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ʈʦʟʜʽʣ 1. ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ  
 

ʋɼʂ 553.981 

 

É ɭ.ʆ. ʗʢʦʚʣʻʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʩʪʨʘʪʝʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤ. ʂʠʾʚ 

 

ʉʊʈɸʊɽɻɯʏʅɯ ʌɸʂʊʆʈʀ ɽʂʆʃʆɻʆ-ɻɽʆʃʆɻɯʏʅʆɻʆ ʈʀɿʀʂʋ 

ɺʀɼʆɹʋʊʂʋ ʉʃɸʅʎɽɺʆɻʆ ɻɸɿʋ  

ʋ ʅɸʌʊʆɻɸɿʆʅʆʉʅʀʍ ʈɽɻɯʆʅɸʍ ʋʂʈɸɰʅʀ 

 

ʋ ʩʪʘʪʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʩʪʨʘʪʝʛʽʯʥʽ ʬʘʢʪʦʨʠ ʝʢʦʣʦʛʦ-ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʚʠʜʦʙʫʪʢʫ 

ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʫ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ. ɺʠʜʦʙʫʪʦʢ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʥʘ ʦʩʥʦʚʽ 

ʬʨʝʢʽʥʛ-ʪʝʭʥʦʣʦʛʽʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʫ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʥʘ ʚʝʣʠʢʠʭ ʧʣʦɦ ʘʭ 

ʪʝʭʥʦʛʝʥʥʠʭ ʧʨʦʥʠʢʥʠʭ ʚʠʩʦʢʦʥʘʧʽʨʥʠʭ ʟʦʥ. ɰʭ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʥʠʢʥʦʩʪʽ ʛʣʠʙʦ-

ʢʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʭʽʜʥʦʾ ʤʽʛʨʘʮʽʾ ʪʦʢʩʠʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʽʟ ʬʨʝ-

ʢʽʥʛ-ʟʦʥʠ ʫ ʛʦʨʠʟʦʥʪʠ ʧʨʽʩʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ (ʨʽʢʠ, ʦʟʝʨʘ, ʜʞʝʨʝ-

ʣʘ). ɸʢʪʫʘʣʴʥʠʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʪʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʾ 

ʙʘʟʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʝʢʽʥʛ-ʪʝʭʥʦʣʦʛʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʜʦʚʠʱ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ. 

 

ʂʣʶʯʦʚ̔ ʩʣʦʚʘ: ʩʣʘʥʮʝʚʠʡ ʛʘʟ, ʬʨʝʢʽʥʛ-ʪʝʭʥʦʣʦʛʽʷ, ʪʝʭʥʦʛʝʥʥʘ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ, ʝʢʦʣʦʛʦ-

ʛʝʦʣʦʛʽʯʥʠʡ ʨʠʟʠʢ. 

ɺʩʪʫʧ 

ʉʫʯʘʩʥʘ ʝʢʦʥʦʤʽʢʘ ʋʢʨʘʾʥʠ ʟʘ ʦʮʽʥʢʘʤʠ ʧʨʦʚʽʜʥʠʭ ʚʯʝʥʠʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʘʥʦʤʘʣʴʥʠʤ 

ʝʥʝʨʛʦ-ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷʤ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʚ 3ï5 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʢʘʟʥʠʢʠ ʨʦʟʚʠʥʝ-

ʥʠʭ ʢʨʘʾʥ. ɿʥʘʯʥʦʶ ʤʽʨʦʶ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʩʠʨʦʚʠʥʥʦ-ʧʝʨʝʨʦʙʣʶʶʯʠʭ, ʤʝʪʘ-

ʣʫʨʛʽʡʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʛʘʣʫʟʝʡ [1ï5]. 

ɿʘ ʥʘʷʚʥʠʤʠ ʦʮʽʥʢʘʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʧʦʥʘʜ 3000 ʨʦʜʦʚʠʱ ʤʽʥʝʨʘ-

ʣʴʥʦʾ ʩʠʨʦʚʠʥʠ (97 ʚʠʜʽʚ) ʽ ʟʘʨʘʟ ʬʫʥʢʮʽʦʥʫʻ ʙʽʣʴʰʝ 2000 ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʷʢʠʭ ʤʘʻ ʧʨʦʷʚ ʥʘ 20% ʪʝʨʠʪʦʨʽʾ ʜʝʨʞʘʚʠ (ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ, ʧʦʚʝʨ-

ʭʥʝʚʠʭ ʚʦʜ ʪʘ ʣʘʥʜʰʘʬʪʽʚ, ʧʦʨʫʰʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʥʘʜʨ). 

ʉʝʨʝʜʥʴʦʨʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʩʢʣʘʜʘʻ ʜʦ 80 ʤʣʥ. ʪʦʥʥ ʚʫ-

ʛ̔ ʣʣʷ, 53 ʤʣʨʜ. ʤ
3
 ʛʘʟʫ, 12 ʤʣʥ. ʪʦʥʥ ʥʘʬʪʠ. ʇʨʠ ʮʴʦʤʫ ʜʦ 75% ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʙʘʟʫ-

ʻʪʴʩʷ ʥʘ ʽʤʧʦʨʪʽ, ʱʦ ʬʦʨʤʫʻ ʬʘʢʪʦʨ ʟʘʛʨʦʟʠ ʥʘʮʽʦʥʘʣʴʥʽʡ ʙʝʟʧʝʮʽ. ɿ ʚʠʜʦʙʫʪʢʦʤ, ʧʝʨʝʨʦʙʢʦʶ 

ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ (ʄʉʈ) ʧʦʚôʷʟʘʥʦ ʬʦʨʤʫʚʘʥʥʷ ʜʦ 43ï45% 

ɺɺʇ ʪʘ ʜʦ 60% ʝʢʩʧʦʨʪʥʠʭ ʥʘʜʭʦʜʞʝʥʴ, ʱʦ ʻ ʦʟʥʘʢʘʤʠ ʩʠʨʦʚʠʥʥʦʾ ʝʢʦʥʦʤʽʢʠ.  
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ɿʘ ʦʮʽʥʢʘʤʠ ʬʘʭʽʚʮʽʚ ɼʝʨʞʛʝʦʣʩʣʫʞʙʠ ʄʽʥʧʨʠʨʦʜʠ ʪʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ɸʅ ʋʢʨʘʾʥʠ 

(ʧʨʦʬ. ʈʫʜʴʢʦ ɻ.ɯ, ʢ. ʛ.-ʤ. ʥʘʫʢ ʃʶʪʘ ʅ.ɻ., ʧʨʦʬ. ʂʦʨʞʥʝʚ ʄ.ʄ., ʧʨʦʬ. ʌʝʩʠʢ ʄ.ɸ., 

ʧʨʦʬ. ʄʽʱʝʥʢʦ ɺ.ʉ.) ʙʽʣʴʰʽʩʪʴ ʨʦʟʚʠʥʫʪʠʭ ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʠʭ ʨʘʡʦʥʽʚ (ɼʦʥʙʘʩ, ʂʨʠʚʙʘʩ, 

ʎʝʥʪʨʘʣʴʥʦ-ʋʢʨʘʾʥʩʴʢʠʡ ʫʨʘʥʦʨʫʜʥʠʡ, ʉʭʽʜʥʠʡ ʪʘ ɿʘʭʽʜʥʠʡ ʥʘʬʪʦ-ʛʘʟʦʚʠʜʦʙʫʚʥʽ ʪʘ ʽʥ.) ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʟʚʦʨʦʪʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʨʽʚʥʷʤʠ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʦʜʥʦʯʘʩʥʦʶ ʜʝʛʨʘʜʘʮʽʻʶ ʙʽʦʩʬʝʨʠ, ʘ ʙʽʣʴʰʽʩʪʴ ʰʘʭʪ  

ʽ ʢʘʨôʻʨʽʚ ʜʦʩʷʛʣʠ ʢʨʠʪʠʯʥʠʭ ʛʣʠʙʠʥ (1,5 ʪʘ 0,4 ʢʤ, ʚʽʜʧʦʚʽʜʥʦ) ʧʨʠ ʘʥʦʤʘʣʴʥʠʭ ʨʽʚʥʷʭ ʝʥʝʨ-

ʛʦʻʤʥʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ʄʉʈ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʟʘ ʫʤʦʚ 

ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʟʨʦʩʪʘʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ ʫ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʽ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʧʦʰʫʢʦʤ 

ʥʦʚʠʭ ʚʣʘʩʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʫʛʣʝʚʦʜʥʝʚʠʭ, ʷʢʽ ʤʘʶʪʴ  

ʟʥʠʞʝʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʪʘ ʥʘʡʙʽʣʴʰʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʦ ʦʙôʻʢʪʽʚ ʩʧʦʞʠ-

ʚʘʥʥʷ [1ï4]. 

ʇʨʠʥʮʠʧʦʚʦ ʥʦʚʘ ʩʭʝʤʘ ʨʦʟʚʠʪʢʫ ʩʪʨʫʢʪʫʨʠ ʚʠʜʦʙʫʪʢʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʦʾ 

ʝʥʝʨʛʦʩʠʨʦʚʠʥʠ ʫ ʩʚʽʪʽ ʩʴʦʛʦʜʥʽ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʜʦʩʚʽʜʽ ʉʐɸ ʟ ʦʩʚʦʻʥʥʷ ʨʝʩʫʨʩʽʚ ʩʣʘʥʮʝʚʦʛʦ 

ʪʘ ʮʝʥʪʨʘʣʴʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʛʘʟʫ (shale gas, tight gas). ɿʘ ʧʦʧʝʨʝʜʥʽʤʠ ʦʮʽʥʢʘʤʠ, ʨʦʜʦʚʠʱʘ 

ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ (ʉɻ) ʙʽʣʴʰ-ʤʝʥʰ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʫ ʥʘʜʨʘʭ ʙʽʣʴʰʦʩʪʽ ʜʝʨʞʘʚ ʥʘ-

ʰʦʾ ʧʣʘʥʝʪʠ, ʱʦ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ [2ï4, 9, 11, 12]. 

1. ʈʝʛʽʦʥʘʣʴʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʚ ʋʢʨʘʾʥʽ  

ɿʥʘʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʝʥʝʨʛʦʧʦʩʪʘ-

ʯʘʥʥʷ ʚʠʤʘʛʘʻ ʚʽʜ ʢʝʨʽʚʥʠʮʪʚʘ ʜʝʨʞʘʚʠ ʚʩʝ ʘʢʪʠʚʥʽʰʝ ʟʘʡʤʘʪʠʩʷ ʧʠʪʘʥʥʷʤʠ ʝʥʝʨʛʦʜʠʚʝʨʩʠ-

ʬʽʢʘʮʽʾ. ʆʜʥʽʻʶ ʟ ʩʢʣʘʜʦʚʠʭ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʨʦʜʦʚʠʱ ʚʫʛʣʝʚʦʜʥʽʚ, ʟʦʢʨʝʤʘ 

ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʪʘ ʛʘʟʫ ʱʽʣʴʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʪʦʱʦ. ʑʦʜʦ ʉɻ ʧʨʠʚʘʙʣʠʚʠʤ ʻ ʬʘʢʪ ʬʦʨʤʫʚʘʥʥʷ 

ʡʦʛʦ ʧʦʢʣʘʜʽʚ ʚ ʤʝʞʘʭ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʪʝʨʠʪʦʨʽʡ ʉʭʽʜʥʦʛʦ ʽ ɿʘʭʽʜʥʦʛʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʨʝ-

ʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʨʦʟʚʠʥʝʥʦʾ ʤʝʨʝʞʽ ʛʘʟʦʧʨʦʚʦʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʦʧʝʨʘʪʠʚʥʫ ʜʦʩʪʘʚʢʫ ʚʠʜʦʙʫʪʦʛʦ ʛʘʟʫ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʚʠʢʣʶʯʘʻ ʚʠʪʨʘʪʠ ʟʥʘʯʥʠʭ ʢʦʰʪʽʚ ʜʣʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ [8, 9, 11, 12]. 

ʋ ʢʚʽʪʥʽ 2011 ʨʦʢʫ ʙʫʣʦ ʦʧʨʠʣʶʜʥʝʥʦ ʘʥʘʣʽʟ ɸʤʝʨʠʢʘʥʩʴʢʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʝʥʝʨʛʝʪʠʯ-

ʥʦʾ ʘʛʝʥʮʽʾ (U.S. EIA) çʉʚʽʪʦʚʽ ʨʝʩʫʨʩʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ: ʘʥʘʣʽʟ 14 ʨʝʛʽʦʥʽʚ ʟʘ ʤʝʞʘʤʠ ʉʐɸè. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʜʦʢʫʤʝʥʪʫ ʋʢʨʘʾʥʘ ʤʘʻ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʟʘʧʘʩʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ, ʧʦʢʣʘʜʠ 

ʷʢʦʛʦ ʟʘ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʦʮʽʥʢʘʤʠ ʧʽʜʨʦʟʜʽʣʽʚ ʅɸʅ ʪʘ ɼʝʨʞʛʝʦʣʩʣʫʞʙʠ ʄʽʥʧʨʠʨʦʜʠ 

ʋʢʨʘʾʥʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʩʚʦʻʥʥʷ (ʪʘʙʣ. 1). 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʠʡ ʙʘʣʘʥʩ ʟʘʧʘʩʽʚ ʪʨʘʜʠʮʽʡʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʚ ʤʝʞʘʭ ʛʝʦ-

ʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʋʢʨʘʾʥʠ (ʉʭʽʜʥʠʡ, ɿʘʭʽʜʥʠʡ, ʇʽʚʜʝʥʥʠʡ ʨʝʛʽʦʥʠ) ʚʠʛʣʷʜʘʻ ʜʦʩʠʪʴ ʥʘʧʨʫ-

ʞʝʥʠʤ (ʪʘʙʣ. 2). ɻʝʦʣʦʛʦ-ʨʝʩʫʨʩʥʘ ʽ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʘ ʩʢʣʘʜʥʽʩʪʴ ʩʫʯʘʩʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʥʘ-

ʬʪʠ, ʛʘʟʫ ʪʘ ʛʘʟʦʢʦʥʜʝʥʩʘʪʫ ʧʦʚôʷʟʘʥʘ ʟ ʨʦʟʨʦʙʢʦʶ ʤʘʣʠʭ ʽ ʛʣʠʙʦʢʠʭ ʨʦʜʦʚʠʱ [5, 7ï9, 11, 12].  

 



 

                                                                                               _ ʈʦʟʜʽʣ 1. ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ__ 
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ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʥʥʷ ʟʘʧʘʩʽʚ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ ʟ ʥʘʷʚʥʠʤʠ ʟʘʧʘʩʘʤʠ  

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ ʩʧʦʞʠʚʘʥʥʷʤ 

ɼʝʨʞʘʚʠ 

2009 ʨ. ʨʠʥʦʢ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʤʣʨʜ. ʤ
3
 ɼʦʚʝʜʝʥʽ ʟʘʧʘʩʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, 

ʤʣʨʜ. ʤ
3
 

ʚʠʨʦʙʥʠʮʪʚʦ ʩʧʦʞʠʚʘʥʥʷ ʽʤʧʦʨʪ (ʝʢʩʧʦʨʪ) 

ʌʨʘʥʮʽʷ 0,85 49,00 98% 56,66 

ʅʽʤʝʯʯʠʥʘ 14,45 92,63 84% 175,64 

ʅʽʜʝʨʣʘʥʜʠ 79,04 48,72 (62%) 1388,10 

ʅʦʨʚʝʛʽʷ 103,40 4,53 (2156%) 2039,66 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ 59,21 88,10 33% 254,96 

ɼʘʥʽʷ 8,50 4,53 (91%) 59,49 

ʐʚʝʮʽʷ ï 1,13 100%  

ʇʦʣʴʱʘ 5,95 16,43 64% 164,30 

ʊʫʨʮʽʷ 0,85 35,13 98% 5,67 

ʋʢʨʘʾʥʘ 20,40 44,19 54% 1104,82 

ʃʠʪʚʘ ï 2,83 100%  

ɯʥʰʽ 13,60 0,27 50% 76,77 

 

ʊʘʙʣʠʮʷ 2 ï ɹʘʣʘʥʩ ʟʘʧʘʩʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʚ ʛʝʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʋʢʨʘʾʥʠ 

ʈʝʛʽʦʥʠ 

ʈʦʟʚʽʜʘʥʽ ʟʘʧʘʩʠ (ʩʪʘʥʦʤ ʥʘ 2009 ʨ.) ɺʠʜʦʙʫʪʦʢ ʟ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ 

ʅʘʬʪʘ 

(ʤʣʥ. ʪ) 
ɻʘʟ, ʤʣʨʜ. ʤ

3 ɻʘʟʦʢʦʥʜʝʥʩʘʪ, 

ʤʣʥ. ʪ 

ʅʘʬʪʘ 

(ʤʣʥ. ʪ) 
ɻʘʟ, ʤʣʨʜ. ʤ

3 ɻʘʟʦʢʦʥʜʝʥʩʘʪ, 

ʤʣʥ. ʪ 

ʋʢʨʘʾʥʘ 112 1014,5 61,7 315,4  72,6 

ʉʭʽʜʥʠʡ 65,5 810,7 56,3 205,1  68,6 

ɿʘʭʽʜʥʠʡ  40,1 132,8 2,6 110,0 298,2 2,7 

ʇʽʚʜʝʥʥʠʡ 6,4 71,0 2,8 0,3 29,9 1,3 

 

ɼʦʚʽʜʢʦʚʦ: ʄʘʢʩʠʤʫʤ ʨʽʯʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʥʘʬʪʠ ʚ ʋʢʨʘʾʥʽ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʚ 1972 ʨ. 

(14,4 ʤʣʥ. ʪ), ʘ ʛʘʟʫ ï ʚ 1976 ʨ. (68,3 ʤʣʨʜ. ʤ
3
). ʉʫʯʘʩʥʠʡ ʚʠʜʦʙʫʪʦʢ ʥʘʬʪʠ ʩʪʘʙʽʣʽʟʫʚʘʚʩʷ ʥʘ 

ʨʽʚʥʽ 3,8ï4,2 ʤʣʥ. ʪ/ʨʽʢ, ʘ ʛʘʟʫ ï 19,5ï20,5 ʤʣʨʜ. ʤ
3
/ʨʽʢ. ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʠʡ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʦ-

ʻʤʥʠʭ ʛʘʣʫʟʝʡ, ʋʢʨʘʾʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʢʨʘʾʥʦʶ ʟ ʥʘʡʙʽʣʴʰʠʤ ʫ ʩʚʽʪʽ ʨʽʯʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʛʘʟʫ 

ʥʘ ʜʫh ʫ ʥʘʩʝʣʝʥʥʷ ï ʜʦ 1,5 ʪʠʩ. ʤ
3
, ʱʦ ʥʘ 30ï50% ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢʠ ʢʨʘʾʥ ɭʉ. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʝʛʽʦʥʠ ʟ ʧʦʢʣʘʜʘʤʠ ʩʣʘʥʮʝʚʦʛʦ 

ʛʘʟʫ: ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʠʡ ʪʘ ʃʶʙʣʽʥʩʴʢʠʡ ʟ̔ ʟʘʧʘʩʘʤʠ 1,36 ʪʨʣʥ. ʤ
3
 ʪʘ 4,22 ʪʨʣʥ. ʤ

3
, ʚʽʜ-

ʧʦʚʽʜʥʦ (ʨʠʩ. 1).  

ɿ ʮʠʭ 5,58 ʪʨʣʥ. ʤ
3
 ʉɻ ʚ ʢʽʥʮʝʚʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʪʝʭʥʽʯʥʦ ʚʠʣʫʯʝʥʽ 1.2 ʪʨʣʥ. ʤ

3
 

(ʜʦ 20%), ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʧʦʩʠʣʠʪʠ ʚʣʘʩʥʫ ʝʥʝʨʛʦ-ʨʝʩʫʨʩʥʫ ʙʘʟʫ ʚʫʛʣʝʚʦʜʥʽʚ ʚ ʋʢʨʘʾʥʽ. 

ɿʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʪʝʭʥʽʯʥʦ ʜʦʩʪʫʧʥʦʛʦ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ, ʥʘ ʨʽʚʥʽ ʩʧʦʞʠʚʘʥʥʷ 

2012 ʨʦʢʫ, ʜʦʚʝʜʝʥʠʭ ʟʘʧʘʩʽʚ ʮʠʭ ʜʽʣʷʥʦʢ ʚʠʩʪʘʯʠʪʴ ʥʘ 30ï35 ʨʦʢʽʚ. 

 



 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ _̫_____________________________ 
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ʈʠʩ. 1 ï ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʙʘʩʝʡʥʽʚ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʚ ɭʚʨʦʧʽ 

2. ʆʮʽʥʢʘ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʪʝʭʥʦʛʝʥʥʠʭ ʟʤʽʥ ʩʪʘʥʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

ʫ ʧʨʦʮʝʩʽ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ 

ɺʠʜʦʙʫʪʦʢ ʉɻ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʪʝʭʥʦʛʝʥʥʠʤ ʩʪʚʦʨʝʥʥʷʤ ʫ ʩʪʠʩʥʫʪʠʭ ʛʘʟʦʚʦʜʦʥʘʩʠʯʝʥʠʭ 

ʰʘʨʘʭ, ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʽ 2,5ï4,5 ʢʤ, ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʚʠʥʫʪʠʭ ʟʦʥ ʚʠʩʦʢʦʧʨʦʥʠʢʥʦʾ 

ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʨʝʢʽʥʛ-ʧʨʦʮʝʩ (ʌʇ ï frace making), ʷʢʠʡ ʚʽʜʨʽ-

ʟʥʷʻʪʴʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʛʽʜʨʦʨʦʟʨʠʚʫ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʤ ʛʽʜʨʦʛʝʦʤʝʭʘʥʽʯʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʩʣʘʙʦʧʨʦʥʠʢʥʽ ʛʘʟʦʚʦʜʦʥʘʩʠʯʝʥʽ ʰʘʨʠ ʰʣʷʭʦʤ ʥʘʛʥʽʪʘʥʥʷ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽ (ʜʦ 1,0ï1,5 ʢʤ  

ʽ ʙʽʣʴʰʝ) ʘʙʦ ʥʘʭʠʣʝʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʩʫʤʽʰʽ ʟ ʚʦʜʠ (96ï97%), ʧʽʩʢʫ (1,5ï2%), ʭʽʤʽʯʥʦ- ʪʘ ʧʦ-

ʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ).  

ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʌʇ (ʪʠʩʢʠ, ʜʠʥʘʤʽʢʘ ʧʨʫʞʥʴʦ-ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘ-

ʮʡ̔ ʬʨʝʢʽʥʛ-ʟʦʥʠ, ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʽʥ.) ʩʚʽʜʯʠʪʴ, ʱʦ ʜʦ ʦʩʥʦʚʥʠʭ ʝʢʦʣʦʛʦ-ʪʝʭʥʦʛʝʥʥʠʭ 

ʟʘʛʨʦʟ ʪʘ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʨʠʟʠʢʽʚ ʧʨʦʤʠʩʣʦʚʦʾ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ  

ʫ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʋʢʨʘʾʥʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʛʘʟʦʚʠʤʠ ʨʦʜʦʚʠʱʘʤʠ, 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ:  

1) ʚʝʣʠʢʽ ʝʥʝʨʛʝʪʠʯʥʽ (ʛʽʜʨʦʛʝʦʜʝʬʦʨʤʘʮʽʡʥʽ) ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʧʣʠʚʠ ʥʘ ʛʣʠʙʦʢʽ ʛʦʨʠ-

ʟʦʥʪʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʜʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʽ ʧʦʪʫʞʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘ-

ʥʠʡ ʧʝʨʩʦʥʘʣ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘ ʘʜʘʧʪʘʮʽʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʫʞʝ ʩʫʪʪʻʚʽ ʽʥʚʝʩʪʠʮʽʾ; 

2) ʤʘʣʠʡ ʩʪʨʦʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ: ʥʘʚʽʪʴ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʙʫʨʽʥʥʷ, ʢʦʤʙʽʥʦʚʘʥʠʡ ʛʽʜʨʦʨʦʟʨʠʚ ʥʘ ʦʩʥʦʚʽ ʢʫʣʴʦʚʦʾ ʧʝʨʬʦʨʘʮʽʾ ʪʘ ʭʽʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ), ʷʢʽ ʟʙʽʣʴʰʫʶʪʴ ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ ʬʽʣʴʪʨʫʶʯʦʾ ʯʘʩʪʠʥʠ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʛʘʟʦʥʦʩʥʦʶ 

ʧʦʨʦʜʦʶ ʚ 30ï50 ʨʘʟʽʚ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʾ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʦ 3ï8 ʨʦʢʽʚ 

(ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʚʠʜʦʙʫʪʢʫ ʚʽʣʴʥʦʛʦ ʛʘʟʫ ʬʫʥʢʮʽʦʥʫʶʪʴ 10ï15 ʽ ʙʽʣʴʰʝ ʨʦʢʽʚ); 
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3) ʧʽʜʚʠʱʝʥʘ ʘʛʨʝʩʠʚʥʽʩʪʴ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʜʦ ʤʝʪʘʣʫ (ʟʘ ʜʦʩʚʽʜʦʤ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʜʦ-

ʙʫʪʢʫ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʉʐɸ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫ-

ʘʪʘʮʽʾ ʛʘʟʦʧʨʦʚʦʜʽʚ ʜʦ 2 ʨʘʟʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʾʭ ʝʥʝʨʛʦʚʽʜʜʘʯʽ; 

4) ʟʤʝʥʰʝʥʥʷ ʦʢʫʧʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ʜʦ 10ï12 ʨʦʢʽʚ (ʫ ʨʷʜʽ ʨʝʛʽʦʥʽʚ ʉʐɸ ʨʝʘʣʴʥʘ ʩʦʙʽ-

ʚʘʨʪʽʩʪʴ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʩʷʛʘʻ 212ï283$ ʥʘ 1 ʪʠʩ. ʤ
3
) ʧʦʨʽʚʥʷʥʦ ʟ 5ï7 ʨʦʢʘʤʠ ʧʨʠ ʚʠʜʦʙʫʪʢʫ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʛʘʟʫ; 

5) ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʘʟʦʥʦʩʥʠʭ ʧʣʦʱ ʉʐɸ, ʜʝ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝ-

ʜʦʚʠʱʘ ʚʠʚʯʝʥʽ ʜʫʞʝ ʜʦʙʨʝ ʽ ʻ ʩʧʨʠʷʪʣʠʚʠʤʠ ʜʣʷ ʚʠʜʦʙʫʪʢʫ (ʛʣʠʙʠʥʘ 1.5ï3.0 ʢʤ, ʥʝʟʥʘʯʥʘ 

ʪʝʢʪʦʥʽʯʥʘ ʧʦʨʫʰʝʥʽʩʪʴ, ʟʥʠʞʝʥʘ ʤʽʮʥʽʩʪʴ ʧʦʨʽʜ), ʧʣʦʱʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʽʜʢʣʘʜʽʚ ʟʽ ʩʣʘʥ-

ʮʝʚʠʤ ʛʘʟʦʤ ʚ ʋʢʨʘʾʥʽ ʥʝ ʜʦʩʣʽʜʞʝʥʽ ʥʘʩʪʽʣʴʢʠ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʟ ʚʠʩʦʢʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶ ʦʮʽ-

ʥʶʚʘʪʠ ʟʘʧʘʩʠ ʪʘ ʚʠʪʨʘʪʠ ʥʘ ʚʠʜʦʙʫʪʦʢ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʚʽʨʦʛʽʜʥʠʭ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ 

ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ, ʪʠʤ ʙʽʣʴʰʝ, ʱʦ ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ ʪʘ 

ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ ʚʠʜʦʙʫʪʢʫ [5, 6, 7ï12]; 

6) ʥʝʙʝʟʧʝʢʘ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦʩʬʝʨʠ, ʚ ʪ.ʯ. ʩʪʨʘʪʝʛʽʯʥʦ ʚʘ-

ʞʣʠʚʠʭ ʛʦʨʠʟʦʥʪʽʚ ʧʨʽʩʥʠʭ ʚʦʜ ʧʠʪʥʦʾ ʷʢʦʩʪʽ ʪʘ ʨʦʜʦʚʠʱ ʣʽʢʫʚʘʣʴʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʚʥʘʩʣʽʜʦʢ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʨʝʢʽʥʛ-ʧʨʦʮʝʩʫ ʜʝʬʦʨʤʘʮʽʡ ʨʝʛʽʦʥʘʣʴʥʠʭ ʚʦʜʦʪʨʠ-

ʚʽʚ, ʪʝʭʥʦʛʝʥʥʠʭ ʪʨʽʱʠʥʥʦ-ʧʨʦʥʠʢʥʠʭ ʟʦʥ ʽʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ (ʪʠʩ. ʤ
3
) ʪʦʢʩʠʯʥʠʭ ʪʝʭʥʦʣʦ-

ʛʽʯʥʠʭ ʩʧʦʣʫʢ, ʨʘʜʦʥʫ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʜʦ ʤʽʛʨʘʮʽʾ ʫ ʧʽʜʟʝʤʥʽ ʪʘ ʧʦʚʝʨ-

ʭʥʝʚʽ ʜʞʝʨʝʣʘ ʧʠʪʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ;  

7) ʨʦʟʚʠʪʦʢ ʣʦʢʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ ʩʝʡʩʤʦ-ʛʝʦʬʽʟʠʯʥʠʭ 

ʷʚʠʱ (ʛʣʠʙʠʥʥʽ ʛʽʜʨʦʛʝʦʤʝʭʘʥʽʯʥʽ ʧʦʰʪʦʚʭʠ);  

8) ʩʫʪʪʻʚʽ ʟʙʽʣʴʰʝʥʥʷ ʝʢʦʣʦʛʦ-ʪʝʭʥʦʛʝʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʽʩʥʫʶʯʫ ʽʥʞʝʥʝʨʥʫ ʽʥʬʨʘ-

ʩʪʨʫʢʪʫʨʫ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʚʠʣʫʯʝʥʥʷʤ ʟʥʘʯʥʠʭ ʟʝʤʝʣʴʥʠʭ ʧʣʦʱ ʧʽʜ ʰʣʷʭʦʚʫ, ʪʨʫʙʦʧʨʦʚʽʜʥʫ 

ʪʘ ʩʢʣʘʜʩʴʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʟʘʣʫʯʝʥʥʷ ʟ ʨʠʟʠʢʦʤ ʥʘʩʪʫʧʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ 

ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ (4ï20 ʪʠʩ. ʤ
3 
ʥʘ ʦʜʥʫ ʚʠʜʦʙʫʚʥʫ ʩʚʝʨʜʣʦʚʠʥʫ). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙôʻʤʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʩʦʢʦʧʨʦʥʠʢʥʦʾ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦ  

ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʠʡ ʢʫʣʴʦʚʠʡ ʧʨʦʩʪʨʽʣ ʧʨʠʩʪʦʚʙʫʨʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 0,5ï0,7 ʤ ʟ ʥʘʩʪʫʧʥʦʶ ʟʘʢʘʯʢʦʶ ʧʽʩʢʫ ʪʘ ʇɸɺ. ʆʙôʻʤ ʟʘ-

ʢʘʯʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ ʌʇ ʫ 100ï120 ʤ ʩʝʢʮʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʩʷʛʘʻ 

600ï1500 ʤ
3
, ʘ ʚʠʪʨʘʪʠ ʯʘʩʫ 3ï7 ʛʦʜʠʥ; ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ ʈ0 ʧʝʨʝʚʘʞʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʚʦʤʘ ʩʢʣʘʜʦʚʠʤʠ: ʛʝʦʩʪʘʪʠʯʥʠʤ ʪʠʩʢʦʤ (ʚʘʛʦʶ) ʚʠʱʝʟʘʣʷʛʘʶʯʠʭ ʧʦʨʽʜ ʪʘ ʾʭ ʤʽʮʥʽʩʪʶ ʥʘ 

ʨʦʟʨʠʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʰʘʨʫʚʘʥʥʶ ůƍ :  

ʪʘʢʠʤ ʯʠʥʦʤ    ʈ0 = ɔz+ůƍ, 

ʜʝ ɔ, h ï ʚʽʜʧʦʚʽʜʥʦ, ʩʝʨʝʜʥʷ ʦʙôʻʤʥʘ ʚʘʛʘ ʪʘ ʪʦʚʱʠʥʘ ʰʘʨʫ ʧʦʨʽʜ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʚʠʱʝ ʛʦʨʠ-

ʟʦʥʪʫ ʉɻ, ɔ = 2,2 ʪ/ʤ
3
, ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ h = 3000ï5000 ʤ; 

ůƍ ï ʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʦʩʘʜʦʚʠʭ ʫʱʽʣʴʥʝʥʠʭ ʧʦʨʽʜ ʥʘ ʨʦʟʨʠʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʰʘʨʫʚʘʥ-

ʥʶ; ʟʘ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ ůƍ = 150ï250 ʢʛ/ʩʤ
2
 (15ï25 ʄʇʘ). 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʱʝʥʘʚʝʜʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʠʩʢ ʌʇ ʩʷʛʘʻ 800ï1400 ʢʛ/ʩʤ
2
  

(80ï140 ʄʇʘ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʚʠʪʦʢ ʛʘʟʦ-ʚʦʜʦʧʨʦʥʠʢʥʠʭ ʪʨʽʱʠʥ ʥʘ ʚʽʜʩʪʘʥʴ 

ʚʽʜ 150ï250 ʤ ʜʦ 350ï500 ʤ (2%), ʽʥʞʝʢʮʽʶ ʚ ʾʭ ʧʨʦʩʪʽʨ 150ï250 ʤ
3 
ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ ʥʘ 
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1 ʚʠʜʦʙʫʚʥʫ ʩʚʝʨʜʣʦʚʠʥʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʨʦʟʢʨʠʪʪʷ ʪʘ ʛʘʟʦ-

ʚʦʜʦʧʨʦʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʝʦʣʦʛʽʯʥʝ (ʜʫʞʝ ʧʦʚʽʣʴʥʝ) ʩʪʠʩʢʘʥʥʷ ʪʨʽʱʠʥʥʦ-ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 

ʬʨʝʢʽʥʛ-ʟʦʥʠ (ʌɿ) ʟʤʝʥʰʫʻ ʫ ʯʘʩʽ ʡʦʛʦ ʧʨʦʥʠʢʥʽʩʪʴ ʽ ʪʦʤʫ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʉɻ ʩʷʛʘʻ ʫ ʩʝʨʝʜʥʴʦʤʫ 3ï5ï7 ʨʦʢʽʚ (ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʚʝʨʜʣʦʚʠʥ ʥʘ 

ʪʨʘʜʠʮʽʡʥʠʡ ʛʘʟ ʜʦʨʽʚʥʶʻ 10ï15ï25 ʨʦʢʽʚ). ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ 

ʱʽʣʴʥʦʩʪʽ ʚʠʜʦʙʫʚʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʨʦʜʦʚʠʱʘʭ ʉɻ (ʜʦ 6ï15 ʩʚ/ʢʤ
2
), ʱʦ ʩʪʚʦʨʶʻ ʫ ʧʨʦʜʫʢ-

ʪʠʚʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʨʝʛʽʦʥʘʣʴʥʽ ʧʣʘʩʪʦʚʦ-ʪʨʽʱʠʥʥʽ ʩʠʩʪʝʤʠ ʪʘ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʡ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʧʝʨʝʢʨʠʚʘʶʯʠʭ ʚʦʜʦʪʨʠʚʽʚ ʟ ʨʠʟʠʢʦʤ ʾʭ ʣʦʢʘʣʴʥʠʭ ʨʫʡʥʫʚʘʥʴ. ʎʝ ʩʫʪʪʻʚʦ ʧʦʨʫʰʫʻ ʝʢʦʣʦʛʦ-

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʦʚʱ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʉɻ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʦʥ ʫʧʦʚʽʣʴʥʝʥʦʛʦ ʚʦʜʦ-

ʦʙʤʽʥʫ (ɿʋɺ) ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ (300ï350 ʛ/ʜʤ
3
),

 
ʽ ʬʦʨʤʫʻ ʨʠʟʠʢʠ ʭʾ ʪʝʭʥʦʛʝʥʥʦʾ 

ʤʽʛʨʘʮʽʾ ʜʦ ʚʠʱʝʟʘʣʷʛʘʶʯʠʭ ʛʦʨʠʟʦʥʪʽʚ ʧʨʽʩʥʠʭ ʚʦʜ (ʜʦ 1ï3 ʛ/ʜʤ
3
) ʟʦʥʠ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʽ-

ʥʫ (ɿɸɺ). 

ɺ ʮʽʣʦʤʫ ʫ ʧʨʦʮʝʩʽ ʪʝʭʥʦʛʝʥʥʦʾ ʝʚʦʣʶʮʽʾ ʛʽʜʨʦʛʝʦʬʽʣʴʪʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʌɿ ʤʦʞʥʘ ʚʠ-

ʜʽʣʠʪʠ 3 ʬʘʟʠ: 

1) ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʚʟʜʦʚʞ ʩʪʦʚʙʫʨʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʘʙʦ ʥʘʭʠʣʝʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 

ʟʘ ʫʤʦʚʠ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʤʝʨʝʞʽ ʧʨʦʥʠʢʥʠʭ ʪʨʽʱʠʥ, ʚʽʜʢʨʠʪʽʩʪʴ ʷʢʠʭ ʬʽʢʩʫ-

ʻʪʴʩʷ ʧʽɦʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʧʦʚʥʝʥʥʽ ʪʦʢʩʠʯʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʦʟʯʠʥʦʤ;  

ʫ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʬʨʝʢʽʥʛ-ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʽʩʥʫʻ ʨʠʟʠʢ ʨʫʡʥʽʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʱʝʟʘʣʷʛʘʶ-

ʯʠʭ ʩʣʘʙʦʧʨʦʥʠʢʥʠʭ ʰʘʨʽʚ ʪʘ ʧʝʨʠʬʝʨʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʛʽʜʨʘʚʣʽʢʦ-ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʌɿ 

ʟ ʧʨʦʥʠʢʥʠʤʠ ʪʝʢʪʦʥʽʯʥʠʤʠ ʟʦʥʘʤʠ. ʆʩʪʘʥʥʻ ʻ ʦʩʥʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʽʥʞʝʢʮʽʡʥʦʛʦ ʚʠʩʭʽʜʥʦ-

ʛʦ ʧʦʪʦʢʫ ʪʦʢʩʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʜʦ ʧʨʽʩʥʦʚʦʜʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ɿɸɺ; 

2) ʧʣʦʱʘʜʥʦ ʾʚʠʩʭʽʜʥʦʾ ʛʽʜʨʦʛʝʦʤʽʛʨʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʧʦʚʽʣʴʥʦʛʦ ʜʠʬʫʟʽʡʥʦ-ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʧʦʪʦʢʫ ʟʘʣʠʰʢʽʚ ʤʘʣʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʨʝʦʣʦʛʽʯʥʦʛʦ 

ʩʢʦʨʦʯʝʥʥʷ ʪʨʽʱʠʥʥʦʛʦ ʧʨʦʩʪʦʨʫ ʌɿ ʪʘ ʾʭ ʟʤʝʥʰʝʥʦʾ ʛʫʩʪʠʥʠ (ɔʧʚ = 1000 ʢʛ/ʤ
3
) ʧʦʨʽʚʥʷʣʴʥʦ  

ʟ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʤʠ (ʄ = 00ï400 ʢʛ/ʤ
3
) ʧʦʨʦʚʠʤʠ ʨʦʟʯʠʥʘʤʠ (ɔʤʚ = 200 ʢʛ/ʤ

3
); ʝʢʦʣʦʛʽʯʥʦ ʥʝ-

ʙʝʟʧʝʯʥʦʶ ʩʢʣʘʜʦʚʦʶ ʜʘʥʦʾ ʬʘʟʠ ʨʦʟʚʠʪʢʫ ʌɿ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʩʪʫʧʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʨʦ-

ʚʠʭ ʨʦʟʯʠʥʽʚ ʚʠʱʝʟʘʣʷʛʘʶʯʠʭ ʛʦʨʠʟʦʥʪʽʚ ɿʋɺ ʪʘ ɿɸɺ.  

3) ʨʦʟʚʠʪʢʫ ʫ ʌɿ ʛʽʜʨʦʛʝʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ ʧʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ 

ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʨʠʟʠʢʦʤ ʜʝʬʦʨʤʘʮʽʡ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ ʘʙʦ ʧʨʦʷʚʽʚ ʪʝʭʥʦʛʝʥʥʠʭ ʤʽʣʢʦ-

ʬʦʢʫʩʥʠʭ ʟʝʤʣʝʪʨʫʩʽʚ. 

ɼʘʣʽ ʥʘʚʦʜʷʪʴʩʷ ʦʨʽʻʥʪʦʚʥʽ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʯʘʩʦʚʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʱʝ-

ʟʘʟʥʘʯʝʥʠʭ ʝʬʝʢʪʽʚ ʝʚʦʣʶʮʽʾ ʌɿ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʜʨʦʛʝʦʬʽʣʴʪʨʘʮʽʡʥʠʭ ʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦ-

ʮʝʩʽʚ. 

1. ʈʠʟʠʢ ʬʦʨʤʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʢʦ-ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʌɿ ʟ ʧʨʦʥʠʢʥʠʤʠ ʪʝʢʪʦʥʽʯʥʠ-

ʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʝʰʠʬʨʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ ʽ ʚʠʟʥʘʯʝʥʥʷ çʧʠ-

ʪʦʤʦʾ ʱʽʣʴʥʦʩʪʽè ʤʝʨʝʞʽ ʣʽʥʝʘʤʝʥʪʥʠʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 1, 2). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʟʥʽʤʢʽʚ ɼɿɿ ʚ ʨʘʡʦʥʽ ʧʝʨʰʦʾ ʧʦʰʫʢʦʚʦʾ ʩʚʝʨʜ-

ʣʦʚʠʥʠ (ʘʢʘʜ. ʃʷʣʴʢʦ ɺ.ɯ., ʜ.ʛ.ʥ. ɸʟʽʤʦʚ ʆ.ʊ.) ʥʘ ʖʟʽʚʩʴʢʽʡ ʧʣʦʱʽ ʧʠʪʦʤʘ ʱʽʣʴʥʽʩʪʴ ʣʽʥʝʘʤʝ-

ʥʪʥʠʭ ʟʦʥ ʩʢʣʘʣʘ 0,25 ʢʤ/ʢʤ
2
. 



 

                                                                                               _ ʈʦʟʜʽʣ 1. ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ__ 
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ʌʨʘʛʤʝʥʪ çʂʘʨʪʘ ʨʘʟʨʠʚʥʳʭ ʧʦʨʫʰʝʥʴ ʪʘ ʦʩʥʦʚʥʠʭ ʟʦʥ 

ʣʠʥʝʘʤʝʥʪʽʚ ʫ ʟʦʥʽ ʜʦʩʣʽʜʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʩʣʘʥʮʝʚʠʡ 

ʛʘʟ(ʖʟʽʚʩʴʢʘ ʧʣʦʱʘ, ʍʘʨʢʽʚʩʴʢʘ ʦʙʣ)  ʄ-ʙ 1: 1 000 000è [ʂʨʳʣʦʚ 

ʅ.ɸ. ʠ ʜʨ., 1988].

 

ʈʠʩ. 1 ï ʌʨʘʛʤʝʥʪ çʂʘʨʪʘ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʪʘ ʦʩʥʦʚʥʠʭ ʟʦʥ ʣʽʥʝʘʤʝʥʪʽʚ ʫ ʟʦʥʽ ʜʦʩʣʽʜʥʦʾ ʩʚʝʨʜ-

ʣʦʚʠʥʠ ʥʘ ʩʣʘʥʮʝʚʠʡ ʛʘʟ (ʖʟʽʚʩʴʢʘ ʧʣʦʱʘ, ʍʘʨʢʽʚʩʴʢʘ ʦʙʣ.)è ʄ 1: 1000000 [ʂʨʳʣʦʚ ʅ.ɸ. ʠ ʜʨ., 1988] 

 

 

ɿʙʽʣʴʰʝʥʠʡ ʬʨʘʛʤʝʥʪ ʩʭʝʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʜʝʰʠʬʨʫʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ɼɿɿ ʥʘ ʬʦʥʽ ʩʠʥʪʝʟʦʚʘʥʦʛʦ 

ʩʢʘʥʝʨʥʦʛʦ ʙʘʛʘʪʦʟʦʥʘʣʴʥʦʛʦ ʂɿ LANDSAT ɽʊʄ+ ʟ ʩʫʧʫʪʥʠʢʘ 

ζLANDSAT-7ηʚʽʜ 01.06.2002 ʨ. (7-ʠʡ, 4-ʠʡ ʽ 2-ʠʡ ʢʘʥʘʣʠ, 

ʧʩʝʚʜʦʢʦʣʴʦʨʠ ; ʘʢ. ʅɸʅʋ ʃʷʣʴʢʦ ɺ.ɯ.,ʜ.ʛ.ʥ. ɸʟʽʤʦʚ ʆ.ʊ

 

ʈʠʩ. 2 ï ɿʙʽʣʴʰʝʥʠʡ ʬʨʘʛʤʝʥʪ ʩʭʝʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʝʰʠʬʨʫʚʘʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ɼɿɿ ʥʘ ʬʦʥʽ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʩʢʘʥʝʨʥʦʛʦ ʙʘʛʘʪʦʟʦʥʘʣʴʥʦʛʦ ʂɿ LANDSAT ɽʊʄ+ 

ʟ̔ ʩʫʧʫʪʥʠʢʘ çLANDSAT-7è ʚʽʜ 01.06.2002 ʨ. (7-ʠʡ, 4-ʠʡ ʽ 2-ʠʡ ʢʘʥʘʣʠ, ʧʩʝʚʜʦʢʦʣʴʦʨʠ ;  

ʘʢʘʜ. ʅɸʅʋ ʃʷʣʴʢʦ ɺ.ɯ., ʜ.ʛ.ʥ. ɸʟʽʤʦʚ ʆ.ʊ.) 



 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ _̫_____________________________ 
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ʃʽʥʽʡʥʘ ʱʽʣʴʥʽʩʪʴ ʪʝʭʥʦʛʝʥʥʦʾ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʌɿ ʫ ʪʠʧʦʚʦʤʫ ʢʣʘʩʪʝʨʽ (ʉʐɸ, ʰʪʘʪ 

ʇʝʥʩʽʣʴʚʘʥʽʷ) ʽʟ 6 ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ (ʨʠʩ. 3) ʩʢʣʘʜʘʻ 1,5ï3,0 ʢʤ/ʢʤ
2
, ʪʦʙʪʦ ʚʽʜ 3 ʜʦ 

6 ʨʘʟʽʚ ʙʽʣʴʰʝ. 

  

2
,5

-3
,5

 ʢ
ʤ

3 ʢʤ

ɺʝʨʪʠʢʘʣʴʥʘ ʩʚʝʨʜʣʦʚʠʥʘ (2,5-3,5 ʢʤ) ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ
ʩʚʝʨʜʣʦʚʠʥʦʶ (ʜʦ 1,5 ʢʤ) ʟʦʥʠ ʬʨʝʢʽʥʛʫ (ʛʽʜʨʦʨʦʟʨʠʚʫ) ʟ
ʜʦʚʞʠʥʦʶ ʪʨʽʱʠʥ ʜʦ 500 ʤ

1
 ʢ
ʤ

2
 ʢ
ʤ

ʈʠʩ. 1. ʊʠʧʦʚʘ ʩʭʝʤʘ ʢʣʘʩʪʝʨʘ ʚʠʜʦʙʫʚʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʜʽʣʷʥʮʽ ʨʦʟʚʽʜʢʠ 
ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ (ʰʪʘʪ ʇʝʥʩʠʣʴʚʘʥʽʷ)

́ˮ˽˻ˤˢ ˿̆˩˸ˢ ˴˶ˢ˿́˩˾ˢ ˤˮ˨˻ˣ̂ˤ˹ˮ̆ ˿ˤ˩˾˨˶˻ˤˮ˹ ό΄ͭ͊ͭ ˽͔ͤͫ͜͡Έ͍͊ͤ͜Ύύ

 

ʈʠʩ. 3 ï ʊʠʧʦʚʘ ʩʭʝʤʘ ʢʣʘʩʪʝʨʘ ʚʠʜʦʙʫʚʥʠʭ ʩʚʝʨʜʣʦʚʠʥ (ʰʪʘʪ ʇʝʥʩʽʣʴʚʘʥʽʷ) 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʚʠʱʝʥʘʚʝʜʝʥʦʶ ʩʭʝʤʦʶ ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʫʪʪʻʚʝ ʟʨʦʩʪʘʥʥʷ ʚʨʘʟ-

ʣʠʚʦʩʪʽ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʛʦʨʠʟʦʥʪʽʚ ʧʨʽʩʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʤʝʞʘʭ ʥʘʬʪʦʛʘʟʦʥʦ-

ʩʥʠʭ ʩʪʨʫʢʪʫʨ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʯʠʥʥʠʢʽʚ ʬʨʝʢʽʥʛ-ʧʨʦʮʝʩʫ. ʅʘʷʚʥʽ ʨʝʛʽʦʥʘʣʴʥʽ ʦʮʽʥʢʠ ʟʘ ʜʘʥʠʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʦ-ʪʝʧʣʦʧʝʨʝʥʦʩʫ (ʘʢʘʜ. ʅɸʅʋ ʃʷʣʴʢʦ ɺ.ɯ., ʘʢʘʜ. ʅɸʅʋ ʐʝ-

ʩʪʦʧʘʣʦʚ ɺ.ʄ., ʢ. ʛ.-ʤ. ʥ. ʃʠʪʚʘʢ ɼ.ʈ. ʪʘ ʽʥ.), ʧʨʦʥʠʢʥʦʩʪʽ (ʂʪ = 10
-4 
ʤ/ʜʦʙʫ) ʽ ʘʢʪʠʚʥʦʾ ʧʦʨʠʩ-

ʪʦʩʪʽ (nʪ = 10
-3
) ʪʝʢʪʦʥʽʯʥʠʭ ʟʦʥ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʘʪʠ ʦʨʽʻʥʪʦʚʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʯʘʩʫ ʚʠʩʭʽʜʥʦʾ 

ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ tʤ ʽʟ ʬʨʝʢʽʥʛ-ʟʦʥʠ ʥʘ ʛʣʠʙʠʥʽ Hʬʟ = 3000 ʤ ʜʦ ˇʨʫʥʪʦʚʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ (ɻʨɺɻ). 

ɿʛʽʜʥʦ ʽʟ ʟʘʣʝʞʥʽʩʪʁ ɼʘʨʩʽ t ʤ å ʅʬʟ/Vʤ, ʜʝ Vʤ ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʚʠʩʭʽʜʥʦʾ ʤʽʛʨʘʮʽʾ  

ʟʘʙʨʫʜʥʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ Vʤ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʨʽʚʥʥ̫-

ʥʷʤ Vʤ = Kʪi/nʪ, ʜʝ ʽ ï ʛʨʘʜʽʻʥʪ ʚʠʩʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʫ ʛʽʜʨʘʚʣʽʢʦ-ʬʽʣʴʪʨʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ çʟʦʥʘ 



 

                                                                                               _ ʈʦʟʜʽʣ 1. ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ__ 
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ʬʨʝʢʽʥʛʫ ï ʧʨʦʥʠʢʥʘ ʪʝʢʪʦʥʽʯʥʘ ʩʪʨʫʢʪʫʨʘè, nʪ ï ʘʢʪʠʚʥʘ ʧʦʨʠʩʪʽʩʪʴ ʪʝʢʪʦʥʽʯʥʦʾ ʟʦʥʠ. ɿʘ  

ʜʘʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʦ-ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʫ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ɿʋɺ  

nʪ = 10
-3
õ10

-4
.  

ɼʦʧʫʩʢʘʶʯʠ ʣʽʥʽʡʥʝ ʟʥʠʞʝʥʥʷ ʫ ʯʘʩʽ ʪʠʩʢʫ ʫ ʬʨʝʢʽʥʛ-ʟʦʥʽ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ (ʈ0=ɔnH+ůƍ) 

ʜʦ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ, ʧʨʠ ʷʢʦʤʫ ʟʫʧʠʥʷʻʪʴʩʷ ʚʠʚʽʣʴʥʝʥʥʷ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ, ʚʠʟʥʘʯʠʤʦ ʩʝʨʝʜʥʶ 

ʚʝʣʠʯʠʥʫ ʪʠʩʢʫ ʚʠʩʭʽʜʥʦʾ ʤʽʛʨʘʮʽʾ: 

 

ʈʩʝʨ = [( ɔnHʬʟ+ ů ƍ)+ʅʬʟ]/2, 

 

ʜʝ ɔn ï ʦʙôʻʤʥʘ ʛʫʩʪʠʥʘ ʧʦʨʽʜ, ɔn å 2,2Ā10
3 
ʢʛ/ʤ

3
; 

Hʬʟ ï ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʬʨʝʢʽʥʛ-ʟʦʥʠ (ʧʨʦʮʝʩʫ); ʅʬʟ = 3000 ʤ = 300 ʄʇʘ; 

ůƍ ï ʤʽʮʥʽʩʪʴ ʩʣʘʥʮʝʚʦ-ʛʘʟʦʥʦʩʥʠʭ ʧʦʨʽʜ ʥʘ ʨʦʟʪʷʞʽʥʥʷ (ʨʦʟʨʠʚ) ʥʦʨʤʘʣʴʥʦ ʥʘʰʘʨʫʚʘʥʥʶ;  

ʟʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ůƍ å 25ʄʇʘ(300ʢʛ/ʩʤ
2
).  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʱʝʥʘʚʝʜʝʥʠʤʠ ʜʘʥʠʤʠ ʚʝʣʠʯʠʥʘ ʛʨʘʜʽʻʥʪʫ ʚʠʩʭʽʜʥʦʾ ʤʽʛʨʘʮʽʾ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ  

 

 ̔= ʈʩʝʨ/ʅʬʟ = [(ɔnHʬʟ+ ůƍ)+ʅʬʟ]/2ʅʬʟ = [( 660+300)+300]/2Ā300) å 2,1 

 

ʘ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ɻʨɺɻ  

 

tʤ = Hʬʟ/(ki/nʪ) = 3000/[(10
-4
Ā2.1)/(10

-3
õ10

-4
)] å 14.2Ā10

3
õ1420 ʜʽʙ å 40õ4 ʨʦʢʽʚ. 

 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʨʽʻʥʪʦʚʥʽ ʦʮʽʥʢʠ ʯʘʩʫ ʤʦʞʣʠʚʦʾ ʚʠʩʭʽʜʥʦʾ ʤʽʛʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ ʽʟ ʌɿ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʨʝʢʽʥʛ-ʟʦʥʠ (tÕ Ó 5 ʨʦʢʽʚ) ʪʘ ʟ ʧʨʦ-

ʷʚʘʤʠ ʫ ʉʐɸ ʯʠʩʣʝʥʥʠʭ ʣʦʢʘʣʴʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʧʽʜʟʝʤʥʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʜʞʝʨʝʣ ʚʦʜʦʧʦʩʪʘ-

ʯʘʥʥʷ (tʴ > 20õ30 ʨʦʢʽʚ). 

2. ʆʨʽʻʥʪʦʚʥʠʡ ʯʘʩ ʧʣʦʱʘʜʥʦʾ ʚʠʩʭʽʜʥʦʾ ʤʽʛʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʌɿ ʢʨʽʟʴ 

ʩʫʮʽʣʴʥʠʡ ʧʦʨʦʜʥʠʡ ʤʘʩʠʚ ʦʮʽʥʶʶʪʴʩʷ ʟ ʫʤʦʚʠ, ʱʦ ʨʫʰʽʡʥʠʤ ʬʘʢʪʦʨʦʤ ʚʠʩʭʽʜʥʦʾ ʛʽʜʨʦ-

ʛʝʦʤʽʛʨʘʮʽʾ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʨʽʟʥʠʮʷ ʛʫʩʪʠʥʠ ʧʨʽʩʥʦʚʦʜʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ  

(ɔʧʚ = 1000 ʢʛ/ʤ
3
) ʪʘ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʧʦʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʛʘʟʦʚʤʽʱʫʶʯʠʭ ʧʦʨʽʜ  

(ɔʧʦʨ = 1200 ʢʛ/ʤ
3
).  

ʇʨʠ ʛʣʠʙʠʥʽ ʬʨʝʢʽʥʛ-ʟʦʥʠ ʅʬʟ = 3000 ʤ ʽ ʣʽʥʽʡʥʦʤʫ ʟʥʠʞʝʥʥʽ ʨʽʟʥʠʮʽ ʱʽʣʴʥʦʩʪʽ ʚ ʽʥʪʝʨ-

ʚʘʣʽ çʟʦʥʘ ʬʨʝʢʽʥʛʫ ï ɻʨɺɻè ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʛʨʘʜʽʻʥʪʫ ʚʠʩʭʽʜʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʩʢʣʘʜʝ  

 

ʬ̔ = (ɔʧʦʨïɔn)Hʬʟ/2Hʬʟ = 0,1. 

 

ɿʘ ʬʦʨʤʫʣʦʶ ɼʘʨʩʽ ʯʘʩ ʚʠʩʭʽʜʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʫ ʩʫʮʽʣʴʥʦʤʫ ʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ ʩʢʣʘʜʝ  

 

tʧʤ = ʅʬʟ[(kmĀiʬ)/nʧʤ, 
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ʜʝ kʧʤ ï ʩʝʨʝʜʥʷ ʧʨʦʥʠʢʥʽʩʪʴ ʩʫʮʽʣʴʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʚʽʜ ʬʨʝʢʽʥʛ-ʟʦʥʠ ʜʦ ɻʨɺɻ;  

nʧʤ ï ʘʢʪʠʚʥʘ ʧʦʨʠʩʪʽʩʪʴ ʩʫʮʽʣʴʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ (ʟʘ ʜʘʥʠʤʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʽʚ ɿʋɺ, ʚ ʪ. ʯ. ʧʦʣʽʛʦʥʽʚ ʟʘʭʦʨʦʥʝʥʥʷ ʪʦʢ-

ʩʠʯʥʠʭ ʩʪʦʢʽʚ nʧʤ = 10
-3
;  

ʟʘ ʬʦʨʤʫʣʦʶ ʊʽʤʘ-ʂʘʤʝʥʩʴʢʦʛʦ  

 

kʧʤ = ʅʌɿ/[(mʧʨ/kʧʨ+m0/k0)], 

 

ʜʝ mʧʨ ï ʪʦʚʱʠʥʘ ʧʨʦʥʠʢʥʠʭ ʰʘʨʽʚ, m å 500ʤ,  

kʧʨ ï ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ ʧʨʦʥʠʢʥʠʭ ʰʘʨʽʚ, kʧʨ = 2,0 ʤ/ʜʦʙʫ; 

m0, k0 ï ʚʽʜʧʦʚʽʜʥʦ, ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʽʣʴʪʨʘʮʽʾ ʩʣʘʙʦʧʨʦʥʠʢʥʠʭ (ʨʦʟ-

ʜʽʣʷʶʯʠʭ) ʰʘʨʽʚ (ʪ. ʟʚ. ʨʝʛʽʦʥʘʣʴʥʠʭ ʚʦʜʦʪʨʠʚʽʚ); ʩʫʤʘʨʥʘ ʪʦʚʱʠʥʘ m0 = (3000 ï500)2500 ʤ, 

k0 = (2õ5)Ā10
-5
 ʤ/ʜʦʙʫ (ʟʘ ʜʘʥʠʤʠ ʂʣʠʤʯʫʢʘ ɸ.ɹ. ʱʦʜʦ ʧʨʦʥʠʢʥʦʩʪʽ ʢʘʨʩʪʦʚʦ-ʧʨʦʚʽʜʥʠʭ  

ʩʠʩʪʝʤ). 

ʊʦʜʽ kʧʤ å 3000/[(500/2)+(2500/(2õ5)Ā10
-5
]=2,4Ā10

-5
õ6Ā10

-5
) ʤ/ʜʦʙʫ, ʘ ʦʨʽʻʥʪʦʚʥʠʡ ʯʘʩ ʚʠ-

ʩʭʽʜʥʦʾ (ʜʠʬʫʟʽʡʥʦ-ʢʦʥʚʝʢʪʠʚʥʦʾ) ʤʽʛʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʢʨʽʟʴ ʩʫʮʽʣʴʥʠʡ ʧʦʨʦʜ-

ʥʠʡ ʤʘʩʠʚ ʩʢʣʘʜʝ tʧʤ = 3000/[(2,4Ā1-
-5
 õ6Ā10

-5
)Ā10

-1
]/10

-3 
= 2500+63000 ʜʽʙ å 70õ170 ʨʦʢʽʚ. ʉʣʽʜ 

ʧʨʠʡʥʷʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʚ ʫʤʦʚʘʭ ɻʉ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘ-

ʙʨʫʜʥʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʩʦʨʙʮʽʾ ʽ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʫʭʫ ʧʽʜʟʝʤʥʦʛʦ ʧʦʪʦʢʫ ʫ ʩʠʩʪʝʤʽ ʛʦʨʠ-

ʟʦʥʪʽʚ ɿɸɺ. 

ʆʪʨʠʤʘʥʽ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʚʠʩʭʽʜʥʦʾ ʤʽʛʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʧʦ ʧʨʦʥʠʢʥʠʭ 

ʪʝʢʪʦʥʽʯʥʠʭ ʟʦʥʘʭ (ʚʽʜ ʧʝʨʰʠʭ ʨʦʢʽʚ ʜʦ ʜʝʩʷʪʢʽʚ) ʪʘ ʢʨʽʟʴ ʩʫʮʽʣʴʥʠʡ ʧʦʨʦʜʥʠʡ ʤʘʩʠʚ (ʚʽʜ ʜʝ-

ʩʷʪʢʽʚ ʜʦ ʩʦʪʝʥʴ ʨʦʢʽʚ) ʻ ʦʨʽʻʥʪʦʚʥʠʤʠ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʩʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʚʥʘʩʣʽ-

ʜʦʢ ʫʪʚʦʨʝʥʥʷ ʫ ʟʦʥʽ ʬʨʝʢʽʥʛʫ ʛʘʟʦʚʦ-ʚʦʜʥʦʾ ʝʤʫʣʴʩʽʾ, ʚôʷʟʢʽʩʪʴ ʷʢʦʾ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʤʝʥʰʘ. 

ʊʦʤʫ ʧʨʠʩʢʦʨʝʥʠʡ ʚʠʩʭʽʜʥʠʡ ʨʫʭ ʽʟ ʌɿ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʻ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʟʜʘʪʥʠʡ ʧʨʠʟ-

ʚʝʩʪʠ ʜʦ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʛʘʟʦʛʝʦʭʽʤʽʯʥʦʛʦ ʧʦʣʷ ʫ ʚʝʨʭʥʽʡ ʟʦʥʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ,  

ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʥʘʩʣʽʜʦʢ ʧʨʠʩʢʦʨʝʥʦʾ ʤʽʛʨʘʮʽʾ ʛʘʟʽʚ ʧʦ ʪʝʢʪʦʥʽʯʥʠʭ ʽ ʧʦʩʣʘʙʣʝʥʠʭ (ʣʽʥʝʘʤʝʥ-

ʪʥʠʭ) ʟʦʥʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʷʚʣʝʥʥʷ ʫ ʧʦʯʘʪʢʦʚʫ ʬʘʟʫ ʧʨʦʚʝʜʝʥʥʷ ʬʨʝʢʽʥʛ-ʧʨʦʮʝʩʫ ʟʤʽʥʠ 

ʬʦʥʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʛʘʟʦʛʝʦʭʽʤʽʯʥʦʛʦ ʧʦʣʷ ʻ ʦʟʥʘʢʦʶ ʧʦʨʫʰʝʥʥʷ ʛʽʜʨʦʛʝʦʬʽʣʴʪʨʘʮʽʡʥʦʾ ʽʟʦ-

ʣʴʦʚʘʥʦʩʪʽ ʌɿ, ʘ ʪʘʢʦʞ ʥʝʙʝʟʧʝʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʛʦʨʠʟʦʥʪʽʚ ʧʨʽʩʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽ ʧʦʚʝʨʭʥʝ-

ʚʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ. 

ʈʠʟʠʢ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦʩʬʝʨʠ ʥʘ ʧʣʦʱʘʭ ʚʠʜʦʙʫʪʢʫ ʉɻ  

ʫʷʚʣʷʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʜʦʜʘʪʢʦʚʦ ʦʮʽʥʠʪʠ ʟʘ ʢʦʥʩʝʨʚʘʪʠʚʥʦʶ ʙʘʣʘʥʩʦʚʦʶ ʩʭʝʤʦʶ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʦʙôʻʤʫ ʚʦʜʠ ʜʣʷ ʨʦʟʯʠʥʫ ʟʘʙʨʫʜʥʝʥʴ Qʙʨ ʜʦ ʙʝʟʧʝʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʉʛʜʢ ʟ ʦʙôʻʤʦʤ 

ʧʦʨʦʚʠʭ ʨʦʟʯʠʥʽʚ Vʧʦʨ , ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʚʠʱʝ ʌɿ: 

 

Qʙʨ = Vʙʨ/ ʉʛʜʢÒVʧʤ *nʧʤ, 

 

ʜʝ Vʙʨ, Vʧʤ* nʧʤ ï ʚʽʜʧʦʚʽʜʥʦ, ʧʠʪʦʤʽ ʦʙôʻʤʠ ʦʩʪʘʪʦʯʥʠʭ ʪʦʢʩʠʯʥʠʭ ʨʦʟʯʠʥʽʚ ʫ ʌɿ ʪʘ ʧʦʨʦʚʠʭ 

ʚʦʜ ʫ ʧʝʨʝʢʨʠʚʘʶʯʦʤʫ ʌɿ ʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ ʤ
3
/ʢʤ

2
; ʟʘ ʜʘʥʠʤʠ [2, 3] Vʙʨ ~ 400ʤ

3
/ʢʤ

2
,  
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ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʉʛʜʢ ~ 1.0ï0.1 ʤʛ/ʜʤ
3
 (ʚʽʜʥʦʩʥʘ ʜʦʣʷ 10

-6
ï10

-7
), ʧʨʠ ʛʣʠʙʠʥʽ ʌɿ = 3000 ʤ 

Vʧʤ = 3*10
9 
ʤ

3
/ʢʤ

2
; 

nʧʤ ï ʟʘʛʘʣʴʥʘ ʧʦʨʠʩʪʽʩʪʴ ʧʦʨʽʜ ʚʠʱʝ ʌɿ, nʧʤ = 0.2. 

ɯʟ ʨʝʟʫʣʴʪʘʪʫ ʚʠʨʽʰʝʥʥʷ ʚʠʱʝʥʘʚʝʜʝʥʦʾ ʙʘʣʘʥʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʩʣʽʜʫʻ, ʱʦ 

 

Qʙʨ = 400/(10
-6

-10
-7
) = 4*10

8
-4*10

9 
ʤ

3
, 

 

ʘ ʦʙôʻʤ ʧʦʨʦʚʠʭ ʚʦʜ ʚʠʱʝ ʌɿ 

 

Vʧʤ *nʧʤ = 3*10
9
*0.2 = 6*10

8 
ʤ

3
. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʣʠʰʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʽʚ ʫ ʌɿ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʟʜʘʪʥʽ ʜʦ ʜʦʚ-

ʛʦʩʪʨʦʢʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ɿʋɺ ʪʘ ɿɸɺ. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱ ʜʽʣʷʥʦʢ , ʷʢʽ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʨʠʟʠʢ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤ-

ʥʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʬʨʝʢʽʥʛʘ, ʥʘʤʠ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʛʝʦʧʨʦʩʪʦ-

ʨʦʚʘ ʦʮʽʥʢʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʦʧʪʠʤʘʣʴʥʠʭ ʢʣʘʩʪʝʨʽʚ ʚʠʜʦʙʫʚʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʩʣʘʥʮʝ-

ʚʠʡ ʛʘʟ ʪʘ ʧʠʪʦʤʦʾ ʱʽʣʴʥʦʩʪʽ ʣʽʥʝʘʤʝʥʪʽʚ ʟʘ ʜʘʥʠʤʠ ɼɿɿ (ʨʠʩ. 1ï3). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ-

ʩʚʽʜʯʠʣʠ, ʱʦ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ ʜʽʣʷʥʢʠ ʟ ʚʠʜʦʙʫʪʢʫ ʉɻ ʚ ʤʝʞʘʭ ʖʟʽʚʩʴʢʦʾ ʧʣʦʱʽ ʩʢʣʘʜʘ-

ʶʪʴ 60ï65%, ʘ ʆʣʝʩʴʢʦʾ ï 45ï55%, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʦʶ ʪʝʢʪʦʥʽʯʥʦʶ ʧʦʨʫʰʝʥʽʩʪʶ 

ʦʩʪʘʥʥʴʦʾ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʧʝʨʝʜʞʘʶʯʦʛʦ ʨʘʡʦʥʫʚʘʥ-

ʥʷ ʪʝʨʠʪʦʨʽʡ ʧʦʰʫʢʦʚʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ ʩʣʘʥʮʝʚʠʡ ʛʘʟ ʟʘ ʛʝʦʜʠʥʘʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ 

ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ ʪʘ ʛʘʟʦʛʝʦʭʽʤʽʯʥʦʾ ʟʡʦʤʢʠ.  

3. ʅʘʢʦʧʠʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʫ ʬʨʝʢʽʥʛ-ʟʦʥʽ ʫ ʧʨʦʮʝʩʽ ʛʽʜʨʦʛʝʦʤʝʭʘʥʽʯʥʠʭ ʜʝ-

ʬʦʨʤʘʮʽʡ ʩʪʠʩʢʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʪʨʽʱʠʥʫʚʘʪʦʾ ʩʠʩʪʝʤʠ ʟʘ ʥʘʷʚʥʠʤ ʜʦʩʚʽʜʦʤ (ʉʐɸ, ɹʨʠ-

ʪʘʥʽʷ) ʤʦʞʝ ʩʷʛʘʪʠ ʚʝʣʠʯʠʥʠ ʧʨʦʚʦʢʫʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʤʽʝɦʥʥʷ ʣʦʢʘʣʴʥʠʭ ʧʦʨʦʜʥʠʭ 

ʤʘʩʠʚʽʚ ʧʦ ʧʣʦʱʠʥʽ ʪʝʢʪʦʥʽʯʥʠʭ ʽ ʧʦʩʣʘʙʣʝʥʠʭ ʟʦʥ, ʚ ʪ.ʯ. ʫ ʚʠʛʣʷʜʽ ʩʝʡʩʤʦʩʪʨʫʰʫʚʘʥʴ. ɺ ʟʘ-

ʛʘʣʴʥʦʤʫ ʧʣʘʥʽ ʢʽʣʴʢʽʩʪʴ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʫ ʬʨʝʢʽʥʛ-ʟʦʥʽ ʜʦʨʽʚʥʶʻ  

 

ɽʧʦʪ = ɟʬʧVʬ, 

 

ʜʝ ɟʬʧ ï ʩʝʨʝʜʥʽʡ ʪʠʩʢ ʬʨʝʢʽʥʛ-ʧʨʦʮʝʩʫ, ʜʣʷ ʛʣʠʙʠʥʠ 3000 ʤ ɟʬʧ = 90 ʄʇʘ (900 ʢʛ/ʩʤ
2
); 

Vʬ ï ʩʝʨʝʜʥʽʡ ʦʙôʻʤ ʟʘʢʘʯʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ ʫ ʩʚʝʨʜʣʦʚʠʥʫ ʟ ʪʠʩʢʦʤ ɟʬʧ,  

Vʬ å 10Ā10
3 
ʤ

3
; 

ɽʧʦʪ = 90Ā10
6
ʇʘĀ10

4
ʤ

3 
å 0,9Ā10

12
 ʜʞ. 

ɿʛ̔ʜʥʦ ʽʟ ʟʘʣʝʞʥʩ̔ʪʁ, ʱʦ ʥʘʚʝʜʝʥʘ ʫ [7], ʚʠʱʝʟʘʟʥʘʯʝʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʚ̔ʝʥʴ ʩʪʨʫʰʫ-

ʚʘʥʥʷ (ʧʦʜʨʽʙʥʝʥʥʷ) ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʟʝʤʣʝʪʨʫʩʫ ʤʘʛʥʽʪʫʜʦʶ 3,5ï4  

(4ï5 ʙʘʣʽʚ ʰʢʘʣʠ ʄʉʂ-64). ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʦʜʽʙʥʠʡ ʨʽʚʝʥʴ ʩʝʡʩʤʦʩʪʨʫʰʫʚʘʥʴ ʥʘ ʜʽʣʷʥ-

ʢʘʭ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʚʽʜʤʽʯʘʚʩʷ ʫ ʉʐɸ, ɸʥʛʣʽʾ ʪʘ ʥʘ ʧʦʣʽʛʦʥʘʭ ʟʘʭʦʨʦʥʝʥʥʷ ʪʦʢʩʠ-

ʯʥʠʭ ʩʪʦʢʽʚ (ʉʐɸ, ʈʦʩʽʷ ʪʘ ʽʥ.).  



 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ _̫_____________________________ 
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ɺʠʩʥʦʚʢʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

1. ʌʨʝʢʽʥʛ-ʪʝʭʥʦʣʦʛʽʷ ʻ ʜʦʩʢʦʥʘʣʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʱʦʜʦ ʚʠʣʫʯʝʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʽʟ ʛʣʠ-

ʙʦʢʠʭ ʰʘʨʽʚ (2,5ï4,5 ʢʤ) ʩʣʘʙʦʧʨʦʥʠʢʥʠʭ ʧʦʨʽʜ ʰʣʷʭʦʤ ʾʭ ʛʽʜʨʦʛʝʦʤʝʭʘʥʽʯʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ 

ʽ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʧʨʦʥʠʢʥʠʭ ʜʦʚʛʦʽʩʥʫʶʯʠʭ (ʜʦ 5ï8 ʨʦʢʽʚ) ʟʦʥ, ʟʘʧʦʚʥʝʥʠʭ ʤʝʭʘʥʽʯʥʠʤʠ 

ʜʦʤʽʰʢʘʤʠ ʽ ʪʦʢʩʠʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʨʦʟʯʠʥʘʤʠ. 

