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ɿʄɯʉʊ 

ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔééééééééééééééééééé..... 

ɺʉʊʋʇééééééééééééééééééééééééééé 

ʈʆɿɼɯʃ 1. ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ é.éééééééééééééééééé 

1.1. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʥʘʟʝʤʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡéééééééééééé...ééé.éé.. 

1.1.1. ɿʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʥʦʨʤʘʪʠʚʥʽ ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ééé.. 

1.1.2. ɽʢʩʧʝʨʪʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ éééééé.. 

1.1.3. ʂʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦ-ʷʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʣʠʥʥʦʩʪʽééé.ééééééééééééé.. 

1.1.4. ʉʫʯʘʩʥʽ ʧʨʠʣʘʜʠ ʜʣʷ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦ-

ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ éééé.. 

1.2. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡééééé.éééééééééé..ééé 

1.2.1. ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ... 

1.2.2. ʆʮʽʥʢʘ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʽʥʜʝʢʩʦʤ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ .ééé. 

1.2.3. ɿʘʣʫʯʝʥʷ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥ ɹ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ éééééééééééééééé..... 

1.3. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥ ̫ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ééééééééééééééééééééé.. 

ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫéééééééé...éééééééé 

ʈʆɿɼɯʃ 2. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 
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ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ éééééééééééééééééé.éééé. 

2.1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ ʾʭ ʧʦʧʝʨʝʜʥʷ 

ʦʙʨʦʙʢʘ éééééééééééééééééé.ééééééé. 

2.1.1. ɺʠʙʽʨ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ɼɿɿ ʪʘ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʜʘʥʠʭ ...é... 

2.1.2. ʈʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚéé.ééé. 

2.1.2.1. ʈʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʥʽʤʢʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʩʠʩʪʝʤʠ ñʉʽʯ-2ò ééé..éé.éééééééééééééé 

2.1.3. ɸʪʤʦʩʬʝʨʥʘ ʢʦʨʝʢʮʽʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ ʫʩʫʥʝʥʥʷ 

ʧʝʨʝʰʢʦʜ éééééééééééééééééééééééé 

2.1.4. ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ..   

2.2. ʄʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ.. 

2.2.1. ɺʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ ʚʝʛʝʪʘʮʽʡʥʠʤ 

ʽʥʜʝʢʩʦʤ ʪʘ ʽʥʜʝʢʩʦʤ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ .éééééééééé 

2.2.1.1. ʉʪʘʥʜʘʨʪʥʽ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ .é..ééééééééé 

2.2.1.2. ɸʧʨʦʢʩʠʤʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-

ʽʥʪʝʨʧʦʣʷʮʽʾ ééééééé.éééééééééééééé 

2.2.2. ɺʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʴ ééééééééééééééééééé..ééé.. 

2.3. ʄʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ éééé.. 

2.3.1. ʆʙʨ̌ʫʥʪʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ ééééééééé 

2.3.2. ɺʠʙʽʨ ʤʝʪʦʜʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʨʠʚʠʭéééé. 

2.3.2.1. ʄʝʪʦʜ ʯʘʩʪʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ  ééééééé 

2.3.2.2. ʄʝʪʦʜ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ éééééééé 
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2.3.2.3. ʄʝʪʦʜ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ ééé..éééé..ééé.. 

2.3.3. ɺʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʪʘ ʥʘʟʝʤʥʠʤʠ ʜʘʥʠʤʠé..éééé.. 

2.4. ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʪʨʝʥʜʽʚ ʟʤʽʥ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ééééééééééééééééééééé. 

2.4.1. ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪ̔ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʨʦʩʣʠʥʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ éééééé..éééé.ééé 

2.4.2. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʟʤʽʥ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ é..ééé. 

ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫééééééééééééé.éééé... 

ʈʆɿɼɯʃ 3. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʢʽʣʴʢʽʩʥʦ-ʷʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ é.ééééééééé.ééé. 

3.1. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ééééééééééééééé.éééééé. 

3.2. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ... 

3.3. ɯʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ .... 

3.4. ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʩʝʨʽʡ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ééééééééééééééééééééé.. 

3.5. ʈʦʟʨʦʙʢʘ ʟʘʛʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ éééééééééééé.. 

ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫééééééééééééééé.é. 
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ʈʆɿɼɯʃ 4. ɺʘʣʽʜʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ..ééééééééééééééééééééééé.. 

4.1. ʆʮʽʥʢʘ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʚ ʤʝʞʘʭ ʤ. ʂʠʻʚʘ é. 

4.1.1. ʂʦʤʧʣʝʢʩ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʴ  éééééééééééééééééééééé... 

4.1.2. ɺʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʘ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʢʦʩʤʽʯʥʠʤʠ 

ʟʥʽʤʢʘʤʠ ʩʝʨʝʜʥʴʦ ʾʧʨʦʩʪʦʨʦʚʦ ʾʨʦʟʨʽʟʥʝʥʥʦʩʪʽ éééééé.é. 

4.1.3. ɺʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʘ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʢʦʩʤʽʯʥʠʤʠ 

ʟʥʽʤʢʘʤʠ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ éééééééé 

4.1.4. ʆʮʽʥʢʘ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ ʪʘ ʥʘʟʝʤʥʠʤʠ ʟʘʚʽʨʢʦʚʠʤʠ ʜʘʥʠʤʠ éé 

4.1.4.1. ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ééééééééééééé 

4.1.4.2. ɼʘʥʽ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ééééééééé 

4.1.4.3. ʈʦʟʨʘʭʫʥʢʠ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ éééééé 

4.1.5. ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʜʣʷ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥ ɹʟ ʩʫʧʫʪʥʠʢʽʚ ñʉʽʯ-2ò ʪʘ RapidEye... 

4.2. ʆʮʽʥʢʘ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʟʤʽʥ ʨʦʩʣʠʥʥʦʩʪʽ ʢʠʾʚʩʴʢʦʾ ʤʽʩʴʢʦʾ 

ʘʛʣʦʤʝʨʘʮʽʾ éééééééééééééééééééééé..é.. 

4.3. ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ 

ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ éééééééééééééééééé.. 

4.4. ʈʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ é. 

ɺʠʩʥʦʚʢʠ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫééééééééééééééé.. 

ɺʀʉʅʆɺʂʀééééééééééééééééééééééééé 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ é..ééééééééééé... 

ɼʆɼɸʊʂʀ ééééééééééééééééééééééééé.. 
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ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔ 

ɼɿɿ  ï     ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ʄʅʂ ï     ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

ʅʇʇ ï     ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ 

DHP ï     digital hemispherical photography 

DN ï     digital number 

GLA ï     gap light analyzer 

LAI  ï     leaf area index 

LUT ï     look-up table 

NDVI  ï     normalized difference vegetation index 

PCA ï     plant canopy analysis  

REI ï     red-edge interpolation 

REP ï     red edge position 

RET ï     red-edge tangent 

VQF ï     vegetation quality factor 

UQL ï     urban quality of life 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʫʯʘʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤʽʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ ʩʪʘʣʦ ʬʦʨʤʫʚʘʥʥʷ 

ʦʩʦʙʣʠʚʦʛʦ ʫʨʙʘʥʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʷʢʦʛʦ ʚʠʤʘʛʘʻ 

ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʫʨʙʘʥʽʟʘʮʽʾ. 

ɽʢʦʣʦʛʽʯʥʘ ʢʨʠʟʘ ʚʝʣʠʢʠʭ ʤʽʩʪ ʟʫʤʦʚʠʣʘ ʧʝʨʝʛʣʷʜ ʪʨʘʜʠʮʽʡʥʠʭ ʫʷʚʣʝʥʴ 

ʧʨʦ ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʩʪʘʥ ʦʩʥʦʚʥʦʛʦ ʾʭ ʢʦʤʧʦʥʝʥʪʘ ï ʨʦʩʣʠʥʥʦʩʪʽ. ʅʘ ʧʦʰʫʢʠ 

ʰʣʷʭʽʚ ʽ ʟʘʩʦʙʽʚ ʧʽʜʪʨʠʤʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ, ʫʩʫʥʝʥʥʷ ʝʥʪʨʦʧʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʫʨʙʘʥʽʟʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʧʨʷʤʦʚʘʥʠʡ 

ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʱʦ ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʟʦʤ ʽʟ ʟʘʛʘʣʴʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ 

ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ ʚʝʣʠʢʠʭ ʤʽʩʪ. 

ɿʥʘʯʥʫ ʨʦʣʴ ʚ ʧʽʜʚʠʱʝʥʥʽ ʷʢʦʩʪʽ ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ ʽ ʚʽʜʧʦʯʠʥʢʫ ʞʠʪʝʣʽʚ 

ʤʽʩʪʘ ʚʽʜʽʛʨʘʶʪʴ ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ. ʊʦʤʫ ʦʧʝʨʘʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʤʽʥ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʤʽʩʪʘʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʠʚʯʝʥʥʷ ʽ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʧʦʯʘʣʦʩʷ ʱʝ ʚ 1980-ʭ ʨʦʢʘʭ. R.W. Miller  ʚʠʚʯʘʚ ʤʽʩʴʢʫ 

ʨʦʩʣʠʥʥʽʩʪʴ ʪʘ ʾʾ ʚʥʝʩʦʢ ʚ ʦʙʣʘʩʪʽ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʴʢʠʤʠ 

ʝʢʦʩʠʩʪʝʤʘʤʠ [1]. W. Pillmann ʪʘ K. Kellner ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʤʽʩʴʢʠʭ ʣʽʩʽʚ [2]. A.P. Newman ʚʠʟʥʘʻ ʥʝ 

ʪʽʣʴʢʠ ʝʩʪʝʪʠʯʥʫ ʢʦʨʠʩʪʴ ʤ̔ ʩʴʢʠʭ ʣʽʩ̔ʚ, ʘʣʝ ʡ ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʙʝʨʽʛʘʥʥʷ 

ʚʫʛʣʝʮʶ, ʬʽʣʴʪʨʘʮʽʾ ʧʦʚʽʪʨʷ, ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʟʘʧʦʚʽʜʥʠʭ ʤʽʩʮʴ [3]. 

ʈʦʩʽʡʩʴʢʠʡ ʫʯʝʥʠʡ ʉ.ɸ. ɹʘʨʪʘʣʝʚ ʟʨʦʙʠʚ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʚʠʚʯʝʥʥʷ 

ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʜʦʩʣʽʜʞʝʥʥʽ [4] ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʟʦʥʽ 

ʚʧʣʠʚʫ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʤʠ ʚʠʢʠʜʘʤʠ. 

ɺ ʋʢʨʘʾʥʽ ʜʦʩʣʽʜʞʝʥʥʷʤ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘʡʤʘʶʪʴʩʷ ʪʘʢʽ ʚʯʝʥʽ, ʷʢ 

ɺ.ɯ. ʃʷʣʴʢʦ, ʗ.ɯ. ʄʦʚʯʘʥ, ʉ.ʄ.Áʂʦʯʫʙʝʡ, ʊ.ʄ. ʐʘʜʯʠʥʘ, ʉ.ʉ. ʂʦʭʘʥ, 

ʆ.ɯ. ʉʘʭʘʮʴʢʠʡ, ʪʘ ʽʥ. [5,6]. ʆʮʽʥʢʘ ʨʦʩʣʠʥʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʘ 

[7,8]. 

ɼʘʥʘ ʨʦʙʦʪʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʫʙʣʽʢʘʮʽʷʭ [9-26], ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ 

ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ. 

ɸʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʮʽʥʢʠ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʷʢʠʡ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 

ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʧʽʜʚʠʱʠʪʴ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʱʦ 

ʧʨʦʚʦʜʠʣʠʩʴ ʫ ɼʝʨʞʘʚʥʽʡ ʫʩʪʘʥʦʚʽ çʅʘʫʢʦʚʠʡ ʎʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɿʝʤʣʽ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠè ʟʘ ʪʘʢʠʤʠ ʪʝʤʘʤʠ: çʄʝʪʦʜʦʣʦʛʽʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʽʚ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʝʤʣʽ ʽ 

ʥʘʟʝʤʥʠʭ ʜʘʥʠʭ ʚ ʽʥʪʝʨʝʩʘʭ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷè 

(ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0111U000030); çʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʠʢ 

ʢʦʩʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʥʠʭ ʧʦʢʨʦʚʽʚ (ʨʦʩʣʠʥʥʽʩʪʴ, ˇʨʫʥʪʠ, ʚʦʜʥʽ ʨʝʩʫʨʩʠ), 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʚ ʫʤʦʚʘʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʟ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡè (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0112U000703); 

çʄʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʙʽʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʽʩʦʚʠʭ ʨʦʩʣʠʥʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ ʪʘ ʘʛʨʦʬʽʪʦʮʝʥʦʟʽʚ ʚ ʤʝʞʘʭ ʨʽʟʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠè (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0114U001664); 

çʆʮʽʥʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʣʠʥʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʫʚʘʥʥʷ 

ʜʘʥʠʭ ʩʧʝʢʪʨʦʧʦʣʷʨʽʟʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʤʘʪʝʨʽʘʣʽʚ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢè 

(ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0114U005060). 

ʄʝʪʘ ʽ ʟʘʜʘʯ̔ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ 

ʦʧʝʨʘʪʠʚʥʦʩʪʽ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʦʙôʻʢʪʠʚʥʦʩʪʽ. 

ɼʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʨʽʰʝʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ: 

ï ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ; 

ï ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ;  

ï ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ; 

ï ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʚʠʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʟʤʽʥʘʭ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʚʛʦʪʨʠʚʘʣʠʭ 

ʯʘʩʦʚʠʭ ʩʝʨʽʡ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ; 

ï ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ; 

ï ʚʘʣʽʜʘʮʽʷ ʨʦʟʨʦʙʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʠʢʠ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ; 

ï ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʡ̔ ʱʦʜʦ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʜʠʩʪʘʥʮʽʡʥʝ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: 

ï ʪʝʦʨʽʷ ʧʝʨʝʥʦʩʫ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ï ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ 

ʪʘ ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʝʢʮʽʾ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʽʥʜʝʢʩʘ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ; 

ï ʛʝʦʤʝʪʨʠʯʥʘ ʦʧʪʠʢʘ ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʘ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʦʧʪʠʯʥʠʤ 

ʤʝʪʦʜʦʤ; 

ï ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ï ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʠʭ ʧʦʢʨʠʚʽʚ ʥʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʽ ʧʦʙʫʜʦʚʠ ʤʘʩʦʢ ʨʦʩʣʠʥʥʦʩʪʽ; 
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ï ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ ï ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʘ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʠʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, 

ʦʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ; 

ï ʪʝʦʨʽʷ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʪʘ ʙʽʦʬʽʟʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʦʩʣʠʥʥʦʩʪʽ, ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʢʨʠʚʠʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ; 

ï ʚʽʟʫʘʣʴʥʝ ʜʝʰʠʬʨʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ï ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ; 

ï ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʜʣʷ ʨʦʟʨʦʙʢʠ ʟʘʢʽʥʯʝʥʦʾ ʤʝʪʦʜʠʢʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʪʘ ʢʘʨʪʫʚʘʥʥʷ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʠʙʽʨ ʪʘ ʢʦʨʝʢʪʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʨʝ ʚʽʜʦʤʠʭ ʪʘ ʥʝʦʜʥʦʨʘʟʦʚʦ 

ʚʝʨʽʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʠʚ ʦʙʛʨʫʪʦʚʘʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʚʠʩʥʦʚʢʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʥʦʚʠʤ ʬʽʟʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ 

ʽʥʪʝʛʨʘʣʴʥʠʤ ʢʽʣʴʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ; 

2. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʙʘʛʘʪʦʨʽʯʥʠʭ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʧʝʨʰʝ 

ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʂʠʻʚʘ ʪʘ ʂʠʾʚʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ ʦʜʝʨʞʘʥʦ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʽ 

ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʦʢʘʟʥʠʢʦʤ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʚʝʛʝʪʘʮʽʡʥʠʤʠ 

ʽʥʜʝʢʩʘʤʠ, ʘ ʪʘʢʦʞ ʤʽʞ ʥʦʨʤʦʚʘʥʦʶ ʷʢʽʩʪʶ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʜʘʥʠʤʠ ʪʘʢʩʘʮʽʾ ʪʘ 

ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ; 

3. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ ʦʙʣʘʩʪʽ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʤʝʪʦʜʦʤ ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ; 
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4. ʈʦʟʨʦʙʣʝʥʦ ʥʝʦʙʭʽʜʥʽ ʘʣʛʦʨʠʪʤʠ, ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʢʦʥʢʨʝʪʥʠʭ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ (Landsat/ETM+, Landsat/OLI, RapidEye/JSS, ñʉʽʯ-

2ò/ʄʉʋ, Pl®iades-1/VHR), ʦʪʨʠʤʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʥʘʙʦʨʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʽʥʪʝʨʧʦʣʷʮʽʾ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʈʦʟʚʠʥʫʪʦ ʤʝʪʦʜʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʘ ʦʙôʻʢʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʣʦʱʫ 

ʥʘʩʘʜʞʝʥʴ, ʘʣʝ ʡ ʦʮʽʥʢʫ ʾʭ ʷʢʦʩʪʽ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʞʠʪʪʷ ʣʶʜʠʥʠ ʚ ʤʽʩʴʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. 

ʆʪʨʠʤʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʚʠʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ 

ʪʝʥʜʝʥʮʽʡ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʷʢʠʡ ʻ ʢʦʨʠʩʥʠʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʘʫʢʦʚʦ-

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ.  

ʈʦʟʨʦʙʣʝʥʦ ʮʽʣʽʩʥʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʩʴʢʫ ʚʣʘʜʫ ʪʘ ʦʩʽʙ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ ʚʽʜʥʦʩʥʦ ʨʦʟʚʠʪʢʫ 

ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʦʧʝʨʘʪʠʚʥʦʶ ʪʘ ʜʦʩʪʦʚʽʨʥʦʶ ʜʠʩʪʘʥʮʽʡʥʦʶ ʢʘʨʪʦʛʨʘʬʽʯʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʤʽʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʚ 

ɼʇ çɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʝ ʣʽʩʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦè. ɸʣʛʦʨʠʪʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ 

ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ, 

ʟʜʽʡʩʥʝʥʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʩʽʚ ɼʥʽʧʨʦʧʝʪʨʦʚʱʠʥʠ ʪʘ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ñɽʢʦʣʦʛʽʯʥʠʡ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʛʦʣʦʚʥʠʭ ʣʽʩʦʪʚʽʨʥʠʭ 

ʧʦʨʽʜ ʉʪʝʧʦʚʦʛʦ ʇʨʠʜʥʽʧʨʦʚôʷ ʋʢʨʘʾʥʠò. 

ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ ï

ʦʮʽʥʶʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʤʠ 

ʟʥʽʤʢʘʤʠ ʪʘ ʥʘʟʝʤʥʠʤʠ ʟʘʚʽʨʢʦʚʠʤʠ ʜʘʥʠʤʠ, ʘʣʛʦʨʠʪʤʠ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʨʦʙʘʩʪʥʦʾ ʨʝʛʨʝʩʽʾ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʜʝʢʩʫ ʣʠʩʪʦʚʦʾ ʧʦʚʝʨʭʥʽ ʙʫʣʠ ʘʧʨʦʙʦʚʘʥʽ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʥʘʫʢʦʚʠʤ  ̔ ʨʝʢʨʝʘʮʽʡʥʠʤ ʚʽʜʜʽʣʘʤʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ 
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çɻʦʣʦʩʽʾʚʩʴʢʠʡè ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʟʘʛʘʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ, ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥ ʝʢʦʩʠʩʪʝʤ ʧʽʜ ʚʧʣʠʚʦʤ ʨʝʢʨʝʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʫ ʥʘʫʢʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʅʇʇ çɻʦʣʦʩʽʾʚʩʴʢʠʡè. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ɸʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ 

ʫʟʘʛʘʣʴʥʝʥʦ ʽʩʥʫʶʯʽ ʥʘʫʢʦʚʽ ʧʽʜʭʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʜʘʥʠʤʠ 

ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʪʘ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʊʘʢʦʞ ʜʠʩʝʨʪʘʥʪʦʤ ʙʫʣʠ ʩʘʤʦʩʪʽʡʥʦ 

ʦʙʨʦʙʣʝʥʽ ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ï ʜʘʥʽ ʪʝʤʘʪʠʯʥʦʛʦ 

ʜʝʰʠʬʨʫʚʘʥʥʷ 55 ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʟʘ ʧʝʨʽʦʜ ʟ 1992 ʧʦ 2015 ʨʨ. ʪʘ ʜʘʥʽ 

ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 2013-2014 ʨʨ. ʫ ʤʝʞʘʭ 49 ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ. ʋ ʧʨʦʮʝʩʽ 

ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʘʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʥʘʟʝʤʥʠʭ 

ʜʘʥʠʭ ï ʪʘʢʩʘʮʽʡʥʽ ʦʧʠʩʠ ʪʘ ʙʘʟʘ ʜʘʥʠʭ, ʥʘʜʘʥʠʭ ʅʇʇ çɻʦʣʦʩʽʾʚʩʴʢʠʡè ʚ ʨʘʤʢʘʭ 

ʜʦʛʦʚʦʨʫ ʧʨʦ ʥʘʫʢʦʚʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ. 

ɺ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʫ ʷʢʠʭ ʚʽʜʦʙʨʘʞʝʥʽ 

ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʢʦʥʢʨʝʪʥʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʚ ʫ 

ʥʘʩʪʫʧʥʦʤʫ:  

ï ʫ ʨʦʙʦʪʽ [9] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʻ ʾʾ ʢʽʣʴʢʽʩʪʴ ʪʘ ʷʢʽʩʪʴ;  

ï ʫ ʨʦʙʦʪʘʭ [17,20,23] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʽ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ; 

ï ʫ ʨʦʙʦʪʽ [13] ï ʘʜʘʧʪʦʚʘʥʦ ʤʦʜʝʣʽ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʜʦ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ; 

ï ʫ ʨʦʙʦʪʘʭ [12,24] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ 

ʥʦʨʤʦʚʘʥʦʾ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʟʝʤʥʠʭ ʦʮʽʥʦʢ, ʦʙʯʠʩʣʝʥʦ 

ʧʘʨʘʤʝʪʨʠ ʨʝʛʨʝʩʽʾ; 

ï ʫ ʨʦʙʦʪʘʭ [11,22] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʮʽʣʽʩʥʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʢʽʣʴʢʽʩʥʦ-ʷʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʪʘ ʧʝʨʝʚʽʨʝʥʦ ʾʾ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ; 



 13 

ï ʫ ʨʦʙʦʪʘʭ [10,18,19] ï ʨʝʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʠʭ ʪʨʝʥʜʽʚ ʟʤʽʥ ʨʦʩʣʠʥʥʦʩʪʽ, ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʦʪʨʠʤʘʥʦ 

ʢʘʨʪʠ ʨʦʟʧʦʜʽʣʫ ʧʘʨʘʤʝʪʨʽʚ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʪʨʝʥʜʽʚ; 

ï ʫ ʨʦʙʦʪʽ [14] ï ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʧʝʨʝʚʽʨʝʥʦ ʥʘ ʪʝʩʪʦʚʦʤʫ ʧʨʠʢʣʘʜʽ 

ʥʦʚʠʡ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

Oʩʥoʚʥi ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʤʝʪʦʜʠʯʥʽ ʧʦʣʦʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ ʡ ʧʦʧʝʨʝʜʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ, ʦʙʛʦʚʦʨʝʥʽ ʪʘ 

ʦʪʨʠʤʘʣʠ ʩʭʚʘʣʝʥʥʷ ʥʘ: ʤ̔ ʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽ,ʾ 

ʧʨʠʩʚʷʯʝʥʽʡ 110-ʨʽʯʯʶ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʉʫʯʘʩʥʽ 

ɻɯʉ-ʪʝʭʥʦʣʦʛʽʾ ʽ ʤʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʚ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ ʪʘ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʤʫ ʢʦʤʧʣʝʢʩʘʭè (ʤ. ʂʠʾʚ, 19ï20 ʯʝʨʚʥʷ, 2008 ʨ.); 

ʚʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ 

çɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʜʝʨʞʘʚʠè (ʤ. ʂʠʾʚ, 16-18 ʢʚʽʪʥʷ, 2013 ʨ.); XV ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʩʪʨʦʥʦʤʽʯʥʘ ʰʢʦʣʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭè (ʤ. ɹʽʣʘ ʎʝʨʢʚʘ, 

15ï17 ʪʨʘʚʥʷ 2013 ʨ.); II  ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾ çʅʘʫʢʦʚʽ ʘʩʧʝʢʪʠ 

ʛʝʦʜʝʟʽʾ, ʟʝʤʣʝʫʩʪʨʦʶ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (ʤ. ʂʠʾʚ, 10-13 ʯʝʨʚʥʷ, 

2013 ʨ); XIII  ʫʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾʟ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʤ. ɭʚʧʘʪʦʨʽʷ, 2-6 

ʚʝʨʝʩʥʷ, 2013 ʨ.); ʦʜʠʥʘʜʮʷʪʽʡ ɺʩʝʨʦʩʽʡʩʴʢʽʡ ʚʽʜʢʨʠʪʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ 

ʧʨʦʙʣʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʽʟ ʢʦʩʤʦʩʫè (ʤ. ʄʦʩʢʚʘ, 11ï15 

ʣʠʩʪʦʧʘʜʘ 2013 ʨ.); XVI  ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʩʪʨʦʥʦʤʽʯʥʘ 

ʰʢʦʣʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭè (ʤ. ʂʽʨʦʚʦʛʨʘʜ, 29ï31 ʪʨʘʚʥʷ 2014 ʨ.); ʯʝʪʚʝʨʪʽʡ 

ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʝʨʦʢʦʩʤʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʽʥʪʝʨʝʩʘʭ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʘ ʙʝʟʧʝʢʠ GEO-UA 2014è, (ʤ. ʂʠʾʚ, 26ï30 ʪʨʘʚʥʷ 2014 ʨ.); XIV  

ʫʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʤ. ʋʞʛʦʨʦʜ, 8ï12 ʚʝʨʝʩʥʷ 

2014 ʨ.); ʜʚʘʥʘʜʮʷʪʽʡ ɺʩʝʨʦʩʽʡʩʴʢʽʡ ʚʽʜʢʨʠʪʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʽʟ ʢʦʩʤʦʩʫè (ʤ. ʄʦʩʢʚʘ, 10-14 ʣʠʩʪʦʧʘʜʘ 

2014 ʨ.); ʤ̔ ʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾ çɯʥʪʝʛʨʘʮʽʷ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚè (ʤ. ʂʠʾʚ, 27-28 
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ʣʠʩʪʦʧʘʜʘ, 2014 ʨ.); XVII  ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɸʩʪʨʦʥʦʤʽʯʥʘ 

ʰʢʦʣʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭè (ʤ. ɾʠʪʦʤʠʨ, 20-22 ʪʨʘʚʥʷ 2015 ʨ.); XV ʫʢʨʘʾʥʩʴʢʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʤ. ʆʜʝʩʘ, 24ï28 ʩʝʨʧʥʷ 2015 ʨ.) 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 18 ʨʦʙʽʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ: ʫ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʥʝʩʝʥʽ ʜʦ ʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʟ 

ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ï 5 (ʟ ʷʢʠʭ: 1 ï ʚʠʢʦʥʘʥʦ ʦʜʥʦʦʩʽʙʥʦ, 1 ï ʚʢʣʶʯʝʥʘ ʫ 

ʥʘʫʢʦʤʝʪʨʠʯʥ ̔ʙʘʟʠ ñʈʀʅʎò ʪʘ Scopus); 1 ʧʘʪʝʥʪ ʥʘ ʚʠʥʘʭʽʜ; 12 ï ʫ ʟʙʽʨʥʠʢʘʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (154 ʥʘʡʤʝʥʫʚʘʥʥ ̫ ʥʘ 19 

ʩʪʦʨʽʥʢʘʭ) ʽ 4 ʜʦʜʘʪʢʘ ʥʘ 33 ʩʪʦʨʽʥʢʘʭ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 172 ʩʪʦʨʽʥʢʘʭ, ʱʦ 

ʤʽʩʪʷʪʴ 116 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ, 45 ʨʠʩʫʥʢʽʚ ʽ 11 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1 

ʆɻʃʗɼ ɯʉʅʋʖʏʀʍ ʄɽʊʆɼɯɺ ʆʎɯʅʖɺɸʅʅʗ ʉʊɸʅʋ 

ʈʆʉʃʀʅʅʆʉʊɯ ʋʈɹɸʅɯɿʆɺɸʅʀʍ ʊɽʈʀʊʆʈɯʁ 

ʈʦʩʣʠʥʥʽʩʪʴ ï ʢʦʤʧʦʥʝʥʪ ʙʽʦʩʬʝʨʠ, ʷʢʦʤʫ ʧʨʠʪʘʤʘʥʥʽ ʫʥʽʢʘʣʴʥʽ 

ʫʪʚʦʨʶʶʯʽ, ʚʦʜʦʟʘʭʠʩʥʽ, ˇʨʫʥʪʦʟʘʭʠʩʥʽ ʪʘ ʽʥʰʽ ʩʠʩʪʝʤʥʽ ʬʫʥʢʮʽʾ. ɿʘʩʚʦʶʶʯʠ ʚ 

ʧʨʦʮʝʩʽ ʬʦʪʦʩʠʥʪʝʟʫ ʜʚʦʦʢʠʩ ʚʫʛʣʝʮʶ, ʚʦʜʫ, ʤʽʥʝʨʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʨʦʩʣʠʥʠ 

ʫʪʚʦʨʶʶʪʴ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ ï ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʪʘ ʾʞʽ ʫʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʽ 

ʚʠʜʽʣʷʶʪʴ ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʠʡ ʢʠʩʝʥʴ. ɿʥʘʯʥʦʶ ʻ ʨʦʣʴ ʨʦʩʣʠʥ ʚ ʤʽʛʨʘʮʽʾ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʫ ʧʽʜʪʨʠʤʮʽ ʙʘʣʘʥʩʫ ʽʩʥʫʶʯʠʭ ʚ ʧʨʠʨʦʜʽ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ, ʘ 

ʪʘʢʦʞ ʚ ʫʪʚʦʨʝʥʥʽ ˇʨʫʥʪʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʽ ʣʘʥʜʰʘʬʪʽʚ. ɿʘ ʫʯʘʩʪʶ ʨʦʩʣʠʥʥʦʩʪʽ 

ʬʦʨʤʫʻʪʴʩʷ ʢʣʽʤʘʪ, ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʚʦʜʥʠʡ ʙʘʣʘʥʩ ʽ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ ʩʢʣʘʜ ʧʨʠʟʝʤʥʦʾ ʘʪʤʦʩʬʝʨʠ, ʪʦʱʦ. ʊʦʤʫ ʚʠʚʯʝʥʥʶ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʜʦʩʪʦʚʽʨʥʦʤʫ ʽ ʪʦʯʥʦʤʫ ʦʮʽʥʶʚʘʥʥʶ ʾʾ ʢʽʣʴʢʽʩʥʠʭ ʪʘ ʷʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ [27]. 

1.1 ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʥʘʟʝʤʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʆʟʝʣʝʥʝʥʥʷ ʤʽʩʪ ï ʮʝ ʢʦʤʧʣʝʢʩʥʘ ʧʨʦʙʣʝʤʘ, ʷʢʘ ʦʭʦʧʣʶʻ ʧʣʘʥʫʚʘʥʥʷ, 

ʥʦʨʤʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʙʫʜʽʚʥʠʮʪʚʦ, ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʟʝʣʝʥʝʥʠʭ ʪʝʨʠʪʦʨʽʡ, 

ʨʦʟʚʠʪʦʢ ʨʦʟʩʘʜʥʠʮʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʚʠʨʦʙʥʠʮʪʚʦ ʤʘʣʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʬʦʨʤ, ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʽʚ, ʧʽʜʛʦʪʦʚʢʫ ʢʘʜʨʽʚ ʩʧʝʮʽʘʣʽʩʪʽʚ ʚʠʱʦʾ 

ʪʘ ʩʝʨʝʜʥʴʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ, ʦʨʛʘʥʽʟʘʮʽʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʧʦ ʦʟʝʣʝʥʝʥʥʶ, 

ʚʠʚʯʝʥʥʷ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʝʨʝʜʦʚʦʛʦ ʚʽʪʯʠʟʥʷʥʦʛʦ ʽ ʟʘʨʫʙʽʞʥʦʛʦ ʜʦʩʚʽʜʫ. 

ʈʦʟʨʦʙʢʘ ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ ʪʘ ʦʟʜʦʨʦʚʣʝʥʥʷ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ ʬʽʪʦʮʝʥʦʟʽʚ 

ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ ʽ ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

ʘʢʫʤʫʣʷʮʽʾ ʽ ʜʝʪʦʢʩʠʢʘʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʘʝʨʦʟʦʣʽʚ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ [28]. 

ɿʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʢʦʥʜʠʮʽʶʶʪʴ ʧʦʚʽʪʨʷ ʚ ʧʨʦʮʝʩʽ ʽʦʥʽʟʘʮʽʾ ʽ ʚʠʜʽʣʝʥʥʷ 

ʬʽʪʦʥʮʠʜʽʚ; ʘʢʪʠʚʥʦ ʦʯʠʱʘʶʪʴ ʘʪʤʦʩʬʝʨʫ, ʧʦʛʣʠʥʘʶʯʠ ʙʽʣʴʰʽʩʪʴ ʧʦʣʶʪʘʥʪʽʚ 
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ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʤʽʚ; ʟʥʠʞʫʶʪʴ ʩʠʣʫ 

ʚʽʪʨʫ ʪʘ ʨʽʚʝʥʴ ʰʫʤʫ; ʟʤʽʥʶʶʪʴ ʤʽʢʨʦʢʣʽʤʘʪ ʪʝʨʠʪʦʨʽʾ. 

ʈʦʩʣʠʥʥʽʩʪʴ ʚ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ, ʚʠʢʦʥʫʻ ʟʘʭʠʩʥʦ-ʤʝʣʽʦʨʘʪʠʚʥʽ ʬʫʥʢʮʽʾ ʧʨʠ 

ʟʘʢʨʽʧʣʝʥʥʽ ʚʽʜʢʦʩʽʚ, ʥʘʩʠʧʽʚ ʽ ʪ.ʧ., ʚʦʜʦʟʘʭʠʩʥʽ ʽ ʚʦʜʦʨʝʛʫʣʶʶʯʽ ʬʫʥʢʮʽʾ; 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʙʽʦʣʦʛʽʯʥʦʾ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʧʦʨʫʰʝʥʠʭ ʪʝʨʠʪʦʨʽʡ [29]. 

ɺ ʧʣʘʥʫʚʘʣʴʥʠʭ ʨʽʰʝʥʥʷʭ ʱʦʜʦ ʧʦʣʽʧʰʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʚʠʛʣʷʜʫ ʤʽʩʪʘ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʬʘʢʪʦʨ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʷʢʽ ʩʧʨʠʷʪʣʠʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʪʘ ʝʤʦʮʽʡʥʠʡ ʩʪʘʥ ʣʶʜʠʥʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʤʽʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʩʚʦʻʨʽʜʥʽʩʪʶ ʦʩʥʦʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʩʧʝʮʠʬʽʯʥʦʶ ʜʽʻʶ 

ʪʝʭʥʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʥʝ ʤʦʞʝ ʥʝ ʧʦʟʥʘʯʘʪʠʩʷ ʥʘ ʩʘʤʠʭ ʨʽʟʥʠʭ ʩʪʦʨʦʥʘʭ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʨʦʩʣʠʥ. 

ʆʩʣʘʙʣʝʥʥʷ ʽ ʟʤʽʥʘ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʯʝʨʝʟ ʟʘʜʠʤʣʝʥʥʷ ʪʘ ʟʘʛʘʟʦʚʘʥʽʩʪʴ, 

ʟʤʽʥʘ ʨʝʞʠʤʫ ʪʝʧʣʘ ʪʘ ʚʦʣʦʛʦʩʪʽ, ˇʨʫʥʪʦʚʠʭ ʬʘʢʪʦʨʽʚ ʚ ʫʤʦʚʘʭ ʤʽʩʪʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʪʣʽ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʽ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʦʤʫ 

ʤʽʩʴʢʘ ʨʦʩʣʠʥʥʽʩʪʴ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʽ ʩʚʦʻʯʘʩʥʘ ʦʮʽʥʢʘ ʾʾ 

ʩʪʘʥʫ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. 

1.1.1. ɿʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʥʦʨʤʘʪʠʚʥʽ ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ɺ ʢʨʘʾʥʘʭ ɿʘʭʦʜʫ ʟ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ ʧʨʦʚʦʜʠʪʴʩʷ ʟʥʷʪʪʷ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʤʽʩʴʢʠʭ ʝʢʦʩʠʩʪʝʤ (ʤʽʩʴʢʽ 

ʣʽʩʠ, ʧʘʨʢʠ). ɯʥʬʦʨʤʘʮʽʷ ʥʘʜʭʦʜʠʪʴ ʫ ʨʝʛʽʦʥʘʣʴʥʽ ʮʝʥʪʨʠ ʦʙʨʦʙʢʠ, ʱʦ 

ʦʙʩʣʫʛʦʚʫʶʪʴ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʰʪʘʪʽʚ, ʪʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʙʘʥʢʘʭ ʜʘʥʠʭ, ʦʙôʻʜʥʘʥʠʭ ʚ ʻʜʠʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚ 

ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʤʦʞʝ ʙʫʪʠ ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʠʤʘʥʘ ʧʦʚʥʘ ʢʘʨʪʠʥʘ ʩʪʘʥʫ 

ʩʝʨʝʜʦʚʠʱʘ ʰʪʘʪʫ, ʤʽʩʪʘ, ʨʘʡʦʥʫ ʪʘ ʚʠʷʚʣʝʥʦ ʥʝʛʘʪʠʚʥʽ ʪʝʥʜʝʥʮʽʾ ʽ ʧʨʦʮʝʩʠ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʯʽʪʢʦ ʬʽʢʩʫʚʘʪʠ ʾʭ ʧʨʦʩʪʦʨʦʚʽ ʘʨʝʘʣʠ, ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʯʠʥʠ, 

ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʠʩʥʠʭ ʟʘʭʦʜʽʚ. ʉʣʫʞʙʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʉʐɸ ʨʝʛʫʣʷʨʥʦ ʽʥʬʦʨʤʫʶʪʴ ʬʝʜʝʨʘʣʴʥʫ ʽ ʨʝʛʽʦʥʘʣʴʥʫ ʚʣʘʜʫ ʧʨʦ ʩʪʘʥ 
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ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜʚʽʜʦʤʯʠʭ ʪʝʨʠʪʦʨʽʡ, ʷʢʘ ʚ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʘʩʪʦʩʦʚʫʻ ʩʘʥʢʮʽʾ ʱʦʜʦ ʧʦʨʫʰʥʠʢʽʚ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʨʫʜ, ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [30]. 

ɼʦʩʚʽʜ ʗʧʦʥʽʾ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʤʽʩʴʢʠʭ ʦʟʝʣʝʥʝʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʙʘʛʘʪʦʤʽʣʴʡʦʥʥʦʛʦ ʊʦʢʽʦ ʻ ʜʫʞʝ ʧʦʚʯʘʣʴʥʠʤ [31]. ʑʝ ʚ 1972 ʨ. 

ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʊʦʢʽʦ ʧʦʨʷʜ ʟ ʧʨʠʡʥʷʪʪʷʤ ʟʘʭʦʜʽʚ ʧʦ ʦʯʠʱʝʥʥʶ ʧʦʚʽʪʨʷʥʦʛʦ 

ʙʘʩʝʡʥʫ, ʫʩʫʥʝʥʥʶ ʟʘʙʨʫʜʥʝʥʴ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʧʨʠʡʥʷʣʘ ʧʦʩʪʘʥʦʚʫ ʧʨʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʤʝʞʘʭ ʤʽʩʪʘ. ɺʩʽ ʦʟʝʣʝʥʝʥʽ 

ʪʝʨʠʪʦʨʽʾ ʙʫʣʦ ʚʟʷʪʦ ʥʘ ʦʙʣʽʢ, ʧʨʦʽʥʚʝʥʪʘʨʠʟʦʚʘʥʦ, ʩʢʣʘʜʝʥʦ ʦʧʠʩ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʚʠʟʥʘʯʝʥʽ ʜʽʣʷʥʢʠ ʜʣʷ ʥʦʚʦʛʦ ʦʟʝʣʝʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʦʥʠ, ʚʟʷʪʽ ʧʽʜ ʦʭʦʨʦʥʫ ʮʽʥʥʽ ʢʫʪʦʯʢʠ ʧʨʠʨʦʜʠ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʣʘʥʜʰʘʬʪʠ, ʚʝʜʫʪʴʩʷ ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʭʠʩʪʫ ʬʣʦʨʠ ʽ 

ʬʘʫʥʠ. ʆʨʛʘʥʽʟʦʚʘʥʦ ʩʠʩʪʝʤʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʦʩʣʠʥʥʽʩʪʶ ʚ ʤʽʩʪʽ, ʥʘ ʢʦʞʝʥ 

ʦʙôʻʢʪ ʩʢʣʘʜʝʥʠʡ ʧʘʩʧʦʨʪ ʟ ʜʦʢʣʘʜʥʠʤ ʦʧʠʩʦʤ ʦʙ'ʻʢʪʘ, ʙʘʣʘʥʩʦʤ ʡʦʛʦ 

ʪʝʨʠʪʦʨʽʾ (ʛʘʟʦʥ, ʜʝʨʝʚʘ, ʯʘʛʘʨʥʠʢʠ, ʢʚʽʪʥʠʢʠ, ʬʘʫʥʘ) ʪʘ ʧʣʘʥʦʤ ʦʙôʻʢʪʘ. 

ɺʝʣʠʢʫ ʨʦʣʴ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʤʝʞ ʦʟʝʣʝʥʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʤʽʩʪʘ ʽ ʧʝʨʝʜʤʽʩʪʴ 

ʟʽʛʨʘʣʘ ʢʦʩʤʽʯʥʘ ʟʡʦʤʢʘ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʘ ʩʢʣʘʜʘʥʥʷ ʜʦʢʣʘʜʥʠʭ ʧʣʘʥʽʚ 

ʤʽʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʷʚʣʝʥʥʷʤ ʚʧʣʠʚʫ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʨʦʩʣʠʥʥʽʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʟʘʭʦʜʽʚ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʨʽʚʝʥʴ 

ʦʟʝʣʝʥʝʥʥʷ ʤʽʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤʘʪʠʚʽʚ ʽ ʪʨʠʤʘʻʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫ ʦʟʝʣʝʥʝʥʥʷ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʝʨʠʪʦʨʽʡ ʬʘʭʽʚʮʽ ʨʦʟʨʦʙʠʣʠ ʦʧʪʠʤʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʦʙôʻʢʪʘʭ 

ʦʟʝʣʝʥʝʥʥʷ ʟ ʧʦʟʠʮʽʡ ʝʢʦʥʦʤʥʦʛʦ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʴʢʠʭ 

ʪʝʨʠʪʦʨʽʡ. 

ʋ ʩʫʯʘʩʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʂʠʻʚʘ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ 

ʧʠʪʘʥʥʷ ʫʪʨʠʤʘʥʥʷ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʥʘ ʤʽʩʴʢʠʭ ʦʙôʻʢʪʘʭ ʣʘʥʜʰʘʬʪʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ï ʫʟʜʦʚʞ ʚʫʣʠʮʴ ʽ ʤʘʛʽʩʪʨʘʣʝʡ, ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʞʠʪʣʦʚʦʾ 

ʟʘʙʫʜʦʚʠ, ʫ ʩʢʚʝʨʘʭ, ʧʘʨʢʘʭ, ʙʫʣʴʚʘʨʘʭ, ʣʽʩʦʧʘʨʢʘʭ ʪʘ ʤʽʩʴʢʠʭ ʣʽʩʘʭ. 
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ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʦʮʽʥʢʠ ʨʝʘʣʴʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

[32]. 

ʈʦʩʣʠʥʠ ʜʫʞʝ ʯʫʪʣʠʚʦ ʨʝʘʛʫʶʪʴ ʥʘ ʤʽʥʣʠʚʽ ʫʤʦʚʠ, ʘ ʪʦʤʫ ʤʦʞʫʪʴ 

ʩʣʫʞʠʪʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʽʜʥʦʩʠʥʠ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʚʽʜʪʚʦʨʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʩʚʽʪʫ ʨʝʛʫʣʶʶʪʴʩʷ ʂʦʥʩʪʠʪʫʮʽʻʶ ʋʢʨʘʾʥʠ, 

ʟʘʢʦʥʘʤʠ ʋʢʨʘʾʥʠ ñʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘò, 

ñʇʨʦ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠò, ʃʽʩʦʚʠʤ ʢʦʜʝʢʩʦʤ ʋʢʨʘʾʥʠ, 

ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ ñʇʨʦ ʨʦʩʣʠʥʥʠʡ ʩʚʽʪò ʪʘ ʽʥʰʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ 

ʘʢʪʘʤʠ. 

ɿʛʽʜʥʦ ʟ ʧʨʠʡʥʷʪʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ [33] ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ 

ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʦʟʥʘʢʦʶ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: 

ʘ) ʦʟʝʣʝʥʝʥʽ ʪʝʨʠʪʦʨʽʾ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ: ʧʘʨʢʠ ʢʫʣʴʪʫʨʠ ʪʘ 

ʚʽʜʧʦʯʠʥʢʫ, ʧʘʨʢʠ ʚʽʜʧʦʯʠʥʢʫ, ʩʢʚʝʨʠ ʽ ʙʫʣʴʚʘʨʠ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʘʨʢʠ 

(ʙʦʪʘʥʽʯʥʽ ʩʘʜʠ, ʟʦʦʧʘʨʢ, ʄʫʟʝʡ ʥʘʨʦʜʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʽ ʧʦʙʫʪʫ, ʅʂ 

çɽʢʩʧʦʮʝʥʪʨ ʋʢʨʘʾʥʠè, ʛʦʣʴʬ-ʧʘʨʢ); 

ʙ) ʦʟʝʣʝʥʝʥʽ ʪʝʨʠʪʦʨʽʾ ʦʙʤʝʞʝʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ï ʥʘ ʤʽʞʙʫʜʠʥʢʦʚʠʭ  

ʞʠʪʣʦʚʠʭ ʪʝʨʠʪʦʨʽʷʭ (ʚʥʫʪʨʽʰʥʴʦ ʢʚʘʨʪʘʣʴʥʽ ʥʘʩʘʜʞʝʥʥʷ ʪʘ ʧʨʠʙʫʜʠʥʢʦʚʽ 

ʩʤʫʛʠ), ʜʽʣʷʥʢʘʭ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʜʠʪʷʯʠʭ ʟʘʢʣʘʜʽʚ, ʰʢʽʣ, ʚʫʟʽʚ, ʥʘʫʢʦʚʠʭ 

ʽ ʣʽʢʫʚʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ; 

ʚ) ʦʟʝʣʝʥʝʥʽ ʪʝʨʠʪʦʨʽʾ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ï ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʽ 

ʟʦʥʠ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʚʦʜʦʦʭʦʨʦʥʥʽ, ʤʝʣʽʦʨʘʪʠʚʥʽ ʪʘ ʣʽʩʦʟʘʭʠʩʥʽ 

ʩʤʫʛʠ, ʦʨʘʥʞʝʨʝʡʥʽ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʨʦʟʩʘʜʥʠʢʠ, ʢʦʨʠʜʦʨʠ ʽʥʞʝʥʝʨʥʠʭ 

ʤʝʨʝʞ, ʦʟʝʣʝʥʝʥʽ ʯʘʩʪʠʥʠ ʚʫʣʠʮʴ, ʜʦʨʽʛ ʽ ʢʣʘʜʦʚʠʱ. 

ɺʽʜʥʝʩʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʽ ʦʙôʻʢʪʽʚ ʟʝʣʝʥʦʾ ʟʦʥʠ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʫʧ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʽʰʝʥʥʷʤʠ ʂʠʾʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ ʥʘ ʧʽʜʩʪʘʚʽ ʯʠʥʥʠʭ 

ʜʝʨʞʘʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ ʋʢʨʘʾʥʠ. 

ɿʛʽʜʥʦ ʜʝʨʞʘʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ ʋʢʨʘʾʥʠ (ɼɹʅ 360-92**), ʧʨʠ 

ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʟʘʙʫʜʦʚʽ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʧʦʪʨʽʙʥʦ ʢʝʨʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʧʨʠʥʮʠʧʘʤʠ: ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʥʥʠʭ ʧʨʠʨʦʜʥʠʭ 
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ʨʝʩʫʨʩʽʚ; ʜʦʪʨʠʤʘʥʥʷ ʥʦʨʤʘʪʠʚʽʚ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʝʨʠʪʦʨʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʪʝʥʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ; ʚʠʜʽʣʝʥʥʷ ʣʘʥʜʰʘʬʪʥʦ-ʨʝʢʨʝʘʮʽʡʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʪʘ ʟʘʙʦʨʦʥʘ ʥʘ ʥʠʭ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʪʘ ʽʥʰʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʱʦ 

ʟʘʚʘʞʘʻ ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʘʥʠʭ ʟʦʥ ʟʘ ʧʨʷʤʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ; ʜʦʪʨʠʤʘʥʥʷ 

ʩʘʥʽʪʘʨʥʠʭ ʥʦʨʤʘʪʠʚʽʚ, ʫʩʪʘʥʦʚʢʘ ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʠʭ ʟʦʥ ʜʣʷ ʦʭʦʨʦʥʠ 

ʚʦʜʦʡʤ, ʢʫʨʦʨʪʥʠʭ, ʣʽʢʫʚʘʣʴʥʦ-ʦʟʜʦʨʦʚʯʠʭ ʟʦʥ, ʜʞʝʨʝʣ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 

ʥʘʩʝʣʝʥʠʭ ʤʽʩʮʴ ʪʘ ʽʥʰʠʭ ʪʝʨʠʪʦʨʽʡ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʰʢʽʜʣʠʚʠʭ ʚʧʣʠʚʽʚ. 

ʇʣʘʥʫʚʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʪʝʨʠʪʦʨʽʾ (ʘʛʨʝʛʦʚʘʥʘ ʦʮʽʥʢʘ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʝʢʦʥʦʤʽʢʦ-ʤʽʩʪʦʙʫʜʽʚʥʘ ʦʮʽʥʢʘ ʪʝʨʠʪʦʨʽʾ), ʱʦ ʚʠʟʥʘʯʘʻ 

ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ ʧʦ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʪʦʤʫ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʷʚʣʷʻʪʴʩʷ ʦʪʨʠʤʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ ʪʘ 

ʜʦʩʪʦʚʽʨʥʦʾ (ʘʢʪʫʘʣʴʥʦʾ) ʽʥʬʦʨʤʘʮʽʾ  ʧʨʦ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʂʠʾʚʩʴʢʠʤ ʢʦʤʫʥʘʣʴʥʠʤ ʦʙôʻʜʥʘʥʥʷʤ ʟʝʣʝʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʤʽʩʪʘ çʂʠʾʚʟʝʣʝʥʙʫʜè 

ʧʨʦʚʦʜʠʪʴʩʷ ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ: ʧʣʦʱʫ, ʧʦʨʦʜʥʠʡ ʩʢʣʘʜ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʧʦʜʝʨʝʚʥʦ ʚʽʢʦʚʠʡ 

ʩʢʣʘʜ, ʪʘʢʩʘʮʽʡʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʷʢʽʩʥʠʡ ʩʪʘʥ, ʬʽʪʦʧʘʪʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʽ 

ʧʨʦʝʢʪʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ ʤʦʥʽʪʦʨʠʥʛ 

ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʧʦʣʝʛʰʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʛʣʷʜʦʚʠʭ ʨʦʙʽʪ, ʨʦʙʽʪ ʟ 

ʣʘʥʜʰʘʬʪʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʥʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʜʘʩʪʴ ʟʤʦʛʫ ʫ 

ʤʽʩʴʢʦʤʫ ʨʦʟʩʘʜʥʠʢʫ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʩʘʜʞʘʥʮʽʚ ʜʝʢʦʨʘʪʠʚʥʠʭ ʜʝʨʝʚ ʽ 

ʢʫʱʽʚ ʪʘ ʥʘʩʽʥʥʷ ʛʘʟʦʥʥʠʭ ʪʨʘʚ ʧʨʦʚʦʜʠʪʠ ʟʘʢʣʘʜʢʫ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʦʨʽʜ  ʪʘ ʘʩʦʨʪʠʤʝʥʪʫ. 

