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ʆ.ʄ. ʊʈʆʌʀʄʏʋʂ, ʆ.ɸ. ʂʃʀʄɽʅʂʆɺ, ʖ.ɯ. ʂɸʃʖʍ 
 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ʄʆʅɯʊʆʈʀʅɻ  

ʃɯɺɸɼɯʁʉʔʂʆɰ ɿʉʋɺʅʆɰ ʉʀʉʊɽʄʀ  

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʎʝʥʪʨʘʣʴʥʦʾ ʃʽʚʘʜʽʡʩʴʢʦʾ ʟʩʫʚ-

ʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ˇʨʫʥʪʽʚ ʟʩʫʚʥʦʛʦ ʤʘʩʠʚʫ ʥʘ ʡʦʛʦ ʘʢʪʠʚʽʟʘʮʽʶ. ʉʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʩʢʣʘ-

ʜʘʻʪʴʩʷ ʟ GPS, ʽʥʢʣʽʥʦʤʝʪʨʠʯʥʠʭ ʪʘ ʘʢʩʝʣʝʨʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʝʣʝʢʪ-

ʨʦʥʥʦʛʦ ʜʦʱʦʤʽʨʫ. ɺʩʽ ʜʘʪʯʠʢʠ ʟ'ʻʜʥʘʥʽ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ  

ʨʝʞʠʤʦʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʙʣʦʢ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʇʨʦʚʝʜʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʩʫʚʥʦʛʦ ʤʘʩʠʚʫ ʧʦ ʧʝʨʰʽʡ ʛʨʫʧʽ ʛʨʘʥʠʯʥʠʭ ʩʪʘ-

ʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ LANDSLIP 7.0. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʥʽʪʦʨʠʥʛ, GPS, ʽʥʢʣʽʥʦʤʝʪʨ, ʘʢʩʝʣʝʨʦʤʝʪʨ, ʎʝʥʪʨʘʣʴʥʘ 

ʃʽʚʘʜʽʡʩʴʢʘ ʟʩʫʚʥʘ ʩʠʩʪʝʤʘ, ʧʨʦʛʨʘʤʘ LANDSLIP 7.0. 

 

ɺʩʪʫʧ 

 

ɿʩʫʚʠ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʥʠʟʢʠ ʟʥʘʯʥʠʭ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʪʘ ʟʘʚʜʘʶʪʴ ʥʘʙʘ-

ʛʘʪʦ ʙʽʣʴʰʝ ʰʢʦʜʠ ʡ ʚʪʨʘʪ, ʥʽʞ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʦ [1]. ɿʘʟʚʠʯʘʡ ʧʨʦ ʟʩʫʚʠ ʯʘʩʪʦ 

ʟʛʘʜʫʶʪʴ ʫ ʟʚ'ʷʟʢʫ ʟ ʧʦʚʝʥʷʤʠ, ʟʝʤʣʝʪʨʫʩʘʤʠ ʘʙʦ ʚʠʚʝʨʞʝʥʥʷʤʠ ʚʫʣʢʘʥʽʚ, ʭʦ-

ʯʘ ʚʪʨʘʪʠ ʚʽʜ ʟʩʫʚʥʠʭ ʨʫʡʥʫʚʘʥʴ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʩʽ ʽʥʰʽ ʟʙʠʪʢʠ ʚʽʜ 

ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ [2]. ʇʦʥʘʜ 90% ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʤʘʻ ʩʢʣʘʜʥʽ 

ˇʨʫʥʪʦʚʽ ʫʤʦʚʠ. ɿʘ ʦʙʩʷʛʦʤ ʟʘʚʜʘʥʠʭ ʟʙʠʪʢʽʚ ʟʩʫʚʥʽ ʧʨʦʮʝʩʠ ʧʦʩʽʜʘʶʪʴ  

ʚ ʋʢʨʘʾʥʽ ʧʝʨʰʝ ʤʽʩʮʝ. ɿʘʛʘʣʦʤ ʚ ʋʢʨʘʾʥʽ ʩʪʘʥʦʤ ʥʘ 01.12.2011 ʚʠʷʚʣʝʥʦ ʧʦ-

ʥʘʜ 23 100 ʟʩʫʚʽʚ, 17 400 ʟʩʫʚʽʚ ï ʩʪʘʥʦʤ ʥʘ 01.12.1997. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʦʩ-

ʪʘʥʥʽ 15 ʨʦʢʽʚ ʚʽʜʙʫʣʦʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʩʫʚʽʚ ʚ 1,3 ʨʘʟʘ, ʘ ʟʘ 30 ʨʦʢʽʚ ï 

ʧʨʠʙʣʠʟʥʦ ʚ 3 ʨʘʟʠ.  

ɸʢʪʠʚʽʟʘʮʽʷ ʩʝʡʩʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʟʦʥʽ ɺʨʘʥʯʘ ʪʘ ʏʦʨʥʦʤʦʨʩʴʢʦʤʫ ʨʝ-

ʛʽʦʥʽ, ʘ ʪʘʢʦʞ ʚ ʮʽʣʦʤʫ ʥʘ ʧʣʘʥʝʪʽ ʧʨʠʟʚʝʣʘ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʩʝʡʩʤʽʯʥʦʾ 

ʥʝʙʝʟʧʝʢʠ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʪʘ, ʫ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ, ʟʨʦʩʪʘʥʥʷ ʚʽʜ-

ʧʦʚʽʜʥʦʛʦ ʟʩʫʚʦʧʨʦʚʦʢʫʶʯʦʛʦ ʬʘʢʪʦʨʘ. ʋʨʘʞʝʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʂʨʠʤʫ ʟʩʫʚʘʤʠ 

ʜʦʩʷʛʘʻ 30%. ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʨʦʟʤʽʱʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʩʫʚʽʚ ʇʽʚʜʝʥʥʦʛʦ 

ʂʨʠʤʫ. 

ʈʽʩʪ ʢʽʣʴʢʦʩʪʽ ʟʩʫʚʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘ ʨʘʭʫʥʦʢ ʪʝʭʥʦʛʝʥʥʠʭ 

ʪʘ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ ʧʨʠʯʠʥ, ʧʨʠʯʦʤʫ ʨʽʜʰʝ ʟʘ ʨʘʭʫʥʦʢ ʯʠʩʪʦ ʧʨʠʨʦʜʥʠʭ.  

ɿʘ ʨʘʭʫʥʦʢ ʪʽʣʴʢʠ ʪʝʭʥʦʛʝʥʥʠʭ ʧʨʠʯʠʥ ʥʘ ʇɹʂ ʟʘ ʦʩʪʘʥʥʽ 100 ʨʦʢʽʚ ʚʠʥʠʢʣʦ  

 

ɽʂʆʃʆɻɯʏʅɸ ɹɽɿʇɽʂɸ 

Ò ʆ.ʄ. ʊʨʦʬʠʤʯʫʢ, ʆ.ɸ. ʂʣʠʤʝʥʢʦʚ, ʖ.ɯ. ʂʘʣʶʭ, 2015 
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ʽ ʟʘʥʝʩʝʥʦ ʜʦ ʂʘʜʘʩʪʨʫ ʟʩʫʚʽʚ ʇɹʂ ʙʣʠʟʴʢʦ 600 ʪʝʭʥʦʛʝʥʥʠʭ ʟʩʫʚʽʚ (ʧʨʠ ʟʘʛʘʣʴʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʟʩʫʚʽʚ ʫ ʂʨʠʤʫ ʥʘ ʢʽʥʝʮʴ 2009 ʨ. ï 1576). ʊʘʢʠʤ ʯʠʥʦʤ, ʙʣʠʟʴʢʦ 38% 

ʟʩʫʚʽʚ ʇɹʂ ʩʢʣʘʜʘʶʪʴ ʪʝʭʥʦʛʝʥʥʽ ʟʩʫʚʠ (ʨʠʩ. 2). 

 

 

 
 

ʈʠʩ. 1. ï ʈʦʟʤʽʱʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʩʫʚʽʚ ʇʽʚʜʝʥʥʦʛʦ ʂʨʠʤʫ: 

1 ï ɺʝʨʭʥʴʦʶʨʩʴʢʽ ʢʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ; 

2 ï ʉʝʨʝʜʥʴʦʶʨʩʴʢʽ ʧʦʨʦʜʠ (ʘʨʛʽʣʽʪʠ, ʘʣʝʚʨʦʣʽʪʠ, ʧʽʱʘʥʠʢʠ); 

3 ï ʉʝʨʝʜʥʴʦʶʨʩʴʢʽ ʤʘʛʤʘʪʠʯʥʽ ʧʦʨʦʜʠ; 

4 ï ʇʦʨʦʜʠ ʪʘʚʨʽʡʩʴʢʦʾ ʩʝʨʽʾ (ʜʠʩʣʦʢʦʚʘʥʽ ʘʨʛʽʣʽʪʠ, ʘʣʝʚʨʦʣʠʪʠ, ʧʽʱʘʥʠʢʠ); 

5 ï ʆʩʥʦʚʥʽ ʟʩʫʚʠ; 

6 ï ɹʨʦʚʢʘ ʷʡʣʽʥʩʴʢʦʛʦ ʦʙʨʠʚʫ 
 

ɺʣʘʩʥʠʤ ʽʩʥʫʚʘʥʥʷʤ ʚʦʥʠ ʟʦʙʦʚôʷʟʘʥʽ ʥʝ ʚ ʦʩʪʘʥʥʶ ʯʝʨʛʫ ʟʤʽʥʽ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ ʟʩʫʚʥʠʭ ʤʘʩʠʚʽʚ: ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ (ʥʘ-

ʧʨʠʢʣʘʜ ʣʝʩʽʚ), ʧʽʜʥʷʪʪʶ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʪʘ ʟʚʦʣʦʞʝʥʥʶ ˇʨʫʥʪʫ ʧʨʠ ʦʧʘ-

ʜʘʭ ʪʘ ʚʠʪʦʢʘʭ ʟ ʢʘʥʘʣʽʟʘʮʽʾ, ʟʨʦʩʪʘʥʥʶ ʩʝʡʩʤʽʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ 

ˇʨʫʥʪʦʚʫ ʦʩʥʦʚʫ, ʬʦʨʤʫʚʘʥʥ ʁʧʦʚʝʨʭʦʥʴ ʢʦʚʟʘʥʥʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʫʪʘ ʚʥʫʪ-

ʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʪʘ ʧʠʪʦʤʦʛʦ ʟʯʝʧʣʝʥʥʷ ˇʨʫʥʪʫ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʨʠʚʫ. 

 

 
 

ʈʠʩ. 2 ï ɼʠʥʘʤʽʢʘ ʟʨʦʩʪʘʥʥʷ ʟʩʫʚʽʚ ʇʽʚʜʝʥʥʦʛʦ ʂʨʠʤʫ 

(ʚʽʜ ʤʠʩʫ ʂʦʩʪʝʣʴ ʜʦ ʤʠʩʫ ɸʡʷ) 
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ʆʮʽʥʢʘ ʡ ʘʥʘʣʽʟ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʯʠ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʽʚ, ʟ ʤʝʪʦʶ ʾʭ ʧʨʦʛʥʦʟʫ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʧʨʦʚʦʜʠʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʠʩʪʝʤ. ʇʨʠ ʮʴʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʭʠʣʽʚ, ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʚʞʠʪʪʽ ʥʝʚʽʜʢʣʘʜʥʠʭ ʟʘʭʦʜʽʚ ʟʽ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʩʫʚʽʚ ʥʝʦʙʭʽʜʥʽ ʦʪʨʠʤʘʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʨʝ-

ʞʠʤʽ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʝʞʠʤʫ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʉʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʡ ʨʘʥʥʴʦʛʦ 

ʦʧʦʚʽʱʝʥʥʷ ʟʩʫʚʥʠʭ ʢʘʪʘʩʪʨʦʬ ʨʦʟʛʣʷʥʫʪʽ ʪʘ ʜʦʩʣʽʜʞʝʥʽ ʚ ʧʨʘʮʷʭ ʚʽʜʦʤʠʭ 

ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ Sassa K. [4], Lollino G. [5], Highland L. and Bobrowsky P. 

[1], Baum R. [6], Mihalic S. et al. [7], Karnawati D. et al. [8], Reid M. and 

LaHusen R. [9] ʪʘ ʥ̔. 

 

ʎʝʥʪʨʘʣʴʥʘ ʃʽʚʘʜʽʡʩʴʢʘ ʟʩʫʚʥʘ ʩʠʩʪʝʤʘ 

  

ɼʦ 1779 ʨ. ʫ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʦʚʦïʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʨʦʟʪʘʰʦʚʫʚʘʣʦʩʴ ʥʝʚʝʣʠʢʝ ʛʨʝʮʴʢʝ ʩʝʣʦ. ɯʥʪʝʥʩʠʚʥʝ ʦʩʚʦʻʥʥʷ ʪʝʨʠʪʦʨʽʾ ʃʽʚʘ-

ʜʽʾ ʨʦʟʧʦʯʘʣʦʩʷ ʫ 50-ʭ ʨʦʢʘʭ XIX ʩʪʦʣʽʪʪʷ. ɹʫʣʦ ʩʧʦʨʫʜʞʝʥʦ ʧʦʤʽʱʠʮʴʢʽ ʙʫ-

ʜʠʥʢʠ, ʮʝʨʢʚʫ, ʞʠʪʣʦʚʽ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʽ ʙʫʜʽʚʣʽ. ʅʘ 437 000 ʤ
2
 ʟʘʢʣʘʜʝʥʦ ʧʘʨʢ 

ʽʟ ʮʽʥʥʠʤʠ ʧʦʨʦʜʘʤʠ ʩʫʙʪʨʦʧʽʯʥʠʭ ʨʦʩʣʠʥ: ʚʽʯʥʦʟʝʣʝʥʠʤʠ ʤʠʨʪʘʤʠ, ʣʘʚʨʘʤʠ, 

ʢʝʜʨʘʤʠ, ʧʽʥʽʷʤʠ, ʤʘʛʥʦʣʽʷʤʠ ʽ ʢʨʠʤʩʴʢʠʤʠ ʩʦʩʥʘʤʠ. ʋ 1860 ʨ. ʃʽʚʘʜʽʶ ʧʨʠʜ-

ʙʘʣʘ ʮʘʨʩʴʢʘ ʨʦʜʠʥʘ ʈʦʤʘʥʦʚʠʭ, ʷʢʘ ʜʦʨʫʯʠʣʘ ʧʝʨʝʙʫʜʦʚʫ ʦʜʥʦʛʦ ʟ ʙʫʜʠʥʢʽʚ 

ʧʽʜ ʽʤʧʝʨʘʪʦʨʩʴʢʠʡ ʧʘʣʘʮ. ɿ 1866 ʨ. ʃʽʚʘʜʽʷ ʩʪʘʻ ʮʘʨʩʴʢʦʶ ʨʝʟʠʜʝʥʮʽʻʶ. ʇʽʜ 

ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ ʧʘʣʘʮʫ ʙʫʣʠ ʩʧʦʨʫʜʞʝʥʽ ʜʨʝʥʘʞʥʽ ʛʘʣʝʨʝʾ, ʜʨʝʥʘʞʥʽ ʪʘ ʚʦʜʦ-

ʧʨʦʚʽʜʥʽ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʨʝʟʝʨʚʫʘʨʠ ʜʣʷ ʚʦʜʠ. ɺʩʴʦʛʦ ʚʞʝ ʥʘʣʽʯʫʚʘʣʦʩʷ ʙʣʠ-

ʟʴʢʦ 400 ʙʫʜʠʥʢʽʚ, ʟ ʷʢʠʭ ʤʘʡʞʝ 100 ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ; ʙʫʣʠ ʟʚʝʜʝʥʽ ʦʨʘʥ-

ʞʝʨʝʾ, ʤʦʣʦʯʥʘ ʬʝʨʤʘ, ʨʦʟʙʠʪʦ ʬʨʫʢʪʦʚʠʡ ʩʘʜ. 

ʃʽʚʘʜʽʡʩʴʢʠʡ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʠʡ ʢʦʤʧʣʝʢʩ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʤʝʞʘʭ ʚʝʨʭ-

ʥʴʦʾ ʯʘʩʪʠʥʠ ʎʝʥʪʨʘʣʴʥʦʾ ʃʽʚʘʜʽʡʩʴʢʦʾ ʟʩʫʚʥʦʾ ʩʠʩʪʝʤʠ (ʎʃɿʉ), ʾʾ ʜʦʚʞʠʥʘ ï 

1500 ʤ, ʰʠʨʠʥʘ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ï 200ï500 ʤ, ʘ ʚ ʥʠʞʥʽʡ ï 700 ʤ, ʟʘʛʘʣʴʥʘ 

ʢʨʫʪʽʩʪʴ ʧʦʚʝʨʭʥʽ 13`ï15`` (ʨʠʩ. 3). ɻʦʣʦʚʥʘ (ʚʝʨʭʥʷ) ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʨʦʟʤʽ-

ʱʝʥʘ ʚ ʤʝʞʘʭ ʘʙʩʦʣʶʪʥʦʾ ʚʽʜʤʽʪʢʠ 350 ʤ, ʷʟʠʢʦʚʘ (ʥʠʞʥʷ) ï ʚʟʜʦʚʞ ʩʫʯʘʩʥʦ-

ʛʦ ʫʨʽʟʫ ʏʦʨʥʦʛʦ ʤʦʨʷ. ˆʨʫʥʪʦʚʽ ʚʦʜʠ ʟʘʣʷʛʘʶʪʴ ʧʦʚʩʶʜʠ ʥʘ ʛʣʠʙʠʥʘʭ ʚʽʜ 2,5 

ʜʦ 11,2ï24,2 ʤ, ʧʨʘʢʪʠʯʥʦ ʙʝʟʥʘʧʽʨʥʽ, ʫʪʚʦʨʶʶʪʴ ʦʢʨʝʤʽ ʚʦʜʦʟʙʘʛʘʯʝʥʽ ʟʦʥʠ, 

ʥʘʡʯʘʩʪʽʰʝ ʟʽ ʩʣʘʙʢʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʟʚôʷʟʢʦʤ, ʟ ʜʝʙʽʪʘʤʠ ʚʽʜ 0,008 ʜʦ 1,8 ʣ/ʩ. 

ʉʝʡʩʤʽʯʥʘ ʙʘʣʴʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʜʦʨʽʚʥʶʻ 8 ʙʘʣʽʚ ʟʘ ʰʢʘʣʦʶ ʩʝʡʩʤʽʯʥʦʩʪʽ 

MedvedevïSponheuerïKarnik.  

ʎʃɿʉ ʦʙ'ʻʜʥʘʣʘ ʩʫʯʘʩʥʽ ʟʩʫʚʠ, ʟʩʫʚʥʽ ʚʦʛʥʠʱʘ ʽ ʧʦʪʝʥʮʽʡʥʦ-ʥʝʙʝʟʧʝʯʥʽ  

ʚ ʟʩʫʚʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʜʽʣʷʥʢʠ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʩʭʠʣʫ. ɺʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʚʦʻʨʽ-

ʜʥʫ ʩʠʩʪʝʤʫ ʟʩʫʚʥʠʭ ʪʽʣ, ʜʠʥʘʤʽʢʘ ʽ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʷʢʠʭ ʟʫʤʦʚʣʝʥʽ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʥʠʤʠ, ʛʝʦʣʦʛʦ-ʣʽʪʦʣʦʛʽʯʥʠʤʠ ʽ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙ-

ʣʠʚʦʩʪʷʤʠ (ɽʨʠʰ ɯ., ʂʫʣʽʰ ɭ. [10]; ʐʝʢʦ ɸ. ʪʘ ʽʥ. [11]). ɿʘ ʟʘʛʘʣʴʥʠʤʠ ʛʽʜʨʦ-

ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʷʚʣʝʥʥʷʤʠ, ʪʝʨʠʪʦʨʽʷ ʎʃɿʉ ʜʦ ʦʩʚʦʻʥʥʷ ʧʝʨʝʙʫʚʘʣʘ ʚ ʩʧʨʠʷʪ-

ʣʠʚʠʭ ʚʽʜʥʦʩʥʦ ʟʚʦʣʦʞʝʥʥʷ ʧʦʨiʜ ʫʤʦʚʘʭ. ʇʽʜʥʝʩʝʥʽʩʪʴ ʾʾ ʥʘʜ ʩʫʩʽʜʥʽʤʠ  

ʜʽʣʷʥʢʘʤʠ, ʨʦʟʯʣʝʥʦʚʘʥʽʩʪʴ ʚʽʜʥʦʩʥʦ ʛʣʠʙʦʢʠʤʠ ʝʨʦʟʽʡʥʠʤʠ ʚʨʽʟʘʤʠ ʩʪʚʦʨʠ-

ʣʠ ʭʦʨʦʰʽ ʫʤʦʚʠ ʜʣʷ ʜʨʝʥʫʚʘʥʥʷ ʨʦʟʚʠʥʝʥʠʭ ʪʫʪ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ. ʎʝ 

ʟʫʤʦʚʠʣʦ ʚʽʜʥʦʩʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʘʥʦʾ ʜʽʣʷʥʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʫʩʽʜʥʽʤʠ. 

ʆʩʚʦʻʥʥʷ ʪʝʨʠʪʦʨʽʾ ʧʨʠʟʚʝʣʦ ʷʢ ʜʦ ʧʦʨʫʰʝʥʥʷ ʧʨʠʨʦʜʥʦʾ ʨʽʚʥʦʚʘʛʠ ʩʭʠʣʫ, ʪʘʢ 

ʽ ʜʦ ʟʤʽʥʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ (ʟʘ ʨʘʭʫʥʦʢ ʧʦʣʠʚʽʚ, ʚʠʪʦʢʽʚ ʟ ʢʦʤʫʥʽʢʘʮʽʡ ʽ ʪ. ʜ.). 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʮʝʡ ʧʨʦʮʝʩ ʟʚʦʣʦʞʝʥʥʷ ʧʦʩʠʣʠʚʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʘʢʪʠʯʥʦʾ ʚʽʜ-

ʩʫʪʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʜʨʝʥʘʞʥʦʛʦ ʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ. 
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ʈʠʩ. 3 ï ʎʝʥʪʨʘʣʴʥʘ ʃʽʚʘʜʽʡʩɹʢʘ ʟʩʫʚʥʘ ʩʠʩʪʝʤʘ (1-1: ʥʘʧʨʷʤʦʢ çɿʘʭʜ̔ʥʦʛʦè ʟʩʫʚʫ;   

2-2: ʥʘʧʨʷʤʦʢ çʉʭʽʜʥʦʛʦè ʟʩʫʚʫ) 

 

ɻʝʦʜʠʥʘʤʽʯʥʘ ʦʙʩʪʘʥʦʚʢʘ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʘʡʦʥʫ ʪʘʢʦʞ ʩʧʨʠʷʻ 

ʬʦʨʤʫʚʘʥʥʶ ʟʩʫʚʽʚ. ɻʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʩʭʠʣʦʚʠʭ 

ʚʽʜʢʣʘʜʝʥʴ, ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤ ʩʢʣʘʜʦʤ, ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʦʙʚʦʜʥʝʥʥʷʤ. ɰʭ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ, ʟʫʤʦʚʣʝʥʠʡ ʛʝʦʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʻ ʚʢʨʘʡ ʥʝʦʜʥʦʨʽʜʥʠʤ.  

ʋ ʤʝʞʘʭ ʘʢʪʠʚʥʠʭ ʽ ʩʪʘʙʽʣʴʥʠʭ ʜʨʝʚʥʽʭ ʟʩʫʚʥʠʭ ʪʽʣ ʜʣʷ ʚʩʽʻʾ ʎʃɿʉ ʭʘʨʘʢʪʝʨ-

ʥʝ ʯʝʨʛʫʚʘʥʥʷ ʟʦʥ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʟ ʟʦʥʘʤʠ ʚʽʜʥʦʩʥʦʛʦ  

ʨʦʟʫʱʽʣʴʥʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʟʦʥʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ, ʭʘʨʘʢ-

ʪʝʨʥʽ ʜʣʷ ʜʽʣʷʥʦʢ, ʧʨʠʣʝʛʣʠʭ ʜʦ ʧʦʚʝʨʭʦʥʴ ʚʽʜʨʠʚʫ ʘʢʪʠʚʥʠʭ ʟʩʫʚʽʚ ʘʙʦ ʨʽʟ-

ʢʠʭ ʧʝʨʝʛʠʥʽʚ ʩʭʠʣʽʚ ʩʪʘʙʽʣʴʥʠʭ ʜʽʣʷʥʦʢ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʠʨʦʜʥʘ ʩʝʡʩʤʽʯʥʘ 

ʪʘ ʪʝʭʥʦʛʝʥʥʘ ʜʠʥʘʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʧ̔ ʜʚʠʱʠʣʘʩʷ ʥʝ ʪʽʣʴʢʠ ʚ ʤʝʞʘʭ ʎʃɿʉ,  

ʘ ʡ ʫʩʴʦʛʦ ʇɹʂ ʽ ʧʽʚʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʏʦʨʥʦʛʦ ʤʦʨʷ. ʑʦʜʥʷ ʩʝʡʩʤʽʯʥʽ ʩʪʘʥʮʽʾ 

ʇɹʂ ʨʝʻʩʪʨʫʶʪʴ ʩʣʘʙʢʽ ʟʝʤʣʝʪʨʫʩʠ ʚ 1ï2ï3 ʙʘʣʠ ʥʘ ʩʫʰʽ ʽ ʤʦʨʽ ʧʨʠ ʦʢʨʝʤʠʭ 

ʚʠʧʘʜʢʘʭ ʱʦʨʽʯʥʠʭ ʟʝʤʣʝʪʨʫʩʽʚ ʚ 3ï4ï5 ʙʘʣʽʚ. 

ʊʝʨʠʪʦʨʽʷ ʩʭʠʣʫ ʚ ʤʝʞʘʭ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʧʨʦʪʷʛʦʤ ʧʦʥʘʜ 100 ʨʦʢʽʚ ʧʦʩʪʽʡʥʦ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʥʽ ʩʪʽʡʢʦʾ (ʥʝʟʘʪʫʭʘʶʯʦʾ) 

ʧʦʚʟʫʯʦʩʪʽ ʟ ʧʝʨʝʭʦʜʦʤ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʚ ʪʘʢʫ, ʱʦ ʧʨʦʛʨʝʩʫʻ, ʱʦ ʧʨʠ-

ʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ˇʨʫʥʪʽʚ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʟʘʢʦʣʴʥʠʭ ʪʨʽʱʠʥ ʟʩʫʚʽʚ. 
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ʐʚʠʜʢʽʩʪʴ ʧʦʚʟʫʯʦʩʪʽ ʚ ʮʠʢʣʘʭ ʧʽʜʚʠʱʝʥʦʾ ʟʩʫʚʥʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ʜʦʩʷʛʘʻ  

2ï4 ʩʤ/ʨʽʢ ʚ ʤʝʞʘʭ ʢʦʤʧʣʝʢʩʫ ʽ ʙʽʣʴʰ ʷʢ 6 ʩʤ/ʨʽʢ ʚ ʧʘʨʢʦʚʽʡ ʟʦʥʽ. ʉʭʠʣʴʥʽʩʪʴ 

ʜʦ ʧʨʦʷʚʣʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʧʦʚʟʫʯʦʩʪʽ ʜʣʷ ˇʨʫʥʪʽʚ ʇɹʂ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʾʭ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʥʠʢʘʤʠ 

(ɸʥʦʩʦʚʘ ʃ. ʪʘ ʽʥ. [12]). ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʤʝʞʘʭ ʧʦʩʣʘʙʣʝʥʠʭ ʟʦʥ (ʩʪʘ-

ʨʠʭ ʽ ʜʘʚʥʽʭ ʧʣʦʱʠʥ ʢʦʚʟʘʥʥʷ) ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʜʦ 95ï98% ʚʽʜ ʫʤʦʚʥʦ 

ʤʠʪʪʻʚʦʾ ʤʽʮʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʘʪʫʭʘʶʯʘ ʧʦʚʟʫʯʽʩʪʴ ʟ ʧʨʠʙʣʠʟʥʦʶ 

ʚôʷʟʢʽʩʪʶ 10
14
ï10

16
 ʧʫʘʟ. ʅʘʡʙʽʣʴʰ ʜʠʩʧʝʨʩʥʽ ʡ ʧʣʘʩʪʠʯʥʽ ʟʨʘʟʢʠ ˇʨʫʥʪʽʚ ʟ ʥʝ-

ʚʝʣʠʢʠʤ (ʜʦ 15%) ʚʤʽʩʪʦʤ ʫʣʘʤʢʦʚʠʭ ʚʢʣʶʯʝʥʴ ʧʦʢʘʟʫʶʪʴ ʥʝʟʘʪʫʭʘʶʯʫ ʧʦʚ-

ʟʫʯʽʩʪʴ ʚ ʪʦʤʫ ʩʘʤʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʝʥʴ ʚôʷʟʢʦʩʪʽ, ʘʣʝ ʧʨʠ ʤʝʥʰʠʭ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷʭ (ʙʣʠʟʴʢʦ 65ï75% ʚʽʜ ʫʤʦʚʥʦʾ ʤʠʪʪʻʚʦʾ ʤʽʮʥʦʩʪʽ). 

ɯʥʞʝʥʝʨʥʠʡ ʟʘʭʠʩʪ ʥʘ ʃʽʚʘʜʽʡʩʴʢʦʤʫ ʩʭʠʣʽ ʯʘʩʪʢʦʚʦ ʬʦʨʤʫʚʘʚʩʷ ʧʽʜ ʯʘʩ 

ʙʫʜʽʚʥʠʮʪʚʘ ʧʘʣʘʮʫ (1911ï1912 ʨʨ.) ʽ ʩʢʣʘʜʘʚʩʷ ʟ ʜʨʝʥʘʞʥʠʭ ʛʘʣʝʨʝʡ, ʟʣʠʚʦʩ-

ʪʦʢʽʚ ʽ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ. ʇʽʩʣʷ ʨʝʚʦʣʶʮʽʾ 1917 ʨ. ʚ ʈʦʩʽʾ, ʢʦʣʠ ʪʝʨʠʪʦʨʽʷ ʧʝʨʝʭʦ-

ʜʠʣʘ ʜʦ ʨʽʟʥʠʭ ʚʽʜʦʤʩʪʚ ʉʈʉʈ, ʡʰʣʦ ʽʥʪʝʥʩʠʚʥʝ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ 

ʥʘ ʧʨʠʣʝʛʣʠʭ ʜʦ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʫ ʜʽʣʷʥʢʘʭ, ʧʨʦʚʦʜʠʣʘʩʷ ʨʝʢʦʥʩʪʨʫʢʮʽʷ 

ʚʦʜʦʛʽʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʘ ʙʫʜʽʚʥʠʮʪʚʦ ʥʦʚʠʭ ʧʨʦʚʦʜʠʣʦʩʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʨʘʥʽʰʝ ʧʦʙʫʜʦʚʘʥʠʭ. ʋ 1965ï1968 ʨʨ. ʩʧʦʨʫʜʞʝʥʦ ʢʦʤʧʣʝʢʩ ʙʝʨʝʛʦʟʘʭʠʩʥʠʭ 

ʩʧʦʨʫʜ ï ʙʫʥʠ ʽ ʤʽʞʙʫʥʥʝ ʟʘʩʠʧʘʥʥʷ (ʰʪʫʯʥʽ ʧʣʷʞʽ), ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʪʽʥʢʠ, ʚʘʥ-

ʪʘʞʥʘ ʧʨʠʩʪʘʥʴ. ʇʝʨʝʨʘʭʦʚʘʥʽ ʩʧʦʨʫʜʠ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʫ ʟʚôʷʟʢʫ 

ʟ ʯʠʤ ʥʝ ʩʧʨʦʤʦʞʥʽ ʧʨʦʪʠʩʪʦʷʪʠ ʨʦʟʚʠʪʢʫ ʟʩʫʚʥʠʭ ʽ ʘʙʨʘʟʠʚʥʠʭ ʧʨʦʮʝʩʽʚ.  

ɯʥʪʝʥʩʠʬʽʢʘʮʽʾ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʩʧʨʠʷʣʘ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʟʘ ʚʦʜʦʥʝʩʫʯʠ-

ʤʠ ʽ ʜʨʝʥʘʞʥʠʤʠ ʩʧʦʨʫʜʘʤʠ, ʚʠʪʦʢʠ ʟ ʷʢʠʭ, ʨʘʟʦʤ ʟ ʧʦʨʫʰʝʥʦʶ ʩʠʩʪʝʤʦʶ ʧʦ-

ʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ, ʧʨʠʟʚʝʣʠ ʜʦ ʦʙʚʦʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʦʚʦ-

ʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɼʦ ʪʦʛʦ ʞ ʜʨʝʥʘʞʥʘ ʛʘʣʝʨʝʷ ʥʘʚʢʦʣʦ ʧʘʣʘʮʫ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʩʪʽʡʢʽʩʪɹ ʩʭʠʣʫ (ʩʪʚʦʨʶʻ ʧʽʜʧʽʨ ˇʨʫʥʪʦʚʠʤ ʚʦʜʘʤ, ʟʚʦʣʦʞʫʻ ˇʨʫʥ-

ʪʠ, ʧʽʜʚʠʱʫʻ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʩʠʣʠ). 

ɼʣʷ ʎʃɿʉ ʭʘʨʘʢʪʝʨʥʘ ʧʝʨʽʦʜʠʯʥʘ ʘʢʪʠʚʽʟʘʮʽʷ ʟʩʫʚʥʠʭ ʪʽʣ. ʇʨʦʪʷʛʦʤ  

17 ʨʦʢʽʚ (1980ï1997 ʨʨ.) ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ 3 ʮʠʢʣʠ ʘʢʪʠʚʥʦʩʪʽ (1981ï1983 ʨʨ., 

1986ï1989 ʨʨ. ʽ 1995ï1997 ʨʨ.). ɿʫʤʦʚʣʝʥʦ ʮʝ ʧʝʨʝʚʘʞʥʦ ʧʨʠʨʦʜʥʠʤʠ ʬʘʢʪʦ-

ʨʘʤʠ, ʦʜʥʘʢ ʚʝʣʠʢʫ ʨʦʣʴ ʚ ʘʢʪʠʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʪʽʣ ʚʽʜʽʛʨʘʻ ʽ ʪʝʭʥʦʛʝʥʥʠʡ 

ʚʧʣʠʚ. ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʘʡʦʥʫ ʭʘʨʘʢʪʝʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʟʩʫʚʥʠʭ ʱʝʙʝʥʝʚʦ-

ʛʣʠʥʠʩʪʠʭ ʚʽʜʢʣʘʜʝʥʴ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 5ï15 ʜʦ 25 ʤ. ʅʠʞʯʝ ʮʠʭ ʚʽʜʢʣʘʜʝʥʴ 

ʟʘʣʷʛʘʻ ʪʘʚʨʽʡʩʴʢʦʾ ʬʣʽʢ (ʘʨʛʽʣʽʪʠ, ʧʽʩʢʦʚʠʢʠ, ʘʣʝʚʨʦʣʽʪʠ). ʊʝʨʠʪʦʨʽʷ ʜʦʩʣʽ-

ʜʞʫʚʘʥʦʛʦ ʨʘʡʦʥʫ ʧʝʨʝʪʠʥʘʻʪʴʩʷ ʪʝʢʪʦʥʽʯʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʦʛʦ ʽ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ, ʨʦʣʴ ʷʢʠʭ ʥʝ ʚʠʢʣʶʯʘʻʪʴʩʷ ʚ ʘʢʪʠ-

ʚʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʪʽʣ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʙʫʜʽʚʥʠʮʪʚʦʤ ʫ 60ï70-ʪʽ ʨʦʢʠ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʘʚʪʦʜʦʨʦʛʠ ʗʣʪʘïʉʝʚʘʩʪʦʧʦʣʴ 

ʪʘ ʩʘʥʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ çʇʨʠʢʦʨʜʦʥʥʠʢè ʥʘ ʚʩʽʡ ʡʦʛʦ ʪʝʨʠʪʦʨʽʾ ʧʦʯʘʣʠ ʽʥ-

ʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʪʠʩʷ ʟʩʫʚʥʽ ʧʨʦʮʝʩʠ. ʏʝʨʝʟ ʚʠʱʝʟʘʟʥʘʯʝʥʝ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦ-

ʚʘʭ ʎʃɿʉ ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʜʦʩʷʛʘʻ 0,8 ʫ ʚʝʨʭʥʽʭ ʽ ʜʦ 1,0 ʚ ʥʠʞʥʽʭ ʯʘʩʪʠʥʘʭ [14]. ʇʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʻ  

ʜʦʩʠʪʴ ʨʦʟʛʘʣʫʞʝʥʘ ʽ ʛʫʩʪʘ ʤʝʨʝʞʘ ʚʦʜʦʥʝʩʫʯʠʭ ʢʦʤʫʥʽʢʘʮʽʡ (ʱʦʜʦ ʩʪʘʨʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ ʜʦʢʫʤʝʥʪʘʮʽʷ ʟʘʛʫʙʣʝʥʘ). ɿʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ (Trofymchuk O.  

et al. [13]) ʥʘʤʽʪʠʣʘʩʷ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʩʫʚʥʠʭ ʜʝ-

ʬʦʨʤʘʮʽʡ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʨʦʟʰʠʨʝʥʥʽ ʧʣʦʱ ʣʦʢʘʣʴʥʠʭ 
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 ʟʩʫʚʥʠʭ ʪʽʣ, ʨʫʡʥʫʚʘʥʥʽ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ, ʜʨʝʥʘʞʥʠʭ ʽ ʚʦʜʦʚʽʜʚʽʜʥʠʭ ʩʧʦʨʫʜ, 

ʢʦʤʫʥʽʢʘʮʽʡ, ʚ ʨʦʟʰʠʨʝʥʥʽ ʩʪʘʨʠʭ ʽ ʧʦʷʚʽ ʥʦʚʠʭ ʪʨʽʱʠʥ ʥʘ ʙʫʜʽʚʣʷʭ ʧʘʣʘʮʦʚʦ-

ʛʦ ʘʥʩʘʤʙʣʶ ʽ ʚʣʘʩʥʝ ʮʘʨʩʴʢʦʤʫ ʧʘʣʘʮʽ. 

ʅʠʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ 

ʚ ʤʝʞʘʭ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʬʦʨʤʫʶʪʴʩʷ ʽ ʨʦʟʚʠ-

ʚʘʶʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʽ ʚʟʘʻʤʦʟʫʤʦʚʣʝʥʽ ʥʝʙʝʟʧʝʯʥʽ ʛʝʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ: ʟʩʫʚʠ, ʧʽʜʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʘʙʨʘʟʽʷ ʪʦʱʦ. ʇʨʠ ʦʙʩʪʝʞʝʥʥʽ çʉʭʽʜ-

ʥʦʛʦè ʟʩʫʚʫ (ʨʠʩ. 3) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʩʫʚʥʽ ʫʩʪʫʧʠ ʫʟʜʦʚʞ ʧʽʜ'ʾʟʥʦʾ ʜʦʨʦʛʠ  

ʟ ʦʩʽʜʘʥʥʷʤ ʯʘʩʪʠʥʠ ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ, ʘ ʪʘʢʦʞ ʯʠʩʣʝʥʥʽ ʪʨʽʱʠʥʠ ʨʦʟʪʷ-

ʛʘʥʥʷ ʚ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥʘʭ, ʱʦ ʦʛʦʨʦʜʞʫʶʪʴ ʜʦʨʦʛʫ (ʄʘʣʶʢ ʖ. ʽ ʉʘʣʦʤʘʪʽʥ ɺ. 

[14]). ʅʘʨʘʟʽ ʧʨʦʾʟʜ ʧʦ ʜʦʨʦʟʽ ʥʝ ʤʦʞʣʠʚʠʡ, ʘ ʟʨʫʡʥʦʚʘʥʽ ʜʽʣʷʥʢʠ ʜʦʨʦʛʠ  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʟʚʘʣʠʱʘ ˇʨʫʥʪʽʚ ʽ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʦʛʦ ʩʤʽʪʪʷ, ʱʦ 

ʧʨʠʚʘʥʪʘʞʫʻ ʛʦʣʦʚʥʽ ʯʘʩʪʠʥʠ ʘʢʪʠʚʥʠʭ ʟʩʫʚʽʚ. ʇʽʜ ʟʘʛʨʦʟʦʶ ʨʫʡʥʫʚʘʥʥʷ ʦʧʠ-

ʥʠʚʩʷ ʢʘʥʘʣʽʟʘʮʽʡʥʠʡ ʢʦʣʝʢʪʦʨ, ʧʨʦʢʣʘʜʝʥʠʡ ʚʟʜʦʚʞ ʥʠʞʥʴʦʾ ʟʨʫʡʥʦʚʘʥʦʾ 

ʧʽʜʧʽʨʥʦʾ ʩʪʽʥʠ ʥʘ ʦʧʦʨʘʭ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʤʝʞʽ ʘʢʪʠʚʥʦʛʦ ʟʩʫʚʫ. çɿʘʭʽʜ-

ʥʠʡè ʟʩʫʚ (ʨʠʩ. 3) ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʩʭʠʣʽ, ʙʫʜʽʚʣʷʭ ʽ ʩʧʦʨʫʜʘʭ ʫ ʚʠʛʣʷʜʽ  

ʪʨʽʱʠʥ ʽ ʧʦʚʝʨʭʦʥʴ ʚʽʜʨʠʚʫ. ʉʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ ʽ ʧʽ-

ʰʦʭʽʜʥʠʭ ʜʦʨʽʞʦʢ ʧʨʠ ʧʝʨʝʪʠʥʽ ʾʭ ʟ ʙʦʨʪʦʚʠʤʠ ʟʦʥʘʤʠ ʟʩʫʚʥʦʛʦ ʪʽʣʘ (ʨʠʩ. 4). 

