʚ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʱʦ 

ʬʦʨʤʫʶʪʴʩʷ ʉɼɯʏò (ʜʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0116U008458). 
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ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʜʘʥʠʭ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʦʪʨʽʙʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʩʪʫʧʥʠʭ 

ʥʘʫʢʦʚʠʭ ʟʘʚʜʘʥʴ: 

ï ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʟʘʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ ʽ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘ ʪʘʢʦʞ ʚʽʜʦʤʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʠʩʪʘʥʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

ï ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

ï ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʽʯʥʦʛʦ 

ʟʥʽʤʘʥʥʷ ʫ ʚʠʜʠʤʦʤʫ, ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʪʘ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ; 

ï ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʽʟʥʦʯʘʩʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʰʣʷʭʦʤ 

ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ; 

ï ʧʝʨʝʚʽʨʢʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʪʘ ʦʮʽʥʢʘ ʜʦʩʷʛʥʫʪʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʝʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽʥʬʨʘʯʝʨʚʦʥʠʭ 

ʟʦʙʨʘʞʝʥʴ; 

ï ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʢʦʩʤʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: 
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ï ʪʝʦʨʽʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ ï ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʧʝʨʝʥʦʩʫ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ; 

ï ʪʝʦʨʽʷ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʽʟʠʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ; 

ï ʪʝʦʨʽʷ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ ï ʜʣʷ ʦʧʠʩʫ ʥʝʣʽʥʽʡʥʦʾ 

ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI; 

ï ʩʫʙʧʽʢʩʝʣʴʥʘ ʦʙʨʦʙʢʘ ʨʘʩʪʨʦʚʠʭ ʜʘʥʠʭ ï ʜʣʷ ʦʮʽʥʢʠ ʩʫʙʧʽʢʩʝʣʴʥʠʭ 

ʟʤʽʱʝʥʴ ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʦʜʥʽʻʾ ʽ ʪʦʡ ʞʝ ʩʮʝʥʠ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ; 

ï ʩʪʘʪʠʩʪʠʯʥʘ ʨʝʛʫʣʷʨʠʟʘʮʽʷ ï ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʜʦʚʠʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ 

ʨʽʚʥʷʥʴ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ; 

ï ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʡ ʘʥʘʣʽʟ ï ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ 

ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʧʨʠ ʧʝʨʝʚʽʨʮʽ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ; 

ï ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ ï ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ 

ʚʠʙʽʨʢʦʶ ʢʽʣʴʢʽʩʥʠʭ ʜʘʥʠʭ ʧʨʠ ʦʮʽʥʮʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʥʦʚʫ ʜʚʦʨʽʚʥʝʚʫ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʜʘʥʠʭ ʦʙʨʦʙʢʠ ʪʘ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʢʦʣʠ ʥʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʣʫʯʝʥʥʷʤ 

ʜʘʥʠʭ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʘ ʥʘ 

ʜʨʫʛʦʤʫ ʨʽʚʥʽ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʧʽʜʚʠʱʫʻʪʴʩʷ ʰʣʷʭʦʤ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʧʘʨ 

ʟʦʙʨʘʞʝʥʴ ʽʥʚʘʨʽʘʥʪʥʠʭ ʚ ʯʘʩʽ ʜʘʥʠʭ (ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) 
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ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʰʣʷʭʦʤ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ 

ʦʢʨʝʤʠʭ ʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ ʟʦʙʨʘʞʝʥʴ. 

3. ɺʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʪʘ ʘʜʘʧʪʦʚʘʥʦ ʾʭ ʜʦ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʙʦʨʪʦʚʠʤʠ ʩʝʥʩʦʨʘʤʠ OLI (Operational Land Imager) ʪʘ TIRS 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ Landsat-8. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʫʚʘʪʠ ʢʘʨʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʥʘʯʥʦ 

ʚʠʱʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʪʝʭʥʽʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʥʠʥʽ ʽʩʥʫʶʯʠʭ ʩʝʥʩʦʨʽʚ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʪʝʨʠʪʦʨʽʾ ʽʟ ʚʠʩʦʢʦʶ ʛʝʪʝʨʦʛʝʥʥʽʩʪʶ 

ʧʦʚʝʨʭʦʥʴ, ʥʘʧʨʠʢʣʘʜ, ʫʨʙʘʥʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʦʢʨʝʤʽ ʜʞʝʨʝʣʘ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʜʠʥʘʤʽʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʦʙʫʤʦʚʣʝʥʫ ʚʠʨʫʙʢʘʤʠ ʣʽʩʽʚ, ʟʘʙʫʜʦʚʦʶ, ʥʘʤʠʚʘʥʥʷʤ 

ʧʽʩʢʽʚ ʪʘ ʙʫʜʴ-ʷʢʠʤʠ ʽʥʰʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʯʠ ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʪʘ 

ʨʦʟʨʦʙʣʷʪʠ ʙʽʣʴʰ ʪʦʯʥʽ ʪʘ ˇʨʫʥʪʦʚʥʽ ʧʨʦʛʥʦʟʠ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʱʦ 

ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʥʘ ʩʴʦʛʦʜʥʽ, ʚ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʘ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʣʘʥʜʰʘʬʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʙʫʣʦ  

ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʧʦʩʪʘʚʣʝʥʠʭ ɼʝʨʞʘʚʥʦʶ ʮʽʣʴʦʚʦʶ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʢʦʩʤʽʯʥʦʶ ʧʨʦʛʨʘʤʦʶ ʋʢʨʘʾʥʠ ʥʘ 2013-2017 ʨʨ. ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʚ 2016 ʨʦʮʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʜʦʩʣʽʜʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʦʪ (ʉʏ ɼʂʈ) ñʈʦʟʨʦʙʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʢʘʜʨʽʚ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ 

ɿʝʤʣʽ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʉɼɯʏò, ʽ ñʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚò, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ (ɼʦʜʘʪʦʢ ɸ). 
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɸʚʪʦʨʦʤ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʦʢʨʠʚʽʚ ʪʘ ʨʦʟʧʦʜʽʣʫ ʾʭ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ. ɸʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʙʫʣʦ ʦʙʨʦʙʣʝʥʦ 24 ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷ  

ʚʠʜʠʤʦʛʦ, ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʪʘ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ, ʦʪʨʠʤʘʥʦ ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʪʘ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʧʨʠ ʧʦʧʘʨʥʦʤʫ ʩʫʤʽʱʝʥʥʽ ʨʽʟʥʦʯʘʩʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʦʜʥʽʻʾ ʩʮʝʥʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʠʩʘʥʦ ʫ ʨʷʜʽ ʥʘʫʢʦʚʠʭ 

ʨʦʙʽʪ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʩʫʤʽʩʥʦ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ, ʘ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ, ʦʧʠʩʘʥʠʡ ʚ 

ʨʦʙʦʪʘʭ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

ï ʫ ʨʦʙʦʪʘʭ [18-22,25,27,29,31] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟ ʤʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ 

ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

ï ʫ ʨʦʙʦʪʘʭ [17,24,28-31,33] ï ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʰʣʷʭʦʤ ʩʫʙʧʽʢʩʝʣʴʥʦʾ 

ʦʙʨʦʙʢʠ; 

ï ʫ ʨʦʙʦʪʘʭ [34,36] ï ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʦ ʩʧʦʩʽʙ ʦʮʽʥʢʠ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ 

ʟʤʽʱʝʥʥʷ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʦʜʥʝ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ; 

ï ʫ ʨʦʙʦʪʽ [36] ï ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʰʣʷʭʦʤ ʩʫʙʧʽʢʩʝʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʦʢʨʝʤʠʭ ʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ; 

ï ʫ ʨʦʙʦʪʘʭ [35-37] ï ʚʜʦʩʢʦʥʘʣʝʥʦ ʩʧʦʩʽʙ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ ʪʘ 

ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ï ʫ ʨʦʙʦʪʽ [23] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʧʨʦʪʝʩʪʦʚʘʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. 
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ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʇʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʪʘ ʤʝʪʦʜʠʯʥʽ ʟʘʩʘʜʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘ ʦʙʛʦʚʦʨʝʥʽ ʥʘ: ʥʘ VIII  ʄʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ñʇʨʦʙʣʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ-2014ò (ʂʠʾʚ, 22-

25 ʢʚʽʪʥʷ 2014 ʨ.), ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñɸʩʪʨʦʥʦʤʽʯʥʘ ʰʢʦʣʘ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭò (ɾʠʪʦʤʠʨ, 22-25 ʪʨʘʚʥʷ 2015 ʨ.), 3-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ñInternational Conference on CIS and Remote Sensingò (ʎʘʭʢʘʜʟʦʨ, ɺʽʨʤʝʥʽʷ, 17-19 

ʣʠʩʪʦʧʘʜʘ 2014 ʨ.), ʜʨʫʛʽʡ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ñʊʝʦʨʝʪʠʯʥʽ ʪʘ  ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʥʘʫʮʽ, ʦʩʚʽʪʽ, ʝʢʦʥʦʤʽʮʽ ʪʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽò 

(ʄʘʨʽʫʧʦʣʴ, 25 ʢʚʽʪʥʷ 2015 ʨ.), ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ñɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʥʘ ʦʙôʻʢʪʘʭ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠò (ʂʠʾʚ, 20-21 ʢʚʽʪʥʷ 2015 ʨ.), IX 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʇʨʦʙʣʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ-2015ò 

(ʂʠʾʚ, 21-24 ʢʚʽʪʥʷ 2015 ʨ.), XIV ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ñʊʝʦʨʝʪʠʯʥʽ i ʧʨʠʢʣʘʜʥʽ ʧʨʦʙʣʝʤʠ ʬʽʟʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ ʪʘ 

ʽʥʬʦʨʤʘʪʠʢʠò (ʂʠʾʚ, 26-28 ʪʨʘʚʥʷ 2016 ʨ.), 16-ʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʆʜʝʩʘ, 22-26 ʩʝʨʧʥʷ 2016 ʨ.), ʧôʷʪʽʡ 

ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñɸʝʨʦʢʦʩʤʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʽʥʪʝʨʝʩʘʭ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʙʝʟʧʝʢʠò (GEO-UA 2016) (ʂʠʾʚ, 10-14 ʞʦʚʪʥʷ 2016 ʨ.), ʤʽʞʥʘʨʦʜʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ñInternational Conference on Information and Digital Technologiesò 

(IDT-2016) (ɾʝʰʫʚ, ʇʦʣʴʱʘ, 5-7 ʣʠʧʥʷ 2016 ʨ.), ʍ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʇʨʦʙʣʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ-2016ò (ʂʠʾʚ, 19-22 ʢʚʽʪʥʷ 

2016 ʨ.), 18-ʡ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñɸʩʪʨʦʥʦʤʽʯʥʘ ʰʢʦʣʘ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭò (ʂʠʾʚ, 26-27 ʪʨʘʚʥʷ 2016), ʍɯ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ñʇʨʦʙʣʝʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ-2017ò (ʂʠʾʚ, 18-21 ʢʚʽʪʥʷ 2016 ʨ.), 19-ʡ 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñɸʩʪʨʦʥʦʤʽʯʥʘ ʰʢʦʣʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭò 

(ʂʠʾʚ, 24-25 ʪʨʘʚʥʷ 2017). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 21 ʨʦʙʦʪʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ: ʫ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʥʝʩʝʥʽ ʜʦ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʟ 
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ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ï 6 (ʟ ʷʢʠʭ ʜʚʽ ʚʢʣʶʯʝʥʦ ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʽ ʙʘʟʠ ñʈʀʅʎò ʪʘ 

Scopus); 1 ʧʘʪʝʥʪ ʥʘ ʚʠʥʘʭʽʜ; 14 ï ʫ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʟ ʜʦʧʦʚʽʜʝʡ 

ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (157 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 21 

ʩʪʦʨʽʥʢʘʭ) ʽ 9 ʜʦʜʘʪʢʽʚ ʥʘ 32 ʩʪʦʨʽʥʢʘʭ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 179 ʩʪʦʨʽʥʢʘʭ, ʱʦ 

ʤʽʩʪʷʪʴ 102 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 21 ʨʠʩʫʥʦʢ  ̔11 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1 

ʆɻʃʗɼ ɯʉʅʋʖʏʀʍ ʄɽʊʆɼɯɺ ʆɹʈʆɹʂʀ ʊɸ ʇɯɼɺʀʑɽʅʅʗ 

ɯʅʌʆʈʄɸʊʀɺʅʆʉʊɯ ɼɸʅʀʍ ɼʆɺɻʆʍɺʀʃʔʆɺʆɻʆ 

ɯʅʌʈɸʏɽʈɺʆʅʆɻʆ ɼɯɸʇɸɿʆʅʋ 

ɸʝʨʦʢʦʩʤʽʯʥʝ ʟʥʽʤʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ  ʜʽʘʧʘʟʦʥʽ (8-

14 ʤʢʤ) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ, ʚ ʷʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʪʘ ʦʙôʻʢʪʽʚ ʥʘ ʥʽʡ ʚʠʩʪʫʧʘʻ ʚʠʟʥʘʯʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

[38]. ɼʦ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʦʰʫʢ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʪʘ ʝʥʝʨʛʦʥʦʩʽʾʚ 

[39], ʢʦʥʪʨʦʣʴ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʽ ʚʠʷʚʣʝʥʥʷ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʴ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘʥʘʣʽʟ ʩʪʘʥʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ 

ʣʽʩʦʥʘʩʘʜʞʝʥʴ, ʤʦʥʽʪʦʨʠʥʛ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ [21], ʦʮʽʥʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʨʝʞʠʤʽʚ ʽ ʪʝʧʣʦʚʪʨʘʪ ʤʽʩʪ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʨʠʪʦʨʽʡ [37] ʽ ʪ.ʜ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʙʘʛʘʪʴʦʭ 

ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʽ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʝʤʥʠʭ ʦʙôʻʢʪʽʚ [40]. ɺ 

ʜʘʥʠʡ ʯʘʩ ʜʝʷʢʽ ʩʫʧʫʪʥʠʢʦʚʽ ʩʠʩʪʝʤʠ ʥʠʟʴʢʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʝʨʘʪʠʚʥʠʡ ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ 

ʽ ʘʥʘʣʽʟʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ ʨʦʟʧʦʜʽʣʠ ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ [41]. 

ʇʨʠ ʮʴʦʤʫ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʠʩʪʫʧʘʻ ʪʦʯʥʽʩʪʴ ʜʠʩʪʘʥʮʽʡʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʻ ʚʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʽ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʝʥʩʦʨʘ, ʥʘʷʚʥʠʭ ʬʽʟʠʯʥʠʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ, 

ʥʘʧʨʠʢʣʘʜ, ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʦʧʦʤʽʞʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ [42]. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʜʘʥʠʭ ʻ ʧʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʢʦʤʧʘʢʪʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʾʭ ʨʦʟʨʽʟʥʠʪʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ [43]. ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ 

ʬʘʢʪʦʨʽʚ ʷʢ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʦʧʪʠʯʥʦʛʦ ʪʨʘʢʪʫ, ʚʽʜʥʦʰʝʥʥʷʤ ñʩʠʛʥʘʣ-ʰʫʤò 
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ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʨʘʜʽʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ [44], ʽ ʥʝʨʽʜʢʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʩʪʦʨʦʚʽʡ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʽʥʽʡʥʠʤ 

ʨʦʟʤʽʨʦʤ ʨʝʘʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʚʭʦʜʠʪʴ ʚ ʦʜʠʥ ʧʽʢʩʝʣ ʟʦʙʨʘʞʝʥʥʷ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʘʷʚʣʝʥʽʡ ʨʦʟʨʦʙʥʠʢʦʤ ʧʨʦʩʪʦʨʦʚʽʡ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʘʥʠʭ 

ʩʝʥʩʦʨʫ TIRS ʩʫʧʫʪʥʠʢʘ Landsat-8 100 ʤ ʧʨʦʩʪʦʨʦʚʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʜʘʥʠʭ 

ʩʪʘʥʦʚʠʪʴ 30 ʤ ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʊʘʢʘ ʽʥʪʝʨʧʦʣʷʮʽʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʩʠʥʪʝʟʫ ʜʘʥʠʭ ʨʽʟʥʠʭ ʢʘʥʘʣʽʚ. ɿʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʜʘʥʠʤʠ 

ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʘ ʟʥʘʯʥʦ ʥʠʞʯʦʶ ʝʥʝʨʛʽʻʶ 

ʢʚʘʥʪʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʜʝʪʘʣʽʟʦʚʘʥʠʭ ʜʘʥʠʭ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɸʧʘʨʘʪʥʽ 

ʨʽʰʝʥʥʷ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʶʪʴ ʟʥʽʤʘʣʴʥʫ ʩʠʩʪʝʤʫ ʪʘ ʧʽʜʚʠʱʫʶʪʴ ʾʾ ʤʘʩʫ, ʪʦʤʫ 

ʥʘʨʘʟʽ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʨʦʤʽʞʥʠʭ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʥʘʧʨʠʢʣʘʜ, ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʦʢʨʠʚʽʚ, ʪʘ ʨʝʟʫʣʴʪʫʶʯʠʭ ʟʦʙʨʘʞʝʥʴ 

ʪʝʧʣʦʛʦ ʧʦʣʷ, ʦʪʨʠʤʘʥʽ ʢʦʩʤʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʚ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

1.1 ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʜʘʥʠʭ ʪʝʧʣʦʚʦʛʦ ʟʥʽʤʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʟʦʙʨʘʞʝʥʥʷʤʠ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 1 ʢʤ ʽ ʙʽʣʴʰʝ. ʅʘʡʧʝʨʰʠʤ ʩʝʥʩʦʨʦʤ 

ʪʝʧʣʦʚʦʛʦ ʟʥʽʤʘʥʥʷ ʩʪʘʚ Advanced Very High Resolution Radiometer (AVHRR), 

ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʩʫʧʫʪʥʠʢʘʭ ʩʝʨʽʾ NOAA, ʝʢʩʧʣʫʘʪʘʮʽʷ ʷʢʠʭ ʨʦʟʧʦʯʘʣʘʩʴ 

ʚ 1978 ʨʦʮʽ ʽ ʪʨʠʚʘʻ ʜʦʩʽ. ʅʘʨʘʟʽ ʬʫʥʢʮʽʦʥʫʶʯʠʡ ʨʷʜ ʩʫʧʫʪʥʠʢʽʚ NOAA 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʨʴʦʤʘ ʧʣʘʪʬʦʨʤʘʤʠ (NOAA-15, 18 ʪʘ 19 ʥʘ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

3-ʻ ʧʦʢʦʣʽʥʥʷ ʩʝʥʩʦʨʽʚ AVHRR), ʷʢʽ ʱʦʜʝʥʥʦ ʧʦʩʪʘʯʘʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʫʩʽʻʾ 

ʪʝʨʠʪʦʨʽʾ ɿʝʤʣʽ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 1,1 ʢʤ. ʋ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ 
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ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘ ʦʩʥʦʚʽ ʟʦʙʨʘʞʝʥʴ AVHRR ʩʪʚʦʨʶʶʪʴʩʷ ʪʝʧʣʦʚʽ 

ʢʘʨʪʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʭʤʘʨʥʦʛʦ ʧʦʢʨʠʚʫ (ʜʝʥʥʽ ʪʘ ʥʽʯʥʽ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʥʩʦʨʘ AVHRR ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣ. 1.1. 

ʊʘʙʣʠʮʷ 1.1. 

ʉʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʢʘʥʘʣʽʚ ʩʝʥʩʦʨʘ AVHRR/3 

ʂʘʥʘʣ 
ʉʧʝʢʪʨʘʣʴʥʠʡ 

ʜʽʘʧʘʟʦʥ, ʤʢʤ 

ʉʝʨʝʜʠʥʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ, ʤʢʤ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʢʤ 

1 0,58 ï 0,68 0,63 

1,1 

2 0,727 ï 1,00 0,862 

3a 1,58 ï 1,64 1,61 

3b 3,55 ï 3,93 3,74 

4 10,30 ï 11,30 10,8 

5 11,50 ï 12,50 12 

 

ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʩʝʥʩʦʨʦʤ MODIS, 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʩʫʧʫʪʥʠʢʘʭ ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ EOS, ʚʚʝʜʝʥʠʭ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ 2000 ʪʘ 2002 ʨʦʢʘʭ ʚʽʜʧʦʚʽʜʥʦ. ɼʘʥʠʡ ʩʝʥʩʦʨ ʤʘʻ 16 ʢʘʥʘʣʽʚ ʫ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʘ ʬʦʨʤʫʻ ʟʦʙʨʘʞʝʥʥʷ ʽʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 1 ʢʤ ʪʘ ʨʘʜʽʦʤʝʪʨʠʯʥʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 12 ʙʽʪ ʽʟ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ ʟʥʽʤʘʥʥʷ 8 ʜʽʙ. ʆʩʥʦʚʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʪʝʧʣʦʚʦʛʦ ʟʥʽʤʘʥʥʷ ʻ MOD11 (Land Surface Temperature and Emissivity) ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘ MOD14 

(Thermal Anomalies/Fire) ï ʚʠʷʚʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʪʘ ʧʦʞʝʞ. ʊʘʢʦʞ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ MODIS ʚʠʢʦʥʫʻʪʴʩʷ ʢʘʨʪʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ 

ʦʩʥʦʚʽ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ (3,9-4 ʤʢʤ) ʪʘ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ (11-12 ʤʢʤ) 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʟʥʽʤʘʥʥʷ. ʉʧʝʢʪʨʘʣʴʥʽ ʢʘʥʘʣʠ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ MODIS ʧʝʨʝʣʽʯʝʥʦ ʫ ʪʘʙʣʠʮʽ 1.2. 
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ʊʘʙʣʠʮʷ 1.2. 

ʉʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʢʘʥʘʣʽʚ ʩʝʥʩʦʨʘ MODIS 

ʅʦʤʝʨ 

ʢʘʥʘʣʫ 

ʉʧʝʢʪʨʘʣʴʥʠʡ 

ʜʽʘʧʘʟʦʥ, ʤʢʤ 

ʉʝʨʝʜʠʥʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ, ʤʢʤ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʢʤ 

20 3,66ï3,84 3,750 

1 

21 3,929ï3,989 3,959 

22 3,929ï3,989 3,959 

23 4,02ï4,08 4,05 

24 4,433ï4,498 4,4655 

25 4,482ï4,549 4,5155 

27 6,535ï6,895 6,715 

28 7,175ï7,475 7,325 

29 8,40ï8,70 8,55 

30 9,58ï9,88 9,73 

31 10,78ï11,28 11,03 

32 11,77ï12,27 12,02 

33 13,185ï13,485 13,335 

34 13,485ï13,785 13,635 

35 13,785ï14,085 13,935 

36 14,085ï14,385 14,235 

 

ʉʝʨʝʜ ʩʝʥʩʦʨʽʚ ʽʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʚʠʜʽʣʷʻʪʴʩʷ  

ʩʝʥʩʦʨ ASTER ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ EOS, ʷʢʠʡ ʚʠʢʦʥʫʻ ʟʥʽʤʘʥʥʷ ʫ ʪʝʧʣʦʚʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʫ 5-ʪʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 90 ʤ ʪʘ 

ʨʘʜʽʦʤʝʪʨʠʯʥʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 12 ʙʽʪ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʘ ASTER 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1.3. 

ʊʘʙʣʠʮʷ 1.3. 

ʉʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʢʘʥʘʣʽʚ ʩʝʥʩʦʨʘ ASTER 

ʅʦʤʝʨ 

ʢʘʥʘʣʫ 

ʉʧʝʢʪʨʘʣʴʥʠʡ 

ʜʽʘʧʘʟʦʥ, ʤʢʤ 

ʉʝʨʝʜʠʥʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ, ʤʢʤ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʤ 

10 8,125ï8,475 8,3 
90 

11 8,475ï8,825 8,65 
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12 8,925ï9,275 9,1 

13 10,25ï10,95 10,6 

14 10,95ï11,65 11,3 

 

ʊʘʢʦʞ ʩʝʨʝʜ ʜʘʥʠʭ ʪʝʧʣʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʟʥʽʤʘʥʥʷ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ <1 ʢʤ ʥʘʡʙʽʣʴʰ ʟʘʩʪʦʩʦʚʘʥʠʤʠ ʻ ʜʘʥʽ ʩʫʧʫʪʥʠʢʽʚ ʩʝʨʽʾ Landsat. 

ɿʦʙʨʘʞʝʥʥʷ ʩʝʥʩʦʨʽʚ TM ʪʘ ETM+, ʷʢʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʥʘ ʩʫʧʫʪʥʠʢʘʭ Landsat-5 

ʪʘ 7, ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 120 ʪʘ 60 ʤ ʚʽʜʧʦʚʽʜʥʦ, ʨʘʜʽʦʤʝʪʨʠʯʥʫ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 8 ʙʽʪ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ 10,4-12,5 ʤʢʤ.  ɼʘʥʽ ʩʝʥʩʦʨʘ TIRS 

ʩʫʧʫʪʥʠʢʘ Landsat-8 ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 100 ʤ, ʨʘʜʽʦʤʝʪʨʠʯʥʫ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 16 ʙʽʪ. ʉʝʥʩʦʨ TIRS ʦʪʨʠʤʫʻ ʜʘʥʽ ʫ ʜʚʦʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ (10 ʢʘʥʘʣ ï 10,3-11,3 ʤʢʤ, 11 ʢʘʥʘʣ ï 11,5-12,5 ʤʢʤ). ɿʘʚʜʷʢʠ 

ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʩʝʥʩʦʨʘʤʠ ʩʫʧʫʪʥʠʢʽʚ Landsat, ʥʘʜʘʥʦʤʫ 

ʦʧʝʨʘʪʦʨʦʤ ʩʠʩʪʝʤʠ ï ʘʤʝʨʠʢʘʥʩʴʢʦʶ ʛʝʦʣʦʛʽʯʥʦʶ ʩʣʫʞʙʦʶ (USGS), ʚʦʥʠ ʜʦʩʽ 

ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʜʘʯ. ʎʽ ʜʘʥʽ ʜʦʙʨʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʧʨʠ ʢʘʨʪʫʚʘʥʥʽ ʪʝʧʣʦʚʠʭ ʦʩʪʨʦʚʽʚ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ 

[18] ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʩʪʦʨʦʚʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ ʤʽʞ ʜʘʥʠʤʠ ʙʽʣʴʰ ʩʪʘʨʠʭ ʪʘ ʥʦʚʠʭ 

ʩʫʧʫʪʥʠʢʽʚ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʜʦʚʛʦʪʨʠʚʘʣʽ ʯʘʩʦʚʽ ʩʝʨʽʾ [19]. 

1.2 ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʤʦʞʣʠʚʝ ʟʘʚʜʷʢʠ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʟʘʢʦʥʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [4]. ʆʜʥʘʢ, ʟʘʜʘʯʘ ʬʦʨʤʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʜʘʥʠʤʠ 

ʟʥʽʤʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʻ ʥʝʢʦʨʝʢʪʥʦʶ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʦʶ [45]. ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚʥʦʩʠʪʴʩʷ ʟʚôʷʟʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʟ ʾʭ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʽ 

ʻ ʩʧʝʢʪʨʘʣʴʥʦ-ʟʘʣʝʞʥʠʤʠ. ʊʘʢʦʞ ʟʥʘʯʥʽ ʧʦʭʠʙʢʠ ʚ ʦʮʽʥʢʫ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚʥʦʩʠʪʴ ʚʧʣʠʚ ʘʪʤʦʩʬʝʨʠ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʜʠʩʪʘʥʮʽʡʥʝ ʦʮʽʥʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʪʨʴʦʭ ʟʘʜʘʯ: 

ï ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʫ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

ï ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʩʢʣʘʜ ʘʪʤʦʩʬʝʨʠ, ʚʽʜʥʦʩʥʘ 

ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ, ʥʘʷʚʥʽʩʪʴ ʘʪʤʦʩʬʝʨʥʠʭ ʜʦʤʽʰʦʢ, ʧʘʨʘʤʝʪʨʠ ʦʨʙʽʪʠ ʟʥʽʤʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʪʘ ʽʥ.; 

ï ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ. 

ʇʨʠʥʮʠʧʦʚʦ ʫʩʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʨʦʜʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʟʥʘʯʝʥʦʩʪʽ ʘʙʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʫʤʦʚʠ 

ʚʽʜʦʤʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ Single-Channel Method 

(SCM) ï ʧʨʷʤʠʡ ʧʝʨʝʨʘʭʫʥʦʢ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ 

ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘ ʜʘʥʠʤʠ ʟʥʽʤʘʥʥʷ ʦʜʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʚ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʰʣʷʭʦʤ ʦʙʝʨʥʝʥʥʷ ʬʦʨʤʫʣʠ 

ʇʣʘʥʢʘ [46-50] ʫ ʚʠʛʣʷʜʽ: 
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ʜʝ Ts ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 
1-B  ï ʦʙʝʨʥʝʥʘ ʬʦʨʤʫʣʘ ʇʣʘʥʢʘ, ()ii TL  ï 

ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚ -̔ʤʫ ʜʽʘʧʘʟʦʥʽ, ¬

iL  ï 

ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚʠʩʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʪʤʦʩʬʝʨʠ ʚ ʥʘʧʨʷʤʢʫ ʩʝʥʩʦʨʘ ʚ -̔ʤʫ ʜʽʘʧʘʟʦʥʽ; ¬

iL  ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʠʟʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʚ ʥʘʧʨʷʤʢʫ 

ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʚ  -̔ʤʫ ʜʽʘʧʘʟʦʥʽ; Ű̔ ï ʟʦʥʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ 
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ʘʪʤʦʩʬʝʨʠ; Ů̔ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ -̔ʤʫ 

ʜʽʘʧʘʟʦʥʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʪʨʝʙʫʻ 

ʚʠʩʦʢʦʪʦʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʧʫʩʢʘʥʥʷ/ʨʦʟʩʽʷʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʘʪʤʦʩʬʝʨʽ, ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʫ, ʟʘ ʷʢʠʤ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʝʬʝʢʪʽʚ ʤʽʩʮʝʚʦʩʪʽ [7]. ɺ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʧʫʩʢʘʥʥʷ/ʨʦʟʩʽʷʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʦʜʝʣʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʪʘ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʽ ʘʝʨʦʟʦʣʴʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ/ʨʦʟʩʽʶʚʘʥʥʷ [51]. ʅʘʡʙʽʣʴʰ ʫʞʠʚʘʥʽ ʤʦʜʝʣʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ, 

ʪʘʢʽ ʷʢ MODTRAN [52] ʪʘ 4A/OP [53], ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʢʦʨʝʢʮʽʾ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ. 

ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʘʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ 

ʨʘʜʽʦʟʦʥʜʫʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʢʨʝʤʦ ʜʣʷ ʜʘʥʠʭ 6-ʛʦ ʢʘʥʘʣʫ Landsat-5 ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʨʠʟʝʤʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʚʤʽʩʪʫ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʘʪʤʦʩʬʝʨʽ ʟʘʤʽʩʪʴ ʧʦʚʥʦʛʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʨʦʬʽʣʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʤʧʽʨʠʯʥʠʭ ʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ 

ʩʧʝʢʪʨʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚʠʩʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʪʤʦʩʬʝʨʠ ʪʘ ʧʦʢʘʟʥʠʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ, ʘ ʪʘʢʦʞ ʤʽʞ 

ʩʝʨʝʜʥʴʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʘʪʤʦʩʬʝʨʠ ʪʘ ʾʾ ʧʨʠʟʝʤʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ [54]: 
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ʜʝ iiC te= , ( ) ( )[ ]iiiD tet -+-= 111 , a ʪʘ b ï ʢʦʥʩʪʘʥʪʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʝʥʩʦʨʘ 

(ʜʣʷ ʩʝʥʩʦʨʘ TM ʘ = ï67,35535, b = 0,4586), ʊ̔ ï ʷʩʢʨʘʚʽʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ -̔ʤʫ 

ʜʽʘʧʘʟʦʥʽ, 
¬a

T ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʠ, ̫ ʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 
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ʜʝ ʊ0 ï ʧʨʠʟʝʤʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ. ɼʣʷ ʜʽʘʧʘʟʦʥʫ ʪʠʩʢʫ ʚʦʜʷʥʦʾ ʧʘʨʠ (W) 

0,4 .. 1,6 ʛ/ʩʤ
2
 ʢʦʝʬʽʮʽʻʥʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʣʽʥʽʡʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. 

ʊʘʢʦʞ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ Full 

width at half maximum (FWHM) ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʪʠʩʢʫ ʚʦʜʷʥʦʾ ʧʘʨʠ [55,56]: 
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ʜʝ ɚ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ -̔ʛʦ ʢʘʥʘʣʫ, ʉ1 = 1,19104 Ĭ 10
8
 

ɺʪĀ(ʤʢʤ)
4
/(ʩʨĀʤ

2
), ʉ2 ï 14387,7 ʤʢʤĀʂ. ɣ1, ɣ2, ɣ3 ï ʘʪʤʦʩʬʝʨʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʤʧʽʨʠʯʥʦ ʷʢ ʢʚʘʜʨʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʚʦʜʷʥʦʾ ʧʘʨʠ. 

ɼʘʥʠʡ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʤʽʥʽʤʫʤ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʜʦ ʨʽʟʥʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟʘ ʻʜʠʥʠʤ ʨʽʚʥʷʥʥʷʤ. ʋ ʨʦʙʦʪʽ [57] ʦʧʠʩʘʥʠʡ 

ʩʧʦʩʽʙ ʚʢʣʶʯʝʥʥʷ ʚ ʦʜʥʝ ʨʽʚʥʷʥʥʷ ʧʨʠʟʝʤʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʨʘʟʦʤ ʽʟ 

ʚʤʽʩʪʦʤ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʷʢʠʡ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʡ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ 

ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʘʪʤʦʩʬʝʨʽ. 

ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʥʠʭ 

ʟʥʽʤʘʥʥʷ ʚ ʦʜʥʦʤʫ ʢʘʥʘʣʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʪʨʝʙʫʶʪʴ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʯʥʫ 

ʤʦʜʝʣʴ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ ʘʙʦ ʜʘʥʽ ʧʨʦ ʨʦʟʧʦʜʽʣʠ ʧʨʠʟʝʤʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʘʪʤʦʩʬʝʨʠ ʪʘ ʪʠʩʢʫ ʚʦʜʷʥʦʾ ʧʘʨʠ. 

ɼʣʷ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʧʘʨʘʣʝʣʴʥʽʡ ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʚ ʫʩʽʭ ʢʘʥʘʣʘʭ. ʆʩʢʽʣʴʢʠ ʚ ʢʦʞʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 
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ʜʽʘʧʘʟʦʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʢʘʥʘʣʘʤ, ʧʦʢʘʟʥʠʢʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʻ ʨʽʟʥʠʤʠ, ʤʦʞʣʠʚʦ ʨʦʟʨʘʭʫʚʘʪʠ ʚʥʝʩʦʢ 

ʘʪʤʦʩʬʝʨʠ ʫ ʩʧʝʢʪʨʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʩʪʦʨʦʥʥʽʭ ʜʘʥʠʭ. ʎʝʡ 

ʤʝʪʦʜ ʦʪʨʠʤʘʚ ʥʘʟʚʫ split-window (SW), ʚʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ 

ʧʦʩʣʘʙʣʝʥʥʷ ʘʪʤʦʩʬʝʨʦʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ɿʝʤʣʽ, ʧʨʦʧʦʨʮʽʡʥʝ ʨʽʟʥʠʮʽ ʤʽʞ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʱʽʣʴʥʦʩʪʷʤʠ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʩʝʥʩʦʨʽ, ʟʥʷʪʠʤʠ ʚ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ [58]. ɼʘʥʠʡ ʤʝʪʦʜ 

ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʜʘʥʠʭ ʧʨʦ ʘʪʤʦʩʬʝʨʥʽ ʧʨʦʬʽʣʽ. ʄʝʪʦʜ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʟʦʥʜʫʚʘʥʥʽ ʽ ʥʝʦʜʥʦʨʘʟʦʚʦ ʤʦʜʠʬʽʢʫʚʘʚʩʷ 

[59-61]. 

ʋ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʤʝʪʦʜ SW ʧʦʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 

 () () ()( )jiiiiis TLTLaTLaaTL -++= 210)( , (1.7) 

 

ʜʝ Ti ʪʘ Tj ï ʷʩʢʨʘʚʽʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʢʘʥʘʣʘʭ i ʪʘ j, Li(Ti) ʪʘ Li(Tj) ï ʩʧʝʢʪʨʘʣʴʥʽ 

ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʫ  ʢʘʥʘʣʘʭ i ʪʘ j, a0 .. a2 ï ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʟ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʢʘʥʘʣʽʚ ʩʝʥʩʦʨʘ, ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʚ ʘʪʤʦʩʬʝʨʽ ʪʘ ʟʝʥʽʪʥʦʛʦ ʢʫʪʘ ʦʛʣʷʜʫ. 

ɿʚʽʜʩʠ Ts [2]: 

 

 ( )jiis TTaTaaT -++= 210 , (1.7) 

 

ʆʩʢʽʣʴʢʠ ʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ (1.7) ʜʝʤʦʥʩʪʨʫʻ ʟʥʘʯʥʽ ʨʦʟʙʽʞʥʦʩʪʽ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʨʽʟʥʽʡ ʚʦʣʦʛʦʩʪʽ ʘʪʤʦʩʬʝʨʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʝʣʽʥʽʡʥʠʡ ʚʘʨʽʘʥʪ ʤʝʪʦʜʫ split-window: 

 

 ( ) ( )23210 jijiis TTcTTcTccT -+-++= , (1.8) 
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ʜʝ ʩ0 .. ʩ2 ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʨʝʛʨʝʩʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʘʪʤʦʩʬʝʨʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʦ ʘʥʘʣʦʛʽʾ 

ʽʟ a0 .. a2 ʜʣʷ ʨʽʚʥʷʥʥʷ 1.7 [62-64]. 

