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ʋɼʂ 528.88:502.37 

 

É ɸ.ʉ. ɻʨʝʙʝʥʴ, ʘʩʧʠʨʘʥʪ 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ çʍɸʀè, ʛ. ʍʘʨʴʢʦʚ 

 

ʆʎɽʅʂɸ ɺʆɿʄʆɾʅʆʉʊɽʁ ʀʉʇʆʃʔɿʆɺɸʅʀʗ  

ʉʇʋʊʅʀʂʆɺʓʍ ʉʅʀʄʂʆɺ ʅɸʎʀʆʅɸʃʔʅʆʁ ʉʀʉʊɽʄʓ ɼɿɿ ʉʀʏ-2 

ɼʃʗ ʈɽʐɽʅʀʗ ʊɽʄɸʊʀʏɽʉʂʀʍ ɿɸɼɸʏ  

ʉɽʃʔʉʂʆɻʆ ʍʆɿʗʁʉʊɺɸ ʋʂʈɸʀʅʓ 

 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɼɿɿ ʉʀʏ-2. ʀʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʎʝʥʪʨʘ ʧʨʠʸʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʎʇʆʉʀ) ʠ ʢʦʥ-

ʪʨʦʣʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʦʣʷ (ʂʅʇ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʘʥʘʣʠʟʠʨʫʪʁʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʧʝʢʪʨʘʣʴ-

ʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʠʩʪʝʤʳ ɼɿɿ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʋʢʨʘʠʥʳ. 

ʆʧʨʝʜʝʣʝ̫ʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʉʀʏ-2 

ʤʝʪʦʜʠʢʘʤ ʦʮʝʥʢʠ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʆʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʦʞʝʥʠʷ ʠ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥ ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʦʮʝʥʢʠ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ. ʇʨʠʚʦʜʠʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ 

ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʧʦ ʦʛʨʘʥʠʯʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼɿɿ, ʉʀʏ-2, ʂɸ, ɺʀ, ENVI, NDVI . 

ɺʚʝʜʝʥʠʝ 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ɼɿɿ ʪʠʧʘ ʉʀʏ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʠ ʩʦʟʜʘʚʘʣʘʩʴ ʚ ʋʢʨʘʠʥʝ ʚ ʪʝʯʝ-

ʥʠʝ ʨʷʜʘ ʣʝʪ. ʀʟʚʝʩʪʥʳ ʨʘʟʨʘʙʦʪʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɼɿɿ [1] ʉʀʏ-1, ʄʉ-2-8, ɽʛʠʧʪʩʘʪ, 

ʉʀʏ-1ʄ. ʇʨʦʚʝʜʸʤ ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʫʪʥʠʢʘ ʉʀʏ-2, ʜʣʷ ʯʝʛʦ ʙʫʜʝʤ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ [2]. 

ʂʦʩʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ çʉʀʏ-2è ï ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʥʘʙʣʶ-

ʜʝʥʠʷ ɿʝʤʣʠ. ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʠ ʩʨʝʜʥʝʤ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ. ʉʦʟʜʘʥʠʝ ʩʧʫʪʥʠʢʘ çʉʀʏ-2è ʙʳʣʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʦʡ ʋʢʨʘʠʥʳ ʥʘ 2008ï2012 ʛʦʜʘ. 

17 ʘʚʛʫʩʪʘ 2011 ʛʦʜʘ ʚ 07:12:20 UTC ʩ ʧʫʩʢʦʚʦʡ ʙʘʟʳ çʗʩʥʳʡè (ʆʨʝʥʙʫʨʛʩʢʘʷ ʦʙʣʘʩʪʴ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ) ʙʳʣ ʩʦʚʝʨʰʸʥ ʧʫʩʢ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ çɼʥʽʧʨʦè, ʢʦʪʦʨʘʷ ʚʳʚʝʣʘ ʥʘ 

ʦʨʙʠʪʫ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ çʉʀʏ-2è. 
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ʊʘʙʣʠʮʘ 1 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʧʫʪʥʠʢʘ ʉʀʏ-2 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉʀʏ-2 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʩʲʸʤʢʠ, ʜʥʝʡ 3ï5 

ʆʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʢʘʞʜʦʡ ʦʩʠ, ʛʨʘʜ. 0.02 

ʊʦʯʥʦʩʪʴ ʟʥʘʯʝʥʠʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʤ <30 

ʉʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ, ʛʨʘʜ. 98.074 

ʇʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ, ʤʠʥ. 98.03 

ɺʳʩʦʪʘ ʦʨʙʠʪʳ, ʢʤ 668 

ʄʝʩʪʥʦʝ ʚʨʝʤʷ ʧʨʦʭʦʜʞʝʥʠʷ ʩʧʘʜʘʶʱʝʛʦ ʫʟʣʘ 11:00 

ʄʘʩʩʘ ʩʧʫʪʥʠʢʘ, ʢʛ 135 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʪʝʨʝʦʩʲʸʤʢʠ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʊʘʢ 

ɺʨʝʤʷ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʛʦʜʳ 5 

ʊʘʙʣʠʮʘ 2 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚ ʩʧʫʪʥʠʢʘ ʉʀʏ-2 

ʄʥʦʛʦʟʦʥʘʣʴʥʦʝ ʩʢʘʥʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ  

ï ʇʘʥʭʨʦʤʘʪʠʯʝʩʢʠʡ 0.51ï0.9 ʤʢʤ 

ï ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʡ 0.51ï0.59; 0.61ï0.68; 0.8ï0.89 ʤʢʤ 

ʇʨʦʝʢʮʠʷ ʰʘʛʘ ʧʠʢʩʝʣʦʚ ʚ ʥʘʜʠʨʝ 8.2 ʤ 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʚʠʜʠʤʦʩʪʠ ʚ ʥʘʜʠʨʝ 48.8 ʢʤ 

ʉʢʘʥʝʨ ʩʨʝʜʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʐʠʨʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 1.51-1.7 ʤʢʤ 

ʇʨʦʝʢʮʠʷ ʰʘʛʘ ʧʠʢʩʝʣʦʚ ʚ ʥʘʜʠʨʝ 41.4 ʤ 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʚʠʜʠʤʦʩʪʠ ʚ ʥʘʜʠʨʝ 58.1 ʢʤ 

ʇʦʜʩʠʩʪʝʤʘ ʜʘʥʥʳʭ 

ʆʙ̡ ʤy ʧʘʤʷʪʠ  2 ɻʙ 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 30.72 ʤ 

 

 

ʈʠʩ. 3 ï ɿʘʢʘʟ ʩʥʠʤʢʦʚ 
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ʇʨʠʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʥʠʤʢʦʚ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.1ï4.4: 

 

 

ʈʠʩ. 4.1 ï SMIR 

 

 

ʈʠʩ. 4.2 ï GRI 

 

 

ʈʠʩ. 4.3 ï PAN 
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ʈʠʩ. 4.4 ï RGB 

ʂʦʩʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ çʉʀʏ-2è ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦ ʪʘʢʠʤ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝ-

ʥʠ̫ ʤ: 

1. ʄʦʥʠʪʦʨʠʥʛ ʘʛʨʘʨʥʳʭ ʨʝʩʫʨʩʦʚ;  

2. ʄʦʥʠʪʦʨʠʥʛ ʚʦʜʥʳʭ ʠ ʟʝʤʥʳʭ ʧʦʢʨʦʚʦʚ;  

3. ʄʦʥʠʪʦʨʠʥʛ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ;  

4. ʄʦʥʠʪʦʨʠʥʛ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ. 

ʊʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʷʚʣʝʥʠʡ ʧʦ ʜʘʥʥʳʤ 

ʂɸ ʉʀʏ-2 (ʨʠʩ. 5): 

 

 

ʈʠʩ. 5 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʠʤʝʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʩʧʫʪʥʠʢʘ ʉʀʏ-2 
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ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʦʟʠʤʳʭ ʩ/ʭ ʢʫʣʴʪʫʨ ʧʨʠ ʧʦʤʦʱʠ ʜʘʥʥʳʭ ɼɿɿ (ʨʠʩ. 6): 

 

 

ʈʠʩ. 6 ï ʂʘʨʪʘ ʠʥʜʝʢʩʘ ʚʝʛʝʪʘʮʠʠ 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʀʏ-2 ʚ ʠʥʪʝ-

ʨʝʩʘʭ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʋʢʨʘʠʥʳ ʧʨʦʠʟʚʝʜʸʤ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʛʝʪʘ-

ʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ. 

ʇʨʠʤʝʨʳ ʨʘʩʯʸʪʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ 

ɼʣʷ ʨʘʩʯʸʪʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʥʘʠʙʦʣʝʝ ʩʪʘ-

ʙʠʣʴʥʳʭ ʫʯʘʩʪʢʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʝʥʠʡ [3, 4, 5]. ʅʘ ʢʨʘʩʥʫʶ 

ʟʦʥʫ ʩʧʝʢʪʨʘ (0.62ï0.75 ʤʢʤ) ʧʨʠʭʦʜʠʪʩʷ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʭʣʦ-

ʨʦʬʠʣʣʦʤ, ʘ ʥʘ ʙʣʠʞʥʶʶ ʠʥʬʨʘʢʨʘʩʥʫʶ ʟʦʥʫ (0.75ï1.3 ʤʢʤ) ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʢʣʝʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʣʠʩʪʘ (ʨʠʩ. 7) [6]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʳʩʦʢʘʷ ʬʦʪʦʩʠʥ-

ʪʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʩʚʷʟʘʥʥʘʷ ʩ ʙʦʣʴʰʦʡ ʬʠʪʦʤʘʩʩʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) ʚʝʜʸʪ ʢ ʙʦʣʝʝ ʥʠʟ-

ʢʠʤ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʚ ʢʨʘʩʥʦʡ ʟʦʥʝ ʩʧʝʢʪʨʘ ʠ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʷʤ  

ʚ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ. ʆʪʥʦʰʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦʟʚʦʣʷʝʪ ʯʸʪʢʦ 

ʦʪʜʝʣʷʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʪ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ.  
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ʈʠʩ. 7 ï ʋʯʘʩʪʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʦʪʨʘʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʫʩʨʝʜʥʝʥʥʦʡ),  

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ NDVI c ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ MODIS 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤ-

ʧʣʝʢʩ ENVI ʠ ʩʧʝʮʠʘʣʴʥʳʡ ʢʘʣʴʢʫʣʷʪʦʨ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ɺʀ ENVI, ʢʦʪʦʨʳʡ ʧʦʟʚʦ-

ʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 27 ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʠ [3, 4, 5, 6, 7]. ʀʥʜʝʢʩʳ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʢʘʪʝʛʦʨʠʠ ʧʦ ʩʚʦʡʩʪʚʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʢʦʪʦʨʦʝ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ. 

Broadband Greenness (5 ʠʥʜʝʢʩʦʚ): ʠʥʜʝʢʩʳ çʟʝʣʝʥʦʩʪʠè, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʧʦ ʜʘʥʥʳʤ  

ʚ ʰʠʨʦʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥʘʭ: 

 

Normalized Difference Vegetation Index 

 , (1) 

 

Simple Ratio Index  

 , (2) 

 

Enhanced Vegetation Index 

 , (3) 

 

Atmospherically Resistant Vegetation Index 

 , (4) 

 

SumGreenIndex 

 . (5) 
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ʀʥʜʝʢʩʳ ʵʪʦʡ ʛʨʫʧʧʳ ʦʪʨʘʞʘʶʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʮʝʥʢʠ ʝʝ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ. ʆʥʠ ʩʫʤʤʠʨʫʶʪ ʠ ʦʪʨʘʞʘʶʪ ʚʣʠʷ-

ʥʠʝ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ, ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʤʢʥʫ-

ʪʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ɺʝʛʝʪʘʮʠʦʥʥʳʝ ʠʥʜʝʢʩʳ ʵʪʦʡ ʛʨʫʧʧʳ ʭʦʨʦʰʦ ʢʦʨ-

ʨʝʣʠʨʫʶʪ ʩ ʠʥʜʝʢʩʦʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʠ (fAPAR) ʠ ʠʥʜʝʢʩʦʤ ʣʠʩʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (LAI). ʀʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʣʶʙʳʤʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʤʠ ʩʥʠʤʢʘʤʠ ʚʳʩʦʢʦʛʦ, ʩʨʝʜʥʝʛʦ ʠʣʠ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʫ ʢʦʪʦʨʳʭ ʝʩʪʴ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʥʘʣʳ ʚ ʢʨʘʩʥʦʡ (0,60ï0,75 ʤʢʤ) ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ (0,75ï1,3 ʤʢʤ)  

ʟʦʥʘʭ. 

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʵʪʠʭ ʠʥʜʝʢʩʦʚ ï ʢʘʨʪʠʨʦʚʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʳʷʚʣʝʥʠʝ 

ʧʣʦʱʘʜʝʡ ʧʦʢʨʳʪʳʭ ʠ ʥʝʧʦʢʨʳʪʳʭ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʦʮʝʥʢʘ ʠ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠ-

ʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʦʮʝʥʢʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʫʨʦʞʘʡʥʦʩʪʠ. 

ʀʟ ʩʨʘʚʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʉʀʏ-2 ʩʣʝʜʫʝʪ, ʯʪʦ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ ʉʀʏ-2 ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʩʯʸʪʘ 5 ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢ-

ʩʦʚ (ʠʥʜʝʢʩʦʚ ʟʝʣʸʥʦʩʪʠ), ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥʘʭ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʠʥʜʝʢʩʦʚ ʟʝʣʸʥʦʩʪʠ ʚʦ ʚʩʸʤ ʠʥʪʝʨʝʩʫʶʱʝʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ  

(0,6ï1,3 ʤʢʤ) ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʨʘʩʪʠ-

ʪʝʣɹʥʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ [7] (ʨʠʩ. 8). 

 

 

ʈʠʩ. 8 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʚʳʙʝʨʝʤ ʩʣʝʜʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (6) ʚ ʜʠʘʧʘʟʦʥʝ  

0ï1.5 ʤʢʤ: 

 

 . (6) 

 

ʋʢʘʟʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 9. 
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ʈʠʩ. 9 ï ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʂ0 = 0.38. 

ʇʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʦʰʠʙʦʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʝʞʜʫ ʛʨʘʬʠʢʘʤʠ ʥʘ ʨʠʩ. 8 ʠ ʨʠʩ. 9 (ʨʠʩ. 10). 
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ʈʠʩ. 10 ï ɻʨʘʬʠʢ ʦʰʠʙʦʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʫʞʜʘʶʪʩʷ ʚ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ (ʢʘʣʠʙʨʦʚʢʝ) ʠ ʤʦ-

ʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʦʣʴʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʸʪʦʚ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʘʣʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʧʫʪʥʠʢʠ ɼɿɿ / çʈʘʢʫʨʩè ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.racurs. 

ru/?page=710 ï 25.02.2012. 

2. ɿʦʙʨʘʞʝʥʥʷ ʽʟ ʉʽʯ-2 / ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çɼʥʽʧʨʦʢʦʩʤʦʩè ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://www.dniprokosmos.dp.ua/images-from-sich-2 ï 3.03.2012. 

3. ʏʝʨʝʧʘʥʦʚ ɸ.ʉ., ɼʨʫʞʠʥʠʥʘ ɽ.ɻ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʚʝʛʝʪʘʮʠ-

ʦʥʥʳʝ ʠʥʜʝʢʩʳ. ɻʝʦʤʘʪʠʢʘ ˉ 3, 2009. 
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ʫʨʦʞʘʡʥʦʩʪʠ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʧʦ ʜʘʥʥʳʤ ɼɿɿ. ɻʝʦʤʘʪʠʢʘ ˉ 3, 2009. 

5. ʂʫʩʩʫʣʴ ʅ., ʀʣʴʠʥ ʅ., ʉʢʘʢʫʥ ʉ., ʃʘʚʨʝʥʶʢ ɸ. ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ  

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʦʟʠʤʳʭ ʢʫʣʴʪʫʨ ʋʢʨʘʠʥʳ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ. 

6. ɿʝʨʥʦʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ï ʚʠʜ ʠʟ ʢʦʩʤʦʩʘ / R&D Center ScanEx ï ʈʝʞʠʤ ʜʦʩʪʫ-

ʧʫ: http://www.scanex.ru/ru/data/Applications_ScanEx_p19-31.pdf ï 28.12.2011. 

7. ɺʝʛʝʪʘʮʠʦʥʥʳʝ ʠʥʜʝʢʩʳ. ʆʩʥʦʚʳ, ʬʦʨʤʫʣʳ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ / 

MapExpert ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://mapexpert.com.ua/index_ru.php?id=20&table=news"table= 

news ï 30.12.2011. 

 

ʉʪʘʪʪʷ ʥʘʜʽʡh ʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 10.02.14 ʨʦʩʽʡʩʴʢʦʶ ʤʦʚʦʶ 

É ʆ.ʉ. ɻʨʝʙʽʥʴ  

ʆʎɯʅʂɸ ʄʆɾʃʀɺʆʉʊɽʁ ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʋʇʋʊʅʀʂʆɺʀʍ ɿʅɯʄʂɯɺ  

ʅɸʎɯʆʅɸʃʔʅʆɰ ʉʀʉʊɽʄʀ ɼɿɿ ʉɯʏ-2 ɼʃʗ ɺʀʈɯʐɽʅʅʗ ʊɽʄɸʊʀʏʅʀʍ ɿɸɼɸʏ 

ʉɯʃʔʉʔʂʆɻʆ ɻʆʉʇʆɼɸʈʉʊɺɸ ʋʂʈɸɰʅʀ 

ɸʥʘʣʽʟʫʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ɼɿɿ ʉɯʏ-2. ɺʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʜʘʥʽ ʎʝʥʪʨʫ ʧʨʠʡʦʤʫ ʽ ʦʙʨʦʙʢʠ ʩʧʝʮʽʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʎʇʆʉɯ) ʪʘ ʢʦʥʪʨʦʣʶ ʥʘʚʽ-

ʛʘʮʽʡʥʦʛʦ ʧʦʣʷ (ʂʅʇ). ʆʜʥʦʯʘʩʥʦ ʘʥʘʣʽʟʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠ-

ʩʪʝʤʠ ɼɿɿ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜ-

ʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʧʫʪʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʉɯʏ-2 ʤʝʪʦʜʠʢʘʤ ʦʮʽʥʢʠ ʚʝʛʝʪʘ-

ʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʪʘ 

ʰʠʨʠʥʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʥ ʩʧʝʢʪʨʘʣʴʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʮʽʥʢʠ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ. 

ʇʨʦʚʦʜʠʪʴʩʷ ʪʝʦʨʝʪʠʯʥʝ ʦʙʨ̌ʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘ ʦʙʤʝ-

ʞʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ.  

É A.S. Greben  

EVALUATION OF THE USE OF SATELLITE IMAGES O F NATIONAL ERS SHR -2 

CASE FOR SOLVING PROBLEMS OF AGRICULTURE OF UKRAINE  

Analyzes the technical characteristics of the national system of Sich-2 Earth remote sensing. 

Center uses data reception and processing of specific information (DSPs) and field navigationcon-

trol (ANC). At the same time analyzed the requirements forthe spectral characteristics of remote 

sensing system for solving problems of agriculture in Ukraine. Determined by the spectral charac-

teristics of the line satellite Sich-2 methods of assessingvegetation indices of crops. Determined by 

the line position and width of spectral bands spectral characteristics of theassessment of vegetation 

indices. The theoretical justification ofmethods of assessment of vegetation indices for a limited-

spectral range of characteristics. 

 

 

http://www.scanex.ru/ru/data/Applications_ScanEx_p19-31.pdf%20–%2028.12.2011
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É ɺ.ʄ. ʊʨʠʩʥʶʢ, ʢʘʥʜ. ʛʝʦʛʨʘʬ. ʥʘʫʢ, ʩʪʘʨʰ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ; 

ɯ.ɺ. ʈʘʜʯʫʢ, ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ; 

ɺ.ʆ. ʆʭʘʨʻʚ, ʤʦʣ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ; 

ʊ.ɺ. ʊʨʠʩʥʶʢ, ʘʩʧʽʨʘʥʪ; 

ʆ.ɺ. ɸʪʨʘʩʝʚʠʯ, ʘʩʧʽʨʘʥʪ; 

ɺ.ʆ. ʐʫʤʝʡʢʦ, ʘʩʧʽʨʘʥʪ 

 

ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

 

ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɼʆʉʃɯɼɾɽʅʅʗ  

ʐʊʋʏʅʆ ʉʊɺʆʈɽʅʀʍ ɽʂʆʉʀʉʊɽʄ  

ʅɸ ʇʈʀʂʃɸɼɯ ʊɽʈʅʆʇɯʃʔʉʔʂʆɻʆ ʉʊɸɺʋ 

 

ʈʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʦʾ ʝʢʦʩʠʩʪʝʤʠ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ 

ʩʪʘʚʫ. ʋ ʩʪʘʪʪʽ ʜʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʨʦʢʫ  

ʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʩʣʠʥʥʽʩʪʴ ʻ ʥʘʡʢʨʘʱʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ ʩʚʠʥʮʶ. ʈʦʟʨʦʙʣʝʥʽ ʧʦʢʘʟʥʠʢʠ 

ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʾ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʽ ʤʽʨʠ ʧʦʨʫʰʝʥʦʩʪʽ ʙʘʩʝʡʥʦʚʠʭ ʣʘʥʜʰʘʬʪʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ, ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʜʦʩʣʜ̔ʞʝʥʥʷ, 

ʚʘʞʢʽ ʤʝʪʘʣʠ, ʩʚʠʥʝʮʴ. 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷʤ ʫ ɿʘʭʽʜʥʦ-ʇʦʜʽʣʴ-

ʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʧʝʨʘʪʠʚʥʦ-ʧʨʦʛʥʦʩʪʠʯʥʽʡ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʽʶʯʽ ʽ ʧʦʪʝʥʮʽʡʥʽ 

ʯʠʥʥʠʢʠ ʧʨʠʨʦʜʥʠʭ ʟʤʽʥ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʽʜʨʦʛʨʘʬʽʯʥʫ ʤʝʨʝʞʫ, ʦʪʨʠʤʘ-

ʥ̔ ʡ ʰʣʷʭʦʤ ʨʝʘʣʽʟʘʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. 

ʈʦʟʨʦʙʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʜʣʷ ʽʥ-

ʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʟ ʧʠʪʘʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚʦʜʥʦʛʦ ʬʦʥʜʫ ʥʘ ʦʙôʻʢʪʦʚʦʤʫ, 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ, ʦʭʦʨʦʥʠ ʽ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʝʩʫʨʩʦʢʦʨʠʩʪʫʚʘʥʥʷ ʛʽʜʨʦʤʦʨʬʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʫ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʩʪʘʚʫ (ʨʠʩ. 1), ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʦʙôʻʢʪʠʚʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʩʪʨʘʪʝʛʽʡ ʨʦʟʚʠʪʢʫ ʤʽʩʴʢʦʾ ʪʝʨʠʪʦʨʽʾ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʽʚʥʷ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʦʩʪʽ (ʨʠʩ. 2).  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʚʦʜʦʡʤ ʨʝʛʽʦʥʫ ʦʙʫʤʦʚʣʝʥʘ ʾʭ ʟʥʘʯʝʥʥʷʤ ʫ ʚʠʨʽ-

ʰʝʥʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʘ ʨʝʢʨʝʘʮʽʡʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʘʚʜʘʥʴ. ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʦʜʥʠʭ 

ʦʙôʻʢʪʽʚ ʭʘʨʘʢʪʝʨʥʠʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʮʽʣʴʦʚʠʭ ʧʨʠʟʥʘʯʝʥʴ, ʦʙʫʤʦʚʣʝʥʠʭ ʨʽʟʥʠʤʠ ʬʘʢʪʦ-

ʨʘʤʠ. ɻʽʜʨʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʦʙʫʤʦʚʣʝʥʽ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ,  

ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʝʨʠʪʦʨʽʡ: ʨʽʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʽʟʘʮʽʾ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʟʦʥʫʚʘʥʥʷʤ  

ʽ ʨʝʢʨʝʘʮʽʡʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʠʤ ʩʝʢʪʦʨʦʤ ʝʢʦʥʦʤʽʢʠ. 
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ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʋʪʦʯʥʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʥʘʟʝʤʥʠʭ ʜʦ-

ʩʣʽʜʞʝʥʴ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʘʢʪʫʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʪʚʦʨʝʥʥʷ ʧʘʩʧʦʨʪʫ ʊʝʨ-

ʥʦʧʽʣʴʩʴʢʦʛʦ ʩʪʘʚʫ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1 ï ʂʦʩʤʽʯʥʠʡ ʟʥʽʤʦʢ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʩʪʘʚʫ     ʈʠʩ. 2 ï ɯʥʪʝʨʧʦʣʴʦʚʘʥʘ ʧʦʚʝʨʭʥʷ ʽʟʦʣʥ̔ʽʾ                                                                                   

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʝʟʫʣʴʪʘʪʠ ʢʦʩʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥ-

ʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʮʽʥʢʫ ʜʠʥʘʤʽʢʠ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʘʢʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʠʭ ʧʘ-

ʨʘʤʝʪʨʽʚ, ʷʢ ʬʦʨʤʘ ʽ ʧʝʨʠʤʝʪʨ ʙʝʨʝʛʦʚʦʾ ʩʤʫʛʠ ʪʘ ʧʨʦʮʝʩʠ ʝʚʪʨʦʬʽʢʘʮʽʾ ʚʦʜʦʡʤ.  

ʅʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʽ ʽ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʚʜʘʥʥʷ ʦʪʨʠʤʫʶʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʙʘʛʘʪʦʟʦʥʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟ-

ʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʚʦʜʠ ʦʟʝʨʥʠʭ ʝʢʦʩʠʩʪʝʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʚʠʢʦʥʘʥʦʛʦ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʧʦʣʽʛʦʥʽʚ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʧʦʚʝʨʭʥʝ-

ʚʠʭ ʚʦʜ ʊʝʨʥʦʧʽʣʣʷ, ɼɿɿ/ɻɯʉ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʥʘʟʝʤʥʽ ʧʦʣʽʛʦʥʥʦ-ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʻ ʚʘʞʣʠ-

ʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʚʧʣʠʚʫ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʥʘ ʝʢʦʣʦʛʦ-ʚʽʜʥʦʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʟʝʨʘ. 

ʋʥʽʢʘʣʴʥʽ ʚʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ ʰʪʫʯʥʠʭ ʦʟʝʨ ʟʘʟʥʘʶʪʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʚʥʘʩʣʽʜʦʢ 

ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʪʘ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘʩʣʽʜʢʦʤ ʪʘʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʻ ʘʢʪʠʚʽʟʘʮʽʷ 

ʧʨʦʮʝʩʽʚ ʝʚʪʨʦʬʫʚʘʥʥʷ ʚʦʜʦʡʤ. ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚʥʘʩʣʽʜʦʢ ʙʫʜʽʚʥʠʮʪʚʘ 

ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ ʩʧʨʠʯʠʥʠʣʦ ʧʦʥʠʞʝʥʥʷ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ ʚʦʜʦʡʤ. 

ɸʥʪʨʦʧʦʛʝʥʽʟʘʮʽʷ ʦʙʫʤʦʚʣʶʻ ʧʦʩʠʣʝʥʥʷ ʧʨʦʛʨʽʚʘʥʥʷ ʪʘ ʝʚʪʨʦʬʽʢʘʮʽʶ ʦʟʝʨ, ʩʧʨʠʯʠʥʶʻ ʾʭ 

ʽʟʦʣʷʮʽʶ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʧʨʦʮʝʩʽʚ ʩʪʘʨʽʥʥʷ ʚʦʜʦʡʤ. ʊʦʤʫ ʚʠʥʠʢʣʘ ʛʦʩʪʨʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 
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ʢʦʤʧʣʝʢʩʥʠʭ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʩʧʝʢʪʽʚ ʜʽʷʣʴʥʦʩʪʽ  

ʚ ʨʝʛʽʦʥʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʽ ʚʘʨʽʘʥʪʠ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤ ʛʦʩʧʦʜʘʨ-

ʩʪʚʦʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʣʠʰʝ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʝʬʝʢʪʫ, ʘʣʝ ʡ ʚʨʘʭʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʧʦʣʦʞʝʥʴ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ 

ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ. ʄʦʥʽʪʦʨʠʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʨʘʭʫʚʘʥʥʽ ʛʦʣʦʚʥʠʭ ʬʫʥʢʮʽʡ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ ʪʘ ʧʨʠʣʝʛʣʠʭ ʜʦ ʥʠʭ ʪʝʨʠʪʦʨʽʡ. ɺʘʞʣʠʚʠʤʠ ʾʭ 

ʩʢʣʘʜʦʚʠʤʠ, ʧʦʨʷʜ ʟ ʛʽʜʨʦʦʧʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʢʦʩʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʻ ʟôʷʩʫʚʘʥʥʷ ʢʽʣʴ-

ʢʽʩʥʠʭ ʽ ʷʢʽʩʥʠʭ ʛʽʜʨʦʣʦʛʯ̔ʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʤʥʦʩʠʩʪʝʤ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷ 

ʥʘʛʨʦʤʘʜʞʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽ ʩʪʚʦʨʝʥʥʷ ʪʝʦʨʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʟʝʨʥʠʭ 

ʝʢʦʩʠʩʪʝʤ [1]. ʉʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʟʝʨ, ʚʦʜʦʩʭʦʚʠʱ, ʩʪʘʚʢʽʚ (ʷʢ ʚʦʜʦʡʤ 

ʫʧʦʚʽʣʴʥʝʥʦʛʦ ʚʦʜʦʦʙʤʽʥʫ) ʧʝʨʝʜʙʘʯʘʻ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʾʭ ʽʩʥʫʚʘʥʥʷ ʥʝ ʣʠʰʝ ʚ ʪʽʩʥʦʤʫ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʫ, ʘʣʝ ʡ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʚʦʜʦʟʙʦʨʽ. ɺ ʦʩʥʦʚʫ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʦʢʣʘ-

ʜʝʥʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʦʜʦʡʤʫ ʪʘ ʾʾ ʙʘʩʝʡʥ ʷʢ ʣʦʢʘʣʴʥʫ ʝʢʦʩʠʩʪʝʤʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʦ-ʥʦʚʦʤʫ 

ʧʦʷʩʥʠʪʠ ʧʨʠʨʦʜʫ ʚʦʜʦʡʤ, ʚʩʪʘʥʦʚʠʪʠ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʙʝʨʝ-

ʞʝʥʥʷ ʽ ʦʭʦʨʦʥʠ ʾʭ ʨʝʩʫʨʩʽʚ. ʇʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʦʟʛʣʷʜʫ ʽ ʦʙˇʨʫʥ-

ʪʫʚʘʥʥʷ ʡʦʛʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʣʽʤʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʄʽʩʪʦ ʊʝʨʥʦʧʽʣʴ ʣʝʞʠʪʴ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʨʽʯʢʠ ʉʝʨʝʪ ï ʣʽʚʦʾ ʧʨʠʪʦʢʠ ɼʥʽʩʪʨʘ. ɼʦʚʞʠʥʘ 

ʉʝʨʝʪʫ ï 218 ʢʤ. ʎʝ ʥʘʡʜʦʚʰʘ ʨʽʯʢʘ ʽʟ ʧʨʠʪʦʢ ɼʥʽʩʪʨʘ ʚ ʤʝʞʘʭ ʦʙʣʘʩʪʽ, ʱʦ ʙʝʨʝ ʧʦʯʘʪʦʢ ʙʽʣʷ 

ʩ ʈʘʪʠʱʽ. ɺ ʨʘʡʦʥʽ ʊʝʨʥʦʧʦʣʷ ʜʦʣʠʥʘ ʨʽʯʢʠ ʢʦʨʠʪʦʧʦʜʽʙʥʘ ʟ ʢʨʫʪʠʤ ʧʨʘʚʠʤ ʩʭʠʣʦʤ. ʐʠʨʠʥʘ 

ʨʫʩʣʘ ï ʜʦ 10 ʤʝʪʨʽʚ, ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ ï 0,6 ʤʝʪʨʘ ʟʘ ʩʝʢʫʥʜʫ. ʅʘ ʧʽʚʜʝʥʴ ʚʽʜ ʤʽʩʪʘ ʜʦʣʠʥʘ ʉʝ-

ʨʝʪʫ ʩʷʛʘʻ ʰʠʨʠʥʠ 1,2 ʢʤ, ʚʦʥʘ ʟʘʙʦʣʦʯʝʥʘ ʽ ʚʘʞʢʦʧʨʦʭʽʜʥʘ. ɿʘ ʛʨʝʙʣʝʶ  ̔ʧʦʙʣʠʟʫ ʧʨʠʤʽʩʴʢʦ-

ʛʦ ʩʝʣʘ ʇʝʪʨʠʢʽʚ ʧʨʦʢʣʘʜʝʥʦ ʥʦʚʝ ʨʫʢʦʪʚʦʨʥʝ ʚʠʧʨʷʤʣʝʥʝ ʨʫʩʣʦ. ɻʽʜʨʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʨʽʯʢʠ 

ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʨʠ ʨʦʢʫ. ɺʝʩʥʷʥʝ ʚʦʜʦʧʽʣʣʷ ʧʦʯʠ-

ʥʘʻʪʴʩʷ ʚ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ ʙʝʨʝʟʥʷ ʽ ʪʨʠʚʘʻ ʙʣʠʟʴʢʦ ʤʽʩʷʮʷ. ɺʠʩʦʪʘ ʨʽʚʥʷ ʧʦʚʝʥʽ ï 0,7ï2 ʤʝʪ-

ʨʠ ʥʘʜ ʥʫʣʴʦʚʦʶ ʚʽʜʤʽʪʢʦʶ, ʘʣʝ ʥʝʨʽʜʢʦ ʚʦʥʘ ʜʦʩʷʛʘʣʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʤʽʪʢʠ 3,5 ʤʝʪʨʘ ʽ ʚʠ-

ʱʝ. ʅʠʟʴʢʽ ʨʽʚʥʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʣʽʪʢʫ ʽ ʚʟʠʤʢʫ. ʋ ʣʽʪʥʽ ʤʽʩʷʮʽ, ʦʩʦʙʣʠʚʦ  

ʫ ʯʝʨʚʥʽïʣʠʧʥʽ, ʢʦʣʠ ʚʠʧʘʜʘʻ ʤʘʢʩʠʤʫʤ ʦʧʘʜʽʚ, ʨʽʚʝʥʴ ʚʦʜʠ ʫ ʨʽʯʮʽ ʥʘ ʢʽʣʴʢʘ ʜʥʽʚ ʧʽʜʥʽʤʘʻʪʴ-

ʩʷ. ɺʟʠʤʢʫ ʨʽʯʢʘ ʥʝ ʟʘʤʝʨʟʘʻ. ʋ ʜʫʞʝ ʭʦʣʦʜʥʽ ʟʠʤʠ ï ʟʘʤʝʨʟʘʻ, ʘʣʝ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʦʧʦ-

ʣʦʥʦʢ. 

ʅʘʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʝʭʦʣʦʪʦʤ ï ʢʘʨʪʧʣʦʪʪʝʨʦʤ LOWRANCE LMS-527C DF, 

ʱʦ ʤʘʻ ʜʠʩʧʣʝʡ ʧʽʜʚʠʱʝʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 480x480 ʧʽʢʩʝʣʽʚ ʽ ʜʽʘʛʦʥʘʣʣʶ 

ʝʢʨʘʥʫ 5, ʷʢʠʡ ʚʦʣʦʜʽʻ 16-ʙʽʪʥʦ ʁʢʦʣʽʨʥʦ ʁʧʘʣʽʪʨʦʶ ʟ 65 536 ʢʦʣʴʦʨʽʚ (ʨʠʩ. 3). 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʩʪʘʚ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʠʡ ʥʘ ʨʽʯʮʽ ʉʝʨʝʪ ʫ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʤʽʩʪʘ, ʧʣʦʱʝʶ 

290 ʛʘ. ʁʦʛʦ ʰʠʨʠʥʘ ʩʷʛʘʻ ʙʣʠʟʴʢʦ 1 ʢʤ, ʘ ʜʦʚʞʠʥʘ ï 3,5 ʢʤ. ʉʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʩʪʘʚʫ ï 3,75 ʤ, 

ʥʘʡʙʽʣʴʰʘ ï 12 ʤ ï ʙʽʣʷ ɹʽʣʝʥʴʢʦʛʦ ʚʦʜʦʟʘʙʦʨʫ (ʨʠʩ. 4).  

ʉʪʘʚ ʫʪʨʠʤʫʻ ʜʘʤʙʘ ʟ ʤʦʩʪʦʤ-ʛʨʝʙʣʝʶ, ʧʦ ʷʢʽʡ ʧʨʦʭʦʜʠʪʴ ʘʚʪʦʤʘʛʽʩʪʨʘʣʴ ʽ ʟ'ʻʜʥʫʻ 

ʮʝʥʪʨ ʤʽʩʪʘ ʽʟ ɿʘʛʨʝʙʝʣʣʷʤ. ʋ ʚʝʨʭʽʚ'ʷʭ ʩʪʘʚʫ ʤʽʞ ʩʝʣʘʤʠ ɹʽʣʘ ʽ ʇʨʦʥʷʪʠʥ ʧʨʦʢʣʘʜʝʥʘ ʜʨʫʛʘ 

ʜʘʤʙʘ, ʟʘ ʷʢʦʶ ʣʝʞʠʪʴ ʉʝʨʝʪʩʴʢʝ ʙʦʣʦʪʦ ʧʣʦɦ ʝʶ 740 ʛʘ. 
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ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ Co, Cu, Pb, Cd ʫ ʚʦʜʽ, ʧʨʠʙʝʨʝʞʥʦʤʫ ʤʫʣʽ, ˇʨʫʥʪʘʭ ʪʘ ʚʦʜʦʨʦ-

ʩʪʷʭ ʟʨʘʟʢʠ ʩʢʣʘʜʦʚʠʭ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤʠ ʚʽʜʙʠʨʘʣʠ ʚ 5 ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʩʪʘʚʫ 

(ʨʠʩ. 1): 1 ï ʙʽʣʷ ʤʽʩʴʢʦʛʦ ʧʣʷʞʫ; 2 ï ʧʦʙʣʠʟʫ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʜʦʨʦʛʠ; 3 ï ʙʽʣʷ ʟʘʧʣʘʚʠ ʨ. ʉʝʨʝʪ 

(ʬʽʣʴʪʨ ʥʘ ʰʣʷʭʫ ʤʽʛʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ); 4 ï ʚ ʥʠʟʠʥʥʽʡ ʜʽʣʷʥʮʽ ʩʪʘʚʫ (ʥʘʜʭʦʜʞʝʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ 

ʚʠʢʠʜʽʚ ʽʟ ʩʪʦʢʦʤ, ʽʟ ʨʽʯʢʦʚʦʾ ʚʦʜʠ, ʟ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ); 5 ï ʚ ʜʽʣʷʥʢʘʭ ʟʘʙʦʣʦʯʝʥʦʛʦ ʩʭʠʣʫ 

(ʧʦʩʪʽʡʥʝ ʦʙʚʦʜʥʝʥʥʷ). 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3 ï ɽʭʦʣʦʪ - ʢʘʨʪʧʣʦʪʪʝʨ LOWRANCE LMS-527C DF, ̫ ʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ  

ɺʣʽʪʢʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʚʦʜʽ, ʷʢ ʧʨʘʚʠʣʦ, ʟʤʝʥʰʫʻʪʴʩʷ. ʋ ʜʨʫʛʽʡ ʧʦʣʦ-

ʚʠʥʽ ʣʽʪʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʜʠ ʥʘʩʪʫʧʘʻ ʥʦʚʠʡ ʧʝʨʽʦʜ ʙʫʨʭʣʠʚʦʛʦ ʨʦʟʚʠʪʢʫ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʽ ʜʨʫʛʝ "ʮʚʽʪʽʥʥʷ" ʚʦʜʠ. ʊʨʠʚʦʞʥʠʤ ʬʘʢʪʦʤ ʻ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʚʠʥʮʶ ʫ ʮʶ ʧʦʨʫ ʨʦʢʫ. ɼʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʮʠʤ ʤʝʪʘʣʦʤ ʻ ʪʝʪʨʘʝʪʠʣ 

ʩʚʠʥʮʶ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʨʘʩʠ, ʷʢʘ ʧʨʦʣʷʛʘʻ ʧʦ ʜʘʤʙʽ ʩʪʘʚʫ. ɺʝʣʠʢʘ ʢʦʥʮʝʥ-

ʪʨʘʮʽʷ ʩʚʠʥʮʶ ʚʣʽʪʢʫ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʦʮʝʩʦʤ ʤʝʪʠʣʶʚʘʥʥʷ. ʋ ʮʝʡ ʧʝʨʽʦʜ, ʦʩʦʙʣʠʚʦ ʫ ʩʝʨʧʥʽï

ʣʠʧʥʽ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ "ʮʚʽʪʽʥʥʷ ʚʦʜʦʡʤ", ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʦʨ-

ʛʘʥʽʟʤʽʚ. ʅʝʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʩʚʠʥʮʶ ʚ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʚʦʜʦʡʤ ʧʽʜʜʘʶʪʴʩʷ ʤʝʪʠʣʶʚʘʥʥʶ 

ʟʘ ʫʯʘʩʪʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ [3]. ʄʦʙʽʣʽʟʘʮʽʷ ʩʚʠʥʮʶ ʽʟ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʽʚ 

ʤʝʪʠʣʶʚʘʥʥʷ ʩʪʚʦʨʶʻ ʩʝʨʡʦʟʥʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʚʦʜʥʦʾ ʙʽʦʪʠ. 

ɺʦʩʝʥʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ʦʢʨʽʤ Co, Cd ) ʜʝʱʦ ʟʨʦʩʪʘʻ. ɿʽ ʟʥʠʞʝʥʥʷʤ ʪʝʤ-

ʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ ʚʦʩʝʥʠ ʽʥʪʝʥʩʠʚʥʽʰʝ ʚʽʜʤʠʨʘʶʪʴ ʤʘʢʨʦʬʽʪʠ ʫ ʚʦʜʦʡʤʽ, ʟʤʝʥʰʫʻʪʴʩʷ 

ʾʭ ʙʽʦʤʘʩʘ. ʈʦʩʣʠʥʠ, ʧʦʛʣʠʥʫʚʰʠ ʜʝʷʢʫ ʢʽʣʢɹʽʩʪʴ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʟʘ ʪʝʯʽʻʶ ʚʦʜʠ ʦʧʫʩʢʘʶʪʴʩʷ 

ʚ ʥʠʞʥʽ ʜʽʣʷʥʢʠ ʚʦʜʦʡʤʠ ʽ ʪʘʤ, ʚʽʜʤʠʨʘʶʯʠ, ʚʠʢʣʠʢʘʶʪʴ ʚʪʦʨʠʥʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ, ʚʽʜʜʘ-

ʶʯʠ ʾʡ ʚʘʞʢʽ ʤʝʪʘʣʠ, ʙʽʦʛʝʥʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ. ʂʦʥʮʝʥʪʨʘʮʽʷ Cd ʽ Co ʚʦʩʝʥʠ 

ʟʤʝʥʰʠʣʘʩʷ. ʂʘʜʤʽʡ ʚʦʩʝʥʠ ʘʢʫʤʫʣʶʚʘʚʩʷ ʚ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʩʝʨʝʜʦʚʠʱʘ (ʧʨʠʙʝʨʝʞʥʠʡ 

ʤʫʣ, ˇʨʫʥʪʠ). ʂʦʙʘʣʴʪ, ʷʢ ʚʽʜʦʤʦ, ʥʘʣʝʞʠʪʴ ʜʦ ʯʠʩʣʘ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ 
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ʨʝʯʦʚʠʥ. ʇʨʦʪʷʛʦʤ ʚʝʩʥʠ, ʣʽʪʘ ʪʘ ʦʩʝʥʽ ʩʧʦʣʫʢʠ ʢʦʙʘʣʴʪʫ ʚʠʢʦʨʠʩʪʘʣʠʩʴ ʚʦʜʥʦʶ ʙʽʦʪʦʶ,  

ʘ ʟ ʾʭ ʟʘʛʠʙʝʣʣʶ ʚʽʜʙʫʣʦʩʷ ʥʘʜʭʦʜʞʝʥʥʷ ʤʝʪʘʣʫ ʜʦ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ. 

 

ʈʠʩ. 4 ï ʇʨʠʢʣʘʜ ʝʭʦʛʨʘʤʠ ʨʝʣʴʻʬʫ ʜʘʥʦʾ ʧʦʚʝʨʭʥʽ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʩʪʘʚʫ 

ʇʽʜʚʠʱʝʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʟʠʤʦʚʽ ʤʽʩʷʮʽ ʢʦʨʝʣʶʻ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʟʨʦʩ-

ʪʘʥʥʷʤ ʯʠʩʝʣʴʥʦʩʪʽ ʽ ʙʽʦʤʘʩʠ ʬʽʪʦʧʣʘʥʢʪʦʥʫ. ʆʯʝʚʠʜʥʦ, ʮʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʝʟʦʥʥʦʾ ʟʤʽʥʠ ʢʦʥ-

ʮʝʥʪʨʘʮʽʡ ʝʣʝʤʝʥʪʽʚ ʫ ʚʦʜʦʡʤʽ ʧʦʚ'ʷʟʘʥʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʟ ʾʭ ʚʠʥʦʩʦʤ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʙʽʦʤʘʩʠ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʘ ʟ ʽʥʰʦʛʦ ï ʟ ʚʠʚʽʣʴʥʝʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʧʽʩʣʷ ʨʦʟʢʣʘʜʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ. 

ʅʘʪʫʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʽʥʪʦʢʩʠʢʘʮʽʾ ʫ ʥʝʚʝʣʠʢʠʭ, ʘʣʝ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʩʪʘʙʽʣʴ-

ʥʠʭ ʚʦʜʦʡʤʘʭ, ʤʝʪʘ ʷʢʠʭ ʧʦʣʷʛʘʻ ʫ ʧʨʦʩʣʽʜʢʦʚʫʚʘʥʥʽ ʜʠʥʘʤʽʢʠ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ 

ʫ ʩʢʣʘʜʦʚʠʭ ʚʦʜʦʡʤʠ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʝʟʦʥʫ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ 

ʧʨʽʦʨʠʪʝʪʥʽ ʯʠʥʥʠʢʠ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʝʪʘʣʫ, ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ 

ʚʩʪʘʥʦʚʠʪʠ ʨʦʣʴ ʙʽʦʪʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʫ ʥʴʦʤʫ. ʅʘʤʠ ʧʨʦʚʝʜʝʥ ̔ʚʩʽ ʚʽʜʧʦʚʽʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ 

ʚʥʝʩʝʥʥʷ ʩʚʠʥʮʶ ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,5 ʤʛ/ʣ. 

ɿʛʽʜʥʦ ʟ ʥʘʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʨʦʩʣʠʥʠ ʻ ʥʘʡʢʨʘʱʠʤʠ ʘʢʫʤʫʣʷʪʦʨʘʤʠ ʩʚʠʥʮʶ. 

ʍʨʦʥʽʯʥʘ ʜʽʷ ʩʚʠʥʮʶ ʥʘ ʨʦʩʣʠʥʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,1ï5 ʤʛ/ʣ. ʇʽʢ ʚʤʽʩʪʫ ʪʦʢ-

ʩʠʢʘʥʪʫ ʫ ʚʦʜʦʨʦʩʪʷʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ 1-ʡ (ʨʅ = 6,8), 5-ʡ (ʨʅ = 7) ʪʘ 10-ʡ ʜʝʥʴ (ʨʅ = 6,3 ï 

ʤʦʙʽʣʽʟʘʮʽʷ ʟ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ). ɺ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (10-ʡ ʜʝʥʴ) ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʦʢʩʠʯʥʽʩʪʴ 

ʩʚʠʥʮʶ, ʨʝʛʫʣʶʻʪʴʩʷ ʧʨʦʮʝʩ ʘʜʩʦʨʙʮʽʾ ʤʝʪʘʣʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʣʽʪʠʥ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʧʨʠ-

ʢʣʘʜʽ Chlorella vulgaris [3]. 
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ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʬʽʪʦʧʣʘʥʢʪʦʥ ʧʨʦʪʷʛʦʤ ʟʠʤʠ ʦʩʽʜʘʻ ʥʘ ʟʘʙʨʫʜʥʝʥʽ ʜʦʥʥʽ ʚʽʜʢʣʘʜʠ,  

ʘ ʚʝʩʥʦʶ ʟʤʫʣʶʻʪʴʩʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘʰʠʤʠ ʜʘʥʠʤʠ. ʅʘʧʨʠʢʽʥʮʽ ʚʝʩʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴ-

ʩʷ ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʢʦʤʧʣʝʢʩʫ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ ï ʘʩʪʝʨʽʦʥʝʣʣʠ (Asterionella), ʪʘʙʝ-

ʣʷʨʽʾ (Tabellaria). ɿ ʦʜʝʨʞʘʥʠʭ ʥʘʤʠ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ 

ʤʘʶʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʢʦʙʘʣʴʪʫ ʪʘ ʩʚʠʥʮʶ. ʊʘʢʦʞ ʩʧʨʠʷʻ ʘʢʫʤʫʣʷʮʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ 

ʚʦʜʦʨʦʩʪʷʤʠ ʟʥʘʯʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʚʦʜʠ (ʫ ʢʚʽʪʥʽ ʚʦʥʘ ʩʪʘʥʦʚʠʣʘ 556 ʤʛ/ʣ). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ 

ʧʦʟʠʪʠʚʥʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʚʦʜʽ (ʥʘʚʝʩʥʽ ʥʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘ-

ʮʽʾ) ʪʘ ʫ ʚʦʜʦʨʦʩʪʷʭ. 

ɺʦʜʦʡʤʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʚʦʻʨʽʜʥʫ ʣʦʪʠʯʥʫ ï ʣʝʥʪʠʯʥʫ ʝʢʦʩʠʩʪʝʤʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚʟʘʻʤʦʟʚôʷʟʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ: ʚʦʜʦʩʭʦʚʠʱʝ, ʦʩʥʦʚʥʝ ʨʫʩʣʦ ʨ. ʉʝʨʝʪ, ʧʨʠʜʘʪʢʦʚʽ ʚʦʜʦʡʤʠ 

(ʢʦʤʧʣʝʢʩ ʥʝʚʝʣʠʢʠʭ ʰʪʫʯʥʠʭ ʚʦʜʦʡʤ). ɺʩʽ ʩʢʣʘʜʦʚʽ ʻ ʪʽʩʥʦ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʽ ʯʠʥʷʪʴ ʚʧʣʠʚ 

ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʽʭʪʽʦʬʘʫʥʠ. 

ɹʦʣʦʪʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʫ ʟʘʧʣʘʚʽ ʉʝʨʝʪʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʩʷʯʦʶ ʦʩʦʢʦʶ, ʪʦʥʢʦʥʦʛʦʤ, ʧʦ-

ʚʟʫʯʦʶ ʤʽʪʣʠʮʝʶ, ʨʦʛʦʟʦʶ. ʉʝʨʝʜ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ ï ʢʫʣʴʙʘʙʘ, ʩʪʦʢʨʦʪʢʠ, ʤʘʪʠ-ʡ-ʤʘʯʫʭʘ, 

ʷʛʣʠʮʷ, ʞʠʚʦʢʽʩʪ. 

ʌʘʫʥʘ ʦʢʦʣʠʮʴ ʊʝʨʥʦʧʦʣʷ ʚʢʣʶʯʘʻ ʜʝʩʷʪʢʠ ʚʠʜʽʚ ʛʨʠʟʫʥʽʚ ʭʠʞʠʭ, ʢʦʤʘʭʦʾʜʥʠʭ ʽ ʨʫʢʦ-

ʢʨʠʣʠʭ, ʢʽʣʴʢʘ ʧʘʨʥʦʢʦʧʠʪʥʠʭ ʪʚʘʨʠʥ. ʇʦʰʠʨʝʥʽ ʟʘʻʮʴ, ʣʠʩʠʮʷ, ʢʫʥʠʮʷ. ʋ ʩʪʘʚʽ ʚʦʜʷʪʴʩʷ 

ʚʠʜʨʘ ʽ ʥʦʨʢʘ. ɺʦʜʦʧʣʘʚʥʘ ʧʪʠʮʷ (ʢʨʠʞʥʽ, ʯʠʨʢʠ, ʙʝʢʘʩʠ) ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʩʝʟʦʥʫ ʧʦʣʶʚʘʥʥʷ 

ʧʨʠʣʪ̔ʘʶʪʴ ʥʘ ʩʪʘʚ, ʘ ʢʦʣʠ ʚʽʥ ʟʘʤʝʨʟʘʻ, ʧʝʨʝʣʽʪʘʶʪʴ ʽ ʟʠʤʫʶʪʴ ʥʘ ʨʽʯʮʽ. 

ɼʦ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʽ ʨʝʛʫʣʶʶʪʴ ʩʢʣʘʜ ʽʭʪʽʦʢʦʤʧʣʝʢʩʽʚ ʫ ʥʘʰʠʭ ʚʦʜʦʡʤʘʭ 

ʚʽʜʥʦʩʠʤʦ: ʪʝʭʥʦʛʝʥʥʽ, ʧʦʙʫʪʦʚʽ ʩʪʦʢʠ, ʘʤʘʪʦʨʩʴʢʘ ʨʠʙʦʣʦʚʣʷ. ʇʝʨʚʠʥʥʫ ʨʝʛʫʣʷʮʽʶ ʩʢʣʘʜʫ 

ʟʘʢʦʥʦʤʽʨʥʦ ʚʠʢʦʥʫʶʪʴ ʤʦʨʬʦʣʦʛʽʷ ʨʽʯʠʱʘ ʽ ʩʝʨʝʜʥʽ (ʨʽʯʥʽ ʪʘ ʩʝʟʦʥʥʽ) ʚʠʪʨʘʪʠ ʚʦʜʠ. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽʭʪʽʦʣʦʛʽʯʥʦ ʾʩʣʫʞʙʠ ʊʝʨʥʦʧʽʣʴʨʠʙʦʦʭʦʨʦʥʠ ʢʦʨʤʦʚʘ ʙʘ-

ʟʘ ʨʠʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʽʪʦʧʣʘʥʢʪʦʥʦʤ, ʟʦʦʧʣʘʥʢʪʦʥʦʤ, ʟʦʦʙʝʥʪʦʩʦʤ ʪʘ ʚʠʱʦʶ ʚʦʜʥʦʶ ʨʦʩ-

ʣʠʥʥʽʩʪʶ (ʤʘʢʨʦʬʽʪʘʤʠ). ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 21 ʚʠʜ ʚʦʜʦʨʦ-

ʩʪʝʡ ʟ 6 ʚʽʜʜʽʣʽʚ: ʩʠʥʴʦ-ʟʝʣʝʥʽ (Cyanophyta), ʟʝʣʝʥʽ (Clorophyta), ʜʽʘʪʦʤʦʚʽ (Bacillariophyta), 

ʝʚʛʣʝʥʦʚʽ (Euglenophyta), ʟʦʣʦʪʠʩʪʽ (Chrysophyta), ʢʨʠʧʪʦʬʽʪʦʚʽ (Cryptophyta), ʩʝʨʝʜʥʷ ʙʽʦʤʘ-

ʩʘ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʤʽʩʴʢʦʛʦ ʩʪʘʚʫ ʩʪʘʥʦʚʠʣʘ 18 ʛ/ʤ3. ʆʩʥʦʚʥʝ ʟʥʘʯʝʥʥʷ  

ʫ ʬʦʨʤʫʚʘʥʥʽ ʙʽʦʤʘʩʠ ʚʦʜʦʨʦʩʪʝʡ ʟʘʡʤʘʣʠ ʟʝʣʝʥʽ, ʩʠʥʴʦ-ʟʝʣʝʥʽ ʪʘ ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ. 

ʉʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ ʟʦʦʧʣʘʥʢʪʦʥʫ ʜʣʷ ʚʦʜʦʩʭʦʚʠʱ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ ʩʪʘʥʦʚʣʷʪʴ 

4,0 ʛ/ʤ2, ʟʦʦʙʝʥʪʦʩʫ ï 6,0 ʛ/ʤ2. ʄʘʢʨʦʬʽʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ: ʧʨʦʥʠʟʘʥʦʣʠʩʪʠʤ ʽ ʙʣʠʩʢʫʯʠʤ, ʨʦʛʦ-

ʣʠʩʪʥʠʢʦʤ ʟʘʥʫʨʝʥʠʤ. ʇʦʚʽʪʨʷʥʦ-ʚʦʜʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʦʩʦʢʦʶ, ʦʯʝ-

ʨʝʪʦʤ ʪʘ ʨʦʛʦʟʦʶ. 

ʋ ʊʝʨʥʦʧʽʣʴʩʴʢʦʤʫ ʩʪʘʚʽ ʚʦʜʠʪʴʩʷ ʧʦʥʘʜ 20 ʚʠʜʽʚ ʨʠʙʠ, ʘ ʩʘʤʝ: ʢʘʨʘʩʴ ʩʨʽʙʣʷʩʪʠʡ 

(Cʘrassius gibelio), ʦʢʫʥʴ ʟʚʠʯʘʡʥʠʡ (Perca fluviatilis), ʧʣʽʪʢʘ ʟʚʠʯʘʡʥʘ (Rutilus rutilus), ʡʦʨʞ 

ʟʚʠʯʘʡʥʠʡ (Gymnocephalus cernuus), ʢʦʨʦʧ ʟʚʠʯʘʡʥʠʡ (Cyprinus carpio), ʚʝʨʭʦʚʦʜʢʘ ʟʚʠʯʘʡʥʘ 

(Alburnus alburnus), ʛʽʨʯʘʢ ʻʚʨʦʧʝʡʩʴʢʠʡ (Rhodeus amarus), ʩʫʜʘʢ ʟʚʠʯʘʡʥʠʡ (Sander 

lucioperca), ʱʫʢʘ (Esox lucius), ʣʠʥ ʟʚʠʯʘʡʥʠʡ (Tinca tinca), ʣʷʱ ʟʚʠʯʘʡʥʠʡ (Abramis brama), 

ʧʣʦʩʢʠʨʢʘ ʻʚʨʦʧʝʡʩʴʢʘ (Blicca bjoerkna), ʪʦʚʩʪʦʣʦʙʠʢ ʙʽʣʠʡ ʘʤʫʨʩʴʢʠʡ (Hypophthalmichthys 

molitrix), ʯʝʙʘʯʦʢ ʘʤʫʨʩʴʢʠʡ (Pseudorasbora parva). 
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ɺʠʩʥʦʚʦʢ. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʩʪʘʚʫ. 

ɺʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʝʪʘʣʦʥʫ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʱʦ ʻ ʘʨʭʽʚʘʞʣʠʚʠʤ ʢʦʤ-

ʧʦʥʝʥʪʦʤ ʨʦʟʚ'ʷʟʢʫ ʧʨʦʙʣʝʤʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʟʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ɿʘʭʽʜʥʦʾ ʋʢʨʘʾʥʠ ʪʘ ʾʭ ʟʙʝ-

ʨʝʞʝʥʥʷ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʉʪʘʪʪʷ ʥʘʜʽʡh ʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 27.02.14 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ 

É ɺ.ʄ. ʊʨʠʩʥʶʢ, ʀ.ɺ. ʈʘʜʯʫʢ, ɺ.ɸ. ʆʭʘʨʝʚ, ʊ.ɺ. ʊʨʠʩʥʶʢ,  

ɸ.ɺ. ɸʪʨʘʩʝʚʠʯ, ɺ.ɸ. ʐʫʤʝʡʢʦ  

ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ʀʉʂʋʉʉʊɺɽʅʅʆ  

ʉʆɿɼɸʅʅʓʍ ʕʂʆʉʀʉʊɽʄ ʅɸ ʇʈʀʄɽʈɽ ʊɽʈʅʆʇʆʃʔʉʂʆɻʆ ʇʈʋɼɸ 

ʈʘʩʩʤʦʪʨʝʥʦ ʤʦʜʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʊʝʨʥʦʧʦʣʴ-

ʩʢʦʛʦ ʧʨʫʜʘ. ɺ ʩʪʘʪʴʝ ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʟʣʠʯʥʳʝ 

ʧʝʨʠʦʜʳ ʛʦʜʘ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʩʚʠʥʮʘ. 

ʈʘʟʨʘʙʦʪʘʥʥrʝ ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦʡ ʛʠʜʨʦʵʢʦʩʠʩʪʝʤʳ ʟʘ-

ʚʠʩʷʪ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʥʦʩʪʠ ʙʘʩʩʝʡʥʦʚʳʭ 

ʣʘʥʜʰʘʬʪʦʚ. 

É V.M. Trysnyuk, I.V. Radchuk, V.A. Oharyev, T.V. Trysnyuk,  

A.V. Atrasevych, V.A. Shumeyko  

INFORMATION TECHNOLOGY RESEARCH IN ARTIFICIAL ECOSYSTEMS 

EXAMPLE TERNOPIL POND  

We consider a modeling study of artificial ecosystems Ternopil pond.A modeling study of 

heavy metals Ternopil pond ecosystem. The article description given concentration of heavy metals 

in different periods of the year and found that vegetation is the best battery lead. Developed 

performance assessment of natural and man-made hydro depend on the configuration of organic 

compounds and the degree of disturbance Basin landscape. 
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É ʆ.ʄ. ɺʝʨʛʫʥ, ʢʦʥʩʫʣʴʪʘʥʪ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʩʪʨʘʪʝʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤ. ʂʠʾʚ 

 

ɸʅɸʃɯɿ ɸʂʊʋɸʃʔʅʀʍ ʏʀʅʅʀʂɯɺ ʇʆɻɯʈʐɽʅʅʗ ʗʂʆʉʊɯ  

ɼɾɽʈɽʃ ʇʀʊʅʆɻʆ ɺʆɼʆʇʆʉʊɸʏɸʅʅʗ  

ɺ ʂʆʅʊɽʂʉʊɯ ɽʂʆʃʆɻɯʏʅʆɰ ɹɽɿʇɽʂʀ ʋʂʈɸɰʅʀ 

 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʜʞʝʨʝʣ ʧʠʪʥʦ-

ʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚ-

ʥʽ ʟʘʛʨʦʟʠ ʙʝʟʧʝʯʥʦʤʫ ʧʠʪʥʦʤʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʶ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʮʽʦʥʘʣʴʥʘ ʙʝʟʧʝʢʘ, ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ, ʧʨʠʨʦʜʥʽ ʽ ʪʝʭʥʦʛʝʥʥʽ ʥʘʜʟʚʠ-

ʯʘʡʥʽ ʩʠʪʫʘʮʽʾ, ʜʞʝʨʝʣʘ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʟʘʛʨʦʟʠ. 

 

ɼʠʥʘʤʽʯʥʽ ʛʣʦʙʘʣʽʟʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʍʍɯ ʩʪʦʣʽʪʪ ̔ʩʪʘʚʣʷʪʴ ʩʚʽʪʦʚʫ ʩʧʽʣʴʥʦʪʫ ʧʝʨʝʜ ʟʥʘ-

ʯʥʠʤʠ ʚʠʢʣʠʢʘʤʠ ʪʘ ʟʘʛʨʦʟʘʤʠ ʜʣʷ ʙʝʟʧʝʢʠ ʚʩʴʦʤʫ ʣʶʜʩʪʚʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʧʣʦʱʠʥʽ ʚʟʘʻʤʦ-

ʜʽʾ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʇʝʨʝʦʮʽʥʢʘ ʧʦʛʣʷʜʽʚ, ʚʠʢʣʠʢʽʚ ʙʝʟʧʝʮʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ  

ʫ ʩʫʯʘʩʥʦʤʫ ʛʝʦʧʦʣʽʪʠʯʥʦʤʫ ʩʚʽʪʽ, ʱʦ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʻʪʴʩʷ, ʩʪʦʩʫʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ, ʧʨʦ-

ʙʣʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ. ʉʴʦʛʦʜʥʽ ʘʥʘʣʽʪʠʢʠ ʪʘ ʝʢʩʧʝʨʪʠ  

ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʥʘʛʦʣʦʰʫʶʪʴ ʥʘ ʜʝʬʽʮʠʪ ̔ʞʠʪʪʻʟʘʙʝʟʧʝʯʫʶʯʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʠʡ ʫ ʥʝʜʘʣʝʢʦʤʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʩʪʘʥʝ ʛʣʦʙʘʣʴʥʦʶ ʧʨʠʯʠʥʦʶ ʢʦʥʬʨʦʥʪʘʮʽʡ, ʢʦʥʬʣʽʢʪʽʚ ʪʘ ʚʽʡʥ. 