 

 
 
ʈʠʩ. 4 ï ʈʦʟʨʽʟʘʥʥʷ ʜʦʨʦʛʠ ʟ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʤʠ ʧʽʜʧʽʨʥʠʤʠ ʩʪʽʥʘʤʠ ʣʽʚʠʤ ʙʦʨʪʦʤ 

çɿʘʭʽʜʥʦʛʦè ʟʩʫʚʫ 

 

ʆʟʥʘʯʝʥʽ ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʘʩʬʘʣʴʪʦʚʦʤʫ ʧʦʢʨʠʪʪʽ ʜʦʨʦʛʠ ʟʘʭʽʜʥʽʰʝ ʃʘʚʨʦ-

ʚʦʾ ʘʣʴʪʘʥʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʟʩʫʚʥʠʭ ʤʝʞ çɿʘʭʽʜʥʦʛʦè ʟʩʫʚʫ. ʋ ʨʝ-

ʟʫʣʴʪʘʪʽ ʟʩʫʚʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʧʦʚʥʽʩʪʶ ʟʨʫʡʥʦʚʘʥʘ ʃʘʚʨʦʚʘ ʘʣʴʪʘʥʢʘ (ʨʠʩ. 5). 
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ʈʠʩ. 5 ï ʈʫʡʥʫʚʘʥʥʷ ʃʘʚʨʦʚʦʾ ʘʣʴʪʘʥʢʠ ʧʨʘʚʠʤ ʙʦʨʪʦʤ çɿʘʭʽʜʥʦʛʦè ʟʩʫʚʫ 

 

ʊʨʽʱʠʥʦʶ ʚʽʜʢʦʣʫ çɿʘʭʽʜʥʦʛʦè ʟʩʫʚʫ ʧʝʨʝʨʽʟʘʥʠʡ ʚʦʜʦʚʽʜʚʽʜʥʠʡ ʢʦʣʝʢ-

ʪʦʨ ʧʽʚʜʝʥʥʦʾ ʛʽʣʢʠ ʜʨʝʥʘʞʥʦʾ ʛʘʣʝʨʝʾ (ʚʦʥʘ ʧʦʙʫʜʦʚʘʥʘ ʦʜʥʦʯʘʩʥʦ ʽʟ ʮʘʨʩʴ-

ʢʠʤ ʧʘʣʘʮʦʤ ʥʘ ʧʦʯʘʪʢʫ ʍʍ ʩʪʦʣʽʪʪʷ), ʱʦ ʧʦʛʽʨʰʫʻ ʟʩʫʚʥʫ ʦʙʩʪʘʥʦʚʢʫ ʥʘ 

ʩʭʠʣʽ. ʈʦʟʚʠʪʦʢ ʥʠʞʥʴʦʾ ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʟʩʫʚʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʩʪʽʡʢʽʩʪʴ ʮʽʣ-

ʢʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʚʦʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʩʭʠʣʫ ʽ ʟʩʫʚʥʠʭ ʪʽʣ ʜʨʝʥʘʞʥʦ-

ʪʝʭʥʦʛʝʥʥʠʤʠ ʚʦʜʘʤʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʟʽ ʟʨʫʡʥʦʚʘʥʦʾ ʚʦʜʦʚʽʜʚʽʜ-

ʥʦʾ ʪʨʫʙʠ ʧʽʚʜʝʥʥʦʾ ʛʽʣʢʠ ʜʨʝʥʘʞʥʦʾ ʛʘʣʝʨʝʾ (ʨʠʩ. 6). ʅʠʞʯʝ ʜʦʨʦʛʠ ʚ ʷʟʠʢʦʚʽʡ 

ʯʘʩʪʠʥʽ çɿʘʭʽʜʥʦʛʦè ʟʩʫʚʫ (ʧʦʙʣʠʟʫ ʚʠʭʦʜʫ ʟ ʪʫʥʝʣʶ ʚʝʨʭʥʴʦʛʦ ʣʽʬʪʦʧʽʜʡʦʤ-

ʥʠʢʘ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʢʣʠʥʶʚʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʪʦʢʘʤʠ  

ʟ ʧʦʨʫʰʝʥʦʾ ʟʩʫʚʥʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʩʭʽʜʥʦʾ ʛʽʣʢʠ ʢʦʣʝʢʪʦʨʘ ʜʨʝʥʘʞʥʦʾ ʛʘ-

ʣʝʨʝʾ. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʫʪʚʦʨʝʥʥʷ çʉʭʽʜʥʦʛʦè ʽ çɿʘʭʽʜʥʦʛʦè ʟʩʫʚʽʚ ʻ: 

ʟʥʘʯʥʘ ʢʨʫʪʠʟʥʘ ʧʨʠʨʦʜʥʦʛʦ ʨʝʣʴʻʬʫ ʪʘ ʧʦʢʨʽʚʣʽ ʢʦʨʽʥʥʠʭ ʧʦʨʽʜ ʪʘʚʨʽʡʩʴʢʦʾ 

ʩʝʨʽʾ (ʘʨʛʽʣʽʪʠ ʟ ʧʨʦʰʘʨʢʘʤʠ ʧʽʩʢʦʚʠʢʽʚ), ʱʦ ʧʽʜʩʪʠʣʘʶʪʴ ʯʝʪʚʝʨʪʠʥʥʽ ʫʪʚʦ-

ʨʝʥʥʷ; ʚʠʩʦʢʘ ʦʙʚʦʜʥʝʥʽʩʪʴ ʧʦʢʨʠʚʥʠʭ ʚʝʨʭʥʴʦ-ʯʝʪʚʝʨʪʠʥʥʠʭ ʽ ʩʫʯʘʩʥʠʭ  

ʚʽʜʢʣʘʜʝʥʴ (ʩʫʛʣʠʥʠʩʪʦ-ʱʝʙʝʥʠʩʪʽ ʥʘʢʦʧʠʯʝʥʥʷ) ʟʘ ʨʘʭʫʥʦʢ ʚʠʪʦʢʽʚ ʟ ʚʦʜʦ-

ʛʽʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʚʢʣʶʯʘʶʯʠ ʜʨʝʥʘʞʥʫ ʛʘʣʝʨʝʶ, ʦʩʦʙʣʠʚʦ ʚ ʤʽʩʮʷʭ ʾʭ 

ʧʨʠʤʠʢʘʥʥʷ ʜʦ ʚʦʜʦʚʽʜʚʽʜʥʠʭ ʢʦʣʝʢʪʦʨʽʚ (ʪʨʫʙ); ʩʝʡʩʤʽʯʥʘ ʽ ʜʠʥʘʤʽʯʥʘ ʘʢʪʠ-

ʚʽʟʘʮʽʷ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ. ʇʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʟʩʫʚʠ ʨʫʡʥʫʶʪʴ ʃʽʚʘʜʽʡʩʴʢʠʡ ʧʘ-

ʣʘʮʦʚʦ-ʧʘʨʢʦʚʠʡ ʢʦʤʧʣʝʢʩ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʤʫʥʽʢʘʮʽʾ (ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʤʽʩʴʢʠʡ 

ʢʘʥʘʣʽʟʘʮʽʡʥʠʡ ʢʦʣʝʢʪʦʨ), ʰʘʭʪʠ ʣʽʬʪʦʧʽʜʡʦʤʥʠʢʽʚ (ʜʝ ʥʘ ʛʣʠʙʠʥʘʭ 18 ʽ 30 ʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʽʟ ʪʶʙʽʥʛʦʚʠʭ ʙʦʣʪʽʚ), ʘ ʪʘʢʦʞ ʙʝʨʝʛʦʫʢʨʽʧʣʶʚʘʣʴʥʽ ʩʧʦʨʫʜʠ  

ʚ ʷʟʠʢʦʚʠʭ ʯʘʩʪʠʥʘʭ çɿʘʭʽʜʥʦʛʦè ʠ çʉʭʽʜʥʦʛʦè ʟʩʫʚʽʚ ʎʃɿʉ. 
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ʈʠʩ. 6 ï ɿʨʫʡʥʦʚʘʥʘ ʚʦʜʦʚʽʜʚʽʜʥʘ ʪʨʫʙʘ ʧʽʚʜʝʥʥʦʾ ʛʽʣʢʠ ʜʨʝʥʘʞʥʦʾ ʛʘʣʝʨʝʾ 

 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʨʫʡ-

ʥʫʚʘʥʴ ʙʫʜʽʚʣʽ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʫ ʪʘ ʧʨʠʣʝʛʣʦʾ ʪʝʨʠʪʦʨʽʾ. ʇʽʜ ʟʘʛʨʦʟʦʶ 

ʨʫʡʥʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʩʠʩʪʝʤʘ ʜʨʝʥʫʚʘʥʥʷ ʚ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʧʘ-

ʣʘʮʫ. ɿʘʛʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʎʃɿʉ ʩʪʨʽʤʢʦ ʟʥʠʞʫʻʪʴʩʷ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʨʽʟʥʦʤʘ-

ʥʽʪʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʪʣʽ ʜʽʾ ʧʨʠʨʦʜʥʽʭ ʯʠʥʥʠʢʽʚ, ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʚ ʤʝʞʘʭ ʧʘʣʘʮʫ ʽ ʧʨʠʣʝʛʣʦʾ ʪʝʨʠʪʦʨʽʾ ʩʬʦʨʤʫʚʘʣʦʩʴ 10 ʣʦ-

ʢʘʣʴʥʠʭ (ʜʦʩʠʪʴ ʨʦʟʚʠʥʝʥʠʭ) ʟʩʫʚʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟ 1995 ʨ ʧʦʤʽʪʥʦ ʧʦʩʠʣʠʣʘʩʷ ʘʢʪʠʚʽʟʘʮʽʷ ʟʩʫʚʥʠʭ ʧʨʦʮʝ-

ʩʽʚ ʚ ʨʘʡʦʥʽ çɿʘʭʽʜʥʦʛʦè ʟʩʫʚʫ, ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʥʘʰʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ ʙʫʣʦ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʜʽʣʷʥʮʽ ʩʭʠʣʫ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʠʡ ʩʘʤ ɺʝʣʠʢʠʡ ʃʽ-

ʚʘʜʽʡʩʴʢʠʡ ʧʘʣʘʮ ʽ ʧʨʠʣʝʛʣʘ ʜʦ ʥʴʦʛʦ ʪʝʨʠʪʦʨʽʷ ʟʩʫʚʥʦʛʦ ʩʭʠʣʫ, ʧʨʘʢʪʠʯʥʦ, 

ʜʦ ʩʫʯʘʩʥʦʛʦ ʫʨʽʟʫ ʏʦʨʥʦʛʦ ʤʦʨʷ. ʉʘʤʝ ʪʫʪ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʟʥʘʯʥʽ ʟʩʫʚʥʽ ʧʨʦʷʚʠ (ʚ ʷʟʠʢʦʚʽʡ ʯʘʩʪʠʥʽ ʟʩʫʚʽʚ ʨʫʡʥʫʶʪʴʩʷ ʙʝʨʝʛʦʫʢʨʽʧʣʝʥʥʷ 

ʪʘ ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ ʘʙʨʘʟʽʷ ʙʝʨʝʛʽʚ (ʄʘʣʶʢ ʖ. ʽ ʉʘʣʦʤʘʪʽʥ ɺ., 2006)).  

 

ʄʦʥʽʪʦʨʠʥʛʦʚʘ ʩʠʩʪʝʤʘ ʎʃɿʉ 

 

ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʽ ʚʠʢʣʶʯʝʥʥʷ ʨʠʟʠʢʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʃʽʚʘʜʽʡ-

ʩʴʢʦʛʦ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ (Kaliukh I. [15]) ʙʫʣʦ ʚʪʽʣʝʥʦ ʚ ʞʠʪʪʷ 

çʇʨʦʛʨʘʤʫ ʨʦʙʽʪ ʟʽ ʟʙʝʨʝʞʝʥʥʷ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʚʽʜ ʥʝʙʝʟʧʝʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚè, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʥʘʫʢʦʚʦ ʦʙ-

ˇʨʫʥʪʦʚʘʥʠʭ ʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʧʨʦʝʢʪʥʦ-ʧʦʰʫʢʦʚʠʭ, ʟʘʭʠʩʥʠʭ ʽ ʣʽʪʦʤʦʥʽʪʦ-

ʨʠʥʛʦʚʠʭ ʟʘʭʦʜʽʚ, ʷʢ ʣʦʢʘʣʴʥʠʭ, ʫ ʤʝʞʘʭ ʧʘʣʘʮʫ, ʪʘʢ ʽ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʎʃɿʉ. 
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ɼʣʷ ʘʥʘʣʽʟʫ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʎʃɿʉ ʙʫʣʘ ʚʠʢʦʨʠʩ-

ʪʘʥʘ ʩʠʩʪʝʤʘ ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ZSUV (Trofymchuk O. et 

al. [13]), ʦʜʠʥ ʟ ʬʨʘʛʤʝʥʪʽʚ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 7. 

 

 
 

ʈʠʩ. 7 ï Cʠʩʪʝʤʘ ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʎʃɿʉ ZSUV 

 

ɺʠʤʽʨʶʶʪʴʩʷ:  

¶ ʨʽʚʥʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʫ ʚʠʟʥʘʯʝʥʠʭ ʛʝʦʣʦʛʘʤʠ ʰʧʘʨʘʭ; 

¶ ʢʫʪʠ ʥʘʭʠʣʫ ʚʠʜʽʣʝʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʚʠʟʥʘʯʝʥʠʭ ʝʢʩʧʝʨʪʘʤʠ) ʫʩʝʨʝʜʠʥʽ 
ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʦʜʦʥʝʙʝʟʧʝʯʥʦʛʦ ʟʩʫʚʥʦʛʦ ʩʭʠʣʫ (ʢʫʪʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʦʙʫ-

ʨʝʥʠʭ ʫ ʩʭʠʣʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʰʧʘʨ); 

¶ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʣʽʪʦʜʠʥʘʤʽʢʫ ʟʩʫʚʽʚ ʎʃɿʉ. 

ɼʦʢʣʘʜʥʽʰʠʡ ʦʧʠʩ ʤʦʥʽʪʦʨʠʥʛʦʚʦʾ ʩʠʩʪʝʤʠ ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ZSUV ʎʃɿʉ ʥʘʚʝʜʝʥʦ ʚ ʜʦʧʦʚʽʜʽ ʆ.ʄ. ʊʨʦʬʠʤʯʫʢʘ ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ ʚ ʤ. ʂʫ-

ʨʽʦ, ʗʧʦʥʽʷ, ʚ 2012 ʨ. [13]. 

ʇʝʨʚʠʥʥʘ ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ, ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʽ çZSUVè (ʨʠʩ. 8), 

ʚʽʜʧʦʚʽʜʘʻ ɻʆʉʊ 8.011-72 (çʇʦʢʘʟʥʠʢʠ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʬʦʨʤʠ ʧʦ-

ʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴè) ʽ ʧʦʣʷʛʘʻ ʚ: 

Å ʤʽʥʽʤʽʟʘʮʽʾ ʦʙʩʷʛʫ ʚʠʙʽʨʢʠ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ (ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʶ-

ʚʘʥʴ) ʧʨʠ ʟʘʜʘʥʽʡ ʜʦʚʽʨʯʽʡ ʡʤʦʚʽʨʥʦʩʪʽ; 

Å ʦʧʠʩʽ ʾʾ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʥʝʚʽʜʦʤʦʤʫ ʟʘʢʦʥʽ ʨʦʟʧʦʜʽʣʫ 
ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ; 

Å ʦʙʯʠʩʣʝʥʥʽ ʽʥʪʝʨʚʘʣʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʢʫʪʘ ʥʘʭʠʣʫ ʽʟ ʟʘʜʘʥʦʶ ʜʦʚʽʨʯʦʶ 
ʡʤʦʚʽʨʥʽʩʪʶ; 
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Å ʥʘʢʦʧʠʯʝʥʥʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦ ʢʫʪʠ ʥʘʭʠʣʫ ʚ ʯʘʩʽ; 

Å ʚʠʷʚʣʝʥʥʽ ʟʤʽʥ ʢʫʪʘ ʥʘʭʠʣʫ ʟ ʦʧʝʨʘʪʠʚʥʠʤ ʽʥʬʦʨʤʫʚʘʥʥʷʤ ʯʝʨʛʦʚʦʛʦ 
ʦʧʝʨʘʪʦʨʘ; 

Å ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʽʟ ̔ʚʠʙʽʨʦʢ ʜʘʥʠʭ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 8 ï ʉʪʨʫʢʪʫʨʥʠʡ ʘʣʛʦʨʠʪʤ ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʦʢʘʟʥʠʢʽʚ 

ZSUV 

 

Å ʨʝʛʨʝʩʽʡʥʦʤʫ ʘʥʘʣʽʟ ̔ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥ ̔ʝʚʦʣʶʮʽʾ 

ʧʨʦʮʝʩʫ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ; 

Å ʛʨʘʬʽʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥ ̔ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʙʘʛʘ-

ʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʜʠʩʧʣʝʾ; 

ɺʚʝʜʝʥʥʷ ʚʭ̔ʜʥʦʾ 
ʥ̔ʬʦʨʤʘʮʠʠ 

ʇʝʨʝʚ̔ʨʢʘ ʜʘʥʠʭ ʥʘ 

ʩʪʘʮʦ̔ʥʘʨʥʩ̔ʪʴ 

ʇʦʧʝʨʝʜʥʻ  
ʚʠʟʥʘʯʝʥʥʷ ʮʝʥʪʨʫ 
ʨʦʟʧʦʜʽʣʫ 

ɼʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʟ̔ 
ʚʠʭ̔ʜʥʠʭ ʜʘʥʠʭ ʟʛʽʜʥʦ  
ʟ ɻʆʉʊ 8.011-72 

ʋʪʦʯʥʝʥʥ ̫ 
ʦʙô̒ʤʫ ʚʠʙʽʨʢʠ 

ʆʪʨʠʤʘʥʥʷ 
ʨʝʟʫʣʴʪʘʪʚ̔ ʦʙʨʦʙʢʠ 

ʉʧʝʢʪʨʘʣʴʥʠʡ  

ʘʥʘʣʟ̔ 
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Å ʩʪʚʦʨʝʥʥ ̔ʘʨʭʽʚʫ ʧʨʦʪʦʢʦʣʽʚ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʤʽ-

ʨʶʚʘʥʴ ʽʟ ʟʙʝʨʽʛʘʥʥʷʤ ʡʦʛʦ ʥʘ ʞʦʨʩʪʢʦʤʫ ʜʠʩʢʫ ʇɽʆʄ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʝʨʚʠʥʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥ-

ʬʦʨʤʘʮʽʾ ZSUV ʨʦʟʨʦʙʣʝʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʜʦ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʟ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ: 

Å ʜʦʢʣʘʜʥʝ ʫʷʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟʛʽʜʥʦ ʟ ɻʆʉʊʦʤ 8.11-72; 

Å ʧʦʙʫʜʦʚʘ ʪʦʯʥʠʭ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʢʠʜʫ ʜʘʥʠʭ ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥ-

ʥʷ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ; 

Å ʚʠʷʚʣʝʥʥʷ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʠʭ, ʘʣʝ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʠʭ ʟʤʽʥ ʜʘʥʠʭ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʝʨʝʚʽʨʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽʧʦʪʝʟ; 

Å ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʟʘ ʟʤʽʥʦʶ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

1. ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘ ʟʤʽʥʦʶ ʬʦʨʤʠ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʠʙʽʨʢʠ ʦʜʠʥʠʯʥʠʭ 
ʚʠʤʽʨʶʚʘʥʴ; 

2. ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘ-

ʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʟʘ ʢʽʥʮʝʚʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ (ʯʘʩʫ ʤʦʥʽʪʦʨʠʥʛʫ). 

 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʭʠʣʫ ʎʃɿʉ 

 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ˇʨʫʥʪʽʚ ʎʃɿʉ ʽ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʫ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʅʉ ʨʷʜʫ 

ʟʩʫʚʽʚ ʎʃɿʉ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʛʝʦʜʝʟʠʯʥʽ ʪʘ ʽʥʞʝʥʝʨ-

ʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʎʅʊʇ çɯʥʞʟʘʭʠʩʪè, ʤ. ʗʣʪʠ ʧʨʦ ʙʫʜʦʚʫ ʎʃɿʉ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʨʷʜ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ ʎʃɿʉ. ʅʘ ʨʠʩ. 9. 

ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʘʤʠ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʝʨʝ-

ʨʽʟ ʎʃɿʉ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʃʽʚʘʜʽʡʩʴʢʠʡ ʧʘʣʘʮ . ɿ ʡʦʛʦ ʘʥʘʣʽʟʫ ʚʠʧʣʠʚʘʻ ʩʢʣʘʜ-

ʥʠʡ ʭʘʨʘʢʪʝʨ ʟʩʫʚʥʦʾ ʩʠʩʪʝʤʠ ʎʃɿʉ, ʷʢʘ ʚʢʣʶʯʘʻ ʙʝʟʣʽʯ ʦʢʨʝʤʠʭ ʟʩʫʚʽʚ, ʜʝʷʢʽ 

ʟ ʷʢʠʭ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʷʢ ʥʠʞʯʝʣʝʞʘʯʠʭ ʧʦ ʩʭʠʣʫ, ʪʘʢ ʽ ʥʠʞʯʝʣʝ-

ʞʘʯʠʭ ʧʦ ʚʝʨʪʠʢʘʣʽ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ. 

 

 
 

ʈʠʩ. 9 ï ɺʝʨʪʠʢʘʣʴʥʠʡ ʧʝʨʝʨʽʟ ʎʃɿʉ, ʱʦ ʚʢʣʶʯʘʻ ʃʽʚʘʜʽʡʩʴʢʠʡ ʧʘʣʘʮ.  

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʎʅʊʇ çɯʥʞʟʘʭʠʩʪè ʪʘʢʦʞ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ,  

ʱʦ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʎʃɿʉ ʚʝʨʪʠʢʘʣʴʥʘ ʪʦʚʱʠʥʘ ˇʨʫʥʪʫ,  

ʷʢʠʡ ʟʤʽʱʫʻʪʴʩʷ ʚʥʠʟ ʧʦ ʩʭʠʣʫ, ʜʦʩʷʛʘʻ 10ï15 ʤ 

 

ʏʦʨʥʝ 

ʤʦʨʝ 

ʃ̔ʚʘʜ̔ʡʩɹʢʠʡ 

ʧʘʣʘʮ 
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ɺʩʝ ʮʝ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʟʘʚʜʘʥʥʷ ʢʦʨʝʢʪʥʦʛʦ ʤʘʪʝʤʘʪʠ-

ʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʅɼʉ ʎʃɿʉ, ʟ ʽʥʰʦʛʦ ï ʩʪʠʤʫʣʶʻ ʢʨʘʡʥʶ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ, ʦʮʽʥʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʎʃɿʉ ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʠʭ 

ʩʧʨʦʱʝʥʠʭ ʤʦʜʝʣʝʡ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʾʾ ʣʽʪʦʜʠʥʘʤʽʢʠ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʩʠʪʫʘʮʽʾ ʧʨʠ ʟʤʽʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʩʫʚʥʠʭ ʤʘʩʠʚʽʚ ʎʃɿʉ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ʚʠʙʨʘʥʘ ʟʩʫʚʥʘ ʜʽʣʷʥʢʘ ʧʨʦʪʷʞʥʽ-

ʩʪʶ 140 ʤ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʥʠʞʯʝ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʫ, ʟʚʘʞʘʶʯʠ ʥʘ ʥʘʡʙʽʣʴ-

ʰʫ ʥʝʙʝʟʧʝʢʫ, ʷʢʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟʤʽʱʝʥʥʷ ˇʨʫʥʪʫ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʜʣʷ ʮʽʣʽʩʥʦ-

ʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʘʣʘʮʫ. ʅʘ ʮʽʡ ʜʽʣʷʥʮʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜʟʝʤʥʘ  

ʢʘʥʘʣʽʟʘʮʽʡʥʘ ʛʘʣʝʨʝʷ, ʷʢʘ ʙʫʣʘ çʧʝʨʝʨʽʟʘʥʘè ʟʩʫʚʥʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ çɿʘʭʽ-

ʜʥʦʛʦè ʟʩʫʚʫ (ʨʠʩ. 6). 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʟʩʫʚʥʦʛʦ ʩʭʠʣʫ ʧʦ ʧʝʨʰʽʡ 

ʛʨʫʧʽ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ ʚ ʧʨʦʛʨʘʤʽ LANDSLIP 7.0 ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʛʨʘʬʽʯʥʘ 

ʤʦʜʝʣʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʭʠʣʫ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 10. 

 

 
 
ʈʠʩ. 10 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʛʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʟʩʫʚʥʦʛʦ ʩʭʠʣʫ ʟ ʃʽʚʘʜʽʡʩʴʢʠʤ ʧʘʣʘʮʦʤ  

(ʤʦʜʝʣʴʦʚʘʥʠʤ ʧʨʠʛʨʫʟʦʤ ʫ ʚʝʨʭʥʽʡ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʤʦʜʝʣʽ) ʽ ˇʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ  

(ʩʠʥʷ ʣʽʥʽʷ) ʚ ʧʨʦʛʨʘʤʽ LANDSLIP 7.0 

 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʪʨʠ ʚʠʧʘʜʢʠ: 

ɺʘʨʽʘʥʪ 1. ɿʩʫʚʥʠʡ ʩʭʠʣ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʫ ʪʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

ɺʘʨʽʘʥʪ 2. ɿʩʫʚʥʠʡ ʩʭʠʣ ʟ ʃʽʚʘʜʽʡʩʴʢʠʤ ʧʘʣʘʮʦʤ ʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

ɺʘʨʽʘʥʪ 3. ɿʩʫʚʥʠʡ ʩʭʠʣ ʟ ʃʽʚʘʜʽʡʩʴʢʠʤ ʧʘʣʘʮʦʤ ʽ ˇʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ (ʨʠʩ. 10). 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʦʯʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʝʡ ʄʘʩʣʦ-

ʚʘ-ɹʝʨʝʨʘ ʽ ʐʘʭʫʥʷʥʮʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 1 ʽ 2. 

 

ʊʘʙʣʠʮʷ 1 ï ʂʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ ʟʩʫʚʥʦʛʦ ʩʭʠʣʫ, ʦʪʨʠʤʘʥʠʡ  

ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʄʘʩʣʦʚʘ-ɹʝʨʝʨʘ 

 
 

ʉʝʡʩʤʽʯʥʽʩʪʴ, ʙʘʣʽʚ 

ɺʘʨʽʘʥʪ 1 ɺʘʨʽʘʥʪ 2 ɺʘʨʽʘʥʪ 3 

8 ʙʘʣʽʚ 9 ʙʘʣʽʚ 8 ʙʘʣʽʚ 9 ʙʘʣʽʚ 8 ʙʘʣʽʚ 9 ʙʘʣʽʚ 

ʫʢ 1,20 1,03 1,30 1,1 0,87 0,77 
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ʊʘʙʣʠʮʷ 2 ï ʂʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ ʟʩʫʚʥʦʛʦ ʩʭʠʣʫ, ʦʪʨʠʤʘʥʠʡ  

ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʐʘʭʫʥʷʥʮʘ 

 
 

ʉʝʡʩʤʽʯʥʽʩʪʴ, ʙʘʣʽʚ 

ɺʘʨʽʘʥʪ 1 ɺʘʨʽʘʥʪ 2 ɺʘʨʽʘʥʪ 3 

8 ʙʘʣʽʚ 9 ʙʘʣʽʚ  8 ʙʘʣʽʚ 9 ʙʘʣʽʚ  8 ʙʘʣʽʚ 9 ʙʘʣʽʚ 

ʫʢ 1,22 1,04 1,32 1,13 0,86 0,76 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʗʢʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʝʧʶʨʠ ʟʩʫʚʥʦʛʦ ʪʠʩʢʫ ʽ ʢʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ ʥʝʟʥʘʯ-

ʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʚʘʨʽʘʥʪʘ 1 ʜʦ ʚʘʨʽʘʥʪʘ 2. ʎʝ ʟʫʤʦʚʣʝʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʝ-

ʣʠʢʦʶ ʧʨʦʪʷʞʥʽʩʪʶ ʩʭʠʣʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʧʦʣʦʛʠʤ ʭʘʨʘʢʪʝʨʦʤ.  

2. ˆʨʫʥʪʦʚʽ ʚʦʜʠ, ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʷʢʠʭ ʻ ʦʙʚʦʜʥʝʥʥʷ ʟʩʫʚʥʦʛʦ ʩʭʠʣʫ ʢʘ-

ʥʘʣʽʟʘʮʽʡʥʠʤʠ ʥʘʜʭʦʜʞʝʥʥʷʤʠ ʟ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʫ ʯʝʨʝʟ ʚʽʜʚʽʜʥʫ ʛʘʣʝʨʝʶ 

(ʨʠʩ. 6), ʤʘʶʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʷʢ ʜʣʷ ʧʘʣʘʮʫ, ʪʘʢ ʽ ʜʣʷ ʥʠʞʯʝ ʨʦʟ-

ʪʘʰʦʚʘʥʦʛʦ ʟʩʫʚʥʦʛʦ ʩʭʠʣʫ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʘ ʟʤʽʥʘ ʟʩʫʚʥʦʛʦ ʪʠʩʢʫ 

ʫʟʜʦʚʞ ʧʦ ʩʭʠʣʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʩʫʤʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʪʽʡ-

ʢʦʩʪʽ ʟʥʘʯʥʦ ʤʝʥʰʝ ʧʝʨʚʠʥʥʦʛʦ (~ ʥʘ 30%). ɿʩʫʚʥʽʡ ʩʭʠʣ ʟʽ ʩʪʽʡʢʦʛʦ ʧʝʨʝʪʚʦ-

ʨʶʻʪʴʩʷ ʥʘ ʥʝʩʪʽʡʢʠʡ. ʎʝʡ ʬʘʢʪ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʤʠ ʩʧʦʩʪʝʨʝ-

ʞʝʥʥʷʤʠ ʎʃɿʉ, ʟʩʫʚʥʽ ʟʨʫʰʝʥʥʷ ʷʢʦʾ ʢʦʨʝʣʶʶʪʴ ʟ ʘʢʪʠʚʥʦʶ ʝʢʩʧʣʫʘʪʘʮʽʻʶ 

ʚʦʜʦʣʽʢʘʨʝʥʴ ʩʘʥʘʪʦʨʽʾʚ çʃʽʚʘʜʽʷè ʽ çʇʨʠʢʦʨʜʦʥʥʠʢè, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʱʝ 

ʧʦ ʩʭʠʣʫ ʚʽʜ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʫ. 

3. ɿʤʽʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ ʎʃɿʉ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ 

ʬʘʢʪʦʨʦʤ ʾʾ ʘʢʪʠʚʽʟʘʮʽʾ ʪʘ ʽʥʽʮʽʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʘʮʽʾ ʽ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥ-

ʥʷ ʫ ʬʫʥʜʘʤʝʥʪʘʭ, ʧʽʜʣʦʟʽ ʽ ʩʪʽʥʘʭ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʫ. ʆʙʚʦʜʥʶʚʘʥʥʷ ˇʨʫʥ-

ʪʫ, ʟʙʽʣʴʰʝʥʥʷ ʩʝʡʩʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʪʘʙʣʠʮʴ 1 ʽ 2, ʤʦ-

ʞʫʪʴ ʨʘʜʠʢʘʣʴʥʦ ʟʤʽʥʠʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʫ ʢʘʨʪʠʥʫ ʟʩʫʚʥʦʛʦ ʩʭʠʣʫ, 

ʽʥʽʮʽʶʚʘʪʠ ʧʝʨʝʭʽʜ ʡʦʛʦ ʟʽ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ ʚ ʥʝʩʪʽʡʢʠʡ. ʇʨʠ ʮʴʦʤʫ ʤʠ ʥʝ ʧʨʦ-

ʚʦʜʠʣʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ˇʨʫʥʪʫ. ʗʢ ʚʽʜʦʤʦ ʟ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ, ʮʽ ʬʘʢʪʦʨʠ ʟʜʘʪʥʽ ʜʦʜʘ-

ʪʢʦʚʦ ʟʤʝʥʰʠʪʠ ʧʝʨʚʠʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ ʥʝ ʤʝʥʰ ʥʽʞ ʥʘ 10ï15%. 

 

ɺʠʩʥʦʚʢʠ 

 

1. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʚʩʽ ʝʣʝʤʝʥʪʘʨʥʽ ʟʩʫʚʠ ʎʃɿʉ ʥʝ ʪʽʣʴʢʠ ʙʫʣʠ ʘʢʪʠʚʥʠʤʠ,  

ʘ ʡ ʤʘʣʠ ʷʚʥʽ ʪʝʥʜʝʥʮʽʾ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʽ ʦʙôʻʜʥʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ. ʆʩʦʙʣʠʚʦ 

ʦʩʪʘʥʥʻ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʟʩʫʚʽʚ, ʱʦ ʨʝʘʣʴʥʦ ʟʘʛʨʦʞʫʶʪʴ ʧʘʣʘʮʫ ʟʘ ʨʘʭʫʥʦʢ ʬʦ-

ʨʤʫʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʨʽʱʠʥ ʨʦʟʪʷʛʘʥʥʷ ʰʠʨʠʥʦʶ 2ï5é50 ʤʤ, ʷʢ ʫ ʤʝ-

ʞʘʭ ʧʘʣʘʮʫ, ʩʚʽʪʩʴʢʦʛʦ ʢʦʨʧʫʩʫ, ʮʝʨʢʚʠ, ʪʘʢ ʽ ʥʠʞʯʝ ï ʥʘ ʧʽʰʦʭʽʜʥʠʭ ʜʦʨʽʞ-

ʢʘʭ. ʋ ʟʦʥʽ ʘʢʪʠʚʥʠʭ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ (çʉʭʽʜʥʠʡè ʟʩʫʚ (ʨʠʩ. 3)) ʦʧʠʥʠʣʠʩʷ 

ʜʚʽ ʥʠʪʢʠ ʜʽʶʯʦʛʦ ʢʘʥʘʣʽʟʘʮʽʡʥʦʛʦ ʢʦʣʝʢʪʦʨʘ. ʇʦ ʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʢʠʜʘʥʥʷ 

ʩʪʦʢʽʚ ʽʟ ʩʘʥʘʪʦʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʟʜʨʘʚʥʠʮʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟʘʭʽʜʥʽʰʝ ʃʽʚʘ-

ʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʩʘʥʘʪʦʨʽʾʚ çʃʽʚʘʜʽʷè, çɻʣʽʮʠʥʽʷè, 

çʅʠʞʥʷ ʆʨʝʘʥʜʘè, çʇʨʠʢʦʨʜʦʥʥʠʢè), ʚʢʣʶʯʘʶʯʠ ʩ. ʆʨʝʘʥʜʘ. ʌʘʢʪʠʯʥʦ ʤʽʩʴ-

ʢʠʡ ʢʘʥʘʣʽʟʘʮʽʡʥʠʡ ʢʦʣʝʢʪʦʨ ʚʽʜʯʫʚʘʻ ʟʩʫʚʥʠʡ ʪʠʩʢ ʟ ʨʝʘʣʴʥʦʶ ʟʘʛʨʦʟʦʶ 

ʧʨʦʨʠʚʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʩʪʦʢʘʤʠ ʙʫʜʝ ʟʘʙʨʫʜʥʝʥʘ ʚʩʷ ʪʝʨʠʪʦʨʽʷ ʃʽʚʘʜʽʡ-

ʩʴʢʦʛʦ ʧʘʨʢʫ ʽ ʘʢʚʘʪʦʨʽʷ ʏʦʨʥʦʛʦ ʤʦʨʷ, ʱʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʝʢʦʣʦʛʽʯʥʫ 

ʢʘʪʘʩʪʨʦʬʫ ʥʘ ʜʘʥʽʡ ʜʽʣʷʥʮʽ ʫʟʙʝʨʝʞʞʷ. 
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2. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚʠʷʚʣʝʥʘ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪ-

ʢʫ ʪʨʴʦʭ ʣʦʢʘʣʴʥʠʭ ʟʩʫʚʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʠʞʯʝ ʧʘʣʘʮʫ. ʇʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ 

ʧʘʣʘʮ ʽ ʧʨʠʣʝʛʣʘ ʟ ʧʽʚʜʝʥʥʦʛʦ ʩʭʦʜʫ ʪʝʨʠʪʦʨʽʷ ʯʝʨʝʟ 2ï4 ʨʦʢʠ ʦʧʠʥʷʪʴʩʷ  

ʚ ʟʦʥʽ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʘ ʚ 2016ï2018 ʨʨ. ï ʚ ʟʦʥʽ ʘʢʪʠʚʥʠʭ 

ʟʩʫʚʥʠʭ ʟʤʽʱʝʥʴ [17]. ʅʝ ʚʠʢʣʶʯʘʻʪʴʩʷ, ʱʦ ʝʬʝʢʪ ʧʽʜʪʦʧʣʝʥʥʷ ʃʽʚʘʜʽʡʩʴʢʦʛʦ 

ʧʘʣʘʮʫ ʽ ʡʦʛʦ ʪʝʨʠʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʧʨʦʛʨʝʩʫʶʯʝ ʨʫʡʥʫʚʘʥʥʷ ʙʝʨʝʛʦʫʢʨʽʧʣʝʥʴ 

ʤʦʞʫʪʴ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʟʩʫʚʥʠʡ ʧʨʦʮʝʩ. ʃʦʢʘʣʴʥʽ ʟʩʫʚʠ ʙʫʜʫʪʴ ʚʽʣʴʥʦ ʨʦʟ-

ʰʠʨʶʚʘʪʠʩʷ (ʧʨʦʛʨʝʩʠʚʥʦ ʽ ʨʝʛʨʝʩʠʚʥʦ) ʽ ʦʙôʻʜʥʫʚʘʪʠʩʷ ʚ ʧʨʦʩʪʦʨʽ, ʬʦʨʤʫʶ-

ʯʠ ʪʠʤ ʩʘʤʠʤ ʻʜʠʥʠʡ ʚʝʣʠʢʠʡ ʟʩʫʚ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʎʃɿʉ ʚ ʤʝʞʘʭ çʉʭʽʜʥʦ-

ʛʦè ʽ ʯʘʩʪʠʥʠ çɿʘʭʽʜʥʦʛʦè (ʨʠʩ. 3) ʟʩʫʚʽʚ ʚʞʝ ʚ 2016ï2018 ʨʨ. [17]. 

3. ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ, ʱʦ ʟʤʽʥʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ ʎʃɿʉ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʾʾ ʘʢʪʠʚʽʟʘ-

ʮʽʾ ʪʘ ʽʥʽʮʽʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʘʮʽʾ ʽ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ ʫ ʬʫʥʜʘʤʝʥʪʘʭ,  

ʧʽʜʣʦʟʽ ʽ ʩʪʽʥʘʭ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʫ. ʆʙʚʦʜʥʶʚʘʥʥʷ ˇʨʫʥʪʫ, ʟʙʽʣʴʰʝʥʥʷ ʩʝʡʩ-

ʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʪʘʙʣʠʮʴ 1 ʽ 2, ʤʦʞʫʪʴ ʨʘʜʠʢʘʣʴʥʦ ʟʤʽʥʠʪʠ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʫ ʢʘʨʪʠʥʫ ʟʩʫʚʥʦʛʦ ʩʭʠʣʫ, ʽʥʽʮʽʶʚʘʪʠ ʧʝʨʝʭʽʜ ʡʦʛʦ ʟʽ 

ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ ʚ ʥʝʩʪʽʡʢʠʡ. ʇʨʠ ʮʴʦʤʫ ʤʠ ʥʝ ʧʨʦʚʦʜʠʣʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ  

ʟʤʝʥʰʝʥʥʽ ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ˇʨʫʥʪʫ. ʗʢ 

ʚʽʜʦʤʦ ʟ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʢʠ, ʮʽ ʬʘʢʪʦʨʠ ʟʜʘʪʥʽ ʜʦʜʘʪʢʦʚʦ ʟʤʝʥʰʠʪʠ ʧʝʨʚʠʥʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ ʥʝ ʤʝʥʰ ʥʽʞ ʥʘ 10ï15%. 

4. ʅʝʦʙʭʽʜʥʦ ʚʞʠʪʠ ʪʝʨʤʽʥʦʚʠʭ ʟʘʭʦʜʽʚ ʤʽʩʮʝʚʠʤ ʽ ʮʝʥʪʨʘʣʴʥʠʤ ʦʨʛʘʥʘʤ ʚʣʘ-

ʜʠ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʘʢʪʠʚʽʟʘʮʽʾ ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʫʩʝʩʚʽʪʥʴʦ-ʚʽʜʦʤʦʛʦ ʧʘʤôʷʪʥʠʢʘ ʽʩʪʦʨʽʾ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ ï ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʫ ʽʤʧʝʨʘʪʦʨʘ ʄʠʢʦʣʠ ɯɯ. ʎʽ ʟʘʭʦʜʠ ʧʦʚʠʥʥʽ 

ʩʧʨʷʤʦʚʫʚʘʪʠʩʴ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʃʽʚʘʜʽʡʩʴʢʦʛʦ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʪʘ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʡʦʛʦ ʜʦ ʥʦʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʽ ʩʦʮʽʘʣʴʥʠʭ ʫʤʦʚ. 

5. ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʢʦʥʮʝʧʮʽʷ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ (Margottini ʉ. ʽ 

Vilimek ɺ. [18], Migon P. [19]) ʧʝʨʝʪʚʦʨʠʣʘʩʷ ʥʘ ʪʘʢʫ, ʱʦ ʦʭʦʧʣʶʻ ʨʦʟʫʤʽʥʥʷ 

ʽʩʪʦʨʽʾ ʣʶʜʩʪʚʘ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʥʘʫʢʦʚʠʤʠ ʟʥʘʥʥʷʤʠ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʚʽʜ-

ʥʦʩʠʥʘʤʠ. ʎʷ ʟʤʽʥʘ ʢʦʥʮʝʧʮʽʾ ʩʧʦʥʫʢʘʣʘ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʚʠ-

ʜʘʪʥʠʭ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ ʦʙ'ʻʢʪʽʚ ʚʩʝʩʚʽʪʥʴʦʾ ʩʧʘʜʱʠʥʠ ʪʘ ʨʦʟʨʦʙʢʠ 

ʩʠʩʪʝʤʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ ʚʩʝʦʩʷʞʥʠʭ ʦʧʝʨʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʚʪʽ-

ʣʝʥʥʷ ʚ ʞʠʪʪʷ ʂʦʥʚʝʥʮʽʾ ʧʨʦ ʦʭʦʨʦʥʫ ʚʩʝʩʚʽʪʥʴʦʾ ʩʧʘʜʱʠʥʠ ʖʅɽʉʂʆ [15]. 