2. ʉʪʚʦʨʝʥʥʷ ʛʣʠʙʠʥʥʠʭ ʚʠʩʦʢʦʧʨʦʥʠʢʥʠʭ ʬʨʝʢʽʥʛ-ʟʦʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ 

ʧʦʨʫʰʝʥʴ ʛʝʦʤʝʭʘʥʽʯʥʦʾ ʮʽʣʽʩʥʽʩʪʽ, ʛʝʦʝʥʝʨʛʝʪʠʯʥʦʾ ʽ ʛʽʜʨʦʛʝʦʬʽʣʴʪʨʘʮʽʡʥʦʾ ʨʽʚʥʦʚʘʛʠ ʛʣʠʙʦ-

ʢʠʭ ʛʦʨʠʟʦʥʪʽʚ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

3. ɺʠʜʦʙʫʪʦʢ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʥʘ ʦʩʥʦʚʽ ʬʨʝʢʽʥʛ-ʪʝʭʥʦʣʦʛʽʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʦʨʤʫ-

ʚʘʥʥʷʤ ʫ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʥʘ ʚʝʣʠʢʠʭ ʧʣʦʱʘʭ (ʩʦʪʥʽ-ʪʠʩʷʯʽ ʢʚ. ʢʤ) ʪʝʭʥʦʛʝʥʥʠʭ ʧʨʦʥʠʢ-

ʥʠʭ ʚʠʩʦʢʦʥʘʧʽʨʥʠʭ ʟʦʥ. ɰʭ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʥʠʢʥʦʩʪʽ ʛʣʠʙʦʢʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦ-

ʨʠʟʦʥʪʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʭʽʜʥʦʾ ʤʽʛʨʘʮʽʾ ʪʦʢʩʠʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʽʟ ʬʨʝʢʽʥʛ-ʟʦʥʠ ʫ ʛʦʨʠʟʦʥʪʠ 

ʧʨʽʩʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ (ʨʽʢʠ, ʦʟʝʨʘ, ʜʞʝʨʝʣʘ). 

4. ʇʣʦʱʠʥʥʝ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʚʠʩʦʢʦʧʨʦʥʠʢʥʠʭ ʪʨʽʱʠʥʥʠʭ 

ʟʦʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʽʜʨʦʛʝʦʬʽʣʴʪʨʘʮʽʡʥʦʾ ʽ ʛʝʦʭʽʤʽʯʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʛʣʠʙʠʥʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʚʠ-

ʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ, ʟʦʥʠ ʫʧʦʚʽʣʴʥʝʥʦʛʦ ʚʦʜʦʦʙʤʽʥʫ ʪʘ ʙʘʛʘʪʦʨʘʟʦʚʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʾʭ ʚʟʘ-

ʻʤʦʜʽʾ ʟ ʚʠʱʝʟʘʣʷʛʘʶʯʠʤʠ ʧʨʽʩʥʦʚʦʜʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʪʘ ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʦʜʥʠʤʠ ʦʙôʻʢʪʘʤʠ. 

5. ʊʨʽʱʠʥʥʦ-ʧʦʨʦʚʠʡ ʧʨʦʩʪʽʨ ʬʨʝʢʽʥʛ-ʟʦʥ ʻ ʢʦʣʝʢʪʦʨʦʤ ʚʝʣʠʢʠʭ ʟʘʣʠʰʢʦʚʠʭ ʦʙôʻʤʽʚ 

ʪʦʢʩʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʜʦ ʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʟʘʙʨʫʜ-

ʥʶʶʯʦʛʦ ʚʧʣʠʚʫ ʥʘ ʛʦʨʠʟʦʥʪʠ ʧʨʽʩʥʠʭ ʚʦʜ ʽ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ. 

6.  ʇʨʦʚʽʜʥʠʤʠ ʰʣʷʭʘʤʠ ʧʨʠʩʢʦʨʝʥʦʾ ʤʽʛʨʘʮʽʾ ʪʦʢʩʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʽʟ 

ʟʦʥ ʪʝʭʥʦʛʝʥʥʦʛʦ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʻ ʧʨʦʥʠʢʥʽ ʪʝʢʪʦʥʽʯʥʽ 

ʧʦʨʫʰʝʥʥʷ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʦ ʜʽʘʛʥʦʩʪʫʶʪʴʩʷ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ɼɿɿ ʪʘ ʛʘʟʦʛʝʦʭʽʤʽʯʥʠʭ 

ʟʡʦʤʦʢ. 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʚʝʣʠʢʠʡ ʝʥʝʨʛʦʧʦʪʝʥʮʽʘʣ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʚ ʤʝʞʘʭ ʥʘʬʪʦʛʘʟʦʥʦʩ-

ʥʠʭ ʩʪʨʫʢʪʫʨ ʉʭʽʜʥʦʛʦ ʪʘ ɿʘʭʽʜʥʦʛʦ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʾʭ ʟʥʘʯʥʫ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʥʫ ʧʦ-

ʨʫʰʝʥʽʩʪʴ, ʪʝʭʥʦʛʝʥʥʫ ʥʘʚʘʥʪʘʞʝʥʽʩʪʴ ʪʘ ʧʽʜʚʠʱʝʥʫ ʝʢʦʣʦʛʽʯʥʫ ʯʫʪʣʠʚʽʩʪʴ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝ-

ʨʝʜʦʚʠʱʘ ʜʦ ʤʝʭʘʥʽʯʥʠʭ, ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ ʬʨʝʢʽʥʛ-ʪʝʭʥʦʣʦʛʽʾ, ʫʷʚʣʷ-

ʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʤ ʚʠʢʦʥʘʥʥʷ: 

1) ɺʠʧʝʨʝʜʞʘʶʯʦʾ ʦʮʽʥʢʠ ʪʝʢʪʦʥʽʯʥʦʾ ʧʦʨʫʰʝʥʦʩʪʽ (ʩʫʮʽʣʴʥʦʩʪʽ) ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ  

ʚ ʤʝʞʘʭ ʩʣʘʥʮʝʚʦʛʘʟʦʥʦʩʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʙʘʟʽ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʽʚ ɼɿɿ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫ-

ʨʠ ʛʘʟʦʛʝʦʭʽʤʽʯʥʦʛʦ ʧʦʣʷ ʜʽʣʷʥʦʢ ʧʦʰʫʢʦʚʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ ʩʣʘʥʮʝʚʠʡ ʛʘʟ. 

2) ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʦʛʝʦʭʽʤʽʯʥʦʛʦ ʧʦʣʷ, ʨʽʚʥʝʚʦʛʦ  

ʽ ʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʧʽʜʟʝʤʥʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʛʝʦʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ ʣʘʥʜʰʘʬʪʽʚ ʚ ʤʝʞʘʭ 

ʨʦʜʦʚʠʱ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ. 

3) ɼʦʩʣʽʜʞʝʥʴ ʩʦʨʙʮʽʡʥʦ-ʜʝʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʝʣʝʪʫ ʽ ʧʦʨʦʚʠʭ 

ʨʦʟʯʠʥʽʚ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʥʘʜ ʟʦʥʦʶ ʢʨʝʢʽʥʛʘ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʟʘʭʠʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʛʝʦʣʦ-

ʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʜʽʣʷʥʢʘʭ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ. 

4) ʈʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʭʥʦʛʝʥʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ (ʊɻʉ) çʟʦʥʘ ʬʨʝʢʽ-

ʥʛʫ ï ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝè ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦ-ʧʨʠʧʫʩʪʠʤʠʭ ʧʘʨʘʤʝʪʨʽʚ  
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ʬʨʝʢʽʥʛ-ʧʨʦʮʝʩʫ ʥʘ ʩʪʘʜʽʷʭ ʛʝʦʣʦʛʦ-ʧʦʰʫʢʦʚʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʚʧʣʠʚʫ ʟʘʣʠʰʢʽʚ ʪʦʢʩʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʽʚ ʫ ʬʨʝʢʽʥʛ-ʟʦʥʽ ʥʘ ʷʢʽʩʪʴ 

ʧʽʜʟʝʤʥʠʭ  ̔ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. 

5) ɼʦʩʣʽʜʞʝʥʴ ʟ ʨʦʟʨʦʙʢʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʪʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʾ ʙʘʟʠ ʱʦʜʦ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʬʨʝʢʽʥʛ-ʪʝʭʥʦʣʦʛʽʾ ʧʨʠ ʛʝʦʣʦʛʽʯʥʦʤʫ ʚʠʚʯʝʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʜʦʚʠʱ ʩʣʘʥʮʝ-

ʚʦʛʦ ʛʘʟʫ. 
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É ɽ.ɸ. ʗʢʦʚʣʝʚ 

ʉʊʈɸʊɽɻʀʏɽʉʂʀɽ ʌɸʂʊʆʈʓ ʕʂʆʃʆɻʆ-ɻɽʆʃʆɻʀʏɽʉʂʆɻʆ ʈʀʉʂɸ ɼʆɹʓʏʀ 

ʉʃɸʅʎɽɺʆɻʆ ɻɸɿɸ ɺ ʅɽʌʊɽɻɸɿʆʅʆʉʅʓʍ ʈɽɻʀʆʅɸʍ ʋʂʈɸʀʅʓ 

ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʵʢʦʣʦʛʦ -ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ 

ʜʦʙʳʯʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ ʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʨʝʛʠʦʥʘʭ ʋʢʨʘʠʥʳ . ɼʦʙʳʯʘ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ ʥʘ 

ʦʩʥʦʚʝ ʬʨʝʢʠʥʛ - ʪʝʭʥʦʣʦʛʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʥʘ 

ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʥʠʮʘʝʤʳʭ ʚʳʩʦʢʦʥʘʧʦʨʥʳʭ ʟʦʥ. ʀʭ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷ-

ʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʣʫʙʦʢʠʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʩʭʦʜʷ-

ʱʝʡ ʤʠʛʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠʟ ʬʨʝʢʠʥʛ-ʟʦʥʳ ʚ ʛʦʨʠʟʦʥʪʳ ʧʨʝʩʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ (ʨʝʢʠ, ʦʟʝʨʘ, ʠʩʪʦʯʥʠʢʠ). ɸʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟ-

ʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʠ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʨʝʢʠʥʛ-ʪʝʭ-

ʥʦʣʦʛʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ. 

É E.O. Yakovlev 

STRATEGIC FACTORS OF ECOLOGICAL AND GEOLOGICAL HAZARD SHALE GAS  

IN THE OIL AND GAS REGION UKRAINE  

This paper analyzes the strategic factors of ecological and geological risk of shale gas in the 

oil and gas regions of Ukraine . Extraction of shale gas based freking-technology is accompanied 

by the formation of deep levels in large areas of permeable man-made high-pressure zones. Itôs 

feature is the increase in the permeability of the deep aquifer formation and upward migration of 

toxic contaminants from freking-zone horizons in fresh groundwater and surface water (rivers, 

lakes, springs). Relevant research is to develop the regulatory and methodological framework using 

technology frekinh exploitation of shale gas. 
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É ɺ.ɻ. ɹʫʨʘʯʝʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʊ.ʅ. ʄʘʣʠʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ; 

ɸ.ʉ. ʆʣʠʥʦʚʠʯ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ; 

ɸ.ʃ. ʇʨʦʢʦʧʝʥʢʦ, ʜʦʮʝʥʪ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ʋʥʠʚʝʨʩʠʪʝʪ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʛ. ʂʠʝʚ 

 

ʇʆɺʓʐɽʅʀɽ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ʊɽʈʈʀʊʆʈʀʁ  

ʉ ʊɽʍʅʆɻɽʅʅʆʆʇɸʉʅʓʄʀ ʆɹʒɽʂʊɸʄʀ  

ɿɸ ʉʏɽʊ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ɻɽʆɼɽɿʀʏɽʉʂʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʦʦʧʘʩʥʳʭ ʪʝʨ-

ʨʠʪʦʨʠʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʥʞʝʥʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʦʡʥʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ, ʢʦʥʪʨʦʣʴ ʩʦʦʨʫʞʝʥʠʡ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʨʫʰʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠʣʠ ʠʭ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʯʘʩʪʝʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʪ̫ ʢ ʧʦʪʝʨʝ ʮʝʥʥʦʩʪʝʡ ʠʣʠ ʜʘʞʝ ʢ ʯʝʣʦʚʝ-

ʯʝʩʢʠʤ ʞʝʨʪʚʘʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʚʣʝʯʝʥʠʶ ʠʟ ʙʶʜʞʝʪʘ ʙʦʣʴʰʠʭ ʩʨʝʜʩʪʚ ʥʘ ʣʠʢʚʠʜʘʮʠʶ ʝʝ ʧʦʩʣʝʜʩʪʚʠʡ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʧʨʦʙʣʝʤʘ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʦʨʫʞʝʥʠʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʝʜʫʧʨʝ-

ʞʜʝʥʠʝ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʩʦʦʨʫʞʝʥʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʦʙʫʩʣʘʚʣʠ-

ʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠ ʩʠʩʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ʀʤʝʥʥʦ 

ʢʦʥʪʨʦʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʯʘʩʪʦʪʦʡ, ʫʯʠʪʳʚʘʶʱʝʡ ʜʠʥʘʤʠʢʫ 

ʜʝʬʦʨʤʘʮʠʡ ʩʦʦʨʫʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʘʚʘʨʠʠ, ʜʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʝ-

ʚʨʝʤʝʥʥʦ ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ ʫʢʨʝʧʣʝʥʠʶ ʩʦʦʨʫʞʝʥʠʷ, ʨʝʤʦʥʪʫ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʀʟʚʝʩʪʥʦ ʥʝʤʘʣʦ ʩʣʫʯʘʝʚ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠ ʜʘʞʝ ʧʦʣʥʦʛʦ ʨʘʟʨʫ-

ʰʝʥʠʷ ʧʦʢʨʳʪʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʯʘʩʪʠʯʥʦʤʫ ʨʘʟʨʫh ʝʥʠʶ ʠʣʠ ʧʦʣʥʦʡ ʥʝʧʨʠʛʦʜʥʦʩʪʠ ʠʥʞʝ-

ʥʝʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʯʘʩʪʦ ʨʫʰʘʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʧʦʢʨʳʪʠʷ ʩʪʘʜʠʦʥʦʚ (2010 ʛ. ï ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʢʨʳʪʠʷ ʬʫʪʙʦʣʴʥʦʛʦ ʩʪʘʜʠʦʥʘ çʐʘʣʴʢʝè, 

ɻʝʨʤʘʥʠʷ; 2010 ʛ. ï ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦʢʨʳʪʠʷ ʩʪʘʜʠʦʥʘ ʚ ʛ. ʄʠʥʥʝʘʧʦʣʠʩʝ, ʉʐɸ; 

2011 ʛ. ï ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʢʨʪrʠʷ ʩʪʘʜʠʦʥʘ ʚ ʥʠʜʝʨʣʘʥʜʩʢʦʤ ʛʦʨʦʜʝ ʕʥʩʭʝʜ), ʪʦʨʛʦʚʦ-

ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʝ ʟʘʚʝʜʝʥʠʷ (2010 ʛ. ï ʦʙʚʘʣ ʧʦʢʨʳʪʠʷ ʩʫʧʝʨʤʘʨʢʝʪʘ ʊʝʩʢʦ ʚ ʛ. ʉʢʘʥʪʦʨʧ, ɸʥ-

ʛʣʠʷ; 2006 ʛ. ï ʨʘʟʨʫʰʝʥʦ ʧʦʢʨʳʪʠʝ ʣʝʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʛ. ɹʘʜ-ʈʘʡʭʝʥʭʘʣʴ, ɹʘʚʘʨʠʷ, ɻʝʨ-

ʤʘʥʠʷ), ʩʢʣʘʜʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʘʵʨʦʧʦʨʪʳ (2004 ʛ. ï ʨʘʟʨʫʰʝʥʦ ʧʦʢʨʳʪʠʝ ʪʝʨʤʠʥʘʣʘ 2ɽ 

ʘʵʨʦʧʦʨʪʘ ʐʘʨʣʴ ʜʝ ɻʦʣʣɹ , ʇʘʨʠʞ, ʌʨʘʥʮʠʷ). ɺ ʋʢʨʘʠʥʝ ʠ ʈʦʩʩʠʠ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʷʪ ʩʣʫʯʘʠ 
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ʨʘʟʨʫʰʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩʦʦʨʫʞʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʨʘʟʨʫʰʝʥʠʝ ʧʦʢʨʳʪʠʡ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʠ ʪʦʨ-

ʛʦʚʳʭ ʮʝʥʪʨʦʚ (2011 ʛ. ï ʦʙʚʘʣ ʧʦʢʨʳʪʠʷ ʚ ʪʦʨʛʦʚʦʤ ʮʝʥʪʨʝ Sky Mall ʚ ʂʠʝʚʝ, 2010 ʛ. ï ʦʙʚʘʣ 

ʧʦʢʨʳʪʠʷ ʧʨʦʜʫʢʪʦʚʦʛʦ ʨʳʥʢʘ ʚ ʛ. ɹʦʷʨʢʘ ʂʠʝʚʩʢʦʡ ʦʙʣʘʩʪʠ, 2004 ʛ. ï ʦʙʚʘʣ ʧʦʢʨʳʪʠʷ ʘʢʚʘ-

ʧʘʨʢʘ çʊʨʘʥʩʚʘʘʣʴ-ʧʘʨʢè ʚ ʄʦʩʢʚʝ, 2011 ʛ. ï ʦʙʚʘʣ ʩʪʝʢʣʷʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʪʦʨʛʦʚʦʛʦ ʮʝʥʪʨʘ 

çʆôʢʝʡè ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ). 

ʀʤʝʥʥʦ ʚʩʣʝʜʩʪʚʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʰʠʙʦʢ, ʵʢʦʥʦʤʠʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʠ ʤʘʪʝʨʠʘʣʘʭ, ʙʝʩʢʦʥʪʨʦʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʨʫʰʘʶʪʩʷ ʩʣʦʞʥʳʝ ʠʥʞʝʥʝʨ-

ʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʠʭ ʵʣʝʤʝʥʪʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʮʝʥʥʦʩʪʝʡ ʠ ʯʝʣʦʚʝʯʝʩʢʠʤ ʞʝʨʪʚʘʤ. 

ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʧʦʚʦʜʫ ʧʨʠʯʠʥ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʘʚʘʨʠʡ ʚ ɽʚʨʦʧʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʙʦʣʝʝ 85% ʠʟ ʥʠʭ ʩʣʫʯʘʶʪʩʷ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʦʚ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ (ʉʋɹ). ʇʨʝʜʲʷʚʣʝʥʠʝ ʥʦʚʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʢʘʩʘʶʱʠʭʩʷ ʟʘ-

ʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʜʠʨʝʢʪʠʚʳ ʉʦʚʝʪʘ ɽʉ 96/82/ɽʉ 

ʦʪ 9 ʜʝʢʘʙʨʷ 1996 ʛ. çʆ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʢʨʫʧʥʳʭ ʘʚʘʨʠʡ ʥʘ ʦʙʲʝʢʪʘʭ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘè (ʉʝʚʝʟʦ ɯɯ) [1]. 

ʂʦʥʝʯʥʦ, ʫʢʨʘʠʥʩʢʦʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʪʦʞʝ ʦʙʝʩʧʝʯʝʥʦ ʥʝʢʦʪʦʨʳʤʠ ʟʘʢʦʥʘʤʠ ʋʢʨʘʠ-

ʥʳ, ʢʘʩʘʶʱʠʤʠʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢ, ʚ ʟʘʢʦʥʝ ʋʢʨʘʠʥʳ çʆʙ 

ʦʩʥʦʚʘʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʋʢʨʘʠʥʳè [2] ʩʨʝʜʠ ʧʨʠʦʨʠʪʝʪʦʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝ-

ʩʦʚ ʋʢʨʘʠʥʳ ʥʘʨʷʜʫ ʩ çʩʦʭʨʘʥʝʥʠʝʤ ʠ ʫʢʨʝʧʣʝʥʠʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʫʪʚʝʨʞʜʝʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷè ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ çʦʙʝʩʧʝʯʝʥʠʠ 

ʪʝʭʥʦʛʝʥʥʦ-ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʛʨʘʞʜʘʥ ʠ ʦʙʱʝʩʪʚʘè. ʆʜʥʘʢʦ, ʢʘʢ ʩʦ-

ʩʪʘʚʣʷʶʱʘʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʋʢʨʘʠʥʳ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʠ ʪʝʭʥʦʛʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʚ ʫʢʘʟʘʥʥʦʤ ɿʘʢʦʥʝ ʥʝ ʚʳʜʝʣʝʥʘ ʚ ʦʪʜʝʣʴʥʫʶ ʩʬʝʨʫ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʫʢʨʘʠʥʩʢʦʡ ʟʘ-

ʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʝ ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʢ ʂʦʥʮʝʧʮʠʷ, ʪʘʢ ʠ ʉʪʨʘʪʝʛʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʅʘ ʜʘʥʥʦʝ ʚʨʝʤʷ ʮʝʥʪʨʘʣʴʥʳʤ ʧʨʘʚʦʚʳʤ ʘʢʪʦʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ɿʘʢʦʥ ʋʢʨʘʠʥr  

çʆʙ ʦʙʲʝʢʪʘʭ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠè. ʇʦʷʚʣʝʥʠʝ ʵʪʦʛʦ ʟʘʢʦʥʘ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʥʳʤ ʨʝʟʫʣʪɹʘ-

ʪʦʤ ʧʨʦʮʝʩʩʘ ʛʘʨʤʦʥʠʟʘʮʠʠ ʫʢʨʘʠʥʩʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʩ ʝʚʨʦʧʝʡʩʢʠʤ ʠ ʧʨʷʤʳʤ ʚʣʠʷʥʠ-

ʝʤ ɼʠʨʝʢʪʠʚʳ ʉʝʚʝʟʦ ɯɯ. ʅʘ ʜʘʥʥʦʝ ʚʨʝʤʷ ɿʘʢʦʥ ʋʢʨʘʠʥʳ çʆʙ ʦʙʲʝʢʪʘʭ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦ-

ʩʪʠè ʷʚʣʷʝʪʩʷ ʫʢʨʘʠʥʩʢʦʡ ʢʦʧʠʝʡ ɼʠʨʝʢʪʠʚʳ ʉʝʚʝʟʦ ɯɯ, ʘ ʧʦ ʩʚʦʝʤʫ ʧʨʘʚʦʚʦʤʫ ʩʪʘʪʫʩʫ ï 

ʬʘʢʪʠʯʝʩʢʠ ʠʛʨʘʝʪ ʨʦʣʴ ɿʘʢʦʥʘ çʆ ʪʝʭʥʦʛʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè. ʅʦ ʠʟ ʧʦʣʷ ʟʨʝʥʠʷ ʵʪʦʛʦ ʟʘ-

ʢʦʥʘ ʚʳʧʘʜʘʶʪ ʜʨʫʛʠʝ ʚʠʜʳ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ  

ʠ ʥʘ ʢʦʪʦʨʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʇʦʩʪʘʥʦʚʣʝʥʠʶ ʂʘʙʠʥʝʪʘ ʄʠʥʠʩʪʨʦʚ ʋʢʨʘʠʥʳ çʆ ʧʦʨʷʜʢʝ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡè [3], ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʩʣʝʜʫʶʱʠʝ ʩʠʪʫʘʮʠʠ: 

1) ʪʨʘʥʩʧʦʨʪʥʳʝ ʘʚʘʨʠʠ, 

2) ʚʥʝʟʘʧʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʩʦʦʨʫʞʝʥʠʡ, 

3) ʘʚʘʨʠʠ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, 

4) ʘʚʘʨʠʠ ʥʘ ʩʠʩʪʝʤʘʭ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ; 

5) ʘʚʘʨʠʠ ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, 

6) ʘʚʘʨʠʠ ʥʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ, 

7) ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʘʚʘʨʠʠ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʋʢʨʘʠʥʳ ʭʘʨʘʢʪʝʨʥʦ ʩʚʦʝ ʪʠʧʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫ-

ʘʮʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʦʝ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʅʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʟʘ 2003 ʛʦʜ [4]: 

1) ʘʚʘʨʠʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ï 31%; 

2) ʧʦʞʘʨʳ, ʚʟʨʳʚʳ ï 39%; 

3) ʘʚʘʨʠʠ ʥʘ ʩʠʩʪʝʤʘʭ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ï 14%; 

4) ʚʥʝʟʘʧʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʩʦʦʨʫʞʝʥʠʡ ï 5%; 

5) ʘʚʘʨʠʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ï 5%; 

6) ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ï 3%; 

7) ʘʚʘʨʠʠ ʩ ʚʳʙʨʦʩʦʤ (ʫʛʨʦʟʦʡ ʚʳʙʨʦʩʘ) ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʢʨʦʤʝ ʘʚʘʨʠʡ 

ʥʘ ʪʨʘʥʩʧʦʨʪʝ) ï 1%; 

8) ʘʚʘʨʠʠ ʩ ʚʳʙʨʦʩʦʤ (ʫʛʨʦʟʦʡ ʚʳʙʨʦʩʘ) ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʢʨʦʤʝ ʘʚʘʨʠʡ ʥʘ 

ʪʨʘʥʩʧʦʨʪʝ) ï 1%; 

9) ʘʚʘʨʠʠ ʥʘ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ï 1%. 

ʀʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʧʨʦʮʝʥʪ ʘʚʘʨʠʡ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠ-

ʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚʝʩʴʤʘ ʚʳʩʦʢ. ʆʙʱʘʷ ʠʟʥʦʰʝʥʥʦʩʪʴ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʥʩʪʨʫʢ-

ʮʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ ʚʦ ʚʩʝʭ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ, ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ 

ʩʨʦʯʥʳʭ ʤʝʨ, ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲ-

ʝʢʪʦʚ ʥʝ çʭʠʤʠʯʝʩʢʦʛʦè ʧʨʦʬʠʣʷ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʧʨʠʷʪʥʳʡ ʧʨʦʛʥʦʟ ʫʚʝʣʠʯʝʥʠʷ ʘʚʘʨʠʡ ʪʠʧʘ 

çʚʥʝʟʘʧʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʩʦʦʨʫʞʝʥʠʡè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʦʜʠʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. 

ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʦʙʲʝʢʪʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʝ ʠʣʠ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ ʷʚʣʷʝʪʩʷ 

ʤʦʥʠʪʦʨʠʥʛ, ʪ.ʝ. ʧʦʩʪʦʷʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʦʙʲʝʢʪʘʤʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʘʚʘʨʠʡ. ɿʘʜʘʯʝʡ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʝʪʩʷ ʩʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʘ 

ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʴʶ, ʪʘʢʠʭ ʢʘʢ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤ-

ʧʣʝʢʩʳ, ɸʕʉ, ʧʣʦʪʠʥʳ, ʢʘʥʘʣʳ, ʰʘʭʪʳ, ʧʨʝʜʧʨʠʷʪʠʷ ʭʠʤʠʯʝʩʢʦʡ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʥʝʬʪʝ-ʛʘʟʦʧʨʦʚʦʜʳ ʠ ʜʨ. 

ʆʙʟʦʨ ʧʨʝʜʳʜʫʱʠʭ ʧʫʙʣʠʢʘʮʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʪʨʦʣʴ ʛʝʦʤʝʪʨʠʠ ʩʣʦʞʥʳʭ 

ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʤʠ, ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ  

ʠ ʩʨʝʜʩʪʚʘʤʠ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʦʙʱʝʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʩʦʦʨʫʞʝʥʠʡ 

ʦʩʥʦʚʘʥʳ ʥʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ [5] (ʤʝʪʦʜʘʭ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ [6], ʛʠʜʨʦ-

ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ), ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ [7], 
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ʤʝʪʦʜʝ ʪʝʦʜʦʣʠʪʥʦʛʦ ʭʦʜʘ [8]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʦʚ-

ʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ. ʉʘ-

ʤʳʡ ʜʦʨʦʛʦʡ ʠ ʩʘʤʳʡ ʙʳʩʪʨʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʥʞʝʥʝʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ï ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ. ɹʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ï ʵʪʦ GPS-ʧʨʠʝʤʥʠʢʠ, ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥ-

ʥʳʝ ʪʘʭʝʦʤʝʪʨʳ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʜʘʪʯʠʢʠ ʜʝʬʦʨʤʘʮʠʡ (ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ  

ʜʝʬʦʨʤʘʮʠʡ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʘʢʣʦʥʦʤʝʨʳ, ʩʪʨʫʥʥʳʝ ʪʝʥʟʦʜʘʪʯʠʢʠ, ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ  

ʦʪʚʝʩʳ) [9, 10, 11]. 

ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʷʚʣʷʝʪʩʷ ʙʦʣʴ-

ʰʦʡ ʦʙʲʝʤ ʨʫʯʥʳʭ (ʚʠʟʫʘʣʴʥʳʭ) ʠʟʤʝʨʝʥʠʡ ʠ ʥʘʩʪʨʦʡʢʠ ʧʨʠʙʦʨʦʚ, ʩʣʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʩʦʦʨʫʞʝʥʠʷ.  

ɸ ʥʝʜʦʩʪʘʪʦʢ ʧʦʯʪʠ ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ï ʵʪʦ ʥʝ-

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʢʦʥʪʨʦʣʷ ʚ ʨʝʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʨʝʤʝʥʠ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚ-

ʣʷʶʪ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʭʝʦʤʝʪʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʦʙʲʝʢʪʝ ʚ ʨʝ-

ʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʦ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʦʯʝʥʴ ʜʦʨʦʛʠʭ ʪʘʭʝʦʤʝʪʨʦʚ ʙʫʜʫʪ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʪʦʣʴʢʦ ʥʘ ʦʜʥʦʤ ʦʙʲʝʢʪʝ. 

ʀʪʘʢ, ʝʩʣʠ ʦʙʝʩʧʝʯʠʪʴ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʩ ʯʘʩʪʦʪʦʡ, ʫʯʠʪʳʚʘʶʱʝʡ ʜʠʥʘʤʠʢʫ ʜʝʬʦʨʤʘʮʠʡ ʩʦʦʨʫʞʝʥʠʡ, ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʘʚʘʨʠʠ, ʪʦ ʤʦʞʥʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ ʫʢʨʝʧʣʝʥʠʶ ʩʦʦʨʫʞʝʥʠʷ, ʨʝʤʦʥʪʫ ʝʝ ʵʣʝ-

ʤʝʥʪʦʚ ʠʣʠ, ʥʘ ʢʨʘʡʥʠʡ ʩʣʫʯʘʡ, ï ʚ ʤʦʤʝʥʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʥʝʜʦʧʫʩʪʠʤʳʭ ʜʝʬʦʨ-

ʤʘʮʠʡ ï ʵʚʘʢʫʠʨʦʚʘʪʴ ʣʶʜʝʡ, ʮʝʥʥʳʝ ʛʨʫʟʳ, ʤʘʪʝʨʠʘʣʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʪ.ʜ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʲʷʪʠʶ ʠʟ ʙʶʜʞʝʪʘ 

ʙʦʣʴʰʠʭ ʩʨʝʜʩʪʚ ʥʘ ʣʠʢʚʠʜʘʮʠʶ ʝʝ ʧʦʩʣʝʜʩʪʚʠʡ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʥʠʷ. ʎʝʣʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʦ-

ʥʠʪʦʨʠʥʛ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʦʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʦʨʦʪʢʦ ʦʟʥʘʢʦʤʠʤʩʷ ʩ ʤʝʪʦʜʠʢʦʡ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʥʦʛʦ ʧʨʠʙʦ-

ʨʘ ʩ ʥʘʟʚʘʥʠʝʤ çɼʚʦʡʥʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ (ɼʌʕʎ)è ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʚʦʨʘ [12]. 

ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʙʣʦʢʠ ʥʘ ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʠʥʞʝʥʝʨʥʦʛʦ ʩʦʦʨʫʞʝ-

ʥʠʷ [12], ʛʜʝ ʦʙʦʟʥʘʯʝʥʳ:  

n*,1  ï ʧʨʠʙʦʨʳ ɼʌʕʎ; 

5 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; 

6 ï ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ; 

7 ï ʙʣʦʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ; 

8 ï ʙʣʦʢ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

9 ï ʙʣʦʢ ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʃʫʯʠ ʩʚʝʪʘ ʤʝʞʜʫ ʧʨʠʙʦʨʘʤʠ ɼʌʕʎ ʦʙʦʟʥʘʯʝʥʳ ʪʦʣʩʪʳʤʠ ʣʠʥʠʷʤʠ ʩʦ ʩʪʨʝʣʢʘʤʠ,  

ʧʦʢʘʟʳʚʘʶʱʠʤʠ ʥʘʧʨʘʚʣʝʥʠʝ ʣʫʯʝʡ ʩʚʝʪʘ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʢ ʧʨʠʝʤʥʠʢʘʤ (ʮʠʬʨʦʚʳʤ  

ʢʘʤʝʨʘʤ). ʅʘ ʩʭʝʤʝ (ʨʠʩ. 1) ʦʪʨʘʞʝʥʳ ʜʚʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ: ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ  

(ʧʨʠʙʦʨʳ 1*... n-1*). 
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5 6 7 8

9

1* 2* 3* 4* n-2* n-1* n
 

ʈʠʩ. 1 ï ʆʩʥʦʚʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʙʣʦʢʠ ʩʠʩʪʝʤʳ 

ʂʘʞʜʦʝ ʪʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʚʭʦʜʷʱʝʝ ʚ ʩʠʩʪʝʤʫ [12], ʨʘʟʤʝʱʝʥʦ ʥʘ ʫʯʘʩʪʢʝ ʤʝʞʜʫ ʙʣʦ-

ʢʘʤʠ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʥʘʢʦʚ-ʨʝʧʝʨʦʚ (ʥʘ ʨʠʩ. 1 ʵʪʦ ʦʧʦʨʥʳʝ ʟʥʘʢʠ ʧʨʠʙʦʨʦʚ 1*, 2*  

ʠ n-1*, n). ʂʘʞʜʳʡ ʙʣʦʢ 1*,n ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʩʪʘʙʠʣʴʥʦʡ ʦʩʥʦʚʝ ʚ ʤʝʩʪʝ ʥʘʭʦʞʜʝʥʠʷ ʜʝʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʤʘʨʢʠ ʠ ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥ ʩ ʧʦʩʣʝʜʥʝʡ. ɺʩʝ ʙʣʦʢʠ ʠʜʝʥʪʠʯʥʳ. ʉʪʨʦʝʥʠʝ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʘ ʪʦʯʥʦʡ ɼʌʕʎ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2 [13, 18], ʛʜʝ ʦʙʦ-

ʟʥʘʯʝʥʦ: 

10 ï ʦʙʲʝʢʪʠʚʳ ʮʠʬʨʦʚʳʭ ʬʦʪʦʢʘʤʝʨ; 

11 ï ʬʦʪʦʧʨʠʝʤʥʳʝ ʤʘʪʨʠʮʳ ʩ ʫʩʠʣʠʪʝʣʷʤʠ; 

12 ï ʜʚʫʩʪʦʨʦʥʥʠʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ; 

13 ï ʣʫʯʠ ʩʚʝʪʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 12, ʠʜʫʱʠʝ ʚ ʦʙʲʝʢʪʠʚʳ ʮʠʬʨʦʚʳʭ ʬʦʪʦʢʘʤʝʨ ʩʦ-

ʩʝʜʥʠʭ ʙʣʦʢʦʚ; 

14 ï ʣʫʯʠ ʩʚʝʪʘ, ʠʜʫʱʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 12; 

15 ï ʢʦʨʧʫʩ ʙʣʦʢʘ, ʚ ʢʦʪʦʨʦʤ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʳ ʚʩʝ ʵʣʝʤʝʥʪʳ 10, 11, 12. 

 

 
ʘ)       ʙ) 

ʈʠʩ. 2 ï ʉʪʨʦʝʥʠʝ ʧʨʠʙʦʨʘ ʪʦʯʥʦʡ ɼʌʕʎ 

ʇʨʠʙʦʨʳ 1 ... n ɼʌʕʎ ʞʝʩʪʢʦ ʫʩʪʘʥʦʚʣʝʥʳ ʩʚʦʠʤʠ ʢʦʨʧʫʩʘʤʠ 15 ʥʘ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠʥ-

ʞʝʥʝʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠ, ʧʦ ʩʫʪʠ, ʷʚʣʷʶʪʩʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʧʝʨʘʤʠ (ʤʘʨʢʘʤʠ), ʧʨʠ 

ʵʪʦʤ ʩʦʩʝʜʥʠʝ ʧʨʠʙʦʨʳ ʯʝʨʝʜʫʶʪʩʷ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʦʩʴ ʩʚʝ-

ʪʦʚʦʛʦ ʧʦʪʦʢʘ ʩʦʚʧʘʜʘʝʪ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʘ ʦʙʱʝʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʩʠʩʪʝʤʳ, ʠ ʠʟʦʙʨʘʞʝʥʠʝ 

ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ 12, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʢʘʞʜʳʤ ʦʙʲʝʢʪʠʚʦʤ, ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʧʨʝʜʝʣʝʥ-

ʥʦʡ ʪʦʯʢʝ ʨʘʙʦʯʝʡ ʤʠʰʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʛʦ ʬʦʪʦʧʨʠʝʤʥʠʢʘ. ʏʪʦʙʳ 
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ʠʟʤʝʨʠʪʴ ʚʝʣʠʯʠʥʫ ʠʟʤʝʥʝʥʠʷ ʥʘʢʣʦʥʘ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʚʝʣʠʯʠʥʫ ʣʠ-

ʥʝʡʥʦʛʦ ʩʤʝʱʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʫʯʢʘ ʣʫʯʝʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʠʚʦʤ, ʚ ʨʘʙʦʯʝʡ ʧʣʦʩ-

ʢʦʩʪʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʩʠʩʪʝʤʳ ɼʌʕʎ ʩʚʝʪʦʚʳʝ ʧʦʪʦʢʠ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ 

(ʬʠʣʴʪʨʫʶʱʠʭʩʷ ʜʠʘʬʨʘʛʤʘʤʠ ʚ ʩʚʝʪʦʧʨʦʚʦʜʳ) ʧʘʜʘʶʪ ʥʘ ʦʙʲʝʢʪʠʚʳ, ʢʦʪʦʨʳʝ ʬʦʢʫʩʠʨʫʶʪ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʥʘ ʤʠʰʝʥʷʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ. 

ɺ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ ʜʚʫʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ ʩ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʚ 

ʙʣʦʢ ʧʦʩʪʫʧʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʦ ʚʝʣʠʯʠʥʘʭ ʦʪʢʣʦʥʝʥʠʡ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʪʦʯʥʠʢʦʚ 

ʩʚʝʪʘ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʚʚʝʜʝʥʥʳʭ ʚ ʧʘʤʷʪʴ ʫʩʪʨʦʡʩʪʚʘ (ʚ ʙʣʦʢ 9) ʧʨʠ ʧʝʨʚʠʯʥʦʤ 

ʚʢʣʶʯʝʥʠʠ ʜʚʦʡʥʦʡ ʮʝʧʦʯʢʠ. 

ʇʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʦʩʠ ʩʭʝʤʳ ɼʌʕʎ (13, 10, 11, 11, 10, 13) (ʨʠʩ. 2) ʧʦʣʫʯʘʝʤ 

ʩʫʤʤʫ ʦʪʩʯʝʪʦʚ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ (ʤʘʪʨʠʮʘʭ) 11, ʢʦʪʦʨʳʝ ʨʘʚʥʳ ʥʫʣʶ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʪ-

ʢʣʦʥʝʥʠʠ ʙʣʦʢʘ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 12 ʥʘ ʚʝʣʠʯʠʥʫ D ʩʚʝʪʦʚʦʡ ʣʫʯ ʦʪ ʠʩʪʦʯʥʠʢʘ 12 ʚʦʡʜʝʪ ʚ ʦʙʲ-

ʝʢʪʠʚ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʳ ʙʣʦʢʘ 10 ʧʦʜ ʫʛʣʦʤ g ʠ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʝ (ʤʘʪʨʠʮʝ) 11 ʙʫʜʝʪ ʩʥʷʪ 

ʦʪʩʯʝʪ "" a- . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ gtgSÖ-=D , ʘ gtgf Ö¡-=D 1 . ʇʨʠ ʵʪʦʤ, ʫʯʠʪʳʚʘʷ ʤʘʣʦʩʪʴ ʫʛʣʦʚ ʠ ʧʨʝʥʝʙʨʝ-

ʛʘʷ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʚʪʦʨʦʛʦ ʠ ʚʳʰʝ ʧʦʨʷʜʢʦʚ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ a
f

S
¡

=D . ʅʘʧʦʤʥʠʤ, ʯʪʦ a  ï 

ʦʪʩʯʝʪ ʚ ʧʠʢʩʝʣʷʭ, ʘ D ï ʦʪʢʣʦʥʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʤʘʨʢʠ ʚ ʤʤ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩ ʤʘʪʨʠʮʳ -̔ʛʦ ʧʨʠʙʦʨʘ ɼʌʕʎ ʙʫʜʝʪ ʧʦʣʫʯʝʥ ʦʪʩʯʝʪ, ʨʘʚʥʳʡ ʩʫʤʤʝ: 

11 2 +- -+-= iiii aaav , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʤʤʝ ʦʪʢʣʦʥʝʥʠʡ 11 22 +- D+D-D+ iii . 

ʈʘʩʩʤʦʪʨʠʤ ʚʟʘʠʤʦʩʚʷʟʴ ʦʪʩʯʝʪʦʚ ʧʦʣʦʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʥʘ ʬʦʪʦʧʨʠ-

ʝʤʥʳʭ ʤʘʪʨʠʮʘʭ ʧʨʠʙʦʨʦʚ ɼʌʕʎ. ɺ ʪʘʙʣʠʮʝ 1 ʧʦʢʘʟʘʥʳ ʩʫʤʤʳ ʥʘ ʤʘʪʨʠʮʘʭ ʧʨʠʙʦʨʦʚ ɼʌʕʎ, 

ʩʦʜʝʨʞʘʱʠʭ 9 ʪʦʯʝʢ, ʠʟ ʢʦʪʦʨʳʭ ʪʦʯʢʠ 1, 2 ʠ 8, 9 ï ʦʧʦʨʥʳʝ ʨʝʧʝʨʳ. 

ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʩʫʤʤʘʨʥʳʭ ʦʪʩʯʝʪʦʚ ʥʘ ʤʘʪʨʠʮʘʭ ɼʌʕʎ 

ˉ ʧʨʠʙʦʨʦʚ 

ɼʌʕʎ 

ʆʪʩʯʝʪʳ 

iv  

1 2 3 4 5 6 7 8 9 

2v  1a-  22a+  3a-        

3v   2a-  32a+  
4a-       

4v    3a-  
42a+  5a-      

5v     4a-  52a+  6a-     

6v      5a-  62a+  7a-    

7v       6a-  72a+  8a-   

8v        7a-  82a+  9a-  

ä iv
 

1a-  2a+       8a+  9a-  
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ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʡ ɼʌʕʎ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʩʯʝʪʘʤ iv  

ˉ ʧʨʠʙʦʨʦʚ 

ɼʌʕʎ 

 

ʆʪʩʯʝʪʳ  

iv  

1 2 3 4 5 6 7 8 9 

2v  1D+  22D-  3D+        

3v   2D+  32D-  
4D+       

4v    3D+  
42D-  5D+      

5v     4D+  52D-  6D+     

6v      5D+  62D-  7D+    

7v       6D+  72D-  8D+   

8v        7D+  82D-  9D+  

ä iv  
1D+  2D-       8D-  9D+  

 

ɺ ʪʘʙʣʠʮʝ 1 ʦʙʦʟʥʘʯʝʥʦ 9821 aaaai -++-=äv , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʟʥʘʯʝ-

ʥʠʡ 1D, 2D , 8D , 9D  ʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʟʥʘʢʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʪʘʙʣʠʮʝ 2. 

ʆʪʩʯʝʪʳ ʥʘ ʤʘʪʨʠʮʝ iv  ʦʙʨʘʟʦʚʘʥʳ ʩʫʤʤʘʤʠ ʫʛʣʦʚ 11,..., +- ii gg , ʧʨʠ ʵʪʦʤ ʫʛʣʳ iv-̄180  

ʚ ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʤ ʭʦʜʝ ʥʘ ʨʠʩ. 3 ï ʵʪʦ ʧʨʘʚʳʝ ʫʛʣʳ, ʘ iv+̄180  ï ʣʝʚʳʝ ʫʛʣʳ. 
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ʈʠʩ. 3 ï ʉʭʝʤʘ ʨʘʟʦʤʢʥʫʪʦʛʦ ʭʦʜʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ, ʦʧʠʨʘʶʱʝʛʦʩʷ ʥʘ ʜʚʘ ʙʘʟʠʩʘ 

n,...,2,1  ï ʧʫʥʢʪʳ ʭʦʜʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ; 

21-  ʽ 1-n  ï nï ʙʘʟʠʩʳ; 

nSS ...1  ï ʩʪʦʨʦʥʳ ʭʦʜʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ; 

132 ,...,, -nbbb  ï ʫʛʣʳ, ʠʟʤʝʨʷʝʤʳʝ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʪʦʨʦʥ ʭʦʜʘ; 

1a  ʽ 1-na  ï ʠʩʭʦʜʥʳʝ ʜʠʨʝʢʮʠʦʥʥʳʝ ʫʛʣʳ. 
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ʉʫʪʴ ʤʝʪʦʜʘ ʚʳʩʦʢʦʪʦʯʥʦʡ ɼʌʕʎ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʚʦʨʘ. ʇʨʝʜʩʪʘʚʠʤ ʩʭʝʤʘʪʠʯʝʩʢʠ 

ʬʨʘʛʤʝʥʪ ʚʳʩʦʢʦʪʦʯʥʦʡ ɼʌʕʎ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʚʦʨʘ ʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʨʠʩ. 4). ɺʳ-

ʩʦʢʦʪʦʯʥʘʷ ɼʌʕʎ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʪʚʦʨʥʳʭ ʣʠʥʠʡ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʜʨʫʛ ʜʨʫʛʫ [14].  
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ʈʠʩ. 4 ï ʉʭʝʤʘ ʬʨʘʛʤʝʥʪʘ ʚʳʩʦʢʦʪʦʯʥʦʡ ɼʌʕʎ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʚʦʨʘ 

 

ʅʘ ʨʠʩ. 4 ʦʙʦʟʥʘʯʝʥʳ: 

1 ï ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ; 

2 ï ʦʙʲʝʢʪʠʚ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ ʚʝʨʭʥʝʡ ʣʠʥʠʠ ɼʌʕʎ, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʝʥʘ ʩ ʠʩʪʦʯʥʠʢʦʤ 

ʩʚʝʪʘ ʥʠʞʥʝʡ ʣʠʥʠʠ; 

3 ï ʬʦʪʦʧʨʠʝʤʥʠʢ (ʜʚʦʡʥʘʷ ʤʘʪʨʠʮʘ) ʠ ʦʙʲʝʢʪʠʚ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ; 

4 ï ʦʙʲʝʢʪʠʚ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ ʠ ʬʦʪʦʧʨʠʝʤʥʠʢ (ʜʚʦʡʥʘʷ ʤʘʪʨʠʮʘ); 

5 ï ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʠ ʦʙʲʝʢʪʠʚ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ; 

6 ï ʢʘʢ ʧʦʟʠʮʠʷ 2, ʪ.ʝ. ʦʙʲʝʢʪʠʚ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ ʠ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ; 

7 ï ʢʘʢ ʧʦʟʠʮʠʷ 3; 

8 ï ʢʘʢ ʧʦʟʠʮʠʷ 4; 

1-n  ï ʢʘʢ ʧʦʟʠʮʠʷ 3 ʠʣʠ 7; 

n  ï ʢʘʢ ʧʦʟʠʮʠʷ 4 ʠʣʠ 8 [14]. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʙʣʦʢʠ n...1  ï ʵʪʦ ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥʥʳʝ ʚ ʝʜʠʥʦʤ ʢʦʨʧʫʩʝ ʵʣʝʤʝʥʪʳ ʧʨʠʙʦ-

ʨʦʚ ɼʌʕʎ. ʆʪʣʠʯʠʷ ʦʪ ʚʘʨʠʘʥʪʘ ʪʦʯʥʦʡ ʩʝʪʠ ɼʌʕʎ ʩʣʝʜʫʶʱʠʝ: 

ï ʯʝʨʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ (ʦʙʲʝʢʪʠʚ, ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʜʚʦʡʥʘʷ ʤʘʪʨʠʮʘ) ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʦ 

ʨʘʩʧʦʣʦʞʝʥʠʶ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʣʠʥʠʷʭ; 

ï ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 4, ʦʙʨʘʟʦʚʘʥʥʳʝ ʵʣʝʤʝʥʪʘʤʠ ʮʠʬʨʦʚʳʝ ʢʘʤʝʨʳ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʬʦʢʫʩ-

ʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ï ʜʦ ʝʜʠʥʠʮ ʤʝʪʨʦʚ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʳʩʦʢʦʪʦʯʥʦʡ ɼʌʕʎ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶ-

ʱʝʤ: ʩʚʝʪʦʚʦʡ ʣʫʯ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 1 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʙʲʝʢʪʠʚ 2 ʠ ʧʦʧʘʜʘʝʪ ʥʘ ʬʦʪʦʧʨʠʝʤʥʫʶ 

ʜʚʦʡʥʫʶ ʤʘʪʨʠʮʫ ʣ3 , ʩ ʢʦʪʦʨʦʡ ʩʥʠʤʘʝʪʩʷ ʦʪʩʯʝʪ ʣ3v , (ʥʘʧʨʘʚʣʝʥʠʝ ʪʘʢʦʛʦ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ ï 

ʩʣʝʚʘ ʥʘʧʨʘʚʦ ï ʦʙʦʟʥʘʯʠʤ ʫʩʣʦʚʥʦ ʣ). ʅʘʧʨʘʚʣʝʥʠʝ ʩʪʨʝʣʢʠ ʩʧʨʘʚʘ ʥʘʣʝʚʦ (ʦʙʦʟʥʘʯʠʤ ʫʩʣʦʚʥʦ 

ʇ) ï ʩʚʝʪʦʚʦʡ ʣʫʯ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 5 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʙʲʝʢʪʠʚ 4 ʠ ʧʦʧʘʜʘʝʪ ʥʘ ʬʦʪʦʧʨʠʝʤ-

ʥʫʶ ʜʚʦʡʥʫʶ ʤʘʪʨʠʮʫ ʇ3 , ʩ ʢʦʪʦʨʦʡ ʩʥʠʤʘʝʪʩʷ ʦʪʩʯʝʪ ʇ3v . ɸʥʘʣʦʛʠʯʥʦ ʨʘʙʦʪʘʝʪ ʚʩʷ ʮʝʧʦʯʢʘ. 
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ʉʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ 3 ʜʣʷ ʦʪʩʯʝʪʦʚ iv¡ ʥʘ ʣʝʚʳʭ ʠ ʧʨʘʚʳʭ ʬʦʪʦʧʨʠʝʤʥʳʭ ʤʘʪʨʠʮʘʭ ʧʨʠʙʦ-

ʨʦʚ ɼʌʕʎ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩ. 4, ʯʪʦ ʩʦʩʪʦʠʪ ʠʟ 10 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʦʢ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʪʢʣʦʥʝʥʠʷ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʜʣʷ ʢʘʞʜʦʡ ʣʝʚʦʡ ʠ ʧʨʘ-

ʚʦʡ ʬʦʪʦʧʨʠʝʤʥʳʭ ʤʘʪʨʠʮ ʧʨʠʙʦʨʦʚ ɼʌʕʎ ʙʫʜʫʪ ʩʣʝʜʩʪʚʠʝʤ ʩʫʤʤʳ ʦʪʢʣʦʥʝʥʠʡ ʜʝʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʤʘʨʦʢ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ çʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ï ʦʙʲʝʢʪʠʚ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ ï ʬʦʪʦʧʨʠʝʤʥʘʷ 

ʤʘʪʨʠʮʘ (ʣʝʚʘʷ ʠʣʠ ʧʨʘʚʘʷ)è 

2. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʩʯʝʪ ʧʦ ʢʘʞʜʦʡ ʠʟ ʬʦʪʦʧʨʠʝʤʥʳʭ ʤʘʪʨʠʮ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʚʝʣʠʯʠ-

ʥ r ia , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʢʣʦʥʝʥʠʷʤ iD: 

 

iiiʃi aaa -+-=¡ -- 12 2v , 

 

212 ++-+-=¡ iiiʇi aaav . 

 

3. ʊʘʢʞʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʪʩʯʝʪ ʧʦ ʢʘʞʜʦʡ ʠʟ ʬʦʪʦʧʨʠʝʤʥʳʭ ʤʘʪʨʠʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʤʤʝ 

ʦʪʩʯʝʪʦʚ ʧʦ ʜʚʦʡʥʳʤ ʬʦʪʦʧʨʠʝʤʥʳʤ ʤʘʪʨʠʮʘʤ ʚ ʪʦʯʥʦʡ ʩʠʩʪʝʤʝ ɼʌʕʎ (ʪʘʙʣ. 3) ʠ ʥʝʩʝʪ ʠʥ-

ʬʦʨʤʘʮʠʶ ʧʨʦ ʫʛʦʣ ʧʨʠ ʚʝʨʰʠʥʝ ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʭʦʜʦʚ. 

ʊʘʙʣʠʮʘ 3 ï ʉʦʜʝʨʞʘʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʩʯʝʪʦʚ iv¡ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʡ ɼʌʕʎ (ʨʠʩ. 4) 

ˉ ʧʨʠʙʦʨʦʚ 

ɼʌʕʎ 

ʆʪʩʯʝʪʳ 

 iv¡ 

1 2 3 4 5 6 7 8 9 10 

2v¡ 1a-  22a+  3a-         

4v¡   3a-  
42a+  5a-       

3v¡  2a-  32a+  
4a-        

5v¡    4a-  52a+  6a-      

6v¡     5a-  62a+  7a-     

8v¡       7a-  82a+  9a-   

7v¡      6a-  72a+  8a-    

9v¡        8a-  92a+  10a-  

ä ¡
iv  

1a-  2a+        9a+  10a-  

 

ɺ ʪʘʙʣʠʮʝ 3 ʦʙʦʟʥʘʯʝʥʦ:  

iv¡ ï ʦʪʩʯʝʪʳ ʥʘ ʤʘʪʨʠʮʘʭ ʧʨʠʙʦʨʦʚ ɼʌʕʎ; 

ia  ï ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʪʩʯʝʪʦʚ iv¡ ʥʘ ʤʘʪʨʠʮʘʭ ʧʨʠʙʦʨʦʚ ɼʌʕʎ. 
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ʊʘʙʣʠʮʘ 4 ï ɿʥʘʯʝʥʠʷ ʦʪʩʯʝʪʦʚ ʥʘ ʤʘʪʨʠʮʘʭ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʝʣʠʯʠʥʘʤ ʩʫʤʤʘʨʥʳʭ 

ʦʪʢʣʦʥʝʥʠʡ iD ʚ ɼʌʕʎ 

ˉ ʧʨʠʙʦʨʦʚ 

         ɼʌʕʎ 

 

ʆʪʢʣʦʥʝ-  

ʥʠʝ iv  

1 2 3 4 5 6 7 8 9 10 

2v¡ 1D+  22D-  3D+         

4v¡   3D+  
42D-  5D+       

3v¡  2D+  32D-  
4D+        

5v¡    4D+  52D-  6D+      

6v¡     5D+  62D-  7D+     

8v¡       7D+  82D-  9D+   

7v¡      6D+  72D-  8D+    

9v¡        8D+  92D-  10D+  

ä ¡
iv  

1D+  2D-        9D-  10D+  

 

ɺ ʪʘʙʣʠʮʝ 4 ʦʙʦʟʥʘʯʝʥʦ: 

iD ï ʦʪʢʣʦʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʦʢ ʚ ʧʨʠʙʦʨʘʭ ɼʌʕʎ. 

ʂʦʥʝʯʥʦ, ʩʫʤʤʘ ʦʪʢʣʦʥʝʥʠʡ ä
-

=

¡
2

3

n

i

iv  ʦʧʨʝʜʝʣʠʪ ʥʝʚʷʟʢʫ, ʢʦʪʦʨʫʶ ʦʙʦʟʥʘʯʠʤ ʢʘʢ Hf . ʅʝʚʷʟ-

ʢʘ Hf  ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʦʪʢʣʦʥʝʥʠʡ ʧʫʥʢʪʦʚ 3 ,4,é, 2-n  ʧʦ ʚʳʩʦʪʝ ʩʦʛʣʘʩʥʦ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʛʝʦʜʝʟʠʠ [15, 16]. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʦʝ ʟʥʘʯʝʥʠʝ ʦʪ-

ʢʣʦʥʝʥʠʡ iD ʥʘ ʧʫʥʢʪʘʭ 3 ,4,é,2-n  ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʩʣʫʯʘʡʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ Ds . 

ɽʩʣʠ ʚʳʧʦʣʥʠʪʴ ʩʨʘʚʥʝʥʠʝ ʪʘʙʣʠʮ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʪʦʯʥʦʡ ɼʌʕʎ (ʪʘʙʣ. 2) ʠ ʚʳ-

ʩʦʢʦʪʦʯʥʦʡ ɼʌʕʎ (ʪʘʙʣ. 4), ʪʦ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʩʫʤʤʘ ʦʪʢʣʦʥʝʥʠʡ iv  ʠʟ ʪʘʙʣʠ-

ʮʳ 2 ʧʦ ʜʚʫʤ ʤʘʪʨʠʮʘʤ ʨʘʚʥʘ ʩʫʤʤʝ ʦʪʢʣʦʥʝʥʠʡ ʧʦ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʤʘʪʨʠʮ (ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ) ʠʟ 

ʪʘʙʣʠʮʳ 4. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʪʘʙʣʠʮʳ 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʤʤʘ ʦʪʩʯʝʪʦʚ ʚ ɼʌʕʎ ʙʫʜʝʪ ʨʘʚʥʘ 

 

10921 aaaai -++-=¡äv , 

 

ʘ ʠʟ ʪʘʙʣʠʮʳ 4 ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʤʤʘ ʦʪʢʣʦʥʝʥʠʡ ʙʫʜʝʪ ʨʘʚʥʘ 

 

10921 D+D-D-D+ , 
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ʛʜʝ ʟʥʘʯʝʥʠʷ 1D, 2D , 9D , 10D  ï ʠʟʚʝʩʪʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʥʘʢʦʚ, ʘ ʚʝʣʠʯʠ-

ʥ rʦʪʢʣʦʥʝʥʠʡ 3D  é 8D  ( 28 -D=D n ) ï ʟʥʘʯʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʜʣʷ ʙʣʦʢʦʚ 3, é, 8 

( 28 -=n ) [14].  

ɸʥʘʣʦʛʠʯʥʦ ʚʘʨʠʘʥʪʫ ʪʦʯʥʦʡ ɼʌʕʎ, ʩʫʤʤʳ ʦʪʩʯʝʪʦʚ ʧʦ ʜʚʫʤ ʤʘʪʨʠʮʘʤ ʢʘʞʜʦʛʦ ʧʨʠ-

ʙʦʨʘ ɼʌʕʎ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʧʨʠ ʚʝʨʰʠʥʘʭ ʭʦʜʘ. ʇʨʠ ʨʘʚʥʳʭ ʨʘʩʩʪʦ-

ʷʥʠʷʭ SSS === ...21  ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʪʷʥʫʪʦʛʦ ʭʦʜʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ, ʦʧʠʨʘʶʱʝʛʦʩʷ ʥʘ 

ʙʘʟʠʩʳ 21-  ʽ 1-n  ï n  (ʨʠʩ. 3), ʧʦʣʫʯʠʤ ʢʦʦʨʜʠʥʘʪʳ ʜʨʫʛʠʭ ʪʦʯʝʢ ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʬʦʨʤʫ-

ʣʘʤ ʛʝʦʜʝʟʠʠ [17]. 

ɺʳʚʦʜʳ. ʄʝʪʦʜʠʢʘ ʚʳʩʦʢʦʪʦʯʥʦʡ ɼʌʕʎ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʦ ʚʨʝ-

ʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʣʠʥʝʡʥʳʝ ʠ ʫʛʣʦʚʳʝ ʤʝʜʣʝʥʥʳʝ ʠʟʤʝ-

ʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʩʦʦʨʫʞʝʥʠʷ ʠ ʧʨʝʜʫʧʨʝʜʠʪʴ ʦ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩ-

ʰʪʘʙʝ ʚʨʝʤʝʥʠ ʩ ʪʦʯʥʳʤ ʦʙʦʟʥʘʯʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘ-

ʥʠʷ, ʚ ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʠ ʪʝʭʥʦʛʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. ʄʝʪʦʜʠʢʘ ʠʩʢʣʶʯʘʝʪ ʜʦʨʦʛʠʝ ʠ ʨʫʯʥʳʝ (ʚʠʟʫʘʣʴʥʳʝ) ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ. 
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É V.G. Burachek, T.M. Malʽk, A.S. Olʽnovich, A.L. Prokopenko 

ENVIRONMENTAL SAFETY INCREASING OF AREA S WITH MAN -TRIGGERED AND 

DANGEROUS OBJECTS THROUGH AUTOMATION GEODETIC MONITORING  

The article describes the ecological safety of man-triggered and dangerous areas when apply-

ing automatic control system of geometric parameters of engineering objects in real time. 
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É ʅ.ɸ. ʅʦʚʦʭʘʮʴʢʘ, ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ; 

ʆ.ʄ. ʊʨʦʬʠʤʯʫʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ 

 

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

 

ʊɽʍʅʆʃʆɻɯʗ ɯʅɺɽʅʊɸʈʀɿɸʎɯɰ ʄɯʉʎʔ ɺʀɼɸʃɽʅʅʗ ɺɯɼʍʆɼɯɺ  

ʄɽʊʆɼɸʄʀ ɼʀʉʊɸʅʎɯʁʅʆɻʆ ɿʆʅɼʋɺɸʅʅʗ ɿɽʄʃɯ 

 

ʋ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʤʽʩʮʴ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ ʤʝʪʦʜʘʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʨʝʻʩʪʨʫ ʩʤʽʪʪʻʟʚʘʣʠʱ, 

ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʴ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʽ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʪʘ 

ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʪʚʝʨʜʠʭ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. 

 

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

ʙʘʟʘ ʜʘʥʠʭ, ʤʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ. 

 

ɺʩʪʫʧ. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʨʽʯʯʷ ʚ ʋʢʨʘʾʥʽ ʧʨʦʜʦʚʞʫʻ ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʦʛʨʝʩʫʶ-

ʯʝ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʷʢ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ, ʪʘʢ ʽ ʚ ʧʦʙʫʪʦʚʦʤʫ ʩʝʢʪʦʨʘʭ. ʋ ʤʽʩʪʘʭ ʽ ʩʝʣʠʱʘʭ 

ʤʽʩʴʢʦʛʦ ʪʠʧʫ ʋʢʨʘʾʥʠ ʱʦʨʽʯʥʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʥʘʜ 50 ʤʣʥ ʤ
3
 ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ 

(ʊʇɺ). ɿʘʟʚʠʯʘʡ ʚʽʜʭʦʜʠ ʘʢʫʤʫʣʶʶʪʴ ʫ ʤʽʩʮʷʭ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ (ʄɺɺ), ʘ ʪʘʢʦʞ ʥʘ 

ʩʪʠʭʽʡʥʠʭ ʟʚʘʣʠʱʘʭ ʤʘʣʦʾ ʤʽʩʪʢʦʩʪʽ. ʈʦʟʤʽʱʝʥʥʷ ʩʤʽʪʪʷ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʣʠʰʘʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʠʤ, ʩʤʽʪʪʻʟʚʘʣʠʱʘ ʧʝʨʝʥʘʩʠʯʝʥʽ ʚʽʜʭʦʜʘʤʠ, ʘ ʥʦʚʽ ʥʝ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʫ ʟʚ`ʷʟʢʫ ʟ ʚʽʜ-

ʩʫʪʥʽʩʪʶ ʬʽʥʘʥʩʫʚʘʥʥʷ, ʪʦʤʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʙʣʘʩʪʽ ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʝʩʘʥʢʮʽʦʥʦ-

ʚʘʥʠʭ ʤʘʣʠʭ ʩʪʠʭʽʡʥʠʭ ʟʚʘʣʠʱ, ʷʢʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʜʦʩʪʦʚʽʨʥʦʤʫ ʦʙʣʽʢʫ. ɺʦʥʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʷʨʘʭ ʪʘ ʙʘʣʢʘʭ, ʫ ʣʽʩʦʩʤʫʛʘʭ, ʥʘ ʦʢʦʣʠʮʷʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʪʦʱʦ. ʇʨʦʜʫʢʪʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʡ ʛʦʨʽʥʥʷ ʚʠʜʘʣʝʥʠʭ ʚʽʜʭʦʜʽʚ ʟʘʙʨʫʜʥʶʶʪʴ ʧʨʠʣʝʛʣʽ ʟʝʤʣʽ. ʇʨʦʜʫʢʪʠ ʜʝ-

ʩʪʨʫʢʮʽʾ ʩʢʣʘʜʦʚʠʭ ʚʽʜʭʦʜʽʚ ʟʘʙʨʫʜʥʶʶʪʴ ʧʽʜʟʝʤʥʽ ʚʦʜʠ, ʦʩʦʙʣʠʚʦ ʧʝʨʰʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦ-

ʨʠʟʦʥʪʫ. ʉʪʫʧʽʥʴ ʮʴʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʙʽʣʴʰʦʩʪʽ ʟʚʘʣʠʱ ʥʝ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʩʠʩʪʝʤʘʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ. 

ʆʙ'ʻʢʪʠ, ʱʦ ʰʢʽʜʣʠʚʦ ʚʧʣʠʚʘʶʪʴ ʘʙʦ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʩʪʘʥ ʜʦʚʢʽʣʣʷ, ʚʠʜʠ ʪʘ ʢʽʣʴ-

ʢʽʩʪʴ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʚʠʜʠ ʡ ʨʦʟ-

ʤʽʨʠ ʰʢʽʜʣʠʚʠʭ ʬʽʟʠʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʥʴʦʛʦ ʧʽʜʣʷʛʘʶʪʴ ʜʝʨʞʘʚʥʦʤʫ ʦʙʣʽʢʫ (ɿʘʢʦʥ ʋʢʨʘʾʥʠ 

çʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘè, ʩʪʘʪʪʷ 24). ɺʢʣʶʯʝʥʥʶ ʜʦ ʨʝʻʩʪʨʫ 

ʽ, ʚʽʜʧʦʚʽʜʥʦ, ï ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʧʽʜʣʷʛʘʶʪʴ ʫʩʽ ʤʽʩʮʷ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ (ʪʽ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ, 

ʟʘʢʨʠʪʽ, ʟʘʢʦʥʩʝʨʚʦʚʘʥʽ, ʧʦʩʪʽʡʥʽ, ʪʠʤʯʘʩʦʚʽ ʪʦʱʦ). 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʋʢʨʘʾʥʠ ñʇʨʦ ʚʽʜʭʦʜʠò ʦʮʽʥʢʫ ʧʦʪʝʥʮʽʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ 

ʄɺɺ ʋʢʨʘʾʥʠ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʥʘ ʧʽʜʩʪʘʚʽ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ,  

ʚʢʣʶʯʘʶʯʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʧʨʦʝʢʪʽʚ, ʤʘʪʝʨʽʘʣʠ ʚʠʨʦʙʥʠʯʦʾ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʚʽʜʭʦʜʽʚ, ʜʘʥʽ ʽʥʚʝʥʪʘ-

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

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʙʽʪ, ʚʽʜʦʤʦʩʪʽ ʩʧʝʮʽʘʣʴʥʦ ʫʧʦʚʥʦʚʘʞʝʥʠʭ ʦʨʛʘʥʽʚ ʚʠʜʘʚʥʠʯʦʾ 

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

ʞʝʥʥʷ ʟ ʙʝʟʭʘʟʷʡʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʧʨʠ ʤʽʩʮʝʚʠʭ ʜʝʨʞʘʚʥʠʭ ʘʜʤʽʥʽʩʪʨʘʮʽʷʭ ʪʘ ʦʨʛʘʥʘʭ ʤʽʩʮʝʚʦ-

ʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ. ʊʘʢʦʞ ʩʁ ʜʠ 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 

ʚʽʜʚʝʨʪʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚʦʜʦʪʨʠʚʢʽ ʰʘʨʠ ʧʦʨʽʜ, 

ʽʟʦʣʷʮʽʡʥʽ ʝʢʨʘʥʠ ʪʦʱʦ), ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʪʘ ʨʽʚʝʥʴ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜ, ˇʨʫʥʪʽʚ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦ-

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

ʝʢʩʧʣʫʘʪʘʮʽʾ ʄɺɺ ʪʦʱʦ. 

ɿʘʢʦʥʦʜʘʚʩʪʚʦ ʋʢʨʘʾʥʠ ʧʨʦ ʚʽʜʭʦʜʠ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʜʽʷʣʴʥʦʩʪʽ 

ʩʫʙôʻʢʪʽʚ ʫ ʩʬʝʨʽ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʦʙʦʚôʷʟʢʠ ʚʣʘʩʥʠʢʽʚ ʚʽʜʭʦʜʽʚ ʱʦʜʦ 

ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʚʽʜʚʝʨʥʝʥʥʷ ʾʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ 

ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ [1].  

ʇʨʦʪʝ ʽʩʥʫʶʪʴ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʚʠʷʚʣʝʥʽ ʚʽʜʭʦʜʠ ʥʝ ʤʘʶʪʴ ʚʣʘʩʥʠʢʘ ʘʙʦ ʾʭ ʚʣʘʩʥʠʢ ʚʽʜ-

ʩʫʪʥʽʡ. ʊʘʢʽ ʚʽʜʭʦʜʠ ʚʚʘʞʘʶʪʴʩʷ ʙʝʟʭʘʟʷʡʥʠʤʠ. ʇʦʥʷʪʪʷ, ʧʦʨʷʜʦʢ ʚʠʷʚʣʝʥʥʷ, ʦʙʣʽʢʫ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʭʘʟʷʡʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʚʠʟʥʘʯʝʥʦ ʫ ɿʘʢʦʥʽ ʋʢʨʘʾʥʠ ñʇʨʦ ʚʽʜʭʦʜʠò ʚʽʜ 

05.03.1998 ʨ. (ʩʪ. 12), çʇʦʨʷʜʢʫ ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʙʣʽʢʫ ʙʝʟʭʘʟʷʡʥʠʭ ʚʽʜʭʦʜʽʚè, ʟʘʪʚʝʨʜʞʝʥʦʤʫ 

ʧʦʩʪʘʥʦʚʦʶ ʂʄʋ ʚʽʜ 03.08.1998 ʨ. ʟʘ ˉ 1217. ɺʣʘʩʥʠʢʠ ʽ ʢʦʨʠʩʪʫʚʘʯʽ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ, 

ʟʛʽʜʥʦ ʟ ʯʠʥʥʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʟʦʙʦʚôʷʟʘʥʽ ʧʦʚʽʜʦʤʣʷʪʠ ʚʽʜʧʦʚʽʜʥʽ ʦʨʛʘʥʠ ʤʽʩʮʝʚʦʾ ʚʠʢʦ-

ʥʘʚʯʦʾ ʚʣʘʜʠ ʯʠ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʧʨʦ ʙʝʟʭʘʟʷʡʥʽ ʚʽʜʭʦʜʠ, ʷʢʽ ʚʠʷʚʣʝʥʽ ʥʘ ʟʝʤʝʣʴʥʠʭ 

ʜʽʣʷʥʢʘʭ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʾʭ ʚʣʘʩʥʦʩʪʽ ʘʙʦ ʢʦʨʠʩʪʫʚʘʥʥʽ [2]. ʇʽʜʩʪʘʚʘʤʠ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʧʨʦʮʝʜʫʨʠ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ: ʟʘʷʚʠ (ʧʦʚʽʜʦʤʣʝʥʥʷ) ʛʨʦʤʘʜʷʥ, 

ʧʽʜʧʨʠʻʤʩʪʚ, ʫʩʪʘʥʦʚ, ʦʨʛʘʥʽʟʘʮʽʡ, ʟʘʩʦʙʽʚ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʨʝʟʫʣʴʪʘʪʠ ʰʪʘʪʥʠʭ ʽʥ-

ʩʧʝʢʮʽʡʥʠʭ ʧʝʨʝʚʽʨʦʢ ʦʨʛʘʥʽʚ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, ʩʘʥʽʪʘʨ-

ʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ, ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ [3]. ʆʙʦʚôʷʟʦʢ ʚʝʜʝʥʥʷ ʦʙʣʽʢʫ 

ʙʝʟʭʘʟʷʡʥʠʭ ʚʽʜʭʦʜʽʚ ʧʦʢʣʘʜʝʥʦ ʥʘ ʤʽʩʮʝʚʽ ʦʨʛʘʥʠ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʪʘ ʦʨʛʘʥʠ ʤʽʩʮʝʚʦʛʦ ʩʘ-

ʤʦʚʨʷʜʫʚʘʥʥʷ, ʷʢʽ ʪʘʢʦʞ ʥʝʩʫʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʜʦʜʝʨʞʘʥʥʷ ʫʤʦʚ ʧʦʚʦʜʞʝʥʥʷ ʟ ʥʠʤʠ  

ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ. 

ʆʪʞʝ, ʥʘʟʝʤʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʩʤʽʪʪʻʟʚʘʣʠʱ ʧʦʪʨʝʙʫʻ ʚʝʣʠʯʝʟʥʠʭ ʬʽʥʘʥʩʦ-

ʚʠʭ, ʯʘʩʦʚʠʭ ʪʘ ʣʶʜʩʴʢʠʭ ʟʘʪʨʘʪ, ʘ ʽʥʦʜʽ ʥʝ ʤʦʞʣʠʚʠʡ. ʉʘʤʝ ʪʦʤʫ ʥʝʤʘʻ ʨʝʘʣʴʥʦʾ ʪʘ ʻʜʠʥʦʾ 

ʙʘʟʠ ʜʘʥʠʭ ʚ ʛʘʣʫʟʽ ʧʦʚʦʜʞʝʥʥʷ ʟ ʊʇɺ, ʚʘʞʢʦ ʦʮʽʥʠʪʠ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʙʣʝʤʠ, ʱʦ ʧʦʩʪʘʣʘ ʧʝ-

ʨʝʜ ʜʝʨʞʘʚʦʶ, ʪʘ ʥʝʤʦʞʣʠʚʦ ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚ-

ʢʽʣʣʷ ʊʇɺ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙôʻʢʪʽʚ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʟʜʦʨʦʚôʷ 

ʣʶʜʝʡ, ʯʘʩʪʽʰʝ ʪʘ ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ). 
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ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘʢʦʨʜʦʥʦʤ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʛʣʷʜʫ ʧʠʪʘʥʴ ʢʦʩʤʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝ-

ʪʦʜʽʚ ɼɿɿ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʂʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʥʘʟʝʤʥʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʥʽʪʦ-

ʨʠʥʛʫ, ʘ ʪʘʢʦʞ ʟ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʽʥʬʦʨʤʘʮʽʾ (ʝʣʝʢʪʨʦʥʥʽ ʢʘʨʪʠ, ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ) 

ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʟʚʘʣʠʱ. ʗʢ 

ʚʽʜʦʤʦ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʤʝʪʦʜʘʤʠ ɼɿɿ ʟ ʫʩʧʽʭʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʩʦʙʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠ-

ʩʪʝʤ (ɻɯʉ), ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʠʥʪʝʟʫʚʘʪʠ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʄɺɺ [4].  