1.1.2. ɽʢʩʧʝʨʪʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ ʪʘ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʨʝʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʣʽʩʦʧʘʨʢʦʚʦʾ ʯʘʩʪʠʥʠ 

ʤʽʩʴʢʠʭ ʥʘʩʘʜʞʝʥʴ [34]. ɿʘʭʦʜʠ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʚʝʜʝʥʥʷ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚ 
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ʟʝʣʝʥʠʭ ʟʦʥʘʭ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʘʪʝʨʽʘʣʘʭ ʾʭ 

ʣʽʩʦʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʪʘ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʩʘʜʞʝʥʴ, 

ʟʙʝʨʝʞʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʪʘ ʞʠʚʦʧʠʩʥʠʭ ʣʘʥʜʰʘʬʪʽʚ, ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, 

ʧʘʤôʷʪʦʢ ʽʩʪʦʨʽʾ ʪʘ ʧʨʠʨʦʜʠ, ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʬʦʨʤʫʚʘʥʥʷ ʜʦʨʦʞʥʦ-ʩʪʝʞʢʦʚʦʾ ʤʝʨʝʞʽ ʪʘ ʧʦʩʠʣʝʥʥʽ 

ʨʝʢʨʝʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʥʘʩʘʜʞʝʥʴ [35]. ʇʽʜ ʯʘʩ ʣʘʥʜʰʘʬʪʥʦʾ ʪʘʢʩʘʮʽʾ 

ʣʽʩʦʧʘʨʢʦʚʠʭ ʯʘʩʪʠʥ ʟʝʣʝʥʠʭ ʟʦʥ, ʧʦʨʷʜ ʽʟ ʟʘʛʘʣʴʥʦʶ ʣʽʩʽʚʥʠʯʦ-ʪʘʢʩʘʮʽʡʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʽʣʷʥʦʢ, ʜʘʶʪʴ ʜʦʜʘʪʢʦʚʫ ʣʘʥʜʰʘʬʪʥʦ-ʨʝʢʨʝʘʮʽʡʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ [36-38], ʷʢʘ ʚʢʣʶʯʘʻ ʦʟʥʘʢʠ, ʱʦ ʦʮʽʥʶʶʪʴ ʾʭ ʟʜʘʪʥʽʩʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʨʝʢʨʝʘʮʽʡʥʽ ʬʫʥʢʮʽʾ: ʪʠʧ ʣʘʥʜʰʘʬʪʫ, ʢʣʘʩ ʝʩʪʝʪʠʯʥʦʾ ʦʮʽʥʢʠ, 

ʧʽʰʦʭʽʜʥʦʾ ʜʦʩʪʫʧʥʦʩʪʽ, ʨʝʢʨʝʘʮʽʡʥʘ ʦʮʽʥʢʘ, ʜʦʜʘʪʢʦʚʘ ʦʮʽʥʢʘ, ʢʣʘʩ 

ʩʪʽʡʢʦʩʪʽ, ʩʪʘʜʽʷ ʨʝʢʨʝʘʮʽʡʥʦʾ ʜʠʛʨʝʩʽʾ. 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʣʘʥʜʰʘʬʪʥʦ-ʨʝʢʨʝʘʮʽʡʥʠʭ ʦʟʥʘʢ ʜʽʣʷʥʦʢ 

ʨʦʩʣʠʥʥʦʩʪʽ ʜʦʩʠʪʴ ʥʝʜʦʩʢʦʥʘʣʘ ʯʝʨʝʟ ʩʫʙôʻʢʪʠʚʥʽʩʪʴ ʾʭʥʴʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʦʟʥʘʢʘʤʠ 

ʪʘ ʜʦʮʽʣʴʥʠʤʠ ʟʘʭʦʜʘʤʠ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʢʨʝʘʮʽʡʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ. 

ʇʦʢʘʟʥʠʢ ʩʪʘʜʽʾ ʨʝʢʨʝʘʮʽʡʥʦʾ ʜʠʛʨʝʩʽʾ (ʪʘʙʣ.1.1) ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ 

ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʜʝʨʝʚʦʩʪʘʥʫ, ʧʽʜʨʦʩʪʫ, 

ʧʽʜʣʽʩʢʫ, ʘ ʪʘʢʦʞ ʪʨʘʚôʷʥʦʛʦ ʽ ʤʦʭʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʣʽʩʦʚʦʾ ʧʽʜʩʪʠʣʢʠ. 

ʇʨʠ ʦʧʠʩʽ ʪʘʢʩʘʮʽʡʥʠʭ (ʣʘʥʜʰʘʬʪʥʠʭ) ʚʠʜʽʣʽʚ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ, ʷʢʽʩʪʴ 

ʨʦʩʪʫ ʡ ʨʦʟʚʠʪʢʫ ʥʘʩʘʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʾʭ ʟʜʘʪʥʽʩʪʴ ʧʨʦʪʠʩʪʦʷʪʠ ʥʝʩʧʨʠʷʪʣʠʚʽʡ 

ʜʽʾ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʣʘʩʦʤ ʞʠʪʪʻʩʪʽʡʢʦʩʪʽ ʥʘʩʘʜʞʝʥʴ 

(ʪʘʙʣ.1.2).  

ɿʦʚʥʽʰʥʴʦ ʞʠʪʪʻʩʪʽʡʢʽʩʪʴ ʥʘʩʘʜʞʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʨʦʩʪʫ, ʛʫʩʪʦʪʦʶ ʭʚʦʾ ʘʙʦ ʣʠʩʪʷ ʧʘʛʦʥʽʚ, ʟʘʙʘʨʚʣʝʥʥʷʤ ʽ ʱʽʣʴʥʽʩʪʶ ʢʨʦʥ, 

ʢʽʣʴʢʽʩʪʶ, ʨʦʟʤʽʱʝʥʥʷʤ ʽ ʩʪʘʥʦʤ ʧʽʜʨʦʩʪʫ ʽ ʧʽʜʣʽʩʢʫ, ʧʨʦʝʢʪʠʚʥʠʤ 

ʧʦʢʨʠʪʪʷʤ ʥʘʜˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʩʪʫʧʝʥʝʤ ʱʽʣʴʥʦʩʪʽ ʽ ʩʪʦʧʪʘʥʦʩʪʽ ˇʨʫʥʪʫ, 

ʥʘʷʚʥʽʩʪʶ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʜʝʨʝʚ, ʢʫʱʽʚ ʪʦʱʦ [39]. 
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ʊʘʙʣʠʮʷ 1.1. 

ʉʪʘʜʽʾ ʨʝʢʨʝʘʮʽʡʥʦʾ ʜʠʛʨʝʩʽʾ (ʟʘ ʄ.ɯ. ʈʠʩʽʥʠʤ) 

ʉʪʘ

ʜʽʷ 
ʂʨ, % 

ʉʪʘʥ ʪʨʘʚ'ʷʥʦʛʦ ʽ ʤʦʭʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʪʘ ʣʽʩʦʚʦʾ ʧʽʜʩʪʠʣʢʠ 

ʉʪʘʥ ʜʝʨʝʚʦʩʪʘʥʫ, ʧʽʜʨʦʩʪʫ ʽ 

ʧʽʜʣʽʩʢʫ 

1 ʜʦ 0,05 ʊʨʘʚôʷʥʠʡ ʽ ʤʦʭʦʚʠʡ ʧʦʢʨʠʚ 

ʙʝʟ ʟʤʽʥ ʽ ʚʽʜʧʦʚʽʜʘʻ ʪʠʧʫ ʣʽʩʫ. 

ʇʽʜʩʪʠʣʢʘ ʥʝ ʧʦʨʫʰʝʥʘ. 

ʇʽʜʨʽʩʪ ʽ ʧʽʜʣʽʩʦʢ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʣʽʩʦʨʦʩʣʠʥʥʠʤ ʫʤʦʚʘʤ ʽ ʥʝ 

ʫʰʢʦʜʞʝʥʽ. 

2 0,06 - 

0,1 

ʊʨʘʚôʷʥʠʡ ʽ ʤʦʭʦʚʠʡ ʧʦʢʨʠʚ 

ʧʦʰʢʦʜʞʝʥʦ ʥʘ ʟʥʘʯʥʽʡ ʧʣʦʱʽ. 

ʂʽʣʴʢʽʩʪʴ ʣʽʩʦʚʠʭ ʪʘ 

ʣʽʩʦʣʫʛʦʚʠʭ ʪʨʘʚ ʟʤʝʥʰʠʣʘʩʴ. 

ʅʘʷʚʥʽʩʪʴ ʙʫʨ'ʷʥʫ ʘʙʦ ʣʫʛʦʚʠʭ 

ʪʨʘʚ, ʥʝ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ 

ʣʽʩʦʨʦʩʣʠʥʥʠʭ ʫʤʦʚ ʜʽʣʷʥʢʠ. 

ʗʨʫʩʥʽʩʪʴ ʧʦʢʨʠʚʫ ʱʝ 

ʟʙʝʨʽʛʘʻʪʴʩʷ.  

ʇʽʜʨʽʩʪ ʽ ʧʽʜʣʽʩʦʢ ʚ 

ʟʘʜʦʚʽʣʴʥʦʤʫ ʪʘ ʜʦʙʨʦʤʫ 

ʩʪʘʥʽ. ɺ ʜʝʨʝʚʦʩʪʘʥʽ 

ʧʝʨʝʚʘʞʘʶʪʴ ʜʝʨʝʚʘ ʜʦʙʨʦʛʦ 

ʪʘ ʟʘʜʦʚʽʣʴʥʦʛʦ ʩʪʘʥʫ (75-

90%). 

3 0,11 - 

0,3 

ʊʨʘʚ'ʷʥʠʡ ʽ ʤʦʭʦʚʠʡ ʧʦʢʨʠʚ 

ʜʝʛʨʘʜʫʻ. ʈʽʟʢʦ ʟʙʽʣʴʰʠʣʘʩʴ 

ʬʽʪʦʤʘʩʘ ʽ ʯʠʩʝʣʴʥʽʩʪʴ ʙʫʨ'ʷʥʫ 

ʪʘ ʣʫʛʦʚʠʭ ʨʦʩʣʠʥ. ʇʽʜʩʪʠʣʢʘ 

ʚ ʩʪʘʜʽʾ ʨʫʡʥʫʚʘʥʥʷ. 

ʇʽʜʨʽʩʪ, ʷʢʠʡ ʟʙʝʨʽʛʩʷ, ʤʘʣʦ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ. ʄʘʡʞʝ 

ʥʝʤʘ ʩʭʦʜʽʚ ʢʦʨʽʥʥʠʭ 

ʣʽʩʦʫʪʚʦʨʶʶʯʠʭ ʧʦʨʽʜ. 

4 0,31 - 

0,6 

ʊʨʘʚôʷʥʠʡ ʽ ʤʦʭʦʚʠʡ ʧʦʢʨʠʚ 

ʜʝʛʨʘʜʫʻ. ʈʽʟʢʦ ʟʙʽʣʴʰʠʣʘʩʴ 

ʬʽʪʦʤʘʩʘ ʽ ʯʠʩʝʣʴʥʽʩʪʴ ʙʫʨ'ʷʥʫ 

ʪʘ ʣʫʛʦʚʠʭ ʨʦʩʣʠʥ. ʇʽʜʩʪʠʣʢʘ 

ʚ ʩʪʘʜʽʾ ʨʫʡʥʫʚʘʥʥʷ. 

ʉʚʦʻʨʽʜʥʘ ʩʪʨʫʢʪʫʨʘ ʙʽʦʛʝʦʮʝʥʦʟʫ 

ʫ ʚʠʛʣʷʜʽ ʯʝʨʝʜʫʚʘʥʥʷ ʢʘʨʪʠʥ 

ʧʽʜʣʽʩʢʫ ʽ ʤʘʣʦ ʞʠʪʪʻʟʜʘʪʥʦʛʦ 

ʧʽʜʨʦʩʪʫ, ʦʙʤʝʞʝʥʠʭ ʛʘʣʷʚʠʥʘʤʠ ʽ 

ʩʪʝʞʢʘʤʠ. 

5 0,61 ʽ > ʊʨʘʚ'ʷʥʠʡ ʽ ʤʦʭʦʚʠʡ ʧʦʢʨʠʚ, 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʣʽʩʦʨʦʩʣʠʥʥʠʭ 

ʫʤʦʚ ʜʽʣʷʥʢʠ, ʜʝʛʨʘʜʫʚʘʚ, 

ʫʪʚʦʨʝʥʠʡ ʟʜʝʙʽʣʴʰʦʛʦ 

ʙʫʨ'ʷʥʘʤʠ. ʇʦʢʨʠʪʪʷ ʪʘ ʬʽʪʦʤʘʩʘ 

ʙʫʨ'ʷʥʫ ʽ ʣʫʛʦʚʠʭ ʨʦʩʣʠʥ ʥʘ 

ʙʘʛʘʪʦ ʙʽʣʴʰʽ, ʥʽʞ ʣʽʩʦʚʠʭ, ʷʢʽ 

ʟʙʝʨʝʛʣʠʩʷ ʣʠʰʝ ʙʽʣʷ ʩʪʦʚʙʫʨʽʚ 

ʜʝʨʝʚ. 

ʇʽʜʨʽʩʪ ʽ ʧʽʜʣʽʩʦʢ ʤʘʡʞʝ 

ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʽ. ʈʽʟʢʦ 

ʟʙʽʣʴʰʝʥʘ ʦʩʚʽʪʣʶʚʘʥʽʩʪʴ ʧʽʜ 

ʥʘʤʝʪʦʤ ʜʝʨʝʚʦʩʪʘʥʫ. ɼʝʨʝʚʘ 

ʤʘʶʪʴ ʤʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ. 

ʋ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ ʜʝʨʝʚ ʢʦʨʽʥʥʷ 

ʦʛʦʣʝʥʝ ʽ ʚʠʩʪʫʧʘʻ ʥʘ ʧʦʚʝʨʭʥʶ. 
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ʊʘʙʣʠʮʷ.1.2 

ʂʣʘʩʠ ʞʠʪʪʻʩʪʽʡʢʦʩʪʽ ʥʘʩʘʜʞʝʥʴ 

ʂʣʘʩ 

ʞʠʪʪʻʩʪʽʡʢʦʩʪʽ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʩʘʜʞʝʥʴ 

I ɿʜʦʨʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʟ ʦʟʥʘʢʘʤʠ ʜʦʙʨʦʛʦ ʨʦʩʪʫ ʡ ʨʦʟʚʠʪʢʫ, ʟ 

ʥʘʷʚʥʽʩʪʶ ʜʦʙʨʦʛʦ ʟʘ ʷʢʽʩʪʶ ʽ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ ʣʽʩʫ 

ʧʽʜʨʦʩʪʫ, ʧʽʜʣʽʩʢʫ ʽ ʤʦʭʦʚʦ-ʪʨʘʚôʷʥʦʛʦ ʚʢʨʠʪʪʷ, ʟ ʥʦʨʤʘʣʴʥʦʶ 

ʱʽʣʴʥʽʩʪʶ ˇʨʫʥʪʫ. ʇʽʜʧʘʜ ʩʢʣʘʜʘʻ ʥʝ ʙʽʣʴʰʝ 10 % ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʩʪʦʚʙʫʨʽʚ ʽ ʧʨʠʧʘʜʘʻ ʥʘ ʜʝʨʝʚʘ IV i V ʢʣʘʩʽʚ ʨʦʩʪʫ. ɺ ʥʘʩʘʜʞʝʥʥʷʭ 

ʩʚʦʻʯʘʩʥʦ ʧʨʦʚʝʜʝʥʽ ʚʩʽ ʚʠʜʠ ʨʫʙʦʢ ʜʦʛʣʷʜʫ. 

II  ʊʘʢʠ ʞ ʥʘʩʘʜʞʝʥʥʷ ʷʢ ʽ ʧʝʨʰʦʛʦ ʢʣʘʩʫ, ʘʣʝ ʚʽʜʧʘʜ ʩʢʣʘʜʘʻ 11-20 % 

ʩʪʦʚʙʫʨʽʚ. ˆʨʫʥʪ ʥʘ ʩʪʝʞʢʘʭ ʫʱʽʣʴʥʝʥʠʡ. ʇʦʪʨʽʙʥʽ ʨʫʙʢʠ ʜʦʛʣʷʜʫ ʽ 

ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʽ ʟʘʭʦʜʠ ʦʟʜʦʨʦʚʯʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

III  ʅʘʩʘʜʞʝʥʥʷ ʟ ʦʟʥʘʢʘʤʠ ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ ʽ ʨʦʟʚʠʪʢʫ ʙʽʣʴʰʝ 

50 % ʜʝʨʝʚ, ʥʘʷʚʥʽʩʪʴ ʧʦʰʢʦʜʞʝʥʠʭ, ʩʫʭʦʚʝʨʰʠʥʥʠʭ ʽ 

ʤʝʨʪʚʠʭ ʜʝʨʝʚ 21-40 %. ʇʽʜʨʽʩʪ ʽ ʧʽʜʣʽʩʦʢ ʧʦʰʢʦʜʞʝʥʽ ʘʙʦ 

ʟʥʠʱʝʥʽ. ɻʨʫʥʪ ʫʱʽʣʴʥʝʥʠʡ ʥʘ ʧʣʦʱʽ ʙʽʣʴ 50 %, ʪʨʘʚʠ 

ʤʽʩʮʷʤʠ ʚʠʙʠʪʽ, ʩʢʣʘʜ ʤʦʭʦʚʦ-ʪʨʘʚôʷʥʦʛʦ ʚʢʨʠʪʪʷ ʟʤʽʥʝʥʠʡ. 

IV ʅʘʩʘʜʞʝʥʥʷ ʧʨʠʧʠʥʠʣʠ ʨʽʩʪ. ʇʽʜʨʽʩʪ, ʧʽʜʣʽʩʦʢ ʚʽʜʩʫʪʥʽ. 

ʄʦʭʦʚʦ-ʪʨʘʚôʷʥʝ ʚʢʨʠʪʪʷ ʟʤʽʥʝʥʝ ʥʘ ʩʚʽʪʣʦʣʶʙʦʚʽ ʜʝʨʥʦʚʽ 

ʚʠʜʠ ʟ ʧʨʠʩʫʪʥʽʩʪʶ ʙʫʨôʷʥʽʚ, ʥʘ ʯʘʩʪʠʥʽ ʧʣʦʱʽ ʪʨʘʚʠ 

ʚʽʜʩʫʪʥʽ. ˆʨʫʥʪ ʥʘ ʚʩʽʡ ʧʣʦʱʽ ʫʱʽʣʴʥʝʥʠʡ. ʇʦʯʘʪʦʢ ʟʤʽʥʠ 

ʬʦʨʤʘʮʽʾ. ɿʜʦʨʦʚʠʭ ʜʝʨʝʚ ʫ ʭʚʦʡʥʠʭ ʥʘʩʘʜʞʝʥʥʷʭ ʤʝʥʰʝ 

50 %, ʘ ʫ ʣʠʩʪʷʥʠʭ ʤʝʥʰʝ 35 %. 

V ʇʝʨʝʩʪʽʡʥʽ, ʙʫʨʝʣʦʤʥʽ, ʭʚʦʨʽ, ʧʦʰʢʦʜʞʝʥʽ ʰʢʽʜʥʠʢʘʤʠ ʽ 

ʧʦʞʝʞʘʤʠ ʥʘʩʘʜʞʝʥʥʷ, ʢʦʪʨʽ ʟʘ ʩʚʦʾʤ ʩʪʘʥʦʤ ʩʪʚʦʨʶʶʪʴ 

ʟʘʛʨʦʟʫ ʩʫʩʽʜʥʽʤ ʥʘʩʘʜʞʝʥʥʷʤ ʷʢ ʜʞʝʨʝʣʦ ʽʥʬʝʢʮʽʾ. 

ʇʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩ ʟʤʽʥʠ ʬʦʨʤʘʮʽʾ. ʇʦʪʨʽʙʥʘ ʪʝʨʤʽʥʦʚʘ ʨʫʙʢʘ 

ʟʘ ʩʪʘʥʦʤ, ʤʝʣʽʦʨʘʮʽʷ ˇʨʫʥʪʽʚ ʽ ʰʪʫʯʥʝ ʣʽʩʦʚʽʜʥʦʚʣʝʥʥʷ. 
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1.1.3. ʂʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦ-ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʩʣʠʥʥʦʩʪʽ 

ʂʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦ-ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚʠʤʘʛʘʶʪʴ ʯʘʩʪʢʦʚʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʘʙʦ ʧʦʚʥʦʛʦ ʟʥʠʱʝʥʥʷ ʨʦʩʣʠʥ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʩʧʝʮʠʬʽʯʥʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʭʣʦʨʦʬʽʣʫ ʚ ʣʠʩʪʦʯʢʘʭ 

ʨʦʩʣʠʥ [40]. ʄʦʚʘ ʡʜʝ ʧʨʦ ʩʝʨʝʜʥʶ ʢʽʣʴʢʽʩʪʴ ʭʣʦʨʦʬʽʣʫ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ 

ʦʜʠʥʠʮʶ ʧʨʦʱʽ ʟʝʣʝʥʦʛʦ ʣʠʩʪʦʯʢʘ ʨʦʩʣʠʥʠ ʽ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʤʛ/ʩʤ
2
. ʎʝ ʜʫʞʝ 

ʚʘʞʣʠʚʠʡ ʧʦʢʘʟʥʠʢ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʩʣʠʥʠ. ʋ 

ʤʦʣʦʜʠʭ ʣʠʩʪʦʯʢʘʭ ʧʦʚʝʨʭʥʝʚʘ ʱʽʣʴʥʽʩʪʴ ʭʣʦʨʦʬʽʣʫ ʥʝʚʝʣʠʢʘ, ʘʣʝ ʟ ʯʘʩʦʤ 

ʟʨʦʩʪʘʻ. ʏʠʤ ʙʽʣʴʰʝ ʚʦʥʘ ʩʪʘʻ, ʪʠʤ ʰʚʠʜʰʝ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʬʦʪʦʩʠʥʪʝʟʫ ʽ ʰʚʠʜʢʽʩʪʴ ʥʘʨʦʱʫʚʘʥʥʷ ʙʽʦʤʘʩʠ ʨʦʩʣʠʥʠ. ʌʘʭʽʚʮʽ ʟ 

ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʤʦʞʫʪʴ ʟʨʦʙʠʪʠ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ ʨʷʜ ʚʘʞʣʠʚʠʭ ʚʠʩʥʦʚʢʽʚ ʽ, 

ʷʢʱʦ ʧʦʪʨʽʙʥʦ, ʩʚʦʻʯʘʩʥʦ ʚʞʠʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ. 

ʂʣʘʩʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟ ʣʠʩʪʷ 

ʨʦʩʣʠʥʠ ʧʫʩʪʦʪʽʣʦʾ ʪʨʫʙʦʯʢʦʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʽʘʤʝʪʨʘ ʨʦʙʣʷʪʴ ʚʠʩʽʯʢʠ ʟ 

ʬʽʢʩʦʚʘʥʦʶ ʧʣʦʱʝʶ, ʨʦʟʪʠʨʘʶʪʴ ʾʭ ʪʘ ʛʦʪʫʶʪʴ ʩʧʠʨʪʦʚʫ ʚʠʪʷʞʢʫ ʭʣʦʨʦʬʽʣʫ. 

ʇʦʪʽʤ ʟʘʣʠʚʘʶʪʴ ʾʾ ʚ ʢʶʚʝʪʠ ʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʘʶʪʴ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʭʣʦʨʦʬʽʣʫ ʚ ʨʦʟʯʠʥʽ. ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʨʘʭʦʚʫʶʪʴ ʚ 

ʧʦʚʝʨʭʥʝʚʫ ʱʽʣʴʥʽʩʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʦʤʦʾ ʧʣʦʱʽ ʚʠʩʽʯʢʠ. 

ɯʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ LAI (Leaf Area Index) ʻ ʚʘʞʣʠʚʠʤ 

ʬʽʪʦʤʝʪʨʠʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʩʪʦʨʦʚʠʡ 

ʨʦʟʧʦʜʽʣ ʨʦʩʣʠʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʥʦ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ 

ʟʘʛʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʦʩʚʽʪʣʝʥʠʭ ʣʠʩʪʢʽʚ ʜʦ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʜʣʷ ʣʠʩʪʷʥʠʭ 

ʢʫʣʴʪʫʨ: 

 

GSLAI /   ,                                                        (1.1) 

 

ʜʝ S ï ʧʣʦʱʘ ʦʩʚʽʪʣʝʥʠʭ ʣʠʩʪʢʽʚ, G ï ʧʣʦʱʘ ˇʨʫʥʪʫ. 
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ɼʣʷ ʭʚʦʡʥʠʭ ʢʫʣʴʪʫʨ ʟ ʛʦʣʢʦʧʦʜʽʙʥʠʤ ʣʠʩʪʷʤ ʽʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʧʣʦʱʽ ʭʚʦʡʥʠʭ ʛʦʣʦʢ ʜʦ ʦʜʠʥʠʮʽ 

ʧʣʦʱʽ ʭʚʦʡʥʦʛʦ ʧʦʢʨʠʚʫ [41]. 

ʌʦʨʤʘʣʴʥʦ LAI ï ʚʝʣʠʯʠʥʘ ʙʝʟʨʦʟʤʽʨʥʘ, ʘʣʝ ʟ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʦʥʘ 

ʚʠʤʽʨʶʻʪʴʩʷ ʷʢ ʤ
2
/ʤ

2
. 

ɿʤʽʩʪ ʥʘʡʙʽʣʴʰ ʧʨʦʮʝʜʫʨʥʦ ʧʨʦʩʪʦʛʦ, ʘʣʝ ʨʫʡʥʽʚʥʦʛʦ ʤʝʪʦʜʫ ʢʦʥʪʘʢʪʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ LAI ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʧʝʚʥʽʡ ʟʝʤʝʣʴʥʽʡ ʜʽʣʷʥʮʽ ʟ ʨʦʩʣʠʥʥʽʩʪʶ 

ʟʨʽʟʫʶʪʴ ʚʩʝ ʣʠʩʪʷ, ʟʙʠʨʘʶʪʴ ʽ ʧʽʜʨʘʭʦʚʫʶʪʴ ʾʭ ʟʘʛʘʣʴʥʫ ʧʣʦʱʫ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ 

ʣʠʩʪʘ. ɺʽʜʥʦʰʝʥʥʷ ʧʽʜʩʫʤʦʚʘʥʦʾ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʟʽʙʨʘʥʦʛʦ ʣʠʩʪʷ ʜʦ ʧʣʦʱʽ 

ʜʽʣʷʥʢʠ ʜʘʻ ʰʫʢʘʥʫ ʚʝʣʠʯʠʥʫ ʽʥʜʝʢʩʫ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ [42]. ɼʣʷ ʭʚʦʡʥʠʭ 

ʢʫʣʴʪʫʨ ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʫ ʬʦʨʤʫʣʫ (1.2): 

 

4214,5 baLS   ,                                    (1.2) 

 

ʜʝ S ï ʧʣʦʱʘ ʭʚʦʾʥʢʠ, ʤʤ
2
; L ï ʜʦʚʞʠʥʘ ʭʚʦʾʥʢʠ, ʤʤ; a ï ʪʦʚʱʠʥʘ ʭʚʦʾʥʢʠ, ʤʤ; b 

ï ʰʠʨʠʥʘ ʭʚʦʾʥʢʠ, ʤʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʧʘʨʘʤʝʪʨʽʚ ʭʚʦʾʥʢʠ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ 7 

ʦʙʣʽʢʦʚʠʭ ʜʝʨʝʚ ʚ ʩʦʩʥʷʢʫ ʙʨʫʩʥʠʯʥʦʤʫ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʪʦʚʱʠʥʠ. ʋ ʮʠʭ 

ʜʝʨʝʚ ʙʫʣʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʤʦʜʝʣʴʥʽ ʛʽʣʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʪʥʦʛʦ ʩʝʢʘʪʦʨʘ. 

ʇʦʪʽʤ ʟ ʥʠʭ ʙʫʣʘ ʦʙʽʨʚʘʥʘ ʚʩʷ ʭʚʦʷ ʽ ʨʦʟʜʽʣʝʥʘ ʥʘ ʚʽʢʦʚʽ ʬʨʘʢʮʽʾ. ʂʦʞʥʫ ʦʢʨʝʤʫ 

ʬʨʘʢʮʽʶ ʟʚʘʞʫʚʘʣʠ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʚʘʛʘʭ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,1 ʛ. ɿ ʢʦʞʥʦʾ ʚʽʢʦʚʦʾ 

ʛʨʫʧʠ ʙʫʣʦ ʚʽʜʨʘʭʦʚʘʥʦ 100 ʭʚʦʾʥʦʢ ʽ ʟʚʘʞʝʥʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʘʩʠ ʩʝʨʝʜʥʴʦʾ 

ʭʚʦʾʥʢʠ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,01 ʛ. ʇʦ ʤʘʩʽ ʩʝʨʝʜʥʴʦʾ ʭʚʦʾʥʢʠ ʙʫʣʠ ʦʙʨʘʥʽ ʩʝʨʝʜʥʽ 

ʭʚʦʾʥʢʠ ʟ ʢʦʞʥʦʾ ʚʽʢʦʚʦʾ ʛʨʫʧʠ ʽ ʧʨʦʚʝʜʝʥʽ ʟʘʤʽʨʠ ʜʦʚʞʠʥʠ, ʰʠʨʠʥʠ ʽ 

ʪʦʚʱʠʥʠ [43]. 

ʇʽʜʨʘʭʫʥʦʢ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʣʠʩʪʷ ʚʘʞʢʦ ʧʨʦʚʝʩʪʠ ʽʥʘʢʰʝ, ʥʽʞ ʚʨʫʯʥʫ, ʘ 

ʮʝ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʯʘʩʫ. ʊʦʤʫ ʚʢʘʟʘʥʘ ʧʨʦʮʝʜʫʨʘ ʦʨʽʻʥʪʦʚʘʥʘ ʧʝʨʝʚʘʞʥʦ 

ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ LAI ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʟʘ ʩʚʦʻʶ ʧʣʦʱʝʶ ʜʽʣʷʥʦʢ ʨʦʩʣʠʥ, 

ʚ ʦʩʥʦʚʥʦʤʫ ñʢʦʨʦʪʢʦʛʦò ʟʨʦʩʪʘʥʥʷ (ʪʨʘʚ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ). 

ʈʘʟʦʤ ʟ ʪʠʤ, ʚʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʷʤʠʭ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ LAI ʨʦʩʣʠʥʥʦʩʪʽ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ [44]. 
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ɻʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʥʘʟʝʤʥʠʭ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ï ʤʘʢʩʠʤʘʣʴʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʮʽʥʦʢ LAI ʜʽʡʩʥʦʤʫ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʪʦʤʫ ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʘʢʠʭ 

ʚʠʤ̔ʨʶʚʘʥʥʷʭ ʤʝʪʦʜʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʚʠʤʽʨʶʚʘʥʥʷ LAI [45,46]. 

1.1.4. ʉʫʯʘʩʥʽ ʧʨʠʣʘʜʠ ʜʣʷ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦ-

ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʥʪʘʢʪʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʥʝʧʨʷʤʽ, ʘʙʦ ʙʝʟʢʦʥʪʘʢʪʥʽ, ʚʠʢʣʶʯʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʶ ʚʟʘʻʤʦʜʽʶ ʟ ʨʦʩʣʠʥʘʤʠ. 

ʊʘʢʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ LAI ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʨʦʭʦʜʞʝʥʥʷ ʩʚʽʪʣʘ (ʩʦʥʷʯʥʦʛʦ ʪʘ/ʘʙʦ ʨʦʟʩʽʷʥʦʛʦ ʘʪʤʦʩʬʝʨʦʶ), ʱʦ ʧʘʜʘʻ ʥʘ 

ʢʫʧʦʣ ʜʝʨʝʚʘ, ʯʝʨʝʟ ʧʨʦʛʘʣʠʥʠ ʤʽʞ ʣʠʩʪʢʘʤʠ. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʫ ʚʠʛʣʷʜʽ 

ʩʚʽʪʣʦʚʠʭ ʩʝʛʤʝʥʪʽʚ ʽ ʧʣʷʤ ʨʽʟʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʽʡ ʢʘʨʪʠʥʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʚʽʪʣʘ ʧʽʜ ʢʨʦʥʦʶ ʜʝʨʝʚʘ. 

ɺʽʜʦʤʦ ʙʘʛʘʪʦ ʥʘʟʝʤʥʠʭ ʩʧʦʩʦʙʽʚ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʠʣʘʜʽʚ ʜʣʷ ʨʝʻʩʪʨʫʚʘʥʥʷ 

ʢʘʨʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʩʚʽʪʣʘ ʽ ʧʨʦʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʩʚʽʪʣʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ 

[42,47,48]. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʩʧʦʩʽʙ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ Digital 

Hemispherical Photography (DHP) [49,50] ʽ ʩʧʦʩʽʙ ʘʥʘʣʽʟʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʣʦʛʫ 

Plant Canopy Analysis (PCA). 

ʉʧʦʩʽʙ DHP ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʮʠʬʨʦʚʝ ʬʦʪʦʛʨʘʬʽʯʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʥʘʦʯʥʦʶ ʮʽʣʽʩʥʦʶ ʢʘʨʪʠʥʦʶ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ 

ʧʨʦʛʘʣʠʥ ʫ ʣʠʩʪʚʽ ʜʝʨʝʚʘ. ɸʣʝ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʪʘʢʦʾ ʢʘʨʪʠʥʠ ʬʦʪʦʛʨʘʬʫʚʘʪʠ 

ʪʨʝʙʘ ʟ-ʧʽʜ ʜʝʨʝʚʘ ʚ ʥʘʜʠʨ ʽ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʙʫʪʠ ʦʭʦʧʣʝʥʦʶ ʫʩʷ ʚʝʨʭʥʷ ʧʽʚʩʬʝʨʘ. 

ʑʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʦʩʪʘʥʥʶ ʚʠʤʦʛʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʠʬʨʦʚʫ ʬʦʪʦʢʘʤʝʨʫ ʟ 

ʦʙôʻʢʪʠʚʦʤ ñʨʠʙôʷʯʝ ʦʢʦò (ʦʩʪʘʥʥʽʡ ʟʘʙʝʟʧʝʯʫʻ ʢʫʪ ʧʦʣʷ ʟʦʨʫ ʫ 180 ʛʨʘʜʫʩʽʚ). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚ ʤʦʤʝʥʪ 

ʟʥʽʤʘʥʥʷ ʬʦʪʦʢʘʤʝʨʫ ʟʘʢʨʽʧʣʶʶʪʴ ʥʘ ʪʨʠʥʦʟʽ. 

ʉʧʦʩʽʙ ʦʮʽʥʶʚʘʥʥʷ LAI ʯʝʨʝʟ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʨʦʩʣʠʥʥʦʛʦ ʧʦʣʦʛʫ 

PCA ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʘʥʘʣʽʟʘʪʦʨʽ Plant Canopy Analyzer LAI -2000 ʢʦʤʧʘʥʽʾ LI-COR 
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Inc. [51]. ʊʝʦʨʝʪʠʯʥʠʤ ʧʽʜˇʨʫʥʪʷʤ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʻ ʬʦʨʤʫʣʘ 1.3, ʷʢʘ ʟʚôʷʟʫʻ 

ʚʝʣʠʯʠʥʫ LAI ʟ ʢʽʣʴʢʽʩʪʶ ʩʫʤʘʨʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʽʜ 

ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʯʝʨʝʟ ʧʨʦʛʘʣʠʥʠ ʫ ʣʠʩʪʚʽ ʜʝʨʝʚʘ [47]. 

 

ū

ū
LAI 0ln

1
  ,                                                                     (1.3) 

 

ʜʝ ʌ ï ʦʩʚʽʪʣʝʥʽʩʪʴ ʧʽʜ ʧʦʣʦʛʦʤ ʜʝʨʝʚ, ʌ0 ï ʦʩʚʽʪʣʝʥʽʩʪʴ ʥʘʜ ʜʝʨʝʚʘʤʠ, Õ ï 

ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ. 

ɺ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʣʘʜʫ LAI-2000 ʧʝʨʝʜʙʘʯʝʥʦ ʧôʷʪʴ ʢʽʣʴʮʝʚʠʭ ʟʘ ʬʦʨʤʦʶ 

ʯʫʪʣʠʚʦʾ ʧʣʦʱʘʜʢʠ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ, ʧʨʠʯʦʤʫ ʧʣʦʱʘʜʢʠ ʫʪʚʦʨʶʶʪʴ 

ʢʦʥʮʝʥʪʨʠʯʥʽ ʢʽʣʴʮʷ. ʅʘ ʮʽ ʬʦʪʦʯʫʪʣʠʚʽ ʚ ʽʥʪʝʨʚʘʣʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 400ï490 ʥʤ 

ʧʣʦʱʘʜʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʦʧʪʠʢʠ ʟʙʠʨʘʻʪʴʩʷ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʣʠʩʪʚʫ ʜʝʨʝʚʘ ʧʽʜ ʢʫʪʘʤʠ ʚʽʜ 0 ʜʦ 74 ʛʨʘʜʫʩʽʚ (ʨʠʩ.1.1).  

 

 
ʈʠʩ. 1.1. ʉʭʝʤʘ ʦʧʪʠʯʥʦʛʦ ʜʘʪʯʠʢʘ LI-COR LAI-2000 

 

ʌʦʪʦʜʝʪʝʢʪʦʨʠ ʧʝʨʝʪʚʦʨʶʶʪʴ ʚʝʣʠʯʠʥʠ ʧʘʜʘʶʯʠʭ ʥʘ ʥʠʭ ʩʚʽʪʣʦʚʠʭ 

ʧʦʪʦʢʽʚ ʚ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ, ʦʩʪʘʥʥʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʢʦʤʧôʶʪʝʨʦʤ ʥʘ ʧʨʝʜʤʝʪ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʛʘʣʠʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʘʣʽ ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʫ 

LAI. ɿʘʚʜʷʢʠ ʪʘʢʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʥʘʣʽʟʘʪʦʨ Plant Canopy Analyzer LAI-2000 ʚʠʜʘʻ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʽ 

ʦʮʽʥʢʠ LAI. 
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ʅʘ ʜʘʥʠʡ ʯʘʩ ʢʦʤʧʘʥʽʻʶ LI-COR Inc. ʚʠʧʫʩʢʘʻʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʠʡ 

ʘʥʘʣʽʟʘʪʦʨ LAI-2200 ʚ ʨʽʟʥʠʭ ʦʧʮʽʷʭ [51]. 

ʇʦʨʷʜ ʟ ʧʦʦʜʠʥʦʢʠʤʠ ʧʨʠʣʘʜʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʮʽʣʽ ʜʦʩʣʽʜʥʠʮʴʢʽ 

ʩʠʩʪʝʤʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʘ Li-6400XT ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ, ʷʢ ʚ 

ʢʘʤʝʨʘʣʴʥʠʭ, ʪʘʢ ʽ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʚʠʩʦʢʦʪʦʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʛʘʟʦʦʙʤʽʥʫ 

ʨʦʩʣʠʥ ʥʝ ʧʦʰʢʦʜʞʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʟʨʘʟʦʢ. 

ʉʠʩʪʝʤʘ Li-6400XT ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʟʘʜʘʚʘʪʠ ʽ ʯʽʪʢʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʚʦʣʦʛʦʩʪʽ, ʢʦʥʮʝʥʪʨʘʮʽʾ CO2 ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʘʪʤʦʩʬʝʨʠ, ʱʦ ʦʪʦʯʫʻ ʟʨʘʟʦʢ, ʫ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʢʘʤʝʨʽ. ʋ ʢʦʤʧʣʝʢʪʽ ʟ 

ʬʣʫʦʨʦʤʝʪʨʦʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʧʦʚʝʨʭʥʽ ʣʠʩʪʷ ʧʨʦʚʦʜʠʪʠ 

ʩʠʥʭʨʦʥʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʛʘʟʦʦʙʤʽʥʫ ʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʭʣʦʨʦʬʽʣʫ [52]. 

Li -6400XT ʚʦʣʦʜʽʻ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʦʯʥʦʩʪʽ ʽ, ʧʨʠ ʮʴʦʤʫ, ʥʠʟʴʢʦʶ 

ʚʘʛʦʶ, ʢʦʤʧʘʢʪʥʠʤ ʜʠʟʘʡʥʦʤ, ʘʚʪʦʥʦʤʥʠʤ ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʽ ʚʢʨʘʡ 

ʰʠʨʦʢʠʤ, ʟʘʚʜʷʢʠ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʘʢʩʝʩʫʘʨʽʚ, ʬʫʥʢʮʽʦʥʘʣʦʤ. 

ʊʘʢʦʞ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ˇʨʫʥʪʦʚʠʡ ʛʘʟʦʦʙʤʽʥ ʽ ʜʠʭʘʥʥʷ ʢʦʤʘʭ. 

ʇʦʪʫʞʥʠʡ ʧʨʦʮʝʩʦʨ, ʚʽʜʢʨʠʪʠʡ ʽʥʪʝʨʬʝʡʩ ʟ ʥʘʙʦʨʦʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʨʪʽʚ ʜʣʷ 

ʚʚʝʜʝʥʥʷ ʽ ʚʠʚʝʜʝʥʥʷ ʜʘʥʠʭ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʘʢʩʝʩʫʘʨʠ ʪʘ ʟʘʧʯʘʩʪʠʥʠ ʥʘʜʘʶʪʴ ʜʦʩʣʽʜʥʠʢʫ ʩʚʦʙʦʜʫ ʚ ʧʣʘʥʽ 

ʘʜʘʧʪʘʮʽʾ ʩʠʩʪʝʤʠ ʧʽʜ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ. 

ʆʪʞʝ, ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʥʦʨʤʘʪʠʚʥʽ ʧʦʣʦʞʝʥʥʷ 

ʱʦʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʽ 

ʧʦʢʘʟʥʠʢʠ ʣʘʥʜʰʘʬʪʥʦʾ ʪʘʢʩʘʮʽʾ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʙʝʟʧʝʨʝʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʩʽʭ 

ʥʘʟʝʤʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ LAI ʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʫʚʘʥʠʭ ʦʮʽʥʦʢ LAI ʧʨʠ 

ʪʝʭʥʽʯʥʽʡ ʽ ʧʨʦʮʝʜʫʨʥʽʡ ʧʨʦʩʪʦʪʽ ʾʭ ʦʪʨʠʤʘʥʥʷ. ɸʣʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʟʝʤʥʠʭ 

ʤʝʪʦʜʽʚ ʩʝʨʡʦʟʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʧʨʠ ʦʮʽʥʮʽ ʨʽʚʥʶ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʬʦʪʦʩʠʥʪʝʟʫ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʧʣʦʱʘʭ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʦʛʦ ʨʝʩʫʨʩʫ ʯʘʩʫ. ʋ ʧʦʜʽʙʥʠʭ ʚʠʧʘʜʢʘʭ ʚʩʝ ʯʘʩʪʽʰʝ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʦʜʝʨʞʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʦʮʽʥʢʠ LAI ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʘʝʨʦ- ʘʙʦ ʢʦʩʤʽʯʥʠʭ 
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ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʘ ʾʭ ʧʦʩʣʽʜʫʶʯʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ 

[53,54]. 

1.2. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʾʾ ʩʪʘʥʫ ʻ ʩʧʝʢʪʨʘʣʴʥʘ ʚʽʜʙʠʚʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʫ ʚʽʜʦʙʨʘʞʝʥʥʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ. ɿʥʘʥʥʷ ʧʨʦ ʟʚôʷʟʦʢ ʩʪʨʫʢʪʫʨʠ ʽ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʾʾ ʚʽʜʙʠʚʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʩʤʽʯʥʽ 

ʟʥʽʤʢʠ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʠʧʽʚ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʾʭ ʩʪʘʥʫ. 

1.2.1. ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ 

ɺ ʜʘʥʠʡ ʯʘʩ ʚʽʜʦʤʦ ʙʣʠʟʴʢʦ 160 ʨʽʟʥʠʭ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ. ɺʦʥʠ 

ʧʽʜʙʠʨʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ), ʚʠʭʦʜʷʯʠ ʟ ʚʽʜʦʤʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʨʠʚʠʭ ʩʧʝʢʪʨʘʣʴʥʦʾ ʚʽʜʙʠʚʥʦʾ ʟʜʘʪʥʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ˇʨʫʥʪʽʚ. 

ɼʣʷ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʦʩʤʽʯʥʠʤʠ 

ʟʥʽʤʢʘʤʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ ï NDVI 

(normalized difference vegetation index), WDVI (weighted difference vegetation 

index), PVI (perpendicular vegetation index) [55] ʪʘ ʾʭ ʧʦʭʽʜʥʽ, ʙʽʣʴʰ ʟʤʽʩʪʦʚʥʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʬʽʪʦʤʝʪʨʠʯʥʠʤʠ ʪʘ ʙʽʦʧʨʦʜʫʢʪʠʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ï GPP (gross 

primary productivity), NPP (net primary productivity), FPAR (fraction of 

photosynthetically active radiation), LAI  [56]. 

ʈʦʟʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʚʦʭ 

ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʭ (ʥʝ ʟʘʣʝʞʥʠʭ ʚʽʜ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ) ʜʽʣʷʥʢʘʭ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʢʨʠʚʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. ʅʘ ʯʝʨʚʦʥʫ ʟʦʥʫ ʩʧʝʢʪʨʫ (0,62-0,75 ʤʢʤ) ʧʨʠʧʘʜʘʻ 

ʤʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʭʣʦʨʦʬʽʣʦʤ, ʘ ʥʘ ʙʣʠʞʥʶ ʽʥʬʨʘʯʝʨʚʦʥʫ 

ʟʦʥʫ (0,75-1,3 ʤʢʤ) ï ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʝʥʝʨʛʽʾ ʢʣʽʪʠʥʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʣʠʩʪʷ. ʊʦʙʪʦ, ʚʠʩʦʢʘ ʬʦʪʦʩʠʥʪʝʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ (ʧʦʚ'ʷʟʘʥʘ, ʷʢ ʧʨʘʚʠʣʦ, ʟ 

ʚʝʣʠʢʦʶ ʬʽʪʦʤʘʩʦʶ ʨʦʩʣʠʥʥʦʩʪʽ) ʚʝʜʝ ʜʦ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʚʽʜʙʠʪʪʷ ʚ ʯʝʨʚʦʥʽʡ ʟʦʥʽ ʩʧʝʢʪʨʫ ʽ ʚʝʣʠʢʠʤ ʟʥʘʯʝʥʥʷʤ ʚ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ. 
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ɺʽʜʥʦʰʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʜʦʟʚʦʣʷʻ ʯʽʪʢʦ ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ 

ʨʦʩʣʠʥʥʽʩʪʴ ʚʽʜ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ. 

ʊʘʢʦʞ ʙʝʨʝʪʴʩʷ ʜʦ ʫʚʘʛʠ [57,58] ʟʦʥʘ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 0,66-0,78 ʤʢʤ, ʜʝ ʜʣʷ ʨʦʩʣʠʥ ʭʘʨʘʢʪʝʨʥʝ ʚʽʜʯʫʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʫ ʥʘʧʨʷʤʢʫ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʘ ʨʽʟʢʘ ʰʚʠʜʢʽʩʪʴ 

ʾʭʥʴʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ [59]. 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ, ʥʘ ʷʢʽʡ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʩʧʝʢʪʨʫ ʚʽʜʙʠʪʪʷ ʤʘʢʩʠʤʘʣʴʥʘ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʟʠʮʽʻʶ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ï Red Edge Position (REP) ʽ ʥʘʣʝʞʠʪʴ ʜʦ 

ʤʥʦʞʠʥʠ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ [60]. ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ [61-66] REP ʻ 

ʽʥʜʠʢʘʪʦʨʦʤ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʘ ʡʦʛʦ ʟʩʫʚʠ ʻ ʥʘʩʣʽʜʢʦʤ ʩʪʨʝʩʦʚʠʭ ʫʤʦʚ ʨʦʩʪʫ 

ʨʦʩʣʠʥ [67]. 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʦʥʷʪʪʷ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʡ ʽ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ ï NDVI. ʁʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʚ ʽʥʪʝʨʚʘʣʽ ʧʦʛʣʠʥʘʥʥʷ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʭʣʦʨʦʬʽʣʦʤ ʽ ʧʦʙʽʯʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʚʝʣʠʯʠʥʠ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʦʟʧʦʜʽʣ ʟʘʧʘʩʫ ʥʘʜʟʝʤʥʦʾ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦ-ʘʢʪʠʚʥʦʾ ʬʽʪʦʤʘʩʠ, 

ʢʦʨʝʣʶʶʪʴ ʟ ʽʥʜʝʢʩʦʤ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʽ ʧʨʦʝʢʪʠʚʥʠʤ ʚʤʽʩʪʦʤ ʭʣʦʨʦʬʽʣʫ ʚ 

ʘʩʠʤʽʣʶʶʯʠʭ ʦʨʛʘʥʘʭ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ (ʭʣʦʨʦʬʽʣʴʥʠʡ ʽʥʜʝʢʩ) [68]. 

ʆʩʪʘʥʥʷ ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʩʪʦʢʫ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʟʚôʷʟʫʚʘʥʥʷ ʚʫʛʣʝʮʶ ʨʦʩʣʠʥʥʠʤʠ ʫʛʨʫʧʦʚʘʥʥʷʤʠ [69]. 

ʗʢʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ 

ʦʮʽʥʶʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟʘ ʚʤʽʩʪʦʤ ʚʘʞʣʠʚʠʭ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʧʽʛʤʝʥʪʽʚ, 

ʧʝʨʰ ʟʘ ʚʩʝ ï ʭʣʦʨʦʬʽʣʫ, ʘ ʪʘʢʦʞ ʢʘʨʦʪʠʥʦʾʜʽʚ, ʘʥʪʦʮʽʘʥʽʚ ʽ ʬʣʘʚʦʥʦʾʜʽʚ [70]. 

ɼʠʩʪʘʥʮʽʡʥʘ ʦʮʽʥʢʘ ʚʤʽʩʪʫ ʧʽʛʤʝʥʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʙʠʪʪʷ ʞʠʚʦʛʦ ʣʠʩʪʷ ʨʦʩʣʠʥ ʫ ʚʠʜʠʤʦʤʫ ʪʘ ʙʣʠʞʥʴʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ [71], ʧʨʠʯʦʤʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʮʴʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʢʨʠʚʦʾ ʚʽʜʙʠʪʪʷ 

ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʾʾ ʧʦʭʽʜʥʠʭ [72]; ʚʦʣʦʛʦʚʤʽʩʪ ʨʦʩʣʠʥʥʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ ʚʽʜʙʠʪʪʷʤ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 
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ʜʽʘʧʘʟʦʥʽ [73]; ʫʟʘʛʘʣʴʥʝʥʥʽ ʧʦʢʘʟʥʠʢʠ ʟʜʦʨʦʚôʷ ʨʦʩʣʠʥʥʦʩʪʽ ï ʬʦʪʦʩʠʥʪʝʪʠʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʨʝʩ, ʷʢʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ 

ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ï SIPI (structural independent pigment index) [74], PSRI 

(plant senescence reflectance index) [75], DSWI (disease water stress index) [76] ʪʘ 

ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ, ʘʙʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʪʘʢʠʭ ʷʢ 

KTTCT (Kauth-Thomas tasseled cap transformation) [77]. 

1.2.2. ʆʮʽʥʢʘ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʽʥʜʝʢʩʦʤ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ 

ʇʨʦʝʢʪʠʚʥʝ ʧʦʢʨʠʪʪʷ ˇʨʫʥʪʫ ʨʦʩʣʠʥʥʽʩʪʶ ʪʘ ʽʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ 

ʷʚʣʷʶʪʴʩʷ ʚʘʞʣʠʚʠʤʠ ʢʽʣʴʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʮʽʥʝʥʽ ʜʠʩʪʘʥʮʽʡʥʦ [78]. 

ɺ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʽʥʜʝʢʩʫ 

ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ, ʷʢ ʢʽʣʴʢʽʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʘʥʠʤʠ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʟʡʦʤʢʠ ʣʝʞʠʪʴ ʷʚʠʱʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʚʠʙʽʨʢʦʚʦʾ ʨʝʘʢʮʽʾ ʨʦʩʣʠʥʥʦʩʪʽ 

ʥʘ ʧʘʜʘʶʯʝ ʦʧʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʊʘʢʘ ʚʠʙʽʨʢʦʚʽʩʪʴ ʬʽʢʩʫʻʪʴʩʷ ʥʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʣʘʥʜʰʘʬʪʽʚ ʟ ʨʦʩʣʠʥʥʽʩʪʶ ʽ 

ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ. 

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʦʪʨʠʤʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʾ ʦʮʽʥʢʠ LAI ʯʝʨʝʟ ʚʝʛʝʪʘʮʽʡʥʽ 

ʽʥʜʝʢʩʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʙʫʜʦʚʽ ʬʦʨʤʫʣʠ ʨʝʛʨʝʩʽʾ. ʊʘʢ, ʧʨʦʚʝʜʝʥʝ [79] 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʟʥʽʤʢʘʭ Landsat-5, ʧʦʢʘʟʘʣʦ, ʱʦ ʟʥʘʯʝʥʥʷ NDVI ʽ LAI ʜʦʙʨʝ 

ʢʦʨʝʣʶʶʪʴ ʤʽʞ ʩʦʙʦʶ, ʘ ʮʝʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʟʚôʷʟʦʢ ʤʦʞʝ ʙʫʪʠ ʽʟ ʟʘʜʦʚʽʣʴʥʦʶ 

ʪʦʯʥʽʩʪʶ ʦʧʠʩʘʥʠʡ ʬʦʨʤʫʣʦʶ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʨʝʛʨʝʩʽʾ. 

ɺ ʨʦʙʦʪʽ [80] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʦʯʥʽʩʪʴ ʦʮʽʥʦʢ LAI ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʤʦʞʝ ʙʫʪʠ ʧʦʢʨʘʱʝʥʘ, ʷʢʱʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ LAI ʯʝʨʝʟ ʽʥʜʝʢʩ RSR (reduced 

simple ratio). ʆʜʥʘʢ ʥʝʱʦʜʘʚʥʦ ʙʫʣʦ ʧʦʢʘʟʘʥʦ [81], ʱʦ ʨʝʘʣʴʥʠʤ ʻ ʧʦʜʘʣʴʰʝ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʮʽʥʦʢ LAI ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʽʤʢʽʚ Landsat-7, ʷʢʱʦ ʻ 

ʘʜʝʢʚʘʪʥʘ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʜʘʪʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʷʢʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʢʦʩʤʽʯʥʦʛʦ ʘʧʘʨʘʪʫ MODIS. 
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ LAI ʚ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ EOS/MODIS [82] ʙʘʛʘʪʦ 

ʨʦʢʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽʥʜʝʢʩ EVI (enhanced vegetation index), ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʝʥʰ 

ʯʫʪʣʠʚʠʡ ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʪʘ ˇʨʫʥʪʫ. 