ʊʘʢʝ ʩʚʽʪʦʨʦʟʫʤʽʥʥʷ ʨʦʟʰʠʨʠʣʦ ʜʽʘʧʘʟʦʥ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜ ʚʠʚʯʝʥʥʷ ʪʘ ʟʙʝʨʝ-

ʞʝʥʥʷ ʦʢʨʝʤʦʾ ʧʘʤ'ʷʪʢʠ ʢʫʣʴʪʫʨʠ ʽʟʦʣʴʦʚʘʥʦ ʚʽʜ ʜʦʚʢʽʣʣʷ ʜʦ ʙʘʛʘʪʦʚʠʤʽʨʥʦ-

ʛʦ, ʤʽʞʨʝʛʽʦʥʘʣʴʥʦʛʦ ʪʘ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʧʽʜʭʦʜʫ ʟʙʝʨʝʞʝʥʥʷ ʢʫʣʴʪʫʨʥʦʾ 

ʩʧʘʜʱʠʥʠ ʣʶʜʩʪʚʘ ʪʘ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ. 

 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 

 
1. Highland L., Bobrowsky P. The Landslide Handbook ï A Guide to Understanding Land-

slides: Reston, U.S. Geological Survey Circular, Virginia, 2008. ï 129 p. 

2. Lacasse S. 8th Terzaghi Oration Protecting society from landslides ï the role of the ge-

otechnical engineer // Proceedings of the 18th International Conference on Soil Mechanics 

and Geotechnical Engineering, Paris. 2013. ï P. 15ï34. 

3. ʋʯʝʥʳʝ: ʉʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʦ ʚʩʝʡ ʋʢʨʘʠʥʝ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://for-ua.com/ukraine /2011/03/23/085121.html 

4. Sassa K. Landslides: Risk analysis and sustainable disaster management. ï 2005 

[Online], http://www.ebook3000.com/Kyoji-Sassa-Landslides-Risk-Analysis-and-

Sustainable-Disaster-Management-147509.html. 



~ 19 ~ 
 

 ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 4(20), 2015 

 
  

5. Lollino, G. Engineering Geology for Society and Territory // IAEG XII Congress Vol-

umes Lollino, Giorgio (Ed.), 2014. ï 8643 p., 8 volume-set. 

6. Baum, R.L., Godt, J.P., Harp, E.L., McKenna, J.W. & McMullen, S.R. Early warning of 

landslides for rail traffic between Seattle and Everett, Washington, USA. In O. Hungr, 

R. Fell, R. Couture & E. Bernhard (eds), Landslide Risk Management // Proc. of the 2005 

International Conference on Landslide Risk Management: 731ï740. 

7. Mihalic S., Mihaliĺ A., Ģeljko A., Martin K. TXT-tool 2.385-1.2 A comprehensive land-

slide monitoring system: The Kostanjek landslide, Croatia 2013. 

https://scholar.google.fr/citations? view_op=view_citation&hl=ru&user=7eoSoYYAAAA 

J& citation_for_view=7 eoSoYYAAAAJ:D03iK_w7-QYC 

8. Karnawati D., Teuku F., Wahyu W., Syamsul M. TXT-tool 4.062-1.1 A Socio-Technical 

Approach for Landslide Mitigation and Risk Reduction 2013. http://iplhq.org/icl/wp-

content/uploads/2015/07/2-3-TXT-Tool-4.062-1.1-A-Socio-Technical-Approach-for-

Landslide-Mitigation-and-Risk-Reduction.pdf 

9. Reid M., LaHusen R. Real-time monitoring of active landsides along Highway 50, El 

Dorado County. California Geology 51 (3): 1998 ï P. 17ï20. 

10. ɽʨʳʰ ʀ. ʆ ʨʦʣʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʦʧʦʣʟʥʝʡ ʖʞʥʦʛʦ ʂʨʳʤʘ 

/ ʀ. ɽʨʳʰ, ɽ. ʂʫʣʠʰ // ɼʦʧʦʚʽʜʽ çɹʫʜʽʚʥʠʮʪʚʦ ʚ ʩʝʡʩʤʽʯʥʠʭ ʨʘʡʦʥʘʭ ʋʢʨʘʾʥʠè ï 

ʗʣʪʘ, ɼʝʨʞʢʦʤʙʫʜʽʚʥʠʮʪʚʘ ʋʢʨʘʾʥʠ. ï 1998. ï ʉ. 147ï151. 

11. ʐʝʢʦ ɸ. ɸʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʖʞʥʳʡ ʙʝʨʝʛ ʂʨʳʤʘ 

/ ɸ. ʐʝʢʦ, ʇ. ɼʚʦʨʮʦʚ, ʀ. ɽʨʳʰ ʠ ʜʨ. // ʇʨʦʛʥʦʟ ʵʢʟʦʛʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʥʘ ʏʝʨʥʦʤʦʨʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʉʉʉʈ / ʇʦʜ ʨʝʜ. ɸ.ʀ. ʐʝʢʦ ï ʄ.: ʅʝʜʨʘ. ï 1979 ï  

ʉ. 140ï146. 

12. ɸʥʦʩʦʚʘ ʃ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʦʧʦʣʟʥʝʚʳʭ ʦʪʣʦʞʝʥʠʡ / 

ʃ. ɸʥʦʩʦʚʘ, ʀ. ʂʦʨʦʙʘʥʦʚʘ, ɸ. ʂʦʧʳʣʦʚʘ. ï ʄ.: çʅʘʫʢʘè. ï 1976. ï 182 ʩ. 

13. Trofymchuk O., Kaliukh I., Hlebchuk H., Berchun V. Experimental and analytical stud-

ies of landslides in the south of Ukraine under the action of natural seismic impacts // 

Earthquake-Induced Landslides. Proceedings of the International Symposium on Earth-

quake-Induced Landslides, Kiryu, Japan, 2012. Springer-Verlag Berlin Heidelberg 2013. ï

ʈ. 883ï890. 

14. ʄʘʣʶʢ ʖ. ʈʘʟʚʠʪʠʝ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦ-

ʃʠʚʘʜʠʡʩʢʦʡ ʦʧʦʣʟʥʝʚʦʡ ʩʠʩʪʝʤʳ. ɿʘʱʠʪʘ ʠ ʩʦʭʨʘʥʝʥʠʝ ʃʠʚʘʜʠʡʩʢʦʛʦ ʜʚʦʨʮʦʚʦ-

ʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ / ʖ.ɸ. ʄʘʣʶʢ, ɺ.ʅ. ʉʘʣʦʤʘʪʠʥ // ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʪʝʭʥʦʛʝʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. ʉʙ. ʥʘʫʯ. ʪʨʫʜʦʚ. ï ʉʠʤʬʝʨʦʧʦʣʴ: ʅɸʇʂʉ,. ï 2006. ɺʳʧ. 13ï14. ï 

ʉ. 205ï212. 

15. Kaliukh I. Application of modern information technologies, mathematical methods and 

measure instruments for registration and forecasting evolution of the process in the danger-

ous areas (in Russian). ï Kiev: Society çKnowledgeè. 1999. ï 64 p. 

16. ʂʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ çʇʨʦʛʨʘʤʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʭʠʣʽʚ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ: ʧʽʜʪʦʧʣʝʥ-

ʥʷ, ʟʝʤʣʝʪʨʫʩʽʚ ʪʘ ʽʥʞʝʥʝʨʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʝʨʠʪʦʨʽʡ (LANDSLIP07)è / ɻʣʝʙʯʫʢ ɻ.ʉ., 

ʊʨʦʬʠʤʯʫʢ ʆ.ʄ., ʂʘʣʶʭ ʖ.ɯ. // ʉʚʽʜ-ʚʦ ʧʨʦ ʨʝʻʩʪʨ. ʘʚʪ. ʧʨʘʚʘ ʥʘ ʪʚʽʨ ˉ26501. ɼʘʪʘ 

ʨʝʻʩʪʨʘʮʽʾ 18.11.2008. ï ʂʠʾʚ: ɼʝʨʞ. ʜʝʧʘʨʪ. ʽʥʪʝʣʝʢʪ. ʚʣʘʩʥʦʩʪʽ, 2008. ʆʬʽʮ. ʙʶʣʝʪʝʥʴ 

çɸʚʪʦʨʩʴʢʝ ʧʨʘʚʦ ʽ ʩʫʤʽʞʥʽ ʧʨʘʚʘè, ˉ 17, 2008. ï ʉ. 334ï335. 

17. Trofymchuk O. IPL-153 Project çLandslide protection structures and their development 

in the Autonomous Republic of the Crimea, Ukraineè 2011ï2014. 

18. Margotini C, Vilimek V The ICL Network on çLandslides and Cultural & Natural Her-

itage (LACUNHEN)è // Landslides 11, 2014. ï ISSN:1612-510X: 934ï938. 

19. Migon P Cultural heritage and natural hazards // In: Bobrovsky (ed) Encyclopedia of 

natural hazards. Springer Science + Business media, Dordrecht, 2013. 

20. The World Heritage Convention, 1972. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://whc.unesco.org/en/convention 

 

ʉʪʘʪʪʷ ʥʘʜʽʡʰʣʘ ʜʦ ʨʝʜʘʢʮʽʾ 03.09.2015  



~ 20 ~ 
 

 ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 4(20), 2015 

 
  

ʋɼʂ 504.064.2 

 

ʊ.ɯ. ʂʈʀɺʆʄɸɿ, ɯ.ʄ. ɸʅɼʈʋʉʀʐʀʅɸ  

 

ʇɽʈʐʀʁ ɸʅɸʃɯɿ ɺʄɯʉʊʋ ɺɸɾʂʀʍ ʄɽʊɸʃɯɺ  

ʊɸ ɯʅʐʀʍ ɽʃɽʄɽʅʊɯɺ ɺ ʇʃʆɼʆɺʀʍ ʊɯʃɸʍ ʅɯɺɸʃʔʅʀʍ  

ʄɯʂʉʆʄɯʎɽʊɯɺ ʂɸʈʇɸʊ 

 
ɸʥʦʪʘʮʽʷ. ɺʧʝʨʰʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʤʽʩʪ 12 ʝʣʝʤʝʥʪʽʚ (Al, Ca, Cd, Cr, Cu, 

Fe, Mg, Mn, Ni, Pb, Si ʪʘ Zn) ʚ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ 10 ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ, ʟʽʙ-

ʨʘʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʂʘʨʧʘʪ: Diderma globosum, D. meyerae, D. niveum, 

Didymium dubium, Lamproderma splendens, L. ovoideoechinulatum, L. Spinulo-

sporum, Meriderma echinulatum, Physarum albescens ʽ Ph. alpestre, ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʽʢʩʦʤʽʮʝʪʽʚ. ɺʠʩʦʢʠʡ 

ʚʤʽʩʪ ʉʘ (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 5,37%) ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʚʩʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʚʠʜʠ ʤʽʢʩʦʤʽʮʝʪʽʚ ʥʘʣʝʞʘʪʴ ʜʦ ʧʦʨʷʜʢʫ Physarales, ʜʣʷ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʷʢʦʛʦ 

ʥʘʷʚʥʽʩʪʴ ʚʘʧʥʘ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʘʭ ʧʣʦʜʦʚʠʭ ʪʽʣ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ 

ʦʟʥʘʢ. ɺʠʷʚʣʝʥʘ ʟʜʘʪʥʽʩʪʴ ʤʽʢʩʦʤʽʮʝʪʽʚ ʥʘʢʦʧʠʯʫʚʘʪʠ Mn, ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ 

ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 0,23%, ʘ ʥʘʡʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʫ Diderma 

meyerae ï 0,97%. ʂʦʣʽʨ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʤʽʢʩʦʤʽʮʝʪʽʚ ʤʦʞʝ ʙʫʪʠ 

ʥʘʩʣʽʜʢʦʤ ʩʫʤʽʰʽ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʧʽʛʤʝʥʪʽʚ: ʙʽʣʝ ʟʘʙʘʨʚʣʝʥʥʷ ʚʠʜʽʚ ʨʦʜʫ 

Diderma ʪʘ Didymium ʦʙʫʤʦʚʣʝʥʝ ʚʘʧʥʷʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ; ʞʦʚʪʫʚʘʪʽ ʚʽʜ-

ʪʽʥʢʠ Physarum albescens ʽ Ph. alpestre ʟʤʽʥʶʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ 

ʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʽ; ʪʝʤʥʠʡ ʙʣʠʩʢʫʯʠʡ ʧʝʨʠʜʽʡ ʟ ʨʘʡʜʫʞʥʠʤ ʚʽʜʣʠʚʦʤ ʚʠʜʽʚ 

ʨʦʜʽʚ Lamproderma ʪʘ Meriderma ʤʦʞʣʠʚʦ ʫʪʚʦʨʝʥʠʡ ʩʫʤʽʰʰʶ ʨʽʟʥʦʤʘʥʽʪ-

ʥʠʭ ʩʧʦʣʫʢ, ʱʦ ʤʽʩʪʷʪʴ Al, Cd, Cr, Cu, Fe, Mg, Mn, Ni, Si. ʉʧʨʦʤʦʞʥʽʩʪʴ  

ʤʽʢʩʦʤʽʮʝʪʽʚ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʝʚʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʜʣʷ ʙʽʦʽʥʜʠʢʘʮʽʾ ʪʘ ʙʽʦʨʝʤʝʜʽʘʮʽʾ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ, ʚʘʞʢʽ ʤʝʪʘʣʠ, ʤʽʢʩʦʤʽʮʝʪʠ, ʧʘʩʧʦʨʪʠ-

ʟʘʮʽʷ. 

 

ɺʩʪʫʧ 

 

ʆʮʽʥʢʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʽʛʨʘʻ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʩʠʩʪʝʤʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘ-

ʣʽʟʫ ʚʧʣʠʚʫ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʥʘ ʝʢʦʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʟʜʘʪʥʽʩʪʴ 

ʞʠʚʠʭ ʦʙôʻʢʪʽʚ ʥʘʢʦʧʠʯʫʚʘʪʠ ʧʝʚʥʽ ʝʣʝʤʝʥʪʠ. ɾʠʚʽ ʦʨʛʘʥʽʟʤʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘ-

ʞʣʠʚʫ ʨʦʣʴ ʚ ʧʝʨʝʨʦʟʧʦʜʽʣʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʞ ʦʢʨʝʤʠʤʠ ʙʣʦʢʘʤʠ ʙʽʦ-

ʩʬʝʨʠ ʪʘ ʚ ʛʝʦʭʽʤʽʯʥʽʡ ʨʝʛʫʣʷʮʽʾ ʤʘʩʦʧʦʪʦʢʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ [1]. ɹʽʦʪʘ ʬʦʨ-

ʤʫʻ ʪʘ ʢʦʥʪʨʦʣʶʻ ʚ ʙʽʦʩʬʝʨʽ ʧʦʪʦʢʠ ʨʝʯʦʚʠʥʠ ʪʘ ʝʥʝʨʛʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘ-

ʣʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [2]. ʇʨʠ ʮʴʦʤʫ ʧʦʧʫʣʷʮʽʾ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʠʭ ʪʨʦʬʽʯʥʠʭ ʨʽʚʥʽʚ ʙʝʨʫʪʴ ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʚ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʝʨʝ-

ʜʦʚʠʱʘ, ʚʠʩʪʫʧʘʶʯʠ ʷʢ ʚ ʨʦʣʽ ʩʚʦʻʨʽʜʥʠʭ ʛʝʦʭʽʤʽʯʥʠʭ ʙʘʨôʻʨʽʚ, ʪʘʢ ʽ ʚ ʷʢʦʩʪʽ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʪʨʦʬʽʯʥʠʭ ʣʘʥʮʶʛʘʭ ʝʢʦʩʠʩʪʝʤ [3].  

ɺʘʞʢʽ ʤʝʪʘʣʠ ʥʘʜʭʦʜʷʪʴ ʚ ˇʨʫʥʪ ʪʘ ʣʽʩʦʚʫ ʧʽʜʩʪʠʣʢʫ ʚʥʘʩʣʽʜʦʢ ʘʥʪʨʦʧʦ-

ʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʚʠʚʽʪʨʶʚʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʧʦʨʽʜ [4]. ɿʘ ʨʽ-

ʚʥʝʤ ʪʦʢʩʠʯʥʦʩʪʽ ʚʘʞʢʽ ʤʝʪʘʣʠ ʨʦʟʧʦʜʽʣʷʶʪʴ ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ: ʚʠʩʦʢʦʪʦʢʩʠʯ-

ʥʽ (As, Cd, Hg, Se, Pb, Zn), ʧʦʤʽʨʥʦʪʦʢʩʠʯʥʽ (Co, Ni, Mo, Cu, Cr, Sb), ʥʠʟʴʢʦ-

ʪʦʢʩʠʯʥʽ (Ba, V, W, Mn, Sr) ʪʘ ʪʽ, ʪʦʢʩʠʯʥʽʩʪʴ ʷʢʠʭ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʟʥʘʯʝʥʦʶ 

(Ge, Sn, Ce, La, Bi, Y, Rb, Cs ʪʘ ʽʥʰʽ). ɺʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʥʘʢʦʧʠʯʝʥʥʷ  
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ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ ʻ ʚʤʽʩʪ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʚʽʜʜʘʣʝʥʽʩʪʴ ʚʽʜ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʠʜʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ, ʘ ʪʘʢʦʞ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʬʽʟʽʦʣʦʛʽʯʥʘ ʨʦʣʴ ʤʝʪʘʣʽʚ  

ʚ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʙʽʦʩʠʩʪʝʤ. ʆʩʥʦʚʥʽ ʨʝʘʢʮʽʾ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, 

ʧʦʚôʷʟʘʥʽ ʟ ʪʦʢʩʠʯʥʦʶ ʜʽʻʶ ʥʘʜʣʠʰʢʫ ʝʣʝʤʝʥʪʽʚ, ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: ʟʤʽʥʘ ʧʨʦʥʠʢʥʦʩʪʽ ʢʣʽʪʠʥʥʦʾ ʤʝʤʙʨʘʥʠ (Au, Ag, Cd, Cu, F, Hg, I, Pb); 

ʢʦʥʢʫʨʝʥʮʽʷ ʟʘ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʽ ʤʝʪʘʙʦʣʽʪʠ (As, Sb, ʊʝ, W, F); ʧʽʜʚʠʱʝʥʘ 

ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʟ ʬʦʩʬʘʪʥʠʤʠ ʛʨʫʧʘʤʠ ʪʘ ʘʢʪʠʚʥʠʤʠ ʮʝʥʪʨʘʤʠ ɸʊʌ ʽ ɸɼʌ  

(Al, Zr ʪʘ ʙʽʣʴʰʽʩʪʴ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ); ʟʘʤʽʱʝʥʥʷ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ ʽʦʥʽʚ  

(Cr, Li, Pb, Sr); ʟʘʭʦʧʣʝʥʥʷ ʚ ʤʦʣʝʢʫʣʘʭ ʧʦʟʠʮʽʡ, ʟʘʡʥʷʪʠʭ ʚʘʞʣʠʚʠʤʠ ʬʫʥʢ-

ʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ [1]. 

ʇʝʚʥʽ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ ʟʜʘʪʥʽ ʥʘʢʦʧʠʯʫʚʘʪʠ ʚʘʞʢʽ ʤʝʪʘʣʠ ʪʘ ʽʥʰʽ ʪʦʢʩʠʯʥʽ 

ʝʣʝʤʝʥʪʠ ʫ ʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ. ʅʘʧʨʠʢʣʘʜ, ʚ ʧʣʘʟʤʦʜʽʾ ʤʽʢʩʦʤʽʮʝʪʘ 

Fuligo septica ʙʽʦʤʘʩʦʶ ʚʽʜ 305 ʜʦ 968 ʤʛ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʠʥʢʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 

840 ʜʦ 2300 ʤʛ/ʢʛ ʩʫʭʦ ʾʚʘʛʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʣʽʩʦʚʘ ʧʽʜʩʪʠʣʢʘ, ʥʘ ʷʢʽʡ ʙʫʣʦ ʚʠʷʚ-

ʣʝʥʦ ʮʝʡ ʚʠʜ, ʤʽʩʪʠʣʘ ʚʩʴʦʛʦ 2,5ï13 ʤʛ/ʢʛ Zn [5]. ʋʥʽʢʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

F. septica ʜʦ ʛʽʧʝʨʘʢʫʤʫʣʷʮʽʾ Zn ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚ ʧʣʘʟʤʦʜʽʾ ʪʘ ʝʪʘʣʽʷʭ 

ʮʴʦʛʦ ʩʣʠʟʦʚʠʢʘ ʞʦʚʪʦʛʦ ʧʽʛʤʝʥʪʫ ʬʫʣʽʛʦʨʫʙʽʥʫ ɸ, ʷʢʠʡ ʫʪʚʦʨʶʻ ʟ ʤʝʪʘʣʘʤʠ 

ʭʝʣʘʪʠ, ʢʦʥʚʝʨʪʫʶʯʠ ʪʦʢʩʠʯʥʽ ʝʣʝʤʝʥʪʠ ʚ ʥʝʘʢʪʠʚʥʫ ʬʦʨʤʫ [6]. ʄʽʢʩʦʤʽʮʝʪʠ 

(ʩʣʠʟʦʚʠʢʠ, Myxomycetes) ï ʮʝ ʛʨʠʙʦʧʦʜʽʙʥʽ ʧʨʦʪʠʩʪʠ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ 

ʦʟʥʘʢʠ ʛʨʠʙʽʚ ʪʘ ʪʚʘʨʠʥ. ʅʘ ʚʝʛʝʪʘʪʠʚʥʽʡ ʩʪʘʜʽʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʱʦ ʧʨʝʜʩʪʘ-

ʚʣʝʥʘ ʧʣʘʟʤʦʜʽʻʤ, ʚʦʥʠ ʟʜʘʪʥʽ ʘʢʪʠʚʥʦ ʧʝʨʝʩʫʚʘʪʠʩʴ ʫ ˇʨʫʥʪʽ ʘʙʦ ʚʩʝʨʝʜʠʥʽ 

ʜʝʪʨʠʪʥʠʭ ʩʫʙʩʪʨʘʪʽʚ, ʞʠʚʣʷʯʠʩʴ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʦʨʛʘʥʽʯ-

ʥʠʤʠ ʨʝʰʪʢʘʤʠ. ɺ ʣʽʩʦʚʽʡ ʧʽʜʩʪʠʣʮʽ ʪʘ ˇʨʫʥʪʽ ʩʣʠʟʦʚʠʢʠ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ  

ʙʽʦʢʦʥʮʝʥʪʨʘʪʦʨʽʚ, ʱʦ ʟʜʘʪʥʽ ʥʘʢʦʧʠʯʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʪʘ ʩʧʦʣʫʢʠ ʚ ʢʦʥʮʝʥ-

ʪʨʘʮʽʷʭ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʾʭ ʚʤʽʩʪ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [7]. ʅʘ ʛʝʥʝ-

ʨʘʪʠʚʥʽʡ ʩʪʘʜʽʾ ʤʽʢʩʦʤʽʮʝʪʠ ʫʪʚʦʨʶʶʪʴ ʧʣʦʜʦʚʽ ʪʽʣʘ (ʩʧʦʨʦʬʦʨʠ) ʥʘ ʚʽʜʤʝʨ-

ʣʽʡ ʜʝʨʝʚʠʥʽ, ʣʠʩʪʦʚʦʤʫ ʦʧʘʜʽ ʪʘ ʽʥʰʠʭ ʩʫʙʩʪʨʘʪʘʭ. ʉʝʨʝʜ ʤʽʢʩʦʤʽʮʝʪʽʚ ʻ  

ʦʩʦʙʣʠʚʘ ʝʢʦʣʦʛʽʯʥʘ ʛʨʫʧʘ ʥʽʚʘʣʴʥʠʭ ʚʠʜʽʚ, ʱʦ ʧʦʰʠʨʝʥʽ ʚ ʘʣʴʧʽʡʩʴʢʽʡ, ʩʫʙ-

ʘʣʴʧʽʡʩʴʢʽʡ ʪʘ ʘʨʢʪʠʯʥʽʡ ʟʦʥʘʭ ʥʘ ʚʽʜʢʨʠʪʠʭ ʛʽʨʩʴʢʠʭ ʩʭʠʣʘʭ ʟ ʽʥʪʝʥʩʠʚʥʦʶ 

ʽʥʩʦʣʷʮʽʻʶ. ʋ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʾʭ ʩʧʦʨʠ ʪʘ ʩʢʣʝʨʦʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʪʦʨʽʰʥʽʭ 

ʨʦʩʣʠʥʥʠʭ ʟʘʣʠʰʢʘʭ ʧʽʜ ʩʥʽʛʦʤ, ʜʝ ʬʦʨʤʫʻʪʴʩʷ ʧʝʚʥʠʡ ʤʽʢʨʦʢʣʽʤʘʪ. ʋ ʚʝʩʥʷ-

ʥʠʡ ʧʝʨʽʦʜ, ʢʦʣʠ ʩʥʽʛ ʧʦʯʠʥʘʻ ʪʘʥʫʪʠ, ʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʪʘʣʦʾ ʚʦʜʠ ʧʽʜʪʨʠ-

ʤʫʻ ʩʫʙʩʪʨʘʪ ʫ ʚʦʣʦʛʦʤʫ ʩʪʘʥʽ ʧʨʦʪʷʛʦʤ ʜʚʦʭ-ʪʨʴʦʭ ʪʠʞʥʽʚ. ɺʽʜʥʦʩʥʦ ʚʠʩʦʢʽ 

ʜʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʠʤʫʣʶʶʪʴ ʨʽʩʪ ʧʣʘʟʤʦʜʽʾʚ, ʘ ʥʽʯʥʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫ-

ʨʠ ʽʥʜʫʢʫʻ ʬʦʨʤʫʚʘʥʥʷ ʩʧʦʨʘʥʛʽʾʚ [8]. ʂʦʣʠ ʧʣʘʟʤʦʜʽʡ ʥʘʙʫʚʘʻ ʜʦʩʪʘʪʥʽʭ ʨʦ-

ʟʤʽʨʽʚ, ʚʽʥ ʧʝʨʝʩʫʚʘʻʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʢʨʘʶ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʽ ʚʦʜʥʦʯʘʩ ʢʨʘʡ 

ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʪʘʥʫʯʠ, ʚʠʚʽʣʴʥʶʻ ʧʣʘʟʤʦʜʽʡ ʧʽʜ ʜʽʻʶ ʧʨʷʤʠʭ ʩʦʥʷʯʥʠʭ 

ʧʨʦʤʝʥʽʚ. ʋ ʮʝʡ ʧʝʨʽʦʜ ʥʘ ʞʠʚʠʭ ʪʘ ʚʽʜʤʝʨʣʠʭ ʯʘʩʪʠʥʘʭ ʨʦʩʣʠʥ ʧʦʨʫʯ ʟʽ ʩʥʽ-

ʛʦʤ, ʱʦ ʪʘʥʝ, ʧʦʯʠʥʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʩʧʦʨʦʬʦʨʽʚ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ. 

ʅʽʚʘʣʴʥʽ ʤʽʢʩʦʤʽʮʝʪʠ ʧʨʠʩʪʦʩʫʚʘʣʠʩʴ ʜʦ ʚʠʞʠʚʘʥʥʷ ʫ ʚʠʩʦʢʦʛʽʨʥʠʭ ʤʽʩʮʝʚʦʩ-

ʪʷʭ ʚ ʫʤʦʚʘʭ ʨʽʟʢʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʦʥʷʯʥʦʾ ʽʥʩʦʣʷʮʽʾ. ʅʘʚʽʪʴ ʩʝʨʝʜ  

ʤʽʢʩʦʤʽʮʝʪʽʚ, ʱʦ ʧʦʰʠʨʝʥʽ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʽʦʪʦʧʘʭ ʚʩʽʭ ʨʝʛʽʦʥʽʚ ʩʚʽʪʫ, ʮʷ 

ʝʢʦʣʦʛʽʯʥʘ ʛʨʫʧʘ ʟʘʡʤʘʻ ʦʩʦʙʣʠʚʝ ʧʦʣʦʞʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ 

ʩʢʣʘʜʫ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʜʦʧʦʤʦʞʝ ʟôʷʩʫʚʘʪʠ ʤʝʭʘʥʽʟʤʠ ʾʭ ʧʨʠʩʪʦʩʫ-

ʚʘʥʥʷ ʜʦ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚ ʪʘ ʰʣʷʭʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ  

ʚ ʪʨʦʬʽʯʥʠʭ ʣʘʥʮʶʛʘʭ ʝʢʦʩʠʩʪʝʤ. ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʢʣʘʜʦʤ ʚ ʢʦʤʧʣʝʢʩʥʠʡ 

ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʥʘ ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ ʪʘ ʦʮʽʥʢʫ ʥʘʢʦʧʠʯʝʥʥʷ ʚʘʞ-

ʢʠʭ ʤʝʪʘʣʽʚ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʩʠʩʪʝʤʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 
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ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʨʦʣʽ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʫ ʧʝʨʝʨʦʟʧʦʜʽ-

ʣʽ ʧʝʚʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 

  

ʄʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ 10 ʚʠʜʽʚ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ, ʟʽʙʨʘʥʽ ʥʘ 

ʤʝʞʽ ʩʥʽʛʫ, ʷʢʠʡ ʱʦʡʥʦ ʨʦʟʪʘʥʫʚ, ʫ ʪʨʘʚʥʽ 2005 ʨ. ʥʘ ʥʘʩʪʫʧʥʠʭ ʪʝʨʠʪʦʨʽʷʭ:  

1) ʛ. ɻʦʚʝʨʣʘ ʥʘ ʚʠʩʦʪʽ 1235 ʤ, 1350 ʤ ʪʘ 1382 ʤ ʚ ɻʦʚʝʨʣʷʥʩʴʢʦʤʫ ʣʽʩʥʠʮʪʚʽ 

ʏʦʨʥʦʛʦʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʂʘʨʧʘʪʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ, ʨʦʟ-

ʪʘʰʦʚʘʥʦʛʦ ʚ ʗʨʝʤʯʘʥʩʴʢʦʤʫ ʨʘʡʦʥʽ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣ.; 2) ʢʦʤʧʣʝʢʩ 

ɼʨʘʛʦʙʨʘʪ ʥʘ ʚʠʩʦʪʽ 1240 ʤ ʪʘ 1275 ʤ ʫ ʉʚʠʜʦʚʝʮʴʢʦʤʫ ʤʘʩʠʚʽ ʂʘʨʧʘʪʩʴʢʦʛʦ 

ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʈʘʭʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ɿʘʢʘʨʧʘʪʩʴʢʦʾ 

ʦʙʣ.; 3) ʛ. ɻʠʤʙʘ ʥʘ ʚʠʩʦʪʽ 1025 ʤ ʪʘ 1155 ʤ ʚ ʦʢʦʣʠʮʷʭ ʩ. ʇʠʣʠʧʝʮʴ ɺʦʣʦʚʝ-

ʮʴʢʦʛʦ ʨʘʡʦʥʫ ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʦʙʣ.; 4) ʛ. ʆʟʽʨʥʘ ʥʘ ʚʠʩʦʪʽ 1397 ʤ, ʱʦ ʨʦʟʪʘʰʦ-

ʚʘʥʘ ʚ ʤʘʩʠʚʽ ɻʦʨʛʘʥʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ çʉʠʥʝʚʠʨè ʫ ʄʽʞʛʽʨ-

ʩʴʢʦʤʫ ʨʘʡʦʥʽ ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʦʙʣ. 

ɼʣʷ ʚʠʜʦʚʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʨʘʟʢʽʚ ʤʽʢʩʦʤʽʮʝʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚʠʟʥʘ-

ʯʥʠʢ çLes Myxomyc¯tesè [9]. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʽ ʣʘʙʦʨʘʪʦʨʽʾ 

ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʬʘʢʫʣʴʪʝʪʫ ʽʥʞʝʥʝʨ-

ʥʠʭ ʩʠʩʪʝʤ ʪʘ ʝʢʦʣʦʛʽʾ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʘʨʭʽʪʝʢʪʫʨʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʚ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ ʤʽʢʩʦʤʽʮʝʪʽʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʪʦʢʩʠʯʥʠʭ ʩʧʦʣʫʢ 

ɼʋ çɯʥʩʪʠʪʫʪ ʤʝʜʠʮʠʥʠ ʧʨʘʮʽ ʅɸʄʅ ʋʢʨʘʾʥʠè, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʪʦʤ-

ʥʦ-ʝʤʽʩʽʡʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʟ ʽʥʜʫʢʪʠʚʥʦʾ-ʟʚôʷʟʘʥʦʶ ʧʣʘʟʤʦʶ (ɸɽʉ-ɯɿʇ). ʇʽʜ-

ʛʦʪʦʚʢʘ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʟʛʽʜʥʦ ʽʟ ʩʫʯʘʩʥʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ 

[10], ʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠʣʘʜʦʤ Optima 210 DV ʬʽʨʤʠ Perkin 

Elmer (ʉʐɸ) [11]. ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʙʠ ʙʨʘʣʠ 0,1 ʛ ʟʨʘʟʢʘ, ʜʦʜʘʚʘʣʠ 2,0 ʤʣ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ HNO3 (ʄerck), ʘ ʧʽʩʣʷ ʧʝʚʥʦʛʦ ʯʘʩʫ ʧʽʜʜʘʚʘʣʠ ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

ʟʘʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʧʝʯʽ MWS-2 ʬʽʨʤʠ Berghof. ʆʪʨʠʤʘʥʠʡ 

ʧʨʦʟʦʨʠʡ ʤʽʥʝʨʘʣʽʟʘʪ ʨʦʟʯʠʥʷʣʠ ʚ ʜʝʽʦʥʽʟʦʚʘʥʽʡ ʚʦʜʽ (18Ý) ʜʦ ʦʙôʻʤʫ 10 ʤʣ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʦʜʦʤ ɸɽʉ-ɯɿʇ. Optima 2100 DV ʧʨʝʜʩʪʘʚʣʷʻ ʩʦ-

ʙʦʶ ʦʧʪʠʯʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʪʚʝʨʜʦʪʽʣʴʥʠʤ ʜʝʪʝʢʪʦʨʦʤ 

ʟ ʽʥʜʫʢʪʠʚʥʦ-ʟʚôʷʟʘʥʦʶ ʧʣʘʟʤʦʶ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʟʙʫʜʞʝʥʥʷ. ʋ ʩʧʝʢʪʨʦʤʝʪʨʽ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʘ ʢʦʨʝʢʮʽʷ ʬʦʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʤʫʣʴʪʠ-

ʩʧʝʢʪʨʘʣʴʥʦʾ ʬʽʣʴʪʨʘʮʽʾ (MSF ʽ IEC). ʂʝʨʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʨʦʙʦʪʠ ʩʧʝʢʪʨʦ-

ʤʝʪʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ WinLab32 ʚ ʦʧʝʨʘʮʽʡʥʽʡ ʩʠʩ-

ʪʝʤʽ Windows XP prof. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʤʘʪʝʤʘʪʠʯʥʦ ʦʙʨʦʙʣʶʶʪʴʩʷ ʧʨʠʣʘʜʦʤ  

ʽ ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʤʦʥʽʪʦʨ ʚ ʧʦʪʨʽʙʥʦʤʫ ʬʦʨʤʘʪʽ [12]. 

 

ʈʝʟʫʣʴʪʘʪʠ 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʂʘʨʧʘʪʘʭ ʙʫʣʦ 

ʚʽʜʽʙʨʘʥʦ 10 ʚʠʜʽʚ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ: Diderma globosum Pers.; 

D. meyerae H. Singer, G. Moreno, Illana & A. S§nchez; D. niveum (Rostaf.) 

E. Sheld.; Didymium dubium Rostaf.; Lamproderma splendens Meyl.; 

L. ovoideoechinulatum Mar. Mey. & Poulain; L. Spinulosporum Mar. Mey., 

Nowotny & Poulain; Meriderma echinulatum (Meyl.) Mar. Mey. & Poulain; 
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Physarum albescens Ellis ex T. Macbr.; Ph. Alpestre Mitchel, S.W. Chapm. & 

M.L. Farr. ɺʠʜʠ ʚʢʣʶʯʘʶʪʴ 5 ʨʦʜʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʨʦʜʠʥʠ Physaraceae, ʧʦ-

ʨʷʜʢʫ Physarales, ʢʣʘʩʫ Myxomycetes ʥʘʜʮʘʨʩʪʚʘ Amoebozoa. ʅʽʚʘʣʴʥʽ ʤʽʢʩʦ-

ʤʽʮʝʪʠ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘ ʚʤʽʩʪ 12 ʝʣʝʤʝʥʪʽʚ: Al, Ca, Cd, Cr, Cu, Fe, Mg, 

Mn, Ni, Pb, Si ʪʘ Zn. ɹʽʣʴʰʽʩʪʴ ʚʠʷʚʣʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʘʤʠ ʥʘʣʝʞʘʪʴ ʜʦ ʤʝʪʘʣʽʚ: ʣʫʞʥʦ-ʟʝʤʝʣʴʥʠʭ (Ca), ʣʝʛʢʠʭ (Al, Mg, Pb) ʪʘ 

ʧʝʨʝʭʽʜʥʠʭ (Cu, Fe, Ni, Zn). ɿ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ ʢʘʪʝʛʦʨʽʾ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʚʽʜʥʦʩʷʪʴ Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn, ʘ ʝʣʝʤʝʥʪʠ Cd ʪʘ Pb ʚʚʘʞʘ-

ʶʪʴʩʷ ʪʦʢʩʠʯʥʠʤʠ.  

ɿʘ ʢʽʣʴʢʽʩʥʠʤ ʚʤʽʩʪʦʤ ʚ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʚʩʽ ʝʣʝʤʝʥʪʠ ʨʦʟʧʦ-

ʜʽʣʠʣʠʩʷ ʥʘ 5 ʦʩʥʦʚʥʠʭ ʛʨʫʧ. ʇʝʨʰʘ ʛʨʫʧʘ ʫʪʚʦʨʝʥʘ ʪʽʣʴʢʠ ʦʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ï 

Ca, ʩʢʣʘʜʦʚʘ ʯʘʩʪʢʘ ʷʢʦʛʦ ʟʥʘʯʥʦ ʚʠʧʝʨʝʜʞʘʻ ʚʤʽʩʪ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ (5,37%). 

ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ, ʜʝ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʨʝʯʦʚʠʥʠ ʩʪʘʥʦʚʠʪʴ ʜʝʩʷʪʽ ʜʦʣʽ ʚʽʜʩʦʪʢʽʚ, 

ʫʚʽʡʰʣʠ Mn (0,23%), Mg (0,13%) ʪʘ Fe (0,10%). ʊʨʝʪʷ ʛʨʫʧʘ ʩʢʣʘʜʘʻʪʴʩʷ  

ʟ ʝʣʝʤʝʥʪʽʚ, ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ ʩʦʪʦʾ ʜʦʣʽ ʚʽʜʩʦʪʢʽʚ:  

Si (0,065%), Al (0,053%) ʪʘ Zn (0,024%). ɺ ʯʝʪʚʝʨʪʽʡ ʛʨʫʧʽ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʜʦʩʷʛʘʻ ʪʠʩʷʯʥʦʾ ʜʦʣʽ ʚʽʜʩʦʪʢʽʚ, ʜʦ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʣʝ-

ʞʘʪʴ Ni (0,008%) ʪʘ Pb (0,004%). ɺ ʦʩʪʘʥʥʶ ʛʨʫʧʫ ʫʚʽʡʰʣʠ ʨʝʯʦʚʠʥʠ, ʩʝʨʝʜ-

ʥʽʡ ʚʤʽʩʪ ʷʢʠʭ ʩʢʣʘʜʘʻ ʤʝʥʰʝ ʜʝʩʷʪʠʪʠʩʷʯʥʠʭ ʜʦʣʝʡ ʚʽʜʩʦʪʢʽʚ: 

Cd (0,00018%), Cu (0,00016%) ʪʘ Cr (0,000056%). ʇʨʦʪʝ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦ ʚʘʨʽʶʻ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ 

ʤʽʢʩʦʤʽʮʝʪʽʚ.  

ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʢʘʣʴʮʽʶ (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 53 702 ʤʢʛ/ʛ) ʚ ʫʩʽʭ ʟʨʘʟʢʘʭ ʤʽ-

ʢʩʦʤʽʮʝʪʽʚ (ʨʠʩ. 1) ʦʯʝʚʠʜʥʦ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʚʩʽ ʜʦʩʣʽʜʞʝʥʽ ʚʠʜʠ ʥʘʣʝ-

ʞʘʪʴ ʜʦ ʧʦʨʷʜʢʫ Physarales, ʜʣʷ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʷʢʦʛʦ ʥʘʷʚʥʽʩʪʴ ʚʘʧʥʘ ʚ ʩʪʨʫʢ-

ʪʫʨʥʠʭ ʝʣʝʤʝʥʪʘʭ ʧʣʦʜʦʚʠʭ ʪʽʣ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ. 

ɿʘʢʦʥʦʤʽʨʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ Ca ʙʫʣʘ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʫ Diderma 

globosum (168 723 ʤʛ/ʛ), ʧʨʦʪʝ ʥʝ ʷʩʥʦ, ʯʦʤʫ ʤʽʥʽʤʘʣʴʥʠʡ ʚʤʽʩʪ ʮʴʦʛʦ ʝʣʝʤʝʥ-

ʪʫ ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʫ ʧʨʝʜʩʪʘʚʥʠʢʘ ʮʴʦʛʦ ʞ ʨʦʜʫ D. meyerae (11 185 ʤʛ/ʛ).  