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʄɺɺ, 

ʦʩʥʦʚʘʥʦʾ ʥʘ ʤʝʪʦʜʘʭ ɼɿɿ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʨʝʻʩʪʨʫ ʩʤʽʪʪʻʟʚʘʣʠʱ. ʎʝ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʴ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʪʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʪʘ ʜʘʩʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʊʇɺ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʜʠʢʘ ʚʠʷʚʣʝʥʥʷ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦ-

ʨʠʥʛʫ ʟʚʘʣʠʱ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʽʜʙʽʨ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʯʘʩʦʚʠʤʠ ʪʘ ʪʝʭʥʽʯʥʠ-

ʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʾʭ ʜʝʰʠʬʨʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʩʤʽʪʪʻʟʚʘʣʠʱ ʪʘ ʟʘʛʨʫʟʢʫ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʚ ɻɯʉ. 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʮʽʣʝʡ ʧʦʪʨʽʙʥʦ ʧʽʜʽʙʨʘʪʠ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʥʘʜʚʠ-

ʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ (0,5ï1 ʤ), ʘ ʩʘʤʝ QuickBird, WorldView, GeoEye, Pleiades, 

Ikonos ʪʘ ʽʥʰʽ. ʎʽ ʟʥʽʤʢʠ ʜʦʟʚʦʣʷʶʪʴ ʜʝʰʠʬʨʫʚʘʪʠ ʟʚʘʣʠʱʘ, ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʣʦʱʽ 

ʪʘ ʽʥ. ɿʘʟʚʠʯʘʡ ʜʝʰʠʬʨʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ: ʚʽʟʫʘʣʴʥʝ  ̔ʘʚʪʦʤʘʪʠ-

ʟʦʚʘʥʝ ʜʝʰʠʬʨʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʝʰʠʬʨʫʚʘʣʴʥʽ ʦʟʥʘʢʠ, ʷʢʽ ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ ʧʨʷʤʽ ʪʘ ʥʝʧʨʷʤʽ. ʇʨʷʤʽ ʜʝʰʠʬʨʫʚʘʣʴʥʽ ʦʟʥʘʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʘ, ʱʦ 

ʟʥʘʭʦʜʷʪʴ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʘ ʟʥʽʤʢʘʭ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ ʦʟʥʘʢʠ, ʷʢ ʛʝʦʤʝʪ-

ʨʠʯʥʽ (ʬʦʨʤʘ, ʪʽʥʴ, ʨʦʟʤʽʨ), ʷʩʢʨʘʚʽʩʥʽ (ʬʦʪʦʪʦʥ, ʨʽʚʝʥʴ ʷʩʢʨʘʚʦʩʪʽ, ʢʦʣʽʨ, ʩʧʝʢʪʨʘʣʴʥʠʡ ʦʙ-

ʨʘʟ), ʩʪʨʫʢʪʫʨʥʽ (ʪʝʢʩʪʫʨʘ, ʩʪʨʫʢʪʫʨʘ). ɼʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʦʟʥʘʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟ-

ʤʽʨʘʤʠ ʽ ʬʦʨʤʦʶ ʦʙôʻʢʪʽʚ ʥʘ ʤʽʩʮʝʚʦʩʪʽ. ʌʦʨʤʘ ʻ ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʦʶ ʦʟʥʘʢʦʶ, ʪʦʤʫ ʱʦ ʩʣʘ-

ʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʟʡʦʤʢʠ. ɼʦ ʪʦʛʦ ʞ ʦʢʦ ʣʶʜʠʥʠ ʥʘʡʙʽʣʴʰ ʚʧʝʚʥʝʥʦ ʨʦʟʧʽʟʥʘʻ ʩʘʤʝ ʬʦʨ-

ʤʫ ʦʙôʻʢʪʽʚ. ʆʩʢʽʣʴʢʠ ʩʧʝʢʪʨʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ ʯʘʩʪʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, 

ʪʦ ʧʨʠ ʜʝʰʠʬʨʫʚʘʥʥʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʽ ʧʦʰʫʢʫ ʟʤʽʥ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʥʘ ʜʦʜʘʯʫ ʜʦ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ, ʘʣʛʦʨʠʪʤʠ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʦʟʥʘʢʠ [5]. 

ʊʘʢ, ʜʣʷ ʟʚʘʣʠʱ ʊʇɺ ʭʘʨʘʢʪʝʨʥʘ ʥʝʧʨʘʚʠʣʴʥʘ ʬʦʨʤʘ, ʚʠʪʷʛʫʚʘʥʥʷ ʚʟʜʦʚʞ ʣʽʥʽʡʥʠʭ 

ʦʙôʻʢʪʽʚ (ʘʚʪʦʜʦʨʽʛ, ʞ/ʜ ʢʦʣʽʡ, ʷʨʽʚ, ʙʘʣʦʢ ʽ ʪ. ʜ.) ʄʘʪʝʨʽʘʣʠ ʪʘ ʧʨʝʜʤʝʪʠ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴʩʷ 

ʊʇɺ ʥʘ ʟʚʘʣʠʱʽ, ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʱʦ ʨʽʟʢʦ ʧʽʜʚʠʱʫʻ ʷʩʢʨʘʚʽʩʪʴ ʥʘ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ; ʮʝ ʪʘʢʽ ʚʽʜʪʽʥʢʠ, ʷʢ ʯʝʨʚʦʥʠʡ, ʙʽʣʠʡ, ʩʚʽʪʣʦ-ʞʦʚʪʠʡ, ʩʚʽʪʣʦ-ʛʦʣʫʙʠʡ, ʩʠʥʽʡ 

ʪʘ ʽʥ. ʊʘʢʦʞ ʜʫʞʝ ʚʘʞʣʠʚʘ ʦʟʥʘʢʘ ï ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ ʪʝʢʩʪʫʨʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʟʚʘʣʠʱʘ. ʇʨʠ ʜʝʰʠʬʨʫʚʘʥʥʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥ-

ʬʦʨʤʘʮʽʶ ʧʨʦ ʤʦʞʣʠʚʝ ʟʥʘʭʦʜʞʝʥʥʷ ʟʚʘʣʠʱ ʧʦʙʣʠʟʫ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ.  
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ɺʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʤʽʪʪʻʟʚʘʣʠʱ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʫ ʜʚʘ ʝʪʘʧʠ: 

ʚʠʜʽʣʝʥʥʷ ʦʙôʻʢʪʫ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʡʦʛʦ ʢʣʘʩʫ (ʨʠʩ. 1). ʅʘ ʝʪʘʧʽ ʚʠʜʽʣʝʥʥʷ 

ʦʙôʻʢʪʘ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʢʘʨʪʫ ʤʽʩʮʝʚʦʩʪʽ ʚ ʷʢʦʩʪʽ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʧʨʦʩʪʦʨʦʚʦ ʧʦʻʜ-

ʥʫʶʪʴ ʽʟ ʟʦʙʨʘʞʝʥʥʷʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʧʦʪʽʤ ʬʦʨʤʫʶʪʴ ʚʝʢʪʦʨ ʦʟʥʘʢ ʜʣʷ ʢʦʞʥʦʛʦ 

ʧʽʢʩʝʣʷ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʢʣʘʩʠʬʽʢʫʶʪʴ ʡʦʛʦ ʽ ʚʠʜʽʣʷʪʁʴ ʦʙôʻʢʪ ʥʘ ʮʴʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. ʅʘ ʝʪʘʧʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʣʘʩʫ ʦʙôʻʢʪʘ ʬʦʨʤʫʶʪʴ ʚʝʢʪʦʨ ʦʟʥʘʢ ʜʣʷ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʨʦʟʧʽʟʥʘʶʪʴ ʢʣʘʩ ʦʙôʻʢʪʘ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʦʩʪʘʥʥʴʦʛʦ ʝʪʘʧʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦ-

ʚʫʚʘʪʠ ʘʧʨʽʦʨʥʫ ʽʥʬʦʨʤʘʮʽʶ (ʮʠʬʨʦʚʘ ʢʘʨʪʘ ʤʽʩʮʝʚʦʩʪʽ) ʪʘ ʭʘʨʘʢʪʝʨʥʽ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ ʝʪʘʣʦʥʥʠʭ ʦʙôʻʢʪʽʚ [6]. ɹʘʟʘ ʜʘʥʠʭ ʝʪʘʣʦʥʥʠʭ ʦʙôʻʢʪʽʚ ʩʪʚʦʨʶʻʪʴʩʷ 

ʧʦʧʝʨʝʜʥʴʦ ʟ ʪʠʭ ʧʦʣʽʛʦʥʽʚ ʄɺɺ, ʷʢʽ ʧʘʩʧʦʨʪʠʟʦʚʘʥʽ ʪʘ ʤʘʶʪʴ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ.  

 

 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʤʽʪʪʻʟʚʘʣʠʱ 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʚʪʦʨʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʂʠʾʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ, ʜʝ ʩʪʘʥʦʤ ʥʘ 01.01.2013 ʥʘʣʽʯʫʻʪʴʩʷ 30 ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʊʇɺ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 

255,56 ʛʘ. 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. 2), ʩʘʤʝ ʮʝʡ ʧʦʣʽʛʦʥ ʊʇɺ ʙʫʚ ʦʙʨʘʥʠʤ ʝʪʘʣʦʥʥʠʤ ʦʙôʻʢʪʦʤ ʧʨʠ  

ʎʠʬʨʦʚʘ ʢʘʨʪʘ  

ʤʽʩʮʝʚʦʩʪʽ 

ɿʦʙʨʘʞʝʥʥʷ  

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ɹʘʟʘ ʜʘʥʠʭ ʝʪʘʣʦʥʥʠʭ 

ʦʙôʻʢʪʽʚ 

ʇʨʦʩʪʦʨʦʚʝ ʧʦʻʜʥʘʥʥʷ 

ʌʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʘ 

ʦʟʥʘʢ ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʦʙʨʘʞʝʥʴ 

ɺʠʜʽʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ 

ʌʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʘ 

ʦʟʥʘʢ ʜʣʷ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʢʣʘʩʫ 

ʦʙôʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

 

ʇʝʨʰʠʡ 

ʝʪʘʧ 

ɼʨʫʛʠʡ 

ʝʪʘʧ 
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ʜʦʩʣʽʜʞʝʥʥʽ. 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 ʨʦʟʪʘ-

ʰʫʚʘʥʥʷ 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 ʧʦʩʪʽʡ-

ʥʠʡ ʽ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʽ ʥʝʦʙ-

ʭʽʜʥʽʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʽ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʧʦʙʣʠʟʫ ʮʴʦʛʦ ʧʦʪʝʥʮʽʡʥʦ 

ʥʝʙʝʟʧʝʯʥʦʛʦ ʦʙôʻʢʪʘ. 

 

 

ʈʠʩ. 2 ï ʂʦʩʤʦʟʥʽʤʦʢ ʪʘ ʬʦʪʦ ʧʦʣʽʛʦʥʫ ʊʇɺ ʩ. ʊʘʨʘʩʽʚʢʘ, ʂʠʻʚʦ-ʉʚʷʪʦʰʠʥʩʴʢʠʡ ʨ-ʥ, ʂʠʾʚʩʴʢʘ ʦʙʣ. 

ʇʨʠ ʜʝʰʠʬʨʫʚʘʥʥʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʧʽʜʽʙʨʘʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʶ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪ,̔ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʣʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʦʞʣʠʚʝ ʟʥʘʭʦʜʞʝʥʥʷ ʟʚʘʣʠʱ ʧʦʙʣʠʟʫ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʪʘ 

ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʥʘʤ ʚʠ̫ ʚʠʪʠ ʪʘ ʨʦʟʧʽʟʥʘʪʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʩʪʠʭʽʡʥʽ 

ʩʤʽʪʪʻʟʚʘʣʠʱʘ, ʜʝʷʢʽ ʟ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3. 

 

 

ʈʠʩ. 3 ï ɺʠʷʚʣʝʥʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʩʪʠʭʽʡʥʽ ʩʤʽʪʪʻʟʚʘʣʠʱʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʠʾʚʩʴʢʦʾ ʦʙʣ. 
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ɿ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʢʪʽʚ ʩʢʦʨʦʯʝʥʥʷ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʟʚʘʣʠʱʘ ʪʘ ʜʣʷ ʢʦʥʪʨʦ-

ʣʶ ʚʠʢʦʥʘʥʥʷ ʟʘʭʦʜʽʚ ʟ ʾʭ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʻ ʜʦʮʽʣʴʥʠʤ ʧʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʦʯʘʩʦʚʽ ʟʥʽʤʢʠ ʥʘ ʦʜʥʫ 

ʽ ʪʫ ʞ ʩʘʤʫ ʪʝʨʠʪʦʨʽʶ, ʱʦ ʛʘʨʘʥʪʫʻ ʙʝʟʧʦʤʠʣʢʦʚʠʡ ʪʘ ʟ ʥʝʟʥʘʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʤʦʥʽʪʦʨʠʥʛ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ (ʨʠʩ. 4 ʪʘ ʨʠʩ. 5). ʅʘʤʠ ʙʫʣʦ ʧʦʨʽʚʥʷʥʦ ʟʥʽʤʢʠ ʚʠʷʚʣʝʥʦʛʦ ʩʪʠʭʽʡʥʦ-

ʛʦ ʩʤʽʪʪʻʟʚʘʣʠʱʘ ʊʇɺ ʚ ʩ. ɹʽʣʦʛʦʨʦʜʢʘ, ʂʠʚ̒ʦ-ʉʚʷʪʦʰʠʥʩʴʢʦʛʦ ʨ-ʥʘ, ʂʠʾʚʩʴʢʦʾ ʦʙʣ. ʟʘ 2005 

ʪʘ 2010 ʨʦʢʠ, ʥʘ ʷʢʠʭ ʚʠʜʥʦ ʟʤʽʥʠ ʨʦʟʤʽʱʝʥʥʷ ʩʤʽʪʪʻʟʚʘʣʠʱʘ.  

 

 

 

                                    ʘ) 2005 ʨʽʢ 

 

 

 

 

 

                                    ʙ) 2010 ʨʽʢ 

ʈʠʩ. 4 ï ɺʠʷʚʣʝʥʥʷ ʟʤʽʥ ʨʦʟʤʽʱʝʥʥʷ ʩʤʽʪʪʻʟʚʘʣʠʱʘ ʥʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ.  

ʂʦʩʤʦʟʥʽʤʢʠ ʩ. ɹʽʣʦʛʦʨʦʜʢʘ, ʂʠʻʚʦ-ʉʚʷʪʦʰʠʥʩʴʢʠʡ ʨ-ʥ, ʂʠʾʚʩʴʢʘ ʦʙʣ.: ʘ) 2005 ʨʽʢ; ʙ) 2010 ʨʽʢ 
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  ʘ) 2005 ʨʽʢ                                                                 ʙ) 2008 ʨʽʢ 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                   ʚ) 2010 ʨʽʢ 

ʈʠʩ. 5 ï ɼʠʥʘʤʽʢʘ ʟʘʧʦʚʥʝʥʥʷ ʧʦʣʽʛʦʥʫ ʊʇɺ. ʂʦʩʤʦʟʥʽʤʢʠ ʧʦʣʽʛʦʥʫ ʊʇɺ  

ʩ. ʊʘʨʘʩʽʚʢʘ, ʂʠʚ̒ʦ-ʉʚʷʪʦʰʠʥʩʴʢʠʡ ʨ-ʥ, ʂʠʾʚʩʴʢʘ ʦʙʣ.: ʘ) 2005 ʨʽʢ; ʙ) 2008 ʨʽʢ; ʚ) 2010 ʨʽʢ 

ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʦʪʠ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʪʘʢʦʞ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʫʚʘ-

ʥʦʛʦ ʥʘʤʠ ʧʦʣʽʛʦʥʫ ʊʇɺ ʙʽʣʷ ʩ. ʊʘʨʘʩʽʚʢʘ ʟʘ 2005, 2008 ʪʘ 2010 ʨʦʢʠ, ʟʘ ʷʢʠʤʠ ʧʨʦʘʥʘʣʽʟʦʚʘ-

ʥʦ ʜʠʥʘʤʽʢʫ ʟʘʧʦʚʥʝʥʥʷ ʧʦʣʽʛʦʥʫ ʊʇɺ, ʟʤʽʥʫ ʧʣʦʱʽ, ʩʪʘʥ ʧʦʣʽʛʦʥʘ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʬʘʢʪʠʯ-

ʥʠʭ ʛʨʘʥʠʮʴ ʧʦʣʽʛʦʥʘ ʜʦʟʚʽʣʥɹʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ. ɼʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ 

ʥʘ ʧʦʣʽʛʦʥʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʦʜʘʪʢʦʚʠʡ ʤʘʪʝʨʽʘʣ, ʘ ʩʘʤʝ ʜʘʥʽ ʧʘʩʧʦʨʪʫ ʮʴʦʛʦ ʧʦʣʽʛʦʥʫ 

(ʪʘʙʣ. 1).  

ʇʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʜʽʷʣʴʥʦʩʪʽ ʧʦʣʽʛʦʥʫ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʧʦʚʽʣʴʥʦ ʟʨʦʩʪʘʻ, 

ʘʣʝ ʟ 2005 ʨ. ʧʦʯʘʣʦʩʷ ʙʽʣʴʰ ʨʽʟʢʝ ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ (ʨʠʩ. 6), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʽʣhɹʦʾ ʧʣʦʱʽ ʜʣʷ ʩʢʣʘʜʫʚʘʥʥʷ ʪʘ ʯʘʩʪʽʰʦʾ ʟʤʽʥʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʩʝʢʮʽʡ. 
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ʊʘʙʣʠʮʷ 1 ï ʆʙʩʷʛ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ ʧʦʣʽʛʦʥʫ ʊʇɺ 

ʆʙʩʷʛ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʪʠʩ. ʪ 

ʈʦʢʠ ɿʘ ʧʦʧʝʨʝʜʥʽʡ ʨʽʢ ʆʙʩʷʛ ʥʘʢʦʧʠʯʝʥʥʷ ʚʠʜʘʣʝʥʠʭ ʚʽʜʭʦʜʽʚ 

1999 46,128   

2000 10,318 259,528 

2001 9,262 269,846 

2002 8,734 279,108 

2003 26,882 287,842 

2004 27,114 314,274 

2005 55,89 341,838 

2006 88,222 397,728 

2007 68,126 485,951 

2008 82,195 554,078 

2009 54,567 636,273 

2010 67,599 690,841 

2011 71,293 758,44 

2012   829,732 

șȬȼɊȮ ȭȳȯȫȶȰȸȸɊ ȭɐȯɀȹȯɐȭ

0
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

ʨʦʢʠ

ʪ
ʠ
ʩ
.
 
ʪ
.

ʆʙʩʷʛ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ

șȬȼɊȵ ȸȫȵȹȺȳɂȰȸȸɊ ȭɐȯɀȹȯɐȭ

0
50

100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

ʨʦʢʠ

ʪ
ʠ
ʩ
.
 
ʪ
.

ʆʙʩʷʢ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ

 
ʈʠʩ. 6 ï ɻʨʘʬʽʢ ʦʙʩʷʛʽʚ ʚʠʜʘʣʝʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ 
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ʆʪʞʝ, ʽʥʬʦʨʤʘʮʽʷ, ʦʪʨʠʤʘʥʘ ʜʠʩʪʘʥʮʽʡʥʦ ʟʘ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ, ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʦʬʽʮʽʡʥʠʤʠ ʟʚʽʪʥʠʤʠ ʜʘʥʠʤʠ ʨʦʟʧʦʜʽʣʫ ʟʘ ʯʘʩʦʤ ʦʙʩʷʛʫ ʚʠʜʘʣʝʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ 

ʥʘ ʧʦʣʽʛʦʥʽ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ʧʦʣʽʛʦʥʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, 

ʪʘʢ ʷʢ ʧʦʣʽʛʦʥ ʚʽʜʥʦʩʥʦ ʤʦʣʦʜʠʡ ʽ ʡʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʙʫʜʝ ʧʨʦʜʦʚʞʫʚʘʪʠʩʴ (ʧʨʦʝʢʪʥʘ ʧʦʪʫʞ-

ʥʽʩʪʴ ʧʦʣʽʛʦʥʫ 1 650 000 ʪ). 

ɼʣʷ ʨʦʙʦʪʠ ʟ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ ʙʫʣʦ ʟʘʣʫʯʝʥʦ ʟʘʩʦʙʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ERDAS IMAGINE, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʽʡ ʾʭ ʦʙʨʦʙʢʠ, 

ʚʽʟʫʘʣʽʟʘʮʽʾ, ʘʥʘʣʽʟʫ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʝʦʛʨʘʬʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. ɺʩʷ ʥʘʷʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫ-

ʣʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʘ ʚ ɻɯʉ, ʜʝ ʩʬʦʨʤʦʚʘʥʘ ʙʘʟʘ ʜʘʥʠʭ ʪʘ ʝʣʝʢʪʨʦʥʥʠʡ ʨʝʻʩʪʨ ʩʤʽʪʪʻʟʚʘʣʠʱ ʜʣʷ 

ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽ ̫ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʩʤʽʪʪʻʟʚʘʣʠʱ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ɼɿɿ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʨʝʻʩʪʨʫ ʩʤʽʪʪʻʟʚʘʣʠʱ, 

ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʪʘ ʨʦʟʧʽʟʥʘʚʘʪʠ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʩʪʠʭʽʡʥʽ ʩʤʽʪʪʻʟʚʘʣʠʱʘ, ʦʧʝʨʘʪʠʚʥʦ 

ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʪʘ ʧʨʦʚʦʜʠʪʠ 

ʩʚʦʻʯʘʩʥʠʡ ʢʦʥʪʨʦʣ ɹ 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. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

1. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘè ʚʽʜ 

06.06.95 ʨ. ˉ 214/95. 

2. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʚʽʜʭʦʜʠè  ʚʽʜ 05.03.1998 ʨ. 

3. ʇʦʩʪʘʥʦʚʘ ʂʄʋ çʇʦʨʷʜʦʢ ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʙʣʽʢʫ ʙʝʟʭʘʟʷʡʥʠʭ ʚʽʜʭʦʜʽʚè ʚʽʜ 

03.08.1998 ʨ. ˉ 1217. 

4. ʂʦʩʤ̔ʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʘʙʨʫʜʥʝʥʥʷ ʟʝʤʝʣʴ ʪʝʭʥʦʛʝʥʥʠʤ ʧʠʣʦʤ / ʃ.ɼ. ɻʨʝʢʦʚ, 

ɻ.ʗ. ʂʨʘʩʦʚʩʢɹʠʡ, ʆ.ʄ. ʊʨʦʬʠʤʯʫʢ. ï ʂ.: ʅʘʫʢ. ʜʫʤʢʘ, 2007. ï 123 ʩ. 

5. ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʥʽʤʢʽʚ ʥʘʜʚʠʩʦʢʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʨʽʟʥʝʥʥʷ ʧʨʠ 
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É N.ɸ. Novokhatska, ɸ.N. Trofimchyk  

TECHNOLOGY INVENTORY WASTE DEPOSITS  

METHODS OF REMOTE SENSING 

In the article the technology inventory of waste accumulation methods of remote sensing to 

create a single database and registry dumps, which will significantly increase the level of environ-

mental security at the regional and national level and will develop a set of measures to reduce the 

environmental impact of municipal solid waste. 
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É ʄ.ɺ. ɺʘʢʦʣʶʢ, ʧʨʦʚʽʜʥʠʡ ʽʥʞʝʥʝʨ ʚʽʜʜʽʣʫ 

 

ɼʋ çʅʘʫʢʦʚʠʡ ʎʝʥʪʨ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ɿʝʤʣʽ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠè 

 

ɺʀʄɯʈʖɺɸʅʅʗ ʂʆʅʎɽʅʊʈɸʎɯɰ ʉʆ2 ɺ ɸʊʄʆʉʌɽʈɯ ʉʋʇʋʊʅʀʂʆʄ 

GOSAT ʊɸ ɼʆʉʃɯɼʅʀʄʀ ɺɽɾɸʄʀ 

 

ʋ ʩʪʘʪʪʽ ʚʽʜʦʙʨʘʞʝʥʦ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʽʚ ʢʦʥʮʝʥʪʨʘʮʽʡ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʩʣʽʜʥʠʭ ʚʝʞ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ, ʪʘ ʚʠʤʽʨʽʚ, 

ʟʜʽʡʩʥʝʥʠʭ ʩʫʧʫʪʥʠʢʦʤ GOSAT (Ibuki). ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʧʦʢʘʟʫʶʪʴ ʨʽʯʥʝ ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ ʪʘ ʾʾ ʟʨʦʩʪʘʥʥʷ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʥʠʭ ʧʝʨʽʦʜʽʚ. ʗʢ ʧʨʠʢʣʘʜ 

ʨʦʟʛʣʷʥʫʪʦ ʚʠʤʽʨʠ ʥʘ ʪʝʨʠʪʦʨʽʶ ʨʦʟʤʽʱʝʥʥʷ ʩʪʘʥʮʽʾ ʍʝʜʞʽʭʘʪʩʦʣ (ʋʛʦʨʱʠʥʘ). ʆʪʨʠʤʘʥʘ 

ʧʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʚʠʤʽʨʽʚ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ, ʟʜʽʡʩʥʝʥʠʭ ʥʘ ʜʘʥʽʡ ʩʪʘʥʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʘ GOSAT (Ibuki) ʪʘ ʜʦʩʣʽʜʥʦʾ ʚʝʞʽ ʜʣʷ ʧʝʨʽʦʜʫ ʟ ʩʽʯʥʷ ʧʦ ʚʝʨʝʩʝʥʴ 

2009 ʨʦʢʫ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ, GOSAT, FLUXNET , Hegyhatsal. 

ɺʩʪʫʧ 

ɺʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ, ʷʢ ʦʜʥʦʛʦ ʟ ʯʠʥʥʠʢʽʚ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ 

ɿʝʤʣʽ, ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʽ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ. ʂʣʽʤʘʪʠʯʥʽ ʧʨʦʛʥʦʟʠ, ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʘʜʘʧʪʘʮʽʡʥʽ ʟʘ-

ʭʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʚʢʣʶʯʝʥʥʷ ʜʦ ʩʚʦʾʭ ʤʦʜʝʣʝʡ ʚʝʣʠʯʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ. ʇʘʨ-

ʥʠʢʦʚʠʡ ʛʘʟ ʉʆ2, ʷʢ çʩʝʨʮʝʚʠʥʘè ʂʽʦʪʩʴʢʦʛʦ ʧʨʦʪʦʢʦʣʫ, ʧʨʠʚʝʨʪʘʻ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʮʽʚ ʩʚʽʪʫ 

ʜʦ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ. ɺʽʜʢʨʠʪʠʤ ʻ ʧʠʪʘʥʥʷ ʚʠʤʽʨʽʚ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʧʦʚʽʪʨʷ-

ʥʠʭ ʤʘʩʘʭ. 

ʆʜʥʠʤ ʟ̔ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʤʽʩʪ ʚʝʣʠʯʠʥʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʚ ʨʽʟʥʠʭ 

ʢʨʘʾʥʘʭ ɿʝʤʣʽ ʻ ʥʘʟʝʤʥʽ ʚʠʤʽʨʠ, ʟʜʽʡʩʥʝʥʽ ʚ ʤʝʞʘʭ ʧʨʦʝʢʪʫ FLUXNET. ɼʦʧʦʚʥʝʥʥʷʤ ʜʦ 

ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʽʚ ʚʝʣʠʯʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ, ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ 

ʫʩʝʨʝʜʥʝʥʽ ʩʪʦʚʙʮʝʚʽ ʚʠʤʽʨʠ ʤʦʣʷʨʥʠʭ ʬʨʘʢʮʽʡ CO2 (mole fractions), ʟʜʽʡʩʥʝʥʽ ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

SCIAMACHY ʢʦʩʤʽʯʥʦʛʦ ʩʫʧʫʪʥʠʢʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ENVISAT ʪʘ ʩʝʥ-

ʩʦʨʦʤ TANSO-FTS ʩʫʧʫʪʥʠʢʘ GOSAT (Ibuki) ʗʧʦʥʩʴʢʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʩʴʦʛʦʜʥʽ ʩʫʧʫʪʥʠʢ GOSAT (Greenhouse Gases Observing SATellite) 

ʻ ʻʜʠʥʠʤ ʢʦʩʤʽʯʥʠʤ ʘʧʘʨʘʪʦʤ, ʱʦ ʟʜʽʡʩʥʶʻ ʚʠʤʽʨʠ ʩʪʦʚʙʮʝʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2, ʘ ʪʘʢʦʞ ʪʝ, 

ʱʦ ʫ 2017 ʨʦʮʽ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʜʦʚʞʝʥʥʷ ʡʦʛʦ ʤʽʩʽʾ ʩʫʧʫʪʥʠʢʦʤ GOSAT-2, ʜʦʮʽʣʴʥʦ ʚʠʚʯʘʪʠ 

ʪʘ ʧʦʨʽʚʥʶʚʘʪʠ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. 



 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ _̫_____________________________ 
 

42 

 

ɺʠʤʽʨʠ ʉʆ2 ʚ ʤʝʞʘʭ ʧʨʦʝʢʪʫ FLUXNET 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʠʤʽʨʽʚ ʢʦʥʮʝʥʪʨʘʮʽʡ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥ ̫ʝʢʦʩʠʩʪʝʤ ʨʽʟʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ɿʝʤʣʽ ʙʫʚ ʨʦʟʧʦʯʘʪʠʡ ʧʨʦʝʢʪ FLUXNET, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʛʣʦʙʘʣʴʥʫ ʤʝʨʝʞʫ ʨʝʛʽʦ-

ʥʘʣʴʥʠʭ ʤʝʨʝʞ ʤʽʢʨʦʤʝʪʝʨʝʦʣʦʛʽʯʥʠʭ ʥʘʟʝʤʥʠʭ ʩʪʘʥʮʽʡ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʚʠʤʽʨʠ ʧʦʪʦʢʽʚ ʘʪ-

ʤʦʩʬʝʨʥʠʭ ʚʝʣʠʯʠʥ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʧʫʣʴʩʘʮʽʡ, ʜʣʷ ʦʮʽʥʢʠ ʦʙʤʽʥʫ 

ʧʦʪʦʢʽʚ ʉʆ2 ʤʽʞ ʘʪʤʦʩʬʝʨʦʶ ʪʘ ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʠʚʦʤ [1, 2]. 

ʋ ʧʨʦʝʢʪ FLUXNET ʚʭʦʜʷʪʴ ʧʽʜʧʨʦʝʢʪʠ, ʷʢʽ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʟʘ ʪʝʨʠʪʦʨʽʻʶ ʜʦʩʣʽʜʞʝʥ-

ʥʷ. ɿʦʢʨʝʤʘ, ʚʠʜʽʣʷʶʪʴ ʧʨʦʝʢʪʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ɸʬʨʠʢʠ ï ʂʘʨʙʦɸʬʨʠʢʘ 

(CarboAfrica); ɭʚʨʦʧʠ ï ʂʘʨʙʦɭʚʨʦʧʘ-ʢʣʘʩʪʝʨ, ʂʘʨʙʦɭʚʨʦʧʘ IP (CarboEurope-cluster, 

CarboEurope IP); ʂʘʥʘʜʠ ï ʌʣʘʢʩʥʝʪ-ʂʘʥʘʜʘ (Fluxnet-Canada); ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʇʽʚʥʽʯʥʦʾ ɸʤʝʨʠʢʠ, ʎʝʥʪʨʘʣʴʥʦʾ ɸʤʝʨʠʢʠ ʪʘ ʇʽʚʜʝʥʥʦʾ ɸʤʝʨʠʢʠ ʦʙôʻʜʥʫʻ ʧʨʦʝʢʪ 

ɸʤʝʨʽʌʣʘʢʩ (AmeriFlux); ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʠʪʘʶ, ʂʦʨʝʾ, ʊʘʾʣʘʥʜʫ, ʗʧʦʥʽʾ ʪʘ ʽʥʰʠʭ 

ʢʨʘʾʥ ɸʟʽʾ ʦʙôʻʜʥʫʻ ʧʨʦʝʢʪ ɸʟʽʷʌʣʘʢʩ (AsiaFlux); ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʟʝʤʥʦʛʦ ʚʫʛʣʝʮʶ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʉʠʙʽʨʫ ï TCOSS (Terrestrial Carbon Observatio System Siberia); ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʪʝ-

ʨʠʪʦʨʽʾ ɸʚʩʪʨʘʣʽʾ ʪʘ ʅʦʚʦʾ ɿʝʣʘʥʜʽʾ ʦʙôʻʜʥʫʻ ʧʨʦʝʢʪ ʆʟʌʣʘʢʩ (OzFlux). 

ɺʠʱʝʟʘʟʥʘʯʝʥʽ ʧʨʦʝʢʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ, ʦʮʽʥʢʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʮʠʢ-

ʣʫ ʚʫʛʣʝʮʶ ʪʘ ʛʘʟʽʚ; ʚʠʤʽʨ ʧʦʪʦʢʽʚ ʚʫʛʣʝʮʶ, ʚʦʜʷʥʦʾ ʧʘʨʠ, ʝʥʝʨʛʽʾ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʘʟʝʤʥʠʭ 

ʝʢʦʩʠʩʪʝʤ; ʟʙʽʨ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʦʧʫʙʣʽʢʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ; ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ 

ʚʝʣʠʯʠʥ ʚʫʛʣʝʮʝʚʠʭ ʜʞʝʨʝʣ/ʩʪʦʢʽʚ ʪʘ ʾʭ ʧʨʦʩʪʦʨʦʚʫ ʽ ʯʘʩʦʚʫ ʤʽʥʣʠʚʽʩʪʴ. ʊʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʘʣʽʜʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ï ʯʠʩʪʦʾ ʧʝʨ-

ʚʠʥʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʘʙʩʦʨʙʮʽʾ ʬʽʪʦʮʝʥʦʟʘʤʠ [2]. ʎʽʣʽ ʪʘ 

ʟʘʚʜʘʥʥʷ ʧʨʦʝʢʪʽʚ ʥʘ ʨʽʟʥʠʭ ʜʦʩʣʽʜʥʠʭ ʩʪʘʥʮʽʷʭ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. 

ʉʝʨʝʜ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʨʦʟʤʽʱʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʚʝʞ ʧʨʦʝʢʪʫ FLUXNET  

ʻ ʭʚʦʡʥʽ ʪʘ ʣʠʩʪʷʥʽ (ʣʠʩʪʦʧʘʜʥʽ ʪʘ ʚʽʯʥʦʟʝʣʝʥʽ) ʣʽʩʠ ʧʦʤʽʨʥʦʾ ʟʦʥʠ, ʪʨʦʧʽʯʥʽ ʪʘ ʙʦʨʝʘʣʴʥʽ ʣʽʩʠ, 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʢʫʣʴʪʫʨʠ, ʣʫʢʠ, ʯʘʛʘʨʥʠʢʠ, ʙʦʣʦʪʘ, ʪʫʥʜʨʠ ʪʘ ʪʝʨʠʪʦʨʽʾ ʽʟ ʮʽʣʦʨʽʯʥʠʤ 

ʩʥʽʛʦʚʠʤ ʧʦʢʨʠʚʦʤ [2]. ɺʝʞʽ (ʩʪʘʥʮʽʾ) ʨʦʟʤʽʱʝʥʽ ʥʘ ʧ'ʷʪʠ ʢʦʥʪʠʥʝʥʪʘʭ ʽʟ ʰʠʨʦʪʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʜʽʘʧʘʟʦʥʫ ʚʽʜ 82Áʧʥ.ʰ. ʜʦ 30Áʧʜ.ʰ.. 

ɺ ʢʦʞʥʦʤʫ ʜʦʩʣʽʜʥʦʤʫ ʧʫʥʢʪʽ ʚʩʪʘʥʦʚʣʝʥʘ ʩʧʝʮʽʘʣʴʥʦ ʦʙʣʘʜʥʘʥʘ ʚʝʞʘ ʘʙʦ ʱʦʛʣʘ  

ʟ ʢʦʤʧʣʝʢʪʘʤʠ ʘʧʘʨʘʪʫʨʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ 

ʝʥʝʨʛʦ- ʽ ʤʘʩʦʦʙʤʽʥʫ. ʅʘ ʜʝʷʢʠʭ ʩʪʘʥʮʽʷʭ ʧʨʦʙʠ ʧʦʚʽʪʨʷ ʙʝʨʫʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ 

ʦʙʣʘʜʥʘʥʠʭ ʣʽʪʘʢʽʚ (ʥʘʧʨʠʢʣʘʜ ʥʘ ʩʪʘʥʮʽʾ ʍʝʜʞʽʭʘʪʩʦʣ, ʋʛʦʨʱʠʥʘ). 

ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʧʦʪʦʢʽʚ CO2 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʧʫʣʴʩʘʮʽʡ (eddy 

covariance method). ɼʘʥʠʡ ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ ʢʦʨʝʣʷʮʽʾ ʤʽʞ 

ʬʣʫʢʪʫʘʮʽʷʤʠ ʜʚʦʭ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥ. ʂʦʚʘʨʽʘʮʽʷ ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ, ʟ ʷʢʠʤ ʦʙʠʜʚʽ ʚʝʣʠʯʠʥʠ 

ʟʤʽʥʶʶʪʴʩʷ ʨʘʟʦʤ [3]. ɿʘʚʜʷʢʠ ʚʝʞʘʤ ʦʮʽʥʶʶʪʴ ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʫʭ ʽʤʧʫʣʴʩʫ, ʪʝʧʣʦʪʠ, ʚʦʜʠ, 

ʧʦʪʦʢʽʚ CO2 ʚ ʘʪʤʦʩʬʝʨʽ.  

ʈʝʻʩʪʨʘʮʽʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʚʘʨʽʘʮʽʡ ʤʽʞ ʚʝʨʪʠʢʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʫ ʛʨʘʥʠʯʥʦʤʫ ʘʪʤʦʩʬʝʨʥʦʤʫ ʰʘʨʽ ʟʘʚ-

ʜʷʢʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʫʛʣʝʮʝʚʠʡ ʙʘʣʘʥʩ ʥʘʟʝʤʥʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʧʨʠʡʥʷʪʠʡ 
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ʟʘ ʜʦʤʽʥʫʶʯʠʡ. ʄʝʪʦʜ ʚʠʭʨʦʚʦʾ ʢʦʚʘʨʽʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʧʦ-

ʪʦʢʽʚ CO2, ʱʦ ʧʝʨʝʥʦʩʷʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ [3]. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʥʘ ʜʦʩʣʽʜʥʠʭ ʩʪʘʥʮʽʷʭ ʥʘʚʝʜʝʥʽ ʚ ʙʘʟʘʭ ʜʘʥʠʭ FLUXNET, ʜʝ ʤʽʩ-

ʪʠʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʣʠʟʴʢʦ 545 ʚʝʞ, ʟ ʷʢʠʭ ʥʘ 411 ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʧʨʦʚʦʜʷʪʴʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ [4]. ɹʘʟʘ ʜʘʥʠʭ ʚʢʣʶʯʘʻ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʟʘ ʚʩʤ̔ʘ ʜʽʶʯʠʤʠ ʪʘ ʟʘʚʝʨʰʝʥʠʤʠ 

ʧʨʦʝʢʪʘʤʠ. ɼʘʥʽ ʥʘʜʘʶʪʴʩʷ ʙʝʟʢʦʰʪʦʚʥʦ ʯʣʝʥʘʤ ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʝʨʝʞ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ ʪʘ 

ʟʘʮʽʢʘʚʣʝʥʠʤ ʦʩʦʙʘʤ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʦ ʜʦʩʣʽʜʥʠʭ ʩʪʘʥʮʽʷʭ ʥʘ ʦʬʽʮʽʡʥʠʭ ʩʘʡʪʘʭ ʢʨʘʾʥ-ʫʯʘʩʥʠʮʴ ʧʨʦʝʢʪʫ FLUXNET ʥʘʚʦ-

ʜʠʪʴʩʷ ʥʘʩʪʫʧʥʘ ʽʥʬʦʨʤʘʮʽʷ: ʥʘʟʚʘ, ʢʦʜ ʪʘ ʢʨʘʾʥʘ ʨʦʟʤʽʱʝʥʥʷ ʩʪʘʥʮʽʾ; ʛʝʦʛʨʘʬʽʯʥʽ ʢʦʦʨʜʠʥʘʪʠ 

ʩʪʘʥʮʽʾ; ʩʪʘʪʫʩ ʘʢʪʠʚʥʦʩʪʽ; ʧʝʨʽʦʜ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ; ʪʠʧ ʢʣʽʤʘʪʫ; ʣʘʥʜʰʘʬʪʥʽ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ; ʚʠʩʦʪʘ ʚʝʞʽ; ʜʦʤʽʥʘʥʪʥʠʡ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʡʦʛʦ ʢʣʘʩʠʬʽʢʘʮʽʷ; 

ʚʽʢ ʥʘʩʘʜʞʝʥʴ; ʟʘʛʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʪʘ ʽʩʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʩʪʘʥʮʽʾ; ʪʠʧ ʚʝʛʝʪʘʮʽʾ; ʟʘʢʨʽʧʣʝʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ-ʜʦʩʣʽʜʥʠʢ; ʧʝʨʝʣʽʢ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʽʚ ʥʘ ʜʘʥʽʡ ʚʝʞʽ ʪʘ 

ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʑʦʙ ʧʦʙʘʯʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʫ ʚʝʣʠʯʠʥ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ ʉʆ2 ʥʘʜ ʪʝ-

ʨʠʪʦʨʽʷʤʠ ʟ ʨʽʟʥʠʤ ʨʦʩʣʠʥʥʠʤ ʧʦʢʨʠʚʦʤ ʪʘ ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʨʦʟʛʣʷʥʝʤʦ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʫ ʥʘ ʩʪʘʥʮʽʷʭ ʚ ʨʽʟʥʠʭ ʛʝʦʛʨʘʬʽʯʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ.  

ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ [5ï9] ʘʚʪʦʨʦʤ ʩʢʣʘʜʝʥʦ ʪʘʙʣʠʮʶ 1, ʚ ʷʢʽʡ ʥʘʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʪʘʥʮʽʡ ʚʠʤʽʨʫ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʥʘ ʨʠʩ. 1 ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ [5] ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʥʘʟʝʤʥʠʭ ʚʠʤʽʨʽʚ ʥʘ ʥʘʩʪʫʧʥʠʭ ʩʪʘʥʮʽʷʭ: ʘ ï ɸʣʝʨʪ (ʂʘʥʘʜʘ); ʙ ï ʂʘʩʧʨʦʚʠʡ ɺʝʨʭ (ʇʦʣʴʱʘ); 

ʚ ï ʇʘʣʣʘʩ (ʌʽʥʣʷʥʜʽʷ); ʛ, ˇ ï ɹʽʣʷʩʪʦʢ (ʇʦʣʴʱʘ) ʥʘ ʚʠʩʦʪʽ 5 ʪʘ 300 ʤ ʚʽʜʧʦʚʽʜʥʦ; ʜ, ʝ, ʻ, ʞ ï 

ʍʝʜʞʽʭʘʪʩʦʣ (ʋʛʦʨʱʠʥʘ) ʥʘ ʚʠʩʦʪʽ 10, 48, 82 ʪʘ 115 ʤ ʚʽʜʧʦʚʽʜʥʦ. ʄʝʪʦʜʠ ʚʠʤʽʨʽʚ ʥʘ ʩʪʘʥʮʽʷʭ 

ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʪʘʙʣ. 1 ʪʘ ʥʘ ʨʠʩ. 2.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʝʨʠʪʦʨʽʾ ʨʦʟʤʽʱʝʥʥʷ ʩʪʘʥʮʽʾ, ʤʝʪʦʜʫ ʚʟʷʪʪʷ ʧʨʦʙ ʪʘ 

ʪʠʧʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʟʨʦʩʪʘʻ. 

ʊʘʢ, ʥʘ ʩʪʘʥʮʽʾ ɸʣʝʨʪ (ʨʠʩ. 1, ʘ), ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʘʥʘʜʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ 

ʘʨʢʪʠʯʥʦʛʦ ʢʣʽʤʘʪʫ ʪʘ ʮʽʣʦʨʽʯʥʠʤ ʩʥʽʛʦʚʠʤ ʧʦʢʨʠʚʦʤ, ʟʘ 6 ʨʦʢʽʚ ʟʜʽʡʩʥʝʥʥʷ ʚʠʤʽʨʽʚ ʩʝʨʝʜʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʟʨʦʩʣʘ ʟ 362 ʜʦ 371 ʨʨm. ʍʦʯʘ ʨʦʩʣʠʥʥʽʩʪʴ ʚʽʜʩʫʪ-

ʥʷ ʧʦʚʥʽʩʪʶ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʜʽʙʥʽʩʪʴ ʭʘʨʘʢʪʝʨʫ ʨʽʯʥʦʾ ʮʠʢʣʽʯʥʦʩʪʽ ʢʦʣʠʚʘʥʥʷ ʚʝʣʠʯʠʥʠ 

ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʽʟ ʚʝʛʝʪʘʮʽʡʥʠʤ ʩʝʟʦʥʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʧʦ ʢʘʥʘʜʩʴʢʽʡ 

ʩʪʘʥʮʽʾ ʻ ʧʦʢʘʟʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʨʝʟʫʣʴʪʘʪʫ ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʤʘʩʦʧʝʨʝʥʦʩʫ ʨʝʯʦʚʠʥ ʘʪʤʦ-

ʩʬʝʨʥʠʤʠ ʧʦʪʦʢʘʤʠ. 

ɺʠʤʽʨʠ ʧʨʠʟʝʤʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʥʘ ʩʪʘʥʮʽʾ ʂʘʩʧʨʦʚʠʡ ɺʝʨʭ (ʇʦʣʴʱʘ) (ʨʠʩ. 1, ʙ), ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʭʽʜʥʠʭ ʊʘʪʨʘʭ, ʥʘ ʚʠʩʦʪʽ 1987 ʤ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ, ʚʢʘʟʫʶʪʴ ʥʘ ʾʭ ʨʽʩʪ ʧʨʦʪʷ-

ʛʦʤ ʯʘʩʦʚʦʛʦ ʨʷʜʫ 1997ï2010 ʨʨ. ʂʦʣʠʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʧʨʠʟʝʤʥʦʤʫ ʰʘʨʽ ʧʨʦʪʷʛʦʤ 

2007ï2010 ʨʦʢʽʚ ʩʷʛʘʣʦ ʤʝʞ 390ï402 ʨʨm.  
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ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʮʽʡ  

ʅʘʟʚʘ ʩʪʘʥʮʽʾ, 

ʢʨʘʾʥʘ 

ʟʥʘʭʦʜʞʝʥʥʷ 

ɸʣʝʨʪ (Alert), 

ʂʘʥʘʜʘ 

 

ʂʘʩʧʨʦʚʠʡ ɺʝʨʭ 

(Kasprowy 

Wierch), ʇʦʣʴʱʘ 

 

ʇʘʣʣʘʩ  

(Pallas), 

ʌʥ̔ʣʷʥʜʽʷ 

 

ɹʽʣʷʩʪʦʢ 

(Bialystok),  

ʇʦʣʴʱʘ 

 

ʍʝʜʞʽʭʘʪʩʦʣ 

(Hegyhatsal 1, 

Hegyhatsal 2), 

ʋʛʦʨʱʠʥʘ 

ɼʦʩʣʽʜʥʘ 

ʫʩʪʘʥʦʚʘ 

ʂʝʨʽʚʥʠʡ 

ʢʦʤʽʪʝʪ  

ʧʨʦʝʢʪʫ  

ʂʘʨʙʦ ɭʚʨʦ-

ʧʘ-ɯʈ 

ɻʽʨʥʠʯʦ-

ʤʝʪʘʣʫʨʛʽʡʥʘ 

ʘʢʘʜʝʤʽʷ 

ʽʤ. ʉʪʘʥʽʩʣʘʚʘ 

ʉʪʘʰʠʮʘ 

ʚ ʤ. ʂʨʘʢʦʚʽ 

(ʇʦʣʴʱʘ) 

ʄʝʪʝʨʝʦʣʦ-

ʛʽʯʥʠʡ  

ʽʥʩʪʠʪʫʪ 

ʌ̔ ʥʣʷʥʜʽʾ 

 

ɯʥʩʪʠʪʫʪ  

ʙʽʦʛʝʦʭʽʤʽʾ  

ʄʘʢʩʘ ʇʣʘʥʢʘ 

(ʅʽʤʝʯʯʠʥʘ) 

ʋʥʽʚʝʨʩʠʪʝʪ  

ɽʪʚʦʰʘ ʃʦʨʘʥʘ 

(ʋʛʦʨʱʠʥʘ) 

ʂʦʦʨʜʠʥʘʪʠ: 

(Lat, Long) 

82.5000, 

63.5167 

49.2333, 

19.9333 

67.9667, 

24.1167 

53.2294, 23.0128 46.9559, 16.6520, 

46.9558, 16.6556 

GTOPO30
1
 

ʚʠʩʦʪʘ; ʚʠʩʦʪʘ 

ʟʜʽʡʩʥʝʥʥʷ 

ʚʠʤʽʨʽʚ,  

(ʚʟʷʪʪʷ ʧʨʦʙ), ʤ 

210; 

0 

1987; 

0 

560; 

5 

180; 

5, 30, 90, 180, 300 

248; 

117 ʪʘ 243; 

10, 48, 82, 115 

ɺʠʤʽʨʠ, ʱʦ 

ʟʜʽʡʩʥʶʚʘʣʠʩʷ 

ʯʠ ʟʜʽʡʩʥʶʶʪʴʩʷ 

ʙʝʟʧʝʨʝʨʚʥʽ 

ʚʠʤʽʨʠ CO2, 

CH4, CO, 
222

Rn  

ʥʘ ʩʪʘʥʮʽʷʭ 

ʧʨʠʟʝʤʥʦʛʦ 

ʨʽʚʥʷ; ʚʽʜʙʽʨ 

ʧʨʦʙ CO2, 

CH4, CO, 

N2O, SF6, 

13CO2, 

CO
18

O ʟʘ 

ʜʦʧʦʤʦʛʦʶ 

ʢʦʣʙ 

ʙʝʟʧʝʨʝʨʚʥʽ 

ʚʠʤʽʨʠ CO2, CH4, 

SF6 ʥʘ ʩʪʘʥʮʽʷʭ 

ʧʨʠʟʝʤʥʦʛʦ ʨʽʚʥʷ 

ʙʝʟʧʝʨʝʨʚʥʽ 

ʚʠʤʽʨʠ CO2, 
222

Rn  

ʥʘ ʩʪʘʥʮʽʷʭ 

ʧʨʠʟʝʤʥʦʛʦ 

ʨʽʚʥʷ 

ʙʝʟʧʝʨʝʨʚʥʽ  

ʚʠʤʽʨʠ CO2, CH4, 

CO, N2O, SF6,  

O2/N2 ʥʘ ʚʠʩʦʪʥʠʭ 

ʚʝʞʘʭ; ʚʽʜʙʽʨ 

ʧʨʦʙ CO2, CH4, 

CO, N2O, SF6, 

13CO2, CO18O ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʣʙ 

ʙʝʟʧʝʨʝʨʚʥʽ ʚʠʤʽʨʠ 

CO2, CH4, CO, N2O, 

SF6 ʥʘ ʚʠʩʦʪʥʠʭ  

ʚʝʞʘʭ; ʙʝʟʧʝʨʝʨʚʥʽ 

ʚʠʤʽʨʠ CO2, CH4, CO, 

N2O, SF6, 
13

CO2, 

CO
18
O ʥʘ ʩʪʘʥʮʽʷʭ 

ʧʨʠʟʝʤʥʦʛʦ ʨʽʚʥʷ; 

ʚʠʤʽʨʠ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʧʨʦʬʽʣʽʚ CO2, CH4, 

CO, N2O, SF6, 13CO2, 

CO18O ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʽʪʘʢʘ 

ʂʴʦʧʝʥ-ɻʝʡʛʝʨ 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʢʣʽʤʘʪʫ (KGCC)
2
 

ɽʊ- ʧʽʚʥʽʯʥʘ 

ʪʫʥʜʨʘ 

 

Cfb-ʪʝʧʣʠʡ ʪʘ 

ʧʦʤʽʨʥʠʡ ʢʣʽʤʘʪ 

ʙʝʟ ʧʦʩʫʰʣʠʚʦʛʦ 

ʩʝʟʦʥʫ  

ʟ ʚʦʣʦʛʠʤ  

ʪʝʧʣʠʤ ʣʽʪʦʤ 

Dfc-

ʭʦʣʦʜʥʠʡ 

ʢʣʽʤʘʪ, ʙʝʟ 

ʧʦʩʫʰʣʠʚʠʭ 

ʩʝʟʦʥʽʚ  

ʟ ʭʦʣʦʜʥʠʤ 

ʣʽʪʦʤ 

Cfb-ʪʝʧʣʠʡ ʪʘ 

ʧʦʤʽʨʥʠʡ ʢʣʽʤʘʪ 

ʙʝʟ ʧʦʩʫʰʣʠʚʦʛʦ 

ʩʝʟʦʥʫ ʟ ʚʦʣʦʛʠʤ 

ʪʝʧʣʠʤ ʣʽʪʦʤ 

Cfb-ʪʝʧʣʠʡ ʪʘ  

ʧʦʤʽʨʥʠʡ ʢʣʽʤʘʪ ʙʝʟ 

ʧʦʩʫʰʣʠʚʦʛʦ ʩʝʟʦʥʫ  

ʟ ʚʦʣʦʛʠʤ ʪʝʧʣʠʤ 

ʣʽʪʦʤ 

ʊʠʧ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ 

ʨʦʩʣʠʥʥʽʩʪʴ 

ʚʽʜʩʫʪʥʷ, 

ʟʦʥʘ ʮʽʣʦʨʽʯ-

ʥʦʛʦ ʩʥʽʛʦʚʦ-

ʛʦ ʧʦʢʨʠʚʫ 

ʚʠʩʦʢʘ ʛʽʨʩʴʢʘ 

ʤʽʩʮʝʚʽʩʪʴ, 

ʪʨʘʚôʷʥʠʡ ʧʦʢʨʠʚ 

 

ʛʽʨʩʴʢʘ 

ʤʽʩʮʝʚʽʩʪʴ, 

ʪʨʘʚôʷʥʠʡ 

ʧʦʢʨʠʚ,  

ʧʦʜʝʢʫʜʠ 

ʭʚʦʡʥʠʡ ʣʽʩ 

ʥʝʚʝʣʠʢʘ ʜʽʣʷʥʢʘ 

ʪʨʘʚôʷʥʦʛʦ  

ʧʦʢʨʠʚʫ ʦʪʦʯʝʥʘ 

ʭʚʦʡʥʠʤ ʣʽʩʦʤ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʫʛʽʜʜʷ ʟ ʱʦʨʽʯʥʦʶ 

ʟʤʽʥʦʶ ʩʽʣʴʩʴʢʦ-

ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʘ 

ʢʦʨʤʦʚʠʭ ʢʫʣʴʪʫʨ, ʥʘ 

ʟʘʭʦʜʽ ʦʪʦʯʝʥʘ  

ʣʽʩʦʚʠʤʠ ʜʽʣʷʥʢʘʤʠ 

                                                 
1 GTOPO30 (Global 30-Arc-Second digital elevation model) ̫ ʚʣʷʻ ʩʦʙʦʶ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʜʣʷ ʚʩʴʦʛʦ ʩʚʽʪʫ  

ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʢʨʦʢʦʤ ʩʽʪʢʠ 30 ʢʫʪʦʚʠʭ ʩʝʢʫʥʜ (ʧʨʠʙʣʠʟʥʦ 1 ʢʤ), ʨʦʟʨʦʙʣʝʥʫ ɻʝʦʣʦʛʽʯʥʦʶ ʉʣʫʞʙʦʶ ʉʐɸ.  
2 KGCC ï ʢʣʘʩʠʬʽʢʘʮʽʷ ʢʣʽʤʘʪʫ ʟʘ ɺ. ʂʴʦʧʣʽʥʠʤ ʪʘ ʈ. ɻʝʡʛʝʨʦʤ [10].  
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ʘ ʙ 

  
ʚ ʛ 

 
 ̌

ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʥʘ ʩʪʘʥʮʽʷʭ: ʘ ï ɸʣʝʨʪ (ʂʘʥʘʜʘ), 0 ʤ; ʙ ï ʂʘʩʧʨʦʚʠʡ ɺʝʨʭ (ʇʦʣʴʱʘ), 0 ʤ; 

ʚ ï ʇʘʣʣʘʩ (ʌʽʥʣʷʥʜʽʷ), 5 ʤ; ʛ, ˇ ï ɹʽʣʷʩʪʦʢ (ʇʦʣʴʱʘ), 5 ʪʘ 300 ʤ ʚʽʜʧʦʚʽʜʥʦ [5]  

 

ʅʘ ʩʪʘʥʮʽʾ ɹʽʣʷʩʪʦʢ (ʇʦʣʴʱʘ) ʚʠʤʽʨʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘ ʚʠʩʦʪʽ 5, 30, 90, 180 ʪʘ 300 ʤ. ʅʘ 

ʨʠʩ. 1 (ʛ, )̌ ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʣʠʰʝ ʥʘ ʚʠʩʦʪʘʭ 5 ʤ ʪʘ 300 ʤ ʥʘʜ ʨʽʚʥʝʤ ʟʝʤʥʦʾ ʧʦʚʝ-

ʨʭʥʽ. ʏʘʩʦʚʠʡ ʨʷʜ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1 (ʛ, )̌, ʦʭʦʧʣʶʻ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ ï 

25 ʣʠʧʥʷ 2005 ʨ. ï ʢʽʥʝʮʴ 2008 ʨʦʢʫ, ʪʘ ʧʦʢʘʟʫʻ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʨʽʟʥʠʭ ʚʠʩʦʪʘʭ. 

ʅʘ ʨʠʩ. 1 (ʜ, ʝ, ʻ, ʞ) ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʥʘ ʩʪʘʥʮʽʾ ʍʝʜʞʽʭʘʪʩʦʣ (ʋʛʦʨʱʠʥʘ) ʥʘ ʚʠʩʦ-

ʪʘʭ 10, 48, 82 ʪʘ 115 ʤ ʚʽʜʧʦʚʽʜʥʦ. ʉʪʘʥʮʽʷ ʨʦʟʤʽʱʝʥʘ ʩʝʨʝʜ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. ʅʘ ʚʩʽʭ 

ʚʠʩʦʪʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʩʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ ʧʦʚʽʪʨʽ.  
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ʜ ʝ 

  
 ̒ ʞ 

ʈʠʩ. 1( ʜ, ʝ, ʻ, ʞ) ï ʍʝʜʞʽʭʘʪʩʦʣ (ʋʛʦʨʱʠʥʘ), 10, 48, 82 ʪʘ 115 ʤ ʚʽʜʧʦʚʽʜʥʦ [5]  

 

 

ʈʠʩ. 2 ï ʄʝʨʝʞʘ ʩʪʘʥʮʽʡ ʧʨʦʝʢʪʫ ʂʘʨʙʦɭʚʨʦʧʘ IP ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʠʧʽʚ ʚʠʤʽʨʽʚ [11] 
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ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʝʤʦ ʜʦʙʦʚʝ ʢʦʣʠʚʘʥʥʷ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ 

ʥʘ ʩʪʘʥʮʽʾ ʍʝʜʞʽʭʘʪʩʦʣ. ʊʘʢ, ʥʘ ʦʩʥʦʚʽ ʙʘʟʠ ʜʘʥʠʭ [5] ʚ ʪʘʙʣʠʮʽ 2 ʪʘ ʥʘ ʨʠʩ. 3 ʚʽʜʦʙʨʘʞʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ, ʟʜʽʡʩʥʝʥʠʭ ʥʘ ʩʪʘʥʮʽʾ ʍʝʜʞʽʭʘʪʩʦʣ ʩʪʘʥʦʤ ʥʘ 16 ʣʠʧʥʷ 2009 ʨʦʢʫ ʟ ʧʝʨʽʦ-

ʜʦʤ ʚʠʤʽʨʫ ʚ 1 ʛʦʜʠʥʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 16 ʣʠʧʥʷ 2009 ʨʦʢʫ ʩʪʘʥʦʚʠʣʘ ʥʘ 02:00 ʛʦʜʠʥʫ 

ʥʦʯʽ 18,5 ↔ʉ, ʥʘ 08:00 ï 21,6 ↔ʉ, ʥʘ 14:00 ï 29,6 ↔ʉ ʪʘ ʥʘ 20,00 ï 28,1 ↔ʉ, ʙʝʟ ʦʧʘʜʽʚ [12]. 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ, ʟʜʽʡʩʥʝʥʠʭ ʥʘ ʩʪʘʥʮʽʾ ʍʝʜʞʽʭʘʪʩʦʣ ʥʘ 16 ʣʠʧʥʷ 2009 ʨʦʢʫ  

ɻʦʜʠʥʘ 

ʜʦʙʠ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʉʆ2 (ppm)  

ʥʘ ʚʠʩʦʪʽ 10 ʤ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʉʆ2 (ppm)  

ʥʘ ʚʠʩʦʪʽ 48 ʤ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʉʆ2 (ppm)  

ʥʘ ʚʠʩʦʪʽ 82 ʤ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʉʆ2 (ppm)  

ʥʘ ʚʠʩʦʪʽ 115 ʤ 

ʈʽʟʥʠʮʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʉʆ2 (ppm) ʥʘ ʚʠʩʦʪʽ 

10 ʤ ʪʘ 115 ʤ 

00:00 412,590 399,263 395,023 394,246 18,344 

01:00 420,355 409,035 400,130 396,340 24,015 

02:00 444,024 407,901 398,127 394,613 49,411 

03:00 431,430 407,661 398,554 393,421 38,009 

04:00 436,991 410,454 399,575 394,253 42,738 

05:00 444,455 429,852 414,468 401,338 43,117 

06:00 429,400 427,756 414,006 403,277 26,123 

07:00 405,651 407,051 407,170 404,096 1,555 

08:00 387,447 389,460 389,857 390,400 -2,953 

09:00 382,119 384,480 384,790 385,354 -3,235 

10:00 381,083 383,186 383,783 384,079 -2,996 

11:00 380,293 383,211 383,271 383,356 -3,063 

12:00 378,607 381,421 381,633 382,274 -3,667 

13:00 377,606 380,284 380,911 380,987 -3,381 

14:00 378,330 381,649 381,489 381,731 -3,401 

15:00 379,499 382,571 382,506 382,831 -3,332 

16:00 381,157 383,783 383,950 383,844 -2,687 

17:00 381,947 383,019 383,114 383,199 -1,252 

18:00 384,634 383,387 383,063 383,081 1,553 

19:00 399,969 385,310 384,201 384,039 15,93 

20:00 407,863 386,007 385,353 385,069 22,794 

21:00 440,164 388,357 386,899 386,180 53,984 

22:00 457,517 391,283 386,500 385,279 72,238 

23:00 442,517 391,056 385,033 383,901 58,616 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3, ʥʘʡʙʽʣʴʰʽ ʢʦʣʠʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʥʘ ʚʠʩʦʪʽ 10 ʤ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʽ ʯʠʤ ʚʠʱʝ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʠʤ ʢʨʘʱʝ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ.  

ʈʽʟʥʠʮʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʚʠʩʦʪʘʭ ʩʢʣʘʜʘʻ ʜʦ 72 ppm ʜʣʷ 22:00. ʊʘʢʦʞ ʚʠʜʥʦ ʚʧʣʠʚ ʬʽʪʦ-

ʮʝʥʦʟʽʚ ʥʘ ʚʝʣʠʯʠʥʫ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ, ʷʢʘ ʚ ʧʝʨʽʦʜ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ ʤʘʻ ʤʽʥʽʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ, ʘ ʚʥʦʯʽ ï ʧʨʠ ʧʨʠʟʫʧʠʥʝʥʥʽ ʬʦʪʦʩʠʥʪʝʟʫ ï ʤʘʢʩʠʤʘʣʴʥʽ. 

ʊʘʢ, ʫ ʩʚʽʪʣʫ ʧʦʨʫ ʜʦʙʠ (ʟ 8:00 ʜʦ 18:00) ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 377ï390 ʨʨm,  

ʘ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʨʦʩʪʘʻ ʜʦ 457 ʨʨm (ʥʘ 22:00 ʥʘ ʚʠʩʦʪʽ 10 ʤ). ʎʷ ʟʘʢʦ-

ʥʦʤʽʨʥʽʩʪʴ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʥʘ ʚʩʽʭ ʚʠʩʦʪʘʭ ʟʜʽʡʩʥʝʥʥʷ ʚʠʤʽʨʽʚ (ʨʠʩ. 3). 

ʏʘʩ ʜʦʙʠ, ʢʦʣʠ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʚʠʤʽʨʠ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʙʦʪʽ ʟ̔ ʩʫʧʫʪʥʠʢʦ-

ʚʠʤʠ ʚʠʤʽʨʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʧʦʚʽʪʨʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ ʟʘʚʜʘʥʴ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʘʥʘʣʽʟʫ ʨʝʘʢʮʽʾ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2.  
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ʈʠʩ. 3 ï ɺʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ ʥʘ ʩʪʘʥʮʽʾ ʍʝʜʞʽʭʘʪʩʦʣ (ʋʛʦʨʱʠʥʘ)  

ʥʘ 16 ʣʠʧʥʷ 2009 ʨʦʢʫ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʝ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʝʢʪʽʚ, ʚ ʤʝʞʘʭ ʷʢʠʭ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʚʠʤʽʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ, ʧʝʨʽʦʜ ʟʜʽʡʩʥʝʥʥʷ ʚʠʤʽʨʽʚ ʚ ʦʜʥʫ ʛʦʜʠʥʫ, ʷʢʽʩʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʫʯʘʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʩʪʘʥʮʽʡ, ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ, 

ʱʦ ʧʨʦʚʝʜʝʥʘ ʘʚʪʦʨʦʤ ʜʘʥʦʾ ʧʫʙʣʽʢʘʮʽʾ, ʥʘ ʦʩʥʦʚʽ ʙʘʟʠ ʜʘʥʠʭ [5] ʜʣʷ 8 ʩʪʘʥʮʽʡ ɭʚʨʦʧʠ ʟʘ 

2009 ʨʽʢ ʩʢʣʘʣʘ ʚʽʜ 1,79 % ʜʣʷ 9 ʤʽʩʷʮʽʚ ʜʦ 29,68 % (ʪʘʙʣ. 3). ʌʘʢʪʠʯʥʦ, ʥʘ ʜʝʷʢʠʭ ʩʪʘʥʮʽʷʭ 

ʥʝ ʟʜʽʡʩʥʝʥʘ ʪʨʝʪʷ ʯʘʩʪʠʥʘ ʚʠʤʽʨʽʚ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ, ʟʜʽʡʩʥʝʥʽ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʙʫʜʫʪʴ ʜʦʧʦʚʥʝʥʥʷʤ ʜʦ ʽʩʥʫʶʯʦʾ ʙʘʟʠ ʚʠʤʽʨʽʚ. 

ʊʘʙʣʠʮʷ 3 ï ɺʝʣʠʯʠʥʘ ʚʽʜʩʫʪʥʽʭ ʜʘʥʠʭ ʚʠʤʽʨʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ ʜʣʷ 2009 ʨ. 

ʅʘʟʚʘ ʩʪʘʥʮʽʾ, 

ʢʨʘʾʥʘ ʨʦʟʤʽʱʝʥʥʷ 

ɺʠʩʦʪʘ ʥʘʜ 

ʨʽʚʥʝʤ ʤʦʨʷ, ʤ 

ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʘ 

ʢʽʣʴʢʽʩʪʴ ʚʠʤʽʨʽʚ  

ʧʨʦʪʷʛʦʤ ʤʽʩʷʮʽʚ (n) ʧʨʠ 

ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ ʊ=1 ʛʦʜ  

ʌʘʢʪʠʯʥʘ 

ʢʽʣʴʢʽʩʪʴ 

ʟʜʽʡʩʥʝʥʠʭ 

ʚʠʤʽʨʽʚ 

ɺʽʜʩʦʪʦʢ  

ʚʽʜʩʫʪʥʽʭ ʜʘʥʠʭ, 

% 

ʂʘʩʧʨʦʚʠʡ ɺʝʨʭ, ʇʦʣʴʱʘ 
(Kasprowy Wierch) 

0 12, 8760 6495 25,86 

ɻʽʬ-ʉʶʨ-ɯʚʝʪʪ, ʌʨʘʥʮʽʷ  
(Gif-sur-Yvette) 

7 12, 8760 6715 23,34 

ʇʶ-ʾʜʝ-ɼʦʤ, ʌʨʘʥʮʽʷ  
(Puy-de-D¹me) 

10 12, 8760 6468 26,16 

ʍʝʜʞʽʭʘʪʩʦʣ,ʋʛʦʨʱʠʥʘ 

(Hegyhatsal) 
10 9, 6552 6422 1,98 

ʍʝʜʞʽʭʘʪʩʦʣ,ʋʛʦʨʱʠʥʘ 

(Hegyhatsal) 
48, 115, 180 9, 6552 6435 1,79 

ʄʠʩ ʍʝʘʜ, ɯʨʣʘʥʜʽʷ  
(Mace Head) 

15 11, 8016 7614 5,01 

ɻʝʡʜʝʣʴʙʝʨʛ, ʅʽʤʝʯʯʠʥʘ 
(Heidelberg) 

30 12, 8760 8135 7,13 

ʃʘ ʄʫʝʣʘ, ɯʩʧʘʥʽʷ (La Muela) 41 6, 4344 4008 7,73 

ʃʘ ʄʫʝʣʘ, ɯʩʧʘʥʽʷ (La Muela) 57 6, 4344 3978 8,43 

ʃʘ ʄʫʝʣʘ, ɯʩʧʘʥʽʷ (La Muela) 79 6, 4344 3433 20,97 

ʊʨʘʫʥʦʶ, ʌʨʘʥʮʽʷ (Trainou) 50 11, 8016 5637 29,68 

ʊʨʘʫʥʦʶ, ʌʨʘʥʮʽʷ (Trainou) 100 11, 8016 5752 28,24 

ʊʨʘʫʥʦʶ, ʌʨʘʥʮʽʷ (Trainou) 180 11, 8016 5930 26,02 
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ʇʦʨʽʚʥʷʥʥʷ ʚʠʤʽʨʽʚ, ʟʜʽʡʩʥʝʥʠʭ ʥʘ ʥʘʟʝʤʥʠʭ ʩʪʘʥʮʽʷʭ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ 

ɼʣʷ ʧʦʨʽʚʥʷʥʥ ̫ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʽʚ ʚʝʣʠʯʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ ʤʝʪʦʜʘʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʪʘ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʚʩʪʘʥʦʚʣʝ-

ʥʠʤʠ ʥʘ ʚʝʞʘʭ, ʚʠʢʦʨʠʩʪʘʻʤʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʩʝʥʩʦʨʦʤ TANSO (Thermal and Near-

infrared Sensor for Carbon Observation) ʷʧʦʥʩʴʢʦʛʦ ʩʫʧʫʪʥʠʢʘ GOSAT (Greenhouse Gases Ob-

serving SATellite) ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʥʘʟʝʤʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʩʫʧʫʪʥʠʢʘ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʨʝʛʽʦʥʠ, ʷʢʽ ʻ ʜʞʝʨʝʣʘʤʠ ʯʠ ʩʪʦʢʘʤʠ ʉʆ2. ɺʽʥ ʪʘʢʦʞ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟ 

ʦʛʣʷʜʫ ʥʘ ʧʨʦʜʦʚʞʝʥʥʷ ʤʽʩʽʾ ʚʠʤʽʨʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ (ʉʆ2 ʪʘ ʉʅ4) ʩʫʧʫʪʥʠʢʘ GOSAT 

ʩʫʧʫʪʥʠʢʦʤ GOSAT-2, ʟʘ ʦʜʥʠʤʠ ʜʘʥʠʤʠ ʫ 2016 ʨʦʮʽ, ʟʘ ʽʥʰʠʤʠ ï ʫ 2017 ʨʦʮʽ [13, 14, 16]. 

ʉʫʧʫʪʥʠʢʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʤʽʨʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ ʪʘ ʚʠʤʽʨʠ, ʟʜʽʡʩʥʝʥʽ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʚʝʞ, ʻ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʠʤʠ ʪʘ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʝʢʦʣʦʛʦ-ʢʣʤ̔ʘʪʠʯ-

ʥʠʭ ʧʠʪʘʥʴ. ʊʘʢ, ʚ [13] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʨʦʟʚʠʪʦʢ ʫ ʩʬʝʨʽ ʜʦʩʣʽʜʞʝʥʴ ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʫ ʚʫʛʣʝ-

ʮʶ, ʙʫʜʝ ʚʝʩʪʠ ʜʦ ʙʽʣʴʰ ʥʘʜʽʡʥʠʭ ʧʨʦʛʥʦʟʽʚ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʪʘ ʜʦ ʨʦʟʚʠʪʢʫ ʝʬʝʢʪʠʚʥʦʾ ʧʦ-

ʣʽʪʠʢʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʧʦʤôʷʢʰʝʥʥʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ.  

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʥʝʤʘʻ ʜʦʩʣʽʜʥʠʭ ʩʪʘʥʮʽʡ ʧʨʦʝʢʪʫ FLUXNET, ʘʣʝ ʚ ʆʜʝʩʴʢʽʡ ʦʙ-

ʣʘʩʪʽ ʥʘ ʩʪʘʥʮʽʾ ʇʝʪʨʦʜʦʣʠʥʩʴʢʝ ʥʘ ʚʠʩʦʪʽ 1,5 ʤ ʟ 2008 ʨʦʢʫ ʚʝʜʫʪʴʩʷ ʚʠʤʽʨʠ ʚʝʣʠʯʠʥʠ ʢʦʥ-

ʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʈʝʛʽʦʥʘʣʴʥʠʤ ʮʝʥʪʨʦʤ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ  

ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʤ. ʆʜʝʩʘ). ʅʘ ʞʘʣʴ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʥʘ ʤʦʤʝʥʪ ʧʽʜʛʦʪʦʚʢʠ 

ʧʫʙʣʽʢʘʮʽʾ ʥʝ ʙʫʣʠ ʦʧʫʙʣʽʢʦʚʘʥʽ, ʘ ʮʝ ʫʥʝʤʦʞʣʠʚʣʶʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʘʥʦʤʫ ʧʦʨʽʚʥʷʥʥʽ.  

