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ɺɺɽɼɽʅʀɽ 

 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʅʘʨʘʩʪʘʶʱʠʡ ʤʠʨʦʚʦʡ ʜʝʬʠʮʠʪ ʧʨʝʩʥʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʚ XXI ʚʝʢʝ.  ʇʦ ʜʘʥʥʳʤ 

ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʙʦʣʝʝ ʜʚʫʭ ʤʠʣʣʠʘʨʜʦʚ ʯʝʣʦʚʝʢ ʥʘ 

ʧʣʘʥʝʪʝ ʩʪʨʘʜʘʶʪ ʦʪ ʥʝʜʦʩʪʘʪʢʘ ʚʦʜʳ, ʘ ʧʦ ʧʨʦʛʥʦʟʘʤ, ʢ 2050 ʛʦʜʫ ʫʞʝ 

ʧʦʣʦʚʠʥʘ ʞʠʪʝʣʝʡ ʧʣʘʥʝʪʳ ʙʫʜʝʪ ʠʩʧʳʪʳʚʘʪʴ ʝʝ ʥʝʭʚʘʪʢʫ. ʕʪʦ ʚʳʟʳʚʘʝʪ 

ʝʩʪʝʩʪʚʝʥʥʫʶ ʦʟʘʙʦʯʝʥʥʦʩʪʴ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʠ ʚ ʧʝʨʠʦʜ ʩ 2005 ʧʦ 2015 

ʛʦʜ ʧʨʦʚʝʜʝʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʧʨʦʝʢʪʳ ʚ ʨʘʤʢʘʭ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʜʝʢʘʜʳ çɺʦʜʘ ʜʣʷ ʞʠʟʥʠè. 

ɺ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʜʦʢʣʘʜʝ çʆ ʩʦʩʪʦʷʥʠʠ ʠ ʦʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2004 ʛ.è, ʧʨʠʚʝʜʝʥ ʨʷʜ ʬʘʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʝʜʢʨʠʟʠʩʥʦʡ ʩʠʪʫʘʮʠʠ ʩ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʚ ʩʪʨʘʥʝ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2004 ʛ. ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʢʦʣʦ 60 ʢʤ
3
 

ʩʚʝʞʝʡ ʚʦʜʳ, ʘ ʦʙʲʝʤ ʥʦʨʤʘʪʠʚʥʦ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ 2004 ʛ.  

ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 2 ʢʤ
3
. 

ɺ ʈʌ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʘʥʪʠʢʨʠʟʠʩʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜ ʠ ʠʭ ʦʭʨʘʥʫ. ɼʦʣʞʥʳ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʝʡʩʪʚʝʥʥʳʝ ʩʧʦʩʦʙʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʪʦʢʦʤ ʩ ʚʦʜʦʩʙʦʨʥʦʡ 

ʧʣʦʱʘʜʠ, ʦʙʫʩʪʨʦʡʩʪʚʦ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʠ ʧʨʠʙʨʝʞʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʣʦʩ.  

ɺ ʉʫʣʪʘʥʘʪʝ ʆʤʘʥ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʦʭʨʘʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʦʬʠʣʘʢʪʠʢʫ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʊʘʢʘʷ ʩʪʨʘʪʝʛʠʷ ʩʦʛʣʘʩʫʝʪʩʷ ʠ ʩ ʦʙʱʝʤʠʨʦʚʦʡ ʪʝʥʜʝʥʮʠʝʡ. ʉʦʛʣʘʩʥʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʂʦʤʠʪʝʪʘ ʆʆʅ ʧʦ ʚʦʜʥʳʤ ʨʝʩʫʨʩʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʥʠʟʠʪʴ 

ʟʘʙʦʨ ʚʦʜʳ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʦʜʝ ʭʦʪʷ ʙʳ 

ʯʘʩʪʠʯʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʫʪʝʤ ʨʝʮʠʨʢʫʣʷʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʦʷʚʣʷʝʪʩʷ ʢ ʤʝʪʦʜʘʤ 
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ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝʙʦʣʴʰʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʦʪʜʝʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʚʠʜʘ Eisenia fetida, ʢʦʪʦʨʳʡ 

ʚ̫ʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʧʦ ʩʢʦʨʦʩʪʠ ʨʘʟʤʥʦʞʝʥʠʷ ʧʨʝʚʦʩʭʦʜʠʪ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʚʠʜʳ. 

ɼʦʞʜʝʚʳʝ ʯʝʨʚʠ ʧʦʛʣʦʱʘʶʪ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʧʝʨʝʚʘʨʠʚʘʶʪ ʠ 

ʚʳʜʝʣʷʶʪ ʠʭ ʚ ʚʠʜʝ ʢʦʧʨʦʣʠʪʦʚ (Huges et al., 2005). ʅʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʘʣʦʟʘʪʨʘʪʥʘ, ʠʩʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʦʚ ʠ 

ʚʳʜʝʣʝʥʠʝ ʚʨʝʜʥʳʭ ʛʘʟʦʚ.  ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʫʜʘʣʝʥʥʳʭ ʩʝʣʴʩʢʠʭ 

ʦʙʱʠʥ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ.  

ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚ ʢʠʰʝʯʥʠʢʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʭʠʤʠʯʝʩʢʠʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ, ʦʙʦʛʘʱʘʶʪʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠ ʚʳʜʝʣʝʥʠʷʤʠ ʯʝʨʚʝʡ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʢʘʣʴʮʠʡ ʠ ʬʝʨʤʝʥʪʳ.   ʆʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʫʜʦʙʨʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʧʠʪʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʜʦʩʪʫʧʥʦʡ 

ʜʣʷ ʨʘʩʪʝʥʠʡ ʬʦʨʤʝ, ʦʙʣʘʜʘʶʱʠʝ ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʫʩʪʦʡʯʠʚʦʡ ʢ 

ʨʘʟʤʳʚʘʶʱʝʤʫ ʜʝʡʩʪʚʠʶ ʚʦʜʳ (ʇʦʢʨʦʚʩʢʘʷ ʉ.ʌ., ʂʘʩʘʪʠʢʦʚ ɺ.ɸ., 1987). 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠʚʣʝʢʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʞʠʜʢʠʭ 

ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʚʝʨʤʠʢʫʣʴʪʫʨʦʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʧʦʣʥʠʪʝʣʷ, ʢʦʛʜʘ 

ʥʘ ʜʥʦ ʦʙʚʘʣʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʫʢʣʘʜʳʚʘʶʪ ʦʧʠʣʢʠ, ʟʘʩʝʣʝʥʥʳʝ ʯʝʨʚʷʤʠ. 

ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʧʝʨʝʨʘʙʦʪʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ 

ʚʦʜ, ʨʘʥʝʝ ʥʝ ʥʘʭʦʜʠʚʰʠʝ ʧʨʠʤʝʥʝʥʠʷ (Green 1981). ʉʦʟʜʘʶʪʩʷ ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʯʝʨʚʷʤʠ ʚ 

ʠʥʪʝʥʩʠʚʥʦ ʘʵʨʠʨʫʝʤʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʝʘʢʪʦʨʘ. ʇʦ ʤʝʨʝ ʫʧʣʦʪʥʝʥʠʷ 

ʚʝʨʤʠʢʦʤʧʦʩʪʘ ʯʝʨʚʠ ʧʝʨʝʧʦʣʟʘʶʪ ʚ ʚʳʰʝʣʝʞʘʱʠʝ ʩʣʦʠ, ʘ ʚʳʛʨʫʟʢʘ 

ʢʦʤʧʦʩʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʝʘʢʪʦʨʘ (Bonini 1982). ɺʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʠʟʤʝʣʴʯʝʥʠʝʤ ʩʫʙʩʪʨʘʪʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʩ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ï 

ʜʝʩʪʨʫʢʪʦʨʘʤʠ (Ferrari 1983). 

ʇʨʦʜʫʢʪʳ ʚʝʨʤʠʢʦʧʦʩʪʠʨʦʚʘʥʠʷ ʫʩʢʦʨʷʶʪ ʨʦʩʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 
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ʢʫʣʴʪʫʨ ʙʣʘʛʦʜʘʨʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ ʚ ʤʠʥʝʨʘʣʴʥʳʡ ʠ 

ʪʦʨʤʦʞʝʥʠʶ ʚʳʤʳʚʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʚʦʜʫ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʤʘʣʦʧʦʜʚʠʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ, ʫʪʨʘʪʠʚʰʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʘʤʦʦʯʠʱʝʥʠʶ. 

ɼʝʛʨʘʜʘʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ ʥʘ 

ɿʝʤʣʝ.  ɺʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ 

ʚ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʯʠʩʣʘ ʚʨʝʜʠʪʝʣʝʡ ʠ ʙʦʣʝʟʥʝʡ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʪʴ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʦʣʝʟʥʷʤ ʠ 

ʩʪʨʝʩʩʘʤ. ʂ ʪʘʢʠʤ ʫʜʦʙʨʝʥʠʷʤ ʦʪʥʦʩʠʪʩʷ ʚʝʨʤʠʢʦʤʧʦʩʪ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʠʩʪʝʤ ʢʘʥʘʣʠʟʘʮʠʠ ʠ ʦʯʠʩʪʥʳʭ ʩʪʘʥʮʠʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʦʯʥʳʭ ʚʦʜ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʚ 

ʩʪʦʢʘʭ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʜʚʫʤ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ɹʇʂ ʠ ʍʇʂ. 

ʆʙʳʯʥʳʝ ʟʥʘʯʝʥʠʷ ɹʇʂ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʪʦʢʦʚ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 150 

ʜʦ 500 ʤʛ/ʜʤ, ʘ ʍʇʂ ï ʦʪ 300 ʜʦ 800ʤʛ/ʜʤ. ɹʇʂ ʩʪʦʯʥʳʭ ʚʦʜ ʤʦʣʦʢʦʟʘʚʦʜʦʚ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 4000 ʤʛ/ʜʤ, ʘ ʍʇʂ ï 8000 ʤʛ/ʜʤ. ʕʪʠ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʫʜʦʙʨʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ 

ʩʪʦʢʦʚ ʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʛ.ɺʣʘʜʠʤʠʨʘ ʢʫʣʴʪʫʨʦʡ Eisenia fetida 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ 

ʤʦʣʦʢʦʟʘʚʦʜʘ ʢʫʣʴʪʫʨʦʡ Eisenia fetida ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

2. ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ 

ʚʦʜ ʛ.ɺʣʘʜʠʤʠʨʘ ʢʫʣʴʪʫʨʦʡ Eisenia fetida ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

3. ʀʟʫʯʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚʦʜʳ çɸʥʦʣʠʪ ɸʅʂè ʜʣʷ 

ʜʝʟʠʥʬʝʢʮʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʪʘ. 
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4. ʈʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ʉʫʣʪʘʥʘʪʘ 

ʆʤʘʥ.    

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʧʨʠʢʣʘʜʥʳʝ ʵʢʦʣʦʛʦ-

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʘʢʪʫʘʣʴʥʦʝ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʦʯʥʳʭ 

ʚʦʜ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ï ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʩʘʤʳʭ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ. ʅʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ ʚʦʧʨʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʦʨʠʝʡ ʠ ʧʨʘʢʪʠʢʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʪʦʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʅʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʜʝʟʠʥʬʝʢʮʠʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʪʦʚ, ʫʜʘʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʪʦʢʩʠʢʘʥʪʦʚ ʠ ʩʦʣʝʡ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʧʝʨʚʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʫʣʴʪʫʨʳ Eisenia fetida; ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʪʦʢʩʠʢʘʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʨʤʠʬʠʣʴʪʨʘʪʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʨʝʛʫʣʠʨʫʝʤʘʷ ʥʘ ʦʩʥʦʚʝ ʤʦʥʠʪʦʨʠʥʛʘ ʚʣʘʞʥʦʩʪʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘ, ʢʦʪʦʨʘʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 80%.  ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ 

ʫʩʪʘʥʦʚʢʫ ʩʪʦʯʥʦʡ ʚʦʜʳ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʩʪʘʥʠʷ ʩʦʨʙʝʥʪʦʚ ʙʠʦʧʣʝʥʢʦʡ ʠʟ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʠ ʦʙʦʩʥʦʚʘʥʠʷ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʝʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ.  
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʚ ʉʫʣʪʘʥʘʪʝ ʆʤʘʥ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɺ ʫʩʣʦʚʠʷʭ ʞʘʨʢʦʛʦ ʢʣʠʤʘʪʘ, ʜʝʬʠʮʠʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʠ 

ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʘʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

2. ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʨʝʛʫʣʠʨʫʝʤʘʷ 

ʥʘ ʦʩʥʦʚʝ ʤʦʥʠʪʦʨʠʥʛʘ ʚʣʘʞʥʦʩʪʠ ʚʝʨʤʠʬʠʣʴʪʨʘ, ʢʦʪʦʨʘʷ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ 80%.  

3. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʫʩʪʘʥʦʚʢʫ ʩʪʦʯʥʦʡ ʚʦʜʳ ʚ ʪʝʯʝʥʠʝ 10-14 ʜʥʝʡ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʩʪʘʥʠʶ ʥʘʧʦʣʥʷʶʱʠʭ ʝʝ ʤʘʪʝʨʠʘʣʦʚ ʙʠʦʧʣʝʥʢʦʡ ʠʟ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺʝʨʤʠʢʫʣʴʪʫʨʘ ʚ ʩʦʩʪʘʚʝ ʚʝʨʤʠʬʠʣʴʪʨʘ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʯʚʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʥʘ 

ʙʠʦʬʠʣʴʪʨʝ, ʫʜʘʣʷʝʪ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʟʘʛʨʷʟʥʠʪʝʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʦʛʣʦʱʝʥʠʷ ʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ.  

4. ʊʝʭʥʦʣʦʛʠʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʛʜʘ 

ʧʦʢʘʟʘʪʝʣʴ ɹʇʂ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʚʝʣʠʯʠʥ ʦʪ 1000 ʜʦ 1500 ʤʛ ʆ2/ʜʤ3 

5. ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚʦʜʳ çɸʥʦʣʠʪ ɸʅʂè ʚ 

ʧʨʦʮʝʩʩʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ʥʦʚʳʡ ʙʝʟʦʧʘʩʥʳʡ ʠ ʜʝʰʝʚʳʡ 

ʩʧʦʩʦʙ ʜʝʟʠʥʬʝʢʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʳʙʦʨʦʢ, 

ʢʦʨʨʝʢʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ. 
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ɸʧʨʦʙʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ (8 ʪʝʟʠʩʦʚ ʠ ʩʪʘʪʝʡ ʚ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ). ʇʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʘ 12 ʩʪʘʪʴʷ, ʧʦʜʘʥʘ ʧʘʪʝʥʪʥʘʷ ʟʘʷʚʢʘ ʥʘ ʧʦʣʝʟʥʫʶ 

ʤʦʜʝʣʴ ʈʌ ʠ ʧʘʪʝʥʪʥʘʷ ʟʘʷʚʢʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʚ ʉʫʣʪʘʥʘʪʝ ʆʤʘʥ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʣʦʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʫʧʦʤʠʥʘʝʤʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 119 ʩʪʨʘʥʠʮʘʭ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 23 

ʨʠʩʫʥʢʘ ʠ 7 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ 167 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʠʟ ʥʠʭ 

122 ʟʘʨʫʙʝʞʥʳʝ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

    

 

1.1. ʉʪʦʯʥʳʝ ʚʦʜʳ 

 

ʉʪʦʯʥʳʝ ʚʦʜʳ - ʵʪʦ ʧʨʝʩʥʳʝ ʚʦʜʳ, ʠʟʤʝʥʠʚʰʠʝ ʩʚʦʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʦʡ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʉʪʦʯʥʳʝ ʚʦʜʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʘʢʠʭ, ʢʘʢ ʜʦʤʘʰʥʠʝ ʭʦʟʷʡʩʪʚʘ, ʦʪʝʣʠ, ʙʦʣʴʥʠʮʳ, 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʬʝʨʤʳ, ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʜʨʫʛʠʝ. 

ʉʪʦʯʥʳʝ ʚʦʜʳ - ʵʪʦ, ʧʦʞʘʣʫʡ, ʩʘʤʳʡ ʦʯʝʚʠʜʥʳʡ, ʩʘʤʳʡ ʚʠʜʠʤʳʡ ʫʱʝʨʙ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʛʠʜʨʦʩʬʝʨʝ (ʨʝʢʘʤ, ʦʟʸʨʘʤ, ʤʦʨʷʤ ʠ ʜʘʞʝ 

ʦʢʝʘʥʘʤ). ʇʦʣʘʛʘʶʪ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʝʣʴʥʦ  ʜʦʧʫʩʪʠʤʳʭ  

ʢʦʥʮʝʥʪʨʘʮʠʡ (ʇɼʂ) ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʩʙʨʘʩʳʚʘʝʤʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ 

ʧʫʪʸʤ ʠʭ ʨʘʟʙʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʢʦʣʦ 1/3 ʚʩʝʛʦ ʤʠʨʦʚʦʛʦ ʟʘʧʘʩʘ ʧʨʝʩʥʦʡ 

ʚʦʜʳ. ʇʦʵʪʦʤʫ ʫʞʝ ʚ ʥʘʯʘʣʝ 1980-ʭ ʛʛ. ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʩʪʘʣʠ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʵʪʦʤʫ ʘʩʧʝʢʪʫ ʟʘʱʠʪʳ ʙʠʦʩʬʝʨʳ (ʄʫʭʠʥ, ʂʣʫʰʠʥ, 2012). 

 ʇʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʩʪʦʯʥʳʝ ʚʦʜʳ ʨʘʟʜʝʣʷʶʪ ʥʘ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ: 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʘʪʤʦʩʬʝʨʥʳʝ. ɺ ʭʦʟʷʡʩʪʚʝʥʥʦ-

ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʩʦʜʝʨʞʘʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʩʪʚʦʨʸʥʥʦʤ, ʢʦʣʣʦʠʜʥʦʤ ʠ 

ʥʝʨʘʩʪʚʦʨʸʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ. ɺ ʙʳʪʦʚʳʭ ʩʪʦʢʘʭ ʩʦʜʝʨʞʠʪʩʷ ʧʨʠʤʝʨʥʦ 60% 

ʟʘʛʨʷʟʥʝʥʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ 40%  ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʵʪʦʤʫ ʚ ʩʪʦʢʘʭ ʩʦʜʝʨʞʘʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ 

(ʙʘʢʪʝʨʠʠ, ʛʨʠʙʢʠ, ʷʡʮʘ ʛʝʣʴʤʠʥʪʦʚ ʠ ʚʠʨʫʩʳ). 

ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʝʡʰʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʟʘʛʨʷʟʥʸʥʥʦʩʪʴ ʩʪʦʯʥʳʭ ʚʦʜ: 

ɹʠʦʭʠʤʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʠʩʣʦʨʦʜʝ (ɹʇʂ) ï ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʦʨʦʜʘ, ʧʦʪʨʝʙʣʷʝʤʦʝ ʘʵʨʦʙʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʚ ʧʨʦʮʝʩʩʝ 
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ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʩʪʦʯʥʦʡ ʚʦʜʝ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʢʠ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥʦ ʤʝʪʦʜʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʫʰʝʜʰʝʝ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʨʝʤʷ 

(ʦʙʳʯʥʦ ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪʦʢ ðɹʇʂ5) ʙʝʟ ʜʦʩʪʫʧʘ ʩʚʝʪʘ ʧʨʠ 20Á ʉ ʥʘ ʦʢʠʩʣʝʥʠʝ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʚʦʜʳ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʙʝ ʚʦʜʳ ʧʦʩʣʝ ʦʪʙʦʨʘ ʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪʦʢ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ 

ʦʢʦʣʦ 70 % ʣʝʛʢʦʦʢʠʩʣʷʶʱʠʭʩʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʦʢʠʩʣʝʥʠʝ (ɹʇʂʧʦʣʥ ʠʣʠ ɹʇʂ20) ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 20 ʩʫʪʦʢ. 

ʍʠʤʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʠʩʣʦʨʦʜʝ (ʍʇʂ) ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʠʩʣʦʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʚʩʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ, ʠʥʝʨʪʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʷʝʤʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ. ɿʥʘʯʝʥʠʝ ʍʇʂ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ ɹʇʂ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʢʘʢ ʠʥʝʨʪʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʦʝ ʟʘʜʝʨʞʠʚʘʝʪʩʷ 

ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ ʧʨʠ ʬʠʣʴʪʨʦʚʘʥʠʠ ʧʨʦʙʳ. 

ʉʫʭʦʡ ʦʩʪʘʪʦʢ ï ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʝʥʠʡ, ʦʩʪʘʶʱʝʝʩʷ ʧʦʩʣʝ 

ʚʳʧʘʨʠʚʘʥʠʷ ʧʨʦʙʳ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105Á ʉ. 

ʄʫʪʥʦʩʪʴ ï ʧʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʚʦʜʳ ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʚ ʥʝʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ: ʥʝʨʘʩʪʚʦʨʠʤʳʭ 

ʠʣʠ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʟʚʝʩʝʡ).  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ï ʚʳʨʘʞʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ pH. ʉʨʝʜʘ 

ʩʯʠʪʘʝʪʩʷ ʢʠʩʣʦʡ ʧʨʠ pH < 7,0, ʥʝʡʪʨʘʣʴʥʦʡ ʧʨʠ ʨʅ = 7,0 ʠʣʠ ʱʝʣʦʯʥʦʡ ʧʨʠ 

pH > 7,0. ʄʫʥʠʮʠʧʘʣʴʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʦʙʳʯʥʦ ʠʤʝʶʪ ʩʣʘʙʦʱʝʣʦʯʥʫʶ 

ʨʝʘʢʮʠʶ ʩʨʝʜʳ pH  7,2-7,8. 

http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B7%D1%80%D0%B0%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%B2%D0%BE%D0%B4%D1%8B
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B7%D1%80%D0%B0%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%B2%D0%BE%D0%B4%D1%8B
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ʂʦʣʠ-ʪʠʪʨ ï ʵʪʦ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʤʠʣʣʠʣʠʪʨʘʭ, ʚ ʢʦʪʦʨʦʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʦʜʠʥ ʞʠʚʦʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤ 

ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ Escherichia coli. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʢʦʩʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʩʪʝʧʝʥʴ ʟʘʨʘʞʝʥʥʦʩʪʠ ʚʦʜʳ ʧʘʪʦʛʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. 

 

1.1.2. ʍʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ 

 

ʍʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʫʪʥʫʶ 

ʞʠʜʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʙʦʛʘʪʘ ʤʠʥʝʨʘʣʴʥʳʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɺʦʜʘ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ (ʜʦ 99 %), ʘ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʩʦʜʝʨʞʘʪʩʷ 

ʦʢʦʣʦ 1 %.  ɺ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ɹʇʂ 100-

400 ʤʛ/ʣ ʠ ʍʇʂ 150-600 ʤʛ/ʣ, ʪʦ ʝʩʪʴ ʠʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ʚʝʩʴʤʘ 

ʟʘʛʨʷʟʥʸʥʥʳʝ. ʆʙʱʠʭ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ (ʆɺɺ) ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʨʝʜʥʝʤ 100-

350 ʤʛ/ʣ, ʘ ʟʥʘʯʝʥʠʷ pH ʩʨʝʜʳ ʤʝʞʜʫ 6,9-7,3. ʀʤʝʶʪʩʷ ʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ 

ʵʪʠʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʨʝʛʠʦʥʘ ʠ ʩʝʟʦʥʘ. ʉʪʦʯʥʳʝ ʚʦʜʳ ʩʧʦʩʦʙʥʳ 

ʙʳʩʪʨʦ ʟʘʛʥʠʚʘʪʴ ʯʝʨʝʟ 12-24 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ. ʅʠʟʢʦʝ ʠʣʠ 

ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʘʥʘʵʨʦʙʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʳʜʝʣʝʥʠʶ ʥʝʧʨʠʷʪʥʦ 

ʧʘʭʥʫʱʠʭ ʛʘʟʦʚ ï ʩʝʨʦʚʦʜʦʨʦʜʘ, ʤʝʪʘʥʘ ʠ ʜʨ. ɺ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʩʦʜʝʨʞʘʥʠʝ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ (N) ʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ (P) ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʚʳʩʦʢʠʤ, ʘ ʪʘʢʞʝ ʚ ʥʠʭ ʠʤʝʶʪʩʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʊʄ), ʥʘʧʨʠʤʝʨ, ʢʘʜʤʠʡ 

(Cd) ʠ ʚʳʩʦʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʣʠʬʦʨʤʝʥʥʳʭ ʙʘʢʪʝʨʠʡ. ʇʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ 

ʚ ʩʦʜʝʨʞʘʥʠʠ ʆɺɺ, ɹʇʂ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʷʤ ʘʥʘʵʨʦʙʥʦʛʦ ʤʠʢʨʦʙʠʦʮʝʥʦʟʘ ʚ ʦʩʘʜʢʘʭ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ɹʇʂ ʚ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʢʦʣʝʙʣʶʪʩʷ ʤʝʞʜʫ 

200-400 ʤʛ/ʣ, ʍʇʂ ʤʝʞʜʫ 116-285 ʤʛ/ʣ, ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ 300-350 ʤʛ/ʣ, ʘ ʟʥʘʯʝʥʠʷ pH ʩʨʝʜʳ 6,9-7,3. ʀʤʝʶʪʩʷ ʙʦʣʴʰʠʝ 

ʢʦʣʝʙʘʥʠʷ ʵʪʠʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʨʝʛʠʦʥʘ, ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʠ ʩʝʟʦʥʘ. 

ʉʪʦʯʥʳʝ ʚʦʜʳ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʤʦʛʫʪ ʠʤʝʪʴ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 
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ʍʇʂ, ʦʯʝʥʴ ʥʠʟʢʠʝ ʠʣʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ pH ʩʨʝʜʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʩʤʝʰʠʚʘʥʠʷ ʙʳʪʦʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʦʨʤʘʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʯʠʪʘʶʪʩʷ ʧʦ ɹʇʂ5 1-15 

ʤʛ/ʣ, ʍʇʂ -  60-70 ʤʛ/ʣ, ʩʦʜʝʨʞʘʥʠʝ ʆɺɺ  - 20-30 ʤʛ/ʣ, ʘ ʟʥʘʯʝʥʠʝ pH ʩʨʝʜʳ 

ʦʢʦʣʦ 7,0. 

 

1.1.3. ʇʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ 

 

ʊʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʶ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ 

ʬʨʫʢʪʦʚʳʝ ʩʦʢʠ, ʧʠʚʦʚʘʨʝʥʥʳʭ ʟʘʚʦʜʦʚ, ʤʦʣʦʯʥʳʭ ʬʝʨʤ ʠ ʤʦʣʦʢʦʟʘʚʦʜʦʚ, 

ʩʢʦʪʦʙʦʝʥ ʠ ʪ. ʜ. ʆʥʠ ʥʝʩʫʪ ʚ ʩʝʙʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʪʘʢʠʤ 

ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʜʣʷ ʩʪʦʯʥʳʭ ʚʦʜ ʢʘʢ ɹʇʂ5, ʍʇʂ, ʘ ʪʘʢʞʝ ʆɺɺ ʠ 

ʤʫʪʥʦʩʪʴ (Sinha, Valani, 2011). 

 

 

1.2. ɺʝʨʤʠʬʠʣʴʪʨʘʮʠʷ ï ʦʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʠ 

 

ʇʨʦʮʝʩʩ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʷ, ʢʘʢ ʠ ʧʨʦʮʝʩʩ ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʧʨʠʨʦʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʦʪʭʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʧʫʣʷʮʠʠ ʜʦʞʜʝʚʳʭ 

(ʢʦʤʧʦʩʪʥʳʭ) ʯʝʨʚʝʡ. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʧʨʦʮʝʩʩʘʤʠ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʧʦʩʦʙʥʳ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʠ 

ʞʠʜʢʠʝ, ʠ ʪʚʝʨʜʳʝ ʦʨʛʘʥʦʩʦʜʝʨʞʘʱʠʝ ʦʪʭʦʜʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʩʪʝʤʳ 

ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪʥʦʩʷʪʩʷ ʢ ʫʪʠʣʠʟʘʮʠʠ ʪʚʝʨʜʳʭ 

ʦʨʛʘʥʦʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ (ʄʝʣʴʥʠʢ ʠ ʜʨ., 2015; ʉʪʦʤ ʠ ʜʨ., 2012; ʊʠʪʦʚ, 

2008; ʊʠʪʦʚ  2012; Edwards et al., 2011). 

ʊʝʭʥʦʣʦʛʠʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʚ ʢʦʪʦʨʦʤ ʩʦʯʝʪʘʝʪʩʷ 
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ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʙʠʦʬʠʣʴʪʨʘʮʠʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ 

ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʙʠʦʮʝʥʦʟʘ 

ʘʵʨʦʙʥʳʭ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʩʦʩʪʘʚʝ ʙʠʦʬʠʣʴʪʨʘ ʠ ʧʦʧʫʣʷʮʠʠ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘ (ʄʝʣʴʥʠʢ ʠ ʜʨ., 2015; 

ʊʠʪʦʚ, 2013). 

