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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ɸɿʈʌ ï ɸʨʢʪʠʯʝʩʢʘʷ ʟʦʥʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ɸʆ ï ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ 

ɻʀʉ ï ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ɻʎ ʈɸʅ ï ɻʝʦʬʠʟʠʯʝʩʢʠʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ɼɿɿ ï ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ 

ʀʂ ï ʠʥʬʨʘʢʨʘʩʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 

ʈɿʕ ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʎʄʈ ï ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ 

ACE ï 
Adaptive Coherence Estimator (ʘʜʘʧʪʠʚʥʳʡ ʦʮʝʥʠʚʘʪʝʣʴ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ) 

ASTER ï 
Advanced Spaceborne Thermal Emission and Reflection 

Radiometer, ʩʧʫʪʥʠʢʦʚʳʡ ʩʝʥʩʦʨ (ʥʘ ʧʣʘʪʬʦʨʤʝ Terra). 

COPERNICUS ï ɽʚʨʦʧʝʡʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʙʣʶʜʝʥʠʷ ɿʝʤʣʠ 

DEM ï Digital Elevation Model (ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ) 

ECOSTRESS ï 

Ecosystem Spaceborne Thermal Radiometer Experiment on 

Space Station, ʪʝʧʣʦʚʦʡ ʨʘʜʠʦʤʝʪʨ NASA ʥʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ. 

GEE ï 
Google Earth Engine, ʦʙʣʘʯʥʘʷ ʧʣʘʪʬʦʨʤʘ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

GeoTIFF ï 

ʦʪʢʨʳʪʳʡ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʩʪʨʦʚʳʭ ʜʘʥʥʳʭ ʚ 

ʬʦʨʤʘʪʝ TIFF ʩʦʚʤʝʩʪʥʦ ʩ ʤʝʪʘʜʘʥʥʳʤʠ ʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʝ 

GLMC ï 
Grey-Level Co-occurrence Matrix (ʤʘʪʨʠʮʘ ʩʦʚʤʝʩʪʥʦʡ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʫʨʦʚʥʝʡ ʩʝʨʦʛʦ) 

InSAR ï 

Interferometric Synthetic Aperture Radar 

(ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʘʷ ʨʘʜʠʦʣʦʢʘʮʠʷ ʩ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ) 
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JS ï JavaScript, ̫ ʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

MNF ï 
Minimum Noise Fraction (ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ 

ʜʦʣʠ ʰʫʤʘ) 

MSI ï 
Multispectral Instrument (ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʡ ʩʝʥʩʦʨ 

ʩʧʫʪʥʠʢʦʚ Sentinel-2) 

NASA ï 

National Aeronautics and Space Administration, 

(ʅʘʮʠʦʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʘʵʨʦʥʘʚʪʠʢʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʉʐɸ) 

NDWI ï 
Normalized Difference Water Index (ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 

ʨʘʟʥʦʩʪʥʳʡ ʠʥʜʝʢʩ ʚʦʜʳ) 

PCA ï 
Principal Component Analysis (ʤʝʪʦʜ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ) 

PRISMA ï 
PRecursore IperSpettrale della Missione Applicativa, 

ʠʪʘʣʴʷʥʩʢʠʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʡ ʩʧʫʪʥʠʢ 

QGIS ï Quantum GIS, ʥʘʩʪʦʣʴʥʘʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ  

RGB ï ʮʚʝʪʦʚʘʷ ʤʦʜʝʣʴ: ʢʨʘʩʥʳʡ ï ʟʝʣʝʥʳʡ ï ʩʠʥʠʡ  

ROI ï Region of Interest (ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ) 

SCL ï Scene Classification Layer (ʩʣʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʮʝʥʳ) 

SHRIMP ï 

Sensitive High Resolution Ion MicroProbe 

(ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʘʷ ʠʦʥʥʘʷ ʤʠʢʨʦʟʦʥʜ-

ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʷ) 

SNR ï Signal-to-Noise Ratio, ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ  

SWIR ï Short-wave infrared (ʙʣʠʞʥʠʡ ʠʥʬʨʘʢʨʘʩʥʳʡ ʜʠʘʧʘʟʦʥ) 

TIN ï 
Triangulated Irregular Network (ʥʝʨʝʛʫʣʷʨʥʘʷ 

ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʘʷ ʩʝʪʴ) 

URL ï Uniform Resource Locator, ʚʝʙ-ʘʜʨʝʩ 
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USGS ï 
United States Geological Survey (ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ 

ʉʐɸ) 

VIS ï Visible (ʚʠʜʠʤʳʡ) 

VNIR ï 
Visible and near-infrared (ʚʠʜʠʤʳʡ ʠ ʙʣʠʞʥʠʡ 

ʠʥʬʨʘʢʨʘʩʥʳʡ ʜʠʘʧʘʟʦʥ) 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ɸʨʢʪʠʯʝʩʢʘʷ ʟʦʥʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɸɿʈʌ) 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʭʨʦʤʦʚʳʝ ʨʫʜʳ, ʪʠʪʘʥ, ʤʝʜʴ, ʦʣʦʚʦ, ʨʘʩʩʝʷʥʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʧʣʘʪʠʥʦʠʜʳ, ʟʦʣʦʪʦ, ʈɿʕ, ʘʧʘʪʠʪʦʚʳʝ ʨʫʜʳ, ʘʣʤʘʟʳ ʠ ʜʨ. ɺ ʉʪʨʘʪʝʛʠʠ 

ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2050 ʛʦʜʘ ʠ 

ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2035 ʛʦʜʘ 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʥʝʜʨ. ʈʘʟʚʠʪʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʚ ɸɿʈʌ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʵʢʩʪʨʝʤʘʣʴʥʦʤ ʢʣʠʤʘʪʝ ʠ 

ʩʣʘʙʦʨʘʟʚʠʪʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʯʘʩʪʴʶ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʥʝʜʨ. ɼʘʥʥʳʝ ʦ 

ʨʘʟʣʦʤʥʦ-ʙʣʦʢʦʚʦʤ ʩʪʨʦʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʧʦʠʩʢʘ, ʨʘʟʚʝʜʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ ʢʘʨʪʠʨʦʚʘʥʠʶ ʯʘʩʪʦ ʦʩʥʦʚʘʥʳ ʥʘ 

ʵʢʩʧʝʨʪʥʦʤ ʚʠʟʫʘʣʴʥʦʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʦʟʥʝʥʥʳʭ 

ʥʘʙʦʨʦʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʯʪʦ ʧʨʠʜʘʝʪ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʷʝʪ ʬʦʨʤʘʣʠʟʘʮʠʶ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʘʥʘʣʠʟʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʥʘ 

ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ) ʠ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʝʡʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ 
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ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʛʫʣʷʨʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʜʘʞʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸɿʈʌ ʜʣʷ 

ʟʘʜʘʯ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʨʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʵʢʩʧʝʨʪʥʳʭ 

ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʨʦʮʝʜʫʨʘʤ ʘʥʘʣʠʟʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʥʦ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʘʩʢʨʳʪʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

(ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ, ʢʦʤʧʦʟʠʪʦʚ, ʤʝʪʦʜʦʚ ʚʳʷʚʣʝʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʢʦʥʪʨʘʩʪʦʚ) ʩ ʪʝʢʩʪʫʨʥʳʤʠ ʧʦʜʭʦʜʘʤʠ, ʚʢʣʶʯʘʷ ʨʘʩʯʝʪ ʧʨʠʟʥʘʢʦʚ 

ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ ʩʦʚʤʝʩʪʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʫʨʦʚʥʝʡ ʩʝʨʦʛʦ (Grey-Level Co-

occurrence Matrix, GLCM). ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʪʝʢʩʪʫʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ GLCM ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʩʧʝʢʪʨʘʣʴʥʳʝ, ʥʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʩʥʠʞʘʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʠ ʧʦʚʳʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʪʝʢʩʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʥʘʫʯʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʝʡ. ɽʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʡ, ʚʳʜʝʣʝʥʠʷ ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ɼɿɿ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʷ ʨʘʟʣʦʤʥʳʝ ʟʦʥʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʜʘʥʥʳʭ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʪʝʢʩʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʠʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, 
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ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 

ʀʜʝʷ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʚ ʩʦʩʪʘʚʝ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ɼɿɿ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʜʝʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ. 

ɼʣ ̫ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʫʩʣʦʚʠʡ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ ɼɿɿ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʨʘʡʦʥʘʭ ʧʦʠʩʢʘ 

ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

3. ʆʙʦʩʥʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʧʨʠʟʥʘʢʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʠʥʜʠʢʘʪʦʨʳ (ʠʥʜʝʢʩʳ/ʢʦʤʧʦʟʠʪʳ, ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʷʨʢʦʩʪʥʳʭ ʢʦʥʪʨʘʩʪʦʚ) 

ʠ ʪʝʢʩʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʩʦʚʤʝʩʪʥʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʫʨʦʚʥʷ ʩʝʨʦʛʦ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʜʝʣʷʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ ʢʦʩʤʦʩʥʠʤʢʘʭ.  

4. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 
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ʜʘʥʥʳʭ ɼɿɿ ʜʣʷ ʫʩʣʦʚʠʡ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ɼɿɿ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. 

5. ʇʨʦʚʝʩʪʠ ʘʧʨʦʙʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʧʨʠʤʝʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸɿʈʌ ʠ ʦʮʝʥʠʪʴ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʆʙʦʩʥʦʚʘʥ ʢʦʤʧʣʝʢʩ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʜʣʷ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʠ ʧʦʠʩʢʝ ʠ ʨʘʟʚʝʜʢʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌ ʚʳʜʝʣʷʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʢʦʥʪʨʘʩʪʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʟʣʠʯʠʷʤʠ ʠ ʧʨʦʷʚʣʝʥʠʷʤʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. 

2. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ 

ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʚʳʷʚʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʢʦʥʪʨʘʩʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʦʤʥʳʤʠ 

ʟʦʥʘʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʝʦʩʠʩʪʝʤ ʚ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

3. ʈʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʘʧʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦ-

ʪʝʢʩʪʫʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ Ὅ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʡ ʦʮʝʥʢʠ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

1. ʆʙʦʩʥʦʚʘʥ ʢʦʤʧʣʝʢʩ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʜʣʷ ʫʩʣʦʚʠʡ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ, ʵʪʘʣʦʥʥʳʝ 
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ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʙʨʘʟʳ ʠ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʦʩʪʘʚʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʘʥʘʣʠʟʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ɼɿɿ.  

2. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʷʚʣʝʥʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʢʦʥʪʨʘʩʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʦʤʥʳʤʠ ʟʦʥʘʤʠ ʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʛʝʦʩʠʩʪʝʤ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ.  

3. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʘʜʘʧʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ Ὅ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʡ ʦʮʝʥʢʠ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ.  

4. ʈʘʟʨʘʙʦʪʘʥʘ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʘʥʘʣʠʟʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ɼɿɿ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ 

ʦʪ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ:  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.6.20 çɻʝʦʠʥʬʦʨʤʘʪʠʢʘ, ʢʘʨʪʦʛʨʘʬʠʷè: 

ʧ. 7. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʷʚʣʝʥʠʡ, ʦʙʲʝʢʪʦʚ, ʧʨʦʮʝʩʩʦʚ, ʦʪʥʦʰʝʥʠʡ ʠ ʩʠʩʪʝʤ. 

ʧ. 24. ʂʦʩʤʠʯʝʩʢʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʠ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʩʠʩʪʝʤ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ 

ʘʥʘʣʠʟʦʤ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 
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ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʘʣʛʦʨʠʪʤʦʚ 

ʦʙʨʘʙʦʪʢʠ, ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ, ʘ ʪʘʢʞʝ ʘʧʨʦʙʘʮʠʝʡ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʶʪ: ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʠ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ, ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ; ʤʝʪʦʜʳ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ; ʨʘʩʯʝʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ; ʤʝʪʦʜʳ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʨʠʮ ʩʦʚʤʝʩʪʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʫʨʦʚʥʝʡ ʩʝʨʦʛʦ; ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ; ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʜʘʥʥʳʭ. ɺr ʯʠʩʣʝʥʠʷ, 

ʦʙʨʘʙʦʪʢʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ Google Earth Engine, QGIS ʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python ʠ JavaScript. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʯʘʤʠ ʨʘʟʚʠʪʠʷ 

ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʠ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʝʨʨʠʪʦʨʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ 

ʢʦʩʤʦʩʥʠʤʢʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʠ ʝʛʦ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʨʘʟʣʦʤʥʳʝ ʟʦʥʳ, ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, 

ʚʳʜʝʣʝʥʠʠ ʫʯʘʩʪʢʦʚ, ʪʨʝʙʫʶʱʠʭ ʜʝʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʦʚʝʨʢʠ, ʘ ʪʘʢʞʝ 
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ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʭʝʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ɼɿɿ ʜʣʷ ʘʨʢʪʠʯʝʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ: ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʘʩʧʠʨʘʥʪʦʚ 

ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ɿʝʤʣʠ ʠʤ. ʆ.ʖ. ʐʤʠʜʪʘ ʈɸʅ (ʄʦʩʢʚʘ, 6ï7 ʥʦʷʙʨʷ 2024 ʛ.; 

5ï6 ʥʦʷʙʨʷ 2025 ʛ.); ʥʘ VIII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ 

ʠ ʛʝʦʵʢʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡè 

(ʄʘʡʢʦʧ, 12ï16 ʤʘʷ 2025 ʛ.); ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʫʨʦʯʝʥʥʦʡ 

ʢ 70-ʣʝʪʠʶ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʈɸʅ ʠ 300-ʣʝʪʠʶ ʈɸʅ çʅʘʫʢʘ ʦ ʜʘʥʥʳʭ, 

ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ ʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʚ ʠʟʫʯʝʥʠʠ ɿʝʤʣʠè (ʉʫʟʜʘʣʴ, 25ï27 

ʩʝʥʪʷʙʨʷ 2024 ʛ.); ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çʅʝʜʝʣʷ ʛʦʨʥʷʢʘè 

(ʄʦʩʢʚʘ, ʅʀʊʋ çʄʀʉʠʉè, 29 ʷʥʚʘʨʷ ï 2 ʬʝʚʨʘʣʷ 2024 ʛ., 3ï7 ʬʝʚʨʘʣʷ 2025 

ʛ.).  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʝʤʠʥʘʨʘʭ ʢʘʬʝʜʨʳ 

ʛʝʦʣʦʛʠʠ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ ʜʝʣʘ ʅʀʊʋ ʄʀʉʀʉ ʠ ʩʝʤʠʥʘʨʘʭ ʣʘʙʦʨʘʪʦʨʠʠ 

ʛʝʦʜʠʥʘʤʠʢʠ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʈɸʅ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚʳʨʘʟʠʣʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ ʨʘʙʦʪʳ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʙʦʨʝ, ʘʥʘʣʠʟʝ ʠ ʦʙʦʙʱʝʥʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ 

ʟʘʨʫʙʝʞʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ; ʚʳʙʦʨʝ ʠ ʦʙʦʩʥʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ; 

ʚʳʧʦʣʥʝʥʠʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʥʠʤʢʦʚ, ʨʘʩʯʝʪʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʠ ʪʝʢʩʪʫʨʥʳʭ 

ʧʨʠʟʥʘʢʦʚ; ʫʯʘʩʪʠʷ ʚ ʢʦʤʧʣʝʢʩʝ ʧʦʣʝʚʳʭ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ; ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʘʥʘʣʠʟʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ; ʬʦʨʤʫʣʠʨʦʚʢʝ 

ʚʳʚʦʜʦʚ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʘʥʥʳʭ ɼɿɿ ʠ ɻʀʉ-
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ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʦʜʥʦʛʦ ʧʨʠʣʦʞʝʥʠ.̫ ʆʙʱʠʡ ʦʙʲʝʤ 

ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 169 ʩʪʨʘʥʠʮ ʠ ʚʢʣʶʯʘʝʪ 48 ʠʣʣʶʩʪʨʘʮʠʡ, 12 ʪʘʙʣʠʮ, ʘ ʪʘʢʞʝ 

ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʠʡ ʠʟ 143 ʠʩʪʦʯʥʠʢʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. 

ɼʠʩʩʝʨʪʘʥʪ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ, ʯʣ.-ʢʦʨʨ. ʈɸʅ, ʜ.ʪ.ʥ. ʊʘʪʘʨʠʥʦʚʫ ɺ.ʅ. ʟʘ ʮʝʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ, 

ʚʥʠʤʘʪʝʣʴʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʨʘʙʦʪʳ ʥʘ ʚʩʝʭ ʝʝ ʵʪʘʧʘʭ ʠ ʤʦʨʘʣʴʥʫʶ 

ʧʦʜʜʝʨʞʢʫ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘʚ. ʢʘʬ. çɻʝʦʣʦʛʠʷ ʠ 

ʤʘʨʢʰʝʡʜʝʨʩʢʦʝ ʜʝʣʦè, ʜʦʮ., ʢ.ʪ.ʥ. ʏʝʩʢʠʜʦʚʫ ɺ.ɺ. ʠ ʩʪ. ʧʨʝʧ. ʄʘʥʝʚʠʯʫ ɸ.ʀ., 

ʘ ʪʘʢʞʝ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʢʘʬʝʜʨʳ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʩʦʙʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʘʢʘʜʝʤʠʢʫ ʈɸʅ, ʜ.ʬ.-ʤ.ʥ. ɸ.ɼ. 

ɻʚʠʰʠʘʥʠ, ʘ ʪʘʢʞʝ ʚʩʝʤ ʢʦʣʣʝʛʘʤ ʠʟ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʈɸʅ: ʜ.ʬ.-ʤ.ʥ. 

ɼʟʝʙʦʝʚʫ ɹ.ɸ., ʢ.ʪ.ʥ. ɸʢʤʘʪʦʚʫ ɼ.ɾ., ʢ.ʪ.ʥ. ʐʝʚʯʫʢʫ ʈ.ɺ., ʢ.ʪ.ʥ. ʃʦʩʝʚʫ ʀ.ɺ. ʠ 

ʜʨ. ʟʘ ʧʦʜʜʝʨʞʢʫ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʨʘʙʦʪʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ɻʝʦʬʠʟʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

ʄʘʪʝʨʠʘʣʦʤ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʚ ʨʘʤʢʘʭ 

ʨʘʙʦʪʳ ʧʦ ʪʝʤʘʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɻʎ ʈɸʅ. 
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1 ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɼɸʅʅʓʍ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ 

ɿʆʅɼʀʈʆɺɸʅʀʗ ɼʃʗ ɺʓʗɺʃɽʅʀʗ ʀ ʂɸʈʊʆɻʈɸʌʀʈʆɺɸʅʀʗ 

ʉʊʈʋʂʊʋʈʅʆ-ʊɽʂʊʆʅʀʏɽʉʂʀʍ ʅɽʆɼʅʆʈʆɼʅʆʉʊɽʁ ʀ 

ʈɸɿʃʀʏʀʁ 

1.1 ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ 

ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ  

ɸɿʈʌ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʡ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʨʘʡʦʥ 

ɿʝʤʣʠ ʩ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʇʦ ʦʮʝʥʢʘʤ, ʪʦʣʴʢʦ ʥʘ 

ʘʨʢʪʠʯʝʩʢʦʤ ʰʝʣʴʬʝ ʈʦʩʩʠʠ ʥʘʭʦʜʠʪʩʷ ʜʦ 90 ʤʣʨʜ ʪʦʥʥ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ ʯʝʪʚʝʨʪʠ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [ɿʘʧʠʚʘʣʦʚ, 

2009]. ʇʦʤʠʤʦ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʠ ʯʘʩʪʠʯʥʦ 

ʚʳʷʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚʢʣʶʯʘʷ 

ʟʦʣʦʪʦ, ʧʣʘʪʠʥʫ, ʘʣʤʘʟʳ, ʞʝʣʝʟʦ, ʭʨʦʤʠʪʳ, ʘ ʪʘʢʞʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʚʠʜʳ ʩʳʨʴʷ 

ï ʨʝʜʢʠʝ ʟʝʤʣʠ, ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʝ ʢʦʥʢʨʝʮʠʠ ʠ ʦʨʛʘʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

[Slukovskii et al., 2022; Kalashnikov et al., 2016; Solovyova et al., 2023]. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʩʝ ʝʝɦ ʥʝ ʧʦʣʫʯʠʣ ʩʠʩʪʝʤʥʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠʟ-ʟʘ ʩʣʘʙʦʡ 

ʠ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʩʚʦʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌ ʚʝʜʫʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʣʠʥʠʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ: 

ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʶ (ʈʦʩʥʝʜʨʘ), ɸʆ çʈʦʩʛʝʦʣʦʛʠʷè, 

ʌɻɹʋ ʀʥʩʪʠʪʫʪ ʠʤ. ɸ.ʇ. ʂʘʨʧʠʥʩʢʦʛʦ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ɸʨʢʪʠʢʠ ʠ ʘʨʢʪʠʯʝʩʢʦʛʦ ʰʝʣʴʬʘ ʚʥʦʩʠʪ ʌɻɹʋ 

çɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷè ʠʤ. ʘʢʘʜ. ʀ.ʉ. ɻʨʘʤʙʝʨʛʘ. ɺ ʯʘʩʪʠ ʘʥʘʣʠʪʠʢʠ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ (ʚʢʣʶʯʘʷ ʘʨʢʪʠʯʝʩʢʠʝ 

ʨʝʛʠʦʥʳ) ʚʳʜʝʣʷʝʪʩʷ ʌɻɹʋ çɺʀʄʉè. ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʠ ʦʪʜʝʣʴʥʳʝ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʘʨʢʪʠʯʝʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʚʳʧʦʣʥʷʝʤʳʝ ʠʥʩʪʠʪʫʪʦʤ ɸʨʢʪʠʢʠ ʠ ɸʥʪʘʨʢʪʠʢʠ (ɸɸʅʀʀ ʈɸʅ), 
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ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ 

ʛʝʦʭʠʤʠʠ (ʀɻɽʄ ʈɸʅ). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʩʫʰʠ ɸɿʈʌ ʦʭʚʘʯʝʥʘ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʝ̡ʤʢʦʡ ʤʘʩʰʪʘʙʘ 1:1 000 000, ʘ 

ʩʨʝʜʥʝʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (1:200 000) ʦʭʚʘʪʳʚʘʶʪ ʦʢʦʣʦ 90 % 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʨʠʩʫʥʦʢ 1.1) [ɸʨʘʢʯʝʝʚ ʠ ʜʨ., 2019]. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʨʘʙʦʪʳ (1:50 000 ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ) ʧʨʦʚʝʜʝʥʳ 

ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʦ ï ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʤʳʰʣʝʥʥʦ ʦʩʚʦʝʥʥʳʭ ʨʘʡʦʥʦʚ (ʂʦʣʴʩʢʠʡ ʠ 

ʖʛʦʨʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚʘ, ɺʦʨʢʫʪʘ, ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʥʠʟʦʚʴʷ ʃʝʥʳ ʠ ʜʨ.). 

ʆʩʪʨʦʚʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠʟʫʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʜʘʣʝʥʥʳʭ ʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʯʘʩʪʦ ʩʦʭʨʘʥʷʶʪʩʷ "ʙʝʣʳʝ ʧʷʪʥʘ" ʩʪʘʨʦʡ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝ̡ʤʢʠ, ʪʨʝʙʫʶʱʝʡ ʘʢʪʫʘʣʠʟʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 1.1 ï ʂʘʨʪʦʛʨʘʤʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ 

ʈʌ ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʤʠ ʨʘʙʦʪʘʤʠ [ɸʨʘʢʯʝʝʚ ʠ ʜʨ., 2019] 

ʉʠʪʫʘʮʠʷ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʰʝʣʴʬʝ ʝʝɦ ʙʦʣʝʝ ʩʣʦʞʥʘʷ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʘʨʢʪʠʯʝʩʢʠʡ ʰʝʣʴʬ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʚ ʤʠʨʝ ʧʦ ʧʣʦʱʘʜʠ 

(ʙʦʣʝʝ 6,2 ʤʣʥ ʢʤĮ), ʝʛʦ ʠʟʫʯʝʥʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʢʨʘʡʥʝ ʥʠʟʢʦʡ. ʂʦʤʧʣʝʢʩʥʳʝ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ 
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ʚ ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʨʩʢʦʤ ʤʦʨʷʭ, ʪʦʛʜʘ ʢʘʢ ʘʢʚʘʪʦʨʠʠ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ, 

ʃʘʧʪʝʚʳʭ ʠ ʏʫʢʦʪʩʢʦʛʦ ʤʦʨʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ [ɼʘʨʘʛʘʥ-ʉʫʱʦʚʘ 

ʠ ʜʨ., 2015; ʍʘʨʠʪʦʥʦʚ, 2021]. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʠ ʘʵʨʦʤʘʛʥʠʪʥʘʷ ʩʝ̡ʤʢʘ 

ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʘ ʬʨʘʛʤʝʥʪʘʨʥʦ: ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʨʘʙʦʪʳ ʦʭʚʘʪʳʚʘʶʪ 

ʤʝʥʝʝ 10 % ʩʫʰʠ, ʘ ʘʢʚʘʪʦʨʠʠ ʦʙʩʣʝʜʦʚʘʥʳ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʨʝʛʠʦʥʘ ʤʠʥʠʤʘʣʴʥʘ ʠ 

ʥʦʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʯʘʛʦʚʳʡ, ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʚʷʟʘʥʥʳʡ ʢ ʢʦʥʢʨʝʪʥʳʤ 

ʧʨʦʝʢʪʘʤ ʨʘʟʚʝʜʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [ʂʘʤʠʥʩʢʠʡ ʠ ʜʨ., 2020; ɸʨʘʢʯʝʝʚ ʠ 

ʜʨ., 2019] ʈʝʛʫʣʷʨʥʳʝ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʝ̡ʤʢʠ 

ʤʘʩʰʪʘʙʦʚ 1:200 000 ʠ 1:50 000 ʦʭʚʘʪʳʚʘʶʪ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʳʝ ʫʯʘʩʪʢʠ ʥʘ 

ʧʦʣʫʦʩʪʨʦʚʘʭ ʂʘʚʠʥ ʠ ʊʘʡʤʳʨ, ʘ ʪʘʢʞʝ ʚ ʩʝʚʝʨʥʦʡ ʗʢʫʪʠʠ ʠ ʏʫʢʦʪʢʝ. 

ɸʥʘʣʠʟ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʣʦʢʘʣʴʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ, ʠ ʥʦʩ̫ʪ 

ʣʠʙʦ ʪʝʤʘʪʠʯʝʩʢʠʡ, ʣʠʙʦ ʨʘʟʚʝʜʦʯʥʳʡ ʭʘʨʘʢʪʝʨ. ʄʘʩʰʪʘʙʥʦʡ, ʩʪʨʫʢʪʫʨʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦ ʮʝʣʦʩʪʥʦʤʫ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʦʭʚʘʪʫ ʚʩʝʡ ʟʦʥʳ 

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʚʝʣʦʩʴ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʘʢʪʫʘʣʴʥʳʭ ʧʦʣʝʚʳʭ 

ʜʘʥʥʳʭ, ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʥʘʟʝʤʥʳʭ ʨʘʙʦʪ, ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʧʝʨʝʭʦʜʘ ʢ 

ʩʠʩʪʝʤʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ɼɿɿ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʦʙʥʦʚʣʝʥʠʷ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩʢʨʳʪʳʭ 

ʩʪʨʫʢʪʫʨ, ʠʟʫʯʝʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ɸɿʈʌ. 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʦʩʚʦʝʥʠʷ ɸʨʢʪʠʢʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʣʝʥʠʝ 

ʠ ʦʮʝʥʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʦ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [ɻʨʠʛʦʨʴʝʚ, 2021; Kostianoy et al., 2025], 

ʚʢʣʶʯʘʷ ʨʘʟʚʠʪʠʝ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʢʨʠʪʠʯʝʩʢʠʝ ɻ ʣʝʤʝʥʪʳ ʩʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ 

[ɻʨʠʛʦʨʴʝʚ, 2022].  
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ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʝʬʦʨʤʘʮʠʷʤʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʟʚʠʪʠʝʤ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ, 

ʧʨʦʩʘʜʢʘʤʠ, ʪʝʨʤʦʢʘʨʩʪʦʚʳʤʠ ʷʚʣʝʥʠʷʤʠ ʠ ʩʝʟʦʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ 

ʚʝʯʥʦʤʝʨʟʣʳʭ ʧʦʨʦʜ. ʆʩʦʙʝʥʥʦ ʪʨʝʚʦʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʦʝ 

ʧʦʪʝʧʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʤʝʨʟʣʦʪʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʧʦʪʝʨʝʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʫʥʪʦʚ, 

ʧʦʚʨʝʞʜʝʥʠʝʤ ʠʣʠ ʨʘʟʨʫʰʝʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʩʢʦʨʝʥʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʵʨʦʟʠʠ [Hjort et al., 2022; ʅʦʚʠʢʦʚ, 2025]. ʕʪʠ ʠʟʤʝʥʝʥʠʷ 

ʩʦʟʜʘʶʪ ʫʛʨʦʟʳ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʷ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʢʦʨʠʜʦʨʳ, ʪʨʫʙʦʧʨʦʚʦʜʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ʠ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ 

[ʃʳʯʢʦʚʩʢʠʡ ʠ ʜʨ., 2022; ʇʦʧʦʚʘ, 2021; ɽʬʨʝʤʦʚ, 2018; ɻʠʣʝʚ, 2021]. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ɻ ʪʠʤ ʚʦʟʨʘʩʪʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ɻ ʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. ɸʨʢʪʠʯʝʩʢʠʝ ʵʢʦʩʠʩʪʝʤʳ ʦʪʣʠʯʘʶʪʩʷ ʢʨʘʡʥʝ ʥʠʟʢʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʠ ʪʝʭʥʦʛʝʥʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ, 

ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʜʣʠʪʝʣʴʥʳʤ ʠʣʠ ʜʘʞʝ ʥʝʦʙʨʘʪʠʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

[ʄʦʠʩʝʝʥʢʦ ʠ ʜʨ., 2019; ʄʠʥʘʝʚʘ ʠ ʜʨ., 2016; ʗʢʠʤʝʥʢʦ ʠ ʜʨ., 2021]. 

ʆʩʚʦʝʥʠʝ ɸɿʈʌ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ 2-ʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ 

ʝʜʠʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʥʘʫʯʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʩʦʯʝʪʘʶʱʝʡ 

ʩʪʘʪʠʯʝʩʢʠʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ [ɹʦʣʜʳʨʝʚ, 2025]. 

ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʦʣʞʝʥ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʰʠʬʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʩʪʨʫʢʪʫʨʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ, 

ʦʮʝʥʢʫ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʢʦʨʨʝʣʷʮʠʶ 

ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, ʯʪʦ ʚ ʠʪʦʛʝ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪ ɹ

ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʙʝʟʦʧʘʩʥʳʭ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʝʢʪʦʨ 

ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ 
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ʢʨʠʦʣʠʪʦʟʦʥʳ ʠ ɻ ʢʦʣʦʛʠʯʝʩʢʠʡ ʥʘʜʟʦʨ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʫʶ ʦʮʝʥʢʫ 

ʠʟʤʝʥʝʥʠʡ ʠ ʧʨʦʛʥʦʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɸʨʢʪʠʢʠ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʩʪʫʧʘʝʪ 

ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʝʦʣʦʛʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪ ɹʧʦʜʜʝʨʞʢʫ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠ ̫ɸʨʢʪʠʢʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʫʨʦʚʥʷʭ. ʆʥʦ ʩʦʯʝʪʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ï ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ï ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʦʪʩʣʝʞʠʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʨʝʤʝʥʠ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʳ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʚʥʝʩʣʠ ʚʝʜʫʱʠʝ 

ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ: ʃʫʧʷʥ ɽ.ɸ., ɹʘʨʪʘʣʝʚ ʉ.ɸ., ʇʝʪʨʦʚ ɺ.ɸ., ʊʦʣʧʠʥ ɺ.ɸ., 

ʄʠʣʦʩʝʨʜʦʚʘ ʃ.ɺ., ɽʨʰʦʚ ɼ.ɺ., ʄʠʪʥʠʢ ʃ.ʄ., ɿʘʙʦʣʦʪʩʢʠʭ ɽ.ɺ., ʇʦʞʠʜʘʝʚ 

ɺ.ɸ., ʂʦʥʜʨʘʪʴʝʚ ɺ.ɻ., ʈʷʟʘʥʮʝʚ ʉ.ɸ., ʌʨʦʣʦʚ ɸ.ɼ., ʐʝʚʳʨʝʚ ʉ.ʃ., ʋʩʪʠʥʦʚ 

ʉ.ɸ., ʄʠʥʘʝʚ ɺ.ɸ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɼɿɿ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʧʝʨʘʪʠʚʥʫʶ, ʤʘʩʰʪʘʙʥʫʶ ʠ 

ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, 

ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʦʮʝʥʢʫ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠ ʩʫʨʦʚʳʭ ʨʘʡʦʥʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʚʝʩʦʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʠʩʢʘ ʠ ʨʘʟʚʝʜʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʠʟʫʯʝʥʠʷ, ʦʩʚʦʝʥʠʷ ʠ ʦʭʨʘʥʳ ʘʨʢʪʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

1.2 ʉʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʠʭ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ 

ʉʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ɼɿɿ ʚʳʩʪʫʧʘʶʪ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʝʨʚʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ɼɿɿ (ʩʥʠʤʢʠ, ʪʝʧʣʦʚʳʝ ʢʘʨʪʳ, 

ʨʘʜʘʨʥʳʝ ʩʲʝʤʢʠ) ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʦʣʝʟʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʣʠ 

ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʤʝʪʦʜʘʤʠ 

ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ï ʦʪ ʛʝʦʧʨʠʚʷʟʢʠ ʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʜʦ ʪʨʝʭʤʝʨʥʦʛʦ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʦ ʩʫʪʠ, ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ 

ʷʚʣʷʶʪʩʷ "ʛʣʘʟʘʤʠ", ʩʦʙʠʨʘʶʱʠʤʠ ʜʘʥʥʳʝ ʦ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ ï "ʤʦʟʛʦʤ", ʢʦʪʦʨʳʡ ʵʪʠ ʜʘʥʥʳʝ ʦʩʤʳʩʣʷʝʪ ʠ ʧʨʝʚʨʘʱʘʝʪ ʚ 

ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ ʠ ʛʦʨʥʦʛʦ ʜʝʣʘ. 

ʆʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʚʥʝʜʨʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʫ ʠ ʛʦʨʥʦʝ ʜʝʣʦ ʚʥʝʩʣʠ ʪʘʢʠʝ 

ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ, ʢʘʢ ɸ.ɼ. ɻʚʠʰʠʘʥʠ, ɺ.ɺ. ʄʦʩʝʡʢʠʥ, ɸ.ɸ. ʉʦʣʦʚʴʝʚ, ɺ.ɻ. 

ɹʦʥʜʫʨ, ɺ.ɺ. ʏʝʩʢʠʜʦʚ, ɺ.ʆ. ʄʠʭʘʡʣʦʚ, ɺ.ɺ. ʄʝʣʴʥʠʢ, ɺ.ɺ. ɹʝʣʝʥʢʦ, ɼ.ɸ. 

ʉʪʘʜʥʠʢ, ʅ.ʄ. ʉʪʘʜʥʠʢ, ʉ.ʅ. ɻʦʥʯʘʨʝʥʢʦ, ɸ.ɸ. ɽʨʝʤʝʥʢʦ, ɻ.ʆ. ɸʙʨʘʤʷʥ, ɸ.ɺ. 

ʂʦʰʢʘʨʝʚ, ɺ.ɺ. ɸʛʘʬʦʥʦʚ, ʀ.ʂ. ʃʫʨʴʝ, ʄ.ɸ. ʑʝʢʠʥʘ, ɺ.ʅ. ʊʘʪʘʨʠʥʦʚ, ɸ.ʉ. 

ɹʘʪʫʛʠʥ, ʂ.ʉ. ʂʦʣʠʢʦʚ, ɺ.ɹ. ʇʠʩʝʮʢʠʡ, ʉ.ʉ. ʇʘʨʘʤʦʥʦʚ, ʀ.ʆ. ʊʝʤʢʠʥ, ɸ.ɺ. 

ʇʘʨʰʠʥ, ʖ.ɺ. ʂʠʨʠʯʝʥʢʦ, ʀ.ɸ. ʄʝʣʴʥʠʯʝʥʢʦ ʠ ʜʨʫʛʠʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ɼɿɿ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ: ʦʧʪʠʯʝʩʢʠʝ (ʤʫʣʴʪʠ- ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ), ʪʝʧʣʦʚʳʝ, 

ʨʘʜʘʨʥʳʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ), ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ [Joshi, 2016; Kazanskiy et al., 2025; Bauer, 2020; 

Salvo et al., 2023; Kyriou et al., 2023].  

ʆʧʪʠʯʝʩʢʠʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥʳ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʘʭ ʦʪ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ 

(ʨʠʩʫʥʦʢ 1.2) ʜʦ ʙʣʠʞʥʝʛʦ ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (0.4ï2.5 ʤʢʤ). 

ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʦʢʘʟʘʥʘ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ. ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʩʝʥʩʦʨʳ (4) (ʥʘʧʨʠʤʝʨ, Landsat-8/9, Sentinel-2, 

WorldView-3) ʨʝʛʠʩʪʨʠʨʫʶʪ ʦʪʨʘʞʝʥʥʦʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʦʙʲʝʢʪʦʚ ʥʘ 

ʥʝʡ (3) ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ (1) ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ 

(ʦʙʳʯʥʦ ʦʪ 4 ʜʦ 13). ɼʘʣʝʝ ʷʨʢʦʩʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʩʧʫʪʥʠʢʘʤʠ, 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʧʨʠʝʤʥʠʢ (5) ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ (6).  
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ʈʠʩʫʥʦʢ 1.2 ï ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʩʧʝʢʪʨ. 

 

ʈʠʩʫʥʦʢ 1.3 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ 

ʩʧʫʪʥʠʢʠ (PRISMA, EnMAP, Hyperion) ʨʝʛʠʩʪʨʠʨʫʶʪ ʩʦʪʥʠ ʫʟʢʠʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʣʦʩ, ʧʦʟʚʦʣʷʷ ʚʳʷʚʣʷʪʴ ʪʦʥʢʠʝ ʨʘʟʣʠʯʠʷ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ 

ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʦʨʦʜ (ʨʠʩʫʥʦʢ 1.4) [Asadzadeh et al., 2024; Boesche 

et al., 2015]. ʆʙʝ ʵʪʠ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʠ ʜʝʪʘʣʴʥʦʛʦ 



23 

 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʰʠʬʨʦʚʘʥʠʷ, ʚʳʜʝʣʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʩʥʝʞʥʦʛʦ ʠ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʦʥ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʭ ʢʦʥʪʨʘʩʪʦʚ. 

 

ʈʠʩʫʥʦʢ 1.4 ï ʉʨʘʚʥʝʥʠʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʊʝʧʣʦʚʳʝ (ʠʥʬʨʘʢʨʘʩʥʳʝ) ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʠʨʫʶʪ 

ʩʦʙʩʪʚʝʥʥʦʝ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʩʨʝʜʥʝʤ ʠ ʜʘʣʴʥʝʤ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ (8ï14 ʤʢʤ). ɼʘʪʯʠʢʠ ʧʦʜʦʙʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ MODIS, Landsat TIRS ʠ ECOSTRESS, 

ʠʟʤʝʨʷʶʪ ʨʘʜʠʘʮʠʦʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʟʚʦʣʷʷ ʚʳʷʚʣʷʪʴ 

ʪʝʧʣʦʚʳʝ ʘʥʦʤʘʣʠʠ ʠ ʟʦʥʳ ʜʝʛʨʘʜʘʮʠʠ ʤʝʨʟʣʦʪʳ (ʨʠʩʫʥʦʢ 1.5) [Li  X.-L. et al., 

2024; Najafzadeh et al., 2021]. ʀʥʬʨʘʢʨʘʩʥʳʝ (ʀʂ) ʥʘʙʣʶʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʨʠʦʣʠʪʦʟʦʥʳ, ʢʦʥʪʨʦʣʷ ʟʘ ʧʦʞʘʨʘʤʠ ʠ ʪʝʧʣʦʚʳʤʠ ʟʘʛʨʷʟʥʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʫʪʝʯʝʢ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [ɸʥʪʦʰʠʥ ʠ ʜʨ., 

2024]. 



24 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʊʝʧʣʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʘ 

MODIS, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʦʣʠʪʦʟʦʥʳ, ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʘʪʴ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ 

(ʢʨʘʩʥʳʡ ʮʚʝʪ) ʠ ʦʙʣʘʢʘ (ʦʪ ʧʝʨʩʠʢʦʚʦʛʦ ʜʦ ʙʝʣʦʛʦ ʦʪʪʝʥʢʘ). URL: 

https://nsidc.org/data/modis, ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 24.05.2025 

ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ (SAR, Synthetic Aperture 

Radar) ʨʘʙʦʪʘʶʪ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʙʳʯʥʦ 1ï10 ɻɻʮ) ʠ ʠʟʣʫʯʘʶʪ 

ʩʦʙʩʪʚʝʥʥʳʡ ʩʠʛʥʘʣ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʪ ʦʩʚʝʱʝʥʠʷ ʠ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ. ʇʨʠʥʮʠʧ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʜʦ 0.25 ʤ), 

ʬʦʨʤʠʨʫʷ ʵʢʚʠʚʘʣʝʥʪ ʜʣʠʥʥʦʡ ʘʥʪʝʥʥʳ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʧʦ ʦʨʙʠʪʝ. 

ʂ ʯʠʩʣʫ ʩʦʚʨʝʤʝʥʥʳʭ SAR-ʩʠʩʪʝʤ ʦʪʥʦʩʷʪʩʷ Sentinel-1, RADARSAT-2, 

TerraSAR-X (ɻʝʨʤʘʥʠʷ) ʠ ALOS PALSAR-2. ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ h ʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ (InSAR), ʠʟʫʯʝʥʠʷ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ, ʦʩʝʜʘʥʠʡ, ʦʧʦʣʟʥʝʡ, 

ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʜʠʥʘʤʠʢʠ ʤʦʨʩʢʦʛʦ ʣʴʜʘ (ʨʠʩʫʥʦʢ 1.6) [ɸʢʤʘʪʦʚ ʠ ʜʨ., 
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2020; ʊʶʪʶʢʦʚʘ, 2024; Yan et al., 2025; ʐʝʚʯʫʢ ʠ ʜʨ., 2025]. ʈʘʜʘʨʥʘʷ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ GNSS-ʥʘʙʣʶʜʝʥʠʷʤʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʩʣʝʞʠʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʩ ʩʫʙʩʘʥʪʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ 

[Mikhailov et al., 2023]. ʇʨʠ ʵʪʦʤ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ 

ʪʦʣʴʢʦ ʧʨʠ ʫʯʝʪʝ ʘʪʤʦʩʬʝʨʥʳʭ ʠ ʠʦʥʦʩʬʝʨʥʳʭ ʠʩʢʘʞʝʥʠʡ, ʪʠʧʠʯʥʳʭ ʜʣʷ 

ʚʳʩʦʢʠʭ ʰʠʨʦʪ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʤʦʜʝʣʝʡ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʤʝʭ [Rosen et 

al., 2000]. 

 

ʈʠʩʫʥʦʢ 1.6 ï ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ (InSAR) ʚʫʣʢʘʥʘ ʄʘʫʥʘ-ʃʦʘ ʟʘ ʧʝʨʠʦʜ ʩ 16 

ʥʦʷʙʨʷ ʧʦ 2 ʜʝʢʘʙʨʷ 2022 ʛ. ʂʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʫʟʦʨʳ ʮʚʝʪʥʳʭ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʦʪʨʘʞʘʶʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʚʰʝʡ ʠʟʚʝʨʞʝʥʠʝ ʄʘʫʥʘ-ʃʦʘ ʚ 2022 ʛʦʜʫ. URL: 

https://www.usgs.gov/media/images/interferometric-synthetic-aperture-radar-insar-

image-mauna-loa-spanning-november-16, ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 02.07.2025 
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ɿʘʨʫʙʝʞʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʧʣʘʪʬʦʨʤʳ (ʧʨʦʛʨʘʤʤ ESA, NASA, JAXA ʠ 

ʜʨ.) ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʩʪʘʙʠʣʴʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʩʝ̡ʤʢʠ ʠ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʢʘʥʘʣʦʚ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʠʨʦʚʳʭ ʧʣʘʪʬʦʨʤ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʦʜʥʘʢʦ ʚ ʩʠʣʫ ʦʨʙʠʪʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ ʦʙʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʳʩʦʢʠʭ h ʠʨʦʪʘʭ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʝʥʠʷ ʜʘʥʥʳʤʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʣʘʪʬʦʨʤ. 

ʊʘʙʣʠʮʘ 1.1 ï ɿʘʨʫʙʝʞʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ɼɿɿ 

ʉʠʩʪʝʤʘ ɼʠʘʧʘʟʦʥ / ʩʝʥʩʦʨʳ 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʤ 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ 

ʩʲʝʤʢʠ, ʩʫʪʢʠ 

Landsat-8/9 

(OLI, TIRS) 

VIS (ʚʠʜʠʤʳʡ), SWIR 

(ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʡ 

ʀʂ, TIR (ʪʝʧʣʦʚʦʡ 

ʀʂ) 

15ï100 16  

Sentinel-2 

(MSI) 

VIS, NIR (ʙʣʠʞʥʠʡ 

ʀʂ), SWIR 
10ï60 5  

Sentinel-1 

(SAR) 

ʈʘʜʘʨ, C-ʜʠʘʧʘʟʦʥ 

(ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ) 
~10 5ï12  

ASTER 

(Terra) 

VNIR (ʚʠʜʠʤʳʡ-

ʙʣʠʞʥʠʡ ʀʂ), SWIR, 

TIR 

15ï90 16  

MODIS 

(Terra/Aqua) 

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ (36 

ʢʘʥʘʣʦʚ), 

ʚʢʣʶʯʘʶʱʠʡ 

ʚʠʜʠʤʳʡ, NIR, SWIR 

250ï1000 1ï2  

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ɼɿɿ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʝʛʠʦʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʨʢʪʠʯʝʩʢʠʭ [Wenzl et al., 2024; Nitze 

et al., 2018], ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʘʢ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʨʝʛʠʦʥʘ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʘʤʠʭ 

ʦʨʙʠʪʘʣʴʥʳʭ ʧʣʘʪʬʦʨʤ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ 
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ʤʝʪʦʜʠʢ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʨʦʜʥʳʭ ʧʨʝʛʨʘʜ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ ʫʛʦʣ ʧʘʜʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʧʦʟʜʥʝʡ ʦʩʝʥʠ, 

ʟʠʤʳ ʠ ʨʘʥʥʝʡ ʚʝʩʥʳ [Ren et al., 2021; Lelli  et al., 2023]. ɺ ʪʝʯʝʥʠʝ ʧʦʣʷʨʥʦʡ 

ʥʦʯʠ ʦʧʪʠʯʝʩʢʠʝ ʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʪʝʨʷʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ɼʘʞʝ ʚ ʧʝʨʠʦʜʳ ʥʘʣʠʯʠʷ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ ʫʛʦʣ ʠʥʩʦʣʷʮʠʠ ʥʘʩʪʦʣʴʢʦ ʤʘʣ, ʯʪʦ 

ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʷʨʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʦʩʣʘʙʣʝʥʠʶ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʪʝʥʝʚʳʤ ʠʩʢʘʞʝʥʠʷʤ ʨʝʣʴʝʬʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʨʘʩʪʘʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʨʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ ʚʠʟʫʘʣʴʥʳʭ 

ʧʨʠʟʥʘʢʦʚ, ʠʩʢʘʞʘʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ [Beamish et al., 2020]. 

ɺʪʦʨʳʤ ʚʘʞʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʦʙʣʘʯʥʦʩʪʴ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʥʘʣʠʯʠʝ ʩʥʝʞʥʦʛʦ ʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʛʦʜʘ [Ren et al., 2021; Istomina et al., 2020]. ʇʦʩʪʦʷʥʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʦʙʣʘʢʦʚ ï ʦʩʦʙʝʥʥʦ ʧʣʦʪʥʳʭ, ʤʥʦʛʦʩʣʦʡʥʳʭ ʠ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ï 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʝ̡ʤʢʠ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚ 

ʤʫʣʴʪʠʚʨʝʤʝʥʥʳʭ ʩʝʨʠʷʭ [Istomina et al., 2020; Beamish et al., 2020]. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʥʝʛʘ ʠ ʣʴʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʧʝʨʝʩʚʝʪʫ, 

ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʩʦʙʝʥʥʦ ʚ ʙʣʠʞʥʝʤ ʠ 

ʩʨʝʜʥʝʤ ʠʥʬʨʘʢʨʘʩʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʛʜʝ ʩʥʝʛ ʠ ʣʝʜ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʣʠʯʠʤʳ 

ʦʪ ʩʚʝʪʣʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʜ [Liu et al., 2010]. ʄʘʩʢʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʦʩʦʙʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʛʨʘʥʠʮ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʨʘʩʪʦʚ ʠ ʪʝʨʤʦʢʘʨʩʪʦʚ, ʘ ʪʘʢʞʝ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʥʘʨʫʰʝʥʠʡ ʩʧʣʦʰʥʦʩʪʠ ʤʝʨʟʣʦʪʳ [Nitze et al., 2018]. 

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʝ ʠ ʘʪʤʦʩʬʝʨʥʳʝ 

ʠʩʢʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʣʷʨʥʳʭ ʨʝʛʠʦʥʦʚ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤʠ 

ʨʘʜʘʨʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʜʝʬʦʨʤʘʮʠʡ 
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ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʣʶʯʝʚʳʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʠʦʥʦʩʬʝʨʥʘʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʬʣʫʢʪʫʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ [Wegm¿ller et al., 2024; Li  et al., 2020]. ʕʪʠ 

ʬʣʫʢʪʫʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʥʳʝ ʚ ʧʨʠʧʦʣʷʨʥʳʭ ʰʠʨʦʪʘʭ, ʚʳʟʳʚʘʶʪ 

ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ʚ ʧʨʠʥʠʤʘʝʤʦʤ ʩʠʛʥʘʣʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʣʦʞʥʳʤ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷʤ ʩʤʝʱʝʥʠʡ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ï ʢ ʧʦʣʥʦʡ ʜʝʛʨʘʜʘʮʠʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ [Zwieback et al., 2024]. ʋʢʘʟʘʥʥʳʡ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪʩʷ ʚ 

ʧʝʨʠʦʜʳ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʟʦʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʠʦʥʦʩʬʝʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʬʘʟʳ, ʘ ʪʘʢʞʝ ʬʠʣʴʪʨʘʮʠʠ 

ʧʘʨʘʟʠʪʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʤʝʭʠ ʩʦʟʜʘʶʪʩʷ ʪʨʦʧʦʩʬʝʨʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʘ ʪʘʢʞʝ 

ʚʘʨʠʘʮʠʷʤʠ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ [Zebker et al., 1997; Ding et al., 2008]. ʕʪʠ 

ʵʬʬʝʢʪʳ, ʭʦʪʷ ʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʳ ʚ ʭʦʣʦʜʥʦʡ ɸʨʢʪʠʢʝ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʪʴ ʥʘ ʪʦʯʥʦʩʪʴ ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʪʘʷʥʠʷ, ʠʩʧʘʨʝʥʠʷ ʠ ʧʝʨʝʭʦʜʥʳʭ 

ʩʝʟʦʥʦʚ [Murray et al., 2019]. ʊʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʘʙʝʨʨʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ 

ʨʝʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʢʦʥʪʨʘʩʪʘʤʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʩʥʝʛ, ʚʦʜʘ, ʤʝʨʟʣʦʪʘ, ʩʢʘʣʳ), ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʚ ʚʠʜʝ ʦʨʝʦʣʦʚ, ʣʦʞʥʳʭ ʢʦʥʪʫʨʦʚ ʠ ʣʦʢʘʣʴʥʳʭ ʟʘʩʚʝʪʦʢ ʠ 

ʫʩʠʣʠʚʘʶʪʩʷ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʭ ʟʘ ʩʯʝʪ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʪʨʦʧʦʩʬʝʨʳ [Lopez-Pozo et al., 2022]. ʕʪʠ ʘʨʪʝʬʘʢʪʳ ʟʘʪʨʫʜʥʷʶʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠ ʪʨʝʙʫʶʪ ʵʢʩʧʝʨʪʥʦʡ ʜʦʦʙʨʘʙʦʪʢʠ, 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʝʡ ʪʨʦʧʦʩʬʝʨʥʦʡ ʟʘʜʝʨʞʢʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʥʝʰʥʠʭ ʜʘʥʥʳʭ (GNSS, ʧʨʦʛʥʦʟ ʧʦʛʦʜʳ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʙʘʟʳ 

ʢʦʨʨʝʢʮʠʡ) ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʦʨʨʝʢʮʠʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʟʦʚʳʭ 

ʧʦʣʝʡ [Murray et al., 2019; Lopez-Pozo et al., 2022]. 

ɽ ʝɦ ʦʜʥʠʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴ ʚʝʨʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ɼɿɿ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʘʨʢʪʠʯʝʩʢʠʭ 
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ʪʝʨʨʠʪʦʨʠʡ. ɺʚʠʜʫ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʠ ʨʝʛʠʦʥʘ, ʩʝʟʦʥʥʦʡ ʥʝʧʨʦʭʦʜʠʤʦʩʪʠ ʠ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʪʫʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ 

ʢʘʣʠʙʨʦʚʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʳ. ʕʪʦ ʩʥʠʞʘʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝʤ, ʧʨʦʛʥʦʟʦʤ ʜʝʛʨʘʜʘʮʠʠ ʤʝʨʟʣʦʪʳ ʠ 

ʦʮʝʥʢʦʡ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. ʆʪʩʫʪʩʪʚʠʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʣʦʱʘʜʦʢ ʠ ʧʦʣʝʚʳʭ ʵʪʘʣʦʥʦʚ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ ʦʙʫʯʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʥʝʡʨʦʩʝʪʝʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʝ [Heidler et al., 2024]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ, ʨʦʩʩʠʡʩʢʠʝ ʩʧʫʪʥʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʝ̡ʤʢʫ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʷʨʥʦʡ ʥʦʯʠ, ʚʳʩʦʢʦʡ ʦʙʣʘʯʥʦʩʪʠ ʠ ʥʘ ʙʦʣʴʰʠʭ ʫʛʣʘʭ 

ʦʙʟʦʨʘ. ʅʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʩʧʫʪʥʠʢʘ çɸʨʢʪʠʢʘ-ʄè ʥʘ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʦʡ 

ʦʨʙʠʪʝ ʧʦʟʚʦʣʷʶʱʝʡ ʚʝʩʪʠ ʧʦʩʪʦʷʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʝʚʝʨʥʳʤʠ ʨʝʛʠʦʥʘʤʠ 

ï ʵʪʦ ʫʥʠʢʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ɸɿʈʌ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ 

ʩʦʣʥʝʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. ɺ ʪʘʙʣʠʮʝ 1.2 

ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʨʦʩʩʠʡʩʢʠʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ɸɿʈʌ. 

ʊʘʙʣʠʮʘ 1.2 ï ʈʦʩʩʠʡʩʢʠʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ɼɿɿ 

ʉʠʩʪʝʤʘ ɼʠʘʧʘʟʦʥ/ʩʝʥʩʦʨʳ 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʤ 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ 

ʩʲʝʤʢʠ, ʩʫʪʢʠ 

çʈʝʩʫʨʩ-ʇè VIS, NIR, SWIR ʜʦ 1 5ï6  

çʂʘʥʦʧʫʩ-ɺè VIS, NIR 2ï10 5  

çʄʝʪʝʦʨ-ʄè VNIR 100ï1000 2  

çʕʣʝʢʪʨʦ-ʃè VIS, NIR, SWIR 1000ï4000  30  

çɸʨʢʪʠʢʘ-

ʄè 

VIS, NIR, MWIR 

(ʩʨʝʜʥʠʡ ʀʂ), TIR 
1000ï5000 30  

ɺ ʮʝʣʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʬʘʢʪʦʨʳ ʧʨʠʤʝʥʝʥʠʷ ɼɿɿ ʚ ɸʨʢʪʠʢʝ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ. ʂ ʧʝʨʚʳʤ 

ʦʪʥʦʩʷʪʩʷ ʥʠʟʢʘʷ ʠʥʩʦʣʷʮʠʷ, ʦʙʣʘʯʥʦʩʪʴ, ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, ʘʪʤʦʩʬʝʨʥʳʝ 

ʠʦʥʦʩʬʝʨʥʳʝ ʘʥʦʤʘʣʠʠ; ʢʦ ʚʪʦʨʳʤ ï ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʢʦʨʨʝʢʮʠʦʥʥʳʭ 
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ʘʣʛʦʨʠʪʤʦʚ, ʩʣʘʙʘʷ ʘʜʘʧʪʘʮʠʷ ʜʝʰʠʬʨʦʚʦʯʥʳʭ ʠʥʜʝʢʩʦʚ ʢ ʫʩʣʦʚʠʷʤ 

ʢʨʠʦʣʠʪʦʟʦʥʳ ʠ ʜʝʬʠʮʠʪ ʥʘʟʝʤʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ. 

1.3 ʇʨʠʟʥʘʢʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʟʣʠʯʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ  

ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʪʝʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʧʫʪʥʠʢʦʚʦʛʦ ʩʥʠʤʢʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʝʛʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ï ʢʣʶʯʝʚʦʡ ʵʪʘʧ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʚʠʟʫʘʣʴʥʳʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʜʝʰʠʬʨʦʚʦʯʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʥʷʪʦ ʨʘʟʣʠʯʘʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʧʨʠʟʥʘʢʦʚ: 

ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ [ɸʢʦʚʝʮʢʠʡ, 1983; ɺʝʨʝʱʘʢʘ ʠ ʜʨ., 1990; ʄʠʨʪʦʚʘ, 2007]. 

ʇʨʷʤʳʝ ʜʝʰʠʬʨʦʚʦʯʥʳʝ ʧʨʠʟʥʘʢʠ ï ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʠʟʫʘʣʠʟʠʨʫʝʤʳʝ ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ ʠʣʠ ʮʠʬʨʦʚʳʭ 

ʤʦʜʝʣʷʭ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʛʝʦʤʝʪʨʠʷ, ʷʨʢʦʩʪʴ, ʪʦʥ, ʮʚʝʪ, ʪʝʢʩʪʫʨʘ, ʬʦʨʤʘ, 

ʩʪʨʫʢʪʫʨʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʟʦʥʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ 

ʧʷʪʝʥ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ ï ʢʘʢ 

ʨʝʟʢʠʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʢʦʥʪʨʘʩʪʥʳʤʠ ʦʪʨʘʞʘʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ [Abay et 

al., 2022]. ɺ ʪʝʧʣʦʚʳʭ ʢʘʥʘʣʘʭ ʪʝʨʤʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 

ʦ ʟʦʥʘʭ ʧʦʚʳʰʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠʣʠ ʚʳʭʦʜʘ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ. 

ʆʜʥʘʢʦ ʧʨʷʤʳʝ ʧʨʠʟʥʘʢʠ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʫʚʝʨʝʥʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, 

ʦʙʣʘʯʥʦʩʪʠ, ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʥʝʦʜʥʦʨʦʜʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʙʲʝʢʪ ʬʠʟʠʯʝʩʢʠ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʟʦʥ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʠ 

ʫʯʘʩʪʢʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦ ʧʨʷʤʳʤ ʧʨʠʟʥʘʢʘʤ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ï ʧʨʦʠʟʚʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʢʘʢ 

ʢʦʤʙʠʥʘʮʠʠ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʠʷ 

ʢʦʥʪʨʘʩʪʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʤʘʪʝʨʠʘʣʦʚ [Santos et al., 2025]. 
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ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʫʣʴʪʠ- ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʪʝʨʨʠʪʦʨʠʷʤ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʣʠʯʠʷʭ ʚ 

ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ 

ʚʦʣʥ. ʅʘʧʨʠʤʝʨ, ʦʢʩʠʜʳ ʞʝʣʝʟʘ, ʪʘʢʠʝ ʢʘʢ ʛʝʤʘʪʠʪ ʠ ʛʝʪʠʪ, ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ. 

ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʢʘʦʣʠʥʠʪ ʠ ʠʣʣʠʪ, ʧʨʦʷʚʣʷʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʂʘʨʙʦʥʘʪʥʳʝ 

ʧʦʨʦʜʳ, ʥʘʧʨʠʤʝʨ ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ, ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʂʦʩʚʝʥʥʳʝ ʜʝʰʠʬʨʦʚʦʯʥʳʝ ʧʨʠʟʥʘʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʚʳʷʚʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʧʫʪʥʠʢʦʚʦʤ ʩʥʠʤʢʝ, ʣʠʙʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʚʝʨʝʥʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʧʦ ʧʨʷʤʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʉʫʪʴ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦ ʧʨʷʤʳʤ ʧʨʠʟʥʘʢʘʤ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʦʧʦʨʥʳʝ 

ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʳʩʪʫʧʘʶʪ ʠʥʜʠʢʘʪʦʨʘʤʠ ʜʣʷ ʜʝʰʠʬʨʦʚʢʠ 

ʠʥʪʝʨʝʩʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʷʚʣʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʩʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʩʢʨʳʪʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʯʝʨʝʟ ʧʨʦʷʚʣʝʥʠʷ 

ʜʨʫʛʠʭ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʟʥʘʢʦʚ ï ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ 

ʪʠʧʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʦʙʣʘʯʥʦʩʪʠ, ʜʨʝʥʘʞʥʳʭ ʩʪʨʫʢʪʫʨ ʠʣʠ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʣʴʝʬʘ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʣʠʯʠʠ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʟʣʦʤʘ ʠʣʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʥʠʮʳ [Chen et al., 2025]. 

ɼʣʷ ʟʘʜʘʯ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʮʠʬʨʦʚʳʝ 

ʤʦʜʝʣʠ ʚʳʩʦʪ (ʎʄʈ), ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʨʘʜʘʨʥʳʝ ʠ ʣʘʟʝʨʥʳʝ (LiDAR) ʪʝʭʥʦʣʦʛʠʠ [Hawker et 

al., 2018; Lakshmi et al., 2019].  

ʎʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʚʳʩʦʪ ʧʨʝʜʩʪʘʚʣʷʶʪ (ʎʄɺ) ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʛʜʝ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ 
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ʩʝʪʢʠ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʎʄɺ. 

¶ ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʠ ʩʪʝʨʝʦʧʘʨʳ ï ʤʝʪʦʜʳ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʊʀʅ-ʤʦʜʝʣʠ 

(Triangulated Irregular Networks), ʭʦʨʦʰʦ ʧʝʨʝʜʘʶʱʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʣʦʞʥʳʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʥʦʩʪʠ [Hawker et al., 2018]. 

¶ ʉʧʫʪʥʠʢʦʚʳʝ DEM  ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʛʣʦʙʘʣʴʥʳʝ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʶʪ SRTM, ASTER GDEM, ʘ ʪʘʢʞʝ ʙʦʣʝʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ï TanDEM-X ʠ ALOS PALSAR [Purinton et al., 2017; Meena et al., 

2019].  

¶ LiDAR  ï ʪʝʭʥʦʣʦʛʠʷ ʘʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ ʪʦʯʝʢ. ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘ 

ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʣʴʝʬʘ ʚ ʣʝʩʥʳʭ ʠ ʟʘʩʪʨʦʝʥʥʳʭ ʨʘʡʦʥʘʭ [Lakshmi et al., 2019].  

ʎʄɺ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʠʥʜʝʢʩ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʤʝʩʪʥʦʩʪʠ (TRI), ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ 

ʚʣʘʞʥʦʩʪʠ (TWI), ʢʨʠʚʠʟʥʘ ʨʝʣʴʝʬʘ ʠ ʜʨʫʛʠʝ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʠʩʳʚʘʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʯʠʚʦʩʪʠ ʨʝʣʴʝʬʘ, 

ʚʳʷʚʣʷʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʮʝʥʠʚʘʪʴ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ 

ʜʨʫʛʠʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ [R·Ũycka et al., 2017]. ɺ ʩʦʯʝʪʘʥʠʠ ʩ 

ʥʘʧʨʘʚʣʝʥʥʳʤ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ, ʛʠʩʪʦʛʨʘʤʤʘʤʠ ʥʘʧʨʘʚʣʝʥʠʡ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʳʜʝʣʝʥʠʝʤ ʣʠʥʝʘʤʝʥʪʦʚ ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʩʢʨʳʪʳʭ ʠʣʠ 

ʟʘʩʳʧʘʚʰʠʭʩʷ ʨʘʟʣʦʤʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ 

ʦʩʝʜʘʥʠʡ ʥʘʜ ʨʫʜʥʠʢʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚ RADARSAT ʠ 

TerraSAR-X [Demircioĵlu et al., 2024]. 

ʂʦʨʨʝʢʪʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʎʄɺ ʪʨʝʙʫʝʪ ʨʘʟʚʝʨʥʫʪʦʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʪʨʘʥʝʥʠʝ ʘʨʪʝʬʘʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʪʦʯʥʠʢʦʤ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʤʝʪʦʜʘʤʠ ʝʝ ʧʦʣʫʯʝʥʠʷ: ʰʚʦʚ ʤʝʞʜʫ ʩʮʝʥʘʤʠ, ʧʦʣʦʩʘʪʦʩʪʠ (striping), 

ʧʨʦʧʫʩʢʦʚ ʜʘʥʥʳʭ, çʩʪʫʧʝʥʝʢè ʥʘ ʛʨʘʥʠʮʘʭ ʪʘʡʣʦʚ, ʘ ʪʘʢʞʝ ʣʦʢʘʣʴʥʳʭ 
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ʚʳʙʨʦʩʦʚ ʚʳʩʦʪ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʩʪʝʨʝʦʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʣʠ 

ʨʘʜʘʨʥʳʭ ʧʦʤʝʭ [Hawker et al., 2018; Meena et al., 2019]. ʇʘʨʘʣʣʝʣʴʥʦ 

ʧʨʦʚʦʜʠʪʩʷ ʢʦʨʨʝʢʮʠʷ ʰʫʤʘ ʠ ʩʛʣʘʞʠʚʘʥʠʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʥʝʨʦʚʥʦʩʪʝʡ, 

ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʘʣʴʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ (ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ 

ʬʠʣʴʪʨʦʚ ʧʦ ʦʢʨʝʩʪʥʦʩʪʠ ʠʣʠ ʤʝʜʠʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ), ʧʨʠ ʦʙʷʟʘʪʝʣʴʥʦʤ 

ʢʦʥʪʨʦʣʝ, ʯʪʦʙʳ ʥʝ çʨʘʟʤʳʚʘʪʴè ʨʝʘʣʴʥʳʝ ʣʠʥʝʡʥʳʝ ʠ ʨʘʟʨʳʚʥʳʝ ʬʦʨʤʳ 

[Bagha et al., 2014]. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʤʦʜʝʣʠ ʢ ʝʜʠʥʦʤʫ ʩʪʘʥʜʘʨʪʫ: ʫʥʠʬʠʢʘʮʠʷ 

ʧʨʦʝʢʮʠʡ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. ʇʨʠ ɻ ʪʦʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʠʧ 

ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ: ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ (Digital Surface Model, 

ʚʢʣʶʯʘʝʪ ʚʩʝ, ʯʪʦ çʪʦʨʯʠʪè ʥʘʜ ʟʝʤʣʝʡ: ʟʜʘʥʠʷ, ʜʝʨʝʚʴʷ, ʧʦʩʪʨʦʡʢʠ ʠ ʪ.ʧ.) ʠʣʠ 

ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ (Digital Terrain Model, ʤʘʢʩʠʤʘʣʴʥʦ ʦʯʠʱʝʥʥʘʷ ʦʪ 

ʦʙʲʝʢʪʦʚ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʦ ʝʩʪʴ çʛʦʣʘʷè ʟʝʤʣʷ) [Guth et al., 2021] (ʨʠʩʫʥʦʢ 

1.7).  

 

ʈʠʩʫʥʦʢ 1.7 ï ʈʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʣʠʜʘʨʥʳʭ ʪʦʯʝʢ. ʉʣʝʚʘ ï ʤʦʜʝʣʴ, 

ʟʘʰʫʤʣʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʩʧʨʘʚʘ ï ʣʝʩʥʦʡ ʧʦʣʦʛ ʫʜʘʣʝʥ, ʦʙʥʘʞʘʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ (bare-earth DEM) [Guth et al., 2021] 
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ʂʨʦʥʳ ʜʝʨʝʚʴʝʚ, ʚʳʩʦʢʠʝ ʢʫʩʪʘʨʥʠʢʠ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ 

ʩʦʟʜʘʶʪ ʣʦʞʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʚʳʩʦʪ, ʤʘʩʢʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ 

ʨʝʣʴʝʬʘ; ʚʦʜʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʧʨʦʪʠʚ, ʬʦʨʤʠʨʫʶʪ çʧʨʦʚʘʣʳè ʠʣʠ ʟʦʥʳ ʩ 

ʥʝʢʦʨʨʝʢʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ; ʟʜʘʥʠʷ, ʦʪʚʘʣʳ, ʢʘʨʴʝʨʳ ʠ ʜʨʫʛʠʝ ʪʝʭʥʦʛʝʥʥʳʝ 

ʦʙʲʝʢʪʳ ʠʩʢʘʞʘʶʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʨʠʩʫʥʦʢ. ʇʦʵʪʦʤʫ ʜʣ ̫ʮʝʣʝʡ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ DTM, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʣʫʯʰʝ ʦʪʨʘʞʘʝʪ 

ʩʦʙʩʪʚʝʥʥʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ [Guth et al., 

2021; Okolie et al., 2022].  

ɺʳʧʦʣʥʝʥʠʝ ʪʝʤʘʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ 

ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʦʯʝʪʘʥʠʝ ʧʨʷʤʳʭ (ʩʧʝʢʪʨʘʣʴʥʳʭ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ) ʠ ʢʦʩʚʝʥʥʳʭ 

(ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ, ʣʘʥʜʰʘʬʪʥʳʭ) ʜʝʰʠʬʨʦʚʦʯʥʳʭ 

ʧʨʠʟʥʘʢʦʚ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʟʦʥ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ, 

ʫʩʠʣʠʚʘʶʱʠʝ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ. ɺ 

ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʦʩʥʦʚʦʡ ʩʣʫʞʘʪ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ 

ʚʳʩʦʪ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʩʩʯʠʪʳʚʘʶʪ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʚʳʷʚʣʷʶʪ 

ʵʣʝʤʝʥʪʳ ʪʝʢʪʦʥʠʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ ʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

InSAR-ʥʘʙʣʶʜʝʥʠʷʤʠ [Okolie et al., 2022; Mesa-Mingorance et al., 2020].  

1.4 ʄʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ ʠ ʵʣʝʤʝʥʪʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ: ʤʦʨʬʦʤʝʪʨʠʷ, ʬʠʣʴʪʨʘʮʠʷ, 

ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ 

ɹʘʟʦʚʦʝ ʨʫʯʥʦʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʵʢʩʧʝʨʪʥʦʤ ʘʥʘʣʠʟʝ ʠʟʦʙʨʘʞʝʥʠʡ: ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʝ ʬʦʨʤʳ, ʪʝʢʩʪʫʨʳ, 

ʘʩʩʦʮʠʘʮʠʡ, ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ [ɺʝʨʝʱʘʢʘ ʠ ʜʨ., 1990]. 

ʕʪʦʪ ʤʝʪʦʜ ʦʩʪʘʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʣʦʞʥʳʭ ʠ 

ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʳʭ, ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʰʫʤʣʝʥʥʦʩʪʠ, ʦʙʣʘʯʥʦʩʪʠ 

ʠʣʠ ʩʝʟʦʥʥʳʭ ʧʦʤʝʭ. ʆʜʥʘʢʦ ʦʥ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʦʧʳʪʘ, 
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ʧʦʜʚʝʨʞʝʥ ʩʫʙʲʝʢʪʠʚʥʳʤ ʦʰʠʙʢʘʤ ʠ ʧʣʦʭʦ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʥʘ ʙʦʣʴʰʠʝ 

ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʧʦ ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʩʦʙʝʥʥʦ ʚ ʘʨʢʪʠʯʝʩʢʠʭ 

ʠ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʟʘʪʨʫʜʥʝʥʳ ʠʣʠ 

ʥʝʚʦʟʤʦʞʥʳ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ: 

¶ ʌʠʣʴʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʛʨʘʜʠʝʥʪʦʚ. ʆʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʦʧʝʨʘʪʦʨʦʚ ʚʳʜʝʣʝʥʠʷ ʨʝʟʢʠʭ ʧʝʨʝʭʦʜʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʩʝʣʝʡ. ʊʘʢʠʝ 

ʦʧʝʨʘʪʦʨʳ, ʢʘʢ Sobel, Laplacian, Prewitt ʠ Canny, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʦʚ, ʣʠʥʝʡʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʛʨʘʥʠʮ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʦʥʠ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ 

ʚʳʷʚʣʝʥʠʠ ʧʨʦʪʷʞʝʥʥʳʭ ʨʘʟʣʦʤʦʚ, ʙʦʨʪʦʚ ʩʠʥʢʣʠʥʘʣʝʡ, ʜʦʣʠʥ ʠ ʠʥʳʭ 

ʣʠʥʝʡʥʳʭ ʬʦʨʤ, ʩʢʨʳʪʳʭ ʚ ʪʝʢʩʪʫʨʝ ʣʘʥʜʰʘʬʪʘ [Ahmadi et al., 2023]. 

¶ ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʚʳʩʦʪ. 

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʥʳʭ ʨʝʣʴʝʬʘ, ʪʘʢʠʭ ʢʘʢ ʫʢʣʦʥ, ʵʢʩʧʦʟʠʮʠʷ, ʧʨʦʬʠʣʴʥʘʷ ʠ 

ʧʣʘʥʦʚʘʷ ʢʨʠʚʠʟʥʘ, ʠʥʜʝʢʩʦʚ TPI, TRI, ʪʝʢʩʪʫʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʣʷʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ 

ʨʘʟʣʦʤʘʤ ʠʣʠ ʟʦʥʘʤʠ ɻ ʨʦʟʠʠ [Riley et al., 1999; Weiss, 2001; Bagha et al., 2014].  

¶ ɺʳʜʝʣʝʥʠʝ ʣʠʥʝʘʤʝʥʪʦʚ ʠ ʘʥʘʣʠʟ ʥʘʧʨʘʚʣʝʥʠʡ. ɺʳʧʦʣʥʷʶʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʍʘʬʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʚʣʝʢʘʪʴ ʣʠʥʝʡʥʳʝ ʦʙʲʝʢʪʳ, 

ʧʝʨʝʩʝʢʘʶʱʠʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ. ʕʪʠ ʤʝʪʦʜʳ ɻ ʬʬʝʢʪʠʚʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʩʠʩʪʝʤʳ ʨʘʟʣʦʤʦʚ, ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʟʦʥ 

ʨʘʩʪʷʞʝʥʠʷ ʠʣʠ ʩʞʘʪʠʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʨʪ [ɻʚʠʰʠʘʥʠ, 1983; ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 1989]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʫʨ ʠ ʥʘʧʨʘʚʣʝʥʥʳʝ 
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ʬʠʣʴʪʨʳ ʜʣʷ ʫʩʠʣʝʥʠʷ ʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

[Shevyrev et al., 2025]. 

¶ ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ. 

ʂʣʶʯʝʚʦʡ ʠʥʩʪʨʫʤʝʥʪ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. ʂʣʘʩʩʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ, ʪʘʢʠʝ ʢʘʢ Random Forest ʠ ʥʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʥʦʛʦʢʣʘʩʩʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠ ʜʨʫʛʠʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ [ʂʘʤʘʝʚ ʠ ʜʨ., 2023]. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʘʶʪʩʷ ʥʘ 

ʨʘʟʤʝʯʝʥʥʳʭ ʚʳʙʦʨʢʘʭ ʠ ʫʩʪʦʡʯʠʚʳ ʢ ʟʘʰʫʤʣʝʥʥʳʤ ʜʘʥʥʳʤ. ʄʝʪʦʜ k 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ (k-NN) ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʟʘʜʘʯʘʭ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ. ɺʳʜʝʣʷʶʪʩʷ ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʧʦʜʭʦʜ,r ʚ ʯʘʩʪʥʦʩʪʠ ʩʚʝʨʪʦʯʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN), ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʪʝʢʩʪʫʨʝ ʠ ʩʧʝʢʪʨʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ [Farahbakhsh et al., 2018; 

Shirmard et al., 2022]. ʉʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ U-Net ʠ 

MSRResNet, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʜʝʰʠʬʨʦʚʢʝ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤ, ʨʘʟʣʦʤʦʚ ʠ ʟʦʥ ʘʥʦʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ 

[Guo et al., 2025; Jiang et al., 2023]. 

ʄʦʥʠʪʦʨʠʥʛ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ɸɿʈʌ 

ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʦʣʠʪʦʟʦʥʳ, 

ʩʝʟʦʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ ʣʦʛʠʩʪʠʢʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʥʘʟʝʤʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʥʦʛʦʟʦʥʘʣʴʥʳʭ ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ, ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʨʠʦʛʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʠ ʧʨʦʚʦʜʠʪʴ 

ʢʦʩʚʝʥʥʫʶ ʦʮʝʥʢʫ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʣʝʚʳʭ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ. 
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ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʩʦ ʩʧʫʪʥʠʢʦʚ, ʠ ʨʝʘʣʴʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʅʘʠʙʦʣʝʝ 

ʥʘʜʝʞʥʳʡ ʩʧʦʩʦʙ ʪʘʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʦʣʝʚʳʭ 

ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʦʪʙʦʨ ʧʨʦʙ ʠ ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ 

ʵʪʘʣʦʥʦʤ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

ʅʘʧʨʠʤʝʨ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʚʦʜʥʳʝ ʠʥʜʝʢʩʳ, ʪʘʢʠʝ ʢʘʢ NDWI ʠ MNDWI, ʤʦʛʫʪ 

ʙʳʪʴ ʩʢʦʨʨʝʣʠʨʦʚʘʥʳ ʩ ʘʙʩʦʣʶʪʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʟʨʘʩʪʘʶʱʫʶ ʨʦʣʴ ɼɿɿ ʚ ʨʝʰʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʘʢʪʠʢʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ɼɿɿ ʘʢʮʝʥʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʝʣʘʝʪʩʷ ʥʘ ʧʦʠʩʢ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺ 

ʨʷʜʝ ʨʘʙʦʪ ʫʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʫʣʴʪʠ- ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ Landsat ʠ ASTER ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ 

ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ɼɿɿ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʰʠʬʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ.  

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʧʦʥʠʤʘʥʠʝ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ.  

1.5  ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ɸʨʢʪʠʯʝʩʢʘʷ ʟʦʥʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʨʝʩʫʨʩʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʨʠ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʟʫʯʝʥʥʦʩʪʠ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʦʣʫʯʘʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʠ ʩʦʧʦʩʪʘʚʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ 
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ʪʝʨʨʠʪʦʨʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʥʘʟʝʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠ 

ʤʘʩʰʪʘʙʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠʟʤʝʥʝʥʠʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʚʳʷʚʣʝʥʠʷ 

ʨʘʟʣʦʤʥʳʭ ʟʦʥ, ʦʮʝʥʢʠ ʧʨʦʷʚʣʝʥʠʡ ʦʧʘʩʥʳʭ ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. ʆʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʩʦʩʪʘʚʣʷʶʪ ʢʘʢ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ (ʩʪʨʫʢʪʫʨʥʦʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ï ʚʳʯʠʩʣʝʥʠʝ ʠʥʜʝʢʩʦʚ, ɻʀʉ-ʠʥʩʪʨʫʤʝʥʪʳ ʘʥʘʣʠʟʘ), 

ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ, ʚʢʣʶʯʘʷ ʢʦʤʧʦʟʠʪʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʝʪʦʜ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ) [Brown et al., 2000; Kuhn et al., 2018; Shevyrev et 

al., 2022]. ʊʘʢʠʝ ʧʦʜʭʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʥʪʝʛʨʘʮʠʶ ʩʧʝʢʪʨʘʣʴʥʳʭ, 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʨʠʦʣʠʪʦʟʦʥʳ ɸɿʈʌ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʤʝʪʦʜʘʤʠ ɼɿɿ ʚ ɸʨʢʪʠʢʝ 

ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʩʣʦʞʥʦʩʪʝʡ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ 

ʫʩʣʦʚʠʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ ɸɿʈʌ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ, ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʨʟʣʦʪʥʳʭ ʛʨʫʥʪʦʚ, 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ɸʨʢʪʠʢʠ ʚ ʮʝʣʦʤ, ʧʨʠʚʦʜʷʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʥʜʰʘʬʪʦʚ. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʢʦʨʨʝʢʮʠʠ ʜʘʥʥʳʭ ʠ ʫʯʝʪʘ 

ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʉʦʩʪʘʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʫʯʠʪʳʚʘʶʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ 

ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʢʪʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ [Brown et al., 2000; Kuhn et 

al., 2018; Shevyrev et al., 2022].  

ʉ ʫʯʝʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ 
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ʧʨʠʟʥʘʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ.ʘʥʘʣʠʟʦʚ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʫʩʣʦʚʠʡ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ ɼɿɿ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʨʘʡʦʥʘʭ ʧʦʠʩʢʘ 

ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

3. ʆʙʦʩʥʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʧʨʠʟʥʘʢʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʠʥʜʠʢʘʪʦʨʳ (ʠʥʜʝʢʩʳ/ʢʦʤʧʦʟʠʪʳ, ʤʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʷʨʢʦʩʪʥʳʭ ʢʦʥʪʨʘʩʪʦʚ) 

ʠ ʪʝʢʩʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʩʦʚʤʝʩʪʥʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʫʨʦʚʥʷ ʩʝʨʦʛʦ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʜʝʣʷʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ ʢʦʩʤʦʩʥʠʤʢʘʭ.  

4. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ɼɿɿ ʜʣʷ ʫʩʣʦʚʠʡ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ɼɿɿ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. 

5. ʇʨʦʚʝʩʪʠ ʘʧʨʦʙʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʧʨʠʤʝʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸɿʈʌ ʠ ʦʮʝʥʠʪʴ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ. 
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2 ʉʇɽʂʊʈɸʃʔʅʓɽ ʇʈʀɿʅɸʂʀ ʃʀʊʆʃʆɻʀʏɽʉʂʀʍ 

ʈɸɿʃʀʏʀʁ, ɺʊʆʈʀʏʅʓʍ ʇʈɽʆɹʈɸɿʆɺɸʅʀʁ ʀ ʉʊʈʋʂʊʋʈʅʆ-

ʊɽʂʊʆʅʀʏɽʉʂʀʍ ʅɸʈʋʐɽʅʀʁ ʇʆ ɼɸʅʅʓʄ ɼɿɿ 

2.1  ʉʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʣʠʪʦʪʠʧʦʚ ʧʦʨʦʜ 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʪʝʢʩʪʫʨʦʡ [El-Desoky et al., 

2024; Zhou et al., 2017]. ʉʧʝʢʪʨʳ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ: ʥʘʧʨʠʤʝʨ, ʧʨʠʩʫʪʩʪʚʠʝ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Fe2+, Fe3+) ʚʳʟʳʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ 

ʀʂ-ʦʙʣʘʩʪʠ (0.4ï1.0 ʤʢʤ), ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ (OH-) ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ï 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʀʂ (1.4; 1.9; 2.2 ʤʢʤ) [Doublier et al., 2012; 

Abweny et al., 2016]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʨʦʜʳ ʨʘʟʣʠʯʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ 

ʠʤʝʶʪ ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ [Kamps et al., 2018; Amraoui et al., 

2025; Zafaty et al., 2022].  

ʂʨʦʤʝ ʩʦʩʪʘʚʘ, ʥʘ ʭʘʨʘʢʪʝʨ ʩʧʝʢʪʨʘ ʚʣʠʷʝʪ ʠ ʪʝʢʩʪʫʨʘ: ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, 

ʩʪʝʢʣʦʚʘʪʳʝ ʣʘʚʳ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʳʝ ʩʧʝʢʪʨʳ, ʪʦʛʜʘ ʢʘʢ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ï ʯʝʪʢʠʝ ʫʟʢʠʝ ʧʦʣʦʩʳ, ʧʦʩʢʦʣʴʢʫ ʢʨʫʧʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʜʘʶʪ ʙʦʣʝʝ ʯʠʩʪʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʪʢʣʠʢʠ [Kamps et al., 2018; Zafaty 

et al., 2022]. ʇʦʵʪʦʤʫ ʧʨʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ ʜʘʥʥʳʭ ɼɿɿ ʪʝʢʩʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʬʘʢʪʦʨ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʩʧʦʩʦʙʥʳʡ ʫʩʠʣʠʚʘʪʴ, ʩʛʣʘʞʠʚʘʪʴ ʠʣʠ ʯʘʩʪʠʯʥʦ ʤʘʩʢʠʨʦʚʘʪʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʨʘʟʥʳʭ 

ʪʠʧʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʧʦʩʪʘʚʣʝʥʥʳʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ 

ʩʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʣʠʪʦʪʠʧʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ 

ʦʪʢʨʳʪʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʚʢʣʶʯʘʶʱʠʤ ʢʘʢ ʧʨʷʤʳʝ ʯʠʩʣʝʥʥʳʝ 

ʩʧʝʢʪʨʳ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ECOSTRESS Spectral Library v1.0, ʪʘʢ ʠ ʢʨʠʚʳʝ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ [Meerdink et 

al., 2019; Longhi et al., 2001; Okyay et al., 2016]. ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ 
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ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʵʪʘʣʦʥʥʳʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʛʫʪ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ USGS Spectral Library Version 7 ʠ ASTER Spectral 

Library Version 2.0 [Kokaly et al., 2017; Baldridge et al., 2009]. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʢ ʝʜʠʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʜʣʠʥ ʚʦʣʥ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʥʦʰʝʥʠʝ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢ 

ʧʦʪʦʢʫ ʧʘʜʘʶʱʝʛʦ ʥʘ ʥʝʝ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʛʣʷʜʥʦʩʪʠ 

ʚʠʟʫʘʣʴʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʙʳʣʠ ʩʛʣʘʞʝʥʳ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʠʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʬʦʨʤʳ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʣʠʪʦʪʠʧʦʚ, 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʨʘʟʣʠʯʠʷʭ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʦʪʨʘʞʝʥʠʷ, ʬʦʨʤʳ ʢʨʠʚʦʡ ʠ 

ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʘʭ VIS, NIR ʠ SWIR.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʦʙʱʝʤʫ 

ʫʨʦʚʥʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʥʘ ʛʨʘʬʠʢʝ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʦʣʦʤʠʪʘ, ʧʝʩʯʘʥʠʢʘ ʠ ʢʚʘʨʮʠʪʘ, ʪʦʛʜʘ ʢʘʢ ʤʠʥʠʤʘʣʴʥʳʝ ï ʜʣʷ 

ʛʘʙʙʨʦ ʠ ʙʘʟʘʣʴʪʘ. ɻʨʘʥʠʪ, ʛʨʘʥʦʜʠʦʨʠʪ ʠ ʠʟʚʝʩʪʥʷʢ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ, ʦʜʥʘʢʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʬʦʨʤʝ ʩʧʝʢʪʨʘ: ʛʨʘʥʠʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʳʨʘʞʝʥʥʳʡ ʨʦʩʪ ʦʪʨʘʞʝʥʠʷ ʚ VIS ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚ NIRïSWIR, ʪʦʛʜʘ ʢʘʢ ʛʨʘʥʦʜʠʦʨʠʪ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʦʡ ʠ ʚ ʮʝʣʦʤ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʢʨʠʚʦʡ. ɼʣʷ ʙʘʟʘʣʴʪʘ ʠ ʛʘʙʙʨʦ ʪʠʧʠʯʥʳ ʪʝʤʥʳʝ, ʩʣʘʙʦʘʤʧʣʠʪʫʜʥʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʩ ʥʝʙʦʣʴʰʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ; ʧʨʠ 

ʵʪʦʤ ʙʘʟʘʣʴʪ ʥʝʩʢʦʣʴʢʦ ʩʚʝʪʣʝʝ ʛʘʙʙʨʦ ʠ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ 

ʚʳʧʫʢʣʦʩʪʴʶ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. ʇʝʩʯʘʥʠʢ ʠ ʢʚʘʨʮʠʪ, ʥʘʧʨʦʪʠʚ, ʦʪʣʠʯʘʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʤ ʨʦʩʪʦʤ ʦʪʨʘʞʝʥʠʷ ʦʪ VIS ʢ NIR ʠ ʜʘʣʝʝ ʚ SWIR, ʦʜʥʘʢʦ ʢʚʘʨʮʠʪ 

ʩʦʭʨʘʥʷʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʦʪʨʘʞʝʥʠʷ ʠ ʙʦʣʝʝ ʢʨʫʪʦʡ ʧʦʜʲʝʤ 

ʧʦʩʣʝ 1.3ï1.5 ʤʢʤ. 
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ʅʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ SWIR-

ʜʠʘʧʘʟʦʥʝ. ɼʣʷ ʜʦʣʦʤʠʪʘ ʬʠʢʩʠʨʫʶʪʩʷ ʛʣʫʙʦʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʦʙʣʘʩʪʷʭ ʦʢʦʣʦ 1.9 ʠ 2.3ï2.35 ʤʢʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʫʶ ʢʨʠʚʫʶ 

ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦʡ ʩʨʝʜʠ ʢʘʨʙʦʥʘʪʥʳʭ ʣʠʪʦʪʠʧʦʚ. ʀʟʚʝʩʪʥʷʢ ʪʘʢʞʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʠʥʠʤʫʤ ʚ ʟʦʥʝ 2.3ï2.35 ʤʢʤ, ʥʦ ʦʥ ʚʳʨʘʞʝʥ ʩʣʘʙʝʝ. ʉʣʘʥʝʮ 

ʚʳʜʝʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʧʝʢʪʨʘ: ʧʦʩʣʝ ʧʦʚʳʰʝʥʥʦʛʦ 

ʫʨʦʚʥʷ ʦʪʨʘʞʝʥʠʷ ʚ NIR ʝʛʦ ʢʨʠʚʘʷ ʧʨʠʦʙʨʝʪʘʝʪ ʨʝʟʢʦ ʨʘʩʯʣʝʥʝʥʥʳʡ ʭʘʨʘʢʪʝʨ 

ʩ ʛʣʫʙʦʢʠʤʠ ʤʠʥʠʤʫʤʘʤʠ ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ 1.4 ʠ ʦʩʦʙʝʥʥʦ 2.2ï2.35 ʤʢʤ. ɻʥʝʡʩ 

ʨʘʩʧʦʟʥʘʝʪʩʷ ʧʦ ʩʦʯʝʪʘʥʠʶ ʫʤʝʨʝʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚ VISïNIR, ʣʦʢʘʣʴʥʦʛʦ 

ʤʠʥʠʤʫʤʘ ʚʙʣʠʟʠ 1.3 ʤʢʤ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʦʩʪʘ ʚ SWIR.  