ɺʘʨʽʘʮʽʻʶ ʤʝʪʦʜʘ SW ʻ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʘʥʠʤʠ 

ʟʥʽʤʘʥʥʷ ʚ ʦʜʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʽ, ʘʣʝ ʰʣʷʭʦʤ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʟʥʽʤʘʥʥʷ 

ʦʜʥʽʻʾ ʪʝʨʠʪʦʨʽʾ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʫʻʪʴʩʷ ʢʽʣʴʢʘ ʟʦʙʨʘʞʝʥʴ 

ʚ ʦʜʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘ ʧʘʨʘʤʝʪʨʠ ʘʪʤʦʩʬʝʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʨʽʟʥʦʾ ʜʠʩʪʘʥʮʽʾ ʧʨʦʭʦʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ [65-67]. 

ʎʝʡ ʤʝʪʦʜ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʩʝʥʩʦʨʘ ASTR, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ 

ʩʫʧʫʪʥʠʢʫ ERS-1. ASTR ʟʜʘʪʥʠʡ ʩʢʘʥʫʚʘʪʠ ʦʜʥʫ ʪʝʨʠʪʦʨʽʶ ʟʘ ʦʜʥʝ 

ʧʨʦʭʦʜʞʝʥʥʷ ʥʘʜ ʥʝʶ ʜʚʽʯʽ ʧʽʜ ʜʚʦʤʘ ʢʫʪʘʤʠ: ʫ ʥʘʜʽʨ (0Á .. 21,6Á) ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʦʶ ʥʘʟʘʜ (52Á .. 55Á). ʇʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘ 

ʛʦʤʦʛʝʥʥʽʩʪʴ ʘʪʤʦʩʬʝʨʠ ʪʘ ʾʾ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʧʨʦʜʦʚʞ ʯʘʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ [66]. ɿʥʽʤʘʥʥʷ ʫ ʥʘʜʽʨ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʫ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 

1 ʢʤ, ʧʨʠ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʟʥʽʤʘʥʥʽ ʧʽʢʩʝʣ ʟʦʙʨʘʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 1,5Ĭ2 ʢʤ. 

ʋ ʨʦʙʦʪʽ [67] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʨʽʟʥʽ 

ʧʦʢʘʟʥʠʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʦʛʣʷʜʫ: 

 

 ( ) ( ) ( )fnnfnns pppTTpTT eee -+-++-+= 4321
1 , (1.9) 

 

ʜʝ pk (k = 1..4) ï ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʪʘ ʩʝʨʝʜʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʢʫʪʽʚ 

ʦʛʣʷʜʫ, Tn, Tk ï ʷʩʢʨʘʚʽʩʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ, ʚʠʤʽʨʷʥʽ ʫ ʥʘʜʽʨ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʦʶ ʥʘʟʘʜ, Ůn, Ůk ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʘʣʝʞʥʽ ʚʽʜ 

ʢʫʪʘ ʦʛʣʷʜʫ ʧʦʚʝʨʭʥʽ. 

ʉʢʣʘʜʥʽʩʪʴ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʩʘʤʽʡ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʦʛʣʷʜʫ 

ʧʦʚʝʨʭʥʽ ʧʽʜ ʢʽʣʴʢʦʤʘ ʢʫʪʘʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʩʠʩʪʝʤʫ ʪʘ ʧʽʜʚʠʱʫʻ ʾʾ ʚʘʨʪʽʩʪʴ. 
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ʇʨʠ ʮʴʦʤʫ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʢʫʪʘ ʦʛʣʷʜʫ. 

ʆʧʠʩʘʥʽ ʤʝʪʦʜʠ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʚʠʟʥʘʯʝʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʽʥʰʦʛʦ ʪʠʧʫ ʤʝʪʦʜʽʚ ʧʦʪʨʝʙʫʻʪʴʩʷ ʡʦʛʦ ʥʝʟʘʣʝʞʥʝ 

ʚʠʟʥʘʯʝʥʥʷ. 

1.3 ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ 

ʈʽʟʥʦʤʘʥʽʪʪʷ ʜʘʥʠʭ, ʱʦ ʧʦʩʪʘʯʘʶʪʴʩʷ ʩʠʩʪʝʤʘʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʜʦʟʚʦʣʠʣʠ ʩʪʚʦʨʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ 

ʜʘʥʠʭ ʧʨʦ ʨʦʟʧʦʜʽʣ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʧʦʚʝʨʭʦʥʴ. ɺʦʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: 

ï ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʥʝʟʘʣʝʞʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

ï ʤʝʪʦʜʠ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɺʽʜʦʤʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʩʪʚʦʨʝʥʥʽ ʙʘʟʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 10,8ï12,3 ʤʢʤ ʥʘ ʦʩʥʦʚʽ 

ʪʨʴʦʭ ʨʽʟʥʠʭ ʜʚʦʧʨʦʤʝʥʝʚʠʭ ʬʫʥʢʮʽʡ ʚʽʜʙʠʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ (ɼʌɺɿ) ʽʟ 

ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʪʠʧʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ [68-70]. ɼʘʣʽ 

ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʘʣʝʞʥʽ ʚʽʜ 

ʢʫʪʘ ʟʥʽʤʘʥʥʷ, ʚʠʟʥʘʯʘʶʪʴ ʰʣʷʭʦʤ ʘʜʘʧʪʘʮʽʾ ɼʌɺɿ ʜʦ ʜʽʘʧʘʟʦʥʫ ʢʫʪʘ ʟʥʽʤʘʥʥʷ 

ʩʝʥʩʦʨʥʦʶ ʩʠʩʪʝʤʦʶ. ʋ ʚʠʧʘʜʢʫ ʚʢʣʶʯʝʥʥʷ ʫ ʧʽʢʩʝʣ ʟʦʙʨʘʞʝʥʥʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʟʤʽʰʫʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʮʠʭ ʢʣʘʩʽʚ. 

ɯʥʰʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ 

ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʪʘʪʠʩʪʠʯʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI, 

ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 
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ʜʽʘʧʘʟʦʥʫ, ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɹʫʣʘ ʚʽʜʤʽʯʝʥʘ ʚʠʩʦʢʘ 

ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ 8-14 ʤʢʤ ʪʘ 

ʥʘʪʫʨʘʣʴʥʠʤ ʣʦʛʘʨʠʬʤʦʤ ʽʥʜʝʢʩʫ NDVI [71]: 

 

 ( )NDVIba ln+=e , (1.10) 

 

ʜʝ a  ̔b ï ʢʦʥʩʪʘʥʪʠ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʋ ʨʦʙʦʪʽ [9] ʦʧʠʩʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʥʘ ʨʘʩʪʨʦʚʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʻ ʦʜʥʦʨʽʜʥʦʶ, ʘʣʝ 

ʬʘʢʪʠʯʥʦ ʤʘʻ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ. ʆʜʥʘʢ, ʮʝʡ ʤʝʪʦʜ ʚʠʤʘʛʘʻ ʪʦʯʥʦʛʦ ʟʥʘʥʥʷ ʧʨʦ 

ʩʪʨʫʢʪʫʨʫ ʪʝʨʠʪʦʨʽʾ (ʚʠʩʦʪʘ ʣʽʩʫ, ʛʫʩʪʠʥʘ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʪ.ʜ.) ʪʦʤʫ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʩʢʣʘʜʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʧʝʚʥʽ ʧʨʠʧʫʱʝʥʥʷ: 

ʧʦʚʝʨʭʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʣʠʰʝ ʽʟ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ ʪʘ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ; 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʚʽʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʫ ʯʝʨʚʦʥʦʤʫ ʢʘʥʘʣʽ; ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʽʥʽʡʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʟ ʨʦʩʪʦʤ ʛʫʩʪʠʥʠ ʨʦʩʣʠʥʥʦʩʪʽ [72]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʥʠʡ ʤʝʪʦʜ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ, ʪʝʨʠʪʦʨʽʾ ʧʦʚʥʽʩʪʶ ʚʢʨʠʪʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ ʪʘ ʟʤʽʰʘʥʦʾ: 
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ʜʝ a  ̔  ̔ b  ̔ï ʢʦʥʩʪʘʥʪʠ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ɟred ï 

ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʫ ʯʝʨʚʦʥʦʤʫ ʢʘʥʘʣʽ, Pv ï ʧʨʦʝʢʪʠʚʥʝ ʧʦʢʨʠʪʪʷ 

ʨʦʩʣʠʥʥʦʩʪʽ, Ůsi ʪʘ Ůvi ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʢʨʠʪʦʛʦ 

ˇʨʫʥʪʫ ʪʘ ʧʦʚʝʨʭʥʽ, ʧʦʚʥʽʩʪʶ ʚʢʨʠʪʦʾ ʨʦʩʣʠʥʥʽʩʪʶ, ȹŮ̔ ï ʜʦʜʘʪʢʦʚʘ ʧʦʧʨʘʚʢʘ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʦʨʩʪʢʽʩʪʶ ʧʦʚʝʨʭʥʽ. 

ʊʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʟʥʽʤʘʥʥʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʪʘ 
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ʩʝʨʝʜʥʴʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʘʭ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʜʝʥʴ ʪʘ ʚʥʦʯʽ 

[73]. ɿʛʽʜʥʦ ʽʟ ʜʘʥʠʤ ʤʝʪʦʜʦʤ, ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʚʣʘʩʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʪʘ ʩʝʨʝʜʥʴʦʭʚʠʣʴʦʚʽʡ 

ʦʙʣʘʩʪʷʭ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʫ ʚʥʦʯʽ (ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʪʘ ʚʜʝʥʴ. 

ʈʦʟʨʦʙʣʝʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʜʥʦʯʘʩʥʦ ʚʠʟʥʘʯʠʪʠ 

ʷʢ ʨʦʟʧʦʜʽʣ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘʢ ʽ 

ʪʝʤʧʝʨʘʪʫʨʫ ʽʟ ʘʪʤʦʩʬʝʨʥʦ ʩʢʦʨʠʛʦʚʘʥʠʭ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʘʙʦ 

ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʚʽʜʦʤʠʭ ʫ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʜʘʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ, ʘʙʦ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʟʘʣʝʞʥʠʭ ʨʽʚʥʷʥʴ. ʎʝ 

ʜʦʩʷʛʘʻʪʴʩʷ ʘʙʦ ʙʘʛʘʪʦʨʘʟʦʚʠʤ ʟʥʽʤʘʥʥʷʤ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞʝ ʜʽʣʷʥʢʠ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

ɼʚʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʘʪʤʦʩʬʝʨʥʦ ʩʢʦʨʠʛʦʚʘʥʠʭ ʜʘʥʠʭ 

ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʟʥʽʤʘʥʥʷ ʦʜʥʽʻʾ ʪʝʨʠʪʦʨʽʾ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ, ʧʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤ [74]. 

ʇʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʙʫʚ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ ʥʽʯʥʦʛʦ ʪʘ ʜʝʥʥʦʛʦ ʟʥʽʤʘʥʥʷ [75]. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʪʘʢʦʞ ʚʠʟʥʘʯʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʘʨ ʜʝʥʥʠʭ ʽ 

ʥʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʦʜʥʽʻʾ ʪʝʨʠʪʦʨʽʾ ʟʘ ʫʤʦʚʠ, ʱʦ ʟʘ ʯʘʩ ʤʽʞ ʦʪʨʠʤʘʥʥʷʤ ʧʘʨ 

ʟʦʙʨʘʞʝʥʴ ʙʫʣʠ ʚʽʜʩʫʪʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʟʥʘʯʥʦ ʟʤʽʥʷʪʴ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ ʧʦʚʝʨʭʥʽ (ʩʥʽʛ, ʜʦʱ); ʢʫʪ ʟʥʽʤʘʥʥʷ ʪʘ ʘʪʤʦʩʬʝʨʥʽ ʫʤʦʚʠ ʟʘʣʠʰʘʣʠʩʴ 

ʥʝʟʤʽʥʥʠʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ñʩʽʨʦʛʦ ʪʽʣʘò ʨʦʟʚʠʥʝʥʦ ʤʝʪʦʜ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʘ ʜʘʥʠʤʠ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʫʩʽʭ ʢʘʥʘʣʽʚ [76]. ʆʜʥʘʢ, ʩʢʣʘʜʥʽʩʪʴ ʨʝʘʣʴʥʠʭ 

ʨʦʟʧʦʜʽʣʽʚ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʩʧʝʢʪʨʦʤ ʫ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʧʦʚʝʨʭʦʥʴ ʤʦʞʝ ʜʘʚʘʪʠ ʟʥʘʯʥʽ ʧʦʭʠʙʢʠ. 
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ʄʝʪʦʜ ʦʧʦʨʥʦʛʦ ʢʘʥʘʣʫ [77] ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ 

ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ.  ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʻ ʦʜʥʘʢʦʚʠʤ ʜʣʷ ʫʩʽʭ ʧʽʢʩʝʣʽʚ ʚ ʦʜʥʦʤʫ ʽʟ ʢʘʥʘʣʽʚ. ɼʘʥʽ ʫ 

ʮʴʦʤʫ ʢʘʥʘʣʽ ʢʦʨʠʛʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ ʥʠʟʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʚ ʥʘʧʨʷʤʢʫ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʚ ʦʧʦʨʥʦʤʫ ʢʘʥʘʣʽ. ɼʘʣʽ ʮʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʽʥʰʠʭ ʢʘʥʘʣʘʭ. ʄʝʪʦʜ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʜʣʷ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʜʝʷʢʦʛʦ ʦʙʨʘʥʦʛʦ ʧʽʢʩʝʣʘ ʚ ʫʩʽʭ ʢʘʥʘʣʘʭ ʻ ʦʜʥʘʢʦʚʠʤ 

[78,79]. ɼʘʣʽ ʟʘ ʘʪʤʦʩʬʝʨʥʦ ʩʢʦʨʠʛʦʚʘʥʠʤʠ ʜʘʥʠʤʠ ʟʥʽʤʘʥʥʷ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ 

ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʴʦʤʫ ʧʽʢʩʝʣʽ ʚ ʫʩʽʭ 

ʢʘʥʘʣʘʭ. ʄʘʢʩʠʤʫʤ ʽʟ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʨʝʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʧʦʚʝʨʭʥʽ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʽʥʰʠʭ ʢʘʥʘʣʘʭ. 

ʄʝʪʦʜ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʪʘʚ 

ʦʩʥʦʚʦʶ ʜʣʷ ʤʝʪʦʜʫ TES (Temperature/Emissivity Separation) [80]. ɺ ʦʩʥʦʚʽ 

ʤʝʪʦʜʫ ʧʦʢʣʘʜʝʥʦ ʝʤʧʽʨʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʧʝʢʪʨʘʣʴʥʠʤ ʢʦʥʪʨʘʩʪʦʤ ʪʘ 

ʤʽʥʽʤʫʤʦʤ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʷʥʴ. ʄʝʪʦʜ TES ʤʘʻ ʪʨʠ ʤʦʜʫʣʽ: 

1) ʤʦʜʫʣʴ NEM ï ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʝʨʭʥʽ ʪʘ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʾʭ 

ʤʘʢʩʠʤʫʤʫ; 

2) ʤʦʜʫʣʴ Ratio ï ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʥʦʩʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

3) ʤʦʜʫʣʴ MMD ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʫ ʚ ʫʩʽʭ ʢʘʥʘʣʘʭ 

ʜʘʥʠʭ, ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʫʤʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʝʨʝʜ ʫʩʽʭ 

ʢʘʥʘʣʽʚ, ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ TES ʜʦ ʧôʷʪʠʢʘʥʘʣʴʥʦʛʦ ʩʝʥʩʦʨʘ ASTER [10] 

ʜʦʟʚʦʣʠʣʦ ʜʦʩʷʛʥʫʪʠ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ Ñ0,001 ʜʣʷ ʢʦʞʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʥʽʤʘʥʥʷ ʩʝʥʩʦʨʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʫ ASTER ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʛʣʦʙʘʣʴʥʝ ʧʦʢʨʠʪʪʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ Global Emissivity Dataset (GED) ʷʢʠʡ 

ʩʪʘʚ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤ ʫ ʢʚʽʪʥʽ 2014 ʨ. ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʟʘ ʧʝʨʽʦʜ 

2000ï2008 ʨʨ. ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʛʣʦʙʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 100 ʤ. ʊʘʢʦʞ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ 

MODIS ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʨʷʜ ʛʣʦʙʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʧʝʨʽʦʜ 2000ï2015 ʨʨ. ʽʟ ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ ʚ ʤʽʩʷʮʴ ʽʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʙʣʠʟʴʢʦ 5 ʢʤ [81]. 

1.4 ʄʝʪʦʜʠ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ  

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʢʫʪʘ ʦʛʣʷʜʫ 

ʧʦʪʨʝʙʫʻ ʧʽʜʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʝʪʝʢʪʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʚʘʨʪʦʩʪʽ 

ʧʨʠʡʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. ʋ ʚʠʧʘʜʢʫ ʧʦʩʪʽʡʥʦʾ ʢʽʣʴʢʦʩʪʽ ʬʦʪʦʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʢʫʪ ʦʛʣʷʜʫ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟʥʠʞʫʻʪʴʩʷ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʥʽʤʘʥʥʷ 

ʪʘ ʟʚʫʞʝʥʥʷ ʩʤʫʛʠ ʦʛʣʷʜʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʩʣʘʙʣʷʻ ʚʠʤʦʛʠ 

ʜʦ ʪʝʭʥʽʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ 

ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʜʝʷʢʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ 

ʟʦʚʩʽʤ ʥʝ ʧʦʪʨʝʙʫʻ ʘʧʘʨʘʪʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʘʞʣʠʚʦ ʧʨʠ 

ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʚʽʜ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʥʘʨʘʟʽ ʚʞʝ ʚʠʚʝʜʝʥʽ ʥʘ ʦʨʙʽʪʫ. 

 ʉʫʙʧʽʢʩʝʣʴʥʘ ʨʝʻʩʪʨʘʮʽʷ ʟʦʙʨʘʞʝʥʴ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʫʞʠʚʘʥʠʭ 

ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ ʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʙʤʝʞʝʥʽ ʷʢ ʢʽʣʴʢʽʩʪʴ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ ʚ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʦʤʫ 

ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ, ʪʘʢ  ̔ʧʦʣʝ ʦʛʣʷʜʫ ʟʥʽʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. 
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ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽ ʦʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʘʥʥʷ. 

ʗʢʽʩʪʴ ʮʠʬʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʬʦʪʦʝʣʝʤʝʥʪʽʚ 

ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʦʛʦ ʧʨʠʡʤʘʯʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɹʘʛʘʪʦ ʟʘʜʘʯ 

ɼɿɿ ʦʢʨʽʤ ʚʠʩʦʢʦʾ ʜʝʪʘʣʴʥʦʩʪʽ ʪʘʢʦʞ ʧʦʪʨʝʙʫʶʪʴ ʦʭʦʧʣʝʥʥʷ ʟʥʘʯʥʦʾ ʪʝʨʠʪʦʨʽʾ. 

ʏʝʨʝʟ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʥʽʤʢʽʚ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʫʻ ʤʝʪʦʜ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʘʙʦ ñʤʽʢʨʦʩʢʘʥʫʚʘʥʥʷò 

[82]. ɼʘʥʠʡ ʨʷʜ ʤʝʪʦʜʽʚ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʆʧʪʠʯʥʝ ʤʽʢʨʦʩʢʘʥʫʚʘʥʥʷ ʙʫʣʦ ʧʝʨʰʠʤ ʘʧʨʦʙʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʷʢʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʬʦʪʦʧʨʠʡʤʘʣʴʥʘ ʟʙʽʨʢʘ ʟ ʜʚʦʭ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʦʜʥʘ 

ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ ʬʦʪʦʧʨʠʡʤʘʣʴʥʠʭ ʣʽʥʽʡʦʢ, ʱʦ ʪʝʦʨʝʪʠʯʥʦ ʟʘʙʝʟʧʝʯʫʚʘʣʦ 

ʜʚʦʢʨʘʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ [83]. ɺ ʥʘʩʪʫʧʥʦʤʫ ʮʝʡ 

ʩʧʦʩʽʙ ʙʫʚ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʡ [84] ʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʚ 

ʘʝʨʦʢʦʩʤʽʯʥʦʤʫ ʟʥʽʤʘʥʥʽ. 

ʊʘʢʦʞ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʟʢʦʩʪʽ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ 

ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʽʢʨʦʩʢʦʧʽʯʥʦʾ ʪʝʭʥʽʢʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʘ ʤʦʜʫʣʷʮʽʷ 

ʦʩʚʽʪʣʝʥʦʩʪʽ [85]. 

ʉʫʙʧʽʢʩʝʣʴʥʝ ʟʥʽʤʘʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʙʘʛʘʪʴʤʘ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ï 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʧʨʦʟʦʨʠʭ ʩʬʝʨʠʯʥʠʭ ʤʽʢʨʦʣʽʥʟ, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ 

ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ [86] ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʝʢʨʘʥʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦʾ 

ʯʘʩʪʢʠ ʧʦʚʝʨʭʥʽ ʬʦʪʦʧʨʠʡʤʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʯʥʦʛʦ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ [87] ʪʦʱʦ. 

ʄʝʪʦʜʠ ʤʽʢʨʦʩʢʘʥʫʚʘʥʥʷ ʫʤʦʚʥʦ  ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: 

ʚʽʜʭʠʣʝʥʥʷ ʣʽʥʽʾ ʚʽʟʫʚʘʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ ʧʨʠʣʘʜʘʤʠ ʟ ʦʧʪʠʯʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʪʘ ʟʩʫʚ ʩʚʽʪʣʦʚʠʭ ʧʨʦʤʝʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ. ʂʦʞʝʥ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʤʘʥʽʧʫʣʶʚʘʪʠ ʣʽʥʽʻʶ 

ʚʽʟʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʢʨʦʩʢʘʥʫʚʘʥʥʷ. ʇʨʠ ʦʙʨʦʙʮʽ ʜʘʥʠʭ 
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ʚʠʢʦʥʫʻʪʴʩʷ ʨʝʢʦʤʙʽʥʘʮʽʷ ʧʽʜʢʘʜʨʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʚʠʩʦʢʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. 

ʄʽʢʨʦʩʢʘʥʫʚʘʥʥʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʰʣʷʭʦʤ ʚʽʜʭʠʣʝʥʥʷ ʦʧʪʠʯʥʦʾ ʦʩʽ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɼʣʷ ʩʠʩʪʝʤ ʪʘʢʦʛʦ ʪʠʧʫ ʬʽʢʩʦʚʘʥʽ ʦʧʪʠʯʥʽ 

ʣʽʥʟʠ ʜʦʧʦʚʥʶʶʪʴʩʷ ʦʧʪʠʯʥʠʤ ʬʽʣʴʪʨʦʤ ʤʽʢʨʦʩʢʘʥʫʚʘʥʥʷ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʜʟʝʨʢʘʣ, ʧʨʠʟʤ, ʘʙʦ ʜʦʜʘʪʢʦʚʠʭ ʣʽʥʟ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʣʽʥʽʾ ʚʽʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ.  

ʅʝʜʦʣʽʢʦʤ ʩʠʩʪʝʤ ʟ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʾʾ ʟʥʘʯʥʘ ʤʘʩʘ ʪʘ 

ʛʘʙʘʨʠʪʠ, ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʩʣʽʜʢʫʚʘʥʥʷ. 

ʊʘʢʦʞ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʽʟ 

ʟʘʣʫʯʝʥʥʷʤ ʢʽʣʴʢʦʭ ʟʦʙʨʘʞʝʥʴ, ʛʝʦʤʝʪʨʠʯʥʦ ʟʤʽʱʝʥʠʭ ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ ʥʘ 

ʥʝʚʽʜʦʤʫ ʯʘʩʪʢʫ ʧʽʢʩʝʣʘ ʚʥʘʩʣʽʜʦʢ ʟʙʫʨʝʥʴ ʪʘ ʚʽʙʨʘʮʽʡ ʟʥʽʤʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ [88], ʘʙʦ ʚʥʘʩʣʽʜʦʢ ʨʫʭʫ 

ʦʙôʻʢʪʘ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʚʝʢʪʦʨʫ ʨʫʭʫ ʟʦʙʨʘʞʝʥʥʷ [89]. 

ʆʪʨʠʤʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʛʝʦʤʝʪʨʠʯʥʦ ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʨʫʭʫ ʥʦʩʽʷ ʟʥʽʤʘʣʴʥʦʾ 

ʘʧʘʨʘʪʫʨʠ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ  ʧʦʚʦʨʦʪʫ ʤʘʪʨʠʯʥʦʛʦ ʧʨʠʡʤʘʯʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  

ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʦʨʙʽʪʘʣʴʥʦʛʦ ʨʫʭʫ [90]. 

ʊʘʢʦʞ ʦʧʠʩʘʥʦ ʩʧʦʩʽʙ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʢʫʪʦʚʝ ʟʤʽʱʝʥʥʷ ʦʧʪʠʯʥʦʾ ʦʩʽ ʟʥʽʤʘʣʴʥʦʾ ʢʘʤʝʨʠ ʟʘ ʥʘʧʨʷʤʢʦʤ ʨʷʜʢʽʚ ʽ 

ʩʪʦʚʧʯʠʢʽʚ ʤʘʪʨʠʯʥʦʛʦ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ n ʧʦʟʠʮʽʡ ʟ ʽʥʪʝʨʚʘʣʦʤ, 

ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʣʽʥʽʡʥʦʛʦ ʨʦʟʤʽʨʫ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ ʬʦʢʫʩʥʦʾ 

ʚʽʜʩʪʘʥʽ ʦʙôʻʢʪʠʚʘ ʟʥʽʤʘʣʴʥʦʾ ʢʘʤʝʨʠ [91]. 

ʇʨʦʛʨʘʤʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʜʝʰʠʬʨʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʨʝʘʣʽʟʦʚʘʥʦ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʦʾ 

ʬʦʨʤʫʣʠ ɾʠʚʠʯʠʥʘ ʜʣʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʟʣʠʪʪʷ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʨʽʟʥʠʭ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ [92] 

ʇʨʠ ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʻ ʽʥʚʘʨʽʘʥʪʥʠʤʠ (ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʽʤʘʥʥʽ ʫ ʢʽʣʴʢʦʭ ʢʘʥʘʣʘʭ ʽʥʚʘʨʽʘʥʪʥʦʶ ʻ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ 



42 

 

ʟʥʽʤʘʥʥʽ ʦʜʥʦʢʘʥʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ï ʨʽʟʥʦʯʘʩʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). ʇʨʠ ʮʴʦʤʫ ʩʫʙʧʽʢʩʝʣʴʥʝ ʟʤʽʱʝʥʥʷ 

ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʰʣʷʭʦʤ ʩʧʽʣʴʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ [33]. 

1.5 ʄʝʪʦʜʠ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ 

ʧʜ̔ʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ɯʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʤʘʩʠʚ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʽʜʜʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʡ ʩʫʙʧʽʢʩʝʣʴʥʽʡ 

ʦʙʨʦʙʮʽ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʜʠʥ ʽʟ ʧʦʰʠʨʝʥʠʭ ʽ ʧʦʪʫʞʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʫʙʧʽʢʩʝʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʻ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ (ʄʅʂ) [93]. ʄʅʂ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʟʦʙʨʘʞʝʥʴ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʜʽʘʧʘʟʦʥʽʚ. ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤ ʥʝʣʽʥʽʡʥʠʭ 

ʨʽʚʥʷʥʴ ʚʠʩʦʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ. 

ʊʘʢʦʞ ʚʽʜʦʤʠʡ  ʤʝʪʦʜ ʽʪʝʨʘʮʽʡʥʦʾ ʟʚʦʨʦʪʥʦʾ ʧʨʦʝʢʮʽʾ (iterative back-

projection ï IBP), ʷʢʠʡ ʘʜʘʧʪʦʚʘʥʦ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, 

ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ [94]. 

ʉʧʝʮʽʘʣʴʥʠʡ ʩʧʦʩʽʙ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʢʦʨʝʢʮʽʾ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ 

ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ ʚ 

ʩʧʝʢʪʨʘʭ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʢʨʦʩ-ʩʧʝʢʪʨʘʭ ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʽ [95]. ʈʦʟʨʦʙʣʝʥʘ 

ʧʘʨʘʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʚʝʨʩʽʡ ʟʦʙʨʘʞʝʥʴ, ʱʦ 

ʦʙʨʦʙʣʶʶʪʴʩʷ. ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʦʮʽʥʶʶʪʴʩʷ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʦʜʽʙʥʦʩʪʽ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʷʜ ʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʪʦʯʥʦʾ ʩʫʙʧʽʢʩʝʣʴʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʟ ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ ʩʫʙʧʽʢʩʝʣʽʚ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ (ɼʇʌ) ʽ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ [96]. 

ɺ ʨʦʙʦʪʽ [97] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ 

ʥʘ ʦʩʥʦʚʽ ʚʠʷʚʣʝʥʥʷ ʛʨʘʥʠʮʴ ʣʽʥʽʡʥʠʭ ʩʝʛʤʝʥʪʽʚ. ʇʘʨʘʤʝʪʨʠ ʟʤʽʱʝʥʥʷ 
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ʟʦʙʨʘʞʝʥʴ ʦʙʯʠʩʣʶʶʪʴʩʷ ʰʣʷʭʦʤ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʚʦʭ ʣʽʥʽʡʥʠʭ ʟʘʜʘʯ 

ʄʅʂ. 

ɼʣʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʨʝʘʣʽʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

[98]. ɸʣʛʦʨʠʪʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ 

ʦʢʨʝʤʠʤʠ ʟʦʥʘʣʴʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʦʪʨʠʤʘʥʠʤʠ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʦʶ 

ʘʧʘʨʘʪʫʨʦʶ. ʅʘʷʚʥʽ ʩʫʙʧʽʢʩʝʣʴʥʽ ʟʤʽʱʝʥʥʷ ʥʝʩʫʪʴ ʜʦʜʘʪʢʦʚʫ ʧʨʦʩʪʦʨʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ɺʠʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʬʨʘʢʮʽʷʤʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʷʢʽ 

ʜʝʰʠʬʨʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʯʽʪʢʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘʢʦʞ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ 

ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ [99]. ʐʣʷʭʦʤ ʦʙʨʦʙʢʠ ʜʝʢʽʣʴʢʦʭ 

ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʨʘʢʮʽʡ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʍʦʧʬʝʣʴʜʘ 

(Hopfield neural network ï HNN) ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʟʣʠʪʪʷ ʚʭʽʜʥʠʭ 

ʢʣʘʩʠʬʽʢʘʮʽʡ. ʆʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʨʽʟʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ɼʣʷ ʧʝʨʝʩʝʤʧʣʶʚʘʥʥʷ ʯʝʨʝʟ ʧʦʭʠʙʢʠ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʥʝʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ ʭʘʨʘʢʪʝʨʥʝ ʫʪʚʦʨʝʥʥʷ ʘʨʪʝʬʘʢʪʽʚ, ʘʥʘʣʽʟ ʽ 

ʢʦʤʧʝʥʩʘʮʽʷ ʷʢʠʭ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʧʨʦʮʝʩʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ [100]. ɯʥʢʦʣʠ ʜʦʚʦʜʠʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʣʘʛʦʜʞʫʚʘʣʴʥʽ ʬʽʣʴʪʨʠ 

ʜʣʷ ʫʩʫʥʝʥʥʷ ʥʘʡʙʽʣʴʰ ʟʘʚʘʞʘʶʯʠʭ ʘʨʪʝʬʘʢʪʽʚ. 

ʆʩʥʦʚʥʽ ʟʫʩʠʣʣʷ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʟʦʙʨʘʞʝʥʴ ʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟ 

ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʣʷʛʘʶʪʴ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʾ ʨʽʟʢʦʩʪʽ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʄʝʪʦʜ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʟʘʣʝʞʠʪʴ ʧʝʨʝʜ ʫʩʽʤ ʚʽʜ ʤʦʜʝʣʽ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʪʘ 

ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʢʩʝʣʴʥʠʭ ʩʽʪʦʢ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʆʢʨʝʤʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʘʬʽʥʥʽ, ʧʨʦʝʢʮʽʡʥʽ, ʙʝʟʧʝʨʝʨʚʥʽ ʪʘ 

ʢʫʩʢʦʚʦ-ʙʝʟʧʝʨʝʨʚʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʣʽʥʽʡʥʽ ʟʩʫʚʠ, ʟʩʫʚʠ ʟ ʦʙʝʨʪʘʥʥʷʤ [101]. 

ɺ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʤʝʪʦʜ 

ʦʮʽʥʶʚʘʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʣʠʪʪʷ ʯʘʩʪʦʪʥʠʭ ʦʙʣʘʩʪʝʡ 
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ʽ ʧʽʜʚʠʱʝʥʥʷ ʨʽʟʢʦʩʪʽ. ʆʩʦʙʣʠʚʽʩʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʥʝʚʽʜʦʤʠʤʠ ʟʤʽʱʝʥʥʷʤʠ. ʆʮʽʥʶʻʪʴʩʷ ʬʘʟʦʚʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ 

ʯʘʩʪʦʪʥʠʤʠ ʩʧʝʢʪʨʘʤʠ ʧʦʪʫʞʥʦʩʪʽ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʘ ʚʟʘʻʤʥʝ ʟʤʽʱʝʥʥʷ ʤʽʞ 

ʥʠʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ (maximum 

likelihood ï ML) [102]. 

ʄʝʪʦʜ ʧʨʦʝʢʮʽʾ ʥʘ ʦʧʫʢʣʽ ʤʥʦʞʠʥʠ (projection onto convex set ï POCS) 

ʦʙʯʠʩʣʶʻ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟʘ ʫʤʦʚʠ ʦʧʫʢʣʠʭ (ʣʽʥʽʡʥʠʭ ʽ ʢʚʘʜʨʘʪʠʯʥʠʭ) 

ʦʙʤʝʞʝʥʴ [103]. ʋ ʢʣʘʩʠʯʥʦʤʫ ʤʝʪʦʜʽ POCS ʬʫʥʢʮʽʷ ʨʦʟʩʽʷʥʥʷ ʪʦʯʢʠ (ʌʈʊ) 

ʩʝʥʩʦʨʘ ʚʢʣʶʯʘʻʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʞʝ ʧʝʨʝʩʝʤʧʣʴʦʚʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʟʘʟʥʘʻ ʨʦʟʤʠʪʪʷ. ʆʧʫʢʣʽ ʦʙʤʝʞʝʥʥʷ ʚʠʤʘʛʘʶʪʴ ʨʝʛʫʣʷʨʥʦʩʪʽ 

ʨʽʰʝʥʥʷ. ɹʫʣʘ ʪʘʢʦʞ ʚʚʝʜʝʥʘ ʽʪʝʨʘʪʠʚʥʘ ʙʝʟʧʦʩʝʨʝʜʥʷ ʦʙʝʨʥʝʥʘ ʟʛʦʨʪʢʘ (iterative 

blind deconvolution ï IBD) [104]. ʎʝ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʤʝʪʦʜ ʽʥʚʝʨʩʥʦʾ 

ʬʽʣʴʪʨʘʮʽʾ [105] ʥʘ ʦʩʥʦʚʽ ɼʇʌ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʶ ʩʪʽʡʢʽʩʪʴ ʜʦ ʰʫʤʽʚ ʽ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ IBD ʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʛʘʨʘʥʪʽʾ ʟʙʽʞʥʦʩʪʽ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʄʝʪʦʜ ʘʚʪʦʨʝʛʨʝʩʽʡʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʝʨʝʜʥʴʦʛʦ (auto-regressive moving 

average ï ARMA) ʨʦʟʛʣʷʜʘʻ ʦʨʠʛʽʥʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʜʚʦʤʽʨʥʠʤ ʘʚʪʦʨʝʛʨʝʩʽʡʥʠʤ ʧʨʦʮʝʩʦʤ ʟ ʌʈʊ ʫ ʚʠʛʣʷʜʽ ʜʚʦʤʽʨʥʦʛʦ ʨʫʭʦʤʦʛʦ 

ʩʝʨʝʜʥʴʦʛʦ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʠʟʴʢʦʢʦʥʪʨʘʩʪʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ 

ʷʢ ʟʘʰʫʤʣʝʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɺʽʜʥʦʚʣʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʪʘʻ ʧʨʦʙʣʝʤʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ARMA [106]. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʣʛʦʨʠʪʤʠ, ʚʢʣʶʯʘʶʯʠ 

ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ (ML), ʫʟʘʛʘʣʴʥʝʥʫ ʢʨʦʩ-ʚʘʣʽʜʘʮʽʶ 

(generalized cross-validation ï GCV), ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʩʪʘʪʠʩʪʠʢʘ ʚʠʱʠʭ 

ʧʦʨʷʜʢʽʚ ʪʘ ʽʥʰʽ. 

ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʽ ʧʦʚʝʨʭʦʥʴ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʨʝʟʫʣʴʪʫʶʯʠʭ ʟʦʙʨʘʞʝʥʴ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʪʠ ʦʜʠʥ ʽʟ ʙʘʛʘʪʴʦʭ ʽʩʥʫʶʯʠʭ 

ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 
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1.6 ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 

ʉʫʤʽʩʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ, ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʪʘ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʧʨʦ 

ʨʦʟʧʦʜʽʣ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ, ʘʣʝ ʧʦʢʠ ʱʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʜʣʷ 

ʦʧʠʩʫ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʪʝʨʠʪʦʨʽʡ ʽʟ ʚʠʩʦʢʦʶ ʛʝʪʝʨʦʛʝʥʥʽʩʪʶ ʧʦʚʝʨʭʦʥʴ 

(ʥʘʧʨʠʢʣʘʜ ï ʫʨʙʘʥʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ). 

ʆʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʩʪʘʪʠ 

ʢʦʤʧʣʝʢʩʥʘ ʜʚʦʝʪʘʧʥʘ ʤʝʪʦʜʠʢʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʰʣʷʭʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʷʢ ʦʙʨʦʙʢʫ 

ʟʦʙʨʘʞʝʥʴ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʽʟ ʥʘʩʪʫʧʥʠʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʦʜʥʠʤ ʽʟ ʚʽʜʦʤʠʭ 

ʩʧʦʩʦʙʽʚ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ 

ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ, ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʭ ʽ ʛʨʘʬʽʯʥʦ ʧʦʜʘʥʠʭ ʥʘ ʨʠʩ. 1.1. 
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ʈʠʩ. 1.1. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɯʥʬʦʨʤʘʮʽʡʥʦʶ ʦʩʥʦʚʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʛʣʷʜ ʪʘ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʟʘʩʦʙʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʤʝʪʦʜʽʚ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʘʩʦʙʘʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʪʘ ʤʝʪʦʜʠʢ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ ʚʠʜʠʤʦʤʫ 

ʪʘ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʘ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ ʟʥʽʤʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʩʧʝʢʪʨʫ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʧʘʨ ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʽʥʚʘʨʽʘʥʪʥʠʭ ʟʘ ʯʘʩʦʤ ʜʘʥʠʭ (ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʪʘ ʥʝʽʥʚʘʨʽʘʥʪʥʠʭ ʜʘʥʠʭ (ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ). ɼʣʷ 

ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʠʢ ʨʝʟʫʣʴʪʫʶʯʠʭ 

ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʥʫʻʪʴʩʷ ʦʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʰʣʷʭʦʤ 
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ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʽʟʫ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʫʻʪʴʩʷ 

ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʘʥʠʭ 

ʟʥʽʤʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʫ ʩʪʘʥʝ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʜʫʢʪ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʚʠʜʠʤʠʡ, ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʪʘ 

ʜʦʚʛʦʭʚʠʣʴʦʚʠʡ ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʜʽʘʧʘʟʦʥʠ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

1. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʥʘʜʘʶʪʴ ʜʘʥʽ 

ʟʥʽʤʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɯʩʥʫʶʯʽ ʩʝʥʩʦʨʥʽ ʩʠʩʪʝʤʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʪʘʪʥʴʦ ʜʝʪʘʣʴʥʦ ʢʘʨʪʫʚʘʪʠ ʪʝʧʣʦʚʽ 

ʧʦʣʷ ʽʟ ʚʠʩʦʢʦʶ ʛʝʪʝʨʦʛʝʥʥʽʩʪʶ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʥʠʤʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʾʭ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ. 

2. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ, ʚʽʜʥʦʚʣʝʥʥʷ ʾʭ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ. ʊʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ 

ʤʘʩʠʚʽʚ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʾʭ ʦʙʨʦʙʢʠ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ɺ ʫʤʦʚʘʭ ʥʝʤʦʞʣʠʚʦʩʪʽ 

ʘʧʘʨʘʪʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʷʢʽ ʚʞʝ 

ʚʠʚʝʜʝʥʽ ʥʘ ʦʨʙʽʪʫ ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʣʫʯʝʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʰʣʷʭʦʤ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ. 

3. ɺʠʟʥʘʯʝʥʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ 

ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ, ʦʙôʻʜʥʘʥʥʷ ʨʽʟʢʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚ ʦʜʥʫ ʢʦʤʧʣʝʢʩʥʫ 

ʤʝʪʦʜʠʢʫ, ʚʠʢʦʥʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 

ʨʦʟʨʦʙʢʫ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʪʘ ʾʾ ʚʧʨʦʚʘʜʞʝʥʥʷ. 
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ʈʆɿɼɯʃ 2 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼɯɺ ʈʆɿʈɸʍʋʅʂʋ ʊɽʄʇɽʈɸʊʋʈʅʆɻʆ ʇʆʃʗ ʊɸ 

ʈʆɿʇʆɼɯʃʋ ʂʆɽʌɯʎɯɭʅʊɯɺ ʊɽʇʃʆɺʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ 

ʇɯɼɺʀʑɽʅʆɰ ʈʆɿʈɯɿʅɽʅʅʆʉʊɯ ɿɸ ɼɸʅʀʄʀ ʂʆʉʄɯʏʅʆɻʆ 

ɿʅɯʄɸʅʅʗ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʜʦʚʞʠʥʘ ʭʚʠʣʽ 8-14 ʤʢʤ) ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ ʪʘ ʧʦʚʝʨʭʦʥʴ, ʪʠʤ ʩʘʤʠʤ ʟʥʘʯʥʦ ʨʦʟʰʠʨʷʻʪʴʩʷ ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ [1]. ʆʜʥʘʢ, ʧʨʠʨʦʜʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʽʟ ʚʠʩʦʢʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʥʘ ʨʽʚʥʽ ʽʟ ʜʘʥʠʤʠ ʚʠʜʠʤʦʛʦ ʪʘ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʆʩʢʽʣʴʢʠ ʪʝʭʥʽʯʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ 

ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʟʥʘʯʥʦ ʘʢʪʫʘʣʽʟʫʚʘʣʦʩʷ ʧʠʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʜʝʪʘʣʴʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ  ʫ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʆʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ  ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʻ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ ʪʘ 

ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʷʢʠʭ ʟʥʘʯʥʦ 

ʚʠʱʘ ʟʘ ʜʘʥʽ ʟʥʽʤʘʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ 8-13 ʤʢʤ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʠ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʛʨʘʤʥʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʘʨʠ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 
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ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʜʝʪʘʣʽʟʘʮʽʾ ʪʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ. 

2.1 ɺʽʜʙʽʨ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʪʘ ʾʭ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʽʟ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʠʩʦʢʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ ʚʭʽʜʥʽ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ 

ʨʷʜʫ ʢʨʠʪʝʨʽʾʚ. ʆʩʢʽʣʴʢʠ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʽʰʠʭ ʦʙôʻʢʪʽʚ ʚʠʚʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʨʝʜʦʚʠʱʝ ʚ ʥʘʰ ʯʘʩ ʩʪʘʥʦʚʣʷʪʴ ʫʨʙʘʥʽʟʦʚʘʥʽ 

ʪʝʨʠʪʦʨʽʾ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʽ ʚʝʣʠʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʽ ʰʪʫʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʨʽʟʥʦʛʦ ʪʠʧʫ ʪʘ ʥʝʚʝʣʠʢʦʾ ʧʣʦʱʽ, ʛʦʣʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʚʽʜʙʦʨʫ 

ʟʦʙʨʘʞʝʥʴ ʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʽʚ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ. ʊʘʢʦʞ ʟʘ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʧʦʚʽʜʘʻ ʨʘʜʽʦʤʝʪʨʠʯʥʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʩʝʥʩʦʨʥʦʾ 

ʩʠʩʪʝʤʠ. ʉʪʚʦʨʝʥʥʷ ʧʘʨ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʾʭ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʠʤʘʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʦʪʢʦʛʦ 

ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʤʽʞ ʟʥʽʤʘʥʥʷʤʠ ʦʜʥʽʻʾ ʪʝʨʠʪʦʨʽʾ ʪʘ ʪʦʯʥʦʛʦ 

ʛʝʦʨʝʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʥʽʤʢʽʚ, ʱʦ ʧʦʩʪʘʯʘʶʪʴʩʷ. 

ʉʫʢʫʧʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ 

ʟʥʽʤʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʦʚʦʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ. 

2.1.1 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʜʞʝʨʝʣ ʜʘʥʠʭ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʦʜʥʠʤʠ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʜʞʝʨʝʣ ʜʘʥʠʭ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʻ ʩʝʥʩʦʨʠ AVHRR (ʩʫʧʫʪʥʠʢʠ ʩʝʨʽʾ 

NOAA), MODIS (ʩʫʧʫʪʥʠʢʠ ʩʝʨʽʾ EOS) ʪʘ VIIRS (ʩʫʧʫʪʥʠʢʠ ʩʝʨʽʾ JPSS), ʦʜʥʘʢ ʾʭ 

ʜʘʥʽ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 1,09 ʢʤ ʜʣʷ AVHRR, 1 ʢʤ ʫ MODIS ʪʘ 375 ʤ 

ʫ VIIRS ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʜʝʪʘʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ. 
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ʅʘʨʘʟʽ ʜʦʩʪʫʧʥʽ ʘʨʭʽʚʥʽ ʜʘʥʽ 14-ʢʘʥʘʣʴʥʦʛʦ ʩʝʥʩʦʨʫ EOS/ASTER, ʩʝʨʝʜ 

ʷʢʠʭ ʧôʷʪʴ ʢʘʥʘʣʽʚ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 90 ʤ. ɼʣʷ ʮʴʦʛʦ ʩʝʥʩʦʨʫ ʙʫʣʘ ʩʪʚʦʨʝʥʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

TES (temperature and emissivity separation) ʟʘ ʨʘʭʫʥʦʢ ʦʜʥʦʯʘʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

ʫʩʽʭ ʧôʷʪʴʦʭ ʢʘʥʘʣʽʚ [2]. 

ʊʘʢʦʞ ʜʦʩʪʫʧʥʽ ʜʦʚʛʦʭʚʠʣʴʦʚʽ ʽʥʬʨʘʯʝʨʚʦʥʽ ʟʦʙʨʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʠʩʪʝʤ ʩʝʨʽʾ Landsat (5, 7, 8), ʷʢʽ ʙʝʟʢʦʰʪʦʚʥʦ ʧʦʰʠʨʶʶʪʴʩʷ ʯʝʨʝʟ ʚʝʙ-ʨʝʩʫʨʩʠ 

ɻʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʽʚ ɸʤʝʨʠʢʠ 

(https://earthexplorer.usgs.gov/). ɿʦʙʨʘʞʝʥʥʷ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʝʥʩʦʨʽʚ TM ʪʘ ETM+ ʩʫʧʫʪʥʠʢʽʚ Landsat-5 ʪʘ Landsat-7 ʤʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 120 ʪʘ 60 ʤ ʚʽʜʧʦʚʽʜʥʦ, ʘ ʜʚʦʜʽʘʧʘʟʦʥʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʩʝʥʩʦʨʘ TIRS ʩʫʧʫʪʥʠʢʘ Landsat-8 ï ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 100 ʤ. ʋʩʽ 

ʟʘʟʥʘʯʝʥʽ ʟʦʙʨʘʞʝʥʥʷ ʽʥʪʝʨʧʦʣʴʦʚʘʥʦ ʜʦ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 30 ʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʧʦʧʽʢʩʝʣʴʥʦʛʦ ʩʫʤʽʱʝʥʥʷ ʽʟ ʟʦʙʨʘʞʝʥʥʷʤʠ ʽʥʰʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʜʽʘʧʘʟʦʥʽʚ ʮʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ. 

ʄʘʪʝʨʽʘʣʠ ʟʥʽʤʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʩʝʨʽʾ Landsat ʧʦʩʪʘʯʘʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʦʢʨʝʤʠʭ ʟʦʙʨʘʞʝʥʴ ʬʦʨʤʘʪʫ GeoTIFF ʪʘ ʤʝʪʘʜʘʥʠʭ ʜʦ ʥʠʭ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʢʪʠʚʥʠʤ ʻ ʣʠʰʝ Landsat-8. ʅʘ ʡʦʛʦ ʙʦʨʪʫ 

ʨʦʟʤʽʱʝʥʦ ʜʚʽ ʩʝʥʩʦʨʥʽ ʩʠʩʪʝʤʠ: OLI ï ʩʝʥʩʦʨ ʚʠʜʠʤʦʛʦ, ʙʣʠʞʥʴʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʪʘ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 30 ʤ ʪʘ TIRS ï ʜʚʦʢʘʥʘʣʴʥʠʡ ʩʝʥʩʦʨ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 100 ʤ. ʆʙʠʜʚʘ ʩʝʥʩʦʨʠ ʤʘʶʪʴ ʨʘʜʽʦʤʝʪʨʠʯʥʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 16 

ʙʽʪ. ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʟʥʽʤʘʥʥʷ ʦʜʥʽʻʾ ʪʝʨʠʪʦʨʽʾ ʩʢʣʘʜʘʻ 16 ʜʥʽʚ, ʘ ʜʣʷ ʜʝʷʢʠʭ 

ʪʝʨʠʪʦʨʽʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱ ʧʝʨʝʢʨʠʪʪʷ ʟʦʙʨʘʞʝʥʴ ʩʫʩʽʜʥʽʭ ʦʨʙʽʪ 

ʧʨʦʭʦʜʞʝʥʥʷ ʩʫʧʫʪʥʠʢʘ ï 8 ʜʥʽʚ [3]. 

ʉʫʤʽʱʝʥʥʷ ʥʘ ʦʜʥʽʡ ʩʫʧʫʪʥʠʢʦʚʽʡ ʧʣʘʪʬʦʨʤʽ ʜʚʦʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʜʦʧʦʤʘʛʘʻ ʦʪʨʠʤʫʚʘʪʠ ʷʢ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ ʪʘ 
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ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʪʘʢ ʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʬʽʟʠʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʦʢʨʠʚʽʚ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [4]. 

ʆʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʚʽʜʙʦʨʫ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʦʙʨʦʙʢʠ ʻ ʭʤʘʨʥʽʩʪʴ ʚ ʤʝʞʘʭ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʷʢʘ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 5%. ʊʘʢʦʞ ʚʠʟʥʘʯʘʣʴʥʠʤ 

ʢʨʠʪʝʨʽʻʤ ʻ ʯʽʪʢʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʟʥʽʤʘʥʥʷ ʪʘ ʥʘʜʘʥʥʷ ʜʘʥʠʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʥʩʦʨʥʽ ʩʠʩʪʝʤʠ ʩʫʧʫʪʥʠʢʘ Landsat-8 ʻ ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʠʤ ʜʞʝʨʝʣʦʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ. ɰʾ ʪʘʢʦʞ ʤʦʞʣʠʚʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ 

ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ Landsat-4, 5 ʪʘ 7 ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʩʝʥʩʦʨʦʤ 

ASTER. 

2.1.2 ʈʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ 

ɼʘʥʽ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʧʨʠʜʘʪʥʽ ʜʣʷ ʥʘʩʪʫʧʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʚʠʢʦʥʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʶʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ ʩʦʙʦʶ ʨʦʟʧʦʜʽʣ ʢʦʥʢʨʝʪʥʦʾ 

ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ï ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʘʧʝʨʪʫʨʽ 

ʩʝʥʩʦʨʘ, ʘʙʦ ʢʦʝʬʽʮʽʻʥʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ [5]. 

ʇʝʨʚʠʥʥʽ ʜʘʥʽ ʟʥʽʤʘʥʥʷ ʢʦʩʤʽʯʥʠʤʠ ʩʝʥʩʦʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʘʶʪʴ ʚʠʛʣʷʜ 

ʮʽʣʦʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʤʘʩʰʪʘʙʦʚʘʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ DN (digital 

number), ʟʘʧʠʩʘʥʽ ʫ ʢʦʞʝʥ ʧʽʢʩʝʣ ʟʦʙʨʘʞʝʥʥʷ. ʊʘʢʠʡ ʚʠʛʣʷʜ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʠ ʩʫʧʫʪʥʠʢʘ, ʧʽʜʚʠʱʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʯʝʨʝʟ ʤʝʥʰʠʡ ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʧʘʤôʷʪʽ, ʥʝʦʙʭʽʜʥʠʡ 

ʜʣʷ ʟʘʧʠʩʫ ʮʽʣʦʯʠʩʝʣʴʥʠʭ ʜʘʥʠʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʜʘʥʠʤʠ ʽʟ ʧʣʘʚʘʶʯʦʶ ʢʦʤʦʶ. 

ʊʘʢʦʞ ʽʟ ʯʘʩʦʤ ʩʝʥʩʦʨʥʽ ʩʠʩʪʝʤʠ ʧʽʜʜʘʶʪʴʩʷ ʜʝʛʨʘʜʘʮʽʾ ʪʘ ʧʦʪʨʝʙʫʶʪʴ 

ʧʦʚʪʦʨʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ [6]. ɻʦʣʦʚʥʦʶ ʫʤʦʚʦʶ ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʻ ʜʦʩʷʛʥʝʥʥʷ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ DN ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʬʽʟʠʯʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʧʽʩʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ [7]. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʟʥʽʤʘʥʥʷ ʻ 

ʧʝʨʝʨʘʭʫʥʦʢ ʧʽʢʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʥʘ ʚʝʣʠʯʠʥʠ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʘʧʝʨʪʫʨʽ ʩʝʥʩʦʨʘ L ʟʘ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪ  ʁ

 

 lll bDNaL +Ö=  (2.1) 

 

ʜʝ Lɚ ï ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʘʧʝʨʪʫʨʽ ʩʝʥʩʦʨʘ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ɚ, DN ï ʮʠʬʨʦʚʠʡ ʢʦʜ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ, aɚ ʪʘ bɚ 

ï ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʟʤʽʱʝʥʥʷ. 

ʂʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚ ʭʦʜʽ 

ʨʦʟʨʦʙʢʠ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʩʝʥʩʦʨʘ. 

ʂʨʠʚʽ ʚʽʜʥʦʩʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʩʝʥʩʦʨʘ TIRS ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.1. 

 

 

ʈʠʩ. 2.1. ʂʨʠʚʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʩʝʥʩʦʨʘ TIRS ʩʫʧʫʪʥʠʢʘ Landsat-8 

 

ʊʠʧʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʟʤʽʱʝʥʥʷ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ ʽʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʦʙʦʯʠʤʠ ʜʽʘʧʘʟʦʥʘʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ, 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʩʝʨʽʾ ʩʫʧʫʪʥʠʢʽʚ Landsat ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 1 [8]. 
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ʊʘʙʣʠʮʷ 2.1. 

ʈʦʙʦʯʽ ʩʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʪʘ ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʥʩʪʘʥʪʠ ʽʥʬʨʘʯʝʨʚʦʥʠʭ 

ʩʝʥʩʦʨʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʩʝʨʽʾ Landsat 

ʉʝʥʩʦʨʥʘ 

ʩʠʩʪʝʤʘ 

ʈʦʙʦʯʠʡ 

ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʜʽʘʧʘʟʦʥ, ʤʢʤ 

ʇʽʜʩʠʣʝʥʥʷ (gain), 

ɺʪ/(ʤ
2
ĿʤʢʤĿʩʨ)/DN 

ɿʤʽʱʝʥʥʷ (bias), 

ɺʪ/(ʤ
2
ĿʤʢʤĿʩʨ) 

TM 6 (10,4 ï 12,5) 0,055 1,18243 

ETM+ 
6-1 (10,4 ï 12,5) 0,067 ï0,06709 

6-2 (10,4 ï 12,5) 0,037 3,1628 

TIRS 
10 (10,6 ï 11,19) 0,0003342 0,1 

11 (11,5 ï 12,51) 0,0003342 0,1 

 

ʇʦʢʘʟʥʠʢʠ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʟʤʽʱʝʥʥʷ ʧʨʠ ʧʝʨʝʨʘʭʫʥʢʫ ʮʠʬʨʦʚʠʭ ʢʦʜʽʚ DN 

ʥʘ ʩʧʝʢʪʨʘʣʴʥʫ ʛʫʩʪʠʥʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʘʧʝʨʪʫʨʽ ʩʝʥʩʦʨʘ ʘʙʦ 

ʢʦʝʬʽʮʽʻʥʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʟʘʟʚʠʯʘʡ ʧʦʩʪʘʯʘʶʪʴʩʷ ʚ ʘʥʘʪʦʮʽʡʥʦʤʫ ʬʘʡʣʽ 

ʤʝʪʘʜʘʥʠʭ. 

2.2 ʈʦʟʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ 

ʆʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʫ 

ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʩʪʫʧʘʻ ʟʦʙʨʘʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʨʝʢʪʥʦʛʦ ʽ ʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʝʦʙʭʽʜʥʝ 

ʚʨʘʭʫʚʘʥʥʷ ʨʷʜʫ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ 

ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ: ʚʧʣʠʚ ʘʪʤʦʩʬʝʨʠ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʚʝʨʭʦʥʴ ʽ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ. 

ʄʦʞʣʠʚʽʩʪʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʢʦʥʽ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʇʣʘʥʢʘ ʜʣʷ ñʩʽʨʦʛʦò ʪʽʣʘ (ʪʽʣʦ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢʦʛʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ï ʚʠʨʘʟ 

ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [9]: 
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ʜʝ L(ɚ, T) ï ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, Ů(ɚ) ï 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, M(ɚ, T) ï ʩʧʝʢʪʨʘʣʴʥʘ 

ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ, c1 = 2hc
2
 =  

1,191Ŀ10
-16

 ɺʪĿʤ
2
 ʠ c2 = 

k

ch
 = 1,439Ŀ10

ï2
 ʤĿʂ ï ʧʝʨʰʘ ʽ ʜʨʫʛʘ ʢʦʥʩʪʘʥʪʠ ʟʘʢʦʥʫ 

ʇʣʘʥʢʘ, h = 6,626Ŀ10
-34

 ɼʞĿʩ ï ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ, c = 2,998Ŀ10
8
 ʤ/ʩ ï ʰʚʠʜʢʽʩʪʴ 

ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ, k = 1.381Ŀ10
ï23

 ɼʞ/ʂ ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ, ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʝʨʝʜ ʚʠʢʦʥʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʛʫʩʪʠʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʪʘ ʫʩʫʥʫʪʠ 

ʚʧʣʠʚ ʘʪʤʦʩʬʝʨʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʠʪʠ ʨʦʟʧʦʜʽʣ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʚ ʤʝʞʘʭ ʟʦʙʨʘʞʝʥʥʷ. 

2.2.1 ʇʦʙʫʜʦʚʘ ʤʦʜʝʣʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ ʪʘ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ 

ʘʪʤʦʩʬʝʨʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʾ ʦʮʽʥʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʩʪʘʥʮʽʡʥʠʤ ʤʝʪʦʜʦʤ 

ʦʙʦʚôʷʟʢʦʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ ʥʘ ʩʦʥʷʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʘʪʤʦʩʬʝʨʘ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʛʘʟʦʚʠʭ ʪʘ ʘʝʨʦʟʦʣʴʥʠʭ 

ʬʨʘʢʮʽʡ, ʟʜʘʪʥʠʭ ʧʦʛʣʠʥʘʪʠ, ʨʦʟʩʽʶʚʘʪʠ ʪʘ ʚʽʜʙʠʚʘʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʜʦʚʞʠʥ ʭʚʠʣʴ. ʆʩʥʦʚʥʠʤʠ ʧʘʨʥʠʢʦʚʠʤʠ 

ʛʘʟʘʤʠ, ʚ ʧʦʨʷʜʢʫ ʾʭ ʦʮʽʥʶʚʘʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ɿʝʤʣʽ, ʻ ʚʦʜʷʥʘ 

ʧʘʨʘ, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʤʝʪʘʥ ʽ ʦʟʦʥ [10]. ʅʘ ʨʠʩ. 2.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨ 

ʧʨʦʥʠʢʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 7-14 ʤʢʤ, ʪʘ ʪʠʧʦʚʽ 

ʣʽʥʽʾ ʧʦʛʣʠʥʘʥʥʷ ʨʝʯʦʚʠʥʘʤʠ, ʷʢʽ ʚʥʦʩʷʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʢʣʘʜ ʫ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ. 
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ʈʠʩ. 2.2. ʇʨʦʥʠʢʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʪʘ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʽ ʣʽʥʽʾ ʧʦʛʣʠʥʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

ʋʟʘʛʘʣʴʥʝʥʘ ʘʪʤʦʩʬʝʨʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ 

ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʤʘʛʘʻ ʚʠʟʥʘʯʝʥʥʷ ʪʨʴʦʭ ʧʘʨʘʤʝʪʨʽʚ: 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚʠʩʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʪʤʦʩʬʝʨʠ ʚ ʥʘʧʨʷʤʢʫ ʩʝʥʩʦʨʘ,  ʥʠʟʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʚ 

ʥʘʧʨʷʤʢʫ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ, 

ʽ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [11]: 

 

 ¬® +-+= iiisiii LLLL ])1([ eet , (2.3) 

 

ʜʝ Ls ï ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ -̔ʤʫ 

ʜʽʘʧʘʟʦʥʽ; L  ̔ ï ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚʝʨʭʥʴʦʾ ʛʨʘʥʠʮʽ 

ʘʪʤʦʩʬʝʨʠ ʚ -̔ʤʫ ʜʽʘʧʘʟʦʥʽ; ¬

iL ï ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ 

ʚʠʩʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʚ ʥʘʧʨʷʤʢʫ ʩʝʥʩʦʨʘ ʚ -̔ʤʫ ʜʽʘʧʘʟʦʥʽ; ®

iL  

ï ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʠʟʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʪʤʦʩʬʝʨʠ ʚ ʥʘʧʨʷʤʢʫ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʚ -̔ʤʫ ʜʽʘʧʘʟʦʥʽ; Űi ï ʟʦʥʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ; Ů̔ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚ -̔ʤʫ ʜʽʘʧʘʟʦʥʽ. 
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ʉʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʨʽʚʥʷʥʥʷ 

(2.3) ʚʠʨʘʞʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ɿʥʘʯʝʥʥʷ ¬

iL , ®

iL , ʽ Űi ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ, ʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʩʝʥʩʦʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʶʯʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ MODTRAN [12]. 

ʅʘ ʦʩʥʦʚʽ ʜʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦ ʨʦʟʨʘʭʫʥʦʢ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʠʛʫʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʆʜʥʠʤ ʽʟ 

ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʻ ʢʘʣʴʢʫʣʷʪʦʨ ʘʪʤʦʩʬʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Atmcorr, 

ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ NASA (https://atmcorr.gsfc.nasa.gov/). ʂʘʣʴʢʫʣʷʪʦʨ 

ʨʦʟʨʦʙʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʠ MODTRAN, ʽ ʚʽʥ ʨʦʟʨʘʭʦʚʫʻ ʽʥʪʝʛʨʘʣʴʥʽ 

ʧʦʢʘʟʥʠʢʠ ʢʦʨʝʢʮʽʾ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʤʝʞʘʭ ʢʘʥʘʣʽʚ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʜʘʥʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʝʥʩʦʨʽʚ 

ʩʫʧʫʪʥʠʢʽʚ Landsat-7 ʪʘ 8, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʜʘʪʫ, ʯʘʩ, ʰʠʨʦʪʫ ʪʘ ʜʦʚʛʦʪʫ ʟʥʽʤʘʥʥʷ, 

ʪʠʧ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʨʦʬʽʣʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʝʟʦʥʫ (ʟʠʤʘ ʫ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪʘʭ 

ʘʙʦ ʣʽʪʦ ʫ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪʘʭ) ʪʘ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʥʘ ʤʦʤʝʥʪ ʟʥʽʤʘʥʥʷ [13].  

ɯʩʥʫʶʯʠʡ ʥʘʨʘʟʽ ʽʥʪʝʨʬʝʡʩ (ʨʠʩ. 2.3) ʜʘʻ ʜʘʥʽ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʢʦʨʠʛʫʚʘʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʠʰʝ ʜʣʷ ʜʝʩʷʪʦʛʦ ʢʘʥʘʣʫ ʜʘʥʠʭ 

ʩʫʧʫʪʥʠʢʘ Landsat-8 (13,3-11,3 ʤʢʤ) ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʧʦʣʷ ʟʘʩʪʦʩʦʚʫʶʯʠ ʣʠʰʝ ʜʘʥʠʡ ʢʘʥʘʣ. ɺ ʫʤʦʚʘʭ ʥʝʟʘʣʝʞʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʘʥʽ ʦʜʥʦʛʦ ʢʘʥʘʣʫ ʻ 

ʜʦʩʪʘʪʥʽʤ ʤʽʥʽʤʫʤʦʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ. 
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ʈʠʩ. 2.3. ɯʥʪʝʨʬʝʡʩ ʢʘʣʴʢʫʣʷʪʦʨʘ ʘʪʤʦʩʬʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Atmcorr 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʣʴʢʫʣʷʪʦʨʘ Atmcorr ʦʪʨʠʤʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚʠʩʭʽʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʪʤʦʩʬʝʨʠ ʚ ʥʘʧʨʷʤʢʫ ʩʝʥʩʦʨʘ, ʚ ʥʘʧʨʷʤʢʫ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʟʦʥʘʣʴʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʽʥʰʠʭ ʩʠʩʪʝʤ ʟʥʽʤʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʟʦʢʨʝʤʘ ʜʣʷ ʟʦʙʨʘʞʝʥʴ 11-ʛʦ ʢʘʥʘʣʫ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʘ 

Landsat-8, ʤʦʞʣʠʚʘ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʛʦʨʪʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ 

ʘʪʤʦʩʬʝʨʠ, ʦʪʨʠʤʘʥʠʭ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʤʠ ʩʝʥʩʦʨʘʤʠ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [14]. ʋ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʢʨʠʪʪʷ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ (ʥʘʧʨʠʢʣʘʜ, ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ 

ʩʝʥʩʦʨʘ TASI-600 8ï11,5 ʤʢʤ ʘ ʫ 11-ʛʦ ʢʘʥʘʣʫ ʜʘʥʠʭ Landsat-8 11,5ï12,5 ʤʢʤ) 

ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʫ ʘʪʤʦʩʬʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʣʠʚʦ ʝʢʩʪʨʘʧʦʣʶʚʘʪʠ ʥʘ ʜʽʘʧʘʟʦʥ 

ʩʧʝʢʪʨʫ, ʜʣʷ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʮʽ ʧʘʨʘʤʝʪʨʠ (ʨʠʩ. 2.4). 
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ʈʠʩ. 2.4. ʉʧʝʢʪʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʘʪʤʦʩʬʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ L

ŷ
, L
Ź
 ʪʘ Ű 

 2.2.2 ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ 

ʆʩʥʦʚʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʜʘʣʝʢʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʩʪʫʧʘʻ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɼʘʥʘ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʦʙʠʪʴ ʟʘʚʜʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʤʘʪʝʤʘʪʠʯʥʦ ʥʝʢʦʨʝʢʪʥʦʶ: ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʚ ʨʽʚʥʷʥʥʷʭ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʧʝʨʝʥʦʩʫ ʟʘʚʞʜʠ ʥʘ ʦʜʠʥʠʮʶ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʷʥʴ ʚ ʩʠʩʪʝʤʽ [15]. 

ʉʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʘ ʚʽʜ 

ʦʜʥʦʾ, ʪʘ ʾʭ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʧʘʜʘʶʯʦʛʦ ʥʘ ʥʴʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘʢ ʩʘʤʦ ʨʽʟʥʘ. ʊʦʤʫ ʢʦʞʝʥ ʦʢʨʝʤʦ ʚʟʷʪʠʡ 

ʤʘʪʝʨʽʘʣ ʤʘʻ ʚʢʨʘʡ ʩʢʣʘʜʥʫ ʢʨʠʚʫ ʟʘʣʝʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʙʪʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ñʩʽʨʦʛʦò ʪʽʣʘ ï ʦʙôʻʢʪʘ, ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʷʢʦʛʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʣʠʰʝ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ [16]. 
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ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʡʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʽʥʜʝʢʩʽʚ RVI, NDVI ʪʘ ʽʥ., ʟʘʩʥʦʚʘʥʝ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʜʽʣʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ ʚʽʜ ʚʽʜʢʨʠʪʠʭ ˇʨʫʥʪʽʚ ʽ ʰʪʫʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʘ ʧʦʨʦʛʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʮʠʭ ʽʥʜʝʢʩʽʚ [17]. ʊʦʤʫ ʜʣʷ ʰʪʫʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʦʚʝʨʭʦʥʴ, ʚʢʨʠʪʠʭ 

ʨʦʩʣʠʥʥʽʩʪʶ, ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI  

ʚʠʢʦʥʫʶʪʴʩʷ ʚʽʜʦʢʨʝʤʣʝʥʦ. 

2.2.2.1 ʈʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ, ʚʢʨʠʪʠʭ ʨʦʩʣʠʥʥʽʩʪʶ 

ʇʨʠʥʮʠʧ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, 

ʚʢʨʠʪʠʭ ʨʦʩʣʠʥʥʽʩʪʶ ʟʘʩʥʦʚʘʥʠʡ ʨʽʟʥʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ˇʨʫʥʪʽʚ. 

ʇʨʦʤʽʞʥʽ ʤʽʞ ʧʦʨʦʛʘʤʠ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ NDVI0 ʽ ʧʦʚʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʨʦʩʣʠʥʥʽʩʪʶ NDVIÐ ʟʥʘʯʝʥʥʷ NDVI ʪʨʘʢʪʫʶʪʴʩʷ ʷʢ ʚʽʜʧʦʚʽʜʥʽ ʚʝʣʠʯʠʥʘʤ 

ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ F ʚ ʧʦʪʦʯʥʦʤʫ ʧʽʢʩʝʣʽ [18]: 
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ʜʝ NDVI ï ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ ʚ ʧʦʪʦʯʥʦʤʫ ʧʽʢʩʝʣʽ 

ʟʦʙʨʘʞʝʥʥʷ; NDVI0 ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ 

ʽʥʜʝʢʩʫ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ (ʘʙʦ ʽʥʰʽʡ ʧʦʚʝʨʭʥʽ, ʜʝ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʷ 

ʨʦʩʣʠʥʥʽʩʪʴ); NDVIÐ ï ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ 

ʽʥʜʝʢʩʫ ʧʦʚʝʨʭʥʽ, ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʪʦʶ ʨʦʩʣʠʥʥʽʩʪʶ. 

ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʩʫʤʘʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʽʜʙʠʪʪʷ 

ʜʣʷ ʟʤʽʰʘʥʠʭ ʧʦʚʝʨʭʦʥʴ: 
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 ( ) llll eeee D+-+Ö= FF sv 1 , (2.6) 

 

ʜʝ; leï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʜʘʥʦʤʫ 

ʧʽʢʩʝʣʽ;lev , les ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʧʦʚʝʨʭʥʽ, ʧʦʚʥʽʩʪʶ ʚʢʨʠʪʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ ʪʘ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ ʘʙʦ ʽʥʰʽʡ ʧʦʚʝʨʭʥʽ, ʜʝ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʷ 

ʨʦʩʣʠʥʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ; leD  ï ʧʦʧʨʘʚʢʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʽ (ʩʪʘʥʜʘʨʪʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʽ 

ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ leD = 0,005). 

ɼʣʷ ʧʦʚʝʨʭʦʥʴ, ʧʦʚʥʽʩʪʶ ʚʢʨʠʪʠʭ ʨʦʩʣʠʥʥʽʩʪʶ ʚ ʜʽʘʧʘʟʦʥʽ 10,3-11,3 ʤʢʤ 

(10 ʢʘʥʘʣ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʘ Landsat-8) ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ 0,99 ʜʣʷ ʭʚʦʡʥʦʛʦ ʣʽʩʫ ʪʘ 

0,985 ʜʣʷ ʧʦʣʷ ʣʶʮʝʨʥʠ (ʨʠʩ. 2.5) [19]. ʋʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ 

ʚʝʨʭʥʽʡ ʧʦʨʽʛ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʫʤʽʚ NDVI ʪʘ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʧʦʚʝʨʭʦʥʴ ʚʢʨʠʪʠʭ ʨʦʩʣʠʥʥʽʩʪʶ. 

 

 

ʈʠʩ. 2.5. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʧʦʣʷ ʣʶʮʝʨʥʠ ʪʘ ʭʚʦʡʥʦʛʦ ʣʽʩʫ 

ʊʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʧʦʨʦʛʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʜʣʷ 

ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ ʩʢʣʘʜʘʻ 0,78 ʘ ʥʠʞʥʴʦʛʦ 0,18 [19], ʦʜʥʘʢ ʮʽ ʧʦʢʘʟʥʠʢʠ ʤʦʞʫʪʴ 

ʚʘʨʽʶʚʘʪʠʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʫ 

ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʪʘ ʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 
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ʨʦʟʨʘʭʫʥʢʫ NDVI, ʽ ʜʦʮʽʣʴʥʠʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʨʦʛʽʚ ʫ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ. 

ʆʩʢʽʣʴʢʠ ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʚʝʣʠʯʠʥʘ, ʚʽʜʥʦʩʥʘ ʜʦ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ, ʙʫʜʴ-ʷʢʽ ʡʦʛʦ ʢʦʣʠʚʘʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʷʢʦʩʪʽ ʜʘʥʠʭ ʪʘ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ ʥʝ ʯʠʥʷʪʴ ʚʧʣʠʚʫ ʥʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʅʠʞʥʽʡ ʧʦʨʽʛ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚʝʛʝʪʘʮʽʡʥʦʛʦ 

ʽʥʜʝʢʩʫ NDVI ʟʘʜʘʶʪʴʩʷ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʢʨʠʪʦʤʫ ˇʨʫʥʪʫ. 