ʉʝʨʝʜ ʚʘʞʣʠʚʠʭ ʡ, ʥʘʩʘʤʧʝʨʝʜ, ʚʨʘʟʣʠʚʠʭ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʩʚʽʪʽ ʻ ʚʦʜʘ ʧʠʪʥʦʾ ʷʢʦ-

ʩʪʽ. ʂʦʣʠʰʥʽʡ ɻʝʥʝʨʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ ʆʆʅ ʂʦʬʽ ɸʥʘʥ ʚ ʦʜʥʽʡ ʽʟ ʩʚʦʾʭ ʜʦʧʦʚʽʜʝʡ ʚʽʜʤʽʪʠʚ, ʱʦ 

ʚʦʜʘ ï ʮʝ ʙʝʟʮʽʥʥʠʡ ʩʢʘʨʙ. ɹʝʟ ʥʝʾ ʤʠ ʥʝ ʩʧʨʦʤʦʞʥʽ ʧʨʦʞʠʪʠ. ɰʾ ʥʽʯʠʤ ʥʝ ʟʘʤʽʥʠʰ. ɼʦ ʪʦʛʦ ʞ 

ʚʦʜʥʽ ʨʝʩʫʨʩʠ ʚʢʨʘʡ ʚʨʘʟʣʠʚʽ: ʜʽʷʣʴʥʽʩʪʴ ʣʶʜʠʥʠ ʟʛʫʙʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʢ̔ ʣʴʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʧʨʽʩʥʦʾ ʚʦʜʠ. 

ʅʘ ʂʦʥʬʝʨʝʥʮʽʾ ʆʆʅ ʟʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢʘ ʥʝʱʦʜʘʚʥʦ ʚʽʜʙʫʣʘʩʷ ʚ ʈʽʦ-ʜʝ ɾʘʥʝʡʨʦ 

(ʈɯʆ+20), ʧʨʦʙʣʝʤʠ ʚʦʜʠ ʟʘʡʤʘʣʠ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʚ ʦʙʛʦʚʦʨʝʥʥʽ ʽ ʨʦʟʛʣʷʜʘʣʠʩʷ ʧʽʜ ʢʫʪʦʤ ʟʦʨʫ 

ʰʣʷʭʽʚ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʤʽʞ ʙʝʟʧʝʢʦʶ ʚʦʜʠ, ʟʘʙʝʟʧʝʯʝʥʽʩʪʶ ʝʥʝʨʛʽʻʶ ʪʘ ʧʨʦʜʫʢʪʘʤʠ ʭʘʨ-

ʯʫʚʘʥʥʷ. ʆʢʨʝʩʣʶʶʯʠ ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʙʣʝʤʠ ʷʢʦʩʪʽ ʚʦʜʠ ʫ ʍʍɯ ʩʪʦʣʽʪʪʽ, ʥʘ ʈɯʆ+20 ʘʢʮʝʥʪ 

ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʥʘ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥʘʭ ʷʢʦʩʪʽ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʩʪʘʻ ʣʽʤʽʪʫʶʯʠʤ ʬʘʢʪʦʨʦʤ 

ʙʝʟʧʝʢʠ ʧʠʪʥʦʛʦ ʽ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ɼʦ ʙʝʟʧʝʢʠ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝ-

ʢʠ ʧʠʪʥʦʛʦ, ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚʽʜʥʝʩʝʥʦ 30 ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ 

ʮʽʣʝʡ ʡ ʪʽʣʴʢʠ ʧʦ ʦʜʥʽʡ ï ʨʦʟʰʠʨʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʯʠʩʪʦʾ ʧʠʪʥʦʾ ʚʦʜʠ ï ʚʽʜʤʽʯʝʥʦ ʟʥʘʯʥʠʡ 

ʧʨʦʛʨʝʩ. ʑʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʫ ʩʚʽʪʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʙʝʟʧʝʢʫ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʪʦ 

ʟʙʝʨʛ̔ʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʚ ʙʽʢ ʾʾ ʧʦʛʽʨʰʝʥʥʷ: 
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ï ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʙʽʣʴʰʦʩʪ̔ ʚʝʣʠʢʠʭ ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤ ʚʩʝ ʱʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʟʜʦʨʦʚôʷ (ɺʆɿ), ʚʥʘʩʣʽʜʦʢ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʦʟʙʽʨʥʠʭ ʧʣʦʱ (ʨʦʟʦʨʘ-

ʥʽʩʪʴ ʪʘ ʚʥʝʩʝʥʥʷ ʤʽʥʜʦʙʨʠʚ, ʧʦʚʽʪʨʷʥʽ ʚʠʢʠʜʠ ʪʘ ʽʥ.), ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʛʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʟʜʦʨʦʚôʷʤ ʣʶʜʝʡ ʫ ʚʩʴʦʤʫ ʩʚʪ̔ʽ; 

ï ʟʨʦʩʪʘʻ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʷʢʽ ʞʠʚʣʷʪʴ ʨʽʯʢʦʚʠʡ ʩʪʦʢ ʫʟʠʤʢʫ ʪʘ ʚ ʟʘʩʫʭʠ; ʪʘ ʻ 

ʜʞʝʨʝʣʦʤ ʧʠʪʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʩʽʣʴʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ; 

ï ʬʘʢʪʦʨʠ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʧʦʪʝʧʣʽʥʥʷʤ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʦʧʘʜʽʚ, 

ʧʨʠʩʢʦʨʶʶʪʴ ʤʽʛʨʘʮʽʶ ʟʘʙʨʫʜʥʝʥ,ɹ ʘ ʧʦʜʘʣʴʰʠʡ ʧʨʠʨʽʩʪ ʥʘʩʝʣʝʥʥʷ ʻ ʜʞʝʨʝʣʦʤ ʨʠʟʠʢʫ ʜʦ ʱʝ 

ʙʽʣʴʰʦʾ ʥʝʩʪʘʯʽ ʚʦʜʠ ʚ ʙʘʛʘʪʴʦʭ ʨʝʛʽʦʥʘʭ. 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʥʘ ʈʽʦ+20, ʦʩʥʦʚʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʨʠʟʠʢʽʚ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʣʜʁʝʡ 

ʻ ʥʠʟʴʢʘ ʷʢʽʩʪʴ ʚʦʜʠ (ʬʘʢʪʦʨ 70%ï80% ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ). ʑʦʨʦʢʫ ʙʣʠʟʴʢʦ 3,5 ʤʽʣʴ-

ʡʦʥʽʚ ʚʠʧʘʜʢʽʚ ʩʤʝʨʪʝʡ ʧʦʚ'ʷʟʫʶʪʴ ʟ ʥʝʷʢʽʩʥʠʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ, ʩʘʥʽʪʘʨʽʻʶ ʪʘ ʛʽʛʽʻʥʦʶ  

ʚ ʢʨʘʾʥʘʭ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ ʡ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʻ ʦʜ-

ʥʽʻʶ ʟ ʧʨʦʚʽʜʥʠʭ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʰʣʷʭʫ ʜʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʉʝʨʝʜ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʥʘʰʦʾ ʢʨʘʾʥʠ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʷʢʽ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʦʙʫʤʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʦʨʤʫʚʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʻ ʥʝʟʙʘʣʘʥ-

ʩʦʚʘʥʽʩʪʴ ʩʭʝʤʠ ʨʦʟʤʽʱʝʥʥʷ ʥʘʡʙʽʣʴʰ ʚʦʜʦʻʤʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʫʩʧʘʜʢʦʚʘʥʽʩʪʴ ʥʝʜʦʩʢʦʥʘ-

ʣʦʾ ʚʦʜʥʦʾ ʧʦʣʽʪʠʢʠ. ʉʝʨʝʜ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʫʩʢʣʘʜʥʝʥʥʷ ʚʦʜʥʦ-ʝʢʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ ʋʢʨʘʾʥʠ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ: 

ï ʧʝʨʝʚʘʞʘʥʥʷ ʤʘʣʦʚʦʜʥʠʭ ʩʪʝʧʦʚʦʾ ʪʘ ʣʽʩʦʩʪʝʧʦʚʦʾ ʟʦʥ; 

ï ʦʙʤʝʞʝʥʽʩʪʴ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʚʣʘʩʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ (50 ʤʣʨʜ ʤ3 /ʨʽʢ), ʱʦ ʚʠʟʥʘʯʘʻʪʴ-

ʩ ̫ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʥʘʰʠʭ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ ʪʘ ʙʘʩʝʡʥʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ɽʢʦʣʦʛʦ-ʨʝʩʫʨʩʥʠʡ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʚ ʋʢʨʘʾʥʽ, ʷʢ ʽ ʫ ʩʚʽʪʽ ʚ ʮʽʣʦʤʫ, ʟʘ ʙʘʛʘʪʴ-

ʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʘʤ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ (ɹɾɼ). ɿʛʽʜʥʦ ʟ 

ʤʽʞʥʘʨʦʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʋʢʨʘʾʥʘ ʥʘʣʝʞʠʪʴ ʜʦ ʢʨʘʾʥ ʤʘʣʦʚʦʜʥʠʭ (ʤʝʥʰʝ 3 ʪʠʩ ʤ3/ʨʽʢ ʣʁ -

ʜʠʥʘ) ʪʘ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʋ ʩʪʨʫʢʪʫʨʽ ʟʘʛʘʣʴʥʦ-

ʛʦ ʦʙʩʷʛʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʋʢʨʘʾʥʽ ʥʘʣʽʯʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 50 ʤʣʨʜ ʤ3/ʨʽʢ,  

ʚ ʪʦʤʫ ʯʠʩʣʽ 21 ʤʣʨʜ ʤ3/ʨ ʤ/ʨʽʢ (1000 ʣʶʜʠʥʘ ʤ3/ʨʽʢ) ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʠʪʥʦʾ ʷʢʦʩʪʽ, ʷʢʽ, ʟʘ ʚʠ-

ʢʣʶʯʝʥʥʷʤ ˇʨʫʥʪʦʚʠʭ, ʻ ʟʘʭʠʱʝʥʠʤʠ ʚʽʜ ʧʨʷʤʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʬʦʨʤʫʶʪʴ 

ʩʪʨʘʪʝʛʽʯʥʫ ʙʘʟʫ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ. 

ɼʣʷ ʚʽʨʦʛʽʜʥʦ ʩʪʽʡʢʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʽ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʚʦʜʦʶ ʟʘ ʯʘʩʽʚ 

ʉʈʉʈ ʚ ʋʢʨʘʾʥʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ. ʉʴʦʛʦʜʥʽ ʚʦʜʦʩʭʦʚʠʱʘ  

ʽ ʩʪʘʚʢʠ ʩʫʤʘʨʥʦ ʤʽʩʪʷʪʴ ʙʣʠʟʴʢʦ 58 ʤʣʨʜ ʤ3 ʚʦʜʠ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʤʽʩʮʝʚʠʡ ʨʽʯʥʠʡ ʩʪʽʢ ʫʩʽʭ 

ʨʽʯʦʢ ʢʨʘʾʥʠ. ʋ ʟʚôʷʟʢʫ ʟ ʚʠʱʝʥʘʚʝʜʝʥʠʤ, ʟʘʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ ʙʽʣʴʰʦʩʪʽ ʨʽʯʦʢ ʜʦʩʷʛʣʦ ʘʙʦ 

ʥʘʚʽʪʴ ʧʝʨʝʚʠʱʠʣʦ ʚʝʨʭʥʶ ʝʢʦʥʦʤʽʯʥʦ ʡ ʝʢʦʣʦʛʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʫ ʜʦʧʫʩʪʠʤʫ ʤʝʞʫ ʚʦʜʥʦ-

ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ (ʙʽʣʴʰʝ 75% ʩʫʤʘʨʥʦʾ ʜʦʚʞʠʥʠ ʨʫʩʝʣ ʧʨʠ ʦʧʪʠʤʫʤʽ 25ï30%), ʱʦ 

ʨʽʟʢʦ ʟʤʝʥʰʠʣʦ, ʘ ʯʘʩʪʦ ʧʦʚʥʽʩʪʶ ʟʨʫʡʥʫʚʘʣʦ ʾʭʥʶ ʩʘʤʦʦʯʠʩʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ. ɺʥʘʩʣʽʜʦʢ 

ʙʫʜʽʚʥʠʮʪʚʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʪʘʚʢʽʚ, ʩʝʨʝʜʥʽʭ ʽ ʤʘʣʠʭ ʚʦʜʦʩʭʦʚʠʱ (ʧʦʥʘʜ 30 ʪʠʩ.) ʚʪʨʘʯʝʥʦ 

ʣʘʥʜh ʘʬʪʥʦ-ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʢʦʤʧʣʝʢʩ 23 ʪʠʩ. ʤʘʣʠʭ ʨʽʯʦʢ, ʱʦ ʩʢʣʘʜʘʻ ʜʦ 36% ʾʭ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ. 
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ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʫʧʦʚʽʣʴʥʠʣʘ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ ʽ ʟʫ-

ʤʦʚʠʣʘ ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʥʘ ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʱʦ ʘʢʪʠʚʽʟʫ-

ʚʘʣʦ ʨʦʟʚʠʪʦʢ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʧʽʜʪʦʧʣʝʥʥʷ ʟʝʤʝʣʴ (ʩʪʘʙʽʣʴʥʠʡ ʧʨʦʷʚ ʥʘ 2ï3 ʤʣʥ ʛʘ) ʟ ʦʜʥʦʯʘʩ-

ʥʠʤ ʨʦʟʚʠʪʢʦʤ ʜʽʣʷʥʦʢ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. 

ʉʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʩʬʦʨʤʦʚʘʥʦ ʟʘʢʦʥʦʜʘʚʯʫ ʙʘʟʫ ʱʦʜʦ ʚʦʜʥʦʾ ʧʦʣʽʪʠʢʠ (ʂʦʥʩʪʠʪʫʮʽʷ 

ʋʢʨʘʾʥʠ, ɺʦʜʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ, ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘè, ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʧʠʪʥʫ ʚʦʜʫ ʪʘ ʧʠʪʥʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷè, ʇʦʩʪʘʥʦʚʘ ɺʝʨʭʦʚ-

ʥʦʾ ʈʘʜʠ ʋʢʨʘʾʥʠ çʇʨʦ ʅʘʮʽʦʥʘʣʴʥʫ ʧʨʦʛʨʘʤʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʦʟʜʦʨʦʚʣʝʥʥʷ ʙʘʩʝʡʥʫ ɼʥʽʧʨʘ ʪʘ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠè ʪʦʱʦ [2, 3]. 

ʋ ʥʦʚʽʡ ʉʪʨʘʪʝʛʽʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ, ʧʨʠʡʥʷʪʽʡ ʫ 2012 ʨ., ʩʪʨʘʪʝʛʽʯʥʦʶ ʪʘ 

ʛʝʦʧʦʣʽʪʠʯʥʦʶ ʤʝʪʦʶ ʜʣʷ ʋʢʨʘʾʥʠ ʻ ʚʭʦʜʞʝʥʥʷ ʚ ɭʚʨʦʧʝʡʩʴʢʝ ʩʧʽʚʪʦʚʘʨʠʩʪʚʦ. ɺ ʮʴʦʤʫ ʢʦʥ-

ʪʝʢʩʪʽ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʧʦʣʦʞʝʥʥʷʤ ʻ ʘʜʘʧʪʘʮʽʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʛʦ ʟʘ-

ʢʦʥʦʜʘʚʩʪʚʘ ʜʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʦʜʝʣʝʡ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ [1]. ʇʨʠʡʥʷʪʘ ʫ 2000 ʨʦʮʽ ɺʦʜʥʘ ʈʘʤʢʦʚʘ ʜʠʨʝʢʪʠ-

ʚʘ ɭʉ (2000/60/ɭʉ) ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʰʣʷʭʠ ʜʦ-

ʩʷʛʥʝʥʥʷ ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ ʚʦʜʠ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʩʪʘʥʫ ʨʽʯʦʢ ʽ ʚʦʜʦʡʤ, ʘ ʪʘʢʦʞ ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦ-

ʩʠʩʪʝʤʠ. ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʚʠʢʣʘʜʝʥʠʭ ʫ ɺʦʜʥʽʡ ʈʘʤʢʦʚʽʡ ʜʠʨʝʢʪʠʚʽ ɭʉ, ʻ ʽʥʪʝ-

ʛʨʦʚʘʥʘ ʙʘʩʝʡʥʦʚʘ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʢʦʪʨʘ ʧʝʨʝʜʙʘʯʘʻ ʩʧʽʣʴʥʽ ʜʽʾ ʫʩʽʭ 

ʜʝʨʞʘʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʙʘʩʝʡʥʘʭ ʪʨʘʥʩʛʨʘʥʠʯʥʠʭ ʨʽʯʦʢ [4]. 

ɼʥʽʧʨʦ ʻ ʦʩʥʦʚʥʦʶ ʨʽʯʢʦʚʦʶ ʩʠʩʪʝʤʦʶ ʋʢʨʘʾʥʠ, ʚʦʜʦʟʙʽʨ ʷʢʦʾ ʦʭʦʧʣʶʻ 48% ʧʣʦʱʽ 

ʜʝʨʞʘʚʠ. ʁʦʛʦ ʩʪʦʢ ʟʘʙʝʟʧʝʯʫʻ ʜʦ 70% ʧʠʪʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʪʨʝʙ ʽ ʻ ʜʞʝʨʝʣʦʤ ʪʝʭʥʦʣʦʛʽ-

ʯʥʠʭ ʚʦʜ ʜʣʷ 12 ʙʣʦʢʽʚ ʪʨʴʦʭ ɸɽʉ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ ʜʦ 50% ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɿ ʪʝʭʥʦʛʝʥʥʠʤ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ ʪʨʘʥʩʛʨʘʥʠʯʥʠʭ ʨʽʯʦʢ ʋʢʨʘʾʥʠ, ʙʽʣʴʰʽʩʪʴ ʷʢʠʭ ʻ ʧʨʠ-

ʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʤʠ ʜʨʝʥʘʤʠ ɼʦʥʙʘʩʫ, ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ, ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʚʫʛʽ-

ʣʴʥʦʛʦ ʙʘʩʝʡʥʫ (ʉʽʚ. ɼʦʥʝʮʴ, ʊʠʩʘ, ɼʥʽʩʪʝʨ, ɿʘʭʽʜʥʠʡ ɹʫʛ), ʧʦʚôʷʟʘʥʘ ʧʨʦʙʣʝʤʘ ʽʥʪʝʨʥʘʣʽʟʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ, ʚ ʪ.ʯ. ʚʥʘʩʣʽʜʦʢ ʥʝʢʝʨʦʚʘʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʥʝʨʝʥʪʘʙʝʣʴʥʠʭ ʰʘʭʪ 

ʪʘ ʢʘʨôʻʨʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ɺ ʋʢʨʘʾʥʽ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʝʢʦʣʦʛʦ-ʨʝʩʫʨʩʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʧʠʪʥʦ-

ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɼʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʡ ʧʠʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴ ʧʦʚʝʨʭʥʝʚʽ ʪʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ. ɯʩʪʦʨʠʯʥʦ ʩʠʩʪʝʤʘ ʧʠʪʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʦʜʦʧʦ-

ʩʪʘʯʘʥʥʷ, ʷʢʘ ʬʦʨʤʫʚʘʣʘʩʴ ʱʝ ʟʘ ʯʘʩʽʚ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʝʨʝʚʘʞʥʦʤʫ ʚʠʢʦ-

ʨʠʩʪʘʥʥʽ ʥʝʟʘʭʠʱʝʥʠʭ ʚʽʜ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. ɼʦʩʪʫʧʥʽʩʪʴ ʧʦʚʝʨʭ-

ʥʝʚʠʭ ʚʦʜ, ʤʝʥʰʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʽʜʙʦʨʫ 1 ʤ3, ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʚʦʜʦʟʘʙʦʨʽʚ ʪʦʱʦ 

ʩʪʘʣʠ ʦʩʥʦʚʥʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʨʘʜʷʥʩʴʢʦʾ ʩʠʩʪʝʤʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʙʝʟ ʚʨʘʭʫʚʘʥʴ ʟʨʦʩʪʘʯʁʦ-

ʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʚʨʘʟʣʠʚʦʩʪʽ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʇʝʨʝʚʘʛʫ ʧʦʚʝʨʭʥʝʚʠʤ ʚʦʜʘʤ 

ʚʽʜʜʘʚʘʣʠ ʥʘʚʽʪʴ ʪʘʤ, ʜʝ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʙʫʜʫʚʘʪʠ ʚʦʜʦʚʦʜʠ ʟ ʜʦʩʠʪʴ ʟʥʘ-

ʯʥʦʶ ʚʽʜʩʪʘʥʥʶ, ʢʦʣʠ ʚ ʪʦʡ ʞʝ ʯʘʩ ʧʦʨʷʜ ʽʩʥʫʚʘʣʠ ʨʦʜʦʚʠʱʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟ ʜʦʩʪʘʪʥʽʤʠ ʟʘ-

ʧʘʩʘʤʠ (ʂʠʾʚ, ʍʘʨʢʽʚ, ʏʝʨʥʽʚʮʽ, ʇʦʣʪʘʚʘ, ɼʦʥʙʘʩ). ʍʦʯʘ ʨʝʩʫʨʩʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚ ʜʝʨʞʘʚʽ ʪʝʞ 

ʦʙʤʝʞʝʥʽ ʡ ʥʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ, ʧʨʦʪʝ ʫ ʙʽʣʴʰʦʩʪʽ ʨʝʛʽʦʥʽʚ ʻ ʜʦʮʽʣʴʥʠʤ ʨʦʟʚʠʪʦʢ 

ʧʽʜʟʝʤʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʂʠʾʚ, ʃʴʚʽʚ, ʉʽʤʬʝʨʦʧʦʣʴ ʪʘ ʽʥʰʽ ʤʽʩʪʘ).  
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ɺ ʪʦʡ ʞʝ ʯʘʩ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʙʽʣʴʰʽʩʪʴ ʢʨʘʾʥ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ ʫ ʚʦʜʦ-

ʧʦʩʪʘʯʘʥʥʽ ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʧʽʜʟʝʤʥʠʤ ʚʦʜʘʤ (ɸʚʩʪʨʽʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ, ɼʘʥʽʷ, ʅʽʤʝʯʯʠʥʘ, 

ʌʨʘʥʮʽʷ). 

ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʨʽʯʯʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʷʢʽʩʥʦʶ ʧʠʪʥʦʶ ʚʦʜʦʶ ʫʩʢʣʘʜʥʶʻʪʴʩʷ 

ʯʝʨʝʟ ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʝʢʦʣʦʛʦ-ʛʽʛʽʻʥʽʯʥʠʡ ʩʪʘʥ ʙʽʣʴʰʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ. ɺʥʘ-

ʩʣʽʜʦʢ ʮʴʦʛʦ ʚʦʜʘ ʟʘ ̫ʢʽʩʪʶ ʫ ʙʽʣʴʰʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʟʘʙʦʨʽʚ ʪʘ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ ʋʢʨʘ-

ʾʥʠ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʟʘʙʨʫʜʥʝʥʘ ʪʘ ʙʨʫʜʥʘ (ɯɯɯ, ɯV ʢʣʘʩ ʷʢʦʩʪʽ). 

ʏʝʨʝʟ ʥʠʟʴʢʫ ʷʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʫ ʧʦʚʝʨʭʥʝʚʽ ʚʦ-

ʜʦʡʤʠ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʤʽʩʮʝ ʧʨʠʩʢʦʨʝʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʛʝʥʥʠʭ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʠʣʫʯʝʥʥʷ ʷʢʠʭ ʩʪʘʨʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʥʝ ʟʘʙʝʟʧʝʯʫʪ̒ʴʩʷ. ɿʘʛʘ-

ʣʦʤ, ʫ 2010 ʨʦʮʽ ʫ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ ʩʢʠʥʫʪʦ 7817 ʤʣʥ ʤ3, ʱʦ ʥʘ 436 ʤʣʥ ʤ3 ʙʽʣʴʰʝ 

ʧʦʨʽʚʥʷʥʦ ʟ 2009 ʨʦʢʦʤ. 

ʊʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʷʢʽʩʪʴ ʟʚʦʨʦʪʥʠʭ (ʩʪʽʯʥʠʭ) ʚʦʜ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʩʪʘ-

ʥʦʚʣʝʥʠʤ ʥʦʨʤʘʪʠʚʘʤ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʩʢʠʜʽʚ (ɻɼʉ); ʫ ʨʷʜʽ ʦʙʣʘʩʪʝʡ ʩʧʦʩʪʝʨʽʛʘ̒ ʪʴʩʷ 

ʥʝʷʢʽʩʥʘ ʨʦʙʦʪʘ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ, ʘ ʧʦʜʝʢʫʜʠ ʚʦʥʠ ʟʦʚʩʽʤ ʥʝ ʧʨʘʮʶʶʪʴ. 

ʂʘʪʘʩʪʨʦʬʽʯʥʠʡ ʩʪʘʥ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʽʣʶʩʪʨʫʶʪʴ ʯʠʩʣʝʥʥʽ ʧʫʙʣʽʢʘʮʽʾ ʫ ɿʄɯ 

ʚʠʧʘʜʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ, ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ, ʧʦʨʫʰʝʥʥʷ ʩʘʥʽʪʘʨʥʦʛʦ ʩʪʘʥʫ ʚʦ-

ʜʦʦʭʦʨʦʥʥʠʭ ʟʦʥ ʪʘ ʨʝʢʨʝʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ [7, 8, 9, 10, 11]. 

ɻʦʣʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʦʮʽʥʢʠ ʩʪʘʥʫ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʨʝʩʫʨʩʽʚ ʚ ʋʢʨʘʾʥʽ ʻ ʜʝʨʞʘʚʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʚʦʜ, ʷʢʠʡ ʟʜʽʡʩʥʶʶʪʴ ʩʫʙôʻʢʪʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʢʝʨʫʶʯʠʩʴ ʇʦʣʦʞʝʥʥʷʤ ʧʨʦ ɼʝʨʞʘ-

ʚʥʫ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ çɭʜʠʥʝ ʤʽʞʚʽ-

ʜʦʤʯʝ ʢʝʨʽʚʥʠʮʪʚʦ ʧʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʟʜʽʡʩʥʝʥʥʶ ʜʝʨʞʘʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜè. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ (ʘʥʘʣʽʟ, ʢʦʥʪʨʦʣʴ ʜʽʷ-

ʣʴʥʦʩʪʽ ʚʦʜʦʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʚʠʢʦʥʘʥʥʷ ʚʦʜʦʦʭʦʨʦʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ) ʟʜʽʡʩʥʶʶʪʴ ʪʘʢʦʞ 

ʦʙʣʘʩʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ʾʤ ʧʽʜʢʦʥʪʨʦʣʴʥʽ ʩʪʨʫʢʪʫʨʠ. ɿʘʚʜʘʥʥʷʤ ʜʝʨʞʘʚʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʫ ʩʬʝʨʽ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʻ ʟʙʠʨʘʥʥʷ ʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʜʘ-

ʥʠʭ ʧʨʦ ʜʞʝʨʝʣʘ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʧʠʪʥʦʾ ʚʦʜʠ, ʦʙʩʷʛʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ ʽ ʩʢʠʜʘʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʦʙʣʽʢ ʩʧʦʞʠʚʘʯʽʚ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ ʧʠʪ-

ʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ɻʦʣʦʚʥʫ ʧʨʦʙʣʝʤʫ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʚ ʋʢʨʘʾʥʽ ʩʣʽʜ ʚʙʘʯʘʪʠ ʚ ʥʝʜʦʩʢʦʥʘʣʽʡ ʩʠ-

ʩʪʝʤʽ ʤʦʥʽʪʦʨʠʥʛʫ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʫʙôʻʢʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʦʮʽʥʶʻ ʣʠʰʝ çʛʘʣʫ-

ʟʝʚʽè ʘʩʧʝʢʪʠ ʩʪʘʥʫ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʝ ʜʘʻ ʟʤʦʛʠ ʦʪʨʠʤʘʪʠ ʧʦʚʥʠʡ ʩʧʝʢʪʨ ʦʮʽʥʦʢ. ʅʝʧʦʚʥʘ 

ʪʘ ʥʝʜʦʩʪʦʚʽʨʥʘ, ʘ ʟʘʟʚʠʯʘʡ ʽ ʟʘʧʽʟʥʽʣʘ ʽʥʬʦʨʤʘʮʽʷ ʜʘʻ ʚʠʢʨʠʚʣʝʥʫ ʢʘʨʪʠʥʫ ʜʽʡʩʥʦʛʦ ʩʪʘʥʫ 

ʨʝʯʝʡ. ʇʦʯʠʥʘʶʯʠ ʟ 1990 ʨʦʢʫ, ʚ ʋʢʨʘʾʥʽ ʥʝ ʬʫʥʢʮʽʦʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʽʚ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ ʪʘ ʟʘʙʦʨʫ ʧʨʦʙ ʚʦʜʠ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʠʪʥʦʾ 

ʚʦʜʠ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣʘʭ. 

ɯ ʜʦ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʻ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʧʦʢʘʟʥʠʢʘʭ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʧʦʨʽ-

ʚʥʷʥʥʽ ʽʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʇʦʢʘʟʥʠʢʠ ʨʽʟʥʷʪʴʩʷ ʥʝ ʣʠʰʝ ʟʘ ʷʢʽʩʥʠʤ ʩʢʣʘʜʦʤ,  

ʘ ʡ ʟʘ ʢʽʣʴʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʚʽʪʴ ʚʩʝʨʝʜʠʥʽ ʜʝʨʞʘʚʠ. 
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ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʪʘ ʤʽʞʛʘʣʫʟʝʚʦʤʫ ʨʽ-

ʚʥʷʭ ʧʦʪʨʝʙʫʻ ʟʤʝʥʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʦʟʨʠʚʫ, ʨʦʟʰʠʨʝʥʥʷ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʦʢ-

ʨʘʱʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʥʝʾ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʢʨʠʪʠʯʥʫ ʩʠʪʫʘʮʽʶ, ʱʦ ʩʢʣʘʣʘʩʷ ʫ ʩʬʝʨʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ 

ʷʢʽʩʥʦʶ ʧʠʪʥʦʶ ʚʦʜʦʶ ʟʘ ʫʤʦʚ ʨʝʛʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʟʤʽʥ ʧʦʚʝʨʭʥʝʚʦʾ ʽ ʧʽʜʟʝʤʥʦʾ ʛʽʜ-

ʨʦʩʬʝʨʠ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʽ ʜʦʜʝʨʞʘʥʥʷ ʦʩʦʙʣʠʚʠʭ ʧʨʘʚʠʣ ʢʦʨʠʩʪʫʚʘʥʥʷ ʚʦʜ-

ʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʩʧʨʷʤʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ. 

ɺʢʨʘʡ ʚʘʞʣʠʚʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚʦʜʥʦ-

ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʘʜʘʧʪʦʚʘʥʦʛʦ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʜʣʷ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʥʥʷ ʝʬʝʢʪʠʚʥʦʤʫ, ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʤʫ ʧʽʜʭʦʜʫ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜ ʪʘ ʾʭ ʦʭʦʨʦʥʽ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʚʠʯʝʨʧʘʥʥʷ. 

ʋ ʟʚʽʪʽ ʱʦʜʦ ʎʽʣʝʡ ʪʠʩʷʯʦʣʽʪʪʷ ʟʘ 2010 ʨʽʢ ʋʢʨʘʾʥʘ ʢʦʥʩʪʘʪʫʻ (ʎʽʣʴ 7 çʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ 

ʜʦʚʢʽʣʣʷè) ʩʪʘʙʽʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ. ɿʘʚʜʘʥʥʷʤ 7.5 

çʆʙʩʷʛ ʩʢʠʜʽʚ ʟʚʦʨʦʪʥʠʭ ʚʦʜ, ʤʣʥ. ʢʫʙ. ʤ ʥʘ ʨʽʢ ʚʦʜʥʽ ʦʙôʻʢʪʠ, ʤʣʥ. ʢʫʙ. ʤ/ʨʽʢè ï ʻ ʩʪʘʙʽʣʽʟʘ-

ʮʽʷ ʥʘ ʨʽʚʥʽ 8500 ʤʣʥ. ʪ/ʨʽʢ ʦʙʩʷʛʫ ʩʢʠʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ ʫ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ, ʷʢ ʛʦʣʦʚʥʦ-

ʛʦ ʬʘʢʪʦʨʫ ʧʦʢʨʘʱʝʥʥʷ ʚʦʜʥʦ-ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. 

ʇʨʦʪʝ ʟʽʩʪʘʚʣʝʥʥʷ ʜʠʥʘʤʽʢʠ ʦʙʩʷʛʽʚ ʩʢʠʜʽʚ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠ 

ʨʦʢʽʚ (ʟ 2001 ʧʦ 2011 ʨʨ.) ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʜʫʢʪʫ ʚ ʋʢʨʘʾʥʽ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʩʫʪʪʻʚʫ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʜʠʥʘʤʽʢʠ ʟʨʦʩʪʘʥʥʷ ɺɺʇ (ʤʣʨʜ. ʜʦʣ. ʉʐɸ ʟʘ 

ʧʘʨʠʪʝʪʦʤ ʢʫʧʽʚʝʣʴʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 2005 ʨʦʢʫ) ʪʘ ʩʢʠʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʋʢʨʘʾʥʽ (ʨʠʩ. 1). 
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ʈʠʩ. 1 ï ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʨʦʩʪʘʥʥʷ ɺɺʇ (ʤʣʨʜ. ʜʦʣ. ʉʐɸ ʟʘ ʧʘʨʠʪʝʪʦʤ  

ʢʫʧʽʚʝʣʴʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 2005 ʨʦʢʫ) ʪʘ ʩʢʠʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʋʢʨʘʾʥʽ 
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ʗʢʱʦ ʚʝʣʠʯʠʥʘ ɺɺʇ ʋʢʨʘʾʥʠ ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʉʪʘʪʠʩʪʠʯʥʦʛʦ ʢʦʤʽʪʝʪʫ ʋʢʨʘʾʥʠ, ʧʦʯʠ-

ʥʘʶʯʠ ʟ 2001 ʨʦʢʫ, ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʣʘ, ʪʦ ʧʽʜ ʯʘʩ ʝʢʦʥʦʤʽʯʥʦʾ ʢʨʠʟʠ (2008ï2009 ʨʨ.) ʥʘ ʛʨʘ-

ʬʽʢʫ ʜʦʩʠʪʴ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʩʧʘʜ ʚʘʣʦʚʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʦʜʥʦʯʘʩ, ʷʢʱʦ ʧʦ-

ʨʽʚʥʷʪʠ ʧʦʢʘʟʥʠʢʠ ʦʙʩʷʛʫ ʩʢʠʜʽʚ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʟʘ ʮʝʡ ʧʝʨʽʦʜ, ʪʦ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟʨʦʩʪʘʥʥʷ ʾʭ 

ʦʙʩʷʛʫ ʟʘ 2009ï2011 ʨʨ. ʥʘ 13%. ʇʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʨʦʩʪʘʥʥʽ ɺɺʇ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʥʘ ʨʽʚʥʽ 2,5%, 

ʧʨʦʮʝʩ ʟʙʣʠʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ɺɺʇ ʪʘ ʦʙʩʷʛʽʚ ʩʪʽʯʥʠʭ ʚʦʜ ʩʢʣʘʜʝ 13%, ʱʦ ʧʨʠʙʣʠʟʥʦ ʧʦʪʨʝʙʫ-

ʚʘʪʠʤʝ ʧôʷʪʴ ʯʠ ʰʽʩʪʴ ʨʦʢʽʚ ʜʣʷ ʦʯʽʢʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʦʜʥʦ-ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ 

ʧʦʚʝʨʭʥʝʚʠʭ ʜʞʝʨʝʣ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɿʘ ʫʤʦʚ ʩʪʘʙʽʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʮʝ 

ʚ̔ʜʙʫʜʝʪʴʩʷ ʥʘ ʨʽʚʥʽ 2018ï2020 ʨʨ. 

ɺ ʋʢʨʘʾʥʽ ʜʽʻ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʘ ʮʽʣʴʦʚʘ ʧʨʦʛʨʘʤʘ çʇʠʪʥʘ ʚʦʜʘ ʋʢʨʘʾʥʠè ʥʘ 2001ï

2020 ʨʦʢʠ, ʤʝʪʦʶ ʷʢʦʾ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʘʥʪʦʚʘʥʠʭ ʂʦʥʩʪʠʪʫʮʽʻʶ ʋʢʨʘʾʥʠ ʧʨʘʚ ʛʨʦʤʘʜʷʥ ʥʘ 

ʜʦʩʪʘʪʥʽʡ ʞʠʪʪʻʚʠʡ ʨʽʚʝʥʴ ʪʘ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʰʣʷʭʦʤ ʥʘʜʘʥʥʷ ʥʘʩʝʣʝʥʥʶ ʧʠʪʥʦʾ ʚʦʜʠ  

ʚ ʥʝʦʙʭʽʜʥʠʭ ʦʙʩʷʛʘʭ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʦʨʤʘʪʠʚʽʚ ʷʢʦʩʪʽ. 

ʇʨʦʪʝ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʫʜʠʪʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʰʪʽʚ ʜʝʨʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ, 

ʧʝʨʝʜʙʘʯʝʥʠʭ ʥʘ ɿʘʛʘʣʴʥʦʜʝʨʞʘʚʥʫ ʧʨʦʛʨʘʤʫ çʇʠʪʥʘ ʚʦʜʘ ʋʢʨʘʾʥʠè ʥʘ 2006ï2020 ʨʦʢʠ, ʂʦ-

ʣʝʛʽʷ ʈʘʭʫʥʢʦʚʦʾ ʧʘʣʘʪʠ ʢʦʥʩʪʘʪʫʚʘʣʘ, ʱʦ ʾʾ ʤʝʪʘ ʥʝ ʜʦʩʷʛʘʻʪʴʩʷ. 

ʈʽʚʝʥʴ ʚʠʢʦʥʘʥʥʷ ʟʘʭʦʜʽʚ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʧʨʦʛʨʘʤʠ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʜʦ 2011 ʨʦʢʫ, ʩʪʘʥʦ-

ʚʠʚ ʣʠʰʝ 16,9 ʚʽʜʩʦʪʢʘ. ɸ ʦʢʨʝʤʽ ʧʦʣʦʞʝʥʥʷ ʧʨʦʛʨʘʤʠ ʥʝ ʚʽʜʧʦʚʽʜʘʣʠ ʚʠʤʦʛʘʤ ʟʘʢʦʥʦʜʘʚʩʪʚʘ 

ʧʨʦ ʜʝʨʞʘʚʥʽ ʧʨʦʛʨʘʤʠ (ʜʦʢʫʤʝʥʪʦʤ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ ʽʥʰʠʭ ʜʞʝʨʝʣ ʬʽʥʘʥʩʫʚʘʥʥʷ, ʢʨʽʤ ʜʝʨ-

ʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ, ʪʠʤ ʩʘʤʠʤ ʚʝʩʴ ʪʷʛʘʨ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʧʦʢʣʘʜʝʥʦ ʥʘ ʨʷʜʦʚʠʭ ʧʣʘʪʥʠ-

ʢʽʚ ʧʦʜʘʪʢʽʚ). 

ʋ ʞʦʚʪʥʽ 2011 ʨʦʢʫ ʧʨʦʛʨʘʤʫ ʙʫʣʦ ʚʠʢʣʘʜʝʥʦ ʚ ʥʦʚʽʡ ʨʝʜʘʢʮʽʾ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʫʩʫʥʫʪʠ 

ʙʽʣʴʰʽʩʪʴ ʥʝʜʦʣʽʢʽʚ. ʇʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʢʨʠʪʠʯʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞ 

ʪʘ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ, ʚʪʨʘʪʠ ʚʦʜʠ ʚ ʷʢʠʭ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʚʠʱʫʶʪʴ 40%, ʘ ʚ ʜʝʷʢʠʭ 

ʨʝʛʽʦʥʘʭ ʩʷʛʘʶʪʴ 60%, ʚ ʜʦʢʫʤʝʥʪ ̔ ʚ̔ ʜʩʫʪʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤ 

ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʪʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʇʦʣʦʚʠʥʫ ʦʙʩʷʛʫ ʙʶʜʞʝʪʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ ʟʘʧʣʘʥʦʚʘʥʦ 

ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʜʦʦʯʠʱʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ, ʧʨʦʪʝ ʟʘ ʨʘʭʫʥʦʢ 

ʷʢʠʭ ʢʦʰʪʽʚ ʪʘ ʫ ʷʢʠʡ ʩʧʦʩʽʙ ʧʦʢʨʠʚʘʪʠʤʫʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʷʢ 

ʮʝ ʚʧʣʠʥʝ ʥʘ ʚʘʨʪʽʩʪʴ ʧʠʪʥʦʾ ʚʦʜʠ ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʫ ʜʦʢʫʤʝʥʪʽ ʥʝ ʟʘʟʥʘʯʝʥʦ [12]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʥ ʧʣʘʥʫʚʘʥʥʷ ʽ ʬʽʥʘʥʩʫʚʘʥʥʷ ʚʠʜʘʪʢʽʚ ʜʝʨʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ ʥʘ ʚʠʢʦ-

ʥʘʥʥʷ ʟʘʭʦʜʽʚ ʧʨʦʛʨʘʤʠ ʩʣʽʜ ʚʠʟʥʘʪʠ ʥʝʟʘʜʦʚʽʣʴʥʠʤ ʽ ʥʝʜʦʩʢʦʥʘʣʠʤ. ɿʘ ʧʝʨʽʦʜ ʧʝʨʝʚʽʨʢʠ ʽʟ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʢʦʰʪʽʚ ʫ ʩʫʤʽ 175,1 ʤʣʥ ʛʨʥ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʛʨʘʤʠ, ʟ ʧʦ-

ʨʫʰʝʥʥʷʤ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʥʘʜ 48 ʤʣʥ ʛʨʥ (27%), ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʝʝʬʝʢ-

ʪʠʚʥʦ ï ʧʦʥʘʜ 20,5 ʤʣʥ ʛʨʥ (12%). ɺ ʫʤʦʚʘʭ ʫʢʨʘʡ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʯʘʩʪʠʥʘ ʢʦʰʪʽʚ (ʤʘʡʞʝ 113 ʤʣʥ ʛʨʥ), ʷʢʽ ʚʠʜʽʣʷʣʠʩʷ ʄʽʥʬʽʥʦʤ ʽ ɼʝʨʞʢʘʟʥʘʯʝʡʩʪʚʦʤ ʚ ʦʩʪʘʥ-

ʥʽ ʜʥʽ 2011 ʨʦʢʫ, ʙʫʣʘ ʧʦʚʝʨʥʫʪʘ ʜʦ ʙʶʜʞʝʪʫ [12]. ʗʢ ʥʘʩʣʽʜʦʢ, ʚ ʦʢʨʝʤʠʭ ʨʝʛʽʦʥʘʭ ʨʦʙʦʪʠ ʟʘ 

ʧʨʦʛʨʘʤʦʶ ʥʝ ʨʦʟʧʦʯʠʥʘʣʠʩʷ ʚʟʘʛʘʣʽ, ʘ ʚ ʜʝʷʢʠʭ ʦʙʩʷʛ ʾʭ ʚʠʢʦʥʘʥʥʷ ʙʫʚ ʥʝʟʥʘʯʥʠʤ. 

ʉʝʨʝʜ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ çʧʨʠʭʦʜʫè ʚ ʢʨʘʾʥʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʠʨʦʙʥʠʮʪʚ, ʷʢʽ 

ʟʜʘʪʥʽ ʚʧʣʠʥʫʪʠ ʥʘ ʚʦʜʥʦ-ʝʢʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʚʠʜʦʙʫʪʦʢ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ. ʆʜʥʠʤ 

ʟ ʥʘʡʙʽʣʴʰʠʭ ʙʘʩʝʡʥʽʚ, ʜʝ ʧʣʘʥʫʻʪʴʩʷ ʚʠʜʦʙʫʪʦʢ ʪʘʢʦʛʦ ʛʘʟʫ ʚ ʋʢʨʘʾʥʽ, ʻ ʪʘʢ ʟʚʘʥʘ çʖʟʽʚʩʴʢʘ 
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ʧʣʘʪʬʦʨʤʘè (ʩʭʽʜ ʍʘʨʢʽʚʱʠʥʠ ʪʘ ʧʽʚʥʽʯ ɼʦʥʝʯʯʠʥʠ). ɼʨʫʛʘ ʜʽʣʷʥʢʘ ï çʆʣʝʩʴʢʘ ʧʣʘʪʬʦʨʤʘè 

(ʃʴʚʽʚʱʠʥʘ). ʅʘ ʜʫʤʢʫ ʬʘʭʽʚʮʽʚ, ʪʝʭʥʦʣʦʛʽʾ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʥʝʜʦʩʪʘʪʥʴʦ ʘʜʘʧʪʦ-

ʚʘʥʽ ʜʦ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ. ʆʩʪʘʥʥʻ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʝʢʦʣʦʛʽ-

ʯʥʠʡ ʩʪʘʥ ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦʩʬʝʨʠ ʽ ʩʧʨʠʯʠʥʠʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʽʟ ʨʝʩʫʨ-

ʩʘʤʠ ʧʠʪʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʊʦʤʫ ʚʠʛʣʷʜʘʻ ʜʦʮʽʣʴʥʠʤ ʩʪʚʦʨʝʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʧʝʨʰʦʯʝʨʛʦʚʦ-

ʛʦ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʭ ʧʦʣʽʛʦʥʽʚ ʟ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʯʠʥʥʠʢʽʚ (ʧʜ̔ʚʠʝɦʥ̔ ʪʠʩʢʠ, ʛʽʜʨʦʜʨʦʙʣʝʥʥʷ ʛʘʟʦʚʤʽʱʫʶʯʠʭ ʧʦʨʽʜ, ʟʘʢʘʯʢʘ ʭʽʤʽʯʥʠʭ ʨʦʟʨʠʚʽʚ 

ʪʘ ʽʥ.) ʥʘ ʚʨʘʟʣʠʚʽʩʪʴ ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

***  

ʈʝʛʽʦʥʘʣʴʥʠʡ ʚʦʜʥʦ-ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʚ ʋʢʨʘʾʥʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠ-

ʢʦʤ ʟʨʦʩʪʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʫ ʙʽʣʴʰʦʩʪʽ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ɼʦʥʙʘʩʫ, ʧʽʚʜʝʥʥʦʾ 

ʪʘ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ. 

ɹʽʣʴʰʽʩʪʴ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ ʚʽʜʯʫʚʘʻ ʟʨʦʩʪʘʶʯʠʡ ʚʧʣʠʚ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ (ʧʦ-

ʪʝʧʣʽʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ ʦʧʘʜʽʚ, ʚʠʩʦʪʠ ʽ ʯʘʩʪʦʪʠ ʧʦʚʝʥʝʡ, ʧʘʚʦʜʢʽʚ) ʥʘ ʤʽʛʨʘʮʽʶ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ 

ʘʛʨʘʨʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʫ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ ʪʘ ʥʝʙʝʟʧʝʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʜʞʝʨʝʣ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠ-

ʢʽʚ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʪʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ɼʦʜʘʪʢʦʚʠʤ ʟʨʦʩʪʘʶʯʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʪʘ ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦʩʬʝʨʠ  

ʻ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʪʦʧʣʝʥʠʭ ʰʘʭʪ ʪʘ ʢʘʨôʻʨʽʚ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʬʦʨʤʫʚʘʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ɿʘ ʫʤʦʚ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʟʤʽʥ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʩʴʦʛʦʜʥʽ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ ʧʦʪʝʥʮʽʡʥʽ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥ-

ʮʝʚʦʛʦ ʛʘʟʫ ʚ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ,  

ʘ ʟ ʯʘʩʦʤ ï ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. 

ɿʘ ʫʤʦʚ ʟʙʝʨʝʞʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʩʪʽʢ ʨ. ɼʥʽʧʨʦ ʪʘ ʡʦʛʦ ʧʦ-

ʚʥʦʛʦ ʟʘʨʝʛʫʣʶʚʘʥʥʷ, ʨʽʚʝʥʴ ʭʽʤʽʯʥʦʛʦ ʪʘ ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʚʦʜʠ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʧʣʠʚʫ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ ʟʙʝʨʝʞʝ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʧʦʛʽʨ-

ʰʝʥʥʷ ʡʦʛʦ ʩʪʘʥʫ ʷʢ ʦʜʥʦʛʦ ʟ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʟʘʛʨʦʟʣʠʚʫ ʩʠʪʫʘʮʽʶ, ʱʦ ʩʢʣʘʣʘʩʷ, ʚʚʘʞʘʻʪʴʩʷ ʟʘ ʜʦʮʽʣʴʥʝ: 

¶ ʄʽʥʽʩʪʝʨʩʪʚʫ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʩʧʨʷʤʫʚʘʪʠ ʜʽʷʣʴʥʽʩʪʴ ʱʦʜʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ (ʥʘʟʝʤʥʦʛʦ, ɼɿɿ, ʧʦʩ-

ʪʡ̔ʥʦ-ʜʽʶʯʽ ʤʦʜʝʣʽ). 

¶ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ: 

ï ʟʘʪʚʝʨʜʠʪʠ ʥʦʚʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ʱʦʜʦ ʧʠʪʥʦʾ ʚʦʜʠ; 

ï ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʡ ʙʝʟʧʝʢʠ ʞʠʪʪʷ ʪʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʤʽʩʪ ʪʘ 

ʩʽʣ ʋʢʨʘʾʥʠ ʨʦʟʨʦʙʠʪʠ ʨʘʟʦʤ ʽʟ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʫʩʪʘʥʦʚʘʤʠ ʟʘʭʦʜʠ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷ ʟʘʭʠʱʝʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʣʷ ʧʠʪʪʷ, ʧʨʠʛʦʪʫʚʘʥʥʷ ʾʞʽ ʪʦʱʦ. 

¶ ʄʽʥʽʩʪʝʨʩʪʚʫ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, ʄʽʥʽʩʪʝʨʩʪʚʫ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦ-

ʟʚʠʪʢʫ, ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠ ʨʦʟʨʦʙʠʪʠ ɼʝʨʞʘʚʥʫ 

ʚʦʜʥʫ ʩʪʨʘʪʝʛʽʶ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ. 
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¶ ʄʽʥʽʩʪʝʨʩʪʚʫ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʨʘʟʦʤ ʟ ʅɸʅʋ ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ 

ʚʧʣʠʚʫ ʨʦʟʨʦʙʢʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʥʘ ʩʪʘʥ ʽ ʷʢʽʩʪʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʷʢʽ ʻ ʩʪʨʘʪʝʛʽʯʥʠʤ ʨʝʟʝʨʚʦʤ. 
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É ʆ.ʅ. ɺʝʨʛʫʥ 

ɸʅɸʃʀɿ ɸʂʊʋɸʃʔʅʓʍ ʌɸʂʊʆʈʆɺ ʋʍʋɼʐɽʅʀʗ ʂɸʏɽʉʊɺɸ  

ʀʉʊʆʏʅʀʂʆɺ ʇʀʊʔɽɺʆɻʆ ɺʆɼʆʉʅɸɹɾɽʅʀʗ  

ɺ ʂʆʅʊɽʂʉʊɽ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʋʂʈɸʀʅʓ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪ-

ʚʦ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʋʢʨʘʠʥ.r ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʛʦ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠ,̫ ʢʦʪʦ-

ʨʳʝ ʚʣʠʷʶʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

É O.M . Verhun  

CURRENT ANALYSIS OF FACTORS DETERIORATION  

IN THE QUALITY OF DRINKING WATER SOURCES  

IN THE CONTEXT OF ENVIRONMENTAL SAFETY UKRAINE  

The article reviews the main factors that significantly affect the quality of drinking water 

sources in the current socio-economic situation in Ukraine. The main threats to safe drinking 

water, affecting the condition of environmental safety are analyzed. 
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ʋɼʂ. 004.942+504.4:528.88 
 

É ʆ.ɺ. ʊʦʤʯʝʥʢʦ, ʤʦʣ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ, ʘʩʧʽʨʘʥʪ 

 

ʅʘʫʢʦʚʠʡ ʎʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯʥʩʪʠʪʫʪʫ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʤ. ʂʠʾʚ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼʋ ɹɸɻɸʊʆʂʈʀʊɽʈɯɸʃʔʅʆɰ ʆʇʊʀʄɯɿɸʎɯɰ 

ɼʃʗ ʆʎɯʅʂʀ ɽʂʆʃʆɻɯʏʅʆɻʆ ʉʊɸʅʋ  

ʂʀɰɺʉʔʂʆɻʆ ɺʆɼʆʉʍʆɺʀʑɸ ʅɸ ʆʉʅʆɺɯ ʄɸʊɽʈɯɸʃɯɺ  

ʂʆʉʄɯʏʅʆɰ ɿʁʆʄʂʀ ʊɸ ʅɸɿɽʄʅʀʍ ʉʇʆʉʊɽʈɽɾɽʅʔ 

 

ʈʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʤʝʪʦʜʫ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʝʨʭʽʚôʷ ʂʠʾʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ʆʧʠʩʘʥʦ ʢʦʨʝʣʷʮʽʶ 

ʟʥʘʯʝʥʴ ʥʘʟʝʤʥʠʭ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ ʚʦʜʦʡʤʠ ʟ ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʧʣʦʱʘʤʠ ʧʨʠʨʦʜʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ( ʟ 1989 ʧʦ 

2013 ʨ.). ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ ʚʦʜʦʡʤʠ. 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʪʦʜ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʤʘʪʝʨʽʘʣʠ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ, 

ʽʥʜʝʢʩʠ ʷʢʦʩʪʽ ʚʦʜʠ, ʘʢʚʘʣʴʥʘ ʝʢʦʩʠʩʪʝʤʘ, ʤʘʢʨʦʬʽʪʠ. 

 

ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʦʡʤ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨ-

ʤʘʮʽʾ ɼɿɿ ʪʘ ʥʘʟʝʤʥʠʭ ʜʘʥʠʭ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʩʫʯʘʩʥʠʭ ʤʝ-

ʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘ-

ʮʽʡʥʠʭ ʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʢʦʞʥʦ-

ʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʙôʻʢʪʫ ʧʝʨʝʜʙʘʯʘʻ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʪʘ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʧʨʦʙʣʝʤʠ, 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʚʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ, ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʩʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʨʦʟʨʦ-

ʙʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʶʚʘʥʥʷ ʾʾ ʩʪʘʥʫ. ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜ-

ʥʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʭ ʟʘʜʘʯ, ʪʦʙʪʦ ʟʘʜʘʯ, ʚ ʷʢʠʭ ʢʦʤʧʨʦʤʽʩʥʠʡ ʚʘʨʽʘʥʪ ʜʦʩʣʽ-

ʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʙʠʨʘʻʪʴʩʷ ʟʘ ʙʘʛʘʪʴʤʘ ʢʨʠʪʝʨʽʷʤʠ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʝ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘ-

ʱʠʭ ʟʥʘʯʝʥʴ ʦʜʥʦʯʘʩʥʦ ʜʣʷ ʚʩʽʭ ʢʨʠʪʝʨʽʾʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʜʥʫ ʽʟ ʩʪʦʨʽʥ ʧʨʦʙʣʝ-

ʤʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ.  

ɺ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʦʮʽʥʠʪʠ ʧʦʩʪʫʧʦʚʽ ʟʤʽʥʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʘʢ-

ʚʘʣʴʥʽʡ ʝʢʦʩʠʩʪʝʤʽ ʂʠʾʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʨʽʯʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽ-

ʤʘʥʴ ʂɸ Landsat5 ʪʘ ʟʤʦʜʝʣʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʥʠʭ ʤʝʪʦʜʽʚ, ʘ ʩʘʤʝ ʤʝʪʦʜʫ ʙʘʛʘʪʦʢ-

ʨʠʪʝʨʽʘʣʥɹʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʝʨʝʜʫʤʦʚʠ. ʉʪʚʦʨʝʥʥʷ ʂʠʾʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʷʢ ʽ ʚʟʘʛʘʣʽ 

ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʢʘʩʢʘʜʫ ʚ 1931ï1976 ʨʨ., ʧʦʨʷʜ ʟ ʧʦʟʠʪʠʚʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʩʪʘʚʠʣʦ ʥʠʟʢʫ 

ʚʘʞʣʠʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʙʝʟ ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʥʝʤʦʞʣʠʚʝ ʙʝʟʧʝʯʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʝʢʦʩʠʩʪʝʤʠ ɼʥʽʧʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʚʦʨʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱ ʟʘʪʦʧʣʝʥʦ 694,8 ʪʠʩ. ʛʘ ʟʝʤʝʣʴ,  
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ʘ ʧʨʠʣʝʛʣʽ ʜʦ ʥʠʭ ʧʽʜʪʦʧʣʝʥʽ ʪʝʨʠʪʦʨʽʾ ʟ ʛʣʠʙʠʥʦʶ ʟʘʣʷʛʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʜʦ 2 ʤ ʟʘʡʤʘʶʪʴ 

93,5 ʪʠʩ. ʛʘ [1]. 

ʂʠʾʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ ʻ ʚʝʨʭʥʽʤ ʫ ʢʘʩʢʘʜʽ ɼʥʽʧʨʦʚʩʴʢʠʭ ʚʦʜʦʩʭʦʚʠʱ ʽ ʤʘʻ ʥʘʡʙʽʣʴʰʽ ʟʘ 

ʧʣʦʱʝʶ ʤʽʣʢʦʚʦʜʥʽ ʜʽʣʷʥʢʠ (314 ʢʤ2), ʱʦ ʟʘʡʤʘʶʪʴ 34% ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ. ʆʩʥʦʚʥʠʤ ʢʦʤ-

ʧʦʥʝʥʪʦʤ ʤʽʣʢʦʚʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʚʦʜʦʩʭʦʚʠʱ ʻ ʚʠʱʽ ʚʦʜʥʽ ʨʦʩʣʠʥʠ (ʤʘʢʨʦʬʽʪʠ), ʷʢʽ ʥʝ 

ʪʽʣʴʢʠ ʚʠʩʪʫʧʘʶʪʴ ʧʦʪʫʞʥʠʤ ʬʘʢʪʦʨʦʤ ʩʝʨʝʜʦʚʠʱʝʪʚʦʨʝʥʥʷ, ʘʣʝ ʡ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʽʥʜʠ-

ʢʘʪʦʨʘʤʠ ʩʪʘʥʫ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ. ʗʢ ʚʽʜʦʤʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʦʩʥʦʚʥʽ ʤʘʩʠʚʠ ʟʘʨʦʩ-

ʪʝʡ ʤʘʢʨʦʬʽʪʽʚ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʚʦʜʦʩʭʦʚʠʱʘ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ 

1989 ʨ. ʧʣʦʱʽ ʟʘʨʦʩʪʝʡ ʜʦʩʷʛʣʠ 132 ʢʤ2, ʟʘʧʘʩʠ ʨʦʩʣʠʥʥʦʩʪʽ 106 ʪʠʩ. ʪ ʩʫʭʦʾ ʤʘʩʠ [2]. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʦʩʭʦʚʠʱʘ ʩʢʣʘʜʘʣʦʩʷ ʟ ʥʘ-

ʩʪʫʧʥʠʭ ʝʪʘʧʽʚ:  

ï ʜʝʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʩʪʚʦʨʝʥʥʷ ʢʘʨʪ ʧʨʠʨʦʜʥʦ-

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʦʜʦʡʤʠ (ʇʊʂ); 

ï ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʚʦʜʠ ʟʘ ʥʘʟʝʤʥʠʤʠ ʜʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʟʚʝʜʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʦʩʭʦʚʠʱʘ (ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʦʣʴʦʚʦʛʦ ʩʢʣʘʜʫ, ʽʥ-

ʜʝʢʩʫ ʪʨʦʬʥʦ-ʩʘʧʨʦʙʽʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʽʥʜʝʢʩʫ ʩʧʝʮʠʬʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʦʢʩʠʯʥʦʾ ʜʽʾ, 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʽʥʜʝʢʩʫ, ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ, ʩʫʤʘʨʥʠʭ ʧʦ-

ʢʘʟʥʠʢʽʚ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ);  

ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʤʽʞ 

ʜʠʥʘʤʽʢʦʶ ʟʘʨʦʩʪʘʥʥʷ ʂʠʾʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʤʘʢʨʦʬʽʪʘʤʠ ʪʘ ʦʪʨʠʤʘʥʠʤʠ ʥʘʟʝʤʥʠʤʠ ʧʦ-

ʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʚʦʜʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʠ ʟʘʨʦʩʪʘʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʙʫʣʠ ʚʠ-

ʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʜʝʰʠʬʨʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʩʫʧʫʪʥʠʢʽʚ Landsat TM ʪʘ ETM+ (ʨʠʩ. 1) ʪʘ 

ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʘʪʝʨʽʘʣʠ.  
 

  
ʘ ʙ 

ʈʠʩ. 1 ï ɼʠʥʘʤʽʢʘ ʟʘʨʦʩʪʘʥʥʷ ʚʝʨʭʽʚôʷ ʂʠʾʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ ʂɿ Landsat 

(ʘ ï ʩʪʘʥʦʤ ʥʘ 08.05.1986; ʙ ï ʩʪʘʥʦʤ ʥʘ 13.08.2013) 
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ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʮʝʜʫʨʫ ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʪʘ 

ʥʘʟʝʤʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʾ ʻ ʢʘʨʪʠ ʇʊʂ ʚʦʜʦʡʤʠ ʟʘ ʧʝʨʽʦʜ 1985ï2013 ʨʨ., ʧʨʦʚʝ-

ʜʝʥʘ ʝʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʦʡʤʠ.  

ʆʪʨʠʤʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʟʘʨʦʩʪʘʥʥʷ ʤʽʣʢʦʚʦʜʜʷ ʚʦʜʦʩʭʦ-

ʚʠʱʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱ ʤʘʢʨʦʬʽʪʽʚ, ʟʦʢʨʝʤʘ ʤʘʡʞʝ ʫʜʚʽʯʽ ʟʨʦʩʣʘ 

ʧʣʦʱʘ ʛʝʣʦʬʽʪʥʦʾ ʪʘ ʛʽʜʨʦʬʽʪʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ (ʥʘ 108,5 ʢʤ2). ʇʨʠ ʮʴʦʤʫ ʧʣʦʱʘ ʚʽʜʢʨʠʪʦʛʦ 

ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ ʟʤʝʥʰʠʣʘʩʴ ʥʘ 32% (95 ʢʤ2). 

ʇʦʢʘʟʥʠʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʦʩʭʦʚʠʱʘ. ɽʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʚʦʜʠ ʂʠʾʚʩʴ-

ʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚʠʢʦʥʘʥʘ ʟʘ ʩʝʨʝʜʥʴʦʨʽʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʷʜʫ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

(ʉʆ2, O2, N(ʟʘʛ), NO2
-, NO3

-, NH4
+, P(ʟʘʛ), PO4

3-, SO4
2-, Cl-, HCO3

-, Cr4+, ʉʘ+, K+, Mg+, Na+, Cu+, 

Fe+, ʥʘʬʪʦʧʨʦʜʫʢʪʠ, ʬʝʥʦʣʠ, ʉʇɸʈ, ɼɼʊ, ɹCʂ5, ʙʽʦʭʨʦʤʥʘ ʦʢʠʩʥʶʚʘʥʽʩʪʴ, pH, ʧʨʦʟʦʨʽʩʪʴ, 

ʢʦʣʴʦʨʦʚʽʩʪʴ, ʤʽʥʝʨʘʣʽʟʘʮʽʷ, ʞʦʨʩʪʢʽʩʪʴ, ʟʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ ʪʘ ʽʥ.), ʥʘʜʘʥʠʭ ʎʝʥʪʨʘʣʴʥʦʶ ʛʝʦ-

ʬʽʟʠʯʥʦʶ ʦʙʩʝʨʚʘʪʦʨʽʻʶ ʄʅʉ ʋʢʨʘʾʥʠ ʟʘ ʧʝʨʽʦʜ ʚʽʜ 1989 ʨ. ʜʦ 2012 ʨ.  

ʋʟʘʛʘʣʴʥʝʥʥʷ ʦʮʽʥʦʢ ʷʢʦʩʪʽ ʚʦʜʠ ʟʘ ʦʢʨʝʤʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʽʥʪʝʛʨʘʣʥɹʠʭ 

ʟʥʘʯʝʥʴ ʢʣʘʩʽʚ ʽ ʢʘʪʝʛʦʨʽʡ ʷʢʦʩʪʽ ʚʦʜʠ ʚʠʢʦʥʫʚʘʣʦʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʢʘʟʥʠʢʽʚ ʫ ʤʝʞʘʭ 

ʚʽʜʧʦʚʽʜʥʠʭ ʙʣʦʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ñʄʝʪʦʜʠʢʠ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠò [3]. ʎʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʦʣʷʛʘʣʦ ʫ ʚʠʟʥʘʯʝʥʥʽ ʟʥʘʯʝʥʴ ʜʣʷ ʪʨʴʦʭ 

ʙʣʦʢʦʚʠʭ ʽʥʜʝʢʩʽʚ ʷʢʦʩʪʽ ʚʦʜʠ: ʟʘʙʨʫʜʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʦʣʴʦʚʦʛʦ ʩʢʣʘʜʫ (ɯ1), ʪʨʦʬʦ-

ʩʘʧʨʦʙʽʦʣʦʛʽʯʥʦʛʦ (ʝʢʦʣʦʛʦ-ʩʘʥʽʪʘʨʥʦʛʦ) (ɯ2), ʩʧʝʮʠʬʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʦʢʩʠʯʥʦʾ ʽ ʨʘʜʽʘʮʽʡʥʦʾ 

ʜʽʾ (ɯ3). ʌʘʢʪʦʨʥʠʡ ʽʥʜʝʢʩ (ɯʬʘʢʪ.) ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʦʜʥʽʻʾ  

ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʢʦʞʥʦʤʫ ʙʣʦʮʽ ʜʦ ʾʭ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʚʝʣʠʯʠʥ ʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨ-

ʤʫʣʦʶ: 
 

                                                       

ä=
n

iʬʘʢʪʦʨʥʠʡ N
n

I
1)3,2,1(
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1I  
ɯʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ ʢʦʤ-

ʧʦʥʝʥʪʘʤʠ ʩʦʣʴʦʚʦʛʦ 

ʩʢʣʘʜʫ 

2I
 

ɯʥʜʝʢʩ ʪʨʦʬʥʦ-ʩʘʧʨʦʙʽʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

( ʝʢʦʣʦʛʦ-ʩʘʥʽʪʘʨʥʠʡ) 

 

3I
 

ɯʥʜʝʢʩ ʩʧʝʮʠʬʽʯʥʠʭ ʧʦʢʘʟ-

ʥʠʢʽʚ ʪʦʢʩʠʯʥʦʾ ʜʽʾ 

¶ ʩʫʤʘ ʽʦʥʽʚ; 

¶ ʭʣʦʨʠʜʠ;  

¶ ʩʫʣʴʬʘʪʠ. 

¶ pH;  

¶ ʟʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ;  

¶ ʘʟʦʪ ʘʤʦʥʽʡʥʠʡ;  

¶ ʘʟʦʪ ʥʽʪʨʠʪʥʠʡ; 

¶ ʘʟʦʪ ʥʽʪʨʘʪʥʠʡ; 

¶ ʬʦʩʬʦʨ; 

¶ ʨʦʟʯʠʥʝʥʠʡ ʢʠʩʝʥʴ; 

¶ % ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʢʠʩʥʝʤ;  

¶ ʧʝʨʤʘʥʛʘʥʘʪʥʘ ʦʢʠʩʥʶʚʘʥʽʩʪʴ; 

¶ ʙʽʦʭʨʦʤʘʪʥʘ ʦʢʠʩʥʶʚʘʥʽʩʪʴ; 

¶ ɹʉʂ5. 

¶ ʤʽʜʴ; 

¶ ʭʨʦʤ; 

¶ ʟʘʣʽʟʦ; 

¶ ʮʠʥʢ; 

¶ ʤʘʨʛʘʥʝʮʴ; 

¶ ʥʘʬʪʦʧʨʦʜʫʢʪʠ; 

¶ ʬʝʥʦʣʠ; 

¶ ʉʇɸʈ. 

 

 

iN, ʜʝ         ï  ʥʦʤʝʨ ʢʘʪʝʛʦʨʽʾ (1) 
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ɺʠʟʥʘʯʝʥʥʷ ʦʙ'ʻʜʥʘʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʦʜʠ ʧʦʣʷʛʘʣʦ ʚ ʦʙʯʠʩʣʝʥʥʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ, ʘʙʦ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʽʥʜʝʢʩʫ (ɯɽ) ï ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜ ʪʨʴʦʭ ʬʘʢʪʦʨʥʠʭ ʽʥʜʝʢʩʽʚ: 

 

                                                               
,

3

321 III
I E

++
=                                                           (2) 

 

ʜʝ 
1I  ï ʽʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʦʣʴʦʚʦʛʦ ʩʢʣʘʜʫ; 

2I  ï ʽʥʜʝʢʩ ʪʨʦʬʦ-ʩʘʧʨʦʙʽʦʣʦʛʽʯʥʠʭ (ʝʢʦʣʦʛʦ-ʩʘʥʽʪʘʨʥʠʭ) ʧʦʢʘʟʥʠʢʽʚ; 

3I
 
ï ʽʥʜʝʢʩ ʩʧʝʮʠʬʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʦʢʩʠʯʥʦʾ ʜʽʾ; 

EI  ï ʝʢʦʣʦʛʽʯʥʠʡ ʽʥʜʝʢʩ (ʽʥʪʝʛʨʘʣʴʥʠʡ). 

ɻʽʜʨʦʭʽʤʽʯʥʠʡ ʽʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ (ɯɿɺ), ʨʦʟʨʦʙʣʝʥʠʡ ʱʝ ɼʝʨʞʢʦʤʛʽʜʨʦʤʝʪʦʤ 

ʉʈʉʈ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ. ʎʝʡ ʽʥʜʝʢʩ ʻ ʪʠʧʦʚʠʤ ʘʜʠʪʠʚʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʽ ʩʝʨʝʜʥʴʦʶ ʯʘʩʪʢʦʶ 

ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʟʘ ʩʫʚʦʨʦ ʣʽʤʽʪʦʚʘʥʦʶ ʢʽʣʴʢʦʩʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ [4]. ʈʦʟʨʘʭʫ-

ʥʦʢ ɯɿɺ ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʦʙʤʝʞʝʥʠʤ ʯʠʩʣʦʤ ʽʥʛʨʝʜʽʻʥʪʽʚ. ɺʠʟʥʘʯʘʣʦʩʷ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʭʽʤʽʯʥʠʭ ʘʥʘʣʽʟʽʚ ʧʦ ʢʦʞʥʦʤʫ ʟ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢ: ʘʟʦʪ ʘʤʦʥʽʡʥʠʡ, 

ʘʟʦʪ ʥʽʪʨʠʪʥʠʡ, ʥʘʬʪʦʧʨʦʜʫʢʪʠ, ʬʝʥʦʣʠ, ʨʦʟʯʠʥʝʥʠʡ ʢʠʩʝʥʴ, ʙʽʦʭʽʤʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ 

(ɹʉʂ5). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʽʚ ʢʦʞʥʦʛʦ ʟ ʧʦʢʘʟʥʠʢʽʚ ʚʠʚʦʜʠʣʦʩʴ ʾʭ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʧʦʨʽʚʥʶʚʘʣʦʩʴ ʟ ʾʭ ɻɼʂ. ɯɿɺ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ ʉ ̔ï ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʜʥʦʛʦ ʽʟ ʰʝʩʪʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʦʜʠ; 

ɻɼʂʽ ï ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʞʥʦʛʦ ʟ̔ ʰʝʩʪʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʦʜʠ. 

ɺ ʷʢʦʩʪʽ ʨʽʟʥʦʚʠʜʫ ɯɿɺ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʤʘʨʥʠʡ ʧʦʢʘʟʥʠʢ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥ-

ʥʷ ʚʦʜʠ (ʇʍɿ-10), ʷʢʠʡ ʡʦʛʦ ʘʚʪʦʨʘʤʠ ʥʘʟʠʚʘʻʪʴʩʷ çʬʦʨʤʘʣʽʟʦʚʘʥʠʤè; ʚʽʥ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ 

ʜʝʩʷʪʠ ʩʧʦʣʫʢʘʭ ʟʘʤʽʩʪʴ ʰʝʩʪʠ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʨʤʫʣʠ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʜʽʾ: 

 

                         ʇʍɿ-10 = (ʉ1/ʇɼʂ1 + ʉ2/ʇɼʂ2 + é + ʉ10/ʇɼʂ10),                                  (4) 

 

ʜʝ ʉ ̔ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ, ʤʛ/ʜʤɿ; 

ɻɼʂʽ ï ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʤʛ/ʜʤɿ. 

ʇʍɿ-10 ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʦʥ ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘ-

ʮʽʾ ʪʘ ʟʦʥ ʝʢʦʣʦʛʽʯʥʦʛʦ ʣʠʭʘ. ʇʨʦʪʝ ʚ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʽʥ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʽʜʩʪʝ-

ʞʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʟʤʽʥ, ʱʦ ʤʦʛʣʠ ʤʘʪʠ ʤʽʩʮʝ ʚ ʝʢʦʩʠʩʪʝʤʽ ʚʝʨʭʥʽʭ ʜʽʣʷʥʦʢ ʂʠʾʚʩʴʢʦʛʦ  

ʚʦʜʦʩʭʦʚʠʱʘ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʧʝʨʝʙʽʛ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢ ʽ ʟʤʽʥʠ ʘʥ-

ʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʊʘʢ, ʚʩʽ ʧʦʢʘʟʥʠʢʠ ʙʫʣʦ ʨʦʟʜʽʣʝʥʦ ʥʘ ʜʚʽ ʛʨʫʧʠ ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ  

ʇʍɿ-10 (ʬʽʟ-ʭʽʤ.) ʪʘ ʇʍɿ-10 (ʘʥʪʨ.). ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʚʽʡʰʣʠ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ, ʛʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʛʦʣʦʚʥʽ ʽʦʥʠ, ʘ ʜʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ī ʟʘʙʨʫ-

ʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʙʽʦʛʝʥʥʽ ʢʦʤʧʦʥʝʥʪʠ. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ 

ʟʛ̔ʜʥʦ ʟ [5]. 
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ʄʝʪʦʜ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ, ʜʣʷ ʷʢʠʭ ʧʦʪʨʽʙʥʦ ʦʜ-

ʥʦʯʘʩʥʝ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʚʩʽʭ ʢʨʠʪʝʨʽʾʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʜʥʫ 

ʟʽ ʩʪʦʨʽʥ ʨʦʟʛʣʷʥʫʪʦʾ ʧʨʦʙʣʝʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩ ʚʠʙʦʨʫ ʻ ʽʪʝʨʘʮʽʡʥʠʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʻʜʠʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ. 

ɿʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʦʙ'ʻʢʪʘ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ, ʜʦ ʷʢʦʛʦ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʢʣʘʩʽʚ 

{ }
mj aaaaA ,...,,...,, 21=  ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʥʘʣʝʞʠʪʴ ʦʙ'ʻʢʪ { }mj bbbbB ,...,,...,, 21= , ʷʢʠʡ 

ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ (ʘ ʽ b ï ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʧʦʨʽʚʥʶʶʪʴʩʷ, ʪʦʙʪʦ ʩʢʣʘʜʦʚʽ ʇʊʂ ʯʠ ʛʽʜʨʦʭʽʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʟʘ ʚʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʨʦʢʠ ʫ ʧʝʨʽʦʜ ʟ 1989 ʜʦ 2011 ʨʨ. ʚʽʜʥʦʩʥʦ ʾʭ ʩʪʘʥʫ ʚ 1989 ʨ.).  

ɼʣʷ ʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʝʪʘʧʽʚ: ʚʚʝʜʝʥʥʷ ʬʫʥʢʮʽʾ ʙʣʠʟʴʢʦʩʪʽ ʧʦʨʽʚʥʶʚʘʥʠʭ ʚʝʣʠʯʠʥ a i b, ʦʙʯʠʩʣʝʥʥʷ ʦʮʽʥʢʠ ʜʣʷ ʬʫʥ-

ʢʮʽʾ ʙʣʠʟʴʢʦʩʪʽ ï S ʪʘ ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ï f ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʫ ʧʦ ʦʧʦʨʥʽʡ ʤʥʦ-

ʞʠʥʽ ʢʣʘʩʽʚ. ʌʫʥʢʮʽʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʧʠʩʫʻ ʩʪʫʧʽʥʴ ʟʙʽʛʫ ʟʥʘʯʝʥʴ ʧʦʨʽʚʥʶʚʘʥʠʭ ʚʝʣʠʯʠʥ.  

ɺʠʙʽʨ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʟʘʜʘʯʽ [6].  

ɼʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʥʘʣʝʞʥʦʩʪʽ ʦʙôʻʢʪʫ (ʧʨʦʮʝʩʫ) ɸ ʜʦ ʦʙôʻʢʪʫ (ʧʨʦʮʝʩʫ) ɺ ʚʠʟʥʘʯʘʻʪɹ-

ʩʷ ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ, ʷʢ ʻʜʠʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ: 

 

                                              

( ) ( ) ( )ä
=

Ö=
n

j

jjjj abfabABF
1

,, , r .                                             (5) 

 

ʆʙʯʠʩʣʝʥʥʷ ʦʮʽʥʦʢ ʥʘ ʦʧʦʨʥʽʡ ʤʥʦʞʠʥʽ ʦʟʥʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʦʩʪʽ ʤʽʞ ʫʩʽʤʘ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʦʜʥʦʛʦ ʢʣʘʩʫ ʽ ʦʙ'ʻʢʪʦʤ, ʱʦ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʽʨʠ ʚʘʞʣʠʚʦʩʪʽ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʢʣʘʩʫ ï ( )
jj ab ,r . ʅʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʷ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦʩʷʛʘʻ ʧʨʠ ʩʧʽʚ-

ʧʘʜʽʥʥʽ ʟʥʘʯʝʥʴ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʥʘʡʤʝʥʰʦʛʦ ʟʥʘʯʝʥʥʷ ï ʨʽʚʥʦʛʦ ʥʫʣʶ, ʢʦʣʠ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʞʦʜʥʦʤʫ ʧʘʨʘʤʝʪʨʫ. 

ʌʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ a ʜʦ ʧʘʨʘʤʝʪʨʘ b ʚʠʟʥʘʯʘʻʪʴʩʷ 

 

                                                
( ) ( )[ ]jjjjj abSabf ,1, -= .                                                 (6) 

 

ʌʫʥʢʮʽʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ f ʤʘʻ ʪʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ, ʯʠʤ ʤʝʥʰʘ ʧʦʭʠʙʢʘ, ʪʦʙʪʦ, ʯʠʤ ʤʝʥ-

ʰʘ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤ ʚʠʤʽʨʶʚʘʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʘʯʽ ʪʘ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ʘʧʘ-

ʨʘʪʫʨʠ.  

ɺʠʟʥʘʯʘʻʤʦ ʙʣʠʟʴʢʽʩʪʴ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ a ʜʦ ʧʘʨʘʤʝʪʨʘ b ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

ʙʣʠʟʴʢʦʩʪʽ ï ( )
jjj abS ,  ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʚʠʧʘʜʢʽʚ:  

 

()=jj bS ,/)( jjj aba -  ʜʣʷ ʚʠʧʘʜʢʫ jj ab < ; 

()=jj bS jjj bab /)( - , ʜʣʷ ʚʠʧʘʜʢʫ jj ab > . 
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ʊʝʧʝʨ ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʽʚ ʯʠ ʦʙôʻʢʪʽʚ ʤʦʞʝ ʙʫʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʘ ʷʢ ʟʘʜʘʯʘ ʙʘʛʘʪʦʢʨʠ-

ʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ m ʢʨʠʪʝʨʽʾʚ, ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʚʠʩʪʫʧʘʻ ʷʢ ʬʫʥʢʮʽʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ b ʧʘʨʘʤʝʪʨʫ ʘ. 

ʈʝʟʫʣʴʪʘʪʠ: ʥʘ ʦʩʥʦʚʽ ʜʝʰʠʬʨʫʚʘʥʥʷ ʽ ʘʥʘʣʽʟʫ ʂɿ Landsat 5 ʟʘ ʧʝʨʽʦʜ 1985ï2011 ʨʨ. 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ ʇʊʂ, ʘ ʩʘʤʝ: ʣʽʩʠ, ʣʫʢʠ, ʚʠʱʘ ʚʦʜʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, ʧʽʩʦʢ ʪʘ 

ʚʽʜʢʨʠʪʘ ʚʦʜʥʘ ʧʦʚʝʨʭʥʷ. ɼʘʣʽ ʙʫʣʦ ʦʙʯʠʩʣʝʥʦ ʬʫʥʢʮʽʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ F(ɼɿɿ) ʟʘ ʚʩʽ ʨʦʢʠ ʜʦʩʣʽ-

ʜʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (5) ʚʽʜʥʦʩʥʦ ʧʣʦʱ ʩʢʣʘʜʦʚʠʭ ʇʊʂ ʫ 1989 ʨ., ʷʢʘ ʙʫʣʘ ʫʤʦʚʥʦ 

ʧʨʠʡʥʷʪʘ ʟʘ ʝʪʘʣʦʥ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʚ ʘʥʘʣʽʟ ʾʭ ʚʧʣʠʚʫ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʪʝʨʠʪʦʨʽʾ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʨʷʜʽʚ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʫʷʚ-

ʣʝʥʥʷ ʧʨʦ ʩʪʘʥ ʝʢʦʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʨʷʜʫ ʽʥʜʝʢʩʽʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ, 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.  

ʊʘʙʣʠʮʷ 1 ï ɽʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʚʦʜʠ ʂʠʾʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʈʦʢʠ ɯ1 
1
 ɯ2 

2
 ɯ3 

3
 ɯɽ 

4
 ɯɿɺ 

5
 

ʇʍɿ-10  

(ʬʽʟ-ʭʽʤ.)
 6
 

ʇʍɿ-10 

(ʘʥʪʨ.)
 7
 

ʉʫʤʘʨʥʠʡ 

N 
8
 

F(ʥʘʟʝʤ.) 
9
 F(ɼɿɿ) 

10
 

1989 1,3 2,5 4,0 2,6 0,7 5,3 3,9 0,2 0,71 0,90 

1991 1,3 2,5 3,1 2,3 0,4 6,2 2,3 0,2 0,67 0,86 

1993 1,3 3,2 5,0 3,1 1,8 17,6 7,2 0,4 0,58 0,85 

1995 1,3 3,5 4,0 2,9 1,7 13,9 7,1 1,2 0,52 0,83 

1997 1,3 3,4 3,5 2,7 0,9 12,5 5,4 0,4 0,47 0,87 

1999 1,3 3,5 3,4 2,8 0,8 21,7 3,8 0,5 0,46 0,78 

2001 1,3 3,6 4,1 3,0 1,8 22,0 9,8 0,3 0,47 0,75 

2003 1,3 3,7 2,8 2,6 0,8 21,4 3,9 0,8 0,47 0,71 

2005 1,0 3,5 2,4 2,3 0,6 36,8 2,2 0,5 0,52 0,68 

2007 1,3 3,5 2,6 2,5 0,7 24,2 4,4 0,6 0,44 0,72 

2009 1,0 3,7 3,4 2,7 0,9 19,0 4,0 0,7 0,48 0,73 

2011 1,3 3,4 3,3 2,7 0,9 21,7 4,0 0,7 0,54 0,70 

ɼʝ: 

1. ɯ1 ï ̔ ʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʦʣʴʦʚʦʛʦ ʩʢʣʘʜʫ; 

2. ɯ2 ï ʝʢʦʣʦʛʦ-ʩʘʥʽʪʘʨʥʠʡ ʽʥʜʝʢʩ; 

3. ɯ3 ï ̔ ʥʜʝʢʩ ʧʦʢʘʟʥʠʢʽʚ ʪʦʢʩʠʯʥʦʾ ʜʽʾ; 

4. ɯɽ ï ʟʘʛʘʣʴʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʽʥʜʝʢʩ; 

5. ɯɿɺ ï ̔ ʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ; 

6. ʇʍɿ-10 (ʬʽʟ-ʭʽʤ.) ï ʧʦʢʘʟʥʠʢ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 

7. ʇʍɿ-10 (ʘʥʪʨ.) ï ʧʦʢʘʟʥʠʢ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʟʘ ʨʝʯʦʚʠʥʘʤʠ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʙʽʦʛʝʥʥʠ-

ʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ; 

8. ʉʫʤʘʨʥʠʡ N ï ʩʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʟʦʪʫ ʘʤʦʥʽʡʥʦʛʦ, ʥʽʪʨʘʪʥʦʛʦ ʪʘ ʥʽʪʨʠʪʥʦʛʦ; 

9. F(ʥʘʟʝʤ) ï ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʘʥʘ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʚʩʽʭ ʭʽʤʽʯʥʠʭ ʧʦʢʘ-

ʟʥʠʢʽʚ; 

10. F(ɼɿɿ) ï ʬʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʘʥʘ ʥʘ ʦʩʥʦʚʽ ʜʝʰʠʬʨʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ. 

 

ʇʨʠ ʮʴʦʤʫ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʦʩʭʦʚʠʱʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘ-

ʩʷ ʟʚʝʜʝʥʘ ʬʫʥʢʮʽʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ F(ʥʘʟʝʤ.), ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʩʽʭ ʥʘʷʚʥʠʭ ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɿ ʛʨʘʬʽʢʘ (ʨʠʩ. 2) ʚʠʜʥʦ, ʱʦ ʬʫʥʢʮʽʾ F, ʦʪʨʠʤʘʥʽ ʟʘ ʨʝʟʫʣʴ-

ʪʘʪʘʤʠ ʜʝʰʠʬʨʫʚʘʥʥʷ ʟʥʽʤʢʽʚ ʪʘ ʥʘʟʝʤʥʠʤʠ ʜʘʥʠʤʠ, ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʫ ʩʪʘʥʫ ʚʦʜʦʡʤʠ  
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ʂʠʾ ʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚ ʙʽʢ ʥʝʟʥʘʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʂʠʾʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʜʣʷ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʪʨʝʙ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ, ʨʦʟʨʘ-

ʭʦʚʘʥʽ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʤʝʪʦʜʦʤ. 

 

 

ʈʠʩ. 2 ï ʌʫʥʢʮʽʾ F ʦʪʨʠʤʘʥʽ ʟʘ ʜʘʥʠʤʠ ɼɿɿ ʪʘ ʥʘʟʝʤʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʦʜʠ ʚʝʨʭʽʚôʷ ʂʠʾʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ: 

1) ʟʘ ʝʢʦʣʦʛʦ-ʩʘʥʽʪʘʨʥʠʤ ʙʣʦʢʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʧʦʛʽʨʰʝʥʥʷ, ʟʥʘʯʝʥʥʷ 

ʽʥʜʝʢʩʫ ʟʨʦʩʪʘʻ ʚʽʜ 2,5 ʜʦ 3,7. ʊʘʢ, ʩʪʘʥ ʚʦʜʦʡʤʠ ʥʘ 1989 ʨʽʢ ʚʽʜʧʦʚʽʜʘʻ ɯɯ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜʠ 

(çʜʫʞʝ ʜʦʙʨʽè, çʯʠʩʪʽè ʚʦʜʠ) ʪʘ ʟʤʽʥʶʻʪʴʩʷ ʜʦ ɯɯɯ ʢʣʘʩʫ ʷʢʦʩʪʽ (ʚʦʜʠ, ʧʝʨʝʭʽʜʥʽ ʟʘ ʷʢʽʩʪʶ ʚʽʜ 

çʜʦʙʨʠʭè, çʜʦʩʠʪʴ ʯʠʩʪʠʭè ʜʦ çʟʘʜʦʚʽʣʴʥʠʭè, çʩʣʘʙʦ ʟʘʙʨʫʜʥʝʥʠʭè) ʩʪʘʥʦʤ ʥʘ 2011 ʨʽʢ; 

2)  ʟʘ ʢʨʠʪʝʨʽʻʤ ʩʧʝʮʠʬʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʦʢʩʠʯʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʜʽʾ ʥʘʚʧʘʢʠ ʧʨʦʩʪʝʞʫ-

ʻʪʴʩʷ ʧʦʟʠʪʠʚʥʘ ʜʠʥʘʤʽʢʘ. ʊʘʢ, ʷʢʽʩʪʴ ʚʦʜʠ ʚʦʜʦʩʭʦʚʠʱʘ ʩʪʘʥʦʤ ʥʘ 1993 ʨ. ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ɯɯɯ 

ʢʣʘʩʫ ʷʢʦʩʪʽ (çʧʦʩʝʨʝʜʥʽʭè, çʧʦʤʽʨʥʦ ʟʘʙʨʫʜʥʝʥʠʭè ʚʦʜ), ʘ ʚ 2011 ʨ. ī ʜʦ ɯɯ ʢʣʘʩʫ (çʜʦʙʨʠʭè, 

çʜʦʩʠʪʴ ʯʠʩʪʠʭè ʟ ʪʝʥʜʝʥʮʽʻʶ ʥʘʙʣʠʞʝʥʥʷ ʜʦ çʟʘʜʦʚʽʣʴʥʠʭè, çʩʣʘʙʦ ʟʘʙʨʫʜʥʝʥʠʭè ʚʦʜ); 

3)  ʚʝʣʠʯʠʥʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʽʥʜʝʢʩʫ ɯɽ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 2,3 ʜʦ 3,1, 

ʱʦ ʜʘʻ ʧʽʜʩʪʘʚʫ ʚʽʜʥʝʩʪʠ ʚʦʜʦʡʤʫ ʚ ʮʽʣʦʤʫ ʜʦ ɯɯ ʢʣʘʩʫ ʷʢʦʩʪʽ ʚʦʜʠ, 3-  ʾʢʘʪʝʛʦʨʽʾ. ɺʦʜʘ ʟʘ ʷʢʽʩ-

ʪʶ ʦʮʽʥʶʻʪʴʩʷ ʷʢ çʜʦʙʨʘè ʟʘ ʩʪʘʥʦʤ, çʜʦʩʠʪʴ ʯʠʩʪʘè ʟʘ ʩʪʫʧʝʥʝʤ ʯʠʩʪʦʪʠ; 

4)  ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ɯɯ ʢʣʘʩʫ ʷʢʦʩʪʽ çʯʠʩʪʽ 

ʚʦʜʠè ʽ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʤʝʞʘʭ 0,4ï1,1 (ʦʢʨʽʤ 1993, 1995 ʪʘ 2001 ʨʦʢʽʚ ï ʩʪʘʥ çʧʦʤʽʨʥʦ ʟʘʙʨʫʜ-

ʥʝʥʽ ʚʦʜʠè);  

5)  ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʤʘʨʥʦʛʦ ʘʟʦʪʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʝ 

ʷʢ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʨʦʟʢʣʘʜʫ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʪʘʢ ʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʝʚʪʨʦʬʽʢʘ-

ʮʽʾ ʚʠʱʝʨʦʟʪʘʰʦʚʘʥʠʭ ʜʽʣʷʥʦʢ ʨʽʯʦʢ ɼʥʽʧʨʘ ʪʘ ʇʨʠʧôʷʪʽ. 

ɺʠʩʥʦʚʢʠ: ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʠʭ ʤʝʪʦʜʽʚ ʜʦʚʝʜʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

Fɼɿɿ ʟ Fʥʘʟʝʤ., ʷʢʘ ʤʘʻ ʢʦʨʝʣʷʮʽʶ ʟ ʡʤʦʚʽʨʥʽʩʪʶ 0,76, ʱʦ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 
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ʢʦʥʪʨʦʣʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ. ɿʘ ʛʽʜʨʦʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠ-

ʢʘʤʠ ʷʢʦʩʪʽ ʚʦʜʠ ʘʢʚʘʪʦʨʽʾ ʚʝʨʭʥʽʭ ʜʽʣʷʥʦʢ ʂʠʾʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʦʜʘʤ ʟʘ-

ʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ, ʱʦ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʙʽʦʪʦʧʽʚ ʰʠʨʦʢʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʩʧʝʢʪʨʘ. ɿʤʽʥʠ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʘʢʚʘʪʦʨʽʡ ʩʧʨʠʯʠʥʝʥʽ ʧʝʨʝʙʽʛʦʤ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝ-

ʩʽʚ ʪʘ ʚʪʦʨʠʥʥʠʭ ʩʫʢʮʝʩʽʡ, ʘ ʩʘʤʝ ï ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʽʚ ʧʨʦʜʫʢʦʚʘʥʦʛʦ ʉʆ2, ʧʽʜʚʠʱʝʥʥʷʤ 

ʟʥʘʯʝʥʴ ʚʤʽʩʪʫ ʙʽʦʛʝʥʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʘʨʦʩʪʘʥʥʷ ʪʘ ʟʘʙʦʣʦʯʝʥʥʷ ʜʘʥʦʾ 

ʜʽʣʷʥʢʠ ʚʦʜʦʩʭʦʚʠʱʘ, ʩʧʨʦʚʦʢʦʚʘʥʦʛʦ ʰʪʫʯʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʚʦʜʦʦʙʤʽʥʫ ʚʦʜʦʡʤʠ ʧʽʩʣʷ ʘʚʘ-

ʨʽʾ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ.  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1. ʇʨʘʚʠʣʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʦʜʦʩʭʦʚʠʱ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʢʘʩʢʘʜʫ // ɿʘ ʨʝʜ. ɸ.ɺ. ʗʮʠʢʘ. ï ʂ.: 

ɻʝʥʝʟʘ, 2003. ï 176 ʩ. 

2. ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʥʘʩʝʣʝʥʠʝ ɼʥʝʧʨʘ ʠ ʝʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱ / ʃ.ɸ. ʉʠ-

ʨʝʥʢʦ, ʀ.ʃ. ʂʦʨʝʣʷʢʦʚʘ, ʃ.ɽ. ʄʠʭʘʡʣʝʥʢʦ ʠ ʜʨ. / ʇʦʜ. ʨʝʜ. ʅ.ɺ. ʂʦʥʜʨʘʪʴʝʚʦʡ. ï ʂʠʝʚ: ʅʘʫʢ 

ʜʫʤʢʘ, 1989. ï 232 ʩ. 

3. ɼʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ñʄʝʪʦʜʠʢʠ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʟʘ ʚʽʜ-

ʧʦʚʽʜʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠò (ʧʦʷʩʥʝʥʥʷ, ʟʘʩʪʝʨʝʞʝʥʥʷ, ʧʨʠʢʣʘʜʠ) ɸ.ɺ. ʗʮʠʢ, ɺ.ʄ. ɾʫʢʠʥʩʢɹʠʡ, 

ɸ.ʇ. ʏʝʨʥʷʚʩʴʢʘ. ï ʂ.: ʆʨʽʷʥʠ, 2006. ï 60 ʩ. 

4. ʆʩʘʜʯʠʡ ɺ.ɯ., ʅʘʙʠʚʘʥʝʮʴ ɹ.ʁ., ʆʩʘʜʯʘ ʅ.ʄ., ʅʘʙʠʚʘʥʝʮʴ ʖ.ɹ. ɻʽʜʨʦʭʽʤʽʯʥʠʡ ʜʦʚʽʜ-
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ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 07.02.14 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ 

É ʆ.ɺ. ʊʦʤʯʝʥʢʦ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄɽʊʆɼɸ ʄʅʆɻʆʂʈʀʊɽʈʀɸʃʔʅʆʁ ʆʇʊʀʄʀɿɸʎʀʀ ɼʃʗ 

ʆʎɽʅʂʀ ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʂʀɽɺʉʂʆɻʆ ɺʆɼʆʍʈɸʅʀʃʀʑɸ 

ʅɸ ʆʉʅʆɺɽ ʄɸʊɽʈʀɸʃʆɺ ʂʆʉʄʀʏɽʉʂʆʁ ʉʒɽʄʂʀ  

ʀ ʅɸɿɽʄʅʓʍ ʅɸɹʃʖɼɽʅʀʁ 

ʈʘʩʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʤʝʪʦʜʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʨʭʦʚʴʷ ʂʠʝʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ʆʧʠʩʘʥʦ ʢʦʨʨʝʣʷʮʠʶ ʟʥʘʯʝʥʠʡ ʥʘʟʝʤʥʳʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʝʤʘ  

ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʧʣʦʱʘʜʷʤʠ ʧʨʠʨʦʜʥʦ-

ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʩ 1989 ʧʦ 2013 ʛ.). ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʚʣʠʷʶʪ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚʦʜʦʝʤʘ. 
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É O.V. Tomchenko 

USAGE OF MULTIOBJECTIVE OPTIMIZATION OF REMOTELY SENSED DATA AND 

IN -SITU MEASUREMENTS FOR ASSESSING THE ECOLOGICAL CONDITION  

OF KIEV RESERVOIR  

The use of the systematic multiobjective optimization method for determining the ecological 

condition of Upper Kiev reservoir is reviewed. The correlation between values of hydrochemical 

indicators of reservoir measured on the ground and changes in the area of natural-territorial 

complexes (from 1989 to 2013) obtained using remotely sensed data is described. The main factors 

that affect the environmental situation of the reservoir are determined. 
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É ʊ.ɺ. ɼʫʜʘʨ1, ʢʘʥʜ. ʛʝʦʣ.-ʤʽʥ. ʥʘʫʢ; 

ɯ.ɺ. ɺʝʜʤʝʜʝʥʢʦ1, ʜʦʮʝʥʪ;  

ʉ.ɸ. ʉʪʘʥʢʝʚʠʯ2, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰ. ʥʘʫʢ. ʩʧ̔ ʚʨʦʙʽʪʥʠʢ 

 
1ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ; 

2ʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

 

ɸʅɸʃɯɿ ɸʅʊʈʆʇʆɻɽʅʅʀʍ ɿʄɯʅ ʃɸʅɼʐɸʌʊʋ  

ɺ ʈɸʁʆʅɯ ʉʄʆʃɯʅʉʔʂʆɰ ʐɸʍʊʀ ʂɯʈʆɺʆɻʈɸɼʉʔʂʆɰ ʆɹʃɸʉʊɯ  

ɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ ʂʆʉʄɯʏʅʀʍ ɿʁʆʄʆʂ 

 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʥʪʨʦʧʦʛʝʥʥʽ ʟʤʽʥʠ ʣʘʥʜʰʘʬʪʽʚ ʚ ʨʘʡʦʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʉʤʦʣʽʥʩʴʢʦʾ 

ʰʘʭʪʠ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ. ʇʦʙʫʜʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʫ 

ʢʘʨʪʫ ʟʤʽʥ ʩʪʘʥʫ ʟʝʤʝʣʴ ʄʘʣʦʚʠʩʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʟʘ ʧʝʨʽʦʜ 1991ï2013 ʨʨ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʘʥʪʨʦʧʦʛʝʥʥʽ 

ʟʤʽʥʠ ʣʘʥʜʰʘʬʪʽʚ, ʢʦʩʤʽʯʥ ̔ʟʡʦʤʢʠ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ-

ʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʩʪʘʥ ʨʝʣʴʻʬʫ, ʨʦʩʣʠʥʥʦʩʪʽ, ˇʨʫʥʪʽʚ ʪʘ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʣʘʥʜʰʘʬʪʫ ʧʝʚʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʟʘ ʷʢʠʤ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʥʘ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʜʞʝʨʝʣʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʟʘʭʦʜʠ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. ʈʘʟʦʤ ʟ ʪʠʤ ʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʘʥʠʭ ʪʘʢʦʞ ʦʙʦʚôʷʟʢʦʚʦ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʩʪʘʥʫ ʦʙôʻʢʪʽʚ, ʦʜʝʨʞʘʥʠʭ ʥʘʟʝʤʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʜʘʥʠʭ ɼɿɿ. ɰʭ 

ʦʩʥʦʚʥʘ ʨʦʣʴ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʦʙôʻʢʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʚʣʘ-

ʩʪʠʚʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʪʘ ʽʩʪʦʨʽʶ ʟʤʽʥ ʣʘʥʜʰʘʬʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʝʨʠ-

ʪʦʨʽʡ, ʥʘ ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʜʽʷʣʴʥʽʩʪʴ ʣʶʜʠʥʠ [1]. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ  

ʻ ʜʠʩʪʘʥʮʽʡʥʝ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘ ʥʠʤʠ ʪʘ ʧʦʭʽʜʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ, ʧʦʙʫʜʦʚʘ ʨʝʟʫʣʴʪʫʶʯʦʾ ʪʝʤʘʪʠʯʥʦʾ ʢʘʨʪʠ ʩʪʘʥʫ ʟʝʤʝʣʴ ʚ ʟʦʥʽ ʚʧʣʠʚʫ 

ʉʤʦʣʽʥʩʢɹʦʾ ʰʘʭʪʠ ʪʘ ʧʨʠʣʝʛʣʠʭ ʜʦ ʥʝʾ ʪʝʨʠʪʦʨʽʡ ʽ ʝʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʤʽʥ 

ʣʘʥʜʰʘʬʪʫ ʚ ʨʘʡʦʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʠʩʪʘʥʮʽʡʥʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʩʪʘʥʫ ʟʝʤʝʣʴ ʦʙʨʘʥʦ ʟʤʽʥʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʽ ʜʠ-

ʥʘʤʽʢʘ ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ. ɼʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʚ ʣʦʢʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ 

ʧʦʪʨʽʙʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʩʝʨʝʜʥʴʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʨʽʟʥʝʥʦʩʪʽ, ʜʦ-

ʧʦʤʽʞʥʽ ʛʝʦʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ ï ʮʠʬʨʦʚʠʡ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʢʘʨʪʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʽʚ,  

ʘ ʪʘʢʦʞ ʢʣʽʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʥʷ [2]. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʟʝʤʝʣʴ ʚ ʨʘʡʦʥʽ ʉʤʦʣʽʥʩʴʢʦʾ ʰʘʭʪʠ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʦʙʨʦʙʢʫ ʬʨʘʛʤʝʥʪʽʚ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ Landsat ʟʘ ʧʝʨʽʦʜ  

ʟ 1991 ʧʦ 2013 ʨʦʢʠ, ʦʜʝʨʞʘʥʽ ʚʽʜ ɻʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʉʐɸ (USGS) ʯʝʨʝʟ ʛʝʦʧʨʦʩʪʦʨʦʚʠʡ 

ʩʝʨʚʽʩ EarthExplorer (http://earthexplorer.usgs.gov/). ɺʭʽʜʥʽ ʢʘʣʽʙʨʦʚʘʥʽ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʟʦʙ-

ʨʘʞʝʥʥʷ Landsat ʧʝʨʝʨʘʭʦʚʫʚʘʣʠʩʷ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ ʚʜ̔ʙʠʪʪʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 1). 

 

  

ʘ) ʙ) 

ʈʠʩ. 1 ï ʌʨʘʛʤʝʥʪʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʥʷ: 

ʘ ï Landsat-5/TM (ʣʠʧʝʥʴ 1991); ʙ ï Landsat-8/OLI (ʣʠʧʝʥʴ 2013) 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʩʢʣʘʜʘʥʥ ̫ʢʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʽʥʜʠ-

ʢʘʪʦʨʽʚ ʩʪʘʥʫ ʟʝʤʝʣʴ ï ʙʘʛʘʪʦʨʽʯʥʠʭ ʟʤʽʥ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ 

ˇʨʫʥʪʦʚʦʾ ʝʨʦʟʽʾ (ʨʠʩ. 2). ʇʨʦʝʢʪʠʚʥʝ ʧʦʢʨʠʪʪʷ ʨʦʩʣʠʥʥʦʩʪʽ ʦʮʽʥʶʚʘʣʦʩʷ ʯʝʨʝʟ ʥʦʨʤʘʣʽʟʦʚʘ-

ʥʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ NDVI [3], ˇʨʫʥʪʦʚʘ ʝʨʦʟʽʷ ï ʯʝʨʝʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠ-

ʚʫ ʪʝʨʠʪʦʨʽʾ (ʱʽʣʴʥʽʩʪʴ, ʩʪʨʫʢʪʫʨʘ, ʝʨʦʟʽʡʥʽʩʪʴ, ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʣʴ-

ʻʬʫ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ [4]. 

ɼʘʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɹʘʡʻʩʽʚʩʴʢʦʛʦ ʧʽʜʭʦʜʫ ʧʨʦʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʯʥʝ ʟʣʠʪʪʷ ʜʘʥʠʭ ʽʥʜʠ-

ʢʘʪʦʨʽʚ ʨʠʩ. 2 [5], ʦʜʝʨʞʘʥʠʭ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ, ʚ ʽʥʪʝʛʨʘʣʴʥʫ ʨʝʟʫʣʴʪʫʶʯʫ ʢʘʨʪʫ ʩʪʘʥʫ 

ʟʝʤʝʣʴ (ʨʠʩ. 3). 
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ʘ) ʙ) 

ʈʠʩ. 2 ï ʇʨʦʩʪʦʨʦʚʽ ʨʦʟʧʦʜʽʣʠ ʽʥʜʠʢʘʪʦʨʽʚ ʩʪʘʥʫ ʟʝʤʝʣʴ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʥʷ: 

Ʈ ï ʟʥʘʯʥʝ ʧʦʢʨʘʱʝʥʥʷ, Ʈ ï ʩʝʨʝʜʥʻ ʧʦʢʨʘʱʝʥʥʷ, Ʈ ï ʩʣʘʙʢʝ ʧʦʢʨʘʱʝʥʥʷ, Ʈ ï ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʟʤʽʥ,  

Ʈ ï ʩʣʘʙʢʘ ʜʝʛʨʘʜʘʮʽʷ, Ʈ ï ʩʝʨʝʜʥʷ ʜʝʛʨʘʜʘʮʽʷ, Ʈ ï ʩʠʣʴʥʘ ʜʝʛʨʘʜʘʮʽʷ; 

ʘ ï ʟʤʽʥʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ 1991ï2013,  

ʙ ï ˇʨʫʥʪʦʚʘ ʝʨʦʟʽʷ 1991ï2013 

 

  

ʘ) ʙ) 

ʈʠʩ. 3 ï ɯʥʪʝʛʨʘʣʴʥʘ ʢʘʨʪʘ ʟʤʽʥ ʩʪʘʥʫ ʟʝʤʝʣʴ ʄʘʣʦʚʠʩʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʂʽʨʦʚʦʛʨʘʜʩʢɹʦʾ ʦʙʣʘʩʪʽ  

ʟʘ 1991-2013 ʨʨ. 

Ʈ ï ʟʥʘʯʥʝ ʧʦʢʨʘʱʝʥʥʷ, Ʈ ï ʩʝʨʝʜʥʻ ʧʦʢʨʘʱʝʥʥʷ, Ʈ ï ʩʣʘʙʢʝ ʧʦʢʨʘʱʝʥʥʷ, Ʈ ï ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʟʤʽʥ,  

Ʈ ï ʩʣʘʙʢʘ ʜʝʛʨʘʜʘʮʽʷ, Ʈ ï ʩʝʨʝʜʥʷ ʜʝʛʨʘʜʘʮʽʷ, Ʈ ï ʩʠʣʴʥʘ ʜʝʛʨʘʜʘʮʽʷ;  

ʘ ï ʢʘʨʪʘ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ,  

ʙ ï ʪʦʧʦʛʨʘʬʽʯʥʘ ʦʩʥʦʚʘ 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3, ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ʚʽʜʙʫʣʠʩʷ ʷʢ ʧʦʟʠʪʠʚʥʽ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʽ 

ʟʤʽʥʠ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ (ʧʨʠʙʣʠʟʥʦ 35%) ʨʘʡʦʥʫ ʥʝ ʟʘʟʥʘʣʘ ʟʤʽʥ. ɺ ʦʩʥʦʚʥʦʤʫ ï ʮʝ 

ʪʝʨʠʪʦʨʽʾ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʜʦʨʦʛʠ, ʣʽʩʦʚʽ ʪʘ ʣʫʯʥʽ ʜʽʣʷʥʢʠ. ɺʽʜʥʦʩʥʝ ʟʤʝʥʰʝʥʥʷ ʚʝʛʝʪʘ-

ʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ ʜʣʷ ʚʝʣʠʢʠʭ ʧʣʦʱ (ʞʦʚʪʽ-ʯʝʨʚʦʥʽ ʢʦʣʴʦʨʠ) ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʨʦʮʝʩʘʤʠ 

ʩʽʚʦʟʤʽʥ ʥʘ ʦʨʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɼʣʷ ʜʘʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʷʢ  

ʽ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʚʟʜʦʚʞ ʨʽʯʦʢ ʪʘ ʟʨʦʰʫʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʜʝʛʨʘ-

ʜʘʮʽʾ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʨʦʮʝʩʘʤʠ ʚʦʜʥʦʾ ʝʨʦʟʽʾ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʞ ʚʣʘʩʥʦ ʉʤʦʣʽʥʩʴʢʦʾ ʫʨʘ-

ʥʦʚʠʜʦʙʫʚʥʦʾ ʰʘʭʪʠ ʨʽʚʝʥʴ ʜʝʛʨʘʜʘʮʽʾ ʻ ʩʝʨʝʜʥʽʤ ʪʘ ʚʠʩʦʢʠʤ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʜʦʙʫʚʘʥʥʷʤ 

ʫʨʘʥʫ ʧʜ̔ʟʝʤʥʠʤ ʩʧʦʩʦʙʦʤ. ʇʨʦʙʣʝʤʥʠʤʠ ʻ ʜʽʣʷʥʢʠ ʚʽʜʚʘʣʽʚ ʚʽʜ ʰʘʭʪʠ (ʨʠʩ. 4), ʢʦʨʜʦʥʠ ʷʢʠʭ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ (ʨʠʩ. 5). ʆʪʦʯʫʶʯʠʡ ʰʘʭʪʫ ʚʠʜʦʟʤʽʥʝʥʠʡ 

ʣʘʥʜh ʘʬʪ ʪʝʨʠʪʦʨʽʾ (ʨʠʩ. 6) ʤʘʻ ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ 

ʚʠʨʦʙʥʠʯʦʶ ʜʽʷʣʴʥʽʩʪʶ ʰʘʭʪʠ. ʅʘ ʨʠʩ. 6ʙ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʙʽʣʠʡ ʧʠʣ, ʷʢʠʡ ʚʠʜʫʚʘʻʪʴʩʷ ʽʟ 

ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʷʢʫ ʩʢʣʘʜʦʚʘʥʦ ʧʽʜ ʚʽʜʢʨʠʪʠʤ ʥʝʙʦʤ. ʉʘʤʘ ʞ ʧʦʨʦʜʘ ʟʥʘʭʦʜʠʪʴʩʷ ʦʙʘʙʽʯ 

ʮʝʥʪʨʘʣʴʥʦʾ ʤʘʛʽʩʪʨʘʣʽ ʚʽʜ ʩʝʣʠʱʘ ʜʦ ʰʘʭʪʠ. 

 

  

ʘ) ʙ) 

ʈʠʩ. 4 ï ɺʽʜʚʘʣʠ ʉʤʦʣʽʥʩʴʢʦʾ ʫʨʘʥʦʚʠʜʦʙʫʚʥʦʾ ʘhʭʪʠ: 

ʘ ï ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʥʘʩʠʧʫ; ʙ ï ʥʘ ʚʽʜʩʪʘʥʽ ʧʨʠʙʣʠʟʥʦ 200 ʤ 

 

  
ʘ) ʙ) 

ʈʠʩ. 5 ï ɺʽʜʚʘʣʠ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ: ʘ ï ʥʘ ʫʟʙʽʯʯʽ ʜʦʨʦʛʠ, ʙ ï ʙʽʣʷ ʧʨʠʨʦʜʥʠʭ ʥʘʩʘʜʞʝʥʴ 
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ʘ) ʙ) 

ʈʠʩ. 6 ï ʉʤʦʣʽʥʩʴʢʘ ʫʨʘʥʦʚʠʜʦʙʫʚʥʘ ʰʘʭʪʘ: 

ʘ ï ʪʝʭʥʽʯʥʠʡ ʤʘʡʜʘʥʯʠʢ; ʙ ï ʚʠʜʦʟʤʽʥʝʥʠʡ ʦʪʦʯʫʶʯʠʡ ʣʘʥʜʰʘʬʪ 

ɺʠʩʥʦʚʢʠ 

ɼʠʩʪʘʥʮʽʡʥʽ ʤʝʪʦʜʠ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽ ʦʧʝʨʘʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ-

ʛʦ ʩʪʘʥʫ ʟʝʤʝʣʴ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʤʽʥ ʣʘʥʜʰʘʬʪʫ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʆʜʝʨʞʫʚʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʢʘʨʪʠ 

ʜʘʶʪʴ ʟʤʦʛʫ ʟʤʽʩʪʦʚʥʦ ʽ ʥʘʛʣʷʜʥʦ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ ʽ ʪʝʥʜʝʥʮʽʾ ʧʨʦʮʝʩʽʚ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ, 

ʟʽʩʪʘʚʣʷʪʠ ʟ ʥʠʤ ʤʦʞʣʠʚʽ ʜʞʝʨʝʣʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʆʜʝʨʞʘʥʘ ʢʘʨʪʘ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ ʜʝʤʦʥʩʪʨʫʻ ʨʦʟʚʠʪʦʢ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʜʦ-

ʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ. ɿʥʘʯʥʘ ʧʣʦʱʘ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʝʥʦʶ (ʯʦʨʥʠʡ 

ʢʦʣʽʨ ʧʨʠʙʣʠʟʥʦ 35%) ʘʙʦ ʟʘʟʥʘʻ ʥʝʟʥʘʯʥʠʭ ʟʤʽʥ (ʟʝʣʝʥʽ ʢʦʣʴʦʨʠ). ʉʝʨʝʜʥʽʡ ʪʘ ʚʠʩʦʢʠʡ ʨʽʚʥʽ 

ʜʝʛʨʘʜʘʮʽʾ (ʞʦʚʪʽ ʢʦʣʴʦʨʠ) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʦʨʥʠʭ ʧʣʦɦ ʘʭ, ʚʟʜʦʚʞ ʨʽʯʦʢ ʪʘ ʟʨʦʰʫʚʘʣʴʥʠʭ 

ʢʘʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʥʘ ʪʝʨʠʪʦʨʽʾ ʉʤʦʣʽʥʩʴʢʦʾ ʫʨʘʥʦʚʠʜʦʙʫʚʥʦʾ ʰʘʭʪʠ. ʊʘʢʽ ʜʘʥʽ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥ-

ʩʪʨʫʶʪʴ ʚʧʣʠʚ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʟʤʽʥ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʢʦʨʝʣʷʮʽʶ ʨʦʟʚʠʪʢʫ ʫʨʘʥʦʚʠʜʦ-

ʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ ʜʝʛʨʘʜʘʮʽʻʶ ʟʝʤʝʣʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʨʘʡʦʥʫ.  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1. ɹʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʚ ʟʘʜʘʯʘʭ ʧʨʠʨʦʜʦʢʦʨʠ-

ʩʪʫʚʘʥʥʷ / ɿʘ ʨʝʜ. ɺ.ɯ. ʃʷʣʴʢʦ ʪʘ ʄ.ʆ. ʇʦʧʦʚʘ. ï ʂʠʾʚ: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 2006. ï 360 ʩ. 

2. ʇʦʧʦʚ ʄ.ɸ. ɼʠʩʪʘʥʮʠʦʥʥʘʷ ʦʮʝʥʢʘ ʨʠʩʢʘ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʝʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʩ-

ʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ / ʄ.ɸ. ʇʦʧʦʚ, ʉ.ɸ. ʉʪʘʥʢʝʚʠʯ, 

ɸ.ɸ. ʂʦʟʣʦʚʘ // ɼʦʧʦʚʽʜʽ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ. ï 2012. ï ˉ 6. ï ʉ. 100ï104. 

3. Wittich K-P. Area-averaged vegetative cover fraction estimated from satellite data /  
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ɸʅɸʃʀɿ ɸʅʊʈʆʇʆɻɽʅʅʓʍ ʀɿʄɽʅɽʅʀʁ ʃɸʅɼʐɸʌʊɸ  

ɺ ʈɸʁʆʅɽ ʉʄʆʃʀʅʉʂʆʁ ʐɸʍʊʓ ʂʀʈʆɺʆɻʈɸɼʉʂʆʁ ʆɹʃɸʉʊʀ  

ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʂʆʉʄʀʏɽʉʂʀʍ ʉʒɽʄʆʂ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʦʚ ʚ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʉʤʦʣʠʥʩʢʦʡ ʰʘʭʪʳ ʂʠʨʦʚʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ. ʇʦ-

ʩʪʨʦʝʥʦ ʠʥʪʝʛʨʘʣʴʥʫʶ ʢʘʨʪʫ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʟʝʤʝʣʴ ʄʘʣʦʚʳʩʢʠʚʩʢʦʛʦ ʨʘʡʦʥʘ ʟʘ ʧʝ-

ʨʠʦʜ 1991ï2013 ʛʛ. 

É T.V. Dudar, I .V. Vedmedenko, S.A. Stankievicʥ 

ANALYSIS ANTHROPOGENIC CHANGES LANDSCAPES  

SMOLINSKɸ MINE IN THE DISTRICT OF KIROVOGRAD REGION  

USING SATELLITE IMAGERY  

Anthropogenic transformation of landscapes in the vicinity of the Smolinska mine of the Kiro-

vograd oblasts using space images was analyzed. The integral map of land changes for the Malo-

vyski region for the period of 1991ï2013 was built. 
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ʥʝʙʝʟʧʝʢʘ ʨʪʫʪʽ ʜʣʷ ʣʶʜʠʥʠ, ʩʫʯʘʩʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʜʦʚʢʽʣʣʷ ʚʽʜʥʦʩʥʦ ʟʘʙʨʫʜʥʝʥʦʩʪʽ 

ʨʪʫʪʪʶ ʪʘ ʰʣʷʭʠ ʟʤʝʥʰʝʥʥʷ ʨʪʫʪʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʜʦʚʢʽʣʣʷ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʪʫʪʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʦʢʩʠʯʥʽʩʪʴ, ʤʦʥʽʪʦʨʠʥʛ, ʨʠʟʠʢ. 

ɺʩʪʫʧ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʨʪʫʪʴ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʪʦʢʩʠʢʘʥʪʽʚ ʽ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ 1 ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ, ʚʦʥʘ ʧʨʦʜʦʚʞʫʻ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦ-

ʤʠʩʣʦʚʦʩʪʽ, ʚ ʨʽʟʥʠʭ ʚʠʨʦʙʘʭ ʽ ʪʝʭʥʦʣʦʛʽʷʭ. ɿʫʤʦʚʣʝʥʦ ʮʝ ʮʽʣʦʶ ʥʠʟʢʦʶ ʫʥʽʢʘʣʴʥʠʭ ʧʦʟʠʪʠʚ-

ʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʪʫʪʽ ʽ ʨʪʫʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʘʚʜʷʢʠ ʮʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʚʦʥʘ 

ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʧʨʦʜʦʚʞʫʻ ʥʝʦʙˇʨʫʥʪʦʚʘʥʦ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʥʘʚʽʪʴ ʪʦʜʽ, ʢʦʣʠ ʙʝʟ ʦʩʦʙ-

ʣʠʚʠʭ ʜʦʜʘʪʢʦʚʠʭ ʪʨʫʜʥʦʱʽʚ ʧʦʩʪʘʚʣʝʥʽ ʟʘʚʜʘʥʥʷ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠʩʷ ʽ ʙʝʟ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ [1 ]. 

ʊʦʤʫ ʥʘʢʦʧʠʯʝʥʥʷ ʨʪʫʪʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʫ ʜʦʚʢʽʣʣʽ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʛʦʩʪʨʽʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʽ ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʩʪʽ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʥʝʚʽʜʢʣʘʜʥʦʛʦ ʽ ʰʚʠʜʢʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

ɿʘʚʜʘʥʥʷʤ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʚʽʜʥʦʩʥʦ ʟʘ-

ʙʨʫʜʥʝʥʦʩʪʽ ʨʪʫʪʪʶ ʪʘ ʧʦʰʫʢ ʰʣʷʭʽʚ ʩʪʦʩʦʚʥʦ ʟʤʝʥʰʝʥʥʷ ʨʪʫʪʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʜʦʚʢʽʣʣʷ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ɿʘ ʜʘʥʠʤʠ ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ [2] ʨʪʫʪʴ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʨʦʟ-

ʧʦʚʩʶʜʞʝʥʠʭ ʪʘ ʥʝʙʝʟʧʝʯʥʠʭ ʪʦʢʩʠʢʘʥʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʝʨ-

ʰʦʛʦ ʢʣʘʩʫ ʥʘʜʟʚʠʯʘʡʥʦ ʦʪʨʫʡʥʠʭ ʨʝʯʦʚʠʥ. ɺ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʨʪʫʪʴ ʤʦʞʝ ʟʥʘʭʦ-

ʜʠʪʠʩʴ ʫ 3 ʬʦʨʤʘʭ: ʧʘʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʨʪʫʪʽ, ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʨʪʫʪʽ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ 

(ʤʝʪʠʣʨʪʫʪʴ, ʝʪʠʣʨʪʫʪʴ ʪʘ ʧʨʦʧʠʣʨʪʫʪʴ) [3].  

ʈʪʫʪʴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʧʣʠʚʫ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʧʨʦʷʚʘ-

ʤʠ ʪʦʢʩʠʯʥʦʾ ʜʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʯʦʚʠʥ, ʫ ʚʠʛʣʷʜʽ ʷʢʠʭ ʚʦʥʘ ʧʦʪʨʘʧʣʷʻ ʜʦ ʦʨʛʘʥʽ-

ʟʤʫ (ʧʘʨʘ ʤʝʪʘʣʝʚʦʾ ʨʪʫʪʽ, ʦʨʛʘʥʽʯʥʽ ʘʙʦ ʥʝʦʨʛʘʥʽʯʥʽ ʧʦʭʽʜʥʽ ʨʪʫʪʽ [4, 5, 6]. 
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ɿʘʣʝʞʥʦ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ ʨʪʫʪʽ, ʤʦʞʣʠʚʠʡ ʨʽʟʥʠʡ ʚʧʣʠʚ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. ʊʘʢ, 

ʤʝʪʘʣʝʚʘ ʨʪʫʪʴ ʻ ʪʦʢʩʠʯʥʦ ʽʥʜʠʬʝʨʝʥʪʥʦʶ [2].  

ɸʥʘʣʽʟʫʶʯʠ ʥʝʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʨʪʫʪʽ, ʧʦʪʨʽʙʥʦ ʚʽʜʤʽʪʠʪʠ ʤʝʪʘʣʝʚʫ ʨʪʫʪʴ, ʷʢ ʥʘʡʙʽʣʴʰ 

ʥʝʙʝʟʧʝʯʥʫ ʜʣʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʦʥʘ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʶʚʘʪʠ ʧʘʨʫ ʽ ʨʦʟʯʠ-

ʥʝʥʽ ʩʦʣʽ ʨʪʫʪʽ [7].  

ʉʦʣʽ ʨʪʫʪʽ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʟôʻʜʥʫʶʪʴʩʷ ʚ ʩʧʦʣʫʢʠ ʟ ʙʽʣʢʦʤ, ʩʦʣʷʤʠ ʢʨʦʚʽ ʪʘ ʪʢʘʥʠʥ  

ʽ ʫʪʚʦʨʶʶʪʴ ʩʢʣʘʜʥʽ ʢʦʤʧʣʝʢʩʠ ï ʨʪʫʪʥʽ ʘʣʴʙʫʤʽʥʘʪʠ. ʈʪʫʪʥʽ ʘʣʴʙʫʤʽʥʘʪʠ ʧʨʦʥʠʢʘʶʪʴ ʚ ʢʘ-

ʧʽʣʷʨʥʽ ʩʫʜʠʥʠ ʽ, ʨʦʟʢʣʘʜʘʶʯʠʩʴ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʽʩʮʝʚʦʛʦ ʦʪʨʫʻʥʥʷ [8].  

ʆʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʨʪʫʪʽ ʙʽʣʴʰ ʪʦʢʩʠʯʥʽ, ʥʽʞ ʤʝʪʘʣʝʚʘ ʨʪʫʪʴ ʪʘ ʾʾ ʥʝʦʨʛʘʥʽʯʥʽ ʧʦʭʽʜʥʽ, 

ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʧʨʦʥʠʢʘʪʠ ʯʝʨʝʟ ʙʽʦʣʦʛʽʯʥʽ ʙʘʨôʻʨʠ [8]. 

ʆʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʦʶ ʜʣʷ ʣʶʜʠʥʠ ʻ ʧʘʨʘ ʨʪʫʪʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʥʝ ʤʘʻ ʥʽ ʢʦʣʴʦʨʫ, ʥʽ ʟʘ-

ʧʘʭʫ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʘ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. ʆʩʦʙʣʠʚʽʩʪʶ ʧʘʨʠ ʨʪʫ-

ʪʽ ʻ ʪʘʢʦʞ ʪʝ, ʱʦ ʚʦʥʘ ʜʦʩʠʪʴ ʚʘʞʢʘ ʽ ʧʦʛʘʥʦ ʨʦʟʩʽʶʻʪʴʩʷ, ʧʨʦʪʝ ʚʜ̔ʥʦʩʥʦ ʣʝʛʢʦ ʧʝʨʝʥʦʩʠʪʴʩʷ 

ʧʦʚʽʪʨʷʥʠʤʠ ʧʦʪʦʢʘʤʠ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ. ʈʪʫʪʥʽ ʧʦʪʦʢʠ ʤʦʞʫʪʴ ʧʦʰʠʨʶʚʘʪʠʩʷ ʥʘ 

ʜʝʢʽʣʴʢʘ ʧʦʚʝʨʭʽʚ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴ ʽ ʚʠʷʚʣʷʪʠʩʷ ʚ ʩʘʤʠʭ ʥʝʩʧʦʜʽʚʘʥʠʭ ʤʽʩʮʷʭ, ʩʪʚʦʨʶʶʯʠ ʥʝ-

ʘʙʠʷʢʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʣʶʜʝʡ [9].  

ʗʢ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ ʚʠʱʝ, ʥʝʙʝʟʧʝʢʘ ʨʪʫʪʥʦʛʦ ʦʪʨʫʻʥʥʷ ʧʦʩʠʣʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʦʨʛʘʥʠ 

ʯʫʪʪʷ ʣʶʜʠʥʠ ʥʝ ʚ ʟʤʦʟʽ ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʧʘʨʠ ʨʪʫʪʽ ʚ ʧʦʚʽʪʨʽ. ʉʘʤʝ ʮʝʡ ʬʘʢʪʦʨ  

ʻ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʭʨʦʥʽʯʥʦʾ ʽʥʪʦʢʩʠʢʘʮʽʾ ʪʘ ʤʽʢʨʦʤʝʨʢʫʨʽʘʣʽʟʤʫ ʫ ʣʶʜʝʡ, ʷʢʽ ʜʦʚʛʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʘʙʨʫʜʥʝʥʠʭ ʨʪʫʪʪʶ ʚʠʨʦʙʥʠʯʠʭ ʙʫʜʽʚʣʷʭ ʪʘ ʧʨʠʤʽɦʝʥʥʷʭ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʨʪʫʪʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʝʨʰʦʛʦ ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ ʽ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʥʝʙʝʟʧʝʯʥʦʶ ʜʣʷ ʚʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʚʦʥʘ ʧʨʦʜʦʚʞʫʻ ʜʫʞʝ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʚ ʥʘ-

ʨʦʜʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ.  