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʽʚ ʥʘ ʜʦʩʣʽʜʥʠʭ ʚʝʞʘʭ ʥʘ ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ, ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʚʠʤʽʨʠ ʥʘ ʪʝʨʠʪʦʨʽʶ ʨʦʟʤʽʱʝʥʥʷ ʩʪʘʥʮʽʾ 

ʍʝʜʞʽʭʘʪʩʦʣ. ʉʪʘʥʮʽʷ ʍʝʜʞʽʭʘʪʩʦʣ, ʷʢ ʽ ʋʢʨʘʾʥʘ, ʣʝʞʠʪʴ ʚ ʧʦʤʽʨʥʦʤʫ ʢʣʽʤʘʪʠʯʥʦʤʫ ʧʦʷʩʽ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʫʭʠʤ ʪʝʧʣʠʤ ʣʽʪʦʤ ʪʘ ʭʦʣʦʜʥʦʶ ʟʠʤʦʶ. ɿ 1994 ʨʦʢʫ ʥʘ ʩʪʘʥʮʽʾ 

ʍʝʜʞʽʭʘʪʩʦʣ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʦʬʽʣʽʚ ʉʆ2, ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʦʢʽʚ 

ʉʆ2, ʚʽʜʙʽʨ ʧʨʦʙ ʟʨʘʟʢʽʚ ʧʦʚʽʪʨʷ ʜʣʷ ʚʠʤʽʨʽʚ ʩʪʘʙʽʣʴʥʠʭ ʽʟʦʪʦʧʽʚ ʉ ʽ ʆ ʚ CO2 (
13
C ʽ 

18
O), 

ʚʠʤʽʨʠ ʚʤʽʩʪʫ ʉʆ2 ʛʘʟʦʚʠʤ ʭʨʦʤʘʪʦʛʨʘʬʦʤ. ɼʝʪʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʜʽʡʩʥʝʥʥʷ ʚʠʤʽʨʽʚ ʪʘ 

ʦʧʠʩ ʩʪʘʥʮʽʾ ʥʘ ʦʬʽʮʽʡʥʽʡ ʚʝʙ-ʩʪʦʨʽʥʮʽ ʩʪʘʥʮʽʾ [15]. 

ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʚʠʤʽʨʽʚ ʩʫʧʫʪʥʠʢʦʤ GOSAT ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʟ ʫʩʽʭ ʚʠʤʽʨʽʚ ʣʠ-

ʰʝ ʚʽʜ 2 ʜʦ 5% ʜʘʥʠʭ ʜʣʷ ʚʩʽʻʾ ʪʝʨʠʪʦʨʽʾ ɿʝʤʣʽ ʻ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʦʙʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʉʆ2 [16], ʚʽʜ ʜʥʷ ʟʘʧʫʩʢʫ ʩʫʧʫʪʥʠʢʘ ʟ 23 ʩʽʯʥʷ ʜʦ ʚʝʨʝʩʥʷ 2009 ʨʦʢʫ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʪʝʨʠ-

ʪʦʨʽʶ ʨʦʟʤʽʱʝʥʥʷ ʩʪʘʥʮʽʾ ʍʝʜʞʽʭʘʪʩʦʣ ʥʝ ʧʨʠʧʘʣʦ ʞʦʜʥʠʭ ʪʦʯʢʦʚʠʭ ʚʠʤʽʨʽʚ, ʱʦ ʚʽʜʧʦʚʽ-

ʜʘʶʪʴ ʧʨʦʜʫʢʪʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ FTS SWIR 2-ʛʦ ʨʽʚʥʷ. ɸʣʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʝʦʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʂʨʽʛʽʥʛʘ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʟʥʘʯʝʥʴ ʧʫʩʪʠʭ ʨʝʛʽʦʥʽʚ ʥʘ ʙʘʟʽ ʨʽʚʥʷ ʨʦʟ-

ʧʦʜʽʣʝʥʥʷ ʧʨʦʜʫʢʪʫ FTS SWIR 2, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʽʩʷʯʥʫ ʦʮʽʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʜʣʷ ʩʽʪʢʠ 

2,5 ʛʨʘʜʫʩʽʚ ʪʘ ʦʪʨʠʤʘʥʦ ʧʨʦʜʫʢʪ ʦʙʨʦʙʢʠ ʜʘʥʠʭ FTS SWIR 3-ʛʦ ʨʽʚʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʫʩʝʨʝ-

ʜʥʝʥʝ ʤʽʩʷʯʥʝ ʛʣʦʙʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ [16], ʷʢʽ ʡ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʫʩʝʨʝʜʥʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʽʚ ʉʆ2 ʥʘ ʚʝʞʽ ʍʝʜʞʽʭʘʪʩʦʣ (ʋʛʦʨʱʠʥʘ) ʟʘ 

ʩʽʯʝʥʴïʚʝʨʝʩʝʥʴ 2009 ʨʦʢʫ ʥʘ ʨʽʟʥʽʡ ʚʠʩʦʪʽ ʥʘʜʘʣʠ ʟʤʦʛʫ ʧʦʨʽʚʥʷʪʠ ʾʭ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 
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50 

 

ʤʽʩʷʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙʨʘʭʫʥʢʽʚ ʚʠʤʽʨʽʚ ʚʤʽʩʪʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦ-

ʩʬʝʨʽ ʟʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʘ GOSAT ʥʘ ʪʝʨʠʪʦʨʽʶ ʨʦʟʤʽʱʝʥʥʷ ʩʪʘʥʮʽʾ (ʪʘʙʣ. 4).  

ʊʘʙʣʠʮʷ 4 ï ʋʩʝʨʝʜʥʝʥʘ ʱʦʤʽʩʷʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2 (ʨʨm) ʫ ʧʦʚʽʪʨʽ ʥʘ ʨʽʟʥʠʭ ʚʠʩʦʪʘʭ  

ʜʣʷ ʚʝʞʽ ʍʝʜʞʽʭʘʪʩʦʣ (ʋʛʦʨʱʠʥʘ) ʟʘ ʩʽʯʝʥʴïʚʝʨʝʩʝʥʴ 2009 ʨʦʢʫ  

 

ɺʠʤʽʨʠ ʟʜʽʡʩʥʝʥʽ 

ʥʘ ʩʪʘʥʮʽʾ  

ʍʝʜʞʽʭʘʪʩʦʣ ʥʘ 

ʚʠʩʦʪʽ 10 ʤ 

ɺʠʤʽʨʠ ʟʜʽʡʩʥʝʥʽ 

ʥʘ ʩʪʘʥʮʽʾ  

ʍʝʜʞʽʭʘʪʩʦʣ ʥʘ 

ʚʠʩʦʪʽ 48 ʤ 

ɺʠʤʽʨʠ ʟʜʽʡʩʥʝʥʽ 

ʥʘ ʩʪʘʥʮʽʾ 

ʍʝʜʞʽʭʘʪʩʦʣ ʥʘ 

ʚʠʩʦʪʽ 115 ʤ 

ɺʠʤʽʨʠ ʟʜʽʡʩʥʝʥʽ 

ʥʘ ʩʪʘʥʮʽʾ 

ʍʝʜʞʽʭʘʪʩʦʣ ʥʘ 

ʚʠʩʦʪʽ 180 ʤ 

ɺʠʤʽʨʠ ʟʜʽʡʩʥʝʥʽ  

ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʧʫʪʥʠʢʘ GOSAT 

ʉʽʯʝʥʴ 407,97 406,793 405,16 405,756  

ʃʶʪʠʡ 405,08 403,626 402,438 402,83  

ɹʝʨʝʟʝʥʴ 400,51 399,558 398,428 400,741  

ʂʚʽʪʝʥʴ 406,47 400,718 396,414 397,56 381,42 

ʊʨʘʚʝʥʴ 397,76 392,33 389,464 390,303  

ʏʝʨʚʝʥʴ 397,78 392,176 388,56 389,726 379,82 

ʃʠʧʝʥʴ 399 389,528 384,229 385,761 378,98 

ʉʝʨʧʝʥʴ 399,48 388,379 382,848 381,335 376,45 

ɺʝʨʝʩʝʥʴ 404,51 391,109 386,14 387,42 374,12 

 

ʅʠʞʯʽ ʧʦʢʘʟʥʠʢʠ ʚʤʽʩʪʫ ʉʆ2, ʚʠʤʽʨʷʥʽ ʜʠʩʪʘʥʮʽʡʥʦ, ʟʫʤʦʚʣʝʥʽ ʫʩʝʨʝʜʥʝʥʠʤ ʚʠʤʽʨʦʤ  

ʫ ʘʪʤʦʩʬʝʨʥʦʤʫ ʩʪʦʚʙʮʽ, ʯʘʩʦʤ ʟʡʦʤʢʠ ʩʫʧʫʪʥʠʢʘ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʟʡʦʤʢʫ ʣʠʰʝ ʤʽʞ 12:00 ʪʘ 

14:00 ʛʦʜʠʥʘʤʠ ʜʦʙʠ, ʨʽʟʥʦʶ ʯʘʩʪʦʪʦʶ ʪʘ ʢʽʣʴʢʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʚʠʤʽʨʽʚ ʟʘ ʜʦʙʫ, ʪʠʞʜʝʥʴ ʪʘ 

ʤʽʩʷʮʴ ʜʠʩʪʘʥʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʪʘ ʚʠʤʽʨʘʤʠ ʥʘ ʚʝʞʽ, ʘ ʪʘʢʦʞ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʧʦʨʽʚʥʶʚʘʥʠʭ 

ʚʠʤʽʨʽʚ ʥʘ ʨʽʟʥʠʭ ʚʠʩʦʪʘʭ ʪʘ ʩʝʨʝʜʥʽʭ ʫ ʩʪʦʚʙʮʽ. 

ɺʠʩʥʦʚʢʠ 

ʅʘ ʚʩʽʭ ʩʪʘʥʮʽʷʭ ʚʠʤʽʨʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ, ʱʦ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ 

ʘʚʪʦʨʦʤ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʝʟʦʥʥʽʩʪʴ ʢʦʣʠʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʠʧ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ ʯʠ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʴ. 

ʅʘʟʝʤʥʽ ʚʠʤʽʨʠ, ʟʜʽʡʩʥʝʥʽ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ FLUXNET, ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʟʡʦʤʢʠ ʥʘ ʩʪʘʥʮʽʶ ʍʝʜʞʽʭʘʪʩʦʣ (ʋʛʦʨʱʠʥʘ) ʚʢʘʟʫʶʪʴ ʥʘ ʥʠʞʯʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʉʆ2 ʚ ʘʪʤʦ-

ʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʽʚ, ʟʜʽʡʩʥʝʥʠʭ ʜʠʩʪʘʥʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʚʠʤʽʨʽʚ ʥʘ ʜʦʩʣʽʜʥʠʭ ʚʝʞʘʭ ʧʦʢʘʟʘʥʦ, ʱʦ ʯʠʤ ʚʠʱʝ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʜʽʡʩʥʝʥʽ 

ʚʠʤʽʨʠ, ʪʠʤ ʢʨʘʱʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ. ʊʘʢʦʞ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘ-

ʮʽʾ ʉʆ2 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʦʜʠʥʠ ʜʦʙʠ ʪʘ ʚʠʩʦʪʠ ʤʦʞʝ ʨʽʟʥʠʪʠʩʷ ʜʦ 72 ppm. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʥʘʟʝʤʥʽ ʩʪʘʥʮʽʾ ʚʠʤʽʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʽ ʣʠʰʝ 1 ʩʪʘʥʮʽʻʶ ʚ ʦʜʥʽʡ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʽʡ ʟʦʥʽ, ʱʦ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʠʪʫʘʮʽʾ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ. ʂʨʽʤ ʪʦʛʦ, ʘʥʘʣʽʟ ʚʠʤʽʨʽʚ ʥʘ ʩʪʘʥʮʽʷʭ ʧʨʦʝʢʪʽʚ ʧʦ ʚʠʚʯʝʥʥʶ 

ʧʦʪʦʢʽʚ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 CarboEurope-Iʈ ʚʢʘʟʫʻ ʥʘ ʟʥʘʯʥʠʡ ʚʽʜʩʦʪʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ  

(ʜʦ 28%). ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʚ ʘʪʤʦ-

ʩʬʝʨʽ ʯʘʩʪʢʦʚʦ ʻ ʚʠʨʽʰʝʥʥʷʤ, ʧʨʠ ʧʦʚʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʟʝʤʥʠʭ ʜʘʥʠʭ. 

ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʚʠʤʽʨʘʤʠ ʥʘ 

ʩʪʘʥʮʽʷʭ ʧʦʢʘʟʫʶʪʴ ʟʘʛʘʣʴʥʫ ʩʠʪʫʘʮʽʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʥʘ ʜʘʥʽʡ ʤʽʩʮʝʚʦʩʪʽ. 
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ɹʘʟʘ ʜʘʥʠʭ ʚʠʤʽʨʽʚ ʥʘ ʩʪʘʥʮʽʷʭ ʻ ʟʥʘʯʥʦ ʽʥʬʦʨʤʘʪʠʚʥʽʰʦʶ, ʘʣʝ ʜʣʷ ʢʨʘʾʥ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʥʘ 

ʩʚʦʾʡ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʟ ʪʨʠʚʘʣʠʭ ʚʠʤʽʨʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ, ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʽʚ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʙʫʜʫʪʴ ʥʝʟʘʤʽʥʥʠʤʠ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʥʠʟʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘ-

ʜʘʯ. ɸʣʝ ʧʨʠ ʾʭ ʧʨʦʚʝʜʝʥʥʽ ʥʝʦʙʭʽʜʥʦ ʟʚʘʞʘʪʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʽʚ ï 

ʪʦʯʥʠʡ ʯʘʩ ʚʠʤʽʨʫ, ʩʝʥʩʦʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. ʉʫʧʫʪʥʠ-

ʢʦʚʽ, ʥʘʟʝʤʥʽ ʪʘ ʧʦʚʽʪʨʷʥʽ ʚʠʤʽʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʽ ʻ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʠʤʠ ʟʘ 
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É ʄ.ɺ. ɺʘʢʦʣʶʢ 

ʀɿʄɽʈɽʅʀʗ ʂʆʅʎɽʅʊʈɸʎʀʀ ʉʆ2 ɺ ɸʊʄʆʉʌɽʈɽ ʉʇʋʊʅʀʂʆʄ GOSAT  

ʀ ʆʇʓʊʅʓʄʀ ɹɸʐʅʗʄʀ 

ɺ ʧʫʙʣʠʢʘʮʠʠ ʦʪʦʙʨʘʞʝʥʦ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ ʘʪʤʦ-

ʩʬʝʨʝ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʙʘʰʝʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ 

ʤʠʨʘ, ʠ ʠʟʤʝʨʝʥʠʡ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ ʩʧʫʪʥʠʢʦʤ GOSAT (Ibuki). ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʦʪʦʙʨʘʞʘʶʪ ʛʦʜʦʚʦʝ ʢʦʣʝʙʘʥʠʝ ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʝʝ ʨʦʩʪ ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʝʨʠʦʜʦʚ. ʂʘʢ ʧʨʠʤʝʨ ʨʘʩʩʤʦʪʨʝʥʦ ʠʟʤʝʨʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʶ 

ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʥʮʠʠ ʍʝʜʞʠʭʘʪʩʦʣ (ɺʝʥʛʨʠʷ). ʇʦʣʫʯʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠʟʤʝʨʝʥʠʡ 

ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʘ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ ʥʘ ʜʘʥʥʦʡ ʩʪʘʥʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʘ 

GOSAT (Ibuki) ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʰʥʠ ʜʣʷ ʧʝʨʠʦʜʘ ʩ ʷʥʚʘʨʷ ʧʦ ʩʝʥʪʷʙʨʴ 2009 ʛʦʜʘ.  

É M.V. Vakolyuk  

MEASURING THE CONCENTRATION OF CO 2 IN THE ATMOSPHERE  

SATELLITES GOSAT AND RESEARCH TOWERS 

The paper presents the analysis of atmospheric CO2 concentration measurements results ob-

tained from the research towers located in the different countries of the world and GOSAT (Ibuki) 

satellite. The measurement results indicate the annual fluctuation in the level of CO2 concentrations 

in the atmosphere and its increase during the research periods. As an example considered meas-

urements for territory of Hegyhatsal station (Hungary). The comparative evaluation of the meas-

urements made by greenhouse gas monitoring station and GOSAT (Ibuki) satellite for period of 

time from January to September 2009 was obtained. 

http://rp5.ru/%D0%9F%D0%BE%D0%B3%D0%BE%D0%B4%D0%B0_%D0%B2_%D0%9A%D1%91%D1%80%D0%BC%D0%B5%D0%BD%D0%B4%D0%B5
http://rp5.ru/%D0%9F%D0%BE%D0%B3%D0%BE%D0%B4%D0%B0_%D0%B2_%D0%9A%D1%91%D1%80%D0%BC%D0%B5%D0%BD%D0%B4%D0%B5
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É ɸ.ɯ. ɻʦʨʦʚʘ, ʜ-ʨ ʙʽʦʣ. ʥʘʫʢ; 

ʖ.ɺ. ɹʫʯʘʚʠʡ, ʘʩʠʩʪʝʥʪ; 

ɸ.ɺ. ʇʘʚʣʠʯʝʥʢʦ, ʢʘʥʜ. ʙʽʦʣ. ʥʘʫʢ; 

ɯ.ɻ. ʄʠʨʦʥʦʚʘ, ʘʩʠʩʪʝʥʪ  

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼɯɺ ʆʎɯʅʂʀ ʗʂʆʉʊɯ ɸʊʄʆʉʌɽʈʅʆɻʆ 

ʇʆɺɯʊʈʗ ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʈʆʉʃʀʅ-ɯʅɼʀʂɸʊʆʈɯɺ  

ʊɸ ɻɽʆɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 

ɼʦʩʣʽʜʞʝʥʦ ʩʪʘʥ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

çʉʪʝʨʠʣʴʥʽʩʪʴ ʧʠʣʢʫè ʨʦʩʣʠʥ-ʽʥʜʠʢʘʪʦʨʽʚ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ ʟʘ-

ʙʨʫʜʥʶʚʘʯʽʚ ʚʽʜ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʚʠʢʠʜʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʟʘ ʽʥʜʝʢʩʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʽʥʪʝ-

ʛʨʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʫʰʢʦʜʞʝʥʥʷ ʨʦʩʣʠʥ-ʽʥʜʠʢʘʪʦʨʽʚ ʪʘ ʢʦʤʧʣʝʢʩʥʠʤ ʽʥʜʝʢʩʦʤ ʟʘʙʨʫʜʥʝʥ-

ʥʷ ʘʪʤʦʩʬʝʨʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʩʪʝʨʠʣʴʥʽʩʪʴ ʧʠʣʢʫ ʨʦʩʣʠʥ, ʽʥʜʝʢʩʠ  

ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʽʥʪʝʨʧʦʣʷʮʽʷ ʨʘʩʪʨʽʚ.  

 

ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʩʪ ʻ ʦʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ 

ʩʴʦʛʦʜʝʥʥʷ. ʇʨʽʦʨʠʪʝʪʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ʘʪʤʦʩʬʝʨʠ ʫ ʤʽʩʪʘʭ ʻ ʦʢʠʩʣʠ ʘʟʦʪʫ, ʜʚʦʦʢʠʩ 

ʩʽʨʢʠ, ʦʢʠʩ ʚʫʛʣʝʮʶ, ʬʝʥʦʣʠ, ʬʦʨʤʘʣʴʜʝʛʽʜ ʪʦʱʦ. ʇʨʠʯʦʤʫ ʦʙʩʷʛʠ ʥʘʜʭʦʜʞʝʥʥʷ ʮʠʭ ʛʘʟʽʚ ʚʽʜ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʜʞʝʨʝʣ ʟʥʘʯʥʦ ʚʠʱʽ ʟʘ ʧʨʠʨʦʜʥʽ. 

ɼʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʝʨʠʪʦʨʽʡ ʤʽʩʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʩʝʨʝʜʥʝʥʽ ʟʘ 

ʧʝʚʥʠʡ ʧʝʨʽʦʜ (ʤʽʩʷʮʴ, ʨʽʢ) ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ, ʟʘ ʷʢʠʤʠ ʚʠ-

ʟʥʘʯʘʶʪʴʩʷ ʽʥʜʝʢʩʠ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ (ɯɿɸ). ʇʨʠ ʮʴʦʤʫ ʫʨʘʭʦʚʫʻʪʴʩʷ ʨʽʟʥʠʮʷ ʰʚʠʜʢʦ-

ʩʪʽ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʨʝʯʦʚʠʥʠ ʟ ʢʨʘʪʥʽʩʪʶ ʧʝʨʝʚʠʱʝʥʥʷ ʾʾ ɻɼʂ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʽʩʪʴ 

ʜʝʷʢʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʜʦ ʩʫʤʘʮʽʾ ʧʨʠ ʩʧʽʣʴʥʽʡ ʥʘʷʚʥʦʩʪʽ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ. ʊʘʢʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʝʣʴʤʠ ʟʘʪʨʘʪʥʠʤʠ ʽ ʩʴʦʛʦʜʥʽ ʚʦʥʠ ʧʨʦʚʦʜʷʪʴʩʷ ʣʠʰʝ ʫ ʚʝʣʠʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʤʽʩʪʘʭ, ʪʘ ʥʘʚʽʪʴ ʚ ʥʠʭ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʦʩʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʝ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʧʦʚʥʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʚʩʽʡ 

ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ. ʅʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴ-

ʥʠʡ ʘʥʘʣʽʟ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʠ ʟʘ ʮʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ ʦʮʽʥʢʠ ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʽʩʪ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʙʽʦʽʥʜʠʢʘʮʽʾ. ɼʦʚʛʦʪʨʠʚʘʣʘ ʜʽʷ ʥʝʟʥʘʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʙʨʫʜʥʶ-

ʚʘʯʽʚ ʧʦʚʽʪʨʷ ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʢʣʠʢʘʻ ʚʠʜʠʤʠʭ ʦʟʥʘʢ ʫʰʢʦʜʞʝʥʥʷ ʨʦʩʣʠʥ, ʦʜʥʘʢ ʥʝʛʘʪʠʚʥʽ  

ʟʤʽʥʠ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʥʘ ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ [1, 2]. ʊʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʢʩʠʢʦ-ʤʫʪʘʛʝʥʥʦʾ 
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ʘʢʪʠʚʥʦʩʪʽ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʠʪʦʛʝʥʝʪʠʯʥʠʡ ʙʽʦʪʝʩʪ ï çʉʪʝʨʠʣʴʥʽʩʪʴ ʧʠʣʢʫ ʨʦʩʣʠʥè. ɺ ʷʢʦʩʪʽ ʬʽʪʦʽʥʜʠ-

ʢʘʪʦʨʽʚ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʪʨʘʚʠ, ʜʝʨʝʚʘ ʪʘ ʯʘʛʘʨʥʠʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʟʝ-

ʣʝʥʝʥʥʽ ʤʽʩʪ. ɺʩʝ ʮʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʩʣʠʥʠ-ʽʥʜʠʢʘʪʦʨʠ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʘʪʤʦʩ-

ʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘʤ, ʜʝ ʥʝʤʦʞʣʠʚʽ ʘʙʦ ʥʝʜʦʮʽʣʴʥʽ ʜʦʚʛʦʪʨʠʚʘʣʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʽʚ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʪʦʱʦ. ʆʜʥʘʢ ʜʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʨʽʚʥʽʚ ʫʰʢʦʜʞʝʥʦʩʪʽ ʨʦʩʣʠʥ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʙʨʫ-

ʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʩʪ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʧʦʢʘʟʥʠʢʽʚ ʩʪʝʨʠʣʴʥʦʩʪʽ ʧʠʣʢʫ ʨʦʩʣʠʥ-ʽʥʜʠʢʘʪʦʨʽʚ, 

ʱʦ ʨʦʩʪʫʪʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ ʟʘ ʽʥʜʝʢʩʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. 

ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

ῐ ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʪʝʩʪʦʤ çʉʪʝʨʠʣʴʥʽʩʪʴ ʧʠʣʢʫ  

ʨʦʩʣʠʥè. 

ῐ ɺʠʟʥʘʯʝʥʦ ʽʥʜʝʢʩʠ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʤʽʩʪʘ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝ-

ʨʝʥʝʩʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʽʜ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʚʠʢʠʜʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʘʚʪʦ-

ʪʨʘʥʩʧʦʨʪʫ. 

ῐ ʆʪʨʠʤʘʥʦ ʧʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʟʘ ʟʥʘ-

ʯʝʥʥʷʤʠ ʨʽʚʥʽʚ ʩʪʝʨʠʣʴʥʦʩʪʽ ʧʠʣʢʫ ʨʦʩʣʠʥ.  

ῐ ɺʠʢʦʥʘʥʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʟʘ ʜʦʩʣʽʜʞʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʽʩʪʘ ʟʘ ʪʝʩʪʦʤ çʉʪʝʨʠʣʴʥʽʩʪʴ ʧʠʣʢʫ ʨʦʩʣʠʥè 

ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʙʫʪʦʥʠ 77 ʚʠʜʽʚ ʨʦʩʣʠʥ-ʽʥʜʠʢʘʪʦʨʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʪʫʧʝʥʝʤ ʯʫʪʣʠʚʦʩʪʽ 

ʜʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʬʘʢʪʦʨʽʚ. ɺʽʜʙʽʨ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ 187 ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʪʦʯʢʘʭ. ɺʠʟʥʘ-

ʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʝʨʠʣʴʥʠʭ ʢʣʽʪʠʥ ʪʘ ʦʮʽʥʢʘ ʪʦʢʩʠʯʥʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʽʥʪʝʛʨʘʣʴ-

ʥʠʤ ʫʤʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʫʰʢʦʜʞʝʥʥʷ (ɯʋʇʋ) ʚʠʢʦʥʫʚʘʣʠʩʴ ʟʘ ʤʝʪʦʜʠʢʦʶ [3]. ʂʘʨʪʦʛʨʘʬʫ-

ʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ESRI ArcGIS 

9.3 Desktop ʰʣʷʭʦʤ ʨʘʩʪʨʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʦʯʢʦʚʠʭ ʰʘʨʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ ʟʘ ʨʽʚʥʝʤ ʪʦʢʩʠʯʥʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. 
 

 
ʈʠʩ. 1 ï ʊʦʢʩʠʯʥʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʪʝʩʪʦʤ çʉʪʝʨʠʣʴʥʽʩʪʴ ʧʠʣʢʫ ʨʦʩʣʠʥè 
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ʆʩʥʦʚʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʻ 22 ʧʨʦʤʠʩʣʦ-

ʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟ 84 ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʥʘ ʜʦʣʶ ʷʢʠʭ ʧʨʠʧʘʜʘʻ ʧʦʥʘʜ 80% ʚʽʜ ʟʘ-

ʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʢʠʜʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʟʽʚ ʤʽʩʪʘ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʝʨʝʜʥʝʥʠʭ ʧʨʠʟʝʤʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʽʜ ʚʠʢʠʜʽʚ ʧʨʦ-

ʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʤʝʪʦʜʠʢʘ [4], ʙʘʟʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ɼʥʽʧʨʦ-

ʧʝʪʨʦʚʩʴʢʘ ʟʘ ʜʦʩʣʽʜʞʝʥʠʡ ʧʝʨʽʦʜ (WEB-ʩʘʡʪ http://rp5.ru); ʢʦʝʬʽʮʽʻʥʪʠ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʪʽʡʢʦ-

ʩʪʽ ʘʪʤʦʩʬʝʨʠ ʚʠʟʥʘʯʘʣʠʩʷ ʟʛʽʜʥʦ ʟ ʘʣʛʦʨʠʪʤʦʤ [5]. ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʞʝʨʝʣ ʚʠʢʠʜʽʚ 

ʫʪʦʯʥʶʚʘʣʠʩʷ ʟ ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʩʧʦʨʪʽʚ ʪʘ ʜʦʢʫʤʝʥʪʽʚ ʆɺʅʉ ʧʽʜʧʨʠʻʤʩʪʚ. ʈʦʟʨʘʭʫʥʦʢ ʦʩʝʨʝ-

ʜʥʝʥʠʭ ʧʨʠʟʝʤʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʠʢʦʥʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ MathCad 15, ʧʨʠ ʮʴʦʤʫ 

ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʬʦʨʤʫʚʘʣʘʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʢʦʥʮʝʥʪʨʘ-

ʮʽʡ (51ʭ31) ʟ ʧʦʜʘʣʴʰʠʤ ʝʢʩʧʦʨʪʦʤ ʚ ʝʣʝʢʪʨʦʥʥʽ ʪʘʙʣʠʮʽ ʪʘ ʽʥʪʝʛʨʘʮʽʻʶ ʚ ɻɯʉ, ʜʝ ʚʠʢʦʥʫʚʘ-

ʣʘʩʴ ʾʭ ʽʥʪʝʨʧʦʣʷʮʽʷ. ʈʝʟʫʣʴʪʘʪʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʂɯɿɸ 

ʚʽʜ ʚʠʢʠʜʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2. 

ʈʠʩ. 2 ï ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʂɯɿɸ ʚʽʜ ʚʠʢʠʜʽʚ ʧʽʜʧʨʠʻʤʩʪʚ  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2, ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʚʽʜ 2 ʜʦ 8,26. 

ɯʥʰʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʻ ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʚʧʣʠʚ ʷʢʦʛʦ ʥʘ ʟʝʣʝʥʽ ʥʘʩʘ-

ʜʞʝʥʥʷ ʤʽʩʪʘ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʛʨʘʥʪʫ çʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-ʦʙ̌ʨʫʥʪʦʚʘʥʠʭ 

ʧʨʠʥʮʠʧʽʚ ʦʟʝʣʝʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʽʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷè. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʥʘ 27 ʧʝʨʝʭʨʝʩʪʷʭ ʤʽʩʪʘ ʽʟ ʧʦʜʘʣʴʰʠʤ ʚʠ-

ʟʥʘʯʝʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʝʣʠʯʠʥ ʚʠʢʠʜʽʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʟʘ ʤʝʪʦʜʠʢʦʶ [6]. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʦʪʦʪʦʞʥʶʚʘʪʠ ʮʽ ʧʝʨʝʭʨʝʩʪʷ ʟ ʧʨʠʟʝʤʥʠʤʠ ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ 

ʪʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʥʠʭ ʥʘʚʝʜʝʥʠʡ ʚʠʱʝ ʧʽʜʭʽʜ ʽʟ ʚʠʟʥʘʯʝʥʥʷ ʦʩʝʨʝʜʥʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ.  

ʈʝʟʫʣʴʪʘʪʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʂɯɿɸ ʚʽʜ ʚʠʢʠʜʽʚ ʘʚʪʦ-

ʪʨʘʥʩʧʦʨʪʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3. ʗʢ ʙʘʯʠʤʦ, ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝ-

ʨʝʜʥʽʤ ʪʘ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʚʽʜ 0,01 ʜʦ 3,04. ʂʨʽʤ ʪʦʛʦ, ʟʦʥʘ ʚʧʣʠʚʫ ʧʝʨʝʭʨʝʩʪʴ 

ʥʘ ʩʪʘʥ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 50ï200 ʤ.  



 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ _̫_____________________________ 
 

56 

 

ʈʠʩ. 3 ï ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʂɯɿɸ ʚʽʜ ʚʠʢʠʜʽʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ 

ʂʦʤʧʣʝʢʩʥʘ ʢʘʨʪʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʂɯɿɸ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ ʟʚʘʞʝʥʦʾ ʩʫʤʠ ʽʥʜʝʢʩʽʚ ʮʠʭ ʨʘ-

ʩʪʨʦʚʠʭ ʰʘʨʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4. ʎʝʡ ʧʦʢʘ-

ʟʥʠʢ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʚʽʜ 2,1 ʜʦ 10,36. 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʥʘʚʽʪʴ ʟʘ ʚʽʟʫʘʣʴʥʠʤ ʧʦʨʽʚʥʷʥʥʷʤ ʨʠʩʫʥʢʠ 4 ʪʘ 1 ʻ ʜʝʱʦ ʩʭʦ-

ʞʠʤʠ, ʪʦʙʪʦ ʫ ʤʽʩʮʷʭ ʽʟ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʂɯɿɸ ʻ ʡ ʚʠʩʦʢʠʤʠ ɯʋʇʋ ʬʽʪʦʽʥʜʠʢʘʪʦʨʽʚ. ʊʦ-

ʤʫ ʜʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʚʠʣʫʯʝʥʥʷ ʟʥʘʯʝʥʴ ʙʫʣʠ ʧʽʜô̒ ʜʥʘʥʽ ʘʪʨʠʙʫʪʠ ʨʘʩʪʨʦʚʦʛʦ 

ʰʘʨʫ ʧʦʢʘʟʥʠʢʽʚ ʂɯɿɸ ʜʦ ʪʦʯʢʦʚʦʛʦ ʰʘʨʫ, ʱʦ ʤʽʩʪʠʪʴ ʜʘʥʽ ʙʽʦʪʝʩʪʫʚʘʥʥʷ, ʩʪʝʨʠʣʴʥʦʩʪʽ ʧʠʣ-

ʢʫ ʪʘ ɯʋʇʋ ʪʦʱʦ. 

ʈʠʩ. 4 ï ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʂɯɿɸ ʚʽʜ ʚʠʢʠʜʽʚ ʧʨʦʤʠʩʣʦʚʠʭ  

ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ 

ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʽ ʨʝʛʨʝʩʽʾ, ʷʢʽ ʜʦʟʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩ-

ʥʦʛʦ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʩʪʝʨʠʣʴʥʦʩʪʽ ʧʠʣʢʫ ʨʦʩʣʠʥ ʨʽʟʥʠʭ ʛʨʫʧ 

ʩʪʽʡʢʦʩʪʽ (ʨʠʩ. 5ï8). 
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ʈʠʩ. 5 ï ʨʦʩʣʠʥʠ ɯ ʛʨʫʧʠ ʩʪʽʡʢʦʩʪʽ       ʈʠʩ. 6 ï ʨʦʩʣʠʥʠ ɯɯ ʛʨʫʧʠ ʩʪʽʡʢʦʩʪʽ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7 ï ʨʦʩʣʠʥʠ ɯɯɯ ʛʨʫʧʠ ʩʪʽʡʢʦʩʪʽ       ʈʠʩ. 8 ï ʨʦʩʣʠʥʠ ɯV ʛʨʫʧʠ ʩʪʽʡʢʦʩʪʽ 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. ʉʪʝʨʠʣʴʥʽʩʪʴ ʧʠʣʢʫ 

ʨʦʩʣʠʥ ʚʽʜ ʚʧʣʠʚʫ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʦʪʦʪʦʞʥʶʻʪʴʩʷ ʟ ʚʝʣʠʯʠʥʦʶ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʤʘʻ ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʟʘ ʝʢʩʧʦ-

ʥʝʥʪʥʦʶ ʤʦʜʝʣʣʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʩʣʠʥ-ʽʥʜʠʢʘʪʦʨʽʚ ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʨʝʩ-ʦʮʽʥʢʫ 

ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʚʠʟʥʘʯʘʪʠ ʥʘ ʥʘʫʢʦʚʽʡ ʦʩʥʦʚʽ ʦʨʽʻʥʪʦʚʥʽ ʦʩʝʨʝʜʥʝʥʽ ʟʘ ʪʨʠʚʘ-

ʣʠʡ ʧʝʨʽʦʜ ʧʦʢʘʟʥʠʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʤʽʩʪʘʭ ʟ ʧʦʤʽʨʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘʡʙʽʣʴʰ  

ʪʽʩʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʩʪʝʨʠʣʴʥʽʩʪʶ ʧʠʣʢʫ ʨʦʩʣʠʥ ʪʘ ʢʦʤʧʣʝʢʩʥʠʤ ʽʥʜʝʢʩʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩ-

ʬʝʨʠ ʤʘʶʪʴ ʨʦʩʣʠʥʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ IV ʛʨʫʧʠ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʫʚʘʪʠ ʾʭ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʙʽʦʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʠ ʫ ʤʽʩʪʘʭ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʽʩʪ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʦʧʦʚ-

ʥʠʪʠ ʚʠʩʦʢʦʯʫʪʣʠʚʠʤʠ ʙʽʦʪʝʩʪʘʤʠ. 
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ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 16.01.14 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ 

É A.I . Gorova, Yu.V. Buchavy, A.V. Pavlichenko, I .G. Mironova  

IMPROVEMENT OF AIR QUALITY ASSESSMENT METHODS  

USING OF INDICATOR  PLANTS AND GIS 

The condition of atmosphere air in Dnepropetrovsk city is researched by ñpollen sterilityò 

method of plants-indicators. Processes of pollutants transferring from the main sources of industri-

al enterprises emission modeling and city territories map-making by air pollution indexes are con-

ducted. Dependence between an integration rate of plant damage indicators and complex index of 

the air pollution is determinates.  

É ɸ.ʀ. ɻʦʨʦʚʘ,̫ ʖ.ɺ. ɹʫʯʘʚʡr, ɸ.ɺ. ʇʘʚʣʠʯʝʥʢʦ, ʀ.ɻ. ʄʠʨʦʥʦʚʘ 

ʋʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʆʎɽʅʂʀ ʂɸʏɽʉʊɺɸ  

ɸʊʄʆʉʌɽʈʅʆɻʆ ɺʆɿɼʋʍɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʈɸʉʊɽʅʀʁ-ʀʅɼʀʂɸʊʆʈʆɺ  

ʀ ɻɽʆʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ 

ʀʩʩʣʝʜʦʚʘʥʦ ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

çʉʪʝʨʠʣʴʥʦʩʪʴ ʧʳʣʴʮʳè. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʪ 

ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʪʝʨʨʠ-

ʪʦʨʠʠ ʛʦʨʦʜʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʨʘʩʪʝʥʠʡ-ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʢʦʤʧʣʝʢʩʥʳʤ ʠʥʜʝʢ-

ʩʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. 
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ɭ.ʉ. ɸʥʧʽʣʦʚʘ
1
, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ; 

ɺ.ɯ.
 
ʂʣʠʤʝʥʢʦ

1
, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʚʯʝʥʠʡ ʩʝʢʨʝʪʘʨ, ʩʪʘʨʰ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ; 

ɼ.ʃ.
 
ʂʨʝʪʘ

2
, ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ; 

ʆ.ʄ.
 
ʊʨʦʬʠʤʯʫʢ

1
, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ 

 
1
ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ; 

2
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ çʍɸɯè, ʤ. ʍʘʨʢʽʚ 

 

ʇʈʆʉʊʆʈʆɺʀʁ ɸʅɸʃɯɿ ʈʆɿʇʆɺʉʖɼɾɽʅʅʗ ɿɸɹʈʋɼʅɽʅʔ  

ʇʆɺɽʈʍʅɽɺʀʍ ɺʆɼ ɯ ˆʈʋʅʊɯɺ ɿɸʉʆɹɸʄʀ ɼɿɿ ʊɸ ɻɯʉ 

 

ʋ ʮʽʡ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ 

ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʪʘ ˇʨʫʥʪʽʚ, ʟʦʢʨʝʤʘ ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʷ ʧʽʜʚʠʱʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫ-

ʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭʥʽʡ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ, ʙʫʜʫʚʘʪʠ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ 

ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʢʦʩʤʽʯʥʦʾ 

ʟʡʦʤʢʠ.  
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʷʢʽʩʪʴ ˇʨʫʥʪʽʚ, ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, 

ʦʮʽʥʢʘ ʷʢʦʩʪʽ ˇʨʫʥʪʽʚ, ʙʘʩʝʡʥ ʨʽʯʢʠ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥ-

ʥʷ ɿʝʤʣʽ, ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ. 

 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʩʢʣʘʜʦʚʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʜʴ-ʷʢʦʛʦ ʦʙôʻʢʪʘ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʫʧʝʥ ̫ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʮʴʦʛʦ ʦʙôʻʢʪʘ. ʆʧʝʨʘʪʠʚʥʘ ʪʘ ʪʦʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʷʢʦʩʪʽ ʚʦʜʥʠʭ 

ʦʙôʻʢʪʽʚ ʪʘ ˇʨʫʥʪʽʚ ʻ ʦʩʥʦʚʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʚʦʜʦʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘ-

ʯʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʽʥʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʦʨʛʘʥʽʚ ʪʘ ʥʘʩʝʣʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ. 

ʇʦʚʝʨʭʥʝʚʽ ʚʦʜʠ, ʷʢ ʽ ʟʝʤʝʣʴʥʽ ʛʦʩʧʦʜʘʨʩʪʚʘ ʻ ʩʪʨʘʪʝʛʽʯʥʠʤʠ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʧʨʠʨʦʜ-

ʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʋʢʨʘʾʥʠ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʙʽʣʴʰʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ 

ʟʝʤʝʣʴʥʠʭ ʫʛʽʜʴ ʋʢʨʘʾʥʠ ʻ ʾʭ ʢʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʘ ʛʘʣʫʟʴ ï ʛʽʜʨʦʝʥʝʨ-

ʛʝʪʠʢʘ, ʨʠʙʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʨʝʢʨʝʘʮʽʷ ʪʦʱʦ ʤʘʻ ʩʚʦʾ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʷʢ ʧʦ-

ʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʪʘʢ ʽ ˇʨʫʥʪʽʚ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʫʩʢʣʘʜʥʶʻ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʾʭ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫ ʷʢʦʩʪʽ, ʟ ʤʝʪʦʶ ʦʭʦʨʦʥʠ ʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢʘ ʙʫʣʘ,  

ʻ ʽ ʙʫʜʝ ʘʢʪʫʘʣʴʥʦʶ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʂʘʨʪʦʛʨʘʬʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ 

ʚʽʜʦʙʨʘʞʫʚʘʪʠ ʚʞʝ ʚʽʜʦʤʽ ʧʨʦʩʪʦʨʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʘʣʝ ʡ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ, ʚʠʷʚʣʷʪʠ ʪʘ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʷʢʽʩʪʶ ˇʨʫʥʪʽʚ ʪʘ ʚʦʜ, ʚʠʟʥʘʯʘʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʠʢʦʥʫʚʘʪʠ ʨʘʡʦʥʫʚʘʥʥʷ ʟʘ ʬʘʢʪʦʨʘʤʠ 

ʭʾ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʪʘ ʷʢʽʩʪʶ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ. 
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ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ɼɿɿ ʪʘ ɻɯʉ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʮʽʥʦʢ ʟʘʙʨʫʜʥʝ-

ʥʦʩʪʽ ʟʝʤʝʣʴ ʪʝʭʥʦʛʝʥʥʠʤ ʧʠʣʦʤ ʟ̔ ʟʦʩʝʨʝʜʞʝʥʠʭ ʜʞʝʨʝʣ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʪʘ ʷʢʦʩʪʽ ʧʦ-

ʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʘʩʝʡʥʫ ʨʽʯʢʠ. 

ʇʨʦʙʣʝʤʘʤʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʜʦʩ-

ʣʽʜʞʝʥʥʷʤ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘ-

ʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʟʘʡʤʘʶʪʴʩʷ ɺʘʨʣʘʤʦʚ ɭ.ʄ., ɺʦʣʦʰʢʽʥʘ ʆ.ʉ., ɻʦʪʠʥʷʥ ɺ.ʉ.,  

ɼʦʚʛʠʡ ʉ.ʆ., ʂʦʨʦʪʘʻʚ ɻ.ʂ., ʂʨʘʩʦʚʩʴʢʠʡ ɻ.ʗ., ʃʷʣʴʢʦ ɺ.ɯ., ʄʘʢʘʨʦʚʩʴʢʠʡ ɭ.ʃ., ʄʦʢʽʥ ɺ.ɹ., 

ʆʩʘʜʯʠʡ ɺ.ɯ., ʇʦʧʦʚ ʄ.ʆ., ʊʨʦʬʠʤʯʫʢ ʆ.ʄ., ʗʢʦʚʣʝʚ ɭ.ʆ. ʪʘ ʽʥʰʽ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʫʯʘʩʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʜʝʨʞʘʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʝʤʝ-

ʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʙʫʣʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʣʫʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ɿʝʤʣʽ ʟ ʢʦʩʤʦʩʫ. 

ɿʜʽʡʩʥʶʶʯʠ ʜʝʰʠʬʨʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥ-

ʥʷ ʟʝʤʝʣʴ, ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʟʥʘʢ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʘʨʽʘʮʽʷʤʠ ʘʣʴʙʝʜʦ ʩʥʽʛʦ-

ʚʦʛʦ ʧʦʢʨʠʚʫ. ɺ ʨʷʜʽ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʠʭ, ʜʦʤʽʥʫʶʯʠʤ ʻ ʚʤʽʩʪ ʘʢʫʤʫ-

ʣʴʦʚʘʥʦʛʦ ʩʥʽʛʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʠʣʫ, ʷʢʠʡ ʦʩʘʜʞʫʻʪʴʩʷ ʟ ʘʪʤʦʩʬʝʨʠ. ɼʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʘʨʝʘʣʽʚ, ʚ ʷʢʠʭ ʮʝʡ ʚʤʽʩʪ ʧʝʨʝʚʠʱʫʻ ʬʦʥʦʚʠʡ ʨʽʚʝʥʴ, ʟʘʣʫʯʘʣʠʩʴ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ 

ERDAS IMAGINE ʚʽʜ Leica Geosystems GIS & Mapping ʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʧʨʦʛʨʘʤʘ ɯMPROC. 

ɿʘʩʦʙʘʤʠ ERDAS IMAGINE ʚʠʢʦʥʫʚʘʣʠʩʴ ʦʢʨʝʤʽ ʝʪʘʧʠ ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤ-

ʢʽʚ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʣʠʩʴ ʤʝʞʽ ʢʣʘʩʪʝʨʽʚ çʣʽʩè ʽ çʟʘʙʫʜʦʚʘʥʘ ʪʝʨʠʪʦʨʽʷè ï ʦʙôʻʢʪʠ, ʱʦ ʤʘʩʢʫ-

ʶʪʴ ʤʝʞʽ ʟʦʥ ʟʘʙʨʫʜʥʝʥʥʷ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʆʢʦʥʪʫʨʶʚʘʥʥʷ ʦʩʪʘʥʥʽʭ ʚʠʢʦʥʫʚʘʣʦʩʴ ʘʣʛʦ-

ʨʠʪʤʦʤ ʧʨʦʛʨʘʤʠ ɯMPROC, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʚʘʚ ʨʝʘʣʽʟʘʮʽʶ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ: 

ï ʬʦʨʤʫʚʘʥʥʷ ʜʦʧʦʚʥʶʶʯʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʜʝʰʠʬʨʫʚʘʣʴʥʦʾ ʦʟʥʘʢʠ; 

ï ʧʦʙʫʜʦʚʠ ʜʚʦʚʠʤʽʨʥʦʾ ʛʽʩʪʦʛʨʘʤʠ ʫ ʧʨʦʩʪʦʨʽ çʷʩʢʨʘʚʽʩʪʴ-ʩʪʨʫʢʪʫʨʥʘ ʦʟʥʘʢʘè; 

ï ʧʦʙʫʜʦʚʠ ʨʦʟʧʽʟʥʘʶʯʦʛʦ ʧʨʘʚʠʣʘ. 

ɼʦʧʦʚʥʶʶʯʦʶ ʩʪʨʫʢʪʫʨʥʦʶ ʜʝʰʠʬʨʫʚʘʣʴʥʦʶ ʦʟʥʘʢʦʶ ʙʫʣʘ ʦʙʨʘʥʘ ʚʝʣʠʯʠʥʘ ʤʦʜʫʣʷ 

ʛʨʘʜʽʻʥʪʘ ʷʩʢʨʘʚʦʩʪʽ ï G, ʷʢʘ ʚʠʟʥʘʯʘʣʘʩʷ ʰʣʷʭʦʤ ʧʨʦʩʪʦʨʦʚʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʪʦʙʪʦ 

ʦʙʯʠʩʣʝʥʥʷʤ ʧʦʭʽʜʥʠʭ x
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ɹʫʣʦ ʟʨʦʙʣʝʥʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʜʣʷ ʣʽʩʫ ʚʝʣʠʯʠʥʘ G ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʠʞʯʝ, ʥʽʞ ʜʣʷ  

ʟʘʙʨʫʜʥʝʥʦʛʦ ʩʥʽʛʫ, ʪʘʢ ʷʢ ʫ ʤʝʞʘʭ ʣʽʩʥʠʭ ʤʘʩʠʚʽʚ ʷʩʢʨʘʚʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʣʠʰʝ 

ʚʥʘʩʣʽʜʦʢ ʬʣʫʢʪʫʘʮʽʡ, ʘ ʚ ʤʝʞʘʭ ʜʽʣʷʥʦʢ ʟʘʙʨʫʜʥʝʥʦʛʦ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ ʧʦʚʠʥʥʦ  
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ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʙʽʣʴʰʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʟʘ ʩʪʫʧʝʥʝʤ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦ 

ʧʝʨʠʬʝʨʽʾ ʟʘʙʨʫʜʥʝʥʥʷ.  

ʇʦʙʫʜʦʚʘ ʜʚʦʚʠʤʽʨʥʦʾ ʛʽʩʪʦʛʨʘʤʠ ï ʥʝʦʙʦʚôʷʟʢʦʚʠʡ ʝʪʘʧ. ʆʜʥʘʢ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʜʦʟʚʦ-

ʣʷʻ ʥʘʛʣʷʜʥʦ ʦʮʽʥʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʚʜʘʣʦ ʚʠʙʨʘʥʘ ʜʦʧʦʚʥʶʶʯʘ ʜʝʰʠʬʨʫʚʘʣʴʥʘ ʦʟʥʘʢʘ ʪʘ ʩʬʦʨ-

ʤʫʣʶʚʘʪʠ ʨʦʟʧʽʟʥʘʶʯʝ ʧʨʘʚʠʣʦ ʘʙʦ ʟʘʜʘʪʠ ʧʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʧʠʩʘʥʽ ʚʠʱʝ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʽ ʧʨʦʛʨʘʤʥʦ-ʘʣʛʦʨʠʪʤʽʯʥʽ ʟʘʩʦʙʠ, 

ʚ ʜʝʷʢʠʭ ʨʘʡʦʥʘʭ ʪʝʨʠʪʦʨʽʾ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʙʫʣʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʪʦʧʦʛʨʘʬʽʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʜʽʣʷʥʦʢ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟ ʘʥʦʤʘʣʴʥʠʤʠ ʨʽʚʥʷʤʠ ʘʣʴʙʝʜʦ. ʂʦʞʝʥ ʟʥʽʤʦʢ ʟʘʩʦʙʘʤʠ ɻɯʉ ʧʨʦ-

ʝʢʪʫʚʘʚʩʷ ʟ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʤʘʩʰʪʘʙʽʚ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʜʽʣʷʥʢʫ ʝʣʝʢʪʨʦʥʥʦʾ ʢʘʨʪʠ ʋʢʨʘʾʥʠ, ʱʦ 

ʜʘʚʘʣʦ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ ʨʝʘʣʴʥʽ ʢʦʥʪʫʨʠ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʽ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ ʷʢ ʯʠʥ-

ʥʠʢʽʚ, ʱʦ ʤʘʩʢʫʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ʩʥʽʛʫ ʪʝʭʥʦʛʝʥʥʠʤ ʧʠʣʦʤ, ʘ ʪʘʢʦʞ ʛʝʦʛʨʘʬʽʯʥʽ ʘʙʦ ʧʨʷʤʦ-

ʢʫʪʥʽ ʢʦʦʨʜʠʥʘʪʠ ʢʦʥʪʫʨʽʚ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʘʨʝʘʣʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʚ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʚʽʜ ʩʪʘʮʽʦʥʘʨʥʠʭ ʜʞʝ-

ʨʝʣ ʧʽʜʧʨʠʻʤʩʪʚ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʚʥʦʩʠʪʴ ʊʨʠʧʽʣʴʩʴʢʘ ʊɽʉ, ʚʠʢʠʜʠ ʷʢʦʾ ʚ 2004 ʨ. ʩʢʣʘʣʠ 

59,327 ʪʠʩ. ʪʦʥʥ, ʘʙʦ 75,2% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʢʠʜʽʚ ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʚʦʥʘ 

ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʪʝʩʪïʦʙôʻʢʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ʫ ʟʘʚʜʘʥʥʷʭ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʩʪʘʮʽʦʥʘʨʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚʠʢʠʜʽʚ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʟʝʤʥʦʛʦ ʰʘʨʫ ʘʪʤʦʩʬʝʨʠ ʪʝʭʥʦʛʝʥʥʠʤ 

ʧʠʣʦʤ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ ʟʘʣʫʯʘʣʠʩʴ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ASTER, SPOT, LANDSAT ʮʝʥʪʨʘʣʴʥʠʭ 

ʨʘʡʦʥʽʚ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟʘ 2002ï2005 ʨʦʢʠ, ʘ ʪʘʢʦʞ MODIS ʪʘ NOAA, ʦʪʨʠʤʘʥʽ ʚ ʨʝʘʣʴʥʦ-

ʤʫ ʚʠʤiʨi ʯʘʩʫ ʚ ʪʝʨʤʽʥʠ ʩʽʯʝʥʴ ï ʢʚʽʪʝʥʴ 2005 ʨʦʢʫ.  

ɺʩʽ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʟʦʥ ʚʧʣʠʚʫ 

ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ, ʪʨʘʥʩʬʦʨʤʫʚʘʣʠʩʷ ʚ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʧʨʦʝʢʮʽʶ ʝʣʝʢʪ-

ʨʦʥʥʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʄ 1:200 000, ʷʢʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʘʩʦʙʘʤʠ ʛʝʦ-

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ARG/VIEW. ʆʩʢʽʣʴʢʠ ʟʘʣʫʯʝʥʽ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʚʠʧʘʜʢʦʚʽʡ ʚʠʙʨ̔ʮʽ ʥʘʧʨʷʤʽʚ ʪʘ ʰʚʠʜʢʦʩʪʝʡ ʚʽʪʨʫ, ʟʘ ʥʠʤʠ ʚʠʟʥʘʯʘʣʘʩʷ ʩʝʨʝʜʥʷ ʚʽʜʜʘʣʝʥʽʩʪʴ 

ʚʽʜ ʜʞʝʨʝʣʘ ʚʠʢʠʜʽʚ ʤʝʞ, ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʠʣʫ ʧʨʠʙʣʠʟʥʦ ʟʨʽʚʥʶʻʪʴʩʷ ʟ ʬʦ-

ʥʦʤ. ɼʣʷ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ, ʩʢʣʘʜʫ ʪʘ ʦʙôʻʤʽʚ ʾʾ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʮʝ ʚʽʜʜʘʣʝʥʥʷ ʚ ʩʝʨʝʜ-

ʥʴʦʤʫ ʩʢʣʘʜʘʻ 20 ʢʤ. ɺ ʧʨʠʧʫʱʝʥʥʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʘ ʥʘʧʨʷʤʢʘʤʠ ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʢʠʜʽʚ ʚ ʘʪ-

ʤʦʩʬʝʨʽ ʧʣʦʱʘ ʟʘʙʨʫʜʥʝʥʥʷ ʟʝʤʝʣʴ ʪʝʭʥʦʛʝʥʥʠʤ ʧʠʣʦʤ ʩʷʛʘʣʘ ʙ ʙʣʠʟʴʢʦ 1260 ʢʤ
2
. ɺʠʭʦʜʷʯʠ 

ʟ ʦʮʽʥʢʠ ʚʘʣʦʚʠʭ ʚʠʢʠʜʽʚ ʧʠʣʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʨʽʢ ʧʦʨʷʜʢʫ 40 000 ʪ, ʦʪʨʠʤʘʻʤʦ, ʱʦ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʘ 1 ʢʤ
2
 ʟʝʤʝʣʴ ʪʽʣʴʢʠ ʟ ʚʠʢʠʜʽʚ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ ʦʩʽʜʘʣʦ ʙ ʙʣʠʟʴʢʦ 32 ʪʦʥʥ ʪʝʭʥʦ-

ʛʝʥʥʦʛʦ ʧʠʣʫ. ɺʽʜʦʤʦ, ʱʦ ʚʠʢʠʜʠ ʩʪʘʥʮʽʾ ʟʘ ʥʘʧʨʷʤʢʘʤʠ ʨʦʟʩʽʶʶʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ. ʊʘʢ, ʧʨʠ 

ʬʽʢʩʦʚʘʥʦʤʫ ʥʘʧʨʷʤʽ ʚʽʪʨʫ, ʷʢ ʩʚʽʜʯʘʪʴ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪ-

ʥʦʩʪʽ, ʪʝʭʥʦʛʝʥʥʠʡ ʧʠʣ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ ʟʘʟʚʠʯʘʡ ʦʩʽʜʘʻ ʚ ʩʝʢʪʦʨʽ, ʷʢʠʡ ʩʢʣʘʜʘʻ 1/8 ʢʦʣʘ, 

ʪʦʙʪʦ ʥʘ ʧʣʦʱʫ ʧʨʠʙʣʠʟʥʦ 157 ʢʤ
2
. ɺʠʭʦʜʷʯʠ ʟ ʜʦʙʦʚʦʾ ʥʦʨʤʠ ʚʠʢʠʜʽʚ ʧʠʣʫ ʚ 2004 ʨʦʮ ̔ï 

ʙʣʠʟʴʢʦ 110 ʪ, ʘ ʪʘʢʦʞ ʢʽʣʴʢʦʩʪʽ ʜʽʙ ʚ ʢʘʣʝʥʜʘʨʥʦʤʫ ʨʦʮʽ ʟ ʧʝʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʝʨʝʥʦʩʫ ʚʠ-

ʢʠʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʫ ʧʽʚʥʽʯʥʦʤʫ ï 64 ʜʦʙʠ, ʦʪʨʠʤʘʻʤʦ, ʱʦ ʨʽʯʥʘ ʥʦʨʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʠʜʘ-

ʤʠ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ 1 ʢʤ
2
 ʟʝʤʝʣʴ ʚ ʩʝʢʪʦʨʽ 67.5

0
ï112.5

0
 ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 45 ʪʦʥʥ [2].  
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ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ, ʘ ʪʘʢʦʞ ʫʨʘʭʦʚʫʶʯʠ ʧʘʨʘʤʝʪʨʠ 

ʜʠʤʦʚʠʭ ʰʣʝʡʬʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʜʝʰʠʬʨʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʥʘʙʦʨʫ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʥʝʩʢʣʘʜʥʦ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʟʥʽ ʦʮʽʥʢʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʝʤʝʣʴ ʪʝʭʥʦʛʝʥʥʠʤ ʧʠʣʦʤ ʫ ʜʦʚʽʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ʥʘʚʢʨʫʛʠ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ.  

ʈʝʟʫʣʴʪʘʪʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʘʨʝʘʣʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʩʥʽʛʫ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʠʤʦʚʠʭ ʰʣʝʡ-

ʬʽʚ ʥʘ ʚʠʧʘʜʢʦʚʠʭ ʥʘʙʦʨʘʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʜʘʶʪʴ ʧʽʜʩʪʘʚʠ ʦʯʽʢʫʚʘʪʠ ʩʝʟʦʥʥʽ ʘʨʝʘʣʠ ʟʘ-

ʙʨʫʜʥʝʥʥʷ ʟʝʤʝʣʴ ʧʠʣʦʤ ʟ ʚʠʢʠʜʽʚ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ. ɸʨʝʘʣ ʟ ʧʦʟʥʘʯʢʦʶ ɯ ʬʦʨʤʫʻʪʴʩʷ ʟ ʚʝ-

ʨʝʩʥʷ ʧʦ ʪʨʘʚʝʥʴ, ʘ ʟ ʧʦʟʥʘʯʢʦʶ ɯɯ ï ʚʧʨʦʜʦʚʞ ʦʩʝʥʽ, ʟʠʤʠ ʪʘ ʚʝʩʥʠ (ʨʠʩ. 1). ʅʘʷʚʥʽʩʪʴ 

ñʦʩʪʨʽʚʮʷ ʯʠʩʪʦʾ ʪʝʨʠʪʦʨʽʾò ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʩʘʤʦʾ ʊɽʉ ʦʙʫʤʦʚʣʝʥʘ ʟʘʢʦʥʦʤʽʨ-

ʥʦʩʪʷʤʠ ʦʩʘʜʞʝʥʥʷ ʚ ʘʪʤʦʩʬʝʨʽ ʟ ʚʠʩʦʪʠ 180 ʤ ʪʚʝʨʜʠʭ ʯʘʩʪʦʯʦʢ. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʩʪʘʥʜʘʨʪ-

ʥʠʤʠ ʟʘʩʦʙʘʤʠ ɻɯʉ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ Arʩ/View, ʥʝʩʢʣʘʜʥʦ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʚʣʽʪʢʫ ʚʠʢʠʜʠ 

ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ ʩʧʨʠʷʶʪʴ ʟʘʙʨʫʜʥʝʥʥʶ ʧʨʠʙʣʠʟʥʦ 500 ʢʤ
2 
ʪʝʨʠʪʦʨʽʾ ʂʠʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ,  

ʘ ʚ ʨʝʰʪʫ ʩʝʟʦʥʽʚ ï 600 ʢʤ
2
 [3]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʧʘʨʘʤʝʪʨʫ ʚʽʪʨʽʚ, ʩʢʣʘʜ ʪʘ ʦʙʩʷʛʠ ʚʠʢʠʜʽʚ ʊɽʉ, ʦʪ-

ʨʠʤʘʣʠ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʝʭʥʦʛʝʥʥʠʤ ʧʠʣʦʤ ʟʝʤʝʣʴ 

ʥʘʚʢʨʫʛʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʦʙôʻʢʪʽʚ.  

 

 

ʈʠʩ. 1 ï ʉʝʟʦʥʥʽ ʘʨʝʘʣʠ ʟʘʙʨʫʜʥʝʥʥʷ ʟʝʤʝʣʴ ʪʝʭʥʦʛʝʥʥʠʤ ʧʠʣʦʤ ʟ ʚʠʢʠʜʽʚ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ 
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ɼʣʷ ʜʦʧʦʚʥʝʥʥʷ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦ ʨʦʟ-

ʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʽ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴʩʷ ʚʠʢʠʜʠ ʧʽʜ-

ʧʨʠʻʤʩʪʚ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ɻʦʣʦʚʥʦʶ ʛʝʦʬʽʟʠʯʥʦʶ ʦʙʩʝʨʚʘʪʦʨʽʻʶ ʽʤ. ɸ.ɯ. ɺʦʡ̒ʢʦʚʘ [4]. 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʱʝʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ ʨʝ-

ʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʙ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʊʨʠʧʽʣʴʩʴʢʦʾ 

ʊɽʉ. ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ 2004 ʨʦʮʽ ʥʘ ʚʤʽʩʪ ʧʠʣʫ, ʩʽʨʯʠʩʪʦʛʦ ʘʥʛʽʜʨʠʜʫ, 

ʜʚʦʦʢʠʩʫ ʘʟʦʪʫ ʪʘ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ [5]. ʇʨʦʙʠ ʚʽʜʙʠʨʘʣʠʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 600 ʤ, 3600 ʤ ʪʘ 7200 ʤ 

ʟʘ ʨʽʟʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʚʽʜ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ.  

ʇʦʻʜʥʫʶʯʠ ʪʨʠ ʰʘʨʠ ʜʘʥʠʭ: ʚʽʜʩʪʘʥ ̔ʬʦʨʤʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʨʠʟʝʤʥʠʭ ʢʦʥʮʝʥ-

ʪʨʘʮʽʡ ʜʣʷ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ, ʦʪʨʠʤʘʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʨʦʟʨʦʙʣʝʥʦʶ ɻɻʆ ʽʤ. ɺʦʻʡʢʦʚʘ; ʨʝʟʫʣʴʪʘʪʠ ʣʘ-

ʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʙ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʊʨʠʧʽʣʴʩʴʢʦʾ ʊɽʉ ʪʘ ʘʨʝʘʣ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟʝʤʝʣʴ ʪʝʭʥʦʛʝʥʥʠʤ ʧʠʣʦʤ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʦʟʨʦʙʣʝʥʦʾ ʢʘʨʪʦ-

ʛʨʘʬʽʯʥʦʾ ʤʦʜʝʣʽ, ʦʪʨʠʤʘʣʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʢʘʨʪʦʛʨʘʬʽʯʥʦʶ ʤʦʜʝʣʣʶ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʟʘ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ˇʨʫʥʪʘʤʠ, ʘ ʪʘʢʦʞ ʜʦʧʦʚ-

ʥʶʶʪʴ ʾʭ ʤʦʞʣʠʚʽʩʪʶ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʧʦʚʥʠʭ ʨʦʟʰʠʨʝʥʠʭ ʜʘʥʠʭ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʥʰʠʭ 

ʟʘʪʨʘʪ (ʨʠʩ. 2). 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʙʣʝʤʠ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. 

ɺ ʋʢʨʘʾʥʽ ʥʠʟʢʘ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʜʝʨʞʘʚʠ ʱʦʜʦ ʟʙʝʨʝʞʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʦʙʫ-

ʤʦʚʣʝʥʘ ʂʦʥʮʝʧʮʽʻʶ ʨʦʟʚʠʪʢʫ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ [5].  

ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ [6ï10], ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʘʣʘ ʪʝʥʜʝʥʮʽʷ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʘʩʝʡʥʽʚ ʨʽʯʦʢ ʋʢʨʘʾʥʠ. ɼʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ ʱʦʜʦ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʨʷʜʫ ʽʥʰʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ [11], ʨʝʛʫʣʶʶʯʠʭ ʩʫʯʘʩʥʽ ʚʦʜʥʽ ʚʽʜ-

ʥʦʩʠʥʠ ʚ ʋʢʨʘʾʥʽ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʦʩʪʦʚʽʨʥʽ, ʪʦʯʥʽ ʽ ʩʚʦʻʯʘʩʥʽ ʜʘʥʽ ʧʨʦ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜ. 

ʅʠʞʯʝ ʨʦʟʛʣʷʥʝʤʦ ʥʦʚʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩ-

ʥʫʶʯʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʜʦʩʢʦ-

ʥʘʣʝʥʠʤ ʤʝʪʦʜʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʨʦ ʷʢʽʩʪʴ ʟʘ ʢʣʘʩʘʤʠ ʪʘ ʢʘʪʝʛʦʨʽʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘ-

ʱʠʪʠ ʚʝʜʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. ɺʠʷʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ 

ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʘʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ, ʟʦʢʨʝʤʘ ʚʠʟʥʘʯʝʥʦ ʤʽʩʮʷ ʧʽʜʚʠʱʝʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʙʘʩʝʡʥʫ ʨʽʯʢʠ. 

ʂʘʨʪʦʛʨʘʬʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʜʽʡʩʥʝʥʝ ʥʘ ʦʩʥʦʚʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, 

ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʚʽʜʦʙʨʘʞʘʪʠ ʚʞʝ ʚʽʜʦʤʽ ʧʨʦʩʪʦʨʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʘʣʝ ʡ ʧʨʦʚʦʜʠʪʠ  

ʘʥʘʣʽʟ, ʚʠʷʚʣʷʪʠ ʪʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʷʢʽʩʪʶ ʚʦʜʠ, 

ʚʠʟʥʘʯʘʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʠʢʦʥʫʚʘʪʠ ʨʘʡʦʥʫʚʘʥʥʷ ʟʘ 

ʬʘʢʪʦʨʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʷʢʽʩʪʶ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʟʦʢʨʝʤʘ ʧʨʠ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʦʙʩʷʟʽ ʛʽʜʨʦ-

ʭʽʤʽʯʥʠʭ ʜʘʥʠʭ [12]. 
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ʈʠʩ. 2 ï ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ  

ɸʥʘʣʽʟ ʚʠʚʯʝʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ ʪʘ ʾʾ ʦʩʥʦʚʥʠʭ ʧʨʠʪʦʢ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʛʝʥʥʦ-ʥʘʚʘʥʪʘʞʝʥʠʭ ʨʝʛʽʦʥʽʚ ʩʚʽʜ-

ʯʠʪʴ ʧʨʦ ʩʪʽʡʢʽ ʥʝʟʚʦʨʦʪʥʽ ʟʤʽʥʠ ʚ ʷʢʽʩʥʦʤʫ ʪʘ ʢʽʣʴʢʽʩʥʦʤʫ ʩʢʣʘʜʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʾʾ ʙʘʩʝʡʥʫ 

[6ï10]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʤʠ ʩʪʚʦʨʝʥʦ ʙʘʟʫ ʜʘʥʠʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝ-

ʩʫʨʩʘʤʠ ʙʘʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ. ʊʘʢʦʞ ʧʦʙʫʜʦʚʘʥʽ ʢʘʨʪʠ ʟ ʣʦʢʘʣʽʟʘʮʽʻʶ ʧʦʩʪʽʚ ɼʝʨ-

ʞʘʚʥʦʾ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ ʪʘ ʣʦʢʘʣʽʟʘʮʽʻʶ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʟʚʽʪʫʶʪʴʩʷ ʟʘ 

ʬʦʨʤʦʶ ˉ 2ïʊʇ (ʚʦʜʛʦʩʧ) ʚʦʜʦʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʤʝʞʘʭ ʙʘʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʦʛʦ ɼʽʥʮʷ. 

ʆʢʨʽʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʫ ʙʘʩʝʡʥʽ ʨ. ʉʽʚʝʨʩʴʢʠʡ 

ɼʦʥʝʮʴ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ ʢʦʩʤʽʯʥʦʾ ʟʡʦʤʢʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ: 
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TERRA/MODIS, NOAA, QuckBird, LANDSAT, SPOT, ICONOS, ʬʦʥʜʽʚ ɼʝʨʞʘʚʥʦʛʦ ʥʘʫʢʦʚʦ-

ʚʠʨʦʙʥʠʯʦʛʦ ʮʝʥʪʨʫ Ăʇʨʠʨʦʜʘò (ʤ. ʍʘʨʢʽʚ), ʛʣʦʙʘʣʴʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʝʰʠʬʨʫʚʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʽʥʪʝʛʨʦʚʘʥʽ ʫ ʙʘʟʫ ʛʝʦʜʘʥʠʭ ʬʘʢʪʦʨʽʚ 

ʚʧʣʠʚʫ ʥʘ ʢʣʘʩ ʷʢʦʩʪʽ ʚʦʜʠ ʙʘʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ, ʱʦ ʙʫʣʘ ʧʽʜʢʣʶʯʝʥʘ ʫ ɻɯʉ, ʪʘ ʧʨʦ-

ʚʝʜʝʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ʟʘ ʙʘʟʘʤʠ ʢʣʘʩʽʚ ʷʢʦʩʪʽ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʥʘʷʚʥʠʭ ʛʝʦʜʘʥʠʭ ʧʦʙʫʜʦʚʘʥʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʟʘʙʨʫʜʥʝʥʴ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʘʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ. 

ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʟʜʽʡʩʥʶʪ̒ʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʄʝʪʦʜʠʢʠ ʧʦ ʨʦʟʨʘʭʫʥʢʫ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʙʘʩʝʡʥʽʚ ʤʘʣʠʭ ʨʽʯʦʢ ʋʢʨʘʾ-

ʥʠ, ʨʦʟʨʦʙʣʝʥʫ ʢʦʣʝʢʪʠʚʦʤ ʋʢʨʘʾʥʩʴʢʦʛʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʦ-

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ (ʤ. ʂʠʾʚ) [13] ʪʘ ʟʘʪʚʝʨʜʞʝʥʫ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ.  

ɺʨʘʭʦʚʫʶʯʠ ʧʝʨʝʚʘʛʠ ʮʽʻʾ ʤʝʪʦʜʠʢʠ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʪʘ ʧʦʪʫʞʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ɻɯʉ ʪʝʭʥʦʣʦʛʽʡ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʫ ʷʢʦʩʪʽ ʚʦʜʠ. 

ɼʣʷ ʜʦʧʦʚʥʝʥʥʷ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʙʘʩʝʡʥʽʚ ʤʘʣʠʭ ʨʽʯʦʢ ʋʢʨʘʾʥʠ ʫ ʩʝʨʝʜʦʚʠʱʽ  

ɻɯʉ-ʧʘʢʝʪʫ ArcGIS. 

ʄʝʪʦʜʠʢʘ ʟʘʧʨʦʛʨʘʤʦʚʘʥʘ ʥʘ ʙʘʟʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʤʦʚʠ Python, ʱʦ ʚʙʫʜʦʚʘʥʘ ʚ ʦʩʥʦʚʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ArcGIS ʪʘ ʤʘʻ ʟʤʦʛʫ ʽʥʪʝʛʨʫʚʘʪʠ ʫ ʩʚʦʻ ʩʝʨʝʜʦʚʠʱʝ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ 

ʧʨʦʪʦʢʦʣʠ ʟʦʚʥʽʰʥʽʭ ʙʽʙʣʽʦʪʝʢ ʩʫʯʘʩʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  

ʗʢ ʨʝʟʫʣʴʪʘʪ ï ʦʪʨʠʤʘʥʦ ʢʣʘʩʠ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʢʦʞʥʦʤʫ ʟ ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʨʠʩ. 3).  

 

 

ʈʠʩ. 3 ï ɽʢʦʣʦʛʽʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ  

ʧʦ ʧʫʥʢʪʘʭ ɼʝʨʞʛ̔ʜʨʦʤʝʪʫ 
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ʆʮʽʥʠʪʠ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʢʣʘʩʘʤʠ ʪʘ ʢʘʪʝʛʦʨʽʷʤʠ ʷʢʦʩʪʽ ʤʦʞʣʠʚʦ 

ʪʽʣʴʢʠ ʚ ʤʽʩʮʷʭ ʚʽʜʙʦʨʫ ʧʨʦʙ. ɺ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷ ʪʘ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚʽʜʙʦʨʫ ʧʨʦʙ ʩʢʣʘʜʥʦ ʦʮʽʥʠʪʠ ʪʘ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ, ʪʦʤʫ ʙʘʞʘʥʦ 

ʟʥʘʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʙʫʜʴ ʷʢʽʡ ʪʦʯʮʽ ʙʘʩʝʡʥʫ ʨʽʯʢʠ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʧʨʦʩʪʦʨʦ-

ʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʚʠʢʦʨʠʩʪʘʥʽ ʛʝʦʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ 

ʩʢʣʘʜʫ ʜʦʜʘʪʢʦʚʦʛʦ ʤʦʜʫʣʷ ArcGIS Geostatistical Analyst [14]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʘʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦ-

ʥʝʮʴ ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʩʽʭ ʛʝʦʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ: ʦʨʜʠʥʘʨʥʠʡ, ʧʨʦʩʪʠʡ; ʫʥʽ-

ʚʝʨʩʘʣʴʥʠʡ; ʚʽʨʦʛʽʜʥʽʩʥʠʡ; ʜʠʟôʶʥʢʪʠʚʥʠʡ ʪʘ ʽʥʜʠʢʘʪʦʨʥʠʡ ʢʨʠʛʽʥʛʠ.  