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ VIS ʣʫʯʰʝ ʨʘʟʣʠʯʘʶʪʩʷ ʪʝʤʥʳʝ ʤʘʬʠʯʝʩʢʠʝ ʠ 

ʙʦʣʝʝ ʩʚʝʪʣʳʝ ʢʠʩʣʳʝ ʧʦʨʦʜʳ, ʚ NIR ï ʢʚʘʨʮʠʪ, ʧʝʩʯʘʥʠʢ ʠ ʩʣʘʥʝʮ, ʘ ʚ SWIR 

ʥʘʠʙʦʣʝʝ ʜʠʘʛʥʦʩʪʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʦʣʦʤʠʪ, ʠʟʚʝʩʪʥʷʢ ʠ ʩʣʘʥʝʮ, ʧʦʩʢʦʣʴʢʫ 

ʟʜʝʩʴ ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʶʪʩʷ ʠʭ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʟʣʠʯʠʷ 

ʬʦʨʤʳ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʨʠʚʦʡ. 

2.2 ʉʧʝʢʪʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʚʪʦʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʨʦʜ 

2.2.1  ʉʧʝʢʪʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʤʝʪʘʤʦʨʬʠʟʤʘ 

ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʘ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʠʭ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦ ʘʢʪʠʚʥʳʭ ʬʘʟ. 

ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʚ ʜʠʘʧʘʟʦʥʝ VNIRïSWIR ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʚʦʜʫ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʬʦʨʤʠʨʫʶʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ ʦʢʦʣʦ 1.4, 1.9, 

2.20 ʠ 2.25ï2.35 ʤʢʤ. ʇʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʷ ʵʪʠʭ 

ʧʦʣʦʩ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʢʦʩʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʨʦʜ [Doublier et al., 2012; Kamps et al., 

2018]. 
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ɼʣʷ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʦʨʦʜ 

ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʦ ʩʦʭʨʘʥʝʥʠʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ï ʭʣʦʨʠʪʘ, ʩʝʨʠʮʠʪʘ, ʵʧʠʜʦʪʘ, ʠʣʣʠʪʘ ʠ ʤʫʩʢʦʚʠʪʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʵʪʠʭ ʬʘʟ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ OH-

ʛʨʫʧʧʘʤʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʦʩʳ ʦʢʦʣʦ 1.4 ʠ 1.9 ʤʢʤ 

ʦʪʨʘʞʘʶʪ ʥʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʳ, ʧʦʣʦʩʘ ʦʢʦʣʦ 

2.20 ʤʢʤ ʩʚʷʟʘʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ Al-OH-ʩʚʷʟʷʤʠ ʚ ʤʫʩʢʦʚʠʪʝ/ʠʣʣʠʪʝ ʠ 

ʩʝʨʠʮʠʪʝ, ʘ ʠʥʪʝʨʚʘʣ 2.25ï2.35 ʤʢʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪ Mg-OH ʠ Fe-Mg-OH-ʩʚʷʟʠ, 

ʪʠʧʠʯʥʳʝ ʜʣʷ ʭʣʦʨʠʪʦʚ ʠ ʜʨʫʛʠʭ Fe-Mg-ʩʠʣʠʢʘʪʦʚ [Doublier et al., 2010; 

Doublier et al., 2012]. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʪʝʧʝʥʷʤ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʫʢʘʟʘʥʥʳʭ ʧʦʣʦʩ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʜʝʛʠʜʨʘʪʘʮʠʝʡ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʨʘʟʨʫʰʝʥʠʝʤ ʯʘʩʪʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʬʘʟ ʠ 

ʧʝʨʝʭʦʜʦʤ ʚʝʱʝʩʪʚʘ ʚ ʤʝʥʝʝ ʩʧʝʢʪʨʘʣʴʥʦ ʘʢʪʠʚʥʳʝ ʙʝʟʚʦʜʥʳʝ ʩʠʣʠʢʘʪʥʳʝ 

ʤʠʥʝʨʘʣʳ. ɼʣʷ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ ʦʩʦʙʝʥʥʦ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʡ ʭʘʨʘʢʪʝʨʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ çʦʙʝʜʥʝʥʠʝè VNIRïSWIR-ʩʧʝʢʪʨʦʚ: ʩʥʠʞʘʝʪʩʷ ʚʳʨʘʞʝʥʥʦʩʪʴ 

ʧʦʣʦʩ OH, H2O, Al-OH ʠ Mg-OH/Fe-Mg-OH, ʘ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʛʨʘʥʘʪʘ, ʧʠʨʦʢʩʝʥʦʚ, ʢʠʘʥʠʪʘ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʩʝʛʜʘ ʠʤʝʶʪ ʷʨʢʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʚ VNIRïSWIR-ʜʠʘʧʘʟʦʥʝ 

[Doublier et al., 2012; Kamps et al., 2018]. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʦʙʦʙʱʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ 

(ʨʠʩʫʥʦʢ 2.2). ʇʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʨʘʞʝʥʥʦʩʪʴʶ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʧʦʥʠʤʘʝʪʩʷ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʛʣʫʙʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʬʦʥʦʚʦʤʫ ʫʨʦʚʥʶ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɿʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ 1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤ ʧʦʣʦʩʘʤ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ 0, 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʩʣʘʙʦʝ ʧʨʦʷʚʣʝʥʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ.  

ɼʠʘʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʠʟʤʝʥʝʥʠʷ 

ʚʳʨʘʞʝʥʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʩʪʝʧʝʥʠ 
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ʤʝʪʘʤʦʨʬʠʟʤʘ [Doublier et al., 2012; Doublier et al., 2010; Kamps et al., 2018; 

Abweny et al., 2016]. ɿʥʘʯʝʥʠʷ ʧʦ ʦʩʠ Y ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʥʳʤʠ ʥʦʨʤʠʨʦʚʘʥʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪʳ ʧʨʷʤʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʢʦʥʢʨʝʪʥʳʭ ʦʙʨʘʟʮʦʚ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. 

ʀʟ ʨʠʩʫʥʢʘ 2.2 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʧʦʣʦʩʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʛʜʝ ʩʦʭʨʘʥʷʶʪʩʷ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʳ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʜʝʛʠʜʨʘʪʘʮʠʶ ʤʠʥʝʨʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ ʠ ʩʥʠʞʝʥʠʝ ʨʦʣʠ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʦʪʢʣʠʢʝ 

ʧʦʨʦʜ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʠʥʜʠʢʘʪʦʨ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʥʦʩʪʠ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʥʦ ʥʝ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʧʨʷʤʦʡ ʢʨʠʪʝʨʠʡ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʬʘʮʠʠ. 

ʆʪʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ Mg-OH/Fe-Mg-OH ʫ 

ʭʣʦʨʠʪʦʚ. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ Mg-ʭʣʦʨʠʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ 

ʤʝʪʘʤʦʨʬʠʟʤʘ, ʦʙʳʯʥʦ ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʦʢʦʣʦ 2.35 ʤʢʤ. ɺ 
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ʧʦʨʦʜʘʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʛʜʝ ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ Fe 

ʚ ʭʣʦʨʠʪʝ, ʵʪʘ ʧʦʣʦʩʘ ʤʦʞʝʪ ʩʤʝʱʘʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʜʣʠʥ ʚʦʣʥ ï 

ʧʨʠʤʝʨʥʦ ʢ 2.25ï2.30 ʤʢʤ [Kamps et al., 2018]. ʊʘʢʦʝ ʩʤʝʱʝʥʠʝ ʦʪʨʘʞʘʝʪ 

ʠʟʤʝʥʝʥʠʝ Fe/Mg-ʩʦʩʪʘʚʘ ʭʣʦʨʠʪʘ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʠʥʜʠʢʘʪʦʨ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ. ɹʣʠʟʢʘʷ ʣʦʛʠʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʧʨʠ ʦʮʝʥʢʝ ʥʠʟʢʦʡ 

ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʦ ʧʦʣʦʞʝʥʠʶ Al-OH-ʧʦʣʦʩʳ ʚ ʤʫʩʢʦʚʠʪʝ/ʠʣʣʠʪʝ ʚ 

ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ Illite Spectral Maturity [Doublier et al., 2010]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʯʝʨʝʟ ʦʙʦʙʱʝʥʥʳʝ VNIRïSWIR-ʩʧʝʢʪʨʳ ʤʠʥʝʨʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ (ʨʠʩʫʥʦʢ 

2.3). ʊʘʢʦʡ ʛʨʘʬʠʢ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ ʟʘʤʝʥʦʡ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʧʝʢʪʨʦʚ 

ʢʦʥʢʨʝʪʥʳʭ ʦʙʨʘʟʮʦʚ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʴʥʦ ʧʦʢʘʟʘʪʴ ʢʣʶʯʝʚʫʶ ʪʝʥʜʝʥʮʠʶ: 

ʫʤʝʥʴʰʝʥʠʝ ʛʣʫʙʠʥʳ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ ʚʦʜʥʳʭ ʧʦʣʦʩ ʠ ʩʤʝʱʝʥʠʝ ʭʣʦʨʠʪʦʚʦʡ 

ʧʦʣʦʩʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ [Doublier et al., 2012; Kamps et al., 

2018]. 

ʅʘ ʨʠʩʫʥʢʝ 2.3 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʢʨʠʚʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ 

ʤʠʥʠʤʫʤʘʤʠ ʚ ʦʙʣʘʩʪʷʭ ʦʢʦʣʦ 1.4, 1.9, 2.20 ʠ 2.30ï2.35 ʤʢʤ [Doublier et al., 

2010; Doublier et al., 2012; Kamps et al., 2018]. 

 

ʈʠʩʫʥʦʢ 2.3 ï ʆʙʦʙʱʝʥʥʳʝ VNIRïSWIR-ʩʧʝʢʪʨʳ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ 

ʧʨʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ 
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ɼʣʷ ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʵʪʠ ʤʠʥʠʤʫʤʳ 

ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤʠ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʦ ʘʢʪʠʚʥʳʭ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʬʘʟ. ʉʤʝʱʝʥʠʝ ʧʦʣʦʩʳ Mg-OH/Fe-

Mg-OH ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʜʣʠʥ ʚʦʣʥ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

Fe/Mg-ʩʦʩʪʘʚʘ ʭʣʦʨʠʪʦʚ.  

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʠʘʛʥʦʩʪʠʢʘ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʦ 

ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

ɺʳʩʦʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʯʘʩʪʦ ʙʝʜʥʳ ʩʧʝʢʪʨʘʣʴʥʦ ʘʢʪʠʚʥʳʤʠ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʘ ʠʭ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʬʘʟʘʤʠ, ʩʣʘʙʦ ʧʨʦʷʚʣʷʶʱʠʤʠʩʷ ʚ VNIRïSWIR-ʜʠʘʧʘʟʦʥʝ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʧʫʪʥʠʢʦʚʘʷ ʩʲʝʤʢʘ ʬʠʢʩʠʨʫʝʪ ʠʥʪʝʛʨʘʣʴʥʳʡ ʦʪʢʣʠʢ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʠ ʦʪ ʩʪʝʧʝʥʠ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʣʘʞʥʦʩʪʠ, ʟʝʨʥʠʩʪʦʩʪʠ, ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ ʧʨʷʤʦʡ ʢʨʠʪʝʨʠʡ ʚʳʜʝʣʝʥʠʷ 

ʬʘʮʠʡ, ʘ ʢʘʢ ʢʦʩʚʝʥʥʳʡ ʠʥʜʠʢʘʪʦʨ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʢʦʨʨʝʢʪʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʘʢʠʝ ʧʨʠʟʥʘʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ 

ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ. ʉʧʝʢʪʨʘʣʴʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʧʦʨʦʜ ʢʨʘʪʦʥʘ ʇʠʣʙʘʨʘ ʚ ɿʘʧʘʜʥʦʡ ɸʚʩʪʨʘʣʠʠ ʧʦʢʘʟʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʡ 

ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʭ SWIR-ʩʧʝʢʪʨʦʚ [Abweny et al., 2016]. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʤʝʪʘʤʦʨʬʠʟʤ ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʩʨʝʜʳ. 

2.2.2 ɺʦʟʜʝʡʩʪʚʠʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʇʦʛʦʜʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʦʜʠʬʠʮʠʨʫʶʪ ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʥʘʞʝʥʠʡ ʧʦʨʦʜ. ʇʨʠ ʭʠʤʠʯʝʩʢʦʤ 

ʚʳʚʝʪʨʠʚʘʥʠʠ ʧʝʨʚʠʯʥʳʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ʨʘʟʨʫʰʘʶʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʚʪʦʨʠʯʥʳʭ ʬʘʟ ï ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, 
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ʛʠʜʨʦʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʜʨ. ʕʪʠ ʥʦʚʳʝ ʤʠʥʝʨʘʣʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʨʯʝ ʠ 

ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ. ʊʘʢ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʠ 

ʧʠʨʠʪʠʟʘʮʠʠ ʨʫʜʥʳʭ ʟʦʥ ʚʦʟʥʠʢʘʶʪ ʣʠʤʦʥʠʪʦʚʳʝ ʢʦʨʢʠ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Fe3+-ʦʢʩʠʜʦʚ (ʛʝʪʠʪ, ʛʝʤʘʪʠʪ), ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʨʦʩʪ 

ʦʪʨʘʞʝʥʠʷ ʚ ʢʨʘʩʥʦ-ʞʝʣʪʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʠ ʪʠʧʠʯʥʳʡ "ʧʣʝʯʝʚʦʡ" 

ʧʦʚʳʰʝʥʥʳʡ ʘʣʴʙʝʜʦ ʧʦʩʣʝ ~0.5 ʤʢʤ [Suryantini et al., 2005]. ʂʨʦʤʝ ʪʦʛʦ, Fe3+ 

ʜʘʝʪ ʰʠʨʦʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʦʢʦʣʦ 0.9ï1.0 ʤʢʤ, ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʥʘ ʩʧʝʢʪʨʘʭ 

ʚʳʚʝʪʨʝʣʳʭ ʙʘʟʘʣʴʪʦʚ. ɸʨʛʠʣʣʠʟʘʮʠʷ (ʦʙʨʘʟʦʚʘʥʠʝ ʛʣʠʥ) ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ Al -OH ʦʢʦʣʦ 2200 ʥʤ (ʥʘʧʨʠʤʝʨ, ʚ ʢʘʦʣʠʥʠʪʝ, 

ʛʘʣʣʫʘʟʠʪʝ) ʠ Mg-OH ~2300ï2350 ʥʤ (ʩʤʝʢʪʠʪʳ, ʭʣʦʨʠʪʳ). ʅʘ ʩʧʝʢʪʨʘʭ 

ʚʳʚʝʪʨʝʣʳʭ ʧʦʨʦʜ ʧʦʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʚʳʨʘʞʝʥʥʳʝ ʧʦʣʦʩʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʳ 

~1.9 ʤʢʤ ʟʘ ʩʯʝʪ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ ʠ ʛʠʜʨʘʪʘʮʠʠ ʤʠʥʝʨʘʣʦʚ [Gascon et 

al., 2017]. ɺ ʮʝʣʦʤ, ʚʳʚʝʪʨʝʣʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʳʯʥʦ ʷʨʯʝ ʩʚʝʞʠʭ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ (ʠʟ-ʟʘ ʫʜʘʣʝʥʠʷ ʪʝʤʥʳʭ ʬʝʨʨʦʤʘʛʥʝʟʠʘʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʝʪʣʳʭ ʛʣʠʥʠʩʪʳʭ ʧʣʝʥʦʢ) ʠ ʠʤʝʶʪ ʙʦʣʝʝ ʢʨʫʪʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʫʢʣʦʥ ʩʧʝʢʪʨʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʨʠʦʣʠʪʘ ʠ ʛʨʘʥʠʪʘ ʚ ʧʫʩʪʳʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʚʳʚʝʪʨʝʣʳʭ ʢʦʨʦʢ ʠ ʩʚʝʞʠʭ ʩʢʦʣʦʚ 

ʤʠʥʠʤʘʣʴʥʳ (ʤʝʥʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʱʘʷ ʷʨʢʦʩʪʴ), ʪʦʛʜʘ ʢʘʢ ʜʣʷ 

ʦʩʥʦʚʥʳʭ ʚʫʣʢʘʥʠʪʦʚ ʠ ʜʠʘʙʘʟʦʚ ʨʘʟʣʠʯʠʷ ʟʥʘʯʠʪʝʣʴʥʳ: ʫ ʚʳʚʝʪʨʝʣʦʛʦ 

ʙʘʟʘʣʴʪʘ ʧʦʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ "ʢʨʘʩʥʳʡ ʫʢʣʦʥ" ʠʟ-ʟʘ Fe3+ ʠ ʰʠʨʦʢʠʝ 

ʧʦʣʦʩʳ OH- ʧʨʠ 1.4 ʠ 1.9 ʤʢʤ, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʩʧʝʢʪʨʝ ʩʚʝʞʝʛʦ ʙʘʟʘʣʴʪʘ 

[Zhou et al., 2017].  

ɺ ʧʨʦʮʝʩʩʘʭ ʩʫʧʝʨʛʝʥʝʟʘ ʭʣʦʨʠʪ ʠ ʜʨʫʛʠʝ ʧʝʨʚʠʯʥʳʝ ʛʠʜʨʦʩʠʣʠʢʘʪʳ 

ʯʘʩʪʦ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʶʪʩʷ, ʫʩʪʫʧʘʷ ʤʝʩʪʦ ʢʘʦʣʠʥʠʪʫ ʠ ʞʝʣʝʟʠʩʪʳʤ 

ʧʨʦʜʫʢʪʘʤ ï ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʦʩʳ 2350 ʥʤ (Mg-OH ʭʣʦʨʠʪʘ) 

ʠ ʫʩʠʣʝʥʠʶ ʧʦʣʦʩʳ 2200 ʥʤ (Al -OH ʢʘʦʣʠʥʠʪʘ) [Suryantini et al., 2005].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚʢʣʶʯʘʶʪ:  

ʠʟʤʝʥʝʥʠʝ ʦʙʱʝʛʦ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ (ʧʦʢʨʘʩʥʝʥʠʝ ʠʣʠ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ), ʧʦʷʚʣʝʥʠʝ/ʠʩʯʝʟʥʦʚʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

(ʥʘʧʨʠʤʝʨ, ʧʨʦʧʘʞʘ ʧʦʣʦʩ ʭʣʦʨʠʪʘ, ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩ ʢʘʦʣʠʥʠʪʘ), ʩʤʝʱʝʥʠʝ 
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ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ ʟʘ ʩʯʝʪ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ï ʪʘʢ, 

ʦʩʥʦʚʥʦʡ ʧʠʢ ʧʦʛʣʦʱʝʥʠʷ ʩʝʨʠʮʠʪʘ ~2200 ʥʤ ʤʦʞʝʪ ʩʤʝʩʪʠʪʴʩʷ ʥʘ Ñ5ï10 ʥʤ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʚʝʪʨʝʣʦʩʪʠ (ʯʝʤ ʙʦʣʝʝ ʚʳʚʝʪʨʝʣʳʡ ʩʣʶʜʠʩʪʳʡ ʤʠʥʝʨʘʣ, 

ʪʝʤ ʙʣʠʞʝ ʤʘʢʩʠʤʫʤ ʢ 2200 ʥʤ ʠʟ-ʟʘ ʦʙʝʜʥʝʥʠʷ Al). ɹʝʣʘʷ ʩʣʶʜʘ (ʤʫʩʢʦʚʠʪ) 

ʩʦʭʨʘʥʷʝʪʩʷ ʜʘʞʝ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʳʚʝʪʨʠʚʘʥʠʠ, ʦʩʪʘʚʘʷʩʴ ʥʘʜʝʞʥʳʤ 

ʠʥʜʠʢʘʪʦʨʦʤ ʛʠʧʝʨʛʝʥʥʳʭ ʦʨʝʦʣʦʚ, ʪʦʛʜʘ ʢʘʢ ʭʣʦʨʠʪ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʧʦʵʪʦʤʫ 

ʤʝʥʝʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʟʦʥ ʠʟʤʝʥʝʥʠʷ [Suryantini et al., 

2005]. 

2.3  ʉʧʝʢʪʨʘʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ 

2.3.1  ɸʥʠʟʦʪʨʦʧʠʷ ʦʪʨʘʞʝʥʠʷ ʧʨʠ ʩʣʘʥʮʝʚʘʪʦʩʪʠ 

ʅʘʧʨʘʚʣʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʥʝʨʝʜʢʦ 

ʧʨʠʜʘʶʪ ʛʦʨʥʳʤ ʧʦʨʦʜʘʤ ʧʣʦʩʢʦʩʪʥʫʶ ʩʣʘʥʮʝʚʘʪʦʩʪʴ ʠʣʠ ʣʠʥʝʡʥʦʩʪʴ, ʯʪʦ 

ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʘʥʠʟʦʪʨʦʧʠʶ ʠʭ ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʷʨʢʦʩʪʴ ʦʙʨʘʟʮʘ ʩʧʦʩʦʙʥʘ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʠ 

ʦʩʚʝʱʝʥʠʷ-ʥʘʙʣʶʜʝʥʠʷ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʛʦʥʠʦ-

ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʰʣʠʬʦʚʘʥʥʳʝ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʦ 

ʩʣʘʥʮʝʚʘʪʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜ ʦʪʨʘʞʘʶʪ ʙʦʣʴʰʝ ʩʚʝʪʘ ʧʨʠ ʦʩʚʝʱʝʥʠʠ, 

ʧʘʜʘʶʱʝʤ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ ʩʣʘʥʮʝʚʘʪʦʩʪʠ, ʠ ʤʝʥʴʰʝ ï ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʧʦʜ 

ʦʩʪʨʳʤ ʫʛʣʦʤ ʢ ʥʝʡ [Curtis, 2022]. ʌʠʟʠʯʝʩʢʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʦʤ 

ʦʙʝ̡ʤʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ï ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʥʘʧʨʠʤʝʨ, ʯʝʰʫʡʢʠ 

ʤʫʩʢʦʚʠʪʘ, ʭʣʦʨʠʪʘ) ʜʝʡʩʪʚʫʶʪ ʧʦʜʦʙʥʦ ʟʝʨʢʘʣʴʥʳʤ ʤʠʢʨʦʧʦʚʝʨʭʥʦʩʪʷʤ, 

ʜʘʚʘʷ ʧʦʚʳʰʝʥʥʦʝ ʟʝʨʢʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ 

ʤʘʩʰʪʘʙʘʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʩʝ̡ʤʢʘ ʩʧʫʪʥʠʢʦʤ ʧʦʯʪʠ ʩ ʟʝʥʠʪʘ) 

ʧʨʦʷʚʣʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʨʦʜ ʩʛʣʘʞʝʥʳ, ʥʦ ʥʘ ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʝ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʥʠʮʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʬʘʟʦʚʦʛʦ ʫʛʣʘ (ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʉʦʣʥʮʝ ʠ ʥʘ ʩʝʥʩʦʨ) ʛʣʫʙʠʥʘ ʧʦʣʦʩ 
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ʧʦʛʣʦʱʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʥʘʢʣʦʥ ʩʧʝʢʪʨʘ (çʢʨʘʩʥʦʪʘè) ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʧʦʚʝʨʭʥʦʩʪʠ [Curtis, 2022]. ʉʣʘʥʮʝʚʘʪʳʝ ʧʦʨʦʜʳ 

(ʬʠʣʣʠʪʳ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ) ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ 

ʦʪʢʣʠʢ, ʝʩʣʠ ʦʩʚʝʱʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʩʣʘʥʮʝʚʘʪʦʩʪʠ ʠʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ. ɼʣʷ 

ʧʨʘʢʪʠʢʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʦʨʨʝʢʮʠʠ ɼʌʆʉ (ʜʚʫʣʫʯʝʚʦʡ ʬʫʥʢʮʠʠ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ) ʧʨʠ 

ʘʥʘʣʠʟʝ ʩʢʣʦʥʦʚ ʠ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʭ ʤʘʩʩʠʚʦʚ [Hugli et al., 1983]. ʆʜʥʘʢʦ ʚ 

ʮʝʣʦʤ ʚʢʣʘʜ ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʝʨʘʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ: ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ, ʥʦ 

ʤʠʥʝʨʘʣʴʥʦ ʥʝʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ ʙʫʜʫʪ ʜʘʚʘʪʴ ʩʧʝʢʪʨʳ, ʙʣʠʟʢʠʝ ʢ ʠʩʭʦʜʥʳʤ, 

ʝʩʣʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʤʘʪʦʚʘʷ (ʜʠʬʬʫʟʥʦ-ʦʪʨʘʞʘʶʱʘʷ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʩʧʦʩʦʙʥʘ ʚʣʠʷʪʴ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ, ʠʥʜʝʢʩʳ), ʥʦ ʥʝ ʩʦʟʜʘʝʪ ʥʦʚʳʭ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ï ʦʥʘ ʣʠʰʴ ʦʩʣʦʞʥʷʝʪ ʠʭ ʦʙʥʘʨʫʞʝʥʠʝ ʙʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʢʘʣʠʙʨʦʚʢʠ ʠ ʫʯʝʪʘ ʫʛʣʦʚʳʭ ʵʬʬʝʢʪʦʚ. 

2.3.2  ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ 

ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʦʪʨʘʞʘʶʪʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʧʦʨʦʜ ʯʝʨʝʟ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʠʭ ʧʨʦʮʝʩʩʦʚ: ʜʨʦʙʣʝʥʠʝ, 

ʤʠʣʦʥʠʪʠʟʘʮʠʶ, ʢʘʪʘʢʣʘʟ, ʚʪʦʨʠʯʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʦʢʠʩʣʝʥʠʝ, ʢʘʨʙʦʥʘʪʠʟʘʮʠʶ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ. ʇʦʵʪʦʤʫ ʚ 

ʟʘʜʘʯʘʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ ʛʦʚʦʨʠʪʴ ʥʝ ʦ çʩʧʝʢʪʨʝ ʨʘʟʣʦʤʘè ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʦʙʲʝʢʪʝ, ʘ ʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʷʭ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʨʦʜ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʦʪʨʘʞʝʥʠʷ, ʬʦʨʤʳ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʨʠʚʦʡ ʠ ʧʦʣʦʞʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʪʘʢʠʭ ʵʬʬʝʢʪʦʚ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʧʘʨʳ ʩʧʝʢʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʝʢʦʪʦʨʳʝ ʧʦʨʦʜʳ ʚʥʝ ʟʦʥʳ ʥʘʨʫʰʝʥʠʷ ʠ ʧʦʨʦʜʳ ʚ ʟʦʥʝ 

ʨʘʟʣʦʤʘ ʣʠʙʦ ʠʭ ʫʩʣʦʚʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʘʥʘʣʦʛʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʠʟ 

ʦʪʢʨʳʪʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ [Kokaly et al., 2017; Sultan et al., 

1987; Madani et al., 2011]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʷʤʳʭ ʧʘʨ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
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ʩʦʧʦʩʪʘʚʣʝʥʠʷ, ʛʜʝ ʦʜʥʘ ʢʨʠʚʘʷ ʦʪʨʘʞʘʝʪ ʤʝʥʝʝ ʥʘʨʫʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʦʨʦʜʳ, ʘ ʚʪʦʨʘʷ ï ʨʘʟʣʦʤʥʫʶ ʧʦʨʦʜʫ ʠʣʠ ʪʝʢʪʦʥʠʟʠʨʦʚʘʥʥʳʡ ʘʥʘʣʦʛ 

ʩʭʦʜʥʦʛʦ ʧʨʦʪʦʣʠʪʘ. ɺ ʩʣʫʯʘʷʭ ʦʪʩʫʪʩʪʚʠʷ ʩʪʨʦʛʦ ʧʨʷʤʳʭ ʩʦʧʦʩʪʘʚʣʝʥʠʡ 

ʧʨʠʤʝʥʷʣʠʩʴ ʫʩʣʦʚʥʳʝ ʘʥʘʣʦʛʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʩʣʝʜʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʨʘʟʣʦʤʥʳʭ ʟʦʥ: ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, 

ʚʪʦʨʠʯʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʬʘʟ.  

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʨʠʢʠ:  

1. ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʘʭ VIS, 

NIR ʠ SWIR, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʦʪʨʘʞʝʥʠʷ ʚ ʚʠʜʠʤʦʡ, ʙʣʠʞʥʝʡ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ;  

2. ʩʨʝʜʥʷʷ ʤʝʞʩʧʝʢʪʨʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ, ʦʪʨʘʞʘʶʱʘʷ ʫʩʨʝʜʥʝʥʥʳʡ 

ʫʨʦʚʝʥʴ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʢʨʠʚʳʤʠ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʜʣʠʥ ʚʦʣʥ; 

3. ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʝʞʩʧʝʢʪʨʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ, ʧʦʢʘʟʳʚʘʶʱʘʷ 

ʥʘʠʙʦʣʴʰʠʡ ʣʦʢʘʣʴʥʳʡ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʜʣʠʥʘ ʚʦʣʥʳ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ, ʬʠʢʩʠʨʫʶʱʘʷ ʫʯʘʩʪʦʢ ʩʧʝʢʪʨʘ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʦʧʦʩʪʘʚʣʷʝʤʳʤʠ ʢʨʠʚʳʤʠ ʚʳʨʘʞʝʥʦ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ; 

4. ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ 

ʬʦʨʤʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʫʨʦʚʥʷ ʦʪʨʘʞʝʥʠʷ; 

5. ʩʧʝʢʪʨʘʣʴʥʳʡ ʫʛʦʣ SAM (Spectral Angle Mapper), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʟʣʠʯʠʝ ʩʧʝʢʪʨʦʚ ʢʘʢ ʚʝʢʪʦʨʦʚ ʚ ʤʥʦʛʦʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʶʱʠʡ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʠʷ ʠʭ ʦʙʱʝʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʤʝʪʨʠʢ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʧʦʨʦʜʘʤʠ ʚʥʝ ʟʦʥʳ ʨʘʟʣʦʤʘ ʠ ʧʦʨʦʜʘʤʠ ʟʦʥʳ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ ʣʠʙʦ ʠʭ ʫʩʣʦʚʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ 

ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ʅʘʠʙʦʣʝʝ ʥʘʜʝʞʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʧʦʨʦʜ, ʜʘʶʪ ʧʨʷʤʳʝ ʧʘʨʳ, ʚ ʢʦʪʦʨʳʭ 
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ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʧʦʨʦʜʘ ʚʥʝ ʟʦʥʳ ʨʘʟʣʦʤʘ ʠ ʧʦʨʦʜʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚ 

ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɼʣʷ ʧʘʨʳ çʛʨʘʥʠʪʥʳʡ ʛʥʝʡʩ ï ʢʚʘʨʮ-

ʧʦʣʝʚʦʰʧʘʪʦʚʳʡ ʤʠʣʦʥʠʪè ʭʘʨʘʢʪʝʨʥʦ ʫʩʪʦʡʯʠʚʦʝ ʩʥʠʞʝʥʠʝ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʫ ʤʠʣʦʥʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʦʡ, ʦʩʦʙʝʥʥʦ 

ʟʘʤʝʪʥʦʝ ʚ ʙʣʠʞʥʝʤ ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʳʭ ʜʠʘʧʘʟʦʥʘʭ (ʨʠʩʫʥʦʢ 

2.4).  

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʧʝʢʪʨʳ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʘʥʠʪʥʦʛʦ ʛʥʝʡʩʘ ʠ 

ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʤʠʣʦʥʠʪʘ. 

ʉʨʝʜʥʷʷ ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʘʥʠʪʥʦʛʦ ʛʥʝʡʩʘ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 0.413 ʚ ʜʠʘʧʘʟʦʥʝ VIS, 0.533 ʚ NIR ʠ 0.744 ʚ SWIR, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʢʚʘʨʮ-

ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʤʠʣʦʥʠʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʨʘʚʥʳ 0.385, 0.480 ʠ 

0.491. ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʢʨʠʚʳʤʠ ʜʦʩʪʠʛʘʝʪ ʦʢʦʣʦ 0.190, ʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.310 ʠ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 

1800 ʥʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʨʘʚʝʥ 0.758, ʘ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʫʛʦʣ ʩʦʩʪʘʚʣʷʝʪ 8.540Á, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʠʝ ʢʘʢ ʧʦ 

ʫʨʦʚʥʶ ʦʪʨʘʞʝʥʠʷ, ʪʘʢ ʠ ʧʦ ʦʙʱʝʡ ʬʦʨʤʝ ʢʨʠʚʳʭ.  

ʀʥʦʡ ʭʘʨʘʢʪʝʨ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʧʘʨʳ çʤʘʩʩʠʚʥʳʡ ʘʤʬʠʙʦʣʠʪ ï 

ʤʘʬʠʯʝʩʢʠʡ ʤʠʣʦʥʠʪè (ʨʠʩʫʥʦʢ 2.5). 
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ʈʠʩʫʥʦʢ 2.5 ï ʉʧʝʢʪʨʳ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʩʩʠʚʥʦʛʦ ʘʤʬʠʙʦʣʠʪʘ 

ʠ ʤʘʬʠʯʝʩʢʦʛʦ ʤʠʣʦʥʠʪʘ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʧʝʢʪʨ ʤʠʣʦʥʠʪʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʳʰʝ ʩʧʝʢʪʨʘ 

ʤʘʩʩʠʚʥʦʛʦ ʘʤʬʠʙʦʣʠʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʜʣʠʥ ʚʦʣʥ. ʉʨʝʜʥʷʷ 

ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʩʩʠʚʥʦʛʦ ʘʤʬʠʙʦʣʠʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.271 ʚ 

VIS, 0.338 ʚ NIR ʠ 0.550 ʚ SWIR, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʤʘʬʠʯʝʩʢʦʛʦ ʤʠʣʦʥʠʪʘ ʵʪʠ 

ʟʥʘʯʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ ʜʦ 0.298, 0.392 ʠ 0.687 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʝʜʥʷʷ 

ʘʙʩʦʣʶʪʥʘʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.108, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ï ʦʢʦʣʦ 0.180 ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʧʦʨʷʜʢʘ 1600.0 ʥʤ. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʦʯʝʥʴ ʚʳʩʦʢ ʠ ʜʦʩʪʠʛʘʝʪ 0.995, ʘ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʫʛʦʣ ʨʘʚʝʥ 2.318Á, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʣʠʟʦʩʪʴ ʬʦʨʤʳ ʢʨʠʚʳʭ ʧʨʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫ 

ʤʠʣʦʥʠʪʘ. ʇʦʜʦʙʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʵʬʬʝʢʪ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʪʠʧʥʳʤ ʜʣʷ ʨʘʟʥʳʭ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ: ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʦʥ ʚʳʨʘʞʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʦʪʨʘʞʝʥʠʷ, 

ʚ ʜʨʫʛʠʭ ï ʝʛʦ ʧʦʚʳʰʝʥʠʝʤ.  

ʉʣʝʜʫʶʱʫʶ ʛʨʫʧʧʫ ʩʦʩʪʘʚʣʷʶʪ ʫʩʣʦʚʥʳʝ ʘʥʘʣʦʛʠ, ʤʦʜʝʣʠʨʫʶʱʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦʨʦʜ. ɺ ʧʘʨʝ 



54 

 

çʤʘʩʩʠʚʥʳʡ ʘʤʬʠʙʦʣʠʪ: ʩʚʝʞʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ï ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʤʘʪʝʨʠʘʣè 

ʨʘʟʣʠʯʠʝ ʚʳʨʘʞʝʥʦ ʦʩʦʙʝʥʥʦ ʨʝʟʢʦ (ʨʠʩʫʥʦʢ 2.6). 

 

ʈʠʩʫʥʦʢ 2.6 ï ʉʧʝʢʪʨʳ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʩʩʠʚʥʦʛʦ ʘʤʬʠʙʦʣʠʪʘ: 

ʩʚʝʞʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʤʘʪʝʨʠʘʣ. 

ɼʣʷ ʩʚʝʞʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʩʠʚʥʦʛʦ ʘʤʬʠʙʦʣʠʪʘ ʩʨʝʜʥʷʷ 

ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.089 ʚ VIS, 0.081 ʚ NIR ʠ 0.099 

ʚ SWIR, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ 

ʜʦ 0.287, 0.376 ʠ 0.603. ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ 

ʜʦʩʪʠʛʘʝʪ 0.426, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ï ʦʢʦʣʦ 0.580 ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʧʦʨʷʜʢʘ 2000.0 

ʥʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʢʨʠʚʳʤʠ ʨʘʚʝʥ 0.813, ʩʧʝʢʪʨʘʣʴʥʳʡ ʫʛʦʣ 

ʩʦʩʪʘʚʣʷʝʪ 11.194Á. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʨʘʡʥʝ ʩʠʣʴʥʳʡ ʵʬʬʝʢʪ 

ʠʟʤʝʣʴʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ NIR- ʠ SWIR-ʦʙʣʘʩʪʷʭ, ʛʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 364.5 % ʠ 508.2 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʘʷ ʧʘʨʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʘʥʘʣʦʛʦʤ ʨʘʟʣʦʤʥʦʡ 

ʧʦʨʦʜʳ, ʦʜʥʘʢʦ ʭʦʨʦʰʦ ʤʦʜʝʣʠʨʫʝʪ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʵʬʬʝʢʪʦʚ 

ʟʦʥ ʜʨʦʙʣʝʥʠʷ. 
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ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʜʣʷ ʧʘʨʳ 

çʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʛʨʘʥʠʪ: ʩʚʝʞʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ï ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʤʘʪʝʨʠʘʣè 

(ʨʠʩʫʥʦʢ 2.7). 

 

ʈʠʩʫʥʦʢ 2.7 ï ʉʧʝʢʪʨʳ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ 

ʛʨʘʥʠʪʘ: ʩʚʝʞʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʇʝʨʝʭʦʜ ʦʪ ʩʚʝʞʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʤʫ ʤʘʪʝʨʠʘʣʫ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʦʪʨʘʞʝʥʠʷ ʩ 0.278 ʜʦ 0.560 ʚ VIS, ʩ 

0.326 ʜʦ 0.632 ʚ NIR ʠ ʩ 0.384 ʜʦ 0.724 ʚ SWIR. ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʨʘʟʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.326, ʤʘʢʩʠʤʘʣʴʥʘʷ ï ʦʢʦʣʦ 0.370 ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʧʦʨʷʜʢʘ 

2400.0 ʥʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʝʥ 0.942, ʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʫʛʦʣ ï 

4.111Á, ʪʦ ʝʩʪʴ ʬʦʨʤʳ ʩʧʝʢʪʨʦʚ ʦʩʪʘʶʪʩʷ ʙʣʠʟʢʠʤʠ, ʘ ʦʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ 

ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʦʪʨʘʞʝʥʠʷ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, 

ʜʘʥʥʘʷ ʧʘʨʘ ʩʣʫʞʠʪ ʤʦʜʝʣʴʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ 

ʠʥʪʝʥʩʠʚʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ. 

ʆʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʩʣʦʚʥʳʝ ʘʥʘʣʦʛʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʝ ʥʘ 

ʠʟʤʝʣʴʯʝʥʠʠ, ʘ ʥʘ ʚʪʦʨʠʯʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʧʘʨʳ çʤʘʩʩʠʚʥʳʡ 
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ʘʤʬʠʙʦʣʠʪ: ʩʚʝʞʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ï ʧʦʚʝʨʭʥʦʩʪʴ ʩʦ ʚʪʦʨʠʯʥʳʤ ʠʟʤʝʥʝʥʠʝʤè 

ʩʧʝʢʪʨ ʠʟʤʝʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʳʰʝ ʩʧʝʢʪʨʘ ʩʚʝʞʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ ʜʣʠʥ ʚʦʣʥ (ʨʠʩʫʥʦʢ 2.8).  

 

ʈʠʩʫʥʦʢ 2.8 ï ʉʧʝʢʪʨʳ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʩʩʠʚʥʦʛʦ ʘʤʬʠʙʦʣʠʪʘ: 

ʩʚʝʞʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦ ʚʪʦʨʠʯʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʟʨʘʩʪʘʶʪ ʩ 0.089 ʜʦ 

0.204 ʚ VIS, ʩ 0.081 ʜʦ 0.248 ʚ NIR ʠ ʩ 0.099 ʜʦ 0.414 ʚ SWIR. ʉʨʝʜʥʷʷ 

ʘʙʩʦʣʶʪʥʘʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʢʨʠʚʳʤʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.263, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 

ʦʢʦʣʦ 0.380 ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʧʦʨʷʜʢʘ 2000.0 ʥʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʨʘʚʝʥ 0.863, ʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʫʛʦʣ ï 11.292Á. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʪʦʨʠʯʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʞʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʦʪʨʘʞʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ SWIR-ʦʙʣʘʩʪʠ, ʛʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʩʪʠʛʘʝʪ 317.9 %. 

ɺ ʩʣʫʯʘʝ ʧʘʨʳ çʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʛʨʘʥʠʪ: ʩʚʝʞʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ï 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʦ ʚʪʦʨʠʯʥʳʤ ʠʟʤʝʥʝʥʠʝʤè ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ 

ʢʘʨʪʠʥʘ (ʨʠʩʫʥʦʢ 2.9).  
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ʈʠʩʫʥʦʢ 2.9 ï ʉʧʝʢʪʨʳ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ 

ʛʨʘʥʠʪʘ: ʩʚʝʞʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦ ʚʪʦʨʠʯʥʳʤ ʠʟʤʝʥʝʥʠʝʤ. 

ʀʟʤʝʥʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʝʞʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʥʠʪʘ. ʉʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʦʪʨʘʞʝʥʠʷ ʩʥʠʞʘʶʪʩʷ ʩ 0.278 ʜʦ 0.210 ʚ VIS, ʩ 0.326 ʜʦ 0.262 ʚ NIR 

ʠ ʩ 0.384 ʜʦ 0.317 ʚ SWIR. ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʨʘʟʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 0.067, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ï ʦʢʦʣʦ 0.100 ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʧʦʨʷʜʢʘ 2000.0 ʥʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʨʘʚʝʥ 0.961, ʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʫʛʦʣ 

ʩʦʩʪʘʚʣʷʝʪ 2.686Á, ʪʦ ʝʩʪʴ ʬʦʨʤʘ ʢʨʠʚʳʭ ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʦʙʱʠʡ 

ʫʨʦʚʝʥʴ ʦʪʨʘʞʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʪʦʨʠʯʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʠʤʝʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʩʪʘʚʘ ʚʪʦʨʠʯʥʳʭ ʬʘʟ ʤʦʞʝʪ ʢʘʢ ʫʩʠʣʠʚʘʪʴ, ʪʘʢ ʠ ʦʩʣʘʙʣʷʪʴ ʦʪʨʘʞʝʥʠʝ. 

ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʦʙʨʘʟʫʶʪ ʧʘʨʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʘʢ ʫʩʣʦʚʥʳʝ ʘʥʘʣʦʛʠ 

ʧʨʦʮʝʩʩʦʚ ʛʣʫʙʦʢʦʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʚ 

ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥʘʭ. ʅʘʧʨʠʤʝʨ, ʚ ʧʘʨʝ çʩʝʨʧʝʥʪʠʥʠʪ ï ʣʠʩʪʚʝʥʠʪè, 

ʩʧʝʢʪʨ ʣʠʩʪʚʝʥʠʪʘ ʫʩʪʦʡʯʠʚʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʳʰʝ ʩʧʝʢʪʨʘ ʩʝʨʧʝʥʪʠʥʠʪʘ ʧʦ 

ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ (ʨʠʩʫʥʦʢ 2.10): ʩʨʝʜʥʷʷ ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 
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ʚʦʟʨʘʩʪʘʝʪ ʩ 0.125 ʜʦ 0.215 ʚ VIS, ʩ 0.123 ʜʦ 0.228 ʚ NIR ʠ ʩ 0.138 ʜʦ 0.241 ʚ 

SWIR.  

 

ʈʠʩʫʥʦʢ 2.10 ï ʉʧʝʢʪʨʳ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʧʝʥʪʠʥʠʪʘ ʠ 

ʣʠʩʪʚʝʥʠʪʘ. 

ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.102, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ï ʦʢʦʣʦ 0.140 ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʧʦʨʷʜʢʘ 1900.0 ʥʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʝʥ 0.903, ʩʧʝʢʪʨʘʣʴʥʳʡ ʫʛʦʣ ï 3.011Á. ʇʦʜʦʙʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦ ʣʠʩʪʚʝʥʠʪʠʟʘʮʠʠ ʢʘʢ ʦ ʛʣʫʙʦʢʦʤ 

ʚʪʦʨʠʯʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʫʣʴʪʨʘʤʘʬʠʪʦʚ, ʯʘʩʪʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʟʦʥʘʤʠ 

ʨʘʟʣʦʤʦʚ ʠ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ.  

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʧʨʠʟʥʘʢʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʬʦʨʤʘʭ. ɼʣʷ 

ʧʨʷʤʳʭ ʧʘʨ ʭʘʨʘʢʪʝʨʥʳ ʣʠʙʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʨʦʜʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʛʨʘʥʠʪʥʦʛʦ ʛʥʝʡʩʘ ʠ 

ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʤʠʣʦʥʠʪʘ, ʣʠʙʦ, ʥʘʧʨʦʪʠʚ, ʝʝ ʧʦʚʳʰʝʥʠʝ, ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʤʘʩʩʠʚʥʦʛʦ ʘʤʬʠʙʦʣʠʪʘ ʠ ʤʘʬʠʯʝʩʢʦʛʦ ʤʠʣʦʥʠʪʘ. ɼʣʷ ʫʩʣʦʚʥʳʭ 

ʘʥʘʣʦʛʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʜʨʦʙʣʝʥʠʝ, ʪʠʧʠʯʝʥ ʨʝʟʢʠʡ ʨʦʩʪ ʦʪʨʘʞʝʥʠʷ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɼʣʷ ʧʘʨ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʚʪʦʨʠʯʥʳʤ 
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ʠʟʤʝʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʵʬʬʝʢʪ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʝʝ 

ʦʜʥʦʟʥʘʯʥʳʤ ʠ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʢʘʢ ʚ ʧʦʚʳʰʝʥʠʠ, ʪʘʢ ʠ ʚ ʩʥʠʞʝʥʠʠ 

ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʅʘʢʦʥʝʮ, ʧʘʨʳ ʩʝʨʧʝʥʪʠʥʠʪʘ ʠ ʣʠʩʪʚʝʥʠʪʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʟʦʥʘʤʠ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʧʦʨʦʜ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ 

ʩʣʝʜʫʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʧʨʠʟʥʘʢʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʦʪʨʘʞʝʥʠʷ, ʫʩʠʣʝʥʠʝ ʠʣʠ ʦʩʣʘʙʣʝʥʠʝ 

ʢʦʥʪʨʘʩʪʘ ʚ ʜʠʘʧʘʟʦʥʘʭ VIS, NIR ʠ SWIR, ʘ ʪʘʢʞʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤʳ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʨʠʚʦʡ. ʅʘʠʙʦʣʝʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʘʨ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʣʠʯʠʷ ʚ NIR- ʠ ʦʩʦʙʝʥʥʦ SWIR-ʦʙʣʘʩʪʷʭ, 

ʛʜʝ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʧʦʨʦʜ 

ʚʳʨʘʞʝʥ ʩʠʣʴʥʝʝ ʚʩʝʛʦ. ʇʨʠ ʵʪʦʤ ʩʘʤʠ ʯʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʜʦʣʞʥʳ 

ʪʨʘʢʪʦʚʘʪʴʩʷ ʢʘʢ ʧʨʠʙʣʠʞʝʥʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʣʫʯʝʥʳ ʧʦ 

ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʥʘʙʦʨʘʤ, ʦʜʥʘʢʦ ʜʘʞʝ ʚ ʪʘʢʦʤ ʚʠʜʝ ʦʥʠ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ 

ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʦʨʦʜʘʤʠ ʚʥʝ ʟʦʥʳ ʨʘʟʣʦʤʘ ʠ 

ʧʦʨʦʜʘʤʠ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʣʠʙʦ ʠʭ ʫʩʣʦʚʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 

2.4 ɺʳʯʠʩʣʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ɼɿɿ 

ʇʝʨʝʭʦʜ ʦʪ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʩʧʝʢʪʨʦʚ ʢ ʨʘʩʯʝʪʫ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʪʠʧʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʚ ʚʠʜʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʨʠʛʦʜʥʳʭ 

ʜʣʷ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʠʥʜʝʢʩʳ ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʨʘʟʣʦʤʥʳʭ ʟʦʥ. ʀʭ ʟʥʘʯʝʥʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʫʩʠʣʠʚʘʶʪ ʢʦʥʪʨʘʩʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʚʪʦʨʠʯʥʦ ʠʟʤʝʥʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ, 
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ʢʦʪʦʨʳʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʧʨʦʚʦʜʠʤʳʭ ʥʘʜ ʢʘʥʘʣʘʤʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʲʝʤʢʠ ʚ 

ʚʠʜʠʤʦʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ, ʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ 

ʞʝʣʝʟʘ, ʦʢʩʠʜʦʚ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʨʦʜʘʭ ʠ ʧʦʯʚʘʭ [Asadzadeh et 

al., 2024; ʇʰʝʯʝʥʢʦʚʘ ʠ ʜʨ., 2024; Kalinowski et al., 2004].  

ʉʫʪʴ ʚʳʙʦʨʘ, ʨʘʩʯʝʪʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʩʧʝʢʪʨʦʚ ʤʠʥʝʨʘʣʦʚ ʦʧʨʝʜʝʣʷʶʪ, ʚ ʢʘʢʠʭ ʜʠʘʧʘʟʦʥʘʭ (ʢʘʥʘʣʘʭ) ʩʲʝʤʢʠ 

ʠʩʢʦʤʘʷ ʧʦʨʦʜʘ ʚʳʛʣʷʜʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʷʨʢʦ, ʘ ʚ ʢʘʢʠʭ, ʥʘʦʙʦʨʦʪ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʪʝʤʥʦ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʙʠʨʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʢʦʤʙʠʥʘʮʠʶ ʵʪʠʭ ʢʘʥʘʣʦʚ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʜʯʝʨʢʥʫʪʴ ʢʦʥʪʨʘʩʪ; ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʛʣʠʥʦʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʙʣʠʞʥʝʛʦ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʢʘʥʘʣʘ ʢ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤʫ ʠʥʬʨʘʢʨʘʩʥʦʤʫ, ʘ ʜʣʷ ʦʮʝʥʢʠ 

ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʙʠʥʘʮʠʠ ʢʨʘʩʥʦʛʦ ʠ ʩʠʥʝʛʦ 

ʢʘʥʘʣʦʚ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʯʝʪ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪʩʷ 

ʢʦʤʧʴʶʪʝʨʦʤ ʧʦʧʠʢʩʝʣʴʥʦ ʜʣʷ ʚʩʝʛʦ ʩʥʠʤʢʘ: ʧʨʦʛʨʘʤʤʘ ʙʝʨʝʪ ʟʥʘʯʝʥʠʷ 

ʷʨʢʦʩʪʠ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʚ ʚʳʙʨʘʥʥʳʭ ʢʘʥʘʣʘʭ ʠ ʧʦʜʩʪʘʚʣʷʝʪ ʠʭ ʚ ʬʦʨʤʫʣʫ, 

ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʱʫʶ ʧʨʠʥʮʠʧ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʨʘʟʥʦʩʪʠ, ʢʦʛʜʘ 

ʨʘʟʥʦʩʪʴ ʷʨʢʦʩʪʝʡ ʜʚʫʭ ʢʘʥʘʣʦʚ ʜʝʣʠʪʩʷ ʥʘ ʠʭ ʩʫʤʤʫ ï ɻ ʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʙʝʟʨʘʟʤʝʨʥʫʶ ʚʝʣʠʯʠʥʫ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʠʥʫʩ ʝʜʠʥʠʮʳ ʜʦ ʧʣʶʩ ʝʜʠʥʠʮʳ, 

ʢʦʪʦʨʘʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʠʭ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʪʝʥʝʡ. ʅʘʢʦʥʝʮ, 

ʧʨʦʠʩʭʦʜʠʪ ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ: 

ʢʦʤʧʴʶʪʝʨ ʧʨʝʦʙʨʘʟʫʝʪ ʚʩʝ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʥʦʚʦʝ ʯʝʨʥʦ-ʙʝʣʦʝ ʠʣʠ 

ʧʩʝʚʜʦʮʚʝʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʛʜʝ, ʥʘʧʨʠʤʝʨ, ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʧʣʶʩ 

ʝʜʠʥʠʮʝ, ʩʪʘʥʦʚʷʪʩʷ ʷʨʢʦ-ʙʝʣʳʤʠ, ʟʥʘʯʝʥʠʷ ʦʢʦʣʦ ʥʫʣʷ ï ʩʝʨʳʤʠ, ʘ ʙʣʠʟʢʠʝ ʢ 

ʤʠʥʫʩ ʝʜʠʥʠʮʝ ï ʯʝʨʥʳʤʠ, ʠ ʚ ʠʪʦʛʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʢʘʨʪʫ, ʥʘ ʢʦʪʦʨʦʡ 

ʮʝʣʝʚʳʝ ʤʠʥʝʨʘʣʳ ʠʣʠ ʧʦʨʦʜʳ ʙʫʢʚʘʣʴʥʦ çʚʳʩʚʝʯʠʚʘʶʪʩʷè ʥʘ ʬʦʥʝ ʚʩʝʭ 
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ʦʩʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʚʳʷʚʣʷʪʴ ʟʦʥʳ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʠ ʥʘʤʝʯʘʪʴ ʫʯʘʩʪʢʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʠʥʜʝʢʩʦʚ: 

ʌʝʨʨʠʪʥʳʝ ï ʧʦʟʚʦʣʷʪʁ ʚʳʷʚʠʪʴ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ 

ʞʝʣʝʟʘ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʥʘʣʠʯʠʷ 

ʨʘʟʣʦʤʦʚ ʠ ʜʨʫʛʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ʪʘʙʣʠʮʘ 2.1). ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʢʘʢ ʘʥʘʣʠʟ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʘʢʠʭ ʠʥʜʝʢʩʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʦʙʦʦʪʙʦʨʦʤ ʠ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ Fe2+ ʠ Fe3+ ʩ 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ [ʇʰʝʯʝʥʢʦʚʘ ʠ ʜʨ., 2024]. 

ʊʘʙʣʠʮʘ 2.1 ï ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ-ʠʥʜʠʢʘʪʦʨʳ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ [Ducart et al., 2016; Al -Quraishi et al., 2022] 

ʅʘʟʚʘʥʠʝ ʆʧʠʩʘʥʠʝ 
ʆʪʥʦʰʝʥʠʝ 

ʢʘʥʘʣʦʚ 
ʇʨʠʤʝʯʘʥʠʝ 

Iron (Fe3+/Fe2+) 

Oxides Ratio 

(IOR) 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʚʩʝʭ 

ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ 

ὙὉὈ

ὄὒὟὉ 
 

ʂʘʥʘʣʳ Landsat-

8 

Ferric Iron, Fe3+ 

(FI3) 
ɺʳʜʝʣʝʥʠʝ Fe3+ 

ὙὉὈ

ὋὙὉὉὔ
 

Ferrous Iron, Fe2+ 

(FI2) 
ɺʳʜʝʣʝʥʠʝ Fe2+ 

ὛὡὍὙς

ὔὍὙ
ὋὙὉὉὔ

ὙὉὈ
 

Ferrous Minerals 

Ratio (FMR) 

ɺʳʜʝʣʝʥʠʝ ʚʩʝʭ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ὛὡὍὙρ

ὔὍὙ
 

ɻʣʠʥʠʩʪʳʝ ï ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ ʦʙʣʘʩʪʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʢʨʦʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʠ ʩʣʘʙʳʭ ʟʦʥ ʚ ʪʦʣʱʝ (ʪʘʙʣʠʮʘ 2.2). 
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ʂʘʨʙʦʥʘʪʥʳʝ ʠ ʩʫʣʴʬʘʪʥʳʝ ï ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʣʘʪʬʦʨʤ, ʫʯʘʩʪʢʦʚ ʤʝʪʘʩʦʤʘʪʦʟʘ, ʟʦʥ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ (ʪʘʙʣʠʮʘ 2.3). 

ʊʘʙʣʠʮʘ 2.2 ï ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ-ʠʥʜʠʢʘʪʦʨʳ ʛʣʠʥʠʩʪʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

[Drury, 1987; Rowan et al., 2003; Fatima et al., 2017; Ninomiya, 2003] 

ʅʘʟʚʘʥʠʝ ʆʧʠʩʘʥʠʝ 
ʆʪʥʦʰʝʥʠʝ 

ʢʘʥʘʣʦʚ 
ʇʨʠʤʝʯʘʥʠʝ 

Clay Minerals 

Ratio (CMR) 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʦʙʣʘʩʪʝʡ, ʦʙʦʛʘʱʝʥʥʳʭ 

ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʠ ʟʦʥ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ὛὡὍὙρ

ὛὡὍὙς 
 

ʂʘʥʘʣʳ 

Lansat-8 

Clay Alteration 

Index (CLAI)  

ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʘʨʛʠʣʣʠʪʠʟʠʨʦʚʘʥʥʳʭ ʦʨʝʦʣʦʚ 

ʚʦʢʨʫʛ ʨʫʜʥʳʭ ʪʝʣ 

ὦὥὲὨτ ὦὥὲὨφ

ὦὥὲὨυ
 

ʂʘʥʘʣʳ 

ASTER 

(Terra) 

Kaolinite Index 1 

(KAI1)  

ʇʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ ʟʦʥʳ 

ʢʘʦʣʠʥʠʪʦʚʳʭ ʠʟʤʝʥʝʥʠʡ 

ὦὥὲὨψ

ὦὥὲὨχ
 

Kaolinite Index 2 

(KAI2)  

ὦὥὲὨτ

ὦὥὲὨχ
ᶻ
ὦὥὲὨψ

ὦὥὲὨυ
 

Kaolinite Index 3 

(KAI3)  

ὦὥὲὨτ ὦὥὲὨχ

ὦὥὲὨφ
 

Montmorillonite 

Index (MONI) 

ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ 

ʩʤʝʢʪʠʪ-ʦʙʦʛʘʱʝʥʥʳʭ ʟʦʥ 

ὦὥὲὨτ ὦὥὲὨφ

ὦὥὲὨχ
 

ʊʘʙʣʠʮʘ 2.3 ï ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ-ʠʥʜʠʢʘʪʦʨʳ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʩʫʣʴʬʘʪʥʳʭ 

ʧʦʨʦʜ [Ninomiya, 2003; Fatima et al., 2017] 

ʅʘʟʚʘʥʠʝ ʆʧʠʩʘʥʠʝ 
ʆʪʥʦʰʝʥʠʝ 

ʢʘʥʘʣʦʚ 
ʇʨʠʤʝʯʘʥʠʝ 

Alunite Index 

(ALUI)  

ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʟʦʥ 

ʩʫʣʴʬʘʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʨʫʜʥʳʭ 

ʧʦʣʷʭ 

ὦὥὲὨχ

ὦὥὲὨυz ὦὥὲὨχ
 

ʂʘʥʘʣʳ 

ASTER 

(Terra) 

Calcite Index 

(CALI)  

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʧʨʦʞʠʣʢʦʚ 

ʢʘʣʴʮʠʪʘ ʠ ʠʟʚʝʩʪʥʷʢʦʚ/ʜʦʣʦʤʠʪʦʚ 

ὦὥὲὨφ ὦὥὲὨω

ὦὥὲὨψ
 

Carbonate 

Index 

(CARI) 

ʇʦʟʚʦʣʷʝʪ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʪʴ ʦʙʣʘʩʪʠ, 

ʦʙʦʛʘʱʝʥʥʳʝ ʢʘʨʙʦʥʘʪʘʤʠ (Ca- ʠ Mg-

ʢʘʨʙʦʥʘʪʳ) ʚ ʧʝʩʢʘʭ, ʦʩʘʜʦʯʥʳʭ 

ʪʦʣʱʘʭ ʠ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ὦὥὲὨρσ

ὦὥὲὨρτ
 

Dolomite 

Index 

(DOLI) 

ʏʫʚʩʪʚʠʪʝʣʝʥ ʢ ʩʦʯʝʪʘʥʠʶ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ Mg-ʢʘʨʙʦʥʘʪʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʷʪʴ 

ὦὥὲὨφ ὦὥὲὨψ

ὦὥὲὨψ
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ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʟʦʥʳ ʦʪ 

ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʩʠʣʠʢʘʪʥʦʛʦ ʬʦʥʘ 

Magnesite 

Index 

(MAGI)  

ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ 

ʤʘʛʥʝʟʠʪʦʚʳʭ ʣʠʥʟ ʠ ʟʦʥ ʤʘʛʥʠʝʚʦʛʦ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ὦὥὲὨφ ὦὥὲὨψ

ὦὥὲὨχ ὦὥὲὨω
 

MgOH-

Carbonate 

Abundance 

Index 

(MGAI)  

ʋʩʠʣʠʚʘʝʪ ʫʯʘʩʪʢʠ ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ Mg-

ʢʘʨʙʦʥʘʪʦʚ ʠ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ 

(ʜʦʣʦʤʠʪ, ʤʘʛʥʝʟʠʪ, ʩʝʨʧʝʥʪʠʥʠʪ-

ʢʘʨʙʦʥʘʪʥʳʝ ʙʨʝʢʯʠʠ ʠ ʜʨ.) 

ὦὥὲὨω ὦὥὲὨφ

ὦὥὲὨψ
 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʠʥʜʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʳʡ ʢʦʤʧʦʟʠʪ, 

ʜʣʷ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʷʨʢʦʩʪʥʳʭ ʢʦʥʪʨʘʩʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ 

[Sabins, 1999] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʦʤʧʦʟʠʪ ʠʟ ʠʥʜʝʢʩʦʚ (ʨʠʩʫʥʦʢ 2.11): 

1. ʀʥʜʝʢʩ ʤʠʥʝʨʘʣʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʢʩʠʜʦʤ ʞʝʣʝʟʘ (ʛʝʤʘʪʠʪ, 

ʤʘʛʥʝʪʠʪ), ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʚ ʢʨʘʩʥʦʤ (RED) ʠ ʛʦʣʫʙʦʤ ʜʠʘʧʘʟʦʥʝ (BLUE), ʪ.ʝ. 

ʦʪʥʦʰʝʥʠʝ ʢʘʥʘʣʦʚ RED/BLUE ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʠʥʜʝʢʩ IOR). 

2. ʀʥʜʝʢʩ ʤʠʥʝʨʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʝʙʝ ʞʝʣʝʟʦ (ʧʠʨʦʢʩʝʥ, ʦʣʠʚʠʥ, 

ʘʤʬʠʙʦʣ). ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʚ 

ʧʝʨʚʦʤ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (SWIR1) ʠ ʙʣʠʞʥʝʤ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (NIR) (ʠʥʜʝʢʩ FMR). 

3. ʀʥʜʝʢʩ ʤʠʥʝʨʘʣʦʚ-ʛʠʜʨʦʦʢʠʩʣʦʚ (ʢʘʦʣʠʥʠʪ, ʤʫʩʢʦʚʠʪ, ʵʧʠʜʦʪ, 

ʭʣʦʨʠʪ), ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʨʘʞʝʥʥʦʛʦ ʩʚʝʪʘ ʚ 

ʧʝʨʚʦʤ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (SWIR1) ʠ ʚʪʦʨʦʤ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (SWIR2) (ʠʥʜʝʢʩ CMR). 
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ʈʠʩʫʥʦʢ 2.11 ï RGB-ʤʦʜʝʣʴ ʢʦʤʧʦʟʠʪʘ ʉʘʙʠʥʩʘ [Sabins, 1999] 

ɸʧʨʦʙʘʮʠʷ ʢʦʤʧʦʟʠʪʘ ʉʘʙʠʥʩʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʦʣʤʦʟʝʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʣʠʪʠʷ ʧʦʢʘʟʘʣʘ ʩʣʦʞʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʷʨʢʦʩʪʥʳʭ ʢʦʥʪʨʘʩʪʦʚ [ʂʘʤʘʝʚ ʠ ʜʨ., 2024]. ʅʘ ʨʠʩʫʥʢʝ 2.12 ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʮʚʝʪʦʚʳʭ ʢʦʥʪʨʘʩʪʦʚ. ʇʝʨʚʳʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ ʷʨʢʦ-ʟʝʣʝʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʣʠʤʦʥʠʪʘ ʠ ʧʠʨʠʪʘ. ɺʪʦʨʦʡ ʪʠʧ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʠʦʣʝʪʦʚʳʤ ʫʯʘʩʪʢʘʤ, ʦʪʨʘʞʘʶʱʠʤ ʧʦʚʳʰʝʥʥʫʶ 

ʚʳʨʘʞʝʥʥʦʩʪʴ ʛʠʜʨʦʦʢʠʩʣʦʚ ʠ ʘʩʩʦʮʠʠʨʫʝʤʳʤ ʩ ʤʫʩʢʦʚʠʪʦʤ ʠ ʩʝʨʠʮʠʪʦʤ, 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʨʫʜʥʳʭ ʪʝʣ ʩʧʦʜʫʤʝʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʬʠʢʩʠʨʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ ʪʦʯʝʯʥʳʝ ʢʦʥʪʨʘʩʪʳ, 

ʙʣʠʟʢʠʝ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢ ʦʢʩʠʜʘʤ ʞʝʣʝʟʘ. 
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ʈʠʩʫʥʦʢ 2.12 ï ʎʚʝʪʦʚʦʡ ʢʦʤʧʦʟʠʪ ʤʦʜʝʣʠ ʉʘʙʠʥʩʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʦʣʤʦʟʝʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [ʂʘʤʘʝʚ ʠ ʜʨ., 2024] 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʜʝʰʠʬʨʠʨʦʚʘʪʴ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʪʨʘʩʪʳ, ʥʦ ʠ ʩʣʫʞʠʪ ʧʦʜʩʧʦʨʴʝʤ 

ʜʣʷ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʠʥʜʝʢʩʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʫʤʝʨʝʥʥʳʭ 

ʰʠʨʦʪ ʠ ʥʝ ʚʩʝʛʜʘ ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ɸɿʈʌ, ʛʜʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʤʘʩʢʠʨʫʶʪʩʷ ʩʥʝʛʦʤ, ʣʠʰʘʡʥʠʢʦʚʦ-ʤʦʭʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, 

ʩʣʝʞʘʚʰʝʡʩʷ ʤʝʨʟʣʦʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʕʪʦ ʪʨʝʙʫʝʪ 

ʢʘʢ ʣʦʢʘʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʜʝʢʩʦʚ, ʪʘʢ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʫʩʣʦʚʠʷʤ ʢʨʠʦʣʠʪʦʟʦʥʳ.  



66 

 

2.5  ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪ/ʫʤʝʥʴʰʝʥʠʷ 

ʨʘʟʤʝʨʥʦʩʪʠ 

ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ ɿʝʤʣʠ ï ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʧʨʦʮʝʜʫʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʜʘʥʥʳʭ 

(ʤʫʣʴʪʠ- ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʩʥʠʤʢʦʚ) ʚ ʢʦʤʧʘʢʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʧʨʠʟʥʘʢʦʚ, ʚ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʟʥʘʯʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʕʪʠ 

ʤʝʪʦʜʳ ʫʤʝʥʴʰʘʶʪ ʠʟʙʳʪʦʯʥʦʩʪʴ, ʧʦʜʘʚʣʷʶʪ ʰʫʤ, ʫʩʠʣʠʚʘʶʪ ʩʢʨʳʪʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʩʣʝʜʫʶʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɺ ʪʘʙʣʠʮʝ 2.4 ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʟ 

ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʩ ʠʭ ʢʨʘʪʢʠʤ ʦʧʠʩʘʥʠʝʤ. 

ʊʘʙʣʠʮʘ 2.4 ï ʄʝʪʦʜʳ ʚʳʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪ/ʫʤʝʥʴʰʝʥʠʷ 

ʨʘʟʤʝʨʥʦʩʪʠ 

ʅʘʟʚʘʥʠʝ ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ/ʥʘʟʥʘʯʝʥʠʝ ʋʧʦʤʠʥʘʥʠʝ 

Principal 

Component 

Analysis 

(PCA) 

ʃʠʥʝʡʥʦʝ ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ï ʜʘʥʥʳʝ 

ʧʨʦʝʮʠʨʫʶʪʩʷ ʥʘ ʥʦʚʳʝ ʦʩʠ (ʢʦʤʧʦʥʝʥʪʳ) ʪʘʢ, ʯʪʦ 

ʧʝʨʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʜʘʝʪ ʤʘʢʩʠʤʫʤ ʜʠʩʧʝʨʩʠʠ, ʚʪʦʨʘʷ ï 

ʩʣʝʜʫʶʱʠʡ ʤʘʢʩʠʤʫʤ ʠ ʪ.ʜ. ʋʩʪʨʘʥʷʝʪ ʢʦʨʨʝʣʷʮʠʶ, 

ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ, ʚʳʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ 

ʙʘʟʦʚʳʡ ʤʝʪʦʜ ʜʣʷ ʩʞʘʪʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

Fauvel et al., 

2009; Zabalza et 

al., 2014; Li  et al., 

2018 

Minimum 

Noise 

Fraction 

(MNF) 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʩʥʘʯʘʣʘ çʦʪʙʝʣʠʚʘʝʪè ʰʫʤ 

(noise whitening), ʟʘʪʝʤ ʜʝʣʘʝʪ PCA ï ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʨʘʥʞʠʨʫʶʪʩʷ ʥʝ ʧʦ ʜʠʩʧʝʨʩʠʠ, ʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ çʩʠʛʥʘʣ/ʰʫʤè. ʇʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʬʦʥʝ 

ʰʫʤʦʚ.  

Green et al., 

1988; Hajaj et al., 

2025] 

Independent 

Component 

Analysis 

(ICA) 

ʄʝʪʦʜ çʩʣʝʧʦʛʦ ʨʘʟʣʦʞʝʥʠʷè, ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʤʳʝ ʩʧʝʢʪʨʳ ʷʚʣʷʶʪʩʷ ʩʤʝʩʴʶ ʥʝʟʘʚʠʩʠʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ; ICA ʚʳʜʝʣʷʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʝ 

ʢʦʤʧʦʥʝʥʪʳ. ʇʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ çʯʠʩʪʳʝè 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʠʛʥʘʪʫʨʳ (ʵʥʜʤʝʤʙʝʨʳ), ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʨʝʜʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʥʪʨʘʩʪʳ, ʨʘʟʜʝʣʷʪʴ ʩʤʝʰʘʥʥʳʝ 

ʧʠʢʩʝʣʠ. 

Chiang et al., 

2002; Falco et al., 

2014 

Autoencoders 

(ʘʚʪʦʵʥʢʦʜʝ

ʨʳ) 

ʅʝʣʠʥʝʡʥʳʝ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ï 

ʦʙʫʯʘʶʪʩʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʯʝʨʝʟ ʫʟʢʦʝ 

ʩʢʨʳʪʦʝ (ʣʘʪʝʥʪʥʦʝ) ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ 

ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ 

Ayma et al., 

2020; Hinton et 

al., 2006 
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ʦʧʪʠʤʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʣʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. 

Manifold / 

ʥʝʣʠʥʝʡʥʳʝ 

ʚʣʦʞʝʥʠʷ (t-

SNE, UMAP, 

manifold 

embedding ʠ 

ʜʨ.) 

ʅʝʣʠʥʝʡʥʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʮʠʠ, ʩʪʨʝʤʷʪʩʷ ʩʦʭʨʘʥʠʪʴ 

ʣʦʢʘʣʴʥʫʶ ʠ/ʠʣʠ ʛʣʦʙʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ ʧʨʠ 

ʧʨʦʝʢʮʠʠ ʥʘ ʥʠʟʢʦʨʘʟʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʭʦʨʦʰʦ 

ʚʳʷʚʣʷʶʪ ʢʣʘʩʪʝʨʳ, ʢʦʥʪʨʘʩʪʳ, ʥʝʣʠʥʝʡʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʛʜʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ 

ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʶ. ʇʦʣʝʟʥʳ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʨʘʟʚʝʜʦʯʥʦʛʦ ʘʥʘʣʠʟʘ. 

Hong et al., 2020 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʠʟ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

ʄʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (Principal Component Analysis, PCA) ï ʦʜʠʥ 

ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. ɺʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʂʘʨʣʦʤ 

ʇʠʨʩʦʥʦʤ [Pearson, 1901], ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʥʦʞʝʪʚʝʥʥʳʭ 

ʩʬʝʨʘʭ ï ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʧʫʣʷʮʠʡ, ʤʘʨʢʝʪʠʥʛʝ, ʬʠʥʘʥʩʘʭ, ʥʝʡʨʦʙʠʦʣʦʛʠʠ ʠ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ ɼɿɿ [Fauvel et al., 2009; Zabalza et al., 2014]. ʄʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʥʘʙʦʨʘ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʚ ʥʦʚʦʝ ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦ ʫʙʳʚʘʥʠʶ ʜʠʩʧʝʨʩʠʠ. 

ʌʦʨʤʘʣʴʥʦ, ʧʫʩʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʨʠʮʝʡ: 

ὢȟ

ở

Ở
ờ

ὼ ὼ ȣ ὼ
ὼ ὼ ȣ ὼ
Ȣ Ȣ ȣ Ȣ
Ȣ Ȣ ȣ Ȣ
ὼ ὼ ȣ ὼ Ợ

ỡ
Ỡ
ȟ ςȢρ 

ʛʜʝ ὲ ï ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ, ὦ ï ʯʠʩʣʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ.  

ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʧʦʣʦʩ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ. ʕʪʘ ʤʘʪʨʠʮʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ὅȟ

„ ȣ „
Ȣ ȣ „
Ȣ ȣ Ȣ
„ ȣ „

ȟ ςȢς 

ʛʜʝ „ȟ ï ʢʦʚʘʨʠʘʮʠʷ ʢʘʞʜʦʡ ʧʘʨʳ ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʦʚ. 

ʈʘʩʯʝʪ ʢʦʚʘʨʠʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

„ȟ
ρ

ὔ ρ
ᶻ Ὀὔȟ ‘ ᶻὈὔȟ ‘ ȟ ςȢσ 

ʛʜʝ Ὀὔȟ ï ʮʠʬʨʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʠʢʩʝʣʷ ὴ ʚ ʢʘʥʘʣʝ Ὥ, Ὀὔȟ ï ʮʠʬʨʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʪʦʛʦ ʞʝ ʧʠʢʩʝʣʷ ʚ ʢʘʥʘʣʝ Ὦ; ‘ʠ ‘ ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʢʘʥʘʣʘʤ Ὥ ʠ Ὦ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟ ʤʘʪʨʠʮʳ ʜʠʩʧʝʨʩʠʡ ʠ ʢʦʚʘʨʠʘʮʠʡ ʚʳʯʠʩʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ (eigenvalues) ‗ ʢʘʢ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

ÄÅÔὅ ‗Ὅ πȟ ςȢτ 

ʛʜʝ ὅ ï ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʧʦʣʦʩ, ʘ Ὅ ï ʝʜʠʥʠʯʥʘʷ (ʜʠʘʛʦʥʘʣʴʥʘʷ) 

ʤʘʪʨʠʮʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʭʨʘʥʝʥʥʦʡ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʜʦʣʶ ʠʩʭʦʜʥʦʡ ʜʠʩʧʝʨʩʠʠ, ʦʙʲʷʩʥʷʝʤʦʡ ʢʘʞʜʦʡ ʛʣʘʚʥʦʡ 

ʢʦʤʧʦʥʝʥʪʦʡ, ʚʳʯʠʩʣʠʚ ʦʪʥʦʰʝʥʠʝ ʢʘʞʜʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʩʫʤʤʝ 

ʚʩʝʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʊʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʠʥʠʤʘʣʴʥʫʶ 

ʜʠʩʧʝʨʩʠʶ (ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʠʥʠʤʫʤ ʠʥʬʦʨʤʘʮʠʠ), ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʙʨʦʰʝʥʳ. 

ʅʘʢʦʥʝʮ, ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʚ ʤʘʪʨʠʯʥʦʡ 

ʬʦʨʤʝ ʢʘʢ: 
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ὣ  

ώ
Ȣ
ώ

 

ύȟ ȣ ύȟ
Ȣ ȣ Ȣ
ύȟ ȣ ύȟ

ᶻ

ὼ
Ȣ
ὼ
Ȣ ςȢυ 

ʆʙʳʯʥʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʝʨʚʳʝ 2ï4 ʢʦʤʧʦʥʝʥʪʳ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ (~>90ï95 % ʜʠʩʧʝʨʩʠʠ), ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʜʣʷ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʪʝʨʷʭ 

ʠʥʬʦʨʤʘʮʠʠ [Fung et al., 1987] 

ʇʨʠʤʝʥʝʥʠʝ PCA ʚ ʢʦʥʪʝʢʩʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ɼɿɿ ʩʚʷʟʘʥʦ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

¶ ʉʥʠʞʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ï ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʢʘʥʘʣʦʚ (ʧʦʣʦʩ) 

ʦʙʣʝʛʯʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ, ʚʠʟʫʘʣʠʟʘʮʠʶ, ʫʩʢʦʨʷʝʪ ʘʣʛʦʨʠʪʤʳ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʝʛʤʝʥʪʘʮʠʠ. 

¶ ʋʩʠʣʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ï ʧʨʦʝʢʮʠʠ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʯʘʩʪʦ 

ʫʩʠʣʠʚʘʶʪ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, 

ʚʦʜʘ, ʧʦʨʦʜʘ, ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʝ ʟʦʥʳ), ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʪʝʤʘʪʠʯʝʩʢʫʶ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʚʳʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʷʨʢʦʩʪʝʡ ʠʣʠ ʟʦʥ ʠʟʤʝʥʝʥʠʷ 

ʟʝʤʣʝʧʦʢʨʦʚʘ. 

¶ ʇʦʜʘʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʠ ʰʫʤʘ ï ʧʦʩʢʦʣʴʢʫ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʥʘʣʳ 

ʯʘʩʪʦ ʢʦʨʨʝʣʠʨʦʚʘʥʳ, PCA ʫʩʪʨʘʥʷʝʪ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠ ʚʳʜʝʣʷʝʪ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʨʠʦʛʝʥʥʳʭ ʟʘʜʘʯʘʭ PCA 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ: ʪʝʤʘʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʧʝʨʚʠʯʥʦʡ 

ʜʝʰʠʬʨʦʚʢʠ ʣʠʥʝʡʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʢʦʥʪʨʘʩʪʦʚ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʧʝʨʝʜ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ, 

ʩʝʛʤʝʥʪʘʮʠʝʡ ʠʣʠ ʤʘʰʠʥʥʳʤ ʦʙʫʯʝʥʠʝʤ. 

ʇʨʠʤʝʥʝʥʠʝ PCA ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ï ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʣʠʥʝʡʥʳʡ ʤʝʪʦʜ, 

ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ (ʢʦʤʧʦʥʝʥʪʳ) ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʣʫʯʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʢʣʘʩʩʦʚ (ʪʠʧʳ ʧʦʨʦʜ, ʧʦʚʝʨʭʥʦʩʪʠ), 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʣʠʯʠʷ ʤʘʣʦʟʘʤʝʪʥʳ ʠʣʠ ʧʦʛʨʫʞʝʥʳ ʚ ʰʫʤ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʝ: 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʝʢʮʠʠ, 

ʩʦʛʣʘʩʦʚʘʥʠʶ ʩʮʝʥ ʠ ʜʨ. 

2.6  ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʩʪʝʧʝʥʴʶ 

ʛʠʜʨʘʪʘʮʠʠ, ʪʝʢʩʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʭʘʨʘʢʪʝʨʦʤ ʚʪʦʨʠʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʣʠʯʠʡ, ʟʦʥ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʫʯʘʩʪʢʦʚ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʨʦʜ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʣʠʪʦʪʠʧʳ ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚ ʜʠʘʧʘʟʦʥʘʭ VIS, NIR ʠ SWIR. ʅʘʠʙʦʣʴʰʝʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʫʯʘʩʪʢʠ ʩʧʝʢʪʨʘ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʷʚʣʝʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʳ, ʢʘʨʙʦʥʘʪʥʳʭ ʠ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʠ ʨʘʟʣʠʯʠʷ ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʫ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʠʧʦʚ ʧʦʨʦʜ ʠ ʚʳʜʝʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʩ 

ʠʟʤʝʥʝʥʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ. 

ɺʪʦʨʠʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʢʣʶʯʘʷ ʤʝʪʘʤʦʨʬʠʟʤ, ʚʳʚʝʪʨʠʚʘʥʠʝ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪ ʠʩʭʦʜʥʳʡ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʪʢʣʠʢ ʧʦʨʦʜ. ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʫʢʪʫʨʥʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ ʵʪʠ 

ʧʨʦʮʝʩʩʳ ʯʘʩʪʦ ʫʩʠʣʠʚʘʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʠ ʮʠʨʢʫʣʷʮʠʠ ʬʣʶʠʜʦʚ. ʇʦʵʪʦʤʫ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ɼɿɿ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʠʣʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʥʦ ʠ ʢʘʢ ʟʦʥʳ ʠʟʤʝʥʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʪʢʣʠʢʘ. 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʘʥʘʣʦʛʦʚ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʨʦʜ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʦʙʳʯʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʘʭ NIR ʠ 
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SWIR. ʇʨʠ ʵʪʦʤ ʩʧʝʢʪʨʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ ʥʦʩʷʪ 

ʥʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ, ʘ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʡ ʭʘʨʘʢʪʝʨ: ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʦʥʠ 

ʚʳʨʘʞʘʶʪʩʷ ʩʥʠʞʝʥʠʝʤ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʚ ʜʨʫʛʠʭ ï ʝʝ 

ʧʦʚʳʰʝʥʠʝʤ ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʨʠʚʦʡ. ʕʪʦ ʪʨʝʙʫʝʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʘ ʥʝ ʢʘʢ ʝʜʠʥʠʯʥʳʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʚʦʜʠʪʴ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʬʦʨʤʫ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ. ʆʜʥʘʢʦ ʩʘʤʠ ʧʦ ʩʝʙʝ ʠʥʜʝʢʩʳ ʥʝ ʷʚʣʷʶʪʩʷ 

ʧʨʷʤʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʨʘʟʣʦʤʥʳʭ ʟʦʥ; ʠʭ ʟʥʘʯʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʫʩʠʣʝʥʠʠ 

ʢʦʥʪʨʘʩʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʚʪʦʨʠʯʥʦ 

ʠʟʤʝʥʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʄʝʪʦʜʳ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ 

ʠʟʙʳʪʦʯʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜʘʚʠʪʴ ʤʝʞʢʘʥʘʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʠ 

ʧʦʚʳʩʠʪʴ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʦʙʲʝʢʪʦʚ. ʕʪʦ ʜʝʣʘʝʪ PCA ʠ 

ʩʭʦʜʥʳʝ ʤʝʪʦʜʳ ʵʬʬʝʢʪʠʚʥʳʤ ʵʪʘʧʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʦʚ ɼɿɿ ʧʝʨʝʜ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝʤ, ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʠ ʠʥʪʝʛʨʘʮʠʝʡ ʩ 

ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʧʨʠʨʦʜʘ 

PCA ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʘʥʘʣʠʟʝ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʦʜʭʦʜʦʚ, ʚʢʣʶʯʘʷ MNF, ICA, ʘʚʪʦʵʥʢʦʜʝʨʳ ʠ manifold-ʤʝʪʦʜʳ. 

ɼʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ, ʨʘʩʯʝʪʦʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ, ʤʝʪʦʜʘʤʠ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʚʠʟʫʘʣʴʥʳʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝʤ ʦʙʨʘʟʫʶʪ 

ʵʬʬʝʢʪʠʚʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʂʦʤʧʣʝʢʩʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʧʨʦʩʪʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʷʨʢʦʩʪʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʢʦʥʪʨʘʩʪʦʚ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʠ ʟʦʥ ʩʦʚʨʝʤʝʥʥʦʡ 
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ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʤʝʪʦʜʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. 

 ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʝʩʧʝʯʠʣʠ ʦʩʥʦʚʫ ʜʣʷ ʥʘʫʯʥʦʛʦ ʦʙʦʙʱʝʥʠʷ ʠ 

ʬʦʨʤʫʣʠʨʦʚʢʠ ʧʝʨʚʦʛʦ ʥʘʫʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

ʆʙʦʩʥʦʚʘʥ ʢʦʤʧʣʝʢʩ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʜʣʷ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʠ ʧʦʠʩʢʝ ʠ 

ʨʘʟʚʝʜʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌ ʚʳʜʝʣʷʪʴ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʥʪʨʘʩʪʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ 

ʨʘʟʣʠʯʠʷʤʠ ʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. 
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3 ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʉʊʈʋʂʊʋʈʅʆ-ʊɽʂʊʆʅʀʏɽʉʂʆɻʆ 

ʂɸʈʊʆɻʈɸʌʀʈʆɺɸʅʀʗ ʅɸ ʆʉʅʆɺɽ ɼɸʅʅʓʍ ɼɿɿ 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʧʦʣʦʞʝʥʠʡ ʚʳʷʚʣʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦ ʜʘʥʥʳʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʠ ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʪʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʠ ʤʝʪʦʜʘ, ʦʧʠʩʘʥʥʳʝ ʥʠʞʝ. 

3.1 ɸʣʛʦʨʠʪʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ 

ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʩʮʝʥ 

ɸʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʨʤʘʣʠʟʦʚʘʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʦʧʝʨʘʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʭʦʜ ʦʪ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ɼɿɿ ʢ ʠʪʦʛʦʚʦʡ 

ʩʭʝʤʝ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʭʦʜʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʚʠʟʫʘʣʴʥʦʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ ʣʠʙʦ ʥʘ 

ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʤʘʷ ʩʭʝʤʘ 

ʦʙʨʘʙʦʪʢʠ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʵʪʘʧ ʠʤʝʝʪ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʨʦʣʴ ʠ ʩʚʷʟʘʥ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʝʝ ʦʩʥʦʚʫ 

ʧʦʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʨʘʥʝʝ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʚ ʜʘʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ, ʚ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʠ ʚ ʣʦʛʠʢʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ɸɿʈʌ. ʊʝʤ ʩʘʤʳʤ 

ʨʘʟʨʘʙʦʪʘʥʥrʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʳʤ ʟʘʠʤʩʪʚʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ, ʘ ʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʘʜʘʧʪʘʮʠʝʡ ʢ ʟʘʜʘʯʘʤ ʥʘʫʢ 

ʦ ɿʝʤʣʝ ʠ ʚʢʣʶʯʝʥʠʝʤ ʚ ʝʜʠʥʳʡ ʘʣʛʦʨʠʪʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ɼɿɿ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʩʥʠʞʝʥʠʝ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʝ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ [Drusch et al., 2012; Gorelick et al., 

2017; Karimzadeh, 2022; Haralick et al., 1973; Lu et al., 2024; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 
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ʆʙʦʙʱʘʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

3.1.  