ɿʛʽʜʥʦ ʽʟ ʽʩʥʫʶʯʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʙʽʙʣʽʦʪʝʢʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ASTER Spectral 

Library, ʚ ʜʽʘʧʘʟʦʥʽ 10,3-11,3 ʤʢʤ ʜʣʷ ʪʠʧʦʚʠʭ ʜʣʷ ʋʢʨʘʾʥʠ ˇʨʫʥʪʽʚ ʢʣʘʩʫ 

Mollisol (ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ USDA [20]) ʢʦʝʬʽʮʽʻʥʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ 

ʩʢʣʘʜʘʻ 2,5-3%, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 0,975-

0,97 (ʨʠʩ. 2.6). 

 

ʈʠʩ. 2.6. ʂʨʠʚʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʩʫʛʣʠʥʢʦʚʠʭ ˇʨʫʥʪʽʚ ʢʣʘʩʫ Mollisol 

 

ʆʜʥʘʢ, ʪʠʧʦʚʽ ʩʧʝʢʪʨʠ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʙ ˇʨʫʥʪʫ ʽʟ ʥʦʨʤʘʣʴʥʠʤ 

ʚʤʽʩʪʦʤ ʚʦʣʦʛʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʩʠʩʪʝʤʘʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ʦʜʝʨʞʫʶʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʷʢʘ ʧʽʜ ʜʽʻʶ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʪʨʘʯʘʻ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʚʦʣʦʛʠ. ʇʨʠ ʮʴʦʤʫ ʧʠʪʦʤʘ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ˇʨʫʥʪʫ ʟʥʠʞʫʻʪʴʩʷ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʥʠʞʫʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ 
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ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʪʝʧʣʦ [21]. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʦʮʽʥʢʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʟʚʦʣʠʣʘ ʚʩʪʘʥʦʚʠʪʠ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʨʽʚʥʽ 0,92 [22]. 

ɿʘʛʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ 

ʨʽʚʥʷʥʥʷʤ 2.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.7. 

 

ʈʠʩ. 2.7. ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʜʣʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʚʢʨʠʪʦʾ ʨʦʩʣʠʥʥʽʩʪʶ 

 

ɼʘʣʽ ʚʽʜʦʢʨʝʤʣʝʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʪʠʧʽʚ ʧʦʚʝʨʭʦʥʴ. 

2.2.2.2 ʈʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʨʦʩʣʠʥʥʠʭ ʧʦʢʨʠʚʽʚ ʪʘ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ 

ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʽʡʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ 

ɼʣʷ ʧʦʢʨʠʚʽʚ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʨʦʟʜʽʣʽ 2.2.2 ʧʦʜʽʙʥʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʚʝʛʝʪʘʮʽʡʥʠʤ ʽʥʜʝʢʩʦʤ NDVI ʥʝ ʽʩʥʫʻ. ʆʜʥʘʢ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦ 

ʚʠʟʥʘʯʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʥʘʯʝʥʴ ʤʦʞʣʠʚʦ ʚʽʜʥʦʚʠʪʠ ʮʶ ʟʘʣʝʞʥʽʩʪʴ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʧʨʦʤʽʞʢʫ 01 NDVINDVI¢¢-  ʚʟ̫ʪʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ 

ʜʦ ʟʥʘʯʝʥʥʷ 0,99 ʧʨʠ ʟʥʘʯʝʥʥʽ 1-=NDVI , ʘ ʧʨʠ 0NDVINDVI=  ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʨʽʚʥʶʻ ʡʦʛʦ ʟʥʘʯʝʥʥʶ ʜʣʷ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ. ʅʘ 
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ʧʨʦʤʽʞʢʫ 1¢¢¤ NDVINDVI  ʧʨʠʧʫʱʝʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʜʦ 0,995 ʧʨʠ 1=NDVI . ʇʨʦʤʽʞʥʽ ʚʫʟʣʦʚʽ ʪʦʯʢʠ 

ʜʣʷ ʦʙʦʭ ʜʽʘʧʘʟʦʥʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʧʝʢʪʨʽʚ 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʰʪʫʯʥʠʭ ʧʦʢʨʠʚʽʚ ʦʪʨʠʤʘʥʠʭ ʽʟ ʙʘʟʠ 

ASTER Spectral Library ʚʽʜ ʧʦʢʘʟʥʠʢʘ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʟʘ ʤʝʞʘʤʠ 

ʡʦʛʦ ʟʥʘʯʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʠʚʘʤ ʪʘ ʚʽʜʢʨʠʪʦʤʫ ˇʨʫʥʪʫ. 

ʂʦʞʝʥ ʽʟ ʦʪʨʠʤʘʥʠʭ ʩʧʝʢʪʨʽʚ ʽʟ ʙʘʟʠ ASTER Spectral Library ʩʢʦʨʦʯʫʻʪʴʩʷ 

ʜʦ ʤʝʞ ʜʦʚʞʠʥ ʭʚʠʣʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚ ʷʢʠʭ ʦʪʨʠʤʘʥʽ ʜʘʥʽ 

ʟʥʽʤʘʥʥʷ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ɼʘʣʽ ʦʪʨʠʤʘʥʽ ʩʧʝʢʪʨʠ ʫʟʘʛʘʣʴʥʶʶʪʴʩʷ ʪʘ ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʽʟ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʜʫʙʣʶʚʘʥʥʷ 

ʦʜʝʨʞʘʥʠʭ ʟʥʘʯʝʥʴ ʫʩʫʚʘʻʪʴʩʷ. ɼʣʷ ʮʴʦʛʦ ʨʝʘʣʽʟʦʚʘʥʦ ʩʢʨʠʧʪ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ SciLab (ɼʦʜʘʪʦʢ ɹ). 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʩʧʝʢʪʨʽʚ ʩʪʚʦʨʶʻʪʴʩʷ ʭʤʘʨʘ ʪʦʯʦʢ ʟʘʣʝʞʥʦʩʪʽ 

ʫʩʝʨʝʜʥʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʽʟ ʪʠʧʦʚʠʭ 

ʩʧʝʢʪʨʽʚ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʚʠʨʘʞʝʥʦʛʦ ʯʝʨʝʟ ʩʧʝʢʪʨʘʣʴʥʫ 

ʯʫʪʣʠʚʽʩʪʴ ʩʝʥʩʦʨʘ ʫ ʯʝʨʚʦʥʦʤʫ ʪʘ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʢʘʥʘʣʘʭ 

(ʨʠʩ. 2.8). ɼʘʥʘ ʧʨʦʮʝʜʫʨʘ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʩʢʨʠʧʪʘ (ʜʦʜʘʪʦʢ ɺ). 

 

ʈʠʩ. 2.8. ʍʤʘʨʘ ʪʦʯʦʢ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʪʠʧʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜ ʽʥʜʝʢʩʫ NDVI 
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ʅʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʘ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ Ů ʪʘ NDVI, ʦʜʝʨʞʘʥʽ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʧʨʠʨʦʜʥʠʭ ʪʘ ʰʪʫʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦʟʚʦʣʷʶʪʴ ʽʟ ʟʘʜʦʚʽʣʴʥʦʶ ʪʦʯʥʽʩʪʶ ʦʧʠʩʘʪʠ 

ʾʭ ʨʝʛʨʝʩʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʩʧʣʘʡʥʦʤ, ʧʨʦʚʝʜʝʥʠʤ ʯʝʨʝʟ ʦʧʪʠʤʘʣʴʥʦ ʧʽʜʽʙʨʘʥʽ 

ʚʫʟʣʦʚʽ ʪʦʯʢʠ. ʆʪʨʠʤʘʥʘ ʭʤʘʨʘ ʪʦʯʦʢ ʫʩʝʨʝʜʥʶʻʪʴʩʷ ʧʦ ʦʙʦʭ ʦʩʷʭ (ʚʽʩʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʽʥʜʝʢʩʫ NDVI) ʚ ʤʝʞʘʭ, ʷʢʽ ʚʠʭʦʜʷʪʴ 

ʟʘ ʨʘʤʢʠ ʨʦʟʧʦʜʽʣʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ ʜʣʷ ʨʦʩʣʠʥʥʠʭ ʧʦʢʨʠʚʽʚ, ʽ ʦʜʝʨʞʘʥʽ 

ʫʩʝʨʝʜʥʝʥʽ ʪʦʯʢʠ ʽ ʻ ʚʫʟʣʦʚʠʤʠ ʪʦʯʢʘʤʠ, ʯʝʨʝʟ ʷʢʽ ʚʠʢʦʥʫʻʪʴʩʷ ʢʚʘʟʽʦʧʪʠʤʘʣʴʥʘ 

ʩʧʣʘʡʥ-ʘʧʨʦʢʩʠʤʘʮʽʷ ʬʫʥʢʮʽʡ ʟʘʣʝʞʥʦʩʪʽ NDVI ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʨʠʩ. 2.9). 

 

ʈʠʩ. 2.9. ʈʦʟʧʦʜʽʣ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ 

ʧʦʢʨʠʚʽʚ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI 

 

ʆʙôʻʜʥʘʥʥʷ ʦʙʦʭ ʨʦʟʧʦʜʽʣʽʚ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ 

ʧʦʢʨʠʪʪʽʚ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʬʫʥʢʮʽʾ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʣʠʚʦ ʪʘ ʚʭʽʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ 

ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʘʥʘ ʧʨʦʮʝʜʫʨʘ 

ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʦʛʦ ʩʢʨʠʧʪʘ ʜʣʷ ʩʝʨʝʜʦʚʠʱʘ SciLab (ʜʦʜʘʪʦʢ ɻ). 
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2.2.3 ʈʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ʛʦʣʦʚʥʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʚʽʜ ʟʥʘʯʝʥʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʜʦ 

ʟʥʘʯʝʥʴ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ [23]. ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʨʠʤʫʻʪʴʩʷ 

ʦʙʝʨʥʝʥʥʷʤ ʨʽʚʥʷʥʥʷ ʚʠʨʘʞʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ 

ʇʣʘʥʢʘ ʜʣʷ ñʩʽʨʦʛʦò ʪʽʣʘ (2.2): 

 

 

ö
ö
÷

õ
æ
æ
ç

å
+

=

1
)(

ln
5

1

2

sL

c

c
T

l

le
l

, (2.7) 

 

ʇʝʨʰʘ ʽ ʜʨʫʛʘ ʢʦʥʩʪʘʥʪʠ ʇʣʘʥʢʘ ʥʝ ʻ ʟʨʫʯʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʨʦʟʨʘʭʫʥʢʘʭ, ʪʦʤʫ ʟʘʟʚʠʯʘʡ ʨʽʚʥʷʥʥʷ (2.7) ʘʜʘʧʪʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʥʩʦʨʘ ʢʦʥʩʪʘʥʪ K1 ʽ K2, ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʨʠ 

ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʢʘʣʽʙʨʫʚʘʥʥʽ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ. 
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ʜʝ T ï ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ (ʂ); Ls ï ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʘʧʝʨʪʫʨʽ ʩʝʥʩʦʨʘ, ʨʦʟʨʘʭʦʚʘʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʨʽʚʥʷʥʥʷ 2.4). 

ɿʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ K1 ʽ K2 ʜʣʷ ʚʩʽʭ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʝʥʩʦʨʽʚ ʩʫʧʫʪʥʠʢʽʚ ʩʝʨʽʾ 

Landsat ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.2 [24]. 

ʊʘʙʣʠʮʷ 2.2 

ʂʦʥʩʪʘʥʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʥʩʦʨʽʚ ʩʫʧʫʪʥʠʢʽʚ ʩʝʨʽʾ Landsat 

 Landsat TM 

(band 6) 

Landsat ETM+ 

(band 6-1) 

Landsat ETM+ 

(band 6-2) 

Landsat TIRS 

(band 10) 

Landsat TIRS 

(band 11) 

ʂ1 607,76 666,09 666,09 774,89 480,89 

ʂ2 1260,56 1282,71 1282,71 1321,08 1201,14 
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ʈʝʘʣʽʟʘʮʽʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 2.8 ʪʘ 

ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ, ʢʘʣʽʙʨʘʮʽʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʘʪʤʦʩʬʝʨʥʦʶ ʤʦʜʝʣʣʶ 2.4 ʤʦʞʣʠʚʘ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʘʩʪʨʦʚʦʛʦ ʢʘʣʴʢʫʣʷʪʦʨʘ, ʷʢʠʡ ʚʙʫʜʦʚʘʥʦ ʚ ʫʩʽ ʽʩʥʫʶʯʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ, 

ʧʦʚôʷʟʘʥʽ ʽʟ ʦʙʨʦʙʢʦʶ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (Harris Geospatialôs 

ENVI, ArcGIS, QGIS, ERDAS Imagine). ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʨʘʩʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʚʙʫʜʦʚʘʥʠʭ 

ʨʘʩʪʨʦʚʠʭ ʢʘʣʴʢʫʣʷʪʦʨʽʚ ʥʝʜʦʩʪʘʪʥʴʦ, ʪʦʤʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʨʦʛʨʘʤʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʥʘʧʨʠʢʣʘʜ SciLab) ʘʙʦ ʨʦʟʨʦʙʢʘ 

ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʩʝʨʝʜʦʚʠʱ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ɼɿɿ (ʥʘʧʨʠʢʣʘʜ, 

ʤʦʜʫʣʽʚ ʤʦʚʦʶ IDL ʜʣʷ Harris Geospatialôs ENVI). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ ʚʠʜʠʤʦʤʫ ʪʘ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʧʝʨʝʡʪʠ ʚʽʜ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʧʦʢʨʠʚʽʚ, ʘ ʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʜʝʪʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʫʶʯʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʦ ʚʠʱʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʜʘʥʠʤʠ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

2.3 ɿʚôʷʟʦʢ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʘʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʽʟ ʾʭ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 

ʇʦʥʷʪʪʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʥʝ ʤʘʻ ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʽ ʡʦʛʦ ʟʤʽʩʪ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʜʘʥʠʭ, ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ.  

ʇʽʜ ʦʮʽʥʢʦʶ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʠ ʨʦʟʫʤʽʻʤʦ ʘʧʨʽʦʨʥʫ ʦʮʽʥʢʫ ʤʦʞʣʠʚʦʩʪʝʡ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʫ (ʘʙʦ ʢʦʤʙʽʥʘʮʽʡ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ) ʥʘʜʘʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ, ʮʝ ʻ ʛʦʣʦʚʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʦʮʽʥʢʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ [25]. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʥʝʦʙʭʽʜʥʦ 

ʦʧʠʨʘʪʠʩʴ ʥʘ ʦʮʽʥʢʫ ʽʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʥʘ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ. ɺ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ 
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ʦʙʩʷʛ ʘʙʦ ʯʘʩʪʢʫ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʾʾ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. ʂʦʨʠʩʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʟʦʙʨʘʞʝʥʥʽ,ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʟʥʘʯʝʥʥʷʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʢʦʥʢʨʝʪʥʦʾ ʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ. ʊʦʤʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʦʮʽʥʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʦʜʠʥʠʮʷʭ. 

ʉʪʦʩʦʚʥʦ ʨʘʩʪʨʦʚʠʭ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʾʭ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʥʽʤʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ [26]. ʊʘʢ, ʧʨʠ ʧʦʢʨʘʱʝʥʥʽ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʚʘʜʨʘʪʠʯʥʦ. ʇʠʪʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʜʘʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʨʦʟʛʣʷʜʘʚ ʂʦʥʦʥʦʚ 

[26, 27]. 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʟʥʽʤʘʥʥʷ ʚʽʜʥʦʩʥʦ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʦʙôʻʢʪʽʚ ʪʘ 

ʬʦʥʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʜʘʥʦʛʦ ʣʘʥʜʰʘʬʪʫ. ʗʢʱʦ ʦʙôʻʢʪʽʚ ʪʘ ʬʦʥʽʚ ʜʝʢʽʣʴʢʘ, 

ʪʘʢʘ ʽʥʬʦʨʤʘʮʽʷ ʤʘʻ ʜʦʜʘʚʘʪʠʩʴ ʧʦ ʚʩʽʭ ʧʘʨʘʭ ñʦʙôʻʢʪ-ʬʦʥò ʪʘ ñʦʙôʻʢʪ-ʦʙôʢʪò. 

ʆʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʦʙʢʠ ʨʘʩʪʨʦʚʠʭ ʜʘʥʠʭ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʻ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʽ 

ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠ ʟʘʣʫʯʝʥʥʽ ʜʘʥʠʭ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʤʦʞʣʠʚʝ ʚʠʢʦʥʘʥʥʷ 

ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʦʢʨʝʩʣʝʥʥʷ ʜʝʪʘʣʝʡ ʣʘʥʜʰʘʬʪʫ ʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʠʮʽ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʧʽʜʚʠʱʫʻ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʪʘ ʙʽʣʴʰ 

ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ 

ʧʝʚʥʦʾ ʜʽʣʷʥʢʠ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʜʘʥʦʾ ʜʽʣʷʥʢʠ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʻ ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʠʮʽ ʟʥʘʯʝʥʴ ʬʽʟʠʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʽʞ ʜʘʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʨʘʜʽʘʮʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʻ 

ʝʢʚʽʚʘʣʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ ñʩʠʛʥʘʣ-ʰʫʤò ʫ ʢʘʥʘʣʽ ʨʝʻʩʪʨʘʮʽʾ ʚʽʜʥʦʩʥʦ ʦʙôʻʢʪʘ ʪʘ 
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ʬʦʥʫ, ʷʢʝ ʚʠʟʥʘʯʘʻ, ʟʦʢʨʝʤʘ, ʯʠʩʣʦ ʢʦʨʠʩʥʠʭ ʛʨʘʜʘʮʽʡ ʩʠʛʥʘʣʫ, ʱʦ 

ʨʦʟʨʽʟʥʶʻʪʴʩʷ. 

ʅʘ ʨʠʩ. 2.10 ʟʦʙʨʘʞʝʥʦ ʙʣʦʢ-ʩʭʝʤʫ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʽ ʰʫʤʽʚ ʫ 

ʜʠʩʢʨʝʪʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʢʘʥʘʣʽ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, 

ʥʘʧʨʠʢʣʘʜ, ʨʦʟʧʦʜʽʣʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʘʙʦ ʾʭ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

 

ʈʠʩ. 2.10. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʪʘ ʰʫʤʽʚ 

 

ʋ ʨʠʩ. 2.10 ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: Su(ɜ) ï ʫʩʝʨʝʜʥʝʥʠʡ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʍʽʥʯʠʥʘ-ɺʽʥʝʨʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ; Matm(ɜ) ï 

ʤʦʜʝʣʴ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ ʘʪʤʦʩʬʝʨʠ; FɆ(ɜ) ï ʩʫʤʘʨʥʘ ʬʫʥʢʮʽʷ ʧʝʨʝʜʘʯʽ 

ʤʦʜʫʣʷʮʽʾ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʬʦʪʦʧʨʠʡʤʘʯʘ; ŭu ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʩʠʛʥʘʣʫ; ŭn ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʰʫʤʫ; 

Su out(ɜ) ʪʘ Sn out(ɜ) ï ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʽ ʩʧʝʢʪʨʠ ʍʽʥʯʠʥʘ-ɺʽʥʝʨʘ ʩʠʛʥʘʣʫ ʪʘ 

ʰʫʤʫ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ; n ï ʫʟʘʛʘʣʴʥʝʥʘ ʧʨʦʩʪʦʨʦʚʘ ʯʘʩʪʦʪʘ 

( 22

yx vvv += , ʜʝ nx ʠ ny ï ʧʨʦʩʪʦʨʦʚʽ ʯʘʩʪʦʪʠ ʧʦ ʦʩʷʤ ʭ ʠ y ʚʽʜʧʦʚʽʜʥʦ). 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʦʮʽʥʢʘ ʉ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ[27]:  
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ʜʝ RK ï ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʜʣʷ ʢʦʥʪʨʘʩʪʫ ʤʽʨʠ, ʨʽʚʥʦʾ ʢʦʥʪʨʘʩʪʫ 

ʦʙôʻʢʪʘ ʂ. 

ɺʠʨʘʟ ʜʣʷ ʩʝʨʝʜʥʴʦʾ ʝʥʝʨʛʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ, 

ʷʢʘ ʟʯʠʪʫʻʪʴʩʷ ʘʧʝʨʪʫʨʦʶ, ʨʽʚʥʦʶ ʧʣʦʱʽ ʧʨʦʝʢʮʽʾ ʧʽʢʩʝʣʘ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 
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ʧʣʦʱʠʥʫ ʦʙôʻʢʪʽʚ ʟʘ ʧʝʚʥʠʡ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʚʠʛʣʷʜʽ: 
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ʜʝ Su out ï ʩʝʨʝʜʥʷ ʝʥʝʨʛʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ; d0 ï 

ʣʽʥʽʡʥʠʡ ʨʦʟʤʽʨ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʤ; Dt ï ʯʘʩ 

ʝʢʩʧʦʟʠʮʽʾ, ʩ; )(loL ʠ )(loL  ï ʩʧʝʢʪʨʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ ʦʙôʻʢʪʘ ʪʘ ʩʧʝʢʪʨʘʣʴʥʘ 

ʷʩʢʨʘʚʽʩʪʴ ʦʙôʻʢʪʘ ʥʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ; kn ï ʢʦʝʬʽʮʽʻʥʪ ʥʦʨʤʫʚʘʥʥʷ; tS(l) ï 

ʩʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʪʘ ʦʧʪʠʢʦ-

ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʩʝʥʩʦʨʘ; l1 ʠ l2 ï ʤʝʞʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʥʷ 

ʩʝʥʩʦʨʘ; m ï  ʟʥʘʤʝʥʥʠʢ ʤʘʩʰʪʘʙʫ ʟʥʽʤʘʥʥʷ. 

ɽʥʝʨʛʽʷ ʰʫʤʫ ʥʘ ʚʠʭʦʜʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

 tmdS n DÖÖ= 22

0outn )( d , (2.11) 

 

ʜʝ Sn out ï ʩʝʨʝʜʥʷ ʝʥʝʨʛʽʷ ʰʫʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʣʫʢʪʫʘʮʽʷʤʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ; ŭʩ
2
 ï ʜʠʩʧʝʨʩʽʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɯʟ ʨʽʚʥʷʥʴ (2.10) ʪʘ (2.11) ʚʠʜʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʩʠʛʥʘʣʫ ʪʘ ʰʫʤʫ ʥʘ ʚʠʭʦʜʽ 

ʩʠʩʪʝʤʠ ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʽʟ ʧʣʦʱʝʶ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʧʨʠʚʝʜʝʥʦʛʦ ʫ 

ʧʣʦʱʠʥʫ ʦʙôʻʢʪʽʚ. ʋ ʜʘʥʠʭ ʚʠʨʘʟʘʭ ʩʧʝʢʪʨʘʣʴʥʽ ʷʩʢʨʘʚʦʩʪʽ ʩʠʛʥʘʣʽʚ ʪʘ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʬʣʫʢʪʫʘʮʽʾ ʷʩʢʨʘʚʦʩʪʽ ʧʽʜʥʝʩʝʥʽ ʜʦ ʢʚʘʜʨʘʪʫ. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʷʩʢʨʘʚʽʩʪʴ ʻ ʘʤʧʣʽʪʫʜʦʶ ʩʠʛʥʘʣʫ ʪʘ ʰʫʤʫ, ʘ ʚʽʜʥʦʰʝʥʥʷ ñʩʠʛʥʘʣ-ʰʫʤò 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʘʞʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʩʧʝʢʪʨʽʚʍʽʥʯʠʥʘ-ɺʽʥʝʨʘ, ʷʢʽ ʧʦ 

ʩʫʪʽ ʻ ʩʧʝʢʪʨʘʤʠ ʜʠʩʧʝʨʩʽʡ [28]. 

ɻʨʘʥʠʯʥʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʜʠʩʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʢʦʥʪʨʘʩʪʫ 

ʂ = 1,0 ʫ ʧʣʦʱʠʥʽ ʦʙôʻʢʪʽʚ ʟʛʽʜʥʦ ʽʟ ʪʝʦʨʝʤʦʶ ʅʘʡʢʚʽʩʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ɺʠʨʘʟ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʠʩʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʢʦʥʪʨʘʩʪʫ ʂ 

ʜʦʨʽʚʥʶʻ [29]: 
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ʘ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʥʘʙʫʚʘʻ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ: 
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ʆʪʞʝ, ʦʮʽʥʢʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘ ʂʦʥʦʥʦʚʠʤ [27] ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘʙʫʚʘʻ ʥʘʩʪʫʧʥʦʛʦ ʟʤʽʩʪʫ: 
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ʜʝ K ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʥʪʨʘʩʪ ʜʽʣʷʥʦʢ ʽʟ ʥʘʡʚʠʱʦʶ ʪʘ ʥʘʡʥʠʞʯʦʶ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚ ʤʝʞʘʭ ʩʮʝʥʠ; d ï ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʟʥʽʤʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ; ɣ ï ʚʽʜʥʦʰʝʥʥʷ ñʩʠʛʥʘʣ-ʰʫʤò. ʈʦʟʤʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ï ʙʽʪ/ʤ
2
. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʤʦʞʣʠʚʦ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʥʘʩʪʫʧʥʽ 

ʧʘʨʘʤʝʪʨʠ ʩʮʝʥʠ:  

ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʥʪʨʘʩʪ ʜʚʦʭ ʜʽʣʷʥʦʢ, ʦʜʥʘ ʟ ʷʢʠʭ ʤʘʻ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʽʥʰʘ ï ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ (ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʻ ʚʽʜʥʦʩʥʦʶ, 

ʦʩʢʽʣʴʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʦʚʝʨʭʦʥʴ, ʘʣʝ ʜʘʥʠʡ ʧʽʜʭʽʜ ʻ ʜʦʮʽʣʴʥʠʤ ʧʨʠ 

ʧʦʨʽʚʥʷʣʴʥʽʡ ʦʮʽʥʮʽ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʚʦʭ ʟʦʙʨʘʞʝʥʴ, ʢʦʣʠ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʜʥʽ ʽ ʪʽ ʞ ʜʽʣʷʥʢʠ); 

ï ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ; 

ï ʚʽʜʥʦʰʝʥʥʷ ñʩʠʛʥʘʣ-ʰʫʤò. 
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ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʥʪʨʘʩʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʮʽ ʩʝʨʝʜʥʽʭ 

ʪʝʤʧʝʨʘʪʫʨ ʜʚʦʭ ʦʜʥʦʨʽʜʥʠʭ ʜʽʣʷʥʦʢ, ʜʠʩʧʝʨʩʽʷ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʝʞʘʭ 

ʷʢʠʭ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʚʥʝʩʝʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʘ ʟʙʽʣʴʰʫʻ ʜʠʩʧʝʨʩʽʶ ʟʥʘʯʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰʦʩʪʽ ʜʽʣʷʥʦʢ, ʧʨʠ ʮʴʦʤʫ ʜʘʥʠʡ ʧʨʠʨʽʩʪ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʨʠʩʥʠʡ 

ʩʠʛʥʘʣ, ʘ ʥʝ ʰʫʤ. ʅʘʧʨʠʢʣʘʜ, ʜʦ ʜʦʩʪʘʪʥʴʦ ʛʦʤʦʛʝʥʥʠʭ ʪʝʨʠʪʦʨʽʡ ʚʽʜʥʦʩʷʪʴʩʷ 

ʚʦʜʥʘ ʧʦʚʝʨʭʥʷ, ʘʙʦ ʟʦʨʘʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ 

ʢʦʥʪʨʘʩʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  
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ʜʝ ȹT ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʜʚʦʭ ʜʽʣʷʥʦʢ; T1 ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʽʣʷʥʢʠ ʽʟ 

ʚʠʱʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ; T0 ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʽʣʷʥʢʠ ʽʟ ʥʠʞʯʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʚʠʙʨʘʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʤʘʻ 

ʙʫʪʠ ʷʢʥʘʡʤʝʥʰʦʶ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʠʩʧʝʨʩʽʶ ʟʥʘʯʝʥʴ ʥʘ 

ʦʙʦʭ ʜʽʣʷʥʢʘʭ. ʅʘ ʨʠʩ. 2.11 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠʢʣʘʜ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʦʥʪʨʘʩʪʫ ʤʽʞ ʜʽʣʷʥʢʦʶ, ʚʢʨʠʪʦʶ ʧʽʩʢʦʤ ʪʘ ʚʽʜʢʨʠʪʦʶ ʚʦʜʥʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʚʠʜʽʣʝʥʠʭ ʫ ʨʘʡʦʥʠ ʽʥʪʝʨʝʩʫ. 

 

 

ʈʠʩ. 2.11. ʆʢʨʝʩʣʝʥʥʷ ʨʘʡʦʥʽʚ ʽʥʪʝʨʝʩʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʦʥʪʨʘʩʪʫ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʤʽʞ ʜʚʦʤʘ ʧʦʣʷʤʠ ʽʟ ʨʽʟʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 
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ʂʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʦʮʽʥʢʠ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʠʩʢʨʝʪʥʠʭ ï ʮʠʬʨʦʚʠʭ ʻ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʡ 

ʘʥʘʣʽʟ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʬʫʥʢʮʽʷʭ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ (ʌʇʄ) ʣʘʥʦʢ ʪʨʘʢʪʫ 

ʧʝʨʝʜʘʯʽ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. ʉʫʤʘʨʥʘ ʌʇʄ ʧʦʚʥʽʩʪʶ ʦʧʠʩʫʻ ʧʝʨʝʜʘʚʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʽʢʦʥʽʯʥʠʤ ʩʠʩʪʝʤ ʪʘ ʤʘʻ ʦʙôʻʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʚʠʤʽʨʶʚʘʥʥʷ [30]. ʅʘ 

ʦʩʥʦʚʽ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦʶ ʟʥʽʤʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ʟʘ ʜʝʷʢʠʤʠ 

ʚʽʜʦʤʠʤʠ ʾʾ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʌʇʄ ʜʘʥʦʾ 

ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ [31]. 

ɺʽʜʥʦʰʝʥʥʷ ñʩʠʛʥʘʣ-ʰʫʤò ʥʘ ʦʩʥʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [32]: 
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ʜʝ ŭ1 ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʽʟ 

ʚʠʱʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ; ŭ0 ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʟʥʘʯʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʽʟ ʥʠʞʯʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. 

ʈʽʚʥʷʥʥʷ (2.16) ʪʘ (2.17) ʤʦʞʣʠʚʦ ʘʜʘʧʪʫʚʘʪʠ ʪʘʢʦʞ ʜʦ ʟʦʙʨʘʞʝʥʴ 

ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʘʤʝ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʟʦʙʨʘʞʝʥʴ ʦʢʨʽʤ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦ ʦʮʽʥʶʻʪʴʩʷ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʧʦʢʘʟʥʠʢʦʤ MRTD 

(minimum resolvable temperature difference), ʷʢʠʡ ʻ ʟʥʘʯʝʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦʾ 

ʨʦʟʨʽʟʥʶʚʘʣʴʥʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ [33]: 
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ʜʝ NETD (noise-equivalent temperature difference) ï ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ, 

ʝʢʚʽʚʘʣʝʥʪʥʘ ʰʫʤʫ, F(ɜ) ï ʬʫʥʢʮʽʷ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ. 

NETD ʟʘ ʮʠʬʨʦʚʠʤ ʽʥʬʨʘʯʝʨʚʦʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ [34] 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 2.17 ʽ 2.19 ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ MRTD 

ʥʘʙʫʚʘʻ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ: 
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ɺ ʨʦʙʦʪʽ ʥʝ ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʪʘʢʽ ʟʥʽʤʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʠʭ 

ʩʠʩʪʝʤ ʢʦʩʤʽʯʥʦʛʦ ʙʘʟʫʚʘʥʥʷ, ʷʢ ʚʽʜʥʦʰʝʥʥʷ ñʩʠʛʥʘʣ-ʰʫʤò, ʰʠʨʠʥʘ ʩʤʫʛʠ 

ʦʛʣʷʜʫ ʪʘ ʽʥ. ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʮʽʣʢʦʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ 

ʧʨʦʛʨʘʤʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ ʩʧʽʣʴʥʦʾ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʧʘʨ 

ʟʦʙʨʘʞʝʥʴ. 

ʇʦʢʘʟʥʠʢ MRTD ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʟʥʠʮʶ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʥʝ 

ʰʫʤʫ ʽ ʡʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʜʣʷ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʜʦʜʘʪʢʦʚʦ ʦʮʽʥʠʪʠ ʧʨʠʨʽʩʪ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʚ ʢʦʥʪʝʢʩʪʽ 

ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. 

2.4 ʄʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʧʘʨ 

ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʇʜ̔ʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʘʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ 

ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ʉʫʙʧʽʢʩʝʣʴʥʘ 

ʦʙʨʦʙʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʢʽʣʴʢʦʭ ʟʦʙʨʘʞʝʥʴ ʦʜʥʽʻʾ ʩʘʤʦʾ ʩʮʝʥʠ, ʟʤʽʱʝʥʠʭ ʦʜʥʦ 

ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥʘ ʜʨʦʙʦʚʫ ʯʘʩʪʠʥʫ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʧʽʢʩʝʣʘ. 

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʭʦʜʫ ʚʽʜ 
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ʚʩʴʦʛʦ ʥʘʙʦʨʫ ʚʭʽʜʥʠʭ ʜʦ ʥʦʚʦʛʦ ʩʧʽʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʽʟ ʩʫʙʧʽʢʩʝʣʴʥʦʶ ʩʽʪʢʦʶ 

ʨʘʩʪʨʘ [35]. 

ʉʫʙʧʽʢʩʝʣʴʥʘ ʦʙʨʦʙʢʘ ʥʘʙʦʨʫ ʟʦʙʨʘʞʝʥʴ ʤʦʞʣʠʚʘ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʩʽ 

ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʦ ʽʟ ʢʦʨʦʪʢʠʤ ʧʨʦʤʽʞʢʦʤ ʯʘʩʫ, ʢʦʣʠ ʩʮʝʥʘ ʥʝ ʚʩʪʠʛʘʻ 

ʩʫʪʪʻʚʦ ʟʤʽʥʠʪʠʩʷ, ʘʙʦ ʫ ʚʠʧʘʜʢʫ ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʪʘʢʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʮʝʥʽ, ʷʢʘ ʻ ʽʥʚʘʨʽʘʥʪʥʦʶ ʥʘ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʾʭ ʦʪʨʠʤʘʥʥʷ. 

ʇʨʠʢʣʘʜʦʤ ʽʥʚʘʨʽʘʥʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʝ ʚʠʩʪʫʧʠʪʠ ʨʦʟʧʦʜʽʣ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʫ 

ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʷʢʦʛʦ ʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ [31]. 

ʉʫʙʧʽʢʩʝʣʴʥʘ ʨʝʻʩʪʨʘʮʽʷ ʟʦʙʨʘʞʝʥʴ ʻ ʻʜʠʥʠʤ ʤʦʞʣʠʚʠʤ ʩʧʦʩʦʙʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʥʽʤʘʥʥʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʟʦʙʨʘʞʫʚʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʥʽʤʘʣʴʥʦʾ 

ʘʧʘʨʘʪʫʨʠ. 

ɿʘʟʚʠʯʘʡ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʝʪʘʧʽʚ [36]: 

ï ʦʮʽʥʢʘ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ; 

ï ʟʣʠʪʪʷ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚ ʩʧʽʣʴʥʝ ʧʝʨʝʩʝʤʧʣʴʦʚʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʻʜʠʥʦʤʫ ʩʫʙʧʽʢʩʝʣʴʥʦʤʫ ʨʘʩʪʨʽ; 

ï ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʢʽʥʮʝʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʰʣʷʭʦʤ ʧʦʢʨʘʱʝʥʥʷ ʨʽʟʢʦʩʪʽ ʧʝʨʝʩʝʤʧʣʴʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

2.4.1 ʌʦʨʤʫʚʘʥʥʷ ʧʘʨ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ɿʦʙʨʘʞʝʥʥʷ ʜʣʷ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʤʘʶʪʴ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʤʠ ʽʟ ʧʘʨ 

ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʦʜʥʽʻʶ ʟʥʽʤʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ 

ʚʽʜʙʠʨʘʪʠ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ ʽʟ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʯʘʩʦʚʠʤ ʧʨʦʤʽʞʢʦʤ ʤʽʞ 

ʟʥʽʤʘʥʥʷʤʠ (ʜʣʷ Landsat-8 ʮʝ ï 16 ʜʽʙ). ʇʨʠ ʮʴʦʤʫ ʚʠʢʣʶʯʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 
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ʩʮʝʥ ʽʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ Path ʽ Row (ʫʤʦʚʥʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʽʪʢʘ ʨʦʟʤʽʱʝʥʥʷ 

ʩʮʝʥ ʫ ʩʠʩʪʝʤʽ USGS WRS), ʦʩʢʽʣʴʢʠ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʷʚʥʠʤʠ ʢʫʪʦʚʽ ʟʤʽʱʝʥʥʷ ʦʜʥʝ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ, ʢʦʨʠʛʫʚʘʥʥʷ 

ʷʢʠʭ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʪʘ ʫʥʝʤʦʞʣʠʚʠʪʴ ʦʮʽʥʢʫ 

ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ. ʇʨʠʢʣʘʜ ʧʦʜʽʙʥʠʭ ʢʫʪʦʚʠʭ ʟʤʽʱʝʥʴ ʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 2.12. 