ʄʝʪʦʜ ʧʨʦʩʪʦʛʦ ʢʨʠʛʽʥʛʫ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʽʥʪʝʨʧʦʣʷʮʽʾ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʘ-

ʩʝʡʥʫ. ʄʝʪʦʜ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʢʨʠʛʽʥʛʫ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʧʦʚʝʨʭʥʽ ʚʽʨʦʛʽʜʥʦʩʪʽ ʟʤʽʥʠ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʘʩʝʡʥʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʘʟʠ ʛʝʦʜʘʥʠʭ ʧʦʩʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɼʝʨʞʛʽʜʨʦʤʝʪʫ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʱʦ ʟʚʽʪʫʶʪʴʩʷ ʟʘ ʜʝʨʞʘʚʥʦʶ ʩʪʘʪʠʩʪʠʯʥʦʶ ʬʦʨʤʦʶ 2-ʊʇ ʚʦʜʛʦʩʧ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ 

Geostatistical Analyst, ʧʨʦʚʝʜʝʥʦ ʛʝʦʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʦʪʨʠʤʘʥʘ ʽʥʪʝʨ-

ʧʦʣʷʮʽʡʥʘ ʧʦʚʝʨʭʥʷ ʟʥʘʯʝʥʴ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʘʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦ-

ʥʝʮʴ (ʨʠc. 4). 

 

 

ʈʠʩ. 4 ï ʂʘʨʪʘ ʽʥʪʝʨʧʦʣʴʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʙʘʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ 

ɿʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ, ʨʦʟʨʘʭʦʚʘʥʝ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʛʽʜʥʦ ʟ̔ ʟʘʪʚʝʨʜʞʝʥʦʶ ʤʝ-

ʪʦʜʠʢʦʶ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʩʪʚʦʨʘʭ, ʪʘ ʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʮʠʭ ʞʝ ʧʫʥʢʪʘʭ, ʘʣʝ ʦʪʨʠʤʘʥʝ  

ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ Geostatistical Analyst ʧʨʦʛʨʘʤʠ ArcGis, ʚʽʜʭʠ-

ʣʷʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 5ï7%. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʪʚʝʨʜʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʦʙʫʜʦʚʘʥʦʾ ʽʥʪʝʨʧʦʣʴʦ-

ʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʘʩʝʡʥʫ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ ʫ ʧʦʚ-

ʥʦʤʫ ʦʙʩʷʟʽ. 

ʇʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ʩʪʘʥʫ ʷʢʦʩʪʽ ˇʨʫʥʪʽʚ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʨʦʟʨʦ-

ʙʮʽ ʤʘʢʝʪʽʚ ʧʨʝʜʤʝʪʥʦïʦʨʽʻʥʪʦʚʘʥʠʭ ʧʽʜʩʠʩʪʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʣʠʤ 

ʨʦʟʚʠʪʢʦʤ ʪʝʨʠʪʦʨʽʡ ʂʠʾʚʩʴʢʦʾ ʽ ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʚ ʩʝʨʝʜʦʚʠʱʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ɻɯʉ ʦʙʣʘ-

ʩʥʠʭ ʜʝʨʞʘʚʥʠʭ ʘʜʤʽʥʽʩʪʨʘʮʽʡ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʽ ʩʢʣʘʜ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʙʘʟʽ ɻɯʉ-ʧʣʘʪʬʦʨʤʠ 

ArcGIS ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʽʥʬʦʨʤʘʮʽʡʥʝ ʽ ʧʨʦʛʨʘʤʥʝ ʫʟʛʦʜʞʝʥʥʷ ʟ ʽʩʥʫʶʯʠʤʠ ʫʨʷʜʦʚʠʤʠ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʈʦʟʨʦʙʣʝʥ ̔ʘʚʪʦʨʘʤʠ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠ-

ʩʪʫʚʘʥʥʷ ï ʮʝ ʦʨʛʘʥʽʟʦʚʘʥʘ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʢʨʠʪʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʢʦʤʧʣʝʢʩʫ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. ɺʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʝʘʣʽ-

ʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʜʽʷʣʴʥʽʩʪʶ ʤʽʩʮʝʚʠʭ ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ. ʎʽ 

ʩʠʩʪʝʤʠ ʩʧʨʦʤʦʞʥʽ ʽʥʪʝʛʨʫʚʘʪʠ, ʘʛʨʝʛʫʚʘʪʠ, ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʽʟʥʠʭ ʧʝʨʚʠʥʥʠʭ 

ʜʞʝʨʝʣ, ʚʽʜʪʚʦʨʶʚʘʪʠ ʮʽʣʽʩʥʫ ʢʘʨʪʠʥʫ ʽʩʥʫʶʯʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʚʠʷʚʣʷʪʠ ʪʝʥʜʝʥ-

ʮʽʾ ʡʦʛʦ ʨʦʟʚʠʪʢʫ. 
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É Y.S. Anpilova, V.I.  Klimenko, D.L. Kreta, ɸ.N. Trofymchyk 

SPATIAL ANALYSIS FOR SOIL CONTAMINATION AND SURFACE WATER 

POLLUTION BY USING REMOTE SENSING AND GIS  

This paper consider methods allow determining the regularities of changes in the soil quality 

and in the surface water quality, in particular determining the areas with excessive concentrations 

of contaminants which have a negative impact on the ecological condition of the river basin and of 

soil. Also it allows construction of analytical and cartographic models based on the GIS system and 

the space survey data. 

É ɽ.ʉ. ɸʥʧʠʣʦʚʘ, ɺ.ʀ. ʂʣʠʤʝʥʢʦ, ɼ.ʃ. ʂʨʝʪʘ, ɸ.ʅ. ʊʨʦʬʠʤʯʫʢ 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʁ ɸʅɸʃʀɿ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ɿɸɻʈʗɿʅɽʅʀʁ  

ɺʆɼ ʀ ʇʆʏɺ ʄɽʊʆɼɸʄʀ ɻʀʉ ʀ ɼɿɿ 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝ-

ʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʧʦʯʚ, ʘ ʠʤʝʥʥʦ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟ-

ʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ  

ʠ ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. 
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ʋɼʂ 502.5+502.06 

 

É ʆ.ɺ. ʎʽʢʘʣʦ
1
, ʘʩʧʽʨʘʥʪ; 

ʉ.ʇ. ɯʚʘʥʶʪʘ
2
, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ 

 
1
ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ; 

2
ʅʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʩʪʨʘʪʝʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤ. ʂʠʾʚ 

 

ɸʅɸʃɯɿ ɼʆʉɺɯɼʋ ʂʈɸɰʅ ɭʉ ʋ ʉʌɽʈɯ ɿɸʇʆɹɯɻɸʅʅʗ  

ʅɽɻɸʊʀɺʅʀʄ ʅɸʉʃɯɼʂɸʄ ʉʊʀʍɯʁʅʀʍ ʃʀʍ 

 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽ ʧʽʜʭʦʜʠ ɭʉ ʫ ʩʬʝʨʽ ʟʘʧʦʙʽʛʘʥʥʷ ʩʪʠʭʽʡʥʠʤ ʣʠʭʘʤ ʨʽʟʥʦʛʦ ʭʘ-

ʨʘʢʪʝʨʫ ʪʘ ʧʦʤôʷʢʰʝʥʥʷ ʾʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʆʢʨʝʩʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʩʪʚʦʨʝʥʥʷ ʚ ʋʢʨʘ-

ʾʥʽ ʩʫʯʘʩʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʷʢ ʜʽʻʚʦʛʦ ʟʘʩʦʙʫ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦ-

ʩʪʽ ʜʝʨʞʘʚʠ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʨʝʘʣʽʟʘʮʽʾ ʘʢʪʫʘʣʴʥʠʭ ʟʘʛʨʦʟ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʠʭʽʡʥʽ ʣʠʭʘ, ʨʠʟʠʢ, ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ, ʤʽʞʥʘʨʦʜʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪ-

ʚʦ, ʙʝʟʧʝʢʘ, ʟʙʘʣʘʥʩʦʚʘʥʠʡ ʨʦʟʚʠʪʦʢ.  

 

ʅʠʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ (ʅʉ) 

ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʟ ʤʘʩʰʪʘʙʥʠʤʠ ʥʝʛʘʪʠʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢ, ʫ 2012 ʨ. ʚ ʋʢʨʘʾʥʽ ʩʪʘʣʦʩʷ 212 ʅʉ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʟʘʚʜʘʥʦ ʟʙʠʪʢʽʚ ʥʘ 

237,5 ʤʣʥ ʛʨʥ [1]. ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ ʘʚʘʨʽʶ ʥʘ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ ʥʘʰʘ ʜʝʨʞʘʚʘ ʚʪʨʘʪʠʪʴ 

ʙʣʠʟʴʢʦ 180 ʤʣʨʜ ʜʦʣʘʨʽʚ ʜʦ 2015 ʨ., ʱʦ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 4 ʨʽʯʥʠʭ ʙʶʜʞʝʪʽʚ. ɿʘ ʝʢʩʧʝʨʪʥʠʤʠ 

ʦʮʽʥʢʘʤʠ, ʩʚʽʪʦʚʘ ʝʢʦʥʦʤʽʢʘ ʚʪʨʘʪʠʣʘ ʙʣʠʟʴʢʦ 140 ʤʣʨʜ ʜʦʣʘʨʽʚ ʚʥʘʩʣʽʜʦʢ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭ-

ʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ ʫ 2012 ʨ. ʽ ʙʣʠʟʴʢʦ 350 ʤʣʨʜ ï ʫ 2011 ʨ.  

ʊʨʝʙʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ ʦʩʥʦʚʥʫ ʩʢʣʘʜʦʚʫ ʧʝ-

ʨʝʣʽʢʫ ʟʘʛʨʦʟ ʫ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʩʪʘʥʦʚʠʪʠʤʫʪʴ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʷʚʠʱʘ. ɿʘ 

ʦʮʽʥʢʘʤʠ ʆʆʅ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʥʘ ʪʝʨʠʪʦʨʽʾ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ɭʚʨʦʧʠ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʩʫʪ-

ʪʻʚʝ ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʦʪʠ ʧʦʚʝʥʝʡ: ʟ ʦʜʥʦʛʦ ʨʘʟʫ ʥʘ 100 ʨʦʢʽʚ ʜʦ ʦʜʥʦʛʦ ʨʘʟʫ ʫ 5ï15 ʨʦʢʽʚ [1]. 

ʉʪʦʩʦʚʥʦ ʋʢʨʘʾʥʠ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʥʘʩʣʽʜʢʠ ʧʦʚʝʥʝʡ 2001, 2008 ʪʘ 

2010 ʨʨ. ʫ ʟʘʭʽʜʥʠʭ ʨʝʛʽʦʥʘʭ ʜʝʨʞʘʚʠ ʚʢʦʪʨʝ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ 

ʽʟ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʊʨʝʙʘ ʪʘʢʦʞ 

ʫʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ ʚʥʘʩʣʽʜʦʢ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ (ʅʉ) ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦ-

ʜʞʝʥʥʷ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʟʙʠʪʢʠ ʚʽʜ ʪʝʭʥʦʛʝʥʥʠʭ ʅʉ (ʪʘʙʣ. 1). 

ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʫʨʘʟʣʠʚʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝʤʦʛʨʘ-

ʬʽʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʧʦʰʠʨʝʥʥʷ ʧʨʦʮʝʩʽʚ ʫʨʙʘʥʽʟʘʮʽʾ, ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ,  

ʘ ʪʘʢʦʞ ʝʧʽʜʝʤʽʡ ɺɯʃ/ʉʅɯɼ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʦʛʦ, ʱʦ ʚʞʝ ʫ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ 

ʩʪʠʭʽʡʥʽ ʣʠʭʘ ʙʫʜʫʪʴ ʩʪʘʥʦʚʠʪʠ ʚʩʝ ʙʽʣʴʰʫ ʟʘʛʨʦʟʫ ʜʣʷ ʩʚʽʪʦʚʦʾ ʝʢʦʥʦʤʽʢʠ, ʥʘʩʝʣʝʥʥʷ  
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ʽ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɼʘʥʽ ʆʆʅ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘ ʦʩʪʘʥʥʽ ʜʚʘ ʜʝʩʷʪʠʣʽʪʪʷ ʚʽʜ ʨʽʟ-

ʥʠʭ ʢʘʪʘʩʪʨʦʬ ʱʦʨʽʯʥʦ ʧʦʩʪʨʘʞʜʘʣʠ ʙʽʣʴʰʝ 200 ʤʣʥ ʯʦʣʦʚʽʢ.  

ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʅʉ ʚ ʋʢʨʘʾʥʽ ʧʨʦʪʷʛʦʤ 2000ï2010 ʨʨ. [1] 

ʊʠʧ ʅʉ ʂʽʣʴʢʽʩʪʴ ʅʉ 
ʆʙʩʷʛ ʟʙʠʪʢʽʚ,  

ʪʠʩ. ʛʨʥ 

ʇʦʞʝʞʽ, ʚʠʙʫʭʠ 928 1015453 

ʄʝʜʠʢʦ-ʙʽʦʣʦʛʽʯʥʽ ʅʉ 815 34366 

ʄʝʪʝʦʨʦʣʦʛʽʯʥʽ ʅʉ 780 4681500 

ɸʚʘʨʽʾ ʯʠ ʢʘʪʘʩʪʨʦʬʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ 541 62703 

ɸʚʘʨʽʾ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ 277 41714 

ɸʚʘʨʽʾ ʫ ʩʠʩʪʝʤʘʭ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ 249 216210 

ʇʦʞʝʞʽ ʚ ʧʨʠʨʦʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 157 106454 

ʅʝʱʘʩʥʽ ʚʠʧʘʜʢʠ ʟ ʣʶʜʴʤʠ 156 802 

ʅʉ ʫʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ  

ʰʢʽʜʣʠʚʠʭ ʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʧʦʥʘʜ ɻɼʂ 

124 76038 

ʈʘʧʪʦʚʝ ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ 120 101764 

ɻʝʦʣʦʛʽʯʥʽ ʅʉ 117 467714 

ɻʽʜʨʦʣʦʛʽʯʥʽ ʅʉ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ 60 4845643 

ɸʚʘʨʽʾ ʩʠʩʪʝʤ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 21 2474 

ɸʚʘʨʽʾ ʥʘ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ 8 20477 

ɻʽʜʨʦʣʦʛʽʯʥʽ ʤʦʨʩʴʢʽ ʅʉ 8 14478 

 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʦʪʠ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʚʝʥʝʡ ʪʘ ʧʘʚʦʜ-

ʢʽʚ. ɯʩʥʫʻ ʧʦʪʨʝʙʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟ ʦʛʣʷ-

ʜʫ ʥʘ ʧʦʪʦʯʥʽ ʟʘʛʨʦʟʠ; ʚʘʞʣʠʚʠʤʠ ʻ ʜʦʜʘʪʢʦʚʽ ʬʘʢʪʦʨʠ ʨʠʟʠʢʫ, ʟʦʢʨʝʤʘ ʪʘʢʽ ʷʢ ʨʫʡʥʫʚʘʥʥʷ 

ʨʫʩʝʣ ʨʽʯʦʢ, ʦʙʤʝʞʝʥʘ ʟʜʘʪʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʜʟʚʠʯʘʡʥʽ ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʪʘ ʨʦʣʴ ʜʨʝʥʘʞʫ  

ʽ ʟʥʝʣʽʩʥʝʥʥʷ ʫ ʧʦʰʠʨʝʥʥʽ ʟʩʫʚʽʚ ˇʨʫʥʪʫ. 

ɯʩʥʫʻ ʧʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʥʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʽ, ʱʦ ʤʦʞʝ 

ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʤʝʞʘʭ ʧʽʜʭʦʜʫ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʟʘʣʫʯʝʥʥʽ ʛʨʦʤʘʜ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʙ ʧʦʻʜʥʘ-

ʪʠ ʫ ʧʨʦʝʢʪʘʭ ʟʘʭʦʜʠ ʟʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʟʘʭʦʜʽʚ ʟʽ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʜʞʝʨʝʣ ʜʦʭʦʜʽʚ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʤʘʣʦ ʙ ʦʯʝʚʠʜʥʠʡ ʚʧʣʠʚ ʥʘ ʨʽʚʝʥʴ ʞʠʪʪʷ ʤʽʩ-

ʮʝʚʠʭ ʛʨʦʤʘʜ. ɯʩʥʫʶʯʽ ʥʘ ʤʽʩʮʷʭ ʩʪʨʫʢʪʫʨʠ ʧʦʜʦʣʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʙʫʜʝ ʧʝʨʝʦʨʽ-

ʻʥʪʦʚʘʥʦ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʦʜʽʚ ʟʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ. 

ʇʽʜʚʠʱʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, ʱʦ ʻ ʥʘʩʣʽʜ-

ʢʦʤ ʛʣʦʙʘʣʴʥʦʾ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʽ ʛʣʦʙʘʣʴʥʠʭ ʢʘʪʘʩʪʨʦʬ ʚ ʫʩʦɹʤʫ 

ʩʚʽʪ.̔ ʅʘʩʣʽʜʢʦʤ ʪʘʢʠʭ ʟʤʽʥ ʻ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʚʝʥʝʡ ʫ ʧʨʠʙʝʨʝʞʥʠʭ 

ʨʘʡʦʥʘʭ, ʧʦʩʫʭʠ, ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʘ ʘʙʦ ʥʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʟʚʦʨʦʪʥʠʭ ʟʤʽʥ ʫ ʝʢʦʩʠʩʪʝʤʽ ʪʘ ʜʽʷʣʴʥʦʩʪʽ ʽ ʩʧʦʩʦʙʘʭ ʞʠʪʪʷ ʣʶʜʝʡ.  

ʅʘ ʞʘʣʴ, ʟʤʽʥʠ, ʷʢʽ ʚʞʝ ʧʦʯʘʣʠ ʚʽʜʙʫʚʘʪʠʩʷ, ʥʝ ʤʦʞʣʠʚʦ ʚʽʜʚʦʣʽʢʪʠ. ʊʦʤʫ ʚʩʴʦʤʫ ʣʶʜ-

ʩʪʚʫ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʦ ʥʦʚʠʭ ʫʤʦʚ, ʟʤʽʥʶʶʯʠ ʩʧʦʩʽʙ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʪʘ 

ʞʠʪʪʻʚʠʡ ʫʩʪʨʽʡ, ʜʦ ʷʢʦʛʦ ʚʦʥʠ ʟʚʠʢʣʠ. 
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ɿ ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʙʘʛʘʪʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʽ ʩʚʽʪʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʩʧʽʣʴʥʦʪ ʧʨʦʚʦʜʷʪʴ ʨʦ-

ʙʦʪʫ ʥʘ ʤʽʩʮʝʚʠʭ, ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʘ ʛʣʦʙʘʣʴʥʠʭ ʨʽʚʥʷʭ. ʈʦʟʨʦʙʣʝʥʦ ʯʠʤʘʣʦ ʧʨʦʛʨʘʤ ʜʽʡ, ʦʧʫʙ-

ʣʽʢʦʚʘʥʦ ʙʘʛʘʪʦ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʪʘ ʧʨʦʚʝʜʝʥʦ ʯʠʤʘʣʦ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. ɸʣʝ ʦʩʥʦʚʥʠʤ 

ʟʘʚʜʘʥʥʷʤ ʚ ʙʦʨʦʪʴʙʽ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ ʻ ʦʨʛʘʥʽʟʘʮʽʷ ʚʩʽʭ ʜʝʨʞʘʚ ʚ ʻʜʠʥʝ ʮʽʣʝ, ʪʦʤʫ ʱʦ ʚʠ-

ʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʣʠʰʝ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʻ ʥʝʤʦʞʣʠʚʠʤ ʽ ʥʝ ʤʘʪʠʤʝ ʙʘʞʘʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ. ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʧʝʨʝʭʽʜ ʥʘ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʛʦʩʧʦʜʘʨʶʚʘʥʥʽ. 

23 ʣʶʪʦʛʦ 2009 ʨ. ɭʚʨʦʧʝʡʩʴʢʘ ʂʦʤʽʩʽʷ ʧʨʠʡʥʷʣʘ ʢʦʤʶʥʽʢʝ ʧʦ ʉʦʮʽʘʣʴʥʦʤʫ ʧʽʜʭʦʜʫ ʜʦ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ, ʜʝ ʚʠʟʥʘʯʠʣʘ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʟʘʧʦʙʽʛʘʥʥʷ 

ʢʘʪʘʩʪʨʦʬ ʽ ʟʘʧʨʦʧʦʥʫʚʘʣʘ ʟʘʭʦʜʠ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʢʘʪʘʩʪʨʦʬ. ɼʦʢʫʤʝʥʪ ʟʘʢʣʠʢʘʻ ʜʦ 

ʨʦʟʨʦʙʢʠ ʧʦʣʽʪʠʢʠ ɭʚʨʦʩʦʶʟʫ ʪʘ ʦʢʨʝʤʠʭ ʢʨʘʾʥ, ʷʢʘ ʧʽʜʪʨʠʤʫʚʘʣʘ ʙ ʮʠʢʣ ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʩʣʽʜ-

ʢʽʚ ʢʘʪʘʩʪʨʦʬ: ʟʘʧʦʙʽʛʘʥʥʷ ï ʛʦʪʦʚʥʽʩʪʴ ï ʨʝʘʛʫʚʘʥʥʷ ï ʚʽʜʥʦʚʣʝʥʥʷ. 

ʋ ʧʨʠʡʥʷʪʠʭ 30 ʣʠʩʪʦʧʘʜʘ 2009 ʨ. ɺʠʩʥʦʚʢʘʭ ʈʘʜʠ ʧʦ ʨʘʤʢʦʚʽʡ ʧʨʦʛʨʘʤʽ ʉʧʽʚʪʦʚʘʨʠʩʪ-

ʚʘ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʢʘʪʘʩʪʨʦʬ ʚʩʝʨʝʜʠʥʽ ɭʚʨʦʩʦʶʟʫ ʥʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʘʥʘ-

ʣʽʟ ʟʘʛʨʦʟ ʽ ʨʠʟʠʢʽʚ, ʦʮʽʥʢʘ ʪʘ ʤʘʪʨʠʮʽ ʨʠʟʠʢʽʚ, ʨʦʟʨʦʙʢʘ ʩʮʝʥʘʨʽʾʚ, ʟʘʭʦʜʠ ʟ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠ-

ʢʘʤʠ ʽ ʨʝʛʫʣʷʨʥʽ ʧʝʨʝʛʣʷʜʠ ʻ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʤʢʦʚʦʾ ʧʨʦʛʨʘʤʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 

ʩʦʶʟʫ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʢʘʪʘʩʪʨʦʬ ʽ ʧʦʣʽʪʠʢʠ ʟʘʧʦʙʽʛʘʥʥʷ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ, ʽ ʧʽʜ-

ʢʨʝʩʣʶʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣ ʜʦʜʘʥʦʾ ʮʽʥʥʦʩʪʽ ʚʽʜ ʨʦʙʦʪʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʚ ʮʠʭ ʦʙʣʘʩʪʷʭ. 

ɺʠʩʥʦʚʢʠ ʈʘʜʠ ʟʘʢʣʠʢʘʶʪʴ ʂʦʤʽʩʽʶ ʨʘʟʦʤ ʟ ʢʨʘʾʥʘʤʠ-ʯʣʝʥʘʤʠ ʜʦ ʢʽʥʮʷ 2010 ʨʦʢʫ ʨʦʟ-

ʨʦʙʠʪʠ ʢʝʨʽʚʥʽ ʧʨʘʚʠʣʘ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʨʦʙʦʪʫ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʟʘ ʤʝʪʦʜʘʤʠ ʢʘʨʪʦ-

ʛʨʘʬʫʚʘʥʥʷ, ʦʮʽʥʢʠ ʪʘ ʘʥʘʣʽʟʫ ʟʘʛʨʦʟ ʽ ʨʠʟʠʢʽʚ ʟ ʪʠʤ, ʱʦʙ ʩʧʨʠʷʪʠ ʪʘʢʠʤ ʜʽʷʤ ʫ ʢʨʘʾʥʘʭ-

ʯʣʝʥʘʭ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʫ ʩʧʽʚʩʪʘʚʣʝʥʽʩʪʴ ʤʽʞ ʢʨʘʾʥʘʤʠ-ʯʣʝʥʘʤʠ. 

ɺʠʩʥʦʚʢʠ ʈʘʜʠ ʪʘʢʦʞ ʧʨʦʧʦʥʫʶʪʴ ʢʨʘʾʥʘʤ-ʯʣʝʥʘʤ ʜʦ ʢʽʥʮʷ 2011 ʨ. ʜʘʣʽ ʨʦʟʚʠʥʫʪʠ ʥʘ-

ʮʽʦʥʘʣʴʥʠʡ ʧʽʜʭʽʜ ʽ ʧʨʦʮʝʜʫʨʠ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʘʥʘʣʽʟ ʨʠʟʠʢʽʚ, ʨʦʟʛʣʷʜ ʦʩ-

ʥʦʚʥʠʭ ʤʦʞʣʠʚʠʭ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʤʘʡʙʫʪʥʽʡ ʚʧʣʠʚ 

ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ʂʨʘʾʥʘʤïʯʣʝʥʘʤ ʪʘʢʦʞ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʝʨʽʚʥʽ ʧʨʘʚʠʣʘ ʟʘ ʤʝ-

ʪʦʜʘʤʠ ʦʮʽʥʢʠ ʽ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʨʠʟʠʢʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʨʦʟʨʦʙʣʝʥʽ ʂʦʤʽʩʽʻʶ. 

ɿʘ ʦʮʽʥʢʘʤʠ ʬʘʭʽʚʮʽʚ ʜʦ 2050 ʨ. ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ ʟʙʽʣʴʰʠʪʴʩʷ ʥʘ 3 ʤʣʨʜ ʦʩʽʙ, ʱʦ ʟʥʘʯʥʦ 

ʧʦʩʠʣʠʪʴ ʪʠʩʢ ʥʘ ʝʢʦʩʠʩʪʝʤʫ, ʟʙʽʣʴʰʠʪʴ ʢʦʥʢʫʨʝʥʮʽʶ ʟʘ ʜʦʩʪʫʧ ʜʦ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʭʘʨʯʫʚʘʥʥʷ ʽ ʧʨʦʞʠʚʘʥʥʷ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ ʤʘʻ ʙʫʪʠ 

ʟʨʦʙʣʝʥʝ ʚ ʫʤʦʚʘʭ ʩʫʚʦʨʦʛʦ ʢʣʽʤʘʪʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʪʦʨʤʽʚ, ʟʘʩʫʭ ʽ ʧʦʚʝʥʝʡ. ʊʘʢ ʱʦ ʩʽʣʴʩʴ-

ʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʤʘʻ ʩʪʘʪʠ ʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʠʤ, ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰʝ ʚʨʦʞʘʶ ʥʘ ʢʨʘʧʣʶ ʚʦʜʠ  

ʽ ʥʘ ʛʝʢʪʘʨ, ʘʣʝ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ. ɯ ʚʩʽʤ ʜʝʨʞʘʚʘʤ ʜʦʚʝʜʝʪʴʩʷ ʧʦʢʣʘʩʪʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ 

ʟʫʩʠʣʴ ʥʘ ʟʘʭʠʩʪ ʝʢʦʩʠʩʪʝʤ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʙʽʣʴʰʦʛʦ ʚʪʷʛʥʝʥʥʷ ʟʝʤʣʽ ʚ ʦʙʨʦʙʢʫ, ʧʨʦʜʫʢʪʠʚ-

ʥʽʩʪʴ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʜʦʚʝʜʝʪʴʩʷ ʧʽʜʚʠʱʫʚʘʪʠ, ʤʦʞʣʠʚʦ, ʥʘ ʮʽʣʠʭ 1,8 % ʥʘ ʨʽʢ ʫ ʧʦ-

ʨʽʚʥʷʥʥʽ ʟ 1 ʚʽʜʩʦʪʢʦʤ ʥʘ ʨʽʢ ʙʝʟ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʮʴʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʧʘʜʝ ʥʘ 

ʢʨʘʾʥʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʚ ʢʨʘʾʥʘʭ ʟ ʚʠʩʦʢʠʤʠ ʜʦʭʦʜʘʤʠ ʚʞʝ 

ʙʣʠʟʴʢʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʧʨʠʙʫʪʢʦʚʦʩʪʽ.  

ʊʘʢʘ ʢʫʣʴʪʠʚʘʮʽʡʥʘ ʧʨʘʢʪʠʢʘ, ʷʢ ʥʫʣʴʦʚʘ ʦʙʨʦʙʢʘ ˇʨʫʥʪʫ (ʷʢʘ ʧʨʠʧʫʩʢʘʻ ʚʚʝʜʝʥʥʷ ʥʘ-

ʩʽʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ˇʨʫʥʪ ʟʘʤʽʩʪʴ ʧʦʩʽʚʫ ʥʘ ʨʽʣʣʽ) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʨʘʚʠʣʴʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ  
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ʽ ʧʨʘʚʠʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʙʨʠʚ ʤʦʞʝ ʩʧʨʠʷʪʠ ʟʙʝʨʝʞʝʥʥʶ ʚʦʣʦʛʠ ʚ ˇʨʫʥʪʽ, ʤʘʢʩʠʤʘʣʴ-

ʥ̔ ʡ ʽʥʬʽʣʴʪʨʘʮʽʾ ʚʦʜʠ, ʟʙʽʣʴʰʝʥʥ ʁʥʘʢʦʧʠʯʝʥʥʷ ʚʫʛʣʝʮʶ, ʤʽʥʽʤʽʟʫʚʘʥʥ ʁʧʦʞʠʚʥʦʛʦ ʩʪʦʢʫ ʪʘ 

ʧʽʜʚʠʱʝʥʥʶ ʚʨʦʞʘʡʥʦʩʪʽ. ʅʫʣʴʦʚʘ ʦʙʨʦʙʢʘ ʚ ʦʩʥʦʚʥʦʤʫ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʚ ʢʨʘʾʥʘʭ ʟ ʚʠʩʦʢʠʤʠ 

ʜʦʭʦʜʘʤʠ, ʘʣʝ ʰʚʠʜʢʦ ʟʨʦʩʪʘʻ ʚ ʪʘʢʠʭ ʢʨʘʾʥʘʭ, ʷʢ ɯʥʜʽʷ. ʋ 2005 ʨʦʮʽ ʚ ʩʠʩʪʝʤʘʭ ʨʠʩʦʚʦ-

ʧʰʝʥʠʯʥʠʭ ʚʠʨʦʱʫʚʘʥʥʷʭ ɻʘʥʩʴʢʦʾ ʨʽʚʥʠʥʠ ʬʝʨʤʝʨʘʤʠ ʧʨʠʡʥʷʪʘ ʥʫʣʴʦʚʘ ʦʙʨʦʙʢʘ ˇʨʫʥʪʫ ʥʘ 

1,6 ʤʣʥ ʛʘ, ʜʦ 2008 ʨʦʢʫ 20ï25 ʚʽʜʩʦʪʢʽʚ ʧʰʝʥʠʮʽ ʫ ʜʚʦʭ ʽʥʜʽʡʩʴʢʠʭ ʰʪʘʪʘʭ (ʍʘʨʴʷʥʘ ʽ ʇʝʥ-

ʜʞʘʙ) ʢʫʣʴʪʠʚʫʚʘʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦʾ ʦʙʨʦʙʢʠ ˇʨʫʥʪʫ. ɸ ʚ ɹʨʘʟʠʣʽʾ ʙʣʠʟʴʢʦ 

45% ʦʨʥʠʭ ʟʝʤʝʣʴ ʦʙʨʦʙʣʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʧʨʘʢʪʠʢʠ. 

ʄʝʪʦʜʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʜʣʷ ʮʽʣʴʦʚʦʛʦ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʽ ʩʚʦʻʯʘʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʛʦ ʜʦʙʨʠʚʘ ʪʘ ʚʦʜʠ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʫ ʢʨʘ-

ʾʥ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʦʭʦʜʽʚ, ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ ʽ ʧʦʞʠʚʥʠʡ ʩʪʽʢ ʽ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ. ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʚʠʢʠʜʠ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʘʟʦʪʫ, ʚʢʣʶʯʘʶʪʴ 

ʢʦʥʪʨʦʣʴ ʟʘ ʚʠʚʽʣʴʥʝʥʥʷʤ ʘʟʦʪʫ ʯʝʨʝʟ ʛʣʠʙʦʢʝ ʨʦʟʤʽʱʝʥʥʷ ʩʫʧʝʨʛʨʘʥʫʣʴʦʚʘʥʠʭ ʜʦʙʨʠʚ ʘʙʦ 

ʜʦʜʘʚʘʥʥʷ ʜʦʙʨʠʚ ʙʽʦʣʦʛʽʯʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ. ʊʝʭʥʦʣʦʛʽ ʾʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʧʝʨʝʜʘʯ ̔

ʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʽ ʽʨʠʛʘʮʽʡʥʽ ʧʦʪʨʝʙʠ ʤʦʞʫʪʴ ʫʩʫʥʫʪʠ ʟʘʡʚʝ ʜʦʜʘʚʘʥʥʷ 

ʚʦʜʠ. ɼʝʷʢʽ ʟ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʫʪʴ ʟʘʣʠʰʘʪʠʩʷ ʟʘʥʘʜʪʦ ʜʦʨʦʛʠʤʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʬʝʨʤʝʨʽʚ  

ʚ ʢʨʘʾʥʘʭ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ. ɸʣʝ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ʜʦʜʘʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ, 

ʥʝ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʦʾ ʧʨʘʮʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ. 

ʅʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ, ʙʽʦʧʘʣʠʚʦ ʜʨʫʛʦʛʦ ʧʦʢʦ-

ʣʽʥʥʷ ʽ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ, ʪʘʢʦʞ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ. ʅʝʙʘʛʘʪʦ ʥʝʦʙʭʽʜʥʠʭ ʥʦʚʠʭ ʪʝʭʥʦʣʦ-

ʛʽʡ ʜʦʩʪʫʧʥʽ ʚ ʛʦʪʦʚʦʤʫ ʚʠʛʣʷʜʽ. ʇʦʪʦʯʥʝ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʭ 

ʧʨʦʝʢʪʘʭ ʚ ʜʘʥʠʡ ʯʘʩ ʟʙʝʨʽʛʘʶʪʴ ʪʽʣʴʢʠ ʙʣʠʟʴʢʦ 4 ʤʣʥ ʪʦʥʥ ʉʆ2 ʥʘ ʨʽʢ. ɼʣʷ ʧʦʚʥʦʛʦ ʜʦʢʘʟʫ 

ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʧʦʪʨʽʙʥʦ ʥʘʣʘʰʪʫʚʘʪʠ ʙʣʠʟʴʢʦ 30 ʧʦʚʥʦʨʦʟ-

ʤʽʨʥʠʭ ʟʘʚʦʜʽʚ ʥʘ ʟʘʛʘʣʴʥʫ ʩʫʤʫ ʚ $ 75 ʤʣʨʜ ʜʦ $ 100 ʤʽʣʴʷʨʜʽʚ. ʅʝʦʙʭʽʜʥʠʡ ʦʙ'ʻʤ ʟʙʝʨʽʛʘʥ-

ʥ ̫ï ʮʝ 1 ʤʣʨʜ ʪʦʥʥ ʥʘ ʨʽʢ ʉʆ2 ʜʦ 2020 ʨʦʢʫ, ʱʦʙ ʟʘʣʠʰʠʪʠʩʷ ʚ ʤʝʞʘʭ 2Á C ʧʦʪʝʧʣʽʥʥʷ. ɯʥʚʝ-

ʩʪʠʮʽʾ ʚ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʦʧʘʣʠʚʘ ʪʝʞ ʧʦʪʨʽʙʥʽ. ʈʦʟʰʠʨʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦ-

ʪʦʯʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʙʽʦʧʘʣʠʚʘ ʙʫʜʝ ʚʠʪʽʩʥʷʪʠ ʚʝʣʠʢʽ ʧʣʦʱʽ ʧʨʠʨʦʜʥʠʭ ʣʽʩʽʚ ʽ ʣʫʛʽʚ ʽ ʢʦʥʢʫʨʫ-

ʚʘʪʠ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ. ɹʽʦʧʘʣʠʚʦ ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʷʢʝ ʧʦʢʣʘʜʘʪ̒ʴʩʷ 

ʥʘ ʥʝʭʘʨʯʦʚʽ ʢʫʣʴʪʫʨʠ, ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʢʦʥʢʫʨʝʥʮʽʶ ʟ̔ ʩʽʣʴʩʴʢʠʤ ʛʦʩʧʦʜʘʨʩʪʚʦʤ, ʚʠʢʦʨʠʩʪʦ-

ʚʫʁʯʠ ʙʽʣʴʰ ʤʘʨʛʽʥʘʣʴʥʽ (ʢʨʘʡʥʽ) ʟʝʤʣʽ. ɸʣʝ ʚʦʥʠ ʱʝ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʧʘʩʦʚʠʱ  

ʽ ʣʫʛʽʚ ʝʢʦʩʠʩʪʝʤ ʽ ʢʦʥʢʫʨʫʚʘʪʠ ʟʘ ʚʦʜʥʽ ʨʝʩʫʨʩʠ.  

ʋ ʙʦʨʦʪʴʙʽ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ, ʘ ʪʘʢʦʞ ʫ ʧʦʧʝʨʝʜʞʝʥʥʽ ʚʠʥʠʢʥʝʥʥʷ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʧʦ-

ʚʝʥʝʡ ʪʘ ʧʘʚʦʜʢʽʚ, ʷʢʽ ʟʘʚʜʘʶʪʴ ʥʠʱʽʚʥʠʭ ʟʙʠʪʢʽʚ, ʥʝʦʙʭʽʜʥʘ ʟʘʛʘʣʴʥʘ ʩʧʽʚʧʨʘʮʷ ʚʩʽʭ ʢʨʘʾʥ. 

ɻʣʦʙʘʣʴʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʚ ʤʘʩʰʪʘʙʘʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ, ʤʦʞʝ 

ʚʽʜʙʫʪʠʩʷ ʪʽʣʴʢʠ ʷʢʱʦ ʚʦʥʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʛʣʦʙʘʣʴʥʽʡ ʫʛʦʜʽ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʝʙʘʤ ʽ ʪʨʫʜʥʦ-

ʱʘʤ ʢʨʘʾʥ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʪʽʣʴʢʠ ʷʢʱʦ ʚʦʥʘ ʤʦʞʝ ʚʽʜʦʢʨʝʤʠʪʠ, ʜʝ ʧʦʤ'ʷʢʰʝʥʥʷ ʧʦʭʦʜʠʪʴ 

ʚʽʜ ʪʦʛʦ, ʭʪʦ ʥʝʩʝ ʪʷʛʘʨ ʮʽʻʾ ʨʦʙʦʪʠ, ʽ ʪʽʣʴʢʠ ʷʢʱʦ ʚʦʥʘ ʩʪʚʦʨʶʻ ʬʽʥʘʥʩʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʟʘ-

ʦʭʦʯʝʥʥʷ ʪʘ ʩʧʨʠʷʥʥʷ ʧʦʤ'ʷʢʰʝʥʥʶ ʥʘʩʣʽʜʢʽʚ, ʥʘʚʽʪʴ ʫ ʪʠʭ ʢʨʘʾʥʘʭ, ʷʢʽ ʙʘʛʘʪʽ ʚʫʛʽʣʣʷʤ,  ̔ʪʠʭ, 

ʷʢʽ ʙʽʜʥʽ ʚ ʜʦʭʦʜʘʭ, ʘʙʦ ʪʠʭ, ʷʢʽ ʟʨʦʙʠʣʠ ʤʘʣʠʡ ʚʥʝʩʦʢ ʘʙʦ ʚʟʘʛʘʣʽ ʥʽʯʦʛʦ ʥʝ ʟʨʦʙʠʣʠ ʜʣʷ ʽʩʪʦ-

ʨʠʯʥʦʾ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ʏʠ ʮʽ ʢʨʘʾʥʠ ʟʤʦʞʫʪʴ ʩʢʦʨʠʩʪʘʪʠʩʷ ʤʦʞʣʠʚʽʩʪʶ, ʱʦʙ ʧʨʠʩʪʫʧʠʪʠ ʜʦ 
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ʙʽʣʴʰ ʩʪʽʡʢʦʛʦ ʰʣʷʭʫ ʨʦʟʚʠʪʢʫ, ʙʫʜʝ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʠ ʚʽʜ ʬʽʥʘʥʩʦʚʦʾ ʪʘ ʪʝʭʥʽʯʥʦʾ ʧʽʜ-

ʪʨʠʤʢʠ, ʷʢʫ ʢʨʘʾʥʠ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʦʭʦʜʽʚ ʟʤʦʞʫʪʴ ʟʽʙʨʘʪʠ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠ-

ʪʨʘʪʠ ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʧʦʤʽʨʥʦ ʚʠʩʦʢʠʤʠ. ʆʜʥʘʢ ʛʣʦʙʘʣʴʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮ-

ʪʚʦ ʙʫʜʝ ʚʠʤʘʛʘʪʠ ʙʽʣʴʰʦʛʦ, ʥʽʞ ʬʽʥʘʥʩʦʚʽ ʚʥʝʩʢʠ. ʉʦʮʽʘʣʴʥʘ ʧʩʠʭʦʣʦʛʽʷ ʧʦʢʘʟʫʻ, ʱʦ ʣʶʜʠ 

ʩʭʠʣʴʥʽ ʚʽʜʢʠʜʘʪʠ ʜʦʤʦʚʣʝʥʦʩʪʽ, ʷʢʽ ʚʦʥʠ ʩʧʨʠʡʤʘʶʪʴ ʷʢ ʥʝʩʧʨʘʚʝʜʣʠʚʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʥʠʭ, ʷʢʱʦ ʚʦʥʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʛʨʘʶʪʴ ʚʽʜ ʮʴʦʛʦ. ʊʦʤʫ ʪʦʡ ʬʘʢʪ, ʱʦ ʮʷ ʩʧʽʚʧʨʘʮʷ ʙʫʜʝ  

ʚ ʽʥʪʝʨʝʩʘʭ ʚʩʽʭ, ʥʝ ʻ ʛʘʨʘʥʪʽʻʶ ʫʩʧʽʭʫ. 

ɯʥʰʦʶ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʢʨʘʾʥʘʭ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʻ ʪʝʭʥʦʣʦʛʽʷ ʜʦʩʪʫʧʫ. ɯʥʥʦ-

ʚʘʮʽʾ ʚ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʢʣʽʤʘʪʦʤ ʪʝʭʥʦʣʦʛʽʷʭ ʟʘʣʠʰʘʶʪʴʩʷ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʚ ʢʨʘʾʥʘʭ ʟ ʚʠʩʦʢʠʤ 

ʜʦʭʦʜʦʤ, ʭʦʯʘ ʢʨʘʾʥʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʟʙʽʣʴʰʫʶʪʴ ʩʚʦʶ ʫʯʘʩʪʴ (ʂʠʪʘʡ ʧʦʩʽʜʘʻ ʩʴʦʤʝ ʤʽʩʮʝ 

ʚ ʟʘʛʘʣʴʥʦʤʫ ʧʘʪʝʥʪʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ, ʽ ʽʥʜʽʡʩʴʢʘ ʬʽʨʤʘ ʚ ʜʘʥʠʡ ʯʘʩ ʻ ʣʽʜʝʨʦʤ ʚ ʦʙʣʘʩʪʽ 

ʥʘ ʰʣʷʭʫ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ). ʂʨʽʤ ʪʦʛʦ, ʢʨʘʾʥʘʤ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʧʨʠʥʘʡʤʥʽ, ʤʝʥʰʠʤ 

ʘʙʦ ʙʽʜʥʽʰʠʤ ï ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʜʦʧʦʤʦʛʘ, ʱʦʙ ʚʠʨʦʙʠʪʠ ʥʦʚʫ ʪʝʭʥʦʣʦʛʽʶ ʘʙʦ ʘʜʘʧʪʫʚʘʪʠ 

ʾʾ ʜʦ ʩʚʦʾʭ ʫʤʦʚ. ʎʝ ʦʩʦʙʣʠʚʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʜʣʷ ʘʜʘʧʪʘʮʽʾ, ʜʝ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ. ʄʽʞʥʘʨʦʜʥʽ ʪʨʘʥʩʬʝʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʜʦʩʽ ʙʫʣʠ ʩʢʨʦʤʥʽʰʠʤʠ. ɿ ʥʠʭ ʚʽʜʙʫʣʠʩʷ ʚ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ ʦʜʥʘ ʪʨʝʪʠʥʘ ʟ ʧʨʦʝʢʪʽʚ, ʱʦ ʬʽ-

ʥʘʥʩʫʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʄʝʭʘʥʽʟʤʫ ʯʠʩʪʦʛʦ ʨʦʟʚʠʪʢʫ (ʄʏʈ), ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʫ ʜʣʷ ʬʽʥʘʥʩʫʚʘʥ-

ʥʷ ʽʥʚʝʩʪʠʮʽʡ ʚ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʢʨʘʾʥʘʭ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ. ʄʽʞʥʘʨʦʜʥʝ ʩʧʽʚʨʦ-

ʙʽʪʥʠʮʪʚʦ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʦʙʤʽʥʫ ʪʝʭʥʦʣʦʛʽʷʤʠ.  

ʊʦʤʫ ʨʦʟʨʦʙʣʷʶʯʠ ʥʦʚʽ ʧʨʠʥʮʠʧʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦʭʦ-

ʜʞʝʥʥʷ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʧʦʚʝʥʝʡ ʽ ʧʘʚʦʜʢʽʚ, ʥʝʦʙʭʽʜʥʦ ʟʘʣʫʯʘʪʠ ʽʥʰʽ ʜʝʨʞʘʚʠ ʽ ʩʪʦʨʦʥʠ, ʱʦ 

ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʮʴʦʤʫ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʻʚʨʦʧʝʡʩʴʢʠʡ ʜʦʩʚʽʜ ʫ ʮʽʡ ʩʬʝʨʽ. ʊʘʢ, ɼʠʨʝʢ-

ʪʠʚʘ 2007/60/ɭʉ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʧʘʨʣʘʤʝʥʪʫ ʽ ʈʘʜʠ ʚʽʜ 23 ʞʦʚʪʥʷ 2007 ʨʦʢʫ ʧʨʦ ʦʮʽʥʢʫ  

ʽ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʧʘʚʦʜʢʽʚ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʟʘʛʘʣʴʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʢʘʨʪ ʢʦʞʥʦʶ ʜʝʨʞʘʚʦʶ, ʥʘ ʷʢʠʭ ʙʫʜʝ ʚʢʘʟʘʥʦ ʨʘʡʦʥʠ, ʧʦʪʝʥʮʽʡʥʦ ʩʭʠʣʴʥʽ ʜʦ ʧʽʜʪʦʧʣʝʥʥʷ  

ʟ ʛʨʘʜʘʮʽʻʶ ʯʘʩʪʦʪʠ ʨʠʟʠʢʽʚ ʪʘʢʠʭ ʧʽʜʪʦʧʣʝʥʴ. ʊʘʢʽ ʢʘʨʪʠ ʤʘʶʪʴ ʤʽʩʪʠʪʠ ʧʨʠʙʣʠʟʥʫ ʯʠʩʝʣʴ-

ʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʧʽʜʪʦʧʣʶʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʚʠʜʫ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ 

ʪʘʢʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʽʥʰʽ ʜʘʥʽ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʞʣʠʚʠʤʠ 

ʜʣʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʢʘʨʪ ʤʘʶʪʴ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ ʧʣʘʥʠ ʟ ʫʧʨʘʚʣʽʥʥ ̫ʨʠʟʠʢʘʤʠ 

ʧʦʚʝʥʝʡ ʽ ʧʘʚʦʜʢʽʚ. ɼʣʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ ʧʘʚʦʜʢʽʚ ʦʙʦʚôʷʟʢʦʚʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫ-

ʚʘʪʠ ʦʧʠʩ ʧʘʚʦʜʢʽʚ, ʱʦ ʚʽʜʙʫʣʠʩʷ ʚ ʤʠʥʫʣʦʤʫ, ʽ ʾʭ ʥʘʩʣʽʜʢʠ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʪʘ ʟʜʦʨʦʚ
,

 ̫ʣʶʜʝʡ. 

ɿʘʨʘʟ ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʘʨʝʥʽ ʰʠʨʦʢʦ ʚʠʟʥʘʻʪʴʩʷ ʪʦʡ ʬʘʢʪ, ʱʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ ʟʫʩʠʣʣʷ 

ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ ʽ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʤʘʶʪʴ ʩʠʩʪʝʤʘʪʠʯʥʦ ʽʥʪʝʛʨʫ-

ʚʘʪʠʩʷ ʚ ʧʦʣʽʪʠʢʫ, ʧʣʘʥʠ ʽ ʧʨʦʛʨʘʤʠ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʩʢʦʨʦʯʝʥʥʷ ʤʘʩʰʪʘʙʽʚ ʙʽʜʥʦ-

ʩʪʽ ʟʘ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʽ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʫ ʮʽʡ ʩʬʝʨʽ. ɺ ʜʦʢʫʤʝʥʪʘʭ ʆʆʅ ʟʙʘʣʘʥ-

ʩʦʚʘʥʠʡ ʨʦʟʚʠʪʦʢ, ʧʦʜʦʣʘʥʥʷ ʙʽʜʥʦʩʪʽ, ʥʘʣʝʞʥʝ ʫʧʨʘʚʣʽʥʥʷ ʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʢʘʪʘʩʪʨʦʬ  

ʻ ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ ʪʘ ʧʦʚôʷʟʘʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʽ ʪʦʤʫ ʜʣʷ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʫ ʤʘʡ-

ʙʫʪʥʴʦʤʫ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʘʢʪʠʚʽʟʘʮʽʾ ʟʫʩʠʣʴ ʽʟ ʩʪʚʦʨʝʥʥʷ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʽ ʟʘʛʘʣʴʥʦʜʝʨ-

ʞʘʚʥʦʤʫ ʨʽʚʥʷʭ ʥʝʦʙʭʽʜʥʠʭ ʧʝʨʝʜʫʤʦʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʮʴʦʛʦ ʨʠʟʠʢʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʠʟʥʘʻʪʴʩʷ 
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ʙʘʛʘʪʴʤʘ ʢʨʘʾʥʘʤʠ ʷʢ ʚʘʞʣʠʚʠʡ ʩʢʣʘʜʦʚʠʡ ʝʣʝʤʝʥʪ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʫʟʛʦʜʞʝʥʠʭ ʥʘ  

ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ ʟʘʚʜʘʥʴ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʮʽʣʝʡ ɼʝʢʣʘʨʘʮʽʾ 

ʪʠʩʷʯʦʣʽʪʪʷ [3]. 

ɺʘʞʣʠʚʽʩʪʴ ʢʦʦʨʜʠʥʘʮʽʾ ʟʫʩʠʣʴ ʽʟ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ  

ʽ ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʘ ʪʘʢʦʞ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʷʭ ʚ ʦʩʪʘʥʥʽ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʟʥʘʡʰ-

ʣʘ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʥʠʟʮʽ ʨʘʤʢʦʚʠʭ ʙʘʛʘʪʦʩʪʦʨʦʥʥʽʭ ʧʨʦʛʨʘʤ ʽ ʜʝʢʣʘʨʘʮʽʡ. ʉʝʨʝʜ ʥʠʭ ʚʘ-

ʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ çɯʦʢʦʛʘʤʩʴʢʘ ʩʪʨʘʪʝʛʽʷ ʙʝʟʧʝʯʥʽʰʦʛʦ ʩʚʽʪʫ: ʂʝʨʽʚʥʽ ʧʨʠʥʮʠʧʠ ʟʘʧʦʙʽʛʘʥ-

ʥʷ ʩʪʠʭʽʡʥʠʤ ʣʠʭʘʤ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʦʪʦʚʥʦʩʪʽ ʪʘ ʧʦʤ'ʷʢʰʝʥʥʷ ʾʭ ʥʘʩʣʽʜʢʽʚè, ʱʦ ʙʫʣʘ ʧʨʠʡʥʷ-

ʪʘ ʚ 1994 ʨ. ʽ ʟʘʨʘʟ ʻ ʙʘʟʦʚʠʤ ʜʦʢʫʤʝʥʪʦʤ ʆʆʅ ʫ ʩʬʝʨʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʽ ʧʦ-

ʤ'ʷʢʰʝʥʥʷ ʾʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ [4].  

ʅʘ ɺʩʝʩʚʽʪʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʽʟ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ (2005 ʨ.) ʧʨʝʜʩʪʘʚʥʠʢʠ 

ʫʨʷʜʽʚ 168 ʢʨʘʾʥ, ʚʢʣʶʯʘʶʯʠ ʋʢʨʘʾʥʫ, ʧʨʠʡʥʷʣʠ ʍʽʦʛʩʴʢʫ ʈʘʤʢʦʚʫ ʇʨʦʛʨʘʤʫ ɼʽʡ (ʍʈʇɼ) ʥʘ 

2005ï2015 ʨʨ.: çʉʪʚʦʨʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʧʨʦʪʠʜʽʾ ʣʠʭʘʤ ʥʘ ʨʽʚʥʽ ʜʝʨʞʘʚ ʽ ʛʨʦʤʘʜè. ʋ ʧʨʦʛʨʘʤʽ 

ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ "ʧʽʜʪʨʠʤʘʪʠ ʩʪʚʦʨʝʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩ-

ʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʪʘʢʠʭ ʷʢ ʙʘʛʘʪʦʛʘʣʫʟʝʚʽ ʥʘʮʽʦʥʘʣʴʥʽ ʧʣʘʪʬʦʨʤʠ", ʘ ʪʘʢʦʞ ʥʘʜʘʥʥʷ ʧʨʽʦʨʠʪʝʪʫ 

ʟʘʭʦʜʘʤ ʽʟ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ (ɿʈʃ) ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʽ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʷʭ [5].  

ʇʦʥʷʪʪʷ "ʅʘʮʽʦʥʘʣʴʥʘ ʧʣʘʪʬʦʨʤʘ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʣʠʭ" ʚ ʢʨʘʾʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʝʚ-

ʥʠʡ ʤʝʭʘʥʽʟʤ ʫ ʚʠʛʣʷʜʽ ʬʦʨʫʤʫ ʘʙʦ ʢʦʤʽʪʝʪʫ ʟʘ ʫʯʘʩʪʶ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ, ʷʢʠʡ ʩʣʫʞʠʪʴ 

ʜʣʷ ʧʨʦʧʘʛʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ɿʈʃ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʽ ʟʘʙʝʟʧʝʯʫʻ ʢʦʦʨʜʠʥʘʮʽʶ ʟʫʩʠʣʴ, ʘʥʘʣʽʟ ʽʥ-

ʬʦʨʤʘʮʽʾ ʪʘ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟʘ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʚʽʜʧʨʘʮʶ-

ʚʘʥʥʷ ʟʘʭʦʜʽʚ ʫ ʨʘʤʢʘʭ ʩʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ [6].  

ʅʘʮʽʦʥʘʣʴʥʘ ʧʣʘʪʬʦʨʤʘ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʣʷ ʚʢʣʶ-

ʯʝʥʥʷ ɿʈʃ ʚ ʧʦʣʽʪʠʢʫ, ʧʣʘʥʠ ʽ ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʷʢ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʍʈʇɼ. ʉʪʨʘʪʝʛʽ-

ʯʥʦʶ ʤʝʪʦʶ ʅʘʮʽʦʥʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ɿʈʃ ʻ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʨʘʾʥʠ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩ-

ʣʽʜʢʽʚ ʨʝʘʣʽʟʘʮʽʾ ʢʘʪʘʩʪʨʦʬ ʫ ʧʨʦʮʝʩʽ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚʠ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ [7]: 

¶ ʫʪʚʦʨʠʪʠ ʢʦʦʨʜʠʥʘʮʽʡʥʠʡ ʤʝʭʘʥʽʟʤ ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ ʜʣʷ ʧʽʜ-

ʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʦʜʽʚ ɿʈʃ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʮʽʣʝʡ ʍʈʇɼ; 

¶ ʩʧʨʠʷʪʠ ʩʪʚʦʨʝʥʥʶ ʥʝʦʙʭʽʜʥʠʭ ʧʝʨʝʜʫʤʦʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʢʫʣʴʪʫʨʠ ʟʘʧʦʙʽʛʘʥʥʷ ʢʘʪʘʩ-

ʪʨʦʬʘʤ ʫ ʩʧʦʩʽʙ ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʱʦʜʦ ʟʘʭʦʜʽʚ ɿʈʃ ʽ ʚʘʞʣʠʚʦʩʪʽ ʾʭ ʟʘʣʫʯʝʥʥʷ ʜʦ ʧʦʣʽ-

ʪʠʢʠ, ʧʣʘʥʽʚ ʽ ʧʨʦʛʨʘʤ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ;  

¶ ʩʧʨʠʷʪʠ ʽʥʪʝʛʨʘʮʽʾ ɿʈʃ ʜʦ ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʦʣʽʪʠʢʠ, ʧʣʘʥʽʚ ʽ ʧʨʦʛʨʘʤ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʘ ʪʘʢʦʞ ʚ ʤʽʞʥʘʨʦʜʥʽ ʧʨʦʛʨʘʤʠ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ʆʆʅ ʦʨʛʘʥʽʟʘʮʽʷ, ʱʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʅʘʮʽʦʥʘʣʴʥʦʾ ʧʣʘ-

ʪʬʦʨʤʠ ɿʈʃ, ʤʘʻ ʙʫʪʠ ʜʽʶʯʦʶ ʫʩʪʘʥʦʚʦʶ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤ ʩʪʘʪʫʩʦʤ, ʱʦ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʧʽʚʧʨʘʮʶ ʤʽʞ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽ ʧʦʚʥʦʚʘʞʝʥʥʷ 

ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ ʟʫʩʠʣʴ ʫ ʩʬʝʨʽ ʟʘʧʦʙʽʛʘʥʥʷ ʢʘʪʘʩʪʨʦʬ ʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʥʘ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ. ʂʨʽʤ ʪʦʛʦ, ʮʷ ʫʩʪʘʥʦʚʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʧʝʚʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥ-

ʥʷ ʢʝʨʽʚʥʠʮʪʚʘ ʧʨʦʮʝʩʦʤ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʧʦʣʽʪʠʯʥʠʭ ʟʦʙʦʚ'ʷʟʘʥʴ, ʤʦʙʽʣʽʟʘ-

ʮʽʾ ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʟʥʘʥʴ ʫ ʩʬʝʨʽ ɿʈʃ. 
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ʇʨʦ ʩʪʚʦʨʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ɿʈʃ ʢʨʘʾʥʘ ʧʦʚʽʜʦʤʣʷʻ ʢʝʨʽʚʥʠʢʘ ʨʝʛʽʦʥʘʣʴʥʦ-

ʛʦ ʧʽʜʨʦʟʜʽʣʫ ʟ ʧʨʦʩʚʽʪʥʠʮʴʢʠʭ ʧʨʦʛʨʘʤ ʩʝʢʨʝʪʘʨʽʘʪʫ ʄʽʞʥʘʨʦʜʥʦʾ ʩʪʨʘʪʝʛʽʾ ʟʥʠʞʝʥʥʷ ʥʝʙʝʟ-

ʧʝʢʠ ʣʠʭ ʆʆʅ ʦʬʽʮʽʡʥʠʤ ʣʠʩʪʦʤ ʚʽʜ ʫʩʪʘʥʦʚʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʦʮʝʩ ɿʈʃ ʫ ʜʝʨʞʘʚʽ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʣʫʯʝʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ʍʽʦʛʩʴʢʦʾ ʨʘʤʢʦʚʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʧʦʟʠʪʠʚʥʠʡ ʜʦʩ-

ʚʽʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʫ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ ʪʘ ʉʅɼ, ʚ ʥʘʰʽʡ ʜʝʨʞʘʚʽ ʜʦ 

ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʩʪʚʦʨʝʥʦ ʪʘʢʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʊʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʩʝʨʝʜ ʢʨʘʾʥ ʉʅɼ ʥʘ ʩʴʦʛʦʜʥʽ 

ʥʘʮʽʦʥʘʣʴʥʽ ʧʣʘʪʬʦʨʤʠ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ɺʽʨʤʝʥʽʾ, ʈʦʩʽʡʩʴʢʽʡ 

ʌʝʜʝʨʘʮʽʾ, ʂʘʟʘʭʩʪʘʥʽ ʪʘ ʊʘʜʞʠʢʠʩʪʘʥʽ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʩʫʩʽʜʥʽʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ, ʪʦ ʚʽʜ-

ʧʦʚʽʜʥʘ ʧʣʘʪʬʦʨʤʘ ʚ ʜʘʥʠʡ ʯʘʩ ʬʫʥʢʮʽʦʥʫʻ ʚ ʇʦʣʴʱʽ, ʋʛʦʨʱʠʥʽ, ʊʫʨʝʯʯʠʥʽ. ʇʨʠʚʝʨʪʘʻ ʫʚʘʛʫ 

ʪʦʡ ʬʘʢʪ, ʱʦ ʩʝʨʝʜ ʫʩʽʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ 

ʣʠʭ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ (18) ʤʘʶʪʴ ʩʪʘʪʫʩ ʜʝʨʞʘʚʥʦʾ ʫʩʪʘʥʦʚʠ, ʽ ʣʠʰʝ 3 ʬʫʥʢʮʽʦʥʫʶʪʴ ʷʢ ʥʝʫʨʷ-

ʜʦʚʽ ʦʨʛʘʥʽʟʘʮʽʾ [8].  

ɺʨʘʭʦʚʫʶʯʠ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ɯʦʢʦʛʘʤʩʴʢʦʾ ʩʪʨʘʪʝʛʽʾ, ʢʨʘʾʥʠ, ʱʦ ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ ɺʩʝʩ-

ʚʽʪʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʆʆʅ ʽʟ ʟʤʝʥʰʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʣʠʭ ʚ ʨʘʤʢʘʭ ʍʽʦʛʩɹʢʦʾ ʨʘʤʢʦʚʦʾ ʧʨʦʛʨʘʤʠ, 

ʚʠʨʽʰʠʣʠ ʧʨʦʪʷʛʦʤ ʥʘʡʙʣʠʞʯʠʭ ʜʝʩʷʪʠ ʨʦʢʽʚ ʜʦʩʷʛʪʠ ʩʫʪʪʻʚʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʶʜʩʴ-

ʢʠʭ ʞʝʨʪʚ, ʘ ʪʘʢʦʞ ʩʦʮʽʘʣʴʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʟʙʠʪʢʽʚ ʚʥʘʩʣʽʜʦʢ ʣʠʭ.  

ɼʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʚʠʨʽʰʝʥʥʷʤ ʥʘʩʪʫʧʥʠʭ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʟʘʚʜʘʥʴ [4]:  

¶ ʝʬʝʢʪʠʚʥʘ ʽʥʪʝʛʨʘʮʽʷ ʥʘʧʨʘʮʶʚʘʥʴ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʚ ʧʦʣʽʪʠʢʫ, 

ʧʣʘʥʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤ ʫ ʩʬʝʨʽ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘ ʫʩʽʭ ʨʽʚʥʷʭ ʟ ʧʨʠʜʽʣʝʥ-

ʥʷʤ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʧʦʙʽʛʘʥʥʶ ʣʠʭʘʤ, ʧʽʜʚʠʱʝʥʥʶ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʥʠʭ ʽ ʧʦʤ'ʷʢʰʝʥʥʶ ʾʭ 

ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ;  

¶ ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʠʪʫʪʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʟʦʢʨʝʤʘ ʥʘ ʛʨʦʤʘʜʩʴʢʦʤʫ ʨʽʚʥʽ, ʱʦ ʤʦʞʫʪʴ ʩʧʨʠʷ-

ʪʠ ʥʘʨʦʱʫʚʘʥʥʶ ʧʦʪʝʥʮʽʘʣʫ ʢʨʘʾʥʠ ʽʟ ʧʨʦʪʠʜʽʾ ʢʘʪʘʩʪʨʦʬʘʤ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ;  

¶ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʦʙʣʽʢ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʽ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʛʨʘʤ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʠʭ ʽ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘ-

ʣʴʥʠʭ ʟʘʭʦʜʽʚ ʚ ʽʥʪʝʨʝʩʘʭ ʨʝʘʙʽʣʽʪʘʮʽʾ ʧʦʩʪʨʘʞʜʘʣʠʭ.  

ɽʬʝʢʪʠʚʥʝ ʚʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʠʭ ʟʘʚʜʘʥʴ ʧʦʪʨʝʙʫʻ ʥʘʜʘʥʥʷ ʧʨʦʮʝʩʫ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ 

ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʩʪʘʪʫʩʫ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʽʦʨʠʪʝʪʫ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʦʩʪʽ ʤʽʮʥʦʾ ʽʥʩʪʠʪʫʮʽʦʥʘʣʴʥʦʾ 

ʙʘʟʠ ʜʣʷ ʡʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʪʠʤʫʪʴ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʚʠ-

ʷʚʣʝʥʥʷ, ʦʮʽʥʢʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ ʬʦʨʤʫʚʘʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʽ ʧʦ-

ʣʽʧʰʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʾʭ ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ. 

ʍʽʦʛʩʴʢʘ ʨʘʤʢʦʚʘ ʧʨʦʛʨʘʤʘ ʜʽʡ ʚʠʟʥʘʯʘʻ, ʱʦ ʫʩʽʤ ʜʝʨʞʘʚʘʤ ʩʣʽʜ ʧʨʘʛʥʫʪʠ ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʧʝʚʥʠʭ ʟʘʚʜʘʥʴ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʽ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʷʭ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʛʨʦʤʘʜʷʥʩʴʢʠʤ ʩʫʩʧʽʣʴʩʪ-

ʚʦʤ ʽ ʽʥʰʠʤʠ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ ʚ ʤʝʞʘʭ ʩʚʦʾʭ ʬʽʥʘʥʩʦʚʠʭ, ʣʶʜʩʴʢʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʣʦʞʝʥʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘ ʽʩʥʫʶʯʠʭ ʤʽʞʥʘʨʦʜʥʦ-

ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ɿʈʃ. ʉʝʨʝʜ ʮʠʭ ʟʘʚʜʘʥʴ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʻ ʪʘʢʽ:  

¶ ʧʽʜʛʦʪʦʚʢʘ ʽ ʧʫʙʣʽʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ ʩʧʨʘʚ ʫ ʩʬʝʨʽ ɿʈʃ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʧʦʪʨʝʙ ʽ ʧʦʣʽʪʠʢʠ ʢʦʞʥʦʾ ʜʝʨʞʘʚʠ, ʘ ʪʘʢʦʞ ʦʙʤʽʥ ʪʘʢʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʤʽʞʥʘ-

ʨʦʜʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ;  
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¶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʣʦʞʝʥʴ ʍʈʇɼ ʽ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʮʝ ʚ ʩʝʢʨʝʪʘʨʽʘʪ ʄʽʞʥʘʨʦʜʥʦʾ ʩʪʨʘʪʝʛʽʾ ʆʆʅ  

ʟʽ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʣʠʭ;  

¶ ʧʫʙʣʽʢʘʮʽʷ ʽ ʧʝʨʽʦʜʠʯʥʝ ʦʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʩʪʦʩʦʚʥʦ ʥʘʮʽʦʥʘʣʴ-

ʥʠʭ ʧʨʦʛʨʘʤ ʫ ʩʬʝʨʽ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʣʠʭ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʍʈʇɼ;  

¶ ʦʛʣʷʜ ʜʦʩʷʛʥʫʪʦʛʦ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʧʨʦʛʨʝʩʫ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʦʣʦʞʝʥʴ ʍʈʇɼ, 

ʚʢʣʶʯʘʶʯʠ ʘʥʘʣʽʟ ʚʠʪʨʘʪ, ʩʪʘʥʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʦʮʽʥʢʫ ʫʨʘʟʣʠʚʦʩʪʽ ʽ ʨʠʟʠʢʫ ʚ ʨʝʛʽʦʥʘʭ, ʩʭʠʣʴ-

ʥʠʭ ʜʦ ʧʨʦʷʚʫ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʽ ʩʝʡʩʤʽʯʥʠʭ ʟʘʛʨʦʟ;  

¶ ʚʨʘʭʫʚʘʥʥʷ ʫ ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʦʛʨʘʤʘʭ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʚʧʣʠʚʫ ʛʣʦ-

ʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ, ʘ ʪʘʢʦʞ ʘʢʪʠʚʽʟʘʮʽʾ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʟʝʤʣʝʪʨʫʩʽʚ  

ʽ ʟʩʫʚʽʚ.  

ʋ 2009 ʨ. ʤʽʞ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʟ ʧʠʪʘʥʴ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʋʢʨʘʾʥʠ ʪʘ ʇʨʦʛʨʘʤʦʶ 

ʨʦʟʚʠʪʢʫ ʆʨʛʘʥʽʟʘʮʽʾ ʆʙôʻʜʥʘʥʠʭ ʅʘʮʽʡ ʙʫʣʦ ʧʽʜʧʠʩʘʥʦ ʄʝʤʦʨʘʥʜʫʤ ʧʨʦ ʚʟʘʻʤʦʨʦʟʫʤʽʥʥʷ 

ʱʦʜʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʫ ʛʘʣʫʟʽ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ ʪʘ ʰʚʠʜʢʦʛʦ ʚʽʜʥʦʚ-

ʣʝʥʥʷ [9]. ʊʘʢʠʤ ʯʠʥʦʤ, ʋʨʷʜ ʋʢʨʘʾʥʠ ʯʝʨʝʟ ʄʅʉ ʫʟʷʚ ʥʘ ʩʝʙʝ ʧʝʚʥʽ ʟʦʙʦʚôʷʟʘʥʥʷ ʱʦʜʦ 

ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ ʽʟ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ ʢʘʪʘʩʪʨʦʬ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʛʨʦʟ ʥʘ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʜʦʙʨʦʙʫʪ ʥʘʩʝʣʝʥʥʷ.  

ʋ ʄʝʤʦʨʘʥʜʫʤʽ ʥʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʛʣʦʙʘʣʴʥʽ ʚʥʝʩʢʠ ʫ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ ʢʘʪʘʩʪʨʦʬ  

ʻ ʦʜʥʽʻʶ ʟ ʥʝʦʙʭʽʜʥʠʭ ʧʝʨʝʜʫʤʦʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʎʽʣʝʡ ʨʦʟʚʠʪʢʫ ʪʠʩʷʯʦʣʽʪʪʷ, ʦʩʦʙʣʠʚʦ  

ʫ ʩʬʝʨʽ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʙʽʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʪʝ, ʱʦ ʧʠʪʘʥʥʷ ʟʥʠʞʝʥ-

ʥʷ ʨʠʟʠʢʽʚ ʢʘʪʘʩʪʨʦʬ ʚʢʣʶʯʝʥʽ ʫ ʛʣʦʙʘʣʴʥʠʡ ʩʪʨʘʪʝʛʽʯʥʠʡ ʇʣʘʥ ʇʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʆʆʅ ʥʘ 

2008ï2011 ʨʦʢʠ. ʋʢʨʘʾʥʘ ʚʠʟʥʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʨʝʘʛʫʚʘʥ-

ʥʷ ʥʘ ʢʘʪʘʩʪʨʦʬʠ, ʟʦʩʝʨʝʜʞʫʶʯʠ ʫʚʘʛʫ ʥʘ ʧʠʪʘʥʥʷʭ ʧʽʜʚʠʱʝʥʥʷ ʛʦʪʦʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʨʠ-

ʟʠʢʽʚ, ʘ ʪʘʢʦʞ ʧʨʘʮʶʻ ʚ ʥʘʧʨʷʤʢʫ ʨʦʟʚʠʪʢʫ ʇʣʘʥʫ ʟʘʭʦʜʽʚ ʽʟ ʨʝʘʣʽʟʘʮʽʾ ʟʘʚʜʘʥʴ ʍʈʇɼ. ʋ ʜʦ-

ʢʫʤʝʥʪʽ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʠʪʘʥʥʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ, ʘʜʘʧʪʘʮʽʾ ʜʦ ʛʣʦʙʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ 

ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ, ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʧʦʤ'ʷʢʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟ, ʟʘʧʦʙʽ-

ʛʘʥʥʷ ʟʙʠʪʢʘʤ ʽ ʚʪʨʘʪʘʤ ʫ ʨʝʟʫʣʴʪʘʪʽ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ ʻ ʚʘʞ-

ʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʽʜʧʠʩʘʥʥʷ ʤʝʤʦʨʘʥʜʫʤʫ ʟʘʧʣʘʥʦʚʘʥʦ ʚʠʢʦʥʘʥʥʷ ʩʧʽʣʴʥʠʭ ʟ ʆʆʅ ʧʨʦ-

ʝʢʪʽʚ ʟʘ ʧʝʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʚʠʷʚʣʝʥʥʷ, ʦʮʽʥʢʘ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʯʠʥʥʠʢʽʚ ʬʦ-

ʨʤʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʣʠʭ, ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʨʘʥʥʴʦʛʦ ʦʧʦʚʽʱʝʥʥʷ ʧʨʦ ʢʘʪʘʩʪʨʦʬʠ ʛʽʜʨʦʤʝʪʝʦ-

ʨʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚ ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ. ɺ ʨʘʤʢʘʭ ʮʴʦʛʦ ʥʘʧʨʷʤʫ ʙʫʜʝ ʟʜʽʡʩʥʝʥʦ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʦʥ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ ʥʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʽ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶ-

ʚʘʥʥʷ ʟʙʠʪʢʽʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʫ ʪʘ ʜʦʚʢʽʣʣʶ.  

ʅʘʧʨʷʤʦʢ ʟʥʠʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʨʠʟʠʢʫ ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ ʙʫʜʝ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠʩʴ ʯʝʨʝʟ ʧʨʦʝʢʪʠ ʥʘ ʚʨʘʟʣʠʚʠʭ ʜʦ ʧʦʚʝʥʝʡ ʪʝʨʠʪʦʨʽʷʭ ʧʽʜʚʠʱʝʥʦʛʦ ʨʠʟʠʢʫ  

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ ʽ ʩʪʨʫʢʪʫʨʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʙʠʪʢʽʚ ʽ ʚʪʨʘʪ 

ʯʝʨʝʟ ʧʨʠʩʢʦʨʝʥʫ ʝʨʦʟʽʶ ʨʽʯʢʦʚʠʭ ʙʝʨʝʛʽʚ ʽ ʟʩʫʚʠ ˇʨʫʥʪʫ. ɼʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ 

ʥʘ ʧʨʠʨʦʜʥʽ ʢʘʪʘʩʪʨʦʬʠ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʟʘ ʧʽʜʪʨʠʤʢʠ ʇʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʆʆʅ ʙʫʜʝ  
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ʟʘʙʝʟʧʝʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʨʘʤʢʘʭ ʧʦʣʦʞʝʥʴ ʄʽʞʥʘʨʦʜ-

ʥʦʾ ʍʘʨʪʽʾ çʂʦʩʤʦʩ ʪʘ ʟʥʘʯʥʽ ʩʪʠʭʽʡʥʽ ʣʠʭʘè. 