ɿ ʧʦʷʚʦʶ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʙʦʨʪʦʚʠʭ ʟʘʩʦʙʽʚ ʩʪʘʣʦ 

ʤʦʞʣʠʚʠʤ ʩʠʥʪʝʟʫʚʘʥʥʷ ʥʦʚʠʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʡ ʟʘʚʜʷʢʠ 

ʮʴʦʤʫ ʦʜʝʨʞʘʥʥʷ ʟʥʘʯʥʦ ʙʽʣʴʰ ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʘʢʮʽʶ ʨʦʩʣʠʥʠ ʥʘ 

ʧʘʜʘʶʯʝ ʦʧʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʘʞʣʠʚʦ ʪʘʢʦʞ, ʱʦ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ ʥʘ 

ʦʩʥʦʚʽ ʛʽʧʝʨʩʧʝʢʪʨʘ ʚʠʷʚʠʣʠʩʷ ʥʝ ʪʘʢʠʤʠ ʯʫʪʣʠʚʠʤʠ ʜʦ ʛʝʦʤʝʪʨʽʾ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʷʢ ʚʝʛʝʪʘʮʽʡʥʽ ʽʥʜʝʢʩʠ ʥʘ ʦʩʥʦʚʽ ʩʠʛʥʘʣʽʚ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʘʭ [83,84], ʜʦʩʷʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʦʮʽʥʦʢ LAI. 

1.2.3. ɿʘʣʫʯʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʻ ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ 

ʰʣʷʭʽʚ ʚʠʚʯʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʽʦʤʝʪʨʘ AVHRR 

ʟ ʩʫʧʫʪʥʠʢʽʚ ʩʝʨʽʾ NOAA, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʧʨʦʩʪʦʨʦʚʠʤ 

ʜʦʟʚʦʣʦʤ ʙʣʠʟʴʢʦ 1 ʢʤ, ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʨʷʜʠ ʥʘʡʙʽʣʴʰ ʪʨʠʚʘʣʠʭ ʫ ʯʘʩʽ 

ʛʣʦʙʘʣʴʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʧʝʨʽʦʜ ʟ ʧʦʯʘʪʢʫ 1980-ʭ ʨʦʢʽʚ ʧʦ 

ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ [85]. ʅʦʨʤʘʣʽʟʦʚʘʥʠʡ ʨʽʟʥʠʮʝʚʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ NDVI, ʱʦ 

ʦʜʝʨʞʘʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʽʚ ʩʧʝʢʪʨʘʣʴʥʦ-ʚʽʜʙʠʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʽ ʽ ʪʽʩʥʦ ʢʦʨʝʣʶʻ ʟ ʦʙôʻʤʦʤ ʟʝʣʝʥʦʾ ʙʽʦʤʘʩʠ, ʩʣʫʞʠʪʴ 

ʦʩʥʦʚʦʶ ʜʣʷ ʦʮʽʥʢʠ ʩʝʟʦʥʥʦʾ ʽ ʙʘʛʘʪʦʨʽʯʥʦʾ ʜʠʥʘʤʽʢʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ. 

ʊʘʢʦʞ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʢʽʣʴʢʽʩʥʦ-ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʨʦʜʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʜʫʢʪʠ ʥʠʟʢʠ ʩʝʥʩʦʨʽʚ ʥʠʟʴʢʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ: EOS/MODIS, Envisat/MERIS, SPOT/Vegetation, 

Sentinel/MSI [86]. ʅʘʡʙʽʣʴʰʠʡ ʩʧʝʢʪʨ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʪʨʠʤʫʶʪʴ ʥʘ 

ʦʩʥʦʚʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʽʚ MODIS, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʙʦʨʪʫ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʝʤʣʽ EOS. ʎʷ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ 



 32 

ʟʜʽʡʩʥʶʚʘʪʠ ʱʦʜʝʥʥʠʡ ʦʧʝʨʘʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʚʩʽʻʾ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ [82]. 

ʇʨʦʜʫʢʪ MOD15 Leaf Area Index & FPAR (ɯʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ / 

ʜʦʣʷ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦ ʘʢʪʠʚʥʦʾ ʨʘʜʽʘʮʽʾ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʚʝʨʭʥʽ ʬʦʪʦʩʠʥʪʝʟʫ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʯʠʩʪʦʾ ʧʝʨʚʠʥʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʽ, ʫ ʩʚʦʶ 

ʯʝʨʛʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʝʤʥʦʾ ʝʥʝʨʛʽʾ, ʚʫʛʣʝʮʶ, ʧʨʦʮʝʩʽʚ 

ʢʨʫʛʦʦʙʽʛʫ ʚʦʜʠ ʪʘ ʙʽʦʛʝʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʦʩʣʠʥʥʦʩʪʽ [87]. 

ʅʘʷʚʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ ʥʘʙʦʨʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʩʧʨʠʷʣʦ ʚʠʢʦʥʘʥʥʶ 

ʨʷʜʫ ʜʦʩʣʽʜʞʝʥʴ ʟ ʦʮʽʥʢʠ ʙʘʛʘʪʦʨʽʯʥʦʾ ʜʠʥʘʤʽʢʠ ʨʦʩʣʠʥʥʦʩʪʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʚ 

ʧʽʚʥʽʯʥʠʭ ʰʠʨʦʪʘʭ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʝ ʧʦʪʝʧʣʽʥʥʷ ʢʣʽʤʘʪʫ 

[88]. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʠ ʥʘʷʚʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʭ ʪʨʝʥʜʽʚ ʟʥʘʯʝʥʴ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ ʚ ʨʽʟʥʠʭ ʪʠʧʘʭ ʝʢʦʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʪʨʝʥʜʽʚ ʪʨʠʚʘʣʦʩʪʽ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʝʟʦʥʫ, ʱʦ ʧʨʦʩʪʦʨʦʚʦ ʢʦʨʝʣʶʶʪʴ ʟ ʪʝʨʠʪʦʨʽʷʤʠ ʟʥʘʯʫʱʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ [89, 90]. 

ɼʦʚʛʦʪʨʠʚʘʣʽ ʩʫʧʫʪʥʠʢʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʨʽʟʥʝʥʥʷ, ʟʦʢʨʝʤʘ ʬʫʥʢʮʽʦʥʫʶʯʦʾ ʟ 1984 ʨ. ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ Landsat 

(http://landsat.gsfc.nasa.gov/), ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʠ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ɿʘʜʘʯʝʶ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʻ ʚʠʷʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʝʚʦʣʶʮʽʷ (ʜʠʥʘʤʽʢʘ) ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʷʢʘ ʦʙʦʚôʷʟʢʦʚʦ ʤʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʩʠʩʪʝʤʫ. ɼʠʥʘʤʽʢʘ ʯʘʩʦʚʦʛʦ ʨʷʜʫ 

ʤʽʩʪʠʪʴ ʜʝʢʽʣʴʢʘ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʦʷʚʠ ʨʽʟʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʩʠʩʪʝʤʫ ʽ ʻ ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ [91]: 

ǐ ʪʨʝʥʜ ï ʟʘʛʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʝʚʦʣʶʮʽʾ ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʥʘʧʨʷʤ ʡʦʛʦ ʟʤʽʥʠ, 

ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ʘʙʦ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ 

ʧʨʦʤʽʞʢʫ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ; 

ǐ ʮʠʢʣʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ï ʙʽʣʴʰ ʰʚʠʜʢʘ ʟʤʽʥʘ ʜʠʥʘʤʽʢʠ ʨʷʜʫ, ʜʣʷ ʷʢʦʾ 

ʭʘʨʘʢʪʝʨʥʽ ʬʘʟʠ ʧʽʜʚʠʱʝʥʥʷ ʽ ʧʦʥʠʞʝʥʥʷ; 

ǐ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ ï ʟʤʽʥʠ ʜʠʥʘʤʽʢʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʧʨʠʨʦʜʥʠʤʠ 

ʮʠʢʣʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ (ʟʤʽʥʘ ʯʘʩʫ ʜʦʙʠ, ʧʦʨʠ ʨʦʢʫ); 



 33 

ǐ ʚʠʧʘʜʢʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ï ʙʝʟʩʠʩʪʝʤʥʽ ʢʦʣʠʚʘʥʥʷ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʚʠʩʦʢʦʾ 

ʯʘʩʪʦʪʠ ʪʘ ʤʘʣʦʾ ʘʤʧʣʽʪʫʜʠ, ʧʦʚôʷʟʘʥʽ ʽʟ ʧʦʩʪʽʡʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʩʠʩʪʝʤʫ ʨʽʟʥʠʭ 

ʧʦʜʽʡ ʪʘ ʧʨʦʮʝʩʽʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʫ ʚʝʣʠʯʠʥʫ. 

ǐ ʚʠʢʠʜʠ ï ʩʪʨʠʙʢʦʧʦʜʽʙʥʽ ʧʦʪʫʞʥʽ ʪʘ ʢʦʨʦʪʢʦʪʨʠʚʘʣʽ ʟʤʽʥʠ ʜʠʥʘʤʽʢʠ 

ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʷʢʽ ʟʥʘʯʥʦ ʚʽʜʭʠʣʷʶʪʴ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʯʘʩʦʚʦʛʦ ʨʷʜʫ. 

ʗʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʘʥʘʣʽʟʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ, ʚʠʷʚʣʷʶʪʴʩʷ 

ʪʘ ʦʧʠʩʫʶʪʴʩʷ ʪʨʝʥʜʠ ʪʘ ʧʝʨʽʦʜʠʯʥʽ ʩʢʣʘʜʦʚʽ. ʃʽʥʽʡʥʽ ʪʨʝʥʜʠ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ ʦʧʠʩʫʶʪʴʩʷ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʘʥʘʣʽʟʫ ʪʘ 

ʩʝʨʝʜʥʽʤʠ ʧʨʠʨʦʩʪʘʤʠ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ. ʇʝʨʽʦʜʠʯʥʽ ʩʢʣʘʜʦʚʽ ʦʧʠʩʫʶʪʴʩʷ 

ʯʘʩʪʦʪʦʶ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʽʦʜʠʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʾʭ ʚʥʝʩʢʦʤ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʧʨʦʮʝʩ ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʠʨʦʩʪʦʤ ʬʫʥʢʮʽʾ (ʧʘʨʘʤʝʪʨʘ ʧʨʦʮʝʩʫ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ) ʢʦʞʥʦʛʦ ʧʝʨʽʦʜʫ, ʥʘ ʷʢʽ ʧʨʠʧʘʜʘʻ ʢʦʣʠʚʘʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʥʠʤ 

ʧʝʨʽʦʜʦʤ, ʥʘ ʷʢʠʡ ʟ-ʧʦʤʽʞ ʽʥʰʠʭ ʧʨʠʧʘʜʘʻ ʥʘʡʙʽʣʴʰ ʟʥʘʯʥʝ ʢʦʣʠʚʘʥʥʷ. 

ʆʪʞʝ, ʥʘ ʩʴʦʛʦʜʥʽ ʨʦʟʨʦʙʣʝʥʦ ʜʦʩʪʘʪʥʴʦ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ. 

1.3 ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʘʪʠ ʟʘʛʘʣʴʥʫ ʧʣʦʱʫ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʚʠʟʥʘʯʘʪʠ ʾʾ ʢʽʣʴʢʽʩʪʴ ʪʘ ʷʢʽʩʥʠʡ ʩʪʘʥ [9]. ʆʙôʻʢʪʠʚʥʝ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʝʢʦʣʦʛʽʯʥʦʾ ʽʥʜʠʢʘʮʽʾ ʧʨʠʨʦʜʥʦʛʦ 

ʤʩ̔ʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [92] ʽ ʦʧʠʩʫ ʟʘʛʘʣʴʥʦʾ ʷʢʦʩʪʽ ʞʠʪʪʷ ʚ ʤʽʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʧʦʜʽʙʥʠʭ UQL (urban quality of life) [93]. 

ɸʣʝ ʜʦ ʩʴʦʛʦʜʥʽ ʱʝ ʥʝ ʨʦʟʨʦʙʣʝʥʦ ʮʽʣʽʩʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʪʦʜʠʢʠ ʘʙʦ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʜʦʟʚʦʣʷʣʘ ʙ ʦʙôʻʢʪʠʚʥʦ, ʜʦʩʪʦʚʽʨʥʦ ʪʘ 

ʦʧʝʨʘʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ 

ʧʝʚʥʦʛʦ ʻʜʠʥʦʛʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʱʦ ʚʨʘʭʦʚʫʚʘʚ ʙʠ ʥʝ ʪʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ, 
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ʘʜʞʝ ʽ ʷʢʽʩʪʴ ʨʦʩʣʠʥʥʠʭ ʥʘʩʘʜʞʝʥʴ. ʈʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʘʣʽʜʘʮʽʷ ʪʘʢʦʾ ʢʦʤʧʣʝʢʩʥʦʾ 

ʤʝʪʦʜʠʢʠ ʽ ʻ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ɼʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʨʷʜ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʭʝʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʥʘ ʨʠʩ.1.2. 

 

 

ʈʠʩ.1.2. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʆʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʻ ʩʪʘʪʠ ʧʨʦʚʝʜʝʥʠʡ ʦʛʣʷʜ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʽ ʢʽʣʴʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʷʢʽ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʜʠʩʪʘʥʮʽʡʥʦ. ɺʦʜʥʦʯʘʩ 

ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʘʢʪʽʚ ʪʘ ʟʘʧʨʦʚʘʜʞʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩ 

ʥʘʟʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ. ʇʽʩʣʷ ʚʠʙʦʨʫ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʨʦʟʨʦʙʢʘ ʥʝʦʙʭʽʜʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʨʦʟʨʦʙʢʫ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʚʧʣʠʚʫ ʨʦʩʣʠʥʥʦʩʪʽ. ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʮʽʥʥʦʛʦ ʪʘ 

ʜʦʩʪʦʚʽʨʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʭʘʨʘʢʪʝʨ 

ʬʝʥʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʟʤʽʥ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʱʦ ʧʦʪʨʽʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʨʷʜʽʚ ʢʦʩʤʽʯʥʠʭ ʟʥʽʩʢʽʚ. ʅʘʧʨʠʢʽʥʮʽ ʚʩʽ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ 

ʩʠʥʪʝʟʫʻʪʴʩʷ ʜʦ ʻʜʠʥʦʾ ʟʘʛʘʣʴʥʦʾ ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʜʝ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʥʝʦʙʭʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʦʜʝʣʽ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʜʘʥʠʭ 

ʥʘʟʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʟʘ ʮʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʙʫʜʝ ʢʘʨʪʘ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. ʅʘʜʘʣʽ, ʚ ʧʨʦʮʝʩʽ ʾʾ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʙʫʜʫʪʴ ʨʦʟʨʦʙʣʝʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʫʪʨʠʤʘʥʥʷ ʪʘ 

ʨʦʟʚʠʪʢʫ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʆʪʞʝ, ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʪʦʜʠʢʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʩʪʘʥʝ 

ʧʝʚʥʠʡ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʜʘʥʠʭ. ʊʘʢʦʞ 

ʟʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʚʢʣʶʯʘʪʠʤʝ ʚ ʩʝʙʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʪʘ ʷʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʾʭ ʟʤʽʥ ʟ ʧʣʠʥʦʤ ʯʘʩʫ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʧʝʨʰʦʛʦ ʨʦʟʜʽʣʫ 

1. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʥʘʟʝʤʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. ɺʠʷʚʣʝʥʦ ʱʦ ʚʦʥʠ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʽ ʪʘ 

ʥʝʜʦʩʪʘʪʥʴʦ ʦʧʝʨʘʪʠʚʥʽ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʩ̔ʪɹ ʪʘ ʷʢʩ̔ʪɹ 

ʨʦʩʣʠʥʥʦʩʪʽ. 

2. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ 

ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ. 

3. ɺʠʟʥʘʯʝʥʦ ʟʘʚʜʘʥʥʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʬʦʨʤʦʚʘʥʘ ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʨʦʤʽʞʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʩʣʠʥʥʦʩʪʽ, ʘʥʘʣʽʟʫ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʯʘʩʦʚʠʭ 

ʩʝʨʽʡ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ ʢʦʤʧʣʝʢʩ ʧʦʣʴʦʚʠʭ ʟʘʚʽʨʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 
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ʈʆɿɼɯʃ 2 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼɯɺ ʆʎɯʅʖɺɸʅʅʗ ʉʊɸʅʋ ʈʆʉʃʀʅʅʆʉʊɯ 

ʋʈɹɸʅɯɿʆɺɸʅʀʍ ʊɽʈʀʊʆʈɯʁ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ 

ɹɸɻɸʊʆʉʇɽʂʊʈɸʃʔʅʀʍ ʂʆʉʄɯʏʅʀʍ ɿʅɯʄʂɯɺ 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ, ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʦʮʥ̔ʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʥʝʦʙʭʽʜʥʝ ʟʘʣʫʯʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ 

(ʩʫʧʫʪʥʠʢʦʚʠʭ ʘʙʦ ʘʚʽʘʮʽʡʥʠʭ) ʜʘʥʠʭ, ʟʦʢʨʝʤʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʇʨʠ ʾʭ ʦʙʨʦʙʮʽ ʤʦʞʣʠʚʦ ʥʝ ʪʽʣʴʢʠ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʧʣʦʱʽ (ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ) ʦʟʝʣʝʥʝʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʘʣʝ ʡ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ 

ʽʥʬʦʨʤʘʪʠʚʥʽ ʪʘ ʥʘʜʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʚʚʝʜʝʥʦ ʧʦʢʘʟʥʠʢ F(A), ʷʢʠʡ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.1) ʚʨʘʭʦʚʫʻ ʾʾ ʢʽʣʴʢʽʩʪʴ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʝʢʩʫ ʣʠʩʪʢʦʚʦʾ 

ʧʦʚʝʨʭʥʽ [17] ʪʘ ʷʢʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ ʦʙʣʘʩʪʽ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ [10]. 

 

Aa

daaVaLaSAF )()()()(   ,                                         (2.1) 

 

ʜʝ S(a) ï ʧʣʦʱʘ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʜʽʣʷʥʮʽ ʪʝʨʠʪʦʨʽʾ a (ʢʚ.ʤ) ʚ ʤʝʞʘʭ 

ʧʦʚʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ A, L(a) ï ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʚ 

ʝʣʝʤʝʥʪʘʨʥʽʡ ʜʽʣʷʥʮʽ ʪʝʨʠʪʦʨʽʾ a, V(a) ï ʥʦʨʤʦʚʘʥʘ ʷʢʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ ʚ 

ʝʣʝʤʝʥʪʘʨʥʽʡ ʜʽʣʷʥʮʽ ʪʝʨʠʪʦʨʽʾ a. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤʫʣʦʶ (2.1) ʥʝʦʙʭʽʜʥʦ: ʦʙˇʨʫʥʪʫʚʘʪʠ 

ʚʠʙʽʨ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʥʫʚʘʥʠʭ ʟʘʜʘʯ ʪʘ ʧʨʦʚʝʩʪʠ ʾʭ 

ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: ʨʘʜʽʦʤʝʪʨʠʯʥʝ 

ʢʘʣʽʙʨʫʚʘʥʥʷ, ʘʪʤʦʩʬʝʨʥʫ ʢʦʨʝʢʮʽʶ, ʫʩʫʥʝʥʥʷ ʧʝʨʝʰʢʦʜ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʶ. 

2.1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ ʾʭ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ 

ɺ ʜʘʥʠʡ ʯʘʩ ʜʘʥʽ ɼɿɿ ʟ ʢʦʩʤʦʩʫ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʨʽʟʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʠʩʫʚʘʻ ʩʚʦʾ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ ʜʦ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʥʽʤʢʽʚ ʽ ʩʘʤʠʭ ʟʥʽʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ï ʥʘʧʨʠʢʣʘʜ, ʯʘʩʪʦʪʘ ʽ 

ʨʝʛʫʣʷʨʥʽʩʪʴ ʟʡʦʤʢʠ (ʤʦʥʽʪʦʨʠʥʛ), ʚʠʩʦʢʘ ʧʨʦʩʪʦʨʦʚʘ ʽ ʨʘʜʽʦʤʝʪʨʠʯʥʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ (ʜʝʪʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ). 

ʈʝʪʝʣʴʥʝ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʥʽʤʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʩʝʥʩʦʨʘʤʠ, 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʭʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʦʩʪʘʚʣʝʥʠʤ ʟʘʚʜʘʥʥʷʤ ʤʘʶʪʴ ʙʫʪʠ ʟʘʧʦʨʫʢʦʶ ʫʩʧʽʰʥʦʾ ʦʙʨʦʙʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ, ʘ ʧʦʪʽʤ ʽ ʦʪʨʠʤʘʥʥʷ ʥʘ ʾʾ ʦʩʥʦʚʽ ʥʝʦʙʭʽʜʥʠʭ 

ʧʨʠʢʽʥʮʝʚʠʭ ʜʘʥʠʭ. 

2.1.1. ɺʠʙʽʨ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ ɼɿɿ ʪʘ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʜʘʥʠʭ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ 

ʜʘʥʠʭ ɼɿɿ  ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʢʨʠʪʝʨʽʾ ʚʽʜʙʦʨʫ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ:  

ǐ ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʢʽʣʴʢʽʩʪʴ ʘʨʭʽʚʥʠʭ ʜʘʥʠʭ, ʜʦʩʪʘʪʥʷ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʟʤʽʥ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ; 

ǐ ʦʩʥʦʚʥʠʡ ʜʽʘʧʘʟʦʥ ʜʘʪ ʟʡʦʤʢʠ ʤʘʻ ʧʨʠʧʘʜʘʪʠ ʪʘ ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʦʩʥʦʚʥʠʭ 

ʚʠʜʽʚ ʨʦʩʣʠʥʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ; 

ǐ ʧʨʠʡʥʷʪʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ (ʪʘʙ. 2.1); 

ǐ ʭʤʘʨʥʽʩʪʴ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʫ ʘʙʦ ʡʦʛʦ ʬʨʘʛʤʝʥʪʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʥʝ 

ʧʝʨʝʚʠʱʫʻ 5%. 

ʊʘʙʣʠʮʷ 2.1  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʠʭ ʟʥʽʤʢʽʚ, ʷʢʽ ʧʨʠʡʥʷʪʥʽ ʜʣʷ ʦʮʽʥʢʠ ʨʦʩʣʠʥʥʦʩʪʽ 

ʉʫʧʫʪʥʠʢ 
ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʤ 

ʉʧʝʢʪʨʘʣʴʥʠʡ 

ʜʽʘʧʘʟʦʥ 
ʇʝʨʽʦʜʠʯʥʽʩʪʴʟʡʦʤʢʠ 

ʦʜʥʽʻʾ ʪʝʨʠʪʦʨʽʾ, ʜʙ̔ 

Pl®iades-1A 2,8 (2,0)*  B,G,R,NIR 1**  

Kompsat-3 2,8 B,G,R,NIR 3 

RapidEye 6,5 (5)*  B,G,R,RE,NIR 1 

ʉʽʯ-2 8,2 G,R,NIR,SWIR 5 

Landsat-5, 7 30 B,G,R,NIR,SWIR 16 

EO-1/ALI  30 B,G,R,NIR,SWIR 16**  

* ï ʧʽʩʣʷ ʦʙʨʦʙʢʠ, **  ï ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʠʨʠʥʠ ʦʙʣʘʩʪʽ ʟʡʦʤʢʠ 
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ʇʨʠ ʚʠʨʽʰʝʥʥ̔  ʟʘʜʘʯ ʥʘ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʥʝʚʝʣʠʢʦʾ ʧʣʦʱʽ (ʚ ʤʝʞʘʭ 

ʤʽʩʴʢʠʭ ʨʘʡʦʥʽʚ ʪʘ ʢʚʘʨʪʘʣʽʚ), ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʚʠʩʦʢʦʾ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʩʣʫʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ Pl®iades-

1A ʪʘ Kompsat-3. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʮʽʣʦʛʦ ʤʽʩʪʘ ʪʘ ʟʤʽʥ ʟʘ ʥʝʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ 

ʯʘʩʫ (ʥʘʧʨʦʪʷʟʽ ʨʦʢʫ ʘʙʦ ʜʝʢʽʣʴʢʦʭ) ʢʦʨʠʩʥʽ ʟʥʽʤʢʠ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʪʘʢʽ ʷʢ RapidEye ʪʘ ʉʽʯ-2. ʅʘʷʚʥʽʩʪʴ ʫ ʟʥʽʤʢʽʚ RapidEye ʢʘʥʘʣʫ 

ʢʨʦʤʢʠ ʯʝʨʚʦʥʦʛʦ (red-edge) ʥʘʜʘʻ ʜʦʜʘʪʢʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʢʠ ʷʢʽʩʥʠʭ ʟʤʽʥ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʉʪʘʣʽʩʪʴ ʧʦʩʪʘʚʢʠ, ʚʠʚʽʨʝʥʘ ʤʝʪʦʜʠʢʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʢʦʨʝʢʮʽʾ, ʚʝʣʠʢʘ 

ʙʘʟʘ ʘʨʭʽʚʥʠʭ ʜʘʥʠʭ ʪʘ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʨʦʙʣʷʪʴ ʟʥʽʤʢʠ Landsat ʟʨʫʯʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʧʨʦʪʷʟʽ ʪʨʠʚʘʣʠʭ 

ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ (ʜʝʩʷʪʢʠ ʨʦʢʽʚ). 

ʗʢʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʪʘ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʙʦʨʫ ʟʥʽʤʢʽʚ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʡ ʟ 

ʾʭ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ: ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʘʪʤʦʩʬʝʨʥʦʾ ʢʦʨʝʢʮʽʾ, 

ʫʩʫʥʝʥʥʷ ʧʝʨʝʰʢʦʜ, ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʦʱʦ. 

2.1.2. ʈʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ, 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʘʪʤʦʩʬʝʨʥʝ ʧʦʛʣʠʥʘʥʥʷ ʪʘ 

ʨʦʟʩʽʶʚʘʥʥʷ, ʛʝʦʤʝʪʨʽʷ ʦʩʚʽʪʣʝʥʥʷ ʦʙôʻʢʪʫ ʟʦʥʜʫʚʘʥʥʷ, ʧʨʦʮʝʜʫʨʘ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʪʘ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʷʢ ʧʨʘʚʠʣʦ ʟʤʽʥʶʶʪʴʩʷ ʟ ʧʣʠʥʦʤ ʯʘʩʫ [94]. ʆʙôʻʢʪʠ 

ʟʦʥʜʫʚʘʥʥʷ ʚʽʜʟʥʷʪʽ ʚ ʨʽʟʥʽ ʜʘʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʘ ʾʭ ʤʘʡʞʝ 

ʥʝʤʦʞʣʠʚʦ ʧʦʨʽʚʥʷʪʠ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ [95]. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʷʚʠʪʠ 

ʩʧʨʘʚʞʥʽ ʟʤʽʥʠ ʣʘʥʜʰʘʬʪʫ, ʥʘ ʷʢʽ ʚʢʘʟʫʶʪʴ ʟʤʽʥʠ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʚʽʜʙʠʪʪʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʾʭ ʨʘʜʽʦʤʝʪʨʠʯʥʫ ʢʦʨʝʢʮʽʶ. 

ɼʣʷ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʘʥʽ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʟ DN (digital 
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numbers) ʥʘ ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʘʧʝʨʪʫʨʽ ʩʝʥʩʦʨʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʩʥʦʚʥʦʾ ʬʦʨʤʫʣʠ (2.2): 

 

CDNKB   ,                                            (2.2) 

 

ʜʝ Bɚ ï ʝʥʝʨʛʝʪʠʯʥʘ ʷʩʢʨʘʚʽʩʪʴ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʟʦʥʠ ɚ, DN ï ʚʠʭʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʷʩʢʨʘʚʦʩʪʽ, Kɚ ï ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ (gain), Cɚ ï ʢʘʣʽʙʨʫʚʘʣʴʥʘ 

ʢʦʥʩʪʘʥʪʘ ʟʤʽʱʝʥʥʷ (offset), ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʽʡ ʚʝʣʠʯʠʥʽ ʷʩʢʨʘʚʦʩʪʽ, ʱʦ 

ʨʝʻʩʪʨʫʻʪʴʩʷ. 

ɼʣʷ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʦʧʝʨʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ɼɿɿ 

ʧʘʨʘʤʝʪʨʠ gain ʪʘ offset ʧʦʩʪʘʯʘʶʪʴʩʷ ʚ ʤʝʪʘʜʘʥʠʭ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ 

ʢʘʣʽʙʨʦʚʘʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʘ. 

ʆʢʨʝʤʠʡ ʚʠʧʘʜʦʢ ʩʢʣʘʜʘʶʪʴ ʟʥʽʤʢʠ ʚʽʜ ʫʢʨʘʾʥʩʴʢʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ɼɿɿ ñʉʽʯ-2ò. ʍʦʯʘ ʚʦʥʠ ʡ ʥʘʜʘʶʪʴʩʷ ʢʘʣʽʙʨʦʚʘʥʠʤʠ ʜʦ ʨʽʚʥʷ L1A [96], 

ʧʘʨʘʤʝʪʨʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʟʥʽʤʢʘ ʜʦ ʟʥʽʤʢʘ, ʪʦʤʫ ʜʣʷ ʾʭ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʪʨʽʙʥʘ ʨʘʜʽʦʤʝʪʨʠʯʥʘ 

ʧʝʨʝʢʘʣʽʙʨʦʚʢʘ. 

2.1.2.1 ʈʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʥʽʤʢʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ñʉʽʯ-2ò 

ʇʨʠ ʚʠʟʥʘʯʝʥʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ Lj ʚ ʨʦʙʦʯʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (2.3) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ Sj(ɚ) ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʟʥʽʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ [97,98]: 

 

0

)()( dSLL jj    ,                                          (2.3) 

 

ʜʝ L(ɚ) ï ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʚʭʦʜʽ ʩʝʥʩʦʨʘ, ɺʪ/(ʤ
2
ĀʤʢʤĀʩʨ); j ï ʥʦʤʝʨ ʨʦʙʦʯʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 
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ʂʦʞʥʦʤʫ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʫ j ʩʝʥʩʦʨʘ ñʉʽʯ-2ò ʚʽʜʧʦʚʽʜʘʻ ʩʧʝʢʪʨʘʣʴʥʘ 

ʯʫʪʣʠʚʽʩʪʴ Sj(ɚ). ʗʢʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙôʻʢʪʘ ʟʡʦʤʢʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʘ 

ʝʥʝʨʛʝʪʠʯʥʘ ʦʧʨʦʤʽʥʝʥʽʩʪʴ E0(ɚ), ʪʦ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ (2.3) 

ʩʢʣʘʜʝ: 

 

0

00 )()()()(
ˊ

1
jjj LdSEL    ,                           (2.4)  

 

ʜʝ ɟ(ɚ) ï ʩʧʝʢʪʨʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʩʲʸʤʢʠ, Ű(ɚ) ï 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ, L0j ï ʝʥʝʨʛʝʪʠʯʥʘ ʷʩʢʨʘʚʽʩʪʴ 

ʘʪʤʦʩʬʝʨʥʦʾ ʜʠʤʢʠ ʚ ʨʦʙʦʯʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [99].  

ʇʝʨʝʭʽʜ ʚʽʜ ʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʩʝʥʩʦʨʽ 

ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ɟ(ɚ) ʪʝʩʪʦʚʠʭ ʦʙôʻʢʪʽʚ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [100]: 

 

2
cos)(

sin

)(ln
exp)(

))((
)(

0

0

E

LL
   ,                               (2.5)  

 

ʜʝ ɗ ï ʢʫʪʦʚʘ ʚʠʩʦʪʘ ʉʦʥʮʷ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʧʽʜ ʯʘʩ ʟʡʦʤʢʠ.  

ʆʩʢʽʣʴʢʠ ʨʝʘʣʴʥʘ ʰʠʨʠʥʘ ʨʦʙʦʯʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ñʉʽʯ-2ò ʥʝ 

ʜʫʞʝ ʚʝʣʠʢʘ, ʪʦ ʩʧʝʢʪʨʘʣʴʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʦʧʨʦʤʽʥʝʥʥʽʩʪʴ 
j

dEE
j

j )(
1

0  ʽ 

ʩʧʝʢʪʨʘʣʴʥʝ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ 
j

d
j

j )(
1

 ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʩʪʽʡʥʠʤ [101]. ʊʦʜʽ 

 

jj

jj

j LdS
E

L 0

0

)()(
ˊ

   .                                   (2.6) 
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ʅʝʟʘʣʝʞʥʽ ʚʽʜ ʦʙôʻʢʪʽʚ ʟʥʽʤʘʥʥʷ ʧʘʨʘʤʝʪʨʠ Űj ʪʘ Ej, ʘʙʦ ʚʽʜʧʦʚʽʜʥʝ 

ʦʩʪʘʥʥʴʦʤʫ 
ˊ

j

j

E
L  ʤʦʞʣʠʚʦ ʨʦʟʨʘʭʫʚʘʪʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʟʥʽʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʟʜʘʣʝʛʽʜʴ. ɿʦʢʨʝʤʘ, ʜʣʷ ñʉʽʯ-2ò ʾʭ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.2. 

 

ʊʘʙʣʠʮʷ 2.2 

ɿʥʽʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ñʉʽʯ-2ò 

ʉʧʝʢʪʨʘʣʴʥʠʡ 

ʢʘʥʘʣ ñʉʽʯ-2ò j 

ʅʦʤʽʥʘʣʴʥʝ 

æɚj, ʥʤ 
Űj 

Lj , 

ɺʪ/(ʤ
2
ĀʤʢʤĀʩʨ) 

1 500-590 0,897 36,463 

2 610-680 0,932 42,544 

3 790-890 0,955 34,221 

 

ɺʝʣʠʯʠʥʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʪʝʩʪʦʚʠʭ ʦʙôʻʢʪʽʚ ɟ(ɚ) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʰʣʷʭʦʤ ʥʝʟʘʣʝʞʥʠʭ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʦʣʴʦʚʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ (ʨʠʩ. 2.1). 

 

 

ʈʠʩ. 2.1. ʇʦʨʪʘʪʠʚʥʠʡ ʧʦʣʴʦʚʠʡ ʩʧʝʢʪʨʦʤʝʪʨ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʽʜʩʫʧʫʪʥʠʢʦʚʦʾ 

ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ ʢʘʣʽʙʨʦʚʢʠ ʩʠʩʪʝʤʠ ñʉʽʯ-2ò 
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ʏʝʨʝʟ ʨʽʚʥʷʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ (2.6) ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʨʦʟʨʘʭʫʚʘʪʠ 

ʩʠʛʥʘʣ ʥʘ ʩʝʥʩʦʨʽ. ʎʷ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʢʘʥʘʣʫ. 

ʊʘʢ ʷʢ ʚʽʜʦʤʽ ʢʨʠʚʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʩʝʥʩʦʨʘ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ 

ʚʠʨʘʭʫʚʘʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ, ʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʣʘʜʦʤ FieldSpec 

ʦʭʦʧʣʶʶʪʴ ʚʩʽ ʨʦʙʦʯʽ ʩʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ñʉʽʯ-2ò, ʪʦ 

ʤʦʞʣʠʚʦ ʧʝʨʝʨʘʭʫʚʘʪʠ ʚʠʤʽʨʷʥʠʡ ʧʨʝʮʠʟʽʡʥʠʡ ʩʧʝʢʪʨ ʦʙôʻʢʪʘ ɟ(ɚ) ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ɟi ʚ ʙʫʜʴ-ʷʢʦʤʫ ʜʽʘʧʘʟʦʥʽñʉʽʯ-2ò. 

ʉʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʫʪʣʠʚʦʩʪʽ ʨʦʙʦʯʠʭ ʜʽʘʧʘʟʦʥʽʚ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ñʉʽʯ-2ò, ʦʪʨʠʤʘʥʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ ʪʘʢʦʞ ʚʽʜʦʤʽ ï ʨʠʩ. 2.2 [102]: 

 

 

ʈʠʩ.2.2. ʃʘʙʦʨʘʪʦʨʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʯʫʪʣʠʚʦʩʪʽ ʩʝʥʩʦʨʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ñʉʽʯ-2ò 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ ʢʘʣʽʙʨʦʚʢʠ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʙʠʨʘʪʠ 

ʩʧʝʮʽʘʣʴʥʽ ʪʝʩʪʦʚʽ ʦʙôʻʢʪʠ: 

Á ʚʝʣʠʢʽ ʩʪʘʙʽʣʴʥʽ ʛʦʤʦʛʝʥʥʽ ʧʦʢʨʠʪʪʷ, ʷʢʽ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ ʟʘʡʤʘʶʪʴ ʥʝ 

ʤʝʥʰʝ 10Ĭ10 ʧʨʦʝʢʮʽʡ ʧʽʢʩʝʣʽʚ; 

Á ʦʪʨʠʤʘʥʥʷ ʟ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʫ ʚʽʜ 30 ʜʦ 100 ʚʽʜʣʽʢʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʘʪʥʴʦʾ ʩʪʘʪʠʩʪʠʢʠ ʚʠʤʽʨʶʚʘʥʴ; 
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Á ʪʝʩʪʦʚʽ ʦʙôʻʢʪʠ ʫ ʩʫʢʫʧʥʦʩʪʽ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʘʢʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ 

ʜʽʘʧʘʟʦʥ ʷʩʢʨʘʚʦʩʪʝʡ. 

ʆʪʞʝ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ Lj ʽ ʦʜʝʨʞʫʚʘʥʠʭ ʟʽ ʟʥʽʤʢʫ ʮʠʬʨʦʚʠʭ 

ʟʥʘʯʝʥʴ DN ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʧʨʦʚʝʩʪʠ ʨʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʦʚʫʥʥʷ ʩʝʥʩʦʨʘ. 

ɿʘʜʘʯʝʶ ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ  ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʝʥʩʦʨʘ ʻ ʫʪʦʯʥʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʝʨʝʨʘʭʫʥʢʫ ʮʠʬʨʦʚʠʭ ʟʥʘʯʝʥʴ DN ʛʨʘʜʘʮʽʡ ʩʠʛʥʘʣʫ ʚʠʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʥʘ 

ʘʙʩʦʣʶʪʥʫ ʬʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ ï ʩʧʝʢʪʨʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ L 

ʥʘ ʘʧʝʨʪʫʨʽ ʩʝʥʩʦʨʘ, ʚʠʤʽʨʷʥʦʶ ʫ ɺʪ/(ʤ
2
ĀʤʢʤĀʩʨ). ʆʩʥʦʚʥʽ ʨʦʙʦʪʠ ʟ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʤʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʜʦ ʟʘʧʫʩʢʫ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ [103]. 

ɺʘʞʣʠʚʽʰʦʶ ʚʠʤʦʛʦʶ ʜʦ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʝʥʩʦʨʽʚ ʻ ʾʾ ʣʽʥʽʡʥʽʩʪʴ [104]. 

ʃʽʥʽʡʥʫ ʢʘʣʽʙʨʫʚʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘʣʝʞʥʽʩʪʶ ʤʽʞ 

ʚʭʽʜʥʦʶ DN i ʚʠʭʽʜʥʦʶ L ʚʝʣʠʯʠʥʘʤʠ ʫ ʚʠʛʣʷʜʽ [105]: 

 

aDNbL  ,                                                    (2.7) 

 

ʜʝ b ʽ a ï ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʧʽʜʩʠʣʝʥʥʷ (gain) ʪʘ ʟʤʽʱʝʥʥʷ (offset). 

ɸʣʛʦʨʠʪʤ 1.1. ʈʘʜʽʦʤʝʪʨʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʝʥʩʦʨʘ ñʉʽʯ-2ò. 

ɿʘ ʥʘʷʚʥʽʩʪʶ ʜʝʢʽʣʴʢʦʭ (ʥʝ ʤʝʥʰʝ ʪʨʠʜʮʷʪʠ) ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʨʽʟʥʠʭ 

ʨʽʚʥʷʭ ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʪʠ ʢʘʣʽʙʨʫʚʘʣʴʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʝʥʩʦʨʘ. 

ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʘʣʛʦʨʠʪʤʫ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʝʥʩʦʨʘ ʻ ʥʘʙʽʨ ʚʠʤʽʨʶʚʘʥʴ 

ʟʥʘʯʝʥʴ ʟʘʨʝʻʩʪʨʦʚʘʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ L, 

ɺʪ/(ʤ
2
ĀʤʢʤĀʩʨ), ʪʘ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʟʥʘʯʝʥʴ DN. ʆʩʢʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ L ʥʘ ʙʦʨʪʫ ñʉʽʯ-2ò ʥʝ ʥʘʜʘʶʪʴʩʷ, ʪʦ ʾʭ ʩʣʽʜ ʦʜʝʨʞʫʚʘʪʠ ʟ ʨʦʟʚôʷʟʢʫ 

ʨʽʚʥʷʥʴ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʩʧʝʢʪʨʦʨʘʜʽʦʤʝʪʨʦʤ ʩʠʛʥʘʣʫ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.6) ʥʝʦʙʭʽʜʥʘ ʚʽʜʥʦʩʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʩʝʥʩʦʨʘ ʚ ʨʦʙʦʯʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ S(ɚ). 
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ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʚʽʜʣʽʢʘʤʠ ʚʽʜʦʤʠʭ L ʽ DN ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ 

ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ a ʽ b ʚ ʬʦʨʤʫʣʽ (2.7). 

ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʤʠʥʫʯʠʭ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʦʙʠʪʠ ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʩʚʽʜʦʤʦ ʙʽʣʴʰʦʶ ʟʘ ʯʠʩʣʦ ʥʝʚʽʜʦʤʠʭ ï b, a ï ʪʘ ʨʦʟʚôʷʟʫʚʘʪʠ ʥʘʜʤʽʨʥʫ 

ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ [106]. 

ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ñʉʽʯ-2ò [107]. 

 

 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʢʘʥʘʣʫ Green 

 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʢʘʥʘʣʫ Red 

 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʢʘʥʘʣʫ NIR 

 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʢʘʥʘʣʫ SWIR 

 

ʈʠʩ.2.3. ʂʘʣʽʙʨʫʚʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ñʉʽʯ-2ò 

 

ɺ ʜʦʜʘʪʢʫ ɹ.1 ʥʘʚʝʜʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʢʨʠʧʪʘ, ʱʦ 

ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤ ʢʘʣʽʙʨʫʚʘʥʥʷ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab. ɿʘ 
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ʥʘʷʚʥʽʩʪʶ ʜʝʢʽʣʴʢʦʭ ʨʦʙʦʯʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʩʝʥʩʦʨʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʤʘʻ 

ʧʨʦʚʦʜʠʪʠʩʷ ʚ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʦʢʨʝʤʦ. 

2.1.3. ɸʪʤʦʩʬʝʨʥʘ ʢʦʨʝʢʮʽʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ ʫʩʫʥʝʥʥʷ ʧʝʨʝʰʢʦʜ 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʝʪʘʧʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʻ 

ʘʪʤʦʩʬʝʨʥʘ ʢʦʨʝʢʮʽʷ. ɺ ʜʘʥʠʡ ʯʘʩ, ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʜʘʥʠʭ ʧʦʪʨʘʧʣʷʻ ʜʦ ʢʽʥʮʝʚʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚʞʝ ʘʪʤʦʩʬʝʨʥʦ ʩʢʦʨʠʛʦʚʘʥʦʶ. ʆʜʥʘʢ, ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʨʦʮʝʩ 

ʢʦʨʝʢʮʽʾ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʠ ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʫʩʝʨʝʜʥʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʽʤʢʘ. 

ɺ ʘʪʤʦʩʬʝʨʽ ɿʝʤʣʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʨʽʟʥʽ ʦʧʪʠʯʥʽ ʧʝʨʝʰʢʦʜʠ ï ʚ 

ʦʩʥʦʚʥʦʤʫ ʭʤʘʨʥʽʩʪʴ ʪʘ ʘʝʨʦʟʦʣʽ, ʱʦ ʤʦʞʫʪʴ ʟʨʦʙʠʪʠ ʥʝʤʦʞʣʠʚʦʶ ʘʙʦ ʩʫʪʪʻʚʦ 

ʫʩʢʣʘʜʥʠʪʠ ʦʙʨʦʙʢʫ ʟʥʽʤʢʽʚ. ʅʘʜʘʣʽ ʪʘʢʽ ʧʝʨʝʰʢʦʜʠ ʤʘʻ ʙʫʪʠ ʫʩʫʥʝʥʦ ʜʦ 

ʧʦʯʘʪʢʫ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. 

ɼʣʷ ʟʥʽʤʢʽʚ ʽʟ ʩʫʧʫʪʥʠʢʽʚ ʩʝʨʽʾ Landsat ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʮʽʥʢʠ ʭʤʘʨʥʦʩʪʽ ACCA (ʘʥʛʣ. Automatic Cloud Cover Assessment). 

ʎʝʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʨʽʟʥʽ ʦʙʣʘʩʪʽ ʟʥʽʤʢʘ ʽ ʩʪʚʦʨʠʪʠ ʟ ʥʠʭ 

ʤʘʩʢʫ. ɺ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʘʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʽ Landsat-4,5/TM ʪʘ 

Landsat-7/ETM+, ʧʝʨʝʪʚʦʨʝʥʽ ʥʘ ʩʧʝʢʪʨʘʣʴʥʫ ʚʽʜʙʠʚʥʫ ʟʜʘʪʥʽʩʪʴ. ʅʘ ʚʠʭʦʜʽ 

ʦʪʨʠʤʫʻʪʴʩʷ ʤʘʩʢʘ ʭʤʘʨʥʦʩʪʽ [108]. 

ɸʣʛʦʨʠʪʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʨʦʢʽʚ: ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʘʥʘʣʽʟʫʶʪʴʩʷ 

ʜʨʫʛʠʡ, ʪʨʝʪʽʡ, ʯʝʪʚʝʨʪʠʡ, ʧôʷʪʠʡ ʪʘ ʰʦʩʪʠʡ ʩʧʝʢʪʨʘʣʴʥʽ ʢʘʥʘʣʠ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʢʣʘʩʠ ʦʙʣʘʩʪʝʡ: ʭʦʣʦʜʥʘ ʭʤʘʨʘ, ʪʝʧʣʘ ʭʤʘʨʘ, ʪʽʥʽ, ʤʦʞʣʠʚʦ ʭʤʘʨʘ, ʥʝ 

ʭʤʘʨʘ. ʅʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʘʥʘʣʽʟʫʻʪʴʩʷ ʣʠʰʝ ʰʦʩʪʠʡ (ʪʝʧʣʦʚʠʡ) ʢʘʥʘʣ ʽ ʦʙʣʘʩʪʽ, 

ʷʢʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ ʥʝ ʦʪʨʠʤʘʣʠ ʦʜʥʦʟʥʘʯʥʦʾ ʦʮʽʥʢʠ. ʋ ʧʽʜʩʫʤʢʫ 

ʬʦʨʤʫʻʪʴʩʷ ʤʘʩʢʘ ʭʤʘʨʥʦʩʪʽ, ʚ ʷʢʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽ ʙʫʜʴ-ʷʢʽ ʟ 

ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʢʘʪʝʛʦʨʽʡ ʭʤʘʨʥʦʩʪʽ. 

ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʧʝʨʰʦʛʦ ʢʨʦʢʫ ʘʣʛʦʨʠʪʤʫ ʟʙʠʨʘʻʪʴʩʷ ʩʪʘʪʠʩʪʠʢʘ ʧʦ 

ʦʙʣʘʩʪʷʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʪʠʧʘʤ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ. ʅʘʧʨʠʢʣʘʜ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʩʦʪʦʢ ʩʥʽʛʫ ʥʘ ʟʥʽʤʢʫ, ʚʽʜʩʦʪʦʢ ʧʫʩʪʝʣʴ ʪʘ ʩʢʝʣʴ ʽ ʪʘʢ ʜʘʣʽ. ʅʘ 
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ʧʽʜʩʪʘʚʽ ʮʽʻʾ ʩʪʘʪʠʩʪʠʢʠ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ, ʯʠ ʧʦʪʨʽʙʥʦ ʧʝʨʝʛʣʷʜʘʪʠ ʦʙʣʘʩʪʽ, ʱʦ 

ʧʦʤʽʯʝʥʽ ʷʢ ʪʝʧʣʽ ʭʤʘʨʠ. ʋ ʨʘʟʽ ʷʢʱʦ ʥʘ ʟʥʽʤʢʫ ʙʽʣʴʰʝ 1% ʧʣʦʱʽ ʟʘʡʤʘʻ ʩʥʽʛ, ʪʦ 

ʚʩʽ ʜʽʣʷʥʢʠ ʟ ʪʝʧʣʠʤʠ ʦʙʣʘʩʪʷʤʠ ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ ñʤʦʞʣʠʚʦ ʭʤʘʨʘò ʽ 

ʘʥʘʣʽʟʫʶʪʴʩʷ ʧʦʚʪʦʨʥʦ. ʗʢʱʦ ʥʘ ʟʥʽʤʢʫ ʻ ʧʫʩʪʝʣʽ, ʪʦ ʾʭ ʚʽʜʩʦʪʦʢ ʪʝʞ 

ʚʨʘʭʦʚʫʻʪʴʩʷ. ɼʨʫʛʠʡ ʢʨʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʪʨʴʦʭ ʫʤʦʚ: 

ǐ ʧʣʦʱʘ ʧʫʩʪʝʣʴ ʟʘʡʤʘʻ ʙʽʣʴʰʝ 50% ʟʥʽʤʢʘ, 

ǐ ʥʘ ʟʥʽʤʢʫ ʙʽʣʴʰʝ 0,4% ʭʦʣʦʜʥʠʭ ʭʤʘʨ, 

ǐ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʭʤʘʨ ʤʝʥʰʝ 295 ʂ. 

ʗʢʱʦ ʫʤʦʚʠ ʥʝ ʚʠʢʦʥʫʶʪʴʩʷ, ʪʦ ʘʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʠ ʦʤʠʥʘʻʪʴʩʷ ʽ ʜʨʫʛʠʡ 

ʢʨʦʢ ʟʘʚʝʨʰʫʻʪʴʩʷ. 

ɸʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʣʷʛʘʻ ʚ ʧʦʨʽʚʥʷʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙʣʘʩʪʝʡ, ʷʢʽ 

ʧʝʨʝʛʣʷʜʘʶʪʴʩʷ, ʟ ʜʚʦʤʘ ʟʥʘʯʝʥʥʷʤʠ. ʎʽ ʟʥʘʯʝʥʥʷ ʙʝʨʫʪʴʩʷ ʟ ʛʽʩʪʦʛʨʘʤʠ, ʷʢʘ 

ʙʫʜʫʻʪʴʩʷ ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ. ʇʝʨʰʝ ʟʥʘʯʝʥʥʷ ï ʮʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 83,5% (ʥʠʞʥʽʡ ʧʦʨʽʛ) ʛʽʩʪʦʛʨʘʤʠ, ʜʨʫʛʝ ï ʥʘ 97,5% (ʚʝʨʭʥʽʡ 

ʧʦʨʽʛ). ʗʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʣʘʩʪʽ ʚʠʱʝ ʚʝʨʭʥʴʦʛʦ ʧʦʨʦʛʫ, ʪʦ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ 

ʱʦ ʮʝ ʥʝ ʭʤʘʨʘ. ʗʢʱʦ ʥʠʞʯʝ, ʪʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʥʠʞʥʽʤ 

ʧʦʨʦʛʦʤ. ʊʽ ʦʙʣʘʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʠʭ ʥʠʞʯʝ, ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ ʭʦʣʦʜʥʽ ʭʤʘʨʠ, ʚ 

ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʠ ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ ʪʝʧʣʽ ʭʤʘʨʠ. ɼʘʣʽ ʤʘʩʢʘ ʭʤʘʨʥʦʩʪʽ ʚ 

ʦʩʪʘʪʦʯʥʦʤʫ ʚʠʛʣʷʜʽ ʟʙʝʨʽʛʘʻʪʴʩʷ. 

2.1.4. ʂʣʘʩʠʬʽʢʘʮʽʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʢʣʘʩʽʚ ʨʦʩʣʠʥʥʠʭ ʙʽʦʪʦʧʽʚ ʜʣʷ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ. 