ɿʘ ʧʨʦʛʥʦʟʘʤʠ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʚʯʝʥʠʭ ɼʞ. ɺ. ʄʫʨ, ʉ. ʈʘʤʘʤʫʨʪʽ ʚʠʢʠʜʠ ʨʪʫʪʽ ʚ ʘʪʤʦʩ-

ʬʝʨʫ ʧʦʜʚʦʷʪʴʩʷ ʟʘ ʧʝʨʽʦʜ 1975ï2025 ʨʨ., ʦʩʢʽʣʴʢʠ ʮʝʡ ʥʝʙʝʟʧʝʯʥʠʡ ʤʝʪʘʣ ʧʨʦʜʦʚʞʫʻ ʜʫʞʝ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ [10]. ʊʘʢ, ʥʘʧʨʠ-

ʢʣʘʜ, ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʣʘʤʧ, ʨʝʣʝ, ʩʫʭʠʭ ʙʘʪʘʨʝʡ, ʧʝʨʝʤʠʢʘʯʽʚ, ʫ ʤʽʢʨʦ- ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ, ʫ ʨʪʫʪʥʦ-ʢʚʘʨʮʝʚʠʭ ʣʘ-

ʤʧʘʭ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʃʃ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ ʦʩʚʽʪʣʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ ʨʪʫʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʩʦ-

ʙʣʠʚʦ ʙʘʛʘʪʦ ʫ ʟʚôʷʟʢʫ ʟ ʥʘʜʪʦ ʰʠʨʦʢʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʃʃ.  

ʋ ʨʘʜʽʦʪʝʭʥʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ ʨʪʫʪʴ ʧʦʪʨʽʙʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʨʠʣʘʜʽʚ (ʪʝʨʤʦʤʝʪʨʽʚ, ʙʘʨʦʤʝʪʨʽʚ, ʤʘʥʦʤʝʪʨʽʚ, ʧʦʣʷʨʦʛʨʘʬʽʚ, ʝʣʝʢʪʨʦʤʝʪʨʽʚ), ʨʘʜʽʦ- ʪʘ ʪʝʣʝ-

ʘʧʘʨʘʪʫʨʠ.  

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʥʝʙʝʟʧʝʯʥʘ ʩʠʪʫʘʮʽʷ ʱʦʜʦ ʨʪʫʪʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʫ ʟʚôʷʟʢʫ ʽʟ 

ʰʠʨʦʢʠʤ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫ ʥʘʨʦʜʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʘʣʝ ʽ ʟ ʧʦʪʨʘʧʣʷʥʥʷʤ ʫ ʜʦʚʢʽʣʣʷ ʮʴʦʛʦ 

ʥʝʙʝʟʧʝʯʥʦʛʦ ʤʝʪʘʣʫ ʽʟ ʪʝʭʥʦʛʝʥʥʠʭ ʜʞʝʨʝʣ.  

ʉʝʨʝʜ ʪʝʭʥʦʛʝʥʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʨʪʫʪʪʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʜʥʠʤʠ  

ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʻ ʨʘʡʦʥʠ ʚʠʜʦʙʫʪʢʫ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʨʚʠʥʥʦʾ ʨʪʫʪʽ. ɺʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʪʫʪʪʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʧʽʜʧʨʠʻʤʩʪʚʘ ʢʦʣʴʦʨʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ. ʇʨʠ 

ʮʴʦʤʫ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʨʪʫʪʽ ʘʢʫʤʫʣʴʦʚʘʥʽ ʚ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʘʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʫ ʚʦʜʦʩʪʦʢʘʭ, 
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48 

 

ʜʫʞʝ ʟʘʙʨʫʜʥʝʥʝ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ. ɿʥʘʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

ʨʪʫʪʪʶ ʧʦʚôʷʟʘʥʦ ʟ ʜʽʷʣʴʥʽʩʪʶ ʧʽʜʧʨʠʻʤʩʪʚ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ,  

ʤʝʪʘʣʦʦʙʨʦʙʢʠ. ʇʦʪʫʞʥʠʤ ʧʨʦʤʠʩʣʦʚʠʤ ʜʞʝʨʝʣʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʨʪʫʪʽ ʫ ʜʦʚʢʽʣʣʷ ʻ ʝʥʝʨʛʝ-

ʪʠʢʘ ʽ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʦʪʨʝʙʫʶʪʴ ʩʧʘʣʶʚʘʥʥʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʛʦ ʧʘʣʠʚʘ (ʤʘʟʫʪʫ, ʪʦʨʬʫ, ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ, ʛʘʟʫ ʪʘ ʽʥʰʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ)  

ʽ ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʫʛʽʣʣʷ, ʩʧʦʞʠʚʘʥʥʷ ʷʢʦʛʦ ʥʘʜʘʣʽ ʙʫʜʝ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʪʠ ʯʝʨʝʟ ʰʚʠʜʢʝ ʟʤʝʥ-

ʰʝʥʥʷ ʟʘʧʘʩʽʚ ʥʘʬʪʠ ʪʘ ʛʘʟʫ.  

ʆʩʥʦʚʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ʜʦʚʢʽʣʣʷ ʨʪʫʪʪʶ ʻ ʨʽʟʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦ-

ʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʦʙʫʪʦʚʝ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ. ʋ ʰʣʘʤʘʭ ʢʦʢʩʦʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʢʽʣʢɹʽʩʪʴ 

ʨʪʫʪʽ ʩʷʛʘʻ 1,12ï1,18 ʤʛ/ʢʛ, ʘ ʚ ʟʦʣʽ ʪʘ ʰʣʘʢʘʭ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ï ʚʽʜ 0,17 ʜʦ 

1,55 ʤʛ/ʢʛ. ʉʝʨʝʜʥʽʡ ʞʝ ʨʽʚʝʥʴ ʨʪʫʪʽ ʚ ʧʦʚʽʪʨʽ ɼʦʥʝʮʴʢʘ ʧʝʨʝʚʠʱʫʻ ʬʦʥʦʚʠʡ ʨʽʚʝʥʴ  

ʫ 16,5ï20 ʨʘʟʽʚ. ʈʪʫʪʴ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʟʦʣʠ ʪʘ ʰʣʘʢʽʚ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥ-

ʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ɼʦʥʝʮʴʢʦʤʫ ʚʫʛʽʣʣʽ, ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ 0,17 ʜʦ 1,55 ʤʛ/ʢʛ ʪʘ  

1,12ï1,18 ʤʛ/ʢʛ [11]. ɺ ʨʦʙʦʪʽ [12] ʧʦʢʘʟʘʥʦ, ʱʦ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ ʧʦʪʫʞʥʽʩʪʶ 1300 ʄɺʪ, ʷʢʘ 

ʧʨʘʮʶʻ ʥʘ ʚʫʛʽʣʣʽ, ʚʠʢʠʜʘʻ ʚ ʘʪʤʦʩʬʝʨʫ 3,5 ʢʛ ʨʪʫʪʽ ʱʦʜʦʙʠ ʫ ʚʠʛʣʷʜʽ ʧʘʨʠ ʪʘ 0,3 ʢʛ ʨʪʫʪʽ 

ʱʦʜʦʙʠ ʫ ʚʠʛʣʷʜʽ ʘʝʨʦʟʦʣʶ. ʇʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʫʛʽʣʣʷ 90% ʨʪʫʪʽ, ʷʢʘ ʚ ʥʴʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚʠ-

ʢʠʜʘʻʪʴʩʷ ʟ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʽ ʣʠʰʝ 10% ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʟʦʣʽ. ʇʽʜʨʘʭʦʚʘʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʪʽʣʴʢʠ ʚ ʉʐɸ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʪʨʘʧʣʷʻ ʧʨʠʙʣʠʟʥʦ 300 ʪ ʨʪʫʪʽ ʥʘ ʨʽʢ.  

ʉʫʪʪʻʚʫ ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʨʪʫʪʪʶ ʜʦʚʢʽʣʣʷ ʤʘʶʪʴ ʨʽʜʢʽ ʧʘʣʠʚʘ ʪʘ ʧʨʠʨʦʜʥʽ ʛʘʟʠ ʙʘʛʘʪʴʦʭ 

ʨʦʜʦʚʠʱ. ʅʘʧʨʠʢʣʘʜ, ʦʯʠʩʪʢʘ ʽ ʩʧʘʣʶʚʘʥʥʷ ʥʘʬʪʠ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʘʧ-

ʣʷʥʥʷ ʚ ʘʪʤʦʩʬʝʨʫ ʙʣʠʟʴʢʦ 400 ʪ ʨʪʫʪʽ ʥʘ ʨʽʢ. ʇʨʠʨʦʜʥʽ ʞ ʛʘʟʠ ʤʘʁʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʪʫʪʴ  

ʫ ʢʽʣʴʢʦʩʪʽ 0,0005 ʤʛ/100 ʣ.  

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʪʫʪʽ ʧʦʪʨʘʧʣʷʻ ʫ ʜʦʚʢʽʣʣʷ ʽʟ ʨʪʫʪʥʠʭ ʧʨʠʣʘʜʽʚ, ʷʢʽ ʚʽʜʧʨʘʮʶʚʘʣʠ ʩʚʽʡ 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢ, ʫ ʉʐɸ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʠʤ ʯʠʥʦʤ ʢʦʞʝʥ ʨʽʢ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦ-

ʚʠʱʝ ʧʦʪʨʘʧʣʷʻ ʙʣʠʟʴʢʦ 50 ʪ ʨʪʫʪʽ [13], ʘ ʚ ʈʦʩʽʾ ʥʘ ʧʦʯʘʪʢʫ 1990-ʭ ʨʦʢʽʚ ʥʘ ʩʤʽʪʥʠʢ ʱʦʨʽʯʥʦ 

ʚʠʢʠʜʘʣʦʩʷ ʙʽʣʷ 800 ʤʣʥ ʛʘʣʴʚʘʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ ʚʤʽʩʪʦʤ ʨʪʫʪʽ (ʙʣʠʟʴʢʦ 50 ʪ). ɿʘʛʘʣʴʥʘ 

ʢ̔ʣʴʢʽʩʪʴ ʪʝʨʤʦʤʝʪʨʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʨʫʢʘʭ ʫ ʥʘʩʝʣʝʥʥʷ, ʧʝʨʝʙʽʣʴʰʫʻ ʩʦʪʥʽ ʤʽʣʴʡʦʥʽʚ ʰʪʫʢ. 

ʇʨʠʨʦʜʥʝ ʞ ʨʦʟʩʽʶʚʘʥʥʷ ʨʪʫʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʚʽʣʴʥʦ, ʽ ʥʘʚʽʪʴ ʯʝʨʝʟ 10 ʨʦʢʽʚ  

ʫ ʧʨʠʤʽʱʝʥʥʽ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ ʧʽʜʚʠʱʝʥʠʡ ʨʚ̔ʝʥʴ ʚʤʽʩʪʫ ʧʘʨʠ ʨʪʫʪʽ. 

ʇʦʩʪʽʡʥʘ ʥʘʷʚʥʽʩʪʴ ʽ ʚʠʩʦʢʠʡ ʩʢʣʘʜ ʨʪʫʪʽ ʫ ʤʽʩʪʘʭ ʽ ʚ ʨʽʟʥʠʭ ʚʠʜʘʭ ʚʽʜʭʦʜʽʚ ʜʫʞʝ ʯʘʩʪʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʃʃ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ, ʥʘʧʨʠʢʣʘʜ ʚ ʈʦʩʽʾ, ʱʦʨʽʯʥʦ ʧʩʫʻʪʴʩʷ ʙʽʣʷ 72 ʤʣʥ ʨʪʫʪʥʠʭ 

ʣʘʤʧ, 95% ʟ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴ çʩʪʘʥʜʘʨʪʥʽè ʪʨʫʙʯʘʩʪʽ ʃʃ. ɺ ʮʠʭ ʣʘʤʧʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʷ 4 ʪ 

ʨʪʫʪʽ. ɯʟ ʚʢʘʟʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʽʚ ʱʦʨʽʯʥʦ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ 40%, ʱʦ ʟʫʤʦʚʣʝʥʦ,  

ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʽʜʩʫʪʥʽʩʪʶ ʚ ʙʘʛʘʪʴʦʭ ʨʝʛʽʦʥʘʭ ʪʘ ʤʽʩʪʘʭ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʡʦʤʫ ʚʽʜ-

ʧʨʘʮʴʦʚʘʥʠʭ ʃʃ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʾʭ ʫʪʠʣʽʟʘʮʽʾ. 

ʇʨʘʢʪʠʯʥʦ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʪʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʝ ʤʝʥʰʝ 20% ʙʫʜʽʚʝʣʴ ʰʢʽʣʴʥʠʭ ʽ ʜʦʰʢʽ-

ʣʴʥʠʭ ʫʩʪʘʥʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʣʦʢʘʣʴʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʦʚʽʪʨʷ ʨʪʫʪʪʶ. ʋ ʚʝʣʠʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʩʪʘʭ ʨʪʫʪʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠ̫ ʚʣʷʻʪʴʩʷ ʚ 30ï35% 

ʰʢʽʣ ʽ ʚ 25ï30% ʜʠʪʷʯʠʭ ʩʘʜʢʽʚ [14]. 
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ʈʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ 

ʅʘ ʜʘʥʠʡ ʯʘʩ, ʷʢ ʚʽʜʦʤʦ, ʜʦʩʣʽʜʞʝʥʥʷ ʨʪʫʪʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʜʦʚʢʽʣʣʷ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʨʽʟ-

ʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʯʘʩʪʦ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʟʘʩʪʘʨʽʣʠʤʠ ʤʝ-

ʪʦʜʠʢʘʤʠ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ. ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʩʢʦʥʘʣʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʝʥʴ ʟʥʠʞʫʻ ʷʢʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʽʜʩʫʪʥʽ ʻʜʠʥʽ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʚʠʨʽʰʝʥʥʷ ʨʪʫʪʥʦʾ ʧʨʦʙʣʝʤʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠ-

ʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʧʦʯʘʪʢʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʱʦʜʦ ʧʠʪʘʥʴ ʨʪʫʪʥʦʾ ʥʝʙʝʟʧʝʢʠ,  

ʘ ʪʘʢʦʞ ʪʝʭʥʽʯʥʦʛʦ ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʽ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʢʣʘʜʽʚ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʪʫʪ-

ʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ. 

ʆʩʢʽʣʴʢʠ ʧʨʦʙʣʝʤʘ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ̔ ʨʪʫʪʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʻ ʛʣʦʙʘʣʴʥʦʶ, ʪʦ ʜʣʷ ʾʾ ʨʦʟ-

ʚôʷʟʘʥʥʷ ʧʦʪʨʽʙʥʽ ʚʧʨʦʚʘʜʞʝʥʽ ʟʘʭʦʜʠ ʽ ʢʦʥʢʨʝʪʥʽ ʜʽʾ ʷʢ ʥʘ ʤʽʩʮʝʚʦʤʫ, ʪʘʢ ʽ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽ-

ʚʥʷʭ. ʇʝʨʰʠʡ ʢʨʦʢ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʽ ï ʰʠʨʦʢʘ ʧʨʦʩʚʽʪʘ ʛʨʦʤʘʜʩʴ-

ʢʦʩʪʽ. ɼʫʞʝ ʚʘʞʣʠʚʦ ʨʦʟʨʦʙʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʦʣʽʪʠʢʫ ʚ ɿʄɯ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʥʘʩʝʣʝʥʥʷ ʟʥʘʣʦ 

ʧʨʦ ʨʪʫʪʥʫ ʥʝʙʝʟʧʝʢʫ ʽ ʚʤʽʣʦ ʾʾ ʧʦʧʝʨʝʜʞʫʚʘʪʠ. ʋ ɿʄɯ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʤʝʪʘʣʝʚʘ ʨʪʫʪʴ ʪʘ ʾʾ ʩʧʦʣʫʢʠ, ʘ ʪʘʢʦʞ ʧʨʠʣʘʜʠ ʟ ʨʪʫʪʥʠʤ ʥʘʧʦʚʥʝʥʥʷʤ ʪʘ ʽʥʰʽ 

ʨʪʫʪʥʽ ʤʘʪʝʨʽʘʣʠ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʧʦʚʦʜʞʝʥʥʽ ʻ ʜʞʝʨʝʣʦʤ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ ʫ ʟʚôʷʟʢʫ 

ʟ ʤʦʞʣʠʚʽʩʪʶ ʛʦʩʪʨʠʭ ʪʘ ʭʨʦʥʽʯʥʠʭ ʦʪʨʫʻʥʴ ʧʘʨʦʶ ʨʪʫʪʽ, ʘ ʪʘʢʦʞ ʨʪʫʪʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠ-

ʤʽʱʝʥʴ, ʪʝʨʠʪʦʨʽʡ, ʧʦʚʽʪʨʷ, ˇʨʫʥʪʫ ʪʘ ʚʦʜʠ. ɺʦʥʠ ʪʘʢʦʞ ʧʦʚʠʥʥʽ ʟʥʘʪʠ, ʱʦ ʨʪʫʪʴ ʪʘ ʨʪʫʪʥʽ 

ʤʘʪʝʨʽʘʣʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʝʯʦʚʠʥ ʧʝʨʰʦʛʦ ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ, ʘ ʜʝʷʢʽ ʩʧʦʣʫʢʠ ʨʪʫʪʽ (ʩʫʣʝʤʘ, 

ʮʽʘʥʽʩʪʘ ʨʪʫʪʴ) ï ʜʦ ʩʠʣʴʥʦʜʽʶʯʠʭ ʦʪʨʫʡʥʠʭ ʨʝʯʦʚʠʥ. ʆʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʪʝ, ʱʦ ʢʘʪʝʛʦʨʠʯʥʦ ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʟʙʝʨʽʛʘʥʥʷ ʧʨʠʣʘʜʽʚ ʟ ʨʪʫʪʥʠʤ ʥʘʧʦʚʥʝʥʥʷʤ ʥʘ ʚʽʜʢʨʠ-

ʪʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʧʦʙʣʠʟʫ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʟʘʛʘʣʴʥʠʭ ʪʘ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, ʘ ʪʘʢʦʞ ʥʘ ʤʽ-

ʩʴʢʠʭ ʩʤʽʪʪʻʟʚʘʣʠʱʘʭ. ʅʝ ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʤʝʪʘʣʝʚʫ ʨʪʫʪʴ, ʧʦʰʢʦʜʞʝʥʽ ʧʨʠʣʘʜʠ ʟ ̔ʚʤʩ̔ʪʦʤ 

ʨʪʫʪʽ ʪʘ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʨʪʫʪʥʽ ʣʘʤʧʠ ʚ ʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʪʘ ʚ ʙʫʜʽʚʣʷʭ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟ-

ʥʘʯʝʥʥʷ.  

ʗʢʱʦ ʫ ʧʨʠʣʘʜʽʚ, ʱʦ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʪʫʪʴ, ʟʘʢʽʥʯʠʚʩʷ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʢʘ-

ʪʝʛʦʨʠʯʥʦ ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʚʠʢʠʜʘʪʠ ʾʭ ʚ ʩʤʽʪʪʻʚʽ ʢʦʥʪʝʡʥʝʨʠ, ʟʣʠʚʘʪʠ ʚ ʢʘʥʘʣʽʟʘʮʽʶ, ʟʘʢʦʧʫʚʘ-

ʪʠ ʚ ʟʝʤʣʶ, ʩʧʘʣʶʚʘʪʠ. ʇʨʠ ʧʦʰʢʦʜʞʝʥʥʽ ʞ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʨʪʫʪʥʠʭ ʧʨʠʣʘʜʽʚ (ʤʝʜʠʯʥʽ ʪʝʨ-

ʤʦʤʝʪʨʠ, ʨʪʫʪʥʽ ʣʘʤʧʠ ʪʦʱʦ) ʧʦʪʨʽʙʥʦ ʥʝʛʘʡʥʦ ʧʦʚʽʜʦʤʠʪʠ ʘʜʤʽʥʽʩʪʨʘʮʽʶ ʟʘʢʣʘʜʫ, ʘ ʪʘʢʦʞ 

ʚʞʠʪʠ ʟʘʭʦʜʠ ʱʦʜʦ ʣʽʢʚʽʜʘʮʽʾ ʨʪʫʪʥʠʭ ʟʘʙʨʫʜʥʝʥʴ.  

ʅʝʦʙʭʽʜʥʦ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʘʚʯʘʣʴʥʽ ʟʘʭʦʜʠ ʟ ʧʠʪʘʥʴ ʧʦʚʦʜʞʝʥʥʷ ʟʽ ʨʪʫʪʪʶ, 

ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ, ʱʦ ʩʧʨʠʷʪʠʤʫʪʴ ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʦʚʥʦʛʦ ʟʙʠʨʘʥʥʷ, ʧʝʨʝʚʝʟʝʥʥʷ ʡ ʫʪʠʣʽʟʘʮʽʾ 

ʨʪʫʪʥʠʭ ʚʽʜʭʦʜʽʚ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʤʘʩʰʪʘʙʽʚ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʪʫʪʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʠʥʥʽ 

ʟʘʣʫʯʘʪʠʩʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʟʘʢʣʘʜʠ, ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʷʢʠʭ ʟʦʩʝʨʝʜʞʝʥʽ ʧʨʠʣʘʜʠ ʟ ʨʪʫʪʥʠʤ ʥʘʧʦ-

ʚʥʝʥʥʷʤ. ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʜʣʷ ʟʥʠʞʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʨʪʫʪ-

ʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʫ ʦʙôʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʪʘ ʫ ʥʘʩʝʣʝʥʥʷ ʧʦʪʨʽʙʥʦ ʟʙʠʨʘʪʠ ʧʨʠʣʘʜʠ ʟ̔ ʨʪʫʪ-

ʥʠʤ ʥʘʧʦʚʥʝʥʥʷʤ, ʷʢʽ ʻ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʞ ʧʨʦʙʣʝʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʨʪʫʪʪʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʦʩʦʙʣʠ-

ʚʦ ʚʥʫʪʨʽʰʥʽʭ ʧʨʠʤʽʱʝʥʴ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʧʦʪʨʽʙʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʜ̔ʭʽʜ ʫ ʨʽʟʥʦʤʘʥʽʪ-

ʥʠʭ ʥʘʧʨʷʤʢʘʭ. ɿʦʢʨʝʤʘ, ʢʦʥʯʝ ʧʦʪʨʽʙʥʦ ʚʜʦʩʢʦʥʘʣʠʪʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫ ʙʘʟʫ. ɼʝʨʞʘʚʘ 
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ʧʦʚʠʥʥʘ ʩʪʚʦʨʠʪʠ ʥʘʣʝʞʥʠʡ ʧʨʘʚʦʚʠʡ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʩʪʠʤʫʣʶʚʘʚ ʙʠ ʨʦʟʚʠʪʦʢ ʙʝʟʧʝʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟʙʝʨʽʛʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʧʨʠʣʘʜʽʚ ʟ ʨʪʫʪʥʠʤ ʥʘʧʦʚʥʝʥʥʷʤ, ʘ ʪʘ-

ʢʦʞ ʚʧʨʦʚʘʜʠʪʠ ʥʘʣʝʞʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʾʭ ʚʠʢʦʥʘʥʥʷʤ. ʆʙʦʚôʷʟʢʦʚʦ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ ʝʢʦʣʦ-

ʛʽʯʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʘʩʰʪʘʙʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚʟʘʛʘʣʽ ʪʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʶ-

ʯʠʭ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʜʞʝʨʝʣ ʧʦʪʨʘʧʣʷʥʥʷ ʨʪʫʪʽ ʫ ʜʦʚʢʽʣʣʷ ʟʦʢʨʝʤʘ. ʋ ʚʠʨʽʰʝʥʥʽ ʨʪʫ-

ʪʥʦʾ ʧʨʦʙʣʝʤʠ ʥʘʰʽʡ ʜʝʨʞʘʚʽ ʥʝ ʦʙʽʡʪʠʩʴ ʙʝʟ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʽ ʣʘʙʦʨʘʪʦ-

ʨʽʡ, ʷʢʽ ʙ ʤʘʣʠ ʩʫʯʘʩʥʫ ʘʧʘʨʘʪʫʨʫ, ʤʝʪʦʜʠʯʥʫ ʙʘʟʫ, ʩʫʯʘʩʥʫ ʩʠʩʪʝʤʫ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʡʥʠʭ ʩʠ-

ʪʫʘʮʽʡ, ʘ ʪʘʢʦʞ ʚʦʣʦʜʽʣʠ ʙʝʟʧʝʯʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʫʪʠʣʽʟʘʮʽʾ ʨʪʫʪʥʠʭ ʚʽʜʭʦʜʽʚ. 

ʂʝʨʽʚʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʟʘʢʣʘʜʽʚ ʚʩʽʭ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʩʚʦʻʾ 

ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʣʘʜʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʤʽʩʪʷʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʪʫʪʴ, ʘ ʪʘʢʦʞ 

ʨʪʫʪʥʽ ʣʘʤʧʠ, ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʦʙʣʽʢ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʨʠʣʘʜʽʚ ʟ ʨʪʫʪʥʠʤ 

ʥʘʧʦʚʥʝʥʥʷʤ ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ɻʆʉʊ 25834 çʃʘʤʧʠ ʝʣʝʢʪʨʠʯʥʽ, ʤʘʨʢʫʚʘʥʥʷ, ʧʘʢʫʚʘʥʥʷ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷè, ɻʆʉʊ 12.3.031-83 çʈʦʙʦʪʘ ʟʽ ʨʪʫʪʪʶ. ɺʠʤʦʛʠ ʙʝʟʧʝʢʠè, 

ɻʆʉʊ 21575 çʗʱʠʢʠ ʟ ʛʦʬʨʫʚʘʣʴʥʦʛʦ ʢʘʨʪʦʥʫ ʜʣʷ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʣʘʤʧè ʪʘ ʟʛʽʜʥʦ ʽʟ ʉʘʥ̔-

ʪʘʨʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʧʨʠ ʨʦʙʦʪʽ ʽʟ ʨʪʫʪʪʶ ʪʘ ʾʾ ʩʧʦʣʫʢʘʤʠ ʚʽʜ 04.04.88. ʊʠʤʯʘʩʦʚʝ ʟʙʝʨʽʛʘʥʥʷ 

ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʟ̔ ʨʪʫʪʥʠʤ ʥʘʧʦʚʥʝʥʥʷʤ, ʱʦ ʚʞʝ ʚʽʜʧʨʘʮʶʚʘʣʠ ʩʚʽʡ ʪʝʨʤʽʥ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ, ʧʦʚʠʥʥʦ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚ ʛʝʨʤʝʪʠʯʥʠʭ ʻʤʥʦʩʪʷʭ, ʘ ʪʘʢʦʞ ʪʠʤʯʘʩʦʚʦ ʟʙʝʨʽʛʘʪʠʩʷ  

ʫ ʢʦʥʢʨʝʪʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʣʶʜʠʥʠ. ɺ ʨʘʟʽ ʧʦʨʫʰʝʥʥʷ ʚʠʤʦʛ ʙʝʟʧʝʯʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ʧʨʠ-

ʣʘʜʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʪʫʪʴ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʛʽʜʥʦ ʟ ʜʽʶʯʠʤ ʟʘ-

ʢʦʥʦʜʘʚʩʪʚʦʤ [15]. 

ʆʩʢʽʣʴʢʠ, ʷʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʪʫʪʥʦʾ ʥʝʙʝʟʧʝʢʠ ʜʦʚʢʽʣʣʷ ʻ ʧʨʦʙʣʝ-

ʤʦʶ ʛʣʦʙʘʣʴʥʦʶ, ʪʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʾʾ ʚʠʨʽʰʝʥʥʷ ʪʘ ʧʦʜʦʣʘʥʥʷ ʧʦʪʨʽʙʥʘ ʧʽʜʪʨʠʤʢʘ ʽ ʥʘ ʥʘ-

ʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ. ɿʦʢʨʝʤʘ, ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʽ ʜʽʻʚʠʭ ʟʘʩʦʙʽʚ ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʪʫʪʥʦʾ 

ʥʝʙʝʟʧʝʢʠ ʫ ʩʚʽʪʽ ʧʦʪʨʽʙʥʦ: 

¶ ʦʮʽʥʠʪʠ ʨʠʟʠʢ ʟʜʦʨʦʚôʶ ʥʘʩʝʣʝʥʥʷ ʫ ʟʚôʷʟʢʫ ʟ̔ ʨʪʫʪʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʜʦʚʢʽʣʣʷ; 

¶ ʚʧʨʦʚʘʜʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ; 

¶ ʨʦʟʨʦʙʠʪʠ ʽ ʧʨʦʚʝʩʪʠ ʜʽʘʛʥʦʩʪʠʯʥʽ, ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʽ, ʨʝʘʙʽʣʽʪʘʮʽʡʥʽ ʟʘʭʦʜʠ, 

ʷʢʽ ʙ ʙʫʣʠ ʙ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʨʪʫʪʥʦʾ ʥʝʙʝʟʧʝʢʠ; 

¶ ʩʢʣʘʩʪʠ ʢʘʨʪʠ, ʟʚʝʜʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʷʢʽ ʙ ʩʪʦʩʫʚʘʣʠʩʷ ʩʠʪʫʘ-

ʮʽʾ, ʱʦ ʩʢʣʘʣʘʩʷ ʽʟ ʨʪʫʪʪʶ. 

ɺʠʩʥʦʚʢʠ 

1. ɺʠʩʦʢʘ ʪʦʢʩʠʯʥʽʩʪʴ ʨʪʫʪʽ, ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ 

ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʨʪʫʪʪʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ 

ʙʝʟʨʪʫʪʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʙôʻʢʪʽʚ, ʷʢʽ ʚʞʝ ʟʘʙʨʫʜʥʝʥʽ ʨʪʫʪʪʶ, ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʦʙʣʝʤʘ ʨʪʫʪʥʦʾ ʙʝʟʧʝʢʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʨʽʦʨʠʪʝʪʥʽʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ, ʤʝ-

ʜʠʯʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʩʪʽ.  

2. ʅʘʚʝʜʝʥʽ ʧʨʦʧʦʟʠʮʽʾ ʪʘ ʟʘʭʦʜʠ ʽ ʨʦʟʨʦʙʣʝʥʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ, ʷʢʽ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʣʽʧʰʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʧʽʜʛʦʪʦʚʢʫ ʽ ʧʽʜʚʠʱʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʢʫʣʴʪʫʨʫ ʩʧʝʮʘ̔ʣʽʩʪʽʚ 

ʽ ʚʩʽʭ ʢʘʪʝʛʦʨʽʡ ʥʘʩʝʣʝʥʥʷ ʟ ʧʠʪʘʥʴ ʟʘʧʦʙʽʛʘʥʥʷ ʽʩʥʫʶʯʽʡ ʜʣʷ ʥʠʭ ʜʫʞʝ ʩʝʨʡʦʟʥʽʡ ʨʪʫʪʥʽʡ  

ʥʝʙʝʟʧʝʮʽ. 
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É ʊ.ʀ.  ɼʤʠʪʨʫʭʘ 

ɿɸɻʈʗɿʅɽʅʀɽ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ ʈʊʋʊʔʖ ï ʆʉʊʈɽʁʐɸʗ  

ʕʂʆʃʆɻʀʏɽʉʂʆʗ ʇʈʆɹʃɽʄɸ ʉʆɺʈɽʄɽʅʅʆʉʊʀ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʨʪʫʪʴʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʦʧʘʩʥʦʩʪʴ ʨʪʫʪʠ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʨʪʫʪʴʶ ʠ ʩʧʦʩʦʙʳ ʫʤʝʥʴʰʝʥʠʷ ʨʪʫʪʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

É T.I. Dmytrukhʘ 

ENVIRONMENTAL POLLUTION BY MERCURY ï THE MOST CRITICAL 

ENVIRONMENTAL PROBLEMS OF OUR TIME  

Anthropogenic sources of mercury pollution of environment, mercury hazards for people, ex-

isting ecological environment regarding mercury pollution, and ways of environmental mercury 

pollution reduction are reviewed. 
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ʋɼʂ 504.06 

 

É ʅ.ɸ. ʅʦʚʦʭʘʮʴʢʘ, ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ 

 

ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

 

ʄɽʊʆɼʆʃʆɻɯʗ ʇʈʆʉʊʆʈʆɺʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ  

ɿʆʅʀ ɿɸɹʈʋɼʅɽʅʅʗ ʅɸɺʂʆʃʆ ʄɯʉʎʔ ɺʀɼɸʃɽʅʅʗ ɺɯɼʍʆɼɯɺ 

 

ʋ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜʦʣʦʛʽʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʦ ʤʽʩʮʴ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ ʟ ʦʪʨʠʤʘʥ-

ʥʷʤ ʪʨʽʘʥʛʫʣʷʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʢʦʤʧʣʝʢʩʥʦʾ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʤʦʜʝʣʽ ʟʦʥʠ ʚʧʣʠʚʫ 

ʧʦʣʽʛʦʥʫ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʴ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ 

ʨʝʛʽʦʥʘʣʥɹʦʤʫ ʽ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʪʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʟʤʝʥh ʝʥʥʷ ʮʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʚʝʨʜʽ ʧʦʙʫʪʦʚʽ ʚʽʜʭʦʜʠ, ʤʽʩʮʷ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʜʝʨʞʘʚʥʠʡ ʦʙʣʽʢ,  

ʙʘʟʘ ʜʘʥʠʭ, ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ɺʩʪʫʧ. ɿʘʛʘʣʴʥʘ ʤʘʩʘ ʩʚʽʪʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʩʪʘʥʦʚʠʪʴ ʱʦʨʽʯʥʦ ʙʣʠʟʴʢʦ 

400 ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ, ʟ ʥʠʭ 80% ʟʥʝʰʢʦʜʞʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʭʦʚʘʥʥʷ ʧʽʜ ʟʝʤʣʝʶ; ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ 

ʙʝʟ ʧʝʨʝʙʽʣʴʰʝʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʛʝʦʣʦʛʽʯʥʠʤ ʤʘʩʰʪʘʙʦʤ. ʇʨʘʢʪʠʯʥʦ ʥʝʧʦʤʽʪʥʘ ʜʦ ʩʝʨʝʜʠ-

ʥʠ 19 ʩʪʦʣʽʪʪʷ ʧʨʦʙʣʝʤʘ ʫ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ 20 ʩʪʦʨʽʯʯʷ ʥʘʙʫʣʘ ʦʟʥʘʢʠ ʢʘʪʘʩʪʨʦʬʠ. 

ɸʥʘʣʽʟ ʱʦʜʝʥʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʚʢʘʟʫʻ ʥʘ ʧʦʪʫʞʥʠʡ ʧʦʪʽʢ ʤʘʪʝʨʽʘʣʽʚ ʫʩʽʭ 

ʚʠʜʽʚ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʣʠʰʝ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ï ʚʽʜ ʤʽʩʮʷ ʚʠʜʦʙʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʘ ʩʤʽʪʥʠʢ. 

ʊʘʢ ʩʘʤʦ, ʷʢ ʧʨʠʨʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʨʫʛʦʦʙʽʛʫ ʨʝʯʦʚʠʥ, ʪʘʢ ʩʪʽʡʢʝ ʽʩʥʫʚʘʥʥʷ ʪʝʭ-

ʥʦʣʦʛʽʯʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʣʶʜʩʴʢʦʾ ʟʜʘʪʥʦʩʪʽ ʽ ʚʤʽʥʥʷ ʨʝʮʠʢʣʽʟʫʚʘʪʠ ʧʨʘʢʪʠʯ-

ʥʦ ʚʩʽ ʚʠʜʠ ʤʘʪʝʨʽʘʣʽʚ. ɯʟ ʟʨʦʩʪʘʥʥʷʤ ʜʦʙʨʦʙʫʪʫ ʥʘʩʝʣʝʥʥʷ ʯʠʩʝʣʴʥʽʩʪʴ ʚʽʜʭʦʜʽʚ ʧʦʩʪʽʡʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʚʘʣʠʱ ʽ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʾʭʥʴʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ. ɺ ʂʠʾʚʩʴʢʽʡ ʦʙʣʘʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʩʪʘʥʦʤ ʥʘ 01.01.2013 ʨ. ʥʘʣʽʯʫʻʪʴʩʷ 30 ʧʦʣʽʛʦʥʽʚ 

ʜʣʷ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʊʇɺ) ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 255,56 ʛʘ. 

ʉʠʪʫʘʮʽʷ, ʷʢʘ ʩʢʣʘʣʘʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ, ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽ ʟʘʭʦʨʦʥʝʥʥʷʤ ʚʽʜʭʦʜʽʚ, ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʠʥʠʢʥʝʥʥʷ ʥʝʟʚʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʟʘʚʜʘʻ ʨʝʘʣʴʥʦʾ ʟʘʛʨʦʟʠ ʟʜʦʨʦʚ'ʶ ʥʘʩʝʣʝʥʥʷ. ʆʨʛʘʥʽʯʥʘ ʨʝʯʦʚʠ-

ʥʘ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʘʭ, ʫʪʚʦʨʶʻ ʬʽʣʴʪʨʘʪ, ʩʢʣʘʜʥʠʡ ʟʘ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ. ʇʨʦʥʠʢʥʝʥʥʷ ʬʽʣʴʪʨʘʪʫ ʚ ˇʨʫʥʪ ʽ ˇʨʫʥʪʦʚʽ ʚʦʜʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʘʙ-

ʨʫʜʥʝʥʥʷ, ʷʢʝ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʣʽʛʦʥʘ ʊʇɺ. ɼʦ ʩʪʽʡʢʠʭ ʪʦʢʩʠʢʘʥʪʽʚ 

ʚʽʜʥʦʩʪ̫ʴʩʷ ʚʘʞʢʽ ʤʝʪʘʣʠ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʧʦʛʘʥʦ ʨʦʟʢʣʘʜʘʶʪʴʩʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟʚʘʣʠʱʝ ʊʇɺ, ʦʢʨʽʤ ʚʽʜʯʫʞʝʥʥʷ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʟʝʤʣʽ, ʻ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ 
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ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʦʢʩʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʠʤʠ ʜʦ 

ʧʨʠʨʦʜʥʠʭ ʮʠʢʣʽʚ ʢʨʫʛʦʦʙʽʛʫ ʨʝʯʦʚʠʥ. ʈʫʭʘʶʯʠʩʴ ʪʨʦʬʽʯʥʠʤʠ ʣʘʥʮʶʛʘʤʠ, ʚʦʥʠ ʧʦʪʨʘʧʣʷ-

ʶʪʴ ʜʦ ʦʨʛʘʥʽʟʤʫ ʣʜʁʠʥʠ, ʟʘʚʜʘʶʯʠ ʥʝʟʚʦʨʦʪʥʠʭ ʟʤʽʥ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ 

ʚʽʜʭʦʜʽʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʥʠ ʫʨʘʞʝʥʥʷ ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠ-

ʥʘʤʠ. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʢʦʥʪʘʢʪʥʠʤʠ 

ʤʝʪʦʜʘʤʠ (ʧʨʷʤʠʤʠ), ʘʣʝ ʩʚʽʪʦʚʘ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʫ ̒ʤʦʞʣʠʚʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʧʨʷʤʠʭ ʤʝʪʦʜʽʚ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʦʣʦʛʽ ʾʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʦ ʤʽʩʮʴ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʛʥʦʟʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʤʦʞʣʠʚʦʛʦ ʟʘʙʨʫʜ-

ʥʝʥʥʷ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʋʢʨʘʾʥʠ ñʇʨʦ ʚʽʜʭʦʜʠò [1] 

ʦʮʽʥʢʫ ʧʦʪʝʥʮʽʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʤʽʩʮʴ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ (ʄɺɺ) ʋʢʨʘʾʥʠ ʥʝʦʙ-

ʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʥʘ ʧʽʜʩʪʘʚʽ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʚʠʭʽʜʥʽ ʜʘʥʽ 

ʧʨʦʝʢʪʽʚ, ʤʘʪʝʨʽʘʣʠ ʚʠʨʦʙʥʠʯʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʚʽʜʭʦʜʽʚ (ʱʦ ʫʪʚʦʨʶʚʘʣʠʩʷ ʽ ʚʠʜʘʣʷʣʠʩʷ), ʜʘʥʽ 

ʥ̔ʚʝʥʪʘʨʠʟʘʮʽʡʥʠʭ ʢʘʨʪʦʢ (ʷʢʱʦ ʚʦʥʠ ʻ) ʽ ʚʽʜʦʤʦʩʪʝʡ ʧʨʠʙʫʪʢʦʚʦ-ʚʠʜʘʪʢʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ, 

ʜʘʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʙʽʪ, ʚʽʜʦʤʦʩʪʽ ʩʧʝʮʽʘʣʴʥʦ ʫʧʦʚʥʦʚʘʞʝʥʠʭ ʦʨʛʘʥʽʚ ʚʠʢʦ-

ʥʘʚʯʦʾ ʚʣʘʜʠ ʫ ʩʬʝʨʽ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʤʘʪʝʨʽʘʣʠ ʧʦʩʪʽʡʥʦ ʜʽʶʯʠʭ ʢʦʤʽʩʽʡ ʟ ʧʠʪʘʥʴ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʙʝʟʭʘʟʷʡʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʧʨʠ ʤʽʩʮʝʚʠʭ ʜʝʨʞʘʚʥʠʭ ʘʜʤʽʥʽʩʪʨʘʮʽʷʭ ʪʘ ʦʨʛʘʥʘʭ 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ. ʉʶʜʠ ʪʘʢʦʞ ʚʽʜʥʦʩʷʪʴʩʷ ʜʘʥʽ, ʧʨʦ ʦʙʩʷʛʠ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ 

ʪʘ ʢʣʘʩ ʾʭʥʴʦʾ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʣʶʜʠʥʠ, ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚ ʨʘʡʦʥʽ ʨʦʟʤʽʱʝʥʥʷ ʄɺɺ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʦʜ, ˇʨʫʥʪʽʚ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʡʦʛʦ ʨʽʚʝʥʴ, ʧʨʦ ʨʽʚʝʥʴ ʧʨʠʨʦʜʥʠʭ ʪʘ ʰʪʫʯʥʠʭ ʟʘʩʦʙʽʚ 

(ʚʦʜʦʪʨʠʚʢʽ ʰʘʨʠ ʧʦʨʽʜ, ʽʟʦʣʷʮʽʡʥʽ ʝʢʨʘʥʠ ʪʦʱʦ) ʚʽʜʚʝʨʪʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʪʘ ʨʽʚʝʥʴ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜ, ˇʨʫʥʪʽʚ, ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ ʚ ʨʘʡʦʥʽ ʄɺɺ, ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʄɺɺ, ʧʨʦ ʨʽʚʝʥʴ ʜʦʪʨʠʤʫʚʘʥʥʷ ʚʠʤʦʛ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʄɺɺ ʪʦʱʦ. 

ɺʠʢʦʥʘʚʰʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫ-

ʘʮʽʾ, ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ. ʉʘʤʝ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ ʚʝʩʴ 

ʢʦʤʧʣʝʢʩ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʾʾ. ʇʦʙʫʜʦʚʘ ʨʝʟʫʣʴʪʫʶʯʦʾ ʢʘʨʪʠ ʟʘ-

ʚʝʨʰʫʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ɻɯʉ ʰʣʷʭʦʤ ʥʘʢʣʘʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʪʘʙʣʠʮʽ ʩʝʨʝʜʦ-

ʚʠʱʘ (ʰʘʨʫ), ʽ ʚʦʥʠ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʰʘʨʘʤʠ, ʨʦʟʤʽʱʫʶʯʠʩʴ ʦʜʠʥ ʥʘʜ 

ʦʜʥʠʤ. ʗʢ ʨʝʟʫʣʴʪʘʪ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʪʨʠʤʫʻʤʦ ʢʦʤʧʣʝʢʩʥʫ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʤʦʜʝʣʴ  

ʫ ɻɯʉ-ʩʝʨʝʜʦʚʠʱʽ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ ʥʘ ʘʙʽʦʪʠʯʥʽ, ʙʽʦʪʠʯʥʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʪʝʭʥʦʛʝʥʥʽ ʯʠʥ-

ʥʠʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʚʢʣʶʯʘʻ ʫʩʽ ʢʦʤʧʦʥʝʥʪʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʘʚʪʦʤʘ-

ʪʠʯʥʦ ʚʨʘʭʦʚʫʻ ʾʭ ʟʤʽʥʠ ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ. ʇʨʦʮʝʩ ʦʮʽʥʢʠ ʩʫ-

ʯʘʩʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʟʘʚʝʨʰʫʻʪʴʩʷ ʩʢʣʘʜʘʥʥʷʤ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʦʾ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ 

ʢʦʤʧʣʝʢʩʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʘʨʪ ʷʢ ʩʪʦʩʦʚʥʦ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʢʽʣʣʷ ʽ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ-

ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʪʘʢ ʽ ʩʪʚʦʨʝʥʥʷʤ ʩʠʥʪʝʪʠʯʥʦʾ (ʽʥʪʝʛʨʘʣʴʥʦʾ) ʢʘʨʪʠ, ʥʘ ʷʢʽʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʦʥʠ 

ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ. ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙʦʚôʷʟʢʦʚʦ ʚʨʘʭʦʚʫʶʪʴʩʷ  
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ʨʝʟʫʣʴʪʘʪʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʟʤʽʥʠ ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ ʽ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [2].  

ɿʘʣʝʞʥʦ ʚʽʜ ʩʮʝʥʘʨʽʶ ʨʦʟʚʠʪʢʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʨʠʨʦʜʦʶ, ʪʝʭʥʦʛʝʥʥʦ-ʥʝʙʝʟʧʝʯʥʠʤ 

ʦʙô̒ʢʪʦʤ ʽ ʩʫʩʧʽʣʴʩʪʚʦʤ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʛʥʦʟ ʟʤʽʥ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʟʘʜʘʶʪʴ-

ʩʷ ʥʝʦʙʭʽʜʥʽ ʝʢʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʄɺɺ [3].  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʠʢʣʘʜʽ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ʅʘʡʙʽʣʴʰʠʤ ʟʘ ʧʣʦʱʝʶ ʚ ʦʙʣʘʩʪʽ ʻ ʧʦʣʽʛʦʥ ʊʇɺ (15 ʛʘ), ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʟʝʤʣʷʭ ʂʠʻʚʦ-

ʉʚʷʪʦʰʠʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʥʘ ʚʽʜʩʪʘʥʽ 1,8 ʢʤ ʚʽʜ ʩ. ʊʘʨʘʩʽʚʢʘ ʽ 1,6 ʢʤ ʚʽʜ 

ʩ. ʂʨʶʢʽʚʱʠʥʘ (ʨʠʩ. 1). ɿʘʟʥʘʯʝʥʠʡ ʧʦʣʽʛʦʥ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʷʨʫ ʙʽʣʷ ʘʚʪʦʜʦʨʦʛʠ, ʱʦ ʟôʻʜʥʫʻ 

ʩ. ʊʘʨʘʩʽʚʢʫ ʽ ʩ. ʂʨʶʢʽʚʱʠʥʫ ʽ ʻ ʦʩʥʦʚʥʠʤ ʩʧʦʣʫʯʝʥʥʷʤ ʟ ʤ. ʂʠʾʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʣʽʛʦʥ ʷʢ 

ʜʫʞʝ ʟʨʫʯʥʠʡ ʪʘ ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʤʽʪʪʷ. ʆʜʥʠʤ ʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʣʽʛʦʥʫ  

ʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʙʣʠʟʫ (1 ʢʤ) ʩʪʘʚʢʫ, ʷʢʠʡ ʤʘʻ ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʝ ʪʘ ʨʝʢʨʝʘʮʽʡʥʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʧʨʠʣʝʛʣʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʘ ʧʦʩʪʽʡʥʠʡ ʜʨʝʥʘʞʥʠʡ ʩʪʽʢ ʫʪʚʦʨʶʻ ʥʝʚʝʣʠʢʫ 

ʨʽʯʢʫ ʉʽʚʝʨʢʫ. ʊʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʤʽʪʪʻʟʚʘʣʠʱʘ ʜʘʻ ʧʽʜʩʪʘʚʠ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʥʘʷʚʥʠʡ 

ʧʦʩʪʽʡʥʠʡ ʽ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ,  

ʽ ̒ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʽ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʧʦʙʣʠʟʫ ʮʴʦʛʦ ʧʦ-

ʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʦʛʦ ʦʙôʻʢʪʘ. 

 

 

ʈʠʩ. 1 ï ʂʦʩʤʦʟʥʽʤʦʢ ʪʘ ʬʦʪʦ ʧʦʣʽʛʦʥʫ ʊʇɺ ʩ. ʊʘʨʘʩʽʚʢʘ, ʂʠʻʚʦ-ʉʚʷʪʦʰʠʥʩʴʢʠʡ ʨ-ʥ, ʂʠʾʚʩʢɹʘ ʦʙʣ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʦ ʧʦʣʽʛʦʥʫ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʫ ʩʝʨʝʜʦʚʠʱʽ ɻɯʉ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʨʫʪʦʩʪʽ, ʫʭʠ-

ʣʫ, ʜʦʚʞʠʥʠ ʩʭʠʣʽʚ ʪʘ ʪʘʣʴʚʝʛʽʚ, ʢʦʥʪʫʨʽʚ ʽ ʧʣʦʱʽ ʚʦʜʦʟʙʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʦʮʠʬʨʦʚʘʥʠʭ ʪʦʧʦ-

ʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʽ ʧʣʘʥʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʘʩʦʙʘʤʠ ArcINFO/ArcGIS ʟ ʤʦʜʫʣʷʤʠ Spatial Analyst ʪʘ 

ArcScene/3Danalyst, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʥʘʙʽʨ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʪʝʤʘʪʠʯʥʠʭ 

ʰʘʨʽʚ ʫ ʚʝʢʪʦʨʥʽʡ ʘʙʦ ʨʘʩʪʨʦʚʽʡ ʬʦʨʤʘʭ, ʘ ʪʘʢʦʞ ʘʪʨʠʙʫʪʠʚʥʠʭ ʜʘʥʠʭ ʫ ʪʘʙʣʠʯʥʽʡ ʘʙʦ ʪʝʢʩ-

ʪʦʚʽʡ ʬʦʨʤʘʭ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 2). ʊʦʧʦʛʨʘʬʽʯʥʘ ʦʩʥʦʚʘ ɻɯʉ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʢʪʨʦʥ-

ʥʠʭ ʚʝʢʪʦʨʥʠʭ ʢʘʨʪ ʪʝʨʠʪʦʨʽʾ 1:200000, ʘʣʝ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʧʦʣʽʛʦʥʫ ʮʴʦʛʦ ʤʘʩ-

ʰʪʘʙʫ ʥʝʜʦʩʪʘʪʥʴʦ, ʪʦʤʫ ʥʘʤʠ ʙʫʣʦ ʚʽʜʩʢʘʥʦʚʘʥʦ ʨʘʩʪʨʦʚʫ ʢʘʨʪʫ 1:10000 (ʨʠʩ. 3), ʧʨʠʚôʷʟʘʥʦ 

ʾʾ ʜʦ ʩʣʦʾʚ ʚ ʤʦʜʫʣʽ ArcMap ʪʘ ʚʝʢʪʦʨʠʟʦʚʘʥʦ. ʆʢʨʽʤ ʨʘʩʪʨʦʚʦʾ ʢʘʨʪʠ, ʙʫʣʦ ʜʦʜʘʥʦ ʢʦʩʤʽʯʥʠʡ 
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ʟʥʽʤʦʢ (ʨʠʩ. 4). ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ [4] ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʮʽʣʝʡ ʧʦʪʨʽ-

ʙʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʥʘʜʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ  

(0,5ï15 ʤ) ʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 0,4ï1,1 ʤʢʤ, ʘ ʩʘʤʝ QuickBird, WorldView, GeoEye, 

Pleiades, Ikonos ʪʘ ʽʥ. ɼʣʷ ʜʝʪʘʣʽʟʘʮʽʾ ʪʘ ʘʢʪʫʘʣʽʟʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʪʨʝʢ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ GPS-ʧʨʠʡʤʘʯʘ (Magelan Triton 400), ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʪʝʨʠʪʦʨʽʶ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʦʣʽʛʦʥʫ (ʨʠʩ. 4). 

 

 

ʈʠʩ. 2 ï ʈʦʙʦʯʝ ʚʽʢʥʦ ArcGis 

ʈʠʩ. 3 ï ʂʘʨʪʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪ ʾʾ ʦʙʨʦʙʢʠ 
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ʈʠʩ. 4 ï ɸʢʪʫʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ 

 
 
 

   
 

 
 
 

 
 

 
 
 

 
 

 
 
 

ʈʠʩ. 5 ï ʊʨʽʘʥʛʫʣʷʮʽʡʥʘ ʤʦʜʝʣʴ ʪʝʨʠʪʦʨʽʾ ʥʘʚʢʦʣʦ ʧʦʣʽʛʦʥʫ ʊʇɺ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʫʤʽʱʝʥʥʷ ʽʟʦʣʽʥʽʡ ʪʦʧʦʦʩʥʦʚʠ ʪʘ ʢʘʨʪʠ, ʘ ʪʘʢʦʞ ʘʢʪʫʘʣʽʟʘʮʽʾ ʽ ʜʝʪʘʣʽʟʘʮʽʾ 

ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ ʜʦʜʘʪʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ GPS-ʧʨʠʡʤʘʯʦʤ 

ʥʘʤʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʪʨʽʘʥʛʫʣʷʮʽʡʥʫ ʤʦʜʝʣʴ ʪʝʨʠʪʦʨʽʾ ʥʘʚʢʦʣʦ ʧʦʣʽʛʦʥʫ ʊʇɺ (ʨʠʩ. 5). ʎʶ 

ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʥʽʤʘʮʽʾ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʽʜʝʦʬʘʡʣʘ ʽʟ 3-D ʟʦʙʨʘ-

ʞʝʥʥʷʤ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʙʫʜʫʚʘʪʠ ʧʨʦʛʥʦ-

ʟʥʽ ʤʦʜʝʣʽ ʤʦʞʣʠʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʥʘʤʠ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʤʦʜʝʣʴ ʥʘʡʤʘʩʰʪʘʙʥʽʰʦʾ ʟʘ ʥʝʛʘʪʠʚʥʠʤʠ 

ʥʘʩʣʽʜʢʘʤʠ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ (ʅʉ) ʫ ʄɺɺ ï ʟʘʣʧʦʚʠʡ ʩʢʠʜ ʟʘʙʨʫʜʥʝʥʠʭ ʩʪʦʢʽʚ ʟ ʡʦʛʦ 

ʪʝʨʠʪʦʨʽʾ (ʟʤʠʚ) ʪʘ/ʘʙʦ ʟ ʚʦʜʦʡʤ-ʥʘʢʦʧʠʯʫʚʘʯʚ̔ ʬʽʣʴʪʨʘʪʘ (ʧʝʨʝʣʠʚ ʯʝʨʝʟ ʛʨʝʙʣʶ ʯʠ ʾʾ ʧʨʦ-

ʨʠʚ) ʽʟ ʪʦʢʩʠʯʥʠʤ ʪʘ ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʚʦʜʦʡʤ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʽ ʨʝʢʨʝ-

ʘʮʽʡʥʠʭ ʫʛʽʜʴ, ˇʨʫʥʪʽʚ ʪʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ [5].  
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ʅʘ ʨʠʩ. 6 ʤʠ ʙʘʯʠʤʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʦʣʽʛʦʥ ʊʇɺ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʘʚʢʘ-ʥʘʢʦʧʠʯʫʚʘʯʘ ʬʽʣʴʪ-

ʨʘʪʘ ʪʘ ʟʦʥʫ ʡʤʦʚʽʨʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠ ʘʚʘʨʽʡʥʦʤʫ ʟʘʣʧʦʚʦʤʫ ʚʠʪʦʢʫ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʦʜ. 

ʇʝʨʝʣʠʚ ʯʝʨʝʟ ʛʨʝʙʣʶ ʤʦʞʣʠʚʠʡ ʘʙʦ ʥʘʚʝʩʥʽ ʧʽʜ ʯʘʩ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʦʾ ʧʦʚʝʥʽ (ʰʚʠʜʢʦʛʦ 

ʪʘʥʝʥʥʷ ʚʝʣʠʢʠʭ ʩʥʽʛʽʚ), ʘʙʦ ʚʣʽʪʢʫ-ʚʦʩʝʥʠ ʯʝʨʝʟ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʽ ʟʣʠʚʦʚʽ ʦʧʘʜʠ. 

ʈʠʩ. 6 ï ɯʤʦʚʽʨʥʘ ʥʘʜʟʚʠʯʘʡʥʘ ʩʠʪʫʘʮʽʷ ʥʘ ʧʦʣʽʛʦʥʽ ʊʇɺ ʟ ʘʚʘʨʽʡʥʠʤ ʚʠʢʠʜʦʤ  

ʟʘʙʨʫʜʥʝʥʦʛʦ ʬʽʣʴʪʨʘʪʘ 

ʈʦʟʨʘʭʫʥʦʢ ʦʙôʻʤʫ ʘʚʘʨʽʡʥʦʛʦ ʩʢʠʜʫ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʚʦʜʦʟʙʦʨʫ ʩʪʘʚʢʘ-

ʥʘʢʦʧʠʯʫʚʘʯʘ, ʧʣʦʱʽ ʽ ʩʝʨʝʜʥʴʦʾ ʛʣʠʙʠʥʠ cʪʘʚʢʘ ʜʦ ʅʉ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʧʫʩʪʠʤʦʾ (ʬʘʢʪʠ-

ʯʥʠʡ ʽ ʨʝʟʝʨʚʥʠʡ ʦʙôʻʤʠ ʩʪʘʚʢʘ), ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʤʤ/ʩʝʢ) ʽ ʪʨʠʚʘʣʦʩʪʽ ʦʧʘʜʽʚ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʨʦʩʦʯʫʚʘʥʥʷ, ʚʠʩʦʪʠ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʪʨʠʚʘʣʦʩʪʽ ʩʥʽʛʦʪʘʥʝʥʥʷ ʪʦʱʦ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʣʦʱʽ ʚʦʜʦʟʙʦʨʫ ʚʠʤʘʛʘʻ ʤʦʨʬʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʜʥʘʢ ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠ-

ʞʝʥʥʽ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʘ ʧʣʦʱʝʶ ʩʢʣʘʜʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʘʙʦ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 

ʄɺɺ. 

ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʦʣʽʛʦʥʫ ʥʘʤʠ ʟʜʽʡʩʥʝʥʦ ʦʮʽʥʢʫ ʧʦʪʝʥʮʽʡʥʦʛʦ ʦʙô̒ ʤʫ ʘʚʘʨʽʡʥʦʛʦ 

ʩʢʠʜʫ ʥʘ ʦʩʥʦʚʽ ʢʣʽʤʘʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʘʡʙʽʣʴʰʠʭ ʩʫʤʘʨʥʠʭ ʦʧʘʜʽʚ ʟʘ ʦʜʥʫ ʟʣʠʚʫ ʫ ʪʝʧʣʠʡ 

ʧʝʨʽʦʜ (ʢʚʽʪʝʥʴ-ʣʠʩʪʦʧʘʜ), ʱʦ ʜʦʨʽʚʥʶʻ 130 ʤʤ. ʊʨʠʚʘʣʽʩʪʴ ʟʣʠʚʠ ʧʨʠʡʥʷʪʘ ʫ 0,5 ʛʦʜʠʥ (ʧʨʠ-

ʨʽʚʥʷʥʘ ʜʦ ʪʨʠʚʘʣʦʩʪʽ ʩʢʠʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʩʪʦʢʽʚ). ɺʦʜʦʟʙʽʨʥʘ ʧʣʦʱʘ ʩʪʘʚʢʘ-ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʟʘʜʘʥʘ ʧʨʦʝʢʪʥʦʶ ʧʣʦʱʝʶ ʧʦʣʽʛʦʥʘ (15 ʛʘ). ʊʦʜʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ ʘʚʘʨʽʡʥʦʛʦ ʩʪʦʢʫ ʟʘʙ-

ʨʫʜʥʝʥʠʭ ʚʦʜ ʫ ʩʪʘʚʦʢ-ʥʘʢʦʧʠʯʫʚʘʯ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʩʫʤʽ ʩʪʦʢʫ ʟ ʧʦʣʽʛʦʥʫ ʟʘ ʮʝʡ ʯʘʩ:  
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Q1 å 19500 ʤ
3 (Q(t) å 39 ʪʠʩ. ʤ

3/ʛʦʜ). ʆʙʩʷʛ ʬʽʣʴʪʨʘʪʫ ʜʦ ʧʦʯʘʪʢʫ ʅʉ ʟʥʘʡʜʝʥʦ ʟ ʡʦʛʦ ʧʨʠʙʣʠʟ-

ʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʣʽʪʢʫ 2011 ʨ. (ʜʦʚʞʠʥʘ ï 100, ʰʠʨʠʥʘ ï 20, ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ï 

2 ʤ), ʪʦʙʪʦ å 4000 ʤ3. ʈʝʟʝʨʚʥʠʡ ʦʙôʻʤ ʩʪʘʚʢʘ (Q2) ʧʨʠʡʥʷʪʦ ʫ 30% ʚʽʜ ʥʘʢʦʧʠʯʝʥʦʛʦ ʦʙʩʷʛʫ 

ʬʽʣʴʪʨʘʪʫ å 1200 ʤ3. ʊʦʜʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙôʻʤ ʘʚʘʨʽʡʥʦʛʦ ʩʢʠʜʫ ʟʘʙʨʫʜʥʝʥʠʭ ʩʪʦʢʽʚ ʫ ʙʘʣʢʫ 

ʥʠʞʯʝ ʪʝʨʠʪʦʨʽʾ ʧʦʣʽʛʦʥʫ ʩʪʘʥʦʚʠʪʠʤʝ: Qe = Q1 - Q2 å 18300 ʤ
2. 