ʆʯʝʚʠʜʥʦ, ʱʦ ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʤʘʻ ʙʫʪʠ ʧʨʦʚʽʜʥʦʶ ʫʩʪʘʥʦ-

ʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ɿʈʃ. ɼʦ ʫʯʘʩʪʽ ʚ ʥʽʡ ʜʦʮʽʣʴʥʦ ʟʘʣʫʯʠʪʠ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ, ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʩʪʨʘ-

ʪʝʛ̔ʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʣʽʩʦʚʠʭ ʨʝʩʫʨʩʽʚ, ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʩʧʝʮʽʘʣʽʩʪʽʚ ʽʟ ʪʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʧʦʪʝʨʧʘʶʪʴ ʚʽʜ ʩʪʠʭʽʡ-

ʥʠʭ ʣʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ. ɺʢʨʘʡ ʚʘʞʣʠʚʦʶ ʪʘʢʦʞ ʻ ʫʯʘʩʪʴ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, 

ʥʘʩʘʤʧʝʨʝʜ ʆʆʅ, ʇʨʝʜʩʪʘʚʥʠʮʪʚʘ ɭʉ, ʊʦʚʘʨʠʩʪʚʘ ʏʝʨʚʦʥʦʛʦ ʍʨʝʩʪʘ ʋʢʨʘʾʥʠ, ʥʘʚʯʘʣʴʥʠʭ 

ʟʘʢʣʘʜʽʚ ʪʦʱʦ.  

ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʘ ʧʣʘʪʬʦʨʤʘ ʢʦʦʨʜʠʥʫʚʘʪʠʤʝ ʟʫʩʠʣʣʷ ʢʨʘʾʥʠ ʫ ʩʬʝʨʽ ʟʥʠ-

ʞʝʥʥʷ ʨʠʟʠʢʽʚ ʢʘʪʘʩʪʨʦʬ, ʘ ʪʘʢʦʞ ʤʦʙʽʣʽʟʫʚʘʪʠʤʝ ʨʝʩʫʨʩʠ ʧʨʠʚʘʪʥʠʭ ʢʦʤʧʘʥʽʡ ʽ ʤʽʞʥʘʨʦʜ-

ʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ. ɺ ʮʽʣʦʤʫ ʮʝ ʜʦʟʚʦʣʠʪʴ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʷ-

ʚʥʽ ʨʝʩʫʨʩʠ ʟʘʭʠʩʪʫ ʪʘ ʢʦʥʮʝʥʪʨʫʚʘʪʠ ʟʫʩʠʣʣʷ ʚ ʫʤʦʚʘʭ ʯʘʩʦʚʠʭ ʦʙʤʝʞʝʥʴ ʧʨʠ ʢʘʪʘʩʪʨʦʬʘʭ 

ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʤʦʞʣʠʚʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ʉʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠ-

ʭʽʡʥʠʭ ʣʠʭ ʚ ʋʢʨʘʾʥʽ ʤʘʪʠʤʝ ʥʠʟʢʫ ʧʝʨʝʚʘʛ, ʩʝʨʝʜ ʷʢʠʭ ʧʽʜʚʠʱʝʥʥʷ ʧʦʟʠʪʠʚʥʦʛʦ ʽʤʽʜʞʫ ʥʘ-

ʰʦʾ ʜʝʨʞʘʚʠ ʯʝʨʝʟ ʜʦʪʨʠʤʘʥʥʷ ʚʟʷʪʠʭ ʥʘ ʩʝʙʝ ʟʦʙʦʚ'ʷʟʘʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʍʽʦʛʩʴʢʦʾ ʨʘʤʢʦʚʦʾ 

ʧʨʦʛʨʘʤʠ ʜʽʡ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʾ ʟʫʩʠʣʴ ʟʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ ʣʠʭ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟ̔ ʩʫʩʽʜ-

ʥʽʤʠ ʜʝʨʞʘʚʘʤʠ, ʤʦʙʽʣʽʟʘʮʽʷ ʨʝʩʫʨʩʽʚ ʧʨʠʚʘʪʥʠʭ ʢʦʤʧʘʥʽʡ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʦʙʤʽʥ 

ʜʦʩʚʽʜʦʤ ʟ ʬʘʭʽʚʮʷʤʠ ʫ ʩʬʝʨʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʟ ʨʽʟʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ. ɽʬʝʢʪʠʚʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʚ ʋʢʨʘʾʥʽ ʟʘ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʟ ʆʆʅ ʫ ʮʽʡ ʩʬʝʨʽ 

ʩʧʨʠʷʪʠʤʝ ʟʥʠʞʝʥʥʶ ʨʠʟʠʢʫ ʢʘʪʘʩʪʨʦʬ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʟʤʝʥʰʝʥʥʶ ʚʪʨʘʪ ʽ ʚʠʪʨʘʪ ʚʽʜ ʾʭ 

ʨʝʘʣʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʥʘʩʝʣʝʥʥʷ ʽ ʜʦʚʢʽʣʣʷ. 

***  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʋʢʨʘʾʥʘ ʧʨʠʻʜʥʘʣʘʩʷ ʜʦ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ 

ʂʦʥʚʝʥʮʽʡ ʪʘ ʽʥʰʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʜʦʛʦʚʦʨʽʚ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ʆʜʥʘʢ ʧʨʘʢʪʠʯʥʘ 

ʨʝʘʣʽʟʘʮʽʷ ʧʦʣʦʞʝʥʴ ʙʘʛʘʪʴʦʭ ʟ ʥʠʭ ʻ ʚʢʨʘʡ ʥʝʜʦʩʪʘʪʥʴʦʶ, ʱʦ ʟʘʚʜʘʻ ʰʢʦʜʠ ʤʽʞʥʘʨʦʜʥʦʤʫ 

ʽʤʽʜʞʫ ʜʝʨʞʘʚʠ ʯʝʨʝʟ ʥʝʥʘʣʝʞʥʝ ʚʠʢʦʥʘʥʥʷ ʚʟʷʪʠʭ ʥʘ ʩʝʙʝ ʟʦʙʦʚôʷʟʘʥʴ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ, ʚʢʣʶʯʘʶʯʠ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ, ʜʦ ʮʴʦʛʦ 

ʯʘʩʫ ʚ ʋʢʨʘʾʥʽ ʥʝ ʩʪʚʦʨʝʥʦ ʥʘʮʽʦʥʘʣʴʥʫ ʧʣʘʪʬʦʨʤʫ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʫ ʚʽʜʧʦ-

ʚʽʜʥʦʩʪʽ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ ʍʽʦʛʩʴʢʦʾ ʨʘʤʢʦʚʦʾ ʧʨʦʛʨʘʤʠ ʜʽʡ, ʩʪʦʨʦʥʦʶ ʷʢʦʾ ʻ ʥʘʰʘ ʜʝʨʞʘʚʘ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʮʽʻʾ ʧʣʘʪʬʦʨʤʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʽʩʥʫʶʯʘ ʚ ʢʨʘʾʥʽ ʩʠʩ-

ʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʛʨʦʟ ʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʽ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʥʜʝʥʮʽʡ ʽ ʭʘʨʘʢʪʝʨʫ 

ʟʤʽʥ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʟʘʛʨʦʟ ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʮʽ ʜʝʨʞʘʚʠ ʪʘ ʧʦʪʨʝʙʫʻ ʢʘʨʜʠʥʘʣʴʥʦʛʦ ʫʜʦ-

ʩʢʦʥʘʣʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʜʝʨʞʘʚʥʘ ʩʠʩʪʝʤʘ ʟʘʭʠʩʪʫ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʢʘʪʘʩʪʨʦʬ ʧʨʠʨʦʜʥʦʛʦ ʪʘ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʦʪʨʝʙʫʻ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʝʬʝʢʪʠʚ-

ʥʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʢʘʪʘʩʪʨʦʬ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 
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ʅʘʷʚʥʘ ʚ ʢʨʘʾʥʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘ ʙʘʟʘ ʥʝʜʦʩʪʘʪʥʴʦ ʚʨʘʭʦʚʫʻ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʫʙʽʞʥʠʡ 

ʜʦʩʚʽʜ, ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʄʽʞʥʘʨʦʜʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʫ ʩʬʝʨʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʢʘʪʘʩʪʨʦʬ ʨʽʟ-

ʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʾʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʅʠʥʽ ʚ ʋʢʨʘʾʥʽ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʽ ʤʽʞʥʘʨʦʜʥʠʭ ʜʦʛʦʚʦʨʽʚ ʫ ʧʨʠʨʦʜʦ-

ʦʭʦʨʦʥʥʽʡ ʩʬʝʨʽ ʯʝʨʝʟ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʧʦʣʦʞʝʥʴ ʮʠʭ ʜʦʢʫʤʝʥʪʽʚ ʫ ʥʘʮʽʦʥʘʣʴʥʝ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʟʘʛʨʦʟʣʠʚʘ ʩʠʪʫʘʮʽʷ ʚ ʝʢʦʣʦʛʦ-ʪʝʭʥʦʛʝʥʥʽʡ ʩʬʝʨʽ ʚʠʤʘʛʘʻ ʙʽʣʴʰ ʘʢʪʠʚʥʦ-

ʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʧʽʰʥʦʛʦ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʩʪʦʩʦʚʥʦ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠ-

ʪʫʘʮʽʡ, ʘ ʪʘʢʦʞ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʩʧʽʣʴʥʠʭ ʜʽʡ ʱʦʜʦ ʾʭ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʰʣʷʭʦʤ ʘʢʪʠʚʽʟʘʮʽʾ ʩʧʽʚʨʦ-

ʙʽʪʥʠʮʪʚʘ ʋʢʨʘʾʥʠ ʟ ʢʨʘʾʥʘʤʠ ɭʉ, ʉʅɼ ʪʘ ʤʽʞʥʘʨʦʜʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʫ ʮʽʡ ʩʬʝʨʽ. ɺ ʮʴʦʤʫ 

ʟʚôʷʟʢʫ ʩʪʚʦʨʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʚ ʋʢʨʘʾʥʽ ʟʘ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʟ ʆʆʅ ʤʘʪʠʤʝ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʜʝʨʞʘʚʠ. 
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É ɽ.ɺ. ʎʠʢʘʣʦ, ʉ.ʇ. ʀʚʘʥʶʪʘ 

ɸʅɸʃʀɿ ʆʇʓʊɸ ʉʊʈɸʅ ɽʉ ɺ ʉʌɽʈɽ ʇʈɽɼʆʊɺʈɸʑɽʅʀʗ ʅɽɻɸʊʀɺʅʓʍ  

ʇʆʉʃɽɼʉʊɺʀʁ ʉʊʀʍʀʁʅʓʍ ɹɽɼʉʊɺʀʁ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʢʪʫʘʣʴʥʳʝ ʧʦʜʭʦʜʳ ɽʉ ʚ ʩʬʝʨʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩ-

ʪʚʠʡ ʨʘʟʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʩʤʷʛʯʝʥʠʷ ʠʭ ʥʝʛʘʪʠʚʥʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʆʯʝʨʯʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ 

ʩʦʟʜʘʥʠʷ ʚ ʋʢʨʘʠʥʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ ʢʘʢ ʜʝʡ-

ʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʨʝʘʣʠ-

ʟʘʮʠʠ ʘʢʪʫʘʣʴʥʠʭ ʫʛʨʦʟ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

É ʆ.V. Tsikalo, S.P. Ivaniuta  

ANALYSIS OF EXPERIENCE OF EU COUNTRIES IN THE FIELD OF PREVENTION 

OF NEGATIVE CONSEQUENCES OF NATURAL DISASTERS 

Actual approaches of ɽU in the field of prevention of natural calamities of different character 

and softening of their negative consequences are analysed. The prospects of creation in Ukraine of 

modern mechanisms for risk reduction of natural disasters are outline dasan effective mean of 

increase of firmness of the state to the negative consequences of realization of actual threats of 

natural origin. 
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É ɺ.ʄ. ʋʜʦʜ, ʜ-ʨ ʙʽʦʣ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ; 

ʉ.ʄ. ɸʙʫ ɼʽʙ, ʘʩʧ̔ʨʘʥʪ 

 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

 

ɽʂʆʃʆɻɯʏʅɸ ʆʎɯʅʂɸ ʉʊɸʅʋ  

ʇʈʀʈʆɼʅʆ-ɸʅʊʈʆʇʆɻɽʅʅʀʍ ʃɸʅɼʐɸʌʊɯɺ  

ɺ ʄɽɾɸʍ ɼɯɰ ɯʅɾɽʅɽʈʅʀʍ ʃɯʉʆɿɸʍʀʉʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʽʥʞʝʥʝʨʥʠʭ ʣʽʩʦʟʘʭʠʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʦʩʦʚʥʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟԋʷʩʫʚʘʥʥʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ, 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʝʟʦʝʢʦʩʠʩʪʝʤ (ʉʄɽ) 

ʟʘʭʠʩʥʦʛʦ ʪʠʧʫ ʽʟ ʥʝʥʘʩʠʯʝʥʠʤ ʙʽʦʮʝʥʦʟʦʤ. ʗʢʽʩʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʉʄɽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʘʤʝ ʟʘ ʨʘʭʫʥʦʢ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʂʽʣʴʢʽʩʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʉʄɽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʢʦʥʦ-

ʛʨʘʬʽʯʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʦʩʥʦʚʦʶ ʷʢʦʾ ʻ ʧʽʜʭʦʜʠ ɺ.ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ ʱʦʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʚ ʤʝʞʘʭ ʽʥʞʝʥʝʨʥʠʭ ʣʽʩʦʟʘʭʠʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʧʽʜʪʚʝʨ-

ʜʞʝʥʥ ̫ï ʧʦʟʠʪʠʚʥʘ ʢʽʣʴʢʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ). 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʽ ʣʘʥʜʰʘʬʪʠ, ʽʥʞʝʥʝʨʥʽ ʣʽʩʦʟʘʭʠʩʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʤʝʟʦʝʢʦʩʠʩʪʝʤʠ, ʙʽʦʮʝʥʦʟʠ. 

 

ɽʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʋʢʨʘʾʥʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʪʝʭʥʦʛʝʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʥʘ ʧʨʠʨʦʜʥʽ ʣʘʥʜʰʘʬʪʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ, ʘʥʪʨʦʧʦʛʝʥʥʦ ʟʤʽʥʝʥʽ ʣʘʥʜ-

ʰʘʬʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʚʨʘʟʣʠʚʽ ʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʟʘʭʠʩʪʫ (1ï3). 

ɺʦʜʥʦʯʘʩ, ʟʘ ʦʩʪʘʥʥʽ ʜʚʘ ʜʝʩʷʪʠʣʽʪʪʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʞʝʥʝʨʥʦ-ʟʘʭʠʩʥʦʾ ʬʽʪʦʤʝʣʽʦʨʘ-

ʮʽʾ (4) ʟʥʘʯʥʦ ʧʦʛʽʨʰʠʣʘʩʷ. ɯʩʥʫʶʯʽ ʥʦʨʤʘʪʠʚʥʽ ʝʢʦʣʦʛʦ-ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʟʦʙʦʚËʷʟʫʶʪʴ, ʷʢ 

ʧʨʘʚʠʣʦ, ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʪʠʜʽʾ ʛʝʦʬʽʟʠʯʥʠʤ ʧʦʪʦʢʘʤ, ʘ ʧʦ-

ʟʘ ʫʚʘʛʦʶ ʟʘʣʠʰʘʶʪʴʩʷ ʝʢʦʣʦʛʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ, ʷʢʽ ʡ ʟʘʙʝʟʧʝ-

ʯʫʶʪʴ ʩʪʽʡʢʠʡ ʨʦʟʚʠʪʦʢ ʧʨʠʨʦʜʥʠʭ ʽ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʞʝʥʝʨʥʠʭ 

ʣʽʩʦʟʘʭʠʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ɯʃɿʂ) ʩʪʘʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠ-

ʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʚ ʤʝʟʦʝʢʦʩʠʩʪʝʤʘʭ (ʄɽʉ), ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ 
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ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʫ ʜʽʷʣʴʥʽʩʪʴ. ʈʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʧʨʠʯʠʥʥʦ-

ʥʘʩʣʽʜʢʦʚʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʝʢʦʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʦ-

ʩʪʘʙʽʣʽʟʫʶʯʦʾ ʨʦʣʽ ʄɽʉ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ (ʇɸʃ) ʥʘ-

ʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʢʦʤʧʣʝʢʩʥʠʭ ʽʥʞʝʥʝʨʥʦ-ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ɯʃɿʂ 

ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʙʽʦʪʠʯʥʠʤʠ, ʘʙʽʦʪʠʯʥʠʤʠ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ ʬʘʢʪʦ-

ʨʘʤʠ ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʦ-ʩʪʘʙʽʣʽʟʫʶʯʦʾ ʨʦʣʽ ʟʘʭʠʩʥʠʭ ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ 

(ɿʃʅ), ʷʢʽ ʬʦʨʤʫʶʪʴ ʄɽʉ ʟʘʭʠʩʥʦʛʦ ʪʠʧʫ ʽʟ ʥʝʥʘʩʠʯʝʥʠʤ ʙʽʦʮʝʥʦʟʦʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʮʝ-

ʧʮʽʾ ʨʦʟʚʠʪʢʫ ʝʢʦʩʠʩʪʝʤ (5) ʧʨʠ ʾʭ ʜʦʩʣʽʜʞʝʥʥʽ ʦʙʦʚôʷʟʢʦʚʠʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʫʢʦʚʠʭ  

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʚʠʪʢʫ ʉʄɽ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʩʪʨʫʢʪʫʨʠ ʄɽʉ ʪʘ 

ʧʝʨʝʜʙʘʯʠʪʠ ʾʭ ʚʧʣʠʚ ʥʘ ʝʢʦʣʦʛʦ-ʩʪʘʙʽʣʽʟʫʶʯʫ ʨʦʣʴ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ. 

ʈʽʚʝʥʴ ʚʧʣʠʚʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʧʣʠʚʫ ʟʥʘʯʥʦ ʤʝʥʰʘ ʟʘ ʧʨʠʩʪʦʩʫʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ 
ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

                                                                          ʚʧʣʠʚʫ                 ʚʠʭʽʜʥʘ 
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ɯʥʜʝʢʩ ʥʦʨʤʘʪʠʚʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʇɸʃ 

ʩʪʘʥʫ ʧʨʠʨʦʜʥʦʛʦ ʣʘʥʜʰʘʬʪʫ 

ɺʟʘʻʤʦʜʽʷ 
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ɺʦʜʦʦʭʦʨʦʥʥʘ 

ʬʫʥʢʮʽʷ ʄɽʉ 

ɺʦʜʦʦʭʦʨʦʥʥʘ 

ʬʫʥʢʮʽʷ ʣʽʩʽʚ 

ɺʟʘʻʤʦʜʽʷ ʽʟ 
ʫʩʽʤʘ ʩʢʣʘʜʦʚʠ-

ʤʠ ɯʃɿʂ 

ɽʢʦʣʦʛʦ-
ʩʪʘʙʽʣʽʟʫʶʯʘ 
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ʜʝʨʝʚʦʩʪʘʥʽʚ 

ɹʽʦʛʝʦʭʽʤʽʯʥʘ 
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ʇʦʛʣʠʥʘʥʥʷ 
ʘʪʤʦʩʬʝʨʥʠʭ 

ʦʧʘʜʽʚ 
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ʅʝʥʘʩʠʯʝʥʽ ʙʽʦʮʝʥʦʟʠ ʻ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ɹʝʟ ʫʯʘʩʪʽ ʣʶʜʠʥʠ ʥʝʥʘʩʠ-

ʯʝʥʽ ʙʽʦʮʝʥʦʟʠ ʥʝ ʤʦʞʫʪʴ ʜʦʚʛʦ ʽʩʥʫʚʘʪʠ. ʆʩʴ ʯʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦ-

ʟʫʚʘʪʠ ʾʭ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ. ʊʦʤʫ ʥʘʤʠ ʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʝʢʦʩʠʩʪʝʤʥʠʡ 

ʢʦʥʪʨʦʣʴ ʟʘ ʩʪʘʥʦʤ ɯʃɿʂ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʉʄɽ ʥʘ ʷʢʽʩʥʦʤʫ ʨʽʚʥʽ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʟʘ-

ʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʄɽ ʪʘ ʟʦʚʥʽʰʥʽʤ ʚʧʣʠʚʦʤ ʥʘ ʩʠʩʪʝʤʫ. ɺʟʘʻʤʦʟʚôʷʟʢʠ ʚ ʉʄɽ 

ʩʪʚʦʨʶʶʪʴ ʥʝʨʦʟʨʠʚʥʽ ʧʨʦʮʝʩʠ ʤʽʞ ʜʝʨʝʚʥʠʤʠ ʧʦʨʦʜʘʤʠ, ʧʽʜʣʽʩʢʦʤ, ʤʽʢʨʦʙʽʦʮʝʥʦʟʦʤ, ʟʦʦ-

ʮʝʥʦʟʦʤ, ʝʜʘʬʦʪʦʧʦʤ, ʢʣʽʤʘʪʦʪʦʧʦʤ, ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʚʠʥʠʢʥʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʘʜʘʧʪʘʮʽʾ ʞʠ-

ʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʜʦ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʽʜʦʤʦ, ʱʦ ʚʠʢʣʶʯʝʥʥʷ ʭʦʯʘ ʙ ʦʜ-

ʥʦʛʦ ʟ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɿʃʅ ʷʢ ʬʘ-

ʢʪʦʨʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʘʛʨʦʣʘʥʜʰʘʬʪʠ. ʈʫʰʽʡʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʻ ʦʪʨʠ-

ʤʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʜʝʨʝʚʦʩʪʘʥʽʚ ʟʘ  

20-ʨʽʯʥʠʡ ʧʝʨʽʦʜ (6, 7).  

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʝʨʝʚʦʩʪʘʥʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʇɸʃ. ʌʫʥʢʮʽʦʥʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʜʝʨʝʚʦʩʪʘʥʽʚ ʚʠʟʥʘʯʘʣʠ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʧʨʦʜʫʢʫʚʘʥʥʷ ʢʠʩʥʶ, ʟʘ-

ʪʨʠʤʘʥʥʷ ʧʠʣʫ ʪʘ ʩʘʞʽ ʽʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʙʦʨʫ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʣʠ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥ-

ʢʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʡ (ʬʫʥʢʮʽʷ ʃʘʛʨʘʥʞʘ) ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʫ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦ-

ʥʝʥʪʽʚ. 

ɿʘʛʘʣʴʥʘ ʜʠʩʧʝʨʩʽʷ ʚʩʽʭ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʦʚʠʣʘ 82,6% (ʚʽʜʧʦʚʽʜʥʦ, 28,4%; 26,8%; 27,4% ï 

ʉ, ʉ2, ʉ3 ï ʚʧʣʠʚʫ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʩʢʣʘʜʦʚʽ ʉʄɽ ʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʇɸʃ). 

ʋ ʧʨʦʮʝʩʽ ʚʟʘʻʤʦʜʽʾ ʘʙʽʦʪʠʯʥʠʭ ʽ ʙʽʦʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʣʽʥʽʡʥʫ ʬʫʥʢʮʽʶ 

ʝʢʦʣʦʛʦ-ʩʪʘʙʽʣʽʟʫʶʯʦʛʦ ʝʬʝʢʪʫ ɿʃʅ ʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦ ʇɸʃ: 

 

ɽʩʪ =  , ʜʝ 

 

ɽʩʪ ï ʝʢʦʣʦʛʦ-ʩʪʘʙʽʣʽʟʫʶʯʠʡ ʝʬʝʢʪ ʜʽʾ ɿʃʅ; 

ʍij  ï ʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱʽ ɿʃʅ ʜʦ ʩʫʢʫʧʥʦʛʦ ʦʙôʻʤʫ ʧʦʛʣʠʥʘʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʧʨʦʜʫʢʫ-

ʚʘʥʥʷ ʢʠʩʥʶ, ʟʘʪʨʠʤʘʥʥʷ ʧʠʣʫ ʽ ʩʘʞʽ (ʤį/ʨʽʢ); 

ʫ ï ʽʥʜʝʢʩ ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʪʘʥʫ ʇɸʃ ʱʦʜʦ ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ ʣʘʥʜʰʘʬʪʫ.  

ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʚ ʉʄɽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʘʢʠʤ ʯʠʥʦʤ : 

 

              F0     C1          F2       F4           F5 

ʄɽʉ             F1       U            C3                       

                             F5  

 

C1 ʪʘ ʉ2 ï ʫʟʘʛʘʣʴʥʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɿʃʅ ʪʘ ʇɸʃ; 

F0éF5 ï ʧʦʪʦʢʠ ʨʝʯʦʚʠʥ; 



 

                                                                              ʈʦʟʜʽʣ 2. ʆʩʥʦʚʠ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ ̫
 

83 

 

U ï ʚʟʘʻʤʦʜʽʷ ɿʃʅ ʪʘ ʇɸʃ;  

C3 (ʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ) ï ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʻʤʥʦʩʪʽ ʣʘʥʜʰʘʬʪʽʚ. 

ʆʢʨʽʤ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʉʄɽ ʚʽʜʽʛʨʘʻ ʚʝʨʭ-

ʥʽʡ ʰʘʨ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢ, ʙʽʣʴʰʽʩʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʥʝʨʫ-

ʭʦʤʽ ʘʙʦ ʤʘʣʦʨʫʭʦʤʽ ʚ ˇʨʫʥʪʘʭ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ ʪʘ ʜʦʧʫʩʪʠʤʠʤ ʨʽʚʥʷʤʠ;  

ʥʘ ʦʩʥʦʚʽ ʚʠʚʯʝʥʥʷ ʦʙʤʽʥʫ ʚ ˇʨʫʥʪʘʭ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ ʧʦʙʫʜʦʚʘʥʦ ʢʫʤʫʣʷʪʠʚʥʠʡ ʨʷʜ ï  

Mn < Zn < Pb < Ni < Cu < Cd. ʉʪʦʩʦʚʥʦ ʟʤʽʥ ʚʠʭʽʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, 

ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʢʦʥʪʨʦʣʴ ʚʽʜʙʫʚʘʚʩʷ ʯʝʨʝʟ ʜʫʞʝ ʪʨʠʚʘʣʠʡ ʩʪʨʦʢ (1 ʨʽʢ) ʽ ʪʦʤʫ, ʥʘ 

ʥʘʰ ʧʦʛʣʷʜ, ʾʭ ʟʘʣʠʰʢʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ˇʨʫʥʪʘʭ ʙʫʣʠ ʥʠʞʯʝ ɻɼʂ. ʍʦʯʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ 

ʚʽʜʩʫʪʥʦʩʪʽ ʚʧʣʠʚʫ ʧʝʩʪʠʮʠʜʽʚ ʻ ʚʽʜʥʦʚʣʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ 

ʢʽʣʴʢʽʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴʥʽʡ ʝʢʦʣʦʛʽʯʥʽʡ ʩʠʪʫʘʮʽʾ (ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʝʢʦ-

ʣʦʛʽʯʥʦʾ ʻʤʥʦʩʪʽ). 

ʋ ʬʦʨʤʫʚʘʥʥʽ ʇɸʃ (8) ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫʩʽ ʩʢʣʘʜʦʚʽ ʉʄɽ, ʽ ʪʦʤʫ ʚʩʪʘʥʦʚʣʝʥʽ ʚʟʘʻ-

ʤʦʟʚôʷʟʢʠ ʩʪʘʣʠ ʙʘʟʦʚʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʢʦʥʦʛʨʘʬʽʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʟʤʽʥʠ ʥʘ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʞʝʥʝʨʥʦʾ ʣʽʩʦʟʘʭʠʩʥʦʾ ʬʽʪʦʤʝʣʽʦʨʘʮʽʾ. ʊʦʙʪʦ, 

ʢʽʣʴʢʽʩʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʉʄɽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ 

ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʫ ʉʄɽ, ʷʢʽ ʙʫʣʠ ʟʘʟʥʘʯʝʥʽ ʫ ʩʭʝʤʽ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ. ɯʢʦʥʦʛʨʘʬʽʯʥʘ ʤʘ-

ʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʇɸʃ ( ɽʧʘʣ) ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ : 

 

ɽʧʘʣ =  +  +  +  , ʜʝ 

 

dEa/dt ï ʚʟʘʻʤʦʜʽʷ ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ ʟ ʘʪʤʦʩʬʝʨʦʶ: ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʧʦʛʣʠʥʘʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛ-

ʣʝʮʶ, ʧʨʦʜʫʢʫʚʘʥʥʷ ʢʠʩʥʶ, ʟʘʪʨʠʤʘʥʥʷ ʧʠʣʫ ʪʘ ʩʘʞʽ ; 

dEʛ/dt ï ʚʟʘʻʤʦʜʽʷ ʜʝʨʝʚʥʠʭ ʧʦʨʽʜ ʽʟ ʜʦʱʦʚʠʤʠ ʦʧʘʜʘʤʠ, (ʤį/ʩ, ʤʤ/ʨʽʢ); 

dEʣ/dt ï ʟʘʛʘʣʴʥʘ ʩʫʢʫʧʥʘ ʟʘʙʨʫʜʥʝʥʽʩʪʴ ˇʨʫʥʪʽʚ ʪʦʢʩʠʯʥʠʤʠ ʤʝʪʘʣʘʤʠ, ʧʝʩʪʠʮʠʜʘʤʠ, ʥʽʪʨʘ-

ʪʘʤʠ; 

dEʟʣʥ/dt ï ʩʫʢʫʧʥʠʡ ʦʙôʻʤ ʧʦʛʣʠʥʘʥʥʷ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʧʨʦʜʫʢʫʚʘʥʥʷ ʢʠʩʥʶ, ʟʘʪʨʠʤʘʥʥʷ 

ʧʠʣʫ ʪʘ ʩʘʞʽ; 

ʂ1 ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ (9); 

ʂ2 ï ʢʦʝʬʽʮʽʻʥʪ ʥʦʨʤʘʪʠʚʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʣʦʱʽ ɿʃʅ ʜʦ ʧʣʦʱʽ ʘʛʨʦʣʽʩʥʠʮʪʚʘ; 

ʂ3 ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʩʠʯʝʥʥʷ ˇʨʫʥʪʽʚ ʚʦʣʦʛʦʶ; 

ʂ4 ï ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʪʠʝʨʦʟʽʡʥʠʭ ʟʘʭʦʜʽʚ; 

ʂ5 ï ʢʦʝʬʽʮʽʻʥʪ ʟʤʝʥʰʝʥʥʷ ʛʫʤʫʩʦʚʦʛʦ ʰʘʨʫ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʤʽʩʪʫ  

ʚ ˇʨʫʥʪʘʭ; 

ʂʝ ï ʝʢʦʣʦʛʽʯʥʘ ʻʤʥʽʩʪʴ ˇʨʫʥʪʽʚ, ʤʦʜʠʬʽʢʦʚʘʥʘ ʤʝʪʦʜʠʢʘ (10). 

ʂʽʣʴʢʽʩʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʉʄɽ ʧʦʢʘʟʘʣʘ, ʱʦ ʟʘʜʽʷʥʽ ʚʩʽ ʩʢʣʘʜʦʚʽ 

ʩʠʩʪʝʤʠ ʟ ʾʭ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʤʠ ʟʚôʷʟʢʘʤʠ ʤʽʞ ʝʢʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʽ (ʙʽʣʴʰʽʩʪʴ) ʧʘʨʘ-

ʤʝʪʨʠ ʽ ʧʦʢʘʟʥʠʢʠ : ʂ2 ïʂ5; ʽʥʜʝʢʩ ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʪʘʥʫ ʇɸʃ ʱʦʜʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʪʘʥʫ ʣʘʥʜʰʘʬʪʫ; ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ: ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɿʃʅ, 
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ʝʢʦʣʦʛʽʯʥʦʾ ʻʤʥʦʩʪʽ ˇʨʫʥʪʽʚ ʪʦʱʦ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʧʦʢʘʟʥʠʢʠ ʯʘʩʪʢʦʚʦ ʚʠʩʚʽʪʣʝʥʽ 

ʫ ʨʦʙʦʪʽ (11), ʽʥʰʽ ï ʚ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʝʪʘʧʽ ʜʦ ʜʨʫʢʫ ʚ ʨʝʜʘʢʮʽʷʭ ʬʘʭʦ-

ʚʠʭ ʥ/ʚʠʜʘʥʴ. 

ʉʪʦʩʦʚʥʦ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʉʄɽ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ɿʃʅ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʣʦ-

ʛʽʯʥʦʾ ʻʤʥʦʩʪʽ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʇɸʃ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʟʘʣʝʞʥʦʩʪʽ 0 <0,8 < 1 (ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʪʠʝʨʦʟʽʡʥʠʭ ʟʘʭʦʜʽʚ 0 < 0,31 < 1). 

ʋ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʤʝʞʘʭ ɯʃɿʂ ʬʦʨʤʫʻʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʤʝʟʦʝʢʦʩʠʩʪʝʤʘ ʽʟ ʥʝ-

ʥʘʩʠʯʝʥʠʤ ʙʽʦʮʝʥʦʟʦʤ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʢʦʣʦʛʦ-ʩʪʘʙʽʣʽʟʫʶʯʠʤʠ ʬʫʥʢʮʽʷʤʠ ʧʦ ʚʽʜʥʦ-

ʰʝʥʥʶ ʜʦ ʇɸʃ. ɺʠʭʦʜʷʯʠ ʽʟ ʢʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ʝʢʦʩʠʩʪʝʤ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʇɸʃ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟËʷʩʫʚʘʥʥʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʄɽ, ʨʝʟʫʣʴʪʘʪʠ 

ʷʢʠʭ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʢʦʨʝʛʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ɯʃɿʂ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʘʛʨʦʣʩ̔ʦʢʦʨʠʩʪʫʚʘʥʥʷ. 
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ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 27.01.14 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ 

É ɺ.ʄ. ʋʜʦʜ, ʉ.ʄ. ɸʙʫ ɼʠʙ 

ʕʂʆʃʆɻʀʏɽʉʂɸʗ ʆʎɽʅʂɸ ʉʆʉʊʆʗʅʀʗ ʇʈʀʈʆɼʅʆ-ɸʅʊʈʆʇʆɻɽʅʅʓʍ 

ʃɸʅɼʐɸʌʊʆɺ ɺ ʇʈɽɼɽʃɸʍ ɼɽʁʉʊɺʀʗ ʀʅɾɽʅɽʈʅʓʍ  

ʃɽʉʆɿɸʑʀʊʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʣʝʩʦʟʘʱʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʯʠʥʥʦ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʟʦʵʢʦʩʠʩʪʝʤ (ʉʄʕ) ʟʘʱʠʪʥʦʛʦ ʪʠʧʘ ʩ ʥʝʥʘʩʳʱʝʥʥʳʤ ʙʠʦʮʝʥʦʟʦʤ. ʂʘʯʝ-

ʩʪʚʝʥʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʉʄʕ ʧʨʦʠʩʭʦʜʠʪ ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʉʄʕ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʢʦʥʦʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ,  

ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʘʪ ʧʦʜʭʦʜʳ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʧʦ ʧʦʚʦʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʥʪʨʦʧʦ-

ʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʠʥʞʝʥʝʨʥʳʭ ʣʝʩʦʟʘʱʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʧʦʜʪʚʝʨʞʜʝʥʠʝ ï 

ʧʦʟʠʪʠʚʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ). 

É V.M. Udod, S.M. Abu Deeb 

ENVIRONMENTAL ASSESSMENT OF NATURAL AND ANTHROPOGENIC 

LANDSCAPES WITHIN THE SCOPE ENGINEERING FOREST PROTECTION DESIGNS  

Forest protection engineering designs efficiency by the functional state for the restoration of 

agricultural landscapes depends on the research of cause and serial links that arise in the process 

of formation and development specialized mezoekosistems (SME) protective type with unsaturated 

biocenosis. The qualitative identification of structure formation SME occurs due to the definition of 

the relationship between the main components. Quantitative identification of structure formation 

MEA occurs by using iconographic models, which lie at the base in approaches of Vernadsky about 

the emergence of man-made landscapes. The results showed that there is a restoration of man-made 

landscapes within forest protection engineering structures (confirmation ï positive quantitative 

characteristic of the environmental situation on the agricultural landscapes). 
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ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

 

ɯʄʆɺɯʈʅɯʉʅʀʁ ɸʅɸʃɯɿ ʇʈʀʏʀʅ ɸɺɸʈɯʁʅʆɻʆ ʇɽʈɽʇʆɺʅɽʅʅʗ 

ɺʆɼʆʉʍʆɺʀʑɸ-ʆʍʆʃʆɼɾʋɺɸʏɸ ʍʄɽʃʔʅʀʎʔʂʆɰ ɸɽʉ  

 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽ ʧʨʠʯʠʥʠ ʘʚʘʨʽʡʥʦʛʦ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ 

ʍʤʝʣʴʥʠʮʴʢʦʾ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʍɸɽʉ) ʚʥʘʩʣʽʜʦʢ ʧʘʚʦʜʢʽʚ ʥʘ ʨ. ɻʥʠʣʠʡ ʈʽʛ. ɿʜʽʡʩʥʝʥʦ 

ʦʮʽʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʘʚʘʨʽʡʥʦʛʦ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʍɸɽʉ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʙʽʣʴʰ 

ʡʤʦʚʽʨʥʽ ʩʮʝʥʘʨʽʡ ʪʘ ʧʨʠʯʠʥʫ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʘʚʦʜʢʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʘʨʽʡʥʝ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ, ʙʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʢʠʜʫ, ʜʝʨʝʚʦ 

ʚʽʜʤʦʚ ʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʡʤʦʚʽʨʥʽʩʪʴ, ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʚʠʱʝʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʩʮʝʥʘ-

ʨʽʡ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ. 

 

ɺʩʪʫʧ. ɺʦʜʦʩʭʦʚʠʱʝ-ʦʭʦʣʦʜʞʫʚʘʯ ʍɸɽʉ (ʨʠʩ. 1) ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʨ. ɻʥʠʣʠʡ ʈʽʛ, ʧʨʘ-

ʚʽʡ ʧʨʠʪʦʮʽ ʨ. ɺʽʣʽʾ, ʥʝʜʘʣʝʢʦ ʚʽʜ ʤʽʩʮʷ ʾʾ ʚʧʘʜʽʥʥʷ ʚ ʨ. ɻʦʨʠʥʴ. ɺʦʜʦʩʭʦʚʠʱʝ, ʷʢʝ ʟʜʘʪʥʝ ʚʠ-

ʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ ʨ. ɻʥʠʣʠʡ ʈʽʛ, ʫʪʚʦʨʶʻʪʴʩʷ ʢʨʠʚʦʣʽʥʽʡ-

ʥʦʶ ʚ ʧʣʘʥʽ ʟʝʤʣʷʥʦʶ ʛʨʝʙʣʝʶ, ʧʨʦʪʷʞʥʽʩʪʶ ʜʦ 7 ʢʤ ʽ ʤʘʢʩʠʤʘʣʴʥʦʶ ʚʠʩʦʪʦʶ 13 ʤ. 

 

 

ʈʠʩ. 1 ï ɺʦʜʦʩʭʦʚʠʱʝ-ʦʭʦʣʦʜʞʫʚʘʯ ʍɸɽʉ 



 

                                                                              ʈʦʟʜʽʣ 2. ʆʩʥʦʚʠ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ ̫
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ʇʦʚʥʠʡ ʦʙôʻʤ ʚʦʜʦʩʭʦʚʠʱʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʧʽʜʧʽʨʥʦʤʫ ʨʽʚʥʽ (ʅʇʈ) (ʅʇʈ = 203,0 ʤ) 

ʩʢʣʘʜʘʻ 120 ʤʣʥ. ʤ
3
, ʧʨʠ ʬʦʨʩʦʚʘʥʦʤʫ ʧʽʜʧʽʨʥʦʤʫ ʨʽʚʥʽ (ʌʇʈ = 203,7 ʤ) ~ 132 ʤʣʥ. ʤ

3
. ʇʘʚʦ-

ʜʢʦʚʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʨ. ɻʥʠʣʠʡ ʈʽʛ ʨʽʟʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʚʠʱʝʥʥʷ (ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ) ʥʘʚʝʜʝʥʦ 

ʚ ʪʘʙʣ. 1. ʂʨʠʚʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʝʨʝʚʠʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʨ. ɻʥʠʣʠʡ ʈʽʛ ʧʨʠ  

ʨ = 0,01% · 10% ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. 

ʊʘʙʣʠʮʷ 1 ï ʇʘʚʦʜʢʦʚ ̔ʚʠʪʨʘʪʠ ʚʦʜʠ ʨ. ɻʥʠʣʠʡ ʈʽʛ ʫ ʩʪʚʦʨʽ ʛʨʝʙʣʽ ʍɸɽʉ 

ʁʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʚʠʱʝʥʥʷ ʨ, % 0,01 0,1 1 2 5 10 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ, ʤ
3
/ʩ 207 150 92,3 74,8 53,5 37 
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ʈʠʩ. 2 ï ʌʨʘʛʤʝʥʪ ʢʨʠʚʦ ʾʡʤʦʚʽʨʥʦʩʪ ̔ʧʝʨʝʚʠʱʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʚʦʜʠ  

ʨ. ɻʥʠʣʠʡ ʈʽʛ ʫ ʩʪʚʦʨʽ ʛʨʝʙʣʽ ʚʦʜʦʩʭʦʚʠʱʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʍɸɽʉ 

ʇʨʦʧʫʩʢ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʘʚʦʜʢʫ 0,01% ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʚʠʱʝʥʥʷ (ʧʝʨʽʦʜ ʧʦʚʪʦʨʝʥʥʷ 

10000 ʨʦʢʽʚ) ʧʝʨʝʜʙʘʯʝʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʯʝʨʝʟ ʧʘʚʦʜʢʦʚʠʡ ʚʦʜʦʩʢʠʜ ʫ ʩʢʣʘʜʽ ʰʘʭʪʥʦʛʦ ʚʦʜʦ-

ʟʣʠʚʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʪʠʧʫ, ʱʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʫʤʽʱʘʻʪʴʩʷ ʟ ʜʦʥʥʠʤ ʚʦʜʦʩʧʫʩʢʦʤ. ɺʠʪʨʘʪʘ 

ʚʦʜʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʦʜʦʟʣʠʚ ʧʨʠ ʌʇʈ, ʩʪʘʥʦʚʠʪʴ 110 ʤ
3
/ʩ. ʇʨʠ ʬʦʨʩʫʚʘʥʥʽ ʨʽʚʥʷ ʚʠʱʝ 

203,7 ʤ ʧʨʦʧʫʩʢ ʥʘʜʣʠʰʢʦʚʦʾ ʚʦʜʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʯʝʨʝʟ ʘʚʪʦʤʘʪʠʯʥʠʡ ʚʦʜʦʟʣʠʚ  

ʽ ʜʦʥʥʠʡ ʚʦʜʦʩʧʫʩʢ, ʜʣʷ ʯʦʛʦ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʛʣʠʙʠʥʥʽ ʨʦʙʦʯʽ ʟʘʪʚʦʨʠ. 

ɺʦʜʦʟʣʠʚʥʠʡ ʪʫʥʝʣʴ ʧʘʚʦʜʢʦʚʦʛʦ ʚʦʜʦʩʢʠʜʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʥʠʪʦʢ ʚʦʜʦʧʨʦʧʫʩʢʥʠʭ 

ʪʨʘʢʪʽʚ, ʧʝʨʝʢʨʠʪʠʭ ʨʦʙʦʯʠʤʠ ʟʘʪʚʦʨʘʤʠ. ʋ ʩʢʣʘʜʽ ʜʦʥʥʦʛʦ ʚʦʜʦʩʧʫʩʢʫ ʟʥʘʭʦʜʷʪʴʩʷ: ʩʤʽʪʪʻ-

ʟʘʪʨʠʤʫʶʯʽ ʨʝʰʽʪʢʠ, ʨʝʤʦʥʪʥʽ ʧʣʦʩʢʽ ʟʘʪʚʦʨʠ, ʛʣʠʙʠʥʥʽ ʨʦʙʦʯʽ ʧʣʦʩʢʽ ʟʘʪʚʦʨʠ. ɿʘʪʚʦʨʠ ʦʙ-

ʩʣʫʛʦʚʫʪʁʴʩʷ ʝʣʝʢʪʨʦʪʘʣʣʶ ʊɽ-500-92120-00 ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 5 ʪ.  

ɻʽʜʨʘʚʣʽʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʜʦ 

ʌʇʈ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʧʽʜʡʦʤ ʛʣʠʙʠʥʥʦʛʦ ʧʣʦʩʢʦʛʦ ʟʘʪʚʦʨʫ ʚʦʜʦʩʧʫʩ-

ʢʫ, ʧʨʠ ʧʨʘʮʝʟʜʘʪʥʦʤʫ ʚʦʜʦʩʢʠʜʽ ʽ ʚʠʪʨʘʪʽ ʜʦ 207 ʤ
3
/ʩ ʩʢʣʘʜʝ ʥʝ ʤʝʥʰʝ 16 ʛʦʜʠʥ; ʧʨʠ ʚʠʪʨʘʪʽ 

ʜʦ 150 ʤ
3
/ʩ ï ʥʝ ʤʝʥʰʝ 22 ʛʦʜʠʥ; ʧʨʠ ʙʣʦʢʫʚʘʥʥʽ ʦʜʥʦʛʦ ʟ ʪʨʘʢʪʽʚ ʽ ʚʠʪʨʘʪʽ 110 ʤ

3
/ʩ (ʡʤʦʚʽʨ-

ʥ̔ʩʪɹ ʧʝʨʝʚʠʱʝʥʥʷ 0,52% ʘʙʦ 5,2Ö10
-3
, ʨʽʢ

-1
) ï ʥʝ ʤʝʥʰʝ 30 ʛʦʜʠʥ; ʧʨʠ ʙʣʦʢʫʚʘʥʥʽ ʜʚʦʭ  
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ʪʨʘʢʪʽʚ ʽ ʚʠʪʨʘʪʽ ʜʦ 73,3 ʤ
3
/ʩ (ʡʤʦʚʽʨʥʩ̔ʪɹ ʧʝʨʝʚʠʱʝʥʥʷ ~ 2,2% ʘʙʦ 2,2Ö10

-2
, ʨʽʢ

-1
) ï ʥʝ ʤʝʥʰʝ 

45 ʛʦʜʠʥ; ʧʨʠ ʧʦʚʥʦʤʫ ʙʣʦʢʫʚʘʥʥʽ ʚʦʜʦʩʢʠʜʫ ʽ ʚʠʪʨʘʪʽ ʜʦ 37 ʤ
3
/ʩ ï ʥʝ ʤʝʥʰʝ 90 ʛʦʜʠʥ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʟʘʜʘʯʽ ʪʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʴ. ɿʛʽʜʥʦ ʟ ʯʠʥʥʠʤʠ ʥʦʨʤʘʤʠ [1] ʟʝʤʣʷʥʘ ʛʨʝʙ-

ʣʷ ʚʦʜʦʩʭʦʚʠʱʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʍɸɽʉ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʘʡʚʠʱʦʛʦ (ʉʉ3) ʢʣʘʩʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦ-

ʩʪʽ ʟʘ ʥʘʩʣʽʜʢʘʤʠ. ɺʽʜ ʾʾ ʥʘʜʽʡʥʦʩʪʽ ʟʥʘʯʥʦ  ʁʤʽʨʦ  ʁʟʘʣʝʞʠʪʴ ʙʝʟʧʝʢʘ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 

ɸʥʘʣʽʟ ʧʨʠʯʠʥ ʘʚʘʨʽʡ ʥʘ ʟʝʤʣʷʥʠʭ ʛʨʝʙʣʷʭ ʧʦʢʘʟʫʻ, ʱʦ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʭ 

ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʥʘ ʮʠʭ ʩʧʦʨʫʜʘʭ ʻ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱ ʧʨʠ ʧʘʚʦʜʢʘʭ [2ï5]. 

ʇʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʨʦʟʚʠʪʦʢ ʨʽʟʥʠʭ ʘʚʘʨʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʟʝʤʣʷ-

ʥʽʡ ʛʨʝʙʣʽ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʝʨʝʣʠʚʫ ʚʦʜʠ ʯʝʨʝʟ ʛʨʝʙʽʥʴ ʟʝʤʣʷʥʦʾ ʛʨʝʙʣʽ ʟ ʥʘʩʪʫʧʥʠʤ ʨʫʡʥʫʚʘʥʥʷʤ ʾʾ ʪʽʣʘ ʚʥʘʩʣʽʜʦʢ ʧʦ-

ʚʝʨʭʥʝʚʦʾ ʝʨʦʟʽʾ ʚʦʜʥʠʤʠ ʧʦʪʦʢʘʤʠ [2ï4]. ʆʢʨʽʤ ʪʦʛʦ, ʧʨʠ ʧʝʨʝʧʦʚʥʝʥʥʽ ʚʦʜʦʩʭʦʚʠʱʘ ʤʦʞʫʪʴ 

ʧʦʩʠʣʶʚʘʪʠʩʷ ʩʫʬʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʚ ʪʽʣʽ, ʦʩʥʦʚʽ ʪʘ ʚ ʤʝʞʫʚʘʥʥʷʭ ʟʝʤʣʷʥʦʾ ʛʨʝʙʣʽ ʟ ʙʝʨʝʛʘʤʠ  

ʽ ʙʝʪʦʥʥʠʤʠ ʩʧʦʨʫʜʘʤʠ, ʟ ʟʘʛʨʦʟʦʶ ʧʦʨʫʰʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʛʨʝʙʣʽ, ʘ ʪʘʢʦʞ ʧʦʥʠ-

ʞʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʥʠʟʦʚʦʛʦ ʫʢʦʩʫ, ʱʦ ʤʦʞʝ ʨʘʧʪʦʚʦ ʩʧʦʚʟʪʠ [5]. 

ɺʩʝ ʮʝ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʧʦʚʥʝʥ-

ʥʷ ʚʦʜʦʩʭʦʚʠʱʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʍɸɽʉ ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʤ̔ʦʚʽʨʥʠʭ ʩʮʝʥʘʨʽʾʚ ʪʘ 

ʧʨʠʯʠʥ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʘʚʦʜʢʽʚ. 

ɿʘʛʘʣʴʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʽʤʦʚʽʨʥʽʩʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʠʯʠʥ ʘʚʘʨʽʾ. ʅʝʭʘʡ 

{}iE=Ⱥ , n,i 1= , ï ʟʣʽʯʝʥʘ ʤʥʦʞʠʥʘ (ʛʨʫʧʘ) ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʫʤʽʩʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ-ʧʨʠʯʠʥ iE , ʘʧʨʽʦʨʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʷʢʠʭ ( )iEPĔ  ʚʽʜʦʤʽ, ʤʦʞʣʠʚʦʾ ʘʚʘʨʽʾ A   

ʚ ʩʠʩʪʝʤʽ S ʟ̔ ʟʘʜʘʥʦʶ ʩʪʨʫʢʪʫʨʥʦʶ ʬʫʥʢʮʽʻʶ ()SY  ʥʘʜʽʡʥʦʩʪʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʤʥʦʞʠʥʫ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ Ⱥ ʚ ʩʠʩʪʝʤʥʫ ʘʚʘʨʽʶ A : 
 

                                                        ()SY : A­Ⱥ .                                                                  (1) 
 

ʈʦʟʛʣʷʥʝʤʦ ʟʣʽʯʝʥʫ ʤʥʦʞʠʥʫ ʽʜʝʘʣʽʟʦʚʘʥʠʭ ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ iA , n,i 1= , ʚʠʥʠʢʥʝʥʥʷ 

ʢʦʞʥʦʾ ʟ ʷʢʠʭ ʧʦʚôʷʞʝʤʦ ʟ ʦʜʥʽʻʶ ʟ ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ-ʧʨʠʯʠʥ iE , n,i 1= , ʩʪʨʫʢʪʫʨʥʠʤʠ ʬʫʥʢ-

ʮʽʷʤʠ ()iSY  ʥʘʜʽʡʥʦʩʪʽ (ʙʝʟʧʝʢʠ) ʩʠʩʪʝʤʠ S: 
 

                                                 ()iSY : ii AE ­ ,  n,i 1= ,                                                        (2) 

 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʘʧʨʽʦʨʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ()iAPĔ  ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ iA , n,i 1= . 

ʅʘʟʚʝʤʦ ʧʦʜʽʾ iA , n,i 1= , ʩʮʝʥʘʨʽʷʤʠ ʘʚʘʨʽʾ A. ʇʦʢʣʘʜʝʤʦ, ʱʦ ʘʚʘʨʽʷ A  ʚ ʩʠʩʪʝʤʽ S 

ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʟ ʙʫʜʴ-ʷʢʦʾ ʟ ʧʦʜʽʡ-ʧʨʠʯʠʥ iE , n,i 1= , ʘʣʝ ʨʦʟʚʠʚʘʪʠʤʝʪʴʩʷ ʣʠʰʝ ʟʘ ʦʜʥʠʤ  

ʟʽ ʩʮʝʥʘʨʽʾʚ iA  ʟ ̔ʤʦʚʽʨʥʽʩʪʶ 

 

                                                     () () ( )A|APAPAP ii Ö= ,                                                      (3) 

 

ʜʝ ( )A|AP i  ï ʡʤʦʚʽʨʥʽʩʪʴ ʩʮʝʥʘʨʽʶ iA  ʟʘ ʫʤʦʚʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʘʨʽʷ A  ʚ ʩʠʩʪʝʤʽ S [6]:  

 

                                    ( ) () ( ) () ( )i
n

i

iiii A|APAPĔA|APAPĔA|AP ÖÖ= ä
=1

,                                  (4) 
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( )iA|AP  ï ʫʤʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʾ A  ʚ ʩʠʩʪʝʤʽ ʟʘ ʩʮʝʥʘʨʽʻʤ iA , ʷʢʫ ʧʨʝʜʩʪʘ-

ʚʠʤʦ ʷʢ ʥʦʨʤʘʣʽʟʦʚʘʥʫ çʚʘʛʫè ʘʧʨʽʦʨʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ()iAPĔ  ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʮʝʥʘʨʽʶ iA  ʩʝʨʝʜ 

ʘʧʨʽʦʨʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʩʽʭ ʩʮʝʥʘʨʽʾʚ, ʱʦ ʚʨʘʭʦʚʫʶʪʴʩʷ [7]: 

 

                                              ( ) () ()ä
=

=
n

i

iii APĔAPĔA|AP
1

.                                                      (5) 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʾ ʤʽʨʠ ʱʦʜʦ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ çʚʘʛè (5) ʤʦʞʥʘ ʚʠʧʨʘʚʜʘʪʠ ʪʠʤ, 

ʱʦ ʙʫʜʴ-ʷʢʘ ʥʦʨʤʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʥʝʥʝʛʘʪʠʚʥʠʭ ʚʝʣʠʯʠʥ ʧʽʜʢʦʨʷʻʪʴʩʷ ʘʢʩʽʦʤʘʤ ʪʝʦʨʽʾ ʡʤʦ-

ʚʽʨʥʦʩʪʝʡ [8]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʘʡʻʩʽʚʩʴʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ (3)·(5) ʦʪʨʠʤʫʻʤʦ ʨʘʥ-

ʞʠʨʫʚʘʥʥʷ i -ʭ ʩʮʝʥʘʨʽʾʚ ʥʘ ʦʩʥʦʚʽ çʚʥʝʩʢʽʚè (çʚʘʛè) ()iAw  ʚ ̔ʤʦʚʽʨʥʽʩʪʴ ʘʚʘʨʽʾ ʚ ʩʠʩʪʝʤʽ: 

 

                                                    ()
()
()AP

AP
Aw i

i = ,                                                                     (6) 

 

ʪʘ ʟʜʽʡʩʥʶʻʤʦ ʽʜʝʥʪʠʬʽʢʘʮʽ ʁʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʠʭ ʟ ʥʠʭ. 

ʆʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʣʦʛʽʢʦ-ʽʤʦʚʽʨʥʽʩʥʠʡ ʤʝʪʦʜ ʜʝʨʝʚ ʚʽʜʤʦʚ ʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ [9]. ʌʦʨʤʫʣʠ, ʟʘ ʷʢʠʤʠ ʦʮʽʥʶʚʘʣʠʩʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʜʽʡ-ʥʘʩʣʽʜʢʽʚ ʟʘ ʚʽʜʦʤʠʤʠ (ʘʧʨʽʦʨʥʠʤʠ) ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʧʨʠʯʠʥ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʷʢʠʤʠ ʤʦʜʝʣʶʻʪʴʩʷ ʣʦʛʽʢʘ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚôʷʟʢʽʚ, ʥʘʚʝʜʝʥʦ 

ʚ ʪʘʙʣ. 2. ʈʦʟʨʘʭʫʥʢʦʚʫ ʜʽʘʛʨʘʤʫ ʜʝʨʝʚʘ ʚʽʜʤʦʚ ʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3. 

ʊʘʙʣʠʮʷ 2 ï ʌʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʦʜʽʡ-ʥʘʩʣʽʜʢʽʚ  

ʜʽʘʛʨʘʤʠ ʜʝʨʝʚ ʚʽʜʤʦʚ ʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ  

ʃʦʛʽʯʥʠʡ ʦʧʝʨʘʪʦʨ ʈʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʜʽʾ-ʥʘʩʣʽʜʢʫ A   

çɸɹʆè () ()( )Ô
=

--=
n

i

iBPAP
1

11 ,                                (7) 

çɺʀʂʃʖʏʅɽ ɸɹʆè () ()ä
=

=
n

i

iBPAP
1

,                                     (8) 

çɯè () ()Ô
=

=
n

i

iBPAP
1

,                                    (9) 

çɿɸɹʆʈʆʅɸè () () ()CPBPAP Ö= ,                                 (10) 

çM ʟ Nè 

() () () ()nmm AP...APAPAP +++= +1 ,                   (11) 

ʜʝ () ()( )( ) ()( )( )11111
-

--Ö--=
nn

m BPBPAP ()( )( )111
+-

--Ö
mn

BP , 

() () ()( )( )mn

mm BPAPAP
-

+ --Ö= 111 , éé  ,() ()nn BPAP = , ʷʢʱʦ 

() ()BPBP i = , ni ,1= , nm< . 

 

ʋ ʬʦʨʤʫʣʘʭ (7)·8(11) ʡʤʦʚʽʨʥʦʩʪʽ: )( iBP  ï ʧʦʜʽʾ-ʧʨʠʯʠʥʠ iB ; )(CP  ï ʧʦʜʽʾ-ʫʤʦʚʠ C ; 

)(AP  ï ʧʦʜʽʾ-ʥʘʩʣʽʜʢʫ A ; n  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʙʘʟʦʚʠʭ ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ iB, ʱʦ ʻ çʚʭʦʜʘʤʠè 

ʣʦʛʽʯʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʽ ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʥʘʩʪʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʾ ʧʦʜʽʾ-ʥʘʩʣʽʜʢʫ A . 



 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ _̫________________________________ 
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ɺʠʜʽʣʷʣʠʩʷ ʰʽʩʪʴ ʤʦʜʝʣʴʥʠʭ ʩʠʪʫʘʮʽʡ (ʫʤʦʚ) ʧʨʦʧʫʩʢʫ ʧʘʚʦʜʢʽʚ ʥʘ ʨ. ɻʥʠʣʠʡ ʈʽʛ,  

ʟʘ ʷʢʠʭ ʦʯʽʢʫʻʪʴʩʷ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʍɸɽʉ. ʆʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʤʦʜʝʣʴʥʠʭ ʩʠʪʫʘʮʽʡ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʚ ʨʘʤʢʘʭ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʾ ʛʨʫʧʠ ʧʦʜʽʡ.  

ʉʠʪʫʘʮʽʷ 1C  ï ʚʠʪʨʘʪʠ ʚʦʜʠ ʨ. ɻʥʠʣʠʡ ʈʽʛ ʧʝʨʝʚʠʱʫʶʪʴ 207 ʤ
3
/ʩ (ʩʠʪʫʘʮʽʷ ʩʪʘʻ ʘʚʘʨʽʡ-

ʥʦʶ ʧʨʠ ʥʝʩʧʨʘʚʥʦʩʪʽ ʙʫʜʴ-ʷʢʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʚʦʜʦʧʨʦʧʫʩʢʥʦʛʦ ʬʨʦʥʪʫ, ʢʦʣʠ ʟʤʝʥʰʫʻʪʴʩʷ 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʚʦʜʦʩʢʠʜʫ). ʁʤʦʚʽʨʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ 1C : )( 1CP  = 10
-4
, ʨʽʢ

-1
. 

ʉʠʪʫʘʮʽʷ 2C  ï ʚʠʪʨʘʪʠ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʚʦʜʦʩʭʦʚʠʱʝ, ʧʝʨʝʚʠʱʫʶʪʴ 150 ʤ
3
/ʩ, ʘʣʝ 

ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 207 ʤ
3
/ʩ (ʰʘʭʪʥʠʡ ʚʦʜʦʩʢʠʜ ʧʨʘʮʝʟʜʘʪʥʠʡ, ʘʣʝ ʟʘʙʣʦʢʦʚʘʥʦ ʚʦʜʦʩʧʫʩʢ,  

ʟ̔ ʟʘʧʘʩʦʤ ʥʝʦʙʭʽʜʥʠʡ ʯʘʩ ʜʣʷ ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ ʧʣʦʩʢʦʛʦ ʟʘʪʚʦʨʫ ʚʦʜʦʩʧʫʩʢʫ ʧʨʠʡʤʘʻʪʴ-

ʩʷ ʨʽʚʥʠʤ 16 ʛʦʜʠʥʘʤ). ʁʤʦʚʽʨʥʽʩʪʴ )( 2CP  = (10
-3

 ï 10
-4

), ʨʽʢ
-1

 = 9Ö10
-4
, ʨʽʢ

-1
. 

ʉʠʪʫʘʮʽʷ 3C  ï ʚʠʪʨʘʪʠ ʚʦʜʠ ʨ. ɻʥʠʣʠʡ ʈʽʛ ʧʝʨʝʚʠʱʫʶʪʴ 110 ʤ
3
/ʩ, ʘʣʝ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

150 ʤ
3
/ʩ (ʚʦʜʦʩʢʠʜ ʧʦʚʥʽʩʪʶ ʧʨʘʮʝʟʜʘʪʥʠʡ, ʟʘʙʣʦʢʦʚʘʥʦ ʚʦʜʦʩʧʫʩʢ, ʟ̔ ʟʘʧʘʩʦʤ ʥʝʦʙʭʽʜʥʠʡ 

ʯʘʩ ʜʣʷ ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ ʧʣʦʩʢʦʛʦ ʟʘʪʚʦʨʫ ʚʦʜʦʩʧʫʩʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 22 ʛʦʜʠʥʘʤ). 

ʁʤʦʚʽʨʥʽʩʪʴ )( 3CP  = (5,2Ö10
-3 
ï 10

-3
), ʨʽʢ

-1
 = 4,2Ö10

-3
, ʨʽʢ

-1
. ʉʫʤʘ )( 1CP + )( 2CP + )( 3CP  = 

5,2Ö10
-3
, ʨʽʢ

-1
, ʧʨʠ ʮʴʦʤʫ ʩʢʣʘʜʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʚʠʱʝʥʥʷ ʚʠʪʨʘʪʠ 110 ʤ

3
/ʩ. 

ʉʠʪʫʘʮʽʷ 4C  ï ʚʠʪʨʘʪʠ ʚʦʜʠ ʧʝʨʝʚʠʱʫʶʪʴ 73,3 ʤ
3
/ʩ, ʘʣʝ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 110 ʤ

3
/ʩ (ʟʘ-

ʙʣʦʢʦʚʘʥʦ ʦʜʠʥ ʪʨʘʢʪ ʚʦʜʦʩʢʠʜʫ ʽ ʟʘʙʣʦʢʦʚʘʥʦ ʚʦʜʦʩʧʫʩʢ, ʟ̔ ʟʘʧʘʩʦʤ ʥʝʦʙʭʽʜʥʠʡ ʯʘʩ ʜʣʷ ʧʽʜ-

ʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ ʧʣʦʩʢʦʛʦ ʟʘʪʚʦʨʫ ʚʦʜʦʩʧʫʩʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 30 ʛʦʜʠʥʘʤ). ʁʤʦʚʽʨ-

ʥʽʩʪʴ )( 4CP  = (2,2Ö10
-2 
ï 5,2Ö10

-3
), ʨʽʢ

-1
 = 1,68Ö10

-2
, ʨʽʢ

-1
. 

ʉʠʪʫʘʮʽʷ 5C  ï ʚʠʪʨʘʪʠ ʚʦʜʠ ʧʝʨʝʚʠʱʫʶʪʴ 37 ʤ
3
/ʩ, ʘʣʝ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 73,3 ʤ

3
/ʩ (ʟʘ-

ʙʣʦʢʦʚʘʥʦ ʜʚʘ ʪʨʘʢʪʠ ʚʦʜʦʩʢʠʜʫ ʽ ʟʘʙʣʦʢʦʚʘʥʦ ʚʦʜʦʩʧʫʩʢ, ʟ̔ ʟʘʧʘʩʦʤ ʥʝʦʙʭʽʜʥʠʡ ʯʘʩ ʜʣʷ ʧʽʜ-

ʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ ʧʣʦʩʢʦʛʦ ʟʘʪʚʦʨʫ ʚʦʜʦʩʧʫʩʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 45 ʛʦʜʠʥʘʤ). ʁʤʦʚʽʨ-

ʥʽʩʪʴ )( 5CP  = (10
-1 
ï 1,68Ö10

-2
), ʨʽʢ

-1
 = 8,32Ö10

-2
, ʨʽʢ

-1
. ʉʫʤʘ )( 4CP + )( 5CP  = 10

-1
, ʨʽʢ

-1
, ʧʨʠ 

ʮʴʦʤʫ ʩʢʣʘʜʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʚʠʱʝʥʥʷ ʚʠʪʨʘʪʠ 37 ʤ
3
/ʩ. 

ʉʠʪʫʘʮʽʷ 6C  ï ʚʠʪʨʘʪʠ ʚʦʜʠ ʜʦʩʷʛʘʶʪʴ 37 ʤ
3
/ʩ (ʟʘʙʣʦʢʦʚʘʥʦ ʪʨʠ ʪʨʘʢʪʠ ʚʦʜʦʩʢʠʜʫ ʽ ʚʦ-

ʜʦʩʧʫʩʢ, ʥʝʦʙʭʽʜʥʠʡ ʯʘʩ ʜʣʷ ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ ʧʣʦʩʢʦʛʦ ʟʘʪʚʦʨʫ ʚʦʜʦʩʧʫʩʢʫ ʧʨʠʡʤʘʻʪʴʩʷ 

ʨʽʚʥʠʤ 90 ʛʦʜʠʥʘʤ). ʁʤʦʚʽʨʥʽʩʪʴ =)( 6CP  10
-1
, ʨʽʢ

-1
. 

ʉʠʪʫʘʮʽʷ 7C  ʤʦʜʝʣʶʻ ʥʦʨʤʘʣʴʥʫ ʨʦʙʦʪʫ ʚʦʜʦʩʢʠʜʫ. ʁʤʦʚʽʨʥʽʩʪʴ ʧʦʜʽʾ-ʫʤʦʚʠ 7C  ʦʮ̔-

ʥʶʚʘʣʘʩʷ ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʰʘʭʪʥʦʛʦ ʚʦʜʦʩʢʠʜʫ ʚ ʧʨʘʮʝʟʜʘʪʥʦʤʫ ʩʪʘʥʽ: 

 

                                 ( ) ( )( ) ( )( ) ( )( )3121117 1111 ... BPBPBPCP -Ö-Ö--= ,                                (12) 

 

ʜʝ ( )11.BP , ( )21.BP , ( )31.BP  ï ʡʤʦʚʽʨʥʦʩʪʽ ʙʣʦʢʫʚʘʥʥʷ ʧʝʨʰʦʾ, ʜʨʫʛʦʾ ʽ ʪʨʝʪʴʦʾ ʚʽʪʦʢ ʪʫʥʝʣʶ 

ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 1C , ʚʽʜʧʦʚʽʜʥʦ. 

ɹʣʦʢʫʚʘʥʥʷ ʪʫʥʝʣʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʰʘʭʪʥʦʛʦ ʚʦʜʦʩʢʠʜʫ, ʷʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʤʦʞʝ ʚʜ̔-

ʙʫʚʘʪʠʩʷ ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʰʘʭʪʫ ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʣʘʚʘʶʯʠʭ ʪʽʣ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠ-

ʚʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʧʣʘʚʘʶʯʠʭ ʪʽʣ ʱʝ ʜʦ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʙʫʜʫʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʙʽʣʷ ʰʘʭʪʠ, ʡʤʦʚʽʨʥʦʩʪʽ ( )11.BP ,  ( )21.BP ,  ( )31.BP  ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʠʪʠ 10
-3

, ʨʽʢ
-1

 [10]. 
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ʁʤʦʚʽʨʥʦʩʪʽ ʙʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ ʟʘ-

ʪʚʦʨʫ (ʚʥʘʩʣʽʜʦʢ ʟʘʢʣʠʥʶʚʘʥʥʷ ʚ ʧʘʟʘʭ, ʚʽʜʤʦʚʠ ʧʽʜʡʦʤʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʯʝʨʝʟ 

ʚʪʨʘʪʫ ʞʠʚʣʝʥʥʷ) ʧʨʠ ʨʽʟʥʠʭ ʩʠʪʫʘʮʽʷʭ 1C · 6C  ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ [9]: 

 

                                         ( ) ( ){ }rr texptexpttP Öm-ÖÖl--=+ 1 ,                                         (13) 

 

ʜʝ t  ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ ʩʣʫʞʙʠ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʦʯʽʢʫʻʪʴʩʷ ʭʦʯʘ ʙ 

ʦʜʥʘ ʨʦʙʦʯʘ ʦʧʝʨʘʮʽʷ (ʟ̔ ʟʘʧʘʩʦʤ ʨʠʟʠʢʫ ʧʨʠʡʤʘʚʩʷ ʨʽʚʥʠʤ ʦʜʥʦʤʫ ʨʦʢʫ, t  = 1 ʨʽʢ);  

l = 4Ö10
ï3
, ʨʽʢ

-1
 [9] ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ; m ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ;  

rt  ï ʜʦʜʘʪʢʦʚʠʡ ʯʘʩ, ʱʦ ʚʽʜʧʫʩʢʘʻʪʴʩʷ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ çʟʘʪʚʦʨ-

ʧʽʜʡʦʤʥʠʡ ʤʝʭʘʥʽʟʤè (ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ ʯʘʩʫ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ). 

ʁʤʦʚʽʨʥʽʩʪʴ ʙʣʦʢʫʚʘʥʥʷ ʛʣʠʙʠʥʥʠʭ ʪʨʘʢʪʽʚ ʚʦʜʦʧʨʦʧʫʩʢʥʠʭ ʩʧʦʨʫʜ ʯʝʨʝʟ ʧʦʪʨʘʧʣʷʥʥʷ 

ʚ ʥʠʭ ʪʦʧʣʷʢʘ, ʥʘʥʦʩʽʚ ʪʦʱʦ ʟʘ ʩʘʤʠʤʠ ʢʦʥʩʝʨʚʘʪʠʚʥʠʤʠ ʦʮʽʥʢʘʤʠ [10, 11] ʥʝ ʧʝʨʝʚʠʱʫʻ 10% 

ʚʽʜ ʡʤʦʚʽʨʥʦʩʪʽ ʙʣʦʢʫʚʘʥʥʷ ʮʠʭ ʩʧʦʨʫʜ ʚʥʘʩʣʽʜʦʢ ʚʽʜʤʦʚ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ʁʤʦʚʽʨʥʦʩʪʽ ʙʘʟʦʚʠʭ ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ ʥʘ ʚʦʜʦʩʢʠʜʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʽʥʽʮʽʶʶʪʴʩʷ ʧʨʦ-

ʮʝʩʠ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʚ ʩʠʪʫʘʮʽʷʭ 1C · 6C , ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʷ 3 ï ɹʘʟʦʚʽ ʘʚʘʨʽʡʥʽ ʧʦʜʽʾ ʥʘ ʚʦʜʦʩʢʠʜʽ, ʯʝʨʝʟ ʷʢ̔ ʽʥʽʮʽʶʻʪʴʩʷ  

ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʍɸɽʉ ʧʨʠ ʤʦʜʝʣʴʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʪʘ ʾʭ ʨʦʟʨʘʭʫʥʢʦʚʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʇʦʜʽʷ ʆʧʠʩ ʙʘʟʦʚʦʾ ʘʚʘʨʽʡʥʦʾ ʧʦʜʽʾ ʁʤʦʚʽʨʥʽʩʪʴ 

1 2 3 

1.1B  ɹʣʦʢʫʚʘʥʥʷ ʧʝʨʰʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 1C   10
-3

 

2.1B  ɹʣʦʢʫʚʘʥʥʷ ʜʨʫʛʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 1C   10
-3

 

3.1B  ɹʣʦʢʫʚʘʥʥʷ ʪʨʝʪʴʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 1C   10
-3

 

4.1B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ 

ʟʘʪʚʦʨʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 1C   
4Ö10

-3
 

5.1B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʪʦʧʣʷʢʘ, ʥʘʥʦʩʽʚ  

ʪʦʱʦ ʧʨʠ ʩʠʪʫʘʮʽʾ 1C   
5Ö10

-4
 

1.2B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ 

ʟʘʪʚʦʨʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 2C   
3,55Ö10

-3
 

2.2B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʪʦʧʣʷʢʘ, ʥʘʥʦʩʽʚ  

ʪʦʱʦ ʧʨʠ ʩʠʪʫʘʮʽʾ 2C   
4Ö10

-4
 

1.3B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ 

ʟʘʪʚʦʨʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 3C   
3,39Ö10

-3
 

2.3B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʪʦʧʣʷʢʘ, ʥʘʥʦʩʽʚ ʪʦ-

ʱʦ ʧʨʠ ʩʠʪʫʘʮʽʾ 3C   
3,5Ö10

-4
 

1.4B  ɹʣʦʢʫʚʘʥʥʷ ʧʝʨʰʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 4C   10
-3

 

2.4B  ɹʣʦʢʫʚʘʥʥʷ ʜʨʫʛʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 4C   10
-3

 

3.4B  ɹʣʦʢʫʚʘʥʥʷ ʪʨʝʪʴʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 4C   10
-3

 

4.4B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ 

ʟʘʪʚʦʨʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 4C   
3,2Ö10

-3
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3 

1 2 3 

5.4B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʪʦʧʣʷʢʘ, ʥʘʥʦʩʽʚ ʪʦ-

ʱʦ ʧʨʠ ʩʠʪʫʘʮʽʾ 4C   
3,3Ö10

-4
 

1.5B  ɹʣʦʢʫʚʘʥʥʷ ʧʝʨʰʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 5C   10
-3

 

2.5B  ɹʣʦʢʫʚʘʥʥʷ ʜʨʫʛʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 5C   10
-3

 

3.5B  ɹʣʦʢʫʚʘʥʥʷ ʪʨʝʪʴʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 5C   10
-3

 

4.5B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ 

ʟʘʪʚʦʨʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 5C   
2,9Ö10

-3
 

5.5B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʪʦʧʣʷʢʘ, ʥʘʥʦʩʽʚ  

ʪʦʱʦ ʧʨʠ ʩʠʪʫʘʮʽʾ 5C   
3Ö10

-4
 

1.6B  ɹʣʦʢʫʚʘʥʥʷ ʧʝʨʰʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 6C   10
-3

 

2.6B  ɹʣʦʢʫʚʘʥʥʷ ʜʨʫʛʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 6C   10
-3

 

3.6B  ɹʣʦʢʫʚʘʥʥʷ ʪʨʝʪʴʦʾ ʚʽʪʢʠ ʪʫʥʝʣʶ ʚʦʜʦʩʢʠʜʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 6C   10
-3

 

4.6B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ 

ʟʘʪʚʦʨʫ ʧʨʠ ʩʠʪʫʘʮʽʾ 6C   
2,1Ö10

-3
 

5.6B  
ɹʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʪʦʧʣʷʢʘ, ʥʘʥʦʩʽʚ  

ʪʦʱʦ ʧʨʠ ʩʠʪʫʘʮʽʾ 6C   
2,5Ö10

-4
 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʜʝʨʝʚʘ ʚʽʜʤʦʚ ʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʦʚʥʫ ʡʤʦʚʽʨ-

ʥʽʩʪʴ ʘʚʘʨʽʡʥʦʛʦ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʍʤʝʣʴʥʠʮʴʢʦʾ ɸɽʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʘʚʘ-

ʨʽʡʥʠʭ ʧʦʜʽʡ ʥʘ ʚʦʜʦʩʢʠʜʽ ʪʘ ʨʽʟʥʠʭ ʩʠʪʫʘʮʽʡ ʩʢʠʜʫ ʥʘʜʣʠʰʢʦʚʦʾ ʚʦʜʠ: ()AP  = 2Ö10
-5
, ʨʽʢ

-1
. 