ʅʘʡʧʨʦʩʪʽʰʠʤ ʤʝʪʦʜʦʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʨʝʚʘ ʨʽʰʝʥʴ 

(ʧʦʨʦʛʦʚʦʛʦ ʚʠʨʽʰʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ ʟʘ ʚʝʛʝʪʘʮʽʡʥʠʤ ʽʥʜʝʢʩʦʤ NDVI) ʪʘ ʨʦʟʧʦʜʽʣ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʜʚʘ ʢʣʘʩʠ ï ñʨʦʩʣʠʥʥʽʩʪʴò ʪʘ ñʥʝ ʨʦʩʣʠʥʥʽʩʪʴò. ʈʝʟʫʣʴʪʘʪʦʤ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʜʝ ʤʘʩʢʘ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʆʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʻ ʧʦʧʝʨʝʜʥʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ ʜʦ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʨʦʚʝʜʝʥʥʷʤ ʧʦʜʘʣʴʰʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. 
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ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʠʭ ʟʘʚʽʨʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ, 

ʪʘʢʠʭ ʷʢ ʥʘʟʝʤʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʧʦʣʴʦʚʝ ʩʧʝʢʪʨʦʤʝʪʨʫʚʘʥʥʷ, ʽ ʪ. ʜ., ʥʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʥʽʤʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʧʝʨʝʜʥʷ ʥʝʢʝʨʦʚʘʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘ ʦʜʥʠʤ ʟ ʚʽʜʦʤʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʪʘʢʠʭ ʷʢ IsoData ʘʙʦ 

K-Means [109]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʩʽ ʧʽʢʩʝʣʽ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʛʨʫʧʠ 

(ʢʣʘʩʪʝʨʠ), ʢʨʠʪʝʨʽʻʤ ʚʠʜʽʣʝʥʥʷ ʷʢʠʭ ʩʣʫʛʫʻ ʧʦʜʽʙʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʥʘ ʦʩʥʦʚʽ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʦʧʠʩʫ ʨʘʡʦʥʫ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʦʧʝʨʝʜʥʴʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʜʝʰʠʬʨʫʚʘʥʥʷ ʟʥʽʤʢʫ. ɼʣʷ 

ʟʘʚʽʨʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʟʥʽʤʢʠ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʥʘʧʨʠʢʣʘʜ, ʦʪʨʠʤʘʥʽ ʯʝʨʝʟ ʩʝʨʚʽʩ Google Earth 

(http://earth.google.com). 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʨʠʪʦʨʽʾ ʪʘ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʠʨʘʶʪʴʩʷ ʦʩʥʦʚʥʽ 

ʨʦʙʦʯʽ ʢʣʘʩʠ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ ʷʢ: ʭʚʦʡʥʽ ʪʘ ʣʠʩʪʷʥʽ ʣʽʩʠ, ʪʨʘʚ'ʷʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, 

ʚʽʜʢʨʠʪʠʡ ˇʨʫʥʪ, ʧʣʦʱʽ ʟʽ ʰʪʫʯʥʠʤ ʧʦʢʨʠʪʪʷʤ. ɼʣʷ ʢʦʞʥʦʛʦ ʚʠʟʥʘʯʝʥʦʛʦ ʢʣʘʩʫ 

ʚ ʤʝʞʘʭ 5-10 ʧʽʢʩʝʣʽʚ ʧʦʪʨʽʙʥʦ ʥʘʙʨʘʪʠ ʥʝ ʤʝʥʰʝ 30-ʪʠ ʝʪʘʣʦʥʥʠʭ ʜʽʣʷʥʦʢ. ɼʘʣʽ, 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʨʘʥʠʭ ʝʪʘʣʦʥʽʚ, ʧʨʦʚʦʜʠʪʴʩʷ ʢʝʨʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʜʥʠʤ ʟ 

ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ï ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʫʪʘ, ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ, 

ʪʦʱʦ [110]. ɿʦʢʨʝʤʘ, ʜʣʷ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʛʦ ʤʝʪʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʚʽʨʦʛʽʜʥʦʩʪʽ (maximum-likelihood estimation ï MLE) ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (2.8): 

 
n

i
i xypxL

1

)|()(   ,                                                (2.8) 

 

ʜʝ L(x) ï ʟʥʘʯʝʥʥʷ ʜʠʩʢʨʠʤʽʥʘʥʪʥʦʾ ʬʫʥʢʮʽʾ ʚʠʨʽʰʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ ʚʝʢʪʦʨʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ x, p(yi|x) ï ʛʫʩʪʠʥʘ ʽʤʦʚʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʢʣʘʩʫ 

i, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ yi [111]. 

ʆʪʨʠʤʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʛʨʘʬʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʨʦʙʦʯʠʭ ʢʣʘʩʽʚ 

ʧʨʦʭʦʜʠʪʴ ʧʦʩʪ-ʦʙʨʦʙʢʫ [112], ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʬʦʨʤʫʶʪʴʩʷ ʧʨʠʢʽʥʮʝʚʽ ʢʣʘʩʠ, 
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ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʦʟʧʦʜʽʣ ʪʠʧʽʚ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʆʪʞʝ, ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʟʜʘʪʥʽʩʪʴ 

ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʻ ʨʝʪʝʣʴʥʠʡ ʚʠʙʽʨ ʪʘ ʢʦʨʝʢʪʥʘ ʧʦʧʝʨʝʜʥʷ 

ʦʙʨʦʙʢʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ.  

2.2. ʄʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ʂʽʣʴʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʙʫʣʦ ʦʙʨʘʥʦ ʽʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ 

ʧʦʚʝʨʭʥʽ LAI, ʪʦʤʫ ʱʦ ʚʽʥ ʤʘʻ ʯʽʪʢʫ ʛʝʦʤʝʪʨʠʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʽ ʚʦʜʥʦʯʘʩ ʻ 

ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʬʦʪʦʩʠʥʪʝʟʫ. ʑʝ ʫ ʩʝʨʝʜʠʥʽ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʚʽʥ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ [113] ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʬʦʪʦʩʠʥʪʝʟʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʣʠʩʪʷ ʽ ʚʠʷʚʠʚʩʷ ʟʘ ʩʚʦʻʶ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʽ 

ʦʙôʻʢʪʠʚʥʽʩʪʶ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʮʽʥʥʠʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʩʣʠʥʥʠʭ ʝʢʦʩʠʩʪʝʤ. 

2.2.1. ɺʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ ʚʝʛʝʪʘʮʽʡʥʠʤ 

ʽʥʜʝʢʩʦʤ ʪʘ ʽʥʜʝʢʩʦʤ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ 

ɯʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ LAI ʻ ʢʣʶʯʦʚʦʶ ʟʤʽʥʥʦʶ, ʷʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʧʦʚôʷʟʘʥʘ ʟʽ ʩʧʝʢʪʨʘʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʙʠʪʪʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʚʽʜʥʦʩʠʥ ʤʽʞ ʨʽʟʥʠʤʠ ʚʝʛʝʪʘʮʽʡʥʠʤʠ ʽʥʜʝʢʩʘʤʠ ʪʘ LAI. ʇʨʠ ʦʮʽʥʮʽ ʚʠʟʥʘʯʝʥʥʷ 

LAI ʙʽʣʴʰʽʩʪʴ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ 

ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʨʦʩʣʠʥʥʦʩʪʽ, ʛʝʦʤʝʪʨʽʷ ʧʦʣʦʛʫ, ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʠʩʪʷ ʪʘ 

ˇʨʫʥʪʫ, ʘʙʦ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʧʦʣʦʞʝʥʥʷ ʩʦʥʮʷ ʪʘ ʭʤʘʨʥʽʩʪʴ [114]. 

ʆʩʢʽʣʴʢʠ ʽʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʜʦʙʨʝ ʢʦʨʝʣʶʻ ʟ ʚʝʛʝʪʘʮʽʡʥʠʤʠ 

ʽʥʜʝʢʩʘʤʠ, ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʘʙʣʠʮʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ ʚʝʛʝʪʘʮʽʡʥʠʤ 

ʽʥʜʝʢʩʦʤ NDVI ʪʘ LAI. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʟ ʚʽʜʥʦʚʣʝʥʥʷʤ ʨʝʛʨʝʩʽʡʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʝʥʦʣʦʛʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. 
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2.2.1.1. ʉʪʘʥʜʘʨʪʥʽ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ 

ɿʘʛʘʣʴʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

 

),( bxfy , 0)E( ,                                             (2.9) 

 

ʜʝ b ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, Ů ï ʚʠʧʘʜʢʦʚʘ ʧʦʤʠʣʢʘ ʤʦʜʝʣʽ (ʟʘʣʠʰʦʢ). 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʽʥʽʡʥʫ, ʧʦʣʽʥʦʤʽʘʣʴʥʫ, ʣʦʛʘʨʠʬʤʽʯʥʫ, 

ʝʢʩʧʦʥʝʥʪʥʫ, ʧʦʢʘʟʥʠʢʦʚʫ ʪʠʧʠ ʨʝʛʨʝʩʽʾ [115]. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʜʘʥʠʤʠ ʦʧʠʩʫʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ, ʘ ʥʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʦʮʽʥʶʶʪʴʩʷ ʟʘ 

ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ. ʃʽʥʽʡʥʘ ʬʫʥʢʮʽʷ ʨʝʛʨʝʩʽʾ ),( bxf  ʫ ʚʠʨʘʟʽ (2.9) ʥʘʙʫʚʘʻ 

ʚʠʛʣʷʜʫ 

 

kk xbxbxbbbxf 222110),(  ,                                  (2.10) 

 

ʜʝ jb ï ʧʘʨʘʤʝʪʨʠ (ʢʦʝʬʽʮʽʻʥʪʠ) ʨʝʛʨʝʩʽʾ, jx ï ʨʝʛʨʝʩʦʨʠ (ʬʘʢʪʦʨʠ ʤʦʜʝʣʽ), k ï 

ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ ʤʦʜʝʣʽ. 

ʇʦʣʽʥʦʤʽʘʣʴʥʘ ʨʝʛʨʝʩʽʷ ʦʟʥʘʯʘʻ ʥʘʙʣʠʞʝʥʥʷ ʜʘʥʠʭ ʧʦʣʽʥʦʤʦʤ k-ʡ ʩʪʫʧʝʥʽ 

 
k

k xbxbxbbbxf 22

210),(  ,                                  (2.11) 

 

ʜʝ jb ï ʧʘʨʘʤʝʪʨʠ (ʢʦʝʬʽʮʽʻʥʪʠ) ʨʝʛʨʝʩʽʾ, jx ï ʨʝʛʨʝʩʦʨʠ (ʬʘʢʪʦʨʠ ʤʦʜʝʣʽ), k ï 

ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ ʤʦʜʝʣʽ. 

ʇʨʠ k=i ʧʦʣʽʥʦʤ ʻ ʧʨʷʤʦʶ ʣʽʥʽʻʶ, ʧʨʠ k=2 ï ʧʘʨʘʙʦʣʦʶ, ʧʨʠ k=3 ï 

ʢʫʙʽʯʥʦʶ ʧʘʨʘʙʦʣʦʶ ʽ ʪʘʢ ʜʘʣʽ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʨʝʛʨʝʩʽʾ ʧʦʣʽʥʦʤʦʤ k-ʡ ʩʪʫʧʝʥʽ 

ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ ʭʦʯʘ ʙ k+1 ʪʦʯʦʢ ʜʘʥʠʭ. 

ʃʦʛʘʨʠʬʤʽʯʥʘ ʨʝʛʨʝʩʽʷ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʩʧʦʯʘʪʢʫ ʰʚʠʜʢʦ ʤʽʥʷʶʪʴʩʷ, ʘ ʧʦʪʽʤ ʧʦʩʪʫʧʦʚʦ 

ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ. ʈʝʛʨʝʩʽʷ ʙʫʜʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ: 
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)ln(),( 0 xbbbxf  ,                                               (2.12) 

 

ʜʝ b0, b ï ʧʘʨʘʤʝʪʨʠ (ʢʦʝʬʽʮʽʻʥʪʠ) ʨʝʛʨʝʩʽʾ. 

ɽʢʩʧʦʥʝʥʪʥʫ ʨʝʛʨʝʩʽʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ 

ʜʘʥʠʭ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʻ. ʈʝʛʨʝʩʽʷ ʙʫʜʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ 

 
bxeabxf ),(  ,                                                    (2.13) 

 

ʜʝ a, b ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ. 

ʆʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ ʻ [116] ʟʘʣʠʰʢʦʚʘ ʩʫʤʘ 

ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ, ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ ʧʦʭʠʙʢʠ, ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ ʧʨʦʛʥʦʟʦʚʘʥʦʾ 

ʟʤʽʥʥʦʾ, ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ, ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ. 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʦʮʽʥʢʦʶ ʘʜʝʢʚʘʪʥʦʩʪʽ 

ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʤʽʨʦʶ ʷʢʦʩʪʽ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

R
2
 = 1 ï 

)D(

)ĔD(

y

yy
   ,                                               (2.14) 

 

ʜʝ D(yïȒ) = 
n

i
ii yy

n 1

2)Ĕ(
2

1
 ï ʧʦʷʩʥʝʥʘ ʦʮʽʥʢʦʶ Ȓ ʜʠʩʧʝʨʩʽʷ ʦʟʥʘʢʠ y, D(y) = 

n

i
i yy

n 1

2)(
1

1
 ï ʧʦʚʥʘ ʜʠʩʧʝʨʩʽʷ ʦʟʥʘʢʠ y, n ï ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ (ʦʙʩʷʛ 

ʚʠʙʽʨʢʠ). 

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʘʩʪʢʫ ʜʠʩʧʝʨʩʽʾ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ 

ʦʟʥʘʢʠ y, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʨʝʛʨʝʩʽʻʶ, ʚ ʟʘʛʘʣʴʥʽʡ ʜʠʩʧʝʨʩʽʾ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ 

ʦʟʥʘʢʠ. ʏʠʤ ʙʣʠʞʯʝ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʜʦ ʦʜʠʥʠʮʽ, ʪʠʤ ʤʝʥʰʝ ʟʘʣʠʰʢʦʚʘ 

ʘʙʦ ʥʝʧʦʷʩʥʝʥʘ ʜʠʩʧʝʨʩʽʷ ʽ, ʦʪʞʝ, ʪʠʤ ʢʨʘʱʝ ʧʦʙʫʜʦʚʘʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

ʚʽʜʦʙʨʘʞʘʻ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʦʢʘʟʥʠʢʦʤ y ʽ ʬʘʢʪʦʨʦʤ x [117]. ʅʘʜʘʣʽ ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʜʝʨʞʫʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. 
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ʊʘʙʣʠʮʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ LUT (look-up table) ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ï ʮʝ 

ʩʪʨʫʢʪʫʨʘ ʜʘʥʠʭ, ʟʘʟʚʠʯʘʡ ʤʘʩʠʚ ʘʙʦ ʘʩʦʮʽʘʪʠʚʥʠʡ ʤʘʩʠʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʟ ʤʝʪʦʶ ʟʘʤʽʥʠʪʠ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʦʧʝʨʘʮʽʶ ʧʨʦʩʪʦʛʦ ʧʦʰʫʢʫ. 

ɯʩʥʫʻ ʧʨʦʤʽʞʥʝ ʨʽʰʝʥʥʷ, ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ LUT ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʧʨʦʩʪʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ ï ʽʥʪʝʨʧʦʣʷʮʽʻʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʪʦʯʥʦ ʟʥʘʭʦʜʠʪʠ 

ʟʥʘʯʝʥʥʷ ʤʽʞ ʜʚʦʤʘ ʦʙʯʠʩʣʝʥʠʤʠ ʟʘʟʜʘʣʝʛʽʜʴ ʪʦʯʢʘʤʠ. ɺʠʪʨʘʪʠ ʯʘʩʫ ʪʨʦʭʠ 

ʟʨʦʩʪʫʪʴ, ʘʣʝ ʥʘʪʦʤʽʩʪʴ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ ʚʝʣʠʢʘ ʪʦʯʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ. ʊʘʢʦʞ ʮʶ 

ʪʝʭʥʽʢʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ LUT ʙʝʟ ʚʪʨʘʪ ʪʦʯʥʦʩʪʽ 

[118]. 

ɸʣʝ ʯʝʨʝʟ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʥʝ ʚʜʘʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ 

ʩʢʣʘʩʪʠ ʪʘʙʣʠʮʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ NDVI ʪʘ LAI. 

ʉʢʣʘʜʥʽʩʪʴ ʪʘ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ LAI ʪʘ NDVI ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʥʝ ʜʦʟʚʦʣʷʻ ʦʧʠʩʘʪʠ ʡʦʛʦ ʣʽʥʽʡʥʦʶ ʪʘ ʧʨʦʩʪʠʤʠ ʥʝʣʽʥʽʡʥʠʤʠ 

ʨʝʛʨʝʩʽʡʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. ʊʘʢ, ʜʣʷ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʂʠʻʚʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʱʝʦʧʠʩʘʥʠʭ ʨʝʛʨʝʩʽʡ ʟʘʙʝʟʧʝʯʫʻ ʥʝʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʜʝʪʝʨʤʽʥʘʮʽʾ: ʜʣʷ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ R
2
 = 0,10 .. 0,22, ʜʣʷ ʢʚʘʜʨʘʪʠʯʥʦʾ ʨʝʛʨʝʩʽʾ 

R
2
 = 0,11 .. 0,20, ʜʣʷ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʨʝʛʨʝʩʽʾ R

2
 = 0,10 .. 0,17, ʜʣʷ ʝʢʩʧʦʥʝʥʪʥʦʾ 

ʨʝʛʨʝʩʽʾ R
2
 = 0,11 .. 0,25. 

ʅʝʟʘʜʦʚʽʣʴʥʘ ʪʦʯʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ LAI ʪʘ 

NDVI ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʨʝʛʨʝʩʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʟʘʣʫʯʝʥʥʷʤ ʪʘʙʣʠʮʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚ ʨʦʙʦʪʘʭ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ [119], 

ʩʧʦʥʫʢʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʮʴʦʛʦ ʦʜʥʫ ʟ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ. ʇʨʦʚʝʜʝʥʘ 

ʧʦʧʝʨʝʜʥʷ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʪʘʪʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ LAI(NDVI) ʦʧʪʠʤʘʣʴʥʦʶ ʩʧʣʘʡʥ-

ʽʥʪʝʨʧʦʣʷʮʽʻʶ ʭʤʘʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʦʯʦʢ ʟʘ ʫʤʦʚʦʶ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ 

ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

2.2.1.2. ɸʧʨʦʢʩʠʤʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʗʢ ʧʨʘʚʠʣʦ, ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʙʫʜʫʻʪʴʩʷ ʜʣʷ ʟʘʜʘʥʦʛʦ ʬʽʢʩʦʚʘʥʦʛʦ 

ʨʦʟʙʠʪʪʷ, ʱʦ ʽʩʪʦʪʥʦ ʟʚʫʞʫʻ ʟʘʜʘʯʫ, ʪʘʢ ʷʢ ʦʧʪʠʤʽʟʘʮʽʷ ʚʫʟʣʽʚ ʨʝʛʨʝʩʽʡʥʦʾ 
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ʤʦʜʝʣʽ ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʦʤʠʣʢʠ, ʦʪʨʠʤʘʥʦʾ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ, ʘʣʝ ʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʦʯʢʠ ʟʤʽʥʠ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ 

ʜʣʷ ʟʘʜʘʯ ʜʽʘʛʥʦʩʪʠʢʠ [120]. ɼʣʷ ʨʽʟʥʦʛʦ ʚʠʜʫ ʩʧʣʘʡʥʽʚ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʫʟʣʽʚ 

ʨʦʟʛʣʷʜʘʣʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʘʭ [121, 122]. 

ʈʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ ʤʘʻ ʚʠʛʣʷʜ 

 

0)(E,)()( xxY   ,                                       (2.15) 

 

ʜʝ ű(x) ï ʧʝʚʥʘ ʥʝʚʽʜʦʤʘ (ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʘ ʽ ʙʝʟʧʝʨʝʨʚʥʦ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʬʫʥʢʮʽʷ), Ů ï ʜʦʚʽʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ, 

ʚʝʨʭʥʷ ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ ʷʢʦʾ ů
2
 ï ʚʽʜʦʤʘ, ʭ ï ʩʢʘʣʷʨʥʠʡ ʜʽʡʩʥʠʡ ʘʨʛʫʤʝʥʪ 

ʬʫʥʢʮʽʾ ű(x). ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: ʥʘ 

ʚʽʜʨʽʟʢʫ [a,b] ʜʣʷ ʟʥʘʯʝʥʴ ʘʨʛʫʤʝʥʪʫ ʭ ï bxxax n,,,. 21 2  ʟʘʜʘʥʽ ʯʠʩʣʘ yi, 

i = 1 .. n. 

 

iii xy )(   ,                                                (2.16) 

 

ʜʝ Ůi ï ʨʝʘʣʽʟʘʮʽʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ Ů. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʨʘʢʪʠʯʥʦ ʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ű(x) i = 1 .. n  ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʽʥʞʝʥʝʨʥʦʾ ʧʨʘʢʪʠʢʠ 

ʪʦʯʥʽʩʪʶ ʟʘʜʘʻ ʬʫʥʢʮʽʶ ű(x) ʥʘ ʚʽʜʨʽʟʢʫ [a,b]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ, ʚʽʜʨʽʟʦʢ [a,b] ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 

ʢʣʘʩʪʝʨʠ ʉj, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ nj ʪʦʯʦʢ ʬʫʥʢʮʽʾ ű(x). ʅʘ ʚʽʜʨʽʟʢʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʢʣʘʩʪʝʨʫ Cj, ʬʫʥʢʮʽʷ ű(x) ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʧʦʣʽʥʦʤʦʤ ʩʪʫʧʝʥʷ mj, mj < 

nj. 

 
j

j

m

jmjj xaxaax 210)(   ,                                  (2.17) 

 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʮʽʥʦʢ aij, i = 1 .. mj ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʚʽʣʴʥʽ 

ʽʥʪʝʨʧʦʣʷʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʧʣʘʡʥʠ, ʢʨʠʚʽ ɹʻʟôʻ, ʦʨʪʦʛʦʥʘʣʴʥʽ 

ʧʦʣʽʥʦʤʠ ʌʦʨʩʘʡʪʘ [123]. ʂʨʠʪʝʨʽʻʤ ʧʨʘʚʠʣʴʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʢʣʘʩʪʝʨʽʚ Cj, 
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j = 1 .. m ʷʚʣʷʻʪʴʩʷ ʽʩʥʫʚʘʥʥʷ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ kj < mj, j = 1 .. m ʜʣʷ ʷʢʠʭ 

ʦʮʽʥʢʠ aij, l = kj+1 .. mj, j = 1 .. m ʧʨʘʢʪʠʯʥʦ ʷʚʣʷʶʪʴʩʷ ʦʮʽʥʢʘʤʠ ʥʫʣʽʚ. ʗʢʱʦ ʮʷ 

ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʚʠʤʽʨʽʚ ʥʘ ʚʽʜʨʽʟʢʫ [a,b] [124]. 

2.2.2. ɺʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʜʠʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʽʥʜʝʢʩʫ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʥʘʟʝʤʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʟ 

ʚʝʛʝʪʘʮʽʡʥʠʤ ʽʥʜʝʢʩʦʤ ʟʘ ʜʘʥʠʤʠ ɼɿɿ. 

ɺ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʽ ʪʦʯʢʠ 

ʚʠʤʽʨʶʚʘʥʴ, ʜʣʷ ʷʢʠʭ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʝʛʝʪʘʮʽʡʥʠʤʠ ʽʥʜʝʢʩʘʤʠ 

ʪʘ LAI. ɿʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʩʪʚʦʨʶʻʪʴʩʷ ʜʽʣʷʥʢʘ 

ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ.2.4), ʷʢʘ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʤʽʨʫ ʧʨʦʝʢʮʽʾ ʥʘ ʟʝʤʥʫ 

ʧʦʚʝʨʭʥʶ ʧʽʢʩʝʣʘ ʟʥʽʤʢʫ, ʱʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ. 

 

 

ʈʠʩ.2.4. ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʜʦʩʣʽʜʥʽʡ ʜʽʣʷʥʮʽ ʚ ʤʝʞʘʭ ʧʨʦʝʢʮʽʾ ʧʽʢʩʝʣʘ 

 

ɺʠʤʽʨʶʚʘʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʧʨʦʚʦʜʷʪʴʩʷ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ. ɿʘ ʧʝʨʰʠʤ 

ʤʝʪʦʜʦʤ ʧʦʣʴʦʚʠʤ ʣʶʢʩʤʝʪʨʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʩʚʽʪʣʝʥʽʩʪʴ ʌ ʧʽʜ ʧʦʣʦʛʦʤ ʜʝʨʝʚ 

ʪʘ ʥʘ ʚʽʜʢʨʠʪʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʘʜ ʜʝʨʝʚʘʤʠ ʌ0. 

ʇʨʦʚʦʜʠʪʴʩʷ ʢʘʤʝʨʘʣʴʥʘ ʦʙʨʦʙʢʘ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɯʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ 

ʧʦʚʝʨʭʥʽ ʢʦʞʥʦʾ ʪʦʯʢʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1.3). 
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ɿʘ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʪʴʩʷ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʢʘʨʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʩʚʽʪʣʘ 

ʧʽʜ ʧʦʣʦʛʦʤ ʜʝʨʝʚ ʪʘ ʦʜʝʨʞʘʥʥʷ ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ ʬʦʪʦʛʨʘʬʽʡ (DHP). 

ʄʝʪʦʜ DHP ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧôʷʪʴʦʭ ʢʨʦʢʽʚ: ʦʪʨʠʤʘʥʥʷ ʬʦʪʦʛʨʘʬʽʡ, 

ʦʮʠʬʨʦʚʢʠ, ʨʝʻʩʪʨʘʮʽʾ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʨʦʟʨʘʭʫʥʢʫ. ʈʝʻʩʪʨʘʮʽʷ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʽ 

ʨʦʟʨʘʭʫʥʦʢ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ GLA (Gap Light Analyzer) ʟ ʚʽʜʢʨʠʪʠʤ ʧʨʦʛʨʘʥʠʤ ʢʦʜʦʤ [125]. 

ɺʠʩʭʽʜʥʽ ʥʘʧʽʚʩʬʝʨʠʯʥʽ ʬʦʪʦʛʨʘʬʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʦʪʨʠʤʫʶʪʴ ʧʨʠ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ ʥʝʙʘ, ʨʘʥʦ ʯʠ ʧʽʟʥʦ ʚ ʜʝʥʴ, ʘʙʦ ʧʨʠ ʭʤʘʨʥʦʩʪʽ. ɺʽʜʦʤʝ 

ʧʦʣʦʞʝʥʥʷ (ʟʝʥʽʪ ʽ ʘʟʠʤʫʪ) ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʘʣʝʞʥʦʾ ʧʨʠʚôʷʟʢʠ DHP 

ʜʦ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ʆʩʚʽʪʣʝʥʥʷ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʪʦʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ. 

ʂʘʤʝʨʘ, ʷʢ ʧʨʘʚʠʣʦ, ʦʨʽʻʥʪʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʧʽʚʥʽʯ (ʘʙʩʦʣʶʪʥʠʡ ʘʙʦ 

ʤʘʛʥʽʪʥʠʡ) ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʦʨʽʻʥʪʦʚʥʦ ʥʘ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʬʦʪʦʛʨʘʬʽʾ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ DHP, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙôʻʢʪʠʚ ñʨʠʙôʷʯʝ ʦʢʦò. 

ʂʣʘʩʠʬʽʢʘʮʽʷ DHP ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʧʦʜʽʣ ʧʽʢʩʝʣʽʚ ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʟʘʪʽʥʝʥʽ ʪʘ ʥʝ ʟʘʪʽʥʝʥʽ (ʥʘ ʷʢʠʭ ʚʠʜʥʦ ʥʝʙʦ). ʗʢ ʧʨʘʚʠʣʦ, ʮʝ ʨʦʙʠʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʦʨʦʛʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʙʠʨʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ 

ʧʦʨʽʛ ʜʣʷ ʥʘʡʢʨʘʱʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʚʽʡʢʦʚʠʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ 

ʚʠʜʠʤʦʩʪʽ ʥʝʙʘ. ʇʽʢʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʱʝ ʧʦʨʦʛʘ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ 

ʷʢ ʚʠʜʠʤʽ, ʘ ʧʽʢʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʠʞʯʝ ʧʦʨʦʛʘ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʷʢ 

ʥʝʚʠʜʠʤʽ. 

ʈʦʟʨʘʭʫʥʦʢ ʽʥʜʝʢʩʽʚ ʟʘ DHP ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤʠ, ʷʢʽ ʦʙʯʠʩʣʶʶʪʴ 

ʥʝʦʙʭʽʜʥʫ ʛʝʦʤʝʪʨʽʶ ʢʫʧʦʣʘ ʪʘ ʽʥʜʝʢʩʠ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ. ɼʣʷ ʰʚʠʜʢʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ ʨʦʟʨʘʭʦʚʘʥʽ 

ʪʘʙʣʠʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʘʙʦ ʝʤʧʽʨʠʯʥʠʭ ʟʥʘʯʝʥʴ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʝʢʪʦʨʽʚ ʥʝʙʘ ʘʙʦ ʾʭ ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ ʩʦʥʷʯʥʠʭ 

ʧʨʦʤʝʥʽʚ [126-128]. 

ʆʪʞʝ, ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʚʠʜʠ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ LAI (NDVI) 

ʪʘ ʢʦʤʧʣʝʢʩ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ ʜʣʷ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ. ʅʘʡʙʽʣʴʰʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʘʣʛʦʨʠʪʤ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʝʪʦʜʦʤ ʦʧʪʠʤʘʣʴʥʦʾ 

ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ. ʂʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʠ ʮʴʦʤʫ ʻ ʟʥʘʯʝʥʥʷ 
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ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʛʦ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ. 

2.3 ʄʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ʗʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʘʝʨʦʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ ʟʘʟʚʠʯʘʡ ʦʮʽʥʶʶʪʴʩʷ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ï ʟʘ 

ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʢʦʥʢʨʝʪʥʽʡ ʜʽʣʷʥʮʽ ʽʟ ʟʘʚʽʨʢʦʶ ʟʘ 

ʧʨʷʤʠʤʠ ʥʘʟʝʤʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ [6]. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʭʘʨʘʢʪʝʨ ʮʠʭ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʣʽʥʽʡʥʠʡ, ʪʘ ʨʽʟʥʠʡ 

ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ [129], ʪʦʤʫ ʜʣʷ ʾʭ ʦʧʠʩʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʥʝʣʽʥʽʡʥʽ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʥʝʯʽʪʢʽ ʬʫʥʢʮʽʾ ʘʙʦ ʪʘʙʣʠʮʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ [130]. 

2.3.1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʦʬʽʣʫ ʪʘ ʽʥʰʠʭ ʞʠʪʪʻʫʪʚʦʨʶʶʯʠʭ ʬʝʨʤʝʥʪʽʚ ʫ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʦ ʘʢʪʠʚʥʠʭ ʟʝʣʝʥʠʭ ʯʘʩʪʠʥʘʭ ʨʦʩʣʠʥ ʻ ʥʝʧʨʷʤʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʘʢʪʫʘʣʴʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ [131]. ɰʾ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʦ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʨʤʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʨʠʚʠʭ [5]. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʮʴʦʛʦ ʦʙʨʘʥʦ ʚʝʣʠʯʠʥʫ ʝʢʩʪʨʝʤʫʤʫ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ 

ʬʫʥʢʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʨʦʩʣʠʥʥʦʩʪʽ 0,68-0,73 

ʤʢʤ. ɿʘ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʰʣʷʭʦʤ ʩʧʣʘʡʥ-

ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʦʥʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʥʦʚʣʝʥʦ 

ʪʘ ʚʽʜʪʘʨʠʨʦʚʘʥʦ ʬʫʥʢʮʽʶ ʾʾ ʚʟʘʻʤʥʦʾ ʨʝʛʨʝʩʽʾ ʟ ʥʦʨʤʦʚʘʥʦʶ ʷʢʽʩʪʶ ʨʦʩʣʠʥʥʦʩʪʽ 

ʥʘ ʝʪʘʣʦʥʥʠʭ ʜʽʣʷʥʢʘʭ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʘ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ʢʨʘʱʫ 

ʢʦʨʝʣʷʮʽʶ ʟ ʥʘʟʝʤʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʧʦʣʦʞʝʥʥʷ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʩʧʝʢʪʨʽ REP, 

ʷʢʝ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʪʘʢʦʛʦ ʨʦʜʫ ʟʘʜʘʯ, ʘ ʝʢʩʪʨʝʤʫʤ ʧʝʨʰʦʾ 

ʧʦʭʽʜʥʦʾ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ RET (ʨʠʩ.2.5). 
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ʈʠʩ.2.5. ɽʢʩʪʨʝʤʫʤ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ 

 

RET ʧʦʯʘʩʪʠ ʥʘʛʘʜʫʻ ʰʠʨʦʢʦ ʚʽʜʦʤʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ NDVI, ʘʣʝ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ NDVI ʚʽʥ ʙʽʣʴʰ ʪʦʯʥʦ ʦʧʠʩʫʻ ʢʨʠʚʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ. 

ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʷʢ REP, ʪʘʢ ʽ RET ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ 

ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ ʧʦʪʨʽʙʥʝ ʷʢ ʤʦʞʥʘ ʪʦʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʢʨʠʚʦʾ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʙʠʪʪʷ ʚ 

ʨʦʙʦʯʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʱʦ ʬʽʢʩʫʻ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʡ ʩʝʥʩʦʨ. ʊʘʢʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʰʣʷʭʦʤ ʷʢʽʩʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟ ʦʧʦʨʦʶ ʥʘ ʪʦʯʢʠ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʽʜʣʽʢʽʚ ʩʝʥʩʦʨʘ. 

2.3.2. ɺʠʙʽʨ ʤʝʪʦʜʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʨʠʚʠʭ 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ 3 ʪʠʧʘ ʘʧʨʦʢʩʠʤʘʮʽʡ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʨʠʚʠʭ 

ʰʣʷʭʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ: ʯʘʩʪʢʦʚʦ-ʣʽʥʽʡʥʘ 

(ʣʘʤʘʥʘ), ʧʦʣʽʥʦʤʽʘʣʴʥʘ ʪʘ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʷ. ɿʘ ʚʠʭʽʜʥʽ ʜʘʥʽ ʙʫʣʦ ʚʟʷʪʦ 

ʥʘʙʦʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʨʠʚʠʭ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʣʠʩʪʷ ʪʨʴʦʭ ʨʦʩʣʠʥ 

(ʙʝʨʝʟʘ, ʚʝʨʙʘ ʪʘ ʷʩʝʥʴ) ʚ ʨʽʟʥʠʭ ʩʪʘʥʘʭ ï ʤʦʣʦʜʝ, ʩʬʦʨʤʦʚʘʥʝ ʪʘ ʧʦʞʦʚʢʣʝ. 

ʉʧʝʢʪʨʘʣʴʥʽ ʢʨʠʚʽ (ʨʠʩ. 2.6.) ʟ ʜʠʩʢʨʝʪʠʟʘʮʽʻʶ 1 ʥʤ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʧʨʝʮʠʟʽʡʥʦʛʦ ʧʦʣʴʦʚʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ASD FieldSpec 3FR 

ʢʦʥʪʘʢʪʥʠʤ ʩʧʦʩʦʙʦʤ. 

 

ʈʠʩ. 2.6. ʉʧʝʢʪʨʘʣʴʥʽ ʢʨʠʚʽ ʚʽʜʙʠʪʪʷ ʣʠʩʪʷ ʷʩʝʥʷ 

 

ʇʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʯʦʪʠʨʴʦʭ ʪʠʧʦʚʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʝʥʩʦʨʽʚ ʩʝʨʝʜʥʴʦʾ ï Landsat/ETM+, RapidEye/JSS, ñʉʽʯ-2ò/ʄʉʋ ï ʪʘ ʚʠʩʦʢʦʾ ï 

Pl®iades-1A/VHR ï ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʷʢʠʭ ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʠʩ. 2.7. 

 

 
 

ʈʠʩ.2.7. ʈʦʟʪʘʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ, ʤʝʞʽ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ.2.3. 
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ʊʘʙʣʠʮʷ 2.3 

ʄʝʞʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʨʦʟʛʣʷʥʫʪʠʭ ʩʝʥʩʦʨʽʚ 

ʉʫʧʫʪʥʠʢ/ʩʝʥʩʦʨ ʉʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ, 

ʤʢʤ 
ʅʘʟʚʘ ʢʘʥʘʣʫ 

Landsat-7/ETM+ 0,45ï0,52 

0,53ï0,61 

0,63ï0,69 

0,78ï0,90 

1,55ï1,75 

ʉʠʥʽʡ (B) 

ɿʝʣʝʥʠʡ (G) 

ʏʝʨʚʦʥʠʡ (R) 

ɹʣʠʞʥʽʡ ɯʏ (NIR) 

ʉʝʨʝʜʥʽʡ ɯʏ (SWIR) 

ñʉ̔ʯ-2ò/ʄʉʋ 0,51ï0,559 

0,61ï0,668 

0,80ï0,889 

1,55ï1,70 

ɿʝʣʝʥʠʡ (G) 

ʏʝʨʚʦʥʠʡ (R) 

ɹʣʠʞʥʽʡ ɯʏ (NIR) 

ʉʝʨʝʜʥʽʡ ɯʏ (SWIR) 

RapidEye/JSS 0,44ï0,51 

0,52ï0,59 

0,63ï0,685 

0,69ï0,73 

0,76ï0,88 

ʉʠʥʽʡ (B) 

ɿʝʣʝʥʠʡ (G) 

ʏʝʨʚʦʥʠʡ (R) 

ʏʝʨʚʦʥʠʡ ʢʨʘʡ (RE) 

ɹʣʠʞʥʽʡ ɯʏ (NIR) 

Pl®iades-1A/VHR 0,43ï0,55 

0,49ï0,61 

0,60ï0,72 

0,79ï0,95 

ʉʠʥʽʡ (B) 

ɿʝʣʝʥʠʡ (G) 

ʏʝʨʚʦʥʠʡ (R) 

ɹʣʠʞʥʽʡ ɯʏ (NIR) 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʦʯʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʟʘ ʦʩʥʦʚʥʠʡ ʢʨʠʪʝʨʽʡ ʙʫʣʦ ʦʙʨʘʥʦ ʧʦʭʠʙʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ arctg RET 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʪʘʣʦʥʥʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʨʠʚʠʤʠ. ʉʫʤʘʨʥʽ ʘʙʩʦʣʶʪʥʝ ʯʠ 

ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʢʨʠʚʦʾ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʥʝ 

ʚʨʘʭʦʚʫʚʘʣʠʩʷ. 

2.3.2.1. ʄʝʪʦʜ ʯʘʩʪʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʄʝʪʦʜ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʽʜʨʽʟʢʽʚ ʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʟôʻʜʥʫʶʪʴ 

ʪʦʯʢʠ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʅʘ ʢʦʞʥʦʤʫ i-ʤʫ ʽʥʪʝʨʚʘʣʽ ʽʥʪʝʨʧʦʣʷʮʽʾ ʩʧʝʢʪʨʘʣʴʥʝ 

ʚʽʜʙʠʪʪʷ ɟi ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʦʢʨʝʤʦʶ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ:  

 

iii ba  ,                                                      (2.18) 

 

ʜʝ ai, bi ï ʢʦʝʬʽʮʽʻʥʪʠ, ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ. 
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ɿʘ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʩʧʝʢʪʨʘʣʴʥʦʾ ʢʨʠʚʦʾ, ʚ ʤʝʞʘʭ ʚʠʟʥʘʯʝʥʠʭ ʚ 

ʪʘʙʣʠʮʽ 2.3 ʢʘʥʘʣʽʚ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʨʠʚʠʭ ʜʣʷ 

ʢʦʞʥʦʛʦ ʩʝʥʩʦʨʫ ʧʦ 9-ʪʠ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʟʨʘʟʢʘʤ ʨʦʩʣʠʥʥʦʩʪ ̔ ʤʝʪʦʜʦʤ 

ʯʘʩʪʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʨʘʬʽʯʥʦ ʥʘ ʨʠʩ.2.8. 

  
ñʉʽʯ-2ò/ʄʉʋ Landsat-7/ETM+ 

  
Pl®iades-1A/VHR RapidEye/JSS 

ʈʠʩ.2.8. Cʧʝʢʪʨʘʣʴʥʽ ʢʨʠʚʽ ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʤʝʪʦʜʦʤ 

ʯʘʩʪʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ɺʽʜʭʠʣʝʥʥʷ ʢʫʪʘ RET ʜʣʷ ʢʨʠʚʠʭ, ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʯʘʩʪʢʦʚʦ-

ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʚʽʜ ʝʪʘʣʦʥʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʨʠʚʠʭ ʨʦʩʣʠʥʥʦʩʪʽ ʩʢʣʘʜʘʻ 

ʚʽʜ -10,1 ʜʦ -12,3 ʚʽʜʩʦʪʢʽʚ. 

2.3.2.2. ʄʝʪʦʜ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʇʦʣʽʥʦʤʽʘʣʴʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʧʦʣʽʥʦʤʦʤ ʃʘʛʨʘʥʞʘ, ʷʢʠʡ ʤʘʻ 

ʚʠʛʣʷʜ: 

n

i
iip

0

)()(   ,                                                  (2.19) 

ʜʝ )(ip  ï ʧʦʣʽʥʦʤʠ ʥʘ ʦʜʠʥʠʮʶ ʤʝʥʰʦʛʦ ʧʦʨʷʜʢʫ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ 

ʽʥʪʝʨʧʦʣʷʮʽʾ, ʷʢʽ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 
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n

ik
k ki

k
ip

0 )(

)(
)(   .                                            (2.20) 

ʈʝʟʫʣʴʪʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʝʪʦʜʦʤ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʛʨʘʬʽʯʥʦ ʥʘ ʨʠʩ.2.9. 

  
ñʉʽʯ-2ò/ʄʉʋ Landsat-7/ETM+ 

  
Pl®iades-1A/VHR RapidEye/JSS 

ʈʠʩ.2.9. Cʧʝʢʪʨʘʣʴʥʽ ʢʨʠʚʽ ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʤʝʪʦʜʦʤ 

ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ 

 

ɺʽʜʭʠʣʝʥʥʷ ʢʫʪʘ RET ʜʣʷ ʢʨʠʚʠʭ, ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ʤʝʪʦʜʦʤ 

ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʚʽʜ ʝʪʘʣʦʥʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʨʠʚʠʭ ʨʦʩʣʠʥʥʦʩʪʽ 

ʩʢʣʘʜʘʻ ʚʽʜ -7,1 ʜʦ -10,6 ʚʽʜʩʦʪʢʽʚ. 

2.3.2.3. ʄʝʪʦʜ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʎʝʡ ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʟ 

ʧʦʜʘʣʴʰʠʤ ʾʭ ʧʦʻʜʥʘʥʥʷʤ ʢʨʠʚʦʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʥʝʧʝʨʝʨʚʥʽʩʪʴ 

ʬʫʥʢʮʽʾ ʱʦ ʽʥʪʝʨʧʦʣʶʻʪʴʩʷ ʪʘ ʾʾ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʧʦʭʽʜʥʠʭ [132]. 
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ʌʫʥʢʮʽʾ, ʱʦ ʟʘʜʘʶʪʴ ʬʨʘʛʤʝʥʪʠ ʩʧʣʘʡʥʘ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʥʦʞʠʥʠ 

ʧʘʨʘʤʝʪʨʽʚ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʚʦʥʠ ʟʤʽʥʶʶʪʴ ʩʚʦʶ ʬʦʨʤʫ. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘ ʢʦʞʥʦʤʫ ʽʟ ʬʨʘʛʤʝʥʪʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʽ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʟʘʜʘʚʘʪʠ 

ʢʦʥʢʨʝʪʥʠʡ ʩʧʣʘʡʥ. ɼʣʷ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʩʧʣʘʡʥʽʚ ʮʝ ʧʦʣʽʥʦʤʽʘʣʴʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ. ʆʪʞʝ, ʩʧʣʘʡʥ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʤʥʦʞʠʥʦʶ ʧʘʨʘʤʝʪʨʽʚ 

ʬʫʥʢʮʽʡ ʥʘ ʢʦʞʥʦʤʫ ʟ ʬʨʘʛʤʝʥʪʽʚ. ʇʦʬʨʘʛʤʝʥʪʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʻ ʥʘʦʯʥʠʤ, 

ʯʘʩʪʦ ʤʘʻ ʷʚʥʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ. ɸʣʝ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʽʚ ʻ ʥʘʜʤʽʨʥʠʤ. ʊʘʢ, ʜʣʷ 

ʢʫʙʽʯʥʦʛʦ ʩʧʣʘʡʥʘ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ 4ϊ(nï1) ʧʘʨʘʤʝʪʨʠ (n ï ʯʠʩʣʦ ʚʫʟʣʽʚ 

ʩʧʣʘʡʥʘ). ɿʥʘʯʥʦ ʢʦʤʧʘʢʪʥʽʰʠʤ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʧʣʘʡʥʘ ʫ ʚʠʛʣʷʜʽ 

ʧʦʣʽʥʦʤʘ, ʯʝʨʝʟ ʙʘʟʠʩʥʽ ʩʧʣʘʡʥ-ʬʫʥʢʮʽʾ ʫ ʚʠʛʣʷʜʽ: 

 

T

j
jj BaS

1

)()(   ,                                           (2.21) 

 

ʜʝ Bj(ɚ) ï ʙʘʟʠʩʥʽ ʩʧʣʘʡʥ-ʬʫʥʢʮʽʾ (ʷʢ ʧʨʘʚʠʣʦ ʣʦʢʘʣʴʥʽ), aj ï ʯʠʩʣʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʟʘʜʘʶʪʴ ʚʘʛʫ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʧʣʘʡʥʘ. 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʟʘʜʘʶʪʴ ʩʧʣʘʡʥ, ʨʽʚʥʝ ʯʠʩʣʫ ʚʫʟʣʽʚ ʩʧʣʘʡʥʘ. ʄʽʞ 

ʧʘʨʘʤʝʪʨʘʤʠ ʬʫʥʢʮʽʾ ʥʘ ʬʨʘʛʤʝʥʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʦʣʽʥʦʤʘ-ʩʧʣʘʡʥʘ ʽʩʥʫʻ 

ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘ ʦʜʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟʥʘʭʦʜʠʪʠ ʽʥʰʽ, ʭʦʯʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʦʮʝʜʫʨʠ ʧʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʤʘʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ ʚʠʛʣʷʜ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʨʠʚʠʭ ʚʽʜʙʠʪʪʷ ʟʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ (ʨʠʩ.2.10.) ʻ ʥʘʷʚʥʽʩʪʴ ʚʫʟʣʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʟʘ ʤʝʞʘʤʠ ʜʽʘʧʘʟʦʥʫ ʽʥʪʝʨʧʦʣʷʮʽʾ ï ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʩʠʥʴʦʤʫ (blue) ʪʘ ʩʝʨʝʜʥʴʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ (SWIR) ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʧʣʘʡʥ ʽʟ ʟʘʢʨʽʧʣʝʥʠʤʠ ʢʽʥʮʷʤʠ (clamped spline) [133], ʦʮʽʥʠʚʰʠ ʟʥʘʯʝʥʥʷ 

ʧʦʭʽʜʥʠʭ ʤʽʞ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʽʘʧʘʟʦʥʘʤʠ blue ï green ʪʘ NIR ï SWIR. ʄʦʞʥʘ 

ʩʧʦʜʽʚʘʪʠʩʷ, ʱʦ ʪʘʢʠʡ ʪʠʧ ʽʥʪʝʨʧʦʣʷʮʽʾ ʙʽʣʴʰ ʧʨʠʨʦʜʥʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ 

ʨʝʘʣʴʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʟʘ ʩʧʝʢʪʨʦʤ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʱʫ ʪʦʯʥʽʩʪʴ ʘʧʨʦʢʩʠʤʘʮʽʾ. 
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ʈʠʩ.2.10. Cʧʝʢʪʨʘʣʴʥʽ ʢʨʠʚʽ ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʤʝʪʦʜʦʤ 

ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ 

 

ɺʽʜʭʠʣʝʥʥʷ ʢʫʪʘ RET ʜʣʷ ʢʨʠʚʠʭ, ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʩʧʣʘʡʥ-

ʽʥʪʝʨʧʦʣʷʮʽʾ ʚʽʜ ʝʪʘʣʦʥʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʨʠʚʠʭ ʨʦʩʣʠʥʥʦʩʪʽ ʩʢʣʘʜʘʻ ʚʽʜ 2,8 ʜʦ -

6,7 ʚʽʜʩʦʪʢʽʚ. 

ʋʟʘʛʘʣʴʥʝʥʘ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ RET ʜʣʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʦʧʠʩʫʻʪʴʩʷ ʪʘʙʣ. 2.4. 

ʊʘʙʣʠʮʷ 2.4 

ʇʽʜʩʫʤʢʦʚʝ ʚʽʜʭʠʣʝʥʥʷ ʘʧʨʦʢʩʠʤʦʚʘʥʠʭ ʢʨʠʚʠʭ 

ʄʝʪʦʜ 

ʽʥʪʝʨʧʦʣʷʮʽʾ 

ɿʘʛʘʣʴʥʠʡ ʩʪʘʥ ʣʠʩʪʷ 

ʄʦʣʦʜʝ ʉʬʦʨʤʦʚʘʥʝ ʇʦʞʦʚʢʣʝ 

ʃʽʥʽʡʥʠʡ  -12,3 % -10,9 % -10,1 % 

ʇʦʣʽʥʦʤʽʘʣʴʥʠʡ -10,0 % -7,1 % -10,6 % 

ʉʧʣʘʡʥ -6,7 % -4,5 % 2,8 % 
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ʗʢ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʤʝʪʦʜ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʭʽʜʥʠʭ ʥʘ ʛʨʘʥʠʮʷʭ ʟʦʥʠ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ, ʷʢʠʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʻ ʙʽʣʴʰ ʪʦʯʥʠʤ ʪʘ ʩʪʽʡʢʠʤ 

ʜʦ ʰʫʤʽʚ [134]. 

2.3.3. ɺʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʪʘ ʥʘʟʝʤʥʠʤʠ ʜʘʥʠʤʠ 

ʈʝʟʫʣʴʪʘʪʠ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʴ ʚʢʘʟʫʶʪʴ ʥʘ ʚʘʞʣʠʚʫ ʨʦʣʴ ʜʝʨʝʚʥʦʾ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʧʨʦʮʝʩʘʭ ʚʠʚʝʜʝʥʥʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʜʦʤʽʰʦʢ ʟ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ [135-138]. ʇʨʠ ʮʴʦʤʫ ʙʘʛʘʪʦ ʭʪʦ ʚʚʘʞʘʻ, ʱʦ ʦʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʤʦʞʝ ʙʫʪʠ ʪʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ (ʬʽʣʴʪʨʠ, 

ʫʣʘʚʣʶʚʘʯʽ), ʘ ʙʽʦʣʦʛʽʯʥʠʡ ʩʧʦʩʽʙ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʪʽʣʴʢʠ ʷʢ ʜʦʜʘʪʢʦʚʠʡ, 

ʜʦʧʦʤʽʞʥʠʡ. 

ʇʝʨʰʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʘʟʦʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʨʦʩʣʠʥ 

[139-141] ʧʦʢʘʟʘʣʠ, ʱʦ ʤʽʞ ʥʘʢʦʧʠʯʝʥʥʷʤ ʰʢʽʜʣʠʚʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʣʠʩʪʷʤ ʪʘ 

ʩʪʽʡʢʽʩʪʶ ʨʦʩʣʠʥʥʦʩʪʽ ʽʩʥʫʻ ʩʝʨʡʦʟʥʝ ʧʨʦʪʠʨʽʯʯʷ. ɺʦʥʦ ʚʠʢʣʠʢʘʥʝ ʪʠʤ, ʱʦ 

ʚʠʩʦʢʘ ʩʢʦʨʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ 

ʘʩʠʤʽʣʷʮʽʡʥʠʭ ʦʨʛʘʥʽʚ ʽ ʥʘʚʽʪʴ ʟʘʛʠʙʝʣʽ ʨʦʩʣʠʥ, ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʘʙʦ ʧʨʠʧʠʥʝʥʥʷ 

ʩʘʥʽʪʘʨʥʦʾ ʬʫʥʢʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʛʘʟʦʧʦʛʣʠʥʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʧʦʪʨʝʙʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʣʘʜʽʚ, ʟʦʢʨʝʤʘ ʧʦʣʴʦʚʦʛʦ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʨʠʣʘʜʫ, ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʚʘʨʽʘʥʪ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʢʨʝʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɹʽʣʴʰʝ ʟʘ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʧʽʜʭʦʜʠʪʴ ʢʦʝʬʽʮʽʻʥʪ ʨʝʢʨʝʘʮʽʾ., ʪʘʢ ʷʢ 

ʦʧʠʩ ʡʦʛʦ ʟʥʘʯʝʥʴ (ʪʘʙʣ.1.1) ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʘʤʝʪʨʘʤ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʟʘ ʜʘʥʠʤʠ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ. 

ʏʝʨʝʟ ʚʝʣʠʢʠʡ ʨʦʟʢʠʜ ʜʘʥʠʭ, ʩʫʙ'ʻʢʪʠʚʥʽʩʪʴ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʪʘ 

ʚʘʨʽʘʪʠʚʥʽʩʪʴ ʚʩʝʨʝʜʠʥʽ ʚʠʜʽʣʽʚ ʟʘʩʪʦʩʦʚʫʻʤʦ ʩʪʘʪʠʩʪʠʯʥʫ ʨʝʛʨʝʩʽʶ. 
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ʄʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ (ʄʅʂ) ʜʦʩʠʪʴ ʯʫʪʣʠʚʠʡ ʜʦ ʚʝʣʠʢʠʭ 

ʦʜʠʥʦʯʥʠʭ ʚʠʢʠʜʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʛʨʫʙʠʤʠ ʧʦʤʠʣʢʘʤʠ ʚ ʜʘʥʠʭ. ɺ ʦʩʥʦʚʽ ʄʅʂ 

ʣʝʞʠʪʴ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʥʝʟʘʣʝʞʥʽʩʪʴ ʽ ʥʦʨʤʘʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʦʤʠʣʦʢ. 

ʄʝʪʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʾ, ʩʪʽʡʢʽ ʜʦ ʰʫʤʫ ʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, ʥʘʟʠʚʘʶʪʴ 

ʨʦʙʘʩʪʥʠʤʠ (robust). 