 

ʈʠʩʫʥʦʢ 3.1 ï ʋʧʨʦʱʝʥʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʢ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʤʝʪʦʜʫ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʥʠʤʢʦʚ 

ʎʝʣʦʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʛʦʨʠʪʤʘ ʚ ʚʠʜʝ ʙʣʦʢ-ʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.2, ʛʜʝ ʦʪʨʘʞʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʦʪʙʦʨʘ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʚʫʭ 

ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʣʦʝʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʤʫ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʶ ʚ ʝʜʠʥʳʡ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʡ ʧʨʦʜʫʢʪ.
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ʈʠʩʫʥʦʢ 3.2 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ɼɿɿ 
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ʀʩʭʦʜʥʳʤ ʵʪʘʧʦʤ ʚʳʩʪʫʧʘʝʪ ʦʪʙʦʨ ʧʨʠʛʦʜʥʳʭ ʩʮʝʥ Sentinel-2, ʜʘʣʝʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʤʘʩʢʠʨʦʚʘʥʠʝ 

ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʘʣʠʟʫʶʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʠ ʪʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʴ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʝʨʚʦʛʦ ʠʟ 

ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʣʦʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʥʪʨʘʩʪʦʚ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪ ʩʣʦʡ 

ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʀʭ ʩʦʚʤʝʩʪʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ, 

ʜʦʧʦʣʥʝʥʥʘʷ ʚʠʟʫʘʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʝʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʭʦʜ ʢ ʠʪʦʛʦʚʦʡ 

ʩʭʝʤʝ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ʊʘʢʘʷ ʢʦʤʧʦʟʠʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʢʘʢ ʮʝʣʦʩʪʥʫʶ ʧʨʦʮʝʜʫʨʫ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ɼɿɿ, ʘ ʥʝ ʢʘʢ ʥʘʙʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʦʧʝʨʘʮʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʨʘʟʨʦʟʥʝʥʥʦ [Karimzadeh, 2022; Haralick et al., 1973; Lu et al., 2024; ʂʘʤʘʝʚ ʠ 

ʜʨ., 2025]. 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʚʳʷʚʣʝʥʠʝ ʫʯʘʩʪʢʦʚ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʪʢʣʠʢ ʢʦʪʦʨʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʙʣʠʞʘʝʪʩʷ 

ʩ ʵʪʘʣʦʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʦʙʨʘʟʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ 

ʘʙʩʪʨʘʢʪʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʢʨʠʚʘʷ, ʘ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ 

ʦʩʥʦʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʧʝʢʪʨʦʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠ 

ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ. ɼʘʣʝʝ ʧʦ ʨʘʙʦʯʝʤʫ ʢʦʤʧʦʟʠʪʫ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʬʦʥʦʚʦʡ ʩʨʝʜʳ, ʦʪʨʘʞʘʶʱʘʷ ʩʪʨʫʢʪʫʨʫ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʫʯʠʪʳʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʤʥʦʛʦʤʝʨʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʬʦʥʘ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʴ ʘʜʘʧʪʠʚʥʦʛʦ ʦʮʝʥʠʚʘʪʝʣʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ (Adaptive Coherence 

Estimator, ACE) ʢʘʢ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʤʝʨʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ ʧʠʢʩʝʣʷ ʩ 

ʵʪʘʣʦʥʥʳʤ ʦʙʨʘʟʦʤ. ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʦʪ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʢ 

ʝʜʠʥʦʤʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʧʦʣʶ ʟʥʘʯʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʟʦʥ, ʚ ʢʦʪʦʨʳʭ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʬʦʥʘ ʚ ʩʪʦʨʦʥʫ ʮʝʣʝʚʦʛʦ ʦʙʨʘʟʮʘ [Karimzadeh, 

2022; Lu et al., 2024]. 

ʆʜʥʘʢʦ ʧʦʣʫʯʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ACE ʥʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ 

ʢʘʢ ʠʪʦʛʦʚʘʷ ʢʘʨʪʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ɽʛʦ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ 
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ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ï ʩʣʦʡ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʢʦʥʪʨʘʩʪʦʚ, ʬʠʢʩʠʨʫʶʱʠʡ ʫʯʘʩʪʢʠ ʧʦʚʳʰʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ ʩ 

ʵʪʘʣʦʥʦʤ. ʇʦʩʢʦʣʴʢʫ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ACE ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚ 

ʟʦʥʘʭ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʣʠ ʩʪʨʫʢʪʫʨʥʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ, ʥʦ ʠ ʥʘ ʫʯʘʩʪʢʘʭ 

ʣʦʢʘʣʴʥʦʡ ʷʨʢʦʩʪʥʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ, ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʣʠʙʦ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʥʘʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʘʣʛʦʨʠʪʤ ʚʢʣʶʯʘʝʪʩʷ ʧʝʨʚʠʯʥʘʷ ʬʠʣʴʪʨʘʮʠʷ 

ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʳʜʝʣʝʥʠʡ. ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʤʘʩʢʘʤʠ 

ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ, ʘʥʘʣʠʟʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʚʷʟʥʦʩʪʠ ʠ 

ʠʩʢʣʶʯʝʥʠʠ ʤʝʣʢʠʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʥʝ ʦʙʨʘʟʫʶʱʠʭ ʫʩʪʦʡʯʠʚʳʭ 

ʣʠʥʝʡʥʳʭ ʠʣʠ ʟʦʥʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. ʊʝʤ ʩʘʤʳʤ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ 

ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ʥʝ ʧʦʩʪʨʦʝʥʠʝʤ ʠʪʦʛʦʚʦʡ ʩʭʝʤʳ, ʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʧʦʜʣʝʞʠʪ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ [Karimzadeh, 2022; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 

ʊʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʭ 

ʣʠʥʝʡʥʫʶ ʨʘʩʯʣʝʥʝʥʥʦʩʪʴ, ʟʦʥʘʣʴʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ ʨʠʩʫʥʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʥʘʨʫʰʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʤʦʜʫʣʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʠʩʢ ʩʭʦʜʩʪʚʘ ʩ ʵʪʘʣʦʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʦʙʨʘʟʦʤ, ʟʜʝʩʴ ʘʥʘʣʠʟ ʩʪʨʦʠʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʩʦʩʝʜʩʪʚʘ ʧʠʢʩʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʨʘʩʪʨ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʩʪʦʡʯʠʚʳʡ ʪʝʢʩʪʫʨʥʳʡ ʨʠʩʫʥʦʢ ʠ ʜʦʩʪʘʪʦʯʥʳʡ ʢʦʥʪʨʘʩʪ 

ʦʪʢʨʳʪʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʦʩʪʘʪʦʯʥʳʤ ʘʪʤʦʩʬʝʨʥʳʤ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʠʩʢʘʞʝʥʠʷʤ. ʅʘ ʝʛʦ ʦʩʥʦʚʝ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 18 GLCM-ʧʨʠʟʥʘʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʦʥʪʨʘʩʪ, 

ʦʜʥʦʨʦʜʥʦʩʪʴ, ʵʥʪʨʦʧʠʶ, ʢʦʨʨʝʣʷʮʠʶ ʠ ʠʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʪʨʫʢʪʫʨʳ ʠʟʦʙʨʘʞʝʥʠʷ.  

ʇʦʩʢʦʣʴʢʫ ʧʦʣʥʳʡ ʥʘʙʦʨ GLCM-ʧʨʠʟʥʘʢʦʚ ʩʦʜʝʨʞʠʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ 

ʠ ʯʘʩʪʠʯʥʦ ʠʟʙʳʪʦʯʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʩʣʝʜʫʶʱʠʡ ʵʪʘʧ ʪʝʢʩʪʫʨʥʦʛʦ ʤʦʜʫʣʷ 

ʩʚʷʟʘʥ ʩ ʚʳʜʝʣʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʨʝʜʫʢʮʠʝʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ PCA, 
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ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʡʪʠ ʦʪ ʤʥʦʞʝʩʪʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢ 

ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʯʠʩʣʫ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ 

ʚʘʨʠʘʮʠʠ ʪʝʢʩʪʫʨʥʦʛʦ ʧʦʣʷ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʩʪʘʥʦʚʷʪʩʷ ʟʘʤʝʪʥʳ ʣʠʥʝʡʥʳʝ ʠ 

ʟʦʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʥʝ ʚʩʝʛʜʘ ʨʘʟʣʠʯʠʤʳʝ ʥʘ ʠʩʭʦʜʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʥʦ 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʢʘʢ ʦʙʣʘʩʪʠ ʥʘʨʫʰʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʦʛʦ 

ʢʦʥʪʨʘʩʪʘ ʠ ʫʩʪʦʡʯʠʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʠʩʫʥʢʘ. ʂʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ, ʠʪʦʛʦʤ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʚʳʩʪʫʧʘʝʪ ʥʝ ʛʦʪʦʚʘʷ 

ʢʘʨʪʘ ʨʘʟʣʦʤʦʚ, ʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ï ʩʣʦʡ ʪʝʢʩʪʫʨʥʦ-

ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʦʪʨʘʞʘʶʱʠʡ ʫʯʘʩʪʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʢʦʥʪʨʘʩʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʦʜʣʝʞʘʱʠʡ ʜʘʣʴʥʝʡʰʝʤʫ 

ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩʦ ʩʣʦʝʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʥʪʨʘʩʪʦʚ [Haralick et al., 1973; Lu et 

al., 2024; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ 

ʤʝʪʦʜʝ ʚʳʙʨʘʥʳ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʩʥʠʤʢʠ Sentinel-2 MSI, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʦʯʝʪʘʥʠʝʤ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʢʘʥʘʣʦʚ ʠ ʚʳʩʦʢʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʩʲʝʤʢʠ. ʉʝʤʝʡʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ʚʢʣʶʯʘʝʪ 

ʘʧʧʘʨʘʪʳ Sentinel-2A ʠ Sentinel-2B, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʭ 

ʦʨʙʠʪʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʪʦʨʥʦʝ ʧʦʢʨʳʪʠʝ ʪʝʨʨʠʪʦʨʠʠ ʢʘʞʜʳʝ 5 ʜʥʝʡ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ Sentinel-2 ʚʢʣʶʯʘʶʪ 13 ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʚ 

ʚʠʜʠʤʦʤ, ʙʣʠʞʥʝʤ ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 10, 20 ʠ 60 ʤ (ʪʘʙʣʠʮʘ 3.1), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʬʠʢʩʠʨʦʚʘʪʴ ʢʘʢ ʢʦʥʪʨʘʩʪʳ ʦʪʢʨʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʧʨʠʟʥʘʢʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʟʦʥʘʤʠ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʜ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʥʘʣʦʚ ʩʣʫʞʘʪ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ [Drusch et al., 

2012; Karimzadeh, 2022; Lu et al., 2024]. 

 ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʦʡ ʤʠʩʩʠʠ Sentinel-2 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ, ʵʪʦʪ ʬʘʢʪ ʩʳʛʨʘʣ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʚʳʙʦʨʝ 

ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ. ʉʭʦʞʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʶʪ ʠ ʜʨʫʛʠʝ 

ʢʦʩʤʠʯʝʩʢʠʝ ʤʠʩʩʠʠ, ʥʘʧʨʠʤʝʨ Landsat-8 ʠ 9, ʦʜʥʘʢʦ ʥʘʡʪʠ ʠʭ ʜʘʥʥʳʭ ʥʘ 

ʠʥʪʝʨʝʩʫʶʱʫʶ ʪʝʨʨʠʪʦʨʠʶ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʚ ʚʠʜʫ ʠʭ ʧʦʣʥʦʛʦ 
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ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʥʝʧʨʠʛʦʜʥʦʩʪʠ (ʚʳʩʦʢʘʷ ʟʘʰʫʤʣʝʥʥʦʩʪʴ, ʢʨʘʡʥʝ ʚʳʩʦʢʘʷ 

ʦʙʣʘʯʥʦʩʪʴ). ʉʥʠʤʢʠ ʨʦʩʩʠʡʩʢʠʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ (ʈʝʩʫʨʩ-ʇ, ʂʘʥʦʧʫʩ-ɺ 

ʠ ʜʨ.) ʪʘʢʞʝ ʙʳʣʦ ʨʝʰʝʥʦ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʚʠʜʫ ʠʭ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʦʜʥʘʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʧʝʢʪʨ 

ʨʝʰʘʝʤʳʭ ʠʤʠ ʟʘʜʘʯ ʥʝ ʫʩʪʫʧʘʶʪ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. 

ʊʘʙʣʠʮʘ 3.1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʦʚ ʩʲʝʤʢʠ Sentinel-2 MSI 

ʆʪʙʦʨ ʩʮʝʥ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʝʟʦʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʢʨʠʪʝʨʠʝʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɼʣʷ ʫʩʣʦʚʠʡ ɸɿʈʌ ʭʘʨʘʢʪʝʨʝʥ ʢʦʨʦʪʢʠʡ ʙʝʩʩʥʝʞʥʳʡ ʩʝʟʦʥ, 

ʨʝʟʢʘʷ ʩʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʯʘʩʪʘʷ ʦʙʣʘʯʥʦʩʪʴ, ʯʪʦ 

ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʠʛʦʜʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʇʦʵʪʦʤʫ ʘʨʢʪʠʯʝʩʢʠʭ ʠ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʠʦʨʠʪʝʪ ʜʦʣʞʝʥ 

ʦʪʜʘʚʘʪʴʩʷ ʩʥʠʤʢʘʤ c ʦʢʦʣʦʥʫʣʝʚʦʡ ʦʙʣʘʯʥʦʩʪʴʶ, ʧʝʨʠʦʜʘʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʢʘʥʘʣʘ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ 
ɼʣʠʥʳ ʚʦʣʥ ʆʧʠʩʘʥʠʝ ʢʘʥʘʣʘ 

B1 60 ʤ 
443.9 ʥʤ (S2A) / 

442.3 ʥʤ (S2B) 
Aerosols 

B2 10 ʤ 
496.6 ʥʤ (S2A) / 

492.1 ʥʤ (S2B) 
Blue 

B3 10 ʤ 
560 ʥʤ (S2A) / 559 

ʥʤ (S2B) 
Green 

B4 10 ʤ 
664.5 ʥʤ (S2A) / 

665 ʥʤ (S2B) 
Red 

B5 20 ʤ 
703.9 ʥʤ (S2A) / 

703.8 ʥʤ (S2B) 
Red Edge 1 

B6 20 ʤ 
740.2 ʥʤ (S2A) / 

739.1 ʥʤ (S2B) 
Red Edge 2 

B7 20 ʤ 
782.5 ʥʤ (S2A) / 

779.7 ʥʤ (S2B) 
Red Edge 3 

B8 10 ʤ 
835.1 ʥʤ (S2A) / 

833 ʥʤ (S2B) 
NIR 

B8A 20 ʤ 
864.8 ʥʤ (S2A) / 

864 ʥʤ (S2B) 
Red Edge 4 

B9 60 ʤ 
945 ʥʤ (S2A) / 

943.2 ʥʤ (S2B) 
Water vapor 

B11 20 ʤ 
1613.7 ʥʤ (S2A) / 

1610.4 ʥʤ (S2B) 
SWIR 1 

B12 20 ʤ 
2202.4 ʥʤ (S2A) / 

2185.7 ʥʤ (S2B) 
SWIR 2 
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ʦʩʚʦʙʦʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʩʝʟʦʥʥʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ, 

ʢʦʛʜʘ ʩʪʝʧʝʥʴ ʦʙʥʘʞʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʪʝʢʩʪʫʨʥʳʝ 

ʨʘʟʣʠʯʠʷ ʣʠʪʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ 

ʜʘʞʝ ʧʨʠ ʚʠʟʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ (ʨʠʩʫʥʦʢ 3.3).  

 

ʈʠʩʫʥʦʢ 3.3 ï ʉʧʫʪʥʠʢʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʍʠʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ: ʘ) ʧʦʣʫʯʝʥʥʦʝ 

ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ; ʙ) ʧʦʣʫʯʝʥʥʦʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ɽʩʣʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʢʨʳʪʘ ʩʥʝʛʦʤ, ʩʧʫʪʥʠʢ 

ʬʠʢʩʠʨʫʝʪ ʫʞʝ ʥʝ ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʪʢʣʠʢ ʧʦʨʦʜ, ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʠʣʠ ʟʦʥ 
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ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʘ ʚ ʦʩʥʦʚʥʦʤ ʦʪʢʣʠʢ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʮʝʣʝʚʦʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʙʨʘʟ ʧʝʨʝʩʪʘʝʪ ʩʦʧʦʩʪʘʚʣʷʪʴʩʷ ʩ ʨʝʘʣʴʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ ʪʘʢʞʝ ʩʛʣʘʞʠʚʘʝʪ ʤʝʣʢʠʝ 

ʢʦʥʪʨʘʩʪʳ, ʩʢʨʳʚʘʝʪ ʛʨʘʥʠʮʳ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣ, ʦʩʣʘʙʣʷʝʪ ʚʳʨʘʞʝʥʥʦʩʪʴ 

ʣʠʥʝʡʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʤʘʩʢʠʨʫʝʪ ʤʦʟʘʠʯʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʠʩʫʥʢʘ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ ʧʦʪʝʨʶ ʪʝʢʩʪʫʨʥʳʭ ʨʘʟʣʠʯʠʡ, ʢʦʪʦʨʳʝ ʥʫʞʥʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʟʦʥ 

ʜʨʦʙʣʝʥʠʷ, ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʂʨʦʤʝ ʪʦʛʦ, ʩʥʝʞʥʳʡ 

ʧʦʢʨʦʚ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʣʦʞʥʫʶ ʪʝʢʩʪʫʨʫ, ʩʚʷʟʘʥʥʫʶ ʩ 

ʥʘʜʫʚʘʤʠ, ʧʷʪʥʠʩʪʦʩʪʴʶ ʩʥʝʛʦʪʘʷʥʠʷ, ʪʝʥʷʤʠ, ʣʝʜʷʥʳʤʠ ʢʦʨʢʘʤʠ ʠ 

ʤʠʢʨʦʨʝʣʴʝʬʦʤ ʩʥʝʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʛʜʘ ʘʣʛʦʨʠʪʤ ʥʘʯʠʥʘʝʪ ʬʠʢʩʠʨʦʚʘʪʴ 

ʥʝ ʩʪʨʫʢʪʫʨʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʨʦʜ, ʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʘʤʦʛʦ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ.  

ʀʥʪʝʛʨʘʮʠʷ ʩʣʦʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʥʪʨʘʩʪʦʚ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʘʩʯʝʪʘ ACE, ʠ ʩʣʦʷ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ GLCM-ʧʨʠʟʥʘʢʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʵʪʘʧʦʤ 

ʘʣʛʦʨʠʪʤʘ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʧʝʨʝʭʦʜʠʪ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʪʨʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʦʜʝʨʞʘʪʝʣʴʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ, ʯʪʦ ʦʙʘ ʩʣʦʷ ʬʠʢʩʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ, ʥʦ 

ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ACE, ʧʦʟʚʦʣʷʝʪ ʣʦʢʘʣʠʟʦʚʘʪʴ ʫʯʘʩʪʢʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʭʦʜʩʪʚʘ ʩ ʵʪʘʣʦʥʥʳʤ ʦʙʨʘʟʦʤ ʠ ʪʝʤ ʩʘʤʳʤ ʚʳʷʚʠʪʴ ʟʦʥʳ ʚʦʟʤʦʞʥʳʭ 

ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʣʠ ʠʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦ ʚʳʨʘʞʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʴ, ʤʝʪʦʜʠʯʝʩʢʠ ʨʘʩʢʨʳʪʳʡ ʯʝʨʝʟ ʤʘʪʨʠʮʫ 

ʧʨʠʟʥʘʢʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ PCA-ʘʥʘʣʠʟʘ, ʚʳʜʝʣʷʝʪ ʥʘʨʫʰʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʣʠʥʝʡʥʦʡ ʨʘʩʯʣʝʥʝʥʥʦʩʪʴʶ ʠ 

ʟʦʥʘʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʨʠʩʫʥʢʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʣʴʢʦ ʩʦʚʤʝʩʪʥʦʝ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʪʠʭ ʜʚʫʭ ʩʣʦʝʚ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʬʠʢʩʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 
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ʢʦʥʪʨʘʩʪʦʚ ʢ ʚʳʷʚʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ ʟʥʘʯʠʤʳʭ ʦʙʲʝʢʪʦʚ [Karimzadeh, 2022; 

Haralick et al., 1973; Lu et al., 2024; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 

ʀʟʦʣʠʨʦʚʘʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʘʞʜʦʛʦ ʠʟ ʩʣʦʝʚ ʤʝʪʦʜʠʯʝʩʢʠ 

ʥʝʜʦʩʪʘʪʦʯʥʘ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ACE ʥʝ ʚʩʝʛʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʚʳʜʝʣʝʥʥʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʧʦʩʢʦʣʴʢʫ 

ʩʭʦʜʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʪʢʣʠʢ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ, ʦʛʦʣʝʥʠʝʤ ʨʳʭʣʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʝʭʥʦʛʝʥʥʦ ʥʘʨʫʰʝʥʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʣʠ ʣʦʢʘʣʴʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʦʩʚʝʱʝʥʥʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʦ ʠ 

ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʚʳʜʝʣʝʥʥʳʝ ʧʦ GLCM/PCA, ʥʝ 

ʦʙʣʘʜʘʶʪ ʦʜʥʦʟʥʘʯʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʥʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ, ʥʦ ʠ ʚ ʧʨʝʜʝʣʘʭ 

ʵʨʦʟʠʦʥʥʦ ʨʘʩʯʣʝʥʝʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʜʨʝʥʘʞʥʳʭ ʬʦʨʤ ʣʠʙʦ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʥʪʝʛʨʘʮʠʷ ʧʦʥʠʤʘʝʪʩʷ ʥʝ ʢʘʢ ʧʨʦʩʪʦʝ ʥʘʣʦʞʝʥʠʝ 

ʜʚʫʭ ʨʘʩʪʨʦʚ, ʘ ʢʘʢ ʧʨʦʮʝʜʫʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʧʨʠʟʥʘʢʦʚ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʠʙʦʣʴʰʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʧʦʣʫʯʘʶʪ ʫʯʘʩʪʢʠ, ʛʜʝ ʩʧʝʢʪʨʘʣʴʥʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʨʘʞʝʥʥʦʡ ʪʝʢʩʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠ ʦʙʨʘʟʫʝʪ 

ʫʩʪʦʡʯʠʚʳʝ ʣʠʥʝʡʥʳʝ ʠʣʠ ʟʦʥʘʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʊʘʢʘʷ ʣʦʛʠʢʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʳʜʝʣʝʥʠʡ ʠ 

ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ [Karimzadeh, 2022; Haralick et al., 

1973; Lu et al., 2024].  

ɺ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʚʠʜʝ ʜʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʘʢ ʧʨʘʚʠʣʦ ʩʦʚʤʝʩʪʥʦʛʦ ʦʪʙʦʨʘ ʧʠʢʩʝʣʝʡ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʠ ʪʝʢʩʪʫʨʥʦʤʫ 

ʢʨʠʪʝʨʠʷʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʥʪʫʠʪʠʚʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʣʦʝʚ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʝʪʦʜʝ ʚʚʦʜʠʪʩʷ ʷʚʥʦʝ ʫʩʣʦʚʠʝ 

ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚʳʜʝʣʷʝʤʳʭ ʫʯʘʩʪʢʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʚʠʟʫʘʣʴʥʦ-

ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ ʩ ʵʣʝʤʝʥʪʘʤʠ ʨʝʣʴʝʬʘ, ʣʠʥʝʡʥʳʤʠ ʬʦʨʤʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ, 
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ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʢʣʦʥʦʚʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʧʦʣʦʞʝʥʠʝʤ ʜʨʝʥʘʞʥʦʡ ʩʝʪʠ ʠ 

ʛʨʘʥʠʮʘʤʠ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ. ʕʪʠ ʧʨʠʟʥʘʢʠ ʥʝ ʧʦʜʤʝʥʷʶʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ 

ʚʳʩʪʫʧʘʶʪ ʟʘʚʝʨʰʘʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʫʪʦʯʥʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʠʪʦʛʦʚʫʶ ʩʭʝʤʫ ʚʢʣʶʯʘʶʪʩʷ ʪʦʣʴʢʦ ʪʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ 

ʩʦʭʨʘʥʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʨʘʟʫ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʩʦʩʪʦʠʪ ʥʝ ʚ ʜʦʚʝʜʝʥʠʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ɼɿɿ ʜʦ ʥʘʙʦʨʘ ʨʘʟʨʦʟʥʝʥʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʘʨʪ, ʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʪʦʛʦʚʦʡ ʩʭʝʤʳ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʨʘʟʣʦʤʳ, ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ, 

ʩʪʨʫʢʪʫʨʥʳʝ ʛʨʘʥʠʮʳ ʠ ʣʦʢʘʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ. ɼʘʥʥʳʡ ʵʪʘʧ 

ʩʦʟʜʘʝʪ ʤʝʪʦʜʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʘʧʨʦʙʘʮʠʠ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ 

ʛʣʘʚʝ 4, ʛʜʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʫʞʝ ʥʘ ʢʦʥʢʨʝʪʥʳʭ 

ʦʙʲʝʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ [Singh et al., 2019; Lu et al., 2024; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 

3.2 ʉʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

(ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʦ ʵʪʘʣʦʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʦʜʧʠʩʷʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʘʧʪʠʚʥʦʛʦ ʦʮʝʥʠʚʘʪʝʣʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ) 

ɺ ʩʪʨʫʢʪʫʨʫ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʢʣʶʯʝʥ ʜʝʪʝʢʪʦʨ ACE ʢʘʢ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʝʨʚʠʯʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ, 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʪʢʣʠʢ ʢʦʪʦʨʳʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʭʦʜʩʪʚʦ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ 

ʵʪʘʣʦʥʥʳʤ ʦʙʨʘʟʦʤ. ɽʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʦʣʴ ʚ ʣʦʛʠʢʝ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʦʠʪ ʥʝ 

ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʘ ʚ ʨʘʥʥʝʤ ʚʳʜʝʣʝʥʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʦʥ, ʪʨʝʙʫʶʱʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʤʦʜʫʣʝʡ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʜʫʨʳ ʦʪ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʥʦʩʠʪ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʧʦʠʩʢʘ ʢʦʥʪʨʘʩʪʦʚ ʠʟ 

ʧʣʦʩʢʦʩʪʠ ʵʢʩʧʝʨʪʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʧʣʦʩʢʦʩʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ 

ʯʠʩʣʝʥʥʦʡ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ. ɼʣʷ ʟʘʜʘʯ ʩʪʨʫʢʪʫʨʥʦ-
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ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ɼɿɿ ʵʪʦ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʨʠ ʧʦʠʩʢʝ ʦʙʲʝʢʪʦʚ, ʥʝ 

ʦʙʨʘʟʫʶʱʠʭ ʦʪʯʝʪʣʠʚʳʭ ʚʠʟʫʘʣʴʥʳʭ ʢʦʥʪʫʨʦʚ ʥʘ ʠʩʭʦʜʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʥʦ 

ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʯʝʨʝʟ ʩʣʘʙʳʝ ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ [Karimzadeh, 2022; Van der Meer et al., 2012; ʂʘʤʘʝʚ 

ʠ ʜʨ., 2025]. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʢʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʘʨʢʪʠʯʝʩʢʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʠ ʙʦʣʴʰʠʤʠ ʧʣʦʱʘʜʷʤʠ ʘʥʘʣʠʟʘ, ʛʜʝ ʩʦʚʦʢʫʧʥʦʝ 

ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʬʨʘʛʤʝʥʪʘʨʥʦʡ ʦʙʥʘʞʝʥʥʦʩʪʠ, 

ʩʝʟʦʥʥʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʨʝʞʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ ʜʝʣʘʝʪ ʚʠʟʫʘʣʴʥʳʡ ʦʪʙʦʨ ʢʦʥʪʨʘʩʪʥʳʭ ʫʯʘʩʪʢʦʚ ʥʝʫʩʪʦʡʯʠʚʳʤ. ɺ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʭʝʤʝ ACE ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʝʥʥʦ ʢʘʢ ʩʨʝʜʩʪʚʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʥ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʢʨʘʪʠʪʴ ʦʙʣʘʩʪʴ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡʰʫʶ ʨʘʙʦʪʫ ʩ 

ʜʘʥʥʳʤʠ ɼɿɿ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʚʳʧʦʣʥʷʝʪ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ ʨʦʣʴ ʧʝʨʚʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ, ʢʦʪʦʨʳʡ 

ʬʦʨʤʠʨʫʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ 

ʪʝʢʩʪʫʨʥʳʤʠ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʘ ʥʝ ʧʦʜʤʝʥʷʝʪ ʩʦʙʦʡ 

ʠʪʦʛʦʚʦʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ [Karimzadeh, 2022; Goodenough et al., 

2018; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 

ʉʨʝʜʠ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʩʭʦʜʥʳʭ ʟʘʜʘʯ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʧʦʜʭʦʜʳ ʧʨʷʤʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʦʚ, ʪʘʢʠʝ ʢʘʢ Spectral Angle Mapper (SAM), 

Spectral Information Divergence (SID) ʠ Spectral Feature Fitting (SFF), ʘ ʪʘʢʞʝ 

ʨʷʜ ʧʦʨʦʛʦʚʳʭ ʠ ʠʥʜʝʢʩʥʳʭ ʩʭʝʤ ʚʳʜʝʣʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ 

ACE ʚʳʙʨʘʥ ʧʦʪʦʤʫ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʙʣʠʟʦʩʪʴ ʧʠʢʩʝʣʷ 

ʢ ʵʪʘʣʦʥʥʦʤʫ ʩʧʝʢʪʨʫ, ʥʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʬʦʥʦʚʦʡ ʩʨʝʜʳ ï 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʝʮʝʣʝʚʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʢʣʠʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʪʢʣʠʢʦʚ ʦʙʥʘʞʝʥʠʡ ʧʦʨʦʜ, 

ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ, ʬʨʘʛʤʝʥʪʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʪʝʭʥʦʛʝʥʥʦ 
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ʥʘʨʫʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʮʝʣʝʚʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʦʙʨʘʟʫ, ʥʦ ʦʧʨʝʜʝʣʷʶʪ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʮʝʥʳ), ï ʯʝʨʝʟ ʢʦʚʘʨʠʘʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ. ʌʦʥʦʚʘʷ ʩʨʝʜʘ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʩʝʭ ʚʘʣʠʜʥʳʭ ʧʠʢʩʝʣʝʡ ʚ ʧʨʝʜʝʣʘʭ 

ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʮʝʣʝʚʦʡ ʦʙʲʝʢʪ ʟʘʥʠʤʘʝʪ 

ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʫʶ ʜʦʣʶ ʩʮʝʥʳ. 

ʋ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʝʩʪʴ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ὼ ʧʦ ʢʘʥʘʣʘʤ Ὥ, ʚʳʨʘʞʝʥʥʳʡ 

ʦʜʥʦʵʣʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʝʡ, ʥʘʧʨʠʤʝʨ: 

ὼ

ở

ỞỞ
ờ

ὄς
ὄσ
ὄτ
ὄψ
ὄρρ
ὄρςỢ

ỡỡ
Ỡ
Ȣ σȢρ  

ʆʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʠʡ ʚʝʢʪʦʨ ʬʦʥʘ ‘, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʩʨʝʜʥʝʥʥʦʝ 

ʩʧʝʢʪʨʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʮʝʥʳ ʠ ʩʣʫʞʘʱʠʡ ʦʧʦʨʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʝʪʘ 

ʦʪʢʣʦʥʝʥʠʡ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʦʪ ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ: 

‘
ρ

ὔ
ὼȟ σȢς 

ʛʜʝ ὼ ï ʩʧʝʢʪʨʘʣʴʥʳʡ ʚʝʢʪʦʨ Ὥ-ʛʦ ʬʦʥʦʚʦʛʦ ʧʠʢʩʝʣʷ, ὔ ï ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʦʮʝʥʢʫ ʬʦʥʘ. 

ʂʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ὑ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʧʠʩʳʚʘʶʱʝʡ ʤʥʦʛʦʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʬʦʥʦʚʦʡ ʩʨʝʜʳ. ʆʥʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʟʥʘʯʝʥʠʷ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʠʟʤʝʥʷʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʚ ʧʨʝʜʝʣʘʭ ʥʝʮʝʣʝʚʦʡ ʯʘʩʪʠ 

ʩʮʝʥʳ. ʊʘʢʘʷ ʤʘʪʨʠʮʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʨʘʚʥʝʥʠʝ ʧʠʢʩʝʣʷ ʩ 

ʵʪʘʣʦʥʥʳʤ ʩʧʝʢʪʨʦʤ ʚʳʧʦʣʥʷʣʦʩʴ ʥʝ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʘʥʘʣʦʚ, ʘ ʚ 

ʢʦʥʪʝʢʩʪʝ ʬʦʥʦʚʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ 
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ʩʭʦʜʩʪʚʦ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʦʙʳʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʬʦʥʘ, ʦʪ ʩʭʦʜʩʪʚʘ, ʢʦʪʦʨʦʝ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʮʝʣʝʚʦʛʦ ʦʙʲʝʢʪʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʩʚʷʟʘʥʘ ʩ 

ʦʮʝʥʢʦʡ ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʝʝ 

ʧʨʠʢʣʘʜʥʦʡ ʩʤʳʩʣ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʝʪʝʢʪʦʨʘ ʠ 

ʩʥʠʞʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʳʜʝʣʝʥʠʡ. ɽʝ ʨʘʩʯʝʪ 

ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὑ
ρ

ὔ ρ
ὼ ‘ ὼ ‘ Ȣ σȢσ 

ʈʘʟʥʦʩʪʴ ὼ ‘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨ ʦʪʢʣʦʥʝʥʠʷ ʩʧʝʢʪʨʘ 

ʦʯʝʨʝʜʥʦʛʦ ʬʦʥʦʚʦʛʦ ʧʠʢʩʝʣʷ ʦʪ ʩʨʝʜʥʝʛʦ ʬʦʥʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʬʦʥʦʚʦʛʦ 

ʧʠʢʩʝʣʷ ʚʳʯʠʩʣʷʝʪʩʷ ʵʪʦ ʦʪʢʣʦʥʝʥʠʝ, ʧʦʩʣʝ ʯʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʪʨʠʮʘ 

ʚʥʝʰʥʝʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʵʪʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʥʘ ʝʛʦ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʳʡ ʚʠʜ. 

ɼʘʣʝʝ ʪʘʢʠʝ ʤʘʪʨʠʮʳ ʩʫʤʤʠʨʫʶʪʩʷ ʧʦ ʚʩʝʡ ʬʦʥʦʚʦʡ ʚʳʙʦʨʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘʢʦʧʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʚʤʝʩʪʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ. 

ɼʝʣʝʥʠʝ ʥʘ ὔ ρ ʥʫʞʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʦʪ ʩʫʤʤʳ ʦʪʢʣʦʥʝʥʠʡ ʚʩʝʭ 

ʧʠʢʩʝʣʝʡ ʢ ʠʭ ʩʨʝʜʥʝʡ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʠʪʴ 

ʠʪʦʛʦʚʫʶ ʢʦʚʘʨʠʘʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ ʬʦʥʦʚʦʡ ʩʨʝʜʳ. 

ɼʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʠʩʧʝʨʩʠʷʤ ʦʪʜʝʣʴʥʳʭ 

ʢʘʥʘʣʦʚ, ʘ ʚʥʝʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ ʢʦʚʘʨʠʘʮʠʠ ʤʝʞʜʫ 

ʢʘʥʘʣʘʤʠ. ɼʣʷ ʪʨʝʭ ʢʘʥʘʣʦʚ ʦʥʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʥʘ 

ʜʠʘʛʦʥʘʣʠ ʩʪʦʷʪ ʜʠʩʧʝʨʩʠʠ ʢʘʥʘʣʦʚ, ʚʥʝ ʜʠʘʛʦʥʘʣʠ ï ʠʭ ʚʟʘʠʤʥʳʝ 

ʢʦʚʘʨʠʘʮʠʠ): 

ὑ
Ὀὄρ ὧέὺὄρȟὄς ὧέὺὄρȟὄσ

ὧέὺὄςȟὄρ Ὀὄς ὧέὺὄςȟὄσ
ὧέὺὄσȟὄρ ὧέὺὄσȟὄς Ὀὄσ

Ȣ σȢτ 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʧʦʢʘʟʘʪʝʣʴ ACE ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 



87 

 

ὃὅὉὼ
ίὑ ὼ

ίὑ ί ὼὑ ὼ
ȟ σȢυ 

ʛʜʝ ί ï ʚʝʢʪʦʨ ʮʝʣʝʚʦʛʦ ʩʧʝʢʪʨʘ, Ὕ ï ʦʧʝʨʘʮʠʷ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ, ὑ  ï 

ʦʙʨʘʪʥʘʷ ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ. 

ɿʜʝʩʴ ὑ  ʫʯʠʪʳʚʘʝʪ ʬʦʥ ʩʮʝʥʳ: ʫʤʝʥʴʰʘʝʪ ʚʣʠʷʥʠʝ ʪʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ ʤʝʥʷʶʪʩʷ ʥʘ ʬʦʥʝ, ʠ ʩʦʭʨʘʥʷʝʪ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ 

ʪʝ, ʢʦʪʦʨʳʝ ʣʫʯʰʝ ʚʳʜʝʣʷʶʪ ʮʝʣʝʚʦʡ ʦʙʲʝʢʪ. 

ɺʝʢʪʦʨ ʮʝʣʝʚʦʛʦ ʩʧʝʢʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʦʝ 

ʯʠʩʣʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʪʘʣʦʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʙʨʘʟʘ, ʧʨʠʚʝʜʝʥʥʦʝ ʢ 

ʩʠʩʪʝʤʝ ʢʘʥʘʣʦʚ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʝʥʩʦʨʘ. ʆʥ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʧʝʢʪʨʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʜʘʣʝʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʵʪʘʣʦʥ ʧʨʠ ʨʘʩʯʝʪʝ ʩʪʝʧʝʥʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʠʢʩʝʣʝʡ. ʊʦ ʝʩʪʴ ʙʝʨʝʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʧʝʢʪʨ 

ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʤʠʥʝʨʘʣʘ ʠʣʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʢʘʢ ʥʝʧʨʝʨʳʚʥʘʷ ʢʨʠʚʘʷ, 

ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʚʦʜʠʪʩʷ ʢ ʩʧʝʢʪʨʘʣʴʥʳʤ ʢʘʥʘʣʘʤ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

Sentinel-2), ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʜʠʩʢʨʝʪʥʳʡ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚ (3.5): 

ί ὄςȟὄσȟὄτȟὄψȟὄρρȟὄρςȢ σȢφ 

ʇʨʠʤʝʨ ʪʘʢʦʡ ʩʚʝʨʪʢʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʜ ʩʧʝʢʪʨʘʣʴʥʫʶ 

ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʩʧʫʪʥʠʢʦʚʦʡ ʩʲʝʤʢʠ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʜʘʣʝʝ ʚ ʨʘʟʜʝʣʝ. 

ɿʥʘʯʝʥʠʷ ACE ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0 ʜʦ 1, ʛʜʝ 0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʶ 

ʩʭʦʜʩʪʚʘ, ʘ 1 ï ʧʦʣʥʦʤʫ ʩʦʚʧʘʜʝʥʠʶ ʩʧʝʢʪʨʦʚ ʩ ʫʯʝʪʦʤ ʬʦʥʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

ʆʧʨʦʙʦʚʘʪʴ ʜʝʪʝʢʪʦʨ ACE ʙʳʣʦ ʨʝʰʝʥʦ ʥʘ ʍʠʙʠʥʩʢʦʤ ʤʘʩʩʠʚʝ (ʨʠʩʫʥʦʢ 

3.2), ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ [Kamaev, 2025] ʚ ʧʨʝʜʝʣʘʭ 

ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʱʠʪʘ, ʠ ʦʪʥʦʩʷʱʝʤʩʷ ʢ ʂʦʣʴʩʢʦʡ ʱʝʣʦʯʥʦʡ ʧʨʦʚʠʥʮʠʠ. 

ʕʪʦ ʢʨʫʧʥʘʷ ʤʥʦʛʦʬʘʟʥʘʷ ʱʝʣʦʯʥʘʷ ʠʥʪʨʫʟʠʷ ʢʦʣʴʮʝʚʦʛʦ ʩʪʨʦʝʥʠʷ (ʧʣʦʱʘʜʴ 

ʧʦʨʷʜʢʘ 1300 ʢʤĮ), ʩʣʦʞʝʥʥʘʷ ʩʝʨʠʝʡ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʠ ʬʦʠʜʦʣʠʪʦʚ 
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(ʭʠʙʠʥʠʪʳ, ʨʠʰʦʨʨʠʪʳ, ʫʨʪʠʪʳ, ʠʡʦʣʠʪʳ ʠ ʜʨ.) ʩ ʧʦʟʜʥʠʤʠ ʢʘʨʙʦʥʘʪʠʪʘʤʠ; 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʘʟ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ ʦʪ 

ʢʨʘʝʚ ʢ ʮʝʥʪʨʫ. ɺʥʫʪʨʠ ʤʘʩʩʠʚʘ ʣʦʢʘʣʠʟʦʚʘʥʳ ʛʠʛʘʥʪʩʢʠʝ ʘʧʘʪʠʪ-

ʥʝʬʝʣʠʥʦʚʳʝ ʨʫʜʥʳʝ ʧʦʣʷ ʤʠʨʦʚʦʛʦ ʢʣʘʩʩʘ, ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ 

ʩ 1930-ʭ ʛʛ. [Kalashnikov et al., 2016; Kogarko, 2018]. 

ɻʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʍʠʙʠʥ (ʠ ʩʦʩʝʜʥʝʛʦ ʃʦʚʦʟʝʨʘ) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʟʜʥʠʡ ʜʝʚʦʥ-ʨʘʥʥʠʡ ʢʘʨʙʦʥ 

(ʦʢʦʣʦ 380ï370 ʤʣʥ ʣʝʪ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ U-Pb SHRIMP-ʜʘʪʠʨʦʚʢʘʤʠ 

ʪʠʪʘʥʠʪʘ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʩʫʙʱʝʣʦʯʥʦʡ ʩʝʨʠʠ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ 

[Rodionov et al., 2018; Arzamastsev et al., 2024]. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 15ï20 ʤʣʥ ʣʝʪ ʠ ʩʚʷʟʳʚʘʶʪ ʝʝ ʩ ʧʣʶʤʦʚʳʤ 

ʤʘʛʤʘʪʠʟʤʦʤ ʚʦʩʪʦʢʘ ʌʝʥʥʦʩʢʘʥʜʠʠ. 

ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠ ʤʘʩʩʠʚ ʧʨʠʫʨʦʯʝʥ ʢ ʟʦʥʝ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ-

ʧʘʣʝʦʟʦʡʩʢʠʭ ʨʝʘʢʪʠʚʘʮʠʡ ʚʦʩʪʦʯʥʦʡ ʌʝʥʥʦʩʢʘʥʜʠʠ; ʚʦʢʨʫʛ ʢʨʫʧʥʳʭ ʪʝʣ 

ʬʦʠʜʦʣʠʪʦʚ ʨʘʟʚʠʪʳ ʟʦʥʳ ʬʝʥʠʪʠʟʘʮʠʠ ʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ʕʪʠ 

ʦʨʝʦʣʳ, ʥʘʨʷʜʫ ʩ ʫʨʦʚʥʷʤʠ ʥʘʩʳʱʝʥʠʷ ʘʧʘʪʠʪʦʤ, ʣʦʧʘʨʠʪʦʤ ʠ ʵʚʜʠʘʣʠʪʦʤ ʚ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʚʠʥʮʠʠ (ʍʠʙʠʥʳ-ʃʦʚʦʟʝʨʦ), ʬʠʢʩʠʨʫʶʪ ʫʩʣʦʚʠʷ ʨʘʥʥʝʛʦ 

ʥʘʩʳʱʝʥʠʷ ʨʘʩʧʣʘʚʦʚ ʬʦʩʬʦʨʦʤ ʠ ʨʝʜʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʢʦʥʪʨʦʣʠʨʫʶʪ 

ʣʦʢʘʣʠʟʘʮʠʶ ʨʫʜʥʳʭ ʪʝʣ [Kogarko, 2023]. 

ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʬʠʢʘ ʤʘʩʩʠʚʘ ʢʨʠʪʠʯʥʘ ʜʣʷ ʟʘʜʘʯ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) ï 

ʛʨʫʧʧʳ ʠʟ 17 ʤʝʪʘʣʣʦʚ (15 ʣʘʥʪʘʥʦʠʜʦʚ ʧʣʶʩ Sc ʠ Y), ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ɻ ʣʝʢʪʨʦʥʠʢʝ, çʟʝʣʝʥʦʡè ɻ ʥʝʨʛʝʪʠʢʝ, ʦʧʪʦ- ʠ ʤʘʛʥʠʪʦʵʣʝʢʪʨʦʥʠʢʝ; 

ʧʨʠ ʵʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʠ ʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʝʦʣʦʛʦ-ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ (ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʠ 

ʧʝʨʝʘʣʢʘʣʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ), ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʠʩʢʘ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ-ʥʦʩʠʪʝʣʝʡ ʈɿʕ [Balaram, 2019; 

Goodenough et al., 2018]. ʆʩʥʦʚʦʡ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ 

ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʘʭ VNIR-SWIR ʠ ʠʭ 
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ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦ ʫʟʢʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʦʣʦʩʘʤ 3+-ʠʦʥʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʧʨʝʞʜʝ ʚʩʝʛʦ Nd, Pr, Sm, Dy), ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʫ ʤʠʥʝʨʘʣʦʚ-

ʥʦʩʠʪʝʣʝʡ (ʤʦʥʘʮʠʪ, ʙʘʩʪʥʝʟʠʪ, ʢʩʝʥʦʪʠʤ, ʵʚʜʠʘʣʠʪ ʠ ʜʨ.) ʚ ʚʠʜʝ ʭʘʨʘʢʪʝʨʥʳʭ 

ʤʠʥʠʤʫʤʦʚ ʦʪʨʘʞʝʥʠʷ [Asadzadeh et al., 2024; Turner et al., 2014]. ʅʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ 0.58ï0.60 

ʤʢʤ, ~0.74 ʤʢʤ, 0.80ï0.82 ʤʢʤ ʠ ~0.87 ʤʢʤ, ʘ ʪʘʢʞʝ ʢʘʢ ʙʦʣʝʝ ʩʣʘʙʳʝ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʙʣʠʞʥʝʤ ʀʂ (1.3ï1.6 ʤʢʤ) (ʨʠʩʫʥʦʢ 3.4); ʠʭ ʢʦʨʨʝʢʪʥʘʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʵʪʘʣʦʥʥʳʭ ʙʠʙʣʠʦʪʝʢ [Kokaly et al., 2017; Boesche et al., 2015]. 

ɻʣʘʚʥʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ ʈɿʕ ʚ ʭʠʙʠʥʩʢʠʭ ʨʫʜʘʭ ï ʬʪʦʨʘʧʘʪʠʪ ʘʧʘʪʠʪ-

ʥʝʬʝʣʠʥʦʚʳʭ ʪʝʣ, ʦʙʦʛʘʱʝʥʥʳʡ ʣʝʛʢʠʤʠ ʈɿʕ ʠ ʩʪʨʦʥʮʠʝʤ; ʪʠʧʠʯʥʳʡ 

ʩʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ ʈɿʕ ʚ ʘʧʘʪʠʪʝ ʜʦʩʪʠʛʘʝʪ ~0.9 ʤʘʩ.% REE O  (ʩʨʝʜʥʝʝ ʧʦ 

ʨʷʜʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ), ʦʪʥʦʰʝʥʠʝ Ce/Yb ~680, ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu-ʘʥʦʤʘʣʠʷ 

ʚʳʨʘʞʝʥʘ ʩʣʘʙʦ [Kogarko, 2018, 2023]. ʊʠʪʘʥʠʪ, ʥʝʬʝʣʠʥ, ʵʛʠʨʠʥ ʠ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ ʬʦʨʤʠʨʫʶʪ ʢʦʤʧʣʝʢʩʥʳʝ (ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ) ʨʫʜʳ ʠ ʭʚʦʩʪʳ, 

ʣʦʢʘʣʴʥʦ ʦʙʦʛʘʱʝʥʥʳʝ Ti ʠ ʨʝʜʢʠʤʠ ʤʝʪʘʣʣʘʤʠ [Gerasimova et al., 2018]. ʕʪʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʨʘʞʘʶʪ ʜʣʠʪʝʣʴʥʫʶ ʬʨʘʢʮʠʦʥʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʠ 

ʢʦʥʚʝʢʪʠʚʥʫʶ ʩʪʨʘʪʠʬʠʢʘʮʠʶ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʫʨʪʠʪ-ʠʡʦʣʠʪʦʚʦʡ 

ʬʘʟʳ, ʛʜʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʘʧʘʪʠʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʩʷ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʢʘʤʝʨ, 

ʘ ʥʝʬʝʣʠʥ ï ʚ ʥʠʞʥʠʭ (ʫʨʪʠʪʘʭ) [Kogarko, 2018, 2023]. 

ɿʥʘʯʠʤʦʩʪʴ ʍʠʙʠʥ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʈɿʕ 

ʦʙʫʩʣʦʚʣʝʥʘ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ ʧʨʠʟʥʘʢʦʚ: ʧʨʷʤʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʠʥʝʨʘʣʦʚ-ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʈɿʕ ʠ ʢʦʩʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ. ɺ VNIR-SWIR 

ʜʠʘʧʘʟʦʥʝ (0.4ï2.5 ʤʢʤ) ʈɿʕ ʜʘʶʪ ʫʟʢʠʝ f-f ʧʦʣʦʩʳ (Nd3+, Pr3+, Sm3+ ʠ ʜʨ.) ʚ 

ʤʠʥʝʨʘʣʘʭ ʪʠʧʘ ʤʦʥʘʮʠʪʘ, ʢʩʝʥʦʪʠʤʘ ʠ ʙʘʩʪʥʝʟʠʪʘ; ʫ ʘʧʘʪʠʪʘ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʜʠʘʛʥʦʩʪʠʯʥʦʩʪʴ ʥʠʞʝ, ʥʦ ʩʦʯʝʪʘʥʠʝ ʪʦʥʢʠʭ REE-ʧʦʣʦʩ ʩ ʧʦʣʦʩʘʤʠ ʬʦʩʬʘʪʦʚ, 

ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʠʣʠʢʘʪʦʚ, ʘ ʪʘʢʞʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ (Mn-ʮʝʥʪʨʳ, EuĮ ) 

ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʰʘʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʩʦʢʠʭ SNR 

(Signal-to-Noise Ratio, ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ) ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ 
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ʨʘʟʨʝʰʝʥʠʷ [Van der Meer et al., 2012; Koerting et al., 2021]. ʅʝʜʘʚʥʠʝ ʨʘʙʦʪʳ 

ʧʦʢʘʟʘʣʠ ʫʩʧʝʰʥʦʝ ʚʳʜʝʣʝʥʠʝ ʈɿʕ-ʤʠʥʝʨʘʣʦʚ ʧʦ VNIR-SWIR ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ (ʥʘʧʨʠʤʝʨ, EnMAP) 

ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʩʧʝʢʪʨʦʚ [Van der Meer et al., 2012; 

Asadzadeh et al., 2024]. ɼʣʷ ʧʨʦʚʠʥʮʠʡ ʩʦ ʱʝʣʦʯʥʳʤʠ ʠ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤʠ 

ʘʩʩʦʮʠʘʮʠʷʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʜʠʘʛʥʦʩʪʠʯʥʦʩʪʴ ʩʦʯʝʪʘʥʠʡ ʧʦʣʦʩ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʪʦʨʢʘʨʙʦʥʘʪʦʚ ʠ ʬʦʥʦʚʳʭ ʢʘʨʙʦʥʘʪʦʚ/ʬʝʥʠʪʦʚ [Van der 

Meer et al., 2012; Rowan et al., 2003]. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʍʠʙʠʥʘʭ ʜʣʷ ʟʘʜʘʯ ɼɿɿ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ: ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʪʯʠʢʠ ʩ ʰʘʛʦʤ Ò10 

ʥʤ ʚ VNIR ʠ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚ SWIR; ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʙʣʠʦʪʝʯʥʳʝ 

ʵʪʘʣʦʥʳ ʩʧʝʢʪʨʦʚ ʈɿʕ-ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʠ ʘʧʘʪʠʪʦʚ, ʢʨʦʩʩ-ʧʨʦʚʝʨʷʷ ʠʭ 

ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʰʣʠʬʦʚ ʠ ʩʳʧʫʯʠʭ ʧʨʦʙ; ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʪʴ ʦʨʝʦʣʳ 

ʬʝʥʠʪʠʟʘʮʠʠ ʢʘʢ ʠʥʜʠʢʘʪʦʨʳ ʱʝʣʦʯʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʦʚʤʝʱʘʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʢʘʨʙʦʥʘʪʦʚ, ʬʦʩʬʘʪʦʚ ʠ Fe-Mg-ʩʠʣʠʢʘʪʦʚ ʩ 

ʤʝʪʦʜʘʤʠ ʩʫʙʧʠʢʩʝʣʴʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠ ʮʝʣʝʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [Van der 

Meer et al., 2012; Asadzadeh et al., 2024]. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʜʝʚʷʪʴ ʢʘʥʘʣʦʚ ï B2, B3, B4, B5, B6, B7, 

B8A, B11 ʠ B12 ï ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʙʦʯʠʡ ʢʦʤʧʦʟʠʪ ʬʦʨʤʠʨʦʚʘʣʩʷ ʠʟ ʢʦʣʣʝʢʮʠʠ ʩʮʝʥ, 

ʦʪʦʙʨʘʥʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʚʨʝʤʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ʠ 

ʦʙʱʝʤʫ ʫʨʦʚʥʶ ʦʙʣʘʯʥʦʩʪʠ. ʀʟ ʢʦʣʣʝʢʮʠʠ 

COPERNICUS/S2_SR_HARMONIZED ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʥʠʤʢʠ ʟʘ ʣʝʪʥʝ-

ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ (ʠʶʣʴ-ʩʝʥʪʷʙʨʴ 2021 ʛ.) ʩ ʦʙʣʘʯʥʦʩʪʴʶ <40 % ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ 

ʍʠʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʀʟ ʦʪʦʙʨʘʥʥʳʭ ʩʮʝʥ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʙʝʟʦʙʣʘʯʥʳʡ 

ʤʝʜʠʘʥʥʳʡ ʢʦʤʧʦʟʠʪ (ʨʠʩʫʥʦʢ 3.4). 
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ʈʠʩʫʥʦʢ 3.4 ï ʉʧʫʪʥʠʢʦʚʳʡ ʦʙʨʘʟ ʍʠʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʮʚʝʪʦʚʦʡ ʩʠʥʪʝʟ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʢʘʥʘʣʘ (NIR-RED-GREEN) 

ʅʘ ʩʥʠʤʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʥʝʛ, ʪʝʥʠ, ʚʳʭʦʜʳ ʧʦʨʦʜ, ʚʦʜʘ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʘʚʘʪʴ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ACE ʥʝ 

ʠʟ-ʟʘ ʮʝʣʝʚʦʛʦ ʤʠʥʝʨʘʣʘ, ʘ ʠʟ-ʟʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ. ʊʘʢʦʡ ʩʥʠʤʦʢ 

ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʠʩʢʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʥʪʨʘʩʪʦʚ, 

ʥʦ ʥʝ ʜʣʷ ʧʨʷʤʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʙʝʟ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ. ʇʝʨʝʜ ʨʘʩʯʝʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʚʦʜʫ, ʩʥʝʛ, ʪʝʥʠ ʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʳʝ 

ʦʙʲʝʢʪʳ, ʘ ʬʦʥ ʟʘʜʘʚʘʪʴ ʥʝ ʧʦ ʚʩʝʡ ʩʮʝʥʝ ʩʨʘʟʫ, ʘ ʙʦʣʝʝ ʣʦʢʘʣʴʥʦ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʦʡ SCL (Scene Classification Layer) ï ʰʪʘʪʥʳʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʧʨʦʜʫʢʪ Sentinel-2 Level-2A, ʬʦʨʤʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩʦʨʦʤ 

Sen2Cor ʚ ʩʦʩʪʘʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʘʥʥʳʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʤʘʪʠʯʝʩʢʫʶ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʠʢʩʝʣʝʡ ʩʮʝʥʳ ʠ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʘʢʠʭ ʢʣʘʩʩʘʭ, ʢʘʢ 

ʦʙʣʘʢʘ, ʦʙʣʘʯʥʳʝ ʪʝʥʠ, ʚʦʜʘ, ʩʥʝʞʥʦ-ʣʝʜʦʚʳʝ ʫʯʘʩʪʢʠ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ 

ʥʝʟʘʨʦʩʰʘʷ ʧʦʚʝʨʭʥʦʩʪʴ; ʚ ʧʨʦʜʫʢʪʝ Level-2A ʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 20 ʤ. ɿʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʦʙʣʘʢʦʚ, ʪʝʥʝʡ, 
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ʩʥʝʞʥʦ-ʣʝʜʦʚʳʭ ʫʯʘʩʪʢʦʚ, ʚʦʜʳ ʠ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ, ʠʩʢʘʞʘʶʱʠʭ 

ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ 

ʧʦʩʪʨʦʝʥʠʝ ʨʘʙʦʯʝʛʦ ʢʦʤʧʦʟʠʪʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʜʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ 

ʧʦʢʘʟʘʪʝʣʠ ACE ʠ ʪʝʢʩʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ.  

ʇʝʨʚʠʯʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʧʫʪʥʠʢʦʚʦʛʦ ʩʥʠʤʢʘ ʍʠʙʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʚ ʩʠʥʪʝʟʝ NIRïREDïGREEN (B4ïB3ïB2) (ʨʠʩʫʥʦʢ 3.4) ʧʦʢʘʟʳʚʘʝʪ 

ʭʦʨʦʰʠʡ ʚʳʨʘʞʝʥʥʳʡ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʛʦʨʥʦʡ ʯʘʩʪʴʶ ʠ 

ʦʢʨʫʞʘʶʱʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ. ʇʝʨʠʬʝʨʠʡʥʳʝ ʫʯʘʩʪʢʠ ʦʢʨʘʰʝʥʳ ʚ ʷʨʢʠʝ 

ʢʨʘʩʥʳʝ, ʤʘʣʠʥʦʚʳʝ ʪʦʥʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʥʘʤ ʩ ʙʦʣʝʝ ʨʘʟʚʠʪʳʤ 

ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʢʨʦʚʦʤ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦ ʦʪʨʘʞʘʝʪ 

ʠʟʣʫʯʝʥʠʝ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʚʥʝʰʥʷʷ ʯʘʩʪʴ 

ʤʘʩʩʠʚʘ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʨʘʚʥʠʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʠʟʫʘʣʴʥʦ ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ 

ʙʦʣʝʝ ʙʠʦʧʨʦʜʫʢʪʠʚʥʳʝ ʠ ʧʦʢʨʳʪʳʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʮʝʣʦʤ ʩʚʝʪʣʳʤʠ ʛʦʣʫʙʦʚʘʪʦ-

ʙʝʣʳʤʠ ʦʪʪʝʥʢʘʤʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʘʤʝʥʠʩʪʳʭ, ʩʣʘʙʦ ʟʘʨʘʩʪʘʶʱʠʭ ʠ 

ʩʢʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʤʝʩʪʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʩʪʘʪʦʯʥʳʤ 

ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ. ʊʝʤʥʳʝ, ʧʦʯʪʠ ʯʝʨʥʳʝ ʧʷʪʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʜʦʝʤʘʤ, 

ʫʚʝʨʝʥʥʦ ʜʝʰʠʬʨʠʨʫʝʤʳʤ ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʚʦʜʳ. ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʦʙʲʝʢʪʳ ʥʘ ʜʘʥʥʦʤ ʩʥʠʤʢʝ ʚʳʜʝʣʷʶʪʩʷ ʩʣʘʙʝʝ, ʯʝʤ 

ʧʨʠʨʦʜʥʳʝ ʢʦʥʪʨʘʩʪʳ, ʥʦ ʚ ʶʞʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʟʘʤʝʪʥʳ 

ʫʯʘʩʪʢʠ ʩ ʥʘʨʫʰʝʥʥʳʤ ʧʦʢʨʦʚʦʤ ʠ ʣʠʥʝʡʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʊʘʢʠʝ ʟʦʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʤ ʧʣʦʱʘʜʢʘʤ, ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʪʝʭʥʦʛʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʠ ʵʣʝʤʝʥʪʘʤ ʛʦʨʦʜʩʢʦʡ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʘʩʪʨʦʡʢʠ. 

ʅʘ ʬʦʥʝ ʧʨʠʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʩʩʠʚʘ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʦʙʲʝʢʪʳ ʣʫʯʰʝ 

ʚʩʝʛʦ ʨʘʩʧʦʟʥʘʶʪʩʷ ʧʦ ʛʝʦʤʝʪʨʠʯʥʦʩʪʠ ʬʦʨʤʳ, ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʛʨʘʥʠʮ ʠ 

ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʝʨʠʬʝʨʠʡʥʳʭ ʯʘʩʪʷʭ ʪʝʨʨʠʪʦʨʠʠ. ʆʩʦʙʝʥʥʦ 

ʭʘʨʘʢʪʝʨʥʳ ʣʠʥʝʡʥʳʝ ʵʣʝʤʝʥʪʳ, ʚʝʨʦʷʪʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʦʨʦʛʘʤ ʠʣʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʘʩʩʘʤ, ʘ ʪʘʢʞʝ ʢʦʤʧʘʢʪʥʳʝ ʧʣʦʱʘʜʥʳʝ ʫʯʘʩʪʢʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʭʦʟʷʡʩʪʚʝʥʥʳʤ ʦʩʚʦʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʧʦ ʦʜʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʙʝʟ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʪʦʯʥʦ ʨʘʟʜʝʣʠʪʴ ʧʨʦʤʳʰʣʝʥʥʳʝ, 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʠ ʩʝʣʠʪʝʙʥʳʝ ʦʙʲʝʢʪʳ ʥʝʣʴʟʷ. 

ɼʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ACE ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʙʣʘʯʥʘʷ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʣʘʪʬʦʨʤʘ Google Earth Engine (GEE), ʩʧʦʩʦʙʥʘʷ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʠ ʨʝʘʣʠʟʫʝʤʳʡ ʚ ʥʝʡ 

ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ JavaScript (JS). ʇʣʘʪʬʦʨʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ 

ʘʨʭʠʚʘʤ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ, ʚʢʣʶʯʘʷ ʢʦʣʣʝʢʮʠʠ 

Sentinel-2, ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʣʦʢʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ, ʠʩʧʦʣʴʟʫʷ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, 

ʩʪʘʪʠʩʪʠʢʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ. 

ɺ ʭʦʜʝ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʚ ʩʨʝʜʝ GEE 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʥʝ ʪʦʣʴʢʦ ʠʪʦʛʦʚʳʡ ʨʘʩʪʨ ʟʥʘʯʝʥʠʡ ACE, ʥʦ ʠ ʨʷʜ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʨʘʩʯʝʪʘ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʜʘʥʥʳʭ 

ʦʪʥʦʩʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʠʩʭʦʜʥʳʭ ʩʮʝʥʘʭ, ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʦʩʪʘʥʦʚʢʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʥʦʚʦʡ ʩʨʝʜʳ, ʥʝʧʨʝʨʳʚʥʦʝ 

ʧʦʣʝ ʟʥʘʯʝʥʠʡ ACE, ʝʛʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʢʣʘʩʩʦʚ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʘ ʪʘʢʞʝ ʩʚʦʜʥʳʝ ʪʘʙʣʠʮʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ 

ʧʣʦʱʘʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʈʝʘʣʠʟʘʮʠʷ ʨʘʩʯʝʪʦʚ ʧʨʦʠʩʭʦʜʠʣʘ ʪʘʢʞʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʜʠʨʦʚʘʥʠʷ ʥʘ JS. 

ɼʣʷ ʬʠʢʩʘʮʠʠ ʫʩʣʦʚʠʡ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ 

ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʪʘʙʣʠʮʘ ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ACE_experiment_parameters. ɺ ʥʝʡ ʙʳʣʠ ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʩʯʝʪʥʦʡ ʧʦʩʪʘʥʦʚʢʠ: ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ Sentinel-2, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʘʥʘʣʠʟʘ, ʯʠʩʣʦ ʩʮʝʥ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʙʦʯʝʛʦ ʢʦʤʧʦʟʠʪʘ, ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʠʩʣʦ 

ʚʘʣʠʜʥʳʭ ʧʠʢʩʝʣʝʡ, ʜʦʣʷ ʚʘʣʠʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʙʦʨ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʧʨʠʤʝʥʝʥʥʳʝ ʧʨʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʷ ACE. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʩʯʝʪʘ ʦʙʣʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 1816.73 ʢʤĮ, ʧʝʨʠʦʜ ʦʪʙʦʨʘ ʩʮʝʥ ʦʭʚʘʪʳʚʘʣ ʠʥʪʝʨʚʘʣ 
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ʩ 1 ʠʶʣʷ ʧʦ 15 ʩʝʥʪʷʙʨʷ 2021 ʛ., ʘ ʯʠʩʣʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʩʮʝʥ ʜʦʩʪʠʛʣʦ 40. 

ʇʦʩʣʝ ʤʘʩʢʠʨʦʚʘʥʠʷ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʩʣʦʶ SCL ʚ ʘʥʘʣʠʟʝ 

ʩʦʭʨʘʥʠʣʦʩʴ 11 285 420 ʚʘʣʠʜʥʳʭ ʧʠʢʩʝʣʝʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 94.65% ʦʙʱʝʡ 

ʧʣʦʱʘʜʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ί ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʟʥʘʯʝʥʠʷ 

ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʥʝʨʘʣʘ ʤʦʥʘʮʠʪʘ, ʦʪʦʙʨʘʥʥʳʝ ʠʟ ʦʪʢʨʳʪʦʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʙʠʙʣʠʦʪʝʢʠ USGS [Kokaly et al., 2017], ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʧʦʜ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʥʘʣʳ Sentinel-2 MSI ʤʝʪʦʜʦʤ ʩʚʝʨʪʢʠ ʩ ʬʫʥʢʮʠʷʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʩʝʥʩʦʨʘ (ʨʠʩʫʥʦʢ 3.5).  

 

ʈʠʩʫʥʦʢ 3.5 ï a, b ï ʣʘʙʦʨʘʪʦʨʥʳʝ ʩʧʝʢʪʨʳ ʤʦʥʘʮʠʪʘ [Kokaly et al., 2017] ʠ 

ʧʦʣʦʞʝʥʠʷ ʢʘʥʘʣʦʚ Sentinel-2 MSI ʠ ASTER, ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʫʢʘʟʳʚʘʶʪ 

ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʜʠʘʧʘʟʦʥʦʚ ʢʘʥʘʣʦʚ; c, d ï ʩʧʝʢʪʨʳ ʤʦʥʘʮʠʪʘ, ʩʚʝʨʥʫʪʳʝ 

ʧʦʜ ʩʧʝʢʪʨʘʣʴʥʫʶ ʜʠʩʢʨʝʪʠʟʘʮʠʶ Sentinel-2 MSI ʠ ASTER 
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ɹʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʪʘʙʣʠʮʘ ACE_background_mean_vector, ʩʦʜʝʨʞʘʱʘʷ 

ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʬʦʥʦʚʦʡ ʩʨʝʜʳ ‘, ʨʘʩʩʯʠʪʘʥʥʦʛʦ 

ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʘʣʠʜʥʳʭ ʧʠʢʩʝʣʝʡ ʨʘʙʦʯʝʡ ʩʮʝʥʳ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʦʪʨʘʞʘʶʪ ʫʩʨʝʜʥʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʦʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʳʙʨʘʥʥʳʭ ʢʘʥʘʣʘʭ 

Sentinel-2 ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʦʧʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʚʳʯʠʩʣʝʥʠʠ ʦʪʢʣʦʥʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʦʪ ʩʨʝʜʥʝʛʦ 

ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ. ʅʘʠʙʦʣʴʰʠʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʢʘʥʘʣʘʭ 

ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ red-edge ʜʠʘʧʘʟʦʥʦʚ, ʪʦʛʜʘ ʢʘʢ ʚ ʚʠʜʠʤʦʤ ʠ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʥʠʞʝ (ʨʠʩʫʥʦʢ 

3.6). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʡ ʚʝʢʪʦʨ ‘ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ 

ʪʠʧʠʯʥʫʶ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʨʘʙʦʯʝʡ ʩʮʝʥʳ. 

 

ʈʠʩʫʥʦʢ 3.6 ï ʇʨʦʬʠʣʴ ʩʨʝʜʥʝʛʦ ʚʝʢʪʦʨʘ ʬʦʥʦʚʦʡ ʩʨʝʜʳ 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʨʝʜʥʝʥʥʦʛʦ ʬʦʥʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʮʝʥʳ ʠ ʵʪʘʣʦʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʙʨʘʟʘ ʙʳʣ ʧʦʩʪʨʦʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʩʨʝʜʥʝʛʦ ʬʦʥʦʚʦʛʦ ʩʧʝʢʪʨʘ ʠ ʮʝʣʝʚʦʛʦ ʩʧʝʢʪʨʘ 

ʤʦʥʘʮʠʪʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʢ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʢʘʥʘʣʦʚ 

Sentinel-2 (ʨʠʩʫʥʦʢ 3.7). ʇʦʣʫʯʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʮʝʣʝʚʦʡ 

ʩʧʝʢʪʨ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʥʦʚʦʡ ʩʨʝʜʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʢʘʥʘʣʘʤ, ʘ ʥʘʠʙʦʣʝʝ 

ʟʘʤʝʪʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ B12, B5, B4, B7 ʠ B8. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʣʠʯʝʥʠʝ ʧʠʢʩʝʣʝʡ ʧʦ ʤʝʪʦʜʫ ACE 
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ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝ ʝʜʠʥʠʯʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ, ʘ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʤʝʞʢʘʥʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʚ ʢʦʥʪʝʢʩʪʝ ʬʦʥʦʚʦʡ ʩʨʝʜʳ. ʊʝʤ 

ʩʘʤʳʤ ʛʨʘʬʠʢ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚʝʢʪʦʨ ʮʝʣʝʚʦʛʦ ʩʧʝʢʪʨʘ 

ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʨʝʜʥʝʤʫ ʬʦʥʫ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʪʘʣʦʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ACE. 

 

ʈʠʩʫʥʦʢ 3.7 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʬʦʥʦʚʦʛʦ ʩʧʝʢʪʨʘ ʠ ʮʝʣʝʚʦʛʦ ʩʧʝʢʪʨʘ 

ʤʦʥʘʮʠʪʘ 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʥʦʛʦʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʦʥʦʚʦʡ ʩʨʝʜʳ 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʪʝʧʣʦʚʘʷ ʢʘʨʪʘ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ὑ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʥʘ ʨʠʩʫʥʢʝ 3.8. 
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ʈʠʩʫʥʦʢ 3.8 ï ʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ K 

ɸʥʘʣʠʟ ɻʪʦʡ ʤʘʪʨʠʮʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 

ACE_covariance_matrix_K, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʬʦʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʘʥʘʣʘʭ Red-edge ʠ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ B7, B8A ʠ B8, ʘ ʪʘʢʞʝ ʚ ʢʘʥʘʣʘʭ B11 ʠ B12. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʚʘʨʠʘʮʠʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ B6, 

B7, B8A ʠ B8, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ 

ʬʦʥʦʚʦʡ ʩʮʝʥʳ. ʅʘʧʨʦʪʠʚ, ʯʘʩʪʴ ʩʚʷʟʝʡ ʤʝʞʜʫ SWIR- ʠ NIR-ʢʘʥʘʣʘʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝʤ ʠʣʠ ʩʤʝʥʦʡ ʟʥʘʢʘ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʬʦʥʦʚʘʷ ʩʨʝʜʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʙʣʘʜʘʝʪ 

ʚʳʨʘʞʝʥʥʦʡ ʤʥʦʛʦʤʝʨʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ 
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ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ACE ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʥʝʟʘʚʠʩʠʤʦʤʫ 

ʘʥʘʣʠʟʫ ʦʪʜʝʣʴʥʳʭ ʢʘʥʘʣʦʚ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ACE ʚʳʧʦʣʥʷʣʘʩʴ ʚʠʟʫʘʣʴʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦ-ʮʚʝʪʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʧʩʝʚʜʦʮʚʝʪʥʦʛʦ ʚ ʙʣʠʞʥʝʤ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʠ ʜʘʥʥʳʭ ʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ (ʜʦʨʦʛʠ, ʢʘʨʴʝʨʳ, ʦʪʚʘʣʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʤʘʩʩʠʚʘ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʢʣʶʯʠʪʴ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʛʜʝ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ACE ʤʦʛʣʠ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ, ʘ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʥʪʨʘʩʪʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʌʠʥʘʣʴʥʘʷ ʩʭʝʤʘ ACE ʦʪʨʘʞʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʥ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʭʦʞʝʩʪʴʶ ʩʧʝʢʪʨʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʵʪʘʣʦʥʥʳʤ ʩʧʝʢʪʨʦʤ ʤʦʥʘʮʠʪʘ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʧʦʠʩʢʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʍʠʙʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ACE 

(ʨʠʩʫʥʦʢ 3.9) ʠ ʚʳʜʝʣʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʈɿʕ. 

ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʠʟʚʝʩʪʥʳʭ 

ʧʦʣʷʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʘʜʝʢʚʘʪʥʦʩʪ ɹʤʝʪʦʜʘ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʣʷ ʟʥʘʯʝʥʠʡ ACE ʚ ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʡ 

ʦʙʣʘʩʪʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʝʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʫʨʦʚʥʷʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʢʦʥʪʨʘʩʪʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʣʦʱʘʜʝʡ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʣʷ ACE ʧʦ ʠʥʪʝʨʚʘʣʘʤ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ. ʉʥʘʯʘʣʘ ʢʘʞʜʦʤʫ ʚʘʣʠʜʥʦʤʫ ʧʠʢʩʝʣʶ ʧʨʠʩʚʘʠʚʘʣʩʷ 

ʢʣʘʩʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ACE, ʧʦʩʣʝ ʯʝʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʙʠʥʘʨʥʘʷ ʤʘʩʢʘ ʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ 

ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʧʠʢʩʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʧʣʦʱʘʜʠ ʧʠʢʩʝʣʷ.  
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ʈʠʩʫʥʦʢ 3.9 ï ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ACE ʧʦ ʍʠʙʠʥʩʢʦʤʫ ʤʘʩʩʠʚʫ ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ: ʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ACE ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ; ʙ, ʚ) ʫʚʝʣʠʯʝʥʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ
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ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʨʦʠʣʘʩʴ ʧʦ ʧʨʘʚʠʣʫ: 

ὅὼ

ừ
Ừ

ứ
πȟ   ὃὅὉὼ Ὕ          

ρȟ   Ὕ ὃὅὉὼ Ὕ

ςȟ   Ὕ ὃὅὉὼ Ὕ

σȟ   ὃὅὉὼ Ὕ          

ȟ σȢχ

ʛʜʝ ὅὼ ï ʢʣʘʩʩ ʧʠʢʩʝʣʷ, ʘ ὝȟὝȟὝ ï ʧʦʨʦʛʠ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʟʘʜʘʥʥʳʝ ʢʘʢ: 

Ὕ πȢρπȟὝ πȢςπȟὝ πȢσυȢ 

ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʪʘʙʣʠʮʘ ʧʣʦʱʘʜʝʡ ʢʣʘʩʩʦʚ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʧʦ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʧʣʦʱʘʜʝʡ ʠ ʠʭ 

ʜʦʣʝʡ ʚ ʦʙʱʝʡ ʚʘʣʠʜʥʦʡ ʧʣʦʱʘʜʠ (ʨʠʩʫʥʢʠ 3.10, 3.11). ʇʘʨʘʣʣʝʣʴʥʦ ʙʳʣʘ 

ʩʦʩʪʘʚʣʝʥʘ ʦʙʘɦ ̫ ʪʘʙʣʠʮʘ ʩʪʘʪʠʩʪʠʢ ACE, ʠʟ ʢʦʪʦʨʦʡ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ 

ʢʣʶʯʝʚʳʝ ʦʧʠʩʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʤʠʥʠʤʫʤ, 

ʧʨʦʮʝʥʪʠʣʴʥʳʝ ʫʨʦʚʥʠ, ʤʝʜʠʘʥʫ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʤʘʢʩʠʤʫʤ (ʨʠʩʫʥʦʢ 

3.12). 

 

ʈʠʩʫʥʦʢ 3.10 ï ʇʣʦʱʘʜʠ ʢʣʘʩʩʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ACE ʪʝʨʨʠʪʦʨʠʠ 

ʍʠʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 
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ʈʠʩʫʥʦʢ 3.11 ï ɼʦʣʠ ʢʣʘʩʩʦʚ ʦʪ ʩʫʤʤʘʨʥʦʡ ʚʘʣʠʜʥʦʡ ʧʣʦʱʘʜʠ 

 

ʈʠʩʫʥʦʢ 3.12 ï ʇʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ACE 

ʇʣʦʱʘʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʬʦʥʦʚʦʤʫ ʢʣʘʩʩʫ. ɽʛʦ 

ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 1206.18 ʢʤĮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ 70.8% ʚʘʣʠʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʥʝ 

ʬʦʨʤʠʨʫʝʪ ʩʧʣʦʰʥʦʛʦ ʧʦʣʷ ʧʦʚʳʰʝʥʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 
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ʧʝʨʝʦʮʝʥʢʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ʅʘʧʨʦʪʠʚ, ʬʦʥʦʚʳʡ 

ʢʣʘʩʩ ʩʦʭʨʘʥʷʝʪ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʫʯʘʩʪʢʠ ʧʦʚʳʰʝʥʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʣʦʢʘʣʠʟʫʶʪʩʷ ʣʠʰʴ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʯʘʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʠʢʝ ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʝʨʚʠʯʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ. ʉʣʘʙʳʡ ʢʦʥʪʨʘʩʪ ʦʭʚʘʪʳʚʘʝʪ 277.94 ʢʤĮ, 

ʠʣʠ 16.3% ʚʘʣʠʜʥʦʡ ʧʣʦʱʘʜʠ, ʫʤʝʨʝʥʥʳʡ ï 161.70 ʢʤĮ, ʠʣʠ 9.5%, ʚʳʩʦʢʠʡ ï 

73.48 ʢʤĮ, ʠʣʠ 4.3%. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʤʤʘʨʥʘʷ ʜʦʣʷ ʫʤʝʨʝʥʥʦʛʦ ʠ ʚʳʩʦʢʦʛʦ 

ʢʦʥʪʨʘʩʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 13.8%, ʪʦ ʝʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 

ʫʯʘʩʪʢʠ ʟʘʥʠʤʘʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʠ ʥʝ ʧʦʜʤʝʥʷʶʪ ʩʦʙʦʡ 

ʦʙʱʠʡ ʬʦʥ ʩʮʝʥʳ. 

ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʟʦʥʳ ʩʣʘʙʦʛʦ ʢʦʥʪʨʘʩʪʘ ʦʙʨʘʟʫʶʪ ʧʝʨʝʭʦʜʥʫʶ 

ʦʙʣʘʩʪʴ ʤʝʞʜʫ ʬʦʥʦʤ ʠ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʠ, ʚʝʨʦʷʪʥʦ, 

ʬʠʢʩʠʨʫʶʪ ʫʯʘʩʪʢʠ, ʛʜʝ ʩʧʝʢʪʨʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʩ ʵʪʘʣʦʥʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʠʩʫʪʩʪʚʫʝʪ, ʥʦ ʝʱʝ ʥʝ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʜʣʷ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʥʝʩʝʥʠʷ. ʅʘʧʨʦʪʠʚ, ʫʤʝʨʝʥʥʳʡ ʠ ʦʩʦʙʝʥʥʦ 

ʚʳʩʦʢʠʡ ʢʦʥʪʨʘʩʪ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʫʟʢʠʡ ʩʧʝʢʪʨ 

ʚʳʜʝʣʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʦʡ ʮʝʥʥʦʩʪʴʶ. ʆʜʥʘʢʦ 

ʜʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʝʪ ʥʝ ʦ ʛʦʪʦʚʦʤ ʚʳʜʝʣʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʥʘʨʫʰʝʥʠʡ, ʘ ʣʠʰʴ ʦ ʣʦʢʘʣʠʟʘʮʠʠ ʫʯʘʩʪʢʦʚ, ʟʘʩʣʫʞʠʚʘʶʱʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʪʝʢʩʪʫʨʥʳʤʠ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ. 

ʇʨʦʬʠʣʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ACE ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʚʳʷʚʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʚʳʰʝʥʥʦʛʦ 

ʢʦʥʪʨʘʩʪʘ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦ ʥʫʣʶ, 5-ʡ ʧʨʦʮʝʥʪʠʣʴ 

ʩʦʩʪʘʚʣʷʝʪ 0.00129, 25-ʡ ʧʨʦʮʝʥʪʠʣʴ ï 0.00969, ʤʝʜʠʘʥʘ ï 0.04100, ʩʨʝʜʥʝʝ ï 

0.08734, 75-ʡ ʧʨʦʮʝʥʪʠʣʴ ï 0.12303, 95-ʡ ʧʨʦʮʝʥʪʠʣʴ ï 0.33006, ʪʦʛʜʘ ʢʘʢ 

ʤʘʢʩʠʤʫʤ ʜʦʩʪʠʛʘʝʪ 0.93286. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʜʠʘʥʳ ʠ ʩʨʝʜʥʝʛʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʳʨʘʞʝʥʥʫʶ ʘʩʠʤʤʝʪʨʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘʤʝʪʥʦ 

ʧʨʝʚʳʰʘʝʪ ʤʝʜʠʘʥʫ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʚʣʠʷʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʥʘ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʚʳʙʦʨʢʠ. ɽʱʝ ʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʦ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 75-ʤ ʠ 95-ʤ ʧʨʦʮʝʥʪʠʣʷʤʠ: ʝʩʣʠ ʚʝʨʭʥʷʷ ʢʚʘʨʪʠʣʴ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʫʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʪʦ ʚʝʨʭʥʠʝ 5% 

ʥʘʙʣʶʜʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʟʢʠʡ ʨʦʩʪ ʧʦʢʘʟʘʪʝʣʷ. ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʣʠʯʠʶ ʧʨʘʚʦʛʦ ʭʚʦʩʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʩʠʪʫʘʮʠʠ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʠʢʩʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤ ʬʦʥʦʚʳʤ ʫʨʦʚʥʝʤ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ, ʘ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʅʘʣʠʯʠʝ ʧʨʘʚʦʛʦ ʭʚʦʩʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦʣʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʨʦʜʥʳʤ ʠ ʯʪʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʥʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ 

ʩʮʝʥʝ, ʘ ʬʦʨʤʠʨʫʶʪ ʠʟʙʠʨʘʪʝʣʴʥʳʝ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʢʦʥʪʨʘʩʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚʳʜʝʣʝʥʠʷ ʢʘʢ 

ʛʝʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʫʯʘʩʪʢʠ.  

ʉʦʚʦʢʫʧʥʳʡ ʘʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ACE 

ʜʣʷ ʍʠʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʙʣʘʜʘʶʪ ʚʥʫʪʨʝʥʥʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠ ʧʣʦʱʘʜʥʦʡ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʢʦʨʨʝʢʪʥʳʡ ʚʳʭʦʜ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ. ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʬʦʥʦʚʦʛʦ 

ʢʣʘʩʩʘ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʣʝ ʫʤʝʨʝʥʥʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʘ ʪʘʢʞʝ 

ʚʳʨʘʞʝʥʥʘʷ ʧʨʘʚʦʩʪʦʨʦʥʥʷʷ ʘʩʠʤʤʝʪʨʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʫʯʘʩʪʢʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʠʤʝʶʪ ʣʦʢʘʣʴʥʳʡ, ʘ ʥʝ ʧʦʚʩʝʤʝʩʪʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ 

ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʫʯʘʩʪʢʦʚ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ ʚ ʨʘʤʢʘʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ, ʘ ʥʝ ʧʦʜʤʝʥʷʝʪ ʩʦʙʦʡ 

ʠʪʦʛʦʚʦʝ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ. 

ɺ ʪʘʙʣʠʮʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʚʳʧʦʣʥʝʥʥʦʤʫ 

ʨʘʩʯʝʪʫ ACE. 