ʀʟʚʝʩʪʥʳʝ ʪʠʧʳ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʬʠʣʴʪʨʘʮʠʠ: ʢʘʧʝʣʴʥʳʝ ʠ ʜʠʩʢʦʚʳʝ 

ʙʠʦʬʠʣʴʪʨʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʟʘʪʨʘʪʥʳʤʠ, ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʚ 

ʠʭ ʫʩʪʘʥʦʚʢʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ 

ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʙʦʣʝʝ ʧʨʦʩʪʦ ʠ ʵʢʦʥʦʤʠʯʥʦ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʜʥʦʤ ʨʝʘʢʪʦʨʝ ʠ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʚʩʝ ʪʨʠ ʤʝʭʘʥʠʟʤʘ 

ʦʯʠʩʪʢʠ ʚʦʜʳ: ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʬʠʣʴʪʨʘʮʠʠ ʧʨʠ ʦʯʠʩʪʢʝ 

ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʟʘʠʣʠʚʘʥʠʝ ʩʠʩʪʝʤʳ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʫʤʝʥʴʰʘʝʪʩʷ 

ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʙʠʦʬʠʣʴʪʨʘ ʠ ʫʭʫʜʰʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʠʢʨʦ-  ʠ ʤʘʢʨʦʟʦʥ 

ʘʥʘʵʨʦʙʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʥʦʡ ʙʠʦʧʣʸʥʢʠ ʥʘ ʤʘʪʨʠʮʝ ʙʠʦʬʠʣʴʪʨʘ ʠ 

ʚʪʦʨʠʯʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ. ʕʪʦ ʪʨʝʙʫʝʪ ʯʘʩʪʫʶ ʦʯʠʩʪʢʫ ʠʣʠ 

ʟʘʤʝʥʫ ʩʘʤʦʛʦ ʙʠʦʬʠʣʴʪʨʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʙʠʦʬʠʣʴʪʨʘ ʚʝʨʭʥʝʛʦ ʬʠʣʴʪʨʫʶʱʝʛʦ ʩʣʦʷ 

ʩʫʙʩʪʨʘʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʧʫʣʷʮʠʶ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ (ʚʝʨʤʠʬʠʣʴʪʨ), 

ʫʩʪʨʘʥʷʝʪ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ. ʂʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ, ʢʘʢ 

ʙʠʦʬʠʣʴʪʨʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʛʣʦʱʘʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʣʠʩʪʫʶ ʬʨʘʢʮʠʶ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʧʝʨʝʚʘʨʠʚʘʶʪ ʠʭ ʠ ʚʳʜʝʣʷʶʪ ʚ ʚʠʜʝ ʩʚʦʠʭ ʵʢʩʢʨʝʤʝʥʪʦʚ (ʢʦʧʨʦʣʠʪʦʚ) ʚ 

ʚʝʨʭʥʠʡ ʩʣʦʡ ʩʠʩʪʝʤʳ. ɹʦʣʝʝ ʪʦʛʦ, ʚʳʜʝʣʝʥʥʳʝ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ 

ʚʝʨʤʠʬʠʣʴʪʨʘ ʢʦʧʨʦʣʠʪʳ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʘʥʫʣʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʚʦʜʦʧʨʦʯʥʦʩʪʴʶ, ʠ ʧʦʵʪʦʤʫ ʚʝʨʭʥʠʡ ʩʣʦʡ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ  ʥʝ ʟʘʠʣʠʚʘʝʪʩʷ ʠ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ 

ʬʠʣʴʪʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʣʷ ʞʠʜʢʦʡ ʬʘʟʳ ʩʪʦʯʥʳʭ ʚʦʜ. ɿʘʪʝʤ ʞʠʜʢʘʷ 
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ʬʨʘʢʮʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʥʠʞʝ ʣʝʞʘʱʠʝ ʬʠʣʴʪʨʫʶʱʠʝ ʩʣʦʠ ʙʠʦʬʠʣʴʪʨʘ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʩʪʘʶʪ ʙʠʦʧʣʸʥʢʦʡ ʠʟ ʘʵʨʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ (Ghatnekar et al., 

1994; Manyuchi et al., 2013; Sinha et al., 2008; Sinha, Valani, 2011; Taylor et al., 

2003). 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪʩʷ ʠʟ 

ʧʦʩʪʫʧʘʶʱʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚʝʨʭʥʠʤ ʩʣʦʝʤ ʚʝʨʤʠʢʫʣʴʪʫʨʳ ʢʦʤʧʦʩʪʥʳʭ 

ʯʝʨʚʝʡ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʵʪʠʭ ʚʝʨʤʠʩʣʦʷʭ  

ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʛʫʤʫʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʚʝʨʤʠʛʫʤʫʩ), ʦʙʦʛʘʱʝʥʥʳʡ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʚʝʨʤʠʛʫʤʫʩʘ ʚ 

ʩʠʩʪʝʤʝ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʨʠʩʪʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʚʝʨʤʠʬʠʣʴʪʨʘ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʩʪʠʮ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʡ ʘʜʩʦʨʙʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ (Taylor et al., 2003). 

ɼʦʞʜʝʚʳʝ ʯʝʨʚʠ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʙʠʦʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʤʥʦʛʠʝ 

ʪʦʢʩʠʯʝʩʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʚʢʣʶʯʘʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, 

ʙʠʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʠʭ ʠ ʙʠʦʜʝʛʨʘʜʠʨʦʚʘʪʴ ʪʦʢʩʠʯʥʫʶ ʦʨʛʘʥʠʢʫ ʩ 

ʧʦʤʦʱʴʶ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʙʝʣʢʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʘʤʠ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʪʢʘʥʷʭ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ. ʍʣʦʨʘʛʦʛʝʥʥʳʝ ʢʣʝʪʢʠ ʜʦʞʜʝʚʳʭ 

ʯʝʨʚʝʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʦʩʥʦʚʥʦʤ ʥʘʢʘʧʣʠʚʘʶʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʠʭ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʚ ʤʘʣʳʭ  ʩʬʝʨʠʯʝʩʢʠʭ ʭʣʦʨʘʛʦʩʦʤʘʭ ʠ 

ʤʫʩʦʨʥʳʭ ʚʝʟʠʢʫʣʘʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʚ ʢʣʝʪʢʘʭ. ɼʦʞʜʝʚʳʝ ʯʝʨʚʠ ʩʧʦʩʦʙʥʳ 

ʣʠʟʠʨʦʚʘʪʴ ʠʣʠ ʫʙʠʚʘʪʴ ʙʦʣʝʟʥʝʪʚʦʨʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʪʘʢ ʢʘʢ ʠʭ ʮʝʣʦʤʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ ʦʙʣʘʜʘʝʪ ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ 

ʘʢʪʠʚʥʦʩʪʷʤʠ. ʆʯʠʱʝʥʥʘʷ ʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʜʝʪʦʢʩʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠ 

ʜʝʟʠʥʬʠʮʠʨʦʚʘʥʥʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʦʡ, ʯʪʦʙʳ ʙʳʪʴ ʧʦʚʪʦʨʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ ʥʝ ʧʠʪʴʝʚʦʡ ʮʝʣʠ, ʥʘʧʨʠʤʝʨ, ʤʦʡʢʘ, ʯʠʩʪʢʘ, 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠʨʨʠʛʘʮʠʠ, 
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ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʚʝʩʴʤʘ ʧʠʪʘʪʝʣʴʥʘ ʠ ʦʙʦʛʘʱʝʥʘ ʤʘʢʨʦ-  ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ 

(Sinha, Valani, 2011; Sinha et al., 2012; Sinha et al., 2014; Titov, Fatah, 2015). 

ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʚʝʨʤʠʬʠʣʴʪʨʘ ʧʨʠ 

ʧʦʩʪʫʧʣʝʥʠʠ ʦʪʭʦʜʦʚ ʩʦʟʜʘʝʪ ʚʦʟʜʫʰʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ 

ʤʠʛʨʘʮʠʠ ʚʥʫʪʨʠ ʚʝʨʤʠʩʣʦʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʤʝʱʝʥʠʶ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʶ 

ʩʫʙʩʪʨʘʪʘ ʚ ʥʸʤ, ʩʦʟʜʘʚʘʷ ʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ ʠ ʜʝʣʘʷ ʢʠʩʣʦʨʦʜ, ʜʦʩʪʫʧʥʳʤ 

ʜʣʷ ʘʵʨʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʢʦʤʧʦʩʪʸʨʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ 

ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʪʭʦʜʦʚ. ɸʵʨʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʙʠʦʨʘʟʣʦʞʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʙʳʩʪʨʳʤʠ, ʯʝʤ ʘʥʘʵʨʦʙʥʳʝ 

ʧʨʦʮʝʩʩʳ ʙʠʦʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʊʠʪʦʚ, 2012; Sinha, Valani, 

2011; Sinha et al., 2008; Sinha et al., 2012). 

ʇʨʠ ʪʘʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʧʦʣʥʘʷ 

ʫʪʠʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʪʦʯʥʳʭ 

ʚʦʜʘʭ, ʠʭ ʜʝʟʠʥʬʝʢʮʠʷ ʠ ʜʝʪʦʢʩʠʢʘʮʠʷ. ʇʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʷ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʪʨʠ ʭʦʟʷʡʩʪʚʝʥʥʦ 

ʧʦʣʝʟʥʳʭ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʘ: ʚʝʨʤʠʢʦʤʧʦʩʪ (ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʳʩʦʢʦʛʫʤʫʩʠʨʦʚʘʥʥʦʝ ʫʜʦʙʨʝʥʠʝ), ʙʠʦʤʘʩʩʫ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ (ʩʳʨʴʸ ʜʣʷ 

ʢʦʨʤʦʚʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ) ʠ ʦʯʠʱʝʥʥʫʶ ʚʦʜʫ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʨʨʠʛʘʮʠʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʝʡ (ʊʠʪʦʚ, 2012; Sinha, Valani, 2011; Sinha et al., 

2012). 

 

1.2.1. ʄʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ 

 

ʊʝʭʥʦʣʦʛʠʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 

çʜʚʘ ʚ ʦʜʥʦʤè ʠ ʫʜʘʯʥʦ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʜʚʘ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʘʵʨʦʙʥʳʭ ʧʨʦʮʝʩʩʘ: ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʠ ʪʨʘʜʠʮʠʦʥʥʫʶ 

ʙʠʦʬʠʣʴʪʨʘʮʠʶ, ʠ ʧʦʵʪʦʤʫ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʦ, ʢʘʢ 

ʚʝʨʤʠʙʠʦʬʠʣʴʪʨʘʮʠʷ. ɺʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʫʪʩʪʚʠʷ ʚ 
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ʩʠʩʪʝʤʝ ʧʦʧʫʣʷʮʠʠ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ. ɸ ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʠ ʦʢʠʩʣʝʥʠʝ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʪʘʶʱʠʭʩʷ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ 

ʯʝʨʝʟ ʩʣʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘ, ʧʨʦʠʩʭʦʜʷʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʣʠ ʤʠʢʨʦʢʦʩʤʘ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʝʡ ʙʠʦʬʠʣʴʪʨʘ ʠ ʦʙʨʘʟʫʶʱʠʭ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʙʠʦʧʣʸʥʢʠ (Sinha, 

Valani, 2011). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʜʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʵʨʦʙʥʳʭ ʧʨʦʮʝʩʩʘ ʜʦʧʦʣʥʷʶʪ 

ʠ ʫʩʠʣʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʣʶʪʘʥʪʦʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʉʫʙʩʪʨʘʪ ʚʝʨʤʠʬʠʣʴʪʨʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʦ 

800 ʤ
2
/ʛ, ʘ ʧʫʩʪʦʡ ʦʙʲʸʤ ʜʦʩʪʠʛʘʝʪ ʜʦ 60 %. ʈʘʩʪʚʦʨʸʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ, ʢʦʣʣʦʠʜʳ ʠ ʚʟʚʝʰʝʥʥʳʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʧʨʦʥʠʢʘʶʪ ʩ ʞʠʜʢʦʩʪʴʶ 

ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘ, ʧʦʛʣʦʱʘʶʪʩʷ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ, ʘ ʪʘʢʞʝ ʧʦʯʚʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʯʘʩʪʠʮʘʭ ʩʫʙʩʪʨʘʪʘ ʚʝʨʤʠʬʠʣʴʪʨʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚ ʟʦʥʝ ʚʝʨʤʠʬʠʣʴʪʨʘ ʧʨʦʠʩʭʦʜʷʪ ʪʝ ʞʝ ʩʘʤʳʝ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʞʠʚʦʤ ʧʦʯʚʝʥʥʦʤ ʩʣʦʝ, ʦʙʠʣʴʥʦ ʥʘʩʝʣʸʥʥʦʤ ʜʦʞʜʝʚʳʤʠ 

ʯʝʨʚʷʤʠ ʠ ʘʵʨʦʙʥʳʤʠ ʧʦʯʚʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ (Sinha, Valani, 2011). 

ʂʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ, ʠʥʦʢʫʣʠʨʦʚʘʥʥʳʝ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘ, 

ʧʦʛʣʦʱʘʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʣʶʪʘʥʪʳ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ 

ʩʨʝʜʳ, ʧʝʨʝʚʘʨʠʚʘʶʪ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ ʠ ʚʳʜʝʣʷʶʪ 

ʵʢʩʢʨʝʤʝʥʪʳ (ʢʦʧʨʦʣʠʪʳ), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʫʜʦʙʨʝʥʠʝ ʚʝʨʤʠʢʦʤʧʦʩʪ. ʊʘʢʞʝ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʥʝʧʨʠʷʪʥʳʝ 

ʟʘʧʘʭʠ, ʧʦʪʦʤʫ ʯʪʦ ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ ʩʦʟʜʘʶʪ ʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ ʚ ʩʫʙʩʪʨʘʪʝ 

ʦʙʠʪʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʚʦʝʡ ʨʦʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʜʘʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʘʥʘʵʨʦʙʥʳʭ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʳʜʝʣʷʪʴ 

ʟʣʦʚʦʥʥʳʝ ʛʘʟʳ (Sinha et al., 2008). ʂʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ, ʧʦʛʣʦʱʘʷ ʩ ʢʦʨʤʦʤ 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʸʤ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʥʳ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʩʚʦʸʤ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ, ʢʘʢ ʚ ʙʠʦʨʝʘʢʪʦʨʝ, 

ʩʝʣʝʢʮʠʶ ʠ ʘʢʪʠʚʠʟʘʮʠʶ ʢʫʣʴʪʫʨ ʵʬʬʝʢʪʠʚʥʳʭ ʘʵʨʦʙʥʳʭ ʤʠʢʨʦʙʦʚ-
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ʜʝʩʪʨʫʢʪʦʨʦʚ (Xing et al., 2005). 

ɼʦʞʜʝʚʳʝ ʯʝʨʚʠ ʪʘʢʞʝ ʠʟʤʝʣʴʯʘʶʪ ʧʦʛʣʦʱʝʥʥʳʸ ʯʘʩʪʠʮʳ ʠʣʘ ʠ ʧʝʩʢʘ, 

ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʠʚʘʷ ʫʜʝʣʴʥʫʶ ʦʙʱʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʘʜʩʦʨʙʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʢʠ ʠ ʥʝʦʨʛʘʥʠʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʥʝʛʦ (ʄʝʣʴʥʠʢ ʠ ʜʨ., 2015; ʉʪʦʤ ʠ ʜʨ., 2012; ʊʠʪʦʚ, 2008; 

ʊʠʪʦʚ 2012). 

ɾʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʠʟ 

ʩʪʦʯʥʳʭ ʚʦʜ ʠʣʠʩʪʦʡ ʠ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʡ, ʚʳʜʝʣʷʷ ʠʭ ʚ ʩʦʩʪʘʚʝ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʧʨʦʣʠʪʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

çʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴè ʚʩʝʡ ʩʠʩʪʝʤʳ (Sinha, Valani, 2011). 

ɻʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʠ ʣʠʛʥʠʥʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʢʦʧʨʦʣʠʪʝ ʜʦʞʜʝʚʦʛʦ 

ʯʝʨʚʷ, ʘʜʩʦʨʙʠʨʫʶʪ ʠ ʩʚʷʟʳʚʘʶʪ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ (Sinha, Valani, 2011). 

ʈʘʩʪʚʦʨʸʥʥʳʝ ʠ ʩʫʩʧʝʥʜʠʨʦʚʘʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʚ çʞʠʚʦʡ ʧʦʯʚʝè, ʥʘʩʝʣʸʥʥʦʡ 

ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ ʠ ʘʵʨʦʙʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʧʦʯʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʘʵʨʠʨʦʚʘʥʠʝ ʩʫʙʩʪʨʘʪʘ ʦʙʠʪʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʦʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʟʘʧʫʩʢʘʝʪ ʩʠʩʪʝʤʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʯʚʳ 

ʠ ʬʠʣʴʪʨʘʮʠʠ,  ʜʝʣʘʷ ʝʸ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ. 

ɺʝʨʤʠʢʦʤʧʦʩʪ, ʧʨʦʜʫʮʠʨʫʝʤʳʡ ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ ʚ ʩʣʦʝ 

ʚʝʨʤʠʬʠʣʴʪʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʛʣʦʱʝʥʠʷ, ʧʝʨʝʚʘʨʠʚʘʥʠʷ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ 

ʠ ʠʭ ʚʳʜʝʣʝʥʠʷ ʚ ʚʠʜʝ ʢʦʧʨʦʣʠʪʦʚ, ʩʦʟʜʘʸʪ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʫʶ ʟʦʥʫ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʘʜʩʦʨʙʮʠʷ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʪʷʞʸʣʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʣʶʪʘʥʪʦʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʩʫʪʩʪʚʠʷ ʛʠʜʨʦʬʠʣʴʥʳʭ ʛʨʫʧʧ ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʣʠʛʥʠʥʘ ʠ ʛʫʤʫʩʘ ʚ 

ʚʝʨʤʠʢʦʤʧʦʩʪʝ. ʂʦʧʨʦʣʠʪʳ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʧʨʝʢʨʘʩʥʦʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʝʩʢʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʸʤʢʦʩʪʴʶ ʛʣʠʥʳ (Bhawalkar, 1995). 

ʇʦʣʫʯʝʥʥʘʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʚʝʨʤʠʬʠʣʴʪʨʦʚʘʥʥʘʷ ʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ 
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ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʦʡ, ʯʪʦʙʳ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʨʨʠʛʘʮʠʠ ʚ ʧʘʨʢʘʭ ʠ 

ʩʘʜʘʭ ʠʣʠ ʜʣʷ ʢʘʢʠʭ-ʣʠʙʦ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤʘʭ.         

 

1.2.2.  ʉʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

 

ʉʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠ ʢʦʤʧʘʥʠʷʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ, ʠʤʝʶʪ 

ʨʘʟʣʠʯʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʦ ʜʣʷ ʵʪʦʛʦ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʣʦʞʥʦʝ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʘʢʫʶ-ʥʠʙʫʜʴ ʸʤʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ 

ʦʩʥʦʚʥʦʡ ʦʙʲʸʤ (ʜʦ 90%) ʟʘʥʠʤʘʝʪ ʪʚʝʨʜʳʡ ʥʦʩʠʪʝʣʴ ʜʣʷ ʙʠʦʬʠʣʴʪʨʘ 

(ʛʨʘʚʠʡ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ, ʧʝʩʦʢ, ʦʧʠʣʢʠ, ʜʨʝʚʝʩʥʘʷ ʱʝʧʘ ʠ ʢʦʨʘ), ʥʘʜ 

ʢʦʪʦʨʳʤ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʩʝʪʢʝ ʩʣʦʡ ʩʘʜʦʚʦʡ ʟʝʤʣʠ (ʜʦ 10%), ʢʫʜʘ ʟʘʩʝʣʷʶʪ 

ʧʦʧʫʣʷʮʠʶ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ. ʕʪʦʪ ʚʝʨʭʥʠʡ ʩʣʦʡ ʚʝʨʤʠʢʫʣʴʪʫʨʳ ʠ ʝʩʪʴ 

ʩʦʙʩʪʚʝʥʥʦ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʠʡ ʩʣʦʡ (Sinha, Valani, 2011). 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʬʠʣʴʪʨ ï ʵʪʦ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʟʘʧʦʣʥʝʥʥʘʷ ʟʘʛʨʫʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʬʠʣʴʪʨʫʝʪʩʷ ʩʪʦʯʥʘʷ 

ʚʦʜʘ, ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʨʘʟʚʠʚʘʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʧʣʝʥʢʘ, 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʨʠ ʢʦʣʦʥʠʟʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ.  ʆʩʥʦʚʦʡ ʙʠʦʬʠʣʴʪʨʘ 

ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ-ʥʦʩʠʪʝʣʠ ʜʣʷ ʙʠʦʧʣʸʥʦʢ: ʜʨʝʚʝʩʥʳʝ 

ʩʪʨʫʞʢʠ, ʱʝʧʘ, ʦʧʠʣʢʠ ʠ ʠʟʤʝʣʴʯʝʥʥʘʷ ʢʦʨʘ ʜʝʨʝʚʴʝʚ, ʢʨʫʧʥʳʡ ʧʝʩʦʢ, 

ʢʝʨʘʤʟʠʪ, ʱʝʙʝʥʴ, ʛʨʘʚʠʡ, ʢʦʢʩ, ʘ ʪʘʢʞʝ ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ (ʰʣʘʢ, ʧʝʤʟʘ) 

ʧʣʦʪʥʦʩʪʴʶ 500ï1500 ʢʛ/ʤ
3
 ʠ ʧʦʨʠʩʪʦʩʪʴʶ 40ï50%, ʢʦʣʴʮʘ ʈʘʰʠʛʘ ʠʣʠ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʣʘʩʪʠʢʦʚʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʤʧʘʥʠʷʤʠ. 

ʉʪʦʯʥʳʝ ʚʦʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʧʫʩʢʘʶʪʩʷ ʯʝʨʝʟ 2 ʤʤ ʩʠʪʦ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʪʚʸʨʜʦʡ ʬʨʘʢʮʠʠ ʠ ʧʦʩʪʫʧʘʶʪ ʚ ʥʘʢʦʧʠʪʝʣʴʥʫʶ ʸʤʢʦʩʪʴ. ʅʘʣʠʯʠʝ 

ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʸʤʢʦʩʪʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʠʟ ʥʝʸ ʚʦʟʤʦʞʥʘ 

ʧʦʜʘʯʘ ʧʦʪʦʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʯʝʨʝʟ ʬʦʨʩʫʥʢʠ ʥʘ 
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ʧʦʚʝʨʭʥʦʩʪʴ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʝʛʦ ʩʣʦʷ. ʕʪʘ ʞʠʜʢʦʩʪʴ ʧʨʦʩʘʯʠʚʘʝʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʯʝʨʝʟ ʩʣʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘ, ʟʘʪʝʤ ʯʝʨʝʟ ʩʣʦʠ 

ʙʠʦʬʠʣʴʪʨʘ ʠ, ʥʘʢʦʥʝʮ, ʦʯʠʱʝʥʥʘʷ ʚʦʜʘ  

ʩʦʙʠʨʘʝʪʩʷ ʥʘ ʜʥʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʫʜʘʣʷʝʪʩʷ ʠʟ ʫʩʪʘʥʦʚʢʠ. ʉʭʝʤʘ 

ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ.1. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʤ ʦʧʠʩʘʥʠʝ ʧʠʣʦʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ (ʨʠʩ. 2-6), ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʬʝʩʩʦʨʘ ʈʘʜʞʠʚʘ ʂʫʤʘʨʘ ʉʠʥʭʘ (Rajiv Kumar Sinha), 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʘʚʩʪʨʘʣʠʡʩʢʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ-

ʚʝʨʤʠʢʫʣʴʪʫʨʠʩʪʦʤ ʚ ʤʠʨʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥ ʷʚʣʷʝʪʩʷ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʧʦ 

ʵʢʦʣʦʛʠʠ ʠ ʚʝʨʤʠʢʫʣʴʪʫʨʝ ʠ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʏʘʨʦʪʘʨʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ (ɻʫʜʞʘʨʘʪ, ʀʥʜʠʷ) ʠ ʥʘʫʯʥʳʤ 

ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʠʥʜʠʡʩʢʦʡ ʢʦʤʧʘʥʠʠ Transchem Agritech Ltd 

(http://www.transchem.in) ʠ ʘʚʩʪʨʘʣʠʡʩʢʦʡ ʢʦʤʧʘʥʠʠ VERMIBIOTECH, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 

 

ʅʘʢʦʧʠʪʝʣʴʥʘʷ ʸʤʢʦʩʪʴ ʜʣʷ ʩʪʦʯʥʳʭ ʚʦʜ 

 

 

 

 

 

 

                                                                              ʆʯʠʱʝʥʥʘʷ ʚʦʜʘ ʜʣʷ  

                                                                                   ʠʨʨʠʛʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʝʡ 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ (Sinha, 2012). 
             

ʉʣʦʡ ɺʝʨʤʠʬʠʣʴʪʨʘ 

http://www.transchem.in/
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ʉʠʥʭʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Sinha et al., 2008) ʠʟʫʯʘʣʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʶ 

ʩʪʦʯʥʳʭ ʚʦʜ ʩʪʘʥʮʠʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ (ʛ. ɹʨʠʩʙʝʡʥ, ɸʚʩʪʨʘʣʠʷ). ʊʘʢʘʷ 

ʩʠʩʪʝʤʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʚ ʩʦʩʪʘʚʝ 

ʚʝʨʤʠʬʠʣʴʪʨʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʥʘ ʤʘʪʝʨʠʘʣʘʭ-ʥʦʩʠʪʝʣʷʭ 

ʙʠʦʬʠʣʴʪʨʘ, ʩʧʦʩʦʙʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʛʣʦʱʝʥʠʷ, 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʠ ʦʢʠʩʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʪʴ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʧʦ ʪʘʢʠʤ ʚʘʞʥʝʡʰʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʢʘʢ ɹʇʂ5  ʙʦʣʝʝ,  ʯʝʤ ʥʘ 90%, ʍʇʂ ð ʥʘ 80-90%, 

ʨʘʩʪʚʦʨʸʥʥʳʝ ʚʝʱʝʩʪʚʘ ʥʘ 90-92% ʠ ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ  ʥʘ 90-95%. 

ʋʩʪʘʥʦʚʢʘ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ (ʨʠʩ. 2-6), ʦʧʠʩʘʥʥʘʷ 

ʉʠʥʭʦʤ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Sinha et al., 2012), ʩʦʜʝʨʞʘʣʘ ʦʢʦʣʦ 30-40 ʢʛ ʛʨʘʚʠʷ 

ʩʦ ʩʣʦʝʤ ʩʘʜʦʚʦʡ ʧʦʯʚʳ ʥʘ ʚʝʨʭʫ. ʕʪʦʪ ʩʣʦʡ ʧʦʯʚʳ ʬʦʨʤʠʨʫʝʪ ʩʣʦʡ 

ʚʝʨʤʠʬʠʣʴʪʨʘ. ʋʩʪʘʥʦʚʢʘ ʠʤʝʝʪ ʧʦʜʜʦʥ ʜʣʷ ʩʙʦʨʘ ʬʠʣʴʪʨʦʚʘʥʥʦʡ ʚʦʜʳ ʥʘ 

ʜʥʝ ʚ ʢʘʤʝʨʝ, ʢʦʪʦʨʳʡ ʩʥʘʙʞʝʥ ʢʨʘʥʦʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʅʘʜ ʢʘʤʝʨʦʡ 

ʠʤʝʝʪʩʷ ʧʨʦʚʦʣʦʯʥʘʷ ʩʝʪʢʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʣʦʸʚ ʛʨʘʚʠʷ. ʅʘ ʥʝʸ ʧʦʤʝʱʘʶʪ 

ʩʣʦʡ ʛʨʘʚʠʷ  ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 7,5 ʩʤ, ʚʳʩʦʪʦʡ ʜʦ 25 ʩʤ. ʉʣʝʜʫʶʱʠʡ 25-ʩʤ 

ʩʣʦʡ ʩʦʩʪʦʷʣ ʠʟ ʛʨʘʚʠʷ ʨʘʟʤʝʨʦʤ 3,5-4,5 ʩʤ. ʊʨʝʪʠʡ ʩʣʦʡ ʩʦʜʝʨʞʘʣ ʤʝʣʢʠʡ 

ʛʨʘʚʠʡ ʨʘʟʤʝʨʦʤ 10-12 ʤʤ, ʩʤʝʰʘʥʥʳʡ ʩ ʧʝʩʢʦʤ, ʠ ʠʤʝʣ ʚʳʩʦʪʫ ʜʦ 20 ʩʤ. 

ʉʘʤʳʡ ʚʝʨʭʥʠʡ ʩʣʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 10-ʩʤ ʩʣʦʡ ʩʘʜʦʚʦʡ 

ʧʦʯʚʳ. ɺ ʥʝʛʦ ʟʘʩʝʣʷʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʧʫʣʷʮʠʶ ʜʦʞʜʝʚʳʭ  ʯʝʨʚʝʡ. ʇʦʩʣʝ 

ʟʘʩʝʣʝʥʠʷ ʧʦʧʫʣʷʮʠʠ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʚʨʝʤʷ (1-2 ʥʝʜʝʣʠ) 

ʜʣʷ ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ ʚ ʥʦʚʦʡ ʩʨʝʜʝ. ʊʘʢ ʢʘʢ ʜʦʞʜʝʚʳʝ ʯʝʨʚʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ, ʪʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ 

(ʙʠʦʤʘʩʩʘ) ʚ ʩʫʙʩʪʨʘʪʝ, ʟʨʝʣʦʩʪʴ ʠ ʟʜʦʨʦʚʴʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ 

ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʪʘʨʪʦʚʘʷ ʧʦʧʫʣʷʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 500 ʦʩʦʙʝʡ ʚ ʦʙʲʸʤʝ 

0,025 ʤ
3
, ʯʪʦ ʨʘʚʥʷʣʦʩʴ 20 000 ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚ  1 ʤ

3
 ʧʦʯʚʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʝʨʤʠʢʫʣʴʪʫʨʳ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʤʝʩʴ ʪʨʸʭ ʚʠʜʦʚ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ Eisenia fetida, Perionix excavatus ʠ Eudrilus euginae. ɺ 

ʦʧʳʪʘʭ ʧʨʦʠʟʚʦʜʠʣʠ ʦʯʠʩʪʢʫ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʦʯʠʩʪʥʳʭ 
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ʩʦʦʨʫʞʝʥʠʡ ʆʢʩʣʠ ʧʨʠʛʦʨʦʜʘ ɹʨʠʩʙʝʡʥʘ (ɸʚʩʪʨʘʣʠʷ).      