ʇʨʦʩʪʠʡ ʝʚʨʠʩʪʠʯʥʠʡ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʨʦʙʘʩʪʥʦʛʦ ʄʅʂ ʧʦʣʷʛʘʻ ʚ 

ʧʨʦʩʽʶʚʘʥʥʽ (ʮʝʥʟʫʨʫʚʘʥʥʽ) ʚʠʙʽʨʢʠ. ɿʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʢʽʣʴʢʘ ʨʘʟʽʚ. ʇʽʩʣʷ 

ʢʦʞʥʦʛʦ ʨʘʟʫ ʟ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʚʠʢʣʶʯʘʻʪʴʩʷ ʜʝʷʢʘ ʯʘʩʪʢʘ ʦʙôʻʢʪʽʚ, ʱʦ 

ʤʘʶʪʴ ʟʘʥʘʜʪʦ ʚʝʣʠʢʽ ʥʝʚôʷʟʢʠ iii yxf ),( . ɯʪʝʨʘʮʽʾ ʪʨʠʚʘʶʪʴ ʜʦ ʪʠʭ ʧʽʨ, 

ʧʦʢʠ ʚʜʘʻʪʴʩʷ ʚʠʜʽʣʷʪʠ ʦʙ'ʻʢʪʠ ʟ ʚʝʣʠʢʠʤʠ ʥʝʚʷʟʢʘʤʠ. ʅʘ ʧʨʘʢʪʠʮʽ, ʷʢ ʧʨʘʚʠʣʦ, 

ʙʫʚʘʻ ʜʦʩʪʘʪʥʴʦ ʜʚʦʭ ʽʪʝʨʘʮʽʡ. ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʢʘ ʚʽʜʩʽʷʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘʜʘʻʪʴʩʷ 

ʚʠʭʦʜʷʯʠ ʟʽ ʟʤʽʩʪʫ ʟʘʚʜʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʠʢʠʜʠ ʜʽʡʩʥʦ ʦʙʫʤʦʚʣʝʥʽ 

ʛʨʫʙʠʤʠ ʧʦʤʠʣʢʘʤʠ ʚʠʤʽʨʶʚʘʥʴ, ʪʦ ʥʘ ʛʽʩʪʦʛʨʘʤʽ ʨʦʟʧʦʜʽʣʫ ʥʝʚʷʟʦʢ ʚʽʜʧʦʚʽʜʥʽ 

ʪʦʯʢʠ ʣʝʛʢʦ ʚʽʜʜʽʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʩʪʠʯʥʠʭ ʘʙʦ ʝʚʨʠʩʪʠʯʥʠʭ 

ʢʨʠʪʝʨʽʾʚ. 

ʑʝ ʦʜʠʥ ʩʧʦʩʽʙ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʘʤʽʩʪʴ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ʚʪʨʘʪ 

ʚʚʝʩʪʠ ʦʙʤʝʞʝʥʫ ʟʚʝʨʭʫ ʬʫʥʢʮʽʶ, ʷʢʘ ʚ ʦʢʦʣʠʮʽ ʥʫʣʷ ʧʦʚʦʜʠʪʴʩʷ ʷʢ 

ʢʚʘʜʨʘʪʠʯʥʘ, ʘ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʧʨʘʛʥʝ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʘʩʠʤʧʪʦʪʠ. ʊʘʢʘ 

ʬʫʥʢʮʽʷ ʚʪʨʘʪ ʥʝ ʨʦʟʨʽʟʥʷʻ ʚʝʣʠʢʽ ʽ ʥʘʜʚʝʣʠʢʽ ʚʽʜʭʠʣʝʥʥʷ. ʂʣʘʩʠʯʥʠʡ ʧʨʠʢʣʘʜ ï 

ʬʫʥʢʮʽʷ ʄʻʰʘʣʢʽʥʘ: 

 

2

)(
exp1),(

2ya
yaL   ,                                        (2.22) 

 

ʜʝ ů ï ʧʘʨʘʤʝʪʨ, ʱʦ ʜʦʨʽʚʥʶʻ ʜʠʩʧʝʨʩʽʾ ñʟʚʠʯʘʡʥʦʛʦò ʰʫʤʫ, ʥʝ ʧʦʚôʷʟʘʥʦʛʦ ʟ 

ʚʝʣʠʢʠʤʠ ʚʠʢʠʜʘʤʠ. 

ɿʘʚʜʘʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʘʣʫ ʟ ʪʘʢʦʶ ʬʫʥʢʮʽʻʶ ʚʪʨʘʪ ʚʞʝ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʟʘʩʦʙʘʤʠ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ; ʜʦʚʦʜʠʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʯʠʩʝʣʴʥʽ 

ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʩʧʨʷʞʝʥʠʭ ʛʨʘʜʽʻʥʪʽʚ [142]. 
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2.4 ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʪʨʝʥʜʽʚ ʟʤʽʥ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʦʟʜʽʣʽ 1, ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʯʘʩʦʚʦʛʦ ʨʷʜʫ 

ʟʤʽʥ ʨʦʩʣʠʥʥʦʩʪʽ ʷʚʣʷʶʪʴʩʷ: ʪʨʝʥʜ, ʮʠʢʣʽʯʥʽ ʪʘ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ, ʚʠʧʘʜʢʦʚʽ 

ʬʣʫʢʪʫʘʮʽʾ, ʚʠʢʠʜʠ, ʪʦʱʦ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʩʪʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ. 

2.4.1. ɺʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ 

ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ 

ʇʝʨʽʦʜ ʨʦʢʫ, ʢʦʣʠ ʤʦʞʣʠʚʝ ʟʨʦʩʪʘʥʥʷ ʽ ʨʦʟʚʠʪʦʢ (ʚʝʛʝʪʘʮʽʷ) ʨʦʩʣʠʥ 

ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʛʝʪʘʮʽʡʥʠʤ ʧʝʨʽʦʜʦʤ. ʊʨʠʚʘʣʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʦʾ 

ʰʠʨʦʪʠ, ʢʣʽʤʘʪʫ. ʇʨʦʪʝ, ʜʣʷ ʢʦʞʥʦʾ ʨʦʩʣʠʥʠ ʽʩʥʫʶʪʴ ʩʚʦʾ ʤʽʥʽʤʘʣʴʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʗʢʱʦ ʭʦʣʦʜʦʩʪʽʡʢʽ ʨʦʩʣʠʥʠ ʩʧʦʢʽʡʥʦ ʧʝʨʝʥʦʩʷʪʴ ʥʠʟʴʢʫ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʪʦ ʪʝʧʣʦʣʶʙʠʚʽ ʧʨʠ ʪʘʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʞʫʪʴ ʟʘʛʠʥʫʪʠ. ʊʦʤʫ 

ʯʘʩʪʦ ʟʘ ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʧʨʠʡʤʘʶʪʴ ʢʣʽʤʘʪʠʯʥʝ ʣʽʪʦ. ʋ ʪʨʦʧʽʢʘʭ 

ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʚʝʩʴ ʨʽʢ, ʫ ʚʠʩʦʢʠʭ ʰʠʨʦʪʘʭ ʽ ʛʦʨʘʭ ï ʚʽʜ 

ʦʩʪʘʥʥʴʦʛʦ ʚʝʩʥʷʥʦʛʦ ʜʦ ʧʝʨʰʦʛʦ ʦʩʽʥʥʴʦʛʦ ʟʘʤʦʨʦʟʢʫ. ɺʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʨʦʩʣʠʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʝʨʽʦʜ ʟ ʩʝʨʝʜʥʽʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 5Á ʽ ʚʠʱʝ. 

ʅʘ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʧʦʯʠʥʘʻʪʴʩʷ ʚ ʢʽʥʮʽ 

ʙʝʨʝʟʥʷ, ʘ ʟʘʢʽʥʯʫʻʪʴʩʷ ʥʘʧʨʠʢʽʥʮʽ ʞʦʚʪʥʷ [143]. 

ʇʽʜ ʬʝʥʦʣʦʛʽʯʥʠʤ ʨʦʟʚʠʪʢʦʤ ʨʦʩʣʠʥ ʨʦʟʫʤʽʶʪʴ ʟʘʢʦʥʦʤʽʨʥʝ ʯʝʨʛʫʚʘʥʥʷ 

ʪʘ ʱʦʨʽʯʥʝ ʧʦʚʪʦʨʝʥʥʷ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʬʝʥʦʣʦʛʽʯʥʠʭ ʮʠʢʣʽʚ (ʚʝʛʝʪʘʮʽʾ ʽ ʩʧʦʢʦʶ, 

ʨʦʩʪʫ ʧʘʛʦʥʽʚ ʪʘ ʡʦʛʦ ʧʨʠʧʠʥʝʥʥʷ, ʮʚʽʪʽʥʥʷ, ʜʦʟʨʽʚʘʥʥʷ ʧʣʦʜʽʚ ʽ ʥʘʩʽʥʥʷ ʪʘ ʽʥ.), ʘ 

ʚ ʤʝʞʘʭ ʮʠʢʣʽʚ - ʧʦʩʣʽʜʦʚʥʠʡ ʭʽʜ ʥʘʩʪʘʥʥʷ ʽ ʧʨʦʭʦʜʞʝʥʥʷ ʬʝʥʦʣʦʛʽʯʥʠʭ ʬʘʟ 

ʨʦʩʪʫ ʽ ʨʦʟʚʠʪʢʫ. ʂʘʣʝʥʜʘʨʥʠʡ ʯʘʩ ʥʘʩʪʘʥʥʷ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʬʝʥʦʬʘʟʠ ʥʘʟʠʚʘʶʪʴ 

ʬʝʥʦʜʘʪʦʶ, ʘ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʧʝʚʥʠʤʠ ʬʝʥʦʜʘʪʘʤʠ ʩʪʘʥʦʚʠʪʴ ʤʽʞʬʘʟʥʠʡ 

ʧʝʨʽʦʜ, ʘʙʦ ʬʝʥʦʣʦʛʽʯʥʠʡ ʮʠʢʣ [144]. 
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ɼʠʥʘʤʽʢʘ ʥʘʩʪʘʥʥʷ ʬʝʥʦʬʘʟ, ʪʝʨʤʽʥʠ ʧʦʯʘʪʢʫ, ʟʘʢʽʥʯʝʥʥʷ ʽ ʪʨʠʚʘʣʽʩʪʴ 

ʬʝʥʦʣʦʛʽʯʥʠʭ ʮʠʢʣʽʚ ʫ ʨʦʩʣʠʥ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʧʦʩʪʽʡʥʠʤ ʽ ʤʦʛʫʪʥʽʤ ʚʧʣʠʚʦʤ 

ʩʝʟʦʥʥʠʭ ʟʤʽʥ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʧʨʠʨʦʜʠ) ʽ ʧʝʨʝʜʫʩʽʤ ʩʝʟʦʥʥʦʩʪʽ 

ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ (ʟʘʢʦʥʦʤʽʨʥʦʛʦ ʯʝʨʛʫʚʘʥʥʷ ʥʘ ɿʝʤʣʽ ʩʝʟʦʥʽʚ ʟ ʨʽʟʥʦʶ 

ʪʨʠʚʘʣʽʩʪʶ ʜʥʷ ʽ ʥʦʯʽ, ʪʝʧʣʠʭ ʽ ʭʦʣʦʜʥʠʭ , ʜʦʱʦʚʠʭ ʪʘ ʩʫʭʠʭ), ʧʨʠʩʪʦʩʦʚʫʶʯʠʩʴ 

ʜʦ ʷʢʠʭ ʨʦʩʣʠʥʠ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴ ʨʠʪʤʽʢʫ ʧʨʦʮʝʩʽʚ ʨʦʩʪʫ ʽ ʨʦʟʚʠʪʢʫ, 

ʬʝʥʦʣʦʛʽʯʥʠʡ ʩʪʘʥ. ʋ ʪʝʧʣʽ ʘʙʦ ʜʦʱʦʚʽ ʩʝʟʦʥʠ ʨʦʩʣʠʥʠ ʚʝʛʝʪʫʶʪʴ, ʚ ʭʦʣʦʜʥʽ ʘʙʦ 

ʩʫʭʽ ʚʧʘʜʘʶʪʴ ʚ ʩʧʦʢʽʡ. ʇʽʜ ʚʧʣʠʚʦʤ ʩʝʟʦʥʥʠʭ ʟʤʽʥ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʫ ʨʦʩʣʠʥ 

ʨʽʟʢʦ ʟʤʽʥʶʻʪʴʩʷ ʜʠʥʘʤʽʢʘ ʾʭ ʨʦʩʪʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʊʦʤʫ ʬʝʥʦʣʦʛʽʯʥʠʡ ʨʦʟʚʠʪʦʢ 

ʨʦʩʣʠʥ ʨʦʟʫʤʽʶʪʴ ʷʢ ʾʭ ʩʝʟʦʥʥʠʡ ʨʦʟʚʠʪʦʢ. 

ʌʝʥʦʣʦʛʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʚ ʧʨʘʢʪʠʮʽ ʦʟʝʣʝʥʝʥʥʷ 

ʤʽʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ. ɺʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʩʝʟʦʥʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ ʥʝʦʙʭʽʜʥʝ 

ʧʨʠ ʧʽʜʙʦʨʽ ʾʭ ʜʣʷ ʦʟʝʣʝʥʝʥʥʷ, ʜʣʷ ʦʮʽʥʢʠ ʝʩʪʝʪʠʯʥʠʭ ʪʘ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʩʣʠʥ, ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʟʘʭʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʽʩʴʢʠʭ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʾʭ ʟʘʭʠʩʪ ʚʽʜ 

ʰʢʽʜʥʠʢʽʚ ʽ ʭʚʦʨʦʙ. ʄʘʪʝʨʽʘʣʠ ʬʝʥʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ 

ʩʢʣʘʜʘʥʥʽ ʢʘʣʝʥʜʘʨʽʚ ʮʚʽʪʽʥʥʷ ʨʦʩʣʠʥ, ʜʦʟʨʽʚʘʥʥʷ ʪʘ ʟʙʦʨʫ ʧʣʦʜʽʚ ʽ ʥʘʩʽʥʥʷ, ʧʨʠ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʩʪʨʦʢʽʚ ʧʦʩʽʚʫ ʽ ʧʦʩʘʜʢʠ. 

ʈʝʛʫʣʷʨʥʽ ʙʘʛʘʪʦʨʽʯʥʽ ʬʝʥʦʣʦʛʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʫʞʝ ʚʘʞʣʠʚʽ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʤʽʩʮʝʚʠʭ ʧʝʨʽʦʜʽʚ ʥʘʩʪʘʥʥʷ ʬʝʥʦʬʘʟ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʨʦʩʣʠʥ. ʎʽ ʞ ʬʝʥʦʣʦʛʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʩʧʨʘʚʞʥʶ 

ʪʨʠʚʘʣʽʩʪʴ ʨʽʟʥʦʛʦ ʨʦʜʫ ʬʝʥʦʣʦʛʽʯʥʠʭ ʮʠʢʣʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʮʠʢʣʽʚ ʚʝʛʝʪʘʮʽʾ ʽ 

ʩʧʦʢʦʶ. 

ɺʝʛʝʪʘʮʽʷ ï ʮʝ ʪʘʢʠʡ ʩʪʘʥ ʨʦʩʣʠʥ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ 

ʚʠʜʠʤʦʛʦ ʨʦʩʪʫ ʚʝʛʝʪʘʪʠʚʥʠʭ ʪʘ ʛʝʥʝʨʘʪʠʚʥʠʭ ʦʨʛʘʥʽʚ, ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʙʝʟʧʝʨʝʨʚʥʘ ʘʩʠʤʽʣʷʮʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ ʣʠʩʪʷ. 

ʉʧʦʢʽʡ ï ʧʝʨʽʦʜ (ʫ ʪʠʤʯʘʩʦʚʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ï ʮʠʢʣ) ʫ ʨʽʯʥʦʤʫ ʮʠʢʣʽ 

ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ, ʢʦʣʠ ʚʠʜʠʤʠʡ ʨʽʩʪ ʚʽʜʩʫʪʥʽʡ, ʘ ʣʠʩʪʷ ʥʝ ʘʩʠʤʽʣʶʶʪʴ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʫ ʚʽʯʥʦʟʝʣʝʥʠʭ ʨʦʩʣʠʥ (ʘ ʷʢʱʦ ʘʩʠʤʽʣʶʶʪʴ, ʪʦ ʪʽʣʴʢʠ ʚ ʦʢʨʝʤʽ ʜʥʽ ʽ 

ʛʦʜʠʥʠ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʬʦʪʦʩʠʥʪʝʟʫ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ). 
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ʋ ʣʠʩʪʦʧʘʜʥʠʭ ʚʠʜʽʚ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ ʬʝʥʦʣʦʛʽʯʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʧʦʯʘʪʢʫ 

ʚʝʛʝʪʘʮʽʾ ʻ ʨʦʟʧʫʩʢʘʥʥʷ ʚʝʛʝʪʘʪʠʚʥʠʭ ʙʨʫʥʴʦʢ, ʘ ʟʘʢʽʥʯʝʥʥʷ ʾʾ - ʧʦʚʥʝ ʦʩʽʥʥʻ 

ʨʦʟʮʚʽʯʫʚʘʥʥʷ ʣʠʩʪʷ ʚ ʢʨʦʥʽ ʘʙʦ ʾʭ ʦʧʘʜʘʥʥʷ, ʷʢʱʦ ʣʠʩʪʷ ʦʧʘʜʘʻ ʟʝʣʝʥʠʤ. ʋ 

ʚʽʯʥʦʟʝʣʝʥʠʭ ʚʠʜʽʚ ʬʝʥʦʣʦʛʽʯʥʽ ʦʟʥʘʢʠ ʧʦʯʘʪʢʫ ʽ ʟʘʢʽʥʯʝʥʥʷ ʚʝʛʝʪʘʮʽʾ ʤʝʥʰ 

ʚʠʟʥʘʯʝʥʽ ʽ ʨʽʟʥʠʤʠ ʚʯʝʥʠʤʠ ʨʦʟʫʤʽʶʪʴʩʷ ʥʝʦʜʥʘʢʦʚʦ. 

ʊʨʠʚʘʣʽʩʪʴ ʢʦʞʥʦʾ ʬʘʟʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʜʥʷʭ. ʑʦʨʽʯʥʦ ʚʦʥʘ ʜʝʱʦ 

ʟʤʽʥʶʻʪʴʩʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʣʽʪʘ ʪʘ ʚʽʜ ʚʧʣʠʚʫ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʪʨʝʥʜʽʚ ʟʤʽʥ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʚʽʜʙʠʨʘʶʪʴʩʷ ʟʥʽʤʢʠ, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʥʘʩʪʫʧʥʠʤ ʫʤʦʚʘʤ ʜʦʩʣʽʜʞʝʥʴ: 

ʬʝʥʦʣʦʛʽʯʥʽ ʬʘʟʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʚʽʜʩʦʪʦʢ ʧʦʢʨʠʪʪʷ ʭʤʘʨʘʤʠ 

ʚʩʴʦʛʦ ʟʥʽʤʢʫ ʯʠ ʯʘʩʪʠʥʠ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʥʝ ʙʽʣʴʰʝ 5%. 

ʂʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦʶ (ʪʘʙʣ. 2.5) ʪʘ ʯʘʩʦʚʦʶ (ʪʘʙʣ. 

2.6) ʨʦʟʨʽʟʥʝʥʥʽʩʪʶ. ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʦʙʫʤʦʚʣʝʥʘ 

ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʘ ʨʽʚʥʝʤ ʜʝʪʘʣʽʟʘʮʽ ʾʟʘʚʜʘʥʴ, ʱʦ 

ʚʠʢʦʥʫʶʪʴʩʷ. 

 

ʊʘʙʣʠʮʷ 2.5 

ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, 

ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʈʽʚʝʥʴ ɻʣʦʙʘʣʴʥʠʡ ʈʝʛʽʦʥʘʣʴʥʠʡ ʃʦʢʘʣʴʥʠʡ 

ʇʨʦʩʪʦʨʦʚʘ 

ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 
ʅʠʟʴʢʘ (250-1000 ʤ) ʉʝʨʝʜʥʷ (5-50 ʤ) ɺʠʩʦʢʘ (ʜʦ 5 ʤ) 

 

ʏʘʩʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ (ʪʘʙʣ. 2.6) ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʜʽʻʶ 

ʬʝʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ, ʪʦʙʪʦ ʰʚʠʜʢʽʩʪʶ ʨʦʩʪʫ ʨʦʩʣʠʥʥʦʩʪʽ. 

ɼʣʷ ʙʽʣʴʰ-ʤʝʥʰ ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ ʨʦʩʪʫ ʨʦʩʣʠʥʥʦʩʪʽ ʧʦʪʨʽʙʥʦ 

3-5 ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʜʣʷ ʢʦʞʥʦʾ ʬʝʥʦʬʘʟʠ (ʨʠʩ.2.11). 
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ʊʘʙʣʠʮʷ 2.6 

ʏʘʩʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʌʝʥʦʬʘʟʘ ʇʝʨʽʦʜ ʧʦʚʪʦʨʥʦʾ ʟʡʦʤʢʠ, ʜʽʙ 

1. ʂʽʥʝʮʴ ʧʝʨʽʦʜʫ ʩʧʦʢʦʶ ʪʘ 

ʧʦʯʘʪʦʢ ʩʦʢʦʨʫʭʫ 
ï * 

2. ʎʚʽʪʽʥʥʷ, ʨʦʟʧʫʩʢʘʥʥʷ ʣʠʩʪʢʽʚ 1-2 

3.ɸʢʪʠʚʥʠʡ ʨʽʩʪ ʙʽʦʤʘʩʠ 4-5 

4. ʇʝʨʽʦʜ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 
12-13 

5. ʉʧʘʜ ʚʝʛʝʪʘʮʽʾ 15 

6. ʇʦʯʘʪʦʢ ʧʝʨʽʦʜʫ ʩʧʦʢʦʶ ï * 

* ʟʡʦʤʢʘ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʚʽʯʥʦʟʝʣʝʥʠʭ ʨʦʩʣʠʥ, ʘʙʦ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ 

 

 

ʈʠʩ. 2.11. ɻʨʘʬʽʢ ʦʨʽʻʥʪʦʚʥʦʾ ʯʘʩʪʦʪʠ ʟʡʦʤʦʢ ʥʘ ʧʨʦʪʷʟʽ ʨʦʢʫ  

 

ʋ ʟʚô̫ ʟʢʫ ʟʽ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʠʯʥʠʭ ʪʘ ʽʥʰʠʭ ʫʤʦʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚ ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʚʠʜʽʚ ʽ ʬʦʨʤ ʨʦʩʣʠʥ ʦʜʥʦʡʤʝʥʥʽ ʬʝʥʦʬʘʟʠ ʤʦʞʫʪʴ ʥʘʩʪʫʧʘʪʠ ʚ 

ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʽ ʪʝʨʤʽʥʠ ʷʢ ʚ ʦʜʥʦʤʫ ʛʝʦʛʨʘʬʽʯʥʦʤʫ ʧʫʥʢʪʽ, ʪʘʢ ʽ ʚ ʨʽʟʥʠʭ, ʪʦʤʫ 

ʮʽ ʫʟʘʛʘʣʴʥʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʪʦʯʥʶʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ. 
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2.4.2. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʟʤʽʥ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʣʽʥʽʡʥʠʡ ʪʨʝʥʜ (ʨʠʩ. 2.12), ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʩʝʨʝʜʥʽʤ 

ʟʥʘʯʝʥʥʷʤ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʘʥʘʣʽʟʫ (mean) ʪʘ ʩʝʨʝʜʥʽʤ ʧʨʠʨʦʩʪʦʤ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ 

(annual). 

 

ʈʠʩ. 2.12. ʃʽʥʽʡʥʠʡ ʪʨʝʥʜ ʟʤʽʥ ʨʦʩʣʠʥʥʦʩʪʽ 

 

ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʤ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʷʚʣʷʻʪʴʩʷ ʨʦʩʣʠʥʥʽʩʪʴ, ʜʣʷ ʷʢʦʾ 

ʭʘʨʘʢʪʝʨʥʽ ʧʝʨʝʚʘʞʥʦ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ, ʪʦ ʜʣʷ ʦʮʽʥʢʠ ʧʝʨʽʦʜʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʚʘʨʪʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʧʨʠʨʽʩʪ. 

ʇʝʨʽʦʜʠʯʥʽ ʩʢʣʘʜʦʚʽ ʦʧʠʩʫʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʦʶ ʯʘʩʪʦʪʦʶ ʛʘʨʤʦʥʽʢ 

ʧʝʨʽʦʜʠʯʥʠʭ ʢʦʣʠʚʘʥʴ. ʆʩʢʽʣʴʢʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʨʦʟʚʠʪʢʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʧʨʦʪʷʟʽ ʚʽʜ ʢʽʣʴʢʦʭ ʜʦ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ, ʣʽʥʽʷ ʪʨʝʥʜʫ ʨʦʟʢʣʘʜʘʻʪʴʩʷ 

ʚ ʨʷʜ ʌʫʨôʻ. ʄʝʪʦʜʦʤ MESE (maximum entropy spectral estimation) [145] (ʨʠʩ. 

2.13) ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʟʦʥʘʥʩʥʘ ʛʘʨʤʦʥʽʢʘ, ʷʢʘ ʤʘʻ ʩʘʤʠʡ ʧʦʪʫʞʥʠʡ ʚʢʣʘʜ ʚ 

ʯʘʩʦʚʠʡ ʨʷʜ (resonance). ɺʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʻ ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʡʙʽʣʴʰʽʡ 

ʯʘʩʪʦʪʽ ʧʝʨʽʦʜ (periodic). 

 

ʈʠʩ. 2.13. ʆʮʽʥʶʚʘʥʥʷ ʧʝʨʽʦʜʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʟʤʽʥ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ 

ʨʦʮʝʜʫʨʦ  ʁMESE (maximum entropy spectral estimation) 
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ʊʘʢ ʷʢ ʦʩʥʦʚʥʽ ʧʣʦʱʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ (ʤʽʩʴʢʦʾ 

ʘʛʣʦʤʝʨʘʮʽʾ) ʥʝʟʤʽʥʥʽ, ʦʯʽʢʫʚʘʥʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʤʘʻ ʧʨʠʡʤʘʪʠ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʦ 

11-12 ʤʽʩʷʮʽʚ. ɿʤʝʥʰʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʤʦʞʣʠʚʝ ʯʝʨʝʟ ʧʦʷʚʫ ʥʦʚʠʭ ʥʘʩʘʜʞʝʥʴ, 

ʘʙʦ ʟʥʠʱʝʥʥʷ ʽʩʥʫʶʯʠʭ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʟʝʤʝʣʴ ʘʛʨʘʨʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

(ʚʧʣʠʚ ʩʽʚʦʟʤʽʥ ʪʘ ʦʟʠʤʠʭ ʚʠʜʽʚ). 

ɺʠʩʥʦʚʢʠ ʜʦ ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ 

1. ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʧʦʪʨʽʙʥʽ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʨʘʜʽʦʤʝʪʨʠʯʥʦʤʫ ʢʘʣʽʙʨʫʚʘʥʥʶ ʩʝʥʩʦʨʽʚ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ñʉʽʯ-2ò ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʦʣʴʦʚʠʭ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤʝʪʨʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

2. ʆʙˇʨʫʥʪʦʚʘʥʦ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʡʦʛʦ ʦʮʽʥʶʚʘʥʥʽ ʟʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ: ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ï ʽʥʜʝʢʩ 

ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ LAI, ʜʣʷ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ï ʚʝʣʠʯʠʥʘ ʝʢʩʪʨʝʤʫʤʫ ʧʦʭʽʜʥʦʾ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ 0,68-0,73 ʤʢʤ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʧʽʜˇʨʫʥʪʷ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ ï ʤʝʪʦʜʫ ʦʮʽʥʢʠ 

ʢʽʣʴʢʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʨʦʙʘʩʪʥʦʾ ʨʝʛʨʝʩʽʾ, ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʰʣʷʭʦʤ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʪʨʝʥʜʽʚ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʠʭ ʟʤʽʥ ʨʦʩʣʠʥʥʦʩʪʽ. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʀʂʀ ɼʆʉʃɯɼɾɽʅʅʗ ʂɯʃʔʂɯʉʅʆ-ʗʂɯʉʅʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʈʆʉʃʀʅʅʆʉʊɯ ʋʈɹɸʅɯɿʆɺɸʅʀʍ ʊɽʈʀʊʆʈɯʁ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɹɸɻɸʊʆʉʇɽʂʊʈɸʃʔʅʀʍ ʂʆʉʄɯʏʅʀʍ ɿʅɯʄʂɯɺ 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʤʘʻ ʩʪʘʪʠ ʧʝʚʥʠʡ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ ʥʘʟʝʤʥʠʭ ʟʘʚʽʨʢʦʚʠʭ 

ʜʘʥʠʭ. ʊʘʢʦʞ ʟʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʧʦʚʠʥʥʘ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʾʭ ʟʤʽʥ ʟ ʧʣʠʥʦʤ ʯʘʩʫ. 

ɿʛʽʜʥʦ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʥʝʦʙʭʽʜʥʽ 

ʘʣʛʦʨʠʪʤʠ ʪʘ ʜʝʤʦʥʩʪʨʘʮʽʡʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʪʚʦʨʶʶʪʴ ʦʩʥʦʚʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʜʫʣʽ. 

3.1 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ɿʛʽʜʥʦ ʟ ʟʘʛʘʣʴʥʦʶ ʩʭʝʤʦʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ.1.2), ʘʣʛʦʨʠʪʤ 

ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʣʠʩʪʢʦʚʦʾ 

ʧʦʚʝʨʭʥʽ, ʦʩʥʦʚʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʬʦʪʦʩʠʥʪʝʟʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (ʧʫʥʢʪ 

2.2.2) ʤʽʞ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ ʚʝʛʝʪʘʮʽʡʥʠʤ ʽʥʜʝʢʩʦʤ, ʦʪʨʠʤʘʥʠʤ ʜʠʩʪʘʥʮʽʡʥʦ, ʪʘ 

ʽʥʜʝʢʩʦʤ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ, ʦʪʨʠʤʘʥʠʤ ʟʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ɸʣʛʦʨʠʪʤ 3.1. ɸʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʘʭ, ʦʧʠʩʘʥʠʭ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.2, ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

ʂʨʦʢ 1. ɺʠʙʽʨ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʢʨʠʪʝʨʽʷʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.1.  

ʂʨʦʢ 2. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʟʥʽʤʢʽʚ (ʧʫʥʢʪʠ 2.1.1, 2.1.2.): ʨʘʜʽʦʤʝʪʨʠʯʥʘ 

ʪʘ ʘʪʤʦʩʬʝʨʥʘ ʢʦʨʝʢʮʽʷ, ʦʪʨʠʤʘʥʥʷ ʪʘ ʥʘʢʣʘʜʘʥʥʷ ʤʘʩʦʢ ʭʤʘʨʥʦʩʪʽ. 
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ʂʨʦʢ 3. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ NDVI  ʜʣʷ ʚʽʜʤʝʞʫʚʘʥʥʷ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚʽʜ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʪʘ ʰʪʫʯʥʠʭ ʦʙôʻʢʪʽʚ. 

ʂʨʦʢ 4. ʇʦʙʫʜʦʚʘ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʨʦʛʦʚʦʛʦ ʚʠʨʽʰʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ. ʇʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ NDVI 

ʚʠʙʠʨʘʻʪʴʩʷ ʚʽʟʫʘʣʴʥʦ-ʢʘʤʝʨʘʣʴʥʠʤ ʰʣʷʭʦʤ ʽ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʴ ʜʣʷ ʢʦʞʥʦʛʦ 

ʟʥʽʤʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʝʥʦʣʦʛʽʯʥʦʛʦ ʝʪʘʧʫ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʂʨʦʢ 5. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ ʜʦ ʚʽʜʢʘʣʽʙʨʦʚʘʥʠʭ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ. 

ʂʨʦʢ 6. ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʪʨʠʤʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ (2.8), ʘʙʦ 

ʽʥʰʠʤ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʮʴʦʛʦ ʤʝʪʦʜʦʤ. 

ʂʨʦʢ 7. ɺʠʜʽʣʝʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʩʥʦʚʥʠʭ ʢʣʘʩʽʚ 

ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʪʘʢʠʭ ʷʢ: ʣʠʩʪʷʥʽ ʪʘ ʭʚʦʡʥʽ ʣʽʩʠ, ʯʘʛʘʨʥʠʢʠ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ, ʣʫʢʠ ʪʘ ʧʘʩʦʚʠʱʘ, ʜʽʣʷʥʢʠ ʟ ʨʦʟʨʽʜʞʝʥʦʶ 

ʨʦʩʣʠʥʥʽʩʪʶ, ʪʦʱʦ. 

ʂʨʦʢ 8. ʇʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʤʝʪʦʜʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ʧʫʥʢʪʽ 2.2.2, ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ LAI(NDVI)  ʜʣʷ ʦʩʥʦʚʥʠʭ ʢʣʘʩʽʚ ʨʦʩʣʠʥʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ. 

ʂʨʦʢ 9. ɺʽʜʥʦʚʣʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʽʥʜʝʢʩʫ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʚ ʤʝʞʘʭ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʦʪʨʠʤʘʥʦʶ ʟʘʣʝʞʥʽʩʪʶ LAI(NDVI)  

ʂʨʦʢ 10. ʈʦʟʨʘʭʫʥʦʢ ʧʦʚʥʦʾ ʧʣʦʱʽ S ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʤʝʞʘʭ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʬʦʨʤʫʣʦʶ (3.1). 

 

Aa

aLaSS )()(   ,                                                  (3.1) 

 

ʜʝ S(a) ï ʧʣʦʱʘ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʜʽʣʷʥʮʽ a ʪʝʨʠʪʦʨʽʾ A (ʤ
2
), L(a) ï 

ʟʥʘʯʝʥʥʷ LAI  ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʜʽʣʷʥʮʽ ʪʝʨʠʪʦʨʽʾ. 
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ʈʦʟʛʣʷʥʫʪʠʡ ʘʣʛʦʨʠʪʤ 3.1 ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʢʨʠʧʪʘ 

ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab, ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʩʢʨʠʧʪʘ ʥʘʚʝʜʝʥʠʡ ʚ 

ʜʦʜʘʪʢʫ ɹ.2. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʠʭ ʽ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʠʤʠʭ ʟʘʚʽʨʢʦʚʠʭ ʜʘʥʠʭ, 

ʧʦʪʨʽʙʥʠʭ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ LAI(NDVI), ʧʦʣʴʦʚʽ 

ʥʘʟʝʤʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʶʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʝʚʥʽ ʚʠʤʦʛʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʷʢʦʛʦ ʤʘʶʪʴ ʙʫʪʠ ʤʘʩʠʚʠ ʟʥʘʯʝʥʴ LAI ʚ ʩʧʝʮʽʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ ʪʦʯʢʘʭ 

ʚʠʤʽʨʶʚʘʥʴ. 

ɸʣʛʦʨʠʪʤ 3.2. ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟ 

ʤʝʪʦʶ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʽʥʜʝʢʩʦʤ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʪʘ NDVI 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

ʂʨʦʢ 1. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʘʣʛʦʨʠʪʤ 3.1, ʢʨʦʢ 6) ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ NDVI (ʘʣʛʦʨʠʪʤ 3.1, ʢʨʦʢ 3) ʚ ʤʝʞʘʭ 

ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ (ʘʣʛʦʨʠʪʤ 3.1, ʢʨʦʢ 4). 

ʂʨʦʢ 2. ɺʠʙʽʨ ʭʘʨʘʢʪʝʨʥʠʭ ʧʽʢʩʝʣʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʟʥʘʯʝʥʥʷ NDVI 

ʷʢʠʭ ʨʽʚʥʦʤʽʨʥʦ ʦʭʦʧʣʶʶʪʴ ʜʽʘʧʘʟʦʥ ʚʽʜ 0 ʜʦ 1. 

ʂʨʦʢ 3. ʇʨʦʢʣʘʜʘʥʥʷ ʤʘʨʰʨʫʪʫ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ 

ʜʽʣʷʥʢʘʭ, ʢʦʦʨʜʠʥʘʪʠ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤʝʞʘʭ ʭʘʨʘʢʪʝʨʥʠʭ ʧʽʢʩʝʣʽʚ. 

ʂʨʦʢ 4. ʇʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʟʘ ʩʭʝʤʦʶ, 

ʦʧʠʩʘʥʦʶ ʚ ʧʫʥʢʪʽ 2.2.2 ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ. 

ʂʨʦʢ 4.1. ɿʘ ʧʝʨʰʠʤ ʤʝʪʦʜʦʤ ʧʦʣʴʦʚʠʤ ʣʶʢʩʤʝʪʨʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʦʩʚʽʪʣʝʥʽʩʪʴ ʌ ʧʽʜ ʧʦʣʦʛʦʤ ʜʝʨʝʚ ʪʘ ʥʘ ʚʽʜʢʨʠʪʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʘʜ ʜʝʨʝʚʘʤʠ ʌ0. 

ʂʨʦʢ 4.2. ɿʘ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʪʴʩʷ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʢʘʨʪʠʥʠ 

ʨʦʟʧʦʜʽʣʫ ʩʚʽʪʣʘ ʧʽʜ ʧʦʣʦʛʦʤ ʜʝʨʝʚ ʪʘ ʦʜʝʨʞʘʥʥʷ ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ 

ʬʦʪʦʛʨʘʬʽʡ. 

ʂʨʦʢ 5. ʇʨʦʚʝʜʝʥʥʷ ʢʘʤʝʨʘʣʴʥʠʭ ʨʦʙʽʪ. 

ʂʨʦʢ 5.1. ʈʦʟʨʘʭʫʥʦʢ ʽʥʜʝʢʩʫ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʢʦʞʥʦʾ ʪʦʯʢʠ ʟʘ 

ʬʦʨʤʫʣʦʶ (1.3). 
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ʂʨʦʢ 5.2. ʆʙʨʦʙʢʘ ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ ʬʦʪʦʛʨʘʬʽʡ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʧʨʦʜʫʢʪʽ GLA, ʟ ʤʝʪʦʶ ʦʙʯʠʩʣʠʪʠ ʽʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʻ ʢʦʥʢʨʝʪʥʝ ʟʥʘʯʝʥʥʷ ʣʠʩʪʢʦʚʦʛʦ ʽʥʜʝʢʩʫ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʦʯʮʽ ʜʣʷ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ. 

ʂʨʦʢ 6. ʆʮʽʥʢʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩʪʘʪʦʯʥʠʭ ʫʩʝʨʝʜʥʝʥʠʭ 

ʟʥʘʯʝʥʴ ʽʥʜʝʢʩʫ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ. 

ʂʨʦʢ 7. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʨʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ 

LAI (NDVI). ʆʩʥʦʚʥʽ ʚʠʜʠ ʨʝʛʨʝʩʽʡ, ʱʦ ʧʝʨʝʚʽʨʷʶʪʴʩʷ, ʦʧʠʩʘʥʽ ʫ ʧʽʜʧʫʥʢʪʽ 

2.2.1.1. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ (ʧʫʥʢʪ 2.2.1) ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʘʣʛʦʨʠʪʤ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʝʪʦʜʦʤ ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ. ʂʨʠʪʝʨʽʻʤ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʠ ʮʴʦʤʫ ʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ, ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʛʦ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʭʤʘʨʠ ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʦʯʦʢ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ: 

ɸʣʛʦʨʠʪʤ 3.3. ɸʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ: 

ʂʨʦʢ 1. ʆʪʨʠʤʘʥʥʷ ʜʚʦʚʠʤʽʨʥʦʾ ʭʤʘʨʠ ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʴ LAI(NDVI); 

ʂʨʦʢ 2. ʈʦʟʧʦʜʽʣ ʭʤʘʨʠ ʪʦʯʦʢ ʥʘ ʢʣʘʩʪʝʨʠ; 

ʂʨʦʢ 3. ɺʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʮʝʥʪʨʽʚ ʤʘʩ ʜʣʷ ʚʩʽʭ ʢʣʘʩʪʝʨʽʚ, ʷʢʽ 

ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʚʫʟʣʘʤʠ ʽʥʪʝʨʧʦʣʷʮʽʾ; 

ʂʨʦʢ 4. ʇʨʦʚʝʜʝʥʥʷ ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʛʦ ʩʧʣʘʡʥʘ ʯʝʨʝʟ ʚʫʟʣʠ ʽʥʪʝʨʧʦʣʷʮʽʾ; 

ʂʨʦʢ 5. ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʛʦ ʩʧʣʘʡʥʘ 

ʚʽʜʥʦʩʥʦ ʭʤʘʨʠ ʚʠʤʽʨʶʚʘʥʴ. 

ʂʨʦʢ 6. ɺʠʟʥʘʯʝʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ ʧʩʝʚʜʦʛʨʘʜʽʻʥʪʘ ʟʤʽʥʠ R
2
 ʜʣʷ ʧʦʪʦʯʥʦʛʦ 

ʨʦʟʙʠʪʪʷ ʚ ʧʨʦʩʪʦʨʽ ʩʢʣʘʜʫ ʢʣʘʩʪʝʨʽʚ. 

ʂʨʦʢ 7. ʇʝʨʝʨʦʟʧʦʜʽʣ ʪʦʯʦʢ ʧʦ ʢʣʘʩʪʝʨʘʭ ʚ ʥʘʧʨʷʤʢʫ ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʩʝʚʜʦʛʨʘʜʽʻʥʪʘ. 

ʂʨʦʢ 8. ʇʝʨʝʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ ʜʣʷ ʥʦʚʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʟʘ 

ʢʨʦʢʦʤ 3. 

ʂʨʦʢ 9. ʇʦʨʽʚʥʷʥʥʷ ʧʝʨʝʦʙʯʠʩʣʝʥʦʛʦ R
2
 ʟ ʦʜʝʨʞʘʥʠʤ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʽʪʝʨʘʮʽʾ. 
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ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ ʟʨʽʩ ï ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 2 ʟʽ ʟʥʦʚ ʦʜʝʨʞʘʥʠʤ 

ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ; ʷʢʱʦ ʥʽ ï ʢʽʥʝʮʴ ʘʣʛʦʨʠʪʤʫ, ʚʠʚʽʜ ʦʧʪʠʤʘʣʴʥʠʭ ʚʫʟʣʽʚ 

ʽʥʪʝʨʧʦʣʷʮʽʾ. 

ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʭʤʘʨʠ ʪʦʯʦʢ ʚʠʤʽʨʶʚʘʥʴ ʧʨʦʚʦʜʠʪʴʩʷ ʤʝʪʦʜʦʤ 

K-Means ʫ ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Cluster 3.0 [146]. 

ʆʧʠʩʘʥʽ ʘʣʛʦʨʠʪʤʠ 3.1, 3.2 ʽ 3.3 ʨʘʟʦʤ ʩʢʣʘʜʘʶʪʴ ʻʜʠʥʫ ʧʨʦʤʽʞʥʫ 

ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʩʭʝʤʫ ʦʧʝʨʘʮʽʡ ʷʢʦʾ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 3.1. 

 

ʇʦʣʴʦʚʽ

ʚʠʤʽʨʶʚʘʥʥʷ: 

ʛʝʦʤʝʪʨʠʯʥʠʡʪʘ

ʬʦʪʦʤʝʪʨʠʯʥʠʡ

ʤʝʪʦʜʠ

ʇʦʣʴʦʚʽ

ʚʠʤʽʨʶʚʘʥʥʷ: 

ʛʝʦʤʝʪʨʠʯʥʠʡʪʘ

ʬʦʪʦʤʝʪʨʠʯʥʠʡ

ʤʝʪʦʜʠ

ʄʝʪʘʜʘʥʽ
ʄʝʪʘʜʘʥʽ

ʄʘʩʢʘ

ʨʦʩʣʠʥʥʦʩʪʽ

(ʜʝʨʝʚʦʨʽʰʝʥʴ)

ʄʘʩʢʘ

ʨʦʩʣʠʥʥʦʩʪʽ

(ʜʝʨʝʚʦʨʽʰʝʥʴ)

LAI
LAI

NDVI
NDVIɺʽʜʢʘʣʽʙʨʦʚʘʥʠʡ

ʢʦʩʤʽʯʥʠʡʟʥʽʤʦʢ

ɺʽʜʢʘʣʽʙʨʦʚʘʥʠʡ

ʢʦʩʤʽʯʥʠʡʟʥʽʤʦʢ
ʂʦʩʤʽʯʥʠʡ

ʟʥʽʤʦʢ

ʂʦʩʤʽʯʥʠʡ

ʟʥʽʤʦʢ

ʂʣʘʩʠʬʽʢʘʮʽʷ
ʂʣʘʩʠʬʽʢʘʮʽʷ

ʈʝʛʨʝʩʽʡʥʽ

ʟʘʣʝʞʥʦʩʪʽ

ʈʝʛʨʝʩʽʡʥʽ

ʟʘʣʝʞʥʦʩʪʽ

ɯʥʪʝʨʧʨʝʪʘʮʽʷ

ʨʝʟʫʣʴʪʘʪʽʚ

ɯʥʪʝʨʧʨʝʪʘʮʽʷ

ʨʝʟʫʣʴʪʘʪʽʚ

 

ʈʠʩ. 3.1. ʉʭʝʤʘ ʦʧʝʨʘʮʽʡ ʧʨʦʤʽʞʥʦʾ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ 

 

ʇʝʨʰʘ ʛʨʫʧʘ ʦʧʝʨʘʮʽʡ ʩʣʫʞʠʪʴ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʘ. ɼʨʫʛʘ ʛʨʫʧʘ ʤʽʩʪʠʪʴ ʦʧʝʨʘʮʽʾ ʟ 

ʧʦʙʫʜʦʚʠ LAI ʥʘ ʦʩʥʦʚʽ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ, ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ LAI(NDVI). 

ʆʩʪʘʪʦʯʥʘ ʛʨʫʧʘ ʦʧʝʨʘʮʽʡ ʟʘʙʝʟʧʝʯʫʻ ʚʽʟʫʘʣʽʟʘʮʽʶ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ. 

3.2 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ɿʛʜ̔ʥʦ ʟ ʟʘʛʘʣʴʥʦʶ ʩʭʝʤʦʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ.1.2), ʘʣʛʦʨʠʪʤ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʝʢʩʪʨʝʤʫʤʫ 

ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʬʫʥʢʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ 

ʨʦʩʣʠʥʥʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʦʥʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 
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(ʧʫʥʢʪ 2.3.3) ʤʽʞ ʥʦʨʤʘʣʽʟʦʚʘʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ 

ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʨʝʢʨʝʘʮʽʡʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʦʪʨʠʤʘʥʠʤ ʟʘ ʜʘʥʠʤʠ 

ʪʘʢʩʘʮʽʾ. 

ɸʣʛʦʨʠʪʤ 3.4. ɸʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʘʭ, ʦʧʠʩʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 2.3, ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

ʂʨʦʢʠ 1-4 ʧʦʚʪʦʨʶʶʪʴ ʢʨʦʢʠ ʘʣʛʦʨʠʪʤʫ 3.1. 

ʂʨʦʢ 5. ɸʥʘʣʽʟ ʢʘʨʪʠ ʨʦʟʧʦʜʽʣʫ ʚʠʜʽʣʽʚ (ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʽʣʷʥʦʢ ʨʦʩʣʠʥʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ). 

ʂʨʦʢ 6. ɺʠʦʢʨʝʤʣʝʥʥʷ ʚʠʜʽʣʽʚ, ʥʘ ʷʢʽ ʥʘʷʚʥʽ ʜʘʥʽ ʥʘʟʝʤʥʦʾ ʟʘʚʽʨʢʠ. 

ʂʨʦʢ 7. ʉʪʚʦʨʝʥʥʷ ʤʘʩʢʠ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʤʝʞʘʭ ʚʠʜʽʣʽʚ.  

ʂʨʦʢ 8. ʇʝʨʝʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʩʝʥʩʦʨʘ ʥʘ 

ʽʥʪʝʨʧʦʣʷʮʽʡʥʫ ʢʨʠʚʫ, ʷʢʘ ʥʘʙʣʠʞʝʥʘ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʢʨʠʚʦʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʜʽʣʷʥʦʢ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʤʝʪʦʜʦʤ ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʭʽʜʥʠʭ ʥʘ ʛʨʘʥʠʮʷʭ ʟʦʥʠ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ. 

ʂʨʦʢ 9. ɺʠʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʝʢʩʪʨʝʤʫʤʫ ʧʦʭʽʜʥʦʾ ʚ ʟʦʥʽ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ RET ʚ ʤʝʞʘʭ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ, ʩʪʚʦʨʝʥʦʾ ʥʘ ʢʨʦʮʽ 4. 

ʂʨʦʢ 10. ɺʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ RET ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʽʣʫ. 

ʂʨʦʢ 11. ɸʥʘʣʽʟ ʝʢʩʧʝʨʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʣʘʥʜʰʘʬʪʥʦʾ ʦʮʽʥʢʠ, ʾʭ 

ʥʦʨʤʫʚʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʟʘʚʽʨʢʦʚʠʭ ʟʥʘʯʝʥʴ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʚʽʜʩʦʪʢʦʚʦʛʦ 

ʧʦʢʘʟʥʠʢʘ VQF (vegetation quality factor) ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʽʣʫ. 

ʂʨʦʢ 12. ʅʦʨʤʘʣʽʟʘʮʽʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʙʽʨʦʢ ʪʘ ʧʦʙʫʜʦʚʘ ʨʦʙʘʩʪʥʦʾ 

ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (ʥʝʯʫʪʣʠʚʦʾ ʜʦ ʨʽʟʥʠʭ ʚʽʜʭʠʣʝʥʴ ʽ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʫ 

ʚʠʙʽʨʮʽ) VQF(RET) ʟʘ ʤʝʪʦʜʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ʧʫʥʢʪʽ 2.3.3. 

ʂʨʦʢ 13. ɺʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ VQF ʟʘ ʬʦʨʤʫʣʦʶ ʨʦʙʘʩʪʥʦʾ ʨʝʛʨʝʩʽʾ, 

ʦʜʝʨʞʘʥʦʾ ʥʘ ʢʨʦʮʽ 12, ʜʣʷ ʚʩʽʭ ʧʽʢʩʝʣʽʚ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʘ 

ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʛʘʜʘʥʠʡ ʚ ʢʨʦʮʽ 8 ʘʣʛʦʨʠʪʤʫ 3.4 ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʭʽʜʥʠʭ ʥʘ ʛʨʘʥʠʮʷʭ ʟʦʥʠ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʧʦʪʨʝʙʫʻ ʦʢʨʝʤʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʨʝʘʣʽʟʘʮʽʾ. 
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ɸʣʛʦʨʠʪʤ 3.5. ɸʣʛʦʨʠʪʤ REI (red-edge interpolation) ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ. 

ʂʨʦʢ 1. ɺʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʩʝʥʩʦʨʘ. 

ʂʨʦʢ 2. ʆʪʨʠʤʘʥʥʷ ʧʦ ʟʦʙʨʘʞʝʥʥʶ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʢʘʥʘʣʽ 

ʩʝʥʩʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ ʜʽʘʧʘʟʦʥʘʭ: G (green), 

R (red), NIR (near infrared). 

ʂʨʦʢ 3. ʆʮʽʥʢʘ ʟʥʘʯʝʥʴ ʥʘ ʢʽʥʮʷʭ ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʛʦ ʩʧʣʘʡʥʫ ʟʘ 

ʥʘʜʣʠʰʢʦʚʠʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʜʽʘʧʘʟʦʥʘʤʠ: B (blue) ʪʘ SWIR (short-wave 

infrared). 

ʂʨʦʢ 4. ɺʽʜʥʦʚʣʝʥʥʷ ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʛʦ ʩʧʣʘʡʥʘ ʽʟ ʟʘʢʨʽʧʣʝʥʠʤʠ ʢʽʥʮʷʤʠ 

(clamped spline). 

ʂʨʦʢ 5. ɿʥʘʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʧʦʭʽʜʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʛʦ ʩʧʣʘʡʥʘ ʚ 

ʟʦʥʽ R-NIR. 

ʂʨʦʢ 6. ʈʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʘ RET ʟʘ ʬʦʨʤʫʣʦʶ (3.2): 

 

RET = )(Ĕmax    ,                                          (3.2) 

 

ʜʝ )(Ĕ  ï ʘʧʨʦʢʩʠʤʦʚʘʥʝ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʤ ʩʧʣʘʡʥʦʤ ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ 

ʨʦʩʣʠʥʥʦʩʪʽ. 

ʈʦʟʛʣʷʥʫʪʠʡ ʘʣʛʦʨʠʪʤ 3.5 ʨʝʘʣʽʟʦʚʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʩʢʨʠʧʪʦʤ ʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab ʪʘ ʥʘʚʝʜʝʥʠʡ ʚ ʜʦʜʘʪʢʫ ɹ.3. 

ʏʝʨʝʟ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʥʘʷʚʥʽʩʪʴ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʪʘ 

ʟʥʘʯʥʠʭ ʚʠʢʠʜʽʚ, ʟʫʤʦʚʣʝʥʠʭ ʧʦʤʠʣʢʘʤʠ ʦʧʝʨʘʪʦʨʘ, ʥʝʦʙʭʽʜʥʘ ʧʦʙʫʜʦʚʘ 

ʨʦʙʘʩʪʥʦʾ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ VQF(RET) ʟʘ ʘʣʛʦʨʠʪʤʦʤ LOWESS ʜʣʷ 

ʨʦʙʘʩʪʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ: 

ɸʣʛʦʨʠʪʤ 3.6. ɸʣʛʦʨʠʪʤ LOWESS [147,148] ʜʣʷ ʨʦʙʘʩʪʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʘʭ, ʦʧʠʩʘʥʠʭ ʚ ʧʫʥʢʪʽ 2.3.3. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʘʣʛʦʨʠʪʤʫ ʻ 

ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ <RET, VQF> ʨʦʟʤʽʨʥʦʩʪʽ n ʪʘ ʣʦʢʘʣʴʥʽ ʚʘʛʠ ʚʽʜʭʠʣʝʥʴ wi ʪʦʡ 

ʞʝ ʨʦʟʤʽʨʥʦʩʪʽ. ɸʣʛʦʨʠʪʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 
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ʂʨʦʢ 1. ʇʦʙʫʜʦʚʘ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʚ ʫʩʽʭ n ʪʦʯʢʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʘʛʦʚʠʭ ʬʫʥʢʮʽʡ wi, i = 1 .. n, ʦʜʝʨʞʘʥʥʷ ʪʠʤ ʩʘʤʠʤ ʦʮʽʥʦʢ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ 

ʤʦʜʝʣʽ <ai, bi>, ʘ ʪʘʢʦʞ ʥʘʙʣʠʞʝʥʥʷ VĎFi = aiϊRETi + bi. 