ʊʘʙʣʠʮʘ 3.2 ï ʉʚʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʯʝʪʘ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʇʣʦʱʘʜʴ ROI, ʢʤ2 1816.727 

ɼʦʣʷ ʚʘʣʠʜʥʳʭ ʧʠʢʩʝʣʝʡ, % 94.649 

ʌʦʥ, ʢʤ2 1206.176 
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ʉʣʘʙʳʡ ʢʦʥʪʨʘʩʪ, ʢʤ2 277.937 

ʋʤʝʨʝʥʥʳʡ ʢʦʥʪʨʘʩʪ, ʢʤ2 161.702 

ɺʳʩʦʢʠʡ ʢʦʥʪʨʘʩʪ, ʢʤ2 73.475 

ʋʤʝʨʝʥʥʳʡ + ʚʳʩʦʢʠʡ ʢʦʥʪʨʘʩʪ, ʢʤ2 235.177 

ʌʦʥ, % 70.155 

ʉʣʘʙʳʡ ʢʦʥʪʨʘʩʪ, % 16.166 

ʋʤʝʨʝʥʥʳʡ ʢʦʥʪʨʘʩʪ, % 9.405 

ɺʳʩʦʢʠʡ ʢʦʥʪʨʘʩʪ, % 4.274 

ʋʤʝʨʝʥʥʳʡ + ʚʳʩʦʢʠʡ ʢʦʥʪʨʘʩʪ, % 13.679 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʦʜʫʣʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ACE, ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ ʷʚʣʷʝʪʩʷ ʥʝ ʠʪʦʛʦʚʘʷ ʢʘʨʪʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ï ʩʣʦʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʥʪʨʘʩʪʦʚ, ʠʣʠ 

ʩʣʦʡ ʟʦʥ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ. ɺ ʣʦʛʠʢʝ ʘʣʛʦʨʠʪʤʘ ʵʪʦʪ ʩʣʦʡ ʬʠʢʩʠʨʫʝʪ 

ʫʯʘʩʪʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ACE ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʥʫʶ 

ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʵʪʘʣʦʥʥʳʤ ʩʧʝʢʪʨʦʤ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʢ ʢʘʥʘʣʘʤ Sentinel-

2. ʊʝʤ ʩʘʤʳʤ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʫ ʣʦʢʘʣʠʟʘʮʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʫʯʘʩʪʢʦʚ, ʥʦ ʥʝ ʟʘʜʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʠʭ ʧʨʠʨʦʜʳ [Karimzadeh, 2022; Kokaly et al., 2017; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 

ʉʘʤ ʧʦ ʩʝʙʝ ʩʣʦʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʥʪʨʘʩʪʦʚ ʥʝ ʦʧʠʩʳʚʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ 

ʦʪʣʠʯʠʪʴ ʫʯʘʩʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʥʘʨʫʰʝʥʥʦʩʪʴʶ, ʦʪ ʟʦʥ, ʛʜʝ 

ʩʭʦʜʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʪʢʣʠʢ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ ʦʥ ʠʟʥʘʯʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʦʩʥʦʚʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʪʝʢʩʪʫʨʥʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ. ʊʦʣʴʢʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʘʥʥʳʤʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʥʪʨʘʩʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʧʝʨʝʚʝʜʝʥʳ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʧʝʨʚʠʯʥʦʛʦ ʚʳʷʚʣʝʥʠʷ 

ʟʦʥ ʠʥʪʝʨʝʩʘ, ʥʦ ʥʝ ʠʩʯʝʨʧʳʚʘʝʪ ʟʘʜʘʯʫ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʯʪʦ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʜʦʧʦʣʥʝʥʠʷ 

ʪʝʢʩʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʜʘʣʝʝ [Karimzadeh, 2022; Asadzadeh 

et al., 2024; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 
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3.3 ʊʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ (ʤʘʪʨʠʮʘ 

ʩʦʚʤʝʩʪʥʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʫʨʦʚʥʝʡ ʩʝʨʦʛʦ) 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ɼɿɿ 

ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʥʘʨʠʟʘʮʠʠ, ʩʢʝʣʝʪʠʟʘʮʠʠ, 

ʜʝʪʝʢʪʦʨʘ ʛʨʘʥʠʮ ʂʘʥʥʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʍʘʬʘ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʚʳʜʝʣʷʪʴ ʣʠʥʝʡʥʳʝ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʪʝʢʩʪʫʨʳ ʠʟʦʙʨʘʞʝʥʠʷ ï

ʣʠʥʝʘʤʝʥʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʣʠʥʝʡʥʳʝ ʧʨʠʟʥʘʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʣʴʝʬʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʘʟʣʦʤʥʳʭ ʟʦʥ. ʇʨʠ 

ʵʪʦʤ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʧʨʠʟʥʘʢʠ ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ɺ ʣʦʛʠʢʝ ʧʦʣʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʴ ʚʢʣʶʯʝʥ ʢʘʢ ʚʪʦʨʦʡ 

ʦʙʷʟʘʪʝʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʡ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ɽʩʣʠ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʥʘ ʚʳʷʚʣʝʥʠʝ ʫʯʘʩʪʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʭʦʜʩʪʚʦʤ ʩ ʵʪʘʣʦʥʥʳʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʠ ʧʦʪʦʤʫ ʯʫʚʩʪʚʠʪʝʣʝʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʢ ʤʠʥʝʨʘʣʦʛʦ-

ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʣʠʯʠʷʤ ʠ ʧʨʠʟʥʘʢʘʤ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʦʥ ʥʝ 

ʦʧʠʩʳʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʥʝ ʬʠʢʩʠʨʫʝʪ 

ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʨʢʦʩʪʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʠʭ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʩʪʝʧʝʥʴ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ. ʄʝʞʜʫ ʪʝʤ ʵʪʠ ʩʚʦʡʩʪʚʘ ʟʘʯʘʩʪʫʶ 

ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʨʘʟʣʦʤʳ, ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʠ ʙʣʦʢʦʚʳʝ ʛʨʘʥʠʮʳ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʢʘʢ ʫʯʘʩʪʢʠ ʠʟʤʝʥʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʠ ʢʘʢ ʦʙʣʘʩʪʠ ʥʘʨʫʰʝʥʥʦʡ, 

ʣʠʥʝʡʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʣʠʙʦ ʤʦʟʘʠʯʥʦʡ ʪʝʢʩʪʫʨʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ GLCM-ʘʥʘʣʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʠʣʣʶʩʪʨʘʪʠʚʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʘ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʤʦʜʫʣʴ, ʧʝʨʝʚʦʜʷʱʠʡ 

ʦʧʠʩʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ [Haralick et al., 

1973; Lu et al., 2024; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 
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ɺ ʘʨʢʪʠʯʝʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʣʘʥʜʰʘʬʪʘ ʯʘʩʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʥʝʧʨʝʨʳʚʥʳʤʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʣʠʥʠʷʤʠ, ʘ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʯʘʩʪʥʳʭ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ: ʠʟʤʝʥʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʯʣʝʥʝʥʠʷ ʨʝʣʴʝʬʘ, ʯʝʨʝʜʦʚʘʥʠʝʤ ʙʦʣʝʝ ʠ ʤʝʥʝʝ ʦʜʥʦʨʦʜʥʳʭ ʫʯʘʩʪʢʦʚ, 

ʥʘʣʠʯʠʝʤ ʣʠʥʝʡʥʳʭ ʟʦʥ ʥʘʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʟʘʠʯʥʦʩʪʴʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʠʩʫʥʢʘ. ʇʦʵʪʦʤʫ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʤʘʪʨʠʮʳ ʩʦʚʤʝʩʪʥʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʫʨʦʚʥʝʡ ʩʝʨʦʛʦ (GLCM) ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʝ ʚʳʷʚʣʷʝʤʳʭ ʧʨʠ 

ʦʜʥʦʤ ʣʠʰʴ ʩʧʝʢʪʨʘʣʴʥʦʤ ʘʥʘʣʠʟʝ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʦʛʣʘʩʫʝʪʩʷ ʢʘʢ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʝʢʩʪʫʨʳ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʈʦʙʝʨʪʦʤ ʍʘʨʘʣʠʢʦʤ 

(ʪʝʢʩʪʫʨʘ ʢʘʢ ʩʠʩʪʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ 

ʩʝʨʦʛʦ), ʪʘʢ ʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʨʘʙʦʪʘʤʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

GLCM ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʧʨʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [Haralick et al., 1973; Singh et al., 2019; Lu et al., 2024; 

ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 

GLCM ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʤʝʨʥʫʶ ʛʠʩʪʦʛʨʘʤʤʫ, ʚ ʢʦʪʦʨʦʡ 

ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ, ʩʢʦʣʴʢʦ ʨʘʟ ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʧʘʨʳ ʷʨʢʦʩʪʝʡ ʥʘ 

ʟʘʜʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʠ ʧʦʜ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ [Lu et al., 2024; Singh et al., 

2019]. ʇʦ ʤʘʪʨʠʮʝ ʩʦʚʤʝʩʪʥʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘʙʦʨ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ), 

ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʥʦʚ. ʂ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʤʳʤ ʦʪʥʦʩʷʪʩʷ: 

ʢʦʥʪʨʘʩʪ (contrast), ʜʠʩʩʠʤʠʣʷʨʥʦʩʪʴ (dissimilarity), ʦʜʥʦʨʦʜʥʦʩʪʴ 

(homogeneity, ʦʥʘ ʞʝ ʦʙʨʘʪʥʳʡ ʤʦʤʝʥʪ ʨʘʟʥʦʩʪʠ), ʵʥʝʨʛʠʷ ʠʣʠ ASM (Angular 

Second Moment ï ʫʛʣʦʚʦʡ ʚʪʦʨʦʡ ʤʦʤʝʥʪ), ʵʥʪʨʦʧʠʷ (entropy) ʠ ʢʦʨʨʝʣʷʮʠʷ 

(correlation). 

ɼʣʷ ʦʧʨʦʙʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʪʝʨʨʠʪʦʨʠʠ 

ʇʘʚʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʦʩʪʨʦʚʘ ʖʞʥʳʡ ʘʨʭʠʧʝʣʘʛʘ ʅʦʚʘʷ ɿʝʤʣʷ (ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ) ʙʳʣʠ 

ʚʳʯʠʩʣʝʥʳ ʪʝʢʩʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ [ʂʘʤʘʝʚ ʠ ʜʨ., 2025].  
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ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʘʪʠʬʦʨʤʥʦʝ ʢʘʨʙʦʥʘʪʥʦʝ 

ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ ʨʘʥʥʝʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʚ 

ʪʦʣʱʘʭ ʜʦʣʦʤʠʪʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ [ɻʘʣʷʤʦʚ ʠ ʜʨ., 2016]. ɻʝʦʣʦʛʠʯʝʩʢʠ 

ʇʘʚʣʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʛʣʫʙʦʢʠʤ ʟʘʣʝʛʘʥʠʝʤ ʨʫʜʥʳʭ 

ʪʝʣ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʦʪʢʨʳʪʫʶ ʜʦʙʳʯʫ ʢʘʨʴʝʨʥʳʤ ʩʧʦʩʦʙʦʤ. ʈʫʜʥʳʝ ʪʝʣʘ 

ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʝ ʩʪʨʦʝʥʠʝ ʠ ʭʦʨʦʰʫʶ ʦʙʦʛʘʪʠʤʦʩʪʴ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʟʜʝʣʝʥʦ ʥʘ ʪʨʠ ʙʣʦʢʘ: ɿʘʧʘʜʥʳʡ, ʎʝʥʪʨʘʣʴʥʳʡ ʠ ɺʦʩʪʦʯʥʳʡ 

[ɹʦʨʪʥʠʢʦʚ ʠ ʜʨ., 2015]. ʆʩʥʦʚʥʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ï ʩʚʠʥʝʮ, ʮʠʥʢ ʠ 

ʩʝʨʝʙʨʦ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2017 ʛʦʜ ʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 2 ʤʣʥ 

ʪʦʥʥ ʮʠʥʢʘ, 465 ʪʳʩ. ʪʦʥʥ ʩʚʠʥʮʘ ʠ 670 ʪʦʥʥ ʩʝʨʝʙʨʘ, ʘ ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ 

ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʩʫʤʤʘʨʥʦ ʜʦʩʪʠʛʘʶʪ 19 ʤʣʥ ʪʦʥʥ [ɹʦʨʪʥʠʢʦʚ ʠ ʜʨ., 2015]. 

ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʬʦʨʤʳ GEE. ʀʟ 

ʘʨʭʠʚʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ Sentinel-2 ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʢʘʜʨʳ, ʦʭʚʘʪʳʚʘʶʱʠʝ 

ʦʙʣʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘ ʣʝʪʥʠʝ ʤʝʩʷʮʳ (ʠʶʣʴ-ʘʚʛʫʩʪ) ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʟ 

ʦʯʠʱʝʥʥʳʭ ʧʠʢʩʝʣʝʡ ʙʳʣ ʩʦʟʜʘʥ ʝʜʠʥʳʡ ʙʝʟʦʙʣʘʯʥʳʡ ʤʝʜʠʘʥʥʳʡ ʢʦʤʧʦʟʠʪ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʨʝʜʥʝʥʥʳʡ ʚʠʜ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʨʠʩʫʥʦʢ 3.13).  

ʕʪʦʪ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʮʚʝʪʥʦʡ ʢʦʤʧʦʟʠʪ ʙʳʣ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ 

ʦʜʥʦʢʘʥʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʦʪʪʝʥʢʘʭ ʩʝʨʦʛʦ ʧʫʪʝʤ ʚʳʙʦʨʘ ʦʜʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ (ʢʨʘʩʥʦʛʦ 'B4') ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʡ ʚ 

ʩʪʘʥʜʘʨʪʥʳʡ 8-ʙʠʪʥʳʡ ʜʠʘʧʘʟʦʥ (0ï255). 
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ʈʠʩʫʥʦʢ 3.13 ï ʉʧʫʪʥʠʢʦʚʳʡ ʦʙʨʘʟ ʪʝʨʨʠʪʦʨʠʠ ʇʘʚʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

a ï ʮʚʝʪʦʚʦʡ ʩʠʥʪʝʟ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʮʚʝʪʘʭ (RED-GREEN-BLUE); b ï 

ʮʚʝʪʦʚʦʡ ʩʠʥʪʝʟ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʮʚʝʪʘ (SWIR-NIR-RED) 

ʂʘʥʘʣ B4 (ʢʨʘʩʥʳʡ ʚʠʜʠʤʳʡ ʜʠʘʧʘʟʦʥ) ʙʳʣ ʚʳʙʨʘʥ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʫʨʳ ʦʪʢʨʳʪʦʛʦ 

ʛʨʫʥʪʘ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʠʡ ʢʦʥʪʨʘʩʪ ʤʝʞʜʫ 

ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʦʨʦʜ ʠ ʧʦʯʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʘʣʛʦʨʠʪʤʘ GLCM, 

ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʩʦʟʜʘʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʢʘʢ ʵʪʦ ʤʦʛ ʙʳ ʩʜʝʣʘʪʴ 
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ʠʥʬʨʘʢʨʘʩʥʳʡ ʢʘʥʘʣ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚʦʜʳ ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʩʠʥʝʛʦ ʢʘʥʘʣʘ, ʢʨʘʩʥʳʡ ʤʝʥʴʰʝ ʩʪʨʘʜʘʝʪ ʦʪ ʘʪʤʦʩʬʝʨʥʦʡ ʜʳʤʢʠ, ʘ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʟʝʣʝʥʦʛʦ ï ʩʣʘʙʝʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʤʭʠ ʠ ʣʠʰʘʡʥʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ 

ʠʩʢʘʟʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʪʝʢʩʪʫʨʫ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʙʳʣʘ 

ʧʨʠʤʝʥʝʥʘ ʬʫʥʢʮʠʷ glcmTexture, ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʝʪ 18 ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ: 

ASM, CONTRAST, CORR, VAR, IDM, SAVG, SVAR, SENT, ENT, DVAR, 

DENT, IMCORR1, IMCORR2, MAXCORR, DISS, INERTIA, SHADE, PROM. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʙʳʣʦ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪ ɹ ʧʦʣʥʳʡ ʥʘʙʦʨ ʠʟ 18 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ GLCM-ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʢ ʪʘʢʦʚʦʡ, ʘ ʚʳʜʝʣʠʪʴ 

ʪʝ ʧʨʠʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴʶ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʦʪʙʦʨ ʚʳʧʦʣʥʷʣʩʷ ʥʝ ʧʦ ʬʦʨʤʘʣʴʥʦʤʫ ʢʨʠʪʝʨʠʶ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠʣʠ ʯʠʩʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʢʦʤʧʘʢʪʥʦʩʪʠ, ʘ ʧʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʟʥʘʢʘ ʦʪʨʘʞʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʩʪʦʨʦʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʘʟʣʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ɺ ʪʘʙʣʠʮʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʦʙʨʘʥʥʳʭ 

ʧʨʠʟʥʘʢʦʚ. ʂʦʥʪʨʘʩʪ ʠ ʜʠʩʩʠʤʠʣʷʨʥʦʩʪʴ ʦʪʨʘʞʘʶʪ ʚʳʨʘʞʝʥʥʦʩʪʴ ʣʦʢʘʣʴʥʳʭ 

ʧʝʨʝʧʘʜʦʚ ʷʨʢʦʩʪʠ ʠ ʧʦʪʦʤʫ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʣʠʥʝʡʥʳʤ 

ʥʘʨʫʰʝʥʠʷʤ, ʟʦʥʘʤ ʜʨʦʙʣʝʥʠʷ ʠ ʨʝʟʢʠʤ ʪʝʢʩʪʫʨʥʳʤ ʧʝʨʝʭʦʜʘʤ. 

ʆʜʥʦʨʦʜʥʦʩʪʴ ʠ ʵʥʝʨʛʠʷ, ʥʘʧʨʦʪʠʚ, ʬʠʢʩʠʨʫʶʪ ʩʪʝʧʝʥʴ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʠ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʢʩʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʫʯʘʩʪʢʠ, ʛʜʝ ʩʪʨʫʢʪʫʨʥʘʷ 

ʥʘʨʫʰʝʥʥʦʩʪʴ ʦʩʣʘʙʣʝʥʘ ʣʠʙʦ, ʥʘʦʙʦʨʦʪ, ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʨʝʛʫʣʷʨʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʠʩʫʥʢʘ. ʕʥʪʨʦʧʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʨʦʚʝʥʴ ʭʘʦʪʠʯʥʦʩʪʠ ʠ 

ʩʣʦʞʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʥʦʚ ʠ ʧʦʪʦʤʫ ʦʩʦʙʝʥʥʦ ʠʥʬʦʨʤʘʪʠʚʥʘ ʜʣʷ ʟʦʥ ʩ 

ʤʦʟʘʠʯʥʳʤ, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤ ʩʪʨʦʝʥʠʝʤ. ɼʠʩʧʝʨʩʠʷ ʦʧʠʩʳʚʘʝʪ ʘʤʧʣʠʪʫʜʫ 

ʚʘʨʠʘʮʠʡ ʷʨʢʦʩʪʠ ʠ ʫʩʠʣʠʚʘʝʪ ʫʯʘʩʪʢʠ ʪʝʢʩʪʫʨʥʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ, ʘ 

ʢʦʨʨʝʣʷʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʩʦʩʝʜʥʠʭ ʧʠʢʩʝʣʝʡ ʠ ʪʝʤ ʩʘʤʳʤ ʫʣʘʚʣʠʚʘʪʴ ʵʣʝʤʝʥʪʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ 

ʨʝʛʫʣʷʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʉʦʚʦʢʫʧʥʦ ʵʪʠ ʧʨʠʟʥʘʢʠ ʦʭʚʘʪʳʚʘʶʪ ʨʘʟʥʳʝ 

ʩʪʦʨʦʥʳ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʧʦʵʪʦʤʫ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ 
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ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʜʦʩʪʘʪʦʯʥʳʡ ʥʘʙʦʨ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ ʢ ʢʦʤʧʘʢʪʥʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʪʝʢʩʪʫʨʥʦʛʦ ʧʦʣʷ [Haralick et al., 1973; Singh et al., 2019; Lu et 

al., 2024; ʂʘʤʘʝʚ ʠ ʜʨ., 2025].  

ʊʘʙʣʠʮʘ 3.3 ï ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʇʨʠʟʥʘʢ GLCM ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʂʦʥʪʨʘʩʪ 

(CONTRAST) 

ʄʝʨʘ ʣʦʢʘʣʴʥʳʭ ʧʝʨʝʧʘʜʦʚ ʷʨʢʦʩʪʠ: ʧʨʠʥʠʤʘʝʪ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʨʝʟʢʠʭ ʛʨʘʥʠʮ, 

ʢʦʥʪʫʨʦʚ ʠ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. 

ʍʘʨʘʢʪʝʨʠʟʫʝʪ ʚʳʨʘʞʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʣʠʥʠʡ 

(ʨʘʟʣʦʤʦʚ, ʪʨʝʱʠʥ): ʯʝʤ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʘ 

ʪʝʢʩʪʫʨʘ, ʪʝʤ ʦʪʯʝʪʣʠʚʝʝ ʩʪʨʫʢʪʫʨʥʳʡ ʵʣʝʤʝʥʪ ʥʘ 

ʩʥʠʤʢʝ. 

ʆʜʥʦʨʦʜʥʦʩʪʴ 

(IDM, Inverse 

Difference Moment) 

ʆʙʨʘʪʥʘ ʢʦʥʪʨʘʩʪʫ: ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʘ 

ʦʙʣʘʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʤʝʥʴʰʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʧʠʢʩʝʣʷʤʠ. ɺʳʩʦʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨʘʚʥʦʤʝʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

(ʥʘʧʨʠʤʝʨ, ʩʧʣʦʰʥʳʭ ʧʝʩʯʘʥʠʢʦʚʳʭ ʧʣʦʱʘʜʝʡ), 

ʥʠʟʢʘʷ ï ʜʣʷ ʧʝʨʝʩʝʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʣʠʥʠʷʤʠ 

ʪʝʨʨʠʪʦʨʠʡ. 

ʕʥʪʨʦʧʠʷ (ENT, 

Entropy) 

ʄʝʨʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (ʭʘʦʪʠʯʥʦʩʪʠ) ʪʝʢʩʪʫʨʳ: 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʦʞʥʳʤ, 

ʥʝʦʜʥʦʨʦʜʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʩ ʙʦʣʴʰʠʤ 

ʨʘʟʙʨʦʩʦʤ ʩʝʨʳʭ ʫʨʦʚʥʝʡ. ɺʳʩʦʢʘʷ ʵʥʪʨʦʧʠʷ 

ʦʪʤʝʯʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʥʘ ʤʦʟʘʠʯʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, 

ʨʘʟʣʦʤʘʥʥʳʭ ʟʦʥʘʭ, ʛʜʝ ʯʝʨʝʜʫʶʪʩʷ ʨʘʟʥʳʝ 

ʧʦʨʦʜʳ. 
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ʕʥʝʨʛʠʷ (ASM, 

Angular Second 

Moment) 

ʄʝʨʘ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʪʝʢʩʪʫʨʳ (ʢʚʘʜʨʘʪ ʩʫʤʤʳ 

ʚʝʨʦʷʪʥʦʩʪʝʡ): ʚʳʩʦʢʘ ʜʣʷ ʨʝʛʫʣʷʨʥʳʭ, 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʪʝʢʩʪʫʨ, ʥʠʟʢʘ ʜʣʷ ʩʣʫʯʘʡʥʳʭ. 

ɺʳʩʦʢʘʷ ʵʥʝʨʛʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʦʜʥʦʨʦʜʥʳʭ 

ʦʙʲʝʢʪʘʭ (ʥʘʧʨʠʤʝʨ, ʙʘʟʘʣʴʪʦʚʦʝ ʧʣʘʪʦ ʙʝʟ 

ʪʨʝʱʠʥ), ʥʠʟʢʘʷ ï ʪʘʤ, ʛʜʝ ʪʝʢʩʪʫʨʘ ʨʘʟʥʦʨʦʜʥʘ 

(ʦʙʣʘʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʨʦʙʣʝʥʠʷ). 

ɼʠʩʧʝʨʩʠʷ (VAR, 

Variance) 

ʆʪʨʘʞʘʝʪ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʨʝʜʥʝʛʦ; ʧʦ ʩʤʳʩʣʫ ʙʣʠʟʢʘ ʢ ʢʦʥʪʨʘʩʪʫ. ɺʳʩʦʢʘʷ 

ʜʠʩʧʝʨʩʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʷʨʢʠʭ ʠ 

ʪʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʚʳʰʝʥʥʫʶ ʪʝʢʩʪʫʨʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʩʯʣʝʥʝʥʥʦʛʦ 

ʨʝʣʴʝʬʘ (ʷʨʢʦ ʦʩʚʝʱʝʥʥʳʝ ʩʢʣʦʥʳ ʠ ʪʝʥʠ) 

ʜʠʩʧʝʨʩʠʷ ʚʝʣʠʢʘ. 

ɼʠʩʩʠʤʠʣʷʨʥʦʩʪʴ 

(DISS, Dissimilarity) 

ʇʦʭʦʞʘ ʥʘ ʢʦʥʪʨʘʩʪ, ʫʯʠʪʳʚʘʝʪ ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ 

ʷʨʢʦʩʪʝʡ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʟʥʘʯʘʶʪ, ʯʪʦ 

ʩʦʩʝʜʥʠʝ ʧʠʢʩʝʣʳ ʯʘʩʪʦ ʠʤʝʶʪ ʨʘʟʥʳʝ ʫʨʦʚʥʠ 

ʩʝʨʦʛʦ. ʇʦʣʝʟʥʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʣʠʥʝʡʥʳʭ 

ʦʙʲʝʢʪʦʚ: ʟʦʥʳ ʨʘʟʣʦʤʦʚ ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪʩʷ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʪʝʤʥʳʭ ʠ ʩʚʝʪʣʳʭ ʧʠʢʩʝʣʝʡ, 

ʜʘʶʱʠʤ ʚʳʩʦʢʫʶ ʜʠʩʩʠʤʠʣʷʨʥʦʩʪʴ. 

ʂʦʨʨʝʣʷʮʠʷ (CORR, 

Correlation) 

ʍʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʷʨʢʦʩʪʠ ʩʦʩʝʜʥʠʭ ʧʠʢʩʝʣʝʡ. 

ʇʨʠ ʨʝʛʫʣʷʨʥʳʭ ʪʝʢʩʪʫʨʘʭ (ʥʘʧʨʠʤʝʨ, ʯʝʨʝʜʦʚʘʥʠʝ 

ʧʦʣʦʩ ʠʣʠ ʩʣʦʝʚ) ʢʦʨʨʝʣʷʮʠʷ ʚʳʩʦʢʘʷ, ʧʨʠ 

ʩʣʫʯʘʡʥʦʡ ʩʪʨʫʢʪʫʨʝ ï ʥʠʟʢʘʷ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ. 

ɺ ʛʝʦʣʦʛʠʠ ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ 

ʥʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʨʠʩʫʥʦʢ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠʣʠ 

ʩʣʦʠʩʪʦʩʪʠ. 
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ɸʥʘʣʠʟ GLCM-ʧʦʢʘʟʘʪʝʣʝʡ ʇʘʚʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʨʠʩʫʥʦʢ 3.14) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʨʘʞʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʚʥʫʪʨʠ ʠ ʚʥʝ ʢʦʥʪʫʨʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

 

ʈʠʩʫʥʦʢ 3.14 ï ʄʘʪʨʠʮʘ GLCM-ʧʨʠʟʥʘʢʦʚ, ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʢʦʤʧʦʟʠʪʘ 

ʩʧʫʪʥʠʢʦʚʦʛʦ ʩʥʠʤʢʘ Sentinel-2 ʚ ʨʘʡʦʥʝ ʇʘʚʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: a ï 

ʢʦʥʪʨʘʩʪ; b ï ʦʜʥʦʨʦʜʥʦʩʪʴ; c ï ʵʥʪʨʦʧʠʷ; d ï ʵʥʝʨʛʠʷ; e ï ʜʠʩʧʝʨʩʠʷ; f ï 

ʜʠʩʩʠʤʠʣʷʨʥʦʩʪʴ; g ï ʢʦʨʨʝʣʷʮʠʷ. 

ɸʥʘʣʠʟ GLCM-ʧʦʢʘʟʘʪʝʣʝʡ ʇʘʚʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʨʠʩʫʥʦʢ 3.14) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʨʘʞʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʚʥʫʪʨʠ ʠ ʚʥʝ ʢʦʥʪʫʨʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉʭʝʤʘ ʢʦʥʪʨʘʩʪʘ (ʨʠʩʫʥʦʢ 3.14a) 

ʚʳʷʚʣʷʝʪ ʟʦʥʳ ʚʳʩʦʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʷʨʢʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʧʦʣʠʛʦʥʘ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʫʯʘʩʪʢʠ ʩ 
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ʧʦʚʳʰʝʥʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʦʚʧʘʜʘʪʴ ʩ ʟʦʥʘʤʠ 

ʨʘʟʣʦʤʦʚ. ʆʜʥʦʨʦʜʥʦʩʪʴ (ʨʠʩʫʥʦʢ 3.14b) ʧʦʢʘʟʳʚʘʝʪ ʦʙʨʘʪʥʫʶ ʢʘʨʪʠʥʫ ï 

ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʪʝʭ ʞʝ ʟʦʥʘʭ, ʧʦʜʪʚʝʨʞʜʘʷ ʥʘʣʠʯʠʝ 

ʪʝʢʩʪʫʨʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ʕʥʪʨʦʧʠʷ 

(ʨʠʩʫʥʦʢ 3.14c) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠ ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʦʞʥʦʡ, ʭʘʦʪʠʯʥʦʡ ʪʝʢʩʪʫʨʝ 

ʧʦʨʦʜ ʠ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʧʝʨʝʩʝʯʝʥʠʝ ʨʘʟʣʦʤʥʳʭ ʩʠʩʪʝʤ. ʕʥʝʨʛʠʷ (ASM) 

(ʨʠʩʫʥʦʢ 3.14d) ʚ ʮʝʣʦʤ ʥʠʟʢʘʷ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʚʳʛʣʷʜʠʪ ʩʣʘʙʦ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɼʠʩʧʝʨʩʠʷ (ʨʠʩʫʥʦʢ 

3.14e) ʯʝʪʢʦ ʨʘʟʜʝʣʷʝʪ ʦʙʣʘʩʪʠ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʚʘʨʠʘʮʠʠ ʷʨʢʦʩʪʠ; ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʧʦʣʠʛʦʥʘ, ʛʜʝ 

ʚʦʟʤʦʞʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʢʪʦʥʠʢʦʡ. 

ɼʠʩʩʠʤʠʣʷʨʥʦʩʪʴ (ʨʠʩʫʥʦʢ 3.14f) ʠ ʢʦʨʨʝʣʷʮʠʷ (ʨʠʩʫʥʦʢ 3.14g) ʧʦʢʘʟʳʚʘʶʪ 

ʚʳʨʘʞʝʥʥʳʝ ʣʠʥʝʡʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʚʧʘʜʘʶʱʠʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʣʠʥʠʷʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʚʦʩʪʦʯʥʦʤ ʩʝʛʤʝʥʪʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʮʝʣʦʤ, ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʘʟʣʦʤʦʚ ʦʢʘʟʘʣʠʩʴ ʢʘʨʪʳ ʢʦʥʪʨʘʩʪʘ, ʦʜʥʦʨʦʜʥʦʩʪʠ, ʵʥʪʨʦʧʠʠ, ʜʠʩʧʝʨʩʠʠ ʠ 

ʜʠʩʩʠʤʠʣʷʨʥʦʩʪʠ; ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʠʠ ʠ ʯʘʩʪʠʯʥʦ ʢʦʨʨʝʣʷʮʠʠ ʜʘʶʪ ʤʝʥʴʰʠʡ 

ʚʢʣʘʜ ʚ ʩʪʨʫʢʪʫʨʥʦʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʝ ʪʝʨʷʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʦʪʜʝʣʴʥʳʭ 

ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʘʭ, ʚʩʝ ʨʘʩʩʯʠʪʘʥʥʳʝ GLCM-ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ 

ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʇʦʣʫʯʝʥʥʳʝ ʧʝʨʚʳʝ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʮʚʝʪʦʚʦʛʦ ʩʠʥʪʝʟʘ (ʨʠʩʫʥʦʢ 3.15), ʛʜʝ ʢʘʞʜʘʷ ʠʟ 

ʢʦʤʧʦʥʝʥʪ (PCA1, PCA2, PCA3) ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʦʡ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʚʘʨʠʘʮʠʶ 

ʪʝʢʩʪʫʨʳ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʠ ʭʦʨʦʰʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʣʠʥʝʡʥʳʝ ʠ ʟʦʥʘʣʴʥʳʝ 

ʢʦʥʪʨʘʩʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʠʪʦʛʝ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʮʚʝʪʦʚʳʭ ʢʦʥʪʨʘʩʪʦʚ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʩʠʩʪʝʤʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʜʚʫʭ 

ʧʦʨʷʜʢʦʚ. ʂʨʫʧʥʳʝ ʨʘʟʣʦʤʳ (ʨʠʩʫʥʦʢ 3.15) ʬʦʨʤʠʨʫʶʪ ʧʨʦʪʷʞʝʥʥʳʝ 

ʣʠʥʝʡʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʝʨʝʩʝʢʘʶʱʠʝ ʢʘʢ ʚʥʫʪʨʝʥʥʶʶ, ʪʘʢ ʠ ʚʥʝʰʥʶʶ ʯʘʩʪʴ 
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ʢʦʥʪʫʨʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʨʘʟʣʦʤʳ ʠʤʝʶʪ ʤʝʥʴʰʫʶ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʥʦ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʥʦʚʥʳʤ 

ʣʠʥʠʷʤ, ʦʙʨʘʟʫʷ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʝʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺʳʜʝʣʝʥʥʳʝ ʣʠʥʠʠ ʙʳʣʠ ʜʝʰʠʬʨʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʪʝʢʩʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʢʦʤʧʦʥʝʥʪʥʦʤ ʘʥʘʣʠʟʝ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʠʜʠʤʦʩʪʠ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. ʃʦʢʘʣʴʥʳʝ ʨʘʟʣʦʤʳ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʢʘʪʝʛʦʨʠʠ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ ʙʳʪʴ ʟʦʥʘʤʠ 

ʚʪʦʨʠʯʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʕʪʠ ʟʦʥʳ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ. 

 

ʈʠʩʫʥʦʢ 3.15 ï ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ GLCM-ʧʨʠʟʥʘʢʦʚ ʠ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʚ ʨʘʡʦʥʝ 

ʇʘʚʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: a ï ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʨʘʟʣʦʤʳ; b ï ʢʨʫʧʥʳʝ 

ʨʘʟʣʦʤʳ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʪʝʢʩʪʫʨʥʦʛʦ ʤʦʜʫʣʷ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ 

ʥʝ ʠʪʦʛʦʚʘʷ ʢʘʨʪʘ ʨʘʟʣʦʤʦʚ, ʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ï ʩʣʦʡ 
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ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ɽʛʦ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʩʤʳʩʣ ʩʦʩʪʦʠʪ 

ʚ ʚʳʜʝʣʝʥʠʠ ʫʯʘʩʪʢʦʚ, ʛʜʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʬʦʥʦʚʦʡ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʠʟʥʘʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʣʠʥʝʡʥʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠʣʠ ʟʦʥʘʣʴʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʠʩʫʥʢʘ. ʀʤʝʥʥʦ ʵʪʦʪ ʩʣʦʡ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʷʚʣʝʥʠʷ ʣʠʥʝʡʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʟʦʥ ʜʨʦʙʣʝʥʠʷ ʠ ʫʯʘʩʪʢʦʚ 

ʧʦʚʳʰʝʥʥʦʡ ʤʦʟʘʠʯʥʦʩʪʠ, ʦʜʥʘʢʦ ʩʘʤ ʧʦ ʩʝʙʝ ʦʥ ʝʱʝ ʥʝ ʨʘʚʝʥ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɺ ʣʦʛʠʢʝ ʘʣʛʦʨʠʪʤʘ ʪʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʴ ʨʝʰʘʝʪ ʟʘʜʘʯʫ 

ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʚʳʨʘʞʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʧʦʜʣʝʞʘʪ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩʦ ʩʣʦʝʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʥʪʨʘʩʪʦʚ ʠ ʩ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ [Haralick et al., 1973; Lu et al., 

2024; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 

3.4 ʇʨʠʥʮʠʧʳ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ 

ʧʨʠʟʥʘʢʦʚ, ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʦʮʝʥʠʚʘʪʝʣʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ACE ʠ 

ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ ʩʦʚʤʝʩʪʥʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʫʨʦʚʥʝʡ 

ʩʝʨʦʛʦ GLCM ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʠ ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʩʦʟʜʘʥʠʝʤ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠʭ 

ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ 

ʪʝʢʩʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʘ ʠ ʥʝ ʢʘʢ ʨʘʟʨʦʟʥʝʥʥʳʝ ʧʨʦʮʝʜʫʨʳ 

ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʘ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʝ ʫʨʦʚʥʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʥʦʩʠʪ ʩʦʙʩʪʚʝʥʥʳʡ ʪʠʧ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʠʪʦʛʦʚʫʶ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ ʤʦʜʝʣʴ [Karimzadeh, 2022; Haralick et al., 1973; 

Lu et al., 2024; Asadzadeh et al., 2024; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 



116 

 

ʉʦʜʝʨʞʘʪʝʣʴʥʳʡ ʩʤʳʩʣ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʪʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʠ ʬʠʢʩʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ, ʥʦ 

ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʧʝʢʪʨʘʣʴʥʳʡ 

ʤʦʜʫʣʴ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʚʳʷʚʣʝʥʠʝ ʫʯʘʩʪʢʦʚ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʪʢʣʠʢ ʢʦʪʦʨʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʙʣʠʞʘʝʪʩʷ ʩ ʵʪʘʣʦʥʥʳʤ ʦʙʨʘʟʦʤ, ʠ ʪʝʤ ʩʘʤʳʤ ʚʳʧʦʣʥʷʝʪ 

ʬʫʥʢʮʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ. ɽʛʦ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʩʣʦʡ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʥʪʨʘʩʪʦʚ, ʦʪʨʘʞʘʶʱʠʡ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʧʠʢʩʝʣʝʡ ʩ 

ʟʘʜʘʥʥʳʤ ʵʪʘʣʦʥʥʳʤ ʩʧʝʢʪʨʦʤ ʥʘ ʬʦʥʝ ʤʥʦʛʦʤʝʨʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩʮʝʥʳ. 

ʊʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʴ, ʥʘʧʨʦʪʠʚ, ʘʥʘʣʠʟʠʨʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʫʯʘʩʪʢʠ ʥʘʨʫʰʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ, 

ʣʠʥʝʡʥʦʡ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ, ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ ʟʦʥʘʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʨʠʩʫʥʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɽʛʦ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʩʣʦʡ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠ ʤʦʨʬʦʣʦʛʦ-

ʩʪʨʫʢʪʫʨʥʫʶ ʚʳʨʘʞʝʥʥʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ ʦʪʚʝʯʘʝʪ ʥʘ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʛʜʝ ʧʨʦʷʚʣʷʶʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʪʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʴ ʦʪʚʝʯʘʝʪ ʥʘ 

ʚʦʧʨʦʩ, ʦʙʣʘʜʘʶʪ ʣʠ ʵʪʠ ʫʯʘʩʪʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʪʠʧʠʯʥʦʡ 

ʜʣʷ ʩʪʨʫʢʪʫʨʥʦ ʥʘʨʫʰʝʥʥʳʭ ʟʦʥ. [Karimzadeh, 2022; Haralick et al., 1973; Lu et 

al., 2024; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 

ʀʟʦʣʠʨʦʚʘʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʘʞʜʦʛʦ ʠʟ ʩʣʦʝʚ ʤʝʪʦʜʠʯʝʩʢʠ 

ʥʝʜʦʩʪʘʪʦʯʥʘ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ACE ʥʝ ʚʩʝʛʜʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʚʳʜʝʣʝʥʥʦʛʦ ʢʦʥʪʨʘʩʪʘ, ʧʦʩʢʦʣʴʢʫ ʩʭʦʜʥʳʡ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʪʢʣʠʢ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʣʦʢʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʫʚʣʘʞʥʝʥʠʷ, ʦʛʦʣʝʥʠʝʤ ʨʳʭʣʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʪʝʭʥʦʛʝʥʥʦ 

ʥʘʨʫʰʝʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʣʠ ʵʬʬʝʢʪʘʤʠ ʦʩʚʝʱʝʥʥʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʳʨʘʞʝʥʥʳʝ ʪʝʢʩʪʫʨʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʟʦʥʘʭ ʨʘʟʣʦʤʥʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ, ʥʦ ʠ ʚ ʧʨʝʜʝʣʘʭ ʵʨʦʟʠʦʥʥʦ ʨʘʩʯʣʝʥʝʥʥʦʛʦ 

ʨʝʣʴʝʬʘ, ʜʨʝʥʘʞʥʳʭ ʬʦʨʤ, ʙʝʨʝʛʦʚʳʭ ʣʠʥʠʡ, ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʣʠʙʦ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝ ʫʯʘʩʪʢʠ, ʛʜʝ 
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ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʪʝʢʩʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʠ 

ʦʙʨʘʟʫʶʪ ʫʩʪʦʡʯʠʚʳʝ ʣʠʥʝʡʥʳʝ ʠʣʠ ʟʦʥʘʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʊʘʢʘʷ 

ʧʦʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʳʜʝʣʝʥʠʡ ʠ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ [Karimzadeh, 2022; Lu et al., 2024]. 

ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʤʝʪʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ. ʅʘ 

ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʠʭ ʤʦʜʫʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʟʘʠʤʥʦʡ 

ʚʠʟʫʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ, ʢʦʛʜʘ ʫʯʘʩʪʢʠ ʧʦʚʳʰʝʥʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʟʦʥʘʤʠ ʚʳʨʘʞʝʥʥʦʡ ʪʝʢʩʪʫʨʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʚʠʯʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʚʝʨʠʬʠʢʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʧʨʠʟʥʘʢʦʚ. ʅʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʪʦʛʦʚʦʛʦ ʨʘʥʞʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʩʪʝʧʝʥʠ 

ʩʦʚʤʝʱʝʥʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʘʥʦʤʘʣʴʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʚʳʨʘʞʝʥʥʦʩʪʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʨʘʟʥʦʪʠʧʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʝʨʝʜ ʠʭ 

ʦʙʲʝʜʠʥʝʥʠʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʠʭ ʧʨʠʚʝʜʝʥʠʝ ʢ ʙʝʟʨʘʟʤʝʨʥʦʡ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ʰʢʘʣʝ. ɼʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ACE ʥʦʨʤʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ὃὅὉ
ὃὅὉὃὅὉ

ὃὅὉ ὃὅὉ
ȟ σȢψ 

ʛʜʝ ὃὅὉ  ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ὃὅὉ ï 

ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʦʮʝʥʠʚʘʪʝʣʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ὃὅὉ  ʠ ὃὅὉ  

ï ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʘ ʚ ʧʨʝʜʝʣʘʭ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʠʣʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʳʙʦʨʢʠ. ʇʦʩʣʝ ʪʘʢʦʡ ʧʨʦʮʝʜʫʨʳ ʟʥʘʯʝʥʠʷ 
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ὃὅὉ  ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʠʭ ʜʘʣʴʥʝʡʰʝʝ 

ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩ ʪʝʢʩʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʥʦʨʤʠʨʫʶʪʩʷ ʠ ʪʝʢʩʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ɽʩʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʪʝʢʩʪʫʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʜʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʪʝʢʩʪʫʨʥʳʡ ʧʨʠʟʥʘʢ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʥʘʙʦʨʫ ʥʝʩʢʦʣʴʢʠʭ GLCM-

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʦ ʚ ʦʙʱʝʤ ʚʠʜʝ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ: 

Ὕ ‍Ὕȟȟ σȢω 

‍ ρȟ 

ʛʜʝ Ὕ  ï ʠʥʪʝʛʨʘʣʴʥʳʡ ʪʝʢʩʪʫʨʥʳʡ ʧʨʠʟʥʘʢ; Ὕȟ ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ‍ ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; ά ï ʯʠʩʣʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʢʩʪʫʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

 ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʨʘʚʥʦʤ ʚʢʣʘʜʝ ʚʩʝʭ ʧʨʠʟʥʘʢʦʚ ʜʘʥʥʘʷ ʬʦʨʤʫʣʘ 

ʧʝʨʝʭʦʜʠʪ ʚ ʧʨʦʩʪʦʝ ʩʨʝʜʥʝʝ: 

Ὕ
ρ

ά
ὝȟȢ σȢρπ 

ɽʩʣʠ ʠʥʪʝʛʨʘʣʴʥʳʡ ʪʝʢʩʪʫʨʥʳʡ ʧʨʠʟʥʘʢ Ὕ  ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ 

ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʩʫʤʤʘ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʪʦ ʦʥ ʩʘʤ ʤʦʞʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʪʝʢʩʪʫʨʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ, ʪʦ ʝʩʪʴ 

Ὕ ȟ Ὕ Ȣ σȢρρ 
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ɽʩʣʠ ʞʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʢʩʪʫʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʩʚʦʜʥʳʡ 

ʠʥʜʝʢʩ, ʘ ʦʪʜʝʣʴʥʳʡ ʠʩʭʦʜʥʳʡ ʪʝʢʩʪʫʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʪʦ ʦʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʠʚʦʜʠʪʩʷ ʢ ʥʦʨʤʠʨʦʚʘʥʥʦʤʫ ʚʠʜʫ: 

Ὕ ȟ

Ὕ Ὕ ȟ  

Ὕ ȟ  Ὕ ȟ  
ȟ σȢρς 

ʛʜʝ Ὕ  ï ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʪʝʢʩʪʫʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ; Ὕ ȟ  ʠ 

Ὕ ȟ   ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʛʦ ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ; Ὕ ȟ ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʢʩʪʫʨʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ.  

ɺ ʨʦʣʠ Ὕ  ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʦʮʝʥʢʠ, ʪʘʢ 

ʠ ʦʪʜʝʣʴʥʳʝ GLCM-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʝʩʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʮʝʥʢʠ ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʠʙʦʣʴʰʫʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʊʦʛʜʘ ʠʥʪʝʛʨʘʣʴʥʳʡ ʩʧʝʢʪʨʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

Ὅ ‌ẗὃὅὉ ρ ‌ẗὝ ȟȟ σȢρσ 

ʛʜʝ Ὅ ï ʠʥʪʝʛʨʘʣʴʥʳʡ ʩʧʝʢʪʨʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ; ὃὅὉ  ï 

ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ; Ὕ ȟ ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʪʝʢʩʪʫʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ; ‌ ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ, ʧʨʠʥʠʤʘʶʱʠʡ ʟʥʘʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 1.  

ʇʨʠ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩʧʝʢʪʨʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʦʪʨʘʞʘʝʪ 

ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʦʥʪʨʘʩʪʦʚ, ʪʦʛʜʘ ʢʘʢ ʪʝʢʩʪʫʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʤʦʨʬʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʚʳʜʝʣʷʝʤʦʛʦ ʫʯʘʩʪʢʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʩʦʢʠʡ ʠʪʦʛʦʚʳʡ 

ʨʘʥʛ ʧʦʣʫʯʘʶʪ ʣʠʰʴ ʪʝ ʫʯʘʩʪʢʠ, ʛʜʝ ʩʧʝʢʪʨʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʩ ʵʪʘʣʦʥʦʤ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʦʡ ʪʝʢʩʪʫʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʪʠʧʠʯʥʦʡ ʜʣʷ 



120 

 

ʩʪʨʫʢʪʫʨʥʦ ʥʘʨʫʰʝʥʥʳʭ ʟʦʥ [Karimzadeh, 2022; Lu et al., 2024; Asadzadeh et al., 

2024; ʂʘʤʘʝʚ ʠ ʜʨ., 2025]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʭʘʨʘʢʪʝʨʘ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʥʠʤʢʘ ʠ ʟʘʜʘʯ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʪʝʢʩʪʫʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʣʶʙʦʡ ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ 

ʦʪʨʘʞʘʶʱʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ. ʊʘʢʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʡ ʪʝʢʩʪʫʨʥʳʡ ʠʥʜʝʢʩ, ʪʘʢ ʠ 

ʦʪʜʝʣʴʥʳʡ GLCM-ʧʨʠʟʥʘʢ ï ʥʘʧʨʠʤʝʨ ʢʦʥʪʨʘʩʪ, ʵʥʪʨʦʧʠʷ, ʜʠʩʩʠʤʠʣʷʨʥʦʩʪʴ, 

ʜʠʩʧʝʨʩʠʷ, ʦʜʥʦʨʦʜʥʦʩʪʴ ʠʣʠ ʠʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʥʘʠʣʫʯʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʮʝʣʝʚʳʭ ʠ ʬʦʥʦʚʳʭ ʫʯʘʩʪʢʦʚ. 

ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʪʝʢʩʪʫʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝ 

ʘʧʨʠʦʨʥʦ, ʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʘʥʜʠʜʘʪʥʳʭ 

ʪʝʢʩʪʫʨʥʳʭ ʩʣʦʝʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʘʷ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʩʨʘʚʥʝʥʠʝ ʩʪʘʪʠʩʪʠʢ ʚʥʫʪʨʠ ʠ ʚʥʝ ʵʪʘʣʦʥʥʳʭ ʢʦʥʪʫʨʦʚ (ʥʘʧʨʠʤʝʨ, ʨʫʜʥʳʭ 

ʪʝʣ), ʘʥʘʣʠʟ ʨʘʟʣʠʯʠʡ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʨ 

ʨʘʟʜʝʣʝʥʠʷ, ʦʮʝʥʢʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʧʦʜʙʦʨ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʝʪʦʜ ʢ ʩʧʝʮʠʬʠʢʝ ʢʦʥʢʨʝʪʥʦʛʦ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟʙʝʞʘʪʴ ʬʦʨʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʢʩʪʫʨʥʳʭ 

ʧʨʠʟʥʘʢʦʚ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʧʨʠʤʝʥʠʤʦʩʪʠ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ, ʛʜʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʘʷ ʩʪʝʧʝʥʴ ʦʙʥʘʞʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʠ ʪʝʢʩʪʫʨʥʳʝ ʨʘʟʣʠʯʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʥʝ ʧʦʣʥʦʩʪʴʶ ʤʘʩʢʠʨʫʶʪʩʷ 

ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʢʨʦʚʦʤ, ʩʥʝʞʥʦ-ʣʝʜʦʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʧʝʨʝʫʚʣʘʞʥʝʥʠʝʤ 

ʠʣʠ ʪʝʭʥʦʛʝʥʥʳʤ ʥʘʨʫʰʝʥʠʝʤ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʝʪʥʠʭ ʙʝʟʦʙʣʘʯʥʳʭ ʩʮʝʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʚʳʨʘʞʝʥʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥʪʨʘʩʪʦʚ. ʄʝʪʦʜ 
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ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʝʥ ʜʣʷ ʨʘʡʦʥʦʚ ʩ ʨʘʟʣʦʤʥʦ-ʙʣʦʢʦʚʳʤ ʩʪʨʦʝʥʠʝʤ, ʛʜʝ 

ʟʦʥʳ ʥʘʨʫʰʝʥʥʦʩʪʠ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʚʪʦʨʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʤʝʶʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ Sentinel-2 ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʠ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. ɺʦ-

ʧʝʨʚʳʭ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʵʪʘʣʦʥʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʙʨʘʟʘ ʠ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʢʦʨʨʝʢʪʥʦ ʦʥ ʦʪʨʘʞʘʝʪ ʩʚʦʡʩʪʚʘ 

ʮʝʣʝʚʳʭ ʦʙʲʝʢʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʢʨʝʪʥʦʡ ʩʮʝʥʳ. ɺʦ-ʚʪʦʨʳʭ, ʪʝʢʩʪʫʨʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʜʘʥʥʳʭ, ʨʘʟʤʝʨʫ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʢʥʘ (ʣʦʢʘʣʴʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʧʠʢʩʝʣʷ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ 

ʚʳʯʠʩʣʷʶʪʩʷ ʪʝʢʩʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʦʙʨʘʞʝʥʠʷ), ʪʠʧʫ ʚʳʙʨʘʥʥʦʛʦ 

ʢʘʥʘʣʘ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʥʦʨʤʠʨʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, ʚʳʩʦʢʘʷ 

ʪʝʢʩʪʫʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʥʦ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʣʴʝʬʘ, ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʝʪʠ, ʟʘʙʦʣʘʯʠʚʘʥʠʝʤ, ʵʨʦʟʠʦʥʥʦʡ ʨʘʩʯʣʝʥʝʥʥʦʩʪʴʶ ʣʠʙʦ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʫʩʪʨʘʥʷʝʪ 

ʧʦʣʥʦʩʪʴʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʘ ʣʠʰʴ ʩʥʠʞʘʝʪ ʝʝ ʟʘ ʩʯʝʪ 

ʩʦʚʤʝʩʪʥʦʛʦ ʫʯʝʪʘ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʛʨʫʧʧ ʧʨʠʟʥʘʢʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʟʦʥ, ʘ ʥʝ ʢʘʢ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʘʣʠʯʠʷ 

ʨʘʟʣʦʤʦʚ ʠʣʠ ʨʫʜʥʳʭ ʪʝʣ. 

ɻʠʙʢʦʩʪʴ ʚʳʙʦʨʘ ʪʝʢʩʪʫʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʜʘʧʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʠ ʝʛʦ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʢ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʦʙʲʝʢʪʦʚ.  
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3.5 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

ɺ ʛʣʘʚʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʚʳʷʚʣʝʥʠʝ ʨʘʟʣʦʤʥʳʭ ʟʦʥ, ʫʯʘʩʪʢʦʚ ʩʪʨʫʢʪʫʨʥʦʡ 

ʥʘʨʫʰʝʥʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʡ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʣʠ ʪʝʢʩʪʫʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ, ʚʢʣʶʯʘʶʱʫʶ ʦʪʙʦʨ ʧʨʠʛʦʜʥʳʭ ʩʮʝʥ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʣʦʝʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʚ ʝʜʠʥʫʶ 

ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʫʶ ʧʨʦʮʝʜʫʨʫ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʦʜʫʣʴ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʯʝʪʝ 

ʘʜʘʧʪʠʚʥʦʛʦ ʦʮʝʥʠʚʘʪʝʣʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʦ ʵʪʘʣʦʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʧʦʜʧʠʩʷʤ, ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʧʝʨʚʠʯʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ ʠ 

ʬʦʨʤʠʨʫʝʪ ʩʣʦʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʥʪʨʘʩʪʦʚ, ʦʪʨʘʞʘʶʱʠʡ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʛʦ 

ʩʭʦʜʩʪʚʘ ʩ ʮʝʣʝʚʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪ ʝʛʦ ʨʘʙʦʪʳ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʠʪʦʛʦʚʘʷ ʢʘʨʪʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ, ʧʨʠʛʦʜʥʳʡ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʧʨʠʟʥʘʢʘʤʠ. 

ʊʝʢʩʪʫʨʥʳʡ ʤʦʜʫʣʴ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ GLCM-ʧʨʠʟʥʘʢʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʷʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʬʦʨʤʠʨʫʝʪ ʩʣʦʡ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʦʪʨʘʞʘʶʱʠʡ 

ʣʠʥʝʡʥʦʩʪʴ, ʤʦʟʘʠʯʥʦʩʪʴ, ʬʨʘʛʤʝʥʪʘʮʠʶ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʨʠʩʫʥʢʘ ʪʝʨʨʠʪʦʨʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʪʝʢʩʪʫʨʥʦʛʦ ʤʦʜʫʣʝʡ 

ʧʨʝʜʣʦʞʝʥʳ ʧʨʠʥʮʠʧʳ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʠʪʦʛʦʚʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʪʨʦʠʪʩʷ ʥʝ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʦʤ ʥʘʣʦʞʝʥʠʠ ʨʘʟʥʦʨʦʜʥʳʭ ʨʘʩʪʨʦʚʳʭ ʩʣʦʝʚ, ʘ ʥʘ ʠʭ 
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ʩʦʛʣʘʩʦʚʘʥʥʦʤ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʚʠʟʫʘʣʴʥʦ-

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʧʨʠʟʥʘʢʠ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʪʝʢʩʪʫʨʥʳʝ 

ʧʨʠʟʥʘʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʪʨʫʢʪʫʨʥʫʶ ʢʦʥʢʨʝʪʠʟʘʮʠʶ ʨʘʥʝʝ 

ʚʳʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʥʦʩʠʪ ʘʜʘʧʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʜʦʧʫʩʢʘʝʪ ʚʳʙʦʨ 

ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʪʝʢʩʪʫʨʥʦʛʦ ʩʣʦʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʭʘʨʘʢʪʝʨʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʢʘʟʘʥʳ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʨʘʡʦʥʘʭ ʩ ʯʘʩʪʠʯʥʦ 

ʦʙʥʘʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʚʳʨʘʞʝʥʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʪʦʛʜʘ ʢʘʢ ʥʘʜʝʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʩʠʣʴʥʦʡ 

ʤʘʩʢʠʨʦʚʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʩʥʝʞʥʦ-ʣʝʜʦʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, 

ʧʝʨʝʫʚʣʘʞʥʝʥʠʝʤ ʠʣʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠʩʭʦʜʥʳʭ ʩʥʠʤʢʦʚ, 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʦʨʤʠʨʦʚʢʦʡ ʧʨʠʟʥʘʢʦʚ ʠ ʩʧʦʩʦʙʦʤ ʠʭ 

ʠʪʦʛʦʚʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʧʨʷʤʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ 

ʨʘʟʣʦʤʦʚ, ʘ ʢʘʢ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʦ ʦʙʦʩʥʦʚʘʥʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, 

ʪʨʝʙʫʶʱʠʡ ʜʘʣʴʥʝʡʰʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʜʘʥʥʳʤʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʪʦʨʦʝ ʥʘʫʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ: 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ 

ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʧʦʚʳʰʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʚʳʷʚʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʢʦʥʪʨʘʩʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʟʣʦʤʥʳʤʠ ʟʦʥʘʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʝʦʩʠʩʪʝʤ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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4 ɸʇʈʆɹɸʎʀʗ ʈɸɿʈɸɹʆʊɸʅʅʆɻʆ ʄɽʊʆɼɸ ʅɸ 

ʂʆʃʄʆɿɽʈʉʂʆʄ ʄɽʉʊʆʈʆɾɼɽʅʀʀ ʃʀʊʀʗ (ʂʆʃʔʉʂʀʁ 

ʇʆʃʋʆʉʊʈʆɺ, ʄʋʈʄɸʅʉʂɸʗ ʆɹʃɸʉʊʔ) 

4.1 ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʂʦʣʤʦʟʝʨʩʢʦʝ ʣʠʪʠʝʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʃʦʚʦʟʝʨʩʢʦʛʦ ʨʘʡʦʥʘ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʟʘ ʉʝʚʝʨʥʳʤ ʧʦʣʷʨʥʳʤ ʢʨʫʛʦʤ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ (ʨʠʩʫʥʦʢ 4.1). 

 

ʈʠʩʫʥʦʢ 4.1 ï ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ 

ʋʯʘʩʪʦʢ ʥʝʜʨ ʧʣʦʱʘʜʴʶ 4,8 ʢʤ2 ʧʨʠʫʨʦʯʝʥ ʢ ʛʦʨʥʳʤ ʤʘʩʩʠʚʘʤ ɹʦʣʴʰʦʡ 

ʇʘʪʯʝʤʚʘʨʝʢ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʪʤʝʪʢʘ 308.5 ʤ) ʠ ʄʘʣʳʡ ʇʘʪʯʝʤʚʘʨʝʢ (270.8 ʤ), 
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ʨʘʟʜʝʣʝʥʥʳʤ ʟʘʙʦʣʦʯʝʥʥʦʡ ʜʦʣʠʥʦʡ ʨʝʢʠ ʊʠʯʢʘ ï ʣʝʚʦʛʦ ʧʨʠʪʦʢʘ ʨʝʢʠ 

ʀʦʢʘʥʛʠ. ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ʩʬʦʨʤʠʨʦʚʘʥ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʯʝʪʚʝʨʪʠʯʥʦʛʦ 

ʦʣʝʜʝʥʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʠʧʠʯʥʫʶ ʣʝʜʥʠʢʦʚʦ-ʘʢʢʫʤʫʣʷʮʠʦʥʥʫʶ 

ʨʘʚʥʠʥʫ ʩ ʚʦʣʥʠʩʪʦ-ʛʨʷʜʦʚʳʤʠ ʬʦʨʤʘʤʠ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʟʝʨʥʳʤʠ 

ʢʦʪʣʦʚʠʥʘʤʠ ʠ ʦʙʰʠʨʥʳʤʠ ʚʝʨʭʦʚʳʤʠ ʙʦʣʦʪʘʤʠ, ʟʘʥʠʤʘʶʱʠʤʠ ʜʦ 25 ʢʤ2. 

ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ ʛʫʩʪʘʷ, ʚʢʣʶʯʘʝʪ ʨʝʢʫ ʊʠʯʢʫ, ʧʨʦʪʝʢʘʶʱʫʶ ʯʝʨʝʟ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʙʝʟʳʤʷʥʥʳʝ ʨʫʯʴʠ ʠ ʦʟʝʨʘ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʂʘʣʴʤʦʟʝʨʦ ʧʣʦʱʘʜʴʶ 10 ʢʤ2), ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʙʘʩʩʝʡʥʫ ʨʝʢʠ ʀʦʢʘʥʛʠ, 

ʚʧʘʜʘʶʱʝʡ ʚ ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ. ɺʦʜʳ ʨʝʢ ʠ ʦʟʝʨ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʷʚʣʷʶʪʩʷ ʫʣʴʪʨʘʧʨʝʩʥʳʤʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʤʠ ʥʘʪʨʠʝʚʦ-ʢʘʣʠʝʚʳʤʠ. 

ʂʣʠʤʘʪ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ 

ʩʫʙʘʨʢʪʠʯʝʩʢʠʡ ʩ ʚʳʨʘʞʝʥʥʳʤ ʤʦʨʩʢʠʤ ʚʣʠʷʥʠʝʤ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʛʜʝ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʪʝʧʣʳʝ ʘʪʣʘʥʪʠʯʝʩʢʠʝ ʠ ʭʦʣʦʜʥʳʝ ʘʨʢʪʠʯʝʩʢʠʝ ʪʝʯʝʥʠʷ. ʕʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ, ʚʘʨʴʠʨʫʶʱʘʷ ʦʪ ï0.4Áʉ 

ʜʦ ï4.3Áʉ. ɿʠʤʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ (5ï7 ʤʝʩʷʮʝʚ), ʩʫʨʦʚʘʷ, ʩ ʯʘʩʪʳʤʠ ʤʝʪʝʣʷʤʠ, 

ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʝʚʨʘʣʷ ʩʦʩʪʘʚʣʷʝʪ -13,3Áʉ ʧʨʠ ʘʙʩʦʣʶʪʥʦʤ 

ʤʠʥʠʤʫʤʝ ï40.4Áʉ. ʃʝʪʦ ʢʦʨʦʪʢʦʝ ʠ ʧʨʦʭʣʘʜʥʦʝ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʶʣʷ 

+11.5Áʉ, ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʜʦʩʪʠʛʘʝʪ +29.5Áʉ. ɻʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 500ï600 ʤʤ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʃʦʚʦʟʝʨʩʢʦʡ ʪʫʥʜʨʝ ʜʦ 1000 

ʤʤ ʠ ʙʦʣʝʝ. ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʥʳ ʩʠʣʴʥʳʝ ʚʝʪʨʳ (ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 5ï6 

ʤ/ʩ, ʧʨʠ ʤʝʪʝʣʷʭ ï ʜʦ 20 ʤ/ʩ), ʯʘʩʪʳʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʪʫʤʘʥʳ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘ ʧʦʣʷʨʥʳʤ ʢʨʫʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ 

ʩʚʝʪʦʚʦʡ ʨʝʞʠʤ ʩ ʧʦʣʷʨʥʳʤ ʜʥʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 52 ʩʫʪʦʢ ʠ ʧʦʣʷʨʥʦʡ 

ʥʦʯʴʶ ï 25 ʩʫʪʦʢ. 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʃʦʚʦʟʝʨʩʢʦʛʦ ʨʘʡʦʥʘ ʨʘʟʚʠʪʘ ʢʨʘʡʥʝ 

ʩʣʘʙʦ. ʂ ʂʦʣʤʦʟʝʨʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʜʲʝʟʜʥʳʝ ʧʫʪʠ ʩ 

ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ, ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ. ʉʦʦʙʱʝʥʠʝ ʩ ʨʘʡʦʥʥʳʤ ʮʝʥʪʨʦʤ ï 

ʩʝʣʦʤ ʃʦʚʦʟʝʨʦ (87 ʢʤ ʢ ʟʘʧʘʜʫ) ʠ ʩʝʣʦʤ ʂʨʘʩʥʦʱʝʣʴʝ (~75 ʢʤ ʢ ʶʛʫ) 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʚʝʟʜʝʭʦʜʥʳʤ ʜʦʨʦʛʘʤ ʠ ʩʝʟʦʥʥʳʤ ʟʠʤʥʠʢʘʤ, ʢʦʪʦʨʳʝ 
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ʦʩʣʦʞʥʝʥʳ ʟʘʙʦʣʦʯʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʧʨʘʚ ʯʝʨʝʟ 

ʚʦʜʥʳʝ ʧʨʝʛʨʘʜʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʯʝʨʝʟ ʨʝʢʫ ɺʦʨʦʥʴʶ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʤʦʩʪ). 

ɹʣʠʞʘʡʰʘʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʩʪʘʥʮʠʷ ʆʣʝʥʝʛʦʨʩʢ ʥʘʭʦʜʠʪʩʷ ʚ 153 ʢʤ ʦʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ. ɹʣʠʞʘʡʰʠʝ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʶ 

ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ï ʦʣʝʥʝʚʦʜʯʝʩʢʠʝ ʙʘʟʳ ʥʘ ʙʝʨʝʛʘʭ ʦʟʝʨ ʂʦʣʤʦʟʝʨʦ ʠ 

ʇʦʨʦʩʦʟʝʨʦ. ʃʦʚʦʟʝʨʩʢʠʡ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ 

ʢʦʨʝʥʥʳʭ ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʥʘʨʦʜʦʚ ʉʝʚʝʨʘ ï ʩʘʘʤʦʚ, ʘ ʪʘʢʞʝ ʢʦʤʠ ʠ ʥʝʥʮʝʚ. 

ʆʩʥʦʚʫ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʣʝʥʝʚʦʜʩʪʚʦ (ʧʣʦʱʘʜʴ ʧʘʩʪʙʠʱ 

ʙʦʣʝʝ 72 ʪʳʩ. ʢʤ2), ʘ ʪʘʢʞʝ ʨʳʙʦʣʦʚʩʪʚʦ, ʦʭʦʪʘ ʠ ʩʙʦʨ ʜʠʢʦʨʦʩʦʚ. 

ʇʨʦʤʳʰʣʝʥʥʳʡ ʩʝʢʪʦʨ ʚ ʨʘʡʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʃʦʚʦʟʝʨʩʢʠʤ ʛʦʨʥʦ-

ʦʙʦʛʘʪʠʪʝʣʴʥʳʤ ʢʦʤʙʠʥʘʪʦʤ (ʧʦʩ. ʈʝʚʜʘ), ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʤ ʣʦʧʘʨʠʪʦʚʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ɺʘʞʥʳʤ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʚ 2.9 ʢʤ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʛʨʘʥʠʮʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄʫʨʤʘʥʩʢʦʛʦ ʪʫʥʜʨʦʚʦʛʦ 

ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʟʘʢʘʟʥʠʢʘ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʩʦʙʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. 

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʣʦʞʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ 

ʥʘ ʩʪʳʢʝ ʜʚʫʭ ʢʨʫʧʥʳʭ ʘʨʭʝʡʩʢʠʭ ʩʪʨʫʢʪʫʨ ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʱʠʪʘ ï 

ʄʫʨʤʘʥʩʢʦʡ ʠ ʂʦʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʡ. ɿʦʥʘ ʠʭ ʩʦʯʣʝʥʝʥʠʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ 

ʢʘʢ ʘʨʭʝʡʩʢʠʡ ʟʝʣʝʥʦʢʘʤʝʥʥʳʡ ʧʦʷʩ ʂʦʣʤʦʟʝʨʦ-ɺʦʨʦʥʴʷ (ʨʠʩʫʥʦʢ 4.2), 

ʷʚʣʷʶʱʠʡʩʷ ʢʣʶʯʝʚʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʝʛʠʦʥʘ. 
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ʈʠʩʫʥʦʢ 4.2 ï ʇʦʣʦʞʝʥʠʝ ʟʝʣʝʥʦʢʘʤʝʥʥʦʛʦ ʧʦʷʩʘ ʂʦʣʤʦʟʝʨʦ-ɺʦʨʦʥʴʷ ʥʘ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʭʝʤʝ ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʱʠʪʘ [ʂʘʣʠʥʠʥ, 2021; Daly et al., 

2006] (A) ʠ ʩʭʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʟʝʣʝʥʦʢʘʤʝʥʥʦʛʦ ʧʦʷʩʘ ʂʦʣʤʦʟʝʨʦ-ɺʦʨʦʥʴʷ [ʂʘʣʠʥʠʥ, 2021; ʇʘʢʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠé, 1998] (B). 1ï3 ï 

ʧʦʨʦʩʦʟʝʨʩʢʘʷ ʩʝʨʠʷ (LP2?): 1 ï ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʛʨʘʥʘʪʩʪʘʚʨʦʣʠʪ (ʢʠʘʥʠʪ)-

ʙʠʦʪʠʪʦʚʳʭ, ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ, ʛʨʘʥʘʪ-ʙʠʦʪʠʪ-ʢʦʨʜʠʝʨʠʪʦʚʳʭ ʠ ʙʠʦʪʠʪ-

ʤʫʩʢʦʚʠʪʦʚʳʭ ʧʣʘʛʠʦʩʣʘʥʮʝʚ, 2 ï ʤʝʪʘʧʝʩʯʘʥʠʢʠ ʠ ʤʝʪʘʛʨʘʚʝʣʠʪʳ ʩ 

ʧʨʦʩʣʦʷʤʠ ʤʝʪʘʪʫʬʦʚ ʠ ʪʫʬʦ-ʣʘʚʦʙʨʝʢʯʠʡ ʢʠʩʣʦ-ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, 3 ï 

ʧʦʣʠʤʠʢʪʦʚʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ, 4ï7 ï ʢʦʣʤʦʟʝʨʩʢʘʷ ʩʝʨʠʷ: 4 ï 
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ʚʦʨʦʥʴʝʪʫʥʜʨʦʚʩʢʘʷ ʩʚʠʪʘ (LP2): ʧʦʨʬʠʨʦʠʜʳ, ʘʣʴʙʠʪʦʬʠʨʳ, ʘʥʜʝʟʠʪʦʚʳʝ 

ʧʦʨʬʠʨʠʪʳ ʠ ʪʫʬʦʣʘʚʳ ʢʠʩʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʣʝʧʪʠʪʳ, 5 ï ʦʣʝʥʠʥʩʢʘʷ 

ʪʦʣʱʘ ï ʤʝʪʘʚʫʣʢʘʥʠʪʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʛʘʙʙʨʦʠʜʳ (LP2?), 6 ï 

ʤʝʪʘʚʫʣʢʘʥʠʪʳ ʧʦʣʤʦʩʪʫʥʜʨʦʚʩʢʦʡ ʩʚʠʪʳ (LP2): ʧʣʘʛʠʦʘʤʬʠʙʦʣʠʪʳ ʧʦ 

ʤʝʪʘʙʘʟʘʣʴʪʘʤ, 7 ï ʤʝʪʘʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʣʷʚʦʟʝʨʩʢʦʡ ʩʚʠʪʳ: ʙʠʦʪʠʪʦʚʳʝ, 

ʜʚʫʩʣʶʜʷʥʳʝ, ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʝ ʧʣʘʛʠʦʛʥʝʡʩʳ (LP2), 8 ï ʛʥʝʡʩʦ-

ʧʣʘʛʠʦʛʨʘʥʠʪʳ ʄʫʨʤʘʥʩʢʦʛʦ ʙʣʦʢʘ ʠ ʂʦʣʴʩʢʦ-ʅʦʨʚʝʞʩʢʦʛʦ ʜʦʤʝʥʘ (AR), 9 ï 

ʜʘʡʢʠ ʜʦʣʝʨʠʪʦʚ, ʦʣʠʚʠʥʦʚʳʭ ʜʦʣʝʨʠʪʦʚ ʠ ʜʦʣʝʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, 

ʧʠʢʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ (PR3ïPZ?), 10 ï ʜʘʡʢʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʜʦʣʝʨʠʪʦʚ, 

ʛʘʙʙʨʦ-ʧʝʨʠʜʦʪʠʪʦʚ, ʦʣʠʚʠʥʩʦʜʝʨʞʘʱʠʭ ʛʘʙʙʨʦ (PR1?), 11 ï ʪʫʨʤʘʣʠʥʦʚʳʝ ʠ 

ʧʣʘʛʠʦʤʠʢʨʦʢʣʠʥʦʚʳʝ ʛʨʘʥʠʪʳ (LP3ïPR1); 12 ï ʢʦʤʧʣʝʢʩ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ 

ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʥʦʛʦ ʩʦʩʪʘʚʘ (LP2), 13 ï ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʳ, ʢʚʘʨʮ-ʤʫʩʢʦʚʠʪʦʚʳʝ ʠ ʤʫʩʢʦʚʠʪ-ʘʥʜʘʣʫʟʠʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʧʦ 

ʥʠʤ (LP2), 14 ï ʤʝʪʘʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʳ, ʢʦʤʘʛʤʘʪʠʯʥʳʝ 

ʘʤʬʠʙʦʣʠʪʘʤʤʝʪʘʙʘʟʘʣʴʪʘʤ ʧʦʣʤʦʩʪʫʥʜʨʦʚʩʢʦʡ ʩʚʠʪʳ ʠ ʦʣʝʥʠʥʩʢʦʡ ʪʦʣʱʠ 

(LP2), 15 ï ʤʝʪʘʧʝʨʠʜʦʪʠʪʳ, ʤʝʪʘʧʠʨʦʢʩʝʥʠʪʳ ʠ ʩʝʨʧʝʥʪʠʥʠʪʳ ʧʦ ʥʠʤ 

(LP2?), 16 ï ʭʣʦʨʠʪ-ʪʨʝʤʦʣʠʪʘʢʪʠʥʦʣʠʪʦʚʳʝ ʩʣʘʥʮʳ ʧʦ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤ 

ʧʦʨʦʜʘʤ (LP2?), 17 ï ʙʘʟʠʪ-ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʘʪʠʠʪʦʚʦʡ 

ʬʦʨʤʘʮʠʠ (ʧʦ ɺʨʝʚʩʢʠʡ, 1989), 18 ï ʤʘʩʩʠʚʳ ʛʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʦʚ, 

ʛʥʝʡʩʦʛʨʘʥʦʜʠʦʨʠʪʦʚ (LP3ïPR1?), 19 ï ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, 20 ï ʵʣʝʤʝʥʪʳ 

ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ, 21 ï ʫʯʘʩʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ: 1 ï ʆʣʝʥʠʥʩʢʦʝ, 2 ï 

ʅʷʣʴʤ-1, 22 ï ʫʯʘʩʪʦʢ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥ-ʧʦʨʬʠʨʦʚʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ 

ʇʝʣʣʘʧʘʭʢ, 23 ï ʧʫʥʢʪʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʦʣʦʪʘ. 

ʉʪʨʫʢʪʫʨʘ ʨʘʡʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ʂʦʣʤʦʟʝʨʩʢʠʡ, ʃʷʚʦʟʝʨʩʢʠʡ, 

ɺʦʨʦʥʴʝʨʝʯʝʥʩʢʠʡ), ʢʦʪʦʨʳʝ ʨʘʩʯʣʝʥʷʶʪ ʟʝʣʝʥʦʢʘʤʝʥʥʳʡ ʧʦʷʩ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʙʣʦʢʠ. ʂʦʣʤʦʟʝʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʵʪʠʭ 

ʨʘʟʣʦʤʦʚ. ɺ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʨʘʟʚʠʪʘ ʨʘʟʨʳʚʥʘʷ ʠ ʪʨʝʱʠʥʥʘʷ ʪʝʢʪʦʥʠʢʘ. 

ʂ ʜʦ- ʠ ʩʠʥʨʫʜʥʳʤ ʪʨʝʱʠʥʘʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʪʝʣʘ 
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ʧʝʛʤʘʪʠʪʦʚ, ʢ ʧʦʟʜʥʠʤ ʪʨʝʱʠʥʘʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ï ʜʘʡʢʠ 

ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚ (ʨʠʩʫʥʢʠ 4.3, 4.4). 

 

ʈʠʩʫʥʦʢ 4.3 ï ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʂʦʣʤʦʟʝʨʩʢʦʛʦ ʧʝʛʤʘʪʠʪʦʚʦʛʦ 

ʧʦʣʷ [ʄʦʨʦʟʦʚʘ, 2018]. 1 ï ʜʘʡʢʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ; 2ï4 ï ʧʝʛʤʘʪʠʪʳ: 2 ï 

ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ, 3 ï ʤʫʩʢʦʚʠʪ ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ, 4 ï ʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʝ; 5 

ï ʤʝʪʘʛʘʙʙʨʦ-ʘʥʦʨʪʦʟʠʪʳ; 6 ï ʱʝʣʦʯʥʳʝ ʛʨʘʥʠʪʳ ɿʘʧʘʜʥʳʭ ʂʝʡʚ; 7 ï 

ʤʝʪʘʛʘʙʙʨʦʜʠʦʨʠʪʳ; 8 ï ʪʦʥʘʣʠʪ-ʪʨʦʥʜʴʝʤʠʪʦʚʳʝ ʛʥʝʡʩʳ; 9 ï ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʂʦʣʤʦʟʝʨʦ-ɺʦʨʦʥʴʷ; 10 ï ʭʣʦʨʠʪʦʚʳʝ ʠ 

ʭʦʣʤʢʚʠʩʪʠʪʦʚʳʝ ʩʣʘʥʮʳ; 11 ï ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ ʛʥʝʡʩʦʚʠʜʥʦʩʪʠ; 12 ï 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ; 13 ï ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ: ʘ) ʫʩʪʘʥʦʚʣʝʥʥʳʝ, ʙ) 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ; 14 ï ʤʘʩʩʠʚʳ: I ï ʇʘʪʯʝʤʚʘʨʝʢʩʢʠʡ, II  ï ʇʦʨʦʩʦʟʝʨʩʢʠʡ, III  

ï ʂʦʣʤʦʟʝʨʩʢʠʡ. 
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ʈʠʩʫʥʦʢ 4.4 ï ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʂʦʣʤʦʟʝʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

[ʄʦʨʦʟʦʚʘ, 2018]. 1 ï ʜʘʡʢʘ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ, 2 ï ʞʠʣʳ ʘʣʴʙʠʪ-ʩʧʦʜʫ- 

ʤʝʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ, 3 ï ʤʝʪʘʛʘʙʙʨʦ ʠ ʤʝʪʘʘʥʦʨʪʦʟʠʪʳ, 

4 ï ʨʘʟʣʦʤʳ 

ʆʨʫʜʝʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʞʠʣʘʤʠ ʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ, 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʤʠ ʚ ʪʨʠ ʦʩʥʦʚʥʳʝ ʨʫʜʥʳʝ ʟʦʥʳ: ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʠ ʶʛʦ-

ʟʘʧʘʜʥʫʶ ʥʘ ʛ. ɹʦʣʴʰʦʡ ʇʘʪʯʝʤʚʘʨʝʢ ʠ ʟʦʥʫ ʥʘ ʛ. ʄʘʣʳʡ ʇʘʪʯʝʤʚʘʨʝʢ. ɺʩʝʛʦ 

ʚʳʜʝʣʷʝʪʩʷ 12 ʢʨʫʧʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʧʣʠʪʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʩ ʨʘʟʜʫʚʘʤʠ, 

ʧʝʨʝʞʠʤʘʤʠ ʠ ʘʧʦʬʠʟʘʤʠ, ʢʨʫʪʦ ʧʘʜʘʶʱʠʭ (45ï75Á) ʥʘ ʶʛʦ-ʟʘʧʘʜ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʞʠʣ ʜʦʩʪʠʛʘʝʪ 1680 ʤ, ʤʦʱʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʦʪ 1.5 ʜʦ 70.9 ʤ. 

ʇʝʛʤʘʪʠʪʳ ʦʙʣʘʜʘʶʪ ʯʝʪʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, ʚʢʣʶʯʘʶʱʝʡ (ʦʪ 

ʢʦʥʪʘʢʪʦʚ ʢ ʮʝʥʪʨʫ): 1) ʘʧʣʠʪʦʚʫʶ ʦʪʦʨʦʯʢʫ, 2) ʩʨʝʜʥʝ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ 

ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʡ ʧʝʛʤʘʪʠʪ, 3) ʢʚʘʨʮ-ʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʡ ʧʝʛʤʘʪʠʪ 

(ʩʦʩʪʘʚʣʷʝʪ ʜʦ 80% ʦʙʝ̡ʤʘ ʞʠʣʳ), 4) ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪ-ʩʧʦʜʫʤʝʥʦʚʳʡ 

ʧʝʛʤʘʪʠʪ ʙʣʦʢʦʚʦʡ (ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʡ) ʩʪʨʫʢʪʫʨʳ ʚ ʦʩʝʚʳʭ ʯʘʩʪʷʭ. ʐʠʨʦʢʦ 

ʨʘʟʚʠʪʳ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʘʭʘʨʦʚʠʜʥʦʛʦ 

ʘʣʴʙʠʪʘ, ʟʘʤʝʱʘʶʱʝʛʦ ʨʘʥʥʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʝʛʤʘʪʠʪʳ ʷʚʣʷʶʪʩʷ ʣʝʡʢʦʢʨʘʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ ʩʦ 

ʩʨʝʜʥʠʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ: ʢʚʘʨʮ (~32.5%), ʧʣʘʛʠʦʢʣʘʟ (~28%), 

ʤʠʢʨʦʢʣʠʥ (~17%), ʩʧʦʜʫʤʝʥ (~20%), ʤʫʩʢʦʚʠʪ (~3%). ɻʣʘʚʥʳʤ ʨʫʜʥʳʤ 

ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʩʧʦʜʫʤʝʥ LiAl (Si2O6) (ʨʠʩʫʥʦʢ 4.5), ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʥʝʩʢʦʣʴʢʠʤʠ ʛʝʥʝʨʘʮʠʷʤʠ. ʂʨʠʩʪʘʣʣʳ ʩʧʦʜʫʤʝʥʘ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 1.5 ʤ ʚ 
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ʜʣʠʥʫ, ʩʦʜʝʨʞʘʥʠʝ Li2O ʚ ʤʠʥʝʨʘʣʝ ʚʘʨʴʠʨʫʝʪ ʦʪ 4.75 ʜʦ 8.08%, ʩʦʩʪʘʚʣʷʷ ʚ 

ʩʨʝʜʥʝʤ 7.44%. ʅʘ ʩʧʦʜʫʤʝʥ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 97% ʚʘʣʦʚʦʛʦ ʣʠʪʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦʧʫʪʥʳʝ ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʚʷʟʘʥʳ ʩ ʙʝʨʠʣʣʦʤ 

(ʥʘʪʨʠʝʚʦ-ʣʠʪʠʝʚʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ) ʠ ʤʠʥʝʨʘʣʘʤʠ ʛʨʫʧʧʳ ʢʦʣʫʤʙʠʪʘ 

(ʢʦʣʫʤʙʠʪ-(Fe) ï ʪʘʥʪʘʣʠʪ-(Mn)), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʥʝʩʢʦʣʴʢʦ 

ʛʝʥʝʨʘʮʠʡ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʚʢʣʶʯʘʶʪ ʛʨʘʥʘʪ (ʩʧʝʩʩʘʨʪʠʥ, ʘʣʴʤʘʥʜʠʥ), 

ʘʧʘʪʠʪ, ʢʘʩʩʠʪʝʨʠʪ, ʪʨʠʬʠʣʠʪ-ʣʠʪʠʦʬʠʣʠʪ ʠ ʜʨʫʛʠʝ. 

 

ʈʠʩʫʥʦʢ 4.5 ï ʂʚʘʨʮ-ʩʧʦʜʫʤʝʥʦʚʳʡ ʧʝʛʤʘʪʠʪ. ʉʧʦʜʫʤʝʥ ï ʙʣʦʢʠ ʩʚʝʪʣʦ 

ʩʝʨʦʛʦ ʮʚʝʪʘ 

ɸʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʝ ʧʝʛʤʘʪʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ SiO2 (73.8%) ʠ Al2O3 (16.3%), ʥʠʟʢʠʤʠ ï CaO, MgO, TiO2. 

ʇʨʝʦʙʣʘʜʘʝʪ Na2O ʥʘʜ K2O. ʇʦ ʩʧʝʢʪʨʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʝʛʤʘʪʠʪʳ ʨʝʟʢʦ ʦʙʦʛʘʱʝʥʳ ʣʠʪʠʝʤ (ʩʨʝʜʥʝʝ 2.55% Li2O ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʧʨʦʙʘʭ), ʪʘʥʪʘʣʦʤ (ʚ ʩʨʝʜʥʝʤ 59 ppm), ʥʠʦʙʠʝʤ (81 ppm), ʙʝʨʠʣʣʠʝʤ (142 

ppm), ʨʫʙʠʜʠʝʤ (684 ppm), ʮʝʟʠʝʤ (23 ppm) ʠ ʦʙʝʜʥʝʥʳ ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ, 

ʮʠʨʢʦʥʠʝʤ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ɆREE<3 ppm). ʍʘʨʘʢʪʝʨʝʥ 
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ʫʤʝʨʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʩʧʝʢʪʨ REE ((La/Yb)~N~ = 6.9ï27.7) ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ Eu-ʘʥʦʤʘʣʠʝʡ. 

ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʠʟʫʯʝʥʥʳʝ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʦʪʨʘʙʦʪʢʠ. ʇʝʛʤʘʪʠʪʳ ʠ ʚʤʝʱʘʶʱʠʝ 

ʧʦʨʦʜʳ ʩʣʘʙʦʚʦʜʦʧʨʦʥʠʮʘʝʤʳ. ʆʞʠʜʘʝʤʳʡ ʚʦʜʦʧʨʠʪʦʢ ʚ ʢʘʨʴʝʨ ʦʮʝʥʠʚʘʣʩʷ 

ʚ 190ï440 ʤ3/ʯ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ. ʀʩʪʦʯʥʠʢʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ. ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʢʣʠʤʘʪʘ ʟʘ ʧʨʦʰʝʜʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʵʪʠ ʦʮʝʥʢʠ ʪʨʝʙʫʶʪ ʘʢʪʫʘʣʠʟʘʮʠʠ. 

4.2 ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʘʥʘʣʠʟʘ ʂʦʣʤʦʟʝʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʦʟʠʪ 

Sentinel-2 ʠʟ ʢʦʣʣʝʢʮʠʠ COPERNICUS/S2_SR_HARMONIZED ʟʘ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ 2021 ʛ. ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʣʘʯʥʦʩʪʴʶ (ʨʠʩʫʥʦʢ 4.6).  

 

ʈʠʩʫʥʦʢ 4.6 ï ʉʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʮʚʝʪʘʭ 
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ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʙʳʣ ʧʨʠʥʷʪ ʦʙʨʘʟ ʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʦʛʦ 

ʧʝʛʤʘʪʠʪʘ, ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʢʘʥʘʣʦʚ Sentinel-2 

(ʨʠʩʫʥʦʢ 4.7).  

 

ʈʠʩʫʥʦʢ 4.7 ï ʉʧʝʢʪʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʦʛʦ ʧʝʛʤʘʪʠʪʘ, 

ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʘʷ ʧʦ ʢʘʥʘʣʘʤ Sentinel-2 

ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʵʪʘʣʦʥʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʨʫʜʥʳʝ ʪʝʣʘ ʂʦʣʤʦʟʝʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʤʠ ʧʝʛʤʘʪʠʪʘʤʠ, ʘ 

ʩʧʦʜʫʤʝʥ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʠ ʦʩʥʦʚʥʳʤ ʥʦʩʠʪʝʣʝʤ ʣʠʪʠʷ. 

ʇʨʠ ʚʳʙʦʨʝ ʨʘʙʦʯʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʦʛʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʙʘʟʳ 

GREENPEG, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʝʚʨʦʧʝʡʩʢʠʭ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ 

ʧʝʛʤʘʪʠʪʦʚ, ʙʣʠʟʢʠʭ ʢ ʂʦʣʤʦʟʝʨʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʧʦ ʚʝʜʫʱʝʡ 

ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠ ʦʙʱʝʡ ʣʠʪʠʡ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʂʦʣʤʦʟʝʨʩʢʠʭ ʧʝʛʤʘʪʠʪʦʚ ʠ ʚʳʙʨʘʥʥʦʛʦ ʘʥʘʣʦʛʘ (ʃʝʥʩʪʝʨ, ʀʨʣʘʥʜʠʷ) 

ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʜʥʦʤʫ ʩʧʦʜʫʤʝʥʩʦʜʝʨʞʘʱʝʤʫ ʪʠʧʫ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʯʪʦ ʜʘʣʦ ʧʨʘʚʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʙʨʘʟ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ACE. 



134 

 

ʊʘʙʣʠʮʘ 4.1 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ 

ʂʦʣʤʦʟʝʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʦʛʘ ʃʝʥʩʪʝʨʩʢʦʛʦ 

ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʧʦʷʩʘ (ʀʨʣʘʥʜʠʷ) [ʄʦʨʦʟʦʚʘ, 2018; Barros et al., 2022] 

ʇʘʨʘʤʝʪʨ ʂʦʣʤʦʟʝʨʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʈʦʩʩʠʷ) 

ʃʝʥʩʪʝʨʩʢʠʡ ʧʝʛʤʘʪʠʪʦʚʳʡ 

ʧʦʷʩ (ʀʨʣʘʥʜʠʷ) 

ɻʝʦʣʦʛʦ-

ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ 

ʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʝ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ 

ʧʝʛʤʘʪʠʪʳ 

ʩʧʦʜʫʤʝʥʩʦʜʝʨʞʘʱʠʝ Li-Cs 

Ta (LCT) ʧʝʛʤʘʪʠʪʳ 

ʂʚʘʨʮ, % ~32.5 15ï20 

ɸʣʴʙʠʪ / 

ʧʣʘʛʠʦʢʣʘʟ, % 

~28 25ï35 

ʄʠʢʨʦʢʣʠʥ / K-

ʧʦʣʝʚʦʡ ʰʧʘʪ, % 

~17 ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʉʧʦʜʫʤʝʥ, % ~20 10ï40 

ʄʫʩʢʦʚʠʪ / Li-

ʤʫʩʢʦʚʠʪ, % 

~3 10ï15 

Li2O ʚ ʧʦʨʦʜʝ ʚ ʩʨʝʜʥʝʤ 2.55 % 0.4ï0.8 % 

Rb, ppm 684 255ï700 

Cs, ppm 23 49.3ï77.4 

Ta, ppm 59 ʦʪʤʝʯʝʥʳ ʧʦʚʳʰʝʥʥʳʝ 

ʩʦʜʝʨʞʘʥʠʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.8. ʅʘ ʩʭʝʤʝ ʚʠʜʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ACE 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʦʙʨʘʟʫʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʦ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʠ, 

ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʟʦʥʘʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʘʩʪʘ. 
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ʈʠʩʫʥʦʢ 4.8 ï ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʟʥʘʯʝʥʠʡ ACE ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʦʣʤʦʟʝʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʣʠʛʦʥʘ ʩʦʩʪʘʚʠʣʘ 12.716 ʢʤĮ, ʧʨʠ 

ʵʪʦʤ ʚʘʣʠʜʥʘʷ ʧʣʦʱʘʜʴ ʧʦʩʣʝ ʤʘʩʢʠʨʦʚʘʥʠʷ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʠʢʩʝʣʝʡ 

ʜʦʩʪʠʛʣʘ 12.599 ʢʤĮ, ʠʣʠ 99.08 % ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ. ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ACE ʩʦʩʪʘʚʠʣʦ 0.122, ʤʝʜʠʘʥʘ ï 0.057, 75-ʡ ʧʨʦʮʝʥʪʠʣʴ ï 

0.170, ʘ 95-ʡ ʧʨʦʮʝʥʪʠʣʴ ï 0.475 (ʨʠʩʫʥʦʢ 4.9). ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʦʩʪʠʛʣʦ 0.942, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ ʩ ʵʪʘʣʦʥʥʳʤ ʧʝʛʤʘʪʠʪʦʚʳʤ ʦʙʨʘʟʦʤ. 






































