 

ʈʠʩ. 2 ï ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ 

ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ ʠʟ ʢʘʥʠʩʪʨʳ (Sinha, 2012). 

 
ʈʠʩ. 3.                ʈʠʩ. 4. 

 

 
ʈʠʩ. 5. 

ʈʠʩ. 3, 4, 5 ï ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʣʦʸʚ ʙʠʦʬʠʣʴʪʨʘ ʚ ʩʠʩʪʝʤʝ 

ʚʝʨʤʠʬʠʣʴʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʨʘʚʠʡ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ (Sinha, 2012). 
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ʈʠʩ. 6 ï ʉʣʦʡ ʧʦʯʚʳ ʩ ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʜʘʯʠ 

ʩʪʦʯʥʦʡ ʚʦʜʳ ʯʝʨʝʟ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʇɺʍ-ʪʨʫʙʢʠ (Sinha, 2012). 

 

 

1.3. ʂʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

 

 ʈʷʜ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ 

ʚʦʜ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʚʣʠʷʶʪ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ. 

ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʚʠʜʳ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʠ ʠʭ ʙʠʦʤʘʩʩʘ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʠ 

ʧʨʦʚʦʜʠʤʦʩʪʴ,  ʘ ʪʘʢʞʝ ʩʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʆʥʠ ʢʦʨʦʪʢʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʠʞʝ. 

  

1.3.1.  ɺʠʜʳ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

 

ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʚʦʝʡ ʨʦʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʠ, ʧʦʵʪʦʤʫ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. ɼʦʞʜʝʚʳʝ ʯʝʨʚʠ-ʘʥʝʮʠʢʠ ʜʝʣʘʶʪ ʧʦʩʪʦʷʥʥʳʝ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʥʦʨʳ ʚ ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ ʩʫʙʩʪʨʘʪʘ, ʩʦʟʜʘʚʘʷ ʧʫʪʠ ʧʦʪʦʢʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʪʘʢʪʘ 
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ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʤʘʪʨʠʮʝʡ ʬʠʣʴʪʨʘ. ɼʦʞʜʝʚʳʝ ʯʝʨʚʠ-ʵʥʜʦʛʝʠʢʠ ʜʝʣʘʶʪ 

ʦʙʰʠʨʥʳʝ ʥʝʧʦʩʪʦʷʥʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʥʦʨʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʠʣʠʚʘʪʴ 

ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ ʧʫʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʷʱʝʛʦ ʵʬʬʣʶʝʥʪʘ ʧʦ 

ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ. ʊʨʝʪʴʷ ʢʘʪʝʛʦʨʠʷ ʚʠʜʦʚ-ʵʧʠʛʝʠʢʦʚ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ (E. 

fetida, E. andrei ʠ Perionyx excavatus) ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʷ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʦʩʘʜʢʦʚ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʦʪʦʤʫ ʯʪʦ ʠʤ ʥʨʘʚʷʪʩʷ ʙʦʛʘʪʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʫʙʩʪʨʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʠ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ, ʚʢʣʶʯʘʷ ʦʩʘʜʢʠ ʩʪʦʯʥʳʭ ʚʦʜ (ʊʠʪʦʚ, 2012; Sinha et al., 2008). ʍʦʪʷ 

ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ ʚʠʜʘ E. fetida ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʦ ʯʝʨʚʠ ʚʠʜʘ   P. 

excavatus ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʟʤʥʦʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʙʦʣʝʝ ʙʳʩʪʨʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ, ʠ ʧʨʦʠʟʚʦʜʷʪ ʙʦʣʴʰʝ 

ʢʦʧʨʦʣʠʪʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʙʠʦʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (Taylor et al., 2003).  

 

1.3.2.  ʏʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ 

 

ʇʦʩʢʦʣʴʢʫ ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʯʠʩʪʢʝ 

ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʫʩʪʘʥʦʚʢʝ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʪʦ ʠʭ ʯʠʩʣʝʥʥʦʩʪʴ ʠ 

ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ (ʙʠʦʤʘʩʩʘ) ʚ ʩʣʦʝ ʚʝʨʤʠʬʠʣʴʪʨʘ, ʘ ʪʘʢʞʝ ʠʭ ʘʢʪʠʚʥʦʩʪʴ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʯʠʩʣʝʥʥʦʩʪʴ ʚ 8-10 ʪʳʩʷʯ ʚʟʨʦʩʣʳʭ ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʥʘ 1 ʤ
2
 ʧʦʯʚʳ - 

ʩʫʙʩʪʨʘʪʘ ʦʙʠʪʘʥʠʷ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʠʤ ʩʣʦʝʤ ʠʣʠ ʟʦʥʦʡ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 8-10 ʢʛ ʙʠʦʤʘʩʩʳ ʯʝʨʚʝʡ ʚ 1 ʤ
3
 ʧʦʯʚʳ, ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ (Sinha, Vilani, 2011). ʇʦʩʣʝ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ 

ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 

ʩʠʩʪʝʤʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ. ʏʪʦʙʳ ʩʠʩʪʝʤʘ 
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ʦʩʪʘʚʘʣʘʩʴ ʩʪʘʙʠʣʴʥʦʡ ʧʦʧʫʣʷʮʠʷ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ 

ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ, ʶʚʝʥʠʣʦʚ, ʧʦʜʨʦʩʪʢʦʚ ʠ ʢʦʢʦʥʦʚ. 

ʇʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ, ʟʨʝʣʦʩʪʴ ʠ ʟʜʦʨʦʚʴʝ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚ 

ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʝʤ ʩʣʦʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʆʧʪʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

(Li et al., 2008). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʚ ʩʣʦʝ 

ʚʝʨʤʠʬʠʣʴʪʨʘ. ʉʠʩʪʝʤʫ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʩ ʜʦʩʪʘʪʦʯʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ, ʯʪʦʙʳ ʚʝʨʤʠʢʦʤʧʦʩʪ ʚʧʠʪʳʚʘʣ ʦʪʭʦʜʳ ʠ 

ʩʦʟʜʘʚʘʣʩʷ ʧʦʜʭʦʜʷʱʠʡ ʛʫʤʫʩʥʳʡ ʬʠʣʴʪʨ.  

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ, ʠʥʦʢʫʣʠʨʦʚʘʥʥʳʭ ʚ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʫʶ ʩʠʩʪʝʤʫ,  ʤʦʞʝʪ 

ʙʳʪʴ ʥʝ ʢʨʠʪʠʯʥʳʤ, ʝʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ ʥʝʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʪʘʢ ʢʘʢ ʧʦʧʫʣʷʮʠʷ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʤʦʞʝʪ ʧʨʠʩʧʦʩʦʙʠʪʴʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʫʧʘʶʱʠʤʠ ʦʪʭʦʜʘʤʠ. ʅʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠ ʩʪʘʨʪʦʚʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ 3000 

ʦʩʦʙʝʡ/ʤ
2 
ʚʦʟʨʦʩʣʘ ʜʦ 12000 ʦʩʦʙʝʡ/ʤ

2
 ʚ ʢʦʥʮʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʝʩʣʠ ʚʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʫ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʝ ʚʦʜʳ ʠʤʝʶʪ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʦʙʲʝʤ ʧʨʝʚʳʰʘʶʱʠʡ ʪʦʪ, 

ʢʦʪʦʨʳʡ ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ ʤʦʛʫʪ ʧʝʨʝʨʘʙʦʪʘʪʴ ʠʣʠ, ʝʩʣʠ ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ 

ʥʝ ʩʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʝʥʥʦʩʪʴ ʩʚʦʝʡ ʧʦʧʫʣʷʮʠʠ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ 

ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʪʦ ʩʠʩʪʝʤʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʦʞʝʪ ʧʨʝʢʨʘʪʠʪʴ ʨʘʙʦʪʫ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʫʜʘʯʝ (Krishnasamy et al., 2013). 

 

1.3.3.  ɸʵʨʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ 

 

ɼʦʞʜʝʚʳʝ ʯʝʨʚʠ -  ʵʪʦ ʘʵʨʦʙʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ 

ʢʠʩʣʦʨʦʜ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʠ ʧʨʦʮʚʝʪʘʥʠʷ ʚ ʩʨʝʜʝ ʠʭ ʦʙʠʪʘʥʠʷ. ʆʯʝʥʴ ʚʘʞʥʦ, 

ʯʪʦʙʳ ʚ ʟʦʥʝ ʚʝʨʤʠʬʠʣʴʪʨʘ ʥʝ ʩʦʟʜʘʚʘʣʠʩʴ ʘʥʘʵʨʦʙʥʳʝ ʫʯʘʩʪʢʠ, ʪʘʢ ʢʘʢ ʚ ʥʠʭ 
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ʯʝʨʚʠ ʙʫʜʫʪ ʧʦʛʠʙʘʪʴ, ʠ ʘʵʨʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʢʠ 

ʧʨʝʢʨʘʪʷʪʩʷ. ʌʝʨʤʝʥʪʘʮʠʷ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʪʘʢʦʚʘʷ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʧʨʠʷʪʥʳʭ 

ʟʘʧʘʭʦʚ. ʇʨʝʢʨʘʱʝʥʠʝ ʘʵʨʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʝʨʝʧʦʣʥʠʪʴ ʩʠʩʪʝʤʫ ʠ ʧʨʝʢʨʘʪʠʪʴ 

ʝʸ ʨʘʙʦʪʫ. ʕʪʦ ʧʦʪʨʝʙʫʝʪ ʦʩʪʘʥʦʚʢʠ, ʨʘʟʙʦʨʢʠ ʩʠʩʪʝʤʳ, ʦʯʠʩʪʢʠ ʠ ʧʦʚʪʦʨʥʦʡ 

ʩʙʦʨʢʠ ʫʩʪʘʥʦʚʢʠ. 

 

1.3.4.  ʂʘʯʝʩʪʚʦ ʩʪʦʯʥʳʭ ʚʦʜ 

 

ɹʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʶʱʠʝ ʩʨʝʜʩʪʚʘ, ʧʠʱʝʚʳʝ ʦʪʭʦʜʳ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʠ ʪ. ʜ. ʉʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʨʦʩʪ, ʨʘʟʤʥʦʞʝʥʠʝ ʠ ʘʢʪʠʚʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʠ ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʧʨʦʮʝʩʩ ʠʭ ʦʙʨʘʙʦʪʢʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʝʡ (Hughes et al., 2007). ʊʦʢʩʠʯʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠ ʠʭ ʧʦʨʦʛʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ ʩʠʭ ʧʦʨ ʰʠʨʦʢʦ ʥʝ ʠʟʫʯʝʥʳ. ʍʴʶʟ ʩ 

ʩʦʪʨʫʜʥʠʢʘʤʠ (Hughes et al., 2008) ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʘʤʤʦʥʠʡʥʳʭ ʠ ʥʘʪʨʠʝʚʳʭ 

ʩʦʣʝʡ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʣʦʨʠʜ ʥʘʪʨʠʷ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʥʘʪʨʠʷ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ. 

ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʯʝʨʚʝʡ, ʥʘʧʨʠʤʝʨ E. fetida ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳʤʠ ʢ 

ʪʦʢʩʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ. ʇʨʠʩʫʪʩʪʚʠʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʣʝʡ 

ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʝʨʤʠʬʠʣʴʪʨʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ  ʭʣʦʨʠʩʪʳʡ ʥʘʪʨʠʡ (NaCl) ʙʳʣ ʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤ ʜʣʷ ʜʦʞʜʝʚʳʭ 

ʯʝʨʚʝʡ ʚʠʜʘ E. fetida, ʯʝʤ ʩʫʣʴʬʘʪ ʥʘʪʨʠʷ (Na2SO4). ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʞʜʝʚʳʝ ʯʝʨʚʠ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʝʪʦʢʩʠʬʠʮʠʨʦʚʘʪʴ 

NaCl, ʭʦʪʷ ʧʨʠ ʵʪʦʤ ʨʝʧʨʦʜʫʢʪʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʯʝʨʚʝʡ ʥʘʨʫʰʘʣʘʩʴ, ʝʩʣʠ 

ʯʝʨʚʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʫʤʝʨʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ NaCl ʚ ʪʝʯʝʥʠʝ 



28 
 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ  NaCl  

ʙʳʣʠ ʶʚʝʥʠʣʴʥʳʝ ʦʩʦʙʠ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ. ʆʜʥʘʢʦ ʬʘʢʪʠʯʝʩʢʠʡ ʨʠʩʢ ʦʪ 

ʪʦʢʩʠʯʥʦʩʪʠ NaCl ʚ ʧʨʦʮʝʩʩʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʙʳʣ ʥʠʟʢʠʤ (Hughes et al., 

2009).  

ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʪʢʘʥʷʭ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʠʤʝʶʪʩʷ ʙʝʣʢʠ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʤʝʪʘʣʣʦʪʠʦʥʝʠʥʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʩɹʷ ʩ ʪʷʞʸʣʳʤʠ 

ʤʝʪʘʣʣʘʤʠ, ʠ ʧʦʩʣʝʜʥʠʝ ʩʪʘʥʦʚʷʪʩʷ ʣʠʙʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʳʤʠ, ʣʠʙʦ 

ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʤʠ. 

 ɼʦʞʜʝʚʳʝ ʯʝʨʚʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳʤʠ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ pH ʩʨʝʜʳ ʦʪ 4,5 ʜʦ 9,0. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʅ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʜʣʷ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʦʢʦʣʦ 7,0. ɿʥʘʯʝʥʠʝ ʨʅ ʩʪʦʯʥʳʭ ʚʦʜ ʚʣʠʷʝʪ 

ʥʘ ʚʳʞʠʚʘʥʠʝ ʠ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʍʴʶʟʘ ʩ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ ʚʠʜʦʚ E. fetida ʠ       

E. andrei ʤʦʛʫʪ ʚʳʞʠʚʘʪʴ ʟʥʘʯʝʥʠʷʭ ʨʅ ʩʨʝʜʳ ʤʝʞʜʫ 6,2 ʠ 9,7 ʧʨʠ 

ʫʭʫʜʰʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʶʚʝʥʠʣʦʚ ʢʘʢ ʧʨʠ ʚʳʩʦʢʠʭ, ʪʘʢ ʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ 

(Hughes et al., 2007).  

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʪʦʯʥʳʭ ʚʦʜ ʪʘʢʞʝ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ (Philippe 

et al., 2006). ɽʛʦ ʟʥʘʯʝʥʠʝ ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʯʪʦʙʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʧʫʣʷʮʠʶ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ, ʪʘʢ ʢʘʢ ʯʝʨʚʠ ʥʝ ʤʦʛʫʪ 

ʚʳʞʠʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩ ʥʠʟʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʢʠʩʣʦʨʦʜʘ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ.  

 

1.3.5.  ɺʳʙʦʨ ʬʠʣʴʪʨʫʶʱʝʡ ʩʨʝʜʳ 

 

ʉʘʜʦʚʘʷ ʧʦʯʚʘ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʦʣʞʥʘ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʦʙʠʪʘʥʠʷ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʚ ʫʩʪʘʥʦʚʢʝ ʧʦ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ 

ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʥʠʪʨʠʬʠʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ 

(Nitrobacteraceae, Nitrosomonas, Nitrosococcus), ʢʦʪʦʨʳʝ ʦʢʠʩʣʷʶʪ ʘʤʤʠʘʢ, 

http://ru.wikipedia.org/w/index.php?title=Nitrobacteraceae&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Nitrosomonas&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=Nitrosococcus&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BC%D0%B8%D0%B0%D0%BA
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ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʥʠʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʜʦ ʥʠʪʨʠʪʦʚ ʠ ʥʠʪʨʘʪʦʚ (Wang et al., 2011). ʈʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʙʠʦʬʠʣʴʪʨʘ ʚ ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʢʠ 

ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʝʨʤʠʬʠʣʴʪʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʦʣʴʥʦʡ ʟʦʣʳ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ 

(Wang et al., 2010). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʚʠʷ ʙʳʣʦ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʦʯʠʩʪʢʠ 

ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ (Kharwade & Khedikar, 2011). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʠʦʬʠʣʴʪʨʝ ʛʨʘʚʠʷ ʨʘʟʤʝʨʦʤ 60 ʤʤ ʠ 10 ʤʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʩʪʦʯʥʳʭ ʚʦʜ ʯʝʨʝʟ ʚʝʨʤʠʬʠʣʴʪʨ. ʂʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʠ ʢʝʨʘʤʟʠʪ ʢʘʢ ʦʩʥʦʚʘ 

ʙʠʦʬʠʣʴʪʨʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʯʠʩʪʢʠ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ 

ʧʦʢʘʟʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʝʨʤʠʬʠʣʴʪʨʘ 

(Liu et al., 2009;  Xing et al., 2010). ʆʜʥʘʢʦ ʢʝʨʘʤʟʠʪ ʜʘʚʘʣ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʚʘʨʮʝʚʳʤ ʧʝʩʢʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʩʨʝʜʦʡ 

(Xing et al., 2011).  

 

1.3.6.  ɺʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʝʨʞʠʚʘʥʠʷ 

 

ɺʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʝʨʞʠʚʘʥʠʷ ʠʣʠ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ (HRT) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʩʠʩʪʝʤʝ ʦʯʠʩʪʢʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʝʡ. ɿʥʘʯʝʥʠʝ HRT ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʦʯʠʩʪʢʝ 

ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʩʠʩʪʝʤʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʛʜʝ ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʤʠʢʨʦʢʦʩʤʦʤ ʠ ʜʨʫʛʠʤʠ ʬʠʣʴʪʨʫʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʧʨʝʦʙʨʘʟʫʶʪ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 

ʠ ʧʦʢʘʟʘʪʝʣʠ ɹʇʂ ʠ ʍʇʂ ʩʪʦʯʥʳʭ ʚʦʜ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʪʚʝʨʜʳʭ 

ʚʝʱʝʩʪʚ ʠ ʥʝʢʦʪʦʨʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʠʩʪʝʤʝ ʚ 

ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʙʦʣʝʝ ʧʦʣʥʦʡ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʩʠʩʪʝʤʳ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʧʦʢʘʟʘʪʝʣʷ HRT. ɿʥʘʯʝʥʠʝ HRT ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʦʞʝʪ 

http://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D1%82%D1%80%D0%B8%D1%82%D1%8B
http://ru.wikipedia.org/wiki/%D0%9D%D0%B8%D1%82%D1%80%D0%B0%D1%82%D1%8B
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ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʫʨʘʚʥʝʥʠʶ (Sinha et al., 2008): 

HRT =  (ɟ  ʭ Vs) / Qw 

        ʛʜʝ:  

HRT  - ʚʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʝʨʞʠʚʘʥʠʷ (ʯʘʩ); 

Vs      - ʦʙʲʸʤ ʚʝʨʤʠʬʠʣʴʪʨʘ (ʤ
3
); 

ɟ        - ʧʦʨʦʟʥʦʩʪʴ ʩʣʦʷ ʚʝʨʤʠʬʠʣʴʪʨʘ;  

Qw    - ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʯʝʨʝʟ ʩʣʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘ (ʤ
3
/ʯʘʩ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʙʲʝʤʫ ʩʣʦʷ ʚʝʨʤʠʬʠʣʴʪʨʘ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʯʝʨʝʟ ʩʣʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘ. 

ʕʪʦ ʦʯʝʥʴ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʝʨʠʦʜʦʤ ʧʨʝʙʳʚʘʥʠʷ 

ʨʘʩʪʚʦʨʸʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʩʫʩʧʝʥʜʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʧʦʪʦʢʘ ʩʪʦʢʦʚ ʚ ʩʣʦʝ 

ʚʝʨʤʠʬʠʣʴʪʨʘ, ʪʦ ʝʩʪʴ ʚʨʝʤʷ ʠʭ ʢʦʥʪʘʢʪʘ ʩ ʧʦʧʫʣʷʮʠʝʡ ʚʝʨʤʠʢʫʣʴʪʫʨʳ ʠ 

ʩʦʦʙʱʝʩʪʚʦʤ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʫʜʝʨʞʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʯʝʨʝʟ ʙʣʦʢ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʦʙʲʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʧʦʯʚʳ ʠ ʝʸ ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʠ ʠʭ ʘʢʪʠʚʥʦʩʪʠ. ɿʘ ʵʪʦʪ 

ʧʝʨʠʦʜ ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʦʙʱʝʩʪʚʦʤ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʤʧʣʝʢʩ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʩʥʠʟʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ɹʇʂ5, ʍʇʂ ʠ ʚʟʚʝʰʝʥʥʳʤ 

ʯʘʩʪʠʮʘʤ. ʏʝʤ ʜʦʣʴʰʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʦʩʪʘʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʢʦʤʧʦʩʪʥʳʤʠ ʯʝʨʚʷʤʠ, ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʙʫʜʝʪ ʚʝʨʤʠʦʙʨʘʙʦʪʢʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʚʨʝʤʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʝʨʞʠʚʘʥʠʷ. ʏʠʩʣʦ ʞʠʚʳʭ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʢʦʤʧʦʩʪʥʳʭ 

ʯʝʨʚʝʡ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʚʝʨʤʠʬʠʣʴʪʨʘ ʤʦʞʝʪ ʚʣʠʷʪʴ 

ʥʘ ʟʥʘʯʝʥʠʝ HRT. ɼʣʷ ʩʪʦʯʥʳʭ ʚʦʜ, ʠʤʝʶʱʠʭ ʧʦʢʘʟʘʪʝʣʠ ɹʇʂ 200-400 ʤʛ/ʣ,  

ʚʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʝʨʞʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 30-40 ʤʠʥʫʪ (Sinha et al., 

2010). ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʦʧʫʣʷʮʠʷ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʠ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ɹʇʂ5, ʍʇʂ ʠ 
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ʢʦʣʠʯʝʩʪʚʦ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʦʪʦʢʝ ʩʪʦʯʥʳʭ ʚʦʜ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ 

ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʫʜʝʨʞʠʚʘʥʠʷ ʦʪ 1 ʜʦ 2 ʯʘʩʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʦʣʝʝ ʧʦʣʥʦʛʦ 

ʫʜʘʣʝʥʠʷ  ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʨʘʟʣʦʞʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʠ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Sinha, Herat et al., 

2010). 

ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ HRT ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ. ʉʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʫʜʘʣʷʪʴ ʚʳʩʦʢʠʝ 

ʥʘʛʨʫʟʢʠ ʧʦ ɹʇʂ5 ʦʪ 10 000 ʜʦ 1 000 000 ʤʛ/ʣ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʟʥʘʯʝʥʠʷʭ HRT ʚ ʧʨʝʜʝʣʘʭ 4-10 ʯʘʩʦʚ. ʅʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʝ ʟʥʘʯʝʥʠʷ HRT ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ɹʇʂ5, ʍʇʂ, 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʤʫʪʥʦʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʠʚʦʚʘʨʝʥʥʦʛʦ ʟʘʚʦʜʘ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʚʩʝʛʦ 500 ʦʩʦʙʝʡ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚ ʚʝʨʤʠʩʣʦʝ ʦʙʲʸʤʦʤ    

0,032 ʤ
3
 ʩʦʩʪʘʚʣʷʣʦ 3-4 ʯʘʩʘ (Sinha et al., 2008), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʪʦʯʥʳʭ 

ʚʦʜ ʤʦʣʦʢʦʟʘʚʦʜʘ ʦʥʦ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 6 ʜʦ 10 ʯʘʩʦʚ (Sinha et al., 2007). 

ʂʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ ʤʦʛʫʪ ʫʤʝʥʴʰʠʪʴ ʥʝʙʦʣʴʰʠʝ ɹʇʂ ʥʘʛʨʫʟʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

(200-400 ʤʛ/ʣ) ʚ ʪʝʯʝʥʠʝ 30-40 ʤʠʥʫʪ, ʘ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ɹʇʂ ʩʪʦʯʥʳʭ 

ʚʦʜ ʚ ʪʝʯʝʥʠʝ 1-2 ʯʘʩʦʚ (Sinha et al., 2008). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ HRT ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ ʰʝʩʪʠ ʜʦ ʜʝʚʷʪʠ ʯʘʩʦʚ ʧʨʠ 

ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ (Xing et al., 2005). ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ HRT ʤʦʛʫʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ. 

 

1.3.7.  ʉʢʦʨʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ 

 

ʉʢʦʨʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ (HLR) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʢʦʨʦʩʪʴ, ʩ 

ʢʦʪʦʨʦʡ ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʦʩʪʫʧʘʶʪ ʚ ʩʠʩʪʝʤʫ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʠ ʚʳʨʘʞʘʝʪʩʷ 

ʚ ʤ
3
 ʧʦʪʦʢʘ ʥʘ ʤ

2
 ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʤʠʬʠʣʴʪʨʘ ʚ ʯʘʩ. ɿʥʘʯʝʥʠʷ HLR ʟʘʚʠʩʷʪ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʨʫʢʪʫʨʘ, ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʧʨʦʬʠʣʴ ʘʵʨʘʮʠʠ ʠ ʤʝʪʦʜʘ ʚʥʝʩʝʥʠʷ ʵʬʬʣʶʝʥʪʘ. ɺ ʩʠʩʪʝʤʝ 
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ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʟʥʘʯʝʥʠʝ HLR ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʸʤ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. ʉʢʦʨʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ (Sinha et al., 2008): 

HLR = Vw / (A ʭ  t) 

        ʛʜʝ:  

HLR - ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ (ʤ
3
/ʤ

2
/ʯʘʩ); 

Vw    - ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩʪʦʯʥʳʭ ʚʦʜ (ʤ
3
); 

A       - ʧʣʦʱʘʜʴ ʚʝʨʤʠʬʠʣʴʪʨʘ (ʤ
2
); 

              t       - ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʯʝʨʝʟ ʩʣʦʡ    

                        ʚʝʨʤʠʬʠʣʴʪʨʘ (ʯʘʩ). 

 

ʉʢʦʨʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, 

ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʨʦʚʥʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʵʨʦʙʥʦʩʪʠ ʠ 

ʚʣʘʞʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʚʝʨʤʠʬʠʣʴʪʨʘ. ʆʥʘ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʥʘ ʩʪʘʜʠʠ 

ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʦʯʠʩʪʢʠ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚ ʩʣʦʝ 

ʚʝʨʤʠʬʠʣʴʪʨʘ (Xing et al., 2010).  

      

1.3.8.  ʋʜʘʣʝʥʠʝ ʦʨʛʘʥʠʢʠ (ɹʇʂ5 ʠ ʍʇʂ) 

 

ʋʜʘʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ɹʇʂ5 ʠ 

ʍʇʂ) ʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙʳʯʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ 

ʩʠʩʪʝʤʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ (ʪʘʙʣʠʮʘ 1), ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʩʯʝʪ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʧʦʛʣʦʱʘʪʴ ʠ ʧʝʨʝʚʘʨʠʚʘʪʴ ʨʘʩʪʚʦʨʠʤʳʝ ʠ ʪʚʸʨʜʳʝ 

ʯʘʩʪʠʮʳ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʠʭ ʚ ʚʝʨʤʠʛʫʤʫʩ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝ ʨʘʩʪʚʦʨʠʤʳʝ 

ʚʝʱʝʩʪʚʘ ʪʘʢʠʝ, ʢʘʢ ʚʟʚʝʰʝʥʥʳʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʣʝʛʯʝ 

ʫʜʘʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ. ɺʟʚʝʰʝʥʥʳʝ ʪʚʝʨʜʳʝ 

ʯʘʩʪʠʮʳ, ʪʘʢʠʝ ʢʘʢ ʬʝʢʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʜʨʫʛʠʝ, ʣʝʛʢʦ ʧʦʜʜʘʶʱʠʝʩʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ, ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʚ 



33 
 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʣʦʷ ʚʝʨʤʠʬʠʣʴʪʨʘ, ʘ ʟʘʪʝʤ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʢʦʤʧʦʩʪʥʳʤʠ 

ʯʝʨʚʷʤʠ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. 

ʊʘʙʣʠʮʘ 1.   

ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ɹʇʂ5, ʍʇʂ ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʠʭ ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ (ʆɺɺ) ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʦʩʣʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ  

(ʧʦ Krishnasamy et al., 2013). 
ɸʚʪʦʨʳ ʀʩʪʦʯʥʠʢ ʩʪʦʯʥʳʭ ʚʦʜ ɹʇʂ5 ʍʇʂ ɺɺ 

Xing et al., 2005 ʆʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 91-98 81-86 97-98 

Chaudhari, 2006 ʄʫʥʠʮʠʧʘʣʴʥʳʝ 98-100 45 - 

Sinha et al., 2007 ʄʦʣʦʢʦʟʘʚʦʜ  98 80-90 90-95 

Yang et al., 2008 ʆʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 86 72 88.5 

Sinha et al., 2008b ɹʳʪʦʚʳʝ 90 80-90 90-95 

Sinha et al., 2008b ʇʠʚʦʚʘʨʝʥʠʝ 99 71 95-98 

LIFE (2005) ɹʳʪʦʚʳʝ 97 75 94 

Li et al., 2009 ʆʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 89.3 83.5 89.1 

 

         

1.4.  ɺʘʞʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʧʦʤʦʱʴʶ 

ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

 

ʇʨʝʜʩʪʘʚʣʷʝʤ ʚ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ ʘʥʘʣʠʟ ʜʦʩʪʫʧʥʳʭ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʠʣʦʪʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʇʨʦʬʝʩʩʦʨ ʈʦʡ ʍʘʨʪʝʥʰʪʘʡʥ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʚ ʉʐɸ ʚʧʝʨʚʳʝ ʚ 1984 

ʛʦʜʫ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦʞʜʝʚʳʝ (ʢʦʤʧʦʩʪʥʳʝ) ʯʝʨʚʠ ʚʠʜʘ ɽisenia fetida ʠ 

ʘʬʨʠʢʘʥʩʢʠʡ ʥʦʯʥʦʡ ʚʳʧʦʣʟʦʢ Eudrillus eugeniae ʤʦʛʫʪ ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʦʩʪʘʚʝ ʢʘʧʝʣʴʥʳʭ ʙʠʦʬʠʣʴʪʨʦʚ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ (Hartenstein ʠ 

ʜʨ., 1984). ɿʘʪʝʤ Hartenstein ʠ Bisesi (1989) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʬʝʨʤʳ ʧʦ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʨʘʟʚʝʜʝʥʠʶ ʜʦʤʘʰʥʝʛʦ ʩʢʦʪʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʣʠ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ ʧʦ 

ɹʇʂ5, ʦʙʱʠʭ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʣʫʯʝʥʠʶ 
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ʯʠʩʪʦʡ ʚʦʜʳ ʠ ʚʳʩʦʢʦ ʧʠʪʘʪʝʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ 

ʚʝʨʤʠʢʦʤʧʦʩʪʘ. 

ɺ.ʉ. ɹʘʣʘʥʜʠʥ (1994) ʧʦʜʘʣ ʧʘʪʝʥʪʥʫʶ ʟʘʷʚʢʫ ʚ ʈʦʩʧʘʪʝʥʪ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ çʌʠʣʴʪʨ ʜʣʷ ʦʯʠʩʪʢʠ ʞʠʜʢʦʩʪʝʡè, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʯʠʩʪʢʠ ʞʠʜʢʦʩʪʝʡ ʦʪ ʚʟʚʝʰʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʠʭ ʚ ʚʝʨʤʠʢʦʤʧʦʩʪ. ʌʠʣʴʪʨ 

ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ ʩ ʚʚʦʜʦʤ ʩʤʝʩʠ, ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʚʳʚʦʜʘ 

ʦʯʠʱʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʦʩʥʘʱʸʥ ʩʨʝʜʩʪʚʘʤʠ ʫʜʘʣʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʠ 

ʦʯʠʩʪʠʪʝʣʷ ʬʠʣʴʪʨʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʬʠʣʴʪʨʘ ʝʛʦ 

ʢʦʨʧʫʩ ʨʘʟʜʝʣʝʥ ʥʘ ʚʝʨʭʥʶʶ, ʩʨʝʜʥʶʶ ʠ ʥʠʞʥʶʶ ʢʘʤʝʨʳ. 

Gardner ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (1997) ʠʟʫʯʘʣʠ ʣʦʢʘʣʴʥʫʶ ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ 

ʚʦʜ ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʘ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʪʴ ʥʘʛʨʫʟʢʠ ʧʦ ɹʇʂ ʠ ʍʇʂ.  

ɺ ʩʚʦʝʡ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ɻ.ɸ. ɾʘʨʠʢʦʚ (1998) ʧʨʝʜʣʦʞʠʣ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʯʘʩʪʠʯʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʝʥʠʡ ʩʪʦʯʥʳʭ ʚʦʜ ʂʘʤʩʢʦʛʦ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʛʦ ʢʦʤʙʠʥʘʪʘ 

ʩʠʩʪʝʤʫ ʬʠʣʴʪʨʘ-ʥʘʢʦʧʠʪʝʣʷ-ʦʪʩʪʦʡʥʠʢʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʥʘʟʚʘʥʘ ʘʚʪʦʨʦʤ 

ʟʦʦʬʠʣʴʪʨʦʤ.  ɺ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʜʨʝʚʝʩʥʘʷ ʢʦʨʘ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʜʥʦ ʣʦʪʢʘ ʧʦʤʝʱʘʣʠ 

ʩʣʦʡ ʛʨʘʚʠʷ. ʉʣʦʡ ʢʦʨʳ ʩʚʝʨʭʫ ʧʨʠʢʨʳʚʘʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʤʳʚʘ ʩʪʨʫʝʡ ʚʦʜʳ ʬʠʣʴʪʨʫʶʱʝʛʦ ʩʣʦʷ ʠ ʝʛʦ ʚʩʧʣʳʚʘʥʠʷ. 

ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʧʝʨʚʦʡ ʩʝʢʮʠʠ ʬʠʣʴʪʨʘ ʣʦʪʦʢ ʫʜʣʠʥʷʣʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʚʦʜʘ ʧʦʩʪʫʧʘʣʘ ʚʦ ʚʪʦʨʫʶ ʩʝʢʮʠʶ ʠ ʪ.ʜ. ɺ ʟʘʠʣʝʥʥʫʶ  ʩʝʢʮʠʶ ʬʠʣʴʪʨʘ 

ʧʦʤʝʱʘʣʠ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 1-2 ʪʳʩʷʯʠ ʦʩʦʙʝʡ ʜʣʷ ʦʯʠʩʪʢʠ 

ʢʦʨʳ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ʕʪʦʪ ʩʧʦʩʦʙ ʩʦʯʝʪʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʯʘʩʪʠʯʥʦʡ ʫʪʠʣʠʟʘʮʠʝʡ ʦʩʝʚʰʠʭ ʥʘ ʢʦʨʝ ʟʘʛʨʷʟʥʝʥʠʡ 

ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʟʘʠʣʠʚʰʠʡʩʷ ʬʠʣʴʪʨʫʶʱʠʡ 

ʵʣʝʤʝʥʪ ʟʦʦʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʣ ʥʘ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʩ ʧʦʤʦʱʴʶ 

ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ. 
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ʏʠʣʠʡʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʉʦʪʦ ʠ ʊʦʭʘ (Soto & Toha, 1998) ʠʟʫʯʘʣʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʶ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

ʉʠʩʪʝʤʘ ʩʦʩʪʦʷʣʘ ʠʟ ʩʣʦʷ ʢʘʤʥʝʡ ʥʘ ʜʥʝ ʫʩʪʘʥʦʚʢʠ, ʩʣʦʷ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ 

ʚʳʰʝ ʠ ʩʣʦʷ ʛʫʤʫʩʘ ʚ 20-30 ʩʤ ʥʘʚʝʨʭʫ, ʢʦʪʦʨʳʡ ʟʘʩʝʣʷʣʩʷ 5000-10000 

ʧʦʣʦʚʦʟʨʝʣʳʭ ʦʩʦʙʝʡ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚʠʜʘ E.andrei ʥʘ ʤ
2
 ʚʝʨʤʠʬʠʣʴʪʨʘ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʚ ʚʝʨʤʠʬʠʣʴʪʨʦʚʘʥʥʦʡ ʚʦʜʝ ʩʥʠʞʘʣʠʩʴ ʧʦ 

ʍʇʂ ʥʘ 81-86%,  ʧʦ ɹʇʂ5 - ʥʘ 99%,  ʩʦʜʝʨʞʘʥʠʝ ʆɺɺ ʫʤʝʥʴʰʘʣʦʩʴ ʥʘ 98%, 

ʦʙʱʝʛʦ ʘʟʦʪʘ N -  ʥʘ 89 %, ʘ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ P -  ʥʘ 70%. ʂʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ 

E. coli ʙʳʣʘ ʫʜʘʣʝʥʘ 1000-ʢʨʘʪʥʦ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʙʳʣʘ 

ʩʧʦʩʦʙʥʘ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʜʦ 1000 ʣ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʤ
2
 ʧʣʦʱʘʜʠ ʚʝʨʤʠʬʠʣʴʪʨʘ 

ʚ ʜʝʥʴ. ʕʪʠ ʘʚʪʦʨʳ ʟʘʧʘʪʝʥʪʦʚʘʣʠ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʠʨʦʚʘʣʠ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʚ 

ʏʠʣʠ. 

ʊʵʡʣʦʨ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (2003) ʠʟʫʯʘʣʠ ʧʝʨʝʨʘʙʦʪʢʫ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ 

ʚʦʜ, ʠʩʧʦʣʴʟʫʷ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʠʡ ʩʣʦʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʫʟʢʝ 

130 ʣ/ʤ
2
 ʚ ʜʝʥʴ ʯʪʦ ʜʦʞʜʝʚʳʝ ʯʝʨʚʠ ʤʦʛʫʪ ʫʤʝʥʴʰʠʪʴ ʥʘʛʨʫʟʢʠ ʧʦ ɹʇʂ5 ʠ 

ʍʇʂ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʠʭ ʨʘʩʪʚʦʨʝʥʥʳʭ ʠ ʩʫʩʧʝʥʜʠʨʦʚʘʥʥʳʭ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʙʦʣʝʝ, ʯʝʤ ʥʘ 70-80 %. ʋʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʟʦʥʝ 

ʚʝʨʤʠʬʠʣʴʪʨʘ ʦʢʘʟʘʣʠʩʴ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʦʧʫʣʷʮʠʠ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ, 

ʦʙʠʪʘʶʱʝʡ ʚ ʥʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ. 

Bajsa ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Bajsa et al., 2003) ʪʘʢʞʝ ʠʟʫʯʘʣʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʶ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʠʩʧʦʣʴʟʫʷ ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ 

ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʇʠʣʦʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʙʳʣʠ 

ʦʩʫʱʝʩʪʚʣʝʥʳ ʂʩʠʥʛʦʤ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Xing et al., 2005) ʥʘ ʩʪʘʥʮʠʠ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʐʘʥʭʘʝ  (ʂʠʪʘʡ). ʋʩʪʘʥʦʚʢʘ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʠʤʝʣʘ 

ʨʘʟʤʝʨʳ: 1 ʤ (ʜʣʠʥʘ) x 1 ʤ (ʰʠʨʠʥʘ) x 1.6 ʤ (ʚʳʩʦʪʘ), ʩʦʜʝʨʞʘʣʘ ʚ ʩʝʙʝ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʳ ʠ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʠʡ ʩʣʦʡ ʩ ʜʦʞʜʝʚʳʤʠ 

ʯʝʨʚʷʤʠ. ʏʠʩʣʝʥʥʦʩʪʴ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʙʳʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʢʦʣʦ 8 000 

ʯʝʨʚʝʡ/ʤ
2
. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʍʇʂ ʠʩʭʦʜʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʩʦʩʪʘʚʣʷʣʠ 408,8 
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ʤʛ/ʣ,  ɹʇʂ5  - 297 ʤʛ/ʣ, ʆɺɺ -  186,5 ʤʛ/ʣ. ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ 

ʩʪʦʯʥʳʭ ʚʦʜ ʢʦʣʝʙʘʣʦʩʴ ʦʪ 6 ʜʦ 9 ʯʘʩʦʚ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʦʪ 2,0 ʜʦ 

3,0 ʤ
3
/ʤ

2
  ʚ ʜʝʥʴ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʍʇʂ ʙʳʣʘ ʤʝʞʜʫ 81-86 %, ɹʇʂ5 - 

ʤʝʞʜʫ 91-98 %, ʘ ʆɺɺ - ʤʝʞʜʫ 97-98 %. 

ʃʠ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Li  et al., 2008) ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʠʩʧʳʪʘʣʠ ʧʠʣʦʪʥʫʶ 

ʫʩʪʘʥʦʚʢʫ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʛʠʜʨʦʩʤʳʚʝ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʥʘ ʩʚʠʥʦʬʝʨʤʝ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʸʤʢʦʩʪʴ 

ʨʘʟʤʝʨʦʤ 5,0 Ĭ 2,5 ʤ ʩ ʨʝʰʝʪʯʘʪʳʤ ʜʥʦʤ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʣʩʷ ʨʘʙʦʪʘʶʱʠʡ 

ʩʣʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘ ʚʳʩʦʪʦʡ ʜʦ 1 ʤ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʥʝʪʢʘʥʦʡ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʢʘʥʴʶ (ʨʠʩ. 7).  

ɺʝʨʤʠʬʠʣʴʪʨʫʶʱʠʡ ʩʣʦʡ ʩʦʩʪʦʷʣ  ʠʟ   ʩʤʝʩʠ ʜʨʝʚʝʩʥʦʡ ʱʝʧʳ (ʦʜʥʘ 

ʪʨʝʪʴ ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ) ʠ ʩʫʙʩʪʨʘʪʘ ʩ ʢʦʤʧʦʩʪʥʳʤʠ ʯʝʨʚʷʤʠ ʚʠʜʘ Eisenia 

andrei (ʜʚʝ ʪʨʝʪʠ ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ), ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥ 

ʠʟ ʜʨʝʚʝʩʥʦʡ ʢʦʨʳ ʠ ʱʝʧʳ, ʪʦʨʬʘ, ʩʦʣʦʤʳ ʠ ʚʝʨʤʠʢʦʤʧʦʩʪʘ. ʉʪʦʯʥʳʝ ʚʦʜʳ, 

ʧʨʦʰʝʜʰʠʝ ʯʝʨʝʟ ʩʠʪʦ, ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʪʚʸʨʜʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ, 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʨʝʟʝʨʚʫʘʨʝ, ʘ ʟʘʪʝʤ ʨʘʩʧʳʣʷʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʝʨʤʠʬʠʣʴʪʨʘ. ʇʦʧʫʣʷʮʠʷ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 30% ʚ 

ʪʝʯʝʥʠʝ 4-ʭ ʥʝʜʝʣʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ ʚʝʨʤʠʢʫʣʴʪʫʨʳ. 

ʏʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʜʦʩʪʠʛʘʣʘ ʜʦ 20 000 ʦʩʦʙʝʡ/ʤ
3 
 

ʚʝʨʤʠʬʠʣʴʪʨʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʧʦʤʦʱʴʶ 

ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʦʢʨʘʱʘʣʘ ʚʳʙʨʦʩ ʘʤʤʠʘʢʘ ʥʘ 50%. 
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ʈʠʩ. 7 ï ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ (Li  et al., 2008). 

 

ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʮʠʢʣʠʥʛʘ  ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʩʚʠʥʦʬʝʨʤʘʭ. ʆʯʠʱʝʥʥʳʝ 

ʩʪʦʯʥʳʝ ʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʘ ʙʠʦʤʘʩʩʘ ʢʦʤʧʦʩʪʥʳʭ 

ʯʝʨʚʝʡ ʠ ʚʝʨʤʠʢʦʤʧʦʩʪ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʜʘʥʳ, ʯʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʩʪʦʠʤʦʩʪʴ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʫʤʝʥʴʰʠʪʴ ʦʙʲʸʤʳ ʥʘʚʦʟʘ ʥʘ ʬʝʨʤʝ. 

ʊʚʸʨʜʘʷ ʬʨʘʢʮʠʷ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʙʨʘʥʥʘʷ ʥʘ ʩʠʪʝ, ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʘ ʠʣʠ ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ. 

ʗʥʛ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Yang et al., 2009a) ʠʟʫʯʘʣʠ ʢɻʦʣʦʛʦ-

ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʘʜʘʧʪʘʮʠʶ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚ ʩʣʦʝ ʚʝʨʤʠʬʠʣʴʪʨʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ ʦʪ 2,4 ʜʦ 6,0 ʤ
3
 ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʤ

2
 ʚ ʜʝʥʴ ʩʣʘʙʦ ʚʣʠʷʣʘ ʥʘ ʧʣʦʪʥʦʩʪʴ 

ʠ ʙʠʦʤʘʩʩʫ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ. ʆʜʥʘʢʦ ʧʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʜʦ 6,7 

ʤ
3
/ʤ

2
 ʚ ʩʫʪʢʠ ʯʠʩʣʝʥʥʦʩʪʴ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʫʤʝʥʴʰʘʣʦʩʴ ʥʘ ʦʜʥʫ ʪʨʝʪʴ ʠ ʫ 
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ʥʠʭ ʥʘʨʫʰʘʣʠʩʴ ʜʳʭʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʭʦʨʦʰʫʶ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʚ ʟʦʥʝ ʚʝʨʤʠʬʠʣʴʪʨʘ ʜʣʷ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʚʝʨʤʠʬʠʣʴʪʨ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 6,7 ʤ
3
/ʤ

2
 ʚ ʩʫʪʢʠ.  

ʗʥʛ ʠ ʩʦʪʨʫʜʥʠʢʠ (Yang et al., 2009b) ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʙʣʘʩʪʠ ʚʝʨʤʠʬʠʣʴʪʨʘ ʟʠʤʦʡ ʙʳʣʘ ʥʘ 1-5Á ʉ 

ʚʳʰʝ, ʯʝʤ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʵʪʦ ʦʜʠʥ ʠʟ 

ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʧʨʦʮʝʩʩʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʥʠʞʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʬʠʣʴʪʨʫʶʱʝʛʦ ʩʣʦʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʧʣʦʪʥʦʩʪʴʶ ʧʦʧʫʣʷʮʠʠ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚ ʥʸʤ. ʉʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʢ ʧʦʛʣʦʱʝʥʠʶ ʠ 

ʧʝʨʝʚʘʨʠʚʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 1/3 ʦʪ ʪʘʢʦʚʦʡ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ. ɹʦʣʝʝ ʪʦʛʦ, ʩʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʢʨʦʤʝ ɹʇʂ5 ʧʨʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʢʦʚ ʟʠʤʦʡ ʙʳʣʘ ʚʜʚʦʝ ʥʠʞʝ 

ʪʘʢʦʚʦʡ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʫʪʝʧʣʝʥʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʗʥʛ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Yang et al., 2009c) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʟʘʩʝʣʝʥʠʷ 

ʧʦʧʫʣʷʮʠʠ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʚ ʟʦʥʫ ʚʝʨʤʠʬʠʣʴʪʨʘ  ʝʸ ʯʠʩʣʝʥʥʦʩʪʴ ʠ 

ʙʠʦʤʘʩʩʘ ʠʤʝʣʠ ʪʝʥʜʝʥʮʠʠ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ. ʅʦ ʧʦʩʣʝ ʘʜʘʧʪʘʮʠʠ 

ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ 

ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʚʦʟʨʘʩʪʘʣʠ ʠ ʩʧʫʩʪʷ 58 ʜʥʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʞʜʝʚʳʭ 

ʯʝʨʚʝʡ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ ʠ ʧʦʩʪʦʷʥʥʳʤ. ɹʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʴʶ ʧʦʧʫʣʷʮʠʠ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʠ ʚʣʘʞʥʦʩʪʴʶ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 15
ʆ
 ʉ, ʫʨʦʚʥʠ ʜʳʭʘʥʠʷ 

ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʠʩʴ, ʯʪʦ ʥʝ ʩʥʠʞʘʣʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ  

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ.  

ɼʭʘʜʟʝ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Dhadse et al., 2009) ʠʟʫʯʘʣʠ ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ 
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ʚʦʜ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʦʯʝʥʴ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʍʇʂ (21960 - 26000 ʤʛ/ʣ), ɹʇʂ5 (11200 - 15660 ʤʛ/ʣ) ʠ ʆɺɺ 

(5460 - 7370 ʤʛ/ʣ). ʉʣʦʡ  ʚʝʨʤʠʬʠʣʴʪʨʘ ʩʦʜʝʨʞʘʣ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1:1 ʧʦʯʚʳ, 

ʧʝʩʢʘ ʠ ʚʝʨʤʠʢʦʧʨʦʣʠʪ ʢʘʢ ʤʘʪʨʠʢʩ ʩ 24 ʚʟʨʦʩʣʳʤʠ ʦʩʦʙʷʤʠ ʜʦʞʜʝʚʳʭ 

ʯʝʨʚʝʡ ʚ ʢʘʞʜʦʤ ʨʝʘʢʪʦʨʝ. ʍʇʂ ʫʜʘʣʷʣʦʩʴ ʥʘ 85,44 - 94,48% ʠ ɹʇʂ5 ʥʘ 89,77 

- 96,26% ʧʨʠ 2-ʭ ʜʥʝʚʥʦʤ ʧʝʨʠʦʜʝ ʚʨʝʤʝʥʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʝʨʞʘʥʠʷ. 

ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʪʘʢʞʝ ʫʜʘʣʷʣʠʩʴ, ʘ ʦʩʘʜʦʢ ʧʨʠ ʵʪʦʤ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ.  

ɺʘʥʛʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Wanga et al., 2010) ʠʩʩʣʝʜʦʚʘʣʠ ʦʯʠʩʪʢʫ 

ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, 

ʩʦʜʝʨʞʘʱʫʶ ʙʠʦʬʠʣʴʪʨ ʥʘ ʦʩʥʦʚʝ ʢʦʥʚʝʨʪʦʨʥʦʛʦ ʰʣʘʢʘ ʠ ʫʛʦʣʴʥʦʡ ʟʦʣʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʩʪʦʢʦʚ 4 ʤ
3
/ʤ

2
/ʩʫʪʢʠ ʚ 

ʩʨʝʜʥʝʤ ʧʦʢʘʟʘʪʝʣʠ ʍʇʂ, ɹʇʂ5, ʠ ʩʦʜʝʨʞʘʥʠʝ ʘʤʤʠʘʯʥʦʛʦ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ 

ʩʥʠʞʘʣʠʩʴ ʥʘ 78,0%, 98,4%, 90,3%, 62,4%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʝʨʤʠʬʠʣʴʪʨʘʮʠʷ 

ʙʳʣʘ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʬʠʣʴʪʨ ʩ ʢʦʥʚʝʨʪʝʨʥʳʤ ʰʣʘʢʦʤ ʠ ʫʛʦʣʴʥʦʡ ʟʦʣʦʡ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʜʘʣʝʥʠʷ ʬʦʩʬʦʨʘ. 

 ʃʘʢʤhʠ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Lakshmi et al., 2010) ʠʩʩʣʝʜʦʚʘʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ  ʠ  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʧʨʠ 

ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʙʳʪʦʚʳʭ ʚʦʜ ʠʟ ʢʫʭʥʠ ʭʦʩʧʠʩʘ ʜʣʷ ʤʘʣʴʯʠʢʦʚ ʚ ɹʘʥʛʘʣʦʨʝ 

(ʀʥʜʠʷ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʨʤʠʬʠʣʴʪʨʘ ʧʦ ʫʜʘʣʝʥʠʶ 

ʟʘʛʨʷʟʥʝʥʠʡ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʙʳʣʘ ʩʣʝʜʫʶʱʝʡ: ʍʇʂ - 65%; ɹʇʂ5 - 92%; 

ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʠʭ ʨʘʩʪʚʦʨʝʥʥʳʭ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʩʥʠʞʘʣʦʩʴ ʥʘ 90%; 

ʩʦʜʝʨʞʘʥʠʝ ʆɺɺ - ʥʘ 88%, ʘ ʤʫʪʥʦʩʪʴ ʚʦʜʳ - ʥʘ 93,2%. ɺ ʧʨʦʮʝʩʩʝ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʥʝ ʙʳʣʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ ʩʪʦʯʥʳʭ ʚʦʜ, ʘ 

ʚʝʨʤʠʬʠʣʴʪʨʦʚʘʥʥʘʷ ʚʦʜʘ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʦʡ, ʯʪʦʙʳ ʧʦʚʪʦʨʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʨʦʰʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʩʘʜʦʚ.  

ɺʘʥʛ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Wang et al., 2011) ʠʟʫʯʘʣʠ ʨʘʙʦʪʫ ʥʦʚʦʡ 

ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʙʘʰʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʜʦʞʜʝʚʳʭ 

ʯʝʨʚʝʡ ʚʠʜʘ Eisenia fetida ʜʣʷ ʦʯʠʩʪʢʠ ʩʝʣʴʩʢʠʭ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ 

ʪʝʯʝʥʠʝ  4-ʭ ʤʝʩʯʥʦʛʦ ʧʝʨʠʦʜʘ. ʉʨʝʜʥʝʝ ʫʜʘʣʝʥʠʝ ʍʇʂ ʩʦʩʪʘʚʣʷʣʦ ʥʘ 81,3%; 
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ʘʤʤʦʥʠʷ ʥʘ 98%; ʦʙʱʝʛʦ ʘʟʦʪʘ (ʥʠʪʨʘʪʳ) ʥʘ 60,2% ʠ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ ʥʘ 

98,4%. 

ʂʩʠʥʛ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Xing et al., 2010) ʠʟʫʯʘʣʠ ʦʯʠʩʪʢʫ ʙʳʪʦʚʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ  ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʫʧʘʢʦʚʘʥʥʫʶ ʢʚʘʨʮʝʚʳʤ 

ʧʝʩʢʦʤ ʠ ʢʝʨʘʤʟʠʪʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʭʦʨʦʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʊʘʢ, ʧʦʢʘʟʘʪʝʣʠ ʫʜʘʣʝʥʠʷ ʍʇʂ ʩʦʩʪʘʚʣʷʣʠ 

(47.3-64.7 %); ɹʇʂ5 (54.78-66.35 %); ʆɺɺ (57.18-77.90 %); ʦʙʱʝʛʦ ʘʟʦʪʘ (7.63-

14.90) ʠ ʘʤʤʠʘʯʥʦʛʦ ʘʟʦʪʘ (21.01-62.31), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʥʠ ʪʘʢʞʝ 

ʟʘʢʣʶʯʠʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʝʩʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʠʥʘʤʠʢʦʡ ʧʦʧʫʣʷʮʠʠ 

ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʠ ʘʢʪʠʚʥʦʩʪʷʤʠ ʬʝʨʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʝʡ ʫʜʘʣʝʥʠʷ 

ɹʇʂ5 ʠ ʍʇʂ ʠʟ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʯʪʦ ʧʦʧʫʣʷʮʠʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ (> 0.3 ʛ) ʤʦʛʫʪ ʠʛʨʘʪʴ ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʦʣʴ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʣʢʠʤʠ 

ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ. 

ʊʦʤʘʨ ʠ ʉʫʪʘʨ (Tomar, Suthar, 2011) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʦʪʝʥʮʠʘʣ 

ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚʠʜʘ 

Perionyx sansibaricus ʜʣʷ ʦʯʠʩʪʢʠ ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʸʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ 88,6%, 

ʆɺɺ ʥʘ 99,8%, ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʥʘ 92,7% ʠ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ ʥʘ
 
98,3%, ʘ 

ʧʦʢʘʟʘʪʝʣʴ ʍʇʂ ʥʘ 90%. 

ʃʠ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Li et al., 2011) ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʧʨʦʚʝʣʠ ʠʩʧʳʪʘʥʠʝ 

ʥʦʚʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʯʠʩʪʢʠ ʙʳʪʦʚʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ 

ʟʥʘʯʝʥʠʡ ʍʇʂ, ɹʇʂ5 ʠ ʩʦʜʝʨʞʘʥʠʷ ʆɺɺ ʙʳʣʠ ʚʳʰʝ 75%, 85% ʠ 90%, ʥʦ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ  ʩʦʝʜʠʥʝʥʠʷ ʫʜʘʣʷʣʠʩʴ ʪʦʣʴʢʦ 

ʯʘʩʪʠʯʥʦ. ɸʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʵʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʘʶʪ ʦʙʥʘʜʸʞʠʚʘʶʱʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʠʩʪʝʤʳ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʚ 

ʙʫʜʫʱʝʤ.      

ɸʟʫʘʨ ʠ ʀʙʨʘʭʠʤ (Azuar, Ibrahim, 2012) ʠʩʩʣʝʜʦʚʘʣʠ, ʢʘʢʠʝ 
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ʬʠʣʴʪʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʧʦ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʘʣʴʤʦʚʦʛʦ 

ʤʘʩʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʝʨʤʠʢʫʣʴʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ 

ʘʬʨʠʢʘʥʩʢʦʛʦ ʥʦʯʥʦʛʦ ʚʳʧʦʣʟʢʘ Eudrillus eugeniae. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʝʩʦʢ ʚ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʚʦʩʭʦʜʠʣ 

ʧʘʣʴʤʦʚʦʝ ʚʦʣʦʢʥʦ. 

ʄʘʣʝʢ  ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Malek  et al., 2012) ʠʟʫʯʘʣʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʞʜʝʚʳʭ 

ʯʝʨʚʝʡ ʚʠʜʘ Lumbricus rubellus ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʟʘʚʦʜʘ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʘʣʴʤʦʚʦʛʦ ʤʘʩʣʘ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʩʥʦ, ʯʪʦ 

ʩʠʩʪʝʤʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ 

ʧʦʣʫʯʝʥʠʠ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ. ʇʦʢʘʟʘʪʝʣʠ ʍʇʂ ʙʳʣʠ ʩʥʠʞʝʥʳ ʥʘ 98%, ʘ 

ʩʦʜʝʨʞʘʥʠʝ ʆɺɺ ʫʤʝʥʴʰʘʣʦʩʴ ʥʘ 97%.  ɿʥʘʯʝʥʠʝ ʨʅ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʦʚʳʰʘʣʦʩʴ ʩ ʨʅ 5,5 ʜʦ ʨʅ 8,0. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ  

ʪʝʭʥʦʣʦʛʠʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʤʘʩʣʦʙʦʡʥʠ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʯʝʤ ʙʠʦʬʠʣʴʪʨʘʮʠʷ. 