ʂʨʦʢ 2. ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʟʘʣʠʰʢʽʚ Ůi = |VĎFi ï VQFi|. ʆʙʯʠʩʣʝʥʥʷ ʨʦʙʘʩʪʥʠʭ 

ʚʘʛ ŭi = K(Ůi), ʜʝ K(z) = 
1||,0

1||,||1
22

z

zz  ï ʷʜʨʦʚʘ ʬʫʥʢʮʽʷ ʟʣʘʛʦʜʞʫʚʘʥʥʷ. 

ʂʨʦʢ 3. ʇʦʙʫʜʦʚʘ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʫ ʚʩʽʭ n ʪʦʯʢʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʘʛʦʚʽ 

ʬʫʥʢʮʽʾ ŭi wi, i = 1 .. n, ʦʪʨʠʤʘʥʥʷ ʪʠʤ ʩʘʤʠʤ ʦʮʽʥʦʢ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ <ai, 

bi>, ʘ ʪʘʢʦʞ ʥʘʙʣʠʞʝʥʥʷ VĎFi = aiϊRETi + bi. 

ʂʨʦʢ 4. ʆʙʯʠʩʣʝʥʥʷ ʥʦʚʠʭ ʟʥʘʯʝʥʴ ʨʦʙʘʩʪʥʠʭ ʚʘʛ ŭi = K(Ůi) ʟʘ ʥʦʚʠʤ 

ʥʘʙʦʨʦʤ ʟʥʘʯʝʥʴ Ůi = |VĎFi ï VQFi|. 

ʂʨʦʢ 5. ʇʦʚʪʦʨʝʥʥʷ ʢʨʦʢʽʚ 3, 4 ʧʦʢʠ ʚʘʛʠ ŭi ʥʝ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ. 

ʗʢ ʧʨʘʚʠʣʦ, ʮʝʡ ʧʨʦʮʝʩ ʩʭʦʜʠʪʴʩʷ ʜʦʩʠʪʴ ʰʚʠʜʢʦ, ʟʘʟʚʠʯʘʡ ʢʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ ʦʙʤʝʞʫʻʪʴʩʷ ʜʦ 2-3. 

ʈʦʟʛʣʷʥʫʪʠʡ ʘʣʛʦʨʠʪʤ 3.6 ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʩʢʨʠʧʪʦʤ ʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab, ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʩʢʨʠʧʪʘ ʥʘʚʝʜʝʥʠʡ ʚ 

ʜʦʜʘʪʢʫ ɹ.4. 

3.3. ɯʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʘʣʛʦʨʠʪʤʫ 3.1 (LAI ) ʪʘ ʘʣʛʦʨʠʪʤʫ 3.4 

(VQF), ʧʦ ʬʦʨʤʫʣʽ (3.3) ʦʙʯʠʩʣʶʻʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ F 

ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ: 

 

F  =  
i

iiiS VQFLAI  ,                                           (3.3) 

 

ʜʝ ʜʦʜʘʚʘʥʥʷ ʚʝʜʝʪʴʩʷ ʟʘ ʤʘʩʢʦʶ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʇʨʦʚʦʜʠʪʴʩʷ ʚʝʢʪʦʨʠʟʘʮʽʷ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ, ʚ ʤʝʞʘʭ ʷʢʦʾ 

ʚʝʢʪʦʨʠʟʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ. ʆʪʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʽʜʛʦʪʦʚʣʝʥʦ ʜʘʥʽ ʜʣʷ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 
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3.4 ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʩʝʨʽʡ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ʇʦʩʪʽʡʥʝ ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ɼɿɿ ʥʘʜʘʻ ʜʦʩʪʘʪʥʻ ʽʥʬʦʨʤʘʮʽʡʥʝ ʧʽʜˇʨʫʥʪʷ 

ʜʣʷ ʦʮʽʥʢʠ ʥʝ ʪʽʣʴʢʠ ʩʴʦʛʦʜʝʥʥʦʛʦ (ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ) ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʘʣʝ ʡ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʥʘ ʧʨʦʪʷʟʽ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ. 

ʇʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʩʝʨʽʡ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʨʦʙʦʪʘ ʷʢʦʛʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʊʘʢ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʽ ʟʘ 

ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ vegetation 

condition, ʪʦʜʽ ʷʢ ʜʦʩʣʽʜʞʝʥʥʷ ʚʝʣʠʢʦʾ ʤʽʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ ʥʘ ʧʨʦʪʷʟʽ ʜʝʩʷʪʢʽʚ 

ʨʦʢʽʚ ʤʦʞʣʠʚʝ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʣʠʰʝ ʽʥʜʝʢʩʫ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ. 

ɸʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʩʝʨʽʡ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʘʭ, 

ʦʧʠʩʘʥʠʭ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.4. 

ɸʣʛʦʨʠʪʤ 3.7. ɸʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʩʝʨʽʡ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

ʂʨʦʢ 1. ɺʠʙʽʨ ʟʥʽʤʢʽʚ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʤʽʩʪʷʪʴ ʯʘʩʦʚʫ ʩʝʨʽʶ. 

ʂʨʦʢ 2. ʇʽʜʛʦʪʦʚʢʘ ʪʘ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʚʽʜʽʙʨʘʥʠʭ ʟʥʽʤʢʽʚ. 

ʂʨʦʢ 3. ʇʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʯʘʩʦʚʦʾ ʩʝʨʽʾ ʥʘ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ 

ʧʦʢʘʟʥʠʢʘ, ʱʦ ʙʫʜʝ ʜʦʩʣʽʜʞʫʚʘʪʠʩʷ ï ʢʽʣʴʢʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ LAI, ʘʙʦ ʷʢʽʩʪʴ 

ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ VQF, ʘʙʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ. 

ʂʨʦʢ 4. ʆʙʨʦʙʢʘ ʯʘʩʦʚʦʾ ʩʝʨʽʾ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʨʝʥʜʫ (ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ, ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʧʨʠʨʽʩʪ) ʪʘ ʧʝʨʽʦʜʠʢʠ (ʨʝʟʦʥʘʥʩʫ, ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʧʝʨʽʦʜʫ) ʦʧʠʩʘʥʠʭ ʚ ʧ.2.4.2. 

ʂʨʦʢ 5. ɺʠʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ. 

ʈʦʟʛʣʷʥʫʪʠʡ ʘʣʛʦʨʠʪʤ 3.7 ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʢʨʠʧʪʫ ʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɹ.5. 
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3.5 ʈʦʟʨʦʙʢʘ  ʟʘʛʘʣʴʥʦʾ  ʤʝʪʦʜʠʢʠ  ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ  ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ʆʜʝʨʞʘʥʽ ʟʘ ʚʠʱʝʚʠʢʣʘʜʝʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʛʝʦʧʨʦʩʪʦʨʦʚʽ ʧʨʦʜʫʢʪʠ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʽʣʴʢʽʩʥʦ-ʷʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʟʤʽʥ ʟ ʯʘʩʦʤ. ʅʝʦʙʭʽʜʥʫ ʜʣʷ ʮʴʦʛʦ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʧʦʜʘʥʦ ʥʘ ʨʠʩ.3.2. 
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ʈʠʩ.3.2 ʉʭʝʤʘ ʦʧʝʨʘʮʽʡ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ 
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ɺʭʽʜʥʝ ʨʘʜʽʦʤʝʪʨʠʯʥʦ ʢʘʣʽʙʨʦʚʘʥʝ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ MSI 

(multispectral image) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʦʩʚʽʪʣʝʥʦʩʪʽ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʘʪʤʦʩʬʝʨʠ 

ʧʝʨʝʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (Reflectance). ɼʘʣʽ 

ʦʙʨʦʙʢʘ ʚʝʜʝʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʧʦ ʜʚʦʭ ʛʽʣʢʘʭ: ʷʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ. 

ʇʨʦʜʫʢʪʦʤ ʧʝʨʰʦʾ ʻ ʥʦʨʤʦʚʘʥʘ ʷʢʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ VQF, ʦʜʝʨʞʫʚʘʥʘ 

ʯʝʨʝʟ ʝʢʩʪʨʝʤʫʤ ʧʦʭʽʜʥʦʾ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ RET, ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʽʥʪʝʨʧʦʣʷʮʽʻʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ 

REI. ɿʘʣʝʞʥʽʩʪʴ VQF ʚʽʜ RET ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʰʣʷʭʦʤ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʪʘʢʩʘʮʽʡʥʠʭ 

ʜʘʥʠʭ (ID) ʧʦ ʚʠʜʽʣʘʭ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ RET ʚ ʤʝʞʘʭ ʮʠʭ ʚʠʜʽʣʽʚ. 

ʇʨʦʜʫʢʪʦʤ ʜʨʫʛʦʾ ʻ ʣʠʩʪʢʦʚʠʡ ʽʥʜʝʢʩ LAI, ʦʜʝʨʞʫʚʘʥʠʡ ʯʝʨʝʟ 

ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ NDVI ʚ ʤʝʞʘʭ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ VCM (vegetation cover 

mask). ɿʘʣʝʞʥʩ̔ʪɹ LAI  ʚʽʜ NDVI ʚʽʜʥʦʚʣʶʪ̒ʴʩʷ ʟʘ ʜʘʥʠʤʠ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ (field research) ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʨʦʟʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ F (ʬʦʨʤʫʣʘ 2.1) ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʜʘʥʠʭ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʨʠ ʪʨʠʚʘʣʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʬʦʨʤʫʶʪʴʩʷ ʯʘʩʦʚʽ ʩʝʨʽʾ 

ʢʽʣʴʢʽʩʥʦ-ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (time series), ʷʢʽ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʦʩʥʦʚʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʝʥʜʫ ï ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ, ʩʝʨʝʜʥʴʦʨʽʯʥʠʤ ʧʨʠʨʦʩʪʦʤ, ʘ ʪʘʢʦʞ 

ʧʝʨʽʦʜʠʢʠ ï ʨʝʟʦʥʘʥʩʦʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʧʝʨʽʦʜʦʤ. 

ɿʘʚʝʨʰʘʣʴʥʠʤ ʢʨʦʢʦʤ ʻ ʨʦʟʨʦʙʢʘ ʧʦʪʦʯʥʠʭ (CR) ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ (PR) 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ 

1. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʨʦʙʘʩʪʥʦʾ ʨʝʛʨʝʩʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʜʝʢʩʫ 

ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ LAI. 

2. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ, ʘ ʪʘʢʦʞ 

ʥʦʚʠʡ ʧʦʢʘʟʥʠʢ ï ʚʝʣʠʯʠʥʫ ʝʢʩʪʨʝʤʫʤʫ ʧʦʭʽʜʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ ʟʦʥʽ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ 0,68-0,73 ʤʢʤ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʟʤʽʥ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʾʭ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʯʘʩʦʚʠʭ ʩʝʨʽʡ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ. ʆʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ ʧʨʠ ʮʴʦʤʫ 

ʦʮʽʥʶʶʪʴʩʷ ʪʘ ʢʘʨʪʫʶʪʴʩʷ, ʚʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ ʣʽʥʽʡʥʦʛʦ ʪʨʝʥʜʘ ʪʘ 

ʧʝʨʽʦʜʠʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʝʪʦʜʠʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʷʢʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʚʩʽ ʚʠʱʝʨʦʟʨʦʙʣʝʥʽ ʧʨʦʤʽʞʥʽ ʤʝʪʦʜʠʢʠ ʪʘ 

ʘʣʛʦʨʠʪʤʠ. 
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ʈʆɿɼɯʃ 4 

ɺɸʃɯɼɸʎɯʗ ʈʆɿʈʆɹʃɽʅʆɰ ʄɽʊʆɼʀʂʀ ʊɸ ʈɽʂʆʄɽʅɼɸʎɯɰ 

ʑʆɼʆ ɰɰ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ʆʨʛʘʥʽʟʘʮʽʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʧʨʠʨʦʜʥʠʭ ʪʝʨʠʪʦʨʽʡ ʤʽʩʪʘ ʜʦʟʚʦʣʷʻ 

ʜʘʪʠ ʦʙ'ʻʢʪʠʚʥʫ ʦʮʽʥʢʫ ʾʭ ʟʤʽʥ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʭ ʨʦʟʚʠʪʦʢ ʘʙʦ ʜʝʛʨʘʜʘʮʽʶ, 

ʚʠʟʥʘʯʠʪʠ ʨʦʟʤʽʨ ʝʢʦʣʦʛʽʯʥʦʛʦ, ʝʢʦʥʦʤʽʯʥʦʛʦ ʽ ʩʦʮʽʘʣʴʥʦʛʦ ʟʙʠʪʢʫ, ʦʧʝʨʘʪʠʚʥʦ 

ʚʠʨʽʰʫʚʘʪʠ ʧʠʪʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ. 

4.1 ʆʮʽʥʢʘ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʦʢ ʚ ʤʝʞʘʭ ʤ. ʂʠʻʚʘ 

ʊʝʨʠʪʦʨʽʘʣʴʥʦ ʤʽʩʪʦ ʂʠʾʚ ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ ʤʝʞʽ ʜʚʦʭ ʧʨʠʨʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ ï ʇʦʣʽʩʩʷ (ʧʽʚʥʽʯʥʘ ʯʘʩʪʠʥʘ) ʪʘ ʃʽʩʦʩʪʝʧʫ (ʧʽʚʜʝʥʽ 

ʪʝʨʠʪʦʨʽʾ). ʎʝ ʟʫʤʦʚʣʶʻ ʦʩʦʙʣʠʚʦʩʪʽ ʦʜʥʦʛʦ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʽʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ ï ʨʦʩʣʠʥʥʦʩʪʽ, ʨʦʟʧʦʜʽʣ ʽ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ, 

ʥʘʩʘʤʧʝʨʝʜ, ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʛʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ʊʘʢ ʫ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʤʽʩʪʘ ʚʝʣʠʢʠʭ ʤʘʩʠʚʘʭ 

ʉʚʷʪʦʰʠʥʩʴʢʦʛʦ ʪʘ ʇʫʱʘ-ɺʦʜʠʮʴʢʦʛʦ ʩʦʩʥʦʚʠʭ ʽ ʤʽʰʘʥʠʭ ʣʽʩʽʚ ʧʝʨʝʚʘʞʘʶʪʴ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʟʦʥʠ ʇʦʣʽʩʩʷ ʨʦʩʣʠʥʥʽ ʬʦʨʤʠ. ɼʣʷ ʦʢʦʣʠʮʴ ʂʠʻʚʘ ʭʘʨʘʢʪʝʨʥʘ 

ʧʦʣʽʩʴʢʘ ʬʣʦʨʘ ʟ ʙʦʨʘʤʠ ʪʘ ʩʫʙʦʨʘʤʠ, ʷʢʘ ʥʘ ʃʽʚʦʙʝʨʝʞʞʽ ɼʥʽʧʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʙʦʨʦʚʠʤʠ ʪʝʨʘʩʘʤʠ. 

ʇʨʠʨʦʜʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʫ ʧʽʚʜʝʥʠʭ ʦʢʦʣʠʮʷʭ ʤʽʩʪʘ, ʜʦ ʷʢʠʭ ʧʨʠʣʷʛʘʻ 

ɻʦʣʦʩʽʾʚʩʴʢʠʡ ʣʽʩ, ʤʘʻ ʽʥh ʠʡ ʭʘʨʘʢʪʝʨ. ʉʚʦʾʤʠ ʧʨʠʨʦʜʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʮʽ 

ʪʠʧʦʚʽ ʛʨʘʙʦʚʦ-ʜʫʙʦʚʽ ʜʝʨʝʚʦʩʪʘʥʠ ʥʘ ʩʽʨʠʭ ʣʽʩʦʚʠʭ ʛʨʫʥʪʘʭ ʥʘʣʝʞʘʪʴ ʜʦ 

ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʦʾ ʟʦʥʠ ï ʣ̔ ʩʦʩʪʝʧʫ. 

ʅʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʤʽʩʪʘ ʂʠʻʚʘ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʣʠʰʢʠ 

ʧʨʠʨʦʜʥʠʭ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ, ʷʢʽ ʨʘʥʽʰʝ ʟʘʡʤʘʣʠ ʪʝʨʠʪʦʨʽʶ ʩʫʯʘʩʥʦʛʦ ʤʽʩʪʘ. 

ʆʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʻ ʰʪʫʯʥʠʤʠ ʥʘʩʘʜʞʝʥʥʷʤʠ, ʩʪʚʦʨʝʥʠʤʠ ʚ ʧʨʦʮʝʩʽ 

ʟʘʙʫʜʦʚʠ ʤʽʩʴʢʦʾ ʪʝʨʠʪʦʨʽʾ [32].  
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4.1.1. ʂʦʤʧʣʝʢʩ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʜ̔ʞʝʥʴ 

ɼʣʷ ʟʘʚʽʨʢʠ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ LAI (NDVI) ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʨʦʩʣʠʥʥʦʩʪʽ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʢʦʤʧʣʝʢʩ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʅʇʇ ñɻʦʣʦʩʽʾʚʩʴʢʠʡò ʪʘ ñɹʽʣʠʯʘʥʩʴʢʦʛʦ ʣʽʩʫò ʂʇñʉʚʷʪʦʰʠʥʩʴʢʝ 

ʃʇɻò. 

ʅʘ ʨʠʩ 4.1. ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʘʬʽʯʥʦ ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

Landsat TM, ʱʦʜʦ ʷʢʠʭ ʧʨʦʚʦʜʠʣʠʩʴ ʧʽʜʩʫʧʫʪʥʠʢʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ.  

 

90 120 150 180 210 240

ɼʝʥʴ ʨʦʢʫ

 

ʈʠʩ.4.1. ʏʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 

 

ʆʙʨʘʥʽ ʟʥʽʤʢʠ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.1 ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ (ʢʨʦʢ 2), ʚʠʟʥʘʯʝʥʦ ʨʦʟʧʦʜʽʣ NDVI (ʢʨʦʢ 3) ʪʘ ʦʙʨʘʥʦ 

ʭʘʨʘʢʪʝʨʥʽ ʧʽʢʩʝʣʽ (ʘʣʛʦʨʠʪʤ 3.2., ʢʨʦʢ 1,2) ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʦʜʘʪʢʫ ɸ 

(ʪʘʙʣ.ɸ.1.).  ʂʘʨʪʦʩʭʝʤʘ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʪʝʩʪʦʚʠʭ ʜʽʣʷʥʢʘʭ, ʧʦʟʥʘʯʝʥʠʭ 

ʥʘ  ʨʠʩ 4.2 ʷʢ L5 é L40, ʥʘʚʝʜʝʥʘ ʚ ʜʦʜʘʪʢʫ ɸ (ʨʠʩ.ɸ.1).  

   
ʈʠʩ.4.2. ʄʘʨʰʪʫʨʠ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ: ʅʇʇ ñɻʦʣʦʩʽʾʚʩʴʢʠʡò,  

ñɹʽʣʠʯʘʥʩʴʢʠʡ ʣʽʩò ʂʇñʉʚʷʪʦʰʠʥʩʴʢʝ ʃʇɻò 
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ɺʠʤʽʨʶʚʘʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʬʦʪʦʤʝʪʨʠʯʥʠʤ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʤ 

ʤʝʪʦʜʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ʧʫʥʢʪʽ 2.2.2. ʟʘ ʩʭʝʤʦʶ, ʟʦʙʨʘʞʝʥʦʶ ʥʘ ʨʠʩ.2.4. 

ɿʘ ʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʧʦʣʴʦʚʠʤ ʣʶʢʩʤʝʪʨʦʤ Sinometer LX1010B 

ʚʠʟʥʘʯʘʣʘʩʴ ʦʩʚʽʪʣʝʥʽʩʪʴ ʌ ʧʽʜ ʧʦʣʦʛʦʤ ʜʝʨʝʚ ʪʘ ʦʩʚʽʪʣʝʥʽʩʪʴ ʌ0 ʥʘ ʚʽʜʢʨʠʪʽʡ 

ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʘʜ ʜʝʨʝʚʘʤʠ. ɾʫʨʥʘʣ ʧʦʣʴʦʚʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʢʘʤʝʨʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʥʘʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ ɸ.2 

(ʪʘʙʣ.ɸ.2.1-ɸ.2.16). 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ LAI  ʛʝʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ 

ʢʘʨʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʩʚʽʪʣʘ ʧʽʜ ʧʦʣʦʛʦʤ ʜʝʨʝʚ. ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʦʙôʻʢʪʠʚʫ 

ñʨʠʙôʷʯʝ ʦʢʦò, ʷʢʠʡ ʥʘʜʘʚ ʙʠ ʦʜʨʘʟʫ ʥʘʧʽʚʩʬʝʨʠʯʥʽ ʬʦʪʦʛʨʘʬʽʾ, ʨʦʙʠʣʠ ʥʠʟʢʫ 

ʟʥʽʤʢʽʚ, ʟ ʷʢʠʭ ʧʦʪʽʤ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ ʦʪʨʠʤʫʚʘʣʠ ʧʘʥʦʨʘʤʫ ʪʦʯʢʠ 

ʟʡʦʤʢʠ. ɺʩʴʦʛʦ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 378 ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ ʧʘʥʦʨʘʤʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚ 

ʪʦʯʢʘʭ ʚʠʤʽʨʶʚʘʥʴ, 36 ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʭ ʟ ʥʠʭ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɸ.3, 

ʨʠʩ.ɸ.3.1-ɸ.3.3. 

ʂʽʥʮʝʚʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ ʧʘʥʦʨʘʤ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ GLA (ʨʠʩ.4.3) ʪʘ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ LAI . 

 

 

ʈʠʩ.4.3. ʆʙʨʦʙʢʘ ʟʥʽʤʢʽʚ DHP ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ GLA 
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ɿʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʢʘʤʝʨʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ ʧʘʥʦʨʘʤʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɸ.2. 

ɿʘ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʤʝʪʦʜʦʤ ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-

ʽʥʪʝʨʧʦʣʷʮʽʾ ʨʝʛʨʝʩʽʾ LAI (NDVI) (ʈʠʩ.4.4-4.6). 

 

ʈʠʩ.4.4. ʈʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ LAI (NDVI) ʜʣʷ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ 

 

ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʫʤʦʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘ 

ʧʦʯʘʪʢʫ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʪʘ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʧʽʜʣʽʩʢʫ ʥʝ ʙʫʣʦ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʨʽʚʥʷʪʠ ʥʘʟʝʤʥʽ ʜʘʥʥʽ ʟ ʩʫʧʫʪʥʠʢʦʚʠʤʠ. 

 

ʈʠʩ.4.5. ʈʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ LAI (NDVI) ʜʣʷ ʜʽʣʷʥʦʢ ʟ ʤʽʰʘʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ 



 88 

ʏʝʨʝʟ ʧʝʨʝʚʘʛʫ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʤʽʰʘʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, 

ʨʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ LAI (NDVI) ʧʦʜʽʙʥʘ ʜʦ ʩʫʪʦ ʣʠʩʪʷʥʠʭ ʜʽʣʷʥʦʢ. 

 

ʈʠʩ.4.6. ʈʝʛʨʝʩʽʡʥ ̔ʟʘʣʝʞʥʦʩʪ̔ LAI (NDVI) ï ʜʣʷ ʭʚʦʡʥʠʭ ʧʦʨʽʜ 

 

ɼʣʷ ʩʢʣʘʜʘʥʥʷ ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʜʽʣʷʥʦʢ ʟ ʭʚʦʡʥʠʤʠ 

ʥʘʩʘʜʞʝʥʥʷʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʪʦʯʢʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʧʽʜʣʽʩʢʦʤ. 

4.1.2. ɺʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʘ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ 

ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʙʨʘʥʦ ʯʘʩʪʠʥʫ ʪʝʨʠʪʦʨʽʾ ʐʝʚʯʝʥʢʽʚʩʴʢʦʛʦ ʪʘ 

ʇʦʜʽʣʴʩʴʢʦʛʦ ʨʘʡʦʥʽʚ ʤʽʩʪʘ ʂʠʻʚʘ. ʊʫʪ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ 

ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʟʘʙʫʜʦʚʠ ʧʦ ʚʫʣʠʮʷʭ ɺʦʟʜʚʠʞʝʥʩʴʢʽʡ ʪʘ 

ʂʦʞʫʤôʷʮʴʢʽʡ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠʣʽʪʪʷ. ɿ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʟʤʽʥ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ 

ʫ ʯʘʩʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʚʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ: Landsat-7/ETM+ 

ʚʽʜ 07.06.2000 ʨ, ʪʘ EO-1/ALI ʚʽʜ 15.04.2011 ʨ. 

ɼʣ̫ ʦʮʽʥʢʠ LAI ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʝʪʦʜʠ, ʦʧʠʩʘʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.2. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.1. 

ʇʦʨʷʜʦʢ ʨʦʟʨʘʭʫʥʢʽʚ ʽʣʶʩʪʨʫʻʪʴʩʷ ʨʠʩ.4.7, ʜʝ ʧʦʢʘʟʘʥʦ ʜʚʘ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʣʘʥʮʶʞʢʠ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʴ: ʜʣʷ Landsat-7/ETM+ (07.06.2000) ï ʣʽʚʠʡ, ʪʘ EO-1/ALI  (15.04.2011) 

ï ʧʨʘʚʠʡ. 
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ʈʠʩ.4.7. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ: ʘ,ʙ ï ʚʠʭʽʜʥʽ ʢʦʣʴʦʨʦʚʦʩʠʥʪʝʟʦʚʘʥʽ 

ʟʦʙʨʘʞʝʥʥʷ; ʚ,ʛ ï ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ NDVI; ʜ,ʝ ï ʤʘʩʢʘ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ; ,̒ʞ ï ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ LAI 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣʠ (3.1) ʜʦ ʟʦʙʨʘʞʝʥʴ ʨʠʩ.4.7̒  ʪʘ ʨʠʩ.4.7ʞ ʜʦʟʚʦʣʷʻ 

ʦʜʝʨʞʘʪʠ ʧʽʜʩʫʤʢʦʚʽ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ LAI. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʟʚʝʜʝʥʦ ʜʦ ʪʘʙʣ.4.1. 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʘʻ 1089,36 ʛʘ. 
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ʊʘʙʣʠʮʷ 4.1  

ʆʮʽʥʢʘ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʘʥʠʤʠ ɼɿɿ 

ɼʘʪʘ ʦʮʽʥʶʚʘʥʥʷ 
ʇʣʦʱʘ ʧʨʦʝʢʪʠʚʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʛʘ 

ʇʣʦʱʘ ʨʦʩʣʠʥʥʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ LAI, ʛʘ 

07.06.2000 454,68 444,57 

15.04.2011 380,16 131,20 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʶʚʘʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʟʤʝʥʰʝʥʥʷ 

ʧʣʦʱʽ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʟ 0,42 ʤ
2
 ʥʘ ʦʜʠʥ ʤ

2
 ʟʘʛʘʣʴʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʜʦ 0,35 ʤ
2
. ʇʦʚʥʘ ʧʣʦʱʘ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ LAI  ʚ 2000 

ʨʦʮʽ ʩʪʘʥʦʚʠʣʘ 0,41 ʤ
2
 ʥʘ ʦʜʠʥ ʤ

2
 ʟʘʛʘʣʴʥʦʾ ʪʝʨʠʪʦʨʽʾ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʥʘʯʥʝ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʚ 2011 ʨʦʮʽ ʜʦ 0,12 ʤ
2 
 ʥʘ ʦʜʠʥ ʤ

2
 ʦʙʫʤʦʚʣʝʥʝ 

ʧʦʯʘʪʢʦʤ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ. ʇʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʧʨʦʪʷʛʦʤ 

ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʾʾ ʟʤʽʥ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʠʩʪʘʥʮʽʡʥʠʭ 

ʜʘʥʠʭ ʪʘ ʩʫʯʘʩʥʠʭ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʜʫʞʝ ʢʦʨʠʩʥʠʤ ʪʘ 

ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʽʪ ʟ ʦʟʝʣʝʥʝʥʥʷ ʪʘ ʜʦʛʣʷʜʫ ʟʘ ʨʦʩʣʠʥʥʽʩʪʶ ʫ 

ʤʽʩʪʽ. 

4.1.3. ɺʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʘ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʟʘ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ 

ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʫ Pl®iades-1A ʙʫʣʦ ʧʨʦʢʘʨʪʦʚʘʥʦ 

ʨʦʩʣʠʥʥʽʩʪʴ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʥʦʾ ʜʽʣʷʥʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ LAI ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʬʘʟʫ ʬʝʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʪʦʯʥʽ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʪʘ ʾʾ ʟʤʽʥʠ ʟ ʧʣʠʥʦʤ ʯʘʩʫ.  

ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʟʥʽʤʦʢ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ Pl®iades-1A, ʜʘʪʘ ʟʡʦʤʢʠ 22.04.2013. 

ɼʘʥ̔ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩɹʷ ʰʠʨʦʢʦ ʁ ʩʤʫʛʦʶ ʟʡʦʤʢʠ (20 ʢʤ), ʚʠʩʦʢʦ ʁ

ʪʦʯʥʩ̔ʪʶ ʛʝʦʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ï ʤʝʥʴʰʝ 4,5 ʤ (CE90) ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʟʝʤʥʠʭ 
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ʦʧʦʨʥʠʭ ʪʦʯʦʢ. ʇʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ ʧʘʥʭʨʦʤʘʪʠʯʥʦʛʦ ʢʘʥʘʣʘ ʟʥ̔ʤʢʘ 0,7ʤ 

(ʧ̔ʩʣ̫ ʦʙʨʦʙʢʠ ï 0,5 ʤ), ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ï 2,8 ʤ (ʧ̔ʩʣ̫ ʦʙʨʦʙʢʠ 2,0 ʤ). 

ɼʣʷ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʤʦʤʝʥʪ ʟʡʦʤʢʠ ʙʫʣʘ ʦʙʨʘʥʘ 

ʥʦʨʤʘʪʠʚʥʘ ʧʣʦʱʘ ʅʇʇ çɻʦʣʦʩʽʾʚʩʴʢʠʡè ʪʘ ʧʘʨʢʘ ʽʤ.ʄ.ʈʠʣʴʩʴʢʦʛʦ [24]. 

ʌʘʡʣʦʚ ̔ʟʥʘʯʝʥʥ̫  (DN) ʟʥʽʤʢʘ ʙʫʣʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚ ʦʜʠʥʠʮʽ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʩʝʥʩʦʨʽ. ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʘʪʤʦʩʬʝʨʥʘ 

ʢʦʨʝʢʮʽ̫  ʪʘ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥ̫  ʢʦʝʬ̔ʮ̔ ʥ̒ʪʘ ʚʽʜʙʠʪʪʷ ʥʘ ʟʝʤʣʽ (ʈʠʩ. 4.8). 

 

 

ʈʠʩ.4.8. ɺʠʭʽʜʥʠʡ ʩʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʟ ʨʘʤʢʦʶ (ʙʽʣʽ ʣʽʥʽʾ) ʟʝʣʝʥʠʭ ʟʦʥ 

ʤʽʩʴʢʦʛʦ ʧʘʨʢʫ 

 

ɿʥʽʤʦʢ ʙʫʣʦ ʦʙʨʽʟʘʥʦ ʧʦ ʤʘʩʮʽ, ʧʦʙʫʜʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʟʝʣʝʥ ̔

ʟʦʥʠ (ʧʘʨʢʠ) ʫ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ, ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʚʝʣʠʢʠʭ ʟʦʥ 

ʧʨʦʤʠʩʣʦʚʦʾ ʪʘ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʚʘʣʠ NDVI ʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʧʨʦʢʘʨʪʫʚʘʣʠ ʜʽʣʷʥʢʠ ʨʦʩʣʠʥʥʦʩʪʽ (ʈʠʩ.4.9). 



 92 

 

ʈʠʩ.4.9. ʈʦʟʧʦʜʽʣ NDVI ʚ ʤʝʞʘʭ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ 

 

ʋ ʟʚôʷʟʢʫ ʟ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʬʝʥʦʬʘʟ ʦʩʥʦʚʥʠʭ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʦʩʝʨʝʜʥʝʥʘ ʨʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ LAI(NDVI). ʆʮʽʥʢʘ LAI  

ʧʨʦʚʦʜʠʣʘʩʴ ʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ [23]. ʇʘʥʦʨʘʤʥʘ ʟʡʦʤʢʘ ʟʜʽʡʩʥʶʚʘʣʘʩʷ 

ʬʦʪʦʘʧʘʨʘʪʦʤ.  

ʆʪʨʠʤʘʥʦ ʟʘʤʢʥʫʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʣʷ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ [5], ʷʢʘ ʟʘ ʚʠʭʽʜʥʠʤʠ 

ʟʥʽʤʢʘʤ ʰʣʷʭʦʤ ʦʧʝʨʘʮʽʡ ʥʘ ʨʠʩ.3.1. ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʦʟʧʦʜʽʣ LAI  (ʨʠʩ.4.10) 

ʚ ʨʘʤʢʘʭ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ LAI  (ʨʠʩ.4.10) ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʭʘʨʘʢʪʝʨʥʽ 

ʜʽʣʷʥʢʠ ʭʚʦʡʥʦʾ ʽ ʚʽʯʥʦʟʝʣʝʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ. ʊʘʢʦʞ ʧʨʦʛʣʷʜʘʻʪʴʩʷ ʘʢʪʠʚʥʝ 

ʟʨʦʩʪʘʥʥʷ ʧʽʜʣʽʩʢʫ ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ LAI. 
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ʈʠʩ.4.10. ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ LAI  ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʡ ʜʦʩʣʽʜʞʝʥʴ 

 

ʈʠʩ. 4.11 ʽʣʶʩʪʨʫʻ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

 

 

ʈʠʩ.4.11. ʇʣʦʱʘ ʨʦʩʣʠʥʥʦʩʪʽ: 1 ï ʥʦʨʤʘʪʠʚʥʘ ʧʣʦʱʘ ʟʝʣʝʥʠʭ ʟʦʥ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ; 2 ï ʧʣʦʱʘ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ NDVI; 3 ï ʧʣʦʱʘ ʨʦʩʣʠʥʥʦʩʪʽ, ʦʪʨʠʤʘʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʢʠ LAI  
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ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱʽ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʤʝʞʘʭ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʴ ʜʘʻ 

ʥʝʦʙ'ʻʢʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʢʽʣʴʢʦʩʪʽ ʟʝʣʝʥʦʾ ʤʘʩʠ ʪʘ ʾʾ ʩʪʘʥʫ. ʅʘʧʦʯʘʪʢʫ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʥʦʨʤʘʪʠʚʥʽ ʧʣʦʱʽ ʟʝʣʝʥʠʭ ʟʦʥ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʨʝʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʘ NDVI ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ 

ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʧʣʦʱʫ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʈʦʟʨʦʙʣʝʥʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ LAI  ʜʦʟʚʦʣʷʻ ʧʽʜʣʘʰʪʫʚʘʪʠʩʷ ʧʽʜ ʬʘʟʫ 

ʬʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʪʦʯʥʦ ʦʮʽʥʶʚʘʪʠ ʢʽʣʴʢʦʩʪ̔ 

ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʢʦʥʢʨʝʪʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʽ ʡʦʛʦ ʟʤʽʥʠ ʟ ʧʣʠʥʦʤ ʯʘʩʫ  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʥʦʚʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʚʠʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʷʢʠʡ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ 

ʢʝʨʫʚʘʥʥʷ ʤʽʩʪʦʤ. ʈʦʟʨʦʙʣʝʥʦ ʮʽʣʽʩʥʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʩʴʢʫ ʚʣʘʜʫ ʪʘ ʦʩʽʙ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʨʽʰʝʥʥʷ ʚʽʜʥʦʩʥʦ 

ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʦʧʝʨʘʪʠʚʥʦʶ ʪʘ ʜʦʩʪʦʚʽʨʥʦʶ 

ʜʠʩʪʘʥʮʽʡʥʦʶ ʢʘʨʪʦʛʨʘʬʽʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʪʘ ʪʝʥʜʝʥʮʽʾ 

ʟʤʽʥ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʤʽʩʪʽ. 

4.1.4. ʆʮʽʥʢʘ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ ʪʘ ʥʘʟʝʤʥʠʤʠ ʟʘʚʽʨʢʦʚʠʤʠ ʜʘʥʠʤʠ 

ʅʘʩʴʦʛʦʜʥʽ ʦʮʽʥʢʘ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɺʦʥʦ 

ʚʢʣʶʯʻ ʚ ʩʝʙʝ ʘʥʘʣʽʟ ʚʝʣʠʢʦʛʦ ʥʘʙʦʨʫ ʨʽʟʥʦʨʽʜʥʠʭ, ʧʦʛʘʥʦ ʬʦʨʤʘʣʽʟʫʻʤʠʭ, ʘ 

ʽʥʦʜʽ ʥʘʚʽʪʴ ʩʫʧʝʨʝʯʣʠʚʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʣʫʯʝʥʥʷ ʝʢʩʧʝʨʪʽʚ, ʘ ʦʪʞʝ 

ï ʩʫʙôʻʢʪʠʚʥʠʭ ʦʮʽʥʦʢ ʪʘ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʥʘʯʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʪʨʫʜʦʤʽʩʪʢʝ ʪʘ ʚʠʪʨʘʪʥʝ, ʪʦʤʫ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʘʢʪʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʙʫʜʝ 

ʜʦʩʠʪʴ ʥʠʟʴʢʦʶ. ʆʜʥʠʤ ʟʽ ʩʧʦʩʦʙʽʚ ʧʦʤôʷʢʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʪʨʫʜʥʦʱʽʚ ʻ 

ʟʘʣʫʯʝʥʥʷ ʜʠʩʪʥʮʽʡʥʠʭ ʜʘʥʠʭ, ʘ ʩʘʤʝ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʩʝʨʝʜʥʴʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ [9]. 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʥʘʟʝʤʥʽ ʪʘ 

ʩʫʧʫʪʥʠʢʦʚʽ. ʅʘʟʝʤʥʽ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʪʘʢʩʘʮʽʡʥʠʭ ʜʘʥʠʭ ʪʘ 
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ʣʘʥʜʰʘʬʪʥʽʡ ʦʮʽʥʮʽ, ʥʘʜʘʶʪʴ ʫʩʝʨʝʜʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʚʝʨʙʘʣʴʥʽ ʪʘ 

ʩʧʦʚʥʝʥʽ ʧʨʦʪʠʨʽʯ. ʄʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʘʢʽ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢ ʚʤʽʩʪ ʭʣʦʨʦʬʽʣʫ, ʛʘʟʦʦʙʤʽʥ, ʪʦʱʦ [32]. 

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʩʧʨʦʙʫ ʧʝʨʝʚʝʩʪʠ ʝʢʩʧʝʨʪʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʢʽʣʴʢʽʩʥʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʦʩʥʦʚʫ. 

4.1.4.1. ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ 

(ʅʇʇ) ñɻʦʣʦʩʽʾʚʩʴʢʠʡò, ʷʢʠʡ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ 

 ̄794/2007 ʚʽʜ 27 ʩʝʨʧʥʷ 2007 ʨʦʢʫ ʚ ʤʝʞʘʭ ɻʦʣʦʩʽʾʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʤʽʩʪʘ ʂʠʻʚʘ. 

ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʚʽʜ 1 ʪʨʘʚʥʷ 2014 ʨ. ˉ 446/2014 ʪʝʨʠʪʦʨʽʶ ʅʇʇ 

ñɻʦʣʦʩʽʾʚʩʴʢʠʡò ʨʦʟʰʠʨʝʥʦ ʥʘ 6462,62 ʛʝʢʪʘʨʘ ʟʘ ʨʘʭʫʥʦʢ ʟʝʤʝʣʴ 

ʉʚʷʪʦʰʠʥʩʴʢʦʛʦ ʣʽʩʦʧʘʨʢʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʙʝʟ ʚʠʣʫʯʝʥʥʷ ʚ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʘ. 

ʅʇʇ ñɻʦʣʦʩʽʾʚʩʴʢʠʡò ʻ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʫʩʪʘʥʦʚʦʶ ʧʨʠʨʦʜʥʦ-

ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʟ ʥʘʩʪʫʧʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʨʦʙʦʪʠ: 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʤ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤ, ʨʝʢʨʝʘʮʽʡʥʠʤ, ʝʢʦʣʦʛʦ- ʪʘ ʢʫʣʴʪʫʨʥʦ-

ʦʩʚʽʪʥʽʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪ. 21 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ñʇʨʦ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ 

ʋʢʨʘʾʥʠò, ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʇʇ ñɻʦʣʦʩʽʾʚʩʴʢʠʡò ʚʩʪʘʥʦʚʣʝʥʦ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ 

ʨʝʞʠʤ ʪʘ ʧʨʦʚʝʜʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʟʦʥʫʚʘʥʥʷ, ʷʢʝ ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʦʥʠ: ʟʘʧʦʚʽʜʥʫ, ʨʝʛʫʣʴʦʚʘʥʦʾ ʨʝʢʨʝʘʮʽʾ, ʩʪʘʮʽʦʥʘʨʥʦʾ ʨʝʢʨʝʘʮʽʾ ʪʘ 

ʛʦʩʧʦʜʘʨʩʴʢʫ. 

ɺ ʧʨʠʨʦʜʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʪʝʨʠʪʦʨʽʷ ʅʇʇ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧôʷʪʠ 

ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ. ʃʽʩʦʚʽ ʝʢʦʩʠʩʪʝʤʠ ʟʘʡʤʘʶʪʴ ʙʽʣʴʰʝ 90% 

ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʫ. ʅʇʇ ñɻʦʣʦʩʽʾʚʩʴʢʠʡò ï ʻʜʠʥʘ ʚ ʋʢʨʘʾʥʽ ʫʩʪʘʥʦʚʘ ʧʨʠʨʦʜʥʦ-

ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʚʠʱʦʛʦ ʨʘʥʛʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʤʝʛʘʧʦʣʽʩʘ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʧʨʘʚʦʙʝʨʝʞʥʽʡ ʯʘʩʪʠʥʽ 

ʤ. ʂʠʻʚʘ, ʥʘ ʢʨʘʡʥʽʡ ʧʽʚʥʦʯʽ ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥʠ. ʇʨʠʻʜʥʘʥʘ ʫ 2014 ʨʦʮʽ ʪʝʨʠʪʦʨʽʷ 

ʽʟ ʤʽʰʘʥʠʤʠ ʣʽʩʘʤʠ ʥʘʣʝʞʠʪʴ ʜʦ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʦʾ ʦʙʣʘʩʪʽ ʂʠʾʚʩʴʢʦʛʦ 

ʇʦʣʽʩʩʷ. ʇʽʚʜʝʥʥʘ ʯʘʩʪʠʥʘ ʧʘʨʢʫ ï ʮʝ ʧʽʱʘʥʽ ʥʘʜʟʘʧʣʘʚʥʽ ʪʝʨʘʩʠ ɼʥʽʧʨʘ, ʚʢʨʠʪʽ 

ʧʝʨʝʚʘʞʥʦ ʩʦʩʥʦʚʠʤʠ ʪʘ ʩʦʩʥʦʚʦ-ʜʫʙʦʚʠʤʠ ʣʽʩʘʤʠ. ʋ ʜʦʣʠʥʽ ʥʝʚʝʣʠʢʦʾ ʨʽʯʢʠ 
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ɺʽʪʠ, ʱʦ ʧʝʨʝʪʠʥʘʻ ʮʽ ʪʝʨʘʩʠ, ʟʙʝʨʽʛʩʷ ʟʥʘʯʥʠʡ ʤʘʩʠʚ ʣʽʩʦʚʠʭ ʙʦʣʽʪ. ʇʽʚʥʽʯʥʽʰʝ, 

ʫ ʥʝʚʝʣʠʢʦʤʫ ʫʨʦʯʠʱʽ ɹʠʯʦʢ ʧʨʠʩʫʪʥʽ ʰʠʨʦʢʦʣʠʩʪʷʥʽ ʣʽʩʦʚʽ ʧʨʠʨʦʜʥʽ 

ʢʦʤʧʣʝʢʩʠ ʟʘʧʣʘʚʠ ɼʥʽʧʨʘ. 

 

 

ʈʠʩ.4.12. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʅʇʇ ñɻʦʣʦʩʽʾʚʩʴʢʠʡò 

 

ʎʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʧʘʨʢʫ ʚʢʣʶʯʘʻ ʟʙʝʨʝʞʝʥʽ ʜʽʣʷʥʢʠ ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ 

ʣʽʩʽʚ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʦʾ ʦʙʣʘʩʪʽ ʂʠʾʚʩʴʢʦʛʦ ʧʣʘʪʦ ï ʫʨʦʯʠʱʘ ɻʦʣʦʩʽʾʚʩʴʢʠʡ ʣʽʩ 

(ʨʘʟʦʤ ʽʟ ʧʨʠʣʝʛʣʠʤ ɻʦʣʦʩʽʾʚʩʴʢʠʤ ʧʘʨʢʦʤ ʽʤ. ʄʘʢʩʠʤʘ ʈʠʣʴʩʴʢʦʛʦ) ʪʘ ʊʝʨʝʤʢʠ. 

ʉʘʤʝ ɻʦʣʦʩʽʾʚʩʴʢʠʡ ʣʽʩʦʚʠʡ ʤʘʩʠʚ ʙʫʚ ʦʙʨʘʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʷʢ 

ʥʘʡʙʽʣʴʰ ʚʽʜʚʽʜʫʚʘʥʠʡ ʪʘ ʦʪʦʯʝʥʠʡ ʟʘʙʫʜʦʚʦʶ. 
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4.1.4.2. ɼʘʥʽ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 

ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʬʨʘʛʤʝʥʪ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʘ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ çʉʽʯ-2è/ʄʉʋ, ʷʢʠʡ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ 1 ʚʝʨʝʩʥʷ 2011 ʨʦʢʫ ʚ ʯʦʪʠʨʴʦʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ: 

ʟʝʣʝʥʦʤʫ, ʯʝʨʚʦʥʦʤʫ, ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʪʘ ʩʝʨʝʜʥʴʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ. ʊʘʢʦʞ ʙʫʣʠ ʦʧʨʘʮʴʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʜʘʥʽ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ: 

ʧʨʦʝʢʪ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʨʠʪʦʨʽʾ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ çɻʦʣʦʩʽʾʚʩʴʢʠʡè, 

ʦʭʦʨʦʥʠ, ʚʽʜʪʚʦʨʝʥʥʷ ʪʘ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʧʨʠʨʦʜʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʽ ʦʙôʻʢʪʽʚ [149], ʘ ʪʘʢʦʞ ʧʨʦʝʢʪ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʣʽʩʦʚʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʂʇ ʃʇɻ çʂʦʥʯʘ-ɿʘʩʧʘè, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʪʘʢʩʘʮʽʡʥʠʡ ʦʧʠʩ, 

ʚʽʜʦʤʦʩʪʽ ʧʦʢʚʘʨʪʘʣʴʥʠʭ ʧʽʜʩʫʤʢʽʚ, ʽʥʰʝ [150]. 

ʅʘ ʨʠʩ. 4.13 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʛʨʫʧ ʪʠʧʽʚ 

ʣʘʥʜʰʘʬʪʫ (ʟʘ ʄ.ʄ. ʊʶʣʴʧʘʥʦʚʠʤ) ʪʘ ʣʘʥʜʰʘʬʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

 

ʈʠʩ. 4.13. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʣʘʥʜʰʘʬʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 
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4.1.4.3. ʈʦʟʨʘʭʫʥʢʠ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʈʘʥʽʰʝ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ 

ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʡʦʤʦʢ, ʷʢʫ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʮʽʣʽʩʥʦʾ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʢʘʣʽʙʨʦʚʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ 

ʟʘʢʽʥʯʫʶʯʠ ʢʘʨʪʦʩʭʝʤʘʤʠ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [11] (ʧʽʜʨʦʟʜʽʣ 3.4.). ɺ ʜʘʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʾʾ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʽʡ ʧʽʜʩʠʩʪʝʤʽ, ʱʦ 

ʨʝʘʣʽʟʫʻ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ (ʧʽʜʨʦʟʜʽʣ 3.2). 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʘʣʛʦʨʠʪʤʘʤʠ 3.3, 3.4, ʦʧʠʩʘʥʠʤʠ ʚ ʪʨʝʪʴʦʤʫ 

ʨʦʟʜʽʣʽ. ɸʣʛʦʨʠʪʤ 3.5 ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʦʙʯʠʩʣʝʥʥʷ RET ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʘʮʽʡ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʽʚ ʢʦʥʢʨʝʪʥʦʛʦ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʝʥʩʦʨʘ (ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ï ñʉʽʯ-2ò/ʄʉʋ) 

ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab (ʜʦʜʘʪʦʢ ɹ.3).  

ʊʘʢ, ʜʣʷ ñʉʽʯ-2ò/ʄʉʋ ʬʽʢʩʘʮʽʷ ʟʥʘʯʝʥʴ ʧʦʭʽʜʥʠʭ ʩʧʝʢʪʨʘʣʴʥʦʾ ʢʨʠʚʦʾ ʟʘ 

ʤʝʞʘʤʠ ʟʦʥʠ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʥʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʴ ʚʽʜʙʠʪʪʷ ʚ 

ʜʦʜʘʪʢʦʚʠʭ ʨʦʙʦʯʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ: ʟʝʣʝʥʦʤʫ ʣʽʚʦʨʫʯ ʪʘ ʩʝʨʝʜʥʴʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʧʨʘʚʦʨʫʯ. 

ʉʧʝʨʰʫ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʬʨʘʛʤʝʥʪ ʢʘʣʽʙʨʦʚʘʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʫ ñʉʽʯ-

2ò/ʄʉʋ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʢʦʥʘʥʦ ʘʪʤʦʩʬʝʨʥʫ ʢʦʨʝʢʮʽʶ 

ʟʦʥʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʾʭ ʧʝʨʝʨʘʭʦʚʘʥʦ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʪʪʷ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ. ɼʘʣʽ ʟʘ ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ NDVI ʧʦʙʫʜʦʚʘʥʦ ʤʘʩʢʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ 

ʚʽʜʦʢʨʝʤʣʝʥʦ ʝʣʝʤʝʥʪʘʨʥʽ ʜʽʣʷʥʢʠ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ (ʚʠʜʽʣʠ), ʥʘ ʷʢʽ ʥʘʷʚʥʽ 

ʜʘʥʽ ʥʘʟʝʤʥʦʾ ʟʘʚʽʨʢʠ. 

ɿʘ ʘʣʛʦʨʠʪʤʦʤ ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ ʚʠʟʥʘʯʝʥʦ ʧʽʢʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ RET ʚ ʤʝʞʘʭ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ (ʨʠʩ.4.14 ʘ). ʇʦʪʽʤ ʜʣʷ ʢʦʞʥʦʛʦ 

ʚʠʜʽʣʫ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ RET (ʨʠʩ.4.14 ʙ). 

ʅʘ ʦʩʥʦʚʽ ʧʦʢʘʟʥʠʢʽʚ ʣʘʥʜʰʘʬʪʥʦʾ ʦʮʽʥʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʦʨʤʘʣʽʟʘʮʽʶ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʙʽʨʦʢ ʪʘ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.7 ʧʦʙʫʜʦʚʘʥʦ ʨʦʙʘʩʪʥʫ ʨʝʛʨʝʩʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ, ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩ.4.15 ʟ ʚʽʜʦʤʠʤʠ ʢʣʘʩʘʤʠ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ, ʷʢʽ 

ʙʫʣʦ ʦʧʠʩʘʥʦ ʙʝʟʨʦʟʤʽʨʥʠʤ ʧʨʦʮʝʥʪʥʠʤ ʧʦʢʘʟʥʠʢʦʤ VQF. 
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ʈʠʩ. 4.14. ʘ - ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ RET ï ʝʢʩʪʨʝʤʫʤʫ ʧʦʭʽʜʥʦʾ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ 

ʢʨʘʶ; ʙ -  ʈʦʟʧʦʜʽʣ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ RET ʧʦ ʚʠʜʽʣʘʭ 

 

 

ʈʠʩ.4.15. ʈʝʛʨʝʩʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ VQF(RET) 

 

ʆʜʝʨʞʘʥʘ ʨʝʛʨʝʩʽʷ ʜʦʟʚʦʣʠʣʘ ʦʙʯʠʩʣʠʪʠ ʟʥʘʯʝʥʥʷ VQF ʚ ʪʠʭ ʯʘʩʪʠʥʘʭ 

ʟʥʽʤʢʫ, ʜʝ ʥʘʟʝʤʥʽ ʟʘʚʽʨʢʦʚʽ ʜʘʥʽ ʚʽʜʩʫʪʥʽ. 

ɿʘ ʘʣʛʦʨʠʪʤʦʤ 3.4 ʦʪʨʠʤʘʥʦ ʢʘʨʪʦʩʭʝʤʫ ʥʦʨʤʦʚʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʷʢʦʩʪʽ 

ʨʦʩʣʠʥʥʦʩʪʽ VQF ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ (ʨʠʩ.4.16). 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʚʦʥʘ ʨʦʟʧʦʜʽʣʝʥʘ ʥʘ 5 ʢʣʘʩʽʚ ʪʘ 

ʧʦʨʽʚʥʷʥʘ ʟ ʨʦʟʧʦʜʽʣʦʤ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʣʘʥʜʰʘʬʪʥʦʾ ʦʮʽʥʢʠ ʷʢ ʩʪʘʜʽʷ 

ʨʝʢʨʝʘʮʽʡʥʦʾ ʜʠʛʨʝʩʽʾ, ʪʦʤʫ ʱʦ ʨʝʢʨʝʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ [151].  