ʄʦʞʣʠʚʦ, ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʨʫʡʥʦʚʘʥʠʤ ʩʪʘʥʦʤ ʧʦʣʴʦʚʠʭ ʟʨʘʟʢʽʚ ʦʩʪʘʥʥʴʦʛʦ 

ʚʠʜʫ, ʜʝ ʚʽʜ ʧʝʨʠʜʽʶ ʟʘʣʠʰʠʣʘʩʴ ʪʽʣʴʢʠ ʙʘʟʘʣʴʥʘ ʯʘʩʪʠʥʘ. ʆʙʠʜʚʘ ʚʠʜʠ ʥʘʣʝ-

ʞʘʪʴ ʜʦ ʨʦʜʫ Diderma, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʦʚʩʪʠʤ ʙʽʣʠʤ ʰʘʨʦʤ ʚʘʧʥʷʥʦʛʦ 

ʧʝʨʠʜʽʶ ʪʘ ʚʘʧʥʷʥʠʤ ʛʽʧʦʪʘʣʫʩʦʤ. ʊʦʚʱʠʥʘ ʚʘʧʥʷʥʦʛʦ ʰʘʨʫ ʪʘ ʨʦʟʤʽʨ ʛʽʧʦ-

ʪʘʣʫʩʫ ʤʦʛʣʠ ʚʧʣʠʥʫʪʠ ʥʘ ʧʦʢʘʟʥʠʢʠ ʚʤʽʩʪʫ ʚʘʧʥʘ, ʷʢ ʮʝ ʚʠʜʥʦ ʥʘ ʧʨʠʢʣʘʜʽ 

D. niveum (100 320 ʤʢʛ/ʛ), ʧʨʦʪʝ ʥʝ ʪʘʢ ʢʘʨʜʠʥʘʣʴʥʦ, ʷʢ ʫ ʚʠʧʘʜʢʫ  

ʟ D. meyerae. ʂʨʠʭʢʘ ʚʘʧʥʷʥʘ ʟʦʚʥʽʰʥʷ ʦʙʦʣʦʥʢʘ Didymium dubium ʤʽʩʪʠʪʴ 

ʢʨʠʩʪʘʣʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʢʘʣʴʮʽʶ (CaCO3), ʱʦ ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢʠʡ ʚʤʽʩʪ Ca 

(81 440 ʤʢʛ/ʛ). ʊʘʢʘ ʩʘʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʘʣʴʮʽʶ ʽ ʫ Physarum albescens, ʩʧʦʨʘ-

ʥʛʽʾ ʷʢʦʛʦ ʚʢʨʠʪʽ ʰʘʨʦʤ ʣʘʤʢʦʛʦ ʚʘʧʥʷʥʦʛʦ ʧʝʨʠʜʽʶ ʞʦʚʪʦ-ʛʽʨʯʠʯʥʦʛʦ ʢʦʣʴʦ-

ʨʫ, ʢʨʽʤ ʪʦʛʦ, ʢʘʣʴʮʽʡ ʤʽʩʪʠʪʴʩʷ ʫ ʥʝʚʝʣʠʢʠʭ ʚʫʟʣʘʭ ʢʘʧʽʣʽʮʽʶ ʪʘ ʫ ʥʠʪʯʘʩʪʠʭ 

ʜʦʚʛʘʩʪʠʭ ʥʽʞʢʘʭ, ʷʢʽ ʟʣʠʚʘʶʪʴʩʷ ʟ ʛʽʧʦʪʘʣʫʩʦʤ. ɯʥʰʠʡ ʧʨʝʜʩʪʘʚʥʠʢ ʮʴʦʛʦ 

ʨʦʜʫ, Ph. Alpestre, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʣʘʟʤʦʜʽʦʢʘʨʧʘʤʠ ʟ ʪʦʚʩʪʠʤ ʰʘʨʦʤ ʙʣʽ-

ʜʦ-ʞʦʚʪʦʛʦ ʚʘʧʥʷʥʦʛʦ ʧʝʨʠʜʽʶ ʽ ʢʘʧʽʣʽʮʽʻʤ ʟ ʚʝʣʠʢʠʤʠ ʚʘʧʥʷʥʠʤʠ ʚʫʟʣʘʤʠ 

(34 517 ʤʢʛ/ʛ). ʗʢ ʽ ʦʯʽʢʫʚʘʣʦʩʴ, ʚʠʭʦʜʷʯʠ ʟ ʤʦʨʬʦʣʦʛʦ-ʭʽʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩ-

ʪʝʡ, ʟʥʘʯʥʦ ʤʝʥʰʝ ʢʘʣʴʮʽʶ ʤʽʩʪʠʪʴʩʷ ʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʦʜʫ Lamproderma ʪʘ 

ʩʧʦʨʽʜʥʝʥʦʛʦ ʨʦʜʫ Meriderma, ʫ ʷʢʠʭ ʚʤʽʩʪ Ca ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

19 000 ʜʦ 12 250 ʤʢʛ/ʛ. 
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ʈʠʩ. 1 ï ɺʤʽʩʪ ʢʘʣʴʮʽʶ ʚ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ (DG ï Diderma 

globosum, DM ï D. meyerae, DN ï D. niveum, DD ï Didymium dubium, LA ï 

Lamproderma splendens, LO ï L. ovoideoechinulatum, LS ï L. spinulosporum, ME ï 

Meriderma echinulatum, PAlb ï Physarum albescens, Pɸlp ï Ph. alpestre,  

ʉɿ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ) 

 

ɸʥʘʣʽʟ ʚʤʽʩʪʫ ʤʘʨʛʘʥʮʶ (ʨʠʩ. 2) ʚʠʷʚʠʚ ʥʘʡʙʽʣʴʰʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʴʦʛʦ 

ʝʣʝʤʝʥʪʫ ʫ Diderma meyerae (9705 ʤʢʛ/ʛ), ʪʘʢʦʞ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʚʤʽʩʪ Mn ʟʘ-

ʨʝʻʩʪʨʦʚʘʥʦ ʫ Physarum alpestre (5283 ʤʢʛ/ʛ) ʪʘ Diderma niveum (3400 ʤʢʛ/ʛ). 

ʅʘʪʦʤʽʩʪʴ, ʫ Didymium dubium (136 ʤʢʛ/ʛ), Diderma globosum (183 ʤʢʛ/ʛ) ʪʘ 

Physarum albescens (283 ʤʢʛ/ʛ) ʚʠʷʚʣʝʥʽ ʥʘʡʤʝʥʰʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʴʦʛʦ ʝʣʝʤʝ-

ʥʪʫ, ʪʦʙʪʦ ʚʽʜʩʫʪʥʷ ʪʝʥʜʝʥʮʽʷ ʥʘʢʦʧʠʯʝʥʥʷ Mn ʫ ʩʧʦʨʽʜʥʝʥʠʭ ʚʠʜʽʚ. ʄʦʞʣʠ-

ʚʦ, ʢʦʞʝʥ ʚʠʜ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʫʪʚʦʨʶʻ ʩʧʝʮʠʬʽʯʥʽ ʤʝʪʘʙʦʣʽʪʠ ʟʘ ʫʯʘ-

ʩʪʶ ʤʘʨʛʘʥʮʶ, ʘ ʤʦʞʝ ʙʫʪʠ, ʱʦ ʥʘʢʦʧʠʯʝʥʥʷ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʧʦʚôʷʟʘʥʦ ʟ ʡʦʛʦ 

ʥʘʷʚʥʽʩʪʶ ʫ ˇʨʫʥʪʽ ʪʘ ʩʫʙʩʪʨʘʪʽ, ʜʝ ʚʽʜʙʠʨʘʣʠʩʴ ʟʨʘʟʢʠ. ʅʘ ʢʦʨʠʩʪʴ ʦʩʪʘʥʥʴʦʛʦ 

ʧʨʠʧʫʱʝʥʥʷ ʩʚʽʜʯʠʪʴ ʪʝ, ʱʦ Diderma globosum, D. niveum ʪʘ Didymium dubium 

ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʥʘ ʛ. ɻʦʚʝʨʣʘ, Diderma meyerae ʪʘ Physarum alpestre ï ʥʘ ɼʨʘ-

ʛʦʙʨʘʪʽ, ʘ Ph. albescens ï ʥʘ ʛ. ʆʟʽʨʥʘ ʚ ʉʠʥʝʚʠʨʽ. ʑʝ ʦʜʥʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ 

ʛʽʧʦʪʝʟʠ, ʱʦ ʥʘʢʦʧʠʯʝʥʥʷ Mn ʥʽʚʘʣʴʥʠʤʠ ʤʽʢʩʦʤʽʮʝʪʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʝ-

ʟʥʘʭʦʜʞʝʥʥʷ ʟʨʘʟʢʽʚ, ʻ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚʠʜʠ ʨʦʜʫ Lamproderma. ɺʩʽ ʟʨʘʟʢʠ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʮʴʦʛʦ ʨʦʜʫ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʥʘ ʛ. ɻʦʚʝʨʣʘ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʢʦʥʮʝ-

ʥʪʨʘʮʽʷ Mn ʚ ʾʭ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ ʤʘʻ ʚʽʜʥʦʩʥʦ ʦʜʥʦʨʽʜʥʠʡ ʭʘʨʘʢʪʝʨ: 205 ʤʢʛ/ʛ  

ʫ Lamproderma splendens, 840 ʤʢʛ/ʛ ï L. ovoideoechinulatum ʪʘ 886 ʤʢʛ/ʛ ï 

L. spinulosporum. ʅʘʪʦʤʽʩʪʴ, ʫ Meriderma echinulatum, ʚʠʷʚʣʝʥʦʤʫ ʥʘ ʛ. ɻʠʤ-

ʙʘ, ʚʤʽʩʪ Mn (1753 ʤʢʛ/ʛ) ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ,  

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʨʬʦʣʦʛʽʯʥʦ ʙʣʠʟʴʢʠʤʠ ʚʠʜʘʤʠ ʨʦʜʫ Lamproderma. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʤʘʛʥʽʶ ʢʦʨʝʣʶʻ ʟ ʨʦʜʦʚʦʶ ʧʨʠʥʘʣʝʞʥʽʩʪʶ ʧʨʦʘʥʘʣʽʟʦʚʘ-

ʥʠʭ ʟʨʘʟʢʽʚ (ʨʠʩ. 2), ʪʦʙʪʦ ʮʝʡ ʝʣʝʤʝʥʪ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʣʦʜʦʚʠʭ 

ʪʽʣ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʙʽʣʴʰ-ʤʝʥʰ ʨʽʚʥʦʤʽʨʥʦ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʠʭ ʨʦʜʽʚ. 

ʊʘʢ, ʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʦʜʫ Diderma ʢʦʥʮʝʥʪʨʘʮʽʷ Mg ʩʪʘʥʦʚʠʪʴ 615, 595 ʪʘ 

653 ʤʢʛ/ʛ, ʘ ʫ ʚʠʜʽʚ ʨʦʜʫ Physarum ï 1016 ʪʘ 1162 ʤʢʛ/ʛ. ɺʤʽʩʪ Mg ʫ Didymium 

dubium ʪʘʢʠʡ ʩʘʤʠʡ, ʷʢ ʫ Physarum albescens ï 1016 ʤʢʛ/ʛ. ʋ ʨʦʜʽ 
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Lamproderma ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʝʷʢʽ ʢʦʣʠʚʘʥʥʷ ʚʤʽʩʪʫ ʤʘʛʥʽʶ ï 1808, 2080, 

1032 ʤʢʛ/ʛ (ʨʠʩ. 2), ʘ ʫ Meriderma echinulatum ʚʽʜʤʽʯʝʥʘ ʥʘʡʙʽʣʴʰʘ ʢʦʥʮʝʥʪ-

ʨʘʮʽʷ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ (2967 ʤʢʛ/ʛ). ʉʭʦʞʘ ʪʝʥʜʝʥʮʽʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨʦʟʧʦʜʽʣʫ 

ʟʘʣʽʟʘ ʫ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ (ʨʠʩ. 2): ʨʽʚʥʦʤʽʨʥʠʡ 

ʚʤʽʩʪ Fe ʫ ʤʝʞʘʭ ʨʦʜʫ Physarum (75 ʪʘ 83 ʤʢʛ/ʛ), ʜʝʷʢʽ ʢʦʣʠʚʘʥʥʷ ʫ ʨʦʜʘʭ 

Diderma (235, 75, 1240 ʤʢʛ/ʛ) ʪʘ Lamproderma (1467, 1280, 436 ʤʢʛ/ʛ), ʥʘʪʦ-

ʤʽʩʪʴ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʣʽʟʘ ʫ Meriderma echinulatum 

(4667 ʤʢʛ/ʛ). ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ Mg ʪʘ Fe ʤʦʞʣʠʚʝ ʷʢ ʚʠʜʦʩʧʝʮʠʬʽʯʥʝ ʥʘʢʦʧʠ-

ʯʝʥʥʷ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʽʚʘʣʴʥʠʤʠ ʤʽʢʩʦʤʽʮʝʪʘʤʠ, ʪʘʢ ʽ ʟʘʣʝʞʥʽʩʪʴ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʚʽʜ ʩʫʙʩʪʨʘʪʫ ʪʘ ʤʽʩʮʝʚʦʩʪʽ, ʜʝ ʙʫʚ ʚʽʜʽʙʨʘʥʠʡ ʟʨʘʟʦʢ. 

 

 
 

ʈʠʩ. 2 ï ɺʤʽʩʪ ʤʘʨʛʘʥʮʶ, ʤʘʛʥʽʶ ʪʘ ʟʘʣʽʟʘ ʚ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ 

(ʩʢʦʨʦʯʝʥʥʷ, ʷʢ ʥʘ ʨʠʩ. 1) 

 

ʂʨʝʤʥʽʡ ʥʘʣʝʞʠʪʴ ʜʦ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ɿʝʤʣʽ, ʧʨʦʪʝ ʫ ʜʦʩ-

ʣʽʜʞʝʥʠʭ ʚʠʜʽʚ ʤʽʢʩʦʤʽʮʝʪʽʚ ʡʦʛʦ ʧʨʠʩʫʪʥʽʩʪʴ ʚʠʤʽʨʶʻʪʴʩʷ ʪʠʩʷʯʥʠʤʠ ʜʦʣʷ-

ʤʠ ʚʽʜʩʦʪʢʽʚ (ʨʠʩ. 3). ɺʠʥʷʪʦʢ ʩʪʘʥʦʚʣʷʪʴ ʧʨʝʜʩʪʘʚʥʠʢʠ ʨʦʜʫ Lamproderma,  

ʘ ʫ ʧʨʝʜʩʪʘʚʥʠʢʘ ʩʧʦʨʽʜʥʝʥʦʛʦ ʨʦʜʫ Meriderma echinulatum ʟʘʨʝʻʩʪʨʦʚʘʥʦ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ï 1833 ʤʢʛ/ʛ. ʄʦʞʣʠʚʦ ʩʘʤʝ ʧʣʽʚʢʦʶ 

ʜʠʦʢʩʠʜʫ ʢʨʝʤʥʽʶ SiO2 ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʠʡ ʨʘʡʜʫʞʥʠʡ 

ʙʣʠʩʢ ʧʝʨʠʜʽʶ ʫ ʮʠʭ ʚʠʜʽʚ. ɼʦ ʪʦʛʦ ʞ ʚʽʜʦʤʦ, ʱʦ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ 

ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠ ʦʧʦʨʥʽ ʫʪʚʦʨʠ ʫ ʜʝʷʢʠʭ ʨʦʩʣʠʥ ʪʘ ʚʦʜʦʨʦʩʪʝʡ, ʪʦʤʫ ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʩʧʦʣʫʢʠ Si ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʦʟʛʘʣʫʞʝʥʠʭ ʥʠʪʦʢ ʢʘʧʽʣʽʮʽʶ 

ʨʦʜʽʚ Lamproderma ʪʘ Meriderma ʪʝʤʥʦʛʦ ʢʦʣʴʦʨʫ. ʉʚʽʡ ʚʥʝʩʦʢ ʜʦ ʙʣʠʩʢʫ ʧʝ-

ʨʠʜʽʶ ʮʠʭ ʨʦʜʽʚ ʤʦʞʫʪʴ ʜʦʜʘʪʠ ʩʧʦʣʫʢʠ ʘʣʶʤʽʥʽʶ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʚʤʽʩʪ ʢʦʨʝ-

ʣʶʻ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʨʝʤʥʽʶ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʟ ʤʘʢʩʠʤʫʤʦʤ  

ʫ Meriderma echinulatum (1600 ʤʢʛ/ʛ). ɺʠʢʣʶʯʝʥʥʷʤ ʟ̔ ʟʘʛʘʣʴʥʦʾ ʢʘʨʪʠʥʠ ʚʽʜ-

ʧʦʚʽʜʥʦʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Si ʪʘ Al ʩʪʘʣʘ Diderma niveum, ʜʝ ʯʘʩʪʢʘ ʢʨʝʤʥʽʶ 

ʩʪʘʥʦʚʠʪʴ 293 ʤʢʛ/ʛ, ʘ ʘʣʶʤʽʥʽʶ ï 747 ʤʢʛ/ʛ. ʋ ʽʥʰʠʭ ʚʠʜʽʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʚʤʽʩʪʫ ʢʨʝʤʥʽʶ ʪʘ ʘʣʶʤʽʥʽʶ ʚʠʛʣʷʜʘʶʪʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: Diderma globosum 

ï 158 ʪʘ 187, D. meyerae ï 135 ʪʘ 85, Didymium dubium ï 521 ʪʘ 352, 

Lamproderma splendens ï 1225 ʪʘ 783, L. ovoideoechinulatum ï 1200 ʪʘ 960, 

L. spinulosporum ï 641 ʪʘ 310, Meriderma echinulatum ï 1833 ʪʘ 1600, 

Physarum albescens ï 382 ʪʘ 242, Ph. alpestre ï 114 ʪʘ 76 ʤʢʛ/ʛ. 
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ʈʠʩ. 3 ï ɺʤʽʩʪ ʢʨʝʤʥʽʶ, ʘʣʶʤʽʥʽʶ ʪʘ ʮʠʥʢʫ ʚ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ 

(ʩʢʦʨʦʯʝʥʥʷ, ʷʢ ʥʘ ʨʠʩ. 1) 

 

ʎʠʥʢ ʚʽʜʥʦʩʷʪʴ ʜʦ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʽʚ, ʪʦʤʫ ʡʦʛʦ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽ ʢʦʥʮʝʥ-

ʪʨʘʮʽʾ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʟʠʪʠʚ-

ʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʘʥʠʤʠ ʧʨʦ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʥʢʫ  

ʫ Fuligo septica [5], ʜʣʷ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ (ʚ ʩʝʨʝʜʥʴʦʤʫ 240 ʤʢʛ/ʛ) ʮʴʦʛʦ ʪʦʢʩʠʯʥʦʛʦ ʜʣʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ 

ʝʣʝʤʝʥʪʫ (ʨʠʩ. 3). ɺʠʢʣʶʯʝʥʥʷʤ ʩʪʘʚ Physarum alpestre, ʫ ʷʢʦʛʦ ʟʘʨʝʻʩʪʨʦʚʘ-

ʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʮʠʥʢʫ 1466 ʤʢʛ/ʛ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚʤʽʩʪ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ 

ʚ ʽʥʰʠʭ ʟʨʘʟʢʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 12 ʤʢʛ/ʛ ʫ Ph. albescens ʜʦ 155 ʤʢʛ/ʛ 

ʫ Diderma globosum. 
 

 
 

ʈʠʩ. 4 ï ɺʤʽʩʪ ʥʽʢʝʣʶ ʪʘ ʩʚʠʥʮʶ ʚ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ  

(ʩʢʦʨʦʯʝʥʥʷ, ʷʢ ʥʘ ʨʠʩ. 1; ʥʘ ʜʨʫʛʦʤʫ ʛʨʘʬʽʢʫ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ  

ʧʦʢʘʟʥʠʢʽʚ Diderma niveum ʪʘ Meriderma echinulatum, ʦʩʢʽʣʴʢʠ ʫ ʥʠʭ  

ʢʦʥʮʝʥʪʨʘʮʽʷ Ni ʪʘ Pb ʟʥʘʯʥʦ ʚʠʱʘ) 

 

ɺʤʽʩʪ ʥʽʢʝʣʶ ʚ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦ-

ʤʽʮʝʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 4,8 ʜʦ 0,8 ʤʢʛ/ʛ, ʘ ʩʚʠʥʮʶ ï ʚʽʜ 16,6 ʜʦ 

6,36 ʤʢʛ/ʛ, ʱʦ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ, ʥʽʞ ʽʥʰʠʭ ʟʛʘʜʘʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʠʢʣʶʯʝʥʥʷ 

ʩʪʘʥʦʚʣʷʪʴ ʧʦʢʘʟʥʠʢʠ ʫ Diderma niveum (Ni ï 706,7 ʪʘ Pb ï 52 ʤʢʛ/ʛ) ʪʘ 

Meriderma echinulatum (Ni ï 76,7 ʪʘ Pb ï 210 ʤʢʛ/ʛ), ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʽʥʰʠʭ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʟʨʘʟʢʘʭ ʤʽʢʩʦʤʽʮʝʪʽʚ.  
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ʈʠʩ. 5 ï ɺʤʽʩʪ ʢʘʜʤʽʶ, ʤʽʜʽ ʪʘ ʭʨʦʤʫ ʚ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ  

(ʩʢʦʨʦʯʝʥʥʷ, ʷʢ ʥʘ ʨʠʩ. 1) 

 

ɽʣʝʤʝʥʪʠ Cd, Cu ʪʘ Cr ʫ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʚʠʷʚʣʝʥʽ ʚ ʥʘʡʤʝʥʰʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʱʦ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 2 ʤʢʛ/ʛ,  

ʘ ʫ Physarum albescens ʢʦʥʮʝʥʪʨʘʮʽʷ Cr ʚʠʷʚʠʣʘʩʴ ʤʝʥʰ ʥʽʞ 0,00003 ʤʢʛ/ʛ 

(ʨʠʩ. 5). ɺʠʢʣʶʯʝʥʥʷ ʩʪʘʥʦʚʣʷʪʴ ʧʦʢʘʟʥʠʢʠ ʫ Meriderma echinulatum (Cd ï 6, 

Cu ï 8, Cr ï 2 ʤʢʛ/ʛ) ʪʘ Lamproderma spinulosporum (Cd ï 2,14 ʪʘ Cu ï 2,32 ʤʢʛ/ʛ). 

ʆʜʥʘʢ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ Cd ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʪʦʢʩʠʯʥʠʭ ʽ ʦʜʥʦʯʘʩʥʦ ʨʽʜʢʽʩʥʠʭ 

ʪʘ ʨʦʟʩʽʷʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʘ ʤʽʩʪʠʪʴ ʚʩʴʦʛʦ  

0,2ï2,5 ʤʢʛ/ʛ ʢʘʜʤʽʶ, ʘ ʚ ʣʠʩʪʢʘʭ ʪʶʪʶʥʫ ï 0,5ï1 ʤʢʛ/ʛ, ʱʦ ʚʚʘʞʘʻʪʴʩʷ ʜʦʩʠʪʴ 

ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʙʽʦʦʙôʻʢʪʘʤʠ. ɺ ʧʝʚʥʦʤʫ ʩʝʥ-

ʩʽ Meriderma echinulatum ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʙʽʦʘʢʫʤʫʣʷʪʦʨʽʚ Cd, ʧʨʦʪʝ ʮʝʡ 

ʘʩʧʝʢʪ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

 

ʆʙʛʦʚʦʨʝʥʥʷ ʪʘ ʚʠʩʥʦʚʢʠ 

  

ɿ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʡʙʽʣʴʰʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʠʷʚʣʝʥʘ ʜʣʷ Ca, ʩʝʨʝ-

ʜʥʻ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʩʢʣʘʜʘʻ 5,37% 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʙʽʦʤʘʩʠ ʧʣʦʜʦʚʠʭ ʪʽʣ, ʱʦ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʩʝʨʝʜʥʽʡ ʝʣʝʤʝʥ-

ʪʘʨʥʠʡ ʚʤʽʩʪ ʉʘ 0,5% ʚ ʞʠʚʽʡ ʨʝʯʦʚʠʥ ̔[13]. ʋ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʩʫʭʫ ʨʝʯʦʚʠʥʫ 

ʚʤʽʩʪ ʉʘ ʚ ʨʦʩʣʠʥʘʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 1,25 ʜʦ 1,8%, ʘ ʩʢʣʘʜʦʚʘ ʟʦʣʠ ʤʦʞʝ ʜʦʩʷ-

ʛʘʪʠ 36% (ʥʘʧʨʠʢʣʘʜ, ʚ ʜʝʨʝʚʠʥʽ ʙʫʢʘ Fagus sylvatica) ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʩʫʤʠ  

ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ. ʋ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ ʜʦʣʷ ʉʘ ʚ ʩʫʭʽʡ ʨʝ-

ʯʦʚʠʥʽ ʩʪʘʥʦʚʠʪʴ 0,02ï8,5% [13]. ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʢʘʣʴʮʽʶ ʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ 

ʟʨʘʟʢʘʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʩʽ ʚʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ 

ʧʦʨʷʜʢʫ Physarales, ʜʣʷ ʷʢʦʛʦ ʚʘʧʥʷʥʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʧʣʦʜʦʚʠʭ ʪʽʣ  

ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʦʟʥʘʢ. ɿʘʢʦʥʦʤʽʨʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʝ Ca ʙʫʣʦ ʚʠʷʚʣʝʥʦ  

ʫ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʦʜʽʚ Diderma, Didymium ʪʘ Physarum, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʡ 

ʪʦʚʩʪʠʡ ʰʘʨ ʚʘʧʥʷʥʦʛʦ ʧʝʨʠʜʽʶ ʪʘ ʚʢʣʶʯʝʥʥʷ ʩʧʦʣʫʢ Ca ʚ ʽʥʰʽ ʤʦʨʬʦʣʦʛʽʯʥʽ 

ʩʪʨʫʢʪʫʨʠ. ʂʨʽʤ ʪʦʛʦ, ʽʦʥʠ ʢʘʣʴʮʽʶ ʨʝʛʫʣʶʶʪʴ ʰʠʨʦʢʝ ʢʦʣʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʢʣʽʪʠʥʥʠʭ ʧʨʦʮʝʩʽʚ. 

 



~ 28 ~ 
 

 ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 4(20), 2015 

 
  

ɼʦʩʣʽʜʞʝʥʽ ʟʨʘʟʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ Mn (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ï 

0,23%), ʦʩʦʙʣʠʚʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʦʩʪʷʤʠ ʧʨʦ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪ ɹʮʴʦʛʦ 

ʝʣʝʤʝʥʪʫ ʫ ʞʠʚʽʡ ʨʝʯʦʚʠʥʽ ï 0,001%, ʘʙʦ 0,75% ʟʦʣʴʥʦʛʦ ʚʤʽʩʪʫ [13]. ʉʝʨʝʜ 

ʨʦʩʣʠʥ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ Mn ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʣʘʚʨʦʚʠʰʥʷ Prunus 

laurocerasus, ʫ ʣʠʩʪʽ ʷʢʦʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 15% ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʟʦʣʴʥʽ ʤʽʥʝʨʘ-

ʣʴʥʽ ʨʝʯʦʚʠʥʠ [13]. ʋ ʨʦʩʣʠʥ ʮʝʡ ʝʣʝʤʝʥʪ ʟʘʜʽʷʥʠʡ ʚ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʨʝʘʢ-

ʮʽʷʭ ʬʦʪʦʩʠʥʪʝʟʫ ʪʘ ʜʠʭʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʞʠʨʦʚʠʡ, ʙʽʣʢʦʚʠʡ ʪʘ ʚʫʛʣʝ-

ʚʦʜʥʠʡ ʦʙʤʽʥ. ʗʢʫ ʨʦʣʴ Mn ʚʽʜʽʛʨʘʻ ʫ ʤʽʢʩʦʤʽʮʝʪʽʚ ʧʦʢʠ ʱʦ ʦʩʪʘʪʦʯʥʦ ʥʝ 

ʟôʷʩʦʚʘʥʦ. ʄʦʞʥʘ ʙʫʣʦ ʙ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Mn ʧʦʚôʷʟʘʥʘ  

ʟ ʧʽʛʤʝʥʪʥʠʤ ʩʢʣʘʜʦʤ ʪʝʤʥʦʟʘʙʘʨʚʣʝʥʠʭ ʩʧʦʨʘʥʛʽʾʚ ʨʦʜʽʚ Lamproderma ʪʘ 

Meriderma, ʧʨʦʪʝ ʡʦʛʦ ʥʘʡʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʠʷʚʣʝʥʘ ʫ Diderma meyerae 

(0,97%), Physarum alpestre (0,53%) ʪʘ Diderma niveum (0,34%), ʜʣʷ ʷʢʠʭ ʭʘʨʘ-

ʢʪʝʨʥʠʡ ʞʦʚʪʫʚʘʪʦ-ʙʽʣʠʡ ʚʘʧʥʷʥʠʡ ʧʝʨʠʜʽʡ. 

ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʤʘʛʥʽʶ ʚ ʦʙʩʪʝʞʝʥʠʭ ʥʽʚʘʣʴʥʠʭ ʚʠʜʘʭ ʩʪʘʥʦʚʠʪʴ 0,13%, 

ʱʦ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʝ, ʥʽʞ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚ ʞʠʚʽʡ ʨʝʯʦʚʠʥʽ (0,04%) [13]. ʎʝ 

ʚʘʞʣʠʚʠʡ ʙʽʦʛʝʥʥʠʡ ʝʣʝʤʝʥʪ, ʱʦ ʚ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʤʽʩʪʠʪʴʩʷ ʚ ʪʢʘʥʠʥʘʭ 

ʪʚʘʨʠʥ ʪʘ ʨʦʩʣʠʥ, ʚʠʩʪʫʧʘʶʯʠ ʢʦʬʘʢʪʦʨʦʤ ʙʘʛʘʪʴʦʭ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʨʝʘʢʮʽʡ. 

ɿʦʢʨʝʤʘ, Mg ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʩʠʥʪʝʟʫ ʙʽʣʢʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʝʨʝʪʚʦ-

ʨʝʥʥʷ ʢʨʝʘʪʠʥʬʦʩʬʘʪʫ ʚ ɸʊʌ, ʱʦ ʧʝʨʝʥʦʩʠʪʴ ʝʥʝʨʛʽʶ ʜʣʷ ʚʩʽʭ ʢʣʽʪʠʥʥʠʭ 

ʧʨʦʮʝʩʽʚ. ɿʘʩʚʦʻʥʥʶ ʤʘʛʥʽʶ ʤʦʞʝ ʟʘʚʘʞʘʪʠ ʥʘʜʣʠʰʦʢ ʉʘ. 

ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʟʘʣʽʟʘ ʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʟʨʘʟʢʘʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ 

ʽʜʝʥʪʠʯʥʠʡ ʪʘʢʦʤʫ ʫ ʞʠʚʽʡ ʨʝʯʦʚʠʥʽ ï 0,01% [13]. ɿʘʣʽʟʦ ʚ ʫʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽ-

ʟʤʘʭ ʻ ʚʘʞʣʠʚʠʤ ʤʽʢʨʦʝʣʝʤʝʥʪʦʤ, ʱʦ ʢʘʪʘʣʽʟʫʻ ʧʨʦʮʝʩʠ ʢʠʩʥʝʚʦʛʦ ʦʙʤʽʥʫ,  

ʘ ʦʩʥʦʚʥʠʤ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʤ ʜʝʧʦ Fe ʩʣʫʞʠʪʴ ʛʣʦʙʫʣʷʨʥʠʡ ʙʽʣʢʦʚʠʡ 

ʢʦʤʧʣʝʢʩ ï ʬʝʨʨʠʪʠʥ. ʂʦʤʧʣʝʢʩʠ ʟʘʣʽʟʘ ʪʘʢʦʞ ʥʘʷʚʥʽ ʫ ʬʝʨʤʝʥʪʽ ʨʠʙʦʥʫʢʣʝʦ-

ʪʠʜ-ʨʝʜʫʢʪʘʟʘ, ʷʢʠʡ ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʩʠʥʪʝʟʽ ɼʅʂ. ʇʨʦʪʝ ʥʘʜʣʠʰʢʦʚʝ ʥʘʢʦʧʠ-

ʯʝʥʥʷ ʟʘʣʽʟʘ ʚ ʦʨʛʘʥʽʟʤʽ ʚʠʢʣʠʢʘʻ ʪʦʢʩʠʯʥʫ ʜʽʶ ʽ ʩʪʠʤʫʣʶʻ ʫʪʚʦʨʝʥʥʷ ʚʽʣʴʥʠʭ 

ʨʘʜʠʢʘʣʽʚ.  

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʤʽʜʽ ʚ ʤʽʢʩʦʤʽʮʝʪʘʭ (0,00016%) ʝʢʚʽʚʘʣʝʥʪʥʝ ʪʘ-

ʢʦʤʫ ʚ ʽʥʰʠʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ (0,0002%) [13]. ʄʽʜʴ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʜʣʷ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʽ ʧʨʠʩʫʪʥʷ ʫ ʙʘʛʘʪʴʦʭ ʬʝʨʤʝʥʪʘʭ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ 

ʤʽʜʴ ʽ ʮʠʥʢ ʢʦʥʢʫʨʫʶʪʴ ʚ ʧʨʦʮʝʩʽ ʤʝʪʘʙʦʣʽʟʤʫ, ʪʦʤʫ ʥʘʜʣʠʰʦʢ ʦʜʥʦʛʦ ʟ ʝʣʝ-

ʤʝʥʪʽʚ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʥʝʩʪʘʯʫ ʽʥʰʦʛʦ. ɺʽʜʦʤʦ, ʱʦ ʤʽʜʽ ʧʨʠʪʘʤʘʥʥʽ ʙʘʢʪʝʨʠ-

ʮʠʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɯʟ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ Cd ʪʘ Pb ʚʚʘʞʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʪʦʢʩʠʯʥʠ-

ʤʠ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʚʤʽʩʪ Cd ʪʘ Pb  

ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʥʝʟʥʘʯʥʠʡ: 0,00018% ʪʘ 0,003% ʚʽʜʧʦʚʽʜʥʦ. ʆʜʥʘʢ ʚʽʜ-

ʩʦʪʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʚʠʥʮʶ ʚ ʤʽʢʩʦʤʽʮʝʪʘʭ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʧʝʨʝʚʠʱʫʻ 

ʡʦʛʦ ʚʤʽʩʪ ʚ ʽʥʰʠʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ (0,00005%). ʉʚʠʥʝʮʴ ʪʘ ʚʩʽ ʡʦʛʦ ʩʧʦʣʫ-

ʢʠ ʪʘʢʦʞ ʻ ʪʦʢʩʠʯʥʠʤʠ ʟʽ ʟʜʘʪʥʽʩʪʶ ʥʘʢʦʧʠʯʫʚʘʪʠʩʴ ʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʜʝ 

ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ Pb ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʥʝʦʨʛʘʥʽʯʥʽ, ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʫʶ-

ʯʠ ʡʦʛʦ ʦʪʨʫʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʂʘʜʤʽʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʫʤʫʣʷʪʠʚʥʠʭ ʦʪʨʫʪ ʽ ʚʩʽ 

ʡʦʛʦ ʩʧʦʣʫʢʠ ʪʦʢʩʠʯʥʽ. ʄʝʭʘʥʽʟʤ ʪʦʢʩʠʯʥʦʾ ʜʽʾ ʢʘʜʤʽʶ ʧʦʣʷʛʘʻ ʫ ʟʚôʷʟʫʚʘʥʥʽ 

ʢʘʨʙʦʢʩʠʣʴʥʠʭ, ʘʤʽʥʥʠʭ ʪʘ ʩʫʣʴʬʛʽʜʨʠʣʴʥʠʭ ʛʨʫʧ ʙʽʣʢʦʚʠʭ ʤʦʣʝʢʫʣ, ʚʥʘʩʣʽ-

ʜʦʢ ʯʦʛʦ ʧʨʠʛʥʽʯʫʻʪʴʩʷ ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʽʨʢʦʚʤʽʩʥʠʭ ʘʤʽʥʦ-

ʢʠʩʣʦʪ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʫ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʥʝʤʘʻ ʩʧʝʮʽʘʣʴʥʠʭ ʰʣʷʭʽʚ ʟʘʩʚʦʻʥ-

ʥ ̫ʢʘʜʤʽʶ, ʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʥʽ ʰʣʷʭʠ, ʷʢ ʽ ʜʣʷ ʽʥʰʠʭ ʚʘʞʢʠʭ ʤʝ-

ʪʘʣʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʜʚʦʚʘʣʝʥʪʥʽ ʽʦʥʠ (ʮʠʥʢʫ, ʟʘʣʽʟʘ, ʤʘʨʛʘʥʮʶ ʪʘ ʢʘʣʴʮʽʶ). 

ʅʝʩʪʘʯʘ ʷʢʦʛʦʩʴ ʟ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʦʜʨʘʟʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ  
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ʟʘʩʚʦʻʥʥʷ ʢʘʜʤʽʶ. ʂʘʜʤʽʡ ʚʠʣʫʛʦʚʫʻʪʴʩʷ ʽ ʟ ʚʦʜʦʶ ʧʦʪʨʘʧʣʷʻ ʚ ˇʨʫʥʪ [14], ʜʝ 

ʡʦʛʦ ʤʦʞʝ ʧʦʛʣʠʥʫʪʠ ʧʣʘʟʤʦʜʽʡ ʤʽʢʩʦʤʽʮʝʪʽʚ ʥʘ ʩʪʘʜʽʾ ʞʠʚʣʝʥʥʷ.  

ɸʣʶʤʽʥʽʡ ʟʥʘʯʥʦ ʧʦʰʠʨʝʥʠʡ ʚ ʧʨʠʨʦʜʽ, ʘʣʝ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʞʦʜʝʥ ʞʠʚʠʡ 

ʦʨʛʘʥʽʟʤ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʝʡ ʤʝʪʘʣ ʚ ʤʝʪʘʙʦʣʽʟʤʽ. ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠ-

ʣʠ, ʱʦ ʫ ʤʽʢʩʦʤʽʮʝʪʽʚ ʚʤʽʩʪ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʥʘ ʧʦʨʷʜʦʢ ʙʽʣʴʰʠʡ (0,053%) ʩʝ-

ʨʝʜʥʴʦʛʦ ʚʽʜʩʦʪʢʦʚʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʟʘʜʝʢʣʘʨʦʚʘʥʦʛʦ ʜʣʷ ʞʠʚʦʾ ʨʝʯʦʚʠʥʠ 

(0,005%) [13]. ɼʣʷ Al ʭʘʨʘʢʪʝʨʥʠʡ ʥʝʟʥʘʯʥʠʡ ʪʦʢʩʠʯʥʠʡ ʚʧʣʠʚ, ʘ ʥʘʡʙʽʣʴʰ 

ʦʪʨʫʡʥʽ ï ʭʣʦʨʠʜʠ, ʥʽʪʨʘʪʠ, ʘʮʝʪʘʪʠ ʪʘ ʩʫʣʴʬʘʪʠ. 

ɺʣʘʩʥʝ ʢʘʞʫʯʠ, ʙʫʜʴ-ʷʢʠʡ ʟ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ 

ʥʘ ʪʦʢʩʠʯʥʠʡ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ. ɿʦʢʨʝʤʘ, ʦʪʨʫʡʥʘ ʜʽʷ Mn ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʧʦʨʫ-

ʰʝʥʥʽ ʤʝʪʘʙʦʣʽʟʤʫ ʟʘʣʽʟʘ. ʆʜʥʦʯʘʩʥʦ ʤʘʨʛʘʥʝʮʴ ʤʽʩʪʠʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ 

ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʚʽʜʽʛʨʘʶʯʠ ʨʦʣʴ ʤʽʢʨʦʝʣʝʤʝʥʪʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʦʚʥʦʮʽʥ-

ʥʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. ɿʘʟʚʠʯʘʡ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʠʤʽʨʶʻʪʴʩʷ ʪʠʩʷʯʥʠʤʠ ʜʦ-

ʣʷʤʠ ʚʽʜʩʦʪʢʽʚ, ʥʘʡʙʽʣʴʰʝ ʡʦʛʦ ʚ ʣʠʩʪʽ ʙʫʨʷʢʫ (0,03%), ʚ ʦʨʛʘʥʽʟʤʽ ʨʫʜʠʭ ʢʦʤʘʭ 

(0,05%), ʘ ʜʝʷʢʽ ʙʘʢʪʝʨʽʾ ʤʽʩʪʷʪʴ ʜʦ ʢʽʣʴʢʦʭ ʚʽʜʩʦʪʢʽʚ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ. ʋ ʜʦʩʣʽ-

ʜʞʝʥʠʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ Mn (0,23%) ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫ-

ʚʘʚ ʚʽʜʦʤʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʽʥʰʠʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ (0,001%).  

ʎʠʥʢ ʤʽʩʪʠʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʬʝʨʤʝʥʪʘʭ, ʱʦ ʢʘʪʘʣʽʟʫʶʪʴ ʛʽʜʨʦʣʽʟ ʙʽʣʢʽʚ, 

ʩʢʣʘʜʥʠʭ ʝʬʽʨʽʚ, ʫʪʚʦʨʝʥʥʷ ʘʣʴʜʝʛʽʜʽʚ, ʧʦʣʽʤʝʨʠʟʘʮʽʶ ɼʅʂ ʪʘ ʈʅʂ. ʋ ʩʢʣʘʜʽ 

ʬʝʨʤʝʥʪʽʚ ʽʦʥʠ Zn
2+

 ʚʠʢʣʠʢʘʶʪʴ ʧʦʣʷʨʠʟʘʮʽʶ ʤʦʣʝʢʫʣ ʚʦʜʠ ʪʘ ʦʨʛʘʥʽʯʥʠʭ 

ʨʝʯʦʚʠʥ, ʱʦ ʩʧʨʠʷʻ ʾʭ ʜʝʧʦʥʫʚʘʥʥʶ. ʅʝʩʪʘʯʘ ʮʠʥʢʫ ʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ ʧʨʠ-

ʟʚʦʜʠʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʽʟʘ, ʤʽʜʽ, ʢʘʜʤʽʶ, ʩʚʠʥʮʶ. ʋ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʩʽ 

ʩʦʣʽ ʮʠʥʢʫ, ʦʩʦʙʣʠʚʦ ʩʫʣʴʬʘʪʠ ʪʘ ʭʣʦʨʠʜʠ, ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʦʪʨʫʻʥʥʷ ʚʥʘ-

ʩʣʽʜʦʢ ʪʦʢʩʠʯʥʦʩʪʽ ʽʦʥʽʚ Zn
2+
. ʋ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝ ʚʠʷʚʣʝʥʦ ʟʜʘʪʥʦʩʪʽ 

ʥʽʚʘʣʴʥʠʭ ʚʠʜʽʚ ʥʘʢʦʧʠʯʫʚʘʪʠ ʮʝʡ ʝʣʝʤʝʥʪ, ʽ ʡʦʛʦ ʩʝʨʝʜʥʻ ʚʽʜʩʦʪʢʦʚʝ ʟʥʘʯʝʥ-

ʥʷ (0,024%) ʥʠʞʯʝ, ʥʽʞ ʪʘʢʝ ʫ ʽʥʰʠʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ (0,05%) [13]. ʂʦʥʮʝʥʪ-

ʨʘʮʽʾ ʮʠʥʢʫ ʚ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ ʤʘʢʨʦʤʽʮʝʪʽʚ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʣʷʪʴ 100 ʤʛ/ʢʛ 

ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ, ʘ ʫ ʛʨʠʙʦʧʦʜʽʙʥʠʭ ʧʨʦʪʠʩʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʚ ʝʪʘʣʽʷʭ ʤʽʢʩʦʤʽʮʝ-

ʪʫ Fuligo septica, ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʦʩʷʛʘʻ 395ï3600 ʤʛ/ʢʛ, ʱʦ ʚ 240 ʨʘʟʽʚ ʧʝʨʝ-

ʚʠʱʫʻ ʚʤʽʩʪ Zn ʚ ʣʠʩʪʽ ʯʦʨʥʠʮʽ Vaccinium (10ï160 ʤʛ/ʢʛ) [15].  