 

 

ʈʠʩ. 2.12. ʂʫʪʦʚʝ ʟʤʽʱʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʦʜʥʝ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʧʨʠ ʟʥʽʤʘʥʥʽ ʦʜʥʽʻʾ 

ʜʽʣʷʥʢʠ ʚ ʨʽʟʥʠʭ ʩʤʫʛʘʭ WRS 

 

ʊʘʢʦʞ ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʭʤʘʨʥʦʩʪʽ ʥʘʜ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ 

ʜʽʣʷʥʢʘʤʠ ʥʘ ʦʙʦʭ ʟʦʙʨʘʞʝʥʥʷʭ. ʆʙʠʜʚʘ ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʦʙʨʽʟʘʥʽ ʜʦ 

ʦʜʥʘʢʦʚʦʛʦ ʧʽʢʩʝʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʪʘ ʟʦʙʨʘʞʫʚʘʪʠ ʦʜʥʫ ʡ ʪʝʞ ʩʮʝʥʫ ʽʟ ʪʦʯʥʽʩʪʶ ʜʦ 

ʧʽʢʩʝʣʘ. 

ʇʘʨʠ ʟʦʙʨʘʞʝʥʴ ʽʥʚʘʨʽʘʥʪʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʢʘʟʘʥʠʤ ʚʠʱʝ 

ʚʠʤʦʛʘʤ, ʻ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʽ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

2.4.2 ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʩʫʙʧʽʢʩʝʣʴʥʠʭ ʟʤʽʱʝʥʴ 

ʉʫʙʧʽʢʩʝʣʴʥʝ ʟʤʽʱʝʥʥʷ  ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ ʦʜʥʽʻʾ ʜʽʣʷʥʢʠ, ʦʪʨʠʤʘʥʠʭ ʚ 

ʨʽʟʥʠʡ ʯʘʩ, ʥʘʷʚʥʽ ʟʘʚʞʜʠ ʯʝʨʝʟ ʥʝʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʦʨʙʽʪʠ ʩʫʧʫʪʥʠʢʘ, 

ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʪʘ ʽʥʰʽ ʧʨʠʯʠʥʠ. ʊʘʢʦʞ ʩʫʙʧʽʢʩʝʣʴʥʝ ʟʤʽʱʝʥʥʷ ʤʦʞʣʠʚʦ 

ʩʠʤʫʣʶʚʘʪʠ ʰʪʫʯʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʰʣʷʭʦʤ ʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʘ ʟʥʽʤʘʥʥʷ 

ʘʙʦ ʩʘʤʦʾ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ [35]. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʴ ʻ 

ʬʽʢʩʦʚʘʥʠʤ ʪʘ ʚʽʜʦʤʠʤ. ɸʣʝ ʚ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʽʟ ʨʝʘʣʴʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ 

ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʟʤʽʱʝʥʥʷ ʻ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʽ ʚʠʤʘʛʘʶʪʴ ʦʢʨʝʤʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 
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ʅʘʧʨʷʤ ʦʨʙʽʪʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʠʤ, ʪʦʤʫ 

ʩʫʙʧʽʢʩʝʣʴʥʝ ʟʤʽʱʝʥʥʷ ʤʦʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʘʨʘʣʝʣʴʥʝ ʧʝʨʝʥʝʩʝʥʥʷ, ʪʦʙʪʦ 

ʙʝʟ ʢʫʪʦʚʠʭ ʟʤʽʱʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʪʘ 

ʥʘʧʨʷʤʫ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ 

ʥʝʚʝʣʠʢʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʦʙôʻʢʪ ʽʟ ʯʽʪʢʠʤʠ 

ʢʦʥʪʫʨʘʤʠ ʽ ʚʠʩʦʢʠʤ ʢʦʥʪʨʘʩʪʦʤ ʚʽʜʥʦʩʥʦ ʬʦʥʫ. ʊʘʢʠʤ ʦʙôʻʢʪʦʤ ʤʦʞʫʪʴ 

ʚʠʩʪʫʧʠʪʠ ʢʦʥʪʫʨʠ ʤʽʩʮʝʚʦʩʪʽ, ʚʝʣʠʢʽ ʙʫʜʽʚʣʽ, ʛʨʘʥʠʮʽ ʚʦʜʥʠʭ ʪʽʣ ʽ ʪ. ʜ. 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʥʘʩʪʫʧʥʠʭ ʙʘʟʦʚʠʭ ʫʤʦʚ [37]: 

ï ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʴ, ʧʨʠ ʷʢʦʤʫ ʢʦʨʝʣʷʮʽʷ ʤʽʞ 

ʩʫʤʽʱʝʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ; 

ï ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ; 

ï ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʛʥʽʯʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʜʣʷ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʠʩʢʨʝʪʥʦ ʟʘʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ï ʚʠʢʦʥʫʻʪʴʩʷ ʽʥʪʝʨʧʦʣʷʮʽʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʥʷ ʜʦ ʘʙʩʦʣʶʪʥʠʭ. 

ɿʘʜʘʥʦ ʜʚʘ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʽ ʟʦʙʨʘʞʝʥʥʷ Y1 ʪʘ Y2 ʽʟ ʨʦʟʤʽʨʦʤ mĬn ʚ 

ʪʦʯʢʘʭ (x, y), x = 0, 1, é, mï1, y=0, 1, é, nï1. ɿʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʧʨʠʡʤʘʻʪʴʩʷ 

ʩʪʦʨʦʥʘ ʧʽʢʩʝʣʘ, ʪʦʙʪʦ ʨʦʟʤʽʨ ʧʽʢʩʝʣʘ ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ 1Ĭ1. 

ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʜʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ: 
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ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟʦʙʨʘʞʝʥʥʷ 

ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʥʘ ʬʫʥʢʮʽʶ ()()21 qwqw : 

 

 ( ) ( )()(),,Ĕ,Ĕ
212121, qwqwqqqq klok YY =  (2.22) 

 ʜʝ  () ,1=qw  ;25,025,0 ¢¢- q  

 () ,42 qqw -=  ;5,025,0 ¢¢q  

 () ,0=qw  .5,0²q  

 

ɺʽʜʧʦʚʽʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ ï ʮʝ ʽʥʪʝʨʧʦʣʷʮʽʷ 

ʟʦʙʨʘʞʝʥʥʷ ʰʣʷʭʦʤ ʟʛʦʨʪʢʠ ʟ ʬʫʥʢʮʽʻʶ .cos
2

coscos
2

cosconst ö
÷

õ
æ
ç

å
-ö

÷

õ
æ
ç

å
-Ö y

y
x

x
p

p
p

p
 

ʆʜʥʘʢ ʮʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʻ ʪʦʯʥʦʶ ʽʥʪʝʨʧʦʣʷʮʽʻʶ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʤʽʥʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚ ʪʦʯʢʘʭ, ʜʝ ʮʷ ʬʫʥʢʮʽʷ ʟʘʜʘʥʘ. ɼʣʷ 

ʪʦʛʦ, ʱʦʙ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʝ ʟʤʽʥʶʚʘʣʦʩʴ, ʩʣʽʜ ʚʟʷʪʠ 

 () ,1=qw  ;
3

1

3

1
¢¢- q  

 () ,32 qqw -=  ;
3

2

3

1
¢¢q  

 () ,0=qw  .
3

2
²q  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ( )yx DD, , 

ʜʠʩʢʨʝʪʥʠʭ ʩʫʙʧʽʢʩʝʣʽʚ ʧʽʢʩʝʣʘ ʦʩʥʦʚʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʪʦʙʪʦ 

( )
( ) ( )yyxxYyxY

yx
D+D+=

DD
,,

,
, ʡʦʛʦ ʌʫʨôʻ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ: 

 

 
( )
( ) ( ) ( )

.,Ĕ,Ĕ 212

2121,

yx

kyx
eYY

D+D

DD
=

qqpqqqq  (2.23) 

 

ʇʨʠ ʮʴʦʤʫ ʧʽʢʩʝʣʽ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʢʨʘʶ ʟʦʙʨʘʞʝʥʥʷ, ʥʝʭʪʫʶʪʴʩʷ. 

ʇʝʨʝʪʚʦʨʝʥʥʶ ʌʫʨôʻ, ʚʠʟʥʘʯʝʥʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (2.23), ʚʽʜʧʦʚʽʜʘʻ 

ʟʩʫʚ ʽʟ ʟʛʦʨʪʘʥʥʷʤ ʟʦʙʨʘʞʝʥʥʷ: ʪʘ ʯʘʩʪʠʥʘ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʷ 

ʡʦʛʦ ʤʝʞʽ, ʧʝʨʝʥʦʩʠʪʴʩʷ ʜʦ ʡʦʛʦ ʧʨʦʪʠʣʝʞʥʦʾ ʤʝʞʽ. 
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ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ 

ʇʘʨʩʝʚʘʣʷ: ʷʢʱʦ ( )21,
Ĕ qqkY  ʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʌʫʨôʻ ʬʫʥʢʮʽʡ ( )yxYk ,Ĕ  ʟʘʜʘʥʠʭ ʧʨʠ 

nymx ¢¢¢¢ 0,0 , ʪʦʙʪʦ 

 

 ( ) ( ) ( )ññ
+-

=
mm

k

yx

lok dxdyyxYeY
0 0

2

21, ,,Ĕ 21 qqpqq  (2.24) 

ʪʦ 

 ( )( ) ( )( )212211

,...
1

,0,
1

...,,...
1

,0,
1

...,0 0

21 ,Ĕ,Ĕ1
,,

11

qqqq

qq

YY
nm

dxdyyxYyxY

nnmm

mm

ääññ
-=-=

Ö
=  (2.25) 

 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʜʨʫʛʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʟʤʽʱʝʥʦʛʦ ʥʘ( )yx DD,  ʧʽʩʣʷ 

ʧʨʠʛʥʽʯʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʘʻ ʚʠʛʣʷʜ: 

 

 
( )
( ) ( ) ( )

.,Ĕ,Ĕ 212

21,221,,,2

yx

loyxlo
eYY

D+D

DD
=

qqpqqqq  (2.26) 

 

ʌʫʥʢʮʽʷ ʢʦʨʝʣʷʮʽʾ ʟʦʙʨʘʞʝʥʴ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

 

( ) ( )
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( )
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ê ú
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÷
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=
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n
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m

xk

n

k
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Y

n

k

m

k
Y

YYyxQ
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n

nk

m

mk

yxlolo

nnmm

p

qqqq

qq

 (2.27)  

 

ɿʘ ʜʠʩʢʨʝʪʥʝ ʟʤʽʱʝʥʥʷ ʦʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ ʧʦ ʦʩʷʭ x ʪʘ y 

ʧʨʠʡʤʘʶʪʴʩʷ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ȹx ʪʘ ȹy, ʧʨʠ ʷʢʠʭ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ( )yxQ DD,  ʻ 

ʤʘʢʩʠʤʘʣʴʥʠʤ. 

ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʫʪʦʯʥʝʥʥʷ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʦʪʨʠʤʘʥʽ 

ʧʦʢʘʟʥʠʢʠ ʬʫʥʢʮʽʡ ʢʦʨʝʣʷʮʽʾ ʫ ʩʫʙʧʽʢʩʝʣʘʭ ʽʥʪʝʨʧʦʣʶʶʪʴʩʷ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ  

ʤʘʢʩʠʤʫʤ ʽʥʪʝʨʧʦʣʴʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʚ ʤʝʞʘʭ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʦʛʦ 

ʜʠʩʢʨʝʪʥʦʛʦ ʩʫʙʧʽʢʩʝʣʘ ʽʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ( )yxQ DD, . 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʽʥʪʝʨʧʦʣʴʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʢʦʨʝʣʷʮʽʾ ʤʦʞʣʠʚʦ 

ʦʪʨʠʤʘʪʠ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʥʷ ʽʟ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. 

ɸʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ 

ʜʝʢʽʣʴʢʦʭ ʧʘʨ ʦʧʦʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʢʠ ʷʢʠʭ ʬʦʨʤʫʻʪʴʩʷ 

ʚʠʙʽʨʢʘ ʟʥʘʯʝʥʴ, ʩʝʨʝʜʥʻ ʽʟ ʷʢʦʾ ʧʨʠʡʤʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ 

ʦʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ. 

2.4.3 ɺʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʩʫʙʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ X 

(vec X = x) ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ [38], ʷʢʘ ʫ ʤʘʪʨʠʯʥʦʤʫ 

ʚʠʛʣʷʜʽ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ 

 

 ,eyAx +=  (2.28)  

 

ʜʝ y ï ʧʝʨʝʩʝʤʧʣʴʦʚʘʥʝ ʚʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʨʦʟʛʦʨʥʫʪʝ ʫ ʚʝʢʪʦʨ, A ï ʣʽʥʽʡʥʠʡ 

ʦʧʝʨʘʪʦʨ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, e ï ʚʝʢʪʦʨ ʟʘʣʠʰʢʦʚʠʭ ʧʦʭʠʙʦʢ. 

ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜ ʛʘʫʩʩʽʚʩʴʢʦʾ ʨʝʛʫʣʷʨʠʟʘʮʽʾ [35]. ɿʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ 

ʧʦʭʠʙʢʠ ʚ ʨʽʚʥʷʥʥʽ (2.28) E (vec E = e) ʚʚʘʞʘʶʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ 

ʧʦʣʷʤʠ. ʊʦʜʽ ʦʮʽʥʢʫ x ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 

 yyyLx +-= )(
^

, (2.29)  

ʜʝ 

 

 )( TT

exx AAAL S+SS=  ï  (2.30)  

 

ʦʧʝʨʘʪʦʨ ʨʝʛʫʣʷʨʠʟʘʮʽʾ, xS  ʪʘ eS  ï ʢʦʚʘʨʽʘʮʽʡʥʽ ʤʘʪʨʠʮʽ ʚʝʢʪʦʨʽʚ x ʪʘ e. 

ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʥʘʢʦʧʠʯʝʥʥʶ ʰʫʤʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ 

(ʚ ʦʩʥʦʚʥʦʤʫ ï ʚʠʤʦʛ ʱʦʜʦ ʧʦʪʨʽʙʥʦʛʦ ʦʙôʻʤʫ ʧʘʤôʷʪʽ), ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʨʦʟʚôʷʟʦʢ, ʘʥʘʣʦʛʽʯʥʠʡ (2.29), ʚ ʢʦʚʟʘʶʯʦʤʫ ʚʽʢʥʽ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʣʠʰʝ 
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ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʽʢʩʝʣʘ ʚʽʢʥʘ. 

ʇʨʠ ʧʨʘʢʪʠʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʷʚʣʝʥʦ ʜʝʛʨʘʜʘʮʽʶ ʢʦʥʪʨʘʩʪʫ 

ʪʘ ʧʝʚʥʫ ʟʘʰʫʤʣʝʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʜʝʛʨʘʜʘʮʽʾ 

ʢʦʥʪʨʘʩʪʫ ʦʧʝʨʘʪʦʨ L ʙʫʣʦ ʤʦʜʠʬʽʢʦʚʘʥʦ ʪʘʢ, ʱʦʙ ʡʦʛʦ ʬʫʥʢʮʽʷ ʧʝʨʝʜʘʯʽ 

ʢʦʥʪʨʘʩʪʫ ʜʣʷ ʦʙôʻʢʪʽʚ, ʩʫʤʽʨʥʠʭ ʟ ʨʦʟʤʽʨʦʤ ʚʢ̔ʥʘ, ʜʦʨʽʚʥʶʚʘʣʘ ʦʜʠʥʠʮʽ. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʟʘʰʫʤʣʝʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʽʪʝʨʘʪʠʚʥʦʾ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʦʙʨʘʞʝʥʥʷ [39]. ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʫ ʧʦʯʝʨʛʦʚʽʡ ʨʝʛʫʣʷʨʠʟʘʮʽʾ 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʽ ʥʝʚôʷʟʢʦʢ ï ʧʦʭʠʙʦʢ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʧʨʠ 

ʧʽʜʩʪʘʥʦʚʮʽ ʚʽʜʥʦʚʣʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʫ ʨʽʚʥʷʥʥʷ (2.28). 

ʉʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ (2.28) ʻ ʥʝʜʦʚʠʟʥʘʯʝʥʦʶ, ʪʦʙʪʦ ʤʽʩʪʠʪʴ ʙʽʣʴʰ 

ʥʝʚʽʜʦʤʠʭ ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʷʥʴ. ʇʨʠ ʧʝʨʝʨʦʟʧʦʜʽʣʽ ʟʥʘʯʝʥʴ ʯʦʪʠʨʴʦʭ ʩʫʩʽʜʥʽʭ 

ʧʽʢʩʝʣʽʚ ʚʽʜʥʦʚʣʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʧʽʢʩʝʣ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʨʽʚʥʽʩʪʴ (2.28) ʥʝ ʧʦʨʫʰʠʪʴʩʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʢʣʘʩʪʠ ʫʤʦʚʠ 

ʨʝʛʫʣʷʨʥʦʩʪʽ, ʟʘʜʘʥʽ ʥʝʨʽʚʥʦʩʪʷʤʠ: 

 

 )max()min( 2,2,12,1212,2,2,12 jijijiji xxxx +-+- ¢ , (2.31)  

 )min()max( 2,2,12,1212,2,2,12 jijijiji xxxx +-+- ² , (2.32)  

 )max()min( 12,12,2,22,12,12,2 -++- ¢ jijijiji xxxx , (2.33)  

 )min()max( 12,12,2,22,12,12,2 -++- ² jijijiji xxxx . (2.34)  

 

ʂʦʞʥʽ ʯʦʪʠʨʠ ʧʽʢʩʝʣʽ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʜʝ ʮʽ 

ʥʝʨʽʚʥʦʩʪʽ ʧʦʨʫʰʫʶʪʴʩʷ ʻ ñʰʘʙʣʦʥʘʤʠò. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʝʨʝʜʙʘʯʘʻ 

ʦʧʠʩ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʜʫʨ: ʩʫʤʽʱʝʥʥʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʤʽʥʽʤʽʟʘʮʽʾ 

ʥʝʚôʷʟʦʢ ʤʽʞ ʧʦʪʦʯʥʠʤ ʪʘ ʮʽʣʴʦʚʠʤ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʫʩʫʥʝʥʥʷ ʰʘʙʣʦʥʽʚ ʪʘ ʚʣʘʩʥʝ 

ʽʪʝʨʘʪʠʚʥʫ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ.  

2.4.4 ɯʪʝʨʘʪʠʚʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʟʦʙʨʘʞʝʥʥʷ 

ɿʘʜʘʯʝʶ ʽʪʝʨʘʪʠʚʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʦʙʨʘʞʝʥʴ ʻ ʧʦʩʣʽʜʦʚʥʝ ʫʩʫʥʝʥʥʷ 
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ʥʝʚôʷʟʦʢ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʨʠʜʫʰʝʥʥʷʤ ʰʫʤʽʚ. ʅʘ 

ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʦʪʦʯʥʘ ʥʝʚôʷʟʢʘ ʦʪʨʠʤʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟ 

ʧʦʧʝʨʝʜʥʽʤ ʧʦ ʚʩʴʦʤʫ ʧʦʣʶ, ʽ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʾʾ ʟʥʘʯʝʥʥʷʤ ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʰʝʥʥʷ ʧʨʦ ʧʨʦʜʦʚʞʝʥʥʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʇʨʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʝʣʠʯʠʥʠ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʝʚôʷʟʢʠ ʦʙʨʦʙʢʘ ʟʘʢʽʥʯʫʻʪʴʩʷ. 

ʇʨʠʜʫʰʝʥʥʷ ʰʫʤʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʜʽʘʥʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʥʘ 

ʝʪʘʧʽ ʟʤʝʥʰʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʄʝʜʽʘʥʥʫ ʬʽʣʴʪʨʘʮʽʶ 

ʦʙʨʘʥʦ ʪʦʤʫ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʦʯʽʢʫʚʘʥʠʤʠ ʰʫʤʘʤʠ ʚ ʧʨʦʮʝʩʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʻ ʘʨʪʝʬʘʢʪʠ ʚʽʜʥʦʚʣʝʥʥʷ, ʟʘ ʩʚʦʻʶ 

ʧʨʠʨʦʜʦʶ ʩʭʦʞʽ ʟ ʽʤʧʫʣʴʩʥʠʤʠ ʟʘʚʘʜʘʤʠ [40]. 

ɺʽʜʥʦʚʣʶʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʨʝʛʫʣʷʨʠʟʦʚʘʥʠʤ ʣʽʥʽʡʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʫ 

ʢʦʚʟʘʶʯʦʤʫ ʚʽʢʥʽ. ʎʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

 

 yyyLx w +-= )()0( , (2.35) 

 

ʜʝ yy-  ï ʚʭʽʜʥʝ ʧʝʨʝʩʝʤʧʣʴʦʚʘʥʝ ʮʝʥʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʨʦʟʛʦʨʥʫʪʝ ʫ ʚʝʢʪʦʨ, 

Lw ï ʦʧʝʨʘʪʦʨ ʨʝʛʫʣʷʨʠʟʘʮʽʾ (2.30), ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ 

ʢʦʚʟʘʶʯʦʤʫ ʚʽʢʥʽ, x
(0)

 ï ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʨʦʟʛʦʨʥʫʪʝ ʫ ʚʝʢʪʦʨ. 

ɼʘʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʽʪʝʨʘʮʽʡʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ ʚʠʛʣʷʜʫ 

 

 yyxxA -=- )(  . (2.36) 

 

ʅʝʭʘʡ x
(i)

 ï ʧʦʧʝʨʝʜʥʻ ʥʘʙʣʠʞʝʥʥʷ x. ʅʘ ʥʘʩʪʫʧʥʽʡ ʽʪʝʨʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ: 

1) ʈʝʛʫʣʷʨʠʟʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ x
(i)
, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʨʽʚʥʦʩʪʝʡ (2.31) ï (2.34) ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʜʽʘʥʥʦʛʦ ʬʽʣʴʪʨʫ. 

2) ʋʩʫʥʝʥʥʷ ʥʝʚôʷʟʢʠ )()( )( yyxz i --- : 

 

 )]([ )()()1( xzAyyLxx iii ---+=+ , (2.37) 

 

ʜʝ z
(i)

 ï ʨʝʟʫʣʴʪʘʪ ʨʝʛʫʣʷʨʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ x
(i)

. 
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ʅʘʚʝʜʝʥʘ ʽʪʝʨʘʮʽʡʥʘ ʧʨʦʮʝʜʫʨʘ ʨʦʟʚôʷʟʫʻ ʥʝʜʦʚʠʟʥʘʯʝʥʫ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ 

ʨʽʚʥʷʥʴ (2.36) ʪʘ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʢʦʣʠ ʥʝʚôʷʟʢʘ max[)()( )( yyxz i --- ] ʩʪʘʥʝ 

ʤʝʥʰʦʶ ʟʘ ʥʘʧʝʨʝʜ ʟʘʜʘʥʫ ʚʝʣʠʯʠʥʫ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

1. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʟʘ ʜʘʥʠʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʚʠʟʥʘʯʝʥʦ ʢʨʠʪʝʨʽʾ ʚʽʜʙʦʨʫ ʟʦʙʨʘʞʝʥʴ ʜʣʷ 

ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ. 

2. ʆʙˇʨʫʥʪʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ ʚʠʜʠʤʦʤʫ ʪʘ 

ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʘʨʘʣʝʣʴʥʦ ʽʟ ʜʘʥʠʤʠ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʟ ʤʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʜʝʪʘʣʽʟʘʮʽʾ 

ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʙʝʟ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ 

ʦʩʥʦʚʽ ʙʽʙʣʽʦʪʝʢʠ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʪʪʷ, ʩʪʚʦʨʝʥʦʾ ʜʣʷ ʟʘʜʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʟʥʽʤʘʥʥʷ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʽʥʚʘʨʽʘʥʪʥʦʾ ʚ ʯʘʩʽ ʚʝʣʠʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʧʘʨʠ ʨʽʟʥʦʯʘʩʦʚʠʭ 

ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʄʝʪʦʜ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʂʀ ɺɯɼʅʆɺʃɽʅʅʗ ɿʆɹʈɸɾɽʅʔ ʊɽʇʃʆɺʀʍ 

ʇʆʃɯɺ ʇɯɼɺʀʑɽʅʆɰ ɯʅʌʆʈʄɸʊʀɺʅʆʉʊɯ  

ʄʝʪʦʜʠʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʧʽʜʚʠʱʝʥʦʾ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʘʻ ʩʢʣʘʜʘʪʠʩʷ ʟ ʨʷʜʫ ʘʣʛʦʨʠʪʤʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʷʢʠʭ ʦʪʨʠʤʫʶʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʟʥʽʤʘʥʥʷ ʪʘ ʽʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʘʚʽʨʷʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʈʦʟʨʦʙʣʶʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʛʨʘʤʥʽ 

ʤʦʜʫʣʽ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʤʝʪʦʜʠʢʫ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ 

ʧʽʜʚʠʱʝʥʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ. 

3.1 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʘ ʜʘʥʠʤʠ 

ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʫ ʚʠʜʠʤʦʤʫ, ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʪʘ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ 

ɺ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʽʯʥʦʛʦ 

ʟʥʽʤʘʥʥʷ ʣʝʞʠʪʴ ʧʘʨʘʣʝʣʴʥʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ ʪʘ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʫ. 

ɼʘʥʽ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽ 

ʧʦʚʝʨʭʦʥʴ ʩʮʝʥʠ ʟʥʽʤʘʥʥʷ. ʇʦʨʷʜʦʢ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʢʨʦʢʽʚ, ʡʦʛʦ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʦ ʘʣʛʦʨʠʪʤʦʤ 3.1. 

ɸʣʛʦʨʠʪʤ 3.1. ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʂʨʦʢ 1. ɺʽʜʙʽʨ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʢʨʠʪʝʨʽʷʤ, ʦʧʠʩʘʥʠʤ ʚ ʧ. 2.1.1. 

ʂʨʦʢ 2. ʈʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʘʪʤʦʩʬʝʨʥʘ ʢʦʨʝʢʮʽʷ ʟʦʙʨʘʞʝʥʴ; 
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ʂʨʦʢ 3. ʌʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʚ 

ʤʝʞʘʭ ʩʮʝʥʠ; 

ʂʨʦʢ 4. ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ NDVI ʜʣʷ ʧʦʚʝʨʭʦʥʴ, ʧʦʚʥʽʩʪʶ 

ʚʢʨʠʪʠʭ ʨʦʩʣʠʥʥʽʩʪʶ ʪʘ ʜʽʣʷʥʦʢ ʙʝʟ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ; 

ʂʨʦʢ 5. ɺʽʜʥʦʚʣʝʥʥʷ ʢʚʘʜʨʘʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʜʣʷ ʧʦʚʝʨʭʦʥʴ, ʚʢʨʠʪʠʭ 

ʨʦʩʣʠʥʥʽʩʪʶ, ʷʢ ʦʧʠʩʘʥʦ ʚ ʧ. 2.2.2.2; 

ʂʨʦʢ 6. ɺʽʜʙʽʨ ʟ ʙʘʟʠ ʩʧʝʢʪʨʽʚ ʪʠʧʦʚʠʭ ʧʦʢʨʠʪʪʽʚ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʪʠʭ, ʱʦ ʧʨʠʩʫʪʥʽ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʮʝʥʠ ʪʘ ʙʫʜʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʨʠ ʦʙʨʦʙʮʽ; 

ʂʨʦʢ 7. ʈʦʟʨʘʭʫʥʦʢ ʟʘ ʚʽʜʽʙʨʘʥʠʤʠ ʩʧʝʢʪʨʘʤʠ ʭʤʘʨʠ ʪʦʯʦʢ ʟʘʣʝʞʥʦʩʪʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʟʘ 

ʤʝʞʘʤʠ ʾʭ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʨʦʩʣʠʥʥʠʭ ʧʦʢʨʠʚʽʚ, ʷʢ ʦʧʠʩʘʥʦ ʚ ʧ. 2.2.2.3. 

ʂʨʦʢ 8. ɺʠʟʥʘʯʝʥʥʷ ʫʩʝʨʝʜʥʝʥʠʭ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʟʘ ʤʝʞʘʤʠ ʾʭ 

ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʨʦʩʣʠʥʥʠʭ ʧʦʢʨʠʚʽʚ; 

ʂʨʦʢ 9. ʇʦʙʫʜʦʚʘ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʘʣʝʞʥʦʩʪʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ 

NDVI ʜʣʷ ʥʝʨʦʩʣʠʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʯʝʨʝʟ ʦʜʝʨʞʘʥʽ ʚʫʟʣʦʚʽ ʪʦʯʢʠ ʪʘ ʢʨʘʡʥʽ 

ʟʥʘʯʝʥʥʷ NDVI ʜʣʷ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʂʨʦʢ 10. ʇʦʙʫʜʦʚʘ ʧʦʚʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʜʣʷ ʚʩʴʦʛʦ 

ʤʦʞʣʠʚʦʛʦ ʜʽʘʧʘʟʦʥʫ [ï1 .. 1]. 

ʂʨʦʢ 11. ʇʦʩʣʽʜʦʚʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʚʩʽʭ ʧʽʢʩʝʣʽʚ ʨʦʟʧʦʜʽʣʫ NDVI ʟʘ ʧʦʙʫʜʦʚʘʥʦʶ ʥʘ ʢʨʦʮʽ 10 

ʟʘʣʝʞʥʽʩʪʶ. 

ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʪʝ, ʱʦ ʟʘʚʜʷʢʠ ʩʫʤʽʱʝʥʥʶ ʥʘ ʦʜʥʽʡ 

ʧʣʘʪʬʦʨʤʽ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʚʠʜʠʤʦʛʦ, ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʪʘ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʪʦʯʥʦʛʦ, ʧʦʧʽʢʩʝʣʴʥʦʛʦ ʩʫʤʽʱʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 
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ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʜʘʥʠʭ ʩʝʥʩʦʨʘ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʊʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʦʪʨʠʤʘʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʠ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʪʘ ʜʝʪʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʦʣʷ 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ. 

ʌʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʟʥʘʯʝʥʴ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʫ ʜʦ ʟʥʘʯʝʥʴ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʘʢʠʡ ʧʝʨʝʭʽʜ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ 3.2. 

ɸʣʛʦʨʠʪʤ 3.2. ʈʦʟʨʘʭʫʥʦʢ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʪʘ 

ʧʦʚʝʨʭʦʥʴ ʟʘ ʜʘʥʠʤʠ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʂʨʦʢ 1. ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʩʝʥʩʦʨʽ, ʷʢ ʦʧʠʩʘʥʦ ʚ ʧ. 2.2.1; 

ʂʨʦʢ 2. ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ ʚʠʩʭʽʜʥʦʛʦ ʘʪʤʦʩʬʝʨʠ ʚ ʥʘʧʨʷʤʢʫ ʩʝʥʩʦʨʘ, ʥʠʩʭʽʜʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʪʘ ʧʦʢʘʟʥʠʢʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʥʠʢʥʦʩʪʽ ʘʪʤʦʩʬʝʨʠ ʥʘ ʦʩʥʦʚʽ ʧʘʨʘʤʝʪʨʽʚ ʟʥʽʤʘʥʥʷ ʪʘ ʧʦʛʦʜʥʠʭ 

ʫʤʦʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʢʘʣʴʢʫʣʷʪʦʨʘ ʘʪʤʦʩʬʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ 

ʦʧʠʩʘʥʦ ʚ ʧ. 2.2.1. 

ʂʨʦʢ 3. ʈʦʟʨʘʭʫʥʦʢ ʩʢʦʨʠʛʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʤʦʜʝʣʣʶ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ (2.4) 

ʟ ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʢʨʦʮʽ 2 ʧʘʨʘʤʝʪʨʘʤʠ; 

ʂʨʦʢ 4. ʈʦʟʨʘʭʫʥʦʢ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʦʥʴ ʪʝʨʠʪʦʨʽʾ ʟʘ 

ʦʙʝʨʥʝʥʦʶ ʬʦʨʤʫʣʦʶ ʇʣʘʥʢʘ (2.8) ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʘʣʛʦʨʠʪʤʫ 3.1. 

ɸʣʛʦʨʠʪʤ 3.2 ʨʝʘʣʽʟʦʚʘʥʦ ʷʢ ʦʢʨʝʤʠʡ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʤʦʚʦʶ IDL ʜʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ENVI. 
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ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʪʦʯʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʨʘʭʫʥʢʫ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʾʭ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ 

ʚʠʢʦʥʘʥʥʷ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʟʘʚʽʨʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ 3.3. 

ɸʣʛʦʨʠʪʤ 3.3. ɺʠʢʦʥʘʥʥʷ ʟʘʚʽʨʢʦʚʠʭ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨ 

ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʾʭ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʂʨʦʢ 1. ɸʥʘʣʽʟ ʤʽʩʮʝʚʦʩʪʽ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʽʜʙʽʨ 

ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ, ʪʘ ʟʘ ʷʢʠʤʠ ʙʫʜʫʪʴ ʚʠʤʽʨʶʚʘʪʠʩʷ ʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʂʨʦʢ 2. ʆʜʝʨʞʘʥʥʷ ʛʨʘʬʽʢʫ ʟʥʽʤʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʶ ʩʠʩʪʝʤʦʶ ʪʝʩʪʦʚʠʭ 

ʜʽʣʷʥʦʢ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʡʦʤʫ ʛʨʘʬʽʢʘ ʚʠʢʦʥʘʥʥʷ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʘʚʽʨʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ; 

ʂʨʦʢ 3. ɺʠʢʦʥʘʥʥʷ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʟʘʚʽʨʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʟʘ 

ʛʨʘʬʽʢʦʤ, ʩʪʚʦʨʝʥʠʤ ʥʘ ʢʨʦʮʽ 2. 

ʂʨʦʢ 3.1. ɺʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʪʝʩʪʦʚʦʾ 

ʜʽʣʷʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʘʢʪʥʦʛʦ ʧʦʣʴʦʚʦʛʦ ʪʝʨʤʦʤʝʪʨʘ. 

ʂʨʦʢ 3.2. ɺʠʤʽʨʶʚʘʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʪʝʩʪʦʚʦʾ 

ʜʽʣʷʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʧʦʣʴʦʚʦʛʦ ʧʽʨʦʤʝʪʨʘ. 

ʂʨʦʢ 3.3. ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ 

ʬʽʟʠʯʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ ʪʘʢʦʛʦ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʨʘʜʽʘʮʽʡʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʬʽʟʠʯʥʽʡ [1]. 

ʂʨʦʢ 3.4. ʇʦʚʪʦʨʝʥʥʷ ʢʨʦʢʽʚ 3.1 ʪʘ 3.2, ʷʢ ʤʽʥʽʤʫʤ, ʥʘ ʧôʷʪʠ ʨʽʟʥʠʭ 

ʪʦʯʢʘʭ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ʜʣʷ ʦʜʥʦʛʦ ʪʠʧʘ ʧʦʢʨʠʪʪʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ ʚʠʙʽʨʢʠ ʚʠʤʽʨʶʚʘʥʴ. 

ʂʨʦʢ 4. ʇʨʦʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʦʜʝʨʞʘʥʠʭ 

(ʢʚʘʟʽ)ʩʠʥʭʨʦʥʥʦ ʽʟ ʥʘʟʝʤʥʠʤʠ ʟʘʚʽʨʢʦʚʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ, ʪʘ ʨʦʟʨʘʭʫʥʦʢ 
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ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟʘ 

ʘʣʛʦʨʠʪʤʘʤʠ 3.1 ʪʘ 3.2. 

ʂʨʦʢ 5. ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟʥʘʯʝʥʴ ʚ ʪʦʯʢʘʭ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʽʟ 

ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ 3.3 ʻ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʧʦʭʠʙʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. 

ʇʦʩʣʽʜʦʚʥʝ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 3.1 ʪʘ 3.2 ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʪʝʨʤʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

3.2 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 

ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ɺ ʦʩʥʦʚʽ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʣʝʞʠʪʴ ʟʘʣʫʯʝʥʥʷ ʜʦ 

ʘʣʛʦʨʠʪʤʫ 3.2 ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʙʽʣɹh  ʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʥʽʞ ʚʣʘʩʥʝ ʽʥʬʨʘʯʝʨʚʦʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʧʨʠ ʮʴʦʤʫ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʦʩʪʘʥʥʽʭ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʧʽʣʴʥʘ ʦʙʨʦʙʢʘ ʢʽʣʴʢʦʭ, ʷʢ ʧʨʘʚʠʣʦ ï ʜʚʦʭ, ʩʫʙʧʽʢʩʝʣʴʥʦ 

ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʻʜʠʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ, ʦʪʨʠʤʘʥʠʭ ʟ ʤʽʥʽʤʘʣʴʥʦ 

ʤʦʞʣʠʚʠʤ ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ. 

ʉʫʙʧʽʢʩʝʣʴʥʽ ʟʤʽʱʝʥʥʷ ʦʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ ʚʚʘʞʘʶʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ, ʪʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʽ ʥʘʧʨʷʤ 

ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ. ʊʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ 3.4. 
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ɸʣʛʦʨʠʪʤ 3.4. ɸʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʚʭʽʜʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʦʜʥʝ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ. 

ʂʨʦʢ 1. ʆʪʨʠʤʘʥʥʷ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞʝ ʩʮʝʥʠ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤ 

ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ ʟʥʽʤʘʥʥʷ. 

ʂʨʦʢ 2. ɺʠʜʽʣʝʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʟ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʦʧʦʨʥʦʾ ʜʽʣʷʥʢʠ ʟ 

ʦʜʥʦʨʽʜʥʦʶ ʪʝʢʩʪʫʨʦʶ ʪʘ ʯʽʪʢʠʤ ʚʠʩʦʢʦʢʦʥʪʨʘʩʪʥʠʤ ʢʦʥʪʫʨʦʤ. 