ɺʧʨʦʜʦʚʞ ʨʫʭʫ ʧʨʠʙʣʠʟʥʦ ʫ 1 ʢʤ ʜʦ ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʩʪʘʚʢʘ (ʬʨʦʥʪʦʤ ʰʠʨʠʥʦʶ ʜʦ 

200 ʤ) ʭʚʠʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʟʘʙʨʫʜʥʝʥʦʛʦ ʩʢʠʜʫ ʟʘʟʥʘʚʘʪʠʤʝ ʨʦʟʙʘʚʣʝʥʥʷ ʚʽʜʥʦʩʥʦ ʯʠʩ-

ʪʦʶ ʚʦʜʦʶ (ʦʙôʻʤʦʤ Q3 = Qsv + Qds), ʘ ʪʘʢʦʞ ʧʨʦʩʦʯʫʚʘʥʥʷ (ʧʨʠʡʤʘʻʤʦ ʡʦʛʦ ʤʘʢʩʠʤʘʣʥɹʠʡ 

ʦʙʩʷʛ ʫ 10%, ʦʩʢʽʣʴʢʠ ʭʚʠʣʷ ʡʪʠʤʝ ʤʘʡʞʝ ʥʘ 100% ʦʙʚʦʜʥʝʥʠʤʠ ʟʘʙʦʣʦʯʝʥʠʤʠ ʣʫʢʘʤʠ ʽ ʯʘ-

ʛʘʨʥʠʢʘʤʠ). Qsv å 23400 ʤ
3, ʮʝ ï ʟʣʠʚʦʚʽ ʦʧʘʜʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʩʦʯʫʚʘʥʥʷ (kʧʨ = 0,1) ʥʘʜ 

ʧʣʦʱʝʶ, ʷʢʦʶ ʧʨʦʡʰʣʘ ʭʚʠʣʷ (ʜʦʙʫʪʦʢ ʬʨʦʥʪʫ ʭʚʠʣʽ ʥʘ ʜʦʚʞʠʥʫ ʰʣʷʭʫ, ʩʫʤʘʨʥʽ ʦʧʘʜʠ  

ʽ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʩʦʯʫʚʘʥʥʷ). Qds ï ʜʦʜʘʪʢʦʚʠʡ ʟʣʠʚʦʚʠʡ ʩʪʽʢ ʟ ʥʝʟʘʙʨʫʜʥʝʥʠʭ ʧʣʦʱ,  

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʩʦʯʫʚʘʥʥʷ (ʧʨʠʡʤʘʻʤʦ Qds = 0,2 Ŀ Qsv å 4680 ʤ
3). ɿʘ ʥʘʚʝʜʝʥʠʭ ʧʨʠʧʫʱʝʥʴ 

ʦʙôʻʤ ʥʘʜʭʦʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʯʠʩʪʦʾ ʚʦʜʠ ʩʪʘʥʦʚʠʪʠʤʝ Q3 å 28080 ʤ
3 ʽ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʩʪʦʢʽʚ, 

ʱʦ ʜʦʩʷʛʥʝ ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʩʪʘʚʢʘ, ʩʪʘʥʦʚʠʪʠʤʝ: Q = Qe + Q3 å 46340 ʤ
3; ʧʨʠʯʦʤʫ:  

Qe : Q å 39 : 100. ʆʙʝʨʥʝʥʦ ʜʦ ʮʽʻʾ ʧʨʦʧʦʨʮʽʾ ʟʤʝʥʰʠʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝ-

ʯʦʚʠʥ ʫ ʘʚʘʨʽʡʥʦʤʫ ʩʪʦʮʽ, ʱʦ ʜʦʩʷʛʥʝ ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʩʪʘʚʢʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʘʥʦʾ ʤʦʜʝʣʽ ʥʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ 

ʧʦʣʽʛʦʥʫ ʥʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ 

ʧʦʙʣʠʟʫ ʄɺɺ. ʅʘ ʨʠʩ. 6 ʚʽʜʤʽʯʝʥʦ ʧʫʥʢʪʠ ʚʽʜʙʦʨʫ ʧʨʦʙ ʚʦʜʠ ʜʣʷ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥ-

ʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʙʫʜʝ ʥʘʚʝʜʝʥʦ ʚ ʥʘʩʪʫʧʥʽʡ ʩʪʘʪʪʽ. 

ɺʠʩʥʦʚʢʠ  

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʦ ʤʽʩʮʴ 

ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʙʫʜʫʚʘʪʠ ʤʦʜʝʣʽ ʤʦʞʣʠʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʦʟʚʠʪʦʢ 

ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʽ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʊʇɺ. ɸʜʝʢʚʘʪʥʝ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ 

ʟʙʝʨʝʞʝʥʥʷ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʟʘʙʝʟʧʝʯʠʪʴ ʥʝ ʪʽʣʴʢʠ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʞʠʪʪʷ ʣʶʜʝʡ  

ʽ ʦʧʪʠʤʘʣʴʥʽ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʽ ʫʤʦʚʠ ʾʭʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘʣʝ ʽ ʩʘʤʫ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʘʪʤʦʩʬʝʨʠ, ʛʽʜʨʦʩʬʝʨʠ, ʣʽʪʦʩʬʝʨʠ ʪʘ ʙʽʦʩʬʝʨʠ ʟʘʛʘʣʦʤ. 
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ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 11.02.14 ʫʢʨʘʾʥʩʴʢʦ ʁʤʦʚʦʶ 

É ʅ.ɸ. ʅʦʚʦʭʘʮʢʘ ̫

ʄɽʊʆɼʆʃʆɻʀʗ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ  

ɿʆʅʓ ɿɸɻʈʗɿʅɽʅʀʗ ɺʆʂʈʋɻ ʇʆʃʀɻʆʅʆɺ ʊɺɽʈɼʓʍ ɹʓʊʆɺʓʍ ʆʊʍʆɼʆɺ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʦʥʳ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʚʦʢʨʫʛ ʤʝʩʪ ʫʜʘʣʝʥʠʷ ʦʪʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʦʣʫʯʝ-

ʥʠʝʤ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʢʦʤʧʣʝʢʩʥʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʤʦʜʝʣʠ ʟʦʥʳ ʚʣʠ̫-

ʥʠʷ ʧʦʣʠʛʦʥʘ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʫʨʦʚʝʥʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʠ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩ 

ʤʝʨ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

É N.ɸ. Novokhatska 

SPATIAL MODELING  METHODOLOGY  CONTAMINATION ZONE   

AROUND SOLID WASTE LA NDFILLS  

In the article proposes a methodology for modeling spatial contamination zone around waste 

disposal sites, based on the application of GIS technology to obtain triangulation model, integrated 

mapping model and model for the impact of waste storage, which will significantly increase the 

level of environmental security at the regional and state level and allow develop a set of measures 

to reduce this environmental impact. 
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ʈʦʟʜʽʣ 2. ʆʩʥʦʚʠ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ  

 
 

 

ʋɼʂ 504.453                                                                                  

 

É ɺ.ʄ. ʋʜʦʜ, ʜ-ʨ ʙʽʦʣ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʆ.ɻ. ɾʫʢʦʚʘ, ʽʥʞʝʥʝʨ 1 ʢʘʪ. 

 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

 

ɽʂʆʃʆɻɯʏʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʈʀʈʆɼʅʆïɸʅʊʈʆʇʆɻɽʅʅʀʍ 

ɻɯɼʈʆɽʂʆʉʀʉʊɽʄ ɺʆɼʅʆɻʆ ɹɸʉɽʁʅʋ ʈ. ʂɸʃʔʄɯʋʉ 

 

ʇʨʠ ʝʢʦʣʦʛʽʯʥʽʡ ʦʮʽʥʮʽ ʩʪʘʥʫ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ (ɻɽ) ʚʦʜʥʦʛʦ ʙʘʩʝʡʥʫ ʂʘʣʴʤʽʫʩ (ɺɹʂ) ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʞʝʥʝʨʥʦ-ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʾʭ ʧʘʨʘʤʝʪʨʠ, ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʟʘʧʨʦʧʦ-

ʥʦʚʘʥʦ ʥʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʦ ʩʠʩʪʝʤʥʦïʙʘʩʝʡʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦʩʣʽʜʞʝʥʴ ɺɹʂ, ʦʩʥʦʚʦʶ ʷʢʦʛʦ 

ʩʪʘʣʠ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʽ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʝʨʽʦʜ. 

ʊʘʢʠʡ ʧʝʨʽʦʜ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ ʥʘʫʢʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʚʠʪʢʫ ʧʨʠʨʦʜʥʦï

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ɻɽ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʠʭ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʧʦʷʚʘ ʮʠʭ ʩʠʩʪʝʤ ʧʦʚôʷʟʘʥʘ ʽʟ ʟʤʽʥʘʤʠ ʘʩʠʤʽʣʷʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʙʽʣʴʰʝʥ-

ʥʷʤ ʪʝʭʥʦʻʤʥʦʩʪʽ ʪʘ ʟʤʽʥʘʤʠ ʩʪʨʫʢʪʫʨʥʦïʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɻɽ, ʟʥʠʞʝʥʥʷʤ 

ʩʘʤʦʚʽʜʥʦʚʥʦʾ ʟʜʘʪʥʦʩʪʽ ɻɽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʥʫʪʴ ʫ ʧʨʠʛʦʜʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʠʨʦʜʥʦïʘʥʪʨʦʧʦʛʝʥʥ ̔ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤʠ, ʚʦʜʥʠʡ ʙʘʩʝʡʥ, ʪʝʭʥʦʛʝʥʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ɻɼʂ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ. 

 

ʉʝʨʝʜ ʘʢʪʫʘʣʴʥʠʭ ʟʘʭʦʜʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ ʚʦʜʥʠʭ ʙʘʩʝʡʥʽʚ ʨʽʯʦʢ, ʦʜʥʝ ʽʟ ʢʣʶʯʦʚʠʭ ʟʥʘʯʝʥʴ ʤʘʶʪʴ ʚʠʨʦʙʥʠʯʦï

ʛʦʩʧʦʜʘʨʩʴʢʽ ʥʦʨʤʘʪʠʚʠ [1], ʱʦ ʦʙʤʝʞʫʶʪʴ ʜʽʷʣʴʥʽʩʪʴ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʚʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ (ʚʤʽʩʪʦʤ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʢʽʣʴʢʽʩʪʶ ʟʘʚʠʩʣʠʭ ʯʘʩʪʦʢ, ʙʽʦ-

ʭʽʤʽʯʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʢʠʩʥʶ, ʘʢʪʠʚʥʦʶ ʨʝʘʢʮʽʻʶ ʚʦʜʠ, ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʣʦʪ ʪʘ ʣʫʛʽʚ ʪʦ-

ʱʦ). ʋʤʦʚʠ ʚʽʜʚʝʜʝʥʥʷ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʫ ʚʦʜʥʽ ʦʙôʻʢʪʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠ-

ʚʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʨʦʟʯʠʥʝʥʥʷ, ʬʦʥʦʚʦʾ ʷʢʦʩʪʽ ʚʦʜʠ [2]. ʇʨʠ ʜʦʪʨʠʤʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʦʨ-

ʤʘʪʠʚʫ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʦʛʦ ʩʢʠʜʫ (ɻɼʉ) ʟʚʦʨʦʪʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʛʽʜʨʦʩʪ-

ʚʦʨʘʭ ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʪʘʢʠʭ ʫʤʦʚ [1ï3]: 

 

  Ÿ  Ÿ  Ò 1, ʜʝ 
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 ï ʧʝʨʝʭʽʜ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ (ɻɽ) ʽʟ ʘʙʩʦʣʶʪʥʦ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ ʨʦʟʚʠʪʢʫ ʜʦ ʥʘʧʨʫʞʝʥʦʛʦ ʟʘ 

ʫʤʦʚ ʥʘʯʘʣʴʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʚʧʣʠʚʽʚ; 

 ï ʧʝʨʝʭʽʜ ɻɽ ʚ ʩʪʘʥ ʣʦʢʘʣʴʥʠʭ ʧʦʨʫʰʝʥʴ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ;  

 ï ʧʝʨʝʭʽʜ ɻɽ ʚ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ, ʢʦʣʠ ʘʩʠʤʽʣʷʮʽʡʥʠʡ ʾʭ ʧʦʪʝʥʮʽʘʣ ʩʪʘʻ ʣʽʤʽʪʫʶʯʦʶ ʬʫʥ-

ʢʮʽʻʶ ʱʦʜʦ ʟʜʘʪʥʦʩʪʽ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʪʘ ʟʥʝʟʘʨʘʞʫʚʘʪʠ ʚ ʧʝʚʥʠʭ ʢʦʥʮʝʥʪ-

ʨʘʮʽʷʭ ʝʢʦʪʦʢʩʠʢʘʥʪʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ɸʣʝ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʦʜʥʠʭ ʙʘʩʝʡʥʽʚ ʨʽʯʦʢ ʟôʷʚʣʷʻ-

ʪʴʩʷ ʯʝʪʚʝʨʪʘ ʩʪʘʜʽʷ ʨʦʟʚʠʪʢʫ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ ï ʢʨʠʪʠʯʥʘ (), ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʨʫ-

ʢʪʫʨʥʦïʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʟʤʽʥʘʤʠ ʚ ɻɽ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʦʥʘʭ ʩʢʠʜʫ ʟʚʦʨʦʪ-

ʥʠʭ ʚʦʜ ʟʤʽʥʶʶʪʴʩʷ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʦʢʨʝʤʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ɻɽ ʽ ʨʽʚʥʷʥʥʷ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

 

  Ÿ  Ÿ  Ÿ Ó 1 

 

ʊʦʙʪʦ, ʩʪʨʫʢʪʫʨʥʦïʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʤʽʥʠ ʚ ɻɽ ʧʦʚôʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʫ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʨʝʯʦʚʠʥʠ-ʟʘʙʨʫʜʥʶʚʘʯʽ ʪʘ ʧʨʦʜʫʢʪʠ ʾʭ ʤʝʪʘʙʦʣʽʟʤʫ [4] ʜʦ ʧʝʚʥʦʾ ʤʝʞʽ ʢʦʥ-

ʮʝʥʪʨʘʮʽʡ, ʧʦ ʜʦʩʷʛʥʝʥʥʽ ʷʢʦʾ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ɻɽ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʥʝʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ (ʜʠʥʘ-

ʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ). ʇʨʠʯʠʥʦʶ ʪʘʢʦʛʦ ʩʪʘʥʫ ʻ ʟʤʽʥʠ ʘʩʠʤʽʣʷʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ɻɽ [5], ʱʦ ʚʽʜʙʫʚʘ-

ʪʁʴʩʷ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʭʽʤʽʯʥʠʭ ʪʘ ʙʽʦʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʧʨʦʮʝʩʽʚ ʙʽʦʩʝʜʠʤʝʥʪʘʮʽʾ, 

ʜʠʬʫʟʽʾ, ʧʨʦʮʝʩʽʚ ʩʘʤʦʨʝʛʫʣʷʮʽʾ ʽ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʚ ɻɽ.  

ɺʩʽ ʮʽ ʟʤʽʥʠ ʫ ʚʦʜʥʠʭ ʙʘʩʝʡʥʘʭ ʨʽʯʦʢ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʝʢʦʣʦʛʽʯʥʠʤ ʥʦʨʤʘʪʠʚʦʤ ɻɼʉ 

ʟʚʦʨʦʪʥʠʭ ʚʦʜ, ʱʦ ʚ ʫʤʦʚʘʭ ʪʝʭʥʦʛʝʥʥʦ ʧʝʨʝʛʨʫʞʝʥʠʭ ʨʽʯʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʧʨʠʨʦʜ-

ʥʦïʘʥʪʨʦʧʦʛʝʥʥʠʭ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ ʽ ʧʦʛʽʨʰʫʻʪʴʩʷ ʝʢʦʣʦʛʽʯʥʠʡ ʾʭ ʩʪʘʥ (ʪʘʙʣʠʮʷ 1). 

ʊʘʙʣʠʮʷ 1 ï ɻʽʜʨʦʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʫ ʚʦʜʥʦʛʦ ʙʘʩʝʡʥʫ ʨ. ʂʘʣʤɹʽʫʩ ʧʦ ʧʝʨʽʦʜʘʭ  

(ʟʘ ʜʘʥʠʤʠ ʎʝʥʪʨʘʣʴʥʦʾ ʛʝʦʬʽʟʠʯʥʦʾ ʦʙʩʝʨʚʘʪʦʨʽʾ) 
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ʤ. ɼʦʥʝʮʴʢ (3,5 ʢʤ ʚʠʱʝ ʤʽʩʪʘ) 
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ʤ. ɼʦʥʝʮʴʢ (3,5 ʢʤ ʚʠʱʝ ʤʽʩʪʘ) 
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1986ï1989 ʨʨ. 

1
6

,8
7 

2
,5

2 

0
,3

 

0
,0

0
0

1 

0
,3

9 

0
,0

4
3 

1
,4

5
5 

0
,0

0
3

2 

0
,0

0
1

4
1

5 

0
,0

0
8

7
1

4 

 

0
,0

4
8 

1990ï1999 ʨʨ. 

2
0

,4
6 

2
,7

7 

0
,2

6
8 

0
,0

0
0

0
0

5 

0
,3

2 

0
,0

5
6 

1
,6

7 

0
,0

0
6

7
8 

0
,0

2
4

7
3 

0
,0

6
1

9
6 

0
,0

0
2

3
5 

0
,0

4 

2000ï2010 ʨʨ. 

2
6

,1
9 

2
,8

7 

0
,0

5
8 

0
,0

0
0

5 

0
,2

1
6 

0
,0

4
3

7
5 

1
,8

2
5 

0
,0

0
0

3
1

4 

0
,0

0
6

9
2 

0
,0

3
8

1
3 

0
,0

0
3

8
8 

0
,0

3 

ʤ. ɼʦʥʝʮʴʢ (1 ʢʤ ʚʠʱʝ ʤʽʩʪʘ ) 
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ʤ. ɼʦʥʝʮʴʢ (5 ʢʤ ʥʠʞʯʝ ʤʽʩʪʘ) 

1980ï1985 ʨʨ. 
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ʤ. ɼʦʥʝʮʴʢ (500 ʤ ʥʠʞʯʝ ʩʢʠʜʫ ʤʽʩʪʘ ) 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1 

ʩ. ʇʘʚʣʦʧʦʣʴʻ ( ʚʝʨʭʥʽʡ ʙʴʻʬ ʚʜʩʭ. ʇʘʚʣʦʧʦʣʴʩʴʢʝ) 
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ʩ. ʇʘʚʣʦʧʦʣʴʻ (ʥʠʞʥʽʡ ʙʴʻʬ ʚʜʩʭ. ʇʘʚʣʦʧʦʣʴʩʴʢʝ) 
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ʩʤʪ. ʇʨʠʤʦʨʩʴʢʝ (ʚ ʨ-ʥ̔ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ) 
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ʧʦʩ. ʍʘʮʝʥʦʢ 
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ʤ. ʄʘʨʽʫʧʦʣʴ (ʚ ʨ-ʥ ʤʽʩʪʘ) 
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ʤ. ɾʜʘʥʦʚ (24 ʢʤ ʚʠʱʝ ʤʽʩʪʘ) (ʄʘʨʽʫʧʦʣʴ 1986ï1987) 
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ʤ. ɾʜʘʥʦʚ (ʚ ʨ-ʥ ʤʽʩʪʘ) (ʄʘʨʽʫʧʦʣʴ 1986ï1987) 
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ʤ. ɾʜʘʥʦʚ (500 ʤ ʥʠʞʯʝ ʩʢʠʜʫ ʚʦʜ ʟʘʚʦʜʫ ɸʟʦʚʩʪʘʣʴ) (ʄʘʨʽʫʧʦʣʴ 1986ï1987) 
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ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʟʤʽʥ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʙʽʦʪʠʯʥʠʤʠ, ʘʙʽʦʪʠʯʥʠʤʠ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʧʨʠʨʦʜʥʠʭ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ ʚ ʩʪʘʥ ʧʨʠʨʦʜʥʦ-

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʤʠ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʾʭ ʜʦʩʣʽʜʞʝʥʴ: 

1) ɺʩʪʘʥʦʚʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʚʠʪʢʫ ɻɽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʩʪʝʤʥʦï

ʙʘʩʝʡʥʦʚʦʛʦ ʧʨʠʥʮʠʧʫ [6]; 

2) ɿʜʽʡʩʥʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ [7, 8] ʩʪʘʥʫ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ ʚʦʜʥʦʛʦ ʙʘʩʝʡʥʫ 

ʨ. ʂʘʣʴʤʽʫʩ (ɺɹʂ); 

3) ʉʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʞʝʥʝʨʥʦï

ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʾʭ ʧʘʨʘʤʝʪʨʽʚ; 

4) ʂʦʨʝʛʫʚʘʥʥʷ, ʥʘ ʧʨʠʢʣʘʜʽ ʜʦʩʣʽʜʞʝʥʴ ɺɹʂ, ʚʠʤʦʛ ʩʢʠʜʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜ  

ʫ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʦʡʤʠ. 

ʇʨʦʛʨʘʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ ɺɹʂ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʜʽʶ ʜʞʝʨʝʣ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʾʭ ʟ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʧʨʦʮʝʩʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʧʦʢʘʟʫʶʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʢʘʟʫʶʪʴ ʩʪʘʥ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʜʘʪ-

ʥʽʩʪʴ ʾʭ ʜʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ.  

 

 
 

 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

ʈʠʩ. 1 ï ʇʨʦʛʨʘʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ɺɹʂ 

ʅʦʨʤʘʪʠʚʥʽ ɯɿɺ, ɯʝ,  
ʬʘʢʪʠʯʥʽ ʽʥʜʝʢʩ, ʩʘʧʨʦʙʥʦʩʪʴ  

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥ  

ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ 
ʩʪʘʥʫ ɻɽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ  

ʾʭ ʧʨʠʩʪʦʩʫʚʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʛʽʜʨʦʙʦ̔ʥʪʽʚ 

ʇʦʢʘʟʥʠʢʠ ʪʘ ʾʭ ʧʘʨʘʤʝʪʨʠ 

ʊʝʭʥʽʯʥʽ ɽʢʦʣʦʛʽʯʥʽ 

ʅʦʨʤʘʪʠʚʥʽ (ɻɼʉ); 
 
ʊʝʭʥʦʻʤʥʽʩʪʴ ɻɽ; 

 
ʆɺʅʉ (ʚʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ); 
 

ɺʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-
ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʤʽʥ ɻɽ; 
 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʘʤʦʚʽʜʥʦʚʥʠʭ 
ʧʨʦʮʝʩʽʚ (%) 

ʅʘʩʣʽʜʢʠ ʟʤʽʥ ʧʨʠʨʦʜʥʠʭ ɻɽ 

ɯʥʞʝʥʝʨʥʽ: 

ʚʽʜ ʧʦʨʫʰʝʥʥ ̫ʽʥʪʝʥʩʠʚʥʦʩʪʽ 
ʚʥʫʪʨʽʰʥʴʦʚʦʜʦʡʤʝʥʥʠʭ 

ʧʨʦʮʝʩʽʚ (ʟʤʽʥʠ  

ʪʝʭʥʦʻʤʥʦʩʪʽ ɻɽ,  
ʩʘʤʦʚʽʜʥʦʚʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʪʦɦ ʦ) 

ʉʦʮʽʘʣʴʥʽ: 

ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ʽ ʟʤʽʥ  
ʧʘʨʘʤʝʪʨʽʚ ɻɽ; ʪʨʫʜʥʦʱʽ  
ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʠ ʜʣʷ 

ʧʠʪʥʠʭ, ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ 

ʨʝʢʨʝʘʮʽʡʥʠʭ ʮʽʣʝʡ 

ɽʢʦʣʦʛʽʯʥʽ: 

ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ ï 
ʧʦʨʫʰʝʥʥʷ  
ʘʩʠʤʽʣʷʮʽʡʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ɻɽ 

ɽʢʦʥʦʤʽʯʥʽ: 

ʨʦʟʨʘʭʫʥʢʦʚʽ 
ʟʙʠʪʢʠ  

ʜʣʷ ʚʦʜʥʠʭ  

ʨʝʩʫʨʩʽʚ 
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ʉʠʩʪʝʤʥʦïʙʘʩʝʡʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩ-

ʪʝʡ ʨʦʟʚʠʪʢʫ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ ʫ ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ ʟʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʝʨʽʦʜ (30 ʨʦʢʽʚ), ʧʦ 18 ʛʽʜ-

ʨʦʩʪʚʦʨʘʭ, ʧʦ 45 ʧʦʢʘʟʥʠʢʘʭ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʡʙʽʣʴʰ ʧʦʚʥʘ ʝʢʦʣʦʛʽʯʥʘ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ ʩʪʘʥʫ ɻɽ ʧʦ ʜʝʚôʷʪʠ ʛʽʜʨʦʩʪʚʦʨʘʭ, ʥʘ ʷʢʽ ʧʨʠʧʘʜʘʻ ʥʘʡʙʽʣʴʰʝ ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ (ʚʠʱʝ ʤʽʩʪ ɼʦʥʝʮʴʢ, ʄʘʨʽʫʧʦʣʴ, ɾʜʘʥʦʚ; ʚ ʤʝʞʘʭ ʤʽʩʪ; 500 ʤ ʥʠʞʯʝ ʩʢʠʜʫ ʟʚʦʨʦʪʥʠʭ 

ʚʦʜ). ʉʪʨʫʢʪʫʨʘ ʧʨʦʩʪʦʨʦʚʦïʯʘʩʦʚʦʾ ʽʻʨʘʨʭʽʾ ʜʘʻ ʟʤʦʛʫ ʚʽʜʦʙʨʘʟʠʪʠ ʧʝʨʝʭʽʜ ʧʨʠʨʦʜʥʠʭ ʛʽʜʨʦ-

ʝʢʦʩʠʩʪʝʤ ʚ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʽ ʩʠʩʪʝʤʠ ʚ ʫʤʦʚʘʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʽʜʪʚʝʨ-

ʜʞʝʥʥʷʤ ʮʴʦʤʫ ʻ ʟʥʘʯʥʝ ʧʝʨʝʚʠɦ ʝʥʥʷ ɻɼʂ ʚ ɻɽ (ʨʠʩ 2, 3, 4, ʪʘʙʣʠʮʷ 1), ʟʤʽʥʠ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ï ɯɿɺ, ʝʢʦʣʦʛʽʯʥʦʛʦ ʽʥʜʝʢʩʫ ï  ʪʘ ʟʤʝʥ-

ʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʘʤʦʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ (ʪʘʙʣʠʮʷ 2), ʟʙʽʣʴʰʝʥʥʷ ʪʝʭʥʦʻʤʥʦʩʪʽ ʚʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ɻɽ, ʟʤʽʥ ʧʨʠʩʪʦʩʫʚʘ-

ʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʛʽʜʨʦʙʽʦʥʪʽʚ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʟʚôʷʟʢʽʚ ʤʽʞ ʙʽʦʪʠʯʥʠʤʠ, ʘʙʽʦʪʠʯʥʠʤʠ 

ʡ ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʽ, ʟʦʢʨʝʤʘ, ʩʪʨʫʢʪʫʨʥʦïʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʤʽʥ ʚ ɻɽ (ʪʘʙʣʠʮ ̫4). 

ɸʥʘʣʽʟ ʢʽʥʮʝʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ, ʱʦ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʽʩʥʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ ʱʦʜʦ ʟʤʽʥ 

ʽʥʞʝʥʝʨʥʦïʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʾʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʩʪʦʩʦʚʥʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  
 

 

 

ʈʠʩ. 2 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥ ʍʉʂ (ʘ) ʪʘ ɹʉʂ5 (ʙ) ʟʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʝʨʽʦʜ ʜʦʩʣʜ̔ʞʝʥʥʷ ɺɹʂ 
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ʈʠʩ. 3 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥ ʘʟʦʪʫ ʘʤʦʥʽʡʥʦʛʦ (ʘ), ʘʟʦʪʫ ʥʽʪʨʠʪʥʦʛʦ (ʙ) ʪʘ ʘʟʦʪʫ ʥʽʪʨʘʪʥʦʛʦ (ʚ)  

ʟʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ɺɹʂ 
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ʈʠʩ. 4 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ (ʘ) ʪʘ ʬʝʥʦʣʽʚ ʣʝʪʶʯʠʭ (ʙ)  

ʟʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʝʨʽʦʜ ʜʦʩʣʜ̔ʞʝʥʥʷ ɺɹʂ 

ʉ1 ï ʤ. ɼʦʥʝʮʴʢ (3,5 ʢʤ ʚʠʱʝ ʤʽʩʪʘ); ʉ2 ï ʤ. ɼʦʥʝʮʴʢ (2 ʢʤ ʚʠʱʝ ʤʽʩʪʘ); ʉ3 ï ʤ. ɼʦ-

ʥʝʮʴʢ (1 ʢʤ ʚʠʱʝ ʤʽʩʪʘ); ʉ4 ï ʤ. ɼʦʥʝʮʴʢ (ʚ ʨ-ʥ ʤʽʩʪʘ); ʉ5 ï ʤ. ɼʦʥʝʮʴʢ (5 ʢʤ ʥʠʞʯʝ ʤʽʩʪʘ); 

ʉ6 ï ʤ. ɼʦʥʝʮʴʢ (500 ʤ ʥʠʞʯʝ ʩʢʠʜʫ ʤʽʩʪʘ); ʉ7 ï ʤ. ɸʚʜʦʪʽʥʦ (500 ʤ ʥʠʞʯʝ ʩʢʠʜʫ ʩʪʽʯʥʠʭ 

ʚʦʜ); ʉ8 ï ʩʤʪ. ɻʦʨʙʘʯʦʚʦ-ʄʠʭʘʡʣʽʚʩʴʢʝ, ʚʝʨʭ. ʙ'ʻʬ; ʉ9 ï ʩ. ɺʦʟʥʝʩʝʥʩʴʢʝ (ʥʠʞʥʽʡ ʙôʻʬ 

ʚʜʩʭ. ʉʪʘʨʦʙʝʰʽʚʩʴʢʝ); ʉ10 ï ʩ. ʇʘʚʣʦʧʦʣʴʻ (ʚʝʨʭʥʽʡ ʙʴʻʬ ʚʜʩʭ. ʇʘʚʣʦʧʦʣʴʩʴʢʝ); ʉ11 ï  

ʩ. ʇʘʚʣʦʧʦʣʴʻ (ʥʠʞʥʽʡ ʙʴʻʬ ʚʜʩʭ. ʇʘʚʣʦʧʦʣʴʩʴʢʝ); ʉ12 ï ʩʤʪ. ʇʨʠʤʦʨʩʴʢʝ (ʚ ʨ-ʥ ʥʘʩʝʣʝʥʦʛʦ 

ʧʫʥʢʪʫ); ʉ13 ï ʧʦʩ. ʍʘʮʝʥʦʢ; ʉ14 ï ʤ. ʄʘʨʽʫʧʦʣʴ (11 ʢʤ ʚʠʱʝ ʤʽʩʪʘ); ʉ15 ï ʤ. ʄʘʨʽʫʧʦʣʴ  

(ʚ ʨ-ʥ ʤʽʩʪʘ); ʉ16 ï ʤ. ɾʜʘʥʦʚ (24 ʢʤ ʚʠʱʝ ʤʽʩʪʘ); ʉ17 ï ʤ. ɾʜʘʥʦʚ (ʚ ʨ-ʥ ʤʽʩʪʘ); ʉ18 ï  

ʤ. ɾʜʘʥʦʚ (500 ʤ ʥʠʞʯʝ ʩʢʠʜʫ ʚʦʜ ʟʘʚʦʜʫ ɸʟʦʚʩʪʘʣʴ).  
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ʊʘʙʣʠʮʷ 3 ï ʂʨʘʪʥʽʩʪʴ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ 

ʇʝʨʽʦʜʠ ʜʦʩʣʽʜʞʝʥʥ ̫ ɿʘʣʽʟʦ ʟʘʛʘʣʴʥʝ, ʤʛ/ʜʤ3 ʄʽʜʴ, ʤʛ/ʜʤ3 ʎʠʥʢ, ʤʛ/ʜʤ3 
ʍʨʦʤ(6+), 

ʤʛ/ʜʤ3 

ɻɼʂ ʜʣʷ ʚʦʜʦʡʤ  

ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ 

0,1 0,001 0,01 0,001 

ʤ. ɼʦʥʝʮʴʢ (3,5 ʢʤ ʚʠʱʝ ʤʽʩʪʘ) 

1980ï1989 ʨʨ. 0,0094 9,36 0,1367 0,52 

1990ï1999 ʨʨ. 0,006 32,47 0,794 11,4 

2000ï2010 ʨʨ. 0,0032 11,73 0,6515 6,78 

ʤ. ɼʦʥʝʮʴʢ (2 ʢʤ ʚʠʱʝ ʤʽʩʪʘ) 

1986ï1989 ʨʨ. 0,064 1,42 0,8714 
 

1990ï1999 ʨʨ. 0,1356 24,73 0,6196 0,235 

2000ï2010 ʨʨ. 0,00628 6,92 0,3813 0,388 

ʤ. ɼʦʥʝʮʴʢ (1 ʢʤ ʚʠʱʝ ʤʽʩʪʘ) 

1980ï1985 ʨʨ. 0,0001 1,41 0,361 8,09 

ʤ. ɼʦʥʝʮʴʢ (ʚ ʨ-ʥ ʤʽʩʪʘ) 

1985 ʨ. 0,004 15,6 0,301 0,56 

ʤ. ɼʦʥʝʮʴʢ (5 ʢʤ ʥʠʞʯʝ ʤʽʩʪʘ) 

1980ï1985 ʨʨ. 0,00264 5,96 0,363 3,34 

ʤ. ɼʦʥʝʮʴʢ (500ʤ ʥʠʞʯʝ ʩʢʠʜʫ ʤʽʩʪʘ) 

1980ï1985 ʨʨ. 0,00296 2,85 0,287 4,91 

ʤ. ɸʚʜʦʪʽʥʦ (500 ʤ ʥʠʞʯʝ ʩʢʠʜʫ ʩʪʽʯʥʠʭ ʚʦʜ) 

1980ï1989 ʨʨ. 0 0 0,00021 0,0003 

ʩʤʪ. ɻʦʨʙʘʯʦʚʦ-ʄʠʭʘʡʣʽʚʩʴʢʝ, ʚʝʨʭ.ʙ'ʻʬ 

1980ï1988 ʨʨ. 0,0035 0,02231 
  

ʩ. ɺʦʟʥʝʩʝʥʩʴʢʝ (ʥʠʞʥʽʡ ʙôʻʬ ʚʜʩʭ. ʉʪʘʨʦʙʝʰʽʚʩʴʢʝ) 

1980ï1988 ʨʨ. 0,022 3,97 
  

ʩ. ʇʘʚʣʦʧʦʣʴʻ (ʚʝʨʭʥʽʡ ʙʴʻʬ ʚʜʩʭ. ʇʘʚʣʦʧʦʣʴʩʴʢʝ) 

1980ï1988 ʨʨ. 0,0022 0,005 
  

ʩ. ʇʘʚʣʦʧʦʣʴʻ (ʥʠʞʥʽʡ ʙʴʻʬ ʚʜʩʭ. ʇʘʚʣʦʧʦʣʴʩʴʢʝ) 

1980ï1988 ʨʨ. 0,0008 
   

ʩʤʪ. ʇʨʠʤʦʨʩʴʢʝ (ʚ ʨ-ʥ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ) 

1980ï1985 ʨʨ. 0,00004 2,9 0,124 0,28 

ʧʦʩ. ʍʘʮʝʥʦʢ 

1980 ʨ. 0 
   

ʤ. ʄʘʨʽʫʧʦʣʴ (11 ʢʤ ʚʠʱʝ ʤʽʩʪʘ) 

1988ï1989 ʨʨ. 0,00402 18,48 0,2675 0,41 

1990ï1999 ʨʨ. 0,00326 5,54 0,1946 1,23 

2000ï2010 ʨʨ. 0,00256 2,43 0,3049 3,85 

ʤ. ʄʘʨʽʫʧʦʣʴ (ʚ ʨ-ʥ ʤʽʩʪʘ) 

1988ï1989 ʨʨ. 0,026 8,23 0,673 0,4 

1990ï1999 ʨʨ. 0,003 1,9 0,588 0,00626 

2000ï2010 ʨʨ. 0,0036 3,37 0,374 5,14 

ʤ. ɾʜʘʥʦʚ (24 ʢʤ ʚʠʱʝ ʤʽʩʪʘ) 

1986ï1987 ʨʨ. 0,00224 1,3 0,325 
 

ʤ. ɾʜʘʥʦʚ (ʚ ʨ-ʥ ʤʽʩʪʘ) 

1986ï1987 ʨʨ. 0,00586 4,27 0,823 6,35 

ʤ. ɾʜʘʥʦʚ (500 ʤ ʥʠʞʯʝ ʩʢʠʜ ʚʦʜ ɸʟʦʚʩʪʘʣʴ) 

1980ï1985 ʨʨ. 0,00242 53,81 0,4331 4,526 
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ʊʘʙʣʠʮʷ 4 ï ʋʟʘʛʘʣʴʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʾʭ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤ ɺɹʂ 

ɻʽʜʨʦʩʪʚʦʨʠ 

ɺɹʂ 

ɯ
ʥ
ʜ
ʝ
ʢ
ʩ

 

ʩ
ʘ
ʧ
ʨ
ʦ
ʙ
ʥ
ʦ
ʩ
ʪ
ʽ

 

ɯ
ʥ
ʜ
ʝ
ʢ
ʩ

 

ʪ
ʝ
ʭ
ʥ
ʦ
ʻ
ʤ
ʥ
ʦ
ʩ
ʪ
ʽ

 

ɯ
ʥ
ʜ
ʝ
ʢ
ʩ

 

ʩ
ʪ
ʨ
ʫ
ʢ
ʪ
ʫ
ʨ
ʥ
ʦ

ï
ʬ
ʫ
ʥ
ʢ
ʮ
ʽ
ʦ
ʥ

ʘʣ
ʴ
ʥ
ʠ
ʭ

 

ʟ
ʤ
ʽ
ʥ

 

ʂ
ʦ
ʝ
ʬ
ʽ
ʮ
ʽ
ʻ
ʥ
ʪ

 ʩ
ʪ
ʽ
ʡ
ʢ
ʦ
ʩ
ʪ
ʽ
 
ɻ
ɽ
 

 

ʜ
ʦ
 
ʘ
ʥ
ʪ
ʨ
ʦ
ʧ

ʦ
ʛ
ʝ
ʥ
ʥ
ʦ
ʛ
ʦ

 
ʚ
ʧ
ʣ
ʠ
ʚ
ʫ

 ɽʬʝʢʪʠʚʥʽʩʪʴ  

ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ % 

ɽʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ɻɽ 

ʚ
ʠ
ʩ
ʦ
ʢ
ʘ

 

ʩ
ʝ
ʨ
ʝ
ʜ
ʥ
ʷ

 

ʥ
ʠ
ʟ
ʴ
ʢ
ʘ

 

ʤ. ɼʦʥʝʮʴʢ 

(3,5 ʢʤ ʚʠʱʝ 

ʤʽʩʪʘ) 

0,18 0,3 0,72 0,5 9,98 84,15 5,87 

ʇʝʨʝʭʽʜ ɻɽ ʽʟ ʘʙʩʦʣʶʪʥʦ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ 

ʨʦʟʚʠʪʢʫ ʜʦ ʥʘʧʨʫʞʝʥʦʛʦ  

ʟʘ ʫʤʦʚ ʥʘʯʘʣʴʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ  

ʚʧʣʠʚʽʚ 

ʤ. ɼʦʥʝʮʴʢ  

(ʚ ʨ-ʥ ʤʽʩʪʘ) 
0,5 1,1 0,3 6,0 4,62 39,93 55,45 

ʇʝʨʝʭʽʜ ɻɽ ʚ ʩʪʘʥ ʣʦʢʘʣʴʥʠʭ ʧʦʨʫh ʝʥʴ 

ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʘʤʦʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ (ɯʉɻ)  

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʝʞʽ ʧʨʠʩʪʦʩʫʚʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʛʜ̔ʨʦʙʽʦʥʪʽʚ 

ʤ. ɼʦʥʝʮʴʢ  

(500 ʤ ʥʠʞʯʝ  

ʩʢʠʜʫ  

ʟʚʦʨʦʪʥʠʭ ʚʦʜ) 

2,2 1,34 3,5 6,0 0,46 18,70 80,84 

ʇʝʨʝʭʽʜ ɻɽ ʚ ʩʪʘʥ ʣʦʢʘʣʴʥʠʭ  

ʧʦʨʫʰʝʥʴ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ; ɯʉʇ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʝʞʽ ʧʝʨʝʚʠʱʝʥʥʷ  

ʤʦʞʣʠʚʠʭ ʧʨʠʩʪʦʩʫʚʘʣʴʥʠʭ ʨʝʘʢʮʽʡ 

ʛʽʜʨʦʙʽʦʥʪʽʚ. 

ʤ. ʄʘʨʽʫʧʦʣʴ  

(11 ʢʤ ʚʠʱʝ  

ʤʩ̔ʪʘ) 

0,35 0,24 2,9 8,0 1,19 18,91 79,9 

ʇʝʨʝʭʽʜ ɻɽ ʚ ʩʪʘʥ ʣʦʢʘʣʴʥʠʭ ʧʦʨʫh ʝʥʴ 

ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ; ɯʉʇ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʘ ʤʝʞʽ ʧʨʠʩʪʦʩʫʚʘʣʥɹʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʛʽʜʨʦʙʽʦʥʪʽʚ. 

ʤ. ʄʘʨʽʫʧʦʣʴ  

(ʚ ʤʝʞʘʭ ʤʽʩʪʘ) 
0,45 7,2 5,5 10,0 0,59 9,49 89,90 

ʇʝʨʝʭʽʜ ɻɽ ʫ ʬʘʟʫ ʢʨʠʪʠʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, 

ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʞʝ ʟʥʘʯʥʠʤʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʟʤʽʥʘʤʠ  

ʚ ɻɽ. 

ʤ. ʄʘʨʽʫʧʦʣʴ  

(500 ʤ ʥʠʞʯʝ 

ʩʢʠʜʫ  

ʟʚʦʨʦʪʥʠʭ ʚʦʜ) 

0,72 6,3 4,9 10,0 0,25 5,21 94,54 

ʇʝʨʝʭʽʜ ɻɽ ʫ ʬʘʟʫ ʢʨʠʪʠʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, 

ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʞʝ ʟʥʘʯʥʠʤʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʟʤʽʥʘʤʠ  

ʚ ɻɽ. 

ʤ. ɾʜʘʥʦʚ  

(24 ʢʤ ʚʠʱʝ 

ʤ̔ʩʪʘ) 

1,9 2,4 10,0 15,0 1,28 37,31 61,41 

ʇʝʨʝʭʽʜ ɻɽ ʚ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ, ʢʦʣʠ  

ʘʩʠʤʽʣʷʮʽʡʥʠʡ ʾʭ ʧʦʪʝʥʮʘ̔ʣ ʩʪʘʻ  

ʣʽʤʽʪʫʶʯʦʶ ʬʫʥʢʮʽʻʶ ʱʦʜʦ ʜʝʪʦʢʩʠʢʘ-

ʮʽʾ ʨʝʯʦʚʠʥ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 

ʪʘ ʧʨʦʜʫʢʪʽʚ ʾʭ ʤʝʪʘʙʦʣʟ̔ʤʫ. 

ʤ. ɾʜʘʥʦʚ  

(ʚ ʤʝʞʘʭ ʤʽʩʪʘ) 
0,9 0,53 1,8 5,0 0,56 5,00 94,44 

ʇʝʨʝʭʽʜ ɻɽ ʚ ʩʪʘʥ ʣʦʢʘʣʴʥʠʭ ʧʦʨʫh ʝʥʴ 

ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʤʝʞʽ 

ʧʨʠʩʪʦʩʫʚʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ  

ʛʽʜʨʦʙʦ̔ʥʪʽʚ. 

ʤ. ɾʜʘʥʦʚ  

(500 ʤ ʥʠʞʯʝ  

ʩʢʠʜʫ ʚʦʜ  

ʟʘʚʦʜʫ  

ɸʟʦʚʩʪʘʣʴ) 

4,5 1,65 6,3 15 0,84 8,06 91,1 

ʇʝʨʝʭʽʜ ɻɽ ʫ ʬʘʟʫ ʢʨʠʪʠʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, 

ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʞʝ ʟʥʘʯʥʠʤʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʟʤʥ̔ʘʤʠ  

ʚ ɻɽ. 
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ʂʨ̔ʤ ʪʦʛʦ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʩʪʘʥʫ ʧʨʠʨʦʜʥʦï

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʩʠʩʪʝʤ ʟʘ ʨʘʭʫʥʦʢ ʫʟʛʦʜʞʝʥʦʩʪʽ ʩʫʤʘʨʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʧʝʚʥʽ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤʠ ʟ ʽʥʜʝʢʩʦʤ ʝʢʦʣʦʛʽʯʥʦʾ ʪʝʭʥʦʻʤʥʦʩʪʽ. ɸʣʝ ʢʦʣʠ ʦʙʩʪʘʥʦʚʢʘ ʚ ɻɽ ʭʘʨʘʢ-

ʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʢʨʠʪʠʯʥʘ ʘʙʦ ʜʫʞʝ ʥʝʙʝʟʧʝʯʥʘ, ʮʷ ʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʧʝʨʝʭʦʜʠʪʴ ʚ ʥʘʧʨʫʞʝʥʠʡ 

ʩʪʘʥ ʽ ʧʦʛʽʨʰʫʶʪʴʩʷ ʩʘʤʦʚʽʜʥʦʚʥʽ ʧʨʦʮʝʩʠ ʚ ɻɽ. ʉʘʤʝ ʪʘʢʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ɺɹʂ ʧʦʪʨʝʙʫʻ 

ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʚ ʥʦʨʤʘʪʠʚ ɻɼʉ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʩʧʨʠʷʪʠ ʫ ʧʨʘʢʪʠʯʥʠʭ ʫʤʦʚʘʭ ʧʨʠʡʥʷʪʪʶ ʝʢʦʣʦʛʽʯʥʦ ʟʥʘ-

ʯʠʤʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 
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ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 04.02.14 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ 

É ɺ.ʄ. ʋʜʦʜ, ʆ.ɻ. ɾʫʢʦʚʘ 

ɽʂʆʃʆɻɯʏʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʈʀʈʆɼʅʆïɸʅʊʈʆʇʆɻɽʅʅʀʍ  

ɻɯɼʈʆɽʂʆʉʀʉʊɽʄ ɺʆɼʅʆɻʆ ɹɸʉɽʁʅʋ ʈ. ʂɸʃʔʄɯʋʉ 

ʇʨʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʵʢʦʩʠʩʪʝʤ (ɻʕ) ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʂʘʣʴʤʠʫʩ 

(ɺɹʂ) ʠʩʧʦʣʴʟʫʶʪ ʠʥʞʝʥʝʨʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʠʭ ʧʘʨʘʤʝʪʨʳ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʢʦʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥʦ ʥʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʦ ʩʠʩʪʝʤʥʦïʙʘʩʩʝʡʥʦʚʳʡ ʧʦʜʭʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺɹʂ, 

ʦʩʥʦʚʦʶ ʢʦʪʦʨʦʛʦ ʩʪʘʣʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʟʘ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʝʨʠʦʜ. ʊʘʢʦʡ ʧʝʨʠʦʜ ʨʘʟʨʝʰʠʣ ʫʩʪʘʥʦʚʠʪʴ ʥʘʫʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟ-

ʚʠʪʠʷ ʧʨʠʨʦʜʥʦïʘʥʪʨʦʧʦʛʝʥʥʳʭ ɻʕ ʚ ʫʩʣʦʚʠʭ̫ ʧʦʩʪʦʷʥʥʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʥʠʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʡ ʸʤʢʦʩʪʠ ʚʦʜ-

ʥʦʡ ʩʨʝʜʳ, ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʭʥʦʸʤʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨʥʦïʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ɻʕ, ʩʥʠʞʝʥʠʝʤ ʩʘʤʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ɻʕ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʥʫʪ ʧʦ-

ʣʝʟʥʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ.  



 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ _̫________________________________ 

 

72 

 

É V.M . Udod, O.G. Zhukovʘ 

ECOLOGICAL CHARACTERISTICS OF NATURAL -ANTHROPOGENIC 

HIDROEKOSYSTEM WATER BASIN R. KALMIUS  

While giving an environmental assessment to the hydroecosystem state of the Kalmius River 

Basin the specialists usually use engineering-ecological indexes and their parameters, most  

of which are suggested by us in the paper. We put to use a systemic-basin approach to the Kalmius 

River Basin investigation. The basis of research is a systematization and handling of ecological 

monitoring data for a long-run period. Such time frame allowed to identify scientific regularities  

of natural-anthropogenic hydroecosystems development in response to a permanent man-induced 

impact on them. The paper shows that the emergence of such systems is connected with changes  

of aquatic habitat assimilation capacity, increase by anthropogenic and changes of structure-

sensitive properties of hydroecosystems. Received results will be useful for the radical usage of wa-

ter resources. 
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É ʆ.ʗ. ʆʣʽʡʥʠʢ1, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ; 

ɯ.ʉ. ʂʫʟʴʤʠʯ2, ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʆʇʽʅʉ 

 
1ɯʥʩʪʠʪʫʪ ʛʽʜʨʦʤʝʭʘʥʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ; 

2ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

 

ɺʀʃʋʏɽʅʅʗ ʌɯʊʆʇʃɸʅʂʊʆʅʋ  

ɿ ʇʆɺɽʈʍʅɽɺʀʍ ɯ ʇɯɼɿɽʄʅʀʍ ɺʆɼ ʌɯʃʔʊʈʋɺɸʅʅʗʄ 

 

ʊʝʦʨʝʪʠʯʥʠʤ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʧʨʦʮʝʩʠ ʬʽʣʴʪʨʘʮʽʾ ʽ ʤʘʩʦʦʙʤʽʥʫ ʚ ʧʦʨʠʩʪʠʭ ʩʝ-

ʨʝʜʦʚʠʱʘʭ ʧʨʠ ʚʠʣʫʯʝʥʥʽ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʽʟ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʬʽʣʴʪʨʫʚʘʥʥʷʤ. ʅʘ 

ʧʽʜʩʪʘʚʽ ʧʦʙʫʜʦʚʘʥʦʾ ʽ ʨʝʘʣʽʟʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫ-

ʥʢʫ ʟʤʽʥʠ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʨʽʜʠʥʥʽʡ ʽ ʪʚʝʨʜʽʡ ʬʘʟʘʭ ʩʝʨʝʜʦʚʠʱʘ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʙʨʫʜʥʝʥʥ ̫ʚʦʜ, ʦʯʠʩʪʢʘ ʚʦʜʠ, ʚʠʣʫʯʝʥʥʷ ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʬʽʣʴʪʨʫʚʘʥ-

ʥ ̫ʚʦʜʠ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣ.ɹ 

 

ʅʘʚʝʜʝʥʽ ʚ ʩʫʯʘʩʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʝʥʴ 

ʽʟ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʧʝʨʝʚʘʞʥʦ ʩʪʦʩʫʶʪʴʩʷ ʟʘʙʨʫʜʥʝʥʴ ʤʽʥʝʨʘʣʴ-

ʥʦʛʦ ʽ ʭʽʤʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɼʝʷʢʽ ʩʧʨʦʙʠ ʟ ʚʠʣʫʯʝʥʥʷ ʟ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʬʽʪʦʧʣʘʥʢʪʦʥʫ 

ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʚʠʚʯʘʣʠʩʴ ʧʝʨʝʚʘʞʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ, ʽ ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʤʘ ̒ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʠʡ ʭʘʨʘʢʪʝʨ. ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʟʨʦʙʣʝʥʘ ʩʧʨʦʙʘ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘ-

ʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽ ʧʨʦʮʝʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝ-

ʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʠʪʠ ʙʽʣʴʰ ʟʘʛʘʣʴʥʫ ʽ ʦʙˇʨʫʥʪʦʚʘʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ 

ʚʠʣʫʯʝʥʥʷ ʢʣʽʪʠʥ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʟ ʚʦʜʠ ʬʽʣʴʪʨʫʚʘʥʥʷʤ. 

ʇʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʚʦʜʠ ʽʟ ʚʤʽʩʪʦʤ ʯʘʩʪʦʢ ʬʽʪʦʧʣʘʥʢʪʦʥʫ [1, 2] (ʚ ʙʽʣʴʰʦʩʪʽ ʢʣʽʪʠʥ ʩʠ-

ʥʴʦ-ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ), ʨʦʟʯʠʥʝʥʠʭ ʚ ʦʙôʻʤʽ ʬʽʣʴʪʨʘ, ʧʦʨʷʜ ʟ ʚʽʜʦʤʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʽ ʧʝʨʝʥʦʩʦʤ ʮʠʭ ʯʘʩʪʦʢ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʟʦʢʨʝʤʘ ʚ ʨʦʙʦʪʽ [3], ʦʩʥʦʚ-

ʥʠʡ ʧʨʦʮʝʩ ʾʭ ʚʠʣʫʯʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʟʘʻʤʦʜʽʾ ʨʦʟʯʠʥʝʥʠʭ ʯʘʩʪʦʢ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʧʦ-

ʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʨʠʩ. 1). ɺʥʘʩʣʽʜʦʢ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʚʠʩʣʠʭ ʫ ʚʦʜʽ ʢʣʪ̔ʠʥ 

ʚʦʜʦʨʦʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʘʩʦʦʙʤʽʥʫ ʟʘʪʨʠʤʫʻʪʴʩʷ ʩʝʨʝʜʦʚʠʱʝʤ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʽ ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʽ ʢʘʣʴʤʘʪʘʮʽʷ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʘʞʣʠʚʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʯʠʩʪʢʠ ʚʦʜʠ ʚʽʜ ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ ʚ ʨʦʟʯʠʥʽ 

ʧʦ ʚʠʩʦʪʽ ʬʽʣʴʪʨʘ ʽ ʦʩʦʙʣʠʚʦ ʢʽʣʴʢʦʩʪ̔ ʢʣʽʪʠʥ ʥʘ ʚʠʭʦʜʽ ʟ ʬʽʣʴʪʨʘ (ʫ ʬʽʣʴʪʨʘʪʽ). ɼʨʫʛʦʶ ʚʘʞ-

ʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ ʽʟ ʚʦʜʠ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʙʫʜʝ ʦʙôʻʤ 

(ʤʘʩʘ) ʫʪʚʦʨʝʥʦʛʦ ʦʩʘʜʫ ʽ ʜʠʥʘʤʽʢʘ ʡʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦ ʚʠʩʦʪʽ ʬʽʣʴʪʨʘ ʽ ʚ ʯʘʩʽ ů. 
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1 2

ɿʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ 
ʪʘ ʤʝʪʘʣʠ

ʌʽʪʦʧʣʘʥʢʪʦʥ

ʅʘʧʨʷʤʦʢ ʨʫʭʫ 
ʚʦʜʠ  

ʈʠʩ. 1 ï ɿʘʪʨʠʤʘʥʥʷ ʢʣʽʪʠʥ ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʚʦʜʽ, ʬʽʣʴʪʨʫʚʘʥʥʷʤ  

ʥʘ ʧʦʨʠʩʪʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ: 1 ï ʧʨʦʮʝʩ ʥʘʣʠʧʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ; 2 ï ʧʨʦʮʝʩ ʚʽʜʨʠʚʫ ʟʘʙʨʫʜʥʝʥʴ  

ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʫʪʚʦʨʝʥʦʛʦ ʦʩʘʜʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚʽʜ-

ʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʨʠʚʫ ʡʦʛʦ ʯʘʩʪʠʥʦʢ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʘ-

ʟʘʜ ʚ ʨʦʟʯʠʥ, ,̔ ʷʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʝʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʦʩʘʜʫ, ʷʢʠʡ ʤʦʞʝ 

ʦʩʽʩʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʦʟʯʠʥʫ, ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʟ̔ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʠʡʥʷʪʠʭ ʧʦʣʦʞʝʥʴ ʽ ʧʝʨʝʜʫʤʦʚ ʩʬʦʨʤʫ-

ʣʴʦʚʘʥʘ ʥʘʩʪʫʧʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʣʫʯʝʥʥʷ ʢʣʽʪʠʥ ʚʦʜʦʨʦʩʪʝʡ ʽʟ ʚʦʜʠ ʬʽʣʴʪʨʫʚʘʥʥʷʤ 

ʢʨʽʟʴ ʧʦʨʠʩʪʝ ʟʘʚʘʥʪʘʞʝʥʥʷ [4, 5], ʷʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʡʥʷʪʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʨʽʚʥʷʥʴ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ, ʟʘʧʠʩʘʥʠʭ ʚʽʜʥʦʩʥʦ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʣʽʪʠʥ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʚ ʨʦʟʯʠʥʽ ʉ ̔ ʫ ʪʚʝʨʜʽʡ ʥʝʨʫʭʦʤʽʡ ʬʘʟʽ ů [3]. 

 

                                                            ,                                                         (1) 

 

                                                                 ,                                                          (2) 

 

ʜʝ ʉ (x, t) i ů (x, t) ï ʤʘʩʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʢʽʣʴʢʦʩʪʽ) ʯʘʩʪʦʢ ʚ ʨʽʜʠʥʥʽʡ (ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʨʽʜʠ-

ʥʠ) ʽ ʪʚʝʨʜʽʡ (ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʬʘʟʘʭ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t ʽ ʧʝʨʝʨʽʟʽ x; 

 ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʦʨʠʩʪʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ; ɜ ï ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ;  ï ʚʽʜʧʦʚʽʜʥʦ ʫʟʘ-

ʛʘʣʴʥʝʥʽ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʘʜʩʦʨʙʮʽʾ (ʧʨʠʣʠʧʘʥʥʷ) ʢʣʽʪʠʥ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʥʘ ʟʝʨʥʘʭ ʟʘʚʘʥ-

ʪʘʞʝʥʥʷ ʽ ʾʭ ʚʽʜʨʠʚʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʮʠʭ ʟʝʨʝʥ. 
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ʈʽʚʥʷʥʥʷ (1) ʧʦʢʘʟʫʻ, ʱʦ ʧʝʨʝʥʦʩ ʟʘʚʠʩʣʠʭ ʯʘʩʪʠʥʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʭ ʟʘ ʨʘʭʫ-

ʥʦʢ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʛʽʜʥʦ ʟ [6, 7, 8] ʜʠʬʫʟʽʡʥʠʤ ʧʝʨʝʥʦʩʦʤ ʥʝʭ-

ʪʫʻʤʦ. 

ʇʝʨʰʠʡ ʧʨʘʚʠʡ ʯʣʝʥ ʚ ʨʽʚʥʷʥʥʽ (2) ʬʽʟʠʯʥʦ ʦʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʧʨʠʣʠʧʘʥʥʷ ʢʣʽʪʠʥ ʬʽ-

ʪʦʧʣʘʥʢʪʦʥʫ ʥʘ ʟʝʨʥʘʭ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʜʨʫʛʠʡ ʯʣʝʥ ï ʰʚʠʜʢʽʩʪʴ ʚʽʜʨʠʚʫ ʮʠʭ ʢʣʽʪʠʥ. ʈʽʚʥʷʥ-

ʥʷ ʢʽʥʝʪʠʢʠ ʦʙʤʽʥʫ (2) ʻ ʨʽʚʥʷʥʥʷʤ ʥʝʨʽʚʥʦʟʚʘʞʝʥʦʾ ʟʚʦʨʦʪʥʦʾ ʘʜʩʦʨʙʮʽʾ ʨʦʟʯʠʥʝʥʠʭ ʯʘʩʪʠ-

ʥʦʢ ʧʨʠ ʚʽʜʦʤʽʡ ʽʟʦʪʝʨʤʽ ɻʝʥʨʽ [3, 9].  

ʊʘʢ, ʧʨʠ  ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʜʩʦʨʙʮʽʷ ʨʝʯʦʚʠʥ, ʘ ʧʨʠ  ï ʾʭ ʜʝʩʦʨʙʮʽʷ.  

ʋ ʚʠʧʘʜʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ ʨʽʜʠʥʠ ʽʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ  ʚʜ̔ʙʫʚʘʻʪʴʩʷ 

ʘʜʩʦʨʙʮʽʷ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ  ï ʜʝʩʦʨʙʮʽʷ (ʉʝ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʽʜʠʥʠ ʚ ʩʝʨʝʜʦʚʠʱʽ  

ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ). ɿʘʟʚʠʯʘʡ ʉʝ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʦʟʚʘʞʝʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʷʢʘ ʤʘʻ ʤʽʩʮʝ ʧʨʠ 

. 

ʅʘʛʘʜʫʻʤʦ ʪʘʢʦʞ, ʱʦ ʧʨʠ ʨʦʙʦʪʽ ʦʯʠʩʥʦʛʦ ʬʽʣʴʪʨʘ ʧʨʠʡʥʷʪʘ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ ʥʘ 

ʧʨʘʢʪʠʮʽ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʬʽʣʴʪʨʫʚʘʥʥʷ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʧʦʯʘʪʢʦʚʽʡ 

ʜʣʷ ʯʠʩʪʦʛʦ ʬʽʣʴʪʨʘ. ʄʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʬʽʣʴʪʨʘʮʽʾ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʦʢʨʝʤʘ 

ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [3]. 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʩʴ ʧʨʦʮʝʩ ʚʠʣʫʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʜʚʘ ʝʪʘʧʠ:  

1) ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʦʮʝʩ ʧʨʠʣʠʧʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʉ ʥʘ ʛʨʘʥʫ-

ʣʘʭ ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ), ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʦʩʘʜʫ , ʷʢʘ ʧʝʨʝʭʦʜʠʪʴ  

ʚ ʨʦʟʯʠʥ, ʙʫʜʝ ʥʝʟʥʘʯʥʦʶ ʽ ʥʠʤ ʤʦʞʝʤʦ ʟʥʝʭʪʫʚʘʪʠ . 

 

                                                   ,                                             (3) 

 

ʊʦʜʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3) ʦʪʨʠʤʘʻʤʦ ʧʨʠ ʫʤʦʚʘʭ t = 0 i x > 0,  

C = C0, ů = 0; ʧʨʠ x = 0 i t > 0, C ſ C0, ʟʘʛʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

 

 ,                                      (4) 

 

ʜʝ  = 1 ʧʨʠ  ʽ  = 0 ʧʨʠ  ,  ,  . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʩʥʦʚʥʦʛʦ (ʘʢʪʠʚʥʦʛʦ) ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʬʽʣʴʪʨʘ ( ) ʤʘʻʤʦ  

 

, , ʜʝ,                                  (5) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ů ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʽʰʝʥʥʷ (3) ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʫʤʦʚʽ t = 0,  

ů = 0 ʤʘʻʤʦ 

 

                      (6) 
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ɿʘʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ ʦʩʥʦʚʥʦʛʦ (ʘʢʪʠʚʥʦʛʦ) ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʬʽʣʴʪʨʘ ʚ ʨʽʚʥʷʥʥʽ (6) ʧʨʠʡ-

ʤʘʻʤʦ . 

ʅʘ 1-ʤʫ ʝʪʘʧʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ ʧʨʠ ʚʽʜʦʤʠʭ ʢʦʥʮʝʥʪ-

ʨʘʮʽʷʭ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʉ ̔ ʧʘʨʘʤʝʪʨʘʭ ʬʽʣʴʪʨʘ (ɜ, L) ʧʨʦʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ . 

ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʯʘʩ  ʽ ʢʦʥʮʝʥʪʨʘʮʽʶ , ʧʨʠ ʷʢʠʭ ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜʨʠʚ ʽ ʫʪʚʦ-

ʨʝʥʥʷ ʦʩʽʚʰʦʛʦ ʦʩʘʜʫ. 

ʊʘʢ, ʧʨʠ ʚʽʜʦʤʦʤʫ ʯʘʩʽ tʩ ʧʨʠ ɖ = 1 ʟʘ ʬʦʨʤʫʣʦ  ʁ(6) ʟʥʘʭʦʜʠʤʦ ʩʝʨʝʜʥʶ ʢʦʥʮʝʥʪʨʘ-

ʮʽʶ , ʷʢʘ ʙʫʜʝ ʫ ʬʽʣʴʪʨʽ ʥʘ ʧʦʯʘʪʢʫ ʚʽʜʨʠʚʫ ʯʘʩʪʦʢ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʦʩʘʜ.  

2) ʇʦʪʽʤ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʩʪʫʧʥʦʛʦ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʟ̔ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ 

ʚʽʜʨʠʚʫ ʧʨʠ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʥʷʭ  ʽ  ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʘʭ ʬʽʣʴʪʨʫʚʘʥʥʷ. ʋ ʨʦʙʦʪʽ [3] ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʟʘʛʘʣʴʥʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ (1) ʽ (2) ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ 

, , . ʅʠʞʯʝ ʥʘʚʝʜʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʜʝʷʢʠʭ ʩʧʨʦʱʝʥʠʭ 

ʨʽʰʝʥʴ ʮʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʧʝʨʝʚʘʞʥʦ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʥʘ ʧʨʘʢʪʠʮʽ. ʄʦʞʥʘ ʟʥʘʯʥʦ 

ʩʧʨʦʩʪʠʪʠ, ʢʦʣʠ ʤʘʻʤʦ ñʯʠʩʪʝò ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ (ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʘ) ʽ ʚʦʥʦ ʥʘʩʠʯʝʥʝ 

ʨʽʜʠʥʦʶ, ʚ ʷʢʽʡ ʚʽʜʩʫʪʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʟ ʨʽʜʠʥʦʶ ʽ ʧʽʜʣʷʛʘʶʪʴ ʚʠʣʫʯʝʥʥʶ, ʪʦʙ-

ʪʦ ʟ ʦʪʨʠʤʘʥʦʛʦ ʚ ʨʦʙʦʪʽ [3] ʟʘʛʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʦʪʨʠʤʘʥʦ ʧʨʠ ,  ʟʘʣʝʞʥʦʩʪʽ 

 

                                                                              (7) 

 

                                                                                                  (8) 

 

ʊʫʪ ɖ = 1 ʧʨʠ , ɖ = 0 ʧʨʠ , , ,  . 