 

 

 

ʈʠʩ.4.16. ʂʘʨʪʦʩʭʝʤʘ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ  

ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ ʪʘ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ 

 



ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ RET 

ʥʝʚʝʣʠʢʠʭ ʚʠʜʽʣʽʚ (ɯ) ʜʦʩʪʘʪʥʴʦ ʯʽʪʢʦ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʥʘʟʝʤʥʠʤʠ ʜʘʥʠʤʠ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʫʟʛʦʜʞʝʥʽʩʪʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʟʥʽʤʢʘ ʪʘ ʢʘʨʪʦʩʭʝʤʠ, ʘ 

ʪʘʢʦʞ ʪʠʤ ʱʦ ʚ ʤʝʞʘʭ ʜʝʢʽʣʴʢʦʭ ʧʽʢʩʝʣʽʚ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʦʾ 

ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʟʥʘʯʝʥʴ RET. 

ʅʘ ʥʘʩʪʫʧʥʠʭ ʜʽʣʷʥʢʘʭ (ɯɯ) ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ ʟʥʘʯʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʥʘʟʝʤʥʠʤ ʜʘʥʠʤ. ʈʘʟʦʤ ʟ ʪʠʤ ʦʯʝʚʠʜʥʦʶ ʧʝʨʝʚʘʛʦʶ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ ʻ ʚʠʷʚʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʷʢʦʩʪʽ ʚʝʣʠʢʠʭ ʚʠʜʽʣʽʚ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʣʘʥʜʰʘʬʪʥʦʾ ʦʮʽʥʢʠ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʷʢ 

ʚʠʜʦʚʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʚ ʤʝʞʘʭ ʚʠʜʽʣʫ, ʪʘʢ ʽ ʥʘʷʚʥʽʩʪʶ ʥʝʚʝʣʠʢʠʭ ʟʘ 

ʨʦʟʤʽʨʦʤ ʧʨʦʙʣʝʤʥʠʭ ʜʽʣʷʥʦʢ, ʷʢʽ ʚʘʞʢʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʟʫʘʣʴʥʦ ʥʘ ʤʽʩʮʝʚʦʩʪʽ 

ʪʘ/ʘʙʦ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʽʥʪʝʛʨʘʣʴʥʽʡ ʝʢʩʧʝʨʪʥʽʡ ʦʮʽʥʮʽ. 

ɯɯɯ ʚʘʨʽʘʥʪ ï ʮʝ ʩʫʪʪʻʚʘ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʪʘ 

ʥʘʟʝʤʥʠʤʠ ʜʘʥʠʤʠ. ɼʘʥʠʡ ʚʠʧʘʜʦʢ ʻ ʧʽʜʩʪʘʚʦʶ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʟʝʤʥʦʛʦ 

ʦʙʩʪʝʞʝʥʥʷ ʧʨʦʙʣʝʤʥʦʾ ʜʽʣʷʥʢʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʨʦʜʠ ʨʦʟʙʽʞʥʦʩʪʽ ʦʮʽʥʦʢ 

ʷʢʦʩʪʽ. 

ɯ ʥʘʨʝʰʪʽ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʩʪʘʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʪʠ ʚʽʜʥʦʩʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʷʭ (IV) ʜʝ ʥʝ 

ʧʨʦʚʦʜʠʣʠʩʴ ʨʦʙʦʪʠ ʟ ʣʘʥʜʰʘʬʪʥʦʾ ʦʮʽʥʢʠ. ʊʘʢ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʮʝ ʪʝʨʠʪʦʨʽʷ 

ʟʘʧʦʚʽʜʥʦʾ ʟʦʥʠ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ çɻʦʣʦʩʽʾʚʩʴʢʠʡè ʜʝ ʟʙʝʨʝʛʣʠʩʴ 

ʧʨʠʨʦʜʥʽ ʨʦʩʣʠʥʥʽ ʫʛʨʫʧʦʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʩʣʠʥʠ ʪʘ ʪʚʘʨʠʥʠ, ʷʢʽ ʟʘʥʝʩʝʥʽ ʜʦ 

ʏʝʨʚʦʥʦʾ ʂʥʠʛʠ ʋʢʨʘʾʥʠ. 

4.1.5. ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʜʣʷ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʥʴ ʟ ʩʫʧʫʪʥʠʢʽʚ ñʉʽʯ-2ò ʪʘ RapidEye 

ɺ 2008 ʨʦʮʽ ʙʫʣʦ ʫʩʧʽʰʥʦ ʟʘʧʫʱʝʥʦ ʽ ʚʠʚʝʜʝʥʦ ʥʘ ʥʘʚʢʦʣʦʟʝʤʥʫ ʩʦʥʷʯʥʦ-

ʩʠʥʭʨʦʥʥʫ ʦʨʙʽʪʫ ʚʠʩʦʪʦʶ 630 ʢʤ ʫʛʨʫʧʦʚʘʥʥʷ ʟ 5 ʤʽʥʽ-ʩʫʧʫʪʥʠʢʽʚ ɼɿɿ ʩʝʨʽʾ 

RapidEye. ʇʘʨʘʤʝʪʨʠ ʩʘʤʠʭ ʩʫʧʫʪʥʠʢʽʚ ʪʘ ʾʭ ʟʥʽʤʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ ʜʦʙʨʝ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʠʚʯʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʦʢʨʽʤ 4 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ (blue, green, red, NIR) ʜʦʜʘʪʢʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 
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ʜʽʘʧʘʟʦʥʫ 0,69-0,73 ʤʢʤ (red edge). ʊʦʤʫ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ 

RapidEye (http://www.blackbridge.com/rapideye/products/basic.htm) ʰʠʨʦʢʦ ʽ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʽʣʴʩʴʢʦʤʫ ʪʘ ʣʽʩʦʚʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʘʭ, 

ʢʘʨʪʫʚʘʥʥʽ ʝʢʦʩʠʩʪʝʤ, ʦʭʦʨʦʥʽ ʧʨʠʨʦʜʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʥʽʤʢʽʚ RapidEye ʪʘʢʦʞ ʻ ʜʫʞʝ ʢʦʨʠʩʥʠʤ ʽ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʷʭ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʥʽ 

ʘʣʛʦʨʠʪʤʠ ʚʠʜʽʣʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʧʦʨʦʛʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʝʛʝʪʘʮʽʡʥʦʛʦ 

ʽʥʜʝʢʩʫ NDVI, ʢʣʘʩʠʬʽʢʘʮʽʷ ʨʦʩʣʠʥʥʠʭ ʙʽʦʪʦʧʽʚ ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʩʠʛʥʘʪʫʨʘʤʠ, 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʧʣʦʱʽ ʣʠʩʪʷʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʬʽʪʦʤʝʪʨʠʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ LAI, 

ʘʥʘʣʽʟ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʟʤʽʥ ʟʘ ʯʘʩʦʚʠʤʠ ʩʝʨʽʷʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ RapidEye ʻ ʾʭ ʧʨʠʨʦʜʥʘ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ 

ʜʣʷ ʦʮʽʥʢʠ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʾʾ ʩʧʝʢʪʨʘʣʴʥʦʶ ʚʽʜʙʠʚʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ (ʨʠʩ.4.17).  

 

 

ʈʠʩ.4.17. ʉʧʝʢʪʨʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʩʝʥʩʦʨʘ RapidEye/JSS 

 

ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʽʥʪʝʨʧʦʣʴʦʚʘʥʫ ʚʝʣʠʯʠʥʫ ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ 

ʢʨʠʚʦʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ. ɿʘ ʥʘʟʝʤʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʥʘ 

ʝʪʘʣʦʥʥʠʭ ʜʽʣʷʥʢʘʭ ʙʫʣʦ ʚʽʜʥʦʚʣʝʥʦ ʥʝʣʽʥʽʡʥʫ ʨʝʛʨʝʩʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʥʦʨʤʦʚʘʥʦʾ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʚʽʜ ʮʽʻʾ ʚʝʣʠʯʠʥʠ. 

ɿʘ ʘʣʛʦʨʠʪʤʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ 

ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʫ RapidEye, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.4.18. 



    

ʘ ʙ ʚ ʛ 

    

ʜ ʝ ʞ ʟ 

ʈʠʩ.4.18. ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʥʤ̔ʢʘ RapidEye/JSS ʅʇʇ ñɻʦʣʦʩʽʾʚʩʴʢʠʡò: 

ʘ ï ʬʨʘʛʤʝʥʪ ʢʘʣʽʙʨʦʚʘʥʦʛʦ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʥʽʤʢʘ RapidEye/JSS, 07.05.2013, ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 6,5 ʤ;  

ʙ ï ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ NDVI; ʚ ï ʤʘʩʢʘ ʨʦʩʣʠʥʥʦʩʪʽ; ʛ ï ʽʥʜʝʢʩ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ; ʜ ï ʩʧʝʢʪʨʘʣʴʥʝ ʚʽʜʙʠʪʪʷ ʚ ʟʦʥʽ 

ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ; ʝ ï ʝʢʩʪʨʝʤʫʤ ʧʦʭʽʜʥʦʾ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ; ʞ ï ʥʦʨʤʦʚʘʥʘ ʷʢʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ ; 

 ʟ ï ʽʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 



ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ 

ʧʨʠʢʣʘʜʽ ɻʦʣʦʩʽʾʚʩʴʢʦʛʦ ʣʽʩʦʧʘʨʢʫ ʤ. ʂʠʻʚʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʨʘʛʤʝʥʪʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ñʉʽʯ-2ò/ʄʉʋ (ʨʠʩ.4.19) ʟʘ 

05.10.2011 ʨ., ʷʢʠʡ ʙʫʣʦ ʚʽʜʢʘʣʽʙʨʦʚʘʥʦ ʤʝʪʦʜʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ʧʽʜʧʫʥʢʪʽ 

2.1.2.1. 

 

ʈʠʩ.4.19. ʌʨʘʛʤʝʥʪ ʢʘʣʽʙʨʦʚʘʥʦʛʦ ʟʥʽʤʢʘ ñʉʽʯ-2ò/ʄʉʋ 01. 09.2011  

(ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʨʽʟʥʝʥʥʽʩʪʴ 8 ʤ) 

 

ʉʧʝʨʰʫ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʩʫʙʤʝʪʦʜʠʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʨʦʩʣʠʥʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʧʦʜʽʣʠ NDVI ʪʘ LAI  ʟʦʙʨʘʞʝʥʽ ʥʘ 

ʨʠʩ.4.20. 

0 0,95
         

0 2,03
 

ʘ                                                                         ʙ 

ʈʠʩ.4.20. ʇʨʦʩʪʦʨʦʚʽ ʨʦʟʧʦʜʽʣʠ NDVI ʪʘ LAI ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 
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ɼʘʣʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.4 ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ 

ʨʦʩʣʠʥʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ RET ʪʘ VQF ʧʦʢʘʟʘʥ ̔ʥʘ ʨʠʩ. 4.21. 

0,26 6,28
     

0 100
 

ʘ                                                                        ʙ 

ʈʠʩ.4.21. ʇʨʦʩʪʦʨʦʚʽ ʨʦʟʧʦʜʽʣʠ RET (ʘ) ʪʘ ʥʦʨʤʦʚʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ 

VQF (ʙ) ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʦʪʽʤ ʟʘ ʬʦʨʤʫʣʦʶ (3.3) ʙʫʣʦ ʦʙʯʠʩʣʝʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ.4.22. 

 

ʈʠʩ.4.22. ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥ ̫ʜʣʷ ɻʦʣʦʩʽʾʚʩʴʢʦʛʦ ʣʽʩʦʧʘʨʢʫ ʦʪʨʠʤʘʥʦ 

ʪʘʢʽ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ: ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ 

1661,70 ʛʘ, ʧʦʚʥʘ ʧʣʦʱʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ LAI 1730,72 ʛʘ, ʽʥʪʝʛʨʘʣʴʥʘ ʧʣʦʱʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ LAI ʪʘ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 1387,44 ʛʘ. 

 

 

ʈʠʩ. 4.23. SN ï ʧʣʦʱʘ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ; SLAI  ï ʧʣʦʱʘ ʨʦʩʣʠʥʥʦʩʪʽ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ LAI ; SVQF ï ʧʣʦʱʘ ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ 

 

ʇʝʨʝʚʠʱʝʥʥʷ ʧʣʦʱʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ LAI ʧʦʷʩʥʶʻʪʴʩʷ 

ʜʦʤʽʥʫʚʘʥʥʷʤ ʜʝʨʝʚʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʟ LAI ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʣʽʩʦʧʘʨʢʫ. ɸʣʝ ʚʨʘʭʫʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ 

ʬʝʥʦʣʦʛʽʯʥʦʾ ʬʘʟʠ ʞʦʚʪʽʥʥʷ ʣʠʩʪʷ,  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʽʮʠʪʫ ʽʥʪʝʛʨʘʣʴʥʦʾ ʧʣʦʱʽ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʪʝʥʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ 

(ʬʦʪʦʩʠʥʪʝʪʠʯʥʦ ʘʢʪʠʚʥʦʾ ʬʽʪʦʤʘʩʠ) ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʦʨʤʘʪʠʚʥʦʾ ʤʝʪʦʜʠʢʠ 

ʧʽʜʨʘʭʫʥʢʽʚ. 

4.2 ʆʮʽʥʢʘ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʟʤʽʥ ʨʦʩʣʠʥʥʦʩʪʽ ʢʠʾʚʩʴʢʦʾ ʤʽʩʴʢʦʾ 

ʘʛʣʦʤʝʨʘʮʽʾ 

ɺ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʟʥʽʤʢʠ 

ʂʠʾʚʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ, ʦʪʨʠʤʘʥʽ ʩʫʧʫʪʥʠʢʦʚʦʶ ʩʠʩʪʝʤʦʶ Landsat (ʩʝʥʩʦʨʠ TM 

ʪʘ ETM+) ʟ 1992 ʧʦ 2011 ʨʦʢʠ. ɹʽʣʴʰʝ 40 ʟ ʥʠʭ (ʨʠʩ.4.24), ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 
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ʫʤʦʚʠ ʚʠʙʦʨʫ ʟʥʽʤʢʽʚ (ʧʫʥʢʪ 2.1.1) ʙʫʣʠ ʦʪʦʙʨʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ɺʩ̔ 

ʚʦʥʠ ʟʥʘʭʦʜʷʪʩɹʷ ʚ ʤʝʞʘʭ ʚʝʛʝʪʘʮʽʡʥʥʦʛʦ ʧʝʨʦ̔ʜʫ ʙ̔ʣʴʦhʩʪʽ ʚʠʜ̔ʚ ʨʦʩʣʠʥ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʘʛʣʦʤʝʨʘʮʽʾ. 
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ʈʠʩ.4.24. ʈʦʟʧʦʜʽʣ ʚʽʜʽʙʨʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʧʦ ʥʝʨʝʛʫʣʷʨʥʦʾ ʽ ʜʦʩʠʪʴ ʨʽʜʢʽʡ ʩʽʪʮʽ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʥʝʤʦʞʣʠʚʦ ʜʦʩʪʦʚʽʨʥʦ ʚʠʦʢʨʝʤʠʪʠ ʢʦʨʦʪʢʦʧʝʨʽʦʜʠʯʥʽ ï ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʽ, 

ʩʝʟʦʥʥʽ ï ʩʢʣʘʜʦʚʽ ʯʘʩʦʚʦʛʦ ʨʷʜʫ, ʪʦʤʫ ʚ ʨʦʙʦʪʽ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ 

ʘʥʘʣʽʟʫ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʪʨʝʥʜʽʚ (ʜʝʩʷʪʢʠ ʨʦʢʽʚ) ʪʘ ʧʝʨʽʦʜʠʢ (ʦʜʠʥʠʮʽ ʨʦʢʽʚ) 

ʜʠʥʘʤʽʢʠ ʨʦʩʣʠʥʥʦʩʪʽ. ʆʙʨʦʙʢʘ ʥʝʨʝʛʫʣʷʨʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʨʦʟʧʦʜʽʣʽʚ LAI 

ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʥʪʨʦʧʽʾ [145]. ʅʝʦʙʭʽʜʥʽ ʜʣʷ ʮʴʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʦʮʝʜʫʨʠ ï mese(), 

maximum entropy spectral estimation ʽ detrend() ï ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʤʦʜʫʣʽ Signal 

Processing Toolbox ʚʽʣʴʥʦ ʧʦʰʠʨʶʚʘʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʟ 

ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ SciLab [152]. 

ʄʝʪʦʜʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ʧʫʥʢʪʘʭ 2.1.2 ʪʘ 2.1.3, ʜʣʷ ʧʨʠʚʝʜʝʥʥʷ ʚ ʻʜʠʥʫ 

ʩʠʩʪʝʤʫ ʬʽʟʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʟʫʣʴʪʘʪʽʚ ʟʡʦʤʢʠ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʨʘʜʽʦʤʝʪʨʠʯʥʝ 

ʢʘʣʽʙʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʘʪʤʦʩʬʝʨʥʘ ʢʦʨʝʢʮʽʷ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʜʽʣʷʥʦʢ, ʷʢʽ ʟʘʡʤʘʶʪʴ 

ʭʤʘʨʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ɸʉʉɸ (ʨʠʩ.4.25) [98]. ɿʥʽʤʢʠ ʙʫʣʠ 

ʚʟʘʻʤʥʦ ʛʝʦʨʝʬʝʨʝʥʮʽʨʦʚʘʥʽ ʟ ʧʽʢʩʝʣʴʥʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʦʙʨʽʟʘʥʽ. 
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ʈʠʩ. 4.25. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʷ ɸʉʉɸ ʜʣʷ ʫʩʫʥʝʥʥʷ ʭʤʘʨʥʦʩʪʽ 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʚʽʜʜʽʣʝʥʥʷ ʚʽʜ ʥʝʾ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʽ ʰʪʫʯʥʠʭ 

ʦʙô̒ ʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ NDVI. 

ɿʘ ʩʧʝʮʽʘʣʴʥʦ ʩʠʥʪʝʟʦʚʘʥʠʤ ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʽʤʢʘ (ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʨʠʪʦʨʽʾ) ʧʦʨʦʛʦʚʠʤ ʚʠʨʽʰʘʣʴʥʠʤ ʧʨʘʚʠʣʦʤ ʧʨʦʩʪʦʨʦʚʽ 

ʨʦʟʧʦʜʽʣʠ NDVI ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʥʘ 2 ʢʣʘʩʠ: ñʨʦʩʣʠʥʥʽʩʪʴò (Vegetation) ʽ ñʥʝ 

ʨʦʩʣʠʥʥʽʩʪʴò (Non-Vegetation). ɼʝʨʝʚʦ ʨʽʰʝʥʴ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.4.26. 

 

NDVI  Ó 0.258427 

 

ʈʠʩ.4.26. ɼʝʨʝʚʦ ʨʽʰʝʥʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ NDVI 
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ʇʦʨʷʜʦʢ ʨʦʟʨʘʭʫʥʢʫ ʽʥʜʝʢʩʫ LAI  ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʦʜʥʦʛʦ 

ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʫ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.1 ʽʣʶʩʪʨʫʻʪʴʩʷ ʥʘ ʨʠʩ.4.27. 

 

 

ʈʠʩ. 4.27. ʇʦʨʷʜʦʢ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʪʝʨʠʪʦʨʽʾ 

ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʆʧʠʩʘʥʘ ʦʧʝʨʘʮʽʷ ʧʦʩʣʽʜʦʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʜʦ ʚʩʽʭ ʚʽʜʽʙʨʘʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʙʫʚ ʩʬʦʨʤʦʚʘʥʠʡ ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʯʘʩʦʚʠʡ 

ʨʷʜ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ LAI ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ ʤʝʪʦʜʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ 

ʧʽʜʨʦʟʜʽʣʽ 2.4 ʪʘ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 3.7, ʨʦʟʨʦʙʣʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʩʢʨʠʧʪ ʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ SciLab [153]. ʈʝʘʣʽʟʘʮʽʷ ʚ ʥʴʦʤʫ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʩʪʨʦʛʦ ʧʝʨʽʦʜʠʯʥʠʭ ʟʥʽʤʢʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ 

ʩʘʤʝ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʧʦʛʦʜʥʠʭ ʷʚʠʱ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʭʤʘʨʥʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʯʘʩʦʚʦʛʦ ʨʷʜʫ LAI ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʧʨʦʩʪʦʨʦʚʠʭ 

ʨʦʟʧʦʜʽʣʽʚ ʽ ʚʠʨʘʞʘʶʪʴ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ, 

ɯʥʜʝʢʩ 

NDVI 
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ʟʥʽʤʦʢ Landsat TM/ETM+ 



 110 

ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʧʨʠʨʽʩʪ (ʨʠʩ. 4.27), ʘ ʪʘʢʦʞ ʧʝʨʽʦʜʠʯʥʽ ʩʢʣʘʜʦʚʽ ʜʠʥʘʤʽʢʠ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ [19]. 

 

 

ʈʠʩ. 4.27. ʉʝʨʝʜʥʴʦʨʽʯʥʠʡ ʧʨʠʨʽʩʪ LAI ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʋʩʝʨʝʜʥʝʥʽ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʂʠʾʚʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ ʧʦʢʘʟʥʠʢʠ ʩʢʣʘʣʠ: 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 0,2986, ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʧʨʠʨʽʩʪ -0,3125%, ʨʽʯʥʘ ʧʝʨʽʦʜʠʯʥʘ 

ʢʦʤʧʦʥʝʥʪʘ 3,5518 ă, ʥʘʡʙʽʣʴʰ ʟʥʘʯʥʘ ʧʝʨʽʦʜʠʯʥʘ ʢʦʤʧʦʥʝʥʪʘ 43,4 ʤʽʩʷʮʽ [18]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʘʛʣʦʤʝʨʘʮʽʾ, ʚ ʷʢʽʡ ʨʦʩʣʠʥʥʠʡ 

ʧʦʢʨʠʚ ʟʘʡʤʘʻ ʥʝ ʙʽʣʴʰʝ 40% ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ, ʨʝʰʪʘ - ʘʢʚʘʪʦʨʽʾ, ʩʝʣʠʪʝʙʥʽ ʽ 

ʧʨʦʤʠʩʣʦʚʽ ʪʝʨʠʪʦʨʽʾ (ʚʢʣʶʯʘʶʯʠ ʪʨʘʥʩʧʦʨʪʥʫ ʩʠʩʪʝʤʫ) ʟ ʥʫʣʴʦʚʠʤ ʟʥʘʯʝʥʥʷʤ 

LAI. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʠʟʴʢʝ ʟʘʛʘʣʴʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ LAI  ʜʣʷ ʘʛʣʦʤʝʨʘʮʽʾ. ɼʣʷ 

ʦʩʥʦʚʥʠʭ ʢʣʘʩʽʚ ʨʦʩʣʠʥʥʠʭ ʙʽʦʪʦʧʽʚ ʦʪʨʠʤʘʥʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ LAI  (ʪʘʙʣ.4.2) 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʣʴʥʠʤ ʚʝʣʠʯʠʥʘʤ ʜʣʷ ʧʦʤʽʨʥʦʾ ʢʣʽʤʘʪʠʯʥʦʾ ʟʦʥʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʤʝʛʘʧʦʣʽʩʫ. 
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ʊʘʙʣʠʮʷ 4.2 

ʉʧʦʩʪʝʨʝʞʫʚʘʥʽ ʜʦʚʛʦʪʨʠʚʘʣʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ LAI  

ʦʩʥʦʚʥʠʭ ʨʦʩʣʠʥʥʠʭ ʙʽʦʪʦʧʽʚ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ʂʣʘʩ ʨʦʩʣʠʥʥʠʭ ʙʽʦʪʦʧʽʚ ʉʨʝʜʥ ̒ʟʥʘʯʝʥʥ ̫LAI  

ʃʠʩʪʷʥʽ 1,0912 

ʍʚʦʡʥ ̔ 0,6122 

ʉ̔ʣʴʩɹʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛ̔ʜʜ̫ 0,7309 

ʃʫʢʠ ʽ ʧʘʩʦʚʠʱʘ 0,5451 

 

ʅʝʛʘʪʠʚʥʠʡ ʱʦʨʽʯʥʠʡ ʧʨʠʨʽʩʪ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʧʦʚ'ʷʟʘʥʠʡ ʥʝ ʪʽʣʴʢʠ 

ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʾʾ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ, ʷʢʝ ʟʫʤʦʚʣʝʥʝ ʟʘʙʫʜʦʚʦʶ ʪʝʨʠʪʦʨʽʡ, ʘʣʝ ʽ ʟ 

ʥʝʜʦʩʪʘʪʥʴʦ ʝʢʦʣʦʛʽʯʥʦ ʦʙʛʨʫʥʪʦʚʘʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʦ ʚʝʜʝʥʥʷ ʣʽʩʦʚʦʛʦ ʽ 

ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ: ʩʫʮʽʣʴʥʦʶ ʚʠʨʫʙʢʦʶ ʪʘ ʚʠʨʦʱʫʚʘʥʥʷʤ ʥʘʡʙʽʣʴʰ 

ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʦʨʽʜ, ʚʠʣʫʯʝʥʥʷʤ ʦʧʘʣʦʛʦ ʣʠʩʪʷ, ʱʦʨʽʯʥʠʤ ʧʦʩʠʧʘʥʥʷʤ 

ʪʨʦʪʫʘʨʽʚ ʩʽʣʣʶ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ, ʪʦʱʦ. 

ɸʥʘʣʽʟ ʧʝʨʽʦʜʠʯʥʠʭ ʩʝʟʦʥʥʠʭ ʟʤʽʥ ʜʦʟʚʦʣʷʻ ʚʽʜʨʽʟʥʷʪʠ ʚʽʯʥʦʟʝʣʝʥʽ 

ʨʦʩʣʠʥʠ ʚʽʜ ʣʠʩʪʦʧʘʜʥʠʭ, ʱʦ ʻ ʜʦʜʘʪʢʦʚʦ  ʁ ʝʬʝʢʪʠʚʥʦ  ʁ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦ  ʁ

ʦʟʥʘʢʦʶ [154]. 

ɸʛʨʦʝʢʦʩʠʩʪʝʤʠ (ʦʨʥʽ ʟʝʤʣʽ, ʛʦʨʦʜʠ, ʜʦʤʘʰʥʽ ʩʘʜʠ ʪʘ ʽʥ.), ̫ ʢ ̔ʧʦʪʨʘʧʣʷʶʪʴ 

ʚ ʘʨʝʘʣ ʤʝʛʘʧʦʣʽʩʫ, ʯʝʨʝʟ ʦʩʦʙʣʠʚʠʡ ʨʝʞʠʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʚʧʠʩʫʶʪʴʩʷ ʚ 

ʟʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ ʟʤʽʥʠ ʨʦʩʣʠʥʥʦʩʪʽ, ʪʦʤʫ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʩʘʤʝ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʾʭ ʜʦʮʽʣʴʥʦ ʚʠʢʣʶʯʘʪʠ ʟ ʘʥʘʣʽʟʫ. 

ʆʪʞʝ, ʟʘ ʜʦʚʛʦʪʨʠʚʘʣʠʤʠ ʯʘʩʦʚʠʤʠ ʩʝʨʽʷʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ Landsat TM/ETM+ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽ 

ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʂʠʾʚʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ, ʚʠʜʽʣʝʥʽ ʦʩʥʦʚʥʽ 

ʪʨʝʥʜʠ ʪʘ ʧʝʨʽʦʜʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ. 

 

 



 112 

4.3 ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ 

ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ 

ɺʠʢʦʥʫʚʘʣʘʩʴ ʫʟʘʛʘʣʴʥʝʥʘ ʦʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʢʣʘʩʽʚ 

ʨʝʢʨʝʘʮʽʡʥʦʾ ʜʠʛʨʝʩʽʾ ʚʠʜʽʣʽʚ ʟʘ ʥʘʟʝʤʥʠʤʠ ʟʘʜʚʽʨʢʦʚʠʤʠ ʜʘʥʠʤʠ ʟ ʜʠʩʪʘʥʮʽʡʥʦ 

ʦʪʨʠʤʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʦʨʤʦʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ VQF, 

ʧʨʦʜʠʩʢʨʝʪʠʟʦʚʘʥʦʛʦ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʫʥʽʬʽʢʦʚʘʥʽ ʢʣʘʩʠ ʣʘʥʜʰʘʬʪʥʦʾ ʦʮʽʥʢʠ. 

ʂʽʣʴʢʽʩʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.3. 

ʊʘʙʣʠʮʷ 4.3  

ɿʘʛʘʣʴʥʘ ʫʟʛʦʜʞʝʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ 

ʥʘʟʝʤʥʠʤʠ ʪʘ ʜʠʩʪʘʥʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ʧʦ ʚʠʜʽʣʘʭ 

ɼʦʣʷ ʫʟʛʦʜʞʝʥʠʭ ʚʠʜʽʣʽʚ, % ʈʦʟʙʽʞʥʽʩʪʴ, % 

52,2 0 

42,4 20 

4,6 40 

0,5 60 

0,3 80 

 

ʋʩʝʨʝʜʥʝʥʘ ʟʘ ʫʩʽʤʘ ʚʠʜʽʣʘʤʠ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ ʩʪʘʥʦʚʠʪʴ 89,14%, ʱʦ ʻ ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʠʤ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʤʽʩʴʢʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

ʊʦʯʥʽʩʪʴ ʨʝʛʨʝʩʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ LAI(NDVI) ʦʮʽʥʶʚʘʣʘʩʴ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ (RMSE): 

ʈʝʛʨʝʩʽʷ ʤʝʪʦʜʦʤ ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ ï ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʥ̔ʘʮ̔ʾ R
2
 = 0,9435 ʧʨʠ RMSE = 0,1050; ʣ̔ʥ̔ʡʥʘ ʨʝʛʨʝʩʽ̫  ï ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 = 0,8234, RMSE = 0,1908; ʣʦʛʘʨʠʬʤʯ̔ʥʘ ʨʝʛʨʝʩʽʷ ï ʢʦʝʬʽʮʽʻʥʪ 

ʜʝʪʝʨʤʽʥʘʮʽʾ R
2
 = 0,8745, RMSE = 0,1609. ʆʪʞʝ, ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʝʛʨʝʩʽʷ ʟʘ ʤʝʪʦʜʦʤ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ. 
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4.4 ʈʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

ʇʦʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʨʦʢʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʜʠʥʘʤʽʢʠ ʾʾ ʟʤʽʥ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ ʪʘ ʩʫʯʘʩʥʠʭ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʜʫʞʝ ʢʦʨʠʩʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʽʪ ʟ ʦʟʝʣʝʥʝʥʥʷ ʪʘ ʜʦʛʣʷʜʫ ʟʘ ʨʦʩʣʠʥʥʽʩʪʶ ʫ ʤʽʩʪʽ. 

ʂʦʨʠʩʪʫʚʘʪʠʩʷ ʨʦʟʨʦʙʣʝʥʦʶ ʟʘʛʘʣʴʥʦʶ ʤʝʪʦʜʠʢʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʘ ʪʘʢʦʞ ʦʢʨʝʤʠʤʠ ʾʾ 

ʯʘʩʪʠʥʘʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʪʘʪʪʽ 28 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ñʇʨʦ ʙʣʘʛʦʫʩʪʨʽʡ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚò ʪʘ ʟʛʽʜʥʦ ʟ ñʇʨʘʚʠʣʘʤʠ ʫʪʨʠʤʘʥʥʷ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʫ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʘʭ ʋʢʨʘʾʥʠò ʟʤʦʞʫʪʴ ʥʘʩʪʫʧʥʽ ʚʽʜʦʤʩʪʚʘ ʪʘ ʫʩʪʘʥʦʚʠ: 

Á ʤʽʩʮʝʚʽ ʦʨʛʘʥʠ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʪʘ ʦʨʛʘʥʠ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ; 

Á ʙʘʣʘʥʩʦʫʪʨʠʤʫʚʘʯʽ ʦʙôʻʢʪʽʚ ʙʣʘʛʦʫʩʪʨʦʶ ʟʝʣʝʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʜʝʨʞʘʚʥʦʾ ʪʘ 

ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ, ʚʠʟʥʘʯʝʥʽ ʥʘ ʢʦʥʢʫʨʩʥʠʭ ʟʘʩʘʜʘʭ ʽʟ ʯʠʩʣʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʦʨʛʘʥʘʤʠ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ ʪʘ ʤʽʩʮʝʚʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ; 

Á ʧʽʜʧʨʠʻʤʩʪʚʘ, ʚʣʘʩʥʠʢʠ ʯʠ ʢʦʨʠʩʪʫʚʘʯʽ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ, ʥʘ ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ 

ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ. 

ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʚ ʧʨʘʢʪʠʢʫ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʥʘʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʟʘʚʜʘʥʴ: 

1. ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʚʝʙ-ʩʝʨʚʽʩʽʚ, 

ʧʨʠ ʷʢʦʤʫ ʧʦʩʪʘʯʘʣʴʥʠʢ ʨʦʟʨʦʙʣʷʻ ʚʝʙ-ʟʘʩʪʦʩʫʥʦʢ (ʢʦʨʠʩʪʫʚʘʮʴʢʘ ʢʦʤʧôʶʪʝʨʥʘ 

ʧʨʦʛʨʘʤʘ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʨʽʰʫʚʘʪʠ ʢʦʥʢʨʝʪʥʽ ʧʨʠʢʣʘʜʥʽ ʟʘʜʘʯʽ ʟ ʦʮʽʥʶʚʘʥʥʷ 

ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʽʪ), ʨʦʟʤʽʱʫʻ ʡʦʛʦ ʪʘ ʫʧʨʘʚʣʷʻ ʥʠʤ ʟ ʤʝʪʦʶ ʪʘ 

ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʤʦʚʥʠʢʘʤʠ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʧʨʦʪʦʢʦʣʘʤʠ ʦʙʤʽʥʫ TCP/IP. 

ɺʝʙ-ʟʘʩʪʦʩʫʥʦʢ ï ʨʦʟʧʦʜʽʣʝʥʠʡ ʟʘʩʪʦʩʫʥʦʢ, ʚ ʷʢʦʤʫ ʢʣʽʻʥʪʦʤ ʚʠʩʪʫʧʘʻ 

ʙʨʘʫʟʝʨ, ʘ ʩʝʨʚʝʨʦʤ ï ʚʝʙ-ʩʝʨʚʝʨ. ʇʨʠ ʮʴʦʤʫ ʪʦʥʢʠʤ ʢʣʽʻʥʪʦʤ ʩʝʨʚʽʩʫ ʚʠʩʪʫʧʘʻ 

ʟʚʠʯʘʡʥʠʡ ʚʝʙ-ʙʨʘʫʟʝʨ. ʃʦʛʽʢʘ ʦʙʨʦʙʢʠ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ, ʘ ʬʫʥʢʮʽʷ 

ʙʨʘʫʟʝʨʘ ʧʦʣʷʛʘʻ ʧʝʨʝʚʘʞʥʦ ʫ ʦʬʦʨʤʣʝʥʥʽ ʪʘ ʧʝʨʝʜʘʯʽ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʽ 

ʚʽʜʦʙʨʘʞʝʥʥʽ ʽʥʬʦʨʤʘʮʽʾ, ʟʘʚʘʥʪʘʞʝʥʦʾ ʟ ʩʝʨʚʝʨʘ ʧʽʩʣʷ ʦʙʨʦʙʢʠ. ʆʜʥʽʻʶ ʟ 
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ʧʝʨʝʚʘʛ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʢʣʽʻʥʪʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ 

ʦʧʝʨʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʢʦʨʠʩʪʫʚʘʯʘ, ʪʦʤʫ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʠ ʻ 

ʤʽʞʧʣʘʪʬʦʨʤʦʚʠʤʠ ʩʝʨʚʽʩʘʤʠ. 

ɼʣʷ ʙʽʣʴʰʦʾ ʽʥʪʝʨʘʢʪʠʚʥʦʩʪʽ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʚʝʙ-

ʟʘʩʪʦʩʫʥʢʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ AJAX, ʷʢʘ ʥʠʥʽ ʜʝ-ʬʘʢʪʦ 

ʻ ʩʪʘʥʜʘʨʪʦʤ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʩʝʨʚʽʩʽʚ. 

2. ʅʘʣʘʰʪʫʚʘʪʠ ʨʝʛʫʣʷʨʥʠʡ ʜʦʩʪʫʧ ʜʦ ʟʥʽʤʢʽʚ ʟ ʧʝʚʥʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʱʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʜʘʯ ʪʘ ʧʦʪʦʯʥʦʾ ʬʝʥʦʣʦʛʽʯʥʦʾ ʬʘʟʠ ʨʦʩʣʠʥʥʦʩʪʽ 

(ʪʘʙʣ.2.6). 

ʇʨʠ ʚʠʨʽʰʝʥʽ ʟʘʜʘʯ ʥʘ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʥʝʚʝʣʠʢʦʾ ʧʣʦʱʽ ʚ ʤʝʞʘʭ 

ʦʜʥʦʛʦ ʧʘʨʢʫ ʯʠ ʢʚʘʨʪʘʣʫ ʫʨʙʘʥʽʟʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʥʘʜʚʠʩʦʢʦʾ ʪʘ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, 

Pl®iades-1A ʪʘ Kompsat-3. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʤʽʩʴʢʠʭ ʨʘʡʦʥʽʚ, ʘ ʪʘʢʦʞ ʟʤʽʥ ʟʘ ʥʝʚʝʣʠʢʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ (ʥʘʧʨʦʪʷʟʽ ʨʦʢʫ ʘʙʦ ʜʝʢʽʣʴʢʦʭ) ʥʝʦʙʭʽʜʥʽ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ 

ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ, ʪʘʢʽ ʷʢ RapidEye ʪʘ ʉʽʯ-2. 

ɿʥʽʤʢʠ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ Landsat ʩʪʘʥʫʪʴ ʟʨʫʯʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʡ 

(ʚʝʣʠʢʠʭ ʤʽʩʪ ʪʘ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ) ʥʘ ʧʨʦʪʷʟʽ ʪʨʠʚʘʣʠʭ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ 

(ʜʝʩʷʪʢʠ ʨʦʢʽʚ) ʟʘʚʜʷʢʠ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʩʪʘʚʢʠ, ʚʠʚʽʨʝʥʽʡ ʤʝʪʦʜʠʮʽ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʪʘ ʢʦʨʝʢʮʽʾ, ʚʝʣʠʢʦʾ ʙʘʟʠ ʘʨʭʽʚʥʠʭ ʜʘʥʠʭ ʪʘ ʚʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʧʽʜʩʠʩʪʝʤʘ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʤʘʻ ʙʫʪʠ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʶ ʟ ʽʩʥʫʶʯʠʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ɻɯʉ 

ʫʧʨʘʚʣʽʥʥʷ ʫʨʙʘʥʽʟʦʚʘʥʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ ʪʘ ʩʫʤʽʩʥʦʶ ʟ ʥʠʤʠ ʧʦ ʜʘʥʠʭ ʽ 

ʧʨʦʪʦʢʦʣʘʭ ʦʙʤʽʥʫ. 

3. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʧʨʠʡʥʷʪʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʦʯʽʢʫʶʪʴʩʷ ʪʘʢʽ ʦʨʽʻʥʪʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ: 

ʉʝʨʚʝʨ: 

Á ʩʝʨʚʝʨ ʥʘ ʙʘʟʽ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʦ ʾʘʨʭʽʪʝʢʪʫʨʠ ʯʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʢʣʘʩʪʝʨ; 
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Á ʥʝ ʤʝʥʰ 16 ɻʙ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ; 

Á ʚʽʣʴʥʠʡ ʦʙôʻʤ ʥʘ ʞʦʨʩʪʢʦʤʫ ʜʠʩʢʫ ʤʘʻ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʦʙôʻʤ ʟʥʽʤʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ; 

ʂʣʽʻʥʪ: 

Á ʛʨʘʬʽʯʥʘ ʨʦʙʦʯʘ ʩʪʘʥʮʽʷ ʥʘ ʙʘʟʽ 2-4-ʷʜʝʨʥʦʛʦ ʧʨʦʮʝʩʦʨʫ; 

Á ʥʝ ʤʝʥʰ 4 ɻʙ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ; 

ʄʝʨʝʞʝʚʘ ʧʽʜʩʠʩʪʝʤʘ: 

Á ʦʧʪʦʚʦʣʦʢʦʥʥʝ ʯʠ ʧʨʦʚʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʠ ʜʘʥʠʭ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʝ ʤʝʥʰ 

1 ɻʙʽʪ/ʩ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʻ ʜʦʩʠʪʴ ʛʥʫʯʢʦʶ ʽ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʾʾ ʤʦʞʝ ʙʫʪʠ 

ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʦ ʘʜʘʧʪʦʚʘʥʦ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ, ʘʣʝ ʽ ʜʣʷ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʪʘʢʠʭ, ʷʢ ʦʙôʻʢʪʠ 

ʣʽʩʦʚʦʛʦ ʬʦʥʜʫ, ʟʘʧʦʚʽʜʥʠʢʠ, ʟʘʢʘʟʥʠʢʠ ʽ ʙʽʦʨʝʟʝʨʚʘʪʠ, ʣʽʩʦʟʘʭʽʩʥʽ ʪʘ 

ʩʪʘʙʽʣʽʟʘʮʽʡʥʽ ʥʘʩʘʜʞʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʦʶ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ 

ʙʫʪʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʝʨʠʪʦʨʽʡ ʟ ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ, ʪʘʢʠʭ 

ʷʢ ʚʽʡʩʴʢʦʚʽ ʧʦʣʽʛʦʥʠ, ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʯʠ ʪʝʭʥʦʛʝʥʠʭ 

ʢʘʪʘʩʪʨʦʬ. 

ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʚ 

ɼʇ çɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʝ ʣʽʩʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦè. ɸʣʛʦʨʠʪʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ 

ʦʙʣʘʩʪʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ, 

ʟʜʽʡʩʥʝʥʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʩʽʚ ɼʥʽʧʨʦʧʝʪʨʦʚʱʠʥʠ ʪʘ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ñɽʢʦʣʦʛʽʯʥʠʡ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʛʦʣʦʚʥʠʭ ʣʽʩʦʪʚʽʨʥʠʭ 

ʧʦʨʽʜ ʉʪʝʧʦʚʦʛʦ ʇʨʠʜʥʽʧʨʦʚôʷ ʋʢʨʘʾʥʠò. 

ʅʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʩʘʤʝ 

ʦʮʽʥʶʚʘʥʥʷ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʤʠ 

ʟʥʽʤʢʘʤʠ ʪʘ ʥʘʟʝʤʥʠʤʠ ʟʘʚʽʨʢʦʚʠʤʠ ʜʘʥʠʤʠ, ʘʣʛʦʨʠʪʤʠ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʨʦʙʘʩʪʥʦʾ ʨʝʛʨʝʩʽʾ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʜʝʢʩʫ ʣʠʩʪʦʚʦʾ ʧʦʚʝʨʭʥʽ ʙʫʣʠ ʘʧʨʦʙʦʚʘʥʽ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 
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ʥʘʫʢʦʚʠʤ ʪʘ ʨʝʢʨʝʘʮʽʡʥʠʤ ʚʽʜʜʽʣʘʤʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ 

çɻʦʣʦʩʽʾʚʩʴʢʠʡè ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʟʘʛʘʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ, ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ, ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥ ʝʢʦʩʠʩʪʝʤ ʧʽʜ ʚʧʣʠʚʦʤ ʨʝʢʨʝʘʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʫ ʥʘʫʢʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʅʇʇ çɻʦʣʦʩʽʾʚʩʴʢʠʡè. 

ɺʠʩʥʦʚʢʠ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫ 

1. ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʧʝʨʝʚʽʨʝʥʦ ʥʘ 49 ʪʝʩʪʦʚʠʭ ʪʦʯʢʘʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʇʇ 

ñɻʦʣʦʩʽʾʚʩʴʢʠʡò ʪʘ ñɹʽʣʠʯʘʥʩʴʢʦʛʦ ʣʽʩʫò ʂʇ ñʉʚʷʪʦʰʠʥʩʴʢʝ ʃʇɻò ʚ ʧʝʨʽʦʜ ʟ 

2012 ʧʦ 2014 ʨʨ. ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ Landsat/TM, ETM+, Landsat/OLI, RapidEye/JSS, ñʉʽʯ-2ò/ʄʉʋ, Pl®iades-

1A/VHR. 

2. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ LAI (NDVI), VQF(RET) ʜʣʷ 

ʪʝʨʠʪʦʨʽʾ ʂʠʻʚʘ ʪʘ ʂʠʾʚʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʝʪʝʨʤʽʥʘʮʽʾ ʚʽʜ 0,81 

ʜʦ 0,96, ʱʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʾʭ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

3. ɺʠʷʚʣʝʥʦ ʨʦʟʭʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟ 

ʧʨʦʝʢʪʥʠʤʠ ʜʘʥʠʤʠ ʦʬʽʮʽʡʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ɼʇ ñʂʠʾʚʟʝʣʝʥʙʫʜò ʧʦ 3-ʦʭ ʨʘʡʦʥʘʭ 

ʂʠʻʚʘ ʚ ʤʝʞʘʭ 16%. 

4. ɺʠʷʚʣʝʥʦ ʜʦʚʛʦʪʨʠʚʘʣʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʢʠʾʚʩʴʢʦʾ ʤʽʩʴʢʦʾ 

ʘʛʣʦʤʝʨʘʮʽʾ ʟ ʩʝʨʝʜʥʴʦʶ ʧʨʦʛʥʦʟʦʚʘʥʦʶ ʰʚʠʜʢʽʩʪʶ -0,3% ʥʘ ʨʽʢ. ɺʽʜ'ʻʤʥʠʡ 

ʱʦʨʽʯʥʠʡ ʧʨʠʨʽʩʪ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʧʦʚôʷʟʘʥʠʡ ʥʝ ʪʽʣʴʢʠ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʾʾ 

ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ, ʟʫʤʦʚʣʝʥʦʛʦ ʟʘʙʫʜʦʚʦʶ ʪʝʨʠʪʦʨʽʾ, ʘʣʝ ʡ ʟ ʥʝʜʦʩʪʘʪʥʴʦ 

ʝʢʦʣʦʛʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʦ ʚʝʜʝʥʥʷ ʣʽʩʦʚʦʛʦ ʪʘ ʤʽʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʨʘʮʴʦʚʘʥʽ ʦʨʛʘʥʽʟʘʮʽʷʤʠ 

ʧʦ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʦʟʚʠʪʢʫ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʤʽʩʪʘ, ʘ 

ʪʘʢʦʞ ʤʽʩʴʢʠʤʠ ʜʝʨʞʘʚʥʠʤʠ ʘʜʤʽʥʽʩʪʨʘʮʽʷʤʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ. ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʧʨʠʨʦʜʥʦʤʫ ʧʘʨʢʫ 

çɻʦʣʦʩʽʾʚʩʴʢʠʡè ʪʘ ʚ ɼʇ çɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʝ ʣʽʩʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦè. 
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ɺʀʉʅʆɺʂʀ 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʧʦʜʘʥʦ ʪʝʦʨʝʪʠʯʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʝ 

ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ, ʱʦ ʧʦʣʷʛʘʣʘ ʫ ʨʦʟʨʦʙʮ ̔ ʢʦʤʧʣʝʢʩʥʦʾ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʝʪʦʜʠʢʠ ʦʙôʻʢʪʠʚʥʦʛʦ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʦʧʝʨʘʪʠʚʥʦʩʪʽ, 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ ʦʙôʻʢʪʠʚʥʦʩʪʽ. ʎʶ ʟʘʜʘʯʫ ʙʫʣʦ ʨʦʟʚô̫ ʟʘʥʦ, ʤʝʪʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʷʛʥʫʪʦ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʥʘʟʝʤʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. ɺʠʷʚʣʝʥʦ, ʱʦ ʚʦʥʠ ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʽ, 

ʥʝʜʦʩʪʘʪʥʴʦ ʦʧʝʨʘʪʠʚʥʽ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʨʦʩʣʠʥʥʦʩʪʽ. 

2. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ 

ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ. 

3. ɺʠʟʥʘʯʝʥʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʬʦʨʤʦʚʘʥʘ ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʨʦʤʽʞʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʩʣʠʥʥʦʩʪʽ, ʘʥʘʣʽʟʫ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʯʘʩʦʚʠʭ 

ʩʝʨʽʡ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ ʢʦʤʧʣʝʢʩ ʧʦʣʴʦʚʠʭ ʟʘʚʽʨʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

4. ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʧʦʪʨʽʙʥʽ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʨʘʜʽʦʤʝʪʨʠʯʥʦʤʫ ʢʘʣʽʙʨʫʚʘʥʥʶ ʩʝʥʩʦʨʽʚ 

ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ñʉʽʯ-2ò ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʦʣʴʦʚʠʭ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 
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5. ʆʙˇʨʫʥʪʦʚʘʥʦ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ ʡʦʛʦ ʦʮʽʥʶʚʘʥʥʽ ʟʘ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ: ʜʣʷ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ï ʽʥʜʝʢʩ 

ʣʠʩʪʢʦʚʦʾ ʧʦʚʝʨʭʥʽ LAI, ʜʣʷ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ï ʚʝʣʠʯʠʥʘ ʝʢʩʪʨʝʤʫʤʫ ʧʦʭʽʜʥʦʾ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ ʚ ʟʦʥʽ ʯʝʨʚʦʥʦʛʦ ʢʨʘʶ 0,68-0,73 ʤʢʤ ï RET. 

6. ʈʦʟʨʦʙʣʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʧʽʜˇʨʫʥʪʷ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ 

ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʟʘ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ ï ʧʦʙʫʜʦʚʘ 

ʨʦʙʘʩʪʥʦʾ ʨʝʛʨʝʩʽʾ, ʦʧʪʠʤʘʣʴʥʘ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʷ ʪʘ ʘʥʘʣʽʟ ʪʨʝʥʜʽʚ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʟʤʽʥ ʨʦʩʣʠʥʥʦʩʪʽ. 

7. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʘ ʪʘʢʦʞ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ 

ʪʝʥʜʝʥʮʽʡ ʟʤʽʥ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʯʘʩʦʚʠʭ 

ʩʝʨʽʡ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ. 

8. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʤʝʪʦʜʠʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʷʢʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʚʩʽ ʨʦʟʨʦʙʣʝʥʽ ʚʠʱʝ ʧʨʦʤʽʞʥʽ ʤʝʪʦʜʠʢʠ ʪʘ 

ʘʣʛʦʨʠʪʤʠ. 

9. ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʧʝʨʝʚʽʨʝʥʦ ʥʘ 49 ʪʝʩʪʦʚʠʭ ʪʦʯʢʘʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʇʇ 

ñɻʦʣʦʩʽʾʚʩʴʢʠʡò ʪʘ ñɹʽʣʠʯʘʥʩʴʢʠʡ ʣʽʩò ʂʇ ñʉʚʷʪʦʰʠʥʩʴʢʝ ʃʇɻò ʚ ʧʝʨʽʦʜ ʟ 2012 

ʧʦ 2014 ʨʨ. ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

Landsat/TM, ETM+, Landsat/OLI, RapidEye/JSS, ñʉʽʯ-2ò/ʄʉʋ, Pl®iades-1/VHR. 

10. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ NDVI ʚʽʜ LAI, VQF ʚʽʜ RET 

ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʂʠʻʚʘ ʪʘ ʂʠʾʚʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʝʪʝʨʤʽʥʘʮʽʾ ʚʽʜ 

0,81 ʜʦ 0,96, ʱʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʾʭ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

11. ɺʠʷʚʣʝʥʦ ʜʦʚʛʦʪʨʠʚʘʣʽ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʢʠʾʚʩʴʢʦʾ ʤʽʩʴʢʦʾ 

ʘʛʣʦʤʝʨʘʮʽʾ ʟ ʩʝʨʝʜʥʴʦʶ ʧʨʦʛʥʦʟʦʚʘʥʦʶ ʰʚʠʜʢʽʩʪʶ -0,3% ʥʘ ʨʽʢ. ɺʽʜôʻʤʥʠʡ 

ʱʦʨʽʯʥʠʡ ʧʨʠʨʽʩʪ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʧʦʚôʷʟʘʥʠʡ ʥʝ ʪʽʣʴʢʠ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʾʾ 

ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ, ʟʫʤʦʚʣʝʥʠʤ ʟʘʙʫʜʦʚʦʶ ʪʝʨʠʪʦʨʽʾ, ʘʣʝ ʡ ʟ ʥʝʜʦʩʪʘʪʥʴʦ 
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ʝʢʦʣʦʛʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʦ ʚʝʜʝʥʥʷ ʣʽʩʦʚʦʛʦ ʪʘ ʤʽʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ. 

12. ʈʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʨʘʮʴʦʚʘʥʽ ʦʨʛʘʥʽʟʘʮʽʷʤʠ 

ʧʦ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʦʟʚʠʪʢʫ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʤʽʩʪʘ, ʘ 

ʪʘʢʦʞ ʤʽʩʴʢʠʤʠ ʜʝʨʞʘʚʥʠʤʠ ʘʜʤʽʥʽʩʪʨʘʮʽʷʤʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ. ʈʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʧʨʠʨʦʜʥʦʤʫ ʧʘʨʢʫ 

ñɻʦʣʦʩʽʾʚʩʴʢʠʡò ʪʘ ʚ ɼʇ ñɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʝ ʣʽʩʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦò, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʦʤ ʪʘ ʜʦʚʽʜʢʦʶ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʻ ʜʦʩʠʪʴ ʛʥʫʯʢʦʶ ʽ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʚʦʥʘ ʤʦʞʝ 

ʙʫʪʠ ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʦ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ, ʘʣʝ ʽ ʜʣʷ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʨʦʩʣʠʥʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʪʘʢʠʭ, ʷʢ ʦʙôʻʢʪʠ 

ʣʽʩʦʚʦʛʦ ʬʦʥʜʫ, ʟʘʧʦʚʽʜʥʠʢʠ, ʟʘʢʘʟʥʠʢʠ ʽ ʙʽʦʨʝʟʝʨʚʘʪʠ, ʣʽʩʦʟʘʭʠʩʥʽ ʪʘ 

ʩʪʘʙʽʣʽʟʘʮʽʡʥʽ ʥʘʩʘʜʞʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʦʶ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ 

ʙʫʪʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʝʨʠʪʦʨʽʡ ʟ ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ, ʪʘʢʠʭ 

ʷʢ ʚʽʡʩʴʢʦʚʽ ʧʦʣʽʛʦʥʠ, ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʯʠ ʪʝʭʥʦʛʝʥʥʠʭ 

ʢʘʪʘʩʪʨʦʬ. 