ʂʨʦʢ 3. ɺʩʪʘʥʦʚʣʝʥʥʷ ʢʨʦʢʫ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʤʽʱʝʥʥʷ, ʷʢʝ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʪʦʯʥʽʩʪʴ ʡʦʛʦ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ. 

ʂʨʦʢ 4. ʇʝʨʝʚʝʜʝʥʥʷ ʢʦʞʥʦʛʦ ʽʟ ʟʦʙʨʘʞʝʥʴ ʦʧʦʨʥʦʾ ʜʽʣʷʥʢʠ ʽʟ 

ʧʨʦʩʪʦʨʦʚʦʾ ʫ ʯʘʩʪʦʪʥʫ ʦʙʣʘʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ 

(ɼʇʌ). 

ʂʨʦʢ 5. ʋʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʩʪʦʭʘʩʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʥʽʚʝʣʶʚʘʥʥʷ ʾʾ ʚʧʣʠʚʫ ʥʘ ʦʮʽʥʢʫ ʟʤʽʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʨʤʫʣʠ 2.10. 

ʂʨʦʢ 6. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʚʥʦʩʪʽ ʇʘʨʩʝʚʘʣʷ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʬʫʥʢʮʽʾ 

ʢʦʨʝʣʷʮʽʾ ʟʦʙʨʘʞʝʥʴ ʦʜʥʝ ʟ ʦʜʥʠʤ; 

ʂʨʦʢ 7. ʈʦʟʨʘʭʫʥʦʢ ʬʫʥʢʮʽʾ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ ʟʥʘʯʝʥʴ 

ʜʠʩʢʨʝʪʥʦʛʦ ʟʤʽʱʝʥʥʷ. ʉʫʙʧʽʢʩʝʣ, ʚ ʷʢʦʤʫ ʬʫʥʢʮʽʷ ʢʦʨʝʣʷʮʽʾ ʥʘʙʫʚʘʻ 

ʤʘʢʩʠʤʫʤʫ ʚʠʟʥʘʯʘʻ ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʥʷ ʦʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʧʦʨʥʦʾ 

ʜʽʣʷʥʢʠ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ. 

ʂʨʦʢ 8. ɯʥʪʝʨʧʦʣʷʮʽʷ ʬʫʥʢʮʽʾ ʢʦʨʝʣʷʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʤʘʢʩʠʤʫʤʫ ʚ 

ʤʝʞʘʭ ʩʫʙʧʽʢʩʝʣʘ, ʚʠʟʥʘʯʝʥʦʛʦ ʥʘ ʢʨʦʮʽ 7, ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ. 

ʊʦʯʢʘ ʤʘʢʩʠʤʫʤʫ ʬʫʥʢʮʽʾ ʚʠʟʥʘʯʘʻ ʫʪʦʯʥʝʥʝ ʟʥʘʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ 

ʦʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ. 

ʂʨʦʢ 9. ʇʦʚʪʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʨʽʟʥʠʭ ʧʘʨ ʦʧʦʨʥʠʭ ʜʽʣʷʥʦʢ ʚ ʨʽʟʥʠʭ 

ʤʽʩʮʷʭ ʩʮʝʥʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʙʽʨʢʠ ʟʥʘʯʝʥʴ ʟʤʽʱʝʥʥʷ. ʋʩʝʨʝʜʥʝʥʽ ʟʥʘʯʝʥʥʷ 

ʚʠʙʽʨʦʢ ʟʤʽʱʝʥʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʷʭ ʧʨʠʡʤʘʶʪʴʩʷ ʟʘ 

ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʥʷ ʚʩʽʻʾ ʩʮʝʥʠ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ. 

ʆʧʠʩʘʥʠʡ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʟʥʘʯʝʥʴ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʧʦ ʜʚʦʭ ʦʩʷʭ 

ʨʝʘʣʽʟʦʚʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʩʢʨʠʧʪʦʤ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab 
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(ɼʦʜʘʪʦʢ ɼ). ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʢʦʥʘʥʥʷ ʩʢʨʠʧʪʘ ʻ ʟʥʘʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ 

ʟʤʽʱʝʥʥʷ ʦʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʷʭ. 

ʇʽʩʣʷ ʦʮʽʥʢʠ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʧʘʨʠ ʚʭʽʜʥʠʭ ʨʽʟʥʦʯʘʩʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ. ʇʨʦʮʝʜʫʨʘ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʯʝʨʝʟʨʷʜʢʦʚʝ ʯʝʨʝʟʧʽʢʩʝʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʚʭʽʜʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʚ ʧʦʨʷʜʢʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʢʘʤʠ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʧʦ 

ʜʚʦʭ ʦʩʷʭ, ʧʨʠʯʦʤʫ ʣʠʰʝ ʧʦʣʦʚʠʥʘ ʧʽʢʩʝʣʽʚ ʧʦʻʜʥʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʽʢʩʝʣʘʤʠ ʜʚʦʭ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʪʘ ʥʘʩʪʫʧʥʝ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʽʜʩʫʪʥʽʭ ʧʽʢʩʝʣʽʚ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʝʪʦʜʦʤ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʨʝʛʫʣʷʨʠʟʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʰʫʤʽʚ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.5. 

ɸʣʛʦʨʠʪʤ 3.5. ɸʣʛʦʨʠʪʤ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʂʨʦʢ 1. ʇʽʜʛʦʪʦʚʢʘ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʦʜʥʝ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʴ ʦʜʥʽʻʾ ʜʽʣʷʥʢʠ ʪʘ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ. 

ʂʨʦʢ 2. ʇʽʜʛʦʪʦʚʢʘ ʰʫʤʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʦʧʠʩʫʻʪʴʩʷ ʥʠʞʯʝ). 

ʂʨʦʢ 3. ʏʝʨʝʟʨʷʜʢʦʚʝ ʯʝʨʝʟʧʽʢʩʝʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʘ ʟʥʘʢʘʤʠ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ.  

ʂʨʦʢ 4. ɿʥʘʭʦʜʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʮʽʣʴʦʚʦʾ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʦʾ 

ʬʫʥʢʮʽʾ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ: 

ʂʨʦʢ 4.1. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʫʩʝʨʝʜʥʝʥʥʷʤ ʚʭʽʜʥʠʭ 

ʟʦʙʨʘʞʝʥʴ. 

ʂʨʦʢ 4.2. ɸʚʪʦʢʦʚʘʨʽʘʮʽʡʥʘ ʬʫʥʢʮʽʷ ʦʮʽʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʢʦʚʘʨʽʘʮʽʷ ʤʽʞ ʧʨʦʩʪʦʨʦʚʦ ʚʽʜʜʘʣʝʥʠʤʠ ʧʽʢʩʝʣʘʤʠ 

ʟʦʙʨʘʞʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ʛʘʫʩʦʾʜʠ; ʧʘʨʘʤʝʪʨʠ ʛʘʫʩʦʾʜʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʯʝʨʝʟʩʪʨʦʢʦʚʠʤ ʟʦʙʨʘʞʝʥʥʷʤ. 

ʂʨʦʢ 5. ɿʥʘʭʦʜʞʝʥʥʷ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʰʫʤʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʰʣʷʭʦʤ ʩʢʘʥʫʚʘʥʥʷ ʡʦʛʦ ʚʽʢʥʦʤ ʪʘ ʦʮʽʥʢʠ ʤʦʜʫʣʷ ʬʫʥʢʮʽʾ ʫ ʢʦʞʥʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʚʽʢʥʘ. ɿʘ ʰʫʤʦʚʫ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʫ ʬʫʥʢʮʽʻʶ ʧʨʠʡʤʘʻʪʴʩʷ ʪʘ, ʜʣʷ ʷʢʦʾ ʤʦʜʫʣʴ ʻ 
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ʤʽʥʽʤʘʣʴʥʠʤ. 

ʂʨʦʢ 6. ʈʦʟʢʣʘʜʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʥʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʫ ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʫ 

ʩʢʣʘʜʦʚʽ: 
.

,

hi

2

lo

22

hi

1

lo

11

YYY

YYY

+=

+=
 ʅʠʟʴʢʦʯʘʩʪʦʪʥʘ ʩʢʣʘʜʦʚʘ ʦʪʨʠʤʫʻʪʴʩʷ ʟʛʣʘʜʞʫʚʘʥʥʷʤ 

ʟʦʙʨʘʞʝʥʴ ʤʝʪʦʜʦʤ ʢʦʚʟʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ. 

ʂʨʦʢ 7. ʇʦʻʜʥʘʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʰʣʷʭʦʤ 

ʽʥʪʝʨʧʦʣʷʮʽʾ.  

ʂʨʦʢ 8. ʆʙʯʠʩʣʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʨʝʛʫʣʷʨʠʟʦʚʘʥʦʛʦ ʦʙʝʨʥʝʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʚʽʢʥʽ ʟʘ ʬʦʨʤʫʣʦʶ 2.18.  

ʂʨʦʢ 9. ʆʙʯʠʩʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ()

öö
÷

õ
ææ
ç

å
=

2

10

y

y
Lx , 

ʜʝ y1  ʪʘ y2  ï ʬʨʘʛʤʝʥʪʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ hi

1
Y  ʪʘ hi

2
Y , ʨʦʟʛʦʨʥʫʪʽ ʫ ʚʝʢʪʦʨʠ, L ï ʤʘʪʨʠʮʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʨʝʛʫʣʷʨʠʟʦʚʘʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʂʨʦʢ 10. ʈʝʛʫʣʷʨʠʟʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʜʽʘʥʥʦʛʦ ʬʽʣʴʪʨʫ. 

ʂʨʦʢ 11. ɯʤʽʪʘʮʽʷ ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ: )(

2

1 k

rest

rest

Ax
y

y
=öö
÷

õ
ææ
ç

å
, 

k = 0. 

ʂʨʦʢ 12. ʈʦʟʨʘʭʫʥʦʢ ʥʝʚôʷʟʦʢ ʤʽʞ ʧʦʯʘʪʢʦʚʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʪʘ 

ʟʦʙʨʘʞʝʥʥʷʤ: rest

111
yyy -=D  ʪʘ  restyyy

222
-=D . 

ʂʨʦʢ 13. ɿʥʘʭʦʜʞʝʥʥʷ ʧʦʧʨʘʚʢʠ: öö
÷

õ
ææ
ç

å

D

D
=D

2

1

y

y
Lx , ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʮʽʻʾ 

ʧʦʧʨʘʚʢʠ xxx kk D+=+ )()1(  . 

ʂʨʦʢ 14. ʗʢʱʦ ,maxKk²  ʧʝʨʝʡʪʠ ʜʦ ʢʨʦʢʫ 15. ʗʢʱʦ 
min

Kk<  ʘʙʦ ʷʢʱʦ 

ʧʦʧʨʘʚʢʘ ʧʦʯʘʣʘ ʟʙʽʣʴʰʫʚʘʪʠʩʴ (ʪʦʙʪʦ ʷʢʱʦ |||||||| )1()()()1( -+ ->- kkkk xxxx ), 

ʧʝʨʝʡʪʠ ʜʦ ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ ʪʘ ʜʣʷ ʮʴʦʛʦ ʟʙʽʣʴʰʠʪʠ k, ʧʦʢʣʘʜʘʶʯʠ ,1+=kk  

ʜʘʣʽ ʧʦʚʪʦʨʠʪʠ ʢʨʦʢʠ 12-13. 

ʂʨʦʢ 15. ʌʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ hiX  ʟ ʝʣʝʤʝʥʪʽʚ 
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ʚʝʢʪʦʨʫ )(kx . 

ʂʨʦʢ 16. ʆʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʰʣʷʭʦʤ ʦʙôʻʜʥʘʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ. 

ʋ ʚʠʧʘʜʢʫ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʝʥʩʦʨʘ ʥʘ ʙʦʨʪʫ ʰʫʤʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʣʠʚʦ 

ʦʪʨʠʤʘʪʠ ʷʢ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʩʝʥʩʦʨʦʤ ʙʝʟ ʧʦʜʘʯʽ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ. ɺ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʘʧʘʨʘʪʥʦ ʩʬʦʨʤʦʚʘʥʦʛʦ ʰʫʤʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ 

ʨʦʙʦʪʠ ʽʟ ʰʪʫʯʥʦ ʩʬʦʨʤʦʚʘʥʠʤ ʘʙʦ ʥʝʣʽʥʽʡʥʦ ʧʝʨʝʪʚʦʨʝʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ, ʷʢ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ, ʰʫʤʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʪʘʢʦʞ 

ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʫʚʘʪʠ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ. ʅʘʡʯʘʩʪʽʰʝ, ʜʣʷ ʮʴʦʛʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʽʜʥʽʤʘʥʥʷ ʦʜʥʦʛʦ ʟ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʽʜ ʽʥʰʦʛʦ. ʇʨʠ ʮʴʦʤʫ 

ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʩʢʣʘʜʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʟʥʠʱʫʶʪʴʩʷ, ʘ ʰʫʤʠ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʟʘ 

ʟʘʢʦʥʦʤ ʩʢʣʘʜʘʥʥʷ ʜʠʩʧʝʨʩʽʡ. ʊʦʤʫ ʧʽʩʣʷ ʚʽʜʥʽʤʘʥʥʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʤʘʻ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʣʘʛʦʜʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʢʚʘʜʨʘʪʥʠʤ ʢʦʨʝʥʝʤ, ʧʨʠ ʮʴʦʤʫ 

ʧʦʭʠʙʢʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʚʩʝ ʦʜʥʦ ʟʘʣʠʰʘʶʪʴʩʷ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʥʘʡʙʽʣʴʰ 

ʜʦʮʽʣʴʥʠʤ ʰʣʷʭʦʤ ʦʮʽʥʶʚʘʥʥʷ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʰʫʤʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʻ ʩʢʘʥʫʚʘʥʥʷ ʚʽʢʥʦʤ ʽʟ ʧʦʰʫʢʦʤ ʤʽʥʽʤʫʤʫ ʤʦʜʫʣʷ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʦʾ ʤʘʪʨʠʮʽ. 

ɸʣʛʦʨʠʪʤ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʽʟ ʜʚʦʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʝʘʣʽʟʦʚʘʥʦ ʷʢ ʘʚʪʦʥʦʤʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʇʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʻ 

ʥʘʩʪʫʧʥʽ: ʘʧʘʨʘʪʥʘ ʥʝʟʘʣʝʞʥʽʩʪʴ, ʚʠʨʘʞʝʥʘ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʘʜʘʧʪʫʚʘʪʠ ʟʥʽʤʘʣʴʥʫ ʩʠʩʪʝʤʫ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʦʪʨʠʤʘʥʠʭ ʙʫʜʴ-ʷʢʦʶ ʢʘʜʨʦʚʦʶ ʟʥʽʤʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ. ʊʘʢʦʞ ʦʩʦʙʣʠʚʽʩʪʶ 

ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʻ ʽʪʝʨʘʪʠʚʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʫʩʫʚʘʪʠ 

ʥʝʚôʷʟʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʅʘ ʜʘʥʠʡ ʩʧʦʩʽʙ 

ʥʝ ʥʘʢʣʘʜʘʻʪʴʩʷ ʫʤʦʚʘ ʬʽʢʩʦʚʘʥʦʛʦ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʤʽʞ 

ʟʦʙʨʘʞʝʥʥʷʤʠ: ʟʤʽʱʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʚʽʣʴʥʠʤ: ʤʝʪʦʜʠʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʦʢʨʝʤʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ʟʤʽʱʝʥʥʷ ʧʦ ʦʩʷʭ (ʘʣʛʦʨʠʪʤ 3.4). ʊʘʢʦʞ 

ʦʧʠʩʘʥʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʥʝ ʣʠʰʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʜʘʥʠʤʠ 
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ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʘ ʽ ʟ ʩʠʥʪʝʟʦʚʘʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʨʘʩʪʨʦʚʠʤʠ ʜʘʥʠʤʠ, ʥʘʧʨʠʢʣʘʜ, ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʽʚ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʚ ʽʥʰʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʠʜʠʤʦʤʫ ʪʘ 

ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ. 

ʉʠʩʪʝʤʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʚʠʤʦʛʘ ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ 

ʦʜʥʘʢʦʚʦʩʪʽ ʚʩʽʭ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʎʷ ʚʠʤʦʛʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʚ 

ʨʘʟʽ ʦʜʥʦʯʘʩʥʦʛʦ, ʯʠ ʤʘʡʞʝ ʦʜʥʦʯʘʩʥʦʛʦ ʦʜʝʨʞʘʥʥʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʘʣʝ ʚ 

ʨʘʟʽ ʟʥʘʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʽʞ ʾʭ ʨʝʻʩʪʨʘʮʽʻʶ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʩʝʨʡʦʟʥʽ ʧʨʦʙʣʝʤʠ. ʊʦʤʫ ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ Landsat, 

ʧʦʚʪʦʨʥʠʡ ʧʝʨʽʦʜ ʟʥʽʤʘʥʥʷ ʷʢʦʾ ʩʢʣʘʜʘʻ ʦʜʠʥʠʮʽ ï ʜʝʩʷʪʢʠ ʜʽʙ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʜʣʷ ʽʥʚʘʨʽʘʥʪʥʠʭ ʚ ʯʘʩʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʝʨʰ ʟʘ ʚʩʝ ï ʜʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʇʽʜʚʠʱʝʥʥʷ ʞʝ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʰʚʠʜʢʦʟʤʽʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.5 ʥʝʤʦʞʣʠʚʦ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʪʨʠʤʘʥʝ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʘʣʛʦʨʠʪʤʫ 3.5 ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʘʣʛʦʨʠʪʤʽ 3.2 ʷʢ 

ʩʧʽʣʴʥʝ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʧʘʨʠ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʇʨʠ ʮʴʦʤʫ 

ʩʪʫʧʝʥʴ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʙʫʜʝ ʥʠʞʯʦʶ ʟʘ ʪʘʢʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʨʦʟʧʦʜʽʣʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʆʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʚʽʜʥʦʩʥʦ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ 

ʾʭ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ (ʌʇʄ) ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.6. 

ɸʣʛʦʨʠʪʤ 3.6. ɸʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ. 

ʂʨʦʢ 1. ɿʘʚʘʥʪʘʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʂʨʦʢ 2. ʈʦʟʨʘʭʫʥʦʢ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. 
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ʂʨʦʢ 3. ɺʽʜʙʽʨ ʟʥʘʡʜʝʥʠʭ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʧʦʛʨʘʥʠʯʥʠʭ ʢʨʠʚʠʭ ʟʘ ʧʦʨʦʛʦʤ 

ʽʤʦʚʽʨʥʦʩʪʽ. 

ʂʨʦʢ 4. ɻʝʥʝʨʘʣʽʟʘʮʽʷ ʚʽʜʽʙʨʘʥʠʭ ʧʦʛʨʘʥʠʯʥʠʭ ʢʨʠʚʠʭ. 

ʂʨʦʢ 5. ʆʮʽʥʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʌʇʄ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ 

ʪʝʦʨʝʪʠʯʥʦʾ ʌʇʄ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʂʨʦʢ 6. ʇʦʚʪʦʨʝʥʥʷ ʢʨʦʢʽʚ 1-5 ʜʣʷ ʽʥʰʦʛʦ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʂʨʦʢ 7. ʇʦʚʪʦʨʝʥʥʷ ʢʨʦʢʽʚ 1-5 ʜʣʷ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʂʨʦʢ 8. ʇʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ ʧʨʠ ʦʜʥʦʤʫ ʟʥʘʯʝʥʥʽ 

ʌʇʄ ʜʣʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʪʘ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ.  

ɺʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʯʘʩʪʦʪʠ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʦ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʯʘʩʪʦʪʠ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʧʦʢʘʟʥʠʢ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ɸʚʪʦʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʌʇʄ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʨʝʘʣʽʟʦʚʘʥʝ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʘʚʪʦʥʦʤʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ [2]. 

3.3 ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʥʘ 

ʦʩʥʦʚʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʘʣʛʦʨʠʪʤʠ ʚ ʩʫʢʫʧʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʚʦʭ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʩʧʝʢʪʨʫ, ʷʢʽ ʦʜʝʨʞʫʶʪʴʩʷ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. 

ʊʘʢʦʞ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʆʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʥʫʻʪʴʩʷ 

ʚʠʢʣʶʯʥʦ ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʫʜʴ ʷʢʠʭ ʘʧʘʨʘʪʥʠʭ ʤʝʪʦʜʽʚ. 
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ʅʝʦʙʭʽʜʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʦʬʦʨʤʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ. 3.1 ʩʭʝʤʠ ʤʝʪʦʜʠʢʠ. 

 

 

ʈʠʩ. 3.1. ʉʭʝʤʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

 

ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʜʚʘ ʧʦʪʦʢʠ: 

ʦʙʨʦʙʢʘ ʨʽʟʥʦʯʘʩʦʚʠʭ ʜʘʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʥʽʤʘʥʥʷ ʫ ʚʠʜʠʤʦʤʫ ʪʘ 

ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ (MSI-1, MSI-2), ʱʦ ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʥʘ 

ʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʾ ʦʙʣʘʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ (LWIR-1, LWIR-2), ʷʢʽ 

ʚʽʜʢʘʣʽʙʨʦʚʘʥʦ ʫ ʟʥʘʯʝʥʥʷʭ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ 

ʩʝʥʩʦʨʽ. 
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ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʥʽʤʘʥʥʷ ʻ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (Epsi-1, Epsi-2), ʷʢʠʡ 

ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʡʦʛʦ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI 

ʚʽʜʦʢʨʝʤʣʝʥʦ ʜʣʷ ʧʦʚʝʨʭʦʥʴ, ʚʢʨʠʪʠʭ ʨʦʩʣʠʥʥʽʩʪʶ (VegEpsi) ʪʘ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ 

ʪʠʧʽʚ ʧʦʢʨʠʪʪʽʚ (NVEpsi) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʘʥʠʭ ʩʧʝʢʪʨʘʣʴʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʪʠʧʦʚʠʭ 

ʧʦʢʨʠʪʪʽʚ ʩʮʝʥʠ (SpecLib) ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.1. 

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʘʨʠ 

ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ 3.4 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ (SD), 

ʬʦʨʤʫʻʪʴʩʷ ʰʫʤʦʚʝ ʟʦʙʨʘʞʝʥʥʷ (Noise), ʧʝʨʝʚʝʜʝʥʥʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ 

ʟʦʙʨʘʞʝʥʥʷ ʰʫʤʫ ʫ ʯʘʩʪʦʪʥʫ ʦʙʣʘʩʪʴ ʜʠʩʢʨʝʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨôʻ, 

ʨʦʟʢʣʘʜʘʥʥʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ ʯʘʩʪʦʪʥʽ ʥʠʟʴʢʦ- (Lo-1, Lo-2) ʪʘ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ (Hi-1, Hi-2), ʨʦʟʨʘʭʫʥʦʢ ʘʚʪʦʢʦʚʘʨʽʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ 

ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʟʦʙʨʘʞʝʥʥʷ ʰʫʤʫ (AF), ʚʠʟʥʘʯʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪ (PR) ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (EnHi), ʚʽʜʥʦʚʣʝʥʥʷ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ ʽʥʪʝʨʧʦʣʷʮʽʻʶ (Interpol) ʪʘ ʦʙôʻʜʥʫʶʪʴʩʷ ʥʠʟʴʢʦ- ʪʘ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ (EnEpsi). 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʘ 

ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʦʙʣʘʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʩʧʝʢʪʨʫ ʟʛʽʜʥʦ ʘʣʛʦʨʠʪʤʫ 3.2 ʚʠʢʦʥʫʻʪʴʩʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʥʠʭ (Radiance), 

ʫʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʠ ʥʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʘʣʴʢʫʣʷʪʦʨʘ ʘʪʤʦʩʬʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (AtCor) ʪʘ ʧʝʨʝʨʘʭʫʥʦʢ ʩʢʦʨʠʛʦʚʘʥʦʾ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʧʦʚʝʨʭʥʽ (SR) ʟʘ ʦʙʝʨʥʝʥʠʤ 

ʟʘʢʦʥʦʤ ʇʣʘʥʢʘ ʫ ʬʽʟʠʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ (LST-1, LST-2) ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜʚʠʱʝʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.6 ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʦʮʽʥʢʫ 

ʜʦʩʷʛʥʫʪʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ 

ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ 
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ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

3.4 ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʡʦʛʦ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʤʦʞʣʠʚʝ ʟʘ 

ʨʘʭʫʥʦʢ ʡʦʛʦ ʫʤʦʚʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʥʘ ʧʨʦʪʷʟʽ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, 

ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʥʦʩʥʦ 

ʧʦʩʪʽʡʥʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʝʤʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʷʢʽ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʤʦʤʝʥʪ ʟʥʽʤʘʥʥʷ. ɸʣʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʾʾ ʚʠʩʦʢʦʶ ʜʠʥʘʤʽʯʥʽʩʪʶ, ʱʦ 

ʨʦʙʠʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʚ ʪʘʢʠʡ ʞʝ ʩʧʦʩʽʙ ʟʦʙʨʘʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʮʽʣʢʦʤ 

ʥʝʢʦʨʝʢʪʥʠʤ. 

ʄʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʘʨʠ ʩʫʙʧʽʢʩʝʣʴʥʦ 

ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʨʦʟʢʣʘʜʘʥʥʶ ʾʭ ʥʘ 

ʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʠʩʢʨʝʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨôʻ ʥʘ ʦʩʥʦʚʽ ʧʨʠʧʫʱʝʥʥʷ, 

ʱʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʢʦʤʧʦʥʝʥʪʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʩʝʨʝʜʥʴʦʯʘʩʪʦʪʥʘ ï ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ï 

ʚʽʜʧʦʚʽʜʘʻ ʜʨʽʙʥʠʤ ʜʝʪʘʣʷʤ ʤʽʩʮʝʚʦʩʪʽ, ʷʢʽ ʧʨʠʡʤʘʶʪʴʩʷ ʩʧʽʣʴʥʠʤʠ ʜʣʷ ʦʙʦʭ 

ʟʦʙʨʘʞʝʥʴ. ɿʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʩʘʤʝ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʙʦʭ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ 

ʧʦʣʷ. ʉʭʝʤʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.2. 
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ʈʠʩ. 3.2. ʉʭʝʤʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ 

 

ɺʭʽʜʥʽ ʽʥʬʨʘʯʝʨʚʦʥʽ ʟʦʙʨʘʞʝʥʥʷ (LWIR-1, LWIR-2), ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʘʪʤʦʩʬʝʨʠ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.2 (LST-1, LST-2). ɼʣʷ 

ʥʠʭ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʩʫʙʧʽʢʩʝʣʴʥʽ ʟʤʽʱʝʥʥʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.4 ʪʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ɼʇʌ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʾʭ ʌʫʨôʻ-ʦʙʨʘʟʽʚ (DFT-1) ʟ ʷʢʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʣʴʪʨʘ 

ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʚʠʜʽʣʷʶʪʴʩʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ (Lo-1, Lo-2). ɼʘʣʽ 

ʟʦʙʨʘʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʯʝʨʝʟʨʷʜʢʦʚʦ ʧʦʻʜʥʫʶʪʴʩʷ ʚ ʧʝʨʝʩʝʤʧʣʴʦʚʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ (RES), ʷʢʝ ʪʘʢʦʞ ʧʝʨʝʚʦʜʠʪʴʩʷ ʫ ʯʘʩʪʦʪʥʫ ʦʙʣʘʩʪʴ (DFT-2). ʎʝʡ 

ʩʧʝʢʪʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʘ (Filter) ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ 

ʩʝʨʝʜʥʴʦʯʘʩʪʦʪʥʫ (Mid) ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʫ ʢʦʤʧʦʥʝʥʪʠ (Hi). ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.5. 

ʆʜʝʨʞʘʥʝ ʩʧʽʣʴʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (EnHi), ʪʘ ʩʝʨʝʜʥʴʦʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʦʜʘʶʪʴʩʷ ʜʦ ʦʢʨʝʤʠʭ 

ʜʣʷ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʢʦʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ. ʆʙʝʨʥʝʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 
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ʌʫʨôʻ ʢʦʞʥʦʛʦ ʽʟ ʦʪʨʠʤʘʥʠʭ ʩʫʤʘʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʮʽʣʴʦʚʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ (EnLST-1, EnLST-2), ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʭʽʜʥʠʤ ʽʥʬʨʘʯʝʨʚʦʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

1. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʡʦʛʦ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI ʷʢ 

ʜʣʷ ʧʦʚʝʨʭʦʥʴ, ʚʢʨʠʪʠʭ ʨʦʩʣʠʥʥʽʩʪʶ, ʪʘʢ ʽ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ ʪʠʧʽʚ ʧʦʚʝʨʭʦʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʥʽʤʘʥʥʷ ʫ ʯʝʨʚʦʥʽʡ ʪʘ ʙʣʠʞʥʽʡ 

ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʘʨʠ 

ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ 

(ʢʚʘʟʽ)ʽʥʚʘʨʽʘʥʪʥʠʭ ʚ ʯʘʩʽ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʘ ʪʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʦʩʦʙʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʧʽʜʚʠʱʝʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʫ ʚʠʜʠʤʦʤʫ, ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʪʘ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 
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ʈʆɿɼɯʃ 4 

ʇɽʈɽɺɯʈʂɸ ʄɽʊʆɼʋ ʊɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸ ʆʎɯʅʂɸ 

ʇɯɼɺʀʑɽʅʅʗ ʇʈʆʉʊʆʈʆɺʆɰ ʈʆɿʈɯɿʅɽʅʅʆʉʊɯ ʊɸ 

ɯʅʌʆʈʄɸʊʀɺʅʆʉʊɯ ɯʅʌʈɸʏɽʈɺʆʅʀʍ ɿʆɹʈɸɾɽʅʔ  

ɺ ʭʦʜʽ ʧʝʨʝʚʽʨʢʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʝʪʦʜʫ ʦʙʨʦʙʣʝʥʦ 12 ʧʘʨ ʨʽʟʥʦʯʘʩʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʩʝʥʩʦʨʘʤʠ OLI ʪʘ TIRS ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ Landsat-8. 

ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʠʢʦʥʫʚʘʣʘʩʴ ʰʣʷʭʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ (ʌʇʄ) ʟʦʙʨʘʞʝʥʴ ʜʦ ʪʘ ʧʽʩʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʘʢʽ ʧʦʨʽʚʥʷʣʴʥʽ ʦʮʽʥʢʠ: 

ï ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʬʽʟʠʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ 3.2 ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ 3.1 ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʟʦʙʨʘʞʝʥʥʷʤ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ; 

ï ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʜʘʥʦʾ ʧʘʨʠ 

ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ 3.5 ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʦʙʨʘʞʝʥʥʷʤ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ; 

ï ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʚ 

ʨʦʟʨʘʭʫʥʦʢ ʷʢʦʛʦ ʚʢʣʶʯʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ 3.5, ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʟʦʙʨʘʞʝʥʥʷʤʠ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʦʙʨʘʞʝʥʴ 

ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ; 

ï ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʘʨ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ, ʦʧʠʩʘʥʦʛʦ ʚ ʧ. 3.4. 

ʊʘʢʦʞ ʧʘʨʘʣʝʣʴʥʦ ʽʟ ʚʠʢʦʥʘʥʥʷʤ ʦʮʽʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʧʨʠʨʽʩʪ 
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ʧʦʢʘʟʥʠʢʘ MRTD, ʦʢʨʽʤ ʚʠʧʘʜʢʫ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

4.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʦʙʨʘʞʝʥʴ 

ʆʙʨʦʙʣʝʥʽ ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʽ ʟʘ ʧʝʨʽʦʜ 2014-2016 ʨʦʢʠ ʚʧʨʦʜʦʚʞ ʚʽʜ 

ʧʦʯʘʪʢʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ (ʙʝʨʝʟʝʥʴ) ʜʦ ʧʝʨʽʦʜʫ ʟʥʠʞʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ (ʚʝʨʝʩʝʥʴ). ʆʙʨʘʥʠʡ ʨʷʜ ʟʦʙʨʘʞʝʥʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʣʘʥʜʰʘʬʪʠ: ʫʨʙʘʥʽʟʦʚʘʥʽ, ʽʥʜʫʩʪʨʽʘʣʴʥʽ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ, ʧʫʩʪʝʣʴʥʽ ʘ 

ʪʘʢʦʞ ʧʨʠʙʝʨʝʞʥʽ ʪʝʨʠʪʦʨʽʾ ʽʟ ʘʢʚʘʪʦʨʽʷʤʠ, ʷʢ ʨʽʯʢʦʚʠʤʠ ʪʘʢ ʽ ʤʦʨʩʴʢʠʤʠ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʘʢʚʘʪʦʨʽʾ ʽʟ ʰʪʫʯʥʠʤʠ ʥʘʩʠʧʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ.  ʆʙʨʦʙʣʝʥʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʪʝʨʠʪʦʨʽʾ ʥʘʩʪʫʧʥʠʭ ʢʨʘʾʥ: ʋʢʨʘʾʥʘ, ʇʦʣʴʱʘ, 

ʐʚʝʮʽʷ, ɼʘʥʽʷ, ʆʙôʻʜʥʘʥʽ ɸʨʘʙʩʴʢʽ ɽʤʽʨʘʪʠ, ɯʪʘʣʽʷ.  ʅʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʧʘʨ ʟʦʙʨʘʞʝʥʴ, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʚʘʣʘʩʴ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

(ʪʘʙʣʠʮʷ 4.1). 

ʊʘʙʣʠʮʷ 4.1. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʨʦʙʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʆʩʥʦʚʥʠʡ 

ʛʝʦʛʨʘʬʽʯʥʠʡ ʦʙôʻʢʪ, 

ʅʘʟʚʘ ʟʦʙʨʘʞʝʥʴ 

ɼʘʪʠ 

ʟʥʽʤʘʥʥʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʘʥʜʰʘʬʪʽʚ, 

ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʟʥʽʤʢʘʭ 

ʤ. ɼʫʙʘʡ, ʆɸɽ 

LC81600432016208 

LC81600432016224 

26 ʣʠʧʥʷ ʪʘ 

11 ʩʝʨʧʥʷ 

2016 ʨ. 

ɿʥʘʯʥʘ ʧʣʦʱʘ ʦʜʥʦʨʽʜʥʠʭ ʧʦʚʝʨʭʦʥʴ 

(ʘʢʚʘʪʦʨʽʷ ʇʝʨʩʴʢʦʾ ʟʘʪʦʢʠ ʪʘ ʧʫʩʪʝʣʷ), 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʰʪʫʯʥʠʭ ʥʘʩʠʧʥʠʭ 

ʫʪʚʦʨʝʥʴ, ʩʢʣʘʜʥʘ ʙʝʨʝʛʦʚʘ ʣʽʥʽʷ, 

ʤʽʩʴʢʘ ʟʘʙʫʜʦʚʘ ʟ ʚʠʩʦʢʦʶ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʂʊɺ 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

LC81770252014209 

28 ʣʠʧʥʷ ʪʘ 

13 ʩʝʨʧʥʷ 

ʄʽʩʴʢʘ ʟʘʙʫʜʦʚʘ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʟ 

ʚʠʩʦʢʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʂʊɺ, 
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LC81770252014225 2014 ʨ.  ʦʜʥʦʨʽʜʥʽ ʣʽʩʦʚʽ ʤʘʩʠʚʠ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʝʨʠʪʦʨʽʾ, 

ʧʝʨʝʚʘʞʥʦ ʚʢʨʠʪʽ ʨʦʩʣʠʥʥʽʩʪʶ 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

LC81770252015084 

LC81770252015100 

25 ʙʝʨʝʟʥʷ ʪʘ 

10 ʢʚʽʪʥʷ 

2015 ʨ. 

ʄʽʩʴʢʘ ʟʘʙʫʜʦʚʘ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʟ 

ʚʠʩʦʢʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʂʊɺ, 

ʦʜʥʦʨʽʜʥʽ ʣʽʩʦʚʽ ʤʘʩʠʚʠ ʙʝʟ ʣʠʩʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʪʝʨʠʪʦʨʽʾ ʙʝʟ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

LC81810252016195 

LC81810252016211 

13 ʣʠʧʥʷ ʪʘ 

29 ʣʠʧʥʷ 

2016 ʨ. 

ʄʽʩʴʢʘ ʟʘʙʫʜʦʚʘ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʟ 

ʚʠʩʦʢʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʂʊɺ, ʚʝʣʠʢʽ, 

ʦʜʥʦʨʽʜʥʽ ʣʽʩʦʚʽ ʤʘʩʠʚʠ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʝʨʠʪʦʨʽʾ, 

ʧʝʨʝʚʘʞʥʦ ʚʢʨʠʪʽ ʨʦʩʣʠʥʥʽʩʪʶ 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

LC81820252015199 

LC81820252015215 

18 ʣʠʧʥʷ ʪʘ 

3 ʩʝʨʧʥʷ 

2015 ʨ. 

ʄʽʩʴʢʘ ʟʘʙʫʜʦʚʘ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʟ 

ʚʠʩʦʢʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʂʊɺ, ʚʝʣʠʢʽ, 

ʦʜʥʦʨʽʜʥʽ ʣʽʩʦʚʽ ʤʘʩʠʚʠ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʝʨʠʪʦʨʽʾ, 

ʧʝʨʝʚʘʞʥʦ ʙʝʟ ʨʦʩʣʠʥʥʦʩʪʽ 

ʤ. ɿʘʧʦʨʽʞʞʷ, 

ʋʢʨʘʾʥʘ 

LC81780272015219 

LC81780272015235 

7 ʩʝʨʧʥʷ ʪʘ 

23 ʩʝʨʧʥʷ 

2015 ʨ.  