ʄʘʥʴʶʯʠ ʠ ʌʠʨʠ (Manyuchi, Phiri, 2013) ʠ ʄʘʥʴʶʯʠ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(Manyuchi et al., 2013) ʠʟʫʯʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʯʠʩʪʢʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ (ʍʘʨʘʨʝ, ɿʠʤʙʘʙʚʝ) ʩ ʧʦʤʦʱʴʶ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ ʚʠʜʘ 

Eisenia fetida. ɹʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʷ 

ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʟʚʦʣʷʣʘ ʩʥʠʟʠʪʴ ʚ ʥʠʭ ʧʦʢʘʟʘʪʝʣʠ ɹʇʂ5 ʥʘ 98%, ʍʇʂ ʥʘ 70%, 

ʩʦʜʝʨʞʘʥʠʝ ʆɺɺ ʥʘ 95% ʠ ʫʩʪʨʘʥʠʪʴ ʤʫʪʥʦʩʪʴ ʥʘ 98%. ɿʥʘʯʝʥʠʝ ʨʅ 

ʚʝʨʤʠʬʠʣʴʪʨʦʚʘʥʥʦʡ ʚʦʜʳ ʨʘʚʥʷʣʦʩʴ 7,0. ɸʚʪʦʨʳ ʨʝʢʦʤʝʥʜʫʶʪ ʜʘʥʥʫʶ 

ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʦʯʠʩʪʢʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʩʪʨʘʥʘʭ. ɺʝʨʤʠʬʠʣʴʪʨʦʚʘʥʥʘʷ ʚʦʜʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʧʦʣʠʚʥʦʡ ʚʦʜʳ. ʇʦʵʪʦʤʫ 

ʪʝʭʥʦʣʦʛʠʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʩʧʦʩʦʙʘ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ 

ʠʨʨʠʛʘʮʠʦʥʥʳʭ ʮʝʣʝʡ. 
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ʅʠʵ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Nie et al., 2013) ʧʨʝʜʩʪʘʚʠʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ 

ʠʟʫʯʝʥʠʝ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʙʘʰʝʥʥʦʛʦ ʙʠʦʬʠʣʴʪʨʘ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ 

ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʂʠʪʘʷ. ɹʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʚ ʩʣʦʝ ʚʝʨʤʠʬʠʣʴʪʨʘ 12,5 ʛ/ʣ ʧʦʯʚʳ ʠ ʪʦʣʱʠʥʘ ʧʦʯʚʝʥʥʦʛʦ 

ʩʣʦʷ ʚʝʨʤʠʬʠʣʴʪʨʘ ʥʝ ʙʦʣʝʝ 40 ʩʤ. ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʠʟ 

ʩʪʦʯʥʳʭ ʚʦʜ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʧʨʠ ʦʜʥʦʩʪʘʜʠʡʥʦʤ ʧʨʦʮʝʩʩʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʜʦʙʘʚʣʷʣʠ ʙʣʦʢ ʘʥʘʵʨʦʙʥʦʡ ʙʠʦʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ 

ʩʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʟʘʤʝʥʠʣʠ ʛʨʘʚʠʡ ʥʘ ʢʝʨʘʤʟʠʪ ʚ ʙʠʦʬʠʣʴʪʨʝ ʠ 

ʚʝʨʤʠʙʠʦʬʠʣʴʪʨʝ. ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ ʧʠʣʦʪʥʘʷ ʜʚʫʙʘʰʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʚʝʨʤʠʙʠʦʬʠʣʴʪʨʘ ʚ ʛ. ʀʩʠʥ ʚ ʧʨʦʚʠʥʮʠʠ ʎʟʷʥʩʫ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʢʦʚ ʧʦ ʍʇʂ, ʫʜʘʣʝʥʠʶ ʘʤʤʦʥʠʡʥʦʛʦ 

ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʙʘʰʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʚʝʨʤʠʙʠʦʬʠʣʴʪʨʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʙʘʰʝʥʥʘʷ ʩʠʩʪʝʤʘ ʚʝʨʤʠʙʠʦʬʠʣʴʪʨʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʨʘʙʦʪʘʪʴ ʧʦ ʨʘʟʫʤʥʦʡ ʩʪʦʠʤʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʂʠʪʘʷ. 

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ɸʚʩʪʨʘʣʠʠ ʠ ʀʥʜʠʠ ʚʥʝʩʣʠ ʨʘʙʦʪʳ 

ʧʨʦʬʝʩʩʦʨʘ ʈʘʜʞʠʚʘ ʂ. ʉʠʥʭʘ (Rajiv K. Sinha) ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʨʠʬʬʠʪʘ (ʛ. 

ɹʨʠʩʙʝʥ, ɸʚʩʪʨʘʣʠʷ) ʠ ʥʘʫʯʥʦʛʦ ʢʦʥʩʫʣʴʪʘʥʪʘ ʢʦʤʧʘʥʠʠ çɺʝʨʤʠʙʠʦʪʝʭè 

(Vermibiotech, ɸʚʩʪʨʘʣʠʷ) ʠ ʢʦʤʧʘʥʠʠ TRANSCHEM Agritech Ltd.                                         

(ʀʥʜʠʷ).  

ʉʠʥʭʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Sinha et al., 2007) ʠʟʫʯʘʣʠ ʦʯʠʩʪʢʫ  ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʠʚʦʚʘʨʝʥʥʦʛʦ ʟʘʚʦʜʘ ʠ ʤʦʣʦʢʦʟʘʚʦʜʘ ʩ ʧʦʤʦʱʴʶ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ɹʇʂ5 ʠ ʩʦʜʝʨʞʘʥʠʶ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ 6780 ʤʛ/ʣ ʠ 682 ʤʛ/ʣ ʜʣʷ ʩʪʦʢʦʚ ʧʠʚʦʚʘʨʝʥʥʦʛʦ ʟʘʚʦʜʘ ʠ 

139 200 ʠ 36 000 ʤʛ/ʣ ʤʦʣʦʢʦʟʘʚʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ ʚ ʧʨʦʮʝʩʩʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʥʠʞʘʣʠ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ɹʇʂ5 ʥʘ 99% ʠ ʧʦ ʚʟʚʝʰʝʥʥʳʤ ʚʝʱʝʩʪʚʘʤ ʙʦʣʝʝ, ʯʝʤ ʥʘ 98% ʚ ʦʙʦʠʭ 
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ʩʣʫʯʘʷʭ. ɺʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʟʘʜʝʨʞʢʠ ʜʣʷ ʩʪʦʯʥʳʭ ʚʦʜ ʧʠʚʦʚʘʨʝʥʥʦʛʦ 

ʟʘʚʦʜʘ ʨʘʚʥʷʣʦʩʴ 3-4 ʯʘʩʘ ʠ 6-10 ʯʘʩʦʚ ʜʣʷ ʩʪʦʢʦʚ ʤʦʣʦʢʦʟʘʚʦʜʘ.  

ʉʠʥʭʘ ʠ ɹʭʘʨʘʤʙʝ (Sinha, Bharambe, 2007) ʪʘʢʞʝ ʠʟʫʯʘʣʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʶ ʩʪʦʯʥʳʭ ʚʦʜ ʧʠʚʦʚʘʨʥʠ ʠ ʤʦʣʦʢʦʟʘʚʦʜʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ɹʇʂ5 ʠ ʆɺɺ ʥʘʛʨʫʟʢʠ, ʥʘʧʨʠʤʝʨ, 6780 ʤʛ/ʣ ʠ 682 

ʤʛ/ʣ (ʧʠʚʦʚʘʨʥʷ) ʠ 1,39,200 ʤʛ/ʣ ʠ 3,60,00 ʤʛ/ʣ (ʤʦʣʦʢʦʟʘʚʦʜ), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʞʜʝʚʳʝ ʯʝʨʚʠ ʩʥʠʞʘʣʠ ʚʳʩʦʢʠʝ 

ʥʘʛʨʫʟʢʠ ɹʇʂ5  ʥʘ 99% ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠ ʆɺɺ ʙʦʣʝʝ ʯʝʤ ʥʘ 98%. ʅʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʚʨʝʤ ̫ʫʜʝʨʞʠʚʘʥʠʷ HRT ʩʦʩʪʘʚʣʷʣʦ 3-4 ʯʘʩʦʚ ʠ 6-10 ʯʘʩʦʚ 

ʜʣʷ ʩʪʦʯʥʳʭ ʚʦʜ ʧʠʚʦʚʘʨʥʠ ʠ ʤʦʣʦʢʦʟʘʚʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʘʞʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʩʦʩʪʦʷʣʦ ʚ ʪʦʤ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

ɹʇʂ5, ʍʇʂ ʠ ʆɺɺ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʪʨʦʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʙʝʟ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ), ʫʩʪʘʥʦʚʢʘ ʥʠʢʦʛʜʘ ʥʝ ʨʘʙʦʪʘʣʘ 

ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʯʘʩʪʦ ʟʘʩʦʨʷʣʘʩʴ. ʆʨʛʘʥʠʯʝʩʢʠʝ 

ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʩʣʦʝ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʠʣʴʥʦʤʫ ʠʥʬʠʮʠʨʦʚʘʥʠʶ ʛʨʠʙʢʘʤʠ. ʕʪʦ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ 

ʟʘʩʦʨʝʥʠʷ ʩʠʩʪʝʤʳ ʩʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ. ɺ ʩʠʩʪʝʤʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʜʦʞʜʝʚʳʝ ʯʝʨʚʠ ʧʦʩʪʦʷʥʥʦ ʧʦʛʣʦʱʘʶʪ ʠ ʧʝʨʝʚʘʨʠʚʘʶʪ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮ rʠ 

ʛʨʠʙʢʠ, ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʥʠʢʦʛʜʘ ʥʝ ʟʘʠʣʠʚʘʝʪʩʷ ʠ  ʵʬʬʝʢʪʠʚʥʦ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ. 

ʉʠʥʭʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Sinha et al., 2012) ʠʟʫʯʘʣʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʶ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʟʘʛʨʷʟʥʥyʥrʭ ʪʦʢʩʠʯʥʳʤʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʩʝʨʚʠʩʘ ʚ ɹʨʠʩʙʝʥʝ. ʉʪʦʯʥʳʝ ʚʦʜʳ ʙʳʣʠ ʯʝʨʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʚʝʪʘ ʩ ʨʝʟʢʠʤ ʟʘʧʘʭʦʤ. ʆʥʠ ʩʦʜʝʨʞʘʣʠ ʩʤʝʩʴ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʣʝʪʫʯʠʭ ʥʝʬʪʷʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (C10-ʉ36) ʠ 

ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡ, ʦʪʨʘʙʦʪʘʥʥʳʭ 

ʤʘʩʝʣ ʜʚʠʛʘʪʝʣʷ ʠ ʪʨʘʥʩʤʠʩʩʠʠ, ʪʦʨʤʦʟʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʤʘʟʢʠ, ʧʨʦʣʠʪʦʛʦ 

ʙʝʥʟʠʥʘ ʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɸʣʠʬʘʪʠʯʝʩʢʘ ̫ʬʨʘʢʮʠʷ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʥʝʬʪʷʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʮʠʢʣʦʘʣʢʘʥʳ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʫʶ ʩʤʝʩʴ 

ʥʘʩʳʱʝʥʥʳʭ ʪʦʢʩʠʯʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɸʨʦʤʘʪʠʯʝʩʢʘ ̫ʬʨʘʢʮʠʷ, ʚ ʦʩʥʦʚʥʦʤ, 
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ʩʦʜʝʨʞʘʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ̫ʚʣʷʣʘʩʴ ʙʦʣʝʝ ʪʦʢʩʠʯʥʦʡ, 

ʯʝʤ ʘʣʠʬʘʪʠʯʝʩʢʘ ̫ ʩʦʩʪʘʚʣʷʶʱʘʷ. ɼʦʞʜʝʚʳʝ ʯʝʨʚʠ ʥʝ ʪʦʣʴʢʦ ʙʳʣʠ 

ʪʦʣʝʨʘʥʪʥʳ ʠ ʚʳʞʠʚʘʣʠ ʚ ʪʘʢʦʡ ʪʦʢʩʠʯʥʦʡ ʩʨʝʜʝ, ʥʦ ʠ ʪʘʢʞʝ ʙʳʣʠ ʩʧʦʩʦʙʥʳ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʩʩʳ ʙʠʦʬʠʣʴʪʨʘʮʠʠ ʠ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʠʤʝʶʱʠʭ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ, ʠ ʧʨʝʚʨʘʱʘʪʴ ʝʸ ʚ ʩʚʝʪʣʦ-ʞʝʣʪʫʶ ʧʦ ʮʚʝʪʫ 

ʠ ʙʝʟ ʟʘʧʘʭʘ ʚʦʜʫ, ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʫʜʘʣʝʥʠʝ ʚʩʝʭ ʩʣʦʞʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʉʠʥʭʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Sinha et al., 2013) ʦʩʫʱʝʩʪʚʠʣʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʯʠʩʪʢʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ. ʇʠʣʦʪʥʘʷ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ 

ʩʦʜʝʨʞʘʣʘ ʦʢʦʣʦ 30-40 ʢʛ ʛʨʘʚʠʷ ʠ ʩʚʝʨʭʫ 10-ʩʤ ʩʣʦʡ ʩʘʜʦʚʦʡ ʟʝʤʣʠ 

ʦʙʲʸʤʦʤ  0,032 ʤ
3  
ʩ ʟʘʩʝʣʸʥʥʳʤʠ ʢʦʤʧʦʩʪʥʳʤʠ ʯʝʨʚʷʤʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 500 

ʚʟʨʦʩʣʳʭ ʠ ʟʜʦʨʦʚʳʭ ʦʩʦʙʝʡ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʦʚʘʣ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʠʡ ʩʣʦʡ. 

ʉʘʤʳʡ ʥʠʞʥʠʡ 25-ʩʤ ʩʣʦʡ ʩʦʩʪʦʷʣ ʠʟ ʛʨʘʚʠʷ ʨʘʟʤʝʨʦʤ 7,5 ʩʤ, ʥʘʜ ʥʠʤ  

25-ʩʤ  ʩʣʦʡ ʛʨʘʚʠʷ ʨʘʟʤʝʨʦʤ 3,5 - 4,5 ʩʤ, ʟʘʪʝʤ 20-ʩʤ ʛʨʘʚʠʷ ʨʘʟʤʝʨʦʤ  

10-12 ʤʤ ʚ ʩʤʝʩʠ ʩ ʧʝʩʢʦʤ. ɺʝʨʤʠʬʠʣʴʪʨʘʮʠʷ ʩʥʠʞʘʣʘ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ɹʇʂ5 ʙʦʣʝʝ ʯʝʤ ʥʘ 99%, ʍʇʂ ʥʘ 95%, ʫʤʝʥʴʰʘʣʘ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʳʭ  ʚʝʱʝʩʪʚ ʥʘ 97%, ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʪʚʝʨʜʳʭ ʥʘ 

91%  ʠ ʤʫʪʥʦʩʪʴ ʥʘ 95%. ʇʦʣʫʯʘʝʤʘʷ ʚʝʨʤʠʬʠʣʴʪʨʦʚʘʥʥʘʷ ʚʦʜʘ ʙʳʣʘ ʯʠʩʪʦʡ 

ʠ ʧʨʦʟʨʘʯʥʦʡ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʣʘ ʚ ʩʝʙʝ ʧʠʪʘʪʝʣʴʥʳʝ ʜʣʷ ʨʘʩʪʝʥʠʡ ʚʝʱʝʩʪʚʘ 

ʠ ʤʦʛʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʚʪʦʨʥʦ ʜʣʷ ʠʨʨʠʛʘʮʠʠ.  

ʀ.ʅ. ʊʠʪʦʚ ʠ ʆ.ɺ. ʀʨʠʢʦʚ (2013) ʟʘʧʘʪʝʥʪʦʚʘʣʠ ʚ ʈʦʩʩʠʠ ʩʧʦʩʦʙ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʚʝʨʤʠʬʠʣʴʪʨʘ, ʩʦʜʝʨʞʘʱʝʡ ʪʨʠ ʩʣʦʷ ʠʟ ʢʘʤʥʝʡ 

ʨʘʟʤʝʨʦʤ ʜʦ 7,5 ʩʤ (ʚʳʩʦʪʘ ʩʣʦʷ ʜʦ 25 ʩʤ), ʛʨʘʚʠʷ ʨʘʟʤʝʨʦʤ ʜʦ 4,5 ʩʤ (ʚʳʩʦʪʘ 

ʩʣʦʷ ʜʦ 25 ʩʤ) ʠ ʤʝʣʢʦʛʦ ʛʨʘʚʠʷ (10-12 ʤʤ) ʩ ʢʚʘʨʮʝʚʳʤ ʧʝʩʢʦʤ, ʟʘʤʝʥʷʝʪʩʷ 

ʥʘ ʦʜʠʥ ʩʣʦʡ ʠʟ ʢʦʣʝʮ ʈʘʰʠʛʘ ʚʳʩʦʪʦʡ 90 ʩʤ. ʇʠʣʦʪʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʤʝʨʯʝʩʢʫʶ ʧʣʘʩʪʠʢʦʚʫʶ ʸʤʢʦʩʪʴ ʚ 1ʤ
3
 ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʧʣʸʪʢʝ, ʟʘʧʦʣʥʝʥʥʫʶ ʢʦʣʴʮʘʤʠ ʈʘʰʠʛʘ ʚʳʩʦʪʦʡ ʜʦ 90 ʩʤ, 

ʥʘʜ ʢʦʪʦʨʳʤʠ ʥʘʩʣʘʠʚʘʶʪ ʩʣʦʡ ʩʘʜʦʚʦʡ ʟʝʤʣʠ ʚ 10 ʩʤ, ʚ ʢʦʪʦʨʳʡ ʟʘʩʝʣʷʶʪ 
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ʧʦʧʫʣʷʮʠʶ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚʠʜʘ Eisenia fetida  ʠʟ  ʨʘʩʯʝʪʘ 10 ʢʛ 

ʙʠʦʤʘʩʩʳ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʥʘ 1 ʤ
3
.  

ʀ.ʅ.ʊʠʪʦʚ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (2013) ʟʘʧʘʪʝʥʪʦʚʘʣ ʚ ʨʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ 

ʩʧʦʩʦʙ ʠ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ. ʇʠʣʦʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʤʝʨʯʝʩʢʫʶ ʧʣʘʩʪʠʢʦʚʫʶ ʸʤʢʦʩʪʴ ʚ 1 ʤ
3
 ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʧʣʸʪʢʝ, 

ʟʘʧʦʣʥʝʥʥʫʶ ʩʥʠʟʫ ʩʣʦʝʤ ʢʘʤʥʝʡ ʨʘʟʤʝʨʦʤ ʜʦ 7,5 ʩʤ, ʚʳʩʦʪʦʡ ʜʦ 25 ʩʤ, 

ʩʣʦʝʤ ʛʨʘʚʠʷ ʨʘʟʤʝʨʦʤ ʜʦ 3,5 ʩʤ, ʚʳʩʦʪʦʡ ʜʦ 25 ʩʤ, ʥʘʜ ʢʦʪʦʨʳʤʠ 

ʥʘʩʣʘʠʚʘʝʪʩʷ ʩʣʦʡ ʩʧʝʮʠʘʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʘʜʩʦʨʙʝʥʪʘ (ʠʟʤʝʣʴʯʝʥʥʦʛʦ 

ʮʝʦʣʠʪʘ) ʚ 10 ʩʤ,  ʥʘʜ ʢʦʪʦʨʳʤ ʥʘʩʣʘʠʚʘʶʪ ʩʣʦʡ ʩʘʜʦʚʦʡ ʟʝʤʣʠ ʚ 10 ʩʤ, ʚ 

ʢʦʪʦʨʳʡ ʟʘʩʝʣʷʶʪ ʧʦʧʫʣʷʮʠʶ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚʠʜʘ Eisenia fetida  ʠʟ  

ʨʘʩʯʝʪʘ 10 ʢʛ ʙʠʦʤʘʩʩʳ ʯʝʨʚʝʡ ʥʘ ʢʫʙ.ʤ. ɺ ʜʨʫʛʦʤ ʚʘʨʠʘʥʪʝ ʧʠʣʦʪʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʩʣʦʡ ʩʘʜʦʚʦʡ ʟʝʤʣʠ ʚ 10 ʩʤ, ʚ ʢʦʪʦʨʳʡ ʟʘʩʝʣʷʶʪ ʧʦʧʫʣʷʮʠʶ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚʠʜʘ Eisenia  fetida  ʠʟ  ʨʘʩʯʝʪʘ 10 ʢʛ ʙʠʦʤʘʩʩʳ ʯʝʨʚʝʡ ʥʘ 

1 ʤ
3
, ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʩʣʦʡ ʢʦʤʧʦʩʪʠʨʦʚʘʥʥʦʛʦ ʢʦʨʦʚʴʝʛʦ ʥʘʚʦʟʘ ʚʳʩʦʪʦʡ 25-30 

ʩʤ, ʚ ʢʦʪʦʨʳʡ ʟʘʩʝʣʷʶʪ ʧʦʧʫʣʷʮʠʶ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚʠʜʘ Eisenia fetida  ʠʟ  

ʨʘʩʯʝʪʘ 10 ʢʛ ʙʠʦʤʘʩʩʳ ʯʝʨʚʝʡ ʥʘ 1 ʤ
3
 ʩʫʙʩʪʨʘʪʘ. 

ɼʞʦʰʠ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Joshi et al., 2014) ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʠʣʦʪʥʫʶ 

ʫʩʪʘʥʦʚʢʫ, ʩʦʩʪʦʷʱʫʶ ʚʩʝʛʦ ʠʭ ʪʨʸʭ ʩʣʦʸʚ: ʛʨʘʚʠʷ, ʧʝʩʢʘ ʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʧʦʯʚʳ ʩ ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ ʚʠʜʘ Eisenia  fetida ʜʣʷ ʦʯʠʩʪʢʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʯʪʦ ʜʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʣʘ ʠ ʫʜʘʣʷʣʘ ʧʦʣʣʶʪʘʥʪʳ  ʥʘ 94%, 70%, 93% ʠ 97% ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ ʍʇʂ, ʦʙʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʆɺɺ ʠ ʤʫʪʥʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʍʘʚʴʝʨ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Xavier et al., 2014) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʠʣʦʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʤʦʣʦʯʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʠʭ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

(2000 ʤʛ/ʣ), ʘ ʪʘʢʞʝ ʦʙʱʠʭ ʨʘʩʪʚʦʨʸʥʥʳʭ ʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ (1800 ʤʛ/ʣ), 

ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʚ ʚʝʨʤʠʬʠʣʴʪʨʦʚʘʥʥʳʭ ʚʦʜʘʭ ʥʘ 85-90% ɹʇʂ5, 75-80% 
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ʍʇʂ ʠ 85-90% ʆɺɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʧʳʪʘʤʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚʠʜʘ Eisenia fetida. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʦʜʘ ʧʦʩʣʝ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʠʩʪʦʡ ʠ ʜʝʟʠʥʬʠʮʠʨʦʚʘʥʥʦʡ, 

ʯʪʦʙʳ ʧʦʚʪʦʨʥʦ ʝʸ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʨʦʰʝʥʠʷ ʚ ʧʘʨʢʘʭ ʠ ʩʘʜʘʭ. 

ɸʜʫʛʥʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Adugna et al., 2014) ʠʟʫʯʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʞʘʨʢʦʤ 

ʩʫʙʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʢʣʠʤʘʪʝ ɹʫʨʢʠʥʘ-ʌʘʩʦ. ʉʨʝʜʥʠʝ ʜʥʝʚʥʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʶʪ 16-32Áʉ ʚ ʷʥʚʘʨʝ ʠ 26-42Á ʉ ʚ ʘʧʨʝʣʝ.  

ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʚʟʷʪʳ ʧʨʦʙʳ ʪʨʫʱʦʙʥʳʭ ʭʦʟʙʳʪʦʚʳʭ ʚʦʜ (ʢʫʭʦʥʥʳʝ ʠ 

ʧʨʘʯʝʯʥʳʝ) ʧʨʠʛʦʨʦʜʘ ʋʘʛʘʜʫʛʫ. ʇʠʣʦʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʜʝʨʞʘʣʘ ʚ ʩʝʙʝ ʩʣʦʠ 

ʛʨʘʚʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ, ʧʝʩʢʘ ʠ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ ʪʨʝʭ ʤʝʩʪʥʳʭ ʚʠʜʦʚ 

ʜʝʨʝʚʴʝʚ: Khaya ivorensis, Mansonia altissima, Milicia  excelsa. ɺ ʢʘʯʝʩʪʚʝ 

ʚʝʨʤʠʢʫʣʴʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʩʪʥʫʶ ʧʦʧʫʣʷʮʠʶ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ Eudrilus 

eugeniae ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 6370 ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ/ʤ
2
. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʠ ʥʘʛʨʫʟʢʠ 64 ʠ 191 ʣ/ ʤ
2
/ʩʫʪ. ʇʦʢʘʟʘʪʝʣʠ ʠʩʧʳʪʳʚʘʝʤʳʭ ʩʪʦʯʥʳʭ ʚʦʜ 

ʙʳʣʠ ʧʦ ɹʇʂ5 ʦʪ 690 ʜʦ 2200 ʤʛ/ʣ, ʘ ʟʥʘʯʝʥʠʷ ʨʅ ʢʦʣʝʙʘʣʦʩʴ ʦʪ 4,7 ʜʦ 7,32. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʩʪʥʳʝ ʜʦʞʜʝʚʳʝ ʯʝʨʚʠ ʚʠʜʘ Eudrilus eugeniae ʩʤʦʛʣʠ 

ʚʜrʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʳʰʝ 40ÁC ʠ ʧʦʟʚʦʣʷʣʠ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ 

ʟʘʧʘʭʦʚ ʠ ʧʨʦʙʣʝʤ ʩ ʟʘʩʦʨʝʥʠʝʤ ʩʘʤʦʛʦ ʚʝʨʤʠʬʠʣʴʪʨʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ɹʇʂ5, ʍʇʂ, ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʠʭ 

ʚʟʚʝʰʝʥʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʪʠʪʨʫ ʢʠʰʝʯʥʘʷ ʧʘʣʦʯʢʘ ʠ ʪʝʨʤʦʩʪʦʡʢʠʭ 

ʢʦʣʠʬʦʨʤʥʳʭ ʙʘʢʪʝʨʠʡ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʙʝʟ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʝʥʠʷ ʨʅ ʚʝʨʤʠʬʠʣʴʪʨʦʚʘʥʥʳʭ 

ʚʦʜ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʠʩʪʝʤʳ ʙʳʣ ʙʣʠʟʦʢ ʢ ʥʝʡʪʨʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. ɸʚʪʦʨʳ 

ʩʯʠʪʘʶʪ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʜʝʰʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʛʨʷʟʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ 

ʞʘʨʢʦʤ ʢʣʠʤʘʪʝ ʜʣʷ ʛʦʨʦʜʩʢʦʡ ʙʝʜʥʦʪʳ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʪʘʢʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 
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ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʊʝʣʘʥʛ (Telang, 2015) ʠʟʫʯʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʦʯʝʥʴ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʦʙʱʠʭ ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʭʦʨʦʰʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʣʫʯʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ. ɺʝʨʤʠʬʠʣʴʪʨʘʮʠʷ 

ʦʢʘʟʘʣʘʩʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ, ʪʘʢ ʢʘʢ ʟʘʪʨʘʪʳ ʥʘ ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ 

ʚʦʜ ʩʥʠʞʘʣʠʩʴ ʥʘ 60-70%. ʇʦʢʘʟʘʪʝʣʠ ʧʦ ɹʇʂ5, ʍʇʂ, ʦʙʱʠʭ ʨʘʩʪʚʦʨʸʥʥʳʭ 

ʚʝʱʝʩʪʚ, ʆɺɺ ʠ ʞʠʨʦʚ ʙʳʣʠ ʩʥʠʞʝʥʳ ʥʘ 97,95%, 91,64%, 84,27%, 76,39%, 

84,13%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʚʪʦʨ ʩʯʠʪʘʝʪ, ʯʪʦ ʚʝʨʤʠʬʠʣʴʪʨʦʚʘʥʥʘʷ ʚʦʜʘ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʠʨʨʠʛʘʮʠʠ ʚ ʧʘʨʢʘʭ ʠ ʩʘʜʘʭ, ʥʦ 

ʧʦʪʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʘʷ ʦʯʠʩʪʢʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʨʫʛʠʭ ʮʝʣʷʭ. 

ʉʘʭʫ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Sahu et al., 2015) ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʠʣʦʪʥʫʶ 

ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʤʦʣʦʯʥʦʡ ʠ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʪʦʯʥʦʡ ʚʦʜʳ ʦʪ ʩʪʦʣʦʚʦʡ ʥʘ ʢʘʤʧʫʩʝ ʢʦʣʣʝʜʞʘ. 

ʇʦʢʘʟʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʉʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ɹʇʂ5, ʍʇʂ,  ʩʦʜʝʨʞʘʥʠʷ ʆɺɺ ʜʦʩʪʠʛʘʝʪʩʷ ʜʦ 90%. ʇʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʱʘʪʴ ʩʪʦʯʥʳʝ ʚʦʜʳ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ ʨʅ ʦʪ 

4,0 ʜʦ 9,0 ʙʝʟ ʥʝʡʪʨʘʣʠʟʘʮʠʠ. ʉʘʤ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʤʥʦʛʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʨʝʮʠʢʣʠʨʦʚʘʪʴ ʩʚʦʠ ʩʪʦʯʥʳʝ ʚʦʜʳ ʥʘ ʤʝʩʪʝ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ.  

ɸʥʫʰʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Anusha et al., 2015) ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʶ ʜʣʷ ʦʯʠʩʪʢʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʚʠʜʘ Eudrilus eugeniae. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʩʪʦʯʥʳʭ ʙʳʪʦʚʳʭ ʚʦʜʘʭ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʣʦʩʴ 195 ʤʛ/ʣ ʭʣʦʨʠʜʦʚ, ʘ 

ʧʦʢʘʟʘʪʝʣʴ ʍʇʂ ʩʦʩʪʘʚʣʷʣ 240 ʤʛ/ʣ, ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʦʚ ʩʥʠʞʘʣʦʩʴ ʥʘ 70-77%, ʧʦʢʘʟʘʪʝʣʴ ʍʇʂ - ʥʘ 57-66% ʧʨʠ 
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ʚʨʝʤʝʥʠ ʫʜʝʨʞʘʥʠʷ ʦʪ 2 ʜʦ 6 ʯʘʩʦʚ. 

ɼʘʩ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Das et al., 2015) ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʘʶʨʚʝʜʠʯʝʩʢʠʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʀʥʜʠʠ, 

ʧʨʦʠʟʚʦʜʷʱʠʭ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʪʨʘʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʪʦʯʥʳʝ ʚʦʜʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʨʝʧʘʨʘʪʘʤʠ ʬʝʨʤʝʥʪʦʚ, ʨʘʩʱʝʧʣʷʶʱʠʭ 

ʙʝʣʢʠ ʠ ʞʠʨʳ (ʧʨʦʪʝʘʟʦʡ ʠ ʣʠʧʘʟʦʡ ʠʟ Bacillus sp.), ʚ ʪʝʯʝʥʠʝ 24-78 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 37Á ʉ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ɹʇʂ ʠ ʍʇʂ, ʘ ʟʘʪʝʤ 

ʧʦʜʚʝʨʛʘʣʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ ʪʘʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʦʣʫʯʝʥʥʘʷ ʚʝʨʤʠʬʠʣʴʪʨʦʚʘʥʥʘʷ ʚʦʜʘ ʠʤʝʣʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ɹʇʂ5 ʥʘ 98, 43%, ʍʇʂ ï ʥʘ 98, 03%, ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʩʪʚʦʨʸʥʥʳʭ ʚʝʱʝʩʪʚ ʫʤʝʥʴʰʘʣʦʩʴ ʥʘ 95,8%, ʆɺɺ ï ʥʘ 78,66%, ʘ ʞʠʨʘ ï ʥʘ 

92,58%. 

ʅʘʪʘʨʘʜʞʘʥ ʠ ʂʘʥʥʘʜʘʩʘʥ (Natarajan, Kannadasan, 2015) ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʝʭʥʦʣʦʛʠʶ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʣʠʢʸʨʦ-ʚʦʜʦʯʥʦʛʦ 

ʟʘʚʦʜʘ ʩ ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ ʚʠʜʘ Eudrilus eugeniae. ʊʘʢ ʢʘʢ ʩʪʦʯʥʳʝ ʚʦʜʳ 

ʠʤʝʣʠ ʢʠʩʣʳʝ ʟʥʘʯʝʥʠʝ ʨʅ 4,5, ʪʦ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʙʘʚʣʷʣʠ ʚʦʜʦʡ ʠ 

ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ ʜʦ ʨʅ 5,5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ɹʇʂ5, ʍʇʂ, ʆɺɺ ʠ 

ʦʙʱʠʭ ʨʘʩʪʚʦʨʸʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦʩʣʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ 90%, 

94%, 88% ʠ 82%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʪʦʯʥʳʭ ʚʦʜ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʜʣʷ ʦʯʠʩʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʣʠʢʸʨʦ-

ʚʦʜʦʯʥʳʭ ʟʘʚʦʜʦʚ. 

ʄʫʜʟʠʚʘʧʘʩʠ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Mudziwapasi et al., 2016) ʦʮʝʥʠʚʘʣʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʠʣʦʪʥʦʛʦ ʙʠʦʨʝʘʢʪʦʨʘ ʠ ʚʝʨʤʠʢʫʣʴʪʫʨʳ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʚʠʜʘ Eisenia fetida 

ʧʨʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʫʟʢʠ 0,193 ʤ
3
/ʤ

2
/ʯ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ 

ʚʨʝʤʝʥʠ ʫʜʝʨʞʠʚʘʥʠʷ 0,481 ʯ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʷ 

ʧʨʠʚʦʜʠʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʶ ʪʦʢʩʠʯʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʟʘ ʥʘ ʦʩʪʨʫʶ ʪʦʢʩʠʯʥʦʩʪʴ LC50 ʥʘ ʜʘʬʥʠʷʭ 

Daphnia pulex. ʉʨʝʜʥʷʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ɹʇʂ5 ʠ ʆɺɺ ʩʦʩʪʘʚʣʷʣʘ 
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90,6% ʠ 98,4%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

 

1.5. ʇʨʠʤʝʨʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʠʩʪʝʤ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

 

ʄʥʦʛʠʝ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʩʪʨʘʥʳ ʥʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʩʦʟʜʘʪʴ ʠ 

ʦʙʩʣʫʞʠʚʘʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʩʪʘʥʮʠʠ ʧʦ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ. ɼʘʞʝ ʚ 

ʛʦʨʦʜʘʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʠ, ʦʩʦʙʝʥʥʦ, ʚ ʧʨʠʛʦʨʦʜʘʭ ʪʝʭʥʦʣʦʛʠʷ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʧʦʟʚʦʣʠʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ 

ʚʦʜʳ ʥʘ ʤʝʩʪʝ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ, ʯʪʦ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʩʪʘʥʮʠʠ ʧʦ ʦʯʠʩʪʢʝ 

ʩʪʦʯʥʳʭ ʚʦʜ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʵʪʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʚʚʦʜ ʚ ʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʙʳʪʦʚʳʭ, 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠʦʙʨʝʪʘʝʪ ʘʢʪʫʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ. ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʯʪʦʙʳ ʥʘʫʯʥʦ ʜʦʢʘʟʘʪʴ ʨʦʣʴ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ: ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʠ ʥʝʢʦʪʦʨʳʭ 

ʚʠʜʦʚ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ (ʦʩʦʙʝʥʥʦ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ). 

ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʵʪʦʡ ʥʦʚʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʙʫʜʝʪ ʩ 

ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʰʠʨʷʪʴʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʘ ʠʤʝʝʪ ʨʷʜ ʥʝʢʦʪʦʨʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʅʠʞʝ ʧʨʠʚʦʜʠʤ ʥʝʢʦʪʦʨʳʝ ʫʩʧʝʰʥʳʝ ʧʨʦʝʢʪʳ, ʦʩʫʱʝʩʪʚʣʸʥʥʳʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 

ʆʜʥʘ ʠʟ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʠʩʪʝʤ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʮʝʣʴʶ ʧʦʧʦʣʥʝʥʠʷ 

ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ (ʨʠʩ. 8ʘ) ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʯʠʱʝʥʥʦʡ 

ʚʦʜʳ (ʨʠʩ. 8b), ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʀʥʜʠʠ ʠ ʦʧʠʩʘʥʘ ɹʭʘʚʘʣʢʘʨʦʤ (Bhawalkar, 
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1995). ɺ ʩʣʫʯʘʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʚʦʜʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 

8b, ʩʪʦʯʥʳʝ ʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʳ ʟʘ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ (Bhawalkar, 1995). 

ʌʠʣʴʪʨ BiolytixÊ ʩʯʠʪʘʝʪʩʷ ʧʝʨʚʦʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʚ ɸʚʩʪʨʘʣʠʠ, ʦʥ ʩʦʩʪʦʠʪ ʠʟ 

ʘʵʨʦʙʥʦʛʦ ʬʠʣʴʪʨʫʶʱʝʛʦ ʩʣʦʷ ʩ ʢʦʤʧʦʩʪʥʳʤʠ ʯʝʨʚʷʤʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʦʙʨʘʟʫʶʪ ʩʪʦʯʥʳʝ ʚʦʜʳ ʚ ʛʫʤʫʩ (ʨʠʩ. 9). ʅʠʞʥʠʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʡ ʛʝʦʧʣʸʥʢʠ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 80 ʤʢʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʠ 

ʦʙʨʘʙʦʪʘʥʥʘʷ ʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʨʦʰʝʥʠʷ (Biolytix, 2003). 

 

ʈʠʩ. 8 ï  a) ʉʠʩʪʝʤʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʧʦʜʟʘʨʷʜʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ; 

b) ʩʠʩʪʝʤʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʨʝʛʝʥʝʨʘʮʠʠ ʚʦʜʳ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ (Bhawalkar, 1995). 
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ʈʠʩ. 9 ï ʉʭʝʤʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

BiolytixÊ. 

         

ɻʭʘʪʥʝʢʘʨ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Ghatnekar et al., 2010) ʧʨʠʤʝʥʠʣʠ ʚ ʀʥʜʠʠ 

ʪʨʝʭʩʪʫʧʝʥʯʘʪʫʶ ʪʝʭʥʦʣʦʛʠʶ ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʠʩʪʝʤʦʡ 

ʢʘʧʝʣʴʥʦʛʦ ʙʠʦʬʠʣʴʪʨʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʧʦʧʫʣʷʮʠʷ ʜʦʞʜʝʚʳʭ 

ʯʝʨʚʝʡ ʚʠʜʘ Lumbricus rubellus ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʞʝʣʘʪʠʥʘ (ʨʠʩ. 10). ʂʘʞʜʘʷ ʠʟ ʪʨʸʭ ʫʩʪʘʥʦʚʦʢ ʧʦ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʣʘ ʠʟ ʩʝʙʷ ʸʤʢʦʩʪʠ ʨʘʟʤʝʨʘʤʠ 9 ʤ ʭ 7 ʤ ʭ 1 ʤ, 

ʟʘʛʣʫʙʣʸʥʥʳʝ ʚ ʟʝʤʣʝ. ʅʘ ʜʥʝ ʫʢʣʘʜʳʚʘʣʠʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʣʦʠ ʢʨʫʧʥʦʛʦ 

ʠ ʤʝʣʢʦʛʦ ʱʝʙʥʷ, ʟʘʪʝʤ ʩʣʦʡ ʠʟ ʜʨʦʙʣʝʥʦʛʦ ʢʠʨʧʠʯʘ, ʥʘʜ ʥʠʤ ʜʚʘ ʩʣʦʷ ʛʨʘʚʠʷ 

ʠ ʤʝʣʢʦʛʦ ʧʝʩʢʘ. ɺʝʨʭʥʠʡ ʩʣʦʡ ʩʦʜʝʨʞʘʣ ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʩʫʙʩʪʨʘʪ ʠʟ 

ʩʤʝʩʠ ʦʧʠʣʦʢ, ʣʠʩʪʴʝʚ ʠ ʢʦʨʦʚʴʝʛʦ ʥʘʚʦʟʘ, ʠʥʦʢʫʣʠʨʦʚʘʥʥʳʡ ʬʝʨʤʝʥʪʘʤʠ 

(ʧʨʦʪʝʘʟʳ ʠ ʮʝʣʣʶʣʘʟʳ), ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠ ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ ʚʠʜʘ 

Lumbricus  rubellus.  ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʪʦʢʦʚ ʚ ʚʝʨʤʠʬʠʣʴʪʨʝ ʩʦʩʪʘʚʣʷʣʦ ʚʩʝʛʦ 

4-5 ʤʠʥʫʪ. ʆʯʠʱʝʥʥʘʷ ʚʦʜʘ, ʧʨʦʰʝʜʰʘʷ ʯʝʨʝʟ ʚʩʝ ʩʣʦʠ ʚʝʨʤʠʬʠʣʴʪʨʘ, 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʙʦʢʦʚʦʤ ʢʘʥʘʣʝ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠ ʫʜʘʣʷʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʧʦʛʨʫʞʥʦʛʦ ʥʘʩʦʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʚʦʜʝ ʧʦʩʣʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʧʦʢʘʟʘʪʝʣʠ ɹʇʂ ʠ ʍʇʂ ʙʳʣʠ ʩʥʠʞʝʥʳ ʥʘ 89,2 ʠ 90,1%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʘ 

ʦʯʠʱʝʥʥʘʷ ʚʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʠʥʝ-ʟʝʣʸʥʦʡ ʚʦʜʦʨʦʩʣʠ 
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ʩʧʠʨʫʣʠʥʳ, ʠʨʨʠʛʘʮʠʠ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʚ 

ʪʫʘʣʝʪʘʭ. ɺʝʨʤʠʢʦʤʧʦʩʪ ʦʪʙʠʨʘʣʩʷ ʨʘʟ ʚ ʪʨʠ ʤʝʩʷʮʘ ʠʟ ʩʣʦʷ ʚʝʨʤʠʬʠʣʴʪʨʘ 

(1/4 ʦʙʲʸʤʘ ʩʣʦʷ ʚʝʨʤʠʬʠʣʴʪʨʘ) ʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ ʜʣʷ ʧʨʦʜʘʞʠ. 

ʈʠʩ. 10 ï ʉʠʩʪʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʞʝʣʘʪʠʥʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ ʩ 

ʧʦʤʦʱʴʶ ʪʨʸʭ ʙʣʦʢʦʚ ʚʝʨʤʠʬʠʣʴʪʨʦʚ (Ghatnekar et al., 2010). 

 

 ɹʭʘʚʘʣʢʘʨ (Bhawalkar, 1996) ʩʯʠʪʘʝʪ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʩʪʫʧʝʥʯʘʪʫʶ ʠʣʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʫʶ ʩʠʩʪʝʤʳ 

ʚʝʨʤʠʬʠʣʴʪʨʘ. ɺ ʧʨʠʥʮʠʧʝ ʦʜʥʘ ʫʩʪʘʥʦʚʢʘ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʤʦʞʝʪ 

ʧʨʦʠʟʚʝʩʪʠ ʚʦʜʫ ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʩ ʧʦʤʦʱʴʶ ʫʚʝʣʠʯʝʥʠʷ ʮʠʢʣʦʚ 

ʦʙʨʘʙʦʪʢʠ. 

ʄʘʥʴʶʯʠ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Manyuchi et al., 2013) ʩʦʟʜʘʣʠ ʧʠʣʦʪʥʫʶ 

ʫʩʪʘʥʦʚʢʫ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 1 000 ʤ
3
/ʜʝʥʴ ʠ 

ʠʩʧʳʪʘʣʠ ʝʸ ʜʣʷ ʦʯʠʩʪʢʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʛ. ʍʘʨʘʨʝ (ɿʠʤʙʘʙʚʝ). 
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ʋʩʪʘʥʦʚʢʘ ʩʦʜʝʨʞʘʣʘ ʚ ʩʝʙʝ ʥʠʞʥʠʡ 120-ʩʤ ʩʣʦʡ ʛʨʘʚʠʷ ʨʘʟʤʝʨʦʤ 7,0-8,0 ʩʤ, 

ʥʘʜ ʥʠʤ ʙʳʣ ʩʣʝʜʫʶʱʠʡ 100-ʩʤ ʩʣʦʡ ʛʨʘʚʠʷ ʨʘʟʤʝʨʦʤ 3,0-5,0 ʩʤ, ʚʝʨʭʥʠʡ 

100-ʩʤ ʩʣʦʡ ʩʦʩʪʦʷʣ ʠʟ ʤʝʣʢʦʛʦ ʛʨʘʚʠʷ (8-12 ʤʤ) ʩ ʧʝʩʢʦʤ. ɺʝʨʤʠʬʠʣʴʪʨ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 100-ʩʤ ʩʣʦʡ ʩʘʜʦʚʦʡ ʟʝʤʣʠ, ʚ ʢʦʪʦʨʳʡ ʟʘʩʝʣʷʣʠ 

ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚʠʜʘ Eisenia fetida ʧʨʠ ʧʣʦʪʥʦʩʪʠ  8 000 ʦʩʦʙʝʡ ʚ ʤ
2
. 

ʇʣʦʱʘʜʴ ʚʝʨʤʠʬʠʣʴʪʨʘ ʨʘʚʥʷʣʘʩʴ 3,6ʤ
2
. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ 0,93 ʤ
3
/ʤ

2
/ʩʫʪʢʠ ʧʨʦʠʩʭʦʜʠʣʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ 

ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʙʦʣʝʝ, ʯʝʤ ʥʘ 90% ʧʦ ɹʇʂ, ʍʇʂ ʠ ʩʦʜʝʨʞʘʥʠʶ 

ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʦʙʥʳʝ ʫʩʪʘʥʦʚʢʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʩʧʦʩʦʙʥʳ ʧʨʦʠʟʚʦʜʠʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʫʶ ʦʯʠʩʪʢʫ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ 

ʚʦʜ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʠʨʨʠʛʘʮʠʠ. 

ʇʘʪʨʠʩʠʦ ʉʦʪʦ (Soto, 2009) ʟʘʧʘʪʝʥʪʦʚʘʣ ʚʦ ʌʨʘʥʮʠʠ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ  

ʟʘʛʨʷʟʥʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʙʳʪʦʚʳʭ ʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʦ ʌʨʘʥʮʠʠ 

ʠʤʝʥʫʝʪʩʷ ʢʘʢ ʣʦʤʙʨʠʬʠʣʴʪʨʘʮʠʷ.  

ʅʦʚʳʡ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʠ ʨʘʟʨʘʙʦʪʘʥ ʚʦ 

ʌʨʘʥʮʠʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʯʚʝʥʥʦʡ ʟʦʦʵʢʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʘʛʨʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (INRA, ʄʦʥʧʝʣʴʝ) ʚ ʧʘʨʪʥʝʨʩʪʚʝ ʩ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʄʦʥʧʝʣʴʝ ʢʘʢ ʧʨʦʝʢʪ Recyclaqua (ʈʝʮʠʢʣʠʨʦʚʘʥʠʝ ʚʦʜʳ), ʚ 

ʢʦʪʦʨʦʤ ʮʝʣʴʶ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʵʪʦʪ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʜʣʷ ʩʦʦʙʱʝʩʪʚʘ ʚ 2000 ʞʠʪʝʣʝʡ. 

ɺʝʨʤʠʬʠʣʴʪʨ ʩʦʩʪʦʠʪ ʠʟ 10 ʩʤ ʩʣʦʷ ʘʢʪʠʚʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʣʦʷ 

ʩʫʙʩʪʨʘʪʘ (ʩʤʝʩʴ ʜʨʝʚʝʩʥʦʡ ʱʝʧʳ, ʢʦʨʳ ʠ ʩʦʩʥʦʚʳʭ ʦʧʠʣʦʢ), ʚ ʢʦʪʦʨʦʤ 

ʦʙʠʪʘʶʪ ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ, ʨʘʟʤʝʱʝʥʥʦʛʦ ʥʘʜ ʩʫʙʩʪʨʘʪʦʤ ʚ 1 ʤ, ʢʦʪʦʨʳʡ 

ʩʘʤ ʥʘʭʦʜʠʪʩʷ ʥʘʜ ʩʣʦʝʤ ʛʨʘʚʠʷ (ʨʠʩ. 11). ʉʪʦʯʥʳʝ ʚʦʜʳ ʧʨʦʧʫʩʢʘʶʪʩʷ ʯʝʨʝʟ 

ʩʠʪʦ ʜʣʷ ʫʜʘʣʝʥʠʷ ʪʚʸʨʜʦʡ ʬʨʘʢʮʠʠ ʠ ʨʘʩʧʨʳʩʢʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʝʨʤʠʬʠʣʴʪʨʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʦʥʠ ʬʠʣʴʪʨʫʶʪʩʷ. 
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ʈʠʩ. 11 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʩʪʦʯʥʳʭ ʚʦʜ. 

 

ʉʪʦʯʥʳʝ ʚʦʜʳ ʦʯʠʱʘʶʪʩʷ ʚ ʘʢʪʠʚʥʦʤ ʩʣʦʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʠʩʭʦʜʥʦʡ 

ʩʤʝʩʠ ʥʘ 1/3 ʩʦʩʥʦʚʦʡ ʢʦʨʳ (ʨʘʟʤʝʨʦʤ ʦʪ 25 ʜʦ 40 ʤʤ) ʠ 2/3 ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ 

ʩʦʩʥʦʚʳʭ ʦʧʠʣʦʢ, ʚʳʩʦʪʦʡ ʚ 100 ʩʤ. ʆʧʠʣʢʠ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʨʥʦ 10% 

ʩʦʩʥʦʚʳʝ ʩʪʨʫʞʢʠ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ 0,5 ʤʤ). ʂʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʚʠʜʘ 

Eisenia andrei ʟʘʩʝʣʷʶʪ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ ʚʤʝʩʪʝ ʩ 10-ʩʤ ʩʣʦʝʤ ʚʝʨʤʠʢʦʤʧʦʩʪʘ 

(ʩʤʝʩʴ ʩʚʝʪʣʦʛʦ ʪʦʨʬʘ ʠ ʩʦʩʥʦʚʦʡ ʢʦʨʳ, ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʥʦʡ ʚ ʪʝʯʝʥʠʝ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʰʝʩʪʠ ʤʝʩʷʮʝʚ). 

ʉʪʦʯʥʳʝ ʚʦʜʳ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʩʠʪʦ, ʨʝʛʫʣʷʨʥʦ 

ʨʘʟʙʨʳʟʛʠʚʘʶʪ ʥʘʜ ʢʨʫʛʦʚʳʤ ʚʝʨʤʠʬʠʣʴʪʨʦʤ (ʢʦʪʦʨʳʡ ʚ ʩʣʫʯʘʝ ʩʠʩʪʝʤʳ 

Combaillaux ʠʤʝʝʪ ʜʠʘʤʝʪʨ ʚ 12 ʤ) ʩ ʧʦʤʦʱʴʶ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʦʞʜʝʚʘʪʝʣʷ, 

ʦʩʥʘʱʝʥʥʦʛʦ ʩʦʧʣʘʤʠ (ʨʠʩ. 12).  

ʈʘʟʙʨʳʟʛʠʚʘʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ ʤʝʣʢʠʤʠ ʢʘʧʣʷʤʠ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ 

ʞʠʜʢʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʤʠʬʠʣʴʪʨʘ ʜʦ 

ʧʨʦʩʘʯʠʚʘʥʠʷ ʚ ʘʢʪʠʚʥʳʡ ʩʣʦʡ. ʅʘʢʦʥʝʮ, ʚʝʨʤʠʬʠʣʴʪʨʦʚʘʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ 
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ʜʨʝʥʠʨʫʶʪʩʷ ʚ 10-ʩʤ ʩʣʦʡ ʛʨʘʚʠʷ ʠʟ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʜʠʘʤʝʪʨʦʤ 20-30, 

ʨʘʟʤʝʱʝʥʥʦʛʦ ʥʘ ʜʦʱʘʪʦʤ ʥʘʩʪʠʣʝ. 

 

ʈʠʩ. 12 ï ɺʠʜ ʠʟʥʫʪʨʠ ʫʩʪʘʥʦʚʢʠ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʦʙʨʘʙʦʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ 

ʵʢʩʪʝʥʩʠʚʥʳʭ ʩʠʩʪʝʤ ʩʣʝʜʫʶʱʠʤʠ ʢʘʯʝʩʪʚʘʤʠ: 

          ʘ) ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʜʠʠ ʦʙʝʟʞʠʨʠʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʞʠʨʳ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʚ 

ʩʣʦʝ ʚʝʨʤʠʬʠʣʴʪʨʘ; 

          ʙ) ʘʥʘʵʨʦʙʥʳʡ ʨʝʘʢʪʦʨ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦ ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʦʵʪʦʤʫ ʥʝʪ 

ʘʥʘʵʨʦʙʥʦʛʦ ʠʣʘ; 

         ʚ) ʦʪʩʪʦʡʥʠʢ ʠʣʠ ʦʩʚʝʪʣʠʪʝʣʴ ʪʨʝʙʫʝʪʩʷ ʧʦʩʣʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʫʜʘʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ. ɺʝʨʤʠʬʠʣʴʪʨʘʮʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʧʨʦʩʪʦ ʧʨʦʮʝʩʩ 

ʬʠʣʴʪʨʘʮʠʠ, ʦʥʘ ʪʘʢʞʝ ʨʘʙʦʪʘʝʪ ʢʘʢ ʪʚʸʨʜʦʬʘʟʥʳʡ ʬʝʨʤʝʥʪʸʨ, ʫʩʪʨʘʥʷʶʱʠʡ 

ʧʨʦʙʣʝʤʳ ʩ ʠʣʦʤ. 

ʉ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʛʦ ʩʧʦʩʦʙʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʷʪ ʠʟ ʪʚʸʨʜʦʡ ʬʨʘʢʮʠʠ, ʫʜʘʣʝʥʥʦʡ ʚʦ ʚʨʝʤʷ 
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ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʠʪʝ (<2ʤʤ) ʠ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʤʝʩʪʝ ʚ 

ʚʝʨʤʠʢʦʤʧʦʩʪ. 

ʅʘ ʦʩʥʦʚʝ ʬʨʘʥʮʫʟʩʢʦʛʦ ʧʘʪʝʥʪʘ ʉʦʪʦ (Soto, 2009) ʠ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʨʘʥʮʫʟʩʢʘʷ ʢʦʤʧʘʥʠʷ LombriTek ®coinnovation 

(ʕʢʦʠʥʥʦʚʘʮʠʦʥʥʘʷ ʚʝʨʤʠʪʝʭʥʦʣʦʛʠʷ) ʨʘʟʨʘʙʦʪʘʣʘ ʪʨʠ ʪʠʧʘ ʚʝʨʤʠʩʪʘʥʮʠʡ 

ʜʣʷ ʦʯʠʩʪʢʠ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ (www.lombritek.com):   

- ʩʠʩʪʝʤʘ LombriAERÈ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʙʳʪʦʚʳʭ ʩʪʦʢʦʚ ʦʪ 200 ʜʦ 500 

ʞʠʪʝʣʝʡ ʙʝʟ ʚʝʨʤʠʬʠʣʴʪʨʘ; 

        - ʩʠʩʪʝʤʘ LombriAPLÈ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʙʳʪʦʚʳʭ ʩʪʦʢʦʚ ʦʪ 500 ʜʦ 1000 

ʞʠʪʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʨʤʠʬʠʣʴʪʨʘ; 

 - ʩʠʩʪʝʤʘ LombriSTEPÈ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʙʳʪʦʚʳʭ ʩʪʦʢʦʚ ʦʪ 1000 ʜʦ 

4000 ʞʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʣʶʤʙʨʠʩʪʘʥʮʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʠʭ 

ʩʪʦʢʦʚ ʠ ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʪʚʸʨʜʦʡ ʬʨʘʢʮʠʠ ʦʨʛʘʥʠʢʠ (ʨʠʩ. 13). 

 

   

ʈʠʩ. 13 ï ʂʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʧʦʤʦʱʴʶ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʠ ʚʝʨʤʠʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʥʘ ʣʶʤʙʨʠʩʪʘʥʮʠʠ. 

 

ɺʝʨʤʠʬʠʣʴʪʨʫʶʱʘʷ ʫʩʪʘʥʦʚʢʘ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʤʧʘʢʪʥʦʤ 

ʟʜʘʥʠʠ ʠ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʣʶʙʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ.  

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ ʦʪ ʧʦʩʝʣʢʘ, ʠʤʝʶʱʝʛʦ ʯʠʩʣʝʥʥʦʩʪʴ 2 000 

http://www.lombritek.com/
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ʞʠʪʝʣʝʡ, ʩ ʧʦʤʦʱʴʶ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʸʤʢʦʩʪʴ 

ʜʠʘʤʝʪʨʦʤ 12 ʤ, ʚʳʩʦʪʦʡ 2 ʤ. ʈʘʙʦʯʠʡ ʩʣʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ: 90-ʩʤ ʩʣʦʷ ʜʨʝʚʝʩʥʦʡ ʩʪʨʫʞʢʠ ʠ ʢʦʨʳ (ʦʩʥʦʚʘ ʙʠʦʬʠʣʴʪʨʘ) ʠ 

10-ʩʤ ʩʣʦʷ ʧʦʯʚʳ ʩ ʚʝʨʤʠʢʫʣʴʪʫʨʦʡ, ʥʘʜ ʢʦʪʦʨʳʤ ʨʘʟʙʨʳʟʛʠʚʘʶʪʩʷ ʩʪʦʯʥʳʝ 

ʚʦʜʳ, ʧʨʦʰʝʜʰʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʥʘ ʩʝʪʯʘʪʦʤ ʩʠʪʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʝʨʤʠʢʫʣʴʪʫʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʤʝʩʴ ʜʚʫʭ ʚʠʜʦʚ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ: Eisenia 

fetida ʠ Eisenia andrei.  ʊʘʢʘʷ ʣʶʤʙʨʠʩʪʘʥʮʠʷ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

    -  ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ; 

    -  ʘʵʨʦʙʥʳʡ ʧʨʦʮʝʩʩ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʦʚ ʠ ʙʝʟ ʟʘʧʘʭʘ;  

    -  ʢʦʤʧʘʢʪʥʦʩʪʴ ʩʠʩʪʝʤʳ; 

          - ʯʠʩʪʘʷ ʚʦʜʘ  ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʨʨʠʛʘʮʠʠ; 

     - ʪʚʸʨʜʳʝ ʦʪʭʦʜʳ  ʨʝʮʠʢʣʠʨʫʶʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ; 

     -  ʧʦʜʭʦʜʠʪ ʜʣʷ ʣʶʙʦʛʦ ʢʣʠʤʘʪʘ, ʚʝʨʤʠʬʠʣʴʪʨ ʠ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʦʤʝʱʝʥʠʠ ʧʦʜ ʢʨʳʰʝʡ.  

ʅʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʦʥʘ ʜʦʣʞʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʧʦʩʪʦʷʥʥʦ ʙʝʟ 

ʩʝʟʦʥʥʳʭ ʧʝʨʝʨʳʚʦʚ ʠ  ʥʝʦʙʭʦʜʠʤʦ ʦʙʫʯʝʥʠʝ ʦʧʝʨʘʪʦʨʦʚ. 

ʅʝʜʘʚʥʦ ʉʦʪʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Duclos et al., 2013) ʧʦʣʫʯʠʣ 

ʝʚʨʦʧʝʡʩʢʠʡ ʧʘʪʝʥʪ EP2617685 ɸ1 ʥʘ ʩʧʦʩʦʙ ʣʦʤʙʨʠʬʠʣʴʪʨʘʮʠʠ, ʪ.ʝ. 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʠ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʜʝʟʠʥʬʝʢʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʋʩʪʨʦʡʩʪʚʦ 

ʩʦʜʝʨʞʠʪ ʚʝʨʤʠʬʠʣʴʪʨ, ʙʣʦʢ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ 

ʙʣʦʢ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʚʦʜʳ.  ɺʝʨʤʠʬʠʣʴʪʨ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʬʠʣʴʪʨʫʶʱʠʭ ʩʣʦʸʚ, ʚ ʦʜʥʦʤ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʣʠʛʥʦʮʝʣʣʶʣʦʟʦʣʠʪʠʢ, 

ʘ ʪʘʢʞʝ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʠʡ ʩʣʦʡ ʠ ʩʣʦʡ ʙʠʦʬʠʣʴʪʨʘʮʠʠ ʠ ʚʝʥʪʠʣʷʮʠʠ. ʊʘʢʘʷ 

ʩʠʩʪʝʤʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ 

ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ, ʪʘʢ ʠ ʥʝʙʦʣʴʰʠʭ ʧʦʩʝʣʝʥʠʡ. 

ʂʦʤʧʘʥʠʷ TRANSCHEM Agritech Ltd. (ʀʥʜʠʷ) ʫʩʪʘʥʦʚʠʣʘ ʚ 2011 ʛʦʜʫ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʫʶ ʫʩʪʘʥʦʚʢʫ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʚ ʧʦʣʫʤʠʣʣʠʦʥʥʦʤ 

ʛʦʨʦʜʝ ɹʭʘʚʥʘʛʘʨ (ʰʪʘʪ ɻʫʜʞʘʨʘʪ) ʜʣʷ ʦʙʨʘʙʦʪʢʠ 250 000 ʣ ʩʪʦʯʥʳʭ ʚʦʜ 

ʝʞʝʜʥʝʚʥʦ (ʨʠʩ. 14). ʆʥʘ ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ ʚ 400 ʤ
2
. ʉʣʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘ ʚ 
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ʩʦʩʪʘʚʝ ʙʠʦʬʠʣʴʪʨʘ ʩʦʜʝʨʞʠʪ ʩʣʦʠ ʛʘʣʴʢʠ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ, ʧʦʢʨʳʪʳʝ 

ʩʣʦʷʤʠ ʧʦʯʚʳ, ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ, ʚʝʨʤʠʢʦʤʧʦʩʪʦʤ, ʚ ʢʦʪʦʨʦʤ ʦʙʠʪʘʝʪ 

ʧʦʧʫʣʷʮʠʷ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ. ʉʪʦʯʥʳʝ ʚʦʜʳ ʩʦʙʠʨʘʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ 

ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʨʝʟʝʨʚʫʘʨ ʠ ʨʘʟʙʨʳʟʛʠʚʘʶʪʩʷ ʥʘʜ ʩʣʦʝʤ ʚʝʨʤʠʬʠʣʴʪʨʘ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʵʨʠʨʦʚʘʥʠʝ ʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝ 

ʪʨʝʙʫʝʪʩʷ. ʆʯʠʱʝʥʥʘʷ ʚʦʜʘ ʩʦʙʠʨʘʝʪʩʷ ʚ ʜʨʫʛʦʡ ʨʝʟʝʨʚʫʘʨ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʝʨʤʝʨʘʤʠ. ɺ ʩʨʝʜʥʝʤ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ɹʇʂ ʫʤʝʥʴʰʘʶʪʩʷ ʙʦʣʝʝ ʯʝʤ 95%, 

ʍʇʂ ʙʦʣʝʝ ʯʝʤ 85%, ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩʥʠʞʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 

95 %, ʘ ʬʝʢʘʣʴʥʳʝ ʢʦʣʠ-ʬʦʨʤʳ ʫʜʘʣʷʶʪʩʷ ʙʦʣʝʝ ʯʝʤ 99% (Sinha ʠ Valani, 

2012).  ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʦʩʣʝ ʚʝʨʤʠʬʠʣʴʨʘʮʠʠ 

ʜʦʩʪʠʛʘʣʦ ʟʥʘʯʝʥʠʡ 4-5 ppm. 

 

ʈʠʩ. 14 ï ʋʩʪʘʥʦʚʢʘ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʚ 200 ʪʦʥʥ ʚ ʩʫʪʢʠ (Sinha, 2012). 

 

 

1.6. ɿʥʘʯʝʥʠʝ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʧʝʨʝʜ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

 



59 
 

ɹʠʦʪʝʭʥʦʣʦʛʠʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʡ 

ʥʝʜʦʨʦʛʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʦʯʠʩʪʢʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʠ 

ʥʝʢʦʪʦʨʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʉʦʪʥʠ ʫʩʪʘʥʦʚʦʢ ʧʦ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʧʝʰʥʦ 

ʨʘʙʦʪʘʶʪ ʚ ʏʠʣʠ, ʄʝʢʩʠʢʝ, ɺʝʥʝʩʫʵʣʝ, ɸʚʩʪʨʘʣʠʠ, ʀʥʜʠʠ ʠ ʥʝʢʦʪʦʨʳʭ 

ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ (Sinha et al., 2013).  

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʸʭ 

ʘʵʨʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʧʨʦʬʝʩʩʦʨʦʤ ʈʘʜʞʠʚʦʤ ʂ. ʉʠʥʭʘ. ʀʟ ʜʘʥʥʳʭ ʵʪʦʡ 

ʪʘʙʣʠʮʳ ʷʩʥʦ ʚʠʜʥʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ 

ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʵʨʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ.  

ʉʠʩʪʝʤʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʠʤʝʝʪ ʷʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʚʩʝʤʠ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ: ʘʵʨʠʨʫʝʤʳʝ ʣʘʛʫʥʳ, 

ʘʵʨʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʚ ʘʵʨʦʪʝʥʢʘʭ, ʢʘʧʝʣʴʥʳʝ 

ʠ ʜʠʩʢʦʚʳʝ ʙʠʦʬʠʣʴʪʨʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʟʘʪʨʘʪʥʳʤʠ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ.          

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʶʪʩʷ: 

- ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʧʝʨʘʮʠʡ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

- ʪʨʝʙʫʝʪʩʷ ʤʘʣʦ ʵʥʝʨʛʠʠ; 

- ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʦʩʘʜʢʠ ʩʪʦʯʥʳʭ ʚʦʜ;                                             

- ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʠʤʠʢʘʪʳ; 

- ʦʙʨʘʟʫʶʪʩʷ ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʫʪʠʣʠʟʘʮʠʠ ʩʪʦʯʥʳʭ 

ʚʦʜ (ʚʳʩʦʢʦʛʫʤʫʩʠʨʦʚʘʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ ʚʝʨʤʠʢʦʤʧʦʩʪ ʠ 

ʙʠʦʤʘʩʩʘ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ); 

- ʦʯʠʱʝʥʥʘʷ ʚʦʜʘ ʦʙʦʛʘʱʝʥʘ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʘʟʦʪʦʤ, ʬʦʩʬʦʨʦʤ ʠ 

 ʢʘʣʠʝʤ) ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʨʨʠʛʘʮʠʠ 

ʬʝʨʤʝʨʩʢʠʭ ʟʝʤʝʣʴ; 

-  ʧʨʦʮʝʩʩ ʦʯʝʥʴ ʛʠʛʠʝʥʠʯʝʥ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʟʘʧʘʭʦʚ ʠ ʙʝʟ 

ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ.  
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ʊʘʙʣʠʮʘ 2.  

ʉʨʘʚʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

(Soto, 2010). 

ʇʘʨʘʤʝʪʨʳ ɸʵʨʠʨʫʝʤʳʝ 

ʣʘʛʫʥʳ 

ɸʵʨʦʪʝʥʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʢʪʠʚʥʦʛʦ ʠʣʘ 

ɺʝʨʤʠʬʠʣʴʪʨʘʮʠʷ 

ʊʨʝʙʫʝʤʘʷ ʧʣʦʱʘʜʴ  

ɿʝʤʣʠ 

 

5 ʤ
2
/ʯʝʣ 

 

0.7 ʤ
2
/ʯʝʣ 

 

0.25 ʤ
2
/ʯʝʣ 

ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ 20 ʜʥʝʡ 6-8 ʯʘʩ 30-45 ʤʠʥ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʇʨʦʩʪʦʝ 

(ʥʘʩʦʩʳ, 

ʘʵʨʘʪʦʨʳ ʠ ʪ.ʜ.) 

ʉʣʦʞʥʦʝ 

(ʥʘʩʦʩʳ, 

ʘʵʨʦʪʝʥʢʠ, 

ʧʝʨʝʨʘʙʦʪʢʘ ʆʉɺ 

ʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ) 

ʆʯʝʥʴ ʧʨʦʩʪʦʝ 

(ʥʘʩʦʩʳ ʠ 

ʨʘʩʧʳʣʠʪʝʣʠ) 

ʀʥʚʝʩʪʠʮʠʠ  

(ʙʝʟ ʟʝʤʣʠ) 

 

60-100 $/ʯʝʣ 

 

150-300 $/ʯʝʣ 

 

35-60 $/ʯʝʣ 

ʉʪʦʠʤʦʩʪʴ  

ʦʙʩʣʫʞʠʚʘʥʠʷ  

0.06 US $/ʤ3 

ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ 

0.12 US $/ʤ3 

ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ 

0.05 US $/ʤ3 

ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ 

ɿʘʪʨʘʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ 

ʵʤʠʩʩʠʷ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ 

 

ɺʳʩʦʢʠʝ 

 

ʆʯʝʥʴ ʚʳʩʦʢʠʝ 

 

ʆʯʝʥʴ ʥʠʟʢʠʝ 

ʈʝʮʠʢʣʠʥʛ ʦʪʭʦʜʦʚ ʠ 

ʧʦʣʫʯʝʥʠʝ ʧʦʣʝʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ 

 

 

ʅʝʪ 

 

 

ʅʝʪ 

1) ʏʠʩʪʘʷ ʚʦʜʘ 

2) ʆʨʛʘʥʠʯʝʩʢʦʝ 

    ʫʜʦʙʨʝʥʠʝ                                                                                                              

3) ɹʠʦʤʘʩʩʘ 

ʜʦʞʜʝʚʳʭ 

    ʯʝʨʚʝʡ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʥʠʞʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʧʦ ɹʇʂ 

 

80 % 

 

> 90 % 

 

> 95 % 

          

ʆʯʝʥʴ ʚʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ ʝʱʝ ʠ ʪʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ, ʪʦ ʝʩʪʴ ʥʘ ʤʝʩʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʯʥʳʭ 

ʚʦʜ (ʯʘʩʪʥʳʝ ʜʦʤʘ, ʢʦʪʪʝʜʞʠ, ʧʦʩʸʣʢʠ, ʦʪʝʣʠ, ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʪ. ʜ.). ʊʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʘʥʮʠʷʭ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠʣʠ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʘ ʤʝʩʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ. 
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1.7. ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ rʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

  

ʋʩʧʝʰʥʘʷ ʨʘʙʦʪʘ ʣʶʙʦʡ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ  

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ, ʦʩʦʙʝʥʥʦ,  ʚ ʣʝʪʥʠʝ ʠʣʠ ʟʠʤʥʠʝ ʩʝʟʦʥʳ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʚʣʠʷʶʪ ʥʘ ʚʳʞʠʚʘʥʠʝ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʚ ʪʝʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʟʢʦ ʧʘʜʘʝʪ ʚ ʪʝʯʝʥʠʝ ʟʠʤʥʠʭ 

ʤʝʩʷʮʝʚ, ʘ ʪʘʢʞʝ ʚ ʪʝʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʦʥʘ ʩʠʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʠ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 40ÁC.  

ʃʠ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ (Li et al., 2009) ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʩʝʟʦʥʘ ʥʘ ʦʯʠʩʪʢʫ 

ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʝʡ ʩʠʩʪʝʤʝ. ɸʚʪʦʨʘʤ ʧʨʠʭʦʜʠʣʦʩʴ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ HLR, ʯʪʦʙʳ  ʠʩʢʣʶʯʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʥʘʛʨʫʟʢʠ ʚ ʧʝʨʠʦʜ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ ʠ ʩʥʠʞʝʥʠʝ ʝʸ ʚʦ ʚʨʝʤʷ ʟʠʤʥʠʭ ʤʝʩʷʮʝʚ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʘʤʳʭ ʭʦʣʦʜʥʳʭ ʠ ʞʘʨʢʠʭ ʜʥʝʡ. ʆʥʠ 

ʩʜʝʣʘʣʠ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʚ ʥʝʙʦʣʴʰʠʭ ʧʦ ʦʙʲʸʤʫ ʩʠʩʪʝʤʘʭ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʛʠʙʝʣʴ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ, ʧʦʩʢʦʣʴʢʫ 

ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʝ ʚʳʚʦʜʳ. 

 

 

1.8. ɸʜʩʦʨʙʮʠʦʥʥʘʷ ʜʦʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ 

 

ʆʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʥʦʩʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ 

ʚʢʣʶʯʘʝʪ ʦʧʝʨʘʮʠʠ ʦʪʩʪʘʠʚʘʥʠʷ, ʬʠʣʴʪʨʦʚʘʥʠʷ, ʢʦʘʛʫʣʷʮʠʠ, ʬʣʦʪʘʮʠʠ, 

ʭʠʤʠʯʝʩʢʦʡ ʠ (ʥʘʢʦʥʝʮ, ʟʘʚʝʨʰʘʶʱʝʡ) ʩʦʨʙʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʦʛʦ ʫʛʣʷ, ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ, ʮʝʦʣʠʪʦʚ ʠ ʜʨʫʛʠʭ 

ʧʦʛʣʦʪʠʪʝʣʝʡ. ɸʜʩʦʨʙʮʠʶ ʥʘ ʘʢʪʠʚʥʳʭ ʫʛʣʷʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟ 

ʩʪʦʯʥʳʭ ʚʦʜ ʦʩʦʙʦ ʪʦʢʩʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʠ 
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ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʭ ʚʝʱʝʩʪʚ. ɽʸ ʨʝʘʣʠʟʫʶʪ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʙʠʦʭʠʤʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʩʪʦʢʦʚ ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʘ, ʣʠʙʦ ʥʝ ʜʘʸʪ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʵʬʬʝʢʪʘ, ʯʪʦ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʟʘʤʢʥʫʪʳʭ ʚʦʜʦʦʙʦʨʦʪʥʳʭ ʩʠʩʪʝʤ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʄʫʭʠʥ, ʂʣʫʰʠʥ, 2012). 

ʀʟ ʠʟʚʝʩʪʥʳʭ ʩʦʨʙʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ï ʘʢʪʠʚʥʳʝ ʫʛʣʠ. ʆʥʠ 

ʠʟʛʦʪʦʚʣʷʶʪʩʷ ʠʟ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ: ʫʛʣʷ, ʘʥʪʨʘʮʠʪʘ, 

ʜʨʝʚʝʩʠʥʳ, ʩʢʦʨʣʫʧʳ ʢʦʢʦʩʦʚ, ʪʦʨʬʘ ʠ ʜʨ. ʆʥʠ ʭʦʨʦʰʦ ʩʦʨʙʠʨʫʶʪ ʬʝʥʦʣʳ, 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʥʮʝʨʦʛʝʥʥʳʝ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʭʣʦʨ- ʠ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʩʪʠʮʠʜʳ ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ (ʄʫʭʠʥ ʠ ʜʨ., 

2012; ʄʫʭʠʥ ʠ ʜʨ., 2014; ʄʫʭʠʥ ʠ ʜʨ., 2015).  

ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʨʙʮʠʠ ʥʘ ʘʢʪʠʚʥʳʭ ʫʛʣʷʭ ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʜʦʣʞʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ (ʩʪʝʧʝʥ ɹ ʠʟʚʣʝʯʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ). ʆʙʳʯʥʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʩʦʨʙʮʠʦʥʥʘʷ ʦʯʠʩʪʢʘ ʥʠʟʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʧʦ 

ʮʝʣʝʚʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʩʪʦʢʦʚ, ʢʦʛʜʘ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʦʯʠʱʘʝʤʦʡ ʚʦʜʳ 

ʜʦʩʪʠʛʘʶʪ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʨʙʝʥʪʘ.  

ʉ ʫʯʸʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʦʙʦʨʦʪʥʳʭ ʚʦʜʥʳʭ ʮʠʢʣʦʚ ʠ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ 

ʢʘʥʘʣʠʟʘʮʠʠ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʦʯʠʩʪʢʝ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʨʙʮʠʠ, ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳ. ɼʣʷ 

ʧʨʦʮʝʩʩʦʚ ʩʦʨʙʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 

ʟʝʨʥʸʥʳʝ, ʪʘʢ ʠ ʧʦʨʦʰʢʦʚʳʝ ʘʢʪʠʚʥʳʝ ʫʛʣʠ. ɺ ʈʦʩʩʠʠ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʪʘʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʟʝʨʥʸʥʳʝ ʘʢʪʠʚʥʳʝ ʫʛʣʠ ʤʘʨʦʢ ɸɻ-3, ɹɸʋ-ɸ, ʂɸɼ-ʡʦʜʥʳʡ ʠ 

ʧʦʨʦʰʢʦʚʳʝ ʤʘʨʦʢ ʆʋ-ɸ, ʆʋ-ɺ, ʋɸʌ, ʋɸʄ, ʂɸɼ-ʤʦʣʦʪʳʡ (ʄʫʭʠʥ, ʂʣʫʰʠʥ, 

2012). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʠʚʥʳʝ ʫʛʣʠ ʚ ʘʥʩʘʤʙʣʝ ʩ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʤʦʛʫʪ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʚʝʩʴ ʩʧʝʢʪʨ ʟʘʜʘʯ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʪʦʢʩʠʯʥʦʡ 

ʦʨʛʘʥʠʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʣʦʙʘʣʴʥʫʶ ʟʘʱʠʪʫ ʛʠʜʨʦʩʬʝʨʳ (ʄʫʭʠʥ, ʂʣʫʰʠʥ). 
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1.9. ʉʪʝʨʠʣʠʟʘʮʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʩʣʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ɸʥʦʣʠʪ ɸʅʂ  

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʜʝʟʠʥʬʠʮʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʝʟʠʥʬʝʢʪʘʥʪʳ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʅʦ 

ʥʘʠʚʳʩʰʝʡ ʘʥʪʠʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩʨʝʜʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʞʠʜʢʠʭ 

ʩʪʝʨʠʣʠʟʫʶʱʠʭ ʠ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ ʧʨʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʘʣʦʡ 

ʪʦʢʩʠʯʥʦʩʪʠ ʠʣʠ ʧʨʠ ʧʦʣʥʦʤ ʝʝ ʦʪʩʫʪʩʪʚʠʠ ʜʣʷ ʪʝʧʣʦʢʨʦʚʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦ-ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʝʡʪʨʘʣʴʥʳʡ ɸʥʦʣʠʪ ɸʅʂ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʪʠʧʘ ʉʊʕʃ 

ʠʟ ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ. ɸʥʦʣʠʪ ɸʅʂ ʷʚʣʷʝʪʩʷ 

ʨʘʩʪʚʦʨʦʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʜʣʷ 

ʜʝʟʠʥʬʝʢʮʠʠ ʠ ʩʪʝʨʠʣʠʟʘʮʠʠ. ɸʥʦʣʠʪ ɸʅʂ, ʚ ʦʪʣʠʯʠʝ ʦʪ 0,5-5,0%-ʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʛʠʧʦʭʣʦʨʠʪʘ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʪʦʣʴʢʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʤ 

ʜʝʡʩʪʚʠʝʤ, ʷʚʣʷʝʪʩʷ ʩʪʝʨʠʣʠʟʫʶʱʠʤ ʨʘʩʪʚʦʨʦʤ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʢʩʠʜʘʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 0,005ð0,05% (ʉʫʯʢʦʚ ʠ ʜʨ., 2004).  

ɼʝʡʩʪʚʫʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʘʥʦʣʠʪʝ ɸʅʂ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴ 

ʧʝʨʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʭʣʦʨʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʜʦʙʥʘʷ 

ʢʦʤʙʠʥʘʮʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʘʜʘʧʪʘʮʠʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢ ʙʠʦʮʠʜʥʦʤʫ ʜʝʡʩʪʚʠʶ ʘʥʦʣʠʪʘ ɸʅʂ, ʘ ʤʘʣʘʷ ʩʫʤʤʘʨʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʘʢʪʠʚʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʭʣʦʨʘ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʥʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʝʛʦ ʜʣʠʪʝʣʴʥʦʤ 

ʧʨʠʤʝʥʝʥʠʠ. ɸʥʦʣʠʪ ɸʅʂ ʷʚʣʷʝʪʩʷ ʨʘʩʪʚʦʨʦʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʜʣʷ ʜʝʟʠʥʬʝʢʮʠʠ, ʧʨʝʜʩʪʝʨʠʣʠʟʘʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ 

ʠ ʩʪʝʨʠʣʠʟʘʮʠʠ, ʪʘʢ ʠ ʜʣʷ ʦʙʱʝʡ ʫʙʦʨʢʠ ʧʦʤʝʱʝʥʠʡ, ʜʝʟʠʥʬʝʢʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʃʇʋ, ʦʜʝʞʜʳ, ʨʫʢ ʭʠʨʫʨʛʘ ʠ ʪ.ʜ. ʉʫʤʤʘ ʩʦʝʜʠʥʝʥʠʡ 

ʘʢʪʠʚʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʭʣʦʨʘ ʚ ʘʥʦʣʠʪʝ ɸʅʂ (ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʦʢʩʠʜʘʥʪʦʚ) ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 100 ʜʦ 500 ʤʛ/ʣ, ʯʪʦ ʚ ʜʝʩʷʪʢʠ ʨʘʟ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ. ɸʥʦʣʠʪ ɸʅʂ ʥʝ ʚʳʟʳʚʘʝʪ ʢʦʘʛʫʣʷʮʠʶ ʙʝʣʢʘ, 
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ʟʘʱʠʱʘʶʱʝʛʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ, ʙʣʘʛʦʜʘʨʷ ʨʘʟʨʳʭʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʣʝʛʢʦ 

ʧʨʦʥʠʢʘʝʪ ʚ ʤʠʢʨʦʢʘʥʘʣʳ ʞʠʚʦʡ ʠ ʥʝʞʠʚʦʡ ʤʘʪʝʨʠʠ. ɸʥʦʣʠʪ ɸʅʂ 

ʥʝʪʦʢʩʠʯʝʥ ʚʚʠʜʫ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʦʵʪʦʤʫ ʥʝ 

ʪʨʝʙʫʝʪ ʫʜʘʣʝʥʠʷ ʩ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʨʘʙʦʪʢʠ 

(ʉʫʯʢʦʚ ʠ ʜʨ., 2004). 

 

 

1.10. ɿʘʢʣʶʯʝʥʠʝ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʩʪʨʦ ʚʦʟʨʘʩʪʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʪʘʢ ʢʘʢ ʵʪʦ ʜʘʸʪ ʫʥʠʢʘʣʴʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ: ʙʦʣʝʝ ʥʠʟʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʠʭ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʪʦʡ 

ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʦʣʣʶʪʘʥʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʪʦʯʥʳʭ 

ʚʦʜ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʧʦ-ʧʨʝʞʥʝʤʫ, ʦʩʪʘʝʪʩʷ 

ʧʨʦʙʣʝʤʦʡ, ʪʘʢ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ.  

ɼʘʥʥʘʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ  ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚ ʙʣʠʞʘʡʰʝʝ 

ʚʨʝʤʷ ʚ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ,  ʘ ʪʘʢʞʝ ʚ ʉʫʣʪʘʥʘʪʝ ʆʤʘʥʝ, ʛʜʝ ʜʝʬʠʮʠʪ 

ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʦʩʪʨʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ. ʆʯʠʱʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ 

ʪʝʭʥʦʣʦʛʠʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʠʩʧʳʪʘʪʴ ʧʨʠ ʧʦʣʠʚʝ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʅʘʧʨʠʤʝʨ, ʚ 

ʉʫʣʪʘʥʘʪʝ ʆʤʘʥ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʚʦʜʳ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ 

ʩʘʞʝʥʮʝʚ ʬʠʥʠʢʦʚʦʡ ʧʘʣʴʤʳ ʠ ʧʦʣʠʚʝ ʬʠʥʠʢʦʚʳʭ ʧʘʣʴʤ. 
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ  

 

 

2.1. ʆʪʙʦʨ ʧʨʦʙ ʩʪʦʯʥʳʭ ʚʦʜ 

 

ʆʪʙʦʨ ʧʨʦʙ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʦʚʦʜʠʣʩʷ ʩʦʛʣʘʩʥʦ  

ʨʝʢʦʤʝʥʜʘʮʠʷʤ çʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʦʪʙʦʨʫ ʧʨʦʙ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʪʦʯʥʳʭ ʚʦʜ. ʇʅɼ ʌ 12.15.1-08è ʠ çʀʥʩʪʨʫʢʮʠʠ ʧʦ ʦʪʙʦʨʫ ʧʨʦʙ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʪʦʯʥʳʭ ʚʦʜ. ʅɺʅ 33-5.3.01-85è. ʇʨʦʙʳ ʩʪʦʯʥʳʭ ʚʦʜ ʛ. ɺʣʘʜʠʤʠʨʘ ʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʥʝʢʦʪʦʨʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ.   

ʇʨʦʙʳ ʚʦʜʳ ʦʪʙʠʨʘʣʠ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ çɻʆʉʊ ʈ 51592-2000. 

ɺʦʜʘ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʙʦʨʫ ʧʨʦʙè. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʙʦʦʪʙʦʨʥʳʭ ʩʦʩʫʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʠʝ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʘʤ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʩʦʩʫʜʳ ʚʤʝʩʪʠʤʦʩʪʴʶ ʧʦ 5 ʣ. 

ɼʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʧʨʦʙ ʩʪʦʯʥʳʭ ʚʦʜ ʠʩʧʦʣʴʟʦʚʘʣʠ 5-

ʪʠ ʣ ʝʤʢʦʩʪʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʘʚʠʥʯʠʚʘʶʱʝʡʩʷ ʧʨʦʙʢʦʡ. 

ʆʙʲʝʤ ʦʪʙʠʨʘʝʤʦʡ ʧʨʦʙʳ ʩʪʦʯʥʦʡ ʚʦʜʳ - ʥʝ ʤʝʥʝʝ  5,0 ʣ. ʆʪʙʦʨ ʧʨʦʙ 

ʧʨʦʚʦʜʠʣʠ ʚ ʜʝʥʴ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʠ 

ʘʥʘʣʠʟʦʚ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ 

ʦʙʨʘʟʮʦʚ ʩʪʦʯʥʳʭ ʚʦʜ ʜʦ ʠ ʧʦʩʣʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚʦʜʳ ʄʋʇ 

çɺʣʘʜʠʤʠʨɺʦʜʦʢʘʥʘʣè (ʛ. ɺʣʘʜʠʤʠʨ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ɼʦʛʦʚʦʨʘ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʝʞʜʫ 

ʄʋʇ çɺʣʘʜʠʤʠʨɺʦʜʦʢʘʥʘʣè ʠ ɺʣʘʜʠʤʠʨʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʚ ʦʙʣʘʩʪʠ ʩʦʚʤʝʩʪʥʦʡ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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2.2. ɺʠʜʳ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

 

ʊʘʢ ʢʘʢ ʜʦʞʜʝʚʳʝ (ʢʦʤʧʦʩʪʥʳʝ) ʯʝʨʚʠ ʠʛʨʘʶʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʪʦ ʠʭ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ 

(ʙʠʦʤʘʩʩʘ) ʚ ʧʦʯʚʝ, ʟʨʝʣʦʩʪʴ ʠ ʟʜʦʨʦʚʴʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʦʞʜʝʚʳʝ (ʢʦʤʧʦʩʪʥʳʝ) ʯʝʨʚʠ ʚʠʜʘ Eisenia fetida 

(Savigny, 1826) ʧʨʦʤʳʰʣʝʥʥʦʡ ʣʠʥʠʠ çʄʦʩʢʦʚʩʢʠʡ ʨʫʩʩʢʠʡ ʛʠʙʨʠʜè, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʢʦʤʧʘʥʠʝʡ ʅʇʆ ʆʆʆ 

çɹʀʆʍʀʄʈɽʉʋʈʉè (ʛ. ɺʣʘʜʠʤʠʨ). ʕʪʦʪ ʚʠʜ ʢʦʤʧʦʩʪʥʳʭ ʯʝʨʚʝʡ ʠʤʝʝʪ 

ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʤʦʞʝʪ ʦʙʠʪʘʪʴ ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʘʭ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʚʣʘʞʥʦʩʪʠ.  