ɯʟ ʟʘʛʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1) ʽ (2), ʧʨʠʡʥʷʚʰʠ ʚ ʥʴʦʤʫ  ʜʣʷ ʦʩ-

ʥʦʚʥʦʛʦ (ʘʢʪʠʚʥʦʛʦ) ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʬʽʣʴʪʨʘ, ʘ ʩʘʤʝ ʜʣʷ ʩʫʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʯʘʩʫ t ʦʪʨʠʤʘʥʦ 

ʧʨʠ ,  ʽ  ʟʘʣʝʞʥʦʩʪʽ 

 

                                                       (9) 

 

                                                      (10) 

 

ʜʝ  ,  . 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʡ C ʽ ů ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʽ-

ʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1) ʽ (2) ʧʨʠ  ʪʘʢʦʞ ʽʥʰʠʤ ʰʣʷʭʦʤ ʧʨʠ , 

 ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

 

                                             ,                         (11) 
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 .                     (12) 

 

ʆʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ  , , ʪʦ ʦʜʝʨʞʘʥʽ ʨʘʥʽʰʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʛʘʣʴ-

ʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ (9) ʽ (10) ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ ʟʘʣʝʞʥʦʩʪʷʤʠ (11) ʽ (12), ʷʢʽ ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʫʤʦʚʽ . ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʽʚ (ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ 

,  ʽ ʧʨʠ ) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʡ  ʽ  

ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʴ ʟʘʣʝʞʥʦʩʪʷʤʠ (11) ʽ (12). 

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘ ʨʠʩ. 2, 3 ʧʦʙʫʜʦʚʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʛʨʘʬʽʢʠ   

ʽ .  

 

 

ʈʠʩ. 2 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ  

 

 

ʈʠʩ. 3 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ  
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ɼʣʷ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ  ʽ  ʥʘʚʝʜʝʥʽ ʚ ʧʦʙʫʜʦʚʘʥʠʭ ʪʘʙʣʠʮʷʭ ʚ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ,  [3]. 

ʇʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷ-

ʤʠ ʧʦʢʘʟʘʣʘ, ʱʦ ʚʦʥʠ ʚ ʮʽʣʦʤʫ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʣʘ-

ʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. 
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ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 04.03.14 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ 

É ʆ.ʗ. ʆʣʝʡʥʠʢ, ʀ.ʉ. ʂʫʟʴʤʠʯ 

ʋɼɸʃɽʅʀɽ ʌʀʊʆʇʃɸʅʂʊʆʅɸ ʀɿ ʇʆɺɽʈʍʅʆʉʊʅʓʍ ʀ ʇʆɼɿɽʄʅʓʍ ɺʆɼ  

ʌʀʃʔʊʈʆɺɸʅʀɽʄ 

ʊʝʦʨʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ʠʩʩʣʝʜʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʬʠʣʴʪʨʘʮʠʠ ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʧʦʨʠʩʪʳʭ 

ʩʨʝʜʘʭ ʧʨʠ ʠʟʲʷʪʠʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʩʪʨʦʝʥʥʦʡ ʠ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʞʠʜʢʦʩʪʥʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟʘʭ ʩʨʝʜʳ. 
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É O.Y. Oliynyk , I.S. Kuzmych 

REMOVING PHYTOPLANKTON FROM THE SURFACE AND GROUND WATER  

BY FILTRATION  

By theoretical means are investigated processes of the filtration and mass transfer in porous 

media when removing phytoplankton from surface and groundwater filtration. On the basis 

constructed and implemented of mathematical of model offered a methodic of the change their 

concentration in the liquid and solid phases of the medium. 
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ʋɼʂ 628.33:532.1 

 

É ʅ.ɻ. ʉʪʝʧʦʚʘ1, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ; 

ʖ.ɯ. ʂʘʣʫʛʽʥ1, ʢʘʥʜ. ʬʽʟ-ʤʘʪ. ʥʘʫʢ; 

ʆ.ʄ. ʂʫʰʢʘ2, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 
1ɯʥʩʪʠʪʫʪ ʛʽʜʨʦʤʝʭʘʥʽʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ; 

2ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʄɽʍɸʅɯʏʅʆɻʆ ɿʅɽɺʆɼʅɽʅʅʗ ʆʉɸɼʋ  

ʆʏʀʉʅʀʍ ʉʇʆʈʋɼ ʅɸ ʌɯʃʔʊʈʇʈɽʉɯ 

 

ʇʦʢʘʟʘʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʦʩʘʜʫ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʽ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ 

ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʚ ʋʢʨʘʾʥʽ. ʆʙˇʨʫʥʪʦʚʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ ʪʘ 

ʥʘʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ, ʷʢʽ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. ʉʢʣʘʜʝʥʘ ʢʦʤʧôʶʪʝʨʥʘ 

ʧʨʦʛʨʘʤʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʥʝʚʦʜʥʝʥʥʷ ʦʩʘʜʫ ʥʘ ʬʽʣʴʪʨ-

ʧʨʝʩʽ, ʨʦʙʦʪʘ ʷʢʦʾ ʧʨʦʽʣʶʩʪʨʦʚʘʥʘ ʧʨʠʢʣʘʜʦʤ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʥʝʚʦʜʥʝʥʥʷ ʦʩʘʜʫ, ʤʦʜʝʣʶʚʘʥʥʷ, ʢʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ, ʬʽʣʴʪʨʧʨʝʩ. 

ɺʩʪʫʧ 

ʋ ʣʠʧʥʽ 2010 ʨʦʢʫ ɻʝʥʝʨʘʣʴʥʘ ʘʩʘʤʙʣʝʷ ʆʆʅ ʚʠʟʥʘʣʘ ʜʦʩʪʫʧ ʜʦ ʯʠʩʪʦʾ ʚʦʜʠ ʪʘ ʢʘ-

ʥʘʣʽʟʘʮʽʾ ʦʜʥʠʤ ʟ ʧʨʘʚ ʣʶʜʠʥʠ [1, 2]. ɸ ʮʝ ʦʟʥʘʯʘʻ ʷʢʽʩʥʫ ʦʯʠʩʪʢʫ ʚʦʜʠ, ʚʢʣʶʯʘʶʯʠ ʚʩʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʧʨʦʮʝʩʠ. 

ɺ ʋʢʨʘʾʥʽ 56% ʥʘʩʝʣʝʥʥʷ ʢʦʨʠʩʪʫʻʪʴʩʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 

ʜʦ ʷʢʠʭ ʚʦʜʘ ʥʘʜʭʦʜʠʪʴ ʟ ʧʦʚʝʨʭʥʝʚʠʭ ʜʞʝʨʝʣ [3]. ʊʘʢʘ ʚʦʜʘ ʤʽʩʪʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʟʘʚʠʩ-

ʣʠʭ ʨʝʯʦʚʠʥ, ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʘʛʝʥʪʠ. ʅʘʡʙʽʣʴʰ ʫʞʠʚʘʥʠʤʠ ʚ ʥʘʰʽʡ 

ʢʨʘʾʥʽ ʻ ʩʫʣʴʬʘʪ ʘʣʶʤʽʥʽʶ ʽ ʩʫʣʴʬʘʪ ʘʙʦ ʭʣʦʨʠʜ ʪʨʠʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ [4]. ɺʚʝʜʝʥʥʷ ʨʝʘʛʝʥʪʫ 

ʽʥʽʮʽʶʻ ʧʨʦʮʝʩ ʢʦʘʛʫʣʷʮʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ ʟʣʠʧʘʶʪʴʩʷ, ʟʙʽʣʴʰʫʶʪʴʩʷ  

ʽ ʧʨʦʜʫʢʫʶʪʴ ʟʜʘʪʥʽ ʜʦ ʦʩʽʜʘʥʥʷ ʯʘʩʪʢʠ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʩʝʜʠʤʝʥʪʘʮʽʾ ʫʪʚʦʨʶʶʪʴ ʦʩʘʜ.  

ʇʨʠʡʥʷʚʰʠ 200 ʣ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʜʥʫ ʦʩʦʙʫ ʥʘ ʜʦʙʫ, ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʚʠʩʣʠʭ ʨʝ-

ʯʦʚʠʥ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʨʝʘʛʝʥʪʦʤ 250 ʤʛ/ʣ, ʽ ʚʨʘʭʫʚʘʚʰʠ ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ, ʷʢʘ ʢʦʨʠʩʪʫʻʪʴʩʷ 

ʦʯʠʱʝʥʦʶ ʚʦʜʦʶ ʟ ʧʦʚʝʨʭʥʝʚʠʭ ʜʞʝʨʝʣ, ʤʦʞʥʘ ʧʨʠʙʣʠʟʥʦ ʦʮʽʥʠʪʠ ʤʘʩʫ ʦʩʘʜʫ, ʷʢʘ ʫʪʚʦ-

ʨʶʻʪʴʩʷ ʱʦʜʦʙʠ ʚ ʋʢʨʘʾʥʽ ï ʮʝ ʙʣʠʟʴʢʦ 1300 ʪ ʧʦ ʩʫʭʽʡ ʨʝʯʦʚʠʥʽ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ 

ʜʘʥʠʡ ʪʠʧ ʦʩʘʜʫ ʤʘʻ ʚʦʣʦʛʽʩʪʴ 99% ʽ ʛʫʩʪʠʥʫ, ʙʣʠʟʴʢʫ ʜʦ ʛʫʩʪʠʥʠ ʚʦʜʠ, ʦʪʨʠʤʫʻʤʦ, ʱʦ 

ʦʨʽʻʥʪʦʚʥʦ ʚ ʋʢʨʘʾʥʽ ʥʘ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ ʧʨʦʜʫʢʫʻʪʴʩʷ 130 000 ʤ3 ʦʩʘʜʫ ʥʘ 

ʜʦʙʫ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʦʙʣʝʤʘ ʦʩʘʜʫ ʭʘʨʘʢʪʝʨʥʘ ʥʝ ʣʠʰʝ ʜʣʷ ʋʢʨʘʾʥʠ, ʘ ʻ ʘʢʪʫʘʣʴʥʦʶ,  

ʚ ʙʽʣʴʰʠʭ ʯʠ ʤʝʥʰʠʭ ʤʘʩʰʪʘʙʘʭ, ʜʣʷ ʚʩʴʦʛʦ ʩʚʽʪʫ. ʂʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʩʘʜʫ ʚʦ-

ʣʦʛʽʩʪʶ 90ï99% (90% ʧʽʩʣʷ ʧʝʨʚʠʥʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ ʽ 99% ʧʽʩʣʷ ʚʪʦʨʠʥʥʠʭ) ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ 
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ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʦʯʠʩʥʠʭ ʩʪʘʥʮʽʷʭ. ɺ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʩʫʭʫ ʨʝʯʦʚʠʥʫ ʮʝ ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴ-

ʦʤʫ 150 ʛ ʦʩʘʜʫ ʧʽʩʣʷ ʧʝʨʚʠʥʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ ʽ 80 ʛ ï ʧʽʩʣʷ ʚʪʦʨʠʥʥʠʭ ʥʘ ʢʦʞʥʠʡ ʢʫʙʦʤʝʪʨ 

ʩʪʽʯʥʠʭ ʚʦʜ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʦʯʠʱʝʥʥʷ [5].  

ʉʢʠʜʘʥʥʷ ʦʩʘʜʫ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʜʦ ʨʽʯʦʢ (ʽʩʥʫʶʯʘ ʥʘ ʙʘʛʘʪʴʦʭ ʫʢʨʘʾʥ-

ʩʴʢʠʭ ʩʪʘʥʮʽʷʭ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʧʨʘʢʪʠʢʘ) ʘʙʦ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʫ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʦʯʠʩʥʠʭ 

ʩʧʦʨʫʜ ʥʘ ʤʫʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʚʢʽʣʣʷ. ɿʘʧʦʙʽʛʪʠ ʮʴʦʤʫ ʜʦʧʦʤʘʛʘʻ 

ʚʽʜʧʦʚʽʜʥʘ ʦʙʨʦʙʢʘ ʦʩʘʜʫ, ʽ ʧʝʨʰʠʤ ʧʨʦʮʝʩʦʤ ʪʫʪ ʻ ʤʝʭʘʥʽʯʥʝ ʟʥʝʚʦʜʥʝʥʥʷ [5, 6].  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 

ɺʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʦʩʘʜʫ  

ɿʥʝʚʦʜʥʝʥʥʷ ʦʩʘʜʫ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʽ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ 

ʟʝʢʦʥʦʤʠʪʠ ʢʦʰʪʠ ʥʘ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʫʪʠʣʽʟʘʮʽʶ ʘʙʦ ʣʽʢʚʽʜʘʮʽʶ ʟʘʚʜʷʢʠ ʩʫʪʪʻʚʦʤʫ  

(ʫ ʨʘʟʠ) ʟʤʝʥʰʝʥʥʶ ʦʙôʻʤʽʚ ʦʩʘʜʫ ʥʘʚʽʪʴ ʧʨʠ ʥʝʟʥʘʯʥʽʡ (ʥʘ ʢʽʣʴʢʘ ʚʽʜʩʦʪʢʽʚ) ʟʤʽʥʽ ʚʦʣʦʛʦʩʪʽ. 

ʅʘʦʯʥʦ ʮʝ ʤʦʞʥʘ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʢʘ, ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 1, ʥʘ ʷʢʦʤʫ 

ʧʦʢʘʟʘʥʘ ʟʤʽʥʘ ʦʙôʻʤʫ ʦʩʘʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʚʦʣʦʛʦʩʪʽ. ʅʘ ʦʩʽ ʘʙʩʮʠʩ ʚʽʜʢʣʘʜʝʥʦ 

ʦʙôʻʤʥʫ ʚʦʣʦʛʽʩʪʴ ʫ ʚʽʜʩʦʪʢʘʭ, ʘ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ ï ʚʽʜʥʦʩʥʠʡ ʦʙôʻʤ ʦʩʘʜʫ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʙʝʟ-

ʨʦʟʤʽʨʥʦʛʦ ʚʠʛʣʷʜʫ. ʇʽʜ ʚʽʜʥʦʩʥʠʤ ʦʙôʻʤʦʤ ʦʩʘʜʫ ʨʦʟʫʤʽʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ 

ʦʩʘʜʫ  ʜʦ ʦʙôʻʤʫ ʡʦʛʦ ʪʚʝʨʜʦʾ ʬʘʟʠ :  

 

                                                    (1) 

 

ʆʙôʻʤʥʘ ʚʦʣʦʛʽʩʪʴ W ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʷʢ ʦʙôʻʤ ʚʦʜʠ ʚ ʦʩʘʜʽ , ʚʠʨʘʞʝʥʠʡ ʫ ʚʽʜʩʦʪʢʘʭ 

ʜʦ ʡʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʦʙôʻʤʫ :  

 

                     (2) 

 

ɿʥʘʶʯʠ, ʱʦ  ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ (2), ʤʦʞʥʘ ʟʥʘʡʪʠ, ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ ʦʙôʻʤ ʦʩʘʜʫ ʧʨʠ ʚʪʨʘʪʽ ʥʠʤ ʚʦʣʦʛʠ: 

 

                                           (3) 

 

ʊʫʪ  ï ʢʦʝʬʽʮʽʻʥʪ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʦʩʘʜʫ; 

 ï ʧʦʯʘʪʢʦʚʠʡ ʦʙôʻʤ ʦʩʘʜʫ, ʤ3; 

 ï ʢʽʥʮʝʚʠʡ ʦʙôʻʤ ʦʩʘʜʫ (ʦʙôʻʤ ʦʩʘʜʫ ʧʽʩʣʷ ʟʥʝʚʦʜʥʝʥʥʷ), ʤ3; 

 ï ʧʦʯʘʪʢʦʚʘ ʦʙôʻʤʥʘ ʚʦʣʦʛʽʩʪʴ ʦʩʘʜʫ, %; 

 ï ʢʽʥʮʝʚʘ ʦʙôʻʤʥʘ ʚʦʣʦʛʽʩʪʴ ʦʩʘʜʫ (ʦʙôʻʤʥʘ ʚʦʣʦʛʽʩʪʴ ʦʩʘʜʫ ʧʽʩʣʷ ʟʥʝʚʦʜʥʝʥʥʷ), %. 
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ʈʠʩ. 1 ï ɿʤʽʥʘ ʚʽʜʥʦʩʥʦʛʦ ʦʙôʻʤʫ ʦʩʘʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʦʣʦʛʦʩʪʽ  

ʅʝʚʘʞʢʦ ʧʽʜʨʘʭʫʚʘʪʠ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʦʣʦʛʦʩʪʽ ʥʘʚʽʪʴ ʥʘ ʜʝʚôʷʪʴ ʚʽʜʩʦʪʢʽʚ ï ʟ 99% 

ʜʦ 90%, ʦʙôʻʤ ʦʩʘʜʫ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 10 ʨʘʟʽʚ: 

 

 
 

ɼʦʩʠʪʴ ʯʘʩʪʦ ʚ ʣʽʪʝʨʘʪʫʨʽ (ʥʘʧʨʠʢʣʘʜ, [6]) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʷʪʪʷ ʚʦʣʦʛʦʩʪʽ ʦʩʘʜʫ ʧʦ 

ʤʘʩʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʨʘʟ (2) ʟʤʽʥʠʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ:  

 

                                                   (4) 

 

ʊʫʪ  ï ʛʫʩʪʠʥʘ ʚʦʜʠ,  ï ʛʫʩʪʠʥʘ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ. 

ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʠ ʛʫʩʪʠʥʠ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʦʩʘʜʽ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʥʘʚʝʜʝ-

ʤʦ ʢʽʣʴʢʘ ʮʠʬʨ. ʊʘʢ, ʛʫʩʪʠʥʘ ʪʚʝʨʜʦʾ ʬʘʟʠ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ (ʧʽʩʣʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ 

ʩʪʽʯʥʠʭ ʚʦʜ) ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 1250 ʢʛ/ʤ3 [5]. ɻʫʩʪʠʥʘ ʪʚʝʨʜʦʾ ʬʘʟʠ ʦʩʘʜʫ ʩʪʘʥʮʽʾ ʚʦʜʦ-

ʧʽʜʛʦʪʦʚʢʠ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʚʦʜʠ ʩʦʣʷʤʠ ʟʘʣʽʟʘ ï 3000 ʢʛ/ʤ3 [7]. 

ʉʫʯʘʩʥʽ ʩʧʦʨʫʜʠ ʜʣʷ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ ʦʩʘʜʫ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʡʦʛʦ ʦʙôʻʤ 

ʙʽʣʴʰʝ ʥʽʞ ʫ 20 ʨʘʟʽʚ [8]. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʮʝʥʪʨʠʬʫ-

ʛʠ, ʷʢʽ ʱʝ ʥʘʟʠʚʘʶʪʴ ʚʽʜʮʝʥʪʨʦʚʠʤʠ ʜʝʢʘʥʪʝʨʘʤʠ, ʽ ʬʽʣʴʪʨʧʨʝʩʠ.  

ɿʘʟʚʠʯʘʡ ʦʩʘʜ ʧʽʩʣʷ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʟʥʝʚʦʜʥʶʶʪʴ ʜʦ ʚʦʣʦʛʦʩʪʽ  

75ï80% [6]. ʊʘʢʠʡ ʧʦʢʘʟʥʠʢ ʚʦʣʦʛʦʩʪʽ ʻ ʦʙˇʨʫʥʪʦʚʘʥʠʤ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ. ɿʘ ʬʦʨʤʫʣʦʶ (3) ʥʝʚʘʞʢʦ ʧʽʜʨʘʭʫʚʘʪʠ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʦʣʦʛʦʩʪʽ ʟ 99% ʜʦ 75% 

ʦʙôʻʤ ʦʩʘʜʫ ʟʤʝʥʰʠʪʴʩʷ ʫ 25 ʨʘʟʽʚ, ʪʦʜʽ ʷʢ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʚʦʣʦʛʦʩʪʽ ʟ 75% ʜʦ 25% ʦʙôʻʤ ʦʩʘ-

ʜʫ ʟʤʝʥʰʠʪʴʩʷ ʣʠʰʝ ʫ 3 ʨʘʟʠ.  

ʅʘ ʞʘʣʴ, ʥʘ ʩʴʦʛʦʜʥʽ ʚʦʜʦʧʨʦʚʽʜʥʽ ʪʘ ʢʘʥʘʣʽʟʘʮʽʡʥʽ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ ʤʽʩʪʘ ʂʠʻʚʘ, ʷʢ ʽ ʧʝ-

ʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʫʢʨʘʾʥʩʴʢʠʭ ʤʽʩʪ, ʥʝ ʦʙʣʘʜʥʘʥʽ ʩʧʦʨʫʜʘʤʠ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ  
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ʦʩʘʜʫ, ʭʦʯʘ ʥʘ ʜʝʷʢʠʭ ʟ ʥʠʭ ʽ ʧʨʦʚʦʜʠʣʦʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʝʚʦʜʥʝʥʥʷ ʥʘ ʧʝʨʝʩʫʚʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ [8]. ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʽʷ ʦʩʘʜʫ ʚʦʣʦʛʽʩʪʶ 76% ʧʽʩʣʷ ʡʦʛʦ ʪʝʩʪʦʚʦʛʦ ʟʥʝ-

ʚʦʜʥʝʥʥʷ ʥʘ ɼʥʽʧʨʦʚʩʴʢʽʡ ʚʦʜʦʧʨʦʚʽʜʥʽʡ ʩʪʘʥʮʽʾ ʤʽʩʪʘ ʂʠʻʚʘ. ʗʢ ʙʘʯʠʤʦ, ʢʦʥʩʠʩʪʝʥʮʽʷ ʤʝ-

ʭʘʥʽʯʥʦ ʟʥʝʚʦʜʥʝʥʦʛʦ ʦʩʘʜʫ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʥ-

ʪʘʞʽʚʦʢ, ʪʦʜʽ ʷʢ ʚʠʭʽʜʥʠʡ ʦʩʘʜ ʚʦʣʦʛʽʩʪʶ 99% ʻ ʨʽʜʢʠʤ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʡʦʛʦ ʤʦʞʥʘ ʣʠʰʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. 

 

 

ʈʠʩ. 2 ï ʆʩʘʜ ʚʦʣʦʛʽʩʪʶ 76% ʧʽʩʣʷ ʟʥʝʚʦʜʥʝʥʥʷ 

ɺʠʭʦʜʷʯʠ ʟ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʨʦʙʣʝʤʠ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ ʦʩʘʜʫ ʥʘ ʬʽʣʴʪʨʧʨʝʩʽ.  

ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʨʦʮʝʩʫ 

ʉʧʨʦʱʝʥʦ ʩʭʝʤʫ ʨʦʙʦʪʠ ʬʽʣʴʪʨʧʨʝʩʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʘʢ, ʷʢ ʮʝ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3. 

ʆʩʘʜ ʧʦʜʘʻʪʴʩʷ ʜʦ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʘʤʝʨʠ ʚʠʩʦʪʦʶ Ho (ʜʠʚ. ʨʠʩ. 3), ʱʦ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʦʙʤʝ-

ʞʝʥʘ ʤʝʤʙʨʘʥʦʶ, ʘ ʟ ʽʥʰʦʛʦ ʧʦʨʰʥʝʤ, ʜʦ ʷʢʦʛʦ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ DP. ʇʽʜ 

ʜʽʻʶ ʪʠʩʢʫ DP ʚʦʜʘ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʦʩʘʜʽ, ʬʽʣʴʪʨʫʻʪʴʩʷ ʢʨʽʟʴ ʤʝʤʙʨʘʥʫ, ʫʪʚʦʨʶʶʯʠ ʬʽʣʪɹʨʘʪ, 

ʘ ʪʚʝʨʜʘ ʬʘʟʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʘʤʝʨʠ. ʇʨʦʮʝʩ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʢʦʣʠ 

ʚʥʫʪʨʽʰʥʽʡ (ʦʩʤʦʪʠʯʥʠʡ) ʪʠʩʢ ʦʩʘʜʫ ʩʷʛʘʻ ʚʝʣʠʯʠʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ DP ʽ ʧʦʨʰʝʥʴ ʥʝ  

ʚ ʟʤʦʟʽ ʨʫʭʘʪʠʩʴ ʜʘʣʽ. ʇʨʠ ʮʴʦʤʫ ʚʠʩʦʪʘ ʰʘʨʫ ʦʩʘʜʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ ʧʝʨʚʽʩʥʦʛʦ ʟʥʘʯʝʥʥʷ Ho 

ʜʦ ʢʽʥʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ h. 

ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʟʥʝʚʦʜʥʝʥʥʽ ʦʩʘʜʫ ʫ ʬʽʣʴʪʨʧʨʝʩʽ, ʪʘ 

ʧʨʠʥʮʠʧʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʮʽʻʾ ʩʧʦʨʫʜʠ ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʽ ʫ ʨʦʙʦʪʘʭ [7, 9, 11].  

ʆʩʥʦʚʦʶ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ ʦʩʘʜʫ ʧʽʜ ʪʠʩʢʦʤ ʻ ʫʩʚʽʜʦʤʣʝʥʥʷ ʪʦʛʦ ʬʘʢʪʫ, 

ʱʦ ʦʢʨʽʤ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʤ ʚʠʩʦʪʽ ʰʘʨʫ ʦʩʘʜʫ ʚ ʢʘ-

ʤʝʨʽ ʬʽʣʴʪʨʧʨʝʩʫ, ʽʩʥʫʻ ʱʝ ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʠʡ ʧʨʠ ʩʪʘʙʽʣʴʥʠʭ 
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ʫʤʦʚʘʭ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʷʢ ʦʩʤʦʪʠʯʥʠʡ ʪʠʩʢ [7, 10]. ʉʫʤʘ ʮʠʭ ʜʚʦʭ ʚʠʜʽʚ ʟʫʩʠʣʴ ʩʪʘʥʦʚʠʪʴ 

ʪʦʡ ʪʠʩʢ, ʷʢʠʡ ʪʨʝʙʘ ʧʦʜʦʣʘʪʠ, ʧʨʠʢʣʘʜʘʶʯʠ ʜʦ ʧʦʨʰʥʷ ʟʦʚʥʽʰʥʻ ʟʫʩʠʣʣʷ, ʱʦʙ ʧʨʦʮʝʩ ʟʥʝ-

ʚʦʜʥʝʥʥʷ ʨʦʟʧʦʯʘʚʩʷ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʢʘ ʛʽʜʨʦʩʪʘʪʠʯʥʦʾ ʪʘ ʦʩʤʦʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʪʠʩʢʫ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʚʠʩʦʪʽ ʢʘʤʝʨʠ ʡ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ. ɿʘʛʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʪʠʩʢʦʤ ʪʚʝʨʜʦʾ ʬʘʟʠ ʽ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʻʶ. ʇʨʠʨʦ-

ʜʘ ʮʴʦʛʦ ʷʚʠʱʘ ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʽ [11], ʜʝ ʪʠʩʢ ʯʘʩʪʦʢ ʧʦʷʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʤʝʞʫ ʝʣʘ-

ʩʪʠʯʥʦʩʪʽ ʈʫ(f).  

 

 

ʈʠʩ. 3 ï ʉʭʝʤʘ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ 

ɺ ʷʢʦʩʪʽ ʧʦʩʪʫʣʘʪʫ ɹʘʩʢʦʣ ʽ ʋʘʡʪ [11] ʧʨʠʡʥʷʣʠ, ʱʦ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʤʽʩʪʠʪʴ ʜʫʞʝ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʟʘʚʠʩʣʠʭ ʯʘʩʪʦʢ (ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʝ ʤʝʥʰ, ʥʽʞ 5 ʛ/ʣ [12]), ʤʦʞʝ ʧʦʚʦʜʠʪʠʩʴ ʷʢ 

ʪʚʝʨʜʝ ʪʽʣʦ ʦʙ'ʻʤʥʦʾ ʬʨʘʢʮʽʾ f ʜʦʪʠ, ʧʦʢʠ ʟʦʚʥʽʰʥʻ ʟʫʩʠʣʣʷ ʥʝ ʧʝʨʝʚʠʱʠʪʴ ʤʝʞʽ ʝʣʘʩʪʠʯ-

ʥʦʩʪʽ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʮʽʻʾ ʤʝʞʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʡ ʣʦʢʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʦʙ'̒ʤʥʦʾ ʬʨʘʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʧʨʦʪʽʢʘʻ ʜʫʞʝ ʰʚʠʜʢʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʘʩʦʤ ʧʝʨʝʙʽʛʫ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ, 

ʦʪʞʝ, ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ ʫ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙôʻʤʽ ʩʫʩʧʝʥʟʽʾ ʟʘʚʞʜʠ ʪʽʣʴʢʠ ʥʘ ʥʝʩʢʽʥʯʝʥ-

ʥʦ ʤʘʣʫ ʚʝʣʠʯʠʥʫ ʚʠʱʝ ʤʝʞʽ ʝʣʘʩʪʠʯʥʦʩʪʽ [11]. ʇʨʦʮʝʩ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʢʦʣʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ 

ʧʦʨʰʥʷ ʚʞʝ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʧʝʨʝʚʠʱʠʪʠ ʤʝʞʫ ʝʣʘʩʪʠʯʥʦʩʪʽ ʦʩʘʜʫ, ʦʙʫʤʦʚʣʝʥʫ ʡʦʛʦ ʢʦʣʠ-

ʛʘʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ɿ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʘ ʟʤʽʥʦʶ h(t) ʽ ʥʘʤʘʛʘʻʤʦʩʴ ʚʠʟʥʘʯʠʪʠ, ʷʢ 

ʢʦʥʪʨʦʣʴ ʥʘʜ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢ Dʈ, X0 ʪʘ H0 ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦ-

ʤʦʞʥʽʩʪʴ ʬʽʣʴʪʨʧʨʝʩʘ.  

ʈʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ ʦʩʘʜʫ ʚ ʯʘʩʽ, ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ 

ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ [7, 9, 11, 13], ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʚʝʜʝʥʽ ʜʦ ʚʠʛʣʷʜʫ ʜʠʬʫʟʽʡʥʦʛʦ 

ʨʽʚʥʷʥʥʷ, ʟʘʧʠʩʘʥʦʛʦ ʜʣʷ ʣʦʢʘʣʴʥʦʾ ʦʙ'ʻʤʥʦʾ ʬʨʘʢʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʍ:  

 

                                                       (5) 
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ʊʫʪ ʍ ï ʦʙ'ʻʤʥʘ ʬʨʘʢʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ; 

dh/dt ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʨʰʥʷ; 

ʢʦʝʬʽʮʽʻʥʪ ʜʠʩʧʝʨʩʽʾ, ʷʢʠʡ ʚ ʨʦʙʦʪʽ [9] ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 

 

      (6) 

 

ʊʫʪ Vp ï ʩʝʨʝʜʥʽʡ ʦʙôʻʤ ʦʜʥʽʻʾ ʯʘʩʪʠʥʢʠ; 

l ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʨʫʭʫ ʯʘʩʪʠʥʢʠ; 

r(X) ï ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʥʝʥʦʛʦ ʦʩʽʜʘʥʥʷ; 

Py ï ʟʘʣʝʞʥʘ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʤʝʞʘ ʝʣʘʩʪʠʯʥʦʩʪʽ ʦʩʘʜʫ. 

ʂʦʝʬʽʮʽʻʥʪ ʩʪʠʩʥʝʥʦʛʦ ʦʩʽʜʘʥʥʷ r(X) ʚʭʦʜʠʪʴ ʜʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʰʚʠʜʢʦʩʪʽ ʦʩʽʜʘʥʥʷ ʯʘʩʪʦʢ u [11]: 

 

      (7) 

 

ʊʫʪ uo ï ʰʚʠʜʢʽʩʪʴ ʚʽʣʴʥʦʛʦ ʦʩʽʜʘʥʥʷ ʦʜʥʽʻʾ ʯʘʩʪʠʥʢʠ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʽʩʥʫʻ ʝʤʧʽʨʠʯʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ u [14, 15]:  

 

     (8) 

 

ʇʨʠʨʽʚʥʷʚʰʠ ʨʽʚʥʷʥʥʷ (7) ʽ (8), ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ, ʷʢʠʡ ʧʦʚôʷʟʫʻ ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʥʝʥʦʛʦ 

ʦʩʽʜʘʥʥʷ ʟ ʦʙ'ʻʤʥʦʶ ʬʨʘʢʮʽʻʶ ʪʚʝʨʜʦʾ ʬʘʟʠ:  

 

    (9) 

 

 

ɹʘʛʘʪʦ ʘʚʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ [7, 9, 16], ʦʧʠʩʫʶʪʴ Py ʥʘʩʪʫʧʥʦʶ ʩʪʝʧʝʥʝʚʦʶ ʟʘʣʝʞʥʽʩʪʶ:  

 

   (10) 

 

ʊʫʪ Xg ï ʦʙ'ʻʤʥʘ ʬʨʘʢʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʪʦʯʮʽ ʛʝʣʝʫʪʚʦʨʝʥʥʷ; p1, p2 ï ʝʤʧʽʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ.  

ɿ ʚʠʨʘʟʫ (10) ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ ʧʦʭʽʜʥʘ dPy/dX: 

 

    (11) 
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ʇʽʜʩʪʘʚʠʚʰʠ ʨʽʚʥʷʥʥʷ (9) ʽ (11) ʫ ʨʽʚʥʷʥʥʷ (6), ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʩʧʝʨʩʽʾ D(X): 

 

 (12) 

ʊʫʪ  

 
 

 

 

 
 

ʅʘʚʝʜʝʥʽ ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ d1, d2, d3 ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ 

ʦʨʽʻʥʪʠʨ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʜʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʪʠʧʫ ʦʩʘ-

ʜʫ ʚʠʟʥʘʯʘʪʠʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ.  

ʄʘʢʩʠʤʘʣʴʥʘ ʦʙ'ʻʤʥʘ ʬʨʘʢʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʬʽʣʴʪʨʧʨʝʩʽ Xinf ʧʽʜʨʘʭʦʚʫʻʪʴʩʷ, ʚʠʭʦʜʯ̫ʠ 

ʟ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʢʦʣʠ ʚʥʫʪʨʽʰʥʽʡ (ʦʩʤʦʪʠʯʥʠʡ) ʪʠʩʢ 

ʦʩʘʜʫ ʩʷʛʘʻ ʚʝʣʠʯʠʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ DP ʽ ʧʦʨʰʝʥʴ ʥʝ ʤʦʞʝ ʨʫʭʘʪʠʩʴ ʜʘʣʽ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʽʚʥʷʥʥʷ (10) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʤʦʪʠʯʥʦʛʦ ʪʠʩʢʫ ʦʩʘʜʫ ʦʪʨʠʤʫʻʤʦ:  

 

   (13) 

 

ɿʚʽʜʩʠ ʤʘʢʩʠʤʘʣʴʥʘ ʦʙ'ʻʤʥʘ ʬʨʘʢʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ: 

 

   (14) 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʜʠʩʢʫʩʽʷ 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʣʘʜʝʥʠʭ ʚʠʱʝ ʨʽʚʥʷʥʴ ʙʫʣʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ, ʱʦ ʦʧʠʩʫʻ 

ʧʨʦʮʝʩ ʟʥʝʚʦʜʥʝʥʥʷ ʦʩʘʜʫ ʫ ʢʘʤʝʨʽ ʬʽʣʴʪʨʧʨʝʩʘ ʟʘ ʚʽʜʧʦʚʽʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ʪʘ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ. ʋʩʽ ʧʘʨʘʤʝʪʨʠ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʙʫʣʠ ʧʝʨʝʚʝʜʝʥʽ ʜʦ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʚʠʛʣʷʜʫ, 

ʧʽʩʣʷ ʯʦʛʦ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ. ʉʧʦʯʘʪʢʫ ʜʣʷ ʮʴʦ-

ʛʦ ʩʢʦʨʠʩʪʘʣʠʩʴ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʠ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʠʙʦ-

ʨʦʤ ʜʦʚʞʠʥʠ ʢʨʦʢʫ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʢʦʣʠʚʘʣʘʩʴ ʫ ʤʝʞʘʭ ʚʽʜ 0,000125 (ʥʘ ʧʦ-

ʯʘʪʢʫ ʨʦʟʨʘʭʫʥʢʫ) ʜʦ 0,0000625 (ʫ ʢʽʥʮʽ ʨʦʟʨʘʭʫʥʢʫ). ɸʣʝ ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʢʦʞ-

ʥʦʛʦ ʦʢʨʝʤʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʠ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 15 ʭʚʠʣʠʥ, ʧʨʦʛʨʘʤʫ 

ʙʫʣʦ ʧʝʨʝʧʠʩʘʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʽʪʝʨʘʮʽʡ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʥʘ ʧʦʨʷ-

ʜʦʢ ʧʨʠʩʢʦʨʠʪʠ ʯʘʩ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ.  
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ʉʪʚʦʨʝʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʟʘ ʟʘʜʘʥʠʤʠ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ (ʧʦʯʘʪʢʦʚʠʡ 

ʰʘʨ ʦʩʘʜʫ, ʪʦʯʢʘ ʛʝʣʝʫʪʚʦʨʝʥʥʷ, ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ,  

ʦʩʤʦʪʠʯʥʠʡ ʪʠʩʢ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʜʠʩʧʝʨʩʽʾ), ʷʢʽ ʣʝʛʢʦ ʚʚʦʜʷʪʴʩʷ ʘʙʦ ʢʦʨʠʛʫʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʝʤ 

ʟʘʚʜʷʢʠ ʟʨʫʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ, ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʚʝʨʜʦʾ 

ʬʘʟʠ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʢʘʤʝʨʠ, ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʬʽʣʴʪʨʘʪʫ, ʡʦʛʦ ʩʫʢʫʧʥʠʡ ʦʙôʻʤ 

ʪʦʱʦ [8, 17].  

ʗʢ ʧʨʠʢʣʘʜ ʥʘ ʨʠʩ. 4 ʥʘʚʝʜʝʥʘ ʟʤʽʥʘ ʯʘʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ ʦʩʘʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʯʘʪʢʦ-

ʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʥʴʦʤʫ. ʈʦʟʨʘʭʫʥʢʠ (ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ, ʥʘʚʝ-

ʜʝʥʦʛʦ ʥʘ ʨʠʩ. 4) ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: DP = 1000 ʢʇʘ; ʅʦ = 0,015 ʤ; 

ʍg = 0,007;  = 1,150 ʇʘ;  = 4,667; d1 = 0,00353 ʤ
2/ʩ; d2 = 3,667; d3 = 35,104. 

 

 

ʈʠʩ. 4 ï ɿʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ɺʠʩʥʦʚʢʠ 

1. ʋʪʠʣʽʟʘʮʽʷ ʦʩʘʜʫ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʽ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʚ ʋʢʨʘʾʥʽ ʟʘʣʠʰʘ-

ʻʪʴʩʷ ʱʝ ʡ ʜʦʩʽ ʛʦʩʪʨʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʫ, ʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʽ ʦʙôʻʤʠ ʦʩʘʜʫ ʪʘ ʡʦʛʦ ʥʝʛʘʪʠʚ-

ʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʥʝʦʙʭʽʜʥʦ ʷʢʥʘʡʰʚʠʜʰʝ ʚʠʨʽʰʫʚʘʪʠ.  

2. ʆʩʢʽʣʴʢʠ ʤʝʭʘʥʽʯʥʝ ʟʥʝʚʦʜʥʝʥʥʷ ʦʩʘʜʫ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʟʘ ʥʝʟʥʘʯʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ 

ʟʥʠʟʠʪʠ ʡʦʛʦ ʦʙôʻʤ ʫ 20ï25 ʨʘʟʽʚ, ʻ ʤʽʞʥʘʨʦʜʥʦʶ ʧʨʘʢʪʠʢʦʶ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʜʽʙʥʦʾ ʧʨʦʙʣʝʤʠ, 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ.  

3. ɿ ʮʽʻʶ ʤʝʪʦʶ ʥʘ ʙʘʟʽ ʦʧʠʩʘʥʦʾ ʫ ʟʘʨʫʙʽʞʥʽʡ ʬʘʭʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʽ ʚʠʨʽʰʝʥʘ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʨʦʙʦʪʠ ʬʣ̔ʴʪʨʧʨʝʩʘ.  

4. ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʧʨʦʛʨʘʤʫ ʟʽ ʟʨʫʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʚʦ-

ʜʠʪʠ ʘʙʦ ʟʤʽʥʶʚʘʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʰʚʠʜʢʦ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʽ ʦʪʨʠʤʫʚʘʪʠ ʫ ʛʨʘʬʽʯʥʦʤʫ 

ʚʠʛʣʷʜʽ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʬʽʣʴʪʨʧʨʝʩʘ.  
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ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 28.02.14 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ 

É ʅ.ɻ. ʉʪʝʧʦʚʘ, ʖ.ʀ. ʂʘʣʫʛʠʥ, ɸ.ʅ. ʂʫʰʢʘ  

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɽʍɸʅʀʏɽʉʂʆɻʆ ʆɹɽɿɺʆɾʀɺɸʅʀʗ ʆʉɸɼʂɸ  

ʆʏʀʉʊʅʓʍ ʉʆʆʈʋɾɽʅʀʁ ʅɸ ʌʀʃʔʊʈʇʈɽʉʉɽ 

ʇʦʢʘʟʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʦʩʘʜʢʘ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʠ ʢʘʥʘʣʠʟʘʮʠʦʥ-

ʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʋʢʨʘʠʥʝ. ʆʙʦʩʥʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʝʟ-

ʚʦʞʠʚʘʥʠʷ ʠ ʧʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʦʩʪʘʚʣʝʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʩʘʜʢʘ ʥʘ ʬʠʣʴʪʨʧʨʝʩʩʝ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʡ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʧʨʠʤʝʨʦʤ. 

É N.G. Stepova, Y.I. Kalugin, O.M. Kushka  

SIMULATE MECHANICAL SLUDGE DEWATERING TREATMENT FACILITIES  

IN  FILT ER PRESS 

The problem is brought up how urgent is for Ukraine to utilize the sediment in water and 

wastewater treatment plants. Efficiency of its mechanical dewatering is shown and theoretical 

background of this process is presented. A computer code has been written to calculate the main 

technological parameters of sludge dewatering in filter press, which work is illustrated by  

an example.  
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É ʆ.ɸ. ɺʘʩʠʣʝʥʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʆ.ɺ. ʇʦʣʽʱʫʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ; 

ʃ.ʆ. ɺʘʩʠʣʝʥʢʦ  

 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

 

ɺʇʈʆɺɸɼɾɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ɹɯʆʃʆɻɯʏʅʆɰ ʆʏʀʉʊʂʀ  

ʉʊɯʏʅʀʍ ɺʆɼ ɺɯɼ ʉʇʆʃʋʂ ɸɿʆʊʋ ɯ ʌʆʉʌʆʈʋ  

ʅɸ ʄɯʉʔʂʀʍ ʆʏʀʉʅʀʍ ʉʇʆʈʋɼɸʍ 

 

ɺʠʚʯʝʥʠʡ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʜʽʶʯʠʭ ʘʝʨʦʪʝʥʢʽʚ, ʚ ʷʢʠʭ ʨʝʘʣʽʟʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʙʽʦ-

ʣʦʛʽʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ ʩʧʦʣʫʢ ʘʟʦʪʫ ʽ ʬʦʩʬʦʨʫ. ʅʘʧʨʘʮʴʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽ ʾʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʧʦʨʫʜ ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ ʟʘʟʥʘʯʝʥʠʭ ʩʭʝʤ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʽʦʣʦʛʽʯʥʝ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʥʽʪʨʠʬʽʢʘʮʽʷ, ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ, ʙʽʦʣʦ-

ʛʽʯʥʝ ʚʠʜʘʣʝʥʥʷ ʬʦʩʬʦʨʫ, ʘʝʨʦʪʝʥʢ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʙʽʦʣʦʛʽʯʥʦ ʦʯʠʱʝʥʠʭ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʩʪʽʯʥʠʭ ʚʦʜʘʭ 

ʤʽʩʪʠʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʟ'ʻʜʥʘʥʴ ʘʟʦʪʫ ʽ ʬʦʩʬʦʨʫ), ʷʢʽ, ʥʘʜʭʦʜʷʯʠ ʜʦ 

ʚʦʜʦʡʤʠʱ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʝʚʪʨʦʬʽʢʘʮʽʾ ʦʩʪʘʥʥʽʭ. ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʚʦʜʦʨʦʩʪʝʡ ʫ ʚʦʜʦʡʤʽ 

ʩʪʘʻ ʧʨʠʯʠʥʦʶ ʚʪʦʨʠʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ, ʧʽʜʚʠʱʝʥʥʷ ʢʦʣʴʦʨʦʚʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪ-

ʨʘʮʽʾ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʽ ʧʦʛʽʨʰʝʥʥʷ ʾʾ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. Ăʎʚʽʪʽʥʥʷò ʚʦʜʠ  

ʚ ʧʨʠʨʦʜʥʠʭ ʚʦʜʦʡʤʘʭ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʦʛʦ ʚʦʜʦʧʦ-

ʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʠʭ ʤʽʩʮʴ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʊʦʤʫ ʚʤʽʩʪ ʦʩʥʦʚʥʠʭ ʙʽʦʛʝʥʥʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʚ ʦʯʠʱʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʧʦʚʠʥʝʥ ʞʦʨʩʪʢʦ ʥʦʨʤʫʚʘʪʠʩʷ. 

ɿʛʽʜʥʦ ʽʟ ʥʦʚʠʤ ɼɹʅ [17], ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʞʠʪʝʣʽʚ ʙʽʣʴʰʝ 500, ʥʘ ʦʯʠʩʥʠʭ 

ʩʧʦʨʫʜʘʭ ʧʦʚʠʥʥʦ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʝ ʙʽʦʣʦʛʽʯʥʝ ʚʠʜʘʣʝʥʥʷ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ ʩʧʦʣʫʢ ʘʟʦʪʫ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʥʘ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʋʢʨʘʾʥʠ ʚʽʜʩʫʪʥʽ ʟʘʭʦʜʠ ʱʦʜʦ 

ʚʠʜʘʣʝʥʥʷ ʟ'ʻʜʥʘʥʴ ʘʟʦʪʫ ʽ ʬʦʩʬʦʨʫ. ʇʨʠ ʮʴʦʤʫ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ 

ʚʦʜ ʚʽʜ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ, ʙʽʦʣʦʛʽʯʥʽ ʽ ʭʽʤʽ-

ʢʦ-ʙʽʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʘʣʘʥʩʫ ʨʽʚʥʷ ʦʯʠʩʪʢʠ ʪʘ ʟʘʪʨʘʪ 

ʢʦʰʪʽʚ ʷʚʣʷʻʪʴʩʷ ʙʽʦʣʦʛʽʯʥʠʡ ʤʝʪʦʜ ʚʠʜʘʣʝʥʥʷ ʟ'ʻʜʥʘʥʴ ʘʟʦʪʫ ʽ ʬʦʩʬʦʨʫ.  

ɹʽʦʣʦʛʽʯʥʠʡ ʤʝʪʦʜ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʟ'ʻʜʥʘʥʴ ʘʟʦʪʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩʘʭ  

ʥʽʪʨʠ-ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʚ ʦʢʠʩʣʶʚʘʥʥʽ ʥʽʪʨʠʬʽʢʫʶʯʠʤʠ ʙʘʢʪʝʨʽʷʤʠ ʘʤʦʥʽʡʥʦʛʦ 

ʘʟʦʪʫ ʜʦ ʥʽʪʨʘʪʽʚ (ʥʽʪʨʠʬʽʢʘʮʽʷ) ʽ ʥʘʩʪʫʧʥʦʛʦ ʾʭʥʴʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʥʽʪʨʠʬʽʢʫʶʯʠʤʠ  

ʙʘʢʪʝʨʽʷʤʠ ʜʦ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʘʟʦʪʫ (ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ). ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʮʠʭ 
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ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʚ'ʷʟʘʥʠʡ ʢʠʩʝʥʴ ʥʽʪʨʘʪʽʚ ʽ ʥʽʪʨʠʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʥʘ ʘʝʨʘʮʽʶ ʩʪʽʯʥʠʭ ʚʦʜ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʠʪʦʤʠʭ ʝʥʝʨʛʦ-

ʚʠʪʨʘʪ. 

ɹʽʦʣʦʛʽʯʥʝ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʟ'ʻʜʥʘʥʴ ʬʦʩʬʦʨʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʜʘʪʥʦʩʪʽ ʜʝʷʢʠʭ 

ʛʨʫʧ ʙʘʢʪʝʨʽʡ (ʧʝʨʝʚʘʞʥʦ ʨʦʜʫ Acinetobacter) ʫ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʠʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ 

(ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʟʦʥ, ʫ ʷʢʠʭ ʧʝʨʝʙʫʚʘʶʪʴ ʙʘʢʪʝʨʽʾ ʟ ʘʥʘʝʨʦʙʥʠʭ ʥʘ ʘʝʨʦʙʥʽ) ʚʠʣʫʯʘʪʠ  

ʟ ʨʽʜʢʦʾ ʬʘʟʠ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʢʽʣʴʢʦʩʪʽ ʬʦʩʬʦʨʫ, ʥʽʞ ʮʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʣʽʪʠʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ (ʪʘʢ ʟʚʘʥʝ çʞʘʜʽʙʥʝ ʧʦʛʣʠʥʘʥʥʷè).  

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʫ ʚʠʜʘʣʝʥʥʷ ʬʦʩʬʦʨʫ ʚ ʩʧʦʨʫʜʘʭ ʧʦ ʪʠʧʫ ʘʝʨʦʪʝʥʢʽʚ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʧʨʠ ʩʧʦʣʫʯʝʥʥʽ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʭʽʤʽʯʥʠʤ ʦʩʘʜʞʝʥʥʷʤ. 

ɺʠʜʽʣʝʥʥʷ ʥʝ ʨʦʟʚôʷʟʘʥʠʭ ʨʘʥʽʰʝ ʯʘʩʪʠʥ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. ɿʛʽʜʥʦ ʽʟ ʥʦʚʠʤ 

ɼɹʅʦʤ [17], ʜʦʧʫʩʢʘʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʩʭʝʤ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ 

ʙʫʜʽʚʥʠʮʪʚʦ ʥʦʚʠʭ ʩʧʦʨʫʜ ʙʽʦʣʦʛʽʯʥʦʾ ʦʯʠʩʪʢʠ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʚʞʝ ʜʽʶʯʠʭ ʘʝʨʦʪʝʥʢʽʚ ʽʟ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʘʟʦʪʫ ʽ ʬʦʩʬʦʨʫ. 

ʈʘʟʦʤ ʽʟ ʮʠʤ ʚ ʥʦʚʦʤʫ ɼɹʅʽ [17] ʥʝ ʥʘʚʝʜʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʘʥʠʭ ʩʭʝʤ, ʟʦʢ-

ʨʝʤʘ ʦʙ`ʻʤʠ ʘʝʨʦʙʥʠʭ, ʘʥʘʝʨʦʙʥʠʭ, ʘʥʦʢʩʠʜʥʠʭ ʟʦʥ, ʩʪʫʧʝʥʽ ʚʥʫʪʨʽʰʥʴʦʾ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʧʠ-

ʪʦʤʽ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʜʣʷ ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ ʪʦɦ ʦ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ. ʇʨʝʜʤʝʪ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʚʯʝʥʥʽ ʜʦʩʚʽʜʫ 

ʨʦʙʦʪʠ ʜʽʶʯʠʭ ʘʝʨʦʪʝʥʢʽʚ, ʚ ʷʢʠʭ ʨʝʘʣʽʟʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʽʟ 

ʩʪʽʯʥʠʭ ʚʦʜ ʩʧʦʣʫʢ ʘʟʦʪʫ ʽ ʬʦʩʬʦʨʫ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘ-

ʮʽʡ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʧʦʨʫʜ ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ ʟʘʟʥʘʯʝʥʠʭ ʩʭʝʤ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʠʞʯʝʥʘʚʝʜʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ ʩʧʦʣʫʢ ʘʟʦʪʫ ʪʘ ʬʦʩʬʦʨʫ, ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʥʦʚʠʤ 

ɼɹʅʦʤ [17] ʪʘ ʚʞʝ ʟʥʘʡʰʣʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ.  

ʅʘ ʩʭʝʤʘʭ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

ʉɺ ï ʩʪʽʯʥʽ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʩʧʦʨʫʜʫ; 

ʆʉɺ ï ʦʯʠʱʝʥʽ ʩʪʽʯʥʽ ʚʦʜʠ; 

ʈ1 ï ʥʽʪʨʘʪʥʠʡ ʨʝʮʠʢʣ; 

ʈ2 ï ʨʝʮʠʨʢʫʣʷʮʽʷ ʜʝʥʽʪʨʠʬʽʢʦʚʘʥʦʾ ʤʫʣʦʚʦʾ ʩʫʤʽʰʽ ʚ ʘʥʘʝʨʦʙʥʫ ʟʦʥʫ; 

ʎɸʄ ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʘʢʪʠʚʥʠʡ ʤʫʣ; 

ɺ ï ʚʪʦʨʠʥʥʠʡ ʚʽʜʩʪʽʡʥʠʢ; 

1 ï ʘʥʘʝʨʦʙʥʘ ʟʦʥʘ (ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʨʽʜʠʥʽ ʷʢ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʪʘʢ ʽ ʟʚ'̫ʟʘʥʦʛʦ 

ʢʠʩʥʶ ʥʽʪʨʠʪʽʚ ʽ ʥʽʪʨʘʪʽʚ); 

2 ï ʘʝʨʦʙʥʘ ʟʦʥʘ (ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʘʝʨʘʮʽʾ ʩʫʤʽʰʽ (ʢʦʣʠ ʚ ʨʽʜʠʥʽ ʧʨʠʩʫʪʥʽʡ ʨʦʟʯʠʥʝʥʠʡ  

ʢʠʩʝʥʴ)); 

3 ï ʘʥʦʢʩʠʜʥʘ ʟʦʥʘ (ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʥʽʪʨʠʪʽʚ ʽ ʥʽʪʨʘʪʽʚ ʽ ʚʽʜʩʫʪʥʽʩʪʶ ʤʦʣʝʢʫʣʷʨ-

ʥʦʛʦ ʢʠʩʥʶ). 
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ʉʭʝʤʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʃʶʜʯʘʢʘ-ɽʪʽʥʛʝʨʘ 

ɼʘʥʘ ʩʭʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʢʩʠʜʥʦʾ ʪʘ ʘʝʨʦʙʥʦʾ ʟʦʥʠ ʽʟ ʚʥʫʪʨʽʰʥʴʦʶ ʨʝʮʠʨʢʫʣʷʮʽʻʶ 

ʤʫʣʦʚʦʾ ʩʫʤʽʰʽ ʟ ʢʽʥʮʷ ʥʽʪʨʠʬʽʢʘʪʦʨʫ ʥʘ ʧʦʯʘʪʦʢ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʫ (ʨʠʩ. 1) [2, 4, 5, 6, 12, 13]. 

ɺʝʣʠʯʠʥʘ ʚʥʫʪʨʽʰ-

ʥʴʦʾ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʩʢʣʘʜʘʻ ʚʽʜ 50% [5, 

6] ʜʦ 200ï500% [2] 

ʢʽʣʴʢʦʩʪʽ ʩʪʽʯʥʠʭ 

ʚʦʜ, ʱʦ ʥʘʜʭʦʜʷʪʴ 

ʥʘ ʦʯʠʩʪʢʫ. 

ɿʘ ʪʘʢʦʶ ʩʭʝ-

ʤʦʶ ʙʫʚ ʨʝʢʦʥʩʪʨʫ-

ʡʦʚʘʥʠʡ ʯʦʪʠʨʴʦʭ-

ʢʦʨʠʜʦʨʥʠʡ ʘʝʨʦ-

ʪʝʥʢ ʃʶʙʝʨʝʮʴʢʦʾ ʩʪʘʥʮʽʾ ʘʝʨʘʮʽʾ ʤ. ʄʦʩʢʚʠ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʨʝʢʦʥʩʪʨʫʡʦʚʘ-

ʥʦʛʦ ʘʝʨʦʪʝʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮ̔ 1 [6]. 

ʊʘʙʣʠʮʷ 1 ï ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʘʝʨʦʪʝʥʢʫ, ʚ ʷʢʦʤʫ ʨʝʘʣʽʟʦʚʘʥʘ  

ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʃʜʁʯʘʢʘ-ɽʪʽʥʛʝʨʘ 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʉʪʽʯʥʘ ʚʦʜʘ 

ʜʦ ʦʯʠʩʪʢʠ ʧʽʩʣʷ ʦʯʠʩʪʢʠ 

ɺʠʪʨʘʪʘ ʩʪʽʯʥʦʾ ʨʽʜʠʥʠ, ʤ
3
/ʜʦʙʫ 110 000 

ɼʦʟʘ ʤʫʣʫ, ʛ/ʣ 2ï2,3 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʤ
3
/ʤ

3
 1,4ï1,5 

ʅʽʪʨʘʪʥʠʡ ʨʝʮʠʢʣ, % ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʪʽʯʥʠʭ ʚʦʜ,  

ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʦʯʠʱʝʥʥʷ 
50 

ɹʉʂ5, ʤʛ/ʣ 60ï100 3,1 

N-NH4, ʤʛ/ʣ 15ï23 0ï0,1 

N-NO2, ʤʛ/ʣ ʜʘʥʽ ʚʽʜʩʫʪʥʽ 0,004ï0,006 

N-NO3, ʤʛ/ʣ ʜʘʥʽ ʚʽʜʩʫʪʥʽ 8ï8,5 

ʉʭʝʤʘ ʧʨʦʮʝʩʫ ɸɸ/ʆ 

ʉʭʝʤʘ ʧʨʦʮʝʩʫ 

ɸɸ/ʆ ʯʠ ɸ2/ʆ (Anae-

robic Anoxic/Oxic)  

(ʚ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ  

ʚʦʥʘ ʤʘʻ ʥʘʟʚʫ Phore-

dox (Phoredox modifi-

cation)) ʩʢʣʘʜʘʻʪʴʩʷ  

ʟ ʘʥʘʝʨʦʙʥʦʾ, ʘʥʦʢʩʠ-

ʜʥʦʾ ʪʘ ʘʝʨʦʙʥʦʾ ʟʦʥ 

 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʃʶʜʯʘʢʘ-ɽʪʽʥʛʝʨʘ  

ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʜʝʥʽʪʨʠʬʽʢʘʮʽʻʶ 

 

ʈʠʩ. 2 ï ʉʭʝʤʘ ʧʨʦʮʝʩʫ ɸɸ/ʆ 
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ʽʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʤʫʣʦʚʦʾ ʩʫʤʽʰʽ (100ï300% [10] (50% [8])) ʽʟ ʢʽʥʮʷ ʘʝʨʦʙʥʦʾ ʟʦʥʠ ʥʘ ʧʦʯʘʪʦʢ 

ʘʥʦʢʩʠʜʥʦʾ (ʨʠʩ. 2). 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʪʘʢʦʾ ʩʭʝʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʦʩʣʽʜʥʽʡ ʚʠʨʦʙʥʠʯʽʡ ʫʩʪʘʥʦʚʮʽ ʂʨʘʩʥʦ-

ʩʝʣʴʩʴʢʦʾ ʩʪʘʥʮʽʾ ʘʝʨʘʮʽʾ  ʤ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʜʦ 3600 ʤ3/ʜʦʙʫ. ʊʝʭʥʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ɸ2/ʆ ï ʧʨʦʮʝʩʫ ʽ ʨʝʟʫʣʴʪʘʪʠ ʽʩʧʠʪʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2 (ʚ ʜʫʞʢʘʭ ʜʘʥʽ ʪʝ-

ʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʭʝʤʠ ʧʨʦʮʝʩʫ ɸɸ/ʆ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʷʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʘʤ ʦʯʠʱʝʥʦʾ 

ʩʪʽʯʥʦʾ ʚʦʜʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʜʦʩʣʽʜʥʽʡ ʫʩʪʘʥʦʚʮʽ ʪʘ ʥʘʚʝʜʝʥʽ  

ʚ ʥʠʞʥʽʡ ʧʦʣʦʚʠʥʽ ʪʘʙʣʠʮʽ) [7, 8]. 

ʊʘʙʣʠʮʷ 2 ï ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ʧʨʦʮʝʩʫ ɸɸ/ʆ 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ 

1 2 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʤʫʣʫ,  

ʛɹʉʂ5/ʛ ʙ. ʨ. ʜʦʙʫ                            

0,15ï0,25 

ɺʽʢ ʤʫʣʫ, ʜʽʙ 4ï27 (10ï15) 

ɼʦʟʘ ʤʫʣʫ, ʛ/ʣ 2ï4 (2,1ï2,5) 

ʇʨʠʨʽʩʪ ʤʫʣʫ, ʛ/ʤ
3 

(0,03ï0,06) 

1 2 

ʄʫʣʦʚʠʡ ʽʥʜʝʢʩ, ʩʤ
3
/ʛ (90ï120) 

ɿʦʥʠ: ɻʦʜ % 

ʘʥʘʝʨʦʙʥʘ 

ʘʥʦʢʩʠʜʥʘ 

0,5ï1,5 11ï18 

0,5ï1,0 11ï15 

ʘʝʨʦʙʥʘ 3,5ï6,0 70ï78 

ʏʘʩ ʧʝʨʝʙʫʚʘʥʥʷ, ʛʦʜ 4,5ï8,5 

ʈʝʮʠʢʣ ʤʫʣʫ, %* 20ï50 (50) 

ʅʽʪʨʘʪʥʠʡ ʨʝʮʠʢʣ, %* 100ï300 (50) 

ʇʦʢʘʟʥʠʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʭʽʜ ʚʠʭʽʜ 

ɿʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ, ʤʛ/ʣ 40ï60 <5 

ɹʉʂ5, ʤʛ/ʣ 30ï60 3ï3,2 

ʍʉʂ, ʤʛ/ʣ 130ï150 30ï60 

ʍʉʂ(ʬʽʣʴʪʨʦʚʘʥʘ ʧʨʦʙʘ), ʤʛ/ʣ 70ï80 30ï50 

Nʟʘʛ, ʤʛ/ʣ 15ï16 5ï6 

Nʟʘʛ (ʬʽʣʴʪʨʦʚʘʥʘ ʧʨʦʙʘ), ʤʛ/ʣ 11ï13 5ï6 

N-NH4, ʤʛ/ʣ 10ï12 0,2ï0,3 

ʈʟʘʛ, ʤʛ/ʣ 2ï2,6 1,2ï1,4 

ʈʟʘʛ (ʬʽʣʴʪʨʦʚʘʥʘ ʧʨʦʙʘ), ʤʛ/ʣ 1,3ï1,6 1,2ï1,4 

* ʋ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʚʠʪʨʘʪʠ ʩʪʽʯʥʦʾ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʯʠʱʝʥʥʷ. 
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ʉʭʝʤʘ ʽʟ ʜʚʦʭʩʪʫʧʽʥʯʘʪʦʶ ʧʦʜʘʯʝʶ ʩʪʽʯʥʠʭ ʚʦʜ 

ʉʭʝʤʘ ʽʟ ʜʚʦʭʩʪʫʧʽʥʯʘʪʦʶ ʧʦʜʘʯʝʶ ʩʪʽʯʥʠʭ ʚʦʜ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʜʽʣʝʥʥʷ ʩʧʦʨʫʜʠ ʥʘ ʯʦ-

ʪʠʨʠ ʯʘʩʪʠʥʠ (ʨʠʩ. 3) [4, 12]. 