ʋʨʙʘʥʽʟʦʚʘʥʽ ʪʘ ʽʥʜʫʩʪʨʽʘʣʴʥʽ 

ʣʘʥʜʰʘʬʪʠ ʟ ʚʠʩʦʢʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ 

ʂʊɺ, ʘʢʚʘʪʦʨʽʾ ʚʦʜʦʩʭʦʚʠʱ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʽʟ ʛʫʩʪʠʤ ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʠʚʦʤ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʝʨʠʪʦʨʽʾ, 

ʧʝʨʝʚʘʞʥʦ ʚʢʨʠʪʽ ʨʦʩʣʠʥʥʽʩʪʶ 

ʤ. ʂʨʠʚʠʡ ʈʽʛ, 

ʋʢʨʘʾʥʘ 

LC81790272016261 

LC81790272016277 

17 ʚʝʨʝʩʥʷ ʪʘ 

3 ʞʦʚʪʥʷ 

2016 ʨ. 

ʋʨʙʘʥʽʟʦʚʘʥʽ ʣʘʥʜʰʘʬʪʠ ʽʟ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʪʝʭʥʦʛʝʥʥʠʭ 

ʣʘʥʜʰʘʬʪʽʚ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʪʝʨʠʪʦʨʽʾ ʙʝʟ ʨʦʩʣʠʥʥʦʩʪʽ, ʘʢʚʘʪʦʨʽʷ 

ʚʦʜʦʩʭʦʚʠʱʘ  
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ʤ. ʂʦʧʝʥʛʘʛʝʥ, ɼʘʥʽʷ, 

ʤ. ʄʘʣʴʤʝ, ʐʚʝʮʽʷ 

LC81940212015235 

LC81940212015251 

23 ʩʝʨʧʥʷ ʪʘ 

8 ʚʝʨʝʩʥʷ 

2015 ʨ. 

ɸʢʚʘʪʦʨʽʷ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ ʽʟ 

ʧʨʦʷʚʘʤʠ ʚʝʛʝʪʘʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ 

ʩʢʣʘʜʥʦʶ ʙʝʨʝʛʦʚʦʶ ʣʽʥʽʻʶ, 

ʫʨʙʘʥʽʟʦʚʘʥʽ ʣʘʥʜʰʘʬʪʠ ʽʟ ʚʠʩʦʢʦʶ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʂʊɺ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʝʨʠʪʦʨʽʾ 

ʧʝʨʝʚʘʞʥʦ ʙʝʟ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ 

ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 

LC81850252015204 

LC81850252015220 

23 ʣʠʧʥʷ ʪʘ 

8 ʩʝʨʧʥʷ 

2015 ʨ. 

ʄʽʩʴʢʘ ʟʘʙʫʜʦʚʘ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʟ 

ʚʠʩʦʢʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʂʊɺ, ʚʝʣʠʢʽ, 

ʦʜʥʦʨʽʜʥʽ ʣʽʩʦʚʽ ʤʘʩʠʚʠ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʝʨʠʪʦʨʽʾ, ʚʢʨʠʪʽ 

ʨʦʩʣʠʥʥʽʩʪʶ 

ʤ. ʈʷʱʽʚ, ʇʦʣʴʱʘ 

LC81860252015227 

LC81860252015243 

15 ʩʝʨʧʥʷ ʪʘ 

31 ʩʝʨʧʥʷ 

2015 ʨ. 

ʄʘʣʦʧʦʚʝʨʭʦʚʘ ʤʽʩʴʢʘ ʟʘʙʫʜʦʚʘ 

ʥʠʟʴʢʦʾ ʛʫʩʪʠʥʠ ʽʟ ʚʠʩʦʢʦʶ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʂʊɺ, ʚʝʣʠʢʽ, ʦʜʥʦʨʽʜʥʽ 

ʣʽʩʦʚʽ ʤʘʩʠʚʠ, ʥʝʦʜʥʦʨʽʜʥʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʝʨʠʪʦʨʽʾ 

ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ 

LC81800282016268 

LC81800282016284 

25 ʚʝʨʝʩʥʷ ʪʘ 

11 ʞʦʚʪʥʷ 

2015 ʨ.  

ɹʘʛʘʪʦʧʦʚʝʨʭʦʚʘ ʪʘ ʤʘʣʦʧʦʚʝʨʭʦʚʘ 

ʤʽʩʴʢʘ ʟʘʙʫʜʦʚʘ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ ʽʟ 

ʚʠʩʦʢʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʂʊɺ, ʤʦʨʩʴʢʘ 

ʘʢʚʘʪʦʨʽʷ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʪʝʨʠʪʦʨʽʾ ʙʝʟ ʨʦʩʣʠʥʥʦʩʪʽ 

ʤ. ʈʠʤ, ɯʪʘʣʽʷ 

LC81910312016185 

LC81910312016201 

3 ʣʠʧʥʷ ʪʘ 

19 ʣʠʧʥʷ 

2016 ʨ. 

ɹʘʛʘʪʦʧʦʚʝʨʭʦʚʘ ʪʘ ʤʘʣʦʧʦʚʝʨʭʦʚʘ 

ʤʽʩʴʢʘ ʟʘʙʫʜʦʚʘ ʚʠʩʦʢʦʾ ʛʫʩʪʠʥʠ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʝʨʠʪʦʨʽʾ 

ʧʝʨʝʚʘʞʥʦ ʙʝʟ ʨʦʩʣʠʥʥʦʩʪʽ 

ʇʘʨʠ ʟʦʙʨʘʞʝʥʴ, ʦʧʠʩʘʥʽ ʚ ʪʘʙʣʠʮʽ 4.1, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʜʦʜʘʪʢʫ ɽ. 
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4.2 ʆʮʽʥʶʚʘʥʥʷ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʽʢʦʥʽʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʥʘʜʘʶʪʴʩʷ ʟʥʽʤʘʣʴʥʦʶ 

ʩʠʩʪʝʤʦʶ, ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ. ʌʫʥʢʮʽʷ 

ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ï ʙʝʟʨʦʟʤʽʨʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʜʽʡʩʥʠʡ ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʾ ʦʧʪʠʯʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

(ʆʇʌ) ʩʠʩʪʝʤʠ ï ʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ 

ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ ʥʘ 

ʾʾ ʚʭʦʜʽ [1]. ʌʽʟʠʯʥʦ ʌʇʄ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ ʧʨʦʩʪʦʨʦʚʦʾ 

ʩʠʥʫʩʦʾʜʠ ʥʘ ʨʽʟʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪʘʭ ʧʨʠ ʧʝʨʝʜʘʯʽ ʾʾ ʟʥʽʤʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ. 

ɺ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʌʇʄ 

ʨʘʩʪʨʦʚʦʾ ʩʠʩʪʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦ ʟʦʙʨʘʞʝʥʥʶ, ʦʪʨʠʤʘʥʦʶ ʜʘʥʦʶ ʩʠʩʪʝʤʦʶ ʷʢ ʤʦʜʫʣʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ (ɼʇʌ) ʚʽʜ ʜʠʩʢʨʝʪʥʦʾ ʧʦʭʽʜʥʦʾ ʥʦʨʤʦʚʘʥʦʾ 

ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʨʤʦʚʘʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʦʛʨʘʥʠʯʥʦʾ 

ʢʨʠʚʦʾ) ï ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʟʥʽʤʢʫ ʩʪʨʠʙʢʘ ʨʘʜʽʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʝ ʜʣʷ ʧʘʥʭʨʦʤʘʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʝ 

ʩʪʨʠʙʢʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ [2]. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʨʠʚʦʾ ʌʇʄ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʦʧʪʠʯʥʦ ʩʠʩʪʝʤʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʜʣʷ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʥʽʤʘʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ [3]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʘ 

TIRS ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.2 [4]. 

 

ʊʘʙʣʠʮʷ 4.2. 

ʇʘʨʘʤʝʪʨʠ ʩʝʥʩʦʨʘ TIRS (ʩʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ Landsat-8) 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʥʷ 

ʂʦʝʬʽʮʽʻʥʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʦʧʫʩʢʘʥʥʷ 

ʘʪʤʦʩʬʝʨʠ 
0,93 

ɺʠʩʦʪʘ ʟʥʽʤʘʥʥʷ, ʢʤ 705 

ʆʨʙʽʪʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ, ʢʤ/ʩ 7,4 
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ʌʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ ʦʧʪʠʢʠ, ʤ 0,178 

ʏʘʩ ʝʢʩʧʦʥʫʚʘʥʥʷ, ʤʩ 3,49 

ʈʦʙʦʯʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ, ʤʢʤ 10,8 

ɺʽʜʥʦʩʥʠʡ ʦʪʚʽʨ ʦʧʪʠʢʠ, % 61 

ʇʦʣʦʚʠʥʘ ʢʫʪʘ ʦʛʣʷʜʫ, ʛʨʘʜ. 7,473 

ʂʦʝʬʽʮʽʻʥʪ ʘʙʝʨʘʮʽʾ ʦʧʪʠʢʠ 0,001 

ʈʦʟʤʽʨ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʤʢʤ 25 

 

ʋ ʚʠʧʘʜʢʫ ʤʦʜʝʣʶʚʘʥʥʷ ʌʇʄ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʦ ʟʦʙʨʘʞʝʥʥʶ ʽʟ 

ʧʽʜʚʠʱʝʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʻʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʭʽʜʥʠʤʠ 

ʟʦʙʨʘʞʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʙʝʟ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ (ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 

3.5, ʧʨʦʩʪʦʨʦʚʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʜʚʽʯʽ) ʧʦʢʘʟʥʠʢ 

ʨʦʟʤʽʨʫ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʥʝʦʙʭʽʜʥʦ ʫ ʩʪʽʣʴʢʠ ʞ ʨʘʟʽʚ ʟʤʝʥʰʠʪʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʭʽʜʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʥʠʟʴʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʇʦʨʽʚʥʷʥʥʷ 

ʟʥʘʯʝʥʴ ʧʨʦʩʪʦʨʦʚʦʾ ʯʘʩʪʦʪʠ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ 

ʤʦʜʫʣʷʮʽʾ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ [5]. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʩʪʦʨʦʚʦʾ ʯʘʩʪʦʪʠ ʜʣʷ ʦʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ ʯʘʩʪʦʪʠ ʜʨʫʛʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ 

ʟʥʘʯʝʥʥʽ ʌʇʄ. 

4.2.1 ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʮʽʥʢʠ ʌʇʄ 

ɼʣʷ ʦʮʽʥʢʠ ʌʇʄ ʥʘ ʦʩʥʦʚʽ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʨʝʘʣʽʟʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʌʇʄ ʜʣʷ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʥʘʩʪʫʧʥʠʡ [6]: 

1) ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʠʜʽʣʝʥʥʷ ʦʙʣʘʩʪʽ ʽʥʪʝʨʝʩʫ; 

2) ʽʤʦʚʽʨʥʽʩʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ; 

3) ʚʠʜʽʣʝʥʥʷ ʧʦʛʨʘʥʠʯʥʠʭ ʢʨʠʚʠʭ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʾʭ ʛʝʥʝʨʘʣʽʟʘʮʽʷ; 

4) ʚʠʟʥʘʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʌʇʄ ʷʢ ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ ʚʽʜ ʜʠʩʢʨʝʪʥʦʾ ʧʦʭʽʜʥʦʾ ʛʝʥʝʨʘʣʽʟʦʚʘʥʦʾ ʧʦʛʨʘʥʠʯʥʦʾ ʢʨʠʚʦʾ; 
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5) ʨʦʟʨʘʭʫʥʦʢ ʪʝʦʨʝʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʥʘ ʦʩʥʦʚʽ ʾʾ ʧʘʨʘʤʝʪʨʽʚ.  

ʅʘ ʨʠʩ. 4.1 ʧʦʢʘʟʘʥʦ ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʌʇʄ ʥʘ ʦʩʥʦʚʽ ʢʦʩʤʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ [7]. 

 

ʈʠʩ. 4.1. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ 

ʤʦʜʫʣʷʮʽʾ ʥʘ ʦʩʥʦʚʽ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

 

ʇʩ̔ʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʣʠʚʠʡ ʡʦʛʦ ʧʝʨʝʛʣʷʜ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʽ ʛʨʘʬʽʯʥʝ ʟʘʚʜʘʥʥʷ ʦʙʣʘʩʪʽ ʘʥʘʣʽʟʫ. ɯʤʦʚʽʨʥʽʩʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʧʨʦʧʦʨʮʽʡʥʦʶ ʽʤʦʚʽʨʥʦʩʪʽ ʨʦʟʜʽʣʝʥʥʷ ʙôʻʬʽʚ ʧʝʨʝʭʽʜʥʦʾ ʬʫʥʢʮʽʾ 

ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ. ʈʝʘʣʽʟʦʚʘʥʦ ʛʨʘʬʽʯʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʛʝʥʝʨʘʣʽʟʦʚʘʥʦʾ ʧʝʨʝʭʽʜʥʦʾ 

ʬʫʥʢʮʽʾ, ʾʾ ʜʠʩʢʨʝʪʥʦʾ ʧʦʭʽʜʥʦʾ ʽ ʥʦʨʤʦʚʘʥʦʾ ʌʇʄ ʟʦʙʨʘʞʝʥʥʷ. ɺʢʘʟʫʚʘʥʥʷ 

ʨʝʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʝʣʝʤʝʥʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (ʦʜʠʥʠʯʥʦʛʦ 

ʜʝʪʝʢʪʦʨʥʦʛʦ ʝʣʝʤʝʥʪʫ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ) ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʨʝʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʪʠ ʾʾ ʫ ʚʠʧʘʜʢʫ 
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ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ [8]. ʅʘ ʚʩʽʭ 

ʝʪʘʧʘʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʨʦʢʫ ʦʙʨʦʙʢʠ 

ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʦʙʯʠʩʣʝʥʴ ʚ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʙʦ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʥʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝʧʝʨʝʨʚʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʌʇʄ ʜʣʷ ʤʘʩʠʚʫ 

ʟʦʙʨʘʞʝʥʴ. ɼʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʰʣʷʭʦʤ ʟʤʽʥʠ ʨʦʟʤʽʨʫ 

ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʨʠ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʰʣʷʭʦʤ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ. 

4.2.2 ʆʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥ ɹ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʣʫʯʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʦʪʨʠʤʘʥʝ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʝʥʩʦʨʘ OLI ʽʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 30 ʤ ʜʦʟʚʦʣʷʻ ʧʽʜʢʨʝʩʣʠʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʜʝʪʘʣʝʡ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʟʥʘʯʥʦ ʩʢʦʨʠʛʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, 

ʧʝʨʝʨʘʭʦʚʘʥʝ ʽʟ ʟʥʘʯʝʥʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʜʘʥʠʭ ʩʝʥʩʦʨʘ 

TIRS ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ 100 ʤ. ɼʘʥʽ ʩʝʥʩʦʨʘ OLI ʤʘʶʪʴ ʧʨʦʩʪʦʨʦʚʫ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 30 ʤ, ʪʦʙʪʦ ʚ 3,3 ʨʘʟʠ ʚʠʱʫ ʥʽʞ ʟʦʙʨʘʞʝʥʥʷ ʩʝʥʩʦʨʘ TIRS, ʦʜʥʘʢ 

ʜʘʥʽ TIRS ʽʥʪʝʨʧʦʣʴʦʚʘʥʽ ʜʦ 30 ʤ, ʪʦʤʫ ʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʫ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʌʇʄ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʤʘʻ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤ ʽ ʩʢʣʘʜʘʻ 

7,5 ʤʢʤ.  

ʆʪʞʝ, ʜʣʷ ʦʮʽʥʢʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 

ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʌʇʄ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʨʦʟʨʘʭʦʚʘʥʝ ʣʠʰʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʥʠʭ ʩʝʥʩʦʨʘ TIRS, ʪʘ ʌʇʄ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.2.  

ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ MRTD ʚʠʢʦʥʫʚʘʣʠʩʴ 

ʬʦʨʤʫʣʘʤʠ 2.9 ʪʘ 2.14 ʚʽʜʧʦʚʽʜʥʦ. 
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ɿʚʝʜʝʥʽ ʜʘʥʽ ʟ ʚʠʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʴ ʧʨʦʩʪʦʨʦʚʦʾ ʯʘʩʪʦʪʠ (ʤʤ
ï1
), ʧʨʠʨʦʩʪʫ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʧʦʢʘʟʥʠʢʘ MRTD ʥʘ ʨʽʚʥʽ ʌʇʄ=0,3 ʜʣʷ ʧʦʨʽʚʥʶʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 4.3. 

ʊʘʙʣʠʮʷ 4.3. 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ ʌʇʄ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʟʦʙʨʘʞʝʥʴ 

ʨʦʟʧʦʜʽʣʽʚ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ TIRS ʪʘ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

TIRS+OLI  ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʧʨʠʨʦʩʪʫ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʧʦʢʘʟʥʠʢʘ MRTD 

ʅʘʟʚʘ ʟʦʙʨʘʞʝʥʥʷ 

ʇʨʦʩʪʦʨʦʚʘ 

ʯʘʩʪʦʪʘ ʥʘ ʨʽʚʥʽ 

ʌʇʄ=0,3 ʜʣʷ 

ʟʦʙʨʘʞʝʥʥʷ 

ʨʘʜʽʘʮʽʡʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ 

TIRS 

ʇʨʦʩʪʦʨʦʚʘ 

ʯʘʩʪʦʪʘ ʥʘ 

ʨʽʚʥʽ 

ʌʇʄ=0,3 

ʜʣʷ 

ʟʦʙʨʘʞʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ 

ʧʦʣʷ 

TIRS+OLI 

ɺʽʜʥʦʩʥʠʡ 

ʧʨʠʨʽʩʪ 

ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦ

ʩʪʽ, % 

ɺʽʜʥʦʩʥʠʡ 

ʧʨʠʨʽʩʪ 

ʽʥʬʦʨʤʘʪʠ

ʚʥʦʩʪʽ, % 

ɺʽʜʥʦʩʥʠʡ 

ʧʨʠʨʽʩʪ 

ʧʦʢʘʟʥʠʢʘ 

MRTD, %  

LC81600432016208 17 23,5 38,2 78,3 19,9 

LC81600432016224 17 22,5 32,4 73,5 3,5 

LC81770252014209 17 24 41,2 94,7 3,9 

LC81770252014225 20 27 35 84,8 -6 

LC81770252015084 20 24 20 25,9 63,3 

LC81770252015100 21,5 23,5 9,3 3,4 67,1 

LC81810252016195 21 26,5 26,2 23,2 48,4 

LC81810252016211 20,5 28 36,6 52,0 95 

LC81820252015199 21 26 23,8 11,3 54,1 

LC81820252015215 21 26,5 26,2 11,9 78,5 

LC81780272015219 19,5 24 23,1 56,9 -14,1 

LC81780272015235 19 24 26,3 57,7 1,8 

LC81790272016261 18,5 27 46 112,2 -2,6 

LC81790272016277 19 27 42,1 100,6 -1,6 

LC81940212015235 24 31 29,2 27,8 104 

LC81940212015251 25,5 40,5 58,8 77,6 144,8 

LC81850252015204 22 31 41 29,1 90,5 

LC81850252015220 21 26 23,8 11,6 145,7 

LC81860252015227 25 33 32 9,1 73,9 

LC81860252015243 21 33 57,2 85,9 84,1 

LC81800282016268 22,5 30 33,3 20,6 168,2 

LC81800282016284 24 37,5 56,3 117,8 28,3 
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LC81910312016185 21 27,5 31 70,9 0,9 

LC81910312016201 21 24 14,3 18,1 108,5 

ɺʽʜʧʦʚʽʜʥʽ ʪʘʙʣ. 4.3. ʛʨʘʬʽʢʠ ʌʇʄ ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ ɭ. 

 
 ʘ ʙ 

 

ʘ                               ʙ 

 

ʘ                              ʙ 

ʘ                               ʙ ʘ                               ʙ 

ʈʠʩ. 4.2. ɿʦʙʨʘʞʝʥʥʷ ʯʘʩʪʠʥʠ ʂʠʻʚʘ, ʪʘ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʘ Landsat-8 (13 ʣʠʧʥʷ 2016 ʨ.); ʘ ï ʚʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʫ 

ʜʽʘʧʘʟʦʥʽ 10,3-11,3 ʤʢʤ; ʙ ï ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 
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ʅʘ ʨʠʩ. 4.2 ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʨʦʟʨʘʭʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ 10 ʢʘʥʘʣʫ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʘ Landsat-8 (ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

10,3-11,3 ʤʢʤ) ʪʘ ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.1. 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʧʨʠʨʦʩʪʫ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʦʪʨʠʤʘʥʦʛʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʘ ʜʘʥʠʤʠ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʥʽʤʘʥʥʷ ʩʝʥʩʦʨʦʤ OLI ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʘʥʠʭ ʩʝʥʩʦʨʫ TIRS ʩʢʣʘʜʘʻ 33,5 %. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʦʢʨʽʤ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʚʥʝʩʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʝʪʘʣʝʡ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʪʘʢʦʞ ʧʽʜʩʠʣʶʻ ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʨʝʟʫʣʴʪʫʶʯʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. 

ɺʠʩʦʢʘ ʜʠʩʧʝʨʩʽʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʧʨʠʨʦʩʪʫ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ 

MRTD ʚʠʢʣʠʢʘʥʘ ʨʽʟʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʢʦʥʪʨʘʩʪʘʤʠ ʤʽʞ ʦʧʦʨʥʠʤʠ 

ʨʘʡʦʥʘʤʠ ʽʥʪʝʨʝʩʫ, ʬʽʟʠʯʥʦʶ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʟʥʘʯʝʥʴ ʨʘʜʽʘʮʽʡʥʦʾ ʪʘ ʬʽʟʠʯʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʨʽʟʥʠʮʝʶ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʽ ʚʥʦʩʷʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʋ ʯʦʪʠʨʴʦʭ ʚʠʧʘʜʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜôʻʤʥʠʡ 

ʧʨʠʨʽʩʪ MRTD. ɿʘʛʘʣʦʤ ʩʝʨʝʜʥʽʡ ʧʨʠʨʽʩʪ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʢʣʘʚ 52,3%, ʘ 

ʧʦʢʘʟʥʠʢʘ MRTD ï 56,7%. 

4.2.3 ʆʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ 

ɺʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.5 

ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʜʣʷ ʧʘʨ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʭ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʟ ʧʦʧʝʨʝʜʥʴʦʶ ʦʮʽʥʢʦʶ 

ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.4 (ʦʮʽʥʶʚʘʣʦʩʴ ʟʤʽʱʝʥʥʷ ʙʽʣʴʰ 
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ʧʽʟʥʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʨʘʥʥʴʦʛʦ). ʂʽʣʴʢʽʩʥʽ ʟʥʘʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ 

ʟʤʽʱʝʥʥʷ ʚ ʯʘʩʪʠʥʘʭ ʮʽʣʦʛʦ ʧʽʢʩʝʣʘ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʣʷ ʧʘʨ ʟʦʙʨʘʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 4.4. 

ʊʘʙʣʠʮʷ 4.4. 

ɿʥʘʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʠʭ ʟʤʽʱʝʥʴ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʅʘʟʚʘ ʧʘʨ ʟʦʙʨʘʞʝʥʴ 
ɻʦʨʠʟʦʥʪʘʣʴʥʝ 

ʟʤʽʱʝʥʥʷ 

ɺʝʨʪʠʢʘʣʴʥʝ 

ʟʤʽʱʝʥʥʷ 

LC81600432016208 

LC81600432016224 
-0,05 0,03 

LC81770252014209 

LC81770252014225 
0,06 0,09 

LC81770252015084 

LC81770252015100 
-0,07 -0,02 

LC81810252016195 

LC81810252016211 
0,04 0,05 

LC81820252015199 

LC81820252015215 
-0,04 0,08 

LC81780272015219 

LC81780272015235 
0,11 0,02 

LC81790272016261 

LC81790272016277 
0,1 0,05 

LC81940212015235 

LC81940212015251 
-0,08 0,15 

LC81850252015204 

LC81850252015220 
-0,05 0,05 

LC81860252015227 

LC81860252015243 
-0,03 -0,04 

LC81800282016268 

LC81800282016284 
0,06 0,02 

LC81910312016185 

LC81910312016201 
0,08 -0,04 

 

ʇʦʨʽʚʥʶʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ 

ʨʦʟʧʦʜʽʣʽʚ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽʟ ʟʦʙʨʘʞʝʥʥʷʤ ʧʽʜʚʠʱʝʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʦʪʨʠʤʘʥʠʤ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.5. ʈʝʟʫʣʴʪʘʪʠ 
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ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.5. ʆʮʽʥʢʠ ʦʜʝʨʞʘʥʦ ʧʨʠ ʟʥʘʯʝʥʥʽ ʨʦʟʤʽʨʫ 

ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 25 ʤʢʤ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ 

12,5 ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

ʊʘʢʦʞ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘ ʘʜʘʧʪʦʚʘʥʠʤ 

ʜʦ ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʚʥʷʥʥʷʤ 2.9 ʘ 

ʧʦʢʘʟʥʠʢ ʤʽʥʽʤʘʣʴʥʦʾ ʨʦʟʨʽʟʥʶʚʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʤʽʥʝʥʦ ʥʘ ʧʦʢʘʟʥʠʢ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʨʽʟʥʶʚʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ ʘʥʘʣʦʛʽʾ ʽʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘ ʨʽʚʥʷʥʥʷʤ 

2.14. 

ʊʘʙʣʠʮʷ 4.5. 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ ʌʇʄ ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʟʦʙʨʘʞʝʥʴ 

ʨʦʟʧʦʜʽʣʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʠʟʴʢʦʾ ʪʘ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʦʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʅʘʟʚʘ ʟʦʙʨʘʞʝʥʥʷ 

ʇʨʦʩʪʦʨʦʚʘ 

ʯʘʩʪʦʪʘ ʜʣʷ 

ʚʭʽʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ 

ʂʊɺ, ʤʤ
-1 

ʇʨʦʩʪʦʨʦʚʘ 

ʯʘʩʪʦʪʘ  ʜʣʷ 

ʟʦʙʨʘʞʝʥʥʷ 

ʧʽʜʚʠʱʝʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ  

ʪʘ ʟʥʘʯʝʥʥʷ 

ʌʇʄ, ʤʤ
-1

 

ʇʨʠʨʽʩʪ 

ʧʨʦʩʪʦʨʦʚ

ʦʾ 

ʨʦʟʨʽʟʥʝʥ

ʥʦʩʪʽ, % 

ɺʽʜʥʦʩʥʠ

ʡ ʧʨʠʨʽʩʪ 

ʽʥʬʦʨʤʘʪ

ʠʚʥʦʩʪʽ, 

% 

ɺʽʜʥʦʩʥʠ

ʡ ʧʨʠʨʽʩʪ 

ʤʽʥʽʤʘʣʴʥ

ʦʛʦ 

ʨʦʟʨʽʟʥʶʚ

ʘʣʴʥʦʛʦ 

ʂʊɺ, % 

LC81600432016208 15 
21 (0,4) 35,5 90,9 36,26 

LC81600432016224 16 

LC81770252014209 10,5 
18,5 (0,4) 76,2 211,28 -1,41 

LC81770252014225 10,5 

LC81770252015084 9,5 
13,5 (0,35) 46 120,8 22,8 

LC81770252015100 9 

LC81810252016195 10 
13 (0,45) 30 89,1 110,2 

LC81810252016211 10 

LC81820252015199 9,5 
14 (0,45) 47,4 101,6 -52,3 

LC81820252015215 9,5 

LC81780272015219 10,5 
14,5 (0,5) 34,9 94 53 

LC81780272015235 11 

LC81790272016261 12 
14,5 (0,4) 26 65,9 38,3 

LC81790272016277 11 
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LC81940212015235 11 
15 (0,4) 33 82,6 10,8 

LC81940212015251 11,5 

LC81850252015204 10 
13 (0,4) 33 126,6 85,6 

LC81850252015220 9,5 

LC81860252015227 11,5 
16 (0,4) 36,2 82 -12,7 

LC81860252015243 12 

LC81800282016268 10 
14 (0,4) 30,2 78,2 43,6 

LC81800282016284 11,5 

LC81910312016185 9,5 
13,5 (0,4) 38,5 97,2 15,8 

LC81910312016201 10 

 

ʅʦʤʽʥʘʣʴʥʠʡ ʧʨʠʨʽʩʪ ʣʽʥʽʡʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʢʣʘʜʘʻ 100 % 

(ʢʦʞʝʥ ʧʽʢʩʝʣ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 4 ʩʫʙʧʽʢʩʝʣʠ). ʆʮʽʥʢʘ 

ʬʘʢʪʠʯʥʦʛʦ ʧʨʠʨʦʩʪʫ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚʠʢʦʥʘʥʦ ʚ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ 

ʌʇʄ, ʜʣʷ ʷʢʦʾ ʧʨʠʨʽʩʪ ʻ ʥʘʡʙʽʣʴʰʠʤ (ʜʽʘʧʘʟʦʥ ʚʽʜ 0,35 ʜʦ 0,5). ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʧʨʠʨʦʩʪʫ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʦʪʨʠʤʘʥʝ ʧʨʠ ʦʙʨʦʙʮʽ ʧʘʨ 

ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʩʢʣʘʜʘʻ 38,9 %. ʇʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 

ʧʨʠʨʦʩʪʫ ʩʢʣʘʜʘʻ 76,2 %. ʊʘʢʠʡ ʧʦʢʘʟʥʠʢ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʤʽʥʽʤʘʣʴʥʦʾ ʟʤʽʥʠ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ. ʍʦʯʘ ʧʦʢʘʟʥʠʢ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʽʥʚʘʨʽʘʥʪʥʫ ʚʝʣʠʯʠʥʫ, ʘʣʝ ʟ ʯʘʩʦʤ ʡʦʛʦ ʟʤʽʥ ʫʥʠʢʥʫʪʠ 

ʥʝʤʦʞʣʠʚʦ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʦʮʽʥʢʫ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʱʦ ʧʦʷʩʥʶʻ ʾʾ ʚʠʩʦʢʫ ʜʠʩʧʝʨʩʽʶ. ʊʠʤ 

ʞʝ ʧʦʷʩʥʶʻʪʴʩʷ ʽ ʚʠʩʦʢʘ ʜʠʩʧʝʨʩʽʷ ʟʥʘʯʝʥʴ ʧʨʠʨʦʩʪʽʚ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʨʽʟʥʶʚʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺ ʩʝʨʝʜʥʴʦʤʫ ʧʨʠʨʽʩʪ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʢʣʘʚ 103,4 % ʘ 

ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʨʽʟʥʶʚʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï 29,2 %. 

ʅʘ ʨʠʩ. 4.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʽʟʫʘʣʴʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʧʦʨʽʚʥʷʥʥʷ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ ʽʟ ʚʭʽʜʥʠʭ ʪʘ 

ʨʝʟʫʣʴʪʫʶʯʠʭ ʟʦʙʨʘʞʝʥʴ. 
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ʘ                               ʙ ʘ                              ʙ 

ʘ                               ʙ ʘ                               ʙ 

ʘ                               ʙ ʘ                              ʙ 

ʘ                               ʙ ʘ                              ʙ 

ʈʠʩ. 4.3. ɼʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: 

ʘ ï ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ; ʙ ï ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

(ʤ. ʍʘʨʢʽʚ, 28 ʣʠʧʥʷ 2014 ʨ.) 

 

ʌʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʝʨʝʩʪʘʚʣʝʥʦ ʫ ʜʦʜʘʪʢʫ ɾ. 
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4.2.4 ʆʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʠʩʢʨʝʪʠʟʫʚʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʚʠʢʦʥʘʪʠ ʘʣʛʦʨʠʪʤ 3.2 ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʽʟ 

ʟʦʙʨʘʞʝʥʥʷʤʠ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʥʘʚʝʜʝʥʦ ʫ 

ʪʘʙʣʠʮʽ 4.6. ʆʮʽʥʢʠ ʚʠʢʦʥʘʥʦ ʧʨʠ ʟʥʘʯʝʥʥʽ ʨʦʟʤʽʨʫ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ 

25 ʤʢʤ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ 12,5 ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ 

ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʨʠ ʌʇʄ = 0,3. 

ʊʘʙʣʠʮʷ 4.6. 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ ʌʇʄ ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʟʦʙʨʘʞʝʥʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʥʠʟʴʢʦʾ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʦʮʽʥʢʘ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʅʘʟʚʘ ʟʦʙʨʘʞʝʥʥʷ 

ʇʨʦʩʪʦʨʦʚʘ 

ʯʘʩʪʦʪʘ 

ʟʦʙʨʘʞʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 

ʥʠʟʴʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, 

ʤʤ
-1 

ʇʨʦʩʪʦʨʦʚʘ 

ʯʘʩʪʦʪʘ  

ʟʦʙʨʘʞʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ 

ʧʦʣʷ 

ʧʽʜʚʠʱʝʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ  

ʪʘ ʟʥʘʯʝʥʥʷ 

ʌʇʄ, ʤʤ
-1

 

ʇʨʠʨʽʩʪ 

ʧʨʦʩʪʦʨʦʚ

ʦʾ 

ʨʦʟʨʽʟʥʝʥ

ʥʦʩʪʽ, % 

ɺʽʜʥʦʩʥʠʡ 

ʧʨʠʨʽʩʪ 

ʽʥʬʦʨʤʘʪʠ

ʚʥʦʩʪʽ, % 

ɺʽʜʥʦʩʥʠʡ 

ʧʨʠʨʽʩʪ 

ʧʦʢʘʟʥʠʢʘ 

MRTD, %  

LC81600432016208 7 13 85,7 233,5 -3,8 

LC81600432016224 6,5 12 84,6 193,3 52 

LC81770252014209 7 12,5 78,6 241,9 -26,6 

LC81770252014225 7,5 13 73,3 230,8 -30,7 

LC81770252015084 6,5 11 69,2 184,6 0,53 

LC81770252015100 7 11,5 64,3 196,5 -8,5 

LC81810252016195 6,5 12 84,6 253 -30,7 
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LC81810252016211 6 11,5 91,7 327,5 -17,7 

LC81820252015199 7 12 71,4 178,3 -1,6 

LC81820252015215 7 12 71,4 190,8 43 

LC81780272015219 6 11,5 91,7 246,5 -0,55 

LC81780272015235 6 11,5 91,7 225,3 38,2 

LC81790272016261 7 12,5 78,6 199,3 27 

LC81790272016277 7 12,5 78,6 220,3 -6,67 

LC81940212015235 7,5 14,5 93,3 265 13,1 

LC81940212015251 11,5 18 56,5 216 -50 

LC81850252015204 9 13 44,4 106,5 33,5 

LC81850252015220 7,5 12,5 66,7 144,4 32,5 

LC81860252015227 7 13 85,7 230,5 -0,7 

LC81860252015243 8 14 75 265,5 -25,7 

LC81800282016268 7,5 13,5 80 200,5 32,2 

LC81800282016284 9,5 14,5 52 129,1 -5,9 

LC81910312016185 7 13 85,7 220 18,4 

LC81910312016201 7 13 85,7 264,3 14,8 

 

ʇʨʠ ʦʮʽʥʮʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ 

ʧʦʣʷ ʚʠʷʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʷʤʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʠʤ ʪʘ ʧʨʠʨʦʩʪʦʤ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ 3.5. ʆʩʥʦʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʜʽʡʩʥʶʻ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʱʦ ʤʘʻ ʽʥʪʝʨʧʦʣʴʦʚʘʥʫ ʜʦ 

30 ʤ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 100 ʤ. ʉʝʨʝʜʥʻ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʩʢʣʘʜʘʻ 69 %. 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʢʣʘʣʦ ʚ ʩʝʨʝʜʥʴʦʤʫ 215,1 %, 

ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʦʢʘʟʥʠʢ ʧʨʠʨʦʩʪʫ MRTD ʜʣʷ ʨʽʟʥʠʭ ʧʘʨ ʟʦʙʨʘʞʝʥʴ ʢʦʣʠʚʘʚʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ -50..52 ʪʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʚ 4 %. 

ʇʨʠʢʣʘʜʠ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʥʠʟʴʢʦʾ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.4. ʋʩʽ ʦʮʽʥʝʥʽ ʬʫʥʢʮʽʾ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʜʦʜʘʪʢʫ ɿ. 
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ʘ                               ʙ ʘ                              ʙ 

ʘ                               ʙ ʘ                               ʙ 

ʘ                               ʙ ʘ                              ʙ 

ʈʠʩ. 4.4. ɼʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ: ʘ ï ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ; ʙ ï ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ (ʤ. ʂʠʾʚ, 29 ʣʠʧʥʷ 

2016 ʨ.) 