ʇʦʧʫʣʷʮʠʠ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ, ʯʠʩʣʝʥʥʦʩʪʴʶ ʚ 5 000 ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ, 

ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʷʱʠʢʠ ʨʘʟʤʝʨʦʤ 60 ʭ 50 ʭ 20 ʩʤ,  ʩʦʜʝʨʞʘʱʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʩʨʝʜʳ ʩʘʜʦʚʫʶ ʟʝʤʣʶ ʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʨʤʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʥʳʡ ʢʦʨʦʚʠʡ ʥʘʚʦʟ. ʆʥʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʥʝʜʝʣʴ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ 

ʩʫʙʩʪʨʘʪʘ 70% ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ.  

 

 

2.3. ɹʠʦʭʠʤʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʠʩʣʦʨʦʜʝ (ɹʇʂ5) 

 

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʢʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʙʳʪʴ ʫʜʘʣʝʥʦ ʤʝʪʦʜʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ, ʦʧʨʝʜʝʣʷʣʠ ʡʦʜʦʤʝʪʨʠʯʝʩʢʠʤ 

ʠ ʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ ʩʦʛʣʘʩʥʦ ʩ ʇʨʠʨʦʜʦʦʭʨʘʥʥʳʤʠ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʬʝʜʝʨʘʪʠʚʥʳʤʠ çʇʅɼ ʌ 14.1:2:3:4.123-97. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʦʜ. ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ 

ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʠʩʣʦʨʦʜʝ ʧʦʩʣʝ 5 ʜʥʝʡ ʠʥʢʫʙʘʮʠʠ (ɹʇʂ5)è ʩ 

ʜʦʧʦʣʥʝʥʠʷʤʠ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʪ 30 ʤʘʷ 2001 ʛ. 
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ʄʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ ʥʘʭʦʜʷʪ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

ʛʜʝ ʉʭ - ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʧʨʦʙʝ ʚʦʜʳ, ʤʛ/ʜʤ
3
; 

ʉt - ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ, ʤʦʣʴ/ʜʤ
3
 ʵʢʚʠʚʘʣʝʥʪʘ; 

Vt - ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ, ʧʦʰʝʜʰʠʡ ʥʘ ʪʠʪʨʦʚʘʥʠʝ, ʩʤ
3
; 

V - ʚʤʝʩʪʠʤʦʩʪʴ ʢʠʩʣʦʨʦʜʥʦʡ ʢʦʣʙʳ, ʩʤ
3
; 

V1 - ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʤʘʨʛʘʥʮʘ ʠ ʡʦʜʠʜʘ ʢʘʣʠʷ, 

ʜʦʙʘʚʣʝʥʥʳʭ ʚ ʢʦʣʙʫ ʧʨʠ ʬʠʢʩʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʩʤ
3
; 

8,0 ï ʤʘʩʩʘ ʤʠʣʣʠʛʨʘʤʤ-ʵʢʚʠʚʘʣʝʥʪʘ ʢʠʩʣʦʨʦʜʘ, ʤʛ. 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʫʰʝʜʰʝʝ ʚ ʪʝʯʝʥʠʝ 5 

ʩʫʪʦʢ ʙʝʟ ʜʦʩʪʫʧʘ ʩʚʝʪʘ ʧʨʠ 20Áʉ ʥʘ ʦʢʠʩʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʚʦʜʳ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʯʠʩʣʷʝʪʩʷ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʙʝ ʚʦʜʳ 

ʧʦʩʣʝ ʦʪʙʦʨʘ ʠ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ.  

 

 

2.4. ʍʠʤʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʠʩʣʦʨʦʜʝ (ʍʇʂ) 

 

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʚʩʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʛʦ, ʠʥʝʨʪʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʠ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʷʝʤʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʍʇʂ ʦʯʠʱʝʥʥʦʡ ʠ ʠʩʭʦʜʥʦʡ ʧʨʦʙ ʩʪʦʯʥʦʡ ʚʦʜʳ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʠʨʦʜʦʦʭʨʘʥʥʳʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ 

ʬʝʜʝʨʘʪʠʚʥʳʤʠ ʇʅɼ ʌ 14.1:2:4.190-2003. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʙʠʭʨʦʤʘʪʥʦʡ 

ʦʢʠʩʣʷʝʤʦʩʪʠ (ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ) ʚ ʧʨʦʙʘʭ ʧʨʠʨʦʜʥʦʡ, 

ʧʠʪʴʝʚʦʡ ʠ ʩʪʦʯʥʦʡ ʚʦʜ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʘʥʘʣʠʟʘʪʦʨʘ ʞʠʜʢʦʩʪʠ ʌʣʶʦʨʘʪ 02-3ʄ. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʍʇʂ 
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ʦʩʥʦʚʘʥʦ ʥʘ ʦʙʨʘʙʦʪʢʝ ʧʨʦʙʳ ʚʦʜʳ ʙʠʭʨʦʤʘʪʦʤ ʢʘʣʠʷ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 150
ʦ
ʉ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ï ʩʫʣʴʬʘʪʘ ʩʝʨʝʙʨʘ. ʅʘʛʨʝʚʘʥʠʝ ʧʨʦʙʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʤʝʨʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʦʚʦʜʷʪ ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʚʠʘʣʘʭ ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʪʝʨʤʦʨʝʘʢʪʦʨʝ çʊɽʈʄʀʆʅè. ɼʣʷ ʩʥʠʞʝʥʠʷ ʤʝʰʘʶʱʝʛʦ 

ʚʣʠʷʥʠʷ ʭʣʦʨʠʜʦʚ ʚ ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʧʨʦʙʫ ʜʦʙʘʚʣʷʶʪ ʩʫʣʴʬʘʪ ʨʪʫʪʠ (II). 

ʀʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʚ ʚʠʘʣʘʭ ʧʨʦʚʦʜʷʪ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ 340-380 ʥʤ ʠʣʠ 580-620 ʥʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʞʠʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ 

ʍʇʂ. 

 

 

2.5. ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 

 

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʦʝ 

ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ ʧʨʠ ʬʠʣʴʪʨʦʚʘʥʠʠ ʧʨʦʙʳ, ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʦʯʠʱʝʥʥʦʡ ʠ ʠʩʭʦʜʥʦʡ ʧʨʦʙʘʭ ʩʪʦʯʥʦʡ ʚʦʜʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʅɼ ʌ 

14.1:2:4.254-09. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʦʜ. ʄʝʪʦʜʠʢʘ 

ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʧʨʦʢʘʣʝʥʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʠʪʴʝʚʳʭ, ʧʨʠʨʦʜʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜʘʭ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

 

 

2.6. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʨʅ 

          

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʨʅ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ Ñ0,1 

ʝʜʠʥʠʮʳ ʚ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙʘʭ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʜʠʛʠʪʘʣʴʥʦʛʦ ʨʅ-

ʤʝʪʨʘ  ʢʦʤʧʘʥʠʠ Trans Instruments (ʉʠʥʛʘʧʫʨ). ɹʦʣʝʝ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ 

ʧʨʦʙ ʩʪʦʯʥʳʭ ʚʦʜ ʜʦ ʠ ʧʦʩʣʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʞʠʜʢʦʩʪʠ ɸʅʀʆʅ 4102 (ʆʆʆ ʅʇʇ 

çʀʥʬʨʘʩʧʘʢɸʥʘʣʠʪè, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ). 
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2.7. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

 

ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʜʫʢʪʦʤʝʪʨʘ TDS-3 (ʂʠʪʘʡ) ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. ɺ ʭʠʤʠʯʝʩʢʠʡ ʩʪʘʢʘʥ 

ʦʙʲʝʤʦʤ 200 ʤʣ ʦʪʙʠʨʘʣʠ ʧʨʦʙʫ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʚ ʪʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʪʦʙʳ 

ʦʪʚʝʨʩʪʠʷ ʤʫʬʪʳ ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʝʥʳ ʠ ʦʧʫʩʢʘʣʠ ʚ ʩʪʘʢʘʥ ʟʦʥʜ. ɼʣʷ 

ʫʜʘʣʝʥʠʷ ʟʘʭʚʘʯʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚʥʫʪʨʴ ʤʫʬʪʳ, ʩʣʝʛʢʘ ʧʦʩʪʫʢʠʚʘʣʠ ʟʦʥʜʦʤ ʧʦ 

ʜʥʫ ʩʪʘʢʘʥʘ. ɿʘʪʝʤ, ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʦʢ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʚʳʙʠʨʘʣʠ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʷ. ɿʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪʦʙʨʘʞʘʣʦʩʴ ʥʘ ʜʠʩʧʣʝʝ.   

 

 

2.8. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ 

 

ʀʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ - ɸʥʘʣʠʟʘʪʦʨ ʂʠʩʣʦʨʦʜʘ ʇʨʦʤʳʰʣʝʥʥʳʡ 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ɸʂʇʄ-1-01 ʬʠʨʤʳ  çɸʣʴʬʘ ɹɸʉʉɽʅʉè (ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ). ɸʥʘʣʠʟʘʪʦʨ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʢʘʪʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ - 600 ʤɺ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤʫ ʵʣʝʢʪʨʦʜʫ ʠ ʠʟʤʝʨʝʥʠʠ ʪʦʢʘ, ʢʦʪʦʨʳʡ 

ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʠʟ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʳ ʧʦ ʩʭʝʤʝ:     

ʆ2 + 2ʅ2ʆ + 4ʝ- = 4ʆʅ- 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʩʠʛʥʘʣʳ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʝ. 

ʉʠʛʥʘʣʳ ʜʘʪʯʠʢʦʚ ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʫʶʪʩʷ. ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʠ 

ʚʥʝʩʝʥʠʷ ʢʦʨʨʝʢʮʠʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʠ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ, ʨʝʟʫʣʴʪʘʪ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʜʠʩʧʣʝʝ. 
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2.9. ʂʦʣʠ-ʪʠʪʨ 

 

ʕʪʦ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʤʠʣʣʠʣʠʪʨʘʭ, ʚ 

ʢʦʪʦʨʦʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʦʜʠʥ ʞʠʚʦʡ ʤʠʢʨʦʦʨʛʘʥʠʟʤ ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ 

Escherichia coli. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʢʦʩʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ 

ʟʘʨʘʞʝʥʥʦʩʪʠ ʚʦʜʳ ʧʘʪʦʛʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ (ʉʘʥʇʠʅ 2.1.7.573ï96).  

 

 

2.10. ɺʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʝʨʞʠʚʘʥʠʷ 

 

ɺʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʝʨʞʠʚʘʥʠʷ ʠʣʠ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ (HRT) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʩʠʩʪʝʤʝ ʦʯʠʩʪʢʠ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʝʡ. ɿʥʘʯʝʥʠʝ HRT ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʙʳʣʦ 

ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʫʨʘʚʥʝʥʠʶ (Sinha et al., 2008): 

HRT =  (ɟ  ʭ Vs) / Qw 

        ʛʜʝ:  

HRT  - ʚʨʝʤʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʜʝʨʞʠʚʘʥʠʷ (ʯʘʩ); 

Vs      -  ʦʙʲʸʤ ʚʝʨʤʠʬʠʣʴʪʨʘ (ʤ
3
); 

ɟ        - ʧʦʨʦʟʥʦʩʪʴ ʩʣʦʷ ʚʝʨʤʠʬʠʣʴʪʨʘ;  

Qw    - ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʯʝʨʝʟ ʩʣʦʡ ʚʝʨʤʠʬʠʣʴʪʨʘ (ʤ
3
/ʯʘʩ). 

 

 

2.11. ʉʢʦʨʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ 

 

ʉʢʦʨʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ (HLR) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʢʦʨʦʩʪʴ, ʩ 

ʢʦʪʦʨʦʡ ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʦʩʪʫʧʘʶʪ ʚ ʩʠʩʪʝʤʫ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ, ʠ ʚʳʨʘʞʘʝʪʩʷ 

ʚ ʤ
3
 ʧʦʪʦʢʘ ʥʘ ʤ

2
 ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʤʠʬʠʣʴʪʨʘ ʚ ʯʘʩ. ɿʥʘʯʝʥʠʷ HLR ʟʘʚʠʩʷʪ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʨʫʢʪʫʨʘ, ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʧʨʦʬʠʣʴ ʘʵʨʘʮʠʠ ʠ ʤʝʪʦʜʘ ʚʥʝʩʝʥʠʷ ʵʬʬʣʶʝʥʪʘ. ɺ ʩʠʩʪʝʤʝ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʟʥʘʯʝʥʠʝ HLR ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʸʤ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 
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ʚʨʝʤʝʥʠ. ʉʢʦʨʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʳ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʙʳʣʘ 

ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ (Sinha et al., 2008): 

HLR = Vw / (A ʭ  t) 

        ʛʜʝ:  

HLR - ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ (ʤ
3
/ʤ

2
/ʯʘʩ); 

Vw   - ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩʪʦʯʥʳʭ ʚʦʜ (ʤ
3
); 

A     - ʧʣʦʱʘʜʴ ʚʝʨʤʠʬʠʣʴʪʨʘ (ʤ
2
); 

t       - ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʯʝʨʝʟ  

           ʚʝʨʤʠʬʠʣʴʪʨ (ʯʘʩ). 

 

 

2.12. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʝʨʤʠʬʠʣʴʪʨʘ 

 

ɼʣʷ ʫʧʘʢʦʚʢʠ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ: ʜʨʦʙʣʸʥʥʳʡ ʛʨʘʥʠʪ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ, ʬʨʘʢʮʠʷ 

ʢʨʫʧʥʦʛʦ ʧʝʩʢʘ, ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ ʠ ʩʘʜʦʚʘʷ ʟʝʤʣʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʨʤʠʬʠʣʴʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʤʝʪʦʜʳ: 

ʘ) ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʫ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʦʚ ʩʠʪ. 

ʙ) ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʩʳʧʥʫʶ ʠ ʠʩʪʠʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʧʝʩʢʘ, ʱʝʙʥʷ ʠʣʠ 

ʛʨʘʚʠʷ ʧʦ ɻʆʉʊ 8735-88. ɺʟʚʝʰʠʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫʶ ʣʘʙʦʨʘʪʦʨʥʫʶ ʤʝʨʥʫʶ 

ʝʤʢʦʩʪʴ ʦʙʲʝʤʦʤ 10 ʣʠʪʨʦʚ. ɺ ʵʪʫ ʝʤʢʦʩʪʴ ʩ ʚʳʩʦʪʳ 20 ʩʤ ʥʘʩʳʧʘʝʪʩʷ ʩʫʭʦʡ 

ʱʝʙʝʥʴ ʜʦʚʝʨʭʫ ʩ ʛʦʨʢʦʡ. ʄʝʪʘʣʣʠʯʝʩʢʦʡ ʣʠʥʝʡʢʦʡ ʠʣʠ ʧʨʦʩʪʦ ʨʦʚʥʦʡ 

ʜʦʱʝʯʢʦʡ  ʩʨʝʟʘʝʪʩʷ ʣʠʰʥʝʝ ʚʨʦʚʝʥʴ ʩ ʢʨʘʝʤ ʝʤʢʦʩʪʠ.  ɺʟʚʝʰʠʚʘʝʪʩʷ ʤʝʨʥʘʷ 

ʝʤʢʦʩʪʴ ʩʦ ʱʝʙʥʝʤ ʠ  ʚʳʯʠʪʘʝʪʩʷ ʚʝʩ ʧʫʩʪʦʡ ʝʤʢʦʩʪʠ. ʉʨʝʜʥʶʶ 

ʧʣʦʪʥʦʩʪʴ r0, ʛ/ʩʤ
3
, ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ:  

                                           r0 = (m ï m) / V 

ʛʜʝ  

ʪ - ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʛ; 

V - ʦʙʲʝʤ ʦʙʨʘʟʮʘ, ʩʤ
3
. 
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ʉʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜʳ ʚʳʯʠʩʣʷʶʪ ʢʘʢ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʧʷʪʠ ʦʙʨʘʟʮʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʱʝʙʥʷ. 

ʕʪʦ ʚʘʞʥʳʡ ʠ ʥʫʞʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʨʘʩʯʝʪʦʚ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʴ ʠʩʪʠʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʱʝʙʥʷ. ɺ ʤʝʨʥʫʶ 10,0 ʣʠʪʨʦʚʫʶ 

ʣʘʙʦʨʘʪʦʨʥʫʶ ʝʤʢʦʩʪʴ ʩʦ ʱʝʙʥʝʤ ʥʘʣʠʚʘʝʪʩʷ ʚʦʜʘ ʠʟ ʤʝʨʥʦʡ, 

ʛʨʘʜʫʠʨʦʚʘʥʥʦʡ ʣʠʪʨʦʚʦʡ ʩʪʝʢʣʷʥʥʦʡ ʝʤʢʦʩʪʠ ʧʦ 1 ʣ ʨʦʚʥʦ ʜʦ ʢʨʘʝʚ 10,0 

ʝʤʢʦʩʪʠ ʩʦ ʱʝʙʥʝʤ. ʇʦʩʣʝʜʥʶʶ ʧʘʨʪʠʶ ʚʦʜʳ ʥʘʣʠʚʘʝʤ ʦʯʝʥʴ ʦʩʪʦʨʦʞʥʦ, 

ʯʪʦʙʳ ʥʝ ʙʳʣʦ ʧʝʨʝʣʠʚʘ ʠ ʥʝʜʦʣʠʚʘ. ɺʳʩʯʠʪʳʚʘʝʪʩʷ ʦʙʲʝʤ ʚʦʜʳ, ʢʦʪʦʨʳʡ 

ʥʘʣʠʣʠ ʚ 10,0 ʣʠʪʨʦʚʫʶ ʝʤʢʦʩʪʴ ʩʦ ʱʝʙʥʝʤ. ʕʪʦʪ ʦʙʲʝʤ ʥʘʣʠʪʦʡ ʚʦʜʳ 

ʧʦʢʘʟʳʚʘʝʪ ʦʙʲʝʤ ʤʝʞʟʝʨʥʦʚʳʭ ʧʫʩʪʦʪ ʚ ʱʝʙʥʝ. ʀʤʝʥʥʦ ʥʘʣʠʪʘʷ ʚʦʜʘ 

ʟʘʧʦʣʥʷʝʪ ʚʩʝ ʤʝʞʟʝʨʥʦʚʳʝ ʧʫʩʪʦʪʳ ʚ ʱʝʙʥʝ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʥʘʣʠʪʦʡ ʚʦʜʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʫʩʪʦʪʥʦʩʪʠ ʱʝʙʥʷ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʩʪʠʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʱʝʙʥʷ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩ ʱʝʙʥʷ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʙʲʝʤ, ʢʦʪʦʨʳʡ ʦʥ 

ʟʘʥʠʤʘʝʪ (ʵʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʠ ʫʜʝʣʴʥʳʡ ʚʝʩ) ʚ 1 ʣʠʪʨʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʪʠʭ ʞʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʩʢʘ ʜʝʣʘʝʪʩʷ ʚʩʝ ʪʦ ʞʝ ʩʘʤʦʝ ʠ ʚ ʪʦʡ ʞʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 2-ʭ ʣʠʪʨʦʚʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʤʝʨʥʘʷ 

ʝʤʢʦʩʪʴ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʩʫʰʝʥʥʳʡ ʧʝʩʦʢ. 

 

 

2.13. ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ 

 

ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʧʨʦʙ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ 

ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ. 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʤʘʨʦʢ ɺʉʂ-6Ĭ12 ʠ ɼɸʉ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʟ ʢʦʢʦʩʦʚʦʡ ʩʢʦʨʣʫʧʳ ʠ ʘʥʪʨʘʮʠʪʘ, ʙʳʣʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʜʦʢʪʦʨʦʤ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʧʨʦʬʝʩʩʦʨʦʤ ɺ.ʄ. ʄʫʭʠʥʳʤ ʠʟ ʣʘʙʦʨʘʪʦʨʠʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ çʕʅʇʆ çʅɽʆʈɻɸʅʀʂɸè (ʛ. ʕʣʝʢʪʨʦʩʪʘʣʴ, 

ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ). 
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2.14. ɸʥʦʣʠʪ ɸʅʂ 

 

ɼʣʷ ʜʝʟʠʥʬʝʢʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʦʩʣʝ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨ - ʥʝʡʪʨʘʣʴʥʳʡ 

ɸʥʦʣʠʪ ɸʅʂ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʪʠʧʘ ʉʊʕʃ ʠʟ ʩʠʣʴʥʦ 

ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ. ɸʥʦʣʠʪ ɸʅʂ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ  ʜʣʷ ʜʝʟʠʥʬʝʢʮʠʠ ʠ ʩʪʝʨʠʣʠʟʘʮʠʠ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʢʪʦʚ. ɸʥʦʣʠʪ ɸʅʂ, ʚ ʦʪʣʠʯʠʝ ʦʪ 0,5-5,0%-ʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʠʧʦʭʣʦʨʠʪʘ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʪʦʣʴʢʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ, ʷʚʣʷʝʪʩʷ 

ʩʪʝʨʠʣʠʟʫʶʱʠʤ ʨʘʩʪʚʦʨʦʤ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 

0,005ð0,05% (ʉʫʯʢʦʚ ʠ ʜʨ., 2004).  
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ɻʃɸɺɸ 3.  ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

 

 

       ʅʘ ʛʦʨʦʜʩʢʠʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʛ. ɺʣʘʜʠʤʠʨʘ ʝʞʝʩʫʪʦʯʥʦ 

ʧʦʩʪʫʧʘʝʪ ʦʢʦʣʦ 80 000 ʤ
3
 ʩʪʦʯʥʳʭ ʚʦʜ.  ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʷʤʠ ɹʇʂ5 ʦʢʦʣʦ 200 ʤʛ/ʣ ʠ ʍʇʂ ʦʢʦʣʦ 400 ʤʛ/ʣ, ʦʙʱʠʭ ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ (ʆɺɺ) ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʨʝʜʥʝʤ 100-200 ʤʛ/ʣ ʧʨʠ ʟʥʘʯʝʥʠʷʭ pH ʩʨʝʜʳ 

6,9-7,8.  

            

 

3.1. ʂʦʥʩʪʨʫʢʮʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʩʪʦʯʥʳʭ ʚʦʜ 

 

3.1.1. ʇʦʜʛʦʪʦʚʢʘ ʬʠʣʴʪʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

           

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʬʠʣʴʪʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʟʦʥʳ 

ʙʠʦʬʠʣʴʪʨʘ ʙʳʣ ʚʳʙʨʘʥ ʜʨʦʙʣʸʥʥʳʡ ʛʨʘʥʠʪ, ʚʟʷʪʳʡ ʫ ʨʦʩʩʠʡʩʢʦʡ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ çɹʘʣʉʪʨʦʡè (ʛ. ɺʣʘʜʠʤʠʨ). ʆʥ ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʦʤʳʪ ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ. ɺʳʩʫʰʝʥ ʠ ʨʘʟʜʝʣʝʥ ʥʘ ʬʨʘʢʮʠʠ 

20-25 ʤʤ ʠ 6-10 ʤʤ ʩ ʧʦʤʦʱʴʶ ʩʠʪʘ. ɼʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ ʩ ʤʝʣʢʦʡ ʩʪʨʫʞʢʦʡ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʦʪʜʝʣʝʥʳ ʦʪ ʜʨʝʚʝʩʥʦʡ ʧʳʣʠ ʩ ʧʦʤʦʱʴʶ ʩʠʪʘ ʩ 

ʜʠʘʤʝʪʨʦʤ 2 ʤʤ, ʟʘʪʝʤ ʦʥʠ ʙʳʣʠ ʟʘʤʦʯʝʥʳ  ʚ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʠ 

ʧʨʦʤʳʪʳ ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ. 

ʌʨʘʢʮʠʷ ʛʨʘʥʠʪʘ 6-10 ʤʤ ʠʤʝʣʘ ʧʫʩʪʦʡ ʦʙʲʸʤ 0,51 ʠ ʫʜʝʣʴʥʳʡ ʚʝʩ 2,50 

ʛ/ʩʤ
3
. ʌʨʘʢʮʠʷ ʛʨʘʥʠʪʘ 10-25 ʤʤ ʠʤʝʣʘ ʧʫʩʪʦʡ ʦʙʲʸʤ 0, 43 ʠ ʫʜʝʣʴʥʳʡ ʚʝʩ 

2,75 ʛ/ʩʤ
3
. 

ʇʝʨʚʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ 2-ʭ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʣʘʩʪʠʢʦʚʳʭ ʙʘʢʦʚ ʇɺʍ ʦʙʲʸʤʦʤ 45 ʣ, ʠʤʝʶʱʠʝ ʩʣʝʜʫʶʱʠʝ 

ʨʘʟʤʝʨʳ: ʜʠʘʤʝʪʨ 38 ʩʤ (ʚʝʨʭ) ʠ 30 ʩʤ (ʥʠʟ). ɺ ʜʥʦ ʙʘʢʘ ʚʤʦʥʪʠʨʦʚʘʣʠʩʴ 
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ʢʨʘʥʳ ʜʣʷ ʩʙʦʨʘ ʬʠʣʴʪʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʤʠʢʨʦʙʥʦʡ 

ʙʠʦʧʣʸʥʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʨʦʙʣʝʥʳʡ ʛʨʘʥʠʪ. ʅʘ ʜʥʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʫʢʣʘʜʳʚʘʣʩʷ ʩʣʦʡ ʚ 10 ʩʤ ʠʟ ʛʨʘʥʠʪʘ ʨʘʟʤʝʨʦʤ 20-25 ʤʤ, ʥʘʜ ʥʠʤ ʩʣʦʡ ʚ 10 

ʩʤ ʛʨʘʥʠʪʘ ʨʘʟʤʝʨʦʤ 6-10 ʤʤ, ʟʘʪʝʤ ʩʣʦʡ ʚ 10 ʩʤ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ. ʉʘʤʳʡ 

ʚʝʨʭʥʠʡ ʩʣʦʡ ʚ ʦʜʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩʦʩʪʦʷʣ ʠʟ ʩʘʜʦʚʦʡ ʟʝʤʣʠ ʙʝʟ ʜʦʞʜʝʚʳʭ 

ʯʝʨʚʝʡ (ʢʦʥʪʨʦʣʴ), ʘ ʚ ʜʨʫʛʦʡ ʫʩʪʘʥʦʚʢʝ ʚʝʨʭʥʠʡ ʩʣʦʡ ʩʘʜʦʚʦʡ ʟʝʤʣʠ 

ʟʘʩʝʣʷʣʠ ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ (ʚʝʨʤʠʬʠʣʴʪʨ).  ʇʣʦʱʘʜʴ ʟʦʥʳ ʚʝʨʤʠʬʠʣʴʪʨʘ 

ʩʦʩʪʘʚʣʷʣʘ 0,11 ʤ
2
, ʘ ʦʙʲʸʤ - 0,011 ʤ

3
, ʚ ʢʦʪʦʨʳʡ ʟʘʩʝʣʷʣʠ ʧʦʧʫʣʷʮʠʶ 

ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʯʠʩʣʝʥʥʦʩʪʴʶ 1000 ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ (ʙʠʦʤʘʩʩʘ ʩʦʩʪʘʚʣʷʣʘ 

290 ʛ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʦʢʦʣʦ 10 000 ʯʝʨʚʝʡ/ʤ
2
. ʅʘ ʨʠʩ. 15 ʧʦʢʘʟʘʥʳ 

ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʫʧʘʢʦʚʢʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʝʡ ʫʩʪʘʥʦʚʢʠ. 

       ʅʘ ʨʠʩ. 14 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤ r ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʬʠʣʴʪʨʘʮʠʠ ʩʪʦʯʥʳʭ ʚʦʜ.  

 

ʈʠʩ. 14 ï ʉʭʝʤʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʚʝʨʤʠʬʠʣʴʪʨʘʮʠʠ 

ʩʪʦʯʥʳʭ ʚʦʜ. ʉʣʝʚʘ ʙʝʟ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ, ʩʧʨʘʚʘ ʩ ʜʦʞʜʝʚʳʤʠ ʯʝʨʚʷʤʠ. 
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ʈʠʩ. 15 ï ʂʦʤʧʦʥʝʥʪʳ ʜʣʷ ʫʧʘʢʦʚʢʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʚʝʨʤʠʬʠʣʴʪʨʫʶʱʝʡ 

ʫʩʪʘʥʦʚʢʠ: 

 ʘ) ʢʦʤʧʦʩʪʥʳʝ ʯʝʨʚʠ Eisenia fetida; 

 ʙ) ʩʘʜʦʚʘʷ ʟʝʤʣʷ; 

 ʚ) ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ ʩ ʤʝʣʢʦʡ ʩʪʨʫʞʢʦʡ; 

 ʛ) ʬʨʘʢʮʠʷ ʛʨʘʥʠʪʘ 6-10 ʤʤ; 

 ʜ) ʬʨʘʢʮʠʷ ʛʨʘʥʠʪʘ ʨʘʟʤʝʨʦʤ 10-25 ʤʤ. 