ʅʽʢʝʣʴ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, 

ʘʣʝ ʧʨʦ ʡʦʛʦ ʨʦʣʴ ʚʽʜʦʤʦ ʥʝʙʘʛʘʪʦ, ʭʽʙʘ ʱʦ ʧʨʦ ʫʯʘʩʪʴ ʫ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʨʝʘ-

ʢʮʽʷʭ, ʟʦʢʨʝʤʘ, ʧʨʠʩʢʦʨʝʥʥʷ ʧʝʨʝʭʦʜʫ ʩʫʣʴʬʛʽʜʨʠʣʴʥʠʭ ʛʨʫʧ ʚ ʜʠʩʫʣʴʬʽʜʥʽ. 

ʇʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʥʽʢʝʣʶ ʚ ˇʨʫʥʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʥʜʝʤʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ 

ʨʦʩʣʠʥ ʪʘ ʪʚʘʨʠʥ. ʅʘʪʦʤʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʴʦʛʦ ʝʣʝʤʝʥʪʫ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ 

ʚʠʱʘ ʫ ʜʦʩʣʽʜʞʝʥʠʭ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ (0,008%), ʥʽʞ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ  

ʚ ʞʠʚʽʡ ʨʝʯʦʚʠʥʽ (0,00005%) [13].  

ʍʨʦʤ ʧʦʩʪʽʡʥʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʪʢʘʥʠʥ ʨʦʩʣʠʥ ʽ ʪʚʘʨʠʥ, ʜʝ ʙʝʨʝ ʫʯʘʩʪʴ  

ʚ ʦʙʤʽʥʽ ʣʽʧʽʜʽʚ, ʙʽʣʢʽʚ ʪʘ ʚʫʛʣʝʚʦʜʽʚ. ʋ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ ʮʝʡ ʝʣʝʤʝʥʪ ʪʘ ʜʝʷʢʽ 

ʡʦʛʦ ʩʧʦʣʫʢʠ ʪʦʢʩʠʯʥʽ. ʋ ʧʣʦʜʦʚʠʭ ʪʽʣʘʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʚʠʷʚʣʝʥʦ ʤʝʥʰʝ Cr 

(0,000056%), ʥʽʞ ʡʦʛʦ ʫʩʝʨʝʜʥʝʥʠʡ ʚʤʽʩʪ ʚ ʞʠʚʽʡ ʨʝʯʦʚʠʥʽ (0,0001%) [13]. 

ɼʣʷ ʜʝʷʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʢʨʝʤʥʽʡ ʻ ʚʘʞʣʠʚʠʤ ʙʽʦʛʝʥʥʠʤ ʝʣʝʤʝʥʪʦʤ ʽ ʡʦʛʦ 

ʯʘʩʪʢʘ ʚ ʞʠʚʽʡ ʨʝʯʦʚʠʥʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 0,2%. ʅʘʪʦʤʽʩʪʴ, ʚʤʽʩʪ ʮʴʦʛʦ 

ʝʣʝʤʝʥʪʫ ʚ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʤʽʢʩʦʤʽʮʝʪʘʭ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ï 0,065%. ɹʽʣʴ-

ʰʽʩʪʴ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʚ ʢʦʥʪʘʢʪʽ ʟ ʧʦʚʽʪʨʷʥʠʤ ʢʠʩʥʝʤ ʪʘ ʚʦʜʷʥʠʤʠ 

ʧʘʨʘʤʠ ʦʢʠʩʣʶʻʪʴʩʷ ʘʙʦ ʛʽʜʨʦʣʽʟʫʻʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ SiO2, ʘ ʜʠʦʢʩʠʜ ʢʨʝʤʥʽʶ 

ʟʜʘʪʝʥ ʫʪʚʦʨʶʚʘʪʠ ʥʝʧʨʦʥʠʢʥʫ ʧʣʽʚʢʫ ʥʘ ʧʦʚʝʨʭʥʽ. 

ʊʝʤʥʠʡ ʙʣʠʩʢʫʯʠʡ ʧʝʨʠʜʽʡ ʟ ʨʘʡʜʫʞʥʠʤ ʚʽʜʣʠʚʦʤ ʚʠʜʽʚ ʨʦʜʽʚ Lampro-

derma ʪʘ Meriderma ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʠʡ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʩʧʦʣʫʢʘʤʠ Al, 
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Cd, Cr, Cu, Fe, Mg, Mn, Ni, Si. ʅʘʧʨʠʢʣʘʜ, ʽʦʥʠ ʤʽʜʽ ʤʦʞʫʪʴ ʟôʻʜʥʫʚʘʪʠʩʴ  

ʢʦʦʨʜʠʥʘʮʽʡʥʠʤʠ ʟʚôʷʟʢʘʤʠ ʟ ʘʤʽʥʦʛʨʫʧʘʤʠ ʘʤʽʥʦʢʠʩʣʦʪ, ʫʪʚʦʨʶʶʯʠ ʢʨʠʩʪʘ-

ʣʽʟʦʚʘʥʽ ʚʥʫʪʨʽʰʥʴʦʢʦʤʧʣʝʢʩʥʽ (ʭʝʣʘʪʥʽ) ʩʦʣʽ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʫ, ʥʘʧʨʠʢʣʘʜ, 

ʛʣʽʮʠʥʘʪ ʤʽʜʽ ʪʝʤʥʦ-ʩʠʥʽʡ. ʉʧʦʣʫʢʠ ʟʘʣʽʟʘ ʤʘʶʪʴ ʙʫʨʽ ʢʦʣʴʦʨʠ, ʘ ʽʥʪʝʥʩʠʚ-

ʥʽʩʪʴ ʚʽʜʪʽʥʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʽʩʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʭ ʩʧʦʣʫʢ ʟʘʣʽʟʘ, 

ʥʘʧʨʠʢʣʘʜ, ʜʦʤʽʰʢʠ ʩʧʦʣʫʢ ʜʚʦʚʘʣʝʥʪʥʦʛʦ ʟʘʣʽʟʘ ʦʙʫʤʦʚʣʶʶʪʴ ʧʦʤʽʪʥʠʡ ʟʝ-

ʣʝʥʠʡ ʚʽʜʪʽʥʦʢ [14]. ʈʘʡʜʫʞʥʠʡ ʙʣʠʩʢ Lamproderma ʪʘ Meriderma ʤʦʞʝ ʙʫʪʠ 

ʦʙʫʤʦʚʣʝʥʠʡ ʧʣʽʚʢʦʶ ʜʠʦʢʩʠʜʫ ʢʨʝʤʥʽʶ SiO2 ʥʘ ʧʦʚʝʨʭʥʽ ʩʧʦʨʘʥʛʽʾʚ ʤʽʢʩʦ-

ʤʽʮʝʪʽʚ. ɼʦ ʪʦʛʦ ʞ ʚʽʜʦʤʦ, ʱʦ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠ 

ʦʧʦʨʥʽ ʫʪʚʦʨʠ ʫ ʜʝʷʢʠʭ ʨʦʩʣʠʥ ʪʘ ʚʦʜʦʨʦʩʪʝʡ, ʪʦʤʫ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʩʧʦʣʫʢʠ Si ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʦʟʛʘʣʫʞʝʥʠʭ ʥʠʪʦʢ ʢʘʧʽʣʽʮʽʶ ʮʠʭ ʨʦʜʽʚ ʤʽʢʩʦ-

ʤʽʮʝʪʽʚ. ʉʚʦʶ ʯʘʩʪʢʫ ʜʦ ʙʣʠʩʢʫ ʧʝʨʠʜʽʶ ʮʠʭ ʨʦʜʽʚ ʤʦʞʫʪʴ ʜʦʜʘʪʠ ʩʧʦʣʫʢʠ 

ʘʣʶʤʽʥʽʶ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʚʤʽʩʪ ʢʦʨʝʣʶʻ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʨʝʤʥʽʶ ʚ ʜʦʩʣʽ-

ʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʟ ʤʘʢʩʠʤʫʤʦʤ ʫ Meriderma echinulatum (0,16%). ʅʝʧʦʚʪʦʨʥʠʡ 

ʢʦʣʽʨ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʨʦʜʽʚ Lamproderma ʪʘ Meriderma, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʮʽ-

ʣʦʾ ʛʘʤʠ ʚʽʜʪʽʥʢʽʚ (ʙʣʘʢʠʪʥʠʡ, ʩʠʥʽʡ, ʬʽʦʣʝʪʦʚʠʡ, ʟʝʣʝʥʫʚʘʪʠʡ), ʤʦʞʝ ʙʫʪʠ 

ʩʧʨʠʯʠʥʝʥʦ ʩʫʤʽʰʰʶ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʧʽʛʤʝʥʪʽʚ. ɸʣʝ ʧʠʪʘʥʥʷ, ʷʢʽ ʩʘʤʝ 

ʩʧʦʣʫʢʠ ʟʘʜʽʷʥʽ ʫ ʬʦʨʤʫʚʘʥʥʽ ʢʦʣʴʦʨʫ ʤʽʢʩʦʤʽʮʝʪʽʚ, ʚʩʝ ʱʝ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴ-

ʰʦʛʦ ʟôʷʩʫʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɹʽʣʠʡ ʢʦʣʽʨ ʧʝʨʠʜʽʶ ʫ ʜʦʩʣʽʜʞʝʥʠʭ ʧʨʝʜʩʪʘ-

ʚʥʠʢʽʚ ʨʦʜʽʚ Diderma, Didymium ʪʘ Physarum ʚʘʨʽʶʚʘʚ ʚʽʜ ʷʩʢʨʘʚʦ-ʞʦʚʪʦʛʦ ʜʦ 

ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʪʘ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʟʨʘʟʢʘ. ʄʦʞ-

ʣʠʚʦ, ʩʘʤʝ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʽ ʪʘ ʩʫʙʩʪʨʘʪʽ ʟʨʘʟʢʠ Phy-

sarum albescens ʟ ʨʽʟʥʠʭ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʴ ʪʘʢ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʢʦʣʴʦʨʦʤ ï ʚʽʜ 

ʙʽʣʦʛʦ ʟ ʷʩʢʨʘʚʦ-ʞʦʚʪʠʤ ʜʦ ʪʝʤʥʦ-ʞʦʚʪʦʛʦ, ʤʘʡʞʝ ʢʦʨʠʯʥʝʚʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʢʦʧʠʯʝʥʥʷ ʥʽʚʘʣʴʥʠʤʠ ʤʽʢʩʦʤʽʮʝʪʘʤʠ ʨʽʟ-

ʥʦʤʘʥʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʢʨʠʚʘʻ ʥʦʚʽ ʘʩʧʝʢʪʠ ʢʨʫʛʦʦʙʽʛʫ ʨʝʯʦʚʠʥ ʚ ʥʘʚʢʦʣʠ-

ʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʜʘʪʥʽʩʪʴ ʜʝʷʢʠʭ ʚʠʜʽʚ ʤʽʢʩʦʤʽʮʝʪʽʚ ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʦʢ-

ʩʠʯʥʽ ʝʣʝʤʝʥʪʠ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʥʦʚʠʭ 

ʦʙôʻʢʪʽʚ ʙʽʦʽʥʜʠʢʘʮʽʾ ʪʘ ʙʽʦʨʝʤʝʜʽʘʮʽʾ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʬʝʨʽ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʦʙʣʝʥʽ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ɿʘ ʢʽʣʴʢʽʩʪʶ ʚʤʽʩʪʫ ʚ ʥʽʚʘʣʴʥʠʭ ʤʽʢʩʦʤʽʮʝʪʘʭ ʚʩʽ ʝʣʝʤʝʥʪʠ ʨʦʟʧʦʜʽʣʠ-

ʣʠʩʷ ʥʘ 5 ʦʩʥʦʚʥʠʭ ʛʨʫʧ: 1) ʉʘ ï ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʢʣʘʜʘʻ 5,37%;  

2) Mn (0,23%), Mg (0,13%) ʪʘ Fe (0,10%); 3) Si (0,065%), Al (0,053%) ʪʘ  

Zn (0,024%); 4) Ni (0,008%) ʪʘ Pb (0,004%); 5) Cd (0,00018%), Cu (0,00016%) 

ʪʘ Cr (0,000056%). 

2. ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʉʘ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʚʩʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚʠʜʠ ʤʽʢ-

ʩʦʤʽʮʝʪʽʚ ʥʘʣʝʞʘʪʴ ʜʦ ʧʦʨʷʜʢʫ Physarales, ʜʣʷ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʷʢʦʛʦ ʥʘʷʚʥʽʩʪʴ 

ʚʘʧʥʘ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʘʭ ʧʣʦʜʦʚʠʭ ʪʽʣ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʦʟʥʘʢ. 

3. ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʤʽʢʩʦʤʽʮʝʪʘʭ Ca, Mn, Mg, Al, Ni, ʘ ʪʘ-

ʢʦʞ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ Pb ʪʘ Cd ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ, ʧʨʠʡʥʷʪʽ ʜʣʷ 

ʞʠʚʦʾ ʨʝʯʦʚʠʥʠ; ʥʘʪʦʤʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʷ Si, Zn ʪʘ Cr ʫ ʤʽʢʩʦʤʽʮʝʪʽʚ ʤʝʥʰʘ, 

ʥʽʞ ʫ ʙʽʣʴʰʦʩʪʽ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʘ Fe ʪʘ Cu ï ʽʜʝʥʪʠʯʥʘ ʾʭ ʩʝʨʝʜʥʴʦʤʫ ʧʨʦ-

ʮʝʥʪʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ʜʣʷ ʽʥʰʠʭ ʙʽʦʦʙôʻʢʪʽʚ. 

4. ʂʦʣʽʨ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʤʽʢʩʦʤʽʮʝʪʽʚ ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʩʫ-

ʤʽʰʽ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʧʽʛʤʝʥʪʽʚ: ʙʽʣʝ ʟʘʙʘʨʚʣʝʥʥʷ ʚʠʜʽʚ ʨʦʜʫ Diderma ʪʘ 

Didymium ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʘʧʥʷʥʠʭ ʚʢʣʶʯʝʥʴ ʚ ʤʦʨʬʦʣʦʛʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʧʣʦ-

ʜʦʚʠʭ ʪʽʣ; ʞʦʚʪʫʚʘʪʽ ʚʽʜʪʽʥʢʠ Physarum albescens ʽ Ph. alpestre ʟʤʽʥʶʶʪʴʩʷ  

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʽ; ʪʝʤʥʠʡ ʙʣʠʩʢʫʯʠʡ ʧʝʨʠʜʽʡ  
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ʟ ʨʘʡʜʫʞʥʠʤ ʚʽʜʣʠʚʦʤ ʚʠʜʽʚ ʨʦʜʽʚ Lamproderma ʪʘ Meriderma ʤʦʞʣʠʚʦ ʦʙʫ-

ʤʦʚʣʝʥʠʡ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʩʧʦʣʫʢʘʤʠ Al, Cd, Cr, Cu, Fe, Mg, Mn, Ni, Si.  

5. ɺʠʷʚʣʝʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʤʽʢʩʦʤʽʮʝʪʽʚ ʥʘʢʦʧʠʯʫʚʘʪʠ Mn: ʥʘʡ-

ʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʫ Diderma meyerae ï 0,97%, Physarum alpestre ï 0,53% ʪʘ 

Diderma niveum ï 0,34%, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʣʦ ʚʽʜʦʤʽ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʽʥʰʠʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. 
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ʋɼʂ 502.3:504.064 

 

ɺ.ɺ. ʐɸʈɸɺɸʈɸ, ɼ.ɺ. ɻʋʃɽɺɽʎʔ, ʗ.ɯ. ʄʆɺʏɸʅ 

 

ʆʎɯʅʂɸ ʈɯɺʅʗ ɽʂʆʃʆɻɯʏʅʆɰ ɹɽɿʇɽʂʀ ɺɯʁʉʔʂʆɺʀʍ ʆɹôɭʂʊɯɺ: 

ʇʈʆʎɽɼʋʈɸ, ɯʅʉʊʈʋʄɽʅʊɸʈɯʁ, ʂʈʀʊɽʈɯɰ 

 
ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟ-

ʧʝʢʠ ʪʝʨʠʪʦʨʽʡ ʚʠʚʝʜʝʥʠʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ, ʷʢʘ ʤʽʩʪʠʪʴ 

ʦʧʠʩ ʝʪʘʧʽʚ ʾʾ ʧʨʦʚʝʜʝʥʥʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ-

ʨʽʶ, ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʽ ʰʢʘʣʠ, ʱʦ ʚʢʣʶʯʘʻ ʜʝʪʘʣʽʟʦʚʘʥʫ ʛʨʘʜʘʮʽʶ  

ʽ ʥʘʡʤʝʥʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʢʘʪʝʛʦʨʽʡ ʝʢʦʙʝʟʧʝʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ, ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, 

ʚʽʡʩʴʢʦʚʽ ʦʙôʻʢʪʠ, ʤʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷ, ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ. 

 

ɺʩʪʫʧ  
 

ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʢʦʣʠʰʥʴʦʛʦ ʚʽʡʩʴʢʦʚʦʛʦ ʦʙôʻʢʪʘ ʩʪʘ-

ʥʦʚʠʪʴ ʚʽʜʦʢʨʝʤʣʝʥʫ ʛʘʣʫʟʴ ʥʘʫʢʦʚʦʾ ʽ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʪʦʤʫ ʧʦʪʨʝʙʫʻ 

ʚʠʨʦʙʣʝʥʥʷ ʷʢʽʩʥʦ ʩʧʝʮʠʬʽʯʥʠʭ ʧʨʠʥʮʠʧʽʚ ʽ ʧʽʜʭʦʜʽʚ. ʊʨʘʜʠʮʽʡʥʘ ʧʨʦʮʝʜʫʨʘ 

ʦʮʽʥʢʠ ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ (ʆɺʅʉ) ʧʣʘʥʦʚʘʥʦʾ ʜʽʷʣʴʥʦʩʪʽ (ʯʠ 

ʦʙôʻʢʪʽʚ, ʱʦ ʧʨʦʝʢʪʫʶʪʴʩʷ), ʷʢʘ ʟʘʢʨʽʧʣʝʥʘ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ [1],  

ʽ ʧʨʦʮʝʜʫʨʘ ʆɺʅʉ ʜʽʶʯʠʭ ʦʙôʻʢʪʽʚ, ʷʢʘ ʦʧʠʩʘʥʘ ʫ [2], ʟʘ ʩʚʦʾʤ ʟʤʽʩʪʦʤ ʽ ʥʘ-

ʧʦʚʥʝʥʥʷʤ ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʥʝ ʤʽʩʪʪ̫ʴ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ. ʇʨʦʚʝʜʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʽʡʩʴʢʦʚʠʭ 

ʦʙôʻʢʪʽʚ, ʷʢʽ ʚʠʚʝʜʝʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʦʢʠʥʫʪʽ ʘʙʦ ʥʝ ʬʫʥʢʮʽʦʥʫʶʪʴ, ʜʦʟʚʦ-

ʣʠʪʴ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʭʦʜʠ ʜʦʪʨʠʤʘʥʥʷ ʝʢʦʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ ʚʠʟʥʘ-

ʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ, ʜʦʮʽʣʴʥʽʩʪʴ ʪʘ ʧʨʠʡʥʷʪʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʪʝʨʠʪʦʨʽʡ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

 

ʈʦʟʨʦʙʢʘ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʢʦʣʠʰʥʽʭ ʚʽʡ-

ʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ ʽ ʾʭ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʟʘʜʣʷ ʫʩʫ-

ʥʝʥʥʷ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ, ʷʢʽ ʚʦʥʠ ʘʢʫʤʫʣʶʚʘʣʠ ʟʘ ʯʘʩ ʩʚʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʅʘʫʢʦʚʝ, ʤʝʪʦʜʠʯʥʝ, ʽʥʬʦʨʤʘʮʽʡʥʝ ʪʘ ʘʥʘʣʽʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʾ ʧʨʦʮʝ-

ʜʫʨʠ ʩʪʚʦʨʠʪʴ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʜʣʷ ʨʝʘʙʽʣʽʪʘʮʽʾ ʪʝʨʠʪʦʨʽʡ, ʟʘʙʨʫʜʥʝʥʠʭ ʚʥʘ-

ʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʧʝʨʝʜʙʘʯʝʥʦ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ɿʘʛʘʣʴ-

ʥʦʜʝʨʞʘʚʥʫ ʮʽʣʴʦʚʫ ʧʨʦʛʨʘʤʫ ʟʘʭʠʩʪʫ ʥʘʩʝʣʝʥʥʷ ʽ ʪʝʨʠʪʦʨʽʡ ʚʽʜ ʥʘʜʟʚʠʯʘʡ-

ʥʠʭ ʩʠʪʫʘʮʽʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʥʘ 2013-2017 ʨʦʢʠè ʚʽʜ 

07.06.2012 ˉ 4909-VI.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 
 

ʉʠʩʪʝʤʘ ʚʠʢʦʥʘʥʥʷ ʆɺʅʉ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ 

(ʨʠʩ. 1): 1) ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʝʨʠʪʦʨʽʾ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜ-

ʥʝʥʥʷ (ʚʽʡʩʴʢʦʚʦʛʦ ʦʙôʻʢʪʘ); 2) ʘʥʘʣʽʟ ʽ ʦʮʽʥʢʘ ʥʘʩʣʽʜʢʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ 

ʚʽʡʩʴʢʦʚʦʛʦ ʦʙôʻʢʪʘ ʥʘ ʜʦʚʢʽʣʣʷ; 3) ʨʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ; 4) ʚʠʟʥʘʯʝʥʥʷ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʠʪʦʨʽʡ [3ï5]. 

Ò ɺ.ɺ. ʐʘʨʘʚʘʨʘ, ɼ.ɺ. ɻʫʣʝʚʝʮʴ, ʗ.ɯ. ʄʦʚʯʘʥ, 2015 
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ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʪʝʨʠʪʦʨʽʡ 

 

ʈʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʢʦʥʘʥʥʷ ʧʝʨ-

ʰʦʛʦ ʝʪʘʧʫ ï ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ˇʨʫʥʪʫ ʽ ʨʦʩʣʠʥ) ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʟʤʽʥ ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ ʽ ʧʽʜ 

ʚʧʣʠʚʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [6]. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʛʦ ʤʘʩʠʚʫ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʫʶʪʴʩʷ ʙʘʟʠ ʜʘʥʠʭ ʝʢʦʣʦʛʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ (ʘʙʦ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʴ) ˇʨʫʥ-

ʪʦʚʦʛʦ (ʟʘ ʛʦʨʠʟʦʥʪʘʤʠ) ʽ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʚʽʡʩʴʢʦʚʦʛʦ 

ʦʙôʻʢʪʫ ʨʫʭʦʤʠʤʠ ʬʦʨʤʘʤʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (ɺʄ) ʽ ʥʽʪʨʘʪʘʤʠ, ʘ ʪʘʢʦʞ ʬʦʥʦ-

ʚʠʡ ʚʤʽʩʪ ʮʠʭ ʨʝʯʦʚʠʥ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚʥʦ ʯʠʩʪʠʭ ʜʽʣʷʥʢʘʭ. 

ɼʘʣʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ STATISTICA ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘ-

ʣʽʟ ʽ ʦʮʽʥʢʘ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʚʤʽʩʪʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʽ ʥʽʪʨʘʪʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘ-

ʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʛʝʦʭʽʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. ɿʘ ʟʛʨʫʧʦʚʘ-

ʥʠʤʠ ʙʘʟʘʤʠ ʜʘʥʠʭ ʚ ʦʙʦʣʦʥʮʽ ʧʨʦʛʨʘʤʠ Microsoft Office Excel ʙʫʜʫʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʽ ʜʽʘʛʨʘʤʠ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʟʽʩʪʘʚʣʝʥʥʷ ʽ ʧʦʜʘʣʴʰʦʛʦ ʧʦʨʽʚʥʷʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʨʽʟʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢ ʤʽʞ ʩʦʙʦʶ, ʪʘʢ ʽ 

ʟʽ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʦʨʤʘʤʠ [3ï5]. 

ɺʠʚʯʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʟʦʥʘʭ ʡʤʦʚʽʨʥʦ-

ʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʡʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʦʨʤʘʪʠʚʘʤʠ ʽ ʩʪʘʥʜʘʨʪʘʤʠ ʷʢʦʩ-

ʪʽ ʜʦʚʢʽʣʣʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʘʤʢʘʭ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ï ʘʥʘʣʽʟʫ ʽ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʦʙôʻʢʪʫ ʥʘ ʜʦʚʢʽʣʣʷ. ʊʫʪ ʥʝʦʙʭʽʜʥʦ ʟôʷʩʫʚʘʪʠ, ʷʢʠʡ ʚʟʘ̒-

ʤʦʟʚôʷʟʦʢ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʬʦʨʤʫʚʘʚʩʷ ʚ ʩʢʣʘʜʽ ʘʥʘʣʽʟʦʚʘʥʦʾ ʢʦʣʠʰʥʴʦʾ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʽʡʩʴʢʦʚʦʛʦ ʦʙôʻʢʪʘ ʽ ʷʢʽ ʮʝ ʤʘʣʦ ʥʘʩʣʽʜʢʠ ʜʣʷ 

ʜʦʚʢʽʣʣʷ. ʊʘʢʘ ʦʮʽʥʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧʣʝʢʩʥʠʭ ʽʥʪʝʛ-

ʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ï ʩʫʤʘʨʥʦʛʦ ʧʦʢʘʟʥʠʢʘ  

1.ɽʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʝʨʠʪʦʨʽʾ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ (ʚʽʡʩʴʢʦʚʦʛʦ ʦʙôʻʢʪʘ) 

ɺʽʜʙʽʨ ʧʨʦʙ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʦʣʶʪʘʥʪʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ɿʙʽʨ ʟʨʘʟʢʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʚʤʽʩʪʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʨʦʩʣʠʥʥʦʤʫ ʧʦʢʨʠʚʽ 

ʈʦʟʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʽʚ 

ɽʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ ʽ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʪʝʨʠʪʦʨʽʾ  
ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ (ʆɺʅʉ) ʥʘ ʙʘʟʽ ɻɯʉ-ʤʦʜʝʣʝʡ 

2. ɸʥʘʣʽʟ ʽ ʦʮʽʥʢʘ ʥʘʩʣʽʜʢʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʚʽʡʩʴʢʦʚʦʛʦ ʦʙôʻʢʪʘ ʥʘ ʜʦʚʢʽʣʣʷ 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʟʘʙʨʫʜʥʝʥʥʷ 
ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ ʟʘ ʰʢʘʣʦʶ ʪʘ ʢʨʠʪʝʨʽʷʤʠ ʾʾ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

3. ʈʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ɺʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʫ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʩʪʝʞʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʽ 
ʾʭ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ 

ʇʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ ʪʝʭʥʽʯʥʦʾ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʧʦʨʫʰʝʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ɺʽʜʥʦʚʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʨʝʢʫʣʴʪʠʚʘʮʽʾ 

4. ɺʠʟʥʘʯʝʥʥʷ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʠʪʦʨʽʡ 
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ʟʘʙʨʫʜʥʝʥʥʷ (Zc) ʽ ʧʨʠʚʝʜʝʥʦʛʦ ʩʫʤʘʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ (D) ʪʘ ʾʭ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʨʦʟʨʦʙʣʝʥʠʭ ʰʢʘʣ. ɼʘʣʽ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʱʽʣʴʥʽʩʪʴ 

ʟʚôʷʟʢʫ ʤʽʞ ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʘʟʥʘʯʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʨʝʣʷʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʇʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʽʛʨʘʮʽʾ ʟʘ-

ʙʨʫʜʥʶʚʘʯʽʚ ʽʟ ˇʨʫʥʪʫ ʚ ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʥʘʢʦʧʠʯʝʥʥʷ (ʂʥ). ʇʽʩʣʷ ʯʦʛʦ ʜʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦ-

ʢʨʠʚʫ ʪʝʨʠʪʦʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ ʽʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʚʨʘ-

ʭʦʚʫʻ ʜʘʥʽ ʧʨʦ ʚʤʽʩʪ ʫ ʨʦʩʣʠʥʘʭ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʾʭ ʬʦʥʦʚʝ ʟʥʘʯʝʥʥʷ (ɯ). 

ʋʩʽ ʦʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʦʧʦʚʥʶʶʪʴ ʽ ʚʥʦʩʷʪʴʩʷ ʚ ʟʘʛʘʣʴʥʫ ʙʘʟʫ ʜʘʥʠʭ ʝʢʦ-

ʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʛʨʘʬʽʯʥʦ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ (ʧʦʙʫʜʦʚʘ ʚʽʜʧʦʚʽʜ-

ʥʠʭ ʛʨʘʬʽʢʽʚ-ʜʽʘʛʨʘʤ) ʟ ʤʝʪʦʶ ʟʘʢʣʶʯʥʦʾ ʚʽʟʫʘʣʴʥʦʾ ʦʮʽʥʢʠ [3ï5]. 

ʆʪʨʠʤʘʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʛʦ ʽ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʦʮʽʥʢʠ ʾʭ ʜʝʛʨʘʜʘʮʽʾ. ɿʘ-

ʧʨʦʧʦʥʦʚʘʥʽ ʢʨʠʪʝʨʽʾ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʟʤʽʥ (ʚʽʜʭʠʣʝʥʴ) ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ʧʨʠʡʥʷʪʦʛʦ ʚ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʛʦ (ʬʦʥʦʚʦʛʦ) ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʡ. 

ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʪʝʨʠʪʦʨʽʡ (ˇʨʫʥʪʦʚʦʛʦ ʽ ʨʦʩ-

ʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ) ʩʠʩʪʝʤʘʪʠʟʫʶʪʴʩʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʛʝʦ-

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Digitals (ʟʘʚʘʥʪʘ-

ʞʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ, ʷʢʽ ʤʽʩʪʷʪʴ ʜʦʩʣʽʜʞʫʚʘʥʥʽ ʦʙôʻʢʪʠ, ʧʨʠʚôʷʟʢʘ ʾʭ ʜʦ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʦʮʠʬʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʰʘʨʽʚ, ʥʘʥʝʩʝʥʥʷ ʥʘ 

ʩʪʚʦʨʝʥʫ ʢʘʨʪʫ ʤʽʩʮʴ ʚʽʜʙʦʨʫ ʧʨʦʙ ʽʟ ʚʥʝʩʝʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʱʦʜʦ ʚʤʽʩʪʫ 

ɺʄ) ʽ Golden Software Surfer (ʘʥʘʣʽʟ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʛʝʦʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʽ ʤʦʜʝʣʶʚʘʥʥʷ  ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʧʦʰʠʨʝʥʥʷ ʥʘ ʜʦʩ-

ʣʽʜʞʫʚʘʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ɺʄ ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ). 

ʉʪʚʦʨʝʥʽ ɻɯʉ-ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʜʝʪʘʣʴʥʦʾ ʦʮʽʥʢʠ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʜʽʾ 

ʚʽʡʩʴʢʦʚʦʛʦ ʦʙôʻʢʪʘ ʽ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ 

ʨʦʟʛʣʷʜʽ ʚ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʣʘʥʮʶʛʘ ʤʦʞʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʢʽʣʣʷ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ. ʉʘʤʘ ʤʦʜʝʣʴ ʚʽʜʥʦʩʠʥ ʧʝʨʝʜʙʘʯʘʻ ʚʽʜ-

ʪʚʦʨʝʥʥʷ ʢʦʤʧʦʥʝʥʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʛʽʧʦʪʝʪʠʯʥʠʭ ʰʣʷʭʽʚ ʤʽʛʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶ-

ʯʠʭ ʨʝʯʦʚʠʥ, ʽʥʽʮʽʡʦʚʘʥʠʭ ʪʝʭʥʦʛʝʥʥʠʤ ʚʧʣʠʚʦʤ ʤʘʡʜʘʥʯʠʢʽʚ ʧʫʩʢʦʚʠʭ ʢʦʤ-

ʧʣʝʢʩʽʚ ʨʘʢʝʪʥʠʭ ʚʽʡʩʴʢ (ʨʠʩ. 2) [7]. 
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ʆʢʨʝʩʣʝʥʘ ʢʦʤʧʦʥʝʥʪʥʘ ʩʪʨʫʢʪʫʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ  

ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʟʘʟʥʘʯʝʥʠʭ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʛʝʦʛʨʘ-

ʬʽʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ʚʠ-

ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʝʨʠʪʦʨʽʡ [7]. 

ʈʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ï ʪʨʝʪʽʡ ʝʪʘʧ ï  

ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʦʙʣʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥ ʜʦʚʢʽʣʣʷ ʪʘ ʡʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʠʢʣʠʢʘʥʠʭ ʢʦʣʠʰʥʴʦʶ 

ʜʽʷʣʴʥʽʩʪʶ ʟʙʨʦʡʥʠʭ ʩʠʣ. ɺ ʨʘʤʢʘʭ ʮʴʦʛʦ ʝʪʘʧʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥ-

ʪʫʚʘʥʥʷ ʰʣʷʭʽʚ ʢʦʤʧʣʝʢʩʥʦʾ ʨʝʘʙʽʣʽʪʘʮʽʾ ʪʝʨʠʪʦʨʽʡ, ʧʦʨʫʰʝʥʠʭ ʚʥʘʩʣʽʜʦʢ 

ʚʽʡʩʴʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟ ʤʝʪʦʶ ʧʨʠʚʝʜʝʥʥʷ ʾʭ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦ ʛʘʨʘʥʪʦ-

ʚʘʥʦ-ʙʝʟʧʝʯʥʠʭ ʜʣʷ ʜʦʚʢʽʣʣʷ ʽ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʨʽʚʥʽʚ ʪʘ ʩʪʘʥʜʘʨʪʽʚ. ʈʝʘʙʽʣʽʪʘ-

ʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʣʽʢʚʽʜʘʮʽʶ ʟʘʙʨʫʜʥʝʥʴ, ʪʝʭʥʽʯʥʫ ʽ ʙʽʦʣʦʛʽʯʥʫ ʨʝʢʫʣʴʪʠʚʘʮʽʶ 

ʜʝʛʨʘʜʦʚʘʥʠʭ ʜʽʣʷʥʦʢ ʽ ʩʫʤʽʞʥʠʭ ʧʣʦʱ, ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʭʦʜʽʚ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʪʘʥʦʤ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ [3ï5]. 

ɿʘʚʝʨʰʘʣʴʥʠʤ ʻ ʯʝʪʚʝʨʪʠʡ ʝʪʘʧ ï ʚʠʟʥʘʯʝʥʥʷ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʠʪʦʨʽʡ. ɿʘʚʜʘʥʥʷʤ ʟʘʢʣʶʯʥʦʛʦ ʝʪʘʧʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ 

ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʠʰʥʽʭ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ, ʚʨʘʭʦ-

ʚʫʶʯʠ ʝʢʦʣʦʛʽʯʥʽ ʽ ʝʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ ʜʝʤʽʣʽʪʘʨʠʟʘʮʽʾ ʮʠʭ ʪʝʨʠʪʦʨʽʡ, ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʢʣʶʯʝʥʥʷ ʜʦ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʠʤ ʢʨʠʪʝʨʽʷʤ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ʋ ʨʘʤ-

ʢʘʭ ʮʴʦʛʦ ʝʪʘʧʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʛʣʠʙʠʥʘ ʧʦʨʫʰʝʥʥʷ ʝʢʦʩʠʩʪʝʤ ʚ ʤʝʞʘʭ 

ʚʧʣʠʚʫ ʢʦʣʠʰʥʽʭ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ ʽ ʨʽʚʝʥʴ ʟʥʠʞʝʥʥʷ ʾʭ ʩʪʽʡʢʦʩʪʽ ʜʦ ʥʘʚʘʥ-

ʪʘʞʝʥʴ, ʚʠʨʦʙʣʷʶʪʴʩʷ ʝʢʦʣʦʛʦ-ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ  

ʪʘʢʠʭ ʪʝʨʠʪʦʨʽʡ [3ï5]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʜʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʚʢʣʘʜ ʪʦʛʦ ʯʠ  

ʽʥʰʦʛʦ ʘʩʧʝʢʪʫ ʜʽʷʣʴʥʦʩʪʽ ʚʽʡʩʴʢʦʚʦʛʦ ʦʙôʻʢʪʘ ʚ ʥʝʙʝʟʧʝʯʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦ-

ʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚ ʮʽʣʦʤʫ ʯʠ ʟʘ ʦʢʨʝʤʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤ ʜʦʚʢʽʣʣʷ [8]. ɺʩʪʘ-

ʥʦʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʧʦʢʘʟʥʠʢʽʚ (ʽʥʜʝʢʩʽʚ) ʽʟ ʨʽʚʥʝʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ, ʷʢʠʡ 

ʬʦʨʤʫʻʪʴʩʷ ʜʣʷ ʚʽʡʩʴʢʦʚʦʛʦ ʦʙôʻʢʪʘ, ʜʦʟʚʦʣʠʣʦ ʥʘʧʨʘʮʶʚʘʪʠ ʢʨʠʪʝʨʽʾ ʝʢʦʣʦ-

ʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʨʫʰʝʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʆʩʥʦʚʥʽ ʥʘʩʣʽʜʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʜʽʷʣʴʥʦʩʪʽ ʨʘʢʝʪʥʠʭ ʚʽʡʩʴʢ ʧʨʦʷʚ-

ʣʷʶʪʴʩʷ ʚ ʤʝʭʘʥʽʯʥʦʤʫ ʧʦʨʫʰʝʥʥʽ ˇʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʟʘʙʨʫʜʥʝʥ-

ʥ̔  ʝʢʦʩʠʩʪʝʤ ʷʢ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ, ʪʘʢ ʽ ʧʨʦʜʫʢʪʘʤʠ ʾʭ ʪʨʘʥʩ-

ʬʦʨʤʘʮʽʾ, ʟʤʽʥʽ ʛʝʦʭʽʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ʊʘʢʠʡ ʪʝʭʥʦʛʝʥʥʠʡ 

ʚʧʣʠʚ ʻ ʜʦʩʪʘʪʥʴʦ ʨʫʡʥʽʚʥʠʤ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʽ ʤʦʞʝ ʩʧʨʦʚʦʢʫʚʘʪʠ 

ʧʨʦʮʝʩʠ, ʷʢʽ ʩʧʨʠʯʠʥʷʪʴ ʱʝ ʙʽʣʴʰ ʥʝʛʘʪʠʚʥʽ ʽ ʥʝʟʚʦʨʦʪʥʽ ʥʘʩʣʽʜʢʠ ʚ ʤʘʡʙʫʪ-

ʥʴʦʤʫ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʤʘʻ ʛʘʨʘʥʪʫʚʘʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʛʨʘ-

ʜʘʮʽʾ ʜʦʚʢʽʣʣʷ ʽ ʟʥʠʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʪʦʤʫ ʢʨʠʪʝʨʽʾ 

ʝʢʦʙʝʟʧʝʢʠ ʤʘʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʩʪʽʡʢʽʩʪʴ ʽ ʟʜʘʪʥʽʩʪʴ ʜʦ ʨʝʛʝʥʝʨʘʮʽʾ ʧʨʠʨʦʜʥʠʭ 

ʝʢʦʩʠʩʪʝʤ. 

ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ ʽ ʨʦʩʣʠʥʥʦʩʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠ-

ʩʪʘʪʠ ʟʤʽʥʠ (ʚʽʜʭʠʣʝʥʥʷ) ʟʥʘʯʝʥʴ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜ ʧʨʠʡʥʷʪʠʭ ʢʦʥ-

ʪʨʦʣʴʥʠʭ (ʬʦʥʦʚʠʭ) ʧʦʢʘʟʥʠʢʽʚ ʾʭ ʩʪʘʥʫ. ʂʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʜʣʷ 

ʚʠʜʽʣʝʥʥʷ ʩʪʫʧʝʥʽʚ ʜʝʛʨʘʜʘʮʽʾ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʝʢʦʣʦʛʽʯʥʽ ʦʙʩʪʝʞʝʥʥʷ ˇʨʫʥʪʽʚ ʽ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʽ ʚʠʟʥʘʯʘ-

ʶʪʴʩʷ ʨʽʚʥʽ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ. ʇʦʢʘʟʥʠʢʠ, ʟʘ ʷʢʠʤʠ ʦʮʽʥʶʻʪʴʩʷ ʩʪʫʧʽʥʴ ʪʝʭʥʦ-

ʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʙʨʘʥʽ ʥʘʩʪʫʧʥʽ: 1) ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ; 2) ʚʤʽʩʪ ʚʘʞʢʠʭ ʤʝ-

ʪʘʣʽʚ; 3) ʩʫʤʘʨʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ; 4) ʧʨʠʚʝʜʝʥʠʡ ʩʫʤʘʨʥʠʡ 
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ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ; 5) ʢʦʝʬʽʮʽʻʥʪ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʨʦʩʣʠʥʥʽʡ ʬʽʪʦʤʘʩʽ; 

6) ʢʦʤʧʣʝʢʩʥʠʡ ʽʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ. 

ʆʙôʻʜʥʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʝ-

ʦʙʭʽʜʥʦ ʽʥʪʝʛʨʘʣʴʥʦ ʫʟʘʛʘʣʴʥʠʪʠ ʰʣʷʭʦʤ ʧʽʜʛʦʪʦʚʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʜʦʩ-

ʣʽʜʞʫʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʟʘʙʨʫʜʥʝʥʠʭ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʥʘ ʦʩʥʦʚʽ 

ɻɯʉ-ʤʦʜʝʣʝʡ. ʂʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʦʧʨʘʮʴʦʚʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ 

ʱʦʜʦ: ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʦʮʽʥʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ 

ʟʘ ʧʨʠʚʝʜʝʥʠʤ ʩʫʤʘʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ, D); ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ 

(ʦʮʽʥʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʢʦʤʧʣʝʢʩʥʠʤ ʽʥʜʝʢʩʦʤ 

ʟʘʙʨʫʜʥʝʥʥʷ, ɯ); ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ (ʾʾ ʦʧʠʩ) ʪʝʨʠʪʦʨʽʡ, ʥʘ ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ 

ʚʽʡʩʴʢʦʚʽ ʦʙôʻʢʪʠ, ʽ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʽʜʩʪʠʣʘʶʯʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ (G); 

ʧʣʦʱʽ (ʜʟʝʨʢʘʣʘ) ʟʘʙʨʫʜʥʝʥʠʭ ʟʦʥ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʚʤʽʩʪʦʤ ɺʄ, ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ɻɯʉ-ʤʦʜʝʣʝʡ (S); ʛʫʩʪʦʪʠ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʩʽʪʢʠ (ʧʦʩʪʽʡʥʠʭ ʚʦʜʦʪʦʢʽʚ, R). 

ʂʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʚʢʣʶʯʘʻ ʚʠʱʝʧʝʨʝʨʘʭʦʚʘʥʽ ʬʘʢʪʦʨʠ (ʧʦʢʘʟʥʠʢʠ), ʢʦ-

ʞʥʦʤʫ ʟ ʷʢʠʭ ʥʘʜʘʻʪʴʩʷ ʦʮʽʥʦʯʥʠʡ ʙʘʣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʚʠʟʥʘ-

ʯʝʥʠʭ ʟʥʘʯʝʥʴ ʾʭ ʧʘʨʘʤʝʪʨʘ. ɿʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʨʠʪʝʨʽʾʚ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ ʪʝʨʠʪʦʨʽʡ ʢʦʣʠʰʥʽʭ ʚʽʡʩʴʢʦʚʠʭ ʦʙôʻʢʪʽʚ ʽ ʧʦʨʷʜʦʢ ʧʨʠʩʚʦʻʥʥʷ ʦʮʽʥʦ-

ʯʥʠʭ ʙʘʣʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. ʅʠʞʯʝ ʧʦʜʘʥʦ ʨʦʟôʷʩʥʝʥʥʷ ʱʦʜʦ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʪʝʨʽʾʚ (ʧʦʢʘʟʥʠʢʽʚ) ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ. 

 

ʊʘʙʣʠʮʷ 1 ï ɺʘʛʘ ʢʨʠʪʝʨʽʾʚ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʜʝʤʽʣʽʪʘʨʠʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʚ ʦʮʽʥʦʯʥʠʭ ʙʘʣʘʭ 

 
ˉ 

ʟ/ʧ 
ʇʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʆʮʽʥʦʯʥʽ ʙʘʣʠ 

1. 
ʇʨʠʚʝʜʝʥʠʡ ʩʫʤʘʨʥʠʡ  

ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ, D 

ʥʠʟʴʢʠʡ 1ï4 

ʩʝʨʝʜʥʽʡ 5ï8 

ʧʽʜʚʠʱʝʥʠʡ 9ï12 

ʚʠʩʦʢʠʡ 13ï16 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʡ 17ï20 

2. 
ʂʦʤʧʣʝʢʩʥʠʡ ʽʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, I 

ʥʠʟʴʢʠʡ 1ï4 

ʩʝʨʝʜʥʽʡ 5ï8 

ʧʽʜʚʠʱʝʥʠʡ 9ï12 

ʚʠʩʦʢʠʡ 13ï16 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʡ 17ï20 

3. 
ʊʨʘʥʟʠʪʥʠʡ ʧʦʪʝʥʮʽʘʣ  

ʧʽʜʩʪʠʣʘʶʯʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, G 

ʚʦʜʦʪʨʠʚʢʽ 1ï6 

ʥʘʧʽʚʧʨʦʥʠʢʥʽ 7ï13 

ʚʦʜʦʧʨʦʥʠʢʥʽ 14ï20 

4. ʇʣʦʱʘ ʟʘʙʨʫʜʥʝʥʥʷ, S 

ʧʦʥʘʜ 100 000 ʤ
2 
 1ï6 

ʚʽʜ 10 000 ʤ
2
 ʜʦ 100 000 ʤ

2
 7ï13 

ʜʦ 10 000 ʤ
2
 14ï20 

5. ɻʫʩʪʦʪʘ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʩʽʪʢʠ, R 

ʜʦ 100 ʤ/ʢʤ
2
 1ï6 

ʚʽʜ 100 ʤ/ʢʤ
2
 ʜʦ 1000 ʤ/ʢʤ

2
 7ï13 

ʧʦʥʘʜ 1000 ʤ/ʢʤ
2
 14ï20 
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ʇʨʠʚʝʜʝʥʠʡ ʩʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ (D). ʆʩʢʽʣʴʢʠ ʽʥʪʝʛʨʘ-

ʣʴʥʠʡ ʦʮʽʥʦʯʥʠʡ ʙʘʣ D ʜʘʻ ʥʘʡʙʽʣʴʰ ʢʦʨʝʢʪʥʫ ʦʮʽʥʢʫ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʦʛʦ 

(ʝʢʦʣʦʛʽʯʥʦʛʦ) ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ, ʨʝʟʫʣʴʪʘʪʠ ʡʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʜʣʷ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʮʽʥʢʠ. ʆʮʽʥʦʯʥʘ ʰʢʘʣʘ ʥʝʙʝʟʧʝʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʟʘ 

ʧʨʠʚʝʜʝʥʠʤ ʩʫʤʘʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ D ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʨʽʚʥʶ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ʧʨʠʩʚʦʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʦʮʽʥʦʯʥʠʡ ʙʘʣ (ʚʽʜ 1 ʜʦ 

5 ʙʘʣʽʚ). 

ʂʦʤʧʣʝʢʩʥʠʡ ʽʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ (I ). ɼʣʷ ʧʦʜʘʣʴ-

ʰʦʾ ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʦʮʽʥʦʯʥʫ ʰʢʘʣʫ ʥʝʙʝʟʧʝʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥ-

ʥʦʛʦ ʧʦʢʨʠʚʫ ʟʘ ʢʦʤʧʣʝʢʩʥʠʤ ʽʥʜʝʢʩʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ɯ. ɺʩʪʘʥʦʚʣʝʥʦʤʫ ʨʽʚʥʶ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʩʚʦʶʻʤʦ ʚʽʜʧʦʚʽʜʥʫ ʥʘʙʨʘʥʫ ʢʽʣʴʢʽʩʪʴ ʦʮʽʥʦʯʥʠʭ ʙʘʣʽʚ (ʚʽʜ 1 

ʜʦ 5 ʙʘʣʽʚ). 

ɻʝʦʣʦʛʽʯʥʘ ʦʩʥʦʚʘ ʪʝʨʠʪʦʨʽʾ ʽ ʪʨʘʥʟʠʪʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʽʜʩʪʠʣʘʶʯʠʭ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ (G). ʋʩʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʚʦʜʦʧʨʦʥʠʢʥʽ 

(ʛʘʣʴʢʘ, ʛʨʘʚʽʡ, ʜʦʙʨʝ ʚʽʜʩʦʨʪʦʚʘʥʠʡ ʯʠʩʪʠʡ ʧʽʩʦʢ, ʟʘʢʘʨʩʪʦʚʘʥʽ ʪʘ ʪʨʽʱʠʥʫʚʘ-

ʪʽ ʧʦʨʦʜʠ); ʥʘʧʽʚʧʨʦʥʠʢʥʽ (ʛʣʠʥʠʩʪʽ ʧʽʩʢʠ, ʪʦʨʬ, ʩʢʝʣʴʥʽ, ʥʘʧʽʚʩʢʝʣʴʥʽ ʪʘ ʟʘ-

ʢʘʨʩʪʦʚʘʥʽ ʧʦʨʦʜʠ, ʧʫʩʪʦʪʠ ʽ ʪʨʽʱʠʥʠ ʷʢʠʭ ʟʘʧʦʚʥʝʥʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ ʽ 

ʛʣʠʥʠʩʪʠʤʠ ʚʽʜʢʣʘʜʘʤʠ); ʚʦʜʦʥʝʧʨʦʥʠʢʥʽ, ʘʙʦ ʚʦʜʦʪʨʠʚʢʽ (ʛʣʠʥʠ ʪʘ ʤʘʩʠʚʥʦ-

ʢʨʠʩʪʘʣʽʯʥʽ ʧʦʨʦʜʠ). ʄôʷʢʽ ʽ ʚʦʜʦʧʨʦʥʠʢʥʽ ʧʦʨʦʜʠ ʩʧʨʠʷʶʪʴ ʧʦʰʠʨʝʥʥʶ  

ʟʘʙʨʫʜʥʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʯʝʨʝʟ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʯʠ ʨʽʯʢʦʚʫ ʩʠʩʪʝʤʫ, ʟʙʽʣʴʰʫʶʯʠ 

ʧʣʦʱʫ ʟʘʙʨʫʜʥʝʥʥʷ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʚʦʜʦʪʨʠʚʢʽ ʰʘʨʠ ʦʮʽʥʶʻʤʦ ʚ 1ï6 ʙʘ-

ʣʽʚ, ʥʘʧʽʚʧʨʦʥʠʢʥʽ ï 7ï13 ʙʘʣʽʚ, ʚʦʜʦʧʨʦʥʠʢʥʽ ï 14ï20 ʙʘʣʽʚ. 

ʇʣʦʱʘ (ʜʟʝʨʢʘʣʦ) ʟʘʙʨʫʜʥʝʥʥʷ (S). ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʴ, ʜʦʩʣʽʜʞʫʚʘʥʠʤ 

ʟʘʙʨʫʜʥʶʶʯʠʤ ʨʝʯʦʚʠʥʘʤ ʚʣʘʩʪʠʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʽ ʚʝʨʪʠʢʘʣʴʥʘ ʤʽʛʨʘʮʽʷ ʪʘ, 

ʚʽʜʧʦʚʽʜʥʦ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʦʰʠʨʝʥʥʷ ʥʘ ʟʥʘʯʥʽ ʪʝʨʠʪʦʨʽʾ. ʇʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪ-

ʨʘʮʽʷ ʧʦʣʶʪʘʥʪʽʚ ʟʙʽʣʴʰʫʻ ʜʟʝʨʢʘʣʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟ ʯʘʩʦʤ ʩʧʦ-

ʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʨʽʚʥʷ ʫ ʩʝʨʝʜʦʚʠʱʘʭ ʟʘ ʨʘʭʫʥʦʢ ʨʽʚ-

ʥʦʚʽʜʜʘʣʝʥʦʛʦ ʨʫʭʫ. ʊʦʤʫ, ʯʠʤ ʤʝʥʰʘ ʟʦʥʘ ʫʨʘʞʝʥʥʷ, ʪʠʤ ʚʠʱʠʡ ʚʤʽʩʪ ʧʦ-

ʣʶʪʘʥʪʘ ʥʘ ʟʘʙʨʫʜʥʝʥʽʡ ʪʝʨʠʪʦʨʽʾ. ɿʘʙʨʫʜʥʝʥʥʷ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ ʧʦʥʘʜ  

100 000 ʤ
2
 ʦʮʽʥʶʻʪʴʩʷ ʚ 1ï6 ʙʘʣʽʚ, ʧʣʦʱʝ  ʁʚʽʜ 10 000 ʤ

2
 ʜʦ 100 000 ʤ

2
 ï  

7ï13 ʙʘʣʽʚ, ʜʦ 10 000 ʤ
2
 ï 14ï20 ʙʘʣʽʚ. 

ɻʫʩʪʦʪʘ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʩʽʪʢʠ (R). ɻʫʩʪʘ ʤʝʨʝʞʘ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʩʽʪʢʠ ʨʦʟ-

ʚʘʥʪʘʞʫʻ ʦʙʤʝʞʝʥʫ ʟʦʥʫ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʪʠʤ ʩʘʤʠʤ ʨʦʟʧʦʚʩʶʜʞʫʻ ʾʾ ʥʘ ʚʝʣʠʢʽ 

ʧʣʦʱʽ. ɺʽʜʧʦʚʽʜʥʦ, ʮʝ ʨʦʙʠʪʴ ʪʘʢʽ ʪʝʨʠʪʦʨʽʾ ʥʝ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʝʜʝʥʥʷ ʩʽʣʴ-

ʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʽʥʰʠʭ ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʮʽʣʷʭ, ʩʧʨʠʷʻ 

ʟʘʙʨʫʜʥʝʥʥʶ ʚʦʜʦʪʦʢʽʚ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʜʞʝʨʝʣʦʤ ʚʦʜʦʧʦʩʪʘʯʘʥ-

ʥʷ, ʟʨʦʰʝʥʥʷ ʧʦʣʽʚ ʪʦʱʦ. ɺʽʜʩʫʪʥʽʩʪʴ, ʜʫʞʝ ʤʘʣʫ ʢʽʣʴʢʽʩʪʴ, ʥʝʚʝʣʠʢʽ ʨʦʟʤʽʨʠ 

ʧʦʩʪʽʡʥʠʭ ʚʦʜʦʪʦʢʽʚ ʛʫʩʪʦʪʦʶ ʜʦ 100 ʤ/ʢʤ
2
 ʧʦʙʣʠʟʫ ʢʦʣʠʰʥʽʭ ʚʽʡʩʴʢʦʚʠʭ 

ʦʙôʻʢʪʽʚ ʦʮʽʥʶʻʤʦ ʚ 1ï6 ʙʘʣʽʚ, ʩʝʨʝʜʥʶ ʛʫʩʪʦʪʫ, ʥʝʚʝʣʠʯʢʽ ʚʦʜʦʪʦʢʠ, ʟʨʦʰʫ-

ʚʘʣʴʥʽ ʢʘʥʘʣʠ ʚʽʜ 100 ʤ/ʢʤ
2
 ʜʦ 1000 ʤ/ʢʤ

2
 ï 7ï13 ʙʘʣʽʚ, ʥʘʷʚʥʽʩʪʴ ʛʫʩʪʦʾ ʨʽʯ-

ʢʦʚʦʾ ʤʝʨʝʞʽ ʧʦʥʘʜ 1000 ʤ/ʢʤ
2
 ï 14ï20 ʙʘʣʽʚ. 

ʗʢ ʜʦʜʘʪʢʦʚʽ ʽʥʬʦʨʤʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ (ʪʘʙʣ. 2) ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʪʠ ʨʽʚʝʥʴ ʟʘʣʽʩʥʝʥʦʩʪʽ (F) ʽ ʚʝʨʪʠʢʘʣʴʥʫ ʨʦʟʯʣʝʥʦʚʘʥʽʩʪʴ (H) ʪʝʨʠʪʦʨʽʾ, 

ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʫʪʴ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ ʜʦ 

ʧʽʜʪʨʠʤʘʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 
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ʊʘʙʣʠʮʷ 2  ʈʦʣʴ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʧʽʜʪʨʠʤʘʥʥʽ ʨʽʚʥʷ  

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʜʝʤʽʣʽʪʘʨʠʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ 

 
ˉ 

ʟ/ʧ 
ʇʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʉʪʽʡʢʽʩʪʴ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

1. ʈʽʚʝʥʴ ʟʘʣʽʩʥʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ, F 

ʧʦʥʘʜ 40% ʧʦʩʠʣʶʻ ʨʽʚʥʦʚʘʛʫ (+) 

ʚʽʜ 23 ʜʦ 40% ʧʽʪʨʠʤʫʻ ʨʽʚʥʦʚʘʛʫ (0) 

ʜʦ 23% ʧʦʩʣʘʙʣʶʻ ʨʽʚʥʦʚʘʛʫ (-) 

2. 
ɺʝʨʪʠʢʘʣʴʥʘ ʨʦʟʯʣʝʥʦʚʘʥʽʩʪʴ 

ʪʝʨʠʪʦʨʽʾ, H 

ʜʦ 10 ʤ ʧʦʩʠʣʶʻ ʨʽʚʥʦʚʘʛʫ (+) 

ʚʽʜ 10 ʤ ʜʦ 50 ʤ ʧʽʪʨʠʤʫʻ ʨʽʚʥʦʚʘʛʫ (0) 

ʧʦʥʘʜ 50 ʤ ʧʦʩʣʘʙʣʶʻ ʨʽʚʥʦʚʘʛʫ (-) 

 

ʈʽʚʝʥʴ ʟʘʣʽʩʥʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ (F). ʃʽʩʦʚʠʡ ʤʘʩʠʚ, ʷʢ ʧʨʘʚʠʣʦ, ʩʧʨʠʷʻ 

ʟʘʪʨʠʤʘʥʥʶ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʘʣʝ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʩʘʤʠʭ ʨʦʩʣʠʥʘʭ ʥʘ ʜʽʣʷʥʮʽ ʯʠ ʪʝʨʠʪʦʨʽʾ, ʷʢʘ ʦʙ-

ʤʝʞʝʥʘ ʚʣʘʩʥʝ ʧʨʦʪʷʞʥʽʩʪʶ ʣʽʩʦʚʦʛʦ ʤʘʩʠʚʫ. ʊʦʤʫ ʣʽʩ ʚʠʩʪʫʧʘʻ ʧʨʠʨʦʜʥʠʤ 

ʢʦʥʩʝʨʚʘʥʪʦʤ ʽ ʣʦʢʘʣʽʟʘʪʦʨʦʤ ʟʘʙʨʫʜʥʝʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʟʦʥʽ ʰʠʨʦʢʦʣʠʩʪʷ-

ʥʠʭ ʣʽʩʽʚ ʨʽʚʝʥʴ ʟʘʣʽʩʥʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʧʦʥʘʜ 40% ʧʦʩʠʣʶʻ ʨʽʚʥʦʚʘʛʫ ʧʨʠʨʦʜ-

ʥʠʭ ʩʠʩʪʝʤ, ʩʧʨʠʷʻ ʩʪʽʡʢʦʩʪʽ ʜʦ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʧʽʜʪʨʠʤʘʥʥʽ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ɿʘʣʽʩʥʝʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʚʽʜ 23% ʜʦ 40% ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʥʝʡ-

ʪʨʘʣʴʥʦʛʦ ʯʠʥʥʠʢʘ ʫ ʧʽʜʚʠʱʝʥʥʽ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ ʱʦʜʦ ʩʪʽʡʢʦʩ-

ʪʽ ʜʦ ʥʘʚʘʥʪʘʞʝʥʴ, ʘʣʝ ʧʽʜʪʨʠʤʫʻ ʨʽʚʥʦʚʘʛʫ ʟʘ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ ʪʠʩʢʫ  

(ʚ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ ʪʦʣʝʨʘʥʪʥʦʩʪʽ) ʥʘ ʝʢʦʩʠʩʪʝʤʠ. ɿʘʣʽʩʥʝʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʤʝ-

ʥʰʝ 23% ʧʦʩʣʘʙʣʶʻ ʟʜʘʪʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ ʧʨʦʪʠʩʪʦʷʪʠ ʟʘʙʨʫʜʥʝʥʥʶ ʽ 

ʜʝʬʦʨʤʘʮʽʾ, ʟʥʠʞʫʻ ʨʝʟʝʨʚʠ ʝʢʦʩʠʩʪʝʤ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥ ̫ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʝʢʦ-

ʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚ ʫʤʦʚʘʭ ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʡ. 

ɺʝʨʪʠʢʘʣʴʥʘ ʨʦʟʯʣʝʥʦʚʘʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ (H). ʋʩʽ ʢʦʣʠʰʥʽ ʤʘʡʜʘʥʯʠʢʠ 

ʧʫʩʢʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʙʘʣʽʩʪʠʯʥʠʭ ʨʘʢʝʪ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʽʜʚʠ-

ʱʝʥʠʭ ʬʦʨʤʘʭ ʨʝʣʴʻʬʫ, ʚʠʩʦʪʘ ʷʢʠʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 220ï380 ʤ. ʆʯʝʚʠʜ-

ʥʦ, ʱʦ ʯʠʤ ʚʠʱʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʡʩʴʢʦʚʠʡ ʦʙôʻʢʪ, ʪʠʤ ʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ  

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ ɺʄ, ʽ ʤʝʥʰʘ ʧʣʦʱʘ ʟʘʙʨʫʜʥʝʥʥʷ. ɯ ʥʘʚʧʘʢʠ, 

ʧʦ ʥʠʟʦʚʠʥʘʭ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʰʚʠʜʰʝ ʤʽʛʨʫʶʪʴ, ʟʤʝʥʰʫʶʯʠ ʟʘʛʘʣʴ-

ʥʠʡ ʚʤʽʩʪ ʟʘʙʨʫʜʥʶʶʯʦʛʦ ʝʣʝʤʝʥʪʫ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʶʯʠ ʧʣʦʱʫ ʫʨʘ-

ʞʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʘʛʫʙʥʠʤ ʻ ʧʝʨʰʠʡ ʚʘʨʽʘʥʪ, ʦʩʢʽʣʴʢʠ ʽʩʥʫʻ ʚʠʩʦʢʘ ʡʤʦʚʨ̔-

ʥʽʩʪʴ ʧʝʨʝʚʠʱʝʥʥʷ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ (ɻɼʂ) ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʾ ʘʤʧʣʽʪʫʜʠ 

ʚʠʩʦʪ (ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʪʦʯʦʢ ʥʘʜ ʩʫʤʽʞʥʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ) ʽ ʩʪʚʦʨʝʥ-

ʥʷ ʟʦʥʠ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʟʦʥʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. ɺʠʭʦʜʷʯʠ ʽʟ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʭʘʨʘʢʪʝʨʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ɹʉʇ, ʚʝʨʪʠʢʘʣʴʥʘ ʨʦʟʯ-

ʣʝʥʦʚʘʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʜʦ 10 ʤ ʣʦʢʘʣʽʟʫʻ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʧʦʧʝʨʝʜʞʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʥʘʯʥʦʛʦ ʡʦʛʦ ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʧʦʩʠʣʶʻ ʩʪʽʡʢʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʜʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʽʜʚʠʱʫʻ ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤ ʜʦ ʧʽʜʪʨʠʤʘʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚ-

ʥʷ ʝʢʦʙʝʟʧʝʢʠ. ʈʦʟʯʣʝʥʦʚʘʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʚʽʜ 10 ʤ ʜʦ 50 ʤ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʫʤʦʚ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʚʘʣʝʥʪʥʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ, ʘʣʝ ʧʽʜʪʨʠʤʫʻ ʩʪʘʥ ʾʭ 

ʨʽʚʥʦʚʘʛʠ ʟʘ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʚ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ ʪʦʣʝʨʘʥʪ-

ʥʦʩʪʽ) ʥʘ ʝʢʦʩʠʩʪʝʤʠ. ʈʦʟʯʣʝʥʦʚʘʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ ʧʦʥʘʜ 50 ʤ ʧʦʩʣʘʙʣʶʻ ʟʜʘʪ-

ʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʜʝʩʪʨʫʢʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʟʥʠʞʫʻ ʧʦʪʝʥ-

ʮʽʘʣ ʝʢʦʩʠʩʪʝʤ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʨʽʚʥʷ ʝʢʦʣʦ-

ʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɻɯʉ-ʤʦʜʝʣʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʜʥʦʡʤʝʥʥʠʡ ʽʥʜʝʢʩ (ɯʨʝʙ), ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ ʩʫʤʫʚʘʥʥʷ ʥʘʙʨʘʥʠʭ 

ʙʘʣʽʚ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

                                     RSGIDɯʨʝʙ ++++= ,                                             (1) 

 

ʜʝ D ï ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʩʫʤʘʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʚʘʛʦʚʠʭ 

ʙʘʣʘʭ; I ï ʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ  

ʫ ʚʘʛʦʚʠʭ ʙʘʣʘʭ; G ï ʛʝʦʣʦʛʽʯʥʘ ʦʩʥʦʚʘ ʪʝʨʠʪʦʨʽʾ ʽ ʪʨʘʥʟʠʪʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʽʜ-

ʩʪʠʣʘʶʯʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫ ʚʘʛʦʚʠʭ ʙʘʣʘʭ; S ï ʧʣʦʱʘ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʚʘʛʦʚʠʭ 

ʙʘʣʘʭ; R ï ʛʫʩʪʦʪʘ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʩʽʪʢʠ ʫ ʚʘʛʦʚʠʭ ʙʘʣʘʭ. 

ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʻ ʟʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʧʨʦʚʝʜʝʥ-

ʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʫ 

5-ʨʽʚʥʝʚʫ ʰʢʘʣʫ (ʪʘʙʣ. 3). 

 

ʊʘʙʣʠʮʷ 3 ï ʐʢʘʣʘ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʡ 

 

ʈʽʚʝʥʴ ʂʘʪʝʛʦʨʽʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ɺʝʣʠʯʠʥʘ ɯʨʝʙ ʚ ʙʘʣʘʭ 

1 ʟʘʜʦʚʽʣʴʥʠʡ ʨʽʚʝʥʴ 0ï10 ʙʘʣʽʚ 

2 ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ 11ï25 ʙʘʣʽʚ 

3 ʧʦʥʠʞʝʥʠʡ ʨʽʚʝʥʴ 26ï50 ʙʘʣʽʚ 

4 ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ 51ï75 ʙʘʣ̔ʚ 

5 ʜʫʞʝ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ 76ï100 ʙʘʣʽʚ 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3, ʜʣʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʜʝʛʨʘʜʘʮʽʾ ʪʝʨʠʪʦʨʽʡ 

ʚʠʜʽʣʝʥʽ ʜʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ ʟʘ ʩʪʫʧʝʥʝʤ ʥʝʙʝʟʧʝʢʠ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʠʤ ʥʘʜʘʥʽ 

ʛʨʘʜʘʮʽʾ ʽ ʧʨʠʩʚʦʻʥʦ ʩʪʘʥʜʘʨʪʥʽ ʥʘʡʤʝʥʫʚʘʥʥʷ. 

 

ɺʠʩʥʦʚʢʠ 

 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʢʦʣʠʰʥʽʭ ʚʽʡʩʴ-

ʢʦʚʠʭ ʦʙôʻʢʪʽʚ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʦ-

ʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ, ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʩʢʣʘʜʦʚʠʭ  

ʜʦʚʢʽʣʣʷ ʽ ɻɯʉ-ʤʦʜʝʣʶʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʜʝʢʩ ʦʮʽʥʢʠ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ (ɯʨʝʙ) ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʥʘʪʠ ʧʽʜʩʫʤʢʦʚʫ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ, ʜʝʪʘʣʽʟʘʮʽʷ 

ʷʢʦʾ ʜʦʩʷʛʥʫʪʘ ʛʨʘʜʘʮʽʻʶ ʢʨʠʪʝʨʽʘʣʴʥʦʾ ʰʢʘʣʠ. ɰʾ ʚʠʜʽʣʝʥʽ ʜʽʘʧʘʟʦʥʠ ʯʽʪʢʦ  

ʽ ʥʘʦʯʥʦ ʧʨʝʟʝʥʪʫʶʪʴ ʢʘʪʝʛʦʨʽʶ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʝʨʠʪʦʨʽʾ. 

 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 

 
1. ɼɹʅ ɸ.2.2-1-2003 çʉʢʣʘʜ ʽ ʟʤʽʩʪ ʤʘʪʝʨʽʘʣʽʚ ʦʮʽʥʢʠ ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝ-

ʜʦʚʠʱʝ (ʆɺʅʉ) ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽ ʙʫʜʽʚʥʠʮʪʚʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜè. ï 

ʂ.: ɼʝʨʞʢʦʤʙʫʜʘʨʭ, ʄʽʥʝʢʦʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ, 2003. ï 21 ʩ. 

2. ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʤʽʩʪʫ ʤʘʪʝʨʽʘʣʽʚ ʦʮʽʥʢʠ ʚʧʣʠʚʽʚ ʜʽʶʯʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 
ʩʝʨʝʜʦʚʠʱʝ (ʆɺʅʉ). ʇʨʘʚʠʣʘ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ / ʋʢʨʅɼɯɽʇ. ï ʍʘʨʢʽʚ, 2005. ï 21 ʩ. 
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3. ʐʘʨʘʚʘʨʘ ɺ.ɺ. ʉʠʩʪʝʤʘ ʚʠʢʦʥʘʥʥʷ ʦʮʽʥʢʠ ʚʧʣʠʚʽʚ ʥʘ ʜʦʚʢʽʣʣʷ ʢʦʣʠʰʥʽʭ ʦʙôʻʢʪʽʚ 

ʨʘʢʝʪʥʠʭ ʚʽʡʩʴʢ / ɺ.ɺ. ʐʘʨʘʚʘʨʘ // ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʜʝʨʞʘʚʠ: ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ɺʩʝ-

ʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ. ʤ. ʂʠʾʚ, 

15ï17 ʢʚʽʪʥʷ 2014 ʨ., ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ / ʨʝʜʢʦʣ. ʆ.ɯ. ɿʘʧʦʨʦʞʝʮʴ 

ʪʘ ʽʥ. ï ʂ.: ʅɸʋ, 2014. ï ʉ. 12ï13. 

4. ʐʘʨʘʚʘʨʘ ɺ.ɺ. ʄʝʭʘʥʽʟʤ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʝʤʽʣʽʪʘʨʠʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʨʘʢʝʪʥʠʭ ʚʽʡʩʴʢ / ɺ.ɺ. ʐʘʨʘʚʘʨʘ // ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʂʘʤôʷʥʝʮʴ-ʇʦʜʽʣʴʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ: ʟʙʽʨʥʠʢ ʟʘ ʧʽʜʩʫʤʢʘʤʠ ʟʚʽʪʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʚʠ-

ʢʣʘʜʘʯʽʚ, ʜʦʢʪʦʨʘʥʪʽʚ ʽ ʘʩʧʽʨʘʥʪʽʚ. ï ʂʘʤôʷʥʝʮʴ-ʇʦʜʽʣʴʩʴʢʠʡ: ʂʘʤôʷʥʝʮʴ-ʇʦʜʽʣʴʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʆʛʽʻʥʢʘ, 2014. ï ɺʠʧ. 13. ï ʊ. 2. ï ʉ. 31. 
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ʋɼʂ 502.3 

 

ɺ.ɺ. ʃʋʂôʗʅʆɺɸ  

 

ʇʈʆɹʃɽʄʀ ʋʊʀʃɯɿɸʎɯɰ ɺɯɼʍʆɼɯɺ ʇɸʇɽʈʆɺʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʫ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʮʝʣʶʣʶʟʥʦ-ʧʘʧʝʨʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʷʢʦʩʪʽ ʧʘʧʝʨʫ ʜʣʷ ʛʦʬʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʡ 

ʦʩʦʙʣʠʚʠʡ ʧʽʜʭʽʜ ʧʨʠ ʚʠʙʦʨʽ ʭʽʤʽʢʘʪʽʚ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ɹʽʣʴʰ 

ʢʦʥʢʨʝʪʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʚʠʨʦʙʥʠʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʘʥʽ ʧʽʩʣʷ ʦʙʩʪʝ-

ʞʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʠ-

ʨʦʚʠʥʥʦʾ ʙʘʟʠ, ʷʢʦʩʪʽ ʚʦʜʠ ʪʘ ʚʠʜʫ ʭʽʤʽʢʘʪʫ, ʱʦ ʚʞʠʚʘʻʪʴʩʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʭʦʜʠ ʧʘʧʝʨʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʘʢʫʣʘʪʫʨʘ, ʫʪʠʣʽʟʘʮʽʷ  

ʚʽʜʭʦʜʽʚ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ  

  

ʇʘʧʽʨ ð ʮʝ ʦʜʠʥ ʟ ʥʝʙʘʛʘʪʴʦʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʜʦʙʨʝ ʧʽʜʜʘʶʪʴʩʷ ʚʪʦʨʠʥʥʽʡ 

ʦʙʨʦʙʮʽ. ʋ ʧʝʨʰʫ ʯʝʨʛʫ, ʮʝ ʧʦʚôʷʟʘʥʦ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ ʩʚʽʪʦʚʠʭ ʟʘʧʘʩʽʚ ʮʝʣʶ-

ʣʦʟʠ ʪʘ ʟ ʫʩʝ ʞʦʨʩʪʢʽʠhʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ.  

ʇʨʦʙʣʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʪʘ ʧʝʨʝʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʤʘʢʫʣʘʪʫʨʠ ʥʘ ʩʴʦʛʦ-

ʜʥʽ ʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʤʠ, ʪʦʤʫ ʱʦ ʙʝʟ ʧʘʧʝʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʝ ʦʙʭʦʜʠʪʴʩʷ ʞʦ-

ʜʥʝ ʚʠʨʦʙʥʠʮʪʚʦ. ʂʘʨʪʦʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʨʽʟʥʠʭ ʧʘʢʫʚʘʣʴ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʧʘʢʫʚʘʥʥʽ ʪʦʚʘʨʽʚ ʥʘ ʜʦʣʶ ʢʘʨʪʦʥʫ ʧʨʠʧʘʜʘʻ 

ʤʘʡʞʝ 70%, ʘ ʫ ʩʧʦʞʠʚʯʽʡ ʪʘʨʽ ï ʙʣʠʟʴʢʦ 15%. ʂʘʨʪʦʥ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʯʫʜʦʚʦ 

ʧʽʜʜʘʻʪʴʩʷ ʚʪʦʨʠʥʥʽʡ ʧʝʨʝʨʦʙʮʽ. ʇʘʧʽʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʙʫ-

ʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʤôʷʢʽ ʧʦʢʨʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʚʦʣʦʢʥʠʩʪʽ ʧʣʠʪʠ 

ʪʘ ʽʥ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

 

ʆʜʥʠʤ ʽʟ ʚʠʜʽʚ ʧʝʨʝʨʦʙʢʠ ʧʘʧʝʨʦʚʠʭ ʚʽʜʭʦʜʽʚ ʻ ʦʪʨʠʤʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʤʘʪʝʨʽ-

ʘʣʽʚ. ʎʝ ʤʦʞʣʠʚʦ ʥʘʚʽʪʴ ʥʘ ʩʪʘʜʽʾ ʟʙʠʨʘʥʥʷ ʚʽʜʭʦʜʽʚ. ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ, 

ʱʦ ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʽ ʷʢʘ ʚ ʋʢʨʘʾʥʽ ʥʽʷʢ ʥʝ ʚʠʨʽʰʝʥʘ, ʻ ʧʨʦʙʣʝʤʘ ʩʦʨʪʫʚʘʥ-

ʥʷ. ʋ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ ʚʚʝʜʝʥʦ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʫʧʘ-

ʢʦʚʢʠ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ (ʨʽʟʥʦʛʦ  

ʢʦʣʴʦʨʫ) ʜʣʷ ʟʙʦʨʫ ʫʧʘʢʦʚʢʠ ʟ ʨʽʟʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʽʜ ʨʫʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʦʨ-

ʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ï ʪʝʥʜʝʥʮʽʷ, ʷʢʫ ʜʝʤʦʥ-

ʩʪʨʫʶʪʴ ʚʯʝʥʽ ʪʘ ʪʝʭʥʦʣʦʛʠ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. ʎʴʦʤʫ ʩʧʨʠʷʶʪʴ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʨʦʟʜʽʣʠʪʠ, ʥʘʧʨʠʢʣʘʜ, ʣʝʛʢʫ ʫʧʘ-

ʢʦʚʢʫ ʥʘ 15 ʬʨʘʢʮʽʡ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ (ʜʦ 95%). ʅʘ ʩʴʦʛʦʜʥʽ ʫ ɭʚ-

ʨʦʧʽ ʫʪʚʦʨʶʶʪʴʩʷ ʪʘʢʽ ʚʽʜʭʦʜʠ: ʪʚʝʨʜʽ ʤʫʥʽʮʠʧʘʣʴʥʽ ï 175,3 ʤʣʥ ʪ (ʟ ʥʠʭ ʜʦʣʷ 

ʫʧʘʢʦʚʢʠ ʩʪʘʥʦʚʠʪʴ 16%); ʧʨʦʤʠʩʣʦʚʽ ï 1904,9 ʤʣʥ ʪ (2%). ʋ ʉʐɸ ʜʦʣʷ ʚʪʦ-

ʨʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʚ 2002 ʨ. ʩʢʣʘʣʘ 45%.  

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʝʨʝʨʦʙʢʠ ʢʘʨʪʦʥʥʦ-ʧʘʧʝʨʦʚʠʭ ʚʽʜʭʦʜʽʚ ʻ ʾʭ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘʨʦʧʘʢʫʚʘʣʴʥʠʭ ʚʠʜʽʚ ʧʘʧʝʨʫ ʪʘ ʢʘʨʪʦʥʫ, ʩʘʥʽʪʘʨʥʦ-

ʛʽʛʽʻʥʽʯʥʦʛʦ ʧʘʧʝʨʫ ʪʘ ʤôʷʢʠʭ ʧʦʢʨʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʨʫʙʝʨʦʡʜ, ʧʝʨʛʘʤʽʥ) 

[1ï3]. 

 

 Ò ɺ.ɺ. ʃʫʢôʷʥʦʚʘ, 2015 
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ɼʝʬʽʮʠʪ ʧʝʨʚʠʥʥʦʛʦ ʚʦʣʦʢʥʘ, ʧʽʜʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʪʘ ʪʨʘʥʩʧʦ-

ʨʪʥʠʭ ʪʘʨʠʬʽʚ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʟʘʜʘʯʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʘʨʪʦʥʥʦ-ʧʘʧʝʨʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʝʨʝʜ ʽʤʧʦʨʪʦʤ [4]. ʉʪʫʧʽʥʴ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʤʘʢʫʣʘʪʫʨʠ ʚ ʘʩʦʨʪʠʤʝʥʪʽ ʢʘʨʪʦʥʫ ʪʘ ʧʘʧʝʨʫ ʚ ʋʢʨʘʾʥʽ ʚʞʝ ʜʦʩʷʛ  

80ï90%, ʘ ʚ ʧʘʧʝʨʽ ʜʣʷ ʛʦʬʨʫʚʘʥʥʷ ï ʥʘʚʽʪʴ 100%. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʢʫʣʘʪʫʨʠ ʥʝʦʙʭʽʜʥ:̔ 

- ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; 

- ʚʤʽʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ; 

- ʚʠʙʽʨ ʚʪʦʨʠʥʥʠʭ ʚʦʣʦʢʦʥ (ʧʝʨʰʠʡ ʮʠʢʣ ʚʠʢʦʨʠʩʪʘʥʥʷ), ʷʢʽ ʥʝ ʙʫʣʠ  

ʚ ʧʝʨʝʨʦʙʮʽ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʥʘʜʘʥʥʷ ʤʽʞʚʦʣʦʢʦʥʥʦʾ ʤʽʮʥʦʩʪʽ 

ʚʦʣʦʢʥʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʡʦʛʦ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʨʦʭʤʘʣʽʚ (ʷʢ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʤʘʩʫ, ʪʘʢ  ̔ʥʘ 

ʧʦʚʝʨʭʥʶ), ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʚʦʣʦʢʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ 

ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

[5ï6]. ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʨʦʭʤʘʣʽ ʨʽʟʥʠʭ ʚʽʜʦʤʠʭ 

ʬʽʨʤ ʅʽʤʝʯʯʠʥʠ, ʉʐɸ, ʏʝʭʽʾ, ʇʦʣʴʱʽ, ʚʠʭʦʜʷʯʠ ʟ ʨʽʟʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʪʝʭ-

ʥʦʣʦʛʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʪʘ ʽʩʥʫʶʯʦʾ ʘʙʦ ʨʦʟʨʦʙʣʝʥʦʾ ʧʽʜʧʨʠʻʤʩʪʚʦʤ ʥʦʨʤʘʪʠʚ-

ʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ ʜʦ ʷʢʦʩʪʽ ʪʘʨʠ ʟ ʛʦʬʨʦʢʘʨʪʦʥʫ. 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʪʦʨʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʤʘʢʫʣʘʪʫʨʠ. 

 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʙʘʟʽ ɿɸʊ çɯʥʩʪʠʪʫʪ ʧʘ-

ʧʝʨʫè ʚ ʜʦʩʣʽʜʥʠʮʴʢʦʤʫ ʮʝʥʪʨʽ ʮʝʣʶʣʦʟʠ, ʧʘʧʝʨʫ ʪʘ ʢʘʨʪʦʥʫ (ɸʪʝʩʪʘʪ ʘʢʨʝ-

ʜʠʪʘʮʽʾ ˉ 2ʊ601 ʚʽʜ 21.08.2013 ʨ.).  

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʪʦʨʠʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʢʫʣʘʪʫʨʠ 

ʤʘʨʢʠ ʄʉ-5ɹ, ʟʛʽʜʥʦ ʟ ɻʆʉʊ 10700-97 çʄʘʢʫʣʘʪʫʨʘ ʙʫʤʘʞʥʘʷ ʠ ʢʘʨʪʦʥʥʘʷ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè, ʟ ʥʝʾ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʚʽʜʣʠʚʢʠ. ɺʽʜʣʠʚʢʠ ʚʠʛʦʪʦʚʣʷ-

ʣʠʩʴ ʥʘ ʘʧʘʨʘʪʽ ʣʠʩʪʦʚʽʜʣʠʚʥʦʤʫ ʪʠʧʫ RapidïKoethen ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɻʆʉʊ 

14363.4-89 çʎʝʣʣʶʣʦʟʘ. ʄʝʪʦʜ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ ʢ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʩ-

ʧʳʪʘʥʠʷʤè. 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʽʜʣʠʚʦʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʨʦʭʤʘʣʴʥʠʡ ʢʣʝʡ ʪʘ ʚʥʫʪ-

ʨʽʰʥʴʦʤʘʩʥʽ ʛʽʜʨʦʬʦʙʥʽ ʜʦʙʘʚʢʠ ʥʘ ʦʩʥʦʚʽ ʘʥʽʦʥʥʠʭ, ʘʤʬʦʪʝʨʥʠʭ ʯʠ ʢʘʪʽʦʥ-

ʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʜʠʩʧʝʨʩʽʡ (ɸʂɼ) ʚʠʨʦʙʥʠʮʪʚʘ ʅʽʤʝʯʯʠʥʠ. ʇʨʠ ʧʨʠʛʦʪʫʚʘʥʥʽ 

ʚʽʜʣʠʚʦʢ ʽʟ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʢʦʨʠʩʪʫʚʘʣʠʩʴ ʩʚʽʞʦʶ ʪʘ ʟʚʦʨʦʪʥʦʶ ʚʦʜʦʶ. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʦʪʨʠʤʘʥʦʛʦ ʧʘʧʝʨʫ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪ-

ʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ [7ï11]. 

ʆʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ ʜʘʥʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ. 

ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ ʩʚʽʞʦʾ ʪʘ ʟʚʦʨʦʪʥʦʾ ʚʦʜʠ ʦʜʝʨʞʫʶʪʴʩʷ ʨʽʟʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʚʽʪʴ ʧʨʠ ʦʜʥʘ-

ʢʦʚʽʡ ʢʽʣʴʢʦʩʪʽ ʚʚʝʜʝʥʦʛʦ ʢʨʦʭʤʘʣʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʢʣʝʶʶʯʠʭ ʨʝʘʛʝʥʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ɸʂɼ ʟʥʘʯʥʦ ʟʥʠʟʠʣʦ ʧʦʢʘʟʥʠʢʠ ʦʧʦʨʫ ʪʦʨʮʝʚʦʤʫ ʽ ʧʣʦʩʢʦʩʥʦʤʫ ʩʪʠʩ-

ʥʝʥʥʶ ʛʦʬʨʦʚʘʥʦʛʦ ʟʨʘʟʢʘ ʧʘʧʝʨʫ. ʇʘʧʽʨ ʙʫʚ ʨʠʭʣʠʡ, ʥʝ ʛʦʬʨʫʚʘʚʩʷ. 
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100% ʤʘʢʫʣʘʪʫʨʥʝ ʚʦʣʦʢʥʦ 

 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʽ ʢʽʣʴʢʽʩʪʴ 

ʜʦʜʘʪʢʽʚ ʜʦ ʤʘʩʠ 

ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʫ 

ɺʦʣʦʢʥʠʩʪʘ ʤʘʩʘ ʚ ʩʢʣʘʜʽ  

100% ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ 

1 2 3 4 5 6 

ï ʢʽʣʴʢʽʩʪʴ ʚʚʝʜʝʥʦʛʦ ʢʨʦʭʤʘʣʴʥʦʛʦ 

ʢʣʝʶ ʧʨʠ ʨʦʟʙʘʚʣʝʥʥʽ ʤʘʩʠ  

ʩʚʽʞʦʶ ʚʦʜʦʶ 

ʢʛ/ʪ 0 5 7,5 12  7,5 

ï ʢʽʣʴʢʽʩʪʴ ʚʚʝʜʝʥʦʛʦ ʢʨʦʭʤʘʣʴʥʦʛʦ 

ʢʣʝʶ ʧʨʠ ʨʦʟʙʘʚʣʝʥʥʽ ʤʘʩʠ  

ʟʚʦʨʦʪʥʦʶ ʚʦʜʦʶ  

ʢʛ/ʪ     7,5  

ï ʢʽʣʴʢʽʩʪʴ ʚʚʝʜʝʥʦʛʦ  

ʧʨʦʢʣʝʶʶʯʦʛʦ ʨʝʘʛʝʥʪʫ ʥʘ ʦʩʥʦʚʽ 

ɸʂɼ (ʚʠʨʦʙʥʠʮʪʚʘ ʅʽʤʝʯʯʠʥʠ) 

ʢʛ/ʪ      4 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʦʪʨʠʤʘʥʦʛʦ ʧʘʧʝʨʫ 
       

1. ʄʘʩʘ ʛ 130 135 135 140 145 140 

2. ʆʧʽʨ ʧʨʦʜʘʚʣʝʥʥʶ ʢʇʘ 240 310 315 380 262 233 

3. ʈʫʡʥʽʚʥʝ ʟʫʩʠʣʣʷ ʅ 58 80 90 95 83 64 

4. ʇʦʚʝʨʭʥʝʚʘ ʚʙʠʨʥʽʩʪʴ ʚʦʜʠ, 

ʂʦʙʙ30 
ʛ 190 210 196 180 65 13 

5. ʆʧʽʨ ʪʦʨʮʝʚʦʤʫ ʩʪʠʩʥʝʥʥʶ 

ʛʦʬʨʦʚʘʥʦʛʦ ʟʨʘʟʢʘ ʧʘʧʝʨʫ 
ʢʅ/ʤ 154 180 217 269 280 125 

6. ʆʧʽʨ ʧʣʦʩʢʦʩʥʦʤʫ ʩʪʠʩʥʝʥʥʶ 

ʛʦʬʨʦʚʘʥʦʛʦ ʟʨʘʟʢʘ ʧʘʧʝʨʫ 
ʅ 118 169 200 225 186 80 

 

ɺʠʩʥʦʚʢʠ 

 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʚ ʩʫʯʘʩʥʽʡ ʝʢʦʥʦʤʽʮʽ ʪʘʨʘ ʽ 

ʫʧʘʢʦʚʢʘ ʚʽʜʽʛʨʘʶʪʴ ʜʫʞʝ ʚʘʞʣʠʚʫ ʨʦʣʴ. ʇʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʧʝ-

ʨʦʚʦʾ ʪʘ ʢʘʨʪʦʥʥʦʾ ʫʧʘʢʦʚʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʣʦʛʽʾ ʪʘ ʝʢʦʥʦʤʽʢʠ ʩʧʝʨʝʯʘʪʠʩʷ 

ʥʝ ʚʘʨʪʦ.  

ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʷʢʦʩʪʽ ʧʘʧʝʨʫ ʜʣʷ ʛʦʬʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʦʩʦʙʣʠʚʠʡ 

ʧʽʜʭʽʜ ʧʨʠ ʚʠʙʦʨʽ ʭʽʤʽʢʘʪʽʚ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ɹʽʣʴʰ ʢʦʥʢʨʝʪʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʚʠʨʦʙʥʠʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʘʥʽ ʧʽʩʣʷ ʦʙʩʪʝʞʝʥʥʷ ʚʠʨʦʙʥʠ-

ʮʪʚʘ ʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ̔ ʚʨʘʭʫʚʘʥʥʷʤ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ, 

ʷʢʦʩʪʽ ʚʦʜʠ ʪʘ ʚʠʜʫ ʭʽʤʽʢʘʪʫ, ʱʦ ʚʞʠʚʘʻʪʴʩʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʝʨʝʨʦʙʢʘ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʻ 

ʚʘʞʣʠʚʫ ʩʦʮʽʘʣʴʥʫ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʬʫʥʢʮʽʶ, ʦʜʥʘʢ ʧʨʦʙʣʝʤʘ ʾʭ ʫʪʠʣʽʟʘʮʽʾ 

ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ. ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ, ʷʢ ʧʦʢʘʟʫʻ ʜʦ-

ʩʚʽʜ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥ, ʤʦʞʣʠʚʝ ʣʠʰʝ ʥʘ ʙʘʣʘʥʩʽ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ 

ʽʥʪʝʨʝʩʽʚ ʩʫʩʧʽʣʴʩʪʚʘ [12]. 
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ʆ.ʉ. ɺʆʃʆʐʂɯʅɸ, ʃ.ʆ. ɺɸʉʀʃɽʅʂʆ, ʖ.ʆ. ɹɽʈɽɿʅʀʎʔʂɸ 

 

ɿɸʂʆʅʆʄɯʈʅʆʉʊɯ ʄɯɻʈɸʎɯɰ ʉʆʃɽʁ ɺɸɾʂʀʍ ʄɽʊɸʃɯɺ ʏɽʈɽɿ 

ɸʂʊʀɺʆɺɸʅɽ ɺʋɻɯʃʃʗ ɺ ʇʈʀʈʆɼʅʀʍ ʌɯʃʔʊʈɸʍ 

 
ɸʥʦʪʘʮʽʷ. ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʤʽʛʨʘʮʽʾ ʩʦʣʝʡ ʚʘ-

ʞʢʠʭ ʤʝʪʘʣʽʚ ʯʝʨʝʟ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ʚ ʧʨʠʨʦʜʥʠʭ ʬʽʣʴʪʨʘʭ. ʈʦʟʛʣʷʥʫʪʦ ʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜ ʛʘʣʴʚʘʥʦʢʦʘʛʫʣʷʮʽʾ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʩʦʣʝʡ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʛʝʥʪʫ ʪʘ ʤʘʛʥʽʶ ʚ ʧʨʦʮʝʩʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʯʝʨʝʟ ʘʢʪʠʚʦʚʘʥʝ 

ʚʫʛʽʣʣʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʤʝʪʦʜ ʛʘʣʴʚʘʥʦʢʦʘʛʫʣʷʮʽʾ, ʢʦʝ-

ʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ, ʚʘʞʢʽ ʤʝʪʘʣʠ, ʧʨʦʤʠʚʥʽ ʩʪʽʯʥʽ ʚʦʜʠ, ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ. 

 

ɺʩʪʫʧ 

 

ɿʘ ʜʘʥʠʤʠ ʆʆʅ ʫ ʩʚʽʪʽ ʚʠʧʫʩʢʘʻʪʴʩʷ ʜʦ 1 ʤʣʥ ʥʘʡʤʝʥʫʚʘʥʴ ʧʨʦʜʫʢʮʽʾ, 

100 ʪʠʩ. ʟ ʷʢʠʭ ʻ ʭʽʤʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 15 ʪʠʩ. ï ʧʦʪʝʥʮʽʡʥʠʤʠ 

ʪʦʢʩʠʢʘʥʪʘʤʠ. ɿʘ ʝʢʩʧʝʨʪʥʠʤʠ ʦʮʽʥʢʘʤʠ ʜʦ 80% ʚʩʽʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʧʦ-

ʪʨʘʧʣʷʶʪʴ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʨʘʥʦ ʯʠ ʧʽʟʥʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʦʜʦʪʦʢʠ. 

ʇʽʜʨʘʭʦʚʘʥʦ, ʱʦ ʢʦʞʝʥ ʨʽʢ ʫ ʩʚʽʪʽ ʩʢʠʜʘʻʪʴʩʷ ʧʦʥʘʜ 420 ʢʤ
3
 ʩʪʽʯʥʠʭ ʚʦʜ, 

ʷʢʽ ʩʧʨʦʤʦʞʥʽ ʟʨʦʙʠʪʠ ʥʝʧʨʠʜʘʪʥʦʶ ʜʦ ʩʧʦʞʠʚʘʥʥʷ ʙʣʠʟʴʢʦ 7 ʪʠʩ. ʢʤ
3
 ʯʠʩʪʦʾ 

ʚʦʜʠ, ʱʦ ʫ 1,5 ʨʘʟʠ ʙʽʣʴʰʝ ʫʩʴʦʛʦ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ ʢʨʘʾʥ ʢʦʣʠʰʥʴʦʛʦ ʈʘʜʷʥ-

ʩʴʢʦʛʦ ʉʦʶʟʫ. ʅʘʡʙʽʣʴʰʫ ʰʢʦʜʫ ʟʘʚʜʘʶʪʴ ʩʪʽʯʥʽ ʚʦʜʠ ʚʠʨʦʙʥʠʮʪʚ, ʥʘ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʘʣʴʚʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʜʝʪʘʣʝʡ ʚʠʨʦʙʽʚ. ʎʽ ʚʦʜʠ ʩʢʣʘʜʘʶʪʴ 

ʙʣʠʟʴʢʦ 30ï50% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʩʽʭ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ. ɺʘʞʢʽ 

ʤʝʪʘʣʠ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚʽʜ ʧʽʜʧʨʠʻʤʩʪʚ ʝʥʝʨʛʝʪʠʢʠ 

ʪʘ ʚʘʞʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʽʨʥʠʯʠʭ ʨʦʟʨʦʙʦʢ ʪʘ ʩʢʣʘʜʫʚʘʥʥʽ 

ʚʽʜʭʦʜʽʚ, ʧʨʠ ʢʦʨʦʟʽʾ ʪʝʭʥʽʯʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʩʧʦʨʫʜ ʪʦʱʦ. ɺʦʥʠ ʥʘʜʭʦʜʷʪʴ ʜʦ 

ʜʦʚʢʽʣʣʷ ʫ ʚʠʛʣʷʜʽ ʘʝʨʦʟʦʣʽʚ, ʧʠʣʫ, ʢʽʧʪʷʚʠ, ʫ ʩʢʣʘʜʽ ʨʦʟʯʠʥʽʚ ʽ ʩʫʩʧʝʥʟʽʡ 

ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʦʢʽʚ, ʟ ʪʚʝʨʜʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʘ ʪʘʢʦʞ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʬʘʨʙʘʤʠ, 

ʧʦʙʫʪʦʚʦʶ ʪʝʭʥʽʢʦʶ ʪʘ ʽʥʰʠʤʠ ʪʦʚʘʨʘʤʠ [1]. 

ɺʨʘʭʦʚʫʶʯʠ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝ-

ʜʦʚʠʱʽ ʪʘ ʩʧʝʮʠʬʽʢʫ ʾʭ ʚʧʣʠʚʫ, ʚʘʞʣʠʚʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʠʪʘʥʴ ʤʽʛʨʘʮʽʾ ʪʘ  

 

 

ʆʉʅʆɺʀ ʇʈʀʈʆɼʆʂʆʈʀʉʊʋɺɸʅʅʗ 

 

Ò ʆ.ʉ. ɺʦʣʦʰʢʽʥʘ, ʃ.ʆ. ɺʘʩʠʣʝʥʢʦ, ʖ.ʆ. ɹʝʨʝʟʥʠʮʴʢʘ, 2015 
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ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʨʽʟʥʦʛʦ ʨʽʚʥʷ. ʇʦʜʘʣʴʰʫ ʝʢʦʣʦʛʽ-

ʯʥʫ ʦʮʽʥʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ʪʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʘ-

ʭʦʜʠ ʱʦʜʦ ʡʦʛʦ ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʪʘʢʦʶ ʩʭʝʤʦʶ: ʪʝʭʥʦʩʬʝ-

ʨʘ ï ʝʢʦʣʦʛʽʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ (ʟʤʽʥʠ ʚ ʝʢʦʥʦʤʽʮʽ ʪʘ ʩʪʨʫʢʪʫʨ ̔ʩʧʦʞʠʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ) ï ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ (ʟʤʝʥʰʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ) ï 

ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ (ʦʯʠʩʪʢʘ ʚʠʢʠʜʽʚ, ʟʥʝʟʘʨʘʞʝʥʥʷ 

ʚʽʜʭʦʜʽʚ) ï ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ [2]. 

ʅʘ ʩʴʦʛʦʜʥʽ, ʥʘ ʞʘʣʴ, ʥʝʜʦʩʪʘʪʥʴʦ ʦʯʠʱʝʥʽ ʩʪʽʯʥʽ ʚʦʜʠ ʛʘʣʴʚʘʥʽʯʥʠʭ ʚʠʨʦ-

ʙʥʠʮʪʚ ʩʢʠʜʘʶʪʴʩʷ ʫ ʤʽʩʴʢʽ ʤʝʨʝʞʽ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ. ʊʘʢʽ ʚʠʨʦʙʥʠʮʪʚʘ ʽʩʥʫʶʪʴ 

ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʭ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ, ʧʨʠʣʘʜʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʘ ʽʥ. 

ʗʢʱʦ ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʙʣʠʟʫ ʤʽʩʪ ʘʙʦ ʚ ʾʭ ʤʝʞʘʭ, 

ʦʯʠʱʝʥʥʷ ʩʫʤʽʰʽ ʧʦʙʫʪʦʚʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʥʘ ʻʜʠʥʠʭ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ, ʘʣʝ ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʚ ʩʪʽ-

ʯʥʠʭ ʚʦʜʘʭ ʧʽʜʧʨʠʻʤʩʪʚ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠʩʴ ʩʧʝʮʠʬʽʯʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʾʭ ʩʢʠʜ  

ʚ ʤʽʩʴʢʫ ʢʘʥʘʣʽʟʘʮʽʡʥʫ ʤʝʨʝʞʫ ʦʙʤʝʞʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʚʠʤʦʛ [3]. 

ɿʘʛʘʣʴʥʽ ʫʤʦʚʠ ʩʢʠʜʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʙʫʜʴ-ʷʢʦʾ ʢʘʪʝʛʦʨʽʾ ʫ ʧʦʚʝʨʭʥʝʚʽ 

ʜʞʝʨʝʣʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʧʠʪʘʥʴ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ, ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʜʦ ʷʢʠʭ ʚʭʦʜʠʪʴ ʛʘʣʴʚʘʥʽʯʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʽ-

ʯʥʽ ʨʽʰʝʥʥʷ ʪʘ ʩʭʝʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʽ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʧʦʨʽʚʥʷʥʥʷ ʪʝʭ-

ʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ 

ʦʯʠʩʪʢʠ ʧʨʦʤʠʚʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʚ ʛʨʫʧʠ. ʅʘʚʝʜʝʤʦ ʩʭʝʤʫ 

ʤʝʪʦʜʽʚ ʦʯʠʩʪʢʠ ʪʘʢʠʭ ʩʪʽʯʥʠʭ ʚʦʜ, ʷʢʽ ʟʘʨʘʟ ʽʩʥʫʶʪʴ ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ (ʨʠʩ. 1). 

 

 

 
ʈʠʩ. 1 ï ɻʨʫʧʠ ʤʝʪʦʜʽʚ ʦʯʠʩʪʢʠ ʧʨʦʤʠʚʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʛʘʣʴʚʘʥʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ 

 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʯʠʩʪʢʠ 

ʩʪʽʯʥʠʭ ʚʦʜ ʛʘʣʴʚʘʥʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʚʽʜ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʷʢʽ ʟʥʘʡʰʣʠ 

ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʻ ʨʝʘʛʝʥʪʥʠʡ ʪʘ ʝʣʝʢʪʨʦ-

ʢʦʘʛʫʣʷʮʽʡʥʠʡ. 

 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʥʘ ʩʴʦʛʦʜʥʽ, ʚʠʤʘʛʘ-

ʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʘʛʝʥʪʽʚ ʪʘ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʘ ʪʘʢʦʞ ʥʝ ʜʦ-

ʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʢʦʤʧʘʢʪʥʠʡ ʙʣʦʢ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʪʘ ʩʫʪʪʻʚʦ ʽʥʪʝʥʩʠʬʽʢʫ-

ʚʘʪʠ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʩʫʯʘʩʥʠʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ ʧʨʦʤʠʚʥʠʭ ʩʪʽ-

ʯʥʠʭ ʚʦʜ ʚʽʜ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʘ ʩʘʤʝ ʚʽʜ Vɯ-ʚʘʣʝʥʪʥʦʛʦ ʭʨʦʤʫ, ʘ ʪʘʢʦʞ ʝʢʦʥʦ-

ʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʻ ʤʝʪʦʜ ʛʘʣʴʚʘʥʦʢʦʘʛʫʣʷʮʽʾ. ʄʝʪʦʜ ʛʘʣʴʚʘʥʦʢʦʘʛʫʣʷʮʽʾ ʜʦʟʚʦ-

ʣʷʻ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʘʛʝʥʪʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʨʽʟʢʦ ʩʢʦʨʦʪʠʪʠ 

ʦʙôʻʤ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ.  
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ʆʯʠʩʪʢʘ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʭʨʦʤʫ(VI) ʤʝʪʦʜʦʤ ʛʘʣʴʚʘʥʦʢʦʘʛʫʣʷʮʽʾ ʚʽʜʙʫʚʘ-

ʻʪʴʩʷ ʚ ʪʽʣʽ ʬʽʣʴʪʨʘ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʯʝʨʝʟ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ  

ʟ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʚ ʧʨʠʩʫʪʥʦʩʪ̔ ʽʦʥʽʚ ʤʘʛʥʽʶ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʚʦʜʫ, 

ʷʢʘ ʦʙʨʦʙʣʷʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʯʠʥʝʥʥʷ ʩʪʝʨʞʥʽʚ ʤʘʛʥʽʶ.  

ʋ ʧʨʦʮʝʩʽ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʚ ʷʢʦʩʪʽ ʘʥʦʜʘ ʚʠʩʪʫʧʘʻ ʤʝʪʘʣʝʚʠʡ ʤʘʛʥʽʡ, 

ʘ ʚ ʷʢʦʩʪʽ ʢʘʪʦʜʘ ï ʛʨʘʬʽʪ ʘʙʦ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ. ʆʩʪʘʥʥʽʡ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʟ ʤʘʣʠʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ 

ʦʧʦʨʦʤ. ɺʠʙʽʨ ʢʘʪʦʜʫ ʪʘ ʘʥʦʜʫ ʧʨʠʡʥʷʪʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʥʦʾ ʨʽʟʥʠʮʽ ʾʭ 

ʩʪʘʥʜʘʨʪʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ.  

ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʷʢʽ ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʂʅʋɹɸ, ʢʦʥʩ-

ʪʘʪʫʻʤʦ, ʱʦ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʚʠʨʦʙʥʠʮʪʚ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʨʝʢʦʥʩʪʨʫʢʮʽʶ 

ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʛʘʣʴʚʘʥʦʢʦʘʛʫʣʷʮʽʾ. 

ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʤʝʪʦʜʫ ʛʘʣʴʚʘʥʦʢʦʘʛʫʣʷʮʽʾ ʚ ʨʷʜʽ ʨʦʙʽʪ [4, 5, 6, 7] 

ʦʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʥʘʚʦʜʷʪʴ ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʛʝʥʪʫ ʪʘ ʤʘʛʥʽʶ ʚ ʧʨʦ-

ʮʝʩʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʯʝʨʝʟ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦ-

ʩʪʽ ʤʘʛʥʽʶ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ: 
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 (1) 

ʜʝ: ʉ1(3) ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʨʦʤʫ ʥʘ ʚʠʭʦʜʽ ʟ ʬʽʣʴʪʨʫ;  

t, ʭ ï ʽʥʪʝʛʨʘʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʧʦ ʯʘʩʦʚʽʡ ʟʤʽʥʥʽʡ ʪʘ ʧʨʦʩʪʦʨʦʚʽʡ;  

ʧ0 ï ʧʦʨʠʩʪʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ; 

ʉ01(03) ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʨʦʤʫ; 

ʂ0 ï ʢʦʥʩʪʘʥʪʘ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ;  

ʂ2 ï const;  

ʂ3 = ʂ1 + ʂ2;  

V0 ï ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1) ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʭʨʦʤʫ(VI)  

ʫ ʬʽʣʴʪʨʽ. 

ʂʨʽʤ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʦʮʝʩʽʚ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʨʦʤʫ ʚ ʪʦʚʱʽ ʬʽʣʴʪʨʫ 

ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʥʽʡ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʫ ʚʪʨʘʪ 

ʥʘʧʦʨʫ ʫ ʬʽʣʴʪʨʽ h. ɺʪʨʘʪʠ ʥʘʧʦʨʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʡʦ-

ʛʦ ʪʦʚʱʽ ʧʨʦʜʫʢʪʽʚ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʘ ʩʘʤʝ ʢʽʣʴʢʦʩʪ̔ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʭʨʦʤʫ(VI) ʚ 

ʭʨʦʤ(III) ʟ ʧʦʜʘʣʴʰʠʤ ʫʪʚʦʨʝʥʥʷʤ ʥʝʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ʪʨʠʚʘʣʝʥʪʥʦʛʦ ʭʨʦʤʫ 

ʽ ʤʝʪʘʣʝʚʦʛʦ ʭʨʦʤʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫ-

ʻʤʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʾʭ ʨʝʘʣʽʟʘʮʽʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʚ ʨʦʙʦʪʽ [6]. ʋ ʨʦʙʦʪʽ 

ʟʘʧʠʩʘʥʦ ʨʽʚʥʷʥʥʷ ʦʜʥʦʤʽʨʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʬʽʣʴʪʨʘʮʽʾ ʫ ʚʠʛʣʷʜʽ 
x
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ʽ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʧʨʠ constsconstnconst === ,, 0r  ʫ ʚʠʛʣʷʜʽ 
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x
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. ʋ ʥʘʚʝʜʝʥʠʭ ʨʽʚʥʷʥʥʷʭ ʂ0 ʽ ʂ ï ʚʽʜʧʦʚʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪʠ ʬʽʣʴ-

ʪʨʘʮʽʾ ʥʝʟʘʢʦʣʴʤʘʪʦʚʘʥʦʛʦ (ʯʠʩʪʦʛʦ) ʽ ʟʘʢʦʣʴʤʘʪʦʚʘʥʦʛʦ ʬʽʣʴʪʨʫ, 
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max

0
3,

~

s
hhss
ɸʧ

== , maxs  ʽ 3s  ï ʛʨʘʥʠʯʥʝ ʽ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʦʩʽʜʘʥʥʷ ʚ ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ ʬʽʣʴʪʨʫ, ɸ ï ʢʦʝʬʽʮʽʻʥʪ ʛʨʘʥʠʯʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʦʩʘʜʫ. ʌʫʥʢʮʽʷ F(3
~s) ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʛʣʷʜʫ ʦʩʽʜʘʥʥʷ, 

ʡʦʛʦ ʱʽʣʴʥʦʩʪʽ ʽ ʪʠʧʫ ʬʽʣʴʪʨʫʶʯʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʫ ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ 

ʟʘʣʝʞʥʽʩʪʴ 
),(

3
3)(

tx
eF
ass -

= , ʜʝ Ŭ ï ʜʦʩʣʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪ ɹʚʽʜ 

ʤʘʪʝʨʽʘʣʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ, ʟʚʦʨʦʪʥʫ ʨʦʟʤʽʨʥʦʩʪʽ 3s. ʉʣʽʜ ʟʘ-

ʟʥʘʯʠʪʠ, ʱʦ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʡ ʝʬʝʢʪ ʦʯʠʩʪʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ çʧʦʩʪʽʡʥʽʡè 

ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʫʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʚʥʷʥʥʷ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  

ʽ ʜʣʷ ʽʥʰʠʭ ʩʦʣʝʡ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ (AL, Gu, Zn ʽ ʪ. ʽʥ.), ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʮʽʾ.  

 

ɺʠʩʥʦʚʢʠ 

 

1. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʩʫʯʘʩʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʯʠʩ-

ʪʢʠ ʧʨʦʤʠʚʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʻ ʤʝʪʦʜ ʛʘʣʴʚʘʥʦʢʦʘʛʫʣʷʮʽʾ. 

2. ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʛʝʥʪʫ ʪʘ ʤʘʛʥʽʶ ʚ ʧʨʦʮʝʩʽ  

ʬʽʣʴʪʨʫʚʘʥʥʷ ʯʝʨʝʟ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ ʜʦʟʚʦʣʷʶʪʴ ʨʝʛʫʣʶʚʘʪʠ ʧʨʦʮʝʩ ʟʥʠ-

ʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʨʦʤʫ ʚ ʪʦʚʱʽ ʬʽʣʴʪʨʫ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʥʽʡ ʧʨʦʜʫʢʪʽʚ 

ʨʝʘʢʮʽʾ ʯʝʨʝʟ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʥʘ ʬʽʣʴʪʨʽ. 

3. ɼʦʮʽʣʴʥʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʠʪʠ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʮʽʾ ʫ ʚʠ-

ʧʘʜʢʫ ʽʥʰʠʭ ʤʝʪʘʣʽʚ. 
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ʋɼʂ 628.36 

 

ʉ.ɺ. ʊɽʃʀʄɸ, ɭ.ʆ. ʆʃɯʁʅʀʂ 

 

ʇʈʆ ʌʆʈʄʋɺɸʅʅʗ ɺʆɼʆʇʈʀʊʆʂʋ  

ɼʆ ʇʈʆʄɽʅɽɺʀʍ ɺʆɼʆɿɸɹʆʈɯɺ ɯ ɼʈɽʅɸɾɯɺ ɺ ʉʂʃɸɼʅʀʍ 

ʇʈʀʈʆɼʅʀʍ ɯ ʊɽʍʅʆɻɽʅʅʀʍ ʋʄʆɺɸʍ 
      

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʛʽʜʨʘʚʣʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʥʫʪʨʽʰʥʴʦʜʨʝʥʥʫ ʛʽʜʨʘʚʣʽʢʫ ʪʝʯʽʾ ʚʦʜʠ ʚʩʝʨʝʜʠʥʽ ʜʨʝʥ-

ʧʨʦʤʝʥʽʚ ʧʨʠ ʨʦʙʦʪʽ ʧʨʦʤʝʥʝʚʠʭ ʚʦʜʦʟʘʙʦʨʽʚ ʽ ʜʨʝʥʘʞʽʚ. ɼʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ 

ʙʫʜʽʚʥʠʮʪʚʽ ʚʢʘʟʘʥʠʭ ʩʧʦʨʫʜ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʦʜʦʟʘʙʽʨ, ʜʨʝʥʘʞ, ʚʥʫʪʨʽʰʥʴʦʜʨʝʥʥʘ ʛʽʜʨʘʚʣʽʢʘ, ʛʽʜʨʘʚʣʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʜʨʝʥʠ-ʧʨʦʤʝʥʽ, ʬʽʣʴʪʨʠ. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʭʠʩʪʫ ʪʝʨʠʪʦʨʽʡ ʪʘ ʟʝʤʝʣʴ ʚʽʜ ʧʽʜʪʦʧʣʝʥʥʷ, 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽ ʪ. ʽʥ. ʰʠʨʦʢʦ ʟʘʩʪʦ-

ʩʦʚʫʶʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʜʨʝʥʘʞʽ. ʄʝʪʦʜʠ ʨʦʟʨʘ-

ʭʫʥʢʽʚ ʚʦʜʦʧʨʠʪʦʢʫ ʜʦ ʪʘʢʠʭ ʩʧʦʨʫʜ ʜʦʩʠʪʴ ʜʝʪʘʣʴʥʦ ʚʠʩʚʽʪʣʝʥʽ ʚ ʙʘʛʘʪʴʦʭ 

ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʧʦʩʽʙʥʠʢʘʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʷʭ. ʈʘʟʦʤ ʟ ʪʠʤ,  

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʫʤʦʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʚʦʜʦʟʘʙʦʨʽʚ ʽ ʜʨʝʥʘʞʽʚ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʤʘ-

ʣʦʝʬʝʢʪʠʚʥʠʤ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʜʨʝʥʫʚʘʥʥʽ ʩʣʘʙʦʧʨʦʥʠʢʥʠʭ ˇʨʫʥʪʽʚ, ʚ ʫʤʦʚʘʭ 

ʱʽʣʴʥʦʾ ʟʘʙʫʜʦʚʠ, ʦʨʛʘʥʽʟʘʮʽʾ ʚʦʜʦʚʽʜʙʦʨʫ ʽʟ ʙʝʟʥʘʧʽʨʥʠʭ ʤʘʣʦʧʦʪʫʞʥʠʭ ʚʦ-

ʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʽ ʪ. ʽʥ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʜʦʩʠʪʴ ʧʨʦʜʫʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʧʨʦʤʝʥʝʚʠʭ ʚʦʜʦʟʘʙʦʨʽʚ ʽ ʜʨʝʥʘʞʽʚ. ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟ-

ʥʠʭ ʪʠʧʽʚ ʜʨʝʥʘʞʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʤʝʥʝʚʽ, ʥʘʚʝʜʝʥʽ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʘʭ  

[1, 2, 10]. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʬʽʣʴʪʨʘʮʽʾ ʜʦ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʠʭ ʚʦʜʦʟʘʙʦʨʽʚ ʽ ʜʨʝʥʘʞʽʚ ʚʝʣʠʯʠʥʘ ʧʨʠʪʦʢʫ (ʚʽʜʪʦʢʫ) ʧʦ ʜʦʚʞʠʥʽ ʜʨʝʥ, 

ʷʢ ʽ ʽʥʰʽ ʛʽʜʨʘʚʣʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʧʨʠʡʤʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ, ʽ ʪʦʤʫ ʚ ʮʠʭ ʚʠʧʘ-

ʜʢʘʭ ʥʝʚʨʘʭʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʦʜʠ ʚʩʝʨʝʜʠʥʽ ʜʨʝʥ, ʷʢ ʧʨʘʚʠ-

ʣʦ, ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʥʘʜʽʡʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʭʦʯʘ ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ, ʘ ʩʘʤʝ, ʧʨʠ ʥʝʟʥʘʯʥʠʭ ʚʝʣʠʯʠʥʘʭ ʧʨʠʪʦʢʫ ʽ ʽʥʰʠʭ, ʚʧʣʠʚ ʪʝʯʽʾ ʚʦʜʠ 

ʚʩʝʨʝʜʠʥʽ ʜʨʝʥ ʙʫʜʝ ʥʝʟʥʘʯʥʠʤ, ʽ ʥʠʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴ-

ʪʘʪʠ ʜʦʩʣʽʜʽʚ, ʚ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʩʭʝʤʘʭ ʧʨʠʪʦʢʫ ʜʦ ʧʽʜʟʝʤʥʠʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʧʦʨʫʜ ʥʘʜʽʡʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʨʠ-

ʪʦʢʫ ʜʦ ʜʨʝʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʝʨʞʘʥʽ ʪʽʣʴʢʠ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʛʽʜʨʘʚʣʽʢʠ ʪʝʯʽʾ 

ʚʦʜʠ ʚʩʝʨʝʜʠʥʽ ʜʨʝʥʠ [3, 5, 17, 18]. ʊʦʤʫ ʦʜʝʨʞʘʥʽ ʟʘ ʤʝʪʦʜʦʤ ʬʽʣʴʪʨʘʮʽʡʥʠʭ 

ʦʧʦʨʽʚ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʤʝʥʝʚʠʭ ʚʦʜʦʟʘʙʦʨʽʚ (ʜʨʝʥʘ-

ʞʽʚ), ʷʢʽ ʦʩʥʦʚʘʥʽ ʥʘ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʠʪʦʢʫ ʫʟʜʦʚʞ 

ʜʨʝʥ, ʧʦʪʨʝʙʫʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʫʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. 

ʇʨʠ ʚʨʘʭʫʚʘʥʥʽ ʪʝʯʽʾ ʧʦʪʦʢʫ ʚʩʝʨʝʜʠʥʽ ʜʨʝʥ-ʧʨʦʤʝʥʽʚ ʚʘʞʣʠʚʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʷʚʣʷʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ l ʽ C. ɺʽʜʦʤʦ, ʱʦ ʟʚ'ʷ-

ʟʦʢ ʤʽʞ ʮʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 

    

lgC 8= .      (1) 

 

Ò ʉ.ɺ.ʊʝʣʠʤʘ, ɭ.ʆ.ʆʣʽʡʥʠʢ, 2015 
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ʋ ʮʽʣʦʤʫ ʭʘʨʘʢʪʝʨ ʨʝʞʠʤʫ ʪʝʯʽʾ ʨʽʜʠʥʠ ʚ ʪʨʫʙʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʣʘʤʠ 

ʈʝʡʥʦʣʴʜʩʘ ʽ ʚʽʜʥʦʩʥʦʶ ʰʦʨʩʪʢʽʩʪʶ ö
÷

õ
æ
ç

å D
=

d
f Re,l . ʗʢ ʧʦʢʘʟʘʣʠ ʽʩʥʫʶʯʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ l ʚ ʪʨʫʙʘʭ ʟ ʧʨʠʻʜʥʘʥʥʷʤ ʚʠʪʨʘʪ ʙʫʜʝ ʙʽʣʴʰʠʤ, ʥʽʞ ʧʨʠ 

ʟʚʠʯʘʡʥʦʤʫ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʫʩʽ ʨʽʜʠʥʠ, ʽ ʪʦʤʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʡʦʛʦ ʤʦ-

ʞʥʘ ʚʠʟʥʘʯʘʪʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ:  

 

,0 all=      (2) 

 

ʜʝ 1>a  ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʧʦ ʜʦʚʞʠʥʽ ʜʨʝʥʠ-

ʧʨʦʤʝʥʷ, l ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ (ʪʝʨʪʷ) ʚ ʫʤʦʚʘʭ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʫʭʫ ʚʦʜʠ ʧʨʠ 

ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʯʠʩʣʘ Re ʚ ʢʽʥʮʽ ʪʨʫʙʠ. ɿʦʢʨʝʤʘ, ʟʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [7] 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ a ʧʨʦʧʦʥʫʻʪʴʩʷ ʪʘʢʘ ʥʘʙʣʠʞʝʥʘ ʟʘʣʝʞʥʽʩʪʴ: 

 

    Relg7.06.4 n-=a ,    (3) 

 

ʜʝ 
ö
ö

÷

õ

æ
æ

ç

å
=
ä
w

wn
fn , ä nw  ï ʧʣʦʱʘ ʧʝʨʬʦʨʘʮʽʾ ʚ ʜʨʝʥʘʞʥʽʡ ʪʨʫʙʽ [7]. ʌʦʨʤʫʣʘ (3) 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ 2.56.1Re)lg( -=n . ʋ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʝʜʝʥʽ ʡ ʽʥʰʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ a. ʊʘʢ, ʚ ʨʦʙʦʪʽ [8] ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻ-

ʥʪʘ a ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʠʡʤʘʪʠ ʚ ʟʘʣʝʞʥʦʩ-

ʪʽ ʚʽʜ ʩʢʚʘʞʥʦʩʪʽ 
w

wä
=

n
f , ʘ ʩʘʤʝ a = 1,5 ʧʨʠ f = 0,5; a = 1,3 ʧʨʠ f = 1,0; 

a = 1,1 ʧʨʠ f = 1,5; a = 1 ʧʨʠ ²f  2. 

ʋ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ [1, 2, 6, 9, 10] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ l ʽ 

C  ʥʘʚʝʜʝʥʦ ʙʘʛʘʪʦ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʤʘʪʝʨʽʘʣ ʜʨʝʥʘʞʥʠʭ ʪʨʫʙ, ʾʭ 

ʰʦʨʩʪʢʽʩʪʴ, ʪʠʧ ʧʝʨʬʦʨʘʮʽʾ ʽ ʽʥʰʠʭ ʦʪʚʦʨʽʚ ʜʣʷ ʧʨʦʧʫʩʢʫ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʦʜ 

ʪʘ ʽʥ. ʊʘʢ, ʜʣʷ ʛʣʘʜʢʠʭ ʢʨʫʛʣʠʭ ʪʨʫʙ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʪʝʦʨʝʪʠʯʥʠʤ 

ʰʣʷʭʦʤ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʜʫ: 

Re

64
=l .     (4) 

ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʝʞʠʤ ʪʝʯʽʾ ʚ ʪʨʫʙʽ ʤʘʻ ʥʘʷʚʥʽʩʪʴ ʰʦʨʩʪʢʦʩʪʽ ʚʠʩʦʪʦʶ D. 

ɼʣʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʛʣʘʜʢʠʭ ʪʨʫʙ, ʢʦʣʠ ʰʦʨʩʪʢʽʩʪʴ ʥʝ ʚʧʣʠʚʘʻ 
öö
÷

õ
ææ
ç

å

D
¢

.

10Re
ʝʢʚ

d , 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ l ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʽʜʦʤʘ ʬʦʨʤʫʣʘ ɹʣʘʟʽʫʩʘ: 

 
25,0Re3164,0=l .    (5) 

 

ʂʦʣʠ ʰʦʨʩʪʢʽʩʪʴ ʚʧʣʠʚʘʻ ʥʘ ʪʝʯʽʶ ʚʦʜʠ ʚ ʪʨʫʙʘʭ 
öö
÷

õ
ææ
ç

å

D
>

.

500Re
ʝʢʚ

d , ʜʣʷ ʚʠʟʥʘ-

ʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ l ʧʨʦʧʦʥʫʻʪʴʩʷ ʬʦʨʤʫʣʘ ɹ.ʃ. ʐʠʬʨʽʥʩʦʥʘ:  
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25,0

.1.0 ö
÷

õ
æ
ç

åD
=

d

ʝʢʚl .    (6) 

ʋ ʤʝʞʘʭ 
..

10Re500
ʝʢʚʝʢʚ

dd

D
>>

D
 ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʘ ʬʦʨʤʫʣʘ 

ɸ.ɼ. ɸʣʴʪʰʫʣʷ, ʷʢʘ ʤʘʻ ʚʠʛʣʷʜ:  

    
25,0

.

Re

64
1.0 ö

÷

õ
æ
ç

å
+

D
=

d

ʝʢʚl .    (7) 

ɹʽʣʴʰ ʟʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ l ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ 

ʚʠʛʣʷʜ:  

   b
d

C
ad

C
ʝʢʚʝʢʚ

+
D

=
D

=
..

lglg
1

l
,   (8) 

ʜʝ ʧʦ ʇʨʘʥʜʣʶ-ʅʽʢʫʨʘʜʟʝ a = 3.1, b = 1.4, C = 2.0, ʧʦ ɸ.ɼ. ɸʣʴʪʰʫʣʶ a = 10,  

b = 1.8, C = 1.8, ʧʦ ɸ.ɺ. ʊʝʧʣʦʚʫ a = 8.24, b = 1.65, C = 1.8, ʘ ʧʦ ɯ.ʌ. ʌʝʜʦʨʦʚʫ 

a = 3.42, b = 1.07, C = 2.0. ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʰʦʨʩʪʢʦʩʪʽ .ʝʢʚD  

ʜʣʷ ʨʽʟʥʠʭ ʪʨʫʙ ʽ ʢʘʥʘʣʽʚ ʽ ʛʨʘʬʽʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ l ʥʘʚʝʜʝʥʽ  

ʚ ʜʦʚʽʜʥʠʢʫ [9].  

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʪʨʫʙ ʧʨʦʧʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠ-

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ l.  

ɼʣʷ ʢʝʨʘʤʽʯʥʠʭ ʪʨʫʙ  

 

    7250Re 48,0=l .    (9) 
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ll Re

51,2

7,3
lg2

1 .

d

ʝʢʚ .    (10) 

 

ɼʣʷ ʧʣʘʩʪʤʘʩʦʚʠʭ ʪʨʫʙ  

 

  ( )22,0226,0 01344,0Re288,0 VdÖ==l ,  (11) 

  
25,009,0 Re

318,0

d
=l  (ʽʟ ʧʦʣʽʝʪʠʣʝʥʫ),  (12) 

( )
22,0

0028,0386,0 öö
÷

õ
ææ
ç

å
-=

Q

d
dl (ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ),  (13) 

 

ʜʝ Q  ï ʚʠʪʨʘʪʘ, ʣ/ʩ; d  ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʪʨʫʙ, ʜʤ. 