ɿʘ ʮʽʻʶ 

ʩʭʝʤʦʶ ʙʫʣʠ ʚʚʝ-

ʜʝʥʽ ʚ ʝʢʩʧ-

ʣʫʘʪʘʮʽʶ ʧ'ʷʪʴ 

ʯʦʪʠʨʴʦʭʢʦʨʠʜʦ-

ʨʥʠʭ ʘʝʨʦʪʝʥʢʽʚ 

ʅʦʚʦʣʶʙʝʨʝʮʴʢʦʾ 

ʩʪʘʥʮʽʾ ʘʝʨʘʮʽʾ 

ʤ. ʄʦʩʢʚʠ. ʇʨʠ-

ʯʦʤʫ 50% ʧʦʜʘʯʽ ʚʭʽʜʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʚ ʧʝʨʰʽ ʢʦʨʠʜʦʨʠ, ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ï  

ʚ ʪʨʝʪʽ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʪʘʢʦʛʦ ʘʝʨʦʪʝʥʢʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3. ɹʝʟʫ-

ʤʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʮʽʻʾ ʩʭʝʤʠ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚʥʫʪʨʽʥhʽʭ ʨʝʮʠʢʣʽʚ.  

ʊʘʙʣʠʮʷ 3 ï ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ʟ ʜʚʦʭʩʪʫʧʽʥʯʘʪʦʶ ʧʦʜʘʯʝʶ ʩʪʽʯʥʠʭ ʚʦʜ 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ 

1 2 

ʏʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʩʧʦʨʫʜʽ, ʛʦʜ,  

ʚ ʪʦʤʫ ʯʠʩʣʽ: 

14,4 

ʚ ʥʽʪʨʠʬʽʢʘʪʦʨʘʭ 9,65 

1 2 

ʚ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʘʭ 4,75 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʤ
3
/ʤ

3 
4,1 

ʈʝʮʠʢʣ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ, % 81,2 

ɼʦʟʘ ʟʚʦʨʦʪʥʴʦʛʦ ʤʫʣʫ, ʛ/ʣ 7,8 

ʄʫʣʦʚʠʡ ʽʥʜʝʢʩ ʥʘ ʚʠʭʦʜʽ, ʩʤ
3
/ʛ 81 

ɺʽʢ ʤʫʣʫ, ʜʽʙ >20 

ʇʦʢʘʟʥʠʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʯ̔ʥʠʭ ʚʦʜ ʚʭʽʜ ʚʠʭʽʜ 

ɿʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ, ʤʛ/ʣ 80 5,7 

ɹʉʂ5, ʤʛ/ʣ 89 2,2 

N-NH4, ʤʛ/ʣ 17,7 0,28 

N-Nʆ3, ʤʛ/ʣ ï 7,8 

Nʟʘʛ, ʤʛ/ʣ 25,5 6,9 

ʌʦʩʬʘʪʠ (ʟʘ ʈ), ʤʛ/ʣ 2,1 1,7 

ʈʟʘʛ, ʤʛ/ʣ 4,3 2,3 
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ʉʭʝʤʘ ʯʦʪʠʨʴʦʭʩʪʫʧʝʥʝʚʦʛʦ ʧʨʦʮʝʩʫ Bardenpho 

ʇʨʦʬʝʩʦʨ ɹʘʨʥʘʨʜ ʪʘ ʽʥ. (ʇɸʈ) ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʩʭʝʤʫ ʯʦʪʠʨʴʦʭʩʪʫʧʝʥʝʚʦʛʦ ʧʨʦʮʝʩʫ 

Bardenpho (Barnard, Denitrification, Phosphorus), ʟʘ ʷʢʦʶ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʯʝʨʝʟ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨ ʽ ʥʽʪʨʠʬʽʢʘʪʦʨ ʧʝʨʰʦʛʦ 

ʩʪʫʧʝʥ ̫ʪʘ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨ ʽ ʥʽʪʨʠʬʽʢʘʪʦʨ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥ.̫ ʂʨʽʤ ʮʴʦʛʦ, ʟ ʢʽʥʮʷ ʧʝʨʰʦʛʦ ʥʽʪ-

ʨʠʬʽʢʘʪʦʨʫ ʥʘ ʧʦʯʘʪʦʢ ʩʧʦʨʫʜʠ ʧʝʨʜʙʘʯʝʥʘ ʨʝʮʠʨʢʫʣʷʮʽʷ ʤʫʣʦʚʦʾ ʩʫʤʽʰʽ (ʨʠʩ. 4) [2, 9, 12]. 

ɺʘʨʪʦ ʚʽʜ-

ʤʽʪʠʪʠ, ʱʦ ʫ ʜʨʫ-

ʛʽʡ ʘʥʦʢʩʠʜʥʽʡ 

ʟʦʥʽ ʜʝʥʽʪʨʠʬʽʢʘ-

ʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʧʦʟʘ- 

ʪʘ ʚʥʫʪʨʽʰʥʴʦ-

ʢʣʽʪʠʥʥʠʭ ʥʘʢʦ-

ʧʠʯʝʥʴ ʥʝʦʢʠʩ-

ʣʝʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʨʝʯʦʚʠʥ (ʚ ʭʦʜʽ ʝʥʜʦʛʝʥʥʦʾ ʨʝʩʧʽʨʘʮʽʾ ʤʫʣʫ). ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʾ ʚʪʦʨʠʥʥʦʾ ʜʝʥʽʪ-

ʨʠʬʽʢʘʮʽʾ ʥʝʦʙʭʽʜʥʘ ʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʩʫʙʩʪʨʘʪʫ, ʽ ʪʦʤʫ ʮʶ ʩʭʝʤʫ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥ, ʱʦ ʧʦʚʽʣʴʥʦ ʦʢʠʩʣʶʶʪʴʩʷ, ʯʠ ʜʦʤʽʰʦʢ ʧʨʦʤʠʩʣʦ-

ʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʪʨʠʚʘʣʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʝʨʝʜ ʙʽʦʜʝʩʪʨʫʢʮʽ̒ʶ.  

ʉʭʝʤʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ Bardenpho 

ʈʦʟʚʠʪʢʦʤ ʧʦʧʝʨʝʜʥʴʦʾ ʩʭʝʤʠ ʻ ʩʭʝʤʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ Bardenpho (ʨʠʩ. 5)  

[1, 7, 9, 12].  

ʇʨʠʥʮʠʧʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʮʽʻʾ ʩʭʝʤʠ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ ʻ ʚʣʘʰʪʫʚʘʥʥʷ ʘʥʘʝʨʦʙʥʦʾ ʟʦʥʠ 

ʧʝʨʝʜ ʧʝʨʰʦʶ ʘʥʦʢʩʠʜʥʦʶ. ɺʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʪʨʠʚʘʣʦʩʪʽ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ (ʜʦ 23 ʛʦ-

ʜʠʥ) ʪʫʪ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʛʣʠʙʦʢʝ ʦʢʠʩʣʝʥʥʷ ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ ʽ ʟʥʘʯʥʘ ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ [7]. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʮʽʻʾ ʩʭʝʤʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4 ï ʉʭʝʤʘ ʯʦʪʠʨʴʦʭʩʪʫʧʽʥʯʘʩʪʦʛʦ ʧʨʦʮʝʩʫ Bardenpho 

 

ʈʠʩ. 5 ï ʉʭʝʤʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ Bardenpho 



 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ _̫________________________________ 

 

96 

 

ʊʘʙʣʠʮʷ 4 ï ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ʧʨʦʮʝʩʫ Bardenpho 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʤʫʣʫ,        

ʛɹʉʂ5/ ʛ ʙ. ʨ. ʜʦʙʫ 

0,1ï0,2 

ɺʽʢ ʤʫʣʫ, ʜʽʙ 10ï40 

ɼʦʟʘ ʤʫʣʫ, ʛ/ʣ 2ï5 

ɿʦʥʠ: ɻʦʜ % 

ʘʥʘʝʨʦʙʥʘ 1ï2 8ï11 

ʘʥʦʢʩʠʜʥʘ 2ï4 17ï21 

ʘʝʨʦʙʥʘ 4ï12 42ï52 

ʘʥʦʢʩʠʜʥʘ 2ï4 17ï21 

ʘʝʨʦʙʥʘ 0,5ï1,0 4ï6 

ʏʘʩ ʧʝʨʝʙʫʚʘʥʥʷ, ʛʦʜ 9,5ï23,0 

ʈʝʮʠʢʣ ʤʫʣʫ, % ʚʽʜ ʚʠʪʨʘʪʠ 50ï100 

ʅʽʪʨʘʪʥʠʡ ʨʝʮʠʢʣ, % ʚʽʜ ʚʠʪʨʘʪʠ 400 

ʉʭʝʤʘ ʧʨʦʮʝʩʫ UCT 

ʆʩʢʽʣʴʢʠ ʬʦʩʬʘʪʠ ʽ ʥʽʪʨʘʪʠ ʟʜʽʡʩʥʶʶʪʴ ʚʟʘʻʤʥʠʡ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʚ ʘʥʘʝʨʦʙʥʽʡ ʟʦʥʽ, 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʜʘʣʝʥʥʽ ʥʽʪʨʘʪʽʚ ʽʟ ʨʝʮʠʨʢʫʣʶʶʯʦʛʦ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ. ʊʘʢʠʡ ʚʘʨʽʘʥʪ 

ʩʭʝʤʠ ʙʫʚ ʨʦʟʨʦʙʣʝ-

ʥʠʡ ʂʝʡʧʪʘʫʥʩʴʢʠʤ 

ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʽ ʜʽʩ-

ʪʘʚ ʥʘʟʚʫ UCT 

(University of Cape 

Town) ï ʧʨʦʮʝʩ 

(ʨʠʩ. 6) [7, 8, 9, 12].  

ɿʘ ʮʽʻʶ ʩʭʝʤʦʶ 

ʮʠʨʢʫʣʶʶʯʠʡ ʘʢʪʠʚ-

ʥʠʡ ʤʫʣ ʥʘʧʨʘʚʣʷ-

ʻʪʴʩʷ ʚ ʘʥʦʢʩʠʜʥʫ 

ʟʦʥʫ, ʜʝ ʟʜʽʡʩʥʶʻʪʴ-

ʩʷ ʯʘʩʪʢʦʚʘ ʜʝʥʽʪʨʠ-

ʬʽʢʘʮʽʷ, ʽ ʜʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʮʠʢʣʫ ʈ2 ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʚ ʘʥʘʝʨʦʙʥʫ ʟʦʥʫ. ɺ ʘʥʦʢʩʠʜʥʫ ʟʦʥʫ 

ʧʦʚʝʨʪʘʶʪʴʩʷ ʥʽʪʨʘʪʠ ʟ ʘʝʨʦʙʥʦʾ ʟ ʨʝʮʠʢʣʦʤ ʈ1.  

ʈʦʟʛʣʷʥʫʪʘ ʩʭʝʤʘ ʙʫʣʘ ʚʠʧʨʦʙʫʚʘʥʘ ʥʘ ʜʦʩʣʽʜʥʽʡ ʧʨʦʤʠʩʣʦʚʽʡ ʫʩʪʘʥʦʚʮʽ ʂʨʘʩʥʦʩʝʣʴʩʴ-

ʢʦʾ ʩʪʘʥʮʽʾ ʘʝʨʘʮʽʾ ʤ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʜʦ 3600 ʤ3/ʜʦʙʫ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘ-

ʤʝʪʨʠ ʩʭʝʤʠ UCT ï ʧʨʦʮʝʩʫ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 5 [7, 8]. 
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ʊʘʙʣʠʮʷ 5 ï ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ʧʨʦʮʝʩʫ UCT 

ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʤʦʜʠʬʽʢʘʮʽʾ UCT ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 7 [7, 9, 10, 12]. 

ɿʘ ʮʽʻʶ ʩʭʝʤʦʶ ʘʢʪʠʚʥʠʡ ʤʫʣ (ʎɸʄ) ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ʧʝʨʰʫ ʘʥʦʢʩʠʜʥʫ ʟʦʥʫ, ʜʝ ʟʜʽʡʩ-

ʥʶʻʪʴʩʷ ʚʠʜʘʣʝʥʥʷ ʥʽʪʨʘʪʽʚ ʟ ʤʫʣʦʚʦʾ ʩʫʤʽʰʽ (ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ ʤʫʣʫ). ɼʘʣʽ ʤʫʣ, ʧʦʟʙʘʚʣʝʥʠʡ 

ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʽʪʨʘʪʽʚ ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʚ ʘʥʘʝʨʦʙʥʫ ʟʦʥʫ, ʫ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʚʣ̔ʴʥʝʥʥʷ 

ʬʦʩʬʦʨʫ ʙʝʟ ʽʥʛʽʙʫʶʯʦʛʦ ʚʧʣʠʚʫ ʥʽʪʨʘʪʽʚ. ɼʨʫʛʘ ʘʥʦʢʩʠʜʥʘ ʟʦʥʘ ʩʣʫʛʫʻ ʜʝʥʽʪʨʠʬʽʢʘʪʦʨʦʤ 

ʥʽʪʨʠʪʽʚ ʽ ʥʽʪʨʘʪʽʚ, ʱʦ ʧʦʚʝʨʪʘʶʪʴʩʷ ʫ ʩʢʣʘʜʽ ʤʫʣʦʚʦʾ ʩʫʤʽʰʽ ʟ ʘʝʨʦʙʥʦʾ ʯʘʩʪʠʥʠ. ʊʝʭʥʦʣʦʛʽʯ-

ʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʮʽʻʾ ʩʭʝʤʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 6 [7]. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʤʫʣʫ,                                   

ʛɹʉʂ5/ʛ ʙ. ʨ. ʜʦʙʫ 

0,1ï0,2 ï 

ɺʽʢ ʤʫʣʫ, ʜʽʙ 5ï10 (6ï40) ï 

ɼʦʟʘ ʤʫʣʫ, ʛ/ʣ 1,5ï3,0 (1,5ï3,8) ï 

ʇʨʠʨʽʩʪ ʤʫʣʫ, ʛ/ʤ
3 

(0,04ï0,14) ï 

ʄʫʣʦʚʠʡ ʽʥʜʝʢʩ, ʩʤ
3
/ʛ (70ï150) ï 

ɿʦʥʠ: ɻʦʜ % ï 

ʘʥʘʝʨʦʙʥʘ 1ï2 22ï25 ï 

ʘʥʦʢʩʠʜʥʘ 1ï2 22ï25 ï 

ʘʝʨʦʙʥʘ 2,5ï4,0 50ï56 ï 

ʏʘʩ ʧʝʨʝʙʫʚʘʥʥʷ, ʛʦʜ 4,5ï8,0 ï 

ʈʝʮʠʢʣ ʤʫʣʫ, %* 50ï100 (50ï100) ï 

ɺʥʫʪʨʽʰʥʽʡ ʨʝʮʠʢʣ, % 200ï400  ï 

ʅʽʪʨʘʪʥʠʡ ʨʝʮʠʢʣ,% (50ï100) ï 

ʈʝʮʠʨʢʫʣʷʮʽʷ ʜʝʥʽʪʨʠʬʽʢʦʚʘʥʦʾ ʤʫʣʦʚʦʾ  

ʩʫʤʽʰʽ ʚ ʘʥʘʝʨʦʙʥʽʡ ʟʦʥʽ, % 

(55ï70) ï 

ʇʦʢʘʟʥʠʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ɺʭʽʜ ɺʠʭʽʜ 

ɿʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ, ʤʛ/ʣ 50ï190 5ï16 

ɹʉʂ5, ʤʛ/ʣ 40ï130 2ï12 

ʍʉʂ, ʤʛ/ʣ 100ï320 30ï80 

ʍʉʂ (ʬʽʣʴʪʨʦʚʘʥʘ ʧʨʦʙʘ), ʤʛ/ʣ 50ï150 20ï60 

Nʟʘʛ, ʤʛ/ʣ 19ï29 7ï15 

Nʟʘʛ (ʬʽʣʴʪʨʦʚʘʥʘ ʧʨʦʙʘ), ʤʛ/ʣ 15ï23 6ï12 

N-NH4, ʤʛ/ʣ 13ï19 0,2ï9,8 

ʈʟʘʛ, ʤʛ/ʣ 2,5ï5,3 0,6ï1,8 

ʈʟʘʛ, (ʬʽʣʴʪʨʦʚʘʥʘ ʧʨʦʙʘ), ʤʛ/ʣ 1,6ï2,6 0,3ï1,6 

* ʋ ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʚʠʪʨʘʪʠ ʩʪʽʯʥʠʭ ʚʦʜ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʦʯʠʱʝʥʥʷ 

ʇʨʠʤʽʪʢʘ: ʚ ʜʫʞʢʘʭ ʜʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʭʝʤʠ ʧʨʦʮʝʩʫ UCT, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʷʢʽʩʥʠʤ ʧʦʢʘʟʥʠʢʘʤ 

ʦʯʠʱʝʥʦʾ ʩʪʽʯʥʦʾ ʚʦʜʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʜʦʩʣʽʜʥʽʡ ʫʩʪʘʥʦʚʮʽ ʪʘ ʥʘʚʝʜʝʥʽ ʚ ʥʠʞʥʽʡ ʧʦ-

ʣʦʚʠʥʽ ʪʘʙʣʠʮʽ  
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ʉʭʝʤʘ ʧʨʦʮʝʩʫ MUCT 

 

ʈʠʩ. 7 ï ʉʭʝʤʘ ʧʨʦʮʝʩʫ MUCT 

ʊʘʙʣʠʮʷ 6 ï ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʭʝʤʠ ʧʨʦʮʝʩʫ MUCT 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ    ɿʥʘʯʝʥʥʷ 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʤʫʣʫ,       ʛɹʉʂ5/ ʛ ʙ. ʨ. ʜʦʙʫ    0,1ï0,2 

ɺʽʢ ʤʫʣʫ, ʜʽʙ 10ï30 

ɼʦʟʘ ʤʫʣʫ, ʛ/ʣ 2ï5 

ɿʦʥʠ: ɻʦʜ % 

ʘʥʘʝʨʦʙʥʘ 1ï2 9ï11 

ʘʥʦʢʩʠʜʥʘ 2ï4 18ï22 

ʘʥʦʢʩʠʜʥʘ 2ï4 18ï22 

ʘʝʨʦʙʥʘ 4ï12 44ï55 

ʏʘʩ ʧʝʨʝʙʫʚʘʥʥʷ, ʛʦʜ 9ï22 

ʈʝʮʠʢʣ ʤʫʣʫ, % ʚʽʜ ʚʠʪʨʘʪʠ 50ï100 

ʅʽʪʨʘʪʥʠʡ ʨʝʮʠʢʣ, % ʚʽʜ ʚʠʪʨʘʪʠ 100ï600 

ʉʭʝʤʘ JHB 

ʉʭʝʤʘ JHB 

(Johannesburg) [9, 12] 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 8. 

ɿʛʽʜʥʦ ʟ̔ ʮʽʻʁ ʩʭʝʤʦ ,ʁ 

ʮʠʨʢʫʣʶʯʁʠʡ ʘʢʪʠʚ-

ʥʠʡ ʤʫʣ ʧʦʜʘʻʪʴʩʷ  

ʚ ʘʥʦʢʩʠʜʥʫ ʟʦʥʫ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʘ ʧʝʨʝʜ 

ʘʥʘʝʨʦʙʥʦʶ ʯʘʩʪʠʥʦʶ. 
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ɺ ʧʝʨʰʽʡ ʘʥʦʢʩʠʜʥʽʡ ʟʦʥʽ ʥʽʪʨʘʪʠ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʝʥʠʭ ʚ ʤʫʣʽ ʟʘ-

ʙʨʫʜʥʝʥʴ ʽ ʥʝ ʟʘʚʘʞʘʶʪʴ ʚʠʚʽʣʴʥʝʥʥʶ ʬʦʩʬʘʪʽʚ. ʗʢ ʙʘʯʠʤʦ, ʣʽʢʚʽʜʦʚʘʥʘ ʜʨʫʛʘ ʧʝʨʝʢʘʯʢʘ ʤʫ-

ʣʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʚ ʩʠʩʪʝʤʽ UCT.  

ʇʽʜʪʨʠʤʘʥʥʷ ʤʫʣʦʚʦʾ ʩʫʤʽʰʽ ʚ ʘʥʦʢʩʠʜʥʠʭ ʽ ʘʥʘʝʨʦʙʥʠʭ ʟʦʥʘʭ ʨʦʟʛʣʷʥʫʪʠʭ ʩʭʝʤ ʫ ʟʘ-

ʚʠʩʣʦʤʫ ʩʪʘʥʽ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʠʟʴʢʦʦʙʝʨʪʦʚʠʭ ʤʽʰʘʣʦʢ, ʙʘʨʙʦʪʘʞʫ ʧʦʚʽ-

ʪʨʷʤ ʯʝʨʝʟ ʜʽʨʯʘʩʪʽ ʪʨʫʙʠ, ʘ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʧʦʩʦʙʽʚ. ɼʣʷ ʘʝʨʘʮʽʾ 

ʘʝʨʦʙʥʠʭ ʯʘʩʪʠʥ ʘʝʨʦʪʝʥʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʥʝʚʤʘʪʠʯʥʽ, ʤʝʭʘʥʽʯʥʽ ʡ ʽʥʰʽ ʘʝʨʘʪʦʨʠ. ʂʨʽʤ ʮʴʦ-

ʛʦ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʫ ʦʯʠʱʝʥʥʷ, ʢʦʨʠʜʦʨʠ ʘʝʨʦʪʝʥʢʽʚ (ʘʙʦ ʟʦʥʠ ʦʯʠʩʪʢʠ) ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙ'ʻʜʥʘʥʽ ʚ ʪʘʢ ʥʘʟʠʚʘʥʽ ñʢʘʨʫʩʝʣʽò [4, 5, 13]. 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥ ̫ ʪʝʭʥʦʣʦʛʽʾ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ  

ʚʽʜ ʩʧʦʣʫʢ ʘʟʦʪʫ ʽ ʬʦʩʬʦʨʫ ʥʘ ʤʽʩʴʢʠʭ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ 

ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʘʝʨʦʪʝʥʢʽʚ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʚʠʱʝʦʧʠʩʘʥʠʭ ʩʭʝʤ ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʥʘʩʪʫʧʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ: 

¶ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʤʫʣʫ ʚ ʘʝʨʦʪʝʥʢʫ (ʚʽʢ ʤʫʣʫ), ʱʦʙ ʫʥʠʢʥʫʪʠ ʚʠʤʠʚʘʥʥʷ ʥʽʪʨʠʬʽʢʫʶ-

ʯʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʡʤʝʥʰʠʤ ʩʝʨʝʜ ʙʽʦʮʝʥʦʟʫ ʩʧʦʨʫʜʠ ʧʨʠʨʦʩʪʦʤ, ʧʦʚʠ-

ʥʝʥ ʙʫʪʠ ʙʽʣʴʰʝ ʘʙʦ, ʷʢ ʤʽʥʽʤʫʤ, ʜʦʨʽʚʥʶʚʘʪʠ ʯʘʩʫ ʜʽʣʝʥʥʷ ʢʦʥʪʨʦʣʶʶʯʠʡ ʧʨʦʮʝʩ ʥʽʪʨʠʬʽ-

ʢʘʮʽʾ ʙʘʢʪʝʨʽʡ. ɺʽʢ ʤʫʣʫ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚʽʜ 5 ʜʦ 70 ʽ ʙʽʣʴʰʝ ʜʽʙ; 

¶ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʥʽʪʨʠʬʽʢʘʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ 

ʧʦʚʠʥʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʥʘ ʨʽʚʥʽ 3ï4 ʤʛ/ʣ [11]; 

¶ ʜʣʷ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʥʽʪʨʠʬʽʢʘʮʽʾ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʨʛʘʥʽʢʠ ʚ ʩʪʽʯʥʠʭ 

ʚʦʜʘʭ ʙʫʣʘ ʟʤʝʥʰʝʥʘ ʜʦ 100 ʤʛ ɹʇʂ5/ʣ (ʽʩʪʦʪʥʦ ʧʨʦʮʝʩ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

Ò 20 ʤʛ ɹʉʂ5/ʣ) [11]; 

¶ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩ-

ʥʶ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,5 ʤʛ/ʣ [3, 11]; 

¶ ʜʣʷ ʧʦʚʥʦʪʠ ʚʠʜʘʣʝʥʥʷ ʘʟʦʪʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʴ ʟʘ ɹʇʂ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʠʙʣʠ-

ʟʥʦ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʚʠʱʝ ʥʽʪʨʘʪʥʦʛʦ ʘʟʦʪʫ [17]. ʋ ʧʨʦʮʝʩʽ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʤʦʞʫʪʴ ʦʢʠʩʣʷʪʠʩʷ 

ʨʽʟʥʽ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʟʦʢʨʝʤʘ ʚʫʛʣʝʚʦʜʠ, ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ (ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʚ ʨʝ-

ʟʫʣʴʪʘʪʽ ʢʠʩʣʦʛʦ ʟʙʨʦʜʞʫʚʘʥʥʷ ʦʩʘʜʫ), ʘʤʽʥʦʢʠʩʣʦʪʠ, ʩʧʠʨʪʠ, ʩʤʦʣʠ ʡ ʽʥ. [15]. ʗʢ ʜʞʝʨʝʣʦ 

ʚʫʛʣʝʮʶ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʪʽʯʥʽ ʚʦʜʠ ʙʘʛʘʪʴʦʭ ʧʽʜʧʨʠʻʤʩʪʚ (ʙʘʞʘʥʦ ʪʠʭ, ʱʦ ʥʝ  

ʤʽʩʪʷʪʴ ʘʤʦʥʽʡʥʦʛʦ, ʦʨʛʘʥʽʯʥʦʛʦ ʽ ʙʽʣʢʦʚʦʛʦ ʘʟʦʪʫ), ʧʦʙʫʪʦʚʽ ʩʪʦʢʠ, ʥʘʜʣʠʰʢʦʚʠʡ ʘʢʪʠʚʥʠʡ 

ʤʫʣ [2, 3]; 

¶ ʚʠʪʽʩʥʝʥʥʷ ʽ ʥʘʩʪʫʧʥʝ ʥʘʜʣʠʰʢʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʬʦʩʬʦʨʫ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪ-

ʨʘʮʽʾ ʚ ʘʥʘʝʨʦʙʥʽʡ ʟʦʥʽ ʙʽʦʨʦʟʢʣʘʜʘʣʥɹʠʭ ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʟʘ ʍʇʂ ʚʠʱʝ 25 ʤʛ/ʣ. 
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ʢʘ ʜʨʫʢʘʨʥʷò. ï 2003. ï 616 ʩ. 



 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ _̫________________________________ 

 

100 

 

3. ʗʢʦʚʣʝʚ ʉ.ɺ., ʂʘʨʶʭʠʥʘ ʊ.ɸ. ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ. ï ʄ.: 

ʉʪʨʦʡʠʟʜʘʪ. ï 1980. ï 200 ʩ. 

4. ɼʘʥʠʣʦʚʠʯ ɼ.ɸ., ɼʘʡʥʝʥʢʦ ʌ.ɸ. ʠ ʜʨ. ʋʜʘʣʝʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ // ɺʦʜʦʩʥʘʙ-

ʞʝʥʠʝ ʠ ʩʘʥʠʪʘʨʥʘʷ ʪʝʭʥʠʢʘ. ï 1998, ˉ 8. ï ʉ.10ï12. 

5. ɿʘʛʦʨʩʢʠʡ ɺ.ɸ., ɼʘʥʠʣʦʚʠʯ ɼ.ɸ. ʠ ʜʨ. ʆʧʳʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʫʜʘʣʝʥʠʷ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ // ɺʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʩʘʥʠʪʘʨʥʘʷ ʪʝʭʥʠʢʘ. ï 2002, 

 ̄12. ï ʉ. 21ï27. 

6. ɿʘʛʦʨʩʢʠʡ ɺ.ɸ., ɼʘʥʠʣʦʚʠʯ ɼ.ɸ. ʠ ʜʨ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʘʵʨʦʪʝʥʢʦʚ ʃʶʙʝʨʝʮʢʦʡ ʩʪʘʥ-

ʮʠʠ ʘʵʨʘʮʠʠ ʩ ʚʥʝʜʨʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʥʠʪʨʠïʜʝʥʠʪʨʠʬʠʢʘʮʠʠ // ɺʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʩʘʥʠʪʘʨ-

ʥʘʷ ʪʝʭʥʠʢʘ. ï 1999, ˉ 10. ï ʉ. 28ï31. 

7. ʑʝʪʠʥʠʥ ɸ.ʀ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʢʘʥʘ-

ʣʠʟʘʮʠʠ ʚ ʥʘʩʪʦʷʱʠʡ ʧʝʨʠʦʜ // ɺʦʜʘ ʠ ʵʢʦʣʦʛʠʷ. ï 2002, ˉ 2. ï ʉ. 22ï28. 

8. ɺʘʩʠʣʴʝʚ ɹ.ɺ., ʄʠʰʫʢʦʚ ɹ.ɻ. ʠ ʜʨ. ʊʝʭʥʦʣʦʛʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʫʜʘʣʝʥʠʷ ʘʟʦʪʘ ʠ ʬʦ-

ʩʬʦʨʘ ʥʘ ʩʪʘʥʮʠʷʭ ʘʵʨʘʮʠʠ // ɺʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʩʘʥʠʪʘʨʥʘʷ ʪʝʭʥʠʢʘ. ï 2001, ˉ 5. ï ʉ. 22ï25. 

9. Wentzel M.C., Ekama G.A., Marais G.ɜ.R. Process and modeling of nitrification 

denitrification biological excess phosphorus removal systems ï a review // Wat. Sci. Tech. ï 1992, 

vol. 25, ˉ 6. ï p.59ï82.  

10. ʕʧʦʚ ɸ.ʅ., ʉʘʚʝʣʴʝʚʘ ʃ.ʉ. ʇʝʨʩʧʝʢʪʠʚʳ ʜʦʩʪʠʞʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʢʘ-

ʯʝʩʪʚʘ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʤʝ-

ʪʦʜʳ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʦʙʨʘʙʦʪʢʠ ʦʩʘʜʢʦʚ. ï ʄ.: ʄɻʇ çʄʦʩʚʦʜʦʢʘʥʘʣè. ï 1996. ï  

ʉ. 60ï73. 

11. ʆʣʝʡʥʠʢ ɸ.ʗ., ʊʝʪʝʨʷ ɸ.ʀ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʫʜʘʣʝʥʠʷ ʘʟʦʪʘ ʠʟ ʩʪʦʯʥʳʭ 

ʚʦʜ ʥʘ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ // ʇʨʠʢʣʘʜʥʘʷ ʛʠʜʨʦʪʝʭʥʠʢʘ. ï 

2001, ʪ. 3(75), ˉ 3. ï ʉ. 59ï65. 

12. ɺʘʩʠʣʝʥʢʦ ʆ.ɸ., ʇʦʣʽʱʫʢ ʆ.ɺ. ɸʥʘʣʽʟ ʩʭʝʤ ʙʽʦʣʦʛʽʯʥʦʾ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ 

ʩʧʦʣʫʢ ʘʟʦʪʫ ʪʘ ʬʦʩʬʦʨʫ ʚ ʘʝʨʦʪʝʥʢʘʭ // ʇʨʦʙʣʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʪʘ ʛʽʜʨʘ-

ʚʣ̔ʢʠ. ï ʂ.:ʂʅʋɹɸ. ï 2005. ï ɺʠʧ. 4. ï ʉ. 74ï83. 

13. ɼʘʚʠʜʝʥʢʦ ʆ.ɯ., ɺʘʩʠʣʝʥʢʦ ʆ.ɸ., ʇʦʣʽʱʫʢ ʆ.ɺ., ʇʝʪʨʦʚʘ ɯ.ʖ. ɺʧʨʦʚʘʜʞʝʥʥʷ  

ʪʝʭʥʦʣʦʛʽʾ ʙʽʦʣʦʛʽʯʥʦʾ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʟôʻʜʥʘʥʴ ʘʟʦʪʫ ʪʘ ʬʦʩʬʦʨʫ ʥʘ ʦʯʠʩʥʠʭ ʩʧʦʨʫ-

ʜʘʭ ʆʜʝʩʴʢʦʛʦ ʧʨʠʧʦʨʪʦʚʦʛʦ ʟʘʚʦʜʫ // ɿʙʽʨʢʘ ʜʦʧʦʚʽʜʝʡ Vɯ ʤʽʞʥʘʨʦʜʥʦʛʦ ʢʦʥʛʨʝʩʫ  

çɽʊɽɺʂ-2007è. ï ʗʣʪʘ. ï 2007. ï ʉ. 182ï185. 

14. Londong J / Strategies for optimized nitrate reduction with primary denitrification // Wat/ 

Sci/ Tech/ ï 1992, vol. 26, ˉ 5ï6. P.1087ï1096. 

15. ɻʦʣʫʙʦʚʩʢʘʷ ʕ.ʂ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʯʠʩʪʢʠ ʚʦʜʳ. ï ʄ.: ɺʐ. ï 1978. ï 272 ʩ. 

16. ɺʘʩʠʣʝʥʢʦ ʆ.ɸ., ɻʨʘʙʦʚʩʴʢʠʡ ʇ.ʆ., ʃʘʨʢʽʥʘ ɻ.ʄ., ʇʦʣʽʱʫʢ ɸ.ɺ., ʇʨʦʛʫʣʴʥʠʡ ɺ.ʁ. 

ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʽ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʩʧʦʨʫʜ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ: ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽ-

ʙʥʠʢ. ï ʂʠʾʚ ï ʆʜʝʩʘ, ʂʅʋɹɸ, ʆɼɸɹɸ, 2007. ï 299 ʩ. 

17.  ɼɹʅ ɺ.2.5ï75:2013. ʂʘʥʘʣʽʟʘʮʽʷ. ɿʦʚʥʽʰʥʽ ʤʝʨʝʞʽ ʪʘ ʩʧʦʨʫʜʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ï ʂ.: ʄʽʥʨʝʛʽʦʥ ʋʢʨʘʾʥʠ, 2013. ï 214 ʩ. 

 



 

                                                                              ʈʦʟʜʽʣ 2. ʆʩʥʦʚʠ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ ̫
 

101 

 

ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 17.02.14 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ 

É ɸ.ɸ. ɺʘʩʠʣʝʥʢʦ, ɸ.ɺ. ʇʦʣʠʱʫʢ, ʃ.ɸ. ɺʘʩʠʣʝʥʢʦ  

ɺʅɽɼʈɽʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ɹʀʆʃʆɻʀʏɽʉʂʆʁ ʆʏʀʉʊʂʀ ʉʊʆʏʅʓʍ ɺʆɼ  

ʆʊ ʉʆɽɼʀʅɽʅʀʁ ɸɿʆʊɸ ʀ ʌʆʉʌʆʈɸ  

ʅɸ ɻʆʈʆɼʉʂʀʍ ʆʏʀʉʊʅʓʍ ʉʆʆʈʋɾɽʅʀʗʍ 

ʀʟʫʯʝʥ ʦʧʳʪ ʨʘʙʦʪʳ ʜʝʡʩʪʚʫʶʱʠʭ ʘʵʨʦʪʝʥʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʩʭʝʤʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʫʜʘʣʝʥʠʷ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ. ʅʘʨʘʙʦ-

ʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʦʨʫʞʝʥʠʡ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʦʙʦʟʥʘʯʝʥʥʳʭ ʩʭʝʤ. 

É O.A. Vasilenko, ʆ.V. Polishchuk, L.O. Vasilenko 

THE APPLYING OF THE TECHNOLOGY OF BIOLOGICAL WASTEWATER 

TREATING FROM COMPOUNDS OF NITROGEN AND PHOSPHORUS  

IN CITY TREATMENT PLANTS  

The experience of aeration tanks with realized technological schemes of biological removal of 

compounds of nitrogen and phosphorus from wastewater was explored. Recommendations for the 

design of treatment plants for the realization of the technological schemes were turned out.  
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É ɭ.ʉ. ɸʥʧʽʣʦʚʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ 

 

ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

 

ʈɽɻɯʆʅɸʃʔʅɯ ʊɽʍʅʆɻɽʅʅɯ ɿʄɯʅʀ  

ɺʆɼʅʆ-ɽʂʆʃʆɻɯʏʅʆɻʆ ʉʊɸʅʋ ɹɸʉɽʁʅʋ ʈ. ʉɯɺɽʈʉʔʂʀʁ ɼʆʅɽʎʔ 

 

ʋ ʮʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʝʛʽʦʥʘʣʴʥʽ ʪʝʭʥʦʛʝʥʥʽ ʟʤʽʥʠ ʚʦʜʥʦ-ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʙʘ-

ʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ, ʷʢ ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʭ ʙʘʩʝʡʥʽʚ ʋʢʨʘʾʥʠ. ʇʦʙʫʜʦ-

ʚʘʥʦ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ ʚʧʣʠʚʫ ʮʠʭ ʟʤʽʥ ʥʘ ʩʪʘʥ ʙʘʩʝʡʥʫ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʩʝʡʥ ʨʽʯʢʠ, ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʦʮʽʥʢʘ 

ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. 

 

ʉʫʯʘʩʥʽ ʧʠʪʘʥʥʷ ʩʪʘʥʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʥʘʛʘʣʴʥʠʤʠ ʜʣʷ 

ʢʦʞʥʦʾ ʣʶʜʠʥʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʪʘ ʘʙʦ ʢʨʘʾʥʠ ʾʾ ʧʨʦʞʠʚʘʥʥʷ. ɺʦʯʝʚʠʜʴ, ʥʝʤʘʻ ʜʝʨʞʘʚʠ, ʷʢʘ 

ʙ ʥʝ ʙʫʣʘ ʟʘʮʽʢʘʚʣʝʥʘ ʚ ʯʠʩʪʽʡ ʽ ʷʢʽʩʥʽʡ ʚʦʜʽ ʩʚʦʾʭ ʚʦʜʦʪʦʢʽʚ.  

ɿʘ ʜʘʥʠʤʠ ɺʩʝʩʚʽʪʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʱʦʨʽʯʥʦ ʩʚʽʪ ʚʪʨʘʯʘʻ ʙʣʠʟʴʢʦ ʧôʷʪʠ 

ʤʽʣʴʡʦʥʽʚ ʯʦʣʦʚʽʢ ʚʽʜ ʭʚʦʨʦʙ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʚʦʜʫ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʨʠʙʥʠʭ 

ʟʘʧʘʩʽʚ ʪʘ ʚʟʘʛʘʣʽ ʚʦʜʥʦʾ ʙʽʦʪʠ. ɺ ʨʷʜʽ ʨʝʛʽʦʥʽʚ ʽ ʜʝʨʞʘʚ ʚʦʜʥʽ ʨʝʩʫʨʩʠ ʩʪʘʶʪʴ ʣʽʤʽʪʫʶʯʠʤ 

ʬʘʢʪʦʨʦʤ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʎʝ ʩʧʦʥʫʢʘʻ ʜʦ ʦʙôʻʜʥʘʥʥʷ ʪʘ ʤʦʙʽʣʽʟʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ, ʬʦʨʤʫʚʘʥʥʷ ʡʦʛʦ ʦʩʤʠʩʣʝʥʥʷ 

ʩʪʦʩʦʚʥʦ ʟʘʛʨʦʟʠ ʜʠʩʙʘʣʘʥʩʦʚʘʥʦʛʦ ʽʩʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤʠ ɿʝʤʣʽ. 

ɺʠʥʠʢʘʻ ʧʽʜʚʠʱʝʥʘ ʧʦʪʨʝʙʘ ʜʦ ʜʞʝʨʝʣ ʚʽʨʦʛʽʜʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʩʝʙʽʯʥʦʛʦ 

ʽʥʬʦʨʤʫʚʘʥʥʷ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʍʍɯ ʩʪʦʣʽʪʪʷ ʚʽʜʟʥʘʯʝʥʦ ʙʫʨʭʣʠʚʠʤ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɯʥʬʦʨʤʘʮʽʡ-

ʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʜʫʢʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʩʝʙʽʯʥʦ ʚʠʚʯʘʪʠ ʪʘ ʫʧʨʘʚʣʷʪʠ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ.  

ʉʫʯʘʩʥʝ ʢʘʨʪʦʛʨʘʬʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʛʽʜʨʦʩʬʝʨʠ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠ-

ʩʪʘʥʥʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʘʥʘʣʽʟ 

ʟʤʽʥ; ʚʠʷʚʣʷʪʠ ʪʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʷʢʽʩʪʶ ʚʦʜʠ; 

ʚʠʟʥʘʯʘʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ; ʚʠʢʦʥʫʚʘʪʠ ʨʘʡʦʥʫʚʘʥʥʷ ʟʘ 

ʟʦʥʘʤʠ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʟʤʽʥ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʟʦʢʨʝʤʘ ʧʨʠ ʥʝʜʦʩʪʘʪ-

ʥʴʦʤʫ ʦʙʩʷʟʽ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɿʘ ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʫ 2011 ʨʦʮʽ [1] ʦʩʥʦʚʥʠʤʠ ʧʨʠ-

ʯʠʥʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʫʣʠ ʩʢʠʜʠ ʟʘʙʨʫʜʥʝʥʠʭ ʢʦʤʫʥʘʣʴʥʦ-ʧʦʙʫʪʦʚʠʭ ʽ ʧʨʦ-

ʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʦʜʥʽ ʦʙ'ʻʢʪʠ ʪʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʤʽʩʴʢʦʾ ʢʘʥʘʣʽʟʘʮʽʾ; 
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ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʦʮʝʩʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʚʦʜʠ 

ʟ̔ ʟʘʙʫʜʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʩʽʣʴʛʦʩʧʫʛʽʜʴ, ʘ ʪʘʢʦʞ ʝʨʦʟʽʷ ˇʨʫʥʪʽʚ ʥʘ ʚʦʜʦʟʘʙʽʨʥʽʡ ʧʣʦʱʽ. 

ʋ ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʨʦʟʨʽʟʽ ʥʘʡʙʽʣʴʰʝ ʟʘʙʨʫʜʥʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʩʢʠʜʘʣʦʩʷ ʫ ɼʦʥʝʮʴʢʽʡ 

ʦʙʣʘʩʪʽ (554 ʤʣʥ ʤ3), ʱʦ ʩʪʘʥʦʚʠʪʴ 36% ʚʽʜ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʩʢʠʜʽʚ ʚ ʦʙʣʘʩʪʽ, ɼʥʽʧʨʦʧʝʪ-

ʨʦʚʩʴʢʽʡ ï 471 (ʚʽʜʧʦʚʽʜʥʦ ï 39%), ʃʫʛʘʥʩʴʢʽʡ ï 87 (ʚʽʜʧʦʚʽʜʥʦ ï 29%) ʪʘ ʆʜʝʩʴʢʽʡ ï 

117 ʤʣʥ ʤ3 (ʚʽʜʧʦʚʽʜʥʦ ï 41%). ʋ ʟʘʟʥʘʯʝʥʠʭ ʦʙʣʘʩʪʷʭ ʩʢʠʜʘʣʦʩʷ ʙʣʠʟʴʢʦ 76% ʚʽʜ ʫʩʽʭ ʟʘʙʨʫ-

ʜʥʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʘʥʠʭ ʜʝʨʞʘʚʥʦʛʦ ʦʙʣʽʢʫ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʫ 2011 ʨʦʮʽ  

ʫ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙ'ʻʢʪʠ ʩʢʠʥʫʪʦ ʧʦʥʘʜ 7,7 ʢʤ3 ʩʪʽʯʥʠʭ ʚʦʜ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʘʙʨʫʜʥʝʥʠʭ ï 

1,6 ʢʤ3 (21%), ʥʦʨʤʘʪʠʚʥʦ-ʦʯʠʱʝʥʠʭ ï 1,8 ʢʤ3 (23%) ʪʘ ʥʦʨʤʘʪʠʚʥʦ-ʯʠʩʪʠʭ ʙʝʟ ʦʯʠʱʝʥʥʷ ï 

4,3 ʢʤ3 (56%). 

ʇʽʜʧʨʠʻʤʩʪʚʘʤʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʢʠʥʫʪʦ 4484 ʤʣʥ ʤ3 ʩʪʽʯʥʠʭ ʚʦʜ, ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʾ 

ʛʘʣʫʟʽ ï 2078 ʤʣʥ. ʤ3 ʪʘ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ï 1114 ʤʣʥ ʤ3. ʈʘʟʦʤ ʽʟ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ ʜʦ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʫ 2011 ʨʦʮʽ ʥʘʜʽʡʰʣʦ 42,4 ʪʠʩ. ʪ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ, 403,4 ʪ ʥʘʬ-

ʪʦʧʨʦʜʫʢʪʽʚ, 801,2 ʪʠʩ. ʪ ʩʫʣʴʬʘʪʽʚ, 637,6 ʪʠʩ. ʪ ʭʣʦʨʠʜʽʚ, 9,1 ʪʠʩ. ʪ ʘʟʦʪʫ ʘʤʦʥʽʡʥʦʛʦ, 

57,9 ʪʠʩ. ʪ ʥʽʪʨʘʪʽʚ, 2,2 ʪʠʩ. ʪ ʥʽʪʨʠʪʽʚ, 271,4 ʪ ʉʇɸʈ, 735,7 ʪ ʟʘʣʽʟʘ, 7,5 ʪʠʩ. ʪ ʬʦʩʬʘʪʽʚ ʪʦɦ ʦ. 

ʇʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʥʝʟʥʘʯʥʝ, ʧʦʨʽʚʥʷʥʦ ʟ 2010 ʨʦʢʦʤ, ʟʙʽ-

ʣʴʰʝʥʥʷ ʟʘʙʦʨʫ ʚʦʜʠ. 

ʅʘʡʙʽʣʴʰʠʤʠ ʚʦʜʦʩʧʦʞʠʚʘʯʘʤʠ ʫ ʪʝʨʠʪʦʨʽʘʣʴʥʦʤʫ ʨʦʟʨʽʟʽ ʻ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ  

(1654 ʤʣʥ ʤ3), ɼʦʥʝʮʴʢʘ (2142 ʤʣʥ ʤ3), ɿʘʧʦʨʽʟʴʢʘ (972 ʤʣʥ ʤ3), ʂʠʾʚʩʴʢʘ (1064 ʤʣʥ ʤ3), 

ʍʝʨʩʦʥʩʴʢʘ (1319 ʤʣʥ ʤ3), ʆʜʝʩʴʢʘ (1699 ʤʣʥ ʤ3) ʦʙʣʘʩʪʽ ʪʘ ɸʚʪʦʥʦʤʥʘ ʈʝʩʧʫʙʣʽʢʘ ʂʨʠʤ 

(1591 ʤʣʥ ʤ3), ʥʘ ʷʢʽ ʧʨʠʧʘʜʘʻ 71% ʩʫʤʘʨʥʦʛʦ ʦʙʩʷʛʫ ʟʘʙʦʨʫ ʚʦʜʠ. 

ʋ ʛʘʣʫʟʝʚʦʤʫ ʨʦʟʨʽʟʽ ʫ 2011 ʨʦʮʽ ʦʩʥʦʚʥʠʤʠ ʚʦʜʦʩʧʦʞʠʚʘʯʘʤʠ ʻ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʦʤʠʩ-

ʣʦʚʦʩʪʽ, ʷʢʽ ʟʘʙʠʨʘʶʪʴ 5,6 ʤʣʨʜ ʤ3 ʚʦʜʠ, ʘʙʦ 38% ʟʘʛʘʣʴʥʦʛʦ ʟʘʙʦʨʫ ʧʦ ʢʨʘʾʥʽ (ʫ ʪ.ʯ. ʥʘʡʙʽʣʴ-

ʰʽ ʟ ʥʠʭ: ʪʝʧʣʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʘʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʯʦʨʥʦʾ ʤʝʪʘʣʫʨʛʽʾ ʪʘ ʚʫʛʽ-

ʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ), ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ï 40%, ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ï 21%. 

ʋ ʮʽʣʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʽʩʥʦʾ ʚʦʜʠ ʫ 2011 ʨʦʮʽ ʥʘ ʨʽʟʥʽ ʧʦʪʨʝʙʠ ʩʪʘʥʦʚʠʣʦ  

9130 ʤʣʥ ʤ3, ʽʟ ʥʠʭ ʧʠʪʥʦʾ ï 2224 ʤʣʥ ʤ3 ʪʘ ʪʝʭʥʽʯʥʦʾ ï 6905 ʤʣʥ ʤ3. ʇʨʠʯʦʤʫ 418,9 ʤʣʥ ʤ3 

ʚʦʜʠ ʧʠʪʥʦʾ ʷʢʦʩʪʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘ ʚʠʨʦʙʥʠʯʽ ʧʦʪʨʝʙʠ, ʟ ʥʠʭ 162,7 ʤʣʥ ʤ3 ï ʟ ʢʦʤʫʥʘʣʴ-

ʥʠʭ ʚʦʜʦʧʨʦʚʦʜʽʚ (ʪʦʙʪʦ ʚʦʜʠ, ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʦʾ ʜʦ ʧʠʪʥʦʾ ʷʢʦʩʪʽ). 

ʋ 2011 ʨʦʮʽ ʚʠʢʦʨʠʩʪʘʥʦ 372,5 ʤʣʥ ʤ3 ʩʪʽʯʥʠʭ ʚʦʜ, 82 ʤʣʥ ʤ3 ʢʦʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʠʭ 

ʚʦʜ ʪʘ 72 ʤʣʥ ʤ3 ʰʘʭʪʥʦ-ʢʘʨ'ʻʨʥʠʭ ʚʦʜ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ 2010 ʨʦʢʦʤ ʚʪʨʘʪʠ ʟʙʽʣʴʰʠʣʠʩʴ ʥʘ 78 ʤʣʥ ʤ3. ʇʦʣʦʚʠʥʘ ʚʪʨʘʪ ʦʙʩʷʛʽʚ 

ʚʦʜʠ ʧʨʠʧʘʜʘʻ ʥʘ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʫ ʛʘʣʫʟʴ (49%). ʏʘʩʪʢʘ ʚʪʨʘʪ ʫ ʮʽʡ ʛʘʣʫʟʽ ʩʪʘʥʦʚʠʪʴ 

36%. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʚʦʜʠ, ʱʦ ʚʪʨʘʯʘʻʪʴʩʷ ʫ ʢʦʤʫʥʘʣʴʥʽʡ ʛʘʣʫʟʽ, ʚʞʝ ʧʽʜʛʦʪʦʚʣʝʥʘ ʜʣʷ ʩʧʦ-

ʞʠʚʘʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʠʪʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʦʜʦ-

ʧʦʩʪʘʯʘʥʥʷ. ɼʠʥʘʤʽʢʫ ʟʘʙʦʨʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʽʜʚʝʜʝʥʥʷ ʚʦʜʠ ʚ ʋʢʨʘʾʥʽ ʟʘ ʜʘʥʠʤʠ ɼʝʨ-

ʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ (ɼʝʨʞʚʦʜʘʛʝʥʪʩʪʚʘ) ʬʦʨʤʘ 2-ʊʇ-ɺʦʜʛʦʩʧ ʟʘ 

1990ï2011 ʨʦʢʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1. 
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ɺ ʋʢʨʘʾʥʽ ʟʥʘʭʦʜʠʪʴʩʷ 55% ʙʘʩʝʡʥʫ ʨʽʯʢʠ ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ (54,54 ʪʠʩ. ʢʤĮ), 68% ʟʘ-

ʛʘʣʴʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ (723 ʢʤ): ʚ ʤʝʞʘʭ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ï 375 ʢʤ, ɼʦʥʝʮʴʢʦʾ ï 95 ʢʤ,  

ʃʫʛʘʥʩʴʢʦʾ ï 253 ʢʤ.  

ɻʽʜʨʦʛʨʘʬʽʯʥʘ ʩʽʪʢʘ ʫʢʨʘʾʥʩʴʢʦʾ ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ ʚʢʣʶʯʘʻ ʚʝʣʠʢʫ ʨʽʯʢʫ ï ʉʽʚʝʨʩʴʢʠʡ 

ɼʦʥʝʮʴ (ʜʦʚʞʠʥʘ ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʠ 700 ʢʤ), 10 ʩʝʨʝʜʥʽʭ ʨʽʯʦʢ (ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ 1315 ʢʤ)  

ʽ 1460 ʤʘʣʠʭ ʨʽʯʦʢ (ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ 8,8 ʪʠʩ. ʢʤ). ʈʽʯʦʢ ʟʘʚʜʦʚʞʢʠ ʙʽʣʴʰʝ 10 ʢʤ ï 231, ʾʭ 

ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ï 6,4 ʪʠʩ. ʢʤ. ʅʘ ʫʢʨʘʾʥʩʴʢʽʡ ʯʘʩʪʠʥʽ ʙʘʩʝʡʥʫ ʉʽʚʝʨʩʴʢʦʛʦ ɼʽʥʮʷ ʧʦʙʫʜʦʚʘ-

ʥʦ 146 ʚʦʜʦʩʭʦʚʠʱ (ʧʣʦʱʘ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ 43 ʪʠʩ. ʛʘ, ʧʦʚʥʠʡ ʦʙôʻʤ 658 ʤʣʥ ʤ3 , ʢʦʨʠʩʥʠʡ ï 

585 ʤʣʥ ʤ3) ʽ 1731 ʩʪʘʚʢʽʚ (ʧʣʦʱʘ ï 11,7 ʪʠʩ. ʛʘ, ʦʙôʻʤ 208 ʤʣʥ ʤ3) (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʷ 2 ï ɺʦʜʦʩʭʦʚʠʱʘ ʽ ʩʪʘʚʢʠ ʚ ʙʘʩʝʡʥʽ ʉʽʚʝʨʩʴʢʦʛʦ ɼʽʥʮʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʆʙʣʘʩʪʽ ʉʪʘʚʢʠ ɺʦʜʦʩʭʦʚʠʱʘ 

ʂʽʣɹʢʽʩʪʴ, 

ʰʪ. 

ʇʣʦʱʘ ʚʦʜʥʦʾ 

ʧʦʚʝʨʭʥʽ,  

ʪʠʩ. ʛʘ 

ʆʙôʻʤ 

ʤʣʥ. ʤ
3
 

 

ʂʽʣɹʢʽʩʪʴ, 

ʰʪ.  

ʇʣʦʱʘ ʚʦʜʥʦʾ 

ʧʦʚʝʨʭʥʽ,  

ʪʠʩ. ʛʘ 

ʆʙôʻʤ, ʤʣʥ ʤ
3
 

ʧʦʚʥʠʡ ʢʦʨʠʩʥʠʡ 

ɼʦʥʝʮʴʢʘ 364 346 76,63 53 7,02 341,41 189,07 

ʃʫʛʘʥʩʴʢʘ 309 2,56 64,30 55 5,52 206,79 140,30 

ʍʘʨʢʽʚʩʴʢʘ 1058 5,72 67,37 38 30,26 1475,27 1308,59 

 

ʈʦʟʚʠʪʦʢ ʤʽʩʪ, ʧʨʦʤʠʩʣʦʚʠʭ ʨʘʡʦʥʽʚ ʚ ʙʘʩʝʡʥʽ ʉʽʚʝʨʩʴʢʦʛʦ ɼʽʥʮʷ ʫ ʤʠʥʫʣʦʤʫ ʟʫʤʦʚʠʣʠ 

ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʚʦʜʦʧʦʪʨʝʙ. ɯʟ ʤʝʪʦʶ ʟʘʜʦʚʦʣʝʥʥʷ ʮʠʭ ʧʦʪʨʝʙ ʩʪʚʦʨʝʥʽ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʩʠʩʪʝʤʠ ʽ ʚʦʜʦʚʦʜʠ ʂʦʯʝʪʦʢ-ʍʘʨʢʽʚ, ʇʝʨʰʠʡ ʪʘ ɼʨʫʛʠʡ ɼʦʥʝʮʴʢʠʡ, ʈʘʡʛʦʨʦʜʦʢ, ʢʘʥʘʣ ʉʽ-

ʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ ï ɼʦʥʙʘʩ. ɿ ʽʥʰʠʭ ʙʘʩʝʡʥʽʚ ʧʦʜʘʻʪʴʩʷ ʚʦʜʘ ʢʘʥʘʣʦʤ ɼʥʽʧʨʦ-ɼʦʥʙʘʩ, ʚʦʜʦʧ-

ʨʦʚʦʜʦʤ ɼʥʽʧʨʦ-ɼʦʥʙʘʩ-ʍʘʨʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʦʙ'ʻʤ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ ʉʽʚʝʨʩʴʢʦʛʦ ɼʽʥʮʷ ʫ ʛʠʨʣʽ ʩʢʣʘʜʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ ʙʣʠ-

ʟʴʢʦ 6,0 ʢʤ3. ɿ ʥʠʭ ʥʘ ʜʽʣʷʥʢʫ ʙʘʩʝʡʥʫ ʚʽʜ ʚʠʪʦʢʫ ʜʦ ʢʦʨʜʦʥʫ ʈʦʩʽʾ ʽ ʋʢʨʘʾʥʠ ʧʨʠʧʘʜʘʻ 28%, 

ʥʘ ʫʢʨʘʾʥʩʴʢʫ ʯʘʩʪʠʥʫ ʙʘʩʝʡʥʫ ï 52%, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ʤʝʞʘʭ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ï 22%, ɼʦ-

ʥʝʮʴʢʦʾ ï 7%, ʃʫʛʘʥʩʴʢʦʾ ï 23%; ʥʘ ʜʽʣʷʥʢʫ ʚʽʜ ʢʦʨʜʦʥʫ ʋʢʨʘʾʥʠ ʽ ʈʦʩʽʾ ʜʦ ʛʠʨʣʘ ï 20%. 

ʗʢ ʚʠʜʥʦ ʟ ʜʘʥʠʭ ʪʘʙʣ. 3, ʧʣʦʱʘ ʙʘʩʝʡʥʫ ʉʽʚʝʨʩʴʢʦʛʦ ɼʽʥʮʷ ʩʢʣʘʜʘʻ 65% ʟʘʛʘʣʴʥʦʾ 

ʧʣʦʱʽ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʩʫʙ'ʻʢʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʡʦʛʦ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ɿʘ ʨʘʭʫʥʦʢ ʨʝʩʫʨʩʽʚ ʛʽʜʨʦʛʨʘʬʽʯʥʦʾ ʩʽʪʢʠ ʉʽʚʝʨʩʴʢʦʛʦ ɼʽʥʮʷ ʬʦʨʤʫʻʪʴʩʷ ʚʽʜ 79 ʜʦ 98% ʟʘʛʘ-

ʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ ʦʙʣʘʩʪʝʡ, ʘ ʯʘʩʪʢʘ ʩʪʦʢʫ ʤʽʩʮʝʚʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ:  

ʫ ʍʘʨʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ï 72%, ɼʦʥʝʮʴʢʽʡ ï 33% ʽ ʃʫʛʘʥʩʴʢʽʡ ʦʙʣʘʩʪʽ ï ʤʘʡʞʝ 92%. 

ʉʝʨʝʜʥʴʦʙʘʛʘʪʦʨʽʯʥʠʡ ʩʪʽʢ ʉʽʚʝʨʩʴʢʦʛʦ ɼʽʥʮʷ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʘʥʠʤʠ ʟʘʤʠʢʘʶ-

ʯʦʛʦ ʩʪʚʦʨʫ ʥʘ ʢʦʨʜʦʥʽ ʋʢʨʘʾʥʠ ʪʘ ʈʦʩʽʾ (ʩ. ʂʨʫʞʠʣʽʚʢʘ), ʦʮʽʥʶʻʪʴʩʷ ʚ ʨʦʟʤʽʨʽ 5,01 ʢʤ3, ʟ ʥʠʭ 

1,9 ʢʤ3 ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʦʩʽʾ [2]. 

ʋ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʤʘʣʦʚʦʜʥʠʡ ʨʽʢ ʦʙʩʷʛ ʩʪʦʢʫ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 2,23 ʢʤ3 ʘʙʦ ʫ 2,2 ʨʘʟʘ. 

ɿʥʘʯʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʙʘʩʝʡʥ ʨʽʯʢʠ ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ ʟʘʚʜʘʻ ʧʨʦʤʠʩʣʦ-

ʚʠʡ ʢʦʤʧʣʝʢʩ ɼʦʥʙʘʩʫ. ɺ ʤʝʞʘʭ ʙʘʩʝʡʥʫ ʥʘʣʽʯʫʻʪʴʩʷ 2103 ʚʦʜʦʢʦʨʠʩʪʫʚʘʯʘ, ʟ ʥʠʭ: 953 ʧʨʦ-

ʤʠʩʣʦʚʠʭ (45,3%), ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʫʛʽʣʴʥʠʭ 215 (22,4%) ʧʨʦʤʠʩʣʦʚʦʩʪʽ; ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʠʭ 

306 (14,5%), ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 329 (15,6%) ʪʘ ʽʥʰʠʭ 509 (24,6). 
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ʊʘʙʣʠʮʷ 3 ï ɺʦʜʥʽ ʨʝʩʫʨʩʠ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʙʣʘʩʪʝʡ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʙʘʩʝʡʥʽ  

ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ ʚ ʋʢʨʘʾʥʽ 

ʆʙʣʘʩʪʴ ʇʣʦʱʘ 

ʪʠʩ. ʢʤ
2
 

ʉʝʨʝʜʥʴʦʙʘʛʘʪʦʨʽʯʥʽ ʨʝʩʫʨʩʠ 

ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ, ʢʤį 

ɿ ʥʠʭ ʯʘʩʪʢʘ ʉʽʚʝʨʩʴʢʦʛʦ ɼʽʥʮʷ 

ʟʘʛʘʣʴʥʽ 

 

ʧʨʠʪʦʢ 

 

ʤʽʩʮʝʚʽ 

 

ʧʣʦʱʘ, 

ʪʠʩ. ʢʤ
2
/% 

ʢʤ
3
/% 

 

 

 

ɿʘʛʘʣʴʥʽ ʨʝʩʫʨʩʠ ʧʨʠʪʦʢ ʄʽʩʮʝʚʽ ʨʝʩʫʨʩʠ 

ʍʘʨʢʽʚʩʴʢʘ 
 

31,4 
 

3,51 
 

1,69 
 

1,83 
 

22 
70,0 
 

3,0 
85,5 
 

1,69 
100 
 

1,32  
72,1 
 ɼʦʥʝʮʴʢʘ 

 
26,5 
 

4,37 
 

3,12 
 

1,24 
 

8 
30,0 
 

3,45 
79,2 
 

3,05 
97,7 
 

0,41 
32,7 
 ʃʫʛʘʥʩʴʢʘ 

 
25,7 
 

5,14 
 

3,62 
 

1,52 
 

25,0 
93,4 
 

5,0 
97,5 
 

3,62  
100 
 

1,39 
 91,5 
  

ʉʢʠʜʠ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʰʘʭʪ ɼʦʥʝʮʴʢʦʾ, ʃʫʛʘʥʩʴʢʦʾ ʪʘ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩ-

ʪʝʡ ʟʙʽʣʴʰʫʶʪʴ ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʤʽʥʝʨʘʣʴʥʠʭ ʩʦʣʝʡ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ʇʨʦ ʮʝ ʩʚʽʜ-

ʯʠʪʴ ʷʢʽʩʪʴ ʚʦʜʠ ʚ ʦʩʪʘʥʥʴʦʤʫ ʧʝʨʝʜ ʢʦʨʜʦʥʦʤ ʟ ʈʦʩʽʡʩʴʢʦʶ ʌʝʜʝʨʘʮʽʻʶ ʫʢʨʘʾʥʩʴʢʦʤʫ ʩʪʚʦ-

ʨʽ ʚ ʩ. ʇʦʧʽʚʢʘ (ʃʫʛʘʥʩʴʢʘ ʦʙʣʘʩʪʴ ), ʜʝ ʟʘʛʘʣʴʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʜʦʩʷʛʘʻ 1200 ʤʛ/ʣ, ʱʦ ʤʘʡʞʝ  

ʫ 2,5 ʨʘʟʠ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ çʚʭʦʜʽè ʨʽʯʢʠ ʥʘ ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʚ ʪʨʘʥʩʢʦʨ-

ʜʦʥʥʦʤʫ ʟ ʈʦʩʽʡʩʴʢʦʶ ʌʝʜʝʨʘʮʽʻʶ ʩʪʚʦʨʽ ʩ. ʆʛʽʨʮʝʚʝ ʩʝʨʝʜʥʴʦʨʽʯʥʝ ʟʥʘʯʝʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 500 ʤʛ/ʣ. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʪʘʢʘ ʪʝʥʜʝʥʮʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ [3]. 