ʊʘʢʦʞ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʤ ʩʮʝʥʘʨʽʻʤ ʘʚʘʨʽʡʥʦʛʦ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦ-

ʩʭʦʚʠʱʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʍɸɽʉ ʩʣʽʜ ʚʠʟʥʘʪʠ ʙʣʦʢʫʚʘʥʥʷ ʚʦʜʦʩʧʫʩʢʫ ʚʥʘʩʣʽʜʦʢ ʥʝʤʦʞʣʠʚʦʩʪʽ 

ʧʽʜʡʦʤʫ ʛʣʠʙʠʥʥʦʛʦ ʟʘʪʚʦʨʫ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʰʘʭʪʥʦʛʦ ʚʦʜʦʩʢʠʜʫ ʚ ʩʠʪʫʘ-

ʮʽʾ 3C , ʢʦʣʠ ï ʚʠʪʨʘʪʠ ʚʦʜʠ ʨ. ɻʥʠʣʠʡ ʈʽʛ ʧʝʨʝʚʠʱʫʶʪʴ 110 ʤ
3
/ʩ, ʘʣʝ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

150 ʤ
3
/ʩ (ʧʦʜʽʷ 1.3B ). çɺʘʛʘè ʮʴʦʛʦ ʩʮʝʥʘʨʽʶ ʚ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʚʦʜʦʩʭʦʚʠʱʽ 

ʩʝʨʝʜ 24 ʚʨʘʭʦʚʘʥʠʭ ʩʮʝʥʘʨʽʾʚ (ʟʘ ʢʽʣʴʢʽʩʪʶ ʙʘʟʦʚʠʭ ʘʚʘʨʽʡʥʠʭ ʧʦʜʽʡ) ʩʢʣʘʜʘʻ ʤʘʡʞʝ 78%. 

ɺʠʩʥʦʚʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽ ʧʨʠʯʠʥʠ ʘʚʘʨʽʡʥʦʛʦ ʧʝʨʝʧʦʚʥʝʥ-

ʥʷ ʚʦʜʦʩʭʦʚʠʱʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ ʍʤʝʣʴʥʠʮʴʢʦʾ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʍɸɽʉ) ʚʥʘʩʣʽʜʦʢ ʧʘ-

ʚʦʜʢʽʚ ʥʘ ʨ. ɻʥʠʣʠʡ ʈʽʛ. ʄʝʪʦʜʦʤ ʜʝʨʝʚ ʚʽʜʤʦʚ ʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʟʜʽʡʩʥʝʥʦ ʦʮʽʥʢʫ ʧʦʚʥʦʾ ʡʤʦ-

ʚʽʨʥʦʩʪʽ ʘʚʘʨʽʡʥʦʛʦ ʧʝʨʝʧʦʚʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʽ ʩʮʝʥʘʨʽʡ 

ʪʘ ʧʨʠʯʠʥʫ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʚʦʜʦʩʭʦʚʠʱʽ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʘʚʦʜʢʽʚ. ʆʪʨʠʤʘʥʦ 

ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʦʮʽʥʮʽ ʥʘʜʽʡʥʦʩʪʽ ʟʝʤʣʷʥʦʾ ʛʨʝʙʣʽ ʚʦʜʦʩʭʦʚʠʱʘ-

ʦʭʦʣʦʜʞʫʚʘʯʘ ʍɸɽʉ ʪʘ ʦʮʽʥʮʽ ʥʘʜʽʡʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʍɸɽʉ ʚ ʮʽʣʦʤʫ. 
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ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 21.01.14 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ 

É ɽ.ɻ. ʈʦʤʘʥʯʫʢ, ɼ.ɺ. ʉʪʝʬʘʥʠʰʠʥ 

ɺɽʈʆʗʊʅʆʉʊʅʓʁ ɸʅɸʃʀɿ ʇʈʀʏʀʅ ɸɺɸʈʀʁʅʆɻʆ ʇɽʈɽʇʆʃʅɽʅʀʗ 

ɺʆɼʆʍʈɸʅʀʃʀʑɸ-ʆʍʃɸɼʀʊɽʃʗ ʍʄɽʃʔʅʀʎʂʆʁ ɸʕʉ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʘʚʘʨʠʡʥʦʛʦ ʧʝʨʝʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ-

ʦʭʣʘʜʠʪʝʣʷ ʍʤʝʣʴʥʠʮʢʦʡ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʍɸʕʉ) ʚʩʣʝʜʩʪʚʠʝ ʧʘʚʦʜʢʦʚ ʥʘ ʨ. ɻʥʠ-

ʣʦʡ ʈʦʛ. ɺʳʧʦʣʥʝʥʦ ʦʮʝʥʢʫ ʚʝʨʦʷʪʥʦʩʪʠ ʘʚʘʨʠʡʥʦʛʦ ʧʝʨʝʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʍɸʕʉ  

ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʩʮʝʥʘʨʠʡ ʠ ʧʨʠʯʠʥʫ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʧʘʚʦʜʢʦʚ. 

É K.G. Romanchuk, D.V. Stefanyshyn 

PROBABILISTIC ANALYS IS OF THE CAUSES EMERGENCY OVERFLOW  

RESERVOIR-COOLER OF KHMELNITSKY NPP   

The possible causes of the emergency overflow reservoir-cooler of Khmelnitsky Nuclear Pow-

er Plant (KhNPP) due to flooding on the river Hnylyi Rig were analyzed. The estimation of the 

probability of accidental overflow KhNPPôs reservoir was performed and the most probable sce-

nario and the cause of an emergency during the passage of floods were set. 
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ɿɸʍʀʉʊ ʃʖɼɽʁ ɺɯɼ ɺʀʇɸʈʆɺʋɺɸʅʔ ʈʊʋʊɯ  

ʋ ɿɸɹʈʋɼʅɽʅʀʍ ʅɽʖ ʇʈʀʄɯʑɽʅʅʗʍ ʈɯɿʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

 

ʈʦʟʛʣʷʥʫʪʘ ʥʝʙʝʟʧʝʢʘ ʨʪʫʪʽ ʜʣʷ ʣʶʜʝʡ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦ-
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ʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʚʽʜ ʧʘʨʠ ʨʪʫʪʽ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʧʘʨʦʚʫʚʘʥʥ ̫ʨʪʫʪʽ, ʪʦʢʩʠʯʥʽʩʪʴ, ʜʝʤʝʨʢʫʨʠʟʘʮʽʷ. 

ɺʩʪʫʧ 

ʍʦʯʘ ʨʪʫʪʴ ʻ ʜʫʞʝ ʥʝʙʝʟʧʝʯʥʠʤ ʪʦʢʩʠʢʘʥʪʦʤ ʽ ʥʘʣʝʞʠʪʴ ʜʦ 1 ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ (ʟʛʽʜʥʦ  

ʟ ɻʆʉʊ ʉʉɹʊ çɺʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠè), ʚʦʥʘ 

ʧʨʦʜʦʚʞʫʻ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʚ ʨʽʟʥʠʭ ʚʠʨʦʙʘʭ ʽ ʪʝʭʥʦʣʦʛʽʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʝʜʦʩʪʘʪʥʴʦ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʪʘ ʥʝ ʟʘʚʞʜʠ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʪʫʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʨʽʟʥʠʭ ʛʘ-

ʣʫʟʷʭ ʛʦʩʧʦʜʘʨʩʪʚʘ ʜʫʞʝ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷ ʨʪʫʪʪʶ ʦʙôʻʢʪʽʚ ʩʘʤʦʛʦ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʽʟ 100 ʥʘʤʠ ʦʙʩʪʝʞʝʥʠʭ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ 7 ʤʘʣʠ ʫ ʧʦʚʽʪʨʽ ʢʦʥʮʝ-

ʥʪʨʘʮʽʶ, ʷʢʘ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʣʘ ʜʦʧʫʩʪʠʤʫ [1].  

ʆʩʦʙʣʠʚʘ ʥʝʙʝʟʧʝʯʥʽʩʪʴ ʧʘʨʠ ʨʪʫʪʽ ʜʣʷ ʣʶʜʝʡ ʟʫʤʦʚʣʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʦʥʘ ʥʝ ʤʘʻ ʥʽ ʢʦ-

ʣʴʦʨʫ, ʥʽ ʟʘʧʘʭʫ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʘ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʩʦʙʽʚ  

ʽ ʧʨʠʣʘʜʽʚ. ɼʦ ʪʦʛʦ ʞ ʥʘʚʽʪʴ ʥʘʩʠʯʝʥʘ ʧʘʨʘ ʨʪʫʪʽ ʽʩʪʦʪʥʦ ʥʝ ʦʙʪʷʞʫʻ ʧʦʚʽʪʨʷ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʨʪʫʪʴ ʚʽʜʥʦʩʥʦ ʣʝʛʢʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʧʦʚʽʪʨʷʥʠʤʠ ʧʦʪʦʢʘʤʠ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ. ɿʦʢʨʝʤʘ, 

ʟʘʙʨʫʜʥʝʥʝ ʨʪʫʪʪʶ ʧʦʚʽʪʨʷ ʤʦʞʝ ʧʦʰʠʨʶʚʘʪʠʩʷ ʟ ʧʽʜʚʘʣʴʥʠʭ ʧʨʠʤʽʱʝʥʴ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʚʝʨ-

ʭʽʚ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴ ʽ ʚʠʷʚʣʷʪʠʩʷ ʚ ʩʘʤʠʭ ʥʝʩʧʦʜʽʚʘʥʠʭ ʤʽʩʮʷʭ, ʩʪʚʦʨʶʶʯʠ ʥʝʘʙʠʷʢʫ ʥʝʙʝʟʧʝ-

ʢʫ ʜʣʷ ʣʶʜʝʡ.  

ʇʘʨʘ ʨʪʫʪʽ, ʷʢʘ ʧʦʪʨʘʧʣʷʻ ʚ ʧʨʠʤʽʱʝʥʥʷ, ʥʝ ʪʽʣʴʢʠ ʮʠʨʢʫʣʶʻ ʫ ʧʦʚʽʪʨʽ, ʘʣʝ ʽ ʢʦʥʮʝʥʪʨʫ-

ʻʪʴʩʷ ʚ ʝʣʝʤʝʥʪʘʭ ʧʨʠʤʽʱʝʥʴ, ʫʪʚʦʨʶʶʯʠ ʪʘʢ ʟʚʘʥʽ çʚʪʦʨʠʥʥʽ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷè. ʎʝ, 

ʟʦʢʨʝʤʘ, ʟʘʙʨʫʜʥʝʥʽ ʨʪʫʪʪʶ ʨʽʟʥʽ ʧʦʚʝʨʭʥʽ, ʤʝʙʣʽ, ʦʙʣʘʜʥʘʥʥʷ, ʩʢʫʧʯʝʥʥʷ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʢʨʘʧʝʣʴ ʨʪʫʪʽ ʚ ʧʦʨʦʞʥʠʥʘʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʤʽʞʧʦʚʝʨʭʦʚʠʭ ʧʝʨʝʢʨʠʪʪʷʭ, ʚ ʱʽʣʠ-

ʥʘʭ ʧʘʨʢʝʪʫ ʪʦʱʦ. ʄʽʞ ʮʠʤʠ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʦʚʽʪʨʷʤ ʧʨʠʤʽʱʝʥʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʦʙʤʽʥ ʨʪʫʪʪʶ (ʩʦʨʙʮʽʷ-ʜʝʩʦʨʙʮʽʷ), ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʧʝʚʥʘ çʨʪʫʪʥʘ ʘʪʤʦʩʬʝʨʘè, 
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ʷʢʘ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʩʪʚʦʨʶʻ ʧʝʚʥʠʡ ʬʦʥ, ʷʢʠʡ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʩʪʘʥ 

ʟʜʦʨʦʚôʷ ʣʶʜʝʡ [2]. ɺʦʜʥʦʯʘʩ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ɻɼʂʨʟ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʘʨʠ ʨʪʫʪʽ  

ʫ ʧʨʠʤʽʱʝʥʥʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʽʢʨʦʤʝʨʢʫʨʽʘʣʽʟʤʫ ï ʩʫʢʫʧʥʦʩʪʽ ʦʟʥʘʢ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʨʪʫʪʽ. ʊʘʢ, ɻɼʂ ʨʪʫʪʽ ʫ ʧʦʚʽʪʨʽ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ï 0,0003 ʤʛ/ʤ
3
, ʘ ʫ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ ʟʦʥʠ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ï 0,005/0,01 ʤʛ/ʤ
3
, ʘ 1 ʤʛ ʨʪʫʪʽ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʚʩʶ-

ʜʞʝʥʥʷ ʧʘʨʠ ʟʘʙʨʫʜʥʶʻ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʚ ʦʙ¡̒ʤʽ ʙʽʣʴʰʝ 3 ʪʠʩ. ʤ
3
. 

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʜʝʤʝʨʢʫʨʠʟʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʨʪʫʪʴ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʚʩʶʜʥʦ ʪʘ ʥʝʨʽʜʢʦ ʚ ʛʣʠʙʠʥʥʠʭ ʰʘʨʘʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʤʝʙʣʽʚ) ʧʨʠʤʽʱʝʥʥʷ. ʊʘʢ, 

ʟʥʘʯʥʠʤ ʥʝʜʦʣʽʢʦʤ ʤʝʭʘʥʽʯʥʦʾ ʜʝʤʝʨʢʫʨʠʟʘʮʽʾ ʻ ʪʝ, ʱʦ ʚʦʥʘ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ 

ʨʪʫʪʽ ʽʟ ʟʘʙʨʫʜʥʝʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʦʩʢʽʣʴʢʠ ʧʝʚʥʘ ʾʾ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʱʽʣʠʥʘʭ, ʥʝʨʽʚʥʦʩ-

ʪʷʭ ʪʘ ʽʥʰʠʭ ʥʝʜʦʩʪʫʧʥʠʭ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʤʽʩʮʷʭ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʭʽʤʽʯʥʦʛʦ ʩʧʦʩʦʙʫ ʜʝʤʝʨʢʫʨʠ-

ʟʘʮʽʾ ʥʘʣʝʞʠʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʪʦʢʩʠʯʥʽʩʪʴ ʽ ʢʦʨʦʟʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʨʝʘʛʝʥʪʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ-

ʩʷ. ʅʘʩʣʽʜʢʘʤʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʮʠʭ ʨʝʘʛʝʥʪʽʚ ʥʘ ʝʣʝʤʝʥʪʠ ʧʨʠʤʽʱʝʥʴ ʻ ʟʤʽʥʘ ʬʘʢʪʫʨʠ ʾʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʾʭ ʨʫʡʥʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʣʘʜʽʚ ʽ ʘʧʘʨʘʪʫʨʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʮʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ. ʉʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʪʘʢʦʞ ʻ ʥʝʧʦʚʥʝ ʚʠʜʘʣʝʥʥʷ ʨʪʫʪʽ ʫ ʨʘʟʽ ʾʾ 

ʛʣʠʙʦʢʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʫ ʝʣʝʤʝʥʪʠ ʽ ʚʠʨʦʙʠ, ʷʢʽ ʚʽʜ ʥʝʾ ʦʯʠʱʫʶʪʴʩʷ. ʇʨʠ ʪʝʨʤʽʯʥʽʡ ʜʝʤʝʨ-

ʢʫʨʠʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʧʨʠʤʽʱʝʥʥʷ ʜʦ ʜʦʩʠʪʴ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʾʭ ʧʦʰʢʦʜʞʝʥʴ, ʪʘ ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʘʨʠ ʨʪʫʪʽ ʫ ʧʨʠ-

ʤʽʱʝʥʥʽ ʚʥʘʩʣʽʜʦʢ ʾʾ ʚʠʜʘʣʝʥʥʷ ʟ ʚʪʦʨʠʥʥʠʭ ʜʞʝʨʝʣ. 

ɯʥʪʝʥʩʠʚʥʝ ʧʦʛʣʠʥʘʥʥʷ ʧʘʨʠ ʨʪʫʪʽ ʨʽʟʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʚʠʩʦʢʘ ʟʜʘʪʥʽʩʪʴ ʨʪʫʪʽ ʧʦʜʨʽʙ-

ʥʶʚʘʪʠʩʴ ʥʘ ʜʨʽʙʥʽ ʢʨʘʧʣʽ, ʧʨʦʥʠʢʘʪʠ ʫ ʙʫʜʴ-ʷʢʽ ʤʽʢʨʦʪʨʽʱʠʥʠ ʽ ʱʽʣʠʥʠ ʜʫʞʝ ʫʩʢʣʘʜʥʶʻ ʜʦ-

ʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʜʝʤʝʨʢʫʨʠʟʘʮʽʾ ʧʨʠʤʽʱʝʥʴ. ʊʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷ 

ʥʝʨʽʜʢʦ ʜʦʚʦʜʠʪʴʩʷ ʚʠʜʘʣʷʪʠ ʟ ʧʨʠʤʽʱʝʥʴ ʚʩʶ ʰʪʫʢʘʪʫʨʢʫ, ʧʽʜʣʦʛʫ, ʚʽʢʥʘ ʽ ʚʩʝ, ʱʦ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ. ʉʘʤʝ ʪʦʤʫ ʨʪʫʪʴ ʫʤʦʚʥʦ ʚʠʟʥʘʥʘ ʟʘʙʨʫʜʥʶʚʘʯʝʤ ʥʦʤʝʨ ʦʜʠʥ, ʱʦʜʦ 

ʷʢʦʛʦ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʤʘʩʰʪʘʙʠ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ [3]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

ɿʘʚʜʘʥʥʷʤ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʭʠʩʪʫ ʣʶʜʝʡ ʚʽʜ 

ʚʠʧʘʨʦʚʫʚʘʥʴ ʨʪʫʪʽ ʫ ʟʘʙʨʫʜʥʝʥʠʭ ʥʝʶ ʧʨʠʤʽʱʝʥʥʷʭ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʠʭʦʜʷʯʠ ʽʟ ʩʫ-

ʯʘʩʥʦʛʦ ʩʪʘʥʫ ʨʦʟʨʦʙʢʠ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʽ ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʴʦʛʦʜʝʥʥʷ. 

ʈʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ 

ʆʩʢʽʣʴʢʠ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʡ ʫʪʠʣʽʟʘʮʽʾ ʨʦʟʨʷʜʥʠʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ (ɼʉ) ʟʽ ʚʤʽʩʪʦʤ ʨʪʫʪʽ 

ʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʣʘʤ (ʃʃ) ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʝʨʽʛʘʥʥʷ ʾʭ ʮʽʣʽʩʥʦʩʪʽ, ʘ ʟʘʩʪʦ-

ʩʦʚʫʶʪʴʩʷ ʚʦʥʠ ʧʦʚʩʶʜʥʦ, ʪʦ ʩʘʤʝ ʮʽ ɼʉ ʚʠʷʚʠʣʠʩʷ ʽʩʪʦʪʥʦʶ ʧʨʠʯʠʥʦʶ ʨʪʫʪʥʦʛʦ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʨʠʤʽʱʝʥʴ ʽ ʥʘʚʢʦʣʠʰʥʽʭ ʪʝʨʠʪʦʨʽʡ. ɺʦʜʥʦʯʘʩ ʨʝʪʝʣʴʥʘ ʜʝʤʝʨʢʫʨʠʟʘʮʽʷ ʧʨʠ-

ʤʽʱʝʥʴ ʚʽʜ ʨʪʫʪʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʻ ʩʢʣʘʜʥʦʶ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʦʚʦʜʠʪʴʩʷ, ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʾ 

ʯʝʨʝʟ ʥʘʜʪʦ ʛʣʠʙʦʢʫ ʧʨʦʥʠʢʥʝʥʽʩʪʴ ʨʪʫʪʥʦʾ ʧʘʨʠ ʫ ʨʽʟʥʽ ʦʙôʻʢʪʠ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ. 

ɺ ʫʤʦʚʘʭ, ʱʦ ʩʢʣʘʣʠʩʷ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘʭʠʩʪʫ 

ʣʶʜʝʡ ʚʽʜ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʨʪʫʪʽ ʫ ʟʘʙʨʫʜʥʝʥʠʭ ʥʝʶ ʧʨʠʤʽʱʝʥʥʷʭ ʟʘʣʠʰʘʻʪʴʩʷ ʨʝʛʫʣʷʨʥʝ 
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ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʮʠʭ ʧʨʠʤʽʱʝʥʴ ʚʽʜ ʧʘʨʠ ʨʪʫʪʽ (ʟʥʠʞʝʥʥʷ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ). ʇʨʠ ʮʴʦʤʫ ʟʤʝʥ-

ʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʠ ʨʪʫʪʽ ʫ ʧʦʚʽʪʨʽ ʟʘʙʨʫʜʥʝʥʠʭ ʥʝʶ ʧʨʠʤʽʱʝʥʴ ʰʣʷʭʦʤ ʨʝʛʫʣʷʨʥʠʭ 

ʪʨʠʚʘʣʠʭ ʧʨʦʚʽʪʨʶʚʘʥʴ ʮʠʭ ʧʨʠʤʽʱʝʥʴ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʜʦʧʫʩʪʠʤʠʤ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʨʠʟ-

ʚʦʜʷʪʴ ʜʦ ʨʪʫʪʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʩʫʩʽʜʥʽʭ ʪʝʨʠʪʦʨʽʡ. ɼʦ ʪʦʛʦ ʞ, ʟʦʢʨʝʤʘ ʚʟʠʤʢʫ, ʯʘʩʪʽ ʽ ʪʨʠʚʘʣʽ 

ʧʨʦʚʽʪʨʶʚʘʥʥʷ ʧʨʠʤʽʱʝʥʴ, ʜʝ ʧʦʩʪʽʡʥʦ ʧʝʨʝʙʫʚʘʶʪʴ ʽ ʤʝʰʢʘʶʪʴ ʣʶʜʠ, ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʥʘʜʤʽʨʥʠʭ ʾʭ ʦʭʦʣʦʜʞʝʥʴ ʽ ʚʪʨʘʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɸʣʝ ʜʦʩʷʛʪʠ ʜʦʩʪʘʪʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʧʦ-

ʚʽʪʨʷ ʧʨʠʤʽʱʝʥʴ ʚʽʜ ʨʪʫʪʽ, ʭʦʯʘ ʩʘʤʝ ʧʨʠʤʽʱʝʥʥʷ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʠʤ ʥʝʶ, ʤʦʞʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʦʯʠʱʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɹʫʜʦʚʘ ʽ ʜʽʷ ʦʜʥʦʛʦ ʟ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʦʧʠ-

ʩʘʥʘ ʥʠʞʯʝ.  

ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʚʽʜ ʨʪʫʪʽ ʻ ʢʦʥʜʝʥʩʘʮʽʷ ʾʾ ʧʘʨʠ ʟʘ ʨʘʭʫ-

ʥʦʢ ʦʭʦʣʦʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ, ʷʢ ʚʽʜʦʤʦ, ʫʩʪʘʣʝʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʠ ʨʪʫʪʽ ʫ ʧʦʚʪ̔ʨʽ 

(ʢʦʣʠ ʚʦʥʘ ʩʪʘʻ ʥʘʩʠʯʝʥʦʶ) ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʡʭʦʣʦʜʥʽʰʠʭ ʜʽʣʷʥʦʢ ʧʨʠʤʽɦ ʝʥʴ 

(ʟʥʘʯʝʥʥʷ ʮʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘʚʦʜʷʪʴʩʷ ʫ ʜʦʚʽʜʥʠʢʘʭ). ʋ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ, ʟʦʢʨʝʤʘ, ʥʘʡʭʦʣʦʜ-

ʥʽʰʠʤʠ ʜʽʣʷʥʢʘʤʠ ʧʨʠʤʽʱʝʥʴ ʟʘʟʚʠʯʘʡ ʻ ʰʠʙʢʠ ʚʽʢʦʥ, ʷʢʽ ʪʦʤʫ ʽʥʪʝʥʩʠʚʥʦ ʽ ʟʘʧʦʪʽʚʘʁ ʪʴ. 

ʅʘʢʦʧʠʯʫʚʘʥʥʷ ʧʘʨʠ ʨʪʫʪʽ ʫ ʧʦʚʽʪʨʽ ʥʝʧʨʦʚʽʪʨʶʚʘʥʠʭ ʧʨʠʤʽʱʝʥʴ ʚʥʘʩʣʽʜʦʢ ʚʠʧʘʨʦʚʫ-

ʚʘʥʥʷ ʨʪʫʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ, ʷʢʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ. ʆʩʪʘʥʥʷ 

ʚ ʨʦʙʦʪʽ [4] ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ: 
 

                                           ( ) åêT
eccññ

t
-

--= ïyy ,                                                       (1) 

 

ʜʝ ʩ ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʠ ʨʪʫʪʽ ʫ ʧʦʚʽʪʨʽ ʧʨʠʤʽʱʝʥʥʷ (ʚ ʤʦʤʝʥʪ ʯʘʩʫ t),  

ʘ yc  ï ʫʩʪʘʣʝʥʝ ʾʾ ʟʥʘʯʝʥʥʷ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʡʭʦʣʦʜʥʽʰʦʾ ʜʽʣʷʥʢʠ ʧʨʠʤʽʱʝʥʥʷ); ïc  ï ʧʦʯʘ-

ʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʘʨʠ ʨʪʫʪʽ ʫ ʧʦʚʽʪʨʽ ʧʨʠʤʽʱʝʥʥʷ (ʚ ʤʦʤʝʥʪ ʯʘʩʫ, ʷʢʠʡ ʧʨʠʡʥʷʪʠʡ ʟʘ  

ʧʦʯʘʪʢʦʚʠʡ (t = 0)); 
ʚʠʧʚʠʧ

yʧʨ

ʝʢ
SW

cV
T =  ï ʧʦʩʪʽʡʥʘ (ʩʪʘʣʘ) ʯʘʩʫ ʚʝʣʠʯʠʥʘ, ʷʢʘ ʚ ʨʦʙʦʪʽ [4] ʙʫʣʘ 

ʥʘʟʚʘʥʘ ʧʦʩʪʽʡʥʦʶ ʯʘʩʫ ʨʪʫʪʥʦʾ ʙʝʟʧʝʢʠ; âèïW  ï ʰʚʠʜʢʽʩʪʴ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʪʫʪʽ ʧʨʠ ʾʾ ʪʝʤʧʝ-

ʨʘʪʫʨʽ ʚ ʧʨʠʤʽʱʝʥʥʽ; ʘ âèïS  ï ʧʣʦʱʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʪʫʪʽ. 

ɼʣʷ ʟʘʭʠʩʪʫ ʣʶʜʝʡ ʚʽʜ ʚʠʧʘʨʝʥʦʾ ʨʪʫʪʽ, ʷʢʫ ʚʦʥʠ ʚʜʠʭʘʶʪʴ ʨʘʟʦʤ ʟ ʧʦʚʽʪʨʷʤ, ʧʦʪʨʽʙʥʦ, 

ʱʦʙ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʽʻʾ ʧʘʨʠ ʫ ʧʦʚʽʪʨʽ ʧʨʠʤʽʱʝʥʴ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ ʾʾ ɻɼʂ ʉʛʜʢ (ʉ ¢ ʉʛʜʢ). 

ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʪʝʧʣʠʭ ʧʨʠʤʽʱʝʥʴ ʉʛʜʢ << ʉʫ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʤʽʞʦʢ ʯʘʩʫ tʛʜʢ, ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʘʨʠ ʨʪʫʪʽ ʫ ʥʝʧʨʦʚʽʪʨʶʚʘʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʤʦʞʝ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʪʠ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʾ ïc  ʜʦ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʾ ʉʛʜʢ, 
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ʆʪʨʠʤʘʥʝ ʮʝ ʧʨʦʩʪʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2), ʚʠʭʦʜʷʯʠ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1), ʢʦʣʠ  

ʉʛʜʢ << ʉʫ.  



 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ _̫________________________________ 

 

98 

 

ʋ ʨʘʟʽ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ ʃʃ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʧʨʦʤʽʞʦʢ ʯʘʩʫ tʛʜʢ, ʢʦʣʠ ʮʽ ʧʨʠʤʽʱʝʥʥʷ ʱʝ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʽʜʥʦʩʥʦ ʙʝʟʧʝʯʥʠʤʠ ʱʦʜʦ ʨʪʫʪʥʠʭ ʚʠʧʘʨʦʚʫʚʘʥʴ, ʻ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʤ. ʗʢ 

ʧʦʢʘʟʫʶʪʴ ʨʦʟʨʘʭʫʥʢʠ ʽ ʜʦʩʚʽʜ, ʚʽʥ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʛʦʜʠʥʠ, ʪʠʞʥʽ ʽ ʙʫʪʠ ʟʥʘʯʥʦ ʪʨʠʚʘʣʽʰʠʤ. 

ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ, ʟʦʢʨʝʤʘ, ʤʘʣʦʶ ʧʦʚʝʨʭʥʝʶ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʪʫʪʽ âèïS , ʦʩʢʽʣʴʢʠ ʤʘʣʦʶ ʻ ʢʽ-

ʣʴʢʽʩʪʴ ʨʪʫʪʽ ʚ ʃʃ, ʭʦʯʘ ʚʦʥʘ ʽ ʟʜʘʪʥʘ ʣʝʛʢʦ ʧʦʜʨʽʙʥʶʚʘʪʠʩʴ ʥʘ ʜʫʞʝ ʤʽʣʢʽ ʢʫʣʴʢʠ. 

ʆʪʞʝ, ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʦʯʠʱʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʧʨʘʮʶʚʘʚ ʫ ʟʘʙʨʫʜʥʝʥʦʤʫ ʨʪʫʪʪʶ ʧʨʠ-

ʤʽʱʝʥʥʽ ʥʝ ʫʚʝʩʴ ʯʘʩ, ʘ ʧʝʨʽʦʜʠʯʥʦ, ʰʚʠʜʢʦ ʟʤʝʥʰʫʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʧʘʨʠ ʨʪʫʪʽ ʫ ʡʦʛʦ ʧʦ-

ʚʽʪʨʽ ʜʦ ʟʥʘʯʝʥʴ, ʷʢʽ ʻ ʟʥʘʯʥʦ ʥʠʞʯʠʤʠ ʟʘ ʾʾ ɻɼʂ. ʇʝʨʽʦʜʠʯʥʽ ʚʤʠʢʘʥʥʷ ʽ ʚʠʤʠʢʘʥʥʷ ʦʯʠʱʫ-

ʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʦ, ʘ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʽ ʧʘʫʟ ʫ ʨʦʙʦʪʽ ʚʽʜ-

ʧʦʚʽʜʥʦ ʨʝʛʫʣʶʚʘʪʠ. 

ʆʩʢʽʣʴʢʠ ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʧʦʟʙʘʚʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʦʛʦ ʧʘʨʦʶ ʨʪʫʪʽ ʧʦʚʽʪʨʷ 

ʚʽʜ ʮʽʻʾ ʧʘʨʠ ʻ ʾʾ ʢʦʥʜʝʥʩʘʮʽʷ ʰʣʷʭʦʤ ʦʭʦʣʦʜʞʝʥʥʷ, ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʦʯʠʱʫʚʘʣʴʥʦʤʫ ʧʨʠ-

ʩʪʨʦʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʘ ʤʽʥʽʭʦʣʦʜʠʣʴʥʘ (ʤʦʨʦʟʠʣʴʥʘ) ʢʘʤʝʨʘ ʟ ʥʝʚʝʣʠʢʠʤʠ ʦʪʚʦʨʘ-

ʤʠ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʥʝʾ ʟʘʙʨʫʜʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. ɾʠʚʠʪʴʩʷ ʮʷ ʢʘʤʝʨʘ ʚʽʜ ʟʚʠʯʘʡʥʦʾ ʝʣʝʢ-

ʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʟ ʥʘʧʨʫʛʦʶ 220 ɺ. ʇʨʘʮʶʻ ʚʦʥʘ ʚ ʨʝʞʠʤʽ ʟʚʠʯʘʡʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʽ ʤʘʻ ʧʦ-

ʨʽʚʥʷʥʦ ʟ ʥʠʤ ʟʥʘʯʥʦ ʤʝʥʰʫ ʧʦʪʫʞʥʽʩʪʴ. 

ʇʨʦʪ̫ʛʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʭʦʣʦʜʠʣʴʥʫ ʢʘʤʝʨʫ ʫ ʮʴʦʤʫ ʧʨʠʩʪʨʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʨʦʥ-

ʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʨʦʟʨʷʜʦʤ, ʷʢʠʡ, ʷʢ ʚʽʜʦʤʦ, ʩʪʚʦʨʶʻ ʪʘʢ ʟʚʘʥʠʡ çʽʦʥʥʠʡ ʚʽʪʝʨè. ʇʨʠ ʮʴʦʤʫ 

ʮʝʡ ʢʦʨʦʥʥʠʡ ʨʦʟʨʷʜ ʫʪʚʦʨʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʩʘʤʽʡ ʭʦʣʦʜʠʣʴʥʽʡ ʢʘʤʝʨʽ ʧʨʠʩʪʨʦʶ. 

ʂʦʨʦʥʫʶʯʽ ʝʣʝʢʪʨʦʜʠ (ʢʘʪʦʜʠ) ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ ʚʠʢʦʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʜʫʞʝ ʪʦʥʢʠʭ ʮʠʣʽʥʜ-

ʨʠʯʥʠʭ ʥʠʪʦʢ ʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʽʘʤʝʪʨʦʤ ʥʝ ʙʽʣʴʰʝ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʠʭ ʤʽʣʽʤʝ-

ʪʨʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʝʣʝʢʪʨʠʯʥʠʡ ʨʦʟʨʷʜ ʙʽʣʷ ʥʠʭ ʙʫʚ ʢʦʨʦʥʥʠʤ (ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʙʽʣʷ ʥʠʭ ʧʦʚʠʥʥʘ ʜʦʩʷʛʘʪʠ 3  ̟10
6
 ɺ/ʤ). ʋ ʭʦʣʦʜʠʣʴʥʽʡ ʢʘʤʝʨʽ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʦʩʘʜʞʫʚʘʣʴʥʽ ʝʣʝʢʪʨʦʜʠ, ʷʢʠʤ ʥʘʜʘʻʪʴʩʷ ʧʦʟʠʪʠʚʥʘ (ʧʣʶʩʦʚʘ) ʧʦʣʷʨʥʽʩʪʴ. ɺʦʥʠ ʫ ʧʨʠʩʪʨʦʾ 

ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʘʥʦʜʽʚ ʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟ ʧʝʚʥʠʤ ʥʘʭʠʣʦʤ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʟ ʥʠʭ ʢʨʘʧʝʣʴ 

ʩʢʦʥʜʝʥʩʦʚʘʥʦʾ ʧʘʨʠ ʫ ʧʨʠʟʥʘʯʝʥʫ ʜʣʷ ʮʴʦʛʦ ʻʤʥʽʩʪʴ. ɽʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʣʷ ʩʪʚʦʨʶʚʘʥʥʷ ʩʘʤʦʛʦ ʢʦʨʦʥʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ ʚ ʭʦʣʦʜʠʣʴʥʽʡ ʢʘ-

ʤʝʨʽ, ʥʝ ʧʝʨʝʙʽʣʴʰʫʻ 10é15 ɺʪ, ʪʦʙʪʦ ʻ ʜʫʞʝ ʤʘʣʦʶ. 

çɯʦʥʥʠʡ ʚʽʪʝʨè ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʪʷʛʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʨʘʟʦʤ ʟ ʙʫʜʴ-ʷʢʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʚʽʜ 

ʢʦʨʦʥʫʶʯʦʛʦ ʢʘʪʦʜʘ ʜʦ ʥʝʢʦʨʦʥʫʶʯʦʛʦ ʘʥʦʜʘ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʮʷ ʧʨʦʪʷʞʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʥʘʩʦʩʽʚ ʯʠ ʽʥʰʠʭ ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ, ʱʦ 

ʟôʷʚʠʣʠʩʷ ʫ ʟʦʥʽ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ, ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʩʠʣʠ ,ee EeF -=  ʜʝ ɽ ï 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʤʽʩʮʽ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʨʷʜʫ, ʝʝ ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ) ʨʫʭʘ-

ʶʪʴʩʷ ʫ ʙʽʢ ʽʥʰʦʛʦ ʝʣʝʢʪʨʦʜʘ (ʘʥʦʜʘ). ʗʢ ʚʩʪʘʥʦʚʣʝʥʦ, ʧʽʜ ʯʘʩ ʮʴʦʛʦ ʨʫʭʫ ʚʦʥʠ ʧʨʠʩʪʘʶʪʴ ʜʦ 

ʥʝʡʪʨʘʣʴʥʠʭ ʤʦʣʝʢʫʣ ʧʦʚʽʪʨʷ, ʧʘʨʠ ʽ ʨʽʟʥʠʭ ʪʚʝʨʜʠʭ ʽ ʨʽʜʢʠʭ ʜʦʤʽʰʦʢ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʤʝʪʘʣʝ-

ʚʠʭ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʟʘʨʷʜʞʘʶʪʴ ʾʭ ʥʝʛʘʪʠʚʥʠʤ (ʤʽʥʫʩʦʚʠʤ) ʟʘʨʷʜʦʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʦʥʠ ʚʠʤʫ-

ʰʝʥʦ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʩʠʣʠ ʂʫʣʦʥʘ) ʨʫʭʘʶʪʴʩʷ ʫ ʙʽʢ ʘʥʦʜʘ. ʉʘʤʝ ʥʘ ʮʴʦʤʫ  

ʬʽʟʠʯʥʦʤʫ ʷʚʠʱʽ ʟʘʩʥʦʚʘʥʠʡ ʝʣʝʢʪʨʦʝʬʣʶʚʘʣʴʥʠʡ ʤʝʪʦʜ ʆ.ʃ. ʏʠʞʝʚʩʴʢʦʛʦ (ʚ ʣʘʤʧʘʭ ʽ ʣʶʩ-

ʪʨʘʭ ʏʠʞʝʚʩʴʢʦʛʦ). 



 

                                                                              ʈʦʟʜʽʣ 2. ʆʩʥʦʚʠ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ ̫
 

99 

 

ʆʩʢʽʣʴʢʠ ʧʽʜ ʯʘʩ ʨʫʭʫ ʟʘʨʷʜʞʝʥʽ ʚ ʟʦʥʽ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ ʤʦʣʝʢʫʣʠ ʧʦʚʽʪʨʷ ʽ ʨʽʟʥʽ ʜʦ-

ʤʽʰʢʠ ʥʘ ʩʚʦʻʤʫ ʰʣʷʭʫ ʧʨʫʞʥʦ ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʟ ʪʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʽ ʜʦʤʽʰʢʘʤʠ, ʱʦ ʟʘʣʠʰʠ-

ʣʠʩʷ ʥʝʡʪʨʘʣʴʥʠʤʠ, ʚʩʷ ʤʘʩʘ ʧʦʚʽʪʨʷ ʨʫʭʘʻʪʴʩʷ ʫ ʙʽʢ ʘʥʦʜʘ ʽ ʪʠʤ ʰʚʠʜʰʝ, ʯʠʤ ʚʠʱʦʶ ʻ ʥʘ-

ʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʫ ʟʦʥʽ ʨʫʭʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʝ ʧʘʨʦʶ ʨʪʫ-

ʪʽ ʧʦʚʽʪʨʷ ʦʯʠʱʫʻʪʴʩʷ ʚʽʜ ʥʝʾ ʽ ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʠʤʽʱʝʥʥʷ, ʜʝ ʟʥʦʚʫ ʧʦʩʪʫʧʦʚʦ ʟʘʙʨʫʜʥʶʻʪʴʩʷ 

ʨʪʫʪʪʶ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʷʢʘ ʥʝ ʧʝʨʝʙʽʣʴʰʫʻ ɻɼʂ. ʇʝʨʽʦʜʠʯʥʦʶ ʨʦʙʦʪʦʶ ʧʨʠʩʪʨʦʶ ʟʘʙʝʟʧʝ-

ʯʫʶʪʴʩʷ ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʫʤʦʚʣʝʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠʩʪʨʦʶ. 

ɺʠʩʥʦʚʢʠ 

ɺʨʘʭʦʚʫʶʯʠ ʤʘʩʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʨʪʫʪʪʶ ʦʙôʻʢʪʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʟʘʭʠʩʪ ʣʶʜʝʡ 

ʚʽʜ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʪʫʪʽ, ʘ ʪʘʢʦʞ ʧʦʧʝʨʝʜʞʝʥʥʷ ʦʪʨʫʻʥʴ ʣʶʜʝʡ ʥʝʶ ʥʘʙʫʣʠ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘ-

ʣʴʥʦʩʪʽ. ʅʘʡʰʚʠʜʰʝ ʜʦʩʷʛʪʠ ʧʝʚʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʚ ʫʤʦʚʘʭ, ʱʦ ʩʢʣʘʣʠʩʷ  

ʫ ʟʚôʷʟʢʫ ʟ ʰʠʨʦʢʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʃʃ, ʤʦʞʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

1. ʉʪʚʦʨʠʪʠ ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʽʥʬʦʨʤʘʮʽʾ ʥʘʩʝʣʝʥʥʷ ʧʨʦ ʩʠʪʫʘʮʽʶ, ʱʦ ʩʢʣʘʣʘʩʷ ʟ ̔ʨʪʫ-

ʪʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʨʠʤʽʱʝʥʴ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʯʝʨʝʟ ʥʘʚʯʘʣʴʥʽ ʟʘʢʣʘʜʠ, ʧʨʦʤʠʩʣʦʚʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʘʩʦʙʠ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

2. ʅʘʣʘʛʦʜʠʪʠ ʩʝʨʽʡʥʠʡ ʚʠʧʫʩʢ ʧʨʠʣʘʜʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʧʨʠʤʽʱʝʥʴ 

ʚʽʜ ʧʘʨʠ ʨʪʫʪʽ ʜʦ ʟʥʘʯʝʥʴ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʷʢʽ ʻ ʥʠʞʯʠʤʠ ʟʘ ɻɼʂ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟʘʙʨʫ-

ʜʥʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʜʦʚʛʠʡ ʯʘʩ ʤʦʞʝ ʟʘʣʠʰʘʪʠʩʴ ʽ ʥʝ ʜʝʤʝʨʢʫʨʠʟʦʚʘʥʠʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʙʫ-

ʜʦʚʘ ʪʘʢʦʛʦ ʧʨʠʣʘʜʫ ʽ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʧʨʠʥʮʠʧ ʡʦʛʦ ʜʽʾ. 

3. ʅʘʣʘʛʦʜʠʪʠ ʙʝʟʢʦʰʪʦʚʥʫ ʽ ʢʦʥʪʨʦʣʴʦʚʘʥʫ ʩʠʩʪʝʤʫ ʜʝʤʝʨʢʫʨʠʟʘʮʽʾ ʮʠʭ ʦʯʠʱʫʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ. 
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É ɺ.ɸ. ʇʦʚʩʪʝʥʴ, ʄ.ʄ. ʂʦʨʰʫʥ, ʊ.ʀ. ɼʤʠʪʨʫʭʘ 

ɿɸʑʀʊɸ ʃʖɼɽʁ ʆʊ ʀʉʇɸʈɽʅʀʁ ʈʊʋʊʀ  

ɺ ɿɸɻʈʗɿʅɽʅʅʓʍ ɽʖ ʇʆʄɽʑɽʅʀʗʍ ʈɸɿʃʀʏʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ 

ʈʘʩʩʤʦʪʨʝʥʘ ʦʧʘʩʥʦʩʪʴ ʨʪʫʪʠ ʜʣʷ ʣʶʜʝʡ ʠ ʧʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʟʘ-

ʱʠʪʳ ʣʶʜʝʡ ʦʪ ʠʩʧʘʨʝʥʠʡ ʨʪʫʪʠ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʇʨʝʜʣʦʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʪ ʧʘʨʦʚ ʨʪʫʪʠ. 

É V.A. Povsten, M.M. Korshun, T.I . Dmytruha  

PEOPLE PROTECTION FROM MERCURY EVAPORATION  

IN THE POLLUTED PREMISES  

The mercury hazard for people is studied and solutions to the problem of people protection 

from mercury evaporation in the polluted premises are proposed. The device for air cleaning from 

mercury vapor is designed. 
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É ʉ.ʄ. ʄʘʜʞʜ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

 

ʆʎɯʅʂɸ ʊɽʍʅʆɻɽʅʅʆɻʆ ɺʇʃʀɺʋ ɸɺɯɸʇɯɼʇʈʀɭʄʉʊɺ  

ʅɸ ʉʊɸʅ ɺʆɼʆʁʄ  

 

ʇʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʝ-

ʤʦʥʪʫ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ. ɺʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʟʘʙʨʫʜʥʶʚʘʯʽ, ʢʣʘʩʠ ʪʘ ʢʘʪʝʛʦʨʽʾ ʷʢʦʩʪʽ ʚʦʜʦʡʤ 

ʧʦʙʣʠʟʫ ʦʙ'ʻʢʪʽʚ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ. ɿʜʽʡʩʥʝʥʽ ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʦʯʠʩʪʢʠ 

ʩʪʽʯʥʠʭ ʚʦʜ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʭʥʦʛʝʥʥʠʡ ʚʧʣʠʚ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ, ʩʪʘʥ ʚʦʜʦʡʤ, ʤʦʥʽʪʦʨʠʥʛ, ʦʯʠʩʪʢʘ 

ʩʪʯ̔ʥʠʭ ʚʦʜ, ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ. 

ɺʩʪʫʧ 

ʉʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʘ ʩʠʪʫʘʮʽʷ, ʱʦ ʩʢʣʘʣʘʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʧʦʢʘʟʘʣʘ, ʱʦ ʬʘʢʪʦ-

ʨʦʤ ʨʠʟʠʢʫ ʜʣʷ ʣʶʜʠʥʠ ʪʘ ʾʾ ʦʪʦʯʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ  

ʟ̔ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʜʞʝʨʝʣ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ [1].  

ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝ-

ʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚ ʟʦʥʽ  

ʘʝʨʦʧʦʨʪʫ, ʟʦʢʨʝʤʘ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʾʭ ʩʪʘʥ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʢʨʠʪʽ. ɺʠʨʽʰʝʥʥʷ ʮʴʦʛʦ 

ʧʠʪʘʥʥʷ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʽʡʪʠ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤ ʟʘʭʠʩʪʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʜʦʡʤ ʥʘ 

ʥʘʫʢʦʚʽʡ ʦʩʥʦʚʽ. 

ɹʫʜʽʚʣʽ ʽ ʩʧʦʨʫʜʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʣʽʪʘʢʽʚ, ʘ ʪʘʢʦʞ ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ ʧʽʜʩʦ-

ʙʥʠʭ ʧʨʠʤʽʱʝʥʴ ï ʜʞʝʨʝʣʘ ʚʠʨʦʙʥʠʯʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʘʝʨʦʧʦʨʪʘʭ. ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʻ ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʝʨʝʚʝʟʝʥʴ: 

ʘʝʨʦʚʦʢʟʘʣ, ʛʦʪʝʣʴ, ʾʜʘʣʴʥʽ, ʩʣʫʞʙʠ ʙʦʨʪʞʠʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʪʝʨʠʪʦʨʽʾ ʘʚʽʘʤʽʩʪʝʯʦʢ, ʱʦ ʧʨʠʣʷ-

ʛʘʶʪʴ ʜʦ ʘʝʨʦʧʦʨʪʽʚ. 

ɼʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʟ ʪʝʨʠʪʦʨʽʾ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ ʤʽʥʝʨʘʣʴʥʠʭ 

ʩʫʤʽʰʝʡ, ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʬʝʥʦʣʽʚ, ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʭʽʤʽʯʥʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʤʠʪʪʷ ʣʽʪʘʢʽʚ, ʤʽ-

ʥʝʨʘʣʴʥʠʭ ʤʘʩʝʣ, ʨʦʟʯʠʥʝʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʪʘ ʘʟʦʪʦʚʤʽʩʥʠʭ ʨʝʯʦʚʠʥ. ʇʦʪʦʢʠ ʜʦʱʦ-

ʚʠʭ ʪʘ ʪʘʣʠʭ ʚʦʜ ʧʦʛʣʠʥʘʶʪʴ ʪʘʢʦʞ ʯʘʩʪʠʥʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʢʦʪʝʣʝʥʴ, ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ  

ʘʚʪʦ- ʪʘ ʘʚʽʘʪʨʘʥʩʧʦʨʪʫ, ʷʢʽ ʦʩʽʣʠ ʥʘ ʘʝʨʦʜʨʦʤʽ [2, 3].  
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʨʠ ʩʢʠʜʘʥʥʽ 1 ʤ
3
 ʚʠʨʦʙʥʠʯʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʘʚʽʘʧʽʜʧʨʠ-

ʻʤʩʪʚ ʟʘʙʨʫʜʥʶʻʪʴʩʷ ʙʣʠʟʴʢʦ 60 ʤ
3
 ʧʨʠʨʦʜʥʠʭ ʚʦʜ [2, 4]. 

ʊʦʤʫ ʦʮʽʥʢʘ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʩʢʠʜʘʶʪʴ 

ʩʚʦʾ ʩʪʽʯʥʽ ʚʦʜʠ ʫ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʦʡʤʠ, ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʦʩʢʽʣʴʢʠ ʷʢʽʩʪʴ ʧʦ-

ʚʝʨʭʥʝʚʠʭ ʚʦʜ ʧʨʷʤʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ ʫ ʚʝʣʠʢʠʭ ʘʝʨʦʧʦʨʪʘʭ ʟʥʝʰʢʦ-

ʜʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʧʦʚʠʥʥʦ ʙʫʪʠ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʤ ʯʝʨʝʟ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʡʦʛʦ ʨʦʟ-

ʧʦʜʽʣ. ʋ ʧʝʨʰʫ ʯʝʨʛʫ ʥʝʦʙʭʽʜʥʦ ʦʯʠʱʘʪʠ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ ʟ ʜʽʣʷʥʦʢ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫ-

ʚʘʥʥʷ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʽʟ ʧʣʦʱʘʜʦʢ: ʤʠʪʪʷ ʡ ʦʙʨʦʙʢʠ ʧʨʦʪʠ ʟʣʝʜʝʥʽʥʥʷ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʩʧʝʮ-

ʨʽʜʠʥʘʤʠ; ʜʝʛʘʟʘʮʽʾ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʷʢʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ ʘʚʽʘʭʽʤʨʦʙʦʪʘʭ; 

ʟʤʠʚʫ ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʽ ʬʘʨʙʫʚʘʥʥʷ ʣʽʪʘʢʽʚ; ʤʠʪʪʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʪʝʭʥʽʢʠ ʡ ʩʧʝʮ-

ʤʘʰʠʥ). ʅʝʦʙʭʽʜʥʦ ʦʯʠʱʘʪʠ ʩʪʦʢʠ ʟ ʜʽʣʷʥʦʢ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʫʭʦʤ ʘʚʽʘʪʨʘʥ-

ʩʧʦʨʪʫ ʡ ʘʝʨʦʜʨʦʤʥʦʾ ʪʝʭʥʽʢʠ, ʧʣʦʱʘ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 25% ʧʣʦʱʽ ʰʪʫʯʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʘʝʨʦʜʨʦʤʫ [5, 6]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ 

ʂʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʝʤʦʥʪʫ ʘʚʽʘ-

ʮʽʡʥʦʾ ʪʝʭʥʽʢʠ, ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ. 

ʂʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʝʤʦʥʪʫ  

ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ  

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ  

(2004ï2012 ʨʨ.) ʧʨʦʚʦʜʠʚʩʷ ʤʦʥʽʪʦʨʠʥʛ ʷʢʦʩʪʽ ʟʚʦʨʦʪʥʠʭ ʚʦʜ, ʱʦ ʩʢʠʜʘʣʠʩʷ ʫ ʨ. ʅʠʚʢʫ.  

ɺʽʜʙʽʨ ʧʨʦʙ ʚʦʜʠ ʟʜʽʡʩʥʶʚʘʚʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʂʅɼ 211.1.0.009ï94 [7]. ʆʮʽʥʢʘ  

ʩʪʫʧʝʥʷ ʦʯʠʩʪʢʠ ʩʪʽʯʥʦʾ ʚʦʜʠ ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʛʽʜʨʦʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ ʤʝʪʦʜʦʤ ʙʽʦʪʝ-

ʩʪʫʚʘʥʥʷ.  

ɿʘ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʤʽʯʘʣʦʩʴ ʜʝʷʢʝ ʧʦʢʨʘʱʝʥʥʷ ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʱʦʜʦ ʨʽʚʥʷ 

ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʣʝʛʢʦʦʢʠʩʣʶʚʘʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʩʧʦʣʫʢ ʤʽʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʫ 

(ʧʦʨʽʚʥʶʶʯʠ ʟ ʧʘʩʧʦʨʪʥʠʤʠ ʜʘʥʠʤʠ).  

ʆʜʥʘʢ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʚʠʱʫʚʘʥʥʷ ɻɼʂʨʠʙʛʦʩʧ. ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ  

(ʚ ʩʝʨʝʜʥʴʦʤʫ): ʍʉʂ ï 1,89, ɹʇʂ5 ï 16,25, ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ ʪʘ ʥʽʪʨʠʪʽʚ ʫ 93,08 ʽ 52,5 ʨʘʟʠ ʚʽʜ-

ʧʦʚ̔ʜʥʦ.  

ɼʦ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʟʽ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ ʜʦ ʨ. ʅʠʚʢʠ ʤʦ-

ʞʥʘ ʚʽʜʥʝʩʪʠ ʤʽʜʴ, ʭʨʦʤ, ʮʠʥʢ ʪʘ ʩʚʠʥʝʮʴ, ʚʤʽʩʪ ʷʢʠʭ ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ʧʝʨʝʚʠʱʫʻ ɻɼʂʨʠʙʛʦʩʧ. 

ʫ 2,0, 2,2, 1,7 ʽ 1,2 ʨʘʟʘ ʚʽʜʧʦʚʽʜʥʦ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʩʥʦʚʥʠʤ ʟʘʙʨʫʜʥʶʚʘʯʝʤ ʩʪʽʯʥʠʭ ʚʦʜ ʻ ʥʘʬʪʦʧʨʦʜʫʢʪʠ. ɰʭ 

ʚʤʽʩʪ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ï ʩʢʠʜ ʫ ʨ. ʅʠʚʢʫ ʧʝʨʝʚʠʱʫʻ ɻɼʂʨʠʙʛʦʩʧ. ʫ 261 ʨʘʟ.  

ʉʪʽʯʥʽ ʚʦʜʠ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ ʩʢʠʜʘʶʪʴʩʷ ʚ ʨ. ʅʠʚʢʫ ʚ ʨʘʡʦʥʽ ʤʽʢʨʦʨʘʡʦʥʫ ʂʠʻʚʘ  

ɾʫʣ̫ʥʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʘʝʨʦʧʦʨʪʫ ʪʘ ʟʘʚʦʜʫ (ʥʘʡʙʣʠʞʯʽ 
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ʧʦʩʝʣʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ ʙʣʠʟʴʢʦ 20 ʤʝʪʨʽʚ). ʆʢʨʽʤ ʘʝʨʦʧʦʨʪʫ, ʚ ʤʝʞʘʭ ʂʠʻʚʘ  

ʚ ʙʘʩʝʡʥʽ ʨʽʯʢʠ ʧʨʘʮʶʻ ʙʣʠʟʴʢʦ 60 ʧʽʜʧʨʠʻʤʩʪʚ. ʋ ʨ. ʅʠʚʢʫ ʟ ʜʝʚ'ʷʪʴʦʭ ʢʦʣʝʢʪʦʨʽʚ ʩʢʠʜʘʶʪʴ-

ʩʷ ʥʝʦʯʠʱʝʥʽ ʟʣʠʚʦʚʽ ʩʪʦʢʠ [8]. 

ʈʽʯʢʘ ʅʠʚʢʘ ʧʨʦʪʽʢʘʻ ʚ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʂʠʻʚʘ ʽ ʻ ʧʨʘʚʦʶ ʧʨʠʪʦʢʦʶ ɯʨʧʝʥʷ. ɹʝʨʝ ʩʚʽʡ ʧʦʯʘ-

ʪʦʢ ʚ 0,5 ʢʤ ʥʘ ʩʭʽʜ ʚʽʜ ʩʤʪ. ɺʠʰʥʝʚʝ ʧʦʙʣʠʟʫ ʘʝʨʦʧʦʨʪʫ ñʂʠʾʚò, ʪʝʯʝ ʚ ʨʘʡʦʥʽ ʉʚʷʪʦʰʠʥʘ ʽ ʚʧʘ-

ʜʘʻ ʚ ɯʨʧʽʥʴ (ʱʦ ʻ ʧʨʠʪʦʢʦʶ ʨ. ɼʥʽʧʨʦ) ʟʘ 45 ʢʤ ʚʽʜ ʡʦʛʦ ʛʠʨʣʘ [9].  

ʇʨʦʪʽʢʘʻ ʯʘʩʪʢʦʚʦ ʧʦ ʟʘʙʫʜʦʚʘʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ï ʫʨʙʘʥʽʟʦʚʘʥʽʩʪʴ ʨʽʯʢʠ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ï 

31 %. ʉʝʨʝʜʥʽʡ ʙʘʛʘʪʦʨʽʯʥʠʡ ʩʪʽʢ ï 5,4 ʤʣʥ ʤ
3
. ʉʝʨʝʜʥʴʦʨʽʯʥʘ ʚʠʪʨʘʪʘ ʨ. ʅʠʚʢʠ ʜʦʨʽʚʥʶʻ 

0,17 ʤ
3
/ʩ [8, 9]. 

ɰʾ ʜʦʚʞʠʥʘ ʩʪʘʥʦʚʠʪʴ 19,7 ʢʤ, ʘ ʧʣʦʱʘ ʚʦʜʦʟʙʦʨʫ ʜʦʨʽʚʥʶʻ 94,0 ʢʤ
2
. ʇʘʜʽʥʥʷ ʨʽʯʢʠ 

ʩʢʣʘʜʘʻ 71,0 ʤ. ʈʫʩʣʦ ʩʣʘʙʢʦʟʚʠʚʠʩʪʝ, ʽ ʥʘ ʜʝʷʢʠʭ ʜʽʣʷʥʢʘʭ ʚʦʥʦ ʧʦʚʥʽʩʪʶ ʟʘʨʦʩʪʘʻ. ʐʠʨʠʥʘ 

ʨʫʩʣʘ ʨʽʯʢʠ ï 2ï3 ʤ, ʘ ʛʣʠʙʠʥʘ ï 0,1ï0,7 ʤ, ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʧʦ ʬʘʨʚʘʪʝʨʫ ï 0,3ï0,7 ʤ, ʥʘ 

ʧʝʨʝʢʘʪʘʭ ï 0,5ï0,8 ʤ/ʩ. ʐʠʨʠʥʘ ʟʘʧʣʘʚʠ ï 300 ʤ [8].  

ʅʘ ʨ. ʅʠʚʮʽ ʩʧʦʨʫʜʞʝʥʦ ʩʠʩʪʝʤʫ ʩʪʘʚʢʽʚ ʨʠʙʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ (ʙʣʠʟʴʢʦ 20), ʷʢʘ ʧʦʩʪʘ-

ʯʘʻ ʩʚʦʶ ʧʨʦʜʫʢʮʽʶ ʂʠʻʚʫ, ʪʦʤʫ ʦʟʝʨʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 2,2% ʚʩʽʻʾ ʧʣʦʱʽ, ʱʦ ʻ ʥʘʡʚʠʱʠʤ ʧʦʢʘ-

ʟʥʠʢʦʤ ʜʣʷ ʚʩʽʭ ʨʽʯʦʢ ʂʠʻʚʘ. ʐʚʠʜʢʽʩʪʴ ʪʝʯʽʾ ʥʝʟʥʘʯʥʘ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʧʝʨʰ ʟʘ ʚʩʝ ʟʥʘʯʥʦʶ 

ʟʘʨʝʛʫʣʴʦʚʘʥʽʩʪʶ ʩʪʦʢʫ (ʚ ʧʽʜʧʦʨʽ ʟʥʘʭʦʜʠʪʴʩʷ 42% ʚʩʽʻʾ ʜʦʚʞʠʥʠ ʨʽʯʢʠ) ʽ ʩʪʘʥʦʚʠʪʴ ʚ ʤʝ-

ʞʝʥʴ ʣʠʰʝ 0,05ï0,1 ʤ/ʩ, ʘ ʧʽʜ ʯʘʩ ʚʦʜʦʧʽʣʣʷ ï 0,3ï0,4 ʤ/ʩ. 

ɽʢʦʣʦʛʽʯʥʘ ʷʢʽʩʪʴ ʚʦʜʠ ʨ. ʅʠʚʢʠ ʻ ʧʦʣʽʬʘʢʪʦʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʤʘʩʠ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʥʝʾ, ʪʘ ʚʠʪʨʘʪ ʚʦʜʠ ʫ ʨʫʩʣʽ ʽ ʤʦʞʝ 

ʙʫʪʠ ʨʝʛʫʣʴʦʚʘʥʘ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʚʦʜʠ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʨ. ʅʠʚʢʠ ʻ ʪʝ, ʱʦ ʚʦʥʘ ʥʝʩʝ ʩʚʦʾ ʚʦʜʠ ʚ ʨ. ɯʨʧʽʥʴ ʽ ʜʘʣʽ ʚ ʂʠʾʚʩʴʢʝ ʚʦʜʦʩʭʦ-

ʚʠʱʝ, ʱʦ ʚʠʱʝ ʚʦʜʦʟʘʙʦʨʫ ʤʽʩʪʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʰʢʘʥʮʽ ʤʽʩʪʘ ʂʠʻʚʘ ʻ ʯʘʩʪʢʦʚʦ ʾʾ ʚʦʜʦʩʧʦ-

ʞʠʚʘʯʘʤʠ. 

ʂʠʩʥʝʚʠʡ ʨʝʞʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʧʨʫʞʝʥʠʤ, ʦʩʦʙʣʠʚʦ ʚ ʟʦʥʘʭ ʧʦʰʠʨʝʥʥʷ ʚʠʱʦʾ ʚʦʜʷʥʦʾ 

ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʚ ʧʝʨʽʦʜʠ ʮʚʽʪʽʥʥʷ ʚʦʜʠ. ɺ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʯʠʩʝʣʴʥʽʩʪʴ ʪʘ ʙʽʦʤʘʩʘ ʬʽʪʦʧʣʘʥʢʪʦʥʫ 

ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ï ʚʽʜ 50 ʜʦ 8400 ʪʠʩ. ʢʣ./ʣ ʪʘ ʚʽʜ 1,6 ʜʦ 7,2 ʤʛ/ʣ ʚʽʜʧʦʚʽʜʥʦ. 

ɯʥʜʝʢʩʠ ʚʠʜʦʚʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ï 3,7ï4,6.  

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʚʠʪʦʢ ʧʦʣʽʜʦʤʽʥʘʥʪʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʭʣʦʨʦʢʦʢʦʚʠʭ 

ʪʘ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ. 

ɸʥʘʣʽʟ ʥʝʩʪʽʡʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʢʘʨʙʦʥʘʪ-ʽʦʥʘ, ʛʽʜʨʦʢʘʨʙʦʥʘʪ-ʽʦʥʘ, ʽʦʥʘ ʘʤʦʥʽʶ, ʥʽʪʨʘʪ 

ʪʘ ʥʽʪʨʠʪ ʽʦʥʽʚ, ʟʘʣʽʟʘ, ʘ ʪʘʢʦʞ ʨʅ) ʚʠʢʦʥʫʶʪʴ ʫ ʧʨʠʨʦʜʥʽʡ ʚʦʜʽ ʙʝʟ ʾʾ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʥʝ 

ʧʽʟʥʽʰʝ ʥʽʞ ʯʝʨʝʟ 2 ʛʦʜʠʥʠ ʧʽʩʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙʠ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʟʨʘʟ-

ʢʘ ʧʨʦʚʦʜʷʪʴ ʡʦʛʦ ʬʽʣʴʪʨʘʮʽʶ, ʦʭʦʣʦʜʞʫʚʘʥʥʷ ʜʦ 4Áʉ ʘʙʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʜʦ -20Áʉ. 

ɽʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ ʚ ʙʘʩʝʡʥʽ ʬʦʨʤʫʶʪʴ ʩʧʦʣʫʢʠ ʤʽʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʫ ʪʘ ʬʦʩʬʦʨʫ.  

ʋ ʧʝʨʽʦʜ ʚʝʩʥʷʥʦʾ ʧʦʚʝʥʽ ʚʤʽʩʪ ʬʦʩʬʘʪʽʚ ʟʘ ʧʨʦʬʽʣʝʤ ʨʽʯʢʠ ʧʝʨʝʚʠʱʫʻ ʝʢʦʣʦʛʽʯʥʠʡ ʥʦʨʤʘʪʠʚ 

ʫ 4ï6 ʨʘʟʽʚ, ʘʟʦʪʫ ʘʤʦʥʽʡʥʦʛʦ ï ʫ 2ï6 ʨʘʟʽʚ. 

ɿʘʣʽʟʦ, ʽʦʥʠ ʘʤʦʥʽʶ, ʥʽʪʨʠʪ-ʽʦʥʠ ʜʦʧʫʩʢʘʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʧʨʠ ʫʤʦʚʽ ʢʦʥʩʝʨʚʫʚʘʥʥʷ 

ʦʢʨʝʤʦʾ ʧʨʦʙʠ ʚʦʜʠ ʦʙôʻʤʦʤ 0,5 ʜʤ
3
 ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ ʫ ʪʝʨʤʽʥ, ʷʢʠʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 2 ʜʦʙʠ 

ʧʽʩʣʷ ʚʽʜʙʦʨʫ ʚʦʜʠ. ʈʝʰʪʫ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʟʥʘʯʘʶʪʴ ʙʝʟ ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʥʝ ʧʽʟʥʽʰʝ 48 ʛʦʜʠʥ. 
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ʇʨʦʙʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʪʘ ʟʙʝʨʽʛʘʥʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʭʠʱʝʥʽ ʚʽʜ ʚʧʣʠʚʫ ʧʨʷʤʦʛʦ ʩʦʥʷʯ-

ʥʦʛʦ ʧʨʦʤʽʥʥʷ ʪʘ ʥʘʛʨʽʚʫ [8]. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʫ ʙʘʩʝʡʥʽ ʨ. ʅʠʚʢʠ ʚʠʟʥʘʯʝ-

ʥʦ, ʱʦ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʨʽʯʢʘ ʥʘʣʝʞʠʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʠʭ ï 3 ʢʣʘʩ, ʘʙʦ ʚ ʧʝʨʝʭʽʜʥʦʤʫ ʩʪʘʥʽ ʜʦ 

ʙʨʫʜʥʠʭ ï 4 ʢʣʘʩ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʜʦ ʪʘʢʦʾ ʥʝʟʘʭʠʱʝʥʦʾ ʜʽʣʷʥʢʠ ʨʫʩʣʘ, ʷʢ ʩʪʚʦʨʠ  

ʫ ʩʝʣʠʱʘʭ ɾʫʣʷʥʠ, ʉʦʬʽʡʩʴʢʘ ɹʦʨʱʘʛʽʚʢʘ, ʛʠʨʣʦʚʦʾ ʜʽʣʷʥʢʠ ʪʘ ʩʘʤʦʛʦ ʚʦʜʦʧʨʠʡʤʘʯʘ ï  

ʨ. ɯʨʧʽʥʴ.  

ʉʭʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʩʪʘʥ ʚʦʜʦʡʤ 

ɺʠʟʥʘʯʠʚʰʠ ʪʝʭʥʽʢʦ-ʝʢʦʣʦʛʽʯʥʫ ʪʘ ʩʪʨʫʢʪʫʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ, ʧʨʦʚʽ-

ʚʰʠ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʪʠʧʦʚʠʤʠ ʚʠʢʠʜʘʤʠ 

ʽ ʟʜʽʡʩʥʠʚʰʠ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʩʪʽʯʥʠʭ ʚʦʜ ʧʦʙʣʠʟʫ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ, ʩʪʠʢʘʻʤʦʩʷ ʟ ʥʝʦʙʭʽʜʥʽʩʪ ʁ

ʜʦʩʣʽʜʞʝʥʥ ̫ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ.  

ɼʣʷ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ ʧʝʨʝʜ ʩʢʠʜʦʤ ʜʦ ʨʽʯʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝ-

ʭʘʥʽʯʥʠʡ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʯʦʪʠʨʴʦʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ ʽ ʚʦʩʴʤʠ ʥʘ-

ʬʪʦʚʣʦʚʣʶʚʘʯʽʚ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʽʜʩʪʦʶʚʘʥʥʽ ʩʪʽʯʥʦʾ ʚʦʜʠ ʪʘ ʚʠʜʽʣʝʥʥʽ ʢʦʤʧʦʥʝʥʪʽʚ ʚʫʛʣʝ-

ʚʦʜʥʝʚʠʭ ʩʧʦʣʫʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʘʛʝʥʪʽʚ, ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʚʦʜʥʦ-ʥʘʬʪʦʚʠʭ ʝʤʫʣʴʩʽʡ ʽ ʢʦʘ-

ʛʫʣʷʮʽʾ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʩʪʽʯʥʽ ʚʦʜʠ ʟʘʚʦʜʫ ˉ 410 ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ ʨʘʟʦʤ ʟ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ 

ʘʝʨʦʧʦʨʪʫ çʂʠʾʚè ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʧʦ ʻʜʠʥʦʤʫ ʢʦʣʝʢʪʦʨʫ ʩʢʠʜʘʶʪʴʩʷ ʜʦ 

ʨ. ʅʠʚʢʠ (ʨʠʩ. 1), ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʤʽʩʴʢʽʡ ʟʦʥʽ, ʥʝʦʙʭʽʜʥʦ ʙʽʣʴʰ ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʠʪʠ ʾʭ 

ʚʧʣʠʚʫ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʨʽʯʢʠ. 

 

 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ 

ʇʨʦʝʢʪʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʜʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʩʪʘʥʦʚʠʪʴ 0,22 ʤ
3
/ʩ ʘʙʦ 19000 ʤ

3
/ʜʦʙʫ, ʪʦʙʪʦ ʩʫ-

ʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ï 38000 ʤ
3
/ʜʦʙʫ [9].  

ʅʘ ʘʚʽʘʨʝʤʦʥʪʥʦʤʫ ʟʘʚʦʜʽ ʧʦʧʝʨʝʜʥʷ ʦʯʠʩʪʢʘ ʩʪʽʯʥʠʭ ʚʦʜ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʩʪʘʥʮʽʾ ʥʝʡʪ-

ʨʘʣʽʟʘʮʽʾ, ʷʢʘ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʚ 1968 ʨʦʮʽ. 
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ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʍʨʦʤ-ʤʽʩʪʢʽ ʽ ʢʠʩʣʦ-ʣʫʞʥʽ 

ʩʪʦʢʠ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʦʙôʻʤʦʤ 30 ʪʘ 60 ʤ
3
. ʍʨʦʤ-ʤʽʩʪʢʽ ʩʪʦʢʠ ʟ ʥʘʢʦʧʠʯʫʚʘʯʘ 

ʧʝʨʝʢʘʯʫʶʪʴʩʷ ʚ ʨʝʘʢʪʦʨ-ʚʽʜʩʪʽʡʥʠʢ ʦʙôʻʤʦʤ 56,3 ʤ
3
, ʚ ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ 5%-ʡ ʨʦʟʯʠʥ ʩʽʨʯʘʥʦʾ 

ʢʠʩʣʦʪʠ ʜʣʷ ʜʦʚʝʜʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʩʪʦʢʽʚ ʜʦ ʚʝʣʠʯʠʥʠ ʨʅ 2,5. ʇʽʩʣʷ ʯʦʛʦ ʧʦʜʘʻʪʴʩʷ 5%-ʡ 

ʨʦʟʯʠʥ ʙʽʩʫʣʴʬʽʪʫ ʥʘʪʨʽʶ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ Cr
6+ 
ʜʦ Cr

3+
. ɼʣʷ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʭʨʦʤʫ ʚ ʨʝ-

ʘʢʪʦʨ ʜʦʙʘʚʣʷʻʪʴʩʷ 5%-ʡ ʨʦʟʯʠʥ ʣʫʛʫ ʟ ʤʝʪʦʶ ʜʦʚʝʜʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʩʪʽʯʥʠʭ ʚʦʜ ʜʦ ʚʝʣʠʯʠ-

ʥʠ ʨʅ 8,5. 

ʂʠʩʣʦʪʥʦ-ʣʫʞʥʽ ʩʪʦʢʠ ʟ ʥʘʢʦʧʠʯʫʚʘʯʘ ʧʝʨʝʢʘʯʫʶʪʴʩʷ ʚ ʨʝʘʢʪʦʨ-ʚʽʜʩʪʽʡʥʠʢ, ʢʫʜʠ ʧʦʜʘ-

ʻʪʴʩʷ 5%-ʡ ʨʦʟʯʠʥ ʣʫʛʫ. ʇʨʦʮʝʩ ʧʦʜʘʯʽ ʣʫʛʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ 

ʩʪʠʩʣʠʤ ʧʦʚʽʪʨʷʤ ʜʦ ʚʝʣʠʯʠʥʠ ʨʅ 8,5. 