ɼʣʷ ʪʨʫʙ ʟ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʦʤʘ ʬʦʨʤʫʣʘ 

ʌ.ɸ. ʐʝʚʝʣʝʚʘ [9]:  

 

  ( ) mn
dVab -+= 1l ,    (14) 

 

ʜʝ ʟʥʘʯʝʥʥʷ a, b, n ʽ m ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʪʨʫʙ ʽ ʧʨʠʡʤʘʶʪʴʩʷ ʟ ʪʘʙʣʠʮʽ 1.  
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ʊʘʙʣʠʮʷ 1 ï ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ a, b, n ʽ m 

 

ʄʘʪʝʨʽʘʣ ʪʨʫʙ a b n M 

ʅʦʚʽ ʩʪʘʣʴʥʽ 

ʅʦʚʽ ʯʘʚʫʥʥʽ 

ʅʝ ʥʦʚʽ ʩʪʘʣʴʥʽ ʽ ʯʘʚʫʥʥʽ  

ʧʨʠ ʩʤV 2.1>  

ʧʨʠ ʩʤV 2.1<  

ɸʟʙʝʩʪʦʮʝʤʝʥʪʥʽ 

0.684 

2.36 

 

0 

0.867 

3.51 

0.0159 

0.0144 

 

0.021 

0.0179 

0.011 

0.226 

0.284 

 

0.3 

0.3 

0.19 

0.226 

0.284 

 

0.3 

0.3 

0.19 

 

ɼʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʥʘʧʽʨʥʠʭ ʪʨʫʙ ʟʥʘʯʝʥʥʷ a, b, n ʽ m ʪʘʢʽ ʞ, ʷʢ ʽ ʜʣʷ ʘʟ-

ʙʝʩʪʦʮʝʤʝʥʪʥʠʭ ʪʨʫʙ, ʘ ʟʥʘʯʝʥʥʷ b ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʙʣʠʞʝʥʦ ʚ 1,45 ʨʘʟʘ [9].   

ɺ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ 

ʪʘʢʠʡ ʧʦʢʘʟʥʠʢ, ʷʢ ʤʦʜʫʣʴ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ɸ, ʷʢʠʡ ʟʚ'ʷʟʘʥʠʡ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʪʝʨʪʷ l ʽ ʤʦʜʫʣʝʤ ʚʠʪʨʘʪʠ K  ʥʘʩʪʫʧʥʦʶ ʟʘʣʝʞʥʽʩʪʶ:  

                                      ( )
2

52 1
8

K
dgA == pl .                                         (15) 

ɿʥʘʯʝʥʥʷ l, A  ʽ ʂ ʜʣʷ ʥʝ ʥʦʚʠʭ ʩʪʘʣʴʥʠʭ ʽ ʯʘʚʫʥʥʠʭ ʪʨʫʙ ʚʠʨʘʭʦʚʫʶʪʴ-

ʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ:  

 

                                  *** === nKKKAAK ,,ll ,                             (16) 

 

ʜʝ ** A,l  ʽ *K ,n  ʙʝʨʫʪʴʩʷ ʽʟ ʪʘʙʣʠʮʴ 3.4 ʽ 3.5, ʥʘʚʝʜʝʥʠʭ ʚ [9].  

ɿʥʘʯʝʥʥʷ A,l  ʽ K  ʜʣʷ ʥʦʚʠʭ ʩʪʘʣʴʥʠʭ ʽ ʯʘʚʫʥʥʠʭ ʪʨʫʙ, ʘ ʪʘʢʦʞ ʘʟʙʝʩ-

ʪʦʮʝʤʝʥʪʥʠʭ, ʧʣʘʩʪʠʢʦʚʠʭ, ʢʝʨʘʤʽʯʥʠʭ, ʩʢʣʷʥʠʭ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʪʨʫʙ ʚʠʨʘ-

ʭʦʚʫʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ:  

 

  111111 ,, KnKAKAK === ll ,   (17) 

 

ʜʝ ʟʥʘʯʝʥʥʷ 11, nK  ʽ 111 ,, KAl  ʧʨʠʡʤʘʶʪʴʩʷ ʟʘ ʪʘʙʣʠʮʷʤʠ 3.6 ʽ 3.7, ʥʘʚʝʜʝ-

ʥʠʤʠ ʚ [9]. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ ʥʦʚʠʭ ʩʪʘʣʝʚʠʭ ʽ ʯʘʚʫʥʥʠʭ ʪʨʫʙ ʧʘʨʘʤʝʪʨʠ 1A  

ʚʽʜʧʦʚʽʜʥʦ ʧʨʠʡʤʘʶʪʴʩʷ [9]: 

 

  ,851.0 074.0

1 cc AdA *=      (18) 

  .97.0 016.0

1 ʯʯ AdA *=      (19) 

 

ʆʧʽʨ ʧʨʦʤʠʩʣʦʚʠʭ ʪʨʫʙ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ  

ʚ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʘʭʦʚʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ ʃ. ʊʝʧʘʢʩʘ 

ʽʟ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ʰʦʨʩʪʢʦʩʪʽ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ [9].  

ʋ ʨʦʙʦʪʽ [6] ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ ʚ ʪʘʢ 

ʟʚʘʥʠʭ ʛʦʬʨʦʚʘʥʠʭ ʜʨʝʥʘʞʥʠʭ ʪʨʫʙʘʭ, ʨʽʟʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʠʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʣʽʦʨʘʪʠʚʥʽʡ ʧʨʘʢʪʠʮʽ, ʘ ʪʘʢʦʞ ʥʘʚʦʜʷʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ ʪʨʫʙ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ 
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ʦʧʦʨʽʚ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʫʤʦʚ ʚʪʽʢʘʥʥʷ ʚ ʥʠʭ 

ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʦʜ.  

ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴ ʚʽʜʦʤʠʡ ʢʦʝʬʽʮʽʻʥʪ ʐʝʟʽ ï ʉ, ʷʢʠʡ ʟʚ'ʷʟʘʥʠʡ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ l ʟʘʣʝʞʥʽʩ-

ʪʶ (1). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʐʝʟʽ ʉ ʚ ʢʚʘʜʨʘʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʦʧʦʨʫ  

( 2Vhº ) ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʽʜʦʤʘ ʬʦʨʤʫʣʘ ʄ.ʄ. ʇʘʚʣʦʚʩʴʢʦʛʦ: 

 

,nRC yº                                                        (20) 

 

ʜʝ R  ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʨʘʜʽʫʩ, ʤ; n  ï ʢʦʝʬʽʮʽʻʥʪ ʰʦʨʩʪʢʦʩʪʽ.  

 

( ).10,075,013,05,2 ---= nRny                                (21) 

 

ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʽʟ ʩʧʨʦʱʝʥʠʭ ʚʘʨʽʘʥʪʽʚ ʬʦʨʤʫʣʠ (21), ʘ ʩʘʤʝ: 

 

ny 5,1=   ʧʨʠ  ,1ʤR<                                  (22) 

ny 3,1=   ʧʨʠ  .1ʤR>                                  (23) 

ʇʨʠ 
6

1
=y  ʦʜʝʨʞʫʻʤʦ ʚʽʜʦʤʫ ʬʦʨʤʫʣʫ ʄʘʥʥʽʥʛʘ, ʘ ʧʨʠ 

5

1
=y  ï ʬʦʨʤʫʣʫ 

ʌʦʨʭʛʝʡʤʝʨʘ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʉ ʚ ʫʤʦʚʘʭ ʪʫʨʙʫʣʝʥʪʥʦʾ ʪʝʯʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʬʦʨʤʫʣʘ 

ɸ.ɼ. ɸʣʴʪʰʫʣʷ ʽ ʁ.ɯ. ɸʛʨʦʩʢʽʥʘ [9]:  
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C                                                 (24) 

.lg72.17
1

R
n

C +=                                                      (25) 

 

ʐʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʽʜʦʤʘ ʬʦʨʤʫʣʘ ɹʘʟʝʥʘ: 

 

,
21
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=                                            (26) 

 

ʜʝ g ï ʢʦʝʬʽʮʽʻʥʪ ʰʦʨʩʪʢʦʩʪʽ ( )27,0ºg . 

ɼʣʷ ʛʦʥʯʘʨʥʠʭ ʪʨʫʙ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʬʦʨʤʫʣʫ ʂʫʪʪʝʨʘ [9 ]. 

ɺ ʫʤʦʚʘʭ ʙʝʟʥʘʧʽʨʥʦʾ ʪʝʯʽʾ ʚ ʪʨʫʙʘʭ ʽ ʧʝʨʝʭʽʜʥʦʾ ʦʙʣʘʩʪʽ ʦʧʦʨʫ ʄ.ʄ. ʌʝ-

ʜʦʨʦʚ ʟʘʧʨʦʧʦʥʫʚʘʚ ʥʘʩʪʫʧʥʫ ʬʦʨʤʫʣʫ: 

 

;2
Re68,13

41 2. gR
a

R
gRCW ʝʢʚ ö

÷

õ
æ
ç

å
+

D
-==                                 (27) 

ʜʝ ʝʢʚʽʚʘʣʝʥʪʥʘ ʞʦʨʩʪʢʽʩʪʴ .ʝʢʚD  ʽ ʢʦʝʬʽʮʽʻʥʪ 2a  ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʟ ʪʘʙʣ. 2. 
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ʊʘʙʣʠʮʷ 2 ï ɿʥʘʯʝʥʥʷ .ʝʢʚD  ʽ 2a  ʜʣʷ ʬʦʨʤʫʣʠ ʌʝʜʦʨʦʚʘ 

 
ʊʨʫʙʠ 

.ʝʢʚD , ʤʤ 
2a  

ɸʟʙʝʩʪʦʮʝʤʝʥʪʥʽ 

ʂʝʨʘʤʽʯʥʽ 

ɹʝʪʦʥʥʽ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ 

0,6 

1,35 

2 

73 

90 

100 

  

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʘʜʽʫʩʫ R  ʜʣʷ ʙʝʟʥʘʧʽʨʥʠʭ ʪʨʫʙ ʥʘ-

ʚʝʜʝʥʘ ʚ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ, ʟʦʢʨʝʤʘ, ʚ [9, 11].  

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʐʝʟʽ ʉ, ʟʘ ʚʠ-

ʥʷʪʢʦʤ ʬʦʨʤʫʣʠ ʜʣʷ ʢʚʘʜʨʘʪʠʯʥʦʾ ʦʙʣʘʩʪʽ ʦʧʦʨʫ, ʥʝ ʟʘʚʞʜʠ ʜʘʶʪʴ ʧʦʟʠʪʠʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ. ʋ ʪʨʫʙʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʜʨʝʥʘʞʫ ʜʦʩʠʪʴ ʯʘʩʪʦ ʢʚʘʜʨʘʪʠʯʥʠʡ 

ʟʘʢʦʥ ʦʧʦʨʫ ʥʝ ʚʠʪʨʠʤʫʻʪʴʩʷ, ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʛʽʜʨʘʚʣʽʯ-

ʥʦʛʦ ʦʧʦʨʫ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʯʠʩʣʦ Re, ʪʦʙʪʦ, ʧʨʠʡʤʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ 

l, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʷʢʦʛʦ ʚ ʙʽʣʴʰʦʩʪʽ ʥʘʚʝʜʝʥʠʭ ʬʦʨʤʫʣ ʯʠʩʣʦʤ Re ʚʨʘʭʦʚʫ-

ʻʪʴʩʷ ʤʦʞʣʠʚʠʡ ʨʝʞʠʤ ʪʝʯʽʾ ʧʦʪʦʢʫ ʚ ʜʨʝʥʘʞʥʠʭ ʪʨʫʙʘʭ. ʅʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ l ʧʝʨʝʚʘʞʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʫʭʫ 

ʨʽʜʠʥʠ ʚ ʥʘʧʽʨʥʠʭ ʪʨʫʙʘʭ ʟ ʧʦʩʪʽʡʥʦʶ ʚʠʪʨʘʪʦʶ ʧʦ ʜʦʚʞʠʥʽ ʪʨʫʙʠ, ʪʦʙʪʦ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʟʤʽʥʥʠʡ ʭʘʨʘʢʪʝʨ ʚʠʪʨʘʪ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʻʜʥʘʥʥʷ ʨʽʜʠʥʠ ʯʝʨʝʟ ʨʽ-

ʟʥʽ ʦʪʚʦʨʠ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʚ ʜʝʷʢʽʡ ʤʽʨʽ ʟʘ ʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ a ʤʦ-

ʞʥʘ ʚʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ l ʜʣʷ ʜʨʝʥʠ ʟ ʧʨʠʻʜʥʘʥʠʤʠ ʧʦ ʾʾ ʜʦʚʞʠʥʽ ʚʠʪʨʘ-

ʪʘʤʠ. 

ʋ ʟʚôʷʟʢʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʙʽʣʴʰ ʥʘʜʽʡʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥ ̫

ʢʦʝʬʽʮʽʻʥʪʘ a ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ 

ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʟʦʥʽ ʜʨʝ-

ʥʘʞʫ (ʚ ʧʝʨʬʦʨʦʚʘʥʽʡ ʪʨʫʙʽ ʬʽʣʴʪʨʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʫ ʚ 

ʧʨʠʜʨʝʥʥʽʡ ʟʦʥʽ, ʧʦʨʫʰʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʬʽʣʴʪʨʘʮʽʾ ʽ ʪ. ʽʥ.), ʟʘʩʪʦʩʦʚʫ-

ʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʡ ʦʧ̔ʨ ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʦʟʢʨʠʪʪʷ ʧʣʘʩʪʘ xF , ʷʢʠʡ ʜʦʜʘʪ̒ʴʩʷ ʜʦ 

ʦʩʥʦʚʥʦʛʦ ʦʧʦʨʫ ʷʢ ʜʦʧʦʚʥʝʥʥʷ ʥʘ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʜʨʝʥ F. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 
ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʪʨʘʪ ʥʘʧʦʨʫ ʚʩʝʨʝʜʠʥʽ ʪʨʫʙʠ ʜʦʩʪʘʪʥʴʦ ʧʨʠʡ-

ʤʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ l. 

ʋ ʨʦʙʦʪʘʭ [3, 10ï14] ʜʣʷ ʪʨʫʙ ʽ ʬʽʣʴʪʨʽʚ ʽʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʦʪʚʦʨʽʚ 

ʦʜʝʨʞʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʦʨʫ xF ʧʝʨʝʚʘʞʥʦ ʥʘ 

ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʨʦʙʦʪʽ [16] ʜʣʷ ʧʨʦʤʝʥʝʚʠʭ ʪʨʫ-

ʙʦʬʽʣʴʪʨʽʚ ʽʟ ʧʝʨʬʦʨʦʚʘʥʠʭ ʧʣʘʩʪʠʢʦʚʠʭ ʪʨʫʙ ʟ ʚʦʣʦʢʥʠʩʪʠʤ ʬʽʣʴʪʨʦʤ ʦʜʝʨ-

ʞʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥ ̫ʨʦʟʤʽʨʽʚ ʧʦʨ, ʜʦʮʽʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨ-

ʬʦʨʘʮʽʾ ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʦʨʫ xF , ʷʢʠʡ ʚ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʚʠʧʘʜʢʽʚ 

ʩʢʣʘʜʘʻ ʜʝʩʴ 5ï10%. ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘʚʦʜʷʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʙˇʨʫʥʪʫ-

ʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʦʤʝʥʝʚʠʭ ʜʨʝʥʘʞʽʚ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʘʚʣʽʢʠ ʥʘʧʽʨʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʟʽ ʟʤʽʥʥʦʶ ʤʘʩʦʶ ʽ ʨʦ-

ʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʽ [15]. ʅʘ 

ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʥʘʧʦʨʫ  

ʚ ʧʝʨʬʦʨʦʚʘʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʟʘʣʝʞʥʽʩʪʴ: 

g
h p

2

2u
x=D , 



~ 55 ~ 
 

 ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 4(20), 2015 

 
  

ʜʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ x ʚ ʨʦʙʦʪʘʭ [8, 15] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʷʜ 

ʚʽʜʧʦʚʽʜʥʠʭ ʬʦʨʤʫʣ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʥʘ ʪʘʢʦʞ ʩʢʦʨʠʩʪʘʪʠʩʴ ʥʘʙʣʠʞʝʥʦʶ ʨʝ-

ʢʦʤʝʥʜʘʮʽʻʶ ɹʥʽʇ 2.04.02-84: 
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ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʨʠʪʦʢʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʽ ʚʠʪʨʘʪ 

ʧʨʦʤʝʥʽʚ-ʜʨʝʥ ʻ ʨʦʟʨʘʭʫʥʦʢ ʚʦʜʦʧʨʠʡʤʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʨʝʥʘʞʥʠʭ ʪʨʫʙ, ʬʽ-

ʣʴʪʨʫ ʽ ʬʽʣʴʪʨʫʶʯʦʾ ʦʙʩʠʧʢʠ. ɺʽʜʦʤʦ, ʱʦ ʚʦʜʦʧʨʠʡʤʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʜʨʝʥʘʞ-

ʥʠʭ ʪʨʫʙ ʤʘʻ ʚʠʛʣʷʜ ʩʧʝʮʽʘʣʴʥʠʭ ʚʦʜʦʧʨʠʡʤʘʣʴʥʠʭ ʦʪʚʦʨʽʚ ʚ ʩʪʽʥʢʘʭ ʪʨʫʙ ʘʙʦ 

ʟʘʟʦʨʽʚ ʥʘ ʩʪʠʢʘʭ ʪʨʫʙ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʦʜʦʧʨʠʡʤʘʣʴ-

ʥʦʾ ʧʦʚʝʨʭʥʽ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʬʦʨʤʫ ʽ ʨʦʟʤʽʨʠ ʦʪʚʦʨʽʚ, ʚʠʟʥʘʯʠʪʠ ʾʭ ʢʽʣʴ-

ʢʽʩʪʴ ʽ ʩʭʝʤʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ, ʚ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʦʙˇʨʫʥʪʦ-

ʚʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʦʨʽʚ ʚ ʷʢʦʩʪʽ ʚʦʜʦʧʨʠʡʤʘʣʴʥʠʭ ʦʪʚʦʨʽʚ 

ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʨʦʟʤʽʨʠ. ʋ ʨʦʙʦʪʘʭ [1, 2, 10ï13] ʥʘʚʝʜʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽ ʨʦ-

ʟʨʘʭʫʥʢʠ ʨʽʟʥʠʭ ʦʪʚʦʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʪʨʫʙ ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʫʤʦʚ 

ʾʭ ʜʽʾ. ʅʘʚʦʜʷʪʴʩʷ ʪʘʢʦʞ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʽʜʙʦʨʫ ʩʢʣʘʜʫ ʬʽʣʴʪʨʫ, ʷʢʠʡ ʦʙ-

ʣʘʰʪʦʚʫʻʪʴʩʷ ʽʟ ʨʽʟʥʠʭ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʨʦʧʦʥʫʻʪʴʩʷ  

ʚ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʬʽʣʴʪʨʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʪʫʯʥʽ ʤʘʪʝʨʽʘʣʠ ʫ ʚʠʛʣʷʜʽ ʧʦʣʦ-

ʪʥʘ ʽʟ ʙʘʟʘʣʴʪʦʚʠʭ, ʧʦʣʽʤʝʨʥʠʭ ʽ ʽʥʰʠʭ ʚʦʣʦʢʦʥ ʦʢʨʝʤʦ ʘʙʦ ʨʘʟʦʤ ʟ ʧʽʱʘʥʦ-

ʛʨʘʚʽʡʥʠʤʠ ʦʙʩʠʧʢʘʤʠ [4, 10ï12, 16]. 
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ɿʅɽɿɸʃɯɿʅɽʅʅʗ ʇʈʀʈʆɼʅʀʍ ɺʆɼ ɺ ʇʈʀʉʋʊʅʆʉʊɯ  

ɯʆʅɯɺ ɾʆʈʉʊʂʆʉʊɯ 

 
ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʟʘʣʽʟʘ  

ʟ ʚʦʜʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ ʞʦʨʩʪʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʪʽʦʥʽʪʽʚ ʚ ʨʽʟʥʠʭ 

ʬʦʨʤʘʭ. ɺʠʚʯʝʥʽ ʧʨʦʮʝʩʠ ʦʜʥʦʯʘʩʥʦʾ ʩʦʨʙʮʽʾ ʽʦʥʽʚ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʽʦʥʽʚ ʟʘʣʽ-

ʟʘ, ʘ ʪʘʢʦʞ ʽʭ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʥʘ ʩʦʨʙʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʩʫʤʽʰʝʡ ʽʦʥʽʪʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ, ʧʦʤôʷʢʰʝʥʥʷ ʚʦʜʠ, ʽʦʥʥʠʡ ʦʙʤʽʥ, ʦʢʠʩʣʝʥʥʷ, 

ʬʽʣʴʪʨʫʚʘʥʥʷ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

 

ɿʘʣʽʟʦ ï ʦʜʠʥ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʨʠʨʦʜʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʦʥʦ ʧʨʠʩʫʪʥʻ  

ʫ ʙʽʣʴʰʦʩʪʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʘ ʪʘʢʦʞ ʚ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʤʽʩʪʠʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʛʣʠʥʘʭ. ɺʤʽʩʪ ʟʘʣʽʟʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʛʽʦʥʘʣʴʥʠʭ, ʢʣʽʤʘʪʠʯʥʠʭ, ʣʘʥʜʰʘʬʪʥʠʭ ʪʘ 

ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʦʥʠ ʧʨʦʞʠʚʘʥʥʷ. ʇʦʪʨʘʧʣʷʥʥʷ ʩʧʦʣʫʢ ʟʘʣʽʟʘ  

ʚ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʧʦʚôʷʟʘʥʦ ʟ ʨʦʟʯʠʥʝʥʥʷʤ ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʧʦʨʽʜ, ʢʨʽʤ ʪʦʛʦ, ʟʥʘ-

ʯʥʽ ʢʽʣʴʢʦʩʪʽ ʟʘʣʽʟʘ ʤʦʞʫʪʴ ʥʘʜʭʦʜʠʪʠ ʟʽ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. 

ʋ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ʽʦʥʠ ʟʘʣʽʟʘ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽ ʚʥʘʩʣʽʜʦʢ ʝʚʪʨʦʬʽʢʘ-

ʮʽʾ ʚʦʜʦʡʤ [1]. ʋ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞʘʭ ʚʦʜʘ ʥʘʡʯʘʩʪʽʰʝ ʟʘʙʨʫʜʥʝʥʘ ʽʦʥʘʤʠ 

ʟʘʣʽʟʘ ʚ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʚʠʱʝ ʜʦʧʫʩʪʠʤʦʾ ʥʦʨʤʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʨʦʟʽʾ ʩʪʘʣʴʥʠʭ 

ʪʨʫʙ. ʊʦʤʫ ʥʝ ʜʠʚʥʦ, ʱʦ ʧʨʦʙʣʝʤʘ ʟ ʧʨʠʩʫʪʥʽʩʪʶ ʚ ʧʨʠʨʦʜʥʽʡ ʚʦʜʽ ʟʘʣʽʟʘ ï 

ʦʜʥʘ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ. ɸʜʞʝ ʟ ʪʘʢʦʶ ʚʦʜʦʶ ʚʠʥʠʢʘʻ ʮʽʣʠʡ ʨʷʜ ʧʨʦʙʣʝʤ, ʷʢ 

ʧʨʠ ʧʦʙʫʪʦʚʦʤʫ, ʪʘʢ ʽ ʢʦʤʝʨʮʽʡʥʦ-ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ʆʯʠʱʝʥʥʷ ʚʦʜʠ ʚʽʜ ʩʧʦʣʫʢ ʟʘʣʽʟʘ ʷʚʣʷʻ ʩʦʙʦʶ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʜʦʩʠʪʴ ʥʝ-

ʧʨʦʩʪʫ ʟʘʜʘʯʫ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʬʦʨʤ ʽʩʥʫʚʘʥʥʷ 

ʟʘʣʽʟʘ ʚ ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣʘʭ, ʚʧʣʠʚʦʤ ʥʘ ʧʨʦʮʝʩ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʧʨʠʩʫʪʥʽʭ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʥʝ ʜʦ ʢʽʥʮʷ ʚʠʚʯʝʥʠʤ ʧʨʦʮʝʩʦʤ ʚʠʣʫʯʝʥʥʷ ʟʘʣʽʟʘ 

ʥʘ ʩʦʨʙʝʥʪʘʭ.  

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

 

ʋ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʚʤʽʩʪ ʟʘʣʽʟʘ ʩʪʘʥʦʚʠʪʴ ʥʘ ʨʽʚʥʽ 3ï15 ʤʛ/ʜʤ
3
 

ʧʨʠ ʥʦʨʤʽ ʜʣʷ ʧʠʪʥʦʾ ʚʦʜʠ 0,3 ʤʛ/ʜʤ
3
. ɿʘʣʽʟʦ ʚ ʧʨʠʨʦʜʥʽʡ ʚʦʜʽ ʟʫʩʪʨʽʯʘʻʪʴʩʷ  

ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʭ, ʘʣʝ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʫ ʚʠʛʣʷʜʽ ʜʚʦʚʘʣʝʥʪʥʠʭ ʽʦʥʽʚ, ʧʨʠʯʦʤʫ 

ʬʦʨʤʘ ʟʘʣʽʟʘ ʫ ʚʦʜʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽ ʨʅ 

ʚʦʜʠ. ʇʨʠ ʨʅ ʥʘ ʨʽʚʥʽ 3ï4 ʚʦʜʘ, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ʢʠʩʥʶ, ʘʣʝ ʤʽʩʪʠʪʴ ʜʽʦʢʩʠʜ ʚʫ-

ʛʣʝʮʶ, ʧʝʨʝʥʦʩʠʪʴ ʢʦʣʦʾʜʥʫ ʬʦʨʤʫ Fe(OH)3 ʪʘ ʽʦʥʠ Fe
2+
. ʆʩʘʜʞʝʥʥʷ ʟʘʣʽʟʘ  

ʫ ʚʠʛʣʷʜʽ ʛʽʜʨʦʢʩʠʜʫ Fe(OH)2 ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʠ ʨʅ = 5. ʊʘʢʦʞ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʚʦʜʘ ʤʽʩʪʠʪʴ ʦʨʛʘʥʽʯʥʽ ʢʦʣʦʾʜʥʽ ʩʧʦʣʫʢʠ ʟʘʣʽʟʘ ʘʙʦ ʘʜʩʦʨʙʦ-

ʚʘʥʽ ʥʠʤʠ ʩʧʦʣʫʢʠ ʟʘʣʽʟʘ Fe
2+ 
ʪʘ Fe

3+
, Fe(OH)2 ʪʘ Fe(OH)3 [2]. 

ɼʣʷ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ: ʩʧʨʦʱʝʥʘ 

ʘʝʨʘʮʽʷ ʟ ʥʘʩʪʫʧʥʠʤ ʬʽʣʴʪʨʫʚʘʥʥʷʤ; ʘʝʨʘʮʽʷ ʟ ʚʘʧʥʫʚʘʥʥʷʤ ʽ ʭʣʦʨʫʚʘʥʥʷʤ; 

ʢʦʘʛʫʣʶʚʘʥʥʷ ʩʫʣʴʬʘʪʦʤ ʘʣʶʤʽʥʽʶ ʟ ʧʦʧʝʨʝʜʥʽʤ ʭʣʦʨʫʚʘʥʥʷʤ; ʬʽʣʴʪʨʫʚʘʥʥʷ  

 
Ò ʄ.ɼ. ɻʦʤʝʣʷ, ɻ.ɻ. ʊʨʦʭʠʤʝʥʢʦ, ʄ.ʄ. ʊʚʝʨʜʦʭʣʽʙ, 2015 
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ʚʦʜʠ ʯʝʨʝʟ ʟʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʽʨʦʣʶʟʠʪʘ; ʢʘʪʽʦʥʫʚʘʥʥʷ ʚʦʜʠ. ɼʣʷ ʚʠʜʘʣʝʥʥʷ 

ʟʘʣʽʟʘ ʟ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʘʛʫʣʶʚʘʥʥʷ, ʚʘʧʥʫʚʘʥʥʷ, ʦʢʠʩ-

ʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ [3]. ɼʦʩʠʪʴ ʯʘʩʪʦ, ʦʩʦʙʣʠʚʦ ʥʘ ʣʦʢʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ ʦʯʠʱʝʥ-

ʥ ̫ ʚʦʜʠ, ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʪʘ ʚ ʧʦʙʫʪʽ, ʧʝʨʝʚʘʛʫ ʥʘʜʘʶʪʴ  

ʽʦʥʥʦʤʫ ʦʙʤʽʥʫ ʪʘ ʬʽʣʴʪʨʫʚʘʥʥʶ ʯʝʨʝʟ ʢʦʤʙʽʥʦʚʘʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ [4, 5]. ʅʘ 

ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʪʘʢʠʡ ʧʽʜʭʽʜ ʤʘʻ ʧʝʨʝʚʘʛʫ ʚ ʧʨʦʩʪʦʪʽ ʨʝʘʣʽʟʘʮʽʾ. ɺʦʜʫ ʬʽʣʴʪ-

ʨʫʶʪʴ ʯʝʨʝʟ ʽʦʥʽʪ, ʩʫʤʽʰ ʽʦʥʽʪʽʚ ʘʙʦ ʯʝʨʝʟ ʩʫʤʽʰ ʽʦʥʽʪʽʚ, ʩʦʨʙʝʥʪʽʚ ʽ ʬʽʣʴʪʨʫ-

ʚʘʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʶʪʴ ʚʦʜʫ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ. ʇʨʦʪʝ 

ʽʩʥʫʶʯʽ ʩʦʨʙʝʥʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʣʠʰʝ ʚʽʜ ʧʝʚʥʠʭ ʽʦʥʽʚ, ʢʦʤ-

ʙʽʥʦʚʘʥʽ ʟʘʛʨʫʟʢʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʥʢʫ ʚʦʜʦʦʯʠʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝʜʦ-

ʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʩʪʘʜʽʡ ʦʯʠʩʪʢʠ ʚʦʜʠ ʚʽʜ ʦʢʨʝʤʠʭ 

ʽʦʥʽʚ ʻ ʜʦʨʦʛʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʛʽʜʥʠʤ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʦʧʫʙʣʽʢʦʚʘʥʦ ʙʘʛʘʪʦ ʨʦʙʽʪ, ʚ ʷʢʠʭ ʦʧʠʩʘʥʦ ʦʯʠʱʝʥʥʷ ʚʦ-

ʜʠ ʚʽʜ ʽʦʥʽʚ ʟʘʣʽʟʘ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʯʝʨʝʟ ʧʨʠʨʦʜʥʽ ʩʦʨʙʝʥʪʠ, ʪʘʢʽ ʷʢ ʛʣʘʫʢʦʥʽʪ, 

ʮʝʦʣʽʪ, ʤʦʨʜʝʥʽʪ ʪʘ ʪ. ʧ. [6, 7]. ɼʘʥʽ ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʫʪʴ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʫ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ, ʪʘʢ ʽ ʙʫʪʠ ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ, ʷʚʣʷʶʯʠ 

ʩʦʙʦʶ ʩʦʨʙʝʥʪʠ-ʢʘʪʘʣʽʟʘʪʦʨʠ. ɼʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʾ ʟʘʚʘʥ-

ʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʷʜʦʤ ʧʘʨʘʤʝʪʨʽʚ (ʰʚʠʜʢʽʩʪʶ ʽ ʧʦʚʝʨʭʥʝʶ ʬʽʣʴʪʨʘʮʽʾ 

ʪʘ ʽʥ.), ʘ ʪʘʢʦʞ ʤʝʪʦʜʦʤ ʪʘ ʫʤʦʚʘʤʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ.  

ʇʨʦʙʣʝʤʘ ʯʘʩʪʢʦʚʦʛʦ ʯʠ ʧʦʚʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʟʘʣʽʟʘ ʚ ʧʨʦʮʝʩʽ ʚʦʜʦ-

ʧʽʜʛʦʪʦʚʢʠ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʠʨʽʰʝʥʘ ʥʝʧʦʚʥʽʩʪʶ. ʍʦʯʘ ʨʦʟʨʦʙʣʝʥʘ ʽ ʚʠʢʦ-

ʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʚʦʜʦʟʥʝ-

ʟʘʣʽʟʥʶʶʯʠʭ ʫʩʪʘʥʦʚʦʢ, ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ï ʘʙʦ ʤʝʪʘʣʦʻʤʥʽ ʪʘ 

ʜʦʨʦʛʽ ʫ ʙʫʜʽʚʥʠʮʪʚʽ, ʘʙʦ ʥʝʥʘʜʽʡʥʽ ʚ ʨʦʙʦʪʽ ʪʘ ʩʢʣʘʜʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʝʜʦ-

ʩʪʘʪʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʧʦʨʫʜ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʟʥʝʟʘʣʽʟʥʝʥʥʷ 

ʚʦʜʠ, ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʽʥʰʠʭ ʨʽʰʝʥʴ. 

 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʟʘʣʽʟʘ ʥʘ ʨʽʟʥʠʭ ʽʦʥʦʦʙʤʽʥʥʠʭ ʟʘʚʘʥʪʘ-

ʞʝʥʥʷʭ ʪʘ ʾʭ ʩʫʤʽʰʘʭ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ ʞʦʨʩʪʢʦʩʪʽ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

ʇʨʦʮʝʩʠ ʟʥʝʟʘʣʽʟʥʝʥʥʷ ʚʦʜʠ ʽʦʥʦʦʙʤʽʥʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʩʣʘʙʦʢʠʩʣʦʪʥʦʛʦ ʢʘʪʽʦʥʽʪʫ Dowex MAC-3 ʪʘ ʩʠʣʴʥʦʢʠʩʣʦʪʥʦʛʦ ʢʘʪʽʦ-

ʥʽʪʫ ʂʋ-2-8 ʚ ʢʠʩʣʠʭ ʪʘ ʩʦʣʴʦʚʽʡ ʬʦʨʤʘʭ. ʉʦʨʙʮʽʷ ʽʦʥʽʚ ʟʘʣʽʟʘ ʧʨʦʭʦʜʠʣʘ  

ʚ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ, ʨʦʟʯʠʥ ʩʫʣʴʬʘʪʫ ʟʘʣʽʟʘ, ʧʨʠʛʦʪʦʚʘʥʠʡ ʥʘ ʚʦʜʦʧʨʦʚʽʜʥʽʡ 

ʚʦʜʽ, ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ 20 ʩʤ
3
 ʽʦʥʽʪʫ. ʉʦʨʙʮʽʶ ʽʦʥʽʚ ʥʘ ʢʘʪʽʦʥʽʪʽ ʪʘ ʦʯʠʱʝʥʥʷ 

ʚʦʜʠ ʥʘ ʬʽʣʴʪʨʫʶʯʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʟʜʽʡʩʥʶʚʘʣʠ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʚʽʜʧʦʚʽʜ-

ʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʚʠʪʨʘʪʦʶ 10ï15 ʩʤ
3
/ʭʚ. 

ʇʨʠ ʚʠʣʫʯʝʥʥʽ ʟʘʣʽʟʘ ʽʟ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʚʦʜʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ ʢʘʣʴʮʽʶ 

ʪʘ ʤʘʛʥʽʶ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʽʦʥʦʦʙʤʽʥʥʠʭ ʟʘʚʘʥʪʘ-

ʞʝʥʴ. ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʦʙ ʚʽʜʤʽʯʝʥʦ ʧʨʦʩʢʦʢ ʽʦʥʽʚ ʟʘʣʽʟʘ ʥʘ ʨʽʚʥʽ  

0,05ï0,15 ʤʛ/ʜʤ
3 
(ʨʠʩ. 1). ɼʝʱʦ ʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦ ʚʠʣʫʯʝʥʥʶ ʽʦʥʽʚ ʟʘʣʽʟʘ 

ʤʘʶʪʴ ʢʘʪʽʦʥʽʪʠ ʚ Na
+
-ʬʦʨʤʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʠʩʣʦʶ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʯʘʩ-

ʪʢʦʚʠʤ ʦʢʠʩʣʝʥʥʷʤ ʪʘ ʛʽʜʨʦʣʽʟʦʤ ʟʘʣʽʟʘ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʨʅ ʩʝʨʝʜʦʚʠʱʘ  

(ʨʅ = 8,5ï9,96 ʜʣʷ ʂʋ-2-8 ʚ Na
+
-ʬʦʨʤʽ ʪʘ ʨʅ = 9,82ï11,25 ʜʣʷ Dowex MAʉ-3  
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ʚ Na
+
-ʬʦʨʤʽ). ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʪʽʦʥʽʪʽʚ ʚ ʢʠʩʣʽʡ ʬʦʨʤʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʚʥʝ ʚʠʣʫʯʝʥʥʷ ʢʘʨʙʦʥʘʪʽʚ ʪʘ ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ ʟ ʚʦʜʠ, ʘ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʾʭ ʚ Na
+
-ʬʦʨʤʽ ʣʫʞʥʽʩʪʴ ʚʦʜʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʥʠʞʫʻʪʴʩʷ.  

 

 
ʈʠʩ. 1 ï ɿʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʟʘʣʽʟʘ (1;2;3;4) ʪʘ ʽʦʥʽʚ ʞʦʨʩʪʢʦʩʪʽ (5;6;7;8) ʚʽʜ 

ʦʙôʻʤʫ ʧʨʦʧʫʱʝʥʦʛʦ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʫ ʟʘʣʽʟʘ ʫ ʚʦʜʦʧʨʦʚʽʜʥʽʡ ʚʦʜʽ (ɾ ï 4,24 ʤʛ-ʝʢʚ/ʜʤ
3
, 

ʃ ï 4,22 ʤʛ-ʝʢʚ/ʜʤ
3
, CFe ï 0,5 ʤʛ/ʜʤ

3
, ʨʅ ï 7,3) ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʾʾ ʯʝʨʝʟ ʢʘʪʽʦʥʽʪ  

ʂʋ-2-8 (1;2;5;7) ʪʘ Dowex MAʉ-3 (3;4;6;8) ʚ ʢʠʩʣʽʡ(1;3;5;6) ʪʘ Na
+
 (2;4;7;8) ʬʦʨʤʽ 

 

ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʘʣʝʥʥʷ ʽʦʥʽʚ ʟʘʣʽʟʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʽʦʥʽʚ ʞʦʨʩʪʢʦʩʪʽ ʥʘ ʩʫʤʽʰʘʭ ʩʣʘʙʦʢʠʩʣʦʪʥʦʛʦ ʪʘ ʩʠʣʴʥʦʢʠʩʣʦʪʥʦʛʦ ʢʘʪʽʦʥʽʪʽʚ 

(ʨʠʩ. 2). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʫʤʽʰ ʩʣʘʙʦʢʠʩʣʦʪʥʦʛʦ ʢʘʪʽʦʥʽ-

ʪʫ Dowex MAʉ-3 ʚ ʢʠʩʣʽʡ ʬʦʨʤʽ ʦʙôʻʤʦʤ 5 ʩʤ
3
 ʪʘ ʩʠʣʴʥʦʢʠʩʣʦʪʥʦʛʦ ʢʘʪʽʦʥʽ-

ʪʫ ʂʋ-2-8 ʚ ʩʦʣʴʦʚʽʡ ʬʦʨʤʽ ʦʙôʻʤʦʤ 5 ʩʤ
3
. ɺʠʙʽʨ ʜʘʥʠʭ ʢʘʪʽʦʥʽʪʽʚ ʙʫʚ ʥʝʚʠʧʘ-

ʜʢʦʚʠʤ. ʗʢ ʚʠʜʥʦ ʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʩʣʽʜʦʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʪʽʦʥʽ-

ʪʫ DOWEX MAC-3 ʚ ʢʠʩʣʽʡ ʬʦʨʤʽ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʢʘʪʽʦʥʫʚʘʥʥʷ ʽ ʂʋ-2-8  

ʚ Na+-ʬʦʨʤʽ ʥʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʛʣʠʙʦʢʦʛʦ ʧʦʤ'ʷʢʰʝʥʥʷ ʚʦʜʠ, 

ʟʥʠʞʝʥʥʷ ʾʾ ʣʫʞʥʦʩʪʽ ʽ ʜʦʩʷʛʥʝʥʥʷ ʨʅ ʚ ʤʝʞʘʭ 6,5 ... 7,1 [8]. ʇʨʠ ʮʴʦʤʫ ʫ ʨʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ Dowex MAʉ-3 ʚ ʢʠʩʣʽʡ ʬʦʨʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʝ ʧʽʜʢʠʩ-

ʣʝʥʥʷ ʚʦʜʠ, ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʂʋ-2-8 ʚ ʩʦʣʴʦʚʽʡ ʬʦʨʤʽ ï ʾʾ ʯʘʩʪʢʦʚʝ ʧʽʜʣʫ-

ʞʝʥʥʷ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʠʰʢʦʚʘ ʞʦʨʩʪʢʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 0,5ï0,6 ʤʛ-ʝʢʚ/ʜʤ
3 
ʜʦ 

ʧʦʯʘʪʢʫ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʟʘʣʽʟʘ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ ʧʨʦʧʫʱʝʥʦ 10 ʜʤ
3
 ʚʦʜʠ.  

ʋ ʧʝʨʰʠʭ 8 ʜʤ
3
 ʚʦʜʠ ʚʤʽʩʪ ʟʘʣʽʟʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 0,25 ʤʛ/ʜʤ

3
, ʱʦ ʜʦʧʫʩʪʠʤʦ 

ʜʣʷ ʧʠʪʥʦʾ ʚʦʜʠ. ʨʅ ʨʦʟʯʠʥʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 6,8. ʉʣʽʜ ʪʘʢʦʞ ʚʽʜʤʽʪʠʪʠ, ʱʦ  

ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ ʟʘʣʠʰʢʦʚʘ ʞʦʨʩʪʢʽʩʪʴ ʦʯʠʱʝʥʦʾ ʚʦʜʠ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 

0,75 ʤʛ-ʝʢʚ/ʜʤ
3
, ʘ ʣʫʞʥʽʩʪʴ ï 2 ʤʛ-ʝʢʚ/ʜʤ

3
. ɭʤʥʽʩʪʴ ʩʫʤʽʰʽ ʢʘʪʽʦʥʽʪʽʚ ʧʦ ʽʦʥʘʭ 

ʞʦʨʩʪʢʦʩʪʽ ʩʷʛʘʣʘ 4172 ʤʛ-ʝʢʚ/ʜʤ
3
, ʘ ʧʦ ʽʦʥʘʭ ʟʘʣʽʟʘ ï 1315 ʤʛ-ʝʢʚ/ʜʤ

3
. 

 