ʈʦʟʚʠʪʦʢ ʧʨʦʤʠʩʣʦʚʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʥʘʨʦ-

ʱʫʚʘʥʥʷ ʪʝʭʥʦʛʝʥʥʦʾ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʥʘʩʣʽʜʦʢ ʷʢʦʾ ʘʢʪʠʚʽʟʫʶʪʩɹʷ 

ʥʝʙʝʟʧʝʯʥʽ ʝʢʟʦʛʝʥʥʽ ʛʝʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʟʩʫʚʠ, ʧʽʜʪʦʧʣʝʥʥʷ, ʢʘʨʩʪ, ʘʙ-

ʨʘʟʽʷ, ʧʝʨʝʨʦʙʢʘ ʙʝʨʝʛʽʚ ʚʦʜʦʩʭʦʚʠʱ ʪʘ ʦʩʽʜʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʜ ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ. 

ɿʩʫʚʠ ʤʘʶʪʴ ʟʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʚ ʋʢʨʘʾʥʽ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʛʝʦʣʦʛʽʯʥʦʶ ʙʫʜʦʚʦʶ ʪʘ ʛʝʦʤʦʨʬʦ-

ʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʘʢʪʠʚʥʦʶ ʛʦʩʧʦʜʘʨʩʴʢʦʶ ʜʽʷʣʴʥʽʩʪʶ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʣʝʞʥʠʭ 

ʥ̔ʞʝʥʝʨʥʠʭ ʪʘ ʛʝʦʣʦʛʽʯʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʦʩʚʦʻʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ʊʘʢ, ʟʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʫ ʃʫʛʘʥʩʴʢʽʡ ʦʙʣʘʩʪʽ  

ʫ 2011 ʨʦʮʽ ʚʠʷʚʣʝʥʦ 769 ʟʩʫʚʽʚ, ʟ ʥʠʭ ʘʢʪʠʚʥʠʤʠ ʻ 339 ʧʣʦʱʝʶ 4,82 ʢʤ2, ʥʘ ʟʘʙʫʜʦʚʘʥʽʡ ʪʝ-

ʨʠʪʦʨʽʾ ʟʥʘʭʦʜʷʪʴʩʷ 36 ʟʩʫʚʽʚ, ʫ ʟʦʥʽ ʾʭ ʚʧʣʠʚʫ ʨʦʟʪʘʰʦʚʘʥʦ 20 ʦʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ. ʅʘ 

ʪʝʨʠʪʦʨʽʾ ʤ. ʃʠʩʠʯʘʥʩʴʢʘ ʚʠʷʚʣʝʥʦ 43 ʟʩʫʚʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʧʣʦʱʝʶ ʙʣʠʟʴʢʦ 

0,85 ʢʤ2, ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʦ 135 ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ ʫ ʤʝʞʘʭ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʫʪʚʦʨʝʥʴ, ʥʘ ʷʢʠʭ ʨʦʟʪʘʰʦʚʘʥʦ ʙʘʩʝʡʥ ʨ. ʉʽʚʝʨ-

ʩʴʢʠʡ ɼʦʥʝʮʴ, ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 4 [3, 4.]. 

ɿʘʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʽʥʰʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʦʙôʻʢʪʽʚ ʧʨʘʢ-

ʪʠʯʥʦ ʩʢʨʽʟʴ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʦʣʦʛʠ ʫ ˇʨʫʥʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ˇʨʫʥʪʦ-

ʚʠʭ ʚʦʜ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʨʽʚʥʦʚʘʛʠ ʫ ʚʦʜʥʦʤʫ ʙʘʣʘʥʩʽ ʪʘ ʥʝʛʘʪʠʚʥʦ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʩʪʘʥʽ ʜʦʚʢʽʣʣʷ, ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʥʘ ʮʠʭ ʪʝʨʠ-

ʪʦʨʽʷʭ. 

ɼʘʥʽ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ɼʝʨʞʘʚʥʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʄʥ̔-

ʝʢʦʣʦʛʽʾ ʋʢʨʘʾʥʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʪʘʣʫ ʥʝʛʘʪʠʚʥʫ ʪʝʥʜʝʥʮʽʶ ʱʦʜʦ ʧʨʦʮʝʩʽʚ ʧʽʜʪʦʧʣʝʥʥʷ. ʍʘʨʘʢ-

ʪʝʨʠʩʪʠʢʫ ʧʽʜʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ɼʦʥʝʮʴʢʦʾ, ʃʫʛʘʥʩʴʢʦʾ ʪʘ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʥʘʚʝʜʝʥʦ  

ʫ ʪʘʙʣ. 5. 
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ʊʘʙʣʠʮʷ 4 ï ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʰʠʨʝʥʥʷ ʟʩʫʚʽʚ ʫ ʤʝʞʘʭ ʙʘʩʝʡʥʫ ʨ. ʉʚ̔ʝʨʩʴʢʠʡ ɼʦʥʝʮʴ 

ʅʘʟʚʘ  

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ 

ʦʜʠʥʠʮ ̔

ʇ
ʣ
ʦ
ʱ
ʘ
 

 

ʘ
ʜ
ʤ
ʽ
ʥ
ʽ
ʩ
ʪ
ʨ
ʘ
ʪ
ʠ
ʚ
ʥ
ʦ
ʾ
 

 

ʦ
ʜ
ʠ
ʥ
ʠ
ʮ
ʽ
,
 
ʪ
ʠ
ʩ
.
 
ʢ
ʤ
Į

 

ɿ
ʘ
ʛ
ʘ
ʣ
ʴ
ʥ
ʘ
 
ʢ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 

ʟ
ʩʫ
ʚ
ʽ
ʚ
,
 
ʰ
ʪ
.

 

ʇ
ʣ
ʦ
ʱ
ʘ
 
ʟ
ʩ
ʫ
ʚ
ʽ
ʚ
,
 
ʢ
ʤ

2
 

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 
ʘ
ʢ
ʪ
ʠ

ʚ
ʥ
ʠ
ʭ
 

ʟ
ʩ
ʫ
ʚ
ʽ
ʚ
,
 
ʰ
ʪ
.

 

ʇ
ʣ
ʦ
ʱ
ʘ
 
ʘ
ʢ
ʪ
ʠ
ʚ
ʥ
ʠ
ʭ
 

ʟ
ʩʫ
ʚ
ʽ
ʚ
,
 
ʢ
ʤ

2
 

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 
ʟ
ʩ
ʫ
ʚ
ʽ
ʚ
 

 

ʥ
ʘ
 
ʟ
ʘ
ʙ
ʫ
ʜ
ʦ
ʚ
ʘ
ʥ
ʽ
ʡ
 

ʪ
ʝ
ʨ
ʠ
ʪ
ʦ
ʨ
ʽ

,ʾ h
ʪ
.

 

ʂ
ʽ
ʣ
ʴ
ʢ
ʽ
ʩ
ʪ
ʴ
 

 

ʛ
ʦ
ʩ
ʧ
ʦ
ʜ
ʘ
ʨ
ʩ
ʴ
ʢ
ʠ
ʭ
 

ʦ
ʙ
ô
ʻ
ʢ
ʪ
ʽ
ʚ
 
ʚ
 
ʟ
ʦ
ʥ
ʽ
 

 

ʟ
ʩʫ
ʚ
ʽ
ʚ
,
 
ʰ
ʪ
.

 

ɼʦʥʝʮʴʢʘ 26,5 189 9,03 93 4,1 39 66 

ʃʫʛʘʥʩʴʢʘ 26,7 769 6,62 339 4,82 36 20 

ʍʘʨʢʽʚʩʴʢʘ 31,4 1615 40,3 2 0,007 68 1 

ʊʘʙʣʠʮʷ 5 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʦʱ ʧʽʜʪʦʧʣʝʥʥʷ 

ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʦʙʣʘʩʪʽ 
ʇʣʦʱʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ 

ʦʜʠʥʠʮʽ, ʪʠʩ. ʢʤĮ 

ʇʣʦʱʽ ʧʽʜʪʦʧʣʝʥʥʷ  

ʩʪʘʥʦʤ ʥʘ 2007 ʨ., ʪʠʩ. ʢʤĮ 

ʂʽʣʴʢʽʩʪʴ ʧʽʜʪʦʧʣʝʥʠʭ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʰʪ. 

ɼʦʥʝʮʴʢʘ  26,5 3,04 15 

ʃʫʛʘʥʩʴʢʘ 26,7 0,164 89 

ʍʘʨʢʽʚʩʴʢʘ 31,4 3,02 ï 

 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ɼʦʥʙʘʩʫ ʜʦʜʘʪʢʦʚʽ ʧʨʦʙʣʝʤʠ ʧʽʜʪʦʧʣʝʥʥʷ ʚʠʥʠʢʘʶʪʴ  

ʫ ʟʚôʷʟʢʫ ʟ̔ ʟʘʢʨʠʪʪʷʤ ʰʘʭʪ ʪʘ ʨʦʟʨʽʟʽʚ, ʦʩʦʙʣʠʚʦ ʤʦʢʨʦʾ ʢʦʥʩʝʨʚʘʮʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʩʧʦ-

ʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʡʦʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʦ ʽʩʪʦʨʠʯʥʠʭ ʚʜ̔ʤʽʪʦʢ. 

ʋʢʨʘʾʥʩʴʢʠʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤ ʪʘ ʧʨʦʝʢʪʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʢʦʤʫʥʘʣʴʥʠʭ ʩʧʦʨʫʜ ʤʽʩʪ 

ʟʜʽʡʩʥʝʥʘ ʦʮʽʥʢʘ ʧʨʠʨʦʩʪʫ ʧʣʦʱ ʧʽʜʪʦʧʣʝʥʥʷ ʟʝʤʝʣʴ ʤʽʩʪ ʽ ʩʝʣʠʱ ʤʽʩʴʢʦʛʦ ʪʠʧʫ, ʚʽʜʧʦʚʽʜʥʽ 

ʜʘʥʽ ʱʦʜʦ ɼʦʥʝʮʴʢʦʾ, ʃʫʛʘʥʩʴʢʦʾ ʪʘ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʚʽʜʦʙʨʘʞʝʥʦ ʫ ʪʘʙʣ. 6. 

ʊʘʙʣʠʮʷ 6 ï ʇʨʠʨʽʩʪ ʧʣʦʱ ʧʽʜʪʦʧʣʝʥʥʷ ʟʝʤʝʣʴ ʫ ʤʽʩʪʘʭ ʽ ʩʝʣʠʱʘʭ ʤʩ̔ʴʢʦʛʦ ʪʠʧʫ  

ʅʘʟʚʘ  

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ 

ʦʜʠʥʠʮʽ 

ʇʣʦʱʘ  

ʧʽʜʪʦʧʣʝʥʠʭ  

ʤʽʩʪ ʽ ʩʝʣʠʱ, ʛʘ 

ʇʣʦʱʘ ʧʽʜʪʦʧʣʝʥʠʭ 

ʟʝʤʝʣʴ ʫ 2000 ʨ., ʛʘ 

ʇʣʦʱʘ ʧʽʜʪʦʧʣʝʥʠʭ 

ʟʝʤʝʣʴ  

ʫ 1980ï1984 ʨʨ., ʛʘ 

ʇʨʠʨʽʩʪ ʧʣʦʱ  

ʧʽʜʪʦʧʣʝʥʥʷ ʟʘ ʧʝʨʦ̔ʜ 

1984ï2000 ʨʨ., ʛʘ 

ɼʦʥʝʮʴʢʘ 125356 18099 7410 10689 

ʃʫʛʘʥʩʴʢʘ 84035 10695 791 9904 

ʍʘʨʢʽʚʩʴʢʘ 64113,1 10054 5905 4149 

 

ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʩʢʣʘʜʝʥʦ ʧʝʨʝʣʽʢ 100 ʦʙ'ʻʢʪʽʚ, 

ʷʢʽ ʻ ʥʘʡʙʽʣʴʰʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ʜʦʚʢʽʣʣʷ ʚ ʋʢʨʘʾʥʽ. ʈʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʮʠʭ ʦʙôʻʢʪʽʚ ʫ ɼʦ-

ʥʝʮʴʢʽʡ, ʃʫʛʘʥʩʴʢʽʡ ʪʘ ʍʘʨʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ ʥʘʜʘʥʦ ʚ ʪʘʙʣ. 7.  

ʊʘʙʣʠʮʷ 7 ï ʈʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ʜʦʚʢʽʣʣʷ 

ʈʝʛʽʦʥʠ ʋʢʨʘʾʥʠ ʂʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ 

ɼʦʥʝʮʴʢʘ ʦʙʣʘʩʪʴ 5 

ʃʫʛʘʥʩʴʢʘ ʦʙʣʘʩʪʴ 7 

ʍʘʨʢʽʚʩʴʢʘ ʦʙʣʘʩʪʴ 5 
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ʅʘ ʩʴʦʛʦʜʥʽ ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ (ʇʅʆ) ʤʽʩʪʠʪʴ ʜʦʢʣʘʜ-

ʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʦʥʘʜ 23 ʪʠʩ. ʦʙ`ʻʢʪʽʚ, ʜʦ ʯʠʩʣʘ ʷʢʠʭ ʚʭʦʜʷʪʴ ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʰʘʭʪʠ, ʢʘʨ`ʻʨʠ, ʤʘʛʽʩʪʨʘʣʴʥʽ ʛʘʟʦ-, ʥʘʬʪʦ- ʽ ʧʨʦʜʫʢʪʦʧʨʦʚʦʜʠ, ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ, ʚʫʟʣʦʚʽ 

ʟʘʣʽʟʥʠʯʥʽ ʩʪʘʥʮʽʾ, ʤʦʩʪʠ, ʪʫʥʝʣʽ, ʥʘʢʦʧʠʯʫʚʘʯʽ ʪʘ ʧʦʣʽʛʦʥʠ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʤʽʩʮʷ ʟʙʝ-

ʨʝʞʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ  ̔ʽʥ. ʅʘʡʙʽʣʴʰʘ ʾʭ ʢʽʣʴʢʽʩʪʴ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ɼʦʥʝʮʴ-

ʢʦʾ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ, ɿʘʧʦʨʽʟʴʢʦʾ, ʍʘʨʢʽʚʩʴʢʦʾ ʪʘ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ. ʂʽʣʴʢʽʩʪʴ ʇʅʆ ʧʨʦ-

ʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ (ʪʘʙʣ. 8) ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʨʝʻʩʪʨʘʮʽʾ ʥʦʚʠʭ ɸɿʉ.  

ʊʘʙʣʠʮʷ 8 ï ʂʽʣʴʢʽʩʪʴ ʧʘʩʧʦʨʪʠʟʦʚʘʥʠʭ ʇʅʆ ʚ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ  

ʟʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʛʦ ʨʝʻʩʪʨʫ ʇʅʆ 

ʈʝʛʽʦʥʠ ʋʢʨʘʾʥʠ ʉʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ 2010 ʨ. ʉʪʘʥʦʤ ʥʘ 1 ʯʝʨʚʥʷ 2012 ʨ. 

ɸʈ ʂʨʠʤ 864 899 

ɺʽʥʥʠʮʴʢʘ ʦʙʣʘʩʪ ɹ 631 663 

ɺʦʣʠʥʩʴʢʘ ʦʙʣʘʩʪʴ 315 301 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣʘʩʪʴ 1938 2055 

ɼʦʥʝʮʴʢʘ ʦʙʣʘʩʪʴ 2486 2908 

ɾʠʪʦʤʠʨʩʴʢʘ ʦʙʣʘʩʪʴ 582 543 

ɿʘʢʘʨʧʘʪʩʴʢʘ ʦʙʣʘʩʪʴ 684 754 

ɿʘʧʦʨʽʟʴʢʘ ʦʙʣʘʩʪʴ 1006 1060 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ ʦʙʣʘʩʪʴ 510 535 

ʂʠʾʚʩʴʢʘ ʦʙʣʘʩʪʴ 599 673 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ ʦʙʣʘʩʪʴ 496 503 

ʃʫʛʘʥʩʴʢʘ ʦʙʣʘʩʪʴ 1046 1107 

ʃʴʚʽʚʩʴʢʘ ʦʙʣʘʩʪʴ 1165 1356 

ʄʠʢʦʣʘʾʚʩʴʢʘ ʦʙʣʘʩʪʴ 699 721 

ʆʜʝʩʴʢʘ ʦʙʣʘʩʪʴ 585 678 

ʇʦʣʪʘʚʩʴʢʘ ʦʙʣʘʩʪʴ 1352 1439 

ʈʽʚʥʝʥʩʴʢʘ ʦʙʣʘʩʪʴ 488 516 

ʉʫʤʩʴʢʘ ʦʙʣʘʩʪʴ 514 527 

ʊʝʨʥʦʧʽʣʴʩʴʢʘ ʦʙʣʘʩʪʴ 497 530 

ʍʘʨʢʽʚʩʴʢʘ ʦʙʣʘʩʪʴ 1624 1694 

ʍʝʨʩʦʥʩʴʢʘ ʦʙʣʘʩʪʴ 498 519 

ʍʤʝʣʴʥʠʮʴʢʘ ʦʙʣʘʩʪʴ 717 734 

ʏʝʨʢʘʩʴʢʘ ʦʙʣʘʩʪʴ 502 508 

ʏʝʨʥʽʚʝʮʴʢʘ ʦʙʣʘʩʪʴ 324 355 

ʏʝʨʥʽʛʽʚʩʴʢʘ ʦʙʣʘʩʪʴ 721 747 

ʤ. ʂʠʾʚ 706 893 

 

ʅʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʪʝʭʥʦʛʝʥʥʠʭ ʟʤʽʥ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʘʩʝʡʥ ʨ. ʉʽʚʝʨʩʴʢʠʡ 

ɼʦʥʝʮʴ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʨʷʜ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʧʣʘʪʬʦʨʤʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ArcGis, ʱʦ ʜʦʟʚʦʣʠʣʘ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʫʩʽʭ ʚʠʜʽʚ ʜʞʝʨʝʣ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ, ʚʠʷʚʣʝʥʥʶ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ, ʦʩʥʦʚʦʶ ʷʢʦʛʦ ʻ ʥʦʨʤʘʪʠʚʠ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʰʢʽ-

ʜʣʠʚʠʭ ʚʧʣʠʚʽʚ ʥʘ ʚʦʜʥʽ ʦʙôʻʢʪʠ (ʨʠʩ. 1, 2). 
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ʈʠʩ. 1 ï ʉʢʠʜʠ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʇʅʆ ʫ ʙʘʩʝʡʥ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ  

ʚ ʤʝʞʘʭ ʃʫʛʘʥʩʢɹʦʾ ʦʙʣʘʩʪ ̔

 

ʈʠʩ. 2 ï ɼʠʥʘʤʽʢʘ ʚʤʽʩʪʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ʙʘʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ  

ʚ ʤʝʞʘʭ ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʽ 
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ɺʠʩʥʦʚʢʠ 

ʈʦʟʨʦʙʣʝʥʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʢʦʥʘʪʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʘʥʘʣʽʟ 

ʚʧʣʠʚʫ ʧʦʪʝʥʮʽʡʥʦ-ʥʝʙʝʟʧʝʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ʙʘʩʝʡʥʫ ʨʽʯʢʠ ʉʽʚʝʨʩʴʢʠʡ 

ɼʦʥʝʮʴ, ʘ ʪʘʢʦʞ ʽʩʪʦʪʥʦ ʜʦʧʦʚʥʷʪʴ ʚʝʜʝʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ; ʤʦʞʫʪʴ 

ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʙʘʩʝʡʥʽʚ ʽʥʰʠʭ ʨʽʯʦʢ ʋʢʨʘʾʥʠ ʪʘ ʩʫʩʽʜʥʽʭ 

ʢʨʘʾʥ, ʜʝ ʽʩʥʫʻ ʩʭʦʞʘ ʩʪʨʫʢʪʫʨʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʾʭ ʚʝʜʝʥʥʷ ʥʘ 

ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ; ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʥʝ ʪʽʣʴʢʠ ʫ ʨʦʟʨʽʟʽ ʜʦʩʣʽʜʞʝʥʴ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʘʣʝ ʡ ʧʽʩʣʷ ʧʝʚʥʦʛʦ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʜʣʷ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ.  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1. ʅʘʮʽʦʥʘʣʴʥʘ ʜʦʧʦʚʽʜʴ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʋʢʨʘʾʥʠ  

ʫ 2011 ʨʦʮʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // ʄʽʥʽʩʪʝʨʩʪʚʦ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ 

[ʩʘʡʪ] / ʂ.: LAT&K. ï 2012. ï 258 ʩ. ï ʨʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.menr.gov.ua/docs/activity-

dopovidi/NacDopovid2011.pdf 

2. ʇʘʣʘʤʘʨʯʫʢ ʄ.ʄ. ɺʦʜʥʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠ: ʜʦʚʽʜʥʠʢʦʚʠʡ ʧʦʩʽʙʥʠʢ / ʄ.ʄ. ʇʘʣʘʤʘʨʯʫʢ, 

ʅ.ɹ. ɿʘʢʦʨʯʝʚʥʘ ʟʘ ʨʝʜ. ɺ.ʄ. ʍʦʨʝʚʘ, ʂ.ɸ. ɸʣʽʻʚʘ. ï ʂ.: ʅʽʢʘ-ʎʝʥʪʨ, 2001. ï 392 ʩ. 

3. ʅʘʮʽʦʥʘʣʴʥʘ ʜʦʧʦʚʽʜʴ ʧʨʦ ʩʪʘʥ ʪʝʭʥʦʛʝʥʥʦʾ ʪʘ ʧʨʠʨʦʜʥʦʾ ʙʝʟʧʝʢʠ ʚ ʋʢʨʘʾʥʽ ʫ 2011 

ʨʦʮʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʆʬʽʮʽʡʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʨʪʘʣ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾ ʥʠ ʟ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.mns.gov.ua/content/nasdopovid2011.html 

4.  ʗʢʦʚʣʻʚ ɭ.ʆ. ʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʨʦʟʚʠʪʦʢ ʧʽʜʪʦʧʣʝʥʥʷ ʟʝʤʝʣʴ ʫ ʤʽʩʪʘʭ ʽ ʩʝʣʠʱʘʭ 

ʤʩ̔ʴʢʦʛʦ ʪʠʧʫ ʋʢʨʘʾʥʠ ʷʢ ʛʦʣʦʚʥʠʡ ʬʘʢʪʦʨ ʪʝʭʥʦʛʝʥʝʟʫ ʾʭʥʴʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ / 

ɭ.ʆ. ʗʢʦʚʣʻʚ, ʉ.ʇ. ɯʚʘʥʶʪʘ // ʅʘʮʽʦʥʘʣʴʥʘ ʙʝʟʧʝʢʘ: ʫʢʨʘʾʥʩʴʢʠʡ ʚʠʤʽʨ: ʱʦʢʚ. ʥʘʫʢ. ʟʙ / ʈʘʜʘ 

ʥʘʮ. ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ, ɯʥ-ʪ ʧʨʦʙʣ. ʥʘʮ. ʙʝʟʧʝʢʠ. ï ʂ., 2008 ï ɺʠʧ. 1ï2 (20ï21). ï 

ʉ. 112ï118. 
 

ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 14.02.14 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ 

É ɽ.ʉ. ɸʥʧʠʣʦʚʘ  

ʈɽɻʀʆʅɸʃʔʅʓɽ ʊɽʍʅʆɻɽʅʅʓɽ ʀɿʄɽʅɽʅʀʗ ɺʆɼʅʆ-ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ 

ʉʆʉʊʆʗʅʀʗ ɹɸʉʉɽʁʅɸ ʈ. ʉɽɺɽʈʉʂʀʁ ɼʆʅɽʎ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʛʠʦʥʘʣʴʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʉʝʚʝʨʩʢʠʡ ɼʦʥʝʮ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫ-

ʞʝʥʥʳʭ ʙʘʩʩʝʡʥʦʚ ʋʢʨʘʠʥʳ. ʇʦʩʪʨʦʝʥʳ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʣʠʷʥʠʷ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ 

ʥʘ ʩʦʩʪʦʷʥʠʝ ʙʘʩʩʝʡʥʘ. 

É Y.S. Anpilova  

REGIONAL TECHNOGENIC  CHANGES AND ECOLOGIC AL STATUS OF SURFACE 

WATER  FOR RIVER BASIN OF SIVERSKIY DONETS  

This paper explores development of modern technologies of surface water quality assessment, 

cartographic decision-making support for the effective use of water resources and improvement of 

surface water monitoring based on methods and tools of GIS technologies. 



 

                                                                              ʈʦʟʜʽʣ 2. ʆʩʥʦʚʠ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ ̫
 

111 

 

ʋɼʂ. 626/628:528.574 

 

É ɻ.ʗ. ʂʨʘʩʦʚʩʴʢʠʡ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʆ.ɭ. ʊʦʣʯʝʚʩʴʢʘ, ʘʩʧʽʨʘʥʪ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ çʍɸɯè, ʤ. ʍʘʨʢʽʚ 

 

ʈʆɿʈʆɹʃɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ɺʀɿʅɸʏɽʅʅʗ  

ʂʆɽʌɯʎɯɭʅʊɯɺ ʈʆɿʆʈɸʅʆʉʊɯ ɿɽʄɽʃʔʅʀʍ ʄɸʉʀɺɯɺ 

 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʦʨʘʥʦʩʪʽ ʟʝʤʝʣʴ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʟ̔ ʟʘʣʫʯʝʥʥʷʤ ʩʫʯʘʩʥʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʘʧʨʦʧʦʥʦ-

ʚʘʥʘ ʧʦʢʨʦʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʦʨʘʥʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ  

ʽ ʬʦʨʤʫʣ. ɺʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʦʨʘʥʦʩʪʽ ʥʘ ʧʨʠʢʣʘʜʽ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʦʜʠʥʠʮʽ, ʟʘ ʫʤʦ-

ʚʠ ʥʘʷʚʥʦʩʪʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʫ ʪʘ ʩʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʤʘʩʠʚʽʚ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʟʦʨʘʥʩ̔ʪɹ ʟʝʤʝʣʴ, ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʩʫʧʫʪʥʠʢʦʚ ̔ʟʥʤ̔ʢʠ. 

ɺʩʪʫʧ 

ɿʛʽʜʥʦ ʟʽ ʩʪ. 1 ɿʝʤʝʣʴʥʦʛʦ ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ, ʟʝʤʣʷ ï ʮʝ ʥʘʮʽʦʥʘʣʴʥʝ ʙʘʛʘʪʩʪʚʦ, ʱʦ ʧʝʨʝ-

ʙʫʚʘʻ ʧʽʜ ʦʩʦʙʣʠʚʦʶ ʦʭʦʨʦʥʦʶ ʜʝʨʞʘʚʠ [1]. 

ɿʝʤʣʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 2 ʛʨʫʧʠ: 

¶ ʩʣ̔ʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ (ʨʽʣʣʷ, ʙʘʛʘʪʦʨʽʯʥʽ ʥʘʩʘʜʞʝʥʥʷ, ʩʽʥʦʞʘʪʽ, ʧʘʩʦʚʠʱʘ ʪʘ 

ʧʝʨʝʣʦʛʠ); 

¶ ʥʝʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ (ʛʦʩʧʦʜʘʨʩʴʢʽ ʰʣʷʭʠ ʽ ʧʨʦʛʦʥʠ, ʧʦʣʝʟʘʭʠʩʥʽ ʣʽʩʦʚʽ 

ʩʤʫʛʠ ʪʘ ʽʥʰʽ ʟʘʭʠʩʥʽ ʥʘʩʘʜʞʝʥʥʷ, ʢʨʽʤ ʪʠʭ, ʱʦ ʚʽʜʥʝʩʝʥʽ ʜʦ ʟʝʤʝʣʴ ʣʽʩʦʚʦʛʦ ʬʦʥʜʫ, ʟʝʤʣʽ ʧʽʜ 

ʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʙʫʜʽʚʣʷʤʠ ʽ ʜʚʦʨʘʤʠ, ʟʝʤʣʽ ʧʽʜ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʦʧʪʦʚʠʭ ʨʠʥʢʽʚ ʩʽʣʴʩʴʢʦʛʦ-

ʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, ʟʝʤʣʽ ʪʠʤʯʘʩʦʚʦʾ ʢʦʥʩʝʨʚʘʮʽʾ ʪʦʱʦ). 

ʆʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ, ʱʦ ʚʽʜʨʽʟʥʷʻ ʟʝʤʣʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʽʜ ʚʩʽʭ 

ʽʥʰʠʭ, ʻ ʪʝ, ʚ ʷʢʠʭ ʮʽʣʷʭ ʚʦʥʠ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ.  

ɹʣʠʟʴʢʦ 70% ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ ï ʮʝ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ, ʙʽʣʴʰʽʩʪʴ  

ʟ ʷʢʠʭ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʨʦʜʶʯʠʭ ˇʨʫʥʪʘʭ ʽ ʜʫʞʝ ʨʦʟʦʨʘʥʽ. 

ɽʢʩʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʢʣʠʢʘʣʦ 

ʟʥʠʞʝʥʥʷ ʾʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʦʩʠʣʠʣʦ ʟʘʣʝʞʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʽʜ ʧʦʛʦ-

ʜʥʠʭ ʫʤʦʚ. ɼʦ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʚ ʋʢʨʘʾʥʽ ʚʽʜʥʦʩʷʪʴʩʷ [2]: ʚʠʩʦʢʠʡ ʩʪʫ-

ʧʽʥʴ ʨʦʟʦʨʘʥʦʩʪʽ ʟʝʤʝʣʴ; ʨʦʟʚʠʪʦʢ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ; ʘʛʨʦʭʽʤʽʯʥʘ ʜʝʛʨʘʜʘʮʽʷ ʽ ʪ.ʜ. 

ʇʨʠʯʠʥʦʶ, ʯʝʨʝʟ ʷʢʫ ʨʦʜʶʯʽ ˇʨʫʥʪʠ ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʘ-

ʣʫʯʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʚ ʽʥʪʝʥʩʠʚʥʫ ʦʙʨʦʙʢʫ. ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ [3], ʩʝʨʝʜʥʡ̔ 

ʚ̔ʜʩʦʪʦʢ ʨʦʟʦʨʘʥʦʩʪʽ ʟʝʤʝʣʴ ʋʢʨʘʾʥʠ ʚ ʜʘʥʠʡ ʯʘʩ ʩʢʣʘʜʘʻ 53,8%. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʚ ʉʐɸ ʮʝʡ 
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ʧʦʢʘʟʥʠʢ ʩʪʘʥʦʚʠʪʴ 27%, ʌʨʘʥʮʽʾ ï 42%, ʅʽʤʝʯʯʠʥʽ ï 33% [4]. ʎʝʡ ʧʦʢʘʟʥʠʢ ʻ ʦʜʥʠʤ ʟ ʥʘʡ-

ʚʠʱʠʭ ʫ ʩʚʽʪʽ. ʋ ʜʝʷʢʠʭ ʦʙʣʘʩʪʷʭ ʋʢʨʘʾʥʠ ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʨʦʟʦʨʘʥʦʩʪʽ ʟʝʤʝʣʴ ʧʝʨʝʚʠʱʫʻ 

ʧʦʟʥʘʯʢʫ 80%.  

ɿʘʛʘʣʦʤ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ ʥʝʛʘʪʠʚʥʫ ʜʠʥʘʤʽʢʫ ʫ 2012 ʨ. ʇʨʦʪʷ-

ʛʦʤ ʩʽʯʥʷ-ʯʝʨʚʥʷ ʛʘʣʫʟʴ ʤʘʣʘ ʩʪʘʙʽʣʴʥʽ ʧʦʟʠʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ, ʧʨʦʪʝ ʚʞʝ ʟ ʣʠʧʥʷ ʩʪʘʥʦʚʠʱʝ 

ʧʦʛʽʨʰʠʣʦʩʷ. ɿʘʛʘʣʦʤ ʟʘ 2012 ʨ. ʦʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʩʢʦʨʦʪʠʣʠʩʷ ʥʘ 4,5%. ɿʘ ʧʽʜʩʫʤʢʘʤʠ 

2012 ʨ. ʙʫʣʦ ʟʽʙʨʘʥʦ ʥʘ 18,4% ʤʝʥʰʝ ʟʝʨʥʦʚʠʭ ʽ ʟʝʨʥʦʙʦʙʦʚʠʭ ʢʫʣʴʪʫʨ [3].  

ʇʨʦʙʣʝʤʠ ʟʙʝʨʝʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʱʝ ʙʽʣʴʰʝ ʟʘʛʦʩʪʨʠʣʠ-

ʩʷ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʧʘʶʚʘʥʥʷ ʟʝʤʝʣʴ ʢʦʣʠʰʥʽʭ ʢʦʣʝʢʪʠʚʥʠʭ ʩʽʣʴʛʦʩʧʧʽʜʧʨʠʻʤʩʪʚ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʫ 2009 ʨ. ɺʝʨʭʦʚʥʦʶ ʈʘʜʦʶ ʋʢʨʘʾʥʠ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʟʘʢʦʥ ˉ 2290-VI 

çʇʨʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʜʝʷʢʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʋʢʨʘʾʥʠ ʱʦʜʦ ʟʙʝʨʝʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥ-

ʪʽʚè ʚʽʜ 04.06.2009 ʨʦʢʫ ˉ 1443-V, ʷʢʠʡ ʥʘʙʨʘʚ ʯʠʥʥʦʩʪʽ ʟ 1 ʯʝʨʚʥʷ 2010 ʨʦʢʫ. ɿʦʢʨʝʤʘ, ʟʤʽ-

ʥʠ ʙʫʣʠ ʚʥʝʩʝʥʽ ʜʦ ʂʦʜʝʢʩʫ ʋʢʨʘʾʥʠ ʧʨʦ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʧʨʘʚʦʧʦʨʫʰʝʥʥʷ, ʜʦ ɿʝʤʝʣʴʥʦʛʦ 

ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʜʦ ʟʘʢʦʥʽʚ ʋʢʨʘʾʥʠ çʇʨʦ ʟʝʤʣʝʫʩʪʨʽʡè ʪʘ çʇʨʦ ʦʭʦʨʦʥʫ ʟʝʤʣʽè [1]. 

ʊʘʢ, ʧʽʩʣʷ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʩʪʘʪʪʷ 22 ɿʝʤʝʣʴʥʦʛʦ ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ ʛʦʚʦʨʠʪʴ, ʱʦ çʟʝʤʝʣʴʥʽ 

ʜʽʣʷʥʢʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʚʝʜʝʥʥʷ ʪʦʚʘʨʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʠʭ ʪʘ ʟʘʪʚʝʨʜʞʝʥʠʭ ʚ ʫʩʪʘʥʦʚʣʝʥʦʤʫ 

ʧʦʨʷʜʢʫ ʧʨʦʝʢʪʽʚ ʟʝʤʣʝʫʩʪʨʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʽʚʦʟʤʽʥ 

ʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʘʭʦʜʠ ʟ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴè. ʅʘ ʧʝʨʽʦʜ ʜʦ 1 ʩʽʯʥʷ 2015 ʨʦʢʫ ʟʘʟʥʘʯʝʥʽ ʚʠʤʦʛʠ 

ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ ʚʣʘʩʥʠʢʽʚ ʟʝʤʣʽ ʪʘ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ  

ʜʣʷ ʚʝʜʝʥʥʷ ʪʦʚʘʨʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ ʧʦʥʘʜ  

100 ʛʝʢʪʘʨʽʚ. 

ɽʬʝʢʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʚʠʢʦʥʘʥʥʷʤ ʚʠʤʦʛ ʧʨʦʝʢʪʽʚ ʟʝʤʣʝʫʩʪʨʦʶ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʦʩʥʦʚʘʥʽ ʥʘ ʪʝʤʘʪʠʯʥʽʡ ʦʙʨʦʙʮʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʽʟ ʟʘʣʫ-

ʯʝʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɻɯʉ).  

1. ʄʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʦʨʘʥʠʭ ʟʝʤʝʣʴ 

ʄʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʛʨʦʧʨʦʤʠ-

ʩʣʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʩʚʽʪʫ (ʉʐɸ, ʂʘʥʘʜʘ, ʢʨʘʾʥʠ ɭʚʨʦʩʦʶʟʫ, ɯʥʜʽʷ, ʗʧʦʥʽʷ ʪʘ 

ʽʥ.) ɼʦ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʧʨʠʢʣʘʜʽʚ ʜʽʶʯʠʭ ʩʠʩʪʝʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦ-

ʞʥʘ ʚʽʜʥʝʩʪʠ ʧʨʦʝʢʪ MARS (The Monitoring of Agriculture with Remote Sensing; ʨʦʟʨʦʙʢʘ 

ʆʙ'ʻʜʥʘʥʦʛʦ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʮʝʥʪʨʫ ɭʚʨʦʢʦʤʽʩʽʾ ʟ ʤʦʥʽʪʦʨʠʥʛʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝ-

ʤʝʣʴ), ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʧʣʦʱʽ ʧʦʩʽʚʽʚ ʽ ʚʨʦʞʘʡʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʨʽʚʥʷ ʜʝʨʞʘʚ ʽ ʨʝʛʽʦʥʽʚ ʽ ʘʞ ʜʦ ʦʢʨʝʤʠʭ ʬʝʨʤ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʜʘʪʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʨʦʙʥʠʢʘʤʠ ʧʨʦʜʫʢʮʽʾ, ʚʠʨʦʙʣʝʥʥʷ ʛʥʫʯʢʦʾ ʩʠʩʪʝ-

ʤʠ ʮʽʥ ʽ ʢʚʦʪ, ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʦʨʪʥʦ-ʽʤʧʦʨʪʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʽʥʰʠʭ ʟʘʭʦʜʽʚ. ɸʥʘʣʦʛʽʯʥʘ ʩʠʩ-

ʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʄʽʥʩʽʣʴʛʦʩʧʦʤ ʉʐɸ. 

ʋʧʨʘʚʣʽʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʻ ʦʙ'ʻʢʪʠʚʥʦʶ ʽ ʨʝʛʫʣʷʨʥʦ ʦʥʦʚʣʶʻʪʴʩʷ. ɼʣʷ ʘʜʨʝʩʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʚ ʘʛʨʦ-

ʧʨʦʤʠʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩ ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʽʣʴʛʦʩʧʫʛʽʜʴ (ʢʫʜʠ ʚʭʦʜʠʪʴ  
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ʽ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʦʨʘʥʠʭ ʟʝʤʝʣʴ). ʉʘʤʝ ʚ ʮʽʡ ʦʙʣʘʩʪʽ, ʟʘ ʽʩʥʫʶʯʦʾ ʚ ʢʨʘʾʥʽ ʪʨʘʜʠʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ, ʚʠʥʠʢʘʶʪʴ ʧʨʘʢʪʠʯʥʦ ʥʝʧʝʨʝʙʦʨʥʽ 

(ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ɼɿɿ) ʩʢʣʘʜʥʦʩʪʽ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʣʽʢʫ, ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʽʣʴʛʦʩʧʫʛʽʜʴ ʥʝʦʙʭʽʜʥʦ ʥʘʷʚ-

ʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʣʘʥʽʚ ʽ ʢʘʨʪ. ʋ ʉʈʉʈ ʚʝʣʠʢʦ-

ʤʘʩʰʪʘʙʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ (ʘʙʦ ʟʝʤʝʣʴʥʘ) ʟʡʦʤʢʘ ʥʽʢʦʣʠ ʩʠʩʪʝʤʥʦ ʫ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚ-

ʥʦʤʫ ʤʘʩʰʪʘʙʽ ʥʝ ʧʨʦʚʦʜʠʣʘʩʷ. ʅʘʷʚʥʽ ʨʽʟʥʦʨʽʜʥʽ ʧʣʘʥʠ ʽ ʢʘʨʪʠ ʩʽʣʴʛʦʩʧʫʛʽʜʴ ʧʦ ʨʘʡʦʥʘʭ  

ʽ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʙʝʟʥʘʜʽʡʥʦ ʟʘʩʪʘʨʽʣʠ, ʦʩʢʽʣʴʢʠ ʩʪʚʦʨʶʚʘʣʠʩʷ ʚ ʨʘʜʷʥʩʴʢʽ ʯʘʩʠ. ʂʨʽʤ ʪʦʛʦ, 

ʚʦʥʠ ʯʘʩʪʦ ʧʨʠʤʽʪʠʚʥʽ ʟʘ ʟʤʽʩʪʦʤ (ʧʦʢʘʟʘʥʽ ʪʽʣʴʢʠ ʢʦʨʜʦʥʠ ʫʛʽʜʴ), ʥʝ ʤʘʶʪʴ ʻʜʠʥʦʾ ʢʦʦʨʜʠʥʘ-

ʪʥʦʾ ʧʨʠʚ'ʷʟʢʠ, ʪʦʧʦʛʨʘʬʽʯʥʘ ʦʩʥʦʚʘ ʾʭ ʩʧʦʪʚʦʨʝʥʘ (ʯʝʨʝʟ ʽʩʥʫʶʯʽ ʚ ʪʽ ʯʘʩʠ ʽʥʩʪʨʫʢʮʽʾ ʟ ʜʦ-

ʪʨʠʤʘʥʥʷ ʩʝʢʨʝʪʥʦʩʪʽ). ʇʨʦʮʝʩʠ ʧʝʨʝʙʫʜʦʚʠ, ʱʦ ʚʽʜʙʫʚʘʣʠʩʷ ʚ ʢʨʘʾʥʽ ʥʘ ʧʦʯʘʪʢʫ 1990-ʭ ʨʨ., 

ʩʫʪʪʻʚʦ ʪʦʨʢʥʫʣʠʩʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ. ɹʘʛʘʪʦ ʟʝʤʝʣʴ ʙʫʣʠ ʚʠʚʝʜʝʥʽ ʟ ʦʙʦʨʦʪʫ ʽ ʢʠʥʫʪʽ. ɿʘ 

ʤʠʥʫʣʽ ʟ ʪʠʭ ʧʽʨ ʨʦʢʠ ʯʘʩʪʠʥʘ ʮʠʭ ʟʝʤʝʣʴ ʧʨʠʡʰʣʘ, ʧʨʘʢʪʠʯʥʦ, ʚ ʥʝʧʨʠʜʘʪʥʽʩʪʴ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʤʦʞʣʠʚʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʟʘʨʦʩʣʘ ʣʽʩʦʤ). ʎʽ ʷʚʠʱʘ ʥʽ-

ʷʢʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʩʪʘʨʠʭ ʧʣʘʥʘʭ ʽ ʢʘʨʪʘʭ ʥʝ ʤʘʶʪʴ, ʪʦʤʫ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʥʠʤʠ, ʧʨʘʢʪʠʯ-

ʥʦ ʥʝʤʦʞʣʠʚʦ ʧʽʜʨʘʭʫʚʘʪʠ ʧʣʦʱʽ ʧʦʪʝʥʮʽʡʥʠʭ ʩʽʣʴʛʦʩʧʫʛʽʜʴ [5]. 

ɿ ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ, ʚ ʧʝʨʰʫ ʯʝʨ-

ʛʫ, ʚʠʨʽʰʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ ɼɿɿ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʻ ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ ʩʽʣʴʛʦʩʧ-

ʫʛʽʜʴ ʽ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʤʘʪʠʯʥʠʭ ʢʘʨʪ. ʉʽʣʴʛʦʩʧʫʛʽʜʜʷ, ʢʠʥʫʪʽ, ʨʦʟʦʨʘʥʽ, ʟʘʩʤʽʯʝʥʽ 

ʟʝʤʣʽ, ʷʢʽ ʧʦʩʪʫʧʦʚʦ ʟʘʨʦʩʪʘʶʪʴ, ʜʦʙʨʝ ʜʝʰʠʬʨʫʶʪʴʩʷ ʟʘ ʪʝʢʩʪʫʨʦʶ ʟʦʙʨʘʞʝʥʥʷ. 

1.2 ʅʝʦʙʭʽʜʥʽ ʜʘʥʽ ʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʦʨʘʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ ɼɿɿ 

ʊʠʧʦʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʚ ʛʘʣʫʟʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʻ [4]: 

Å ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ʧʦʩʽʚʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ; 

Å ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʦʨʘʥʠʭ ʟʝʤʝʣʴ; 

Å ʨʘʥʥʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ; 

Å ʤʦʥʽʪʦʨʠʥʛ ʪʝʤʧʽʚ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ ʦʜʥʦʯʘʩʥʦ ʧʦ ʪʝʨʠʪʦʨʽʷʭ ʚʝʣʠʢʠʭ ʨʝʛʽʦʥʽʚ; 

Å ʚʠʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʧʘʩʦʚʠʱ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʽʥʦʢʦʩʽʚ; 

Å ʪʘ ʽʥ. 

ʆʪʞʝ, ʦʜʥʝ ʟ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʢʦʩʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ 

ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʪʨʝʥʜʽʚ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʦʨʘʥʦʩʪʽ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʨʽʚʥʽ ʩʫʙôʻʢʪʽʚ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʫʩʪʨʦʶ ʜʝʨʞʘʚʠ. ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʦʨʘʥʦʩʪʽ (ʧʠʪʦʤʘ ʚʘʛʘ ʨʽʣʣʽ ʚ ʟʘʛʘʣʴʥʽʡ 

ʧʣʦʱʽ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ) ï ʩʪʨʫʢʪʫʨʥʠʡ ʧʦʢʘʟʥʠʢ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʣʽ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʦʨʘʥʦʩʪʽ ʟʝʤʝʣʴ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʦʙʯʠʩʣʝʥʴ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ [4]: 

 

                                                               ,                                                     (1.1) 

 

ʜʝ Sʇ ï ʧʣʦʱʘ ʨʽʣʣ;̔ 

Sʉʋ ï ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. 
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ʄʦʥʽʪʦʨʠʥʛ ʨʦʟʦʨʘʥʦʩʪʽ ʟʝʤʝʣʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʙʨʦʙʢʦʶ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʚʪʦʨʥʠʭ ʢʦ-

ʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʧʦ ʷʢʠʭ ʤʦʞʥʘ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʨʦʟʚʠʪʢʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʨʦʞʘʡʥʽʩʪʴ. ʇʦ ʚʽʜʤʽʥʥʦʩʪʷʭ ʚ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʷʩʢʨʘʚʦʩʪʷʭ ʨʦʩʣʠʥʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦ ʽʥʜʝʢʩʫ NDVI 

(Normalized Difference Vegetation Index) (ʨʠʩ. 1.1), ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʘʛʨʦʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʧʦʣʽʚ 

ʪʘ ʽʥ. ɯʥʜʝʢʩ NDVI ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

                                                        ,                                                      (1.2) 

 

ʜʝ NIR ï ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʙʣʠʞʥʽʡ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ; 

RED ï ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʯʝʨʚʦʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ ʬʦʨʤʫʣʠ, ʱʽʣʴʥʽʩʪʴ ʨʦʩʣʠʥʥʦʩʪʽ (NDVI) ʫ ʧʝʚʥʽʡ ʪʦʯʮʽ ʟʦʙʨʘʞʝʥʥʷ 

ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʪʦʛʦ ʩʚʽʪʣʘ ʚ ʯʝʨʚʦʥʦʤʫ ʽ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, 

ʧʦʜʽʣʝʥʽʡ ʥʘ ʩʫʤʫ ʾʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ. 

 

 

ʈʠʩ. 1.1 ï ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʜʝʢʩʫ NDVI ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ  

ʫ ɼʝʨʛʘʯʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ (RapidEye; 10.06.2009; 50Ü04'ʠ 35Ü57' ) 

NDVI ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʙʫʜʴ-ʷʢʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʛʦ, ʩʝʨʝʜʥʴʦʛʦ ʘʙʦ 

ʥʠʟʴʢʦʛʦ ʜʦʟʚʦʣʫ, ʷʢʽ ʤʘʶʪʴ ʩʧʝʢʪʨʘʣʴʥʽ ʢʘʥʘʣʠ ʚ ʯʝʨʚʦʥʦʤʫ (0,55ï0,75 ʤʢʤ) ʽ ʽʥʬʨʘʯʝʨʚʦ-

ʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (0,75ï1,0 ʤʢʤ). ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ NDVI ʚʙʫʜʦʚʘʥʠʡ ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽ ʥʘʡ-

ʧʦʰʠʨʝʥʽʰʽ ʧʘʢʝʪʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʙʨʦʙʢʦʶ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ (Arc View Image Analysis, ERDAS Imagine, ENVI, ɻɯʉ "ʂʘʨʪʘè ʪʦʱʦ) [5]. ɺ ʪʘʙ-

ʣʠʮʽ 1.1 ʧʦʢʘʟʘʥ ̔ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ ʢʘʥʘʣʽʚ ʢʘʤʝʨ ʨʽʟʥʠʭ ʩʫʧʫʪʥʠʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ NDVI. 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʜʝʢʩʫ NDVI ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʘ ʙʝʟʧʝʨʝʨʚʥʘ ʛʨʘʜʽ̒-

ʥʪʥʘ ʘʙʦ ʜʠʩʢʨʝʪʥʘ ʰʢʘʣʘ (ʨʠʩ. 1.2), ʱʦ ʧʦʢʘʟʫʻ ʟʥʘʯʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ -1 .. 1 ʫ ʧʨʦʮʝʥʪʘʭ 

ʘʙʦ ʚ ʪʘʢ ʟʚʘʥʽʡ ʰʢʘʣʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 255, ʘʙʦ ʚ ʜʽʘʧʘʟʦʥʽ 0 .. 200  

(-100 .. 100), ʱʦ ʙʽʣʴʰ ʟʨʫʯʥʦ, ʪʘʢ ʷʢ ʢʦʞʥʘ ʦʜʠʥʠʮʷ ʚʽʜʧʦʚʽʜʘʻ 1% ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʘ [5]. 
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ʊʘʙʣʠʮʷ 1.1 ï ʂʦʤʙʽʥʘʮʽʾ ʢʘʥʘʣʽʚ ʢʘʤʝʨ ʩʫʧʫʪʥʠʢʽʚ, ɦ ʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ NDVI 

MSS Landsat(4,5) 5 (0.6ï0.7 ʤʢʤ), 6 (0.7ï0.8 ʤʢʤ) ʘʙʦ 7 (0.8ï1.1 ʤʢʤ) 

TM Landsat(4,5) 3 (0.63ï0.69 ʤʢʤ), 4 (0.76ï0.90 ʤʢʤ) 

ETM+ Landsat7 3 (0.63ï0.69 ʤʢʤ), 4 (0.75ï0.90 ʤʢʤ) 

AVHRR NOAA 1 (0.58ï0.68 ʤʢʤ), 2 (0.72ï1.0 ʤʢʤ) 

MODIS Terra(Aqua) 1 (0.62ï0.67 ʤʢʤ), 2 (0.841ï0.876 ʤʢʤ) 

ASTER Terra 2 (0.63ï0.69 ʤʢʤ), 3 (0.76ï0.86 ʤʢʤ) 

 

 

ʈʠʩ.1.2 ï ɼʠʩʢʨʝʪʥʘ ʰʢʘʣʘ NDVI 

ɿʘʚʜʷʢʠ ʦʩʦʙʣʠʚʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ NIR-RED ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ, ʧʨʠʨʦʜʥʽ ʦʙ'ʻʢʪʠ, ʥʝ 

ʧʦʚ'ʷʟʘʥʽ ʟ ʨʦʩʣʠʥʥʽʩʪʶ, ʤʘʶʪʴ ʬʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ NDVI, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ 

ʧʘʨʘʤʝʪʨ ʜʣʷ ʾʭ ʽʜʝʥʪʠʬʽʢʘʮʽʾ (ʪʘʙʣ. 1.2). 

ʊʘʙʣʠʮʷ 1.2 ï ʌʽʢʩʦʚʘʥʝ ʟʥʘʯʝʥʥʷ NDVI 

ʊʠʧ ʦʙ'ʻʢʪʘ ɺʽʜʦʙʨʘʞʝʥʥʷ ʚ ʯʝʨʚʦʥʽʡ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ 

ɺʽʜʦʙʨʘʞʝʥʥʷ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ 

ɿʥʘʯʝʥʥʷ NDVI 

ɻʫʩʪʘ ʨʦʩʣʠʥʥʽʩʪʴ 0.1 0.5 0.7 

ʈʦʟʨʜ̔ʞʝʥʘ  

ʨʦʩʣʠʥʥʽʩʪʴ 0.1 0.3 0.5 

ɺʽʜʢʨʠʪʠʡ ˇʨʫʥʪ 0.25 0.3 0.025 

ʍʤʘʨʠ 0.25 0.25 0 

ʉʥʽʛ ʠ ʣʽʜ 0.375 0.35 -0.05 

ɺʦʜʘ 0.02 0.01 -0.25 

ʐʪʫʯʥʽ ʤʘʪʝʨʽʘʣʠ 

(ʙʝʪʦʥ, ʘʩʬʘʣʴʪ) 0.3 0.1 -0.5 

 

ʂʨʽʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ, ʤʦʞʥʘ ʟʘʣʫʯʘʪʠ ʤʝʪʦʜ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʣʘ-

ʩʠʬʽʢʘʮʽʾ [6], ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʝʨʚʠʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙ'ʻʢʪʽʚ, 

ʷʢʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ. ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʬʦʨʤʫʶʪʴʩʷ ʜʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ, ʷʢʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʣʘʩʫ. ɺʩʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʧʽʢʩʝʣʴʥʦ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷ-

ʤʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʢʣʘʩʽʚ, ʽ ʧʝʚʥʠʡ ʧʽʢʩʝʣʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ. ʅʘ ʨʠʩ. 1.3 

ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʦʙʨʦʙʢʠ ʟʥʽʤʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɼʘʣʽ ʤʦʞʥʘ 

ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʦʨʘʥʦʩʪʽ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʦʙʣʘʩʥʦ-

ʤʫ ʨʽʚʥʽ ʥʝʦʙʭʽʜʥʘ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʘʷʚʥʽʩʪʴ ʜʘʥʠʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʟ ʜʦʟʚʦ-

ʣʦʤ ʥʝ ʤʝʥʰʝ ʥʽʞ 15ï30 ʤ.  
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ʈʠʩ. 1.3 ï ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʣʷ ʜʝʰʠʬʨʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʝʤʝʣʴ 

(ʋʢʨʘʾʥʘ, ʏʫʛʫʾʚʩʴʢʠʡ ʨʘʡʦʥ; Landsat ETM+; ʪʨʘʚʝʥʴ 2007 ʨ., 49Ü45ô, 36Ü36ô)  

ʊʦʯʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʝʞ ʨʦʟʦʨʘʥʠʭ ʟʝʤʝʣʴʥʠʭ ʤʘʩʠʚʽʚ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ ʧʨʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ, ʷʢ ʤʽʥʽʤʫʤ, ʪʨʴʦʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʦʪʨʠʤʘʥʠʭ; 

1. ʚ ʧʝʨʽʦʜ ʧʦʩʽʚʫ (ʢʚʽʪʝʥʴ-ʪʨʘʚʝʥʴ); 

2. ʚ ʘʢʪʠʚʥʠʡ ʧʝʨʽʦʜ ʚʝʛʝʪʘʮʽʾ (ʣʠʧʝʥʴ-ʧʦʯʘʪʦʢ ʩʝʨʧʥʷ); 

3. ʧʽʜ ʯʘʩ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ (ʢʽʥʝʮʴ ʩʝʨʧʥʷ-ʚʝʨʝʩʝʥʴ). 

ɼʦ ʚʩʽʭ ʮʠʭ ʟʥʽʤʢʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʜʠʥ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʜʝʰʠʬʨʫʚʘʥʥʷ. ʈʦʟʧʽ-

ʟʥʘʚʘʥʥʷ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ, ʪʘʢʠʭ ʷʢ ENVI, 

ERDAS Imagine, ɻɯʉ çʂʘʨʪʘè ʪʘ ʽʥ. ʇʨʠ ʮʴʦʤʫ, ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʝʤʝʣʴʥʽ ʤʘʩʠʚʠ, ʷʢʽ 

ʨʦʟʦʨʚʁʘʣʠʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʜʦʟʨʽʚʘʥʥʷ ʢʫʣʴʪʫʨ, ʽ ʪʽ ʜʽʣʷʥʢʠ, ʷʢʽ ʭʦʯʘ ʙ ʦʜʠʥ ʨʘʟ 

ʙʫʣʠ ʨʦʟʦʨʘʥʠʤʠ. 

ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʙʘʛʘʪʦʨʽʯʥʠʭ ʪʨʘʚ ʥʘ ʧʦʣʷʭ. ɿʝʤʣʽ, ʥʘ ʷʢʠʭ ʚʦ-

ʥʠ ʟʨʦʱʫʶʪʴʩʷ, ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʨʦʟʦʨʘʥʠʤʠ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʨʦʢʽʚ. ʊʦʤʫ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʥʘ-

ʙʣʠʟʠʪʠʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʟʥʽʤʢʽʚ ʟʘʜʘʥʦʾ ʪʝʨʠ-

ʪʦʨʽʾ ʟʘ ʢʽʣʴʢʘ ʨʦʢʽʚ (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʪʨʠïʯʦʪʠʨʠ ʨʦʢʠ). ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʨʭʽʚʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʩʝʨʝʜʥʴʦʛʦ ʘʙʦ ʚʠʩʦʢʦʛʦ ʜʦʟʚʦʣʫ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘ-

ʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʝʣʴ ʩʪʘʶʪʴ ʥʘʙʘʛʘʪʦ ʦʙ'ʻʢʪʠʚʥʽʰʠʤʠ ʽ ʪʦʯʥʽʰʠʤʠ, ʢʦʣʠ ʚʦʥʠ ʧʦʻʜʥʫʶʪʴʩʷ 

ʟ ʘʢʪʫʘʣʴʥʠʤʠ ʽ ʜʦʩʠʪʴ ʪʦʯʥʠʤʠ ʢʘʨʪʘʤʠ ʩʽʣʴʛʦʩʧʫʛʽʜʴ. ʉʘʤʽ ʞʝ ʧʦ ʩʦʙʽ ʟʘʚʜʘʥʥʷ ʤʦʥʽʪʦʨʠʥ-

ʛʫ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘ ʮʴʦʤʫ ʬʦʥʽ ʝʬʝʢʪʠʚʥʽʰʝ ʽ ʟ ʽʩʪʦʪʥʦ ʤʝʥʰʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʪʘʢ ʷʢ ʥʝʤʘʻ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʣʴʦʚʽ ʜʘʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʞ ʧʦʣʽʚ ʽ ʥʘʙʘʛʘʪʦ ʣʝʛʰʝ ʚʠʢʦ-

ʥʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷ ʝʪʘʣʦʥʥʠʭ ʜʽʣʷʥʦʢ. 

ʗʢʱʦ ʥʝʤʘʻ ʘʢʪʫʘʣʴʥʠʭ ʢʘʨʪ ʥʘ ʢʦʥʢʨʝʪʥʫ ʪʝʨʠʪʦʨʽʶ, ʪʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʧʨʦʚʦʜʠʪʴʩʷ ʚʝʢʪʦʨʠʟʘʮʽʷ. ʇʦʪʽʤ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʩʽʣʴ-

ʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ (Sʉʋ) ʽ ʧʣʦʱʘ ʨʦʟʦʨʘʥʠʭ ʟʝʤʝʣʴ (Sʇ). ɿʘ ʬʦʨʤʫʣʦʶ (1.1) ʚʠʟʥʘʯʘ̒-

ʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʦʨʘʥʦʩʪʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʥʷ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦ-

ʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦ ʟʥʽʤʢʫ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʜʣʷ ɻɯʉ  

çʂʘʨʪʘ 2011è, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʙʨʦʙʢʠ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ. 
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2. ʇʦʢʨʦʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʦʨʘʥʦʩʪʽ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʦʢʨʦʢʦʚʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʨʦʟʨʦʙʣʝʥʘ ʘʚʪʦʨʘʤʠ ʥʘ ʦʩ-

ʥʦʚ̔ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ [5] ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ɻɯʉ çʂʘʨʪʘ 2011è.  

ʂʨʦʢ 1. ɿʘʚʘʥʪʘʞʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ʆʪʨʠʤʘʥʥʷ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʥʽʤʢʽʚ ʢʦʥʢʨʝʪʥʦʾ ʪʝʨʠʪʦʨʽʾ ʫ ʚʢʘʟʘʥʽ ʧʝʨʽʦʜʠ. 

ʂʨʦʢ 2. ɸʥʘʣʽʟ ʟʥʽʤʢʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʟʝʤʝʣʴ 

ɸʥʘʣʽʟ, ʷʢ ʤʽʥʽʤʫʤ, ʪʨʴʦʭ ʟʥʽʤʢʽʚ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʪʝʨʠʪʦʨʽʾ, ʟʨʦʙʣʝʥʠʭ ʫ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʨʦ-

ʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʦʨʥʠʭ ʟʝʤʝʣʴ ʚʽʜ ʚʩʽʭ 

ʥ̔h ʠʭ ʟʝʤʝʣʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʪʘ ʥʝʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʽ ʜʽʣʷʥʢʠ, 

ʷʢʽ ʭʦʯʘ ʙ ʦʜʠʥ ʨʘʟ ʙʫʣʠ ʨʦʟʦʨʘʥʠʤʠ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʣʣʽ. ɸʥʘʣʽʟ ʤʦʞʝ ʙʫʪʠ ʷʢ ʚʽʟʫʘʣʴʥʠʡ 

(ʧʨʠ ʚʠʩʦʢʦʤʫ ʜʦʟʚʦʣʽ ʟʥʽʤʢʘ), ʪʘʢ ʽ ʧʨʦʚʦʜʠʪʠʩ ̫ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʜʝʢʩʫ NDVI. ʎʝʡ ʢʨʦʢ 

ʘʢʪʫʘʣʴʥʠʡ, ʪʽʣʴʢʠ ʷʢʱʦ ʥʝʤʘʻ ʢʘʨʪʠ ʧʦʣʽʚ ʘʙʦ ʧʣʘʥʫ ʧʦʩʽʚʽʚ. 

ʂʨʦʢ 3. ɺʠʜʽʣʝʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʜʽʣʷʥʦʢ 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʟʥʽʤʢʽʚ, ʜʘʣʽ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ (ʥʘʥʝʩʪʠ ʥʘ ʢʘʨʪʫ) 

ʢʦʥʪʨʦʣʴʥʽ ʜʽʣʷʥʢʠ (ʨʽʣʣʽ, ʙʘʛʘʪʦʨʽʯʥʽ ʥʘʩʘʜʞʝʥʥʷ, ʩʽʥʦʞʘʪʽ). ʎʽ ʜʽʣʷʥʢʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠʩʷ ʥʘʜʘʣʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʩʢʨʘʚʦʩʪʽ ʟʥʽʤʢʘ. 

ʂʨʦʢ 4. ɺʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʧʦʙʫʜʦʚʘ ʩʪʘʪʠʩʪʠʢʠ ʜʽʣʷʥʢʠ ʜʣʷ ʘʥʘʣʽʟʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. ʋ ʜʘʥʦʤʫ 

ʜʽʘʣʦʟʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʤʘʢʩʠʤʘʣʴʥʦ ʽ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞ-

ʣʠʚʠʭ ʟʥʘʯʝʥʴ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʷ ʚ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ, ʪʘʢ ʩʘʤʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦ ʢʦʞʥʦʤʫ 

ʢʘʥʘʣʫ ʽ ʨʦʟʢʠʜ ʟʥʘʯʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʤʦʜʫ ʽ ʤʝʜʽʘʥʫ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ. 

ʇʦ ʦʩʽ ʭ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʢʘʥʘʣʠ ʩʫʧʫʪʥʠʢʘ, ʘ ʧʦ ʦʩʽ ʫ ï ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʷ (ʨʠʩ.2.1). 
 

 

ʈʠʩ. 2.1 ï ʇʦʙʫʜʦʚʘ ʩʪʘʪʠʩʪʠʢʠ ʜʽʣʷʥʢʠ 