ʉʪʽʯʥʽ ʚʦʜʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʨʝʘʢʪʦʨʽ-ʚʽʜʩʪʽʡʥʠʢʫ 3 ʛʦʜʠʥʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʚʽʜʩʪʦʷʥʫ ʚʦʜʫ ʥʘʧʨʘʚʣʷʶʪʴ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʯʠʩʪʢʠ ʥʘ ʤʝʭʘʥʽʯʥʠʭ ʬʽʣʴʪʨʘʭ, ʘ ʦʩʘʜ, 

ʱʦ ʫʪʚʦʨʠʚʩʷ, ʟʙʠʨʘʻʪʴʩʷ ʚ ʫʱʽʣʴʥʶʚʘʯʽ ʰʣʘʤʫ ʽ ʟʥʝʚʦʜʥʶʻʪʴʩʷ ʫ ʚʠʧʘʨʶʚʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ. 

ʇʽʩʣʷ ʯʦʛʦ ʩʫʭʠʡ ʟʘʣʠʰʦʢ ʟʙʠʨʘʶʪʴ ʽ ʚʽʜʧʨʘʚʣʷʶʪʴ ʥʘ ʫʪʠʣʽʟʘʮʽʶ.  

ɺʠʩʥʦʚʢʠ 

ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʘ ʨʝʤʦʥʪʫ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʚʩʪʘʥʦʚʣʝʥʦ ʧʝʨʝʚʠʱʫʚʘʥʥʷ ɻɼʂʨʠʙʛʦʩʧ. ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ: ʍʉʂ ï 

1,89, ɹʇʂ5 ï 16,25, ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ ʪʘ ʥʽʪʨʠʪʽʚ ʫ 93,08 ʽ 52,5 ʨʘʟʠ ʚʽʜʧʦʚʽʜʥʦ. ʅʘʡʧʦʰʠʨʝ-

ʥʽʰʽ ʚʘʞʢʽ ʤʝʪʘʣʠ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʟʽ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ ʜʦ ʨ. ʅʠʚʢʠ ï ʤʽʜʴ, ʭʨʦʤ, ʮʠʥʢ ʪʘ ʩʚʠ-

ʥʝʮʴ, ʚʤʽʩʪ ʷʢʠʭ ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ʧʝʨʝʚʠʱʫʻ ɻɼʂʨʠʙʛʦʩʧ. ʫ 2,0, 2,2, 1,7 ʽ 1,2 ʨʘʟʘ ʚʽʜʧʦʚʽʜʥʦ. 

ʆʩʥʦʚʥʠʤ ʟʘʙʨʫʜʥʶʚʘʯʝʤ ʩʪʽʯʥʠʭ ʚʦʜ ʻ ʥʘʬʪʦʧʨʦʜʫʢʪʠ. ɰʭ ʚʤʽʩʪ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʦʯʠʩʥʠʭ 

ʩʧʦʨʫʜ ʫ ʨ. ʅʠʚʮ ̔ʧʝʨʝʚʠʱʫʻ ɻɼʂʨʠʙʛʦʩʧ. ʫ 261 ʨʘʟ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʷʢʽʩʪʴ ʩʪʽʯʥʦʾ ʚʦʜʠ ʟʘ ʜʝʷʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ (ʚʝʣʠʯʠ-

ʥʠ ʨʅ, ʩʦʣʴʦʚʦʛʦ ʩʢʣʘʜʫ ï ʧʦ ʤʽʥʝʨʘʣʽʟʘʮʽʾ) ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʜʦʙʨʦʾ, ʜʦʩʠʪʴ ʯʠʩʪʦʾ, 

ʽʥʦʜʽ ʧʦʤʽʨʥʦ ʟʘʙʨʫʜʥʝʥʦʾ. ɿʘ ʚʤʽʩʪʦʤ ʤʽʜʽ, ʩʚʠʥʮʶ, ʭʨʦʤʫ ʪʘ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʮʠʥ-

ʢʫ ʻ ʩʣʘʙʢʦ ʟʘʙʨʫʜʥʝʥʦʶ, ʧʝʨʝʚʘʞʥʦ ï ʧʦʤʽʨʥʦ ʟʘʙʨʫʜʥʝʥʦʶ, ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʮʠʥʢʫ ï ʜʦʙ-

ʨʘ, ʜʦʩʠʪʴ ʯʠʩʪʘ. 

ʈʘʟʦʤ ʟ ʪʠʤ ʟʘ ʚʤʽʩʪʦʤ ʘʤʦʥʽʡʥʦʛʦ, ʥʽʪʨʠʪʥʦʛʦ ʪʘ ʥʽʪʨʘʪʥʦʛʦ ʘʟʦʪʫ ʚ ʫʩʽ ʧʝʨʽʦʜʠ ʜʦʩʣʽ-

ʜʞʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʧʦʛʘʥʘ, ʜʫʞʝ ʙʨʫʜʥʘ ʽ ʪʽʣʴʢʠ ʽʥʦʜʽ, ʟʘ ʤʽʥʽʤʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʥʽʪʨʘʪʽʚ, ʾʾ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʢʘʪʝʛʦʨʽʾ ʩʣʘʙʢʦ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ. 

ɿʘ ʚʝʣʠʯʠʥʦʶ ʧʦʢʘʟʥʠʢʘ ɹʉʂ5 ʪʘ ʚʤʽʩʪʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʚʦʜʘ ʥʘʣʝʞʠʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ 

ʜʫʞʝ ʧʦʛʘʥʦʾ, ʜʫʞʝ ʙʨʫʜʥʦʾ ʧʦ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʫ ʟʥʘʯʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʤʽʥʽʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘ-

ʮʽʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚï ʚ 10, ʘ ʩʝʨʝʜʥʷ ï ʚ 40 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʤʝʞʫ, ʟʘ ʷʢʦʶ ʚʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫ-

ʻʪʴʩʷ ʷʢ ʙʨʫʜʥʘ, ʜʫʞʝ ʧʦʛʘʥʘ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʟʘ ʚʝʣʠʯʠʥʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʚʝʣʠʯʠʥʠ ʨʅ ʪʘ ʚʤʽʩʪʫ ʤʝʪʘʣʽʚ ʚʦʜʫ ʤʦ-

ʞʥʘ ʦʮʽʥʠʪʠ ʷʢ ʜʦʩʠʪʴ ʯʠʩʪʫ ï ʩʣʘʙʢʦ ʟʘʙʨʫʜʥʝʥʫ, ʘ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ɹʉʂ5, ʚʤʽʩʪʦʤ ʤʽʥʝʨʘʣʴ-

ʥʦʛʦ ʘʟʦʪʫ ʪʘ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʜʦ ʢʘʪʝʛʦʨʽʾ ʜʫʞʝ ʧʦʛʘʥʠʭ, ʜʫʞʝ ʙʨʫʜʥʠʭ ʚʦʜ. 

ʄʦʥʽʪʦʨʠʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʘʚʽʘʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʚʦʜʦʡʤʠ ʩʚʽʜʯʘʪʴ, 

ʱʦ ʩʪʫʧʽʥʴ ʦʯʠʩʪʢʠ ʩʪʽʯʥʦʾ ʚʦʜʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ: ʚʝʣʠʯʠʥʘ ʨʅ, ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʟʘʚʠʩʣʠʭ ʨʝʯʦ-
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ʚʠʥ, ʥʽʪʨʘʪʽʚ, ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ï ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ, ʜʦ ʪʦʛʦ ʞ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ ˉ 1 ʥʝʟʘʜʦʚʽʣʴʥʦ 

ʦʯʠʱʫʶʪʴ ʩʪʽʯʥʫ ʚʦʜʫ ʚʽʜ ʭʣʦʨʠʜʽʚ, ʬʦʩʬʦʨʫ ʬʦʩʬʘʪʽʚ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʘ ʦʯʠʩʥʽ ʩʧʦʨʫ-

ʜʠ  ̄2 ï ʚʽʜ ʥʽʪʨʠʪʽʚ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. 
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ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 29.01.14 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ 

É ʉ.ʄ. ʄʘʜʞʜ 

ʆʎɽʅʂɸ ʊɽʍʅʆɻɽʅʅʆɻʆ ɺʃʀʗʅʀʗ ɸɺʀɸʇʈɽɼʇʈʀʗʊʀʁ  

ʅɸ ʉʆʉʊʆʗʅʀɽ ɺʆɼʆɽʄʆɺ 

ʇʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʦʙʨʘʪʥʳʭ ʚʦʜ ʧʨʝʜʧʨʠʷʪʠʡ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠ ʨʝʤʦʥʪʘ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʦʩʥʦʚʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ, ʢʣʘʩʩʳ ʠ ʢʘʪʝʛʦʨʠʠ 

ʢʘʯʝʩʪʚʘ ʚʦʜʦʝʤʦʚ ʚʙʣʠʟʠ ʦʙʲʝʢʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. ʆʩʫʱʝʩʪʚʣʝʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʦ-

ʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʘʚʠʘʧʨʝʜʧʨʠʷʪʠʷ. 

É S.M. Majd  

ASSESSMENT OF MAN-MADE IMPACT AVIATION OBJECTS  ON THE BASINS 

Integrated assessment of the return water quality accomplished for plants conducting opera-

tion and maintenance of aircraft equipment. Main pollutants detected as well as quality classes and 

categories of basins close to the civil aviation objects. Monitoring studies of discharge water purif i-

cation systems of aircrafts were done. 
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ʋɼʂ 502.174:658.567.1:628.474 

 

É ʉ.ʗ. ʍʨʫʥʠʢ, ʤʦʣ. ʥʘʫʢ. ʩʧʽʚʨʦʙʪ̔ʥʠʢ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ 

 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɺʇʃʀɺʋ ʅɸ ɼʆɺʂɯʃʃʗ  

ɺʀʂʆʈʀʉʊɸʅʅʗ ʊɺɽʈɼʆɻʆ ɸʃʔʊɽʈʅɸʊʀɺʅʆɻʆ ʇɸʃʀɺɸ  

ɺ ʎɽʄɽʅʊʅɯʁ ʇʈʆʄʀʉʃʆɺʆʉʊɯ 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ̔ ʩʪʘʥʜʘʨʪʘʤʠ ʩʝʨʽʾ ISO 14040 ʟʜʽʡʩʥʝʥʦ ʦʮʽʥʢʫ ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʜʦʚʢʽʣʣʷ ʟʛʦʨʘʥʥʷ ʚʫʛʽʣʣʷ ʪʘ ʩʧʽʣʴʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ 

ʦʩʥʦʚʽ ʪʚʝʨʜʠʭ ʛʦʨʶʯʠʭ ʚʽʜʭʦʜʽʚ ʫ ʧʨʦʮʝʩʽ ʚʠʧʘʣʶʚʘʥʥʷ ʢʣʽʥʢʝʨʫ ʚ ʦʙʝʨʪʦʚʠʭ ʧʝʯʘʭ ʟʘ 

ʤʝʪʦʜʠʢʦʶ IMPACT 2002+. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʛʦʨʘʥʥʷ ʚʫʛʽʣʣʷ, ʚʠʧʘʣʶʚʘʥʥʷ ʢʣʽʥʢʝʨʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʦʛʦ ʧʘʣʠʚʘ, ʚʠʢʠʜʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ. 

 

ɺʩʪʫʧ. ʎʝʤʝʥʪʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʠʨʦʜʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʽ ʛʦʨʶʯʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɿʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʥʝʚʽʜʥʦʚʥʦʛʦ 

ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʫ ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʧʘʣʶʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ 

ʢʣʽʥʢʝʨʫ ʧʝʨʝʜʙʘʯʝʥʦ ʦʩʥʦʚʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʉʪʨʘʪʝʛʽʾ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʮʝʤʝʥʪʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʂʘʤôʷʥʝ ʚʫʛʽʣʣʷ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʦʩʥʦʚʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ 

ʮʝʤʝʥʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʋʢʨʘʾʥʽ. ʋ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʜʣʷ ʟʘʤʽʱʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ 

ʧʘʣʠʚʘ ʧʽʜ ʯʘʩ ʚʠʧʘʣʶʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʦʨʶʯʽ ʚʽʜʭʦʜʠ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʚʫʛʽʣʣʷ ʻ çʙʨʫʜʥʠʤè ʧʘʣʠʚʦʤ, ʩʫʙʩʪʠʪʫʮʽʷ ʡʦʛʦ ʯʘʩʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ 

ʧʘʣʠʚʦʤ ʟ ʛʦʨʶʯʠʭ ʚʽʜʭʦʜʽʚ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʩʢʣʘʜʫ ʤʘʻ ʥʘ ʤʝʪʽ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʮʝʤʝʥʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ  

ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʨʶʯʠʭ ʚʽʜʭʦʜʽʚ, ʨʦʟʨʦʙʣʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʙʝʨʪʦʚʠʭ ʚʠʧʘʣʶʚʘʣʴʥʠʭ ʧʝʯʘʭ. 

ʉʧʽʣʴʥʝ ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʫ ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʦʬʽʮʽʡʥʦ ʚʠʟʥʘʥʝ ɭʚʨʦʧʝʡʩʴʢʦʶ ʢʦʤʽʩʽʻʶ ʷʢ ʢʨʘʱʘ ʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʘ ʧʨʘʢʪʠʢʘ ʚ ʨʘʤʢʘʭ 

ʬʣʘʛʤʘʥʩʴʢʦʾ ʽʥʽʮʽʘʪʠʚʠ çɿʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʫ ɭʚʨʦʧʫè ʩʪʨʘʪʝʛʽʾ çɭʚʨʦʧʘ 2020è; 

ʦʧʪʠʤʘʣʴʥʠʡ ʩʧʦʩʽʙ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ ʧʘʣʠʚʘ ʽ ʩʠʨʦʚʠʥʠ ʪʘ ʟʥʠʞʝʥʥʷ 

ʚʠʢʠʜʽʚ CO2 [1]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʋ 2011 ʨ. ʩʚʽʪʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʮʝʤʝʥʪʫ ʩʷʛʥʫʣʦ 

3,4 ʤʣʨʜ ʪ (3,2 ʤʣʨʜ ʪ ʢʣʽʥʢʝʨʫ), ʘ ʧʦʪʨʝʙʘ ʫ ʮʝʤʝʥʪʽ ʟʙʽʣʴʰʠʣʘʩʷ ʧʦʨʽʚʥʷʥʦ ʟ 2010 ʨ. ʥʘ 12% 

ʽ ʩʪʘʥʦʚʠʣʘ 3,6 ʤʣʨʜ ʪ [2]. ɺʠʨʦʙʥʠʮʪʚʦ ʮʝʤʝʥʪʫ ʚ ʋʢʨʘʾʥʽ ʟʘ ʧʽʜʩʫʤʢʘʤʠ 2012 ʨ. ʩʢʣʘʣʦ 

9,8 ʤʣʥ ʪ ʽ ʟʥʠʟʠʣʦʩʷ ʧʦʨʽʚʥʷʥʦ ʟ 2011 ʨ. ʥʘ 6,8%.  
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ʅʘ ʚʠʧʘʣʶʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʟʘʪʨʘʯʘʻʪʴʩʷ 3,0ï3,3 ɻɼʞ/ʪ ʢʣʽʥʢʝʨʫ ʟʘ 

ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ ʽ 6,0ï6,5 ɻɼʞ/ʪ ʢʣʽʥʢʝʨʫ ʟʘ ʤʦʢʨʠʤ ʩʧʦʩʦʙʦʤ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 30ï40% 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʮʝʤʝʥʪʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʚʫʛʣʝʮʝʚʦʛʦ ʧʘʣʠʚʘ (ʚʫʛʽʣʣʷ) ʧʨʠ ʚʠʧʘʣʶʚʘʥʥʽ 

ʢʣʽʥʢʝʨʫ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʽ ʚʠʢʠʜʠ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ. ɹʣʠʟʴʢʦ 5% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ 

ʚʠʢʠʜʽʚ CO2 ʫ ʩʚʽʪʽ ʧʨʠʧʘʜʘʻ ʥʘ ʮʝʤʝʥʪʥʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ [3]. ɺʫʛʽʣʣʷ ʫʢʨʘʾʥʩʴʢʠʭ ʨʦʜʦʚʠʱ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʩʽʨʯʠʩʪʽʩʪʶ (1,5ï3,9 ʤʘʩ.%) [4]. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʫʛʽʣʣʷ ʧʨʠ 

ʚʠʧʘʣʶʚʘʥʥʽ ʢʣʽʥʢʝʨʫ ʧʦʚôʷʟʫʶʪʴ ʧʨʠʙʣʠʟʥʦ 5% ʩʚʽʪʦʚʠʭ ʚʠʢʠʜʽʚ ʨʪʫʪʽ [5]. ʂʘʤôʷʥʝ ʚʫʛʽʣʣʷ 

ɼʦʥʝʮʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʤʽʩʪʠʪʴ ʧʽʜʚʠʱʝʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʨʪʫʪʽ ï ʚʽʜ 0,08 ʜʦ 8,5 ʤʛ/ʢʛ 

ʚʫʛʽʣʣʷ (ʚ ʩʝʨʝʜʥʴʦʤʫ 0,7 ʤʛ/ʢʛ) ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ-ʜʦʤʽʰʦʢ [6]. ʅʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʜʦʚʢʽʣʣʷ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʫʛʽʣʣʷ, ʩʧʦʥʫʢʘʻ ʜʦ 

ʧʦʰʫʢʫ ʰʣʷʭʽʚ ʡʦʛʦ ʟʥʠʞʝʥʥʷ. 

ɿʛʽʜʥʦ ʟʽ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ [7], ʚ ʋʢʨʘʾʥʽ ʱʦʨʽʯʥʦ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʢʦʨʠʩʪʘʥʠʤʠ 

ʙʣʠʟʴʢʦ 18 ʤʣʥ ʪ ʛʦʨʶʯʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʝʨʝʨʦʙʣʷʪʠ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʧʘʣʠʚʦ 

ʜʣʷ ʮʝʤʝʥʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʐʚʠʜʢʝ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ 

ʦʩʥʦʚʽ ʛʦʨʶʯʠʭ ʚʽʜʭʦʜʽʚ ʫ ʮʝʤʝʥʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʤʦʞʝ ʩʪʠʤʫʣʶʚʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ  

ʚ ʋʢʨʘʾʥʽ ʢʨʘʱʠʭ ʜʦʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (BAT ï Best Available Techniques) ʪʘ ʧʨʠʨʦʜʦʦʭʦ-

ʨʦʥʥʠʭ ʟʘʭʦʜʽʚ (BEP ï Best Environmental Practices), ʟʦʢʨʝʤʘ: ʧʝʨʝʭʽʜ ʥʘ ʩʫʭʠʡ ʩʧʦʩʽʙ ʚʠʧʘ-

ʣʶʚʘʥʥʷ ʢʣʽʥʢʝʨʫ; ʟʤʝʥʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ; ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʚʽʜʭʦʜʽʚ ʽ ʤʦ-

ʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʫ ʧʽʯ; ʢʦʥʪʨʦʣʴ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʪʦʱʦ. 

ʑʦʨʽʯʥʦ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʩʦʶʟʫ ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ɭʚʨʦʧʝʡʩʴʢʦʾ ʮʝʤʝʥʪʥʦʾ ʘʩʦʮʽʘʮʽʾ 

CEMBUREAU ʩʧʽʚʩʧʘʣʶʶʪʴ 6,2 ʤʣʥ ʪ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʟ ʚʽʜʭʦʜʽʚ (ʟʘʤʽʱʝʥʥʷ 15% 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ). ʋ ʮʝʤʝʥʪʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʇʦʣʴʱʽ, ʜʝ ʱʝ 10 ʨʦʢʽʚ ʪʦʤʫ ʟʘʤʽʱʫʚʘʣʠ ʣʠʰʝ 

1,2% ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʝʢʚʽʚʘʣʝʥʪʽ (% ʝ. ʝ.) ʚʫʛʽʣʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʧʘʣʠʚʦʤ, ʩʴʦʛʦʜʥʽ 

ʟʘʤʽʱʫʶʪʴ ʙʣʠʟʴʢʦ 43% ʝ. ʝ.; ʱʦʨʽʯʥʦ ʩʧʽʚʩʧʘʣʶʶʪʴ ʙʣʠʟʴʢʦ 900 ʪʠʩ. ʪ ʧʘʣʠʚʘ ʟ ʛʦʨʶʯʠʭ 

ʚʽʜʭʦʜʽʚ. ʇʨʠ ʮʴʦʤʫ, 9% ʧʘʣʠʚʘ ʟ ʚʽʜʭʦʜʽʚ ʩʪʘʥʦʚʣʷʪʴ ʟʥʦʰʝʥʽ ʘʚʪʦʤʦʙʽʣʴʥʽ ʰʠʥʠ, ʘ 78% ï 

ʧʨʠʛʦʪʦʚʘʥʝ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʧʘʣʠʚʦ [8]. 

ɻʦʨʶʯʽ ʚʽʜʭʦʜʠ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʧʘʣʠʚʦ ʫʪʠʣʽʟʫʶʪʴ ʥʘ ʜʝʷʢʠʭ ʮʝʤʝʥʪʥʠʭ ʟʘʚʦʜʘʭ ʚ 

ʋʢʨʘʾʥʽ (ʇɸʊ ñʄʠʢʦʣʘʾʚʮʝʤʝʥʪò, ʇɸʊ ñɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪò, ʂʨʠʚʦʨʽʟʴʢʠʡ ʟʘʚʦʜ ʇɸʊ 

ñʍʘʡʜʝʣʴʙʝʨʛ-ʎʝʤʝʥʪ ʋʢʨʘʾʥʘò). ʅʘ ʩʴʦʛʦʜʥʽ ʩʧʽʣʴʥʦ ʟ ʚʫʛʽʣʣʷʤ ʩʧʘʣʶʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ 

ʟʥʦʰʝʥʽ ʘʚʪʦʤʦʙʽʣʴʥʽ ʰʠʥʠ, ʷʢʠʤʠ ʟʘʤʽʱʫʶʪʴ ʜʝʢʽʣʴʢʘ ʚʽʜʩʦʪʢʽʚ ʚʫʛʽʣʣʷ. ɹʽʣʴʰʽʩʪʴ 

ʮʝʤʝʥʪʥʠʭ ʟʘʚʦʜʽʚ ʚ ʋʢʨʘʾʥʽ ʧʣʘʥʫʶʪʴ ʟʘʤʽʱʫʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʧʘʣʠʚʦʤ ʜʦ 40% ʝ. ʝ. 

ʧʨʠʨʦʜʥʦʛʦ ʧʘʣʠʚʘ [9].  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʽʣʴʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ 

ʛʦʨʶʯʠʭ ʚʽʜʭʦʜʽʚ ʥʝ ʧʦʚʠʥʥʦ ʧʦʛʽʨʰʫʚʘʪʠ ʷʢʽʩʪʴ ʦʜʝʨʞʫʚʘʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ 

ʢʣʽʥʢʝʨʫ ʯʠ ʟʙʽʣʴʰʫʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ. ʉʘʤʝ ʪʦʤʫ, ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʧʘʣʠʚʦ 

ʜʣʷ ʮʝʤʝʥʪʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʨʦʟʨʦʙʣʷʶʪʴ ʽ ʛʦʪʫʶʪʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʞʦʨʩʪʢʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ. ʇʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʦʨʶʯʠʭ ʚʽʜʭʦʜʽʚ 

ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʦʮʽʥʢʠ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ (EIA ï Environmental Impact 

Assessment) ʷʢ ʽʥʪʝʛʨʦʚʘʥʘ ʯʘʩʪʠʥʘ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCA ï Life Cycle 
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Assessment) ʨʦʟʨʦʙʣʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ISO ʩʝʨʽʾ 14040 ʽ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʨʘʱʠʭ ʩʧʦʩʦʙʽʚ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʟʦʢʨʝʤʘ ʽ ʚ ʮʝʤʝʥʪʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ [10].  

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ 

ʜʦʚʢʽʣʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ ʽ ʩʧʽʣʴʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʛʦʨʶʯʠʭ ʚʽʜʭʦʜʽʚ ʚ ʦʙʝʨʪʦʚʠʭ ʚʠʧʘʣʶʚʘʣʴʥʠʭ ʧʝʯʘʭ. 

ʄʝʪʦʜʠ ʽ ʤʘʪʝʨʽʘʣʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʟʛʦʨʘʥʥʽ ʧʘʣʠʚʘ ʫ ʧʨʦʮʝʩʽ ʚʠʧʘʣʶʚʘʥʥʷ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʚ ʦʙʝʨʪʦʚʠʭ ʧʝʯʘʭ, ʨʦʟʨʦʙʣʝʥʫ ɭʚʨʦʧʝʡʩʴʢʠʤ ʦʙôʻʜʥʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʽ ʧʦʚʦʜʞʝʥʥʷ ʟ ʦʩʦʙʣʠʚʠʤʠ ʚʽʜʭʦʜʘʤʠ EURITS [11]. ʆʮʽʥʢʫ  

ʽ ʧʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ ʪʘ ʩʧʽʚʩʧʘʣʶʚʘʥʥʷ ʛʦʨʶʯʠʭ ʚʽʜʭʦʜʽʚ 

ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʧʨʦʚʝʜʝʥʦ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ IMPACT 2002+ (ver. 2.1) [12]. ʇʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʘʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ 

ʦʩʥʦʚʽ ʚʽʜʭʦʜʽʚ ʦʙʨʦʙʣʝʥʥʷ ʤʘʢʫʣʘʪʫʨʠ, ʟʥʦʰʝʥʠʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ, ʚʽʜʭʦʜʽʚ ʪʘʨʠ 

ʧʣʘʩʪʠʢʦʚʦʾ ʜʨʽʙʥʦʾ ʚʠʢʦʨʠʩʪʘʥʦʾ ʽ ʪʠʨʩʠ ʜʝʨʝʚʠʥʥʦʾ [13ï15] ʪʘ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʱʦʜʦ 

ʚʫʛʽʣʣʷ ʫʢʨʘʾʥʩʴʢʠʭ ʨʦʜʦʚʠʱ [4, 6, 16, 17] (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 ï ʋʩʝʨʝʜʥʝʥʽ ʧʘʨʘʤʝʪʨʠ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʟʥʦʰʝʥʠʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ  

ʽ ʪʚʝʨʜʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ  

ʇʘʨʘʤʝʪʨʠ ʂʘʤôʷʥʝ ʚʫʛʽʣʣʷ 
ɿʥʦʰʝʥʽ ʘʚʪʦʤʦʙʽʣʴʥʽ 

ʰʠʥʠ 
ʊʚʝʨʜʝ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʧʘʣʠʚʦ 

ɺʤʽʩʪ 

ʝʣʝʤʝʥʪʽʚ-

ʜʦʤʽʰʦʢ:  

S, ʤʘʩ.% 3,1 1,3 0,2 

Cl, ʤʘʩ.% 0,1 <0,1 0,3 

Cu, ʤʛ/ʢʛ 30,0 290,2 4,1 

Pb, ʤʛ/ʢʛ 13,0 24,2 7,7 

Cd, ʤʛ/ʢʛ 1,0 0,3 <0,1 

Cr, ʤʛ/ʢʛ 23,0 44,5 <0,1 

Ni, ʤʛ/ʢʛ 18,0 31,1 1,8 

As, ʤʛ/ʢʛ 135,0 3,2 0,9 

Hg, ʤʛ/ʢʛ 0,7 0,1 <<0,1 

Zn, ʤʛ/ʢʛ 48,0 4100,0 11,7 

ʂʘʣʦʨʽʡʥʽʩʪʴ, ʄɼʞ/ʢʛ 26,0 26,0 21,9 

ɺʦʣʦʛʽʩʪʴ, ʤʘʩ.% 6,9 5,0 13,2 

ɿʦʣʴʥʽʩʪʴ, ʤʘʩ.% 16,5 17,0 9,9 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʧʘʣʶʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʩʢʣʘʜʘʻʪʴʩʷ  

ʟ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ï ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʽ ʚʠʧʘʣʫ ʩʠʨʦʚʠʥʠ. ʋʩʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʦʛʥʦʟʫ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʚʠʢʠʜʠ ʚʽʜ ʚʠʧʘʣʶʚʘʥʥʷ 

ʩʠʨʦʚʠʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʣʽʥʢʝʨʫ.  
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ɸʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʤʥʦʞʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʧʨʦʮʝʩʫ (ʢʽʣʴʢʦʩʪʽ ʩʧʦʞʠʪʠʭ/ʝʤʽʪʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʽʟ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʧʦʪʦʢʽʚ) ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʨʠʩ. 1).  

 

 

ʈʠʩ. 1 ï ɸʣʛʦʨʠʪʤ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʜʝ: LCI ï ʝʣʝʤʝʥʪʘʨʥʠʡ ʧʦʪʽʢ;  

CFm ï ʩʝʨʝʜʠʥʥʠʡ ʭʘʨʘʢʪʝʨʥʠʡ ʬʘʢʪʦʨ [ʢʛ-ʝʢʚ. ʨʝʯʦʚʠʥʠ ʍ/ʢʛ ʝʤʽʩʽʾ];  

DFn ï ʥʦʨʤʦʚʘʥʠʡ ʬʘʢʪʦʨ ʧʦʰʢʦʜʞʝʥʴ (ʧʫʥʢʪʠ/ʢʛ ʚʠʢʠʜʽʚ) 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ (ʢʘʤôʷʥʝ ʚʫʛʽʣʣʷ, ʟʥʦʰʝʥʽ 

ʘʚʪʦʤʦʙʽʣʴʥʽ ʰʠʥʠ, ʪʚʝʨʜʝ ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʧʘʣʠʚʦ ʥʘ ʦʩʥʦʚʽ ʩʫʤʽʰʽ ʛʦʨʶʯʠʭ ʚʽʜʭʦʜʽʚ)  

ʚ ʦʙʝʨʪʦʚʽʡ ʧʝʯʽ (ʝʪʘʧ ɯ) ʚʠʷʚʣʝʥʦ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ (ʨʠʩ. 2), ʷʢʽ ʟʚôʷʟʫʶʪʴʩʷ ʯʝʨʝʟ 

ʩʝʨʝʜʠʥʥʽ ʢʘʪʝʛʦʨʽʾ (ʝʪʘʧ ɯɯ) ʟ ʢʘʪʝʛʦʨʽʷʤʠ ʧʦʰʢʦʜʞʝʥʴ (ʝʪʘʧ ɯɯɯ).  

 

 

ʈʠʩ. 2 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʩʪʨʫʢʪʫʨʠ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ  

ʚ ʦʙʝʨʪʦʚʠʭ ʚʠʧʘʣʶʚʘʣʴʥʠʭ ʧʝʯʘʭ ʟʘ ʤʝʪʦʜʠʢʦʶ IMPACT 2002+ 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2, ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʜʽʡʩʥʶʶʪʴ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʦʜʨʘʟʫ ʥʘ ʜʝʢʽʣʴʢʘ ʧʨʦʮʝʩʽʚ ʫ ʜʦʚʢʽʣʣʽ. ʇʫʥʢʪʠʨʥʠʤʠ ʩʪʨʽʣʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʰʣʷʭʠ 

ʚʧʣʠʚʫ ʤʽʞ ʩʝʨʝʜʠʥʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ ʽ ʢʘʪʝʛʦʨʽʷʤʠ ʧʦʰʢʦʜʞʝʥʴ, ʷʢʽ, ʷʢ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, 

ʽʩʥʫʶʪʴ, ʘʣʝ ʢʽʣʴʢʽʩʥʦ ʥʝ ʟʤʦʜʝʣʴʦʚʘʥʽ, ʯʝʨʝʟ ʦʙʤʝʞʝʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ [12]. 
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ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʚʤʽʩʪ ʝʣʝʤʝʥʪʽʚ-ʜʦʤʽʰʦʢ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʤôʷʥʦʛʦ 

ʚʫʛʽʣʣʷ, ʟʥʦʰʝʥʠʭ ʰʠʥ ʽ ʪʚʝʨʜʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʟ̔ ʩʫʤʽʰʽ ʚʽʜʭʦʜʽʚ ʦʙʨʦʙʣʝʥʥʷ 

ʤʘʢʫʣʘʪʫʨʠ, ʚʽʜʭʦʜʽʚ ʪʘʨʠ ʧʣʘʩʪʠʢʦʚʦʾ ʜʨʽʙʥʦʾ ʚʠʢʦʨʠʩʪʘʥʦʾ ʽ ʪʠʨʩʠ ʜʝʨʝʚʠʥʥʦʾ (ʪʘʙʣ. 1) 

ʧʨʦʚʝʜʝʥʦ ʽʥʚʝʥʪʘʨʠʟʘʮʽʶ ʧʨʦʮʝʩʫ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʦʜʥʽʻʾ ʪʦʥʥʠ 

ʢʣʽʥʢʝʨʫ ʚ ʦʙʝʨʪʦʚʽʡ ʚʠʧʘʣʶʚʘʣʴʥʽʡ ʧʝʯʽ. ɿʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ EURITS ʨʦʟʨʘʭʦʚʘʥʦ ʢʽʣʴʢʦʩʪʽ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚʽʜ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʟʘ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤ ʨʽʚʥʷʥʥʷʤ 

ʨʝʘʢʮʽʾ:  
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ʂʽʣʴʢʽʩʪʴ ʧʦʪʝʥʮʽʡʥʠʭ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚʽʜ ʟʛʦʨʘʥʥʷ 

ʧʘʣʠʚʘ ʚ ʦʙʝʨʪʦʚʽʡ ʚʠʧʘʣʶʚʘʣʴʥʽʡ ʧʝʯʽ, ʦʙʯʠʩʣʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʪʨʘʥʩʬʝʨʪʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘ ʬʦʨʤʫʣʦʶ [10, 11]:  

 

ʝʤʽʩʽʷʽ, ʧʦʚ. = (ʥʘʜʭʦʜʞʝʥʥʷ ̔Ā ʊʂ̔, ʧʦʚ.) / 100 %, 

 

ʜʝ ʝʤʽʩʽʷʽ, ʧʦʚ. ï ʝʤʽʩʽʷ -̔ʪʦʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ ʫ ʧʦʚʽʪʨʷ, ʤʛ/ʢʛ; 

ʥʘʜʭʦʜʞʝʥʥʷ ̔ï ʢʽʣʴʢʽʩʪʴ -̔ʪʦʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʧʦʩʪʫʧʘʻ ʫ ʧʽʯ, ʤʛ/ʢʛ; 

ʊʂ̔, ʧʦʚ. ï ʪʨʘʥʩʬʝʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ï ʬʨʘʢʮʽʷ -̔ʪʦʾ ʟʘʙʨʫʜʥʶʶʯʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʢʠʜʘʻʪʴʩʷ  

ʫ ʧʦʚʽʪʨʷ, %. 

ʅʘ ʨʽʚʥʽ ʩʝʨʝʜʠʥʥʠʭ ʢʘʪʝʛʦʨʽʡ ʦʮʽʥʝʥʦ ʚʧʣʠʚ ʥʘ ʦʢʨʝʤʽ ʧʨʦʮʝʩʠ ʫ ʜʦʚʢʽʣʣʽ ʩʧʽʣʴʥʦʛʦ 

ʩʧʘʣʶʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʧʘʣʶʚʘʥʥʷʤ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʦʜʥʽʻʾ ʪʦʥʥʠ ʢʣʽʥʢʝʨʫ ʚ ʦʙʝʨʪʦʚʠʭ ʚʠʧʘʣʶʚʘʣʴʥʠʭ ʧʝʯʘʭ ʟʘ ʯʦʪʠʨʤʘ ʩʮʝʥʘʨʽʷʤʠ 

(ʨʠʩ. 3).  

 

 

ʈʠʩ. 3 ï ʇʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʚ ʦʙʝʨʪʦʚʠʭ ʚʠʧʘʣʶʚʘʣʴʥʠʭ ʧʝʯʘʭ  

ʟʘ ʨʽʟʥʠʤʠ ʩʮʝʥʘʨʽʷʤʠ ʥʘ ʧʨʦʮʝʩʠ ʫ ʜʦʚʢʽʣʣʽ 
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ɿʘ ʙʘʟʦʚʠʡ ʩʮʝʥʘʨʽʡ (ʉʮʝʥʘʨʽʡ ɸ) ʧʨʠʡʥʷʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ. ɿʘ 

ʉʮʝʥʘʨʽʻʤ ɹ 5% ʝ. ʝ., ʘ ʟʘ ʉʮʝʥʘʨʽʻʤ ɺ ï 10% ʝ. ʝ. ʚʫʛʽʣʣʷ ʟʘʤʽʥʝʥʦ ʟʥʦʰʝʥʠʤʠ 

ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʰʠʥʘʤʠ. ɿʛʽʜʥʦ ʟʽ ʉʮʝʥʘʨʽʻʤ ɼ ï 10% ʝ. ʝ. ʚʫʛʽʣʣʷ ʟʘʤʽʥʝʥʦ ʟʥʦʰʝʥʠʤʠ 

ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʰʠʥʘʤʠ ʽ ʱʝ 10% ʝ. ʝ. ʪʚʝʨʜʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʧʘʣʠʚʦʤ ʟ̔ ʩʫʤʽʰʽ ʚʽʜʭʦʜʽʚ 

ʦʙʨʦʙʣʝʥʥʷ ʤʘʢʫʣʘʪʫʨʠ, ʚʽʜʭʦʜʽʚ ʪʘʨʠ ʧʣʘʩʪʠʢʦʚʦʾ ʜʨʽʙʥʦʾ ʚʠʢʦʨʠʩʪʘʥʦʾ ʽ ʪʠʨʩʠ ʜʝʨʝʚʠʥʥʦʾ.  

ʏʠʤ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ, ʪʠʤ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʯʠʥʠʪʴ ʧʨʦʮʝʩ; ʚʽʜôʻʤʥʽ 

ʟʥʘʯʝʥʥʷ (ʥʠʞʯʝ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ) ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʨʘʱʠʡ ʝʬʝʢʪ ʟ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ  

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ ʩʮʝʥʘʨʽʻʤ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3, ʟʘʤʽʱʝʥʥʷ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ  

5ï10% ʝ. ʝ. ʟʥʦʰʝʥʠʤʠ ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʰʠʥʘʤʠ (ʉʮʝʥʘʨʽʡ ɹ ʽ ʉʮʝʥʘʨʽʡ ɺ) ʟʙʽʣʴʰʫʻ ʥʘ  

3,9ï7,7% ʚʧʣʠʚ ʥʘ ʝʢʦʪʦʢʩʠʯʥʽʩʪʴ ʜʣʷ ʚʦʜʦʡʤ ʽ ʥʘ 2,3ï4,6% ʚʧʣʠʚ ʥʘ ʝʢʦʪʦʢʩʠʯʥʽʩʪʴ ʜʣʷ 

ˇʨʫʥʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʉʮʝʥʘʨʽʻʤ ɸ. ɺʦʜʥʦʯʘʩ, ʟʥʠʞʫʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʛʣʦʙʘʣʴʥʝ 

ʧʦʪʝʧʣʽʥʥʷ, ʝʚʪʨʦʬʽʢʘʮʽʶ ʽ ʧʽʜʢʠʩʣʝʥʥʷ ʚʦʜʦʡʤ, ʧʽʜʢʠʩʣʝʥʥʷ ʽ ʥʘʜʤʽʨʥʝ ʫʜʦʙʨʝʥʥʷ ʟʝʤʝʣʴ, 

ʨʝʩʧʽʨʘʪʦʨʥʠʡ ʝʬʝʢʪ ʽ ʪʦʢʩʠʯʥʽʩʪʴ ʜʣʷ ʣʶʜʠʥʠ.  

ɿʘʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʫʩʽ ʨʦʟʛʣʷʥʫʪʽ ʧʨʦʮʝʩʠ ʫ ʜʦʚʢʽʣʣʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʉʮʝʥʘʨʽʡ ɼ. ɺʠʢʦʨʠʩʪʘʥʥʷ 10% ʝ. ʝ. ʪʚʝʨʜʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ 

ʦʩʥʦʚʽ ʩʫʤʽʰʽ ʚʽʜʭʦʜʽʚ ʦʙʨʦʙʣʝʥʥʷ ʤʘʢʫʣʘʪʫʨʠ, ʚʽʜʭʦʜʽʚ ʪʘʨʠ ʧʣʘʩʪʠʢʦʚʦʾ ʜʨʽʙʥʦʾ 

ʚʠʢʦʨʠʩʪʘʥʦʾ ʽ ʪʠʨʩʠ ʜʝʨʝʚʠʥʥʦʾ (ʉʮʝʥʘʨʽʡ ɼ) ʟʥʠʞʫʻ ʪʝʭʥʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʩʮʝʥʘʨʽʻʤ ʪʘ ʉʮʝʥʘʨʽʷʤʠ ɹ ʽ ɺ. ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ ʥʘ ʚʠʧʘʣʶʚʘʥʥʷ ʢʣʽʥʢʝʨʫ 

ʤʦʢʨʠʤ ʩʧʦʩʦʙʦʤ ʧʦʨʽʚʥʷʥʦ ʟ̔ ʩʫʭʠʤ ʧʨʘʢʪʠʯʥʦ ʫʜʚʽʯʽ ʚʠʱʘ, ʪʦʤʫ ʦʙôʻʤʠ ʚʠʢʠʜʽʚ ʚʽʜʭʽʜʥʠʭ 

ʛʘʟʽʚ ʥʘ ʪʦʥʥʫ ʦʜʝʨʞʘʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʚʽʜʧʦʚʽʜʥʦ ʙʽʣʴʰʽ. ɺʧʣʠʚ ʥʘ 

ʧʨʦʮʝʩʠ ʫ ʜʦʚʢʽʣʣʽ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ (%) ʜʣʷ ʧʝʯʝʡ ʤʦʢʨʦʛʦ ʩʧʦʩʦʙʫ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʧʝʯʝʡ ʩʫʭʦʛʦ ʩʧʦʩʦʙʫ, ʘ ʚ ʘʙʩʦʣʶʪʥʠʭ ʦʜʠʥʠʮʷʭ (ʢʛ-ʝʢʚ. ʨʝʯʦʚʠʥʠ ʍ/ʪ ʢʣʽʥʢʝʨʫ) ʮʝʡ ʚʧʣʠʚ 

ʤʘʡʞʝ ʫʜʚʽʯʽ ʙʽʣʴʰʠʡ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʧʦʰʢʦʜʞʝʥʴ ʢʽʣʴʢʽʩʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʷʢʽʩʥʽ ʟʤʽʥʠ ʽ ʻ 

ʟʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʚ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʜʦʚʢʽʣʣʷ (ʪʘʙʣ. 2). 

ʅʦʨʤʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʜʦʚʢʽʣʣʷ (SDN), ʟʛʽʜʥʦ ʟ IMPACT 2002+, ʧʦʜʘʥʦ ʫ ʧʫʥʢʪʘʭ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʚʧʣʠʚ ʦʜʥʽʻʾ ʦʩʦʙʠ ʥʘ ʜʦʚʢʽʣʣʷ.  

ʊʘʙʣʠʮʷ 2 ï ɺʧʣʠʚ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʧʨʠ ʚʠʧʘʣʶʚʘʥʥʽ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʤʦʢʨʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʧʦʰʢʦʜʞʝʥʥʷ ʜʦʚʢʽʣʣʷ 

ʇʘʣʠʚʦ 
ɿʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ ʗʢʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ɿʤʽʥʠ ʢʣʽʤʘʪʫ 

ʧʫʥʢʪʽʚ/ʪʠʩ. ʪ ʢʣʽʥʢʝʨʫ 

ʉʮʝʥʘʨʽʡ ɸ 23,80 0,52 99,32 

ʉʮʝʥʘʨʽʡ ɹ 22,99 0,51 98,73 

ʉʮʝʥʘʨʽʡ ɺ 22,19 0,51 98,14 

ʉʮʝʥʘʨʽʡ ɼ 20,64 0,47 95,98 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 2, ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ 

ʚʠʢʣʠʢʘʻ ʥʘʡʙʽʣʴʰʽ ʧʦʰʢʦʜʞʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟʽ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʫ ʽ ʟʜʦʨʦʚôʷʤ ʣʶʜʠʥʠ. 

ɿʘʤʽʱʝʥʥʷ ʯʘʩʪʢʠ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʫ ʧʨʦʮʝʩʽ ʚʠʧʘʣʶʚʘʥʥʷ ʢʣʽʥʢʝʨʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ 

ʧʘʣʠʚʦʤ ʟʘ ʫʩʽʤʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʩʮʝʥʘʨʽʷʤʠ (ʉʮʝʥʘʨʽʾ ɹ, ɺ, ɼ) ʩʧʨʠʯʠʥʷʪʠʤʝ ʤʝʥʰʽ 
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ʧʦʰʢʦʜʞʝʥʥʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, ʷʢʦʩʪʽ ʝʢʦʩʠʩʪʝʤʠ ʽ ʟʤʽʥ ʢʣʽʤʘʪʫ, ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ 

ʩʮʝʥʘʨʽʻʤ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʟʥʠʞʫʻʪʴʩʷ ʨʽʚʝʥʴ ʧʦʰʢʦʜʞʝʥʴ 

ʜʦʚʢʽʣʣʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʪʚʝʨʜʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʧʦʨʷʜ ʟʽ ʟʥʦʰʝʥʠʤʠ 

ʰʠʥʘʤʠ ʜʣʷ ʚʠʧʘʣʶʚʘʥʥʷ ʦʜʥʽʻʾ ʪʠʩʷʯʽ ʪʦʥʥ ʢʣʽʥʢʝʨʫ ʟʘ ʉʮʝʥʘʨʽʻʤ ɼ ʚʠʢʣʠʢʘʪʠʤʝ ʤʝʥʰʽ ʥʘ 

3,2 ʧʫʥʢʪʘ ʧʦʰʢʦʜʞʝʥʥʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, ʥʘ 0,05 ʧʫʥʢʪʘ ï ʷʢʦʩʪʽ ʝʢʦʩʠʩʪʝʤʠ ʽ ʥʘ 3,3 ʧʫʥʢ-

ʪʘ ï ʟʤʽʥ ʢʣʽʤʘʪʫ, ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʩʮʝʥʘʨʽʻʤ. 

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʜʣʷ ʚʠʧʘʣʶʚʘʥʥʷ ʢʣʽʥʢʝʨʫ ʚ ʦʙʝʨʪʦʚʠʭ 

ʚʠʧʘʣʶʚʘʣʴʥʠʭ ʧʝʯʘʭ ʩʧʨʠʯʠʥʷʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʛʣʦʙʘʣʴʥʝ ʧʦʪʝʧʣʽʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ 

ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʙʝʨʪʦʚʠʭ ʚʠʧʘʣʶʚʘʣʴʥʠʭ ʧʝʯʘʭ 5ï10% ʝ. ʝ. ʟʥʦʰʝʥʠʭ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʟʥʠʞʫʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʛʣʦʙʘʣʴʥʝ 

ʧʦʪʝʧʣʽʥʥʷ, ʝʚʪʨʦʬʽʢʘʮʽʶ ʽ ʧʽʜʢʠʩʣʝʥʥʷ ʚʦʜʦʡʤ, ʧʽʜʢʠʩʣʝʥʥʷ ʽ ʥʘʜʤʽʨʥʝ ʫʜʦʙʨʝʥʥʷ ʟʝʤʝʣʴ, 

ʨʝʩʧʽʨʘʪʦʨʥʠʡ ʝʬʝʢʪ ʽ ʪʦʢʩʠʯʥʽʩʪʴ ʜʣʷ ʣʶʜʠʥʠ; ʥʝʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʧʣʠʚ ʥʘ 

ʝʢʦʪʦʢʩʠʯʥʽʩʪʴ ʜʣʷ ʚʦʜʦʡʤ ʽ ˇʨʫʥʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʢʣʶʯʥʦ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ. 

ɿʘʤʽʱʝʥʥʷ ʯʘʩʪʢʠ ʚʫʛʽʣʣʷ ʨʦʟʨʦʙʣʝʥʠʤ ʪʚʝʨʜʠʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʧʘʣʠʚʦʤ ʥʘ ʦʩʥʦʚʽ ʩʫʤʽʰʽ 

ʛʦʨʶʯʠʭ ʚʽʜʭʦʜʽʚ ʫ ʨʽʚʥʠʭ ʧʨʦʧʦʨʮʽʷʭ ʟʽ ʟʥʦʰʝʥʠʤʠ ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʰʠʥʘʤʠ ʟʥʠʞʫʻ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʧʽʜ ʯʘʩ ʚʠʧʘʣʶʚʘʥʥʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʽʥʢʝʨʫ ʥʘ ʫʩʽ 

ʧʨʦʮʝʩʠ ʫ ʜʦʚʢʽʣʣʽ ʧʦʨʽʚʥʷʥʦ ʟ ʙʘʟʦʚʠʤ ʩʮʝʥʘʨʽʻʤ ʽ ʜʦʟʚʦʣʷʻ ʟʘʤʽʱʫʚʘʪʠ ʜʚʘʜʮʷʪʴ ʪʘ ʙʽʣʴʰʝ 

ʚʽʜʩʦʪʢʽʚ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʝʢʚʽʚʘʣʝʥʪʽ ʚʫʛʽʣʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʧʘʣʠʚʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʟʘ ʤʝʪʦʜʠʢʦʶ IMPACT 2002+ ʥʘ ʨʽʚʥʽ 

ʩʝʨʝʜʠʥʥʠʭ ʢʘʪʝʛʦʨʽʡ ʽ ʢʘʪʝʛʦʨʽʡ ʚʪʨʘʪ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ ʥʘ ʨʽʟʥʠʭ 

ʩʪʘʜʽʷʭ ʽ ʚ ʮʽʣʦʤʫ, ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʚʠʢʠʜʘʤʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ  

ʽ ʥʝʛʘʪʠʚʥʠʤʠ ʟʤʽʥʘʤʠ ʜʦʚʢʽʣʣʷ, ʚʠʟʥʘʯʘʪʠ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʽ ʜʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʝʣʝʤʝʥʪʠ ʜʦʚʢʽʣʣʷ. ʆʜʝʨʞʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʩʧʦʥʫʢʘʻ ʧʽʜʧʨʠʻʤʮʽʚ ʜʦ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʠʭ 

ʜʦʩʪʫʧʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ (ɺɸʊ/ɺɽʈ) ʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ  

ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠʥʮʠʧʽʚ ʤʠʩʣʝʥʥʷ ʥʘ ʨʽʚʥʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (LCT ï Life Cycle Thinking). 
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É ʉ.ʗ. ʍʨʫʥʠʢ 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʅɸ ʆʂʈʋɾɸʖʑʋʖ ʉʈɽɼʋ  

ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʊɺɽʈɼʆɻʆ ɸʃʔʊɽʈʅɸʊʀɺʅʆɻʆ ʊʆʇʃʀɺɸ  

ɺ ʎɽʄɽʅʊʅʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ʩʝʨʠʠ ISO 14040 ʦʩʫʱʝʩʪʚʣʝʥʘ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʴ-

ʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩʛʦʨʘʥʠʷ ʫʛʣʷ ʠ ʩʦʚʤʝʩʪʥʦʛʦ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʠ ʘʣʴ-

ʪʝʨʥʘʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʛʦʨʶʯʠʭ ʦʪʭʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʙʞʠʛʘ ʢʣʠʥʢʝʨʘ ʚʦ 

ʚʨʘʱʘʶʱʠʭʩʷ ʧʝʯʘʭ ʧʦ ʤʝʪʦʜʠʢʝ IMPACT 2002 +. 

É S.J. Hrunyk  

PREDICTING THE IMPACT ON TH E ENVIRONMENT USING SOLID ALTERNATIVE 

FUELS IN THE CEMENT INDUSTRY  

In accordance with the standards ISO 14040 series a potential Environmental Impact As-

sessment of coal burning and coal with alternative fuels from solid combustible wastes co-firing 

during clinker sinterization in rotary kilns was evaluated by IMPACT 2002+ methodology.  
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ʋɼʂ 628.1.033,628.112.23,628.113.1 

 

É ɸ.ɺ. ʆʰʢʘʜʝʨ, ʘʩʩʠʩʪʝʥʪ 

 

ʂʝʨʯʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʨʩʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʝʨʯʴ 

 

ʆʎɽʅʂɸ ʉʆɺʈɽʄɽʅʅʆɻʆ ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ  

ɸʈʊɽɿʀɸʅʉʂʀʍ ʉʂɺɸɾʀʅ  

ʅɸ ʊɽʈʈʀʊʆʈʀʀ ʂɽʈʏɽʅʉʂʆɻʆ ʇʆʃʋʆʉʊʈʆɺɸ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʘʨʪʝʟʠʘʥʩʢʠʭ ʩʢʚʘʞʠʥ, ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʦʣʫʦʩʪʨʦʚʘ. ɺʳʷʚʣʝʥʳ ʥʘʨʫʰʝʥʠʷ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʩʪʚʘ ʚ ʩʬʝʨʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʢʘʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʘʨʪʝʟʠʘʥʩʢʠʝ ʩʢʚʘʞʠʥr, 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ. 

 

ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫ-

ʘʣʴʥʦʡ ʜʣʷ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʮʝʥʪʨʘ-

ʣʠʟʦʚʘʥʥʦʛʦ ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʷʚʣʷʝʪʩʷ ʉʝʚʝʨʦ-

ʂʨʳʤʩʢʠʡ ʢʘʥʘʣ. ʆʜʥʘʢʦ, ʜʥʝʧʨʦʚʩʢʘʷ ʚʦʜʘ, ʧʦʩʪʫʧʘʶʱʘʷ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʦʚ [3, 4], ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʚʦ-

ʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʠ ʧʦʜʘʝʪʩʷ ʧʦ ʪʝʭʥʠʯʝʩʢʠ ʠʟʥʦʰʝʥʥʳʤ ʩʠʩʪʝʤʘʤ. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʩʣʦ-

ʞʠʚʰʝʡʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʩʣʝʜʫʶʱʠʝ: 

ï ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʦʣʫʦʩʪʨʦʚʘ, 

ʷʚʣʷʶʪʩʷ ʫʩʪʘʨʝʚʰʠʤʠ ʠ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ; 

ï ʚʦʜʦʚʦʜ ʦʪ ʉʝʚʝʨʦ-ʂʨʳʤʩʢʦʛʦ ʢʘʥʘʣʘ ʫʩʪʘʨʝʣ ʠ ʪʨʝʙʫʝʪ ʟʘʤʝʥʳ; 

ï ʚʦʜʦʧʨʦʚʦʜʳ ʠʟʥʦʰʝʥʳ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʥʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ; 

ï ʧʦʩʪʦʷʥʥʳʝ ʘʚʘʨʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʘ ʨʝʤʦʥʪ ʫʩʪʘʨʝʚʰʠʭ ʚʦʜʦʧʨʦʚʦʜ-

ʥʳʭ ʩʠʩʪʝʤ ʫʩʫʛʫʙʣʷʶʪ ʩʠʪʫʘʮʠʶ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʘʩʝʣʝʥʠʷ ʚʦʜʦʡ ʜʘʞʝ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʫʞʜ; 

ï ʙʦʣʴʰʠʥʩʪʚʦ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʬʫʥʢʮʠʦ-

ʥʠʨʫʶʪ (ʨʘʟʨʫʰʝʥʳ ʠ ʟʘʙʨʦʰʝʥʳ), ʥʘ ʦʩʪʘʣʴʥʳʭ ï ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʟʥʦʰʝʥʦ, ʨʝʤʦʥʪ ʥʝ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʃʝʥʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʚʦʜʦʩʥʘʙʞʝ-

ʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 
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ɼʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʉʝʚʝʨʦ-ʂʨʳʤʩʢʦʛʦ ʢʘʥʘʣʘ ʚʦʜʘ ʠʟ ʘʨʪʝʟʠʘʥʩʢʠʭ ʩʢʚʘʞʠʥ ʷʚʣʷʣʘʩʴ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʦʣʫʦʩʪʨʦʚʘ. ɺʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʠ ʦʥʘ ʦʪʣʠʯʘʣʘʩʴ ʛʦʨʴʢʦʚʘʪʦ-ʩʦʣʝʥʳʤ ʧʨʠʚʢʫʩʦʤ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥ-

ʜʘʨʪʦʚ ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʢʘʢ ʮʚʝʪʥʦʩʪʴ, ʤʫʪʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ, ʩʫʣʴʬʘʪʳ, ʭʣʦʨʠʜʳ, ʩʫʭʦʡ 

ʦʩʪʘʪʦʢ, ʤʘʛʥʠʡ. ɺʦʜʘ ʥʝʢʦʪʦʨʳʭ ʩʢʚʘʞʠʥ ʠʤʝʣʘ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʪʠʚʦʚ ʧʦ ʪʷʞʝʣʳʤ ʤʝ-

ʪʘʣʣʘʤ ʠ ʘʤʤʠʘʢʫ. ʉ ʚʚʝʜʝʥʠʝʤ ʚ ʩʪʨʦʡ ʉʝʚʝʨʦ-ʂʨʳʤʩʢʦʛʦ ʢʘʥʘʣʘ ʘʨʪʝʟʠʘʥʩʢʘʷ ʚʦʜʘ, ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʚʢʫʩʘ ʠ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʨʘʟʙʘʚʣʷʣʘʩʴ ʜʥʝʧʨʦʚ-

ʩʢʦʡ ʚʦʜʦʡ [7].  

ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʜʣʷ ʫʜʦʚʣʝʪʚʦ-

ʨʝʥʠʷ ʧʠʪʴʝʚʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʪrʦʚʳʭ ʥʫʞʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʨʪʝʟʠʘʥʩʢʠʝ ʩʢʚʘʞʠ-

ʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘ ʧʨʘʚʘʭ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʚʦʜʦ-

ʩʥʘʙʞʝʥʠʝ, ʜʣʷ ʨʘʡʦʥʦʚ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʜʝʬʠʮʠʪ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʪʝʨʨʠʪʦʨʠʡ ʢʫʨʦʨ-

ʪʦʚ ʠ ʙʘʟ ʦʪʜʳʭʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʠʟʫʯʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʨʪʝʟʠʘʥʩʢʠʭ ʩʢʚʘ-

ʞʠʥ, ʚʳʷʚʣʝʥʠʠ ʥʘʨʫʰʝʥʠʡ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫ-

ʦʩʪʨʦʚʘ. 

 

ʈʠʩ. 1 ï ʂʘʨʪʘ-ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʘʨʪʝʟʠʘʥʩʢʠʭ ʩʢʚʘʞʠʥ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ  

ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 13 ʘʨʪʝʟʠʘʥʩʢʠʭ ʩʢʚʘʞʠʥ (ʨʠʩ. 1), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 8 ʩʝʣ 



 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ _̫________________________________ 
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ʃʝʥʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ï ɻʣʘʟʦʚʢʘ, ɻʝʨʦʝʚʩʢʦʝ, ʇʨʠʦʟʝʨʥʦʝ, ʏʝʣʷʜʠʥʦʚʦ, ɹʘʛʝʨʦʚʦ, ɹʝʣʠʥʩʢʦʝ, 

ʅʦʚʦʦʪʨʘʜʥʦʝ ʠ ɿʦʣʦʪʦʝ, ʘ ʪʘʢʞʝ ʨʘʡʦʥʘ ɸʨʰʠʥʮʝʚʦ ʛ. ʂʝʨʯʴ.  

ʉʝʣʦ ʅʦʚʦʦʪʨʘʜʥʦʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʥʘ ʧʦʙʝʨʝʞʴʝ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ʚ 30 ʢʤ ʦʪ ʛ. ʂʝʨʯʴ, 

ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ɹʝʣʠʥʩʢʦʛʦ ʩʝʣʴʩʢʦʛʦ ʩʦʚʝʪʘ. ʅʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ ʨʘʩʧʦʣʦʞʝʥ ʚ ʰʠʨʦʢʦʡ 

ʣʦʞʙʠʥʝ, ʦʪʜʝʣʷʶʱʝʡ ʤʦʨʝ ʦʪ ʩʪʝʧʥʦʛʦ ʧʣʘʪʦ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ɺ ʜʘʥʥʦʤ ʥʘʩʝʣʝʥ-

ʥʦʤ ʧʫʥʢʪʝ ʦʪʩʫʪʩʪʚʫʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ. ʅʘʩʝʣʝʥʠʝ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʧʠʪʴʝʚʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʥʫʞʜ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʚʦʟʥʫʶ ʚʦʜʫ ʠ ʚʦʜʫ ʧʦʜʟʝʤʥʳʭ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩ. ʅʦʚʦʦʪʨʘʜʥʦʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʘ 

ʩʝʪʴ ʙʘʟ ʦʪʜʳʭʘ, ʧʘʥʩʠʦʥʘʪʦʚ ʠ çʛʦʩʪʝʚʳʭ ʜʦʤʦʚè, ʢʦʪʦʨʳʝ ʚ ʢʘʯʝʩʪʚʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠʩ-

ʧʦʣʴʟʫʶʪ ʘʨʪʝʟʠʘʥʩʢʠʝ ʩʢʚʘʞʠʥʳ. ʇʨʠʯʝʤ ʥʘ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʟʨʝʰʝʥʠʝ 

ʥʘ ʩʧʝʮʠʘʣʴʥʦʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʨʦʝʢʪʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʟʘʢʦ-

ʥʦʜʘʪʝʣʴʩʪʚʘ ʋʢʨʘʠʥʳ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʘʨʪʝʟʠʘʥʩʢʠʝ ʩʢʚʘʞʠʥʳ: 

1. ʉʢʚʘʞʠʥʘ ˉ 1 ï ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʯʘʩʪʥʦʛʦ ʧʘʥʩʠʦʥʘʪʘ çɼʠʦʥʠʩè. ɻʣʫʙʠʥʘ ʩʢʚʘʞʠʥʳ 

ʩʦʩʪʘʚʣʷʝʪ 80 ʤ, ʜʝʙʠʪ ï 10 ʤ
3
/ʩʫʪʢʠ.  

2. ʉʢʚʘʞʠʥʘ ˉ 2 ï ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʯʘʩʪʥʦʛʦ ʧʘʥʩʠʦʥʘʪʘ çʂʘʟʘʥʪʠʧʩʢʘʷ ʭʠʞʠʥʘè. ɻʣʫʙʠ-

ʥʘ ʩʢʚʘʞʠʥʳ ï 76 ʤ, ʜʝʙʠʪ ï 10 ʤ
3
/ʩʫʪʢʠ.  

3. ʉʢʚʘʞʠʥʘ ˉ 3 ï ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʩʪʝʚʦʛʦ ʜʦʤʘ çɺʠʟʠʪè. ɻʣʫʙʠʥʘ ʩʢʚʘʞʠʥʳ ï 59 ʤ, 

ʜʝʙʠʪ ï 10 ʤ
3
/ʩʫʪʢʠ.  

ʉʝʣʦ ɹʝʣʠʥʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʩʝʚʝʨʝ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʚ 30 ʢʤ ʦʪ ʛ. ʂʝʨʯʴ. 

ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʚ ʜʘʥʥʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʄʝʩʪʥʦʝ ʥʘʩʝ-

ʣʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʚʦʟʥʫʶ ʚʦʜʫ, ʘ ʪʘʢʞʝ ʚʦʜʫ ʘʨʪʝʟʠʘʥʩʢʠʭ ʩʢʚʘʞʠʥ. ʅʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʩ. ɹʝʣʠʥʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʘ ʩʢʚʘʞʠʥʘ ˉ 4, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʱʝʤ ʧʦʣʴʟʦʚʘʥʠʠ 

(ʨʠʩ. 2). ɼʝʙʠʪ ʜʘʥʥʦʡ ʩʢʚʘʞʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 8 ʤ
3
/ʩʫʪʢʠ, ʚʦʜʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʟʘʧʘʭʦʤ ʩʝʨʦ-

ʚʦʜʦʨʦʜʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʜʘʥʥʦʡ ʩʢʚʘʞʠʥʳ ʤʝʩʪʥʳʤ ʥʘʩʝ-

ʣʝʥʠʝʤ, ʛʨʘʥʠʮʳ ʟʦʥ ʩʘʥʠʪʘʨʥʦʡ ʦʭʨʘʥʳ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʚʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʝ 

ʧʨʦʚʦʜʷʪʩʷ. 

 

 

ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʩʝʣʘ ɿʦʣʦʪʦʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʩʢʚʘʞʠʥʳ ˉ 5, ʢʦʪʦʨʘʷ ʨʘʩʧʦ-

ʣʦʞʝʥʘ ʚ 10 ʤ ʦʪ ʘʚʪʦʙʫʩʥʦʡ ʦʩʪʘʥʦʚʢʠ (ʨʠʩ. 3). 

ɺʦʜʘ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʠ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘ-

ʟʘʪʝʣʷʤ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣ̫-

ʝʤʳʤ ʢ ʧʠʪʴʝʚʦʡ ʚʦʜʝ, ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʩʝʣʝʥʠʝʤ 

ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʥʫʞʜ. 

ɼʝʙʠʪ ʩʢʚʘʞʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 27 ʤ
3
/ʩʫʪʢʠ. ɺ 50 ʤ ʦʪ 

ʩʢʚʘʞʠʥʳ ˉ 5 ʦʙʦʨʫʜʦʚʘʥʦ ʤʝʩʪʦ ʜʣʷ ʧʦʝʥʠʷ ʩʢʦ-

ʪʘ ʚʦʜʦʡ ʠʟ ʜʘʥʥʦʡ ʩʢʚʘʞʠʥʳ (ʨʠʩ. 4). 
 

            ʈʠʩ. 2 ï ʉʢʚʘʞʠʥʘ ˉ 4 

ɺ ʧʦʩʸʣʢʝ ʛʦʨʦʜʩʢʦʛʦ ʪʠʧʘ ɹʘʛʝʨʦʚʦ ʃʝʥʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʂʨʳʤʘ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʝ ʩʢʚʘ-

ʞʠʥʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʛʦ ʚʦʜʦʡ. ʆʜʥʘʢʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʦʛʦ, ʯʪʦ ʚʦʜʦʧʨʦʚʦʜ 

ʧʨʠʰʝʣ ʚ ʥʝʛʦʜʥʦʩʪʴ, ʧʨʦʙʣʝʤʘ ʧʦʜʘʯʠ ʚʦʜʳ ʚ ʜʦʤʘ ʩʫʱʝʩʪʚʫʝʪ ʫʞʝ ʧʦʨʷʜʢʘ 10 ʣʝʪ. ʇʨʠʯʝʤ, 

http://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%BD%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B0%D0%B9%D0%BE%D0%BD_%28%D0%9A%D1%80%D1%8B%D0%BC%29
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D1%8B%D0%BC


 

                                                                              ʈʦʟʜʽʣ 2. ʆʩʥʦʚʠ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥ ̫
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ʚʦʜʘ ʧʦʜʘʝʪʩʷ ʥʝʨʝʛʫʣʷʨʥʦ, ʠ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʦʯʝʥʴ ʥʠʟʢʦʝ. ʀʩʩʣʝʜʦʚʘʥʳ ʩʢʚʘʞʠʥʳ ˉ 6  

ʠ ˉ 7. ʉʢʚʘʞʠʥʘ ˉ 6 ʨʘʩʧʦʣʦʞʝʥʘ ʥʝʜʘʣʝʢʦ ʦʪ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʥʘ ʚʳʝʟʜʝ ʠʟ ʥʘʩʝʣʝʥʥʦʛʦ 

ʧʫʥʢʪʘ ʚ ʩʪʦʨʦʥʫ ʩ. ʏʠʩʪʦʧʦʣʴʝ. ɻʨʘʥʠʮʳ ʟʦʥ ʩʘʥʠʪʘʨʥʦʡ ʦʭʨʘʥʳ ʜʘʥʥʦʡ ʩʢʚʘʞʠʥʳ ʫʩʪʘʥʦʚ-

ʣʝʥʳ, ʦʜʥʘʢʦ ʚʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʦʚʦʜʷʪʩʷ ʯʘʩʪʠʯʥʦ. ʉʢʚʘʞʠʥʘ ˉ 7 ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʟʘʪʘʤʧʦʥʠʨʦʚʘʥʘ ʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 

 

  

ʈʠʩ. 3 ï ʉʢʚʘʞʠʥʘ ˉ 5 ʈʠʩ. 4 ï ʄʝʩʪʦ ʜʣʷ ʧʦʝʥʠʷ ʩʢʦʪʘ 

  

ʈʠʩ. 5 ï ʉʢʚʘʞʠʥʘ ˉ 8 ʈʠʩ. 6 ï ʉʢʚʘʞʠʥʘ ˉ 9 
 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩ. ʇʨʠʦʟʝʨʥʦʝ ʨʘʩʧʦʣʦʞʝʥʳ ʪʨʠ ʘʨʪʝʟʠʘʥʩʢʠʝ ʩʢʚʘʞʠʥʳ, ʢʦʪʦʨʳʝ ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ ʩʥʘʙʞʝʥʠʝ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʚʝ ʠʟ ʥʠʭ 

ʟʘʪʘʤʧʦʥʠʨʦʚʘʥʳ, ʘ ʧʦʜʘʯʘ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʩʢʚʘʞʠʥʳ ˉ 8, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʚʳʝʟ-

ʜʝ ʠʟ ʩ. ʇʨʠʦʟʝʨʥʦʝ ʚ ʩʪʦʨʦʥʫ ʬʝʦʜʦʩʠʡʩʢʦʡ ʪʨʘʩʩʳ (ʨʠʩ. 5). ɻʣʫʙʠʥʘ ʜʘʥʥʦʡ ʩʢʚʘʞʠʥʳ ʩʦ-

ʩʪʘʚʣʷʝʪ 50 ʤ, ʜʝʙʠʪ ï 35 ʤ
3
/ʩʫʪʢʠ. ʉʦʩʪʦʷʥʠʝ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ï ʦʪʩʫʪʩʪʚʫʝʪ ʟʦʥʘ ʩʘ-

ʥʠʪʘʨʥʦʡ ʦʭʨʘʥʳ, ʤʥʦʛʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʨʫʰʝʥʳ. ʇʦʜʘʯʘ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 200 ʤ ʦʪ ʩʢʚʘʞʠʥʳ, 2 ʨʘʟʘ ʚ ʥʝʜʝʣʶ,  

ʪ. ʢ. ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʚʝʣʠʢʠ.  

ʉʝʣʦ ʏʝʣʷʜʠʥʦʚʦ ʨʘʩʧʦʣʦʞʝʥʦ ʩʝʚʝʨʥʝʝ ʦʟʝʨʘ ʊʦʙʝʯʠʢ. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʚʦʜʦʩʥʘʙ-

ʞʝʥʠʝ ʚ ʜʘʥʥʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʠʪʴʝʚʳʭ ʠ ʭʦʟʷʡ-

ʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʥʫʞʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʚʦʟʥʘʷ ʚʦʜʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩ. ʏʝʣʷʜʠʥʦʚʦ ʧʦ 

http://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%B1%D0%B5%D1%87%D0%B8%D0%BA%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B7%D0%B5%D1%80%D0%BE
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ʫʣ. ʖʞʥʦʡ 5 ʨʘʩʧʦʣʦʞʝʥʘ ʩʢʚʘʞʠʥʘ ˉ 9, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʯʘʩʪʥʦʤ ʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʧʨʘʚʘʭ 

ʩʧʝʮʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ (ʨʠʩ. 6). ɻʣʫʙʠʥʘ ʩʢʚʘʞʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 84,5 ʤ, ʜʝʙʠʪ ï 110 ʤ
3
/ʩʫʪʢʠ. 

ɺʦʜʘ ʜʘʥʥʦʡ ʩʢʚʘʞʠʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʦʩʪʘʚʣʷʝʪʩʷ ʥʘ  

ʧʨʦʜʘʞʫ. 

ʉʢʚʘʞʠʥʘ ˉ 10 ʚ ʨʘʡʦʥʝ ɸʨʰʠʥʮʝʚʦ ʛ. ʂʝʨʯʴ, ʨʘʩʧʦʣʦʞʝʥʘ ʧʦ ʫʣ. ʋʣʴʷʥʦʚʳʭ (ʨʠʩ. 7). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʘʷ ʩʢʚʘʞʠʥʘ ʟʘʪʘʤʧʦʥʠʨʦʚʘʥʘ ʠ ʥʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ. ʕʪʦ ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʠʥʪʝʥʩʠʚʥʳʤ ʩʥʦʩʦʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩ ʚʳʰʝʣʝʞʘʱʝʛʦ ʧʦʣʠʛʦʥʘ ʙʳʪʦʚʳʭ  

ʦʪʭʦʜʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʚʦʜʝ ʩʢʚʘʞʠʥʳ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʳʰʴʷʢʘ  

ʠ ʨʪʫʪʠ [8]. 

 

  

ʈʠʩ. 7 ï ʉʢʚʘʞʠʥʘ ˉ 10 

 
ʈʠʩ. 8 ï ʉʢʚʘʞʠʥʘ ˉ 11 

  
ʈʠʩ. 9 ï ʉʢʚʘʞʠʥʘ ˉ 12 ʈʠʩ. 10 ï ʉʢʚʘʞʠʥʘ ˉ 13 

 

ɺ ʩ. ɻʣʘʟʦʚʢʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʢʚʘʞʠʥʳ ˉ 11, 12. ɸʨʪʝʟʠʘʥʩʢʘʷ ʩʢʚʘʞʠʥʘ ˉ 11  

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʳʝʟʜʝ ʠʟ ʩʝʣʘ (ʨʠʩ. 8). ɺʦʜʘ ʜʘʥʥʦʡ ʩʢʚʘʞʠʥʳ ʜʦ 1996 ʛ. ʨʝʘʣʠʟʦʚʳʚʘʣʘʩʴ 

ʧʦʜ ʪʦʨʛʦʚʦʡ ʤʘʨʢʦʡ çɹʘʢʩʳè. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʢʚʘʞʠʥʘ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʘ ʠ ʥʝ  

ʬʫʥʢʮʠʦʥʠʨʫʝʪ, ʧʦʩʢʦʣʴʢʫ ʬʠʨʤʘ çʂʨʠʩʪʘʣʣè, ʦʩʫʱʝʩʪʚʣʷʚʰʘʷ ʜʦʙʳʯʫ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ, 

ʥʝ ʠʤʝʝʪ ʣʠʮʝʥʟʠʠ. ɸʨʪʝʟʠʘʥʩʢʘʷ ʩʢʚʘʞʠʥʘ ˉ 12, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʩ. ɻʣʘʟʦʚʢʘ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ (ʨʠʩ. 9). ʆʜʥʘʢʦ, ʩʦʩʪʦʷʥʠʝ ʜʘʥ-

ʥʦʡ ʩʢʚʘʞʠʥʳ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ, ʧʦʩʢʦʣʴʢʫ ʛʨʘʥʠʮʳ ʟʦʥ ʩʘʥʠʪʘʨʥʦʡ ʦʭʨʘʥʳ ʥʝ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʠ ʚʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʝ ʧʨʦʚʦʜʷʪʩʷ. 