4.2.5 ʆʮʽʥʢʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʧʨʠ ʦʙʨʦʙʮʽ 

ʦʢʨʝʤʠʭ ʾʭ ʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ɺʠʤʦʛʘ ʯʘʩʦʚʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʟʘʚʘʞʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʧʽʜʚʠʱʝʥʥʶ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʚ ʪʦʡ ʞʝ ʩʘʤʠʡ ʩʧʦʩʽʙ, ʷʢ ʽ 

ʨʦʟʧʦʜʽʣʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɸʣʝ ʤʦʞʣʠʚʝ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʢʨʝʤʦʾ ʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʦʪʨʠʤʘʥʦʾ ʽʟ 

ʟʦʙʨʘʞʝʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.2. ʉʘʤʘ ʧʨʦʮʝʜʫʨʘ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʧʠʩʘʥʘ ʫ ʧ. 3.4, ʽ ʚʦʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʚʚʘʞʘʻʪʴʩʷ ʽʥʚʘʨʽʘʥʪʥʦʶ ʜʣʷ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ, 
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ʦʩʢʽʣʴʢʠ ʾʾ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʧʦʣʷʛʘʻ ʚ ʦʧʠʩʽ ʜʨʽʙʥʠʭ ʜʝʪʘʣʝʡ ʤʽʩʮʝʚʦʩʪʽ, ʷʢʽ ʟʘ 

ʯʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ ʤʽʞ ʦʪʨʠʤʘʥʥʷʤ ʟʦʙʨʘʞʝʥʴ ʚʚʘʞʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. 

ʆʮʽʥʢʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʦʜʥʽʻʾ ʧʘʨʠ 

ʟʦʙʨʘʞʝʥʴ (ʪʝʨʠʪʦʨʽʷ ʤ. ʂʠʻʚʘ, ʟʘ 13 ʪʘ 29 ʣʠʧʥʷ 2016 ʨ.). ɻʨʘʬʽʢʠ ʌʇʄ 

ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 4.5. 

 

 ʘ ʙ 

 

 ʘ ʙ 

ʈʠʩ. 4.5. ʌʇʄ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ: ʘ ï ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ;   ʙ ï ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ ʰʣʷʭʦʤ 

ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ (ʤ. ʂʠʾʚ, 13 ʪʘ 29 ʣʠʧʥʷ 

2016 ʨ.) 
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ʆʮʽʥʢʘ ʚʠʢʦʥʘʥʘ ʥʘ ʨʽʚʥʽ ʌʇʄ = 0,3. ɼʣʷ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʨʦʩʪʦʨʦʚʘ ʯʘʩʪʦʪʘ ʜʦʨʽʚʥʶʶʪʴ 9 ʪʘ 8, ʘ ʧʨʦʩʪʦʨʦʚʘ ʯʘʩʪʦʪʘ ʥʘ 

ʮʴʦʤʫ ʞ ʨʽʚʥʽ ʜʣʷ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʜʦʨʽʚʥʶʶʪʴ 15 ʪʘ 15,5 ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʥʻ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʢʣʘʜʘʻ 76,5 %. ʅʘ ʨʠʩ. 4.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʦʙʨʦʙʢʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʭʽʜʥʠʤʠ 

ʟʦʙʨʘʞʝʥʥʷʤʠ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. 

 

 ʘ 

 

ʙ 

ʈʠʩ. 4.6. ɿʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ: ʘ ï ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ;   ʙ 

ï ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ (ʤ. ʂʠʾʚ, 13 ʣʠʧʥʷ 2016 ʨ.) 
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ʊʘʢʦʞ ʚʠʢʦʥʘʥʘ ʦʮʽʥʢʘ ʧʨʠʨʦʩʪʫ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʧʦʢʘʟʥʠʢʘ MRTD ʜʣʷ 

ʜʘʥʦʾ ʧʘʨʠ ʟʦʙʨʘʞʝʥʴ. ʉʝʨʝʜʥʻ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠʨʦʩʪʫ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʢʣʘʣʦ 106,5 %, ʘ ʧʦʢʘʟʥʠʢʘ MRTD ï 85,9 %. 

ɼʘʥʠʡ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʤʘʻ ʥʝʜʦʣʽʢ ï ʯʝʨʝʟ 

ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʶ ʪʘ ʥʘʩʪʫʧʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʟʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘ ʚʝʣʠʢʠʭ ʛʦʤʦʛʝʥʥʠʭ ʜʽʣʷʥʢʘʭ (ʥʘʡʯʘʩʪʽʰʝ ʮʝ ʚʦʜʥʽ ʧʦʚʝʨʭʥʽ) 

ʧʽʜʩʠʣʶʶʪʴʩʷ ʰʫʤʠ. ʅʘ ʨʠʩ. 4.7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʨʘʛʤʝʥʪʠ ʟʦʙʨʘʞʝʥʴ ï ʚʭʽʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʽʜʚʠʱʝʥʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʨʦʬʽʣʽ ʜʘʥʠʭ ʥʘ ʛʦʤʦʛʝʥʥʽʡ ʜʽʣʷʥʮʽ 

(ʂʠʾʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ). 

 

ʘ 

 

ʙ 

ʈʠʩ. 4.7. ɿʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʨʦʬʽʣʽ ʜʘʥʠʭ: ʘ ï ʥʠʟʴʢʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ;   ʙ ï ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ (ʤ. ʂʠʾʚ, 

13 ʣʠʧʥʷ 2016 ʨ.) 
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ʂʦʤʧʝʥʩʘʮʽʶ ʜʘʥʦʛʦ ʥʝʜʦʣʽʢʫ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦ 

ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʤʘʩʢʠ, ʦʪʨʠʤʘʥʦʾ ʽʟ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʛʦʤʦʛʝʥʥʽ ʜʽʣʷʥʢʠ, ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʰʫʤʘʤʠ. 

ʆʩʢʽʣʴʢʠ ʧʽʜʚʠʱʝʥʥʷ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʛʦʤʦʛʝʥʥʠʭ ʜʽʣʷʥʦʢ ʜʫʞʝ ʩʣʘʙʢʦ ʚʧʣʠʚʘʻ 

ʥʘ ʾʭ ʧʨʠʨʽʩʪ ʜʝʪʘʣʽʟʘʮʽʾ ʯʝʨʝʟ ʚʽʜʥʦʩʥʫ ʦʜʥʦʨʽʜʥʽʩʪʴ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʯʠʥʠʪʴ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʘʛʘʣʴʥʠʡ ʧʨʠʨʽʩʪ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʝʟʫʣʴʪʫʶʯʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. 

4.3 ʈʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

ɺ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʰʠʨʦʢʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʫ 

ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ ʽʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ ʤʝʥʰʝ 100 ʤ, ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʨʝʟʫʣʴʪʫʶʯʠʭ ʟʦʙʨʘʞʝʥʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ, ʥʘʧʨʠʢʣʘʜ, ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ. 

ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʘ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, 

ʧʦʩʪʘʚʣʝʥʠʭ ɼʝʨʞʘʚʥʦʶ ʮʽʣʴʦʚʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʢʦʩʤʽʯʥʦʶ ʧʨʦʛʨʘʤʦʶ 

ʋʢʨʘʾʥʠ ʥʘ 2013ï2017 ʨʨ. ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʚ 2016 ʨʦʮʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ (ʉʏ ɼʂʈ) ñʈʦʟʨʦʙʣʝʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ 

ʢʘʜʨʽʚ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʉɼɯʏò, ʽ ñʈʦʟʨʦʙʢʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʧʝʨʚʠʥʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚò. 

ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʜʽʡʩʥʶʚʘʪʠ ʜʣʷ ʧʘʨ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʟʦʙʨʘʞʝʥʴ ʦʜʥʦʾ ʜʽʣʷʥʢʠ ʤʽʩʮʝʚʦʩʪʽ, 

ʦʜʝʨʞʘʥʠʭ ʷʢ ʤʦʞʥʘ ʙʣʠʞʯʝ ʟʘ ʯʘʩʦʤ, ʧʨʠʯʦʤʫ ʩʧʽʣʴʥʫ ʩʫʙʧʽʢʩʝʣʴʥʫ ʦʙʨʦʙʢʫ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʘʙʦ ʜʦ ʧʨʦʩʪʦʨʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ 
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ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘʙʦ ʜʦ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʨʪʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʟ ʤʝʪʦʶ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʽʚ, ʱʦ ʻ ʥʘʩʣʽʜʢʘʤʠ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ ʪʘ 

ʥʘʩʪʫʧʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʟʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʥʘ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ 

ʦʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ ʚʠʜʠʤʦʤʫ ʪʘ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʘʭ [9]. 

ɺʠʩʥʦʚʢʠ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫ 

1. ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʧʝʨʝʚʽʨʝʥʦ ʥʘ 24 ʟʦʙʨʘʞʝʥʥʷʭ, ʦʪʨʠʤʘʥʠʭ 

ʩʫʧʫʪʥʠʢʦʚʦʶ ʩʠʩʪʝʤʦʶ Landsat-8 ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʣʴʥʠʭ ʦʮʽʥʦʢ ʬʫʥʢʮʽʾ 

ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ ʚʭʽʜʥʠʭ ʽ ʨʝʟʫʣʴʪʫʶʯʠʭ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ. ɼʦʚʝʜʝʥʦ 

ʾʾ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʘ ʢʦʨʠʩʥʽʩʪʴ ʧʨʠ ʘʥʘʣʽʟʽ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʘʥʥʷ ʚ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

2. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʧʨʠ ʦʙʨʦʙʮʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʩʝʥʩʦʨʘ OLI, ʷʢʽ ʤʘʶʪʴ ʬʘʢʪʠʯʥʫ 

ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʚ 3,3 ʨʘʟʠ ʚʠʱʫ ʟʘ ʜʘʥʽ ʩʝʥʩʦʨʘ TIRS ʚ ʩʝʨʝʜʥʴʦʤʫ 

33,5 %. ʇʽʜʚʠʱʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʚʥʝʩʝʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʜʝʪʘʣʝʡ ʫ ʟʦʙʨʘʞʝʥʥʷ 

ʟʘʚʜʷʢʠ ʦʪʨʠʤʘʥʥʶ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʽʣʴʰʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʘ ʦʮʽʥʢʘ ʻ ʟʘʥʠʞʝʥʦʶ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʨʝʘʣʴʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʯʝʨʝʟ ʥʠʟʴʢʫ ʯʫʪʣʠʚʽʩʪʴ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʌʇʄ ʜʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʢʦʤʧʦʥʝʥʪ. ʉʝʨʝʜʥʽʡ ʧʨʠʨʽʩʪ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʢʣʘʚ 52,3%, ʘ ʧʦʢʘʟʥʠʢʘ MRTD ï 

56,7%. 

3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʪʝʨʘʮʽʡʥʦʾ ʛʘʫʩʩʽʚʩʴʢʦʾ ʨʝʛʫʣʷʨʠʟʘʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʧʘʨ ʟʦʙʨʘʞʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ  ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʨʝʟʫʣʴʪʫʶʯʦʛʦ 
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ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 38,9 %. ʇʨʠʨʽʩʪ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʢʣʘʚ 103,4 % ʘ 

ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʨʽʟʥʶʚʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï 29,2 %. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʘʤʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʥʠʟʴʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʜʦʟʚʦʣʷʻ 

ʜʦʜʘʪʢʦʚʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ 69 %, ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʥʘ 215,1 %, ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʨʠʨʽʩʪ MRTD 

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ. 

4. ʆʙʨʦʙʢʘ ʦʢʨʝʤʦ ʚʠʜʽʣʝʥʦʾ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʧʘʨ 

ʨʽʟʥʦʯʘʩʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʾʭ ʧʨʦʩʪʦʨʦʚʫ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 76,5 % ʘ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠʨʦʩʪʫ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʢʣʘʣʦ 106,5 %, ʘ ʧʦʢʘʟʥʠʢʘ MRTD ï 85,9 %.  
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ɺʀʉʅʆɺʂʀ 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʥʘʫʢʦʚʫ ʟʘʜʘʯʫ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʫ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʫ ʰʣʷʭʦʤ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʦʟʧʦʜʽʣʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɼʘʥʘ ʟʘʜʘʯʘ ʫʩʧʽʰʥʦ ʚʠʨʽʰʝʥʘ, 

ʤʝʪʫ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʷʛʥʫʪʦ, ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʨʦʙʣʝʥʦ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 8-

14 ʤʢʤ. ʅʘʨʘʟʽ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʻ ʜʘʥʽ ʣʠʰʝ ʦʜʥʦʛʦ ʩʝʥʩʦʨʘ TIRS, 

ʨʦʟʤʽʱʝʥʦʛʦ ʥʘ ʩʫʧʫʪʥʠʢʫ Landsat-8, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 

100 ʤ ʥʘ ʤʽʩʮʝʚʦʩʪʽ, ʽʥʪʝʨʧʦʣʴʦʚʘʥʫ ʜʦ 30 ʤ. 

2. ʇʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ ʟʥʽʤʘʥʥʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ɺʽʜʟʥʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ ʪʘ 

ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʷʢʽ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʚʠʱʫ ʧʨʦʩʪʦʨʦʚʫ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʥʽʞ ʜʘʥʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

3. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʽʜʚʠʱʝʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʘ ʢʽʣʴʢʦʤʘ ʩʫʙʧʽʢʩʝʣʴʥʦ ʟʤʽʱʝʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ  

ʥʠʞʯʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ. ʗʢ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʚʠʟʥʘʯʝʥʦ 

ʤʝʪʦʜ ʽʪʝʨʘʮʽʡʥʦʾ ʛʘʫʩʽʚʩʴʢʦʾ ʨʝʛʫʣʷʨʠʟʘʮʽʾ ʚ ʩʢʘʥʫʶʯʦʤʫ ʚʽʢʥʽ. 

4. ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 

ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʾʭ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʜʘʥʠʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʜʚʦʝʪʘʧʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʪʘ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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5. ʆʙˇʨʫʥʪʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʚʠʜʠʤʦʛʦ ʪʘ 

ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʦʜʝʨʞʫʚʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʤ ʩʝʥʩʦʨʦʤ 

OLI ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʽʣʴʰ 

ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʥʽʞ ʜʘʥʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʩʢʣʘʣʦ 33,5 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʜʘʥʠʤʠ ʟʥʽʤʘʥʥʷ ʩʝʥʩʦʨʦʤ 

TIRS. ʇʨʠ ʮʴʦʤʫ ʜʦʩʷʛʥʫʪʦ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʥʘ 52,3%, ʘ ʧʦʢʘʟʥʠʢʘ 

MRTD ï ʥʘ 56,7%. 

ʆʙ̌ʨʫʥʪʦʚʘʥʦ ʪʘ ʦʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʩʧʽʣʴʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ, 

ʙʣʠʞʥʴʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʪʘ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʜʝʪʘʣʽʟʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. 

6. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʨʦʩʣʠʥʥʠʭ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʪʘ ʰʪʫʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʰʣʷʭʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʽʜʙʠʪʪʷ ʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʙʽʙʣʽʦʪʝʢʠ 

ʪʠʧʦʚʠʭ ʩʧʝʢʪʨʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʟʘʜʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. 

7. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʽʥʚʘʨʽʘʥʪʥʦʾ ʚ ʯʘʩʽ 

ʚʝʣʠʯʠʥʠ ï ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽ ʥʝʽʥʚʘʨʽʘʥʪʥʦʾ ï 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ ʧʘʨʠ ʨʽʟʥʦʯʘʩʦʚʠʭ ʩʫʙʧʽʢʩʝʣʴʥʦ 

ʟʤʽʱʝʥʠʭ ʟʦʙʨʘʞʝʥʴ ʰʣʷʭʦʤ ʽʪʝʨʘʮʽʡʥʦʾ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʚ ʩʢʘʥʫʶʯʦʤʫ 

ʚʽʢʥʽ. 

8. ɺʩʽ ʨʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʫʚʽʡʰʣʠ ʜʦ ʩʢʣʘʜʫ ʥʦʚʦʾ ʜʚʦʝʪʘʧʥʦʾ ʤʝʪʦʜʠʢʠ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʨʽʟʥʦʯʘʩʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʦʢʨʝʤʠʭ ʯʘʩʪʦʪʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʟʦʙʨʘʞʝʥʥʷ. 

9. ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʪʝʩʪʫʚʘʣʦʩʷ ʥʘ 12 ʟʦʙʨʘʞʝʥʥʷʭ ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʩʠʩʪʝʤʠ Landsat-8 ʽʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʣʘʥʜʰʘʬʪʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʫʨʙʘʥʽʟʦʚʘʥʽ, 

ʽʥʜʫʩʪʨʽʘʣʴʥʽ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ, ʧʫʩʪʝʣʴʥʽ, ʘ ʪʘʢʦʞ ʧʨʠʙʝʨʝʞʥʽ ʪʝʨʠʪʦʨʽʾ ʽʟ 
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ʘʢʚʘʪʦʨʽʷʤʠ, ʷʢ ʨʽʯʢʦʚʠʤʠ ʪʘʢ ʽ ʤʦʨʩʴʢʠʤʠ, ʟʥʷʪʠʭ ʧʨʦʪʷʛʦʤ 2014ï2016 ʨʦʢʽʚ. 

ɼʦʩʷʛʥʫʪʝ ʧʽʜʚʠʱʝʥʥʷ ʨʝʘʣʴʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʦʮʽʥʶʚʘʣʦʩʷ 

ʧʦʨʽʚʥʷʥʥʷʤ ʬʫʥʢʮʽʡ ʧʝʨʝʜʘʯʽ ʤʦʜʫʣʷʮʽʾ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʱʦ 

ʦʮʽʥʶʚʘʣʠʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ ʩʢʣʘʣʦ ʚ ʩʝʨʝʜʥʴʦʤʫ 38,9 % ʜʣʷ ʨʦʟʧʦʜʽʣʽʚ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʧʨʠʨʽʩʪ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʩʢʣʘʚ 103,4 %, ʘ ʚʝʣʠʯʠʥʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʨʽʟʥʶʚʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï 29,2 %. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ  

ʜʣʷ ʨʦʟʧʦʜʽʣʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʩʢʣʘʣʦ 76,5 %, ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ï 215,1 % ʙʝʟ ʩʫʪʪʻʚʦʛʦ ʧʨʠʨʦʩʪʫ ʤʽʥʽʤʘʣʴʥʦʾ ʨʦʟʨʽʟʥʶʚʘʣʴʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

10. ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, 

ʧʦʩʪʘʚʣʝʥʠʭ ɼʝʨʞʘʚʥʦʶ ʮʽʣʴʦʚʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʢʦʩʤʽʯʥʦʶ ʧʨʦʛʨʘʤʦʶ 

ʋʢʨʘʾʥʠ ʥʘ 2013-2017 ʨʨ., ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ, ʪʘ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʜʝʪʘʣʽʟʦʚʘʥʠʭ ʢʘʨʪ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ 

ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ 8-14 ʤʢʤ ʽʟ ʥʝʜʦʩʪʘʪʥʴʦʶ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. 

ʈʦʟʨʦʙʣʝʥʘ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʤʝʪʦʜʠʢʘ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʢʘʨʪʫʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʪʝʨʠʪʦʨʽʡ ʽʟ ʚʠʩʦʢʦʶ ʛʝʪʝʨʦʛʝʥʥʽʩʪʶ ʧʦʢʨʠʚʽʚ ʪʘ 

ʣʘʥʜʰʘʬʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʫʨʙʘʥʽʟʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ) ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ ʪʝʧʣʦʚʦʛʦ ʟʥʽʤʘʥʥʷ ʽʟ ʥʠʟʴʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. ʆʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʦʶ ʜʘʥʘ ʤʝʪʦʜʠʢʘ ʻ ʥʘ ʩʴʦʛʦʜʥʽ, ʦʩʢʽʣʴʢʠ ʟʘʨʘʟ ʽʩʥʫʻ ʩʫʪʪʻʚʠʡ ʙʨʘʢ 

ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 8-14 ʤʢʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʜʚʦʝʪʘʧʥʫ 

ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ ʜʦʚʛʦʭʚʠʣʴʦʚʽʡ 

ʦʙʣʘʩʪʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚ ʷʢʽʡ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʚʠʜʠʤʦʛʦ ʪʘ ʙʣʠʞʥʴʦʛʦ 

ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʘ ʥʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 



147 

 

ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʦʢʨʝʤʠʭ ʯʘʩʪʦʪʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʘʨ ʨʽʟʥʦʯʘʩʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʨʪʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦʢʨʘʱʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʩʫʙʧʽʢʩʝʣʴʥʦʾ ʦʙʨʦʙʢʠ ʟ ʤʝʪʦʶ 

ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʽʚ, ʱʦ ʻ ʥʘʩʣʽʜʢʘʤʠ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ ʪʘ ʥʘʩʪʫʧʥʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʟʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʦʪʨʠʤʘʥʥʷ ʨʦʟʧʦʜʽʣʽʚ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʚ ʨʘʟʽ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʜʘʥʠʭ ʟʥʽʤʘʥʥʷ ʫ ʚʠʜʠʤʦʤʫ ʪʘ ʙʣʠʞʥʴʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. 
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ɼʦʜʘʪʦʢ ɸ 

ɸʂʊʀ ɺʇʈʆɺɸɼɾɽʅʅʗ ɼʆʉʃɯɼɾɽʅʔ 
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ɼʦʜʘʪʦʢ ɹ 

ʉʢʨʠʧʪ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ SciLab (ʚʝʨʩʽʷ 6.0.0) ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʧʝʢʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʽʟ ʩʧʝʢʪʨʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʽʟ ʙʘʟʠ ASTER Spectral Library  

 

// Spectrum sorting & filtering  

// SciLab 6.0.0 script (C) 2002 - 2017  

clear();  

 

Y=read('Oxidized_Galvanized_Steel_Metal2.dat', - 1,2);  // raw 

spectrum  

Z=gsort(Y,'lr','i');  // sorted spectrum  

[F,K]=unique(Z(:,1));  // unique wavelenghts  

M=diff(K) - 1;  // non - unique samples number  

for i=1:size(M,1),  

   if (M(i)>0) then  

      U(i)=mean(Z(i:(i+M(i)),2));  // non - unique samples averaging  

   else  

      U(i)=Z(i,2);  // unique samples translation  

   end;  

end;  

U($+1)=Z(K($),2);  

 

dat=mopen('OXIDI ZED_GALVANIZED_STEEL_METAL.DAT','wt');  

for i=1:size(F,1),  

mfprintf(dat,'%.4f %.6f \ n',F(i),U(i));  

end;  

mclose(dat);  

 

clf(); plot(F,U,' - g');  
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ɼʦʜʘʪʦʢ ɺ 

ʉʢʨʠʧʪ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ SciLab (ʚʝʨʩʽʷ 6.0.0) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʠʧʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʧʦʢʨʠʚʽʚ ʚʽʜ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI 

 

// NDVI => land surface emissivity (LSE) relationship estimation  

// SciLab 6.0.0 script (C) 2006 - 2017  

clear();  

 

function [ndvi,epsi1,epsi2]=NDVILSE(A,B,X,Y)  

   D=splin(Y(:,1),Y(:,2 ),"natural");  // interpolating cubic spline  

   R=interp(A(:,1),Y(:,1),Y(:,2),D,"linear");  // red band 

interpolated reflectance  

   N=interp(B(:,1),Y(:,1),Y(:,2),D,"linear");  // NIR band 

interpolated reflectance  

   T=interp(X(:,1),Y(:,1),Y(:,2),D,"linear" );  // TIR band 

interpolated reflectance  

   E=1- T/100;  // TIR band interpolated emissivity  

// clf(); plot(X(:,1),E,' - g',X(:,1),X(:,2),' - r',X(:,1),X(:,3),' -

m');  

   red=sum(A(:,2)/sum(A(:,2)).*R);  // red band integral 

reflectance  

   nir=sum(B(:,2)/sum(B(:, 2)).*N);  // NIR band integral 

reflectance  

   ndvi=(nir - red)/(nir+red);  // OLI bands NDVI  

   epsi1=sum(X(:,2)/sum(X(:,2)).*E);  // TIRS band 10 integral 

emissivity  

   epsi2=sum(X(:,3)/sum(X(:,3)).*E);  // TIRS band 11 integral 

emissivity  

endfunction  

 

mpri ntf(' \ n   NDVI and land surface emissivity speclib 

estimation \ n');  

A=read('E: \ PHD\ NDVI- LSE\ L8- OLI - Red.dat', - 1,2);  // red band 

spectral response  

B=read('E: \ PHD\ NDVI- LSE\ L8- OLI - NIR.dat', - 1,2);  // NIR band 

spectral response  

X=read('E: \ PHD\ NDVI- LSE\ L8- TIRS.d at', - 1,3);  // TIR bands spectral 

responses  

S=mgetl('E: \ PHD\ NDVI- LSE\ EMISSLIB.LST');  // emissivity spectra 

files list  

n=size(S,1);  // number of emissivity spectra  

mprintf('   %u land surface spectra used for estimation \ n',n);  

 

progress=waitbar('spectra e stimating : '+string(n));  

lst=mopen('NDVI - LSE- Estimation.csv','wt');  

for i=1:n,  

   Y=read(S(i), - 1,2);  // current reflectance spectrum  

   [ndvi(i),epsi1(i),epsi2(i)]=NDVILSE(A,B,X,Y);  
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   mfprintf(lst,'%.6f %.8f %.8f \ n',ndvi(i),epsi1(i),epsi2(i));  

   waitb ar(i/n,'spectra estimating : '+string(n - i),progress);  

end;  

mclose(lst); close(progress);  

mprintf('   NDVI and land surface emissivity of %u spectra 

estimated \ n',n);  

 

clf(); plot(ndvi,epsi1,'sg',ndvi,epsi2,'dc');  // NDVI - LSE 

relationship visualizing  

low=fi nd(ndvi<0.34);  // low NDVI estimated emissivity, mean = 

0.0091313, 0.8740463  

high=find(ndvi>0.9);  // high NDVI estimated emissivity, mean = 

0.9817490, 0.9842091  

plot([mean(ndvi(low)),1],[mean(epsi1(low)),mean(epsi1(high))+0.005]

,'+r',[mean(ndvi(low)),1], [mean(epsi2(low)),mean(epsi2(high))+0.005

],'xm');  
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ɼʦʜʘʪʦʢ ɻ 

ʉʢʨʠʧʪ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ SciLab (ʚʝʨʩʽʷ 6.0.0) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʨʦʟʧʦʜʽʣʫ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʭʽʜʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ NDVI 

 

// L8 NDV I to LSE recalculating by relationship approximation  

// SciLab 6.0.0 script (C) 2006 - 2017  

clear();  

 

mprintf(' \ n   Landsat - 8/OLI NDVI to land surface emissivity 

approximating \ n');  

l=2100; n=2800;  // image size, lines, samples  

ndvi=read('L8 - OLI - NDVI- KR- 2016 - 09- 17.dat',l,n);  // OLI bands 4, 5 

NDVI transform  

mprintf('   2 bands of %u x %u size image was loaded \ n',l,n);  

threshv=evstr(x_mdialog('NDVI and land surface emissivity threshold 

values',['non - vegetated area NDVI';'full - covered area NDVI';'non -

vegetated  area emissivity';'vegetation emissivity';'surface 

roughness emissivity']+' :',[' 0.14';' 0.86';' 0.9';' 0.985';' 

0.005']));  

if isempty(threshv) then halt('   NDVI and LSE threshold values are 

not defined \ n'); abort; end;  

K10=[ - 1,0.98;0.057596,0.955701;thr eshv(1),threshv(3)+threshv(5)];  

// TIRS band 10 low NDVI approximating knots  

K11=[ - 1,0.98;0.057596,0.944584;threshv(1),threshv(3)+threshv(5)];  

// TIRS band 11 low NDVI approximating knots  

C10=splin(K10(:,1),K10(:,2),"clamped",[0;0]);  // TIRS band 10 low  

NDVI interpolating clamped spline  

C11=splin(K11(:,1),K11(:,2),"clamped",[0;0]);  // TIRS band 11 low 

NDVI interpolating clamped spline  

D10=splin([threshv(2);1],[threshv(4);0.981749]+threshv(5),"clamped"

,[2*(threshv(4) - threshv(3))/(threshv(2) - threshv(1));0 ]);  // TIRS 

band 1 high NDVI interpolating clamped spline  

D11=splin([threshv(2);1],[threshv(4);0.9842091]+threshv(5),"clamped

",[2*(threshv(4) - threshv(3))/(threshv(2) - threshv(1));0]);  // TIRS 

band 2 high NDVI interpolating clamped spline  

mprintf('   appro ximating relationships parameters was defined \ n');  

 

mprintf('   NDVI to LSE calculation ...');  

progress=waitbar('NDVI lines processing : '+string(l));  

for i=1:l, for j=1:n,  

   if ndvi(i,j)<threshv(1) then  

      epsi10(i,j)=interp(ndvi(i,j),K10(:,1),K10(:,2 ),C10);  // TIRS 

band 10 low NDVI interpolated emissivity  

      epsi11(i,j)=interp(ndvi(i,j),K11(:,1),K11(:,2),C11);  // TIRS 

band 11 low NDVI interpolated emissivity  

   elseif ndvi(i,j)<=threshv(2) then  

      epsilon=(threshv(4) - threshv(3))/(threshv(2) -

th reshv(1))^2*(ndvi(i,j))^2 - 2*(threshv(4) -

threshv(3))*threshv(1)/(threshv(2) -
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threshv(1))^2*ndvi(i,j)+(threshv(4) -

threshv(3))*(threshv(1))^2/(threshv(2) -

threshv(1))^2+threshv(3)+threshv(5);  

      epsi10(i,j)=epsilon; epsi11(i,j)=epsilon;  

   else  

      

epsi10( i,j)=interp(ndvi(i,j),[threshv(2);1],[threshv(4);0.981749]+t

hreshv(5),D10);  // TIRS band 1 high NDVI interpolated emissivity  

      

epsi11(i,j)=interp(ndvi(i,j),[threshv(2);1],[threshv(4);0.9842091]+

threshv(5),D11);  // TIRS band 2 high NDVI interpolated e missivity  

   end;  

end; waitbar(i/l,'NDVI lines processing : '+string(l - i),progress); 

end;  

close(progress);  

mprintf(' complete \ n');  

 

dat10=mopen('L8 - OLI - LSE10- KR- 2016 - 09- 17.dat','wt');  

dat11=mopen('L8 - OLI - LSE11- KR- 2016 - 09- 17.dat','wt');  

for i=1:l, for j=1:n ,  

   mfprintf(dat10,'%10.6f',epsi10(i,j)); 

mfprintf(dat11,'%10.6f',epsi11(i,j));  

end; mfprintf(dat10,' \ n'); mfprintf(dat11,' \ n'); end;  

mclose(dat10); mclose(dat11);  

mprintf('   Landsat - 8/OLI LSE output complete \ n');  
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ɼʦʜʘʪʦʢ ɼ 

ʉʢʨʠʧʪ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ SciLab (ʚʝʨʩʽʷ 6.0.0) ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʩʫʙʧʽʢʩʝʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ 

 

function [dx, dy] = align_Young_MV3(Y1, Y2)  

[m, n] = size(Y1);  

[m2, n2] = size(Y2);  

assert_checktrue((m==m2) & (n==n2));  

COEFSR = [50, 50];  

 

FT1 = SWFT(Y1);  

FT2 = SWFT(Y2);  

FT = FT1 .* conj(FT2);  

half_m = ceil(m/2);  

half_n = ceil(n/2);  

arr_m = [0:(half_m - 1), (half_m - m):( - 1)]' / m;  

arr_n = [0:(half_n - 1), (half_n - n):( - 1)]  / n;  

 

maxabs = -  %inf;  

//for sdx = (0 : (COEFSR(1) - 1)) / COEFSR(1);  

for sdx = ((1 - COEFSR(1)) : 0) / COEFS R(1);  

    mul1 = exp(2 * %i * %pi * sdx * arr_m);  

    FT1 = FT .* mul1(:, ones(1,n));  

    for sdy = (0 : (COEFSR(2) - 1)) / COEFSR(2);  

//  for sdy = ((1 - COEFSR(2)) : 0) / COEFSR(2);  

        mul2 = exp(2 * %i * %pi * sdy * arr_n);  

        FT2 = FT1 .* mul2(on es(m,1), :);  

         

        EHR = ifft(FT2);  

        //mprintf("max_imag %10.7f \ n", ...  

        //  max(abs(imag(EHR(:)))));  

        EHR = real(EHR);  

        //mprintf("%7.4f %7.4f  %10.7f \ n", sdx, sdy, max(EHR(:)));  

            [mE, nE] = size(EHR);  

        [maxpsus, im] = max(EHR(:));  

        if maxpsus > maxabs,  

            [ix, iy] = ind2sub([mE, nE],im);  

            if 2*ix<=mE,  

                dx = (ix - 1) + sdx;  

            else  

                dx = (ix -  1 -  mE) + sdx;  

            end  

            i f 2*iy<=nE,  

                dy = (iy - 1) + sdy;  

            else  

                dy = (iy -  1 -  nE) + sdy;  

            end  

            maxabs = maxpsus;  

        end  

    end  
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end  

 

[dx, dy] = fmaxsearchFour( FT , dx, dy);  

endfunction  

 

function FT = SWFT(Y)  

[m,  n] = size(Y);  

FT = fft(Y);  

wifi = transfer_window_fiter(m,1);  

FT = FT .* wifi(:, ones(1, n));  

wifi = transfer_window_fiter(n,1);  

FT = FT .* wifi(:, ones(1, m)).';  

endfunction  

 

function wifi = transfer_window_fiter(n, k)  

wifi = min(1, max(2 -  4*(0:(n*k - 1)) /n, 0));  

wifi = max(wifi, wifi([1, (n*k) : ( - 1) : 2]));  

wifi = wifi(:);  

endfunction  

 

function [ x, y ] = fmaxsearchFour( FT , x, y)  

//Search sum(F .*  exp(2i*pi*(x*t1+y*t2)) for maximum  

 

[m, n] = size(FT);  

half_m = ceil(m/2);  

half_n = ceil(n/2);  

arr_m = [ 0:(half_m - 1), (half_m - m):( - 1)]' / m;  

arr_n = [0:(half_n - 1), (half_n - n):( - 1)]  / n;  

//oo = optimset('Hessian', 'user - supplied', ...  

//    'GradObj', 'on');  

z0 = [x; y];  

//z = fminunc(@QGH, z0, oo);  

[minQ, z] = optim(QGH_fmaxsearchFour, z0, "qn");  

x = z(1);  

y = z(2);  

endfunction  

    function [Q, G, ind] = QGH_fmaxsearchFour(z, ind)  

        M = FT .* exp(2 * %i * %pi * ...  

          (z(1)*arr_m(:, ones(1,n)) + z(2)*arr_n(ones(m,1),:)));  

        reM = real(M);  

        imM = imag(M);  

        Q = -  sum(reM(:));  

        G1 = 2*%pi*sum( arr_m' * imM  );  

        G2 = 2*%pi*sum( imM * arr_n');  

        G = [G1; G2];  

        //if nargout>=3,  

        //    H1 = sum( (arr_m.^2)' * reM  );  

        //    H2 = arr_m' * reM * arr_n';  

        //    H3 = sum(  reM * (arr_n.^2) ' );  

        //    H = 4 * %pi^2 * [H1, H2; H2, H3];  

        //end  

        ind = 1;  

    endfunction  
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ɼʦʜʘʪʦʢ ɽ 

ɿʦʙʨʘʞʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʦʙʨʦʙʢʠ 

  
ʤ. ɼʫʙʘʡ, ʆɸɽ. 26 ʣʠʧʥʷ ʪʘ 11 ʩʝʨʧʥʷ 2016 ʨ. 

  
ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ. 28 ʣʠʧʥʷ ʪʘ 13 ʩʝʨʧʥʷ 2014 ʨ.  
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ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ. 25 ʙʝʨʝʟʥʷ ʪʘ 10 ʢʚʽʪʥʷ 2015 ʨ. 

  
ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ. 13 ʣʠʧʥʷ ʪʘ 29 ʣʠʧʥʷ 2016 ʨ. 

  
ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ. 18 ʣʠʧʥʷ ʪʘ 3 ʩʝʨʧʥʷ 2015 ʨ. 
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ʤ. ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ. 7 ʩʝʨʧʥʷ ʪʘ 23 ʩʝʨʧʥʷ 2015 ʨ.  

  
ʤ. ʂʨʠʚʠʡ ʈʽʛ, ʋʢʨʘʾʥʘ. 17 ʚʝʨʝʩʥʷ ʪʘ 3 ʞʦʚʪʥʷ 2016 ʨ. 
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ʤ. ʂʦʧʝʥʛʘʛʝʥ, ɼʘʥʽʷ, ʤ. ʄʘʣʴʤʝ, ʐʚʝʮʽʷ. 23 ʩʝʨʧʥʷ ʪʘ 8 ʚʝʨʝʩʥʷ 2015 ʨ. 

  
ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ. 23 ʣʠʧʥʷ ʪʘ 8 ʩʝʨʧʥʷ 2015 ʨ. 

  
ʤ. ʈʷʱʽʚ, ʇʦʣʴʱʘ.  15 ʩʝʨʧʥʷ ʪʘ 31 ʩʝʨʧʥʷ 2015 ʨ. 
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ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ. 25 ʚʝʨʝʩʥʷ ʪʘ 11 ʞʦʚʪʥʷ 2015 ʨ. 

  
ʤ. ʈʠʤ, ɯʪʘʣʽʷ. 3 ʣʠʧʥʷ ʪʘ 19 ʣʠʧʥʷ 2016 ʨ. 
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ɼʦʜʘʪʦʢ ɭ 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ ʌʇʄ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʟʦʙʨʘʞʝʥʴ 

ʨʦʟʧʦʜʽʣʽʚ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ TIRS ʪʘ ʬʽʟʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

TIRS+OLI  

  
LC81600432016208 TIRS LC81600432016208 TIRS+OLI 

  
LC81600432016224 TIRS LC81600432016224 TIRS+OLI 

  
LC81770252014209 TIRS LC81770252014209 TIRS+OLI 
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LC81770252014225 TIRS LC81770252014225 TIRS+OLI 

  
LC81770252015084 TIRS LC81770252015084 TIRS+OLI 

  
LC81770252015100 TIRS LC81770252015100 TIRS+OLI 

  
LC81810252016195 TIRS LC81810252016195 TIRS+OLI 