ʆʪʞʝ, ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʥʦʚʠʤ ʬʽʟʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʽʥʪʝʛʨʘʣʴʥʠʤ ʢʽʣʴʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ. 

ʇʝʨʩʧʝʢʪʠʚʘ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʙʘʯʘʻʪʴʩʷ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʤʦʜʝʣʝʡ 

ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʟʚôʷʟʢʫ ʟ ʢʽʣʴʢʽʩʥʠʤʠ ʙʽʦʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʪʘʢʠʤʠ ʷʢ ʢʽʣʴʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʛʘʟʦʦʙʤʽʥʫ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʧʦʛʣʠʥʘʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ. ʊʘʢʦʞ ʻ ʧʦʪʨʝʙʘ ʚ ʧʨʦʚʝʜʝʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ 

ʨʽʟʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ ʋʢʨʘʾʥʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʝʛʨʝʩʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʤʦʞʝ ʙʫʪʠ ʧʽʜʚʠʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʨʦʟʨʽʟʥʝʥʥʦʩʪʽ 

ʽʩʥʫʶʯʠʭ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 
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ʨʽʰʝʥʥʷ, ʦʧʠʩʘʥʦʛʦ ʚ ʜʦʜʘʪʢʫ ɺ. ʅʦʚʠʟʥʘ ʜʘʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ 

ʧʽʜʪʚʝʨʜʞʝʥʘ ʧʘʪʝʥʪʦʤ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ ˉ 109210. 
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ɼʦʜʘʪʦʢ ɸ 

ɼʘʥʽ ʧʽʜʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ 

ʊʘʙʣ. ɸ.1. 

ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘʣʴʥʠʭ ʪʦʯʦʢ ʜʽʣʷʥʦʢ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

 ̄ X Y  ̄ X Y 

L1 50Á22'28" 30Á30'07" L26 50Á22'33 30Á30'44" 

L2 50Á22'21" 30Á29'47" L27 50Á22'56 30Á31'27" 

L3 50Á22'21" 30Á29'25" L28 50Á22'56 30Á31'07" 

L4 50Á22'33" 30Á29'57" L29 50Á23'06 30Á31'31" 

L5 50Á23'28" 30Á30'57" L30 50Á22'59 30Á31'15" 

L6 50Á23'40" 30Á30'52" L31 50Á20'33" 30Á30'37" 

L7 50Á23'15" 30Á29'55" L32 50Á20'38" 30Á30'29" 

L8 50Á21'48" 30Á29'38" L33 50Á21'03" 30Á30'13" 

L9 50Á21'30" 30Á30'02" L34 50Á20'50" 30Á30'24" 

L10 50Á21'21" 30Á29'21" L35 50Á20'54" 30Á30'19" 

L11 50Á21'46" 30Á28'56" L36 50Á28'33" 30Á20'11" 

L12 50Á21'19" 30Á29'47" L37 50Á28'04" 30Á19'39" 

L13 50Á22'05" 30Á29'43" L38 50Á28'01" 30Á19'39" 

L14 50Á21'25" 30Á30'19" L39 50Á28'02" 30Á19'44" 

L15 50Á21'19" 30Á29'59" L40 50Á27'59" 30Á19'49" 

L16 50Á21'04" 30Á30'09" L41 50Á22'05" 30Á29'45" 

L17 50Á21'02" 30Á30'08" L42 50Á22'09" 30Á29'57" 

L18 50Á21'11" 30Á30'10" L43 50Á22'21" 30Á30'08" 

L19 50Á28'47" 30Á20'05" L44 50Á22'23" 30Á30'05" 

L20 50Á28'53" 30Á19'51" L45 50Á22'24" 30Á30'17" 

L21 50Á22'03" 30Á31'27" L46 50Á22'10" 30Á30'11" 

L22 50Á22'20" 30Á29'49" L47 50Á22'18" 30Á29'34" 

L23 50Á22'07" 30Á29'54" L48 50Á22'20" 30Á29'26" 

L24 50Á28'53" 30Á19'51" L49 50Á22'18" 30Á29'26" 

L25 50Á22'36 30Á30'59"    
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ʈʠʩ.ɸ.1. ʂʘʨʪʦʩʭʝʤʘ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ 
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ɸ.2. ɿʚʝʜʝʥʽ ʪʘʙʣʠʮʽ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʢʘʤʝʨʘʣʴʥʦʾ ʦʙʨʦʙʢʠ 

 

ʊʘʙʣʠʮʷ ɸ.2.1.  

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 11 ʢʚʽʪʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 3500    F 3500    

N051 2600 1,35 0,67 0,19895 N061 2700 1,30 0,81 0,21269 

N052 1300 2,69 1,17 0,19895 N062 2100 1,67 0,98 0,21269 

N053 1700 2,06 1,02 0,19895 N063 2100 1,67 1,13 0,21269 

N054 2400 1,46 0,97 0,19895 N064 1900 1,84 1,05 0,21269 

 

ʊʘʙʣʠʮʷ ɸ.2.2.  

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 22 ʢʚʽʪʥʷ 2013 ʨ. 

N Fi Fi/F GLA TM 

F 4650    

N071 1150 4,04 1,02 0,30117 

N072 975 4,77 1,28 0,30117 

N073 1150 4,04 1,37 0,30117 

N074 1250 3,72 0,69 0,30117 

 

ʊʘʙʣʠʮʷ ɸ.2.3.  

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 01 ʪʨʘʚʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 30000    F 30000    

L001 1300 23,08 1,45 0,70725 L003 530 56,60 1,74 0,68017 

N011 1125 26,67 1,28 0,70725 N031 965 31,09 1,74 0,68017 

N012 850 35,29 1,96 0,70725 N032 500 60,00 1,63 0,68017 

N013 1025 29,27 1,13 0,70725 N033 725 41,38 1,64 0,68017 

N014 925 32,43 1,47 0,70725 N034 600 50,00 1,87 0,68017 

F 30000    F 30000    

L002 850 35,29 1,41 0,71462 L004 950 31,58 1,61 0,74356 

N021 600 50,00 1,58 0,71462 N041 900 33,33 1,80 0,74356 

N022 915 32,79 1,62 0,71462 N042 1300 23,08 1,68 0,74356 

N023 650 46,15 1,09 0,71462 N043 700 42,86 1,77 0,74356 

N024 600 50,00 1,29 0,71462 N044 900 33,33 1,77 0,74356 
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ʊʘʙʣʠʮʷ ɸ.2.4.  

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 08 ʪʨʘʚʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 37000    F 37000    

L008 420 88,10 1,47 0,74870 L012 500 74,00 1,83 0,65212 

N081 200 185,00 1,78 0,74870 N121 450 82,22 1,41 0,65212 

N082 300 123,33 1,73 0,74870 N122 320 115,63 1,89 0,65212 

N083 270 137,04 1,93 0,74870 N123 270 137,04 1,99 0,65212 

N084 270 137,04 1,7 0,74870 N124 320 115,63 2,52 0,65212 

F 37000    F 37000    

L009 330 112,12 2,04 0,69671 L014 185 200,00 1,98 0,71549 

N091 320 115,63 1,47 0,69671 N141 200 185,00 1,85 0,71549 

N092 400 92,50 1,47 0,69671 N142 220 168,18 1,92 0,71549 

N093 360 102,78 1,66 0,69671 N143 205 180,49 1,91 0,71549 

N094 330 112,12 1,77 0,69671 N144 140 264,29 1,97 0,71549 

F 37000    F 37000    

L010 220 168,18 1,68 0,69940 L015 240 154,17 1,62 0,69962 

N101 300 123,33 1,53 0,69940 N151 260 142,31 1,68 0,69962 

N102 310 119,35 1,4 0,69940 N152 270 137,04 1,53 0,69962 

N103 320 115,63 1,88 0,69940 N153 280 132,14 1,74 0,69962 

N104 240 154,17 1,93 0,69940 N154 240 154,17 1,54 0,69962 

 

ʊʘʙʣʠʮʷ ɸ.2.5. 

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 29 ʪʨʘʚʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM 

F 105000    

L007 15000 7,00 1,17 0,80802 

N071 9000 11,67 1,17 0,80802 

N072 5000 21,00 1,32 0,80802 

N073 4900 21,43 1,32 0,80802 

N074 15000 7,00 1,17 0,80802 
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ʊʘʙʣʠʮʷ ɸ.2.6.  

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 01 ʯʝʨʚʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 56000    F 110000    

L003 1000 56,00 1,89 0,8370 N131 1438 1,88 1438 0,7334 

N031 1100 50,91 2,01 0,8370 N132 1290 1,93 1290 0,7334 

N032 1050 53,33 2,10 0,8370 N133 1460 1,88 1460 0,7334 

N033 1100 50,91 1,86 0,8370 N134 1140 1,98 1140 0,7334 

N034 1050 53,33 2,10 0,8370 F 100000    

F 56000    L014 600 166,67 2,07 0,7881 

L008 750 74,67 2,58 0,8372 N141 1250 80,00 2,15 0,7881 

N081 900 62,22 1,92 0,8372 N142 500 200,00 2,47 0,7881 

N082 600 93,33 2,26 0,8372 N143 600 166,67 2,39 0,7881 

N083 1100 50,91 2,07 0,8372 N144 1000 100,00 1,74 0,7881 

N084 750 74,67 2,3 0,8372 F 100000    

F 56000    L015 700 142,86 1,83 0,7809 

L009 800 70,00 2,31 0,7575 N151 960 104,17 2,17 0,7809 

N091 800 70,00 2,14 0,7575 N152 1200 83,33 2,03 0,7809 

N092 750 74,67 2,09 0,7575 N153 750 133,33 2,27 0,7809 

N093 1100 50,91 2,17 0,7575 N154 850 117,65 2,17 0,7809 

N094 1300 43,08 2,39 0,7575 

F 100000    

L012 1000 100,00 2,09 0,7688 

N121 950 105,26 2,12 0,7688 

N122 600 166,67 2,25 0,7688 

N123 800 125,00 2,2 0,7688 

N124 1000 100,00 2,1 0,7688 
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ʊʘʙʣʠʮʷ ɸ.2.7. 

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 17 ʯʝʨʚʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 110000    F 110000    

L001 1150 95,65 1,75 0,5729 L008 550 200,00 2,15 0,6813 

N011 850 129,41 2,09 0,5729 N081 350 314,29 2,09 0,6813 

N012 1320 83,33 2,11 0,5729 N082 600 183,33 2,24 0,6813 

N013 800 137,50 2,01 0,5729 N083 500 220,00 1,88 0,6813 

N014 600 183,33 2,19 0,5729 N084 800 137,50 1,94 0,6813 

F 110000    F 95000    

N021 1000 110,00 1,97 0,76763 L011 750 126,67 1,99 0,5185 

N022 730 150,68 2,12 0,76763 N111 500 190,00 2,09 0,5185 

N023 570 192,98 2,02 0,76763 N112 350 271,43 2,09 0,5185 

N024 950 115,79 2,14 0,76763 N113 500 190,00 1,99 0,5185 

F 110000    N114 650 146,15 1,98 0,5185 

N031 650 169,23 2,00 0,8109 F 95000    

N032 600 183,33 1,84 0,8109 L013 1300 73,08 2,07 0,7043 

N033 650 169,23 2,09 0,8109 N131 790 120,25 2,06 0,7043 

N034 550 200,00 2,03 0,8109 N132 1100 86,36 1,94 0,7043 

F 110000    N133 760 125,00 2,01 0,7043 

N041 550 200,00 2,16 0,7227 N134 780 121,79 2,17 0,7043 

N042 520 211,54 2,16 0,7227 

N043 700 157,14 1,82 0,7227 

N044 690 159,42 1,82 0,7227 

 

ʊʘʙʣʠʮʷ ɸ.2.8. 

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 21 ʯʝʨʚʥʷ 2013 ʨ. 

 ̄ Fi Fi/F TM  ̄ Fi Fi/F TM 

F 105000   F 95000   

L016 34000 3,09 0,5211 L018 14500 6,55 0,5562 

F 105000   N181 30000 3,17 0,5562 

L017 40000 2,63 0,5090 N182 45000 2,11 0,5562 

 

ʊʘʙʣʠʮʷ ɸ.2.9. 

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 22 ʯʝʨʚʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 110000    F 110000    

L028 1320 83,33 1,99 0,8169 L030 1200 91,67 1,98 0,8336 

N281 670 164,18 2,15 0,8169 N301 1150 95,65 2,22 0,8336 

N282 750 146,67 2,12 0,8169 N302 1540 71,43 1,91 0,8336 

N283 1200 91,67 2,02 0,8169 N303 700 157,14 2,01 0,8336 

N284 820 134,15 1,88 0,8169 N304 920 119,57 2,14 0,8336 
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ʊʘʙʣʠʮʷ ɸ.2.10. 

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 26 ʯʝʨʚʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 85000    F 65000    

L022 550 154,55 2,11 0,6863 L026 530 122,64 2,09 0,7655 

N221 720 118,06 2,37 0,6863 N261 460 141,30 2,02 0,7655 

N222 510 166,67 1,93 0,6863 N262 430 151,16 2,32 0,7655 

N223 540 157,41 2,14 0,6863 N263 650 100,00 2,18 0,7655 

N224 480 177,08 1,86 0,6863 N264 440 147,73 2,26 0,7655 

F 85000    F 58000    

L023 630 134,92 2,02 0,6644 L027 150 386,67 2,27 0,7643 

N231 950 89,47 2,11 0,6644 N271 220 263,64 2,32 0,7643 

N232 1030 82,52 2,24 0,6644 N272 190 305,26 2,51 0,7643 

N233 560 151,79 2,6 0,6644 N273 330 175,76 2,49 0,7643 

N234 750 113,33 2,01 0,6644 N274 180 322,22 2,47 0,7643 

F 75000    F 55000    

L025 850 88,24 1,89 0,7427 L029 420 130,95 2,17 0,7988 

N251 710 105,63 2,05 0,7427 N291 390 141,03 2,14 0,7988 

N252 740 101,35 2,21 0,7427 N292 380 144,74 2,26 0,7988 

N253 1100 68,18 2,17 0,7427 N293 510 107,84 2,11 0,7988 

N254 650 115,38 1,98 0,7427 N294 480 114,58 2,11 0,7988 
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ʊʘʙʣʠʮʷ ɸ.2.11. 

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 08 ʣʠʧʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 95000    F 74000    

L008 1630 58,28 1,98 0,7871 L015 1065 69,48 1,97 0,7321 

N081 830 114,46 2,32 0,7871 N151 690 107,25 2,17 0,7321 

N082 830 114,46 1,82 0,7871 N152 650 113,85 2,55 0,7321 

N083 800 118,75 1,77 0,7871 N153 1140 64,91 1,9 0,7321 

N084 450 211,11 1,91 0,7871 N154 685 108,03 1,98 0,7321 

F 74000    F 74000    

L009 400 185,00 1,77 0,7223 L016 20000 3,70000  0,4520 

N091 530 139,62 1,89 0,7223 F 74000    

N092 350 211,43 2,12 0,7223 N171 14000 5,28571  0,4403 

N093 330 224,24 1,75 0,7223 N172 13500 5,48148  0,4403 

N094 600 123,33 1,64 0,7223 F 67000    

F 90000    L018 13000 5,15385  0,5003 

L010 890 101,12 1,68 0,7600 F 95000    

N101 540 166,67 1,97 0,7600 L021 1450 65,52 2,04 0,6214 

N102 720 125,00 2,03 0,7600 N211 1100 86,36 2,04 0,6214 

N103 910 98,90 1,85 0,7600 N212 750 126,67 2,07 0,6214 

N104 650 138,46 1,78 0,7600 N213 800 118,75 2,07 0,6214 

F 90000    N214 1170 81,20 2,07 0,6214 

L012 450 200,00 2,2 0,7075 F 95000    

N121 1185 75,95 2,2 0,7075 L023 1120 84,82 1,68 0,6916 

N122 715 125,87 2,1 0,7075 N231 1415 67,14 2,06 0,6916 

N123 520 173,08 1,75 0,7075 N232 800 118,75 1,96 0,6916 

N124 640 140,63 1,64 0,7075 N233 460 206,52 2,1 0,6916 

F 95000    N234 1300 73,08 1,95 0,6916 

L013 1300 73,08 2,07 0,7043 F 95000    

N131 790 120,25 2,06 0,7043 L025 680 139,71 2,56 0,7531 

N132 1100 86,36 1,94 0,7043 N251 420 226,19 2 0,7531 

N133 760 125,00 2,01 0,7043 N252 775 122,58 2,15 0,7531 

N134 780 121,79 2,17 0,7043 N253 950 100,00 2,06 0,7531 

F 74000    N254 750 126,67 2,01 0,7531 

L014 520 142,31 2,7 0,7301 

N141 580 127,59 2,09 0,7301 

N142 540 137,04 2,51 0,7301 

N143 1070 69,16 2,57 0,7301 

N144 870 85,06 1,82 0,7301 
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ʊʘʙʣʠʮʷ ɸ.2.12. 

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 09 ʣʠʧʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 76000    F 76000    

L005 8700 8,74 1,03 0,7193 L006 5270 14,42 1,16 0,6856 

N051 6350 11,97 1,2 0,7193 N061 2050 37,07 1,62 0,6856 

N052 4800 15,83 1,12 0,7193 N062 4300 17,67 1,12 0,6856 

N053 845 89,94 2,3 0,7193 N063 8300 9,16 0,99 0,6856 

N054 1490 51,01 1,65 0,7193 N064 7700 9,87 1,01 0,6856 

 

ʊʘʙʣʠʮʷ ɸ.2.13. 

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 12 ʣʠʧʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 66500    F 66500    

L025 1750 38,00 1,88 0,7280 L028 1900 34,21 2,16 0,7555 

N251 1750 38,00 2,02 0,7280 N281 2300 28,26 1,86 0,7555 

N252 1500 44,33 1,8 0,7280 N282 2250 28,89 1,83 0,7555 

N253 1550 42,90 1,88 0,7280 N283 1470 44,22 1,9 0,7555 

N254 1820 36,54 2,2 0,7280 N284 1900 34,21 1,78 0,7555 

F 66500    F 66500    

L026 920 72,28 2,06 0,7368 L029 1180 55,08 1,99 0,7787 

N261 810 82,10 2,61 0,7368 N291 1290 50,39 1,99 0,7787 

N262 1190 55,88 2,18 0,7368 N292 1400 46,43 2,23 0,7787 

N263 1120 59,38 2,09 0,7368 N293 1320 49,24 2,05 0,7787 

N264 1050 63,33 2,26 0,7368 N294 1390 46,76 2,26 0,7787 

F 66500    F 66500    

L027 640 103,91 2,27 0,6770 L030 800 81,25 2,01 0,7071 

N271 570 116,67 2,43 0,6770 N301 1790 36,31 2,34 0,7071 

N272 570 116,67 2,46 0,6770 N302 520 125,00 2,05 0,7071 

N273 570 116,67 2,32 0,6770 N303 1470 44,22 2,22 0,7071 

N274 600 110,83 2,55 0,6770 N304 1410 46,10 2,18 0,7071 
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ʊʘʙʣʠʮʷ ɸ.2.14. 

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 08 ʩʝʨʧʥʷ 2013 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 78500    F 102000    

L029 702 111,82 1,92 0,7860 L045 1150 88,70 2,08 0,7654 

N291 860 91,28 2,07 0,7860 N451 1180 86,44 1,73 0,7654 

N292 480 163,54 1,98 0,7860 N452 1090 93,58 1,76 0,7654 

N293 520 150,96 1,95 0,7860 N453 870 117,24 2,17 0,7654 

N294 440 178,41 1,96 0,7860 N454 1130 90,27 2,26 0,7654 

F 89000    F 94000    

L041 1350 65,93 1,63 0,6614 L046 560 167,86 1,93 0,7745 

N411 1500 59,33 1,86 0,6614 N461 440 213,64 2,1 0,7745 

N412 1880 47,34 1,9 0,6614 N462 790 118,99 2 0,7745 

N413 1550 57,42 1,96 0,6614 N463 1000 94,00 2,17 0,7745 

N414 1150 77,39 1,95 0,6614 N464 700 134,29 1,89 0,7745 

F 91500    F 86500    

L042 750 122,00 1,92 0,7069 L047 610 141,80 1,69 0,8112 

N421 720 127,08 2,07 0,7069 N471 640 135,16 2,04 0,8112 

N422 800 114,38 2,03 0,7069 N472 530 163,21 1,92 0,8112 

N423 760 120,39 1,87 0,7069 N473 600 144,17 1,87 0,8112 

N424 870 105,17 1,88 0,7069 N474 650 133,08 2,09 0,8112 

F 96500     F 84500    

L043 980 98,47 1,93 0,7331 L048 480 176,04 1,65 0,8057 

N431 1100 87,73 1,9 0,7331 N481 530 159,43 1,65 0,8057 

N432 1120 86,16 1,68 0,7331 N482 440 192,05 1,97 0,8057 

N433 1510 63,91 1,56 0,7331 N483 510 165,69 1,73 0,8057 

N434 1090 88,53 1,52 0,7331 N484 550 153,64 1,72 0,8057 

F 99000    F 81500    

L044 980 101,02 1,24 0,7457 L049 480 169,79 1,7 0,7930 

N441 1100 90,00 1,24 0,7457 N491 630 129,37 1,77 0,7930 

N442 1050 94,29 1,6 0,7457 N492 390 208,97 1,79 0,7930 

N443 1150 86,09 1,84 0,7457 N493 650 125,38 1,86 0,7930 

N444 920 107,61 1,97 0,7457 N494 510 159,80 1,87 0,7930 
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ʊʘʙʣʠʮʷ ɸ.2.15. 

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 23 ʯʝʨʚʥʷ 2014 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 107000    F 107000    

L019 4200 25,48 1,77 0,7215 L024 11800 9,07 1,05 0,6120 

N191 4400 24,32 1,80 0,7215 N241 13000 8,23 1,12 0,6120 

N192 3900 27,44 2,04 0,7215 N242 10700 10,00 1,18 0,6120 

N193 5500 19,45 1,63 0,7215 N243 10300 10,39 1,21 0,6120 

N194 4800 22,29 1,77 0,7215 N244 12700 8,43 0,96 0,6120 

F 107000    

L020 4300 24,88 1,82 0,5568 

N201 6500 16,46 1,61 0,5568 

N202 3700 28,92 2,14 0,5568 

N203 5600 19,11 1,75 0,5568 

N204 6500 16,46 1,68 0,5568 

 

ʊʘʙʣʠʮʷ ɸ.2.16. 

ʇʦʣʴʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ 25 ʣʠʧʥʷ 2014 ʨ. 

 ̄ Fi Fi/F GLA TM  ̄ Fi Fi/F GLA TM 

F 96000    F 96000    

L037 5400 17,78 1,41 0,6855 L039 5700 16,84 1,43 0,8080 

N371 6500 14,77 1,38 0,6855 N391 8500 11,29 1,16 0,8080 

N372 6700 14,33 1,62 0,6855 N392 5600 17,14 1,38 0,8080 

N373 6800 14,12 1,25 0,6855 N393 6200 15,48 1,26 0,8080 

N374 8200 11,71 1,29 0,6855 N394 5400 17,78 1,58 0,8080 

F 96000    F 96000    

L038 4600 20,87 1,77 0,7193 L040 5900 16,27 1,12 0,7918 

N381 4900 19,59 1,62 0,7193 N401 7900 12,15 1,11 0,7918 

N382 5300 18,11 1,69 0,7193 N402 9000 10,67 1,09 0,7918 

N383 5800 16,55 0,99 0,7193 N403 5300 18,11 1,47 0,7918 

N384 5600 17,14 1,01 0,7193 N404 6200 15,48 1,61 0,7918 

F 96000,00    

L036 1420 67,61 1,63 0,7068 

N361 950 101,05 1,88 0,7068 

N362 1260 76,19 1,72 0,7068 

N363 1090 88,07 1,73 0,7068 

N364 820 117,07 2,06 0,7068 
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ɸ.3. ʂʽʥʮʝʚʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ ʧʘʥʦʨʘʤ 

 

   
N024P L003P N031P 

   
N032P N033P N034P 

   
N222J N223J N224J 

   
N292J N293J N294J 

 

ʈʠʩ.ɸ.3.1. ɺʠʙʽʨʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ ʧʘʥʦʨʘʤ ʪʦʯʦʢ ʜʦʩʣʽʜʞʝʥʥʷ 



 153 

 

   
L019Q N191Q N192Q 

   
N193Q L020Q N201Q 

   
N202Q N203Q N204Q 

   
L024Q N241Q N242Q 

 

ʈʠʩ.ɸ.3.2. ɺʠʙʽʨʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ ʧʘʥʦʨʘʤ ʪʦʯʦʢ ʜʦʩʣʽʜʞʝʥʥʷ 

 



 154 

 

   
N021P N022P N023P 

   
N011P L002P N482N 

   
N013G N032G N034G 

   
N251J N261J N304I 

 

ʈʠʩ.ɸ.3.3. ɺʠʙʽʨʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘʧʽʚʩʬʝʨʠʯʥʠʭ ʧʘʥʦʨʘʤ ʪʦʯʦʢ ʜʦʩʣʽʜʞʝʥʥʷ 
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ɼʦʜʘʪʦʢ ɹ 

ʇʨʦʛʨʘʤʥʽ ʢʦʜʠ ʤʦʜʫʣʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ 

ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ɹ.1. ʇʨʦʛʨʘʤʥʽ ʢʦʜʠ ʤʦʜʫʣʽʚ ʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʘʥʘʣʽʚ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʫ ñʉʽʯ-2ò/ʄʉʋ 

ɹ.1.1. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʧʝʢʪʨʘʣʴʥʦʾ ʦʧʨʦʤʽʥʝʥʥʦʩʪʽ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

// Mul tiband Surface Irradiance  

// SciLab v5.4.1 Script ,  2005 - 2013  

clear();  

 

function d=JD(year,month,day,hour,minute,second)  // Julian date  

   a=(14 - month)/12;  

   y=year+4800 - a;  

   m=month+12*a - 3;  

   n=day+(153*m+2)/5+(365+1/4 - 1/100+1/400)*y - 32045;  

   d=n+(ho ur - 12)/24+minute/1440+second/86400;  

endfunction  

 

function d=YD(year,month,day)  // day of year  

   M=1:(month - 1);  

   Y=year*ones(M);  

   d=sum(eomday(Y,M))+day;  

endfunction  

 

function h=SunHeight(latitude,day,hour)  // sine of Sun angle over horizon  

   phi=%p i*latitude/180;  // image geographic latitude  

   delta=%pi*23.45/180*sin(2*%pi*(284+day)/365);  // Sun declination angle  

   tau=%pi*(13 - hour)/12;  // local time, hours  

   h=sin(phi)*sin(delta) + cos(phi)*cos(delta)*cos(tau);  

endfunction  

 

function R=SunRad( L,day)  // Sun radiation spectral distribution  

   h=6.626124e - 34;  // Plank constant, WĀs2 

   c=2.997925e8;  // light velocity, m/s  

   k=1.380652e - 23;  // Bolzmann constant, WĀs2/K 

   w=2897768.552;  // Wiene constant, nmĀK 

   s=475;  // Sun max radiancy w awelength, nm  

   T=w/s;  // Sun radiation temperature, K  

   r=0.696;  // Sun radius, Gm  

   D=149.6;  // Sun to Earth distance, Gm  

   e=1- 0.01674*cos(0.9856*(day - 4)); // Sun to Earth distance correction for Julian day  

   R=2*%pi*h*c^2/(L/1e9)^5/(exp(h*c/k/( L/1e9)/T) - 1)/1e9*(r/D/e)^2; // surface spectral 

irradiation, W/m2/nm  

endfunction  

 

function R=PlankRad(L,T)  // radiation spectral distribution  

   h=6.62517e - 34;  // Plank constant, WĀs2 

   c=2.99793e8;  // light velocity, m/s  

   k=1.38054e - 23;  // Bolzmann  constant, WĀs2/K 

   epsilon=0.9768;  // average thermal emissivity  



 156 

   R=2*%pi*h*c^2/(L/1e9)^5/(exp(h*c/k/(L/1e9)/(T+273.15)) - 1)*epsilon/1e9; // Plank's 

radiancy, W/m2/nm  

endfunction  

 

F=[510 590; 610 680; 800 890];  // MSU spectral bands, nm  

m=size(F,1);  // number of spectral bands  

mprintf(' \ n   ʉʧʝʢʪʨʘʣʴʥʽ ʩʠʛʥʘʪʫʨʠ ʩʝʥʩʦʨʘ (ʨʦʙʦʯʠʭ ʜʽʘʧʘʟʦʥʽʚ = %u)\ n\ n',m);  

A=read('SCIENCE \ POLYGON\ Calibration \ CALC\ ATMOS.DAT', - 1,2); // atmosphere spectral 

transparency  

dt=[2011; 10; 5; 9; 4; 55];  

day=JD(dt(1),dt(2),dt(3),d t(4),dt(5),dt(6));  // Julian date of image  

latitude=50.37; longitude=30.495; // site geographic latitude, degrees  

hi=SunHeight(latitude,YD(dt(1),dt(2),dt(3)),dt(4)+dt(5)/60+dt(6)/3600); // Sun height of 

image, rad  

T=15;  // surface temperature, ÁC 

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

   R(i)=(SunRad(A(i,1),day)*exp(log(A(i,2))/hi)*cos(%pi/2 - hi)+PlankRad(A(i,1),T)); // 

surface spectral irradiance, W/m2/nm  

end;  

 

for i=1:m,  

   L=find((A(:,1)>=F(i,1))&(A(:,1)<=F(i,2))); // inside band wavelenghts, nm  

   mprintf(' ʉʧʝʢʪʨʘʣʴʥʽʡ ʜʽʘʧʘʟʦʥ  %.2f .. %.2f ʥʤ\ n',F(i,1),F(i,2));  

   tau(i)=mean(A(L,2));  // band atmospheric transparency  

   mprintf(' Cʧʝʢʪʨʘʣʴʥʝ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ  %f\ n',tau(i));  

   radiance(i)=mean(R(L))/%pi;  // band surface irradiance, W/m2/nm/sr  

  mprintf(' Cʧʝʢʪʨʘʣʴʥʘ ʦʧʨʦʤʽʥʝʥʥʽʩʪʴ ʧʦʚʝʨʭʥʽ %f ɺʪ/(ʤ2ĀʤʢʤĀʩʨ)\ n\ n', radiance(i)*1e3);  

end;  

 

signature=radiance.*tau*1e3;  // at sensor full spectral radiance, W/m2/nm/sr  

 

// exec('MBIRRAD.SCI');  

 

ɹ.1.2. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʽʜʙʠʪʪʷ 

ʪʝʩʪʦʚʠʭ ʦʙô̒ʢʪʽʚ 

// Spectral Bands Reflectance for Sich - 2/MSU Calibration  

// SciLab v5.5.1 Script, 2007 - 2014  

clear();  

 

mprintf(' \ n   Spectral bands reflectance \ n');  

// X=read('SPECLIB \ Grassland \ grass_lawn_green.txt', - 1,2);  

// X=read('SPECLIB \ Grassland \ grass_green.txt' , - 1,2);  

// X=read('SPECLIB \ Grassland \ grass_dry_green.txt', - 1,2);  

// X=read('SPECLIB \ Grassland \ grass_fescue_wheat.txt', - 1,2);  

// X=read('SPECLIB \ Grassland \ grass_dry_gold.txt', - 1,2);  

X=read('SPECLIB \ WATER\ silt_water.txt', - 1,2);  // spectral library data  

n=si ze(X,1);  // spectral samples number  

B=read('SICH.DAT', - 1,2);  // spectral bands boundaries  

m=size(B,1);  // spectral bands number  

 

for i=1:m,  

   F=find((X(:,1)>=B(i,1))&(X(:,1)<=B(i,2)));  // spectral band samples  

   R(i)=mean(X(F,2));  // spectral band a verage reflectance  

   mprintf('spectral band %3f .. %3f Õm average reflectance=%8.6f\ n',B(i,1),B(i,2),R(i));  

end;  

 

// exec('SICHCAL.SCI');  
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ɹ.1.3. ʃʠʩʪʥ̔ʛ ʧʨʦʪʦʢʦʣʫ ʨʘʜ̔ʦʤʝʪʨʠʯʥʦʛʦ ʢʘʣ̔ʙʨʫʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʽʭ 

ʢʘʥʘʣʦʚ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ ʄʉʋ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ñʉʠʯ-2ò 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ = 510 .. 590 ʥʤ 

ʉʧʝʢʪʨʘʣʴʥʝ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ = 0.896165 

ʉʧʝʢʪʨʘʣʴʥʘ ʦʧʨʦʤʽʥʝʥʥʽʩʪʴ ʧʦʚʝʨʭʥʽ = 285.170976 ɺʪ/(ʤ2ĀʤʢʤĀʩʨ) 

 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ = 610 .. 680 ʥʤ 

ʉʧʝʢʪʨʘʣʴʥʝ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ = 0.913336 

ʉʧʝʢʪʨʘʣʴʥʘ ʦʧʨʦʤʽʥʝʥʥʽʩʪʴ ʧʦʚʝʨʭʥʽ = 257.771515 ɺʪ/(ʤ2ĀʤʢʤĀʩʨ) 

 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ = 800 .. 890 ʥʤ 

ʉʧʝʢʪʨʘʣʴʥʝ ʧʨʦʧʫʩʢʘʥʥʷ ʘʪʤʦʩʬʝʨʠ = 0.841547 

ʉʧʝʢʪʨʘʣʴʥʘ ʦʧʨʦʤʽʥʝʥʥʽʩʪʴ ʧʦʚʝʨʭʥʽ = 152.10062 ɺʪ/(ʤ2ĀʤʢʤĀʩʨ) 

 

spectral band 0.51 .. 0.59 Õm average reflectance = 0.119739 (vegetation) DN = 144.545732  

L = 30.600529 ɺʪ/(ʤ2ĀʤʢʤĀʩʨ) 

spectral band 0.61 .. 0.68 Õm average reflectance = 0.110548 (vegetation) DN = 155.814024  

L = 26.026537 ɺʪ/(ʤ2ĀʤʢʤĀʩʨ) 

spectral band 0.80 .. 0.89 Õm average reflectance = 0.615859 (vegetation) DN = 185.253049  

L = 78.829841 ɺʪ/(ʤ2ĀʤʢʤĀʩʨ) 

 

spectral band 0.51 .. 0.59 Õm average reflectance = 0.198566 (silt water) DN = 134.875969  

L = 50.745576 ɺʪ/(ʤ2ĀʤʢʤĀʩʨ) 

spectral band 0.61 .. 0.68 Õm average reflectance = 0.141518 (silt water) DN = 148.689922  

L = 33.317866 ɺʪ/(ʤ2ĀʤʢʤĀʩʨ) 

spectral band 0.80 .. 0.89 Õm average reflectance = 0.051279 (silt water) DN = 108.395349  

L = 6.5637028 ɺʪ/(ʤ2ĀʤʢʤĀʩʨ) 

 

Green = 1.9324 (DN - 123) + 0.48  

Red = 1.987 (DN - 137) + 0.977  

NIR = 0.815 (DN - 102) + 3.282  
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ɹ.2. ʇʨʦʛʨʘʤʥʽ ʢʦʜʠ ʤʦʜʫʣʽʚ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ 

ɹ.2.1. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʤʘʣʴʥʦʾ ʩʧʣʘʡʥ-

ʽʥʪʝʨʧʦʣʷʮʽʾ 

// Optimal Least Squares Spline Approximation  

// SciLab v5.4.1 Script , 2014  

clear();  

 

X=read('M IXED.DAT', - 1,4);  // NDVI -  LAI measurements  

V=X(:,1);  // NDVI data  

A=X(:,2);  // geomtric LAI data  

G=X(:,3);  // LGA LAI data  

F=log(X(:,4));  // photometric LAI data  

T=tabul(V,'i');  

D=T(:,1);  // NDVI approximation nodes  

n=size(D,1);  // approximation no des number  

 

for i=1:n, E(i)=mean(A(find(V==D(i)))); end;  

Df=[0.792; 0.806; 0.814; 0.824; 0.856];  

Ef=[1.998; 2.462; 2.342; 2.12; 2.395];  

for i=1:n, Q(i)=sum((A(find(V==D(i))) - E(i)).^2); end;  

Rq=1- sum(Q)/sum((A - mean(A)).^2);  // determination coefficient R^2  = 0.721  

 

for i=1:n, K(i)=mean(G(find(V==D(i)))); end;  

// Df=[0.792; 0.806; 0.814; 0.824; 0.856];  

// Kf=[1.78; 2.05; 1.954; 1.7225; 2.0625];  

// for i=1:n, Q(i)=sum((G(find(V==D(i))) - K(i)).^2); end;  

// Rq=1 - sum(Q)/sum((G - mean(G)).^2);  // determination coef ficient R^2 = 0.778  

 

// for i=1:n, Y(i)=mean(F(find(V==D(i))))/2; end;  

// Df=[0.792; 0.806; 0.814; 0.824; 0.856];  

// Yf=[2.1467054; 2.3170264; 2.3834679; 2.2093205; 2.4662504];  

// for i=1:n, Q(i)=sum((F(find(V==D(i)))/2 - Y(i)).^2); end;  

// Rq=1 - sum(Q)/sum(( F/2 - mean(F)/2).^2);  // determination coefficient R^2 = 0.875  

 

S=splin(Df,Ef);  // approximating cubic spline  

H=0.78:0.001:0.87;  // NDVI interpolating points  

P=interp(H,Df,Ef,S,"linear");  // cubic spline interpolated LAI  

clf(); plot(H,P,' - r',V,A,'dg');  

 

// exec('OSPLREG.SCI');  
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ɹ.2.2. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʷ ʨʦʟʨʘʭʫʥʢʫ LAI ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʣʘʡʥ-ʨʝʛʨʝʩʽʾ 

// Goloseevo LAI restoration by spline regression  

// SciLab v5.4.1 Script, 2014  

clear(); stacksize('max');  

mprintf(' \ n   LAI calculation using NDVI spline re gression \ n');  

 

l=648; n=812;  // NDVI image size, lines x samples  

X=read('ALI - Kiev - 2011 - NDVI.dat',l,n);  // NDVI image  

D=read('GT - Kiev - 2011 - NDVI.csv', - 1,1);  // ground - truth NDVI  

E=read('GT - Kiev - 2011 - LAI.csv', - 1,1);  // ground - truth LAI  

mprintf('   NDVI da ta %u x %u samples loaded \ n',l,n);  

C=osplreg(D,E);  // approximating cubic spline  

 

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

for i=1:l,  

   Y(i,:)=interp(X(i,:),D,E,C,"linear");  // spline interpolation  

   waitbar(i/l,'lines processed : '+string(l - i ),progress);  

end;  

close(progress);  

Y(find(Y<0))=0;  

mprintf('   LAI data calculation complete \ n');  

 

dat=mopen('ALI - Kiev - 2011 - LAI.dat','wt');  

for i=1:l, for j=1:n, mfprintf(dat,'%9.6f',Y(i,j)); end; mfprintf(dat,' \ n'); end;  

mclose(dat);  

mprintf('   LAI data output complete \ n');  

 

// exec('MSI - LAI.SCI');  
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ɹ.3. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ RET ʽ REP ʤʝʪʦʜʦʤ ʩʧʣʘʡʥ-

ʽʥʪʝʨʧʦʣʷʮʽʾ 

// Multispectral Imagery Red Edge Derivative and Position by Spline  

// SciLab v5.4.1 Script, 2008 - 2013  

clear();  

 

function  [ret,rep]=retf(b,g,dg,r,dr,n,dn,s,v,f,h)  // spline interpolating without red -

edge band  

   X=[b g r n]; Y=[s v f h]; C=[(v - s)/(g - b) 0.3*(1 - (h - 0.25)/0.75)];  // spline 

interpolating without red - edge band  

   D=splin(X,Y,"clamped",C);  // interpolating cubic  spline derivatives  

   K=interp([g - dg g+dg r - dr r+dr n - dn n+dn],X,Y,D,"linear");  // cubic spline 

interpolated bands  

   dv=v - mean([K(1,1) v K(1,2)]);  // green band correction  

   df=f - mean([K(1,3) f K(1,4)]);  // red band correction  

   dh=h - mean([K(1,5) h K(1,6)]);  // nir band correction  

   X=[g - dg g g+dg r - dr r r+dr n - dn n n+dn]; Y=[K(1,1)+dv v+dv K(1,2)+dv K(1,3)+df f+df 

K(1,4)+df K(1,5)+dh h+dh K(1,6)+dh];  

   D=splin(X,Y,"clamped",C);  // interpolating cubic spline derivatives  

   L=(floor(1e3*(g - dg)):ce il(1e3*(n+dn)))/1e3;  // interpolating wavelength, um  

   P=interp(L,X,Y,D,"linear");  // cubic spline interpolated spectra  

   Z=diff(P)./diff(L);  // red edge spread function  

   ret=max(Z);  // red edge tangent  

   Rh=L(find(Z==ret));  

   rep=Rh(1);  // red edge position  

endfunction  

 

function [ret,rep]=retb(g,dg,r,dr,n,dn,v,f,h)  // spline interpolating without blue band  

   X=[g r n]; Y=[v f h]; C=[abs((f - v)/(r - g)) 0.3*(1 - (h - 0.25)/0.75)];  // spline 

interpolating without blue band  

   D=splin(X,Y,"clamped",C);   // interpolating cubic spline derivatives  

   K=interp([g - dg g+dg r - dr r+dr n - dn n+dn],X,Y,D,"linear");  // cubic spline 

interpolated bands  

   dv=v - mean([K(1,1) v K(1,2)]);  // green band correction  

   df=f - mean([K(1,3) f K(1,4)]);  // red band correction  

   dh=h - mean([K(1,5) h K(1,6)]);  // nir band correction  

   X=[g - dg g g+dg r - dr r r+dr n - dn n n+dn]; Y=[K(1,1)+dv v+dv K(1,2)+dv K(1,3)+df f+df 

K(1,4)+df K(1,5)+dh h+dh K(1,6)+dh];  

   D=splin(X,Y,"clamped",C);  // interpolating cubic spline derivatives  

   L=(floor(1e3*(g - dg)):ceil(1e3*(n+dn)))/1e3;  // interpolating wavelength, um  

   P=interp(L,X,Y,D,"linear");  // cubic spline interpolated spectra  

   Z=diff(P)./diff(L);  // red edge spread function  

   ret=max(Z);  // red edge tangent  

   Rh=L(find(Z==ret)) ;  

   rep=Rh(1);  // red edge position  

endfunction  

 

function [ret,rep]=rete(g,r,dr,e,de,n,dn,v,f,u,h)  // spline interpolating with red - edge 

band  

   X=[r e n]; Y=[f u h]; C=[(f - v)/(r - g) 0.3*(1 - (h - 0.25)/0.75)];  // spline interpolating 

with red - edge band  

   D=splin(X,Y,"clamped",C);  // interpolating cubic spline derivatives  

   K=interp([r - dr r+dr e - de e+de n - dn n+dn],X,Y,D,"linear");  // cubic spline 

interpolated bands  

   df=f - mean([K(1,1) f K(1,2)]);  // red band correction  

   du=u - mean([K(1,3) u K(1,4)]);  // red - edge band correction  

   dh=h - mean([K(1,5) h K(1,6)]);  // nir band correction  

   X=[r - dr r r+dr e - de e e+de n - dn n n+dn]; Y=[K(1,1)+df f+df K(1,2)+df K(1,3)+du u+du 

K(1,4)+du K(1,5)+dh h+dh K(1,6)+dh];  

   D=splin(X,Y,"clamped",C);  // interpolating  cubic spline derivatives  

   L=(floor(1e3*(g - dg)):ceil(1e3*(n+dn)))/1e3;  // interpolating wavelength, um  

   P=interp(L,X,Y,D,"linear");  // cubic spline interpolated spectra  

   Z=diff(P)./diff(L);  // red edge spread function  

   ret=max(Z);  // red edge t angent  

   Rh=L(find(Z==ret));  

   rep=Rh(1);  // red edge position  

endfunction  
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function [ret,rep]=retre(g,r,e,n,v,f,u,h)  // spline interpolating with red - edge band  

   X=[r e n]; Y=[f u h]; C=[(f - v)/(r - g) 0.3*(1 - (h - 0.25)/0.75)];  // spline interpolating 

wi th red - edge band  

   D=splin(X,Y,"clamped",C);  // interpolating cubic spline derivatives  

   L=(floor(1e3*g):ceil(1e3*n))/1e3;  // interpolating wavelength, um  

   P=interp(L,X,Y,D,"linear");  // cubic spline interpolated values  

   Z=diff(P)./diff(L);  // re d edge spread function  

   ret=max(Z);  // red edge tangent  

   Rh=L(find(Z==ret));  

   rep=Rh(1);  // red edge position  

endfunction  

 

mprintf(' \ n   Red edge derivative and position by multispectral data interpolation \ n');  

 

g=0.555; dg=0.035; r=0.6575; dr=0.02 75; e=0.71; de=0.02; n=0.805; dn=0.045; // spectral 

bands rapideye  

// b=0.485; db=0.035; g=0.56; dg=0.04; r=0.66; dr=0.03; n=0.835; dn=0.065; // spectral 

bands landsat  

// b=0.48; db=0.03 g=0.56; dg=0.03; r=0.655; dr=0.015; n=0.865; dn=0.015; // spectral 

bands oli  

// g=0.55; dg=0.04; r=0.645; dr=0.035; n=0.845; dn=0.045;  // spectral bands sich  

 

nl=756; ns=618;  // multispectral image size, lines x samples  

// nl=1032; ns=1158;  

// nl=880; ns=940;  

// Gbi=read('Sich2 - Goloseevo - 2011 - Green.dat',nl,ns);  // green band surface reflectance  

// Rbi=read('Sich2 - Goloseevo - 2011 - Red.dat',nl,ns);  // red band surface reflectance  

// Nbi=read('Sich2 - Goloseevo - 2011 - NIR.dat',nl,ns);  // NIR band surface reflectance  

Gbi=read('AC_2011 - 04- 25_BURE- G.dat',nl,ns);  // green band surf ace reflectance  

Rbi=read('AC_2011 - 04- 25_BURE- R.dat',nl,ns);  // red band surface reflectance  

Ebi=read('AC_2011 - 04- 25_BURE- E.dat',nl,ns);  // red - edge band surface reflectance  

Nbi=read('AC_2011 - 04- 25_BURE- N.dat',nl,ns);  // NIR band surface reflectance  

// B bi=read('AC_2011 - 11- 09_KDRE- B.dat',nl,ns);  // blue band surface reflectance  

// Gbi=read('AC_2011 - 11- 09_KDRE- G.dat',nl,ns);  // green band surface reflectance  

// Rbi=read('AC_2011 - 11- 09_KDRE- R.dat',nl,ns);  // red band surface reflectance  

// Nbi=read('AC_2 011 - 11- 09_KDRE- N.dat',nl,ns);  // NIR band surface reflectance  

mprintf('   multispectral data %u x %u samples loaded \ n',nl,ns);  

 

progress=waitbar('Image lines : '+string(nl));  

for i=1:nl, for j=1:ns,  

// [Rt(i,j),Rp(i,j)]=retb(g,dg,r,dr,n,dn,Gbi(i,j),Rbi(i, j),Nbi(i,j));  

 [Rt(i,j),Rp(i,j)]=retf(b,g,dg,r,dr,n,dn,Bbi(i,j),Gbi(i,j),Rbi(i,j),Nbi(i,j));  

// [Rt(i,j),Rp(i,j)]=rete(g,r,dr,e,de,n,dn,Gbi(i,j),Rbi(i,j),Ebi(i,j),Nbi(i,j));  

// [Rt(i,j),Rp(i,j)]=retre(g,r,e,n,Gbi(i,j),Rbi(i,j),Ebi(i,j),Nbi(i,j));  

end; wait bar(i/nl,'Image lines : '+string(nl - i),progress); end;  

close(progress);  

 

dat=mopen('AC_2011 - 04- 25_BURE- REP.dat','wt');  

for i=1:nl, for j=1:ns,  

   mfprintf(dat,'%9.6f',Rp(i,j));  

end; mfprintf(dat,' \ n'); end;  

mclose(dat);  

mprintf('   red edge position output  complete \ n');  

 

dat=mopen('AC_2011 - 04- 25_BURE- RET.dat','wt');  

for i=1:nl, for j=1:ns,  

   mfprintf(dat,'%10.6f',Rt(i,j));  

end; mfprintf(dat,' \ n'); end;  

mclose(dat);  

 

mprintf('   red edge tangent output complete \ n');  

 

// exec('MSIRESP.SCI');  
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ɹ.4. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʷ LOWESS ʜʣʷ ʨʦʙʘʩʪʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ 

/ -----------------------------------------------------------------------------  

// Written by Philippe.CASTAGLIOLA@univ - nantes.fr  

// Universitʡ de Nantes & IRCCyN UMR CNRS 6597 

// ------------------------------- ----------------------------------------------  

function Y=lowess(X,X0,Y0,h)  

// -----------------------------------------------------------------------------  

[argout,argin]=argn()  

if argin~=4  

  error("incorrect number of arguments")  

end  

[n,p]=size(X)  

[n0,p0] =size(X0)  

if (p~=p0)  

  error("arguments ''X'' and ''X0'' have incompatible sizes")  

end  

[ny0,py0]=size(Y0)  

if (n0~=ny0)|(py0~=1)  

  error("arguments ''X0'' and ''Y0'' have incompatible sizes")  

end  

if (h<=0)|(h>1)  

  error("argument ''h'' must be in (0,1]")  

end 

m=ceil(h*n0)  

for i=1:n  

  Xi=X(i,:)  

  [D,j]=sort( - sqrt(sum((ones(n0,1)*Xi - X0).^2,"c")))  

  Dmax=- D(m)  

  D=- D(1:m - 1)  

  k=j(1:m - 1)  

  Xk0=X0(k,:)  

  Yk0=Y0(k)  

  W=diag((1 - (D/Dmax).^3).^3)   

  Zk0=doxpand(Xk0,"x")  

  Zk0=W*Zk0  

  Yk0=W*Yk0 

  a=inv(Zk0'*Zk0)*Zk0'* Yk0 

  Y(i)=[1,Xi]*a  

end  

endfunction  
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ɹ.5. ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʤʦʜʫʣʷ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʩʝʨʽʡ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

// Time serie parameters extimation for year - long data product  

// SciLab v5.4.1 Script, 2012 - 213  

clear(); stacksize('max');  

 

functio n [w,a,p,h]=tspa(X)  // time serie pixel analysis  

   if sum(X)>0 then  

      w=mean(X);  // average value  

      T=[115,142,198,214,236,246,314];  // time serie, days  

      m=365;  // year period, days  

      a=1e3*reglin(T,X);  // daily increment, ă 

      [S ,F]=mese(detrend(X,'l'),m);  // maximum entropy spectral estimation  

      p=1e3*S(1,m)/sum(S);  // daily periodic factor, ă 

      R=find(S==max(S));  // resonance frequency  

      h=2*m*F(R(1));  // significant period  

   else  

      w=0; a=0; p=0; h=0;  

   end;  

endfunction  

 

mprintf(' \ n   Time serie parameters estimation \ n');  

l=1032; n=1158;  // image size, lines x pixels  

W1=read('NDVI_2011 - 04- 25_KDRE.DAT',l,n);  

W2=read('NDVI_2011 - 05- 22_KDRE.DAT',l,n);  

W3=read('NDVI_2011 - 07- 18_KDRE.DAT',l,n);  

W4=read('NDVI_2011 - 08- 04_KDRE.DAT',l,n);  

W5=read('NDVI_2011 - 08- 26_KDRE.DAT',l,n);  

W6=read('NDVI_2011 - 09- 05_KDRE.DAT',l,n);  

W7=read('NDVI_2011 - 11- 09_KDRE.DAT',l,n);  

mprintf('   Time serie imagery data loaded \ n');  

 

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

for i=1:l,  

   for j=1:n,  

   

[W(i,j),A(i,j),P(i,j),H(i,j)]=tspa([W1(i,j),W2(i,j),W3(i,j),W4(i,j),W5(i,j),W6(i,j),W7(i,

j)]);  

   end;  

   waitbar(i/l,'Imagery lines: '+string(l - i),progress);  

end;  

winclose(progress);  

mprintf('   Time serie analysis complete \ n');  

mprintf('   Average value = %.4f, annual increment = %.4f percent, \ n   annual periodicity 

= %.4f promille, significant period = %.1f days \ n',mean(W),mean(A),mean(P),mean(H));  

 

dat=mopen('NDVI_KDRE_Mean.dat','wt');  

for i=1:l, for j=1:n, mfprintf(dat,'%11.7f',W(i,j)); e nd; mfprintf(dat,' \ n'); end;  

mclose(dat);  

dat=mopen('NDVI_KDRE_Annual.dat','wt');  

for i=1:l, for j=1:n, mfprintf(dat,'%12.7f',A(i,j)); end; mfprintf(dat,' \ n'); end;  

mclose(dat);  

dat=mopen('NDVI_KDRE_Periodic.dat','wt');  

for i=1:l, for j=1:n, mfprintf(dat,' %11.7f',P(i,j)); end; mfprintf(dat,' \ n'); end;  

mclose(dat);  

dat=mopen('NDVI_KDRE_Resonance.dat','wt');  

for i=1:l, for j=1:n, mfprintf(dat,'%6.1f',H(i,j)); end; mfprintf(dat,' \ n'); end;  

mclose(dat);  

mprintf('   Time serie parameters output complete \ n');  

 

//  exec('TSPA - RESP.SCI');  
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ɼʦʜʘʪʦʢ ɺ  

ʆʧʠʩ ʧʘʪʝʥʪʫ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ  
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